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B kpatkoii popMe rmokazaHbl CTAHOBJIEHUE YYSHUS O TTIOA3EMHBIX MUKPOOPTaHU3MaX U UCITOJIb30BaHUE eTO
Hay9IHBIX 0000IIEeHNN 1 SKCIIEpUMEHTAIBHBIX TaHHBIX B TEOPUM U MPAKTUKE MHXXEHEPHO-T€OJIOTMYECKUX
U TUIPOTeOJIOTMYECKUX UCCIEIOBAHUI C TIPUMEHEHHUEM MPSIMBIX 1 KOCBEHHBIX METOIOB, B TOM YHCJIE CO-
BpeMEHHOro MetareHoMHoro aHanu3a 16S pPHK. YcraHOBIeHBI OCHOBHBIE UCTOYHUKU ITOCTYILICHUS
MUKPOOPraHMU3MOB B Ioa3eMHoe IpocTpaHcTBO CaHKT-IleTepOypra, KOTOpble CUCTEMAaTU3UPOBAHbI T10
MacuITady ux BO3IeMCTBUS 1 TeHe3UCY. AHAIN3 U OLICHKA WHXXKEHEPHO-Te0JIOTMYeCKUX ITPOIIECCOB KaK pe-
3yJIbTaTa OesITeIbHOCTU MOA3EMHOI MUKPOOUOTHI OTPAXKalOT OCHOBHBIE aCIEKThI, OMpPEAC/ISIOINe YPO-
BeHb 6€30IaCHOCTH OCBOSHUS M MCITOJIb30BaHMS IIOJ3€MHOTI0 IIPOCTPAHCTBA MeTaIToJInca IJIsl pa3InIHbIX
LieJieii: MPOEKTUPOBAHUSI, CTPOUTEILCTBA U SKCILIYyaTalIMKU MOA3EMHBIX COOPYXKEeHUI (IIePeroHHbIX TOHHEICH
METPOIIOIMTEHA) Ha pa3/IMYHBIX IIyOMHAX, IPOXOIKH IIyOOKMX KOTIIOBAHOB JIJISI HA36MHOT'O CTPOUTEIIBCTBA 1
np. Pe3ynbrarsl ncciaenoBaHuii AeSITeIbHOCTH TTOA3EMHbBIX MUKPOOPTaHM3MOB 1aI0T BOBMOXHOCTb CIe/IaTh Bbl-
BOII O HEOOXOIUMOCTH PaCIIMPEHMS NHXXKEHEPHO-TE€0JI0TMIEeCKOT0, THAPOTEOI0TMUYECKOI0 ¥ MHXKEHEPHO-9KO-
JIOTMYECKOT0 M3yYeHHUS ITOA3EMHOIO ITPOCTPAHCTBA PA3IMYHbIX PETMOHOB C LIEJIbIO TO3HAHMSI CTeIIEHU OITAaCHO-
CTH AESITEILHOCTH OA3EMHOI MUKPOOMOTHI ¥ CHYDKEHMS YMCJIa aBapUIAHBIX Y IIPeIaBapUITHBIX CUTYALIIIA.

KioueBbie ciioBa: nodsemmuoe npocmpaHcmeo, MLleO6Ll0/lO€Ll‘1€CICLle MCCﬂe()OBGHLlﬂ, UCMOYHUKU NOCMYN/AeHUsA
MUKPOOPSAHU3MOE, KOHMAMUHAUUA, npupoﬁﬂo—meXHoeeHHbte npoueccst, npoeHo3upoeaHue
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BBEIAEHME

CoBpeMeHHbIE JTOCTUXEHUS B MEXIUCLUIIIU-
HapHBIX HayKax JaJii BO3MOXHOCTb OLIEHUTb 3HAYM -
MOCTb Y HEOOXOAMMOCTh BCECTOPOHHET0 U3YYEHUS
MOJA3EMHBIX MHUKPOOPTaHU3MOB, AKTMBHOCTb €S-
TEJIbHOCTU KOTOPBIX TMOATBEPKAAETCS Ha OOJBIINX
nryonHax — 10 4—5 kM [18]. YIx nesaTeIbHOCTh IIpO-
SABJsIETCSd B (POPMUPOBAHUU COCTaBa U COCTOSIHUS
MOA3EMHBIX BOM, IpeoOpa3oBaHUM MeCYaHO-IJIMHU-
CTBIX TpyHTOB [8, 30], pa3BUTUM ONaCHBIX MHXXEHEPHO-
reoJIOTMYECKUX MPOLIECCOB Ha Pa3IMUHBIX ITyOMHAaX,
YTO (DUKCUpYeTCs] TTPU OCBOCHUM U MCIIOJIb30BaHUU
MOA3EMHOI0 TIPOCTPAHCTBA METaroJiiCcOB, KPYMHBIX
TrOpOJOB, a TAaKXKe MPU pa3pabOTKe MOoJIE3HbIX UCKOTIae-
MbIX [16, 21, 31]. CtaHOB/IEHNE HAYKH O JeATEILHOCTH
MOA3EMHBIX MUKPOOPTaHM3MOB TTPOUCXONWIO, HAUU-
Hasi ¢ Iepro/ia aKTUBHOTO Pa3BUTHSI MUKPOOUOJIOTHU B

U reoJioru, pabotasiinue Ha cThike HayK (C.H. Buno-
rpagckuii, A.A. MHWuocrtpanuen, I.A.Hancon,
B.JI. OmensHckuit um ap.). IlepBbie oTe4ecTBEHHbBIE
paboThI B CBSI3U C M3YyYEHUEM BIMSIHUSI MUKPOOPTa-
HU3MOB Ha (hOPMMUPOBAHUE OCATOUHBIX OTJIOXEHUM
ObLIM ONyOIMKOBaHBI B Hayayie XX B. [26]. B nepBoii
yeTBepTH Iporiuioro ctojietus B [Tetporpane b.JI. Uca-
YEHKO KCCIIeA0Ba MTPUYMHBI pa3pyllieH s] KUPITUYHOMN
KJIaIKU CT€H OpaHXEepEeMHOro KOMILIEKca Tporuye-
CKMX pacTeHuil boTaHnyeckoro caga u ropoackoii Bo-
noHanopHolt OamrHu Ha IllnanepHoii ynuue, ae-
CTPYKTOPOM KOTOPBIX OKa3aluChb HUTPUDUIIMPYIO-
muye 6aKTepyuu W TMPOAYKTHI MX MeTabonusma [15].
MM Ke BriocyiencTBUUM ObUTM HAaYaThl TIEpBbie pabOThI
B CCCP 110 BormpocamM KOppo3um OETOHOB THIPOTEX-
HUYECKUX coopykeHuit BonxoBcTposi 1 CBUPBCTPOS
B 1931 r. [14].

koH1ie XIX B. bosbliryto posib B U3y4YeHUHN NEsITEIbHO-
CTU MUKPOOPTAaHU3MOB KaK YYaCTHUKOB Ireojiornye-
CKMX MIPOLIECCOB U SIBJIEHUI ChIrpaJIi MUKPOOUOJIOTH

B 1924 r. T.JI. Tun3bypr-KaparuueBa nokasaia
Hajauuue 6GoraToro OMOLIEHO3a W MeTabOJMTOB Ha
nIyOuHe CBBINIE 1 KM B mpeaeiax ra3oHeTSIHBIX Me-
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CTOpOXIeHMI [5], a mo3gHee, BO BTOPOII ITOJIOBIHE
XX B., A.E. Kpucc npoaHanu3npoBai BJIUSIHUE BbI-
COKMX JIaBJICHWiII BOALI Y MOPOJ Ha POCT U aKTUB-
HOCTh MUKPOOpPTranmu3mos [18].

Bonbliiyto poib B U3y4eHUU reoJIOTUYeCKO mesi-
TeJIbHOCTM MUKPOOPraHM3MOB ChITpajl aKaAeMUK
B.1. Bepuanckwmii, KOTOpPBIA B IIEPBOI YeTBEPTU
XX B. chopMHUpOBaJl HOBYIO MEXIUCIUILUIMHAPHYIO
HayKy — OMOTeOXUMMUIO, BBES TIPEACTaBICHUE O XKU-
BOM BEIIIECTBE U €0 POJIU B 36MHOM KOpe. AKTUBHOE
pa3BUTHE JAHHOTO HaIpaBJICHUs] HA4aJl0Ch B TTOCJIe-
BOEHHbIE TOJbl U ObLIO CBSI3aHO C BOIIPOCAMU BJIUSI-
HUS MUKPOOMOTHI Ha (hOpMUPOBAHME MUHEPAIOB U
TOPHBIX TTOPOJI, a TAKXKE MECTOPOKACHUM MOJIE3HbIX
HCKOMaeMBbIX, YTO oTpaxkeHo B paboTtax B.O. Tayco-
Ha [32], B.JI. Hcauenko [13]; C.H. KysHenosna,
M.B. UBanoBa, H.H. JIsnukoBoii [20]; JI.E. Kpama-
peHko [17] u np. Toraa ke BriepBble paccMaTpUBaIach
pOJIb MUKPOOPraHM3MOB B MpeoOpa3oBaHUU COCTa-
Ba, COCTOSIHUS 1 CBOMCTB rpyHTOB [27]. B 1980-X rT.
mkoJjioii MI'Y um. M.B. JlIoMoHOCOBa IoA PyKOBO/ -
ctBoM akamemmuka E.M. Cepreesa B TeoOpHIo 1 IIpaK-
TUKY WHXEHEPHOI TIeoJoruu ObUl BHEAPEH pSI
MPUHLIMIIOB MUKpOOUooruu [3, 28].

HauuHas co BTopoii moJIOBUHBI XX B., PSIIOM CO-
BETCKMX YUEHBIX ObLI CIeJlaH MPOPHIB B M3YYCHUU
GMOKOPPO3NN KOHCTPYKIIMOHHBIX MaTepuajoB, aK-
TYaJIBHOCTh 3TUX MCCIIEIOBAHMNI He TToTepsiia CBoeit
OCTPOTHI U B HaIllu AHU [2, 25, 29].

B 1996 1. Ha MexXXTyHapOTHOM CHMITO3uyMe B [a-
BOCE Ha OCHOBaHUMU PELLIEHUS MUPOBOI0 COOOIIIECTBA
CIIELMAJIMCTOB U YYEHBIX, pabOTaIONINX B Pa3HBIX 00-
JIaCTAX 3HaHUN (MUKPOOUOJIOTU, T€OJOTU, OUOTEX-
HOJIOTH, OMOXUMUKH, OMODU3NKU, PATUOOMOTIOTH 1
JIp.), ObLJIa BhIAEJIEHA CAMOCTOSITEIbHAS MEXKINCII-
mmHapHas Hayka “IlomzemHass MuUKpoOuonorus:”
(Subsurface microbiology) [7].

Ha xadenpe ruaporeoaorum 1 MHXXEHEPHOU reo-
Jiorun CaHkT-IleTepOyprckoro ropHoro yHUBEpCH-
TeTa TMepBble MUKPOOMOJIOTUYECKUE MCCIEeTOBAHUS
ObUIM HauyaThl B 1988 I. B CBSI3M ¢ BonpocaMu IJIU-
TEJbHOW YCTOMUYMBOCTU COOPYKECHUI MPOMBIILICH-
HOI TUAPOTEXHUKM, PACIIOJNIOXKEHHBIX B BOJOOXPaH-
Holi 30He p. JIyra, Brnagamwoiieii B bantuiickoe Mope.
B paspese ocHOBaHMI1 COOpPYXeHUI U UX TTPUMbIKA-
HHUS C MOMOIIbIO TTOCEBOB ObLI BblIENEH Oorarblit
MUKPOOUOILIEHO3, KOTOPBIIA CIIOCOOCTBOBAJI MOJIHO-
MY CaMOOYMIIIEHUIO TPYHTOBBIX BOI OT HedTenpo-
JIYKTOB — COJISPHOTO Maciia. bbljio ycTaHOBJIEHO, UTO
JIeSITEIbHOCTh TOA3€MHBIX MUKPOOPraHU3MOB CO-
MPOBOXIAeTCsl HAKOTLJIEHUEM OOJIbIIIOTO KOJMYECTBA
MUKPOOHOI Macchl B IECYAHO-TJIMHUCTBIX TPYHTAX,
YTO TIPUBOAMUT K CHIKEHUIO WX COIPOTUBJIICHUS
cABUTY. DTOT (akT ObLI MCMOJB30BAaH B pacyerax
YCTOMUYMBOCTHU JaMO XBOCTOXPAaHWIMILL IPU MOIbEME
OTMETKH! HaMbIBa.

C 1990-X IT. ONbBIT, MOJYYEHHBIH HA XBOCTOXpaHU-
Jine, ObUT HampaB/IieH Ha HCCIeIOBAaHMWE OITACHBIX
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MPOILIECCOB, BBI3BAHHBIX MUKPOOHOI IEITETbHOCTHIO B
roazeMHoM IpoctpaHcTBe CaHKT-IleTepOypra u B He-
KOTOPBIX TOPHOITPOMBIIIJIEHHBIX perrnoHax Poccuu [7,
9, 35]. HakomieHue u aHaJIM3 MOTYyYeHHBIX MaTepP-
aJIoB TIOJIEBBIX U JIAOOPATOPHBIX MCCJETOBaHUN Ha
pPa3JIMYHBIX OO0BEKTax MO3BOJWIM BKIIOYUTH TOJI-
3eMHblE MUKPOOPraHU3Mbl U WX METaOOJUThI B
3HAYMMBbIf KOMIIOHEHT MOA3EMHOTIO NMPOCTPAHCTBA
IMPU €ro OCBOEHUU U UCITOJIb30BaHUU. Takoil nmoa-
XOJl 1aeT BO3MOXHOCTb IOBBICUTh HAayYHO-MpaK-
TUUYECKUI YypOBEHb IPOTHO3MPOBAHUS 0€30M1aCHO-
CTH OCBOEHMSI M UCITOJIb30BaHUsI TTOA3EMHOIO MPO-
CTPaHCTBAa TOPOJOB UM TOPHOIIPOMBIIIJIEHHBIX
pErMOHOB.

METO/1bl U METOJAMKA UCCJIIETOBAHU

ITpuMeHeHHBIE B MPOILIUIOM U UCHOJb3yeMble B
HacTosIIllee BpeMsT MUKPOOMOJIOTMYECKUE METOMbI
WCCIIENOBAaHUSI OMOIIEHO30B TI'PYHTOB, HOA3EMHBIX
BOJI M pa3pyllIeHHbIX MaTepUaaoB MOXHO pa3aeuThb
Ha KOCBeHHBIe U IIpsiMble. B kxoHile XX — Hauvaje
XXI BB. B IPakKTUKy MCCICAOBAaHUI COTPYOTHUKAMU
Kadeapsl TUIPOreoorTM M UHKEHEPHOI TeoJIornu
Cankr-ITeTepOyprckoro ropHoro yHuBepcureTa (ga-
nee CII6 I'opHBIIT YyHUBEPCUTET) OO PyKOBOICTBOM
npodeccopa P.D. Jlamko ObUIM BHEIPEHBI KOCBEH-
Hble MeTonbl. OHU 6a3supoBaIMCh Ha OMOXUMUYEC-
CKOM OIpeaeIeHUM MUKPOOHOTO OejiKa, ITOCKOJIbKY
KJIETKY MUKPOOPTraHU3MOB 1 YaCTUYHO MPOIYKTHI KX
MeTaboaM3Ma, 3a UCKIIOYEHUEM ra3oB, COUPTOB U
KMCJIOT, — IIpeICTaBiIeHbl OeaKkaMu (PH3MMaMu) Ha
40—70%. Inst 9UCIEHHOTO OMpEISICHUST CoaepKa-
HUSI MUKPOOHOTO Gesika (najee — MbB), uinu Mukpoo-
HOM Mmacchl (maee — MM) ODpuUMEHSUIUCh METOMIBL:
M. bpendopna, T.M. Jloypu u Xaprpu-IlerepcoHna.
Bnepsrie Meton M. bpenadopna 6bu1 amantupoBaH
it onpenesieHust Mb B rpyHTax Ha Kadenpe rpyHTO-
BeleHUs U WHXeHepHou reogorun Cankt-Iletep-
Oyprckoro rocyiapcTBEHHOTO yHUBepcutTera [23].
DTOT MeTOo TaeT HanboJiee HU3K1E 3HAUYSHMS IT0Ka-
3atesii Mb (MM), mocKoJbKy UIST OTASJIEHUS O1O-
IUICHOK OT JIMCIIEPCHBIX YacTUll (ITOCJie KOTOPOIO
ompenensieTcs BeJIMurHa OelKa B CyliepHaTaHTe) IIpU
HEeHTPpU(PYTUPOBAaHNN HUCHOJIB3YIOT 1.5 ThIC. g (8 —
YCKOpPEHUE CBOOOIHOTO NaaeHMsl), pexe 2 ThIC. g, 4YTO
HEIOCTAaTOYHO JISI ITOJTHOTO OTACICHMS OMOMACCHI
OT TBepIoii moBepxHocTHu [12]. Haubosee nocToBep-
HBIC Pe3yJIbTaThl ObUIY MOIYyYEeHBI IIPU MCIIOJIL30Ba-
Huu Metona Xaptpu-IlerepcoHa, B KOTOpOM oIipee-
JieHre Oes1Ka MPOU3BOAUTCS ITyTEM IOJIHOIO OTAee-
HUSI OMOIIJICHKU 3JIEKTPODOpE30M.

Haunnasg ¢ 2003 1., HapsIomy ¢ KOCBEHHBIMH METO-
JlaMU COTPYAHUKMU Kadeapsl TMIPOreOoJoTu U UH-
xeHepHoil reonorun CII6 TopHoro yHuBepcuTera
CTaJIM IIMPOKO HCIIOJAb30BaThCS MNPSIMbIE METObI
onpeneneHus1 PU3NOJIOTUYECKUX TPy U YUCIECH-
HOCTU MUKPOOPraHM3MOB ITyTE€M ITOCEBOB Ha IMUTa-
TeJIbHbIE CPEbl 111 TPYHTOB, MOA3EMHBIX BOM U pa3-
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PYIIEHHBIX KOHCTPYKIIMOHHBLIX MaTtepuanoB [7].
C 2018 r. mpodeccop P.D. Jlamko Havana Ipume-
HATh MeTareHOMHBIN aHanmu3 16S pPHK, koTopsrit
MO3BOJISIET OMpPENeIUTh TAKCOHOMUYECKUE TPYIIIbI
(¢unsl), poaa U BUABI MUKPOOPTaHU3MOB B UCCIIEY-
€MBIX ITIP00ax 0€3 X BbIASICHUS U KyJIbTUBUPOBAHUSI
Ha MUTaATEJIbHBIX Cpedax, TeM CaMbIM MOJIy4Yast Har-
0oJiee TOJHBINA COCTaB MUKPOOMOIIEHO30B (C TOYHO-
cTbio 10 107°%). Bee npsiMble METOIBI MUKPOOMOJIO-
TMYeCKUX HCCcIenoBaHMil mpoBoasaTcs B PecypcHoMm
neHTpe CaHKT-IleTepOyprckoro rocymapCTBEHHOTIO
YHUBEPCUTETA MO PYKOBOJACTBOM Ipodeccopa, 10K-
Topa 6uonornyeckux Hayk /1.}O. Bnacona.

OCHOBHBIE UCTOYHHUKHA ITOCTYIUIEHUA
MUKPOOPTAHN3MOB B ITOA3EMHOE
ITPOCTPAHCTBO CAHKT-IIETEPBYPTA

AHanM3 TPOBEASHHBIX WCCAeAOBaHUN B XX—
XXI BB. TTO3BOJIMJI BBIAEIUTH OCHOBHBIE UCTOUHUKU
MMOCTYIUICHUSI MUKPOOPIaHU3MOB B OA3EMHOE IIPO-
CTPAHCTBO Merarojiuca Ha peruoHaJbHOM, JIOKaJlb-
HOM M 00BEKTHOM ypoBHsX. [Ip1 3TOM BaxkHO OTMe-
TUTh, YTO IIPY 3TOM ObLJIa TPOBEASHA U IpaJalns Uc-
TOYHUKOB IT0 TeHE31CY Ha IIPUPOTHBIE U TIPUPOTHO-
TEXHOTCHHBIE.

K peruoHaabHbIM HCTOUYHUKAM TIOCTYIUIEHUS
aboOpUTeHHBIX (ITPUPOAHBIX) MUKPOOPTAHU3MOB,
pa3BUTHIM MoBceMecTHO B mpeaenax CaHkr-Ilerep-
Oypra, oTHOCATCS 6Oosoma, 3annuMaBmne go 1703 1.
okoJio 70% tutomany coBpeMeHHoro ropona. I1o me-
pe paszButus Cankr-IlerepOypra ©60710Ta MOIIHO-
CThIO 2—3 M CHUMAJIUCh, a IPU OOJIbIIEN — YaCTUUHO
CHUMaAJIUCh Y 3aChINAJIMCh ECKaMU WU CTPOUTEIb-
HbIM MycopoM. Hauunas ¢ 1960-x rr., mist mombema
YPOBHS 36MHOI TTOBEPXHOCTHU Ha 60JIOTHBIE 0Opa30-
BaHU$ HAMBIBAJIUCh MECKY TTOABOIHBIX MECTOPOXIE-
Huii HeBckoii ryonl. B pe3ynbraTe K HACTOSIIEMY
BPEMEHU Ha TEPPUTOPUHU TOPOIa OHU TTOTPEOEHBI TTO
TeXHOTeHHBIMU OTJIOXKeHUsSIMU. Ellle paHHMMU padora-
MU OBbLIIO YCTAHOBJIEHO, YTO UHMUIBTpALIUS OOJOTHBIX
BOJI TI0 pa3pe3y CIOCOOCTBYET ero 00oralleHuIo opra-
HUYECKUMM COETUHEHUSIMUA aOMOTUYECKOTO U OMOTU-
YECKOT'0 reHe3uca, aHa3pOOHBIMU U (paKyIbTaTUBHBIMU
MUKPOOpPraHu3MaMM (aMMOHUMDUITUPYIOIIUMHU, CYJIb-
darpenyMpyronmmMu, Kejie30perylupyoimMu, 1e-
JII0JI030pa3fiaralliviMu, MeTaHTeHepUPYIOIIMMU, BO-
JIOpodOO0pasyIolIMMI 1 ICHUTPU(PUIIUPYIOIINMUA
OakTepusiMu), a TAKXKe MPOAYKTaMU UX MeTaboI1M3Ma
(razamu, KUCJIOTaMM), KOTOPbIE CITIOCOOCTBYIOT CHU-
JKEHUIO OKUCIUTEbHO-BOCCTAHOBUTEIBLHOTO MOTEH-
nnaima Eh < 0 MB, Bomoponnaoro mmoka3zaresns pH < 7
u noBbIleHUIo BeauuuHbl BITKs B mon3zemMHbIx BO-
Jlax, a Takke TpaHC(opMalluM cocTaBa, COCTOSIHUS U
CBOICTB rpyHTOB. HeraTuBHOe Bo3neiicTBME HA KOM-
MOHEHThI MOA3€MHOI0 MPOCTPAaHCTBa HabJrogaeTcs
o TimyonHbI 6onee 30 M.
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Ipynmoeste 600bt, MeIOIIIE TIOBCEMECTHOE pac-
MIpOCTpaHEeHME B Ipeeiax ropoaa, pacCMaTpUBaIOT-
Cs KaK MPUPOIHO-TEXHOTEHHBIII UCTOYHUK ITOCTYII-
JIEHUSI pa3INYHBIX TaAKCOHOB MMKPOOPraHU3MOB B
ero MoA3eMHOE IpocTpaHCTBO. X KoHTaMuHalus
IIpOMCXOAWJIa MPU BO3IECHCTBUM OOJOTHBIX BOI U
MO3IHEee, B IIEPUOI Pa3BUTHS METAIIONCa — 3a CYET
ymeuex U3 KaHaAu3auyUOHHbIX cucmem Majloil U CpenHei
m1youHbI 3aoxxeHus [40]. Kpome Toro, cucteMbl BOIO-
OTBEIACHUS MPEACTABISIOT COOOM PErMOHAIBHBIN TEX-
HOT'€HHbII UCTOYHUK IIPHUBHOCA MUKPOOPTAaHNU3MOB,
a TaKKe OpraHNYeCKUX U HEOPTaHMYECKUX COCTMHE-
Huii [37, 39]. B 3aBUCMMOCTH OT 3aJIOKEHUS CeTeid
BOIOOTBEICHUS U UX COCTOSTHUSI KaHAJIU3allMOHHbIE
CTOKHM MOTYT OKa3bIBaTh HETaTUBHOE BO3ACHCTBUE HE
TOJILKO Ha TPYHTOBBIE BOABI, HO M Ha OoJiee IIyOoKue
BOIOHOCHbBIE TOPU3OHTHI IIPU OIPEAETCHHOM TUAPO-
IWHaMHUYeCKOM pexume [7].

OrnpoOoBaHMe TPYHTOBBIX BOI, B KOHIIE XX—Havaje
XXI BB. B OCTPOBHOI1 YacTH ropoa o 64 pexxuMHbIM
CKBaXKMHAaM I10Ka3aJio, YTo B OOJbIIMHCTBE ciiydaeB Eh
XapakTepu3yeTcsl OTpULIATeIbHBIMU 3HAYEHUSMU, J10-
CTUTAsI CaMbIX HU3KUX BeJIMUMH Ha be3piMsiHHOM 1 Ba-
crbeBckoM ocTpoBax (Eh < —127 mB), uro yka3eiBaer
Ha mpeobiTamaHne IyoOKO BOCCTaHOBUTETLHOI 00CTa-
HOBKM B 1ton3eMHoli cpeae Cankr-Iletepoypra [7]. Uc-
cjeloBaHWe TPYHTOBBIX BOI B OCHOBaHUU psifia apXu-
TEKTYpHO-UCTOpUUecKUX TaMiaTHUKOB (Mcaakues-
CKUIL cOOOp, KOMIUICKC 3JIaHMi 3MMHEro IBOplia,
HoBoro Opmutaxa, bupxu u 1p.) ¢ ueibto onpeie-
JIEHUSI UX XMMWYECKOTro COCTaBa U arpeCCMBHOCTH T10
OTHOIIICHUIO K MaTepuajaM TOI3eMHBIX HEeCYIINX
KOHCTpYKIIU# ((DyHIaMEHTOB) yKa3bIBaeT Ha UX Bbl-
COKYI0 KOHTAMUHUPOBAHHOCTD 32 CUET yTeUeK U3 MO~
BPEXICHHON KaHAJIM3allMOHHOM CETU Tropoja, YTo
BBI3LIBAET POCT MUHEpajM3auuu 10 6—7 r/om> (B
palioHe KOoMIUIeKca 3maHuil 3MMHEero aBoplia).
ITpu 5TOM OTMeuaeTcsl MOBBIIEHUE COAEPXKAHUS efl-
kux wesnoyeii (Na*, KT, menroqyHo3eMebHbIX SJ1EMEH-
toB (Ca’", Mg?"), xJ10punoB U cylnb(aroB. YBeIUUYeHUE
conepxanusa Ca>" u Mg?" BbI3BaHO NPOLIECCAMU BbI-
1IEeJIAaYMBaHUS U Pa3pyllieHNUs] CTApUHHBIX (pyHIaMEH-
TOB (ITOCTEJIUCTHIN OyT N3BECTHSIKA, N3BECTKOBLIE pac-
TBOPbBI KUPITUYHOM KJIaAKH).

HMccnenoBanue moa3eMHBIX BOA C TOMOIIbIO Me-
TareHoMHoOro aHanu3a 16S pPHK Gbu10 BEITIOIHEHO
B paiioHe Ilecku, roe 3aprukcupoBaH HanboJee M-
TEJIbHBIM ITepron KoHTamMuHanuu (6onee 500 jer)
MOA3€MHOTO pocTpaHCcTBa. OCHOBHYIO JOJI0 B MUK~
poOUOLIEHO3€e COCTABIISIIOT aHA3POOHbBIE MUKPOOPTa-
HU3MBbI, CPEAU KOTOPBIX JOMUHUPYIOT BOIOPOI00Opa-
sytomiue 6akrepun Hydrogenophaga; 6aktepuu ponaa
Pseudomonas u Sphingomonas oGbIYHO CBsI3aHBI C
TeXHOT€HHBIMU 3arpsi3HeHusIMU (Tadd1. 1).

YcTaHOBIEHHOE COOOIIECTBO MUKPOOPTAHU3MOB
CIIOCOOHO OKa3bIBaTh HETraTUBHOE BO3IeiiCTBUE Ha
TPYHTBHI, X HATIPSIKEHHO-Ie(hOPMUPOBAHHOE COCTO-
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Tabomuna 1. PesynbraThl METareHOMHOTO aHaIM3a rPYHTOBBIX BoM B paitoHe [lecku (PecypcHuiit nentp CII6IY, 2017 1.)

Taxonomy (KpynHbie hUIIbI) s H’ggg:’ %
Bacteria, Firmicutes, Clostridia, Natranaerobiales, Anaerobranceae 14.7
Bacteria, Proteobacteria, Alphaproteobacteria, Sphingomonadales, Sphingomonadaceae, Sphingomonas 9.5
Bacteria, Proteobacteria, Betaproteobacteria, Burkholderiales, Comamonadaceae 9.3
Bacteria, Proteobacteria, Betaproteobacteria, Burkholderiales, Comamonadaceae, Hydrogenophaga 28.2
Bacteria, Proteobacteria, Gammaproteobacteria, Pseudomonadales, Pseudomonadaceae, Pseudomonas 7.1

IMpumeuaHue. TaKCOHBI B Kax10ii CTPOKE MPUBEICHBI B CJIEAYIOLIEM MOPSIIKE: LIapCTBO, duia, Kiacc, MOPsIIoK, CeMEHCTBO, POLIL.

sHue (manee — HAC), a Tak:ke Ha KOHCTPYKIIMOHHBIES
MaTepHabl.

HMHTepecHbIe pe3ybTaTbl METATEHOMHOI'O aHAIM -
3a 16S pPHK 6bUIM 1OJIydeHBI IIPU KCCIIeTOBAaHUUN
Mpo0 TPYHTOBBIX BOM, OTOOPAHHBIX B OCHOBaHUU
bonbmoro npamatudeckoro tearpa uM. I.A. ToBcTo-
HoroBa (manee — BAT) B xone rmpoBeneHUsT IKCIEp-
TU3BI IPUYUH pa3pyLIeHUs TUAPOU3OISLIUN U TTOBbI-
IIEHUsI TIPOHUIIAEMOCTH OETOHOB MPU YIIYOJIEeHUU
MOJBAJIOB JIJISI CO3IaHUS TOMOJIHUTEIbHbBIX TOMEIIe-
HUi. Pe3ybTaThl MUKPOOUOJOTUYECKNX UCCIEA0BA~
HUI TPYHTOBBIX BOI JAIOT CBOEOOPA3HYIO KapTUHY
TaKCOHOB MHUKPOOPTraHU3MOB (Ta0I1. 2).

CrnenyeT OTMETUTh, YTO TPYHTOBBIE BOJIbI B MIEPU-
ol TIpOBeleHUsT BKcrepTusbl umenun pH = 12.25,
ONpPEIeNICHHOIO in Situ C TOMOIIBIO CEICKTUBHBIX
9JIEKTpoIoB. B mpoiiecce ordbopa 1mpod OeToHa Mpu
OypeHUU C LIeJIbI0 MCCIIENOBAHUSI €r0 COOTBETCTBUSI
3asIBJICHHOM MapKe MO BOTOHEIIPOHMIIAEMOCTH ObLI
OTMEUEeH BhIOPOC ra30BOIOIIECYaHOM CMECH C XapaK-
TEpHBIM 3amaxoM cepoBonopona H,S. Onnako usBect-
HO, YTO CyJIb(daTpenyLuupytomne 6akrepun GyHKII-
oHMpyIoT B nrana3zoHe pH ot 3—4 mo 10. Mukpobuo-
JIOTUYECKUE UCCIEeNOBaHUSI HE TOATBEPAUIN UX
HaJIM4uKe B TPYHTOBHIX Bojgax. OmHaKo okoyo 1/3 ot
o011IeTO comepXaHus (PUIIOB COCTABISIOT TaKCOHBI
Dethiobacteria, crocoOHbIe B CHJIBHOIIEIOYHBIX
YCJIOBUSIX IIPOAYLIMPOBATh arpeCCUBHBINI 10 OTHOIIIE-
HUIO K 6eToHaM U MeTtaiuiaM H,S. bakTepuu rpynmnbl
Babeliae (6onee 14%) xapakTepHbI IJIsT TOPGHSIHBIX

Ta6mmma 2. @parMeHT pe3yJbTaTOB METareHOMHOTO aHa-
JM3a TpyHTOBBIX Boia B ocHoBaHuu BJIT (PecypcHblii
neHtp CIIoI'Y, 2021 r.)

Taxonomy (KpymnHbIe (hUIbI) Hons B ipobe, %
Proteobacteria 32.6
Bacteroidia 5.4
Clostridia 6.6
Babeliae 14.6
Dethiobacteria 32.0
Unclassified 1.6
Thermoanaerobacteria 5.6

TEOBKOJIOTUA. MHXEHEPHAA T'EOJIOTUA. TUAPOTEOJIOI'MA. TEOKPUOJTIOTUA  Ne 5

OosioT (maHHast TeppuTopusi 10 ocHoBaHUsT CaHKT-
IletepOypra OblIa 3a00J04Y€HA), MECT C BBICOKOIL
KOHIIEHTpalMEN COeNUHEHU I Cepbl, a TAKXKE CTOKOB.
CrnenoBaTeabHO, OWOLIEHO3 TPYHTOBBIX BOHA Oorat
¢daky1bTaTUBHBIMU W aHa’pPOOHBIMM TaKCOHAMU
MUKPOOPTAHU3MOB, BBICTYIAIONIMMU OUONECTPYK-
TOpaMM KOHCTPYKLIMOHHBIX MaTepUaJIOB.

B 2018 r. mociie nnpoBeneHuss MUKpOOUOJIOTrnye-
CKMX MCCIIeJOBaHU# K PerMOHaIbHBIM UCTOYHUKAM
MOCTYTJIEHWSI MUKPOOPTAaHU3MOB B ITOA3EMHOE MPO-
CTPAHCTBO Topojlia ObLI OTHECEH HUNCHEKOMAUHCKUL
B8000HOCHbLIL 20pU30HM — OCHOBHOI B COCTaBE€ BEH/I-
CKOTO BOJIOHOCHOTO KoMIuieKca. [7yOrHa 3aneraHust
ero Kpoiu Bapbupyetcs ot 100 no 130 M. ['opuzoHT xa-
pakTepusyeTcs BeICOKMMHM Haropamu (>100 m). B He-
KoTopbIX paioHax CanHkr-IleTepOypra, Hampumep, B
IIpuMopcKoMm paitoHe, ero Mmbe3oMeTpudeckasi Mmo-
BEPXHOCTh MPUOJIMIKAETCSl K THEBHON MOBEPXHOCTH,
B OCTAJILHBIX — OTMedaeTcs Ha mryouHe 5—10 m. Uc-
cliefoBaHre XUMUYECKOTO U MUKPOOMOJOTNUECKOTO
COCTaBOB HMWXKHEKOTJIUHCKOTO BOJOHOCHOIO TOpH-
30HTa IIPOBOJIMIIOCH Ha IPoOaxX BOABI, OTOOPaHHBIX
U3 DKCIJIyaTallMOHHOIN CKBaXKWHbI Ha TEPPUTOPUU
ITomtocTpoBCcKOro 3aBoja Mo po3JIMBY MUHEPATbHBIX
BO/[l, UM€1011IeM 3 30HbI CAHUTAPHON OXpPaHBbI, YTO ra-
paHTUpPYyeT OTCYTCTBUE 3arpsi3HEHUSI TTOA3EMHBIX BOIT
1 YCTOMYMBOCTb UX XMMUYECKOTO cocTaBa. Bonbl 1o
COCTaBy XJIOPUIIHbIE HATPUEBbIE, CYXOl OCTATOK J0-
cturaer 4.93 r/am?, cpet MUKPOKOMITOHEHTOB IPHU-
CYTCTBYIOT OajibHeojiormdyeckue 3neMeHThl (Br, F, Se,
B), noBpImaronime ux aeuebHbie cBoiicTBa. [1pu oT60-
pe MpOObI BOABI C TOMOIIBIO CEJIEKTUBHBIX 2JIEKTPOIOB
os1u 3amepeHbsl Eh = —35 MB, a Takxe pH = 7.4.
ConepkaHUs OpraHUYECKUX COEIUHEHMI: TiepMaHra-
HaTHas oKHcisieMocThb (nanee — I10) 7.1 mrO,/om?3,
XTIK = 61 mrO,/nm* u BITK; = 6.3 MrO,/nm>. Crout
OTMETUTh, YTO O HAJIUYMU BOCCTAHOBUTEIbHBIX
YCJI0BUIA B BOHOHOCHOM TOPU30HTE TaKXkKe yKa3biBaJl
cnadwuiii 3anax H,S, 4yTo uMmeeT mpuHLMMOUAIBHOE
3HaYeHHEe MpU OLIEHKE COJlep>KaHUsI TAKCOHOB MUK-
poopranusmoB. Hanuune pocraToyHO GoOraToro
MUKPOOMOIIEHO3a TIOATBEPXKAEHO METareHOMHbBIM
a"anus3oM 16S pPHK (ta6:. 3).

Becbma HMHTEPCCHDBIC PE3YJIbTAThI ITO COACPKAHUIO
TaKCOHOB MHUKPOOPIraHM3MOB B HMKHCKOTJIMHCKOM
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Taomuna 3. PesynbraThl MeTareHOMHOTO aHaIM3a 00pa31IoB BOJ BEHACKOTO BOJOHOCHOTO KoMruiekca (PecypcHblit LieHTp

CIIol'yY, 2021 1.)

Taxonomy (KpyrHbie HurbI) Hons B ipoGe, %
Proteobacteria 82.39
Campylobacteria 6.15
Cyanobacteria 3.93
Bacteroidia 1.71
Actinobacteria 0.98
Bacilli 0.96
Desulfobulbia 0.91

Taxonomy (XKpynHEIe GUIBI) Hons B ipoGe, %
Omnitrophia 0.75
Desulfovibrionia 0.47
Unclassified 0.39
Poluangia 0.35
Clostridia 0.29
Desulforomaculia 0.18
Desulfobacteria 0.16

TTpumeuanue. KypcruBoM oTMedeHBI CybhaTpeayupyolime 6akTepuu, BOCCTaHABIUBAIOIINE CYJIbGhAThI 10 CYIb(MUAOB C KOHEYHBIM

npoaykToM peakunu H,S.

BOIOHOCHOM FOPU30HTE MOKA3a/IM OCEBHI HA BOAY U
B3BecH [8]. YncIeHHOCTh MUKPOOMOTHI B BOJIe Ha
2—3 mopsiiKa HUKe, YeM Ha TBEPAbIX YaCTUILIaX B3BE-
CH, YTO OOBSICHSIETCSI HAJIMYMEM Y MUKPOOPTaHU3-
MOB IIPHUCIIOCOOUTEIbHOM (PYHKIIMU CYIIIECTBOBAHUS
U TIepeHoca, KakK MpaBuo, Ha TBEPAbIX MOBEPXHO-
ctax. OCHOBHBIE TAKCOHBI MUKPOOPTaHU3MOB, BBI-
SIBJICHHBIC TIPU IIOCEBax: CyJb(MaTpeaylupyonue,
KeJIe30peayLMpylonie, BoccraHapaubaiomme Fe’ u
Fe3* mo Fe?'; aMmMoHmMULMpYIONINE, BONOPOIHBIE,
CWJINKATHBIE, B HEOOJBIIOM KOJUYECTBE — TUOHO-
Bble U HUTpUduLMpyoine 6akrepuun. Comepxa-
Hue 5TUX GOPM B BOJE BapbUpyeT B npenenax 104—
10° KJ1€TOK/MJI; Ha TBEPIbIX MOBEPXHOCTSAX — J0-
cturaet 10’—108 kneTok/r [8].

Ete panee, nccienoBaHUSIMU 1O, PYKOBOJICTBOM
P.D. JIamko ObUIO YCTAaHOBIIEHO, YTO IO, AeiiCTBUEM
BBICOKOHAIIOPHBIX BOI HIKHEKOTJIMHCKOTO BOIO-
HOCHOTO TOpU30HTa HaOJIIogaeTcsl pa3pylieHUe He-
CyILIMX 00/IeJIOK IIePETOHHBIX TOHHEJIEH METPOITOI-
TeHa, 6osiee 70% KOTOPHIX IMPOJIOXKEHO B BEPXHEKOT-
JIMHCKUX IJIMHAX BEpXHEro BeHAA. OTU IJIUHbBI
MIPEACTABIISIIOT CO00I TPEIIMHOBATO-0JIOUHYIO Cpe-
Iy, 00JIaJarolIyl0 BOIOIIPOHUIIAEMOCTBIO, KOTOpasi
3aBUCUT OT MHTEHCHUBHOCTU €€ TPELIMHOBATOCTU U
MOBBIIIAETCS B 30HAX TEKTOHUYECKMX pa3ioMoB [8, 7].
KpomMme Toro, mo maHHBIM Ie€OTEXHUYSCKOTO MOHUTO-
pUHra, BOAbI 3TOr0 rOPU30HTAa B HACTOSIIEE BPEMs
B3aMMOJEUCTBYIOT C (pyHIaAMEHTaMU KOMIIJIeKca
3maHuii Jlaxta-mentp [33].

B xauecTBe JTOKaJIbHBIX IIPUPOIHBIX UCTOYHUKOB
MOCTYIUICHUSI MUKPOOPIaHU3MOB B IOA3EMHOE MIPO-
ctpaHcTBOo CaHkT-IleTepObypra MOXHO BBIIEIUTH
MeNCMOPEHHble B000OHOCHbIE 20PU3OHMbL: BEPXHUU (NO-
AIOCMPOBCKUIL) U HUNICHUIL, & TAKXKE MENCMOPEHHbIE MU-
KYAUHCKUE OMAOICEHUSL.

Toarocmposckuii 6000HOCHbLIL 20pU30HM PA3BUT HA
ceBepe u ceBepo-BocToke CaHkT-IlerepOypra. Bomo-
BMEIIAIOIUMU TPYHTAMU BBICTYNAIOT O3€pHO-JIe/-
HUKOBBIE U (DITIOBUOTISLIMATIBHBIE TIECKU, 3ajlerato-
II1e MEXIYy MOCKOBCKOU M OCTallIKOBCKOW MOpeHa-
Mu. Boipl 3TOro ropus3oHTa XapakKTepU3ylOTCsl Kak

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

HamopHbIe. B 3aBUCMMOCTI OT IIyOMHBI 3aJIeTaHUSI
BEJIMUMHA HAIIOpPOB BapbUpyeTcs OT 2 4o 38 M, mpu
9TOM B HEKOTOPBIX 30HaX ITpU OYpeHUU CKBaXKMH Ha-
OJII0HAeTCsI CAaMOU3JIMB BOJ TOPU30HTA JINOO 00pa3o-
BaHMe TpM(OHOB HA 36MHOM ITOBEPXHOCTU. Pe3yib-
TaTbl MCCIEAOBAHUS TIPOO BOIbI MOJIIOCTPOBCKOIO
(BEpXHETO MEXMOPEHHOI'0) TOPU30HTA, OTOOPaHHBIX
Ha IToocTpoBCKOM 3aBOjIe, MOKAa3aIu, YTO IO COCTaBy
BOJIbI TMAPOKApOOHATHBIEC KalblieBO-HaTpUeBbIe. Be-
JIMYMHA CYXOTO OcTaTKa cocTasiseT 468 mr/am?. TToka-
3aTeJIM COIEpXKaHUs OPraHUYECKUX COCOIMHEHMWIA:
XTIK — 29.0 MmrO,/am?, T1O — 3.9 mrO,/am?, BITK —
3.0 MrO,/nm3. TIpu oT60pE MPOG B TMOJIEBBIX YCIOBU-
SIX C TIOMOIIBIO CEJIEKTUBHBIX 3JICKTPOJOB ObLIN 3a-
MepeHBl PU3NKO-XUMHUIeCKne mokasarenu: Eh =
= —25 MB u pH = 6.9. Ha BoccTaHOBUTEBHYIO 006-
CTaHOBKY B ITIOJI3¢MHBIX BOJaX IIpH 0TOOpE IPO0O TaK-
JKe yKasbIBall xapakTtepHblit 3anax H,S, BeicTynaio-
L1 THIMKATOPOM IIPUCYTCTBUS CyIbpaTpeayuupy-
IOIIUX 0aKTepuii, HAJIMYKME KOTOPBIX MOATBEPXKIACHO
pesylbTaTaMU MeTareHoMHoro aHanusa 16S pPHK
(Tabin. 4).

Cpenu BBISIBICHHBIX MUKPOOPraHM3MOB IIPe00-
JTagaloT (aKyIbTaTUBHO-aHA3pPOOHBIE OaKTepuu C
pa3IUYHBLIMU TUIaMU MeTaboausMa. B 1mpobe 1o-
JIIOCTPOBCKOTO TOPM30HTAa 3HAYMTEIBbHYIO YacTb
MUKPOOMOTHI COCTABJISIOT XKEJIE€30BOCCTAaHABIMBAIO-
e 0akTepun — paKyabTaTUBHBIC aHA3POObI, KOTO-
pble crocobHbI BoccTaHasauBarh Fe’t no Fe?*, a tak-
K€ pa3BUBATLCS B aHA3POOHBIX YCIOBUSX C UCIIOIb-
30BaHMEM OPTaHMYECKMX KOMIIOHEHTOB IIMPOKOTO
crnekTpa (alerara, JlakTtaTa, IIpoloHaTa, OeH3oTaTa
U Ap.). O4eBUOHO, YTO JaHHbIC OAKTEPUU B OECKMC-
JIOPOMHOI 0OCTAaHOBKE MOTYT OBITh BEChbMa OIIACHBI
10 OTHOIIECHMIO K KeJIe30COoAepKAIlUM KOHCTPYK-
LIUSIM BBUIY UX CITOCOOHOCTU BOCCTAHABJIMBAThH K€-
11e30 10 popMbl Fe?* (coenHeHUsI BOCCTaHOBJIEHHO-
ro Kejieda pacTBopuMbl). Hapsimy ¢ skeirlezoBoccTa-
HaBJIWBAIOIIMMU, B IIOJIOCTPOBCKOM TOPU3OHTE B
3HAUYUTEJbHOM KOJIMUYECTBE OTMEUYECHBI CyIbdhaTpeny-
LUpPYIOIIE M 3KeIe300Kucsiomue 6akrepun. B 1me-
JIOM JaHHBbIe MeTareHoMHoro aHaju3a 16S pPHK
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Tabmuna 4. Pe3ynbTaTsl METareHOMHOTO aHaJIM3a 00Pa31ioB BOJI MTOJTIOCTPOBCKOTO BOTOHOCHOTO Topu3oHTa (PecypcHbiit

uentp CII6I'Y, 2021 1.)

Taxonomy (KpyrHbie HurbI) Hons B ipoGe, %
Proteobacteria 79.07
Bacteroidia 6.91
Desulfobacteria 4.85
Ignavibacteria 1.70
Desulfobulbia 1.41
Vampirivibrionia 0.82
Dehalococcoidia 0.58
Unclassified 0.56

Taxonomy (XKpynHEIe GUIBI) Hons B ipoGe, %
Gracilibacteria 0.54
Parcubacteria 0.47
Desulfovibrionia 043
Acidobacteria 0.40
Desulfirobacteria 0.22
Syntophia 0.22
Spirochaetia 0.21
TTpoune (<0.2%) 1.61

IMpumeuanue. KypcuBoM oTMedeHbI cybhaTpeayunpyoime 6akTepum, BOCCTaHaBIUBaloIINe CyJib(haThl 10 CYyIb(PUI0B C KOHEUHBIM

npoaykToM peakuuu H,S.

YKa3bIBalOT Ha CYyIIeCTBOBAHUE IOBOJIBbHO CIIOXKHO-
ro IO COCTaBY U CTPYKType MUKPOOGHOTro cooobIe-
CTBa, KOTOPOE€ MOXET UrpaTh 3aMETHYIO pOJIb B
nmpoiieccax OMOKOPPO3UM MOA3EMHBIX KOHCTPYK-
LIMOHHBIX MaTepUAajIoOB.

BBuIy BHICOKHMX HAIIOPOB BEPXHETO MEXMOPEH-
HOTO TOPU30HTA MIPU BOCXOASAIIEM TMepeTeKaHUU BOI
BO3MOXHO O0OTallleHWE BhIIIeeKallleil OCTalllKOB-
CKOM MOpeHbI a00PUTeHHBIMU MUKPOOPTAHU3MAMU,
YTO HEOOXOAVMMO YYUTHIBATh MPU YCTPOMCTBE MOMI-
3€MHBIX KOHCTPYKILIMM U COOpPYXEHUI, OCOOEHHO
BBIITOJTHEHHbBIX 13 OETOHOB U KeJ1e300€TOHOB, a TaK-
K€ METaJIJIOB.

Huxcnuii  mexcmopennsiii  6000HOCHbLIL  20PU3OHM
pacrnpocTpaHeH B CeBEpPHOM U I0r0-BOCTOYHOM ya-
ctax Cankrt-IlerepOypra. Boabl 3Toro ropusoHTa xa-
paKTEpPU3YIOTCS KaK BbICOKOHAMOpPHbIE (BEIUYMHA
HamopoB cocTasisieT 20—70 M), 4ToO HEeoOXOAUMO
YUYUTHIBaTh NpPU MOA3EMHOM CTPOUTENbCTBE, B
MEPBYIO ouepellb, MPU IKCIUIyaTalluu TEePErOHHBIX
toHHenei “Ilnomans MyxecTBa-JlecHast” B CBSI3U C
BO3MOXHBIM Pa3BUTUEM OMOKOPPO3NU HECYIIIUX 00-
nenok. s onpeneneHUs XMMMWYECKOTO COCTaBa
HUKHETO MEXXMOPEHHOIO BOTOHOCHOTO TOPU30HTA U
ero MUKpOOUOJIOTMYECKHUX ToKa3aTtesieit Obljia OTO-
OpaHa mpoba M3 caMOU3JIMBAIOLIEHCS PEXKUMHOMN

Tab6muna 5. PesynbraThl MeTareHOMHOIO aHajau3a Mpoo
HUXHETO MEXMOPEHHOTO BOIOHOCHOTO ropu3oHTta (Pe-
cypcHblit nentp CII6I'Y, 2022 1.)

Taxonomy (KpyIHbIe (OUIIBI) Honst B ipobe, %
Gammaproteobacteria, U3 HUX: 75
Thiotrichaceae 7
Pelomonas
Massilia 3
Acinetobacter <1
Alphaproteobacteria 25

Ipumeuanue. KypcuBoM oTMeueHbI Ki1acChl GaKTepUil.

TEOBKOJIOTUA. MHXEHEPHAA T'EOJIOTUA. TUAPOTEOJIOI'MA. TEOKPUOJTIOTUA  Ne 5

cKBaxkWHHI (y1. baitkoHypckasi, 12), 06opynoBaHHOM
JIJIST 00I1IeTO MOTpeOIeHNSI HaceJIeHEM B BUJIE Tajle-
pen. Ilo cocTaBy BoJIbI IIpeCHBIE THAPOKAPOOHATHBIC
KaJIbLMEBBIE, CYXOil OCTaTOK cocTasiser 164.0 Mr/mv?.
Iloka3atenu comepXaHUSI OPTaHUYECKUX COEIU-
HCHUII XapaKTEepU3yIOTCS HU3KUMHU 3HAYCHUSIMU:
XTIK = 20.0 MrO,/nm?, T1O = 3.6 mrO,/nm3, BIIK, =
= 2.3 MrO,/am>. KpoMme Toro, in sifu GbUIA 3aMEPEHDI
pH =8.0u Eh =—161.2 MB, 9T0 moutn B 5 pa3 HIXe,
yeM B INIyOOKOM HIDKHEKOTIMHCKOM ropu3oHnTe. He-
CMOTPSI Ha CTOJIb YHUKAJIbHBIC YCIOBUS IIJIsl Pa3BU-
THSI aHA3POOHBIX TAKCOHOB MUKPOOPTAaHM3MOB, M€-
TareHoMHbI aHanu3 16S pPHK wwunoctpupyer
cBOeoOpa3re MUKpoOuolieHo3a (Tab. 5).

XOTSI HIXKHUIT MEXMOPEHHBIII BOTOHOCHBIN TO-
PU3OHT 13-3a BEICOKIX HAIIOPOB MMEET BHICOKYIO 3a-
IIUILEHHOCTb OT TEXHOT€HHBIX BO3IEUCTBUI, aHATIU3
pe3yJbTaToOB MeTareHoMHoro aHaiausa 16S pPHK
MO3BOJISIET YTBEpKIaTh oOpaTHOe. ComtacHoO ero pe-
3yJbTaTaM, OTMeYaeTcs IIPUCYTCTBUE JaxKe IICUXPO-
GUIBbHBIX OaKTEpUii, KOTOpPhIE HE XapaKTEePHBI IS
BOJOHOCHBIX TOPU30HTOB BHE 30H MHOTOJIETHEMEP3-
JIBIX TTOpoa. AHOMAaIMKM XMMHYECKOIO COCTaBa IIOM-
3€MHBIX BOJ M TAKCOHOB MUKPOOPTAaHM3MOB CJIy>KaT
mokKazaTeJieM BBICOKOM TEXHOT€HHOI Harpy3Ku Ha
BOIOHOCHBIN TOpU30HT. B 1970-X IT. *UMEHHO B 3TOM
TOPU30HTE IIPOXOAWICS TEPErOHHbLIA TOHHEIb B
MacCHUBe MEeCKOB, 3aMOPOXXEHHOM C IOMOIIBLIO pac-
cojibHOTO MeToma. B 1974 r. mpousomnia aBapust —
IIPOPBIB BOIOHACKIIIEHHOTO IIeCKa Yepe3 JIbIOTPYH-
TOBOE OrpaxIeHWE, UYTO IIPUBEJIO K 3aTOIUICHUIO
npolineHHOM BEIpaboTKM. Ha mHeBHOI MOBEPXHOCTH
obOpazoBajics yOOKMit IMpOBal, CONPOBOXKIABILIMIA-
CsI pa3pbIBOM MOA3EMHBIX KOMMYHUKAIIUIA, IIOCTYII-
JIEHHEM 3arpsi3HEHHBIX TPYHTOBBIX BOI U KaHaIMU3a-
IIUOHHBLIX CTOKOB B MOA3EMHOE IIPOCTPAHCTBO.
Jist TMKBUIALIMY aBapuy U MPOBENCHUS NalbHEi-
X TOPHOMNPOXOTYECKMX PadOT OBLIO BBHIMTOJHEHO
3aMOpakMBaHUEe BOJOHACKHIILIEHHOM TPYHTOBOM TOJI-
Y XuakuM a3otoMm [4]. [lepen aTuM ObUIM cAeIaHbI
MONBITKY MTOAbEMA THEBHOM MOBEPXHOCTH ITyTeM Ha-
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aHaBpOﬁHble MUKPOOPraHU3MbI

Oprannyeckoe
> CnupThl

BCLIECTBO

>

Buoxumuueckue
ra3pl

Opranuveckoe

-> KUCJIOTbI

KeTtonbr

Puc. 1. [Ipoliecc yTuam3almvm opraHu4ecKoro BellecTBa MUKpoopranmsmamu [36].

THeTaHUd Bonbl. OTCIONA BIOJHE OOBICHUMO ITOSIB-
JIeHrue NCcuXpoUIbHBIX TPYIII U KOHTAMWHAHTOB,
OIpeAeIsIOINX TeHE3C MUKPOOPTaHU3MOB, XapaK-
TEPHBIX I 30H TEXHOTE€HHBIX 3arPSI3HEHMIA.

Crenyronuii 3Tar TeXHOTeHHOTO BO3IeMICTBYS Ha
JTaHHBIA BOTOHOCHBIN TOPM30HT OBIT B 1994—1995 1T,
KOIJa MOJHOCTBHIO OBbUIM pa3pyllieHbl T'MIPOU30JIsI-
[Ysi, YyT'yHHbIE TIOOMHTU 3a CYET TeMIIepaTypPHBIX
HaIIpSDKEHUI B 3aMOPOXEHHOM XUIKMAM a30TOM
I'PYHTOBOM TOJIIIIE M YACTUYHO KeJIE300€TOHHAsT 00-
JIeJIKa IIeperoOHHbIX TOHHeJIeli. B pe3ynbTare B mepe-
TOHHBIM TOHHEJIbh HAYaJIOCh ITOCTYIUIEHHE IOM3EM-
HBIX BOJI, a 3aTeM, 10 Mepe pa3BUTHUS TPEIIVH B 00-
JIeJIKE, 1 BOJOHACKIIIEHHBIX ITecKOB. I1om neiictBrueM
TPaBUTALIMOHHBIX CUJI HPOIOJ/DKANUCH IedopMainu
rporuda TOHHEIS U oboraileHue ITOA3€MHbBIX BOJI
OpPOOYKTaMM pa3pylleHuss OETOHOB M METaJUIOB.
BriocnencTtBum ToHHENb OBLI 0Ope3aH B MeCTax €ro
BBIXOJIa 13 IJIMH BeH1a B 30HY IIOTPEOCHHON TOJUHEIL.
B HacTosiIee BpeMs 3Ta 4acTh TOHHEJISI HAXOAUTCS B
MOIOIIIBE BOJOHOCHOTIO TOPU30HTA, IPOI0OJIKas B3a-
MMOJIEICTBOBATh C BOJIaMU HUKHETO MEXKMOPEHHOTIO
TOpM30HTA, TEM CaMBIM BIIMsIsS Ha ceuduxky ¢op-
MUPOBAHMS €r0 OMOXUMUYECKUX, (PU3UKO-XUMUYIE-
CKUX U XUMMYECKUX XapakKTepucTuK. CTOUT OTMe-
TUTh, YTO OINpoOyeMasl CKBaXXMHa pPacCIIOJIOXEHa B
6 xM ot ctaHLu MeTpo “Ilnomans MyxecTBa”, 4TO
JIa€T OCHOBaHHE YTBEPXIaTh: pPe3yJIbTaThl XUMUYE-
CKOTO Y MUKPOOMOJIOTUYECKOIO UCCICAOBAHMIA JaH-
HOIO TOPM30HTa MPEACTABIISIIOT COOOM OT3BYK TEX
JIpaMaTU4eCKUX COOBITUI, KOTOPbIE pa3BEPHYJIMCH B
MoA3eMHOM NIpocTpaHCTBe B KaanHMHCKOM paiioHe
Cankr-Ilerepoypra B 1974—1975 u 1994—1995 rr.
Kpome TOro, o0BICHUMO CTOJIb HU3KOE CHIKEHHE
Eh mon3eMHBIX BOI: IJIMTEIBHOE CYIIECTBOBaHUE
JILIOTPYHTOBOTO 1IEIMKa C Pa3IMYHBIMUA TEXHOJIOTH -
SIMU 3aMOpaKMBaHMUsI 00eCIeYyrBajaIo OTCYTCTBUE BO-
nooOMeHa.

Medscmopennole Mukyaunckue omaodcenusi, obora-
IIeHHBIe OMTYMUHO3HO# opranukoii (1o 20%), pac-
MPOCTPaHEHBI MPEUMYIIECTBEHHO B BOCTOYHOM,
JOTO-BOCTOYHOM M YacTMYHO B IOXKHOM paifoHax
Cankr-IlerepOypra, a Takxke B CEBEPHBIX ITPUTOPO-
nax (MypuHO), Tae 3ajIeraloT Ha IIyOMHax 10 35 M oT
3eMHOM ITTOBEPXHOCTH. MUKYIMHCKUE OTJIOXKEHUS
paccMaTpUBAarOTCS KaK MPUPOIHBIN MCTOUHUK MOCTYTI-
JieHust MetaHa (CH,), a Takxke HeOOJbIIOro KoJnye-
CTBa MoJieKyjsipHoro azora (N,) ¥ J1MoKcuaa yriaepoa
(CO,) BO BMeNIAIOIIME UX TOPOJbI Y TOA3EMHbIE BOJIBI.
C MOTOKOM Ta30B TEePEHOCITCSI aHaPOOHbIE (DOPMBI
MUKPOOPTaHU3MOB — METaHTeHEPUPYIOIIe, TeHUT-
pudunMpylolyre, a Npy 3arpss3HeHUM MUKYJIUHCKUX

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

OTJIOKCHUI — M CyIbdaTpeayLpyone 6akTepuu.
MeTaboan3M MUKPOOMOTHI 3TUX 0Opa3oBaHMIii Ha-
IpaBJIeH Ha YCBOGHHME M MCHOJIb30BaHNE OUTYMHOM
OpraHMKM, YTO HaKJIadbIBAeT OIIPENSICHHBIE Orpa-
HUYCHMS Ha IPUMEHEHE MaTepraJioB, ColepXKalllnuX
OpraHMYecKHue COCOMHEHUS, MPU IIPOSKTUPOBAHUM
TMOA3€MHBIX COOPYKE€HUI B pailoHaX pa3BUTUS MUKY-
JIMHCKUX OTJI0XEHU [7].

NMHXEHEPHO-T'EOJIOTUYECKHE
ITPOLECCHI

ITpouecchl, pa3BUBaIOIIMECS B TOA3EMHOM MPO-
CTPAaHCTBE METAMOJIMCA, BbI3BaHbI KaK ACSTEIEHOCTHIO
caMUX MHMKPOOPTaHM3MOB, TaK M MX METa0OIUTaMU.
KusHenesITeIbHOCTh  TeTepPOTPOMHBIX  ITOA3EMHbBIX
MUMKpPOOPraHM3MOB HaIlpaBjieHa Ha IT0TpeOJicHrEe op-
TAaHWYECKNX COCOIMHEHUI C UIMHOM OpTraHWYECKOM
uenu C,; — C,,, pexe 1o C,,. [Nonmuuuknnueckue 00-
pa3oBaHUs MEIJICHHO YTUJIM3UPYIOTCS B YCIOBUSIX
aHa’pOOHOM cpelbl U MOBBLIIIEHHON TeMIIepaTyphl,
KoM®dOpTHOI 1151 Me30(UIIBLHBIX TPYIIIT MUKpPOOpTa-
HU3MOB (1 = 29—35°C). Ele paHee GbIJIO yCTAaHOBIIE-
HO, YTO OMOXMMUYECKAsT YTUIN3aUsI OPTaHMIECKIX
BEIIIECTB MOXKET OBITh MOTHOI (10 00pa3oBaHMsI Ta30B)
Y HEeTOJIHOI (10 opraHnYecKUX K1cJoT) (puc. 1).

[MonHas yrnnu3anuyst OpraHMIYeCKUX COeTMHEHMI
rerepoTpo¢HBIMU MUKPOOPTraHU3MaMU IIPOTEKAET B
HECKOJIBKO CTaguii C YIPOILICHUEM CTPYKTYPHOTIO
CTPOEHMSI KOHEYHOIO IIPOMYKTa, IIPU 3TOM KaXKIbIiA
ra3 OMOXMMHYECKOTO TeHe3uca dopMupyercs wu3
OTIpeNeJIEHHOM KUCIIOTHI.

B mpaktuke coBpeMeHHBIX MHKEHEPHBIX MCCIe-
IOBAaHUWI OMpeneicHUue ra30BOi COCTaBISIOIICH Be-
JIeTCSl TOJIBKO B TMpoliecce MHKEHEPHO-3KOJIOTnYe-
ckux m3bickanuit (CIT 502.1325800.2021). I'a3zoBrie
CBhEMKHU OTPAaHUYMBAIOTCS BeChMa HEOOJBIION IJTy-
ouHoii 1o 0.8 M B 1ypdax, a B CKBaXKMHaX Ipy HaIU-
YUK TEXHOTCHHBIX TPYHTOB Ha BCIO MX MOIIHOCTbH C
3army0JIeHrEM B IIOACTIIIAIONINE OTIOKeHMsI Ha 0.5—
1.0Mm[1, 22]. B npoiiecce razoxpoMaTorpauaecKkoro
aHaM3a, COINIaCHO BBIIIEHA3BAHHOMY HOPMAaTUBHO-
My JOKYMEHTY, omnpenensercsd coaepxxaHue CH,,
CO,, monexkyasgpHoro kuciaoponaa O,, Bogopoaa H, u
azora N,, a Hanmuue H,S (Hanbosiee onacHoro rasa
10 OTHOIIEHUIO K KOHCTPYKIIMOHHBIM MaTepuraJiaM)
MPOBOIUTCS TOJIBKO II0 TPeOOBAaHMUIO 3aKa3uMKa.
Crout ormetuts, uto CH,, H, u N, — rassl, xapak-
TEpHbIE TOJBKO I aHa’poOHbIX ycinoBuit, CO, —
MPOAYKT AbIXaHUSI MUKPOOPraHU3MoB, moatomy O,
MOXET IIPUCYTCTBOBATh TOJILKO B HE3HAYNTEIbHBIX KO-

Ne'5 2023



10 JAIIKO wu np.

Puc. 2. MaKpOHOpLI B 06pa3uax TUKCOTPOITHBIX cyr[eceﬁ JICAHUKOBOTI'O I'€HE3MCA, 3ajJI€TalolIUX Hal MUKYJIMHCKUMM Ia30re¢He-

puUpyOLIMMU OTJIoXeHUsIMU (poTo A.M. JlebeneBoii).

JIMYECTBAX, €r0 ONpeEIeICHNE HE OTBEYaeT (PU3NKO-XU-
MHYecKUM ycioBusaM reHepaumu CH,, H,, N, n H,S.

ITo pesynbraTaM BBIIOJHEHHBIX HAMH MMKPO-
OMOJIOTMYECKUX UCCICIOBAHMIA, B TOM YMCIIE METare-
HOMHOTI0 aHa/In3a, Mo Bcell NIyOMHEe 0CaJOYHOM TOJI-
Y noazeMHoro mpocrtpaHcTtBa Cankt-IlerepOypra
1o wryouH cBbitre 100 M (Bombl IIyOOKOTO HIDKHEKOT-
JIMHCKOTO BOJIOHOCHOTO TOPU30HTA) ITOBCEMECTHO 00-
HapyKeHbI Ta30reHEepUPYIOIINEe TAKCOHBI MUKPOOPTa-
Hu3MoB. CiieqoBaTeIbHO, IPU PEeIICHUN 3a1a4 OCBOe-
HUSI Y UCIIOJB30BaHMSI ITION3EMHOIO IPOCTPAHCTBA
HEOoOXOAMMO OIIpeAe/ICHUE Ta30BOI COCTABJISIONIC B
3aBUCHMMOCTH OT LIIyOMHBI TTOJIOKEHMSI COOPYKEHMSI.

11 mpoTHO3MPOBAHMUSI OMNACHBIX MOCIEACTBUIA
OMOXMMUYECKOTO Ta3000pa3oBaHUsI HEOOXOAUMO
YYUTHIBATh PACTBOPUMMOCTD ra3oB. B mpenenmax pac-
cMaTpUBaeMbIX IYOMH K MajlopacTBOPHUMBIM ra3zam
otHocaT CH,, H, u N,, K cpeqHepacTBOpUMBIM —
CO,, a x xopoiio pactBopumMbiM — H,S u ammuak
(NH;). JenoHupoBaHue MajlOpacTBOPHMMBIX Ta3oB
npuBoauT K namMeHeHu1o HJIC B IpyHTOBBIX TOJIIIAX
C MaJIOi Ta30IIPOHUIIAEMOCTbIO, IIOCKOIBKY ITy3bIpb-
KM 3THUX Fa30B COCPEIOTOUYECHEI B ITOPOBOM IIPOCTpaH-
CTBE€ IECYaHO-TJIMHUCTBIX TPYHTOB. MaJibiii pazmep
Hop oImpeneiaseT BEJIWYMHY OUaMeTpa ra30BBIX ITy-
3BIPHKOB M 3HAYE€HME MX IIOBEPXHOCTHOIO HATSKE-
Hus. CornmacHo 3akoHy Jlaruiaca u onpeaenaeHUsIM
ra3oJIMHaMHUKH, TaKUE ITy3bIPHKN OTHOCSITCS K TBEP-
IBIM HecKnMaeMbIM [44]. TunpodoOHbIe ITy3bIpbKU
rasa He COpOMpPYIOTCS Ha TUAPOGUILHON MOBEPXHO-
CTH TBEPIbIX YACTHUII, U B TIPOLIECCE UX HAKOTIJIEHUS B
IrpyHTax HaOJrogaeTcs IOBBIIICHUE Ta30guHaAMU4e-
ckoro gapieHusi. CorjiacHO IMPOBEASHHBIM 3aMepaM
B IMoa3eMHOM IpocTpaHcTBe CaHkT-IleTepOypra, ero
BeJIMYMHA B MUKYJIMHCKHMX OTJIOXEHUSIX TOCTUTajia
3 atm. Ilpu mpoxonke moa3eMHBIX BHIPAOOTOK B Ta-
KMX TOJIIIIAX MOXET HabJIFoAaThCsl BLIOPOC BOJIOTa30-
HachllleHHO# cMecH, a Tipu Haimuuu CH, — camo-
BO3ropaHue ra3os.

FEOBKOJIOIrvsd. UHXEHEPHAA T'EOJIOTUA. THAPOTEOJIOTUA. TEOKPUOJIOTUA  Ne 5

B pesynbrare nuccunamyuy ra3oB BOAOHACHIILIEH-
HBbIe TPYHTHI IpeBpallaloTCs B BOAOra30HACHIIICH-
HEBIE, YTO MPUBOAUT K UX Pa3yILUIOTHEHUIO U TTOSIBIIE-
HUIO MaKpoIIOp B NIMHUCTBIX TpyHTax (puc. 2). Kak
YK€ OTMEUaIOoCh paHee, B ra30BOM IIOTOKE IPOMCXO-
JINUT IIEPEHOC MUKPOOPTaHU3MOB U ITPOTYKTOB X ME-
TaboaM3Ma, MPUBOJSIIETO K BTOPpUYHOMY oborarie-
HHIO MUKPOOMOTO MOACTUIAIOIINX U IIEPEKPhIBAIO-
IUX TOJIII TPYHTOB.

ITpucyTrcTBUe ra30Boii COCTaBISIIONIEH B NIMHUCTBIX
TPYHTaX BbI3bIBAET M3MEHEHUE XapaKTepa rnepepacrpe-
JIeJIEHUS JABJIEHUSI B TOHKOIMCIIEPCHBIX OTJIOXEHUSIX.
Ewe panee npodeccop FHO.K. 3apeukuit obocHoBan,
YTO TPU CTENIEHU BOIOHACKIIIEHUS TPYHTOB (S,) MeHee
0.95, nopoBoe naBieHUE B HUX HE BO3HUKAET, U BCE Ae-
¢dopMaLy TPYHTOB TTPOMCXOAST TOJIBKO 3a CUET MPO-
SIBJICHMSI CBOICTB IOJI3y4ecTH cKenera [11].

MN3menenue HIC Ton mpy 1eMOHUPOBAHUM JIU-
00 IUCCUITAlIMM MaJIOPaCTBOPUMBIX T'a30B BbI3bIBACT
OoJIbIIINE M HEpaBHOMEpPHBIC AedopMaluu pa3HBIX
3HAKOB TMEPEeroHHbIX TOHHesei IleTepOyprckoro
METPOITOJIUTEHA, B KPOBJIE KOTOPBIX IIPOCIEKMBAIOT -
Csl ra30reHEepHUPYIOIINE MUKYJIUHCKUE OTJIOXKECHUS.
AHanu3 gedopMalMii TOHHeJEH Oajl BO3MOXHOCTh
YCTaHOBUTh 3aKOHOMEPHOCTHU UX Pa3BUTHUS: 1) ITOIb-
€MBbI IIEPETOHHOI0 TOHHES B pe3yJibTaTe J1eMOHUPO-
BaHUs1 MajsiopacTBopuMbIx razoB (CH,, N,); 2) ocena-
HHe, BIUIOTH J0 IPOCAIOK, B pe3yabTaTe IUCCUTIALINU
ra3oB B BOMOHACBIIIEHHBIX MTUCIIEPCHBIX TIPyHTax
(puc. 3).

CpenHe- ¥ XOpOIIIO pPacTBOPUMEIE Ta3bl CIIOCO0-
CTBYIOT TIpeoOpa3oBaHUI0 (UUKO-XUMUYECKUX Xa-
PaKTepUCTUK MOA3EMHBIX BOJ, (MU3MEHEHUIO KHUCIIOT-
HOCTHU cpefdbl), a TakKke (POPMUPOBAHUIO MX arpec-
CUBHOCTM II0O OTHOIIEHUIO K KOHCTPYKLIMOHHBIM
Marepuajiam.

PacceneHne MUKpOOpPTraHU3MOB B IpyHTax HEOO0-
XOIWMO pacCMaTpuBaTh B 3aBUCUMOCTH OT CTETICHU
VX TATUDUKAIH. B OTIOKEHUSIX MaJTOM M YaCTUIHO
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Puc. 3. PazButue necdopmaliiuii moabema v oceaHusl Mo Tpacce NeperoHHOro TOHHeJ s (1o 1aHHbIM “JIeHMeTporunpoTpaHc”,

TOUC).

CpeIHEel CTeNeHM YIJIOTHEHUs paccejeHre MUKPO-
OpPraHM3MOB IIPOUCXOAUT B IOPOBOM IIPOCTPAHCTBE C
oOpa3oBaHMEM OMOIIJICHOK BOKPYT TBEPIBIX YACTHI]
[24]. B nutudumMpoBaHHBIX TPEIIMHOBATO-0J10Y-
HBIX TPYHTaX MHMKPOOPraHMU3MbI PACCEIISIIOTCSI I10
MUKpPO- ¥ MakKpoTpemnHaM: BeauunHa MM B Tpe-
IIMHAX HUXKHEKEMOPUIICKUX CUHUX TJIMH COCTaBUIa
70 MKT/T, a B IUIOTHBIX OJIOKax — TOJBKO 10 MKT/T,
4YTO OBLJIO Ha TPaHU TOYHOCTH OMpeIeIeHUSI JAHHOTO
rmokaszareJist mo metony M. bpendopna [7].

HaubGoiiee HeraTuBHOE BO3ICHCTBUE OKa3bIBAIOT
MHUKPOOPTaHU3MbI Ha COCTOSTHHUE M CBOIICTBA IieC-
KOB, a TaKXKe HEKOTOPBIX TUTOTHBIX NIMHUCTBIX TPYH-
TOB — MOPEHHBIX OTJIOXKEHUI, KOTOPBIE paccMaTpyUBa-
1oTcs B pa3pe3e CaHkr-IleTepOypra Kak HaiesKHBIA He-
CYLIMii TOPU3OHT [JISI CBalHBIX (DYHIAMEHTOB.
®dopMupoBaHue GUOTIJIEHOK Ha TBEPABIX YaCTUIIAX
BOIOHACHILIEHHBIX MECKOB CIIOCOOCTBYET CHIIKE-
HUIO yIJla BHYTpeHHero TpeHus (), U TpU OTCYT-
CTBUM clieTiJieHUs (¢) HabmomaeTcsl MX MOCTEIIEHHBIM
Mepexod B COCTOSIHME TSKEJION XKMAKOCTU (TUILIBY-
Ha). [Ipy HamMuUM TBEpABIX MY3BIPHKOB Majopac-
TBOPUMBIX Ta3oB, ACHCTBYIOLIMX KaK IIapUKOMOI-
LIUIMTHUKU, P IECKOB CHUXKAETCS 10 HYJIEBbIX 3HAUE-
Huil. B Takux Imeckax CTaTMYeCKOe 30HIUPOBaHUE
MMOKa3bIBaeT MUHUMAJIbHbIE 3HAYEHMS JIOOOBOTO CO-
MpPOTUBJICHMUS.

Kuible 1 amMUHUCTPATUBHbBIE 31aHUST, BO3BEICH-
HBIC Ha CBalfHBIX (hyHIAMEHTaX, HeCYIIIUM TOPU30H-
TOM KOTOPBIX CITy>KaT MOPEHHBIEC OTIOXEHMUS, UCIThI-
TBHIBAIOT JJIUTEJIbHbIE U HepaBHOMEpPHBIE OCaaKU B
tedeHue 10 jet u 6onee [42]. CrienmanabHEBIE UCCIIE-
MIOBaHMSI TTOKA3aJIM, YTO TNIMHUCTHIE MOPEHBI B BOC-
CTaHOBUTEJILHBIX YCJIOBUSIX, 3aJieTalollue noja doyee
MOJIOIBIMH YETBEPTUIHBIMU OTJIOKECHUSMHU, a TAKKE
1oz, 00JIOTAMHM M XO3STCTBEHHO-OBITOBBIMU CBAJIKAMM,

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

XapaKTepU3YIOTCS HaIWYueM OOJbIION YMCICHHOCTU
aHA®POOHBIX MUKpPOOpPraHu3MoB. DopMUpOBaHUE
OMOIUICHOK, a TaKXKe PEIyKLIMUsI LIEeMEHTUPYIOIINX CO-
enMHeHuit Fe’t mpuBomuT K IIpeo6pa3oBaHuIo CTPYK-
TYPHBIX CBSI3€i1, UTO CITOCOOCTBYET CHIDKEHUIO CLIETLIEe-
Hus go 0.04 MIla u menee, a ¢ no 5—7°. 1o pe3ynabTa-
TaM OOpaTHBIX PacYETOB MOIYJIh O0OMIIel AedopMani
(E,) Takux MmopeH coctasisieT 3 MIla u menee. Cneno-
BaTeJIbHO, MOAOOHBIE MOPEHbI JOJIKHBI paccMaTpH-
BaThCs KaK KBa3uILIaCTUYIHAs cpena (puc. 4) [7].

MopeHa, 3ajeraroliias y THeBHOI MOBEPXHOCTU B
adpPOOHBIX YCIOBUSIX, XapaKTePU3YETCSI BBICOKUMU (P
(15—25° u 6oitee), a cleIUIeHUEe OOBIMHO MPEBHIIIACT
0.08 MIIa 3a cuer ee HmeMeHTALlMM THUAPOKCUIAMU
Xxemesa [7].

Buoropposuss KOHCMPYKYUOHHbLIX Mamepuaiog —
OETOHOB, XeJIe300€TOHOB, METAJUIOB, YYT'YHOB U JIP.
MPOTEeKaeT MO BIUSIHIUEM CaMUX MUKPOOPTaHN3MOB
B OMOIUIEHKAaX Ha IMOBEPXHOCTU KOHCTPYKIIUMN U UX
MeTaboJIMTOB: 9H3MMOB, KMCJIOT U Ta3oB [19, 41].

Kax y:xe oTMeuasoch Bbillle, OTpULATEeIbHBIC 3HA-
yenus1 Eh mmon3emMHoO# cpeabl oIpeaeasioT HaTudue
aHa’pOOHBIX POPM MUKPOOPraHU3MOB, U3 HUX HaU-
GoJiee OmacHBI cyiabdaTpeayUpyIolIie, TeHepupy-
omue H,S, nuccolmanusi KOToporo B BOIHOM cpene
IIPOMCXOIUT COIJIACHO YpaBHEHMUIO [7]:

H,S — HS” +H".

Hakormnenue HT ¢popMupyert Kuciyio cpey, crio-
COOCTBYIOLIYIO pa3pyllIeHUIO TUAPOKCUIOB KaIbLIVS
Y1 MarHUSI B COCTaBe LIEMEHTOB, B pe3y/IbTaTe Yero Ha-
OsromaeTcst pocT oo0beMa 1mop B 6eToHax. Kpome Toro,
aTOMAapHBIN BOJIOPO B CUJTY UCKITIOUMTEILHO MaJTbIX
pa3sMepoB CITOCOOEH MPOHUKATH B KPUCTATMYECKYIO
peleTKy MeTajuia Ha ryonay 30—40 MKM 1 BCTYIIaTh
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Puc. 4. XapakTep pa3pyiieHust 06pa3iioB OCTAIIKOBCKO MOPEHBI B YCIIOBUSIX BO3MOXHOCTH MX GOKOBOTO paCIIUPEHHMSI, OTO-
OpaHHBIX ¢ IyOUHBI: a — 16.0—16.4 m; 6 — 17.8—18.0 M (¢poTo u3 apxusa P.D. Jaiiko).

C HMM B peakliMio ¢ 00pa30BaHUEM THUIPUIOB
Me_ H,, 4TO croco6CTBYeT yBEJIMYEHUIO 00BEMA U
pPa3yIUIOTHEHUIO TOBEPXHOCTHOTO CJI0SI KOHCTPYK-
uii [6]. [Ipupona paspylieHusa METAJUTMYECKMX KOH-
CTpPYKUM Tion Bo3neiictBueM H, (Ipoaykra aesitenb-
HOCTU BOJIOPOIOO0pA3yoNIMX OaKTepUil) aHaJIOTMIHA
pPa3BUTHUIO Mpoliecca Py HAKOTIEHUU aTOMapHOTO BO-
nopona. Takoit mpoliecc Ha3bIBae€TCs HaBOOOpaKUBa-
HUEM METaJIJIOB. OH CITOCOOCTBYET IMOBBIIIEHUIO MX
XPYIKOCTH U TIPEXIEBPEMEHHOMY Ppa3pylLICHUIO
KoHCTpyKuuit [38, 43]. UyryHHble KOHCTPYKLIUU
(TIOOMHIU TIEpEerOHHBIX TOHHEJEeN MEeTPOMNoIUTeHA)
pa3pylialTcs oI AEUCTBUEM XKEJIe30peaylUupyIo-
X GaKTEepUil, KOTOPBIE MepeBOaT Kkene30 u3 Fe’
B Fe?* ¢ mocnenyommM ero BBIHOCOM U3 OOIENKMU.
B pesynbsraTe HaGmogaeTcs mpoiiecc rpaduTHU3auNa
YyTryHa, COINPOBOXIAIOIIUICSI €Tr0 pacCIOeHUEM U
BBICOKOI XPYITKOCTbIO.

Kak 6bp110 moka3zaHo Ha puc. 1, yrmian3anusi opra-
HUYECKOTO BellleCTBa aHa3POOHBIMU MUKPOOPTaHU3-
MaMu TIpUBOIUT K oOpa3zoBaHuIo Oosee yeMm 150 opra-
HUYECKUX KUCJIOT, KOTOPbI€ aKTUBHO MOHKAIOT BEJIH -
yuHy pH momzemMHbIX Bod 0 4 U MEHee U CO3MaloT
YCJIOBUSI JUIsI KOPpO3UM (YTOHUYEHUS) METAJUTMYECKUX
KOHCTPYKIIMI, a TAKXKe Pa3BUTHS MATTUHTA [7].

B aspoOHBIX yCIOBUSIX B MOA3EMHOM IIPOCTPaH-
CTBE aKTUBHO JeMCTBYIOT THOHOBLIEC, HUTPUDUIIH -
pylolnre M KeJIe300KUCIsSmue 0akrepun. Tuo-
HOBBIE TaKCOHBI, BhIpadaThIBAIOIIME CEPHYIO KMC-
JIOTy, TPHUBOOAT K pa3BUTHUIO CyIbdaTHOM
KOppoO3uu OETOHOB IIpH (GOPMUPOBAHWUU ITTPUH-
ruta (3Ca0 - Al,O5- 3CaSO,- 31H,0), reHepauuu Kpu-
CTAJUIM3aLOHHOTO JIaBJICHMS 32 CYET €I0 00pa30BaHUSI
oonee 10 MIla u mocnenyromieii fe3nHTETpaliiy OETO-
Ha [10, 34]. Hurpuduumpyroliiye 6akTepruu co34aioT
arpecCUBHEIC UISI METAJUIOB U LIEMEHTOB KHUCJEIC
cpelbl IPU AECTBUU a30THOM KUCITOTHL.

XKeme3obakTepun TOCEISIOTCS Ha  CTEHKax
YBIIAXKHEHHBIX METAJUIMYECKUX KOHCTPYKUMIA ¢ 06-

FEOBKOJIOIrvsd. UHXEHEPHAA T'EOJIOTUA. THAPOTEOJIOTUA. TEOKPUOJIOTUA  Ne 5

pa3oBaHMEM CJIM3MCTHIX CKOIUIeHUi. B chopmupo-
BaHHOI1 KeJIe300aKTepUsIMHU Ccpele HaOJIoOarTCs
pa3yIUIOTHEHWE M “BcOydyuBaHue” MeTajuia ¢ ¢op-
MUpPOBaHUEM T'MAPOKCUIOB xKene3a [7].

SAKJIIOYEHHUE

1. IToka3aHa poJib OTEUYECTBEHHbBIX CIIEIIMATCTOB
B CTAaHOBJICHUM W Pa3BUTUN MEXINCUUIUIMHAPHOMN
HayKl — MOA3EMHON MUKpooOuojoruu. OTpaxeHbl
OCHOBHbIE HAllpaBJICHUs] NESATEIbHOCTH U3BECTHBIX
yueHbix: B.. Bepuanckoro, I'A. Hagcona, B.JI. Hca-
YEeHKO M IPYTrux uccienoBaTesieil, KoTopble B CBOMX
paboTtax mokasajau BaXXHOCTb M HEOOXOIMMOCTh Ha-
YYHO-IIPAKTUYECKOTO U3YYECHUS IeSITSIbHOCTA MUK-
pPOOPraHM3MOB B pa3JIMYHBIX OO0JIACTSIX T'€OJIOTUU.
IMoguepkHYyTO IMMOHEPHOE 3HAYECHMHE IIPOBEACHMUS
TaKMX MCCJeNOBaHUIT MOCKOBCKOM IIKOJONA WHXKE-
HEpHOIl TeoJIoTuX ToA PYKOBOACTBOM aKaaeMMKa
E.M. CepreeBa. [IponeMOHCTpUPOBAHBI pe3yabTaThbl
OpUMEHEHUSI WM BHEOPEHUS MHKPOOMOIOTMYECKUX
METOJIOB ¥ METOAUK IIPU UCCACIOBAHUM UIUTEILHOM
YCTOMYMBOCTU U SKCIUTyaTAallMOHHOM HaIeKHOCTU
pa3IUYHBIX OOBEKTOB B MOA3EMHOM IIPOCTPAHCTBE
Cankr-IleTepOypra.

2. VI3yyeHBI OCHOBHBIE MUICTOYHUKHU ITOCTYIUICHUS
MUKPOOPraHU3MOB B TIOA3E€MHOE IPOCTPAHCTBO
Cankr-IletepbOypra. Cpenn pernoHaJbHBIX WCTOY-
HUKOB IIEPBOCTEIIEHHOE 3HaueHHe MMEIOT 00JIoTa,
BIIVISITHUE KOTOPBIX MPOCTIEXKUBAETCI HA DIYOUHY O
30 M 1 OoJiee 3a cUyeT MepeHOoca MUKPOOPTaHU3MOB,
MeTabOoJIUTOB, a TAKXKe a0MOTUYECKUX OPTaHUYECKUX
KOMITOHEHTOB MPY HUCXOISIIE UHPUIbTpALU 060-
JIOTHBIX BOJI. BriepBbIe yCTaHOBJIEHO, YTO IITyOOKUE U
XOPOILIO 3alIUIIeHHbIE BOOOHOCHBIE TOPU30HTEI CJIy-
KaT UCTOYHMKOM TTOCTYIJICHUS MOA3EMHOM MUKPO-
onotsl. K permoHasbHBIM MCTOYHUKAM MHUKpPOOpTa-
HU3MOB B MOA3EMHOE MPOCTPAHCTBO OTHOCSTCS
TPYHTOBBIE BOMbI, TIOBCEMECTHO KOHTAMUHUPOBAH-
HBIE YTEUKAMH U3 CUCTEM BOJIOOTBEICHUST HETTy0O-
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Koro 3ajioxeHusi. OxapaKTepu3oBaHbl JIOKaJIbHbIE
MCTOYHUKU MOCTYIUIEHUSI MUKPOOPTaHU3MOB, CPEIU
KOTOPBIX TMTPUHIUITUAILHOE 3HAYEHUE UMEIOT MEX-
MOPEHHBIE MUKYJINHCKUE Ta30TC€HEPUPYIOIINE TIEC-
YaHO-TJIMHUCTbIE OUTYMUHO3HbIE OTioXeHus. Ilo-
Ka3aHO, YTO MPU MPOXOIKE U IKCILTyaTallU TTOA3EM-
HBIX COOPYXXECHUI B MUKYJIMHCKUX OTJIOXEHUSIX U B
TPYHTAaXx, TIOACTUJIAIOIIMX U TEPEKPHIBAIOLINX UX, HA-
OomaeTcs akTUBHAsI OMOKOPPO3UST HECYIIINX OOJETOK.
K nokajibHbIM UCTOYHMKAM TTOCTYIUIEHUS] MUKPOOHO-
ThI B IOJI3EMHYIO Cpey TOPOAa TaKXKe OTHECEHBI BEPX-
HUii (MOJIOCTPOBCKUIA) Y HUXKHUI MEXMOPEHHBIE BO-
JIOHOCHBIE TOPU3OHTHIL.

3. IIpoananu3mpoBaHbl HanboJjiee OIIaCHBIE WH-
KEHEPHO-TEOJIOTUYECKNE ITPOLIECCH B MOA3EMHOM
npoctpaHcTBe Cankr-IleTepOypra, KOTOpbie pa3Bu-
BAfOTCS II0J BO3ACKMCTBUEM pPa3IMIHBIX TAaKCOHOB
MUKpoopraHm3MoB. Ocoboe BHMMaHMeE yIeJIeHO TeTe-
poTpoHBIM aHA’POOHBIM (POpMaM, TEHEPUPYIOIIIUM
OMoxmMmJecKue Ta3bl. JIeImoHMpoBaHE MaJopacTBO-
PMMBIX Ta30B OKa3bIBaeT BIWSHUE Ha (DOPMUPOBAHUE
HAaIIPSDKEHHO-1e(DOPMUPOBAHHOIO COCTOSIHUSI TPYH-
ToBbIX Tojl. Ilpu muccunamuu takux razoB (CH,,
H,, N,) BogoHachIllIeHHbIE TTECKU MEPEXOASIT B CO-
CTOSTHUME TUILIBYHOB, a INIMHUCTBIE TPYHThI — B KBa31-
IUIAaCTUYHBIE pa3HOCTU. HakoruieHne MUKpOOHOIA
MAacChl, COCTOSIIEN M3 XUBBIX 1 MEPTBBIX KJIETOK, a
TaK>Ke TTPOAYKTOB METa00IM3Ma MMPUBOIUT K (DOpMU-
pOBaHUIO OMOIICHOK BOKPYT MUHEPAJILHEIX 3epeH U
MOCJEAYIONIE HeTaTUBHOM TpaHC(OPMAIIMKU ITPOY-
HOCTU U Je(OpMallMOHHONM CITOCOOHOCTHU TTeCYaHO-
NIMHUCTBIX OTyIoXeHMi. Cpeay omacHBIX MHXEHEp-
HO-T€O0JIOTUYECKMX MIPOIIECCOB OTMeUYeHa OMMOKOPPO-
31s1 KOHCTPYKLIMOHHBIX MaTepUajoB, poTeKalolasi
3a cyeT MeTa0oJUTOB (Ta30B, KUCJIOT, SH3UMOB) U
HEMOCPEACTBEHHON NESITEIbHOCTH MMKPOOpPraHU3-
MOB, 00pa3yIIMX OUOIUIEHKU Ha TOBEPXHOCTH IO/~
3eMHBIX KOHCTpYKIii. OcCOOEHHO OIlaceH JIsI MO~
3€MHBIX KOHCTPYKIIMI CEpOBOIOPOI.

ITpoBeneHHBIE UCCIETOBAHMS NESTETLHOCTH MUKPO-
OopraHu3MoB B ToazeMHoi cpene Cankr-IletepOypra,
a TaKKe Ha IPYTUX OOBEeKTax ITOOTBEPKIal0T HEOOX0-
IMOCTDb BKIIIOUEHUSI B HOPMATUBHBIE TOKYMEHTHI TTO
WHXXEHEPHO-T€OJIOTMYEeCKM UCCIEeIOBAHUSIM U3yYe-
HUE IesITeIBHOCTU TTON3eMHOM MUKPOOHOTEHI C 1IETBIO
TTOBBIIIIEHUsT 6E30MMaCHOCT OCBOEHUSI U MCITOJIb30-
BaHUsI MOA3EMHOTIO IMPOCTPAHCTBA FOPOIOB U TOPHO-
IIPOMBIIIICHHBIX PETUOHOB.
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ENGINEERING GEOLOGICAL PROCESSES AS A RESULT
OF MICROORGANISMS ACTIVITY
(ON THE EXAMPLE OF St. PETERSBURG SUBSURFACE)
R. E. Dashko“*, A. G. Karpenko®, and D. L. Kolosova“

4S8t. Petersburg Mining University, 21st Line 2, St. Petersburg, 199106 Russia
#E-mail: regda2002@mail.ru

The history of microbiological research in various geological sciences is analyzed in brief. Development of
the doctrine about underground microorganisms and its use in various engineering geological schools is
shown on the basis of experimental studies, including modern metagenomic analysis. The primary sources of
the microorganisms’ penetration into the underground space of St. Petersburg have been identified and sys-
tematized according to different principles. The analysis of engineering geological processes as a result of mi-
croorganisms and products of their vital activity provides the main aspects that control safety of subsurface
exploration and use for various purposes, including the design, construction and operation of underground
structures (subway tunnels) at different depths, as well as running deep foundation pits for ground structures.
The results of experimental studies of the subsurface microorganisms’ activity make it possible to infer that it
is necessary to extend engineering geological, hydrogeological and engineering ecological research of the ur-
ban underground space in order to assess the hazard of the underground microorganisms’ activity and to mit-

igate emergency cases for engineering structures.

Keywords: underground space, methods of microbiological research, sources of the microorganisms’ penetration,
contamination, natural and human activities processes, forecasting
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