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CTenHbIe 9KOCUCTEMBI, 3aHMMasi OKOJIO 8% TTOBEPXHOCTH CYIIIH, SIBJISIIOTCS CYIIECTBEHHBIM 3BEHOM TJIO-
0aJIbHOTO KPYroBOpOTa Yrjiepojia B cucteMe aTMocdepa—pacTuteabHOCTh—MouBa. Ha ocHoBe reouHdop-
MallOHHO-aHAJIMTUIECKOTO METOIA C MCTIONIb30BaHMEM 0a3bl MTaHHBIX SMITUPUUECKHN U3MEPEHHBIX 3HAYE-
HUI MEPBUYHON OMOJIOrMYECKOi MPOAYKIIMU U PErPECCUOHHON MOJIEJU, MO3BOJISIIONIEH OLIEHUTh UHTEHCUB-
HOCTb MOCTYIUIEHUS] IUOKCUIA YIJIepoJa U3 MOoYBbl B aTMocdepy, noiyyeHa oueHka yriepogHoro (C—CO,)
OasaHca ecTeCTBEHHBIX CTEMHBIX 9KocucTeM Poccuu. [TokazaHo, 4To paccMaTpuBaeMble CTEMHbIE 9KOCU-
CTeMBbI Ha TeppUTOpHU Poccuu ABISIOTCS CTOKOM atMocdepHoro yriepona. CpeaHsisi ”HTEHCUBHOCTD 3TO-
ro notoka coctasiser 231 + 202 rC/(m? ron). EcTecTBeHHBIE CTEMHbBIE SKOCHCTEMBI Poccun exeroaHo se-
noHupytoT 111 £ 97 MtC. ComtacHO Moy4YeHHBIM OLIEHKaM, €CTECTBEHHbIE CTEITHbIE 9KOCUCTEMbI MOTYT
obecrieunTs OT 8 10 19% croka arMochepHOro yriaepoaa B Ha3eMHbIe SKOocUcTeMbI Poccuu.

Kirouessie clioBa: momioiieHe aTMOC(hEPHOro yriliepoaa, SMUCCUsS JUOKCHUIA YIJIEPOaa, YIJIEPOIHbINA 6a-
JIAHC, CTEITHBIE 9KOCUCTEMBI
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BBEAJEHUWE

DKOCHUCTEMBI CYIIIM WrpamT KIIOYEBYIO pPOJIb B
mI00aIbHOM KPYTOBOPOTE YIJIEpOIa, OKa3bIBAIOT Cy-
IIECTBEHHOE BIMSIHUE Ha KOHILIEHTPAlIMIO MapHUKO-
BBIX T'a30B B aTMoc(pepe. PacTuTebHbINM IMTOKPOB Ha-
3€MHBIX 3KOCHCTEM €XEromHO accuMmuiampyeT 150—
175 I'rC atmocdepHoro auokcuaa yrieponaa (CO,) B
pesyinbTate (poTocuHTe3a [1—3], co3maBas oOIIyIO
IIEPBUYHYIO ONOJIOTMYECKYIO IIPOAYKIIMIO pPacTU-
texbHOCTU (GPP, gross primary production). Okono
50—60% abGcopOMPOBAHHOTO PACcTEHUSIMU YIJIEpoaa
BO3BpallaeTcsi B atMocdepy B pe3ysibTaTe AbIXaHUS
pacteHuii — aBrorpodHoro neixanus (R, autotro-
phic respiration) [4, 5]. ITokazaTteieM MHTEHCUBHO-
CTH IIPOLECcCa aKKyMYJISILIUKA aTMOC(HEPHOTO YIJIEpO-
JIa pPacTUTEIbHBIM ITOKPOBOM SIBIISIETCS II€pBUYHAS
ouonornueckas npoaykiust (NPP, net primary pro-
duction), KoTopast oIpeaeisieTcss KOJIMYeCTBOM Op-
TaHUYECKOTO BeIIeCTBAa, HAaKaIlIMBAIOIIMMCSI 3a
olnpeleJieHHbI WHTepBall BpeMeHU (OOBIYHO 3TO
rol) Ha eIUHMUIIC IJIOMIAA B HAI3eMHOI U IOA3eM-
HOI 4YacTsIX pacTUTEIbHOro coobiectBa [6], T.e.
NPP = GPP-R,. Ilo nannsiMm [7, 8], exeronHo pac-
TUTEIBHOCTh Ha3€MHBIX 9KOCUCTEM IEeTOHUPYET 29—
37% CO,, TIocTyIamIero B atMochepy B pe3yIbTaTe
XO3STMCTBEHHOM MesTeIbHOCTU 4YejioBeKa. IloTok
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CO, 13 Ha3eMHbIX PKOCUCTEM B atMocdepy, obpasy-
IOIIMiicS B pe3yIbTaTe pa3ioKeHUsI MUKPOOPraHU3-
MaMM [MOYBEHHOIO OPraHUYECKOTrO BEIIEeCTBAa U pac-
TUTEIBLHOTO IEeTPUTA, HA3bIBAETCS TeTepOTPO(MHBIM
nbixaHueMm mnouBbl (Ry, soil heterotrophic respira-
tion). I'ereporpodHOE ObIXaHUE IMOYBBLI M JBIXaHUE
KOpHEI pacTeHUI SIBJISTFOTCS OCHOBHBIMHU €CTECTBEH-
HbIMU ucTouHUKaMu CO,, ToCcTynapuero B aTMmo-
cepy ¢ MOBEPXHOCTHU MOUYBBI. DTOT MOTOK MOy
Ha3BaHUe ouBeHHOoro AbixaHus (Rg, soil respiration)
[9, 10]. ITo nanHBIM [11—15], ouenku Rg nisg HazeM-
HBIX 9KOCHCTeM JexaT B npeaenax 68—100 I'tC/rox.
ITouBeHHOE OBIXaHUE SIBIASICTCS CaMbIM WHTEHCUB-
HbIM 1ToTOKOM CO, 13 9KOCHUCTEM CYIIIU B aTMOChepy
U He3HAYUTEJIbHOE U3MEHEHUE €r0 BEJIMIMHBI B TJ10-
0aJbHOM MacIilTabe MOXET MPUBECTU K CYIIECTBEH-
HOMY M3MeHeHUIo KoHlleHTpalu CO, B atmochepe
[12, 16]. CornacHo ouieHkam [12, 14, 17, 18], mo6ajib-
HOe JbIXxaHue MOYB B HACTOsIIIee BpeMsl Ha TTOPSIA0K
MpeBHIIIaeT aHTpOIOreHHbIe BEIOpOckl CO, B pe-
3y/IbTAaTe CKUTaHUS NCKOMAaeMOTO TOILIMBA.
DyHKIMOHUPOBAHUE 3KOCUCTEMBI B KauyecTBe
CTOKa WU uctoyHuka atMmocdepHoro CO, onpene-
JisieTcsl 3HakoM BenuuyuHbl yriieponHoro (C—CO,)
GajlaHca paccMaTpUBaeMOi SKOCUCTEMBI. 3HAUEHUE
YIJIepOOHOTO OajaHca IMIPUPOAHOI SKOCUCTEMbI WIIU
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yrcToii a3Kocuctemuoi npoaykuuu (NEP, net eco-
system production) paBHO pa3HOCTU MEXIY ITOCTYII-
JIEHHEM YIJIepolla B SKOCUCTEMY B pe3yJbTaTe IIPOo-
TYKIIMOHHBIX IPOLIECCOB U 3MUccHUeil yrimeponma (B
Buae CO,) B pe3ybTaTe MpoLeccoB AECTPYKIIMU Op-
raHWYECKOTO BellleCTBa HAKOIIJIEHHOTO B 3KOCHUCTEe-
Me [16, 19—21]. 3HaunTeNbHAsA HEONPEIeIeHHOCTD
OIICHOK TI100aJbHOro OajaHca yriepoja cBsI3aHa C
pa3HOM CTEMeHbI0 MCCAeIOBaHUSI MHTEHCUBHOCTU
MMOTOKOB yIJIepoia KaK Ha YPOBHE OTIEJbHBIX 9KOCH -
CTeM, TaK M PETUOHOB B LIEJIOM.

OnHOIT U3 MPUPOIHBIX 30H C JOCTATOYHO CJIabo
W3YYEHHBIMU 3BEHBSIMU KPYroBOPOTa yIjiepona sIB-
JisieTcst 30Ha creneil. CTenu OTHOCATCS K 3aCYLILIH -
BBIM 3KOCHUCTEMaM, B KOTOPBIX PACTUTEIBbHBIA IO-
KpOB 00pa30BaH MPEeUMYIIECTBEHHO Pa3HbIMU BUIA-
MU TpaB C JTOMUHUPOBAHUEM MHOTOJICTHUX 3J1aKOB.
CrenHble SKOCUCTEMbI 3aHUMAIOT 8% HENMOKPHITOMN
JIBIOM TMOBEPXHOCTH CYIIH U SIBJSIIOTCS CYILIECTBEH-
HBIM YTJIEpOIHBIM pe3epByapoOM M3-3a BLICOKOTO CO-
JIep>XKaHWsI OpTaHUYECKOIO BEIIECTBA B IIOYBE, 3aIla-
ChbI KOTOPOTO B METPOBOM CJIO€ MOYBBI COCTABJISIIOT
22.9—-35.7 krC/m? [22—26]. CTenHyo 30Hy 00pa3yroT
crenn EBpasnn, npepnn CeBepHOit AMEepUKHU, O1M3-
KHE K IPEepUsIM TpaBsTHbIe COOOIIIECTBA I0TO-BOCTOKA
ABcTpamuu, mamnbl HOXHOIT AMepuKU, BelbIbI
IOxnoit Adppuxkn, tyccokun Hosoit 3emanonm [27].
Camast o01IMpHAast YacTh CTEMTHOI 30HBI PACITOI0OXeHa
Ha TeppuTopun EBpasun. EBpasuiickue ctery 3aHuMa-
0T OKOJIO 8 MJIH. KM? 1 06pasyIoT MOJIOCY IIMPUHOI OT
150 1o 600 kM [28] BBITSHYTYIO B IIMPOTHOM HallpasJie-
Huu oT CpenHenyHaickoii HU3MEHHOCTH Ha 3ariajie 10
MaHBYKYPCKOII paBHUHBI Ha BOCTOKe (Mexnay 41°—
57° N u 26°—127° E).

11 CTeMHBIX 9KOCUCTEM XapaKTepeH HIMPOKUA
IVATIa30H U3MEHEHUS KIIMMAaTUYECKUX XapaKTepU-
CTHUK, KOTOPBIE OMPENEIISIIOT 30HAIBHOCTh U KOH-
TPACTHOCTb TMOYBEHHO-PACTUTEJIILHOTO IIOKPOBa
cTernHoi 30HbI [27, 29]. CornacHo KJIMMaTuuyecKoi
knaccudpukannn B. Kénmena [30] B ctrenmHOIT 30HE
MPEICTABIEHBl CTEITHOW, IIYCTBIHHBIA, TEIUIbIA
MOPCKOM, YMEPEHHBIM MOPCKOM, TEIUIbIA KOHTHU-
HEHTaJbHbIM 1 YMEPEHHbIA KOHTUHEHTAJIbHbIN TH-
bl KJIMMarTa.

OTANYUTENbHOM YepToil pacTUTEIbHOIO MOKPOBa
CTeTIe sIBJIsieTCsl MOIIIHAsl KOpHEBasl cUcTeMa — J10JIs1
MOA3eMHOI (pUTOMACCHI MOXET HOCTUTaTh 87% 00-
meil ¢puromaccsl pacteHuii [31]. B crermHbIx 3Kocu-
cTteMax c(OpMHUPOBATMCH HaMOoJIee TIJIOIOPOIHBIC
TUIIBI TIOYB: YEPHO3EMBI M KallTAHOBBIE B CTETISIX
EBpasuu, yepHozéMoBUIHbIE B Mpepusix CeBepHOt
Amepnku 1 namnax HOxnoit Amepnkm. CrermHas
TEPPUTOPUS SIBISIETCS OCHOBHBIM 3eMJIeACIbYECKUM
PETMOHOM MMpPa U XapaKTepU3yeTCsl BHICOKOM CcTerle-
HbIO aHTPOIIOTEHHOM Aerpagaliuv MPUPOAHbBIX KO-
cucteM. 3HauYMUTeNIbHAsE YacTh TEPPUTOPUU CTelieit
pacrnaxaHa 1 UCIIOJIb3yeTcCs ISl BbIpallluBaHUsI Cellb-
CKOXO3SMCTBEHHBIX KyJbTYp. boJibliie cTemnHble
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IUTOIIAAY VCITOJIB3YIOTCS B Ka4eCTBEe MACTOUII U ce-
HOKOCOB [29].

ITouBeHHO-paCTUTENILHBIN MOKPOB, KIMMaTU4e-
CKH€ YCJIOBHMSI, WHTEHCHUBHOCTb aHTPOIIOI€HHOIO
BJIMSIHUSI OTIPEAEISIIOT OCHOBHbBIE IMapaMeTphl yTIjie-
POMTHOTO LIMKJIa CTEIMHBIX 9KOCUCTEM 1 UX CHOCOOHOCTh
K IIOIIOIIEHUIO M 3MMCCHHU ITApHUKOBBIX ra3oB. U3
BCEX TUITOB HA3€MHbBIX 9KOCUCTEM Ha TeppuTopuu Poc-
CHUU POJIb CTEITHBIX 9KOCHUCTEM B OMOT€HHOM 1IMKJIE yT-
JiepoJila HaMMeHee olrpeneyieHa. B Hacrosiieir padore
JIJII CTEITHBIX 3KocucTeM Poccuu mosiaydyeHbl OLICHKU
yoieponHoro (C—CQO,) 6anaHca U €ro KOMIIOHEHTOB
(NPP, Ryy), onipenesieH BKjIall 3TUX KOCUCTEM B yIJie-
POIHLIN OIOIKET CTPaHBbI.

OBBEKTbI MCCIIEJOBAHUA

CornacHo KapTe pacTUTeJbHOCTU [32], CTeIHbIe
DKOCHCTEMBbl Ha TeppuTopun Poccum 3aHuMaioT
okosno 1.7 miH. kM?, T.e. MeHee 10% Teppuropuu
crpanbl. CrenHast 30Ha B Poccum oxBaThIBaeT 00-
IIUPHYIO TEPPUTOPUIO I0XKHOI YyacTu BocTouHo-EB-
pOIIEIICKOII paBHUHBLI, paBHUHHBIE TEPPUTOPUU
INpenkaBkassg 1 KpbiMa, 10KHBIE paifoHBI 3aTtagHo-
Cubupckoit paBHUHbBI, MEXTOPHbIE KOTJIOBUHBI Ce-
BepHoil yactu LleHTpanbHOII A3um (peciyoauk by-
psaTust, Xakaccust, TeiBa, MpKyTckoit obmactu, 3a-
OalikaabCKOIo Kpasl M 1oxkHOU yacTu KpacHosipcKoro
kpas) (puc. 1). CrenHbie 3kocucTeMbl Poccum nmonpas-
JIEJISTIOTCST Ha JIyTOBbI€, HACTOSIIME, CYXUE W OITyCThI-
HeHHble. Ilon3oHa JIYroBBIX CTeNell pacrojgoXeHa
BIOJIb FOXKHOM IpaHUIIbI JIECHOM 30HBI. Ha Tepputopun
Poccum syroBBIE cTer 00pa3yroT Hambojee ooImp-
HYIO TI0 IUIOLIANY CTEMHYI0 non3oHy (710 Teic. km?).
IMon sxocucreMamu HacTosiux creneit B Poccuu Ha-
xonutcsa 470 ThIC. KM%, DTH 3KOCUCTEMBI 3aHUMAIOT
3HAYUTEIbHbIE TEPPUTOPUU Ha loro-3amane EBpo-
neiickoit yactu Poccun, B A3MaTCKOI 4acTU BCTpe-
qaroTcst pparmeHTapHo. Cyxue CTenu pacrpocTpa-
HEHbI TpeuMylliecTBeHHO B CTaBpOIOJIbCKOM Kpae,
peciiyonukax KpeiMm, Harectan, TeiBa. Ilnomanb
9TOM CTEITHOM IMOA30HBI Ha TeppuTopun Poccnnm co-
crasiseT 320 ThIC. KM2. DKOCUCTEMBI OITyCTHIHEHHBIX
cTerneil pacnpocTpaHeHbl Ha rwromany 230 TeIC. KM2,
3aHMMAIOT 3HAYUTEJIbHYIO TEPPUTOPUIO HA IOr0-BO-
croke EBponeiickoii yactu Poccum u B MEXKTOPHBIX
KOTJIOBMHAX LEHTPaJIbHOM 1 I0XXHOU ThIBBI.

B crermubIx 3KocucTemMax HaOmMOgaeTCs IeUIINT
BJIard, KOTOPBIIA HapacTaeT OT JIYTOBBIX CTeNeil K
OIYCTBIHEHHBIM CTelsIM. bobIlasg gactk aTMocdep-
HbIX ocangkoB (75—85%) Ha CTEMHOI TeppUTOPUU
Poccuu BbImamaeT B TeIUIbI Iepuon roga. [omosoe
KOJIMYECTBO OCAAKOB M3MeHsieTcsT OT 430 MM B JIyTro-
BBIX cTeITrsiX 1o 150 MM B ommycTeiHeHHBIX. Mcnapsie-
MOCTbB C OTKPBITOII BOTHOII ITOBEPXHOCTU COCTABIISICT
oT 650 MM/ron B JyroBeIx crersx 1o 800 MM/ronm B
onycThIHEeHHBIX. B ctemHOM pernone Poccnn romo-
Ne 1
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OLIEHKA BAJIAHCA YTJIEPOJA CTEITHBIX S KOCHUCTEM POCCHUHU
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Puc. 1. Kaprocxema pazmenieHusI CTerei pa3HbIX TUTIOB Ha TeppuTopuu Poccuu. Turnel creneii: | — ayrosole, 11 — HacTosiue,

II1 — cyxue, IV — onycTbIHEHHBIC.

BbI€ CyMMBI TeMITIepaTyp Mpu3eMHoro Bo3ayxa >10°C
HaxomgaTcs B nuanasoHe oT 1900 mo 2600°C [27].

3HaYUTENBHYIO YacTh CTEITHOM TeppuTopun Poc-
CUM 3aHUMAIOT CEeIbCKOXO3SIMCTBEHHBIE YIOIbs
(mamrHu, rmactouina, ceHokochl) [33]. B crenHoii 30-
HE PaCIIOJIOKEHBI MOJTHOCTBIO MW YaCTUYHO TeppU-
TOPHUU COPOKa IByX cy0ObeKTOB Poccuiickoit Denepa-
mun (P®). IMpuponHble cTeNHBIE BKOCUCTEMBI CO-
XpaHWJIMCh HA OTHOCUTEILHO HEOOIBIINX YUacTKaX.
CormacHO MHBEHTApU3alM COXPAHUBIIUXCS CTEM-
HBIX MaccuBOB [34], oOmasg TuIomanb IIPUPOTHBIX
CTETTHBIX KOCUCTEeM Ha Tepputopuun Poccuu onieHu-
Baercsa B 200 Thic. KM2, 4TO cocTaBisieT MeHee 12%
o0l111eii Tuonaay cTrenHoi repputopuun PO.

B 90-x romax XX Beka u3-3a NPOU3OIIEAIINX B
Poccuu  coumaibHO-3KOHOMMYECKUX M3MEHEHUIA
3HAYMUTEIbHbIC IUIOIIANM ITAXOTHBIX 3€MeJib ObLIU
BBIBEICHBI 13 CEJILCKOXO03sIICTBEHHOro obopoTa. He-
oOpabaThIBaeMbI€ ITAXOTHBIE YIOIbs IIOTTOJTHWIN ITYJI
3aJIEXKHBIX 3eMelb. M3-3a cokpallleHusl ITOTOJIOBbS
CKOTa CHU3UJIACh aHTPOMOIeHHAsI Harpy3Ka Ha IacT-
OMIla, COKpaTujach IUIolIagb HAcTOMII U CEHOKO-
coB. B pe3ynpraTte 3TMX COOBITHI Ha YaCTH CEJIHCKO-
XO3SIACTBEHHBIX YIroAuii B CTEITHOW 30HE Hayajcs
OpOIIECC BOCCTAHOBJIEHUS TPHUPOOHBEIX CTEIHBIX
akocucTeM. [Ipm GmaronpusTHBIX YCIOBUSIX BOCCTa-
HoByieHUs 3a 15—30 jieT B 3TUX 3KOcucTeMax (hopMu-
pyeTCsI TPaBSIHUCTHII MOKPOB, KOTOPHIM IO BUIOBO-
MY COCTaBy OJIM30K K CTEITHBIM COOOIIIECTBaM, CyIIle-
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CTBOBaBIIMM A0 pacmaiiku [35, 36]. B mpoiecce
¢GopMUpPOBaHUSI CTETHOIO PAaCTUTEIHLHOIO ITOKPOBAa
BO3pacTaeT KOJMYECTBO IIOCTYITAIOIIETO B IIOYBY Op-
TaHUYECKOI'O BEIIECTBA U MPOUCXOAUT ITOCTENIEHHOE
BOCCTaHOBJIEHME €CTECTBEHHBIX (PU3NKO-XUMUNYECKUX
CBOMCTB M MUKPOOMOJIOTMYECKNX XapaKTePUCTUK
MOYB OBIBIIMX CEJIbCKOXO3SMCTBEHHBIX yroauii [37].
B yacTHOCTH, B MOYBEHHBIX TOPM30OHTAX 3aJIEKHBIX
3eMeJIb U3MEHSIETCS CTPYKTYpa, MJIOTHOCTh, BOTHO-
BO3AYIIHBIA U TUAPOTEPMUYECKUI PEXKMMBI, BO3pac-
TaeT colepXKaHue yriaepona 1 3JIeMEHTOB MUHEPAJIb-
Horo ruTanudg pactenuii [38—40]. B nanHoit pabote
paccMaTpUBAaIOTCS ITPUPOIHBIE M BOCCTaHABIMBAIO-
muyecss (BTOPUYHBIE) CTEIHBIE 3KOCHCTEMBI. DTU
9KOCHCTEMBI OOBEIMHEHBI OOIIIUM Ha3BaHUEM €CTe-
CTBEHHbBIE 3KOCHUCTEMBI CTEITHOI 30HBI.

B TeueHme BereTallMOHHOTO MEpUoOaa B IIPUPOI-
HBIX CTETTHBIX 9KOCUCTEMaX MHTEHCUBHOCTb aKKyMY-
JIIu aTMocepHOro yrjeponaa B Tpolecce hoTo-
CUHTE3a MPEeBOCXOOAUT WHTECHCUBHOCTb BBIACICHUS
yriepoaa B atMochepy B pe3yiabTaTe JeCTPYKIIMOH-
HBIX MpolieccoB [16, 41]. B xononHbIii Tepron roaa B
pe3yabTaTe YBIAAHUS U OTMUPAHUS HAA3EMHON Ya-
CTH TPaBSHUCTOTO MOKPOBa ¥ (hOPMUPOBAHUST CHEXK-
HOTO ITOKPOBa IOIJIOIIEHNE aTMOC(epHOTO yIyIepoaa
PacTUTEILHOCTBIO CTEITHBIX KOCHCTEM IIpeKpaliia-
€TcsI, B TO € BpeMsl MPOMOJIKAETCS pas3ioKeHUe
MOYBEHHOIO AETPUTAa MUKPOOPTraHM3MaMU W ObIXa-
HMeE TTIOA3E€MHBIX YaCTei pacTeHU, T.€. MPOAOJIKAET-
Ne 1
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cs noctymieHrne CO, U3 MOYB 3TUX PKOCUCTEM B aT-
Mocoepy. CiaenyeT OTMETUTB, YTO B XOJIOTHBIN TIEpU-
ol ToAa B pe3y/jbTaTe HU3KUX TeMIlepaTyp BO3ayxa 1
IIpOMep3aHUsI BEPXHUX CJIOE€B IOYBHI MHTEHCHUB-
HOCTb JE€CTPYKIIMOHHBIX IIPOLIECCOB B CTEIIHBIX 3KO-
CUCTeMax 3HAuYUTEJIbHO yMEHbIIIaeTCsl MO CpaBHe-
HUIO C TeIJIBIM HepuogoM. Takmm oOpa3om, B TeIl-
JIBII IepuoJ, To/ia MPUPOIHbIE CTEIHbBIE 9KOCUCTEMbI
SIBJISTIOTCSI CTOKOM aTMocgepHOro yriepoaa, B XO-
JIOMHBII IEPHO TOIa 3TU SKOCUCTEMBI (PYyHKIIMOHM -
PYIOT Kak UCTOYHUK noctyruieHust CO, B atmocdepy.
IMornmontaemMplii CTEMHBIMU pacTeHUSIMUA aTMocdep-
HEI yIJIepoa HaKaIUIMBaeTcs, B OCHOBHOM, B Opra-
HUYECKOM BEIIECTBE IMOYBEHHOIO MyJia DKOCHCTEM
(KOpHEBOIf cucTeMe pacTeHUld, GUTONETPUTE, TYMY-
ce) [14, 42]. 1o nanubM [31, 36, 42, 43], non3eMHas
KOpHEBasl 4YaCThb PAaCTEHUII B CTEITHBIX 9KOCUCTEMAaX
comepxut 80—95% yriepoma oOiuei GuTOMacChl
PacTeHMUIA.

METOAbBI NCCIIEJOBAHHNA

ILnomaau BTOPMYHBIX CTEMHBIX IKOCUCTEM PACCUM-
TaHbI HA OCHOBE JAHHBIX CTaTUCTUYECKUX OTYETOB O
HAJIUYUU U paclpefeieHUN 3eMellb B cyobekTax PD
Ha 1 guBaps 2020 roma @enepajibHOI CIyXKObBI TOCYy-
JapCTBEHHOIl perumcrpanuy, KamacTpa U KapTorpa-
¢un (Pocpeectp) u O10/JIeTEHEN O COCTOSIHUUA CEIb-
ckoro xo3giictea P® B 2020 romy DenepaibHOii
CITy>KObI TOoCcyaapcTBeHHOM ctatuctuku (Poccrar). B
JIaHHBIX 110 3eMeIbHOM cTaTucTuKe Pocpeectpa [44]
K TpyIIe 3ajJexeil celbCKOXO3IMCTBEHHbIX Yroauii
cyobekToB PM oTHECEHBI 3eMeTbHbIE yUacTKU, KOTO-
pbie 0(UIIMATIFHO IIEpeBeIeHbI U3 ITAllIHU B 3aJICXKU.
OmHako 4JacTh HeoOpaOaThIBa€MbIX MAaXOTHBIX 3€-
Mellb B cyObekTax P@® He mepeBoauiach B Ipyrue
yroabs U (popMaJIbHO IIPOAOJIKAET CUMTATHCS Talll-
Heii. 1o 3Toit IpuuMHe olleHKa peaJlbHO TUIOIIaan
3aJjiexxeil BBITIOJIHEHA Ha OCHOBE CTaTMCTUYECKMX
maHHbIX PocpeecTpa o IUIOIIamsaX IMaXOTHBIX YTOOWA
U IEKJIapupyeMbIX 3anexeil [44] ¢ yueToM JaHHBIX
€XeroJHbIX oT4yeToB PoccTara 0 MOCEBHBIX ILIOIIA-
IISIX W TUIOIIAMSIX YMCTHIX ITapoB [45]. BoccTtaHoBie-
HUE CTeITHBIX 9KOCUCTEM MPOUCXOAUT U HA TEPPUTO-
pUsIX, KOTOpbIe TIepecTali MCIOJb30BaThCsl Kak
MacToMINA M CeHOKOChI. O1leHKa IUIOIIaAeii BTOPHYI-
HBIX CTEIei Ha MeCTe OBIBIIIMX MaCTOUII U CEHOKOCOB
clejlaHa Ha OCHOBE CTaTUCTUYECKUX NaHHBIX Pocpe-
€CTpa O IUIOIIAISX 3THX TUIIOB CEJIbCKOXO3SCTBEHHBIX
yroauii [44] m maHHBIX eXXEerOMHBIX 0TYeTOB PoccTaTta o
TUTOIIAASIX CEHOKOCOB M MACTOMIII, UCITOIb3yeMbIX XO-
3siicTBaMM U rpaxkaaHamu [45].

B psine paccmaTtpuBaeMbix cyobekToB PD 3a6po-
IIIEHHBIC TTaXOTHBIE 3€MJIM, HEUCIIOAb3yeMble ITACT-
OMIlIa ¥ CEHOKOCHI pacIIOJIOXKEHBI He TOJILKO B CTEII-
HOIi 30He. JlaHHbIEe O TUIONMIAASX YYACTKOB CEJIbCKO-
XO3SIACTBEHHBIX YIOIMii, Ha KOTOPBIX IIpEeKpalleHO
AHTPOIIOTE€HHOE BJIMSIHIE U KOTOPBIE HAXOISITCSI BHE
CTEITHOM 30HBI, OTCYTCTBYIOT. B KadyecTBe BepxHeit
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OIIEHKH TSI TUTOIAe YKa3aHHBIX YIACTKOB B pabo-
te [35] npenioxeHo mpuHSTh 20% TeppUTOPUN, KO-
TOpas TepecTajia UCITOJIb30BaThCsI B KAYECTBE CElIb-
CKOXO3STMCTBEHHBIX YTOOWM B paccMaTpUBaeMOM
cyobekTe PO.

OneHKH NEePBUYHOH OHOJOrMYECKOH MPOAYKIHH
€CTECTBEHHBIX CTENHBIX 9KOCUCTEM B cyobekTax PdD
MOJIy4YeHbl Ha OCHOBE TeOMH(pOpMallMOHHO-aHaIN-
TUYECKOI0 METOAa C MCIIOJIb30BaHNEM 0a3hbl JaHHBIX
SMIOUPUYECKN UBMEPEHHbBIX 3HAUYEHU M 3TOM BEJINYU-
HEI. B 1aHHOM MccleqoBaHMU MCIOJIb30BaHbI JTaH-
Hble 0 NPP crenmHbix akocuctem u3 paoor [28, 31, 32,
36,43, 46—52]. lna nepeBona 3HadeHuiit NPP, Beipa-
KEHHBIX B €IMHUIIAX CYXOT'O BEIIECTBA, B YIJICPOIHLIC
€IVHUIIBI YICITOJIb30BaHbBI KO3((UIIMEHTHI, ITOJIyIeH-
Hble Ha OCHOBE aHAJIUTUYECKUX JaHHBIX 10 COAepKa-
Huto azota (N) u cootHomeHnio C/N B ¢uToMacce
paccMaTrpuBaeMbIX TUIIOB 9KocucTeM [53].

OlleHKH MOYBEHHOr0 JABIXaHUS BBHITIOJHEHBI Ha OC-
HOBe perpeccuoHHoil T&P-monenu [54]. DTa monenb
TTO3BOJISIET OIIEHUBATh CPETHEMECSIIHYIO MHTCHCHUB-
HoCTb BbiaeaeHuss CO, u3 mous (Rgy, rC/(M? cyT)) Ha
OCHOBE CpEOHEMECSIYHOM MPU3EMHOM TeMIlepaTypbl
Bozayxa (7, °C) u KomuyecTBa ocaakoB 3a Mecsill (P,
cM/Mec):

Ryy= Fe°"P/(K + P), (1)

rne F (rC/(m? cyT)) — nouseHHoe apixanue rpu 0°C
U 1OCTaTOYHOM yBJIaxkHeHUH TTouBkbl; Q (° 1/C) — ko-
3 GUIUEHT TeMIlepaTypHOIl YyBCTBUTEIBHOCTH I10Y-
BEHHOTO JbIxaHusl, K (CM/MeC) — KOHCTaHTa TOJTyHa-
CBIIICHUS TUIEPOOTNYECKOI 3aBUCUMOCTU MEXIY Rgy
u P. Pacyer mapamerpoB mist T&P-Momenan BBITION-
HEH HeJIMHEMHBIM METOJIOM HaMMEHBIIINX KBaApaTOB
B IIpOrpaMMHOI cpeae IJIsl CTaTUCTUYeCKOi oOpa-
0otku maHHBIX R (byHKIMsa nlm) [55]. MecsuHble
notoku CO, 13 TTOYB CTEMHBIX IKOCUCTEM MOJTYYEHbI
YMHOXEHUEM 3HaUYeHU Rgy HAa KOJTUYECTBO THEM CO-
OoTBeTCTBYIOIIEero Mmecsia. 'ogosoit morok CO, u3
MOYB 9KOCHCTEM Rg BBIYMCIIEH CYMMUPOBAaHUEM pac-
YEeTHBIX 3HAYCHUI MECSYHBIX BEJIMYMH IOYBEHHOIO
ObpixaHus. PacdeT IIOYBEHHOTO ObIXaHUSI CTEITHBIX
9KOCHUCTEM BBITIOJIHEH Ha OCHOBE METEOpOJIOrrhYe-
CKUX JaHHBIX 3a repuon ¢ 1970 o 2000 romsl 13 6a3bl
WorldClim (www.worldclim.org).

Ha ocHoBe »KcriepuMeHTadbHBIX OaHHBIX IS
pPa3HBIX MPUPOJHO-KIMMATUUECKUX 30H YCTAHOBJIE-
HO, YTO JOJISI TETepOTPOdHOro IbIXaHUS B OOIIEM
notoke CO, U3 MOYB TPABSIHBIX PKOCUCTEM COCTaB-
nset 55% [56], T.e. mist 3HaueHuit Ry u Ry cripaBer-
JIMBO COOTHOIIIEHVE

Ry= 0.55R,. 2)

Yrneponnslii (C—CO,) 6aianc eCTeCTBEHHBIX CTEII-
HBIX 9KOCHCTEM PACCIMTaH 110 (hopMyTIe:

NEP = NPP — R;. 3)

TOM 59 Ne 1 2023
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Tabauna 1. CratrcTUYecKUe XapaKTEPUCTUKY CPETHETOJI0OBOI TIPUMIOBEPXHOCTHOM TeMIepaTyphl Bosayxa (7y,) v rono-

BOT'O KOJINYECTBA OCANKOB (Py,) [ist CTEMHBIX pernoHOB Poccuu
T, °C Py, Mmm/TOR
CremnHoi peruoH
Xmin | Xmax A x G |Cv, %| Xmin | Xmax | A x c |Cv,%

EBpomneiickmii 2.5 10.9 84 | 7.3 2.5 34 | 237 | 769 | 532 | 420 | 121 29
Cubupckmi -2.9 2.1 5.1 0.9 1.6 | 184 | 395 | 578 | 183 | 444 | 48 11
[{eHTpasbHOA3HATCKUI -50 |-0.6 | 44 |-3.6 1.8 50 | 372 | 583 | 211 | 437 | 71 16
CremnHble peruoHbl Poccuu B ienom |—5.0 10.9 159 | 3.1 52| 170 | 237 | 769 | 532 | 430 | 98 | 23

HpI/IMC‘{aHI/IC. Xmax — MakKCHMMaJIbHOE€ 3HAYCHUEC, X i, — MUHUMaJIbHOC 3HAa4YCHUE, A— pa3Max Bapualuu, X — CpeaHe 3Ha4eHUue, o —

cTaHIapTHOe OTKJIOHeHue, Cv — KoahduUIllMeHT Bapyualuu.

Ecnu BemuunHa NEP 111 sKocuCTEMBI ITOJIOXKUTEIIb-
Hasi, TO paccMaTpuBaeMasl 3KOCHUCTEMa SIBJISIETCS
CTOKOM aTMocdepHoro yriaepoaa. B ciydae eciu Be-
mquurHa NEP oTpunarenbHasy, TO 3KocucTeMa npe-
CTaBJISIET COOOM MCTOUHMK aTMOC(EPHOTO yIyIepoaa.

J1J1s1 OLIeHKM YTIJIepOIHOTo OajlaHca eCTeCTBEHHBIX
CTEITHbIX SKOCUCTEM B TEIUIbIA U XOJOMHbIA MePUOIbI
roja noJiarajioch, YTO TEILIbI MEPUO roga COCTaBIIsI -
10T Mecslpl ¢ 7> +1°C, X0JIOOHBII ITIepHUOI, — MECSILIBI
¢ T'< +1°C. I1pomomKnTeTbHOCTh TEIUIOTO U XOJIOTHO-
ro MepUOJIOB Ioda B CTEIMHBIX pailoHaX OIpencssiiach
JIJISI KaXKI0TO U3 paccMaTpruBaeMbIX CyobeKToB PD.

Hcronb3yemble TaHHBIC 3eMeEIbHOII CTaTUCTUKU
Pocpeectpa u Poccrara crpynnupoBaHBI IO CyObeK-
taM P®. I1o 3Toii IpyuYrHe MIoLaad CTEITHBIX KO-
cucteM W 3HadeHUs 1otokoB NPP, Ry, NEP mia
9TUX 3KOCHUCTEM PACCUMTAHBI ST KaXKIOr0 CyObeKTa
P®, umeroniero crenHble TeppuTOpUm. PacueTsl BbI-
IOJTHEHEI Ha IIPOCTPAHCTBEHHOI CETKE C pa3pele-
HueM 0.5° X 0.5° reorpadnyeckoii LIMPOTHI 1 TOJITO-
Thl. Ha oCHOBe IoIydeHHBIX pe3yJbTaTOB OMpeeie-
Hbl cpenHue 3HadeHus NPP, Ry, NEP mig
€CTEeCTBEHHBIX CTEITHBIX 3KOCHCTeM Kak Wit Poccun
B LIeJIOM, TakK 1 mis EBporeiickoro, Cudbupckoro n
LleHTpanbHOa3uaTcKoro peruoHoB Pd. PacueTsl
CpEIHMX 3HAYEHMU YKa3aHHBIX IOTOKOB BBHIIIOJIHEHBI
C YYETOM IUIOLIafei 3aHMMaeMbIX €CTECTBEHHBIMU
CTEITHBIMM DKOCHCTEeMaMM B KaxkIoM cyobekTe PD.

PE3VJIBTATBI U OBCYXIEHHNE

CpenHeroosble NPUNOBEPXHOCTHBIE TEMIEPATYPBI
BO3/IyXa U ro/I0BbIe KOJIMYeCTBA AaTMOC(EPHBIX 0CAIKOB.
st cTermHoi Tepputopun Poccum xapakTepHO cylie-
CTBEHHOE M3MEHEHHMEe KIMMATUUEeCKUX ToKasaTeeid
KaK B IIMPOTHOM, TaK 1 B IOJITOTHOM HaITpaBJICHUSIX.
CrnenyeT OTMETUTh, YTO B CTEIHOM pernoHe Poccum
JIHATTa30HbI U3MEHEHUST KIMMATUUECKUX XapaKTepu-
CTUK 3HAUYMTEILHO ITPEBOCXOISAT aHAJIOTUYHBIE TAaTia-
30HBI CBOMCTBEHHBIEC JIECHOMY PETHMOHY YMEPEHHBIX
LI POT, KOTOPBI 3aHUMAET 00Jiee OOIIUPHYIO TEPPU-
Topuio B PD 1o cpaBHeHMIO co ctensamu [27].

CoracHO MCHOJb3YEMBIM METEOPOJOTUUECKUM
JaHHBIM 3HAYEHUS CPEIHETOA0BOI MPUITOBEPXHOCT -
HOIi Temrieparypbl Bosnyxa (7y,) sl CTEITHBIX TEPPU-
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Topuii cyobekToB PD usmenstiores ot —5.0...—4.8°C
(pecniyomukn  bypsatust m TeiBa) mo 10.5—10.9°C
(KpacHomapckuii kpaii, Pecrty6iavka Kpbim). 3Haue-
HUSI TOIOBBIX 0cankoB (Py,) B crensix Poccun Bapbu-
pyiot ot 237—284 mMm/ron (AcTpaxaHcKas 00JIacCTb,
Pecny6uka Kanmeikust) go 765—769 mm/ron (Kpac-
Homapckmii Kpaii, KapauyaeBo-Yepkecckass Pecny6-
nvka). HanGonbimmii pasmax snauenmii 7y, (8.4°C) n
Py, (532 Mm/ron) HaOTIONAETCS B CTEMHBIX 9KOCUCTE-
max EBpormeiickoro perunoHa Poccuu. Cratuctuye-
CKME XapaKTePUCTUKM BenmndyuH Ty, u Py juida cren-
HBIX peruoHoB P® npencrapieHbl B Ta01. 1.

CpenHue MpUITOBEPXHOCTHBIE TEMITEPaTypPhl BO3IY-
Xa TETUTOT0/XOJIOMHOTO TIepHoIa Toa B CTEITHBIX 9KO-
cucremax Poccnn usmensiores ot 10.2°C/—13.4°C B
LleHTpanbHOa3naTCKOM pervoHe 1o 14.8°C/—4.7°C B
Espormeiickom pernoHe (puc. 2). KoamyecTtBo aTmM0-
chepHBIX 0CATKOB TETUIOTO TIepHoIa Tofa B CTEITHBIX
peruoHax Poccun B 2.2—3.4 pa3za mpeBOCXOIUT KOJIU-
YeCTBO OCAIIKOB XOJIOTHOTO TIeprona. B crersax LleH-
TPaJbHOA3MATCKOTO PETrMOHa 10 CPAaBHEHUIO C JIPY-
TMMU CTeTHBIMM pernoHaMu Poccum BhITTagaeT Hau-
oombiree (338 MM/IIeprOI) KOJIMYECTBO OCAIKOB B
TeIUIbIA mepuon roma (puc. 2a) M HaWMEHbIIee
(99 MM/TIeproOa) KOJIMYECTBO OCAAKOB B XOJOMHBINA
nepuon roga (puc. 20).

OueHka mioniajeil NpUPOAHbIX M BTOPUYHBIX CTEMN-
HBIX 3KocHucTeM. B [34] Ha OCHOBE ITOJIEBBIX UCCIIEIO-
BaHU M KOCMUYECKUX CHUMKOB CPEIHEro paspe-
IIeHUs] ObUIM BBISIBJIEHBl COXpaHUBIIMECS OTHOCH-
TEJIbHO KPYIHbIE MAacCUBBI TMPUPOJHBIX CTEIHBIX
9KOCHUCTEM Ha Tepputopuu Poccuu. 3HauuTenbHas
yacTh (131 Teic. KM?) COXpPAHUMBIIMXCH CTEMHBIX 3KO-
cucteM Haxonutcsl B EBponeiickom perrone. B Cu-
oupckoM m lleHTpambHOA3MaTCKOM permoHax Ha
JIOJII0O COXPaHUBIIMXCS CTerne mnpuxoautcs 18 u
53 TbIC. KM%, COOTBETCTBEHHO (puC. 3a).

IMocne mpekpalleHUsT MCIIOJIL30BAHUS HEKOTO-
PBIX CETbCKOXO3SIMCTBEHHBIX YTOIMI1 B CTEITHOM 30HE
Ha MJIoIaasIX ObIBIINX MaXOTHBIX 36MeJIb, TTaCTOUIIL 1
CEHOKOCOB HayvaJICs IIPOLIECC BOCCTAHOBIICHUS CTEII-
HBIX 9KocucteM. CoITacHO BBIIIOJIHEHHBIM pacye-
TaMm, Ha Hadaiao 2020 r. BTOpUYHBIC CTEITHBIE YKOCHU-
cteMbl B Poccuu 3aHuManu 277 Thic. KM2, T.€. UX IJI0-
Ne 1

TOM 59 2023
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Puc. 2. [IpunoBepxHOCTHast TeMIiepaTypa Bo3ayxa (7) 1 KOJIM4ecTBO ocaakoB (P) B cTeITHbIX pernoHax Poccuu (cpemHue 3Ha-
YeHMs 3a TIePUON M CTaHIaPTHBIC OTKJIOHEHUST): a — TeTUIBIA Mepro/ rofaa, 6 — XOJIOIHBIN MePHO rona. BepTuKaabHBIMU JM-
HUSIMU U300pakeHbl OTpULIATEIbHbIC YACTU CTAHAAPTHBIX OTKJIOHEHUIA.

mank Ha 38% mpeBBIIAJIa TUIONMIANL TPUPOMHBEIX  Ha MecTe 3a0pOIIeHHBIX ITaXOTHBIX 3eMeJTh, ITACTOUIIT
CTETIHBIX yYaCTKOB. M CEHOKOCOB, B A3uaTckoili 1 EBpormeiickoil yacTsix

Bospiasg yactp (57%) BTOPUYHBIX CTEMHbBIX KO- Poccun IMIPAaKTUYCCKN OAMWMHAKOBbBI M COCTaBJIAIOT
CHUCTEM pacrojioxkeHa B As3uarckoii yactu Poccun. okoso 80 Teic. KM? (puc. 3a). Tliomans BTOPUYHBIX
IImolany CTEIMHBIX SKOCUCTEM, KOTOPhIC MOSIBUJINCH  CTEIHBIX 9KOCUCTEM, KOTOPbIE MOSIBUJIMCh HA MECTE

MN3BECTUA PAH. ®U3NKA ATMOC®EPBI 1 OKEAHA  Ttom 59 Ne 1l 2023
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Puc. 3. PacnipeneneHue 1iolaaeii mpupoaHbIX U BTOPUYHBIX CTEMHbBIX 3KocucTeM B peruoHax P® u Ha teppuropun Poccun
B uesoM. CrenHble 9KocucTeMbl: | — Ha HeoOpabaThiBaeMbIX NaUIHIX (3aexHble), II — Ha HeMcnoab3yeMbIX MacTouIax 1
ceHokocax, 111 — mpuponHbie.

HEMCIOJIb3YEMbIX MacTOUIIl U CEHOKOCOB, B A3MaT-
ckoit yactu Poccuu B 2 paza mpeBOCXOIUT IUIOIIAAb
aHAJIOTUYHBIX 3KocucteM B EBpomeiickoil yactm
Poccuu (puc. 30).

Unentupnkamma T&P-monean. MHoroneTHue
MHCTPYMEHTAJIbHbIE MCCIEN0BaHUS BHYTPUIOJOBOI
nauHaMuku smuccuu CO, M3 MOYB ECTECTBEHHBIX

CTEHBIX 9KocucTteM B Poccum He mpoBoamianck. 1o
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Ta6muua 2. [Tapamerpsl u ouieHKU TouHOCTU T&P-moneneii wiist pacuera notokoB C—CO, U3 MOYB JIyTOBBIX 9KOCUCTEM

ITapamerpsl Mmogenu O1LIeHKH TOYHOCTU MOAEIN
OOBEKT F R U
HCCICNOBAHNA|  vionenp 5 0,°1/C | K, cM/Mec
rC/(m” cyT) T&P-G1 | T&P-G2 | T&P-G1 | T&P-G2
OkocucreMa 1| T&P-Gl1 1.687 0.0569 2.203 0.62 0.64 0.19 0.24
Dkocuctema 2| T&P-G2 1.843 0.0654 2.745 0.71 0.70 0.20 0.17

IIpumeuanue: R— Ko pumeHT gerepmuHannu; U — kosddunmeHT Taiina

aToit mpuumHe uaeHtudukauus T&P-monenu (1)
ObLIa BBIIIOJIHEHA Ha OCHOBE HAHHBIX MHOTOJICTHUX
nosieBbIX u3MepeHuit morokos CO, B aTMochepy u3
II0YB ABYX JIYTOBBIX 3KOCHUCTEM, PAaCITOJIOXKEHHBIX B
I0KHOIT yactu MockKoBckou oOiactu. ExxeHemenb-
Hble uaMepeHus amuccuu CO, U3 MOUBbLI TPOBOAM-
JIch KpyriiorogndHo ¢ 1998 mo 2017 roma MeTogoM
3aKpBITBIX KamMep Ha 3JIJaKOBO-Pa3HOTPABHOM JIYTY
IMpuokcko-TeppacHoro 61uocepHOro 3anoBeTHUKA
u ¢ 2004 o 2018 roga Ha pa3HOTPaBHO-371aKOBOM JIy-
ry Boim3u 1. [Tymuno. Ipu uamepeHusx GuUKCupo-
Basics nmotok CO, B arMocdepy U3 JIYroBbIX ITIOYB, KO-
TopbIit BKItouan B cedst CO,, o6pa3oBaBLIEiics KaK B
pe3ylibTaTe AbIXaHWSI KOPHEN pacTeHUI, TaK Y pa3Jio-
KEHUSI MUKPOOPraHU3MaMM1 HAIIOYBEHHOTO JeTpUTAa
M OpPraHMYEeCKOro BelllecTBa ITOYB. JIyroBBIe 9KOCH-
CTEMbI Pa3IMYaiMCh MO BUJIOBOMY COCTaBy pacTH-
TEJIbHOCTU, TUIIOBOM MPUHAIIEKHOCTH U TEKCType
noyB. s paccMaTrpuBaeMBbIX JYTOBBIX 3KOCHCTEM
XapakTepHbl 3HAYUTEIbHOE BUIOBOE pa3sHOOOpasue
TPaBSTHMUCTOIO ITOKPOBa, cOOpPMUPOBAHHASI KOPHSIMU
3J71aKOB MOIIHASI JepHUHA, 3HAYeHUS (UTOMACCHI U

Ta6mmma 3. CpenHue 3HauyeHUs (X) U CTaHAAPTHBIE OT-
kioHeHus (G) akcriepuMeHTalbHbIX (FieldData) u mo-
nenbHbIX (T&P-G1, T&P-G2) 3HaueHnit TOYBEHHOTO Obl-
xaHus (rC/(M>CyT)) I IBYX JTyTOBBIX SKOCHCTEM

Okocucrema 1 Okocucrema 2

Mecau | FieldData | T&P-G1 | FieldData | T&P-G2
X o) x| o X o) x | o

AuBapb 0.66 {0.41 {0.72(0.20|0.63 |0.33 |0.67|0.24
®eppasip |0.74 10.48 10.73]0.22(0.51 {0.27 [0.67|0.21
Mapr 0.74 10.42 {0.97]|0.21|0.55 {0.26 [0.97]0.26
Armpenb 1.34 {0.57 [ 1.50]|0.35|1.46 | 0.58 | 1.57 |0.47
Maii 2.69 [0.88 [2.46|0.53]3.32 {0.89 {3.05(0.53
Hionb 3.5411.23 [3.180.43|4.73 [ 1.59 |3.78|0.63
Uionb 3.86 [1.52 [3.77|0.60|4.45 | 1.64 |4.40|0.80
ABrycr 3.00 [1.44 {3.19]|0.88|3.55 | 1.46 |4.04|1.01
CeHtsi6pp | 2.44 [0.88 [2.26(0.38(2.82 | 1.03 {2.46]|0.52
Okts6pp | 1.61 [0.65 |1.62[0.33[1.69 |0.65 |1.73]0.45
Hos6pb 0.96 (0.47 | 1.05|0.22|1.13 |0.34 | 1.10 | 0.26

N3BECTHUA PAH. ®U3UKA ATMOC®EPHI 1 OKEAHA

NPP 61m3k1re K aHAJOTUYHBIM TTOKAa3aTeNsIM JIyTo-
BhIX cTerneii. [1o 3TuM nmpuumHaM, ¢ HEKOTOPBIMHU JO-
OyLIEHUSIMM, paccMaTpUBaeMbIe JIyTOBbIE 3KOCHCTE-
MBI MOXXHO pacCMaTpUBaTh KAK SKOCUCTEMbI OJIM3KHE K
9KOCHCTEMAaM JIYTOBBIX cTerneii. B pacueTax ncmnosib3o-
BaJIMCh METEOPOJIOTMYECKUE TaHHBIE CTAHIUKM (DOHO-
Boro MmoHuTopuHra (moc. lanku, CepIryXoBcKoii paii-
OH, MockoBcKasi 00J1acTh), KOTOpasi pacroJjioxkeHa
Ha OOHO 13 IUIOIIAA0K SKCIIEPUMEHTAIbHBIX UCCIIE-
JOBAHWI TIOUBEHHOTO JIbIXaHMUSI.

Ha ocHoBe akcriepuMeHTaIbHBIX JAHHBIX JUTST KaX-
JIOM U3 paccMaTpUBAEMBbIX JIYTOBBIX 3KOCHUCTEM OIIpe-
JeJieHbl MofesibHble ImapaMeTpbl F, O u K (Tatn. 2).
ITpoBeneHHbBIE pacueThl MOKA3aJIu, YTO MOJIyYSHHbIC
nBe T&P-momemn (T&P-G1, T&P-G2) agekBaTHO
OIUCBHIBAIOT BHYTPUTOJOBYIO TMHAMUKY CpEenHeMme-
csauHoit amuccuu CO, U3 MTOYB UCCIIeyeMbIX 3KOCH-
creM (Tabn. 3). KoadduiimeHTsl HecoOTBETCTBUS
Teiina (U) MogenbHBIX pSAOB CpeIHEMECIIYHBIX 3HA-
YEeHWI MOYBEHHOTO JbIXaHUSI U JTaHHBIX WHCTPYMEH-
TaJIbHBIX U3MEPEHUI1 3TOI BEJIMUMHBI HE MPEBBILIAIOT
3HaueHus 0.3 (Tabi1. 2), KOTOpoe SIBISIETCS IIOPOTOBBIM
3HaYeHWEM JJIsI IPUPOIHBIX IpoleccoB [57, 58]. ITomy-
YyeHHbIe 3HaUYeHUs KoadduimreHTa U CBUIETEIbCTBYET
B I0JIb3Y TOTO, UTO PE3Y/IbTAThl MOAECIMPOBAHUS UMEIOT
BBICOKYIO CTEIIeHb COBITaicHUSI C TAHHBIMU WHCTPY-
MEHTA/IbHBIX M3MepeHuii. 3HayeHus1 KoahUIIMeHTa
netepMuHaiyy R? (Tabl. 2) TakKe YKa3bIBAalOT Ha BbI-
COKYIO KOPPEJISIIMOHHYIO CBSI3b PACYETHBIX U DKCTIE-
PUMEHTAIbHBIX 3HAYEHUN CPEIHEMECSYHBIX TMOTO-
koB CO, B aTMocdepy U3 MOYB pacCMaTpUBAEMBIX
9KOCHCTEM.

Ha ocHOBe MOIENBHBIX U 3KCIEPUMEHTATBHBIX
JNaHHBIX 0 MecsiyHbIX noTokax CO, B aTMochepy U3
MOYB pacCMaTPUBaeMBbIX JIYTOBBIX 9KOCHUCTEM OLIeHE-
HbI OI0BbIE BEJIMUUHBI Rg 3THX 9KocucteM. [lomyueH-
Hbl€ pe3y/IbTaThl ITOKA3aIl, YTO OTKJIIOHEHUE MOIEIIb-
HBIX 3HAQUYEHUI rogoBOro Ry OT 3KCMEPUMEHTAIBHBIX
OIICHOK 3TOI BEJMYMHBLI B JYTOBBIX DKOCHCTEMAaX Jie-
JKUT B IMara3oHe ot 1 10 26% B 3aBUCUMOCTH OT UC-
nonb3yemoit T&P-monenu. B Toxe BpeMsi OTKJIOHE-
HUE CPENHUX 3HAYEeHMI ToJoBOTro Ry, MOTYyYEHHBIX
Ha OCHOBE MOJEJIbHBIX OIIEHOK 3TOTO ITOTOKA B KaXK-
JIOM JIYTOBOM 9KOCUCTEME, OT TOAOBBIX SKCIIEPUMEH -
TaJbHBIX 3HAUeHU Ry cocTtaBisieT 6—11%. B pamkax
HACTOSIIIIETO UCCIIEAOBAHMS 3HAUYEHNE TOIOBOTO IO~
Ne 1
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Ta6mmma 4. CtaTUCTUYECKHME XapaKTepUCTUKY 3HAYCHUI TEPBUYHON OMOJOTMYECKOM MPOMYKIIMU, TeTepOTPO(GHOro
NIbIXaHUsI TIOYBBI 1 YIJIEPOMIHOTO OalaHca B CTEMHbBIX peruoHax Poccuu

CrenHoil peruoH Xmin Xmax A x c Cv, %

IlepBuuHas 6uosorndyeckas rnpoaykiusi, NPP

EBpomneiickuii 282 779 497 494 160 32

Cubupckuit 656 790 134 730 39 5

IleHTpaabHOA3UATCKUIA 435 741 306 613 108 18

CrenHble pernoHBI Poccuu B 11eJiom 282 790 509 575 160 28
[TouBeHHOE rereporpodHoOe abixaHue, Ry

EBpomneiickuit 348 554 206 405 43 11

Cubupckuit 240 337 98 312 30 10

LlenTpanbHOa3MaTCKMit 216 296 79 247 26 11

CrenHble pernoHBI Poccuu B iejiom 216 554 338 343 78 23
C—-CO, 6ananc, NEP

EBpomneiickuii —134 394 527 89 173 195

Cubupckuit 370 463 93 418 35 8

LleHTpansHOa3MaTCKUIA 218 465 247 366 93 25

CrenHble peruoHbl Poccuu B 1ieiom —134 465 599 231 202 87

IIpumeuanme. X, — MAKCUMAJILHOE 3HAYEHNE, X,,;, — MUHMMAaJIbHOE 3HaYeHUE, A — pa3Max Bapualuy, X — CpeHEE 3HAYEHNE, O —
CTaHIapTHOE OTKJIOHeHUE (3TU BeauuruHbl B TC/(M” ron)), Cv — KoadhbUIIMeHT BapUaluu.

Toka CO, B aTMOc(depy U3 MOYB CTETTHbIX 9KOCHUCTEM
paccuMTaHO KaK cpemHee 3HAYeHHE COOTBETCTBYIO-
IIUX TOA0BBIX NOTOKOB CO, pacCUUTAHHBIX MO JaH-
HbIM Mojaeneilt T&P-G1, T&P-G2.

ITornomenne atMochepHOro yriepoaa pacTHTEb-
HbIM NMOKPOBOM CTEMHBIX IKOcUcTeM. BeanunHa nep-
BUYHOII OMOJOTMYECKOl MPOAYKIIMU CTEITHBIX 3KO-
CUCTEM CHUXAEeTCsl OT JIYTOBBIX CTENeil K OIyCThl-
HEHHBIM, TTOTYUHSISICH pakTopy apuaHocTu [31, 47].
st nyroBeix creneii Poccum BenuumHa NPP co-
crasnsieT 755 + 64 rC/(m? ron) (cpenHee + ctanmapr-
Hoe OTKJIOHEeHHUe) B paccMarpuBaeMbIX OMyCTbIHEH-
HBIX cTengx 3HadeHne NPP ymenwsmaercsa mo 311 £
+ 36 rC/(m? ron). Cpennsa sesmmunHa NPP s ecre-
CTBEHHBIX 3KOCHUCTEM CTeMHBIX permoHoB Poccuu
cocrasiger 594 + 148 rC/(m? ron). CienyeTr OTMETHUTS,
YTO MOJIydeHHOe cpenHee 3HadeHrue NPP ms usyyae-
MBbIX CTEITHBIX 9KOCHCTEM B 1.9 pa3 mpeBbIIaeT cpeaHee
3HayeHre NPP w11 necHBIX 3KOCHCTEM Ha TEPPUTOPHM
Poccun, ouenennoe B 319 + 19 rC/(m? ron) [59].

CornacHo nMoJiydeHHbBIM olleHKaM 3HaueHust NPP
€CTeCTBeHHBbIX cTeneit EBpomneiickoro pernoHa Poc-
cuu usMensiercs ot 282 no 779 rC/(m? rox) co cpen-
HuM 3HadeHueM 494 rC/(m? ron). B crenHbIxX 3KoCH-
cremax Cubupckoro perroHa 3HadeHust NPP Bappupy-
10T 0T 656 10 790 rC/(M? rom) o CPENHUM 3HAYEHUEM
730 rC/(m? ron). IlepBrdHast IPOLYKTUBHOCTD CTEMHBIX
pPACTUTENBHBIX COOOILIECTB MEXTOPHBIX KOTJIOBUH LleH-
TpajlbHOA3UaTCKOro perroHa Poccuu usmeHsieTcs oT
435 no 741 rC/(M*> rom) co CpegHUM 3HAYEHUEM
613rC/(m> rom). CraTUCTUYECKHME XAPAKTEPUCTUKMI
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3HayeHuit NPP paccmarprBaeMbix pernoHoB Poccun
npuBeaeHbI B Ta0. 4. [TogyyeHHbIE OlIEeHKU MOKa3bl-
BalOT, YTO Ha TeppuTopuu EBporeiickoro pernoHa
Poccun nmponyKTUBHOCTh €CTECTBEHHBIX CTeTeil He-
3HAYUTEJbHO TIPEBBIIIAET MPOAYKTUBHOCTDH JIECOB
(454 rC/(m?*Tom) [59]) atoro peruona. CpeaHsist mpo-
IYKTUBHOCTBH CTEITHBIX 3KocucTteM CHOMpPCKOro pe-
ruoHa B 1.5—1.8 pa3a Bblliie IPOIYKTUBHOCTHU JIECHBIX
9KOCHCTeM IoXHOU Taitru lleHTpanmbHOl Cubupu
(405—475 rC/(m2 ron) [60]).

CoriacHo TIOJAYyYeHHBIM pe3ylabTaTaM pacTH-
TEeJIbHBII TMOKPOB €CTECTBEHHBIX CTEITHBIX 3KOCH-
creM EBponeiickoro pernoHa Poccuu AemoHUpPYIOT
124 = 5 M1C/ron, LlenTpaibHOa31aTCKOTO PETUO-
Ha — 79 + 6 M1C/ron, Cubupckoro pernoHa — 72 +
+ 4 M1C/ron. IlonmyyeHHBIE OLIEHKU IEIIOHMPOBa-
HUS aTMOC(hEPHOro YIJiepoaa eCTeCTBEHHBIMU CTEII-
HBIMU 9KOCUCTEMaMM peTMOHOB Poccru coCcTaBisIIoOT
45, 29 u 26% cymmapnoiit NPP cremneit PD coorBer-
CTBEHHO.

IMoctynaenne C—CO, B atMocepy U3 NMoYB CTeN-
HBIX 3KocucTeM. COIMIacHO pacyeTaM CpeaHMIt romo-
BOIi MOTOK IBYOKMCH YTJIepOia U3 MOYB CTCITHOM 30-
HBI Ha Teppuropuu Poccum cocraBiaster 624 =+
+ 142 rC/(m? ron). [NonyueHHast OLEHKA TOZOBOTO
TTOYBEHHOTO ITBIXaHWsI CTEITHBIX 9KOCHCTEM CpaBHMMA
co 3HaueHusaMH R (319—735 rC/(m? rom) [61—63]), Ko-
TOpbIe HAOJIIONANCh B JIECHBIX IKOCHUCTEMAax yMe-
peHHBIX 1IMPpOT Poccuu. HeMHorouunciieHHbIC 9MIMN-
puyeckue OLIEHKU WHTEHCUBHOCTU TOCTYIUJICHUS
CO, B atMmocdhepy U3 CTENHBIX IOYB Ha TEPPUTOPUU
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Poccun ocHOBaHbI Ha JaHHBIX HECKOJBKUX U3MeEpe-
HUI1, MPOBEICHHBIX B TeUSHNE OJHOIO—IBYX Berera-
LIMOHHBIX ce30HOB. ComlacHO OmnyOJUMKOBAaHHBIM
JNaHHbBIM MHCTPYMEHTAJIbHbIX W3MEPEHUI MOTOKHU
CO, B aTMOcdepy U3 MOYB OTAENbHBIX €ECTECTBEHHBIX
CTEITHBIX 9KocucTeM B Poccnu hMKCHUpoBaauch B Aua-
nasone ot 194 no 3269 rC/(m? ron) [64, 65]. Cyuie-
CTBEHHBII pa30poC BeIMYUH Rg LTSI CTEMHBIX 9KOCU-
CTeM MpeaorpeiesieH B MEPBYIO oYepelb pa3HooOpa-
31eM TTOYBEHHOIO U PAaCTUTEJLHOTO TIOKPOBA CTEIICH,
MOTOAHBIMU YCJIOBUSIMU B IIEPUO/ TPOBEICHHS CCIIe-
JIOBaHUSI, pa3IUUMSIMUA B METOJIax, KOTOPbI€ UCIIOJb-
30BaJIUCh 151 U3MEPEHMST TIOYBEHHOTO AbIXaHUs [66].

OnyO6JIMKOBaHHbIE OLIEHKY BKJIaaa Ry B aMUCCHUIO
CO, c MOBEPXHOCTH TOYB TPABSIHBIX 9KOCUCTEM Mpe-
BeimamT 50%. CormacHo [67] MomelbHbIE OLIEHKU
JIOJIA TETEPOTPOMHOTO AbIXaHUS B TOYUBEHHOM JIbIXa-
HUU CTEMHBIX 3KocucTeM Poccuu nsmeHsitorcst ot 59
10 71% co cpennuM 3HadyeHneM B 68%. B [68, 69] co-
oOllIaeTcs, YTO [JIS CEBEPOAMEPUKAHCKUX Tpepuit
cooTHolieHne Ry/Rg cocraBnsier 60—75%. B [70]
BKJIad Ry B TIOUBEHHOE AbIXaHWE TPaBSIHBIX 3KOCU-
cTeM LieHTpaibHOM MTanuu oueHeH B 64—72%. Uc-
ToJIb3yeMasi B JaHHOM paboTe cTaTUCTUYeCcKas OLIeHKa
071 Ry B TIOYBEHHOM JbIXaHUU TPABSIHBIX 9KOCUCTEM
(55%) 6mm3Ka K HIDKHEHW rpaHWIle TTPUBEICHHOTO B
[71] mHTEepBaia UBMESHEHUS 3TOM BEIUYUHBI JIJIST Tpa-
BSTHBIX 9KOCHCTEM YMEPeHHBIX IUpoT (58—72%) n
cormlacyeTcs ¢ aHaJJOTMYHOI olleHKou (52%) momy-
YeHHOM Ha OCHOBE MHCTPYMEHTAJbHbIX U3MEPEHUI
Ha JIyrOBBIX U CTEeMHBIX yyacTkax LleHTpanbHo-Yep-
Ho3eMHOro omocdepHoro 3amoBenHuka (Kypckas
obiactb, Poccus) [72].

ComracHO TIONYYEeHHBIM OIIEHKaM, IMOYBEHHOE
reTepoTpoHOe ObIXaHUE EeCTECTBEHHBIX CcTemnei
EBpomeiickoro permona Poccnm nuamensieTcs ot 348
10 554 rC/(M?> rom) €O CpEOHMM 3HAYeHUEM
405 rC/(m? rom). B crenHbix 3kocucteMax Cubup-
CKOTO perruoHa 3HaueHust Ry BapbupyioT oT 240 1o
337 rC/(m? rom) co CpeoIHUM 3HAYCHHUEM
312 rC/(m? rom). 11 CTEIHBIX SKOCUCTEM MEXIOP-
HBIX KOTIOBUH lleHTpanbHoa3naTckoro peruoHa Poc-
CMH TTOJTy4€HBI 3HaYeHus Ry, ot 216 1o 296 rC/(m? rom)
co cpenHuM 3HaueHueM 247 rC/(m? roxm). CpenHee 3Ha-
YyeHUe Ry €CTeCTBEHHBIX CTEMHBIX 9KOCUCTEM Ha Tep-
puropun Poccun oueneno B 343 + 78 rC/(m? rom).
CratTucTuyeckue XapakTepUCTUKU 3HAa4eHUl Ry
paccMaTpMBaeMbIX PETMOHOB MPUBENEHbI B Ta0. 4.
ITonyyeHHbIE MOAENbHBIE OLIEHKU TeTepOTPOdHOro
JIBIXaHU S €CTECTBEHHbBIX CTEMTHBIX 9KOCUCTEM MPEBBI-
[IaI0T aHAJIOTMYHbIEC OLIEHKM 1S cTeneil EBponeiickoii
yactu Poccun (250—285 rC/(M? rom)) U CpaBHUMBI C
OlLIeHKaMU IS cTeneit A3uarckoii yactu Poccun (219—
246 rC/(M? rom)), KOTopble IpuBeneHHl B [67]. OueHka
CpelHero 3HaueHUs Ry €CTECTBEHHbBIX CTETHBIX 9KOCU-
creM Poccun commacyercst ¢ moimydeHHOI B [73] olieH-
KOIi 5710#1 Benmmumubl — 390 rC/(m2 rom).
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BrimonHeHHBIE pacyeThl MOKa3aiaud, 4TO B pe-
3yJIbTaTe reTepoTpOGHOTO IbIXaHUS U3 IOYB eCTe-
CTBEHHBIX CTEIHBIX 3KocucTeM Poccuu B atMocde-
py exerogHo nocrynaet 164 £+ 37 MtC. ITouBsl pac-
CcMaTpUBAaEMBbIX CTEITHBIX 9KocucTeM EBpomneiickoro
perruoHa B pe3yjbTaTe reTepoTPOGHOTO IbIXaHUS
smutupyor 102 £ 11 MrC/rog nian 62% romoBoro
KosmuecTBa Ry crenHbix peruoHoB Poccuu. s Cu-
oupckoro u LleHTpalbHOA3MAaTCKOIO PErMOHOB BEJIM-
YUHBI R €CTeCTBEHHBIX CTEIHBIX 9KOCUCTEM pPaBHbI
31 £3u 32+ 3 M1C/ron, COOTBETCTBEHHO, UTO COCTaB-
JeT 110 19% TomoBOro KOJIMYECTBa IeTepoTPOGHOro
IbIXaHWsI IIOYB CTeNHEBIX pernoHoB Poccuu. Cormac-
HO MOJYYEHHBIM OLIEHKaM, TOJ0BOE TeTepOTPOdHOe
JIbIXaHUE €CTECTBEHHBIX CTEITHBIX 3KocucTeM Poc-
cuu cocrasiser 60% romosoit NPP stnx skocucreM.

Onenka C—CQO, 6ananca B eCTECTBEHHbIX CTEITHbIX
3KocucTeMax. B 3aBUCUMOCTH OT Iepuo/a roua CTern-
HBbIE 9KOCHCTEMBI MOTYT OBITh KaK ICTOYHUKAaMU, TaK
M cTOKaMM aTMocdepHoro ymiepona. Cienyer oTMe-
TUTbh, YTO UHTEHCUBHOCTb MPOAYKIIMOHHOTO TIpoliecca
B CTEITHBIX 3KOCHCTEMaX B TEYCHHE BETETAITMOHHOTO
Teprona OIpenesIsieT 3HaK TOIOBOTO YIJIEPOIHOTO 6a-
JlaHCca 3TUX 2KocucTteM. MHCTpyMeHTalbHbIe U3MeE-
pPEeHUS TIOTOKOB yIJIEpolla B 9KOCUCTEMAaX CEBEPHBIX
paifonoB KazaxcraHa ITokasaju, 4YTO IIPUPOTHBIE
CTeNU U1 3aJIeXXU B BereTallMOHHBIN Mepuo 1eTOHM -
pytot armocdepHsblii yriepoxn (170 u 301 rC/m? coor-
BETCTBEHHO), B XOJIOMHBI TIEPHOI TOIa U3 3TUX KO-
cucteM Tiporicxomut smuccust CO, ¢ MHTEHCUBHO-

cramu 128 m 155 1C/mM? coorBercTBEHHO [74].
PasnorpaBHas npepus (CeBepHas Jlakora, CIIIA) B
TeTJIbl MEepUO ToAa aKKyMYyJIMpPYeT YIJIepoa U3 aT-
Mocepbl ¢ MHTEHCUBHOCTBLIO 129 rC/M2, B X0som-
HbI IEPUOJ DMUTUPYET yIiepos B aTMochepy C UH-
TeHCUBHOCTBIO 84 TC/M? [75]. CornacHO TIPOBENEH-
HbIM pacueTaM, B TeuyeHHEe TeIUloro Iepuoia roaa
MPUPOIHBIE CTENM Pa3HBIX TUIIOB, PA3HOBO3PACTHbIE
3aJIeXXu U HEMCMoJib3yeMble nactouia EBporieiickoro,
Cubupckoro u lleHTpasbHOA3MATCKOTO PETMOHOB
Poccun nenonupyror 185 + 168 rC/m?, 501 + 58 rC/m?
1 438 + 113 rC/M? COOTBETCTBEHHO, B XOJIOIHBI I1€-
pMO[I TOJIa U3 CTEMHBIX IKOCUCTEM 3TUX PETMOHOB B
atMocdepy nocrymnaet 96 + 21 rC/m?, 83 + 21 rC/m?,
72 £ 26 rC/M? cOOTBETCTBEHHO. BbIcOKas yriiepono-
JIeNMOHMpYIollas COCOOHOCTb €CTECTBEHHBIX CTEIEN
Cubupckoro u lleHTpalbHOA3MATCKOIO PETMOHOB B
TeTUJIbIA TIepUOoJ roja oNpeneisieTcsl TeM, YTO B OTUX
pErMoHax, COOTBETCTBEHHO, 82 1 59% paccMmaTpuBa-
eMoli Tepputopuu (puc. 30) 3aHUMAIOT BTOPUYHBbIE
CTeTIHbIE 9KOCUCTEMBI, T.€. DKOCUCTEMbI aKTUBHO Jie-
noHupylomue atMocdepHsblit yriepon. Cienyer orT-
METHUTh TaK Xe, YTO PACTUTEIbHBIN IMTOKPOB CTEITHBIX
aKocucteM CHUOMPCKOTO pernoHa OTJinyaeT BbICOKast
NpPONXYKTUBHOCTE: 3HaueHus1 NPP B 1.5 pa3 nipeBnI-
LIAI0T MPOAYKTUBHOCTB cTeleit EBponeiickoro peru-
oHa 1 B 1.2 pasa Bblllle NMPOAYKTUBHOCTU CTeleit
LlenTpanbHOa3MaTCcKOro peruoHa (Tadiu. 4).
Ne 1
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TonoBoii yrjieponHblii 6ajaHC CTEMHBIX 3KOCU-
CTeM, KaK 3KOCHUCTEM apUIHBIX PETMOHOB, CyIlle-
CTBEHHO 3aBHUCHUT OT KOJHWYECTBa OCAAKOB 3a roi u
CE30HHOTO paclipe/ieieHus UX BbllaaeHus. B roasl ¢
PEXMMOM BBITTAACHUS aTMOC(HEPHBIX OCAIKOB OJya-
TOTNIPUSITHBIM [IJIS1 Pa3BUTUSI TPABIHHUCTOTO MOKPOBa
€CTECTBEHHbIE CTEITHbIE€ YKOCHUCTEMbI MOTYT OBITb
3HAUYUTEJbHBIM CTOKOM aTMOC(hEpHOro yrjiepoja c
nuara3soHoM uaMeHeHus 3HaueHU NEP ot 184 no
236 rC/(m? ron) [76—78]. B 3acyliuBbIe TOAbI CTET-
HbIE SKOCHCTEMbI MOTYT KaK MOIIePKMBaTh CBOM yIJyie-
POIHEBIN OaTaHC B COCTOSTHUM OJIM3KOM K paBHOBECHO-
My co 3HaueHnsMu NEP ot —32 1o 45 rC/(m? ron), Tak
1 ObITh UCcTOYHUKaMU TiocTyruieHue CO, B aTMocde-
py c¢ BapbupoBaHueM NEP B npenenax or —253 no
—187 rC/(m? ron) [75, 76]. CoracHo NMpoBeIeHHBIM
pacueTaMm, Hanboslee MHTEHCUBHBII CTOK yriepoza
(461—463 rC/(M? Tom)) XapaKTepeH U €CTECTBEH-
HBIX 9KOCHUCTEM JIYTOBBIX cTeneit CHOMpPCKOro perm-
oHa Poccuu. KnuMatudeckue yciaoBUsI, B KOTOPBIX
(YHKIIMOHUPYIOT 3TU IKOCUCTEMbBI, OJIAronpUsITHbBI
JUUTSI pa3BUTUSI TPABIHHUCTOTO MOKPOBA B TEUEHUE Be-
retaiiioHHoro rnepuona (NPP mocturaer 3HadyeHuit
741—772 rC/(m? ron)). BMecTe ¢ TeM OTHOCHUTEIEHO
CYypOBBI€ 3UMbI B 3TOM PETUOHE CYIIIECTBEHHO 3aMell-
JISIIOT reTepoTrpodHoe nbIXaHre IMOYB B XOJIOAHBIN
MeproJ roja, BeJIMYMHa KOTOPOro BapbUPYeET B 3UM-
Huii nepuon ot 50 no 120 rC/m?. BeIsIBJIEHO, 4TO He-
KOTOPbIE DKOCUCTEMbI CYXUX U OIMYCTBIHEHHBIX CTe-
neit ro-Bocroka EBporeiickoro permoHa Poccuu
nMeloT orpunaTenbHble 3HadeHs NEP B mmanazone ot
—134 rC/(m? ron) 1o —35 rC/(m? rom). DTH 3KOCUCTE-
MBI (DYHKLIMOHUPYIOT B HEOIATONIPUSTHBIX TSI pa3BU-
TUSI TPABSTHUCTOTO TOKPOBA KJIMMAaTUYECKUX YCIIOBU-
sx. B ykazaHHBIX 3KOcHcTeMax UHTEHCUBHOCTD TeTe-
poTpodHOro mnoYBeHHOro AbixaHusti (Ry; = 360—
486 rC/(m? rom)) NpeBbILIAET IEPBUYHYIO GMOIOTHYE-
ckyro npoaykumio (NPP = 282—-386 rC/(m? ron)).

AHTpOIOTreHHbIe BO3AEHCTBUS Ha CTEMHbIE KO-
CUCTeMbI (BbITIAC XXMBOTHBIX, pacnallika, CKallluBa-
HUE TPaBOCTOSI, BHECEHME YyMOOpEeHMWi, BeCEHHUIt
MaJji) CyIIeCTBEHHO BJIMSIOT Ha YIJIEPOIHbIN OanaHC
9TUX DKOcUCTeM. WMHCTpyMeHTallbHble U3MEpPEHUS
MOTOKOB yIJiepoa Ha SKCIIePUMEHTAIbHBIX y4acTKax
HacTos1ei crern ceBepHoro Kazaxcrana [74] moka-
3ajli, 4TO B arpoaKocucTeMax (IoJisi ¢ 3epHOBbIMU
KYyJbTypaMu, CEHOKOCHI) 3HAUEHUSI YIIIEPOTHOTO Oa-
JlJaHCa YMEHbIIIAIOTCS 0 CPpaBHEHUIO C ydyacTKamu
€CTEeCTBEHHBIX CTETTHBIX 3KocucteM Ha 30—60% 3a
BereTallMOHHBIN nepuon U Ha 10—11% 3a X0JIOOHBI
nepuon roga. M3 onybJuMKOBaHHBIX pe3yJIbTaTOB UC-
CJIeJOBaHUI ClIelyeT, YTO €CTECTBEHHbIE CTEMU Ce-
BepHoro KaszaxcraHa SIBISIIOTCSI CTOKOM aTMocdep-
HOTO yIjiepoja ¢ MHTeHCcUuBHOCThIO 42 rC/(M? ron), a
3epHOBBIE MOJISI U CeSTHbIE CEHOKOCHI 9TOTO PEermoHa
BBICTYTIAIOT MCTOYHUKAMU aTMocGhepHOro yriepojaa
¢ MHTeHCUBHOCTBIO 4—52 rC/(M? ron) [74]. Pesynbra-
Thl KCIIEPUMEHTAIbHBIX U3MEPEHUU TOTOKOB YIJie-
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pojla B €CTECTBEHHOI pa3HOTPaBHOI MPEPUU U IBYX
TUIIOB MAcTOUII Ha e€ TeppuTopuu [75, 79] mokasza-
JIW, 9YTO y4aCTKU Mpepuu 6e3 aHTPOIOTeHHOTO BJIUSI-
HUS SIBJISIIOTCSI CTOKOM aTMocgepHOro yriepoja c
MHTEeHCUBHOCTBIO 46 TC/(M? rom), Ha NMACTOUIIHBIX
y4acTKax Mpepruu BeJIUUYMHA CTOKA yrjiepoja YMEeHb-
maetcs 6osee yeM Ha 20% (Taba. 5). [IpoBeneHHbIE
pacyeTbl MoKa3ajiu, 4YTO 3a0pollIeHHbIe TTacTOuIIa B
CyXHX CTeIsIX Ioro-Bocroka EBporieiickoro peruoHa
Poccuun, Kotopble MHOTHME TOABl HAXOOWIWUCH IO
CWJIBHOI ITaCTOMIIHOI Harpy3Koil M NOABEPIVIMCH
3HAUYUTEJbHOU Jerpagaiuu, SBISIOTCS MCTOYHUKA-
mu nocryruieHuss CO, B atMocdepy co 3HAUEHUSIMU

NEP ot —125 1o —65 rC/(m? ron).

3abpollleHHBIC MAIIHU (3aJIeXK1) B CTEITHOI 30HeE,
Ha KOTOPBIX TTPOUCXOIUT BOCCTAHOBJIIEHUE CTEMTHBIX
SKOCHCTEM, SIBJISTIOTCS CYIIECTBEHHBIM CTOKOM aT-
MocdepHoro yriepona. CornacHo [74] MHTEHCUB-
HOCTb F'OJIOBOT'O CTOKA aTMOC(HEPHOTOo yIryiepojaa B 3a-
JIEKHYIO 3KOCHCTEMY HacTosIeil crermu B 3.5 pasa
MpeBbIIIAET CKOPOCTh IEMTOHUPOBAHUS yriepoaa B
9KocucTeMe MpupoaHoit crenu (tada. 5). B [78] ot-
MeJaeTcsl, YTO CTOK yIjiepoaa B eCTECTBEHHYIO CTEIT-
HYIO DKOCUCTEMY Ha TeppUTOpUU XaKacCUM He Tpe-
soeimaeT 130 rC/(M? rom), B TO Xe BpeMs 3aJIeXu 5 1
10 et abcopoupytot 216 u 143 rC/(m? rom) cooTBeT-
CTBEHHO. YUUTHIBASI CTAaTUCTUYECKUE JaHHBIE O pac-
MpeneyieHNH TUTOIAneii pa3sHBIX THITOB €CTECTBEH-
HBIX 9KOCHCTEM B CTEITHOI 30He Ha TeppuTopuu Poc-
cuu (puc. 3), MOXHO MPEONOJIOKUTh, YTO OKOJIO 50%
€XEeTOMHOTO CTOKa aTMOC(EpHOro yriiepoia B 3TH
SKOCHUCTEMBI TIPUXOIUTCS Ha 3aJIeXKHbBIE 36 MJIH.

ComtacHo MOJydYEHHBIM OLIEHKaM CpelHee 3Haye-
Hue NEP B crenHbIx akocuctemax Poccum coctaBisieT
231 202 rC/(m?rom), Bapsupys ot 89 + 173 rC/(M? roxm)
B EBponeiickom pernone no 418 + 35 rC/(m? ron) B
CubupckoM peruoHe (tadj. 3). s eCTeCTBEHHBIX
CTenHbIX 3KocucTteM EBpormeiickoro pernoHa Poc-
CUU XapaKTepeH HauOoJbIIUi pa3Max BapbUpOBa-
Husd seamunHbl NEP (527 rC/(Mm? ron)), T.K. B 3TOM pe-
TMOHE TIPUCYTCTBYIOT KaK 3KOCHUCTEMbI SIBJISTIOLLIAECS
CTOKOM aTMocGhepHOTo yriiepona GoJIbIIOI MOIITHOCTH
(60nee 250 rC/(m? rom)), Tak U SKOCUCTEMBI, (DYHKLIM-
OHMDpYIOIIME KaK MCTOYHMK atMochepHOoro yriepoaa
cpenHeit momHoctu (125—134 rC/(m? ron)). IonyyeH-
Has olleHka C—CO, 6aiaHca B €CTECTBEHHBIX CTETTHBIX
9KOCHUCTeMax IpeBBIIIAET B ~3.5 pa3a cpegHee 3Haue-
HUE CTOKAa JUOKCHIA YIJIepo/ia Ha JIECHBIX TEPPUTOPUSIX
Poccun, ouenusaemoe B 66 = 15 rC/(m? ron) [59], B
5 pa3 cToK yriepoja B 6opeanbHbIx jecax CeBepHOro
MoJIyLIapusi, KOTopblili coctasisger 46 rC/(M? rom)
[80], B 2.9—5.6 pa3 3HaueHUST CTOKA aTMOC(EPHOTO yT-
Jiepoia B 9KOCUCTeMbI CyOapKTUUECKOI TYHAPhI CeBe-
po-BocTtoka EBporeiickoit yactu Poccum, KOTOpbIi
oueHusaercs ot 41 rC/(m? ron) no 79 rC/(m? ron) [81].

BrimonHeHHbBIe pacyeTbl MOKa3alau, 4YTO €CTe-
CTBEHHBIE CTEITHBbIE SKOCUCTEMBI Poccum exeromHo
Ne 1
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Tabmua 5. Ouenku C—CO, 6anaHca B CTENHbBIX 9KOCUCTEMAX PA3IMYHbIX PETMOHOB MUPA 10 JAHHBIM UHCTPYMEHTaJIb-

HbIX U3MEPEHUI

MecropacnoioxkeHue, TUII CTENU, IKOCUCTEMA, FOIbl U3MEPEHUI C—CO, 6amnanc, rC/ (M2 rom) | UcTounuk

Poccust, Xakaccust, HacTOSsIIAsI CTEITh: [78]

npupogHas crerb, 2002—2004 99—130

3ayexs 5 jet, 2003—2004 216

3anexs 10 set, 2004 143
CeBepHbiii KazaxcraH, HacTosIIast CTeNb: [74]

npupoaHasi crenb, 2002 42

3aj1exb, 2002 146

3epHOBoe 110J1€, 2002 —52

CEHOKOC cestHbIi, 2002 —4
MoHroumsi, HacTosIas cTemb, nactouire, 2002—2003 41 [90]
Benrpus, cyxas crens, npupomnHas crenb, 2003—2004 —80—180 [91]
CIIA, CeBepnas JlakoTa, pa3HOTpaBHasI IIPEPHUSI:

npupogHas rpepust, 1996—1999 45 [75]

nacrtouire, 1996—1998 —19-52 (36) [79]

mactoute cestHoe, 1996—1998 —36—35(—14) [79]
CHLIA, KOxHas JlakoTa, pa3HOTpaBHas pepusi, 3epHOBOE ToJie (KyKypy3a), 121-374 (230) [92]
2008—-2011
CIIA, Oknaxoma, pa3HOTpaBHasl Tpepusi:

3UMHee nacTouie, 1997 142 [93]

3epHOBOE TToJ1e (o3uMast mieHuna), 2003—2007 —74—128 (37) [92]
CIIA, OkjaxoMa, BEICOKOTpaBHasl IIpepusi:

npupoaHas npepus, 1997—1998 268 [94]

MpUPOAHas Mpepus, Mocjie BeceHHero najia, 1997 343 [93]
CIIIA, BuckoHCHUH, BEICOKOTpaBHas IIpepusl: [25]

npupoaHas npepust, 2001-2004 —144—-194 (38)

3ajiexsb 65 net, 2001-2004 —228—129 (-73)
CIIA, Konopamo, HU3KOTpaBHasI IIpEePUsI: [76]

npupoaHas npepus, 2000—2003 —49-95 (3)

npupoaHas npepusi, 2004—2007 —187—78 (—69)

nacToulle ¢ yMepeHHOI Harpyskoii, 2004—2006 —32—128 (73)

nacTouIe ¢ Ype3MepHoii Harpyskoii, 2004—2006 —26—57 (29)

nacTOMIle ¢ YMEPEHHOM Harpy3Koii BECHO 1 —102...—61 (—85)

oceHblo, 2004—2006
CILUA, NMnnuHoiic, BBICOKOTpaBHas Npepusi, 3€pHOBOE noJie (KyKypy3a), 1997, 295-575 (412) [92]
1999, 2001, 2003, 2006
CUIA, Texac, HU3KOTpaBHas CTenb, ractouiie, 2010—2011 —353-70 [76]
CIUA, BaitoMuHT, HU3KOTpaBHasi CTEIb, IPUPOAHas cTenb, 1997—1998 39—109 [76]
Kanana, Anpbepra, pa3HOTpaBHasi pepusi, 3epHOBOE MoJIe (IpoBast MIIIEHU1IA), —37 [92]
2007
Kanana, MaHuTo0a, BBICOKOTpaBHas Ipepusi, 36pHOBOE IOJIE (SIpOBasi MIIIEHU1IA), 229 [92]
2008

TTpumeuanue. IlomoxuTeabHble 3HaYECHUs GajaHCa — DKOCHCTEMA SIBJISIETCS CTOKOM aTMOC(EPHOro yriaepoaa, OTpULATeIbHbIE —
9KOCHUCTEMA SIBJISIETCSI UICTOUHUKOM aTMOC(EPHOTO yIiepoa; B CKOOKax ykaszaHbl cpenHue 3HaueHus1 C—CO, 6anaHca 1J1s1 AMana3oHa
€r0 3HAaYCHUM.

MN3BECTHUA PAH. ®U3UKA ATMOC®DEPBI 1 OKEAHA  TtomM 59 Ne 1l 2023



OLEHKA BAJIAHCA YTJIEPOIA CTEITHBIX SKOCUCTEM POCCHUHA

nomromaior 111 = 97 MtC. ITlonyyeHHOe 3HaueHUeE
CTOKa yriiepoaa aTMoc(ephl B €CTECTBEHHBIE CTEITHbIE
3KocHcTeMbI Poccnu commacyercst ¢ iMana3oHOM U3Me-
HeHMs 3Toi BemauHEbI oT 92 1o 121 MT1C/ron, orry0-
JIMKOBaHHBIM B [66]. CTOK aTMOchepHOro yIiiepoaa B
MPUPOIHBIE U BTOPUYHBIE CTEMHbIE 9KOCUCTEMbI EB-
poneiickoro, Cnbupckoro n lleHTparpbHOa3MaTCKO-
ro peruoHoB Poccum cocTaBisieT, COOTBETCTBEHHO,
20, 37 u 43% romoBOro IEeMOHUPOBAHUS YIiepoaa
STUMU 3KocucTeMaMu U 18, 57 u 60% romosoii NPP
paccMaTpuBaeMbIX 9KOCUCTEM.

PesynbTaThl MccienoBaHus Mmokasaiu, YTO ecTe-
CTBEHHbIE PKOCUCTEMBI CTEMTHOI 30HBI Ha TEPPUTO-
pun Poccuu NeMOHCTPUPYIOT BBICOKWIT CTOKOBBIN
MoTeHIMaa aTMochepHOro yriepoaa, B 9TUX 3KOCU-
cTeMax HaOJromaeTcs HapylleHne 0ajlaHca yriaepon-
Horo ukiaa. OgHa U3 NpUYMH YIJIepOJHOTO aucoha-
JlaHCa B paccMaTpUBaeMbIX 9KOCHCTEMaX COCTOUT B
TOM, 9TO OKOJIO 58 % TeppUTOPUHU €CTECTBEHHBIX CTE-
el 3aHMMAalOT 3aJIeXKHbIEC 36MJIM U OBIBIIIME MTacTOM-
ma (puc. 36). Ha »T0ii TeppuTOopumM B HACTOSIICE
BpeMsI TIPOJIOIXKAIOTCS MPOLIECChl BOCCTAHOBJIEHUS
BUIOBOI1 CTPYKTYPHI PACTUTEIBHOCTU U TTOYBEHHOTO
MOKPOBa, KOTOPbIe CBOMCTBEHHbBI MIPUPOIHBIM CTETI-
HbIM 3KocucTteMaM. Ha Bcex cTraamsix BOCCTaHOBU-
TEJIbHOTO TpOoliecca BO BTOPUYHBIX CTEITHBIX 9KOCH-
cTeMax CyIIeCTBEHHO BO3pacTaeT MPOAyKTUBHOCTD
paCTUTENILHBIX COOOIIECTB M COlepXKaHUE MOYBEH-
HOTO opraHuyeckoro BeuectBa [37, 52, 82, 83]. I1pu
BOCCTaHOBJIEHUM CTEITHBIX SKOCUCTEM HabJIrogaeTcst
YBEJIMUYEHUE MHTEHCHBHOCTU TOYBEHHOIO TeTepo-
TpO(HOTO NbIXaHUSI, OJHAKO CYIIECTBEHHBIM POCT
BEJIMUMHBI Ry B 3TUX BKOCUCTEMaX CIAEPKUBAETCS
apUIHOCTBIO KJIMMAaTa W yBEJIMYEHUEM TEePMOU3OJIsI-
LIMY BEPXHUX TOPU30HTOB MTOYBBI B MPOLIECCE HAKOILIE-
HUSI HAATIIOYBEHHOTO CJI0S1 AETPUTA U TIOTIOJTHEHUSI 3a-
MMacOB OPraHMYECKOro BEIIECTBA B OUBax cTernei [84].

3AKJIIOYEHHME

3oHa cremneii sanuMaet 10% tepputopun Poccmu.
CrenHble 3KocucTeMbl Poccum mompasnesstorcs: Ha
JIYTOBBIE€, HACTOSIIME, CyXHe U OIyCThIHEHHBIE, Ha
JIOJTIO KOTOPBIX IPUXOAUTCS, COOTBETCTBEHHO, 41, 27,
19 u 13% paccMaTpuBaeMOI CTEITHOM TEPPUTOPUU.
IIpuponHbie ¥ BTOPUYHBIE CTEITHBbIC YKOCUCTEMbI Ha
tepputopun Poccun 3anumaror 0.5 MIH. KM2, YTO CO-
craBisieT 28% oO6Ieil TUIoMAAN CTEITHOM 30HBI Ha
Tepputopumn P® 1 3% niomany BceX Ha3eMHBIX KO-
cucTeM cTpaHbl. PaccMmaTpuBaeMble 3KOCHUCTEMBI
PpacIioJIOXKEHBI OTAEIbHBIMU CTEITHBIMU MAaCCUBAMU B
IOXKHBIX pernoHax Poccum.

CormacHO NaHHBIM WHBEHTApPU3ALMU CTEIHBIX
Tepputopuii, B EBporeiickom pernone Poccun Ha-
xXoouTcs 65% COXpaHUBIIMXCS CTCITHBIX 3KOCHUCTEM
ctpaHbl, B Cudbupckom u LleHTpanbHOA3MaTCKOM pe-
ruoHax — 9 1 26%, COOTBETCTBEHHO. AHAIN3 JaHHBIX
0 COCTOSTHMY M UCHIOJIb30BaHUM 3eMennb PD nokasai,
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YTO COBPEMEHHbBIE IUTOIAAU, 3aHUMAEMble BTOPUYHBbI -
MM CTEITHBIMM 3KOCHUCTeMaMu, B 1.4 pa3za IpeBOCXOOSAT
IUIOIAN TIPUPOMAHBIX CTEITHBIX 3KOCHUCTEM, KOTOPbIC
ObUIM BBISIBIICHBI B XOO€ MHBEHTApU3AlIMM CTEITHBIX
tepputopuii. B EBpomneiickom pernone Poccum 1mio-
IIIaIb BTOPMYHBIX CTEITHBIX 3KOCUCTEM B 1.1 pa3za McHb-
11 TUTOIIAIN 3aHSITOM IMpUPOTHbIMU cTesiMu. B Cu-
oupckoMm u lleHTpasbHOA3MATCKOM peTMoHax ILIO-
IIagd BTOPUYHBIX CTEITHBIX 9KOCUCTEM IPEBLIIIAIOT
TITOIIAIY TIPUPOIHEIX cTeneit B 4.5 1 1.4 pasa, coor-
BETCTBEHHO.

IIpoBeneHHBIE pacyeThl IOKa3ajaud, 4YTO eCTe-
CTBEHHBIC CTEITHbIC dKOCHCTeMbl Poccuu B HacTosI-
IIee BpeMs SIBJISTIOTCS CYyIIIeCTBEHHBIM CTOKOM aTMO-
chepHoro CO,. ExxeronHo 3T 3KOCUCTEMBI MOIJIO-
wator 111 £ 97 M1C (407 = 355 MT1CO,). Crok
YIJIEPOJa B €CTECTBEHHBIE CTEITHBIC YKOCUCTEMBI CO-
craBisieT 40% OT MPOTYKLUIMOHHOI COCTaBISIOLICH
YIJIEPOAHOIO LKA 3TUX 3KocucteM. CiieyeT oTMe-
TUTh, YTO YIVIEPOI, NETOHUPYEMbIA CTEITHBIMU KO-
cuCTeMaMu, B OCHOBHOM aKKyMYJIUPYETCs B IIOI3EM-
HOM YacTU pacTUTEIbHOIO COOOIIeCTBa, B QUTOALT-
pute (I71aBHBIM 00pa3oM MOA3€MHOM) U T'YMYCOBBIX
BEIIECTBAX ITOYBHI.

KonmuecTtBo arMocdepHOTro yriepona, eXXerogHo
JIIeMOHNUPYEMOE pacCMaTPUBAEMbIMU CTETTHBIMU 9KO-
CUCTEMaMU, CPABHUMO CO CTOKOM YyTJIepoja B yIIpaB-
nsiembie Jieca P@ (96 MT1C/rox [85]) 1 cocraBisier
~20% coBpeMEeHHOTO CTOKa yIjiepoja B JIECHBIE KO-
cucteMbl Poccum, Kotopelil olieHuBaeTcst B 530—
595 MtC/ron [86].

Hazemnnle sxocucteMbl Poccun exxeromHo IermoHmn-
pytor 0.6—1.3 I'r atmocdepHoro yriepona [14, 87—89].
CormacHO pacyeTaM, BBIITOJTHEHHBIM B paMKax Ha-
CTOSILLIETO MCCIIEAOBAaHUs, NPUPOAHbIE 1 BTOPUYHBIE
CTeIHbIe 3KocucteMbl PP oGecrieynBaroT ot 8% o
19% crToka aTMoc(depHOro yriepoiga B Ha3eMHBIE
3KOCUCTEMBbI PoccuM, 4TO COCTaBISIET CYLLIECTBEH-
HYIO 4aCTh TOJOBOTo OI0[KeTa yIjiepoja Ha TEppUTO-
pUU CTPaHBLI.

IpoBeneHHOE UccaeTOBaHME TIOKA3aJI0, YTO CTEII-
HbIE PETUOHBI 00J1aJa10T BEHICOKUM YTJIEPOIOACTIOH -
pylomnM noreHumagom. IlojrydeHHBIE OLIEHKM yKa-
3BIBAIOT, YTO €CTECTBEHHBIE CTEITHBIE 3KOCUCTEMBI
CIOCOOHBI OKa3blBaTh 3HAYMTEIbHOE BIMSHUE Ha
CMSTYCHUE IIOCIECACTBUI KIMMaTUYESCKUX M3MEHe-
HUI1 U BBICTYIIATh B KAYECTBE CYIECTBEHHBIX KJIMMa-
TOCTAOMJIM3UPYIOLINX CHUCTEM. AHTpPONOreHHasl Ha-
rpy3Ka 3HaYUTEJIbHO U3MEHSIET UHTEHCUBHOCTD IIPO-
JYKIIMOHHBIX Y AECTPYKIIMOHHBIX ITOTOKOB yIiIepoaa
B CTEITHBIX 9KOCUCTEMAX U TEM CaAMBIM CYILLIECTBEHHO
BJIVSIET Ha YIJIEPOIHBII ra3000MEeH MEXIY CTEITHbI-
MU TEPPUTOPUSIMU U aTMOCHEPOIA.

PaGora BeImmoTHeHa B paMKax [ocynapcTBEHHOTO
3aganuss MDA um. A.M. O6yxoBa PAH (per.
Ne 1021032424681-6), TocymapCTBEHHOIro 3amgaHUs
OUILL TTHHBU PAH (per. Ne 122040500037-6), ripn
¢$MHaHCOBOM MOIIepXKKe NMpoeKTa “Pa3purne Hayd-
Ne 1
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HO-oOpa3oBaTenbHOro lleHTpa MOHUTOPMHIA KJIU-
MaTHU4YEeCKU-aKTUBHBIX BellecTB (YIiepon B 3KOCHU-
cremax: MoHUTOpUHr)” B pamkax @HTII B o6iactu
5KOJIOTUYeCcKOTo pa3Butust Poccuiickoit @enepanuu
U KiuMaTudeckux uaMeHeHuit Ha 2021—2030 roapl.
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Estimation of Carbon Balance in Steppe Ecosystems of Russia

L. L. Golubyatnikov’ * , I. N. Kurganova?, and V. O. Lopes de Gerenyu?
! Obukhov Institute of Atmospheric Physics RAS, Pyzhevsky per. 3, Moscow, 119017 Russia
2 [nstitute of Physicochemical and Biological Problems in Soil Science RAS, Institutskaya st. 2, Pushchino, 142290 Russia
*e-mail: golub@ifaran.ru

Steppe ecosystems, occupying about 8% of the terrestrial area, are an essential element of the global carbon
cycle in the atmosphere—vegetation—soil system. Based on the geoinformation-analytical method, the data-
base of empirically measured values of the net primary production and the climate-driven regression model
that makes it possible to estimate the intensity of carbon dioxide flux from soils into the atmosphere, the car-
bon (C—CO,) balance of natural steppe ecosystems in Russia was estimated. Natural steppes in Russia serve
as a significant sink of carbon dioxide from the atmosphere. The intensity of this carbon flux can be estimated
as 231 202 gC/m? per year. The annual accumulation of carbon dioxide in the natural steppe ecosystems of
Russia is evaluated as 111 £ 97 MtC. According to the obtained estimates, the steppe ecosystems under study
provide from 8 to 19% of the atmospheric carbon sink to the terrestrial ecosystems of Russia.

Keywords: atmospheric carbon update, carbon dioxide emission, C—CO, balance, steppe ecosystems
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