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Pa3zpaboranHble Ha TpuMepe JIeCHBIX JKOCHCTeM Bomkckoro OacceiiHa AMCKPETHBIE IMITUPHKO-
CTAaTHCTUYECKUE MOJECIU OMHUCHIBAIOT OYAYIIYI0 KapTUHY OMOTHYECKOW PEryisiiiiHd YIIIEPOIHOI0
IUKJIa B CUCTEME «Jlec—aTMocepay Mo JBYM KIMMAaTHUYECKHM CIICHAPUSIM: YMEpeHHOMY (110 MOJIENTN
E GISS) u skcrpemansHomy (mo monenu HadCM3). Tlo ynmenbHBIM M CyMMapHBIM 3HAYEHUSIM
YIIIepoAHOTo OajaHca JIECHBIX dKOCUCTeM Borkckoro GacceliHa MpoBe/ieHa KOMUYECTBEHHAs OllEHKa
WX DKOJOTHYECKUX PECypCcOB, OOECIIEUHBAIONINX IMOJOKHUTEIBHYIO PEryISIUIO YIIIEPOAHOTO UK.
Ha ocHoBe IIPOrHO3HBIX MOJIe.HeI\/II B KaXXOM 3KOPErvOHE BBIABJIICHBI OIIPEACIICHHBIC JIOKAJIBHBIC PAAbL
M 30HAJIBHO-PETHOHAIbHBIC THIIBI PEryJIALUU JIECHBIM MOKpoBOM cojepkanuss CO, B aTMmocdepe
P Pa3BUTHH KIMMAaTH4YeCKON TepMmo-apuam3arpn. OnrcaHa CTPYKTypa YIJIEPOIAHBIX OalaHCOB I
JIECHBIX OMOT€OIIEHO30B Pa3IMYHBIX SKOPErnoHOB. CpaBHUTENBHBIN aHAIN3 YTIIEPOAHBIX TapaMeTpOB
BBITIOJTHEH /ISl IByX YCJIOBHBIX THIIOB JIECHBIX COOOIIECTB OaccelfHa: BOCCTAHOBJIEHHBIX KOpPEHHBIX
JIECOB W pEajbHOr0 JIECHOTO TIOKpOBa (KOpEHHBIE + IMPOM3BOMHBIE Jieca). YCTaHOBJIEHO, YTO
3aMelIeHne KOPEHHBIX JIeCOB (XBOWHBIX, CMEMIAHHBIX W IMHUPOKOJIMCTBEHHBIX) MPONU3BOIAHBIMH
(METKOMMCTBEHHBIMH ) PUBOIUT K OOIIEMY M BECbMa 3HAYUTETFHOMY COKPAIIEHUIO YKOJIOTHYECKAX
pPecypcoB JIeCHOTO MOKpoBa. Bepudukanys mMporHo3HBIX pacYeTHBIX MOZENEH yriiepoJHoro OamaHca
TpoBeeHa 1mo 6opeanbHBIM JiecaM LleHTpansHoi Kanasp!.

Pe3ynpTaTel KOHTPONBHBIX PACUYETOB CTOKAa yriepojaa B KaHAACKHX Jiecax 3a mepuon 1990-2001 rr.
OKa3aJINCh JOCTaTOYHO ONW3KMMH K TPOTHO3HBIM 3HAYEHHWSM YIJIEPOAHOTO OanaHca JIeCOB
Bomxkckoro 6accefina Ha mepuox mo 2050 roma TONBKO MO dKcTpeManbHOW Momenun HadCM3.
[To BEpTya IpHBIM MTPOrHO3HO-IKOIOTHYECKUM KapTam OKCKoro OacceifHa 1aHa OlfeHKa MapiuaibHOTO
BKJIaJla JIECHBIX (hopMamuii B OWMOTHYECKYIO DETYISIINIO YIIEPOMHOTO IMHKJIA, YTO MOXKET OBITh
WCIIONIB30BAHO B CTPATErdy JIECOpPa3BEACHNS B HBIHE 00E3JIeCEHHBIX pailoHaX. Pe3ynmpTaThl ITaHHOTO
aHaNM3a CHAeNaly OIpeNelIeHHBId IMar Ha MYyTH NPEBpAIleHHs] KOHIENTYATbHBIX ITONOKEHHH
B.I'. T'opmikoBa 1 A.W. YTKrHA 00 3KOJOTHUECKUX Pecypcax JIECOB B PETYIALUAN YTIEPOIHOTO ITUKIA
B MTOJTHOBECHYIO HAYYHO-METOIUIECKYIO KOHIIETIIHIO.

Kurouegvle cnosa: mnecHble SKOCHCTEMBI, OOpeajbHBIA TMOSC, KOPEHHBIE ¥ IPOU3BOJHBIE Jieca,
OMOJIOTHYECKN KPYrOBOPOT, YTIEPOAHBIE ITyNbl, M3MEHEHHWA KJIMMaTa, YTIIEpOAHBIN OanaHc,
AKOIIOTUYECKHE PECYPCHI JIECHOTO TTIOKPOBA, PETYISAIUS YTIIEPOAHOTO KA.

DOI: 10.24412/2542-2006-2024-3-5-35

EDN: APBQTP

DOkosornyeckass 0€30MacCHOCTh KPYMHEHIINX M0 YPOBHIO Pa3BUTHUS SKOHOMUYECKHX PErMOHOB
Halllell CTpaHbl CBs3aHa B 3HAUUTENILHOW Mepe ¢ HpoOieMoil coXpaHeHHs W BOCIPOM3BOJCTBA
JIECHBIX PECypCOB, NIpeXkJe BCero, Ha rore OopealbHOrO W Ha ceBepe cybOopearIbHOro mosica,
T.€. B KDUTUYECKUX YCIOBHSIX 30HAIBHBIX NEPEXOJOB OT Jjeca K crenu. OCOOEHHO aKTyalbHOMN
JlaHHas poOJieMa CTAaHOBUTCS B YCIOBHSX HauyaBLIEToCs Ii00ajbHOrO MOTEIUIEHHUS C €ro BechbMma
pasHOOOpa3sHBIMH M MOAYAcC TPYAHO MPEACKa3yeMbIMHU OSKOJOTHYECKUMHU MOCIEICTBHIMU
(Houghton et al., 1996). JlecHoil MOKpOB BXOJUT B YHCIO BeAyLIMX (aKTOPOB YCTOMYMUBOCTHU
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6 KOJIOMBIL]

KOHTHHEHTanpHOU Ouocdepst (IIBumenko u ap., 2014), mostomMy «... JieCc CIpaBeIIHBO
paccMaTpuBaeTCs Kak OJHO W3 Haubojee JCHCTBEHHBIX CPEICTB CMATYEHHs HEOIarompHsITHBIX
nociencTBuil m3menenusi knumaray (Mcaes, 2012, c. 17). Jleca 3anumarot 6onee 49% momaau
3emens Poccun, uto orBewaer 20% oOmiei muomanu JecHoro mnokposa miaHersl (byasiko,
XexT, 1991). Poccuiickue neca obecneunBaioT cBbime 90% croka yriepoaa BCeX MHPOBBIX
6opeanbHbIx JiecoB (Mcaes, 2012). OcHOBHBIE TEPPUTOPUH TAKUX JIECOB MPUXOIATCS HA CEBEPHYIO
9acTh YMEPEHHOTO mosica Pycckoli paBHUHBI U Ha 10KHYIO 1osiocy Cpenneit Cubupu, rie yaenbHoe
conepkanue yriepona gocruraer 120-150 /ra.

B nocnegnue aecAaTUneTvss pe3Ko BO3POCIO YHUCIO IyOJUKalui, B KOTOPBIX IPUBOISTCS
OCHOBHbIE IJI00aNbHbIE (2 B HEKOTOPBIX CIIydasiXx U PErHOHAJIbHBIE) MPOTHO3HBIE XapaKTEPUCTUKU
MPEJCTOSIUX W MO CYIIECTBY YK€ HayaBIIUMXCA AHTPONOIEHHbIX M3MEHEHHM Kiumara:
TEMIIEPaTYPHBIX YCIOBUA U aTMOC(HEPHOTO YBIIAXHEHHS, MCIAPSEMOCTH U HCIAPEHUs, PEYHOTO
ctoka u npyrux mnapametpoB (bymeiko, 1980; Aber et al., 2001; KonmpatseB u ap., 2003).
OpaHako KaKk TEOpPETUYECKHE, TaK U MaJeONpPOTHO3HBIE Pa3pabOTKH HOCAT BecbMa 00O0OIIEHHBIN
00 CXeMaTUYHBIA XapakTep M HalleJeHbl IVIaBHBIM 00pa3oM Ha OIEHKY Oyaylero COCTOSIHUS
ouoctepsl kak MmuaHeTapHOW cucTeMbl. COOTBETCTBEHHO, M MAaclITaObl MPHUBEIEHHBIX B HHUX
MPOTHO3HBIX KapT cocTaBisitor He Oosee 1 :30-40 000 000. PernonanpHBI  YpOBEHB
reo@U3NUECKUX MPOTHO30B OCTAETCS ellle c1abo pa3pabOTaHHBIM, YTO CBSI3aHO KAaK C HEJOCTATKOM
(dakTuyeckoro marepuana, TaKk U C CAMHMHU METOJWYECKUMHU TPYIHOCTSIMH Iepexoaa OT
rJ1006aJTBbHOTO TUAPOKIMMATUYECKOTO MPOTHO3a K PErHOHaIbHOMY 3Kojormdeckomy. Teppuropus
OCHOBHOTO Boji0ocOopa Boinkckoro GacceliHa B 3TOM OTHOIIEHHUU MPEACTABISET OJAaronpusTHOE
nckiroueHne. Ha 3Ty nieHTpanbHyro 4acTh Pycckoit paBHUHBI YKe TIOJIYUeH JTIOCTATOYHO OOIIMPHBINA
0aHK THUAPOKIMMATHYECKOW M reoOboTaHnueckoi uHbopmaruu (I'pubosa u ap., 1980; AnGpurToH
u ap., 2003), MO3BOJIAIONIMKA OIEHUTh COBPEMEHHBIE JAaHAIMA(THO-IKOJIOTUYECKUE CBSI3M U HX
W3MEHEHUS B OyIyIIIEeM.

B uncite Hanbostee onacHBIX HOCIIEACTBUN [NI00AJIBHOIO MOTEINIEHUA M O0IIeH KIMMaTHYECKON
apuIu3alyy MPUPOJAHON Cpelbl MOXKET OKa3aThCsl HeoOpaTuMoe yXYJIIEHHE JIECOPACTHUTENbHBIX
YCIIOBUH Ha OOLIMPHBIX TEPPUTOPUAX IOKHBIX MAaprUHAIBHBIX JIECOB YMEpPEHHOTO Iosica.
JlanpHelas nporpeccupyromnas KinMaTudeckas apuau3alus MOXKeT UMETh KaracTpoduueckue
MOCJIEJICTBUS ISl 3eMHOM OMOTHI B 1esoM. Kimnmaruyeckue nmporHo3bl, OCHOBaHHbBIE Ha CIICHAPHSIX
TEXHOTCHHBIX BBIOPOCOB MApHUKOBBIX T'a30B B aTMoc(epy, MpeanoiaraloT MOBIIICHHUE 32 MEPHO/T
¢ 1990 no 2100 rr. cpeaHelt TI00aIBHON TeMIIepaTyphbl TOBEPXHOCTH 3eMiH B nipeaenax 1.4-5.8°C,
yto B 2-10 pa3 OoJplie BEIMYMHBI TMOTEIUICHHs, Tpomsomenmero B XX B. (AnOpurToH
u ap., 2003). CornmacHo [lapmwxkckomy corjamieHudto 1o u3MeHeHuro kimMmarta  (Paris
Agreement, 2015), Bo wu30OexaHue T1I00ATBFHOM SKOJOIMYECKONH KaTacTpodpl HEOOXOAUMO
MPUHUMATh Mepbl, 4T00bI notemieHue k 2050 roxy He npeBbickiio 1.5-2°C. OnHOM U3 3TUX Mep
SBIIIETCSA «IOCTHKEHHE OanaHca MEXIy BO3HHMKAIOIIMMH B PE3ylbTaTe JEATEIbHOCTH YelOBEKa
MAapHUKOBBIMU Ta3aMH M HX TOIJIOIIEHHEM MoOpsMU U Jjecamu» (cT. 4 cornamenus). Yepes
MIPOLIECCHI aJICOPOLMH MAPHUKOBBIX T'a30B HEOOXOIMMO OILIEHUTH POJIb €CTECTBEHHBIX HKOCHCTEM
B PETyISLUU YIJIEPOJAHOTO IUKIA M CTaOWIM3AIMU OKpYXaroliel cpeabl. 3amava MOANEpKUBATh
CIOCOOHOCTh JIECOB BBITIONHATh (YHKIIMM TIO CMSTYEHHIO W3MEHEHUH KIuMaTa C TOMOIIbIO
MEXaHHU3MOB OHOTHYECKON DETYJSIUU YIrIIEPOJHOTO IMKJIA BXOJUT B CTPATErHI0 YCTOWYHMBOTO
ynpasnenus necamu (ILIBunenko u ap., 2017).

OneHka gozmoocHocmeti  iecog Bonwckoeo 6accelina 8 cMAYeHUU  KIUMAMUYECKUX
UMeHeHUull, 8 m.4. 2100a1bHO20 NOMeNnieHus, SBISETCS OJHOW M3 aKTyalbHBIX SKOJIOTHYECKHX
mpo0eM 3TOro OOIIMPHOTO PErMoHa — WHAYCTPUAIBHOTO U JIeMOTpadUMuecKoro «sapay» Halleu
cTpanbl. ONBIT peanu3alyy JaHAMA(THO-IKOJIOTHYECKOTO TIOIX0a K PEIICHHIO TaHHOUW MpoOIeMbl
NpEJCTaBIeH B HACTOAILIEM cooOmeHnH. Maeonornyeckod OCHOBOM HAaydyHOTO TIOMCKa cTaja
BeiiBuHyTass B.I'. TopmkoBeiM  (1995) u  A.U. YrkuaeiMm  (1995) HoOBasg  9KOJOTHYECKH
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OLIEHKA POJIU JIECHOI'O TIOKPOBA BOJIXKCKOI'O BACCEMHA ... 7

OpUEHTUPOBAHHAs IapajurmMa B y4eHHM O jece. Peub uzmer 00 axonocuueckux pecypcax necHo2o
NOKpOBa KaK ero CrocoOHOCTH MOTJIONMATh TAPHUKOBBIE Ta3bl C IIOMOIIBI0 MEXaHU3MOB PETYISIIH
YIJIEpOAHOIO LHMKJIA IPU HW3MEHEHMAX KiIMMara. OTa peryisdlys HalpaBieHa Ha BO3BpaLICHHUE
Cpelbl B ONTUMAJIBHOE JJIs JIECHBIX 3KOCHCTEM COCTOSIHUE W CIOCOOCTBYET COXPAaHEHHUIO
OTHOCHUTEJIbHOM CTaOMJIBHOCTM MX HIPOAYKIMOHHOIO TIpoliecca B MEHSIOIIEMCS KIKMMarTe,
9TO 00ECIIeYnBaeT M YCTOWYMBOCTH MEXAHW3MOB CaMOW pPETyJSIHH YIJIEPOJHOTO HUKIA Kak
BEIYLIET0 3B€Ha OMOJIOTUYECKOTO KPYroBOPOTA.

MaTepna.m,l H METOAbI

HcxonHbIMH  MaTepHalaMH  TOCIYXKWJIM KapThl pacTUTENbHOCTH EBpomeilicko Poccun
(HUcauenxo, JlaBpenko, 1974; Kortoma, 1987) B macmrabax 1 :2-2.5000 000 (puc. 1; Tabm. 1),
a Tak)Ke pe3ysbTaThl HAUX KpynmHoMmacmTabHbIX (1 : 25-50 000) nanamadgTHRIX ChEMOK B JIECHOM
3oHe Bomxckoro Oacceiina (Komompii, 2018), koTopble OBLIM MPOBEIEHBI B T€ K€ TOJBI, KOTJa
CO3/IaBAJIUCh JIaHHBIE KapThl. JTO OBUIO BpeMs OKOHuYaHus OazoBoro mepuona 1885-1986 rr.,
rocJie KoToporo, kak wu3BectHo u3 pabotel J.T. Houghton ¢ coaBtopamu (1996), nawamoch
COBpeMEHHOe TJio0anbHOe mnoTeruieHue. llpencraBneHHyo reo0oTaHnyeckyro Kapty (puc. 1)
MBI TPAKTyeM KaK peaibHylo Ouokaumamuieckyro cucmemy Bonowcckozo baccetina. OHa ONUCHIBAET
COBPEMEHHYIO  JIECHYIO  THUIIOJOTHYECKYI0  CTPYKTYpPY  JaHHOW  TEppUTOpUH,  KOTOpas
chopMupoBasiach B pe3yJbTaTeé MHOTOBEKOBOTO JIECO- M 3€MJICTIOJIb30BAHUS W BKJIIOYAET Kak
KOPEHHbIE, TaK U MIPOU3BO/IHBIE JIECHBIE (POPMAIIHH, A TAKXKE JIECHBIE YTOJIbSI.

Hosgeiimue kapTel necHoro nokposa Poccuu, KoTopble MOIy4eHbl METOJAMU JIUCTAHIIMOHHOTO
30HIMpOBaHus JiecoB u3 kocMoca (baprameB u mp., 2010; Hcaes, 2012), HEeBO3MOXHO OBLIO
UCIO0JIb30BaTh. BblZieNeHHble Ha HUX «TUIBl  PACTUTENLHOCTU» (XBOHHBIE BEYHO3EIICHBIE,
JUCTBEHHBIEC, CMEIIAaHHbIE C MpeoOiaJaHueM XBOHHBIX M T.I.) HE COOTBETCTBYIOT MPUHSATHIM
B TPQJIMLMOHHON Te000TaHUKE TMOHSATHSIM «KJIAacChl PACTUTENbHBIX (opMmaluii» U  «TUIIBI
pactutensHOCTH» (CouaBa, 1979), Ha OCHOBE KOTOPBIX TOCTPOCHA WCIOJb3yeMas HaMH
KJIacCU(UKausi pacTUTENLHOrO MOKpoBa. boriee Toro, B 3TO# jereHae He HaXOAST OTPa)KEHUs
BOKHEHIIME TPUHIUIBI GuTorieHoNoTHH W OuoreoneHonoruu (CykadeB, 1972), B T.4. TOHSTHS
KOPEHHBIX U MTPOU3BOIHBIX aCCOIUAIIHI, OCHOBOIIOJIAraroliyue B JAaHHOM HayYHOM IOMCKE.

Hcnonb3yemple HaMu KapTorpaduueckue MaTepualibl HE TMOTEPSIM aKTYalbHOCTH JIO
HACTOSIIEr0 BPEMEHHU. YCTaHOBJIEHO, 4To 3a mepuoa 1968-2008 rr. necucrocts EBpomnerickoit
yactu Poccun m3menunuch Bcero Ha 6-8% (Mcaes, 2012). HecyliecTBeHHO M3MEHUIIACh TaKXKe
MOPOAHAST CTPYKTYpa JIECOB: JOJs XBOWHBIX MOPOJ CHU3WIAch Ha 4%, a A0S MATKOJHMCTBEHHBIX
yBenuumiack Ha 5%. He3HauuTenbHO M3MEHUIIOCh TAK)KE€ COOTHOLICHHE IUIOMIAJICH C pa3liiyvHOM
BO3PAaCTHOM CTPYKTYpPOM JIECOB.

Ha xapte (puc. 1) mokazaHbl MecTa pacmoiOXKeHHs & HKCHEPUMEHTAIbHBIX IOJIMTOHOB,
Ha KOTOpBIX ObUIa MpOBEAEHAa OJHOPA30Basg KpymHoMaciTabHas aHAmadTHO-3KOJIOTHYeCKast
ChEMKa IO CIenuaabHO paszpadbotanHoi mporpamme (Komowmsimn, 2018). B mpeaenax kaxmoro
noiurona Ha ocHoBe 40-53 MpoOHBIX IIIOMAAEH BBIACTSINCH 6 JIECHBIX OHOTE€OIEHOTUYECKUX
rpymi (Tabi. 2). DTy TPpyNIbl pacioiaraiich Mo BEKTOPY JIOKATbHOTO JaHAMA()THOTO CONMPSIKEHUS
(MUKpOKaTeHbI) — OT BOJOCOOpPHBIX JMIOBUANBHBIX (D) u TpaHcamoBHaNbHBIX (T3) TuMOB
MectonosnoxeHuit (MII) uepe3 cknonoBeie TpanzutHbie (T) u TpaHcakkymymsituBHbie (TA) THIIBI
710 JIOJIMHHBIX aKKyMYJIATUBHBIX (A) U cynepakBaibHbIX (CA; [TosbiHoB, 1956; 'ma3oBckas, 1964).
Kaxxnomy tumy MII cooTBeTcTBOBaN OmpeieeHHbI Habop TUMOB jieca. Takum oOpa3oM, Kax JIbIi
MIOJIUTOH OIMUCHIBAJICS HEKOTOPOH cobupamenbHol mpancekmoti, 9To 00ecIeunsio CoroCTaBUMOCTh
MOJIy4EeHHOTO (paKTHUYECKOTO MaTepuasa.

[To ompenenenuto [.H. Bricomkoro (1960), cpeau OHOTEOIEHO30B BBIIEISIIACH MAAKOPHASA
2pynna Kak JOKaJIbHBIN 30HAIbHBIN TPEACTABUTEND ITAHHOTO SKOPETHOHA.
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Puc. 1. Kapra necoB Bomkckoro 6acceiinbl (KotoBa, 1987) u pacnonoxeHne 3KCIEpUMEHTATBHBIX
MIOJIUTOHOB. YcnogHvie 0603HaueHus. JkcniepuMeHTanbHble monauronsl (Komowmsbm, 2018): 1 —
Kepxenen (mpupoanbiii 3anoBeguuk «KepxeHckuity), 2 — HlenokoBckuit Xytop, 3 — 3eneHslit
I'opon, 4 — Beikca, 5 — Ilpuokcko-TeppacHbii 3amoBeguuk, 6 — Kynema, 7 — Ilpucypse
(HaumonanbHbIi npupoanslii mapk «Yasam Bapmaney), 8 — XKurynu (HanuonanbHbli nprpoIHbINH
napk «Camapckas Jlyka»). pynnsl pactutenbHbIx acconmarmii: A-O — cM. Tabmuiy 1.

Fig. 1. Forest map of the Volga Basin (Kotova, 1987) and locations of the key plots. Legend.
Key plots (Kolomyts, 2018): 1 — Kerzhenets (Kerzhinski Nature Reserve), 2 — Shchelokovsky
Khutor, 3 — Zeleny Gorod, 4 — Vyksa, 5 — Prioksko-Terrasny Nature Biosphere Reserve, 6 —
Kudma, 7 — Prisurye (Chuvash Forest National Park), 8 — Zhiguli (Samarskaya Luka National
Park). Groups of plant associations: A-O — as shown in Table 1.
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Ta6amuua 1. Jlerenaa k xkapre necoB Bomkckoro 6acceiina (puc. 1; Kotora, 1987).
Table 1. Legend to the Forest map of the Volga Basin (Fig. 1; Kotova, 1987).

EnoBrie neca

Kaacenl 30oHAaJIbHBIE THNBI U TPYNTIbI PACTUTEILHBIX ACCONUAIUI
PacTHTEILHBIX CumsoJa u
. KpaTkas xapakTepucTuka
dbopmanmii HOMeEp
Kopennblie pacTurejibHbIE CO001IECTBA
$$ CeBepoeBpoIIeHCKIE CPETHETACKHBIE €IIOBBIE JIeca,
1 KyCTapHHUKOBO-3€JICHOMOIITHBIE U c(harHoBbIe (44a, 46)*
ﬁ $ CeBepoeBpoIIeiiCKIe I0)KHOTAe)KHBIE SITOBBIC Jieca,
M2 |kycrapuuukoBo-TpassHsle (486, 49)
" Kamcko-nieuepckre cpeiHe- U FKHOTACKHbIC TTMXTOBO-
ﬁ 3 |e/oBbie neca, KyCTapHHUYKOBO-3€/IEHOMOIIHBIE U TPABSHbIE
A (61, 62, 65)

CeBepoeBponeiickue MHUPOKOIUCTBEHHO -€I0BbIE

ﬁ[ll 4 |MOATACKHBIE NIECa, CIOKHBIE, HOMOPATLHOTPABSHbIE
(526, 53, 54)
ﬁ Kamcko-meuepckue moaraeKHble TUXTOBO-EJI0OBBIC Jieca,
5 |cHOoXHBIE, HEMOPATBLHOTPABSIHBIE (68)
::k[l Kamcko-nieuepckre noaraexxHple MUPOKOJIUCTBEHHO-
2L 6 |mUXTOBO-ENOBBIE Jeca, HeMOPAIbHOTpPABSIHbIE (69)
E Gy BocTouHoeBponeickue cpeaHe- U 10)KHOTACKHBIE COCHOBBIE
7 Jieca, C elblo, KyCTapHUYKOBO-3eJIeHOMoIHbIe (76, 76, 77,
CocHoBbIE E€Ca

78)

B

[I1poKOJIUCT-BEHHO-
COCHOBBIE Jieca

[ToaraexxHbie COCHOBBIE Jieca (C TyOOM U JIUMON B TIOJIECKE),
KyCTapHUYKOBO-TpaBsiHbIe (81, 81-1, 81-2, 81-3, 82)

[InpoKOIUCTBEHHO-COCHOBBIE TIOATACKHBIC Jieca, CIIOKHBIC,
MECTaMU C IpaboM HITH €JIbI0, YePHUIHO-PA3HOTPABHO-
35makoBeie (83, 84)

JIECA, a TaKXKCE JICCAa B
COYCTaHHU C JIyIo-
BbIMU U pa3HOTPABHO-

r
CpenHe- ¥ 10)KHOTaC)KHBIC COCHOBBIEC JIeCa C MPUMECHIO
JIMCTBEHHUYHO- 10
JIMCTBEHHHMIIBI, 3€JICHOMOIIIHbIE, KyCTapHUYKOBBIE (92 a)
COCHOBBIE Jieca
y/ 4 BocTouHOEBpOIIEHCKUE JIECOCTEITHBIE M CTEITHBIC COCHOBBIC
OcTenHeHHbIe }E” ] |7eca, co cTenHbIMu 10’)KHOOOPOBBIMH KYCTapHUKAMH,
COCHOBBIE Jieca pPa3HOTPaBHO-3J1aKOBHIE (87)
E [upokoaucTBEHHBIE AyOOBbIE, TUTIOBO-TYyOOBBIE U JIUTIOBBIC
LI1POKOJIHCTBEHHBIE !E] 12 jeca, C MPUMEChIO APYTUX HIMPOKOJIUCTBEHHBIX MOPOI,

HeMopanbHOTpaBsHbie (118, 120 a)

.HyTOBLIe CTCIIK B COYUCTAHNU C HINPOKOJIMCTBCHHBIMH JICCAMU

KOBBIIIBHBIMA ! boraro-pa3HOTpaBHO-TUITYaKOBO-KOBBUIBHBIE CTEIH C
CTCIISIMU T 14 |nucTBeHHBIM MeJKONEChEM
K CcarnoBele 10XKHOTaeXKHbIE U MOJITACKHBIE BEPXOBbIE 00J10Ta
COCHOBO-KyCTapHUYKOBO-c(arHoBbie (203, 204)
bopeanbHbie 1 HEMOpaAIBbHBIE TIONMBI — UBHSIKH,
V74 3a00JI0YEHHbIE YEPHOOJIbXOBbIE, BS30BbIE, OCOKOPEBbIE U

ny6oBsie neca (233 6, 234, 236 0)
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IIponosxenue Tadauub 1.

Kaaccebl pacTuTeIbHBIX 3oHabHbIE THIIBI M TPYNIIBI PACTHTEIbHBIX ACCOLMALMIA
(popmanmit Kpartkas xapakrepucTuka
Bropuunbie Gepe3oBble H 0CHHOBO-0epe30BbIe jleca Ha MecTe
FO)xHOTaCKHBIX MUXTOBO-EJIOBHIX JiecoB (48, 49)
CpenHe- U 10’KHOTaEXKHbBIX COCHOBBIX JIECOB (79)

[TonTaeXKHBIX TUTOBO-EJIOBBIX JIECOB (68)
CTenHbIX COCHOBBIX JIecOB (88)
[IupoxonaucTBeHHbIX JecoB (121)

SYSIRESTES

IIpumeuanue k Tabauue 1: * — HOMepa IPyNI JECHBIX acCOIMAINi Ha Te000TaHNYECKON KapTe.
Notes to table 1: * — numbers of the groups of the plant associations on the geobotanical map.

OcTanbHble KaTeHapHbIE 3BEHbSI OTHECEHBI K IKCMPA- U UHMPA3OHATILHBIM MONO0IKOCUCIEMAM,
KOTOpbIE pPAacCMaTPUBAJINCh KaK OIPEJENCHHbIE NPEICTaBUTENN JAPYIMX MPUPOJHBIX 30H U
PErMOHOB, HEPEIKO BechbMa yAaJeHHBbIX. TakuMmM o00pa3oM, O BCEM HKCHEPUMEHTAIbHBIM
MOJIMTOHAM OBLITH TOJYYEHBI pecuoHaibHble cucmemul nokarbrou 3onanvrocmu (Komowmsii, 2018).
bouin Takke u3MepeHbl JUO0 paccuMTaHbl cienymoomue ¢uToMacchl: BS — KuBas CKeJeTHas
JPEeBECHO-KyCTapHUKOBas, B} — o0Ias 3eneHas Macca BCEX PACTUTENbHBIX sIpycoB, BR — obmas
Macca KopHer, WD — MepTBasi IpeBeCHO-KycTapHUKOBas putomacca (nedpuc), ML — Macca necHoi
noactuiku (onagtornagt+mop), HU — macca nabuiibHOTO Tymyca B ropu3oHTe Al. PacueTsl )KUBbBIX
(dbuToMacc MPOBOIMIMCH 1O OOITUM M PErHOHAIBHBIM TaOMUIIaM OMOJIOTHYECKOW MTPOTYKTUBHOCTH
MOJHBIX (HOpMasibHBIX) HacaxaeHui (IlBugenko m ap., 2008), mas dero OBUIM MCHOJb30BaHBI
CpeIHUil Bo3pacT U OOHUTET KaXKJI0M MOPOIbl — UCXOAHBIE TapAMETPhl, MOJyYEeHHbIE IPU TaKCAI[UU
neca Ha mpoOHBIX momanax. Ilapamerper WD, ML w HU ObutM TOMYy4EHBI SMIUPUYCCKH.
[lepexon oT puTroMacc K coAepKaHHUIO B HUX YTJIepoJa OCYIIECTBJIEH C IMOMOIIBIO W3BECTHHIX B
JTUTEepaType yriaepoaHbix KodQPUImeHTos.

CpaBHuUTENIbHAS KOJUYECTBEHHAs OIICHKA JKOJIOTUYECKUX PECYPCOB JIECHBIX (opmanui
Bomxkckoro OacceiiHa mpoBeAeHa MO YACIbHBIM M CYMMapHbIM 3HAYCHUSIM HUX )21epOOHbIX
banancos npu NpocHO3UPYeMulX cyeHapusx usmenenuti kiumama. OLEHUBAIUCH SKOJIOTHYECKUE
pecypchl IBYX KaTeropuid Jjeca — KOPEHHbIX U NpOU3BOAHBIX. (OCHOBHBIE TPOTHO3HBIE
KIMMaTtrdeckue creHapuu B3saThl o Moaenu E GISS (Hansen et el., 2007) u3 cemeiicTBa Moenei
obmer mupkymsauun atMochepsl AOGCMs. Ota Monaens JaeT mpeneibl KIMMaTHYECKUX
W3MEHEHU, cooTBeTcTByWOImUe 1ensiM [lapuxckoro cornamenus (Paris Agreement, 2015).
B GopeanbHoM mosice Oacceiina k 2150 romy oOKuJaeTcs TMOBBIIIEHHE CPEAHEH HIONbCKON
temreparypsl Ha 0.5-0.7°C co cHmxeHHeM rogoBoro kodpduirenta aTMochepHOro yBIaKHEHUS
Briconkoro-MBanoBa (Kyes) ¢ 1.15-1.52 mo 1.00-1.36, uyTo yka3piBaeT Ha KIMMATHYECKYIO
apuau3anuio. J[aHHBIM MPOTHO3HBIA CPOK paccMaTpUBaics OE30THOCUTEIBHO K €ro BPEeMEHHOM
MIPUBSI3KE, T.€. ObLT UCTIOIH30BaH KaK MOJIENb JUIsl OTBETA HAa BOMPOC «UTO OYIET, €CIH. .. ».

OnHako CyIIecTBYIOIIMH B HacTosIlee BpeMsl TPEHJA TMOTEMJIeHUs CIIOCOOEH IPUBECTH
K MOBBIIIEHUIO cpeaHel riaobambHOi Temmeparypel Ha 4°C yxe k koHIy XXI Beka (Le Quere
et al., 2015). IIpu sTomM pernoHanpHOEe MoTerieHue B Poccuu MoxkeT cocTaBUTh nopsaka 6-11°C
(IlIBunenko u ap., 2017). OHO afeKBaTHO KIMMAaTHYECKOMY MPOTHO3Y, KOTOPBIN JaeT M3BECTHas
skcTpemanbHas Mozaenb HadCM3, sepcust A2 (Pope et al., 2000), co cHukeHHEM B OOpeallbHOM
nosice Kyen ¢ 1.29-1.37 mo 0.78-0.75, 1.e. mo ypoBHs roxkHO#M necocrenu (Komomsin, 2018).
AHanmuTHuyeckue W KapTorpaduyeckue pe3yabTaThl IMPOBEJICHHBIX HaMU [0 JaHHON MoJenu
MIPOTHO3HBIX JIaHAMAPTHO-IKOJIOTMUECKHX HccienoBanuil Bommkckoro 6acceiina (Komomsii, 2005)
ONMCBHIBAIOT BIIOJIHE BEPOSITHYIO KapTHHY PE3KO BBIPAKEHHOW apuAM3alMM NPUPOJHON Cpenbl B
9To# yacTu BocTouHoeBpomnelickoro cyOkoHTHHEHTa Ha omkaiimue 100-200 ner.
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Taoauna 2. Kpatkast XapaKTepUCTHKA JICCHBIX TOIIOIKOCHCTEM HEKOTOPBIX IKCIIEPUMEHTAIBHBIX MOJTMTOHOB B Bosmkckom Gacceiine.
Table 2. Brief characterization of the topological forest ecosystems from some of the key plots in the Volga Basin.

Ne JKOperuoHbl (30HAJbHASA NPUHALJIEKHOCTD)
rpynn IIpuouse. Ipucypse. HanumonaabHbIi npupoansiii | Kuryau. HaunonanbHbIA NPUPOAHBIN NApK
ouoreo- Ipuoxcko-TeppacHblii 3aN0BeIHUK napk «Yasam Bapmane «Camapckasn Jlykay»
I€HO30B (103KHAsi TPAHMIIA MOATACKHOM 30HbI) (cpenHsisi 1ecocTenb) (r0:KHasl TPAHMIIA I05KHOM J1eCOCTeI )

Kcepomopdusie n me30-kcepomMopdHbIe Me3so-kcepoMopdHbIE COCHSIKHU U €10BO- | KcepoMopdHbie OCTeTHEHHBIE COCHSIKUA BEPXHUX

1 0epe30BO-COCHOBHIE C JIUTION Jieca COCHOBBI€ Jieca TIIIOCKUX BOJI0OCOOPOB U CpeHMUX YacTeit kpyThix (20-30°)
TJI0CKOBBIMYKJIBIX MEXIAYPEUH U BEPXHUX Y BBIMYKJIBIX CKJIOHOB ME€CYaHOMN paBHUHBI | COJIHIIETIEYHBIX CKIIOHOB
4acTell CKJIOHOB
Meso-ruapomopdHbIe e0BbIe, COCHOBO- Me3zoMopdHbIE COCHOBO- Kcepo-Me3oMopdHbIE COCHSAKU CI0MKHBIE JIUTTOBO-

) €JI0BbIE U €JI0BO-COCHOBBIE JIECa, AIIIOBHANIbHBIE |[IIMPOKOJIMCTBEHHBIE U OCUHOBBIE Jieca JyOOBBIE U COCHOBO-ILIMPOKOJIMCTBEHHBIE Jieca
W TPAHCAITFOBUAIBHBIE, KUCITUYHO- IJIOCKUX BOJOCOOPOB U CKIIOHOB MOPEHHOM | BEpXHUX U CPEAHHUX YacTell KpyThIX (;10 20-25°)
3€JICHOMOIIIHBIE, HA MOPEHHBIX OTJIO0KEHUAX PaBHUHBI HEUTPAJIbHBIX U TEHEBBIX CKIIOHOB
Me3zomopdHbIe 1 Kcepo-Me30Mop(dHbBIS MesomopdHbIe TyOOBO-JTUTIOBEIE U Me3zomopdHbIe 1 Kcepo-Me30MOp(hHBIE TYOHIKH

3 COCHOBO-JIUTIOBO-IYOOBBIE€ U COCHOBO-JIMIIOBBIE |OCHHOBBIE JIeCa MMOJI0T0 HAKJIOHHBIX Y MIPOU3BOJHBIE OT HUX OCUHHUKHN HEUTPATIBHBIX
jeca, ¢ LIIMPOKUM JMAIa30HOM MECTOIOJIO- CYIJIMHUCTBIX BOJ0COOPOB (IIJIAaKOPOB) Y TCHEBBIX CKIIOHOB CPEIHEN U BBICOKON KPYTH3HBI
xenuid (ot D 1o TA), Ha 2110BUH U3BECTHSIKA
Me3zomopdHbie 1 Me30-kcepoMopdHbIe UIOoBO-| Me3o-TuapoMopdHbIe eNbHUKU U cocHSIKU | [ 'uapo-Me3oMopdHbIe 1 Me30MOp(HBIE BA30BO-

4 Oepe30BbIe Jieca, C OCHHOM, a Tak)Ke Oepe3HsIKU |Ci1a00 IPEHUPYEMbIX MEXAYPEUHBIX KJIEHOBO-JIMIIOBBIE Y OCUHOBBIE JIECa MOJIOTO
Y OCUHHMKH, C lyOOM, JIUIION U €JIbIO, MOHMKEHUH U BBICOKOW MONMBI HaKJIOHHBIX BO1I0COOPOB (ILIAKOPOB)
Ha BEpPXHUX U CPEAHMX YaCTIX CKIOHOB
Meso-ruapomopdHbIe eTbHUKH, a TAKKE Meso-ruapomopdHbIE eT0BO-TUIOBHIE MeszomopdHbie u Me30-TuapoMopdHbIe 1y00BO-

5 COCHOBO-€EJIOBBIE U €JI0BO-COCHOBBIE Jieca, nyOpaBbl U COCHOBO-OEpe30BEhIE Jieca BSI30BO-JIMIIOBBIE U OCHHOBO-0epe30BbIe Jieca
Ha CPEJHUX U HUKHUX YacTel CKIIOHOB, Ha MI0JIOT0-BOTHYTHIX CKJIOHOB I1€CYaHO- CPEIHUX U HUKHUX YaCTEU CKIIOHOB BBICOKOM
JCIIFOBUU U3BECTHSKA U CYIVIMHUCTOW MOPEHE | CYTIIMHUCTBIX MEXKIypeunit KpyTHu3HbI (20-30°)
I'uapomopdHble, 32a007I04EHHBIE COCHSIKY, I'uppomopdnsle (3a007049eHHBIE) COCHIKH, |Me3oMop¢HbIe U Me30-THAPOMOP(hHBIE JTUTHIKY,

6 eJIbHUKH, OEpe3HSAKH, YEPHOOJIbIIAaHUKHY, C €JIbI0 M Oepe3oil, MeXTypeuHbIX 3aMauH |KJICHOBHUKHM U OCHHHMKH THHII ITyO0KO

B PCUYHBIX NOJIMHAX U 3allaInHAX

MOPEHHOU U IECYaHOU paBHUH

BPC3aHHBIX NOJIMH MaJIbIX BOAOTOKOB
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JInsi OLIEHOK HM3MEHEHHH COJep)KaHusl Yriepoaa B pa3iIMYHbIX OMOTHYECKUX KOMIOHEHTax
WCIIOJIb30BAJICS M3BECTHBIM JiecoBOACTBEHHBIN MeToa (Mopo3os, 1926; ILlensnukep, 2006),
OCHOBAHHBIM Ha JWHAMHKE >KUBBIX M MEPTBBIX ¢uToMacc. V3MeHeHHne Macchl MOTOKa yriiepoia
AC(Fa) B cucteMe «IouBa—pacTeHue—aTMocdepay pacCUUTHIBAIOCH 10 Cleayomel hopmyre:

AC(Fa)= AC(WD) + AC(ML) + AC(HU) — AC(BS) — AC(BV) — AC(BR) (1).

Jlanee npeacTaBieHbl YIIIEPOHbIE ITYJIbl, COAEPKAINECS B BBILLIECYOMSHYTHIX (hUTOMAccax.

[To 6anancoBoMy ypaBHEHHIO (1) paccUMTHIBAIUCH BO3MOXKHBIE N3MEHEHHS TIOTOKOB YTiepo/ia
MEX]ly TTOYBEHHO-PACTHTEIBHBIM MTOKPOBOM M aTMoc(hepoil B pa3iuyHbIe MPOTHO3UPYEMBIE CPOKH
JUIS KQXKJIOM I'PYIIbI JJECHBIX OMOr€O0LIEHO30B BO BCEX paccMaTpUBaeMbIX 3KOperuoHax Bosrkckoro
OacceiiHa. ANTOPUTMBI PACUYCTOB W3JIOXKEHBI B mnpeapiaymei padore .1 Komombmr (2018).
Kaxnpii 4wnen npaBod yacth ypaBHeHHS (1) MOXET WMETh KaK IOJIOKHUTEIbHBIC, TaK W
OTpHIIATENIbHBIE 3HAueHUs. lIpu IOJIOKUTENBHBIX BEIMYMHAX T[IE€PBBIE TPHU CllaraeMble JaroT
npubaBky smuccun CO2 M3 MOUYBEHHO-PACTUTEIHHOTO TOKPOBA B aTMOC(EpPyY, a BTOPbIE — YOBLIb
3TOro MOTOKAa. B naHHOM ciydyae myl MOpPTMAacchl BBICTYNAae€T B KadyeCTBE JOIOJHUTEIBHOTO
WCTOYHHKA YIJIepoJa, a JKuBas (QuUTOMacca WrpaeT pojib €ro Croka (JeMOHUPOBAHUS).
[Tpu oTpHUIaTeTBHBIX JK€ 3HAYCHHUSX YKa3aHHBIX IMapaMeTpoB KapTuHa oOpartHas. B wrore
CKIIAZIBIBACTCS 00wull 0OANaHC USMEHEHUll YelepOOH020 O00OMeHA Medcoy OuoceoyeHosamu u
ammocgepoti  [£AC(Fa)], KOTOpbI TIOKa3bpIBaeT, TMOTJIOMIAET JIM JaHHAs TPyMma JIECHBIX
OMOreo1eH030B dononHumenvHoe konuvecmeo CO; u3 atMochepsl B pe3ylbTare KIMMaTOT€HHBIX
CABUTOB B OHMOJIOTMYECKOM KpPYroBOpOT€ WM, HAa0OOpPOT, CTAaHOBUTCA MCTOYHHKOM €ro
O0NOTHUMENbHBIX Jice 8blOpocos. 11pu TepMo-apuIHOM KIMMaTHYE€CKOM CHTHaje B MEPBOM Cllydae
OCYILIECTBIISIETCSl OTpUIIaTeIbHasi oOpaTHasl CBs3b, HANpPAaBIICHHAs Ha BBHINOJHEHUE MPHUHIIMIIA
Jle atense (I'opmkos, 1995) mo crabunuzamuu Wik Jgake OCIaOJICHUIO TEPBUYHOTO CHUTHANA,
aBO BTOPOM — CBSI3b IIOJIOKUTEJIbHAs, KOTOpass BeNeT K YCWJICHHIO MapHUKOBOro 3¢¢ekrta
aTMocephl, a CleIoBaTelbHO M CaMOro TMOTEeIUIeHHA. bbUIM ModydeHbl mnapuuaibHbIe
(1o oTaeNbHBIM TyaM-(GuUTOMAaccaM) U CyMMapHbIe 3HaueHUs 0a30BOT0 COJACpI)KaHUS yriepoaa U
MIPOTHO3UPYMBIE YIJIEPOJHbIe OanaHChl A KaXKAOW TPYIIbI JIECHBIX OHOTEOLIEHO30B Ka)JI0To
AKCIEPUMEHTAJILHOTO MOJIUTOHA.

Tepmo- u ruaposTaduueckas opAnHALUS META00IMUECKUX XapaKTEPUCTHK JECHBIX JOKAIbHBIX
HKOCHCTEM IMPOBEACHA IO JABYM Teo(U3MUecKuM IMapameTpaM: TeMIiepaType MOYBBl Ha IIyOuHE
50 c™m (#50) W 3amacaMm JieTHeW MpoaykTuBHOUM Biaru B cioe 0-50 cm. C 3TMMH mapameTpaMu
(GYHKIIMOHATbHBIE XapaKTEPUCTUKU JIECHBIX COOOIIECTB OOHAPYKHUBAIOT HAauOOJee TECHbIE CBS3U.
@parmeHT pacueTHbIX (opmyn mnpeacraBieH B Tabmuue 3. KoppensiuoHHbIE CBS3M B ATHX
yPaBHEHMAX HE BCEr[a JOCTATOYHO BBICOKM (K0ddduiment nerepmunamuu R? mensercs ot 0.25-
0.30 1o 0.65-0.70), XoTs ® BHomHe 3HA4uMbl (kpuTepuii Ilupcoma P =1.0-2.5-10%).
Kak m3BectHo u3 pabotel D.C. Montgomery u E.A. Peck (1982), npu omnmcanuu Cl0XHBIX
MHOTOKOMIIOHEHTHBIX OHOJIOTMUECKUX CHCTEM HEU30eKHbl HapylleHuss 0a30BBIX IPUHIIMIIOB
CTaTUCTUYECKOTO aHanu3a. B yacTHoCTH, He coOMI01aeTCs IMHeHHas: He3aBUCUMOCTD MPEAUKTOPOB,
a Ko3(h(OUIHEHTHl KOPPENSALUU U JeTePMUHAIMKA HE MOTYT ObITh BBICOKUMHU. J(MccuMMeTpusalus
U ApoOJIeHUE TUIPOTEPMHUUYECKUX HHII JIECOB C MPEUMYILECTBEHHO MyaCCOHOBCKHUM XapaKTEpoOM
pacnpeseneHuss OMOTreoIeHOTUYECKUX €AMHUII YKAa3bIBAIOT Ha CIOXHBIN, AU(QepeHInpOBaHHbIN
B [IPOCTPAHCTBE MPOIIECC UX KIMMATOreHHBIX npeodpazoBanuii (Komomeii, 2018).

JlokanpHbII  pa3Opoc  BBIACNEHHBIX IO YPAaBHEHUSM TUIPOTEPMHUECKOW  OpHHALIUU
MeTabOMMYEeCKUX XapaKTePUCTUK B 3HAYUTEIHHOM CTENEHH SIMMUHHPOBAICS TPHU 30HAIBHO-
pEruoHaIbHOM 000OIIEHHH PE3YIHTATOB TOMOJIOTUYECKON OpAMHAIMU. TeM caMbIM 0oJiee OTUETINBO
MIPOSIBIISIICS TIOCTOSIHHO ACHCTBYIOIINI U OTHOHATPABICHHBIN THIPOTEPMUUECKUI CUTHAIL.

Jiis mosryueHus: 6a30BBIX M MPOTHO3HBIX YIIAEPOIHBIX XapaKTEPUCTHK JIECHBIX GopMaruii ObLT
OCYILIECTBIIEH TMEpeXoJ C JIOKAJIbHOTO YPOBHS OIEPAIIMOHHBIX €IUHUI] HAa PETHOHANBHBIA C
MOMOIIbIO  pa3pabOTaHHOTO HAMU Memood UHOVKYUOHHO-UEPAPXUUECKOU  IKCMPAanoaayuu.
OH OCHOBaH Ha YIOMSIHYTOM BBIILIE SIBJICHUU HONUZOHATLHOCMU JOKAIbHBIX IKOCUCHeEM KaK (OPMBI
WX peakiuu Ha TI0o0anbHble W3MEHEHUs Kiaumara. Kaxaplii 30HaIbHO-pEerHOHaTbHAs
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¢duToLEHOIOTHYEeCKas eANHUIIA, TIPEACTaBICHHAs HAa MEJIKOMACIITA0HON re000TaHMYECKON KapTe
(KotoBa, 1987), umeHTHpUIMpPOBAIACH OMPEICICHHOW TIpynmnoi KOH()OPMHBIX (DUTOIIEHO30B,
B3STBIX M3 IUIAKOPHO-3KCTPA30HAIBHBIX PSJIOB OMOTEOIICHO30B MO BCEM IMOJUIOHaM. B cBoio
odepellb, KKl 3KOPETHOH, OMUCHIBAEMBIH TEM WM HHBIM SKCIEPHUMEHTAIBHBIM ITOJIUTOHOM,
COJIEpKall WEJbId CIEKTP JIOKAIBHBIX MPEACTABUTEICH pPa3IMYHBIX 30HAIHHO-PErHOHAIBHBIX
(DUTOIICHOIOTMUECKUX CHCTEM PaHra pacTUTEIBHBIX opMaruid, corsiacHo B.b.Couase (1979).

Tabumua 3. @parMeHTbl pacu€THOM CUCTEMBI, OIIMCHIBAIOLIEH CBSI3M MTapaMETPOB OHOJIOIMYECKOTO
KPYroBOpOoTa C TEMIIEPaTypoll H BIIArOCOJEP)KAHWEM IIOYBBI B BETCTAMOHHBIA IEPHOJI B
ouoreorneHo3ax dkopernoHoB Cpemnero u Bepxuero Iloomkbs. Table 3. Fragments of a
calculation that describes the relationships of biological cycle parameters with soil temperature and
soil moisture during vegetation period in biogeocenoses in the ecological regions of the Middle and
Upper Volga Regions.

Bua moaesan | PermonainnHbie Mapa- Ko buimenTs1 CrarucruuecKue
(pacyeTHasi | 3KOCHCTEMbI MeTphI XapaKTepPUCTUKH **
dopmyaa)* (puc. 1) bo b; b R P Sy
} BV | 21.93 |-0.7415| —0.7135 | 0.664 0 3.09
- boi Tpucypse HU | 599 | 0 |5575%%% 0696 | 0 | 2029
N 1];;;2 Sencrstii Copox BR | 8.712 ] 5.838 | —0.0678 | 0.582 | 0.1-10° | 17.92
HU | 16.34 |-0.2402 | 0.07426 | 0.713 0
y=bo+ .
Ty + | THeROROBCKHI | co 1 147 | 5042 | 0.936 0 2.21
+ b2X12 XYTOp
Kurymn ML | 44.08 [-0.3611 0.00091 | 0.699 0 17.75
lenoxosckuit | BS | -34.93| 0.9472 | 0.00403 | 0.769 0 90.49
b= bo+ XyTop HU | 12.5 | 0.1712 0 0.649 0 9.31
+ bt Kepaeren WD | 22.85 |-0.2588] 0.00149 | 0.72 0 12.78
+ bos HU | 8.84 |0.0091 | 0.0006 | 0.851 0 8.03
TH%P;‘:;‘I’{‘;‘I’H BS | 244.6 | 0.3956 |-0.00312| 0.557 | 0.7-10° | 71.4
HU | 2531 |0.0159 | 0.00042 | 0.577 | 0.4-10° | 16.32
3allOBCIHUK
Kotrym BS | 3.706 | 15.42 - 0.611 0 39.3
- BR | 1.768 | 26.26 - 0.614 0 12.25
y = exp(bot y ML | 0.0845| 35.08 — 0.506 0 16.0
Tbilxr) | Senemwiii Topor | pny 4 329 | 64,63 . 0.642 0 7.0
Bhikca ML [0.3274] 46.81 - 0.798 0 0.34

Ipumeuanus k tadaune 3. *Pacuernas ¢opmyna: x/ — Temneparypa mouBbl Ha riayoune 50 cm
(¢50); x2 — 3amacel mpoayktuBHOW Biaru B cioe 0-50 cm (W-50); x3 — cpenHeB3BelICHHBIN
(o mMacce JIpeBeCHUHBI Pa3IMUHBIX MOPOJ) BO3pacT jeca. **CTaTuCTHUECKUE XapaKTepUCTUKU: R —
ko3 duuueHT xoppensiuuu, P — ypoBeHb 3Hauumoctu (kputepuil IIupcona), Sy — cranmapTHoe
oTkJIoHeHue. ***)Kupubiil mwpudt — KOAPPUIHUEHTH NpPU 3HAYUMBIX apryMEHTaX B YpaBHEHMSX
MHO>ecTBeHHOU perpeccun. Notes to table 3. *Equation: x/ — soil temperature at 50 cm depth
(¢50); x2 — productive moisture reserves in a 0-50 cm layer of soil (W-50); x3 —weighted average
forest age (by mass of wood of different species). **Statistical features: R — correlation coefficient,
P — significance level (Pearson’s test), Sy — standard deviation. ***Bold font marks coefficients at
significant arguments in epy multiple regression equations.

OpHOoBpeMEeHHO co3laBajach Kapra me3omectomnosiokeHuid (O, TD, u T.A.), MO KOTOPHIM
BBIICTISUTNCH epynnsl aanowagpmos. Kaxnaplii apean JaHHOW (DUTOLIEHOJIOTUYECKON €IUHUIIBI,
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IIPEJICTaBICHHBIN KAK NOIUBEKIMOPHOE MHOINCECMBO Me30KameH, NPOOUIICS Ha PETUOHAIIbHBIE THIIBI
MecTomnoJoxeHui (rpymnmsl ganamadTos). [IpuHumas ganee, cOryiacHO KOHUENIMU JIAHAIIA(PTHBIX
conpspkenuit (IloneiaoB, 1956), Me3okaTeHy B KauecTBE TOMOMOP(HOTO 00pa3a MUKPOKATEHbI, MbI
pa3sHOCWJIM  HUMEIOLIMECs]  OMOreOLEHO3bl  BCEX  BBIACJIEHHBIX Pyl M3  KaXIO0ro
SKCHEPUMEHTAJIbHOTO  IOJIMIOHA [0  ME30MECTOINOJOXKEHHUSIM  COOTBETCTBYIOIIETO  €MY
reoboTannyeckoro apeaia. [losydyenHnas TakuM 00pa3oM perdoHabHas (PUTO-KaTeHapHas MO3auKa
HachImanack 3ateM 3HaueHms MU AC(Fa) KaKaoi rpynisl OMOreoneHO30B, B3STHIX YK€ B Ka4eCTBE
JOKAbHBIX ~MPEJCTABUTENICH COOTBETCTBYIOIIHMX 30HAIBHO-PETHOHAIBHBIX — THIIOB/TIOTHIIOB
reorpaduueckoil cpeapl. Hakonen, Ha OCHOBE WMH(OPMAIMOHHOTO aHAIU3a MO KAXAOH TpymIe
pacTuTenbHBIX (opManuidi OacceiiHa pacCUMTHIBAIUCH cCpenHeB3BenleHHble 3HaueHus AC(Fa)
B COOTBETCTBUU C IUIONIAHOMN J0JIeH ee yJacTHsl B JaHHOM 30HAJIbHOM TUIE (OopMaIuil.

Ha Tteppuroputo Oxcko-Bomxckoro ©Oacceitna JI.C. Hlapoii cocTaBieHbl KapTbl-MaTpHULbI
0a30BOTO CYMMapHOTO COJIEpKaHUs YIiepo/ia, a TakKe YrJIepoJaHoro OanaHca JeCcHBIX (popmariuii
Ul TEPMO-apuHOTrO KiuMaTtuyeckoro cueHapus no monaenu E GISS (puc. 4, 5). IIpu noctpoennu
KapT ObUIM MCIIOJIb30BAaHbl CIYTHUKOBbIE JaHHble NASA o penbede — MaTpuilbl BBICOT 3€MHOM
MIOBEPXHOCTH, TMOTy4YeHHbIe B Xoj€ BbIMoiaHeHus npoekra SRTM30 «CILA-Urtanus—I epmanus».
Matpunupsl ObUIM  mpeoOpa3oBaHbl B PABHONPOMEXYTOUHYIO mpoekuuio Kapaiickoro s
EBpomneiickoit Poccun ¢ marom 900 M. KapThl co3gaBanuck o MHUPOKOMY HabOpY XapaKTepUCTUK
penweda (Shary et al., 2002), paccuntanabix u3 MaTpuil BBICOT NASA SRTM30 u omudpoBaHHBIX
tonokapt. C »93ToMl 1eNbI0 CO3/aBAUCh BEPUPHUIIMPOBAHHBIE IPOCTPAHCTBEHHBIE MOJIENH
MOIU(DUIIMPOBAHHBIX THUTIOB MECTOMOJIOKEeHUH. CTaTUCTUYECKUA aHAIN3 MPOBOJIMIICS C TTOMOIIBIO
aIalITUPOBAHHOTO JIJIsl SKOJIOTMHM MeToJla MHOkecTBeHHOM perpeccuu (Ilaperi, [Munckuii, 2013).
[IpeaBapuTeIbHO OCYIIECTBIISICS CTaTUCTHYECKM aHanmu3 mapamerpa AC(Fa) Ha TPOTHO3HBIC
CPOKM JJsl TPYHN pacTUTENbHbIX (GopMalMid M HMX COYETaHUH C MOMOILBIO IPOrpaMMbl
«Anamutnueckas ' UC Dkoy» (Iapsrid, 2001).

Pe3yabTarsl u 00cyK1eHUE

Vaenepoousie 6anancel necnvix skocucmem J10KAIbHO20 YposHs. 1lpyu yCTOMUNBBIX U3MEHEHMSIX
KJIuMaTa HaumOoJblIKMe MO0 aOCONIOTHOMY 3HAUEHUIO BapHallMU JIOJDKEH HCHBITaTh aBTOTPOQHBIN
OuoreHes, NalOIIMI 3€IEHYI0 MacCy, a TakXke JIPEeBECHYI0 Hal3eMHyl (BS) U KopHeByrO
¢uromaccel. [IpuopuTeTHBIN e BKJIaJ B U3MEHEHHUsI CyMMapHBIX 3anacoB yriepoaa AC(Fa) Oyner
BHOCHUTH JWHAaMHUKa MPHUPOCTa IpeBecHHbl (Tabn. 4; puc. 2). B cOOTBETCTBUM C KIMMaTHYECKUM
MPOTHO30M MO 3KcTpeManbHOr Mojenun HadCM3, k 2150 romy 3naudenust mapamerpa AC(BS)
coctaBiT OoT —(37-40) T/ra B IUIAaKOPHBIX M TPAHCAKKYMYJISTHBHBIX JHIMHsSIKaX JKuryneBckoro
MaccuBa 10 +(58-71)T/ra B  TpaHCOIIOBUAIBHBIX  XBOWHO-IIMPOKOJIMCTBEHHBIX  Jiecax
Huxeropoackoro IlpenBomkbes (sxoperuon «3eneHslid ['opon»). BenuuuHbl SKCTpeMalbHBIX
3HaueHuil oobuero yrinepogHoro Oananca AC(Fa) Oyanytr paBHbl —(78-83) u +(115-120) 1/ra.
TakoB BO3MOKHBIN pa3Max M3MEHEHUU MOTOKAa YIiepoja, BHI3BAHHBIX HEOJHO3HAYHOM peakiueit
OopealbHbIX U HEMOPAJIbHBIX JIECOB HAa KCTPEMAbHBINA TEPMO-apUIHBIA KITUMATHUECKUN CUTHATL.

Ecnu 3a Tekymuil croiieTHUM mepuoj cpefHss Temmneparypa uwong B Cpeanem u Bepxuem
IToBomkbe BBIpacTeT, corjacHo 3kcTpeManbHOi mozenn HadCM3, na 4-6°C, 1O conepxaHue
yriepoja, 3aKOHCEPBUPOBAHHOTO B CKEJIETHON (uTOMAacce JIeCOB JAHHOIO PEruoHa, MOXKET
u3MeHuTbcs Ha +(25-50)% oT 06a30BOM BeMMYMHBI. JTO YKa3blBaeT Ha BeChbMa CYIIECTBEHHYIO
PETYIUPYIOIIYIO POJb, KOTOPYIO AOJDKHA CBIIPATh MPOAYKTUBHOCTH FOYKHOTAEKHBIX, CMEIIAHHBIX
U HEMOPAJIbHBIX JIECOB PErMOHa B UX YIJIEPOJAHOM OOMeHe C¢ aTMocdepoil Npu KpailHe pe3KHux
KIMMAaTUYeCKUX BapHalusiX, B T.4. MpU CLUEHAPUM KaTacTpO(UUYECKOro aHTPOINOTI€HHOTO
noTeruieHus, yto Hexomyctumo 1o [Tapmwkckomy Cornamenuto (Paris Agreement, 2015).

OpHako Takas CHUTyalluss MOJXKET OKa3aTbCsid BIIOJHE PEANBHOM, CyAs IO COBPEMEHHOMU
TPAaeKTOPUHU pOCTa TeMIlepaTypbl. [o6anbHOE MOTEIUIEHWE BBI3OBET B OJHUX CIIydasx pe3Koe
NajieHue MPOJYKTUBHOCTH, B JIPYTUX — CTOJIb K€ 3HAUUTENIbHOE €€ yBEJIMYeHHE, YTO oOpucyer
BeChbMa MPOTUBOPEUNBYIO IKCTPEMAIBbHYIO KAPTUHY OMOTUYECKON Perysauy YTriIepo HOTO [UKIIA.
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Taoauna 4. V3MeHeHUs yAENBHOTO COAEp)KaHHs yriepoia (T/rTa) B Ppa3iIMyYHBIX JIECHBIX
OMOreoleH03aX U B UX OPraHMYECKHX KOMIIOHEHTAaX Ha TpeX 0C000 OXPaHSEMBIX MPHPOIHBIX
teppuropusix Oxcko-Bomkckoro OacceifHa Ui riao0anbHOrO MOTeIieHus Ha cpok a0 2150 r.,
coriacHo ymepeHHou kmmumaTtmueckoi mozenu E GISS. Table 4. Changes in specific carbon
content (t/ha) in different forest biogeocenoses and their organic components in 3 specially
protected natural areas of the Oka-Volga Basin for the global warming forecast up to the year of
2150, according to the moderate climate model E GISS.

IO:kHast rpaHuna Cpenunsns FO:KHast rpaHANa
JIECOCTEIHOM 30HbI (THIHYHASA) ONTACKH (I)) i 30HBI
XapaKTepuCcTHKH (Hanuonanbuelii | Jecocrenn (Hanuo- a Hn cerco.T _
napk «Camapckasi HAJIbHBIN NApK HE 1;3:[[ :B e eEEE)c
Jlykay) «Yasam Bapmaney) 8
—-12.23 90.29 29.46
1(TO
(T9) [—]* [+] [+]
—38.72 63.60 -0.44
i 2(TD,D) [~ [+] [-]
PYIIIBL —27.76 —32.51%* -27.82
ouoreomenoz | 3 (0.7T) -] [—] [-]
OB
—58.88 31.82 29.01
(TUIBL 4 (O-TA) [—] [+] [+]
MECTOIIOJIOKE 65.03 27.24 11.35
HHI1, CM. pHUC.| 5 (TA, A) _[ '] [ J.r] [ J.r]
2) —
~35.79 63.65 11.82
C —39.74 40.68 8.90
penHee [—] [+] [+]
~22.93 21.69 6.17
BS
[-] [+] L+]
~1.14 0.12 —0.08
BV
[-] [+] L]
-5.11 5.23 2.19
BR
durtomMacchl E ;2]3 _[3+1]2 ([);3
(yrieponHsie ML [ o 1 [ _ ] [ + ]
yJTbI) D 5136 28.62 0.74
[-] [+] [+]
—6.52 ~11.85 —0.42
HU
[-] [-] L]
C -39.74 40.68 8.90
ymMa [—] [+] [+]

IIpumeuanus Kk Tabdamue 4: [ — |* — oTpuLaTenbHas Peryisiivs YIIEpOAHOTO IUKIA ¢ YCUIICHUEM
TEePMO-apUan3aluy, [ + | — MOJOXKHUTEIbHAS PETYJSIMs M COOTBETCTBYIOIIEE CMSATYEHHE TEPMO-
apUIHOTO KIMMAaTHYECKOrO TpPeHAA, JKUPHBbIM mpudt** — 1IakopHele OHOTI€OICHO3BI.
Notes to table 4: [ —]* — negative regulation of the carbon cycle, with increasing thermal
aridization, [ +] — positive regulation and corresponding mitigation of the thermal arid climate
trend, bold font** marks upland biogeocenoses.
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Puc. 2. Pacnpenenenue yriepoaHblx OagaHCOB JIECHBIX ASKOCHCTEM pPa3MYHBIX SKOPETHOHOB
Bomkckoro OacceifHa MO THIAM MECTOMNOJOXKEHUS B CHUCTEME JIOKAIbHBIX JaHAIMA(THBIX
COTIPSDKEHHM MPH TII00ATBHOM MOTEIJICHUH, COTJIACHO dKCTpeManbHOU Monenn HadCM3.

Fig. 2. Distribution of carbon balance in forest ecosystems of different ecological regions
throughout the Volga Basin by their location in the system of local landscape conjugations under
global warming, according to the extreme model HadCM3.

CornacHo skctpeManbHoii Mozaenu HadCM3, mporecc T7100ambHOTO TMOTEIUICHHUS JOJKEH
MpUBECTU K pa3BuTHiO B Cpenneil nmosoce Pycckol paBHMHBI JIByX B3aUMHO IPOTHUBOIOJIOKHBIX
(heHOMEHANbHBIX SIBICHUI OMOTHYECKON PErysSIuu YriIepoIHOTO IIUKIIA CO CTOPOHBI IUTAKOPHBIX U
ONIM3KUX K HUM JIECHBIX OMOTreOIICHO30B KaK JIOKAJbHBIX TIPEICTABUTEICH PACTHTEIBHBIX
dbopmarnuii. KpaiiHuii ror JISCHOH 30HBI, B T.4. 30HAIBHBIM 3KOTOH Jjieca U crenu B CpeTHEBOJDKCKOM
4acTU PaBHHUHBI, OKAXKETCS apeHOll 3HAUMTENbHOHN nomonHuTeabHOU smuccun COz B atMocdepy.
B necax JKuryneBckoro HU3KOTOPHOTO MaccHBa OOIIHME MOTEPU YTIepoa B MOCIEAHIO YETBEPTh
XXI Beka coctaBsat 6oisiee 35% ot 3amacoB 6a3oBoro nepuoga. Haubomnbimas smuccus CO2 Oyaer
CBS3aHA C IUIAKOPHBIMH IIMPOKOJIUCTBEHHBIMU JecaMu (pucC. 2). B mporHosupyemsiii cpok
rJ100aTBbHOTO TOTEIJICHHS 9T MECTOIOJIOKEHHUS, a TAK)Ke THUIIA MAIIbIX TOJIUH OYyIyT OTIUYaThCS
MakcuMaiabHOU smuccuend CO;. Ha KpyThIX CKJIOHaX M3HayalbHBIE 3a1achl yriepoa MUHUMAIIbHBI,
OJIHAaKO M MPOTHO3UPYEMbIE €r0 BEIOPOCH! OyIyT HE3HAUUTENbHBI.

AHaJOTUYHBIN HETaTUBHBIN MPOLECC, MPaB/a, B TOPa3 0 MEHbIIEH CTENEHHU, PaCIPOCTPAHUTCS
TakKe Ha CpPEIHIO (THUMHYHYI) JecocTenb (dkoperuoH llpucyppe) M TOCTUTHET KOPEHHBIX
CMEIIaHHBIX JIECOB BOHOJEAHHUKOBBIX paBHMH B IokHOM monraiire (IIpmokcko-TeppacHbiii
3amoBeqHUK, nanee — [1T3), ¢ moTepeit B myne apeBecuHsl 10 29 1/ra yriaepoaa Kk konmy XXI Beka.
B urore pacctpoutcs cOanaHCHPOBAHHOCTH YTTIEPOTHOTO IUKIIA KaK CTA0MIM3UPYIOMIUNA MEXaHU3M
COCTOSHUSI HA3eMHBIX SKOCHCTEM. OTO BBI30BET MECTHOE YCWICHHE MapHUKOBOTO 3ddexTa
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aTMocepbl U YCKOPUT OOIMMKA TPOIECC AErpafgallid W HMCYE3HOBEHHUS MAapTHHAIBHBIX JIECOB
B I0’KHOW U TUIIMYHOM JIECOCTENU.

IIpy ymepeHHOM KIMMaTU4eckoM TpeHae Mo cueHaputo wmogaenu E GISS k  xonmy
XXI cToneTusi OMMCAHHBIN MPOIECC B TUIAKOPHBIX JKUTYIIEBCKUX JTyOpaBax, MPUCYPCKUX JIUITHIKAX
U COCHOBO-1yOOBO-TMIOBBIX Jecax llpuoubss OyneT MATH 3HAYUTENBHO MEJIUIEHHEE, CYAs I10
cymmapnoii Benmuune AC(Fa) = —(28-33) 1/ra.

Bropoe ¢eHOMeHanpHOE SIBIIEHHE C IPEUMYIIECTBEHHO TMOJOXHUTEIBHON peryisnuei
YIIEPOJHOr0 LHMKJIA OyAeT pacHpoCTpaHEHO B BO3BBIIIEHHO-PABHUHHBIX CMEIIAHHBIX Jiecax
HEMOPAJILHOJIECHOW TMOA30HBI (3KOpPETHOH «3eieHblii ['opoa» Ha Bo3BbImIEHHOM IIpaBoOepexne)
Y B MCHBIIIEH CTENEHH — HA KOKHOM TpaHuie mnoxArairu (rymumHsii skoperuon IIT3). 3nech
MPOU30UACT CYIIECTBEHHOE YBEIMYCHHE NPOAYKTUBHOCTH, OCOOCHHO 3HAYMUTENbHO B 1O
kcepoMopdHbIX 1 CA THApOMOP(PHBIX OOpeanbHBIX JiecaX, KOTOPHIE CHITPAIOT POJb OCHOBHOTO
cToka yriepojaa (tabm. 4). [InakopHbie BTOpUYHBIE OE€pPE30BO-OCHHOBBIC Jieca C JIMIOW, AyOOM M
enblo, obnagaromue 0ojee 3HAUUTENbHBIM MPUPOCTOM JPEBECHHBI U 00JI€€ BBHICOKMM TI'OJUYHBIM
000pOTOM HaJI3eMHOHN (pUTOMAacchl MO CPaBHEHHIO C KOPEHHBIMH JiecaMu, OyIyT OCYIIECTBISATH
MOJIOKUTEIBFHYIO PETYIAINIO, MOTJIoNas u3 arMocdepsl JomoaHuTeNbHO 10 20-22 T/ra yriaeposa.
OnHOBpPEMEHHO OXHUJACTCS AKTUBHU3AIMS PA3JIOKEHUST MOPTMACChl M TyMyca, YTO HECKOJIBKO
CHU3HT MMOJIOKUTETBHBIN /IS yTIepoHoTo Oatanca 3((dEKT pocTa MPOoTyKTUBHOCTH JIECOB.

B 1oxHo# mosioce cMemanHoiecHONW 30HBI Hu3menHoro 3aBomxbsi (dKocucteMa Kepikenerr)
npunnun Jle Illatense Oymer cobmtomaThes TOIBKO 3a CYET Me30-KcepoMop(dHbIX TD COCHSKOB.
B ompenienieHHON cTeleHN OH MPOSIBUTCS B MEPEYBIAKHEHHBIX XBOWHBIX JIecaX HUKHUX 3BCHHCB
KaTeH, TJe VYIYYIICHHE THUIPOTEPMUUYECKUX YCIOBUU TIOUBBI BBI30BET 3HAYMTEIBHBIH POCT
MPOJIYKTUBHOCTH, B T.4. CKEJIETHON (uromacchl. B To ke BpeMs y IUIAKOPHBIX €I0BO-COCHOBBIX
1 €JI0BO-TyOOBO-JIMIOBBIX COOOIIECTB aBTOTPOHBIM OHOreHe3 craHeT ocnabeBaTh Ha (oHE
PE3KOro YCHIJIEHHS MPOLIECCOB Pa3OkKEHUSI Ha3eMHOM MOPTMAcChl U T'yMYCa, YTO BBI3OBET 37ECh
00LIYI0 TEHACHIIUIO OTPULIATETbHON OMOTUYECKON PETyIsSIuu.

Utak, ocHogHyl0 nonoscumenvuyro pe2yiayuio yeiepooHo2o 00MeHa HA3EMHbIX IKOCUCTEM C
ammocghepoti, HANpasneHHyld Ha CHUJICeHUe ee NApHUK08o2o 3¢hghekma npu 2100a1bHOM
nomenJjieHuu, 6y0ym 6bINOJIHAMb UUPOKOJIUCNBEHHO-E/108ble U MEeMHOXE0UHbIe J1eCd 8036bILUEHHbIX
PABHUH 8 HEMOPAILHONLECHOU NOO30HE U 8 MeHblUell CIMeNneHU 8 IOHCHOU NoI0ce NOOMAEHCHOU 30HbL.
BropocTeneHHyl0 poJib CBIFPAIOT BTOPUYHBIE MEJKOJMCTBEHHbIC JieCAa HU3MEHHBIX IUIaKOPOB,
a Takke TPAHCAKKYMYJISITUBHBIE W CYINEPaKBaJbHBIE COCHSKM HHU3MEHHO-3aHJPOBBIX IOJIECU
(AC(Fa) =20-30 1/ra, monuronsl Brikca m Kepskenem). D10, moxanyl, €IWHCTBEHHAs TpYIIIa
dopmanuii OOpealbHBIX JIECOB, KOTOpas OKa)XeT CYIIECTBEHHYIO MOAJEPKKY YCTONUHMBOCTH
KOHTHHEHTAJIbHOM Ouocdepsl B YCIOBHIX TiobanbHOro moteruieHus. K mpumepy, ycTaHOBIIEHO,
YTO MPOAYKTUBHOCTh TAaEKHBIX M TMOJTACKHBIX JiecoB EBponeiickoit Poccum B mepuon
HAYaBIIErOCs COBpEeMEHHOro riobdansHoro noremieHus (1956-1993 rr.) Bospocna ot 0.25-0.65%
1o 1.15-1.45% B roa, uyto o3Ha4ano yBenuuyeHue 3amaca japeBoctos 3a 100-netuuit nepuon B 1.5-
2 paza (Kumze u gp., 2000). Perymupyromas posib HM3BECTHBIX M BEChbMa PAaCIpOCTPAHEHHBIX
TEHEBBIX TUPOKOJIMCTBEHHBIX JIecOB [10BOIKbS Oy1eT MMETh OJTHO3HAUHO HETaTHBHBIX XapaKTep.

PesynpTupyromuii 3¢pGexT peryiasiuuu yriepoJaHOro IUKIA CO CTOPOHBI JIECHOTO IMOKPOBa
3aBUCUT HE TOJBKO OT yAENbHBIX 3HaUeHUU yrieponHoro Oamanca AC(Fa) Ans TeX WIA UHBIX
OMOTEOIIEHOTUYECKUX TPYIMI, HO U OT COOTHOUIEHHS MX IUIOHIaZel B JAHHOM SKOPETHOHE.
Kamenapuas opeanuzayusi 6GM0oTeoneHO30B, BBIPAKEHHAS OMpPENeIECHHBIM 2eoMopdoiocutecKum
CNeKMpOM  COOMBEMCMBYIOWUX  MUNO8  JIOKAIbHBIX — MEeCMONONONCeHUll,  npeonoiazaem
HeobX00uMOCmb  pacuemos Y2iepooOHo20 0anaHca KAk GelUdUHbl, CPeOHe838eUleHHOU No
niowadam smux munog. Mbl IPOBENN CpaBHEHHE OMOTUYECKON PEryNsaluH YTIEpOIHOTO IUKIIA,
OCYIIECTBIISIEMOM, C OJJHOM CTOPOHBI, TUTAKOPHBIMU JIECHBIMU OHOTE0II€HO3aMH, OTOOpaKaIOIINMHU
OTIPEJICIICHHYI0 30HANBbHO-PErHOHANBHYIO ((DOHOBYIO) OHOKIMMATHYECKYID HOPMY JaHHOU
tepputopun (Beicoukuii, 1960), a ¢ npyroit — BceM ee OMOTEOLIEHOTUYECKUM Pa3sHOOOpa3uemM
(B Bume cpenneB3BemieHHOW HoOpMmbl AC(Fa) kak mnapameTrpa OHOTHYECKOW PETYISINN).
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Pacuersl mpoBeieHb! 715 TpeX 0c000 0XpaHsAEMBIX MPUPOIHBIX TeppuTopuii IloBoKbs (TabdMd. 5).

Oxka3zanoch, YTO JIECHBIE COOOIIECTBA IIJIAKOPHOTO psifa Jar0T 3HAUYEHHUs YIJIEPOJHOro OajaHca
JIECHBIX DJKOCHCTEM, PE3KO OTJIMYHBIE OT CPEJHEB3BELICHHBIX 110 IUIOWIAAM I JAHHOTO
9KOPETMOHA 3HAYEHUI HE TOJIbKO M0 BEIMUYMHE, HO U 10 3HaKy. B sxopernonax Ilpucypse u I1T3
IUIAKOPHBIE HEMOpAJbHBIE W CMELIAHHBbIE Jieca JOJDKHBI OCYIIECTBIIATh HpPU TIJI00AIbHOM
IIOTEIUICHUU BEChbMA CYILIECTBEHHYIO OTPULIATEIbHYIO PErYJISALUI0 YTIEPOJIHOIO LUKIIA, MEXIY TEM
KaK B LEJIOM MO KaXJOMy M3 3THX PETMOHOB IPOTHO3UPYETCS ITOJOKUTEIbHAS Pperyssuus,
npaBJia, HECKOJIBKO Oosee cnabas. [IpoTHBOMONIOXKHBIE KOHTPACTBI PETYISIUU CBONCTBEHHBI
HKOPETHOHY THIMYHOW JIECOCTENH MPH TIO00aTbHOM IMOXOJIOJAaHUH. DKCTPA30HAIbHBIC JIECHBIE
coobmiecTBa, 00pa3ykoIIHe IENbId CIEKTP JOKAIBHBIX OTKJIOHEHWH OT 30HAJBHO-PETHOHAIBHOU
HOpMBI U 3aHuMmarontue a0 70-75% wu Oonee miomiaad pPervoHa, AT Pe3yJabTaThl, C JIUXBOM
MEPEKPHIBAIOIIUE YIIIEPOIHBIN OallaHC TUIAKOPHBIX JIECOB KaK TUIIMYHBIX MPEACTAaBUTENECH TaHHOU
30HAJIbHO-PETHOHAIBHOM CUCTEMBI.

Taboauma S. Ilmakopnoe (A) u cpemner3BenieHHoe mo Miomam (b) 6Ga3oBoe coaepikanme
OpPraHMYECKOro yriiepoja B MOYBEHHO-PACTUTEILHOM IOKpOBE (T/Ta) U €ro M3MEHEHHs Ha 0co00
OXpaHseMbIX MNpUPOAHBIX Tepputopusix CpemHero m Bepxnero IIoBomKbsi B COOTBETCTBHH C
MpOrHo3Ho-kuMarndeckumMu mozensimu. Table 5. Upland (A) and weighted average (by area) (b)
baseline content of organic carbon in the soil-vegetation cover (t/ha) and its changes in the specially
protected natural areas of the Middle and Upper Volga regions according to the predictive
climate models.

BapuanTsl ocpennenus | ba3sosblii mepuon | Mopear HadCM3 | Mopgean E GISS
a) FOxnas necocrens, HarmmonansHeril npupoaabii napk «Camapckas Jlyka» (OKurymm)
-100.47 [ -1* -55.88 [—]
A 216.36 (46.4)** (25.8)
-82.60 [ —] —44.23[—]
b 193.7 (42.6) (22.8)
0) Turmmunas necocrens, HarmonanbHpIi pupoaabii mapk «Yasam Bapmane» (ITpucypne)
-32.08 [—] -32.51[—-]
A 221.9 (14.5) (14.7)
34.75 [ +] 37.41 [ +]
b 167.4 (20.8) (22.3)
B) KOxxnas nonoca noaraiiru, [Ipuokcko-TeppacHbiii 6nochepHbIi 3a0BEIHUK
-31.45[—-] -27.82[—]
A 243.43 (12.9) (11.9)
10.65 [ +] 6.16 [ +]
b 200.49 (5.3) G.1)

IIpumeuyanusi k Tadamue S: [ —|* — HeraTuBHas PEryiaslus YIrJIEPOJHOrO LHUKJIA HPH JTAHHOM
KJIMMaTHYECKOM TpeHJe, [ +] — MO3UTUBHAs PEryisuus, Kpyrjible CKOOKH™* — OTKIIOHEHHsS OT
6a30Boil BenmuunHel, B %. Notes to table 5: [ — |* — negative regulation of the carbon cycle under the
given climatic trend, [ + ] — positive regulation, round brackets** — deviations from the base value, %.

Takum oOpazom, HamuIO yOeIUTENBbHOE J0Ka3aTeNbCTBO HEMPABOMEPHOCTH SKCTPOMOIISILUU
MOJICIbHBIX CLIEHapUeB OHOJOIMYECKOTO KPYroBOpoTa M YIJIEpOAHOTO OanaHca, KOTOpHIE
MOJIy4al0TCsl IPU UMUTALIMOHHOM MOJETHPOBaHUU «THUMHYHBIX 6MoMoB» (King et al., 1999; Aber
et al,, 2001; Kynespo, 2007) Ha BCIO TEppPUTOPHUIO NMPHUPOJHOW 30HBI/TOI30HBI WJIN KPYITHOTO
pernoHa. /[ Kakaoro CTPyKTYpHOTO MOJpa3/eieHMs] TOM WM HMHOM 30HAaIbHO-PErMOHAIBHOMN
eIMHUIIBl YIJIEPOJHBINH OajaHc HEOOXOAMMO pAcCCUUTHIBATh MO 2eoMOpghonocuuecKkum munam
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Ouoceoyeno306 B paMKax MECTHBIX 3aKOHOMEPHOCTEH WX KaMeHapHOU Opeanuzayuu, TOoxydas
3aTeM TaKCOHOMUYECKYIO (CPEJHEB3BEIICHHYIO M0 IUIOIIAAM) HOPMY YIJIepoJHOro OanaHca.
OTO NPUBOAUT K COBEPUICHHO HMHBIM pe3ylbTaTaM OajlaHCOBBIX pacuyeToOB IO CPaBHEHUIO C
pacueTaMu MO «TUINUYHBIM» ((OHOBBIM) OMOMaMm, YTO W HPOJEMOHCTPUPOBAHO HAIIUM OIIBITOM
IIPOrHO3HOI'O AMIIUPUKO-CTATUCTUYECKOTO MOJICIUPOBAHHUS.

Cmpykmypa yanepoousix 6anancos iecHulx Ouoceoyenosos. Ilpu pa3BUTUH TEPMO-apHUIHOTO
KJIMMaTH4ECKOro TpeH/Ja Kak B 11esioM 1o Bcemy Cpennemy I1oBoikbIo, Tak U B pezenax KakIou
pErMoHaNbHOM 3KOCHUCTEMBbl HAuOOJIbIIME 10 aOCOJIOTHOMY 3HAUYEHHUIO H3MEHEHUsS JOJDKEH
UCTIBITAaTh OJIOK aBTOTPO(HOT0 OMOTeHe3a, NAIOIIHMK CKEJETHYIO JPEBECHO-KyCTapHUKOBYIO (BS),
3eneHyro (BV) u kopHeByto (BR) duromaccsl. DTa 3aKOHOMEPHOCTh CBOHCTBEHHA IKOJIOTUICCKOMY
nporuo3y mo obeum kimMaruueckum mojemsiM GISS m HadCM3, a Taxke mpakTUUeCKH BCEM
rpymnmnaM OHOTreoleHO30B B KaKJI0M peruoHaibHoOi akocucteme (puc. 3). [Ipu 3ToM npuopuTeTHbIN
BKJIaJ] B U3MEHEHUs yriepogHoro 6anaHca AC Oyner BHOCHTH JAWHAMHUKa MPHUPOCTA JPEBECHHBI.
K 2100 rony AC(BS) B CBOMX OKCTpeMallbHbIX 3HAu€HHUAX cocTaBUT oT —(53-58) T/ra B
XKurynesckom Maccue 10 +(68-88) T/ra B XBOWHO-IIMPOKOIUCTBEHHBIX Jiecax Hupkeroponackoro
[IpenBoikbs. TakoB BO3MOJKHBIN pa3Max M3MEHEHUM INOTOKA YIJIEpOJa, BBI3BAHHBIX 0KUAAEMOU
JMHAMHUKOM MPOAYKTUBHOCTH CPEIHEBOJKCKUX JiecoB. Eciu yuecTh 6a30Bble 3HaUEHUS MapameTpa
AC(BS), paBubie B Xurymsax 150-204 t/ra, a B «3emenom ['opone» (He cumTasi 3a00JOUYECHHBIX
necoB) — 230-288 T/ra, TO CTAaHOBUTCA OYEBHIHBIM, YTO 3a CTOJCTHHH MPOTHO3HBIA TMEPUO
COJIep’)KaHHE YIJIepoJia, 3aKOHCEPBHUPOBAHHOTO B CKeleTHOW @uromacce inecoB CpenHero
[ToBomxbs, MOkeT u3MeHUThcs Ha + 30% OT MCXOIHBIX BEIMYMH (YMEHBIIMTCS B IEPBOM
paccMaTpuBaeMoOM Cilydyae W YBEJIUYUTCS — BO BTOpoM). boree TOoro, B IOKHBIX MapruHalbHbBIX
Jecax oOllee MajJeHuEe COoJEep)KaHus yriepoaa MoxeT mnpeBbicuTh 45%. Ludper 3tu Hemanble u
YKa3bplBalOT Ha BECbMa CYIIECTBCHHYIO pPETyIUPYIOIIYI poOJib, KOTOPYIO JOJKHA ChITpaTh
IPOJAYKTUBHOCTh HEMOPAIbHBIX M CMEUIAHHBIX JIECOB PETMOHA B HUX YIIEPOAHOM OOMEHE C
atmocdepoir. Kax m3BectHo w3 paborel  A.A.Tumxoa (2005), st  JOCTHIKEHHS
JOUHAYCTPUAIBLHOIO YpoBHS KoHIEeHTpauuu COz B aTMocdepe J0CTaTOYHO YBEIMYUTh MUPOBBIE
3amacel puToMaccel Ha 20%.

B TeHeBbIX WIMPOKOJUCTBEHHBIX Jjecax JKHUIyJeBCKOTO IUIaTO M HUXKHUX 4YacTed KpYyThIX
CKJIOHOB, I'/Ie, KaK YK€ ObLIO IIOKa3aHo, I1100ajJbHOE NOTEIUIEHUE BBI30BET Hau0oJee 3HaUNTEIbHOE
[aJIcHue TMPOJYKTUBHOCTH JIECOB, YObUIb COJEpXaHMs YIJepoJa B CKEJIETHOM JPEBECHO-
kyctapHukoBoM myiie Kk 2050 roay coctasar mo mojaensim E GISS u HadCM3 — 44-27 u 52-53 1/ra,
ax koHiy XXI cromerus stot nedunut mocturHer 55-36.5 m 57-58 t1/ra. Kak Buaum, pazHuia
MEXJy IPOrHO3HO-KIIMMaTHYECKUMH MOJENSAMU HE CTOJb Besinka. Heckoiabko MeHbIIMe
OTpHILIATEJIbHbIE U3MEHEHHUS IPETEPIIAT YIIIePOIHbIE APEBECHBIE MTYJIbl KJICHOBO-JIUIIOBBIX 1yOHSIKOB
Y OCUHHHMKOB HEHTPaJIbHBIX U TEHEBBIX CKIIOHOB, @ TAKXKE THUIL TJIyOOKO BPE3aHHBIX MaJIbIX JIOJIMH.
B 10 xe Bpems yOblub yriepoja B JPEBECHHE OCTEIHEHHBIX Pa3pEKEHHBIX COCHSAKOB KPYTBIX
COJIHIIETIEYHBIX CKJIOHOB OyzeT ropas3Jo MeHblIeil: Ha mporHo3Hbli cpok 2100 roga oHa cCOCTaBUT
Bcero 19.1-23.2 1/ra.

Ha ceBepHOll rpaHulle JIECOCTENHON 30HBI B JEHYIALMOHHO-MOPEHHO-3aHAPOBBIX JIECHBIX
skocucremax («3eneHbiit ['opoa») cnenyer oxxuaate Hanbosaee MHTEHCUBHBIN 1711 Bcero CpeaHero
[ToBoKbsl CTOK yriepojaa U3 aTMoc(epbl B CKEJIETHYIO JAPEBECHO-KYCTapHUKOBYIO (uromaccy
MPAKTUYECKU IO BCEH CHCTEME JIOKAJIbHBIX JaHMmadTHBIX comnpsbkeHudt (puc. 3B). Ilpu stom
MakcumyM AC(BS) Gyzaer cBOICTBEH BepXHEMY M HUKHEMY 3BeHbsIM KaTeH. K 2050 roay BennuuHa
JIOTIOJTHUTEIBHOTO CTOKa yIylepoJa B JApeBecHHy 31ech cocTaBUT 32-39 1/ra mo monenu E GISS
u 59-67 1/ra mo moaenn HadCM3, a k KOHIly MPOTHO3HOTO CPOKa €ro 3HaueHUs! JO0CTUTrHYyT 60-68
u 81-88 1/ra cooTBeTcTBeHHO. Elie 60bIIas JoMoHUTENBHAS KOHCepBalus yriaepoaa (B puHaie —
10 90-112 1/ra) mpousoiiieT B BHICOKONONMEHHBIX 3a00JIOYEHHBIX YEPHOOJIbIIAHUKAX. B TO ke
BpeMsl JJPEeBECHHA KCEPO-Me30-MOPGHBIX SIIOBHAIBHBIX U TPAaH3UTHBIX E€JIOBO-JHMIIOBBIX TyOpaB
U €JIOBO-COCHOBBIX JIECOB Oy/A€T [OMOJHUTENFHO KOHCEPBUPOBATH YIJEPOA B 3HAUYUTEILHO
MeHbIIUX KonuyecTBax: K 2100 rogy — He Gonee 36-39 u 57-60 T/ra mo yKa3aHHBIM MOJEISIM.
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Tem He MeHee, BaKHO OTMETUTb, YTO IUIAKOPHBIE XBOWHBIE M CMELIAHHBIC JIECA CEBEPHON OKpauHBI
HEMOpaJIbHOJIECHOU 30HBI (B yacTHOCTH, Hmxkeropozackoro IIpenBomkbs) OyayT eIMHCTBEHHBIMU
«GOHAJIBHBIMU  NPEJCTABUTEISAIMU» CPEIUM  pPacCCMATPUBAEMBIX  PETHOHAIBHBIX  JKOCHUCTEM,
IJIe CKeJIeTHAass  JIPeBECHO-KYCTApHHUKOBas W KOpHeBas  ¢uTOMacchl  OyayT  CIIYXKHUTb
JOTIOJTHUTEIbHBIM CTOKOM YIJIEPO/ia IPU I100aJIbHOM MOTEIUICHUU.

Puc. 3. IIpornosupyembie Ha 2050 r., cormacHo skctpemManbHOi Monaenun HadCM3, usmeHeHus
CoJiepKaHMs yIiepoJa B pAa3jIMYHBIX IyJdaX JECHbIX OMOTEOIEHO30B 3KCIEPUMEHTAIBHBIX
MIOJIUTOHOB B: @) I0XHOM JIecOCTenH, 0) TUITMYHOM JIECOCTEIH, B) CMEIIaHHbIX JIecax.

Fig. 3. Changes in carbon content predicted for 2050, according to the HadCM3 extreme model,
in different pools of forest biogeocenoses of experimental polygons in: a) southern forest-steppe,
0) typical forest-steppe, B) mixed forests.

B mnom3one TunmmuHO#l necoctenu (3koperuoH Ilpucyphe), 3aHuUMaromel MPOMEKYTOUHOE
MIOJIOKEHHE MEX/Ty JIBYMsI pAaCCMOTPEHHBIMHU BBIIIE PETHOHAMH, IIJIAKOPHbIE 1yOOBO-JTUIIOBBIE Jieca
CYITTUHHMCTBIX BO3BBIIIEHHBIX MaccuBOB 10 2050 rosga OyayT MMeTh OTpHULATENbHBIN MOKa3aTeNb
AC(BS) = —6.2 1/ra, oqHako Bo BTopoii nosioBruHEe XXI cTONETHS OHU HAUHYT YK€ JOMOJHUTEIHEHO
KOHCEpBUPOBATh YIIEpoJa B JIPeBECHO-KycTapHUKOBOH (utomacce, 1 k 2100 rony AC(BS) 31ech
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Oynet paBHo +9.4 1/ra. [IpuMeyaTenbHO, YTO YIIIEPOAHBIN IPEBECHO-KYCTaPHUKOBBIN Ty XBOMHBIX
U CMEUIaHHBIX JIECOB BO3BBILIEHHOI'O IMPUCYPCKOIO 3aHjpa CYIIECTBEHHO BO3PACTET, NOJYYUB
K KOHITy TPOTHO3HOTO cpoka mpubaBky B 40-60 1/ra, uro gocratouHo 01m3ko k 3HaueHusM AC(BS)
B AHAJIOTMYHBIX JIECHBIX COOOIIECTBAX peruoHa «3eneHsiit ['opoay (puc. 30).

Yenepoouvie banancol necnvix gpopmayuii. CoriacHO IKCTPEMATIbHOMY CIIEHAPHIO T100aIbHOTO
noterienuss no moxenu HadCM3, B XXI Beke cpenHEB3BEIIEHHBIN IO IJIOLIAAX YIJIEPOIHBIH
OanmaHC B Jiecax OCHOBHOTO BojiocOopa Bomkckoro OacceliHa MoxkeT coctaBuTh OT —(21-27)%
1o +(11-17)% 6a3oBoro coaepxanus yriepoaa ¢ obmmum yBenuueHueM AC(Fa) ¢ 10ro-Boctoka
Ha ceBepo-3amaj. OTH NU(PBI  BIOJIHE COMOCTABUMBI C JAHHBIMH JIPYTUX IMPOTHO3HBIX
pernoHaNbHEIX ONEHOK (Alcamo etal., 1004; Aber et al, 2001; MoxoB u gmp., 2005).
Haxe o ymepennoit mogenu E GISS ynenbHblll yriepoaHblil OanaHc Ipynn JECHBIX (popmariuii
OyZeT MMEeThb 3HAYUTENbHBbIN pa3Max koyiebaHuil B npeaenax oT +(5-10) mo +(45-58) 1/ra, uto
coctaBut ot 0.5-1.0 mo 25-38% 6Ga3zoBorO Ccopepx)aHus yriaepoa.

PaccmotrpuM cHavanma oOmIyr0O KapTUHY YyAEHbHBIX YIJEPOIHBIX OalaHCOB KOPEHHBIX
(mepBUYHBIX, KIMMAaKCHBIX) JIECHBIX (opManuii OacceliHa MpH NOTEIJIEHUH, COTJIACHO MOJETU
E GISS (tabn. 6), koTopas AaeT ONTUMAJbHbIE TPEAETbl KIUMATUYECKUX W3MEHEHUH, COTJIACHO
[Tapuxckomy Cormamenuto (Paris  Agreement, 2015). B apeampl KaxaoW U3 3THUX
(UTOIIEHOIOTMYECKUX TPYII BOIUIM KOPEHHbIE JIECHBbIE COO0IecTBa (TEMHO- U CBETIOXBOWHBIE,
CMEIIaHHbIE, IIUPOKOJMCTBEHHBIC), KaK COBPEMEHHBIC, TaK ¥ BOCCTAHOBIICHHBIE Ha MECTE
JUTUTEIILHO TTPOU3BOIHBIX (MEIKOJIMCTBEHHBIX) JIECOB, a TAKXKE arposIaHamadTHBIX KOMIUIEKCOB.

Kak wm3BecTHO, Ha craguu KiIuMakca (M CyOKJIMMakca) CTPYKTypa W (PYyHKIIMOHHPOBAHUE
JIECHBIX COOOINECTB TMPUXOMAT B COOTBETCTBHME C JAHHBIMH 30HAJIBHO-PErHOHATBHBIMU
knuMatrndeckumu  yeroBusiMu  (CykydeB, 1972). ObGecrnieunBaeTcsi yCTOWYMBOCTH JICTIO KUBOM
¢uTomacchl U (UTONIETPUTA, YTO CTAOMIIM3UPYET JACTO3UT YIiepoaa U 3aMOPAKUBAET €ro SMUCCHIO
(VTrun, 1995). Bpicokyto 3¢h(eKTHBHOCTh pabOTHl TMOYBEHHO-OMOTHYECKUX MEXaHU3MOB IIO
CcTaOWIM3allul W PEryJIMpPOBaHUIO OKPYXKAIOWIEW cpeAabl MOXXKHO TpakTOoBaTh B KauecTBE
OTIPENICTICHHOTO 3K0J102UYecK020 pecypca necHo2o cooobuecmea (I'opmkos, 1995; Y1kun, 1995).
KopeHnnble kinuMakcHble W ONM3KHE K HUM JIECHBIe (opMmaiuu, oOpasyrolue <«sIapo»
OMOKIIMMAaTUYEKOW CHCTEMbl SKOPETMOHA, B OTIMYHE OT (QopMmaluii MPOU3BOIHBIX, IOJKHBI
00sagaTh MaKCUMaJIBHBIMH SKOJIOTHYECKUMHE pecypcamu (JIoces, 2001).

[To cueHapuro pErMOHAIBLHOTO YMEPEHHOTO MOTEIUICHUs (MPOTHO3HBIM cpok — 2150T. mo
monenn E GISS) Haubosiee MoIHOE COKpalleHHME TApHUKOBBIX Ta30B B aTMmocdepe W,
ClIeIOBaTeNIbHO, MAaKCUMAJIbHOE OCJIa0JIeHuEe PEernOHAIbHOTO MOTEIUICHHSI 0KUAAETCS CO CTOPOHBI
JBYX TPYII KOPEHHBIX JIECHBIX AaCCOIMALMI: CPEeIHETAC)KHbIX MUXTO-EIbHUKOB Ha CEBEPHBIX
BojocOopax Cpennero IIoBOKbS M cpelHe- U IOKHOTAC)KHBIX COCHSIKOB B OacceilHax YHXKH,
Betnyru u Cpenneit Batku no Huzmennomy 3aBomkbio. B kaxoit u3 3TuX (UTOLIEHOIOTHUECKUX
TPYIII CyMMapHbIi yriaepoausiil 6ananc [Y AC(Fa)] npubnmxkaercs k +190 mun. T. [Toutu crois xe
BBICOKMM  9KOJIOTHUECKUM  pecypcoM  00najaloT  TOJATaeKHbIE  €JO0BO- M COCHOBO-
IIMPOKOJIUCTBEHHBIE Jieca B 3amaJHOM ceKkTope OacceiiHa (mo seBoOepexbio Cpenneit Oxu), r1e
[>AC(Fa)] =+(140-170) mnH. T. B BocTOYHOM cekTope (KaMCKO-TeuepCcKOo-3amaJHOypaTbCKOM)
BEITMYMHA CyMMAapHOTO YIIepOJHOTO OallaHca CHIKAeTCs ouTH B 4 pasa (Tabm. 6).

PazurenbHBIM KOHTPAcTOM MO OTHOIICHHIO K YIIOMSHYTBIM JIECHBIM COOOIIIECTBAM BBICTYHAIOT
BOCTOYHOEBPONEICKNE MIUPOKOJIMCTBEHHBIE JIECa, KOTOPhIE OKA3bIBAIOT CYILIECTBEHHOE HEraTMBHOE
BO3/ICHCTBUE HA YTIIEPOHBII 0OMEH 3eMHOM MOBEpXHOCTH ¢ atMocdepoii: [Y AC(Fa)] > —100 muH. T.

B nonoce, oxBarbiBaromieit BepxoBbs Oku, [{HbI 1 MoKIIIH, CypCKO-BOIKCKOTO MEXAYPEUbe U
nanee Bricokoe 3aBoMKbe, CyMMAapHBIN yriaepoAHbIA OallaHC MIUPOKOJIUCTBEHHBIX JIECOB HE
npessimaeT —(165-230) 1/ra.

B nBa ¢ numHUM pas3a BO3pacTaeT OTPHUIATENHHBIA OalaHC B MaprUHAIBHBIX THUITUYHO-
JIECOCTEIHBIX COCHOBBIX M IIWPOKOJIMCTBEHHO-COCHOBBIX Jiecax. [locnemnue, Takum 00pazom,
OKa3bIBAIOTCS HE TOJHKO HamboJee HEYCTOWYMBBIMU K TJI00aTbHOMY MOTEIICHUIO, HO U, SIBISACH
(DUTOIICHONIOTMYECKUMH CHCTEMaMH C TIOJIOKUTENbHOM 0OpaTHOW CBS3pIO, caMH OyayT

OKOCHUCTEMBI: OKOJIOI'NA N AMHAMUKA, 2024, Tom §, Ne 3



22

KOJIOMBIL]

CrocoOCTBOBAThH CBOCH Jierpalaliiy, yCUIINBasi JAHHBIA KITMMAaTHYECKUN TPEH]I.
Taoauna 6. CymmapHble 0a30Bble 3amachl yriepoaa, a TakKe CYMMAapHBIH U YAENbHBIH
yrJIepoJHbIe OalaHChl B BOCCTAHOBJICHHBIX KOPEHHBIX (30HAIBHO-KIMMAKCHBIX) Jiecax Bomkckoro
Oacceiina (puc. 1) mo TepMo-apHIHBIM TPEHAaM, COTJAcHO KiamMmarudeckuM mojaensm E GISS wu
HadCM3. Table 6. Total baseline carbon stocks, total and specific carbon balances in restored
native (zonal-climax) forests of the Volga Basin (Fig. 1) by thermal arid trends, according to
E GISS and HadCM3 climate models.

CymmMmapHblii (yaeabHbIN) yriiepoAHbli 0ajianc, MJIH. T. (T/ra),

- 3 ©
= E % § E 10 Pa3JIHYHbIM KJIMMATHYECKHUM CLEHAPUAM
2 5 2 £ Z & 2| Mopeas E GISS (2150 T.) Moaear HadCM3 (2100 1.)
E = B g 5| = <
= E?;c 8 g § % =| Bocranossien- | Kopennnie + BocranoB- | KopenHnsbie +
~ § ~ g 5‘ g % HbIC KOPCHHLIC | IPOU3BOJIHLIC JICHHBbIC IMPOU3BO/JIHLIE
= Lg E Jeca Jeca KOPCEHHBIC JieCa Jeca
)
187489 [+ 1% | 160267 [+] | +91.205 [+] | +68.890 [+ ]
VAR 1145927 1508596 | L sy (+30.78) (+20.65) (+15.00)
A 51100 [—] | —36.031[—] | +2222[+] |-133.085[-]
2T 1287092368.889 (—4.14) (—6.48) (+0.18) (-10.34)
A +137.822[+] | +16.945[+] | +103.785 [+] [+229.619 [+ ]
3 M| 96957 |1975.984 (+14.82) (+16.45) (+11.16) (+23.83)
A 26.800[~] | —34.868[-] | +221.865[+] |+35.648[+]
4 32319 1 566.358 (-3.94) (-7.58) (+32.62) (+11.03)
A +35.685[+] | +3.612[+] | +40372[+] |[+100.697 [+ ]
5,640 | 65772 |1246.708 (+13.78) (+11.92) (+15.59) (+15.31)
+189.404 [+] | 149525 [+] | +147.563 [+] | +79.709 [ + ]
7YY ] 93555 2445425 (+21.14) (+10.21) (+16.47) (+8.52)
) F173.537[+] | +58.042 [+ ] | +55.448 [+] | +56.255 [+ ]
8,017 | 66339 | 115735 (+27.33) (+16.39) (+9.05) (+8.48)
( T102.6221-1 | —832[-] | +110.689[+] |+61.826 [ +]
1298 |133245)2736.852 (-7.76) (-5.82) (+8.37) (+4.64)
: —56.891[-] | —50.085[-] | —13.613[-] | —65.215[]
11,13 V& | 148554]2656.309 (~14.46) (12.73) (-3.46) (-4.39)
2416 [+] | 2353 [+] | +0.767[+] | +2.050[+]
14 w8 | 8505 | 10266 (+7.60) (+7.60) (+2.41) (+2.41)
3a6oJ1o- +7.172 [ +] 420370 [+] |+23.710 [+ ]
YEHHBIC Jieca 3850 | 82315 (+14.27) (+40.53) (+40.53)
JlecHble +5.798 [ +] +4.182 [ +] +4.867 [ + ]
Gomora | 2700 | 33014 (+28.12) (+20.28) (+20.28)
Hemopas- +11.798 [ + ] +12.469 [+] |+14.514 [+ ]
HbIE TTONMBI 17361 1255.762 (+7.91) (+8.36) (+8.36)
Cymma +513.708 [+] |+83.302 [+]| +797.319 [+] |+479.485 [ + ]
(cpemnee) |SO93| 16043831 04 31y (+8.54) +(14.02) (+11.05)

Mpumevanus k Tadaune 6. [ + |* — MO3UTHBHAS peryisauuUs YIriIepoOJHOTO LUKIA NPU JAaHHOM
KJIMMaTHYECKOM TpeHJe, | — | — HeraTtuBHas. JlecomokpeItas miona s Ui rpynn accounanui 10 u
12 npunsta paBHoit 26%, st 13 — 11%. Notes to Table 6. [ + ]* — positive regulation of the carbon
cycle under the given climatic trend, [ —] — negative regulation. The forested area for plant
association groups No. 10 and12 was assumed to be 26%, for No. 13 it was assumed to be 11%.
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Puc. 5. Kapra (M 1 : 4 200 000) yriepoaHoro 6anaHca B pacTUTENbHBIX (opManusx Boikckoro
OacceiiHa Ha 2150 rox mo mporHo3Hoil kiaumarumueckoil moxenu E GISS (ymepenHsblii Tepmo-
apuaHbI Tpenn), paccuntana u coctasieHa JI.C. lapoit. Venosnvie obo3nauenus. YraepoaHbli
bamanc (1/ra): 1 — ot —66 10 —16, 2 — o1 —16 n0 —12, 3 — ot —12 g0 —10, 4 — ot —10 70 0, 5 — 0-10,
6 — 10-25, 7— 25-40, 8 — 40-89. Fig. 5. Carbon balance map (Scale 1:4 200 000) of the plant
formations in the Volga Basin for the year of 2150, according to the forecasting climate model
E GISS (moderate thermal arid trand) and compiled by L.S. Shary. Legend. Carbon balance (t/ha):
1 — from —66 to —16, 2 — from —16 to —12, 3 — from —12 to —10, 4 — from —10 to 0, 5 — 0-10, 6 — 10-
25, 7—25-40, 8 — 40-89.
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B menom rpynmbl KOpEeHHBIX JiIeCOB Boinkckoro OacceifHa mpu 3aloJIHEHUU KaxJIO0W U3 HUX
CBOET0 30HAJIbHO-PETMOHAIBHOTO HKOJIOTMYECKOTO IPOCTPAHCTBA IPU MOTEIVIEHUM JOJHKHBI
OKa3bIBaTh I0JIOKUTEIBHOE PETYIUPYIOLIEE BIUSHUE HA YIIEPOAHbIH OOMEH 3€MHOM MOBEPXHOCTH
¢ armocdepoii (Tabmn. 6, HIKHSS CTPOKA).

HauOospiiee mpakTHUECKOE€ 3HAYEHUE PETYISLIHH YIIEPOJAHOTO IUKIA MMEET peabHBIN
JIECHOW MOKPOB, CJIAraroLIUiCcsS U3 KOPEHHbIX U BTOPUYHBIX COOOILECTB, a TAKXKeE JIECHBIX YrOJUi.
B nenoM cpaBHUTENbHAs KapTHHA YIJIEPOAHBIX OaJlaHCOB JJIsi PEAJBbHOrO JIECHOTO IOKPOBa
(Tabin. 6; puc. 4) coxpaHseTcsi TakOH ke, 4yTo ObuTa 0OpHCOBaHa JUIsi KOPEHHBIX JIECOB OacceifHa.
[To ymepennomy TtepMmo-apuanomy cuenaputo E GISS cpenne- u 10KHOTae)KHbIE €IHHUKA U
3aMeniaronue ux Oepe3HsAKH MO BCEH CEBEPHOW M CeBEepo-BOCTOYHOM yacTu Oxcko-Boimkckoro
OacceiiHa OyAyT CHWXaTb HPOIYKTUBHOCTh (M3-3a poOCTa aTMOC(EPHOTO YBIAXKHEHUS) W,
COOTBETCTBEHHO, YMEHbIIATh MOTJIOLIEHUE MAPHUKOBBIX Ta30B U3 atMochepsl: AC(Fa) cocTaBUT OT
—15+30 no u —45+65 1/ra. TeM caMbIM OHHU JOJKHBI CIIOCOOCTBOBATH INI0OATLHOMY MOTEIIEHUIO.
Cnabo BBIpOXCHHYIO HETATHUBHYIO peryisiuto yriepoanoro mukia AC(Fa) = —10+35 1/ra cnenyer
0KUJaTh U OT AyOpaB, M OT JIUIHSKOB JIECOCTETIHOM 30HBI (KaK MbI YK€ BUJAEIH, 3Ta PErYISIHs
JOJKHA TIPOSIBUTBHCSL TOPA3/0 CHIIbHEE NPU OSKCTPEMAJIBbHON TEepMO-apUAM3alMU 0 MOJIENH
HadCM3). B 10 e Bpems KOpEHHbIE IIHPOKOIMCTBEHHO-COCHOBBIE JieCa W WX JIEPUBATHI
(Oepe3HsikM M OCHMHHMKH) B IIHPOKOM TIOJIOCE, OXBAaThIBAIOIIEH MOATAEKHYIO 30HY H
HEMOPAJIBHOJECHYIO TMOJA30HY, MPOSBAT JOCTATOYHO PE3KO BBIPAKEHHYIO IOJIOKUTEIbHYIO
PETYISALNIO YIJIEPOJHOTO ILMKIIA, MOCKOJIbKY OyAyT yBEeIWYHBaTh MPOIYKTUBHOCTH C AKTUBHBIM
noraomuennemM CO; uz armocdepsr: AC(Fa) = 25-45 1/ra, mectamu — 10 60-85 1/ra.

ConocraBneHue yAENbHBIX U CYMMAapHBIX YIJIEPOJHBIX OallaHCOB IO BOCCTaHOBJIEHHBIM
KOPEHHBIM JIeCaM U PeaJbHOMY JIECHOMY MOKpPOBY (KOpPEHHbIE + MPOU3BOJHBIC Jeca) MOKa3bIBaeT,
YTO 3aMellleHHe KOPEHHBIX JIECOB MPOU3BOAHBIMU MPUBOJIUT K OOIIEMY U JOCTATOYHO OIIYTHMOMY
CHIKEHHUIO SKOJIOTUYECKUX PECYPCOB JIECHOTO TOKpoBa Boipkckoro GacceliHa. DTO MPOSBIISICTCS
B CHIDKCHHHM OOIIEH TIOJOKUTEIIBHOW PEryisaiuu  yriepoaHoro Iwkiaa (tadm. 5). OcobOeHHO
HEraTUBHO CKa3bIBAETCS PACIpOCTpaHEHHE OEpe3HSKOB M OCHHHHKOB B CpPEIHE-I0KHOTACKHBIX
Y TIOJITACKHBIX COCHOBBIX JIeCaX, KOTOPbIE, KaK yXe€ TOBOPHJIOCh, UMEIOT JHAUPYIOUINI BKIaJ
B jonoyiHuTenbHOe moryomenne CO> npu mnoremieHun (6omee 70% ot obmero oObema
nornouenus). Ux cpeanue 3naueHuss AC(Fa) npu cinabo BBIPAKEHHOM IMOTEIUIEHUH 10 MOJIEIH
E GISS cokpamarorcst moutu B 1Ba paza — ¢ 16.16 no 8.87 1/ra. Ha 27% ymeHnbliaeTcsi Takxke
OKOJIOTHUECKUA  pecypc  CpEAHETaeKHBbIX  IUXTO-CJIbHHUKOB, a B  HKHOTAECKHBIX
BOCTOYHOEBPOMEHCKIUX M KaMCKO-3alaJHONpPEeAypaIbCKUX TEMHOXBOMHBIX JIecaX OTPHUIIATEIbHBIN
yraepoaHbslid Oananc yBennunBaercs Ha 40-50%. B TeMHOXBOMHBIX FO)KHOTAEKHBIX M TOJITACKHBIX
co00I1IeCTBaX, a TAK)KE B IIMPOKOJIUCTBEHHBIX U OCTEITHEHHBIX COCHOBO-IIUPOKOIMCTBEHHBIX JIecax
BTOPUYHBIE MEJIKOJIUCTBEHHBIC (DOPMAIIMK OKA3bIBAIOT TOPa3/10 MEHbIIEE BIHMSHHUE.

B umenom mmpokoe pacmpocTpaHeHHe B JIECHOM —mosice  Boipkckoro — OacceitHa
BOCCTAaHOBUTEJIBHBIX CYKIECCHM C TOCIOJCTBOM JUIMTEIHHOMPOU3BOIHBIX MEIKOJIMCTBEHHBIX
co00I1IeCTB CHIDKAET B 2-2.8 pa3a CyMMapHYIO JIOMOJHUTEIbHYIO MOTJIOTHUTEIBbHYIO CIIOCOOHOCTH
JECOB i TEPMO-apUIHBIX TMPOTHO3HBIX CIEHAapUEeB IO CPAaBHEHUIO C TUIOTETHYECKU
BOCCTAHOBJICHHBIMM KOPEHHBIMH JiecaMu. Hanumo 3HauuTenbHas MoTepst MMHU HOTEHIMAJIbHBIX
BO3MOJKHOCTEH CMSATYeHUs KIMMAaTHYeCKUX KoJyiebaHuil. Pe3ynabTaTel NpPOBEJEHHOTO HaMHU
YHUCICHHOTO JKCIEPUMEHTa ¢ MOJEISIMU YIJIEpOJHBIX 0OaJaHCOB, OCHOBAaHHOTO Ha AMIUPUYECKHX
JAHHBIX, MOATBEP)KIAIOT TUIOTE3y O TOM, YTO «... TOJIbKO KJIMMAKCOBBIA WM MPUOIMKAIOLIUICS
K HEMY JIeC CIYXXMT aKTHUBHBIM PEryasiTOPOM OKpYXarolled cpenpl», a « ... BaJoBas NEepBUYHAs
HOPOAYKIMS KIMMaKCOBOI'O JIECHOTO COOOIECTBA [M COOTBETCTBYIOIME 3amachl yriepoja)]
olpeenseT MOIIHOCTh OMOTHUYECKOM peryisuun okpyxaromeit cpensl» (Jloces, 2001, c. 109-110).

B ycnoBusix skctpemansHoro morterieHus (mo moaenun HadCM3), mpu KoTopoM, Kak yxke
TOBOPUJIOCH, TMPOUCXOMUT OOIIas aKTHBM3AlMs MOTJIOIIEHHUS JIECHBIM IOKPOBOM ITapHUKOBBIX
ra3oB, pasHHMIa B YJEIbHBIX 3HAUYEHUSIX YIJIEPOJHOrO OajlaHCca MeEXKJIYy BOCCTaHOBJIEHHBIMHU
KOPEHHBIMU M PEaTbHBIMHU JIECAMU CYILECTBEHHO CIJIQ)KMBAETCS, OJTHAKO N0 CyMMapHOMY OajlaHCy
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OHA OCTAaeTCs CTOJb XK€ 3HAYUTEIbHOU (Tabi. 6, HWXKHSS CTPOKa), a JJISI HEKOTOPBIX 30HAIBHO-
PETHOHANBHBIX TPYNN JECHBIX (GopManuii Take BO3pacTaeT. DTO KacaeTcs B MEPBYIO OYEpelb
BOCTOYHOEBPOIIEMCKOM FOKHOM TaWru, TIJA€ BOCCTAHOBJICHHbI KOPEHHOW JIECHOM TIOKpPOB
OoOHaApyXHMBaeT MPH SKCTPEMAIbHOM TMOTEIUICHUH TOJIOKHUTEIbHYIO PETYISIHUI0  YrIIEpOIHOTO
LUKJIa, MEXAY TEM KaK CMECh KOPEHHBIX M IPOU3BOJHBIX JECOB CYLIECTBEHHO YBEJIUYMBAET €0
OTPULATENIbHYIO peryisiuto (puc. 5). B moaTaexHpIX ke MHUPOKOIMCTBEHHO-TEMHOXBOMHBIX JIecax
pacrpocTpaHeHue OEpe3HSKOB M OCHHHUKOB JAaeT MPOTHUBOIOJIOKHBIA SPPEKT — aHOMaJIbHOE
MOBBIIICHUE TOJIOKUTEIBHOTO yriiepoaHoro Oamanca. OCOOEHHO OTYETIMBO 3TO BBIPAKEHO B
OacceiiHe BATKH 1 Ha BETIIyKCKO-BSITCKOM MEXIYpeUbe.

Bepugpuxayus npoenozuvix pacuemos yenepooHozco 6anianca TPOTHO3HBIX MOJENEH OCTaeTcs
BECbMa NpoOJieMaTUYHOM 3ajayeil, U 10 CUX NMOp HE HaijeHbl NMyTu ee peuieHus. [ naBHas
npo0ieMa COCTOMT B HEOOXOJUMOCTH MOJYYEHHS TOCTATOYHO JJIUTEILHOTO MHOTOJIETHErO psija
MPSIMBIX U3MEPEHUH (JUCTAHLMOHHBIX JIMOO HENOCPEACTBEHHO IOJIEBBIX) COJEPKaHUS Yriepoaa
BO MHOJKECTBE JIECHBIX 3KOCHCTEM, KOTOpOo€ OTOoOpakaeT (PUTOLIEHOJIOIMUYECKYI0 CTPYKTYpPY TOTO
WIM WHOTO peruoHa. Mpl HCHONB30BAIM aHATUTHUECKHE M KapTorpaduyeckue MaTepuabl
10 IENOHMPOBAHUIO/AMUCCUM YyIiiepoJga B Jjecax OopeanbHoro mnosica llenTpansHoit Kanans
(Stinson et al., 2011). DTu nmaHHBIE TOJYYEHBI C MOMOINBIO TOBTOPHOTO JAMCTAHIIMOHHOTO
30HIMpOBaHUs Ha mnpoTsukeHHH 1990-2009 rr. (HamOMHWM, 5TO TOJBI HAYaJBLHOTO TEpHOJIa
rJ100aJTBPHOTO TOTEIUICHHS), a TaKKe HAa3eMHBIX M3MEPEHHUH W MOJEIMPOBAHUS Ha IEHTPAIbHYIO
paBHUHHYIO yacTh Kananel — mpoBunuuii CackaueBan u ManuTto0a.

[Ipexne Bcero, HEOOXOAUMO OBUIO OIIGHHTH COMOCTaBUMOCTh Boipkckoro OacceiiHa u
LEHTpaJbHOW paBHMHHON KaHajapl Mo permoHaj bHBIM KIMMATUYECKUM IPOTHO3aM, a TaKXke IO
rnapamMerpam yrjiepoJHOrO UHKJIA W OJKOJOTMYECKUM TOCIEACTBUSAM JIECONOJIb30BAHUSA B
MIPOTHO3UpPYEMbIE MEPUOJIbl. DTU JaHHbIE MpeAcTaBieHbl B Tabmuue 7. B meiroMm oba KpymHBIX
SKOPETHOHA JOCTATOYHO ONM3KKM JApyr K JAPYry IO OCHOBHBIM KIMMAaTUYECKHUM TpEHIaM.
OHM ONMHUCBHIBAIOT OJHO3HAYHOE MOBBIIIEHHE 3MMHUX U JIETHUX TeMmIeparyp (€ciii He CuuTaTh
aHOMAaJBHOTO MoXoJioganus B Bomkckom Oacceitne B 2050 T.), a TakkKe yBEIMYCHHsI TOJOBOU
CYMMBI OCaJIKOB (32 HCKJITFOYCHHEM BPEMEHHON apuan3aiuu Bceid EBpornbl Ha pyOeke BEKOB).

Ta6auna 7. daktuyeckue u mporHozupyemble mo monenu E GISS orkionenus ot 6a3oBoro
Mepro/ia OCHOBHBIX KIMMAaTHUYECKUX MOKa3aTeNell B pa3iMyHble CPOKH JUIsl OCHOBHOTO BOoJocOopa
Bomxckoro Oacceiina u mis Llenrpansnoit Kananer. Table 7. Actual and forecasted (by the E GISS
model) deviations from the baseline period of the main climate indices at different years for the
main catchment area of the Volga Basin and for Central Canada.

OTKJI0HeHUs Cpennee u Bepxuee IloBoskbe Hentpansnasa Kanaga
Oflf;;ﬁzz,fo 1990 r. 1998 r. 2050 r. 1990 r. 1998 r. | 2050r.
Lansaps 0.8-1.4 1.1-1.6 1.6-2.1 0.1-0.7 1.4-1.9 1.6-2.1
twons 0.0-0.4 1.0-1.6 —0.5+(+0.1) 0.1-0.4 0.3-0.8 0.7-1.1
Fron 110-292 —(73+292) 73-328 73-292 36-256 73-328

IIpumeuanue k Tadaune 7: * — cpennue temmeparypsl (°C), 7ron — TOJO0BOE KOTHMYECTBO OCAIKOB
(mm). Note to table 7: * — average temperatures (°C), 7ron — annual sum of precipitation (mm).

CoBpeMeHHbIE 3amachl yriepojia B OopealbHbIX Jiecax Boipkckoro OacceliHa OIEHMBAIOTCS
B npenenax 120-150 t/ra. B necax paBHUHHOM IeHTpaidbHON KaHaJabl OHM HECKOJBKO HIDKE —
80-110 t/ra. Ilo manHbIM TporHO3HON MMmuTannoHHOW Moaenu IMAGE2 (Alkamo et al, 1994),
B 000MX KPYIHBIX HKOPETHOHAX TMOTOK YIJepoJila W3 Ha3eMHBIX SKOCHCTEM B arMocdepy,
oOycJIOBNIEHHBIM  oOe3jecuBaHUEM,  JIECONOJIb30BAaHMEM W BO3PACTHOM  JIMHAMHKON
JIECOBOCCTAHOBIICHUS TIOCJE MOKapOB U BRIPYOOK, B 1990 roxy cocrasmi He Gonee 0.15-0.20 1/ra,
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a x 2050 roxy momxkeH yBenmuuuthes 10 0.20-0.50 1/ra. MoHO moniarathk, uto Bomkckuii 6acceitn
u ueHTpanbHas Kanama wHaxomsTcs W OyAyT, BEpOSTHO, HAaXOMUTHCS B OMU3KHX YCIOBUSX
JIECOTOJIb30BAHMUS, YTO O0JIETYaeT UX COMIOCTABUMOCTD M0 JUHAMUKE YTIIEPOJAHOTO HUKJIA.

[IpuBeneM noroMyHbIe U CPEAHUE U3MEHEHUSI IKocucmemnoz2o cmoka yenepooa (ANEP(CO»),
T/Ta roJI), a TAKKE UX CyMMapHbIe n3MeHeHus (1/ra) 3a nmepuoy 1990-2000 rr. B O0peaibHBIX Jecax
nenTpansHoi Kanasel, mo nanaeiM G. Stinson ¢ coaBropamu (2011) B Tabmuie 8.

Tabauna 8. [loroguunsie U cpeAHNEe U3MEHEHUs IKocucmemHnozo cmoka yenepooa (ANEP(CO»),
T/Ta roJ), a TAaKXKe UX CyMMapHbie n3MeHeHus (1/ra) 3a nepuoa 1990-2000 rr. B 6opeanbHBIX Jiecax
nentpansHOU Kananer (Stinson et al., 2011). Table 8. Annual and average changes in the ecosystem
carbon sink (ANEP(CO»), t/ha per year), and their total changes (t/ha) over 1990-2000 in the boreal
forests of the Central Canada (Stinson et al., 2011).

Toabl 1990 | 1991 | 1992 [ 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
ANEP(CO?) | 0.113 | 0.083 | 0.135 | 0.057 | 0.061 | —0.170 | 0.061 | 0.104 |-0.096| 0.017 | 0.087
cpennee ANEP(CO2) =0.041 t/raron > ANEP(CO») =0.452 1/ra

Ecnu He cumTaTh cokpamieHusi ctoka yriepona B 1995 u 1998 rr., xkorma B LleHTpasibHOM
Kanane pacnpoctpaHsiuck cuibHBIC JeCHbIE TToKaphel, cpeanee 3HadueHne ANEP(CO») 3a stot 11-
netHu mepuon Obo paBHO 0.080 T/ra-roa. K »stoit mudpe Becbma ONMM3KM HAIIM PacUYETHHIC
naHHBIe MO0 AKcTpemManbHOM Mozenmu HadCM3 (tabn. 6). Jlo 2100 roga mo Hel mporHO3UpYyeTCS
CpeIHUM YACIbHBIA YTIIEPOJHBIN OallaHC peanbHBIX JiecoB Bomkckoro 6acceiina B 0.085 T/ra-Trog,
a BOCCTAHOBJICHHBIX KOPEHHBIX — mouth B 1.5 paza Oonemmit (0.117 T1/ra-tonm). IlporHo3Hbie
pacuetbl o ymepeHHoil mozaenu E GISS naroT sSBHO 3aHMKEHHBIE 3HAYEHHUS CTOKa yriiepoja Io
CpaBHEHUIO C «KaHajackuM KoHTpodiemM» (AC(Fa) < 0.050 T1/ra-rom); ocoOEHHO 3TO Kacaercs
peanbHOTO JecHOoTrO mokpoBa: AC(Fa) =0.015 t/ra-rox.

Takum o6pazom, 17151 HA4YAIbHBIX IECATUIETUN I100abHOTO NOTEIICHUS BeprudUKalMs HAIIuX
MIPOTHO3HBIX PACUETOB YIJIEPOAHOro OanaHca Jjaja IMOJIOKHUTEIbHBbIE PEe3YJIbTaThl TOJILKO IO
skcTpeManbHoi Mojaenu HadCM3. Dto, BO-TIEpBBIX, MOATBEPKIAET PEATbHOCTh PETHOHATBHBIX
Y JIOKAJIbHBIX YKOJIOTUYECKUX MPOTHO30B, MPOBEACHHBIX HAMU IO JaHHOM KIMMAaTUYECKON MOJIENH,
a, BO-BTOPBIX, YKa3bIBaeT HAa TO, YTO COBPEMEHHOE TIJI00aIbHOE MOTEIUIEHHUE XapaKTepU3yeTcs
TaKUMH BBICOKMMH CKOPOCTSIMH pOCTa TEMIIEpaTypbl, KOTOpPbIE HE COOTBETCTBYIOT HOpPME,
3amanHoi [lapwkckum cornamenuem (Paris Agreement, 2015) mo u3MEHEHWIO KiIuUMara.
JlaHHO¥ HOpME MOTYT OBITh aJICKBATHBI TOJBKO JKOJIOTHYECKHE MPOrHOo3bl 1mo monenu E GISS,
OJIHAKO OHHU JAIT AaHOMaJbHO HHU3KHE [OJIOKUTEIbHbIC 3HA4YCHHs, T.€. HX peaau3alus
MpelycMaTpuBaeT Pe3Koe CHIDKEHHE aJCcOpPOLMOHHOIO MOTEHIMaia JIECHBIX OMoMoB Boikckoro
OacceiiHa U COOTBETCTBYIOLIYIO YTPaTy MU PETYIHMPYIOMIEH POJH B CMITYEHUH KIUMATHYECKUX
M3MEHeHU. Penenne BO3HUKIIEH TUIeMMBbl OCTA€TCs MOKa J0CTATOYHO MPOOIEMATHYHBIM.

Bepudukanus Hammx MPOrHO3HBIX PacdyeTOB HAa CTOJETHIOI MEPCIEKTUBY (3a MpeaenamMu
2050 r.) mo (akTUYECKUM JTaHHBIM KaHAJCKUX JIECOB 3a MHTEpBal nepBoro 10-meTus riobambHOTOo
MOTEIUIEHUS] CTAHOBUTCS MEHee HaJexXHOW. Hamm pacdeTHble MOAENM MNPOTHO3HBIX M3MEHEHUU
COJIEp’KaHUs YIJepoJa B PAa3IMUHBIX IMYlTaX JECHBIX OHOreoleHO30B TOMYYeHBI Ha OCHOBE
pe3ynbTaToB UX 0a30BOM THIPOTEPMO-3AapUUECKON OpJAHHAIIMH, KOTOPble UMEIOT BUJ HE TOJBKO
JTUHENHBIX CBS3eH, HO U MapabOTUYECKHX (CTEMEHHBIX) M 9KCIIOHEHITMANBHBIX (Tabi. 3). ITo u 1aet
oOmuit Bocxoasmuii Tpea napamerpa AC(Fa) mist Bomkckoro 6acceiiHa, HO OH HE MOATBEPXKICH
TpeHaoM ero m3dmeHeHui B LlenTpanbHoil KaHazae, KOTOpbI OCHOBaH Ha 3MIUPHUYECKHUX JAHHBIX
CaMoro HavyaJIbHOTO TIEpHo/ia TI00aTBFHOTO MOTETICHUS.

Bupmyanvnoe npocrosno-sxkonocuueckoe kapmoepaghuposanue. JIns cueHapusi ri100aibHOTO
noteruieHus: Ha cpok 2150 r. mo skcrpemanbHoi Moaenn HadCM3 mpoBenu OMBIT MOCTPOSHHS
PErpecCHOHHBIX KapT YIIepoaHoro OanaHca JecHbIX popmanuii Oxckoro 6acceitHa (puc. 6).
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Puc. 6. PerpeccuoHHble KapThl YIJIEPOJHOTO OanaHca B pPacTUTENbHBIX (opMmanusax OacceiiHa
p. Ok Ha TPOTHO3HBIN cpok riobanbHOro motemieHust 2150 r., cormacho HadCM3 (Tabm. 6).
Yenosnvie 0b6o3nauenus. IsMeHneHns yaelapbHOro coaepskanus yriepoaa (t/ra): 1 — or —136 mo —15,
2—-or-15m0-7,3—-0r-7 no -3,4—-o0o1-3100,5-0-7,6—7-15, 7 — 15-115. Fig. 6. Regression
maps of carbon balance in plant formations of the Oka Basin for the forecasted global warming of
2150, according to the HadCM3 model (Table 6). Legend. Changes in specific carbon content
(t/ha): 1 — from —136 to —15, 2 — from —-15 to -7, 3 — from -7 to -3, 4 — from -3 to 0, 5-0-7, 6 — 7-
15,7 —15-115.
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Kaptel co3manbl Ha OCHOBE BBISBJICHHBIX CTaTUCTHYECKUX cBsize mnapamerpa AC(Fa)2iso
pa3NUYHBIX JIECHBIX (opmanuii O6acceifHa ¢ Hanbojee 3HAaYMMBIMH MpeaukTopamu. CaMu KapThl
HOCSAT YCIIOBHBIA Xapakrep. Kakmash M3 HUX ONUCBHIBAET BUPTYAIBHYIO PEAJbHOCTh — KAPTHHY
W3MCHCHHI COJEp)KaHUs yriepoAa B AaHHOW rpymme ¢opmanmii. [Ipu 3tom momyckaercs,
qT10 TeppuTOopusi  OacceitHa p. OKM  TOJTHOCTBIO TIOKpHITA JIeCAMU: a — CJOBBIMH W
[IMPOKOJIMCTBEHHO-EIOBBIMH, O — COCHOBBIMH M  IIUPOKOJMCTBEHHO-COCHOBBIMH, 6 —
[IMPOKOJIMCTBEHHBIMH, ¢ — BTOPUYHBIMHA Ha MECTE COCHOBBIX M IIMPOKOJIMCTBEHHO-COCHOBBIX, O —
BTOPUYHBIMH Ha MECTE €JIOBBIX, COCHOBBIX U IUPOKOJIUCTBEHHBIX, € — KOPCHHBIMU U BTOPHUYHBIMH
B IIPOTIOPLHUSAX UX COBPEMEHHOTO paCTIpE/ICICHUSI.

Taxue kapThl TIO3BOJISIOT OOJiee YETKO MPEICTaBUTh MAPIHAIBHBIN BKJIAJ] JIECHBIX COOOIIECTB
B OMOTHYECKYIO PETYISIUIO YTISPOJHOTO IMKJIA HAa TEPPUTOPHSX C PA3NIUIHBIMH TPUPOJTHBIMU
YCIOBUSAMHU. DTO OCOOCHHO BaXHO VIS cmpame2uu 1ecopa3geoerus 8 Hblhe 00e31eCeHHbIX Pationax
npU  OHCUOAEMBIX USMEHEHUSAX KIUMama, a makxosce OJis 1eCO80CCHMAHO8NEHUS NOCLe NOHCAPOS.
Ha Tepputopun Poccuun mnomans ¢onna necopasBenenust cocrasiser ot 10.8 mo 20.3 muH. ra,
MEXAYy TeM KaK C Y4YEeTOM JIECOBOCCTAHOBJIEHMS OHa MoxeT noctuub 35-40 muH. ra (Mcaes,
Koposun, 20006).

OueBuaHO, TPH TOAOOpPE ACCOPTHMEHTA JIECOMOCATOUYHBIX MOPOJ TPEANOYTEHHE CICITyeT
OT/IaBaTh TEM W3 HUX, KOTOPBIE Oydym obecneuusamsv 6 JeCHOM HACANCOEHUU NOJIOHCUMETbHBII
VeNepooOHblll OANanHc U Mocym co30a8amv, MAKUM 00paA30oM, JecHvle coodwecmea, Hauboaee
ycmotuiyugvle K uzmeHeHusm kiumama. TeM caMbIM MOXKET OBITh JIOCTUTHYT HauOoJiee BBICOKHI
YPOBEHb «... TMOTECHIHAA CMITYCHUS HM3MEHEHWI KJIMMaTa CPEICTBAMH JIECHOTO XO3SIHCTBa»
(IBumenko u ap., 2017, c. 15). IIpu 3TOM «Oo0JIee MEPCIEKTUBHO ... BRIPABHHUBAHWE BO3PACTHON
CTPYKTYpPBI HaCOKJIEHUH B JlecHOM doHae» (3aMoi0uuKoB u 1p., 2005, c. 328).

Kaxk moka3siBatoT BUpTyalibHBIE KapThl, B BOCTOYHOM MOJIOBUHE TeppuTopun OKCKOro Oacceiina
11erecoo0pa3Ho BBICAXKHBATh COCHY B CMECH C HIMPOKOJIMCTBEHHBIMHM MOPOJAMHU, a B KpalHen
CEBEPO-3aIlafHON TIOJIOCE — YHCThIE JIMIOBO-TyOOBBIE IpeBOCTOM (pHC. 6a, B), TIOCKOJBKY OHH
JanyT MaKCUMyM TOTJIONICHHs] TApHUKOBBIX ra3oB. [lonokurenbHas, XOTsS U ci1abo BbIpaxKeHHas,
perynauus yriepoJHOro LHKIAa HPOSBUTCA Ha BCe TeppuTtopuu OacceiHa MpH Jiecomocaakax
C COXpaHEHHUEM COBPEMEHHOIO IUIOIIAHOTO COOTHOIIEHUS KOPEHHBIX M BTOPUYHBIX JIECOB
(puc. 6€). ['ocoACTBO MENKOIMCTBEHHBIX JIECOB AACT MoBceMecTHYI0 sMmuccuio COz, ocoGeHHO
CUIIBHYIO B OacceitHe p. L{HbI (puc. 6B).

BriBoabl

1. Ilo ynenpHBIM M CyMMapHBIM YIJIEpOJHBIM OanaHcaMm JiecHbIX (opManuii Bomkckoro
OacceiliHa JaHa KOJIMYECTBEHHas OLEHKA MX 3KOJOIMUYECKHX PeCcypcoB, oOecreuuBaromux Oosee
OnaronpusATHBIC YCIOBUS OKpYyXKarolled cpelabl NIpu TIJ00aJbHOM MOTEMJIEHUH C IMOMOIBIO
MEXaHU3MOB pEryJslMM JecaMu yriepoaHoro mukna. IlomydyeHHble pe3ynbTaTbl MOTYT OBITh
UCIOJb30BaHbl B JIOpabOTKe yTBEpKAEHHBIX Munnpupoaoit Poccun «Metonuueckux ykasaHun
10 KOJIMYECTBEHHOMY OINpeeIeHHI0 00beMa MOIJIONEHUs] MapHUKOBBIX Ta3oB» (PacmopsbkeHue
Ne 20-p ot 30.06.2017) B GopeanbHbIX U HeMopallbHBIX Jecax Cpeanedl mosnocsl EBpomneiickoit
Poccun.

2. BbIsBIEHO NPOCTPAHCTBEHHOE pPa3HOOOpa3We MEXaHU3MOB BO3AEHCTBUS (UTOOMOTHI U
MOYBBI HA YIJIEpOJHBIA 0OMEH 3€MHOM MOBEPXHOCTH C aTMOC(epoil U HaMEeueHbl T€ MEXaHH3MBbI,
KOTOpBIE MOTYT OO0ECHEYHUTh YCTOMYMBOCTH HA3€MHBIX HKOCHCTEM K TPSAYLIUM H3MEHEHUSM
KJIMMaTa. DMIUPHUUYECKN YCTAHOBJIEHO, YTO BKIJIAJ B 3Ty YCTOMYMBOCTb SIBHO HEOJHO3HAUEH KaK Y
JIOKaJIbHBIX JIECHBIX acCOIMAlUi, TaK U y 30HAIBHBIX (opMmanuii Ha rore JecHoro mnosica Pycckoit
paBHUHBL. OJHM U3 HUX MOTYT OCYUIECTBISATH IMOJIOKUTENIBHYIO (B COOTBETCTBUU C NPHUHIIUIIOM
Jle lllaTense), a apyrue, HAOOOPOT, HETATUBHYIO OMOTHYECKYIO PETYISALUIO YTIEPOJHOTO IUKIIA.
310 MO3BOJMIIO 00pHCcOBaTh HauboJiee BEPOATHYIO KapTUHY MpeArnosaraeMoil poiau O6opeaibHbIX
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U cy0-00peaybHBIX JIECOB B CHMKCHHMH MApHUKOBOrO 3(¢exra armocdepsl NpH TI00aTbHOM
MOTEIUICHUH, a TaKXKe OICHUTh, HACKOJIBKO B JCWCTBUTENBHOCTH Ji€Ca YMEPEHHOTro Iosica
CIOCOOHBI  TMOJICPKUBATh  YCTOHYMBOCTh  KOHTHHEHTAJNbHOW  OHOChepbl B YCIOBHSX
MEHSIOIIErocs: KIInMaTa.

3. YcTaHOBIIEHO, YTO JAIEKO HE BCceM (GopMarusM O0peanbHBIX JIECOB CIEAYET OTBOIUTH POJIb
JIETKUX TUIAHETBI», KaK 3TO HEPEIKO MOCTYIUPYETCS B OTCUCCTBEHHOH M 3apyOeKHOW JTUTEparType.
Konnentpamust B 6opeanbubix jiecax 0osnee 40% yriepona, MPUCYTCTBYIOIIETO BO BCEX OMOMax
cymu (Mcae, KopoBun, 1999), eme He o3Ha4aer, 4TO BCE XBOWHBICE M CMEIIAHHBIC JICCHBIC
cooOmiecTBa CrHOCOOHBI BBINOJMHATH TJI00AJTBHBIE HKOJOTHUYECKHE (YHKIUU IO CTAOMIN3AIUH
COCTOSIHUSI OMOC(Ephl B YCIOBHIX MEHSIOMIETOCS KIMMara. DTH (YHKIMH CYIIECTBEHHO 3aBHCAT
OT TOTO, B KaKOW CYKIIECCHOHHOU CTa/JIM¥ HaXOJUTCS CaMO JIECHOE COOOIIECTBO M HACKOJIBKO OHO
YK€ TIPUOTU3UIIOCH K CBOEMY 30HAJIBHO-KJIMMaKCHOMY COCTOSHUIO.

4. CpaBHHUTENBHBIN aHAIN3 YIIIEPOAHBIX MapaMeTPOB BBIMOJHEH ISl JBYX YCIOBHBIX THIIOB
JIECHBIX DKOCHUCTEM OacceifHa: BOCCTaHOBIIEHHBIX KOPEHHBIX JIECOB M PEATbHOTO JIECHOTO TIOKPOBa
(KOpeHHbIE + TPOW3BOJAHBIEC Jieca). YCTAaHOBJIECHO, YTO 3aMelleHHe KOPEHHBIX JIECOB (XBOWHBIX,
CMEIIaHHBIX M IIHPOKOJMCTBEHHBIX) MPOW3BOIHBIMH (MEIKOJIHUCTBEHHBIMH) MPUBOJIUT K 0OIIEMY
Y BEChbMa 3HAYHUTEIILHOMY COKPAIICHHIO SKOJOTHYECKHX PECYPCOB OOpPEaIbHOTO JIECHOTO TIOKPOBA.
Hlupokoe pacmpocTpaHeHre B JieCHOM Tmosice BocToyHoeBpomenckoro CyOKOHTHHEHTa
BOCCTAHOBHTEIBHBIX CYKIIECCHH C TOCHOJCTBOM JUIMTEIBHOIPOMU3BOTHBIX MEIKOJIMCTBEHHBIX
COOOMIECTB Jaxe MPH MATKOM TEPMO-apUIHOM MPOTHO3HOM CIIEHAPUH MOYTH B TPU pa3za CHIKAET
CyMMapHO€ JOTIOJHHUTEIBHOE TIOTJIONIEHHE JIeCAMH TIAPHUKOBBIX Ta30B M0 CpPaBHEHHIO C
THIIOTETUYECKH BOCCTAHOBIICHHBIMH KOPEHHBIMH JiecaMHu. TakoBa oOIIas BbI3BaHHAs UYEIOBEKOM
HOTEps] DKOJIOTHYECKUX PECYpPCOB OOpeanbHbIX M HEMOpPaJIbHBIX JiecoB Boipkckoro 6acceifHa
CO BPEMEH HauaJla B HEM MHTEHCUBHOT'O 3€MJIe- U JIECOTIOIb30BaHUS.

5. B menoM npoBeleHHOE MOUCKOBOE MCCIIEJOBAHUE aBTOP CKJIOHEH paccMaTpuBaTh Kak
ONpENCICHHBIN ar Ha NyTd npeBpanieHusi BbIABMHYTHIX B.I. T'opmikoBeiMm u AWM. YTKuHbIM
KOHIIENTYalbHbIX IOJO0XXEHUH 00 3KOJOIMUYECKHX pecypcax JIECOB B PErylsiUH YIJIEpOJIHOIO
LIUKJIA B IOJHOBECHYIO HAYYHO-METOANYECKYIO KOHLIEIIHIO.

Kondghnuxm unmepecos. CtaThsi HamucaHa HE C «UUCTOTO JucTa». OHa SBISETCS OJHUM U3
UTOTOB MHOTOJIETHEr0 HayYyHOTO MOUCKA aBTOpa B 00JIacTH reorpaduyeckoil 3KOJIOTUU U OCHOBaHA
Ha Marepuaiax ero myOJuKaiuil, 4acTh U3 KOTOPBHIX MpeAcTaBieHa Aajee B OMOIuorpaduueckom
CHHUCKE. ABTOp JOMYCKAaeT KOH(JIUKT MHTEPECOB C YUTATEIEeM/PELIEH3eHTOM, HE 3HAKOMBIM C €ro
HayYHO-METOAMYECKUMHU pa3paboTKamMu B 3TOM 00J1acTu.

Qunancuposanue. PaboTa BBIIIOJHEHA 0 MHULUATUBHOMY NpoekTy PODU Ne 18-05-00024-a
«CTpyKTypHO-(DYHKIIMOHAJIbHAS OpraHu3alys, YCTOWYMBOCTb W YIJIEPOJHBIM OajlaHC JECHBIX
reocucreM Bomkckoro OacceliHa npu ry100anbHBIX U3MEHEHHIX KJIMMaTa: MPOrHO3HOE IMITUPUKO-
CTaTUCTUYECKOE MOJICIIUPOBAHHUEY.
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ASSESSMENT OF THE ROLE THAT FOREST COVER OF THE VOLGA RIVER BASIN
PLAYS IN THE REGULATION OF CARBON CYCLE AND MITIGATION OF GLOBAL
WARMING (PREDICTIVE EMPIRICAL-STATISTICAL MODELING)
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Using the forest ecosystems of the Volga Basin as an example, the discrete empirical-statistical

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2024, Tom 8§, Ne 3



OLIEHKA POJIN JIECHOI'O IIOKPOBA BOJIXKCKOI'O BACCEMHA ... 35

models were developed to predict future biotic regulation of the carbon cycle in the “forest—
atmosphere” system under two climate scenarios, moderate (according to the E GISS model) and
extreme (according to the HadCM3 model). Based on the specific and total values of the carbon
balance of forest formations, we carried out a quantitative assessment of their environmental resources
that ensure positive cycle regulation. Based on the models, certain local rows and zonal-regional types
of atmospheric CO, regulation by forest cover during the development of climate thermal aridization
were identified for each ecological region. The structure of carbon balance for forest biogeocoenoses
of different ecological regions is described. A comparative analysis of carbon parameters was carried
out for two conventional types of forest ecosystems: the restored indigenous forests and the actual
forest cover (indigenous + derived forests). It was revealed that the replacement of indigenous forests
(coniferous, mixed, broad-leaved) with derivatives forests (small-leaved) leads to a general, very
significant reduction in the ecological resources of the forest cover. Verification of the carbon balance
models was carried out for the boreal forests of Central Canada.

Results of benchmark calculations of annual and average ecosystem carbon flow in Canadian forests
for 1990-2001 turned out to be close to the forecasted values of the carbon balance of the Volga Basin
forests for the period up to 2050, but only according to the HadCM3 model, the climate scenarios of
which are adequate to the current rate of global warming, but do not correspond to the norm set by the
Paris Agreement (2015). Based on virtual forecasting ecological maps of the Oka Basin, the partial
contribution of forest formations to the biotic regulation of the carbon cycle was assessed, which can
be used in the strategy of afforestation in currently deforested areas. These results signify another step
towards transformation of the Gorshkov—Utkin concepts on the ecological forests resources in the
carbon cycle regulation into a full-fledged scientific and methodological concept.
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Omnuncan HepBBIfI OIIBIT TIPUMCHCHUA Q)OTOHOBYIHeK OJId onpeaCiICHUSA IIJIOTHOCTU HACCICHHUA U
0COOCHHOCTEH TOBEJCHUS! MENKHX MIICKOIMUTAIONINX Ha TEPPUTOPUU 3EeHWCKOro TOCYAapCTBEHHOTO
MPUPOIHOrO 3alloBenHUKA. VICHonp30BaHa OpPUIMHAIbHAS METOIMKA y4yeTa KPYIHBIX H CPEIHHUX
MIICKOITUTAIOIINX C IIOMOIIBIO (I)OTOHOBYHJGK, A€ B KAa4yeCTBE MHTOI'OBOIo KOJIMYECTBEHHOI'O
MoKa3aTelss paccMaTpUBAaeTCsl Harpy3ka OINpeelieHHOTO BHJA Ha IUIONMAAh 30HBI  (OTO-
BHJICOPETUCTPAIIMH 32 SIHMHHILY BpeMeHH (MecsIl, JieKaaa, o0Iiee BpeMs IKCIIO3UIINHN ), BEIPAXKEHHYIO
B KoMuecTBe ocobOerl Ha eaunumity rwtomand (Ilogonsckuii u ap., 2020). YcTaHaBiuBaniach Kamepa
Browning Recon Force Advantage, BbicOkast CKOpOCTh cpabaTeiBanuss koTopoit (0.4 cex) mo3Bonimiia
MIPUMEHUTH JAHHYI0 METOIUKY 10 OTHOIIEHHWIO K MENKHM MJIEKOMUTAOMUM. OCHOBHBIM OOBEKTOM
HCCIIeOBaHMs Oblla KOJMOHMS ceBepHou mnuinyxu (Ochotona hyperborean Pallas, 1811) Ha
KaMEHHUCTOM OCBINK B Mpeenax JIECHOTO Tosica. AHAIM3UPOBAINCH PETHCTPAIMK BCEX BUIOB 3Bepei
Ha KOJIOHMH B TE€UYCHHE ABYX JIETHE-OCEHHHX ce30HOB (2022 m 2023 rr.). [y KPYIHBIX U CPEIHHUX
MJICKOITUTAIOMINX TOMyYeHHbIE MOKAa3aTeNN IJIOTHOCTH HACEJeHMs, CPAaBHUBAJHNCh C pe3yiIbTaTaMH
Y4EeTOB CTaHAapTHBIMH MeromamMu. llo pesympTaTam cpaBHEHHWH OIEHHBANAChH BO3MOXKHOCTH
WCIIONB30BaHMS METO/a UTSI OJHOBPEMEHHO y4YeTa pPa3UYHBIX BHUJOB MEJIKHX M KPYIHBIX 3BEpew.
[lokazano BIMsSHUE OCOOEHHOCTEH YCTaHOBKM (DOTONIOBYIIEK HAa PE3YNbTAThl ydeTa YHCIEHHOCTH
MUIIYX 1 3G (GEeKTHBHOCTS N3ydEHHS MX TOBEICHUS.

Kurouegvle cnosa: GOTONOBYIIKH, METOANKA yd€Ta, MEIKHE MIIEKOIMUTAIONIHE, TNIOTHOCTh HACEIEHHUS,
MTOBEIEHYECKHUE PEAKIIHH.

DOI: 10.24412/2542-2006-2024-3-36-51

EDN: DBCAVG

B 3eiickom 3amoBegHMKE NpU HOMOLIM (POTOJOBYLIEK MPOMU3BOIAT OLIEHKY YHCIEHHOCTH
CpemHMX W KpymHbIX HazeMHbIX 3Bepei (Ilomonbckuit m np., 2020). Takas meroauka paHee
NPUMEHSJIACh TOJIBKO K KPYITHBIM MIICKONIUTAIOUINM, TaK KaK MPEXHUE MOJENU (POTOJOBYIIEK HE
ycneBanu 3a(uKCHUpoBaTh B Kajape OOJBLIYI0 YacTh MEJKUX 3BepbKOB. Ha MaHHBIE MOMEHT B
3aloBeIHUKE €CTh (POTOJIOBYIIKH, KOTOpbIE MOT'YT CHpPaBUTBCS C 3TOHM 3amadeil. DTo Moaenu
Browning Recon Force Advantage ¢ 3asBneHHO# cKopocTbio cpabaTbiBaHus 0.4 CEKyH/BI.

OCHOBHBIM OOBEKTOM HCCIEI0BAaHHUS C IMOMOIIBIO (DOTOJNOBYIIEK OblLla BbIOpaHa ceBepHas
nuiyxa (Ochotona hyperborean Pallas, 1811). IIuiyxu B 3anoBeIHUKE BCTPEYAIOTCS HA POCCHIIAX
KaMHel B pa3iaMyHbIX OMOTOINAX BO BCEX BBICOTHBIX Mosicax (¢oto 1), B T.4. Cpeu JTUCTBEHHUYHBIX,
JMCTBEHHUYHO-0EpEe30BbIX M €JNOBBIX JiecoB. [loceneHuss 3TOro BUAAa HOCAT KOJIOHUAJIBHBIN
xapakTep. OIneHMBajgach BO3MOXKHOCTb HCHOJIB30BaHUS (DOTOJNIOBYIIEK JJIsI  ONpEAeTIeHUS
IUIOTHOCTH HACEJIEHUS! CEeBEpHOW MUIINYXH B Ipeenax OJHOM KOJOHUM, a Takke IS U3ydeHUs
oOpa3a JKM3HM M TOBEACHYECKUX peakUuid JaHHOTro BuAa. [IpM 3TOM TNOKa3aHO BIMSHUE
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0COOEHHOCTEH YCTaHOBKM (DOTOJIOBYIIEK HA pE3ylbTaThl ydeTa YHCICHHOCTH THIYX H
3G HEKTUBHOCTh U3YUEHUS UX TTOBEICHUS.

Kpome Toro, aHanu3upoBaIuCh PETHCTPALMU BCEX BHIOB 3BEpEil Ha KOJIOHUM B TEYCHHE JIBYX
JeTHE-0CeHHUX ce30HoB (2022 wu 2023 rr.). [nsg KpynmHbIX M CpPeAHMX MJIEKOIUTAIOUINX
MOJIydCHHBIE TI0KA3aTeNId IUIOTHOCTH HACENICHHs, CPaBHHUBAJINCH C pe3yibTaTaMH y4eTOB
crannaptHbiMu Metonamu (Kyssxun u ap., 1990; Pycanos, 1986; Ilyukosckuii, Cynuosa, 1991).
[lo pesynpTaraM CpaBHEHHH OIICHMBAJIach BO3MOXKHOCTh HCIOJNB30BaHUS METOJAA IS
OJTHOBPEMEHHOTO y4eTa Pa3InYHBIX BUIOB MEIIKUX U KPYITHBIX 3BEPEH.

®oto 1. CeBepHas nuiyxa — XapaKTepHBI BII KaMeHUCTBIX poccsineit (poto C. [logonsckoro).
Photo 1. The northern pika is a common species of the stone runs (photo by S. Podolsky).

Martepuajibl 1 METObI

Oyenxa niomuHocmu HaceieHus NUWYXu 6 KOJIOHUAX. JI1s onpeneneHns II0THOCTH HACEICHUS
CEBEPHON NUIIYXU HCIOJIB30BAIM TOT XK€ METOJ, YTO M IPU pacueTe YHUCICHHOCTH KPYIHBIX
MJIEKOIUTAIOIIMX Ha OCHOBAaHMM MJaHHBIX perucrpauuit doronoBymkamu (Ilogonsckuit u ap.,
2020). OH mno3BOJIAET C TMOMOINBIO (OTOJOBYIIEK, O€3 JOMOJHUTEIbHBIX IEePECUETHBIX
KO3 PUIIMEHTOB, OTy4aTh KOJMUYECTBEHHbIE OLIEHKU YHCICHHOCTU CPETHUX M KPYIHBIX Ha3€MHBIX
3Bepeil, cpaBHUMBIE C pe3yJIbTaTaMU OOLIETIPUHATBIX METOUK ONPEIEIEeHUs INIOTHOCTH HACENICHHS
MJIEKOIIMTAOMNX. B KauecTBe MTOroBOro KOJMYECTBEHHOIO II0Ka3aTelsl paccMaTpHUBAETCS
Harpy3ka ONpeJeJICHHOTO BHJIa Ha IUIOIIAb 30HBI (DOTO-BUACOPETHCTPALIUH (JlaJiee PEerucTpaLuu)
3a eIUHMIy BpeMeHHU (Mecsl, Aekaga, oOIliee BpeMs SKCIO3UIMHU M T.I.), BBIPRKEHHYIO B
KOJIMYECTBE 0cOOeH Ha eMHUILY MJIOIAAu, HarpuMep, ocodeit Ha 1000 ra.

[Ipu mosrydeHUH UCKOMOTO TIOKa3aTess IIoTHOCTH HaceneHus (D), oTpaxaroliero Harpy3ky Ha
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30HYy PETUCTPAIIMH, UCTIONIB3YyeTCs (popmyra:
D =10 000 OOOk%,
tor

rie Tr — cymmapHOoe BpeMsi HaxXOKICHHs >KMBOTHBIX YYHTHIBAEMOTO BHJAa 3Bepeil B 30HE
peructpanuu B cekyHaax; Tt — BpeMs paboThl (3KCIO3ULMU) (POTOJOBYIIKM B CEKYHAAX; Sr —
TUTOIIA/b 30HBI PETUCTPAIMH B KBAIPaTHRIX MeTpax, k = 1 oc. — koaddurment, odecneunBaronmii
COBIIAJIEHUE pa3MepHOCTel B NeBoil M mHpaBoil wacTax Qopmynsl, 10000000 m> = 1000 ra.
[Ipy 0JHOBpEMEHHOM TMOSIBJIEHUH B 30HE PETUCTPALMU HECKOJBKHUX OCOOEH OJHOro BUJa, Bpems
peObIBAaHUS ITUX )KUBOTHBIX CYMMUPYETCS.

Jlia uccnenoBanus ObUT BBIOpaH KypyMHUK Ha CKJIOHE B JI0JIMHE peku boublias DpakuHrpa,
y MOJIHOXHUS CONKH (Teorpaduyeckue xoopauHathl: 54.05189° c.ur., 126.52337° B.1.). buotonm —
TOIOJIEBO-UYO3€HUEBBIM JIEC C YYacTUEM JIMCTBEHHUIBI W enu asHckod. lcrnomp3oBaHbl
¢dotosoBymku Mozenu Browning Recon Force Advantage. /lanHbie (OTOJIOBYIIKH YIaBIWBAIOT
MPUCYTCTBUE B KaJpe MEJIKHX JKHBOTHBIX 32 CYET OBICTPOM CpabOTKM [aTdyuKa IBIKCHUS WU
MIPOU3BOJAT (POTO- U BUJIEOCHEMKY BBICOKOTO KaueCTBa.

B npeznenax KoJOHUM OTMEUYaINCh perucTpauuu (pOTOJOBYIIKON BCEX BUIOB 3Bepell B TEUEHUE
JIeTHE-0CEeHHUX ce30HOB 2022 u 2023 rT. W onpenensyiuch MoKa3areid MIOTHOCTH WX HaceIeHUs
(Tabm. 1, 2). Kpome Toro, ajis MUIIYyXH OTMEYAIMCh HanOoJee XapaKTepHbBIC dJIEMEHTHI TTOBEICHUS:
3armacaHue KOpMa, MHILEBOE IMOBEJCHHE, T'PYMUHI, BOKAJIMU3alMsl, OPUEHTHPOBOYHOE IOBEACHUE
(tabm. 3). Jnsg KpymHBIX M CPEIHUX MIIEKONMTAIONIMX I[IOKa3aTeau IJIOTHOCTH HacelleHus,
paccuuTaHHbIE 10 JaHHBIM (DOTOJIOBYILIEK, CPABHUBAIUCH C Pe3yIbTaTaMHU YYE€TOB CTaHAAPTHBIMU
Metogamu: 3uMHero MapmpyrHoro ydera (Kysskua u ap., 1990), MHOTOmHEBHOTO OKIamga
(Pycanos, 1986), unentuduxanuu measeaeii no ciegam Ha rpyHte (IlyaxoBckuii, Cyniosa, 1991),
MOJTYYCHHBIMH Ha COMPENEIBHON TEPPUTOPUU WIIM HEMOCPEICTBEHHO B OacceitHe p. bombimas
Opakunrpa. bmmkaimum mectoMm, rae B 2022 u 2023 rr. OpOBOAMIMCH Y4€Thl MHOTOJIHEBHBIM
OKJIaJIoM, siBJIsieTcs momaaka «Kamenymikay, pacrnojoxeHHas Ha TOM ke (F0)KHOM) MaKpOCKJIOHE
xpedta Tykupunrpa, mpumepro B 10-11 kM 3anmagHee MecTa YCTaHOBKH (DOTOJIOBYIIKHA B JIOJUHE
p. bonbmras Dpakunrpa (tad:n. 4).

JlatuHckue Ha3BaHUS BUAOB MPHUBEACHBI M0 MOHOrpaduu «Mekonurawomue Poccun: crmucok
BHJIOB U MPUKJIAHBIC acTieKThD» (JIncoBckuit u ap., 2019).

Pe3yabTarsl u 00CyKIeHUE
OueHka MUIOTHOCTH HaceJIeHHs 3Bepeii B mpe/iesiax KOJOHUM ceBepHOil nuunyxu B 2022 roay

B 2022 roay moacueT IJIOTHOCTH HAaceJIeHHs MPOU3BOAMWIN HA IUIOMIAM BHICO PETHCTpAIUU
24.6 M* (tabn. 1). B Xoxe nepBoil chbeMKHM ObUIO MOTY4E€HO MHOTO BHAeO(DUKCAIMH KPYITHBIX
MJICKOTIUTAOMUX. B 30HYy peructpanuu (OTONOBYIIKH HEYJAUYHO BKIIIOYWIM CKJIOH, M3-3a YEro
MUIIYXH HCCIEAYEMON KOJIOHHH peXe MOMaAand B KaAp. DKCHO3ULMS BHAEO COCTABJISIa BCETO
5 cekyHJ, TOrJa Kak MHUIIyXa M JpYyrue >KUBOTHbIE MOTJIM HAXOJUTHCA B KaJape JOJbIIe.
[IpenmomnaraeTcsi, 4TO 3a CUET YMOMSHYTHIX HEJOCTATKOB YCTaHOBKH Kamepbl B 2022 romy ObL1
CYIIIECTBEHHBIN HEAOYUYET BCEX BUIIOB 3BEPEil; B MEPBYIO OUEPEIh — MUITYXH.

CeBepnasa nmmyxa (Ochotona hyperborean Pallas, 1811) crana nosBiATbCI B 30HE
peructpanuu (OTONOBYIIKA C aBrycta. B 3TOM Mecsiiie pacueT IUIOTHOCTH HACEJICHHs JaHHOTO
Bujga mokazan 10.32 oc./1000 ra, korga MUIIYXH YacTO MPSATATUCh MEXIy KaMHEH, MpOSBISIIH
OpUeHTHPOBOYHOE moBeAeHue ((hoTo 2), mHOrAa KOpMUIUCh (poto 3). C UroHS MO HOSOpH pacder
IUIOTHOCTH HaceneHuss muiryxu mokaszan 4.16o0c./1000 ra (tabm. 1). YuurteiBas TOT (hakr,
YTO MUIIYXH — OCEJUIbIE XUBOTHBIE, IJI OIEHKU IUIOTHOCTH HaceleHus KoyioHuu B 2022 romy
11enecooOpa3Ho MCIONb30BaTh JaHHBIE 32 aBIYCT, KOTJIa OTH 3BEpPbKU ObUIM HamboJee aKTHBHBI.
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OnHaKo M ATOT MOKA3aTeNb MPEACTABISACTCS CHIIBHO 3aHIKEHHBIM M3-3a HEYJa4YHOTO BHIOOPA 30HBI
PEerucTpaii ¥ MUHUMAJIBHOM JUTMTENILHOCTH 3amKcH (5 ceK.) (POTOTOBYIIKH.

Taoauna 1. [I1OTHOCTP HaceNneHHWs >XHBOTHBIX Ha YdJacTKe peructpanu QortomoBymkua Ne 1
¢ HIOHs 10 HOSAOPH 2022 1. (TI01ak 30Hb peructpanuu — 24.6 m?). Table 1. Population density of
various animals registered with the trap camera No. 1 in June-November 2022 (camera coverage
area — 24.6 m?).

I[MpoaoxnTeILHOCTH Pad0ThI (POTOOBYIIKH (CEK.)
Buabi Hionb | Uroab | ABryer | CeHr. Okt. |Hosi0ps | Bcero
127860 | 2678400 | 2678400 | 2592000 | 2678400 | 1078380 | 11833440
PEHCTPAIBL] 4 4 31 10 0 49
benka (cex)
oco0ei
wa 1000 ra 0 0.61 0.61 4.86 1.52 0 1.68
pe”g(fg%”“" 0 6 0 0 0 0 6
Kocys oco6é171
wa 1000 ra 0 0.91 0 0 0 0 0.21
perviethatiii) 2 22 8 0 0 32
BypyHyK (cek.)
oco0ei
wa 1000 ra 0 0.3 3.34 1.25 0 0 1.1
pervetpatii) 0 68 53 0 0 121
ITumyxa (cek.)
oco0ei
wa 1000 ra 0 0 10.32 8.31 0 0 4.16
pe”gg:ﬁ*;“m 3 0 0 0 0 0 3
Mengene oco6é171
wa 1000 ra 9.54 0 0 0 0 0 0.1
pe”gg;‘(’*;“m 0 0 13 0 3 0 16
Co060u1b oo 6&"1
wa 1000 ra 0 0 1.97 0 0.46 0 0.55
pe”(‘(‘:’;ﬁium 0 0 0 0 5 0 5
Jletsra oco6éﬁ
a 1000 ra 0 0 0 0 0.76 0 0.17

Oo0bikHOBeHHAst Oenka (Sciurus vulgaris Linnaeus, 1758) uaie Bcero peructpupoBaiach
B CEHTA0pe; MIOTHOCTh Hacenenus — 4.86 oc./1000 ra. B 3To Bpems 3Bepek yacto mpoberain nepen
KaMepoil C eNOBBIMH INUIIKaMU B 3y0ax, a Takke HCCIeAOoBall JIECHYIO MOJCTUIKY. B wurome
OTMEUEHa OJHa perucTpainus OelKku C pbDKUM OkpacoM (poTto 4), Ha BCEX OCTAIbHBIX
Buneopukcanusax (N = 15) 3Bepbku JaHHOTO BHAA UMeNU TeMHbIH okpac (poto 5). C uroHsS MO
HOSIOpb TUIOTHOCTH HaceneHus 0enku coctaBmia 1.68 oc./1000 ra (Tabm. 1), 94To CyIeCTBEHHO HUXKE
nokaszatenei 3uMHuX y4etoB — 7.3 0c./1000 ra (tabu. 4).
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Oo0bikHOBeHHas JeTsara (Pteromys volans Linnaeus, 1758) otmevaiachk eMHOKbI B OKTSIOpe
(poro 6). ILmotHocts Hacenenuss cocraBuna (.76 oc./1000 ra. OmHako B KOHIIE CEHTSIOps
HAOJIIOAOCh  HECKOJIBKO — KaJpoB, KOTJIAa MEJIKOE JKMBOTHOE, KOTOpoe He  yAaloch
UACHTU(HUIMPOBATH, KapaOKaloch MO 3ammTe (POTOJOBYIIKA. MOXKHO TMPENNOJIOKHUTh, YTO 3TO
Obuta siersira. C WIOHS TO HOSOpPH IUIOTHOCTH HacedeHus jersru coctaBmia 0.17 oc./1000 ra
(Tabm. 1), 9TO Ha MOPSAIOK HIDKE TOKa3aresleld 3MMHUX ydeToB mo ciemam — 1.7 oc./1000 ra

(Tabm. 4).

Taoauna 2. [L10THOCTH HaceNleH!s )KUBOTHBIX Ha y4acTKe peructpanuu ¢porogoBymku Ne 1 ¢ mas
no HosO6ps 2023 r. (momans 30HE peructparmu — 15.13 m?). Table 2. Population density of
various animals registered with the trap camera No. 1 in May-November 2023 (camera coverage
area — 15.13 m?).

IIponokuTEILHOCTL PadOThI (POTOOBYLIKH (CEK.)
Buabi Maii | Uwonb | Uwoab | ABryer| Cenr. | Oxr. [Hosiopn| Bceero
1079220 | 2592000 | 2678400 | 2678400 | 2591580 | 2678400 | 914400 | 15212400
perucipatus) 3 12 8 25 5 0 55
Benka (cex.)
ocobeii 122 | 076 | 296 | 1.97 6.38 1.23 0 2.39
Ha 1000 ra
perueIpats) - 0 0 0 0 0 0 0
-
01000 0 0 0 0 0 0 0 0
PETACTPAA | ) 0 2 23 0 0 0 25
BypyHayK (cek.)
ocooeit
21000 ra 0 0 049 | 5.68 0 0 0 1.09
perneTpamt| - 0 32 460 2129 393 0 3014
[Tmyxa (CeK.)“
ocobeii 0 0 7.9 | 113.51 | 542.97 | 96.98 0 130.95
Ha 1000 ra
PETHCTPAIIL| 0 0 0 0 0 0 4
e [
000 | 245 0 0 0 0 0 0 0.17
pe”(f;fc’i”“" 0 21 0 41 10 0 0 72
Coboms oco6éﬁ
1000 ra 0 5.35 0 10.12 | 2.55 0 0 3.13
PEHCTPAIBY () 5 0 0 0 0 0 5
e | 650
01000 ra 0 1.27 0 0 0 0 0 0.22

Asunarckuii Oypynayk (Eutamias sibiricus Laxmann, 1769) noctur HauOOJIBIINX
nokaszaTenieil yucieHHocT B aBrycre — 3.34 oc./1000 ra. B cpennem 3a HIOHB-HOSOpPH IUIOTHOCTD
HaceneHnus coctaBmwiaa 1.100c./1000 ra (ta6m. 1). Ilo HammM oOIeHKaM 3TO 3HAYUTEIHHO HUXKE
peaJIbHBIX [T0KA3aTeIeH YMCIEHHOCTH JaHHOTO BHUJA.
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Coboab (Martes zibellina Linnaeus, 1758) B 30He peructpauuu (OTOJOBYIIKHA HAOIIOIAICS
cpaBHUTENBHO penko. Korma mosBisics B Kaape, 4YacTo oOHIOXMBan kaMmHU. HawOoubimas
IUIOTHOCTh HAaceleHus oTtMmedanack B aBrycre — 1.97 oc./1000ra. C uroHS 1O HOSOPH 3TOT
nmokasarenb coctaBmwi B cpemHeM 0.55 oc./1000 ra (tabm. 1), uto Gosiee 4eM Ha TOPSAIOK HUXKE
TUIOTHOCTH HACEJICHUs, 3aperuCTPUPOBAHHON INpPH MHOTOAHEBHOM oknaae — 14.4 oc./1000 ra

(Tabm. 4).

Taoauna 3. [loBegeHYeckne peakluy CEBEPHOM MUIYXH HA YUACTKE PETUCTPAIH (DOTOIIOBYIIKH
Ne 1 ¢ mas mo HOs1Ops 2023 1. Table 3. Behavior of the northern pika caught on the trap camera
No. 1 in May-November 2023.

ToBenenyeckne Yucno perucrpanui
peakuuu Maii | Mons | Mrob | ABryer | Centsadps | Oktadps | Hosaops
HccnenoBarensckoe 0 0 5 0 ) 1 0
MOBEJICHUE
OpueHTupoBOYHOE 0 0 1 9 18 10 0
MOBEJICHNE
IInmeBoe noBencHUE 0 0 0 2 4 0 0
3amaca"nue Kopma 0 0 0 4 27 4 0
I'pymunHr 0 0 1 0 0 0 0
Bokanuzanus 0 0 0 1 0 0 0

Tadauna 4. Pe3ynbTaThl y4eTOB MJIEKONMHUTAIONIMX MHOTOAHEBHBIM OKJIAQJIOM Ha IUIOMIAJKE
«Kamenymkay» (S = 750 ra). Table 4. Census results for mammals using the multi-day monitoring
in the key area “Kamenushka” (S = 750 ha).

I'oabl U naThHI y4eToB

2022 r. (07.02 —10.02)

2023 r. (01.03 — 04.03)

Bubl oco0ei ocodei
Ha IJomaake |ocoodeit Ha 1000| Ha muIomamke ocooei
(B cpenHeM ra (B cpennem Ha 1000 ra
3a 4 CyTOK) 3a 4 CYyTOK)
Coboub (Martes zibellina) 10.8 14.4 8.5 11.3
Jlacka (Martes zibellina) 0.8 1.1 1.0 1.33
Pocomaxa (Gulo gulo) 0.25 0.7 0.13 0.17
Poick (Lynx lynx) 0 0 0.13 0.17
benka (Sciurus vulgaris) 5.5 7.3 2.25 3.0
Jletsira (Pteromys volans) 1.3 1.7 0.5 0.67
CI/I6I/IpCK’f1$I KOCYIst 40 53 0 0
(Capreolis pygargus)
N3106ps (Cervus elaphus) 1,0 1.3 0.75 1.0
Jlocs (Alces alces) 1,0 1.3 0 0
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®dDoto 2. OpuentupoBoyHoe noseneHue nuuryxu (dpoto C. [Nomgoasckoro).
Photo 2. Orienting behavior of a northern pika (photo by S. Podolsky).

®oro 3. [Tumyxa (crpasa) kopmures (poto 1. Yemupckoit).
Photo 3. A northern pika (on the right) is feeding (photo by D. Chemirskaya).
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®doro 4. benka peokero okpaca (poto JI. Uemupckoii).
Photo 4. A red squirrel with red coat (photo by D. Chemirskaya).

®oto 5. benka TeMHOro OKpaca senaet 3anacel (¢poro /. Uemupckoit).
Photo 5. A red squirrel with dark coat is stocking up (photo by D. Chemirskaya).
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Doto 6. O6sikHOBeHHAs neTsra (poro C. [Togomsckoro).
Photo 6. A Siberian flying squirrel (photo by S. Podolsky).

Bypuwiii menBens (Ursus arctos Linnaeus, 1758) B Hauane paboTbl ()OTOJOBYIIKH OTMEUAJICs
OJIMH Pa3 B KOHIIE UIOHS — 3BEPh CPEAHEro pazMepa, MoaHuMaics Ha conky (¢dorto 7). IlmoTHOCTH
HaceJeHus ¢ UioHs 1o Hosi0pb coctaBmia 0.10 oc./1000 ra (Tabum. 1), 4TO IPUMEPHO COOTBETCTBYET
CpemHeW IUIOTHOCTM HaceneHuss Mensens B 3eiickom 3amoBenHuke — 0.14-0.18 oc./1000 ra
(ITononwckmii, Kpacukora, 2003).

Cubupckas kocyas (Capreolis pygargus Pallas, 1771) oTMeuanach ABaX/bl B HA4aJIe IO —
nogHuManack Ha conky (¢oro 8). [ImoTHoCTh Hacenenus 3a uronnb — 0.91 oc./1000 ra, ¢ uroHS 1O
HOos10pp — 0.21 0c./1000ra (Tabm. 1). XoTs »TOT mNokKazaTenb mnpumepHo B 20 pa3 HUXKE
3adukcupoBaHHoro Ha ruomanke «Kamenymika» (Ttabm.4), HEmB3sl C MOJHONH YBEPEHHOCTBHIO
TOBOPUTh O CYIIECTBEHHOM HeIoydyeTe KocyinHu. JlaHHble 3MMHHUX MAapIIPyTHBIX YYE€TOB U
perucTpanyy BCTpeY HA MapUIpyTaXx BO BCE CE30HBI TOBOPST, YTO B TIOCIEAHUE TOJIBI
HEMOCPEJCTBEHHO B OacceitHe bonbiioit DpakuHIpel KOCyls Oblla KpaliHe MaJTo4YHCIeHHA.

OueHka MUIOTHOCTH HaceJIeHHs 3Bepeii B mpejiesiax KOJOHUM ceBepHoil muuyxu B 2023 roay

B 2023 rony cxkoppeKkTHpoBaJM IOCTAHOBKY KaMmepbl B JojimHEe p. b. DOpakuHrpa u 3aHOBO
3aMepuIn TUIOMAAb PErucTpaluy; oHa cocTaBwia 15.13 Mm%, Pamee B JosuHe (OTONOBYIIKA
CHMMaja Ha OoJsblIel IUIOIAAM, HO J0Js KypyMHHMKa Oblja HEBENMKa; IMOCJe IMepeyCTaHOBKH
B KaJ[pe yBEJIMUYMWJIACh JOJS KYpyMHHMKa C KOJOHHEW. JITUTEeTbHOCTh paboThl KaMephl B peXHUMeE
«Bugeo» Obuta yBenuueHa A0 10 cekyHa. KoppeKTHpOBKM OpHEHTAllMM M peXHMa palboThI
(OTOJIOBYIIKH CIENaNd BO3MOXKHBIM IIOJIHEE OXBAaTHUTh KOJOHHUIO THILYX, Oojiee MOJApoOHO
3a(uKCcUpOBaTH MOBEJCHNE 3BEPHKOB M TOUHEE ONMPEAEIUTh IJIOTHOCTh MX HACEJICHUs Ha JaHHOM
yuactke (Ta0m. 2).
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doto 7. Measear nporien yepe3 kKojaouuio munyx (poro . Uemupckoit).
Photo 7. A brown bear is walking through the pikas’ colony (photo by D. Chemirskaya).

®oto 8. Kocyns mogHMMaeTcss Ha CONKY BJIOJb BEpPXHEM TIpaHUIBl KOJOHMM mNuIyX (¢oto
J1. Yemupckoii). Photo 8. A roe deer is walking up the gentle slope along the upper boundary of the
pikas’ colony (photo by D. Chemirskaya).
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CeBepnas mnumgyxa (Ochotona hyperborean Pallas, 1811) crama nosBIATHCS B 30HE
peructpauuu ¢ wutois. Hambonpmwuii mokaszaTenb IUIOTHOCTH HACEICHHS, KOTOPBIM COCTaBUII
542.97 0c./1000 ra, nHaGmoganu B ceHTsIOpe. B 3T0 BpeMs muinyxa akTHBHO coOupaja OTaBIINe
auctbst M Kopmmwiack. C Mass 1o HOAOpb CpeaHss IUIOTHOCTh HACeJIEHUsl COCTaBUJa
130.95 0c./1000 ra. TIoCkOJIBKY MHITyXH — OCEIIbIE JKUBOTHBIC, I OLEHKH IUIOTHOCTH WX
HaCEJICHHS LIeJIeco00pa3HO UCTIOIh30BATh TaHHBIE 32 CEHTIOPH, KOTa OHM HanboJiee aKTHBHBI.

N3-3a n3meHuBLInXCcs ycaoBuil cbeMKu B 2023 rogy nokasaTesid OKa3aJluch HAMHOIO OoJblie,
yem B 2022 r. Henb3s onpeneneHHO CKa3aTh, HACKOJBKO YBEIMUYWIACh YUCIEHHOCTb MUILYXH,
T.K. pacueT NpPOU3BOAWIM B JAPYTrUX YCIOBHUSX M Ha JApPYyryl IUomaas. B nanpHeimem ans
HaOMIOICHUI 3a JIMHAMUKON YMCICHHOCTH 3BEPHKOB B JIAaHHOM KOJIOHMH (OTOJIOBYIIKA OyIeT
HaBeJIeHa Ha Ty € CKOPPEKTUPOBAHHYIO 30HY BUACOPETUCTPALIUH.

B 2023 rony Oonee pdeTadbHO paccCMOTpPEHO TMoBeAeHHWe mnumiyxu (tadm. 3). Tak,
OPUEHTHUPOBOYHOE MOBE/ICHNE 3BEPHKU MPOSBISUIN B CEHTAOpe — 18 perucrpanuii, B 310 *e Bpems
OHM PACKJIAIbIBAIM JUCTbSl W YAaCTH PACTEHUN MOJ] KaMHSMH (Aefand U CYLIIWIM 3arachkl) —
27 peructpauuit (doro 9), a Taxxke moemanu JucTthd — 4 peructpauuu. VccnemoBarenbckoe
MOBEJICHHE OTMEYaJoch 5 pa3 B Hioie. Bokanuzauuio U TpyMUHT OTMeuaiu 1o 1 pasy B aBrycre
U UI0JIE COOTBETCTBEHHO.

®oto 9. ITumyxa 3arorasnuaet kopM (poto C. [Togoasckoro).
Photo 9. A northern pika is stocking up (photo by S. Podolsky).

Oo0bikHOBeHHAs1 Oenka (Sciurus vulgaris Linnaeus, 1758) yaimie Bcero peructpupoBaiach
B CEHTA0pe; MIOTHOCTh Hacenenus — 6.38 oc./1000 ra. B 3To Bpems 3Bepek yacto mpoberain nepen
KaMepol C eNOBBIMHM IIWIIKaMU B 3y0ax, a TakkKe HCCIIeAO0Bal JIECHYI0 NOACTUIKY. CrouT
OTMETUTB, 4TO B 2022 roay u3-3a BeTpa NOBAINUIIO MHOTO €JI€H B IIpesenax IUIOLaaAd pErUCTPaLtH.
C mas no Hos0ps 2023 rosma cpenHss IUIOTHOCTh HaceneHHs Oenku cocraBuwia 2.39 oc./1000 ra
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(Tabm. 2), 4TO HEMHOTO HIDKE pe3yJibTaTa ydeTa MHOTOJHEeBHBIM oxiagoM — 3.0 oc./1000 ra
(Tabm. 4).

Oo0bixkHOBeHHas JieTsira (Pteromys volans Linnaeus, 1758) oTMevanach eIMHOXKIbI B UIOHE;
TUTOTHOCTH HaceseHus cocraBmia 1.27 oc./1000 ra. B okpecTHOCTSX KOpJIOHAa OTMEUEHO 1B AepPeBa
co cuenamu km3HenesTeabHOCTH JIeTsar (poto 10). C Mas mo HOSOpPH IUIOTHOCTH HACEICHUS
cocraBmwia 0.22 oc./1000 ra (tabm. 2). 3to B 3 paza MeHbIIE, YeM HA TUIOMIAJKE MHOTOJHEBHOTO
oxnana «Kamenymka» — 0.67 0c./1000 ra (tabn. 4). YuuteiBas Haqu4ue IBYX TOYEK, PETYISPHO
MOCEUIAEMBIX JIETSTaMU (JIEpPEeBbsI C XapaKTEpHBIM MMOMETOM), B HETIOCPEACTBEHHOW OIM30CTH OT
(OTOJIOBYIIKH, MOYKHO C YBEPEHHOCTHIO KOHCTATHPOBATh 3HAUMTEILHBIA HEOYYET TAHHOTO BUJIA.

®oto 10. [Tomer netsaru (poto C. [ogonbckoro).
Photo 10. Droppings of a Siberian flying squirrel (photo by S. Podolsky).

Asnarckuii 0ypynayk (Eutamias sibiricus Laxmann, 1769) uame Bcero peructpupoBaiics
B aBrycre. Ilokazatens muioTHocTH HaceneHus — 5.68 oc./1000 ra; 3a Maii-HOSOpH IJIOTHOCTD
coctasuna 1.09 oc./1000 ra.

Cobonb (Martes zibellina Linnaeus, 1758) mnposBisl aKTHMBHOE OXOTHUYbE IOBEJIECHUE
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10 OTHOILIEHUE K THIIyXaM B KOJIOHHH, a OJWH pa3 OblI OTMEYeH B Kajpe ¢ aoobrueit (poto 11).
HauOosbmast 1IoTHOCTh HaceJIeHHUs — B aBryCT€, BO BpEMsl 4acTOro MOCEHICHUS IOCEJICHHS
mumryX — 10.12 0c./1000 ra. C mMast mo HOSIOpB ATOT MoKa3aTelns B cpenHeM coctaBmi 3.13 oc./1000 ra
(Tabm. 2), yTo 3HAYUTENHHO HIKE Pe3yabTaToB 3uMHero ydera — 11.3 oc./1000 ra (Tadum. 4).

N3100ps (Cervus elaphus Linnaeus, 1758) Ha paccMarpuBaeMoil TEPPUTOPUU — OOBIYHBIN
Bua. Camia 3amMeTwiM OJWH pa3 B Mae; IUIOTHOCTh HaceleHus cocraBmia 2.45 oc./1000 ra.
C Mas o HOSOph CpenHss TUIOTHOCTh HaceneHus u3to0ps cocraBuia 0.17 oc./1000 ra (tabm. 2),
YTO IPUMEPHO B 5 pa3 HWKE aHAJOTMYHOIO IOKas3aTens 3umHero ydera B 2023 r. (tabm. 4).
[Tpu 5TOM HET OCHOBAaHWI TOBOPUTH O CYIIECTBEHHOH OIIMOKE paccMaTpWBaeMOr0 METOJa IpHU
yueTe wu3100ps. MakcuManbHas IUIOTHOCTh HACEJeHHs, OTMeUeHHas (OTOJOBYIIKOM B Mae
(eIMHCTBEHHAsI PETUCTPALIHS U3I00PsT), TPAKTUUYECKU CXOJ/IHA C PE3YJIbTaTaMH y4€TOB Ha IJIOMIAIKE
«Kamenymxka» B 2022 u 2023 rr. U3-3a HeOObIION IMJIOLIAAN 30HBI PErHMCTpaAlMM MOMaJaHue
M3I00pS U APYTHUX KPYIHBIX 3BEpPei B KaJp B 3HAUUTEILHON CTETICHH 3aBHCHUT OT CITydJasi.

®oto 11. Coboub ¢ g0ObIYEH Ha KOOHUH nHINYX (PoTto [. Uemupckoii).
Photo 11. Sable with a prey in the pikas’ colony (photo by D. Chemirskaya).

BriBOABI

Mogens ¢otonoBymku Browning Recon Force Advantage ycnemso peructpupyer Kak
KPYIHBIX M CPEIHUX, TaK M MHOTHUX MEJKHUX MJIEKONMTAIOIUX, OJHAKO B OTHOIIEHUH YydeTa
MOCIEIHUX HUMEIOTCA Cepbe3Hble orpaHuueHus. JIyig Takux BHJOB, Kak Jjersdra u Oenka,
IIPOBOJSAIINX 3HAUYNUTEIbHYIO YacTh BPEMEHHM Ha JIEPEBBAX, KOPPEKTHOE ONPEACIEHUE IIOTHOCTH
HaceJIeHUs 10 TaHHBIM (POTOJIOBYIIIEK HEBO3MOXHO, T.K. OHO BCET/Ia JaeT 3HAUUTENIbHBIM HEA0YYeT.
B omnpenenenHoii creneHu 3To KacaeTcs U OypyHIyka. Becbma cyliecTBEHHBIH HEIOy4eT OTMEUEH
TaKke s co00is. BO3MOKHO, CKOPOCTh MepeIBIKEHUSI 3TOT0 aKTUBHOTO 3BEphKa 4acTo ObIBaeT
CTOJIb BEJMKAa, YTO Ha HET0 HE BCErJa YCIEBAIOT PEarupoBaTh AK€ CAMbIE YYBCTBUTEJIbHBIE
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KaMephl.

@DOTONOBYIIKM MOTYT NPUMEHSTHCS [Js1 ONpeleieHUsl IUIOTHOCTH HACEJICHUsS MHINYX B
MOCEJICHUSAX U UCCIeIOBaHUs X 00pasa xu3Hu. O0sS3aTeTbHBIM YCIOBHEM SIBIISIETCS ONTHUMAIBLHOE
HaBEJICHME KaMephl HEMOCPEACTBEHHO Ha JKWIYI0 KOJIOHHIO M YCTAaHOBKA JIUTEIHLHOCTH
BHJIcoperucTparuu He MeHee 10 cekyHa. YUuTeiBas TOT GakT, 9TO MUIIYXHA — OCEJIbIC KUBOTHEIC,
JUTsl OTICHKH TUIOTHOCTH HACEJICHHS B KOJIOHHUSX LIEIeCOO0pa3HO HCIOJIb30BaTh JAaHHBIC 332 aBIYCT
WU CEHTSOpb, KOTJIa OTH 3BEPbKM HaWOOJee aKTUBHO 3aroTaBJIMBAlOT KOPM Ha 3HUMY.
[Ipu mpaBUIBHON yCTaHOBKE OOOpYIOBAaHMS MOXKHO H3Yy4aTh pPa3sHOOOpa3HbIE TOBEIACHUYECKUE
pEeaKIuu THILYX U WX B3aUMOOTHOIIEHHS C JAPYTUMHU BHUJIAMHU: COOOJISIMH, KOTOPBIC OXOTSTCS Ha
STUX 3BEPHKOB; KOMBITHBIX, KOTOPHIE Pa3bICKMBAIOT 3arachl CEHOCTAaBOK W Jp. [lpumedarenbHo,
yro B aBrycte 2022 u 2023 rr. oTMeyaslach NOBBIIIEHHAs AKTHUBHOCTh COOOJI, YTO KOCBEHHO
CBUJICTEIILCTBYET O €r0 KOHIICHTPAllUU Ha KOJIOHWH MHIIYX B MEPUOJ] UX aKTUBHOW 3aroTOBKH
KOPMOB.

@DOTOJIOBYITKA, OPUEHTHUPOBAHHBIC HA YYET MUINYX, HAJACKHO PETHCTPUPYIOT M KPYITHBIX
MJIEKONUTaOMUX. Tak, kamepa, padoTaBilias Ha KOJIOHUU CEHOCTAaBOK B JIETHE-OCEHHHE CE30HBI
2022 u 2023 rr., 3aduxcupoBana MeaBes, U300ps U Kocyao. PacueTsl MIOTHOCTH HaceleHUs
9TUX BHUJOB MO JaHHBIM (POTOJOBYIIKM TOKA3aJd B IIEJIOM COMOCTABUMBIE PE3YJIbTaThl CO
CTaHJAPTHBIMUA MeToaMu y4deTa. OIHAKO W3-3a HEOOJIBIION TJIOMIAN 30HBI PETUCTPAIIMHN OJHOM
(hOTOJIOBYIIIKH TIOTIaJJaHUE KPYITHBIX 3BEpei B KaJp B 3HAYUTEIHHOM CTETICHH 3aBUCHUT OT CIydas.
[ToaTroMy JUIS OOBEKTHBHOW OIICHKH TUIOTHOCTH HACEJICHUS KPYIMHBIX XHITHUKOB W KOTBITHBIX
1enecoo0pa3Ho OOBEIUHATH JaHHBIE BCEX (DOTOJIOBYIIEK, YCTAHOBJICHHBIX B CXOJHBIX JIECHBIX
O6uoTonax, B T.4. paCHoJIOKEHHBIX Ha KOJIOHUSAX MUIIYX.

[To oTHOmIEHWIO K MEJIKUM MJICKONUTAIOINIMM METON TpeOyeT naimbHeuIend nopaboTKH,
0COOEHHO B YacTH BBIOOpA 30H PETUCTpAIlMU M peXuma padboThl kamep. Ilocie HaxoxaeHHsS B
2023 r. onTUMaNbHOW 30HBI perucTpanuu (GOTOJOBYIIKA B JoiduHE p. bombmas OpakuHrpa
ee JJaHHbIe MOKHO MCIIOJIb30BaTh Ui cOopa nHbOpMaluu O IMHAMUKE MOKa3aTesleld YUCICHHOCTH
MUIIYX B JaHHOW KOJIOHWH, IOCTOSTHHOTO MOHUTOPUHTA U TIOCTPOEHHS] BPEMEHHBIX PSIJIOB.

Qunancuposanue. Pabora BbeimosHeHa mo Teme Ne 1-22-37-1 3eiickoro rocynapCTBEHHOTO
3amoBeqHUKa «Jl[MHaMMKa SBIIEHMH M TPOIECCOB B HSKOCUCTEMaX 3EHCKOro 3armoBeTHHKA
Y HalrmoHabHOTO napka “ToknHcko-CTaHOBOM», a Takxke B paMkax TeMbl No FMWZ-2022-0001
roc3ananusi Mucturyra Bogueix mpobimem PAH «MccrnemoBanusi mporeccoB T'HAPOJIOTHYECKOrO
LUKJIA CyIId U (pOpMHUPOBAHUS BOAHBIX PECYPCOB, Fre0PHU3NUECKUX MPOIIECCOB B BOJHBIX 00BEKTAX
u ux OacceiiHax, (opMHpOBaHHS HSKCTPEMANbHBIX THUAPOJIOTUYECKUX SIBICHUA U TUHAMHKHU
TUIPOJIOTUYECKUX CHUCTEM C YYETOM H3MEHSIOIIUXCS KIMMATUYECKUX YCIOBHM M aHTPOIIOTEHHBIX
(hakTopoB».
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CAMERA TRAPS AS A WAY TO STUDY SMALL MAMMALS
USING THE EXAMPLE OF THE ZEYA NATURE RESERVE (AMUR REGION)
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The first experience of using camera traps to determine population density and behavioral patterns of
small mammals on the territory of the Zeya State Nature Reserve is described. We used an original
method of recording large and medium mammals with camera traps: the load of a certain species on
the area of the camera coverage per unit of time (e.g. month, decade, total exposure time). This value
is expressed in the number of individuals per unit area (Podolsky et al., 2020).

A Browning Recon Force Advantage camera trap was used, the high response speed of which (0.4 sec)
made it possible to apply this technique to small mammals as well. The main object of our study was
a colony of northern pika (Ochotona hyperborean Pallas, 1811) located on a stone run within the
forest belt. We analyzed all registrations of all species that were spotted near the colony during two
summer-autumn seasons of 2022 and 2023. For large and medium mammals, the obtained population
density indicators were compared with those obtained via standard methods. Based on this
comparison, we assessed the possibility of using this method to simultaneously count various species
of both small and large animals. Additionally, we described the influence of the camera traps on the
results of counting the number of pikas and the effectiveness of studying their behavior.
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“Dynamics of Phenomena and Processes in the Ecosystems of the Zeya State Nature Reserve and
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Russian Academy of Sciences, theme No. FMWZ-2022-0001 “Studies of the Processes of Land
Hydrological Cycle and Water Resources Formation, Geophysical Processes in Water Bodies and
Their Basins, Formation of Extreme Hydrological Phenomena and Dynamics of Hydrological Systems
under the Changing Climate and Anthropogenic Factors”.
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CTPYKTYPHASA OPTAHU3AIIUA DKOCUCTEM U
3AKOHOMEPHOCTHU UX PACHIPEJIEJIEHUSA
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_ KAPBOHATHBIE I1IOYBbI:
X CBOUCTBA U NOJOKEHUE B PAZHBIX KTACCUDPUKALIUAX

© 2024 r. U.H.TI'opoxosa, E.W. IlankoBa
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B crathe onmcanbl OCHOBHBIE MEXaHU3MBI MOSIBJICHUS Kap60HaTOB B IMO4YBax, IMmpouecChl O6pa3OBaHI/I$I
Kap6OHaTHLIX II04B, B T.4. O6YCJ'IOBJICHHBIG AHTPOIIOI CHHBIMHA BOSI[CP'ICTBHSIMH, HUX ITOJOXKHNTCIIbHBIC 1
OTpULATCIIbHBIC CBOMCTBA. OTMe‘-IeHO, YTO NPUYHHEBI IIOABJIICHUC Kap6OHaTOB B ITOYBAax 3aBUCAT OT UX
HAIM4YMSg B TOYBOOOPa3yIOIIMX  TOpOJaX, 30HAIGHOIO ¥ PErMOHAJIBHOTO  Xapakrepa
MOYBOOOPA30BATENBHBIX MPOIECCOB, AHTPOIOTEHHOTO BO3JCHCTBHS Ha TIOYBBI, BO3/CIBIBAEMOM
KYJIbTYpBbI, TTIO3TOMY NPU H3y4YeHWH KapOOHATHBIX MOYB JIOJDKHBI YYUTHIBATHCA OCOOEHHOCTH KaXIOH
TEPPUTOPHH.

PaCCMOTpeHO IIOJIOKCHHEC Kap6OHaTHI)IX IIOYB B Pa3HBIX IMOYBCHHBIX KIIaCCI/I(i)I/IKaI_II/ISIX POCCI/II/I, ux
ocobeHHOCTH M oOmMe yepthl. B ocHoBe «Knaccudukanuu u quarnoctuku nmous CCCP» 1977 rona
JISKUT TIOHSITHE «IIOYBEHHOTO THIIA», T.€. TPYIIIBI TIOYB, XapaKTepU3YIOMINXCS CXOAHBIMH YCIOBHSIMH
U peKHMaMH MMOYBOOOPa30BaHMsI, OJJHUM BEIYIIMM MTOYBOOOPA30BATEINBHBIM MPOIIECCOM U CXOJHBIM
ctpoeaneM mpodmia. B «Kmaccudukarmumm w muarsoctuke mouB Poccum» (2004) m «lloneBom
onpenenurene mouB Poccum» (2008) wmaeHTH(HKAIMIO THNA TIOYB BBIIOIHSIIOT 110 CHCTEME
JIMATHOCTUYECKUX TOPH30HTOB, O00pa3yIOIMX MOYBEHHBIH Mpo¢wib. J[MarHOCTHYECKHE MTOYBEHHBIC
TOPU30HTHI OMPEACIAIOTCS MO KOMIUIEKCY MOPQOIOTHYECKAX ¥ aAHAJHTHYECKHX IOoKa3aTtelei,
KOTOpBI ~ OTpa)kaeT TEHE3WC TOPU30HTAa. VICronb30BaHME €CTECTBEHHBIX W aHTPOIOTEHHO-
MpeoOpa3oBaHHBIX JHATHOCTUYECKHUX TOPH30HTOB TO3BONSICT YYECTh B EIUHON KiIacCU(pHUKAIUU
€CTECTBCHHBIC W aHTPOIOreHHO-IPeoOpa3OBaHHbBIC MOYBBL. MeEXIyHapomHas KiacCU(pHUKAIMOHHAS
cucrema mouB «World Reference Base for Soil Resources» (IUSS Working Group WRB, 2022) nmeer
JBYXYPOBHEBYIO CHCTEMY B OTJIHYHE OT POCCHUHCKHX CHCTEM, HCIONB3YIONINX MHOTOYPOBHEBYIO
HepapXUUECKYIO0.

B kaxmolt w3 KiIacCcHPUKAIIMKA pasfesIioTcs KapOOHATHBIC TIOYBBI, C(OPMHUPOBAHHBIE Ha
KapOOHATHBIX MOpOoJax W 0Opa3oBaHHBIC B IIpoIlecce MOYBOOOpazoBaHMs. PasmeneHne kapOOHATHBIX
MOYB TIO0 KOJNMYECTBY KapOOHATOB W TIyOMHE DPACHONOKEHHUS KapOOHATHOTO TOPHU30HTA BO BCEX
Knaccu(UKaIMsIX pasiuuHbl.  J[Is TIONMHOrO ONMUCAHHUS KapOOHATHBIX TOYB PEKOMEHIyeTCs
HCTOJIb30BATh XapaKTePUCTHKY TOYB U3 BCEX TPEX PACCMOTPEHHBIX KJIACCH(HKAIUIL.

Kniouesvie cnosa: ceMuapuHbple MOYBbI, apUIHBIC TIOYBBI, JUATHOCTHYCCKUN MMOYBCHHBIA TOPH30HT,
(bakTOpHO-TeHEeTHYECKas KIACCHU(PUKAIUS, CyOCTAHTHBHAS KIIACCH(HUKAIIHSL.

DOI: 10.24412/2542-2006-2024-3-52-66

EDN: DWNLNA

OcHOBHasl CEJIbCKOXO3SICTBEHHAs! AEATEIbHOCTh B Poccum cocpeoToueHa B CTENHOW H
CYXOCTENHOM 30Hax. s cucTeMaTu3aluM IMOYB CYXOCTENHOM 30HBI OBUIO BBIIIOJHEHO MHOTO
HCCIIeIOBAaHU, XapaKTepU3YIOUX IJIaBHbIE 3aKOHOMEPHOCTH (OPMHUPOBAHUS M COCTOSHHS MOYB.
OnHuM M3 BaXHEWIIMX CBOMCTB MOYB, MPUBJIEKAIOIIUX B MOCIEIHEE BpeMs OO0JIbIIIOE BHUMaHHE
YUYEHBIX, SBJSIETCS HAIMYME B MOYBaX KapOOHATOB.

ITouBeHHbIe KapOOHATHI, UX MECTOHAXOXKJEHHE U Mopdosiorus, BKIOUas pasmep, ¢popmy U
pacripesiesieHe 1Mo Npoduiro, SBISIOTCS SPKUMH HMHIMKATOPaMU TOYBEHHBIX PEXKHUMOB U
nporeccoB. M3yueHne MOYBEHHBIX KapOOHATOB HEOOXOJMMO JUIS PEIICHHS KaK TEOPETHYECKHX
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(renesuc, KiacCH(pUKaLMsA, HBOJIONUS MOYB), TaK M MPAKTHYECKHX (M3MEHEHHWE TOYB NpHU
OpOILIEHUH, METMOPALIUH) 3a/1a4 B [I0YBOBEICHUU.

KapOoHaTel OKa3bIBAIOT TIOJIOKUTEIBHOE M OTPHUIATEIbHOE BO3JCHCTBHE HA TOYBY U
BO3JIeNbIBaeMble KyJabTyphl. llosoxkurensHoe neiictBue Habmonaercss B npenenax 5-15% CaCOs.
BMmecte ¢ Tem Hammume KapOOHATOB B IMAXOTHOM TOPH30HTE HE CIIOCOOCTBYET ONTHMH3ALUHU
CTPYKTYpBI, TIO3TOMY KapOOHATHBIE C MOBEPXHOCTH IIOYBBI OBICTpEE pACHBUIAIOTCS, OOJbIIE
IIOABEPKEHBI BETPOBOM 3p0O3UH M 00pa3yIOT INIOTHYIO KOPKY IOCIIE JIOKIEH U MOJMBOB. YUYUTHIBAS
COBPEMEHHBIE MACIITAObI CEIbCKOXO03SIICTBEHHOTO U MEIMOPATUBHOTO BO3IEMCTBUS HA TOYBEHHbIN
IIOKPOB, KapOOHAaTHBIE IOYBBI IIMPOKO PACHPOCTPAHSIOTCS B CTEMHOM U CYXOCTEHHOW 30HAX U
TpeOYIOT K ceOe MPUCTATLHOTO BHUMAaHUSI.

B mHactosimee BpemMs B Poccum MIMpPOKO HKCIHOJIB3YIOT TpPU IOYBEHHbIE KiIAcCU(UKALIMU:
«Knaccugpukanua n auarsoctuka nous CCCP» (1977), «Knaccuukauus m JuUarHocThKa MOYB
Poccun (2004; u ee mocnedyromue yCOBEpIIEHCTBOBaHMS, Takue Kak «[loneBoil ompenenutens
nouB Poccum (2008) u paboter H.b. XutpoBa um M.U. I'epacumonoii (2021, 2022)) wu
MexayHapoaHas kinaccuduxanus «World Reference Base for Soil Resources» nmu «WRB»
(IUSS Working Group WRB, 2022). B xax10# U3 HUX MOYBBI, UMEIOIIME KapOOHATHI B Mpoduie,
OTHOCSITCS K Pa3HbIM KJIACCU(PHUKAITMOHHBIM T'PYIIIaM Ha OCHOBE OTJIMYAIOUINXCS KPUTEPHUEB.

Ilenb cTaTbu — pacCMOTPETh MPOUCXOXKICHUE U OCHOBHBIE CBOMCTBA KapOOHATHBIX MOYB, HX
MOJIOKEHHE, CXOJACTBA U DAa3IMYusl B COBPEMEHHBIX Kilaccu(ukamusx TmouB, Haubosee
HCIIOJBb3yeMBbIX B Poccun.

KapOoHnaTHble MOYBbI U UX CBOMCTBA

Bonpiioe xonuyecTBOo paboT B MOYBOBEACHHUM IMOCBAIICHO M3YYEHUIO KapOOHATOB B MOYBAaX
apUIHBIX U CEMUAPUAHBIX PETHOHOB MUPA, II€ OHU UMEIOT HanboJiee MUPOKOe paclpoCTpaHEHUE.

Hexotopeie yuensie, nanpumep, H.E. Doner m W.C. Lynn (1989), Bwimemwim crnemyromniue
MCTOYHUKU U MEXaHU3MbI OCTYIIJICHUS! KapOOHATOB B MOYBHI:

1) HaciemoBaHUE OT MAaTEPUHCKOM MOPOIBL;

2) ocaxkJeHUe M3 PacTBOPOB, OOpa30BaHHBIX B PE3y/lbTaTe€ BBIBETPUBAHUS COJAEPIKALIUX
KaJIbI[Uil MUHEPAJOB;

3) ocaxieHue KapOOHATOB, BBI3BAHHOE yBelHueHHeM KoHueHtpauuu Ca’’ mpu gerasauuu 3a
cueT smuccun COz;

4) oTiokeHre KapOOHATHOM MBUIM HA MOBEPXHOCTH MOYBBI C MOCIEAYIOIIUM IEepeMelIeHHEM
KapOOHATOB BIiyOb MPO(UIIS B COCTaBE PACTBOPOB;

5) B pesynbrare mocrtymieHuss CaCOsz c¢ atmMocepHbIMH OCagkaMHd M B3aUMOJICHCTBUS C
HCOs", naxoadieiics B cocTaBe MOYBEHHBIX PAaCTBOPOB;

6) MPUHOC C TPYHTOBBIMU BOJIAMHU.

B poccuiickoii Hay4yHOU NUTEpaType OTMEYaeTcs, YTO HauOoJiee IIMPOKO PacIpOCTPaHEHO
aBieHue, koraa akkymynsius CaCOsz oOycioBiieHa HX NPUBHOCOM C TPYHTOBBIMH BOJaMH
(KoBma, 1973; 3aiinensman u ap., 2000; Pozanos, 1992). Tlo muenuto U.B. Kosasr (2004), oOumme
U pazHooOpa3ue KapOOHATHBIX HOBOOOPA30BaHMU 3aBUCUT OT XapakTepa MOYBOOOPa3yIOIIUX
nopoA: kapboHaToB OoJibllie B MOYBaX, CHOPMHUPOBAHHBIX HA JIECCOBUIHBIX OTIOKEHHUSIX, YEM Ha
TJIMHUCTBIX, 3@ KCKJIIOYEHHWEM TOYB THJIbralHoro komruiekca. Kpome Toro, kapOOHaTHBIE
HOBOOOpa3oBaHUs (HOIYJIM) MOTYT OTIUYATbCA Pa3HOBPEMEHHOCTHIO (POPMHUPOBAHUSA B IMOYBAX
€IMHOT0 IOYBEHHOTO KOMILIEKCA.

B 3apyOexHoil nuTepaType OJHU Yy4YeHBIE OOBSCHSAIOT TIPUCYTCTBUE KapOOHATOB UX
MEPEeoTIOKEHHEM KaK MaTepuana, cGOpMHUPOBAHHOTO BHE MJAHHOTO IMOYBEHHOTO Mpoduiis
(Kadry, 1972). [pyrue cUMTarOT, YTO HWCTOYHMKAMU KapOOHaTa W THUICAa B apUAHBIX IOYBaX
SBJITIOTCSI aTMOC(EepHBIE TIOCTYIJICHUS B BUJIE MBUIA WA KapOOHATOB, PACTBOPEHHBIX B JIOKIEBOI
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Boje (Dohrenwend et al.,, 1991; Gustavson et al., 1991). Ects paboTbl, TIe OTMEYaeTCs, YTO B
(hopMUPOBAaHUN TOPU30HTOB «calcicy M «gypsicy» ydacTBYIOT OMOJIOTHYECKHE MPOIECCHI, KOTIa 3a
CYeT MMHEpAJIU3AlMKU PACTUTEIIBHOIO MaTepuaia B MOYBY BHOCHUTCS 3HAYUTEJIHHOE KOJUYECTBO
kapOonaroB u runca (Dregne, 1976). R.J. Amit u B.J. Harrison (1995) u BoBce mokasanu, 49ToO
(hopMHpOBaHKE TOPU30HTOB IMOYB V3pamiis 9acTo CBSA3aHO C BOJIOKHUCTOW CTPYKTYPOU HEKOTOPBIX
rpuOOB, MPUBHOCSIINX KATBIIUNA B TIOYBY ITPU OTMUPAHHH.

Paszbupas oTpuaTeIbHBIC W MOJIOKHUTEILHBIC CBOWCTBA KapOOHATHBIX IMOYB B JIUTEPATYPHBIX
HCTOYHUKAX, OTMeTUM cieaytomue ux cpoiicrsa. L.T. Kadry (1972) Beimensier, 4T0O OCHOBHBIMU
npobiieMaMHu  3eMJICTIONB30BaHUS B  BIMKHEBOCTOUHOM pErHOHE SIBISIFOTCA  0Opa3oBaHUE
MTOBEPXHOCTHON KOpKHM, LIEMEHTAllUsi TOPU30HTOB, HU3Kas JOCTYNHOCTh (ocdopa, HapylieHue
KaJINEBOTO W MAarHMEBOTO MUTAHUS PACTEHUM, HU3Kasl JOCTYIMHOCTh MUKpoaneMmeHToB. J.C. Dixon
(2009) maer XapaKTEpUCTUKY AapHUAHBIX IMOYB M OTMEYAET, YTO YBEJIMYEHUIO KOHIICHTPAIIMU
KapOOHATOB W TUIICA COMYTCTBYET YIUIOTHEHHE TOYB U (POPMUPOBAHUE TOPU3OHTOB «petrocalcicy u
«petrogypsicy.

[.S. de Soto ¢ coaBropamu (2017) wuccnenoBanM — pacmpeneneHrue  KapOOHATOB IO
rpaHyJIoOMeTpuuecKuM (pakmusM B maxoTHOM cjoe 0-20 cM opomraemMbIX CeTbCKOX03IHCTBEHHBIX
yroauii HaBappel B Mcnanuu. B pe3ynpTaTe 3KCIepMMEHTa aBTOPBI BBIICHWJIM, YTO B IECUYAHOMN
(dbpakuuu TMOYB KOJUYECTBO KApOOHATOB CHCTEMATHYECKH YMEHBINAETCS W CTAOMIU3HPOBATH HX
KOJIMYECTBO YAAeTCs TOJIBKO 33 CYET BHECEHUS yI0OpEHUil.

BrniepBbie moapoOHO mpolecc MppUTralMOHHOTO OKapOOHAYMBaHUS MOYB B CYXOCTEMHOM 30HE
EBponeiickoit  Poccum B Bosrorpanckoit  obGmactu  omucan  B.A. bapaHoBckoit  u
B.U. AzoBueBsiM (1972, 1981). Ilo pe3ynbraram HMX HCClIeIOBaHUNA TpakThyecku 3a 40-meTHui
MEpPHO] OPOIICHMSI MIPOU30IIO HAKOIUIEHHE Macchl KapOoHATOB Ooliee ueM B 3 pa3a B BEpXHEM
cinoe 0.5 M. [IpyueM MpoHMCXOOUIO STO HE3aBUCHMO OT TIyOMHBI 3ajleTaHus TPYHTOBBIX BOJ, a
JIETKOPAaCTBOPUMBIE COJIM HAaXOJWJIUCh Ha 3HauuTeNbHOM riayoune. [Ipm sTomM aBTOpBl He
UCKITI0Yal0T 4yacTU4HbIM mpuBHOC CaCO3 ¢ MOJUMBHBIMU BOJaMHM M3 p. Boaru, mpecHbie BOJIbI
KOTOPOM HWMEIOT THAPOKAPOOHATHO-KAJIBIIMEBBIA COCTaB. PsAm NIpyrux HcciemoBaTelield Takxke
CUMTAET BO3MOXKHBIM MOCTYIUIEHHE KapOOHATOB B IOYBBI C IOJMBHOW BOJOW Ha OPOIIAEMBIX
3emisix Kammmdopuun (Wu et al., 2008).

[Ipouecc mnoarsaruBanus KapOOHATOB B MAaxOTHBIX IOYBAaX CYXOCTeMHOM 30HBI Poccum
oTMeYalics W ApyruMu uccienoBatensimu (JIrobumosa, 2018; Jlrobumona, ertspesa, 2000;
JlrobumoBa, HosuxoBa, 2016). CumTaercs, 4YTO 3HAYUTEIBHOE IMOCTYIJICHUE KapOOHATHOTO
MaTrepuaga MPOUCXOAUT TOCTEe TPEXbIPYCHONM U IUJIAHTAXHOW BCHAllleK, a TakXkKe 3a CueT
nepepacnpeesieHuss KapOoOHAaTOB BHYTpU TMpoduias u3-3a HM3MEHEHHs] pPEeXHMMa BJIAKHOCTH
MEJTHOPUPOBAHHBIX 1MOYB. OO aKTUBH3AIMH MPOLIECCOB MEPEIBIKEHUSI PACTBOPEHHBIX KapOOHATOB
B AarporeHHOM3MEHEHHBIX II0YBaX COJIOHIIOBBIX KOMIUIEKCOB CBHJICTEIILCTBYIOT KapOOHATHbBIE
BBIZICTICHUS] BHYTPHU U BOKPYT MOP 00Pa3I[0B HEHAPYIIIEHHOTO CIIOKEHUSI.

Bricokoe conepkanue kapOOHATOB B KOPHEOOUTAEMOM CIIO€ KaIITAHOBBIX MMOYB, KapOOHATHBIX
YepHO3eMax U 0COOEHHO B MOYBaX, CHOPMUPOBAHHBIX HA MPOAYKTaX BHIBETPHUBAHUS U3BECTHSIKOB U
Mepresei, BbI3bIBACT HApYIICHHE MHUHEPATbHOTO MUTAHUS BUHOTPAIHUKOB, YTO BBIPAKAETCS B
3aboneBanuu ux xinoposom (Ilerpos, 2000). U, nanpotus, A. Larbi ¢ coaBropamu (2017) oTmeuarot
MOJIOKUTENFHOE BIUSHUE KapOOHATOB B MOYBaX Ha MPOU3pPACTaHHE OJIMBKOBBIX pPAaCTEHUN B
MPUOPEKHBIX CPETU3EMHOMOPCKHX 3aCOJIEHHBIX 3€MIISIX.

B pykoBoactBax mo omucanuto mouB ®AO (Calcareous Soils, 1972; Soil Survey ..., 1979;
IUSS Working Group WRB, 2015) Bbinensercs rpymnmna ciaOokapOOHAaTHBIX MOYB, COJEpKallUX
OT CJIeIOBBIX KonudecTB N0 2% kapOoHaToB, KapOoHaTHBIX (2-15%), cpennexapOonatHbIX (15-
25%) u cunbHOKapOoHATHBIX (> 25%). OTMedaeTcs, 4To KapOOHATHBIE MOYBBI CO3/IAI0T MPOOIEMBI
JUI  CEeNbCKOXO3SHCTBEHHOTO wHcmonb3oBanus. Kamprmucomn (anra.  «Calcisols»y; mouBBl ¢
coJiep>kaHueM KapOoHaToB > 15%) oTnUYarOTCSI HU3KUM COJIep)KaHHEM OPTraHUYeCKOTrO BEIeCTBA U
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JIOCTYIHOTO a30Ta. Beicokue 3HadeHus pH co3maroT yciioBus, OrpaHHYMBAIONINE MOJBUKHOCTD U
JOCTYITHOCTh JUIS pacTeHHi coenuHeHuit docdopa u3-3a oOpasoBanus HepacTBopuMoro ¢ocdara
KaJIbIIHS.

[Ipu conmepxkanuu CaCO3z mgo 10-15% cumraercsi, yTo KapOOHATHI MOJIOKUTEIHHO BIUSIOT HA
CBOMCTBa IIOYB: CIOCOOCTBYIOT OOpa3oBaHMIO CTaOWJIBHBIX KPYIMHONOPUCTBIX arperaros,
yIIy4dIIaloT BoAHO-(pu3mueckue cBoiictBa. [lpu yBenndyenun conepkanus 10 25% kapOoHAThI MOTYT
OCaXXJaThCsl B [IOPax, CHUXKask BOJOIPOHUIIaeMOCTh 1o4B. [Ipu conepkanun 6onee 25% MI0THOCTH
yBenuuuBaercs 10 1.6 r/cm® u Gonee.

YeMm Memnpue KpHCTALIBI KapOOHATOB, TeM AaKTHBHEE OHM BIHSIOT HAa CBOICTBA ITOYBEHI.
Haubonee aktuBHas dpakmus pazmepom < 0.02 mm. Tak, npu HebombmoMm (10 2%) KOTUYEeCTBE
KapOOHAaTOB NpU BBICBIXaHMM OpPOLIAEMbIX KapOOHATHBIX IOYB OOpa3yeTcsl IUIOTHAas KOpKa.
KapOonaTHbie TOPU3OHTHI, Ja)K€ OCTABasCh TPOHUIAEMBIMH JUISI BOJBI, MOTYT IPEMATCTBOBATH
pOCTY KOpHEH.

Takum 00pa3oM, MPUYKMHBI TOSIBIICHUSI U MEXaHHW3MBI pacIpeesieHusi KapOOHATOB B ITOYBAX
3aBHCAT OT UX HAIMYHS B IMMOYBOOOPA3YIOMIUX MOPOIAX, 30HATBHOTO U PETHOHAIBHOTO XapakTepa
MOYBOOOPA30BATEIBHBIX IPOIECCOB, AHTPOTIOTEHHOTO BO3JICHCTBHS HA TIOYBBI, TOITOMY MpH
M3yYeHUH KapOOHATHBIX TIOYB JIOJKHBI YYUTHIBATHCSI OCOOCHHOCTH KaXI0H TEPPUTOPHUH.

IHonoxeHne KApOOHATHBIX NOYB B PA3HBIX KJIACCU(PUKALUAX I10YB

«Knaccugurayus u ouaenocmuxa noue CCCPy» (1977) oTHOCUTCS K (DAKTOPHO-TEHETHIECKUM.
CucreMaT4eckoe TMOJI0KEHHUE MOYBBI IIPOBOJAUTCS OT CAMBIX OOIIMX TAKCOHOMHYECKHX YPOBHEH K
Oosiee AeTanbHBIM. B OCHOBE KITaCCH(HUKAINYN JICKHUT TMOHITHE IIOYBEHHOTO TUTIA» — TPYIIIHI TI0YB,
XapaKTEPU3YIOIIUXCS CXOJHBIMH YCIOBHUSMHU M PSKUMAMH MOYBOOOPA30BAHMS, OJJHUM BEHAYIIUM
MMOYBOOOPA30BaTEIBHBIM MPOIIECCOM M CXOJHBIM CTpOEHHUEM MpoQuisl (HampuMmep, KallTaHOBBIE).
B npenenax THra BBIICISIOTCS TOATUIIB KaK MEPEXOIHBIC CTYIIEHU MEXIy Pa3HBIMH THIIAMH TIOYB
(TEeMHO-KaIITaHOBBIE, KAaIlITAHOBBIC, CBETJIO-KAITAHOBBIC), B TIpEAEIax IOATUIIOB BBIICISIOTCS
POJIBI TIOYB, XapaKTEPHU3YIOIIUECS JOKAIbHBIMH OCOOCHHOCTSIMHU IMOYBOOOPA30BaHUs, B YACTHOCTH,
0 HAIMYHUIO KapOoHATOB (KapOOHATHBIE, KapOOHATHBIC IIEPEPBITHIE, TITyOOKOBCKHUIIAIOIINE),
B IIpefesiax ~ pOJOB  BBLACISAIOTCS  BHIBl  I[OYB 1O  CTENEHH  Pa3BUTHA  OCHOBHBIX
MOYBOOOPA30BATEIHHBIX POIIECCOB (cBeTIO-KamTaHOBbBIE CTEITHBIC KapOOHaTHBIC
rITyOOKOBCKHITAIONIHME CIIA00MOIITHBIE HAa CYTITUHUCTBIX OTIOXKEHUSX).

CornacHo 3To# KiIacCH(HKAIUU, HAMYME KapOOHATOB B IMOBEPXHOCTHBIX TOPH30HTaX MOYB
XapaKTepHO LIS TAKUX TUIOB, KaK YePHO3EMBbI, KallITAHOBBIC ¥ Oypble TIOYBBL. Pa3iMyHbIE MTOATHIIBI
JaHHBIX TTOYB MOIPA3ACISIFOTCS M0 HATMYMIO KApOOHATOB Ha CIICAYIOIINE POIbI:

e «['1y0OKOBCKHUITAIOIIKNE — ITOYBBI ¢ O0JIee TIIYOOKHUM, YeM B OOBIYHBIX POJIaX BCKHIIAHUEM, 32
CUET OOJICTYCHHOTO MEXaHMYECKOTO0 COCTaBa WM TOJCTUJIAHUS JIETKUMH TIOPOJaMHU JIMOO
BCJIC/ICTBHE JIOKAIBHBIX YIYYIICHWH YCIOBHW  YBIQKHEHHS (IPOMBIBAEMOCTH) IOYBBD»
(Knaccudukamus ..., 1977, c. 95);

e «KapOonatHble (IPOMUTAHHO) — XapaKTEPHU3YIOTCS YCTOWYMBBIM TOBEPXHOCTHBIM
BCKHIIAHMEM, TO €CTh HaJM4ueM KapOOHaTOB BO BCEM I[IOYBEHHOM Mpoduiie, HayuHas C
noBepxHocTu. KapOoHaTHbIE BBIAECNEHUS MOTYT OBITh SICHO Pa3NUYMMBI B TYMYCOBOM TOPU30HTE
(>KMITKH, CelWHKA, MUIENHii), MO0 (DUKCUpPOBaHBI B €ro HIDKHEH YacTW WM MoJ HUM. [eHe3uc
MOBEPXHOCTHON KapOOHATHOCTH MOXET OBbITh CBA3aH € 0c000 TsKENbIM  (MJIOBATHIM)
MEXaHUYECKUM  COCTaBOM, C  MPOBUHIMAIBHBIMA WM  JIOKAIBHBIMH  YCIOBUSIMU
KcepoMeTaMop(u3Ma, PENUKTOBBHIMHU SIBICHHUSIMH, a TakKKe C arpoTeXHHYECKUMH (akTopaMu
(rmaBHBIM 00pa3oM, CBS3aHHBIX C BOBIIEYCHHEM KapOOHATHOTO MaTepHala B MaXOTHBIN CION mpH
riyookoit Becnamke)» (Knaccudukanus ..., 1977, c. 95-96);
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e «Ocrarouno-kapboHaTHble — (HOPMUPYIOTCS Ha KapOOHATHBIX MOpojax (MeJ, MU3BECTHSIK,
Mepreinb). B mouBeHHOM mpoduiie IpUCyTCTBYET OOJOMOYHBIA MaTepuan 3THX MOPOJ, OOJbIIne
KOJIMYECTBA KOTOPOTO (KpOoME€ BTOPHYHBIX KapOOHATOB) COCPEJOTOUYEHBI TOJ T'yMYCOBBIMHU
ropuszoHTamu A+AB (15-30% CaCOs3 u 6oitee). [ToacTunaroTcs rpyObIM IIICOHUCTHIM AITFOBUEM WITH
AIIIOBO-JIENIIOBUEM KOPEHHBIX MopoJ. OO0Iiee BCKUIIaHUE OTMEYAETCsl ¢ IOBEPXHOCTH MOYBBI WM C
MOAMAXOTHOTO CJIOS (HMKHEH 1MoJIoBUHBI ropu3oHTa A)» (Knaccudukanus ..., 1977, c. 96);

e «KapOoHaTHBIE TIEPEPHITHIE — OTIIMYAIOTCS BBICOKHM (4aCTO TOBEPXHOCTHBIM) BCKHITAHHUEM
B CBSI3U C aKTHUBHOMW J€SITEIBHOCTHIO POIOIIMX >KMBOTHBIX (IIEpeHOC KapOOHATOB U3 KapOOHATHOTO
FOpU30HTAa B TyMYCOBBIM). XapakTepHO CMEIIEHHWE MaTepuajlla U3 Pa3HbIX TI'€HETUYECKUX
TOPU30HTOB, HAJIWYME B T'yMYCOBOM TOPH30HTE CBETJIO-OYpHIX YYacTKOB, KaHAJIOB, IOJOCTEH,
3aITOJIHEHHBIX MaTEpUaIOM MaTePHHCKOHN TIOPOIbI, 1 00paTHO-TEMHBIX TYMYCHPOBAHHBIX y4aCTKOB
(KpOTOBMH) B HI)KHEW YacTU Mo4yBeHHOro npo¢wmis. CrnoxxkeHue npouiisd pbixjioe, KaBepHO3HOE,
HeogHopoaHoe» (Knaccudukamnus ..., 1977, c. 96);

Buympupooosvie pazoenenuss no Hamuuuro cunvHo okapoonauenuvix (bonee 30% CaCO3)
20puU30HmMoO6 6 noueax u cpyHmax. Pa3geneHue MoyB U TPYHTOB MO IIyOMHE (B CM) BEpxXHEH
IPaHULbI CUJIBHO OKapOOHAUYEHHOTO TOPU30HTA!

MOBEPXHOCTHOOKapOoHaueHHbIe < 30,
BbICOKOOKapOoHaueHHble = 30-60,
HeriyookookapOoHaueHHble = 60-100,
riybokookapOoHaueHHsle = 100-200,
riryouHHookapOoHaueHHbIe > 200.

Paznenenne moys u TpyHTOB MO MOITHOCTH (B CM) CHUIBHO OKapOOHAYEHHOT'O TOPU30HTA (CII0s):

e MajoMoInHble < 40,

e cpennemoninsie = 40-100,

e MouHslie >100.

Paznenenne hopm kapOOHATHBIX TOYB W TPYHTOB IO CJIOKEHHIO: PBIXJbIC, (hparMeHTapHO-
IJIOTHBIC, MOHOJIUTHO-TUIOTHBIC (Kimaccudukanms ..., 1977).

Hannume kapOoHaTOB B TOYBEHHOM mpoduiie o0o3HauaeTcs aoOaBieHHWEM HMHAEKca (K) K
Ha3BaHHIO TOPU30HTA, HaIlpuMep, BK.

«Knaccugpuxayusa u ouaenocmuxa noue Poccuuy» (2004) mon TOYBEHHBIMH TOPH30HTAMHU
MOHUMAET CYOrOpU30HTAIIbHBIE CJIOU, PA3JIMYaloIIUecs MO0 MOP(OJIOTHYECKHUM U aHATUTUYECKUM
nokasaresnsiM. CBONCTBA TOPU30HTOB OMPENENSIOTCS T€HE3UCOM, MO3TOMY MMOYBEHHBIE TOPU3OHTHI
HA3bIBAIOTCA TEHETUYECKHUMH TOPHU30HTaMU. | €HeTHYeCKHue TOPU30HTHI BKIIOYAIOT B ceOS Kak
€CTECTBEHHbIE, TaK M aHTPONOreHHO-IpeoOpazoBaHHblie. [locienHnue SBISIOTCS PE3yIbTATOM
COUETaHUS MPUPOJHBIX MPOIECCOB U JESITENLHOCTU YEIOBEKA, YTO MO3BOJIAET y4ECThb B €AMHOMN
KIacCU(UKAMU  €CTECTBEHHbIE M  aHTPOIOTEeHHO-TpeoOpa3oBaHHble  TOYBHL.  CHcTeMa
B3aMMOCBSI3aHHBIX T€HETUYECKHX TOPHU30HTOB 00pa3yeT MOYBEHHBIH Mpoduiab, Ha OCHOBAHUU
KOTOPOTO MPOU3BOAUTCS JUArHOCTUKA U Kiaccudukaius nous (Cucrematuka ..., 2016).

YacTb HOMEHKJIATYpbI, HCIOJIB3YeMOM B 3TOM Kilaccu(uKaluu, COXpaHEHa U SBISAETCS
TpaJUIMOHHOHN (Hampumep, yepHo3éMbI). Jlpyras 4acTb TEpMUHOB MpeACTaBiIseT coO0i TepMUHBI,
OTpaKaloIIMe AHTPOMOTICHHYIO JEATENbHOCTh (HalpuMep, arpoyepHO3EéMbI). 31eCh OTCYTCTBYIOT
nma”amadTHRIE TEPMUHBI (HapuUMep, YepHO3EMBbl BBIIIETIOYEHHBIE, CTEMHbIE). JTO 00YCIOBIIEHO
CyOCTaHTHBHBIM TIOJXOJIOM K JAWAarHOCTHKE MOYB B OTJIWYME OT (PAaKTOPHO-TE€HETHUECKOTo U
HKOJIOTHYECKOTro0, MpuMeHsBIerocs B «Knaccupukanum ...» (1977).

CymectBenHbiM HOBOBBeneHHeM B «Kmaccudukamuu ...» (2004) sBUIOCH BbIJENEHUE
HAQ/ITUTIOBBIX TAKCOHOB, CTBOJOB M OTHENOB. B oTnenbl 0OBEIMHSIOTCS IMOYBBI IO CXOJACTBY
OCHOBHBIX IPOLECCOB MOYBOOOpa30BaHus, (GOPMHUPYIOUINX TJIaBHbIE YepThl MPOGuIIs (arpo3eMsbl).
Tunm — 3TO OCHOBHAs TAaKCOHOMHYECKAas €IUHMIA B Tpe/enax OTIENIOB, XapaKTepU3YIOIIascs
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€IMHOM CHUCTEMOW OCHOBHBIX TOPU30HTOB M OOIIHOCTBIO CBOWMCTB, OOYCIIOBJIEHHBIX CXOJICTBOM
PEXKMMOB M IPOLECCOB IOYBOOOpa3oBaHMs (arpo3embl TeMmHble). IloaTun — TakcoHOMUYECKast
eIMHUIIA B TpejAenax THUMa, OTIMYAIOIMIAsACS KAueCTBEHHBIMH MOIU(PHUKAIMAMUA OCHOBHBIX
IFEHETUYECKUX TOPU30HTOB, KOTOpbIE OTPa)KalOT HauboJiee CYIIECTBEHHbIE OCOOEHHOCTU
MOYBOOOPA30BATEIBHBIX MPOIECCOB M ABOJIONMKA TIOYB (arpo3eMbl TEMHBIE JUCIEPCHO-
kapOonatHeie). Pon — TakcoHOMHMYECKas €IWHUIA, OIpenesieMas CTENEHBIO HACBIIICHHOCTH
[IOYBEHHOT'O IOTJIOUIAIOIIET0 KOMIUIEKCA, IPUCYTCTBUEM KapOOHATOB, THIICA, XUMH3MOM
3acoieHus. Buj — TakcoHOMuUYecKas €IUHMIA, OTPa)Karollas KOJUYECTBEHHBbIE IOKa3aTelu
CTENIEHU BBIPAKEHHOCTH IPU3HAKOB, ONPEICNIAIOIIMX THUII, NOJATUI, a HHOIAA U POJ IOYB
(Cucremaruxka ..., 2016).

ITo «Knaccudukanuu u quarsoctuke nous Poccuny» (2004) u «IloneBomy onpenenuTento oy
Poccumn» (2008), ectecTBeHHbIe KapOOHATHBIE TOYBBI OTHOCSTCS K aKKyMYJISTUBHO-KapOOHATHBIM
MaJOryMyCOBBIM IOuBaM (OTHEN), KOTOPbIE pAcCHPOCTPAHEHbI B CTENHU, CYXOM CTeNu U
MOJIymycThIHE. [l HUX XapakTepHa CHJIbHAasg OKapOOHAUE€HHOCTbh MNpPOQUIIs, C MPOSBICHHUEM
cBoeoOpasHoro Meramopdusma. K HMM OTHOCATCS aKKyMyJIsTUBHO-KapOOHATHBIE, TEKCTYpPHO-
KapOOHaTHBIE U TYpOMPOBAHHbIE TEMHOT'YMYCOBBIE, CBETJIIOIYMYCOBBIE MIOYBBI U COJIOHIIBI (THUII).

Boigensitorcs BUIBI MOYB MO TJIyOMHE 3ajieraHus KapOOHAToB (ompenesisiemMble MO TIyOuHe
Bckumnanus ot 10% HCI, B cm):
kapOoHaTHbIe < 30,

BBICOKO KapOoHaTHBbI€ (c1abo BbIenodeHHsie) = 30-50,
cpenHe kapOoHaTHBIE (cpeaHe BhImenoueHabie) = 50-80,
TyOOKO KapOoHaTHBIE (CHIIBHO BhIMIenoYeHHbIe) = 80-120.

OnHako B YCIOBMSIX COBPEMEHHOIO CEIbCKOXO3SHCTBEHHOIO IPOU3BOJCTBA YacTO MMEIOTCS
[IOYBbl, JIMIIEHHbIE BEPXHHUX JUArHOCTMYECKMX TOPHU30HTOB B pe3ylbTaTe aHTPONOTE€HHON
NeATeNbHOCTH, BOIHON 53pO3MM, IeQIALUH, a TaKKe MEXaHHMYECKOro Cpe3aHHus TOpPHU30HTA.
HenocpenctBeHHO B KapOOHATHBIX MOYBAX Ha JTHEBHYIO MOBEPXHOCTh BBICTYNAET B TOM MM MHOU
CTENIEHU COXPAHMBILUICS aKKyMYJIATUBHO-KapOOHATHBIM TOPU30HT WM €ro HWKHAA 4YacTb,
nepexoaHas K nouBooOpasyrouieil nopoae. Takue mouBbl BXOIAT B OTEN arpo3eMoB. JTOT OTHAEIN
00bEeIUHAET MOYBBL, MPOQMWIb KOTOPHIX COCTOMT W3 T'OMOI'€HHOIO arporopu30HTa MOILIHOCTBIO
Oonee 25 cM, OOBIYHO PE3KO CMEHSIOUIErocs JOObIM €CTECTBEHHBIM CPEIMHHBIM I'€HETHYECKHM
TOPU30HTOM HJIM HENOCPEACTBEHHO IO0YBOOOpa3yrouiel mNopoJoi. ArporopusoHT SBIISIETCS
IIPOU3BOIHBIM OJJHOTO MJIM HECKOJIbKUX BEPXHUX TOPU30HTOB €CTECTBEHHBIX 110YB. B pe3ynbraTte B
arpo3eMax CKJIaJbIBaeTCs HOBas, OTJIMYHAas OT €CTECTBEHHOW, CHUCTeMa TIOPU30HTOB. THIIbI
OIPENeNAIOTCA OCOOEHHOCTSIMU arporopu3oHTa M €ro KOMOMHALMSAMHU C IOJANAXOTHON YacTbhio
npouis, MpeiCTaBIEHHOW M0YBOOOpa3yloIled NOpPOJOH MM Pa3IMUHBIMM  CPEAMHHBIMU
ropu3oHTaMu. B Tumax arpo3zeMoB BblAeIseTCs OOJBLIOE KOJWYECTBO IOATUIOB, IOCKOJIBKY
arpozeMbl (OPMHUPYIOTCS U3 ILIMPOKOrO CIHEKTpa THUIOB IOYB W HACJIEAYIOT pPa3HOOOpa3HbIe
IPU3HAKM UX CPEIMHHBIX TOPU30HTOB. Kpome TOro, B HUX NMPOSBISAIOTCS NMPU3HAKH, CBSI3aHHBIE C
aHTPOIIOT€HHBIMU BO3AECHCTBUAMHU. BBIAENAIOTCS clieayromue TUIIbl KapOOHATHBIX MOYB: arpo3eMbl
TEMHBbIE  aKKyMYJISITUBHO-KapOOHAaTHBIE, arpo3eMbl  TEKCTYpHO-KapOOHaTHbIE, TypOO3eMBbI
aKKyMYJIITUBHO-KapOOHaTHbIe, TypOO3eMbl aKKyMYJISITUBHO-KapOOHATHbIE TEMHBIE M BCE MX
MIOJITUIIBI.

OCHOBHBIE MTOATUIBI BBLAESAIOTCS MO YHACIEOBAHHBIM OT €CTECTBEHHBIX MOYB OCOOEHHOCTAM
aKKyMYJIILIUU KapOOHATOB:

1) cerperaiuoHHble (NC) — AMArHOCTUPYIOTCS MO HAJUYUIO B aKKYMYJISTHBHO-KapOOHATHOM
TOPU30HTE CETPErallMOHHBIX CKOIUIEHUH KapOOHAaTOB WM «Oenoria3kn»; (QOpMHUPYIOTCS U3
cerperalMoHHbIX ¥ MUT'PALIMOHHO-CETrPETrallMOHHBIX TIOITHIIOB;

2) MunenspHble (mMc) — IUArHOCTUPYIOTCS IO HAJTUYMI0O B aKKyMYJISTHBHO-KapOOHATHOM

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2024, Tom §, Ne 3



58 I'OPOXOBA, ITAHKOBA

TOPHU30HTE OCJIBIX M JKEJITOBATHIX MPOKUIIOK WIH IICEBJOMUIIENHU; (OPMUPYIOTCS B OCHOBHOM U3
abpOIMPOBAHHBIX MUTPALMOHHO-MUIENISPHBIX TOJATUIIOB YEPHO3EMOB;

3) mucnepcHo-kapOoHaTHBIe (dC) — AMArHOCTHUPYIOTCS MO HAIMYHMIO B MHHEPAJIbHOM Macce
aKKyMYJISITUBHO-KapOOHAaTHOIO Topu3oHTa Ju(p(dy3HO-paccesHHbIX KapOOHATOB, O0O0pa3yrOIIMX
CBETIIBIC pACIUIBIBYATHIC TMATHA; (QopMHPYIOTCS u3 aOpaaupoBaHHBIX (HOPM  JHCIIEPCHO-
KapOOHATHBIX OATHIIOB YepHo3eMoB (Kinaccuduxkamms ..., 2004).

«World  Reference Base for Soil Resourcesy (2022) — 53T0 MeXIyHapoaHas
KJaccu(UKAIMOHHAsT CUCTEMa, CO3JaHHAs KaK MEXIYHApOJHBIN sI3bIK MOYBOBENOB. E€ ocHOBHOE
NpeJHa3sHAuYeHHEe — KOPpENlUs HAIMOHAJIBHBIX IOYBEHHBIX KJIACCH(HUKANWN, CO3JaHHE
OOLIETIOHATHOTO SI3bIKa, HE TIOJIMEHSIOIIETO B TO K€ BpeMs HAllMOHAIbHbIE CUCTEMBI.

B otnuune oT poccHHCKHUX CHUCTEM KIIACCHU(PHKAIUU M0YB, MCIIOJIb3YIOIIUX MHOTOYPOBHEBYIO
uepapxuueckyro cucremy, «WRB» wumeer [ByXypOBHEBYIO, HEHEPApXUUECKYID CUCTEMY.
Ha nepBoM ypoBHe BbLaenstoTcst 32 pedepaTuBHble rpynnsl. Jis onpeaeneHus] NpUHALIEKHOCTU
MOYBbl K pedepaTUBHONW TIpyINIe HUCHOJB3YIOTCA JUAarHOCTHMYECKWE TOPHU30HTBI U Jpyrue
JMarHoCcTUYecKue mnpusHaku. Jlng Oosjee JeTanbHOM XapaKTEpUCTUKH IOYBbI Ha BTOPOM
TaKCOHOMHYECKOM YpPOBHE IMPEAYCMOTPEHbl TIJIaBHbIE (@HIU. «principal») M JOMOJHUTENbHBIE
(anTI. «supplementary») kBaauhUKaTOPHI.

KBanudukaropsl XxapakTepus3yloT OCOOCHHOCTH IOYB BHYTPU pedepaTHUBHBIX MOYBEHHBIX
TpyNI, a TaKke NepexoaHble (GopMbl OT OJHOM pedepaTHBHOM TpyIIbl K JAPYroi.
Onu feTanu3upyroT (YTOUHSIOT) CBOMCTBA JAMAarHOCTUYECKHX TOPU30HTOB, JHATHOCTHYECKUX
MPU3HAKOB M  JUAarHOCTHMYECKUX MAaTepHalloB MO pPa3HbIM XUMHUYECKHM, (PU3HUECKUM,
MUHEPAJIOTUYECKUM CBOMCTBAM, TPAaHYJIOMETPHYECKOMY COCTABY.

I[To pgamaeiMm «WRB» (PykoBoactBo ..., 2012), kapOboHaThl B TIOYBaX MOTYT OBITh
yHacJIeJIoBaHbl OT TIOYBOOOpa3yrome mopoasl (MepBUYHbIE KapOOHATHI) WM  SBISATHCA
pe3ynbTaTOM IMOYBOOOpa3oBaHUs (BTOpUYHBIE KapOoHaThl). B mocrmemHeM cimydae kapOOHATHI
KOHLIEHTPUPYIOTCA B (hOpME MYUYHHMCTHIX BBIJCIICHUN, KyTaH HA MOBEPXHOCTH IEI0B, KOHKPELHIA,
MOBEPXHOCTHBIX WJIM BHYTPUIIOUBEHHBIX KapOOHATHBIX IMpociaoeB uiau kop. IlpucyrctBue
kapoonatoB kanbius (CaCOs) ycraHaBiMBaeTcs MyTeM A00aBJIeHHUsS HECKOJbKUX Kamenb 10%
pactBopa HCl k mnouBe, W 110 MHTEHCHUBHOCTHU BBIJCNICHUSI MY3bIPHKOB JMOKCHAA YTiepoaa
OIICHMBAETCA HUX KOJMYECTBO B moyBe (Tabn. 1). B OonpmMHCTBE CilydaeB MpH IOJIEBOM
JMArHOCTUKE TPYTHO OIPENEIUTb, ABISIOTCS JIU KapOOHATHI IEPBUYHBIMU HIJIM BTOPUYHBIMHU.

Ta6auua 1. [ToneBoe onpezaenenue coaepkanus kapooHnatos B mouse (PykoBoactso ..., 2012).
Table 1. Determination of carbonate content in soil during field work (Soil description guide, 2012).

Ne | OBosnauenme % Crenennb Buaumbie U ciayxoBble
Kap0OHATOB | KapOOHATHOCTH NMPU3HAKY BCKUTIAHUSA
1 N 0 OTCYTCTBYET OTCYTCTBYIOT
2 SL 0-2 ci1abo BCKHUIIAHHUE CJIBIITHO, HO HE BUIHO
3 MO 2-10 cpenHe BCKUIIAaHUE BUJIHO
CHJIBHBIA BUIAMMBIHN 3P PeKT oT
4 ST 10-25 CUJIBHO B3auMoieiicteus ¢ HCl, my3bIpbku
00pa3yIOT TOHKYIO IEHUCTYIO IJICHKY
OypHas peakuus ot HCl,
5 EX >25 OYEHb CUJIBHO MT'HOBEHHO 00pazyercs
TOJICTasl IEHUCTAs MIJICHKA

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2024, Tom 8, Ne 3



KAPBOHATHBIE TTOUBHEI ... 59

NuTtencuBHOCTh B3ammoneicTBus kapObonaroB ¢ HCl 3aBUCHT OT TrpaHyIOMETPHYECKOTO
cocTaBa TMOYBBI: OOBIYHO PEAKLMs MPOXOAUT OoJiee MHTEHCHUBHO B IECYaHOM cyOcTpaTe, 4eM B
TSDKEJIOCYIJIMHUCTBIX TI0YBaX € TEM JK€ cojepkaHueMm KapOoHaroB. Jlpyrue KOMIIOHEHTHI,
IIPUCYTCTBYIOIIME B IIOYBE, HAIIPUMEDP, KOPHHU, TAaK)KE€ MOIYT B3aWMOJECHCTBOBAaTH C KHUCIIOTOM,
u3/aBas LIyM MpU peakuuu. A, HanpuMmep, JTO0JOMUTHI B3aUMOJIEHCTBYIOT ¢ KUCIOTOH ciabee, ueM
KadpMT. Tak Kak BTOpUYHBIE KapOoHaThl damie Bcero B3ammojeiictBytor ¢ HCl nHamHoro
VHTECHCHBHEE, MWCIBITAHUE CIEAyeT IPOBOAUTH OTIENbHO JUI IIEPBUYHBIX U BTOPUYHBIX
KapOOHATOB.

@®opMBl  BTOPUYHBIX KapOOHATOB B IMOYBaX pPa3HOOOPAa3HbI M  SIBISIIOTCS — BaXXHBIM
MH(OPMATUBHBIM IPU3HAKOM TP AUArHOCTUKE [TOYB U ONPEEIIEHNN UX reHesuca. Cuuraercs, 4to
pBIXJIble KapOOHATHbIE HOBOOOpPA30BAaHUS HMMEIOT WILIIOBUAJIbHOE MPOMCXOKJEHUE, a IUIOTHbBIE
KOHKpenuu — rujiporeHHoe. @opmbl BTOPUYHBIX KAPOOHATOB OMKCHIBAIOTCS COTUIACHO Tabnuie 2.

Tabauna 2. Knaccudukanus gopm Bropuanbsix kapobonatos (PykoBosctso ..., 2012).
Table 2. Classification of the secondary carbonates forms (Soil description guide, 2012).

Ne | Mupexc Onpenesienne

1 SC Msrkue koHKpenuu (Oeroria3ka)

2 HC [1noTHBIE KOHKpELUU (KypaBUMKH)

3 HHC [1noTHBIE MOMBIE KOHKPEUNHU (IYTUKH U TIOTPEMKH)

4 D My4HUCTBIE BBIICICHUS

5 PM IMceBmoMutieHir! (kapOOHATHOE 3aMoJHEHNE IO, HATTOMUHAIOIIEEe MUIICITAN)
6 M [Ipocnoit meprens

7 HL [110THBIN CLIEeMEHTHPOBAHHBIN KapOOHATHBIN TOPU30HT(bI) MOIITHOCTHIO 10 10 cM

BaxupiMu 11t menei  kiaccUUKAUU  SIBISIIOTCS.  CICAYIOIIME 3HAueHUsl COAepKaHHs
KapOOHATOB:

e coJiep)kaHue KapOoOHATOB (B mepecyere Ha KapOoHAT Kaylblius) > 2% MaTrepuall KalbKapuk;

e >15% kapOboHaTOB KaiblMs B MEIKO3eMe, IO KpailiHeil Mepe, YaCTUYHO BTOPUYHOIO
MIPOMCXOKACHHUS — TOPU30HT KAJIBIHK (aHTJI. «calcicy);

e TBEpIbIl TOPU3OHT C KapOOHAaTaMU KalbliMs, MO KpaiHel Mmepe, 4YacTUYHO BTOPUYHOTO
MPOMCXOXKACHUS — TOPU30HT METPOKAIBIIMK (aHTJI. «petrocalcicy);

o 15-25% kapboHaTa KaiblMisl B MEIKO3eMe, IO KpailHeil Mepe, YaCTUYHO BTOPUYHOTO
MIPOUCXOXKACHUS — KBaTU(UKATOp TMIOKAIBIUK (aHr. «hypocalcicy);

e >50% xapOoHaTa Kanbpllusi B MEIKO3e€Me, [0 KpailHeH Mepe, YaCTMYHO BTOPUYHOTO
MIPOUCXOXKACHUS — Kilaccudukarop runepkanbliuk (anri. «hypercalcicy).

® B CJIy4ae €CJIM B MIOYBE €CTh TOPU30HT KAJIBLIMK ¢ BepxHEH rpanuueil B npeaenax 50-100 cm
OT MOBEPXHOCTU TMOYBHI, MOYBY MOKHO OTHOCHTH K KaJbIHCOJSIM, TOJIBKO €CIM MOYBEHHAs mMacca
BO BCEM CJI0€ MEXAY TNTyOWHOU 3ajeraHuss BepXHEH TI'paHUIbl TOPU30HTA KaJbIUK U TIIyOWHOM
50 cM kapOoHaTHa.

KanbIMCONMM M THIICOCOIM MOTYT MMETh TOPH30HT apsKMK>, TOJNBKO €CIHM ATOT TOPU3OHT
MpOMUTAaH KapOOHaTaMU Kalblus (B KaJbIMCOJSIX) WM KapOOHATaMU KaibllUsi U THUIICOM
(B runcocomsx; PykoBoactso ..., 2012).

! TlceBnomunenuii kapOOHATHBIA HE OTHOCUTCS KO BTOPHUYHBIM KapOOHATAaM, €CIIM OH MHUIPHPYET CE30HHO M HE
3ajieraeT Ha IOCTOSHHOM TTyOnHe.

2 Apxwuk (mar. «argillay — IIMHA) — CPEIMHHBIN TOPU3OHT, OTIMYAIONIMNCSA OT BBINIETEKANIETO OOJEE BBHICOKUM
coepkanreM mia. [IpuanHaMu TekcTypHO# qudhepeHmany MOryT ObITh WITIOBHAIbHBIC HAKOTUICHHS.
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Takum oOpazom, kapboHaTHBIMU TOYBaMU B «Knaccudukamuu ...» (1977) cuuTaroTcs MOYBHI,
BCKHUIIAIOIIME BO Bcel mouBeHHOH Ttomme; a B «Kmaccudukanuu ...» 2004 u « WRB» (IUSS
Working Group WRB, 2022) kapOOHaTHBIMH SIBJISIOTCSI MOYBBI, BCKUIAONIUE JAKE€ B OJHOM U3
TOPU30HTOB TMOYBB. B KaxnoW wu3 KiaccuuKamuil pasfaensioTcss KapOOHaTHBIE TOYBHI,
chopMHUpOBaHHBIE Ha KapOOHATHBIX TOPOJAaX M 00pa3oBaHHBIC B TPOIECCE TMOYBOOOPA30OBAHMS.
Paznenennie kapOOHATHBIX T1OYB MO KOJMYECTBY KapOOHATOB W TIIyOMHE pacIOIOKEHUS
KapOOHATHOTO TOPH30HTA BO BCEX KJIACCH(PUKALUAX pa3IHMIHO.

PaccmotpuM Mopdosorndeckoe CTpOCHHE M ONpEICNCHHE IO Pa3HBIM KJIACCH(PHUKAIUIM
3anexxHoi nouBkl (IIpuBoKCKasi BO3BBIIEHHOCTh, ONBITHAS cTaHUus «Opoliaemas») U JIyroBou
MOYBBI, AHTPONOrE€HHO-PeoOpa3oBaHHOM, opomaemol (XBajblHCKash TJIMHUCTas paBHHUHA,
opomaeMblii MaccuB CBETNOSIpCKMIA), pacHoNOXKEHHBIX B cyxod crenu Boarorpaackoit
obnactu (puc.).

Puc. A — mopdornoruyeckuii nmpouib 3aMeKHOW CBETIO-KAIITAHOBOW IOYBBI B CYyXOW CTeNH
(Boarorpanckas oOGmactb, [IpuBOIKCKas BO3BBIIIEHHOCTh, ONBITHAas cTaHuus «Oporiaemasy,
2022 r.), B — Mopdosorudyeckuii nmpoduiab COBpeMEHHOH opomtaeMoii mouBsl (Bonrorpanckas
o0nacth, XBaJbIHCKAasl TTIMHUCTAsl paBHUHA, OpolaeMblii MaccuB CeTnosipckuii, 2016 1.).

Fig. A — morphological profile of fallow light chestnut soil in dry steppe (Volgograd Oblast, Volga
Upland, “Oroshayemaya” experimental station, 2022), B — morphological profile of modern
irrigated soil (Volgograd Oblast, Khvalynsk clay plain, Svetloyarsky irrigated massif, 2016).

B 3anexnoit mouse (puc. A) kapOOHAThl MOSABISIOTCS Ha rayouHe 30 cM, B MepexoaHOM
KapOOHAaTHOM coJjloHIleBaToM ropuzonTe (Bca, sn). Ot1o 50-neTHss 3anexsp, yKe TpuOIu3UBIIAsICS
10 CBOMM CBOWCTBaM K IIEJTMHHOW IO4YBE, T/Ie KapOOHAThl HAXOAATCA JOCTATOYHO TIYOOKO.
ITo «Knaccudukamuu ...» (1977) oHa ompeaenseTcss Kak CBETJIO-KalITAaHOBAas COJIOHIIEBATAS
MOCTarporeHHasl CpeAHECYTTUHUCTass Ha JEccoBUAHBIX cyrnuHkax. Ilo «Kmaccudukamuum ...»
(2004) u «lloneBomy ompeaenutento ...» (2008) ona — arpokamraHoBas (Alrz, pa; Ppa, rz)
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cosonueBaras (BMKsn) mnocrarporenHas —cojioH4akoBaTas — ciabosaconenHas (BCAnc, s)
THIICCOJICpKAIasi JEPHUHHAsT CPEIHECYTJMHHUCTAs Ha MaleBO-OyphIX MbUICBATBHIX CYTJIMHKAX.
Cornacao «WRB» (IUSS Working Group WRB, 2022), sto Haplic Kastanozem (Loamic,
Protosodic, Bathygypsic).

Ha pucynke B mpencraBnena opomaemas mousa. [lon BiIMsiHHEM MeNUMOpaIi B IPOLECCEe
TUTAHUPOBKH TIOJIA 37€Ch U3MEHWIICS TIOYBEHHBIN MPO(UIIb 32 CYET HACBIIIKUA CBEPXY KapOOHATHOTO
matepuana. Ilo «Knaccudukamuu ...» (1977) ara mouBa ompenensieTcs Kak ObIBIIAsl JIyTOBO-
KallITaHOBAsl, OpOIIaeMasi, C HACHIITHBIM MaXOTHBIM KapOOHATHBIM TOPU30HTOM, CPEIHECYTITMHUCTAS
Ha CpeIHEXBAJIBIHCKUX oOTiIokeHmsx. [lo «Kmaccudukamum ...» (2004) u «llomeBomy
onpenenutento ...» (2008) sra mouyBa — arpo3eM CTPaTU(UIMPOBAHHBIM MOBEPXHOCTHO-
kapOoHaTHbll (Pr, ca) Ha morpebeHHOM TeMHOTyMycoBOM KkBasurieeBaroM (AUq), TiIMHHCTO-
WLUTIOBUAIBHOM KBasurieeBaroM depHo3eme (BIq), cpemHecyrnmHuCTas Ha CpelHEXBAIBIHCKHX
OTIOXKEHUAX. M3 TociemHero OmpeneNeHust CIenyeT, 4YTo JaHHas I[0YBa  SIBISETCS
CEJIbCKOXO35MCTBEHHON, BO3JEIBIBAEMOM, HMMEET MOIIHBIM arporopu30HT, OTIMYAIOIIMICSA OT
HIDKEJIeKAUX cjaoeB. Kpome Toro, arporopu3oHT SBJISIETCS CTpaTH(GUIMPOBAHHBIM, T.€.
HACBITHBIM CBEPXY Ha OPraHOT€HHBIH TYMYCOBBIH TOPHU30OHT JYTOBO-KAIITAHOBOHM TIIOYBHI H
MTOBEPXHOCTHO-KapOOHATHBIM, TIOCKOJIKY HACBIITHOW MaTepHhall COJEpKUT KapOoHatbl. Hmke
ITaXOTHOTO CJIOS TOPU30HTHI SBJISIFOTCS NTEPEYBIIAKHEHHBIMH, KBazuriaeeBaTbiMU. CormacHo « WRB»
(TUSS Working Group WRB, 2022), sto Luvic Phacozem (Loamic, Aric, Novic).

BriBoabl

Ha 0a3ze nutepaTypHBIX HUCTOYHHKOB IpEACTABIECHbl MEXaHHU3MBI MOSBJICHUS KapOOHATOB B
M0YBaX, B TOM YHUCJIE OOYCIOBJICHHbIE AHTPOIIOI€HHBIMHU BO3JIECHCTBUSAMU, UX MOJIOKUTEIbHBIE U
oTpulaTeNbHble CBoiicTBa. OTMEUEHO, YTO NMPUYMUHBI MOSBICHHUS U MEXaHM3MBI paclpeaeiacHUs
KapOOHAaTOB B MOYBaxX 3aBUCAT OT MX HAJIM4YUs B MOYBOOOPA3yIOIIMX MOPOJAX, 30HAIBHOTO M
PErHMOHANBHOTO XapakTepa MOoYBOOOpa30BaTENbHBIX MPOLIECCOB, aHTPOIIOI€HHOTO BO3JICHCTBUS Ha
MOYBBI, BO3JENBIBAEMON KYyJIbTYphI, MOITOMY MpPU HU3YUYEHUU KapOOHATHBIX TIOYB JOJKHBI
YUUTBHIBATHCS OCOOCHHOCTH KaXKJI0U TEPPUTOPHUHU.

PaccmoTpeno mosiokeHHe KapOOHATHBIX TOYB B pa3HbIX IMOYBEHHBIX KlAcCU(PUKAIUAX,
ucnoisib3yembix B Poccun, ux ocobeHHocTu u oOmue 4epThl. «Kiaccudukanuss u AMarHOCTUKA
noyB CCCP» (1977) oTtHOCHTCS K (PAaKTOPHO-TEHETUUYECKOM, TOJIOKEHHUE TOYBBI OMPEILISIETCS OT
o0LIMX TAaKCOHOMHYECKHUX YypOBHEH K Oojee AeTanbHbIM. B ocHOBe kiaccupuKkaluyd JEKUT
MOHATHE MMOYBEHHOTO THIA, TO €CTh IPYIIBI MTOYB, XapaKTEPU3YIOIIUXCSI CXOJIHBIMU YCIOBUSMHU U
peXHUMaMH MOYBOOOpa30BaHMs, OJHUM BEIYIIMM MOYBOOOPA30BATEIbHBIM MPOIIECCOM M CXOTHBIM
ctpoenuem npodwuist. «Knaccubukanus ...» (1977) sBnsgercs OTKPBHITOM TaKCOHOMHEH, B Hee
MO>KHO J100aBJIATh HOBBIE MTOYBKI MPU MOJTYYSHUN MaTepHana.

«Knmaccudukanus u quarsoctuka nous Poccumn» (2004) u «IloneBoit onpenenutens ...» (2008)
TaK)Ke€ UMEIOT OTKPBHITYI0 TaKCOHOMHIO. Ho B Hell 1oJl MOYBEHHBIMU TOPU30HTAMU MOHHUMAIOTCS
CyOrOpH30HTANBHBIE  CIIOW, pa3auyYalondecs 1Mo MOPQOJOTUYECKUM U aHATUTUYECKUM
nokaszarensiM. CBOHCTBa TOPU3OHTOB OMPEAENSAIOTCS TEHE3WCOM, IIOYBEHHBIE TOPU3OHTHI
HA3bIBAIOTCSA T€HETMYECKUMU TOPU30HTAMHU, KOTOPhIE BKIIIOYAIOT B ce0sl KaK €CTECTBEHHbBIC, TaK U
aHTPOTIOTEHHO-TTPE0OPa30BaHHBIE, YTO MO3BOJISET YU€CTh B €IMHON KiacCU(UKAIIUN €CTECTBEHHbBIE
Y aHTPOTIOTE€HHO-TIPe0Opa3oBaHHbIe MOUBBI. CHCTEMA B3aUMOCBSI3aHHBIX T€HETHYECKUX TOPU30HTOB
oOpa3yeT TOYBEHHBIM Mpo(dUIb, HA OCHOBAHUU KOTOPOTO TPOU3BOAMTCA AMATHOCTUKA U
KIacCU(UKAIUS MTOYB.

«World Reference Base for Soil Resources» (IUSS Working Group WRB, 2022) —
MEeXAYHapOJHAss CHUCTEMa, OCHOBHOE MpeIHA3HAYCHHE KOTOPOW — KOpPENslus HaIMOHAIbHBIX
MOYBEHHBIX Kiaccudukanuii. OHa He TOIMEHSET HAIMOHAIBHBIX CUCTEM, a CIY)KUT I X
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COIMOCTaBJICHUS W OOJIETYeHHUs] B MICHTU(UKAMM M HAUMEHOBAaHMM OCHOBHBIX ITOYBEHHBIX
pasHocTell. B oTauume OT pOCCHICKMX CHCTEM KIAacCH(PMKAUMU TOYB, HCHOJIB3YIOIINX
MHOTOYPOBHEBYIO HEPApPXUUECKYI0 CHUCTEMY, MEKIyHapOJHasi CUCTEMAa HMMEET JBYXYPOBHEBYIO,
HEUEPAPXUYECKYIO CUCTEMY.

[Tpu cpaBHeHMN KiaCCU(DUKATMOHHBIX CUCTEM MOKHO OTMETHTh, YTO KapOOHATHHIMU MOYBAMH
B «Knmaccudukammm ...» (1977) cuyuTaroTcsl MOYBHI, BCKUIAIONIME BO BCEH MOYBEHHOW TOJIIIC; B
«Knaccudukanuu ...» (2004) u xnaccudpukammu «WRB» (IUSS Working Group WRB, 2022)
KapOOHATHBIMHU SIBJISIFOTCS TTOYBBI, BCKUIIAIOMINE 1K€ B OJHOM M3 TOPH30HTOB MOYBHL. B Kakmoi
u3 Kiaccu(uKauil pasfensioTcs KapOOHATHBIE IOYBBI, C(OPMUpPOBaHHBIE HA KapOOHATHBIX
nopoJax M oOpa3oBaBIIMECs B Mpoliecce MoyBooOpazoBanud. Pa3nenenue kapOOHATHBIX MOYB IO
KOJIMYECTBY KapOOHAaTOB M TJyOMHE pAacrloJio)KeHUs KapOOHATHOTO TOpPU30HTa BO BCEX
KJIaCCU(UKALUAX Pa3TUYHBbI.

Jlj1 caMoro MOJIHOTO OMHMCAaHUs COBPEMEHHBIX KapOOHATHBIX MOYB JyYIlI€ BCETO MCIOJIb30BaTh
XapaKTEPUCTUKY MTOYB B TPEX PACCMOTPEHHBIX KJIACCU(PUKALIUAX.

Qunancuposanue. Paborta BeImoaHeHa 1Mo Temam Toczamanuii Ne 0591-2019-0023 «U3yuuth
TpaHc(hOpMaIrIo, SBOJIONNI0 M JIETPAJIAlMI0 TTOYBEHHOTO MOKPOBA arpojaHAmadToB Ha pa3HBIX
YPOBHSIX OpraHU3AIMH, BKIIOUas BHYTPUIIOJIEBYIO HEOJHOPOIHOCTD, C UCIIOIH30BAHUEM COUYCTAHUS
Ha3eMHbIX 00cienoBaHuil 1 nudpoBbIix TexHogoruit» u Ne FGUR-2022-0009 (122022800220-5).
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In Russia, agriculture is mainly concentrated in steppe and dry-steppe zones. The dry-steppe
soils have been attempted to be systematized many times in studies that find the main patterns of
soil formation and soil condition. One of the most important properties of soils that started to attract
the attention of scientists is the presence of soil carbonates (CaCO3).

Soil carbonates, namely, their location and morphology, size, shape and distribution along the
profile, indicate clearly which regimes and processes the soils are affected by. They must be studied
in order to solve theoretical (genesis of soils, their classification and evolution) and practical (soil
change under irrigation, soil reclamation) problems of soil science.

Carbonates have both positive and negative effects on soils and crops, the positive one being
observed with 5-15% of CaCOs. However, their presence in the arable horizons does not optimize
the soil structure, therefore, they are easily dispersed from the soil surface due to wind erosion, and
they can also form a dense crust after rains and irrigation. Due to the current scale of agricultural
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and reclamation impacts on soil cover, calcareous soils have spread widely throughout the steppe
and dry-steppe zones. This phenomenon requires close attention.

Currently, in Russia, the soil scientists use three soil classifications, such as “Classification and
Diagnostics of Soils of the USSR (1977), “Classification and Diagnostics of Soils of Russia”
(2004); and its further improvements, specifically “Field Guide to Soils of Russia” (2008) and the
works of N.B. Khitrov and M.I. Gerasimova (2021, 2022)), and the international classification
“World Reference Base for Soil Resources” or “WRB” (IUSS Working Group WRB, 2022). In
each of them, soils with carbonates are assigned to different groups based on different criteria.

The aim of our article is to review the origin and main properties of calcareous soils, their
status, similarities and differences in the modern classifications that are used in Russia.

Calcareous Soils and Their Properties

A large number of works in the soil science segment study the carbonates in soils of arid and
semi-arid world regions, where they are most widespread. Some scientists, such as H.E. Doner and
W.C. Lynn (1989), have identified the following sources of carbonate occurrence in soils:

1) inheritance from parent rock;

2) sediments from solutions that were formed as a result of the weathering of calcium-
containing minerals;

3) deposits formed by the increase in Ca®* due to CO, emission during outgassing;

4) deposition of carbonate dust on the soil surface and its penetration deeper into the profile
together with solutions;

5) atmospheric precipitations and their reaction with HCOs in the soil solutions;

6) inflow with groundwater.

In Russia, scientific literature notes that the most common accumulation of CaCOs3 in soils is
due to their inflow with groundwater (Kovda, 1973; Zaidelman et al., 2000; Rozanov, 1992).
According to I.V. Kovda (2004), the abundance and diversity of carbonate nodules depend on the
nature of soil-forming rocks. With the exception of soils of the gilgaic complex, carbonates are
more abundant in soils that are formed on loess-like sediments rather than the argillaceous ones.
Additionally, the nodules in soils of a single complex may differ in time of their formation.

In foreign literature, some scientists explain the presence of carbonates by their re-deposition
since they are a material formed outside the profile (Kadry, 1972). Others believe that the sources of
carbonate and gypsum in arid soils are atmospheric inputs, such as dust and those carbonates that
were dissolved in rainwater (Dohrenwend et al., 1991; Gustavson et al., 1991). Some note that
biological processes are involved in the formation of calcic and gypsic horizons: significant
amounts of carbonates and gypsum are introduced into the soil as the plant material undergoes
mineralization (Dregne, 1976). R.J. Amit and B.J. Harrison (1995) showed that the formation of
horizons in Israeli soils was often associated with the fibrous structure of certain fungi, which
would bring calcium to the soil after withering away.

Studying the negative and positive properties of calcareous soils through literature, we would
like to mention their following properties. For example, L.T. Kadry (1972) highlighted that the
main problems of land use in the Middle East were the surface crust, horizon cementation, low
availability of phosphorus and micronutriens, as well as disturbance of potassium and magnesium
nutrition of plants. J.C. Dixon (2009) presented a characterization of arid soils and noted that an
increase in carbonates and gypsum concentrations was due to soil compaction and formation of
petrocalcic and petrogypsic horizons.

I.S. de Soto et al. (2017) investigated the carbonate distribution by studying their granulometric
fractions in a 0-20 cm deep arable layer in the irrigated lands of Navarra, Spain. As a result, they
found out that the concentration of carbonates decreased systematically in the sand fraction, and
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only the fertilizers were able to stabilize their concentration.

In the dry-steppe zone of European Russia, the irrigation carbonation of soils was first
described by V.A. Baranovskaya and V.I. Azovtsev (1972, 1981) for the Volgograd Region. They
showed that during the 40 years of irrigation the accumulation of carbonates had increased more
than thrice in the 0.5 m deep soil layer regardless of the groundwater depth, with the easily soluble
salts located at a considerable depth. Additionally, the authors admit that a partial inflow of CaCOs
was possible during the irrigation with the water from the Volga River, because it had
hydrocarbonates and calcium in its composition. Other researchers also considered the possibility of
carbonate inflow with irrigation water in the irrigated lands of California (Wu et al., 2008).

The infusion of arable soils in the dry-steppe zone of Russia with carbonates was noted by other
researchers as well (Lyubimova, 2018; Lyubimova, Degtyareva, 2000; Lyubimova,
Novikova, 2016). They believe that a significant amount of carbonates enters during the three-tier
plowing (that goes as deep as 40-50 cm, partially or fully displacing three soil horizons) and deep
plowing (deeper than 50 cm), as well as when the carbonates redistribute within the profile due to
changing moisture content in ameliorated soils. The movement of dissolved carbonates in
agrogenetically transformed soils of solonetzic complexes is evidenced by the carbonate sediments
inside and around the pores of the intact soil samples.

High carbonates concentration in the root layer of chestnut soils, calcareous chernozems and
soils that were formed on the decaying limestone and marls disturbs the mineral nutrition of
vineyards, leading to a plant disease known as chlorosis (Petrov, 2000). On the contrary, A. Larbi
et al. (2017) noted the positive effect of carbonates on olive plants growing in the coastal saline
lands of the Mediterranean Basin.

Numerous guides to soil characterization published by the Food and Agriculture Organization
of the United Nations (Calcareous Soils, 1972; Soil Survey ..., 1979; IUSS Working Group
WRB, 2015) define such groups, as slightly calcareous soils with traces of carbonates up to 2%,
calcareous soils (2-15%), moderately calcareous soils (15-25%) and highly calcareous soils
(> 25%). They also note that calcareous soils create certain problems for agriculture. Calcisols (i.e.
soils with > 15% carbonates) have a low content of organic matter and available nitrogen. High pH
limits the mobility of phosphorus compounds, forming insoluble calcium phosphate, and thus their
availability to plants.

It is believed that 10-15% concentration of CaCOs; has a positive effect on soil properties.
For example, they help to form stable macroporous aggregates and improve water-physical
properties. When the concentration increases up to 25%, carbonates start to deposit inside the pores,
reducing water permeability of soils. When the concentration is higher than 25%, soil density
increases up to 1.6 g/cm® or more.

The finer carbonate crystals are, the more active their influence on the soil properties is.
Therefore, the most active fraction of carbonate is < 0.02 mm. After the irrigated calcareous soils
dry up, the small (up to 2%) concentration of carbonates in them turns into a dense crust. Carbonate
horizons that are permeable to water may be impermeable to roots.

The origin and distribution mechanisms of carbonates in soils depend on their initial content in
soil-forming rocks, zonal and regional nature of soil-forming processes, and even anthropogenic
impact, therefore, all of this should be taken into account when studying calcareous soils in each
peculiar territory.

Status of Calcareous Soils in Different Soil Classifications

“Classification and Diagnostics of Soils of the USSR” (1977) is a genetic-factor one. It shows
the systematic position of soils from the general taxonomic levels to more detailed ones. This
classification uses the concept of “soil type”, i.e. a group of soils characterized by similar
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conditions, soil formation, profile structure and one main soil-forming process (e.g. chestnut soils).
Types are divided into subtypes, a transitional stage between different soil types (e.g. dark chestnut
soils, chestnut soils, light chestnut soils). Subtypes are divided into genera with local features of soil
formation; they are distinguished by the presence of carbonates (e.g. calcareous, calcareous turbic,
deeply effervescent). Genera distinguish soils by the development of their basic soil-forming
processes (e.g. light-chestnut steppe calcareous deeply effervescent weak soils on loamy
sediments).

According to this classification, carbonates in the surface horizons are common for chernozems,
chestnut and brown soils. Various subtypes of these soils are divided into genera by the presence of
carbonates (Classification ..., 1977):

o Deeply effervescent soils have a deeper effervescence compared to other genera due to their
lighter mechanical composition, lighter underlying bedrocks, or the local improvements of moisture
conditions (washability) of the soil;

o Calcareous (carbonate-soaked) soils have stable surface effervescence, because their entire
profile is filled with carbonates starting from the very top layer. In these soils, excretions of
carbonates can be clearly visible in the humus horizon, appearing as veins, gray patches and
mycelium, or fixed in its lower part or even underneath. The genesis of surface carbonates may be
related to particularly heavy silt-like mechanical composition of the soils, as well as to provincial or
local conditions of xerometamorphism, to relict phenomena, and to agrotechnical factors (that
introduce carbonates into the arable layer during deep plowing);

e Residual calcareous soils are formed on calcareous rocks (e.g. chalk, limestone, marl), the
clastic materials of which can be found in the profile of these soils. Large amounts of clastic
material (except secondary carbonates) are concentrated under humus horizons A+AB (CaCOs3
> 15-30%). Underneath, there is coarse rubbly eluvium or eluvo-deluvium of bedrock. General
effervescence occurs on the surface or starts in the subsoil layer (i.e. bottom half of the A horizon);

e Calcareous turbic soils have high effervescence, usually on the surface, due to activity of
burrowing animals that transfer carbonates from carbonate to humus horizon. These soils are
characterized by mixed materials from different genetic horizons, presence of light-brown areas,
channels and cavities in humus horizon, all filled with parent rock, and dark humic areas
(i.e. moleholes) in the bottom part of the profile. The profile itself is loose, cavernous, and
heterogeneous.

Subdivision of soils within genera by presence of strongly calcareous horizons (CaCO3 > 30%)
in soils and subsoils. Division by the depth (cm) of the upper boundary of strongly calcareous
horizon:

e surface calcareous < 30,
highly calcareous = 30-60,
shallowly calcareous = 60-100,
deeply calcareous = 100-200,
very deeply calcareous > 200.

Division by the thickness (cm) of the deeply calcareous horizon (layer):

e weak <40,

e medium = 40-100,

e thick > 100.

Division by the structure: loose, compact, massive (Classification ..., 1977).

If a soil profile contains carbonates within it, then its letter receives an index (k), for example, Bk.

“Classification and Diagnostics of Soils of Russia” (2004) refers to soil horizons as
subhorizontal layers that differ in morphological and analytical parameters. The properties of
horizons are determined by their genesis, therefore, these horizons are called genetic horizons.
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Genetic horizons include natural and anthropogenically transformed horizons, the latter being the
simultaneous result of natural processes and human activity, which allows natural and
anthropogenically transformed soils to be considered in the same classification. A system of
interconnected genetic horizons forms a soil profile, which is used for further diagnosis and
classification of soils (Soil Taxonomy and Classification, 2016).

Some terms from this classification are still in use and considered traditional (e.g.,
chernozems); some reflect anthropogenic activities (e.g., agrochernozems). Unfortunately, it does
not have any landscape terms (e.g., leached chernozems, steppe chernozems) due to the use of a
substantive approach to soil diagnosis, as opposed to the factor-genetic and ecological approach that
was applied in “Classification ...” (1977).

This classification made a significant innovation by distinguishing supra-type taxa, classes and
divisions. Divisions include soils by similarity of the main soil-forming processes that define the
main features of the profile (e.g. agrozems). A type is a basic taxonomic unit in divisions; it is
characterized by a system of main horizons and common properties, which, in their turn, are defined
by similarity of soil-forming regimes and processes (e.g., dark agrozems). Subtype is a taxonomic
unit in types; it is characterized by qualitative modifications of its main genetic horizons, which
reflect the most significant features of soil-forming processes and evolution (e.g. dark dispersed
calcareous agrozems). Genus is a taxonomic unit determined by the saturation degree of soil
absorbing complex, presence of carbonates, gypsum, and salinity chemistry. Species is a taxonomic
unit that reflects quantitative indicators of the degree at which the features defining soil type,
subtype and genus express themselves (Soil taxonomy and classification, 2016).

According to “Classification and Diagnostics of Soils of Russia” (2004) and “Field Guide to
Soils of Russia” (2008), natural calcareous soils belong to the division of accumulative calcareous
low-humus soils, common in steppe, dry steppe and semi-desert. They have a highly calcareous
profile with metamorphism manifestations, and include such types as accumulative calcareous,
textural calcareous and turbic dark humus, and light humus soils and solonetz.

Division of soil types by the depth (cm) of carbonate occurrence, which is determined by the
effervescence depth from application of 10% HCI:

e calcareous < 30;

¢ highly calcareous (weakly leached) = 30-50;

e averagely calcareous (averagely leached) = 50-80;

e deeply calcareous (highly leached) = 80-120.

These days, due to agriculture soils are often deprived of their upper diagnostic horizons as a
result of anthropogenic activities, water erosion, deflation and mechanical removal of those
horizons. In the case with calcareous soils, it is their partially preserved accumulative calcareous
horizon or its bottom part transitioning into the soil-forming rock that comes to the surface. Such
soils are included in the agrosoils division, which unites soils with the profile that consists of
homogeneous agrohorizon thicker than 25 cm and usually abruptly transits into a natural middle
genetic horizon or directly into the soil-forming rock. The agrohorizon is a derivative of one or
more upper horizons of natural soils, meaning that agrozems have their own different system of
horizons. Types of agrozems are determined by the specificity of agrohorizon and its combinations
with the subsoil part of the profile that is made of soil-forming rock or different middle horizons.
Types have many subtypes since agrosoils are formed from a wide range of soil types and inherit
features of their middle horizons, including features related to anthropogenic impacts. The
following types of calcareous soils are distinguished: dark accumulative calcareous agrozems,
textural calcareous agrozems, accumulative calcareous turbozems, dark accumulative calcareous
turbozems plus all their subtypes.

The main subtypes are distinguished by the specificity of carbonate accumulation inherited
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from the natural soils:

1) Segregated (nc) can be diagnosed by the presence of segregated carbonate clusters (known as
“beloglazka” in Russian, or “white eyes”) in the accumulative calcareous horizon. They are formed
from segregated and migratory-segregated subtypes;

2) Micellar (mc) can be diagnosed by the presence of white and yellowish veins of
“pseudomycelium” in the accumulative calcareous horizon. They are formed mainly from abraded
migratory-micellar subtypes of chernozems;

3) Dispersed calcareous carbonate (dc) can be diagnosed by the presence of light blurry spots
of diffusely dispersed carbonates in the mineral mass of the accumulative calcareous horizon. They
are formed from abraded forms of dispersed calcareous subtypes of chernozems
(Classification ..., 2004).

“World Reference Base for Soil Resources” or WRB (2022) is an international classification
system created as a universal language for soil scientists from around the world. Its main purpose is
to correlate local soil classifications and create a language that does not replace the local national
systems.

Unlike Russian classifications, which use a multi-level hierarchical systems, WRB uses a 2-
level non-hierarchical one. At the first level, it distinguishes 32 referential groups. To assign a soil
to a group, diagnostic horizons and other attributes are required.

At the second, more detailed level, principal and supplementary qualifiers are used for more
accurate soil characterization. They characterize soil features within referential groups, as well as
forms transitional from one group to another. To specify properties of diagnostic horizons,
attributes and materials, they refer to different chemical, physical, mineralogical properties, as well
as granulometric composition.

According to WRB (Soil description guide, 2012), soil carbonates can be inherited from the
soil-forming rock (in this case, they are called primary carbonates) or result from the soil formation
(secondary carbonates). In the latter case, they are concentrated in the form of powdery sediments,
cutans on the surface of peds, nodules, surface or deep-seated carbonate layers or crusts. The
presence of CaCOs is revealed by a few drops of 10% HCI solution added to the soil, after which
their amount can be estimated the intensity of carbon dioxide emission (Table 1). In most cases,
during fieldwork it is difficult to determine whether carbonates are primary or secondary.

Table 1. Determination of carbonate content in soil during field work (Soil description guide, 2012).

No. [ Index [ CaCOs3 % Level of Visual and audible signs of effervescence
carbonate content
1 N 0 not present not present
2 SL 0-2 low audible, but not visible
3 MO 2-10 medium visible
. highly visible effect after HCl application,
4 ST 10-25 high bubbles form a thin film
. strong HCl reaction that immediately
> EX 25 very high creates a thick bubbly film

The intensity of carbonates interaction with HCl depends on the particle size of each soil:
despite the same carbonate content, it is usually more intense in sandy substrates than in heavy
loamy soils. Other components present in the soil, such as roots, also interact with HCI and make
sounds in the process; although, for example, dolomite has a weaker reaction than calcite.

The test HCI should be carried out separately for primary and secondary carbonates, because
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secondary ones usually have a stronger reaction. Secondary carbonates can be presented in soils
differently, in diverse forms that are an important feature in soils diagnostics, when their genesis is
being determined. It is believed that loose carbonate nodules are of illuvial origin, while the dense
ones are hydrogenic. Their forms are described in Table 2.

Table 2. Classification of the secondary carbonates forms (Soil description guide, 2012).

No. | Index Description
1 SC Soft white nodules (“beloglazka”)
2 HC Dense nodules (loess dolls)
3 | HHC Dense but hollow nodules (popouts)
4 D Powdery sediments
5 PM |Pseudomycelium! (i.e. carbonates fill the pores in a way that fungal mycelium does)
6 M A layer of marl
7 HL Dense cemented calcareous horizon(s) as thick as 10 cm or lower

The following values of carbonate content in soils are important for classification:

carbonate content (in terms of calcium carbonate) > 2% — calcaric;

> 15% of carbonate content in a fine soil is partially of secondary origin — calcic;

solid horizon with calcium carbonate is partially of secondary origin — petrocalcic;

15-25% of calcium carbonate in a fine soil is partially of secondary origin — hypocalcic;

> 50% of calcium carbonate in a fine soil is partially of secondary origin — hypercalcic.

if the soil has calcic horizon with its upper boundary at 50-100 cm from the surface, then
this soil can be referred to calcisols, but only if the entire soil mass between the upper calcic
boundary and 50 cm contains carbonates.

Calcisols and gypsosols can have an argillic> horizon, but only if that horizon is saturated with
calcium carbonates in calcisols, or calcium carbonates and gypsum in gypsosols (Soil description
guide, 2012).

Thus, according to “Classification ...” (1977), calcareous soils are soils that are effervescent
throughout the entire massif; however, according to “Classification ...” (2004) and WRB
(IUSS Working Group WRB, 2022), calcareous soils are soils that are effervescent at least in one
horizon. Each classification separates calcareous soils that are formed on calcareous rocks and soils
that are created during soil formation. They also have different approaches to division of calcareous
soils by the amount of carbonates and the depth of calcareous horizons.

Further below we describe a morphological structure and different approaches to classification
of fallow soil (Volga Upland, “Oroshayemaya” experimental station) and meadow soil,
anthropogenically transformed and irrigated (Khvalynsk clay plain, Svetloyarsky irrigated massif),
both located in the dry steppe of Volgograd Region (Fig.).

In a fallow soil (Fig. A), the carbonates was found at the 30 cm depth, in a transitional
calcareous alkaline horizon (Bca, sn). This is a 50-year-old fallow soil, close enough to a virgin soil
with the deeply seated carbonates. According to “Classification ...” (1977), it is light chestnut
alkaline postagrogenic medium loamy soil on loess-like loams. According to “Classification ...”
(2004) (and “Field Guide to Soils of Russia™’ (2008)), it is and agrochestnut (Alrz, pa; Ppa, 1z)

I Carbonates that form pseudomycelium are not considered secondary carbonates, if they migrates every season and do
not remain at one constant depth.

2 Argillic horizon (Lat. “argilla” — clay) is a middle horizon, which has higher silt content compared to the upper
horizon, possibly, due to illuvial accumulations.
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alkaline (BMKsn) postagrogenic solonchak-like soil slightly saline (BCAnc, s) gypsiferous medium
loamy soil on pale-brown dusty loams. According to WRB (IUSS Working Group WRB, 2022),
it is Haplic Kastanozem (Loamic, Protosodic, Bathygypsic).

Irrigated soil (Fig. B) changed its profile due to carbonate material being piled on top during the
land reclamation, specifically, the planning of the future field. According to “Classification ...”
(1977), this soil is a former meadow-chestnut soil, irrigated with an arable piled calcareous horizon,
medium loamy on medium Khvalyn deposits. According to “Classification ...” (2004) (and “Field
Guide to Soils of Russia” (2008)), this soil is a stratified surface calcareous (Pr, ca) agrozem on the
buried dark humic quasi-gleyed (AUq) clay-illuvial quasi-gleyed chernozem (Blq), medium loamy
on middle Khvalyn deposits. This description in particular means that this soil is agricultural and
cultivated, with a thick agrohorizon differs from the underlying layers. Additionally, its agrohorizon
is stratified, i.e. it was piled on the organogenic humic horizon of the meadow-chestnut soil, and it
is surface calcareous since the materials that were piled on top of it contain carbonates. Below the
arable layer, the horizons are overmoistened and quasi-gleyed. According to WRB (IUSS Working
Group WRB, 2022), it is Luvic Phaecozem (Loamic, Aric, Novic).

Fig. A — morphological profile of fallow light chestnut soil in dry steppe (Volgograd Oblast, Volga
Upland, “Oroshayemaya” experimental station, 2022), B — morphological profile of modern
irrigated soil (Volgograd Oblast, Khvalynsk clay plain, Svetloyarsky irrigated massif, 2016).

Conclusions

Using literature sources as the basis, we have introduced various mechanisms of carbonates
occurrence in soils (including anthropogenic impact), and both their positive and negative
properties. Their occurrence and distribution mechanisms depend on their initial presence in soil-
forming rocks, zonal and regional character of soil-forming processes, anthropogenic impact, and
crops. Therefore, it is crucial to take into account the features of each territory when studying
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calcareous soils.

We have covered the status of calcareous soils in different soil classifications used in Russia,
along with their peculiarities and common features. “Classification and Diagnostics of Soils of the
USSR” (1977) is factor-genetic, showing the systematic position of soils from the general
taxonomic levels to more detailed ones. This classification uses the concept of “soil type”, i.e. a
group of soils characterized by similar conditions, soil formation, profile structure and one main
soil-forming process. It is an open taxonomy, meaning that new soils can be added to it whenever
new material is obtained.

“Classification and Diagnostics of Soils of Russia” (2004) along with its expansion “Field
Identifier of Soils of Russia” (2008) is an open taxonomy as well. However, it refers to soil horizons
as subhorizontal layers that differ in morphological and analytical parameters. The properties of
horizons are determined by their genesis, therefore, these horizons are called genetic horizons and
include both natural and anthropogenically transformed horizons. This, in its turn, allows to take
into account both natural and anthropogenically transformed soils in one classification. The system
of interconnected genetic horizons forms a soil profile, which is used for further diagnosis and
classification of soils.

“World Reference Base for Soil Resources” (IUSS Working Group WRB, 2022) is an
international classification system, the main purpose of which is to correlate local soil
classifications. It does not replace the national classification systems, but helps to compare them,
facilitating the process of identification and naming of major soil varieties. Unlike the multi-level
hierarchical classifications in Russia, WRB only has two levels and is non-hierarchical.

After comparing all three systems, we found out that calcareous soils in the “Classification ...”
(1977) are soils that are effervescent throughout the entire massif. Meanwhile, the calcareous soils
in both “Classification ...” (2004) and WRB (IUSS Working Group WRB, 2022) are soils that are
effervescent at least in one horizon. Each classification separates calcareous soils that are formed on
calcareous rocks and soils that are created during soil formation. They also have different
approaches to division of calcareous soils by the amount of carbonates and the depth of calcareous
horizons. Therefore, for the complete description of modern calcareous soils, it is advised to use all
three classifications together.

Funding. This work was carried out as part of the state task No. 0591-2019-0023 “To study
Transformation, Evolution and Degradation of Soil Cover of Agrolandscapes at Different

Organization Levels, Including Intra-field Heterogeneity and Using a Combination of Ground
Surveys and Digital Technologies”, and No. FGUR-2022-0009 (122022800220-5).
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B craThe onucaHpl OCHOBHBIE MEXaHU3MbI HOSBICHUS] KapOOHATOB B IOYBAX, NMPOLECCHl 00pa30BaHuUs
KapOOHATHBIX 10YB, B T.4. 00YCIIOBJICHHbIE aHTPOIIOTEHHBIMH BO3JICHCTBUSIMH, UX MOJIOKUTEIbHBIE U
oTpHIaTeIbHbIE CBOIIcTBa. OTMEYEHO, YTO MPUIHMHBI NOABJIEHHE KapOOHATOB B IMOYBAX 3aBHCAT OT UX
HUIMYMS B TOYBOOOpa3yIOUIMX  IHOPOAAX, 30HAJBHOIO M PErHOHAJIBHOTO  Xapakrepa
oYBOOOPa30BaTENbHBIX MPOLECCOB, AHTPONOIEHHOr0 BO3ACHCTBUS Ha MOYBBI, BO3JEIBIBAEMOMN
KYJIbTYPBI, IO9TOMY TIPH W3yYEHHH KapOOHATHBIX MOYB JIOJDKHBI YUHTHIBATHCS OCOOCHHOCTH KaXKJOH
TEPPUTOPHH.

PaccmoTpeno monokeHne KapOOHATHBIX HOYB B PasHbIX MOYBEHHBIX Kiaccupukamusx Poccun, mx
ocobeHHOCTH U 001ue 4epthl. B ocHoBe «Knaccudukaiuu u auarsoctuku nous CCCP» 1977 rona
JISKUT TOHSATHE «TTIOYBEHHOTO THUIIa», T.€. TPYIIBI ITOYB, XapaKTEPUIYIOIINXCS CXOJAHBIMH YCIOBUAMU
U peXHMaMH [T0YBOOOPa30BaHMA, OJHUM BEAYILIMM ITOYBOOOPA30BaTEIFHBIM IPOLECCOM U CXOIHBIM
ctpoernem mpodwiss. B «Knaccupukanum um amarHoctuke mouB Poccum» (2004) u «llomeBom
onpeaenutene mouB Poccum» (2008) wuaeHTH(UKAIMIO THIA II0YB BBIMOJHSIOT IO CHUCTEME
JMAarHOCTHYECKUX TOPU3OHTOB, O0Pa3yIOIIMX MOYBEHHBIH Mpoduib. JIHarHOCTUYECKHE TIOYBEHHBIE
TOPHU30HTHI OMPEACISIOTCS 10 KOMIUIEKCY MOP(OJIOTHUECKMX W aHAJUTHYECKHUX IIOKa3aTesei,
KOTOpBIA OTpakaeT TEHE3WC TOpH30HTA. VIcTonp30BaHWE ECTECTBEHHBIX M aHTPOIIOTE€HHO-
peoOpa3oBaHHBIX JIMArHOCTUYECKUX TOPH30HTOB TO3BOJISIET YYECTh B EIUHON KiacCHPUKAIUU
€CTECTBEHHBIE U aHTPOINOTeHHO-TIPeoOpa3oBaHHbIE MOYBBL. MeKIyHaponHas KiacCU(pHUKaIMOHHAS
cucrema oy «World Reference Base for Soil Resources» (IUSS Working Group WRB, 2022) umeet
JIByXypOBHEBYIO CHCTEMY B OTJHYHWE OT POCCHUHUCKHUX CHCTEM, HCIOJB3YIOIIMX MHOTOYPOBHEBYIO
HUEPAPXUUECKYIO.

B xaxmolh w3 kiaccupukaumid pasmeisiorcss KapOOHAaTHBIE IOYBBL, CHOPMHUpPOBAHHBIE Ha
KapOOHATHBIX MMOpPOJIaX U 00pa3oBaHHBIE B TpoIllecce MouyBooOpazoBanus. PazneneHue kapOOHATHBIX
[I0OYB IO KOJWYECTBY KapOOHATOB W TIIyOMHE pPACIONOXEHHS KapOOHATHOTO TOPH30HTAa BO BCEX
KiIaccu(uKalMax pa3iuuHbel. Jns TonHOro omnucaHus KapOOHATHBIX IIOYB PEKOMEHIYETCS
WCIIONIb30BATh XapaKTEPUCTHUKY TOYB M3 BCEX TPEX PACCMOTPEHHBIX KIacCU(UKALINH.

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2024, Vol. 8, No. 3
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Qunancuposanue. Pabora BemmomHeHa mo TtemaM roc3amanmid Ne 0591-2019-0023 «U3yunthb
TpaHCc(OPMALIMIO, DBOJIIOLUIO M JAErpajaliio MOYBEHHOTO IOKPOBA arpoiiaHAmadToB Ha pasHBIX
YPOBHSX OpraHU3aLUH, BKIIOYAs BHYTPHUIIOJIEBYIO HEOJHOPOIHOCTH, C WCIIOIb30BAaHMEM COYETAHUS
Ha3eMHBIX o0cienoBanni U TUGPoBEIX TexHoIorwmi» 1 Ne FGUR-2022-0009 (122022800220-5).
Kniouesvie cnosa: cemuapuaHble TOYBBI, apUIHbIE TIOUBBI, TUATHOCTHUECKHI MOYBEHHBIH TOPH30HT,
(akTOpHO-TeHETHYECKasl KIaccupuKamus, cyOCTaHTUBHASL KIIaCCU(PHUKALIUS.

DOI: 10.24412/2542-2006-2024-3-67-80

EDN: LNNNJH

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2024, Vol. 8, No. 3



OKOCHCTEMABI: DKOJIOI'HA U JJUHAMUKA, 2024, mom 8, Ne 3, c. 81-91

CTPYKTYPHASA OPTAHU3AIIUA DKOCUCTEM U

3AKOHOMEPHOCTHU UX PACHIPEJIEJIEHUSA
VIK 574.9; 575.858

BUJIOBAS CTPYKTYPA COOBIIECTB MEJIKUX MJIEKOITUTAIOIINAX
(SORICIDAE, RODENTIA) IO/ KHOU YACTHU KOJIBCKOI'O MTIOJYOCTPOBA

© 2024 r. JLI. EmeabsnoBa*, A.C. O60oTypoB**

*Mocroeckuii 2ocyoapcmeentulil yHusepcumem um. M.B. Jlomonocosa
Poccus, 119991, o. Mocksa, Jlenunckue opul, 0. 1. E-mail: biosever(@yandex.ru

**Uucmumym 600uwix npoorem PAH
Poccus, 119333, 2. Mocksa, yn. ['yokuna, 0. 3. E-mail: phantom-91 91@mail.ru

[Mocrynuna B pepakiuio 01.08.2024. ITocne gqopadorku 30.08.2024. [Mpunsta k myoaukaimu 01.09.2024.

O060011eHBl pe3yIbTaThl MHOTOJIETHHX YYETOB YHCICHHOCTH MENKUX MIilekonuTarommx (Soricidae,
Rodentia) roxHO# yactn KonbCKOTo MmoiyocTpoBa Ha 2 KIIFOUEBBIX ydacTkax (JIyBeHBICKHIA y4acTOK
Kanmanakiickoro 3amoBeiHuKa; OCTpoB PsiikoB u Onusiiexanias yacth Kapeiasckoro oepera) ¢ 2008
mo 2018 rr. Ha JlyBeHBrCKOM yd9acTKe METOAOM JIOBYIIKO-NMHWWA YYTe€HBl 7 BHIOB: Microtus
(Alexandromys) oeconomus, Microtus agrestis, Clethrionomys (Myodes) glareolus, Clethrionomys
(Myodes) rufocanus, Sorex araneus, Sorex caecutiens n Sorex minutus. Ha o. PamkoB yurens 4 Buja:
Microtus (Alexandromys) oeconomus, Microtus agrestis, Clethrionomys (Myodes) glareolus, Sorex
araneus; Ha KapensckoMm Oepery — 5 BunoB: Microtus (Alexandromys) oeconomus, Microtus agrestis,
Clethrionomys (Myodes) glareolus, Clethrionomys (Myodes) rufocanus, Sorex araneus. 3a 11-neTHuit
riepuonl HabmoneHWit Ha JIyBEHBICKOM ydacTKe OTMeueHBl Nuku gucienHoctu B 2011, 2015 u
2018 rr., nenpeccun — B 2016 u 2017 rr. Ha o. PsmkoB u Kapenbckom Oepery ciiabOBbIpayKCHHbBIC
nuku HaOmoganu B 2011 u 2015 rr., nenpeccun — B 2010, 2012 u 2014 rr.

Jl1s KaXKI0ro U3 BUAOB TAKCOLIEHOB MBIIIEBUIHBIX I'PhI3YHOB U HACEKOMOSIHBIX OTMEUEHbl Hanboiee
3aceJicHHbIE MecTOOOWTaHMs. BEIIBIEHO, 94TO cOOOIecTBa FOKHON YacTH KoiahCKOro moiyocTpoBa
00BIYHO 2-4-BHIOBBIE C OJHUM JOMUHAHTOM WJIM C JBYMs, CMEHSIOLMMHU YT APYra B pa3idyHbIC
rozael. Ha JlyBeHbrckoM ydacTke HanOosblee BUAOBOE Pa3HOOOpa3ue OTMEYEHO B SKOTOHE Oepe3oBo-
COCHOBOTO C €JIbI0 KYCTapHHYKOBOI'O Jieca M KJIEBEPOBO-3JIAKOBOIO JIyra Ha JUTOpPaIu (SKOTOHHAs
JTUHUSA). B 3TOM MecToOONTaHMM OTMEUeHa BBICOKAS YHMCICHHOCTh TpeX BUAOB: S. araneus (44 ocobu
Ha 100 moBymko-cytok), C. (Myodes) glareolus (15 oc./100 noB.-cyt.), C. (Myodes) rufocanus
(14.6 0c./100 noB.-cyT.). B coobmiectBax B OCHOBHOM IOMHHUDPYIOT S. araneus (CpeIHUH HWHIEKC
nomuHupoBaHus — 25.9%) u C. (Myodes) glareolus (14%). Ilpu stom C. (Myodes) rufocanus co
CPEIHUM HHAEKCOM JIOoMUHHMpoBaHUs 14% pocturaer HauOONbLIEH YUCICHHOCTH Ha SKOTOHHOU
JUHUN U B COCHOBO-Oepe3oBoM OpycHWYHOM 3enmeHoMomrHoM Jyecy (14.6 m 14.0 oc./100 moB.-cyT.
COOTBETCTBEHHO). B cooOmectBax o. PsmkoB m Kapenbckoro Oepera YHCIEHHOCTh MEIKHX
MJIEKONUTAIOIIMX 3HAYMTENBHO HIDKe, 4YeM Ha JlyBeHsrckom ywactke. Ha o. PamkoB ¢
HE3HAYHTENbHBIM  TpeBblmieHueM  pomuHupyeT  C. (Myodes) glareolus, ~HO  OTCYTCTByeT
C. (Myodes) rufocanus. B To xe Bpems Ha OJHM3KO pacroliokeHHOM K Hemy Kapemsckom Oepery
noBcemectHo gomunupyer C. (Myodes) rufocanus — no 5.7 oc./100 n0B.-cyT. mnpu  oOrmieit
gucnerHoctH 6.3 oc./100 1oB.-cyT.

Haumenee pacnpocTpaHeHHBIE BUIBI B cOOOIIECTBaX FOKHOM 4yacTH KoJIbCKOro moiyocTpoBa — 3TO
Microtus (Alexandromys) oeconomus u M. agrestis: NepBbIii BCTpEYaeTCs B yUeTax Ha BCEX KITIOYEBBIX
ydacTkax ¢ HeOompmoi 4nuciaeHHOCThIO (2.7 oc./100 noB.-cyT.), BTOpoii oTMedeH Ha JlyBeHbIrckom
yaactke B 2008 romy (3 oc./100 noB.-CyT. Ha SKOTOHHOW IIMHUM), HA 0. PsmkoB u Ha Kapenbckom
oepery — B 2011 romy. Hdns Oomee TOYHOTO YCTAaHOBJIEHHS €r0 HAIWYHUS VI OTCYTCTBUS B
coo0IIeCTBax HYKHBI JalbHEHIINe HccieaoBaHus. JIeMMUHTH BOBCe HE OTMEUYEHBI B COOOIIECTBAX
JlyBenbrckoro ywactka. M. schisticolor ormMeyann B 5 KM OT y4yacTKa B TOPHOTA€XKHOM EIIHUKE C
Oepe3oii 1 psIOMHON YepHUYHO-BOPOHUYHOM 3ej1eHOoMOIIHOM (2.9 oc./100 noB.-cyT) B 2012 roxy.
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[oruOmmx HOPBEKCKHUX JTEMMHHIOB (Lemmus lemmus) HaXOIUIN BO BpeMsl IHKa yncieHHocTH 2012
roga: 11 — B COCHOBOM 3€JICHOMOIIIHOM Jiecy B OKpecTHOcTAX c. KomBuma (14 kKM OT KIIOYEBOTO
y4dacTka), 2 — B IIPEATOPHOM COCHOBOM YEPHHUYHOM 3€IIEHOMOIIHOM JIECY 10 TPYHTOBOH A0OpOre u3
c. JlyBenwsra B JlyBenbrckue TyHapbl. B 3T0 Bpems 4ucieHHOCTh Lemmus lemmus B COOOIIECTBAX
JlyBenbrckux Tynnap nocturana 2.0-2.2 oc./100 noB.-cyT.

Kniouesvie cnoga:  cooOuiecTBa MEINKHX — MICKONUTAIONINX, CEBEpHas Tailra, TepuodayHa,
Kannanakuickuit 3anoBeJHUK, YNCIEHHOCTh, MH/IEKC TOMUHUPOBAHHUS.

DOI: 10.24412/2542-2006-2024-3-81-91

EDN: PQWXKI

B nacrosiiee Bpemst A1 pa3BUTHSI OMOMHOM KOHIENIIMYA U YTOYHEHHS TPAHUIl PETHOHATBHBIX
OMOMOB HEOOXO/IMMO yCTpaHEHHE «OeNbIX MATEH» — TePPUTOPHUI, OMOTa KOTOPHIX HE U3yUeHA WUIIU
cnabo wum3ydena (EmenwsnoBa, O6oTypoB, 2024). K Ttakum oueHb ci1abo0 HCCIEAOBaHHBIM B
re0300JI0TMUECKOM IUUIaHE PETrHOHAaM OTHOCHUTCSA IOKHas dYacTh KoJIbCKOTO MoIyocTpoBa,
npuHaiexkamas kK Koabcko-KapenbckoMy T'HIOapKTHYECKO-Ta€KHOMY pPaBHUHHOMY OHOMY.
Boartom  acnekre  0coOEHHO  BaXXHBIMM  TPEICTABISIOTCS  PE3yJAbTaTbl ~ MHOTOJIETHUX
Teproreorpa@uueckux HCCIe0BaHUN, MO3BOJIAIOMIUX JIOCTATOYHO IIOJIHO BBISIBUTH (ayHy
pa3IUYHBIX OMOTOIOB TEPPUTOPUU U COCTOSIHHE YMCIICHHOCTH BUJIOB B HUX. YUYETHl YHCICHHOCTH
MeNKUX MiekonuTaromux (Soricidae, Rodentia) Benyrcs B 10kHOM yacTi KoiabCckoro mosryocTpoBa
Ha 2 kmoueBbIX ydactkax: 1) JlyBenwrckuit yyactok Kanpanmakiickoro 3amoBenHHKa, 2) OCTPOB
PamkoB u Kapenbckuit 6eper. C 1952 nmo 1960 rT. 3K0JIOTHIO U TUHAMUKY YMCICHHOCTH MEJIKHX
MJIEKOTIUTAIOIINX Ha TeppUTOpUHU 3anoBeannka m3ydana T.B. Komkuna; ¢ 1965 roma sty paboty
npoBoaut H.C. boiiko. CtarmoHapHbIe JOBYIIKO-THHUU OBLIN 3aJI0KeHBI Ha Kapenbckom Oepery
Kanmanakmickoro 3amuBa HampotuB 0. Kypmuek u  Ha o. PsmkoBe (boiiko, 1984a, 6;
Komkuna, 1953, 1974). C 2008 roga Mbl TPOBOIWIM YYEThl YHUCICHHOCTH Ha JIyBEeHBICKOM
CTallMOHApE 3alOBEJHUWKA M Ha COMNpPEACNIbHOW TeppuTopuu B 15 W 12 KM OT 3amoBeAHBIX
CTAIlMOHAPHBIX JIMHUK. PalloH wuccienoBaHusi pacrojioKeH B ceBepHOM Taiire (30HBI
TUMHI ..., 1999), B Kombcko-KapenbckoM rumoapkTudeckoM TaekHoM Owome  (buombl
Poccun, 2018). JIyBeHbICKHMil ydacTOK 3aHMMAIOT YPOUHIIA CEBEPOTACKHBIX MOPCKHX pPaBHHH,
o. PsmkoB u Kapenbckuii Oeper — ceBepoTaeKHbIE ypouula Ha Bapakax (JeHYAAallMOHHBIX
U JCHYIallMOHHO-TEKTOHUYECKUX HHU3KHX CKAJIbHBIX TIpsAaX C MOIIHBIM, HO THPEPHIBUCTHIM
IMOKPOBOM YE€TBEPTUYHBIX OTJIOKEHUI; ATiac ..., 1971).

Ilenp paGoTbl — BBISIBUTH CTPYKTYPY W JUHAMUKY YHUCICHHOCTHM HACEJIECHHUS TaKCOLICHOB
HACEKOMOSIIHBIX U IpbI3yHOB JlyBeHbrckoro yuactka Kanganakiickoro 3anoBeHuka u o. Psmikosa
Cc mpuJiexaiiei k Hemy yacTtbio Kapenbckoro Gepera.

MartepuaJjibl 1 METObI

I[log TepMuHOM «maxkcoyen» ™Mbl TIOHMMaeM CBSI3aHHYIO C OMNpEACNEHHBIM THIIOM
OuoreoreHo30B 6uocuctemy 6muzkopoacTBeHHbIX BUIOB (Chodorowski, 1959; Hutchinson, 1967;
Huxonaes, 1977). BeisBneHo, uro Ha JIyBeHBICKOM KIIIOYEBOM YYacTKe IPHCYTCTBYIOT JIBa
TaKCOIICHA!

1) MBIIIEBUHBIX TPBI3YHOB (5 BUAOB): ToOJIeBKa-d3KoHOMKA (Microtus  (Alexandromys)
oeconomus)', TemHas (namenHas) noneska (M. agrestis), poikas noneska (Clethrionomys (Myodes)
glareolus), xpacHo-cepas mnoneBka (C. (Myodes) rufocanus), necnoii nemmuHr (Myopus
schisticolor);

2) HaceKOMOsIIHBIX (4 BUaa): 0ObIKHOBEHHAs! OyposyOka (Sorex arameus), cpemHsisi Oypo3yoOka
(S. caecutiens), manast 6ypo3yOka (S. minutus), oObIkHOBeHHas1 Kyropa (Neomys fodiens), necHoi

! JlaTuHCcKue HA3BaHUS BUIOB KMBOTHBIX IaHBI 10 Oa3e naHHBIX «Catalogue of Life» (2024).
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nemmuHr (Myopus schisticolor).

IBa Buna (N. fodiens u M. schisticolor) OTMEYEHBI B 3TOT MEPUOJ TOJBKO B y4eTaX METOJO0M
JIOBYMX KaHABOK.

Ha JlyBeHbICKOM ydYacTKe M CONpEACTbHONH TEPPUTOPUU MaTepuansl O (ayHe M HACEICHUHU
MEJKMX MJICKOIHUTAIOIMMNX coOpanbl B Hrojie-aBrycte (B 2013 r. — B ceHTs0pe) Mo CTaHAapTHOM
METOJIMKE — JIMHUSMHU JIOBYLIEK, PACCTaBICHHbIX uepe3 5 M. BoJbIIMHCTBO JIOBYIIKO-THHHM
HKCTIOHUPOBAIOCH 2 CYTOK, HO ObUIM M JTMHUH, paboTaBmue 1 i 3 CyToK.

Ha o. PsmkxoBe u Kapenbckom Oepery (Kanmanmakmickuii 3amoBeIHUK) MO OJHOW JIMHUU W3
100 noBy1IeK 3KCIOHUPOBAINCH HECKOJBKO THEH B Mae U aBrycre-ceHTs0pe. JIMHUM mpoxoauiu
yepe3 pa3Hble MECTOOOUTaHUSI — COCHOBBIC U €JIOBBIE Jieca, nmpumopckue syra (botiko, 2008, 2009,
2011-2013, 2015-2017).

Ha JlyBeHbrckoM yuyacTke M Ha APYTUX 3aMOBEIHBIX OCTPOBAX MPOBOAMIIUCH TaKKE YUYEThI
METO/I0OM JIOBYMX KaHABOK U €ro MOJU(PHUKAIUAMU (B MyOJUKALIUIO HE BKIIIOUEHBI).

Pe3yJ’[LTaTbI Hu 06cy>lc)1elme

Jlysenveckuii yuacmok u conpeoenvras meppumopus. CooOI1ecTBa MEIKUX MIIEKOTUTAIOUIUX
OKPECTHOCTEH JTaHHOTO Y4acTKa B OCHOBHOM MOHOJOMHHAHTHBI M BKJOUaloT 2-4 Buma (Tadi.).
B 2016 u 2017 rr. oTMe4Yanu AENPECCUI0 YUCICHHOCTH MEIKUX MIeKonuTaromux: B 2016 roay He
ObUIO HU MOUMOK, HU MpoJoBoB; B 2017 roxy Bo BceX MECTOOOMTAHUSAX OTMEYAU OYEHb HU3KYIO
YHCIEHHOCTh — J0 2.6 ococobeit Ha 100 1510B.-CyT. B €J0BO-COCHOBOM KYCTapHHUYKOBO-
3eJIEHOMOIITHOM JIeCy C KaMEHHCTBIMU pOCCHIISMH. MakcuManabHasi YUCIEHHOCTh OTMEYEHa B
2011 romxy (54 oc./100 n0B.-cyT.) B 9KOTOHE O€pE30BO-COCHOBOTO C €JbI0 KYCTApHHYKOBOTO Jieca
Y KJICBEPOBO-3JIaKOBOTO JIyra Ha JuTopaiu. [IMku urcieHHoCTH Takke Obut oTMeueHbl B 2015 u
2018 rr.

B coobmectBax JlyBeHbICKOTO ydacTKa OOBIKHOBEHHas Oypo3yOka (Sorex araneus) — camblid
MHOTOYHUCJIEHHBIA BUJl CO CPEAHUM WHJIEKCOM JAOMHHUPOBaHUS 25.9%, OTMEUYEHHBIN B MOJOBUHE
M3YYEHHBIX MecTooOuTaHuil. Hambonblell 4MCIEHHOCTH OH JOCTUTaeT B JKOTOHE Oepe3oBo-
COCHOBOTO C €JIbI0 KyCTapHMYKOBOTI'O Jieca U KJIEBEPOBO-3JIAKOBOIO JIyra Ha JIMTOPaiu (S3KOTOHHAs
nunus) — 44 oc./100 10B.-CyT.

Cpennsiss u manas Oyposyoku (S. caecutiens, S. minutus) HEeMHOTOUHCIEHHBI B COOOIIECTBAX.
Nx makcumanibHast 9uciIeHHOCTh — 6 0c./100 J10B.-CyT. (3KOTOHHASI IUHUSA).

JlecHble TOJIEBKM BCTpPEYAIOTCSI B TPETH BCEX MCCIEAOBAHHBIX MECTOOOUTAaHUU (CpenHue
UHJCKCHl JTIOMUHHpOBaHUS — OKojJo 14%). MakcumanbHas YHUCICHHOCTh pPBDKEH IOJEBKU
(Clethrionomys (Myodes) glareolus) B wuccrnegoBaHHbIX cooOmiectBax — 15 oc./100 noB.-cyT.
(oxoronnas nunus). KpacHo-cepas mnoneBka (C. (Myodes) rufocanus) Takxke MHOTOUYHCIICHHA
Ha DKOTOHE OEepe30BO-COCHOBOTO C €NIbI0 KYCTApPHUYKOBOIO JieCa M KJIEBEPOBO-3JIAKOBOTO Jyra
Ha JINTOPAJU U B COCHOBO-0€pe30BOM OpyCHUYHO-3elIeHOMOITHOM Jiecy — 14.6 u 14.0 oc./100 nosB.-
CYyT. COOTBETCTBEHHO ((oTO).

[ToneBka-axoHomka (Microtus (Alexandromys) oeconomus) B coo01iecTBax HEMHOTOYHCIICHHA,
€€ CpeIHMI MHIEKC NOMHUHHpPOBaHUs cocTaBui 4.9% (ydeTbl JIOBYIIKO-IMHUAMU). Ha 3KOTOHHOM
JUHUY €€ YUCIEHHOCTh gocturana 2.7 oc./10 noB.-cyT.

Nupekc [MOMUHUPOBAHUS U YHUCICHHOCTh TeMHOW (mamieHHoi) moneBku (M. agrestis)
MPUMEPHO TaKOW jKe, KaK y OSKOHOMKHU: OHa HacenseT 9% MecTooOMTaHWil, a ee WHIEKC
JOMHHHUPOBAHMS B COOOIIECTBaX cocTaBiseT 3.7%.

Jlecnoit nemmuHr (Myopus schisticolor) Ha JlyBeHbICKOM YydacTKe OTMEYEH He Obl,
a Omkaiimas ero Haxoaka Obwia B 5 kM — B 2012 roxy B emoBoM Jecy ¢ Oepe3oil u psOMHON
YEepPHUYHO-BOPOHUYHOM 3€JI€HOMOIITHOM Ha rope JlyBenbrckue TyHapel. HopBexkckuil n1eMMUHT
(Lemmus lemmus) Taxxke He BcTpedaeTcs B coodmecTBax JIyBEeHBI'CKOTO y4acTKa.

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2024, Tom 8, Ne 3
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Ta6muuma. CooOmiecTBa MENKHX MIICKOIHUTAONINX OKpecTHOCTe JlyBeHbrm u octpoBoB Kanpamakmickoro 3amuBa. Table. Micromammalia

communities near Luvenga and the islands of Kandalaksha Bay.

T 5 r Oo6bem Yucaennocrs, oc. / 100 ioB.-cyT.
CPPUTOPITL I MECTOODITAII o yueroB |O6mas | M. oec.| M. agr. | CL glar. |Cl. ruf.| S. ar. | S. caec. |S. min.| [Apyrue
2008 100 7 1 3 — — 3 — — —
. 2010 20 20 — — — — 20 — — —
JlyBeHbICcKUid cTalmoHap 2011 50 54 P o 8 o 44 o o -
Ia 2012 48 14.6 — — — 14.6 — — — —
crarmoHapHast Jiuaust Nel (3KOTOHHas): 2013 50 20 — — — — — 6 6 8 [S.sp.]
HKOTOH OEPe30BO-COCHOBOTO C €JIbI0 2014 50 2 2 — — — — — — —
KYCTApHHYKOBOTO JIECA U KJIEBEPOBO- ;812 ;(5) 1%-7 2.7 — 1.3 5.3 93 - - -
3JIaKOBOTO JIyTa Ha JINTOPAITH 5017 oy 13 B B B 7 13 B B B
2018 80 25 — — 15 — 10 — — —
2008 50 24 — — 2 — 22 — — —
2010 20 5 — — — — 5 — — —
2011 50 24 — — 2 — 22 — — —
16 2012 48 14.6 — — — 10.4 4.2 — — —
crarmoHapHast JiuHus Ne 2 (JiecHas): 2013 50 10 — — — — — 4 2 4[S.sp.]
0epe30BO-COCHOBBIH C €ITBIO 2014 50 26 2 — 14 2 8 — — —
KYCTapHUYKOBBIH JIEC B0Jb JTUTOPAIN 2015 30 40 - - 8 10 16 - - 6 [Ssp.]
2016 30 0 — — — — — — —
2017 50 2 — — — — 2 — — —
2018 65 14.5 — — 5 — 9.5 — — —
II
neca 1 00JI0Ta BJIOJIb CTApOil JIeCOBO3HOM 2012 50 10 B - g 5 - - B B
noporu B Kanganakiry:
a — COCHOBBI 3€JICHOMOIITHBIN JieC
2013 50 2 — — 2 — — — — —
0 — eJIOBO-COCHOBBIN KYCTapPHHUUKOBO- 2014 100 4 1 — 2 — — — — 1 [ClLsp.]
3€JICHOMOIIIHBIN C KAMEHUCTBIMU 2015 40 5 — — — 2.5 2.5 — — —
POCCHINAME 2016 30 — — — — — — — —
2017 84 2.4 — — — — 2.4 — — —

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2024, Tom §, Ne 3
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TepDITODHS i MeCTOOBHTAMMS Ton Oo6bem YucseHHocts, oc. / 100 10B.-cyT.
PPHTOP yueToB |Oomas (M. oec.| M. agr. | CL glar. | Cl. ruf. | S. ar. | S. caec. |S. min.| JIpyrue
B— COCHOBO-6ep630BLII/Iv6pyCHI/IIIHI)II/I 2018 50 16 o o o 14 ) o o o
3€JICHOMOTITHBIN JIEC
€ — BaXTOBO-O0COKOBOE BEPXOBOE 00JIOTO C
COCHOM, MOXKEBEIIbHUKOM U KapJIMKOBOM 2017 40 0 — — — — — — — —
Oepes3koi
K — 9KOTOH COCHOBOTO KyCTaApHUYKOBOTO 2017 40 0 B B B B B B B B
Jileca ¥ BEpXoBoro 0oyiorta
2008, | 800 0 - - - - - - - -
2010 800
2011 600 0.3 o 03 0 o 0 o o o
VII 400 1.5 0.25 0.75 0.5
0. PsmikoB* — pa3ianvHbIC CTAalluN 22%111 1000 0 o o o o o o o o
(COCHOBBIC U €JIOBBIC Jieca, MPUMOPCKUE (BecHa) 500
nyra) o015 | 300 04 0 _ 0.4 _ _ _ — —
400 0.5 0.25 0.25
500
2016 200 0 — — — — — — — —
2008 400 0.75 — — 0.5 0.25 — — — —
(oceHn)
2010
VIII (ocems) | 400 0 - - - - - - - -
. .
Kapenbckuii 6eper* — paznuunsie ctaruu | 2011 400 3.75 - 025 ! 45 - o o o
(COCHOBBIC U €JI0BBIC JIeca, IPUMOPCKUE (ocenn) 300
Jyra) 2012 200 0 — — — — — — — —
2015 1300 | 63 | 03 — — 5.7 0.3 — — —
(ocenp)

HpHMe‘laHHﬂ K Ta6.1mue: B YUCIIUTCIIC — BECCHHUC YYCThbI, B 3HAMCHATCIIC — OCCHHUC

OKOCHUCTEMBI: 5KOJIOI'A 1 AMHAMUKA, 2024, Tom 8, Ne 3

. Notes to table: numerator — spring censuses, denominator — autumn censuses.
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®oto. TunuyHble MEeCTOOOUTAHHS KPACHO-CEPOH IMOJIEBKA — EJIOBO-COCHOBBIM KyCTapHHYKOBO-
3eJIEHOMOIIHBIN Jiec ¢ KaMeHUCThIMU pocchinsimu (poto A.C. O6otypoBa). Photo. Typical biotope
of grey red-backed vole — spruce and pine prostrate shrub and green moss forest with stone runs
(photo by A.S. Oboturov).

B To e Bpems 11 MepTBBIX 3B€pPbKOB BO BpeMsi NuKa uncieHHocty 2012 roga Ob1M HaiiieHb! B
okpectHOCTsIX c. KonmBuma (14 kM OT KOpIOHA) B COCHOBOM 3€JIEHOMOIIIHOM Jiecy U 2 — B
IIPEATOPHOM COCHOBOM YEPHHUYHO-3E€JIEHOMOIIHOM JIECY 10 TPYHTOBOW Jopore u3 c. JlyBeHera B
JlyBenbrckue Tynapel. Emie HECKONBKO JIEMMHHIOB OBLTH TOOBITHI METOJOM JIOBYIIKO-TUHUI: B
Mosiceé TOPHBIX TYHJAP M B 9KOTOHE HMBOBO-0EpE30BOr0 KpPUBOJIECHS M €JIbHHUKA-3€JICHOMOIIHHUKA
(ropHoTaexHsbIi nosic; EmenbsnoBa, O6oTypos, 2017).

HccnenoBanue MTMHAMUKA U3MEHEHUS! YUCICHHOCTH BBISIBHIIO, YTO IKOTOHHOE coobmiecTBo (1)
MEJKUX MIICKOMUTAIONNX TIOJBEPKEHO pEe3KUM KOJeOaHUsSM UHCICHHOCTH B CpPaBHEHUU C
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0epe30B0-COCHOBBIM JiecoM BoJb Jtopanu (II). MexronoBeie M3MEHEHUS] YHUCICHHOCTH MOTYT
nocturath 1800%. Ha o. PsmikoB usMenenus ancieHHOCTH Oosiee miaBHbe — 10 350%.

Ocmpos Pawxos u Kapenvckuii 6epez. DT cOO0IIECTBA MEHEE HACEICHHBIC, YeM COOOIIECTBa
JIyBEeHBICKOTO y4YacTKa, a MaKCHMalbHas YHUCIEHHOCTh jocturaer 6.3 oc./100 7noB.-CcyT.
3nech yame, 4eM Ha TOJIYOCTpOBE, HAONIONAIOTCS JIEMPECCHH C HYJIEBOW YHCICHHOCTBIO,
npu 6onbmiem obwveme yderoB — g0 400 noB.-cyr. 3a ceson. B 2010, 2012, 2014 romax
HaOJI0JaJTach HyJIeBast YUCIEHHOCTh, B 2011 1 2015 rr. — HEOOIbIINE TTUKY.

Ha o.PsmkoB B cooOmiecTBax ¢ HE3HAUYUTEIBHBIM NPEBBIIICHHEM JIOMHHHUPYET phDKas
noseBka. KpacHo-cepas mojieBka, Mo JaHHBIM JICTOTMCEH MNpuUpojbl, HE oTMeueHa. OpHako Ha
Kapenbsckom Gepery oHa TOMHUHUPYET TOBCEMECTHO.

BrIBOIBI

[To pe3ynpTaTaM MHOTOJETHETO MOHUTOPUHIA UHUCIEHHOCTH MEJIKUX MJIEKOMUTAIOIINX
(Soricidae, Rodentia) Ha nByX KiIIOYEBBIX ydacTkax mobepexbs Kanmamakmickoro 3anuBa besoro
MOpSI BBISIBJIEHO, YTO CEBEPOTACKHbIE COOOIIECTBA MEJIKUX MIIEKONMMUTAIOIIUX B OCHOBHOM
MOHOJIOMUHAHTHBIE M OOBIYHO BKJIIOYAIOT 2-4 Buja. JIMHAMUKAa YHMCIEHHOCTH PE3KO BBIPAKEHA,
C BBIJAIONTUMUCS MUKaAMHU U TITYOOKUMHU JICTIPECCUSMH.

Ha JlyBeHbrckoM y4acTke METOJ0OM JIOBYIIKO-TMHUKN yuTeHbl 7 BUIOB: Microtus (Alexandromys)
oeconomus, M. agrestis, Clethrionomys (Myodes) glareolus, C. (Myodes) rufocanus, Sorex araneus
(6uo-oomunanm), S. caecutiens u S. minutus. Ha o. PsiixoB — 4 Buna: M. (AL.) oeconomus, M. agrestis,
Cl. (M.) glareolus (suo-oomunanm) w S. araneus; Ha Kapembckom Oepery — 5 Bumo: M. (AL)
oeconomus, M. agrestis, Cl. (M.) glareolus, Cl. (M.) rufocanus (éuo-oomunanm) u S. araneus.

B okpectHOCTsX JIyBeHbrckoro yuactka Kannanaknickoro 3anoBelHUKa BHICOKAsI YHCICHHOCTh
OTMEUYEHa B KyCTapHHUYKOBOW OEpe30BO-COCHOBOM JIECYy C €JIbI0 M €ro AKOTOHE — KJIEBEpOBO-
371aKOBOM JIYTy Ha JuTopanu. Haumbonbliee BHAOBOE pa3HOOOpa3We YCTaHOBJIEHO B 3KOTOHE
0epe30BO-COCHOBOIO C €IbI0 KyCTAPHUYKOBOI'O Jieca U KJIEBEPOBO-3JIAKOBOTO JIyra Ha JIUTOPAJIH.
3nech B pasiMyHble TOAbl OTMEUYAIM BBICOKYIO YHCIEHHOCTh TpPEX BHUIOB: OOBIKHOBEHHOM
Oypo3yoku — 44 oc./100 moB.-cyT., pebpkeid moneBku — 15 oc./100 noB.-cyT., KpacHO-cepoit
nosieBku — 14.6 oc./100 noB.-cyT.

CoobOmectBa 0. PsmkoB u Kapenbckoro Oepera meHee HaceleHHbIe, 4yeM JIyBEeHBICKOTO
y4acTKa: MaKCHUMajbHas YHCICHHOCTH nocturaer 6.3 oc./100 noB.-cyr. u 54 oc./100 moB.-CyT.
COOTBETCTBEHHO. 3/IeCh Yallle, YeM Ha IOJYyOoCTpOBE, HAOIIONAIOTCA JENpPEecCUu C HYJIEBOM
YUCJICHHOCTBIO, MpU OoJsibiioM o0beme yderoB — a0 400 joB.-cyT. 3a ce3oH. Ha JlyBeHbrckom
y4JacTKe OTMeuYeHbl NMUKUA ynuciieHHocTH B 2011, 2015 u 2018 rr., genpeccun — B 2016 u 2017 rr.
Ha o. PsimkoB u Kapensckom Gepery cnaboBbipakeHHble nuku HaOmoxanu B 2011 u 2015 rr.,
nenpeccun — B 2010, 2012 1 2014 rr.

Paznuuaercs Takke BHAOBOIM COCTaB MEXIy KJIIOYEBBIMH ydacTKaMH. MHOTOYHCIEHHBIN U
IIMPOKO PACHpOCTpaHEHHBIH BHUI B cooOmiectBax JIyBEHbICKOro KOpAOHAa — OOBIKHOBEHHAS
Oypo3yOka, OTMEUeHHas [OYTH B MOJIOBHHE MECTOOOUTaHUI, OXBaueHHbIX yueTaMu. Ha o. PsiikoB
IIPU OTHOCUTENILHO HU3KOM YMCIEHHOCTH BUJBI PACIpe/ielieHbl paBHOMEPHO. UNCIEHHOCTh pPhhKei
MIOJIEBKM HE3HAUUTENIBHO BbIIIE OCTaNbHBIX (pasHuua He mnpesbimaer 0.5-0.1 oc./100 noB.-cyT.).
B cooOrmiecTBax ocTpoBa He OTMEUYEHA KpacHO-cepasi MoJieBKa, Torjaa kak Ha KapenbckoMm Oepery
OHa JIOMHHHPYET BO BCEX COOOIIECTBAX.

bnazooapnocmu. ABTOpPBI  BBIPAXKAIOT HCKPEHHIO MPU3HATENBHOCTh 3a HEOLIEHUMYIO
IIOCTOSIHHYIO TIOMOIIb B OpraHM3allid MOHUTOPUHIOBBIX  HCCIENOBAHUN  COTPYAHHMKAM
Kanganakiickoro 3anoBegHIKa — 3aMECTUTENIO AUpeKTopa o HaydHoi pabote E.JI. TonmaueBoii u
BeayleMmy HaydHoMmy coTpyanuky E.B. Illyrosoi.

Qunancuposanue. PaboTa BbIMONHEHA 1O Teme roczaganus MIY Ne 121051100137-4
«IIpocTpaHCTBEHHO-BpEMEHHAsI OpPraHU3alys SKOCUCTEM B YCIOBHUAX HM3MEHEHUH OKpYXKarolen
cpenb», a Takke teme roczananua MUBIT PAH No FMWZ-2022-0001 «HccinenoBanusi nmpoieccos
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THJIPOJIOTUYECKOT0 IIUKIIA CYIIH U (POPMUPOBAHUS BOJHBIX PECYPCOB, re0(PU3NUECKUX MPOIIECCOB B
BOJHBIX 00BbEKTaxX M UX OacceiiHax, HOPMUPOBAHHS HKCTPEMATBHBIX THAPOIOTUYECKUX SABICHUHA U
JMHAMUKA THAPOJOTMYECKHX CHCTEM C YYETOM H3MEHSIOUIMXCS KIMMAaTHYEeCKUX YCIOBUH U
AHTPOTIOTEHHBIX (PAKTOPOBY.
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SPECIES STRUCTURE OF MICROMAMMALS COMMUNITIES
(SORICIDAE, RODENTIA) IN THE SOUTHERN PART OF THE KOLA PENINSULA
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In this article we have summarized the data of the long-term research (2008-2018) of micromammals
(Soricidae, Rodentia) in the southern part of the Kola Peninsula in the 2 key areas, the Luvengsky
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cluster of the Kandalaksha Reserve, and Ryashkov Island with adjacent part of the Karelian coast.
We used the trap-line method that helped us to identify 7 species in the Luvengsky cluster: Microtus
(Alexandromys) oeconomus, Microtus agrestis, Clethrionomys (Myodes) glareolus, Clethrionomys
(Myodes) rufocanus, Sorex araneus, Sorex caecutiens, and Sorex minutus. On Ryashkov Island, there
were 4 species: Microtus (Alexandromys) oeconomus, Microtus agrestis, Clethrionomys (Myodes)
glareolus, and Sorex araneus; and 5 more species on the Karelian coast: Microtus (Alexandromys)
oeconomus, Microtus agrestis, Clethrionomys (Myodes) glareolus, Clethrionomys (Myodes)
rufocanus, and Sorex araneus. During the 11 years of research, we registered population peaks of
micromammals in 2011, 2015 and 2018, and depressions in 2016 and 2017 in the Luvengsky cluster.
Low peaks on Ryashkov Island and the Karelian coast were observed in 2011 and 2015, and
depressions in 2010, 2012 and 2014.

The most populated habitats were marked for each of the taxocene species of mouse-like rodents and
insectivores. It was revealed that the communities in the south of the Kola Peninsula were usually
formed by 2 to 4 species, with either one dominant or two that were replacing each other in different
years. In the Luvenga cluster, the highest species diversity was registered in the ecotone of birch-pine
prostrate shrub forest with spruce and clover-grass meadows on the littoral (on the ecotone line of
traps). There was a high abundance of 3 species: S. araneus (44 ind. per 100 trap-nights),
C. (Myodes) glareolus (15 ind. per 100 trap-nights), C. (Myodes) rufocanus (14.6 ind. per 100 trap-
nights). The dominant in those communities were S. araneus (average dominance value — 25.9%)
and C. (Myodes) glareolus (average dominance value — 14%). Additionally, C. (Myodes) rufocanus
with an average dominance of 14% had the largest abundance on the ecotone line of traps and in the
pine-birch lingonberry green moss forest (14.6 and 14.0 ind. per 100 trap-nights, respectively).
The abundance of small mammals was significantly lower in communities of Ryashkov Island and the
Karelian coast compared to that of the Luvenga cluster. C. (Myodes) glareolus was a little more
dominant there, while C. (Myodes) rufocanus was absent on the island. At the same time, C. (Myodes)
rufocanus dominated everywhere on the Karelian coast (up to 5.7 ind. per 100 trap-nights, with the
total population of 6.3 ind. per 100 trap-nights). The least common species in the south communities
of the Kola Peninsula were Microtus (Alexandromys) oeconomus and M. agrestis; the former had a
small abundance, but was found in all key areas (2.7 ind. per 100 trap-nights), while the latter was
recorded in 2008 in the Luvenga cluster (3 ind. per 100 trap-nights on the ecotone line), and in 2011
on Ryashkov Island and the Karelian coast. Further research is required to accurately determine
presence or absence of M. agrestis in communities. Lemmings were not registered in the communities
of the Luvenga cluster at all. M. schisticolor was found in 2012, 5 km from the key area in a mountain
taiga spruce blueberry-crowberry green moss forest with birch and rowan (2.9 ind. per 100 trap-
nights).

Dead individuals of Lemmus lemmus were found in 2012 when its population peaked: 11 were in a
pine forest near Kolvitsa Village (14 km from the key area), and 2 more were in a foothill pine
blueberry and green moss forest, along the country road from Luvenga Village to the Luvenga Tundra
mountains. At that time, the abundance of Lemmus lemmus in the communities of the Luvenga Tundra
reached 2.0-2.2 ind. per 100 trap-nights.
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In this article, we have summarized the data of the long-term research (2008-2018) of micromammals
(Soricidae, Rodentia) in the southern part of the Kola Peninsula in the 2 key areas, the Luvenga cluster
of the Kandalaksha Nature Reserve, and Ryashkov Island with adjacent part of the Karelian coast.
We used the trap-line method that helped us to identify 7 species in the Luvenga cluster: Microtus
(Alexandromys) oeconomus, Microtus agrestis, Clethrionomys (Myodes) glareolus, Clethrionomys
(Myodes) rufocanus, Sorex araneus, Sorex caecutiens, and Sorex minutus. On Ryashkov Island,
there were 4 species: Microtus (Alexandromys) oeconomus, Microtus agrestis, Clethrionomys
(Myodes) glareolus, and Sorex araneus; and 5 more species on the Karelian coast: Microtus
(Alexandromys) oeconomus, Microtus agrestis, Clethrionomys (Myodes) glareolus, Clethrionomys
(Myodes) rufocanus, and Sorex araneus. During the 11 years of research, we registered population
peaks of micromammals in 2011, 2015 and 2018, and depressions in 2016 and 2017 in the Luvenga
cluster. Low peaks on Ryashkov Island and the Karelian coast were observed in 2011 and 2015,
and depressions in 2010, 2012 and 2014.

The most populated habitats were marked for each of the taxocene species of mouse-like rodents
and insectivores. It was revealed that the communities in the south of the Kola Peninsula were usually
formed by 2 to 4 species, with either one dominant or two that were replacing each other in different
years. In the Luvenga cluster, the highest species diversity was registered in the ecotone of birch-pine
dwarf shrub forest with spruce and clover-grass meadows on the littoral (on the ecotone line of traps).
There was a high abundance of 3 species: S.araneus (44 ind. per 100 trap-nights),
C. (Myodes) glareolus (15 ind. per 100 trap-nights), C. (Myodes) rufocanus (14.6 ind. per 100 trap-
nights). The dominant in those communities were S. araneus (average dominance value — 25.9%)
and C. (Myodes) glareolus (average dominance value — 14%). Additionally, C. (Myodes) rufocanus
with an average dominance of 14% had the largest abundance on the ecotone line of traps and in
the pine-birch lingonberry green moss forest (14.6 and 14.0 ind. per 100 trap-nights, respectively).
The abundance of micromammals was significantly lower in communities of Ryashkov Island and the
Karelian coast compared to that of the Luvenga cluster. C. (Myodes) glareolus was a little more
dominant there, while C. (Myodes) rufocanus was absent on the island. At the same time,
C. (Myodes) rufocanus dominated everywhere on the Karelian coast (up to 5.7 ind. per 100 trap-
nights, with the total population of 6.3 ind. per 100 trap-nights). The least common species in the
south communities of the Kola Peninsula were Microtus (Alexandromys) oeconomus and M. agrestis;
the former had a small abundance, but was found in all key areas (2.7 ind. per 100 trap-nights),
while the latter was recorded in 2008 in the Luvenga cluster (3 ind. per 100 trap-nights on the ecotone
line), and in 2011 on Ryashkov Island and the Karelian coast. Further research is required
to accurately determine presence or absence of M. agrestis in communities. Lemmings were not
registered in the communities of the Luvenga cluster at all. M. schisticolor was found in 2012, 5 km
from the key area in a mountain taiga spruce blueberry-crowberry green moss forest with birch and
rowan (2.9 ind. per 100 trap-nights).
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Dead individuals of Lemmus lemmus were found in 2012 when its population peaked: 11 were in
a pine forest near Kolvitsa Village (14 km from the key area), and 2 more were in a foothill pine
blueberry and green moss forest, along the country road from Luvenga Village to the Luvenga Tundra
mountains. At that time, the abundance of Lemmus lemmus in the communities of the Luvenga Tundra
reached 2.0-2.2 ind. per 100 trap-nights.

Keywords: micromammals communities, northern taiga, theriofauna, Kandalaksha Nature Reserve,
abundance, dominance index.
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In order to further develop the biome concept and specify the boundaries of regional biomes,
it is necessary to eliminate blind spots, i.e. the territories with poorly studied biota, or not studied
at all (Emelyanova, Oboturov, 2024). Among such understudied geozoological regions, there is the
southern part of the Kola Peninsula that belongs to the Kola-Karelian hypoarctic-taiga lowland
biome. Therefore, the results of long-term mammalogical and geographic studies are particularly
important, because they help to sufficiently identify the fauna of different biotopes and the state of
abundance of the species living in them.

Abundance censuses of the micromammals such as Soricidae and Rodentia were carried out in
2 key areas: 1) Luvenga cluster of Kandalaksha Nature Reserve, 2) Ryashkov Island with adjacent
part of the Karelian coast. From 1952 to 1960, T.V. Koshkina was the one to study the ecology and
abundance dynamics of the micromammals in Kandalaksha Nature Reserve. From 1965, this work
was continued by N.S. Boyko. Stationary trap-lines were set on the Karelian coast of the
Kandalaksha Bay across Kurichek and Ryashkov islands (Boyko, 1984a, b; Koshkina, 1953, 1974).
Since 2008, we, the authors of this article, continue the abundance censuses on the Luvenga Station
of the reserve and the adjacent territory, 15 and 12 km from the reserve stationary lines. The study
region is located in the north taiga (Zones and altitudinal zonality types ..., 1999), in the Kola-
Karelian hypoarctic-taiga taiga biome (Biomes of Russia, 2018). The Luvenga cluster covers the
area of north taiga littoral plains, while Ryashkov Island and the Karelian coast cover the area of
north taiga on the hills known as “varakas” in Russian, the denudation and denudation-tectonic low
rocky ridges with a thick but discontinuous layer of Quaternary sediments (Atlas of Murmansk
Oblast ..., 1971).

The aim of this paper is to identify the structure and abundance dynamics of Eulipotyphla and
Rodentia taxa in the Luvenga cluster of Kandalaksha Nature Reserve, Ryashkov Island and the
Karelian coast.

Materials and Methods

Taxocene 1is a biosystem of closely related species associated with a certain type of
biogeocoenosis (Chodorowski, 1959; Hutchinson, 1967; Hukonaes, 1977). In the Luvenga key area,
there are 2 taxocenes:

1) small Rodentia represented by 5 species of: tundra vole (Microtus (Alexandromys)
oeconomus)', short-tailed field vole (M. agrestis), bank vole (Clethrionomys (Myodes) glareolus),
grey red-backed vole (C. (Myodes) rufocanus), and wood lemming (Myopus schisticolor);

2) Eulipotyphla represented by 4 species: common shrew (Sorex araneus), Laxmann’s shrew
(S. caecutiens), Eurasian pygmy shrew (S. minutus), Eurasian water shrew (Neomys fodiens), and
wood lemming (Myopus schisticolor).

Two of these species (N. fodiens, M. schisticolor) were registered during the studied period
only with the help of trench traps.

! Latin names of animal species are given according to “Catalogue of Life” (2024).
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For the Luvenga cluster and the adjacent territory, the data on fauna and micromammals
population were collected in July-August (but in September in 2013) using a standard method of
trap-lines that were set every 5 m from each other. Most of the lines were set for 2 days, but some
were out only for 1 day, and some for 3 in a row.

Both On Ryashkov Island and the Karelian coast (Kandalaksha Reserve), 1 line with 100 traps
was set for a few days in May and then in August-September. The lines stretched through various
types of habitats, such as pine and spruce forests, and littoral meadows (Boyko, 2008, 2009, 2011-
2013, 2015-2017).

In the Luvenga cluster and on some other island of the reserve the census was carried out with
the help of trench traps and their modifications (that are not described in this paper).

Results and Discussion

The Luvenga Cluster and Adjacent Territory. At this key site, the communities of
micromammal are mostly monodominant, with 2 to 4 species (Table). In 2016 and 2017,
their populations experienced a noticeable depression: in 2016, no micromammals were caught at
all, while in 2017, their number were very low in all habitats — only up to 2.6 individuals per
100 trap-days in spruce-pine shrub-green moss forest with stone runs. Their abundance reached its
maximum in 2011 — 54 ind./100 trap-days in the ecotone of birch-pine dwarf shrub forest with
spruce and clover-grass meadow on the littoral. Their abundance also peaked in 2015 and 2018.

In the communities of the Luvenga cluster the common shrew (Sorex araneus) is the most
abundant species with the average dominance index of 25.9%. It was found in half of the studied
habitats, but its abundance peaked in the ecotone of birch-pine dwarf shrub forest with spruce
and on the clover-grass meadow on the littoral (ecotone line) — 44 ind./100 trap-days.

Meanwhile, the Laxmann’s shrew and Eurasian pygmy shrew (S. caecutiens, S. minutus)
are sparse in the said communities, with their maximum reaching 6 ind./100 trap-days
(ecotone line).

Myodes sp. were found in 1/3 of the studied habitats, with the average dominance index of
around 14%. The maximum abundance of the bank vole (Clethrionomys (Myodes) glareolus)
was 15 ind./100 trap-days (ecotone line). The grey red-backed vole (C. (Myodes) rufocanus)
was also abundant in the ecotone of birch-pine dwarf shrub forest with spruce, clover-grass meadow
on the littoral and pine-birch lingonberry-green moss forest with 14.6 and 14.0 ind/100 trap-days
respectively (Photo).

The tundra vole (Microtus (Alexandromys) oeconomus) was sparse as well, with the average
dominance index of 4.9% (as shown by the trap-lines). Its abundance reached 2.7 ind./10 trap-days
(ecotone line).

Dominance index and abundance of the short-tailed field vole (M. agrestis) is similar to those
of the tundra vole. It was found in 9% of the studied habitats, with the dominance index of 3.7%.

There were no encounters of the wood lemming (Myopus schisticolor) in the Luvenga key area.
The closest encounter took place in 2012, 5 km away from the area, in a spruce with birch and
rowan blueberry-crowberry green moss forest on the Luvenga Tundras Mountain. There were
no encounters of the Norway lemming (Lemmus lemmus) in the Luvenga cluster either.

However, during the abundance peak in 2012, 11 dead lemmings were found near Kolvitsa
Village (14 km from the cordon), in a pine green moss forest, and 2 more in the foothill pine-
blackberry-green moss forest on the dirt road from Luvenga Village to the Luvenga Tundras
Mountain. Several more lemmings were captured with the trap-line method in the mountain tundra
belt and the ecotone of willow-birch elfinwood forest and spruce-green moss forest in the mountain
taiga belt (Emelyanova, Oboturov, 2017).
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Table. Communities of micromammals near Luvenga and the islands of Kandalaksha Bay.
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Area and habitats Year Trap- Abundance, ind./100 trap-days :
days | Total (M. oec.| M. agr. | CL glar. |CL. ruf.| S. ar. | S. caec. |S. min.| Other
2008 100 7 1 3 — — 3 — — —
, 2010 20 20 — — — — 20 — — —
Luvenga Station 2011 50 54 2 _ 8 _ 44 _ _ _
Ia 2012 48 14.6 — — — 14.6 — — — —
Stationary line No. 1 (ecotone line): 2013 50 20 — — — — — 6 6 8 [S. sp.]
ecotone of birch-pine dwarf shrub 2014 50 2 2 — — — — — — —
forest with spruce and ;812 ;(5) 1%'7 2.7 — 1.3 5.3 9.3 — — —
clover-grass meadow on the littoral 5017 126 13 B B B B 13 B B B
2018 80 25 — — 15 — 10 — — —
2008 50 24 — — 2 — 22 — — —
2010 20 5 — — — — 5 — — —
2011 50 24 — — 2 — 22 — — —
Ib 2012 48 14.6 — — — 10.4 4.2 — — —
Stationary line No. 2 (forest line): 2013 50 10 — — — — — 4 2 4[S. sp.]
birch-pine dwarf shrub forest with spruce 2014 50 26 2 — 14 2 8 — — —
along the littoral 2015 50 40 — — 8 10 16 — — 6 [S. sp.]
2016 30 0 — — — — — — — —
2017 50 2 — — — — 2 — — —
2018 65 14.5 — — 5 — 9.5 — — —
II
Forests and bogs along the old timber 2012 50 10 B - g 5 - - - -
transport road to Kandalaksha Town:
a — pine green moss forest
2013 50 2 — — 2 — — — — —
b — spruce-pine dwarf shrub-green moss ggig 14000 : ! o 2 ;5 ;5 o o ¢ sp]
forest with stone runs 2016 30 o o o o o o o o o
2017 84 2.4 — — — — 2.4 — — —
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. Trap- Abundance, ind./100 trap-days
Area and habitats Year P 2 p-cay -
days | Total (M. oec.| M. agr. | CL glar. | CIL. ruf. | S. ar. | S. caec. |S. min.| Other
¢ — pine-birch lingonberry green moss forest | 2018 50 16 — — — 14 2 — — —
d — Menyanthes-sedge raised bog with pine,
.. . 2017 40 0 — — — — — — — —
Juniper and dwarf birch
e — ecotone of pine dwarf shrub forest 2017 40 0 B B B B B B B B
and raised bog
2008, | 800 0 - - - - - B B B
2010 800
600 0.3 0.3 0 0
2011 400 1.5 o 0.25 0.75 B 0.5 B B B
vl 2012 | 000
Ryashkov Island — various stations 2014 300 0 — — — — — — — —
(pine and spruce forests, littoral meadows) | (spring)
2015 500 0.4 0 B 0.4 B B - B B
400 0.5 0.25 0.25
500
2016 200 0 — — — — — — — —
2008 400 0.75 — — 0.5 0.25 — — — —
(autumn)
(ai?&x?m) 400 0 - - — — — — - -
VIII 2011
Karelian coast — various stations (autumn) 400 3.75 — 0.25 1 2.5 — — — —
(pine and spruce forests, littoral meadows) 300
2012 22 0 — — — — — — — —
400
20151300 | 63 | 03 — — 5.7 0.3 — — —
(autumn)

Notes to table: numerator — spring censuses, denominator — autumn censuses.
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Photo. A typical biotope of grey red-backed vole — spruce-pine dwarf shrub and green moss forest
with stone runs (photo by A.S. Oboturov).

The study of population dynamics revealed that the ecotone community (I) of micromammals
is subject to sharp fluctuations in abundance compared to the one in birch-pine forest along the
littoral (IT). Inter-annual changes in abundance can reach 1800%. On Ryashkov Island, changes
in abundance were much smoother — up to 350%.

Ryashkov Island and the Karelian Coast. These communities are less abundant compared to
those of the Luvenga cluster, with their maximal numbers reaching 6.3 ind./100 trap-days.
Additionally, they undergo depressions more often than the peninsula communities, sometimes
dropping to zero. During the higher census volume, they can require up to 400 trap-days per season.
In 2010, 2012 and 2014 the abundance of micromammals was 0, but it peaked slightly in 2011
and 2015.
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On Ryashkov Island, the bank vole is dominant, but only due to its slightly higher numbers
compared to other species. According to “Chronicle of Nature” (Boyko, 2008, 2009, 2011-2013,
2015-2017), the grey red-backed vole was not registered at all. However, on the Karelian coast,
it is widely dominant.

Conclusions

The results of long-term monitoring of micromammals abundance (Soricidae, Rodentia) at two
key sites of the Kandalaksha Bay of the White Sea revealed that the northern taiga communities
are mainly monodominant and usually include 2-4 species. The dynamics of their abundance is
clearly noticeable, with visible peaks and depressions.

In the Luvenga key area, the trap-lines helped us to register 7 species: Microtus (Alexandromys)
oeconomus, M. agrestis, Clethrionomys (Myodes) glareolus, C. (Myodes) rufocanus, Sorex araneus
(dominant), S. caecutiens, and S. minutus. On Ryashkov Island we registered 4 species:
M. (AL.) oeconomus, M. agrestis, CI. (M.) glareolus (dominant), and S. araneus; on the adjacent
Karelian coast we registered 5 species: M. (Al) oeconomus, M. agrestis, ClL. (M.) glareolus,
Cl. (M.) rufocanus (dominant), and S. araneus.

Around the Luvenga cluster of Kandalaksha Nature Reserve the highest abundance of
micromammals was noted in the birch-pine dwarf forest with spruce and its ecotone of clover-grass
meadow on the littoral. The highest species diversity was registered in the ecotone of birch-pine
dwarf shrub forest with spruce and clover-grass meadow on the littoral. There, over different years,
the three species were the most abundant: common shrew — 44 ind./100 trap-days, bank vole —
15 ind./100 trap-days, and grey red-backed vole — 14.6 ind./100 trap-days.

Communities of Ryashkov Island and the adjacent Karelian coast had lower abundance of
micromammals compared to the Luvenga cluster: their maximal numbers reached 6.3 and
54 ind./100 trap-days respectively. The population depressions occur there more often than on the
peninsula, dropping down to 0, although requiring up to 400 trap-days per season during the higher
numbers. In the Luvenga cluster, the peaks were noted in 2011, 2015 and 2018, while the
depressions occurred in 2016 and 2017. On Ryashkov Island and the Karelian coast, the slight
peaks were in 2011 and 2015, and depressions were in 2010, 2012 and 2014.

The species composition was also different between the key areas. The common shrew was
the most abundant and widespread species in the Luvenga Mountains. It was found in almost half
of the studied habitats. On Ryashkov Island, the species had a relatively low abundance, but they
were distributed equally around the territory. The abundance of the bank vole was insignificantly
higher than that of other species (the difference was 0.5-0.1 ind./100 trap-days). The grey red-
backed vole was not registered in the island communities, but it was dominant in every community
of the the Karelian coast.
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BUJOBAS CTPYKTYPA COOBIIECTB MEJIKHX MJIEKOIIUTAIOLIAX
(SORICIDAE, RODENTIA) O’ KHOU YACTHU KOJIbCKOT'O TIOJIYOCTPOBA
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O060011eHB! pe3yIbTaThl MHOTOJIETHUX YYETOB YHMCICHHOCTH MENKUX MiekonuTaroummx (Soricidae,
Rodentia) roxxHoii yactu Konbckoro momyoctpoBa Ha 2 KITFO4EBBIX ydacTkax (JIyBeHbICKHN ydacTOK
Kannmanakmickoro 3amoBeHuka; ocTpoB PsimkoB n Onm3nexamas yacts Kapensckoro 6epera) ¢ 2008
no 2018 rr. Ha JlyBeHbICKOM y4yacTKe METOAOM JIOBYLUKO-IMHUU yuTeHbl 7 BHIOB: Microtus
(Alexandromys) oeconomus, Microtus agrestis, Clethrionomys (Myodes) glareolus, Clethrionomys
(Myodes) rufocanus, Sorex araneus, Sorex caecutiens n Sorex minutus. Ha o. PskoB yuteHs! 4 Buna:
Microtus (Alexandromys) oeconomus, Microtus agrestis, Clethrionomys (Myodes) glareolus, Sorex
araneus; Ha Kapenbckom Oepery — 5 BunoB: Microtus (Alexandromys) oeconomus, Microtus agrestis,
Clethrionomys (Myodes) glareolus, Clethrionomys (Myodes) rufocanus, Sorex araneus. 3a 11-neruuit
nepuo] HaOmoaeHuil Ha JlyBeHbICKOM ydyacTKe OTMeueHbl KM yncieHHoctd B 2011, 2015 u 2018
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rT., aenpeccud — B 2016 u 2017 rr. Ha o. PsmkoB u Kapenbckom Gepery crnabGoBbIpaKeHHBIE TUKU
HaOmonamm B 2011 u 2015 rr., nenpeccuu — B 2010, 2012 1 2014 rr.

JIis Ka)KJ0ro U3 BUJIOB TAKCOIEHOB MBIIICBUIHBIX I'PhI3YHOB U HACEKOMOSIHBIX OTMEUEHBI Hanboee
3aceNieHHbIe MeCTOOOMTaHus. BrIsBieHO, uTO coolmiecTBa r0KHOM dacTu Kombckoro momyocTpoa
OOBIYHO 2-4-BUJIOBBIC C OAHMM JOMHHAHTOM HJIM C JBYMS, CMCHSIOIIUMH JPYT IPyra B pa3dUHbIC
roapl. Ha JlyBeHbIcKOM y4yacTke HauOOJbIlIee BUOBOE Pa3HOOOPa3nue OTMEUCHO B IKOTOHE Oepe30Bo-
COCHOBOTO C €bl0 KYCTapHHYKOBOTO Jieca W KIIEBEPOBO-3JIAKOBOIO JIyra Ha JUTOpaNd (PKOTOHHAs
JuHUSA). B 3TOM MecTOOOMTaHMHM OTMEUEHA BBICOKAs YMUCICHHOCTh TpeX BUAOB: S. araneus (44 ocobu
Ha 100 goBymko-cyrok), C. (Myodes) glareolus (15 oc./100 noB.-cyt.), C. (Myodes) rufocanus
(14.6 0c./100 noB.-cyT.). B cooOmiectBax B OCHOBHOM JIOMUHUPYIOT S. araneus (CpeIHUN HWHJICKC
nomunupoBanus — 25.9%) u C. (Myodes) glareolus (14%). Ilpu stom C. (Myodes) rufocanus co
CPEIHMM HWHJICKCOM JOMHHUpOBaHUsS 14% jpocturaer HauOOJIbIICH YMCICHHOCTH Ha SKOTOHHOM
JUHAYM U B COCHOBO-0EpPEe30BOM OpYCHHYHOM 3eneHoMomHoM secy (14.6 u 14.0 oc./100 noB.-cyT.
COOTBETCTBEHHO). B cooOmectBax o. PamkoB u Kapenbckoro Oepera YHCIEHHOCTh MENKHX
MJICKONMUTAIOIIMX 3HAYUTEIbHO HUXKe, d4em Ha JlyBeHbrckom yuactke. Ha o. PamkoB c
HE3HAUUTENbHBIM  TpeBbiieHneM  gomuHupyer  C. (Myodes) glareolus, HO  OTCyTCTBYyeT
C. (Myodes) rufocanus. B To xe Bpems Ha OJM3KO pacroyiookeHHOM K Hemy Kapenmbckom Oepery
noBcemectHo jpomunupyer C. (Myodes) rufocanus — no 5.7 oc./100 noB.-cyT. 1pu oOmei
yucieHHocTH 6.3 oc¢./100 J10B.-CyT.

Haumenee pacrnpocTpaHeHHBIE BUJBI B COOOIIECTBaX FOXKHON 4yacTH KoIbCKOro mojiyocTpoBa — 3TO
Microtus (Alexandromys) oeconomus w M. Agrestis: TIEpBBI BCTpedaeTcss B ydeTax Ha BCeX
KIIIOYEBBIX y4dacTKax ¢ HeOONbLIOW 4YucieHHOCThIO (2.7 oc./100 j10B.-CyT.), BTOpOH OTMEYEH Ha
JlysenbrckoM yudactke B 2008 romy (3 oc./100 j10B.-cyT. Ha SKOTOHHOM JIMHHH), Ha O. PAIIKOB M Ha
Kapenbckom Gepery — B 2011 roay. s Gojiee TOYHOTO YCTAHOBJICHHUS €0 HAJIMYMSI MJIM OTCYTCTBHUS
B COOOIIECTBAaX HYKHBI JATbHEHINNE HcCIeoBaHus. JIESMMUHTH BOBCE HE OTMEUECHBI B COOOIIECTBAX
JlyBeHbrcKoOro ydactka. M. schisticolor oTMedamu B 5 KM OT y4acTKa B TOPHOTAEKHOM EIIbHHKE C
Oepe30ii U pAOMHON YEPHUUHO-BOPOHHYHOM 3eeHoMOIIHOM (2.9 oc./100 noB.-cyT) B 2012 roxy.
[Toru0Oumx HOPBEIKCKUX JEMMUHIOB (Lemmus lemmus) HaXOAWIN BO BpeMs IHKa yucieHHocTH 2012
roga: 11 — B COCHOBOM 3€JICHOMOIITHOM JieCy B OKpecTHOCTsX ¢. KomBuma (14 KM OT KIIIOYEBOTO
y4actka), 2 — B MPEArOpHOM COCHOBOM YEPHUYHOM 3EICHOMOIIHOM JIeCy 10 TPYHTOBOW JOpOre W3
c. Jlyenwra B JlyBensrckue TyHmpel. B 310 BpeMs uuciaeHHOCTh Lemmus lemmus B cooOIIecTBax
JlyBenbrckux Tyrmp mocturana 2.0-2.2 oc./100 10B.-cyT.

Qunancuposanue. Pabora BemomHeHAa 1O TeMme Toczamanmsa MIY  Ne 121051100137-4
«[IpocTpaHCTBEHHO-BpEMEHHAsl OpTaHu3alisg 3KOCHCTEM B YCIOBUSX W3MEHEHHH OKpYXKAaromen
cpenpl», a Takke teme rocsamanus MBII PAH Ne FMWZ-2022-0001 «HccnemoBanus IPOIECCOB
THJIPOJIOTHYECKOTO ITUKIA CYIM ¥ (OPMHUPOBAHHS BOJHBIX PECYpPCOB, TeO(MU3NIECKUX TPOIIECCOB B
BOJHBIX 00BEKTaX M WX OacceiHax, (HhOPMHUPOBAHUS DKCTPEMATbHBIX THUIPOJIOTHYCCKUX SBICHUU W
JVUHAMUKA THAPONOTHYECKMX CHUCTEM C YYETOM HW3MEHSIONIMXCSl KIMMATHYECKHX YCIOBHH |
AHTPOIIOTCHHBIX (DAKTOPOBY.

Kniouesvie cnoéa:  cooOlecTBa MENKHX — MICKONUTAIONIMX, CEBepHas Taiira, TepuodayHa,
Kananakiickuii 3aroBeIHUK, YACICHHOCTh, HHICKC JOMHUHUPOBAHHUS.
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