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O$uqnanbHoro orrroHeHra Ha Aucceprarlr4oHuyro pa6ory EyrnHa Ceprex

Bunroponnva <Murpo6nue coo6rqecrBa AoHHbrx orJrox(ennfi osepa Eafilcan e

3oHe BbIXoAa yrneBoAopoAHbrx ra3oB Ha noAHflTr4r't llocolrclcas EauKa 14 krx ponb

B AecrpyKIIHrI opraHr{qecKoro BerrlecrBa), [peAcrarleuuofi Ha coucKaHue yuenoft

creneHu Ka:e.AI1.Aara 6no.uornqecKux HayK rro creuklultrbHocrr4 03.02.08 -

SKonorz.a (6uonornqecKue nayxu)

AxryannHocrb reMbr lrccJreAoBaHuq. ,{uccepraqnx C.B. Eyxraua

rlocB-flueHa uccneAoBaHlrlo MuKpooHbrx cooouecrB, Koropbre pa3BHBitrorc.rr B

AoHHbIX orJloxeHr4rrx o3epa Eafixan B 3oue BbrxoAa yrneBoAopoAHhrx ra3oB.

I{enrro LIccJIeAoBaHr4fl. 6uro kr3}n{eHr4e parnoo6pagvrfl. rrpvrpoAHbrx l,rnrcpobnux

cooolllecrB, ocyrqecrBnflrorqHx 3AKIIOTILITEJIbHbIE 3Tarrbr AecrpyKrlrrH

opraHl4rlecKoro BerrlecrBa B AoHHbrx ocaAKax rly6oxonoAHoro MeraHoBoro cufla

dlo conrcrca.q EaHra) B p a3JrprqHbrx oKoJrorurre cKkr x ycnoBrrrrx.

l{ccle4oraletrfl. uulcpo6urrx coo6rqecrn, pa3BnBarcrquxcr B 3oHe

reoJrorllFlecKHx anouanufi, o6orarrleHHblx pa3n[qHbIMH ucTorIHuKaMI4 yrJlepoAa Lr

3Hepruu 3a cqer rloroKa rrpr{BHocurvrux uy6prHHbrx ra3oB u Smou4oB, Ba}KHbr KaK

Arfl n3ytlenr4fl oKoJroruu yHprK€IJrbHbrx MecrooburaHnit, rarc v Mn noHnMaHrr.fl

ponn uulcpoOuux coo6rqecrB B 6uoreoxuMlrrrecKr4x rluKrrax. Osepo Eafilca-ir

tBJr-rrercr OAHUM Lr3 HeMHOTUX Mecr Oopasonarur.a yrneBoAopoAoB B

rIpecHoBoAHbIX ycroruxx. B cBr3lr c grrrM, aKTytLrrbHocrb Lr3yqeHpu poJrrr

uy6zuHux rvrurpo6urrx coobtqecrB B rlpoqeccax reHepa\nkr yrneBoAopoAoB Lr

AecrpyKIIr4LI opraHrlqecKoro BerqecrBa B 3oHe <<flocolrclca.a EaHxa) He Bbr3brBaer

conaHeHrafi.

HayvHar HoBrBHa r{ccJreAoBan}rs. B xaqecrse o6rercra uccJreAoBanr4fl.

nu6paHrr paHee He H3fIeHHbre coo6qecrea MHKpoopraHr43MoB r{3 AoHHbrx

OCAAKOB pafiona rny6oronoAnofi pa3rpy3Krl MeraHa <llocolncrcas EaHxa>.

BrrepBbre oxapaKreplr3oBaHa crpyKTypa 3Tlrx coo6qecrB cArropou

r4crlonb3oBaHrleM MoJreKyJl.flpno-6nonoruqecKr{x MeToAon. B xoAe oKclepprMeHToB

BrIepBbIe I,IccJIeAoBaHa cloco6Hocrr ururcpo6Hux coo6qecrB AoHHbrx ocaAKoB



HaKoTILITeJIIHbIX KyJrbryp r,r olpeAeJreHbr rryTlr o6pasoraHutr MeraHa v :raHa.

B rrpoqeccax qr{KJra MeTaHa

pe3yJrbrarhr prccneAoB anluit

$.rrrou4or. Eomruoe BHpIMaHTIe yAeneHo MeraHo6pasyrorqrrM MrrKpoopraHr{3MaM,

no4po6uo olncaHbl ocoOeusocrz SusnoJrorrlr4 Lr oKoJrorr4r{ MeraHoreHHhrx apxefi.

O6o6uteHa un$opuaqux ro kTccneAoBaHlrrrM

aKTLIBHOCTpT Mr4KpOOpfaHLr3MOB, ) raCTByrOrrIHX

AoHHbrx ocaAKax o3epa Eafiral. llpune4eHu

rr,rnlcpo6uoro pasuooopasur H

B

no

o3epa Eafiran r o6pa:oBaHllro yrJleBoAopoAHbrx ra3oB B pa3nlrqHhrx ycJroBuflx tr

Ha pa3Hbrx cy6crparax, [oKa3aHo TaKcoHoMlrqecKoe paauoo6pasue

Buepnrre B ycnoBpltx reprrao6apr'TqecKoro sKclepuMeHTa BbrflBJreHa poJrb

repruo$unbHblx MLIKpoopraHLI3MoB B rrpoqeccax AecrpyKrlr4u opraHlrqecKoro

BeqecrBa vr reHepaqlrrd 6uonnapxepon ne$ru. C$opnrynlrpoBaHHbre B

ALIcceprarlnoHHofi pa6ore HafrHble [oJIo)KeHux olt:ffi,$aror Hecovrueuuofi nayruofi

IleHHocrbro. Irlx o6ocuoBaHHocrb, paBHo xax o6ocHoBaHHocrbrrpeAJraraeMbrx

rrpr{MeHeHuHaBTopoM BbrBoAoB, ocHoBbrBaercfl Ha KoppeKTHoM nrr6ope v

coBpeM eHHbrx MeToAo B Lr cp eAcTB ut ccJreAoB aIJIdfl,.

Crpyrrypa u o6reu pa6orrr. [Hccepraqus C.B. Eyruna u3Jrox(eHa Ha

ll9 crpaHrrllax MarrruHorrrrcHoro reKcra, cocrorrr Lr3 BBeAeH?r-rr, Tpex rJraB,

3aKrIotIeHHfl. kr BbIBoAoB, coAeplerr 23 pucynKa u 7 ra6tmtl. r4nnrocrparun,tr:stfi,

Marepr,raJr B rrpptfio)KeHuu. Pa6ora JrorvrrHo crpyrcyplrpoBaHa, rpaMorHo

H3JIo)KeHa. Bne4enlre BK[roqaer o[IncaHr4e aKTy€urbHocrtr reMbr LrccJreAoBaEvrfl,

uayuuofi HoBrI3HbI, [paKTl{qecrcofi Lr reoperr4.recrofi 3Harrr4Mocru pa6oru. Taxxe

Bo BBeAeunn o6osHaqeHbl Ilenb v 3alla'c,ivr uccneAoBailvrfl, [puBeAeHbr ocHoBHbre

[oJrox(eHl{rr, BblHocuMbre Ha 3aIIIr4ry.

O6:op nr4Teparypbr AocTaTorrHo raH$oprvraraBeH, OXBATbIBAET

pa3HolnaHoBble HccneAoBalJprfl rro reoJrorlrr4, reoxLrMpru kr rr,rurpo6uoJrorplr4

HccneAyeMoro pairona. llpnne4eHa uo4po6Hafl xapaKrepkrcrlrKa reororuqecKoro

crpoeHu-fl TIoAHflTH{ floconrcKa.a EaHxa, orpaKeHbr oco6eHHoctr4 AoHHbrx

oTJlox(eHufi, cn.a3aHHble c pa3rpy3Kauu rrydrrHHbrx ra3oB kr ra3oHacbrrrleHHbrx

rny6nnuofi 6zocSepe.



fnana 2 [ocBflrrleHa orrncaHr.fto o6relcros kr

BKirroqaer KparKoe ollrcaHlre MeroAa or6opa

METOAOB LICCNENOBAHLTfl U

lrpoO v xapaKTepr4crlrKy

I{ccneAoBaHHbIX obpasqon AoHHrIX ouoxeHufi, [peAcraBJreHHbrx B ra6nuUe.

floc:rarouHo rloApo6so onucaHhr MrrKpo6uororraqecKze, $nszrco-xurMuqecKue 14

MoneKyn-flpHbre MeroAbr, uclonb3oBanubre r pa6ore.

llonyvenHble pe3ynbrarbl rrpeAcraBJreHbr B rJraBe 3. floapo6Ho uccneAoBaHa

nocrofrHa-fl crpyKTypa uvrpo6nux coo6qecrB ra3oHocHbrx AoHHbrx ouoxeHr,rfi,

rrpoBeAeH alJurvr3 [oJr]nreHHbrx pe3ynbTaToB c r4crronb3oBaHr4eM MeToAa

HerlapaMerpl4qecKol'o IrrKaJrupoBanufl" MHoroMepHbrx AaHHbrx. llpoqeccu

o6pasonaHux MeraHa rvrurpo6Huu coo6rqecrnou uccne.qoBaHbr B xoAe

KyJrbrLrBLrpoBaHHr B ncraxpo$uJrbHbrx ycJroBlrrrx (4 oC), rpoBeAeH

$unorenernqecxufi anarrvrg HaKorrprreJrbHbrx Kynbryp, xoroprrfi Bbr-f,BrrJr BbrcoKoe

KonuqecrBo MeraHoreHHbrx apxefi Methanocella kr Methanobacterium pr

npel'rMylllecrBeHHoe o6pa3oBaHple MeraHa rro aBToTpo$novry nyrlr. flpe4craureHo

SKC[IepI{MeHTUITIbHOe r,rCCJreAOBaIIId:e rpoqeccoB AecrpyKur4r4 opraHlrqecKofo

BelrlecrBa rvrurcpo6nurvr coo6rqecrnou B ycnoBn.rrx [poroKarareHe3a (np"

reMreparype 80 oC u 4anneHpru 5 MlIa).

[ocronepHocrb rloJryrreHHbrx pelyJrbraToB, crerreHb o6ocHonaHHocrr.r

p$yJrbraroB H BbrBoAoB. C.B. Eyruurrna rrort5 reHbr HoBbre AaHHhre o crpyKType

nrrucpo6Hux coobulecrB B AoHHbIx ocaAKax n pafiouax BbrxoAa repMoreHHbrx

ra3oBbrx $nrou4on 14 rroKa3aHa Hx ponb KaK B rpoueccax AecrpyKrlr{u

opfaHlrqecKoro BerrlecrBa c o6pasonaHzeu yrneBoAopoAoB, TaK kr B

xeMoJrprrorpo$uux flpoqeccax ucrroJrB3oBa:aufl 3Hepruu HeopraHuqecKurx

coe4nueHzfi H ra3oBbIX Smoz4on. Anrop B rlenoM KoppeKTHo rrpuMeH-rrer

HayqHylo TepMLIHOIOTVIO, [OCJIeAOBaTeJTbHO Vr rOrUqHO OcBerrlaer cTpyKTypy

HccneAoBaHvrfl. ,{ocronepHocrb 3arrlr4rqaeMhrx uoloxeuzfi, pe3ynbraroB rr

BbrBoAoB rloATBepxqaerc.fl 3Harrr4TeJrbHbrM rrLtcJroM ouy6nurcoBaHHbrx pa6or no

TeMe AUCCepTarIUrr

MeporrpHflTr4rrx

BbITIOJIHEHHhIX aBTOpOM AOKTTaAOB Ha Ha)ArHbrx



Btrno4rr, cAeJraHHbre rro pe3ynbraraM LrccneAoBau.vIfl,, rIoJIHocrbIo

o6ocHonasu. Marepuanu Auccepraquonuofi pa6oru ouy6nuxoBaHbl B 11

rretrarHbrx pa6orax, 4 r{3 HHX - B xypHaJrax r,r3 rtepeqHs BAK. Korut-{ecreo

rry6nuxauufi coornercrByer rpe6oraHu.sl,r BAK AJr.rr KaHAr4AarcKr4x Aprccepraqufi.

OAuaro rrMeercfl p.rrA BaMe.raurafi rlo Ar{cceprarllru, a uMeHHo:

L Ha nrofi B3rJUrA, raOnnqy 2 <Xaparrepr4crlrKa AoHHbrx ouoxenufr

pafioua lloconrcrcas Ealma, ucrroJrb3oBaHHbrx B pa6ore> 6onee yMecrHo

pac[ono)Kr{Tb B rJraBe <Peayrrnrarbr), [ocKoJrbKy n Hefi orpDKeHbI ocHoBHbIe

xapaKTepncTHKr{ uccneAyeMbrx fpyHToB, Ba}r(Hbre AJrJr rroHLrMaHZf 3KoJrolullecKklx

yclo nufi u ecro o 6pr rartuit M r4Kp oopraHLI3M oB .

2. B onucanvrv cxeMbr MoAeJrbHoro 3KcnepprMeHTa ecrb prA neroqnocrefi:

yryrreHa Brop€u qacrb (Ilb 2) pa3AeJreHHoro o6pasqa AoHHbIx orJrolrenllir, ye

o 6ocnoe au nu 6op AJrlrreJrbHo crrl KynbrrdBr4poB aHpr.fl ( I 7 Nr ecxqer).

3. flo pe3ynbraraM ceKBeHupoBaHn-rr B ocaAKax Ha rny6uHe 100 u 140 cu

BbrrBJreHbr rrpeAcraBkrrelrvr 8-Proteobacteria, B ToM rrucre poAa Desulfuvirga (100

cM), noprAoK Desulfuromonadoles (140 cr), ocyqecrBn,nrorque

cynr$arpeAyKuprn. B ro x(e BpeMr, ucxo4x u3 anaJwr3a nopoBbrx BoA, B 3TI4x

cJro-flx ocaAKoB cynrQar-uoHbr He o6napyxeHrr (ra6n. 2). Karc anrop Mo)I(er

o6rscHurr no4o6uoe Hecoornercrrue?

4. llcuomsoBaHpre MeroAa MHoroMepnoro HerrapaMerpuqecKoro

rrrKaJrupoBaEKfl rro3Bonr4rro Ha coBpeMeHHoM ypoBHe rrpoaHzlrru3llpoBarb

B3arrMocBr3r{ Menqy naurpo6nrru pasHoo6pa3rreM vr ruuuqecrprM cocraBoM

nopoBbrx BoA, oAHaKo, B MeToAax He yKa3aHa rrporpaMMa, c rroMorrlbro roropofi

[poBoAr4rrrlrcb pacqerrr. Ha pnc. 12, AeMoHcTplrpynqeM rpa$nuecKoe oTpax(eHrae

anaJrvga, An-s 6oree KaqecrBeHHoro Bocrrpr{flTrrr Hn$oprvra:qrzrv crolrJro noArrucarb

$nnyuu 6arcrepzfi (A) 
" 

apxefi (E),4ererrlrpoBaHHbrx B AoHHbrx ocaAKax.

5. Bcrpeuarorcr HeroqHocrrr B ccbrJrKax Ha HcrorrHr.rKr,r: ylyueHbr ccbIJIKLI

Ha pa6orn: Tranvik et a1., 2009; Roussel et aI.,2008; Lozupone,2005; ouru6xu s

roAe BbrxoAa uy6nnraqlrr.r (XnrrcroB rr 1p.,2002, Thauer, 2002; Sprenger et al.,



2000; Fricke eta1.,2005;Lazn etaI.,2016; Sakai etar.,20l0;Fey, connd,,2000;
H Ap.) .

6. He coBceM KoppeKTHo klcrloJlb3yrorcfl HeKoropbre repMr{Hbr: HeyMecrHo

rOBOppITb (BbICOKOMLIHeptU[I3OBaHHbIe [OpOBhIe BOAbr) IIO OTHOrrreHrrrO K BOAe C

Ml4Hepuuusarluefi 1,2 rln; rrpv orruca:nvrLt noJr] reHnr HaKolprreJrbHbrx Kynbryp -

rIpLIMeHtrb repMLIH (KynbruBkIpoBaHrre ueraHo6pa3yrotqux coo6rqecrB) pr Ap.

7. Bcrpeuarorc-a orerrarKr{: <YraH-vle> BMecro vnau-yAs (ctp. 36),
(M erenup o BaHHbrx)) BM eCTO (M eTrr,Jrr4poB aHHhrx)) co eAnHeH ufi (c . 6g) .

Orue'rennble 3aMerraHutil He orpar(arorcq Ha o6rqefi rroJrorfl{Te.nrnofi

xa parff epr,rcTrrKe flpeAcraB;renHofi Ar{ccepTarluoHnofi pa6 oru.

3ax.rrro'reHue. [uccepraqux EyruHa Ceprea Buxroponnua ;rBJrxercfl

saroHqeHuofi HaflHo-KnannSmaqraonnofi pa6orofi, B rcoropofi [peAcraBJreHbr

HayqHo o6ocuonaHHhle perueHufl aKTyurrrbHofi saAa.rr4, LrMerorqefi sHa.renvre il1rfl.

pa3Burufl rvrurpobuoJrorl4rl H onpe4elxmrqefi 6uopasHoo6pasne kr

$yHrcqnoHprpoBaHlre nazrcpo6urrx coo6rqecrn, Hfpzlroqux BeAyrqyro ponb B

KOHBepCHT4 OpraHurrecKoro BerrlecTBa.

IrlccleAonanr4fl rrpoBeAeHbr Ha

3KCIEPUMEHTZIIIbHbIMH TIOATBEPXAEHPI-'IMI4 AOCTOBEPHOCTU

pe3yJrbraroB. llolyueuHrre aBTopoM pe3ynbrarbt prccneAoBaT]slfl

BbrBoAbr u 3aKrroq uaufl obocHonaHu.

o0opn'ueHa Ha BbIcoKoM ypoBHe c AocraroqHbrM KoJruqecrBoM rro-rrcnrrorrlux

ra6nrEq, pr4cyHKoB n Sororpa$ufi.

Anrop e S ep ar orp axaer o c H o B Hbr e rroJr o )r(e H LrA ilvc c epr ar\uu.

Pesynrrarbr AuccepraurloHuofi pa6orrr AocraroarHo rrrupoKo ocBerrleHbr B

orrprrroft IIeqarH H Aono)KeHbr Ha xoH$epeHrlurx pa3nnqHoro ypoBHfl.

Taxlru o6pasonr, AuccepTaur4.fl BbrrroJrHeHa Ha aKTyiilbHyro reMy, krMeer

HaynHoe H [parcHrrecKoe 3HaqeHue, coAepxaHr4e u

,Ar4cCeprarluoHHofi pa6oru coorBercrByer rpeoonaHHrrM rr.fr. g, 10

rpr4cpKAeHvrv yqeHbrx creueHefi) BAK P(D, npe4bfBJrreMbrM K

o$opnaleHrae

[HccepraIIHoHHzuI pa6ora :elafivrcala rpaMorHbrM HaJ rHhrM fl3brKoM pr

<llonoxeHllrr o

KAHA14AATCKHM

coBpeMeHHoM ypoBHe c

rroJr) reHHbrx

AOCTOBepHbr,



Al,IcceprarlvrflM, coorBercrByer crreqnaJrbHocrn 03.02.08 oKoJrorur. Arrop

Al4cceprarlnn EyrnH Ceprefi Burroponuq 3acnylKuBaer rpucy)rt4enufl, yreuofi

crerleHr{ KaHALrAara 6prororu.recKux HayK no cleqlruurbHocrrr 03.02.08

3KOJIOT}I.fl.
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