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Ha ocHOoBe MHOrojeTHHMX MJAaHHBIX 3EHCKOrO 3allOBEJHMKA OLICHUBACTCS POJNb MNPUPOIJHBIX U
AHTPOTIOTEHHBIX (HaKTOPOB B IMHAMHKE YHCIEHHOCTH cobonst (Martes zibellina L., 1758) 30HBI
BIUSIHAS 3€HCKOTO BOJOXpaHUIMIIIA. HpeI[JIO)KCH TIOIIATOBBIN AJITOPUTM HU3YUCHHA MOJCIIBHOI'O BUJa
B 30HE BIMSHHUS KPYIHOI'O TUAPOCOOpYkeHHs. llepBblii mar — BOCCTaHOBJICHHE XPOHOJOIMH
M3MEHEHUH IJIOTHOCTH HACEIEeHHs COOOJS Ha pacCMaTPUBAEMON TEPPHUTOPUHU. BTOPHIM mIarom craio
olpefieNieHre BEAYLIMX TMPHUPOJHBIX (DAKTOPOB JMHAMHUKH YWCIEHHOCTH MOJEIBFHOTO BHUJA.
YcraHoBneHa TecHas TMpsMas 3aBUCUMOCTb IUIOTHOCTH HacelleHHsT coO0OoNii ¢ MHOTOJETHHMH
TCHICHIMUSAMH HW3MEHEHUS CYMMapHOH OTHOCHUTEJIHONW YHCICHHOCTH MBIIIEBUAHBIX T'PHI3YHOB.
YcTaHoBIeHa OTpUIIATeNbHAs 3aBUCUMOCTD MOCIIEAHEr0 MoKa3aTess ¢ MHOTOJETHUMHU TeHACHIUSIMHU
W3MEHEHUN COJIHEYHOM aKTUBHOCTM M KOJIMYECTBA BECEHHE-IETHMX oOcaakoB. Tperuit mar
WCCIICZIOBAHMSL IIPEAIOJaraeT yCTAaHOBIEGHHE OCHOBHBIX (DAaKTOPOB H TPHU3HAKOB  BIIHMSIHUS
BOJIOXPaHWIIMILA Ha MOIMYJISILMOHHYIO IPYIIUPOBKY c000s. BaskHeHIITMM aHTPONIOreHHBIM (PaKTOPOM
BUJMMO CJeyeT TMpH3HATh MHKPOKIMMATUYECKOE BIMSHUE BoAOXpaHwiMina. Ha mnoGepexbe
BOJIOXPAaHWIIMILA OTMEUEHB! 3HAUNTEIbHbIE OTKIOHEHHUS OT €CTECTBEHHOW MOITYJISIIMOHHON TUHAMUKI
co0oist, B TOM 4HWcie, Haubonee TIIyOOKME WM JUIMTEIbHBIE NENPECCUH, a TAaKKe IOBBILICHHAs
aMIlIUTyaa KOHe6aHHﬁ YUCJIICHHOCTH. quBeprIﬁ mar HMCCJI€AOBaHUA BKIIIOYACT KOJMYCCTBCHHYIO
OTICHKY BJIMSTHUSI BOJIOXPAHUIIUIIA HA MOJIETBHBINA BHUI. J1JIsT 30HBI BIUSHUSA 3€HCKOTO BOAOXPAHIIIUIIA
YCTaHOBJIEHA JUIMTEJILHOCTh IEpHOJa CYIIECTBEHHOW NeCTaOMIM3alMy MOMYyJSIUH coOoiisl 1ox
BIIUSTHUEM THUIPOCTpoMTEIbcTBA — oOKoyio 20 jer. Hambonee OOBEKTHUBHBIM KOJIMUECTBECHHBIM
MoKa3arejieM BO3JIEUCTBUA BOJOXPAaHWIIMILA Ha MOJEJIbHBIA BUJ MPEACTABISAETCS Pa3HOCTb MEXKITY
CpeaHeH, 3a mepuoA JecTabuiIn3aluy, INIOTHOCTBIO HAceNleHUs Ha «KOHTPOJBHBIX» y4acTKax M Ha
no0epexxbe UCKYCCTBEHHOTO BOAOEMa, BBIPAXKEHHAs B % OT «KOHTPOJIBHOI0» YpOBHS. B Teuenne nByx
necstaneTni necrabuanzanuu (1986-2005 rr.) exxeroansle MOTEpH MOMYJIALXN COCTaBIsuH 1.4 ocodu
Ha 1000 ra — 35.4% OT KOHTPOJIBEHOTO YPOBHSI.

Knioueswie cnosa: cobonb, MBIIIEBUIHBIE TPHI3YHBI, JUHAMHUKA YHCICHHOCTH, COJTHEYHAsI aKTUBHOCTD,
oCalku, THAPOCTPOUTEILCTBO, OLICHKA BIIMAHUA.

DOI: 10.24411/2542-2006-2020-10071

! Pa6ora BemonHena no teme HUP (ynnamentansubix uccienosanuiit UBIT PAH 3a 2018-2021 rr. «Mogenposanue
U IPOTHO3MPOBAHUE MPOLECCOB BOCCTAHOBIEHHS KayeCTBA BOJA U DKOCUCTEM IPH PA3IMYHBIX CLIEHAPHUAX M3MEHEHUI
KIUMaTa W aHTpororeHHOH aesrempHocTH» (Ne 0147-2018-0002) Ne rocymapctBenHO#l permctparmn AAAA-A18-
118022090104-8, paznmen TeMsl 2.6 «IBOTIONNSA HA3EMHBIX 3KOCHCTEM B N3MEHSIOMINXCS TPUPOIHBIX YCIOBUAXY.
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6 METOJIMYECKHUE ACIEKTBI U3YUEHUS HOMYJISLIMOHHOM JUHAMUKU 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 oudepenb, 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 M C IIPAKTUYECKOM, TOYEK 3pEHHsA. be3 3TOro HEeBO3MOXKHO BBIACHUTH IIapamMeTpbl
YCTOMYMBOCTU MOJENBHBIX BHAOB M JaThb OOBEKTUBHYIO OIEHKY HSKOJOTHMYECKOrO M HKOJIOTO-
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,
COCTaBJISIOUIMX OCHOBY paluMoHa 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 >KMBOTHBIE SIBJISIOTCS TUIIMYHBIMU T-CTPAaTEraMH, YyTKO
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 YacTH: pPaBHHHHAs HAaXOAWTCSA B Ipeaenax BepxHe3eiCkol HU3MEHHOCTH; rOpHas —
B 3eiickoM ymienbe, mpopesatouieM cucremy xpedtoB  Tykypunrpa — Cokrtaxan. Hamm
UCCIIEIOBAaHMsI OTHOCSTCS, TJIABHBIM 00pa3oM, K MoOepexbl0 TOpHOM 4YacTW BOJOXpAaHWIMINA Ha
TEppUTOpUN 3€HMCKOro 3aloBEeJHUKA, 3aHHMMAIOLIEr0 BOCTOYHYIO dYacTh xpeOra TykypuHrpa.
Hcnonb30BaHbl pe3yabTaThl yueToB co0olisi B 3elickoM 3amoBeqHuke 3a 32 roga (1986-2018 rr.),
aTakke JaHHblE O CYMMapHOH OTHOCHUTENIbHOM UHCIEHHOCTH MBIIIEBUIHBIX TIPHI3YHOB,
MPECTABISAIOIINX OCHOBY PalliOHA COOOJIL.

OmnpeneneHue YHUCICHHOCTH €000 MPOBOJWINCH C HCIOJB30BAaHUEM METOAMK 3UMHETO
MmapuipytHoro yueta wnu 3MVY (Kysskun u ap., 1990) u mHoronneBHoro oknana (Pycanos, 1986;
[Tononbckuit, 1993). CymmapHast npoTsKeHHOCTh MapiipyToB 3MVY cocTtaBuia okoso 10 ThIC. KM.
VYder MHOTOJHEBHBIM OKJIAZIOM MpoBOAWiICA Ha 9 miomankax oOmel miomaaso okoio 5500 ra.
Exeromno otpabateiBanioch 3-5 miIomaaok cymMMapHOW IUIOMaAbpi0 HE MeHee 2.5 Thic. ra. Taxxe
UCIOJIb30BaHbl JIaHHBIE O(UIMAIBHBIX YYETOB OXOTIOJb30Barene Amypckoil obmactu (1986-
2010 rr.). Ilpu o6paboTke MaTepraia CpaBHUBAJIACH MNIOTHOCTh HACEIEHUS COOOJISI Ha «OMBITHBIX)
y4JacTKax, 3aHUMAIoIuX Mo0epekbe BOAOXPAaHUIIHUILA, U «KOHTPOJIbHBIX)» y4acTKax, yJaJeHHBIX OT
HCKYCCTBEHHOT'O BOJIOEMA.

VY4eTbl MENKUX MIIEKONMUTAIOIKX MPOBOAMINCH HA JMHUAX JOBYHIEK I'epo 1o craHmapTHON
metonuke (Kapacesa, Tenuupina, 1996). IIpoanann3upoBaHbl JaHHBIE O CYMMAapHOW YHCIEHHOCTU
MBILIEBUIHBIX T'PHI3YHOB Ha 33 MOCTOSHHBIX JUHMAX. OOmui o0beM OTIIOBOB 3a mepuon 1984-
2017 rr. coctaBui okono 44600 noBymko-cyTok. dayHa MBIIMIEBUIHBIX TPBI3YHOB 3€MCKOrO
3aloBeHUKA BKJIIOYAaeT HE MEHee 8 BHJIOB: KpacHas moneBka (Myodes rutilus Pallas, 1779),
KpacHo-cepast nojieBka (Myodes rufocanus Sundervall, 1846-1847), yarypckas noneBka (Microtus
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maximowiczii Schrenk, 1859), moneBka-a3xoHomka (Microtus oeconomus Pallas, 1776), mecHoit
nemmuHr (Myopus schisticolor Lilljeborg, 1844), asuarckas necHas Mbillb (Apodemus peninsulae
Thomas, 1907), meimb-mantotka (Micromys minutus Pallas, 1771), noneBas mbitib (Apodemus
agrarius Pallas, 1771). Ha Gomnpineit yacTu TEppUTOPHH JOMHUHHUPYIOT KpacHO-cepasi U KpacHas
MOJIEBKH; MX JIOJIsl B OTIoBax cocraBisieT He meHee 80%. B myboBo-uepHOOEpE30BBIX JiecaxX HOTo-
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 wacom W3y4eHUS IUHAMMKM YHUCJIEHHOCTH MOJIEIBHOIO BHUAA B 30HE BIMSHUS
KPYIIHOTO THJPOCOOPYKEHHs SIBJISETCSI BOCCTAHOBJIEHHE XPOHOJOIMH HW3MEHEHHs IUIOTHOCTU
HaCeJICHUs Ha pacCMaTpUBAaEMOU TeppUTOPUH U B perroHe. Co00Ib — HICKOHHBIN 00UTaTENh TOPHON
taiiru [Ipuamypss. Heymepennsiit npomsicen B XIX — Hauane XX Beka NpUBEI K TOMY, YTO YK€ B
20-e ol OH COXpaHWIICA JIMIIb HA OT/AEIbHBIX Pa3pO3HEHHBIX y4acTKaX, B YACTHOCTH, HAa CEBEPO-
3amagHoi okoHeuHocTH xpebOra Tykypunrpa B mexaypeube pek ['mmioii u Ypkan (["accoBckuid,
1927). C 1934 o 1939 rr. noGerya coboss OblIa MOTHOCTHIO 3anpeinieHa. Paccensscs mo xpeoTy, 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
oburano 1040-1170 cobGoneit mpu cpenneil minoTHocTH Hacenenus 13.7 ocobeit Ha 10 kM2
C cepenunbl 1980-x rr. HameTuiach ycTOMUMBAs TEHJEHIMSI CHUXKEHUS YHMCIEHHOCTH cO0OJIs B
BOCTOYHOW yactu Xxpedra Tykypunrpa. [enpeccus mpoposmkanack BIuIoTh 10 2005-2006 rr.
B 1987-1999 rr. cHMXeHHE YHMCICHHOCTH COOOJISI MPOSIBUIOCH Ha OOJBIICH YacTH TEPPUTOPHUH
Amypckoii oOnactv, HO Haubosee pe3KUM U TIIyOOKMM OHO ObLIO Ha moOepexbe 3eHCKOro
BOJOXpaHWIMIIA. Tak, 3a 3TH TOJAbl IUIOTHOCTh HAaceJeHHs coOo0Jisl CHU3MJIACh B CpEeIHEM IO
AMypckoit o0iacTu NpUMEpPHO B 2 pasa; MO «KOHTPOJIbHBIMY» Yy4YacTKaM 3allOBEeHHKAa BHE
noOepexuii — B 2.4 pasa; Ha nmoOepexbe 3eHCKOro BOJOXpaHWIMIIA («OMBITHBIE» YYacTKH) —
npumepHo B 12 pa3 (puc. 1, Tabm. 1).

Hauunas ¢ 2006 r., Ha noGepexxbe BOAOXpPAaHWIMINA M B 3€HCKOM 3alOBEAHUKE OTMEYalcs
YCTOMYMBBIA POCT YUCIEHHOCTU COOO0JISI, COOTBETCTBYIOLIUI pernoHabHbIM TeHaeHusIm. C 2015-
2016 rT. MO BceW TEPPUTOPUHM 3alOBEAHMKA, BKIKOYAs «OIBITHBIC» TEPPUTOPHUM, HAMETHIIAChH
TEHJCHIMSI K HE3HAUUTEIbHOMY CHW)KEHMIO IIJIOTHOCTH HaceleHus cobons. 3a mepuon
HaOII0ACHUH OTMEYeHbl 2 MAaKCHMaJbHBIX MUKA YHCIEHHOCTH cobost: koHer 1970-x — Havaio
1980-x rr. mu 2010-2016 rr. B »Tu mepuoasl MIOTHOCTh HaceleHus coOousst jgocturamna 10-
14 oco6eit/1000 ra. Takum o00pazoM, UIMTENBHOCTh €AMHCTBEHHOTO OTMEUEHHOI'O IIOJIHOTO
MOMYJISIIIMOHHOTO [UKJIA y CO00JIT Ha paccCMaTpUBaeMO TEPPUTOPHH cocTaBmiia 0kosio 30 JeT.

Bmopuvim wazom mpeyaraeMoil METOJOJIOTUN SIBJISIETCS ONPEAEIEHUE BEAYIIMX IPHUPOIHBIX
(akTOpoB WHAMUKHM YHUCJIEHHOCTH MOJEIbHOIO BHJA. TEeHAEHLHUsS H3MEHEHMs] IUIOTHOCTH
HaceJeHus co0oJis, B IIeIOM, COOTHOCHTCS C IMHAMHUKONW CyMMapHO# OTHOCUTETbHON YHCIEHHOCTH
MBIIIEBUHBIX TPHI3YHOB, COCTAaBJSIONIMX OCHOBY ero pamnuoHa (puc.l). XapakTepHo, 4YTO
MoKa3aTeau IJIOTHOCTH HaceleHus cobosis B 3elCKOM 3amoBEAHMKE W Ha «KOHTPOJIBHOI»
TEPPUTOPUHU TO TOAAM XOPOLIO KOPPEIUPYIOT C aHAJOTMYHBIMHM IOKa3aTeasIMU JUIsl AMypCKOH
obmactu (Tabmn. 1). DT0 MO3BONIAET MPEANONOXKUTh, YTO MHOTOJIETHHE TEHJICHIMU JUHAMUKU
CYMMapHOTo OOWJIMSI MBIILIEBUIHBIX I'PHI3YHOB, a BCJIE] 32 HUMH, U COOOJS CBA3aHBI C BEAYIIHUM
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 —
gucio Boawsda (Sunspot Index ..., 2019).
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E>xeronHple H3MEHEHMSI U KOPOTKHUE 3-5-I€THUE LUKIIbI JUHAMUKN YMCIEHHOCTH MBIIIEBAIHBIX
IPbI3yHOB HE OOHAapyXMBAalOT OYEBMJHOM CBSA3M M 3HAYMMOW KOppPEISLUUU C COJIHEYHOMU
aKTUBHOCTBIO (pHC. 2, Ta0mI. 2).

Oco06eii/1000 ra Oco00eii/100
14 JIOBYIIKO-CYTOK
12 25
10 20
’ 15
6
10
4
2 5

-~
SN D
S
-

1987
1989
1991
1993
1995

Puc. 1. [/lunamuka IUIOTHOCTH HaceleHHs coOoJii Ha TEeppUTOpPHHM 3€MCKOro 3aloBEIHHKA U
AMypckori obnactu. Ycnosnvie obosnauenus: 1 — moOepexbe BOJOXpaHWIMINA, 2 — 3elcKuit
3allOBEHUK (BCE y4acTKH), 3 — y4acTKH BHE MOOEpeKUil KpYyMHBIX BOJOEMOB M BOJIOTOKOB, 4 —
Amypckass obnacte (0 JaHHBIM YTPaBICHUS 10 OXpaHe, KOHTPOIIO U PETYINPOBAHUIO
UCTOJIb30BaHUSI OOBEKTOB JKUBOTHOTO MHpa M CpeAbl MX OOWTaHUS AMYypCKoi oOmact), 5 —
CyMMapHasl TIOTaJJaéMOCTh MBIIIEBUIHBIX TPHI3YHOB B JIOBYIIKM ['€po MO pe3yibTraraM OCEHHHUX
OTJIOBOB (CpeaHss Ul BCe TeppUTOpuM 3eHCKOro 3amoBenHHKa). [l mocieqHero psjaa JaHHbBIX
UCIOJIb30BaHA MpaBas BepTUKalbHAs mKaia — «ocobeit/100 noBymko-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 OTMEUYEH JUIMTENbHBIA, mpuMepHo 30-u netHwid 1ukia. [Ipu sTom
MHOTOJIETHUE TIEPUObI MOBBIIMIEHHON CYMMapHO YHCIEHHOCTH MBIIIEBUIHBIX TPHI3YHOB CBSI3aHbI
C MEepuoJiaMM MHUHUMAJbHBIX 3HAYeHUN MHUKOB 10-JE€THUX IUKIOB 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
COJTHEYHOU aKTUBHOCTH, CTJIKEHHOU 1pu oMoty 1 1-neTHel ckonp3siieii cpenneit (tadm. 2).
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Tabauua 1. KoaddurmenTsr Koppensiuu IIOTHOCTH HAaCEIeHHs co00IIs B 36CKOM 3aITOBETHUKE C
OTHOCHUTEIIbHOW YHCICHHOCTHIO MBIIICBUIHBIX TPHI3YHOB U C IJIOTHOCTBHIO HACENICHUs COOOMS B
renoM o Amypckoii obnactu. 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.

pacnoJio;keHue OTHOCUTETbHO
BO/JOXPAHUIHIIA

YUCJICHHOCTBIO MbIIIIEBU/IHBIX
I'PBI3YHOB HAa COOTBETCTBYHOIIUX

Koadduunent
Koy puunenr koppensuuu ¢ bpru
. . N KOppeasiiuu ¢
YuacTku 3eiCKOro 3anoBeJHHKA: CYMMAPHOH OTHOCUTEJILHOM
IVIOTHOCTHIO

HacCeJEeHUA c000JIH

N B AMYpCKOH
yuyacTtkax 3eiiCKoro 3anoBeJJHNKa

obJiacTu
[ToGepexbe BOgOXpaHUIIHIIA =025, p>0.1 1=0.42, p=0.05
(«OrBITY)
Bae noOepexuii KpyIHBIX BOJOEMOB =041, p=0.05 1=0.60, p=0.001
1 BOJ10TOKOB («KOHTpOIIb»)
3eicKuii 3aTIOBETHHUK B 1IEJIOM r=0.49, p=0.01 r=0.56, p=0.01
Oco0eii/100 W
30 LOBYIIKO-CYTOK 250
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20
150
15
100
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5 50
0 0
A T O ® S AT O ® S AT O ® S N T O ®
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CyMMapHaﬂ nmomagaeMoCTb MbIICBU/IHBIX I'PHIBYHOB

—e—CpeaHeroaoBoe od1ee KOJUIECTBO COJTHEUYHBIX NsATeH (Yucao Boabga - W)

Puc. 2. /Ilunamuka cyMMapHON YHMCICHHOCTH MBILIIEBHIHBIX TPHI3YHOB B 3€MCKOM 3allOBETHUKE B
COTIOCTaBIICHUH ¢ U3MEHEHUEM COJHeYHOUW 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
HYX/IAI0TCSl 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  KOppEesIUHM  CYMMapHOM  OTHOCHUTEIBHOH  YHCJICHHOCTH
MBIIIEBUTHBIX TPHI3YHOB HA TEPPUTOPHHM 3EHCKOTO 3alOBEAHHWKA C Pa3IUYHBIMU TPHUPOIHBIMH
¢daktopamu. 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
CPEIHETO0BBIM KOJIMYECTBOM COJTHEYHBIX IATEH (dncia Bonbga)

Koppensiiust Mexxay JMHAMHKOW YUCIICHHOCTH MBIIIEBUTHBIX TPHI3YHOB H
CPEIHEr0ZI0BBIM KOJIMYECTBOM COJTHEUHBIX MATEH (uncia Bomibda), 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
JMHAMUKON CYMM OCaJIKOB Masi U HFOHS

Koppensiiust Mexxay TMHAMHKOW YUCIICHHOCTH MBIIIIEBUTHBIX TPHI3YHOB H
JTUHAMHUKOM CyMM OCaJIKOB Masi U UIOHS, CriaXeHHOoU 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
TUHAMHUKON CYMM OCaJIKOB Masi-MIOHS

IIpumeuyanusi k Tabaune 2: * — UCMOJIB30BAHO CriakuBaHue |1-meTHel cKoNb3siiel cCpemaHei.
Notes to table 2: * — the smoothing of the moving average for 11-year-long period was used.

HpyruM BaXHbIM TMPUPOAHBIM  (HAKTOPOM, BIHUSIONIMM HA JUHAMUKY YHCIEHHOCTH
MBIIIEBUAHBIX TPHI3YHOB, SBJIAIOTCS Ocaaku. JlJid aHain3a MCHonb30BaHbl gaHHbIe 3eiickoit MO
3a nmepuop ¢ 1970 mo 2018 rr. Ocoboe 3HaYeHNE UMEET MHOTOJICTHSSI TMHAMHKA CYMMBI OCaJIKOB
Masg U UIOHA. B mepuosabl ¢ MOHMKEHHBIM KOJIMYECTBOM BECEHHE-JIETHUX OCAJKOB Pa3MHOKEHHE
IPHI3YHOB TPOXOJAUT Haubosee ycrnemHo. VHTeHCHBHBIE OCaAKM B Mae—HMIOHE OOBIYHO
MPENSATCTBYIOT AKTUBHOMY pPa3MHOXEHUIO TIpbI3yHOB. OTMedueHa 3HauuMMmasi OTpHULATEIbHas
KOPPEJNAIHS CYMMapHOW YHCICHHOCTH MBIIMICBUAHBIX TPHI3YHOB W JUHAMUKH BECEHHE-JIETHUX
0CaJKOB, criiakeHHOW 11-u neTtHel ckonb3smied cpeaneit (Tabdn. 2). HeoOxoaumMo oTMETUTH, YTO
MHOTOJIETHUE TEHJICHIIMM JTUHAMUKH OCAJKOB OOHApPY>KHUBAIOT BBICOKYIO, CTaTHCTHYECKH
JIOCTOBEPHYIO, TPSAMYIO KOPPEJSAIHUI0 C IMKIAMH COJHEYHOH akTUBHOCTH (Tabm. 2). I[lpsmas
3aBUCUMOCTh MHOTOJIETHUX IIMKJIOB YBIQXHEHWUS OT JWHAMUKHA COJHEYHOW aKTHBHOCTH
xapakTepHa Juist AMypckoii o6nactu B uenom (Ilapumnos 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
BBISIBIICHHASI KOPPEJISIHS CYIIECTBEHHO HWXKE, YeM Ha «KOHTPOJBHBIX» YYaCTKaX W HE SBISICTCS
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CTaTUCTUYEeCKH 3HauuMOM (Tabia. 1). DTO CBUAETEIBCTBYET O TOM, UYTO B 30HE BIUSHUS
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
(Actadnes, 1988). C yBenmnueHruEeM BIAKHOCTH B JICTHHE MECSIIBI BO3pAcTaeT 4acToTa 3a00IeBaHUs
nepmarutoM (JIobanos, 1977). ImeHHO BecHOI 1 B Hadase jeTa KpyImHOE BOJOXPAHWINIIE, TIO3/THO
ocBOOOXIaroIIeecs OTO JibJla M MEIJICHHO IIPOrpeBaroluecsi, OKa3blBaeT HaubOosbllee
oXJaxKJarollee BO3JeiicTBUe Ha npuileratoye tepputopuu (psikoHos, 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), BeposATHO, TAK)KE CBA3aHHOE C U3MCHECHUEM 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 TMHAMUKU, OTpaXkarolleecs Ha aMIUIUTyle KosieOaHWil uucieHHOCTH. s Bceit
TEPPUTOPUN 3aIOBEAHMKA OTMEYEHA MPHMEPHO S5-M KpaTHas pa3HUIla MEXIYy MaKCHMalbHBIMH
(10.1 ocobeit Ha 1000 ra — 2009/2010; 2012/2013 rr.) 1 MuanmanbabIMA (2.0 ocobu Ha 1000 ra —
1996/1997 rr.) mokazaTeynsiMu YUCIEHHOCTH coO0us. [l «OMBITHBIX)» Y4aCTKOB, PACMOJIOKEHHBIX
Ha MOOEPEKbe BOJOXPAHMUIIUING, ITOT IMOKa3aTenb coctaBisier 33.2: ot 0.46 (1997/1998 rr.) mo
15.27 (2012/2013 rr.) ocoGeit Ha 1000 ra; s «<KOHTPOJBHBIX» YYaCTKOB HU3KOTOpPHil, yaJIE€HHbIX
oT nobepexuit — 4.4: ot 2.42 (1998/1999 rr.) mo 10.57 (2010/2011 rr.) ocobeii Ha 1000 ra. Takum
o0pa3oMm, MaKCHMaJbHAass MHOTOJICTHSS aMIUTUTYyAa KOJeOaHWH YHCICHHOCTH co0oJii B 30HE
BIIMSIHUS BOJOXPAaHWININA («OIBITHASH TEPPUTOPUs) HE MEHEe 4eM B 7.5 pa3 MpeBbIIIaeT 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
Booxpanuwinma g0 HITY (1985 r.), koraa crano oTYETIUBO MPOSBIATHCS CHUKEHUE YUCICHHOCTH
co0ostst Ha moOepexbe, U yuecTh, uTo ¢ 2005-2006 rT. TMHAMHKA €T0 YUCICHHOCTH Ha «OTBITHBIX)
y4JacTKaX CUHXPOHM3MPOBAIACh C TAKOBOM Ha «KOHTPOJBHBIX» yyacTKax M Mo AMypcKoil o0iactu
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
«OTIBITHBIX» y4yacTkax (mobepexnre BojoxpaHwiuima) — 2.5 oco6ei/1000 ra; Ha «KOHTPOJIBHBIXY
yyactkax — 3.9 oco6eii/1000 ra. Takum oOpa3om, €XerofHble MOTEPH MOMYJSIHMHU COCTABISIIN
1.4 oco6u Ha 1000 ra — 35.4% OT KOHTPOIBHOI'O YPOBHSI.

BriBoabI

1. Hame uccrnenoBaHue Mokas3ajlo, YTO OCHOBHBIM MPHUPOAHBIM (AaKTOPOM, ONpEAestonuM
JUHAMUKY YHCICHHOCTH CO0OJsl Ha paccMaTpuBaeMOW TEppPUTOPUH,  SIBIISIOTCS
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MHOIOJIETHUE TEHJIEHIMM M3MEHEHUS CyMMapHbIX [IOKa3zaTeslled  OTHOCHUTENIbHOM
YHUCICHHOCTU MBIIIEBUIHBIX I'PHI3YyHOB (Ta0I. 1).

2. B cBow ouepenb, AMHAMUKA YHMCIEHHOCTH MBILIEBUAHBIX IPBI3YHOB Ha TEPPUTOPUU
3elicKoro 3amoBeJHMKA NPOSBIAET 3HAUYUMYIO OTPHULATENbHYIO 3aBHCHUMOCTb  OT
UATENbHBIX (30-M TETHWX) UKIIOB COJHEYHOW aKTUBHOCTH (puc. 2, Tabdx. 2). BeposTtHo,
UMEHHO C 3TUM CBf3aHAa CHHXPOHHOCTb KOJI€OAHMI YMCIEHHOCTH cO0O0JII B BOCTOYHOM
yactH xp. TyKkypuHrpa u no Bceit AMypckoii o6mactu B uenom (puc. 1, radi. 1).

3. Jpyrum BaxHbIM (DaKTOPOM, BJIMSIOLIMM Ha OOWJIME MBIIIEBUIAHBIX T'PBI3YHOB, SBISIOTCS
OCaJKU BECEHHE-JETHEr0 CE30Ha — Iepuoja MX Haubojiee AKTUBHOIO Pa3MHOXKEHHUS.
VHTeHCUBHBIE OCAJKH B Mae-MIOHE OOBIYHO MPEMATCTBYIOT YCIEXY PpPa3MHOKEHHs
rpbi3yHoB. OTMeueHa 3HauuMasi OTpULATENIbHAs KOppENsLUs CyMMapHON YHMCIEHHOCTU
MBILIIEBUIHBIX TPHI3YHOB M CIVIQ&)KEHHOW IMHAMUKU BECEHHE-JIETHUX OcaakoB (Tali. 2).
Heo6xoanMo o0paTuTh BHUIMAaHUE HA TO, YTO JUIS pacCMaTpPUBAEMOM TeppuTopuu (Tadi. 2)
U AMypcKOH 00JIacTH B LI€JIOM XapakTepHa MpsiMas 3aBUCUMOCTb MHOTOJIETHHUX ILIMKJIOB
YBJIQXXHEHUS OT IMHAMHUKHU cojiHeuHO# aktuBHOCTH ([lapuiioB u ap., 2006).

4. BaxueimuMm (GakTOpOM aHTPOIOTEHHOI'O BO3AEHCTBHS Ha MOJEIBHBIA BUI CIEIyeT
OpU3HaTh MHUKPOKJIMMATHYECKOE BIUSHUE BOJOXPAHWIMINA. OTO TMpPOSABIAETCA Kak
HanpsAMyroo  (4epe3  TOBBIIICHHYK  3a00J€Ba€MOCTb  JAEPMATUTOM M CHMIKEHHE
BBDKMBAEMOCTH MOJIOJIHSIKA), TaK U OIOCPENIOBAHHO (Y€pe3 CHMKEHUE YHMCIEHHOCTU
MBILIEBUHBIX TPBI3YHOB Ha CKJIOHaxX MoOepexbs BOJOXpaHWIMIa). B ycnoBusx
OTCYTCTBHUSI CIIELUAIIBHON OXpaHbl, MOSBJIEHUE KPYITHOIO UCKYCCTBEHHOI'O BOJIOEMA MOKET
CHOCOOCTBOBaTh YBEJIMUYEHUI0 MHTEHCHUBHOCTH OPAaKOHBEPCKOH OXOTHI, KaK 3TO ObUIO Ha
BbypelickoM BopoxpaHuiMile, HO B 3€iiCKOM 3amoBeHUKe OpakoHbepcKas Jo0bua co0oJs
IPAaKTUYECKH OTCYTCTBYET.

5. JIns KOJIMYECTBEHHOW XApAaKTEPUCTUKU BO3JCUCTBUSA BOAOXPAHWIIMILA HA MOAECIbHBIA BUL
1es1eco00pa3Ho  MCIOJB30BaTh PA3HOCTh MEXKAY CpEeIHEH MHOroJeTHeH IUIOTHOCTBIO
HacelleHUWs1 Ha «KOHTPOJIbHBIX» Yy4acTKaX W Ha MoOepexbe HMCKYCCTBEHHOT'O 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  JAMHAMHUKHU
YHUCIIEHHOCTHU MOJIETILHOTO BH/JIAa HA «OTIBITHBIX» U «KOHTPOJIBHBIX» y4aCTKaX.

7. CpenHue exerogHble MOTEPH MOMYJSALUH co00Js B ATOT Mepruo coctasisuiu 1.4 ocobu Ha
1000 ra — 35.4% OT KOHTPOJIBHOI'O 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 OMHUM W3 HauOoliee Ba)KHBIX KOMIIOHEHTOB T'OPOJICKOH Cpelbl,
BIIMAIOIIIMM Ha Ka4e€CTBO >XKH3HH HACCIICHHSI. 3eeHble HaCaXaACHUSA MOT'YT OBITE UHCTPYMCHTOM JJIst
mogacpKanud HEJIOCTHOCTU U yCTOﬁ‘IHBOCTPI TOPOJACKUX IJKOCUCTEM. HerepI)IBHI)Ie HUCCICI0OBaHUA
CTPYKTYpbI U (DYHKIHH TOPOICKOM 3eNeHON HHPPACTPYKTYPHI © MOHHTOPHHT €€ KauecTBa HEOOXOTMMBI
JUTSL ONTUMHU3ALAN TOPOACKON CPEBbL.

Ha mpumepe Mamarn (Mcmanmsi), OZHOTO U3 BEOyIIUX «YMHBIX» TOpPOIOB EBpoIIHI,
paccMaTpUBAIOTCS TPU METOJOJIOTMYECKUX IMOJX0/Ia K OICHKE MPOCTPAHCTBEHHOW KOH(QUTYpamuu U
CTPYKTYPBI 3€ICHBIX HAcCaXJCHWH W (pparMeHTOB mpupoaHoro nauamadra ropona. [IpumeHstoTcs
coBpeMeHHbIe MeTobl I UC-MonenupoBanust Tt OLCHKH 3eJIeHOoH HH(pacTpyKTypsl Majiaru ¢ TOYKU
3pEHMS XapaKTEPUCTHKHU 3eMenbHoro mokpora (mpu nmomoinn CORINE Land Cover), moTeHIIMaIbHBIX
00bEMOB MpemaraeMbIx 3KOCHCTEMHBIX ycayr (mpu momomnn Urban Atlas) u xoHpuryparym,
(bparMEeHTHPOBAHHOCTH W TIPOCTPAHCTBEHHOW CTPYKTYPHI 3€JIEHBIX HACaXKIeHWH (TIpU TOMOIIH
GuidosToolBox). Ha ocHoBe Meroma MOpGOIOrHYeCKOro MPOCTPAHCTBEHHOTO aHAIM3a BBIEICHB
OCHOBHBIE 0a30BBIE pe3epBaThl (sApa) W OCTpPOBa 3€JeHONH WHOPACTPYKTYPHI, 3KOIOTHYECKHE
KOpUIOpBI, TIPOBEACHA OIEHKA CBSI3HOCTH W (ParMEHTHPOBAHHOCTH 3€IEHBIX HACAXKICHHIA,
KPUTHYECKH 3HAYMUMBIX JIJIS OINpENeNeHWs EOWHCTBA DKOJIOTMYeCKOro Kapkaca. llpuBemeHsr
KOJIMYECTBEHHBIE XapaKTEePUCTHKHU 3eNIeHON HH(PPACTPYKTYPHI, TOTEHIIHAIFHO CPaBHUMBIE Ha Pa3HBIX
YPOBHSAX H3y4YeHUs 3E€MEIBHOTO IMOKpoBa. B mcclnemoBaHWM TPUMEHEHO COYeTaHHe HECKOIBKUX
METOJIOB, TIO3BOJISIONINX PACCMOTPETh TEPPUTOPUIO Ha PA3HBIX YPOBHSIX IMPOCTPAHCTBEHHOTO aHAJH3a
Y OTIPEJIENIUTh CUCTEMOOOPa3yIOIIHe YIaCTKU CETH 3eIeHON MHPPACTPYKTYPHI.

Kurouesvie cnosa: 3enenas undpactpykrypa, ['MC-mogemupoBanue, CORINE Land Cover, Urban
Atlas,  cBs3HOCTh,  (PparMEHTHPOBAHHOCTH  3€NEHBIX  HACaXKICHWH,  MOP(OIOTHIECKH
MPOCTPAHCTBEHHBIN aHANIN3.

DOI: 10.24411/2542-2006-2020-10072

O3eneHeHne, HECOMHEHHO, SBJSETCS OJHUM M3 OCHOBHBIX JKOJOTHUECKHX CIOCOOOB
O3/I0pPOBJIEHUSI M OIaroycTpoiictBa ropoJckoi cpeiabl. 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). CymecTBoBaHHE U Pa3BUTHE TOPOJOB B paMKax KOHLENIMU YCTOWYMBOTO PAa3BUTHUS
3a4aCTyl0 OKAa3bIBAa€TCsi OIPAaHUYEHHBIM HE TOJBKO IIPOCTPAHCTBEHHOM  HEPA3BUTOCTHIO
HKOJIOTUYECKOT0 KapKaca, HO TaKKe CHI)KEHUEM CBSI3HOCTH 3eJIeHON MH(PACTPYKTYphl U BBICOKOH
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CTeTeHbI0 (hparMeHTHpOBaHHOCTH 3eleHbiX HacaxkaeHwit (McNicoll, 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 HEIOCTAaTOYHOIO
MOHUMAHUS BIUSHHS COLMATBHO-3KOHOMUYECKUX U (pr3nyecKux (akTOpOB 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
CTPEMUTENBbHBIA 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 JOCTHKEHHUsI IOCTaBIEHHOW 1M HEoOXOAUMO BBIIBUTH  (DU3UKO-
reorpapuecKue M COLMAIbHO-?KOHOMHUYECKHE MPEINOCBUIKA HPOCTPAaHCTBEHHOIO pOCTa 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
EBpomneiickoit komuccueit B 2013 rogy (Green Infrastructure ..., 2013): 3enenast uHbpacTpykTypa
BKJIIOYAaeT B ceOs IIMPOKUH CHEKTP NPUPOAHBIX U MOJYHPHUPOJIHBIX AaKTUBOB, CTPAaTETHYECKU
IUIAHUPYEMBIX KaK €IMHas CETh B3aMMOCBS3aHHBIX KOMIIOHEHTOB. CIIEKTp NONAJaroIMX IOJ
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).

OzeneHeHWe TOPOJOB SBISIETCA OJHOM M3 CaMBIX BaXKHBIX TPACKTOPUHI 0310pPOBIIECHUS
TOpPOJICKOM cpenbl. 3eleHble HACAXACHUS CMATYaroT BOCHPHUATHE JKAPKUX M CyXUX IOTOJHBIX
YCJIOBMM, MOBBIMAIOT MOHMU3ALMUIO BO3[YyXa, CO3JAal0T MPOTHUBOIIYMOBOH 3(deKT, 3amumaT ot
XMMHMUYECKOTO 3arpsi3HEHUS U IMOIVIOIIA0T MHOTHE BpeaHble npumecH. Cumraercs, yTto 1 rexrap
3/I0pPOBBIX JIECHBIX HAacaXJIEHWH 3a AEHb norjouiaer okoso 0.25 T yriIeKHCIOTo rasa, Ipu 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),
pacriomaraercsi Ha moOepexxpe Cpenu3eMHOTo MoOpsi y TOAHOXBS Top Monrec-ne-Manara
(Masarckue ropsl), SIBJISFOIIUXCS YacThIO CHCTEMBI AHAATYCCKUX rop. ['OpHBIE y4acTKH peruoHa
MPUHAUICKAT K CTPYKTYPHO-ICHYJAIIMOHHBIM W CKJIAYaTBIM ropaM Ha MeTaMOp(OUYECKUX U
KapOOHATHBIX TMOPOJAX; FOTO-3alaJHYI0 YacTh PETMOHA 3aHUMAIOT OOIIMPHBIC AJTIOBHAIBHBIC
paBHMHBI MeKTypeubs pek I'yagansopce, Kamnanuitsac u ['yaganmenuna.

Jns u3ydaemMoro permoHa XapakTepeH CYXOW W KapKUH CPEeIU3€MHOMOPCKUN KJIMMAT, 4To,
HECOMHEHHO, BJIHMSE€T Ha HEOOXOIUMOCTh OOECIeYeHHs TopojJia  Pa3BUTOM  3€JIEHOU
nHppacTpykTypoii. Cpean3eMHOMOPCKHE TOpOAa C WX KAPKUM M CYXHM JIETOM HYXKIAIOTCS B
TEHUCTBIX y9acTKaX, CIOCOOHBIX CMATYUTH BBICOKUE TEMIIEPATyphl, TEM CaMbIM TMOBBIIIAS KAY€CTBO
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 momuiiapsl (PomanoBa u np., 2014). ToMuuIsipel TIPEACTABISIIOT COOOM
pe3ybTaT JUTMTEIBHOTO YPE3MEPHOTO BhINAca: IEPEBbs MOSBISIOTCS B JTaHIAPTE BCE PEKE, 3aTO
pa3BUBaeTCs OOIIMPHOE TOKPHITHE W3 TUMbsiHA (Thymus spp.), po3mapuHa (Rosmarinus spp.),
namaunuka (Cystus  salviifolius’, C. albidus) W TIpoYMX HHU3KOPOCHBIX KyCTAPHHKOB U
KYCTapHUYKOB.  30HaJIbHasg  CPEIM3EMHOMOpCKAash  PACTUTENBHOCTh  CO3Ja€T  JOBOJBHO
crenuduueckue ycaoBus A GopMUpoBaHUs Kapkaca 3efeHoi nHdpacTpykTypsl. KycrapHUKOBBII
XapakTep pacTUTEIbHOCTH Ha 3HAYUTENBHOM 4YacTH TEPPUTOPUU Ci1abo OlaronpusTCTBYET
(hOpMHUPOBAHHUIO KPYIMTHOMACCUBHBIX TOPOJCKUX IMapKOB C OOLIMPHBIM JAPEBECHBIM IOKPOBOM.
Bcepssau ¢ 9TUM  mogaBifAomIas  4YacTh  3e€lieHOM  MHppacTpykTypsl oOpa3oBaHa MO0
MHTPOAYIIUPOBAHHBIMHU BHJIaMH, TAKUMHU Kak MarHoyms (Magnolia grandiflora), Tunyana (Tipuana
tipu), xxakapanna (Jacaranda mimosaefolia), nn6o rubpuiaMu M KyJIbTHBApaMH, HallpUMeEp, JTUTION
okpameHHoi (7ilia % euchlora) n nomepanuem (Citrus % aurantium; Tabmn. 1).

[TpoucxoxaeHue OOIbIIEH YacTH IPEBECHON PACTUTEIBHOCTH B TOpoJie OepeT Hadasao B 1930-x
rojax B peruone Monrec-ne-Maiara, rie B TO BpeMsi 3HAUUTEIbHbIEC TUIOMIAAN OBLTU OTBEICHbI
MOJ 3€JIeHble HACAXACHUS C LETbI0 yOepedb ropojJ OT CHJIbHBIX HAaBOJHEHUH, CBA3aHHBIX C
pasznuBoM p. ['yamanmenuna. Mcrosb30Baluch Takue MOPOJIbI, KaK €BpoIelcKas KeapoBas cOCHa
(Pinus cembra) n cocHa anenrickas (P. halepensis), uaealbHO TIOIXOIAIINE I OCIHBIX U CHIIBHO
SPOMPOBAHHBIX MOYB. Ha OCHOBE MCKYCCTBEHHBIX HACAXKICHUI CO BPEMEHEM Hayaya pa3BUBATHCS
TUMAYHO CPEAM3EMHOMOPCKAsl PACTUTENBHOCTh, COCTOsIIas U3 aybda kameHHoro (Quercus ilex),
ny6a mpoOkoBoro (Q. suber), poxkoBoro aepeBa (Ceratonia siliqua), MupTa OOBIKHOBEHHOTO
(Myrthus communis), sicenst (Fraxinus spp.), 3eMJISITHUUHOTO niepeBa (Arbutus unedo).

l'oponckas mnaHUpOBKAa WrpaeT BaXHYIO pPOJb B TMOHUMAHUU KOH(UTYpaly 3eJIeHOMN
nHppacTpykTypsl. B coBpeMeHHbIX rpaHuiiax Manaru MO>KHO BBIJCIUTH JIBE KPYITHBIE 30HBI: PO
ypOaHHU3aIuu KaK TAaKOBOE — «CUTHU» U MEepUQEeprIo — Majo3aceleHHbIe, HO KPYITHbIE MO IJIONIaan
paitonsl. Ilepudepuitapie palioHbl, IO CyTH CBOEW CeNbCKHE, OBLIM BKIIOYEHBI B YEpPTy ropoja
mocie TOro, kak Mamara wucHbeITaza HOBBIM BHJ JeMOTrpagUuecKkoro JAaBlieHUS B BHJIE
MUTPALMOHHOTO MPUTOKA CENbCKUX KUTENeH, MOCTPaJaBIINX BCIEICTBUE MOsBIeHUS B EBpore
BUHOTpagHoi uitokcepsl (Dactylosphaera vitifoliae). Tlocnenuue necsatunerus XIX Beka u

! Jlatunckue 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
Crerooman-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 kuiibe. IlepenomnennocTs paiionoB Jla-Tpunnnan, Kanyuynnoc u
MHOTHX APYrHX BO3pOCIa HACTOJIBKO, YTO BBI3BaJIa CIIOHTAHHBIC sIpa paccelieHus Ha nepudepun
ropoja: Onb-Ilano B coBpemenHoM auctpukre Icre, Appoiio-aens-Kyapro B auctpukre Kpys-ne-
Ymuiisinepo, Manrac-Bepnec B Crronan-Xapaun u muHorue apyrue (Del Carmen Diaz Roldan,
1996).

Tabumua 1. HauOonee yacTto BcTpeuarouiyecs: BHbI B TOPOJCKMX HapKaX M Ha O3€JIEHEHHBIX
OynpBapax Manaru (Plan General ..., 2011).

HNHTpOoaynupoBaHHbIE BUIBI ABTOXTOHHBIE BH/IbI
HepeBbsi | Tunyana tuny (7ipuana tipu), barpsuauk eBponeiickuii (Cercis siliquastrum),
bpaxuxuton (Brachychiton sp.), |Onua eBponeiickas (Olea europaea),
[Homepanen (Citrus % Scenb 0ObIKHOBEHHBIN (Fraxinus excelsior),
aurantium), Cocuna nunus (Pinus pinea)

2Kakapania MUMO30JMCTHAS
(Jacaranda mimosaefolia),
Menus anenepax (Melia
azedarach),

Po6unus noxxHoakarueBas
(Robinia pseudoacacia),
I'pesunnes kpynHas (Grevillea

robusta),
PoxkoBoe nepeBo (Ceratonia
silique)
Kycrapuuku | bepeckier snonckuii (Evonimus | Kacmun (Jasminum sp.),
japonicas), Oneanap (Nerium oleander),
Jlantana cBomuatas (Lantana Tamapukc (Tamarix sp.),
camara), Ounnupes y3konuctHas (Phillyrea
buprounna OnecTsamas angustifolia),
(Ligustrum lucidum) ®ucramika Mactukosas (Pistacia lentiscus),

Perama onHocemsinHas (Retama monosperma),
Po3mapun nekapctBeHHbIN (Rosmarinus
officinalis),

Bosippiinuk oHonectuunslil (Crataegus
monogyna)

C 1990-x romoB mpaBUTEIbCTBO MYHUIMINAIWTETAa MPUCTYNWIO K TIOArOTOBKE IIJIaHa
OOHOBJIEHUS TOPOJACKOIO IIEHTPA, HAUYaBIIETO TEPSATh IPHUBIEKATENBHOCTh S IMPOXKUBAHMSL
Typuctuueckuit Oym 1960-x roJ1oB mpUBea K TOMY, YTO OCHOBHAs JEATEILHOCTh MO YIPABICHUIO
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 FOPOJa CTaTh KIOYEBBIM CUMBOJIMYECKHUM 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 ¢ €€ okpectHocTs MM, miowmanb [lnaca-ne-na-Mapuna, OynbBap
[Taceo-genb-ITapke u mpocnexkt Anamena-llpuHcunanb, cTpagaloT OT Mepenu30bITKa MOCETUTENEH
(Barrera-Fernandez at al., 2019).

[Iponiecc 0OHOBIIEHUS TOPO/IA U TIOBBIIIEHUS KOM(OPTHOCTH TOPOJCKOM Cpelbl MPOI0IHKAIC
Ha TPOTSHKEHUM BCETO MocieaHero 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
COTPYJHHYECTBO B paMKaxX JOCTHKEHHS YCTOMUMBBIX Mojenel pa3sutus ropoaoB (Urban Empathy
.., 2020). CMH otmeuaror, uyTo Mayiara MOXeT CTaTh XOPOIIMM KaHIWJIATOM Ha TOJydCHHE
Harpagsl EC Green Capital B 2020 rony (Malaga ..., 2017). Kpome Toro, B 2015 roay Obuia
yTBepKaeHa mporpamma Agenda2l, kotopas mpenctasiser coboi IloBecTky mo KOMIUIEKCHON
YCTOWYMBOCTU TOpOJCKO# cpeabpl Manaru Ha mepuona ¢ 2020 mo 2050 roast (Agenda Urbana
Malaga, 2016). Oryer mnporpaMmbl COJEPXKHT TEOPETUUYECKOE TMOSICHEHHE TOpPOACKOro
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
9KOJIOTHYECKHX TpPOeKTOB, Taknmx kak 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 TOy yKe JOCTHrHYB OTMETKH B 7.60 M? Ha wutens (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 Tourism», B TOM 4mclie 3a YCHEXH B OpraHu3aIlu
310pOBOM U KOM(OPTHOM cpenbl s npuBiedeHus TypuctoB (European Commission, ... 2020).
Pa3BuBaromuecss TropojcKhe MpOrpaMMbl 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 OTpPUIATENbHBI TPUPOCT
MOoKa3aTes IUIONIaAM 3€JeHbIX HacaXACHU Ha Aymy HaceneHus: -0.42 M2 Ha xurens u -0.09 M? Ha
XKUTeIs cooTBeTCTBEHHO (puc. 2; Agenda Urbana Malaga, 2016).

B wuccnenoBaHMM MBI IpUMEHWIM Tpu OCHOBHBIX Mertona ['MIC-monenupoBaHus 3€l1€HON
MHPACTPYKTYPBI: BO-MIEPBBIX, MOJIENIN, UCHOIb3yEMbIE JUI XapaKTEPUCTUKU 3€MEIbHOTO MMOKPOBa
(CORINE Land Cover), BO-BTOpBIX, MOJENH, HCIOJb3yeMble Ui OLEHKH 3€JIeHOMN
MHQPACTPYKTYPbl OTHOCUTEIHHO MOTEHIMATIBHBIX 00BEMOB IMpEAIaraéMblX SKOCHUCTEMHBIX YCIIYT
(Urban Atlas), wu, B-TpeTbUX, MOJENM, MWCHOJB3yeMble IS OLEHKM KOH(UIypalu,
(parMeHTUPOBAaHHOCTH M TMPOCTPAHCTBEHHON CTPYKTYpbl 3eieHoil uHppacTpykTypsl (MSPA-
aHanu3 npu nomoinu nporpamMmHoro nakera GuidosToolbox). Kaxaplii u3 3THX METOJOB MMeEET
CBOM JIOCTOMHCTBA W HEIOCTaTKH, a TaKXKe TpaHUIbl NPUMEHEHHS Ha pa3HbIX YPOBHSX
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 KOHTEKCTE W3y4eHHs 3€JI€HOW HHQPACTPYKTYpHl 3TOT MPOEKT,
SBJISTFOIIUICS JouepHei nmporpammoii cucteMbl Copernicus (Copernicus Land Monitoring ..., 2020),
MOXET TMOCIY)KUTh 0a30BbIM HCTOYHMKOM TIOJIy4CHHUS POCTPAHCTBEHHBIX JaHHBIX O
3eMJICTIONIb30BaHNN W JaHmmagTHoM mokpoBe. basza manueix CORINE, Bkmouaromas B cebs
pa3iIMYHbIC KATCTOPHU 3EMJICTIOB30BAHMS C IPUCBOCHHBIM UM YHUKAIBHBIM TPEX3HAYHBIM KOJIOM,
OOHOBIISIETCS € PEryasipHOCTbIO B 6-10 Jer, mpemocTaBisii B OTKPBITOM JOCTyIE JaHHBIE B
BEKTOPHOM U pacTpoBOM (opmarax, JOCTYITHBIE sl CBOOOIHOTO MCIIOIb30BAHHUS.
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Puc. 2. [IpupocT mokasaTens MIOMANH 3€J€HBIX HACAKICHUH Ha JyIly HaceleHHs (M>/den.) 3a
nepuof ¢ 2005 r. mo 2012 r. o oTAENbHBIM palilOHAM.

KauectBo manneix CORINE Land Cover MOXHO OIIEHHTH KaK BBICOKOE, a KOJIHMYECTBO OIIHOOYHO
OTIpE/IeIeHHBIX KaTeropHil 3emJiienosb3oBaHus oObruHo 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.

Takas ’xe mpobOiema BO3HHMKAeT NpPHU MOJECIMPOBAHMM KapKaca 3€JIeHON HHQPacTpyKTyphbl
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% mpouentoB ot ob6mew tiomaan (Updated CLC ..., 2019). Takum oGpa3om, ypOBEHb
TeHepaln3allii [PH TMPHUMEHEHWH JTaHHOTO METOJla BEChMa BEIMK M JIOKaJbHAs 3eJIeHas
nH(ppacTpyKTypa, HaXOAAIIAsCs B TpaHUIAX 30HBI 3aCTPOMKH, CKOpee Bcero, He OyJeT ydTeHa.
CnenoBatenpHo, netanpHas kiaccudukanus CORINE Land Cover wmano cmocoOCTByeT
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, sBisieTcsi 4acThi0 CITy>KObI
mouutopunra 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 siBiasiercss 6a30if JaHHBIX O 3€MJICTIONB30BAHMM HAa TOPOJICKOM YPOBHE C
caMbIM BBICOKUM pasperieHuemM, 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(HUIMPOBAHNE OCHOBAHO Ha COYETAaHUU (POTOMHTEPIPETALUUd U 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
unpopmanuu (European Topic Centre Land Use and Spatial Information; Prastacos et al., 2011).
[Toatomy Urban Atlas MoxxHO cuuTaTh Oosiee YAOOHBIM M paIlMOHATIBHBIM HHCTPYMEHTOM
MOJIy4eHUs JaHHBIX 0 3eeHol nHpactpykrype, 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.

Mopdghonocuueckuii npocmpancmeenusiii anaius (MSPA-ananuz). Metoq MopdOIOTHIECKOrO
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 mHorue
Hay4YHbIe pabOTHl Ha TEMY CBS3HOCTH HE MMEIOT MPSIMOTO OTHOUICHHS K TOPOJCKHM CHUCTEMaM.
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
ujesl CBSI3HOCTH TaK K€ BaKHa, Kak M NMpuHIUN €€ MHoro¢yHkuuoHainbHocTu (Hansen, Pauleit,
2014).

JlanmmagTHass CBSA3HOCTH MOXXET OBITh paccudTaHa C WCIOJIb30BAHUEM HHTETPATHLHOTO
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 kauecTBe anbTepHATUBHI BBINICYITOMSHYTHIM HHAWKATOPAM MOXET HCIOJIB30BATHCS METO
MOP(hOJIOTHIECKOTO TIpocTpaHCTBEHHOTO aHanm3a (MSPA), koTopelil oOecnieunBaeT 60see THOKUA
MOJXOJ] K YYETy CBS3HOCTH 3eJieHOM MH(pacTpyKTyphl. MSPA, ucnons3ys B Ka4eCTBE BXOJHBIX
JAHHBIX PacTpPOBOE H300pak€HHE M3y4aeMOW TEPPUTOPHU, OPHUEHTUPYETCS Ha TEOMETPHUIO U
CBSI3HOCTh KOMIIOHEHTOB U MOXKET aBTOMAaTHUYECKH ONPEAEIATh CyIIecTBYyomue kopuaopsl (Batty,
Rana, 2002). VYHukampHOCTH MeETOAY H00aBJISIET CHUCTEMAa AaBTOMATHYECKOTO OOHAPYKECHHS
9KOJIOTUYECKUX KOPUJIOPOB Pa3HOro Macitadba Mexay (QyHKIMOHAIBHBIMU SpaMu U300pakeHus,
a TaKkKe JaJbHEHIlee paHKUPOBaHME HACHTHU(QHUIMPOBAHHBIX ITyTE Ha OCHOBE ONpEAEICHHUS
OTHOCHTEIILHON BaYKHOCTH KaXKJIOTO KOMIIOHEHTa B naHHOU cetu (Vogt, Riitters, 2017). YuurtbiBas
TOT (aKT, 4TO METOJ NPUMEHHM K JI0OOH TEepPpUTOPHUH, [UId KOTOPOH HMMEIOTCS B HAIMYUU
pacTpoBble JaHHBIE O 3€MJICHOJNB30BAHMU PErMOHAa M IIOJHYI0 aBTOMAaTHM3allMI0 IIpoliecca, OH
Ype3BbIYaHO yJ00EH B IPUMEHEHHH.

B umensx anaim3a 37€MEHTOB 3eseHOW HMHEQpacTpykTypsl Masiarn ObLIO HMCIIOJIB30BAHO
HekoMmMmepueckoe mporpammuoe obecniedenne GuidosToolBox (The Graphical User Interface for
the Description of Objects and their Shapes Toolbox; Vogt, Riitters, 2017). Bce uncrpymeHTsI
GuidosToolbox ocHOBaHbI Ha F€OMETPUUYECKUX MPUHIIUIIAX U, CIEI0BATEIBHO, MOTYT IPUMEHSITHCS
B JIFOOOM MacmiTabe U JJ1s JII0ObIX BUIOB PacTpPOBBIX AaHHBIX. [Iporpamma Mcnosib3yer B KauecTBe
BXOJIHBIX JJAHHBIX OMHApHOE M300pakeHUe, B KOTOPOM IPOCTPAHCTBEHHOE MOJ0KEHUE KaXKJOIro
nuKcens omnpenensercs koaoMm «1» mmm «0». B TakoM ciydae 3HadeHue «l» COOTBETCTBYET
nepeHeMy IUIaHy H300pakeHHUs, a MMEHHO H3Yy4aeMbIM »3JIEMEHTaM JaHamadra, 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
napametpa Edge Width (OykBanbHO — mMpHHA KpaeBbIX yYacTKOB MEPEIHEro IUIaHa) YBEIUYUBAET
001acTh 3a/IHErO IJIaHa 3a CYET OCHOBHOM 00JacTH MepegHero IlaHa, U, COOTBETCTBEHHO, MOXKET
m3mennth kinacc MSPA. B nanHoit pabote 3nauenne Edge Width, ¢ yuetrom 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 ortBerBnenue (Branch; Ttabm. 2, pumc. 3). DTa cerMeHTranus NPUBOJUT 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

KosnnyecTtBeHHasi xapakTepucTika 3eMeabHOro nokposa no 1anusiM CORINE Land Cover

CucteMbl 3eMJICTIONB30BaHUSI HA TEPpUTOpUHM Manaru MOXHO pa3aenuTh Ha 3 Onoka: 3To
ypOaHU3UPOBAHHBIE TEPPUTOPHUH, CEITLCKOXO3SMCTBEHHBIC PErHOHBI M TEPPUTOPUH HAMMEHBIIIETO
AQHTPOTIOT€HHOTO BMEIIATEIHCTBA, TIe TPE00IaaeT eCTECTBEHHAs! PACTUTEIBHOCTD (pHC. 4).

[To manaepim CORINE Land Cover, B mpenenax ropojckoro sjapa Manarn Ha moOepexbe
3HAYMTEIBHYIO YacTh TEPPUTOPUM 3aHUMAeT HempepbiHas (23.7 km?) u npephBucras (18.9 km?)
ropoickas 3acTpoiika. Okoj10 21 KM? TEPPHTOPUHM 3aHMMAIOT ITPOMBIIILIEHHBIE 30HEI.

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) €IMHCTBCHHBIN HE CBA3aHHBIM KJIacC.
OxkHo [Tukcenn 3eneHo HHPPACTPYKTYPHI, GOPMHUPYIOLINE TTEPEXOTHYIO 30HY
(Perforation) MeXAy NepeHUM IUITAHOM U (GOHOM I BHYTPEHHUX 00JacTei.
Kpaii [Tukcenn 3eneHo HHPPACTPYKTYPHI, GOPMHUPYIOIIHE TEPEXOTHYIO 30HY
(Edge) MEXIY EPEAHUM IIJIAHOM U (POHOM [UIS BHEIIHUX OOJIacTei.
Kopunop [Mukcenu 3eneHoi HHGPACTPYKTYPbI, KOTOPbIE COSNUHSIOT J1Ba MK OoJiee
(Bridge) HEIEePeCeKaroIuXcs saapa.
Ietns IMukcenu 3eneHoi UHPPACTPYKTYPbI, KOTOPBIE COEAUHSAIOT 00JIACTb sIIpa €
(Loop) caMoii co6oi.
OTBeTBiIEHHE [Mukcenu 3eneHol UHPPACTPYKTYPBI, KOTOPBIE TSHYTCS OT 00JacTH sipa, HO
(Branch) HE COEIUHSIOTCS C IPYroi 00IacThIo sIpa.
Hpocaer O¥H8 | Mykcenu sapmero mwiana (dopmupyroIIMe BHYTPEHHIOIO 30HY OTBEPCTHS
(Core Opening) ’ '
Oxaiimnienue [Mukcenu 3aaHero miaHa, GopMHUPYOIIKE TEPEXOTHYIO 30HY MEKIY KpaeM U
(Border Opening) | ¢poHOM.
®on [Mukcenu 3agHero miaHa, OKpy>K€HHbIE CO BCEX CTOPOH TaKXkKe MUKCEIIMU
(Background) 3aJIHETO IUIAaHA HA PAacCTOSIHUE, IPEBBIIIAIOIIEE YKAa3aHHOE.

OCHOBHBIE CEIBbCKOXO3SHCTBEHHBIE pPAalOHBI PACIONaraloTcs MO Mepudepuu, Ha CeBepo-
BOCTOKE M ceBepo-3amaje Mamnaru. boniblrylo 4acTh TEPPUTOPHH 3aHUMAIOT (PPYKTOBBIE Caabl —
43.8 kM?, TaKKe 3HAYUTENBHYIO YacTh COCTABIAIOT OJMBKOBbIE IUTAHTALMH, 3aHUMatomHe 28.7 Kv>,
VY4yacTKu KOMIUIEKCHOTO, HO MPEUMYILIECTBEHHO CEJIbCKOXO3SIMCTBEHHOTO  HCIOJIb30BAHUS
COCTaBIAIOT B obmieil cnoxuocth 34.2 km?. O6pabaThiBaeMble Yroibs 3aHMMAIOT BCErO JMILb
9.5 kM?, U3 HuX 2.3 KM> — 30HBI HEOPOIIaeMoro 3emienenus, a 7.2 KM> — opomaemoro. [Tactouia
3aHUMaroT 17.7 kM?.
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Puc. 4. 3emnenons3oBanue ropoja Manara (o ganaeiM CORINE Land Cover 2018).

23

Cpenu eCcTeCTBEHHON pacTUTENBHOCTH MPEe0OIaaatoT KYCTAPHUKH, KOTOPBIMH MOKPBITHI 3€MITH
o6mel momansio B 93.6 kM. XBoifHbIe Teca 3aHUMAIOT 45.7 kM2, HIMPOKOJUCTBEHHbIE — 2.9 KMZ,
cMemanHele — 3.12 kwm?. PaspesxeHHas JlecHas pPacTUTENHLHOCTb IIPOM3PACTAET HA TEPPHTOPUM
obmiei momansio 14.2 xm?. EcTecTBeHHAs pacTUTENBHOCTh COXPAHUIACH B HAMOOBIIEH CcTeneHn
B CEBEPO-BOCTOYHOM CEKTOPE rOPO/Ia, /1€ MPOKUBAET MEHbIIIE BCETO HACEICHMUS.
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B pesynprare cTpyKTypa 3eMIICTIONIB30BaHMS Manaru BBIMJSIIUT CIEAYIOIIUM 00pa3oM:
82.8 kM*> (21%) 3aHMMalOT ypOaHM3MpOBaHHBIE Tepputopuu, 163.2 km? (41%) — ecTecTBeHHas
pactutensHocTh, 149.7 xm? (38%) — cenbCKOX03AHCTBEHHbIE YTOIbSL.

B mpenenax ropojckoro simpa Manaru, o nanaeiM CORINE Land Cover, obmas mutomamp,
MOKpBITask PACTUTENLHOCTBIO, COCTABIISET Beero 1.45 kM2, U mprypoyeHa K 30HaM FOpOJICKOi 3eeHoit
UHPPACTPYKTYPHI.

CORINE Land Cover mo3BoJIsIi€T TOJIYYHTH OOIIee MPEICTABICHHE O 3EMEIBHOM IOKPOBE
ropoja, OJHAKO, U3YYUTh KOH(PUTYPAIUIO 3€JICHOH MH(PPACTPYKTYphl B 30HE KHJIOW TOPOACKON
3aCTPOMKHM HE IMPEACTABISAETCS BO3MOXKHBIM M3-3a M3JIMILHEH CTENEHU reHepanuszanuu. B Takom
ciydae, Oosiee NOAXOASIIEH METOJUKON ydyeTa KOJMYECTBEHHBIX XapaKTEPUCTHK 3€JIEHOMN
uHppactpykrypsl sBisierca Urban Atlas, xapakrepusytommuiicst 6oiee aeTaabHON Kiiaccupukanuen
TrOPOJACKOM TKaHHU.

Ouenka 3e1éH0M MHPPACTPYKTYPHI N0 NOTEHUHAIbHBIM 00beMaM NpeaiaraeMbix
peKpeanMoHHbIX ycayr no 1anubiM Urban Atlas

B oOmeit cnoxnoctu, mo pganHbiM Urban Atlas, wa teppuropun Manaru 3eneHas
MH(PACTPYKTypa B CBOMX PpA3IMYHBIX MpPOSABJIEHMAX 3aHMMaeT okono 313.9 km® wm 80%
Tepputopuu (puc. 5, Tabdm. 3).

3eneHble HACaKJEHMs, KaK W3BECTHO, aKTHBHO YJABJIMBAIOT U HEUTPAIU3yIOT MOTEHIHAIBHO
OTacHbIE Uil 37J0POBbs (PU3MKO-XUMHUUECKUE DJIEMEHTBhl U COEAMHEHHS; 3eJeHas UH(pacTpyKkTypa
BBITIOJIHSIET PAJ BaXHBIX (PYHKIMI B TOpojae, cpeand KOTOpPHIX cpeaooOpasyrolias, CaHUTapHO-
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.
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CeNLCKOXOIANCTBEHHLIC YrOALA
0 25 5 10KM CNOPT M pexpeauuns

BoaHbie obvexTyl

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
[IpepsiBUCTas TUIOTHAS KUJIask 3aCTPOITKa
1210 (motHOCTH 50-80%) >17 1.32
[IpeppiBrCTas xKuUIast 3aCTPOKA CPEIHEN U HUZKOM
11220 PP TUTOTHOCTH (HJIOTpHOCTb 1%-1;0%) 8.05 2.05
11240 JKunas 3acTpoliika KpaiiHe HU3KOM IIJIOTHOCTH 455 116
(motHOCTH <10%) ¥ OTUHOYHBIE CTPOCHUS
12100 [TpombIinieHHBIE, KOMMEPUYECKHE, TOCYIapPCTBEHHBIE, 2012 513
BOEHHBIE U YaCTHBIE M0/Ipa3ieeHuUs
12220 Jloporu (MarucTpaabHble, TPAH3UTHBIE U TIPOYUE) 17.78 4.54
12300 Mopckure nopTsl 0.48 0.12
12400 AsponopTsl 5.55 1.42
13300 Crposinmecs 31aHus 1.36 0.35
13400 Hewucnonwszyemsie 3emiin 2.65 0.68
14100 lNopoxckas 3enenast HHPpacTpyKTypa 3.33 0.85
14200 Cnopt u pekpeanust 3.17 0.81
21000 [TaxoTHbIE 3€eMIIH 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 TpaBsHUCTasi PaCTUTEIBHOCTD 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 0000MICHABIX TPYIN YCIYT 3€JICHOM MH(PACTPYKTYPHI U COOTHOIICHUE C
kareropusmu Urban Atlas, oTBeyaromumu 3a yciayru B r. Manara.

I'pynna ycayr Karteropun UA Iiomank, kv” | lIpouent
Jleca; kycTapHUKOBas U TpaBsiHAsI
Coxpanenue . )
PACTUTENBHOCTD; OTKPBITHIE TPOCTPAHCTBA; 261.37 66.69
OoropazHooOpasus
BOJTHBIC OOBEKTBI
[TaxoTHBIE 3eMJIM; BUHOTPAJHHUKH,
AqanTanus K (pyKTOBBIE M OJTUBKOBBIC TJIAHTAIIUH;
N3MEHEHUSIM nacTOuIa; jieca; KyCTapHUKOBas U 305.56 77.96
KJIAMaTa TpaBsiHasl PAaCTUTEITLHOCTh; OTKPBITHIE
MPOCTPAHCTBA
lNopoackas 3enenass UHPpPaCTPyKTypa; CIOPT
U peKpearnys; maxoTHbIC 3EMIIH;
[IpenoTBpaimenue
u BUHOTPAJHHUKH, (PPYKTOBBIC U OJIUBKOBHIE 312.06 79.62
W3MEHEHUN . .
IUIAHTALIMK, TTaCTOMUIIA; JIECA;
KJIUMaTa
KyCTapHUKOBAs M TpaBsiHas
PacCTUTEIBLHOCTh; OTKPBITHIE IIPOCTPAHCTBA
[TaxoTHBIC 3eMJIM; BHHOTPAIHHUKH,
(pYKTOBBIE M OJTUBKOBBIC TIJIAHTAIINH;
VYnpanenue . .
racTOuIa; Jieca; KyCTapHUKOBAs U 305.56 77.96
CTOKOM

TpaBsiHasi PACTUTENBHOCTh; OTKPBITHIE
MIPOCTPAHCTBA; BOJHbIE OOBEKTHI

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

l'oponckas 3enenas MHPpPacTpyKTypa; CHOPT

Pexpeanns, ¥ peKpearns; jeca; KyCTapHUKOBas U
01aromoIydne u ’ ’ . 267.87 68.34
TpaBsiHAS PACTHTEIBHOCTD; OTKPHITHIE
3HOPOBRE IPOCTPAHCTBA; BOJHBIC OOBEKTHI
Kanuranusamus | Topojckas 3enieHas HHppacTpykTypa; CopT 54.40 13.88
3eMITH M PeKpealrs; Jeca; BOJHbIe 0OBEKThI :
Obecnesenme | - OpoJICKasl 3eJIeHast HHPPaCTPYKTypa; CHOPT
KYJIbTYPHOM ’ 6.50 1.66
¥ peKpearus
UJICHTHYHOCTH

Ouenka cBSA3HOCTH U GPArMEeHTHPOBAHHOCTH 3eJIeHON HHPPACTPYKTYPbI
no pesyabratam MSPA-anaau3za

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 Masnare takumu sijpaMH B MEpBYIO ouepens sBisitorcs lpuponnsiii mapk MoHnTec-ae-
Manara, 3aHUMaroMUi GOJIBIIYIO YaCTh CEBEPO-BOCTOUHOTO paiiona Crronan-XapauH, napk Jloma-
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nenb-ITuno («CocHOBBIN X0JIM») Ha roro-3amaje paiiona Yyppuana, napk «Monre-ne-CaH-AHTOH»
B paiioHe Dcre, jecHoi mapk «MoHTe-Bukropus» B nentpe ropoaa (puc. 7). B o0mell cnoxHOCTH
A7pa 3eeHoil MHQPACTPYKTYphl 3aHHUMAIOT OKOJIO 9% TEeppUTOPHH Topoja, cocTabiss 34.1 km?

(puc. 8).

10 KM
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Puc. 6. Pesynsraret MSPA-ananmi3a jyist Tepputoprn ropoia Masara.
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Puc. 7. Kpynueiimue 37eMeHThI 3e71€HOM HHPPACTPYKTYphI I. Manara (sipa 1 OCTpoBa).
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Puc. 8. O6mas momaas KaxI0ro kiacca mo pesyiabratam MSPA-ananmm3sa.

OcTtpoBHas 3eneHas uH(ppacTpyKkTypa XapaKTepHu3yercs OombIIeit CTETIEHbIO
IPOCTPAHCTBEHHON (pparMeHTanuu U 3aHuMaeT 27.5 km’. K KpymHBIM OCTpoBaM 3eJleHOi
MHQPACTPYKTYpbl OTHOCATCA MapK ycThbs ['yanmambopce, €CTECTBEHHAs PACTUTENbHOCTb BJOJb
teuenus p. Kammanuiisic, mapk «Monte-ne-I ubpandapo», a Taxke 3HaAUUTEIbHAS 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 LlenTpanbHbIN 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
coCTapigeT MmouTH 53.7 KM%, 4TO MpeBbINIAeT IUIOMAAb CaMHX saep. B paiioHe DcTe KOPHUAOPHI
MMOKPBIBAIOT CaMyl0 OOJIBIITYIO TEPPUTOPHIO; ciieloM uayT paiionsl [lTamema-Ilamuiis u ITyspTo-ne-
na-Toppe.

OO0mas maoniaab OTBETBICHUM 3€eHON MHPPACTPYKTYphI, KOTOPbIE MOTYT TPAKTOBAThCS KakK
(parMeHTHpOBaHHBIE 3eJEHble KOPUIOPHI, cocraBiser 7.2 km>. Ha Ttepputopun B 6.5 km?
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
Oosiee eTaIbHOM YpPOBHE, 3a KOTOpPBIM OTBe4aeT paHee yrnmoMuHaBmuiics napamerp 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 ouepenp, 310 mapku Monre-I'ubpandpapo u Monre-
Buxkropus, sBistonimecs Takke MAacCHUBHBIMHU sIpaMH Ha YpPOBHE BCEro ropoja. Takxke
IIPUCYTCTBYIOT MEHEE KpYIHBIE sipa — JIECHOW mnapk Onb-Mopiaako, napk «Caasl 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 JIETAJbHOCTh, 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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Puc. 9. Pesynbratel MSPA-ananu3a Ha ypoBHE sjipa rOpOJICKOM 3acTpoiiku Maaru.

[Iporpammuoe o6ecnieuenne GuidosToolBox pacmosaraet cieKTpoM WHCTPYMEHTOB (IIOMHUMO
rpynnsl MSPA), npu mOMOIIM KOTOPBIX MPEICTaBISIETCS BO3MOXHBIM YCTAaHOBUTH HEKOTOPBIE
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 BbIpaKAaeTCsl B BUE MPOLIEHTHOM 1IKaJIbl, e MoKa3aTenu, ctpeMsauiuecs k 0%,
yKa3bIBalOT HA MHUHUMAJIBHYIO CTEIeHb (pparmMeHTanuu apeana, Torga kak crpemsimuecs k 100%
XapakTepHbl JUIsI apeajioB C MakCHUMajibHOH (parmeHTanueil. B cinydae Mamaru MuHUMAambHOU
(dparMeHTanuel XapakTepu3yloTcs, B TEpBYyl0 ouepenb, siapa (Monrtec-me-Manara, a Tarke
3HAYMTENbHAS YacTh paiioHa Dcre). Ctenens ¢parMeHTanuu 37ech He npesbimaet 15% (puc. 10).
Taxxe 3HAUUTENIBHOHN LIEJOCTHOCTHIO 00Ja/aeT sIPO Ha Ioro-3amajae ropoja — napk Jloma-nensb-
[Tuno. CyiiecTBeHHas 4acTh apealioB XapaKTEpU3YETCsl CpelHEed CTeNeHblo (hparMEeHTaluu — B
npeaenax 30-60%; sTo 3eneHas uHppacTpykTypa panioHoB Ilyspro-ne-na-Toppe, Kamnanwuiisic u
[Manma-ITamuiis. 3enenas uHPpacTpyKTypa HEHTPAITBLHOTO paiioHa Maaru Takxe XapakTepu3yercs
cpenHelr  cremeHplo  ¢pparmentanuu  (mMenee 50%). Haumbomee «pazopBaHa»  3eneHas
uHppacTpykrypa B pailoHe Yyppuana, rie Oosbllias YacTh 3€JE€HBIX HACaKJIECHUU SBISETCS
OCTpPOBHOM, H, CJIEJIOBATEIBHO, (PparMeHTUPOBAHHOM ¢ moka3zaTesneM B 80% u Goee.

< : - 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)
AaKTUBHOE pACIIUPEHHE 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 OMOpa3HOOOpasue peruoHa.

He menee uHTepecHBIM MOAXOIOM K HU3YyYCHHIO (parMeHTalWU 3eleHOW UHQPACTPYKTYpPhI
spnsiercst uHcTpyMeHT FAD (Foreground Area Density). FAD-ananu3 npoBoauTCs myTeM U3MEpPEHHS
MoKazaTensi IUJIOTHOCTH TMHKCEJIed TepeHero IulaHa [0 TMATH IIKajdaM HaOmojeHus (¢
WCIONh30BaHWEM MeToa «moving window analysis») C KBaJpaTHBIMU COCEJHHMH y4acTKaMH
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). 3nauenuss FAD otoOpakaroTcss LBETOBBIM KOJHMPOBAHHEM 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 nuHpactpykTypsl Manaru no Haumenee (1, cieBa) u
HauOouee (5, cpaBa) AeTanbHBIM ITKaJIaM HaOmoaeHus (MHCTpyMeHT Foreground Area Density).

FAD-ananu3 Ha pa3HbIX IIKajgax HaOJIOJEHMs MPEICTaBISAET MHTEpeC, T.K. 3a4acTyl0 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
penkwuii — 0.7%).

IIpu m3yuenun teppuropun Manaru B pamkax HamOosiee AETaJbHOM IIKaJlbl HAOIIOAECHUS
(243 nuxcens) HabGIrOAeTCs MOJIHOE OTCYTCTBHE KJlacca LeNbHOM pactutensHocTH. bonee Toro,
KJIaCC  CYIIECTBEHHOM IEJIOCTHOCTH 3aHMMaeT MeHee 1%  TeppuropuH, a HauMeEHee
¢parmeHTUpoBaHHbIe ydacTKH (MoHTec-ge-Manara M MECTHOCTh DSJOM € HEeOOJIBIINM
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-Anton. Haubonee ¢parmMeHTHpOBaHHBIE YYaCTKU
HaOmoaoTcss Ha Tteppuropun paiioHoB CeHtpo, Ilyspro-me-ma-Toppe m Uyppuana (1.3%);
ocTagiuecs: 23% nepeaHero miaHa OTHOCATCS K TIEPEX0ITHOMY Ki1accy.

Takum oOpazom, coriacHo pesynbraramM FAD-aHamm3a nM3yd4aeMoOro peruoHa, B paiioHax C
HauOOJIbIIEH TUIOTHOCTBIO HACENIEHWS W HaumOOJIbIIEH aKTUBHOCTBIO 3elieHas HWH]pacTpykTypa
Hanboyiee  (parMeHTHpOBaHA ©  XaOTHYHA; HAUMEHBLIEH  CTENEHbI0  (parMeHTaIuU
XapaKTepU3yeTCs sIAPO MPUPOJHOTo mapka «MoHTec-1e-Maiaray.

30HBI BIUSHHA 3€JCHON HH(PACTPYKTYpHl MOKHO PAcCYMTATh TPU TIOMOIIM HHCTPYMEHTa
Influence Zones rpynnsl uHcTpymenToB Distance (puc. 12). 30HbI BIUSHUS NPEICTABISIIOT COO0M
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).

Puc. 12. 3onb! BausHU 3e5eH0i nHPpacTpykTypsl Manaru (mHcTpyMeHT Influence Zones).

[loHnMaHKe pUCyHKa 30H BIIMSIHHS IOMOTAET BBISIBUThH apealibl, HA KOTOPBIE PACIIPOCTPAHSIETCS
JOCTYI K MOTEHUMAIBHO MPEJOCTABICHHBIM PEKPEAIIMOHHBIM, O3JOPOBUTEIBHBIM U 3CTETUYECKUM
ycnyram. Hampumep, JKMTeTM JTHX 30H pacmoyiaraloT 0ojee BBICOKOM JIOCTYMHOCTHIO
9KOCHUCTEMHBIX YCIIYT, MPEAOCTABIISIEMbIX MMAPKAMU U CKBEPAMHM B TOPOACKON uepTe. DTH yCIyTd
BKJIFOUAKOT YUCTBIA BO3/1YX, 3CTETUYECKYIO LIEHHOCTh, HAIMYUE MECT I OTIbIXa M PEKpealuu, a
TakKe MOJIICPKUBAIOIIUE U PETYIUpYoIne QYHKIIUU 3eJICHOT0 KapKaca.

Camoit 6osbIoit 30HO0M BausHUA B 151.2 kM? oxkuaaeMo 061agaeT MpUPOAHLIA mapk MoHTec-
ne-Manara — OCHOBHOM HMCTOYHHMK SKOCHCTEMHBIX YCAIyr B paiioHax Octe u Cpropana-XapauH
(puc. 13). IIpoune OCHOBHBIE 3JEMEHTHI 3elieHON WHGPacTpyKTypsl Manaru HMMET Ha mapy
MOPSIIKOB MEHBIINE 30HbI BiHsiHUA. Cpelr OCHOBHBIX siiep 3eJieHOW WMHEGPACTPYKTYphl MOMUMO
MomnTtec-ae-Manara nuaupyer napk Monrte-ne-CaH-AHTOH, 30Ha BIUSIHUS KOTOPOTO IPEBBIIIAET
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2.4 xm?; Takke 6OJIBLION 30HOI BIMAHUA pacroyaraeT napk Jloma-aens-Tunao — 2.1 k2.,

Cpenyt OCTpOBHBIX IICHTPOB 3€JI€HOM HWHQPACTPYKTYphl HAMOOJBUIMMHU 30HAMHU BIUSHUS
obnanaror napku Monre-Bukropus u Monrte-Tubpandapo (0.27 kM?), a Takxke NapKk B YCThE
p. Pyananmsopce (0.25 km?). ['naBHbIE JOCTONPHMEUATEILHOCTH LIEHTPa TOpojia — Napk «XapauHec-
ne-Tlukacco» u lleHTpanbHblii mapk Manaru umeloT 30Hb BiusHus B 0.01 u  0.05 km?
COOTBETCTBEHHO. DTH OCTPOBHBIE LIEHTPHl OTBEYAIOT OCHOBHOM II€JIM O3€JEHEHMsI KaK crocoda
037I0POBJIEHUS TOPOACKON cpenbl Manaru.

IIpouee

Xapaunec-ge-Ilukacco
IlenTpanbHbIii HapK..
Yerbe IN'yagansopce

Jloma-nenb-Iluno 3 \ : i

MomnTte-ne-CaHn-AHTOH

Mounre-I'udpandapo

Monte-Bukropus | H |

KM
MonTtec-ne-MaJiara, 151.2 km?

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

Takum oOpazom, MeTo MOP(OIOTHIECKOTO MPOCTPAHCTBEHHOTO aHANM3a MO3BOJIET BBIIBUTD
BaYKHEHIIINE MHINKATOPHI KaueCTBa TOPOJICKON Cpefibl, a BO3MOKHOCTH MPUMEHEHHUS 3TOT0 METOo/1a
BechbMa mmpoku. MSPA-anamm3 cmocoOeH pemaTrh IMENbId CHEKTp MpoOJieM, KacarolIuXcs
yIpaBiIeHUS TOPOJICKUX CUCTEM M ONTHUMHU3ALUU ropoackoi cpenpl. OH Takke AaeT BO3MOKHOCTh
MoJtyyaTh 0oJiee YeTKOE MPEICTABICHNE O CYIIECTBYIOIIUX IKOJIOTHUECKUX MpodiieMax U MyTAX UX
pelIeHus.

Kak u mo6oit apyroit meton, MSPA umeeT onpeneneHHble OrpaHHYCHUs, B TIEPBYIO OUYepe/Ib
Kacalolluecs: OIpeleieHus Maciutada BXOJHBIX IJaHHBIX M HEBO3MOXKHOCTH AuQQepeHInanuu
3eNeHON HH(PacTpyKTypbl 1o MopdoMeTpuueckuM mokazarensiM. C ydeTroM TpEXMEpPHOCTH
pEeaIbHOTO MPOCTPAHCTBA, HEOCYLIECTBUMOCTh COMOCTABJICHHS MATTepHA 3€JICHBIX HACAXKICHUN U
CeTKH DJIEMEHTApHBIX BOJOCOOPOB, IMapaMETPOB BBICOTHI M YKIOHA MECTHOCTH U TPOYUX
MIPOCTPAHCTBEHHBIX XapPaKTEPUCTUK YKa3bIBa€T Ha HEOOXOAMMOCTh MPOBEACHUS AalbHEHIINX
UCCIIEIOBAaHUI Ha JIOKaIbHOM ypOBHE. Pe3ynbTaTel OLIEHKH MNPOCTPAHCTBEHHO-3aBHCHUMBIX
MapaMeTpoB CHEIUIEHHOCTH U (PparMEHTAllMd MOTYT TakKXe 3aBHCETh HE TOJBKO OT YpPOBHS, Ha
KOTOPOM TPOBOJUTCS aHaIN3, HO M OT JKOJOTMYECKUX IPOIIECCOB, AHATM3UPYEMBIX B paMKax
naHAmadTHON MaTPUILIBL.

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, HECMOTpPsI Ha TO, 4To Maara sBisercs OJHHMM U3 BEIYLIUX E€BPONEHCKUX
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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 romax, B CBOIO ouepeab OOOCHOBAaHHOE OJArOMpPUSATHBIMH (H3HKO-
reorpaduueckumu ycioBusiMu peruona Kocra-gens-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
psna pa3nuuHbiXx nmapameTpoB. [IpoexT «Agenda Urbana Malaga», B HOpMaTHBHO-METOAMYECKUX
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 ONpeAeTIeHHBIX
HCTOPUKO-TUIIOJIOTMUECKUX XapaKTEPUCTUK palOHOB 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
nokymeHTtanuu [enepanbHbix miuaHoB Mamaru (Plan General ..., 2011), He Geper 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€JeHOU 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 COXpaHeHHUs: OMOpa3HO00pasus, TaK U JUIsl pa3BUTHS PEKPEAlMOHHO-3CTETUYECKIX KauecTB
3eneHbIx HacaxaeHui. [Ipumenenne metona MSPA-ananusza mMokeT OBbITH TOJIE3HO B cliydae
HeoOxomumocTu Ooisiee 3((HEKTUBHOTO HCIOJIB30BAHUS HMMEIOIIUXCS JAHHBIX JUISl TPUHSATHUSA
B3BEILIEHHBIX PELICHUH, KaCAIOLIUXCS TPACKTOPHI YCTOWYMBOTO 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
KPUTHYECKHE 3aMEYaHUS U COBETBHI.
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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 Malaga (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 (7hymus 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 (7Tipuana tipu), jacaranda (Jacaranda mimosaefolia), or by hybrids and -cultivars,
for example, colored linden (7ilia % 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.),

Jjaponicus), 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
Malaga 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 Ordenacion 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 Roldan, 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
Malaga 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 Malaga 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.

m?/person

8

7 —

6

5 v
w \& - o) D (—] - [g\] en < w o
S [ S S [— e e v Y — e -
[—J (—4 =2 = (—] [—J [—4 (=4 =3 = [—J [—4
(g\] (g\] (g\] (g\] (g\] (g\] (g\] (g\] (g\] (g\] (g\] (g\]

Years

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 (IIC) and
connectivity probability (PC), indicators that are based on graph theory (Flynn, Traver, 2013). IIC
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 than the specified distance
Islet Foreground pixels not surrounding the core. This is the only isolated class.
. Foreground pixels forming a transition zone between the foreground and the
Perforation .
background for interior areas
Edee Foreground pixels forming a transition zone between the foreground and the
& 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

Background pixels forming a transition zone between the edge and the

Border Opening background

Background pixels surrounded by also background pixels, at a distance greater

Background than the specified distance

BACKGROUND
BORDER OPENINC
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
B urban fabric complex cultivation patterns
I industrial units I broad-leaved forest
I road and rail network B coniferous forest
port areas 0 mixed forest
airports sclerophyllous vegetation
Bl mineral extraction sites transitional woodland shrub
0 25 5§ 10 KM I construction .sites beaches, dunes and sand plains.
bejich e i e s i 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 GI
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; GI 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
. o . . 261.37 66.69
conservation | spaces with little or no vegetation; water bodies
Adaptation ¢ arable land; vineyards, olive groves, and orchards;
daptation to pastures; forests; shrubs and herbaceous vegetation; 305.56 77.96
climate change o .
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;
; . L2 305.56 77.96
management | open spaces with little or no vegetation; water
bodies
) le land; vi li h :
Food security arable land; vineyards, olive groves, and orchards; 46.05 11.75
pastures
Recreation and green urban areas; sports and leisure; forests; shrubs
; and herbaceous vegetation; open spaces with little 267.87 68.34
wellbeing . .
or no vegetation; water bodies
'Lapd ' 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

e N -
X\ s -}:- ,l v v » 2 ;: 3
b Qi "‘_‘
¥ _
7o VAN urban fabric
W L A <
=3 I urban green infrastructure
B forests
agricultural land
0 25 5 10KM sports and leisure
—t—t i '
’ water bodies

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 IOW. density urban fabric (density <10%) 455 1.16
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 3.33 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 GI 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 Malaga, 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).

BACKGROUND
BORDER OPENING
CORE OPENING

Fig. 6. Results of MSPA analysis.

[~ Loma del Pino Park
y t 0 2.5 S 10 KM

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 km?. 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
20 1225.3 OLoop
200 OBorder opening
] OBranch
150 @ Core
B Islet
100 B Edge
< 34.1 53.7 @ Bridge
) 29.1 @ Perforation
0 : 6.5 72 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 Mélaga 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 Mélaga 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.
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B cratbe npezcraBiieH 0030p COBPEMEHHBIX MCCASIOBAHMM JaHAMA(THO-KIMMATHYECKUX W3MEHCHH
B rononeHe. [lpoBereH aHamm3 OOJNBIIOrO MAacCHBa HAKOIUIGHHBIX K HACTOAIIEMY BpEMEHH
HaHeO6OTaHI/I‘IeCKI/IX JaHHBIX W OCHOBAHHBIX Ha HHUX ITAJICOKINMATHYCCKHX peKOHCTp}IKIII/Iﬁ JUJISL
necHoit 30HbI LlenTpansHoii 1 BocTtouHoit EBpomsl B monoce cyOmmMpoTHOrO TpaHCEKTa MEXIY 52 U
58°c.am. B CONOCTaBIGHWHM C OMYONMKOBAaHHBIMH JUISI 3TOH TEPPUTOPHUU MaTepUaTaMH
MAJCO’KONOTHUECKHX W Tayieoreorpa@uyeckux  HMcCleoBaHU. PaccMOTpeHBI  OXHIaeMble
KITUMaTHYeCKUE M3MEHEHHsI COTJIAaCHO CIIEHApUSAM PENpe3eHTaTUBHBIX TPAEKTOPUH KOHIICHTPAIMH
MapHUKOBBIX Ta30B, Pa3pa0OTaHHBIX MEXIpPaBUTEIbCTBEHHOW TPYIION JKCIIEPTOB MO M3MEHEHUIO
KIuMara. PaccMOTpeHHBIC JaHHBIE TO3BOJNMJIM BBIIETUTh TPU OCHOBHBIX OTama JaHmmadTHO-
KJIIMMAaTHYeCKUX M3MEHEHUH B TonorieHe. 1) brictpoe moremnenne panuux (a3 romomena (11.7-8.0
TBHICSIY KaJICHIAPHBIX JIeT Ha3a (THIC. KaJl. JI.H.)), OCIIO)KHEHHOE CepHrell OCUMIUISIINIA, B TEIEHHUE ITOTO
Meprofa IMPOKOIWCTBEHHBIE Jleca BBITECHWIM Oepe3oBble M COCHOBO-OEpe3oBBIe  Jieca,
pacmpocTpaHUBIIMECS HA MECTe IMEPHUIILIIUAIbHBIX (popManuii B Hadaje TONONEHa. OKCHaHCHS
IIFPOKOIMCTBEHHBIX TIOPOA epeBbeB B BocTouHoit EBporie mponsomia Ha 2 THIC. JET TO03Ke, YeM B
Hentpanproit EBporte. 2) Tepmudecknii makcumyM rosornena (8.0-5.7 TeICc. Kaj. JI.H.), A7 KOTOPOTO
OBUTIO XapaKTepHO OTCYTCTBHE KOPOTKOMEPHUOJHBIX M PE3KUX KIMMATHUECKHH W3MEHEHWId; B 3TOT
nepuon B lLlentpansHoii u Boctounoit EBpone cymiecTBoBana eauHas 30HA HIMPOKOJIMCTBEHHBIX
necoB. 3) HampasieHHOE TTOX0JIOAaHNE BTOPOH IMOOBHHBI rojiomneHa (5.7 ThIC. Kaj. JI.LH. — HACTOSIIee
BpeMsl), ¢ HAJIO)KEHHBIMA Ha HETO0 KBa3WTAPMOHHYECKUMH KOJIeOAaHWAMHU TEMIIepaTypbl M OCaJKOB.
YcunuBaercs cektopHas auddepeHnuanus JaHmmagTHOrO MOKpoBa. B 3amamHBIX paiioHax
HauMHAETCS DKCHaHcus Oyka u Tpaba, Ha BOCTOKE HAYMHAET PACIpOCTPaHAThCS enb. Cuunras
KITMMATHYECKUE PEKOHCTPYKIUU ISl TOJOIEHAa W3yYaeMOil TEepPUTOPHH Pa3HBIMH CIEHAPUSIMHU
BO3MOXKHBIX M3MEHEHHWH KJIMMaTa B TEKYIIEM CTOJIETHH, MOXKHO OXHAATh, YTO POCT TEMIEpaTyp,
0cOOGHHO B JIETHHW TEPUON, TMPHUBENET K WCCYIICHHWI0 KIMMaTa 3a cdeT HW3MeHeHus OajaHca
OCaJIKOB/MCTIApEHHS] W MOXET CTaTh NPHYMHON BO3pPACTaHHS YACTOTHI IIOKApOB H TOTOIHBIX
AKCTPEMYMOB, CBSI3aHHBIX C HEPABHOMEPHOCTHIO BBITIAJIEHUS OCAKOB.

Kurouegvle cnoga: TOJNOIEH, TMAaNEOKIMMATHYECKHE PEKOHCTPYKIUU, JWHAMHKA JKOCHUCTEM,
MaJeodKoJIornIecKne NaHHble, naneoreorpadus, lleHTpansHas EBpoma, EBpormetickas Teppuropus
Poccun.
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BpEMsi OCTAaeTCsS OJHON W3 aKTyallbHEHUIUX (DyHIAMEHTAIBHBIX HAYYHBIX MPOOJIEM, TPeOYIOIIHNX
BCECTOPOHHET0 M3y4Y€HHUSA. YUHUTHIBas COBPEMEHHbIE TEHJICHUIUM W3MEHEHHM  KIIMMara,
MPOSIBIISIIOIIMECS TPEXKIEC BCEro B CTPEMUTEILHOM pPOCTE TJO0ATBHONW TeMIeparypsl BO3AyXa
(IPCC, 2013), perpocneKTUBHBINA aHaIU3 JaHAMAPTHO-KIMMAaTHYECKUX YyciIoBUM LleHTpanbHOl u
Bocrounoit EBpomnbl B rosiorieHe MOKET ObITh OYEHb MOJIE3HBIM U 3 ()EKTUBHBIM /IS ICKBATHOTO
MMOHMMAHMS COBPEMEHHBIX MPOIECCOB TpaHchopMamyu TPUPOTHOW CpeAbl B YCIOBHSX
rJI00aIbHOTO TIOTEIUICHUST M ONpEIENCHUs OCHOBHBIX TPEeHIOB ee sBoitonuu (Bemmuko, 2012;
Bradley, 2008). OcoOplii HWHTEpeC TPEACTABISACT AaHAIU3 PE3KUX H KOPOTKOTIEPHOTHBIX
KIIMMaTH4YEeCKUX  KoJieOaHWM, KOorja Bo3pacrajla HEYCTOMYMBOCTb  («KOJEOAaTEIbHOCTHY)
KJIIMMaTUY€CKON CUCTEMBI.

[TepBbie 0000mICHUST TATMHOJIOTUYECKUX JAHHBIX, COOTBETCTBYIOIIUX TOCIEICIHUKOBOMY
ATamy pa3BUTHS IPUPOJIBI, Ui Tepputoprn EBporibl k ceBepy oT Anbil npunHaaiexar @. dupbdacy
(Firbas, 1949), M.U. Heituranry (1957) u B.IL. I'puuyky (1969, 1982). Bonpmoii Bkiaa B
u3ydeHue ¢uopbl U PACTUTENBHOCTH IO3/HEIEIHUKOBbS M TOJIOIIEHAa BHECIU MCCIEA0BAHUS
H.A. Xotunckoro (1977). O6o6uiarorue pabOThI, TMOCBSIIEHHBIE KIMMATUUYECKUM YCIOBUSM
rojiolleHa B TIJIOOAJbHOM M MaKpOpETHOHaJbHOM MacmiTabax, mnpuHaiexar A.A. Bemmuko
¢ coaBTOpamMu (cepus atiacoB-MoHorpaduil «/{nHamuka sanama@THEIX KOMIIOHEHTOB ...» (2002),
«[laneoxnumarel u mnaneonanamadprsl ...» (2009), «Knumater u nanpmadTsel  CeBepHoOM
EBpazum ...» (2010)), O.H. Comomunoit (2010), O.K. bopucooii (2014) u psimy KOJIEKTHBOB
3apyoexxHbIx uccienonarenerd (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). OrpoMHOE KOJIMYECTBO pabOT IOCBSIICHO PEKOHCTPYKIIMH PACTUTEILHOCTH 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 o0oOmieHWe maneoreorpauYecKuX JAAHHBIX JUIS  TOJIOICHA
HentpansHoit 1 BoctouHoit EBpombl st TEppUTOpPHH B TIOJOCE CYOIIMPOTHOTO TPAHCEKTa B
npezenax JIeCHOM 30HbI Mexay 52° u 58° c.m1. PazHooOpasue ¢usnuko-reorpaduueckux yCaoBUNA U
MPOBUHIIMATIbHBIE  Pa3IU4YUsi  COBPEMEHHOW  pACTUTEIbHOCTH  BJIOJb  PAacCMaTpUBAEMOIO
CyOmMpoTHOTO  mpoduis  JAlOT  BO3MOXKHOCTh  IPOaHAIM3UpPOBaTh  reorpaduueckue
3aKOHOMEPHOCTH M PETHOHAJbHBIE OCOOCHHOCTH peaklUu pacTUTeNbHOCTH BocrouHoit u
HenTtpansHoil EBporisl Ha KIIMMaTHYECKHE U3MEHEHUS, KaK B HAcTosIIee BpeMsi, TaK U B MPOILIbIE
snoxu. B ocHOBY aHanu3a AMHAMUKH JaHAMA(TOB U KIUMAaTa B TOJIOLEHE MOJIOKEHBI, B IMEPBYIO
ouepe/lb, HAKOIIJICHHbIE K HACTOSIIEMYy MOMEHTY Nalie000TaHMYECKUE JaHHbIE U OCHOBAHHbBIC HA
HUX TaJICOKIMMATUYECKUE PEKOHCTPYKIMH, BBIMOJIHEHHbIE pAa3IMYHBIMU  METOJaMH, B
COMOCTAaBJICHUU C OIMYyOJUKOBAHHBIMH JUIsI OSTOM TEPPUTOPUU MATEPUAJIOB  PU3OIOIHBIX,
reoMOpP(OIOrHIeCKUX, H30TOMHO-TEOXUMUYECKHUX U IPYTHX METOJI0B HCCIEAOBaHUM.

Bo3pact HmKHEH rpaHHIBI TOJIOIIEHA OMpEeeNieH MO U3MEHEHUSM H30TOMHO-KHCIOPOJIHOTO
coctaBa JibJIoB ckBakuHbl NGRIP B I'pennanauu kak 11.7 Thic. KaJeHAApHBIX JET Ha3aj (nanee —
kan. n.H.; Walker et al., 2019; Head, 2019). lng u3yuyeHus: TMHAMUKUA PACTUTEIBHOCTH U KIMMaTa
rosoneHa B Poccum uyacto wucmone3yercs cxema nepuoausauuu  biurra-CepHannepa,
nepBOHavYaIbHO co3aanHas s CeBepHoii EBporel 1 MmoaudunupoBanHas ans EBponeiickoit yactu
Poccun H.A. Xotunckum (1977). 3a pyOexoM permoHajnbHble MOAU(UKALMU 3TON NMEepHOAU3ALUN
IIUPOKO MCTOJIB30BAIUCH 10 1990-X TO10B, HO ceiyac MPAaKTUYECKH BBIILIN U3 YIOTPEeOIeHUs, U
WCCIIEeIOBATEeNId TPU PEKOHCTPYKLUU TOCIEAOBATEIHbHOCTH COOBITUH B TOJIOIIEHE B OCHOBHOM
OTIEpUPYIOT oOmpeAeneHus MU abcomoTHOro Bo3pacta. CormacHo cxeme brutra-CepHanaepa
TOJIOIICHOBAsI JM0Xa BKIIOYaeT B ceOs MATh KIMMAaTHYECKHX MEepUoa0B: mpebopeanbhbiit (11.7-
10.5 ThIC. Kam. 1.H.), 6opeanbHblit (10.5-8.8 ThIC. Kau. 1.H.), atnanTrudeckui (8.8-5.3 ThIC. Kal. J.H.),
cyb0opeanbublii (5.3-2.6 ThIC. Kal. J.H.) U cyOaTiaaHTU4YeCKUd (2.6 ThIC. KaJl. JI.LH. — HACTOAIIEe
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Bpemsi). MeXIyHapoHOW cTpaTurpaguyeckoil KOMHCCHEH TNPUHATO TPEXWICHHOE JAeJICHHE
rojioneHa Ha panHHud (rpewnanauii, 11700-8236 kan. n.H.), cpeaHuit (Hoparpunnui, 8236-
4250 kan. n.H.) U no3gHui (Merxanuii, 4250 KaJl. JI.H. — HacTOAILIEE BPEMs) HA OCHOBE H3Yy4EHUs
nenoBeiX kepHoB u creneoreM (Head, 2019; Walker et al., 2019). OngHako rpaHHIIBI TOJRIIOX,
0COOEHHO MEXIYy CPEeJHHM U TIO3JHHM TOJIOIIEHOM, BBI3BAJM CEPbE3HBIC AUCKYCCHU CpEIu
uccienoBaTelieil. B TpenCcTaBICHHOW cTaThe IS aHalU3a IMOCIEAOBATEIBHOCTH COOBITHH B
roJIOlIeHE, aBTOp, IPEUMYLIECTBEHHO, HCIOJb3YEeT JlaHHble AaOCOJIIOTHOTO JAaTHPOBAHUS B
COIOCTAaBJIEHUU C MPHUHATBIMU CXEMaMM IEPHOJU3ALMH, KOTOPhIE PacCMaTpUBAIOTCS CKOpee, Kak
XPOHOJIOTUYECKHE, a HE KIIMMATOCTpaTHrpaduIecKue noapasaesieHus.

Bpemennoii unrepsai 11.7-8.0 Tbic. KaJI. JI.H.
(paHHUIi roJ101IeH, MPedopeabHbI, 00peabHbIH U HAYAJIO0 ATJAHTHYECKOI0 MEPHOIa)

JlanmmaTHO-KIMMAaTHYEeCKUE PEKOHCTPYKIMKA Ui TpedopeaIbHOTO Mepuoja ToJoleHa
HEMHOTOYHCIICHHBL. B OOJBIIMHCTBE CiTydaeB mpedopean ompeneNeH, Kak eAWHBIM WHTepBal
pa3BuTHs OEpEe30BBIX WM COCHOBO-OEpe30BBIX JiecoB. HecMoTpss Ha O4YeHb ONHM3KHI COCTaB
MBUTBIEBBIX CIEKTPOB, B PACTUTEIHHOCTH BJOJb W3y4aeMOTO HaMH CyONIMPOTHOTO TPAaHCEKTa
nposiBiisieTcsl cekTopHas nuddepenunanus. B cocraBe iecHBIX COOOIIECTB B €r0 3amajHON YacTu
y)Xe B Havajie mpebopeara MosSBUJICS BsI3, U B KOHIIE ¢a3bl 1y0, onbxa u jemmuna (puc. 1; Litt et al.,
2001; de Klerk, 2008). B pa3pe3ax JlaTBun mbliblia JSMUHBI U Bsi3a OTMEYECHA B CIIEKTPaX, HAYWHas
¢ 11.0 TeIC. KaJ. J.H., a ObUIbIA OJbXU U Jy0a CTAHOBUTCS MOCTOSIHHBIM KOMIIOHEHTOM CIIOPOBO-
nbUTbIEBBIX criekTpoB ¢ 10.1 Teic. kam. m.H. (Heikkild et al., 2009). B 1o ke Bpemsi B BOCTOYHBIX
pailoHax B CcOCTaBe pACTUTEIBHOCTH COXPAHSUIUCH JIIEMEHTHl MNEPUTISIHATBLHON  (PIIOpHI
(Xoturckuit, 1977). EnuHudvHBIe 3€pHA TBUIBLBI IMHPOKOJIUCTBEHHBIX IOPOJ TOSBWIHCH B
crieKkTpax u3 pa3pe3oB BocrouHo-EBpornelickoli paBHUHBI TOJIBKO mocie 9.7 ThIC. Kall. JLH. (puc. 2).

['msauonoruyeckue, MaaMHONIOIMYECKHE M U30TOMHO-TEOXUMHUYECKUE HCCIEAOBaHMS Pa3pe3oB
KOHTUHEHTAJIBHBIX W MOPCKMX OTJIOkeHHi B CeBepHOW EBporme, BBIIIOJTHEHHBIE C BBICOKUM
BpeMeHHBIM paszpemieHueM (Bjorck et al., 1996), a Tawke W3MEHEHHS H30TOIHO-KHCIOPOJIHOTO
cocraBa JiesHbIX KepHOB B ['pemmanmuu (Thomas et al., 2007), cBumerenbCcTBYIOT O dazax
MOXOJIOJIaHKsT BHYTpH mpebopeanbHoro mnepuonaa (puc. 3). IlepBoe moxosnonaHue, MOJyduBIIIee
Ha3BaHHWE «IpedopeanbHas OCHWUIALMSY PEKOHCTPYHpoBaHO Juis wHTepBaia 11.3-11.15 Thic.
KaJ. J.H. Bropoe moxonoaanue, Tak Ha3bpiBaeMoe «coObithe 10.2 ThiC. Kaj. JI.H.», UMEJIO MECTO Ha
pyoexxe npebopeanbHOro U 6opeabHOro MEpUoIOB rosoneHa. [1o n1aHHBIM U3MEHEHUS COIep>KaHUs
karnona K" B nemsHom kxepue GISP2 B I'pemnmanmuu (Mayewski et al, 2004), sBisrommmcs
WHMKATOPOM MHTEHCHBHOCTH CHOMPCKOrO aHTUIMKIOHA, U KaTHoHA Na', OTpaXKarolero riryOuHy
pa3BuTHs McinaHackoro MUHHUMYMa, B 3TOT MEPUOJ IPOUCXOIUIIO OClablieHne 3amaJHoro MepeHoca
BO3/YIIHBIX Macc U ycrieHne CHOMpCKOro aHTUIMKIIOHA (puc. 3).

Kopotkonepuoansie nanmmadTHO-KIMMATHUECKUE H3MEHEHUS B TEYeHHE MpedopeanbHOro
MepHo/ia BHISBIICHBl HA OCHOBAHUU JIETAIbHBIX MCCIEIOBAaHUMN psia pa3pe30B O3EPHBIX OTIOKEHUI
B Hunepnannax (Bos et al., 2007) u llseitmapuu (Lotter et al., 1992). Ha ceBepo-3anaae Bocrouno-
EBpormelickoif paBHMHBI W3MEHEHHUs TMalleOCpPEdbl, CBsSI3aHHBbIE MPEOOpPEaTbHON OCIMIUISIUEH,
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 paznensercsa Ha 2 (a3bl — MOTEIJICHUE B Hayalle, TOJyYHBIIEe HA3BAHHUE «IIOJOBEIKOE
MOTEIICHHe», M TOXOJOJaHHe BO BTOPOIl TMOJIOBHMHE, TaK Ha3bIBAEMOE «IIEPECIaBCKOE
noxonoganue» mo H.A. Xoturckomy (1977).

OTtnoxennst 60peaTbHOTO MEepPHo/a roJIoIeHa MPEACTABICHBl B MHOTOYMCIIEHHBIX pa3pe3ax, Kak
Ha teppuropuu LlentpansHol, Tak 1 Bocrounoi EBpornsl.
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Puc. 1. VzmeHnenune conepkaHusl NMBUIBIBI OCHOBHBIX JIECOOOPa3yIOMIMX IOPOA Ha CIIOPOBO-IBUIBLEBBIX
IrarpaMMmax pa3pe3oB 03epHbIX oTnoxeHui LlentpansHoil 1 Boctounoit EBpomnbl. CokpalieHHbIE CITIOPOBO-
MBUIBIIEBBIE JAWArpaMMbl MTOCTPOEHBI MO MarepuanaM EBpONEHcKod MaanHOJIOTHYecKOW 0a3bl JaHHBIX
(European Pollen Database, 2007).
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Puc. 2. V3meHeHus: conep:kaHus MBUIBLBI OCHOBHBIX JIECOOOPa3yIOUIMX IOPOJ Ha CHOPOBO-IBUIBLIEBBIX
auarpammax paspe3oB Boctouno-EBponelickoil paBHHHBI (auarpamma paspesa o3. [Jonroe moctpoeHa mo
matepuanam O.K.Bopucosoii, K.B. Kpemeneukoro u 2.M. 3enukcon, no «European Pollen Database»
(2007), ocranbHbIE pa3pe3bl — MaTEpUAIIbl ABTOPA).
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Puc. 3. OcHoBHBIC NaHAMIaQTHO-KIMMATHYECKHE U3MEHEHUSI Ha TeppuTopur EBpOTIBI B TOJIOIICHE.
Ycnosnvie oboznauenus: 1 — 3uMHSSE U JeTHAS uHcojsinus Ha 60° c.mr. u 60° ro.m. (Berger,
Loutre, 1991); 2 — pexkOHCTPYKIMH CpEJHEroJ0BON TemmepaTypsl B EBpome, BbIpakeHHas B
OTKJIOHCHHUSIX OT coBpeMeHHbIX 3HadeHuil (Davis et al., 2003); 3 — u3MeHEHUS H30TOITHO-
Ir€OXMMHUYECKOro cocrasa jpAa B kepHax ckBaxuH GISP2 m GRIP B I'pennanguu: conepxaHue
xatuona K u xatnona Na' ckpasxunsl GISP2 (Mayewski et al., 2004), usmenenus §'%0 ckBaxuHb!
GRIP (Johnsen et al., 1992); 4 — u3MeHeHUue UHTEHCUBHOCTH ailcOEproBoro pasHoca 00JIOMOYHOTO
MmaTepuasia B CeBepHOIl ATJIaHTHKE, BBIPR)KEHHOE B IPOLIECHTHOM COOTHOILIEHUH METPOIOTHYECKUX
mapkepoB (Bond et al, 1993); 5 — kosebanuss ypoBHs o3ep Ha Teppuropun @PpaHuuu u
[IIBeliniapuu, KOJMYECTBO PAAMOYIIEPOAHbIX dar ¢ maroM S50 jeT, XapakTepusyromux Oosee
BBICOKMI WJIM HHU3KUH YpOBEHb 0O3€p IO CpaBHEHUIO ¢ coBpeMeHHbIM (Magny, 2004); 6 —
U3MEHEHHsI CKOPOCTH AaKKyMYJSLIMHM MHUKPO- U MAaKpO-4acTUI[ YISl B O3€pHBIX U OOJOTHBIX
otnoxkenusix B LlenTpansHoit u Boctounoit EBpone, BeipaxeHHbIe B Z-score (CTaHIapTU30BaHHAsS
olleHka) 3HaueHu# “charcoal accumulation rate” (CHAR; Feurdean et al., 2020).

Kak 1mokasslBalOT NaJMHOJIOTUYECKUE NaHHbIE, B nepuo] 10.5-8.8 TeIC. Kal. JI.H. Ha TEPPUTOPUH
coBpemenHoi ['epmanuu, [lonpmu u crpan bantum Ok pacmpocTpaHeHbl O€PEe30BO-COCHOBBIE H
1yOOBO-COCHOBEIE Jieca ¢ yJacTHeM Bsiza U mojajieckoM u3 enwHsl (puc. 1; Jahns, 2000, 2007; Bos,
Urz, 2003; Heikilld, Seppd, 2004; Seppd, Poska, 2004; Lamentowicz et al., 2008; Gatka et al.,
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2013). UccnenoBanus T. ['m3uke ¢ coaBropamu (Giesecke et al., 2011), ocHoBaHHBIE Ha OOJIBIIIOM
(bakTHUeCKOM Marepuaie, MoKa3aid, YTO KyJIbMHHAIUS COJACPIKAHUS IMBUIbIBI JCIIMHBI B PAHHEM
TOJIOIEHE MPOMCXOTUT MOYTH CHHXPOHHO Ha OOMIMpPHON Tepputopuu 3amagHod u LleHTpampHON
EBponbsl B mepuon 10.5-8.0 xan. 1.H. B BOCTOYHOM HampaBJIEHUH MOXHO 3aMETUTh HEKOTOPOE
3aras/ibIBaHue YBEJIUYEHHUS J10JIM MbLIbIbI IHMPOKOIMCTBEHHBIX OPo. Tak, Harpumep, B pa3pe3ax
o3ep Mexyxon u Crapoe B benapycu cymma NbuIbLibl IIMPOKOJUCTBEHHBIX MOPOJ JEPEBHEB B
untepBaiie 10.5-10.0 Teic. kan. 1.H. He npeBbimana 5%, a k 9.5 Teic. Kal. J.H. Bo3pocia 10 20%
(3epnunkas, Hoenko, 2016; 3epuunkas u ap., 2019)

CornacHO pe3yiabTaTaM H3Y4€HHUs psila Pa3pe3oB U3 LEHTpPalbHbIX pailoHoB BocrouHo-
EBponelickoii  paBHHMHBI, OOIIMpPHBIE TEPPUTOPUM ObUIM MOKPBITBI COCHOBO-OEpPE30BBIMU
penxonecksimu (Xoturckuit, 1977; Benuuko u ap., 2001; Khotinski, Kilmanov, 1997; Krementsky
et al., 2000; Wohlfarth et al., 2007). FOxnee, Ha CpemHepycCKOl BO3BBIIIEHHOCTH, ObLIH
pacnpocTpaHeHbl COCHOBO-OEpe30BbIe Jieca C HEOOJIBIIMM Y4acTHEM IIHMPOKOIMCTBEHHBIX MOPOJ
(puc. 2; Knumanos, Cepebpsinas, 1986; Novenko et al., 2015).

Kimmmarnaeckue pexoHCTpykuuu g LlenTpanbHOl EBponbl mokasaid, 4YTO B TEUYEHHUE
OopealbHOTO MepHoa CpeaHsisl TeMIepaTypa sHBaps He npesblana -2°C, a cpeHss TeMieparypa
utons He omyckanack Hwke 15°C (Zagwijn, 1994). CornacHo peKOHCTPYKLHSAM, OCHOBAaHHBIM Ha
COOTHOIIEHUHU BUJOB (ayHbl )KECTKOKPBUIbIX, JeTHHE TemrepaTypbl B CeBepHoii EBpone Obuin B
uatepBane 17-19°C, a B llentpansnHoit EBpome wmormm ObiTh gake Bwime (Coope, 1998).
PexoHCTpyKIMM 1O MaIMHOJIOTMYECKUM JaHHBIM pa3pe3a 03. Mexyxon B ceBepHou benapycu
(3epuunkasi, Hopenko, 2016) nokasanu, uro B uaTepBasie 10.5-9.5 ThIC. Kail. JI.LH. CPEIHETO/IOBHIE,
3UMHHE U JIETHUE TeMIIepaTypbl cOCTaBIsM 4, -8 U 16°C COOTBETCTBEHHO, UTO MpUMepHO Ha 2°C
HIKE, YEM B HACTOSIIEE BpeMsi, a B meproa 9.5-8.5 ThIc. Kajl. JI.H. 3MMHHE U TOJIOBbIE TEMIIEPATYPbI
CYILIECTBEHHO BO3POCIU M COCTaBWJIM OKOJIO -6.5 u 6.0°C, a 3HaUeHUs JICTHUX TeMIIepaTyp CTalu
oms3ku k coBpemMeHHbIM (18°C). beicTpoe moTeruieHne U OTHOCUTEIBHO TEIIbIe KIMMaTUYECKHUE
yCJIOBHUSI B Oopeasie BBISIBICHBI U IS moOepexbs bamnruiickoro mopsi. Tak, Hanpumep, B JlaTBuun
netHue temmepatypel 10.0 ThIc. Kayn. Jg.H. Obutm okosio 17°C (Ha 1°C HM)XKE COBPEMEHHBIX
3HaueHui), HO yxe K 9.0 Teic. kam J.H. moBeicuiuchk Ha 1.5°C (Heikkild, Seppid, 2010).
B nentpanpubix paiioHax BoctouHo-EBpornieiickoii paBHMHBI BCE TEMIIEpATypHbIC IOKa3aTEIN
OBLITM HIKE COBPEMEHHBIX 3HaueHu# B repuoa 10.1-7.9 teic. kai. 1.H. (Khotinski, Kilmanov, 1997,
Novenko, Olchev, 2015).

PekoHcTpyKIMu najeoreMneparyp, HoJTydeHHbIE [0 Pa3HbIM MPUPOJIHBIM apXUBaM, MO3BOJISIOT
BBIJICNTUTH KPATKOBPEMEHHOE U PE3KOE MOXO0JI0IaHNe KIMMaTa, Tak Ha3blBaeMoe «CoObITHE 8.2 ThIC.
kan. i1.H» (bop3enkoBa u ap., 2017; Alley et al., 1997; Thomas et al., 2007; Daley et al., 2011).
CornacHo pe3ynbTaTaM HalIMX MCCIEAOBAHMI, CPeTHEr0J0Basi TeMieparypa B O6acceiine Bepxueit
Bonru B mepuon 8.1-8.5 teic. kan. n.H. moHmsmiack Ha 2-3°C (Novenko, Olchev, 2015).
PekoHCTpyKIIMM 1O TaJMHOJOTUYECKUM JaHHBIM pa3pe3oB OctoHuu (Seppd, Poska, 2004),
Ounnannuu (Heikkild, Seppd, 2003) u roxuHoi IlIBenuu (Antonsson, Seppd, 2007), mokaszanu
MajieHue CPeTHEroJoBbIX Temmeparyp Ha 1.5-2.0°C B mepuoj MoXojaoJaHus, COOTBETCTBYIOLIETO
«cOOBITHIO 8.2 THIC. KaJ. JL.H.». PEKOHCTPYKIIMM, OCHOBaHHbIE HA JAaHHBIX AMATOMOBOTO aHAHU3a,
yKa3bIBaIOT Ha CHU)KEHUE JIeTHUX TemnepaTyp Ha 0.75-1.0°C na ceBepe @unnsaauu (Korhola et al.,
2000). OO6oOmieHre OONBIIOTO KOJMYECTBAa MBUIBLIEBBIX JAMArpaMM M KIMMaTHYECKHUX
pexoHcTpykiuu mo3Bosiwiio b. J[3Bucy c coastopamu (Davis et al., 2003) pexoHcTpyHpoBath
CHIDKEHHE CPEIHEroJI0BOM TemrepaTypsl B 1enom uist EBponsl Ha 1°C okosno 8.2 ThIc. Kall. JLH.
(puc. 1). IlpuumHONM 53TOro CyIIECTBEHHOIO IOXOJIOAAHUS, PEKOHCTpyupyemoro B EBpome B
unTepBane 8.4-8.0 ThICc. Kal. J.H., BO3MOXHO, KaKk M 0o0Jiee paHHUX yX€ PAaCCMOTPEHHBIX HAMHU
MoXoJioJlaHuii B mpebopearne, ObLIO ocialneHue TepMoranuHHON nupkymsiuun B CeBepHOU
Atnantuke (Teller et al., 2002). Bo Bpems moxonoganus 8.2 ThIC. Kall. JI.H. ’TH U3MEHEHHUS MOTJIN
OBbITH BBI3BaHbI BHIOPOCOM B OKeaH OOJBIIMX MAacC MPECHOW BOJBI M3 KPYITHOTO IMPUJIETHUKOBOTO
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o3epa Araccuc B CeBepHoit Amepuku (bop3enkosa u 1p., 2017; Keigwin, Boyle, 2000).

PexkoHCTpyKIIMM rof0BOM CyMMBl OCaJKOB U KOJMYECTBEHHBIX XapaKTEPUCTUK BIAXKHOCTH
KJIMMata 70 HACTOSIIEro BPEMEHHU OCTAeTCs JOBOJILHO CIOXKHOMW 3a1aueii, 1 pe3yiabTaThl MOA0OHBIX
WCCIIEIOBAaHUH JJI paHHETO ToJI0LeHa Ha TEpPUTOPUH EBpOIIbI peacTaBaeHbl JUIIb B HEOOIBIIOM
gucne padot (Barber et al., 2004; Harrison et al., 1996; Allen et al., 2007). Eme co BpemeH pabot
A. bimutra B KOHHIE 19-rO Beka YCTAaHOBWJIOCH MHEHHE, YTO KIMMAaT OOpEajbHOTO IEepHOJa
rojoneHa OB CyXWUM, 4YTO BIOCIEACTBHHM OBIJIO OTMEYEHO BO MHOTHUX HCCICIOBAHUAX U
3aKpENUIOCh B KIIMMATOCTPATUTpaPHUECKUX cXeMax rojoueHa (XotuHckuit, 1977).

JlaHHBIE O BJIAKHOCTH KJIMMarTa, IIOJy4eHHbIe M1 BocrouyHo-EBponeickoli paBHUHBL,
CBUJIETEIBCTBYIOT O CJIO)KHOM BPEMEHHOW M MPOCTPAHCTBEHHON JUHAMHMKE KOJMYECTBA OCAJIKOB.
CornacHO HalllUM JaHHBIM, B NMEPUOJ 10 9.5 ThIC. Kajl. JL.H. CPETHET0J0BOE KOJIMUYECTBO OCAJKOB
ObUIO MEHBIIIE COBPEMEHHBIX 3HaUeHU B OacceiiHe Bepxueit Bonru u Ha Bangae, Ho nmpeBblmano
uX Ha ceBepo-3anane CpeaHepycckoil Bo3BblIeHHOCTH (puc. 4). [loutn cMHXpOHHOE yBEIMYEHHE
KOJIMYECTBA OCAJKOB Ha BCEW TEPPUTOPHM LEHTPAIBbHBIX panloHOB EBpomneiickoit yactu Poccun
PEKOHCTPYUPOBAHO IS miepuonaa 9.1-8.5 Thic. Kail. JI.H., KOT/Ia OCaJKOB BbImagaio B roa Ha 100-
200 mMm Goutbiie, yem B HacTosiiee Bpems (Novenko, Olchev, 2015).
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Puc. 4. Kimmatnyeckue wusmeHeHus Ha BocrouHo-EBpomeiickoii paBHMHE B TOJIOILIEHE.
[TaneoknuMaTHuecKkue pEeKOHCTPYKLIMHU Mo paspe3am Ooinora KimroxBa (Novenko et al, 2019),
6omnota Crapocenbckuit Mox (Novenko et al., 2018) u o3epa Paiiractsepe (Seppé, Poska, 2004).

PexoHCTpyKIIMM M3MEHEHMs TOXKAPHBIX PEXMMOB B TOJIOLEHE IMOKA3aJIM BO3PACTAHUE YaCTOTHI
MOXapoB B OOpealbHOM IMEpUOJIe B Pa3IMuHbIX perruoHax (3epuuukas u ap., 2019; Novenko et al.,
2016), uTOo MOKeT ObITh MHIUKATOPOM HEPABHOMEPHOCTH BBINAJICHUS] OCA/IKOB B JIETHUH MEPHOA U
MOBTOPSEMOCTH  TOXAPOOMACHBIX ~ METEOPOJIOTHYECKUX  ycnoBui. OOOOIIeHHMe JaHHBIX IO
KOHLIEHTPAIIM! MUKPO- U MAaKpOYACTHI[ YIJISI B O3€PHBIX M OOJOTHBIX OTIOXKEHMsIX U3 117 pazpe3oB B
LenTpanbhoii u Boctounoii Espornie (Feurdean et al., 2020) BbIsIBUIO MakCUMaJIbHBIE 33 BECh TOJIOLIEH
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CKOPOCTH aKKYMYJISIIIUM YrOJbHBIX YyacTull Mexxay 9.0 u 8.0 ThIC. KaJl. JL.H. JJIsi BCEr0 MakpOpEeTMOHa B
1esioM (puc. 3), 4To CBUIETENBCTBYET O YACThIX U MHTEHCUBHBIX PUPOIHBIX M0Kapax.

KocBeHHBIMM HMCTOYHMKAMHM MH(POPMALUHU O BIHKHOCTH KIMMAaTa MOTYT CIYKUTh JaHHBIE O
Koie0aHHuAX YpOBHs o3ep. Pesynprarel m3yueHus cepuu oszep B LlIBeiimapum n ®paHIy3cKux
Anbnax (Magny, 2010), ocHoBanHble Ha 180 paguOyriaepoJHbIX, IEHIAPOXPOHOJOTUYECKUX U
apXe0JIOTUYECKUX JaTUPOBKaX, MOKA3aJIM CIOKHYIO JUHAMMKY YBJIQKHEHHS] B paHHEM TOJIOLICHE.
BrusBiensr ¢aser noseimenust ypoBHs ozep 10.3-10.0 m 9.55-9.15 Teic. Kan. JI.H., pa3aeicHHBIC
MIEPUOJIOM, KOTJa YPOBEHb 03€p ObLI 3HAYUTENILHO HIKE coBpeMeHHoro. VMccnenoBanus B OxHoM
HIBenuu (Harrison, Digerfeldt, 1993) noka3anu skcTpeMaabHO HU3KHIA YPOBEHB 03€p B MHTECpPBAJIC
npumepHo 10.5-9.7 Teic. Kajl. JI.H., KOTOPBIHA 3aT€M CMEHUIICS €r0 OBICTPHIM MO JbEMOM.

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

OrpoMHO€ KOJUYECTBO DPAOOT, TOCBSIICHHBIX W3MEHEHHUIO PACTUTEIBHOCTH M KIUMara B
roJIOLIeHe, MoKazanu, 4ro mnepuon 8.0-5.7 Teic. Kai. J.H. B EBpore oTianyaercs HauBbICIIEH
TertoobecneueHHOCTRI0 (XoTuHckuM, 1977; Iunamuka naHAmadTHRIX KOMIIOHEHTOB ..., 2002;
[Taneoxmumatel u maneonanamadrer ..., 2009; Zagwijn, 1994; Davis et al., 2003; Mauri et al.,
2015; Borisova, 2019) u OTHOCHUTENbHO CTAOMWJIBHBIMH  KJIMMaTUYECKUMHU  YCIOBUSMU
(bopucosa, 2014; Mayewski et al., 2004). B oTedecTBeHHOI JUTEpaType 3TOT MEPUOJ HOCHT
Ha3BaHUE KIMMATHYECKOTO onTuMyma rojoieHna (Xortunckuid, 1977). B 3apyOexHoit muteparype
Yalie UCTOJIb3YeTCs TEPMUH — CPEAHETOJIOICHOBBIN TEPMUYECKUN MAaKCUMYM.

B wunrtepBane 8.0-5.7 Thic. kan. s.H. B llenTpanbHoil u BocTouHoil EBpomne cyiectBoBaa
eanHas 30Ha IIMPOKOJMCTBEHHBIX JiecoB (puc. 1, 2). B ceBepo-3amagHoM NpUATIAHTHYECKOM
cektope EBpormbl mpouspacTany MIWPOKOJMCTBEHHBIC JIECa, COCTOSIIHUE W3 Jay0a, JIUIBI, Bs3a U
OJIbXH, ¢ HEOOJBIIMM y4dacTueM THca W manyba. B I'epmanuu, B roxHou IIBenuu, B Jlanuu u
[Tonpire HaWBBICIIETO PA3BUTHSI JOCTHUTAIM JTyOOBBIE Jieca, OTTECHUB Ha BTOPOW IIJIaH COCHOBBIE
dopmaruu (Latalowa, Nalepka, 1987; Jahns, 2000, 2007; Kalis et al., 2003; Lamentowicz et al.,
2008; Kulesza et al., 2012; Gatka et al., 2013). 3HaunTenbHYIO0 POJb B 3THX JIECaX UIPaU Bs3,
nuna, oibxa u JenmHa. B obnactu I'epumackux maccuBoB (I1IBaprBanba, TropuHrckuii 6acceiis,
Yenickuii MacCHB) B COCTaB JIPEBOCTOEB BXOIWIH ek 1 nuxTa (Harmata, 1987).

B crpanax bantum mmpokoe pacmpocTpaHEHHE NPUOOpPENTH CMEIIaHHbIE TyOOBO-BSI30BO-
JIUTIOBBIC Jieca C OOJIBIIMM y4acTHEM OJIbXH. B ceBepHBIX W BOCTOUHBIX pailioHax bemapycu
npeobnafanu TyOOBbIe Jieca, B 3amaJHbIX — IIMPOKOJMCTBEHHBIE Jieca MEePEMEKATNCh C COCHOBO-
IIUPOKOJIMCTBEHHBIMU JiecaMu. Kak MOKa3bIBalOT MyOIWKAllMH, MOCBAIICHHBIE MUCTOPUH Pa3BUTHUS
pactutensHocTH EBpornetickoit yactu Poccun B romorneHe (Xortunckuid, 1977; Benmnuko u ap., 2001;
Camnenxo u ap., 2014; Epmoa, 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 MHUPOKOIMCTBEHHbIE Jieca U3 Ayda, Bs3a,
nunel ¢ mnojuieckoM u3 JemuHbl. Ha Husmennoctax benopycckoro Ilonecks, [lpunemanbs u
Mermiepckoil MOIecCKO HU3UHBI CYIIECTBOBAIM COCHOBBIE OOpBI C YUACTHEM IIMPOKOIHCTBEHHBIX
nopon 1 onbxu (bomuxosckas, 1988; 3epautikas u ap., 2019, 2010; Novenko et al., 2016).

OOmupHast ~ nuTepaTypa  MOCBSIIEHA  PEKOHCTPYKUUSAM  KIMMATHYECKUX  YCIOBHM
aTJIaHTUYECKOTO TIEpUOoJa TOJIoIeHa, Kak B rinobansHoM Mmacmrtabe (Guiot et al., 1993; Cheddadi
et al., 1997; Tarasov et al., 1999; Davis et al., 2003, Mayewski et al., 2004; Wu et al., 2007; Mauri
etal, 2015 u nmpyrue myOnukanuu), Tak U Ha pernoHanbHoM ypoBHe (Korhola et al., 2000;
Heikkild, Seppd, 2003; Seppd, Poska, 2004; Antonsson, Seppd, 2007; Borisova, 2019).
PaccmarpuBas umeroniudecs JaHHbIE O NAJCOKIMMATHUYECKUX YyCIOBUsAX mnepuona 8.0-5.7 Thic.
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, pekonctpykiuu B. 3arsuiina (Zagwijn, 1994) MeTon0M MHIMKATOPHBIX BHJIOB Ha
OCHOBe JaHHbIX 1o 136 paspesam B EBpome, mokazanu, 4To Kak JETHHE, TaK M 3UMHHUE
TeMIieparypsl Ha Tepputopun ['epmanuu u Ha 3anaze [lonbmum Obutn Onu3ku K coBpeMeHHbIM (T1=
-1...0°C; Tvn=19°C). PekoHCTpyKIuH @ajeoTEMIEPAaTyp «METOJOM JYYLIMX AaHAJOroB» IO
JTaHHBIM M0 paspe3y o3epa Jlemnuna B neHtpanbHOi [lomemie (Barber et al., 2004) BeisiBum
CpenHIo TemiiepaTypy stHapst 0koso 0°C, uro Ha 2°C BbIle COBPEMEHHBIX 3HAYCHUH.

PexoHCTpYKIIMH, MOJydEHHBIE NPU MOMOIIM MEPEXOJHOW (PYHKIHMH MO MATMHOIOTUYECKUM
JAaHHBIM 110 pa3pe3am o3ep Paiiracteepe (puc. 4), BuntHa u Pynna B OcToHuu, CBUAETENBCTBYIOT O
MOBBIIIEHUN CPEIHErOJIOBBIX TeMIleparyp B cpeaHeMm rojoueHe a0 8-9°C, uro Ha 3-3.5°C
MIPEBBILLIAET COBpeMEeHHbIH ypoBeHb (Seppd, Poska, 2004), a peKOHCTpYKIMHU JETHUX TEMIIEpATyp
3THM K€ METOJIOM I10 IaHHBIM 110 pa3pe3y o3epa KyprsHoBac B JIaTBHM yKa3bIBalOT Ha POCT JIETHUX
temreparyp a0 19-20°C, uto na 2-3°C Bbile, yeM B Hacrosiuiee Bpems (Heikilld, Seppd, 2010).
O6o6menne maneoremMneparypHbix JaHHbIX  (Seppd, Poska, 2004), ocHoBaHHOe Ha
36 PEeKOHCTPYKLHUAX CPEIHEr0JI0BOM U HIOJNBCKOW TEMIIepaTypbl IO OTAEIbHBIM pa3pe3am
CkannuHaBuM U ctpad bantuu, nokasano, uyto B nepuon 8.0-4.8 ThIC. Kajl. J.LH. UMEJI MECTO YETKO
BBIPDAKEHHBI MaKCUMYM TEIUIOOOECIIEYeHHOCTH KJMMaTa, KOrJa TOJOBbIE TeMIlepaTypbl
MIPEBBIIIAIN COBPEMEHHBIE 3HaUeHUs B cpeHeM Ha 2°C.

3HaYUTENBbHOE MOTEIUICHUE KIIMMaTa B nepuoj 8.5-5.7 ThIC. Kal. JI.LH. YCTAHOBJIEHO TaKXKe A
TEpPUTOPUN CeBEpHOM benapycu. BhISBIEHO MOBBIIEHHE CPEHETOIOBBIX TeMIiepaTyp Ha 2-4°C o
CPaBHEHHMIO C COBPEMEHHBIMHU 3HAUEHHUSMHU, a TAaKXK€ CYHIECTBEHHBIH POCT 3UMHHUX TeMIEpaTyp
(3epuunkas, Hosenko, 2016).

B BocTOuHON 4YacTH paccMaTpuBaeMOro CyOLIMPOTHOTO TPAaHCEKTa PEKOHCTPYKIIHUU
KIIMMaTHYECKUX XapaKTEpPUCTUK, MPOBEJIEHHbIE IO MaJUHOJOTHYECKUM JaHHBIM OoJioTa
Crapocenbckuii MoX (puc. 4), BBISIBUIM, YTO BO BPEMEHHOM HWHTEpBaie 7.5-6.5 ThIC. Kaj. JLH.
YCIIOBHUS TEII000ecTeyeHHOCTH ora Banaiickoil BO3BBIIIIEHHOCTH OBLIN OJIM3KU K COBPEMEHHBIM,
a B mepuoxa 6.5-5.9 Teic. Kaj. JIL.H. CpPEIHErojoBas TEeMIepaTypa MpeBbIlIaja COBPEMEHHbBIC
3HaueHus Ha 2°C um Owputa paBHa 6°C. CormacHo pexoHcTpykumsiM O.K. Bopucosoii (Borisova,
2019), ocHOBaHHBIM Ha aHAJIM3€ JKOJOTHYECKOW MPUYPOYCHHOCTH U Treorpaduyueckoro
pacnpocTpaHeHus: BUAOB HCKOMaeMon (DJIOphl U3 OTVIOKEHUH aTIIAHTUYECKOTO MEepHojia roJIoleHa,
TerioobecrnedyeHHOCTh B Oacceline Bepxueit Bonru Opiia 3HaUMTENbHO BBILIE JJIS BCETO MEpHOIa
7.6-5.9 ThIC. Kan. 1.H. Cpeguss TemnepaTypa siHBaps NpeBbIliaia COBpeMEHHbIE 3HaueHus Ha 6°C,
CpenmHsisl TeMmIeparypa Hiojs Obuia Onm3ka kK coBpemMeHHbIM 3HaueHusM (17°C). HOxnee, kak
MOKa3bIBAIOT HAIIM PEKOHCTPYKLMHU, CIIEIaHHbIE MO MaJWHOJOTUYECKUM JaHHBIM IO 0O0J0TYy
KirokBa (puc. 4) Ha ceBepo-3amnajne CpeaqHepyCCKON BO3BBIILIEHHOCTH, CYIIECTBEHHOE MOTEIUICHHE
YCTaHOBJICHO JIs mepuona 7.5-5.7 TeIC. Kaj. J.H., KOTJa CpelHss Temmeparypa roga osiia Ha 3°C
BBIIIIE, YEM B HACTOSIIIEE BPEMS.

O06o001IeHre MaTuHOJOTHYECKUX JaHHBIX 1Mo 0ojee yeM 500 paspeszam B EBpome (Davis et al.,
2003; Mauri et al., 2015) m03BOJWIO BBIACIHTH IIECTh PETHOHAIBHBIX THIIOB HW3MCHCHHI
MaJeOKIMMATUYECKUX  XapakTePUCTHUK.  ODTH  pacyeTbl  MOKa3alh, 4YTO  MaKCUMYyM
TEIUI000eCTIEYeHHOCTH B aTJIAHTUYECKOM IIepHo/Jie XOpolIo mpociuexuBaercs B CerepHoii EBpone u
B DeHoCKaHAMH, TPEUMYILECTBEHHO 3a CYET pocTa JieTHUX TteMieparyp. B Ilenrpansnoit EBpone
CPEIHErOJIOLEHOBbIM TEPMUYECKUH MAaKCHMyM BBIpaXEH cliabee, IMOJIOKUTENbHbIE aHOMAalIUH
CpeaHeroJoBbIXx Temmeparyp He mnpeBblmianu 1°C (puc. 3). Iloxoxkue pe3yabTaThl IMOJIyYEHbI
rpynnoi uccienosarenei npoekra BIOME600 (Wu et al., 2007) u P. Yennanu (Cheddadi et al.,
1997), wucnonp3ylomMX  JaHHbIE  OHMOKIMMATHYECKOTO  MOJEITUPOBaHMS  HAa  OCHOBE
MAJIMHOJIOTMYECKUX MaTepualoB Mo BceMy MHpy. OIHAaKo NOTEIJIEHME KIMMaTa CEBEPHBIX U
MPUATIAHTUYECKUX palloHOB EBpOMBI, COTJIacCHO 3TUM MOJIENbHBIM pacdyeTam, MPOUCXOINJIO KaK B
JIETHUM, TaK U B 3UMHHI niepro. Cieayer 3aMeTUTh, YTO MPU aHATU3€ KIMMAaTHYECKUX U3MEHEHHI
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B YNOMSIHYTBIX pa0OTax MCIOJIb30BAHO OYEHb MaJlO€ KOJMYECTBO JAHHBIX W3 PETHOHOB,
PacmoJIOKEHHBIX K BOCTOKY OT ITosbmiu.

PexoHCTpyKIIMM KOJMYECTBEHHBIX 3HAYCHUM KIMMATHUYECKUX XapaKTepucTuk aisi CeBepHOro
noJrynapusi, BeimostHeHHbIe A.A. Benmuko ¢ coaBropamu (Ilneoknumarel u naneonanamadTs ...,
2009) Ha ocHoBe maHHBIX M0 400 CIIOPOBO-TBUILIICBBIM JUATpaMMaM MOKAa3alH, YTO HAWOOJBIIHE
MIOJIOKUTEIbHBIE OTKJIOHEHUS CpPEAHEr0J0BOM TeMmmepaTypbl HMMEIW MECTO B IIPUIOJISIPHBIX
paiionax. Jlng cpeaHempoTrHoro mnosica EBponbl cpeqHerofoBas TemImepaTypa IpeBbliialia
coBpeMeHHble 3HaueHus Ha 1-2°C. Pexoncrpykuuu, noiaydeHssie I1.E. TapacoBeiM ¢ coaBTOpamu
(Tarasov et al., 1999) mns xponocpesa 6000 *C ner masam (okomo 6.8 Teic. Kal. JLH.) s
tepputopun ObiBuiero Coserckoro Coro3a W MOHroaMM, TakkKe [OKa3aJld IMPEBbIIICHNE
cpenHeroAoBbix Temmneparyp Ha 2°C mis EBpomneiickoit uactu Poccun.

KonnuecTBeHHbIE  OLEHKM  CpPEAHETOJIOBOTO  KOJMYECTBAa  OCAJAKOB B TOJIOLIEHE
HEMHOTOYHCIICHHbI. B OCHOBHOM Ipeo0iiajaloT KOCBEHHbIE JaHHbIE 00 M3MEHEHHUU YBIIAXKHEHUS
KIIuMaTa JUisl pa3jMuHbIX pernoHoB. COrjlacHO PEKOHCTPYKLUHU CPEJHEro OTKIOHEHUS I'0JI0BOM
CYMBI OCaJIKOB OT COBPEMEHHBIX 3HaueHUH 17151 CeBepHOro MoJrylmapus A XpoHoCcpe3a MPUMEPHO
6.8-6.3 Thic. Kamx. J.H. (6.0-5.5 TeIC. “C 1m.H.), momydenHo# A.A.BemMuko C COaBTOpaMH
(ITaneoxnumarel u maneonanamadrsl ..., 2009), Ha Tepputopun lLlentpansHoit EBpomsl
CPEIHEroJ0BO€ KOJIMYECTBO OCAIKOB OBIJIO OJIM3KO K COBPEMEHHBIM TOKa3aTelsM, a Ha TEPPUTOPUU
Bocrounoit EBpomnbl B mpezenax paccMaTpUBaeMoOro TpaHCEKTa ObLIO XapaKTEpPHO COKpaIleHHE
0CaJIKOB Ha 25 MM B Toj. AHaJOTUYHbIE PE3yJAbTaThl ObUIM MOJTYYEHBI JIJIs1 STOU K€ TEPPUTOPUN
K. Tyito ¢ coaBropamu (Guiot et al, 1993). Pacuers pa3HOCTHM MEXIy OCagKaMH H
MOTEHIMATBHBIM UCIIAPEHUEM, BBITIOJHEHHbIE STUMH aBTOPaMH, IMOKa3alu, 4T0 OKOJIO 6.8 ThIC. KaJl.
7.H. (6000 *C n.1.) knuMat 6611 HeMHOTO Goiee cyxuM B LleHTpanbHOit EBporie, a Ha TeppUTOPHH
Bocrouno-EBpomneiickoli paBHUHBI YCIIOBHSI YBJIQXHEHUS ObUIM OJNM3KM K COBPEMEHHBIM, 3a
HCKJIIOYEHHEM BOCTOYHOM yacTu EBporneiickoii Tepputopuu Poccun.

[lomyueHHble HaMHM XapaKTEpPUCTUKU W3MEHEHHH yBIaXHEHHS KiIuMaTa Ha TEppPUTOPHUH
BocTtouno-EBporneiickoii paBHUHBI MTOKa3aliy, YTO T'OJI0BOE KOJIUYECTBO OCAJKOB B CEBEPHOM YaCTH
benapycu (3epuurikas, Hosenko, 2016), Ha 3anane EBponeiickoit yactu Poccuu B [lpunnbsMeHckoit
Hu3meHnHocTH (Nososva et al., 2019), a Taxke Ha ceBepo-3amnaae CpeaHepyCCKON BO3BBIIIEHHOCTH
(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. OCAJKOB B roJ1 Bblnagano Ha 50-75 Mmm
MeHbIIIe, YeM ceiyac, a B mepuoi 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 0oj0oTa Takke YKa3bIBalOT HAa CHIDKEHUE CPEIHETO0JIOBOTO KOJMYECTBa
ocankoB Ha 25-50 mm B fpocnaBckoM [loBommkbe B TeueHUE BCEro aTIaHTHUYECKOTO Meproja
rononeHa (Khotinsky, Klimanov, 1997). Ilo ouenkam O.K. bopucoBoii [uist 3TO# ke TeppUTOPUH
ocaaKkoB Bbinaaano okoyio 600 mm B rox (Borisova, 2019), yTo 6;1M3KO K COBPEMEHHBIM 3HAYCHHSIM.

Jlis  XapakTepUCTHKH YCIOBHI YBIaKHEHHS B TEYEHHE TOJIOIIEHA HaMH ObLT TMPUMEHEH
KITUMaTUYeCKHi MHJIEKC yBIaxHeHus (climate moisture index, CMI). B ocnoBy CMI mnomnoxeHo
COOTHOILIEHUE TOAOBOTO KOJMYECTBA OCAJKOB W BEJIMYMHBI TOTEHIMAIBHOTO HCHAPEHUs WIU
ucnapsiemoctd (Olchev et al, 2020). HeoOGxomumoe ansi pacueToB NOTEHIMAIbHOE HCHAapeHHe
paccuuThiBaeTcs ¢ momolbio ypaBHeHus [lpuctnu-Telinopa ¢ ucnons3oBaHueM HHPOpMAIH 00
W3MEHEHHH PACTUTEIBHOCTH W TEMIepaTypbl, PEKOHCTPYUPOBAHHBIM [0 MATHHOJIOTUYECKUM
JTaHHBIM pa3zpe3oB 0os0T Crapocenbckuii Mox U KimokBa. Pacuersl mokasanu, uto Ha Bannaiickoi
BO3BBIIIEHHOCTH BETMYUHA UCIAPSEMOCTH ObLIA MOYTH paBHA KOJIMYECTBY BBIMAIAOIINX OCAJKOH B
nepuon 7.0-5.5 TeIc. Kall. 1.H., a Ha ceBepe CpenHepycCcKoil BO3BBIIIEHHOCTH MIPEBhIIaia ux (puc. 4),
YTO yKa3bIBAaeT Ha OTHOCUTEJBHO cyxue Kinmmarndeckue yciosus (Novenko et al., 2018, 2019).
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OpHMM K3 KOCBEHHBIX IOKa3aTejiell YMEHBIIEHHs BJIAXXHOCTH KJIMMaTa B CPEJAHEM TOJIOLEHE
SIBJIIOTCS IaHHBbIE O KoJjeOaHusAxX ypoBHs o3ep. s teppuropun LlenTpanbHoil EBponbl B 1enom
XapaKTepHO TOHIKEHHE ypoBHs o3ep okoio 7.0 teic. *C n. . (Magny, 2004). OnHako B 03epax B
OTJIEeNbHBIX PETHOHaX, HallpuMep, B okHOU IlIBennu MOIJIO MpOUCXOIUTh, KaK CYILECTBEHHOE
CHIDKEHHeE, Tak U noBeimenune ypoBHs (Harrison, Digerfeldt, 1993). O6 ymeHbIIeHUH BOJHOCTH PEK
B OTOT € mnepuos Ha BocTtouHo-EBpomneickoil paBHUHE CBHJIETEIBCTBYIOT PpE3YJIbTaThl
uccienoBaHuil Mophosioruy pedyHbIX U3MyduH, npoBeacHHble A.}O. CumopuykoM c COaBTOpaMu
(2012). ®opmupoBaHHe MallbIX MAJEOPYCEsl U MOYBEHHBIX TOPU30HTOB Ha IOiIMax Ha ceBepe U B
LIEHTpaIbHOU YyacT BocToyHO-EBpONIENCKON paBHUHBI YKa3bIBAIOT HA JUIMTEJIBHOE U 3HAYUTEIBHOE
CHIDKEHHE pYCIO(QOpPMHUPYIOIMIMX pacxXoJ0B BOJbl M 3aTOMJICHHE MOWM B CpPEJHEM TOJIOLEHE
(Cupopuyk u ap., 2018).

Jlpyroii moaxoJ K OLEHKE YCIOBUN YBIKHEHUS — DPEKOHCTPYKUUHU KOJIEOaHHSI YpPOBHS
OOJIOTHBIX BOJ [0 PU30MOAHBIM JaHHBIM. [1000HBIE pacueTsl TP MOMOIIY MEPEXOAHON PYHKIUU
Ha OCHOBE M3MEHEHUH BUJIOBOTO COCTaBa COOOIIECTB PAaKOBUHHBIX ameb U3 paspesa 6osota Tyxomna
B ceBepHoil [lompmie (Lamentowicz et al., 2008) moka3anu skcTpeManbHO cyxod mepuon 7.15-
6.8 ThIC. KaJl. JI.H., YTO XOPOIIO COTjacyeTcsi ¢ JaHHBIMHU MO KoJeOaHUsSM YpPOBHSI O3€p 3TOTO
perunona (Ralska-Jasiewiczowa, 1989). HccnemoBanusi Ha tore Banmaiickoii BO3BBIIIEHHOCTH
MO3BOJIMJIM  BBIJGNIUTh JIBa I[E€pHOJa TOHWKEHUS MOBEPXHOCTHOM BIAXHOCTH B 0OojoTe
Crapocenbkuit MoX (pHc. 4), 04eBUIHO, OOYCIOBIECHHBIX CYXHUMH YCJIOBHUSIMHU B JIETHUN MEPUOA —
7.0-6.2 u 6.0-5.5 ThIc. Kan. a.H. (Novenko et al., 2018). CxoaHble pe3ynbTarhl MOIYYEHBI IO
JAHHBIM pHU30TOHOTO aHanm3a Oosiota KimokBa Ha CpemHepycckoit Bo3BwimieHHOCTH (Novenko
et al.,, 2019), roe mepuoj MOHWXKEHHUS YPOBHS OOJIOTHBIX BOJ BBIJACICH MEXIy 6.8 u 5.5 ThIC.
KaJl. J1.H. (puc. 4).

BpemenHoii uHTEepBaJ 5.7 ThIC. KaJl. JI.H. — HACTOsIIIIee BpeMs
(cpeaHuUii-NO3HUI T0JI01eH, Cy0O0opeaibHbIH U CYy0aTJIaHTHYECKUI ePHO/Ibl)

JlanamagTHO-KIMMAaTUYECKHE PEKOHCTPYKLIMU B Pa3IMYHBIX PErHOHaX MHUpa YOeIUTEIbHO
JEeMOHCTPUPYIOT, 4YTO Imocie 5.7-5.5 Thic. Kad. J.H. TJI00ajgbHOE MOTEIUICHHE TEPMHYECKOTro
MaKCUMYyMa TOJIOIIeHa CMEHUIJIOCH TToXojionanueM (Xotunckuid, 1977; bopucosa, 2014; Davis et al.,
2003; Wanner et al., 2008; Mauri et al., 2015), npuuuHON KOTOPOTO, OYEBUIHO, SBUJIOCH
COKpaIlleHUE IMPUX0JIa COJIHEYHOW paawanuu B JeTHuM nepwon (puc. 3; Berger, Loutre, 1991).
OTOMY BpEMEHH COOTBETCTBYIOT IIOBCEMECTHOE HACTyMaHHE TOPHBIX JIEJIHUKOB (HAa4YasIo
“aneorysinuana’; Wanner et al., 2008; Solomina et al, 2008), ycuieHue 3amagHOro mepeHoOca
BO3IIYIIHBIX Macc (puc. 3; Mayewski et al., 2004). B mopckux otnoxxenusix B CeBepHON ATIaHTHKE
BHOBb OTMEYAETCS YBEIUUCHHE MMOCTYIUICHNS MUHEPAIbHBIX YaCTHUII 32 CUET alicOeproBoro pasHoca
(puc. 3) ¥ NOSBJICHUE XOJIOAOTIOOMBHIX BHJIOB IUTAHKTOHHBIX (Gopamunudep (Bond et al., 2001).
['moGanpHBIA TPEH] K MOXOJOJAHUIO B MO3THEM TOJIOIIEHE YETKO MPOCIIEKUBACTCS 10 U3MEHEHUIO
M30TOIMHO-KUCIOPOJHOTO COCTaBa JIEAHUKOBBIX KepHOB ['pennmanauu (Mayewski et al., 2004;
Vinther et al., 2006).

Bropas monoBMHa TOJOLIEHA XapakTepu3OBalach CIIOKHOW JMHAMUKOW PACTUTEIBHBIX
coobmects B llentpanbHoit u BoctouHoii EBpome, 00ycnoBieHHOH, Kak KIMMAaTHYECKUMU
W3MEHEHUSIMU, TaK W JIEHCTBHEM aHTPOIOTEHHOro (akTopa, BIMSHHE KOTOPOTO OCOOEHHO
YCUITWJIOCh B TIOCTIE[HEE ThIcsdeneTue. B 3amamHoil yacTh paccMaTpuBaeMoro CyOIIMPOTHOTO
TpaHCeKTa, HauWHasg ¢ 5.7 ThIC. Kal. J.H., MPOUCXOIWIO COKpallleHHWe IJomaae ayOOBbIX H
COCHOBO-JIyOOBBIX JIECOB, paclpocTpaHeHHe Tpaba u Oyka M yCHUJICHHE WX POJIH B KayecTBE
JOMHHAHTOB JIECHBIX cooOmiecTB (puc. 1). B pacmpocTpaneHuun OyKOBBIX JIECOB OTMEYAETCs
HEKOTOpOE 3ama3JbIBaHie B HAIIPABJIICHWU C 3ara/ia Ha BOCTOK. Tak, B 3amagHoOi M IEHTpaIbHON
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 y)e Ha BocTtoke ['epmanum B Oacceiinax DnbObl 1 Oznepa u B
3amagHO¥ [lompie Oyk CTaHOBHUTCS OCHOBHOUM JiecoOOpa3yroledl Mmopoaoi TOJIBKO OKoJio 2.8-
2.6 Teic. kan. J.H. (Jahns, 2000; Lamentowicz et al., 2008, Gatka et al., 2013). B uenTpansHoii u
BoctouHoii [Tonpme (Ralska-Jasiewiczowa et al., 2003) ocHOBHBIMHU JIECOOOPA3yIOIIUM MTOPOJAMHE
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, Korja rpad
IIOCTETEHHO BBITECHUII U3 JPEBOCTOEB Iy0 U JIUITY.

Ha Ttepputopun ceBepHoid u uenrpanbHoil uactu benapycu (benopycckoe Iloosepne),
B OctoHuw, JlatBuu u JIuTBe BTOpas MOJIOBUHA TOJIOICHA XapaKTEPU30BaAJIACh PACIPOCTPAaHEHHUEM
emn (3epuunikas u np., 2010; Seppd, Poska, 2004; Zernitskaya, Mikhailov, 2009, Niinemets,
Saarse, 2009). Haunnas mpumepHo ¢ 5.7 ThIC. Kaj. JI.H., UCCIAEAOBATENIN dTUX PETUOHOB BBIJIEISIOT
HECKOJIBKO TOCJIEeI0BaTENbHBIX (a3 YBEIMYEHUS] U COKpAIEHUS JI0JIM €U U HIMPOKOJIMCTBEHHBIX
opoJ B JIECHBIX cooOuiectBax. IIbiabia rpada oTMedeHa B CIIOPOBO-MBUIBLEBBIX CIEKTpax W3
pa3pe3oB Ha TEPPUTOPHH, mpuierawmei k banruiickomy Mopro, moBcemecTHo. OmHaKo ee
cojiepaHue He TpeBbimaetr 1-2%.

B uentpe Bocrouno-EBpomneiickoii paBHUHBI NepecTpoiKa pacTUTEIBHOIO IMOKpOBa Oblia
CBS3aHA C yBEJIMYEHHEM OOWIMA elld, KOTopas MPOMCXOJAWJIa TPAHCTPECCHBHO C CEBepa Ha Ior
(puc. 2). Ha Bannaiickoil BO3BBIIIIEHHOCTH U B OacceitHe Bepxneit Bonru ¢gopmupoBanue enoBo-
IIMPOKOJIUCTBEHHBIX JIECOB («BEPXHUM MAKCHUMYM €JM») OTHOCHUTCS K 5.5 TbIC. Kal. JLH.
(KmumanoB u ap., 1995; Benuuko u ap., 2001; Kimumenko, Kmumanos, 2003; Hosenko, 2016).
B Bsarcko-Kamckom kpae Bo3pacTalio ydacTHe MUXTHI B JIECHbIX coobmiectBax (JIblyaruna u ap.,
2016). Ha CmoieHCKO-MOCKOBCKOHM BO3BBIIIICHHOCTH YBEJIMYEHUE YUCIICHHOCTH €M B APEBOCTOSX
Havyajgach OKOJoO 2.7-2.5. ThIC. Kal. JI.H., XOTSI B HEOOJBIIIOM KOJMYECTBE €1h MPUCYTCTBOBANIA Ha
stoil Tepputopun u panee (Kremenetski et al., 2000; EpmoBa, Kpenke, 2014; HuzoBues u ap.,
2020; Miagkaia, Ershova, 2020). FOxnee, B 0Oacceiine Bepxneit Oxkum Ha CpemHepyccKoiu
BO3BBIIICHHOCTH IIMPOKOJIMCTBEHHbIE Jieca U3 Qy0a, Bsi3a M JIMIIBI COXPAHSUIMCh HA MPOTSHKEHUU
Bcero rosioneHa. Enp, Oyayun Ha rpaHuile CBOEro apeaja, BXOJWJIA B JIECHBIE LIEHO3bl B BUJE
MIpUMECH B OJIarompusiTHBIX KOTOMAaX, HauKWHas ¢ 2.5 ThIC. KaJl. JL.H..

B olOmactu pacnpoctpaneHusi ncamMmmMo@uTHO-00poBbIX NanamagToB [lonecuit cocHOBbIE U
IIMPOKOJIMCTBEHHO-COCHOBBIE JIECa COXPAHSUIUCH B PACTUTEIHHOM IMOKPOBE A0 2.7 ThIC. Kall. JL.H.
B benopycckom Ilonecke B Teuenwe uurepBana 2.7-1.0 ThIC. Kaji. JI.LH. BO3pacTaeT y4yacTHE B
CHeKTpax mbUIbIbl Tpada (mo 10%), 4To yka3blBaeT Ha PaclpOCTPAaHEHHE CMEIIAHHBIX COCHOBO-
HIMPOKOJIMCTBEHHBIX JIECOB C ydacTHeM ay0a u rpada U ¢ MPUMECHIO JIUIbL, BsA3a, €11, U BO3MOXHO,
Oyka (3epuuukas u ap., 2010, 2019). [Ipu nBwxeHnn Ha BOCTOK B mosice mosecuid EBpomeiickoit
gactu Poccum ywacThe mbUIBLBI HIMPOKOJMCTBEHHBIX TOPOJ COKpalllaeTcs, Mbuiblla Trpada
BCTpEUYaeTCsl €IMHUYHO, BO3pacTaeT NoJis cocHbl, Oepe3bl U TpaB (bommxosckas, 1988; Novenko
et al., 2016, 2018).

Haunnast ¢ 5.7 ThIC. Ka. J1.H., OCHOBHAsI TEHACHIUS KIIMMAaTHYECKIUX U3MEHEHHI MPOsIBUIACH B
CHIDKEHHHU TEIUI000ECIICYeHHOCTH U B YBEJIMYEHUH BIAKHOCTU Kiumata ([unamuka nanamadTHeIX
KOMIOHEHTOB ..., 2002; BopucoBa, 2014). PekoHCTpyKIMM H3MEHEHHUs MaleoTeMIEpaTyp JUIs
tepputopun  LlentpansHoii  EBpomel, mosydennsle  b. JIoBucoM ¢ coaBTOpamMu IO
nanuHoiorudeckuM gaHHbM (Davis et al., 2003) nmoka3zanu, uro B oTiimyre ot CeBepHoil EBporbI,
r7ie TOXOJOJAaHUE TMOCIEAHUX TIISITH THICSY JieT OBbLI0 BBIPAXKEHO OCOOEHHO OTYETIMBO, B
CpeIHeIUpPOTHON 06macTi EBpOIbl CHIDKEHNE CPEeTHUX TEMIIEpaTyp sSHBapsi, UIOJS U TOJa 3a 3TOT
nepuo] He npessimano 2°C.

[TockoJIbKY BO3MOKHOCTH PEKOHCTPYKIUU XapaKTEPUCTUK MaJCOKINMaTa JUIsl 3amaiHON 4acTu
paccMaTpuBaeMoro B paboTe CyOIIMPOTHOTO TPAHCEKTa OTPaHHYEHBI BBUAY MCKaKEHUN CIOPOBO-
MBUIBLIEBBIX CIIEKTPOB, CBS3aHHBIX C JEHCTBHEM aHTPOTIOICHHOTO (akTopa, TO B psAe padoT amis
BOCCTAHOBJIEHUS  YCJIOBUM  MPOIUIOTO  YacTO  MPUMEHSIIOTCA  JApPYyru€  HCTOUYHUKH
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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
OTJIOKEHUN Pa3pe30B BEpXOBbIX 00y0T 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 TbICc. KaJI. JI.H., @ TaKXe KoJeOaHMSA KIIMMaTra
nocienHero Teicsuenetust (Charman, Hendon, 2000; Barber et al.,, 2004; Liicke et al., 2003).
Ha cymecTBeHHOE MOXOJIOIaHUE U YBEIMUYEHUE KOJIMYECTBA OCAJKOB OKOJIO 2.6 ThIC. KaJsl. JIL.H.
yka3piBaeT b. Ban I'mun (Van Geel, 1978) Ha ocHOBaHMM pe3y/lbTaTOB Majle000TAaHHMYECKOTO
aHaym3a 0OJIOTHBIX OTJIOKCHUY B Huneprnanmax.

KocBeHHBIM TOKa3aTenieM MOXOJIOJaHUsI U YBIAXKHEHHUS KJIMMara MOTYT CIY)KUTb JaHHBIE O
Mepuoax YBEIUUYCHHS BBICOTHI MOJOBOIUMN, MMOTyYEHHBIE IS TeppuTopuu [lobIm Ha OCHOBaHUH
pe3ynbTaToB reoMopdoiioruueckux ucciaenaoanuil. JI. Crapkens ¢ coaBropamu (Starkel et al.,
2013) BO BTOpYIO MOJOBHMHY TI'0JIOIIEHA BBIAEIWIN TPU TaKUX NEPUOJA, COOTBETCTBYomHe 6350-
6300, 4825-4775 n 3230-1950 xan. yi.H. PeKOHCTPYKIIMU ypOBHsI OOJIOTHBIX BOJ B KOCHCTEMax
BEpPXOBBIX 00JIOT Ha ceBepe [losbim 1Mo JaHHBIM O CTEMEHU pa3ioKeHus! Topda U COOTHOIIECHHUIO
BHJIOB B COOOIIECTBAX PAaKOBHHHBIX aMe0 TO3BOJIMIIM BBIACIWTH BIaxHYyO (a3y 2.75-2.4 Teic.
Kall. 1.H. 1 cyxyio a3y 2.25-2.1 teic. kan. n.H. (Lamentowicz et al, 2008). Ha Ttepputopumn
Bocrtouno-EBponeiickoii  paBHHMHBI Ha OCHOBAaHWUM  PE3YJIbTATOB H3YyYECHHUS COCTaBa U
pPaauoyIJIepOIHOTO JATUPOBAHUS aJUTIOBHANbHBIX oTioxeHuil (Panin, Matlakhova, 2015),
BBISIBJICHO YBEIIMYEHUE BOJHOCTU PEK B Haudaje cybOopearna (0Kojo 5.7 ThIC. Kaj. J.H.) U B Havaje
cybarianTHKa (0K0J0 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, Seppéd, 2010) u ozep PaiiractBepe, Buntna u Pyuna B Dctonmm (Seppd,
Poska, 2004), cHmkeHne cpeHeit TemnepaTypbl HIOJISI U CPETHETO0BOM TEMITEpaTyphl 3a MIEPUO]] C
5.7 TeIC. Kal. JLH. 70 Hacrosmiero BpeMmeHum coctaBuiio 3-3.5°C. Ha ¢one oOmiero tpeHma x
MOXOJIOJIAaHUIO BBIACIISIIOTCS MEPUOJIbI MOTEIUIEHU 0KoJIo 3.6 m 2.0 ThIC. Kaj. J.H., MOXOJIOJaHUE
OKOJIO 2.5 ThIC. Kajl. JLH. U pe3Koe U TIIyOOKOE CHIDKEHHE TeIioo0ecredyeHHOCTH Manoro
JIETHUKOBOTO repuoaa (puc. 4).

KnumaTtnueckre pekOHCTPYKIMM [0 JaHHBIM pa3pe3oB Ha ceBepe bemapycu (3epHuikas,
Hogenko, 2016) u B EBponeiickoit Poccuu Ha [lpunnbemenckoit nusmennoctu (Nosova et al., 2019)
u Ha Banmaiickoit Bo3BeimeHHocTH (Novenko et al., 2018) moka3zanu, 94To 0K0JIO 5.7 ThIC. KaJl. JI.H.
BBISIBJICHO TOHMXKEHUE CPEIHETOJO0BBIX TemriiepaTyp Ha 2-3°C (puc. 4), ocagku ObUIM OJIM3KH K
COBPEMEHHBIM 3HAYCHHSIM, a OKOJO 4.5 ThIC. Kall. JLH. UX KOJHYecTBO Bo3pocio no 800 mm/rox
(ma 100 MM BeImIe, yem ceituac). Ha rore snecHoit 30Hbl Ha CpenHepycCKON BO3BBIIICHHOCTH
(manubie mo 6omoty KitokBa) cpeaHeromoBble TeMiieparypbl HOHM3WIKACH Ha 1-2°C U jgocturiu
COBPEMEHHBIX 3HAYEHWH, OCAIKOB BbIMaaano okoio 600 mm/ron (puc. 4). BeimeneHHoe Hamwu
MOXOJIOJJAHUE U POCT BJIAKHOCTU KiIMMaTa OkoJio 4.5 ThIC. Kaj. J.H. C OYEHb BBICOKOH Ioiei
YCIOBHOCTU MOKHO COMOCTABUTD C «COOBITHEM 4.2 THIC. Kall. JI.H.».

«CoOpiTuie 4.2 ThIC. Kal. J.H.» JO HACTOSIIET0 BpPEMEHU HEJOCTAaTOYHO H3YUYEHO.
Ha Tepputopun EBpornbsl oueHb Mano pabot, rae Obl peKOHCTPYKIUU KIMMATHUYECKUX YCIOBUH U
M3MEHEHUSIM Talleocpeibl B ATO BpeMs ObUIO ylIeJeHO 3HAYMTeIbHOEe BHUMaHue. M, kpome Toro,
PEKOHCTPYKIIMH, TONYyYCHHbIE MO0 PA3IUYHBIM MPUPOJHBIM apXHBaM MPOTUBOPEUYUBBI U
BBIZICTICHHBIE KIIMMaTU4eckne curHaiel acuHXpoHHBI (Roland et al., 2014; Pleskot et al., 2020).
B uenom mmst CeBepHoit EBpasum Oblia BBABUHYTa TUIOTe3a OO0 YBETHYEHUU aMIUIMTY/IbI
TEMIIepaTyp MEXAy Ce30HaMU roja B mepuoj «coobitus 4.2 xan. ja.H.» (Persoiu et al, 2019).
[ToHmkeHne 3UMHUX TeMIIepaTyp CBS3BIBAIOT ¢ oclabieHueM ucianjackoro muHumyma (Bradley,
Bakke, 2019).

[lonydyeHHple HaMHM KIMMATUYECKUE PEKOHCTPYKIMM MO JIAHHBIM pa3pe3oB 03. Mexyxoi
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(3epunnkasi, Hoerko, 2016) u 6omotr Crapocenbckuii Mox u KITFOKBa MO3BOJWIIN BBIJCIUTH
TEIIYI0 U SKCTPEMalbHO Ccyxyilo ¢(azy Mmexay 3.5 u 2.5 Thic. Kai. J.H. B 3TOT mepuon
CPEIHErOJIOBbIE U JIETHHE TEMIIEpaTypbl IIPEBBIIATM COBpPEMEHHbIE 3HaueHuss Ha [-2°C,
KOJIMYECTBO OCAAKOB OBIJIO OJU3KMM K COBPEMEHHBIM HJIM HEMHOTO Hmke (puc. 4). [ns storo
BPEMEHHOTO MHTEpBajla IO JaHHBIM M3 paspe3oB 0OonoT Crapocensckuilt mMox u Kiroksa
PEKOHCTpyHpOBaH HU3KuUH nokasarens CMI, a taxke Hanbosiee HU3KMI ypOBEHb OOJOTHBIX BOJ 3a
BECh T'OJIOLIEH, YTO YKAa3bIBAET HA CYILECTBEHHOE CHM)KEHUE MOBEPXHOCTHOM BIIAXKHOCTH OOJIOTHBIX
9KOCHUCTEM B JICTHUU TIEPHOJ, OYCBUIHO, 3a CUCT M3MEHEeHHMsI OanaHca ocaaku/ucnapenue (Novenko
et al., 2018, 2019). [Torerienue okoio 3.5 THIC. Kaj. JI.H. 3a)MKCHPOBAHO TAK)KE B KIIMMATUYECKUX
peKoHCTpyKIUAX A SpocnaBckoro [10BOIXKbs, MOIydYEHHBIX 110 MAJTUHOJIOTMYECKUM MaTepuaiam
[Tonosenko-Kynanckoro 6osota u o3epa I'anuy (Knumanos u ap., 1995, Benuuko u ap., 2001),
COrJIaCHO KOTOpPBIM BCE TeMIIepaTypHble IOKa3aTelau IMpeBblIald coBpeMeHHble Ha 1.5°C.
VBenuuenue conepxanus katnona K B nemsaom kepue GISP2 B I'pennanjnu B 3TOT BPEMEHHOI
untepBan (puc. 3; Mayevski et al, 2004) ykaspiBaeT Ha ycuieHue aenctBus Cubupckoro
AQHTUIMKIOHA, YTO BEPOSITHO, NMPUBOAMUIO K YBEIMYEHHUIO MOBTOPSIEMOCTH AaHTUIMKIOHAIBHBIX
ob6craHoBOK Ha BoctouHo-EBponelickoii paBHHHE, U B JIETHUI MEPUOJT MOIJIO BBI3BIBATH 3aCyXU U
CO3/aBaTh YCJIOBUS JUIsl BOSHUKHOBEHMS MPUPOIHBIX MOXKApoB. Pe3ynbTraThl N3yuyeHus: M3MEHEeHUs
MTOKapHBIX PEKUMOB Ha TeppuUTOpuu BocTouHO-EBpOneiickoi paBHUHBI B TOJIOLIEHE, OCHOBAaHHBIC
Ha MOJICYeTax KOHIIEHTPAIlMM MUKPO- U MaKpOUYacCTHI] YIJi B OTJIOKEHHUAX, ITOKa3aJu yBEJITUYECHHE
YacTOTbl M MHTEHCUBHOCTH JIECHBIX IOXapoB B mepuol 3.5-2.5 ThIC. Kal. JLH. B Pa3jIU4HBIX
pernonax (Novenko et al., 2016, 2019).

[loTeryieHne CMEHUJIOCH IUIaBHBIM TIOXOJOJaHHEM B Haudaje CcyO0aTIaHTHYEeCKOro Iepuojaa
(okoso  2.6-2.5 THIC. KaJl. JLH.). OTO TIOXOJOJAaHHE OTYETINBO 3a(PUKCUPOBAHO TIO
naneobotannyeckuM aaHHbIM (Davis et al., 2003; Mauri et al., 2015) 1 ©U30TOITHO-KUCIIOPOTHOMY
coctaBy JensHbix kepHoB ['penmanmum (Thomas et al., 2007), a Takke COMPOBOXKIAIOCH
CUHXPOHHBIM YBEJIIMYEHHEM Pa3MepoB JIETHUKOB BO BCeX ropHbIX cTpaHax EBponsl (Wanner et al.,
2008; Solomina et al., 2008). [Toxonmomxanue He OBIJIO MOHOTOHHBIM W BKJIIOYAJIO CEPHUIO TEIUIBIX U
X0JOHBIX (pa3. B TeueHne mepBoro ThICSYENETHS HAIlllel 3pbl MHOTHE aBTOPHI BRIIEISIOT PuMckoe
[Torennenue (2.0-1.7 thic. kan. n.H.) U [loxonmomanue Temubix BexkoB (1.7-1.2 ThIC. Kaj. JLH.;
Buntgen et al., 2011; Helama et al.,, 2017; Gouw-Bouman et al., 2019). O63op 114 crarei,
nocesmeHHbIX [loxonmomanuio TemHBIX BEKOB MO BceMy MHpPY, BbimojiHeHHoe C. XemaMol c
coaBropamu (Helama et al., 2017), nokasan, uyto knmmmar EBpombsl B 3TO Bpems Obu1 Oosiee
MPOXJIAIHBIA 1 BIAXHBIM, 4eM B HacTosiiee Bpems. B nepuon 1.7-1.5 Thic. Kai. JI.LH. IPOUCXOIUIIO
yBeln4YeHne ropHoro oneaeHenus (Solomina et al., 2008), moasem ypoBHsi 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 knumata mexay 1700 u 1500 kan. n.H. (KoxkapunoB u ap., 2003), a pacyersl 1o
nanabIM [lonoBenko-Kymanckoro 6osota B Spocnasckom [1oBomKbe yKa3bIBAIOT HA MOTEIUICHUE U
yBeIMUEHHEe o0caakoB B TOT ke mnepuon (KmumanoB u ap., 1995). IlomyueHHble Hamu
PEKOHCTPYKIIMM  «METOJOM  JYYIIMX QHAJIOrOB» B  ILEJIOM  OTPaXarT  YBEIWYEHHE
TEIUI000ECTIEYeHHOCTH U COKpAIlleHHe BIaKHOCTH KJIMMara BO BpeMsi PHMCKOro moTteruieHus u
MOCJIEAYIOLIEE MTOXOJIOJAHNE U yBEIUYEHHE ocagkoB. K cokaneHuio, B U3y4eHHBIX pa3pe3ax dTU
MHTEpBAJbI NPe/ICTaBIEHbl HEOOJIBIINM KOJMYECTBOM 00Pa3I1I0OB, UTO 3aTPYIHAET PEKOHCTPYKIHIO.

JlanqmaTHO-KIMMAaTHYECKUE HW3MEHEHUs TIOCIEeIHEr0 ThICSYETIeTUs JIeTalbHO M3y4YeHbl
Pa3NUYHBIMU METOJaMHU C IIHUPOKUM Teorpaduueckum oxsaroMm (KmmmanoB u np., 1995; Mann
et al., 2009; Wanner et al., 2008; Christiansen and Ljungqvist, 2012; Pages 2k Consortium, 2013,
2017). Beienensl ABe SpKO BBIPAXKEHHBIX KIUMaTH4YeCKUX (azbl: Cpednegexkosasn Kiumamuyeckas
anomanus (CKA, 950-1250 rr. H.3.) u Manwui neonuxossiii nepuoo (MJII, 1400-1850 rr. H.3.).
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[TaneoknmuMaTuyecke PEKOHCTPYKLUU C MCIOJIb30BAHME PA3JIMYHBIX IPUPOJIHBIX apXHBOB
xapakTepu3ylor CKA kak Temiblii M oTHOcUTENbHO cyxoil mepuon (Goosse et al, 2005).
EcTb naHHbIE O MOBTOPSIOLIUXCS JIETHUX 3acyXaX, BBISBICHHBIX B psAJie peruoHoB EBporbl
(Biintgen et al., 2010) u o cHmwkeHnn cToKa pek B 3ToT mepuoj (Panin, Matlakhova, 2015).
XOTs pe3y/nbTaThl HEKOTOPBIX MaJEOKIMMAaTUYECKUX MCCIEAOBAHMM  yKa3plBalOT Ha PpPOCT
CpeIHero0Boro KomuecTBa ocanakoB (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-TIBUIBIEBBIX CICKTpax W3
OTJIOKEHUH psizia pa3pe30B LIEHTpalIbHBIX pailoHoB EBpomneiickoii yactu Poccun (Xotunckuit, 1977;
Knumanos u ap., 1995), ornocsmuxcs k CKA, oTMeUeHO yBelIMUYEHUE A0 IIHPOKOIUCTBEHHBIX
nopoA: yba, numel, BA3). PeKoHCTpyKlMu naneoTemMneparyp A TeppUTOpuM tora Bampailickoi
BO3BBIIIEHHOCTH YKa3bIBalOT Ha MOBBIIIEHUE CPEIHEro0BbIX TemnepaTyp Ha 1.5°C. Pacuetst B.A.
KimmmanoBa mia SpocmaBckoro I1oBOJDKBS NOKa3anu, 4TO BCE XAPAKTEPUCTHUKH TEMIIEpaTyp B
tedyenne CKA Oblmum OIM3KHM K COBPEMEHHBIM, a KOJMYECTBO OCaaAKoB — Ha 25-50 MM Huxe
(Kmumanos u ap., 1995).

Pe3koe u riybokoe cHikeHue TeruiooOecnieueHHocTH B TedeHne MUJIII mpocnexuBaercs
MOBCEMECTHO KaK Ha paccMaTpuBAaEeMOM TEppUTOpUU, TaK U MO Bcemy CeBepHOMY MOITYILIAPHIO
(Christiansen, Ljungqvist, 2017). Bo3MoHO, MOHWKEHHE TeMmIeparypbl B Mablil 1€ THUKOBBIHA
nepuo]; OblI0 HamboJee 3HAYUTENbHBIM W3 BCEX KIMMATHYECKUX OCHWUIALUN Ha MPOTSHKEHUU
rOJIOLIEHA, 32 UCKIIOYEHHUEM, BEPOSITHO, «COOBITHA 8.2 ThIC. Kal. J.H.».

Hns LentpanbHoli EBpomnbl aHOMAJIMK JIETHUX, 3MMHHUX M CPEIHETOJOBBIX TEMIEpPATyp B 3TO
BpeMmsi coctaBisuin 1°C (Davis et al.,, 2003; Mauri et al., 2015). Pexonctpykiuu K. Bapbep ¢
coaBtopamu (Barber et al., 2004) ¢ wucmonp30BaHWEM MATWHOJIOTHYECKUX JAHHBIX IO pa3pesy
03. Jlenuuna B 3amagHoil Ilosbiie BeIsBHINM OoJiee 3HAYUTENILHOE MOXOJIOJaHUE B 3UMHEE BpeMs,
KOT/Ia CpeJHUE TeMIlepaTyphbl sIHBapsl U CPEJHEr0/0BbIe TEMIEepaTyphl ObUIM HHUKE COBPEMEHHBIX
3Hauennt Ha  2.5°C.  Jlna  tepputopum  [lpubanTuku  CyImIECTBEHHOE  CHHIKEHUE
TEII000€CIIEYeHHOCTH YCTAaHOBJICHO IO JAaHHBIM psiia pa3pe3oB. CpeaHeroloBble TeMIIepaTyphbl
oblTu Ha 2°C HIDKe, 4YeM B HacTosiiee Bpems (Seppa, Poska, 2004).

MUJIIT na Banjaiickoii BO3BBIIIEHHOCTH XapaKTEPU30BAJICS MOHWKEHUEM CpPEHEN TeMIeparyphbl
saBaps Ha 3°C (mo —12°C) m cpemneromoBoii Temmeparypbl Ha 2°C, HWIOJIbCKas TeMIepaTypa
MEHSUIaCh HE3HAUMTENIbHO. B  CIOpOBO-IBLIBIEBBIX CIEKTPax ATOr0 BPEMEHHOIO MHTEpBaia
MIPOUCXOUT Ppe3Koe MaJeHHe 0N TePMO(MUIBHBIX AJIEMEHTOB, MPAKTHUYECKH OO0 HMX MOJIHOTO
WCYE3HOBEHHMSI, U YBEIIMYCHHE POJIM MBUIBIBI edu. B crnopoBo-mblibleBbiX crekTpax Ilomoerko-
Kynanckoro ©Oomora MJIIl mposiBuiics, MOMHMO Jerpajallid IIUPOKOIUCTBEHHBIX IOpPOJ, B
CYIIECTBEHHOM YBEIMYEHUH JIOJM KyCTapHUKOBBIX Oepe3. B.A. KimmaHOB oxapakTepus3oBaji 3TO
MOXOJIOJITAaHKE HE TOJILKO MaJeHHEM 3UMHUX TEMIIEpaTyp, HO U JIETHUX, U cpeaHerofoBeix (Kimmanos
u ap., 1995). OTkioHeHus mocieHUX OT COBPEMEHHbIX 3HaueHui cocTtapmsuiu 2°C.

N3menenus kiumata B MJIIT okazanu Oosnbiioe BiausiHUE HA (DIIOBUATIBLHOE OCAAKOHAKOIIJICHHE,
Kak B lleHTpansHol, Tak U B BocTouHoil EBpone. POCT 4acTOTBI M BBICOTHI BECEHHUX IOJIOBOIUM,
¢dopMupoBaHHE BTOPHYHBIX BpE30B B OBparax M Oajkax CBHJIETEIbCTBYET 00 YBEIHMUEHHUH
BJIQXKHOCTH KJIMMaTa B 3ToT nepuoA (Cunopuyk u np., 2018; Panin, Matlakhova, 2015).

OcHOBHBIC 3aKOHOMEPHOCTH IHHAMUKH KauMmata B llenTpaiabnoii u Bocrounoii EBpone
B I0JIOLEHE U 0KUAaeMble JIAHIIIAPTHO-KIUMATHYECKHEe H3MEHeHHU s

CornacHO KOHLEMIUH 00 aCHMMETPHH OCHOBHOTO KJIMMAaTUYECKOTO TPEHIA B MEXKJICAHUKOBHE
(Benmmuko, 2012), cpenneronmoBas Ttemmeparypa ans CeepHoit EBpasum ObicTpo pocia B
HayvaibHble (a3bl TOJIOIEHA U IJIaBHO MOHMYXKAJIaCh B €ro BTOPOIl mojioBHHE. PacueTsl mokaszainy,
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YTO TPEHJ K NOTEIJICHUIO OT MO3/HENEIHUKOBbS 10 onTuMyMa rosnoueHa cocrasuia 0.5° 3a 1000
JIET, a JJI1 BTOPOM MOJIOBUHBI TEIUIOTO MEPHUOAA ITOT Mokaszarensb He npesbimaeT 0.3° 3a 1000 net
(bopucosa, 2014). OpHako cieayer OTMETUTh, YTO  PAacCMOTPEHHBIE  PEKOHCTPYKLUHU
najgeoremuneparyp g teppuropuu LlenTpampHoit M BoctouHoi EBponbel B rosouneHe
JEMOHCTPUPYIOT, YTO CHH)XEHHME TEIUIOOOECIEUEHHOCTH 3a IMEepHoJ, MPOLIEAINN MOocie
TEPMHUYECKOTO0 MaKCHMyMa, €Ile He JTOCTHUIJIO YpOoBHsI paHHero rosorieHa (Davis et al., 2003;
Novenko et al., 2018, 2019).

PaccMoTpeHHBIE BbIIIE JAaHHBIE TO3BOJIMJIM BBIACINWTH TPU OCHOBHBIX 3Tala H3MEHEHUS
KIIMMATHYECKOTO PEeKUMa B TOJIOIIEHE: OBICTpOE MOTeIuIeHne panHux ¢a3 rosoreHa (11.7-8.0 Teic.
KaJl. JI.H.), OCJIO)XHEHHOE CepHel OCHUIISAINNA; TePMUYECKUH MakcumyM rojoieHa (8.0-5.7 Teic.
KaJ. JLH.), JJs KOTOpPOro OBbLJIO XapakTEepHO OTCYTCTBHUE KOPOTKONEPUOIHBIX M PE3KHUX
KJIIMMAaTHYE€CKUH W3MEHEHUH; HAIPaBJICHHOE MOXO0JI0JaHie BTOPOM IMOJOBHHBI roJioleHa (5.7 ThIC.
KaJl. J.LH. — HAcTosIllee BpeMsi), C HAJOKEHHbIMU Ha HEro KBa3UT'ApMOHMYECKUMHU KOJeOaHUSMU
TEeMIIepaTypbl U 0CaIKOB.

[IpoBeneHHblii aHanM3 JaHAMWA(QTHO-KIMMATUYECKUX PEKOHCTPYKUMM JUIsl  TEppUTOPUN
[entpansHoit m Bocrouynoii EBponsl moka3zal, 4YTO BBIACIECHHBIE IEPHUOABI MOXOJOJAHUN U
pasfengomuX MX IMOTEIUIEHWH KiIuMaTa B II€JIOM COBIMAJAIOT C dTalaMH, YCTaHOBJIEHHBIMU B
rinobansHOM Maciutabe (Mayewski et al., 2004). PacxoxkaeHus BO BpeMEHHM Hauyala U KOHLA
TEIUTBIX W XOJOAHBIX (pa3 B pasNUuHbIX pailoHax cocTaBistoT 100-200 meT, 4To HAXOOUTCS B
npenenax JAOMYyCTUMOM MOTPEUIHOCTH PaJUOYIIEPOAHBIX JaT M TaKKe MOXKET OBITh CBA3aHO C
HETOYHOCTSIMU TTOCTPOEHHSI MOJENIel BO3pacT/TIayOMHA JUIsi KOHKPETHBIX pa3pe3oB, MO KOTOPHIM
MIPOBOJIMIIUCH PEKOHCTPYKIUU.

«Kputnueckass Touka» KIMMAaTHYECKUX HW3MEHEHUM, CBs3aHHas C «coObiTueM 8.2 ThIC.
KaJl. JI.H.», KOTOpO€ MPEII0KEHO MEXKIyHAPOIAHOW CTpaTUTpauIecKol KOMHUCCHEH B KayeCTBE
rpaHuIlbl paHHero u cpenHero rojomeHa (Walker et al.,, 2019; Head, 2019) B LlentpansHoil u
Bocrounoit EBporie, siBisieTcss TOBOPOTHBIM COOBITHEM TIPH MEPEX0/IE KIMMATHIECKON CUCTEMBI OT
MOTEIJICHUS! PAaHHEro TOoJIONeHa K €ro TepMHUYEeCKOMYy MakcumMyMmy. M3MeHeHus Kiumara,
CBSI3aHHbBIE C «COObITHEM 4.2 ThIC. Kaj. J.H.», MPEUIOKEHHOTO KaK PyOeX  CpeIHEro U IMO3JIHEro
romonieHa (Head, 2019), mo HammM JaHHBIM MPOCIEKUBAKOTCA HE TaK OTYETIMBO, Kak
MOX0JI0/IaHke 0KoJIo 5.7 Thic. Kai. J.H. B Ilentpansnoit u Boctounoit EBpone, Hauunas ¢ 5.7 ThIC.
KaJl. JL.H., MEHSETCS HampaBJIEHHOCTh KIMMATUYECKOTO TPEHJAA, YCUIMBACTCS CEKTOPHAs
muddepeHnranus pacTUTEILHOTO0 TOKpoBa. B 3amagHbix palioHax HauyMHAETCS SKCHaHcus Oyka U
rpaba, Ha BOCTOKE HaYMHAET PacpOCTPAHSITHCS €lb.

CornacHo moclneHUM OLIeHKaM MeXNpaBUTEIbCTBEHHON T'PYMIbl KCIEPTOB MO MU3MEHEHHIO
knmumata (IPCC, 2013), ocHOBaHHBIM Ha pe3yjibTaTax MOJAENbHBIX HKcrepuMeHnToB CMIPS
(Coupled Model Intercomparison Project, Phase 5) 1o 4eTbipeM OCHOBHBIM CIICHApHUSAM
pPENpEe3eHTaTUBHBIX TPAEKTOPHI KOHIEHTpanuil mapHuKoBbIx razoB (RCP2.6; RCP4.5; RCP6.0 u
RCP8.5), pocT cpennernodansHOM TeMIeparypbl K KOHILy TeKyIlero croietrus coctaBuT oT 0.3°C
(manbonee wmsrkuii cruenapuii RCP2.6) no 4.8°C (mambonee xectkuii cueHapuii RCP8.5) .
YBenuueHnue KonuyectBa ocaakoB cocTaBuT oT 6% (RCP2.6) mo 12% (RCP8.5). Onenka pocta
CPEIHEroJ0BOM TeMneparypsl Bo3ayxa B LlenTpansHoi u Bocrounoi EBpone k konny XXI Beka B
paMKax S3THX ClieHapueB mpeanonaraer ee ypeiauueHue Ha 2.0-2.5°C mo HamOojee MATKOMY
cueHapuio 1 Ha 6.0-7.0°C no nHaubosnee xectkomy. IIpupocT cpenHerogoBoro KoaMyecTBa 0CakoB
coctaBut ot 7% (RCP2.6) no 15% (RCP8.5; IPCC, 2013).

Hcnonw3ys MeroJl mnaneoaHanoroB, mnpemioxkeHHsld M.U. Byabiko (1980) u  mmpoxo
npumensembiii A.A. Bennuko ¢ coaBropamu (Bemmuko, 2012; Knumater u nanamadgTser 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 CPEeIHEeroI0Bble TeMIepaTyphl MPEBbIIAINA
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COBpPEMEHHBbIE B paccMmaTpuBaeMoM peruoHe Ha 2-3°C, u yclIOBHsS NEPUOJOB MOTEIUICHUN B
uHTepBasnax 3.5-2.5 thiCc. Kanm. JLH., 2.0-1.7 TeIc. Kanm. s.H. (PuMckuil Temuiblii nepuon) U
CpenHeBEeKOBOW KIMMAaTUYECKON aHOMalIMM, KOTJa OTKJIOHEHMsI CPEIHETrOJ0BBIX TEMIIEpaTyp OT
COBPEMEHHBIX 3HaueHuil coctaBmsuin oT 1.0 no 2.0°C, B kauecTBE BO3MOXHBIX TPACKTOPUI
M3MEHEHHUs IPUPOJHON Cpe/ibl PU NOTEIJICHUH KJIMMara B cilyyae peanusauuu cueHapueB RCP2.6
u RCP4.5. Cuenapun RCP6.0 u RCP8.5 mpeanonararor Oosbliee OTKIOHEHHE TEMIEpaTyp OT
COBPEMEHHBIX 3HAU€HUH, 4YeM ObUIO BBISBICHO B Te4yeHHE TroiiolieHa. llameoananmorm sTHX
00CTaHOBOK CJIeIyeT UCKATh B YCIOBUAX 00Jiee paHHUX MEKJIICTHUKOBHIA.

[IpuauMas BO BHUMAaHHE JIAHAMAPTHO-KIMMATHYECKHE PEKOHCTPYKIMU JUIS TOJOICHA
[entpansHoit n BocroyHoi EBpombl, MOXHO OXHJIaTh W3MEHEHUN BHYTPEHHEH CTPYKTYpBI
reocucreM, 0COOEHHO, B BOCTOUHOI CEKTOpPE paccMaTpUBAEMOI0 TPAHCEKTa, a TaKXKe YBEIMUEHUE
4acTOThl TO0XAapOB, BBI3BAHHBIX E€CTECTBEHHBIMU NpPUUYMHAMH, a TaKXKe€ BO3PAaCTaHHUE YacCTOTHI
KaTtacTpo(UUyeCcKuX sIBICHUMN, CBA3aHHBIX C HEPAaBHOMEPHOCTBIO BBINAACHUS 0caakoB. OHAKO Jaxe
JUIs HanboJiee pe3KuX NepecTpoeK JIaHA(QTHBIX KOMIIOHEHTOB B TOJIOLIEHE TPEOOBAIUCH CTOJIETHS
U JlaXKe ThICAYENeTHs], B TO BpeMs Kak oxkuaaeMmoe B XXI Beke MoTernjaeHre KIuMara MOXKET 3aHATh
MepHO]I MEHEe CTa JeT. AJalTUBHbIE MEXaHU3Mbl T€OCUCTEM 00J1a/1al0T ONpeeIeHHOW HHEPLIUEH,
Y, OYEBUJIHO, MIPHU MPOTHO3E CJIEIyeT YUUTHIBATh HEKOTOPOE 3ala3/ibIBaHNE OTKIMKA JaHAIA(THBIX
KOMITOHEHTOB Ha MOTEIUICHHE KIIuMaTa.
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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.

Keywords: Holocene, paleoclimatic reconstructions, ecosystems dynamic, paleoclimatic data,
paleogeography, Central Europe, European Russia.
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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
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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 (Heikkild 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; Heikilld, Seppé, 2004; Seppéd, Poska,
2004; Lamentowicz et al., 2008; Gatka 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.V. 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 §'%0 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 (Seppa4,
Poska, 2004), Finland (Heikkild, Seppd, 2003) and Southern Sweden (Antonsson, Seppd, 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 XIX 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.

Klyukva Bog Staroselsky Mokh Bog Lake Raigastvere
(north of the Central Russian Upland) {south of the Valdai Upland) {Otepdd Upland, Estonia)
I:Ihcnrilc 'tlh'f-,fuc Climnate Water level E';rl:a i Eﬁ?ﬁe Climaze Water level rl;:u: ‘
temperatur, p:rcigi::mn. “l;:llétl;”-' in ||'fﬂ':'p- ‘“ml'-'?;?"“"'i'- pmrjﬂ::inu. "‘Iﬂnh‘tl:“ ""ﬂ]gn?ﬂﬂi- I.c'm[u.:{r:L:un:.
02468 600 8001001020304 510150 | 13456789 600 800 ma¥ojosud SREINERE 4 S 6 T & §10°C
2 so0 00 500
s 10007 1000 10007
£ 1500 1500+ 15001
2000+ 200004 2000
2500+ 25004 23007
3000+ 30004 30001
3500 3500 N 3500
4000 - 400N 4 { ; 4000
4500 ; 4500 | — E 4500
mm : : & 5000 | E 5 . <mﬁ ¢
S5004 | w4 S ss00.| 2 5500,
600l | § | E 6500 || & z 6500, | =
7000, ‘E ' 2 7000 | E E 000, |2
700, | A -_(j 5 7500| 3 i 7500 |
R000. . ot 8000 | 0004
8500, : 33001 85001
9000, | %1 9000 o0
Q500 |
10008

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 (Seppé, 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; Galka et al., 2013). Elm, 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

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



NOVENKO &9

(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; Davis 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, Seppa, 2003; Seppd, 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 (Ti=-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 (Heikilld, Sepp4,
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 BIOMEG600 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, ie. 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 (Heikkild, Seppa,
2010) and Raigastvere, Viitna, and Ruila lakes in Estonia (Seppid, 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 Ilmen 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 (Biintgen 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 Volga 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 (Davis 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.I. 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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B pabote n3nokeHbsl MaTepuaibl UCCIENOBAHNN 110 U3YYEHHIO COCTOSHHUS JIECOCTEHBIX MOWMEHHBIX
JKocHcTeM (B TOM 4HCI€ OpPHUTOKOMIUIEKCOB) B YCJIOBHUSAX YCHIIMBAIOLIETOCA AaHTPOIOTE€HHOIO
BO37IeHCcTBUA (IIpecca) M KIMMaTUYeCKUX M3MEHEeHHH. B xoJie mpoBeneHHBIX padoT ObLIM YTOYHEHBI
(msuKo-reorpadrueckue 0cOOEHHOCTH paiioHa HCCieNoBaHWN (penbed, KIMMaTHYeCKHue yCIOBHS),
MIPOBEJICHBI MTOBTOPHBIE T€000TAaHWYECKHE M TIOYBEHHBIE MCCIENOBAHUS TEPPUTOPUN U MPHOPEKHBIX
OpPHUTOKOMIUIEKCOB IOMMBI cpeaHeil yactu p. IItanp, pacnonoxkeHHol B KypkuHCkoMm paiioHe Ha
oro-Boctoke Tymbckod oOmactu. bputn  yTOYHEHBI COCTaB M CTPYKTypa KOMIIOHEHTOB,
MPOAHAIM3UPOBAHBl MaTepuajbl JIUTEPATyPHBIX HMCTOYHUKOB M HCIIONB30BaHBI JAHHBIE BECEHHE-
JIETHUX OpHHUTONIOTHYeCKnX yderoB 3a 2019-2020 rom. Jlana xonmwdecTBeHHas OIEHKA M3MEHEHUH
OTJICNBHBIX KOMIIOHCHTOB Ha3eMHON JKOCHCTEMBlI PEUHON MOWMBI Ha CEBEpe JICCOCTEITHOW 30HHI (B
TOM YHCII€ OPHUTOKOMITJIEKCOB), @ TAKK€ DKOJIOTHUECKUX TOCIEACTBUN IS TIOWMBI, JOJTHHBI PEKH U
BO/IOPA3/IENbHBIX TEPPUTOPUN BCIIEACTBUE BO3JCHCTBUS MPUPOAHBIX M aHTPONOTEHHBIX (DAaKTOPOB
M3MEHEHHUSI BOIHOTO PEXKHMa TEeppUTOpPHH. B TMONMEHHBIX OpPHUTOKOMIUIEKCaxX OblIa BBISBIECHA
OUHAMHKA OOMIIHS y TIOMYJISAINI OT/ENbHBIX BUAOB IITHUII IO/ BIMSHUEM BOAHOTO W aHTPOIIOTEHHOTO
(haxTopoB, OHN OBUIM OIpENElcHBI B KadecTBE HambOoJiee YyBCTBUTEIHHOIO KOMITOHEHTAa HAa3EMHBIX
9KOCHCTEM W BBIJICTICHBI B TPYIITY HHINKATOPHBIX BUIOB.

Kuroueguie cnosa: ornenka, pakTop BO3IEHCTBHS, TIECOCTEHAS 30HA, TOWMEHHBIE 9KOCHCTEMBI, PEYHAS
roitMa, WHTPa30HANBHBIA JIAHTMA(PT, THAPOJOTHUYCCKHUN PEKAM, KINMaT, BHIOBOW COCTaB,
YHCIIEHHOCTh, IUIOTHOCTh HACENIEHWs, OOWiMe, OpPHUTOKOMIUIEKCHI, MOIYJSUs, OOJOTHO-
OKOJIOBOJIHBIN KOMILJIEKC.

DOI: 10.24411/2542-2006-2020-10076

B xone mposeneHubix pabotr B 2020 r. Ha TeppUTOpPUU JOJHMHBEI p. [ITaHp Ha FOrO-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
(IlanmoBanoBa, 2019). IlpoBeneH aHanmu3 JUHAMHKH HAa3eMHBIX DJKOCHCTEM (HAa TMpUMEpe
OPHUTOKOMILJIEKCOB) MO/ BIUSHUEM BOJIHOTO M aHTPOIMOTEHHOTO (PaKTOPOB.

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

! PaGota BeImonHeHa 1o Teme HUP dyamamerntanpHbx uccnenosanuii UBIT PAH 3a 2018-2021 rr. «MogenupoBaHue
U TPOTHO3MPOBAHHUE IPOIIECCOB BOCCTAHOBIICHUS KauecTBA BOJI W HKOCHUCTEM IIPH PA3IMYHBIX CICHAPHUSIX W3MEHCHUH
KIIMMaTa W aHTpOHOoTeHHOH aesTenbHOCTH» (Ne 0147-2018-0002) Ne rocymapctBeHHOH peructparmn AAAA-A18-
118022090104-8, pazmen TeMbI 2.6 «IBOIIOIUS HA36MHBIX 3KOCHCTEM B M3MCHSIOIIUXCS MTPUPOIHBIX YCIOBUIX).
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2020 rr. JlaHa sKojoruyeckas XapaKTepHCTUKAa M COBPEMEHHAs OLIEHKA COCTOSHHS MPUOPEKHBIX
OPHHUTOKOMIIJICKCOB ~ (BUAOBOTO pa3zHOOOpa3usi, UUCIEHHOCTH M OOWIuS NTHUL OOJOTHO-
OKOJIOBOJIHOTO KOMIUJIEKCA) B YCJOBHSX YCHUJICHHS AHTPOIOTEHHOW HAarpys3K, MpPOBEICH
KOJIMYECTBEHHBIN aHAJIN3 YMCICHHOCTH U BBISBJIICHA JMHAMUKA B OPHUTOKOMITJIEKCAX MPUOPEKHON
nosiocsl p. Iltane 3a mepuon 2019-2020 rr. BoisiBaeHBI OCHOBHBIE OCOOEHHOCTH TpaHc(opMaluu
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 ¥ KOMIUJICKCHBIX SKOJOTHMYECKHX HAOJIOJCHHM, TIOJyYEeHHBIX B MEeproj ¢ Mas mo aBryct 2019-
2020 rr. Ha p. [ITane, mpoTekaromieil Ha 1Oro-BocToke Tynbckoit obmacTu. s aHanm3a HaceneHus
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 TNTHUI[ NPUBOIATCA B cooTBeTcTBUM co cBojakor JI.C. Cremansna (1990, 2003) u
E.B. Kob6nuka ¢ coaaBropamu (2006), tumel paynsr — no b.K. Illtermany (1938) ¢ HekoTOphIMU
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
opuutoayHsl B paiioHe pabOT MPOBEACHBI B COOTBETCTBUU C OCOOCHHOCTSMU 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
(IlTarmoBanoga, 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 OBPaXXHO-0AJIOYHYIO CHCTEMY.

e Knumar paiioHa HUCCIIEJOBaHMM — YMEPEHHO KOHTHMHEHTAJIbHBIA. [louBBI IpencTaBiIeHBI
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BBIIIEJIOYEHHBIMU U OTIOJ30JIEHHBIMH INIMHUCTBIMU YEPHO3EMaMHU MEJIIKOKOMKOBATOM CTPYKTYpHI.

e PacTuTenbHOCTh MOWMBI OTJIMYACTCS OOJIBIIMM pa3HOOOpa3sueM ¢ MpeodialaHueM JIyrOBO-
crenHbIX BUaoB. Jlecucrocts HeBenuka — 3-5% oT oOmelt miuomaau Tepputopun KypkuHckoro
paiioHa, 4yTo 00YCJIOBJIEHO 0COOEHHOCTSMM JIECOCTEITHOM 30HBI U XO3SUCTBEHHOU AEATEIbHOCTBHIO
4eJoBeKa (BBIPYOKH, M3JTUIIHSS SKCILTyaTalysl TUIOIIAAeH O] pacialiKy ¥ 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) rueznoBoit Gpaynsl Tynsckoit o6macTy.

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./xm?, 3a Hel cienyeT rpymnma ckiepodubHbX 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 o6b14HbIX (C) — 14 u Manouncnenssix (R) — 11 Bugos.
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Puc. 1. CooTHOIIEHNE BUAOBOTO pa3HOOOpa3usl U MJIOTHOCTHU IITHUI] Pa3HBIX SKOJIOTHYECKUX TPYIIL.
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
nepuon ¢ 2019 mo 2020 rox, u ycraHoBieHo, yTo B menoM B 2020 roay B mOpuUOpEKHOM
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 ronry mo cpaBHeHutro c¢ 2019 romom, YTO TpHUBENO K pa3pacTaHUI0 MPUOPEKHON
PaCTUTEIBHOCTH M M3MEHEHHUIO HEKOTOPBIX THE3/0BBIX CTAllMi, CTABUIMX MaJIONPUTOJHBIMHU s
THE3/I0BaHUs, OTJbIXa W MOKCKA KOpMa y HEKOTOPBIX BUIOB NTHUI, YTO BIIOCJIEJACTBUU BbI3BAJIO
COKpAIlleHUE WX YHUCIEHHOCTH M OOIIyl0 TpaHchopMaluio BHYTPU OPHUTOKOMIITIEKCA JENbThHI
p. [ltans. Hanpumep, 3apacTaHue 3aquMBHBIX JYroB HMBOBBIM IMOJIPOCTOM CIPOBOLIUPOBAIIO
CHIDKCHHME YHCIEHHOCTH HEKOTOPBIX BHUIOB OOJOTHO-OKOJIOBOJHOTO KOMIUIEKca (HKenTon
Tpsicory3ku, O6ekaca, ynbuca u ap.).
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Puc. 2. CpaBHeHnue OOWIHS NTHUIl Pa3HBIX SKOJOTHMUYECKHX TPYII B THE3OBOW CE30H B JIOJIMHE
p. IlTanp B 30HaNbHBIX ycnoBHsX JiecocTenu 3a nepuoj ¢ 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 romom (puc. 3). ITo cymmapHOMY OOMIIMIO 3aMETHO BBIJEIISIETCS THE30BOE HACENEHUE MTHUII
NOWMEHHBIX JIECOB, 3aKyCTAapEeHHLIX 3aJIUBHBIX JIYTOB M Iecomoioc (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, a OCOOCHHO B JIECHBIX MAacCHBAaX, I/ie 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 WUPOKONUCNBEHHBIX NECHbIX Mecmoobumanusax (1econoniocel ¢ TMPUMECHIO Oepe3HsKa) MepBoe
MECTO M0 OOWIIMIO0 3aHUMaeT 3i0nmuk Fringilla coélebs (oxomo 30%), Gonpmas cuauna (25%) u
3apsiHka (17%). B 2019 r. nannble BUpl Takke TOMUHUPOBAIN B 3TUX OnoTtonax (35% u 22%), Ho

OKOCHUCTEMBI: 5KOJIOT'UA 1 AMHAMUKA, 2020, Tom 4, Ne 4



ITATIOBAJIOBA 109

K HUM J100aBMIHCH Apo31-psaOuHHUK (17%), meBunii npo3z (10%) u ropuxsoctka (7%).

B notimennvix necax B THE310BON NMEPUOJI Cper TOMUHAHTHBIX BUAOB B 2019 roay perynspHo
oT™MeUaIUCh ApO3a-pssOMHHKUK (15%), oObIkHOBeHHBINM 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 Oosbiiod cunuie (32%) TPUCOCTUHUINCH OOBIKHOBEHHBIM cojioBed (23%) u aposn-
psaounnuk (18%). B 2020 roay oHu JIMAMPOBAIH 110 OOMIHMIO B TOMMEHHBIX Jecax.
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Puc. 3. [lunamMuka cymMMapHOro oOMJIMS THE3/10BOTO HACENICHUS NTHIl B BECEHHEE-IETHUM MepHoj Ha
pa3mUuUHBIX MecTooOuTaHusX aonuHbl p. [ITane B mecoctemHoi 3oHe: A) — 2020 r., B) — 2019 1.
Venoenvie obosnauenus. Pumckumu nudpamu (I, 1) o603HadeHeH BpeMEeHHON MEpHoA, Koraa ObLIH
NpoBeZeHbl HcceoBaHus — | — mepBast nmosioBuHa Mecsna (Mait I); I — Bropas mojoBuHa Mecsa
(aBryct II). 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 (I, II) indicate the time period when the research was conducted — I —
the first half of the month (may I); II — the second half of the month (August II).

Ha npubpesicnvix yuacmxax notimvl 8 mpocmHuKo80-KamMbl08bIX 3apOCAX ¢ TPUMECHIO JIOXa
y3KOJIMCTHOTO TMpeodiiaganyd TpocTHUKOBask kamblieBka (33%), kambimeBka-6apcydok (31%),
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Bapakymka (17%), cepas cnaBka (15%) u peunoit cBepuok (10%). Taxke B 3TOM THIIE OHOTOMA
J0CTAaTOYHO ObLT 0OBIUEH OOJIOTHBIN JTYHB M cepast arwis.

Ha omxpeimuix npocmpancmeax 3akycmapeHHblX 3anu6HbIX Y2068 B TIEPHOJ HCCIEIOBAHHS
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 HacemeHWu nTHII
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 uekaH (34%), OOBIKHOBEHHBIH KaBOPOHOK (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 IUIOHIaZEd M YMEHBIICHHUIO IUIOIIANEH OTKPBITHIX JIYTOBBIX YYacTKOB IONMBI,
YTO BBI3BAJIO COKpPAILlEHNE KOPMOBBIX YIOJUH JIACTOUEK U CHUKEHHE UX OOMIIHUA.

BriBoabl

B pe3ynbTaTe CnOXKUBIIMXCA B paliOHE HUCCIEOOBAaHMS KIMMaTH4yeckux ycioBuid B 2020 1.
B [IOCJIETHE3JI0BOM TMEpPHUOJI YMCIO OTMEUYEHHBIX BUIOB CHHU3MUJIOCH B 2-3 pa3a MO CpPaBHEHUIO C
2019 r. Takue n3MeHEeHUsT BO3MOKHBI, IIOCKOJIbKY B TIOCJIETHE3/I0BOE BpeMs HacelIeHHe NTUll 6oJiee
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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