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[ToreHIMas ceKBeCTpallMy OPTaHUUECKOTO yryiepona B BepxHeM 30-CaHTUMETPOBOM CJIOE TTOYB BO3EIbI-
BaeMbIX 3eMelib 111 EBporneiickoii Tepputopun Poccuu olieHeH Ha OCHOBE MTOYBEHHO-3KOJIOTMYECKOTO
paiioHUPOBaHMS C UCTIOJIb30BaHUEM PoTaMcTenckoii yrieponHoii nmHamudeckoii Mmoaear RothC u obiiie-
IOCTYITHBIX IJI00AJIbHBIX 0a3 JaHHBIX, TAKMX KakK MaccuB KinMaTudeckux g1aHHbIX Climatic Research Unit
(CRU) TS v4.05, 19012020, xkomtekuust KapT SoilGrids250m Bepcus 2.0, a Tak:Ke BpeMEHHOM psil Bere-
TauroHHbIX HHIeKcoB NDVI u EVI, nonyyenHsix co cnytHuka MODIS (MOD13A1.006 Terra Vegetation
Indices). J1;151 oLleHKM COBpEMEHHBIX 3aracoB yIjiepoia UCITOJIb30BaHbI JAaHHBIE HAIITMOHAJIBHOM KapThl 3a-
MacoB IIOYBEHHOIO0 OpraHnYecKoro yriepona Ha rryouHe 0—30 cm. Meronuka paboThl COOTBETCTBOBAIA
yHUuumupoBaHHoi Metonojioru PAO o coctapiieHUIo [7106abHOI KapThl CEKBECTPALIMY TTOYBEHHOTO
yraepona. CpefaHssi CKOPOCTb CEKBECTPALMM YIyiepoia Mo MPUPOAHBIM 30HaM TMPU HEU3MEHHOM XO3s1ii-
cTtBoBaHUU n3MeHsutach ot 0.076 mo —0.002 T/ra B rom, yObIBasi OT 30HBI CEBEPHOM TaiTH K MOJTYITYCThIHE.
VYBenuueHue MoCTyIUIeHUS yriaepona Ha 5% Tipu BHEIPEHUHU YIJiepoaocOeperalonmx TeXHOJIOTUI MOXKET
00YCITIOBUTBH POCT CEKBECTPAIIUHU YIJIepoa B IBa pasa, a yBenmdeHue Ha 20% — B 5 pas. [1pu pocTe mmocTyT-
JIEHU S yTJIepo/ia B TOYBY OTMEYEHO JBYKPaTHOE BO3pacTaHUE CKOPOCTU CEKBECTPALIMU YIJIEPO/Ia OT FOXKHOM
TaliT¥ ¢ MAKCUMYMOM B 30HE JIECOCTEITH, C TTOCIeaYIOIINM CHUXKeHeM B 1.5 pa3a u 6oJiee B CTEITHOI U Cy-
XOCTeIHoM 30He. Mcnoib30BaHHas METOMKA IMO3BOJISIET C MPOCTPAHCTBEHHBIM pa3pelieHuemM | KM Bblie-
JIUTh KOHTYPBI, 00J1agaoIe HauboJIbIIUM U HAMMEHBIIIMM MTOTEHLIMAJIOM U3MEHEHUsI 3a1acoB yriepozaa
MPY BHEAPEHUHU YTIepOA0oCcOeperalonX TEXHOJOTHMA.

Kniouesvie crosa: cekBecTpallus yriaepona, yriaeponocoeperaroliye TEXHOJIOTUM B CETbCKOM XO3SICTBE, N3Me-
HeHue Kiimmata, Mmozaesib RothC, cenbckoxo3siiicTBEHHbIE 3eMJIU, OalaHe yriepona, MHuLmaTusa “4 per 1000”
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BBEAEHWE

ITpu nepexone Poccuu Ha TpaeKTOpHIO HU3KOYT-
JIEPOIHOIO Pa3BUTHUSI OLICHKA 3a1TACOB 1 MOHUTOPUHT
U3MEeHEeHU colepKaHusl yIIepoa B OYBE SIBIISIETCS
Ba>KHBIM IIIarOM K MIPUHSITUI0O OOOCHOBAHHBIX pellie-
HUI, CIIOCOOCTBYIOIIVX ITOBBLIIICHUIO IIJIOAOPOAMS
MOYB, COKPAIIEHUIO Jerpajalu 3eMeilb, U TEM ca-
MbIM TIO3BOJISIIOIIMX OOECIeUYUTh MPOJIOBOJIbCTBEH-
HYI0 0€30MaCHOCTb CTPAHBIL.

OmHOM M3 TIepCIeKTUBHBIX CTpAaTeTUil HU3KOYT-
JICBOMHOTO DPAa3BUTHS SIBJISIETCS KOMIICHCAIIUST BBI-
Opoca NMapHUKOBBIX I'a30B ITyTeM CEKBECTPALIMU YIJie-
poma moyBaMH. IlpUBIIEKaTETPHOCTh CEKBECTpaIlii
TTOYBEHHOTO YIJIEpONIa 3aKJII0YaeTCsl B TOM, UTO 3aItac

yrjepoaa B BO3IEIbIBAEMbIX 3eMJISIX CHIDKEH I10 CpaB-
HEHMIO C eCTeCTBEeHHbIMHU 3KocucteMamu (Paustian
et al., 2019a). PaznuuHbie aBTOPHI OLIEHUBAIOT OOBIU-
Ho Totepu B 20—40% OT TTepBOHAYAJIFHOTO 3aT1aca 3a
50—200 meT mcnonab3oBaHus namHu (PoMaHeHKOB,
2011; Masson-Delmotte et al., 2021). B HemaBHEeM nc-
cinenoBaHuu (ViBaHoB 1 Ap., 2021a) IpuBeaeHBI OLIEHKU
cpenHux mmoTepsb B 20% IO CpaBHEHUIO ¢ HATUBHBIMU
naxoTHbIMU ITouBamMu Poccun B cnoe 0—30 cm. 3amacel
OPTraHMYECKOTO YIJIepoJa B TOYBAX CETbCKOXO3STii-
CTBEHHBIX 3eMenb Poccnu oriennBarorcs kKak 16.8 I'r C
B BepxHux 0.3 M u 28.0 I'' C B BepxHEM METPOBOM
cioe (Minasny et al., 2017).
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Ilpu BHeApPEeHUM TEXHOJOTMYECKUX IIPUEMOB,
obecrieunBalOIINX HAKOIUIEHUE YIJIepoia B OpraHu-
YeCKOM BEIIeCTBE PACTEHUIA C TTOCIEAYIONIEi TpaHC-
dopmanyeil B MOUYBEHHOE OPTAaHUYECKOE BEIeCTBO
BO3MOXHO OXHUJIATh JJUTEILHOTO TIepHOoa yBeInde-
HUS 3allacoB MOYBEHHOrO yriaepoma — oT 10 mo He-
ckonbkux coteH et (Koryr, Cemenosn, 2020). Ipy-
T'MM Ba>KHBIM OOCTOSITEJIbCTBOM SIBJISIETCSI COXpaHe-
HUE CTPYKTYpPhl 3eMJICIIOJIb30BAaHMS, IIOCKOJIBKY
ynanienue CO, u3 armocdepbl He TpedyeT, Halpu-
Mep, 3aJIECEHUST CEIbX033EMelIb, UTO aKTyalIbHO TIPU
KOHKYPEHIIMHU 3a 3eMeJIbHBIE pECYpPCHl. YBeJIMUeHUE
3aMacoB yIjepoja TaKxXe oOecIieurBaeT IOMOIHU-
TeJIbHBIC TIPEUMYIIECTBA, MMOCKOJIbKY M3MEHSeT 1ie-
JIBIA psii, TOYBEHHBIX IIPOILECCOB, CBSI3aHHBIX C
TpaHcdOopMaleil OpraHMYeCcKOTo BeIleCTBA — BeIy-
IIIeTO MaKpOoIIpoliecca B ITOYBE 1O KOJIUYECTBY Iepe-
pabaTbIBaeMOro BElECTBA M BBHIACISIEMOI SHEPIUH,
YTO 00YCIIaBIMBAET POCT TOYBEHHOTO IJIOAOPOIUSI.

KonuuectBeHHas1 olieHKa 3((EKTUBHOCTU JaH-
HOTO IIpoliecca Imojiydmiia pa3sutue mnocie Ilapiok-
cKoM KoH(pepeHIMM 1Mo kiuMaty 2015 1. 1 nu3BecTHa
Kak DIobOajbHasi MHMLMATUBA “4 TIpoMuuie” WIN
“4 ga 1000”. OHa mpenmnojiaracT BO3MOXHOCTb KOM-
MEHCAllM1 aHTPOIIOT€HHBIX BHIOPOCOB yIjiepoaa B aT-
Mocdepy 3a cyeT IMPUpocTa 3aracoB MOYBEHHOTO yT-
Jnepona B BepxHux 40 cM MouYBEI B cpegHeM Ha 0.4% B
roli, 4YTO DJIO0AJbHO COOTBETCTBYET IIPUMEPHO
12.6 I'r CO,/ron u KOMIEHCUPYET OOJIBIIIYIO YacTh IO~
nosoro npupocta CO, B atmocdepe (15.8 I'm CO,/ron)
(Paustian et al., 2019a). Cpa3sy mocjie TOsSIBJIEHUS
WHUIIMATUBbI BO3HUKINU OypHbIE OOCYXIEeHUS OTHO-
CUTEJIbHO JOCTUKMMOCTH JAHHON LEN pa3IndHbI-
MU ITOYBaMU, B TOM YKCJIE TOYBAMU NAaXOTHOTO (pOH-
Jla, OMHAKO OHa IpHUBJIEKJIa BHUMaHUE K KIIOYEBOM
pPOJIM TTIOYB B CEKBECTpAlIMM yIiiepoaa KakK IMOTeHIIH-
aJIbHOM CTpaTerny CMSTYCHMS IOCICACTBUI M3Me-
HeHusa kiamnMmara. B nyonaukanum (MBanoB, CToin60-
Boii, 2019) mpuBOASTCSI OLIEHOYHBIE pAaCUYEThI, TTOKa-
3BIBAIOIIME, YTO LEIb MHUIIMATUBEL “4 mpomuiuie”
HE MOXET ObITh TOCTUTHYTa B Poccuu MoOJIHOCThIO U
npenjiaraercsi TpaHcOPMUPOBATh €€ B HallMOHAJIb-
HYIO IeJIb “2 mpoMuuie” ¢ IIeprUoIOM pealu3aluy B
TeueHue 12—15 ner, mocse 4ero mporHo3upyeTcs Ha-
CBIIIIEHUE MaXOTHBIX TTOYB YIJIEPOIOM.

Hamnboiee pacripocTpaHeHHBIM B HACTOSIIIEE Bpe-
MsI CITOCOOOM OLIEHKH 1 MOHUTOpPUHTA OajlaHCca yTjie-
pona 1 MapHUKOBBIX Ta30B Ha HAIIMOHAJIBHOM YPOB-
HEe SIBJISIETCS SMIMPUYECKOE MOIEIMPOBAHUE IS
MPOrHO3a M3MEHEHMI 3allacoOB OPraHUYECKOro Be-
IIecTBa ITOYBEL. B KauecTBe nepeoco ypoBHSI TaKMX
PacyeTOB UCIIOJIL3YIOTCS MPEIIOXKEHHBIE SKCIIEPTHO
MI'®DUK (MextpaBuTeIbCTBEHHAsI TpyIla 3KCHep-
TOB 110 n3MeHeHuto kianmara, IPCC) (Watson et al.,
2000) maHHbBIe O 3alacax yrjiepoaa B 3TAJIOHHBIX
€CTECTBEHHbBIX 9KOCHUCTEMaX U KO3(MOULIMEHTHI 13-
MCHEHMsI 3amacoB [JIsi BO3ACIBIBAEMbBIX 3€MeJlb,
cTpaTuULIPOBAHHBIEC 10 KJIUMATy 1 TUIAM IOYB,
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OlLIEHMBAIOIIME U3MEHEHME 3aI1aCOB BO BpEMEHU MPU
CMEHEe CITOCOOO0B 3eMJICTIONL30BAHUS W TEXHOJIOTHIA
(Paustian et al., 2019a).

KoppekTrpoBKa Ha OCHOBe UMeIeiics BHYTpU
cTpaHbl MH(MOPMALIUU TTO3BOJISET TIEPEUTU HA 6MO-
oIl YPOBEHDb OLICHKH C “HUCII0JIb30BaHUEM 0oJIee TOY-
HOIi nH(pOpMAaIYs O TTOYBaX, KJIMMaTe U HA3eMHOM M0~
KpoOBe, YeM peKoMeHIoBaHO 3KcriepramMu MI'OUK misa
ypoBH# 1” (MBaHoB u ap., 2021a). B kauecTBe nuctou-
HUKa Takoil mHpopMaumn B Poccry TipemioskeHo 1c-
M0JIb30BaTh, HaIpuMmep, IoyBeHHyo kapty PCPOCP
macitra6a 1 : 2500000.

XoTsl AUHAMUYECKHUEe YIJIEPOAHbIC MOJIEIU MUC-
MOJIb3YIOTCSI B OCHOBHOM KaK MHCTPYMEHT 1Jisl (hyH-
JIaMEHTaJIbHBbIX MCCJIEAOBaHUI, OHM BCE Yallle IMpu-
MEHSIIOTCS M B HAlIMOHAJIbHBIX MacIliTadax IJjIs LeJieid
MHBEHTapu3alluy1 MOYBEHHOTIO yriepoaa U HapHUKO-
BbIX ra3oB B nouBe. [1omoOHBIN moaxod IO3BOJISIET
TepeiTu K mpemoemy ypOBHIO aHaIM3a KaK COCTaB-
HOIl YacTU CXEMbl OpraHu3allMu padoThl IO co3da-
Huto HalimoHanbHOM cucTeMbl HAOIIOAEHUS U yueTa
OaylaHCca yrjiepoaa Ha CeJIbCKOXO3SIMCTBEHHBIX U Jie-
coxo3siicTBeHHbIX 3emisix Poccuu (MBaHOB M Ap.,
2021a, 6). Bo3MOXHOCTh HCIIOJIb30OBaHUS MoAeei
OCHOBaHa Ha WX HACTPOIKe MO JaHHBIM Ha3E€MHBIX
MOHUTOPUHTOBBIX U TIOJIEBBIX WCCIEOOBAHUA, HUC-
MOJB3YIOIINX MPOCTPAHCTBEHHO pacnpenejleHHbIe
JIAaHHbBIE O MOYBE, KJIMMATE U YIIPaBJISIOIIUX BO3IEH-
CTBUSIX, B TOM 4YHUCJE OUCTAHLMOHHBIE U JAaHHBIX
JUINTEJIbHBIX TTOJIEBbIX ONbITOB (MBaHOB 1 11p., 2021a;
Harden et al., 2018; Paustian et al., 2019b). Takue mo-
JIeJI MOTYT 00eCIeUYnTh HaIEXKHYIO M HEJOPOTYIO KO-
JIMYECTBEHHYIO OLICHKY M3MEHEHUI1 3a11acoB yIiIepoaa
B IIOYBE U ITOTOKOB MapPHUKOBBIX I'a30B U151 aHA/IM3a Ha
HAlIMOHAJILHOM YPOBHE, IIOMICPXKKE HALIMOHAIBHBIX
MpOrpaMM U MEXKIyHAPOMHBIX corialneHuii. OmHoi u3
HauOoJjiee MCITOIb3yeMbIX Mojelieil saBnsieTcss Poram-
crenckast yriepoaHast Monesib RothC, B ¢BsI3u ¢ ueM
IIPOCTPAHCTBEHHAas BepCHsI JaHHOM MOIEIIN MPEIJIo-
xkeHa MAO nyis coctaBneHus [ToGaTbHOMN KapThl ce-
KBecTpauuu IouBeHHoro yriaepoma (Technical ...,
2020).

VYeneiHoe ucnonb3oBanue monenau RothC mis
OIMMCaHUs TUHAMUWKU YTIIepoaa B JJTUTEIbHBIX MOJIe-
BBIX OITBITaX C YIOOPEHUSIMU, TIPOBOISIINXCS HA TeP-
putopun Poccumn, gajao ocHoBaHUe IJIsI €€ UOSHTU-
dukanyu Ha 60Jiee OOLIMPHBIX PETMOHATBHBIX TaH-
HBIX B CUCTEME MOHUTOPHUHTA COCTOSIHUS TTAXOTHBIX
3emenib EBpomeiickoii Tepputopun Poccuu (ETP)
(Pomanenkos u ap., 2009; Pomanosckas, 2006; Po-
MmaHoBckasg, 2007). Monenb HMCIOJIb30Bajlach IS
OLICHKM OaJlaHca yrjiepojia IMaxoTHBIX 3eMeNb Poccun,
B TOM UMCJI€ BBIOBIBIINX M3 CEJIBCKOXO3SIHCTBEHHOTO
obopota. B Mmarepranax “Broporo oneHOYHOTO JOKJIa-
J1a 00 M3MEHEHUSIX KJIMMara U WX MOCICACTBUSIX ISt
tepputopumn Poccuiickoit @eaepanuu” (Bropoii ...,
2014) 6ananc yriepona rmaxotHsix mouB ETP B XXI B.
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(pazmen 4.5.4.2) Takke ObUI pacCuMTaH Ha OCHOBE
moaenu RothC.

MOHUTOPUHT U TPOTHO3UPOBAHUE 3aI1aCOB T0Y-
BEHHOTO OPraHUYECKOro YIJiepoia akKTyaJlbHbl IS
ETP B ycnoBusix usmeHeHus:i kiaumata. ComiacHO
TperbeMy OLIEHOUHOMY [OKJIany OO0 W3MEHEHUSIX
KJIMMaTa U UX TIOCJIeACTBUI Ha TeppuTtopun Poccuii-
ckoit ®epepanun (2022), “cenbCKOX0351iICTBEHHbIE
paiionsl ETP, m ocobeHHO ee I10XHBIE OO0JIACTH,
0oJiee YyBCTBUTEIbHBI K COBPEMEHHOMY IIOTeIlie-
HUIO, YeM paitoHbl Ypana, Cubupu u JaibHero Bo-
croka”. EBporeiickas yactb Poccuu 3aHumaet oko-
710 390 mutH ra: 23% Tepputopuu cTpaHbl U 35% Tep-
putopuu Bceit EBpornibl (Poccus ..., 2020). Ha Heit
HaxoAsATcsl Haubosiee TIOAOPOAHbIE U LIEHHbIE 3eM-
sin. Ilo HaimM orieHkaM 74.6% (82.8 MiIH ra) maxot-
HbIX (aKTUBHO 0OOpabaThiBa€MbIX) 3€MeIb CTpPaHbl
HaxoIsTCs Ha ee eBPOIelCKOl YacTu M 3aHUMAaloT
24% ot o6ueit miomanu ETP. YunteiBas Gonblinyio
TUIOIIAAb MTAXOTHBIX 3€MEJIb, YCOBEPIIIEHCTBOBAHHbIE
METOMbl YIIPaBJE€HUS, TO3BOJISIIOIINE COXPAHSTh U
YBEJIMYMBATh COJIEP>XKaHUE YIJIepoia B MIOUYBE, MOTYT
0Ka3aTb 3HAYUTEIbHOE BIUSIHUE HAa HallMOHAJIbHbIM
YIJIEPOIHBIN OIOMXKET.

IIpy BHenpeHMM arpoTEXHOJIOTUYECKUX IIpHe-
MOB, HalIpaBJIeHHBIX HA CBSI3bIBAHNE OPTaHUYECKOTO
yrjiepoja B ITOYBe, TAKMX KaK IIPSIMO ITOCEB I MU-
HUMM3aLMU BO3IECHCTBUS HA IOYBHI, MYJILYUPOBA-
HUE MOBEPXHOCTH MOYBBI, BO3MEILIBAHUE ITOKPOB-
HBIX KYJIBTYp, LIMPOKOE MPUMEHEHHUE Pa3IUIHBIX
OMOJIOTMYECKMX METOHOB, CMeIIaHHble (YIJIOTHEH-
HEBI€) IIOCEBHI, IIPUMEHEHIE HaBO3a MJIM KOMIIOCTa —
JIB€ TPETU IIOTEPh MOTYT OBITH KOMIIEHCHMPOBAHHI.
ITocKkonbKy HaKOIJICHKE YTJIEpO1a B IOYBE IIPOUCXO-
IUT HeIMHEHO, colepXaHue YIJIepoaa B II0OYBE JO-
CTUTaeT HOBOTO PAaBHOBECHOTO COCTOSIHUS B T€UCHUE
HECKOJIbKMX OECATUJICTUI, B CBSI3U C YeM BIIUSTHUE
YCTOMUYMBBIX METOIOB YIPAaBIIEHUSI MOYBOM MOXKET
OBITh 3aMETHO TOJILKO B CPEIHECPOUYHOI WU TOJITO-
cpouHoii nepcnekTuBe (Herzfeld et al., 2021). B uc-
CJIeIOBAaHUSX, IIPOBEASHHBIX Ha Pa3IUMYHBIX I1aXOT-
HBIX MOYBax MHpa, OBLJIO IMOKAa3aHO, YTO CKOPOCTU
MOIJIOLIEHUSI OPraHUYECKOIo yrjiepoaa Mo4YBoii MOTYT
nmocturath oT 0.2 mo 0.5 T C/ra B ron (Chernova et al.,
2020). OgHako peaJbHBIM MOTEHIIUAI IJisi CEKBEe-
CTpaluu yriaepoaa nouyBamu EBporneiickoii TeppuTo-
pun Poccum nmoka eine HeJOCTaTOYHO U3YUYEeH.

3agadeit JTaHHOI pa®bOThI ObLIa OLICHKA MOTEHIIU -
ajia ceKBeCTpallii OPTaHMYECKOIo yIjepoaa B Bepx-
HeM 30-CaHTUMETPOBOM CJIO€ MAXOTHBIX ITOYB IJIs
tepputopur ETP Ha ocHOBe MoJieIMpOoBaHUsI B COOT-
BeTrcTBUU ¢ MeTonukoit MAO mo cocrasiaeHuio [o-
OabHOM KapThl CEKBECTPAINN TOYBEHHOTO YTJIEPO-

na'. Kapra MOXeT ObITh UCIIOIB30BaHA IS TIEPBUY-
HOM OLIEHKM JOCTUKMMOCTHU 3a7ay4 IT0 CeKBECTpaLlU

! https://www.fao.org/soils-portal/data-hub/soil-maps-and-da-
tabases/global-soil-organic-carbon-sequestration-potential-
map-gsocseq/en/ (nata oopamieHust 24.11.2022).

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

POMAHEHKOB wu np.

yIJIepoJa W BBIOEJICHUS IIPUOPUTETHBIX 00JIacTeil C
BBICOKMM ITOTEHIIAJIOM HAKOIUIEHHUS yIiiepoaa IIo4d-
BBl IIPY BHEOPEHUM YIIePOAOCOEepEeraronimux TeXHO-
soruii (Technical ..., 2020). B 3T0i1 cBSI3M UcciienoBa-
HUE COOTBETCTBYET BBLITOJIHEHMIO 3amayu 6.5 “Crpare-
MU JOJITOCPOYHOTO pa3Butus Poccuiickoit @enepariin
C HM3KMM YPOBHEM BBHIOPOCOB ITAPHUKOBBIX I'a30B 11O
2050 1.7 — “momenupoBaHUE TMPOLIECCOB, MPOUCXO-
IAIIUX B KJIMMaTUYECKOM cUCTeMe, BKJIIoYask Moae-
JIMpOBaHUE TOCJIENCTBUI pa3iuYHbIX (OPM aKTUB-
HOTO BO3ACKMCTBUS Ha 3TU MPOLECCHl B ITTIOOATEHOM,

pPErMOHAIbHOM U JIOKIbHOM Maciutadax”2. Cornac-
HO HMHTEHCHMBHOMY ClIEHApMIO HU3KOYIJIEPOTHOIO
pazButus CTpaTeruu, IpenrojaracTcs pocT IMOIjIo-
IIAIOIIEed CTOCOOHOCTU YIPaBISIeMbIX 9KOCUCTEM, B
TOM YHCJI€ 3a CYET BHEAPEHUS KIMMAaTO-OPUEHTUPO-
BaHHBIX TEXHOJIOTUI M TIPAKTUK, MO3BOJISIONINX
o0ecneuuTh JOIOJIHUTEIbHOE NeTIOHMPOBaHUE yTJIe-
poa B MOYBaX CEJIbCKOXO3SMCTBEHHBIX 3€MENIb 1 CO-
KpaieHue ero rnoreps (Bunorpamosa u ap., 2022).

OBBEKTbBI 1 METO/J bl

Pacuersl mpoBOAMAKCH IJ1 OTAEIBHBIX 30H TMOY-
BEHHO-3KOJIOTUYECKOIro paitoHupoBaHust Poccum
(YpyceBckasa u ap., 2020), mwist cyobeKToB U dene-
panbHBIX OKpyroB P® ETP c paspeniennem B 1 KM.
ITporHos nmpoBoawics Ha 20-JI€THU TEPUO.

CozdaHnue macku naxomHuuvix 3emend

Ha nepBom aTtare paboThl OblIa ITOJIydeHa KapTa
MaxoTHBIX 3eMeib Poccuu, BKITIOUAIOIIyIO MO UH-
TEHCUBHOTO CEJIbCKOXO3SHCTBEHHOTO HCIIOJb30Ba-
HUS U UCKJTIOYAIOLILYIO 3a0pOLLIEHHBIE CEJIbCKOXO351 M-
CTBeHHBIE yroabs. OHa Obl1a pa3padoTaHa Ha OCHOBE
BEPOSITHOCTHOM KapThl 1OJIU MAITHU B KaXKIOM KUJIO-
METPOBOM MUKcese U chopMUpPOBaHa MyTeM CUHTE3a
JIBYX MacoK Ha OCHOBE OpPMUTIMHAaJbHOW METOIMKU
(Kpenke, 2020). [NepBast MacKa JaHHBIX ObLiIa cAesa-
Ha IUJIsl TIpOeKTa TJ100ajbHOM MPOIOBOJILCTBEHHOI
6e3omacHoctu (Global Food Security-Support Anal-

ysis Data at 30 m, GFSAD30)3. Kapra comepXur
JaHHbIE O MaXOTHBIX 3eMJISIX Y BOIOIOJB30BAHUU C
paspemenreM 30 M 71T BCero 3eMHOTO Iiapa. Bropast
MacKa SIBJISIETCS CJI0EM “UCTIOJIb3yeMble U 3apacTaro-
e CeIbCKOXO3STMCTBeHHBIEe 3eMin” KapTel Heuc-
TTOJTB3YEMBIX CEeJTBX033eMelTb, TTOTCHIIUATBLHO PUTOI-
HBIX TSI BeIpamuBanus jeca (Iymkos u np., 2019).

2 Pacniopskenue IlpaButensctBa PO ot 29.10.2021 No 3052-p.
http://static.government.ru/media/files/ADKkCzp3f-
WO32e2yA0BhtlpyzWfHaiUa.pdf (mata oOpaleHust
04.05.2023).

3 https://www.usgs.gov/centers/western-geographic-science-
center/science/global-food-security-support-analysis-data-30-
m (narta oopawenus 21.11.2022).
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Bxoonwsie oannvie

M CTOUYHUKOM Kaumamuueckux OaHHbIX TTOCITYXKUI
maccuB Climatic Research Unit (CRU) TS v4.05,
1901—2020 OTnena ncciaenqoBaHus KJIMMaTta YHUBEP-

cuterta Bocrounoit Aurmuu* (Harris et al., 2020).
ExenHeBHBIC MaHHBIE WMEIOT MPOCTPAHCTBEHHOE
paspemeHue okojio 5 Teic. ra (0.5/0.5 rpanmyca). Ilo
HUM OBUTM PacCUMTaHbI CPpeTHEMECSYHbIE 3HAYECHUST
temrmeparypsl (°C), ocangkoB (MM) U 3BarlOTpaHCIU-
pauuu (Mm) no IlenMmaHHY—MOHTeliHY 3a epUo, C
1980 mo 2020 1.

HaHHbIe 110 codepicaruro pakyuu usa (4aCTULIBI
pasmepom MeHee 0.002 MM) OBLJIM MOJTYYSHBI U3 KOJI-
JIEKIIUM KapT CBOMCTB 1mouB mupa SoilGrids250m
Bepcus 2.0 (Poggio et al., 2021).

Pacuemsr nocmynaroujeeo 6 cucmemy opeanu4ecko-
20 éeujecmea ObBLIM OCHOBaHBI Ha moueaun MIAMI,
MPEIIOKEHHOM! JIsI OLIEHKU IIOCTYMAIOIIEro opra-
HUYECKOTO BellleCTBa IIPU MOJIEIMPOBAHUN U3MEHE-
Huii kaumara (Gottschalk et al., 2012; Lieth et al.,
1975). Mopenb pacCYMTHIBAET YHMCTYIO NEPBUYHYIO
npoaykuuwo (Net Primary Production — NPP) kak
MUHMMAaJIbHOE 3HAY€HNE U3 YpaBHEHUI 3aBUCHUMO-
¢t NPP oT cpeqHeronoBoii TemmnepaTyphl U CpeIHe-
TOIOBOI CYMMBI OCaJIKOB:

NPP = min(NPE,, NPP,), (1)
3000
NPP; :1 1315 0.1197 ° (2)
+e
NPP, =3000x1— ¢ "0 (3)

Bennuuna NPP ucrnionb3yeTcs 1Jis1 pacyeTa KOJu-
YeCTBa paCTUTEJILHBIX OCTAaTKOB, UCXOIS U3 IIPEAIIO-
JIOXXEHHUST O MPOIOPLMOHAILHOM CBSI3M KOJIMYECTBA
OpraHMYeCcKUX OCTAaTKOB U YUCTOU MEPBUYHOI MPO-
nykuuu (Smith et al., 2005; Technical ..., 2020):

C,_NPP
c, =" 4)
NPP,_,
rae C — nmocrtyrmuieHue yriiepona B ron, T C/ra, t — Mo-
JNEJIMPYEMbIiA TIEPUOL.

CueHapuu nocmynaenusa opeanu4ecKux
ocmamkoe 6 no4ey

MonenupoBaHue CEKBECTPALIMU YIJIepoia TPOBO-
JIWIOCH MO 4 TUITOTETUYECKUM CLIeHApUsIM, YTO IaJI0
BO3MOXHOCTU COIOCTaBUTh MPOTHO3HBIE PE3YJIbTa-
Thl 1P IPUMEHEHUM YIJIepOACcOeperaromux TeXHO-
JIOTUl pa3IWYHONM WHTEHCUBHOCTU. ONUCaHHBIM
BBIIIE CIIOCOOOM pacyeT MOCTYIUMBIIEro yriepojia
pacTUTENbHBIX OCTATKOB MPOBOAWJICS [JIs1 CLIEHApUS
Heu3MeHHoro xo3siictBoBaHus (Business As Usual —
BAU). [IpumeHeHue yriepoaocoeperaloimx TeXHO-
JIOTUIl YYUTHIBAJIOCh B OCTAJIBbHBIX TPEX CLIEHAPHUSIX
SSM1-SSM3 (SSM — Soil Sustainable Manage-

4 https://crudata.uea.ac.uk (mara o6pamenus 22.11.2022).
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ment), TPEOIoNaralomnx yBeIMUeHe MOCTYyIIaio-
IIEr0 B MMOYBY OpraHMYecKoro BemiecTBa Ha 5, 10 u
20% cOOTBETCTBEHHO.

Bmanwvt modenauposanus

B xauecTBe HavyajbHOI TOUKM IJISI MOJIEJIMPOBa-
Hus 3aracoB yriaeponaa Ha 2000 1. Obl1a MCIoJIb30Ba-
Ha HallMOHAJIbHAS KapTa 3anaco8 NO48eHHO20 OpP2aHU-
ueckoeo yenepoda BT C/ra Ha myomHe 0—30 cm (Yep-
HOBa u ap., 2021).

MopenupoBaHue AMHAMUKU 3aracoB yriepoaa
noapasyMeBaeT TpU ITara.

1. ®aza “ununuanusannu” (SPIN UP). Moaenu-
pOBaHUE OO0 COCTOSIHMSI paBHOBeCHUS. 3arac yrjiepojaa
OpaJics paBHBEIM BeJIMYMHE, OToOpaxkaeMoii Ha IJ1o-
OaJIbHOM KapTe 3alacoB OPTaHMYECKOIOo yIjiepona B
30-cantumMeTpoBoM cioe 1mouBsl (GSOCI17) (Techni-
cal ..., 2020). B xayecTBe HEM3MEHHBIX ITOYBEHHBIX,
PaCTUTENILHBIX, CEJTbCKOX03SIICTBEHHBIX Y KJIMMAaTH -
YEeCKUX YCIOBUIT OpaJlUCh CPEIHEMHOTOJIETHUE BEJIM-
YMHBI 3a KaXIbIii Mecsi roga 3a nepuod, 1980—2000 rr.
M3HavanpHOE MOCTYIUICHUE YIJIEpOaa C paCTUTEIbHbBI-
MM OCTaTKaMu cuuTtaercs paBHbIM 1 T C ra/rom v 1
HEro pacCYMThIBaJIOCh PaBHOBECHOE COOTHOIICHNE
IMyJIOB yIiiepoa B rmouBe (Smith et al., 2005).

2. “BpemeHHas rapmoHusauusa” (WARM UP).
lapMoHM3als JaHHBIX MPOBOAWJIACH Ha OCHOBE
dakTnueckux morogHbix ycioBuii 2000—2020 rr. u
pEaJIbHOTO €XXEroJHOTO MOCTYIUIEHUS PACTUTEIbHBIX
octaTkoB B 1ouBy. Ha Bbixone Obl10 MOJTyyeH 3arac
MTOYBEHHOTO OPTaHUYECKOTO YIJIepoaa, COOTBETCTBY-
o1t Hactosemy Bpemenu (2020 1.).

3. da3za “nporHosa” (FORWARD). IIporHos us-
MEHEHMsI 3aacoB MOYBEHHOIO YyIiepoja, a TaKkKe
ero ckopoctu B 2020—2040 rT. OBIT paccyuTaH CO-
IJIACHO YEThIpEM paHee ONMCAHHBIM CLIEHAPUSIM.

Cozdanue nakema kapm cekgecmpayuu yeaepooa

IlocTpoeHue KapT moTeHUMaIa CEKBECTPALINU 110U~
BEHHOTO OPraHMYECKOTO YIJiepoia MPOBOMWIOCH CO-
IJIaCHO eIMHOIT MeToauKe, pa3padotaHHo DAO u u3-
JoxeHHoi B TexunaeckoM pykoBozucTBe (Technical ...,
2020).

B pesynbraTe paboThl MOJYy4EH TTaKeT KapT, CO-
CTOSIIIMIA U3 KAPTHI 3aIaca yriiepoaa B, TaK Ha3blBae-
MBIi1, HYJIEBOH IIEPUOI, 32 KOTOPbIA YCIOBHO IIPUHSAT
2020 r., 18 xapT mporHo3a 3araca yrieponaa, UCX0OIs
W3 PA3JIMYHBIX CTPATETUN 3€MJICTIONB30OBAHUS, U
10 kapT, oOLIEHMBAIOLIUX HEOIPEeIeJICHHOCTH MpPO-
THO3UPOBAHUSI.

OCHOBHBIMU KapTaMM ObLITM KapThl O BEJTMYMHE CKO-
POCTH CEKBeCTpaIMu MOYBeHHOTo yriiepona (T C/ra Bromn),
KOTOpasi pacCUMThIBAJIaCh KaK pa3HuIla MEXy 3ara-
caMM MouBeHHoro yriepona B 2040 r. u B HyJIeBoOit
nepuon (B 2020 r.), a 3aTeM Oelmjach Ha IIEpHUO B
20 ner.

Ne 4 2023



588 POMAHEHKOB wu np.

Ta6muna 1. CymmapHbIe 1Mo TIJIOMAaN TToKa3aTeiM CKOPOCTU CeKBeCcTpalluu nouBeHHoro yriepoaa (Mt C/ron) no de-
NepaJbHBIM OKpyTraM IIPY COXpaHEHUU Heu3MeHHoro 3emienoiab3oBanus (BAU) u npu Tpex clieHapusix IpUpocTa moy-
BEHHOTO YIJIepo/ia B pe3y/ibTaTe MPUHATHS pealu3alliy TeEXHOJIOTUI YCTOMIMBOTO yIIpaBJIeHUsI TOYBEHHBIMM pecypca-
MU (SSM 1-3), npeamnosaraioinx yBeIndeHUe MOCTYITAIOIET0 B MOYBY OpraHM4YecKoro Bemectnsa Ha 5, 10 u 20% coot-

BETCTBEHHO
. TToMAab MANIHHI CueHapuii xo3saicTBOBaHUSA
denepalbHBIN OKPYT ’

2020 r., ThiC. Ta BAU SSM1 SSM2 SSM3
IpuBOIKCKUI 34.75 1.63 2.86 4.03 6.37
CeBepo-3anagHblit 0.96 0.03 0.09 0.11 0.17
Ceepo-Kaskasckuii 5.91 0.09 0.31 0.54 1.00
LlenTpanbHbIit 22.56 1.23 2.15 3.00 4.68
HOxHBbI 18.60 —0.16 0.64 1.31 2.66

Tpu KapThl coaepKajiu HaHHbIE OTHOCUTEIbHOI
CKOPOCTH CEKBECTpalluM IIOYBEHHOIO YIJIepoJa
(t C/ra B rom) KaK pa3Hulla 3aI1acoB IIOYBEHHOTO yT-
Jepona B 2040 I. T0 COOTBETCTBYIOLIEMY CLIEHAPUIO
SSM u no cueHapuio BAU, neneHHas Ha Iepuoa B
20 et. K BcmomMoraTeIbHBIM KapTaM TaKKe OTHece-
HBbI: 4 KapThl 3a1acOB MMOYBEHHOTO yriepoa (T/ra) B
2040 r. gis Kaxmoro cueHapus; 4 KapThl aOCOJIIOT-
HBIX pa3IMuMii B 3aracax IOYBEHHOIO YIJIepoaa
(t/ra) B 2040 I. 1J15 KaXK10T0 CLieHapus U 3 KapThl OT-
HOCUTEJIbHBIX pa3IddMrii B 3amacax IIOYBEHHOTO yTI-
Jnepona (t/ra) ajst ciueHapueB SSM.

PE3VYJIBTATDI

Tenodenyuu Haxkonaenus NOYEEHHO20 yenepooa
6 naxomusix noueax ETP

CyMmapHasi aOCOJIIOTHAsI CKOPOCTb CeKBeCTpa-
LU TTIOYBEHHOTO yriiepoaa nmaxoTHeIX mouB ETP co-
craBuia 2.827 Mt C/ron aj1s1 clieHapusi HEeU3MEHHO-
ro XO3SIMCTBOBAHUS, a IJISI TpeX OPYTUX ClieHapueB
(SSM1-SSM3), moxer nmocturath 6.052, 8.991,
14.863 Mt C/rox cooTBeTCTBEeHHO. [1pn 3TOM yBeIm-
yeHHe Ha 5% MOCTYIUIEHUSI B IIOUYBY OPTAHUYECKOTO
yrjiepoja NpuBeAeT K YBEIUYEHUIO CEKBECTPALIMU YT-
Jiepona B iBa pa3a, a Ha 20% — B riaTh pa3. TakuM 06-
pa3oM, B IIeJIOM IpUMEHEHHE YIJIepomocOeperaro-
X TexHojioruit Ha Tepputopun ETP OGonee yem
onpaBgaHo. B TaGa. 1 mpuBeaeHbl aOCOMIOTHBIE T10-
KazaTelIl CKOPOCTH CEKBECTpallMM MOYBEHHOIO yTI-
Jepona no denepaabHbIM OKpyramMm. Becero maxorHseie
nousBbl ETP 3a 20 jreT noTeHLMaaIbHO MOTYT HAKOIIUTh
oT 56.530 Mt nipu cueHapun BAU, ipu SSM1 — 1o
121.048 M, ipu SSM2 — 5o 179.814 Mt u ipu SSM3 —
1o 297.258 Mr.

Jlemanuzayus cexeecmpayuu yerepoda
no okpyeam u obaacmsam

BunHo, 4To npu peanvszalnuy CleHapus HeM3MeH-
HOTO XO39CTBOBAHUS ITOTEPU 3aI1aCOB YIJICPOIA ITOUBbI
Ha0momaoTcs ToAbKO B FOXXHOM denepabHOM OKpyTe.

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

B 3TOM OKpyre npuMeHeHUe U BHEAPEHUE Pa3IUIHbIX
yIepoaocOeperaromx arpoTeXHOIOTMi KpaitHe Heo0-
xomuMo. Bo BceXx OCTaJIBHBIX CITydasix IIPOMCXOIUT Ha-
KoruleHue yriiepona. Hanbonbiuii uHTEpec ajs pea-
IU3aly  TOTeHIMaja CeKBecTpaluu yriiepoaa
npenctasiasioT ITpuBomkckuii n LlenTpansHbIin de-
JnepajibHbele okpyra. Hebonbiiune 3HaueHus mis Ce-
Bepo-3ananHoro u CeBepo-KaBka3ckoro dpenepaib-
HBIX OKPYTOB CBSI3aHbI C OTHOCUTEILHO HEOObIION
TUIOIIAAbIO TAIITHU B 3TUX OKPYTax.

IIpu neranuzanum 1o odnactsam (puc. 1 u 2) Bua-
HO, YTO CEKBECTpalius yriepoaa B NaxOTHbIX MOYBaxX
ETP Hocut 30HaibHBIN XapakTep. Ilpu cueHapuu
HEU3MEHHOTO XO3HCTBOBaHMSI B psilie objacTeit npe-
00J1a1a10T TIPOLIECChI €r0 MOTEPb B MAaXOTHBIX MOYBaXx.
D10 — BopoHexckast ooiacTb, PoctoBcKasi 06y1acTh,
Pecniybnuka Kanvbikust, ActpaxaHckast oonactb, Ka-
JIMHUHTpanIcKast ooiactb, KpacHomapckuii kpaii, Pec-
nmyoauka Kpeim u Pecrybiuka Anpirest.

Tynbckast, OpiioBckasi u TBepckast obacTu ob1ana-
10T HAaMOOJIBLIIMM TTOTEHIIMAJIOM CEKBECTPALIUU YTJIEPO-
Jla TIpU HeM3MEHHOM Xxo3siictBoBaHuu. Ha puc. 1 u 2
BUIHO, YTO JIt00ast TexHo0rust SSM npuBeneT K yBe-
JIMYEHHIO 3aracoB MTOYBEHHOIO OPraHUYECKOTO yIJie-
ponda 1o cpaBHeHHUIO co ciieHapueM BAU. Haubosb-
LM MOTEHIIUAJIOM CeKBECTpALlMU YIJiepoaa Mpu yBe-
JIMYEHUU TMOCTYIUUIEHUSI PACTUTEIbHBIX OCTaTKOB B
MOYBBI 00JIagaloOT ciaenyooiiue odnaactu: Boarorpan-
cKas obaactb, Camapckasi o61actb, KpacHomapckuii
Kpait, CraBpomoiibcknii Kpaii, Pecrryonmka bami-
KopTocTaH, Pecriyosnmka Tatapctan, PoctoBckast 06-
Jlacth, CapaToBckasi 06J1acTb, OpeHOyprckast 06J1acThb.

INoTeHIMan cexkBecTpalluy yriiepoma Bo3pacTaeT
OT IOKHOU TaliTu K 30HE IMPOKOJIUCTBEHHBIX JIECOB
(Tabna. 2), nocturasi TaM MakCUMyMa, a 3aTeéM BHOBb
CHITXAeTCs B CTEITHOM 1 CyXOCTEITHOM 30HE.

Celceecmpauuﬂ yeftepoaa naxommusvimu noveamu
NnoO NO4Y6EHHO-3K0102UHUeCKUM 30HAM

I1o oTKIMKY Ha MpUMEHEHUE yriiepoaocbeperaro-
IIUX TEXHOJIOTUIA Pa3IUYHONM MHTEHCUBHOCTU BCE
Ne 4
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BAU

SSM1

Puc. 1. CpenHue mokasaTequ CKOPOCTU CEKBECTpAIUU
nouBeHHoro yriepoaa (Tt C ra/rom) mo o6iactam ETP
Npv  COXpaHEHUM HEW3MEHHOIO 3eMJICTIOJIb30BaHUs
(BAU) u ripu Tpex clieHapusIX MpUpPOCTa TOYBEHHOTO yT-
JIepoia B pe3yJIbTaTe peaanu3alluu CTpaTernii ycToumBo-
ro ymnpaBjJeHHUsI MOYBEHHBIMU pecypcamu (SSM 1-3),
e Mpeanoiaraloch yBeJIndeHrue MoCcTynalonero B moy-
By OpraHudeckoro BemectBa Ha 5, 10 u 20% cooTtBeT-
CTBEHHO.

MMOYBEHHO-3KOJOTMYECKME 30HBI MOXKHO YCJIOBHO
pasgenuTh Ha 3 Tpynnbl. 30HBI OOBIKHOBEHHBIX W
JOKHBIX YEPHO3EMOB CTEMN, TEMHO-KAIITAHOBBIX W
KallITAHOBBIX MOYB CYXOI CTEIHU U CBETJIO-KaIITaHO-
BBIX 1 OyphIX ITOYB ITOJYOYCTHIHU IEMOHCTPUPYIOT
BBICOKYIO “OT3BIBUMBOCThL” Ha MPUMEHEHME CLieHa-
pueB, IIe yBEJIMYMBAETCS ITIOCTYIJICHUE yTiiepona
pacTUTENILHBIX OCTAaTKOB B mouBy. Ilog3oHa mon3o-
JIVCTBIX ITOYB CpeTHEN TaTH 1 30HA IEPHOBO-TION30-
JIMCTHIX TTOYB IOKHOM TalTH ITOKA3bIBAIOT HAMMEHB-
IIMe u3MEHEeHUs IIpY BHEAPESHUH yriiepogocoepera-

589

BAU

= 301-400
m 401-500
m 501-600
m601-700
- >700

Puc. 2. CymmapHbIe IO KOHTYpPY TTOKa3artesiv 1o obja-
ctsiMm ETP ckopocTu cekBecTpalmy oYBEeHHOTO YIJIepo-
na (Kr C ra/rom) npy cOXxpaHeHUU HEU3MEHHOTO 3eMJIe-
nonb3oBaHus (BAU) u mpu Tpex clieHapusix IpupocTta
MOYBEHHOTO YIJiepoa B pe3yJibTaTe peajn3aliiu cTpare-
Ui YCTOMYMBOTO YIPABJICHUs TTOYBEHHBIMU peCypcaMu
(SSM 1-3), rne mipenrionarajioch yBeJn4eHUe MOCTyIa-
JOILIETO B ITOYBY OpraHMm4Yeckoro BeniectBa Ha 5, 10 u 20%
COOTBETCTBEHHO.

IOIIMX TexHoJjoruii. OcTajlbHbIe 30HbI IIPOABJIAIOT
IIPOMEKYTOYHYIO TCHACHIINIO.

J11s1 Bcex KapT OBIJIa OlleHeHa HEeOIIpeIeIeHHOCTD
KaptorpacdupoBaHusi cormacHo Metoguke ©OAO
(Technical ..., 2020). OHa npencTaBiaeHa B BUJIE MO~
JIOBUHBI 95% MOBEpUTEIILHOTO MHTEPBaIa, IeJICHHOM
Ha cpedHee 3HaueHMe Mokasaresisi. KapThl, co3naH-
HBIE 110 OIIMCAaHHOM IMpoLeaype, Jal0T HEOIpeaeIcH-
HOCTB ITPOrHO3a MoAenu ot 9 no 25—26%. Cpennee
3HAYEHUE HEOIPEACICHHOCTU JIEKUT B WHTEpBaje
14—17% (puc. 3).

Taomuna 2. CpenHue mokasaresiM CKOPOCTU CeKBecTpaLMy nmouBeHHoro yrieposaa (T C ra/rom) 1o MmoYBeHHO-3KOJIOTM-
yeckuM 30oHaMm ETP npu coxpaneHuu Hem3amMeHHoOTo 3eMiienioib3oBanus (BAU) u npu Tpex cueHapusix TpUpocTa rmou-
BEHHOTO YIJIepofa B pe3yIbTaTe MPUHATHS pealnu3aliiyi TeXHOJOTUI YCTOMYNBOTO YIIpaBJIeHUs TTOYBEHHBIMU pecypca-
MU (SSM 1—3), npearoaraiomux yBeIndeHNe MOCTYITAaIoIIEero B MOYBY OpraHM4YecKoro BelectBa Ha 5, 10 u 20% coot-

BETCTBEHHO
CueHapuii XO3sTCTBOBAHMUS
30Ha WK ITOO30HAa
BAU SSM1 SSM2 SSM3

r [Mon3oHa I1eenoa30JMCTHIX ITOYB, IVIEE3EMOB U ITOI30JI0B CEBEP- 0.076 0.094 0.120 0.171

HOW TaiiTn
J | Ilom3oHa moa30/IMCThIX ITOYB CPEIHEeH Taliru 0.057 0.062 0.074 0.098
E | 3oHa mepHOBO-IION30JIMCTHIX ITOYB FOXKHOM TaliTH 0.043 0.068 0.083 0.115
JI 30Ha cepbIX JIECHBIX ITOYB JIMCTBEHHBIX JIECOB 0.069 0.098 0.124 0.175
M | 30Ha O1on307€HHbIX, BBILIEIOYEHHbBIX U TUITUYHBIX YEPHO3€e- 0.055 0.099 0.140 0.225

MOB M CepbIX JIECHBIX ITOYB JIECOCTETTN
H | 30oHa 0OBIKHOBEHHBIX M IOXKHBIX Y€pHO3EMOB CTCIIN 0.006 0.041 0.080 0.154
O | 30Ha TeMHO-KAIITAaHOBBIX U KAIITAHOBBIX ITOYB CYXOi CTENH 0.013 0.046 0.076 0.132
P 30Ha CBETJIO-KaIlITAHOBBIX X OYPBIX ITOYB MOJIYITy CTBIHA —0.002 0.042 0.073 0.139
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IMonyyeHHBIEC pe3yabTaThl MOXXHO paccMaTprBaTh
Kak 0ojiee IeTalbHYI0 MH(MOPMALHUIO O ITOTEHIIMAJIE
CeKBecTpanuu yriepoaa maxoTHeiMu mouBamu ETP ¢
YYETOM 30HAJIbHBIX OCOOEHHOCTEI MOYB, YTO MOKa-
3pIBAIOT pEerMoHalibHBIC OLeHKU. [lepBoHaYabHO
OIIEHKU, BKJIoYawIiue teppuroputo ETP Ha BTOpytO
nojoBuHy XXI B. manel B pabore (Dankers et al.,
2010). B Hei1 06cyKmaeTcss BO3MOXHOE CHUKEHUE 3a-
acoB yriiepoga naxoTHeIMU nouyBamu Poccuu. Oc-
HOBHBIMU (paKTOpaMU IJIUTEIbHOIO TPEeHIa CHUXKE-
HMS 3alacoB yIjiepoda IloyBaMM, naxke Ha (oHe
CPETHECPOYHOTO €ro IIOBBIIICHMUS, SIBISIOTCSI BO3-
MOXHOE€ CHIDKEHHE YPOXKAWMHOCTU IPY YBEJIUYECHUU
BeposiTHocTH 3acyX B 2020—2070 IT., TpOrHO3UpyeMbIX
C MCHOJIb30BaHMEM IJIOOATbHOI KIIMMATUYECKOM MO-
nemu HadCM3 (Alcamo et al., 2007; Falloon et al.,
2009), a Takke yBeJIUUYEHUE MOTEPh yriaepoaa MouBbl
3a CYeT MHTeHCU(UKANN PeCHUpaliy IPU HOTeIUIe-
Huu. bosnee netansHoe nccnenoBanue (Herzfeld et al.,
2021) o 4 mro0aabHBIM KINMATUYECKUM MOJIE/ISIM
HadGEM2_ ES, GFDL-ESM2M, IPSL-CM5A-LR,
MIROCS5 u 2 smuccuoHHBIM ciieHapusasM RCP2.6 u
RCPS8.5 Takxke MpPOrHO3MPYIOT MOTEPIO OpraHuye-
CKOTO yrjiepoja OOJBIIMHCTBOM IIaXOTHBIX IIOYB
ETP x xoniy XXI B. co ckopoctbio 0.1-0.5 T/ra B
rojl, 3a UCKJIOYEHNEeM TEeXHOJOTUM C OCTaBJIeHUEM
pacTuTelbHbIX ocTaTKoB B LleHTpanbHO-YepHO3eM-
HOM paiioHe, a Takke yacTu CeBepHoro KaBkasa, rie
MOAAePKUBAETCS 3arac yrjieponaa, 6JIM3KUil K COCTO-
STHUIO Ha Havajio moneiupoBanus — 2005 . B To ke
BpeMs IJIs1 cTpaH 3amagHoi EBponbl M OTOEIBHBIX
Tepputopuii BoctouHoit EBpornbl mpu peanusanuu
Te€X XK€ TEeXHOJIOTHI IPOTHO3UpYyeTCs obOeclieueHue
HaKOIJICHUsI YIJIepojia 3a TOT Xe IePUOJl CO CKOPO-
ctbio 0.1—0.5 T/ra B roa. PerrnoHanbHbIe TOAXOABI Oa-
3UPYIOTCS HA OLIEHKAX YPOXANHOCTH CEIbCKOXO03SIii-
CTBEHHBIX KyJbTyp. 3a 2013—2017 rT. pocT ypoxaii-
HOCTM O3MMOM MIIEeHUIbl U KYKypy3bl B Poccum
coctaBui 37 1 35% COOTBETCTBEHHO, IO CPaBHEHUIO
¢ 2003—2007 rr. (Pinke et al., 2022), 4yTO 3HAYUTEIb-
HO MOBBIIIAET BO3MOXHOCTH YIIPpaBJIeHUST OpraHuye-
CKUM YIJI€pOJOM MOYBHI TaXKe IIPU COXPAaHEHUU CO-
BPEMEHHBIX TEXHOJIOTUI XO3CTBOBAHMSI.

Mcnonab30oBaHHLINA B HACTOSIIEM MCCIEIOBAaHUU
MOIXOM JAeT BO3MOXHOCTh PACCMOTPETh 30HAJIBHBIE
0COOEHHOCTU YITpaBJIeHUs 3aracaMu yrjiepoaa naxor-
HbIX TTo4yB. CoONIacHO TIPOrHO3aM, MOJYYEHHBLIM I10
miobanbHOI KimmMatudeckoit mogesin HadCM3 u mo-
nem RothC (Romanenkov et al., 2007), m1st mods mpu
HEV3MEHHOM XO39ICTBOBAHIY CEBEPO-3allagHasl YacTh
ETP crioco6na HakormuTh 3a 35 netr 4—8 1/ra C, TO ecTh
okos10 0.11—0.23 T/ra B ron, Npu NpakTUYECKU MO-
CTOSHHOII CKOpPOCTHM CEKBECTpallMy yIjepoaa 10
2030-x rogoB, ITOCJIE YETO IIPOMCXOIUT 3aMeIJIeHUe
WIN CHUXEHHE TEeMITOB HAKOIUICHUSI OpraHUYEeCKU
BelecTB. [y 3HaUMTeIbHOI YacTh KOHTYpoB Moc-
KoBckoit, Kamyxckoii, BpsHckoit, KocTtpoMckoit,
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BAU

Puc. 3. CpenHsiss HeonpeaeaeHHOCTh CKOPOCTU CEKBe-
CTpalliM MOYBEHHOTO yriepoaa 1o obnactam ETP mpu
COXpaHEeHUM HeM3MEHHOTOo 3eMJenojib3oBanus (BAU) u
MpU TpeX CLIEeHApUsX MPUPOCTa MOUYBEHHOTO yIjiepoaa B
pe3yJibTare peajiu3aliu CTpaTernuii yCTOMYMBOro ynpas-
JICHWSI TOYBEHHBIMU pecypcaMu (SSM 1—3), re npenmno-
JIarajioch yBeJIMYEHUE TMOCTYMAIOLIEro B MOYBY OpraHu-
yeckoro BemecTsa Ha 5, 10 u 20% coorBercTBeHHO. He-
OIpeesIeHHOCTh Oblia MpeACTaBieHa B BUIE MOJOBUHbI
95% noBepuTEILHOTO MHTEpBaJa, ACJICHHOM Ha cpenHee
3HaYeHME TTIOKa3aTeJsl.

Kuposckoit, UBaHOBcKOl 1 Bmamumupckoii o6ia-
CTell oxumaercs nojnepxaHue 3arnacon yriaepona. [To-
JIydeHHBIE B HACTOSIIIIEM UCCIIEAOBAHUY TAHHBIE O BO3-
MOXHOCTU HaKOIUIeHUs B cpenHeM okoso 1 1/ra C ar-
PONEPHOBO-TOA30JIMCTBIMU TTOYBAMU 30HBI CPEAHEN
U 10XKHOM Taiiru 3a 20-71eTHUi mepuoa COOTBETCTBY-
JOT HaKOIUICHUIO TIpuMepHO 3—5% 3amacoB yriepona
CpelHe- U TSKEJIOCYITIMHUCTBIMU PA3HOCTSIMU B TU-
MUYHBIX arpolieHo3aX. Takoe n3MeHEeHUEe HaXOAUTCS Ha
YPOBHE TOYHOCTH MOHUTOPUHTOBBIX UCCIIETOBAHUNA.

Heo6xoaumMo OTMETHUTD, YTO IPSIMOE COTIOCTaBJIe-
HUE Pe3ybTaTOB, MOJYYEHHBIX B TaHHOM HMCCJIEN0-
BaHUU U PACUYETOB, BHITIOJIHEHHBIX pPaHee 1151 1axoT-
HbIXx moyB ETP 115 mporHo3a M3MeHeHUsI 3amacoB
MOYBEHHOro opraHudeckoro yriepoma go 2070 T.
(PomanenkosB u ap., 2009), Bpsia i BO3MOXHO, He-
CMOTpSI Ha UCIOJIb30BaHUE OJHOI U TOi1 X NTUHAMMU -
yeckoilt Moaean RothC. OcCHOBHBIMU OTJINYUSIMHU pa-
Hee MTPOBEJIEHHOTO UCCIeIoOBaHUs TpU paboTe Mojie-
JIU SIBJISITICST pacyeT IOCTYIJISHUSI yrjepona: OH
OlLIEHEH MO Pa3HbIM MUCCHUOHHBIM ClIEHApUsSIM Ha
OCHOBE PacyeTOB YPOXKaHOCTU JUHAMUYECKON MO-
nenpto Knmumar—ITouBa—Ypoxkaii ¢ ydeToM BIUSTHUS
U3MEHEeHUsl KJIMMaTa U ONTUMU3ALUU YCIOBUNA MU-
HEpaJIbHOTO TMUTaHUsS. AnanTallMOHHbIE ClLEHApUU
ObLIIM pacCUUTaHbI C MTOMOIIbIO S KOHOMUYECKOU pe-
TMOHAJIbHOM MOJENH.

151 4epHO3eMHOM 30HBI (OOBIKHOBEHHBIE U FOXK-
Hble TOMTUIILI) TPOTHO3MPYEMOE HaKOIJIEeHHWE He
npesbicut 0.15 T/ra unm npuMepHo 0.2—0.3% ot 006-
Ne 4
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IIMX 3aIlacoB MOYBEHHOTIO yrieponaa 3a 20 jer (cMm.
Ta6a. 2). DTO 03HAYAET, YTO MOHWKEHUS YpOKaliHO-
CTHU OHOI1 KyJIbTYPhl B CEBOOOOPOTE HITKE IMJIaHUPY-
emMoil (IIpu HeOJIATrOIPUSITHOM BEreTallMOHHOM IIe-
pyone, MOopaxkeHUUW BPEAUTEISIMU MM OOJIC3HSIMU)
OyIeT IOCTAaTOUYHO IJISI CHUXKEHMSI HAKOIIJICHHBIX pa-
Hee 3amacoB yriepona. M3 aHanm3a permoHaJbHBIX
IMIPOTHO3HBIX OILIEHOK CKOPOCTHU CEKBECTpAlIMM yTJIe-
pona, npuBoauMbix (Herzfeld et al., 2021) o KoHua
XXI B. BUITHO, YTO IPpY HEM3MEHHBIX 3aI1acax yIiepo-
Jla pa3dpocC 3HAUYECHUM CKOPOCTU CEKBECTPaAIIUU yTIe-
pona cocrasiseT +0.1—0.15 T/ra. [IporHos mis yep-
HO3€MHO 30HHI, IIOJIy4YeHHBII B padoTte (Romanen-
kov et al., 2007), ouleHMBaeT AJaHHYIO 00JIaCTh Kak
TEPPUTOPUIO C MOTEHLIMATIBHBIMU MOTEPSIMU YTIIEPO-
na, cocrasisonryio 1o 0.06—0.17 T C/ra B rom 1 BbI-
me i LenrpanbHoit YepHoszemHoit 3oHb1 ETP.
Tem He MeHee, mporHo3upyemoe B pabore (Roma-
nenkov et al., 2007) cHmXeHMe HaOIIOmMAETCS IJIaB-
HBIM oOpa3oM mocyie 2040 T., YTO YACTUYHO MOKET
OOBSICHSITHCSI TUHAMMKON OMOKJIMMATUYECKOIO IO-
TeHIMayla, JOCTUTalOIIero MakKCHMaJlbHbIX 3Haue-
HUI B 9TOT NEpUO, YTO BIMUSET Ha KOJUYECTBO MO-
CTYNAOLIEro B ITOYBY YIVIEPOIA C PaCTUTEIbHLIMU
OCTaTKaMM, a TaKxKe M3MEHEHUEM YCJIOBUM IS M-
Hepaau3alii OpPraHMYecKOoro BeliecTBa. MOXHO
npeamnonarath, 4ro B nepuond 2020—2040 rr. abco-
JIIOTHBIE TIOTEPU OYAYT CYIIIECTBEHHO MEHBIIIE.

IIporHo3HbBIe OLIEHKU CKOPOCTU CEeKBECTpaIUun
yrilepoaa IJjisi HEM3MEHHOIO XO3SIMCTBOBaHUS (CM.
puc. 1) TToKa3bIBaIOT, YTO TOJILKO TBepcKast 00J1acTh MO-
XKeT oTBevyarh Kputepuio 4 npomwuie (Minasny et al.,
2017) B 2020—2040 rr., mpu yCJIOBUU HAYaIbHOTO 3a-
raca yrjepona 25 T/ra U HuXKe, YTO MOXET COOTBET-
CTBOBATh JIETKUM arpoiepHOBO-MOA30JUCTBIM MOY-
BaM TUITMYHBIX arpOLIEHO30B.

CexBecTpanusl yriepoia IpUd albTepHATUBHBIX
cluieHapusax xoagictBoBanuss SSM2 u SSM3 moxker
BO3pacTu B 2.5—2.7 pa3 1jisl arpoAepHOBO-TTO30JI1-
CTBIX 1 arpOCePhIX IOYB 1 00JIee YeM B 4 pa3a IJIst arpo-
YEepHO3EMOB JIECOCTEIIM. DTU Pe3YJIbTaThl YaCTUYHO
COBITAIAIOT C ITporHo3amu B padote (Romanenkov et al.,
2007), toe CKopOoCTh AEHOHUPOBAHMS IJISI BOCTOUHO
yactu llenTpanbHoro ¢genepanpHoro okpyra (Spo-
ciaBckasi, KoctpoMmckasi, UBaHoBckasi, Bmagumup-
ckasi, Ps3aHckast obnactu), a Takke B TaKUX IIPU-
BOJDKCKMX pEernmoHax, KakK YJIbSHOBCKas 00JacTh M
MopnoBckasi pecnybjiMKa MOXET Bo3pacTaTb A0
0.14 t/ra B rom mo 2035 1. B ciyuae peanusanum ciie-
HapueB SSM2 n SSM3 pacmmmpsieTcss TeppuTOpUS,
Ha KOTOpPOii BO3MOXHAa NOTOJHUTEIbHAsI CEeKBeCTpa-
1S yIJIepoia, HO yCIIoBUE 4 IIpoMUILIe 0OeceuYnBa-
eTCsI BOCHOBHOM IIpH ciieHapuu SSM 3 n1s psima Tep-
putopuit BoctouHoit yactu LlentpansHoro u Ilpu-
Bozkckoro 11O, HaxomsdImuxcs B 30HE JIECOCTEIU
(cm. puc. 1). HauanpHbIi 3a11ac yriepoaa B BBIIIEI0-
YEHHBIX M OIOA30JICHHBIX YepHO3eMaX IOJIKEH CO-
ctasisTh okoJio 60 T/ra. Ha CeBepHom KaBkase yBe-
JIMYeHNE CEKBECTpaIlMU yIjIepoaa IIPOrHO3MUPYETCS B
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pecrryommikax Harecran, KapadaeBo-Uepkeccus m
Anpiresi, HoO, BEpOSITHO, OHO COCTaBUT HIXe 4 TIpo-
MUJLIE, TOCKOJIbKY CKOPOCTh CEKBECTpALIM YIIIEPO-
Ia Jaxke TIpu ciieHapuu SSM3 arpokamTaHOBBEIMU T
arpo4YepHO3eMHBIMU MMOYBAMU JTaHHBIX TEPPUTOPUIA
HIKE, YeM TpeOyeTCs IIPU OXUIaeMBIX 3aracax yrie-
pona B HUX.

ITonygeHHBIE pe3yabTaTHl COINIACYIOTCS C OIEH-
KaMM CKOPOCTU CeKBEeCTpallly yIjiepoja NpU BHEI-
PEHUM pa3IMYHEIX yIIeponcOeperaiolmx IprueMoB B
arpoTeXHOJIOTUSIX, IpUBOAMMBIMHU B padote (Lugato
et al., 2014) nns repputopuu EBponbl. OLIeHKM cO-
craBmsun 0.1—0.25 1/ra B rox B 2020 r., CHIXasiCh K
2050 r. mo 0.05—0.15 1/ra.

BaxxaeiM pakTOpoM SBIISIETCS OIS yIyiepoaa mod-
Bbl, MIOTEPsSIHHASI B pe3yJIbTaTe paclalllku, TTOCKOJbKY
IIOYBBI, CPABHUTEJIBHO OoJiee OemHBIE OpPraHUYEeCKUM
BEIIIECTBOM, OYIyT HaKarInBaTh €ro ObICTpEe B CXOI-
HBIX TIPUPOTHO-KIMMATUYECKUX YCIOBUSIX ITPU YBEJIM -
YEeHUM KOJMYECTBA ITOCTYIAOIIET0 OPraHMYeCKOIro
matepuana. B uccienosanuu (Chernova et al., 2020)
MoTepu yrjiepoaa M3 €CTECTBEHHBIX MOYB IIPU pac-
namke isl pa3ndHbix Tepputopuii ETP onieHeHBI B
24% nnst 10XKHOM TaliTh U CTeNHOM 30HbI U 37% miis
Jecoctenu. JlJaHHOE€ OOCTOSTEIbCTBO MOXKET TaKXKe
BJIVSITh Ha HaMOOJIbIIIee YBEIMYSHNE CKOPOCTH CEK-
BeCTpalMu yrjiepoaa, IpOoTHO3UPYyeMOe IIPpU BHEAPE-
Huu cieHapust SSM3 no cpaBHeHuio ¢ BAU B 30He
JIECOCTEIIN.

Mertonuka, IIpemIoXeHHasl IJIsl pacueTOB IMOTEeH-
yMajga CeKBeCcTpalluyd OpraHUuYeCKOro yrjiepoaa
BepXHUM 30-CaHTUMETPOBBIM CJIOEM TaXOTHBIX MOYB
DAO u ucnonb30BaHHAS B HACTOSIIEH CTaThe, HE
MOXKET CYUTATHCS MCUYEPITbIBAOIICH 111 HAIIMOHAJIb-
HBIX pacueTOB, ITOCKOJIbKY METOAMKA CTAaBUT 3a1aueii
YHU(DULIMPOBaHHELIN pacueT [7100abHOM KapThI CEK-
BeCTpallMd TMOYBEHHOIro yriepona. B dyactHoCTH,
MPOOJIEMHBIMA MOMEHTAMU MOJACIUPOBAHUS SIBJISI-
€TCSI OTCYTCTBHME CBSI3U IIPOTHO3HOI YpOXaWHOCTU
KYJIBTYpP C arpOKJIMMaTUYeCKMMU YCJIOBUSIMH, 3a7aBac-
MbIMHU OOBIYHO B3aMMOCBSI3bIO JAHHBIX SMUCCHOHHBIX
ClIcHapueB U IMHAMUYECKMMUI MOAEIISIMU pOCTa U pa3-
BUTUS KYJIBTYP, a TakKKe HEBO3MOXHOCTh ITPOBEPKU
3(pPEeKTUBHOCTU afallTALIMOHHBIX yIJiepogocOeperaro-
IIUX IIPUEMOB B arpOTEXHOJIOTUSIX U OLIEHKA JJIUTEIb-
HocTu Takoro nponecca (Lugato et al., 2014; Pinke et al.,
2022; Romanenkov et al., 2007; Romanenkov et al.,
2019). Ind yuera Takux (pakTOpoB HEOOXOAMMO MO-
JIYYUTh 3aBUCUMOCTU MPUPOCTA YPOXKANHOCTU B OT-
BET Ha BO3JCHCTBUE, YUYUTHIBAIOIIME 3O0HAJbHBIE
IMOYBEHHO-KJINMAaTUYECKIIE OCOOEHHOCTU M CIICL-
UKy OTKJIMKa OTAEIbHBIX IPYNI KYJIbTYp, a 3aTeM
CKOPPEKTUPOBATh OLICHKU IMOCTYIUICHUs YIjiepona ¢
pacTUTEILHBIMUA OCTaTKaMM B mouBy. I1pu ncrionb3o-
BaHUM JIIOOOM TMHAMWYECKON YIIIEpOTHOM MOJIEIIN 3TO
TpeOyeT MPOBeAEHUS OTACIbHBIX UCCEIOBAHUIA, YTOU-
HSTIOLMX UMEIOIINeCs peruoHaabHble olleHKH (Paus-
tian et al., 2019b).
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Bricokuii moTeHUMan HaKOIUIEHUs oOpraHuye-
CKUX BellIeCTB MaXOTHBIMU MOYBAMU MOXET OBbITh 10-
CTUTHYT TOJIbKO MPU MPUMEHEHUU KOMILJIeKca arpo-
TEXHOJIOTUUECKHUX PEeIIeHU, BKIIOUAIOIINX HE TOJb-
KO yIpaBieHWE MOXHUBHBIMU OCTaTKaMU, HO M
MPUMEHEHNE OPraHUYEeCKUX YIOOpeHU U MeJIo-
pPaHTOB, BKJIIOYasi OMOYTojb, OCaAKW CTOYHBIX BOI,
KOMIIOCT, a TakXe BHEeIpeHUe MPUEMOB IOYBO3a-
IIUTHOI 00PabOTKMU, YTO MO3BOJISIET MPUOTIUZUTHCS K
obecneueHuo 1enu 4 nmpommwuie (Amelung et al.,
2020; Herzfeld et al., 2021).

Tem He MeHee, MPU HAIMYUU paHee TOJyYeHHBIX
OIIEHOK TTOTEHITAJIa CEKBECTPAIINN, OA3MPYIOIINXCS
Ha Ha3eMHbBIX HAOIIOMEHUSIX, TTOKA3aBIIINX, YTO BO3-
MOXHOCTb YMpaBJeHUsl 3aracaMu OpraHUYecKoro
yriaepona TOYB B CEIBCKOXO3SMCTBEHHOM CEKTOpe
Mpou3BOICTBa reorpadpuyecku 3aBucuMa (Roma-
nenkov et al., 2007), peaJuzoBaHa BO3MOXHOCTb
CpaBHEHMS UX C HOBBIMH JaHHBIMM.

IIpoBeneHHOE MCCIEIOBAaHUE MOXKET SIBUTHCSI OC-
HOBOI IS pacllMPEeHHOI0 MPOrHO3a IPpU BKIIIOYE-
HUY OONOJIHUTEIBbHON WHEMOpPMalUM, CIOCOOHON
YTOYHUTbD JIOKATbHBII MOTEHIIMAJ CEKBECTpallMU YT-
Jiepona. BreinesaeHre peruoHoB, TAe CTpaTerus yCTom-
YMBOIO YIPaBJIEHUSI TOYBEHHBIMU pecypcaMu obec-
MeYUT Hauboblliee HaKOIJIEHUE yriepoaa B IOYBe,
JIOJDKHO 0a3MpoBaThCsl Ha aHATM3€ TOYBEHHBIX apea-
JIOB KaK OCHOBHBIX KapTorpaduyeCcKMxX eINHUII,
YTOYHSISICh TIPU yU€Te MECTHBIX YCJIOBUI, B TOM YKC-
Jie BO3MOXXHOCTEN yIpaBJIeHUs TTOCTYIUIEHUEM pac-
TUTEJIbHBIX OCTAaTKOB B UCIIOJIb3YEMBIX arpOTEXHOJIO-
TUSIX, YCTOMYMBOCTBIO YPOXKAMHOCTU, a TaKXKE KO-
HOMHUYECKO# OOOCHOBAaHHOCTM  aJalTallMOHHBIX
pemrenuit (Amelung et al., 2020).

BBIBO/IbI

Hns ETP oneHeHa nmoTeHLIMaIbHAsI BO3MOXXHOCTD
CeKBEeCTpalluyd YIJIEpOoIa IIaXOTHBIMM IIOYBAaMU B
cimoe 0—30 cm B 2020—2040 rr. ITporHo3 1 1MoydeH-
Hasl Ha er0 OCHOBE CepHsl KapT 6a3upyeTcsl Ha aHaIu-
3¢ IIOYBEHHBIX apeajloB KaK OCHOBHEIX KapTorpadu-
yeckux eqHuUL. [lepcrieKTMBHOM M1 CeKBECTpalluu
IMIOYBEHHOTO yTJIEpOia TEPPUTOPHUENA, HA KOTOPOH 1ie-
JiIecooOpa3HO B MEPBYIO odepenb IMJIaHUPOBATh YBe-
JIMYUBATh YPOKAMHOCTD, IMOO COOTHOIICHME ITO00Y-
HOW K OCHOBHOW TPOIAYKIIUU SBJISIETCS 30HA JIECO-
CTEIM, TAc BO3MOXHO oOOecnedyeHue YCTOMYMBOI
CeKBECTpallMM yrjiepoja B paccMaTpuBaeMbiii 20-
JleTHUI nepuon. TeM He MeHee, TIpU CTpaTeruu He-
M3MEHHOTO XO35iiICTBOBAaHUSI HEBO3MOXHO HOCTHUYbh
nokasartelist 4 IpoMUJIIe, 00ecCTIeunBacTCsI HaKOTIIE -
HUe IpUMepHO 3—5% 3amacoB MOYBEHHOTO yriiepoaa
CpemHe- U TSKEJIOCYITIMHUCTEIMU Pa3HOCTSIMU arpo-
JIEHOBOITIOA30JIMCTHIX ITOYB B TUIIMYHBIX arpOLICHO3aX
TaeXKHOU 30HBI. YBEJIMUCHUE MOCTYIICHUS yriepoaa
Ha 5% MOXeT 00yCIIOBUTh POCT CEKBECTPALINU yIJIe-
pola B IBa pa3a, a yBeJuuyeHue Ha 20% — B IISATh pas.
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IOxHee, B 30He pacIpocTpaHEeHMsI arpodYepHO3e-
MOB, MOXHO OXUAATh MONACPXKaHUS TSKYIIMX 3aria-
COB yTIJiepoza IIpY YCIOBUM COXpaHEHMSI COBPEMEHHOTIO
YPOBHSI IPOAYKTUBHOCTH arporeHo3oB 10 2040 r. B
MOCJICIHEM ClIy4ae BO3MOXHO 0OecIieueHe YCIOBUSI
4 ipoMuJIIE OIS psiia TEPPUTOPUIA BOCTOYHOIM YaCTU
HenTpanpHoro wu IlpuBomkckoro ¢enepaibHBIX
OKpyroB. [laHHas1 cTpaTerust yBeJIUUeHUS MOCTYILIe-
HUSI paCTUTEJIbHBIX OCTATKOB OKAa3bIBACTCSI TaKKe
0JIaroNpUsITHOM I HAKOIUIEHUSI OPraHMYeCKOTO
yrjiepoja B 30H€ CTENU U CyXOli CTEIr, B KOJIUYECTBE
2.5—3 1 C/ra B Teuenue 20 jneT. Tem He MeHee, MoJTy-
YeHHbIE OLIEHKM MOXHO paccMaTprBaTh KaK IIOTEH-
LIMaJIbHbIE, IMMOCKOJIbKY MpOaHaJIU3MPOBAaHHKIE CIIE-
HapuM XO3SIMCTBOBAHUS HE MOTIYT OOECHEYUTH JO-
CTIDKeHHME Lein 4 TpoMuuie Ijis OOJBIIMHCTBA
naxoTHeIX Tepputopuit ETP, To ecth paccmarpu-
BaThCs KaK arpOTEXHOJIOTMU C HETaTUBHOM DMUCCHU-
el MapHUKOBHBIX Ta30B B COOTBETCTBUH C LICISIMU 10
CHUKEHMIO KIMMAaTUYECKUX U3MEHEHUM B COOTBET-
ctBum ¢ Ilapukckum cornamenuem 2015 1. Ilomy-
YeHHBIE pE3yJbTaThl MOXHO paccMaTpuBaTh Kak
OILIEHKY ITOTEHIIMAJIbHON BO3MOXHOCTU CEKBECTpa-
LM, KOTOpasi MOXKET ObITh YTOYHEHA Ha OCHOBE 00-
JIACTHBIX M PETHMOHAJIBHBIX IIPOrHO30B HAKOILICHMUS
yrjiepoga Mo4yBaMu IIpU IIPUMEHEHUM CTpaTeTuu
YCTOIYMBOTIO YIIPaBJICHUS IIOYBEHHBIMU PECYPCAMHU.
OueHka 3(P¢GEeKTUBHOCTH TOIIOJIHUTEIHFHOIO KOM-
IUIEKCa arpoOTeXHOJIOTMYEeCKUX IIPUEMOB, 00ecIIe -
BaOIIMX YyCUJICHNE HAKOIUICHUS yIiIepoAa MoYBaMu,
JIOJDKHA OTpadaThIBAaTHCS MPU YIETe MECTHBIX YCI0-
BUII B MCIIOJIb3YEMBIX arpoTexHojorusix. OqHuM u3
MEPCIIEKTUBHBIX ITOKa3aTe/Icii B MOJOOHBIX OLIEHKAX
MOXKET CTaTh y4eT JOJIU IIOTEPSIHHOIO 3a BpeMsI pac-
MaIIKy IMTOYBEHHOIO yriepoaa Kak rmokasartessi, BIr-
SIFOIIET0 Ha U3MEHEHUE CKOPOCTU CEKBECTpallU YT-
Jiepona Npy aJanTalMOHHBIX PEIIEHUSIX.
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Forecasting the Carbon Stock Dynamics in the Soils of Cultivated Croplands
in European Russia in the Context of the Low-Carbon Development

V. A. Romanenkov" 2, Yu. L. Meshalkina®>* *; A. Yu. Gorbacheva!, V. A. Dobrovolskaya!, and A. N. Krenke*
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Soil organic carbon sequestration potential in the cropland top soil layer (0—30 cm) of European Russia was
assessed based on soil-ecological zoning using one of the most common global models of soil organic matter
the Rothamsted dynamic carbon model (RothC) and open-access global databases such as Climatic Re-
search Unit (CRU) TS v4.05, 1901-2020, SoilGrids250m 2.0 and time-series MODIS (MOD13A1.006 Terra
Vegetation Indices) NDVI and EVI. Data from the national Soil Organic Carbon Map at 0—30 cm depth were
used to estimate the current carbon stocks. FAO unified technical specifications and guidance for the gener-
ation of national Soil Carbon Sequestration Map was used as the current study mapping approach. The aver-
age rate of carbon sequestration by natural zones under the business-as-usual scenario ranged from 0.076 to
—0.002 t/ha per year, decreasing from northern taiga zone to semidesert. A 5% increase in carbon input due
to carbon-conservation technologies adoption can result in a twofold increase in carbon capture, and a 20%
increase in carbon capture can result in a fivefold increase. A two-fold increase in the rate of C sequestration
from the southern taiga with a maximum in the broad-leaved forests zone, followed by 1.5 times decrease or
more in the steppe and dry-steppe zone was found with increasing carbon input to the soil. The FAO meth-
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odology determines, with a spatial resolution of 1 km, contour lines that have the highest and lowest potential
for carbon stock changes when adopting sustainable soil management.

Keywords: carbon sequestration, carbon-conservation technologies in agriculture, climate change, RothC
model, agricultural land, carbon balance, “4 per 1000” initiative
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