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Ha ocHOBe MHOTONETHHWX HNaHHBIX 3€WCKOTO 3arlOBEJHHMKA OIIEHWBAETCS POJIb MPUPOIHBIX U
AHTPOIMOTCHHBIX (hAaKTOPOB B IUHaAMHKe uncieHHocTH coboss (Martes zibellina L., 1758) 30mHbI
BIUAHUSA 3€MCKOTO BojoxpaHmuiia. [IpeaiokeH momaroBsiii airOPUTM U3yUEHUS MOJICTLHOTO BHIA
B 30HE BIMSHUS KPYIHOTO THUAPOCOOpYKeHUs. llepBeIii Imar — BOCCTAHOBJIICGHHWE XPOHOIIOTHH
W3MEHEHUH IJIOTHOCTH HACEIeHHs COOOJS Ha pacCMaTPUBAEMON TEPPHUTOPUHU. BTOPHIM mIarom craio
ONpE/CICHUE BEAYIIUX NPUPOIAHBIX (HAaKTOPOB JUHAMUKMA YHCIIEHHOCTH MOJECIBHOIO BHJA.
YcTaHoBICHA TeCHasl MpsMas 3aBUCHMOCTh IIOTHOCTH HacelaeHHs co00Jii C MHOTOJICTHUMHU
TEHACHIUSAMH W3MEHEHHS CYMMapHOW OTHOCHTEIHHOW YHCIEHHOCTH MBIIIEBUIHBIX TPBI3yHOB.
YcraHoBIeHa OTpHUIIATENIbHAS 3aBUCUMOCTD MOCJIETHErO MOKA3aTeNisi ¢ MHOTOJIIETHUMHU TEHIACHITUSIMU
W3MEHEHUN COJHEYHOM AaKTUBHOCTM M KOJMYECTBA BECEHHE-JIETHUX OCaJKoB. TpeTuid 1mar
WCCIIEIOBAHNS TPEIOJaraeT yCTAHOBIEHHE OCHOBHBIX (AKTOPOB W TPU3HAKOB  BIUSHUS
BOJIOXPaHWIIAIIA Ha MOMYJSIMOHAYIO TPYMITMPOBKY co00Is1. BaxkHeHmuM aHTportoreHHbIM (hakTopoM
BUJUMO CJICIyeT IMpPHU3HATh MHKPOKIMMATHYECKOE BIMSHHE BojaoxpaHwiuiia. Ha mnoOepexbe
BOJIOXPAHWIIAIIA OTMEUEHBI 3HAUUTEILHBIC OTKIIOHEHHS OT €CTECTBEHHOW IMOMYIISAIIMOHHON TUHAMHKH
cobomnsi, B TOM 4Yucie, Hauboilee TIyOOKHE M JUIMTEIbHBIE AETPECCHH, a TAaKXKe IOBBIIICHHAS
aMIUIUTyJla KojeOaHUM YHMCIACHHOCTH. UeTBepThIA MIar MCCIACHOBAHHUS BKIIIOYACT KOJUYECTBEHHYIO
OTICHKY BJIMSTHUS BOJIOXPAaHUIIUIIA HA MOJICTbHBINA BHUI. J1JIsT 30HBI BIUSHUSA 3€HCKOTO BOAOXPAHIIIUIIA
YCTaHOBJIEHA JUTUTENLHOCTh IIEPUOJa CYIIECTBEHHON JeCTaOWiIM3alii MOIMYISAIUNd COO0Ms TOJ
BIIUSTHUEM THUIAPOCTpoMTEIbcTBA — oOKoyio 20 jer. Hambonee OOBEKTHUBHBIM KOJIMUYECTBECHHBIM
MoKa3aTelieM BO3ICHCTBUS BOJOXPAHWINIA HA MOJCIBHBIA BHJ MPEICTABISICTCS PA3HOCTh MEXKIY
CpemHel, 3a Tepuoja JNecTaduIIN3alry, TIOTHOCTRI0 HACENICHUS Ha «KOHTPOJBHBIX» ydacTKax W Ha
mobepekbe UCKYCCTBEHHOTO BOJIOEMA, BEIpAXKEHHAA B % OT «KOHTPOJIBHOTO» YpOBHS. B TeueHne nyx
necstuietwii Aectabuanzaruu (1986-2005 rT.) exXeroaHble MOTEPH MOMYISAINN COCTaBIsIH 1.4 0cobn
Ha 1000 ra — 35.4% 0T KOHTPOJILHOTO YPOBHSI.

Kurouesvie cnosa: co00mb, MBIIEBUTHBIC TPHI3YHBI, JMHAMUKA YUCIICHHOCTH, COTHEUHAs! aKTUBHOCTD,
OCaJIKH, THAPOCTPOUTEITHCTBO, OTICHKA BIUSHUS.

DOI: 10.24411/2542-2006-2020-10071

! PaGora Bemonuena no teme HUP dynmamentansueix uccnenosannii UBTI PAH 3a 2018-2021 rr. «MoaenupoBanue
U TIPOTHO3MPOBAHUE ITIPOLIECCOB BOCCTAHOBJIEHHS KaYeCTBAa BOJ M SKOCHCTEM IIPH PA3JIMYHBIX CLEHAPHAX M3MEHEHUH
KJIMMaTa W aHTponoreHHou nesrtenbHocT» (Ne 0147-2018-0002) Ne rocynapcrBeHHoi peructpaimd AAAA-A18-
118022090104-8, pazzes TeMbl 2.6 «IBOJIOIHS HA3EMHBIX IKOCUCTEM B U3MEHSIIOIINXCS PUPOIHBIX YCIOBHSIXY.
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6 METOJIMYECKHUE ACIHEKTbI U3YUEHUS [OITYJISILIMOHHON JUHAMUKY COBOJIA ...

Co BTOpOW TOJIOBHHBI XX B. THIPOCTPOUTEIHCTBO CTAJO0 OAHOW M3 BakHEHIHMX (opm
aHTPOIIOTEHHOTO BO3AeicTBUs Ha mnpupoay Cubupu u JanpHero Boctoka. B mocnegnue
JecATUIIeTUs. 3TOT (akTop Hambosiee akTUBHO AeiicTByeT B IIpmamypbe. 3aech (QyHKIMOHUPYIOT
3eiickas u bypetickas ['DC, naunnaercs skcruryatanus HuwxaeOypeiickoit 'DC, paccmaTpuBaroTcs
BO3MOXKHOCTH  CO3JaHMs €Ill€ HECKOJbKUX THUIpPOYy3/lIoB. B 30Hax BIMSHMS  KPYIHBIX
THIPOTEXHUYECKUX  OOBEKTOB  MEHSIIOTCS ~ IOKa3aTesld  YHCIEHHOCTH  MHOTHUX  BHJIOB
MJIEKONUTAOIKX. B nepByto ouepenb, 3TO Kacaercs MPOMBICIOBBIX 3BEpeil, KOTOpbIE, TOMUMO
TEXHOT€HHOI'O0 BO3JICUCTBHS, IOJBEPIralOTCA M IIPeccCy OXOThl. B TO e Bpems MNOmyJsiuu,
OKa3aBIIMECS B 30HAaX BIUSHHUS BOJOXPAHWIHUIN, TPOJOJIKAIOT HUCHBITHIBATh KOJIEOAHUS
YHUCIIEHHOCTH, OOYCJIOBJICHHBIE €CTECTBEHHBIMH HPUPOIHBIMH THporeccamu. OmpeseneHue
TEXHOTEHHOW COCTaBISIOMICH JWHAMHMKH YHCICHHOCTH M JUIMTENBHOCTH JI€CTa0MIN3aIIH
MOMYJISIIIMIM MPOMBICIOBBIX BHUJIOB B 30HaX BIIUSHUS KPYIHBIX BOJAOXPAHUIIUIL HEOOXOIUMBI KaK ¢
Hay4YHOHU, TaK U C IIPAKTUYECKOM, TOYEK 3pEHHsA. be3 3TOro HEBO3MOXKHO BBIACHUTH IIapamMeTpbl
YCTOMYMBOCTH MOJEIBHBIX BHJAOB M JaThb OOBEKTUBHYIO OIEHKY ASKOJOTMYECKOTO MU 3KOJIOro-
HKOHOMHYECKOTO ymiepda OT THAPOCTPOUTENHCTBA. BrIOOp co00Ms B KauecTBE MOJEIHLHOTO BHIA
OOyCIIOBJIEH CIEAYIOIUMU COOOPAKEHUSIMU: OH SIBJISIETCS OCHOBHBIM OOBEKTOM IIYIIIHOTO
MIPOMBICIIA; OObIYEH B 30HE BIMSHUS 3€HCKOTO BOJOXPAHWIMIIA M HA OOJIbIICH YacTH AMYpCKOU
obOnactu. BTOppIM OOBEKTOM HCCIEAOBaHUS SBISIETCS COOOIIECTBO MBIIIEBUAHBIX T'PHI3YHOB,
COCTaBJISIOLIMX OCHOBY paluoHa co0ojisl. DTa rpynna MJICKONMTAIOIUX HAJAEKHO YUUTHIBAETCS
CTaHJIaPTHBIMU MeETOAaMHU. J[ITUTENbHOCTh HAOMIONEHUI 3a JUHAMHUKOW OOWIIMS MBIIIEBUTHBIX
IPbI3yHOB B 3€MCKOM 3allOBEJIHUKE COINOCTaBMMA C JJIMTEIIBHOCTHIO PETYJISPHBIX YYETOB
qucleHHOCTH cobomst. Kpome TOro, 3TH >KMBOTHBIEC SIBJISIOTCS TUIMIMYHBIMU [-CTpaTeramu, 4yTKO
pearupyromuMi Ha U3MEHEHUSI IPUPOAHBIX M aHTPOTIOT€HHBIX (PAKTOPOB BHELITHEH CPEIbI.

MaTepI/laJlbI H METO/bI

3eiickoe BOJOXpaHWIMILE, PACIIOIOKEHHOE Ha ceBepe AMYpCKOil 00J1acTH, UMeeT paBHUHHYIO
U TOPHYIO YacTHM: PaBHHMHHAs HAXOAWUTCS B mpejaenax BepxHes3elckoil HU3MEHHOCTH; TOpHas —
B 3eiickoM ymienbe, mpopesatouieM cucremy xpedtoB  Tykypunrpa — Cokrtaxan. Hamm
UCCIIEIOBAaHMsI OTHOCSTCS, TJIABHBIM 00pa3oM, K MoOepexbl0 TOpHOM 4YacTW BOJOXpAaHWIMIIA HA
TeppuUTOpUN 3EHCKOTO 3aloBEeIHWKA, 3aHMMAIONIETO BOCTOYHYIO YacTh xpebra TykypuHTrpa.
Hcnonb30BaHbl pe3yabTaThl yueToB co0olisi B 3elickoM 3amoBeqHuke 3a 32 roxa (1986-2018 rr.),
aTakKe JaHHBIE O CYMMapHOH OTHOCHUTEIIbHOW YHCICHHOCTH MBIIIEBUIHBIX TPBI3YHOB,
MPECTABISAIOIINX OCHOBY PalliOHA COOOJIL.

OmnpeneneHue YHUCICHHOCTH €000 MPOBOJWINCH C HCIOJB30BAaHUEM METOAMK 3UMHETO
MmapuipytHoro yueta wnu 3MVY (Kyssikun u ap., 1990) u mHoronneBHoro oknanaa (Pycanos, 1986;
[Mogonbckuit, 1993). CymmapHasi mpoTsbKEHHOCTh MapiipyToB 3MY cocraBuia okosio 10 ThIC. KM.
VYder MHOTOJHEBHBIM OKJIAZIOM MpoBOAWiICA Ha 9 miomankax oOmel miomaaso okoio 5500 ra.
Exeromno otpabateiBanioch 3-5 miIomaaok cymMMapHOW IUIOMmaapio He MeHee 2.5 Thic. ra. Taxxe
UCMOJIb30BaHbl JIaHHBIE O(UIMANBHBIX YYETOB OXOTIOJNb30Barene Amypckoil obmactu (1986-
2010 rr.). IIpn 0O6paboTKe MaTepuaa CpaBHUBAJIACH INIOTHOCTH HACEIICHUS COOOJIS HA «OIBITHBIX)
y4JacTKax, 3aHUMAIoIuX Mo0epekbe BOAOXPAaHUIIHUILA, U «KOHTPOJIbHBIX)» y4acTKax, yJaJeHHBIX OT
HCKYCCTBEHHOTO BOJIOEMA.

VY4eTsl MENKHX MIIEKOMMTAIOUIMX MPOBOJMINCH HA JIMHUAX JIOBYIIEK ['epo Mo craHgapTHON
metonuke (Kapacesa, Tenuupina, 1996). IIpoanann3upoBaHbl JaHHBIE O CYMMAapHOW YHCIEHHOCTU
MBILIEBUIHBIX TPHI3YHOB Ha 33 MOCTOSHHBIX JUHMAX. OOmui o0beM OTIIOBOB 3a mepuon 1984-
2017 rr. cocraBun okojio 44600 moBymko-cyTok. @®ayHa MBIIICBHIHBIX T'PBI3YHOB 3EHCKOTO
3aloBeIHUKA BKIOYaeT He MeHee 8 BuIoB: kpacHas moneBka (Myodes rutilus Pallas, 1779),
KpacHo-cepas moseBka (Myodes rufocanus Sundervall, 1846-1847), yurypckast moneBka (Microtus
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maximowiczii Schrenk, 1859), moneBka-sxonomka (Microtus oeconomus Pallas, 1776), mecuHoi
aemmunr (Myopus schisticolor Lilljeborg, 1844), asuarckas necHast mbib (Apodemus peninsulae
Thomas, 1907), mbimb-mamorka (Micromys minutus Pallas, 1771), noneBast mbimis (Apodemus
agrarius Pallas, 1771). Ha Gousblieii yacTd TEpPUTOPUH JTOMHHHUPYIOT KpPacHO-cepas W KpacHas
MOJIEBKH; MX JIOJS B OTIOoBax cocraBisieT He MeHee 80%. B myboBo-uepHOOEPE30BHIX Jiecax HOro-
BOCTOYHOM YaCTH 3aroBeJHUKA (3elCKoe YIIeNbe) B OTICIbHBIC TOJbI MOXXET IOMUHHPOBATH
a3zuaTcKas JecHas MbIiib. OCTaIbHBIC BHIBI MBIIIICBUIHBIX TPHI3YHOB MOKHO OTHECTH K «PEIKIM.

Pe3yJ’IBTaTLI Hu 06cy>w:[efme

Ilepsvim wiacom WM3y4eHHs] JWHAMHKH YHCICHHOCTH MOJEIBHOTO BHAA B 30HE BIMSHUSA
KPYIIHOTO THJPOCOOPYKEHHs SIBJISETCSI BOCCTAHOBJIEHHE XPOHOJOIMH HW3MEHEHHs IUIOTHOCTU
HaCeJICHUs Ha pacCMaTpUBAaEMOU TeppUTOPUH U B perroHe. Co00Ib — HICKOHHBIN 00UTaTENh TOPHON
taiiru [Ipuamypbs. Heymepennsiit mpombicen B XIX — nauane XX Beka npuBei K TOMY, U4TO yKe B
20-e roapl OH COXpAaHWIICS JIMIIL HA OTJCIBHBIX Pa3pO3HEHHBIX YJacTKaX, B YACTHOCTH, Ha CEBEPO-
3amagHoi okoHeuHocTH xpebOra Tykypunrpa B mexaypeube pek ['mmioii u Ypkan (["accoBckuid,
1927). C 1934 no 1939 rr. no6s14a coboist ObLIA MOHOCTHIO 3amnpenieHa. Paccensscs mo xpeory, B
KoHI1ie 40-X rT. co00JIb BHOBb OCBOMJI BOCTOUHYIO 4acTh XpeOTa TykypHuHrpa.

UucneHHOCTh €000 MpOJOIDKaia HapacTaTb M B IEpPBbIE TOJbI IOCIE Haydajga 3aroJHEHUs
3eiickoro Bogoxpanwmma. [lo gaaaeiv B.I'. IOguna (1984), 3umoii 1980/81 rr. B 3amoBeIHHUKE
obutano 1040-1170 coboneit mpm cpenneil mioTHocTH HaceneHus 13.7 ocobeit Ha 10 kM2
C cepenunbl 1980-x rr. HameTuiach yCTOMUMBAs TEHJEHIMSI CHUKEHUS YHMCIEHHOCTH cO0OJs B
BocTouHoM wyacTu xpebta Tykypunurpa. [empeccuss mpomoipkanack BIoth a0 2005-2006 rr.
B 1987-1999 rr. cHuXeHHE YHMCICHHOCTH COOOJISI MPOSIBUIOCH Ha OOJBIICH YacTH TEPPUTOPHUH
Amypckoii oOnactv, HO Haubosee pe3KUM U TIIyOOKMM OHO ObLIO Ha moOepexbe 3eHCKOro
BOJIOXpaHWIMIA. Tak, 3a 3TH TOAbl IUIOTHOCTh HAaceJleHHs coOo0Jis CHU3MJIACh B CpPEIHEM IO
AMypckoit o0iacTu NpUMEpPHO B 2 pasa; MO «KOHTPOJIbHBIMY» Yy4YacTKaM 3allOBEeHHKAa BHE
nobepexuii — B 2.4 paza; Ha nmobOepexbe 3efCKOro BOJOXpaHWIMIIA («OMBITHBIE)» YYacTKH) —
npumepHo B 12 pa3 (puc. 1, tadm. 1).

Hauunas ¢ 2006 r., Ha noGepexxbe BOAOXpPAaHWIMINA M B 3€HCKOM 3alOBEAHUKE OTMEYalcs
YCTOMYMBBIA POCT YUCIEHHOCTU CO0O0JIsl, COOTBETCTBYIOIINI pernoHaNbHbIM TeHAeHIusaM. C 2015-
2016 rr. mo Bcell TeppUTOpPUM 3alOBEIHHMKA, BKIIIOYAs «OIBITHBIE» TEPPUTOPUU, HAMETHIIACh
TEHJCHIMSI K HE3HAUUTEIbHOMY CHW)KEHMIO IIJIOTHOCTH HaceleHus cobons. 3a mepuon
HaOIIOCHUH OTMEYeHbl 2 MAaKCHMaJbHBIX MUKA YHCIEHHOCTH coboust: koHer 1970-x — Hawamo
1980-x rr. m 2010-2016 rr. B 5Tm mepwoasl IUIOTHOCTh HacelleHUs coboiyis mocturaina 10-
14 oco6eii/1000 ra. Takum o00pa3oM, AJTUTETBHOCTh €IUHCTBEHHOTO OTMEUYEHHOTO IIOJIHOTO
MOMYJISIIIMOHHOTO [UKJIA y CO00JIT Ha paccCMaTpUBaeMO TEPPUTOPHH cocTaBmiia 0kosio 30 JeT.

Bmopvim wazom mpepyaraeMoil METOJOJIOTHM SBISETCS ONpENeeHNne BeAYIUX MPUPOTHBIX
(GakTOpOB IUHAMHUKH YHCIEHHOCTH MOJCIBHOTO BHUAA. TEHOSHIMS W3MEHEHHs IUIOTHOCTH
HaceJeHus co0oJis, B IIeIOM, COOTHOCHTCS C IMHAMHUKONW CyMMapHO# OTHOCUTETbHON YHCIEHHOCTH
MBIIIEBUIHBIX TPBI3YHOB, COCTaBISIONIMNX OCHOBY ero pamuoHa (puc. 1). XapakTepHo, YTO
MoKa3aTeau IJIOTHOCTH HaceleHus cobosis B 3elCKOM 3amoBEAHMKE W Ha «KOHTPOJIBHOI»
TEPPUTOPHUU TI0 TOJAM XOPOIIO KOPPETUPYIOT C aHAIOTHYHBIMH TIOKA3aTesIMUA JIJIST AMYPCKOU
obmactu (Tabmn. 1). DT0 MO3BONIAET MPEANONOXKUTh, YTO MHOTOJIETHHE TEHJICHIMU JUHAMUKU
CYMMapHOTO OOWJIMSI MBIIIEBHIHBIX TPHI3YHOB, a BCIEN 32 HUMH, U COOOJIS CBSI3aHBI C BEIYIIHM
IPUPOJHBIM (AKTOPOM, OJHOBPEMEHHO BO3JEHCTBYIOIIMM Ha BECh PETMOH. B KauecTBe Takoro
¢dakTopa, B MEpPBYIO OYepelb, CIEAYET PAcCMOTPETh COJIHEYHYIO aKTUBHOCTh. 3a IOKa3aTelb
COJIHEYHOM aKTMBHOCTH OBUIO NPHUHITO CPEIHErof0oBoe 0O0IIee KOJMYECTBO CONHEUHBIX IMATEH —
yrcio Bomsda (Sunspot Index ..., 2019).
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Esxeronnble n3MEeHEHHs U KOPOTKUE 3-5-JIeTHUE IUKJIbl AUHAMUKH YUCIEHHOCTH MBIILIEBUIHBIX
IPbI3yHOB HE OOHAapyXMBAalOT OYEBMJHOM CBSA3M M 3HAYMMOW KOppPEISLUUU C COJIHEYHOMU
aKTUBHOCTBIO (pHC. 2, Ta0mI. 2).

Oco0eii/100
JIOBYHIKO-CYTOK

Oco00eii/1000 ra
14

25

Puc. 1. Z[I/IHaMI/IKa IUIOTHOCTA HaceleHust co0oid Ha TCPPUTOPUHU 3elcKoro 3alIOB€AHHUKA H
AMypckori obnactu. Ycnoswvie obosnauenus: 1 — mobOepexbe BOJOXpaHWIMINA, 2 — 3elCcKuit
3allOBEHUK (BCE y4acTKH), 3 — y4acTKH BHE MOOEpeKUil KpYyMHBIX BOJOEMOB M BOJIOTOKOB, 4 —
AMypckast obOnacte (MO JaHHBIM YTPaBJIEHUST TIO OXpaHEe, KOHTPOJI0 U PEryIupOBaHHUIO
UCIIOJIb30BaHUSI OOBEKTOB KMBOTHOTO MMpa M Cpeibl UX oOuTaHus AMypckod oOmactu), 5 —
CyMMapHasi MOIaJacMOCTh MBIIIEBUHBIX TPBI3YHOB B JIOBYIIKM ['€po 1O pe3yiapTaTaM OCEHHHUX
OTJIOBOB (CpGI[HS[}I JIIs Bcel TCPPUTOPUN 3eickoro 3aHOBe,Z[HI/IKa). Z[J'ISI MOCIICAHETO psaaa AJaHHBIX
MCIIOJIb30BaHA TpaBasi BEpTHKaIbHas MiKajga — «ocobeii/100 mgoBymiko-cyTok». Fig. 1. Dynamics of
sabel population density in Zeya Nature Reserve and Amur Region. Legend: 1 — shores of the water
reservoir, 2 — Zeya Nature Reserve (all areas), 3 — areas outside the shores of large bodies of water
and streams, 4 — Amur Region (according to the data provided by the Department for protection,
control and regulation of the objects of animal world and their habitat usage of Amur Region), 5 —
total catch of murids in the traps according to the results of autumn catching (average for the territory
of Zeya Reserve). In the last row the right vertical scale (individuals/100 trap-day) was used.

Bwmecre ¢ TeMm B 3€iiCKOM 3alTOBETHUKE JIJISI ATUX KUBOTHBIX, IOMUMO YIOMSIHYTBIX KOPOTKHUX
KojeOaHui OOWIIMs, TaKKe OTMEYEH JUIMTENbHBIA, mpuMepHo 30-u netHwmid 1ukia. [Ipu sTom
MHOTOJIETHUE TIEPUObI MOBBIIMIEHHON CYMMapHO YHCIEHHOCTH MBIIIEBUIHBIX TPHI3YHOB CBSI3aHbI
C MEepUuoJiaMM MHUHUMAJbHBIX 3HAYEHUN MHUKOB 10-JE€THUX IIUKIOB COJIHEYHOM aKTUBHOCTH.
Hanpotus, qiurtenpHbie I€NPEeCCUN YUCIEHHOCTH TPHI3YHOB CBSI3aHBI C MEPHUOIaMH MaKCUMAJIbHBIX
3HaueHu uucen Bombda (puc.2). YcTaHoBineHa 3HauMMas oOOpaTHas KOPPEISIHUS MEXKIY
JUHAMHAKOM CYMMAapHOM OTHOCHUTEJIBHONM YHCIEHHOCTH MBIIIEBUIHBIX TPBI3YHOB W KPHBOU
COJTHEYHOH aKTUBHOCTH, CTJIKEHHOU mpu oMoty 1 1-1eTHel ckonp3siieii cpenneit (tadm. 2).
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Tadauua 1. KoaddurmenTsr Koppensiuu IIOTHOCTH HAaCeIeHHs co00IIs B 36CKOM 3aITOBETHUKE C
OTHOCHUTEJIBHOM YUCIECHHOCTBIO MBIIICBUJAHBIX T'PBI3YHOB W C IINIOTHOCTHBIO HACCIICHHUA CO6OJI$I B
nesiom o Amypcekoit oonactu. Table 1. Correlation coefficients of sable population density in Zeya
Nature Reserve with the comparative number of murids and sable population density in Amur
Region in general.

Koy¢ppuumenr
Koy puunenr koppensuuu ¢ bpru
N . . KOppeJIsIlIUM C
YuacTku 3eiicKkoro 3anoBeJHNUKA: CYMMAPHOH OTHOCHTEJIbHOM
IJIOTHOCTHIO
pacnoJio:keHne OTHOCUTEIbHO YHCJIEHHOCTHIO MbILIEBU/IHBIX
BOJIOXPAHMJIMILA ITPBI3YHOB HA COOTBETCTBYHOIINX HaCeIeHUs 0005
N B AMYpCKOH
yuyacTtkax 3eiiCKoro 3anoBeJJHNKa
obJacTu
[TobGepexxbe BOAOXpaHUIIHILA
p FOXP H r=0.25, p>0.1 r=0.42, p=0.05
(«OmbIT»)
Bae noOepexuii KpyIHBIX BOJOEMOB
p pyn o r=0.41, p=0.05 r=0.60, p=0.001
1 BOJ10TOKOB («KOHTpOIIb»)
3elickuii 3aTI0BEHHK B LIEJIOM r=0.49, p=0.01 r=0.56, p=0.01
Oco0eii/100
W

JIOBYLIKO-CYTOK

30 250

25 200
20

150
15

100
10

0
0 0

CyMMapHaﬂ nmomagaeMoCTb MbIICBU/IHBIX I'PHIBYHOB

a1
a1

1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018

—eo—CpeaHeroaoBoe oo1ee KOJIMIECTBO COJTHEYHBIX NsATeH (4uciao Boanpa - W)

Puc. 2. I[I/IHaMI/IKa CYMMapHOﬁ YUCJICHHOCTU MBIIICBUIHBIX I'PLI3YHOB B 3elickoM 3aII0OBECJHHUKE B
COIOCTABJICHUU C M3MEHEHHEM CoJiHeuHOU akTuBHOCTH. Fig. 2. Dynamics of the total numbers of
murids in Zeya Nature Reserve in comparison to the changes in solar activity.

WHTepecHO, 4YTO CXOJHAs 3aKOHOMEPHOCTh Oblla OTMEYeHAa W JUId (OHOBBIX BHUIOB
MBIILIEBUHBIX TPBI3YHOB YibsiHOBCKOM obnactu (bepe3zoBckas u np., 2016). He BwI3bIBaeT
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COMHEHMH BIIMSTHHE COJIHEYHOM aKTMBHOCTM Ha s IpoueccoB B Ouocgepe. B nepsyro ouepens,
3TO KacaeTcsi KIMMAaTHYECKUX M3MEHEHUH, CBSI3aHHBIX C YCIIEXOM Pa3MHOXKEHHUS U KOPMOBOH 0a30i
KUBOTHBIX. XOTs MEXaHU3MbI BO3JIEHCTBUS COJHEYHOM aKTMBHOCTH HA MEJIKHMX MJICKOIMTAOLIUX
HYXXAI0TCS B JaJbHEHIIEM M3y4EHUH, CBA3b 3TOro (pakropa ¢ JUINTeNbHbIM (30-1€THUM) LIUKIOM
O0OWJINST MBIIIEBUIHBIX TPHI3YHOB U OMOCPEIOBAHHOE BIHMSIHHUE HA JUHAMUKY YHCICHHOCTH COOOJIS
BOCTOYHOM yacTu xpeOTa TyKypHuHIa BecbMa [10Ka3aTellbHa.

Taboauua 2.  KodpduuueHTsl  KOppEeNSIIMM  CYMMapHOM  OTHOCHUTEIBHOH  YHCJICHHOCTH
MBIILIEBUHBIX TPBI3YHOB HA TEPPUTOPUM 3EHCKOIO 3allOBEAHMKA C PA3JIMYHBIMU IPUPOIHBIMU
dakropamu. Table 2. Correlation coefficients of the total relative numbers of murids in Zeya
Nature Reserve with various natural factors.

Kos¢ppuument
Hanpasienusi koppeasiuii KOppesiuu,
€ro 3Ha4YNMoOCTh

Koppenﬂum{ MCKIY JUHAMUKON YHMCIEHHOCTU MBIIIEBUIHBIX I'PBI3YHOB U

r=-0.17, p>0.1
CPEIHETOJOBBIM KOJIMYECTBOM COJIHEYHBIX IATEH (dnciia Bombda)

Koppensiiust Mexxay JMHAMHKOW YUCIICHHOCTH MBIIIEBUTHBIX TPHI3YHOB H
CPEIHEroZ0BbIM KOJIMYECTBOM COJTHEUHBIX MATeH (uucia Bonbda), r=-0.50, p=0.01
CIUVIaKEHHBIM | 1-u JIeTHeN ckoJb3s1en cpeHen

Koppenﬂum{ MCKIY JTUHAMUKON YHMCICHHOCTU MBIIIEBUIHBIX T'PBI3YHOB U

" r=-0.23, p>0.1
AUHAMHUKOHN CYMM OCAaAKOB Mas U UIOHSA

Koppensiiust Mexxay TMHAMHKOW YUCIICHHOCTH MBIIIIEBUTHBIX TPHI3YHOB H
JTUHAMHUKOM CyMM OCaJIKOB Masi U UIOHS, CriaXeHHoU 11-u netHei r=-0.36, p=0.05
CKOJIB34ILIEN CpeIHEen

Koppensuus mexay criaxeHHoi™® kpuBoit uncen Bonbda u criaaxeHHOM

. r=0.58, p=0.001
AUHAMHUKOH CYMM OCAaAKOB Mas-UIOHSI

IMpumeuanusi k Taduume 2: * — KUCIOIB30BAHO CrUIAKUBAaHUE 11-MeTHeW CKOMb3SIIICH CpeaHEei.
Notes to table 2: * — the smoothing of the moving average for 11-year-long period was used.

HpyruM BaXHbIM TMPUPOAHBIM  (DAKTOPOM, BIHUSIONMIMM HA JUHAMUKY YHCIEHHOCTH
MBIIIEBUAHBIX TPBI3YHOB, SBJIAIOTCS ocalaku. Jlyid aHain3a MCHonb30BaHbl gaHHbIe 3eiickoit MO
3a nmepuop ¢ 1970 mo 2018 rr. Ocoboe 3HaYeHNE UMEET MHOTOJICTHSSI TMHAMHKA CYMMBI OCaJIKOB
Masg U UIOHA. B mepuojabl ¢ MOHMKEHHBIM KOJIMYECTBOM BECEHHE-JIETHUX OCAJKOB PAa3MHOXXEHHE
IPHI3YHOB TPOXOJAUT Haubosee ycrnemHo. VHTeHCHBHBIE OCaAKM B Mae—HMIOHE OOBIYHO
MPENSATCTBYIOT AKTUBHOMY pPa3MHOXEHUIO TIpbI3yHOB. OTMedueHa 3HauuMMmasi OTpHULATEIbHas
KOPPEJNAIHS CYMMapHOW YHCICHHOCTH MBIIICBUAHBIX TPHI3YHOB W JUHAMUKH BECEHHE-JIETHUX
OCaJIKOB, CIUIAXCHHOU 11-u JieTHe# ckomb3smieln cpenneit (Tabm. 2). Heo0XoauMo OTMETHTH, YTO
MHOTOJIETHUE TEHACHIIMM JHWHAMUKH OCaJKOB OOHApYy>KMBAIOT BBICOKYIO, CTATUCTHYECKH
JOCTOBEPHYIO, TPSIMYIO KOPPEISAIHMIO C IUKIAMH COJHEUHOW aKkTWBHOCTH (Tabum. 2). Ilpsmas
3aBUCUMOCTh MHOTOJIETHUX IIMKJIOB YBIQXHEHWUS OT JWHAMUKHA COJHEYHOW aKTHBHOCTH
xapaktepHa Juisi Amypckoii oonactu B nestom (ITapusos u ap., 2006).

Tpemuti wae WCCIENOBAHUS TIPEATIONAracT YCTAHOBJICHHE OCHOBHBIX (DAKTOPOB BIUSHUS
BOJOXPaHWININA HA TUHAMUKY YHCIEHHOCTH MOJIEIHHOrO BUAA — coOoms. JIMHaMuKa MIOTHOCTH
HacelleHHuss co0OJsi Ha BCEeW TEppPUTOPUM 3allOBEHMKA CBS3aHA C JAMHAMUKOW OTHOCHUTEIbHOM
CyMMapHOW YHCJICHHOCTH MBIIIEBUIHBIX Tpbhi3yHOB. HO Ha moOepexbe BOJOXPAHUIIHUINA
BBISIBJICHHAsI KOPPEJSIHS CYIIECTBEHHO HIKE, YeM Ha «KOHTPOJIBHBIX» y4acTKax M HE SBISETCS
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CTaTHCTHYECKH 3HAuuMOi (Tabi. 1). DTO CBUAETEIBCTBYET O TOM, YTO B 30HE BIIUSHUSA
BOJOXPaHWININA HA YHCIECHHOCTh COOONSI BIMAIOT W apyrue ¢akropbl. Ha Oeperax 3eiickoro
BOJOXPaHWININA JENPECCHsl MOnmyasiuu coboyiss Obuta Haubonee riydookoi (puc. 1). OmpHOol U3
BEPOATHBIX NMPUYUH, PE3KO YCYTryOMBIIUX MPOSBICHHE PETMOHAIBLHOM JEMpeccUud, MOXKET ObITh
KIIMMAaTU4YEeCKOE BIMSHUE KPYITHOTO HCKYCCTBEHHOT'O BOJIOEMA.

YCTaHOBIEHO, YTO YBEJIWYEHHE BIAXHOCTH BO3JyXa U IOHIKEHHE CpPEIHEMECSYHOM
TeMIIepaTypbl B BECEHHE-JICTHUN TIEPUO/] BBI3BIBAIOT MOBBIIICHHYI0 CMEPTHOCTD CErOJIETKOB COOOIIS
(Acradnes, 1988). C yBeanueHHEM BIaKHOCTH B JICTHHE MECSIIBI BO3pACTaeT 4acTOTa 3a00IeBaHHUS
nepmatutoM (JIobanos, 1977). IMeHHO BeCHOM 1 B Havalie jieTa KpyIHOE BOJOXPAHMIIUIIIE, T03/IHO
ocBOOOXIaroIIeecs OTO JibJla M MEIJICHHO IIPOrpeBaroluecsi, OKa3blBaeT HaubOosbllee
oXJaxKJarollee BO3JeiicTBUe Ha npuileratoiye tepputopuu (pskoHos, 1992). Jpyrum BakKHBIM
JIOKQJIbHBIM  (DAaKTOPOM  BO3JAEUCTBUSA TUIAPOCTPOUTENHCTBA Ha COOOJS SBISETCS CHUKCHHE
YHCJICHHOCTH MBIIIEBUIHBIX T'PHI3YHOB Ha CKJIOHAX MOOEPEXUi KPYIMHBIX TOPHBIX BOJOXPAHMIIHUIL
(ITomonbckuii u ap., 2009), BeposAsTHO, TaK)KE CBA3aHHOE C U3BMCHECHUEM MUKPOKJIMMATA.

B ycnoBusix OTCYTCTBHSI OXpaHBI, MOSIBICHHE KPYITHOTO HCKYCCTBEHHOTO BOJOEMa MOXET
CHOCOOCTBOBAaTh YBEIMYEHHUIO HWHTCHCHUBHOCTH OpaKOHBEPCKOM OXOThI, Kak 3TO ObLIO Ha
Bypeiickom Bomoxpanmnmie (ITogonsckuii u ap., 2009). B 3eiickoM 3amoBeqHUKE 3TOT (HaKTOp
aHTPOTNIOTEHHOT'O BO3JICHCTBHS HAa COOOJISI MPAKTUYECKH OTCYTCTBYET.

Yemeepmulii uiae UCCIEIOBAHUS BKIIIOUACT OLEHKY KOJUYECTBEHHBIX IMOKa3aTeNlell N3MEHEHHH
MOMYJISIIUOHHON TPYNIUPOBKH COOOJS B YCIOBHUSX BJIHMSHHS BOJOXPAaHUIUINA. Baxuelmmm
MIPU3HAKOM aHTPOIIOI€HHOTO BIIMSHUS HAa MOJENBHBIN BUJ SBJSICTCS HApyIICHHUE €CTECTBEHHOU
MOMYJISIIUOHHON TMHAMUKHY, OTpaXkarollleecs Ha aMIUIUTyle KosieOaHWil uyucieHHOCTH. s Bceit
TEPPUTOPUN 3aIOBEAHMKA OTMEYEHA MPHMEPHO 5-W KpaTHas pa3HUIlA MEXIYy MaKCHMalbHBIMH
(10.1 ocobeit ma 1000 ra — 2009/2010; 2012/2013 rr.) u muaumansHbeiME (2.0 ocobu Ha 1000 ra —
1996/1997 rr.) nokazaTenas MU YUCICHHOCTH cO00s. ISl «ONBITHBIX» y4aCTKOB, PACIIOIOKEHHBIX
Ha 1O0epeKbe BOMOXPAaHUIIMING, ITOT MOKasarelb cocraBisger 33.2: or 0.46 (1997/1998 rr.) mo
15.27 (2012/2013 rr.) ocobeit Ha 1000 ra; i «<KOHTPOIBHBIX» YIaCTKOB HU3KOTOPHH, YIaICHHBIX
ot nobepexkuit — 4.4: ot 2.42 (1998/1999 rr.) no 10.57 (2010/2011 rr.) ocobeit Ha 1000 ra. Takum
o0pa3oMm, MaKCHMaJbHAass MHOTOJICTHSS aMIUTUTYyAa KOJeOaHWH YHCICHHOCTH co0oJii B 30HE
BIIUSTHUSL BOJOXPAHUITUINA («OTBITHAS) TEPPUTOPUsI) HE MEHEe YeM B 7.5 pa3 MpeBhIIIaeT TAKOBYIO
Ha «KOHTPOJIBHOW.

HanOonee OOBEKTHBHBIM KOJMUYECTBEHHBIM IIOKa3aTelleM BO3JEHCTBHs BOJOXPAHWIMIIA Ha
MO/JICITbHBIA BUJI TIPEACTABISIETCS PA3HOCTh MEXKIy CpeAHEH MHOTOJIETHEW TUIOTHOCTHIO HACEICHUS
Ha «KOHTPOJBHBIX» YYacTKaX M Ha MOOepeXbe MCKYCCTBEHHOIO BOJIOEMA, BBIPAXKEHHas B % OT
«KOHTPOJILHOTO» YypOBHsA. [l OOBEKTHMBHOTO pacdera IMOTEeph HEOOXOIUMO ONpEICIHUTh
BPEMEHHOW HWHTEpBAJ JeCTaOMIN3alMM TMOMYJISALMU — MEepUoJ] €€ YacTUYHOM aJanTaluu K
CO3JIaHHWIO BOJIOXpaHWIHINA. ECiy B3ATh 32 «TOYKY OTCYETa» 3aBEPIICHHE 3aIOJHEHUS 3eHCKOTro
Bosoxpanuwinma g0 HITY (1985 r.), korga crano oTYETIUBO MPOSBIATHCS CHUKEHUE YHCICHHOCTH
co0ostst Ha moOepexbe, U yuecTh, uTo ¢ 2005-2006 rT. TMHAMHUKA €T0 YUCICHHOCTH Ha «OTBITHBIX»
y4acTKax CHHXPOHU3MPOBATIACh C TAKOBOW HAa «KOHTPOJIBHBIX» YUacTKax M M0 AMYypCKOH oOnactu
B 11es1oM (puc. 1), TO IIUTETBLHOCTH Meproaa AecTabunn3anuu coctabiuset okono 20 mer. Cpemnsis
MHOTOJIETHSII IUIOTHOCTh HaceleHus coOoinsi 3a 3ToT mnepuox 1986-2005 rr. cocraBisia: Ha
«OTBITHBIX» yYacTkax (mobepexbe BojgoxpaHwmmma) — 2.5 ocobeir/1000 ra; Ha «KOHTPOIBHBIX)
yyactkax — 3.9 oco6eii/1000 ra. Takum oOpa3om, €XerofHble MOTEPH MOMYJSIMU COCTABISIIN
1.4 ocobu Ha 1000 ra — 35.4% OT KOHTPOJEHOTO YPOBHSI.

BriBoabI

1. Hame uccnepoBaHue MOKaszajao, YTO OCHOBHBIM HPUPOJIHBIM (PAKTOPOM, OIpenessSIOnM
JUHAMUKY YHCICHHOCTH CO0OJsl Ha paccMaTpuBaeMOW TEpPUTOPUH,  SIBIISIOTCS
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MHOTOJICTHUE TEHJCHIMM W3MEHEHHS CYMMapHBIX I[IOKa3aTejleil  OTHOCHUTEIbHOMN
YHCJICHHOCTU MBIILIEBUIHBIX TPHI3YHOB (Ta0I. 1).

2. B cBowo oyepenp, IMHAMHMKA YHCICHHOCTH MBIIIEBUIHBIX TPHI3YHOB Ha TEPPUTOPUU
3eiickoro 3amoBeIHUKA MPOSBIAET 3HAYUMYIO OTPHUIATENbHYIO 3aBUCUMOCTb OT
JUATENbHBIX (30-M TETHWX) UKIIOB COJHEYHOW aKTUBHOCTH (puc. 2, Tabdx. 2). BeposrtHo,
MMEHHO C 3TUM CBSi3aHAa CHMHXPOHHOCTb KOJ€OaHUN YUCIEHHOCTH cO00JI1 B BOCTOYHOMN
vact Xp. TyKkypuHrpa u 1o Bceit AMypckoii o6mactu B esnom (puc. 1, Tadi. 1).

3. Jpyrum BakHbIM (DaKTOpPOM, BIMSIIOIIMM Ha OOMJIME MBIIIEBUAHBIX T'PHI3YHOB, SIBIISIOTCS
OCaJKU BECEHHE-JIETHEr0 CE€30Ha — Iepuoja MX HauboJjiee AaKTUBHOIO Pa3MHOXKEHHUS.
HHTeHCHBHBIE OCaZKM B Mae-UIOHE OOBIYHO TPEMATCTBYIOT YCIEeXy pa3MHOKEHUs
rpei3yHoB. OTMedeHa 3HauMMasi OTPHIIATENbHAs KOPPENSUsS CyMMapHOW YUCICHHOCTH
MBIIIEBUIHBIX TPBI3YHOB M CIJIKCHHOW JHHAMUKH BECCHHE-JIETHUX OCAJKOB (Tali. 2).
Heob6xoaumo o0paTuTh BHUMaHKE Ha TO, YTO JJIsl pacCMaTpUBaeMoii Teppuropun (Tadi. 2)
u AMypckoil o0jacTd B IIEJIOM XapakTepHa MpsiMas 3aBUCHUMOCTh MHOTOJIETHUX ILIHKIIOB
YBIIQXXHEHHUS OT JUHAMHKH cosiHeuHo# aktuBHocTH ([Tapuios u ap., 2006).

4. BaxnelmuMm (HakToOpoM aHTPONOTEHHOTO BO3ACWCTBUS HA MOMAENBHBIM BHUA CIEAYET
NPU3HATH MHUKPOKIMMATHUECKOE BIMSHHUE BOJOXPAHWIMIIA. IJTO TMPOSBISIETCS Kak
HampsiMyl0  (4epe3  TOBBIINIEHHYIO  3a00JIeBaeMOCTh  JEpPMAaTUTOM U  CHIDKEHHUE
BBDKMBAEMOCTH MOJIOJIHSIKA), TaK W OIIOCPEIOBAHHO (4Yepe3 CHIKEHUE YHUCICHHOCTH
MBIILIEBUHBIX TPHI3YHOB HA CKJIOHAX NOOEpeXbs BOJOXpaHWIUINA). B  ycroBusx
OTCYTCTBUS CHEIMAIBHON OXPAaHbI, TOSBICHNE KPYITHOTO UCKYCCTBEHHOTO BOJOEMA MOXKET
CIOCOOCTBOBATh YBEIMUYEHUIO MHTEHCUBHOCTU OPAaKOHBEPCKOM OXOTHI, KaK 3TO ObUIO Ha
BbypelickoM BopoxpaHuiMile, HO B 3€iiCKOM 3amoBeHUKe OpakoHbepcKas Jo0bua co0oJs
MPAKTUYECKH OTCYTCTBYET.

5. Jlia KOJIMYECTBEHHOW XapaKTEPUCTHUKHU BO3JEHCTBUSA BOJOXPAHWIMINA HA MOJACIIbHBIA B
[[eIeCO00Pa3HO HCIONB30BaTh PAa3HOCTh MEXIY CpeJHEl MHOTOJIETHEH IIOTHOCTBIO
HAaCeJIeHUs Ha «KOHTPOJIBHBIX» y4acTKax M Ha MOOEpekbe HCKYCCTBEHHOTO BOJIOEMA,
BBIPQKEHHYIO B IPOILIEHTaX OT «KOHTPOJBHOI'O» YPOBHS, 32 NMEPUOJ aJalTaluy HOMYISALHH
c000J1s K MOSBJICHUIO HCKYCCTBEHHOTO Bojtoema: ¢ 1985 o 2016 rr. (oxomno 20 mer).

6. Ilpu3HakoM OTHOCHTENbHON  ajanTalMy  SIBUJIAETCS  CHHXPOHHU3AMs  JAMHAMUKHU
YHCICHHOCTH MOJIEIbHOTO BUA HA «OIBITHBIX)» U «KOHTPOJBHBIX)» YIaCTKaX.

7. CpenHue exerogHble MOTepH MOMYJSALUH co00Js B ATOT Mepuo coctasisuiu 1.4 ocobu Ha
1000 ra — 35.4% OT KOHTPOIBHOTO YPOBHSI.
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On the basis of long-term data of the Zeya reserve the role of natural and anthropogenic factors in the
dynamics of the sable population (Martes zibellina L., 1758) of the zone of influence of the Zeya reservoir is
estimated. A close direct dependence of the sable population density with long-term trends in the total
relative number of rodents was established. The negative dependence of the last indicator with long-term
trends in solar activity and the amount of spring-summer precipitation was established. Significant deviations
from the natural population dynamics of the sable, including the deepest and longest depressions, as well as
increased amplitude of population fluctuations were noted on the coast of the reservoir. For the zone of
influence of the Zeya reservoir, the duration of the period of significant destabilization of the sable
population under the influence of hydraulic engineering is established.

Keywords: sable, rodents, population dynamics, solar activity, precipitation, water engineering, evaluation of
the effect.
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3eneHas WHQPACTPYKTYpa SIBISETCS OMHMM W3 HauOoliee Ba)KHBIX KOMIIOHEHTOB T'OPOJICKOM Cpelbl,
BIIMAIOIIIMM Ha Ka4e€CTBO >XKHW3HH HACCIICHHSI. 3eseHnle HaCaXaACHUS MOT'YT OBITE UHCTPYMCHTOM JJIst
mogacpKanud HEIOCTHOCTU U yCTOﬁ‘IHBOCTPI TOPOJACKUX ISKOCHUCTEM. HerepI)IBHI)Ie HUCCICI0OBaHUA
CTPYKTYpHI U (DYHKIHH TOPOACKOM 3eNeHON HHPPACTPYKTYPHI © MOHHTOPHHT €€ KauecTBa HEOOXOTUMBI
JUTSL ONTUMHU3ALAN TOPOACKON CPEBL.

Ha mpumepe Mamarn (Mcmanmsi), OZHOTO W3 BEOyIIUX «YMHBIX» TOpPOIOB EBpoIIHI,
paccMaTpUBAIOTCS TPU METOJOJIOTMYECKUX IMOJX0/Ia K OICHKE MPOCTPAHCTBEHHOW KOHQUTYpaluu U
CTPYKTYPBHI 3€JICHBIX HACaXJCHWH W (pparMeHTOB mpupoaHoro nauamadra ropona. [IpumeHstoTcs
coBpeMeHHbIe MeTobl I UC-MonenupoBanust Tt OLCHKH 3eJIeHOoH HH(pacTpyKTypsl Majiaru ¢ TOYKH
3pEHMS XapaKTEePUCTHKHU 3eMenbHoro mokpora (mpu nmomoinn CORINE Land Cover), moTeHIMaIbHBIX
00BbEMOB MpemaraeMbIx SKOCHCTEMHBIX ycayr (mpu momomnn Urban Atlas) u xoHduryparym,
(bparMEHTHPOBAHHOCTH W TIPOCTPAHCTBEHHOW CTPYKTYPHI 3€JIEHBIX HACaXKIeHWH (TIpU TOMOIIH
GuidosToolBox). Ha ocrHoBe Meroma MOpGOIOrHYeCKOro MPOCTPAHCTBEHHOTO aHAIM3a BBIEICHBI
OCHOBHBIE 0a30BBIE pe3epBaThl (sApa) W OCTpPOBa 3€JeHOH WHOPACTPYKTYPHI, 3KOIOTHYECKHE
KOpUIOpBI, IIPOBEACHA OIEHKA CBSI3HOCTH U (ParMEHTHPOBAHHOCTH 3€IEHBIX HACAXKIICHHIA,
KPUTHYECKH 3HAYMUMBIX JIJIS OINpENeNeHUs EOWHCTBA DKOJIOTMYeCKOro Kapkaca. llpuBemeHsr
KOJIMYECTBEHHbIE XapaKTEePUCTUKHU 3eNI€HON HH(PPACTPYKTYPHI, TOTEHIIHAIFHO CPaBHUMBIE Ha Pa3HBIX
YpOBHSAX H3y4YeHUs 3EMEIBHOTO IMOKpoBa. B mccrnemoBaHWM TPUMEHEHO COYeTaHHe HECKOIBKUX
METOJIOB, TIO3BOJIIONINX PACCMOTPETh TEPPUTOPUIO HAa PA3HBIX YPOBHSIX IMPOCTPAHCTBEHHOTO aHAJH3a
Y OTIPEJIENIUTh CUCTEMOOOPa3yIOIIHe YIaCTKU CETH 3eIeHON HHPPACTPYKTYPHI.

Kniouesvie cnosa: 3enenas undpactpykrypa, ['MC-monenmuposanue, CORINE Land Cover, Urban
Atlas,  cBs3HOCTB,  ()ParMEHTHPOBAHHOCTH  3€JEHBIX  HACAXKICHHH,  MOPQOIOrHYCCKHUI
MPOCTPAHCTBEHHBIN aHAIN3.

DOI: 10.24411/2542-2006-2020-10072

O3eneHeHne, HECOMHEHHO, SBJSETCS OJHUM M3 OCHOBHBIX JKOJOTHUECKHX CIOCOOOB
O3/I0pOBJIEHUSI M OIaroycTpoiictBa ropoJckoi cpeibl. YacTbl0 KOMIUIEKCHOW IPOrpamMMbl
MEpONpPUATHI MO MJIaHUPOBKE 000 ypOOIKOCHCTEMBI SIBISETCA BHEApPEHHE OOIIMPHON H
pa3BuToi cetu 3eneHoil nHppactpykrypsl (Ilopimakosa, 2016). YcrounBoCTh TOPOAOB OYy/yIIETo
B 3HAUUTEIbHOM CTermeHu OyaeT 3aBUCETh OT TOTrO, HACKOJBKO YeJIOBEYECTBO CIOCOOHO
MOJIIEP>)KUBATh KaYeCTBO TOPOJICKUX 3€JEHBIX HACAXKAECHUHN U UX 3KoJornueckux ¢pyHkuuii (Breuste
et al., 2015). CymecTtBoBaHue U pa3BUTUE TOPOJOB B paMKaX KOHIEMIUH YCTOHYMBOTO Pa3BUTHSI
3a4aCTyl0 OKAa3bIBAa€TCsi OIPAaHUYEHHBIM HE TOJBKO IIPOCTPAHCTBEHHOM  HEPA3BUTOCTHIO
HKOJIOTUYECKOT0 KapKaca, HO TaKKe CHI)KEHUEM CBSI3HOCTH 3eJIeHON MH(PACTPYKTYphl U BBICOKOH
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creneHbpio (parmeHTHpoBaHHOCTH 3ejieHbIXx HacaxaeHuidt (MCcNicoll, 2005). ITostomy momMumo
IUIAHUPOBAHUS M BHEJPEHHUS HOBBIX 3€JICHBIX HACaKJICHUI W yIpaBICHUS WMHU KpailHE Ba)KHOU
3a/1auell CTAaHOBUTCS MOCIEAYIOINN aHAIN3 UX Ka4eCTBa.

YpOaHu3upOBaHHBIE TEPPUTOPHU — CIOKHBIE © MHOTOOOpa3HbIE CUCTEMBI, aHAIIN3 JBOJIIOIIH
KOTOpPBIX YacTO CTpajaeT H3-3a HEXBATKU IPOCTPAHCTBEHHBIX JaHHBIX W HEIOCTAaTOYHOI'O
MTOHUMAHUS BIUSHHS COLMATBHO-3KOHOMUYECKUX B (pr3nYecKux (pakTOpOB HA POCT ITUX CHUCTEM.
Haunbosiee WHTEpPECHBIMH, C TOYKH 3pPEHHS] M3YYEHHUS OTHUX TIPOLECCOB, SBISIOTCS CHUCTEMBI,
HCTBITHIBAIOIINE, C OJJHOW CTOPOHBI, CHJIBHBIM aHTPOTIOT€HHBIN MPECC, HO, C APYrOil, COXPaHSIOIINE
IIPY 3TOM 3HAYUTENbHYIO 4acThb MPUPOJHOro Kapkaca. EBponeiickoe Cpenn3zeMHOMOpPbE, KOTOPOE
IIOCTOSIHHO Pa3BHUBAETCA 3a CUET AKTUBHOTO BOBJICUYEHHUS TYPUCTUYECKUX PECYPCOB, SBISIETCA
OJIHUM U3 CaMbIX OJaronpUsITHBIX PETHOHOB Ul MPOBEIEHUS TaKOIO POJia UCCIEA0BaHUN.

B nanHoii paGoTe B KauecTBE PETrMOHAa TEMAaTHYECKOTO HCCIIEOBaHMs ObLT BBIOpaH Tropojl
Manara, Ha TEppUTOPUU KOTOPOTO PACIHOJIAraloTCs MOMYJSApHbIE TYPUCTUYECKHUE KYpPOPThI H
CTPEMUTENbHBIA POCT HAaceleHusi KOToporo 3a nepuoj ¢ 1960-x romoB mocTaBuil psii BOIPOCOB,
Kacaromuxcst 3pQPEeKTUBHOCTH TOPOICKOTO IUIAHUPOBAaHUA. [l pelieHus 3ajnad HCClIeAOBAHUS
Obula TMpeANpUHATAa TONbITKA HHTErpanuu reorpaduyeckux HHOOPMAILMOHHBIX CHCTEM,
MPUMEHSIEMBIX JUIsI MOJIEIMPOBAHUS pOCTa TOPOJIOB U MPOTHOZUPOBAHMS PAa3BUTHS TEPPUTOPUH, B
I€09KOJIOTMYECKYI0 OIIEHKY ypOaHM3MPOBAaHHBIX TeppUTOpuil. Takke HcciaeloBaHUE HaNpaBlIEHO
Ha MPUMEHEHHE OCHOBHBIX METOJMYECKUX IOJXO0J0B K MOHUTOPUHTY M aHAIMU3Y Ipoliecca pocTa
ypOaHU3UPOBAHHBIX TEPPUTOPHUI C IIENIbI0 JalbHEHIIEero MporHo3a BIMSHHUS ypOaHM3allMU Ha
OKPYKAIOILYIO CPEy U MPEIOKEHUS TAKTUK IPPEKTUBHOTO TOPOACKOTO MIIaHHUPOBAHUSI.

OCHOBHOM LIENIBIO 3TOTO MCCIIEJOBAHUS SBIISETCS BBIABICHUE POJIU 3€JI€HOW MHPPACTPYKTYPHI
KaKk OJIHOTO W3 B@KHEHIIHMX TI€0’KOJOIMUECKHX 3JIEMEHTOB YpOAHHW3MPOBAHHBIX TEPPUTOPUN
Manaru ¥ TpUMEHEHHE COBPEMEHHBIX METOJOB Yy4YeTa M OLEHKH COCTOSIHMSA 3€JIEHOU
UHOGPaCTpyKTypbl. [l JOCTHKEHMsSI TOCTaBJIEHHOW 1€ HEoOXOAMMO BBIBUTH  (DU3UKO-
reorpapuecKkue M COLMAIbHO-?KOHOMHUYECKHE MPENNOCBUIKA HPOCTPAHCTBEHHOIO pPOCTa U
pasBUTHS  TOPOJAA; PAaCCMOTPETh  COBPEMEHHBIE  METOJUYECKHME  IOAXOAbl K  OILIEHKE
IPOCTPAHCTBEHHOW KOHQUIypallMd U CTPYKTYphbl 3€JIEHBIX HACAXICHUH U (parMeHTOB
IPUPOJHOro JlaHAmadra B ropoje M moaoOparb Te W3 HHUX, KOTOpble HanOojee MOJIHO PEeIlaroT
IOCTaBJIEHHbIE 3a7aud. [IpyMeHeHHe BBIOpPAHHBIX METOJOB IO3BOJMT PEIINUTh 3aJadyy OLEHKH
KPUTHYECKH 3HAYMMBIX [IapaMETPOB CBSI3HOCTH M (P)parMEHTUPOBAHHOCTHU 3€JICHBIX HACAKJICHUN Ha
OCHOBE IIPOCTPAHCTBEHHOTO MOP(OJOrHUECKOTO aHATIN3a.

Marepuajibl 1 METOIBI

Ilpeomem uccnedogeanus. 3eneHas HHPPACTPYKTypa KaK TEPMHUH HE UMEET €IUHOTO
oOuienpu3HaHHoro omnpenenenus. CoBpeMEHHOE MOHUMAaHKE TOHATUS «3elieHass HHPPaCTPYKTypar»
(31) B KOHTEKCTE JAaHHOTO MCCIIEI0BAHUS Yallle BCETO COTNIACOBBIBACTCA C OMPE/ICTICHUEM, JTaHHBIM
Espomeiickoii komuccueit 8 2013 romy (Green Infrastructure ..., 2013): 3enenast uabpacTpykTypa
BKJIIOYAaeT B ceOs IIMPOKUH CHEKTP NPUPOAHBIX U MOJYHPHUPOJIHBIX AaKTUBOB, CTPAaTETHYECKU
IUIAHUPYEMBbIX KaK €/lMHas CeTh B3aUMOCBS3aHHBIX KOMMOHEHTOB. CHEKTp MOMajarolmux MoJ
OTIpe/ieIeHue aKTHBOB BAapbUPYeT OT YIMYHBIX 3€JIEHBIX HAcaXJAE€HUH M HEeOOJBIINX CKBEPOB 10
KPYIHBIX MAPKOB, KJIaJ0MIL], 3eJICHBIX CTEH U KPbILI (BEpTHUKAIbHBIE 3€JIEHBIE YIEMEHTHI).

O3eneHeHre TOPOAOB SIBJISETCS OJHOW M3 CaMbIX BaXHBIX TPACKTOPHH 0310pOBIICHUS
TOpPOACKON cpelibl. 3eNeHble HAaCaXJAEHUS CMT4aioT BOCHPUATHE >KAPKUX U CYXMX IOTOJHBIX
YCJIOBMM, MOBBIMAIOT MOHMU3ALMUIO BO3[YyXa, CO3JAal0T MPOTHUBOIIYMOBOH 3(deKT, 3amumaT ot
XMMUYECKOTO 3arps3HEHUs M MOIJIONIAIOT MHOTUE BpeaHble mpumecu. Cuuraercs, uyto | rexrap
3JIOPOBBIX JIECHBIX HAaCaKICHUU 3a JIeHb morjomaer okosno 0.25 T yriekucrnoro rasa, mpu 3ToM
Boiienss 0.2 T kucnopoaa (I'omy6uukos u ap., 2001).
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B mnocnennue pecsatunerrss oco00 OTMEYAETCS OTPOMHBIM MOTEHIMAN TOPOJCKOM 3eleHOM
MHOPPACTPYKTYPbl IS PELICHHs TEKYLIUX MpoOJIeM TOpPOJICKOTO IUIAHHMPOBAHUS, OCOOCHHO B
KOHTEKCTE YCTOWYHMBOTO pPa3BUTHS. Pa3zBuThe 3eneHOW MHPPACTPYKTYphl HE O3HAYAET CO3JIaHUE
COBEpIIEHHO HOBOTO Kapkaca; CKOpee, OHO CHMBOJM3HPYET YIAy4IIEHHE CBS3HOCTH YKe
CYIIECTBYIOIIEH CETH 3€JICHBIX HACAKICHUN /IS YIIydIIeHUs! (PYHKIIMOHUPOBAHUS SKOCUCTEMBI.

Pecuon uccnedosanuss — ropon Manara (aBTOHOMHOE coobmiectBo AHpanycusi, Mcnanus),
pacmionaraercsi Ha moOepexxpe Cpemu3eMHOTO MOpsi y TOAHOXBS Top Monrec-ne-Manara
(Mastarckue ropsi), SIBJISIFOIIUXCS YacThIO CHCTEMbl AHMATYCCKUX rop. ['OpHbIE y4acTKH pPerdoHa
MPUHAJICKAT K CTPYKTYPHO-ICHYJAIIMOHHBIM M CKJIaJ4aThiM TOpaM Ha METaMOp(UYECKUX U
KapOOHATHBIX MMOPOJAX; FOTO-3alaJHYI0 YacTh PETMOHA 3aHUMAIOT OOIIMPHBIC AJTIOBHAIBHBIC
paBHMHBI MeKTypeubs pek I'yagansopce, Kamnanuitsac u ['yaganmenuna.

Jns u3ydaemMoro permoHa XapakTepeH CYXOW M KapKHil CpelU3€MHOMOPCKMH KJIMMAT, 4To,
HECOMHEHHO, BJIHMSE€T Ha HEOOXOIUMOCTh OOECIeYeHHs TopojJia  pPa3BUTOM  3e€JIEHOU
nHppacTpykTypoii. Cpean3eMHOMOPCKHE TOpOAa C WX KAPKUM M CYXHM JIETOM HYXKIAIOTCS B
TEHUCTBIX yIaCTKaX, CIIOCOOHBIX CMATYMTH BHICOKHE TEMIIEPATYpPhl, TEM CaMbIM TOBBIIIAss KAYECTBO
KHU3HU TOpokaH. Bce ObICTpee pa3BUBAIOIIASCS TEXHOJIOTHS BBICAKHBAHHS «3EJICHBIX KPBITID)
TaKXKe CIMOCOOCTBYET CHWIKCHHIO OJHEPromnoTpeOieHus 3a cyeT APPEKTHBHOTO OXIKIACHUS
MOMEIIICHUH.

Manara pacrnonaraercsi B 30HE KCEpPO(MUTHBIX PEIKOJIECUH M KYCTapHUKOB TOJ OO0IIHUM
MECTHBIM Ha3BaHueM momuiisipel (PomanoBa u ap., 2014). ToMuuIspsl TPEACTaBISIOT OO0
pe3ysIbTaT JUTUTEIBHOTO YPE3MEPHOTO BhINAca: IEPEBbs MOSBISIOTCS B JTaHIAPTE BCE PEKE, 3aTO
pasBUBacTCs OOIIMpHOE TMOKPBHITHE M3 TUMbsHa (Thymus spp.), posmapuna (Rosmarinus spp.),
namannauka (Cystus salviifolius!, C. albidus) u mpoumx HHU3KOPOCHBIX KyCTAPHHKOB U
KYCTapHHYKOB.  30HQJIbHAsi  CPEIM3EMHOMOPCKAas  PACTUTENLHOCTh  CO3/AeT  JOBOJIGHO
cnienuuvecKkre yCIoBus sl POPMHUPOBAHUS KapKaca 3eJieHoi nHPpacTpyKTypbl. KycTrapHHKOBBIH
XapakTep pacTHTEIbHOCTH Ha 3HAYMTENBHOW YacTH TEPPUTOPUU ClIabo OJIarompusITCTBYET
(OPMUPOBAHHUIO KPYITHOMACCUBHBIX TOPOJICKUX MAapKOB C OONIMPHBIM JPEBECHBIM ITOKPOBOM.
BcBsism ¢ 3TMM mojaBisiomias 4yacTh  3elleHOW HMH(pacTpyKTypbl oOpa3oBaHa  JIMOO
HHTPOIYyLIMPOBaHHBIMU BUAaMH, Takumu kKak Maraonus (Magnolia grandiflora), tTumyana (Tipuana
tipu), sxakapanma (Jacaranda mimosaefolia), mu6o rubpugamMu 1 KyJIbTHBApaMH, HAPUMED, JIAITON
okparrennoit (Tilia x euchlora) u nomepannem (Citrus x aurantium; ta6:m. 1).

[TpoucxoxaeHue OObIIEH YacTH IPEBECHON PACTUTEIBHOCTH B TOpoJie OepeT Hadasao B 1930-x
rogax B peruoHe MoHTec-ne-Mainara, Tie B TO BpeMsl 3HaYMTENbHBIC TUIOMAAN ObLTH OTBEICHBI
MOJI 3€JICHbIC HACAKICHUS C IIeNbI0 yOepeub TropoJl OT CHIIbHBIX HABOJHEHUMH, CBS3aHHBIX C
pasnmuBoM p. ['yamanmenuHa. Mcrosib30Baiuch Takue MOPOJIbI, KaK €BPOIEiCKas KeApoBas COCHA
(Pinus cembra) u cocua anemnmckas (P. halepensis), uaeansHo moaxoasiiye s O€IHBIX U CHIBHO
3POJMPOBAaHHBIX TI0YB. Ha OCHOBE MCKYCCTBEHHBIX HACAXKICHHUI CO BPEMEHEM Hayvajla pa3BHBAThCS
TUIIMYHO CPEIN3EMHOMOPCKAs PACTUTEIBHOCTh, COCTOsIas u3 jayba kameHHoro (Quercus ilex),
nayba mpookoBoro (Q. suber), poxkosoro nmepeBa (Ceratonia siliqua), Mmupra OOBIKHOBEHHOTO
(Myrthus communis), sicerst (Fraxinus spp.), semisauanoro aepesa (Arbutus unedo).

lopojackass TUTAaHUPOBKA WIPaeT BAXHYK pOJb B TIOHUMAHWUM KOH(MUTYpAIMHM 3eJICHOMN
UHPPACTPYKTYphI. B coBpeMeHHbIX rpaHuIiax Majiaru MOKHO BBIJICJIUTh JIBE KPYITHBIC 30HBI: PO
ypOaHU3aIMU KaK TAaKOBOE — «CUTH» U NepU(EpUI0 — Mallo3aceICHHbIC, HO KPYITHBIC MO TUIOIIAIN
paiionsl. [lepudepuiinpie paiioHbI, TIO CYyTH CBOEH CeJbCKHE, ObUIM BKIIOYECHBI B 4EpPTy TOpoja
mociie TOro, Kak Maara WChbITajga HOBBIM BHJA JeMOrpadUyeckoro JaBJICHUS B BHJIC
MUTPAIIMOHHOTO TMPUTOKA CEJIbCKUX KHUTEJICH, MOCTPaJaBIINX BCIICACTBUE TOsBIeHUS B EBpore
BuHorpamHoi (umtokcepsr (Dactylosphaera vitifoliae). Tlocnennue necstunerus XIX Beka u

! Jlaturckue Ha3BaHus pacTeHuil narores no pabore “Plan General de Ordenacion Urbana (PGOU) de Mélaga” (2011).
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Havano XX BeKa 03HAMEHOBAIHCH ITyOOKOW SKOHOMUYECKOH Jenpeccueii, KoTopasi Oblia BeI3BaHA
OJIHOBPEMEHHBIM KpPaxoM METAJUIyprU4e€CKOW NMPOMBIIUIEHHOCTH M YIAJKOM BHUHOTrpajaapcTBa. B
9TOM KOHTEKCTe B Manare Haudaja MOOLIPSTHCS JKUIMIIHAS MOJUTHKA «JIELIEBBIX JOMOBY IS
HOBOT'O HACEJICHUS U B NOJUTUYECKUX LENSIX ObUIM CIPOEKTUPOBAaHbI HOBbIE KBapTaiibl TpuHUAAL U
Creroonan-Xapaua (Reinoso et al, 2010). IIpoekt «zaemieBol 3acTpOWKH» B KOHEYHOM HUTOTeE
IIPUBJIEK HACTOJIbKO OOJIBIIOE KOJIMYECTBO 3aMHTEPECOBAHHBIX JKUTEJIEH, UTO OKa3ajics YK€ HE B
COCTOSIHMM IIOKPBIBATh CIIPOC Ha kuibe. Ilepenomnennocts paiionoB Jla-Tpunnpan, Kanyuynnoc u
MHOTHX APYrHX BO3pOCIa HACTOJIBKO, YTO BBI3BaJIa CIIOHTAHHBIC sIpa paccelieHus Ha nepudepun
ropoja: Dnb-Ilano B coBpemeHHoM auctpukre Icre, Appoiio-aens-Kyapro B quctpukre Kpys-ae-
Vwmuitsinepo, Manrac-Bepaec B Coroman-Xapaua u muorue apyrue (Del Carmen Diaz Roldéan,
1996).

Tabamua 1. Haubonee yacto BcTpeuarouiuecs
OynpBapax Manaru (Plan General ..., 2011).

BUJbI B TOPOJACKHX IIapKax W Ha O3CJICHCHHBLIX

HuTpoayuupoBaHHbIe BHIbI ABTOXTOHHbBIE BHIbI
Hepebst | Tunyana tumny (Tipuana tipu), barpsinauk eBporneiickuii (Cercis siliquastrum),

bpaxuxuron (Brachychiton sp.), |Onua espomnetickas (Olea europaea),

IMomepaner (Citrus x Scenn oObIkHOBeHHBIH (Fraxinus excelsior),

aurantium), Cocna nuuaus (Pinus pinea)

2Kakapania MUMO30JMCTHAS

(Jacaranda mimosaefolia),

Menus anenepax (Melia

azedarach),

Po6unus noxxHoakarueBas

(Robinia pseudoacacia),

I'pesuines kpymuas (Grevillea

robusta),

PosxxkoBoe nepeso (Ceratonia

silique)

Kycrapuuku | bepeckier smonckuit (Evonimus | XKacmuu (Jasminum sp.),

japonicas), Oumneanap (Nerium oleander),

Jlantana cBomuaras (Lantana Tamapuxkc (Tamarix sp.),

camara), dumupes y3konauctHas (Phillyrea

buprounna OnecTsamas angustifolia),

(Ligustrum lucidum) ducramika MmactukoBas (Pistacia lentiscus),
Perama onnocemsauas (Retama monosperma),
Posmapun sekapcrBennsiii (Rosmarinus
officinalis),
Bospeinank ogaonectrunbiin (Crataegus
monogyna)

C 1990-x rojoB MpaBUTEIbCTBO MYHHIMIAIUTETa MPUCTYNMIO K TOATOTOBKE IUIaHA
OOHOBJIEHUS TOPOJACKOIO IIEHTPA, HAUYaBIIETO TEPSATh IPHUBIEKATENBHOCTh S IMPOXKUBAHMSL
Typuctuueckuit Oym 1960-X roJ1oB mpuBea K TOMY, YTO OCHOBHAs JI€ATEIBHOCTh MO YIPABICHHIO
HOBBIMH pallOHaMU Ha nepudepuu rnomnana B pykKH 4aCTHOM MHUIMATUBBL Tor/a ropoJ cTal pacTu
Xa0THUYHO U HEPALMOHAIBHO, 0€3 KOHTPOJIS CO CTOPOHBI aAMUHUCTpAUU. JKEeHTpUpHUKALUI XOTS
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U [03BOJIMJIA LIEHTPY rOpoJia CTaTh KIOYEBBIM CHMBOJIMUECKUM IIPOCTPAHCTBOM, HO, TEM HE MEHEE,
HE NOMOIJIa CAENaTh LEHTPAIbHBIM palioH 0ojee MPUTOJHBIM /ISl IOBCEAHEBHON JKU3HU; TENEPh
13-3a YPE3MEPHOI0 TYPUCTUYECKOI'O MCIOJB30BaHUS TaKuMe MecTa ropoja, Kak bk Manarera,
wiomanp [lnaca-ne-na-Mepecen ¢ €€ okpectHocTsIMM, miowmanb [lnaca-ne-na-Mapuna, OynbBap
[Taceo-genb-Ilapke u npocnexkt Anamena-llpuHcunanb, cTpagaloT OT Meperu30bITKa MOCETUTENEH
(Barrera-Fernandez at al., 2019).

[Iponiecc 0OHOBIIEHUS TOPO/IA U TIOBBIIIEHUS KOM(OPTHOCTH TOPOJCKOM Cpelbl MPOI0IHKAIC
Ha TPOTSHKEHUM Bcero nocieanero necsatuietus XX Beka. B 1997 rogy Manara nonyuuna 2-10
EBpornelickyto npemuto, NpuCyxJeHHYyI0 COBETOM MYHUIMIIAIUTETOB U PEruoHoB EBponbl 3a
KOHIICTIIINIO YCTOMYMBOTO TOPOJACKOTO TIuiaHupoBaHusa. B 1998 romy ropon Taike MOTyqHI
npemuto Dubai Best Practice Award 3a Beyiiyto noBecTKy JHS B 00JIaCTH YCTOWYMBOTO pa3BUTHS,
B TOM YHCJI€ 32 BBIJAIONIMECS YCTIEXU B Pa3BUTHUU 3eJeHOU UHPpacTpykTyphl. B 2000 roxy Obu1o
CO3/IaHO rocyaapcTBeHHOE areHTcTBO ObcepBaropus ropojickoi cpeasl Manaru (OMAU).

B 2013 romy Obu1 3amymeH npoekt Urban Empathy 2013: mnaptaepctBo 11
CPEIM3EMHOMOPCKUX TOpoaoB mona arugod  Epomneiickoro Coro3a, HampaBJIeHHOE Ha
COTPYJIHUYECTBO B paMKax JIOCTHXKEHHS YCTOWYMBBIX Mojenei pa3putusi ropoaos (Urban Empathy
.., 2020). CMU orMmeuaroT, uTo Majara MOXeT CTaTh XOPOIIMM KaHIWJATOM Ha IOJyYCHUE
Harpagel EC Green Capital B 2020 ronxy (Malaga ..., 2017). Kpome toro, B 2015 romy Obuia
yTBepKaeHa mporpamma Agenda2l, kotopas mpenctasiser coboi IloBecTky mo KOMIUIEKCHON
YCTOWYMBOCTH TOPOJACKO# cpenbl Manaru Ha nepuoa ¢ 2020 mo 2050 romst (Agenda Urbana
Malaga, 2016). Otuer mnpOrpamMMbl COJEPKHUT TEOPETUYECKOE TOSICHEHHE TOPOJCKOrO
IUTAHUPOBAHUS U COBPEMEHHOTO COCTOSIHUS 3€JIeHOH HH(ppacTpyKkTypsl Mainaru.

Ceronnsi mpaBUTENbCTBO Maiaru crapaercsi MEHSTh CHUTYallMi0 B JIYYIIYI0 CTOPOHY IyTeM
MPOJBIDKEHUS IJIAaHOB MO O3€JIeHeHHI0 Tropoda. PUHAHCOBYIO MOJAEP)KKY MOIy4aeT MHOYKECTBO
AKOJIOTHYECKHUX TpoekToB, Takux kKak Agenda Urbana Malaga, Urban Empathy u Smart Cities.
AHanu3 3BOJIIONNH 3€JIeHBIX 30H 3a niepuoa ¢ 2005 mo 2013 roxa mokasai, 9to KO3 QHUIMEHT 3eJIeHBIX
HACAXKJICHWI Ha ATy HACEIEHUS JEMOHCTPUPOBAT HEMPEPHIBHYIO TEHJEHIIMIO K pocTy, B 2008 romy
cocTaBus 6.33 M? Ha xuTens, a B 2015 TOxy yKe JOCTHrHYB OTMETKH B 7.60 M? Ha utens (puc. 1;
Trigo, 2015; Agenda Urbana Malaga, 2016).

B 2020 roxy ropoxa cranm moOeauTesieM cpead BCEX HOMHWHAHTOB Ha IpeMuio EBporeickoit
Komuccun «European Capitals of Smart Tourismy», B ToM 4mclie 3a yCHnexw B OpraHu3aIlu
3M0poBOii M KoM(OpTHOU cpenpl s mpuBiedeHus typucroB (European Commission, ... 2020).
Pa3BuBaromuecss TropoJcKhe TpPOrpaMMbl HMEIOT CYIIECTBEHHBIM HENOCTAaTOK, T.K. OHH
HEJOCTATOYHO TMOJKPEIUIEHbl T'€09KOJOTMYEeCKUMH HCCIIETOBAaHUSIMH, a Pe3yJIbTaTUBHOCTh YKe
CYIIECTBYIOIIUX MPOEKTOB HAYYHO HE OI[CHEHA.

CrnenyeTr OTMETHTb, 4TO TpaHChOpMAIMs JaIeKo HE OAHOPOJHA HA BCel TeppuTopuu Manaru.
Tak, Bpaiionax baiis-ne-Manara u ['yamanbopce HaOmonancs OTpUIATENbHBI TPUPOCT
MoKa3aTes TUIONIAIN 3eIeHbIX HacaXXIeHU Ha ayury HaceneHus: -0.42 M2 Ha xurens u -0.09 M? Ha
KHTeIs cooTBeTcTBeHHO (prc. 2; Agenda Urbana Malaga, 2016).

B wuccnenoBaHMM MBI IPUMEHWIH TpU OCHOBHBIX Mertona [MC-monmenupoBaHus 3eJI€HON
UHQPACTPYKTYPHI: BO-TIEPBBIX, MOJIENH, UCIOIb3yeMbIe IS XapaKTEPUCTUKHU 3€METLHOTO TOKPOBa
(CORINE Land Cover), BO-BTOpBIX, MOJENH, HCMHOJb3YeMble Ui OLEHKH 3eJICHOMN
MHQPACTPYKTYPbl OTHOCUTEIHHO MOTEHIMATIBHBIX 00BEMOB IMpEAIaraéMblX SKOCHUCTEMHBIX YCIIYT
(Urban Atlas), wu, B-TpeTbUX, MOJEIM, MWCHOJB3yeMble M OLEHKM KOH(UIypalu,
(parMeHTUPOBAaHHOCTH M TMPOCTPAHCTBEHHON CTPYKTYphl 3eieHoil uHppacTpykTypsl (MSPA-
aHaJIM3 Mmpu nomolnu nporpamMmmHoro nakera GuidosToolbox). Kaxapiii U3 3TUX METOIOB MMEET
CBOM JIOCTOMHCTBA W HEAOCTaTKH, a TaKXKe TpaHUIBl MPUMEHEHHs Ha pPa3HbIX YpPOBHAX
TepputopuanbHoit auddepenumanun. Hiwke 1an 0030p NpUMEHSIEMBIX METOJIOB U UX CpPaBHEHHE C
LIEJIbIO BBISIBJIIEHUS! HanOoJIee MPUTr0HOTO JUIS PELIeHHs TOCTaBICHHBIX 3a/1ay.
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CORINE Land Cover. B xoHTekcTe W3y4eHUs 3elIeHOH HH(PACTPYKTYphl 3TOT MPOEKT,
SIBISIFOLIUIACS TouepHei mporpammoii cuctemsl Copernicus (Copernicus Land Monitoring ..., 2020),
MOXET TMOCITY)KUTh ©0a30BBIM HMCTOUYHHUKOM TIOJYYEHHUS IPOCTPAHCTBEHHBIX JaHHBIX O
3eMJICTIONIb30BaHNN W JaHmmagTHoM mokpoBe. basza manueix CORINE, Bkmouaromas B cebs
pa3MYHbIE KaTETOPUHU 3EMJICTIONIF30BAHMS C TIPUCBOCHHBIM UM YHHUKAJIBHBIM TPEX3HAUYHBIM KOJIOM,
OOHOBIISIETCS € PEryasipHOCTBIO B 6-10 Jer, mpemocTaBisii B OTKPBITOM JIOCTYyIE JaHHBIE B
BEKTOPHOM U pacTpoBOM (opmarax, JOCTYITHBIE sl CBOOOIHOTO MCIIOIb30BAHHUS.
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Puc. 2. [IpupocT mokasaTens MIOMANH 3€JI€HBIX HACAKICHUH Ha JyIly HaceleHHs (MZ/den.) 3a
nepuof ¢ 2005 r. mo 2012 r. o oTAENbHBIM palilOHAM.

KauectBo manneix CORINE Land Cover MOXHO OIIEHHTH KaK BBICOKOE, a KOJIHMYECTBO OIIHOOYHO
OTIPENICIICHHBIX KaTETOpPHi 3eMJIeToNib30BaHusl o0biuHO HeBenuko (Dige et al., 2011). Tem He
MEHee, JTH JaHHble OoJiee MOAXOMAT MJsi OIEHKM Ha HAIMOHAIBHOM YPOBHE, HEXKEIH Ha
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peruonasibHoM. Pactper CORINE He 00nagaroT 10OCTATOYHOM JETANIbHOCTBIO ISl MPOBEACHUS
OLIGHKU 3eJIeHOH HMH(QPACTPYKTYpbl Ha TOPOJCKOM ypoBHE. CMemaHHBIE KIAcChl CO CIIOXHBIMHU
MozensiMu ucnonp3oBanuss B kiaccupukanuum CORINE, Takme kak, Hampumep, «IMalrHu C
OT/ICIbHBIMU TEPPUTOPHUSIMU C ECTECTBEHHON PacTUTEIBHOCTHIO» (Ki1acc 243), «coyeTaHue mnojei c
OJTHOJICTHUMH W MHOTOJIETHHUMH C/X KYJIbTypamH, MacTOWI wiu namen» (kiacc 241), sBisrorcs
JIOBOJIBHO CYOBEKTUBHO OYEPUYCHHBIMHU KJIaCCaMH. B KOHTEKCTE 3eIeH0 HHPPACTPYKTYPHI KIACCHI
KOMIUIEKCHOTO CEIbCKOXO3IUCTBEHHOTO HCIIOJIb30BaHMs UMEIOT KHU3HEHHO BKHOE 3HAYCHHE IS
O0nopa3Ho0Opasus, U, CIEIOBATEIBHO, TOJHKHBI YUUTHIBATHCS KaK OTAENBHBIC DJIEMEHTHI, OJHAKO,
UICHTH(HUKAIUSA CTPYKTYPBI TAKUX KOMIUICKCHBIX YYaCTKOB 3aTPyTHICTCS.

Takast e mpoOieMa BO3HMKAeT MPH MOJCIMPOBAHWM KapKaca 3€JeHOH WHQPPACTPYKTYPHI
BHYTPH HACEJICHHBIX ITYHKTOB, B 30HE TOPOACKOW 3acTtpoiiku. C y4eToM HEI0CTaTOYHOM
JeTaTu3aliid 1 BO3MOYXKHOTO OIIMOOYHOrO KiacCU(pUIMpOBaHUs HEKOTOpbIX 00bekToB, CORINE
HE BCerJga MOAXOAWT ISl JIOKAIBHOTO aHalW3a TEXHOTEHHBIX KOMIUIEKCcoB. Hampumep, mo
yrBepxaennto komauasl CORINE, 3emiin MokHO oTHecTH K Kiaccy 112 (HempepbiBHAsI TOPOJICKas
3acTpoiika), KOrJa 3[aHus, JOPOTH M JPYrHe MCKYCCTBEHHBIE MOBEPXHOCTH 3aHMMaOT OT S50 10
80% mpomentoB oT obmeit miomiagu (Updated CLC ..., 2019). Takum o0Opa3oMm, ypoBeHb
TeHepaln3allii [PH TMPHUMEHEHWH JTaHHOTO METOJla BEChMa BEIMK M JIOKaJbHAs 3eJIeHas
WHPPACTPYKTYpa, HAXOMASAMIasics B TPaHHIAX 30HBI 3aCTPOHKH, CKOpee BCero, He OyJeT ydTeHa.
CnenoBarenbHo, paeraibHas Kiaccubukanuss CORINE Land Cover wmamo crmocobcTByer
YTIIyOJICHUIO M3YUeHHUs MpoOsieM 3elleHON HWHPaCTPYKTYphl, a 0ojee HU3KOE MPOCTPAHCTBEHHOE
paszpenienue ycnoxHseT 3agaudy (Dige et al., 2011).

Urban Atlas. European Urban Atlas, kak 1 CORINE Land Cover, sBasieTcs 4acTbio CIyKObI
mouutopurra 3emenb Copernicus (Copernicus Land Monitoring ..., 2020). Urban Atlas
pacronaraet paspemieHruemM B 50 MeTpoB, 4TO B JiBa pa3a BhIIe, yeM y 0a3nl reonanubix CORINE
Land Cover. Urban Atlas sBisiercst 6a30i#f maHHBIX O 3€MJICTIOIB30BaHUKM HA TOPOJCKOM YPOBHE C
caMbIM BBICOKUM pasperieHueM, u ero rimaBHoe ommmune oT CORINE Land Cover 3akimtouaercs B
toM, uTo CORINE coaepuT TpexypoBHEBbIE KiIacCU(DHUKAIIMN 711 KAaTETOPUN MaXOTHBIX 3€MEITb
(mo TumaM KynbTyp) H JiecoB (IO TUIAM PACTUTEIBHOCTH), YTO TO3BOJSET JIydlle
g depeHInpoBaTh TUIIBI 3eMEJIBHOTO TIOKpoBa, Toraa kak B Urban Atlas Takas kinaccudukanus He
UCIOJIb3YeTCs. 3eMeNbHBINA MOKPOB nojapasensercs Ha 20 pa3IMuHbIX KJIACCOB 3€MJICTIOJIb30BAHNUS,
npuueM 17 U3 HUX SBISAIOTCA Pa3IUYHBIMU KAaTETOPUSMU TEXHOTEHHOTO XapaKTepa.

Urban Atlas sBnsiercss pe3yiabTaTOM COBMEIICHHSI ThICSY HM300paK€HUH C eBPOMEHCKUX
CIYTHUKOB; KJIACCU(HUIIMPOBAHNE OCHOBAHO Ha COYETAaHUH (POTOMHTEPHpPETAUUU M OOBEKTHO-
OpUEHTHUPOBAHHOW KJIacCU(PUKAIMK C TPEXdTAmHOW Banuaanuei, BKIIOYAIOLIEH BHYTPEHHIOI
MPOBEPKY KauecTBa JACMU(PUPOBAHUSA, OLEHKY HE3aBUCHUMBIX OKCIIEPTOB M TEXHUYECKOM
Bepudukanueir co cropoHsl EBpomelickoro meHTpa 3eMJIENOoIb30BaHUS W MPOCTPAHCTBEHHOM
undopmarmu (European Topic Centre Land Use and Spatial Information; Prastacos et al., 2011).
[Toatomy Urban Atlas MoxxHO cuuTaTh Oosiee YAOOHBIM M paIlMOHATIBHBIM HHCTPYMEHTOM
MOJIy4eHUs JaHHBIX O 3eseHoi nHdpacTpykrype, ueM CORINE.

[IpencraBiseTcss BOBMOXKHBIM CTPYNIHPOBATh KaTeropuu 3emienonb3oBanus Urban Atlas mo
HKOCUCTEMHBIM YyCIyraMm, MPEeAOCTaBIsEMbIM KaKIbIM KIAcCOM. Takue KaTeropuu, Kak Jjeca,
KYCTapHUKOBasi M TPaBSHUCTas PACTUTEIBHOCTh M OTKPBITBIE MPOCTPAHCTBA OTBEYAIOT 3a
COXpaHeHHe OHopa3zHoOoOpasusi, MPEeAOTBpAllleHUE HM3MEHEHHH KIIMMaTa, YIpPaBIEHUE CTOKOM,
pekpealno, 6Iaronoiydyue U 3J0pOBbe HaceleHus. Takke ONarompusTCTBYIOT MPEJOTBPAIICHUIO
W3MEHEHMI  KJIMMaTa CeIbCKOXO3SIMCTBEHHbIE  yroJibsg (KaTeropud MaXOTHBIX  3€Melb,
BUHOTPAJHUKOB, (PPYKTOBBIX CAJI0OB U MACTOMUII); TOMUMO ATOTO, OHH BBITIOJHSAIOT TaKHe Ba)KHBIE
byHKIMH, KaKk o0ecreyeHre mpo0BOJILCTBEHHOM 0€30MacHOCTH U yIpaBlieHue cTokoM. ['opoackas
3eneHas MHQPaACTPYKTypa, HapaBHE ¢ MPEAOTBPAIIEHUEM U3MEHEHUHN KIIMMaTa U PeI0CTaBICHUEM
BO3MOXHOCTH MJIs PEKpealldd, Takke O0ecleuuBaeT KyAbTYpHYIO HJIEHTHYHOCTh HACEleHUs U
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IIPEIOCTABIISIET BAKHYIO YCIYTy KaOUTalInW3alMy 3emMiid. Taxke Ha KalnuTaJu3aluio 36MJIU BIMSET
PacroJIoKeHUE BOIHBIX OOBEKTOB U 30H AJIsl CHOPTA U PEKPEALIUU.

Mopgonoeuueckuii npocmpancmeennwiti ananusz (MSPA-ananuz). Meton Mop}osioru4eckoro
IIPOCTPAHCTBEHHOI'O aHajlM3a OCHOBBIBAETCS HAa TNPUHLUIE CBA3SHOCTH DJIEMEHTOB 3€JICHOMU
MHPPACTPYKTYpbl. B OCHOBHOM, B HAYYHOW JTUTEPATypE aHATH3 MPUHIUIIA CBA3HOCTH 3aKIIFOYAETCS
B OIEHKE CHOCOOHOCTH 3€JeHON WH(PACTPYKTYphl COXpaHATh MECTOOOMTaHUs QayHbl U
MPEJOCTaBIATh BHIAM BO3MOXHOCTh MurpupoBath (Liquete et al., 2015). U3-3a sToro mMHorue
HayyHble pabOThl Ha TEMY CBSI3HOCTH HE MMEIOT MPSMOr0 OTHOILIEHUS K TOPOJCKMM CHCTEMaM.
Ckopee, oHM C(HOKYCHpOBaHBI Ha aHaIHM3€ 3€JICHOW WHQPPACTPYKTYPhl HPUTOPOAOB KPYIMHBIX
arjioMepanui, Ui *e CeIbCKUX palloHOB. TeM He MeHee, B KOHTEKCTE 3€JI€HON MHPPaCTPYKTYphI
ujes CBA3HOCTH TaK K€ BakKHa, Kak W mpuHimn e€ muorodyHkimonaipHoctn (Hansen, Pauleit,
2014).

JlannmagTHast CBSI3HOCTb MOKET OBITh paccUMTaHa C HCIOJIb30BAHUEM HMHTErPAJIBLHOTO
unzexca ceszHoctu (IIC) u BepositHocTH cBsizHOCTH (PC) — MHAMKAaTOPOB, OCHOBAHHBIX HA TEOPHH
rpadoB (Flynn, Traver, 2013). IIC u PC He Tonbko yuuThIBalOT OapbepHBI 3(pdeKkT MaTpuiibl
nanamadTa, HO TaKKe OIEHHBAIOT HECYIIYI0 CIOCOOHOCTh KaXJOro ero ydactka. OpHako 3THX
MoKasareseil HeJOCTaTOYHO JJIsl U3BJICUYEHHUS MPOCTPaHCTBEHHON Mopdoaornyeckoi nHpopMauu
IpU MOJEIMPOBAHUN CETH 3€JIEHOM MHQPACTPYKTyphl, IOCKOJIbBKY YK€ CYIIECTBYIOIIUE
CTPYKTYpHBIE y311bl U Kopuaopsl urHopupytores (Wickham et al., 2010).

B kaudecTBe ajbTepHATUBBI BBILIECYIOMSHYTHIM HHAMKATOPaM MOJKET HCIOJIB30BaTHCS METO]I
MOP(hOJIOTHIECKOTO TIpocTpaHCTBEHHOTO aHanm3a (MSPA), koTopelil oOecnieunBaeT 60see THOKUA
MOJXOJ] K YYETy CBS3HOCTH 3eJieHOM MH(pacTpyKTyphl. MSPA, ucnons3ys B Ka4eCTBE BXOJHBIX
JAHHBIX PAcTpPOBOE H300pakeHHE H3y4aeMOW TEPPUTOPHUU, OPUEHTUPYETCS Ha TEOMETPUI0 H
CBSI3HOCTh KOMITIOHEHTOB M MOKET aBTOMATHYECKH OTPENeNATh CyIIeCTByIomue kopuaopsr (Batty,
Rana, 2002). VYHukampHOCTH MeETOAY H00aBJISIET CHUCTEMAa AaBTOMATHYECKOTO OOHAPYKECHHS
HKOJIOTMYECKUX KOPUAOPOB pazHOro Macimrada Mexay GyHKIMOHAIBHBIMU SIpaMH W300paxKeHus,
a TaKKe JanbHeWllee paHXUpOBaHUE HIEHTU(GUIIMPOBAHHBIX MyTe Ha OCHOBE OIpEIEICHUS
OTHOCHTEIILHON BaYKHOCTH KaXKJIOTO KOMIIOHEHTa B naHHOU cetu (Vogt, Riitters, 2017). YuurtbiBas
TOT (paKkT, 4TO MeEToJ MPUMEHUM K JI000N TEeppUTOpUH, UIsI KOTOPOH HMEIOTCS B HAIUYUU
pacTpoBble JaHHBIE O 3eMJICNOJIb30BAaHMM PETMOHA W TOJHYI0 aBTOMAaTH3alUIO IIpollecca, OH
Ype3BbIYaiiHO y100€H B MPUMEHEHUH.

B nenax ananuza 51€MEHTOB 3€lleHOM HHGpacTpykTypbl Manaru ObUIO HCIIOJIB30BAHO
HEKOMMepueckoe mporpamMuoe obecredenne GuidosToolBox (The Graphical User Interface for
the Description of Objects and their Shapes Toolbox; Vogt, Riitters, 2017). Bce MHCTpYMEHTBI
GuidosToolbox ocHOBaHBI Ha TEOMETPUUECKUX MPUHIIUIAX U, CIEA0BATEIHHO, MOTYT MIPUMEHSITHCS
B J1I000M MaciiTabe u A J1IoObIX BUIOB PaCcTPOBBIX JaHHBIX. [Iporpamma MCHob3yeT B KauecTBe
BXOJIHBIX JaHHBIX OMHApHOE U300pakeHHe, B KOTOPOM MPOCTPAHCTBEHHOE MOJIOKEHUE KaI0ro
nukcens ompenenserca kogoM «l1» wmmm «0». B Takom ciydae 3HaueHue «1» COOTBETCTBYET
neperHeMy IUIaHy H300pakeHHs, a MMEHHO H3y4aeMbIM »JJIeMeHTaM JaHamadTa, B JaHHOM
cllyyae — 3eJeHas MHPpacTpykTypa; 3HaueHHe «0» COOTBETCTBYET 3aJHEMy IulaHy, (OHY, T.e.
3JIEMEHTaM, He SBISIOMIMMCS 3€leHOW MHQPAcTpyKTypoil. TakuMu 3J€eMEHTaMH MOTYT CIYXHUTb
ropojicKas 3aCTPOMKa, IPOMBILIUIEHHbIE 0OBEKTHI, BOJIHbIE OOBEKTHI U ITpOYee.

Pe3ynpTar aHanu3a B 3HaUMTENbHOM cTeneHu 3aBUCUT OT napamerpa Edge Width. YBennuenne
napamerpa Edge Width (OykBanbHO — mMpuHa KpaeBbIX yYaCTKOB MEPEIHErO IJIaHA) YBEJIUIUBACT
001acTh 3a/IHErO IJIaHa 3a CYET OCHOBHOM 00JacTH MepegHero IlaHa, U, COOTBETCTBEHHO, MOXKET
u3MeHuTh kiacc MSPA. B nanHoli pabGote 3nauenue Edge Width, ¢ yuerom kotoporo
MPEJCTaBISAETCS BO3MOXKHOCTh MIOCTPOUTH HanboJiee HArJISIHYIO KapTUHY, paBHseTCs 4 MUKCeNs.

OO6nacte mepeaHero IijaHa OMHAPHOTO HM300paKEHHs pa3/ielieHa Ha ceMb OOIIMX KIAcCOB
MSPA: sapo (Core), octpoB (Islet), okno (Perforation), xpait (Edge), metns (Loop), xopumop
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(Bridge) u otBerBnenune (Branch; Tabm. 2, puc. 3). Drta cerMeHTanus MNPUBOAUT K
B3aMMOMCKITIOUAIONINM  KJaccaM, KOTOpbIe TpU CIHSHAA B OJWH OOBEKT B TOYHOCTH
COOTBETCTBYIOT HMCXOJHOW oOmactu mepemanero Iurana. OOnacTh 3agHEro IUIaHA H300paKeHUS
noapasensercs Ha Tpu kiacca: ¢poH (Background), mpocser okna (Core Opening) u okaiiMJICHHE
(Border Opening).

PesynbTaTsl u 00cy:K1eHHE

KosimuecTBeHHas1 XapaKTepHCTHKA 3eMeIbHOTro mokposa no ganabiM CORINE Land Cover

CucteMbl 3eMJICTIONB30BaHUSI HA TEPpUTOpUHM Manaru MOXHO pa3aenuTh Ha 3 Onoka: 3To
ypOaHU3UPOBAHHBIE TEPPUTOPHUH, CEITLCKOXO3SMCTBEHHBIC PErHOHBI M TEPPUTOPUH HAMMEHBIIIETO
AHTPOTIOr€HHOTO BMEIIATEIBCTBA, I/Ie MPE00IaaeT eCTECTBEHHAsI PACTUTEIILHOCTD (pHC. 4).

ITo manaeim CORINE Land Cover, B mpemenax ropojckoro sjapa Majgarn Ha moOepexbe
3HAYUTENBHYIO0 YacTh TEPPUTOPHU 3aHMMAET HempephiBHas (23.7 km?) u mpepbiBuctas (18.9 xv?)
ropojckas 3acTpoiika. Okomno 21 KM? TeppUTOPUHN 3aHUMAIOT TIPOMBIIIIEHHBIE 30HBI.

Tabauua 2. Kitaccbl nepetHero v 3aHEro IVIAHOB U UX IPOCTPAHCTBEHHOE 3HAYEHUE.

Kuaace IIpocTpaHncTBeHHOE 3HAYCHHE
Anpo [Mukcenu 3eneHON HHPPACTPYKTYPhI, OKPYKEHHBIE CO BCEX CTOPOH TaKkKe
(Core) MUKCEIISIMU TIEPE/THETO TIaHa Ha PAaCCTOsHHE, MPEBHITIAOIIEE YKa3aHHOE.
OctpoB [Muxcenn 3eneHON HHPPACTPYKTYPHI, HE OKPYKAIOIITUE SIPO. ITO
(Islet) CIMHCTBEHHBIN He CBSI3aHHBIN KJ1acc.
OxkHo [Tukcenn 3eneHo HHPPACTPYKTYPHI, GOPMHUPYIOLINE TTEPEXOTHYIO 30HY
(Perforation) MEX]ly IEpeHUM TUTAHOM U (JOHOM JJIsl BHYTPEHHHX OOJIACTEH.
Kpaii [Tukcenn 3eneHo HHPPACTPYKTYPHI, GOPMHUPYIOIIHE TEPEXOTHYIO 30HY
(Edge) MEXIY EPEAHUM IIJIAHOM U (POHOM [UIS BHEIIHUX OOJIacTei.
Kopunop [Mukcenu 3eneHoi HHPPACTPYKTYPHI, KOTOPBIE COSMUHSIOT JIBa MK OoJiee
(Bridge) HeTIepeCceKaIoMMXCcs Spa.
[Metns [Mukcenu 3eneHoit HHOPACTPYKTYPHI, KOTOPBIE COSAUHSIOT 00JIACTb SIIpa C
(Loop) camoit co0OH.
OtserBiienne | [Iukcenu 3eneHol HHQPACTPYKTYPHI, KOTOPBIC TSHYTCS OT 00JIACTH sipa, HO
(Branch) HE COEIUHSIOTCS C IPYroi 00IacThIo sIpa.
Hpocser OXHA | YTykcenmu sammero mnana (dopMupyroIe BHYTPEHHIOIO 30HY OTBEPCTHSL.
(Core Opening) ’
Oxaiimnienue [Mukcenu 3aaHer0 TUIaHA, GOPMUPYIOLIUE IEPEXOTHYIO 30HY MEXIY KpaeM U
(Border Opening) | ¢doHOM.
®on [Mukcenu 3aHEro TUIaHA, OKPY)KEHHBIE CO BCEX CTOPOH TAKXKE MUKCEIISIMU
(Background) | 3amHero ruiaHa Ha pacCTOSIHHE, TPEBBIIIAIONIECE YKa3aHHOE.

OcCHOBHBIE CENbCKOXO3SHUCTBEHHBIE DPAWOHBI pacrojiaralTcs Mo mnepudepud, Ha CeBEepo-
BOCTOKE M ceBepo-3amaje Mamnaru. boniblryio 4acTh TEpPUTOPHH 3aHUMAIOT (PPYKTOBBIE Caabl —
43.8 xM?, TaKKe 3HAYUTENBHYIO YacTh COCTABIIAIOT OJMBKOBbIE IIAHTALMH, 3aHUMAIOIHE 28.7 KM?,
VY4yacTKu KOMIUIEKCHOTO, HO MPEUMYILIECTBEHHO CEJIbCKOXO3SIMCTBEHHOTO  HCIOJIb30BAHUS
COCTABIISIIOT B o0mel cioxuHoctTH 34.2 kMm% OOGpabarbiBaeMble YTofbs 3aHUMAIOT BCErO JIUIIb
9.5 kM2, u3 Hux 2.3 KM? — 30HBI HEOPOIIAEMOTO 3eMieaenus, a 7.2 km? — opomaemoro. Ilact6uia
3aHUMaroT 17.7 kM2,
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Puc. 4. 3emnenons3oBanue ropoja Manara (o ganaeiM CORINE Land Cover 2018).

Cpenu eCcTeCTBEHHON pacTUTENBHOCTH MPEe0OIaaatoT KYCTAPHUKH, KOTOPBIMH MOKPBITHI 3€MITH
o6meit miomanpio B 93.6 kM?. XBOIHBIE Jieca 3aHUMAIOT 45.7 kM2, HIMPOKOJUCTBEHHBIE — 2.9 KM?,
cMemanHele — 3.12 kM2, PaspesxeHHas JlecHas PAacTUTENHLHOCTb IIPOM3PACTAET HA TEPPHTOPUM
obmiei momansio 14.2 km?. EcTecTBeHHAs pacTUTENBHOCTH COXPAHUIACh B HAMOOINbIIEH CcTeneHn
B CEBEPO-BOCTOYHOM CEKTOPE rOPO/Ia, /1€ MPOKUBAET MEHbBIIIE BCETO HACEICHMUS.
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B pesynprare cTpyKTypa 3eMIICTIONIB30BaHMS Manaru BBIMJSIIUT CIEAYIOIIUM 00pa3oM:
82.8 kM? (21%) 3aHMMaOT ypGaHM3MpPOBaHHBIE TeppuTopuu, 163.2 km? (41%) — ecrecTBeHHas
pacTuTtensHOCTh, 149.7 km? (38%) — cenbCKOX03SHCTBEHHBIE YTOMIbA.

B mpenenax ropoackoro spa Manaru, no ganaeiM CORINE Land Cover, oOras ruromia/is,
TIOKPHITAs PACTHTENFHOCTHIO, COCTABIAET Beero 1.45 kM2, i mpuypodeHa K 30HaM TOPOJICKOH 3e/IeH0i
UHPPACTPYKTYPHI.

CORINE Land Cover mo3BosisieT MOJyduTh OOIIEe MPEACTABICHHE O 3€MEJIbHOM IOKPOBE
ropoja, OJHAKO, U3YYUTh KOH(PUTYPAIUIO 3€JICHOH MH(PPACTPYKTYphl B 30HE KHJIOW TOPOACKON
3aCTPOMKM HE MPEICTABISETCS BO3MOXHBIM HM3-32 M3JIMIIHEH CTENEHHW T'eHepaiu3anuu. B Takom
ciydae, Oosiee NOAXOASIIEH METOJUKON ydyeTa KOJMYECTBEHHBIX XapaKTEPUCTHK 3€JIEHOMN
uHdpactpykrypsi sBisiercs Urban Atlas, xapakrepusyromuiicst 0oJiee IeTanbHON KiIacCUpUKaIuen
TOPOJICKOM TKAHH.

Ouenka 3e1éH0M MHPPACTPYKTYPHI N0 NOTEHUHAIbHBIM 00beMaM NpeaiaraeMbix
peKpeanuoHHBIX yeayr mo aanubim Urban Atlas

B o6mei cnoxnoctr, mo ganHbiM  Urban Atlas, na teppuropum Manaru 3esieHas
MHOPACTPYKTYpa B CBOMX pA3IHYHBIX MPOSBIECHHAX 3aHMMAeT okomo 313.9 xm? mwm 80%
tepputopuu (puc. 5, Tabdm. 3).

3eneHpIe HACAKACHUS, KaK W3BECTHO, aKTHBHO YJABIMBAIOT W HEHTPATU3YIOT MOTEHINAIHLHO
OTIaCHbIE YISl 37I0POBbS (DU3UKO-XMMHUUYECKHE DIIEMEHTHI M COCAWHEHUS; 3elieHas MHQPpacTpyKTypa
BBITIOJTHSCT PSA BOKHBIX (YHKIUA B TOpOJE, CPEIN KOTOPBIX CcpenooOpasyromias, CaHHUTapHO-
TUTHEeHnYeCKas1, pekpeanmornas (I'omy6unkoB u ap., 2001). Pazymeercs, He MEHee BaKHOM SIBIISETCS
JneKopaTuBHAs (YHKIMSA 3€JCHBIX HacCaKIeHWH. AHamu3 OOOOLIEHHBIX TPYII YCIyr 3eJIeHOU
MHPPACTPYKTYphl MW KAaTETOPHH, BXOIAINIMX B Kaxaylo Tpymnmy (Tabn. 4), TO3BOJWI CIENaTh
HEKOTOPbIE BBIBO/IBI.

= Ly
[ \ 3

v N\ Yo 2

s S r TpoOM
L “,‘- \ : opoAcKas 3acTpouka
3 W

W A - ropoackas 3eneHas uHdpacTpykTypa

© ”
B e
CeNbCKOXO3NCTBEHHbIE Yroabsa
0 2.5 S 10KM CnopT U pekpeayus

BOAHbIE OBBLEKTHI

Puc. 5. Kareropun 3emuienonb3oBaHusi, Urparomye OOJbIIOE 3HAUYEHHE B CTAHOBJIEHUH 3/I0POBOM
ropockoii cpeasl (o nanueiM Urban Atlas).
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Ta6auua 3. Kareropuu 3emienonb3oBanus . Manara (mo ganaeiM Urban Atlas).

Kox UA Kareropus ILnomans, KM IMpouent
11100 CrnomHas sxuias 3actpoiika (otHocts >80%) 12.31 3.14
[IpepriBHCTas MIIOTHAS XKUJIask 3aCTPOMKA
11210 (rmotHoCTH 50-80%) >17 132
[IpeppiBrCTas xKuUIast 3aCTPOKA CPEIHEN U HUZKOM
11220 PP IUIOTHOCTH (HJIOTpHOCTI) 1%-%0%) 8.05 2.05
11240 JKunas 3acTpoliika KpaiiHe HU3KOM IIJIOTHOCTH 455 116
(motHOCTH <10%) ¥ OTUHOYHBIE CTPOCHUS
12100 [TpoMbITIIIEeHHBIe, KOMMEPYECKUE, TOCYIapCTBECHHBIC, 20.12 513
BOCHHBIE U YaCTHBIE ITO/Ipa3/ICICHUS
12220 Jloporu (MarucTpaabHble, TPAH3UTHBIE U TIPOYUE) 17.78 4.54
12300 Mopckue opThI 0.48 0.12
12400 ABpornopTel 5.55 1.42
13300 Crposimuecs 31aHus 1.36 0.35
13400 Hewucnonp3yembie 3emin 2.65 0.68
14100 I'opojckas 3eneHas HHPpaCTpyKTypa 3.33 0.85
14200 Cropt u pexpeanus 3.17 0.81
21000 [TaxoTHBIE 3eMIIN 30.60 7.81
22000 Bunorpagauku, ppyKkTOBBIE ¥ OJTMBKOBBIC IJIAHTAIIUN 9.64 2.46
23000 [TacT6uima 5.81 1.48
31000 Jleca 46.03 11.74
32000 KycrapaukoBas 1 TpaBsSHUCTasi paCTUTEIBHOCTh 211.44 53.95
33000 OTKpBITBIE MPOCTPAHCTBA 2.03 0.52
50000 Bonueie 00beKTEI 1.86 0.48
Bcero 391.94

loponckast 3eneHas HMHQPACTPyKTypa, OTBEHarolas 3a COXpaHEHHE OHOpa3HOOOpazus u
3alIUTY BUJIOB, COCTABIISIET OKOJIO 67% TeppUTOpUM rOpOJICKOM 30HBI Masnaru. 1o oueHb BHICOKUN
1oKa3aTesb 03eJIeHEHHOCTU ropoja. OnHako, ¢pparMeHTanus apeajoB MO3BOJISET MPEINOI0KHTb,
4TO Ha caMOM Jene, 3Ta nuppa MOXKET B JACHCTBUTEIBHOCTH HE BIOJHE aJeKBAaTHO
WLTIOCTPUPOBATh PEaJbHYIO CUTYalMIO, TaK KaK OHA HE YYHUTHIBACT HEAOCTATOYHOE BBHITIOIHEHUE
HEKOTOPBIX SKOCHCTEMHBIX (DYHKIUIT B CBSA3U C (parMEHTHPOBAHHOCTHIO HACAMKICHHI.

Oxono 80% TeppuTOpUH TOpOJa 3aHUMAET 3elieHas HHPPAcCTPyKTypa, CHOCOOCTBYOLIas
MPEJOTBPAILEHUIO U3MEHEHUS KIIMMaTa, a 0K0JIo 78% — 30HbI, OaronpHUsTCTBYIOLINE aJalTalul K
M3MEHEHMsIM KIIMMara.

ITpon3BOACTBO CENBXO3NMPOIYKIIMH, B CBOIO OYepeIb, BECbMa OIpaHUYEHO — 4yTh MeHee 12%.
Ha tepputopun ropoAckoil 30HbI pacrojiaraeTcs Majio CelbCKOXO3IHCTBEHHBIX 30H, TaK Kak, IO
OoJblIel YacTH, MPOU3BOACTBO CEIbCKOXO3AUCTBEHHOM MPOIYKIIMH BBIHECEHO B IPUTOPO/IBI.

Pe3ynbTaThl OLIEHKHM CTOMMOCTH 3€MJIM YKa3bIBalOT Ha TO, 4YTo B Masare Gosblias 4acTh 3eMellb
SIBJISIETCS] CPABHUTEIBHO JICIIEBBIM PECYpCOM; HaUOOIIbIIIEeH IIEHHOCThIO 001a/Jat0T 3eMJIH 0 Oeperam
KPYIHBIX BOJIOTOKOB ropojaa (peku ['yamanpmemuua u ['yamganbopee), a Takke Ha moOepexbe
CpennzeMHOro Mopsi.
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Ta6auua 4. [ToreHnman 000OIMICHABIX TPYIN YCIYT 3€JICHOU MH(PACTPYKTYPHI U COOTHOIICHUE C
kareropusmu Urban Atlas, oTBeyaromumu 3a yciayru B r. Manara.

I'pynna ycayr Karteropun UA Mnomans, kv? | [ipouent
Jleca; kycTapHUKOBas U TpaBsiHAsI
Coxpanenue . .
pacTUTEINBHOCTE;, OTKPBITEIE IIPOCTPAHCTBA, 261.37 66.69
OoropazHooOpasus
BOJIHBIE OOBCKTHI
[TaxoTHBIE 3eMJIM; BUHOTPAJHHUKH,
AqanTanus K (pyKTOBBIE M OJTUBKOBBIC TJIAHTAIIUH;
W3MEHEHUSIM nacTOuIa; jieca; KyCTapHUKOBas U 305.56 77.96
KJIAMaTa TpaBsiHasl PAaCTUTEITLHOCTh; OTKPBITHIE
MPOCTPAHCTBA
lNopoackas 3enenass UHPpPaCTPyKTypa; CIOPT
U peKpearnys; maxoTHbIC 3EMIIH;
[IpenoTBpaimenue
- BUHOTPAJHHUKH, (PPYKTOBBIC U OJIUBKOBHIE
A3MEHEHUH . . . 312.06 79.62
IUIAHTALIMK, TTaCTOMUIIA; JIECA;
KJIUMaTa
KyCTapHUKOBAs M TpaBsiHas
PacCTUTEIBLHOCTh; OTKPBITHIE IIPOCTPAHCTBA
[TaxoTHBIC 3eMJIM; BHHOTPAIHHUKH,
(pYKTOBBIE M OJTUBKOBBIC TIJIAHTAIINH;
VYnpanenue . .
MacTOUIIa; Jieca; KyCTApHUKOBAS U 305.56 77.96
CTOKOM

TpaBsiHasi PACTUTENBHOCTh; OTKPBITHIE
MIPOCTPAHCTBA; BOJHbIE OOBEKTHI

O0ecnieuenue [TaxoTHBIE 3€MJTH; BUHOTPATHUKH,
NPOJOBOJILCTBEH- | GPYKTOBBIE M OJIMBKOBBIC TJIAHTALHH; 46.05 11.75
HOM 0€301aCHOCTH | TTacTOMIIa

l'oponckas 3enenas MHPpPacTpyKTypa; CHOPT

Pexpeaus, U peKpeanys; jeca; KyCTapHUKOBas U
01aromoIydne u ’ ’ . 267.87 68.34
TpaBsiHAsI PaCTUTEIbHOCTD; OTKPBITHIE
310pOBBE MIPOCTPAHCTBA; BOJIHBIE OOBEKTHI
Kanuranmmzanus | ['opojackas 3eneHas nHPpacTpykTypa; CiopT 54.40 13.88
3EMIIN U peKpearys; jgeca; BOJHbIC 00BEKThI '
Obecneuenne I'oponckas 3enenas MHPpPacTpyKTypa; CHOPT
KYJIbTYPHOM ’ 6.50 1.66
U peKpeanus
UJICHTUYHOCTU

OueHka cBS3HOCTU U (PparMeHTHPOBAHHOCTH 3e/1eHOi HHPPACTPYKTYPHI
no pesyjbratam MSPA-anaimm3a

PesynpraroM MOpP(}OIOrn4eckoro MNpoCTPaHCTBEHHOIO aHajiM3a CTajlo JAeJeHHe ropoja Ha
apeaJibl, OTHOCAIIMECS K KaxJoMmy u3 10 mpocTpaHCTBEHHBIX KiaccoB (puc. 6). B koHTekcre
CBSI3HOCTU 3€JICHOW HMH(PACTPYKTyphl HAUOOJBIIMA HHTEpEC MNPEACTaBISIOT s1pa, OCTpOBa U
Kopuaopsl. OcTallbHblE 3JIEMEHTHl M0 OOJbIIeH YacTH He CHOCOOCTBYIOT YBEIHYEHHUIO WIIH
YMEHBUIECHUIO CTPYKTYPHOU CBA3HOCTH CUCTEMBI.

Slnpa COOTBETCTBYIOT KPYHHBIM 0a30BBIM pe3epBaraM, KOTOpble HauboJiee CBA3aHBI MEXIY
coboii. B Marnare Takumu sijpamMH B NEpBYIO ouepenb sBisitorcst [Ipuponusiii mapk MoHTec-/e-
Manara, 3aHUMAaIOMKK GOJIBIIYIO YAaCTh CEBEPO-BOCTOUHOrO paiioHa Crronan-XapauH, napk Jloma-
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nenb-ITuno («CocHOBBIN X0JIM») Ha rOro-3amaje paiiona Yyppuana, napk «Monre-ne-Can-AHTOH»
B paiioHe Dcrte, jecHoi mapk «MoHTe-Bukropus» B nentpe ropoaa (puc. 7). B o0meli cnoxHOCTH
A7pa 3eIeH0H MHPPACTPYKTYpPHI 3aHUMAIOT OKOJNO 9% TeppHTOpUM Topoja, cocTaBiss 34.1 xwm?

(puc. 8).
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Puc. 7. Kpynueiimue 37eMeHThI 3e71€HOM HHPPACTPYKTYphI I. Manara (sipa 1 OCTpoBa).
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Ilnomanp, Ddon
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Puc. 8. O6mas momaas KaxIoro kiacca mo pesyiabratam MSPA-ananmm3sa.

OcTtpoBHas 3eneHas uH(ppacTpyKkTypa XapaKTepHu3yercs OombIIeit CTETIEHbIO
IIPOCTPAHCTBEHHOH (parMeHTanuu M 3aHuMaeT 27.5 km?. K KpymHBIM OCTpOBaM 3eJI€HOM
MHQPACTPYKTYpbl OTHOCATCA MapK ycThbs ['yanmambopce, €CTECTBEHHAs PACTUTENbHOCTb BJOJb
teuenus p. Kammanuiisic, mapk «Monte-ne-I'ubpandapo», a Taxke 3HaUUTEIbHAS YacTh PaiOHOB
[Tyspro-ne-na-Toppe, Dcte n Kammanwuiisic. B meHTpe ropoaa octpoBHas 3eieHas HHPpacTpyKTypa
BKJIFOYAET B ceOs ynmuuHbIi napk Xapaunaec-ne-Ilukacco («Canpr [Tukacco») u LleHTpanbHbIN mapk
Manaru, SBISIOMUNUCS OJHOW W3 TJABHBIX JOCTONPHUMEYaTeNbHOCTEH Topoaa (puc. 7). Omnako,
HECMOTps Ha OJIM3KOE pACIMONOKEHHE ASTHX 3€JEeHbIX HACaKICHUM Ipyr K Opyry, CujbHas
(dbparMeHTanus 3eIeHON HHPPACTPYKTYPhl B LIEHTPAIBHON YaCTH ropoJia He MO3BOJISIET TOBOPUTH O
CBA3HOCTH.

Kopumopsl mnpezacraBisitoT co0OW y4acTKM 3€JIEHBIX HACAXKICHHUM, KOTOpbIE COCAMHSIIOT
HernepeceKawIuecs sapa Mexay co0oil, u B 00Iel CIOXKHOCTH IUIOIIAgh TaKUX KOPHIOPOB
COCTaBIIsIeT MOYTH 53.7 KM%, 4TO NpeBBINIAET IUIONIAMb CAMHX sijep. B paifone DcTe KOPUIOPHI
MMOKPBIBAIOT CaMyl0 OOJIBIITYIO TEPPUTOPHIO; clieoM uayT paiionsl [Tanema-Ilamuiis u [lyspro-ne-
nma-Toppe.

OO0mas maoniaab OTBETBICHUM 3€eHON MHPPACTPYKTYphI, KOTOPbIE MOTYT TPAKTOBAThCS KakK
(parMeHTHpOBaHHBIE 3eJIEHble KOPUIOPHI, cocraBiser 7.2 kM’ Ha Ttepputopun B 6.5 kM2
pacmonaraloTcsi 30HBI TaK Ha3bIBAEMBIX I€TENb — YYacTKOB 3€NEHOW HMHQPACTPYKTYPHI,
obecreynBaroInX BO3MOKHOCTh MUTPALIUU JJIs BUAOB B Mpe/ieaxX OJHOTO SApa CUCTEMBI.

Jliia ropoackoro snapa 3actpoiiku Manaru («cuTu») 1ernecoo0pa3Ho MpOBEACHHUE aHalu3a Ha
Oonee neTambHOM YpPOBHE, 3a KOTOPBI OTBEYaeT paHee yrmoMuHaBIuumiics mapamerp Edge Width.
[Ipu 3HaueHnu nmapameTpa, paBHOM | MHUKCENIO, YAAETCs BBIIECTUTH JIOKAJIbHbIE KJIACChl HA APYTOM
YPOBHE TOPOJCKOH cucteMsl (puc. 9).

B npeznenax 30HBI OCHOBHOI TOpOACKOM 3aCTpPONKH OBLIO BBIJIEIEHO HECKOJBKO SBHBIX sIEp
3ereHol uHOpacTpykTypbl. B mepByto ouepenb, 310 mapku Monre-I'ubpaindapo u MonTe-
Buxkropus, sBistonimecs Takke MAacCHUBHBIMHU sIpaMH Ha YpPOBHE BCEro ropoja. Takxke
MPUCYTCTBYIOT MEHEE KpYIMHbIE spa — JiecHOM mapk Onb-Moprnako, mapk «Canbl Hacienus
Bboromarepu Ckopbsmieit» (El Jardin de la Heredad de Nuestra Sefiora de los Dolores) u cocHOBBII
napk CaH-AHTOH. TOJIBKO 3TH NapKu MMEIT YETKYK CTPYKTYpPY, COCTOSIIYI0 U3 KOPHUIOPOB U
OTBETBJICHUU.
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[TouTty Bce KpymHBIE 3IEMEHTHI 3eIeHOH MH(PPACTPYKTYpPhI B Tpe/ieiaX rOpOCKOro s/pa SBISIOTCS
OCTPOBHBIMH — 3TO TOPOJCKHE MAPKU U CKBEPBI, CaJbl U IUIOLIAAKH IS OTAbIXa U pekpeau. HecmoTps
Ha OOJBIIYIO JIETAbHOCTh, TJIaBHBIE JOCTONPHMEYATETIFHOCTH Topoaa — XapauHec-ne-Ilukacco u
LenTparbHplii Tapk Majiaru — Tarke SBISIOTCS OCTPOBHBIMH, HE HMMEIOT KOPUIOPOB M OOJIAJIaf0T
HEeOOJIBIION TEPPUTOPHEH BIHSHHS.

-,
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Bl ocrros OKANMJIEHVE
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B «orvpor
Il oxHo

, nuTHY,
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0 2.5 5 10 KM OTBETBNEHVIE

Puc. 9. Pesynbratel MSPA-ananu3a Ha ypoBHE sjipa rOpOJICKOM 3acTpoiiku Maaru.

ITporpammuoe obecrieuenne GuidosToolBoX pacmonaraer crieKTpoM HHCTPYMEHTOB (TIOMHMO
rpynnel MSPA), mipu mOMOIIM KOTOPBIX TMPEACTABIISETCS BO3MOXKHBIM YCTAHOBUTH HEKOTOPHIC
KOJIMYECTBEHHBIC TIOKA3aTeM MPOCTPAHCTBEHHOW KOH(UTYpaluu 3eJIeHOW WHPPACTPYKTYPHI
ropona. Muctpymentsl Contagion u Entropy (rpymnma unctpymeHnToB Fragmentation) momorarot
OTIPENICIIUTh CTENICHb (PparMeHTAlMU apealioB 3eJICHbIX HacaxaeHui. IHCTPyMEHTHI UIMEIOT BaXKHOE
pasnuurie: B TO BpeMsi Kak OIleHKa (hparMeHTanuu Ha ocHoBe 3HTponuu (Entropy) ocHoBaHa Ha
OJTHOBPEMEHHOM OIICHKE MepeIHEro MIaHa U (poHa (KaK eWHOTO IIEJI0r0), MapaMeTp CHETICHHOCTH
(Contagion) ocHOBaH Ha pacCCMOTPEHUH TOJBKO 00BEKTOB MepenHero miana (Vogt, 2015).

Hampumep, wuzoOpakeHune ¢ mpeoOnagaronuM (QOHOBBIM TMOKPBHITHEM K HECKOJIbKUMU
M30JIMPOBAaHHBIMU OOBEKTAMHU TEpPEAHEro IjaHa IO MapaMeTpy CLEIJICHHOCTH JacT BBICOKHE
3HaueHus: (pparmeHtauuu. [lnsg sHTpormuu 3T0 U300paxeHwe OyAeT, HaoO0OpOT, UMETh HH3KHE
3HaueHus (pparMeHTanuu, IOTOMY 4YTO JOMHHHpPYIOIIee MOKphITHe 001acT (PoH) TOIBKO Clerka
(dbparMeHTUpPOBaHO  MEpeAHMM  IJJaHOM  (Hampumep, ocTpoBamu  Jeca Ha  (oHe
CENIbCKOXO3SUCTBEHHBIX yronaui). COOTBETCTBEHHO, MJis aHaiuM3a 3€JIeHON WHQPACTPYKTYPHI,
MPOBOJMMOTO OTAETBHO OT aHalIMW3a BCEH TOPOICKOW CHCTEMBI, OOJBIINE MOIXOAUT WUHCTPYMEHT
Contagion, cocpe10TaunBaIOIIUNACS UCKITIOYUTEIHFHO HAa 00BEKTaX MEPETHETO TUIaHa.
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@parmeHTalys BbIpa)kaeTcsl B BUJIE MPOLIEHTHOM LIKaJbl, A€ NoKa3aTenau, crpemsmuecs Kk 0%,
yKa3bIBalOT HA MHUHUMAJIBHYIO CTEIeHb (pparmMeHTanuu apeana, Torga kak crpemsimuecs k 100%
XapakTepHbl JUIsI apeajioB C MakCHUMajibHOH (parmeHTanueil. B cinydae Mamaru MuHUMAambHOU
(dbparMeHTanuel XapakTepu3yloTcs, B TEpBYyl0 ouepenb, sapa (Monrec-me-Manara, a Tarke
3HAYMTENbHAS YacTh paiioHa Jcte). CteneHb (parMeHTauu 37ech He npesbimaet 15% (puc. 10).
Taxke 3HaUUTENBHOHN LIEJOCTHOCTHIO 00Ja/laeT sIpO Ha oro-3amajae ropoga — napk Jloma-nens-
[Tuno. CyiiecTBeHHas 4acTh apealioB XapaKTEpU3YETCsl CpelHEed CTeNeHblo (hparMEeHTaluu — B
npeaenax 30-60%; sTo 3eneHas uHppacTpykTypa panoHoB Ilyspro-ne-na-Toppe, Kamnanwuiisic u
[Manma-ITamuiis. 3enenas uHPpacTpyKTypa HEHTPAITHLHOTO paiioHa Maaru Takxe XapakTepu3yeTcs
cpenHeit  cremeHbio  pparmentanuu  (Menee 50%). Haumbomee «pasopBaHa»  3ejeHas
uHppacTpykrypa B pailoHe Yyppuana, rie Oosbllias YacTh 3€JE€HBIX HACaKJIECHUU SBISETCS
OCTPOBHOH, U, CJI€I0BATEIbHO, parMEeHTUPOBaHHOM ¢ Moka3aTeneM B 80% u Ooiee.

< 0 25 50 75 100(%)

Puc. 10. ®parmenTanus 3eneHoit uHppactTpykTypbl Manaru (uactpyment Contagion).

OCHOBHOM TPUYMHON BBICOKOW CTENeHH (pparMeHTanuu 3eJIeHONH HHQPPACTPYKTYphl Tropoia
CTaJI0 CPaBHUTEIHHO HeJaBHEE (MPOMCXOMAMBIIEE HA MPOTSHKEHUU MOCIETHUX JABYX JECATUIICTUIA)
AKTUBHOE pACIIUPEHUE JKWIOM 3acTpOMKM 10 ceBepo-3anaaHoMy Jydy. ComnpoBoxaaroliee
3aCTPOMKY YMEHBIIIEHHE CBSI3M MEXy CTAaHOBSAIIMMUCS Bce Oojee u Oojiee W30JIMPOBAHHBIMU
y4yacTKaMU 3eJeHON HWHQPaAcCTpyKTyphl CTalo0 OJHUM W3 OCHOBHBIX TPHUITEPOB YBEIUYCHUS
JaBJICHUS Ha OMOpa3zHOOOpasue peruoHa.

He menee uHTepecHBIM MOAXOIOM K HU3YyYCHHIO (parMeHTalWU 3eleHOW UHQPACTPYKTYpPhI
spinsiercst uHcTpyMeHT FAD (Foreground Area Density). FAD-ananu3 npoBoauTCs myTeM U3MEpEHHS
MoKazaTensi IUJIOTHOCTH TMHKCEJIed TepeHero IulaHa [0 TMATH IIKajdaM HaOmojeHus (¢
UCIIOJIb30BAaHUEM MeToja «Mmoving window analysis») ¢ KBaJpaTHBIMH COCETHUMHU YYaCTKAMH
mHou B 7, 13, 27, 81, 243 mukcens (Riitters et al., 2012). Pe3ynpTaToM NpOBEIESHHOTO aHAIM3a
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CIIY’)KUT HAa0Op KapT C Pa3sHBIMHU Pe3yIbTaTaMH Il KaKJIOTO BBIOPAaHHOTO MaciiTaba HaOIIOICHUS
(puc. 11). 3nauenus FAD otoOpakaroTcss LBETOBBIM KOJMPOBAHHEM IO CIEIYIOMIMM Kilaccam
enuHCcTBA MHGpAcTpyKTyphl: peakuit (Rare), mpepeiBucteiii (Patchy), mepexonusiii (Transitional),
rocnioactBytomuii (Dominant), cymectBennsiii (Interior), menbusiii (Intact).
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Puc. 11. Pesynprarel FAD-ananuza 3eneHoit nuapactpykTypsl Manaru no Haumenee (1, cieBa) u
HauOouee (5, cpaBa) AeTanbHBIM ITKaJIaM HaOmoaeHus (MHCTpyMeHT Foreground Area Density).

FAD-ananu3 Ha pa3HbIX HIKajJaxX HaOMIONEHUsS NpPEACTaBlIA€T MHTEPEC, T.K. 3a4acTyI0 MOTYT
ObITh IMOJIydEHbl €CIM HE JUaMeTpPalbHO IMPOTHUBOINOJIOXKHBIE, TO CHJIBHO pa3IMYyarolluecs
pe3yibTarhl. AHanM3 TeppuTopuM Manaru Ha MUHMMAJbHO JeTanbHON mmikane (7 mnuKcesnei)
HaOmroieHUsT mokaszan, 4To 29% 3eseHOW MHQPACTPYKTyphl SABISIOTCS LEJIOCTHBIMH U
HeTpoHyTbIMH, a 18.2% u 28.8% oTHOCATCS K KilaccaM CYIIECTBEHHOTO M TOCIOJCTBYIOLIErO
eIMHCTBa UHQPACTPYKTYypbl. PparMeHTHUPOBaHHAs PACTUTENBHOCTb COCTaBIIsieT OKoJo 23.8%
TEPPUTOPUI MeperHero MiaHa (Iae nepexoaHblil kinace 3anumaetr 13.7%, npepsiBUcTbIl — 9.4%, a
penkuii — 0.7%).

IIpu m3yuenun teppuropun Manaru B pamkax HamOosiee AETaJbHOM IIKaJlbl HAOIIOAECHUS
(243 nukcenst) HaOMIOAAETCs MOJHOE OTCYTCTBUE KJIacca IIENBbHOW pacTHTeNbHOCTH. Bosee Toro,
KJIaCC  CYIIECTBEHHOM IEJIOCTHOCTH 3aHMMaeT MeHee 1%  TeppuropuH, a HauMeEHee
¢parmeHTUpoBaHHbIe ydacTKH (MoHTec-ge-Manara M MECTHOCTh DSJOM € HeOOJIbIINM
MoCceJeHHeM OCMapTepoc Ha BOCTOYHOM OKpamHe Tropoja) TMpUHAIekRaT K  Kiaccy
TOCIOJICTBYIOIIEH LENOCTHOCTH U 3aHMMaroT 43.2% mnepeanero muiaHa. BropbiM 1o 1uiomanu
MOKPBITUS CTaJl KJIACC HPEPHIBUCTOM LETOCTHOCTH («IPEPHIBUCTHII»), K KOTOPOMY OTHOCHTCS
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31.7% nepennero miana. CTOUT OTMETUThH, YTO U3 KPYIHBIX, TYPUCTHUECKU IMPUBIEKATEIbHBIX
OCTPOBKOB 3€JICHOH HWH(PACTPYKTypbl K 3TOMY KJaccy OTHOCATCA mnapku MoHTe-Bukropus,
Mounte-ne-I'ubpandapo u Monre-ne-Can-Auton. Hawubonee ¢QparmMeHTHpOBaHHBIE YYaCTKU
HaOmoMaoTcss Ha Tteppuropun paiioHoB CeHtpo, Ilyspro-me-ma-Toppe m Uyppuana (1.3%);
ocTagiuecs: 23% nepeaHero miaHa OTHOCATCS K TIEPEX0ITHOMY Ki1accy.

Takum oOpazom, coriacHo pesynbraram FAD-aHamm3a M3ydaeMoOro peruoHa, B paiioHax C
HauOOJIbIIEH TUIOTHOCTBIO HACENIEHWS W HaumOOJIbIIEH aKTUBHOCTBIO 3elieHas HWH]pacTpykTypa
Hanboyiee  (parMeHTHpOBaHA ©  XaOTHYHA; HAUMEHBLIEH  CTENEHbI0  (parMeHTaIuU
XapaKTepU3yeTCs sIAPO MPUPOJHOTO mapka «MoHTec-ae-Maiaray.

30HBI BIUSHHA 3€JCHON HH(PACTPYKTYpHl MOKHO PAcCYMTATh TPU TIOMOIIM HHCTPYMEHTa
Influence Zones rpymmsl uHCcTpymMenToB Distance (puc. 12). 30HbI BAMSHUS MPEICTABISIOT OO0
BHEIIHHE OOJIAaCTH, pPa3JeNAIonue OOBEKTHl TepelHero IulaHa (B JaHHOM Cilydae, JJIEMEHTHI
3esieHOM  WHGPaAcTpyKTypbl). ['paHuInia 30HBI BIUSHUSA OMPENEISAETCS IyTeM PUMEHEHUs
MOP(}OJIOTHYECKOTO OIepaTopa OIpeNeIeHUs] BOIOPA3IeNIOB K KapTe EBKIMIOBBIX PacCTOSHHUN
(dhonosoro uzoopaxkenus (Soille, Vogt, 2008).
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Puc. 12. 3onb! BausHU 3e5eH0i nHPpacTpykTypsl Manaru (mHcTpyMeHT Influence Zones).

Ilonnmanue pucyHKa 30H BIUSHUS IIOMOTAaeT BBIABUTH apeallbl, HA KOTOPbIE PaCIPOCTPAHAETCS
JOCTYII K MOTEHIMAJIBHO MIPEIOCTABIEHHBIM PEKPEALMOHHBIM, 03I0POBUTEIIBHBIM U 3CTETUYECKUM
ycayraMm. Hampumep, JkuTend 3THX 30H pacmojiarailoT 0oyiee  BBICOKOH JOCTYMHOCTBIO
9KOCUCTEMHBIX YCIYr, IPEIOCTABIIEMbIX MapKaMH M CKBEpPaMU B TOPOJACKOW 4YepTe. DTH yCIyru
BKJIFOYAOT YUCTBIM BO31YyX, SCTETUYECKYIO LIEHHOCTb, HAJIMYUE MECT Ul OTIbIXa U peKpeanuu, a
TaKXe MOAJeP>KUBAOLIUE U PErYIUpYIoLe (QyHKIMH 3eI€HOTr0 KapKaca.

Camoii Gonbiioit 30H0i BiusHus B 151.2 kM? oxkumaeMo ob61agaeT NpUPOHBIA apk MoHTec-
ne-Manara — OCHOBHOM HMCTOYHMK JKOCHUCTEMHBIX yciayr B paiioHax Octe u Crromaa-XapanH
(puc. 13). IIpoune OCHOBHBIE >JIEMEHTHI 3€JI€HOM MHQpacTpykTypbl Manaru HMeET Ha mHapy
MOPSAZIKOB MEHbINNE 30HBI BIUsSHU. Cpelu OCHOBHBIX SA€p 3€J€HOM HMHQPACTPYKTYPHI OMUMO
Mounrec-ne-Manara nmuaupyetr napk Monte-ne-CaH-AHTOH, 30Ha BJIMSHUS KOTOPOIO IPEBBIIIAET
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2.4 xM?; Takke GONBILON 30HOM BIMAHMA pacrionaraeT napk Jloma-genb-TTuno — 2.1 kM2,

Cpenyt OCTpOBHBIX IICHTPOB 3€JI€HOM HWHQPACTPYKTYphl HAMOOJBUIMMHU 30HAMHU BIUSHUS
obnagaror mapku Monte-Buktopus u Monte-T'ubpandapo (0.27 kM%), a Takke Hapk B yCTbe
p. I'yanansopce (0.25 km?). ['maBHBIE HOCTONPUMEYATEILHOCTH IIEHTPA TOPOJIA — MapK «XapauHec-
ne-Tlukacco» u LlenTpambublii mapk Mamaru wumeror 30HbI Baumsaus B 0.01 u  0.05 xkm?
COOTBETCTBEHHO. JTH OCTPOBHBIC IICHTPHI OTBEYAIOT OCHOBHOM LIENM O3€JICHEHUS Kak crocoda
03/I0pOBJICHUS TOPOJICKOM cpeapl Manary.

IIpouee

Xapaunec-ae-Iukacco
IlenTpanbHbIii HapK..
Yerbe IN'yagansopce

Jloma-penb-Iluno 3 \ : i

MomnTte-ne-Can-AHTOH

Monte-T'udpandapo

Monte-Bukropus | H |

KM
MonTtec-ne-MaJara, 151.2 km?

Puc. 13. Ilnomans 30H BIMSHUS OCHOBHBIX SIIEP U OCTPOBOB 3€JI€HON MHGPACTPYKTypbl Manaru.

Takum 00pa3oM, MeToT MOP(OIIOTUIECKOTO MPOCTPAHCTBEHHOTO aHAJIN3a TI03BOJISIET BBHISIBUTH
BaXHEWINME MHIMKATOPHI Ka4eCTBAa TOPOJICKOM CPE/bl, & BOSMOKHOCTH MPUMEHEHHSI 3TOTO METO/1a
BecbMa mmpoku. MSPA-anamm3 cmocoOeH pemaTh IENbId  CHEKTp NpoOJieM, KacarolIuXcs
VIIPaBJICHUS] TOPOJICKAX CUCTEM W ONTHMH3ALUU TOPOJCKOH cpenpl. OH TakKe aeT BO3MOXKHOCTh
MoJTy4aTh 0oJiee YeTKOE MPEACTABICHNE O CYIIECTBYIONIMX YKOJIOTHISCKAX MPOOIeMax M MyTsIX UX
pereHus.

Kak u mo6oit apyroit meron, MSPA umeeT onpeneieHHbIe OrpaHHYCHHUs, B TIEPBYIO OUYepe/Ib
Kacaroluecs: ONpeACICHUs MaclTada BXOJHBIX JaHHBIX W HEBO3MOXXHOCTH JU(PepeHIIHAIN
3eJICHOH HMHQPACTPYKTYphl MO MOpdpoMeTpudeckuM TmokazareiasiM. C yd4eToM TpEXMEpHOCTH
peaTbHOrO MPOCTPAHCTBA, HEOCYIIECTBUMOCTh COIIOCTABIICHHS TATTEPHA 3€JICHBIX HACAKICHUN H
CeTKH DJIEMEHTapHBIX BOJOCOOPOB, MAapaMETPOB BBICOTHI M YKJIOHA MECTHOCTH U MPOYUX
MPOCTPAHCTBEHHBIX XaPAKTCPUCTUK YyKa3bIBa€T HA HEOOXOAMMOCTH IPOBEICHHS IaTbHEHIIHX
WCCIIC/IOBAaHUII Ha JIOKAIBHOM YpOBHE. Pe3ynbTaThl OIIGHKM MHPOCTPAHCTBEHHO-3aBUCUMBIX
napaMeTpoB CICIUICHHOCTH W ()parMEHTAllMK MOTYT TaK)Ke 3aBUCETh HE TOJIbKO OT YPOBHS, Ha
KOTOPOM TPOBOJMTCS aHAIM3, HO M OT 3KOJOTMYECKHX IPOIIECCOB, aHAIM3HPYEMBIX B PaMKax
naHadTHOW MaTPUIIBL.

BriBoabI

3eneHas MHPPACTPYKTypa UMEET MHOXKECTBO (D)YHKLUH, B TOM YHCIIE BaXKHYIO POJIb UIPAIOT €&
scTeTHdeckue cBoicTBa. OfHaKo, Oyay4H KOJOTUYECKUM KOMIIEHCATOPOM, 3€JI€Hble HaCaKICHUs
B TIIEPBYIO oOuYepelb OTBEYaloT 3a KOM(OpPTHOCTH TOpojackoi cpeabl. Ilapamerpuueckue
UCCIIEIOBAaHUS 3€JI€HOM MH(PACTPYKTYpPhl MO3BOJSAIOT YCTAHOBUTh YPOBEHb €€ Pa3BUTHS, a TaKXKe
ONTUMAJILHOCTh KOHUIypalluh M CcOCTaBa (OPMHUPYEMOIrO SKOJOTHYECKOTO KapKaca C
BBIPQXKEHHBIMU CpeIOCTAOMIM3UpYOMMMH  GyHKIUsAMU. Ha paccMOTpeHHOM mpuMepe ObLIo
YCTaHOBJIEHO, 4TO, HECMOTpPsl Ha TO, 4To Maara sBisercs OJHHMM U3 BEIYLIUX E€BPOIEHCKUX
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«3€JIEHBIX» FOPOJIOB, OH MOYKET 0Ka3aThCsl HEJOCTATOUHO Pa3BUTHIM 3a CUET OTCYTCTBMSI CBA3HOCTH
9KOJIOTMYECKOT0 KapKaca.

B cinyyae Masaru OCHOBHBIM KaTajau3aTopoM ypOaHH3aIMU CTAJIO YBEINYECHUE TYPUCTHUECKUX
notokoB B 1960-x Tomax, B CBOIO ouepeab OOOCHOBaHHOE OJArOMpPUSATHBIMU  (U3UKO-
reorpaduueckumu ycioBusiMmu peruona Kocra-nens-Cons. K coxanennto, Manara 10 cux mop
Oopercsi ¢ TMOCIEACTBUSAMH SIOXM HEPAIMOHATHHOTO aJMHHHCTPUPOBAHUS, TNPUBEAIINMH K
OMYCTEHUIO W MapruHalIM3alMi HMCTOPUYECKOIrO LIeHTpa B KoHIE XX BEKa M K €ro M3JIMIIHEH
KoMMeprranu3anun B X XI Beke, Ha HOBOM 3Tare ero (yHKIIMOHUPOBAHUS B OOHOBIIEHHOM BHJIE.

Jlnisi KOPPEeKTHOW KOMIUIEKCHOM OLIEHKH TOPOACKON cpellbl HeOOXOIMMO MPUMEHEHHE ILIEJI0TO
psina pasnuuHbIx mapameTpoB. IIpoekt «Agenda Urbana Mélaga», B HOpMaTHBHO-METOIHYECKUX
JOKYMEHTaX KOTOPOI'O OCBEIAeTCs] KOHIEMIMS pa3BUTHS 3€JI€HOM MHPPACTPyKTyphl Ha MEPHOJ C
2020 mo 2050 roxa, y4yuThIBAET TaKWE MOKAa3aTeM, KaK TUIONIA/b 3€JIEHBIX HACAXKJICHHUHN Ha IyIIy
HACEJIEHUs, KOJIMYECTBO 3€JICHBbIX HACaXJCHUW Ha Jylly HACEeJeHHS U JIOCTYIHOCTb 3eJIeHOU
nH(QpacTpyKTypsl JUIsl HaceneHus. HecMoTps Ha TO 4TO BCe 3TH MOKAa3aTeld BBICOKH M OJM3KH K
ONTUMAJILHOMY B CPEIHEM IO Topojy, OoJiee JeTalbHbIA aHAIN3 Ha YPOBHE TUCTPUKTOB U PailioHOB
YKa3bIBae€T Ha MHOKECTBO NMPOOEIOB B IKOJOTUYECKOM KapKace. 3a4acTyro M3-3a ONpeAesCHHBIX
HCTOPUKO-TUIIOJIOTMUECKUX XapaKTEPUCTUK pPalOHOB ropoja B HEKOTOPBIX KBAapTajlax M CEKTOpax
HaOJI0JaeTCsl HeIOCTaTOYHOE /ISl o0ecreueHrss MaKCUMaibHONH KOM(MOPTHOCTH TOPOJCKOM cpebl
KOJIMYECTBO 3€JeHBIX 30H. Takke NpoeKT, pa3pabOTKM KOTOPOTr0 BO MHOIOM OCHOBAaHbI Ha
nokymeHrtaiuu ['eHepanbubix miaHoB Manaru (Plan General ..., 2011), ve Oeper B pacuer
BOXKHOCTh (PYHKITHOHAIHHOTO €JIMHCTBA CETH 3eJIeHOW MH(PAcTpyKTypbl. HeoOxoammMo HEe TOJIBKO
HaJu4ue IMEHTPOB (sAep) 3elIeHOM MH(PACTPYKTYphl, HO M COCAMHSIONIMX AJIEMEHTOB KapKaca,
KOTOpbIe 00ecrnieunBain Obl HEMPEPHIBHOCTh MIPUPOIHOTO MPOCTPAHCTBA U BHITIOJIHSIN TPAH3UTHBIE
byHKINA.

HoBatopckuii it 0T€4eCTBEHHBIX 3KOJOTMYECKUX HCCIIEOBAaHUI METOJ MPOCTPAHCTBEHHOTO
MOP(OJOrMYECKOr0 aHaliu3a, MPUMEHEHHBIH OTHOCHUTEIBHO TEPPUTOPHUH BCEro Tropoda H
TEPPUTOPUU TOPOJICKOTO fAIpa B OTIEIbHOCTH, Jaj OJHO3HAYHbIE Pe3yJabTaThl. BBIJIO BBIIENEHO
OKOJIO 5-6 KPYIHBIX siJIep 3€JIeHOU HHPPACTPYKTYpPbl BHYTPH CETH 0CO00 OXpaHsSEMbIX MPUPOTHBIX
Tepputopuid Manaru. JIunis 5TH HEMHOTOUHCIICHHBIE SIpa COeIMHEHBI MEXKYy cO00i1 KOopHIopaMu
Y UMEIOT METIH, 0JaronpuaTCTBYIOIINE MUTpAlUsIM BUAOB. HecMOTpsl HA OTHOCUTENIBHO BBICOKHE
K03 puImeHTs 00eCIeYeHHOCTH HACENICHUs 3€JICHOW MHMPACTPYKTYPOH M OOIIMpPHBIE TUIOIIAIN
HacakJIeHuH, 00JIbIlas YacTh 3€JICHbIX HACAXKACHUN UMEET OCTPOBHOM ((hparMeHTapHbIil) XapakTep
U HU3KUNA TapaMeTp CBSI3HOCTH JJIEMEHTOB 3€JIeHOM HH(PACTPYKTypbl, YTO HE CHOCOOCTBYET
CO3JaHUIO €TUHOM CEeTH M SKOJOTMYeCKOro Kapkaca Kak TaKOBOTO.

Ora paboTa SBiISETCS MPUMEPOM HCCIEIOBAHMS, MPEAJIAralpero HOBBIE METOMbI IS
oTpe/ieNieHUs] MPUOPUTETHBIX YYAaCTKOB CETH 3e€JIeHON MH(PACTPYKTYpPhI, OJJHOBPEMEHHO Ba)KHBIX
KaK Ui COXpaHEeHUs] OMOpa3HOO00pas3us, TaK U JUIsl pa3BUTHS PEKPEAlMOHHO-ICTETUYECKIX KauecTB
3eneHbIx HacaxnaeHui. [Ipumenenne metona MSPA-ananusza MokeT OBbITH TOJIE3HO B cliydae
HeoOxomumocTu Ooisiee 3((HEKTUBHOTO HCIOJIB30BAHUS HMMEIOIIUXCS JAHHBIX JUISl TPUHSATHUSA
B3BELICHHBIX PEIICHUH, KaCAOIIMXCS TPAEKTOPUM YCTOMYNBOTO pa3BUTHS.

bnazooapnocmu. ABTOp BhIpaxaeT IiyOookyro nmpusHarenbHocTh I.r.H. E.}O Konbosckomy 3a
IIOMOIIb Ha BCEX JTalax 3TOro HccienoBaHus, a Takke K.r.H. O.A. KnumaHoBOM 3a ILEeHHBIE
KPUTHUYECKHE 3aMEYaHUS U COBETHI.
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Green infrastructure is one of the most important components of the urban environment which severely
affects the quality of human life. Green spaces can be a tool for maintaining the integrity and resilience of
urban ecosystems. Both continuous research of the structure and functions of urban green infrastructure and
monitoring of its quality are necessary in terms of optimization of the urban environment.

Using the example of the Mediterranean city of Malaga (Spain), as one of the leading “smart”
cities in Europe, three methodological approaches to assessing the spatial configuration and structure
of green spaces and fragments of the natural landscape of the city are considered. Modern methods of
GIS modeling are applied to assess the green infrastructure of Malaga in terms of land cover
characteristics (using CORINE Land Cover), the potential quantity of ecosystem services (using
Urban Atlas), and configuration, fragmentation, and spatial structure of green spaces (using
GuidosToolBox). Based on the method of Morphological Spatial Pattern Analysis (MSPA), the main
cores, islets, and bridges of green infrastructure are identified, and the connectivity and fragmentation
of green spaces are assessed, them being critically important for determining the unity of the
ecological framework. The quantitative characteristics of green infrastructure are given, which are
potentially comparable at different levels of land cover studies. The study results are given based on a
combination of several methods that allowed to analyze the territory at different levels of spatial
analysis and to determine the “backbone” areas of the green infrastructure network.

Keywords: urban green infrastructure, GIS modeling, CORINE Land Cover, Urban Atlas,
connectivity, fragmentation, MSPA.
DOI: 10.24411/2542-2006-2020-10073

Greening is undoubtedly one of the main ecological methods of improving the urban
environment (Golubchikov, 2001). Part of a comprehensive program of measures for the planning
of any urban ecosystem is the introduction of an extensive and developed network of green
infrastructure (Porshakova, 2016). The resilience of the cities of the future will largely depend on
the extent to which humankind can maintain the quality of urban green spaces and their ecological
functions (Breuste et al., 2015). The existence and development of cities within the framework of
the concept of sustainable development is often limited not only by the spatial underdevelopment of
the ecological framework but also by the reduced connectivity of green infrastructure and a high
degree of fragmentation of green spaces (McNicoll, 2005). Therefore, an extremely important task
is not only the introduction of new green spaces and their management but also the subsequent
analysis of their quality.

Urban areas are complex and diverse systems, the analysis of the evolution of which often suffers
from a lack of spatial data and insufficient understanding of the influence of socio-economic and
physical factors on the growth of these systems. The most interesting systems are those that, on the
one hand, experience strong anthropogenic pressure, but, on the other hand, retain a significant part of
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the natural framework. The European Mediterranean which is constantly evolving through the active
involvement of tourism resources is one of the most favorable regions for this kind of research.

This paper suggests the city of Malaga as the region for the case study, considering the number
of popular tourist resorts and the rapid population growth since the 1960s that raised several
questions about the effectiveness of urban planning. This research is an attempt to integrate
geographic information systems used to model the growth of cities and predict the development of
territories into the geoecological assessment of urbanized territories. The study is also aimed at
applying the main methodological approaches to monitoring and analyzing the growth process of
urbanized areas to further predict the impact of urbanization on the environment and suggest tactics
for effective urban planning.

The research aims at identifying the role of green infrastructure as one of the most important
geoecological elements of the urbanized areas of Malaga, as well as applying modern methods of
assessing the state of green infrastructure. To achieve this it is necessary to a) identify the physical-
geographical and socio-economic prerequisites for the spatial growth and development of the city;
b) consider modern methodological approaches to assessing the spatial configuration and structure of
green spaces and fragments of the natural landscape in the city; c) select the approach that most fully
solves the tasks. The selected methods will allow solving the problem of assessing the critical
parameters of connectivity and fragmentation of green spaces based on spatial morphological analysis.

Materials and Methods

The subject of the study. Green infrastructure as a term does not have a single universally
accepted definition. The modern understanding of the concept of “green infrastructure” (GI) in the
context of this study is most often consistent with the definition given by the European Commission
in 2013 (Green Infrastructure ..., 2013): green infrastructure includes a wide range of natural and
semi-natural assets strategically planned as a single network of interconnected components. The
spectrum of assets that fall under the definition ranges from outdoor green spaces and small squares
to large parks, cemeteries, green walls, and roofs (i.e. vertical green elements).

Urban greening is one of the most important pathways for improving urban environments.
Green spaces soften the perception of hot and dry weather conditions, increase air ionization, have
an anti-noise effect, protect against chemical pollution, and absorb many harmful impurities. It is
believed that 1 hectare of healthy forest absorbs about 0.25 tons of carbon dioxide per day while
releasing 0.2 tons of oxygen (Golubchikov et al., 2001).

In recent decades, the enormous potential of urban green infrastructure has been highlighted in
addressing current urban planning challenges, especially in the context of sustainable development.
Developing green infrastructure does not mean creating a completely new framework; rather, it
symbolizes improving the connectivity of an already existing network of green spaces to enhance
ecosystem functioning.

Region of the study. The region of study, the city of Malaga (Autonomous Community of
Andalusia, Spain), is located on the Mediterranean coast at the foot of the Montes de Méalaga (Malaga
Mountains), which are part of the Andalusian system. The southwestern part of the region is occupied
by vast alluvial plains between the rivers Guadalhorce, Campanillas, and Guadalmedina.

The Malaga region is characterized by a dry and hot Mediterranean climate, which undoubtedly
affects the need to provide the city with a developed green infrastructure. Mediterranean cities with
their hot and dry summers are in need of shady areas that can moderate the high temperatures, thus
improving the quality of life for the citizens. The rapidly advancing green roof technology also
contributes to energy savings through efficient indoor cooling.

Malaga is located in the zone of xerophytic light forests and shrubs, which have the local name
of tomillar (Romanova et al., 2014). Tomillar is the result of prolonged overgrazing characterized
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by sparse tree cover but extensive shrubland consisting of thyme (Thymus spp.), rosemary
(Rosmarinus spp.), cistus (Cistus salviifolius!, C. albidus), and other low-growing shrubs.
Zonal Mediterranean vegetation creates quite specific conditions for the formation of a green
infrastructure framework. The shrubby nature of the vegetation is poorly conducive to the formation
of urban parks with a large-mass tree cover. In this regard, the overwhelming part of the green
infrastructure is formed either by introduced species, such as magnolia (Magnolia grandiflora),
tipuana (Tipuana tipu), jacaranda (Jacaranda mimosaefolia), or by hybrids and cultivars,
for example, colored linden (Tilia % euchlora) and bitter orange (Citrus x aurantium; Table 1).

Table 1. The most common species in urban parks and green boulevards in Malaga (Plan
General ..., 2011).

Introduced species Indigenous species
Trees Tipuana (Tipuana tipu), Judas tree (Cercis siliquastrum),
Bottletree (Brachychiton sp.), Olive (Olea europaea),
Bitter orange (Citrus x aurantium), Ash (Fraxinus excelsior),

Jacaranda (Jacaranda mimosaefolia), | Stone pine (Pinus pinea)
Chinaberry (Melia azedarach),

Black locust (Robinia pseudoacacia),
Silk oak (Grevillea robusta),

Carob (Ceratonia silique)

Shrubs | Evergreen spindle (Euonymus Jasmine (Jasminum sp.),

japonicus), Oleander (Nerium oleander),

Common lantana (Lantana camara), | Tamarisk (Tamarix sp.),

Chinese privet (Ligustrum lucidum) Phillyrea (Phillyrea angustifolia),

Lentisk (Pistacia lentiscus),

Bridal broom (Retama monosperma),
Rosemary (Rosmarinus officinalis),
Common hawthorn (Crataegus monogyna)

The origin of most of the woody vegetation in the city dates back to the 1930s in the Montes de
Méalaga region, where at that time significant areas were set aside for green space in order to protect
the city from severe flooding associated with the Guadalmedina River. Species used were stone pine
(Pinus cembra) and Aleppo pine (Pinus halepensis), both being ideal for poor and highly eroded soils.
On the basis of artificial plantations, over time, typical Mediterranean vegetation began to develop,
consisting of holly oak (Quercus ilex), cork oak (Q. suber), carob (Ceratonia siliqua), common
myrtle (Myrthus communis), ash (Fraxinus spp.), strawberry tree (Arbutus unedo), etc.

Urban planning plays an important role in understanding the configuration of a city's green
infrastructure. Within the modern borders of Malaga, two large zones can be distinguished, the first
being the nucleus of urbanization, the “city” itself, and the second, being the periphery, which is a
large but sparsely populated area. Peripheral areas, inherently rural, were incorporated into the city
borders after Malaga experienced a new kind of demographic pressure in the form of a migratory
influx of villagers affected by the introduction of the grape phylloxera (Dactylosphaera vitifoliae)
in Europe. The last decades of the 19th century and the beginning of the 20th century were marked
by a deep economic depression, which was caused by the simultaneous collapse of the metallurgical

! Latin names are given according to “Plan General de Ordenacién Urbana (PGOU) de Malaga” (2011).
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industry and the decline of viticulture. In this context, Malaga began to promote housing policies of
“cheap houses” for the new population, and new neighborhoods in Trinidad and Ciudad Jardin were
designed for political purposes (Reinoso-Bellido et al., 2010). The “cheap development” project
eventually attracted so many interested residents that it was no longer able to cover the demand for
housing. Overcrowding in the neighborhoods of La Trinidad, Capuchinos, and many others has
increased so much that it has caused spontaneous settlement nuclei on the outskirts of the city, for
example, El Palo in the modern district of Este, Arroyo del Cuarto in the district of Cruz de
Humilladero, Mangas Verdes in Ciudad Jardin and many others (Del Carmen Diaz Roldéan, 1996).

Starting in the 1990s, the municipality government began preparing a plan to renovate the city
center which was slowly losing its attractiveness. With the tourism boom of the 1960s the main
activity of managing new areas in the periphery falls into the hands of private initiative. Then the city
begins to grow chaotically and irrationally, without control from the administration. Gentrification,
though, has allowed the city center to become a key symbolic space in the city. However, it did not
help make the central area much more suitable for everyday life; now, due to overuse of tourism,
places in the city such as Malagueta Beach, Plaza de la Marina, Paseo del Parque, and Alameda
Principal avenue suffer from an oversupply of visitors (Barrera-Fernandez at al., 2019).

The process of renovating the city and improving the comfort of the urban environment
continued throughout the last decade of the 20th century. In 1997, Malaga received the 2nd
European Prize, awarded by the Council of European Municipalities and Regions, for the concept of
sustainable urban planning. In 1998, the city also received the Dubai Best Practice Award for
Leading Sustainable Development Agenda, including Excellence in Green Infrastructure
Development. In 2000, the government agency, the Observatory of the Urban Environment of
Malaga (OMAU), was established.

In 2013, the Urban Empathy 2013 project was launched; a partnership of 11 Mediterranean
cities under the auspices of the European Union aimed at collaborating in achieving sustainable
urban development models. Besides, Agenda21 was approved in 2015, which is the Agenda Urbana
Méalaga for the Comprehensive Sustainability of Urban Environment 2020-2050 (Agenda Urbana
Malaga, 2016). The program report contains a theoretical explanation of urban planning and the
current state of the green infrastructure in Malaga.

Today, the Malaga government is trying to change the situation for the better by promoting
plans to implement more greenery in the city. Many environmental projects such as Agenda Urbana
Malaga, Urban Empathy, and Smart Cities receive financial support. The analysis of the evolution
of green areas for the period from 2005 to 2013 showed that during the period studied, the green
space per capita ratio showed a continuous upward trend, in 2008 amounting to 6.33 m? per
inhabitant, and in 2015 already reaching the level of 7.60 m? per inhabitant (Fig. 1; Trigo, 2015;
Agenda Urbana Malaga, 2016).

In 2020, the city became the winner among all nominees for the European Capitals of Smart
Tourism prize, including for its success in organizing a healthy and comfortable urban environment
to attract tourists (European Commission ..., 2020). The developing city programs have a significant
drawback, since they are largely not supported by a sufficient number of geoecological studies, and
the effectiveness of already existing projects has not been scientifically assessed.

It should be noted that the transformation is far from uniform throughout Malaga. Thus, in the
regions of Bahia de Méalaga and Guadalhorce there was a decrease in the area of green space per
capita, the increase indicators being -0.42 m? per inhabitant and -0.09 m? per inhabitant,
respectively (Agenda Urbana Malaga, 2016; Fig. 2).

Methods. There are three main GIS modeling methods applied in the study: a) the models used
to characterize the land cover (CORINE Land Cover); b) the models used to assess green
infrastructure in relation to the potential quantity of ecosystem services (Urban Atlas); and c) the
models used to assess the configuration, fragmentation and spatial structure of green infrastructure
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(Morphological Spatial Pattern Analysis using the GuidosToolbox software package). Each of these
methods has its advantages and disadvantages, as well as the limits of application at various levels
of territorial differentiation. Below is an overview of the methods used and their comparison to
identify the most suitable for solving the tasks.
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Fig. 1. Dynamics of the indicator of green area per capita (m%person) for the period from 2005 to 2016.
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Fig. 2. Increase in the indicator of green area per capita (m?/person) for the period from 2005 to
2012 by districts.

CORINE Land Cover. In the context of studying green infrastructure, CORINE Land Cover, a
subsidiary of the Copernicus system (Copernicus Land Monitoring ..., 2020), can serve as a basic
source of spatial data on land-use and land cover. The CORINE database, which includes various
land-use categories with a unique three-digit code assigned to them, is updated regularly every 6-
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10 years, providing publicly available data in vector and raster formats available for free use. The
quality of CORINE Land Cover data can be assessed as high, and the number of misidentified land-
use categories is usually small (Dige et al., 2011). However, these data are more suitable for
assessing at the national level than at the regional level. CORINE rasters are not detailed enough to
conduct urban green infrastructure assessments. Mixed classes with complex use patterns in the
CORINE classification, such as, for example, “land principally occupied by agriculture with
significant areas of natural vegetation” (class 243), “annual crops associated with permanent crops”
(class 241), are fairly subjectively delineated classes. In the context of green infrastructure,
integrated agricultural use classes are vital to biodiversity and therefore need to be considered as
separate elements; however, identifying the structure of such integrated sites is difficult.

The same problem arises when modeling a green infrastructure framework within settlements,
in an urban area. Given the lack of detail and possible erroneous classification of some objects,
CORINE is not always suitable for local analysis of technogenic complexes. For example,
according to the CORINE team land can be classified in class 112 (“discontinuous urban fabric”),
when buildings, roads, and other artificial surfaces cover between 50% and 80% of the total area
(Updated CLC ..., 2019). Thus, the level of generalization when using this method is very high, and
the local green infrastructure located within the boundaries of the development zone will most
likely not be taken into account. Consequently, the detailed classification of CORINE Land Cover
does little to deepen the study of green infrastructure problems, and the lower spatial resolution
complicates the task (Dige et al., 2011).

Urban Atlas. The European Urban Atlas, analogous to CORINE Land Cover, is part of the
Copernicus Land Monitoring Service (Copernicus Land Monitoring ..., 2020). Urban Atlas has a
resolution of 50 meters, which is double that of the CORINE Land Cover geodatabase. The Urban
Atlas is the highest resolution urban land-use database, and its main difference from CORINE Land
Cover is that CORINE contains three-tier classifications for cropland (by crop type) and forest (by
vegetation type) categories, which allows for better differentiation of land cover types, whereas
Urban Atlas does not use this classification. Land cover is subdivided into 20 different land-use
classes, with 17 of them being different technogenic categories.

Urban Atlas is the result of thousands of images from European satellites; the classification is
based on a combination of photointerpretation and object-oriented classification with a three-step
validation including internal quality control of the interpretation, peer review, and technical
verification by the European Topic Center Land Use and Spatial Information (Prastacos,
Chrysoulakis, 2011). Therefore, Urban Atlas can be considered a more convenient and rational tool
for obtaining data on green infrastructure than CORINE.

It is possible to group the Urban Atlas land cover categories according to the ecosystem
services provided by each class. Categories such as forests, herbaceous vegetation, and open spaces
are responsible for biodiversity conservation, climate change mitigation, water management,
recreation, and human wellbeing and health. Also, agricultural land (categories of arable land,
pastures) is conducive to climate change mitigation; also, they have important functions such as
food security and water management. Urban green infrastructure, along with climate change
mitigation and recreational opportunities, also ensures the cultural identity of the population and
provides an important land capitalization service. Also, the location of water bodies and zones for
sports and recreation affects land capitalization.

Morphological Spatial Pattern Analysis (MSPA). The method of Morphological Spatial Pattern
Analysis is based on the principle of connectivity of elements of green infrastructure. Basically, in
the scientific literature the analysis of the principle of connectivity is to assess the ability of green
infrastructure to preserve fauna habitats and provide species with the opportunity to migrate
(Liquete et al., 2015). Because of this, many of the connectivity studies are not directly related to
urban systems. Rather, they focus on analyzing the green infrastructure of the suburbs of large
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metropolitan areas, or rural areas. However, in the context of green infrastructure, the idea of
connectivity is just as important as the principle of its multifunctionality (Hansen et al., 2014).

Landscape connectivity can be calculated using the integral connectivity index (I1C) and
connectivity probability (PC), indicators that are based on graph theory (Flynn, Traver, 2013). 1IC
and PC not only take into account the barrier effect of the landscape matrix but also assess the
bearing capacity of each of its sections. However, these indicators are not enough to extract spatial
morphological information when modeling a green infrastructure network, since already existing
structural nodes and corridors are ignored (Wickham et al., 2010).

As an alternative to the above indicators, the Morphological Spatial Pattern Analysis (MSPA)
can be used, which provides a more flexible approach to account for the connectivity of green
infrastructure. MSPA, using a raster image of the study area as input, focuses on the geometry and
connectivity of the components and can automatically determine existing corridors (Batty, Rana,
2002). The uniqueness of the method is added by the system of automatic detection of ecological
corridors of different scales between the functional cores of the image, as well as further ranking of
the identified paths based on the determination of the relative importance of each component in a
given network (Vogt, Riitters, 2017). Because the method is applicable to any territory for which
raster data on the land-use of the region are available and the process is fully automated, it is
extremely convenient to use.

To analyze the elements of Malaga's green infrastructure, the non-commercial software
GuidosToolBox (The Graphical User Interface for the Description of Objects and their Shapes
Toolbox) (Vogt, Riitters, 2017) was used. All GuidosToolbox tools are based on geometric
principles and therefore can be applied at any scale and for any kind of raster data. The program
uses a binary image as input, in which the spatial position of each pixel is determined by the code
“1” or “0”. At that rate, the value “1” corresponds to the foreground of the image, namely the
studied elements of the landscape, in this case, the green infrastructure; the value “0” corresponds to
the background, i.e. elements other than green infrastructure. Such elements can serve as urban
fabric, industrial facilities, water bodies, etc.

The analysis result is highly dependent on the Edge Width parameter. Increasing the Edge
Width (literally the width of the foreground edges) increases the background area at the expense of
the main foreground area, and, accordingly, can change the MSPA class. In this work, the Edge
Width value that builds the most visual picture is 4 pixels.

The foreground area of a binary image is divided into seven general MSPA classes: Core, Islet,
Perforation, Edge, Loop, Bridge, and Branch (Table 2, Fig. 3). This segmentation results in
mutually exclusive classes that, when merged into one object, exactly match the original foreground
region. The background area of the image is divided into three classes: Background, Core Opening,
and Border Opening.

Results and Discussion
Quantitative characteristics of land cover according to CORINE Land Cover

Land-use systems in Malaga can be divided into 3 units: urbanized areas, agricultural regions,
and areas of least anthropogenic interference, where natural vegetation predominates (Fig. 4).

According to CORINE Land Cover, within the coastal urban core of Malaga, a significant part
of the territory is occupied by continuous (23.7 km?) and discontinuous (18.9 km?) urban fabric.
About 21 km? of the territory is occupied by industrial zones.

The main agricultural areas are located on the periphery, in the northeast and northwest of
Malaga. Most of the territory is occupied by orchards (43.8 km?), also a significant part is made up
of olive plantations, occupying 28.7 km?. Areas of complex, but mainly agricultural use make up a
total of 34.2 km?. The cultivated land occupies only 9.5 km?, of which 2.3 km?are areas of non-
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irrigated agriculture and 7.2 km?of irrigated agriculture. Pastures occupy 17.7 km?,

Among the natural vegetation, shrubs predominate covering lands with a total area of 93.6 km?.
Coniferous forests occupy 45.7 km?, broadleaf forests — 2.9 km? and mixed forests — 3.12 km?.
Sparse forest vegetation grows on a territory with a total area of 14.2 km?. Natural vegetation is
most preserved in the northeastern sector of the city in less populated regions.

Table 2. Foreground and background classes and their spatial significance.

Class Spatial significance

Foreground pixels surrounded by also foreground pixels, at a distance greater
Core o .

than the specified distance
Islet Foreground pixels not surrounding the core. This is the only isolated class.

Perforation

Foreground pixels forming a transition zone between the foreground and the
background for interior areas

Foreground pixels forming a transition zone between the foreground and the

Edge background for outer areas
Bridge Foreground pixels connecting two or more disjoint cores
Loop Foreground pixels connecting the core region to itself
Branch Foreground pixels extending from the core region but not connecting to

another core region

Core Opening

Background pixels forming an interior area of a perforation

Border Opening

Background pixels forming a transition zone between the edge and the
background

Background

Background pixels surrounded by also background pixels, at a distance greater
than the specified distance

CORE

ISLET

LOOP

BRIDGE
PERFORATION
EDGE

. BRANCH

BACKGROUND
BORDER OPENING
CORE OPENING

Fig. 3. Fragment of MSPA raster.

Thus, the land-use structure of Malaga is as follows: 82.8 km? (21%) is occupied by urbanized
territories, 163.2 km? (41%) by natural vegetation, and 149.7 km? (38%) by agricultural land.

Within the urban core of Malaga, according to CORINE Land Cover, the total area covered by
vegetation is only 1.45 km? and is confined to areas of urban green infrastructure.
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non-irrigated arable land
irrigated arable land
orchards

olive groves

pastures

complex cultivation patterns

B urban fabric

B industrial units I broad-leaved forest
I road and rail network B coniferous forest
port areas [ mixed forest
airports sclerophyllous vegetation
Il mineral extraction sites transitional woodland shrub
0 25 5 10 KM [ construction sites beaches, dunes and sand plains
ey urban green infrastructure sparsely vegetated areas
sports and leisure water bodies

Fig. 4. Land cover of the city of Malaga (according to CORINE Land Cover 2018).

CORINE Land Cover allows you to get a general idea of the land cover of the city, however, it
is not possible to study the configuration of green infrastructure in the zone of residential urban
development due to the excessive degree of generalization. In this case, the Urban Atlas which is
characterized by a more detailed classification of the urban fabric is a more suitable method for
quantifying green infrastructure.

Assessment of the potential quantity of ecosystem services offered by Gl
according to Urban Atlas

In total, according to Urban Atlas, green infrastructure in its various forms in Malaga occupies
about 313.9 km?, or 80% of the territory (Fig. 5, Table 3).

Green spaces are known to actively trap and neutralize physicochemical elements and
compounds potentially hazardous to health; Gl also performs several important functions in the city,
including environmental, sanitary and hygienic, and recreational functions (Golubchikov et al.,
2001). Of course, the decorative function of green spaces is no less important. The analysis of the
generalized groups of green infrastructure services and the categories included in each group
(Table 4) made it possible to draw some conclusions.
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Table 3. Potential of generalized green infrastructure service groups and correlation with Urban
Atlas categories responsible for services in Malaga.

Service group Urban Atlas categories Area, km? | Area, %
Biodiversity | forests; shrubs and herbaceous vegetation; open 261,37 66.69
conservation | spaces with little or no vegetation; water bodies ' '
Adaptation to arable land; vineyards, olive groves, and orcha_rds;
climate change pastures; fores_ts; s_hrubs and herbac_eous vegetation; | 305.56 77.96
open spaces with little or no vegetation
green urban areas; sports and leisure; arable land;
Climate change | vineyards, olive groves, and orchards; pastures; 312.06 79.62
mitigation forests; shrubs and herbaceous vegetation; open ' '
spaces with little or no vegetation
arable land; vineyards, olive groves, and orchards;
Water pastures; forests; shrubs and herbaceous vegetation; 305.56 77 96
management | open spaces with little or no vegetation; water ' '
bodies
Food security arable land; vineyards, olive groves, and orchards; 46.05 11.75
pastures
Recreation and | 9"€€" urban areas; sports and leisure; forests_; shr_ubs
. and herbaceous vegetation; open spaces with little | 267.87 68.34
wellbeing L .
or no vegetation; water bodies
'La'nd . green urban areas; sports and leisure; forests; water 54.40 13.88
capitalization | bodies
Cultural identity | green urban areas; sports and leisure 6.50 1.66

urban fabric

forests
agricultural land

water bodies

sports and leisure

urban green infrastructure

Fig. 5. Land cover categories that are crucial for the development of a healthy urban environment
(according to Urban Atlas).
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Urban green infrastructure, responsible for the conservation of biodiversity and protection of
species, makes up about 67% of the territory of the urban area of Malaga. This is a very high
indicator of the greening of the city. However, the fragmentation of ranges suggests that this figure
may in fact not adequately illustrate the real situation since it does not take into account the
insufficient fulfillment of some ecosystem functions due to the fragmentation of greenery.

About 80% of the city's territory is occupied by green infrastructure that contributes to the climate
change mitigation, and about 78% of the territory is favorable to the adaptation to climate change.

Table 4. Land cover categories in Malaga (according to Urban Atlas).

UA code Category Area, km? |Area, %
11100 Continuous urban fabric (with density >80%) 12.31 3.14
11210 Discontinuous dense urban fabric (with density 50-80%) 5.17 1.32

Discontinuous medium and low density urban fabric
11220 (density 10-50%) 8.05 2.05
11240 Discontinuous very Iovv_ density urban fabric (density <10%) 455 116
and isolated structures
12100 Industrial, commercial, public, military, and private units 20.12 5.13
12220 Fast transit and other roads and associated land 17.78 4.54
12300 Port areas 0.48 0.12
12400 Airports 5.55 1.42
13300 Construction sites 1.36 0.35
13400 Land without current use 2.65 0.68
14100 Urban green areas Sele) 0.85
14200 Sports and leisure facilities 3.17 0.81
21000 Arable land 30.60 7.81
22000 Vineyards, orchards, and olive groves 9.64 2.46
23000 Pastures 5.81 1.48
31000 Forests 46.03 11.74
32000 Shrublands and grasslands 211.44 53.95
33000 Open spaces 2.03 0.52
50000 Water bodies 1.86 0.48
Total 391.94

Agricultural production, in turn, is very limited being just under 12%. There are few
agricultural zones on the territory of the urban area, since, for the most part, agricultural production
is moved to the suburbs.

The results of land capitalization evaluation indicate that in Malaga most land is a relatively
cheap resource; the most valuable are the lands along the banks of the city’s large watercourses
(the Guadalmedina and Guadalhorce rivers), as well as on the Mediterranean coast.

Assessment of connectivity and fragmentation of Gl based on MSPA

The result of the Morphological Spatial Pattern Analysis was the division of the city into areas
belonging to each of the 10 spatial classes (Fig. 6). In the context of green infrastructure
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connectivity, cores, islets, and bridges are of greatest interest. The rest of the elements for the most
part do not contribute to an increase or decrease in the structural connectivity of the system.
The cores correspond to large reserves, which are most interconnected. In Malaga, such cores are,
first of all, the Natural Park of Montes de Méalaga, which occupies most of the northeastern district
of Ciudad Jardin, the Loma del Pino ("Pine Hill") park in the south-west of the Churriana district,
the Monte de San Anton park in the Este district, and the forest park of Monte Victoria in the city
center (Fig. 7). In total, the cores of green infrastructure occupy about 9% of the city's territory,

making up 34.1 km? (Fig. 8).
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Fig. 7. The largest structural elements of the green infrastructure of Malaga (cores and islets).
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Islets are characterized by a greater degree of spatial fragmentation and occupy 27.5 km?. Large
islets of green infrastructure include the Desembocadura del Guadalhorce Natural Park, natural
vegetation along the Campanillas River, the park of Monte de Gibralfaro, and most of the Puerto de
la Torre, Este, and Campanillas districts. In the city center, the islets include the Jardines de Picasso
street park and Malaga Central Park, one of the city's main attractions (Fig. 7). However, despite the
proximity of these green spaces to each other, the strong fragmentation of green infrastructure in the
central part of the city does not allow us to consider these areas connected.

Bridges are patches of green space that connect non-overlapping cores, totaling nearly
53.7 km?, which exceeds the area of the cores themselves. In the Este area, the bridges cover the
largest area; followed by the districts of Palma-Palmilla and Puerto de la Torre.

The total area of green infrastructure branches that can be interpreted as fragmented green bridges
is 7.2 km2. On the territory of 6.5 km?, there are zones of the so-called loops that are areas of green
infrastructure that provide migration opportunities for species within one core of the system.

For Malaga’s urban nucleus, it is advisable to analyze a more detailed level, for which the
previously mentioned Edge Width parameter is responsible. When the parameter value is equal to
1 pixel, it is possible to distinguish local classes at another level of the urban system (Fig. 9).

Several distinct cores of green infrastructure have been identified within the core urban
development area. First of all, these are the parks of Monte Gibralfaro and Monte Victoria, which
are also massive cores at the level of the entire city. There are also smaller cores, such as
El Morlaco Forest Park, El Jardin de la Heredad de Nuestra Sefiora de los Dolores Park, and
San Anton Pine Park. Only these parks have a clear structure, consisting of bridges and branches.

Area, km?

OBackground
250
1225.3 OLoop
200 1 @ Border opening
: OBranch
150 @Core
B Islet
100 1 B Edge
50 ] 34.1 53.7 B Bridge
1 29.1 @ Perforation
; 6.5 1.2 ]
0] . O Core opening

Fig. 8. The total area of each MSPA class.

Almost all major elements of green infrastructure within the urban nucleus are islets. These are
city parks and squares, gardens, and recreation areas. Despite the great detail, the main sights of the
city, Jardines de Picasso and Malaga Central Park, are also islets that do not have bridges, and have
a rather small territory of influence.

The GuidosToolBox software has a range of tools (in addition to the MSPA group), with the
help of which it is possible to establish some quantitative indicators of the spatial configuration of
the green infrastructure of the city. The Contagion and Entropy tools (from the Fragmentation
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toolset) help determine the degree of fragmentation in green spaces. The tools have an important
difference: while the Entropy fragmentation is based on the simultaneous estimation of the
foreground and background (as a whole), the Contagion parameter is based on only the foreground
objects (Vogt, 2015). For example, an image with a dominant background coverage and few
isolated foreground objects will give high fragmentation values in terms of Contagion. For Entropy,
this image, on the contrary, will have low fragmentation values, because the dominant coverage of
the area (the background) is only slightly fragmented by the foreground (for example, by islets of a
forest against a background of farmland). Thus, the Contagion tool which focuses exclusively on
foreground objects is more suitable for analyzing green infrastructure which is carried out
separately from the analysis of the entire city system.

Fragmentation is expressed as a percentage scale, where indicators tending to 0% indicate the
minimum degree of area fragmentation, while those tending to 100% are characteristic of areas with
maximum fragmentation. In the case of Malaga, the cores (Montes de Malaga, as well as a large
part of the Este area) are characterized by minimal fragmentation. The degree of fragmentation here
does not exceed 15% (Fig. 10). Also, the core in the south-west of the city (the Loma del Pino park)
has significant integrity. A remarkable part of the area is characterized by an average degree of
fragmentation (within 30-60%); it is the green infrastructure of Puerto de la Torre, Campanillas, and
Palma-Palmilla districts. The green infrastructure of the central region of Malaga is also
characterized by a moderate degree of fragmentation (less than 50%). The most “torn apart”
greenery is located in the Churriana area, where most of the green infrastructure is insular and,
therefore, fragmented at 80% or more.
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Fig. 9. Results of MSPA analysis at the level of the urban nucleus of Malaga.

The main reason for the high degree of fragmentation of the green infrastructure of the city was
relatively recent (over the past two decades) active expansion of residential development along the
northwest beam. The accompanying reduction in connectivity between increasingly isolated
sections of green infrastructure has become one of the main triggers for growing pressure on the
biodiversity of the region.
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An equally interesting approach to studying the fragmentation of green infrastructure is the
FAD (Foreground Area Density) analysis. FAD analysis is carried out by measuring the foreground
pixel density index on five observation scales (using the moving window analysis method) with
square adjacent areas of 7, 13, 27, 81, and 243 pixels (Riitters et al., 2012). The result of the
analysis is a set of maps with different results for each selected observation scale (Fig. 11).
FAD values are color-coded according to the following infrastructure integrity classes: Rare,
Patchy, Transitional, Dominant, Interior, Intact.

FAD analysis on different scales of observation is of interest, since often, if not diametrically
opposite, then very different results can be obtained. Analysis of the territory of Malaga on a scale
of minimal detailing (7 pixels) showed that 29% of green infrastructure is complete and Intact,
while 18.2% and 28.8% belong to the classes of Interior and Dominant infrastructure unity,
respectively. Fragmented vegetation makes up about 23.8% of the foreground areas (where the
Transitional class occupies 13.7%, the Patchy one — 9.4%, and the Rare one — 0.7%).

0 25 50 75 100 (%)
Fig. 10. Fragmentation of green infrastructure (“Contagion” tool).

When studying the territory of Malaga within the most detailed observation scale (243 pixels),
there is a complete absence of the Intact class of vegetation. Moreover, the Interior class occupies less
than 1% of the territory, and the least fragmented areas (Montes de Malaga and the area near the small
settlement of Esparteros on the eastern outskirts of the city) correspond to the Dominant class and
occupy 43.2% of the foreground. The second in terms of coverage area was the Transitional class
which occupies 31.7% of the foreground. It is worth noting that among the large islets of green
infrastructure, the parks of Monte Victoria, Monte de Gibraltar, and Monte de San Anton belong to
this class. The most fragmented areas are found in the districts of Centro, Puerto de la Torre, and
Churriana (1.3%); the remaining 23% of the foreground belongs to the transitional class.

Thus, according to the results of the FAD-analysis of the studied region, in the areas with the
highest population density and the highest activity, green infrastructure is the most fragmented and
chaotic; the core of the Montes de Malaga Natural Park is characterized by the least degree of
fragmentation.

The Influence Zones of green infrastructure can be calculated using the eponymous tool of the
Distance toolset (Fig. 12). Influence Zones are outer areas that separate foreground objects (in this
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case, elements of green infrastructure). The boundary of the Influence Zone is determined by
applying the morphological operator of determining watersheds to the map of Euclidean distances
of the background image (Soille, Vogt, 2008).

Understanding the pattern of Influence Zones helps to identify areas with the highest or lowest
degree of access to potentially provided recreational, health, and aesthetic services. For example,
residents of these zones have a higher availability of ecosystem services provided by parks and squares
located within the city limits. These services include clean air, aesthetic value, the availability of
recreation and recreational facilities, and the supporting and regulating functions of the green frame.

As expected, the largest Influence Zone at 151.2 km? is possessed by the Montes de Malaga
Natural Park which is the main source of ecosystem services in the Este and Ciudad Jardin districts
(Fig. 13). The other main elements of Malaga's green infrastructure have much smaller zones of
influence. Among the main cores of green infrastructure, in addition to Montes de Malaga, the
leader is the Monte de San Anton Park with its Influence Zone exceeding 2.4 km?; also, a large
Influence Zone corresponds to the Loma del Pino park (2.1 km?).
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Fig. 11. Results of FAD analysis of green infrastructure using the least (1, left) and most (5, right)
detailed observation scales (“Foreground Area Density” tool).
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Fig. 12. Influence Zones of green infrastructure (“Influence Zones” tool).
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Fig. 13. The total area of the Influence Zones of the main cores and islets of the green
infrastructure, km?,

Among the islets of green infrastructure, the largest Influence Zones correspond to the parks of
Monte Victoria and Monte Gibralfaro (0.27 km? each) and the Desembocadura
del Guadalhorce Natural Park (0.25 km?). The main attractions of the city center, the Jardines de
Picasso and the Central Park of Malaga have zones of influence of 0.01 and 0.05 km? respectively.
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Thus, the method of Morphological Spatial Pattern Analysis makes it possible to identify the
most important indicators of the quality of the urban environment, and the possibilities of using this
method are very wide. MSPA analysis can solve a wide range of problems related to the
management of urban systems and optimization of the urban environment, as well as provides the
opportunity to get a clearer idea of existing environmental problems and ways to solve them.

Like any other method, MSPA has certain limitations, primarily related to the determination of
the scale of the input data and the impossibility of differentiating green infrastructure by
morphometric indicators. Taking into account the three-dimensionality of real space, the
impossibility of comparing the pattern of green spaces and the grid of elementary watersheds, the
parameters of the height and slope of the terrain, and other spatial characteristics indicates the need
for further research at the local level. The results of assessing the contagion and fragmentation
parameters may also depend not only on the level at which the analysis is carried out but also on the
ecological processes analyzed within the landscape matrix.

In the case of Malaga, the main catalyst for urbanization was the increase in tourist flows in the
1960s, which in turn was justified by the favorable physical and geographical conditions of the
Costa del Sol region. Unfortunately, Malaga is still struggling with the consequences of the era of
irrational administration which led to the desolation and marginalization of the historical center at
the end of the 20th century and its excessive commercialization in the 21st century at a new stage of
its functioning in a renewed form.

Conclusion

For a correct comprehensive assessment of the urban environment it is necessary to use a
number of different parameters. The Agenda Urbana Malaga project, whose regulatory and
methodological documents highlight the concept of green infrastructure development for the period
from 2020 to 2050, takes into account such indicators as the area of green space per capita, the
number of green spaces per capita, and the availability of green infrastructure for the population.
Although all these indicators are high and close to optimal on the average for the city, a more
detailed analysis at the regional level indicates many gaps in the ecological framework. Often, due
to certain historical and typological characteristics of city districts, in some areas there is an
insufficient number of green zones to ensure the maximum comfort of the urban environment. Also,
the project whose development is largely based on the documentation of the General Plan of
Malaga (Plan General de ..., 2011) does not take into account the importance of the functional
cohesion of the green infrastructure network. It is necessary not only to have centers (cores) of
green infrastructure but also connecting elements of the frame which would ensure the continuity of
the natural space and would perform transit functions.

The method of Spatial Morphological Pattern Analysis, innovative for domestic environmental
studies, applied to the entire city and the urban nucleus separately, gave unambiguous results. Around
5 to 6 large green infrastructure cores have been identified within the Malaga Protected Areas
network. Only these few cores are interconnected by bridges and have loops that favor migrations of
species. Despite the relatively high coefficients of the provision of the population with green
infrastructure and vast areas of greenery, most of the green spaces have an islet (or fragmented) nature
to them and a low parameter of connectivity of the elements of green infrastructure, which does not
contribute to the creation of a unified network and ecological framework as such.

This work is an example of a study proposing new methods for identifying priority areas of the
green infrastructure network, both important for the conservation of biodiversity and the
development of recreational and aesthetic qualities of green spaces. The application of the MSPA
analysis method can be helpful when it is necessary to use the available data more effectively and
make informed decisions regarding the trajectories of sustainable development.

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2020, Vol. 4, No. 4



MIRONOVA 55

Acknowledgements. The author expresses their deep gratitude to professor E.Yu. Kolbowsky for
help at all stages of this research, as well as to associate professor O.A. Klimanova for valuable
critical comments and advice.

REFERENCES

Agenda Urbana Mélaga. Indicadores de Sostenibilidad 2016. Gestion de los Recursos Naturales.
[Available  at http://static.omaumalaga.com/omau/subidas/archivos/7/3/arc_7737_v2.pdf
(Date of access 04/16/2020)].

Agenda Urbana Mélaga. Indicadores de Sostenibilidad 2016. Territorio y configuracion de la ciudad.
[Available at http://static.omau-malaga.com/omau/subidas/archivos/6/2/arc_7726_v2.pdf (Date of
access 04/14/2020)].

Barrera-Fernandez D., Bujalance S., Scalici M. 2019. Touristification in historic cities: Reflections
on Malaga. Revista de Turismo Contemporaneo. No. 7. P. 93-115.

Batty M., Rana S. 2002. Reformulating Space Syntax: The Automatic Definition and Generation of
Axial Lines and Axial Maps. Centre for Advanced Spatial Analysis Working Paper 58; Centre
for Advanced Spatial Analysis University College London: London, UK. 42 p.

Breuste J., Artmann M., Li J., Xie M. 2015. Special issue on green infrastructure for urban
sustainability // Journal of Urban Planning and Development. No. 141. P. A2015001 (1-5).
Copernicus  Land Monitoring  Service. Urban  Atlas. 2020 [Available at

https://land.copernicus.eu/local/urban-atlas (Date of access 04/24/2020)].

Del Carmen Diaz Roldan M. 1996. Isla de Arriaran: revista cultural y cientifica // El barrio obrero
América: la vivienda social a comienzos de siglo. No. 7. P. 39-52.

Dige G., Eales R., Baker J., Sheate W., Zamparutti T., Ferner B., Banko G., Eckerberg K. 2011.
Green infrastructure and territorial cohesion. The concept of green infrastructure and its
integration into policies using monitoring systems. 138 p.

European Commission Smart  Tourism  Capitals. Malaga. 2020 [Available at
https://smarttourismcapital.eu/cities-2020-winners/ (Date of access 04/17/2020)].

Flynn K.M., Traver R.G. 2013. Green infrastructure life cycle assessment: A bio-infiltration case
study // Ecological Engineering. No. 55. P. 9-22.

Golubchikov S.N., Minin A.A., Gutnikov V.A. 2001. Ways to optimize the urban environment //
Ecology of a large city (a case of Moscow). Textbook. Moscow: Pasva. 192 p. [in Russian;
Tonyouuxos C.H., Munun A.A., I'ymnuxos B.A. 2001. Ilytu onTuMu3anyy ropoJIcCKOi cpessl //
DkoJiorus KpymHoro ropoja (Ha npumepe Mockss). Yuebnoe mocobue. M.: ITaceBa. 192 c.]

Green Infrastructure (GI) — Enhancing Europe’s Natural Capital. Communication from the
Commission to the European Parliament, the Council, the European Economic and Social
Committee and the Committee of the Regions. 2013 [Available at
https://eurlex.europa.eu/resource.html?uri=cellar:d41348f2-01d5-4abe-b817-
4c73e6f1b2df.0014.03/DOC_1&format=PDF (Date of access 04/22/2020)].

Hansen R., Pauleit S. 2014. From multifunctionality to multiple ecosystem services? A conceptual
framework for multifunctionality in green infrastructure planning for urban areas // Ambio.
No. 43. P. 516-529.

Liquete C., Kleeschulte S., Dige G., Maes J., Grizzetti B., Olah B., Zulian G. 2015. Mapping green
infrastructure based on ecosystem services and ecological networks: A Pan-European case
study // Environmental Science & Policy. No. 54. P. 268-280.

Malaga, ¢hacia una ciudad sostenible? La Opinion de Malaga. 2017 [Available at
https://www.laopiniondemalaga.es/opinion/2017/01/11/malaga-ciudadsostenible/901944.html
(Date of access 04/22/2020)].

McNicoll G. 2005. United Nations. Department of Economic and Social Affairs: World Economic

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2020, Vol. 4, No. 4



56 GIS MODELING OF GREEN INFRASTRUCTURE ...

and Social Survey 2004: International Migration // Population and Development Review.
No. 31. P. 183-185.

Plan General de Ordenacion Urbana (PGOU) de Malaga. 2011 [Available at
http://urbanismo.malaga.eu/es/plan-general-de-ordenacion/index_old.html#.X60sYsgzZPY
(Date of access 04/25/2020)].

Porshakova A.N. 2016. Improvement and greening of settlements. Textbook /
Eds. A.N. Porshakova, M.S. Akimova. Penza: PGUAS. 156 p. [in Russian; ITopwaxosa A.H.
2016. brnaroycTpoiicTBO M O3€JCHEHHWE HACEeNCHHBIX NYHKTOB: YydeOHOoe mocobue /
Pen. A.H. Ilopmakosa, M.C. Akumosa. Ilensa: III'VAC. 156 c.]

Prastacos P., Chrysoulakis N., Kochilakis G. 2011. Urban Atlas, land use modelling and spatial
metric techniques. 15 p.

Reinoso B.R., Rubio D.A., Dragon J.G.R. 2010. Las casas baratas de Méalaga, 1911-1936, Dieciséis
Editores Real Academia de Bellas Artes de San Telmo, Méalaga. 548 p.

Riitters K.H., Coulston J.W., Wickham J.D. 2012. Fragmentation of forest communities in the
eastern United States // Forest Ecology and Management. No. 263. P. 85-93.

Soille P., Vogt P. 2008. Morphological segmentation of binary patterns // Pattern Recognition
Letters. Vol. 30. No. 4. P. 456-459.

Trigo M.M. 2015. Zonas verdes y vegetacion urbana // Agenda Urbana Malaga 2016. Pp. 133-137.

Updated CLC illustrated nomenclature guidelines. 2019 [Available at
https://land.copernicus.eu/user-corner/technical-library/corine-land-cover-nomenclature-
guidelines/docs/pdf/CLC2018 Nomenclature_illustrated_guide_20190510.pdf (Date of access
04/24/2020)].

Urban  Empathy. OMAU - Malaga. 2020 [Available at https://www.omau-
malaga.com/45/com1_md2_cd-23/urban-empathy (Date of access 04/22/2020)].

Vogt P., Riitters K. 2017. GuidosToolbox: universal digital image object analysis // European
Journal of Remote Sensing. No. 50. P. 352-361.

Wickham J.D., Riitters K.H., Wade T.G., Vogt P. 2010. A national assessment of green
infrastructure and change for the conterminous United States using morphological image
processing // Landscape and Urban Planning. No. 94. P. 186-195.

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2020, Vol. 4, No. 4



OKOCHUCTEMBI: DKOJIOTMA U JJUHAMHUKA, 2020, mom 4, Ne 4, ¢. 57-80

JUHAMUKA SKOCUCTEM U UX KOMIIOHEHTOB

VK 911.2

JAHAITA®THO-KJIUMATHYECKHUE U3MEHEHMUS B JIECHOM 30HE
HEHTPAJIBHON 1 BOCTOYHOM EBPOIIBI B TOJIOIIEHE: PEE‘TPOCHEKTI/IBHI)II‘/JI
AHAJIN3 U CUEHAPHUH 3BOJIIOLIMU TPUPOJHON CPEJbI!

© 2020 r. E.IO. HoBenko™ **

*Mockosckuii cocyoapcmeennwiii ynugepcumem um. M.B. Jlomonocosa,
eeoepaguueckuii ghaxyromem
Poccus, 119991, 2. Mocksa, I'CII-1, Jlenunckue 2opwi, 0. 1. E-mail: lenanov@mail.ru

** Uncmumym eeoepaghuu PAH
Poccus, 119017, 2. Mockea, Cmapomonemmuulil nep., 0. 29

Mocrynuna B pepakiuio 30.10.2020. ITocne nopadorku 30.11.2020. IMpunsaTa k nyoaukarwu 01.12.2020

B cratbe npezcraBiieH 0030p COBPEMEHHBIX MCCASIOBAHMM JaHAMIA(THO-KIMMATHYECKUX W3MEHCHH
B romoneHe. [lpoBereH aHamu3 OONBIIOrO MAacCHBA HAKOIUICHHBIX K HACTOAIIEMY BpEMEHH
HaHeO6OTaHI/I‘IeCKI/IX JaHHBIX W OCHOBAHHBIX Ha HHUX ITAJICOKINMATHYCCKHX peKOHCTp}IKIII/Iﬁ JUJTISL
necHoit 30HbI LlenTpansHoii 1 BocTtouHoit EBpomsl B monoce cyOmmMpoTHOrO TpaHCEKTa MEXIY 52 U
58°c.m. B comocraBieHHMH C ONYOJMKOBAHHBIMH JUIS OTOH TEPPUTOPUH  MaTepuaiaMu
MAJCO’KONOTHUECKHX W Tayieoreorpaguyeckux  HMCCleoBaHU. PaccMOTpeHBI — OXHIaeMble
KITUMATHYeCKUE M3MEHEHHsI COTJIaCHO CIEHApUSAM PENpe3eHTaTUBHBIX TPAEKTOPUH KOHIICHTpAIMi
MMapHUKOBBIX Ta30B, Pa3paOOTaHHBIX MEXIpPaBUTEIbCTBEHHONW TPYIIONW JKCIIEPTOB MO M3MEHEHHIO
KIuMara. PaccMOTpeHHBIC JaHHBIE TO3BOJNMJIM BBIIETUTh TPU OCHOBHBIX dTama JaHmmadTHO-
KIMMAaTHIECKHX H3MeHeHui B romoreHe. 1) Beictpoe moremnenue panuux (a3 romorena (11.7-8.0
TBHICSIY KaJICHIAPHBIX JIeT Ha3ax (THIC. KaJl. JI.H.)), OCIIO)KHEHHOE CepHrel OCHMIUISIINIA, B TEIEHHUE ITOTO
Meprofa IMPOKOIWCTBEHHBIE Jleca BBITECHWIM Oepe3oBble M COCHOBO-Oepe3oBbIe  Jieca,
pacnpocTpaHUBIIMECS HA MECTe IMEPHUIILIIUAIbHBIX (popManuii B Hadaje TONONEHAa. OKCHaHCHS
IIFPOKOIMCTBEHHBIX TIOPOA JepeBbeB B BocTouHoit EBporie mponsonuia Ha 2 THIC. JET TO03Ke, YeM B
Hentpanproit EBporie. 2) Tepmudecknii MmakcumyM rosornena (8.0-5.7 TeIc. Kaj. JILH.), A7 KOTOPOTO
OBUTIO XapaKTepHO OTCYTCTBHE KOPOTKOMEPHUOJHBIX M PE3KUX KIMMATHUECKHH W3MEHEHWIi; B 3TOT
nepuon B lLlentpansHoii u Boctrounoit EBpome cyniecTBoBana eAauHas 30HA IIMPOKOJIMCTBEHHBIX
necoB. 3) HampasiieHHOE TTOX0JIOAaHNE BTOPOH MTOOBHHBI rojiomneHa (5.7 ThIC. Kaj. JI.LH. — HACTOSIIEee
BpeMsl), ¢ HAJIO)KEHHBIMH Ha HETO0 KBa3WTAPMOHHYECKUMH KOJIEOAaHWAMHU TEMIIepaTypbl M OCAJKOB.
YcunuBaercs cektopHas auddepeHnuanus JTaHmMUadTHONO IOKpoBa. B 3amamHbIx paiioHax
HauMHAETCS DKCHaHcus Oyka u Tpaba, Ha BOCTOKE HAYMHAET PACIHpPOCTPaHAThCS enb. Cuunras
KITMMATHYECKUE PEKOHCTPYKIUU JJIsl TOJOIEHAa W3y4aeMOil TEepPUTOPHH Pa3HBIMH CIEHAPUSIMHU
BO3MOXKHBIX M3MEHEHWU KJIMMaTa B TEKYIIEM CTOJIETHH, MOXKHO OXHUAATb, YTO POCT TEMIEpaTyp,
0cOOGHHO B JIETHHW TIEPUON, TMPHUBENET K WCCYIICHHWIO KIMMaTa 3a cdeT HW3MeHeHus OajaHca
OCaJIKOB/UCTIApEHHS] W MOXET CTaTh NPHYMHON BO3pPACTaHHS YACTOTHI IIOKApOB M TOTOIHBIX
AKCTPEMYMOB, CBSI3aHHBIX C HEPABHOMEPHOCTHIO BBITIA/ICHUST OCAIKOB.

Kurouegvle cnoga: TOJNOIEH, TMANEOKIMMATHUYECKHE PEKOHCTPYKIIUH, JUHAMHKA 3KOCHCTEM,
MaJeodKoJIornIecKkne NaHHble, naneoreorpadus, lleHTpansHas EBpoma, EBpormetlickas Teppuropus
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BpeMs OCTAaeTCsl OJHOM M3 aKTyalbHEHIIMX (YHIAMEHTAIBHBIX HAYYHBIX MpOOJIeM, TpeOYIOIIHNX
BCECTOPOHHETO M3YY€HHUS. YUHUTHIBAas COBPEMEHHBIC TEHACHIIMM W3MEHEHHH  KIMMarTa,
MPOSIBIISIIOIIMECS TPEXKIEC BCEro B CTPEMUTEILHOM pPOCTE TJO0ATBHONW TeMIeparypsl BO3AyXa
(IPCC, 2013), peTpoCneKTHBHBIN aHAIN3 JIaHIIAQTHO-KIMMaTHYeCKUX ycioBuid LleHTpanbHOl 1
BocTounoit EBporbl B rosionieHe MOKeT OBITh OYEHb TOJIE3HBIM M d(PPEKTHBHBIM IS aJIEKBATHOTO
MOHMMAaHUSI COBPEMEHHBIX TIPOLECCOB TpaHCHOPMAIMM TMPHUPOJHOW Cpeapl B YCIOBHSIX
rJ00aJbHOTO TMOTEIUICHUST M OINPEICICHUS OCHOBHBIX TpeHIOB ee 3Boutormu (Bemuuko, 2012;
Bradley, 2008). OcoOblii HHTEpeC TMPEACTABISICT aHAINW3 PE3KUX M KOPOTKOIECPHOTHBIX
KIIMMaTH4YEeCKUX  KoJieOaHWM, KOorja Bo3pacrajla HEYCTOMYMBOCTb  («KOJEOAaTEIbHOCTHY)
KJIIMMaTUY€CKON CUCTEMBI.

[lepBbie 0000MIICHNST TATUHOJIOTHYECKUX TaHHBIX, COOTBETCTBYIOIIUX MOCIEICAHUKOBOMY
ATaIly pa3BUTHUS MPHUPOJIBI, U TeppuToprn EBponsl k ceBepy oT Anbil npuHaiexar @. Gupbdacy
(Firbas, 1949), M.W. Heiwraary (1957) u B.UIL. Tpuuyky (1969, 1982). Bonbmioit Bkimamg B
n3ydeHre ¢IOpbl M PACTUTEIBHOCTH TIO3HEJICIHUKOBBS M TOJIOLEHA BHECIH HCCIECIOBAHHS
H.A. Xotunckoro (1977). O6o6uiarorue pabOThI, TMOCBSIIEHHBIE KIMMATUUYECKUM YCIOBUSM
rojioleHa B TJIOOATBHOM W MaKpOpEerHOHATFHOM MacmTabax, hpuHaexar A.A. Bemndko
¢ coaBTOpaMu (cepus ariaacoB-MoHorpaduii «/{uHamuka JaHamIadTHEIX KOMIIOHEHTOB ...» (2002),
«[Taneoxknumatel u maneomanmmadrer ...» (2009), «Kmumarer u manmmadtel  CeBepHOi
Espazun ...» (2010)), O.H. Conomunoit (2010), O.K. Bopucoroii (2014) u psiay KOJJIEKTHBOB
3apyoexubix uccienoparenein (Davis et al, 2003; Mayewski et al., 2004; Wanner et al., 2008;
Mann et al., 2009; Mauri et al., 2015; Christiansen, Ljungqvist, 2017; PAGES 2k Consortium,
2013, 2017). OrpoMHO€ KOJHWYECTBO pPabOT IOCBSAIIEHO PEKOHCTPYKIIMH PACTHUTEIBHOCTH U
KJIUMaTa B TrOJIOLIEHE Ha PETMOHAILHOM YpPOBHE, OCHOBAHHOM Ha MaJMHOJIOTUYECKUX JAHHBIX MO
paspesam aJuTIOBUATBHBIX, 03€PHBIX U 00JIOTHBIX 0TNIOKeHUH B L{eHTpanbsHol u Boctounoit EBpore
(HamboJiee 3HaYMMBbIE U3 HUX OYAYT PaCCMOTPEHBI HUXKE).

B cratee mpencraBieHo o0oOmeHne mnaneoreorpa@uUYecKuX JaHHBIX JUIS  TOJIOIICHA
HentpansHoit 1 BoctouHoit EBpombl st TEppUTOpPHH B TIOJOCE CYOIIMPOTHOTO TPAHCEKTa B
npezenax JIeCHOM 30HbI Mexay 52° u 58° c.m1. PasHooOpaszue ¢gusnuko-reorpaduueckux yCaoBUNU U
MPOBUHIIMATILHBIE  PAa3IU4YUsi  COBPEMEHHOW  PACTUTENBHOCTH  BJOJb  paccMaTpUBAEMOTO
CyOmMpoTHOTO  mpoduis  JAlOT  BO3MOXKHOCTh  IPOaHAIM3UpPOBaTh  reorpaduueckue
3aKOHOMEPHOCTH M PETHOHAJIbHBIE OCOOCHHOCTH pEaKlUu pacTUTeNbHOCTH BocTtouHoil u
LenTtpansHoii EBporibl Ha KIMMaTHYeCKUEe U3MEHEHHsI, KaK B HACTOSIIIee BpeMsl, TaK U B MPOILIbIE
snoxu. B ocHOBY aHanu3a AMHAMUKH JaHAMA(TOB U KIUMAaTa B TOJIOLEHE MOJIOKEHBI, B IMEPBYIO
ouepe/lb, HAKOIIJICHHbIE K HACTOSIIEMY MOMEHTY Nase000TaHHMYECKHEe JaHHbIE U OCHOBaHHBIC HA
HUX TaJICOKIMMATUYECKUE PEKOHCTPYKIMH, BBIMOJIHEHHbIE pAa3IMYHBIMU  METOJaMH, B
COMOCTAaBJICHUU C OIMYyOJUKOBAHHBIMH JUIsI OSTOM TEPPUTOPUU MATEPUAJIOB  PU3OIOIHBIX,
reoMOpP(OJIOrHIECKUX, H30TOMHO-TEOXUMUYECKHUX U IPYTHX METOJI0B HCCIEAOBaHUN.

Bo3pact HmKHEH rpaHMIBI TOJIOIEHA OMpeeNieH MO U3MEHEHUSM H30TOMHO-KHCIOPOJIHOTO
cocrasa Jba0B ckBakuHbl NGRIP B I'penmanauu kak 11.7 ThIC. KaleHAapHBIX JIET Ha3zaj (magee —
kan. j.H.; Walker et al., 2019; Head, 2019). Jlns u3ydeHus TMHAMUKA PaCTHUTEIBHOCTH U KIMMaTa
rojoiieHa B Poccum wacto wucmonb3yercs cxema nepuoausanuu  biurtra-CepHanzepa,
nepBoHavYabHO co3aanHas i CeBepHoit EBponsl u MoaudummpoBannast ans EBponeiickoil uactu
Poccun H.A. Xotunckum (1977). 3a pyOexoM permoHajnbHble MOAU(UKALMU 3TON NMEepHOAU3ALUN
IIUPOKO MCTOJIB30BAIUCH 10 1990-X TO10B, HO ceiyac MPaKTUYECKU BBIILIN U3 YIOTPEeOIeHUs, U
WCCIIEeIOBATEeNId TIPU PEKOHCTPYKLUHU TOCIEI0BATEIHbHOCTH COOBITUH B TOJIOIIEHE B OCHOBHOM
OTIEPHUPYIOT OIpeNesieHus MU abcomoTHoro Bo3pacta. CornmacHo cxeme braurra-CepHannepa
TOJIOIICHOBAs DI0Xa BKIOYAeT B cels MATh KIMMATHYECKUX TepuoaoB: mpebopeanbubiit (11.7-
10.5 Teic. Kan. 1n.H.), 6opeanbusiii (10.5-8.8 Tric. kamn. n.H.), aTnanTuyeckuit (8.8-5.3 Thic. Kall. JLH.),
cyb0opeanbHblii (5.3-2.6 ThIC. Kal. J.H.) U cyOaTiaaHTU4YecKud (2.6 ThIC. Kal. JI.LH. — HacToOAIIee
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Bpemsi). MeXIyHapoJHOW cTpaTurpapuueckol KOMHUCCHEH NPUHATO TpPEXWIEHHOE JeJICHHE
rojoreHa Ha panHuid (rpennanauid, 11700-8236 xam. mH.), cpemnwii (Hoparpummwuii, 8236-
4250 xain. 1.H.) 1 mo3aHui (Merxanuii, 4250 xai. JI.LH. — HacTosIIee BpeMsi) HA OCHOBE M3y4YCHHUS
nenoBeix KepHoB U crneneorem (Head, 2019; Walker et al., 2019). Oxnako rpaHMIbI MOARIOX,
0COOEHHO MEXIYy CPEJHHM U IO3AHHUM TOJIOLEHOM, BBI3BAJIH CEPHE3HBIC UCKYCCHH CpPEIH
uccienoBaTelieil. B TpenCcTaBICHHOW cTaThe IS aHalU3a IMOCIEAOBATEIBHOCTH COOBITHH B
roJIOLIEHE, aBTOp, IPEUMYLIECTBEHHO, HCIOJb3YET JlaHHblE aOCOJIIOTHOTO JAaTHPOBAHUS B
COIOCTAaBJIEHUU C MPHUHATBIMU CXEMaMM IEPHOJU3ALMH, KOTOPhIE PacCMaTpUBAIOTCS CKOpee, Kak
XPOHOJIOTUYECKHE, a HE KIIMMATOCTpaTHrpaduIecKue noapasaesieHus.

Bpemennoii unrepsai 11.7-8.0 Thic. KaJI. JI.H.
(paHHUIi roJ101eH, MPedopeaIbHbIH, 00peabHbIH U HAYAJIO0 ATJAHTHYECKOT 0 Nepuoaa)

JlanmmaTHO-KIMMAaTHYEeCKUE PEKOHCTPYKIMKA Ui TpedopeaTbHOTO Mepuoja ToJoleHa
HEMHOTOYHCIICHHBL. B OOJBIIMHCTBE CiTydaeB mpedopean ompeneNeH, Kak eAWHBIM WHTepBal
pa3BuTHs OEpe30BBIX WM COCHOBO-OEpe30BhIX JecoB. HecMoTpss Ha odYeHb OJM3KHII COCTaB
MBUTBIIEBBIX CIIEKTPOB, B PACTHTEIBHOCTH BJIOJb HM3y9aeMOTO HaMH CYOIITMPOTHOTO TpPaHCEKTa
nposiBiisieTcsl cekTopHas nuddepenunanus. B cocraBe iecHBIX COOOIIECTB B €r0 3amajHON YacTu
y)Ke B Hayajie mpebopeaa MosBUIICS BsI3, M B KOHIIE (a3bl ay0, onbxa u jemunaa (puc. 1; Litt et al.,
2001; de Klerk, 2008). B pa3pe3ax JlaTBuu mblablia JEIMHBI U BS3a OTMEUEHA B CIIEKTPAX, HAaUMHas
¢ 11.0 TeIC. KaJI. JI.H., a MBUIBIA OJBXU U Jy0a CTAHOBUTCS MOCTOSHHBIM KOMITOHEHTOM CITIOPOBO-
meLIbIEBBIX criekTpoB ¢ 10.1 Teic. kam. m.H. (Heikkild et al., 2009). B 1o ke BpeMst B BOCTOYHBIX
pailoHax B CcOCTaBe pACTUTEIBHOCTH COXPAHSUIUCH JIIEMEHTHl MNEPUTISIHATBLHON  (PIIOpHI
(Xoturckuit, 1977). EnuHudvHBIe 3€pHA TBUIBLBI IMHPOKOJIUCTBEHHBIX IOPOJ TOSBWIHCH B
CIeKTpax u3 pa3pe3oB Boctouno-EBpormnetickoit paBHHHBI TOJBKO mociie 9.7 Thic. Kail. JL.H. (puc. 2).

['msauonoruyeckue, MaaMHONIOIMYECKHE M MU30TOMHO-TEOXUMHUYECKUE HCCIEAOBaHMS Pa3pe3oB
KOHTUHEHTAJIBHBIX W MOPCKMX OTJIOkeHHi B CeBepHOW EBporme, BBIIIOJTHEHHBIE C BBICOKUM
BpeMeHHBIM paszpemieHueM (Bjorck et al., 1996), a Tarke M3MEHEHHS H30TOIMHO-KHCIOPOJIHOTO
coctaBa JeasHbIX KepHoB B I['pemmanauu (Thomas et al., 2007), cBuaerensCTBYyIOT 0 (hasax
MOXOJIOJIaHUS BHYTpU mpebopeanbHoro mnepuoaa (puc. 3). IlepBoe MmoxosioaHue, MOTYYUBIIES
Ha3BaHHWE «IpedopeanbHas OCHWUIALMSY PEKOHCTpyHpoBaHo s uHTepBaima 11.3-11.15 Thic.
KaJ. J.H. Bropoe nmoxonoaanue, Tak Ha3bpiBaeMoe «coObithe 10.2 Thic. Kaj. JI.H.», UMEJIO MECTO Ha
pyoexxe npebopeanbHOro U 6opeabHOro MEpUoIOB rosoneHa. [1o n1aHHBIM U3MEHEHUS COIep>KaHUs
katuona K* B nemgnom xepue GISP2 B I'pemmanmum (Mayewski et al., 2004), ssisrommmcs
WHMKATOPOM MHTEHCHBHOCTH CHOMPCKOrO aHTHIIMKIOHA, M KaTHoHa Na', oTpaXkaromero riryouHy
pa3BuTHs McinaHackoro MUHHUMYMa, B 3TOT MEPUOJ IPOUCXOIUIIO OClablieHne 3amaJHoro MepeHoca
BO3JIYIIHBIX Macc U ycuieHrne CHOMPCKOro aHTHIMKIIOHA (pHC. 3).

Kopotkonepuoansie nanamadTHO-KIMMATHUECKUE H3MEHEHUS B TEUeHHE MpedopeanbHOro
MepHo/ia BHISBIICHBl HA OCHOBAHUU JIETAIbHBIX MCCIEIOBAaHUMN psia pa3pe30B O3EPHBIX OTIOKEHUI
B Hunepnangax (Bos et al., 2007) u Ilseiiapun (Lotter et al., 1992). Ha ceBepo-3amnane BocrouHo-
EBpormeiickoii paBHMHBI W3MEHEHHUs TalleOCpPEebl, CBsI3aHHBbIE MPEOOpPEaTbHON OCIMIUISIHNECH,
BBISIBIICHBI B paspe3ax o3ep MenseneBckoe u Ilacropckoe B Kapenuu (Cy66eto u np., 2003).
B BocTouHoM cekTope Hamux wucciaenoBaHuii B paspese l[lomosenko-Kymanckoro OGomorta
npebopean paznensiercs Ha 2 (as3pl — MOTEIJICHUE B Hayalle, TOJy4YHBIIEe HA3BAHHUE «IIOJOBEIKOE
MOTEIICHHe», M TOXOJOJaHHe BO BTOPOIl TMOJIOBHMHE, TaK Ha3bIBAEMOE «IIEPECIaBCKOE
noxonoganue» mo H.A. Xoturckomy (1977).

OTtnoxennst 60peasbHOTO MEepPHoa roJIoIeHa MPEICTaBICHBl B MHOTOUYMCIICHHBIX pa3pes3ax, Kak
Ha teppuropuu LlentpansHol, Tak 1 Bocrounoi EBpornsl.
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Puc. 1. V3meHnenune conepkaHusi NMBUIBIBI OCHOBHBIX JIECOOOPa3yIOMIMX IOPOA Ha CIIOPOBO-IBUIBLEBBIX
JrarpaMMax pa3pe3oB 03epHbIX oTnoxeHui LlentpansHoit 1 Boctounoit EBponbl. CokpalieHHBIE CITIOPOBO-
MBUIBIIEBBIE JAWArpaMMbl ITOCTPOEHBI MO MarepuanaM EBpONercKoi MaanHOJIOrHYecKOr 0a3bl JaHHBIX
(European Pollen Database, 2007).
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Puc. 2. V3meHeHnst conepskaHHs TBUIBIEI OCHOBHBIX JIECOOOPA3yIOMIMX MOpPOJ Ha CIIOPOBO-TIBUIBIIEBBIX
auarpammax paspe3oB Bocrouno-EBponelickoil paBHHHBI (auarpamma paspesa o3. [Jonroe moctpoeHa mo
marepuanam O.K.bopucosoit, K.B. Kpemeneukoro u D.M. 3enukcon, mo «European Pollen Database»

(2007), ocranbHbIe pa3pe3bl —

MaTepuaibl aBTopa).
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Puc. 3. OcHoBHBIE NaHAMIAPTHO-KIMMAaTHUECKIE U3MEHEHHsI Ha TeppuTOpud EBpombI B rojoueHe.
Yenosuvie obosnauenus: 1 — 3uMHsIS W JeTHAS uHCOJAUA Ha 60° c.m. m 60° r.m. (Berger,
Loutre, 1991); 2 — peKOHCTPYKIIMH CPEIHErO0BO TemrepaTypsl B EBporie, BbIpakeHHas B
OTKIIOHEHHUSAX OT coBpeMeHHbIX 3HaueHuit (Davis et al.,, 2003); 3 — wu3MeHEHHS H3OTOIHO-
re0XMMHUYECKOTro cocTaBa Jjbjaa B kepHax ckBaxuH GISP2 m GRIP B I'pennannum: copepkaHue
xatuona K* u xatnona Na* cksasxuns GISP2 (Mayewski et al., 2004), usmenenus 580 ckpaxunb!
GRIP (Johnsen et al., 1992); 4 — u3ameHeHre HHTEHCUBHOCTH aiicOEProBOro pasHoca 00JIOMOYHOTO
MmaTepuasia B CeBepHOIl ATJIaHTHKE, BBIPR)KEHHOE B IPOLIECHTHOM COOTHOILIEHUH METPOIOTHYECKUX
mapkepoB (Bond et al, 1993); 5 — konebanus ypoBHS o3ep Ha Tepputopurt PpaHuuu u
[IIBeiiiapuu, KOJMYECTBO PAAUOYIIEPOAHBIX naT ¢ maroM S50 JeT, XapakTepusyroliux Oosee
BBICOKMII WJIM HHU3KUI YpPOBEHb 03ep MO CcpaBHeHHIO ¢ coBpemeHHbiM (Magny, 2004); 6 —
U3MEHEHMsI CKOPOCTH AaKKyMYISLIMM MHUKPO- M MAaKpO-4acTUI[ YISl B O3€pHBIX U OOJOTHBIX
otnoxeHusax B LlenTpansHoit u Boctounoit EBpone, BblpaxkkeHHble B Z-SCOIE (CTaHIApTU30BaHHAsS
omeHka) 3Hauenui “charcoal accumulation rate” (CHAR; Feurdean et al., 2020).

Kak 1mokassIBalOT NaJIMHOJIOTUYECKUE JaHHbIE, B nepuo] 10.5-8.8 TeICc. Kal. JI.H. Ha TEPPUTOPUH
coBpemenHoi ['epmanun, [lonpmu u ctpan bantum 6buM pacnpocTpaHeHbl 6€pe30BO-COCHOBBIE U
1yOOBO-COCHOBBIE JIeca C yU4aCTHEM Bsi3a M MOIeckoM |3 JenHsl (puc. 1; Jahns, 2000, 2007; Bos,
Urz, 2003; Heikilla, Seppé, 2004; Seppd, Poska, 2004; Lamentowicz et al., 2008; Galka et al.,
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2013). Uccnenoanus T. I'm3uke ¢ coaBropamu (Giesecke et al., 2011), ocHoBaHHBIC Ha OOJIBIIOM
(bakTHUeCKOM Marepuaie, MoKa3aid, YTO KyJIbMHHAIUS COJACPIKAHUS IMBUIbIBI JCIIMHBI B PAHHEM
TOJIOIEHE MPOMCXOTUT MOYTH CHHXPOHHO Ha OOMIMpPHON Tepputopuu 3amagHod u LleHTpampHON
EBponsr B mepuon 10.5-8.0 kan. 1.H. B BOCTOYHOM HampaBlIeHMH MOXXHO 3aMETHTh HEKOTOpOe
3ara3pIBaHNe YBEJIWYCHHUS JIOJIM TBLIBIBI IIHUPOKOJIUCTBEHHBIX mopo. Tak, HanpuMmep, B pazpe3ax
o3ep Mexyxon u Crapoe B bemapycu cymMMa mbUTBIBI NIMPOKOJIMCTBEHHBIX MOPOJ JAEPEBHEB B
uaTepBane 10.5-10.0 Teic. kan. n1.H. He mpeBbimana 5%, a k 9.5 Teic. Kan. 1.H. Bo3pocna 10 20%
(3epuuikas, Hopenko, 2016; 3epuurkas u ap., 2019)

CornacHo pe3ynbTaTaM HW3y4eHHS psla pa3pe3oB M3 IEHTPAIBHBIX paiioHOB BocTouyHO-
EBponelickoii paBHHMHBI, OOIIMpPHBIE TEPPUTOPUM ObUIM MOKPBITBHI COCHOBO-0EpPE30BBIMU
penkosechsimu (XotuHckuit, 1977; Benmnuko u ap., 2001; Khotinski, Kilmanov, 1997; Krementsky
et al., 2000; Wohlfarth et al., 2007). IOxuee, Ha CpemaHepycCKO#l BO3BBIIICHHOCTH, OBLIA
pacrpocTpaHeHbl COCHOBO-Oepe30BbIe jieca ¢ HEOOJBIINM yYaCTHEM IIHPOKOJIUCTBEHHBIX TOPOX
(puc. 2; Knumanos, Cepedpsiras, 1986; Novenko et al., 2015).

Kimmmarnaeckue pexoHCTpykuuu g LlenTpanbHOl EBponbl mokasaid, 4YTO B TEUYEHHUE
OopeallbHOTO MepHoa CpeaHsisl TeMIepaTypa SsHBaps He npesblana -2°C, a cpeHss TeMieparypa
uioyis He omyckanach Hike 15°C (Zagwijn, 1994). CornacHO peKOHCTPYKIUSIM, OCHOBAHHBIM Ha
COOTHOIIIEHUH BHUJIOB (hayHBI KECTKOKPBUIBIX, JeTHHE Temrepatypsl B CeBepHoit EBpore Obutn B
uatepBaie 17-19°C, a B llentpansHoii EBpome wmornum ObiTh maxke Bbimie (Coope, 1998).
PexoHCTpyKIIMM 1O MaIMHOJIOTMYECKUM JaHHBIM pa3pe3a 03. Mexyxkon B ceBepHoil benapycu
(3epuwunkas, HoBenko, 2016) mokasanu, 9yto B wHTEepBasie 10.5-9.5 ThIc. Kal. JI.H. CpeHETOIOBBIC,
3UMHHUE U JIETHUE TeMIepaTypsl cocTaBisii 4, -8 u 16°C cooTBETCTBEHHO, UTO NMpuMepHO Ha 2°C
HUKE, UeM B HacTosIIee BpeMs, a B eproj 9.5-8.5 Thic. KaJl. J1.H. 3MMHUE U TOJ0BbIE TEMIIEPaTypPhl
CYIIIECTBEHHO BO3POCIH U COCTaBWIM OKoJO -6.5 n 6.0°C, a 3HaueHUs JETHUX TEMIEpaTyp CTalu
oms3ku k coBpemMeHHbIM (18°C). beicTpoe moTeruieHne U OTHOCUTEIBHO TEIIbIe KIMMaTUYECKHUE
yCIIOBHUSI B Oopeasie BBISIBICHBI U IS moOepexbst bantuiickoro mops. Tak, Hanpumep, B JlaTBuun
netaue temmepatypel 10.0 ThIc. Kam. m.H. Obutm okosio 17°C (Ha 1°C HM)KE COBPEMEHHBIX
3HaueHuil), HO yxe K 9.0 Teic. kam J.H. moBeicuiauchk Ha 1.5°C (Heikkild, Seppid, 2010).
B nentpanphbix paiioHax BoctouHo-EBpornieiickoii paBHMHBI BCE TEMIIEpATypHbIC IOKa3aTEeIn
ObLIH HU)KE COBPEMEHHBIX 3HaueHui B mepuoy 10.1-7.9 teic. kan. a.H. (Khotinski, Kilmanov, 1997;
Novenko, Olchev, 2015).

PekoHcTpyKIMu naneoTeMneparyp, HoJTydeHHbIE [0 Pa3HbIM MPUPOJIHBIM apXHBaM, MO3BOJISIOT
BBIJICNTUTH KPATKOBPEMEHHOE U PE3KOE MOXOJIOJaHUE KITMMaTa, TaK Ha3blBaeMoe «CoObITHE 8.2 ThIC.
kai. 1.0» (bopsenkosa u ap., 2017; Alley et al., 1997; Thomas et al., 2007; Daley et al., 2011).
CornacHo pe3ynbTaTaM HalIMX MCCIEAOBAHMM, CPeTHEr0J0Basi TeMieparypa B 6acceiine Bepxueit
Bonru B mepwox 8.1-8.5 Teic. kam. a.H. mommsmiaack Ha 2-3°C (Novenko, Olchev, 2015).
PeKOHCTPYKIIMKM MO MAJHHOJOTHYSCKUM JAaHHBIM pa3pe3oB Ocrtonuu (Seppd, Poska, 2004),
Ounnsaaun (Heikkild, Seppd, 2003) u roknoi IlIBenmm (Antonsson, Seppd, 2007), mokasanu
MajieHue CpeTHEroJoBbIX Temmeparyp Ha 1.5-2.0°C B mepuoj moxosoJaHus, COOTBETCTBYIOLIETO
«COOBITHIO 8.2 THIC. Kaj. JL.H.». PEKOHCTPYKIIMM, OCHOBaHHbIE HA JAHHBIX AMATOMOBOTO aHAHU3a,
yKa3bIBaIOT Ha CHU)KEHUE JIeTHUX TemnepaTyp Ha 0.75-1.0°C na ceBepe @unnsuauu (Korhola et al.,
2000). OO6oOmieHre OONBIIOTO KOJMYECTBAa MBUIBLIEBBIX JAMArpaMM M KIMMaTHYECKHUX
pekoHcTpykimu To3Bomwio b. J[aBucy ¢ coaBropamu (Davis et al., 2003) pekoHCTpyHnpoBath
CHIDKEHHE CPEIHEr0/I0BOM TemrepaTypsl B 1enoM uist EBponsl Ha 1°C okomno 8.2 Thic. Kal. JLH.
(puc. 1). IlpuumrHON 3TOrO CyIIECTBEHHOTO IOXOJIOJAHUS, PEKOHCTpyHpyemoro B Epore B
untepasie 8.4-8.0 ThIC. Kaj. JI.H., BO3SMOXHO, KaKk M 0oJiee paHHUX YK€ PAaCCMOTPEHHBIX HAMU
MOXOoJIOJaHU B mpebopearne, ObLIO oOcialleHue TepMOTaauHHOM nupkymauuun B CeBepHOM
Atnantuke (Teller et al., 2002). Bo Bpems noxosnonanus 8.2 ThIC. Kal. JL.H. 3TH U3MCHEHUSI MOTJIH
OBITh BBI3BaHBI BHIOPOCOM B OK€aH OOJNBIIMX MAcC MPECHOH BOJBI U3 KPYIMHOTO MPUICTHUKOBOTO
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o3epa Araccuc B CeBeproii Amepuku (bop3enkosa u nip., 2017; Keigwin, Boyle, 2000).

PexkoHCTpyKIIMM rof0BOM CyMMBl OCaJKOB U KOJMYECTBEHHBIX XapaKTEPUCTUK BIAXKHOCTH
KJIMMaTa JJO HACTOSIIET0 BPEMEHU OCTAETCsl IOBOJILHO CIIOXKHOM 3a/1aueil, U pe3yabTaThl HOJOOHBIX
HCCIIEIOBAaHUM JJI1 paHHETO ToJI0LeHa Ha TeppUTOpUM EBponbl npeacTaBieHbl JUlb B HEOOJIBIIOM
gucie pabdor (Barber et al., 2004; Harrison et al., 1996; Allen et al., 2007). Eme co Bpemen padot
A. baurra B KoHUe 19-r0 Beka yCTaHOBMJIOCH MHEHHE, 4YTO KJIMMar OOpeaJlbHOTrO Ieproja
rojoneHa OB CyXHUM, YTO BIIOCIEJACTBHM OBLJIO OTMEYEHO BO MHOTHX HCCIICIOBAHUAX U
3aKpEeIUIOCh B KIIMMATOCTPAaTUIpapHUeCKUX cxemax roJioneHa (Xorunckuii, 1977).

JlaHHBIE O BJIAXHOCTH KJIMMAarTa, IIOJy4EeHHbIe M1 BocTouHO-EBpONENCKOl paBHUHBIL,
CBUJIETEIBCTBYIOT O CJIO)KHOM BPEMEHHOW M MPOCTPAHCTBEHHON JUHAMHMKE KOJMYECTBA OCAJIKOB.
CornacHO HallMM J@HHBIM, B NEPUOJ A0 9.5 ThIC. KaJl. J.H. CPEAHEr0JJOBOE KOJUYECTBO OCATKOB
ObLIO MEHbBIIIE COBPEMEHHBIX 3HaUeHU B OacceiiHe Bepxueil Boaru n Ha Bangae, Ho npeBsiiano
uX Ha ceBepo-3anane CpeaHepycckoil Bo3BblIeHHOCTH (puc. 4). [loutn cMHXpOHHOE yBEIMYEHHE
KOJIMYECTBA OCAJKOB HA BCEW TEPPUTOPUM LEHTPAIbHBIX panioHOB EBpomneickoi uyactu Poccun
peKoHCTpyHpoBaHO Jis nepuona 9.1-8.5 Teic. kai. JLH., KOrja 0caakoB BhINaaaio B rox Ha 100-
200 mMm Goubiire, yeM B HacTosiee Bpems (Novenko, Olchev, 2015).

o3epo Paliracteepe
(BO3BbILLEHHOCTL OTENA3,
OcToHNA)

Bonoto Knioksa Bonoto Ctapocenbckuii Mox
(ceBep CpeaHepyccKoi BO3BbILLEHHOCTH) (tor Banpavickol BO3BbILLEHHOCTU)

CpeaHeronosoe Knumatuueckuit  YpoBeHb CpeaHeronosoe  Knumatuyeckuin  YPOBEHb
CpeaHerogosas  KONU4eCTBO MHOEKC 60noTHBIX CpepgHerogosas KONU4ecTBO MHOEKC 60NOTHBIX CpepgHerogosas
Temnepatypa, ‘C  ocagkos, MM YBN@XHEHNS BOZ, CM Temnepatypa, °C 0CajKoB, MM yBRaxHeHus BOA, CM Temnepatypa, °C
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Puc. 4. Kiumartndeckue wusMeHeHus Ha BocrtouHo-EBporieiickoii paBHHHE B TOJIOICHE.
[ManeokaMMaTHYeCKUe PEKOHCTPYKIMU Mo paspe3am Oosota KirokBa (Novenko et al.,, 2019),
6ostota Crapocenbckuii Mox (Novenko et al., 2018) u o3epa Paiiractsepe (Seppd, Poska, 2004).

PexoHCTpyKIIMM M3MEHEHMs TIOXKAPHBIX PEXUMOB B TOJIOLEHE IOKAa3ajll BO3pPACTaHUE YacCTOTHI
MOXXKapoB B OOpEabHOM IMEpHOJe B PasiMYHBIX perroHax (3epHuikas u ap., 2019; Novenko et al.,
2016), uTOo MOKeT OBbITh MHIUKATOPOM HEPABHOMEPHOCTH BBINAJCHUSI OCAJIKOB B JIETHUH MEPHOA U
MOBTOPSEMOCTH  TOXAPOOMACHBIX ~ METEOPOJIOTHYECKHX  ycloBHHA. OOO0OIIEHHEe JaHHBIX IO
KOHLIEHTPAIIM! MUKPO- U MAaKpOYACTHI[ YIJISI B O3€PHBIX M OOJOTHBIX OTIOKEHMsIX U3 117 pazpe3oB B
Llenrpamsnoii u Bocrounoii Eporie (Feurdean et al., 2020) BbIsIBIIIO MakCHMaJbHBIE 32 BECh TOJIOICH
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CKOPOCTH aKKYMYJISIIUM YTOJBHBIX YacTull MeXay 9.0 u 8.0 ThIC. KaJl. JL.H. JUIsl BCErO MaKpOpPETruoHa B
1esioM (puc. 3), 4To CBUIETENBCTBYET O YACThIX U MHTEHCUBHBIX PUPOIHBIX M0Kapax.

KocBeHHBIMH HMCTOYHMKAMU MH(POPMALMH O BJIAKHOCTU KJIMMaTa MOTYT CIY)KUTh JTAHHBIE O
Kosie0aHuAX YpOBHS o3ep. PesymbraThl m3ydeHusi cepum ozep B LlBeiimapun u PpaHiry3ckux
Anbnax (Magny, 2010), ocHoBanHble Ha 180 paguOyriaepoJHbIX, IEHIAPOXPOHOJOTUYECKUX U
apXeO0JIOTUYECKUX JaTUPOBKAX, MMOKa3aJd CJIOKHYI0 AUHAMUKY YBJIQXKHEHUS B PAHHEM TOJIOLICHE.
Brussiensr ¢aser noseimenust ypoBHs ozep 10.3-10.0 m 9.55-9.15 Teic. Kanm. J.H., pa3aeicHHbIC
MIEPUOJIOM, KOTJa YPOBEHb 03€p ObLI 3HAYUTENILHO HIKE coBpeMeHHoro. VMccnenoBanus B OxHoM
HIserm (Harrison, Digerfeldt, 1993) nokasanu skcTpeMaibHO HU3KUH YPOBEHb 03€p B MHTEPBAJIC
npumepHo 10.5-9.7 Teic. Kaj. JI.H., KOTOPBIH 3aT€M CMEHUIICS €r0 OBICTPHIM MObEMOM.

Bpemennoii nunrepsaan 8.0-5.7 Thic. KaJl. JILH.
(cpeaHuii roJioneH, CpeAHsAsA U NO3HsAsA (a3a ATTAHTHYECKOI0 IepHo/A)

OrpoMHO€ KOJUYECTBO DPAOOT, TMOCBSIIEHHBIX W3MEHEHHUIO PACTUTEIBLHOCTH W KIMMara B
roJIOLIeHe, MoKazan, 4ro mnepuon 8.0-5.7 Tteic. Kai. J.H. B EBpore oTianyaercs HauBbICIIEH
TertoobecneueHHOCTRI0 (XoTuHckuM, 1977; Iunamuka naHAmadTHRIX KOMIIOHEHTOB ..., 2002;
[Maneoxnumatel U maneonanamadte ..., 2009; Zagwijn, 1994; Davis et al., 2003; Mauri et al.,
2015; Borisova, 2019) u OTHOCHUTEIBHO CTAOMIBHBIMH KIMMATHUYECCKUMH  YCIOBUSIMHU
(bopucosa, 2014; Mayewski et al., 2004). B oredecTBeHHO!H JHMTEpaType 3TOT MEPUOJ] HOCHUT
Ha3BaHUE KIMMATHYECKOTO onTuMymMma rojoueHna (Xotunckuit, 1977). B 3apyOexHoit muteparype
Yalile UCIOJb3yeTCs TEPMUH — CPEIHETOJIOIICHOBBIN TEPMUYECKHI MAKCUMYM.

B wunteppane 8.0-5.7 ThICc. Kanm. ys.H. B llenTpamsHoit m Bocrounoit EBpome cymiecTBoBana
eIMHas 30Ha MIUPOKOJMCTBEHHBIX JiecoB (puc. 1, 2). B ceBepo-3amagHoM MNpHATIAHTHYECKOM
cexktope EBpombl mpouspactaiy IIMPOKOJHMCTBEHHBIE Jieca, COCTOSIUE U3 ay0a, JMIbI, BSi3a U
OJIbXH, ¢ HEOOJBIIMM y4dacTueM THca W manyba. B I'epmanuu, B roxHou IIBenuu, B Jlanuu u
[Tonpie HaWBBICIIETO PAa3BUTHS JOCTUTAIM JyOOBBIE Jieca, OTTECHUB Ha BTOPOH IJIaH COCHOBBIE
dopmarmu (Latalowa, Nalepka, 1987; Jahns, 2000, 2007; Kalis et al., 2003; Lamentowicz et al.,
2008; Kulesza et al., 2012; Galka et al., 2013). 3HaunTeabHYIO POJIb B 3THX J€CaX WP BS3,
numa, oibxa u JenHa. B obmactu 'eprimackux maccuBoB (IlIBapuBanba, TropuHrckuii 6acceiis,
Yemickuii MacCHB) B COCTaB JIPEBOCTOEB BXOAWIHM €1b U nuxTa (Harmata, 1987).

B crpanax bantuum mmpokoe pacrnpocTpaHeHHE IPHOOpeNrd CMellaHHble yOOBO-BS30BO-
JUMOBbIE Jieca ¢ OOJIBIIMM YdacTHEeM OJIbXH. B ceBepHbIX M BOCTOUHBIX paiioHax benapycu
npeobnafanu MyOOBbIe Jieca, B 3alaJHbIX — IIUPOKOJMCTBEHHBIE Jieca MEPEMEXaIiuch ¢ COCHOBO-
IIUPOKOJIMCTBEHHBIMU JiecaMu. Kak MOKa3bIBalOT MyOIWKAllMH, MOCBAIICHHBIE MUCTOPUH Pa3BUTHUS
pactutensHocTH EBpornetickoit yactu Poccun B romorneHe (Xortunckuid, 1977; Bemuuko u ap., 2001;
Camnenxo u ap., 2014; Epmoga, Kpenke, 2014; HoBenko, 2016; HuzoBues u ap., 2020; Kremenetski
et al., 2000; Nosova et al., 2019; Tarasov et al., 2019; Miagkaia, Ershova, 2020), B meHTpaIbHBIX
paitonax Bocrouno-EBpomneiickoii paBHHHBI MPOU3pacTaid MIUPOKOIMCTBEHHbIE Jieca U3 ayda, Bs3a,
nunel ¢ mnojuieckoM u3 JemuHbl. Ha Husmennoctax benopycckoro [lonecks, [lpunemanbs u
Mermiepckoi MOIeCcCKO HU3UHBI CYIIECTBOBAM COCHOBBIE OOpBI C YUACTHEM IHIMPOKOIHCTBEHHBIX
nopo u osbxu (bomixosckas, 1988; 3epuuikas u ap., 2019, 2010; Novenko et al., 2016).

OOmupHast ~ nuTepaTypa  MOCBSIIEHA  PEKOHCTPYKUUSAM  KIMMATHYECKUX  YCIOBHM
aTJIAHTHYECKOTO MEepHoa rojoleHa, Kak B riodampHoM macimtade (Guiot et al., 1993; Cheddadi
et al., 1997; Tarasov et al., 1999; Dauvis et al., 2003, Mayewski et al., 2004; Wu et al., 2007; Mauri
etal, 2015 wu npyrue myOmukanmu), Tak ¥ Ha pernoHansHoM ypoBHe (Korhola et al., 2000;
Heikkild, Seppd, 2003; Seppd, Poska, 2004; Antonsson, Seppa, 2007; Borisova, 2019).
PaccmaTtpuBas uMeromuecs JaHHbIE O MaJeoKIMMaTHYeCKHX ycioBusx mnepuoaa 8.0-5.7 Teic.
Kail. J.LH. B LlenTtpansHoit u BoctouHnoii EBpome, MOXHO cAelarh 3aKIIOYEHUE O MOTENJIEHUU
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KIMMaTa ¥ OcClIabJeHuH TpaJueHTa TEeMIlepaTyp B HaNpaBICHMM C 3amafa Ha BOCTOK.
Tak, Hanpumep, pekoHcTpykimu B. 3arBuiina (Zagwijn, 1994) metoioM MHIMKATOPHBIX BHIOB Ha
OCHOBe JaHHbIX 1o 136 paspesam B EBpome, mokazanu, 4To Kak JETHHE, TaK M 3UMHHUE
TemIepaTypbl Ha Tepputopuu I'epmanuu u Ha 3anane [lonpmm Opim 6113kK K coBpeMeHHbIM (T1=
-1...0°C; Twn=19°C). PexoHCTpPYKIHH TaJeoTEeMIIEpaTyp «METOJIOM JIy4YIIUX aHAJIOTOBY» IO
JaHHBIM IO pas3pe3y osepa Jlemnuiia B nentpanshoii [lombine (Barber et al., 2004) BoiiBuim
CpenHIo0 Temmeparypy staBapst okosio 0°C, uro Ha 2°C BbIIIIE COBPEMCHHBIX 3HAUCHUH.

PexkoHCTpYKIIMH, MOJydeHHBIE NPH MOMOIIM IMEPEeXOAHON (QYHKIMH IO TMaIHHOJOTHYECKUM
JaHHBIM TI0 pa3pe3am o3ep PaiiractBepe (puc. 4), BuntHa u Pynia B DcTOHUH, CBHICTEIBCTBYIOT O
MOBBIIIEHUN CPEJHETOJIOBBIX TeMIlepaTyp B cpemHem rojoreHe g0 8-9°C, uro Ha 3-3.5°C
MPEBBIIIAET COBPEMEHHBIN ypoBeHb (Seppd, Poska, 2004), a peKOHCTPYKIMH JICTHUX TEMIIEPaTyp
STHM e METOJIOM TI0 JJaHHBIM TI0 pa3pe3y o3epa KyprsiHoBac B JIaTBUH yKa3bIBalOT HA POCT JIETHUX
temmepatyp no 19-20°C, gro na 2-3°C Bbime, yem B Hactosimee Bpems (Heikilld, Seppé, 2010).
OOoOmmenre maneoTeMreparypHbix naHHbix  (Seppd, Poska, 2004), ocHoBaHHOE Ha
36 PEKOHCTPYKIUSAX CPENHETOJO0BOM M MIONBCKOM TEMIIepaTypsl 10 OTAENBHBIM pa3pe3am
CkanauHaBuu ¥ cTpaH bantuu, mokazano, uro B mepuos §.0-4.8 ThIC. Kaj. JI.H. IMEJI MECTO YETKO
BBIPQKCHHBII MaKCUMYM TEIIOOOECTICUeHHOCTH KJIMMaTa, KOTJa TOJOBBIE TEeMIIepaTyphl
TIPEBHIIIATIA COBPEMEHHBIEC 3HaYeHNUs B cpeHeM Ha 2°C.

3HaYUTENIbHOE TIOTEIUICHHE KIMMaTa B mepuoy 8.5-5.7 ThIC. Kajl. JI.LH. YCTAaHOBJICHO TaKXKe NS
TEeppPUTOpHHU ceBepHO bemapycu. BEIsSBICHO MOBBIIIEHNE CPETHETOA0BBIX TeMIiepaTtyp Ha 2-4°C no
CpPaBHEHHMIO C COBPEMEHHBIMH 3HAYCHHUSMH, a TAaKXKE CYIMIECTBEHHBIH POCT 3MMHHUX TEMIIEpaTyp
(3epuurkas, Hosenko, 2016).

B BocTOuHON 4YacTH paccMaTpuBaeMOro CyOLIMPOTHOTO TPAaHCEKTa PEKOHCTPYKIIHUU
KIIMMaTHYECKUX XapaKTEpPUCTUK, MPOBEJIEHHbIE IO MaJUHOJOTHYECKUM JaHHBIM OoJioTa
Crapocenbckuit Mox (puc. 4), BBISIBHIH, YTO BO BpPEMEHHOM HHTepBaie 7.5-6.5 Thic. Kail. JLH.
YCIIOBHUS TEII000ecTeyeHHOCTH ora Banaiickoil BO3BBIIIIEHHOCTH OBLIN OJIM3KU K COBPEMEHHBIM,
a B mepuox 6.5-5.9 ThIC. Kal. J.H. CpeIHEromoBas TeMmIlepaTypa IpEBbIIIaa COBPEMEHHBIC
3nayenus Ha 2°C m Obuia paBHa 6°C. CoruacHo pexonctpykumsm O.K. Bopucosoii (Borisova,
2019), ocHOBaHHBIM Ha aHAJIM3€ JKOJOTHYECKOW MPUYPOYCHHOCTH U Treorpaduyueckoro
pacnpocTpaHeHus: BUAOB HCKOMaeMon (DJIOphl U3 OTVIOKEHUH aTIIAHTUYECKOTO MEepHojia roJIoleHa,
TerioobecriedeHHOCTh B Oacceline Bepxueit Bonru Obiia 3HaUMTENBHO BBIIIE AJIS BCETO MEpHOa
7.6-5.9 thIC. KauL. J1.H. CpeHsis TeMIeparypa ssHBaps IPeBbIlIajia COBPEMEHHbIE 3HaYeHHs Ha 6°C,
CpenmHsisl TeMmIeparypa Hiojs Obuia Onm3ka kK coBpemMeHHbIM 3HaueHusM (17°C). HOxnee, kak
MOKa3bIBAIOT HAIIM PEKOHCTPYKLHHU, CIIEIaHHbIE MO MaJWHOJOTHYECKHMM JAaHHBIM MO O0JIOTY
KirokBa (puc. 4) Ha ceBepo-3anane CpeHepycCKO# BO3BBIIIEHHOCTH, CYIIIECTBEHHOE MOTEIICHHE
yCTaHOBJICHO AJis mepuona 7.5-5.7 Teic. Kaj. J.H., KOTJa cpelHss Temmneparypa roga osiia Ha 3°C
BBIIIIE, YEM B HACTOSIIIEE BpEMSI.

O0600IeHre TATMHOJOTMYECKUX JaHHbIX 10 Oosiee yem 500 paspesam B Espome (Davis et al.,
2003; Mauri et al., 2015) mo3BONMIO BBIACIUTH IIECTh PETHOHAIBHBIX THUIIOB H3MEHEHHI
MajleoOKIMMAaTHYEeCKUX  XapaKTepUCTHK.  OJTH  pacyeThl  MOKa3ald, 4YTO  MaKCUMYM
TEIUI000EeCTIeYeHHOCTH B aTJIAaHTMYECKOM Iepuo/ie Xopoulo npociuexuBaercs B CerepHoii EBporne u
B PeHocKaH/IMu, MPEUMYILECTBEHHO 3a CUeT pocTa JeTHUX TemnepaTyp. B Llentpansnoit EBpone
CPEIHErOJIOLEHOBbIM TEPMUYECKUH MAaKCHMyM BBIpaXEH cliabee, IMOJIOKUTENbHbIE aHOMAalIUH
cpeqHerooBbix Ttemmeparyp He mpesbimanu 1°C (puc. 3). Tloxoxkue pe3ynbTaThl MOIYYCHBI
rpymmnoi uccienosaresneir npoekra BIOMEGOO (Wu et al., 2007) u P. Yenmamu (Cheddadi et al.,
1997), wucnonp3ylomMX  JaHHbIE  OHMOKIMMATHYECKOTO  MOJEITUPOBaHMS  HAa  OCHOBE
MNAJIMHOJIOTHYECKUX MaTepHajoB MO BceMy Mupy. OJHAaKo MNOTEIUIEHHE KIMMaTa CEBEPHBIX U
MPUATIAHTHYECKUX pailoHOB EBPOIBI, COTIACHO 3THM MOJENBHBIM pacdeTaM, MPOUCXOAUIIO KaK B
JETHHUH, TaKk U B 3UMHUI niepuoa. CrneayeT 3aMeTUTh, YTO MPHU aHAIN3E KIMMAaTHIECKINX U3MEHEHUH
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B VYIOOMSHYTBIX pa0OTax MHCIOJB30BAaHO OYEHb MAalo€ KOJIMYECTBO JAHHBIX W3 PETHOHOB,
PAacIoyoKeHHBIX K BOCTOKY OT [losibrm.

PeKkOHCTPYKIIMN KOJMUYECTBEHHBIX 3HAYCHUN KIMMATHUECKUX XapaKTepucTHK Uit CeBepHOTo
noJrynapusi, BeimostHeHHbIe A.A. Benmuko ¢ coaBropamu (Ilneoknumarel u naneonanamadTs ...,
2009) na ocnoBe maHHBIX 10 400 CIOPOBO-TIBUILIIEBBIM JUArpaMMaM MOKa3aiu, YTO HAnOOJbIINE
MOJIOKUTEIBbHBIE OTKJIOHEHHUS! CPEIHET0JIOBOM TEeMIlepaTypbl HMMEIH MECTO B MPUIOJISPHBIX
paiionax. Jlng cpeaHempoTrHoro mnosica EBponbl cpeqHerofoBas TemImepaTypa IpeBbliialia
coBpemMeHHbIe 3HaYeHus Ha 1-2°C. Pexoncrpykunn, nosydennsie [1.E. TapacoBeiM ¢ coaBTOpaMu
(Tarasov et al., 1999) mma xpomocpe3a 6000 *C ner maszan (oxomo 6.8 TeIc. Kajm. JLH.) s
tepputopun ObiBuiero Coserckoro Coro3a W MOHroaMM, TakkKe [OKa3aJld IMPEBbIIICHNE
cpenHeroaoBeIX Temmeparyp Ha 2°C mus EBpomnetickoit wactu Poccun.

KonnuecTBeHHbIE  OLEHKM  CpPEAHETOJIOBOTO  KOJMYECTBAa  OCAJAKOB B TOJIOLIEHE
HEMHOTOYHCIICHHBL. B OCHOBHOM Ipeo0ialaloT KOCBEHHBIE JaHHBIE 00 M3MEHEHHH YBIIQ)KHEHUS
KIIUMaTa JUisl pa3jMuHbIX pernoHoB. COrjlacHO PEKOHCTPYKLUHU CPEJHEro OTKIOHEHUS T0JI0BOM
CYMBI OCaJIKOB OT COBPEMEHHBIX 3HaueHUH Ju1si CeBepHOro MoJyIiapus sl XpoHOCpe3a MPUMEPHO
6.8-6.3 Teic. kamx. m.H (6.0-55 TeIC. *C m.H.), momyuenHo# A.A.BemMyko C COaBTOpaMH
(Maneoxkmumatel u  naneodanamadrer ..., 2009), Ha Tepputopun IleHtpanbHoit EBporbl
CPEIHEr0J0BOE KOJIMYECTBO OCAJIKOB OBLJIO OJIM3KO K COBPEMEHHBIM MOKa3aTelsM, a Ha TEPPUTOPUHU
Bocrounoit EBpomnbl B mpezenax paccMaTpUBaeMoOro TpaHCEKTa ObLIO XapaKTEpPHO COKpaIleHHE
OCaJKOB Ha 25 MM B TOJ. AHAJIOTHYHBIE PE3YJIbTaThl OBLIHM TOJYYEHBI JIJISl ATOH K€ TepPUTOPHU
XK.Tyito ¢ coaBropamu (Guiot et al., 1993). Pacuersl pa3HOCTH MEXAy OCaIKaMH U
MOTEHIIMATBHBIM UCIIAPEHHUEM, BBITIOJHEHHbIE STUMH aBTOPaMH, IMOKa3alu, 4To OKOJo 6.8 ThIC. KaJl.
1.H. (6000 *C n.1.) knumar 6611 HeMHOTO Gonee cyxuM B LleHTpanbHOit EBporie, a Ha TeppUTOPHH
Bocrouno-EBpomneiickoli paBHUHBI YCIOBHS YBJIQKHEHUsS OBUIM OMU3KKM K COBPEMEHHBIM, 3a
HCKJII0OYEHHEM BOCTOYHOM yacTu EBporneiickoit Tepputopun Poccun.

[lomyueHHble HaMHM XapaKTEpPUCTUKU W3MEHEHHH yBIaXHEHHS KiIuMaTa Ha TEppPUTOPHUH
BocTtouno-EBporneiickoii paBHUHBI MTOKa3aliv, YTO T'OJI0BOE KOJUYECTBO OCAJTKOB B CEBEPHOM YACTH
benapycu (3epuuiikas, HoBenko, 2016), Ha 3amane EBporneiickoii vactu Poccun B ITpuuibMeHCKOM
uusmenHoctr (Nososva et al., 2019), a takkxe Ha ceBepo-3amnage CpeaHepyCCKOM BO3BBIIICHHOCTH
(pa3pe3 6osota KirokBa) ObLIO OJM3KMM K COBPEMEHHOMY, YTO TIPH TOBBIIMICHUH JICTHHX
TEeMIIepaTyp, BO3MOXXHO, MOIJIO MPHUBOJUTh K KCCYIIEHUIO KIMMaTa 3a CUYeT YBEJIUYCHUS
ucnapenus. Ha tore Banmailickoli BO3BBIIIEHHOCTH, COTJIACHO PEKOHCTPYKIUU MO JaHHBIM pa3pesa
6osoTa CtapocenbCKuii MOX, B Tiepro1 7.5-6.8 ThIC. KaJl. JI.H. 0CaaKOB B roJ Bbinagano Ha 50-75 Mmm
MeHbIIIe, YeM ceiyac, a B mepuoia 6.8-6.1 Thic. Kasl. J.H. yCIOBHS YBJIaKHEHUS ObUIH ONHM3KU K
COBpeMEHHBIM. PekoHCTpykiuu, BbimoNHEHHble B.A. KnumaHOBBIM 1O JaHHBIM U3 paspesa
[TonoBenko-Kymanckoro 0ojoTa Takke YKa3bIBalOT HA CHIDKEHUE CPEIHET0JI0BOTO KOJUYECTBA
ocankoB Ha 25-50 mm B fpocnaBckoM [loBommkbe B TeueHUE BCEro aTIaHTHUYECKOTO Mepuoja
rononeHa (Khotinsky, Klimanov, 1997). Ilo ouenkam O.K. bopucoBoii [uist 3TO# ke TeppUTOPUH
0cajKoB BhImaaano okoso 600 MM B rox (Borisova, 2019), uto 6113K0 K COBPEMEHHBIM 3HAYCHHSIM.

Jlis  XapakTepUCTHKH YCIOBHI YBIaKHEHHS B TEYEHHE TOJIOIIEHA HaMH ObLT TMPUMEHEH
KITUMaTUYeCKHi MHJIEKC yBIaxHeHus (climate moisture index, CMI). B ocnoBy CMI mnomnoxeHo
COOTHOIIIEHHE TOJIOBOTO KOJMYECTBA OCAJAKOB U BEIMYMUHBI TMOTEHI[MATFHOTO HCIAPEHUS WM
ucnapsiemoctt (Olchev et al., 2020). Heobxomumoe mjis pacdyeToB MOTEHIMATIbHOE HCIApCHUE
paccuuThiBaeTcs ¢ momolbio ypaBHeHus [lpuctnu-Telinopa ¢ ucnons3oBaHueM HHPOpMAIH 00
W3MEHEHHH PACTUTEIBHOCTH W TEMIepaTypbl, PEKOHCTPYUPOBAHHBIM [0 MATHHOJIOTUYECKUM
JTaHHBIM pa3zpe3oB 0oio0T Crapocenbckuii Mox M KitokBa. Pacuersl mokasanu, uto Ha Bannaiickoit
BO3BBIIIEHHOCTH BETMYUHA UCIAPSEMOCTH ObLIA MOYTH paBHA KOJIMYECTBY BBIMAIAOIINX OCAJKOH B
nepuoj; 7.0-5.5 ThIC. Kall. J.H., a Ha ceBepe CpeHepyCCKOM BO3BBIIICHHOCTH TIpEeBbIIIaia ux (puc. 4),
YTO yKa3bIBaeT Ha OTHOCUTENBHO cyxue kimmMaTtndeckue ycnosus (Novenko et al., 2018, 2019).
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OpHMM K3 KOCBEHHBIX IOKa3aTejiell YMEHBIIEHHs BJIAXXHOCTH KJIMMaTa B CPEJAHEM TOJIOLEHE
SIBJISIIOTCA JIaHHBIE O KoJiebaHusix ypoBHs o3ep. st tepputopuu LlentpansHoit EBpormnbl B 11esiom
XapakTepHO MOHMKEHHe ypoBHs o3ep okono 7.0 Teic. C . 1. (Magny, 2004). OxHako B 03epax B
OTJIEeNbHBIX PETHOHaX, HallpuMep, B okHOU IlIBennu MOIJIO MpOUCXOIUTh, KaK CYILECTBEHHOE
CHI)KCHUE, TaK ¥ nobimieHue yposus (Harrison, Digerfeldt, 1993). O6 ymeHbllieHHH BOTHOCTH PEK
B JTOT € mnepuos Ha BocrouHo-EBpomeickoil paBHUHE CBHIETEIBCTBYIOT —PE3YJIbTaThl
uccienoBaHuil Mophosioruy pedyHbIX U3MyduH, npoBeacHHble A.}O. CumopuykoM c COaBTOpaMu
(2012). ®opmupoBaHie MalbIX Maleopyces M MOYBEHHBIX TOPU30HTOB HA MOMMax Ha CEBEpe U B
LIEHTpaIbHOU YacT BocTo4HO-EBpONIENCKON paBHUHBI YKa3bIBAIOT HA JUINTEIBHOE YU 3HAYUTEIBHOE
CHIDKEHHE pYCIO(QOpPMHUPYIOIMIMX pacxXoJ0B BOJbl M 3aTOMJICHHE MOWM B CpPEJHEM TOJIOLEHE
(Cumopuyk u 1p., 2018).

Jlpyroii moaxoJ K OLEHKE YCIOBUN YBIKHEHUS — DPEKOHCTPYKUUHU KOJIEOaHHSI YpPOBHS
OOJIOTHBIX BOJ [0 PU30MOAHBIM JaHHBIM. [107j00HbIE pacueTsl TP MOMOIIY MEPEXOAHON PYHKIUU
Ha OCHOBE M3MEHEHUH BUJIOBOTO COCTaBa COOOIIECTB PAaKOBUHHBIX ameb U3 paspesa 6osota Tyxomna
B ceBepHoll [lonpme (Lamentowicz et al.,, 2008) mokazamu sKCTpeMaiabHO cyxoi mnepuojn 7.15-
6.8 ThIC. KaJI. JIL.H., 9TO XOPOIIO COTJIACYeTCS C JaHHBIMH TI0 KOJEOaHWSIM YPOBHSI 03€p 3TOTO
pernona (Ralska-Jasiewiczowa, 1989). HccrmemoBanust Ha fore Banmgaiickodl BO3BBINICHHOCTH
MO3BOJIMJIM  BBIJCNIUTH JiBa I[epHOJa TOHWKEHUS MOBEPXHOCTHOM BIAXHOCTH B 0OojoTte
Crapocenbkuit Mox (puc. 4), O4eBUIHO, OOYCIOBJICHHBIX CYXHMH YCIOBHSMHU B JISTHUH MEPUOJ —
7.0-6.2 u 6.0-5.5 TeIc. Kan. mH. (Novenko et al., 2018). CxomHble pe3yabTaThl MOJYYCHBI MO
JTaHHBIM PHU30TIOAHOTO aHaimu3a Oosota KimokBa Ha Cpemnepycckoi BosBeimeHHOCTH (NOvenko
etal.,, 2019), rme meproa MOHMKEHHS YPOBHS OOJIOTHBIX BOJ BbIAEIeH Mexay 6.8 u 5.5 TeiC.
Kaj. J1.H. (puc. 4).

BpemeHnHoii uHTepBag 5.7 ThIC. KaJl. JI.H. — HACTOsIIIIee BpeMsl
(cpeaHuUii-NO3AHUI T0JI01eH, Cy00opeaibHbIH U CYy0aTIaHTHYECKUI MePHO/Ibl)

JlanamadTHO-KIMMATHYECKUE PEKOHCTPYKIIMHU B PA3JIMUHBIX PETHOHAX MHpa YOEIUTEIHbHO
JEMOHCTPHUPYIOT, 4YTO TMocjie 5.7-5.5 ThIC. Kaj. J.H. TIOOAIBHOE NOTEIUICHHE TEPMHYECKOTO
MaKkCHMyMa roJiolieHa CMEHMIIOCH rmoxoJioganueM (Xortunckuii, 1977; bopucosa, 2014; Davis et al.,
2003; Wanner et al.,, 2008; Mauri et al., 2015), mpuuMHO# KOTOpPOrO, OYEBHIHO, SBUIOCH
COKpaIlleHHE MPUX0Ja COJHEYHON pamuainuu B jeTHuii mepuwoxa (puc. 3; Berger, Loutre, 1991).
DTOMy BpEMEHH COOTBETCTBYIOT TIOBCEMECTHOE HACTYIaHWE TOPHBIX JIGAHUKOB (Ha4yayio
“neorysmana’”; Wanner et al., 2008; Solomina et al., 2008), ycunenue 3amaaHOro mnepeHoca
Bo3ayIHbIX Macc (puc. 3; Mayewski et al., 2004). B mopckux oTioxeHusx B CeBepHOU ATIaHTHKE
BHOBb OTMEYAETCS YBEIUUCHHE MMOCTYIUICHNS MUHEPAIbHBIX YaCTHUII 32 CUET alicOeproBoro pasHoca
(puc. 3) ¥ mosBIEHHE XOJOMOIIOOUBBIX BUIOB IUIAHKTOHHBIX (opamunudep (Bond et al., 2001).
['moGanbHBIA TPEH K MOXOJIOAAHHUIO B TO3IHEM TOJIOIICHE YETKO MPOCIEKUBACTCS 10 M3MECHECHHIO
M30TOIHO-KUCIIOPOJHOIO COCTaBa JIEIHHUKOBBIX KepHOB I'pemmangum (Mayewski et al., 2004;
Vinther et al., 2006).

Bropas monoBMHa TOJOLIEHA XapakTepu3OBalach CIIOKHOW JMHAMUKOW PACTUTEIBHBIX
coobmects B llentpanbHoii u BoctouHnoii EBpome, 00ycnoBieHHOH, Kak KIMMAaTHYECKUMHU
W3MEHEHUSIMU, TaK W JIEHCTBHEM aHTPOIOTEHHOro (akTopa, BIMSHHE KOTOPOTO OCOOEHHO
YCUITWJIOCh B TIOCTIE[HEE ThICSUeneTre. B 3amagHoil YacTu paccMaTpuBaeMoOro CyOIIMPOTHOTO
TpaHCEKTa, HauWHasg ¢ 5.7 THIC. Kal. J.H., MPOUCXOJIWIO COKpallleHHWe MJomaaed ayOoBbIX H
COCHOBO-IIyOOBBIX JIECOB, paclpocTpaHeHHe Tpabda u Oyka M yCUJICHHE WX POJIH B KayecTBe
JOMHUHAHTOB JIeCHBIX cooOmiectB (puc. 1). B pacmnpoctpaneHrr OyKOBBIX JIECOB OTMEYaeTCs
HEKOTOpOE 3ama3/blBaHie B HAIIPABJIICHWU C 3amaja Ha BOCTOK. Tak, B 3amaJiHON U LIEHTPAIBLHOU
I'epmanuu, B OacceifHax Peiina, Besepa m 3aane moabeM KpHuBOH Oyka OTHOCUTCS KO BPEMEHHU
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okojo 3.7-3.9 TeIc. Kal. J.H., HO ye Ha BocToke I'epmanum B GacceitHax DnpObl 1 Onmepa u B
3amagHoi [lospie Oyk CTaHOBUTCS OCHOBHOUM JiecooOpa3yromiell Mmopoaod TOJILKO OKoyio 2.8-
2.6 Teic. kai. n.H. (Jahns, 2000; Lamentowicz et al., 2008, Galka et al., 2013). B uentpanbHoii u
Boctounoit [losbire (Ralska-Jasiewiczowa et al., 2003) ocHOBHBIMH JIECOOOPA3YIOIIUM TOPOIAMHU
ObuTH Tpab U COCHA, TPU 3HAYUTEIHHOM Y4acTHH Ay0a. Byk mpuCyTCTBOBAN HA STHX TEPPUTOPHSIX B
BuJie npumecu. opmupoBaHue IpaboOBBIX JIECOB HAYAIOCh OKOJO 3.5 ThIC. Kaj. JI.H, KOoraa rpad
IIOCTETEHHO BBITECHUII U3 JPEBOCTOEB Iy0 U JIUITY.

Ha Tteppuropun ceBepHoil u uentpanbHoil yactu benapycu (benopycckoe Iloozepse),
B OctoHuw, JlatBuu u JIuTBe BTOpas MOJIOBUHA TOJIOICHA XapaKTEPU30BaAJIACh PACIPOCTPAaHEHHUEM
enmu (3epuuitkas u ap., 2010; Seppd, Poska, 2004; Zernitskaya, Mikhailov, 2009, Niinemets,
Saarse, 2009). Haunnas mpuMepHoO ¢ 5.7 THIC. Kaj. JI.H., HCCIEAOBATEIH dTHX PETHOHOB BBIJCIISIOT
HECKOJIBKO TOCJIEeI0BaTENbHBIX (a3 YBEIMYEHUS] U COKpAIEHUS JI0JIM €U U HIMPOKOJIMCTBEHHBIX
opoJ B JIECHBIX cooOuiecTBax. [Ibuiblla rpaba oTMeueHa B CIOPOBO-TIBUIBLEBBIX CIEKTpax W3
pa3pe3oB Ha TEpPpUTOPHH, Mpuierawme k banruiickomy mopro, moBcemectHo. OnmHako ee
coJiepkanne He mpebimaet 1-2%.

B uentpe Bocrouno-EBpomneiickoii paBHUHBI NepecTpoika pacTUTEIBHOIO IMOKpOoBa Oblia
CBS3aHA C YBEJIMYEHHEM OOWIMA elld, KOTopas MPOMCXOJAWJIa TPAHCTPECCHBHO C CEBepa Ha IOr
(puc. 2). Ha Bannaiickoii BO3BBIICHHOCTH U B Oacceiine Bepxueit Bonru dopmupoBanue emoBo-
IIMPOKOJIUCTBEHHBIX JIECOB («BEPXHUM MAKCHUMYM €JM») OTHOCHUTCS K 5.5 TbIC. Kal. JLH.
(KmumanoB u ap., 1995; Benuuko u ap., 2001; Kiumenko, Kmumanos, 2003; Hosenko, 2016).
B Bsarcko-Kamckom kpae Bo3pacTajio ydacTHe MUXTHI B JIeCHBIX cooOmiectBax (JIblyaruna u ap.,
2016). Ha CmoneHcko-MOCKOBCKOM BO3BBIIICHHOCTH YBEIMYEHHE YMCACHHOCTH €M B APEBOCTOSIX
Havyajxach OKOJo 2.7-2.5. ThIC. Kal. JI.H., XOTSI B HEOOJBIIIOM KOJMYECTBE €1b MPUCYTCTBOBAIA Ha
atoii Tepputopun u panee (Kremenetski et al., 2000; Epmosa, Kpenke, 2014; HuzoBues u ap.,
2020; Miagkaia, Ershova, 2020). HOxwnee, B Oacceitne Bepxueit Oxu Ha CpeaHepycCKOi
BO3BBIIICHHOCTH IIMPOKOJIMCTBEHHBIE Jeca U3 Ay0a, BA3a U JIUIBI COXPAHSUIUCh Ha MPOTSKEHUU
Bcero rosouneHa. Enp, Oyayuyum Ha rpaHulle CBOETO apealia, BXOJAWJa B JIECHBIE IIEHO3bI B BUJE
MIpUMECH B OJIarompusITHBIX KOTOMAX, HauUMHas ¢ 2.5 ThIC. KaJl. JL.H..

B olOmactu pacnpoctpaneHus ncamMmmMo@uTHO-00poBbIX NanamagdToB [lonecuit cocHoBble U
IIMPOKOJIMCTBEHHO-COCHOBBIE JIECa COXPAHSUIUCH B PACTUTEIHHOM MOKPOBE A0 2.7 ThIC. Kall. JL.H.
B benopycckom Ilonecre B Teuenue untepBana 2.7-1.0 Tbic. Kaj. JI.H. BO3pacTaeT ydacTue B
crekTpax mbUlbIbl Tpada (10 10%), uTo ykas3biBaeT Ha PacHpOCTPAHEHHWE CMEIIAHHBIX COCHOBO-
IIMPOKOJIMCTBEHHBIX JIECOB C yyacTHeM ay0a u rpada U ¢ MPUMECHIO JIUIbL, BsA3a, €11, U BO3MOKHO,
Oyka (3epuuirkas u mp., 2010, 2019). Ilpu nBIKEHHU HAa BOCTOK B Tosice mojecuii EBpomeiickoit
gyactu Poccum ywacThe MbUIBLIBI HIMPOKOJMCTBEHHBIX TOPOJ COKpallaercsi, Mbliblla rpabda
BCTpPEYACTCs €AMHUYHO, BO3pAcTaeT N0 COCHbI, Oepe3nl u TpaB (Bomuxosckas, 1988; Novenko
et al., 2016, 2018).

Hauwnnast ¢ 5.7 ThIC. KaJ. J1.H., OCHOBHAsI TEHACHIUS KIIMMAaTHYECKNX U3MEHEHHI MPOsIBUIACH B
CHIDKEHHMHU TETUI000ECTICUeHHOCTH U B YBEITMUEHHUH BIAXHOCTH KinMara ([unamuka manamapTHBIX
KOMIOHEHTOB ..., 2002; BopucoBa, 2014). PekoHCTpyKIMM H3MEHEHHs MajeoTemreparyp s
tepputopun  LlentpansHoii  EBpomel, mosydennsle  b. JIoBucoM ¢ coaBTOpamMu IO
nanuHoslorndeckuM aanaeiM (Davis et al., 2003) mokasanu, uro B otanure oT CeBepHoii EBporibl,
r7ie TMOXOJOJaHWE TMOCIHEAHUX TIISATH ThICAY JIET ObUIO BBIPRKEHO OCOOEHHO OTYETIMBO, B
CpeAHEIMPOTHON obsiacTh EBpombl CHIDKEHUE CpeIHUX TeMIIepaTyp sSHBaps, HIOJIS U T0/a 3a 3TOT
nepuo] He npessimano 2°C.

ITockobKy BO3MOYKHOCTH PEKOHCTPYKIIMM XapaKTEPUCTUK NAJICOKIMMATa JJIs 3al1aJHOW YacTh
paccMaTpuBaeMoro B paboTe CyOIIMPOTHOTO TPAHCEKTa OTpaHMYEHBI BBUAY MCKaXEHHUH CHOPOBO-
MBUIBIEBBIX CIIEKTPOB, CBA3AHHBIX C JEWCTBUEM aHTPOIOTEHHOTO (hakTopa, TO B psae paboT ais
BOCCTaHOBJIEHUS  YCJIOBMM  MpOLIJOrO  4YacTO  NPUMEHSIOTCS  APYrH€  HCTOYHUKHU
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naneoreorpadpuueckoit uHpopmanuu. I[IpuHUMas BO BHUMaHHE OOJBIION MAacCUB JaHHBIX O
CTPOCHUU TOP(PSAHBIX 3aJEKEH, CTereH! ryMUupuKanu Topda 1 pe3ynbraTax pu30noHOrO aHaIu3a
OTJIOXKEHUN Pa3pe30B BEpXOBbIX 000T B BenukoOpuranuu, Mpnanauu, Hunepnannax, CeBepHoit
I'epmanuu, [lanwm u IlIBeruu, MOXKHO BBIACTUTH (Da3bl TOXOJOJMAHUS W YBIAKHCHHS KIMMaTa
okoio 4.4-4.0, 2.8-2.2, 1.8-1.7, 1.4-1.3 u 1.1-1.0 Tblc. Kai. JI.H., a TaKXKe KoJcOaHMSA KIIMMaTra
nociennero teicsiueneruss (Charman, Hendon, 2000; Barber et al., 2004; Liicke et al., 2003).
Ha cymecTBeHHOE TMOXOJIOJaHUE M YBEJIWYCHHUE KOJUYECTBA OCAJKOB OKOJO 2.6 THIC. Kaj. JLH.
yka3piBaeT b. Ban I'mun (Van Geel, 1978) Ha ocHOBaHMM pe3y/lbTaTOB Majle000TAaHHMYECKOTO
aHaym3a 0OJIOTHBIX OTJIOKCHUY B Huneprnanmax.

KocBeHHBIM TOKa3aTesieM TOXOJIOJAHUs W YBIAXHEHUS KIMMaTa MOTYT CIY)KUTh JaHHBIC O
MePHOJIaX YBEITHMUCHUS BBICOTHI ITOJIOBOIMM, TOTYyYCHHBIC I TeppuTopuu [1osbmmy Ha OCHOBaHHUU
pe3yiabpTatoB reomopdooruueckux ucciaenoBanuid. JI. Crapkenst ¢ coaBtopamu (Starkel et al.,
2013) BO BTOPYIO MOJIOBMHY TOJIOIIEHA BBIICIMIN TPHU TAKHX MEPHUOJA, COOTBETCTBYoIMEe 6350-
6300, 4825-4775 u 3230-1950 kan. m.H. PekoHCTpyKIIMKM ypOBHS OOJIOTHBIX BOJ| B 9KOCHCTEMax
BEPXOBBIX 00JI0T Ha ceBepe [loybIM 1O JTaHHBIM O CTEIICHU PA3JIOKEHUS TOp(]a W COOTHOIIECHUIO
BHJIOB B COOOIIECTBAX PAKOBHHHBIX aMe0 TO3BOJWIM BBIICIHTH BIaXHYIO (a3y 2.75-2.4 Teic.
Kal JLH. ¥ cyxywo a3y 2.25-2.1 teic. kan. ja.H. (Lamentowicz et al., 2008). Ha tepputopuu
Boctouno-EBponeiickoii  paBHHMHBI Ha OCHOBAaHWUM PE3YJIbTATOB H3YyYECHHUS COCTaBa U
paauoyIIepoIHOTO JaTHUPOBaHUS aUTIOBHAIbHBIX oTioxkeHuil (Panin, Matlakhova, 2015),
BBISIBJICHO YBEJIMYCHHE BOJHOCTH PEK B Hauase cybbopeana (0K0a0 5.7 ThIC. Kall. J.H.) U B HaJaje
cybariaanTika (0KoJ0 2.6 THIC. Kajl. JI.H.).

Ha ceBepo-zamage BocrouHo-EBpomnelickoil paBHUHBI B CTpaHax baiarum corjacHo
KIIMMaTHYECKUM PEKOHCTPYKIHMAM M0 HNAJIMHOJIOTUYECKUM JIaHHBIM 10 paspesy o3zepa KypbsiHoBac
B JlatBum (Heikkild, Seppd, 2010) u o3ep PaiiractBepe, Buntna u Pyuna B Dcronum (Seppa,
Poska, 2004), cHmkeHne CpeiHeil TeMITEpaTyphl HIOJIS U CPEIHET0I0BOI TeMIIEPaTyphl 3a TIEPUOI C
5.7 THIC. Kaj. JL.LH. JI0 HacTosmero BpemeHu cocraBmio 3-3.5°C. Ha ¢one oOmero TpeHma k
MOXOJIOZJAHUIO BBIAETSIOTCS MEPHObI MOTEIIeHUH 0kojo 3.6 u 2.0 Teic. Kal. J.H., TOXOJ0JaHHe
OKOJIO 2.5 ThIC. Kajl. JLH. U pe3Koe U TIIIyOOKOE CHIDKEHHE Terioo0ecredyeHHOCTH Manoro
JICTHUKOBOTO Tiepuoa (puc. 4).

KnumaTtnueckre pekOHCTPYKIMM [0 JaHHBIM pa3pe3oB Ha ceBepe bemapycu (3epHuikas,
Hogenko, 2016) u B EBpomneiickoii Poccun Ha Ipunnemenckoit ausmennoctu (Nosova et al., 2019)
u Ha Banmmaiickoii Bo3seimernoctr (Novenko et al., 2018) mokasanm, 4To 0K0JIO0 5.7 THIC. Kaj. JLH.
BBISIBJICHO TMOHIKCHHE CPEIHEro0BbIX Temmeparyp Ha 2-3°C (puc. 4), ocaaku ObLTH OIU3KH K
COBPEMEHHBIM 3HAYCHHSIM, a OKOJO 4.5 ThIC. Kall. JLH. UX KOJHM4ecTBO Bo3pocio 10 800 mm/rox
(ma 100 MM BeImIe, yem ceituac). Ha rore snecHoit 30Hbl Ha CpenHepycCKON BO3BBIIICHHOCTH
(manubie mo 6omoty KitokBa) cpeaHeromoBble TeMiieparypbl HOHM3WINCH Ha 1-2°C u jgocturim
COBPEMEHHBIX 3HAYCHHH, OCAJKOB BbIMamano okojo 600 mm/rox (puc.4). BeigenenHoe Hamwu
MOXOJIOJJAHUE U POCT BJIAKHOCTU KiIMMaTa OkoJio 4.5 ThIC. Kaj. J.H. C OYEHb BBICOKOH Ioiei
YCIOBHOCTH MOKHO COMOCTABHUTD € «COOBITHEM 4.2 ThIC. KA. JI.H.».

«CoOpiTiie 4.2 ThIC. Kal. J.H.» JO HACTOSIIET0 BpPEMEHU HEJOCTaTOYHO HW3YUEHO.
Ha Tepputopun EBporsl oueHb Mano paboT, rae Obl PEKOHCTPYKIIMU KIMMATUYECKUX YCIOBHH U
M3MEHEHUSIM Talleocpeibl B 3TO BpeMsl ObUIO yIeJeHO 3HAYMTeIhbHOEe BHUMaHue. M, kpome Toro,
PEKOHCTPYKIIUH, TIONYyYCHHbIE TIO0 PA3MUYHBIM MPHUPOJHBIM apXUBaM TPOTUBOPEUUBHI U
BBIJIC/ICHHBIE KIMMaTHdeckue curHansl acuuxporubsl (Roland et al., 2014; Pleskot et al., 2020).
B uenom mmst CeBepHoit EBpasum Oblia BBABUHYTa TUIOTe3a OO0 YBETHYEHUU aMIUIMTY/IbI
TEMIIepaTyp MEXIy Ce30HaMHU rojia B mepuoj «cooObitus 4.2 kan. ja.H.» (Persoiu et al, 2019).
[ToHmwkeHne 3UMHHUX TEMIIEPATyp CBSI3BIBAIOT ¢ ociabieHueM uciaHiackoro munumyma (Bradley,
Bakke, 2019).

[TomyueHHble HAMU KIMMATHYECKHE DPEKOHCTPYKIMH MO JaHHBIM pPa3pe3oB 03. MexykKou
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(3epunnkasi, Hoerko, 2016) u 6omot Crapocenbckuii Mox u KITFOKBa MO3BOJWIM BBIJCIUTH
TEIIYI0 M SKCTPEMalbHO Ccyxylo ¢(azy Mmexay 3.5 u 2.5 Thic. Kai. JLH. B 3T10T mepuon
CPEIHErOJIOBbIE U JIETHHE TEMIIEpaTypbl IIPEBBILIATM COBpPEMEHHbIE 3HaueHuss Ha [-2°C,
KOJIMYECTBO OCAJKOB ObUTO OJM3KUM K COBPEMEHHBIM WM HeMHOro Huxke (puc. 4). Jns storo
BPEMEHHOTO MHTEpBajla IO JaHHBIM M3 paspe3oB 0OonoT Crapocensckuilt mMox u Kiroksa
peKoHCcTpyHpoBaH HU3KMI nokazarens CMI, a taxxke Hanbosiee HU3KUI yPOBEHb OOJIOTHBIX BOJ 3a
BECh T'OJIOLIEH, YTO YKAa3bIBAET HA CYILECTBEHHOE CHM)KEHUE MOBEPXHOCTHOM BIIAXKHOCTH OOJIOTHBIX
IKOCHUCTEM B JICTHUH MEPUOJI, OYEBUJIHO, 33 CUCT M3MEHEeHUs Oananca ocaaku/ucnapenue (Novenko
et al., 2018, 2019). [ToreruieHue 0KoyI0 3.5 THIC. Kaj. JI.H. 3a)MKCHPOBAHO TAK)KE B KIMMATHYCCKUX
peKoHCTpYKIUAX s SpocnaBckoro [10BoKbs, TOJy4EHHBIX IO MaJIMHOJIOIMYECKUM MaTepuaiam
[Tonosenko-Kynanckoro 6osiota u o3epa [Nanmnu (Knumanos u ap., 1995, Benuuko u ap., 2001),
COTJIACHO KOTOPBIM BCE TEMIIepaTypHbIE ITOKa3aTeNd MpeBbIIanu coBpeMeHHble Ha 1.5°C.
VBenuuenue conepxanus katnona K* B nensaom kepue GISP2 B I'pennanjnu B 3TOT BpEMEHHOM
unrepan (puc. 3; Mayevski et al,, 2004) ykaswsiBaer Ha ycwieHue neiictBusi CHOMpPCKOTO
AQHTUIUKIIOHA, YTO BEPOSITHO, MPUBOAWIO K YBEIMYCHHIO TOBTOPSEMOCTH aHTHIIMKIOHAIHHBIX
ob6craHoBOK Ha BoctouHo-EBpornelickoii paBHHHE, U B JIETHUI MEPUOJT MOIJIO BBI3BIBATH 3aCyXU U
CO3/1aBaTh YCIIOBHS JJIsl BOSHUKHOBEHHS MTPUPOIHBIX MOKApOB. Pe3ynbTaThl M3ydeHUs] H3MEHEHUS
MTOKapHBIX PEKUMOB Ha TeppuTOpuu BocTouHO-EBpOneiickoi paBHUHBI B TOJIOLIEHE, OCHOBAaHHBIC
Ha TIOJICYeTax KOHIEHTPAIIMA MHUKPO- U MaKpOYACTHII YIJIS B OTJIOXKCHHSX, MOKA3aId yBEITHUCHHE
9acTOTHl ¥ WHTEHCHBHOCTH JIECHBIX MOXKapoB B mepuoa 3.5-2.5 Teic. Kaj. JLH. B Pa3IHIHBIX
perunonax (Novenko et al., 2016, 2019).

[loTeryieHne CMEHUJIOCH IUIaBHBIM TIOXOJOJaHHEM B Haudaje CcyO0aTIaHTHYEeCKOro Iepuojaa
(okomo 2.6-2.5 ThIC. Kal. JLH.). OTO TMOXOJOJaHHWE OTYETIUBO 3a(pUKCHPOBAHO  II0
naneoborannyeckuM maanueiM (Davis et al., 2003; Mauri et al., 2015) 1 H30TOMHO-KKCIOPOTHOMY
coctaBy JjeasHbIX KepHOB I'pemmangum (Thomas et al, 2007), a Taxke COMPOBOKIAIOCH
CHHXPOHHBIM yBEJIIMYEHHUEM pa3MepoB JICTHHKOB BO BCeX rOpHbIX cTpanax EBpomsr (Wanner et al.,
2008; Solomina et al., 2008). IToxosoaanne He OBLIO MOHOTOHHBIM M BKJIIOYAIO CEPHIO TEIUIBIX U
X0JOHBIX (pa3. B TeueHne mepBoro ThICSYENETHS HAIlllel 3pbl MHOTHE aBTOPHI BRIIEISIOT PuMckoe
IMoremnenue (2.0-1.7 thic. kan. .H.) u Iloxonomanue Temubix BekoB (1.7-1.2 ThIC. Kail. JLH.;
Buntgen et al., 2011; Helama et al., 2017; Gouw-Bouman et al., 2019). O630p 114 crarei,
nocesmeHHbIX [loxonmomanuio TemHBIX BEKOB MO BceMy MHpPY, BbimojiHeHHoe C. XemaMol c
coasropamu (Helama et al., 2017), mokasam, uro kmumar EBpombl B 3T0 Bpemsi ObL1 Oosiee
MPOXJIAJHBINA M BJIAXKHBIH, 4eM B HacTosiee Bpems. B nepuon 1.7-1.5 Thic. kai. J1.H. IPOUCXOAUIIO
yBenudeHue ropHoro oseneHenus (Solomina et al., 2008), moxbem yposus o3ep (Magny, 2004),
yBeJIMYEHHE JIeCUCTOCTH B JjecoctenHod 3oHe (HoBenko, 2016). OpHako peKOHCTPYKIIHH,
nostyueHHsle st Boctouno-EBpomneiickoit paBHUHBI WH(OPMAIMOHHO-CTATUCTUYECKUM METOJIOM
Mo JaHHBIM OosioTa YcBsaTckuih Mox (3anaanas J[BuHA), CBHAETENBCTBYIOT O TMOTEIUICHUU H
uccymenun kinumarta mexay 1700 u 1500 kan. n.H. (KoxkapunoB u ap., 2003), a pacyersl 1o
nanabM [lonoBenko-Kymnanckoro 6omnota B SApocnaBckom [IoBomKbE yKa3bIBaIOT Ha MOTEIICHUE U
yBeIMUEHHEe o0caakoB B TOT ke mnepuon (KmumanoB u ap., 1995). IlomyueHHble Hamu
PEKOHCTPYKIIUM  «METOJIOM  JYYIIMX  aHAJIOrOB» B  IIEIOM  OTPAXarT  YBEJIUYCHHE
TEIJI000ECTIEYeHHOCTH U COKpallleHHWe BIAXHOCTH KIUMaTa BO BpeMsi PUMCKOro moTeruieHus u
nocieayolee NoXoJoJaHue U yBeluueHue ocagkoB. K coxkaneHuio, B U3y4eHHBIX pa3pe3ax 3TH
WHTEPBAJIBI IPEACTABICHBI HEOOIBIIUM KOJIMYECTBOM 00Pa3IoB, YTO 3aTPYAHIET PEKOHCTPYKIIUIO.

JlanamagTHO-KIMMATHYECKUE HM3MEHEHHUS TMOCIEAHEr0 THICAYENeTUsI JETallbHO HW3YYeHBI
pPa3IMYHBIMU METOJIaMU C IIUpOKUM reorpaduueckum oxaroM (KmmmanoB u ap., 1995; Mann
et al., 2009; Wanner et al., 2008; Christiansen and Ljungqvist, 2012; Pages 2k Consortium, 2013,
2017). BeingeneHsl 1Be SIPKO BBIPAXKCHHBIX KIMMAaTHUYCCKUX (a3bl: Cpeoresekosas KiuMamuieckas
anomanus (CKA, 950-1250 rr. H.3.) u Manwiii reonukosuiii nepuoo (MJII1, 1400-1850 rr. H.3.).
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[TaneoknmuMaTuyeckre PEKOHCTPYKLUU C HCIOJIb30BAHUE DPA3IMUYHBIX IMPUPOAHBIX apXUBOB
xapakrepuszyror CKA kak Temnsli M OTHOCUTENIbHO cyxoit nepuox (Goosse et al., 2005).
EcTb naHHbIE O MOBTOPSIOLIUXCS JIETHUX 3acyXaX, BBISBICHHBIX B psAJie peruoHoB EBporbl
(Buntgen et al.,, 2010) u o cHwkeHun croka pexk B 3tor mepuon (Panin, Matlakhova, 2015).
XOTs pe3y/nbTaThl HEKOTOPBIX MaJEOKIMMAaTUYECKUX MCCIEAOBAHMM  yKa3plBalOT Ha PpPOCT
cpenHero1oBoro kosm4uectsa ocaakoB (Davis et al., 2003).

CorynacHO Maj€OKIMMATHUYECKUM PEKOHCTPYKLUMSAM [0 NaJIWHOJOTMYECKUX JaHHBIM C
03. PaiiractBepe, cpenneronoBas temneparypa B nepuoa CKA B crpanax bantum mnpessimana
coBpeMeHHBI ypoBeHb Ha 1°C (Seppa, Poska, 2004). B crmopoBO-TIBUIBIIEBBIX CICKTPax W3
OTJIOKEHUH psiia pa3pe30B LIEHTpalIbHBIX pailoHoB EBpomneiickoii yactu Poccun (Xotunckuit, 1977;
Knumanos u ap., 1995), ornocsmuxcs k CKA, oTMeUeHO yBeIMYEHUE A0 IIHPOKOIMCTBEHHBIX
nopoA: yba, numel, BA3). PeKoHCTpyKIMu naneoTemmepaTyp Ajis TeppUTOpUM tora Bannpaiickoit
BO3BBIIIEHHOCTH YKA3bIBAIOT Ha MOBBIIIEHUE CPEeIHETO0BhIX Temieparyp Ha 1.5°C. Pacuersr B.A.
KnumanoBa ans fpocnaBckoro [loBoikbsi mokasanu, YTO BCE XapaKTEPUCTHKU TeMIEpaTyp B
tedyenne CKA Obumum OIM3KHM K COBPEMEHHBIM, a KOJMYECTBO OCAaJAKOB — Ha 25-50 MM Humxke
(Kiiumanos u zp., 1995).

Pe3koe u riybokoe cHikeHue TeruiooOecnieueHHocTH B TedeHne MUJIII mpocnexuBaercs
MOBCEMECTHO KaK Ha paccMaTpuBAaEeMOM TEppUTOpUU, TaK U MO Bcemy CeBepHOMY MOITYILIAPHIO
(Christiansen, Ljungqvist, 2017). Bo3MokHO, MOHMXXEHHE TeMIepaTypsl B Mablii J1€THHKOBBIH
nepuo]; OblI0 HamboJee 3HAYUTENbHBIM W3 BCEX KIMMATHYECKUX OCHWUIALUN Ha MPOTSHKEHUU
rOJIOLIEHA, 332 UCKIIOYEHHEM, BEPOSITHO, «COOBITHA 8.2 ThIC. Kal. J.H.».

Hns LentpanbHoli EBponbl aHOMAJIMK JIETHUX, 3MMHHUX M CPEIHETOJOBBIX TEMIEpaTyp B 3TO
Bpemst coctaBisin 1°C (Davis et al.,, 2003; Mauri et al., 2015). Pexoncrpykuun K. Bapbep ¢
coasropamu (Barber et al., 2004) ¢ wucrmonbp30BaHMEM MATHHOJIOTHUYCCKHX JAHHBIX IO pa3pesy
03. Jlequuna B 3anagHoi Ilonbiie BeisIBHIIM OoJiee 3HAYUTENIPHOE MOXOJIOJaHUE B 3UMHEE BpeMms,
KOT/Ia CpeJHUE TeMIlepaTyphbl sIHBapsl U CPEJHEr0/0BbIe TEMIEepaTyphl ObUIM HHUKE COBPEMEHHBIX
3Hauennit Ha  2.5°C.  Jlna  tepputopum  I[lpubanTuku  CyIIECTBEHHOE  CHHIKEHUE
TEII000€CIIEYeHHOCTH YCTAaHOBJICHO IO JAaHHBIM psiia pa3pe3oB. CpeaHeroloBble TeMIIepaTyphbl
obLTu Ha 2°C HIDKe, 4YeM B HacTosee BpeMs (Seppa, Poska, 2004).

MUJIIT na Banjaiickoii BO3BBIIIEHHOCTH XapaKTEPU30BAJICS MOHWKEHUEM CpPEHEN TeMIeparyphbl
saBaps Ha 3°C (mo —12°C) m cpemneromoBoil Temmeparypbl Ha 2°C, HWIOJIbCKas TemIepaTypa
MEHSUIaCh HE3HAUMTENbHO. B  CIOpOBO-IBIIBIEBBIX CIEKTPax ATOr0 BPEMEHHOIO MHTEpBaia
MIPOUCXOUT Ppe3Koe MaJeHHe 0N TePMO(MUIBHBIX AJIEMEHTOB, MPAKTHUYECKH OO0 HMX MOJIHOTO
WCYE3HOBEHHMSI, U YBEJIIMYCHHUE POJIM TMBUIBIEI eIi. B cropoBo-mbUibleBbIX criekTpax [lomoBeriko-
Kynanckoro ©Oomora MJIIl mposiBuiics, MOMHMO Jerpajallid IIUPOKOIUCTBEHHBIX IOpPOJ, B
CYIIECTBEHHOM YBEIMYEHUH JIOJM KyCTapHUKOBBIX Oepe3. B.A. KimmaHOB oxapakTepus3oBaji 3TO
MOXOJIOJIAaHKUE HE TOJILKO MaJIeHHEeM 3UMHUX TeMIIepaTyp, HO U JIETHUX, U cpeHero1oBbix (Kimumanos
u ap., 1995). OTkioHeHus mocieHUX OT COBPEMEHHbIX 3HaueHui coctapmsuiu 2°C.

N3menenus kiumata B MJIIT okazanu Oonpiioe BiausiHEE Ha (IIOBUATBHOE 0CAIKOHAKOTIIICHHUE,
Kak B lleHTpansHOl, Tak U B BoctouHoil EBponie. POCT 4acTOTBI U BBICOTHI BECEHHUX MOJIOBOJINM,
¢dopMupoBaHHE BTOPHYHBIX BpE30B B OBparax M Oajkax CBHJIETEIbCTBYET 00 YBEIHMUEHHUH
BJIQKHOCTH KJIMMaTa B 3TOT nepuoa (Cunopuyk u 1p., 2018; Panin, Matlakhova, 2015).

OcHOBHBIC 3aKOHOMEPHOCTH THHAMHUKH KuMaTa B [lenTpaabHoii u Bocrounoii EBpone
B I0JIOLEHE U 0KUAaeMble JJAHIIIAPTHO-KIUMATHYECKHEe H3MEHEeHHU s

CornacHO KOHLEMIUH 00 aCHMMETPHH OCHOBHOTO KJIMMAaTUYECKOTO TPEHIA B MEXKJICAHUKOBHE
(Benmuuko, 2012), cpennerogoBas temmeparypa ansi CesepHoit EBpasum ObicTpo pocna B
HayvaibHble (a3bl TOJIOIEHA U IJIaBHO MOHMYXKAJIaCh B €ro BTOPOIl mojioBHHE. PacueTsl mokaszainy,
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YTO TPEHJ K MOTEIUICHHIO OT MO3JHENICIHUKOBBS 0 ONTHMyMa rojouena cocrasui 0.5° 3a 1000
JeT, a JUIs BTOPOH MOJIOBUHBI TEIUIOTO MEPHOAa 3TOT Mokaszareib He npesbimaer 0.3° 3a 1000 net
(bopucosa, 2014). OpmHako ciemxyeT OTMETHTh, 4YTO PACCMOTPEHHBIE  PEKOHCTPYKIUH
najgeoremuneparyp g teppuropuu LlenTpampHoit M BoctouHoi EBponbel B rosouneHe
JEMOHCTPUPYIOT, YTO CHH)KEHHME TEIUIOOOECIIEUEHHOCTH 3a [MEpHoJ, MPOLIeAIINl 1ocie
TEPMHUYECKOTO MaKCHMMyMa, €Ille He JOCTHIJIO YpOBHs panHero rojorena (Davis et al.,, 2003;
Novenko et al., 2018, 2019).

PaccMoTpeHHBIE BbIIIE JAaHHBIE TO3BOJIMJIM BBIACINWTH TPU OCHOBHBIX 3Tala H3MEHEHUS
KJIMMaTUYECKOTO PEKKMMa B TOJIONIEHE: ObICTpOe MmoTersieHne panHux ¢a3 rosonena (11.7-8.0 Tric.
KaJl. JL.H.), OCIIO)KHEHHOE Cepued OCIWIAINNA;, TepMUYecKuii Makcumym roJoneHa (8.0-5.7 Teic.
Kajl. JLH.), I8 KOTOpPOro OBLJIO XapakTEepHO OTCYTCTBUE KOPOTKONEPUOAHBIX U PE3KUX
KIIMMaTH4YE€CKU M3MEHEHHI; HalpaBJIE€HHOE MMOXO0JIOJaHUE BTOPOM IMOJIOBUHBI rojioneHa (5.7 ThIC.
KaJl. J.LH. — HAcTosIllee BpeMsi), C HAJOKEHHbIMU Ha HEro KBa3UT'ApMOHMYECKUMHU KOJeOaHUSMU
TEeMIIepaTypbl U 0CaIKOB.

[IpoBeneHHblii aHanM3 JaHAMWA(QTHO-KIMMATHYECKUX PEKOHCTPYKUMM JUIsl  TEppUTOPUU
[entpansHoit m Bocrouynoii EBponsl mNOKa3zad, 4YTO BBIACIEHHBIE IEPHUOABI MOXOJOJAHUM U
pasfengomuX MX IMOTEIUIEHWH KiIuMaTa B II€JIOM COBIMAJAIOT C dTalaMH, YCTaHOBJIEHHBIMU B
rnobanpHOM MacmTabe (Mayewski et al.,, 2004). PacxoxaeHuss BO BpeMEHH Hadajlla M KOHIIA
TEIUTBIX W XOJOAHBIX (pa3 B pasNuuHbIX pailoHax cocTaristoT 100-200 meT, 4To HAXOOUTCS B
npenenax JAOMYyCTUMOM MOTPEUIHOCTH PaJUOYIIEPOAHBIX JaT M TaKKe MOXKET OBITh CBA3aHO C
HETOYHOCTSIMHM TIOCTPOEHHSI MOJIesield BO3pacT/TiyOrHa s KOHKPETHBIX Pa3pes3oB, IO KOTOPHIM
MIPOBOJIMIIUCH PEKOHCTPYKIUU.

«Kputnueckass Touka» KIMMAaTHYECKUX H3MEHEHUH, CBsA3aHHas C «coObiTHeM 8.2 ThIC.
KaJl. JI.H.», KOTOpO€ TPEII0KEHO MEXKIyHAPOIAHOW CTpaTUTpauIecKoil KOMHUCCHEH B KadyeCTBE
rpaHuibl panHero u cpeanero rojoreHa (Walker et al,, 2019; Head, 2019) B IlenTpanbHoii u
Bocrounoit EBporie, siBisieTcss TOBOPOTHBIM COOBITHEM TPH MEPEX0/IE KIMMATHIECKON CUCTEMBI OT
MOTEIJICHUS! PAaHHEro TOoJIONeHa K €ro TepMHUYEeCKOMYy MakcumMyMmy. M3MeHeHus Kiumara,
CBSI3aHHBIE C «COObITHEM 4.2 ThIC. Kaj. J.H.», MPEUIOKEHHOTO KaK PyOeK CpeIHEero W MO3JIHEro
rojorieHa (Head, 2019), mo HamuM JaHHBIM [POCIEKHBAIOTCS HE TaK OTYETIMBO, Kak
MOXO0JI0JaHue OKOoJIO 5.7 ThiC. Kail. J.H. B IlenTpansnoii 1 Bocrounoii EBporne, HaunHast ¢ 5.7 ThIC.
KaJl. JL.H., MEHSETCS HampaBJIEHHOCTh KIMMATUYECKOTO TPEHJAA, YCUIMBACTCS CEKTOPHAs
muddepeHnranus pacTUTEIFHOTO TOKpoBa. B 3amagHbix palioHax HayMHAETCs SKCHaHcus Oyka U
rpaba, Ha BOCTOKE HaYMHAET PacpOCTPAHSITHCS €lb.

CornacHo moclneHUM OLIeHKaM MeXNpaBUTEIbCTBEHHON T'PYMIbl KCIEPTOB MO MU3MEHEHHIO
knmumata (IPCC, 2013), ocHOBaHHBIM Ha pe3yJbTaTax MOJENbHBIX JKcrepuMeHToB CMIPS
(Coupled Model Intercomparison Project, Phase 5) 1o 4eTbipeM OCHOBHBIM CIIEHAPHUSIM
pENpe3eHTaTUBHBIX TPAEKTOPUI KOHICHTpanuii mapHukoBbix ra3oB (RCP2.6; RCP4.5; RCP6.0 u
RCP8.5), pocT cpemHeriobanbHOM TeMIlepaTypbl K KOHILY TEKyIero crojerus cocraBut ot 0.3°C
(naunbonee msrkuii cuenapuii RCP2.6) mo 4.8°C (mambosee »xectkuii cuenapuit RCP8.5) .
VBenuueHne KoJIu4YecTBa 0caakoB coctaBuT oT 6% (RCP2.6) mo 12% (RCP8.5). Omenka pocra
CpeAHeroJJoBoil Temrneparypsl Bo3nyxa B LlenTpanbHoit u Bocrounoit EBporne k xoniy XXI Beka B
paMKax S3THX ClieHapueB Mnpeanonaraer ee ypeiauueHue Ha 2.0-2.5°C mo HamOosee MATKOMY
cueHapuio 1 Ha 6.0-7.0°C no nHaubosnee xectkomy. IIpupocT cpenHerogoBoro KoamyecTBa 0cakoB
coctaBut oT 7% (RCP2.6) mo 15% (RCP8.5; IPCC, 2013).

Hcnonw3ys Mero] mnaneoaHanoros, mnpemioxxkeHHsld M.U. Byabiko (1980) u  mmpoxo
npumensiemMbiii A.A. Bennuko ¢ coaBropamu (Bemmuko, 2012; Knumater u nmanamadgTser CeBepHO
EBpazun ..., 2010) mi1s mporHO3MPOBAHUS BO3MOXKHOM JMHAMHUKHU JIaHAIIA(PTOB M KIMMara ¢
UCIOJb30BAHUEM TajieoreorpaMueckiuX JaHHBIX, MOXKHO MPEUIOKUTh YCIOBHS TEPMHUYECKOTO
Makcumyma rojoueHa (8.0-5.7 ThIC. Kaj. JI.H.), KOTJIa CPEeTHEero/I0Bble TeMIepaTyphl MPEBbIIIAIN
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COBPEMEHHBIC B paccMarpuBaeMoM peruoHe Ha 2-3°C, W yclOBHs TMEpPHOJOB TMOTEIUICHUH B
uHTepBanax 3.5-2.5 Tteic. kam. JLH., 2.0-1.7 TteIc. Kayu. s.H. (PuMckuii Teriblii mepuona) u
CpenHeBeKOBOM KIMMATHYECKON aHOMaJIMHM, KOT/Ia OTKJIOHEHHS CPEIHEroJIOBBIX TeMIepaTyp OT
COBpeMeHHBIX 3HaueHWil coctaBmsuii oT 1.0 mo 2.0°C, B KauecTBe BO3MOKHBIX TPACKTOPHUU
M3MEHEHWUsI PUPOTHON Cpebl IPY NOTEIUICHUH KiIMMaTta B ciiydae peanu3anuu cueHapue RCP2.6
u RCP4.5. Cuenapun RCP6.0 u RCP8.5 mpeamnonararor Oosbliiee OTKIOHEHHE TEMIEpaTyp OT
COBPEMEHHBIX 3HAYCHWH, 4YeM ObUIO BBIABICHO B Te4YeHHE TroyoleHa. [lameoanamorn STHX
00CTaHOBOK CJIeIyeT UCKATh B YCIOBUAX 00Jiee paHHUX MEKJIICTHUKOBHIA.

[IpuauMas BO BHUMAaHHE JIAHAMAPTHO-KIMMATHYECKHE PEKOHCTPYKIUU JUIS TOJOICHA
[entpansHoit 1 Bocroynoi EBpombl, MOXHO OXHJIaTh W3MEHEHUN BHYTPEHHEH CTPYKTYpBI
Te0CUCTEM, OCOOCHHO, B BOCTOYHOI CEKTOpE paccMaTpUBAEMOTO TPAHCEKTA, a TAKXKE YBEITHMUCHHUE
9acTOTHI TI0)KApPOB, BBI3BAHHBIX €CTECTBEHHBIMH NPUYMHAMH, a TaKXKe BO3PACTAHHWE YaCTOTHI
KaTacTpo(pHUUECKHX SBICHUH, CBSI3aHHBIX C HEPAaBHOMEPHOCTHIO BBINIAIEHHs 0caaKkoB. OTHAKO Jaxke
U1t HanOoJiee Pe3KUX MePEeCcTPOeK JaHAMAPTHEIX KOMIIOHEHTOB B TOJIOLIEHEe TPEOOBATNCH CTOJIETHS
U JJaKe TBHICSYETIETHS, B TO BpeMs Kak oxunaemoe B XX Beke moTerieHue KimMaTa MOXKeET 3aHATh
MIEpUO/I MEHEe CTa JIeT. ATaNTHBHBIE MEXaHU3MBI TE€OCHCTEM 00JIaIaf0T OTIPEICICHHOW UHEPITHEH,
M, OYEBHJIHO, IIPU MTPOTHO3E CIIEAYET YUUTHIBATh HEKOTOPOE 3aIa3IbIBaHNe OTKIIMKA JIAHAAQTHBIX
KOMIIOHEHTOB Ha MOTEIUICHUE KIINMATa.
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The paper presents a review of modern studies of the Holocene landscape and climatic changes. A
large amount of paleobotanical data and paleoclimatic reconstructions for the forest zone of Central
and Eastern Europe in a frame of latitudinal transect between N52° and N58° were summarized, and
compared with the published materials of paleoecological and paleographical researches for the same
regions. The author analyzed the expected climatic changes according to the scenarios of
representative paths of greenhouse gases concentration, which were compiled by the
Intergovernmental Panel on Climate Change. The obtained data allowed us to determine 3 main stages
of the Holocene paleoenvironmental changes. 1) Fast warming in the early Holocene (11.7-8.0 ka
BP), which included series of climate oscillations. During this period the broadleaf forests replaced the
birch and pine-birch ones that were spread in the periglacial formations in the early Holocene.
Expansion of broadleaf species in Eastern Europe occured 2 thousand years later than in Central
Europe. 2) The Holocene Thermal Maximum (8.0-5.7 ka BP) without any abrupt and short-term
climatic changes. During this period a continuous zone of broadleaf forests occupied Central and
Eastern Europe. 3) Progressive cooling of the second half of the Holocene (5.7 ka BP — present) with
quasiharmonic temperature and precipitation fluctuations. Regional differentiation of landscape cover
became more prominent. Beech and hornbeam started to expanse into the eastern regions, while spruce
spread through the western ones. The Holocene climatic reconstruction throughout the latitudinal
transect in Central and Eastern Europe could be used as the different scenarios of possible climatic
changes in the current century, the author can expect that temperatures growth, especially during
summer, will eventually lead to climate aridization as a result of changes in precipitations/evaporation
ratio, and will probably become there as of of increasing wildfires and weather extremes due to the
uneven precipitation.
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For a long time the assessment of reaction of landscape components to the global climatic
changes has been one of the most important and fundamental scientific issues in need of
comprehensive study. Considering that current tendencies of climate change are primarily shown in
the fast air temperature growth (IPCC, 2013), a retrospective analysis of landscape and climate
conditions of Central and Eastern Europe during the Holocene can be a very useful and efficient for
the adequate understanding of modern processes of environmental transformation under the
influence of global warming, as well as for determination of its main evolutional trends (Velichko,
2012; Bradley, 2008). It is especially interesting to analyze the abrupt and short-term climate
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fluctuations when instability of climate system was more prominent.

First generalization of palynological data on the postglacial stage of nature evolution in Europe,
north to the Alps was performed by F. Firbas (1949), M.I. Neyshtadt (1957) and V.P. Grichuk (1969,
1982). A significant input to the studies of flora and vegetation in the Late Glacial and Holocene
periods was made by N.A. Khotinski (1977). The articles on climatic conditions of the Holocene on
the global and macro-regional scale were written by A.A. Velichko et al. (a series of atlases-
monographs “Dynamics of Landscape Complexes ...” (2002), “Paleoclimate and Paleolandscapes ...”
(2009), “Climates and Landscapes of North Eurasia ...” (2010), by O.N. Solomina (2010),
O.K. Borisova (2014) and some foreign researchers (Davis et al., 2003; Mayewski et al., 2004;
Wanner et al., 2008; Mann et al., 2009; Mauri et al., 2015; Christiansen, Ljungqvist, 2017; PAGES 2k
Consortium, 2013, 2017). A vast amount of works, the most significant of which the author will
address below, was written on the subject of vegetation and climate reconstruction in the Holocene at
the regional scale, where reconstruction was based on palynological data of the soil profiles of
alluvial, lake and bog sediments in Central and West Europe.

In this article the author generalizes paleographic data for the Holocene of Central and West
Europe, for the territory in the belt of latitudinal transect in forest area, between N52° and N58°.
The diversity of physiographical conditions and provincial differences of the modern vegetation along
the studied latitudinal profile allow us to analyze the geographical patterns and regional features of the
way that vegetation of Central and West Europe reacts to climatic changes nowadays, as well as in the
last eras. The Holocene landscapes and climate dynamics revealed from paleobotanical data and
paleoclimatic reconstructions obtained by different methods, were compared to the materials of testate
ameobae, geomorphological, isotope-geochemical and other proxy that were published for the same
territory.

The age of the lower Holocene boundary was 11.7 ka BP, determined by the changes of
isotope-oxygen ice composition in the NGRIP borehole in Greenland (Walker et al., 2019;
Head, 2019). To study vegetation and climate dynamics of the Holocene, the Russian researchers
usually use the Blytt-Sernander periodization scheme, which was originally created for North
Europe and later modified by N.A. Khotinski (1977) for European part of Russia. The foreign
regional modifications of the scheme were widely used until the 1990s and have almost fallen out of
use today, so now researchers usually use the terms of absolute age to reconstruct a sequence of
Holocene events. According to the Blytt-Sernander classification, the Holocene consists of
5 climate periods: Preboreal (11.7-10.5 ka BP), Boreal (10.5-8.8 ka BP), Atlantic (8.8-5.3 ka BP),
Subboreal (5.3-2.6 ka BP) and Subatlantic (2.6 ka BP — present). On the basis of the studied ice
cores and speleothems, the International Commission on Stratigraphy divides the Holocene into
3 periods: Greenlandian — 11700-8236 ka BP to 2000 CE, Northgrippian (mid) — 8236-4250 ka BP
to 2000 CE, and Meghalayan (late) — 4250 ka BP to present (Head, 2019; Walker et al., 2019).
However, the boundaries of sub-eras, especially between the Mid- and Late Holocene, were a
subject of serious discussions between the scientists. In this article to analyze a sequence of the
Holocene events, the author mostly uses the data of absolute date determination in comparison to
the accepted periodization methods, which are considered to be chronological sub-divisions rather
than climatic and stratigraphic.

11.7-8.0 ka BP (Early Holocene, Preboreal, Boreal and Early Atlantic Periods)

There are not many landscape-climate reconstructions for the Preboreal period of the Holocene.
This period is mostly considered to be a unified span of birch and pine-birch forests development.
Despite the very close composition of pollen spectrums, the vegetation along the studied latitudinal
transect shows the signs of sectorial differentiation. In the Early Holocene the forest communities of
its western area included elm, while in the later phase it also included oak, alder and hazel (Fig. 1; Litt

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2020, Vol. 4, No. 4



NOVENKO 83

et al., 2001; de Klerk, 2008). The Latvian profiles showed the particles of hazel and elm pollen in the
spectrum from 11.0 ka BP, while alder and oak became a constant component of spore-pollen spectrums
from 10.1 ka BP (Heikkil4 et al., 2009). Meanwhile, in the western areas vegetation composition kept
the fractions of periglacial flora (Khotinski, 1977). Single pollen grains of deciduous species appeared in
the spectrums of the East European Plain profiles only after 9.7 ka BP (Fig. 2).

Glaciological, palynological and isotope-geochemical studies of the profiles on the continental
and marine sediments in North Europe, which were carried out with a high temporal resolution
(Bjorck et al., 1996), and changes of isotope-oxygen composition of the Greenland ice cores
(Thomas et al., 2007), show that the Preboreal period had some phases of temperature drop
(Fig. 3). The first drop was named a “Preboreal oscillation” and reconstructed for the period of
11.3-11.15 ka BP. The second one, a so-called “10.2 ka BP event”, happened right between the
Preboreal and Boreal periods. According to the changes of K* composition in the GISP2 ice core in
Greenland (Mayewski et al., 2004), acting as an indicator of the Siberian High intensity, and Na™,
reflecting the depth of the Icelandic Low development, the westerlies weakened during this period,
while the Siberian High increased (Fig. 3).

Short-term landscape-climatic changes during the Preboreal period were registered after
detailed studies of some profiles on lake sediments in Netherlands (Bos et al., 2007) and
Switzerland (Lotter et al., 1992). Paleo-environmental changes in the northwest of the East
European Plain connected by Preboreal oscillation were found in the profiles of Medvedevskoye
and Pastorskoye Lakes in Karelia (Subbeto et al., 2003). In the eastern part of the studied area on
the Polovetsko-Kupanskoye bog profile, the Preboreal consists of 2 phases: temperature rise or a
“Polovtsian warming” on its early stage, and temperature drop in its second half, also called a
“Pereslavsky cooling” according to N.A. Khotinski (1977).

Boreal sediments of the Holocene were found in numerous soil profiles in Central and Eastern
Europe. The palynological data showed that at 10.5-8.8 ka BP the birch-pine and oak-pine forests
with elm and hazel undergrowth were widespread in the territory of modern Germany, Poland and
the Baltic states (Fig. 1; Jahns, 2000, 2007; Bos, Urz, 2003; Heikilla, Seppd, 2004; Seppéd, Poska,
2004; Lamentowicz et al., 2008; Galka et al., 2013). Researches of T. Giesecke et al. (2011) was
based on large factual materials and showed that culmination of hazel pollen fraction in the Early
Holocene was almost same both for Western and Central Europe at 10.5-8.0 ka BP. In the east the
increase of deciduous species pollen was slightly delayed. For example, in the profiles of
Mezhuzhol and Staroye Lakes in Belarus, the sum of pollen of broadleaf species at 10.5-10.0 ka BP
did not exceed 5%, and grew up to 20% at 9.5 ka BP (Zernitskaya, Novenko, 2016; Zernitskaya et
al., 2019).

According to the results obtained after some profiles study in the central regions of the East
European Plain, its vast territories were covered with sparse pine-birch forests (Khotinski, 1977;
Velichko et al., 2001; Khotinski, Kilmanov, 1997; Krementsky et al., 2000; Wohlfarth et al., 2007).
In the south, on the Central Russian Upland, the pine-birch forests with some deciduous species
were widespread (Fig. 2; Kilmanov, Serebryanaya, 1986; Novenko et al., 2015).

Climate reconstructions of Central Europe showed that during the Boreal the average air
temperature in January did not exceed -2°C, and the average June temperature was never lower than
15°C (Zagwijn, 1994). According to those reconstructions that were based on the ratio of beetle
species, the summer temperatures of Northern Europe were about 17-19°C, and even higher in
Central Europe (Coope, 1998).

Reconstructions based on the palynological data taken from Mezhuzhol Lake profile in Northern
Belarus (Zernitskaya, Novenko, 2016) showed that the average annual, winter and summer air
temperatures were 4°, -8° and 16°C respectively at 10.5-9.5 ka BP, which was 2°C lower than
nowadays; at 9.5-8.5 ka BP the winter and annual temperatures grew significantly and were about
-6.5° and 6.0°C, while the summer temperatures were close to the current ones, about 18°C.
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Fig. 1. Changes in pollen content of the main forest-forming tree species in the diagrams for the
lake sediments from the Central and Eastern Europe profiles. The short diagrams were made on the
basis of the “European Pollen Database” (2007).
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Fig. 2. Changes in pollen content of the main forest-forming tree species in the diagrams for the
East European Plain profiles, recorded on the basis of O.K. Borisova, K.VV. Kremenetsky and
E.M. Zelikson researches on Dolgoye Lake and with the help of “European Pollen Database”
(2007), other profiles were made on the basis of the author’s records.
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Fig. 3. The main landscape and climatic changes in Europe during the Holocene. Legend: 1 —
winter and summer insolation values at 60°N and 60°S latitude (Berger, Loutre, 1991); 2 —
reconstruction of the mean annual temperature in Europe during the Holocene, expressed as
deviations from current values (Davis et al., 2003); 3 — change of the isotope-geochemical
composition of ice cores GRIP and GISP2 in Greenland: the content of the cation K* and cation Na*
GISP2 ice core (Mayewski et al., 2004), changes in 520 in ice core GRIP (Johnsen et al., 1992);
4 — change in the intensity of ice-rafted debris in the North Atlantic, expressed as a percentage of
petrological markers (Bond et al., 1993); 5 — fluctuations in the level of lakes in France and
Switzerland, the number of radiocarbon dates of higher and lower lake-level events in successive 50
years intervals (Magny, 2004); 6 — changes in micro- and macro-charcoal accumulation rates
(CHAR) in lake and peat deposits in Central and Eastern Europe expressed as Z-score of CHAR
(Feurdean et al., 2020).

Fast warming and relatively warm climate conditions in the Boreal period were also determined for
the coastal territory of the Baltic Sea. For example, Latvian summer temperatures at 10.0 ka BP were
about 17°C (i.e. 1°C lower than modern indices), but they increased by 1.5°C at 9.0 ka BP (Heikkila,
Seppd, 2010). All temperature indices were lower than the modern ones in the central regions of the
East European Plain at 10.1-7.9 ka BP (Khotinski, Kilmanov, 1997; Novenko, Olchev, 2015).
Reconstructions of paleo-temperatures obtained from various natural archives, make it possible
to find a short-term and abrupt climate cold snap, or the so-called “8.2 ka BP event” (Borzenkova et
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al., 2017; Alley et al., 1997; Thomas et al., 2007; Daley et al., 2011). According to our results, the
average annual temperature in the Upper Volga basin in 8.1-8.5 ka BP dropped by 2-3°C (Novenko,
Olchev, 2015). Reconstructions based on the palynological data from the profiles of Estonia (Seppé,
Poska, 2004), Finland (Heikkil&, Sepp&, 2003) and Southern Sweden (Antonsson, Seppé, 2007),
showed that the average annual temperatures decreased by 1.5-2.0°C during the “8.2 ka BP event”.
Reconstructions made on the basis of diatom analysis data showed that the summer temperatures
dropped by 0.75-1.0°C in the north of Finland (Korhola et al., 2000). B.A.S. Davis et al. (2003)
generalized a large number of pollen diagrams and climate reconstructions and reconstructed a
decrease by 1°C in the average annual temperature for Europe at 8.2 ka BP (Fig. 1). The reason for
this significant temperature drop, which was reconstructed in Europe at 8.4-8.0 ka BP, as well as for
the previous Preboreal cold snaps that we already studied, was a weakening of thermohaline
circulation in the North Atlantic region (Teller et al., 2002). During a cold snap at 8.2 ka BP these
changes could be the result of a release of large fresh water masses into the ocean from the large
periglacial Agassiz Lake in North America (Borzenkova et al., 2017; Keigwin, Boyle, 2000).

Reconstructions of the annual sum of precipitation and quantitative characteristics of climate
humidity are a difficult task, and their results for the Early Holocene in Europe can be found only in
a small amount of works (Barber et al., 2004; Harrison et al., 1996; Allen et al., 2007). Since the
studies of A. Blitt at the end of the X1X century, a common opinion stated that the Boreal climate of
the Holocene was dry, which was later noted in many other studies and then made it to climatic
stratigraphic schemes of the Holocene (Khotinski, 1977).

Climate humidity data for the East European Plain proved that temporal and spatial dynamics of
precipitation amount are complicated. According to our studies, the average annual amount at 9.5 ka
BP was lower than the modern values of the Upper Volga basin and in Valday Upland, and higher in
the northwest of the Central Russian Upland (Fig. 4). An almost simultaneous increase of
precipitation in the entire territory of the central regions of European Russia was reconstructed for the
period of 9.1-8.5 ka BP, when precipitation was 100-200 mm higher than nowadays (Novenko,
Olchev, 2015).

Reconstructions of the wildfires changes in the Holocene showed an increased frequency of fires
in different regions during the Boreal period (Zernitskaya et al., 2019; Novenko et al., 2016), which
may indicate that summer precipitation was uneven and fire hazardous meteorological conditions
were recurrent. Once the data on concentration of micro and macro coal particles in the lake and bog
sediments from 117 profiles of Central and Eastern Europe was generalized (Feurdean et al., 2020),
we determined the maximal accumulation speed of these particles in the Holocene, between 9.0 and
8.0 ka BP for the entire macro-region (Fig. 3). This indicated that wildfires were frequent and severe.

Data on lakes level fluctuations can be an indirect source of information on climate humidity.
The studies of some lakes in Switzerland and the French Alps (Magny, 2010) resulted in a complex
humidity dynamics in the Early Holocene and were based on 180 radiocarbon, dendro-
chronological, and archaeological dating. The phases of increased water level in the lakes were
revealed for the periods of 10.3-10.0 and 9.55-9.15 ka BP, between which the level was
significantly lower than nowadays. The studies that took place in southern Sweden (Harrison,
Digerfeldt, 1993) showed an extremely low water level in the lakes at approximately 10.5-9.7 ka
BP, however, then it changed into a quick level rise.

8.0-5.7 ka BP (Mid-Holocene, Mid- and Late Atlantic Period)

Many works on the subject of vegetation and climatic changes in the Holocene showed that
Europe was at its highest heat availability (Khotinski, 1977; Dynamics of Landscape
Components ..., 2002; Paleoclimate and Paleolandscapes ..., 2009; Zagwijn, 1994; Davis et al.,
2003; Mauri et al., 2015; Borisova, 2019) and relatively stable climate conditions (Borisova, 2014;
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Mayewski et al., 2004) at 8.0-5.7 ka BP. In the Russian literary works this period is called the
Holocene climatic optimum (Khotinski, 1977). In the foreign works it is usually called the Mid-
Holocene thermal maximum.
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Fig. 4. Climatic changes in the East European Plain during the Holocene. Paleoclimatic
reconstructions by data from the Klukva bog (Novenko et al., 2019), Staroselsky Mokh bog
(Novenko et al., 2018) and Lake Raigastvere (Seppa, Poska, 2004).

At 8.0-5.7 ka BP Central and Eastern Europe had a unified zone of deciduous forests (Fig. 1, 2).
Oak, linden, elm and alder forests with sparse yew and holly were growing in the northeastern
Atlantic part of Europe. Oak forests were extremely developed in Germany, Southern Sweden,
Denmark and Poland, supplanting pine formations (Latalowa, Nalepka, 1987; Jahns, 2000, 2007;
Kalis et al., 2003; Lamentowicz et al., 2008; Kulesza et al., 2012; Gatka et al., 2013). EIm, linden,
alder and hazel played a major role in those forests. Spruce and fir were part of the tree stand in the
Hercynian mountains (Black Forest, Thuringian Basin, Bohemian Massif; Harmata, 1987).

In the Baltic states the mixed oak-elm-linden forests with a lot of alder were very widespread.
In the north and east of Belarus oak forests were prevailing, while in the west deciduous forests
were mixed with pine-deciduous ones. According to some works written on the subject of
vegetation development in European Russia in the Holocene (Khotinski, 1977; Velichko et al.,
2001; Sapelko et al., 2014; Ershova, Krenke, 2014; Novenko, 2016; Nizovtsev et al., 2020;
Kremenetski et al., 2000; Nosova et al., 2019; Tarasov et al., 2019; Miagkaia, Ershova, 2020), the
central regions of the East European Plain were covered with deciduous forests of oak, elm and
linden with hazel undergrowth. In the lands of Belarusian Polesia, Prinemanye and Meshchera
Polesia Lowlands the pine forests were growing along with some deciduous species and alder
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(Bolikhovskaya, 1988; Zernitskaya et al., 2019, 2010; Novenko et al., 2016).

Many literary sources were written on the subject of reconstructions of the Atlantic climate
conditions of the Holocene on a global scale (Guiot et al., 1993; Cheddadi et al., 1997; Tarasov
et al., 1999; Dauvis et al., 2003, Mayewski et al., 2004; Wu et al., 2007; Mauri et al., 2015), as well
as on a regional one (Korhola et al., 2000; Heikkild, Seppd, 2003; Seppa, Poska, 2004; Antonsson,
Seppd, 2007; Borisova, 2019). While analyzing the existing data on the paloclimate conditions at
8.0-5.7 ka BP in Central and Eastern Europe, we can conclude that climate became warmer and the
temperature gradient weakened from east to west. For example, the reconstructions performed by
W.H. Zagwijn (1994) with the method of indicator species, on the basis of the data taken from 136
profiles throughout Europe, showed that the summer and winter temperatures of Germany and
Western Poland were very close to the modern ones (T=-1...0°C; Tvi=19°C). Reconstructions of
paleotemperatures by the “Best Modern Analogue technique” on the basis of profile data obtained
from Lednitza Lake in Central Poland (Barber et al., 2004) determined that the average January
temperature was about 0°C, which is 2°C higher than nowadays.

The reconstructions obtained with the help of transfer function on the basis of the palynological
data that was taken from the profiles of Raigastvere (Fig. 4), Viitna and Ruila lakes in Estonia,
show that the average annual temperatures in the Mid-Holocene grew up to 8-9°C, which is 3-3.5°C
higher than the modern temperatures (Seppd, Poska, 2004). The reconstructions of summer
temperatures by the same method based on data from Kuryanovas Lake in Latvia, indicate that
summer temperatures grew up to 19-20°C, i.e. 2-3°C higher than they are today (Heikilla, Seppa,
2010). When paleotemperature data (Seppd, Poska, 2004), based on 36 reconstructions of the
average annual temperature and temperature of July, estimated for individual profiles of
Scandinavia and the Baltic states, was generalized, it was determined that at 8.0-4.8 ka BP there
was an obvious maximum of climate heat availability, when the annual air temperatures were
exceeding the modern ones by 2°C in general.

A significant climate warming at 8.5-5.7 ka BP was also registered in Northern Belarus.
The average annual temperatures increased by 2-4°C in comparison to the modern ones, and the
winter temperatures grew significantly (Zernitskaya, Novenko, 2016).

The reconstructions of climatic characteristics in the eastern part of the studied latitudinal
transect, were based on the palynological data of the Staroselsky Mokh bog (Fig. 4) and revealed
that conditions of heat availability in the south of the Valdai Upland at 7.5-6.5 ka BP were close to
the modern ones; while at 6.5-5.9 ka BP the average annual temperature was 6°C, exceeding the
modern ones by 2°C. According to the reconstruction carried out by O.K. Borisova (2019) on the
basis of the analysis of ecological confinement and geographic distribution of fossil flora from the
Atlantic sediments of the Holocene, the heat availability in the Upper Volga Basin was significantly
higher for the entire period of 7.6-5.9 ka BP. The average January temperature exceeded the modern
values by 6°C, and the average July temperature was close to the modern ones (17°C). As our
reconstructions demonstrate, based on palynological data from the Klyukva bog (Fig. 4), in the
northwest of the Central Russian Upland a significant warming was registered for the period of 7.5-
5.7 ka BP, when the average annual temperature was 3°C higher than nowadays.

Generalization of palynological data from more than 5000 profiles of Europe (Davis et al.,
2003; Mauri et al., 2015) made it possible to determine 6 regional types of paleoclimatic changes.
These calculations showed that the maximal heat availability in the Atlantic period was very
prominent in Northern Europe and Fennoscandia, mostly due to the growth of summer
temperatures. In Central Europe the thermal maximum of the Mid-Holocene was weaker, and the
positive anomalies of average annual temperatures did not exceed 1°C (Fig. 3). The same results
were obtained by the researchers of the BIOMEG0O Project (Wu et al., 2007) and by R. Cheddadi
et al. (1997), who used the data of the bioclimatic modeling on the basis of the palynological
materials around the world. However, according to these model calculations, climate warming in
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the northern and Atlantic regions of Europe took place both during the summer and winter periods.
It is worth noting that during the climatic changes analysis in the said works only a small amount of
data from the regions east of Poland was took into account.

Reconstructions of quantitative values of climatic characteristics of the Northern Hemisphere
were carried out by A.A. Velichko et al. (Paloclimates and Paleolandscapes ..., 2009) on the basis
of the data of 400 spore-pollen diagrams. They showed that the most positive deviations of average
annual air temperature were common for the circumpolar regions. In the mid-latitude Europe belt
the average annual temperature was higher than the modern one by 1-2°C. The reconstructions
obtained by P.E. Tarasov et al. (1999) for the chronological profile 6000 **C BP (about 6.8 ka BP)
for the territory of the former USSR and Mongolia showed the same result, with the average annual
temperatures exceeding the modern ones by 2°C in European Russia.

There are not many quantitative estimations of the average annual precipitation in the
Holocene. Mostly, they consist of indirect data on climate humidity changes for various regions.
According to the reconstruction of the annual precipitation sum deviating from the modern values in
the Northern Hemisphere at approximately 6.8-6.3 ka BP (6.0-5.5 ka *C years ago), calculated by
A.A. Velichko et al. (Paleoclimates and Paleolandscapes ..., 2009), the average annual precipitation
in Central Europe was close to the modern values, while in Eastern Europe it decreased by 25 mm
per year in the studied transect. Similar results were obtained for the same area by G. Guiot et al.
(1993). Their calculations of the difference between precipitation and potential evaporation showed
that the climate was slightly drier in Central Europe at about 6.8 ka BP (6000 *C BP), and the
humidity conditions were close to the modern ones in the territory of the East European Plain, with
the exception of the eastern part of European Russia.

The characteristics of climate humidity changes which we obtained for the territory of the East
European Plain, showed that the annual precipitation in Northern Belarus (Zernitskaya, Novenko,
2016), in the west of European Russia on the Ilmen Lowland (Nososva et al., 2019), and in the
northwest of the Central Russian Upland (Klyukva bog) was close to the modern values, which,
together with the summer temperatures rise, could possibly cause the drying of the climate due to
increased evaporation. In the south of the Valdai Upland, according to the reconstruction based on
the data from the Staroselsky Mokh bog, the annual precipitation at 7.5-6.8 ka BP was lower by 50-
75 mm than now, while humidity conditions at 6.8-6.1 ka BP were close to the modern ones.
Reconstructions made by V.A. Klimanov on the basis of the data from the Polovetsko-Kupansky
bog, also showed that the average annual precipitation decreased by 25-50 mm in the Yaroslavl
Volga Region during the entire Atlantic period of the Holocene (Khotinski, Klimanov, 1997).
According to O.K. Borisova (2019), the annual precipitation was about 600 mm per year for the
same territory, which is close to the modern values.

To characterize the humidity conditions during the Holocene, we used the climate moisture
index (CMI). It is based on the ratio of annual precipitation and potential evaporation or volatility
(Olchev et al., 2020). The required potential evaporation is calculated with the help of the Priestley-
Taylor equation, using the data on vegetation and temperature changes, which was reconstructed
from palynological data obtained from the Staroselsky Mokh and Klyukva bogs. The calculations
showed that evaporation rate on the Valdai Upland was almost equal to the amount of precipitation
at 7.0-5.5 ka BP, while in the north of the Central Russian Upland it exceeded them (Fig. 4),
indicating there were relatively dry climatic conditions (Novenko et al., 2018, 2019).

One of the indirect indicators of humidity decrease in the Mid-Holocene is the data on the lake
level changes. Generally, in Central Europe the decrease happened about 7.0 ka *C years ago
(Magny, 2004). However, the lakes levels in some regions, i.e. Southern Sweden, could
significantly drop as well as rise (Harrison, Digerfeldt, 1993). The research on the river bends
morphology, carried out by A.Yu. Sidorchuk et al. (2012), proves that level of the rivers dropped
during the same time period in the East European Plain. Formation of small river paleobeds and soil
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horizons in the floodplains in the northern and central parts of the East European Plain indicates that
in the Holocene water discharge that was forming the riverbeds significantly decreased for a long
period, and the floodplains were waterlogged (Sidorchuk et al., 2018).

Another approach to the humidity conditions assessment is the reconstruction of the changes of
the bog waters level by the rhizopoda data. These calculations used a transition function on the
basis of the species composition changes in the testate amoebae communities from the Tukhola bog
in Northern Poland (Lamentowicz et al., 2008). They identified an extremely dry period at 7.15-
6.8 ka BP, which correlated well with the data on the level fluctuations in the lakes of the same
region (Ralska-Jasiewiczowa, 1989). The researches in the south of the Valdai Upland allowed us to
determine 2 periods at 7.0-6.2 and 6.0-5.5 ka BP, when the surface humidity decreased in the
Staroselsky Mokh bog (Fig. 4), which was apparently due to the dry summer (Novenko et al.,
2018). The similar results were obtained after a rhisopodic analysis of the Klyukva bog on the
Central Russian Upland (Novenko et al., 2019), where the period of decreased water level in the
bogs was registered between 6.8 and 5.5 ka BP (Fig. 4).

5.7 ka BP — present
(Mid-Late Holocene, Subboreal and Subatlantic Periods)

Landscape-climatic reconstructions in the various regions worldwide are very convincing to
demonstrate that after 5.7-5.5 ka BP the global warming of the Holocene thermal maximum
changed to a cold snap (Khotinski, 1977; Borisova, 2014; Davis et al., 2003; Wanner et al., 2008;
Mauri et al., 2015), which was apparently caused by a decrease of solar radiation during summer
(Fig. 3; Berger, Loutre, 1991). During the same period the mountain glaciers started to advance
widely, indicating the beginning of the “neoglacial” (Wanner et al., 2008; Solomina et al., 2008),
and the westerlies intensified (Fig. 3; Mayewski et al., 2004). It was discovered that the amount of
mineral particles in the North Atlantic marine sediments increased again due to iceberg spacing
(Fig. 3), and the psychrophilic species of planktonic foraminifera appeared (Bond et al., 2001).
The global cooling trend in the Late Holocene can be clearly traced by the change in the isotopic-
oxygen composition of the Greenland glacial cores (Mayewski et al., 2004; Vinther et al., 2006).

The second half of the Holocene had a complex dynamics of plant communities in Central and
Eastern Europe due to climatic changes and anthropogenic factor, the impact of which had
intensified in the last millennium. Starting at 5.7 ka BP, in the eastern part of the studied latitudinal
transect the area of oak and pine-oak forests decreased, while hornbeam and beech spread and
strengthen their roles as the dominants of the forest communities (Fig. 1). The spread of beech
forests was slightly delayed from west to east. Thus, the rise of its curve in Eastern and Central
Germany, in the Rhine, Weser and Saale basins was at 3.7-3.9 ka BP; but in Western Germany,
in the Elba and Oder basins as well as in Western Poland beech became the main forest-forming
species only at 2.8-2.6 ka BP (Jahns, 2000; Lamentowicz et al., 2008; Gatka et al., 2013). In Central
and Eastern Poland (Ralska-Jasiewiczowa et al., 2003) hornbeam and pine with a significant
amount of oak were the main forest-forming species. The formation of hornbeam forests started at
about 3.5 ka BP after it gradually replaced oak and linden.

The second half of the Holocene in the territory of Northern and Central Belarus (Belorussian
Lakeland), in Estonia, Latvia and Lithuania, was characterized by the spreading spruce (Zernitskaya
et al., 2010; Seppd, Poska, 2004; Zernitskaya, Mikhailov, 2009; Niinemets, Saarse, 2009).
The researchers of these regions distinguish several consistent phases of increase and decrease in
the fraction of spruce and deciduous species of forest communities starting from about 5.7 ka BP.
The hornbeam pollen was found everywhere in the spore-pollen spectrum from the profiles in the
territory adjacent to the Baltic Sea. However, its content did not exceed 1-2%.

In the center of the East European Plain the reconstruction of vegetation cover happened due to
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an increase of spruce abundance, which occurred transgressively from north to south (Fig. 2).
On the Valdai Upland and in the Upper Volga basin the formation of spruce-deciduous forests
(the “upper maximum of spruce”) happened at 5.5 ka BP (Klimanov et al., 1995; Velichko et al.,
2001; Klimenko, Klimanov, 2003; Novenko, 2016). In the Vyatka-Kama territory the amount of fir
in forest communities increased (Lychagina et al., 2016). On the Smolensk-Moscow Upland
the increase of spruce fraction began around 2.7-2.5. ka BP, although it was already presented there
in small amounts (Kremenetski et al., 2000; Ershova, Krenke, 2014; Nizovtsev et al., 2020;
Miagkaia, Ershova, 2020). In the south, in the basin of the Upper Oka of the Central Russian
Upland deciduous forests of oak, elm and linden were preserved throughout the Holocene. Spruce
grew on the edge of its habitat and began to enter forest cenoses at 2.5 ka BP in the ecotopes with
favorable conditions.

In the area of psammophytic-pine-forest landscapes of Polesie, pine and deciduous-pine forests
remained a part of vegetation cover until 2.7 ka BP. In Belarusian Polesia during the 2.7-1.0 ka BP
the amount of hornbeam pollen in the spectrum increased up to 10%, which indicated the
distribution of mixed pine-deciduous forests with oak and hornbeam, with addition of linden, elm,
spruce, and possibly beech as well (Zernitskaya et al., 2010, 2019). In the east, in the forest belt of
European Russia, the participation of deciduous pollen decreased, the hornbeam pollen was found
sporadically, and the fraction of pine, birch and grasses increased (Bolikhovskaya, 1988; Novenko
et al., 2016, 2018).

From 5.7 ka BP the main tendency of climatic changes was showing in decreasing heat
availability and increasing climate humidity (Dynamics of Landscape Components ..., 2002;
Borisova, 2014). The reconstructions of paleotemperatures changes in Central Europe were obtained
by B. Davis et al. (2003) on the basis of palynological data showed that unlike in Northern Europe,
where the cold snap of the last 5 millennia was especially pronounced, the average temperature drop
for January, July and the entire year in the mid-latitude Europe was not higher than 2°C.

Since the reconstruction possibilities of paleoclimatic characteristics in the eastern part of the
studied latitudinal transect are limited due to the distorted spore-pollen spectrums, which are the
result of anthropogenic factor impact, some works usually use different sources of paleographic
information to restore the conditions of the past. Considering a large amount of data on the structure
of peat deposits, stage of peat humufication and results of rhisopodic analysis of the sediments from
the upper bogs of the United Kingdom, Ireland, Netherlands, Northern Germany, Denmark and
Sweden, we can define the phases of cold snaps and climate humidity at about 4.4-4.0, 2.8-2.2, 1.8-
1.7, 1.4-1.3 and 1.1-1.0 ka BP, as well as climate fluctuations during the last millennium (Charman,
Hendon, 2000; Barber et al., 2004; Liicke et al., 2003). On the basis of the paleobotanical analysis
of the bog sediments in Netherlands, B. Van Geel (1978) discovered a significant cold snap and
increase of precipitation at about 2.6 ka BP.

The indirect indication of cooling and climate humidification can be the data on the periods of
increased flood level, obtained in Poland on the basis of the geomorphological researches.
L. Starkel et al. (2013) determined the 3 periods of the second half of the Holocene: 6350-6300,
4825-4775 and 3230-1950 ka BP. The reconstructions of the water level in the upper bogs
ecosystems in Northern Poland on the basis of peat decomposition data and species ratio in the
testate amoebae communities made it possible to discover a humid phase at 2.75-2.4 ka BP and a
dry phase at 2.25-2.1 ka BP (Lamentowicz et al., 2008). According to the results obtained after a
study of the composition and radiocarbon dating of alluvial sediments in the East European Plain
(Panin, Matlakhova, 2015), the increase of river flow in the Early Subboreal (about 5.7 ka BP) and
Early Subatlantic periods (about 2.6 ka BP) was discovered.

In the northwest of the East European Plain, in the Baltic states, according to climatic
reconstructions based on palynological data from Kuryanovas Lake in Latvia (Heikkila, Sepp4,
2010) and Raigastvere, Viitna, and Ruila lakes in Estonia (Seppd, Poska, 2004), the average July
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temperature and the average annual temperature from 5.7 ka BP up to the present time decreased by
3-3.5°C. In the general cooling trend the periods of warming at about 3.6 and 2.0 ka BP, of cooling
at 2.5 ka BP, and an abrupt and deep decrease of heat availability of the Little Ice Age can be
distinguished (Fig. 4).

Climatic reconstructions made on the basis of the data from North Belarus (Zernitskaya,
Novenko, 2016) and European Russia on the llmen Lowland (Nosova et al., 2019) and Valdai
Upland (Novenko et al., 2018), showed that at about 5.7 ka BP the average annual air temperatures
decreased by 2-3°C (Fig. 4), and precipitation values were close to the modern ones, while at about
4.5 ka BP their amount increased up to 800 mm/year, i.e. they were 100 mm higher than now. In the
south of forest zone of the Central Russian Upland (on the Klyukva bog) the average annual
temperatures dropped by 1-2°C and reached the modern values, and precipitation was about
600 mm/year (Fig. 4). The cold snap and increased humidity that happened at 4.5 ka BP can be
compared quite conditionally to the “4.2 ka BP event”.

The “4.2 ka BP event” is not fully studied yet. There are very few works in Europe with
climatic reconstruction and paleoenvironment changes being the center of attention. Moreover, the
reconstructions from various natural archives are contradictory, and the climatic signals that were
identified in them are asynchronous (Roland et al., 2014; Pleskot et al., 2020). Generally, for
Northern Eurasia there was a hypothesis about an increased temperature amplitude between the
seasons during the “4.2 ka BP event” (Persoiu et al., 2019). A decrease in winter temperatures is
considered to be due to the weakening Icelandic minimum (Bradley, Bakke, 2019).

The climatic reconstructions that we obtained from the profiles of Mezhuzhol Lake
(Zernitskaya, Novenko, 2016) and the Staroselsky Mokh and Klyukva bogs made it possible to
distinguish a warm and extremely dry phase between 3.5 and 2.5 ka BP. During this period the
average annual and summer air temperatures exceeded the modern ones by 1-2°C, while the amount
of precipitation was close to the modern ones or just slightly lower (Fig. 4). According to the data
from the Staroselsky Mokh and Klyukva bogs profiles, for this period a low CMI index, as well as
the lowest water level for the entire Holocene was reconstructed, which indicates there was a
significant drop of surface humidity of bog ecosystems during summer, apparently, due to a change
in the precipitation/evaporation balance (Novenko et al., 2018, 2019). The warming at 3.5 ka BP
was also recorded in the climatic reconstructions for the Yaroslavl Volga region, based on the
palynological materials of the Polovetsko-Kupan bog and Galich Lake (Klimanov et al., 1995;
Velichko et al., 2001), according to which all temperature indices exceeded the modern ones by
1.5°C. The increased K* content in the GISP2 ice core in Greenland during the said period (Fig. 3;
Mayevski et al., 2004) indicates that the impact of the Siberian High intensified, which probably
caused an increased frequency of anicyclonic situations in the East European Plain, causing
droughts in summer and creating conditions for wildfires. The studies of the changes in fire regimes
in the East European Plain during the Holocene were based on calculations of coal micro- and
macroparticles concentration in sediments, and showed that frequency and intensity of forest
wildfires at 3.5-2.5 ka BP increased for different regions (Novenko et al., 2016, 2019).

The warming was gradually replaced with a cold snap in the Early Subatlantic period (at about
2.6-2.5 ka BP). The cooling can be clearly traced by the paleobotanical data (Davis et al. 2003;
Mauri et al., 2015) and isotope-oxygen composition of Greenland ice cores (Thomas et al., 2007).
It was also accompanied by a simultaneous growth of glaciers around all European mountainous
countries (Wanner et al., 2008; Solomina et al., 2008). The cold snap was not monotonous and had
a series of warm and cool phases. During the first millennium AD many researchers distinguish the
Roman Warm Period (2.0-1.7 ka BP) and the Dark Ages Cold Period (1.7-1.2 ka BP; Buntgen et al.,
2011; Helama et al., 2017; Gouw-Bouman et al., 2019).

The review of 114 articles on the subject of the Dark Ages Cold Period around the world was
carried out by S. Helama et al. (2017). It showed that European climate was more cool and humid
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than it is nowadays. At 1.7-1.5 ka BP the mountain glaciation increased (Solomina et al., 2008),
the lakes level rose (Magny, 2004), and the amount of forests grew in the forest-steppe zone
(Novenko, 2016). However, the reconstructions obtained for the East European Plain by the
informational-statistical method and based on the data from the Usvyatsky Mokh bog (Daugava
River) prove there was a climate warming and drying between 1700 and 1500 BP (Kozharinov
et al., 2003); the calculations on the basis of the data from the Polovetsko-Kupanskoye bog in the
Yaroslavl Volga Region show there was a warming and an increase of precipitation during the same
period (Klimanov et al., 1995). The reconstructions that we obtained by the “method of better
analogues” generally showed a growth of heat availability and decrease of humidity during the
Roman Warm Period, followed by a cold snap and increasing precipitation. Unfortunately, in the
studied profiles the said time periods are represented by a small amount of samples, which makes it
difficult to reconstruct.

Landscape-climatic changes in the last millennium are studied thoroughly and widely with the help
of different methods (Klimanov et al., 1995; Mann et al., 2009; Wanner et al., 2008; Christiansen,
Ljungqvist, 2017; Pages 2k Consortium, 2013, 2017). As the result, 2 main climatic phases were
classified: Medieval Climate Anomaly (950-1250 AD) and Little Ice Age (1400-1850 AD).

Paleoclimatic reconstructions that were made using various nature archives characterize
the Medieval Climate Anomaly as a warm and relatively dry period (Goosse et al., 2005). There is a
data on repeating summer droughts in some European regions (Blintgen et al., 2010) and on decreasing
river flow during the same period (Panin, Matlakhova, 2015), although the results of some paleoclimatic
researches indicate that the average annual precipitation sum increased (Davis et al., 2003).

According to paleoclimatic reconstructions based on the palynological data for Raigastvere
Lake, the average annual air temperature during the Medieval Climate Anomaly in the Baltic states
exceeded the modern ones by 1°C (Seppa, Poska, 2004). In the spore-pollen spectrum from the
sediments of some profiles from the central regions of European Russia (Khotinski, 1977;
Klimanov et al., 1995), which are part of the Medieval Climate Anomaly, an increase of the
deciduous species (oak, linden, elm) fraction was registered. Reconstructions of paleotemperatures
for the south of the Valdai Upland showed an increase in the average annual temperatures by 1.5°C.
The calculations carried out by V.A. Klimanov et al. (1995) for the Yaroslavl VVolga region, showed
that all temperature characteristics during the Medieval Climate Anomaly were close to the modern
ones, while the amount of precipitation was 25-50 mm lower.

An abrupt and deep drop of heat availability during the Little Ice Age was registered everywhere
in the studied territory as well as in the entire Northern Hemisphere (Christiansen, Ljungqvist, 2017).
It is possible that temperature decrease in the Little Ice Age was the most significant one among all
climate oscillations of the Holocene, with the exception of “8.2 ka BP event”.

During that period the anomalies of summer, winter and average annual air temperatures in
Central Europe were 1°C (Dauvis et al., 2003; Mauri et al., 2015). The reconstructions carried out by
K. Barber et al. (2004) on the basis of palynological data of the profile from Lednitsa Lake in
Eastern Poland revealed a more significant winter cold snap, when the average January
temperatures and average annual ones were lower by 2.5°C than the modern ones. For Baltic
territory a significant increase of heat availability was determined on the basis of some profiles.
The average annual temperatures were lower by 2°C than the modern ones (Seppa, Poska, 2004).

On the Valdai Upland the average January temperature during the Little Ice Age declined by
3°C (down to —12°C), while the average annual temperature decreased by 2°C, and the temperature
of June did not change significantly. The share of thermophilic elements in the spore-pollen
spectrums of that period abruptly dropped and became almost absent, although the role of spruce
pollen increased. In the spectrums of the Polovetsko-Kupanskoe Bog that period resulted in
degradation of deciduous species and a significant increase of dwarf birch. V.A. Klimanov et al.
(1995) wrote that aside from a winter temperatures drop, this cold snap had a summer temperatures
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and average annual temperatures drop as well. The deviation of the average annual ones from the
modern ones was 2°C.

Climatic changes during the Little Ice Age had a great effect on a fluvial sedimentation both in
Central and Eastern Europe. The increasing frequency and level of spring floods, as well as
formation of secondary down-cuttings in the ravines and gullies prove the climate humidity growth
during that period (Sidorchuk et al., 2018; Panin, Matlakhova, 2015).

The main patterns of climate dynamics in Central and Eastern Europe in the Holocene
and the expected landscape-climatic changes

According to the concept of asymmetry of the main climate trend during the interglacial period
(Velichko, 2012), the average annual air temperature was growing fast in Northern Eurasia during
the Early Holocene and gradually declining during its second half. The estimations showed that the
warming trend from the Late Glacial period to the Holocene optimum was 0.5° for 1000 years,
while for the second half of the warm period this trend did not exceed 0.3° for 1000 years
(Borisova, 2014). However, it should be noted that the said reconstructions of peleotemperatures for
Central and Eastern Europe in the Holocene demonstrate that declining heat availability for the
period which came after thermal maximum, has not yet reached the Early Holocene level (Davis
et al., 2003; Novenko et al., 2018, 2019).

The data studied above made it possible for us to determine 3 main stages of the changes in the
Holocene climatic regime: rapid warming in the Early Holocene (11.7-8.0 ka BP), complicated by
oscillations; Holocene thermal maximum (8.0-5.7 ka BP), without any short-term and abrupt
climatic changes; directed temperature drop in the second half of the Holocene (5.7 ka BP —
present), with quasi-harmonic fluctuations of air temperature and precipitation.

The analysis of landscape-climatic reconstructions for Central and Eastern Europe showed that
the periods of cold snaps, separated with climate warming, generally match the global periods
(Mayewski et al., 2004). The time differences between beginning and end of the warm and cold
periods in different regions are about 100-200 years, which falls within the admissible error of
radiocarbon dates and may also depend on constructing errors of the age/depth models for specific
profiles which were used for reconstructions.

A “critical point” of climatic changes related to “8.2 ka BP event”, which the International
Commission on Stratigraphy suggests considering as a border between the Early and Mid-Holocene
(Walker et al., 2019; Head, 2019) in Central and Eastern Europe, is a turning point of climate
system transition from the warming in the Early Holocene to the thermal maximum. Climatic
changes related to “4.2 ka BP event”, which is considered to be a border between the Mid- and Late
Holocene (Head, 2019), is not seen as clearly in our materials as the cold snap at 5.7 ka BP. Starting
from 5.7 ka BP, the direction of climatic trend was changing in Central and Eastern Europe, and
sectorial differentiation of vegetation cover was increasing. Beech and hornbeam expanded
throughout the western regions, while spruce was spreading in the east.

According to the last estimations of the Intergovernmental Panel on Climate Change
(IPCC, 2013), based on the results of the Coupled Model Intercomparison Project, Phase 5, by the
4 main scenarios of representative trajectories of green gasses concentrations (RCP2.6; RCP4.5;
RCP6.0, RCP8.5), the rise of average global temperature by the end of the current century will start
at 0.3°C (RCP2.6 is the most gentle scenario) and go up to 4.8°C (RCP8.5 is the most harsh
scenario). The amount of precipitation will grow by 6% (RCP2.6) up to 12% (RCP8.5). When
estimating the increase of average annual air temperature in Central and Eastern Europe by the end
of the XXI century, the said scenarios make us to assume that it will rise by 2.0-2.5°C according to
the gentle scenario and by 6.0-7.0°C according to the harsh one. The increase of average annual
precipitation will start from 7% (RCP2.6) up to 15% (RCP8.5; IPCC, 2013).
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Using the method of paleoanalogues that was offered by M.l. Budyko (1980) and is widely
used A.A. Velichko et al. (2012; Climates and Landscapes of Northern Eurasia ..., 2010) to predict
the possible dynamics of landscapes and climate with the help of paleogeographic data, we can
suggest some conditions to be considered as possible trajectories of environment changes during
climate warming in case of RCP2.6 and RCP4.5 scenarios coming true. First, the conditions for the
Holocene thermal maximum (8.0-5.7 ka BP), when the average annual temperatures in the studied
region exceeded the modern ones by 2-3°C; second, the conditions for the warming periods during
3.5-2.5 ka BP, 2.0-1.7 ka BP (Roman warming) and the Medieval climatic anomaly, when the
average annual temperatures deviated from the modern ones by 1.0 and 2.0°C. The RCP6.0 and
RCP8.5 scenarios suggest a greater temperatures deviation than it was previously determined for the
Holocene. The paleoanalogues of these conditions should be sought in the conditions of earlier
interglacial periods.

Considering the landscape-climatic reconstructions for the Holocene of Central and Eastern
Europe, the internal structure of geosystems can be expected to change, especially in the eastern
area of the studied transect, as well as the frequency of wildfires caused by natural causes to grow,
and the frequency of catastrophes due to uneven precipitation to increase. However, even the most
abrupt transformations of landscape components in the Holocene took hundreds and thousands
years to happen, while the expected climate warming in the XXI century may take less than a
hundred years. The adaptive mechanisms of geosystems are relatively inert, so it is obvious that
forecast should take into account some response delay of landscape components to the process of
climate warming.
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oro-Boctoke Tymbckodt oOmactu. bbUTM  yTOYHEHBI COCTaB M CTPYKTypa KOMIIOHEHTOB,
MPOAHAIM3UPOBAHBl MaTepuajbl JIUTEPATyPHBIX HMCTOYHUKOB M HCIIONB30BaHBI JAaHHBIE BECEHHE-
JISTHUX OpHHUTOJOrHueckux yderoB 3a 2019-2020 rox. [/lana kojuuecTBEHHAs OLEHKA H3MEHEHUH
OTJICNBHBIX KOMIIOHCHTOB Ha3eMHON JKOCHCTEMBI PEUHON MOWMBI Ha CEBEpe JICCOCTEITHOW 30HHI (B
TOM YHCII€ OPHUTOKOMITJIEKCOB), @ TAKK€ DKOJIOTHUECKUX TOCIEACTBUN I TIOWMBI, JOJTHHBI PEKH U
BO/IOPA3/IENbHBIX TEPPUTOPUN BCIEACTBUE BO3JCHCTBUS MPUPOAHBIX M aHTPOIOTEHHBIX (DAaKTOPOB
M3MEHEHHUSI BOIHOTO PEXKHMa TEePpUTOpPHH. B TMONMEHHBIX OpPHUTOKOMIUIEKCaxX OblIa BBISBIECHA
OUHAMHKA OOMIIHS y TIOMYJISAINI OTENbHBIX BUAOB IITHUII IO/ BIMSHUEM BOAHOTO W aHTPOIIOTEHHOTO
(haxTopoB, OHM OBUIM OIpENeleHBI B KadecTBE HambOoJiee YyBCTBUTEIHHOIO KOMITOHEHTAa HA3EMHBIX
9KOCHCTEM ¥ BBIJETICHBI B TPYIITY HHIUKATOPHBIX BUJIOB.

Kuroueguie cnosa: orenka, pakTop BO3IEHCTBHS, TIECOCTETHAS 30HA, TOWMEHHBIE 9KOCHCTEMBI, PEIHAS
ToitMa, WHTPa30HAIBHBIA JIAHTMA(T, THAPOJOTHUCCKHUN PEKAM, KIMMaT, BHIOBOW COCTaB,
YHCIIEHHOCTh, IUIOTHOCTh HACENIEHWs, OOWiNe, OPHUTOKOMIUIEKCHI, TMOIYJSAHUsA, OOJOTHO-
OKOJIOBOJIHBIN KOMILJIEKC.

DOI: 10.24411/2542-2006-2020-10076

B xone mposeneHubix pabotr B 2020 r. Ha TeppUTOpPUU JOJHMHBEI p. [ITaHbp Ha OrO-BOCTOKE
Tynabckoit ob6mact ObUTM MPOJIOJDKEHBI PabOTHI MO M3YYCHHIO (PU3UKO-TeoTrpadudecKux
0COOCHHOCTEH paiioHa WCCICIOBaHMI, BHECEHbl YTOYHCHHMS B XapaKTEPHCTUKY COCTaBa M
CTPYKTYpPbI OTICIBHBIX KOMIIOHEHTOB 3KOCHCTEM (TIOYBBI, PACTUTEIBHOCTh, >KMBOTHBIH MHP)
peuHoii moiMel p. [ITans Ha ceBepe JiecoCTemHOM 30HbI. [IpOI0IKEeHBI UCCIICA0BAHUS 110 H3YYCHUIO
AKOJIOTUYECKUX IOCIEACTBUN JUIsl MOMMBI, TOJMHBI PEKH M BOJOPA3JECIBHBIX TEPPUTOPHH MO
BO3JICHCTBUEM MPHUPOIHBIX U AaHTPOTIOT€HHBIX (PAKTOPOB U3MEHEHHUS BOJHOTO PEeKUMa TEPPUTOPUHI
(IamoBamoBa, 2019). TIpoBemeH aHaATW3 JUHAMHKH HAa3eMHBIX 9JKOCHCTEM (HA MpHMeEpe
OPHUTOKOMILJIEKCOB) MO/ BIUSHUEM BOJIHOTO M aHTPOIMOTEHHOTO (PaKTOPOB.

B pabote mpoananu3upoBaHbl MaTepUAIIbI TUTEPATYPHBIX HCTOYHHUKOB, a TAK)KE UCIIOJIb30BAHbI
U TpOaHAIU3UPOBAHBl JaHHbIE BECEHHE-JIETHUX OPHUTOJIOTHYECKMX yueToB 3a mepuon 2019-

1 Pagora BeImonHeHa mo Teme HUP dyamamerntanpHbx uccnenoanuii UBIT PAH 3a 2018-2021 rr. «MoapenupoBanue
U TPOTHO3MPOBAHHUE IPOIIECCOB BOCCTAHOBIICHUS KauecTBA BOJI W HKOCHUCTEM IIPH PA3IMYHBIX CICHAPHUIX W3MEHCHUH
KIIMMaTa W aHTPOHOTeHHOH aesTenbHOCTH» (Ne 0147-2018-0002) Ne rocymapctBeHHOH peructparmn AAAA-A18-
118022090104-8, pazaen TeMbl 2.6 « OBOIOIMS HA3eMHBIX 3KOCHCTEM B H3MEHSIOMIUXCS MIPUPOIHBIX YCIOBUIX).
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2020 rr. /lana skoyiorM4ecKasi XapaKTepPUCTHUKAa U COBPEMEHHAs OLEHKA COCTOSIHHUS MPUOPEKHBIX
OPHUTOKOMIIJICKCOB  (BUIOBOTO pa3HOOOpa3usi, UWCIEHHOCTH M OOWIMS NTHI OOJOTHO-
OKOJIOBOJIHOTO KOMIUJIEKCA) B YCJOBHSX YCHUJICHHS AHTPOIOTEHHOW HAarpys3K, MpPOBEICH
KOJIMYECTBEHHBIN aHAJIN3 YMCICHHOCTH U BBISBJIICHA JMHAMUKA B OPHUTOKOMITJIEKCAX MPUOPEKHON
nosiocel p. Iltanp 3a mepuon 2019-2020 rr. BeisiBieHBI OCHOBHBIE OCOOCHHOCTH TpaHC(hOpMAIUU
Cpeabl, Wrpalollfe poJib BeAymUX (HAaKTOPOB, OKA3bIBAIOIIMX BO3ACHCTBHE HA H3MECHEHHE
aBuadayHbl JOIUHBI peku [ITaHb.

OcHOBHOU  yenvlo  uccneooganuti  ObUIO  BBIIBUTH WM IPOAHAIU3UPOBATh  JUHAMHUKY
OPHHUTOKOMILJIEKCOB joyiuHBl peku [ltanp Ha tore Tynbckoil oOmacTh, a Takke BBISIBUTH
TpaHC(hOpMAIMI0 B COCTaBE M CTPYKTYype NPUPOIHBIX KOMIOHEHTOB IOMMEHHBIX AJKOCHUCTEM
p. [Itans (B TOM uncie opHUTO(AYHBI) B YCIOBHSIX TIOCTOSIHHOTO aHTPOIIOTEHHOTO BO3/ICHCTBHSL.

B 3a0auu uccnedosanus BXOAUIO YTOYHEHUE COCTAaBA U CTPYKTYPHI MPUPOJIHBIX KOMIIOHEHTOB
pEeYHO MOMMEI (B TOM YHCIIE OPHUTOKOMITJIEKCOB), KOJMYECTBEHHAS! OIICHKA THMHAMHKH 3KOCUCTEM
nonuHbl peku Iltanp necoctemHoil 30HBI TynbCKOW 007aCTH B YCIOBHSX BO3PACTAIOIIETO
AHTPOTIOTEHHOTO BO3/ICHCTBHS U KIIMMAaTHUECKUX N3MEHEHUH.

OCHOBHBIM  00bekmoM  uccre0osanuii BbIOpaHbl OPHUTOKOMIUIEKCHl PEYHOW  JOJHHBI
JIECOCTENMHOM 30HBI IIEHTPAJIbHBIX palioHOB Poccuu, B KadecTBe NpeAMETa MCCIEIOBAHUN
oTpeieNieHa OlleHKa TpaHC(hOpMAaluy OPHUTOKOMIUIEKCOB HA OCHOBAHWHW TaKWX IOKa3aTeleH, Kak
BHJIOBOE pa3HOO0Opa3ue, YMCICHHOCTD U INIOTHOCTh HACEICHHUS B TIOWMEHHBIX YCIIOBUSIX.

Marepuajbl 1 METO/bI

B paGote ObuiM HCMONB30BaHbl KaK JTaHHBIE OMyOIMKOBAaHHBIX JUTEPATYPHBIX HMCTOUYHUKOB,
TaK ¥ KOMIUICKCHBIX SKOJOTHYECKHX HAOJIOCHUM, TOTYy4EeHHBIX B Mepruoj ¢ Mas mo aBryct 2019-
2020 rr. Ha p. [ITans, npoTekaromel Ha Oro-Boctoke Tynabckoi obmacTu. s aHanm3a HaceIeHus
NITUIl B OTACNBHBIX JAHAMIAPTHBIX BBIJIETIAX HMCIOJIb30BaHA OanpHas mkama (tadm. 1; Kyssaxuw,
1962; Banyes, 2007). OpHUTOJIOTUYECKHE MCCIICIOBAHMUS BBITIOJTHEHBI IO CTAaHAAPTHBIM METOIMKAM
(MapuIpyTHBIE M TOUYEYHBIE YUETHI B TPAHCEKTaX 3aJJaHHOM BETUYMHBI) B COUETAaHUH ¢ pabOTON Ha
crarmoHapax (PaBkun, 1967; Jlapuna u ap., 1981; Vergeles, 1994). Pycckue u naTuHCKHE Ha3BaHUS
TAKCOHOB IMTHIl NPHUBOIATCS B coorBercTBHM cO cBoakoi JI.C. Cremansua (1990, 2003) u
E.B. KoGmuka ¢ coaaBropamu (2006), tumnsr ¢ayasl — mo b.K. Illtermany (1938) ¢ HEKOTOpHIMHU
n3MeHeHusMu W aononHeHusMu (PaBkuH, 1967). B pabore ucnosib30BaHa METOAHMKA OIICHKH
TpaHcpopManu OpHUTO(PAayHBl OOJOTHO-OKOJIOBOJHOTO KOMIUIEKCA MPU H3MEHEHHHU BOJHOIO
pexuma, rae yuuTbiBaics ¢akrtop wunrpazoHansHocTH (LllamoBamoBa, 2018). HccrnenoBanus
opHutoayHsl B paiioHEe pabOT MPOBEACHHI B COOTBETCTBUU C OCOOCHHOCTSIMU OOTaHUKO-
reorpaduueckoro paitonupoBanusi Tynbckoit o6mactu (LllepemerneBa, 1988, 1999; IllepemerneBa
u ap., 2008).

Pe3yabTaTsl M 00Cy:KIeHHE

HToroM mnpoBeNeHHBIX HCCIEIOBAaHUA CTall KOJUYECTBEHHBbIM aHaiu3 TpaHchOopMaluu
MIOMMEHHON DJKOCHUCTEMBI JOJMHBI peku [ItaHp W yTOuHEHME cocTaBa M CTPYKTYphl €€
KOMIIOHEHTOB. [lj11 3TON TEppUTOPHiL, pAaCIOJIOKEHHOW Ha CEBEpE JIECOCTEIHOM 30HBI
(IlTarmoBanoBa, 2019), ycTaHOBIEHBI HEKOTOPbIE OCOOEHHOCTH.

e [Itanp sBHAETCS MaJOW pPEKON PaBHMHHOIO THIIA M PACIOJIOKEHA B JIECOCTENHOM 30HE. Ee
noiiMa TOJBEpKEHA HWHTEHCUBHON XO3SMCTBEHHON [EATENbHOCTH 4eJoBeKa. Teppuropus ee
OacceiiHa UMeeT He SIPKO BBHIPAKEHHYIO OBPAXHO-0aJI0YHYIO CUCTEMY.

e Knumar paiioHa HUCCIIEJOBaHMM — YMEPEHHO KOHTHMHEHTAJIbHBIA. [louBBI IpencTaBiIeHBI
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BBIIIIEJIOYEHHBIMU U OTIOA30JIEHHBIMU INIMHUCTBIMU YEPHO3EMaMHU MEJIIKOKOMKOBATOM CTPYKTYpHI.

e PacTuTenbHOCTh MOWMBI OTJIMYACTCS OOJIBIIMM pa3HOOOpasueM ¢ mpeodIaaHueM JYyroBO-
crenHbIX BUaoB. Jlecucrocts HeBenuka — 3-5% oT oOmelt miuomamu Tepputopun Kypkunckoro
paiioHa, 4yTo 00YCJIOBJIEHO 0COOEHHOCTSMM JIECOCTEITHOM 30HBI U XO3SUCTBEHHOU AEATEIbHOCTBHIO
YeJioBeKa (BBIPYOKH, M3ITUIIHSS SKCIDTyaTalusl TUIOIAAeH 10| paciialiKy ¥ BBIIIAC CKOTA).

e B xoje paboT B paiioHe HcciIeT0BaHU ObLIO 3aperucTpupoBano 105 BHIIOB NITHUI], KOTOPHIC
oTtHocsATCA K 11 oTpsinam u 24 cemeiictBam. 13 Hux 104 Buaa NOCTOSTHHO THE3JSATCS U COCTABIISAIOT
65% ot obmeit (182 Buaa) rue3noBoil Gpaynsl Tynbckoit 061acTu.

e [lo BUIOBOMY OOTaTcTBY NMpeodIaaaoT TMMHOGMIBHAS U ASHAPOPHUIbHAS TPYIIIBI BUAOB —
36.2% u 42%, Hanbompuield oOIIEH MIOTHOCThIO OOJanaeT Tpymna ACHIPO(UIBHBIX BUIOB —
1203.4 oc./km2, 3a Hel crieayeT rpymma ckiepoduiabHbIX BUA0B — 860.8 oc./km? (puc. 1).

e [lo oOummio cpenu neHAPOGUIBHBIX BUIOB HauOOJBIIUM BHUJIOBBIM OOTraTcTBOM 00JaaaeT
rpynna MHorouucieHHbIXx BuaoB (CC) — 25, Torna kak y JUMHOQWIBHBIX BUJOB BBIACISETCS
rpynmna o6b19HbIX (C) — 14 u Manouncnenssix (R) — 11 Bunos.
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Puc. 1. CooTHomenne BHJOBOT'O pa3H006pa31/1${ U INIOTHOCTHU ITUIL] PA3HBIX O9KOJOIHYCCKHUX TI'PYIIIL.
Fig. 1. The correlation between species diversity and birds’ density in different ecological groups.

B xozme paboT ObLI0 IPOBEICHO CpaBHEHHE PE3yJIbTAaTOB OOWIIHS, MOJTYYEHHBIX 32 THE3I0BOMN
nepuog ¢ 2019 mo 2020 rox, u ycraHoBieHo, yTo B 1enoM B 2020 roay B HpuUOpEKHOM
OpHUTOKOMILIIEKCE AOJUHBI p. [ITaHp cymMmapHOe 00MIIMe MTHUI] BCEX HKOJIOTHYECKUX TPYII OBLIO
HKe 1o cpaBHeHuio ¢ 2019 romom, cpeau KOTOpBIX MpeoOnagaer aeHapoduibHas Tpyria
MHOTOYHCIIEHHBIX BHIOB NTHIL (pHC. 2).

BeposTHO, 3T0 OBLIO CBS3aHO C TMOBBIINIEHHBIM KOJIMYECTBOM OCAJKOB B Mae M HIOIE B
2020 rony mo cpaBHeHuto ¢ 2019 romom, dYTO TpHBENO K pa3pacTaHUIO MPUOPEKHON
PaCTUTENHFHOCTH U M3MEHEHUIO0 HEKOTOPBIX THE3OBBIX CTAIlM, CTaBIIMX MAJOMPUTOJHBIMH IS
THE37I0BaHUS, OT/AbIXa W IMOMCKAa KOPMa Y HEKOTOPBIX BUIOB MTHIl, YTO BIOCIEACTBUM BBI3BAJIO
COKpAIlleHUE WX YHUCIEHHOCTH M OOIIyl0 TpaHchopMaluio BHYTPU OPHUTOKOMIITIEKCA JENbThHI
p. [Itanp. Hampumep, 3apacraHue 3aJMBHBIX JIYTOB HMBOBBIM IOJPOCTOM CIIPOBOIIMPOBAIIO
CHIDKCHHME YHCIEHHOCTH HEKOTOPBIX BHUIOB OOJOTHO-OKOJIOBOJHOTO KOMIUIEKca (HKenTon
TpscOTry3KH, Oekaca, uubuca u zip.).
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Puc. 2. CpaBHeHHe OOWIHS TTHI[ Pa3HBIX KOJOTWYSCKUX TPYIIT B THE3JOBOW CE30H B JOJHMHE
p. [ITanb B 30HAJBHBIX YCIOBHSIX Jecoctenu 3a nepuon ¢ 2019 mo 2020 rr. Fig. 2. Comparison of
the birds’ abundance in different ecological groups during the breeding season in the Ptan River
valley under the forest-steppe zonal conditions for 2019-2020.

[Ipn ananuse BUIOBOrO OOraTcTBa B IOCIETHE3JI0BOM MEPHOJ OTMEUYEHO CHM)KEHHE OOIIEro
yyclia BUOB NTHUI[ B OMOTOMAax ¢ mnpeoOiajaHueM IPEeBECHON M KYCTapHUKOBOM PacTUTEIbHOCTU
(ue 6omee 15), T.K. B 3TO BpeMsl AJsl ITULl XapaKT€PHbI aKTUBHBIE KOUEBKH, HA KOTOPBIX B MOUCKAX
KOpMa OHH MPEANOYUTAIOT OTKPBIThIE MPOCTPAaHCTBA. TakKe B MOCIETHE3/J0BOM Mepruoi OTMEYEHO
yCUJIEHUE pa3IMuuil M0 BUJOBOMY pa3HooOpa3uio Ha 5 u Oojiee BUJOB B pa3HbIX OMOTOMAxX, B
OCHOBHOM 3a CHYET HEpPEryasipHO BCTpEYaloIUXCs BHUIOB (TIyxas KyKylIka, OObIKHOBEHHAas
rOpJIMIIA, CaI0Basi OBCSIHKA, YEPHBIN APO3).

ITo mokazaTensiM 0OMJINS B KKJIOM U3 BBIJICJICHHBIX TUIIOB OroTorna B 2020 roay HaOI01a10Ch
oOliee COKpallleHue YHCIEHHOCTU NTHIl B HIOJIE, B IMOCIErHE3/0BOM MEpHoi, MO CPaBHEHUIO C
2019 rogom (puc. 3). [lo cymmapHOMy OOHIIMIO 3aMETHO BBIAEISETCS THE3/I0BOE€ HACEICHHE ITHUIL
NONWMEHHBIX JIECOB, 3aKyCTAapeHHBIX 3alMBHBIX JIYTOB M Jecomnojoc (6omee 500 ocobeii/km?).
B nmocnerne3noBoi mepuoj CTOUT OTMETUTH YBEJIMUYEHHE OHOpa3zHOOOpasusi B MOCETKaX, XOTs B
OCTaJbHBIX OMOTOIAX OHO CHIKAeTcs Oosiee 4yeM B TpH pa3a. MUHUMANIbHBIM OOMIINEM B TEUCHUE
JIeTa XapaKTepU3yeTcs HacelleHUe MTULl CyXOI0JIbHBIX JIYTOB U MoJiel (arponanamadroB) — MeHee
200 ocobeii/km>. IIpu sTOoM B ocTanbHbeix Omotomnax B 2020 roay oTMmeueHO o0Iee CHIDKEHUE
OoOWJINS MTHIl B CPEHEM 3a JIETO, @ OCOOCHHO B JIECHBIX MAacCHBAaX, IJie OHO CHU3UJIOCH B 4-5 pa3
(puc. 3).

B mpouecce ucciaenoBaHus YCTaHOBIIEHO, YTO COCTaB JOMHUHHpyromux Bunos 2020 roxa
coBmajgaeT ¢ coctaBoM 2019 roga. B coctaBe JOMHUHAHTOB O OOWINIO OTMEUYEHO 25 BUI0B: 23 — B
THE3/I0BOM mepuoia, 9 — B mocierHe3noBod. HekoTtopeie BUIIbI JOMHUHUPOBAIN B HECKOJIBKUX
MECTOOOMTAHMSIX WM K€ B TEYCHHE ce30Ha. BbIsBIeHO, 4To B THe310Boil mepuon 2020 r.
B UUPOKOIUCTBEHHBIX NECHbIX Mecmoobumanusix (1econonocsl ¢ TMPUMEChI0 OEpe3HsiKa) MepBoe
MecTo o obwmio 3anumaet 3510k Fringilla coélebs (oxomo 30%), Gonbiras cuauna (25%) u
3apsiHka (17%). B 2019 r. nannble BUpl Takke TOMUHUPOBAIN B 3TUX OnoTtonax (35% u 22%), Ho
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K HUM J100aBMIHCH Apo3-psaOuHHUK (17%), meBunii npo3z (10%) u ropuxsoctka (7%).

B notimennvix necax B THE310BON NMEPUOJI Cper TOMUHAHTHBIX BUAOB B 2019 roay perynspHo
oTMEUAIUCh APO3-psasOMHHKUK (15%), oObIkHOBeHHBINH comnoBeit (20%), Oenmas Tpsicory3ka (8%),
cepas cnaBka (13%), cepast myxomnoBka (7%) u 6omnbinas cununa (31%), koTopast 3aHMMala MepBoe
MECTO 110 OOMJIMIO Ha IPOTSKEHUH Bcero nepuoja uccienoBanuii (2019-2020 rr.). Onnako B 2020
roay K Oousbiiod cunuie (32%) TpUCOSTUHUINCH OOBIKHOBEHHBIM cojioBell (23%) u aposn-
psaounnuk (18%). B 2020 roay oHu JIMAMPOBAIH 110 OOMIHMIO B TOMMEHHBIX Jecax.
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Puc. 3. [[I/IHaMI/IKa CYMMAapHOTro oounus THE310BOI'O HACCJICHUA IITHUI] B BeCEeHHee-JIETHUI nepuoa Ha
Pa3MYHBIX MECTOOOMTaHHSX JouHBI p. [ITanp B necocrenHoii 30He: A) — 2020 r., B) — 2019 r.
Venoenvie oboznauenus. Pumckumu nudpamu (1, 1) o603HadeHeH BpeMEeHHON MEpHoA, Korjaa ObLIH
npoBeZIeHbl HccnenoBanus — | — mepBas mosioBuHa Mecsiia (maii 1); 1l — Bropast monoBuHa mecsiia
(asrycr I1). Fig. 3. The dynamics of the total abundance of the birds’ nesting population in the spring-
summer period in various habitats of the Ptan River valley in the forest-steppe zone: A) — 2020, B) —
2019. Legend. Roman numerals (1, 1) indicate the time period when the research was conducted — I —
the first half of the month (may I); 1l — the second half of the month (August I1).

Ha npubpesicnvix yuacmxax notimvl 8 mpocmHuKo80-Kambl08bIX 3apoCiax ¢ IPUMECHIO JIOXa
Y3KOJUCTHOTO TpeoOiagaa TPOCTHUKOBas KambimieBka (33%), kambimieBka-6apcydok (31%),
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Bapakymka (17%), cepas cnaBka (15%) u peunoit cBepuok (10%). Taxke B 3TOM THIIE OHOTOMA
JOCTaTO4HO OBLIT 0ObIYEH OOJIOTHBIN JTYHb U cepasi LaruIs.

Ha omkpwimuix npocmpancmeax 3axycmapenHvlx 3aIuGHuIX J1y206 B ITEPUOJ HUCCIEN0BAHUS
JOMHHHAPOBAIIA KEJITOTOJIOBast Tpsicory3ka (27%) wm Oenas tpscory3ku (24%), myroBod dYekaH
(21%), xampImoBasi oBcsiHka (9%), a Taxxe unduc (7%). Ognako mo cpaBHenuto ¢ 2019 r. cocrtan
JTUICPOB B 3TUX OMOTOINAX HEMHOT'O M3MECHHIICSA. BBHIy CHIILHOTO 3aKyCTapWBaHHS M 3apacTaHUs
WBOBBIM TIOJJPOCTOM OTKPBITBIX JIYTOBBIX YYACTKOB W YMCHBIICHUS WX IUIOMIAIN TAKUE BUJIBI, KaK
KaMBIIIIOBasi OBCSHKA M YUOWC, BBINLUIM U3 COCTaBa JIOMHHHPYIOIIUX BUAOB. B HacemeHuu nTHIl
3aKYCMAPEHHbIX Y4ACMKO8 3ANUHbIX V208 B YHCIE JIUJCPOB IMPHCYTCTBOBAIM JIyTOBOM YeKaH
(35%), oObikHOBeHHasi oBcsiHKa (20%), uweueBuma (12%), cepas cmaBka (25%) u camoBas
kambimeBka (10%), a Takxe cagoas ciaska (15%).

B nocneecnezoosoii nepuoo 2020 2. BO Bcex O0OCIETOBAHHBIX JIECHBIX MECTOOOMTAaHUSIX
(moMMEHHBIN Jieca, JIECOTMOJIOCH) TEPBOE MECTO MO OOMIMIO 3aHMMaina OoJbinas cuHuia (35%).
Ha oTkpeITBIX TpocTpaHcTBax — JyroBoil 4ekaH (34%), OOBIKHOBEHHBIH XKaBOPOHOK (27%),
nosieBoit Bopobeii (37%) u 6enas Tpsicory3ka. 1o Habmoaanock U B 2019 . JIumb HAa OTKPBHITHIX
MPOCTPAHCTBAX (3apacTalollie 3aJMBHBIC W CYXOJIOJIbHBIC JIyra) JOMHUHHUPYIOT JyrOBBIC BHIBI
(6enmast Tpsicory3ka, JYroBOW dYekaH). B mocenkax mepBoe MecTO MO OOWJIMI0O B TEUYCHHE JIeTa
3aHUMAaJM: TIOJIeBOM BopoOeit (56%), nepeBeHckas nactouka (34%), BopoHok (10%). CocrtaB
JOMHWHHPYIOIIUX BHJIOB 3/IeCh OTHOCHTEIHHO CTAaOWJICH KaK B TEUYCHHE OJHOTO CE30HA, TaK W IO
rogaM. OTCYTCTBME€ MHTEHCHUBHOTO CKOTOBOJCTBA U COKpAIIEHUE CEJIbCKOXO3MCTBEHHOM
JESITEILHOCTH Ha YyJYacTKE HCCIICIOBAaHUM TPHUBETU K 3aKyCTapUBAHUIO 3HAYUTEIHHOW YacTH
JYroBBIX IUIOHIAJEH M YMEHBIICHHUIO IUIOMIAAEH OTKPBITHIX JIYTOBBIX YYacTKOB TOWMBI,
YTO BBI3BAJIO COKpPAILlEHNE KOPMOBBIX YIOJUH JIACTOUEK U CHUKEHHE UX OOMIIHUA.

BriBoabl

B pe3ynbTaTe CnOXKUBIIMXCA B paliOHE HUCCIEOOBAaHMS KIMMaTH4yeckux ycioBuid B 2020 1.
B [IOCJIETHE3JI0BOM TMEpPHOJI YMCIO OTMEUYEHHBIX BUIOB CHU3MUJIOCH B 2-3 pa3a MO CPaBHEHUIO C
2019 r. Takue u3MeHEeHHs] BO3MOKHBI, IOCKOJIbKY B TIOCIETHE3/I0BOE BpeMsl HacelIeHHue NTUll 6osiee
MOJBIKHO U €0 MOKAa3aTe MOABEPKEHbI OOJIBIINM MEXI0I0BbIM KOJIEOaHHSIM, YEM B THE30BOM
nepuon (I'paxxnan, 2002; Paxumos, 2002).

Kpome TOro, 3TOMY, O4YEBHIHO, CIIOCOOCTBOBAJIO MpOXJamHoe U cbipoe Jyero 2020 .
HccnenoBaTenn oTMEYarOT BIUSHUE MOTOAHBIX YCJIOBUM (CpeAHel TemmepaTypbl BECHbI M HIOHS,
KOJIMYECTBAa OCAJKOB B THE3/JI0BOM MEpHOJ W Jp.) HA MEXIOJOBYIO AMHAMHUKY CYMMAapHBIX
nokasareneit rue3asmuxcs ntu ('onosatun, 2001; I'paxkman, 2002).

Hacenenne mnTuip Bcex oOcienoBaHHbIX MectooOutanuid B 2020 1. Xxapakrtepusyercs
SMUTPAIMOHHBIM THIIOM JIMHAMHUKHU JIeTHEro oOunus (puc. 3, A), 4TO OTpakaeT, CKOpee BCEro,
MOTO/IHBIE YCIOBUS 3TOTO roja (JIeTo OBLIO AOXKATUBBIM U XOJIOJAHBIM). Y MHOTHUX BHJIOB HE OBLIO
BO3MOXHOCTH BBIKOPDMHTH TMOJIHOIICHHBIE BBIBOJKH, MO3TOMY B TMEPHOJ BBIJIETa MOJIOJOTO
MOKOJICHUS HE TPOM3OIIIO 3aMETHOTO BCIUIECKA YHUCICHHOCTH MTHUIl. Takue TEeHIEHIMH clabo
MIPOCMATPUBAIKCH TOJIBKO B HACEJIEHUU NTHUI 3aKyCTAPEHHBIX 3aJIMBHBIX JYTOB.

B otnmume ot 2020 r., B cepenune nera 2019 r. HaGmogancs MacCoBbIN BBUIET CIETKOB, 3a CUET
4ero B palloHe HCCIEJOBaHUN B IeNOM TMpeoOnagan MUpaMUIATbHBIN THI JIETHEH JUHAMHMKHU
coobmiecTB nTuil. B OGnotomax mMOMMEHHBIX JECOB U JIECOTMOJIOC Ha ero (JoHEe OTMEYalluCh Jaxke
MMMUIPAllMOHHBIE TEHACHIINH, @ B TMOCEJIKaX U Ha 3aKyCTApEHHBIX 3aJMBHBIX JIyraX BO3JEHCTBUE
MMMUTPAIMOHHBIX MPOLIECCOB COUETAJIOCh C PABHOBECHO-IMHAMHYECKUMU, KOT/Ia MTHUIbI aKTUBHO
COBEpLIAJIN KOPMOBBIE KOUEBKH B MTOCIIETHE3OBOM MEPUOI.
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The paper presents research materials on the study of the state of forest-steppe floodplain ecosystems
(including ornithocomplexes) under conditions of increasing anthropogenic impact (pressure) and
climatic changes. For this work the physical and geographical features of the research area (relief,
climatic conditions) were clarified, and geobotanical and soil studies were carried out for a second
time for the territory and coastal bird complexes of the floodplain of the middle part of the Ptan River
(Kurkinsky District, Southeast of Tula Region). We clarified the composition and structure of the
floodplain ecosystem components, analyzed the literature sources and used the data from
reconnaissance spring-summer ornithological surveys of 2019. A quantitative assessment of changes
in individual components of the land ecosystem of the river floodplain in the north of the forest-steppe
zone (including ornitocomplexes) was given. The environmental consequences for the floodplain,
river valley and watershed areas due to the impact of natural and anthropogenic factors of changes in
the water regime of the territory are presented. We revealed the dynamics of abundance of certain bird
species populations in floodplain ornithocomplexes under the influence of water and anthropogenic
factors. They were identified as the most sensitive components of land ecosystems and were marked as
a group of indicator species.

Keywords: evaluation, influencing factor, forest-steppe region, species composition, abundance,
population abundance, richness, floodplain ecosystems, river floodplain, intrazonal landscape,
hydrological regime, climate, ornithocomplex, population, wetland complex.
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