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Llens uccnedosanus. Boiagums 0ocobeHHOCMU (OPMUPOBAHUS U OYEHUMb Y21epPOOOenOHUPYIOWI0 CHOCOOHOCHb
NOOCMUNIOK JIeCHbIX U MPABSAHBIX DKOCUCHEM MEXHOLeHHbIX aanowagmos I[0proeckoco aHmpayumoso2o
MECMOPONCOCHUSL.

Mecmo u eépema npoeedenusn. Brewnuii nopoousiti omean I 0prosckoco anmpayumosozo MecmopodicOeHus
(54.568880, 83.588956), Hosocubupckasn obracms, Uckumumckuti paiioH, uionb—agzycm 2024 .

Memooul. PenpezenmamugHuie y4acmKu Uccie008aHUs 8b10UPANUCL C MAKUM pACYEmOM, YmMobbl MAKCUMANLHO
oxeamums pazHooopasue nPeoCmMasieHHbIX Ha OMBALe pAcmumenbHuix coobwecms. Omoop npod noOCmuIKy Ha
yuacmrax npogooUnU MemoooM KOHEEPMA U CONACHO MEMOOULECKUM PEKOMEHOAYUIM NO 0OmoOopy U aHalu3y
obpazyos nous « EOunotl HayuonanvbHo cucmemsl MOHUMOPUH2A KIUMAMUYECKU aKmusHbIx geujecmay. Oopasysi
NOOCMUNIOK CYWUIU 00 B030YUWIHO-CYX020 COCMOAHUA 8 1a00pamopuu, 3amem USMEIbYATU HONCHUYAMU,
MmuamenbHo OUCNEP2UPOBAHUs BUOPAYUOHHBIM UAPUKOBBIM UCHUPAMeleM ¢ Nocaedyiouell 20Mo2eHu3ayuell, 8
N0020MOGIEHHBIX NPobax onpedensinu cooepicanue yenepoda u asoma na CHNS/O-ananuzamope 2400 Series 11
Perkin Elmer. Cmamucmuueckyro 00pabomky pe3yibmamos 6blHOIHAMU NpU HOMOWU NAKemo8 Npocpamm
Microsoft Excel u PAST V2.17.

Ocnognule pe3yabmamel. B mexnozennuix sxocucmemax, 8 Cuny pasHooopasus 30aQuyueckux ycaoeui u 603pacma
yuacmros, popmupyemvle ROOCMUIKY XapaKmepusyiomcs He0OHOPOOHOCMbIO NO COCMABY , CMPOEHUIO U 3anacam
OopeaHuyeckoz2o Gewjecmea u yziepoda. Buiasnennvie ocobennocmu noOcmuiox UMem NpuypoueHHOCMb K
onpeoenenHbiM MUnam dMOPUO3eMO8 U NPOUSPACMAIOWUM HA HUX DPACMEHUAM, KOMOpble cPYRRUPYIOMCS 8
NUOHEPHbIEe, NPOCHIblE U CTIOJNHCHBLE TECHbLE U MPABIHUCHble coobwecmed. Munumanvhvle mownocms (00 1 cm) u
sanacel opeanuyecko2o gewecmea (00 1,59 m/za) ommeuenvl 6 pasmenmapuvix ROOCMUIKAX NUOHEPHBIX
PACMUMENbHBIX  CO0OUeCmE UHUYUATbHBIX IMOpuozemos. Heborvuwioll mownocmvio, HO MAKCUMATbHBIMU
3anacamu Cyxot Maccvl Xapakmepusyrmcs NOOCMUIKU CLOJNCHbIX (QUMOYEHO308 U MPABAHLIX IKOCUCHEM
0epHo8bIX IMmOpuosemos. Codeparcanue y2nepooda 8 NOOCMUIKAX 8aPbUPYem 8 WUPOKOM OUand3oHe 3HaYeHutl (om
9,4 00 48,4 %, 6 cpeonem 36,7%) u omauvaemcsi 8 3a8UCUMOCHIU OM MURA U COCMABA PACHUMENbHBIX CO0OUIeCmE
u 30aguyeckux ycnosuil. B yenom, 3anacwl yenepooa 6 noOCMUIKax mpagsaHslX U JIeCHbIX MeXHO2EHHbIX IKOCUCTIEM
Haxoosmes 6 unmepsane 0,26—3,26 m C/ea u ysenuuusaiomcsi 6 psioy NUOHEpHvle < npocmle MpassHucmole <
ClodCHble MpasaHucmuvle < HNpPOCMbie JNeCHble = CNOJCHble JlecHble coobujecmea. B noocmuakax nous
ucciedyemvix 0meanos He Npoucxooum 0602aujeHus a30Mom ux HUMCHell 4acmu, Ymo, 8eposmHO, CEA3aHO CO
cnaboti 0c80eHHOCMbIO OUOMO.

Kﬂlolleeble cosa: pexkyibmueayus, 3M6pu03eMbl,‘ no4ebl MEXHOSEHHbIX ﬂaH()maquoe; cexkeecmpayust yeﬂepoda;
Technosol.

Humuposanue: Toxapesa A.B., Ypumyes B.H., Coxonosa H.A., Coxonos /J.A. Ocobennocmu popmuposanus u
Venepo00enoHupyrouas cnoOCOGHOCMb NOOCIUNIOK JIECHBIX U MPABSAHbIX MEXHO2EHHBIX IKOCUCTEM OMBAL08 OMX0008
00661y anmpayuma // [louswl u okpysicarowas cpeoa. 2025. Tom 8. Ne 1. €309. DOI: 10.31251/pos.v8i1.309

BBEJIEHUE

KpyroBopot yriepoaa — CIIOKHBIH M MHOTOCTYIIEHYATBIH TPOLIECC, HEMPEPHIBHO MPOTEKAIOMINN B
JKOCHCTEMaX, OOECIeUMBAIOMINN MX (YHKIMOHUPOBAHHUE W YCTOWYMBOCTH K BHELIHMM BO3JEHCTBUSM
(basunesuu, Tutngnosa, 2008). B HacTosiiee BpeMs, B CBA3M C yBeIMYEHHEM B aTMocdepe KOHIIEHTPAIUn
KJIIMMaTHYeCKH aKTUBHBIX Ta30B, HCCIEIOBAHUSAM, IIOCBSIIEHHBIM KPYTrOBOPOTY VYIJIEpOJa, YIENSIeTcs
nosbiieHHOe BHUManue (Kynesipos, 2022). Cpeau HUX 0COOBIN MHTEpEC MPOSBISIETCS. K BOIPOCAM OLIEHKH
yriiepoienionupyromeid criocooHoctn skocucteM (Koponesa, Illynekuna, 2014; Bar-On et al., 2025).
CoriacHO MeTOHOJIOTHH MeXIPaBUTEIbCTBEHHOM TPYIIIbLI 3KCIIEPTOB 10 M3MeHeHnio kiumara (MI'OUK)
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BBIJICJISIOT IATh OCHOBHBIX Pe3epByapoB HAKOIUICHHS YTIIepo/ia: HaJ3eMHas Ornomacca, oj3eMHas ouomacca,
MOJICTHIIKA, BaJIeXKHas JpeBecrHa W yraepoxa moussl (Penman et al., 2003). Oxxako B oTiuM4ne OT MyJIOB
¢uTOMaccH ¥ IOYBEHHOTO YIiepoja, KOTOPBIE pacCMaTpUBAalOTCsl B OOJIBIIOM KOJMYECTBE HAYYHBIX PadoT,
€ro 3amachl B MEPTBOW JPEBECUHE W TMOJACTWIKE W3ydaroTcs He cToyib akThuBHO (YectHbix u ap., 2007,
Tpedusora u ap., 2021; Baiitypuna u ap., 2023).

[ToxcTunka, SBISACH BaKHBIM KOMIIOHGHTOM HA3€MHBIX JKOCHUCTEM, MOMHUMO JICIIOHHPOBAHUS
yrJiepoja, BBINOMHIET B HUX MHOXECTBO BaKHBIX (QyHKIMHA. OHa NPUHUMAECT y4acTHE B IPOIECCax
ryMycooOpa3oBaHUsl, PEryJiupyeT TEeMIICPAaTYPHBIA W BOJHBIM PEXHMBI TOYB, a TAKKE CIY)KUT MECTOM
OoOWTaHUS JUIi MHOTHUX OCCIO3BOHOYHBIX JKHBOTHBIX. B  TOACTWIKE MHHEpaTu3yeTcs W/iH
TpaHchOpMHPYETCs OONBIIOE KOMUYECTBO OPraHMUECKUX BEIIECTB, ITOCTYIAIOUINX C PACTHTEIBHBIM OMAIOM.
[TosTOMY maHHBIN CIIOM TOYBHI SBISICTCS BaXKHBIM 3BEHOM B ITHKJIC OMOTCHHBIX JJIEMEHTOB, B TOM YHCIIE
yranepoaa (TutnsHosa, lubapesa, 2012).

B Hacrosiiee BpeMs 1oJ1 BIUSIHUEM aHTPOIIOTEHHOTO BO3ACHCTBUSI MHOTHE Ha3eMHBIC 3KOCHCTEMbBI B
MPOMBIIIJICHHBIX ~ PETMOHAX  MPETEPICBAlOT  CHUJIbHBIE M3MEHEHHS B CTPYKType H  YCIIOBHSAX
¢dbyHknmonnpoBanus. He sBnsercs uckmodennemM m HoBocuOupckas oOnacTh, re B HACTOSIIEE BpeMs
OTKPBITBIM CIIOCOOOM J0OBIBAIOTCS OOJBIINE OOBEMbI AHTPALUTOBBIX yriei. Takas moObIYa OKa3bIBaET
paspylIUTEeNbHOE BO3JCHCTBHE Ha NPHUPOTHBIE SKOCHCTEMBI, MPUBOIS K JACTPajalliil WIH MOJHOMY
HCYC3HOBECHUIO €CTECTBEHHBIX pPE3epPBYapoB yriaepoja. MHHUMH3ANUSA HETATUBHBIX OKOJOTHYCCKHX
MOCNEACTBUA BO3MOXKHA TIpU  pPa3pabOTKe BBICOKOI(P(PEKTHUBHBIX MPUPOAONOJOOHBIX TEXHOJOTHHA
PEKyIbTUBAIIMM, B TOM YHUCIE OPHEHTHPOBAHHBIX Ha TMOBBIIICHUE YTIEPOJICTIOHUPYIONIEH CIIOCOOHOCTH
(dbopMHpYyeMBIX TEXHOTEHHBIX 3KocucTeM. [t pa3paboTku 3(GGEKTHBHBIX MPOTPaMM IO BOCCTAHOBIICHHIO
MPUPOAHBIX SKOCHCTEM B YCIOBHUSX AHTPOIMOICHHOTO BO3JCHCTBUS IMIMPOKO HCIONB3YIOTCS JaHHBIC O
KOJIMYECTBEHHBIX 3aracax yriepoja B Pa3iUuHBIX MPUPOAHBIX IyJaX. YUYHUTHIBas COBPEMEHHbBIE MacIITa0bl
oTKpBITON yrieno0eun (Sokolov et al., 2021), nanHble UCCIeTOBAHNS BAXKHBI TIPH CO3JaHUN TTOOATBHBIX
HAIMOHAJBHBIX MPOTPAMM IO YMEHBINCHHIO KOHIeHTpanuu yriepoma B atmochepe (Oliver et al., 2014;
Boskos, 2015; AbakymoB u gap., 2022). IlosroMy wH3ydeHHE NPHPOAHBIX PE3EPBYapoB yriiepojaa B
KOMIIOHEHTaX TEXHOT€HHBIX DKOCHUCTEM, B TOM YHCJE MOJCTUIIKE, B HACTOSIICE BPEMS SIBISICTCS BAKHOW U
aKTyaJbHOU 3a/1ayeil.

B 3TO# CBsI3H, 1ENBI0 HAIIETO WUCCIISIOBAHUS SBIISIIOCH BBISIBICHHE OCOOCHHOCTEH (OPMHUPOBAHUS U
OLICHKA YTJIEPOJICTIOHUPYIOIEH CIOCOOHOCTH IMOJICTHIOK JIECHBIX U TPaBSHBIX YKOCHCTEM TEXHOTCHHBIX
nanamadToB ['OpIOBCKOT0 aHTPALUTOBOTO MECTOPOKICHHS.

MATEPHAJIbI U METOAbBI UCCJIE[JOBAHU A

UccnenoBanust mpoBogmnuck B MckutumckoMm paiione HoBocnOupckod 00iacTH Ha TeppUTOPHU
Haropuoro ortBama ['opioBckoro antparutoBoro mectopoxacHus (54,568880 c.m., 83,588956 B.1.).
CornacHO arpokIuMaTH4ecKoMy paiioHupoBanuio HoBocubupckoii o0aacty, paiioH ucciae10BaHuil OTHECEH
K YMEPEHHO TeIJIoMY, JOCTATOYHO yBIAXKHEHHOMY (TruapoTrepMudeckuil ko ¢uimeHT no CensHuHOBY AT
paitona naxomutcs B peaenax 1,0-1,2). Cpemree rooBoe KOIMYIECTBO 0caakoB cocTasiset 400-450 mwm, u3
Hux 170-190 MM BeIlIaaeT B IepHOI aAKTUBHOW BereTaruy (ArpoKIMMaTHYecKue pecypesl ..., 1971). Cymma
aktuBHbIX Temmnepatyp (3t >10°C) cocrasiusier 1750-1800°C (I[TouBeHHO-KIMMAaTHYECKHii aTiac ..., 1978). B
CBSI3M C TEMHOH MOBEPXHOCTTHIO CyOCTpaTa M OTCYTCTBHEM DPAaCTHUTENFHOCTH Ha OOJbIIEH YacTH OTBaia,
CyMMa OWOJIOTHYECKH AaKTHBHBIX TEMIIEpaTyp Ha €ro MOBEPXHOCTH MOXET NPEBBIINATh PEerHOHAJIbHBIE
¢onosble 3HaueHust Ha 1000°C. DKcno3unysi CKIOHOB OTBANa TAKXKE BIMSET Ha TEIUIO00ECHEUEHHOCTh: Y I
>10°C na miakopax W IOKHBIX ckioHax Ha 500°C Oomplie, YeM Ha CEBEPHBIX W BOCTOYHBIX CKIIOHAX
(Coxomosa, 2023).

Uccnenyemsblii oTBai, 00pa3oBaHHBIA U3 OTXOAOB YIien00bIYH, MpeAcCTaBiseT co00i ropy, MecTaMu
BO3BBIIIAIONIYIOCS HaJl MPWIETaloIMU TEPPUTOPHSIMH Ha BBICOTY 10 70 MeTpoB. OH BBITSIHYT B CEBEpO-
BOCTOYHOM HAIlpaBJIEHUH TIOYTH HA 2 KM, @ €ro mupuHa gocturaet 1 kM. OTBam TeppacupoBaH; HIKHHE
Teppacsel chopmupoBaHsl B 1970-x romax B Hadasie pa3paboTku MecTopoxacHus. Kaxxmas Teppaca BBIIE U HA
10-20 net monosxe Hkenexamei. DopMupoBaHue BepxHeEro sipyca 010 3akoHueHO B 2018 rogy. Cybctpat
MTOBEPXHOCTH OTBajia MO OOJBIIEH YacTH MPEACTAaBICH XaOTHYHOW CMECHIO IUIOTHBIX OCAJOYHBIX ITOPOJ
(apruMTOB, aJEBPOIMTOB M TIECUAHUKOB), PEXKE PBHIXJIBIMH MOPOJIaMH (TJIMHAMHU MEJ-TIaJeOreHOBOM KOPHI
BbIBeTpUBaHUs). Penbed Teppac nmOO0 TOpPU3OHTAIBHBIM CIUITAHUPOBAHHBIM, JMOO MENKOOYTIPHCTHIN.
OtmeuenHas quddepeHnnanus Bo3pacta y4acTKOB OTBalla, IOPO/J, CIAralouInX WX MOBEPXHOCTb, penbeda,
KOTOPBIM TaKKe OCIOXKHSETCS Pa3HOOOpa3ueM 3KCIO3ULMHU, IJIMHBI U KPYTU3HBl Pa3IMYHBIX CKJIOHOB
OTIpeETAET Pa3HOKAYECTBEHHOCTh YCIOBUI BOCCTAHOBIICHUS PACTUTENBHOTO U TIOYBEHHOT0 TIOKPOBOB. Panee
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OBUIO IOKa3aHO, YTO HA HCCIEAyeMOM OTBaje (hOpMHPYIOTCS pa3HOOOpa3HBIC TpaBsIHBIE W JIECHBIC
skocuctembl (Sokolova et al.,, 2021; CkorapeBa u np., 2024) ¢ XapakTepHbIM ISl KaXIOTO ydacTKa
noyBeHHBIM NTOKpoBoM (CokonoBa u ap., 2020; Anapoxanos, CokonoBa, 2022).

Penpe3eHTaTUBHBIE y4YaCTKH MCCICIOBAaHHS BBIOMPAIHUCH C TAKUM PACUYETOM, YTOOBI MAaKCHMAJbHO
OXBaTHTh Pa3HOOOpa3We IMpPEACTABICHHBIX HAa OTBAle PACTUTEIBHBIX coolmiecTB. Mx ommcanwe u oTOOp
00pa3LoB MOACTWIKHA mpoBonwin B uioHe u aBrycte 2024 r. (puc. 1). Taxke B paboTe HCIOIB30BalN
MaTepualbl, OTy4YCHHbIC paHee MPU U3YYCHUH CKOPOCTH M HAIIPaBJICHHOCTH Pa3BUTHSI TI0YB U PACTHTEIIBHBIX
coo0mecTB Ha oTBasiax ['opIoBCKOro aHTparuToBoro Mecropokaenus (Ckorapesa u ap., 2024; Sokolova et
al., 2021).

Pucynok 1. Kapra-cxema pacroioKeHus! UCCIeTyeMBbIX YIaCTKOB.

[TouBeHHBIH TOKPOB UCCIIETYEMBIX YYaCTKOB IpeAcTaBiieH sMOprozemMamu. CorylacHO KOPPEJIATUBHOM
MexayHaponuoit cucteme WRB (IUSS Working Group ..., 2022), mouBbI OTBajga COOTBETCTBYIOT
pedeparuBHoii rpymme Technosol. Bonee aperanvHas muddepeHnmanus MoyB MpPOBEASHA MPH MOMOIIU
KJ1accu(pUKALMY [TOYB TEXHOTCHHBIX JTJaHAIA(TOB, pa3paboTaHHOHN cOTpyJHUKaMu MHCTUTYTa HOYBOBEACHUS
u arpoxumuu (MITA) CO PAH (Kypaues, Auapoxanos, 2002). Ha KiIfo4eBBIX ydacTKax OBUTH BBIACICHBI
TUIIBl  MHHUIUAIBHBIX, OPraHO-aKKyMYJSITHBHBIX M JepHOBBIX 3MOpuo3eMoB. Kiaccudukanuonnas
MPUHAAJICKHOCTh TOATHIIOB SMOPHO3EMOB OINpENeNsuIach MO XapaKTepy TUMOJUArHOCTHYECKHX H, B TOM
qucie, MOACTHIOYHBIX TOPU30HTOB. OLEHKY CBOMCTB IOYB M ITOBEPXHOCTH OTBAJOB, ONPENEISIOLINX
ocobeHHOCTH (DOPMHUPOBAHUST PACTUTEIHHOTO TOKPOBA, MPOBOJMIN TPAJAUIMOHHBIMH JIJIsI TIOYBOBEICHUS
MeTOAaMH, ToApoOHO onucaHHbIMU B pabote (CkoTapeBa u np., 2024).

Ot0op npo0 MOJICTHIKM HAa y4acTKax MPOBOJWIM METOJOM KOHBEPTa M COIJIACHO METOANYECKUM
pEeKOMEHIaMsIM 110 OTOOpY M aHanu3y o0pasmoB mouB «EjuHON HAIMOHANBHOW CHCTEMBI MOHUTOpPWHTA
KJIMMAaTHYECKH aKTHBHBIX BemecTBY» (MeToanKa MoJeBhIX ..., 2023). EnnHCcTBeHHOS OTIMYHNE 3aKITI0YaeTCs B
TOM, YTO TpPOOBl MOACTWIKH Opajd MpH MOMOIIM HE JEPEeBSHHOM pPaMKH, a IJIACTUKOBOTO IMJIMHIPA
nuamerpoM u BeicoToil 100 MM. Pa36op mpo0 MOACTHIKE TPOBOAMIIN MOCHE CYIIKH JO BO3AYITHO-CYXOTO
cocTosiHus B JlabopaTopuu pekystuBaiuu mous MITA CO PAH. YuutsiBas pparMeHTapHOCTh, pa3Ho00pasue
B TPaBSHBIX U JIECHBIX COOOIIECTBAX, MPHU pazdope MOJACTWIKH He pa3aessuin Ha noaropu3onTsl OF nu OH.
OTnenbHO YYHMTBIBAICA TONBKO HOoAropu3oHT OL — cocTosimiuid, Kak MpaBWiIo, M3 MPOIUIOTOJHEr0 OMaja.
[Mocne cymku, U3MeNbYeHUS] HOKHUIAMHM, TIIATEIHHOTO JUCIEPIUPOBAHHUS BHOPAIMOHHBIM IAPUKOBBIM
UCTHpATEeIeM M MOCIEAYIOeH TOMOTeHH3alu B po0ax MOACTUIIKY ONpPEAeIsUTH COlepKaHue yriepoaa u
azora Ha CHNS/O-anamuszarope 2400 Series Il Perkin Elmer. Cratuctuueckyto oOpaboTKy pe3yibTaToB
BBITOJTHSUIN C MTOMOIIBIO TTakeToB mporpamMm Microsoft Excel u PAST V2.17.
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PE3VJIBTATBI UCCIIEAOBAHUA

OO01en3BecTHO, YTO MOJCTIIIKA (POPMUPYIOTCS U3 MIPOAYKTOB OMaJaa Ha3eMHBIX ApycoB OnoreHo3a. [1o
ATOW MPUYMHE €€ CBOWCTBA, B YaCTHOCTU XMMHYECKUH COCTaB, 3aBHCHUT, IJIaBHBIM 00pa3oM, OT COCTaBa
JOMHUHUPYIOIINX PACTUTEILHBIX (hOPM, IPUCYIIUX ONpeeieHHON TeppuTopuu. McciienyeMbie TEXHOTCHHBIC
maHAmapTH XapaKTepU3yITCS BHICOKOM HEOJHOPOTHOCTHIO dadUdecKuX ycIoBwid (Tabu. 1), 9To BMecTe ¢
muddepeHIManuei onpenesieT BhICOKYI0 BapHaOeIbHOCTh MPEACTABICHHBIX (UTOIEHO30B HE TOJBKO B
MTPOCTPAHCTBE, HO BO BPEMECHHU.

Tabauuya 1
OCHOBHBIC XUMHYECKUE U (PH3MUECKUE CBOWCTBA UCCIICAYEMBIX ITOYB U MEIIKO3eMa
Yraepox VYrnepon o
Ne  |T'myGuHa, oH oprammieckoro| Gt Aot obumii | IlnoTHOCTS, Conepxanne ppakumii
ydacTka| cM BEIIeCTBA (Cobu), % (Nob6i.), % r/em®
(Copr.), % s <0,01 mm, % | <1 MM, %
1 0-10 8,5 1,1/0,1* 4,7/0,4 0,35/0,032 1,8 0,7 8,9
10-20 8,4 1,2/0,1 4,4/0,2 0,33/0,015 2,1 04 4,7
2 0-10 7,9 3,8/2,1 21,3/11,7 0,63/0,31 1,6 13,5 55,3
10-20 7,9 3,1/1,0 9,9/3,2 0,44/0,11 1,9 10,3 32,4
3 0-10 6,7 1,7/0,6 6,0/2,2 0,50/0,24 1,8 3,8 36,9
10-20 7,1 0,6/0,2 2,4/0,7 0,30/0,12 2,1 4,3 3,9
4 0-10 6,6 1,6/0,9 7,0/3,8 0,45/0,28 15 13,7 54,1
10-20 7,9 2,2/0,8 7,3/2,8 0,42/0,22 2,1 7,4 38,1
5 0-10 6,7 1,7/0,3 5,7/1,0 0,36/0,09 1,3 2,0 17,5
10-20 6,2 2,7/0,6 21,8/5,0 0,54/0,12 1,7 54 22,6
6 0-10 7,2 1,4/1,4 2,712,7 0,24/0,23 1,3 59,3 99,5
10-20 8,1 0,2/0,2 0,5/0,5 0,08/0,07 14 60,5 99,2
7 0-10 8,0 2,2/1,0 11,0/5,3 0,61/0,31 19 17,3 47,9
10-20 7,5 1,0/0,6 14,0/5,0 0,70/0,20 2,3 11,6 35,7
8 0-10 7,2 1,5/0,6 8,4/3,5 0,45/0,24 1,6 11,0 41,7
10-20 7,5 0,5/0,1 2,7/0,6 0,45/0,08 2,2 51 21,0
[Ipumeuanue.

*1,1/0,1 — 1,1 - conepskanue B Menko3eme; 0,1 — cogeprkaHue B OYBax.

OcHoBHblE (DU3MYECKHE M XUMHUYECKHE CBOWCTBA MOYB YYacTKOB, IPEACTaBIEeHBl B Tabmuue 1 u
noapobHo omnucanbl B pabore (CkorapeBa u ap., 2024). YCTaHOBICHO, YTO OCHOBHAs OCOOCHHOCTb
OOJIBIIMHCTBA UCCIIETYEMBIX TTOYB MPOSBIISIETCS B UX BBICOKON KAMEHUCTOCTH. DTO e CBOWCTBO ONPEEIISET
HHU3KOE COJIEp)KaHUe B MOYBaX OOILEro a30Ta M OMXPOMATHOOKHCISIEMOTo yriepona. Beicokoe comepxanue
(u3MUecKol TIMHBI U MOPOJ €€ MPOAYLHPYIOIINX CHOCOOCTBYET Pa3BUTHIO TPABSHUCTBIX PACTHTENIBHBIX
TPYNIHMPOBOK, HAa CKJIOHOBBIX YYacTKax C BBICOKMM COJEp)KaHMEM KaMHell Ha HauyalbHBIX JTamax
(hopMHPOBaHUS PACTUTEIBHOTO MMOKPOBA NPEUMYILECTBO IT0JIyYaeT APEBECHAs! pACTUTENILHOCTb.

[lony4yeHHbple B X0J€ BU3yalbHOM OIIGHKHM YYAaCTKOB M COCTABJICHHUS Te00OTaHWYECKUX OINMCAHUHN
Pe3yNIbTaThl HECKOIBKO OTJIMYAIOTCS OT JNAHHBIX, PEACTABICHHBIX PU N3YYEHNHN JTAaHHBIX y4acTKoB B 2023
roay (Cxorapesa u jip., 2024). D10 CBsI3aHO ¢ pa3INYHOMN TEIUIO- M BIaro00eCHeYeHHOCThIO MOCISIHUX JIET,
a TaKKe MpOSBICHUEM CYKIECCHOHHBIX IPOLIECCOB, XApPaKTEPHBIX I AUHAMUYHO pPa3BUBAIOIIMXCS
pactuTenbHbIX coodiiecTs oTBaioB (I'e6osa, 2005; Kynpusino, Manakos, 2016).

TpaauMOHHO pPACTUTENBHBIA TIOKPOB OTBAJOB YTOJNBHBIX pa3pe30B MPHHATO TPYNIHPOBATH, B
COOTBETCTBHU C Kiaccuukanuer, npemioxxkeHHoil A.I'. BoponoBeiM (1973), Ha muoHepHBIE, NPOCTHIE,
CJIOJKHBIE ¥ 3aMKHYThIe puToneHo3sl (Kanapamun, 1989; Kynpusinos, Manakos, 2016), kaxx10My U3 KOTOPBIX
COOTBETCTBYET KOHKpEeTHBIN THI dMOpuo3emoB (KypaueB u ap., 1994). Ha nccinemyemom oTBajie y4acTKOB
3aMKHYTBIX (PUTOLIEHO30B HE OOHApYy>KEHO, YTO Hapsiay C OTHOCHUTEIILHOW MOJIOJOCTBIO OCHOBHOM 4acTH
MMOBEPXHOCTH OTBajla CBSA3aHO TAaKXKe C OCOOCHHOCTSAMH JIMTOreHHOHW OCHOBHI (CokoinoB u jap., 2022),
CKa3bIBAIONITUMHUCS Ha CKOPOCTH OCBOSHUS CyOcTpaTa OMOTOM.

[IpucyTcTByIOIIME MHOHEPHBIE PACTUTENBHBIE TPYTIITMPOBKH XapaKTEPU3YIOTCS CPABHUTEIHHO O€THBIM
BUJIOBBIM Pa3HOOOpa3MeM ¥ HE3HAYMTEIBHOH IUIONIAJbI0 MPOEKTHBHOrO TOKphITUS (10 10-15%).
[IpuypoueHsl OHM K HHULHATBHBIM SMOpHo3eMaM (DVIMHOH_Tp) Ha HadYaNbHOM dTarne cykueccun. [loacTumku
Ha TaKUX y4acTKax oueHb (parMeHTapHbl. OHU IPeICTaBICHbI CBEKUM OIaJ0M, 3a4aCTYIO HE OTOPBABLIMMCS
OT XUBBIX yacTed pacteHuil (Berowmsio) (IIpomykTuBHOCTH TpaBsHBIX 3KocucTeM, 2020). OCHOBHBIMH
BUIaMH, (HOPMHUPYIOLIMMHU MOPTMAacCy HHUIMAIBHBIX 9MOpro3emMoB BeicTynatoT Melilotus officinalis L., pexe
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Melilotus suaveolens Ledeb., mpeoGrazaromye Ha MOJIOABIX M CPEIHEBO3PACTHBIX ydacTkax, u Echium
vulgare L., TOMUHHUPYIOIINI Ha CTAPBIX y4acTKaX C SKCTPEMaIbHBIMH MUKPOKIUMATHYCCKHUMH YCIOBUSIMH
(F0KHBIX CKIIOHAX). B TObI M30BITOYHOrO YBIaXKHECHHS Ha MOBEPXHOCTH HHHUIUIHATIBHBIX 3MOPHO3EMOB
obunbpHO mpouspacraet Salsola collina Pall., koTopas BMecTe ¢ JOHHUKaMu 00JIaIaf0T MOBBIMICHHON CTPECCo-
u coneycroitunBocThio (Li et al., 2021; Wang et al., 2024) B ycnoBusx, XapakTepHBIX AJs OTBaJOB. [lomumo
OTMEUYEHHBIX BHIOB BKJIaJ B (JOPMHPOBAHHE MOPTMACCHI TOBEPXHOCTH WHUIMATBHBIX YMOPHO3EMOB BHOCST
taroke Dracocephalum nutans L., Crepis sibirica L., pexxe Achillea millefolium L. (ta6:x. 2).

Taonuua 2
XapaKTepruCTHUKa UCCIEAYEMBIX YUACTKOB
Tum smOprozema | Omnmcanue ydacTka Yucno | Ilnomans Jomunupyromue
Howmep Bospacr,
(o6o03HaUCHUE (mouBooOpazyromme BHIIOB, |[IPOEKTHBHOTO | ®UTOICHO3 | BHIHI (CpemHss
y4acTka Jer o
yJacTKa) TTOPOIBI) IIT. | MOKpBITHSA, Yo BBICOTA, CM)
. . Echium vulgdre L.
HUHUIUATBHBIN F0XKHBIN CKJIOH .
1 35-40 8 10 mronepubiii | (50), Salsola
SU .
(OMmmon_tp) (nroTHbIC) collina Pall (10).
OpraHo- i Betula pendula
2 AKKyMYJLITHBHBIH TOPHSOHTAIILHBIH, 35-40 12 70* pocToit P
(DAOmp 1p) OyrpuCTbIii (IIOTHBIE) Roth (8000).
oprato- TOPU30HTAJIbHBIH, Fragaria vesca L.
3 AKKYMYJIITUBHBIA | CIUIAHUPOBAHHBIMA 25-30 16 75 MPOCTOH (10), Melilotus
(B0Amp_tp) (T10THBIE) officinalis L (50).
i TOPH3OHTAIILHEIH, Dactylis glomerata
4 (H;EII;OBI;IH) CrutaHupoBanuei | 25-30 20 80 CIIOKHBIN y L (?90)
TP (TUTOTHEIE) '
OpraHo- i Betula pendula
5 AKKYMYJIITHBHbIH CCBEPHDIH CITION 35-40 14 80 CITOXKHBIH P
(DAOcn ap) (II0THBIE) Roth (7500).
. FOpH30HTAIbHBI, Dactylis glomerata
6 (H;)I_')IIZEB?IPH) OyTpHCTBI 20-25 25 85 cnoxueiii | L. (70), Bromus
- (pBIXJIBIE) inermis L (95).
. Melilotus
N TOPU30HTAIbHBIH, officinalis L. (60
7 HHHLHATBHBI CIJTAHMPOBAHHBIN 10-15 9 11 MUOHEPHBIH | . ( )
(OUnmon_T1p) Echium vulgare L.
(TmoTHBIE) (60)
OpraHo- i i Betula pendula
8 aKKyMyIATHBHEL MOJIOTHUHT FOXKHBIN 20-25 6 90 mpocToit p
(D0Amp 1p) CKJIOH (IUIOTHBIE) Roth (8000).
IIpumeuanue.

* J191s1 JIECHBIX COOOLIECTB IMTPUBOUTCSI COMKHYTOCTD KPOH.

[Ipocteie cooOmecTBa (hopMHUpYIOTCA NPH JOMHUHHMPOBAHMM JApeBecHbIX mopo (DAOmnp np) Ha
CKJIOHOBBIX YYacTKaX M y4acTKax ¢ IepecevdeHHbIM pellbe)OM, a TaKIKe TPABIHUCTHIX pactenuit (DOAmp_Tp)
Ha CIUTAHMPOBAHHBIX TOPHU3OHTANBHBIX mNoBepxHOCcTX (Frouz et al., 2018; Sokolova et al., 2021) na
MIPOMEKYTOYHOM 3Tarne cykueccuu. Ha ywactkax ¢opMupoBaHMSA JIECHBIX COOOIIECTB, Oyaroaaps BRICOKOH
skosoruueckoit mmactuuHoctd (Oksanen, 2021), mpeumyiiectBo nonyudaer Betula pendula Roth.. Ha
YBIQKHEHHBIX ydacTKax oHa MoxkeT ycrymnatb Populus tremula L., Populus nigra L. u Salix caprea L., a na
Ooyiee CyXMX B COCTaBe JPEBOCTOS 3aMETHO yBeiamumBaercs nons Pinus sylvestris L. B memom cocras
JPEBOCTOEB, HapsLy C aJalTHBHBIMH BO3MOMKHOCTSIMH JAPEBECHBIX mopon (Amnmes, XamapoBa, 2019),
3HAYUTEIHFHO 3aBUCHT OT COCTaBa JIECOB OKpYXaromWX HeHapymieHHbIX dkocucTtem (Lllyrameit, 1997). B
TPaBSIHUCTOM sIpyce pazHooOpa3ue BUAOB PACTEHUH HE OTINYAETCA OOraTCTBOM: B 3aBUCUMOCTH OT BO3pacTa
ydacTKa OHO cocTaBiseT oT 5 no 13 BumoB (Tabu. 2). DTa 3aBUCUMOCTh UMEET HEIMHEWHBIA XapakTep.
OcCHOBHBIM (haKTOPOM, ONPEICIIAIONIUM BHIOBOH COCTaB spyca, SBISAETCS 3aTCHEHHOCTh. HalOromeHus
MTOKa3aJy, 9TO Ha 00Jiee MOJIOMIBIX YHacTKaXx, I'/Ie KPOHBI ellle He COMKHYJIUChH MITH COMKHYJIUCh OTHOCHUTEIHHO
HE/IaBHO, B TPaBSHHUCTOM sIpyce BHIOBOE pazHOOOpa3ue pacTeHHH 00ECreunBacTCsl 3a CUET PyAepalbHBIX
BunoB. Melilotus officinalis L., Tussilago farfara L., Taraxacum officinale F.H. Wigg. u apyrux. Ha
CPEIHEBO3PACTHBIX YYacTKaX OTBAJOB C COMKHYTBIMH KpPOHAMU YHCJIO BHJOB TPaBSHUCTOIO sipyca
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MUHUMAJIbHO. 3[1eCh HapsAy C PEIKUMHU PyAEpaTbHBIMA BUAAMH TOSBISIOTCS OTAEIbHBIC MPEACTaBUTENN
necupix: Orthilia secunda L., Pilosella officinarum Vaill.,. Elymus mutabilis (Drobow) Tzvelev. Ha crapsix
ydacTKax BHJOBOE pa3HOOOpa3ue TPaBSHHUCTOTO sIpyca YBEIMYMBACTCS 3a CHYET JIECHBIX BHJIOB;
JOTIOJIHUTENILHO (hopMUpyeTcs U nojsiecok. Kak mpaBuiio, oH npencrasieH Sorbus aucuparia L. w/unmm Prunus
padus L.. B cocraBe momiecka yuactka Ne5 Ob11 3aMKCHPOBaH TaKk)Ke OJMH HHBAa3UBHBIH BuI — ACer negundo
L. [TosiBeHnE KyCTapHUKOBOTO SIpyca B TEXHOT€HHBIX JIECHBIX SKOCHCTEMaX, Kak yka3biBaeT E.P. Kannpammun
(1989), cBUmETENHCTBYET O HACTYIUIGHUH CTaJUH CYKLECCHU CIOXKHOTo (utonenosa (DAOcn_nap). Oanako
M3-32 BEICOKOHW Pa3peXEHHOCTH TPABSHOTO W KYCTAPHUKOBOTO SPYCOB MX BKIIAJ B MOACTIKY HE3HAYUTEIIEH.
B 11e110M 1OICTHIIOYHBIN TOPU30HT OPTaHO-aKKyMYJISITHBHBIX TOPU30HTOB JIECHBIX YUaCTKOB (DOPMHUPYETCS U3
JUCTHEB M MEJIKUX BETOK Oepe3bl, B MEHbIICH CTENIEHW OCHHBI U COCHBI, KOTOPBIE OTHOCSTCS K KaTETOpHIM
CpeHe- M MeUIEHHOpa3IaralInuxcs pacTurenbusix octaTtkos (IIpucrosa, 2020).

[Ipoctsie TpaBsiHBIe coobmecTBa (DOAMp Tp) MO CPaBHEHHIO C JIECHBIMH XapaKTePU3YIOTCA OOIBIINM
pasHooOpa3ueM BHIOB, Y4YacTBYIOIIMX B (OpPMHpPOBaHUHM MOJACTHIAKK. Ha Takux ydvacTkax, B CHILY
MOBBIILIEHHON IUIOTHOCTM M HHU3KOTO IUIOAOPOAMSl TIIOYB, B BHJIOBOM COCTaBe INpeo0safaoT
MmanotpeboBatenbHbie K dnaduueckum yciaosusm Melilotus officinalis L. u Pimpinella saxifraga L. (ta6u. 2).
Oo6unpHO MpeacTaBiacHa Takke Fragaria vesca L., pacnpocTpaHeHHio KOTOpOH Ha OTBajiaX CIOCOOCTBYET ee
cTpeccoycToitunBocThio (Song et al., 2024) u BereTaTHBHOE Pa3sMHOKEHHE C IMOMOIIBIO TON3YYHUX MOOETOB
(yco). OtmenbHBIME KypTHHaMH BeTpeyarorest 3imaku Dactylis glomerata L. u Elymus mutabilis L.

YyacTku, 3aHATHIE CIOXKHBIMU TpaBsHbIMEH cooOmecTBamMu (DOAcH Tp), OTIHUaroTCs Hambolee
OnaronpusATHBIMU SAaQUUeCKUMH ycIoBUsAME (Tabi. 1), mockonbKy GopMHUpyOTCS 100 Ha MOTEHIMATIBHO
TUIOIOPOJTHBIX MOPOJaX CO 3HAYMUTENLHOW JoJiel (U3MYecKol TIMHBI B cOCTaBe, MO0 Ha cyOcTparax, e
TOHKOJUCTIEPCHBIE (paKIMKA HAKOMHMIUCH 3a cdeT mporeccoB BeiBeTpuBaHus (Kycor, 2007). He menee
B2XHBIM (haKTOPOM, MO3BOJISIFOIIMM CIIOKHBIM TPaBSHBIM CO00IEeCTBaM (OPMHPOBATHCS HAa MOBEPXHOCTH
TEXHOTEHHBIX JaHAIMA(TOB, SBISETCA HAKOIUJICHHE B AMOpHO3eMax a30Ta, CTUMYJIHMPYIOUIETO BHEAPEHHE
3nakoB (I'meboBa, 2005; I'occen, Cokonos, 2014). B Takux ycmoBHsIX B COCTaBe PaCTHTEIHHBIX IIEHO30B
3aMeTHO yBenuuuBaercs nois Bromus inermis L., Dactylis glomerata L. u Poa angustifolia L., Takxe kak u
uX BKJIa] B (opmupoBanue moactuwiok. O0mibHO npencrasieHsl Vicia cracca L., Leucanthemum vulgare
Lam., Chamaenerion angustifolium L., Scop., Melilotus officinalis L. u apyrue Buabl CIrulaHHPOBaHHBIX
yuactkoB (DOAmp_Tp).

AnHanmu3 MOp(OJIOTHYECKOTO CTPOCHUS IMOJICTHIOYHBIX TOPU30HTOB M pacueT 3amacoB MOPTMACCHI
II0O3BOJIMJIN BBIABHUTH OTJIMYUTCIIBHBIC OCO6CHHOCTI/I, XapaKTEPHbIC HE TOJIBKO I OAMHAKOBLIX THUIIOB I1OYB,
HO M CXOJHBIX PACTHTENBHBIX c000IIecTB (Tabm. 3). MOMIHOCTh MOJICTHIIKHU SBJISETCS OIHUM W3 OCHOBHBIX
nokasaresnel, aHaJn3 KOTOPOTO TO3BOJISIET OLIEHHBATH CKOPOCTh MPeoOpa3oBaHMs PACTUTENHLHOTO Omaja
(BosikoB, 2015). MUHMMaJIbHYIO MOIIHOCTh HMEIOT (parMeHTapHble TMOACTHIOYHBIE TOPU3OHTHI
aMOpro3eMoB MHHANMANBHBIX (D), B coOcTaBe KOTOPHIX OTCYTCTBYET HIIM IJIOXO BBIpakeH (pepMeHTaTHBHO-
neperHoiiaeiii cioit (OFH). CooTBEeTCTBEHHO, MHHIHAIbHBIE SMOPHO3eMbl MMCIOT HAWMEHBIIHE 3arachl
MOPTMAacCHhI B TIOJCTHIIKAX, B COCTaBE KOTOPHIX MIPe00iIaaeT CBEXKUN onajl (BETOIb).

OpraHo-akkyMyJssTUBHBIE 3MOpro3eMbl (DOA) TeMOHCTPUPYIOT MaKCHMaIbHBIE 3HAYEHUST MOIITHOCTH
MTOJICTUJIKH, BAaphUpPys B 3aBHUCHMOCTH OT THIa (DUTOIIEHO32a W TIOJOXEHHs YYacTKOB B JaHAMAadTe.
HeOomnpiine 3HadeHust MOIIHOCTH IIpU MOBBINIEHHON INIOTHOCTH IOACTUIIKU 6I)IJ'H/I 3a(1)I/IKCI/IpOBaHBI B
coxHOM JiecHOM ¢uTorieHo3e (DAOC_jp) Ha CEBEPHOM CKIIOHE, YTO, [0 BCEH BHIMMOCTH, YKa3bIBAaET Ha
aKTHBHOE ee NpeoOpa3oBaHKe B 3UMHUI Nepuo Onarogapsi HauOOoJbIIeH MOITHOCTH CHETrOBOro nokposa. 00
O9TOM TaKX€ CBHUIACTCIBCTBYCT OTCYTCTBHUE NOATOPU30HTA OL. B EJIOM IJId HUCCICAYEMBIX TEXHOI'CHHBIX
JIECHBIX COOOIIECTB CBOMCTBEHHO OTCYTCTBUE WIIM HE3HAUUTEIbHAS JIOJIS 3a11aCOB MOPTMACCHI CBEIKETO OI1a1a
B COCTaBE MOACTHIIOK (TabJ1. 3) MPaKTHYECKH 10 OKOHYAHUSI BETETAllMOHHOTO neproaa. OOpaTHast TeHICHIUS
B COOTHOILEHHH 3allaCOB MOPTMACCHI B PA3JIUYHBIX MMOATOPU30HTAX MOACTHIKU HaONIONAeTcs B JEPHOBBIX
aMOpHo3eMax Mo/ CIOKHBIMU TpaBsHBIMU (uTonero3amu (D/lcn_tp). 3mech goiis 3amacoB MOpPTMacchl B
BerormH B 1,5 u Goitee pa3 mpeBHIIACT TAKOBYIO B (hePMEHTATHBHO-TIEPETHOWHOM CIIOE.

B nenoM MOXXHO OTMETHTB, YTO 3allacbl MOPTMACCHl BO ()parMEHTAPHBIX MOJICTHIOYHBIX TOPHU3OHTAX
MHUIHATBHBIX SMOPHO3€MOB BABOE YCTYTAIOT MIIM COOTBETCTBYIOT 3ariacam, MpuBOANMBIM A.A. TUTIIHOBOU
u C.B. IlIubapesoii (2012) mst mouB cyxux creneil. [[pumedaTensHo, 4To OJIM30CTh 3HAYEHUN KOPPETUPYET
C CyMMOH OHMOJIOTHUYECKH aKTUBHBIX TEMIEPATyp, XapaKTEPHBIX ISl IJIAKOPOB OTBAJIOB U CYXHX CTEIei tora
Cubupu (AnzpoxanoB u ap., 2023; Cokonosa, 2023). B oprano-akkyMyJIATUBHBIX 5MOpHO3eMax MOJ
MPOCTHIMU (PUTOIICHO3aMH 3artachl MOJACTIIIKYA aHAJOTHYHBI 3HAYCHUSAM, XapaKTEPHBIM JUIA JIyTOBBIX CTETeH
(Turnsuaosa, IluGapesa, 2012), ¢ Tol pa3HMIICH, YTO Ha JOJIO CBEXKErO OMaja B DKOCHCTEMaX OTBAJIOB
MPUXOANTCS OKONO 2/3 mopTMacchel (Tabn. 3). 3amachl HMOACTHIKMA B JIEPHOBBIX SMOpHO3EMax CIO0XKHBIX
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TPaBSHBIX COOOIIECTB, B I1€JI0M, COOTBETCTBYIOT 3allacaM B JIyTOBBIX cTersx 3amamuoit u Cpemneit Cubupu
(bromorudeckas MpoayKTHBHOCTS ..., 1988). IIpu 3TOoM coxpaHsieTcs BRICOKAsI OIS BETOIIH U Omajia (OKOJIo
2/3), oOycnoBiecHHasl, OYEBHUIHO, 0OJEe HHU3KOW MHUKPOOUOJOTHYECKOH aKTUBHOCTHIO IIOYB OTBAJIOB
(Kangpamus, 1989). 3amackl MOPTMACCHI B TEXHOTEHHBIX JIECHBIX 9KOCUCTEMAaX, HAIPOTHUB, B CPETHEM BIIBOC
HIDKE, YeM B Oepe30BhIX JIecax 1 KOJKaX eCTeCTBEHHBIX JIaHamadToB Cubupu. OTMEUeHHOE SBJICHUE CBSI3aHO,
Ha Halll B3MJIS]I, C HEPA3BUTOCTHIO B JIECAX OTBAJIOB KYCTAPHUKOBOTO M TPABSIHUCTOTO SPYCOB.

Tabnuya 2

XapaKkTepUCTHKA MOJACTUIOK UCCIICAYEMBIX Y4aCTKOB

Cpe/iHss MOLIHOCTb 3amacel MOPTMAcchl, T/Ta, CyX. Macca
Howmep yuacTkd O6o3HaueHMe
HNOJCTHIKH, CM moxropuzont OL noaropuzont OFH

1 OUnwuon_T1p 0,5* 0,70 0

2 OAOmnp_np 3,8 0 8,55
3 O0Anp_T1p 3,0 2,95 1,40
4 Olcn_1p 3,0 2,80 1,80
5 DAOcn_np 2,5 0 9,20
6 Olcn_1p 2,0 4,30 2,80
7 OUnuoH_Tp 1,0* 1,30 0,29
8 30Amnp_ngp 2,7 1,10 7,80

IIpumeuanue.

* — (hparMeHTapHbIE TOPU30HTHI B MHULIUAIBHBIX SMOPHO3EMax.

Omnpenenenue collepKaHusi OCHOBHBIX OHOTGHHBIX JJIEMEHTOB B KOMIIOHEHTaX HCCIEIyEeMbIX
OpPTaHOTCHHBIX TOPH30HTOB MOYB TNPOBOAMWIOCH C UENBI0 OIEGHKM HMX KA4eCTBEHHOTO COCTOSHUSI U
MOCTICIYIOLIET0 pacyera 3amacoB yriepoia. Pe3ynbpraThl IOKa3bIBAIOT, YTO codepiicanue y2nepooa B
MOJICTHIIKAX OTJIMYACTCA KaK Ha pa3IMYHBIX YYacTKaX, TaK M B aHAIM3UPYEMBIX MoAropuzoHTax. Hanbomnee
BBICOKHE CPE/IHUE U Me/IMaHHbIe KOHIIEHTPAIMH YTJIepoia OTMe4eHbI B noaropuzontax OL (puc. 2), st HUX
e XapaKTepeH MUHUMAIIbHbIH pa3opoc 3uavenuii (37,6-43,2%). MuHuMabHble 3HAYSHUS] PUKCUPYIOTCS B
npenenax y4acTKOB 3aHATBHIX JIECHOH pPacTHTENBHOCTBIO, TI€ OMNaj JePeBLEB A0 ABIYCTa OTCYTCTBYET U
MpeACTaBlIeH OCTaTKaMH CIWHUYHBIX OJK3EMIUISIPOB pacTeHWil mosora. MakcuManbHble 3HAYCHUS
KOHIIGHTpAIMi YriepoJia B OMaje CBOHCTBEHHBI y4acTKaM C JOMHHHPOBAaHHEM B COCTAaBE PACTUTEIHLHOTO
MOKPOBA 371aK0B (y4acTok Ne6).

bonee BapuaTMBHO cojepkanue yriepojaa B (epmeHTatuBHO-nieperHoitnom cinoe (OFH) (puc. 2).
Pa30Opoc 3HaveHWil 3aBHCUT OT COCTaBa pPAacTUTENBHOCTH, KOTOPBIH OOYCIIOBIIEH, B CBOIO O4Yepelb,
(U3NUECKUMH, XUMHUYECKUMHU W OHMOJIOTMYECKUMH CBOWCTBAMHU IOYB M 3TalloM CyKueccud. Tak, 3a cuer
MEJIKHX BETBEH MaKCHMalbHble KOHIEHTpaluu yrieposaa (48,4%) B noaropusontax OFH ¢ukcupyrorcs B
MOJICTHJIKaX OPraHO-aKKyMYJISITUBHBIX 3MOpHO3eMOB JieCHBIX ydacTkoB (DOAmnp nap). MuHuUMalbHBIE
3HaueHus (9,4%) orMeudaroTcsi B 5MOpHO3eMax JEpHOBBIX, C(OPMHUPOBAHHBIX HA TJIMHUCTBIX MOPOAAX
(3Hcn_tp). Ilo Bceit BUAMMOCTH, B TIIMHUCTHIX ITOYBAX, B OTJIMYME OT KAMEHUCTBIX CyOCTPaTOB, IO IPUYHHE
MOBBIIIEHHOH BOJIOY/IEPIKUBAIOIIEH CIIOCOOHOCTH ITOYB CKIIAJILIBAIOTCS Oosiee OaronpusTHBIE YCIOBUS IS
pasiokeHus MOJACTHIOK. B cpennem coxepxkanue yriaepoga B8 OFH B 1,2-1,3 pasza Hioke, uem B OL, uto
CBSI3aHO C 00JIee aKTMBHBIMH MPOLIECCAMU Pa3JIOKEHHS HIDKHUX cloeB nmoacTuiok (Beaposa u ap., 2018).

[IpornieHTHOE Ccodeprcanue azoma B PacTUTEIBHOCTH, A, CIIEJOBATEIBHO, M B MOJICTHIKAX 3aBHCUT OT
MHOXeCTBa a0MOTHYECKMX M OHOTHYECKMX (AKTOPOB: OT MEXaHHYECKOTO COCTaBa IIOYB, CTPOCHUS
MOYBOOOPA3YIOMIMX MOPOJ, pelbedpa U pekuma yBIKHEHHUs, MHTEHCUBHOCTU TIOCTYIUICHHUS PACTHTEIbHBIX
OCTaTKOB M CTPYKTYpBI Omaja, OpraHa pacTeHMs, BXOISIIMX B MOACTWIKY, U KIMMATUYECKUX YCIOBHUH
mectHoct (Zhang et al., 2018). Kpome Toro, GojblIoe BIHSHHE OKAa3BIBAET CKOPOCTH Pa3JIOKEHHUS
OpPTaHMYECKOI0 BEIECTBA, TAK KaK IPHU JJaHHOM IMPOLecce MPOUCXOIUT MOTEPS a30Ta B CUITY BOBJICUCHHS €TO
CHOBa B Ononornueckuii kpyrosopot. ConepkaHue a3oTa B MOpTMacce BapbupyeT B LIMPOKUX Mpeesiax: OT
0,56 10 2,90% (puc. 2). Iuddepenimanys 3TuX 3HaUCHUH 00YCIOBICHA BUIOBBIM COCTABOM PACTUTEIBHBIX
COOO0IIeCTB, TOCKOJILKY MHUHHMAJIbHbIE KOHIEHTPALMK a30Ta (UKCHPYIOTCS B CIIOKHBIX TpPaBSHBIX
coobmectBax (3ca_Tp), MakcuMaibHBIE B MPOCTHIX JecHBIX ¢uToneno3ax (JOAnp np). Ha stom ¢one
conepxkanue azota B moaropuzontax OFH B cpennem B 1,5 paza ke, dem B OL, T.K. B mpoIiecce pa3ioKeHus
MOPTMACCBl OIpENeJIEHHass €ro 4acTh, CIIOCOOHAsh K MUTpallid, BHOBb BOBJEKAeTCs B OHOJIOTMYECKUI
KpyroBopoT. C Apyroi CTOpOHBI, 0OTMEYaeMOe B JINTEpaType 00OTralIeHue a30TOM HIDKHEH YacTH MOACTHIIOK
3a CcYeT MacCHBHOW MU(Qy3uu, MPUBHOCA MOYBEHHOH (ayHOW M HAKOIUIGHHEM rpubaMu U OaKTepuUsMHu
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(Turnsuosa, Ilubapesa, 2012), B UCClIeAyEMBIX MMOYBAaX TEXHOI'CHHBIX JaHAIA()TOB HEe HAOIHOAAETCs, UTO,
BEpOSITHO, CBSI3aHO C X HU3KOH OCBOCHHOCTHIO OMOTOMA.

Omnowenue C/N, oTpaxarolniee Ka4eCTBEHHOE COCTOSIHUE OPraHUYECKOTrO BEIECTBA MOJCTHIOK,
JIEMOHCTPUPYET IIMPOKHIA CIEKTP 3HA4YeHWH. B Macce omaaa, KOTOPBIA MPEACTAaBICH NMPEUMYIIECTBCHHO
ocTaTkaMu TpaBsSHUCTHIX pacteHuii, C/N Bapbupyer B unTepBaie ot 16,8 mo 51,5 (puc. 2). Ilpu sTom
MUHUMAJIbHBIC 3HAYCHHS COOTBETCTBYIOT TOHKHMM (parMeHTapHbIM nojaropuzoHTam OL WHHMIIMANBHBIX
amMOpuo3emMoB (DUnuoH Tp), MakCUMaJbHBIE — OOraThiM OMNaaOM 37aKoB moaropu3ontamM OL aepHOBBIX
(3Hcn_tp). Ananornynas kaptuHa Habmromaercst 1 B OFH moaropusontax y4acTKOB TPaBsIHBIX COOOIIIECTB;
P TOM B TeX ke coobrmecTBax cootHomenne C/N B moaropmuszonre OL B 1,2-1,3 pasa mmwke, uem B OFH.
OtHomienne C/N B (hepMEHTATUBHO-TIEPETHOMHOM CIIO€ MTOYB JICCHBIX YYaCTKOB, HAIPOTHB, BHIIIE B CPEIHEM
B 1,5 paza.

80 - Yraepox (C), % 5 Asor (N),%
4 -
60 -
3
40 _ $
e — 2
20 - -
0 0
OL OFH OL OFH
C/N
100 -
80 -
« Cpennee —— Meanana
60 - T [] Cpexnree + crannapTHOe oTKIOHEHNE
x BeiGpockr | min — max
40 - [ .
N . -
20 - 1 l
0
OL OFH 1pas. OFH aec.

Pucynox 2. Coneprxanue 1 COOTHOIICHHE yriiepoa u azota B moaropusontax OL (n=18) u OFH (n=22)
MOJICTUIIOK SMOPHO3EMOB.

Pacuer 3amacoB yriepoia B MOJICTHIKaX HM3Y4YEHHBIX 3MOpPHMO3EMOB IOKa3al, YTO HMX 3HAYCHUS
BapeupyioT B auamazoHe oT 0,26 g0 3,26 T C/ra (puc. 3). Haumbosblime 3amachl COCPEIOTOYCHBI B
aMOpuro3emMax, cOPMHUPOBAHHBIX IO/ JIECHBIMH, Kak pocThiMU (3,04-3,11 T C/ra), Tak u cioxubiMu (3,26 T
C/ra), coobmectBamu (3OAmnp ap u Dcn_np). [lomydeHHble 3HaUCHHUS COOTBETCTBYIOT MUHHMAalIbHOMY
YPOBHIO 3aI1aCOB yTJIEPOa, OTMEYaeMOMY B Jiecax 3BeHUTopoackoi onoctanimu MI'Y (Komuk u ap., 2023),
¥ monajaroT B auana3oH oreHok (1,3-70,8 T C/ra) anst necusix mouB Epornsl u Poccun (Baritz et al., 2010;
YectHbIX 1 ap., 2007). Haumensmme 3anacsr (0,26-0,63 T C/ra) pukcHpyroTcs B MHMOHEPHBIX COOOLIECTBAX,
MIPUYPOYCHHBIX K MHUIHUAIBHBIM 3MOpro3eMam (OUmmoH_Tp). 3amacel yriepoaa B MOJACTHIKAX MPOCTHIX H
CJIOKHBIX TPaBAHBIX (DUTOLIEHO30B BapbUPYIOT B nHTepBajie 1,57-2,08 T C/ra, ¢ MaKCUMyMOM B COOOIIIECTBAX,
chopMHPOBaHHBIX Ha PeIXJbIX nopoaax (3ci_tp). B cTpykType 3amacoB yriaepoaa B TpaBsSHBIX SKOCHCTEMAX
65-100% mpuxoautcs Ha omaj (moaropuszont OL), B necHbix — 85-100% Ha pepMeHTaTHBHO-TIEPETHOWHBIN
cioit (OFH). Takas auddepeHnpanus CBsI3aHa ¢ pa3HUIEH B CKOPOCTH KPYyroBOPOTa TPABAHBIX M JIECHBIX
9KOCHCTEM M TpeoOpa3oBaHus omnajaa. boiee MATKHMI oman TPaBIHUCTBIX PACTEHHMH pasiiaraetcst OblcTpee,
HEXKeJH rpyOblii IpeBecHBIN. B To jke Bpemsl, 4acTy TPaBIHUCTHIX PACTEHHI MOTYT OTMHPATh B TEUCHHUE BCETO
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BETETAIMOHHOTO TEePHO/Ia, TOTJa KaK MacCOBBI OTaa JTUCTHEB JEPEBLEB MTPOUCXOINUT OCCHBIO, a JIETOM Ha
MTOBEPXHOCTH COXpaHsIeTCS MPEUMYIIECTBEHHO (hepPMEHTATHBHO-TIEPETHONHBIN TOATOPHU30HT.

1C/Tra
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Pucynok 3. 3amacel yriepoja B IOACTHIKAX TPAaBSHBIX M JICCHBIX TEXHOT€HHBIX HJKOCHCTEM.
O06o03Hauenus cM. Tadi. 1.

3AKJIIOYEHUE

HccnenoBanuss OPraHOTCHHBIX TOPWU30HTOB IOYB OTBAJIOB, OOPAa30BaHHBIX W3 OTXOJOB JOOBIYU
aHTpaINTa, MOKA3alld, YTO B TEXHOTCHHBIX DKOCHUCTEMax B cumily AU((HEpPEHIUPOBAHHOCTH 3MaPHUSCKUX
YCJIOBHIA ¥ BO3pAcTa Y4acTKOB (JOpPMHUpYEMbIe MOACTHIKH XapaKTePU3YIOTCS HEOTHOPOIHOCTHIO TI0 COCTABY,
CTPOCHUIO W 3alacaM OPraHUYeCcKOro BemecTsa u yrieposa. OTMedaeMbpie 0COOCHHOCTH MOJCTHIOK UMEIOT
MPUYPOUYCHHOCTh K ONPE/ICICHHBIM THIIAaM 3MOPHUO3EMOB W MPOM3PACTAIONIMM Ha HUX BHJAM PACTCHHH,
KOTOpBIE IPYIIHPYIOTCS B THOHEPHBIE, IPOCTHIC U CIIOKHBIC JIECHBIC U TPABSIHUCTHIE COOOIIECTBA.

MunuMalbHbIe MOIIHOCTD (10 1 ¢M) U 3amackl opraHudeckoro Beriectsa (1o 1,59 1/ra) ¢pukcupyrorcs
BO ()parMEeHTApHBIX MOJACTHIKAX THOHEPHBIX PACTUTEIBHBIX COOOMIECTB HHUIMATBHBIX SMOPHO3eMOB. B nx
coctaBe mpeobmamaer oman (moaropusont OL) mpemmymiectBenHo m3 ocratkoB Melilotus officinalis L.,
Echium vulgare L., Bo Bmaxusie rogasl Salsola collina Pall. Tlox mpocTeiMu TpaBsHBIMEH COOOIIECTBAMH B
OpraHoO-aKKyMYJISTHBHBIX dMOPHO3eMax MOIIHOCTh MOJACTHIIOK JOCTUTAET 3 CM, a 3armachl OPraHnYecKoOro
BeriectBa 4,35 1/ra. Ha 2/3 onm npezcrariensl nmoaropuzontamMu OL U cocTosAT, 1o OOJbIleil 4acTH, U3
ocrarkoB Melilotus officinalis L., Pimpinella saxifraga L. u Fragaria vesca L. IToacTHIKH MPOCTBIX
(hUTOIICHO30B 3aJIECEHHBIX YUaCTKOB oTyimdaroTcs npeobnagarueM (ot 87 mo 100% mo 3amacam) 4acTUIHO
nepepabOTaHHBIX PACTUTENBHBIX OCTATKOB (pepMEeHTaTHBHO-TIeperHoiHoro cios (moaropuzont OFH),
COCTOSIIIIET0, B OCHOBHOM, M3 JINCThEB M MeJkux BeTok Betula pendula Roth.; ux moriHoCTh KOIEOMCTCS B
uHTepBaje 2,7-3,8 ¢M, a 3amacel opranuueckoro Bemectsa 8,55-8,90 1/ra.

He0ounbI110#1 MOIIHOCTHIO, HO MOBBIIICHHBIMY 3aMacaMy CYXOH MacChl XapaKTePHU3YIOTCS MOJCTHIKA
CIIOKHBIX (uTOIEHO30B. Tak, B JECPHOBBIX SMOPHO3EMaX TPABSHBIX IKOCHUCTEM MOIIHOCTH IMOJCTHIKH
konebmeres B mpeaenax 2,0-3,0 cM, a 3amacel opraandeckoro seriectsa 4,60-7,10 1/ra. B ux cocrase 2/3
MOpTMacchl IPUXOJMTCS Ha omna 31akoB Bromus inermis L., Dactylis glomerata L. u Poa angustifolia L., B
MeHblIe# crenenu Ha Vicia cracca L., Leucanthemum vulgare Lam., Chamaenerion angustifolium L., Scop.,
Melilotus officinalis L. B oprano-akkyMyJiiTHBHBIX 3MOpHO3eMax CIIOKHBIX JIECHBIX COOOIIECTB MOIHOCTh
MTOJICTHIIKH OKOJIO 2,5 ¢M, a 3amachl cyxoi Macchl 9,20 1/ra. IToaropuzont OL, kak U B APYyTrUX TEXHOICHHBIX
JIECHBIX JKOCHCTEMax, 37ech (akTHueckd He BbipaxkeH. [loaropuzont OFH, moMuMo TOMHUHHPYIONUX
ocratkoB Betula pendula Roth., mpencraBien npomyKTaMH HEMOIHOTO Pa3IOXKEHHS pPaCTEHU
(hopMHpYIONIETOCcs: KYCTApPHUKOBO-TPABSIHICTOTO sIpyca.
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CopepikaHue yrjiepojaa B IOJICTHIKAX BapbUpyeT B HIMpokoM auamna3zoHe (ot 9,4 mo 48,4%, mpu
cpeaseM 36,7%) 1 OTJIMYACTCS B 3aBUCUMOCTH OT THIIA M COCTaBa PACTUTEIILHBIX COOOIIECTB U 31a(hUISCKUX
ycnoBuii. Conepxanue yriaepona B OFH B cpeanem B 1,2-1,3 pasza mmke, ueM B OL. Te ke dakxTopsl
bopmupyroT pazbpoc comepkanus asora B moxacTwiakax (ot 0,56 mo 2,90%, mpu cpemnem 1,35%). B
MOJICTHIIKAX MOYB UCCIIETyEMbIX OTBAIIOB HE IPOUCXOAUT 00OTAIICHHE a30TOM HIDKHEH YacTH, YTO, BEPOSTHO,
CBSI3aHO C HU3KOM OMOJIOTHYECKOH aKTHBHOCTBIO.

B nenowm, 3amacel yriieposia B MOJACTUIIKAX TPABSHBIX U JIECHBIX TEXHOTCHHBIX 3KOCHCTEM HaXOAATCS B
uatepBanie 0,26-3,26 T C/ra u yBeNWIMBAIOTCS B Py MUOHEPHBIE < MPOCTBIC TPABSHUCTHIC < CIIOXKHBIC
TPaBSIHUCTBIE < MIPOCTHIC JIECHBIC = CIIOKHBIE JIECHBIE COOOIIEeCTRA.

Takum 00pa3oM, MOTyUYEHHBIE PE3YIbTAThl TIO3BOJISIOT 3aKIIOUUTh, YTO AJs (POPMHUPOBAHHS PE3EPBOB
yriepoja B TEXHOTCHHBIX JaHImadTax MpH MPOBEACHHH PEKYJIbTUBAIIMA HEOOXOJAUMO CO3JIaBaTh yCIOBHUS
JUTS YCKOPEHHOT'O Pa3BHUTHS CIIOKHBIX PACTUTEIHHBIX COOOIIECTB. YUUThIBas CrielUMUKY PYHKITUOHUPOBAHUS
TEXHOTCHHBIX PKOCHCTEM, 0oJiee OBICTPBIMU TEMIIAMH 3TO MOXKHO JIOCTUYb IPHU BHIPABHUBAHUU U OTCHINKE
MOBEPXHOCTH PBIXJIBIMH TOPOJAMH, CIIOCOOCTBYS, TEM CaMblM, YCKOPEHHOMY PAa3BHTHIO TPaBSIHBIX
¢uToneno3os (Ckorapesa u ap., 2024). D10 mo3BonHT, HapsAAY ¢ HOPMUPOBAHHUEM KpPaTKOCPOYHOTO (OHIIA
yriaepoJa B BUAC MOACTUIIOK, CO34aThb NPCANIOCHIIKU IJId Pa3BUTHA I'YMYCOBO-aKKYMYJIATUBHBIX T'OPU30HTOB
KaK JIeNo JOJTOCPOYHOM cekBecTpaluu. Jliisi ceKBecTpalMd COOTBETCTBYIOIIMX 3alacoB yriepojaa B
MOJICTHIIKAX JIECHBIX HACAKACHUI HY)XHO OOJbIIE BPEMEHHM BBUAY CHENUGUKU Pa3BUTHS JPEBECHOMN
PACTUTENFHOCTH; MPH 3TOM BMECTE C HAKOIUICHHEM JPEBECHHBI (OPMHPYETCS MyJl CPETHECPOYHOTO JICTIO
yraepona (Y gumies u np., 2025).

B mo6om cityuae, popMupoBaHre Ha TOBEPXHOCTH OTBAJIOB YTIIepa3pe30B Kak JIECHBIX, TAK U TPABSIHBIX
MOJICTHJIOK M JIPYTUX OPTraHOTCHHBIX TOPH30HTOB SBISICTCSA BaXKHBIM (DAKTOPOM, MPEMATCTBYIOIINM
00pa3oBaHMUI0O M MUTPALUK OpPraHUYecKUX MOIUTIOTaHTOB (CokonoB u ap., 2021) U THKENBIX METaIOB
(Ckorapesa u ap., 2025).
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The aim of the study was to identify litter formation features and assess litter carbon- sequestration ability in the
forest and grass ecosystems of man-made landscapes of the Gorlovka anthracite deposit.

Location and time of the study. The outer anthracite mining spoil of the Gorlovka anthracite mine (54.568880,
83.588956), Novosibirsk region, Iskitimsky district, June-August 2024.

Methods. Litter sampling at the study sites was carried out using the envelope method as per the methodological
recommendations for soil samples collection and analysis of the Unified National Monitoring System for
Climatically Active Substances. A plastic cylinder with a diameter and height of 100 mm was used to collect the
material. The litter samples were analyzed after drying to an air-dry state in the Laboratory of soil reclamation of
the ISSA SB RAS. After cutting with scissors, more thorough dispersion with a vibrating ball mill and subsequent
homogenization, litter carbon and nitrogen content was determined using a CHNS/O analyzer 2400 Series Il
Perkin Elmer. Statistical processing of the results was performed using Microsoft Excel and PAST v2.17 software
packages.

Results. In the mining spoils ecosystems, due to the heterogeneity of edaphic conditions and longevity of
spontaneous revegetation of the sites, the formed litter was characterized by heterogeneity in composition,
structure and organic matter and carbon pools. The noted features of the litter were confined to certain types of
embryozems and plants growing on them, which are grouped into pioneer, simple and complex forest and
herbaceous communities. The minimum thickness (up to 1 cm) and pools of organic matter (up to 1,59 t/ha) were
found in fragmentary litters of pioneer plant communities on initial embryozems. The litter of complex
phytocenoses and grass ecosystems of turf embryozems was characterized by small thickness, but maximum pools
of dry mass. The litter carbon content ranged widely (from 9,4 to 48,4%, with an average of 36,7%) and differed
depending on the type and composition of plant communities and edaphic conditions. In general, carbon pools in
the grass and forest litter of man-made mining spoils ecosystems ranged 0,26-3,26 t C/ha, increasing in a row of
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pioneer < simple herbaceous < complex herbaceous < simple forest=complex forest communities. At the same
time, nitrogen enrichment of the lower litter layers did not occur in the studied anthracite mining spoils most likely
due to the poor development of biota.

Keywords: reclamation; embryozems; soils of man-made landscapes; carbon sequestration; Technosol.
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