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accumulation and rhizobacterial diversity
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Heyxi1oHHBIN pOCT YMCIIEHHOCTH HapOJOHACEJIEHUS PUBOIUT K YBEJIMYEHHIO CIIpOCa
Ha TIPOJOBOJILCTBUE, OJHAKO AaKTUBHOE HCIIOJIb30BAHNE CHUHTETHYECKHX YHIOOpeHHH U
MEeCTULUAOB, YBEIMYUBAIOUIUX MPOJYKTHUBHOCTh CEIBCKOXO3WCTBEHHBIX KYyJIBTYp, B
KOHEYHOM CU€Te BbI3bIBACT HAPYIIEHUE HKOJIOTMUYECKOTO0 PaBHOBECHS, YXYAIIAET COCTOSHHE
CEJIbCKOXO3SIICTBEHHBIX TOYB M YBEIMYMBAET MHILIEBbie pucku. Kpome Ttoro, mpobnema
3¢ (hEeKTUBHOCTH HUCIIONIB30BaHUS a30THBIX YIOOPEHUN CTUMYIUPYET MOUCK HOBBIX T€HOTUIIOB
CEJIbCKOXO3SIICTBEHHBIX KYIBTYp, 00€CMEUHUBAIOIINX CTAOUIBHYIO YPOKaHHOCTh B YCIOBHSIX
Huskoro tuonoponust (Lynch, 2024). Tlpu sTom pacTeHus 3a CU€T MOCTYIUICHHS yIlIiepoaa ¢
KOPHEBBIMH BBIJICJICHUSIMU, TPHKU3HEHHBIM OIAJ0M M PACTUTEIbHBIMU OCTAaTKAMU MOTYT
JIeTepMUHUpPOBaTh  oOwime,  pa3HooOpasue ®  (YHKIMOHAIBHYIO  aKTUBHOCTB
MUKpPOOPTraHU3MOB — areHTOB a30T(QUKCAlMH, aMMOHM(HUKAIMK U HUTpUPUKALUY,
TpaHC(OPMUPYIOIKUX a30T B JIOCTYMHYIO 1l pacteHuit ¢opmy. C Apyroid CTOpOHBI, OHU
MOTYT BJIMSTHh Ha aKTUBHOCTb M pa3HOOOpasue NEeHUTPU(PHUKATOPOB, NEATEIBHOCTh KOTOPHIX
MIPUBOAMT K YMEHBIIICHHUIO 3aracoB odmiero azota B nmouse (Henry et al., 2008).

Ilenp wucciemoBaHWs — OILIGHKA BIUSHUSA JeduIUTa a30Ta Ha OCOOEHHOCTH
CTPYKTYpBl TOHKHX MOTJIOIIAIONINX KOPHEW pa3HbIX copToB Tomara (Solanum lycopersicum
L.), HakoruieHHe a30Ta B PAacTEHHSIX W TOYBE, a TaKXKE H3YYCHHE PH300aKTEPHAIBLHOTO
pazHooOpazusi. Tpu nerepmuHaHTHBIX copra — «bankonnoe uymo» (BY), «KomuarHbIii
Cubupsixk» (KC) u «Boponwuit mma3z» (BI') — BeIpanuBagu B ropuieqHoM SKCIIEPUMEHTE B
tedyeHue 10 Hemens (ampenb-UIOHB) TPH E€CTECTBEHHOM OCBEIICHHMH W KOMHATHOU
TeMIlepaType Ha MaJoIJIOAOPOAHOM CyOCTpare, MPUrOTOBIECHHOM U3 J€PHOBO-TOA30IUCTON
mouBbl, Topda, uHEI U mecka (1:1:1:2, mo o0bEmMy). B moNIOBHHY ONBITHBIX 00pa3IoB
nBykpaTHo BHocuiu a3oT (30 mr N/kr mouBel) B ¢opMe pacTBOpa aMMHUAUHOM CETUTPHI.
HccnenoBanHble copTa MOKa3adl CXOAHYIO BHYTPEHHIOI CTPYKTYpPY TOHKHUX MOIIOIIAFOIINX
KOpHEH, OIHAKO Pa3IuvaliuCh MO KOMIUIEKCY KOJIMYECTBEHHBIX MPU3HAKOB. BBIsSBIEHO, UTO
BHECEHHE a30Ta OKa3aJoCh HE3HAYMMBbIM (DaKTOpOM MJsi CTPYKTYpHl TOHKMX KopHel (F =
0.97; p = 0.46), B TO BpeMs KaK COpPTOBbIE OTJINYMs OKazauch 3HauuMbl (F =9.29; p <0.001).
Haubonbmne n3meHenusi ormeueHsl y copra BI': Gosiee TosicThie moromaromue KOpHH C
OONBIIMM JUAMETPOM CTEJIbl M TONIIMHBI TAapEeHXHMbl, Hajduuue OapbepHBIX TKaHEU



(3K30,HepMa, SHHOﬂepMa), XOpomo pa3BuTa adpCHXUMA. OTMe‘leHO, 4YTO BHCCCHHC a30Ta B
MMOYBY IMOJIOKHUTCIIBHO BJIMAJIO Ha KOJIMYCCTBO U 6H0pa3Hoo6pa3He aBOT(bI/IKCaTOpOB.

Hccnedosanue evinonneno 3a cuém epauma Poccutickoeo nayunoeo ¢onoa Ne
24-26-00248, https://rscf.ru/project/24-26-00248.
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* KonraktHoe nuio: Anekceir CepreeBuu BacunbueHko, 3aBenyroniuii Jaboparopueii,
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AkTyanbHOCTh. AkTHBHOE oOcBoeHne Apktukun u  CyOapkruku, Ha (QoHe
KIMMAaTHYECKUX W3MEHEHUH, MPUBOIUT K NpeoOpa3oBaHUIO HETPOHYTBHIX HSKOCHUCTEM B
arponanama@Tel. JTO BIEYET 32 COOOM PUCK MOTEPU MOUYBEHHOIO YIVIEPOJa U HapYLICHHS
XPYIKOTO dKOJIoTHYecKoro Oananca. M3yuenue TpanchopManni MEKPOOHBIX COOOIIECTB MpU
OCBOCHHMU U TMOCJEIYIOIIEM BOCCTAHOBICHMM TYHAPOBBIX IMOYB KPUTUYECKU BAXKHO IS
MIPOTHO3UPOBAHUS MOCTEICTBUN TaKUX U3MEHEHHIA.

Marepuansl u Meronsl. MccnenoBanue nposeaeHo B Hanpimckom paitone SAHAO.
OOpasupl 0TOOpaHbl C TPEX THUMOB OOBEKTOB: AKTUBHOE CEIIbCKOXO3SMCTBEHHOE TI0JIe
(arporieHo3), 3a0poiieHHbIe 3anexkHble 3emiun  (17-29 neT BoccTaHOBIEHUs) U
HEHApPYIICHHbIC TpUPOAHbIe NaHMmadTel. JJi XapakTepUCTUKA MUKPOOHMOMa MPUMEHEHO
BBICOKOTIPOM3BOAUTENIbHOE CeKBeHHpoBaHue moiHbix reHoB 16S pPHK u ITS (PacBio),
OLIEHKA aKTUBHOCTHU TUAPONUTHYECKUX PpepMeHTOB U amuccuu CO,.

Pesynprarel. OcBoeHHME TYHAPBHI TOJA AarpoleHO3bl C BHECEHHUEM OpPraHu4ecKux
ynoOpeHuii (KOMIOCTBI, HaBO3) NPHBENO K (GOpMUPOBAHUIO TUIOAOpOoAHBIX mouB (Hortic
Podzols) ¢ weiitpanbubiM pH. DTO BBI3BAJIIO paguKaibHYIO IMEPECTPORKY MHUKPOOHOTO
cooOmiecTBa: BO3pocia A0 NpOTeo0aKTepuil — pyAepalbHBIX I-CTPATeroB, CIOCOOHBIX K
OBICTPOMY POCTY W MHUHEpAIM3ALUU JIETKOAOCTYITHOTO OPraHMYeCKOro BELIECTBA, YTO
MOATBEP)KIACTCA BBHICOKOW 0a3albHOM JbIXaTelNbHOM akTUBHOCTHIO. Ilocie mpekpamieHus



CEeNbXO3MCIONb30BaHusa  (3anexxHble  3emuu, Plaggic Podzols) mnawancs mpouecc
BOCCTAHOBIICHUS, HAMPABJICHHBII B CTOPOHY CBOMCTBEHHOTO TYHJIpPE MOA30JI000pa30BaHUSI.
Habnromaercs monkucienue moyBkl, yBenudeHue noiau Acidobacteriota u 6a3uIMOMHIIETOB,
CHCIMAIM3UPYIOIUXCS ~ HAa  Pa3IOKEHUM  CIIOKHBIX ~ OPraHWYECKUX  COCIUHEHUH.
Annga-pazHooOpazue OakTepwii COXpaHSETCS, HO MEHSETCS COCTaB PEIKHX TAKCOHOB, a
pa3HO0Opa3ue TpuOOB 3HAYUTEIILHO CHUKACTCSI.

BoccranoBienne 3KocHCTEMHBIX (QYHKIIMH Ha 3aJIekd UAET MeqyieHHo. HecMmoTpst Ha
HAKOIIJICHWE OpPraHMYeCKOro BEIIeCTBa, €ro KayecTBO MEHSETCs B CTOpPOHY Oolee
YCTOWYMBBIX (POpM. DTO MPUBOAUT K CHIXKEHUIO METa0OINYeCKOW aKTUBHOCTH MUKPOOHOM
6uomaccel U 3((HEKTUBHOCTH YTHUIIM3AIMH yTiiepoaa. AKTUBHOCTh (DEPMEHTOB, CBSI3aHHBIX C
UKIoM a3zota u ¢ocdopa, MEHSETCs, OTpakas CIABUTH B JIOCTYIHOCTH TMHTATEIbHBIX
JIEMEHTOB.

Brison. [Ipeobpa3zoBaHue TyHIPOBBIX ITOYB B arpOIICHO3bI KOPEHHBIM 00pa30oM MEHSET
CTPYKTYpY U (YHKIMIO MHKpPOOHBIX coobmiecTB. [locne mpekpaiieHust Xo3siCTBEHHOU
NeSITeIbHOCTH HAUWHAETCS MPOLIECC BOCCTAHOBIIEHUS, OAHAKO faxe yepe3 30 ieT MUKpoOHoe
COOOIIECTBO HE TMOJTHOCTHIO BO3BpAIACTCA K MCXOTHOMY (TPUPOTHOMY) COCTOSHUIO,
JNEMOHCTPUPYS 3HAYUTEIbHYI0 HMHEPUUOHHOCTh. llomyueHHBIEe [aHHBIE BaXKHBI JUIS
pa3paboTKu CTpaTeruil yCTONYMBOIO 3€MIICTIONB30BAHUS U MPOTHO3WPOBAHUS MOCIEICTBUN
AHTPONIOTEHHOTO BO3/ICUCTBUS B APKTHKE.

KarwueBsie cioBa: Kpuorennsie sxocuctembl; [lnarrenHoe cenbckoe xo3sicTBo; Plaggic
Anthrosols; [TouBeHHBIN MIUKpOOHOM; Beunas mepamnora.

Qunancuposanue: Hccrnedosanue evinonneno npu nodoepicke Munucmepemea HayKu u
svicueco oopazosanusi Poccuiickoii @edepayuu (coenawenue Ne 075-15-2024-563).

CE30OHHASA 1 BO3PACTHAA IUHAMMUKA @ KX 1
CEKBECTPAIIMOHHBIX XAPAKTEPUCTUK XBOMWHBIX JIPEBECHBIX
PACTEHUH KAPEOHOBOTI'O ITOJIUT'OHA «YPAJI-KAPBOH»

Kucenénra U.C., ManeBa M.I., [laTpuxeeBa A.A.
VYpanbckuii GenepalibHblii yHUBEpCHTET, I. EkaTtepunOypr, Poccus
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KuroueBbie cnoBa: Picea obovata, Abies sibirica, Pinus sylvestris, accumunsius CO,, TUTHUH

[Toka3ana BbIcOKas M3MEHYMBOCTh accuMmsinuu CO: B TedeHUE CYTOK U Pa3HbIe
MECSIBI TO/1a Y OCHOBHBIX JIecO00pa3yIomux mopoj noiurona «Ypan-Kap6on». Ilokazarens
BapbupoBai ot 2,5 1o 3,5 mr CO2/kr xBon*uac. Micnons3ys nannsie B.A. Ycomsiesa (2007,



2022) nns TaéxHBIX JecoB Ypana paccumtaHa accuMuiisinusg CO: B 00béMe 6—7 kr/ra*uvac
win 10—12 T/ra 3a Bech BereTallMOHHbIN ce30H. XJI0poUIbHBIN HHAEKC cocTaBmi oT 1,5 mo
6 Kr/ra XBOMHOTO Jieca B pa3Hble TOJbl U pa3Hble Mecsubl. [loTeHnanbHy0 cnocoOHOCTh
CEKBECTHPOBATh yIIEPOJ OLEHUBAIM [0 HAKOIUICHHMIO OMOMAacChl M COOTHOIIECHHUIO
(doTocUHTETHYECKUX (XBOS) M TeTepoTpOdHBIX (CTBONMKM) TKaHEH. B mepBwIii Tof KU3HU
Macca XBoM Obla Ooible, 4em cTBONMUKOB. Ilo Mepe crapeHmsi Macca reTepoTpo]HBIX
OpraHOB poOCJa CHJIbHEE, 4YeM aBTOTPOHBIX. 3a YeThIpe Toma OOJBIIyH OHuomaccy
HaKaIuIMBaJid MOOETH COCHBL. Y enu oHHM dopMupoBaiu B 1,25 paza MeHbIIy0 OroMaccy, B
CpaBHeHMU ¢ OHUXTOM. M3 BceX KOMIOHEHTOB OHMOMAacchl JUTHUH HauOoliee YCTOWYHB K
ouonerpanamuu. Ero comepskanue B moOerax pasHoro Boszpacta coctaBisiio oT 30 % mo 50
%. HammeHblnast 05 JIMTHHHA OOHapykeHa B MEXAOY3JHMSIX COCHBbI, HauOoOJbIIas — B
noOerax €. Y MUXThl U COCHBI yX€ CO BTOPOTO Tofla JKU3HU 0N JTUTHUHA B OHomacce
MPAaKTUYECKH HE MEHSIETCS, OHAKO MPH MepecyEéTe Ha Maccy y i IMTHUHA OyJIeT MEHbIIEe B
1,7 pa3 (40 mr), yem y nuxtsi (67,5 mr) u B 2,8 pa3a, B cpaBHEeHUHU ¢ cocHOi (112,5 mr).

Hccnedosanue noodepocano Munucmepcmeom Hayku u  6vicuie2o obpazosanusi Poccutickoii
Dedepayuu 6 pamxax eocyoapcmeennoco 3aoanus FEUZ-2025-0011.

Bakrepuanabubiii  pusoduom Epipactis atrorubens (Orchidaceae) kak ¢daxrop
KOJIOHM3AllMU TEXHOTeHHOI0 Cy0cTpaTa U HAKOIJIeHHs yIjiepoaa

Bacterial rhizobiome of the Epipactis atrorubens (Orchidaceae) as a factor of
technogenic substrate colonization and carbon sequestration

Manesa M.I.*, bopucosa I''I"., Tyr6aesa A.C., Boponaesa O.B., ®unumonona E.U.

VYpanbckuii penepanpHbIid yHUBepcuTeT UM. ieporo [Ipesunenra Poccun b.H. Enbnnna, 1.
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s pa3paboTku 3((GEKTUBHBIX Mep M0 COXPAHEHUIO JIOKAJIBHBIX MOMYJISALMNA pPeaKUX
BUJIOB OpXHJIeil 0COOYI0 aKTyaJbHOCTh MPEJCTABISACT N3yUYeHHE MX KOHCOPTHUBHBIX CBsI3ell ¢
MOYBEHHBIMH MUKpooprann3Mamu. K HacToseMy BpeMeHHU JOKa3aHa MOJIOKHUTEIbHAS POJb
MUKOPH3bl B aJaNnTallid OpPXHIHBIX K MAaJOIUIOJOPOAHBIM CyOcTparaM, II0YBaM C
M30BITOYHBIM KOJIMYECTBOM METAIUIOB M JAPYTHM HEOJIArOMPHUATHBIM d1ahUIeCKUM yCIOBHIM
(Smith, Read, 2008). IlouBeHHbIe OakTepuu, HAPSIAY C MHUKPOMHUIIETAMH, SIBIISIOTCS
BOKHCHUIIMMU KOMIIOHEHTAMH CHCTEMBbl CHMOMOTHYECKUX OTHOIICHHWA PACTEHUH CeM.
Orchidaceae ¢ mukpoopranusmamu (Herrera et al., 2022). M3BecTHO, 4TO MHOTHE OaKTepuu
0051a1at0T CIOCOOHOCTBIO CTUMYJIMPOBaTh pocT pacteHuit (PGP — ot anmi. «Plant Growth



Promoting») ¢ moMOIIbIO pa3IUYHBIX MEXaHU3MOB, TAKUX KaK MPOU3BOACTBO (PUTOTOPMOHOB,
XeJmaTupoBaHHE  Jkene3a  cuaepodopaMu, — 00pazoBaHHME  OPTaHMYECKHX  KHUCIIOT,
comoomnmsanus QocdaroB u aAp. (Kumar et al.,, 2021). IlpoBeaeHbl KOMILJIEKCHBIC
uccnenoBanus Epipactis  atrorubens (ApeMIHK TEMHO-KPACHBIN), KOJIOHU3UPYIOIIETO
CEPIICHTUHUTOBBIE CyOCTpaThl (€CTECTBEHHBIM JIEC M OTBAJI BCKPBIIIHBIX IOPOJ MOCIE
n00bIYM acOecTa): METareHOMHBINH aHan3 0aKTEpUaTBHOTO PU300MOMa, BKITIOUAs BBIACIICHHIE
W CKPHHHMHT OTICNBHBIX KylnbTyp 1o PGP-xapakrepuctukam; MOphOMETpUYESCKUN U
(hU3MOI0TO-OMOXUMHYECKUN aHAJIU3 PACTEHUH B 3aBUCHUMOCTH OT YCJIIOBHM MPOW3paCTaHUSI.
BrisiBensl ocoOeHHOCTH (OTOCMHTETUYECKOTO ammapara OpXHIEH, CIOCOOCTBYIOIIHE
MOJACPKAHUIO TMPOAYKIIMOHHOTO TMporecca. M3ydeHbl peIoKC-PeaKkIuy, OTPaKAoIIUe
YCTOWYMBOCTh BHJIa K TEXHOTCHHOMY CcyOcTpary. B pu3ocdepe opxuen Ha 000MX ydacTKax
BBISIBJIEHO 67 BUIOB OakTepuid, U3 KOTOPHIX 9 BCTpeuyanuch Ha OTBaJ€ U JUIIb 2 OBLIU
oOmumu. Beimeneno 75 wuzomnsaToB, W3 KOTOphix oToOpaHo 27 PGPR um ompenenena ux
MIPUHAUISKHOCTh K ponam Buttiauxella, Pseudomonas, Bacillus n Yersinia. Ha otBane
BBISIBJICHO b 2 popna: Buttiauxella u Pseudomonas. IlokazaHo, 4TO, HECMOTps Ha
HEONMaronpusTHBIE YCIOBHsS OTBaja (CHJIbHAasg KaMEHHCTOCTh, HHU3Kas BJIAro€MKOCTh H
00eCredYeHHOCTh a30ToM U (HochOpOM € OJHOBPEMEHHO MOBBIIEHHBIM KoJmdecTBOM Mg, Ni,
Cr u Co), conepkaHue OPraHUYECKOTO YyIIepoaa KaK B MOACTUIIKE, TaK U B pU30CEpHOI
MOYBE, U3MEHSJIOCh HE3HAYUTEIHHO, TI0 CPABHEHHUIO C JIECOM, YTO MOXKET CBUJICTEILCTBOBATh
0 TIOJIOKUTETFHON POJIU pr30-0aKkTepruoMa opxujieu. B memnom, mpoBenéHHbIC UCCIIETOBAHUS
MOKa3aJik, YTO HECMOTPS Ha HU3KOE BHUJIOBOE Pa3HOOOpa3ue pru300aKTepuil Ha TEXHOTEHHOM
cyocrpare, nons PGPR cocraBmsiia 89 %. DOTo MO3BONSIET HPEANOJIONKHUTH BBICOKYIO
3HAYMMOCTh O3TUX OakTepuil B HaTypajlu3alldd OpXUAEH B TpPaHCHOPMUPOBAHHOM
MECTOOOUTAHHH.

Hccneoosanus evinonnenvl npu noooepoicke Munucmepcmea HayKu U 8bicuie2o 00pa3o8anusl
Poccuiickou @edepayuu (npoexm FEUZ-2024-0011).

IKOJOI'MYHBIE UHI'MBUTOPBI 'MIPATOOBPA30OBAHUAA:

PABPABOTKA PEAT'EHTA HA OCHOBE HEJIJIIOJIO3bI
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HekonTtponupyemoe  oOpa3oBaHHMe  Ta30BbIX  T'MAPAaTOB B He(TEra3oBbIX
TpyOONpPOBOAAX MPUBOIUT K aBapUsAM U BBIOpOCaM METaHa — MOIIIHOTO MApHUKOBOTO ra3a. B
COBPEMEHHOM KOHTEKCTE IPU pa3pabOTKE PeareHTOB ISt KOHTPOJIS 3TUX IPOLECCOB CIEIYET
YYUTBIBAaTh, YTO OHHM JOJDKHBI OBITh HE TOJNBKO I(PPEKTUBHBIMH, HO M SKOJOTHYHBIMHU.
Pemenune Bonpoca 0 BIMSHHAM COCTaBa PEareHTOB HA KHHETUYECKHE ITapaMeTphl HYKJICALMH U
pocTa ruipaToB MO3BOJUT CO3aBaTh MHIMOUTOPHI U3 MPUPOIHOTO CHIPHSL.

B nmannoit pabore mpoBoauiack pa3paboTKa IKOJOTHYECKH 0€30MacHBIX HHTHOUTOPOB
Ha OCHOBE NPUPOMHOTO Marepuana (IIeJUTIOI03bI) JUIsl TPEAOTBpPAlICHUS O0Opa30BaHUS
ruaparoB. CHCTEeMaTHYEeCKOE H3y4YeHHE BIUSHUS HAHODUOPUIUISIPHOW 1ETI0N03bl (Kak
WCXOJTHOM, TaK U MOAU(PHUIIMPOBAHHON) Ha KHHETUKY HYKJICAIIMH U POCTa THIPATOB METaHA U
MPUPOTHOTO Ta3a B YCIOBHUSAX, MOJCIUPYIONIUX TPAHCTIOPTHUPOBKY YIJIEBOJOPOIHBIX
GuronIoB MO0 TPYyOOIPOBOIAM, IMO3BOJIMIO BBISIBUTH, YTO HEKOTOPHIE (DOPMBI IEIUTFOIO3BI
JEMOHCTPUPYIOT CBOMCTBA KHHETHYECKUX WHTHOUTOPOB, 3(PQPEKTUBHO MperoTBparias
HYKJICAIIMIO THAPATOB, YTO HANPSMYIO CHIDKAET PUCKH aBapuil M BBIOPOCOB MApHUKOBBIX
razoB. Hawmbornee mnepcrneKTUBHBIMH OKa3aJMCh HaTpueBas ¢opMa HaHODUOPHILIAPHOM
HEJUTIONIO3bl W HaHOPHOPWIUIApHAs — I[EJUTI0OI03a € NPUBUTBIMH  IICTISIMH  TIOJIA
(N-u3onponuaakpuiIaMuia).

Pa3paboTka u BHeIpeHHE «3eNEHBIX)» HHTHOMTOPOB TUAPATOOOpa30BaHMs HA OCHOBE
OMOCOBMECTUMBIX MaTepUajOB MO3BOJIUT JOCTHYB IIeNiel pecypcocOeperarieil SJHepreTuku
Y CHU3UTH YIJTICPOIHBIN ciell He()Tera3oBoi oTpaciu.

HUccneoosanue evinorneno sa cuém epaunma Poccuiickoeo nayunozo @onoa (npoexm Ne

24-79-10328).



CMECEBBIE PEATEHTHBI 151 KOHTPOJISAA CTABMJIBHOCTH KJIATPATHBIX
I'MAPATOB: CHHEPT'ETUYECKHUE 3O®EKTHI VIS CHUKEHUA
9KOJIOTHMUYECKOMN HATPY3KH B HE®TETA30BOM OTPACJIN

Cronopes A.C.l’z, Ceméno A.I1.!
! PI'Y negpmu u caza (HUY) umenu U.M. I'voxuna, 2. Mockea

Mockosckuii ghuzuko-mexnudeckuti UHCMumym (HAyuoOHANbHBIU UCCTE008AMENbCKUL

YHusepcumem), 2. /loneonpyonuwiii

E-mail: a.stoporev@mipt.ru

["a3oBBIe (KiIaTpaTHBIC) THAPATHI MPEACTABISIIOT COO0M TI00aIbHYI0 MPOOIEMy s
HeTera3oBoi M OKOJOTMYECKOW OTpaciei, SBISAACh NMPUYMHOW aBapuii M BHIOPOCOB
MApPHUKOBBIX Ta30B, M OTHOBPEMEHHO — OCHOBY JUIS IEPCIEKTUBHBIX TEXHOJIOTHI (XpaHeHue
raza, cekectpauus CO:). YmopapieHne HX 00pa30BaHUEM U PA3IOKEHHEM —KIIIOUEBOMN
BBI30B, PEIIEHUE KOTOPOTO TMO3BOJHUT MpeoOpazoBaTh KiaTpaTHbIE THUAPATHl U3 YIPO3bI B
pecypce Uil yCTOMYMBOTO Pa3BUTHA.

B Hameii rpymnme npoBoAauTcs pa3padoTka (U3NKO-XMUMUYECKHX OCHOB MPUMEHEHHS
CMECEBBIX HE(PTEPOMBICIOBBIX PEareHTOB JUIsi KOHTPOJIS Ta30BBIX THPATOB: HCCIIEOBAaHUE
CTaOWJIIBHOCTH THJIPATOB B TMPHUCYTCTBUU W3YYa€MbIX BEIECTB (HAmpHUMeEp, METaHOI,
MOHOATHJICHIJIMKOJIb, Oy TOKCUITAHOJI, TOITYOJ, IUKIONCHTaH, COJIEBbIC CHCTEMBbI) M KHHETHKHU
NPOTEKAIONINX IPOIECCOB. DKCIIEPUMEHTAIBHO TOATBEPXK] H CHHEPreTHUeCKUi PdeKT B
CMecCsX METaHOJIa 1 MOHOJTHJICHIIMKOJIS, TAK)KE METAHOJIA U XJIOPHJIOB METAJJIOB MEPBOH H
BTOPOH TIpymnnbl. AHTUTHIpaTHas AKTUBHOCTh CMECH TMPEBBIIIAET CyMMY aKTUBHOCTEH
WH/IMBUYAlIbHBIX KOMIIOHEHTOB, YTO TIO3BOJIAET CHM3HMTh OOLIMI pacxoj peareHToB,
MUHHMH3HPOBATh TOKCHYHOE BO3/IEHCTBHE METAHOJA, ONITUMHU3UPOBATh (PU3NKO-XUMHUUECKHE
CBOWCTBA HMHTHOUTOpPA M COKPATUTh OSKCIUTyaTallMOHHBIE 3aTpaThl. BBISBICH YyHUKAJIbHBINA
3PPEKT HEKOTOPHIX HHU3KOMOJICKYJISPHBIX aM(U(UIOB OIHOBPEMEHHOTO BIUSHHUS Ha
TEPMOJMHAMUKY, KHHETHKY HYKJICAIllH, pOCTa U arJIOMEPAIiH THIPATHBIX YacTHI.

PazpaOarbiBacMble COCTaBBI o0ecrneynBaroT JIBYXCTOPOHHEE CHI)KCHHE
HKOJIOTUYECKOM Harpy3ku 3a cy€T IOHWKEHHs IOTpeOIeHUus MeTaHola U BBIOPOCOB
MApPHUKOBBIX I'a30B MpH 100bIue yriaeBoaopooB. [lomyueHHble pe3yabTaThl BHOCIT BKJIAJ B
byHaaMeHTallbHOE TMOHMMAaHHE TIPOLECCOB CTAOMIM3alMM THAPATOB M MpPEAararT
NPAaKTUYECKHEe MHCTPYMEHTHI JUIs TIepexoja K Oosee O€30mMacHbIM M yCTOMYMBBIM
TEXHOJIOTHSIM B YCIIOBUAX U3MEHECHMS KIMMAaTa.



Hccnedosanue evinonneno sa cuém epauma Poccuiickoeo nayunozo ¢onoa (npoexm Ne

25-19-00284).

TexHo010ruU TepMUYECKON MepepadoTKu OMOMACCHI IJIs1 CHUKEHM S

HEraTUBHOI0 AHTPOIMOTeHHOI0 BO3/1eHCTBHUS HA OKPY:KAIONIYIO cpeay™

N.N. Illanenxos, P.b. TabakaeB

HammonaneHblil ncciienoBaTenbCkuii TOMCKUM MOMUTEXHUYECKUN YHUBEPCUTET, T. TOMCK

Poct anTpomoreHHOM Harpy3ku Ha OKPYXKAIOIIYIO Cpeny, 00yCIIOBICHHBIN, TIIaBHBIM
o0pa3oM, DSHEPreTHYEeCKOHM OTpaciabl0 M  CXKHUFAaHUEM TPATUIMOHHBIX HCKOMAEeMBbIX
YIIIEBOAOPOIHBIX HMCTOYHHUKOB, OOYCIIOBIMBAaET HEOOXOAMMOCTH IOMCKA albTepHATUBHBIX
TEXHOJIOTMM TOJMy4YeHHs SHepruu. IlepcrnieKTMBHBIM M JAMHAMHUYHO Pa3BUBAIOLIMMCS
HaIpaBJIE€HUEM Cpelld BO300HOBIISIEMBIX HCTOYHHMKOB JHEPIHM SIBIIETCS HSHEpreTHKa Ha
ocHoBe Ouomaccel. EE€ pasHooOpasHble pecypchl pPaclpOCTPaHEHBl MPAKTHYECKH
MIOBCEMECTHO M 005aJal0T OOJIBIIMM MOTEHIMAJIOM B KOJMYECTBEHHOM 3KBHUBAJICHTE
3amacaeMoil sHepruu. Kpome TOro, HaOMIOMaeTCsl TMOCTOSHHBIM POCT OOBEMOB 3a CUET
MOBBILIEHUSI POU3BOAUTEIBHOCTH arpONpPOMBIIUIEHHOTO M JiecoliepepadaTbIBatoIIero
KOMITJIEKCOB. TepMuyeckasi nepepadoTka TaKOro ChIpbs MO3BOJISET MOJy4aTh SHEPreTHUECKU
LIEHHBIE TPOIYKThI C MEHBILINM BO3/IEHCTBUEM Ha OKpY’KaIOILyI0 cpeny. OJHAKO caM IpoLece
CYLIECTBEHHO 3aBHCUT OT MEXaHU3Ma BO3JECHCTBUA Ha CBIPbE U €0 XAPAKTEpUCTHUK. B
JAHHOM MCCJIEIOBAaHUM TMPUBOJUTCS CpPaBHEHHE JBYX THUIIOB MUPOJIM3A: TPAJUIMOHHOIO C
HarpeBOM Bcero oO0bE€Ma peakTopa W MHKPOBOJIHOBOTO C JIOKAJIbHBIM BO3JEHCTBUEM
AIIEKTPOMArHUTHBIX BOJIH Ha 0Opasell JUisl TOIUIMB C Pa3IMYHOM CTENeHbI0 MeTamMopdusMa.
Pesynprarel CpaBHUTENBHONM CEPUM JKCIEPUMEHTOB CBUAETEILCTBYIOT O TOM, YTO
TPaAMLIMOHHBIA MHPOJIN3 Haubosee NPEANOYTUTENEH JUIsl MOIMy4YeHHs] TBEPABIX NMPOIYKTOB
nupoinu3a (OMOoyrosn), KOTOpble MOKHO 3P (GEKTUBHO HCIOB30BaTh, HAPUMEP, B CEIHLCKOM
xo3siicTBe. Takol moaxoa oOecredrnBaeT He TOIbKO POCT MPOU3BOAUTEILHOCTH, HO U MOXKET

paccMarprBaTbCs KaK BapUAaHT U3IBATHA YITICPOAd U3 YINICPOAHOIO HHKJIA C AOJITOCPOYHBIM



3aXOpPOHCHHEM B  TIOYBEHHBIX CIIOSX. MUKPOBOJHOBBIH MHUPOJIU3  JEMOHCTPUPYET
MPEUMYIIECTBA C TO3UIUU TONYYCHHUS BBICOKOKAIOPUHUHBIX Ta3000pa3HBIX MPOAYKTOB C
HU3KUM cojiepkaHueM OammactHoi cocrapisitomeii — COz-kommnonenta (<10%), a
MPUMEHEHHE MHTEHCU(UUIHUPYIOIUX KaTaIUTUYECKUX J100aBOK CHOCOOHO CYIIECTBEHHO
MOHU3UTH JHEPro3arpaThl HA peau3alMi0 caMmoro mpoiecca. [IpeacraBieHHbIe pe3ylbTaThl
TaKke JIEMOHCTPHPYIOT BBICOKHME TMEPCIEKTUBBI B YacTU MOTYT CIY>KUTh OCHOBOW ISt
BEIOOpa croco0a mepepabOTKH OPraHUYEeCKOTO CHIPhSi B 3aBHUCHMOCTH OT Ha3HAYCHUS

KOHCYHBIX ITPOAYKTOB.

* Paboma evinonnena npu ¢punancosou noooepoicke Poccutickozo nayunozo ¢honoa (npoexm

No 24-79-10113) https://rscf.ru/en/project/24-79-10113/

N3YUYEHUME BIUAHUA MUKPOCDEP ATAPO3bI
HA HYKUVIEAIIMIO I'MIPATA METAHA

Spaxmenos M.B.L, Cusuxos A.A."%, Cronopes A.C."?

! PI'Y negpmu u caza (HUY) umenu U.M. I'voxuna, 2. Mockea

Mockosckuii ghuzuko-mexnudeckuti UHCMumym (HAyuoOHANbHbIU UCCTE008AMENbCKUL

yHUgepcumem), 2. J{oneonpyonwiii

E-mail: murtazali99@bk.ru

W3MmeHeHus TemmepaTypbl M JaBJI€HHUS BO BpeMs JOObIUM, TPAHCIOPTUPOBKH H
nepepaboTKU Ta3a MOTYT NPHBECTH K KOHACHCAIMKM BOIBI, OOpPa30BaHUIO JIbJAa W/WIH
ra3orupatoB — HECTEXUOMETPUUYCCKUX KPHCTALUTUYECKHX COCIUHEHUH, CIIOCOOHBIX
HAKaIUTUBAThCS B TPOMBICIOBBIX W TPYOONPOBOMHBIX CHCTEMaX, BbI3bIBAas aBapUHHBIC
OCTAaHOBKM M POCT OINEPAIMOHHBIX 3aTpaT. BO03MOXHOCTH yIpaBlIeHUs MpoleccaMu
HYKJICAIIUM, POCTAa M arIoMepali THAPaTOB MOXET CHU3UTh PHUCK (OPMHPOBAHUS
THJPATHBIX TPOOOK U MEePEHANpPaBUTh MPOIECC B HY)KHOE PYCIIO, YTO KPUTHUYECKU BaKHO IS
MPOMBIINIJICHHOCTH.

B nannHoit paboTe mNpoBOIMIACH OILIEHKA BIWSHUS XUMUYECKON MOAM(PUKAIINH
arapo3HbIX MHUKpoc(ep Ha BeposSTHOCTH (OPMUPOBAHHUS Tuapara MeTaHa. [[ns sToro k
Mukpochepam  guamerpom  ~50-150 MKM W3 CIIMTOH  arapo3bl  NPUBHUBAIH
Cynb(ornponuibHbIe u YETBEPTUUHbIE aMMOHHEBbIE TpyTIIbL. [TocTpoenue


https://rscf.ru/en/project/24-79-10113/

HKCIIEPUMEHTAIbHBIX (YHKIHMH pacnpeaeneHue BeposTHOCTeN Hykieauu ruapara B 0,25 %
Mac. CyCHeH3UH MHUKpocdep arapo3bl MPOBOAMIM Ha OCHOBE JaHHBIX TEPMHUECKOTO aHaIH3a
npu KoHTponupyemMoMm oxnaxjaeHuu (12 °C/MuH) M MHTEHCHMBHOM mepemernBanuu (500
00/MuH) mon maeneHueM MeraHoMm (8,5 Mlla mpu komHaTHO# Temmeparype). B mokmaze
OyleT paccMOTpEHO BIHMSHHE THINA (YHKIMOHAJIBHBIX TPYII arapo3bl Ha CKOPOCTh
HyKJI€allud U pocTa rujipara MeTaHa.

Uccneoosanue evinonneno 3a cuém epamma Poccutickoeo Hayumozo ¢honoa (npoexm Ne

24-79-10328).



