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Hauunas ¢ 2014 1., coBMeCcTHbII HayYHbII KOJIJIEKTUB rccaenoBareneii us Mucruryra Hayk o 3emie, MH-
ctutyTta BogHbix nmpobsieM Cesepa KHIL PAH, MI'Y um. M.B. JlomoHocoBa, ®I'BY “BHHM M OxkeaHreosio-
rust” u Poccuiickoro negarormdeckoro yausepcutera uM A.U. I'epuiena Havanu [TporpaMmmy 1mo usydeHUIO
YeTBEPTUYHBIX OTJIOXEHUM MBYX KPYITHEUIIINX 03ep eBporeiickoil yacti Poccum — OHexckoro u Jlagox-
CKOTO, PacCIIOJIOKEHHBIX 10 BOCTOUHOM nepudepun bantuiickoro (PeHHOCKaHIMHABCKOTO) KPUCTAJLIH -
gyecKoro muTa. Mimes: 60Jpliioe KOJMYeCTBO MaTepHaIoB M0 3TOM MPpoGieMe M UCITOb3Ysl HOBbIE BO3MOX-
HOCTU MHOTOKaHaJbHOTO CEMCMOaKyCTUUECKOTro MpOoMUINPOBaHUS U TOJIYYEHUS] KEPHOB C TMOMOIIIBIO
IJIMHHBIX TPaBUTALIMOHHBIX TPYOOK, a TAKXKE HOBbIE METOIbI UCCIEAOBAHUS KEPHOB, OCHOBHOE BHUMAaHME
OBLIO YAEJIEHO IeoJIOrMYeCKOMY Pa3BUTUIO 3THUX 03ep B MO3MHEM HeoruieiicTolieHe—rojolieHe. M3yyeHue
YeTBEPTUYHBIX OTJIOKEHUI 3TUX 03ep, 3aHMMAIOIINX KITI0YeBOe Teorpad®uieckoe MojioXXeHe B peTUOHE 1
pacroaramnxcsl Ha pa3IMYHbIX BBICOTHBIX YPOBHSX, TTO3BOJISIET 60Jiee TOYHO MOHATh TMHAMUKY OT-
cryruieHus1 CKaHIMHABCKOTO JIEAHUKA C CeBepo-3aranHoil yactu Pycckoii paBHuHBIL. [1pu 3TOM omnpene-
Jisifoliiee BIUsIHUE JIeTHUKa Ha HOpMUpPOBaHKE BOAHBIX 0ACCEMTHOB MPU €To erpaaalliy Mo3BoJIsSeT MpoBe-
CTM permoHajbHbIe Tajieoreorpacdyeckre Koppeisiiuu, HaduHast ¢ bantuiickoro mopst, yepes Jlamox-
ckoe 1 OHexXcKoe o3epa U 3aKaHuMBasi bebiM MopeM. 3HAaYUTENIbHBIN MHTEPEC MPEACTaBIISICT U UCTOPUST
dbopMupoBaHUA caMMX 03€pHBIX KOTJIOBUH, YIUTHIBAs, UTO B HUX NMTPAKTUYECKU OTCYTCTBYIOT OTJIOKEHMST
aHepo30s1 1 TeoTornIecKuii pa3pes MPeACTaBICH apXel-TIPOTEPO30MCKUMM 1 YeTBEPTUIHBIMU 00pa30BaHM-
sMu. B cTatbe 06cyknaloTcsi HOBble JaHHBIE, TIOJYYEHHBIE C TIOMOIIBI0 MHOTOKAHAJILHOTO CeiCMOaKyCcTHIe-
CKOTO TTpOWIMPOBAHMS U JUTMHHBIX TPaBUTALIMOHHBIX TPYOOK (OHEXCKOE 03€p0) C MPUBJICUEHUEM Pe3yJIbTa-
TOB MaTeMaTUUECKOTO MOJIEIMPOBAHUSI O LIUKJIMYECKOM Pa3BUTUU OOOUX O3EPHBIX OGacceifHOB, BpeMEHU Hava-
Jla U OKOHYAaHUSI OCHOBHBIX LIMKJIOB (JIEAHUKOBOTO, JIGAHUKOBO-03€PHOTO, 03€pHOro) B HUX. [IpuBeneHbI
CBEICHUST O KOPPEJISIIIY 3THX COOBITHI C TTajieoreorpadrieckKimM pa3ButreM beoro Mopsi.

Karoueswie cnosa: OHexckoe o3epo, Jlamoxkckoe 03epo, ceiicMoaKycTuuecKoe NpoduimpoBaHue IIPeCcHO-
BOIHBIX OacCEHOB, YeTBEPTUYHbBIC OTJIOKEHMSI, BEPXHUI HEOIIEHCTOIIEH M TOJIOLICH, JOHHbBIE OTJIOXKE-
HUS 03ep, OypeHue, MaJeOJTMMHOJIOTHS, Majieoreorpadus
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Mcropusa popmupoBanus KpynHeimmx ozep EB-  nena. PacrnonoxeHue MX Ha pa3sJM4HBIX BBICOTHBIX
ponbl — Jlamoxckoro u OHEXCKOTO, paclojioXeH-  ypOBHSX ITO3BOJISAET 00Jiee TOYHO MOHATH JUHAMUKY
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ompeesioniee BAUSHUAE JIEAHUKA Ha (GOPMHUpPOBa-
HME BOIHBIX 0aCCEeITHOB IPH €T0 Jerpanaliy Mo3BOJIsI-
€T MPOBECTU PEerMOHaIbHbIE KOPPEIISILNY, HAUMHAS C
Banmuiickoro Mmopst m KoHdast benbiM. 3HaunTE TBHBII
WHTEpEC NPEACTaBISIET U UCTOPpUST (DOPMUPOBAHUSI Ca-
MUX 03€PHBIX KOTJIOBUH, YYUTHIBAsI, YTO B HUX IIPaK-
TUYECKU OTCYTCTBYIOT OTJIOXKEHUST (haHEPO30sl.

BniepBbie BOIIpoCc 0 CUHXpOHM3ALU YeTBEPTUY-
HBIX OTJIOXKEHM M OBIT ITocTaBiieH B 1998 1. (Pridanko,
1998), korna ObLIM TTPOBEAEHBI Fe0Ja0ro-reodusnye-
ckue padotsl B benom n bantuiickom mopsix. OmHa-
KO B 3TO BpeMsl aHaJIOTMYHbIE JaHHbIE TI0 03epaM U,
0cob0eHHO, Mo OHEXCKOMY, ObLUIM €llle HeAOCTaTOU-
HBI. B cuity psima o6CToSITeIbCTB TeodU3nIecKIe pa-
OOTHI ¥ TTPOOOOTOOP AIUHHBIMU T'PAaBUTALIMOHHBIMU
TpyOKaMM B aKBaTOPUM O3E€PHBIX KOTJIOBWMH Haya-
JIUCh 3HAYUTEIBLHO TO3Xe, YeM B Mopsix. OgHako B
nociegHue 8 JIeT Ha 000MX 03epax ObLIO MPOBEAECHO
MHOTOKaHAJIbHOE CEMCMOAKyCTU4YeCKOoe IpOoduIn-
pOBaHME BBICOKOTO paspelneHust (AJemuH u Ap.,
2019; AkcenoB u ap., 2020; Aksenov et al., 2020;
Subetto et al., 2020; Lebas et al., 2021). ['comoruye-
CKO€ OnpoOOBaHKE C TPAaBUTALIMOHHBIMU TPyOKaMM
JUTMHOM B 3 M B 3TH K€ roJbl NPOBOANIOCHE HA OHEX-
ckoMm o3epe (ITaneonumuomnorusi, 2022). B pesynbra-
Te ObljIa IIpeacTaBlieHa HOBasl BepCusl KapThl UeTBep-
TUYHBIX OTJIoXeHUit o3epa (bensieB u ap., 2021). Pe-
3yJbTAaThl MCCIACAOBAHUIN B JOHHBIX OTJIOXCHMSIX
MaJbIX o3ep no nepudepun OHEXCKOTO 03epa Io3-
BOJIWJIM CYIIECTBEHHO YTOYHUTh €ro pPa3BUTHUE B
Mo3IHeM HeoIulelicToleHe-rojoleHe (Zobkov et al.,
2019; Subetto et al., 2020). Haubosee noaHoe pa3Bu-
THE TTajieoreorpaguueckue ucciaea0BaHUs TTOJyUNIN
B oHexkcKoit koTnoBuHe (ITaneonumHoorust..., 2022).

HakonuBiiuecsi, XOTsS U pa3HOPOIHbIC, JaHHBIE
10 03€paM U BHYTPEHHUM MOPSIM, PaCIOJI0XKEHHBIM
Takke nmo nepudepun banTuiickoro Kpucrauidye-
CKOIO IIMTa, MO3BOJISIIOT 00Jiee MOApPOOHO OCBETUTh
KaK MCTOpUIO (POPMUPOBAHMUS CAMUX O3€PHBIX KOTJIO-
BUH, TaK 1 00pa30BaHNe B HUX B O3HEM HEOTICH -
CTOlIEHE TIPUJICIHUKOBBIX 0acCEifHOB, CMEHMBILUXCS
Mo31Hee MOPCKUMM U 03€pHBIMU OacceiiHaMM.

MATEPHAJIBI U METObI

B ocHOBY comep:kaHUSI CTATbU MOJOXKEHBI PE3Yb-
TaThl TTOJIEBBIX padoT Ha JlagmokckoM m OHEKCKOM
o3epax B nepuog ¢ 2014 o 2020 r. Ha nepBom 3Tamne
5TO ObUT CMELIaHHBIN KOJIJIEKTUB MCClIenoBaTeeii u3
CIIBI'Y, MT'Y um. M.B. Jlomonocosa u Mucturyra
BOIHBIX IpobiieM Kapenbckoro HayyHoro Llentpa PAH
(ITerpo3aBonck). C 2014 r. aTh UccaenoBaHUs CTa-
JIM TonaepkuBaTbesa rpantamMmu PH® 14-17-00766,
18-17-00176 u 20-17-001761I1, kBUHTICCEHLMUEI KO-
TOPBIX CTaIo u3naHue MmoHorpacdun “IlanreoanmMHo-
Jiorust OHEXXCKOTO 03epa: OT MPUJICAHUKOBOTO 03epa
K COBpeMEHHBIM yciaoBusM” (2022), B KOTOpOIi Mo-
JIpOOHO OMUCAHBI JUTOJIOTUSI U YCIIOBUS 0Opa3oBa-
HUS Y€TBEPTUYHBIX OTJIOXEHUI 03epa.
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Jlanoxckoe u OHeEXCKoe 03epa pacrojioXeHbl B
ceBepo-3amnaaHoi yactu P® u SBAsIOTCS KpyMHei-
mmmu o3epamu EBporisl (puc. 1). ITnomans akBato-
puu niepBoro cocrasiser 17870 km?, HaubonbLIas
ry6ouna 230 M, a Broporo — 9720 km? u 127 M cooT-
BeTcTBeHHO (MakcumoB u ap., 2015). Mopdonorust
0o3ep IIPU UX Pas3InIuy UMeeT M o0IIre YepThl. Mop-
¢osorust ceBepHbIX OeperoB, Iiie BCKPbIBAIOTCS KPU-
cTajuiMyeckue nopoabl banTtuiickoro mura, umeer
mxepHblit (B Jlagoxkckom o3epe) u puapaooOpa3HbIii
(B OHEXXCKOM 03epe) xapaktep. MepuanoHalbHbIE
Mpoduyin 3TUX 03ep aCUMMETPUYHbI. B OTKpbITOi
4YacTU UX pacrnojaraloTcs y4acTKM O3€pHOTO /IHa C
MaKCUMaJIbHbIMU [IIyOMHAMU, KOTOPbIE MOCTETIEHHO
yMeHbIIaTcs Ha 1or. FOxHble Gepera, HaoOOPOT,
XapakTepu3yloTcsd HaJIUYUMeM IIUPOKUX TOJOTUX
OyxT, oOpa3zoBaHNE KOTOPbHIX BO MHOTOM CBSI3aHO C
9K3apalueil OTAeIbHbIMU JEIHUKOBBIMU MOTOKAMMU,
BBIXOASIIMX HA PyccKyto paBHUHY.

B 2014—2015 rr. OBITM TIpOBEnEeHBI Teodpn3mde-
cKue (ceiicMoakycThueckue) padoTsl Ha JIamoxkcKoM
o3epe, a ¢ 2016 1. oHM GbUIN TTepeHeceHBI Ha OHeX-
CKO€ 03epo, IIpUYeM K CeliCMOaKyCTUYECKUM UCCIIe-
JIOBaHUSIM JOOABUJICS U TEOJIOTMYSCKII ITPoO00TOOP.

Tl'eodusmyeckme padbOTHI BKIIOYAIM MHOTOKAHAb-
HOe celiCMoaKyCTuuecKoe MpoduiInpoBaHUE BHICO-
Koro paspemeHus. B 2014 r. UCITOIb30BaINCh 3IEK-
TPOOMHAMUYECKHNIA MICTOUHMK 3Hepruu tuma “bymep”
¢ ueHTpajbHOM yactoToit 2000 Iy u ceiicMuyeckast
aHaJIoroBas IlIeCTHaAllaTMKaHaJIbHAsI KOca C IIaroM
2M Mexny nmpuemMHukamu. B 2015 r. mpumeHsuics
3JIEKTPOMCKPOBOii nanyuarenb (“Croapkep”), mome-
IIEHHBI B KOHTEWHEpP C cojJieHoM Bomoii. YacTtora
WU3JIyYEeHMsI €r0 COOTBETCTBOBaja XapaKTepUCTUKAM
ceiicmMopasBenku Bbicokoro paspeuieHus (CCBP) u
cocrasisia 300—700 I'u. IIpumemHast cucrema ObLIa
MpeacTaBjieHa Mbe30KepaMMYeCcKoil 16-KaHaIbHOM KO-
Coii ¢ paccTostHUEM Mexkay KaHaiamu 2 M. Ha OHex-
CKOM O03epe HeIPEPBIBHOE CEHCMOaKyCTUYeCKOe
npoUINpPOBaHME TIPOBOAMIIOCH C UCIOIb30BaAHNEM
HU3KOYaCTOTHOM U BBICOKOYACTOTHOI MeToauk. [To-
JIoOHasi MeToarKa ObLIa MCIOMb30BaHa JJIsi OMHOBPE-
MEHHOTO TIOBBIIIEHVS] IyOMHHOCTU 30HIMPOBAHUST U
Oosiee IPOOHOTO pacujeHEeHUsI BEPHEH YacTy paspes3a
JIOHHBIX OTJIOXeHMiA. 11 HM3KO4aCTOTHOro mpodu-
JIMPOBAHMSI UCITOJIb30BAJICS BJIEKTPOMCKPOBOM M3JTyda-
tenb (“Crapkep”) ¢ KOHTEITHEPOM C COJICHOM BOJIOM U
yactoroii uznydenust — 600 I, ITpodunuposanue no
BBICOKOYACTOTHOM METOIMKE IIPOBOAUIOCH C IIPU-
MEHEHUEM DJJIEKTPOJAMHAMUUYECKOTO M3JydaTess
(“Bymep”) ¢ LEHTpaJbHOM YacCTOTOM W3IydYeHUs
1.2 kI, JlomoJtTHUTEAbHO IJIST OOCIeIOBaHUS IIO-
BEPXHOCTU O3E€PHOTIO JHA U BbIACJICHUSI Ha HEMl reo-
JIOTMYECKHUX M aHTPOIIOTEHHBIX OOBEKTOB ObLIa BHI-
MOJIHEHA TUAPOJIOKAIs OOKOBOTO 0030pa (armapa-
TypHBIi1 Komiieke StarFish 450F) (Anewmun u ap.,
20210). B mpenmenax oTkpbiToii yactu o3epa (2017,
2019 r.) HempepbIBHOE CEMCMOaKyCTUUECKOE ITpodu-
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Puc. 1. I[MTonoxenue Ha Kapte Jlamoxckoro n OHexXcKoro o3ep. Toukamu 0603nauensvr mecma Oypenus 6 ozepax: 1 — otbopa Ko-
noHku B pamkax npoekta PLOT (Andreevetal., 2019), 2 — oTb6opa KOJIOHOK NOHHBIX oTioxeHuil B [leTpo3aBonckoii ryoe
Onexckoro o3epa ([Taneonmmmuaonorus..., 2022), 3 — oT6opa KOJTOHOK TOHHBIX OTJIOXEHUI B YHUIIKOM ryoe OHEexXCKOTo 03e-

pa.

Fig. 1. Location of Ladoga and Onega lakes. White points are the coring sites: 1 — the PLOT coring site (Andreev et al., 2019), 2 —
the coring site in the Petrozavodskaya bay (Onega Lake) (Paleolimnologya..., 2022), 3 — the coring site in the Unitskaya bay

(Onega Lake).

JIMPpOBaHUE IIPOBOAMIIOCH ITPEUMYIIECTBEHHO C
BJIEKTPONMCKPOBBIM MUCTOYHUKOM aKyCTUYECKUX CUT-
HasoB “Cnapkep”. Bce 3T paboThI ObLIN BBITTOJTHE-
HbI coTpygHuKamMu OO0 “Crumr” u HMHW MI'Y Ha
OCHOBaHMM /IOTOBOPOB O HAYYHOM COTPYIHUYECTBE.

l'eonornueckuii npo6ootrdéop Ha OHEXCKOM 03e-
pe nipoBoauics B 2016, 2018, 2020 u 2022 r. Ucnoib-
30Bajlach rpaBUTallMOHHAs TpyOKa IJIMHOM 3 M U Be-
coM 10 500 KT, 4TO MO3BOJIMIIO MTOJIYYUTh KEPHBI IJTH -
Hoit 1o 2.5 M. B 2019 r. Gb110 BnepBbie MTPOBEACHO
OypeHMe YeTBEpTUYHBIX OTJIOXEHUM co Jibaa. bbuia
3aJieiicTBOBaHa IOpIIIHEeBasi cCUcTeMa Jijisl oToopa Ko-
JIOHOK TOHHBIX OTJ0XeHuit mpousBoactBa UWITEC
(ABcTpusa). Bo3aMOXHOCTH 3TOI1 CUCTEMBI ITO3BOJISI-
IOT OypUTh 03epHOE THO Ha mryomnHax 1o 140 M 1 ot-
OmpaTh KepHbI JOHHBIX OTIIOXKEHUN miInHON no 20—
25 m. C moMoIIbio 3TOi OypOBOif YCTAHOBKU OBIIO
noayyeHo 4 kepHa giuHoit 10—12 M Ha rTyOmMHax
okouio 20 M. IuameTp KepHa cocTtapisii 89 mMm (I1a-
JleonuMHoJIorus..., 2022). Takke npou3BOAWIOCH
OypeHue ¢ 1ioTa (JIETOM) 1 CO Jibaa (3UMOi1) B rydax
M MaJIbIX 03epax 1o nepudepun OHEXCKOro o3epa ¢
noMolisio TopdsiHoro oypa (Zobkov et al., 2019).

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

ITOJIVHEHHBIE PE3VIIbTATBI
1 OBCYXJIEHUE

OnHoil M3 XapaKTepHBIX 4YepT TI€OJOTrMYEeCKOro
CTpOeHUsI BcexX 0e3 MCKIIOUEHUs] BHYTPEHHUX Oac-
CEefHOB 10 BOCTOYHOI mepudepun bantuiickoro
KPUCTAJUZIMYECKOTO IIUTA SIBJISICTCS IIOYTU IOJIHOE
OTCYTCTBUE B HUX (DaHEPO3OMCKUX OTI0XKeHU. Kak
1 Ha CaMOM IIUTe, 31eCh YeTBEPTUYHBIC OTIOXKCHUS
IEPEKPHIBAIOT HENOCPEACTBEHHO 00pa30BaHMs HIK-
HETO U BepXHero NpoTepo30s. TOIBKO B IOXKHbBIX Ya-
CTSIX B IOYETBEPTUUHOM pa3pese B Mpeesiax 03¢PHbIX
KOTJIOBUH TTOSIBJISIIOTCSI HYDKHETAJIC030MCKIE TTOPOIbI
(AmanToB, CrimpunoHos,1989; INaneomumHomorMsl. . .,
2022). D10 CBSA3aHO C TEM, UTO FOXKHAS YaCTh 0O3€PHBIX
KOTJIOBMH NPEICTABJISIET OOLIMPHBIC NEIPECCUU, BbI-
paboTaHHBIE yKe B TOPOAaX IIATHOTO YexJia.

dopmupoBaHue BIIaAWH 110 BOCTOYHOM nepude-
pun banTHiicKOro KpHCTa/UIMYECKOro IIUTA, IIe
BITOCJICACTBMU 0Opa3oBairch Jlagoxkckoe n OHEXKCKOe
o3epa, IIPOM30IIUIO B MTO3IHEM ITPOTEPO30€E B pe3y/ibTa-
T€ NECTPYKLIMOHHBIX MPOLIECCOB B JOILIAT()OPMEHHBI
nepuon pa3putus Pycckoii matdopmel. OmHaKo 3T
MPOLIECCHI MTPOTEKAJIM HEOIUHAKOBO. JlagoxcKoe 03e-
PO pacnoJjiarajioch B Y3KOM aBJIaKOT€HHOM IpoTuoe,
KOTOPBHIii, B CBOIO ouepeab, yHACIeI0BaI MOJOXKEHIE
Ne 4
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MajeoNPOTEPO30MCKNX KOJUIM3UOHHBIX nosicoB (ba-
ayeB u ap., 2012). CeBepHast yactb OHEXKCKOTro o3epa
IIPOCTPAHCTBEHHO COBMIAIAET C IIO3IHEIIPOTEPO30ii-
ckoit OHexckoii crpykrypoit (OI1C) (Onexckad...,
2011). Ee npuuynauBbIii CTPYKTYPHBIN TLIaH TIpe-
onpenenui crreunuKy oporpadum 3Toi 4acTu 03e-
pa. B reuenue paneposos treppuropust bantuiickoro
KPUCTAJJIMYECKOTO IIUTA UCIBIThIBAJIA YCTOMYMBBIC
BOCXOMSIIINE IBVKCHUSI, BCJIEICTBUE YEro, KaK yxKe
YIIOMUHAJIOCh, BEPXHETIPOTEPO30CKIe M HUKHETIA-
JIe030iicKHe TTOPOIbl COXPAHUIIUCH TOJILKO B TIpee-
Jlax iuTHoro uexia (banyes u ap., 2012).

B yeTBepTHUHOE BpeMsi Bce oTpULIaTeIbHbIE (DOp-
Mbl JTOYETBEPTUYHOIO peibeda CTaiu MyTIMU IS
pacrpocTpaHeHusl JIEAHUKOBBIX SI3bIKOB BaJlJJaiiCKO-
ro oneacHeHus. HecKoJbKO LUKIOB OJeICHEHUS
MPUBEJU K TOMY, YTO HACTYTAIOIIMMU JIETHUKAMU He
TOJIBKO ObUIM YHUUTOXEHBI MaCCUBbI OTHOCUTEJILHO
MAaJIOMOIIIHBIX TaJIE030MCKUX MOPOI, HO U KaXKIbIiA
0oJiee MOJIOIOM JIEMHUK MPaKTUYECKU ITOJHOCTbIO
YHUYTOXAJ B pe3yJibTaTe 9K3apaluu paHee chopMu-
pOBaBIIMECS PHIXJIbIE OTI0XeHUsI. BeiencTsue aToro
B JlanoxkckoM u OHEXCKOM o3epax BCKPbIBAIOTCS
TOJIBKO OTJIOXKEHUS TIOCAEAHETO MISIIUATBHOTO UK~
Jla: BepxHeBajaiickass MopeHa, (pIioBUOTISLIMATb-
Hble U JIMMHONISIHUAJIbHBIE TMO3AHENEIHUKOBbIE U
COBpPEMEHHbIE 03epHble oTyioxeHus. B Jlamoxckom
o3epe Mo JaHHBIM OypeHUst CoOBMecTHoI Poccuiicko-
I'epMaHCKoOIi KCIeauIIMU ObLIO YCTAaHOBJIEHO HAJIU-
Yyre MUKYJIUHO-HUXKHEBAIANCKUX OTI0XEHUN (An-
dreev et al., 2019; Gromig et al., 2019; Lebas et al.,
2021). OgHaKoO 3TO MPOTUBOPEYUT HAIIIUM JAHHBIM,
0 UueM MnojpobHee OyneT cKazaHO HUXE.

Mopdonorus mHa o6omx o3ep pasmmaHa. B ceBep-
Hoit yactu JIamoKCcKOro o3epa HaXOgUTCS TITyOOKO-
BOIHAas KOTJIOBUHA, KOTOpast oTAcjaeHa Bajaamckum
MOPOTOM OT IUIOCKOM paBHUHBI LIEHTPAJTIBHOMN U FO>XKHOMU
yacTei o3epa. B To ke BpeMsI B LIEHTpE 3TOM paBHUHBI
03epo MepeceKaeT KOMIUIEKC TIpsii JISTHUKOBOTO U
¢moBHONISILIMAIEHOTO TporucxoxkaeHus. B OHexxckoMm
03epe CeBEPHYIO YaCTh 3aHUMAIOT (hMapIOBbIE 3aJIMBEI.
B camoM BocTtouHOoM M3 Hux (IToBeHEIIKOM 3aMBe)
HaMU YCTaHOBJICHEI 030BbI€ TPSIIbI, KOTOPBIC IIepece-
KaloT puap B ero cpeaHeit yactu. Mbl cormocTaBiis -
€M KOMIIJIEKC 3TUX TIPS ¢ KpaeBbIMHM 00pa30BaHUSI-
MU HEBCKOI CTaguell ITO3MHeBaJIIalicKoro (ocrali-
KOBCKOro) osieaeHeHUs. O30BbIe TIPSIbl XOPOIIO
BBIACIISIIOTCS IO JAaHHBIM CeiicMOaKyCTHYECKOTO
npoMWINPOBAHUS, YTO OBLIO II0OKAa3aHO HaMM Ha
npumepe IleTrposaBonckoit Tyosl OHEXCKOTO o3epa
(AnemnH, 20210), a Takke OHU ObLIM BbIIAEIEHBI B
HeHTpanbHOM YyacTu Jlamoxkckoro o3epa (AKCEHOB U
ap., 2020; Aksenov et al., 2020). I'eomornyeckas 3a-
BepKa JaHHBIX CEiCMOAKyCTUYECKOTO IPOGUINPO-
BaHMs ObUIa ITOJIydyeHa B pe3yJibTaTe OypeHMs 4eT-
BEPTUYHOTO pa3pe3a co Jbaa B [leTpo3aBonckoii ryde
(Poei6anko u ap., 2020a; IManenumHomnorus..., 2022).
CkBaxuna SP-0002 (puc. 1) BcKpbuia IUIOTHEIE TIeC-
YaHO-TJIMHUCThIE OCAAKU (aJeBPUTOBBIE MUKTUTHI)
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CEepOro M TEMHO-CEPOTO IBeTa C OOIBITNM KOJIMIe-
CTBOM OOJIOMKOB KpHUCTa/UIMUecKux nopoa. Ocanku
XapaKTepU3yIOTCSI TUIIMYHOM  “KEKCOIIOIOOHOM”
tekctypoii (Pribanko m np., 2020a), xapakTepHO
JIJISI MOPEHHBIX OTJI0XKEHUIA.

IIpencraBieHune o CTPYKTYpe HaJIETHUKOBBIX OT-
JIOXKeHUIT B 000UX 03epax ObLIU MOJIyYeHHI, OJlaroga-
PsI CEMCMOAKyCTUUECKUM HUCCIIeTOBaHUSAM (AJICIINH,
20216; IManeonumuonorusl..., 2022). Hanboiee moJi-
Has ceicMocTpaturpaguyeckas XapaKTepUCTUKaA
YeTBEPTUYHBIX OTJIOXEHUII ObLIa yCTaHOBJIEHAa B
IleTpozaBonckoii rydoe OHexkckoro ozepa. OHa uMmeeT
ciaenywomuii Bu (puc. 2). Ha pucyHke 4yeTKo Bble-
JISTIOTCST HECKOJIBKO OTpaXkalollnx ropu3oHToB. Han-
OoJiee TIIYOOKNUM M3 HUX sIBjsIeTcs Topu3oHT AF, Ko-
TOPBINA TIPENCTABIISIET MOBEPXHOCTh AKYCTUYECKOTO
¢dyHIaMeHTa, CJIOKEHHOTO IIPOTEPO30ICKIMHU ITOPO-
nmamu IletpozaBonckoit cButhl (MakcuMoB U ap., 2015).
I'eHeTMUyeckasi TpaKTOBKAa HJAHHOIO OTPaxKaloIlero
TOPM30HTA IpHBeIeHA Ha OCHOBAaHUM OIIbITA paboOT
IMOJIyY4EHHOI0 HaMM U OPYTMMH aBTOpaMM BO BHYT-
peHHux OacceiiHax CeBepo-3amana Poccun, roe aTa
rpaHmMIla BCErda COIIOCTAaBIISLJIACh C KPOBJIEHl KpH-
crtajuimdyeckoro pyHmamenta (AMaHTOB, AMaHTOBa,
2014; Pwei6anko u np., 20176).

PacnionoxxeHHbIi BbIllIe OTpaxkaloluii Topu3oHT G
BbLIEJIsIeTCsl Ha OoJibleid yacTu OHEeXCKOro o3epa.
Yacto oH cimuBaeTcs ¢ pedaekropoM AF, Tak Kak BBICO-
KOYaCTOTHAasl METOAWKa, UCITOJIb30BaHHasI Mpu pabo-
Tax, He BCeraa Mo3BoJisia MIPOUTU BCIO TOJIILY OTJIOXe-
HUI, 3aKJTIOYEHHYIO MEXIY OTpakalollMMU TOPU30H-
Tamu (OT'), U aKyCTUYEeCKMiAI CUTHAJ HE OOCTUTAIT
MOJOIIBBI PBIXJILIX OTJI0XEeHU. B aTOM ciydyae npo-
WUCXOAWJIO CIUSIHUE 3TUX NIBYX pedIeKTOPOB U Ha
ceiicMorpaMMe OHU OTpakaroTCsl KaK eAUHbIN ropu-
30HT G/AF (puc. 2). HOrma oH BEIXOIUT U HA MO-
BEPXHOCTh O3€PHOTO0 JHA, INe€ MPUYPOUYEH TaKXkKe K
rpsimoo0pa3HbiM hopMam penbeda U TTOTHSITUSIM
KpUcTajauueckoro pyHagameHta. MHTeHCUBHOE OT-
paXeHMe aKyCTUUYECKOTO CUTrHajla OT 3TOTO TOPU30H-
Ta, OJlaromapsi YeMy OH XOPOIIIO BbIIEISIETCS HA CEi-
CMoOrpaMMax, CBSI3aHO C BBICOKOI TJIOTHOCTbIO MO/~
CTUJIAIOIINX OTJIOXECHUNA.

Tonma, pacnonoxeHHass MeXAy OTpakalrollMMU
ropu3oHTamMmu AF u G unm 3ajneraromas Huxke O
G/AF, xapakrepusyercsl cHenuPUIEeCKON XaoTHUd-
HOI 3amnMchlo, OTpaxarolieid, o MHEHUI0 MHOTMX
aBTOPOB, YelllyiiuaToe CTpOeHUE OTJIOXKEHUI, caara-
oIIMX 3Ty Touly. Onupasicb Ha CBOI OMBIT U JaH-
HbIE APYTUX aBTOPOB, Mbl UHTEPIIPETUPYEM 3TY TOJI-
11y KaK JIETHUKOBYIO (OCHOBHYIO WJIU JOHHYIO MOpe-
HY) OCTaIlIKOBCKOTO Bo3pacTa (AMaHTOB, AMaHTOBA,
2014; IllamaeBa, CtapoBoiiToB, 2010).

Oco60e MeCTO 3aHMMAET OTPAKAIOIINI TOPU3OHT
FG, xoTopsIii UMeeT JTJoOKaJIbHOE pa3BUTHE U BCTpE-
yaeTcs Kak B [leTpo3aBonckoii ryoe (puc. 2), Tak U B
IMoBeHenikoMm 3anuBe OHexXcKoro o3depa. Ha mpen-
cTaBJIeHHOM celicMorpamme naHHbIi OI mpoxomut
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< 4000 m >

Puc. 2. CeiicmocTpaturpaduyeckasi cxeMa YeTBEPTUUHBIX OTJIOXKeHU T OHexcKoro o3epa. OCHOBaHAa Ha CEMCMOaKyCTUUECKUX
npoduiisx, mosydeHHbIX B [Terpo3aBoackoii rydoe OHexckoro o3epa B 2016 r. Beble TMHUU — OTpaXaroliue ceiiCMOaKyCTH-
yecKue ropu3oHThl. BykBeHHbBIE 0003HAUYeHMST — HA3BaHUS OTPaXKAIOIIMX TOpU30HTOB. OMMcaHus 1 Ha3BaHUSI TOPM3OHTOB /1a-

HbI B TEKCTE.

Fig. 2. Seismic stratigraphic scheme of the quaternary deposits of Onega Lake. Based on 2016 seismic-acoustic profiles from the
Petrozavodskaya bay. White lines — reflecting horizons. Description in the text.

MO TTOBEPXHOCTH I'PSIIBI B LIEHTPATBHOI 9YacTH TyOHI,
a TaKXe, YaCTUIHO, CIIpaBa OT TPSIIHI IO TTOBEPXHO-
CTU TorpebeHHoro Tejaa Mexay pediiekropamu L u
G/AF. D710 TeJio v rpsiia Mo XxapakTepy celicMo3aru-
CH COCTaBJISIIOT OmHO Iresioe. OcamKu, BBITIOITHSIIO-
III1E 3TO TeJIO, 3aJIeTaloT Ha JIEMHUKOBBIX OTJIOXKEHU-
SIX (IOHHOM MOpEHE) U TMEePEeKPbIThl “CIOUCTHIMU”
ocamkamu, GopMHUpOBaHNE KOTOPHIX TPOMCXOIUIIO B
0acCeHOBBIX YCIIOBHUSX. DTO TIO3BOJISIET COOTHECTH
OIMUCBhIBaEMbI€ OCAIKU C (hJIIOBUOISILIMAIBHBIMU OT-
JIOKEHUSIMH OCTaIITKOBCKOTO Bo3pacta. CaMy rpsimy
MOXHO WHTEPIPETUPOBATh KaK TOABOIHBIN 03.
DT0 npearnoaoxeHne noaTBepxkaeTcs kKak Mopgoao-
TUE TpsIIbl, TaK Y pe3yIbTaTaMu OypeHMs CO JIhIa, KO-
TOpOe OBLIO MPOBENEHO B HETTIOCPEACTBEHHOM OI1M30-
CTH OT Hee, B pe3yJibTaTe uyero Obliia BCKpbITa B OCHOBA-
HUW pa3pes3a TOJIIAa Pa3HO3CPHUCTHIX, MPAKTUISCKHA
OTMBITBIX ITIECKOB, COAEPXKAIINX PENKYIO TaibKy. Ca-
MU OTJIOXXEHUSI, cJaralolire O30I0J00HYIO Tpsdy,
WMEIOT TTOBBIIIEHHYIO TIJIOTHOCTD, O YeM CBUACTEIIb-
CTBYET YETKO BhIAestiomuiics pediaekrop FG, xa-
pakTepusyloluii ee Kpopito. BaxkHo, 4yTo cama rpsi-
nma, mo nanHeiIM HCII, mpuypodeHa K JIOXKOUHE B
KPOBJIE JOYETBEPTUIHOTO (hyHAAMEHTA, YTO MOXHO
MHTEPIIPETUPOBATh KaK Majeod0JMHYy CTOKA JIeAHU-
KOBBIX Bog (AjnemuH u 1p., 20210).

Orpaxaromias rpanuia LG, pacrostoxkeHHast BBIIIE
OI" G/AF u xopolllo BBIACIISIONIAsICS MPAKTUYECKHN Ha
BceM OHEXCKOM o3epe, pa3iesisieT ocaaouHbie 00pa3o-
BaHUsI, XapaKTePU3YIOIIHNECs OTICTIIMBOI CyOrOpr30H-
TaJTBHOM CJIOMCTOCTBIO W TIEPEKPHIBAIOIINE WX TIOJTY-
Mpo3payHble OCaAKU C BOJHUCTOM CIOUCTOCTHIO.
TekcTypHBIE 0COGEHHOCTH, MMEIOIINE TTOBCEMECT-
HOE pacmpoCTpaHEeHME, a TAKKe MTaHHBIC Te0JI0TUIe-
CKOro Npo600Tdopa, OMHO3HAYHO MO3BOJISIOT COTO-
CTaBUTh 3TH CJIOMCTBIE OCAIKHU C TOJIIIEH IEHTOUHBIX
IJIMH. DTO, B CBOIO OYepelb, TTO3BOJISIET OTHECTU ITY
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TOJIILY K JIEMHUKOBO-03€PHBIM OTJIOXEHUSIM OCTalll-
KOBCKOTO osieaeHeHMs (Saarnisto, Saarinen, 2001;
Cyb6erto0, 2009; Pribanko u ap., 2017; AnemvH u ap.,
20216; bensies u np., 2021). Bo3pacT v reHe3uc naH-
HBIX OTJIOKEHUI TTOATBEPXKACH U pe3ylbTaTaMM I1a-
JIMHOJIOTMYECKOTO aHajin3a. BeI1o ycTaHOBJIEHO, UTO
ux ¢opMUpOBaHUE TPOUCXOAWIO BO BPEMEHHOM
JIHWara3oHe OT ajljiepeaa 1o BEpXHEro Apuaca, a CaMu
MaJIMHOJOTNYECKUEe CIEKTPhl CBUAETEIbCTBYIOT, YTO
Ha O6eperax B 3TO BpeMsl ObLIIM Pa3BUThI TYHAPOBBIE U
JecotyHapoBbie naHamadTel (Savelieva et al., 2018).
Cam ke oTpaxaroiuit ropu3oHT LG mpeacrasisieT
co0oi1 pasaen Mexay TroJIOLEHOBbIMU O3€PHBIMU U
JIETHUKOBO-03€PHLIMU BEPXHEHEOIUIEHCTOLIEHOBHI -
MU OTJIOKCHUSIMU. OYeHb YE€TKO 3TOT TOPU30HT MPO-
SIBJISIETCSI HA peHTreHorpaMMax KepHoB (puc. 3).

Ha pucyHke BUuaeH 3pO3UOHHbBI KOHTAKT B KPOB-
Jie JUMHONISILIMAJABHBIX IJIMH, MNOIY€PKUBACMBIN
TOHKUM IE€CYaHbIM IIPOCIOEM C HEPOBHOM HUXXHEN U
BBIPOBHEHHOI BepxHeil rpaHulaMmu. B mpukKoHTaK-
TOBOI1 30HE MOTYT IOSIBIISITHCSI OOJIOMKM T'PaBUMHOM
U JaXxe TAIEYHOM Pa3MEPHOCTH, PE3KO BO3pACTAET
IJIOTHOCTh ocaaka. Pa3InMuHbIi XapakTep CIOUMCTOMN
TEKCTYpPBI YKa3bIBaeT Ha IIyOMHY 3PO3MOHHOIO Cpe-
3a: 0oJjiee MOIIIHbBIE CJIOKKH, B LIEJIOM, COOTBETCTBYIOT
HWXKHUM d4acTsaM paspesa. IlonydeHHble HaHHBIE
CBUIETEIBbCTBYIOT, YTO 4YacTO CMEHa JIEMHUKOBO-
O3€PHOTr0 CEAMMEHTOTEHE3a O3€PHBIM COIIPOBOXIA-
JIach pa3MbIBOM KPOBJIM OCaAKOB, HAaKAIUIMBAIOLIX~-
cs niepen (poHTOM JiedHUKA. B psine KOJIOHOK TOH-
HBIX OTJIOXKEHHUI oTMedasics U 0oJiee MOCTEIeHHbII
XapakTep rnepexoja OOHOTO TUIIA OCAaIKOB B IPYIroi,
HO CaMbIM OOIIIMM IPU3HAKOM 3TOIO IIepexona sIBJs-
€TCS TOSBJICHUWE B pPa3pe3e TOHKUX CyIeCUYaHbIX
CJIOMKOB, YTO U SIBJISIETCS BEPXHEW IpaHULIEH COB-
MECTHOTO BJIMSIHUS HA CEAMMEHTOIEHE3 JIEMHUKOBO-
IO CTOKA M 03€pHOIT HeeJTONTHON aKKyMYJISILINU.
Ne 4
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Puc. 3. Dpo3MOHHBIN KOHTAKT B KPOBJIe IMMHONISAIMATBHBIX DIMH. PeHTreHOrpaMma KepHa rpyHToBoM KosioHKHU (IToBeHer -

KU1 3aJ11B).

Fig. 3. Erosional contact at the top of the limnoglacial clays. X-ray image of the core from Povenetskiy bay.

Mesxny ITOBEpXHOCTBIO 03¢6pHOI0 AHA (OTpaXkaro-
i Topu3oHT L) 1 oTpaxarimum ropuzontoMm LG
HaXOOUTCS TOJIIA OCaAKOB, XapaKTepU3YHoIIasics
aKyCTUYECKU IPO3pavyHOil BOJIHOBOM KapTHUHOM,
WHOTOA C HaMevalolleiicss caoucTocThlo. ['eonoruye-
CKUI TIpOoO0O0TOOP B pa3anMUYHBIX paiioHax OHEXCKO-
ro o3epa II0Ka3bIBACT, UTO JAHHBII ITOBEPXHOCTHBINA
TOPU30HT CJIOXKEH TeJIMTaMU 1 aJIEBPONEIUTaAMU 3€-
JIEHOBATBIX M OYPOBATBIX OTTEHKOB C TEKY4ECil U TEKY-
Ye-TUIaCTUYHON KOHCUCTEHIIMEN C YEPHBIMU CTSIXKE-
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HUAMHN TUOAPOKCHUIOB MapraHliia, KOTOPbI€C OTHOCATCA
K HC(I)CJIOI/I,Z[HLIM O3C€PHBIM OTJIOKCHHMAM TOJIOLICHO-
BOro Bo3pacra.

Takum 00pa3oM, MOXHO YBEpPEHHO CBSI3bIBATH
¢dopmupoBaHue coBpeMeHHOTO OHEXCKOro o3epa ¢
MocjeqHUM (OCTalIKOBCKMM) OJIEACHEHUEM M €ro
JIeTasuranyeil B mo3aHe-TI0CIeIeIHUKOBOE BpeMsl.
B nenHuKOBOE Bpemsl B pe3yjabTaTe 3K3apaliuu Mpo-
WCXOIMJIa MOACSIMPOBKA MNEPBUYHO CTPYKTYPHO-
npenoIpeneIeHHOro peabeda. Bo BpeMs mernsiima-
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Puc. 4. TunuuHerit pas3pe3 TOJIMN YETBEPTUIHBIX OTJIOXEeHUM Ha aHe JlamoxcKoro 0o3€pa 1o faHHbIM CeﬁCMoaKYCTI/I'{eCKOFO

npodunuposanust (000 “Cruiur”, Mocksa).

Fig. 4. Typical section of the quaternary sediments at the bottom of Ladoga Lake based on seismic-acoustic data (LLC “Split”,

Moscow).

LMY OHEXKCKOI BIIaJJMHBI HA €€ JHE BO3HUKJIIO MHO-
XKECTBO aKKyMYJISITUBHBIX (POPM KaK B BUJIE OTJIOXKE-
HMI OOHHOM WJIM OCHOBHOM MOPEHBI, TaK W TIPS,
MapKUPYIOIIUX 30HbI PaCPOCTPAHEHUS OTAEIbHBIX
SI3BIKOB JIGOHUKA. DTU TPsSAbl CIIOXEHBI KaK MOpe-
HOI, TaK W TpPaBUMHO-IECYAHBIMU OTJIOXECHUSIMU
GIIOBUOTSIIMAIIBHOTO TeHe3uca, B pe3yabTaTe 4ero
BO3HUK I'PSAOBBINA aKKYMYJISITUBHBIN pelibed B 30HAX
OTHOCHUTEIBHO IIOJTOTO CTOAHUS JeaHuka. MMeHHO
3TU TIpsdbl, B COYETAaHUU C SK3apaldOHHBIMU Je-
IPECCUOHHBIMU (DOpMaMU peibeda, co3maloT nepe-
CEUCHHBII XapakTep O3€pHOIO M MOPCKOro OHa,
CTOJIb XapaKTEPHbII 1JIs1 KPYITHBIX BOJOEMOB JI€IHHU -
KOBOM 30HBI.

ITo3nHee Bce HEPOBHOCTHU JOJCOIHNKOBOTO U JICI-
HUKOBOTIO penbe(ba ObLIU CHHUBECJIMNPOBAHBI JICIHUKO-
BO-0O3€pHBIMU WU, CO6CTBCHHO, O3CPHBIMH OTJIOXKE-
HUAMM.

Bau3kuii mo xapakTepy pa3pes3 Y4eTBEpTUYHbBIX OT-
JoxkeHUi nMmeeT u Jlamoxkckoe o3epo. 3nech reopu-
3udyeckue padoTel npoxoauau B 2014—2015 rr., a mist
WHTEPIIPETALIMU UCITOJB30BaICh MATEPUATIBI, TTOJTY-
yeHHbIe aBTopamu paHee (Cyberro, 2009; Subetto et
al., 1998). Kpome Toro, HeKOTOpble W3 aBTOPOB
Y4acTBOBAJId B POCCUICKO-TEPMAHCKO B3KCITean-
nuu (rmpoext “PLOT”, Gromig et al., 2019), B koTo-
poii B 2013 1. ObUIM BBIMOJIHEHBI TUIOIIAAHBIE Teodr-
3udeckre paboTel. Ha ocHOBaHUM UX WHTEpIIpeTa-
IMU OBUTM NPOOYPEHBI ABE CKBAaXXWHBI B CEBEpPO-
BOCTOYHOI yactu Jlamoru, K ceBepy ot o. KoHeBell
(Lebas et al., 2021). B HanboJjiee MIMHHON 13 HUX
(cxBaxkuHa Co1309) ObL1 MoTydYeH KepH YETBEPTUY-
HBIX OTJOXEHUU IuHO# 22.7 M IIpU MIyOrHE BOJIbI
111 M. B HeM mocnemoBaTelIbHO IIPEICTaBICHBI
(cBepXy BHU3) TOJIOLIEHOBBIE WJIBI U aJIEBPUTHI (JIUTO-
TUIIBL Va, Vb), JICHTOYHbIE TJIMHBI BEPXHEro Heo-
mieiicroueHa (murorurel IVa, IVb), Mmopckue ocan-
KU HavaJla BaJgaiiCKoTo OJIeACHEHUS, a TAKXKE MUKY-
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JIMHCKOTO  MEXJIEMHUKOBbST  (utoturibl  [—III).
IIpy 5TOM JIEOIHUKOBBLIX OTJIOXEHUII TOCIIEIHETO
oneneHeHns (BaJlyHHbIE CYIJIMHKM), Pa3IesIOIINX
otnoxkeHust MUC 2 u MUC 5Se He 60110 0OHAPYKEHO
(Andreev et al., 2019; Gromig et al., 2019; Lebas et al.,
2019). OnmHako pe3yabTaThl HAIIETO CEMCMOaKyCTH-
YeCKOro npoduinpoBaHusi, BbIToaHeHHOro B 2014 1.
(Pui6anko u op., 20196; bensites u np., 2021), mokaszanm,
YTO OTpaKarolIMii TOPU30HT, COMTOCTABISIEMBIi C KPOB-
JIell MOpEeHBI OCTAIlIKOBCKOTO OJIEAIEHEHUsI, B palioHe
ckBaxxkuHbl Co1309 pacronaraeTcsi CylieCTBEHHO HUXKe
ee 3a004. [Ipr TOM caMa cKkBaxkmHa OblIa OCTaHOBJICHA
B TSDKEJIBIX TPYHTaX — KPACHBIX MIECYaHUCTHIX OCaaKaX,
KOTOpBIE IO BHEIITHEMY OOJIMKY HMKAaK He ITOXOXHU Ha
MIMHCKNE IJIMHBI, KOTOPHIC B JAHHOM palioHe oTIara-
JIMCh B MUKYJIMHCKOE MEXJIETHUKOBbe (3HaMeHCKasl,
YepemcuHOBa, 1962.; Makcumos u np., 2015). Kpo-
M€ TOTO, ceiicCMOIauykKu, KOppeaupyeMble C JUTOTU-
namu [—III, xapakTepn3yroTcsi HECKOJTBKUMU TUTIAMU
3aIliMcH, JIaTepaibHO MEepeXONsIIIMMU APYr B Apyra
(cyOropmu3oHTaIbHO-CIOMUCTHII, HAKJIOHHBIN KJIIMHO-
GOpMHBII, XaOTUYECKUIT), YTO HE MO3BOJSIET OTHE-
CTH UX K 6acCCeifHOBBIM OTJIOXEHMSIM. TakuM obOpa-
30M, HaJIM4ie MIMHCKUX (2€MCKHUX) OTJIOXKEHUIT Ha
nHe JIamoxXcKoro o3epa BeCbMa JUCKYCCUOHHO.

IIpaktrnuecku Ha BceM JIamoskCKOM o3epe B TOJI-
I1I€ PBIXJIbIX (UETBEPTUYHBIX) OTJIOXKEHUA MOXKHO BbI-
JIEJIUTh HECKOJIbKO YETKUX OTPaKalollUuX TOPU30H-
TOB, MEXIY KOTOPHIMHU 3aJIeTalOT pa3jIddHbIC CEii-
cMocTpaTturpaduyecke ropu3oHThl (puc. 4).

HemocpencrBeHHO Ha 00pa3oBaHUSIX aKyCTHYe-
ckoro ¢yHmameHTta (AF), KoTopblii TpencraBiieH
KPUCTAJUIMYECKUMM IIOPOJAMHU apXeil-HIXKHEIPOTe-
PO30IMCKOro Bo3pacTa, 3ajIeraloT OTI0KEHMSsI, XapaK-
TEPU3YIOIIMECS XaOTUYECKOM 3aITUChIO C KOPOTKUMU
YeTKUMMU pediaeKTopaMu. DTa TOJIIIA IO JaHHBIM He-
MHOTOYMCIEHHOTO OTHOCUTEILHO INIYOOKOTO Ie0JIo-
ruyeckoro nmpoo6oordopa (Subetto et al., 1998) Bxito-
Ne 4
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yag HeonyoamkoBaHHBIE TaHHBIE BCEI'EUM o reomo-
rudeckoii cremke y Ilpuosepcka B 1984 r., a Takxke
JaHHBIE 10 BHYTPEHHUM MOpPCKUM Gacceiinam (be-
noe u bantuiickoe mops) (Peibanko, 1999), 6b11a oT-
HECEeHa K OCHOBHOM MOPEHE OCTAIIKOBCKOW CTaaIuu
BaJIIAiCKOIO OJIENEHEHMSI.

ITpu 3TOM KpOBJISI JAHHOTO TOPM30HTA Oe3 Tpyda
MPOCJIEKUBAETCS HA celicMorpaMMax U, KaK CKa3aHo
BBIIIE, B TouKe OypeHus npoekra PLOT aBHO yxomur
HIKe 320051 CKBaXXUHBI. DTO OOCTOSITEILCTBO U SIB-
JIIeTCSl OMHUM M3 OCHOBAaHWIA CYUTATh, YTO HA JTHE
Jlamoxckoro o3epa otioxeHus apesHee MUC3 or-
CcyTcTBYIOT. K 3TO#1 3Ke TOUKe 3peHUsI CKIIOHSIETCS U
A.B. JlynukoBa, n3ydaBliiasi JUaTOMOBYIO (PJIOpY B
kepHe ckBaxuHbl Co1309 (Ludikova et al., 2021).

CeiicModanmaabHBIM aHAJIOTOM 3TOM TOJIIIN SIB-
JISIIOTCS  OTJIOXKEHMS C YaCTUYHON aKyCTMYeCKOM
MpPO3PaYHOCTHIO U, MECTAMHU, CO CJ1a00 BBIPAKEHHOMN
CyOropu30HTaJIbHOI ciioncTocThio. [Ipu 3TOM MHO-
rIa HaOJIIoJaeTCs OTUYETIMBOE HaJIeTaHUE OTJIOXKE-
HUI 2TOM celicMOIlauKu Ha MOPEHHBIE OTJIOXKEHUS,
NpuYeM KOHTAKT B HEKOTOPBIX CIAydasiXx MMEEeT Ha-
KJIOHHBIN XapakTep. MHOTIA 5T OT/IOKEHUS 3aj1era-
IOT HENOCPEACTBEHHO Ha MOopoJaxX aKyCTUYECKOIro
¢dyHmaMeHTa. XapakTep 3alKicH yKa3bIBaeT Ha ITlecya-
HUCTBIA COCTaB BMEIUAIOLIEH TOJIIIM, Claralpoliei
STOT IIOATOPU3OHT. DTU AAHHBIC MO3BOJIWIN COITO-
CTaBUTb 3TY TOJIILY (CEACMOITauKy) ¢ (hJIFOBUOTIJISIIIV-
AIbHBIMM  OTJIOXKEHMSIMU  OCTAIIKOBCKOM CTaauu
oneneHenus (AxkceHoB u ap., 2020; Aksenov et al.,
2020).

Buiiire 3aeraeT ceiicMOaKyCTUYECKUIA TOPU30HT C
YeTKOI CyOTOpPM3OHTAIBHOM CIIOMCTOCThIO. OH Tie-
pPEKpbIBaeT TOPU3OHT MOPEHHBIX MIUMH. HKHMI
KOHTaKT MX YETKWii, HO HepOBHHIN. BHyTpHM 3TOTO
CEICMMUYECKOr0 TOPM30HTa II0 XapakKTepy 3allucu
BBIIACJSIIOT TPU MoAropu3oHTa. HUKHMIT M3 HUX Xa-
paKkTepu3yeTcsl YeTKMMHU HEPOBHBIMU pedieKTopa-
MU pa3InIHOM TOJIIMHBI. Beillle 3aneratolnme oca-
KU UMEIOT TOHKE HeBbIpaXkeHHbIEe pedIeKTOPbI, KO-
JIMYECTBO KOTOPHIX OOBLIYHO OOJIbIIE, YeM B IBYX
JIPyrux noaropu3oHTtax. B Hauboee BepxHeM ropu-
30HTE€ MOXHO HaOJI0AaTh SIPKO BBIPAa’KEHHBIE U YET-
Kue pedaeKTophl, HO IPU 3TOM MOIIHOCTb aKyCTH-
YeCKMX “CJIOMKOB” CTAaHOBUTCS MUHMMaJbHOI. Co-
IIACHO paHee MoJy4YeHHBIM HaMu JaHHBIM (Cyo6eTTO,
2009), nBa BepXHUX CeHCMUYECKMX TIOATOPU3OHTA
COOTBETCTBYIOT JIMTOCTpATUTpaUIECKUM TOPU30H-
TaM JieHTouyHonoAaoOHbix muH (IgIIl;), JeHTOYHBIX
H (Iglll,) u Mukpocinouctsix tiuH (Iglll;), Ha-
KaIUIMBAIOIINUXCS B IIPUJICAHUKOBBIX OacceifHax, mo-
CJICOOBATEC/IbHO CMEHSIOIIMX APYT Apyra, Ha4yuHas C
oOpa3oBaHUs NPUIETHUKOBOTO o3epa (o3epa Pamzas
mo IO.JI. KsacoBy (1976)) m KoHYas OCHWJUISIIVCH
nenHuka Canprnaycenbks III (Gromig et al., 2019).
HaubGoinee npeBHUI TTOATOPU30OHT, BEPOSITHO, COOT-
BETCTBYET OTJIOXKEHMSIM IIEPBBIX IIPMJICTHUKOBBIX
0acceifHOB, KOTOPbIE 3aIIOJITHUJIM JIaI0KCKYIO KOTJIO-
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BUHY M MMeIOT Bo3pacT 6onee 14000 1. H. (Subetto
et al., 1998; Gromig et al., 2019). TpexusieHHOE CTPO-
€HMe TOPU30HTA JIEHHUKOBO-03E€PHBIX OCAAKOB OBLIO
YCTAHOBJIEHO W JISI OTJIOXeHUit OHEXCKOTo o3epa
(ITaneonumHonorus..., 2022).

Pa3pe3 yeTBepTUYHBIX OTJIOXEHUN JlamosKCcKoro
o3epa BEHYAeT CEMCMOTOPU30HT, IIPEeACTaBJICHHbBIA
MOJIYIIPO3pAauHBIMA OCaIKaMW C TOPHU3OHTAJILHOMN
CJIOUCTOCTBIO, C TOHKMMU, HE SIBHO M Cj1ab0 BbIpa-
XXeHHBbIMU pediiekTropaMu. OH KOppeIrUpyeTcs C ro-
JIOLIECHOBBIMM O3€pHBIMU OTIOoXeHusIMHU (Prroanko
u ap., 2015, Peidanko u ap., 2019a; Aksenov et al.,
2020).

Takum 006pa3oM, CTpOEHME YETBEPTUUHBIX OTJIO-
XeHm Kak B OHEXKCKOM, TaK U B JIamoxKCcKOM o3epax
0Ka3ajloCh BeCbMa IIOXOXMM, 4YTO YyKa3bIBaeT Ha
CXOICTBO MPOLIECCOB pelibehooOpa3zoBaHUI U OCAI-
KOHAKOIUIEHUS B IMO3MHEM HEOIUIEMCTOLIEHE-TOJIO-
neHe. OgHUM M3 OOLIMX MPU3HAKOB SIBJISIETCS LIMK-
JIMYHOCTD, BBIPAKAIOLIASICSI B CMEHE JIETHUKOBOTO U
GIIoBUOIIILIMAIBHOIO LIMKJIA CEAUMEHTOreHe3a Ha
cragun gaerpagauuy  CKaHAWMHABCKOrO JIEAHMKA
(OcralmkoBcKasi cTagusi) JUMHOIISIIUAIBHBIM, KO-
TOPBI OTpaxKaj HEpaBHOMEPHOE OTCTyIIaHMeE JIETHU -
Ka, IpepbiBaeMOe KOPOTKMMU €0 OCLUJUISIIMOHHBI-
MU HaJBUTAMU.

[IpyHIUIIMAIBHEIM BOIPOCOM IIPA CXOICTBE B
pa3pes3e sBIISIeTCS BpeMsl Hadaja Jerjsiualiiu B
00oux 03epHbIX bacceitHax, TeM 0oJiee YTO OHU HaXO-
ISITCSI Ha pa3HOM BBICOTE Ham ypoBHeM Mops (Jla-
JIoXCcKoe 03epo — +5 M, OHexxckoe o3epo — +33.3 m).
HauGosnee momHbIe TaHHBIE B HACTOSIIIEE BpEMsI TO-
aydeHbl mist OHexckoro Oacceitna. IlpoBemeHHBIE
onocTpaTurpaduueckie U BapBOXPOHOJOTHUECKUE
WCCJIENOBAaHUSI TOHHBIX OTJIOXEHMWI MOKa3ajau, YTO
OHexXcKoe IIPUWIETHUKOBOE 03ep0O Hadajao (hopMU-
pOBaThCsI BO BpEMSI MHTEPCTAANATIbHOTO IMTOTETIICHUS
ajutepen, okoyio 14500 n. H. (Saarnisto, Saarinen,
2001; Savelieva et al., 2018; Hang et al., 2019; [Taneo-
JIMMHOJIOTUS..., 2022). OCBOOOXIEHUE IOXHON U
LICHTpaJIbHOM YacTeil o3epa OT JIEASTHOTO IIOKpOBa
npousonuio okojo 14000 . H. [To mTaHHBIM U3y4eHUST
KOJIOHKM U3 IIeHTpajabHOU yacTu OHEXCKOTo 03epa,
¢dopMHrpoOBaHUE JIEHTOYHBIX IJIMH 3aBEPIIUJIOCH B CE-
penuHe BepxHero npuaca (JlaBposa, 2005), a cornac-
HO HaHHBIM (UMHCKUX uccaemoBareneil (Saarnisto,
Saarinen, 2001), gaxke Mo Hayajla BEpXHETO Japuaca,
YTO coBIamaeT W ¢ HammMu gaHHbeIMU (ITaneonmm-
HoJjorusl..., 2022). B camoM Havasie pa3Butus OHEX-
CKOTO 03epa ero oepera ObUIM, BEPOSITHO, IIOKPHITHI
JIBIOM WJIM IIPENCTABIISIIN COOO0I OTKPBITHIE CKalb-
HbI€ BBIXOIBI C JIOKAJbHBIM Pa3BUTUEM HeE3aKpeIl-
JIECHHOTO ITOKPOBAa YeTBEPTUYHLIX OTIOXeHuii. Ile-
pUIIsLIMaNIbHAsl pacTUTEILHOCTh Hadajla 31eCh pa3-
BUBATbCSl B MO3AHEM JpMace, MpUYEeM KJIMMAT ObLI
WICCYIIIEHHBI, HUBATBbHBIN. B 3TO BpeMs B ceBepHOIA
yact OHEXCKOro o3epa HaKaIUIMBaIUCh Cephle TO-
MOT€HHbIE TeKy4e-IJacTUYHbIC IJIMHBI, YTO TA€T OC-
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HOBaHUE CYUTATh, YTO CaM JICIHUK B 3TO BPeMsI OT-
CTYTIMJI ¢ BogocOopHoro dacceitHa OHeXCKOro o3epa
U ITyJIbCALIIOHHOE OCTYIUICHUE 00JIOMOYHOI'O MaTe-
pHaja 13 Talollero JeIHUKA B 03epO MPaKTUUEeCKU
MPEKPaTUIOCh, OOHAKO CYIIECTBEHHYIO POJb UTpas
D0JIOBHIN IIepeHoCc MaTepuana. [Ipu 3ToOM B KOHIIE
MO3JHETO Ipuaca MPOU30IUIO MaJeHUe YPOBHS ca-
MOro npujieTHUKoBoro oacceiina (demumon, 2004;
Hang et al., 2019; Zobkov et al., 2019).

B JlagoxckoM o3epe eIMHCTBEHHBIM MCTOYHU-
KOM JJaHHBIX O HavaJjie 00pa30oBaHUs MPUJICTHUKOBO-
ro o3epa sBJsiIoTcs MaTepuaibl oypenus 2013 r. Co-
[JIACHO 3TUM JTaHHBIM, HAKOIJICHUE JIEHTOUHBIX TTIUH
Havajgochk 13 900 kajn. 1. H. U IIPOUCXOAUTIO [0
11380 kan. 1. H. (Gromig et al., 2019; Savelieva et al.,
2019). CmeHa 1eCOTyHAPOBOIT Ha TYHAPOBYIO Ha TEp-
putopun IIpunamoxes mpousolnia okono 12600 kair.
JI. H. Ha pyOexxe ajuiepen—no3nHuii apuac (Saveljeva
et al., 2019, TaGx. 1), yTo yKa3bIBaeT, KaK MbI YK€ OT-
Meuain paHee, Ha KpaTKOBpEMEHHOE HACTYyILJIeHUE
JIeAHVKA BIUIOTh IO CEBEPO-3allalHbIX TPaHMII 03epa.

B OnexckoM o3epe bmoctpaTurpadmaeckoe pac-
YJIeHEeHUEe YETBEPTUYHBIX OTJIOXKEHUI ONUpaeTcs Ha
pe3yAbTaThl MaJIMHOJIOIMYECKOro aHajn3a KOJOHOK
ONG-2 u ONG-5 u3 Ilerpo3aBonckoii ryosl (PbI-
Oanko u ap., 2019a; Saveljeva et al., 2018). B ocHoBa-
HUM pa3pe3a B HUX Obula ITaYKa CePhIX JICHTOYHBIX IJIMH
C HENPABWILHOM LIBETOBOM LMKIWYHOM CIOMCTOCTHIO.
OHu GbUIM NIEPEKPHITHI TOMIEH TUITMYHBIX JICHTOUHBIX
IJIMH C TpaJalliOHHOMI TEeKCTYPOii, IIpUYeM Ha CTAHLINU
ONG-5 BHYTpHM 3TOif TONIIN OB BEIACICH TaK HA3bI-
BaeMbIi “TOPU3OHT PO3OBBIX IJIUH .

Brrmire 1o paspesy, Kak u B JlamoxkcKoM o3epe, 3a-
JIeraeT ITagyka TOMOTEHHBIX aJIEBPOIICJIUTOB M T -
TOB MEMeIbHO-CEPOro LIBETa, B KOTOPBIX OTMEYAJIUCH
OTHENbHBIC CKOIUICHUSI ayTUTEHHBIX CYJIB(DUIOB B
BUJIC YePHBIX MEJIKUX MsATeH. BeHyaeT pa3pes Tosia
03EPHBIX UJIOB UJIU 03€PHBIX HE(EJIONI0B, B COCTaBe
KOTOPBIX BBIIEIISTIOTCS (CHHU3Y BBEPX):

— MayKa CephIX aJIeBPOIEIUTOB C HEUETKOM ara-
reHeTUYECKOM I10JI0OCUYATOCThIO, YepeloBaHUEM IIO-
JIOC 3eJI€EHOBATOr0 OTT€HKAa (BMBUAHUT) U YEPHOIO
BeTa (OKMCHBbIE MUHEPaJIbl MapraHIiia);

— ITayKa, CJIOKC€HHasa I'TMHUCTBIMU aJIeBpUTaMHU,
aJIeBpOIleIUTaMU U IIeIUTaMU CEpOro IBeTa C ME-
KUMU CTSKEHUSIMU MapraHLOBUCTBIX MUHEPATIOB B
HU>KHEW 4acTU MHTEpBaJa;

— T1ayKa MeJIUTOBBIX AJIEBPUTOB WJIU aJleBPOIIEITU-
TOB 3€JIEHOBAaTO-0ypOro 10 OJIMBKOBO CEPOTO LIBETA C
MATHOOOPAa3HBIMU CKOIJICHUSIMU ayTUT€HHBIX MU-
HepasioB MapraHiia. KoHCUCTEHIUSI 3THX OCaIKOB
MpaKTUYECKH BCeTna Tekyvasi. YacTo Tosima 03epHbIX
WJIOB MepeKphIBaeT MOACTUIAIONIME 00pa3oBaHUsI C
YETKUM 3PO3NOHHBIM KOHTaKTOM, UTO TTOMYepPKUBa-
€TCsI CKOTUIEHHEM TIeCYaHOTO MaTepuana.

JaHHBIE TATMHOJOTUYECKOTO aHajIu3a CBUIE-
TEJIBCTBYIOT, YTO HAKOITICHUE TIETIEIbHO-CEPhIX TJIWH,
MePEeKPHIBAIOIINX JEHTOUHOCIOUCThIE OCAIKH, ITPO-
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HWCXOAUIIO HE B IIpebopealie, Kak 3TO OBLJIO YCTAaHOB-
neHo mist Jlamoxxckoro o3epa (Cyberto m np., 2009;
Saveljeva et al., 2018), a mpomoKaaoCch B MO3THEM
Ipuace, T.e. OTCTYIUJIEHHWE JIeAHUKA U3 OHEXCKOI
BITaJIMHBI MTPOM30IIJIO paHbllle, YEM U3 JIAZOXKCKOIA.
IMonyyeHHbIe JaHHBIE U aHAJIM3 MaTEPHUAJIOB IIpe.-
IIECTBEHHUKOB YKa3bIBAIOT, YTO Pa3HUIIA BpEeMEHU
perassupanuu OHexxckoro M JIamoxXcKoro osep co-
crapisieT 60onee 1000 net. B [Ipunamoxbe B TeueHne
MHTEPCTAANAIbHOTO MOTEIICHUS ajiepe yKe OTMe-
yajoch OoJiee 3HAYUTEILHOE Pa3BUTUE EJIOBBIX Jie-
coB, yueM B [lpuoHexbe. Bo Bpems moxosiomaHus
MO3IHETO ApHUaca Ha BCeM MPOTsKeHUU oT DUHCKO-
ro 3anuBa banaTuiickoro Mopst 10 3a0HEXKbS ITPONU30-
1IJTO 0011Iee 0OeqHeHME (DIOPHI, BHITAIEHUE U3 €€ CO-
cTaBa €1 1 COCHEI. Ha Bceit 3T0ii TeppUTOpPUM B 3TO
BpeMsl TIpeoOjamaau OJHOOOpa3HbIe TYHIPOBHIE
JaHamadTh C y9acTHUEM e pUTIISIIIAATIbHOMN (QJIOPHI 1
npeobiagaHeM KcepodUTHBIX coobmiecTB. Hacrty-
MUBIIEe B Havaje TojiolieHa (TpebopealibHbIi ITepu-
o) mIobalbHOE TIOTEIJICHUE KJIMMAaTa U OTEeIUISIO-
miee Bo3aeiicTeue banTuiickoro Mopsi IpuBEN K 00-
Jiee OBICTPOM Ierpafgalluy U MOJTHOMY UCYE3HOBEHMIO
nepurisunanbHoi diaopsl B [Ipumagoxse 1 pa3Bu-
THIO 3[1€Ch OTKPBITBIX OEPE30BBIX U COCHOBBIX JIECOB.
A Bo BnaguHe OHEXCKOTO 03epa, B TOM YHCJIe Ha CO-
BPEMEHHBIX €ro 6eperax B 3TO BpeMsI €llle COXpaHsI-
JIMCh MAaCCUBBLI MEPTBOTO JIba, KOTOPHIE, MO-BUIM-
MOMY, IIPENSITCTBOBAJIIM OBICTPOMY pacIipoCTpaHe-
HUIO IPEBECHOI paCTUTEILHOCTU U CIIOCOOCTBOBAJIU
COXpaHEHMIO TYHAPOBHIX coobIecTB (Savelieva et al.,
2018). ConocTaBiieHHE PE3yJIbTATOB CLIOPOBO-TIBLIBLIE-
BOIO aHajIM3a, OUOCTPaTUTPA(UIECKOTO PACWICHEHMS
JIOHHBIX oTiI0XeHMi OHexXcKoro (KojmoHku ONG-2 u
ONG-5) u JIanoxckoro (konoHka Co1309) o3ep, Kop-
pesLys TOJMYYEeHHBIX JaHHBIX C BO3paCcTHOI Moje-
Je1o o KosioHke 1309 (Savelieva et al., 2019), a Takke
OCHOBHBbIE 3Talbl Pa3BUTHUSI PACTUTEIBHOCTU Ha Ge-
perax nipa-Jlagoru u mpa-OHeru B MO30HE- U TIOCIIE-
JICMHUKOBbE MPUBEAECHEI B Ta0I. 1.

PaccMoTpeHHbIE BhIllIe 0COOEHHOCTU (DOpMUpPOBa-
HUYSI YETBEPTUYHOIO OCAJIOYHOIo TOKpPOBa U peibeda
JIHa TIPUCYIIM U MOPCKUM BHYTPEHHMM OacceiiHaMm,
TaKke IIPUYypOYeHHBIM K Trepudepun bamruiickoro
(PeHHOCKAaHIMHABCKOTO) KPHUCTAJUIMYECKOTO IITUTA
(banTtuiickoe u benoe mops). Tak, B bentoMm Mmope, mo
JaHHBIM TeOJIOTUUECKOTO KapTUPOBaHUS, ObLIO
YCTAHOBJIEHO, YTO MEPBbIE MPUJICTHUKOBBIE 03€PHbIE
OacceliHbl BO3HUK/IM B paHHEM JIprace U JaXKe paHb-
uie, okosno 13000 “C . H. [Tpu 3TOM IO MEpPE ITPO-
HUKHOBEHUSI MOpcKux Boa uyepe3 Topyio benoro mo-
ps B ayiepene (okosno 11600 “C 1. H.) J€IHUKOBO-
03€epHbIl 6acceiitH CMEHWUJICS JIEMTHUKOBO-MOPCKUM,
B KOTOPOM TIpOUCXOMIA LIMKINUeCcKasl ceAMMeHTa-
LIMsI, CBSI3aHHAsl C OTCTYIAIOIIMM KpaeM JieMHUKa.
XapakTepHOIl YepTO ero SIBISIETCS HaTM4re MHOTO-
YHCJIEHHBIX Pl — KpaeBbIX (POPM JIETHMKOBOTO pe-
Jibeda, MOJOKEeHUEe KOTOPBIX OTpaXkaeT pasjihuyHble
Ne 4

TOM 54 2023



®OPMUHPOBAHUE KPYITHENIIKNX O3EP CEBEPO-3AIIAJIA POCCUU

49

Tabomuna 1. Buoctpaturpaduyeckune 30HbI, PACTUTEIIBHOCTh U BO3PACT OTJIOXKEHUU MO pesysibTaTaM udydeHuss OHex-
ckoro 1 Jlagoxkckoro ozep
Table 1. Biostratigraphic zones, vegetation and sediment age based on the result of Onega and Ladoga Lakes studies

B 14C Bospacr,
. nocTpaturpaduIecKue 30HbI PacturenbHOCTh
o ThIC. KaJI. JI. H.
o
é %ﬁéczmgﬁégo Jlagoxckoe o3epo Ooﬂlfféczl«g;?gg N Jlanoxckoe o3epo | Jlamoxkckoe 03epo
é HéOHy6HI:lKOBaHH)I;:IC (Co1309, Savelieva Hf(:ony GHI:IKOBaHH)]:IC (Co1309, Savelieva | (Col1309, Savelieva
et al., 2019) et al., 2019) et al., 2019)
TIaHHbIE JIaHHbIE
AL Betula nana-Arte- Artemisia-Poaceae- | TyHnpoBas u jeco- |JlecoTyHapoBas ¢ 13.1
misia-Cyperaceae Pinus- Picea TYHAPOBAs C Ipeod- | ydacTUEM COCHBI, 12.6
25-50% 25—65% TpaB JIaTaHueM Oepesnl U enn
€PHUKOBBIX COO0-
11IeCTB
YD Artemisia-Cypera- | Artemisia-Poaceae- |TyHmpoBas c yua- Tyunoposas ¢ yua- 11.2
ceae-Chenopodia- |Chenopodiaceae- CTUEM IEPUTISIU- | CTUEM NEPUTIISIIN -
ceae-Betula nana Betula nana aJIbHOI (JTOPHI U aTbHOM (JIOPHI U
45—70% tpaB 35—85% TpaB npeood1agaHueM npeobiagaHueM
KCepO(UTHBIX CO00- | KCepOPUTHBIX CO00-
1IEeCTB IIIEeCTB
PB-1 Betula nana-Cypera- | Betula nana- Pinus- | TyHnpoBas u sieco- |JlecoTyHapoBasi ¢ 9.0
ceae 30—50% tpaB | Salix-Cyperaceae TYHIpOBast yyacTueM bepessl,
PB-2 | Betula nana-Betula |20—30% tpas JlecoryHaposasi ¢ UBbI 1 COCHBI
sect. Albae-Artemisia yJacTtueM Kcepodu-
25—-35% tpaB TOB
BO — Pinus - CocHoOBBIE Jleca 8.0
AT-1 Pinus-Picea-Alnus- | Pinus-Alnus-Corylus-| EnoBbie u cocHoBble | COCHOBBIE Jieca C 7.2
Ulmus-Quercus Ulmus Jieca ¢ yyacTueM y4acTHeM OJIbXH,
OJIbXU, BsI3a, Iy0a | Bs3a, JICIIIWMHBI
AT-2 Pinus-Alnus- Picea- CocHoOBBIE Jieca ¢ 5.6
Ulmus-Quercus €JIbIO, OJIbXOM 1
LHIUPOKOJTUCTBEH-
HBIMU TTOPOAAMU
SB Picea-Pinus-Alnus | Picea- Pinus-Alnus- | EnoBeie u e10BoO- COCHOBO-€JI0BbIE 2.2
Quercus COCHOBbIE Jieca ¢ Jieca ¢ yyacTueM
Y4acTUEM OJIbXU 0JIbXU, Oepe3bl U
nyba
SA Pinus-Betula-Poa- | Pinus-Alnus CocHoBble 1 0epe- | CocHOBBIE Jieca C

ceae

Pinus-Alnus-Cerealia

30BBI€ JIeca C OJIb-
XOM, UBOM U €JIbIO

Oepe30ii, OJIbXOH,
WBOI U €/1bI0

CocHoOBBIE JIeca ©
0epe30il 1 ObXOH,
TPaBSIHUCTBINA
MOKPOB C y4aCTUEM
pacTeHuit aHTPOIO-
XOPOB

cTaaguM OTCTYIIaHUA ITOKPOBHOTO JICAHHWKA N3 6eno-

Mopckoii BriaguHbl (Peroanko u gp., 20170).

XapakTepHo, 4To Kak benoe, Tak u bantuiickoe
MOpsI B Hayajie CBOEro pa3BUTHUS MPOULLIU CTaaUIO
NpUIETHUKOBBIX OacceitHoB (Pwibanko, 1999; Poi-
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6aniko u np., 2022), Tak, ucciaengoBaHus o3ep 110 6e-

peram Konbckoro nm-oBa u Kapenuu (Koabka u np.,
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2013) mokasanaud, 4YTO BIEPBHIC IPUICTHUKOBBIA
MMPECHOBOMIHBIN OacceitH BO3HUK B bentoMopcKoii ne-
mpeccuu B ayuiepene. Ho yke B KOHIIE 3TOTo MexKcTa-
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Puc. 5. CmenieHue coeB JICHTOYHBIX IJIMH B pe3yJIbTaTe re0JMHAMUYECKUX JBUXKEHUI (CIUIOLIHbIE CTPEIKM) U MOTepsl 30H
KOppEJISILUKU CJI0eB B pe3yjIbTaTe OIoJI3aHMsl OJJOKOB YeTBEPTUUHBIX OTJIOXKEHUI (MyHKTUPHasl cTpesika). Jlamoxkckoe o3epo

(Marepuanst ®IT'YHIIIT “CeBmopreo”).

Fig. 5. Varved clays faulting as a result of geodynamics (black arrows) and zones of uncorrelation as a result of quaternary sedi-
ments sliding (dashed arrow). Ladoga Lake (materials of “Sevmorgeo”).

IHaja, B Xole MO3IHEJIeTHUKOBOII MOPCKOIM TpaHC-
IPECCUM B HEro Hayajaud MOCTYHaTh MOPCKHE BOIBI,
TaK KaK ypoBeHb mopora ctoka B ['opite Beioro Mmopst
HAXOIWJICSI TOTHAa HIKe ypoBHS Mops. 1o KpaitHeii
Mepe, B KOHIIe MMO3IHEro Apraca—Havae npedopea-
JIa MOPCKHE YCIOBUS B 6€JIOMOPCKOIT KOTJIOBUHE YXKe
MNPUCYTCTBOBAJIU, TaK Kak Ha KoiabcKoMm moGepexnbe
YCTAHOBJIEHbI MOPCKHE OTJIOXKEHUS C BO3PacCTOM
11230 £ 340'“C 1. H. (PbIbasiko U Ap., 2017a). JaHHbIE
K€ TI0 M3YYEHMIO 3aTOIJICHHBIX JISTHUKOBBIX U JIeH-
HUKOBO-03€PHbLIX OTJIOXeHU B Bestom Mope, cBuae-
TEJIbCTBYIOT, YTO B OHEXXCKOM 3aJIuBe MPUICTHUKO-
BbIe OacceiiHbI CYyIIeCTBOBAIU YK€ B paHHEM Apuace
(IxuHopunaze u ap., 1979).

Takum o6pa3oM, Mbl BUIUM, YTO MHOTHE 3aKOHO-
MEPHOCTH, PACCMOTPEHHbIE HAMU Ha TIpUMepe IBYX
KpynHeiiumx o3ep EBporibl, MpUCYIIM U BHYTPEH-
HUM MOpCKUM OacceiiHaM. KoOTJIOBMHBI MX Takxke
ObLIY 3aJ710XXeHbI B apxei-niporeposoe. [yt pa3Bu-
TUSI MOPCKHUX M O3€pPHBbIX 0acceiiHOB pPa30IIUIUCD,
MPEUMYIIIECTBEHHO, B CPEIHEM U JaxKe MO3IHEM T'o-
nouene (Peibanko, 1999).

CymiecTBeHHBIN BKJIAI B pa3BUTHE T1ajeodacceii-
HOB II0 BOCTOUHOI mepudepuun bantuiickoro Kpu-
CTAJUIMYECKOTO IIHWTA BHECIU IIOCNIeJIEHIHUKOBLIE
reoguHaMU4YecKue IBMKeHMs1. [locieaemHUKOBbI
MX BO3pACT J0Ka3bIBaeTCS PE3KUMU OUYEPTAHUSIMU
CKAaJILHOTO pelibeda Uiu 6eperoBbIX JMHUI, YTO OT-
YETJINBO OTIMJAETCS OT CIVIaKeHHBIX (GOpM penbeda
JIOYETBEPTUYHOTO BO3pacTa, BOSHUKILIUX B pe3yJibTa-
Te DK3apalliy UX JIEAHUKOM. TakK, OTYETIMBEIE CJIeIbI
naygeo3emiuerpsicenuii B nepuon 12000—12500 i. H.
BCTpeUeHbI BO BCEX OCHOBHBIX YacTsix beioMopckoro
Gacceitna — B Kanmanakiickom, JIBUHCKOM 1 OHEX-
CKOM 3aJIMBaXx, a Takke B parioHe ['opna beixoro Mmopst
(Poi6anko u np., 2017). ITonoOHbIe TEKTOHOTEHHbIE
¢dopMbl peibeda, BeIpaxkaroninecs B GOpMUPOBaHUNI
MPOTSIKEHHBIX YCTYIIOB, KaK B 6eperoBoii IMHUM, TaK
U TI0/] BOJIOU ObLIIM YCTaHOBJIEHBI B JIamoXXcKoOM o3epe
(AmanToB, CnupunoHos, 1989; Aksenov et al., 2020).
Hamm pa6oTtsl moka3anu, 4to Kak B OHEXXCKOM, TaK
u B JIamoXXCKOM o3epax BbIASSIIOTCSI MHOTOUMCIICH-
HBIE IIPSIMOJINHEMHBIE (POpMBI pebeda, 0COOEHHO B
WX CEBEPHOI YacTsAX, KOTOPbIe MOTYT OBITb COIO-
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CTaBJICHBI C AKTUBU3MPOBAHHBIMU B YeTBEPTUIHOE, B
TOM YMCJIE U B TOJIOLIEHOBOE BpeMsi, pa3jioMaMu. DTO
MPUBOAUT K HAPYLICHUIO CIUIOIIHOCTU TOPU3OHTOB
JICHTOYHBIX TJIMH, a TaKKe K TOSTBJICHUIO celficMorpa-
BUTALIMOHHBIX TOACKJIOHOBBIX OTJIOXEHUI, BO3ZHU-
KaoIIX MPU OMOJI3aHUM WM OTUTBIBAHUM JOHHBIX
OTJIOXKeHMi1 (puc. 5).

TpurrepoM rpaBUTALIMOHHOTO IIepPEMEIIECHUS
TPYHTOB BBICTYITAIOT OOBIYHO CJTa0ble CECMOTOITYKM.
VoenuTenbHbIe O0Ka3aTeJIbCTBA O CEUCMOICHHOM
MIpUPOAE HEKOTOPBIX (POPM JOHHOIO peabeda B Jla-
JIOXKCKOM O3epe mpuBencHBI paHee (Subetto et al.,
1998) u B mocnegHue roapl b.A. ACCUHOBCKOI M
C.b Huxkonaesoii (AccunoBckas, 2020; Hukonaesa,
EBzeposg, 2018).

B mocnenHue roabl NOSBUIIMCH CEpbe3HbBIE pabo-
THI TTO OOOOIIEHNIO CeICMOTeOIOTMYECKUX padoT B
Kapenuu, B Tom yucie B JlagoxkckoM u OHEXCKOM
o3epax. Tak, paccMOoTpeHHE CEMCMUYHOCTH pac-
CMaTpUBAEeMBIX TEPPUTOPUIT HAa OCHOBE M3y4YCHUS
aKTUBHBIX pa3jioMoB Mo3Boyujio A.A. HukoHoBy u
C.B. llIBapeBy (Hukonos, IlIBapes, 2015) mpuiitu K
BBIBOIY, UTO MOp(dOJIOTHUsI OeperoB paccMaTpuBac-
MBIX 03€p BO MHOTOM 3aBMCHUT OT JI€SITEIbHOCTU aK-
TUBU3UPOBAHHBIX B YeTBEPTUIHOE BPEMSI CEMCMOJIH -
HeaMEHTOB, a MaKCHMMaJIbHasT MarHUTyda CencMo-
ToMukoB 3a mocienHue 12000—13000 ner moria
OOCTUTATh 7 0aJUTOB.

3AKJIFOYEHHME

IIpuBeneHHbIC BhIlIE JaHHBIE, OCHOBAHHBIE KaK
Ha aHaJIu3e YeTBEPTUUYHOTO IMTOKPOBa 1 reoMopdoJio-
TMU O3EPHOTO IHA, TAaK M Ha Marepuajiax U3y4deHus
Ha3eMHBIX OOBEKTOB MOKAa3bIBAIOT, UTO 3aJIOKEHUE
KOTJIOBUH O0OUX 03€p, a TakKKe BHYTPEHHUX MOp-
CKH1X 0acCeitHOB IIPOMCXOINIO IJIaBHBIM 00pa3oM B
MO30HEM ITPOTEPO30€, HA IEPEXOTHOM CTAAUN MEXITY
3aBEPIICHUEM IMTPOTEPO3OMCKONM CKIIAAYaTOCTU U Ha-
qajoM (popMHUpPOBaHUS IUIMTHOrO 4Yexyia. BaxHo
MOMYEPKHYTDh, YTO JMU3BIOHKTHUBHAS TEKTOHUKA, BO
MHOTOM OTIpeAeTUBIIAs Kak ouepTaHusi JIamoxkcKoro
rpabeHa, TaK ¥ CBOe00pa3HyI0 MOP(OJIOTHUIO CEBEPHOI
yacti OHEXCKOro 03epa, CoXpaHujia CBOIO aKTUBHOCTh
Ne 4

TOM 54 2023



®OPMUHPOBAHUE KPYITHENIIKNX O3EP CEBEPO-3AIIAJIA POCCUU 51

¥ B YeTBepTUUHOE BpeMsI. MMeHHO TT0O3TOMY KOHTYPHI
JIPEBHUX CTPYKTYPHBIX ASIIPECCUI TOCTATOYHO OJIM3KO
COBMNAJAIOT C OYEPTAHUSIMU COBPEMEHHBIX JIAIOKCKOM
M OHEXCKOHM KOTJIOBMH. BmamMo, HadaJbHBIM 3Ta-
MOM aKTUBU3aLIMU HEOTEKTOHUYECKUX IMTPOLIECCOB Ha
Pycckoii mute, B TOM ynciie 1 Ha bantuiickoM Kpu-
CTAJUIMYECKOM IINTE, OBIT INTMOIIEH, C KOTOPHBIM CBSI-
3bpIBaeTCs 00pa3oBaHME Pa3BETBICHHOM CETU T1ajleo-
noyimH Ha Pycckoit paBauHe. Cam bantuiickuii mmr,
B TOM 4YHCJIE TeppUTOpHUsT coBpeMeHHOU Kapemum,
COXpPaHUJIM B MOCTILUIMOLIEHOBOE BPEMS PEXUM CBO-
noBoro nogHaTusi. Ha ¢poHe 3Toro nmpoucxoauiia ak-
TUBU3ALMSI paHee 3aJl0XKEHHBIX JWUHEaMEHTOB WU
MMEHHO OCJIa0JIeHHBIE 30HbBI, PACITOJI0XKEHHBIE MEX-
Iy JUHEAMEHTaMU, U UCIIOJb30BAJIMCh JIEAHUKAMU
JIJIs1 IPOABUKEHMS TIEPEIOBBIX SI3bIKOB Ha 0T U I0r0-
BOCTOK. MaKCUMyM 3K3apaluu, IIpu 3TOM, IIPOUC-
XOIWJI HA KOHTAKTE TBEPABIX IMOPOI KPUCTAIIUYEC-
CKOTO IINTA M MITKMX opoxn Pycckoit miauTel, 9TO M
MPUBEJIO K POPMHUPOBAHUIO VK€ YETBEPTUUHBIX KOT -
JIOBUH B 30HaX pPa3BUTUS APEBHUX CTPYKTYPHBIX JI€-
npeccuii. CaM JTeTHUKOBBIIN IIUT ITPUBOIVIT K TIISIIINO-
M30CTaTUYECKUM OITYyCKAHUSM TE€PpPUTOPUHU, UYTO, B
CBOIO O4epeb, TPUBOANUIIO K pACTPECKMBAHUIO KPU-
CTAJUTMYEeCKNX mopon. TpeHn HanpsKeHUid B BepxX-
HEM HEOIUIEHCTOLIEHE — TOJIOLIEHE UMEJ IPEUMYILE-
CTBEHHO CE€BEpO-3anaaHoe IMIPOCTUPAHUE, YTO U ITPU-
BEJIO K IIOSBJIEHWIO TE€HEpaJbHOIO HaIlpaBJICHUS
ISIIMOTEHHBIX CTPYKTYP KaK Ha cyile (OpUeHTUPOB-
Ka, HalIpuMep, IpYMJIMHOBBIX ITOJICH), TaK U Ha JTHE
o3ep (ceBepo-3amamHasi OPUEHTUPOBKA BBITSIHYTHIX
MMOJIOXKUTEIBHBIX CTPYKTYD).

JlemHUKOBBIH 3Tan pOpMUPOBAHMS O3€P UMEJI Pe-
11arolee 3HaueHue B opopMIeHUU MOP(POJIOTUHM Cca-
MHUX O3€PHBIX KOTJIOBUH U B (DOPMUPOBAHUU HAa UX
JTHe Makpo- 1 Me3odopM peibeda. K mepBeIM oTHO-
cUTCsl 00pasoBaHUE CTPYKTYPHO-JIGIHUKOBOTO pe-
nbeda Ha ceBepe JlagoxXcKoro o3epa, KO BTOPBIM —
nosica rpsn Ha JlagoxkckoMm (Aksenov et al., 2020) u
Onexckom (benstes u np., 2021) o3epax. Kak yxxe oT-
MEYaJIOCh BHIIIIE, JIETHUK CITOCOOCTBOBANI (DOPMUPO-
BaHMIO 9K3apallMOHHBIX, TJIaBHBIM 00pa3oM, OTpH-
HaTeabHBIX (popM peibeda, B TOM 4ucie, GOpMUPO-
BaHMIO OYXTOBBIX OE€pEroB B I0KHOI yacT o3ep. Ho,
HEe B MEHBIIIEI Mepe, Mbl HAXOAMM OTPOMHOE KOJIM-
YeCTBO aKKyMYJISITUBHBIX (popM, chOpMUPOBAHHBIX
KaK B aKTUBHYIO (pa3y OBMKEHUS JICTHUKOB, TaK U B
MEPMO UX Jerpagaliiid 1 BOSBHUKHOBEHUS (DII0OBHO-
DISIUAIBHBIX TOTOKOB. TTocnemytomuii aTamn pa3Bu-
TUS JeTsIIyalii, a UMEHHO (hOpMUPOBAaHUE MIPU-
JIEMHUKOBBIX 03€P M COMYTCTBYIOIIIEE €My HaKOILIe-
HUE JICHTOYHBIX INIMH NPUBOAMIIM K BbIpaBHUBAHUIO
penbeda, a ero nepekoc B pe3yJIbTaTe ISIIIUON30CTa-
TUYECKUX IBUKCHUM MPUBOAWI K TPAaHCTPECCUBHO-
pEeTrpecCUBHBIM TIepeMellleHUsIM BOTHOTO 3epKajia U’
M3MEHEHUIO aKKyMYJISITUBHO-ICHYIAIIMOHHEIX IIPO-
LIECCOB Y€ B BOTHOI TOJIIIIE.

OnucaHHBIA XON Pa3BUTHS, CyIs MO NMPUBEICH-
HBIM BBIIIIE JAHHBIM, XapaKTepeH KakK IJIsi 00OoMX
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03ep, TaK 1 MOPCKNX BHyTpeHHUX Mopeit (banTmii-
ckoro 1 benoro). OH COOTBETCTBYET paHee OMUCaH-
HOMY NISIHMOCEIMMEHTallMoOHHOMY 1uKiy (Prei6an-
Ko, 1999), xapakTepHOMY IJI O3€p U MOpPEI TSI~
aJIbHOI 30HBI. A BOT KOHKPETHBII BO3pacT KaXKI0ro
W3 WICHOB 3TOTO IIMKJIa B KOHKPETHOM BOTHOM 0Oac-
CEeiHE M HAXOIMIIUIA CBOE OTPaXXEHUE KaK B TOHHBIX
ocazkax, Tak U B crieliudrudeckux ¢hopMax TOHHOTO
penbeda, pa3ImueH B 000MX 03epax.
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CraTbsl HanMcaHa Mpu cofaeiictBuu Poccuiickoro Ha-
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Since 2014, the joint research team from the Institute of Earth Sciences, Northern Water Problems Institute
KRC RAS, the Science Park of Moscow State University, as well as FSBI “VNIIOkeangeologia”, and Her-
zen State Pedagogical University of Russia has begun a study of Quaternary deposits of Onega and Ladoga
Lakes, the largest Russian lakes located on the eastern periphery of the Baltic crystalline shield. Using large
volume of data collected in previous studies, and new data obtained by multichannel seismoacoustic profiling
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and heavy gravity corers, as well as new methods for core analysis the main attention was paid to the geological
development of these lakes in the Late Pleistocene-Holocene. The study of the lake Quaternary deposits
makes it possible to accurately understand the dynamics of the Scandinavian Ice Shield retreat from the
North-Western territory of the Russian Federation. At the same time, the major influence of the glaciers on
the lakes formation during its degradation makes it possible to draw regional paleogeographic correlations,
starting from the Baltic and ending with the White Sea. The history of the lake basins formation is also of con-
siderable interest, given that there are practically no Phanerozoic deposits. The geological section of the lakes
is represented by both Archean-Proterozoic and Quaternary formations.

The article discusses the analysis of new data obtained using multichannel seismoacoustic profiling and long
sediment cores (Lake Onega), results of mathematical modeling of cycles of lake basins development (glacial,
glacial-lake, lacustrine), and their correlation with the paleogeographic development of the White Sea.

Keywords: Lake Onega, Lake LLadoga, seismoacoustic profiling of freshwater basins, Quaternary deposits, the

Upper Pleistocene and Holocene, bottom sediments of lakes, drilling, paleolimnology, palaecogeography
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