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OBILIAA XAPAKTEPUCTUKA PABOTbBI

AKTyaJIbHOCTH NpodseMbl. Ha cyliecTBytoiemM 3Tarne pa3BUTUS HAYKH,
MaJICOMarHeTu3M OTJIOKEHUN COBPEMEHHBIX 03€P ABJISECTCS OTHOCUTEIBHO MOJIO-
JIbIM HaIlpaBJICHUEM 3€MHOI'0 MarHetu3ma. Bo3HHKIlIee MEHEE YEThIpeX AECATH-
JIETUW Ha3aj, JaHHOE HampaBJeHUE, HAPSIAY C MPSIMBIMU HAOJIOACHUAMH, apXeo-
MarHeTU3MOM W MAJIEOMarHETU3MOM JIPEBHUX OCAJOYHBIX MOPOJ, TMO3BOJISET
u3ydaTth (yHIaMEHTAIbHBIC TEOMATHUTHBIE TTPOIIECCHI, BBI3BIBAIOIINE YBOJIOIIN-
OHHBIC U3MEHEHHS BO BCEX 3eMHBIX oOojoukax. IIpomeamnme roapl, oqHaKo, HE
IIPUBEIN K IIMPOKOMY PACIPOCTPAHEHUIO MAJICOMArHUTHBIX HCCIIEAOBAaHUM OT-
JI0OKEHHUM COBPEMEHHBIX 03€p Cpeau MajeoMarHuTosioros. [laneomaruutHoe usy-
YEHUE OTJIOKECHUU COBPEMEHHBIX 03€p MPAKTHYECKU HE MPOBOAMIOCH B BocTou-
Holt EBporie u B LlenTpanpHOil A3uu; eIMHUYHBIC HAOIIOISHUS IMPUXOIIATCS Ha
Adpukanckuii u FOxHO-AMEpUKaHCKUA KOHTUHEHTHL. Bo MHOrOM 3T0 00BsCHS-
€TCs CYIIECTBOBAHHEM, HA BCEX ATalax NaJ€OMAarHUTHBIX UCCIECIOBAHUN JIOHHBIX
OCaJKOB, II€JIOT0 KOMILIEKCA TEXHUYECKHX M MeTojaudeckux mnpoodiem. Co3nas
CHUCTEMY TEXHOJIOTUYECKOTO0 OOECIEeUEeHMs MaJeOMarHUTHBIX MCCIETOBAHUM OT-
JIOKEHUN COBPEMEHHBIX O3€P, Mbl OTKPHIBAEM BO3MOXHOCTH IIUPOKOTO H3yde-
HUSI BO MHOTOM YHUKQJIbHBIX MajlEOMarHUTHBIX OOBEKTOB. Tak 1Jisi COBpEMEH-
HBIX O3€PHBIX KOTJIOBUH PA3JIMYHOIO FT€HETUYECKOTO TUIA XAPAKTEPHBIM SBJISCT-
Csl peryisipHOe, C MOMEHTa (POPMHUPOBAHUS 03€pa, HAKOTUICHUE JOHHBIX OTJIOMKE-
HUW, COOTBETCTBEHHO, IOJydYaeMble Psiibl MAJICOMATHUTHBIX JTaHHBIX OOBIYHO
HEIIPEPHIBHBI B HM3y4aceMOM BPEMEHHOM HHTEpBajie. Bo3pacTt CylecTBYOMMX
03€p, a 3HAYUT U JUIMTEIBbHOCTh ITOJYYa€MbIX BPEMEHHBIX MMAJICOMArHUTHBIX Psi-
JIOB, KOJICOJIETCS B IIMPOKOM JHaIia3oHe - OT MIJUIMOHOB 70 eauHuIl jJeT. Oca-
KOHAKOIUICHUE B 03€pax MPOUCXOAUT C JOCTATOYHO BBICOKOW CKOPOCTBIO — OT
J0JIe MM/TOJ1 10 J€CATKOB MM/TOJI, 4TO, B CPEJTHEM, Ha MOPSAJIOK BBIIIE CKOPOCTH
OCaJIKOHAKOIUIEHUS B MOPSX U OkeaHax. COOTBETCTBEHHO, B 03€pax C BBICOKOU
CKOPOCTBIO OCAJIKOHAKOIUIEHUSI Pa3pPEUICHUE MaJCOMAarHUTHOM 3aluCU MOXKET
JOCTHTATh JECSATKOB JIET, MPUOMIKASICh K Pa3pEIIeHHOCTH NUCTOPUUYECKUX JaH-
HbIX. COBpeMEHHBIE 03€pa IIUPOKO PACIPOCTPAHEHBI HA PA3TUYHBIX KOHTUHEH-
Tax; OHU, KaK MPaBUIIO, SABJISIOTCS JIETKO TOCTYIMHBIMU O0OBEKTaMU MaJ€OMarHUT-
HBIX UCCJIEJOBAaHUM, YTO, B CBOIO OYEPEb, JIEJIAET BO3MOKHBIM U3yUYCHUE Xapak-
TEPUCTUK T€OMAarHUTHOTO MOJISI B TPEXMEPHOW CUCTEME KOOPJIUHAT B 3aJJaHHOM
Macimtade. MHbopmalys, nojsydaemMas Mpu MPOBEACHUN IMaJICOMArHUTHBIX HC-
CJIEJIOBAHUAX OTJIOKEHUN COBPEMEHHBIX 03€p, MHOTOIPaHHA U JOCTATOYHO TOHKO
oToOpakaeT M3MEHEHUs, MPOUCXOAUBIINE BO BCEX 000JI0YKaX 3eMJIM B MEPHUO/T
dbopMUpOBaHHUS OCAIKOB.

Heau n 3agauu padotTbl. OCHOBHBIMH LETSIMH paOOTHI SIBISIOTCS: 1) pas-
paboTka U 0OOCHOBAaHUE CHUCTEMbI TEXHOJOTUYECKOTO OOECHEUECHUS Pa3TUYHbIX
ATAlOB MMAJCOMArHUTHBIX HCCIEJOBAaHUN JOHHBIX OTJOKEHHH COBPEMEHHBIX
03ep; 2) MOoJy4yeHHE, HA OCHOBE MaJCOMArHUTHBIX MCCIEAOBAHUN OCAIKOB psjia
COBpeMEHHBIX 03ep EBpombl 1 A3uM, HOBOM HaJIeKHOW HHPOpPMAIMH O IPO-



CTPAHCTBEHHBIX XapaKTEPUCTUKAX TEOMArHUTHOTO TOJISA 32 MOCJICTHIE HECKOJIb-
KO TBICSY JIET.

B cooTBeTcTBHE C TIOCTaBICHHBIMU IIEJISIMU, PEIIATKNCH CISAYIONINE 3a/1a-
9 a) TEXHUKO-METOJIWYECKOEe OOECIeUeHUE 3Tama OMepexarolInX HCCIeI0Ba-
HUW O3E€PHBIX OTJIOKEHUN CEMCMOAKyCTHYECKMM METOJ0M; 0) pa3paboTka TeX-
HUYECKHUX CPEACTB M CIIOCOOOB, MO3BOJISIONIMX MTPOU3BOIUTH BEHICOKOTOYHBIN OT-
OOp OPHUEHTHUPOBAHHBIX HEMPEPHIBHBIX KOJOHOK Pa3HOOOPa3HBIX 03EPHBIX OTJIO-
KEHUW TIPH TTOJTHOM COXPAaHEHHWH MEPBOHAYAIBHON TEKCTYPHI OCAJKOB; B) OINTH-
MU3AIMs TEXHOJOTUU TMOATOTOBKU KOJUICKIIMNA OOpAa3IOB JOHHBIX OTJIOKEHUU
JUTSL TTaJICOMArHUTHBIX HCCIIEOBAaHUMN; T) OOOCHOBaHUE PaAllMOHAIBHOTO KOM-
MJIEKCa METOJOB JIUAarHOCTHUKWA MAarHUTHBIX MUHEPAJIOB O3EPHBIX OTIOKCHUIA; JT)
MOJIyYeHHE, Ha OCHOBE Pa3paOOTaHHBIX TEXHOJOTWM, HOBBIX HAJIECKHBIX MaJeo-
MarHUTHBIX JAHHBIX M0 OTJIOKEHUSM psifla COBpEMEHHBIX 03ep EBpo-A3uaTckoro
KOHTHHEHTA; €) YTOYHCHHE MPOCTPAHCTBEHHO-BPEMEHHHBIX XapaKTEPUCTHK T'€0-
MarHUTHOTO TIOJIS 32 MTOCJICTHUE HECKOJBKO THICSY JIET.

Hcxoanbie MaTepuabl uccjaeaoBannid. B pabore ncronab30BaHbl Mate-
puaibl KCCaeI0BaHUM U pa3pabOTOK, MMOIyYeHHbIE HEMTOCPEACTBEHHO aBTOPOM WIIH
IpU €ro y4aCTHH B IMPOILIECCE MOJIEBBIX, JTAOOPATOPHBIX M MHTEPIPETAIMOHHBIX
ATanoB padboT. B kauecTBe 0OBEKTOB HMCCIEIOBAHUMN MPHU pa3pabOTKE CHUCTEMBI
TEXHOJIOTHYECKOTO OOECIEYeHUsT MaJICOMarHUTHBIX HCCIIENOBAHUN OTJIOKEHUN
COBPEMEHHBIX 03€p BBICTYyNAIN 24 03epa eBpONEHCKON U a3uaTtckor yacten Poc-
cuu, bemopyccun u Kazaxcrana: ozepa Jlecnoe, Slcnoe (Y bsiHOBCKast 001.); 03€-
pa Acaukynb, Kanapsikyns (3anagnoe Ilpenypanse); YBunpasl, Typrask, Cyp-
rasik, Cynykynb, Kucerau (Boctounsiii Ypain); ozepa IlnemeeBo, Kybennckoe,
[Manunuckoe, Jlaua, Onexckoe (ueHTp u cerep EBponeiickoit uactu Poccun); o3e-
pa Hapous, Cups (benopyccusi); ozepa Apkyns, Uk, Captian (Bocrounas Cu-
oups); ozepa Comenoe, Orugem, I'myxoe, Kuunep (PecnyOnuka Mapuii On);
o3epo Pamdckoe (Pecriyonuka Tartapcran); Apanbckoe mope (Kazaxcran). Ilo
pe3ynbTaTaM pPeKOTHOCHMPOBOUYHBIX HcciieoBaHuM, Ha 20 o3epax MpOBOAMINUCH
JeTanu3alMOHHbIe padOThl C 0OTOOPOM KOJIOHOK JJIs MaJl€OMarHUTHOTO, MarHUTO-
MUHEPAJIOrH4eCKOT0, NeTPOGU3NIECKOT0 U IPYTruX aHaIu30B. B o0mieil cioxHo-
cTu ObuI0 HccnenoBano 6osiee 100 KoI0HOK MOIIHOCTBIO OT 1,0 10 6,5 MeTpoB.
Komnekiuu 06pasios 15 TaeoOMarHuTHRIX UCCIAEA0BAHUN ObUTH IMTOATOTOBICHBI
6onee gem u3 60 KOIOHOK, 4TO cocTaBuio ~8500 oOpa3ioB.

Hayunasi HOBU3HA M JMYHBIH BKJIaJ aBTOpPa. ABTOPOM ObLIH CPopMy-
JUPOBAHBI U MOCTABJICHBI 3a/1a4M, PEIIEHNE KOTOPHIX M3J0XKEHO B TaHHOU pado-
Te. Bce oCHOBHBIE Hay4HbIE Pe3yibTaThl, IPEACTABICHHBIE B Pa0OTe, MOIyUEHBI
aBTOpOM JIMYHO. OH PYKOBOAMI PabOTaMH U JIMYHO ITPUHUMAI HEMOCPEACTBEHHOE
y4acTHE Ha BCEX dTalax U HalpaBJICHUSX UCCIIEAOBAaHUNA: pa3paboTKa anmaparyp-
HO-METOJIMYECKNX KOMILJIEKCOB M MPOrpaMMHOr0 OO€CTHeyYeHHUsl; MOATOTOBKA,
OpraHu3alys ¥ MPOBEJACHUE IKCIEAUIMOHHBIX padO0T; MPOBEACHUE ONEPEKAIOIINX
CEMCMOAKYCTHYECKMX HCCIIEAOBAHUM; OTOOp KOJUIEKLMI; 00OCHOBAHUE U NPUMeE-
HEHUE METOJOB NAJIEOMAarHUTHBIX U MAarHUTO-MHHEPAJIOTUYECKUX HCCIIEI0BAaHU;
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00paboTKa M HHTEpHpeTanus MOJIydaeMblX MAaTepHalIOB; MPOCTPAHCTBEHHO-
BPEMEHHOW aHalIW3 [IaHHBIX MAJIEOMATHUTHBIX HCCIECOOBAHUM OTJIOKEHUN CO-
BPEMEHHBIX 03€p.

Hay4Hnoit HOBHU3HOM ArcCepTaIMOHHON pabOThI SBIISIOTCS:
1. Pa3zpabGoTtanHas U 0OOCHOBaHHAasl CHCTEMa TEXHOJIOTHYECKOTO OOeCIeUCHUS
NaJ€OMAarHUTHBIX UCCIEAOBAHUI O3EpHBIX 0CAJKOB, BKIIIOYAIOIIas B ceOs:
a) TEXHOJIOTHIO OMEPEekKaAIIINUX CEMCMOAaKyCTUYECKUX padOT MpH MajJeOMarHuT-
HOM M3yYE€HHH JTOHHBIX OTJIOKECHHI
0) KOMIUIEKC 00OpYAOBaHUS U METOAUKY PAbOT MO O0TOOPY OPUEHTHPOBAHHOTO
KEepHa ¥ BBICOKOTOYHOW MOJATOTOBKH KOJUIEKIMI 00Pa3I[0B O3EPHBIX OTIOKEHUN
Pa3IMYHOro TeHe3uca
B) ONTUMAJIbHYIO TEXHOJOTHI0 MAarHUTO-MUHEPAJIOTHUYECKUX U MaJIE€OMArHUTHBIX
VICCJIEIOBAHUI COBPEMEHHBIX 03€PHBIX OCA/IKOB;
2. BriepBbl€ MOJTy4YEHHBIE, 10 OTJIOKEHHUSIM COBPEMEHHBIX 03€p ISl TEPPUTOPUU
Bocrtounoit EBponbl, NpOCTpaHCTBEHHO-BPEMEHHHBIE XapaKTEPUCTUKU reoMar-
HUTHOTO II0JIA 32 MOCJIETHUE HECKOJIBKO THICSAY JIET;
3. BrepBrie nonmyueHHbIe AeTalbHbIE XapakTepucTuku PSV 3a nmocneqnue ~1200
net mis repputopun CpenHell A3MM Ha OCHOBE BBICOKOPA3PEIICHHBIX MaJeoMar-
HUTHBIX 3alMCEN B OCaKaX ApajlbCKOTO MOPSI.

OcHOBHBIE 3alIHIIAeMbI€ T0JIOKEHHS.

1. CucremMa TEXHOJOTHYECKOTO OOECIEYCHUS MaJICOMAarHUTHBIX HCCIEIOBAaHUMN
03€pHBIX OTJIOKCHHM, BKJIOYaromias B cels: a) ammapaTypHO-METOJIUYECKUN
KOMILJIEKC JIJIs1 BBICOKOTOYHOTO OTOOpa KepHA M MOATOTOBKU KOJUICKIIUN OpUEH-
TUPOBAHHBIX 00PA3IOB PA3IMYHOTO TUIA 03€PHBIX OTJIOKEHHUH; 0) ONTUMAIIbHYIO
CUCTEMY MarHUTO-MHUHEPAJIOTUYECKUX M MAJICOMAarHUTHBIX MCCIIEIOBAaHUU 03€p-
HBIX OTJIOKEHUM; B) TEXHOJIOTHIO OINEPEKAININX CEHCMOAKYCTHUYECKUX HCCIIe-
JIOBAHUU JIOHHBIX OTJIOKEHUN COBPEMEHHBIX 03€p.

2. IIpocTpaHCcTBEHHO-BpEMEHHBIE XapakTepucTuku PSV 3a mocienHne HeCKOJb-
KO ThICSY JeT s BocTtounoit EBpomnbl M mpuierarommx TEPPUTOPUH, 3aperu-
CTPUPOBAHHBIE B OTJIOKECHUSX COBPEMEHHBIX 03€P.

Hayuynasi u npakTu4yeckass 3HaUMMOCTh padorTsl. PaspaboTanHas aBTo-
POM cHUCTEMa TEXHOJIOTUYECKOTO O0ECIIEUEHHUsI aJI€OMarHUTHBIX MCCIEI0BaHUM
O3EPHBIX OTJIOKEHUH, BKIIIOYAONIAsl B C€0sl KOMIUIEKCHI TEXHUYECKUX CPEACTB,
METOJUYECKHE MTPUEMBI MOJEBBIX U J1a0OpaTOPHBIX MCCIEAOBAHUMN, CIIOCOOBI 00-
pabOTKM M MHTEPIPETALMH MOJIyYaeMbIX JaHHBIX, OTKPBIBAET NEPCIEKTUBBI 1IN~
POKOT0 Y MOBCEMECTHOT'O MCIOIb30BaHMs B AJIEOMAarHeTU3Me YHUKAIBHBIX 00b-
€KTOB — OTJIOKEHHUI COBPEMEHHBIX 03ep. OTAeNbHbIE COCTABIAIOIINE pa3pado-
TAHHOW CHCTEMbI MOTYT OBITh C YCIIEXOM HCIOJB30BaHbl HE TOJIBKO B MajeoMar-
HETU3ME O3€pHBIX O0CAJKOB, HO U MPH MPOBEACHUN Pa3HOOOPA3HBIX JTUMHOJIOTH-
YECKHUX HCCIEAOBaHUI. JTO KacaeTcs B IEPBYIO OYEPEIb U3YUYECHHS NAJIEOKINMa-
Ta, 03€PHBIX FIKOCUCTEM, PEIICHHS IKOJIOrMYecKuX 3a1ad. CO3qaHHbIN crienuaiy-
3UPOBAHHBIN O03E€PHBIN CEHCMOAKYCTUYECKUM KOMIUIEKC IO3BOJIIET KOHTPOJIUPO-
BaTh YCJIOBUS CEIMMEHTAIIMHN Pa3HOOOPA3HbBIX BOJIOEMOB, BBISBIISATH 30HBI SITUTE-
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HETHUYECKUX M3MEHEHMI 0CaJKOB, PEIlaTh 3a/1a4H MajJeOPEKOHCTPYKIINI Oacceii-
HOB. YHHKaJIbHBIA JOHHBIN TEJIECKONMMYECKUI MPOOOOTOOPHUK MO3BOISET MOTY-
4yaTh HEHApYUICHHbIE OPUEHTUPOBAHHBIE HETIPEPHIBHBIE KOJOHKU OCAJKOB MOIII-
HOCTBIO J10 6,5 METPOB HE TOJBKO B COBPEMEHHBIX 03€pax pa3IMuyHOTO FeHEeTHYe-
CKOI'0 THIa, HO U Ha HIeTh(}ax OKpauHHBIX MOPEHN U B MEpeX0AHbIX 30HaX. [lomy-
YeHUE MOJOOHBIX KOJOHOK MPEJCTaBISET HAYYHBIM UM MPAKTUUYECKUU HHTEpEC
JUIS PeIeHUs] 3a/1ad WHKCHEPHOW T'€O0JOTHH, MPUKIATHONW TeO(pU3UKH, Talieo-
MarHeTu3Ma. KOHCTpyKTHBHBIE OCOOCHHOCTH pa3pabOTaHHOTO MPOOOOTOOPHOTO
KOMIUIEKCa M TEXHOJIOTHS €r0 UCIOIb30BaHUs JENal0T €ro BBICOKOMOOUIIBHBIM U
HEJOPOrMM MHCTPYMEHTOM HCCIIeI0BaHUI pa3HOOOPa3HBIX JOHHBIX OTIOXKEHHI.

BrniepBble mosydeHHbIE AOCTOBEPHBIE MAaJCOMATHUTHBIE JaHHBIE MO PALY
o3ep EBpo-A3Marckoro KOHTHMHEHTa MO3BOJIAIOT CYIIECTBEHHO OMOJHHUTH U
YTOYHHUTHh IPOCTPAHCTBEHHO-BPEMEHHBIE XapaKTEPUCTUKU T'€OMArHUTHOTO MOJIA
B TOJIOIIEHE M TMPOCJCANUTh MX U3MEHEHHUS Ha OOIIMPHBIX, PaHEe HEU3YUYCHHBIX
TeppuTopusix. [lomydyeHHbIe a€OMarHUTHBIE JAHHBIE MO JETAIBHO HAMU H3Y-
YeHHBIM 03€paM BOILIM B MHPOBBIE KAaTaJOTH W HCIOJB3YIOTCS, COBMECTHO C
JIPYTUMH €BPOINEHCKUMHU JTAHHBIMH, JUIS PEIICHUS TEOPETUYECKUX U MpaKTHde-
ckux 3ama4 reomarneru3ma (Frank et al., 2002). Hauunast ¢ 1995 rona, HaydHas
HOBHM3HA HCCJIEIOBATENILCKUX MPOEKTOB aBTOpA MO HM3YYEHUIO OTIOXKEHHHA CO-
BPEMEHHBIX 03€p, MOojJydajla Npu3HaHue U nojauepxkky Poccuiickoro ®donna
OyHpaMeHTalbHbIX MccnemoBannii.

Anpodauus padorbl U nyOaukanuu. OCHOBHBIE TOJIOKEHHS U PE3YJIb-
TaThl PabOTHI JOKJIAIBIBATUCH HA €KETOAHBIX UTOTOBBIX HAYUYHBIX KOH(EepeHIIn-
sx Kazanckoro rocynapcrtsennoro ynusepcurtera (Kazanp, 1983 - 2003 r.r.),
HEOJHOKPATHO MPEACTABISUINCh HA CEMHHApax IO MajJeOMarHeTu3My U MarHe-
Tu3My ropusix nopox (bopoxk, 1999 - 2003 r.r.), Ha Beepoccuiickoit koHpepeH-
A "MOHUTOPUHT T'€OJOTUYECKOW CpElbl: aKTUBHBIE DHIAOTCHHBIE U JK30I€H-
Heie nporecch”" (Kazanp, 1997 r.), Ha FOOuneitHoi koHdepenmun "I'eonorus u
coBpeMmenHocts" ( Kazanp, 1999 r.), Ha Hay4YHO-TIPAaKTHUYECKON KOH(EPEHIINU
"T'eoakyctuka -2001" (Mocksa, 2001), mHa Becepoccutickoli HaydHOU KOH(pEPEH-
mun "T'eonorusi, ['eoxumuss u T'eopusuka na pybexxe XX m XXI Bekos"
(Mockga, 2002). PaboTsr aBTOpa npeacTaBsumch Ha 19-24 ['eHepanbHBIX accaMm-
onesix EBpomneiickoro reodgusndeckoro coro3a (I'perodss - 1994 ., amOypr - 1995
r., ['aara -1996 r., Bena - 1997 r., Huna - 1998, 2003), 3aceganusx paboueit
rpynnbel GFZ (ITorcmam, ['epmanus - 2000 r.), MexayHapOHOW KOHGBEpPEHITUU
"[TaneomarneTnam U MaraeTusm ropubix nopoxa" (Ciorakus, 2000 r.), MeXIyHA-
poaHoii koHpepeniuu "Baik - Sed - 2" (benbrus, 2003), MexIyHapOIHONW KOH-
depeniuu INTAS no Apany (byxapa, 2003 1.), MexayHapoaHOH KOH(EpeHINH
"Hosas reometpust npupoas!" (Kaszans, 2003). Beero no teme ariccepTaliOHHOM
paboTh! ory0MKoBaHO Oosiee 35 meyaTHbIX paboT, U3 HUX 2 MOHOTpaHuH B COaB-
TOPCTBE.



CTpykrypa u 00beM auccepraumu, Jluccepranus COCTOUT U3 BBEACHUS, IISITH
r1aB ¥ 3akiarodeHus. OOy o0beM paboThl 257 cTpaHUIl; B pab0Te CONCPKUTCS
108 pucynkoB, 6 TabJIMII; CIUCOK JIUTEPATYPhl COCTOUT M3 317 HAaMMEHOBAHUH.

baaronapuocTu. Ha BceM mpoOTsS>KeHMM BBITIOJIHEHUS AaHHOW padOThI
aBTOp  moJyib30oBaiicsa  nojgepxkko u  momouipto  J.K.Hypranuena,
II.I".fIconoBa, b.B.bypoga, IB.H.BOpOHI/IHa; Ha pa3JMYHBIX 3Tamax B padbore
npunuMamu  ydactue  II.3.M6parumos,  J[.M.Xacano,  W.S.XKapkos,
N.YO.Yepnosa, M.ILI pumrna u MHorHe Apyrue. BoimoaHeHno paboTel cnocoo-
CTBOBAJIO OOCYX/IEHHE OCHOBHBIX IIOJIOXKEHUH paboThl ¢ ‘F.H.HeTp0B0ﬁ|,
A.H.XpamoBbIM, JA.M.Ileuepckum, JI.LE.Illonmo, A.H./IluneHko,
T.C.I'engnep, B.A.bonbimakossiM, ['.3.'ypapuem, B.C.I{upens, B.N.benokonem,
B.5.I1aBn0BbBIM, M.M.ManaxoBbIM, A JO.Kazanckum, C.I1.bypnanxoi,
N.E.HauacoBoii, K.C.bypakoBsiM, B.A.baxmytoBeiM, A.M.I'neBacckoi,
B.ILIep6akoeiv, B.B.lllep6akoBoii, A.K.I'aneeBbiM, B.M.TpyOuxuHsim,
M.JL.baxxenoBwim, A.I".Mocuduau, T.b.Heuaeroii, F.@.Samnewﬂ Y MHOTUMH Y-
ruMu. Bcem UM aBTOp BbIpa)kaeT CBOIO caMylO TTyOOKYIO0 MpPU3HATENbHOCTh. OT-
JIeNIbHO XOTEJIOCh Obl MOOMarogapuTh 3apyOeKHBIX KOJUJIET, ¢ KOTOPHIMH aBTOP
COTpyAHMYAEeT MHOTHE rojibl: mpodeccopoB Ken Creer (3aunOypr) — JeKus Ko-
Toporo B Kazanckom yHuBepcurere B 1991 rogy mHHImMupoBaia Halm padOThI MO
o3epHbIM ocaakam, Friedrich Heller (Lropux) — HaunHas ¢ 1994 roma oka3sbiBai
BCEMEPHYIO TMOJIEPKKY HAIllUM HCCIIEIOBAaHUSM U 1Mo ero uHunmartuee B KI'Y
obuT mepenan kpuomaruutomerp, Hedi Oberhansli (ITorcaam) — Garomapst Ko-
TOpOM OBLIM MpOBeAEHbI PabOThl HA ApaJTbCKOM MOpE, a ceiuac Mbl HAYMHAEM
paboThI B paiione baiikana.

OcHoBHas (uHaHCcOBas nojaepxkKa padboT ocymiecTBisuiack Kazanckum
rOCYyJapCTBEHHBIM YHUBepcUTeToM (MuHHCTEpCTBO 00pazoBanusi PD), oTaenb-
HbIE Pa3/ieibl pabOThI BHITOIHEHBI B paMKax rpaHToB PODU Ne 95-05-15416, Ne
99-05-65586, Ne 01-05-65457, THTII Ne 18 "I'moOanbHble mM3MeHeHHS",
rpanta llIBeitnapckoro wayunoro ¢onma Ne/SUPJ048550, mpoexta MHTAC
(Apan-00-1030). ABTOp BBIpakaeT 6J1aroJapHOCTh BCEM 3TUM OpPTaHU3AIHIM.

OCHOBHOE COIEP KXAHUE PABOTbI

Bo BBeleHNH K TUCCEPTAIMOHHON paboTe paccMaTpUBaETCs COBPEMEHHOE
COCTOSTHHE TMajicOMarHeTH3Ma O3€PHBIX OTIOXKEHUH — OTHOCHTEIHLHO MOJIOJOTO
HaIpaBJICHUS TEOMAarHeTH3Ma, IT03BOJIAIONICTO peliaTh, HapsAAy C MPSIMBIMA
HAOIOICHUSIMU, APXEOMAarHUTHBIMA W TAJICOMAarHUTHBIMA HCCIICIOBAHUSMU,
dbyHIaMEeHTaIbHBIE TIPOOJIEMBI 36MHOTO MarHeTu3Ma. Bapuanum 351eMeHTOB Teo-
MarHUTHOTO TIOJISA, BBIJEISIEMBIE TIO IAaHHBIM MPSMbIX HAOJIOICHU, OTHOCSTCS, B
OCHOBHOM, K CIIEKTPY KpYTHJIbHBIX KoseOanuii (20, 30, 60 u 120 net). Uccneno-
BaHUS B 00JaCTH MarHeTU3Ma TOPHBIX MOPO/I, & TAKKE apXEOJTOTUYECKUX MaMSIT-
HUKOB, TO3BOJIWJIM MOJYyYUTh WH(POpPMAIMIO O APEBHEM T'€OMarHUTHOM IOJIE B
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Oonee mupokoMm BpeMeHHOM MmaciiTtade. OCHOBHOW BPEMEHHOU Tuara3oH ap-
XEOMarHUTHBIX ONPEIEIICHUN JIEKUT B UHTEPBAJIE OT MEPBBIX COTEH 10 HECKOJIb-
KHUX TBICSAY JIET U OTPAHUYEH BPEMEHAMU CYLIECTBOBAHUS MU3BECTHBIX LIMBUIIM3A-
LA, & TAK)KE TOYHOCTHIO UCTOPUUYECKUX AATUPOBOK. [10 apXeoMarHuTHbIM J1aH-
HBIM YCTAHOBJIEH CIIEKTPaJbHBIN COCTaB M JUCKPETHBIM XapakTep '"cpeaHenepu-
onubix" PSV. CylliecTBEeHHOE pacliupeHrne BO3MOKHOCTEH HCCIeIOBaHUS TOH-
KOU CTPYKTYpPhl T€OMarHUTHOTO TOJIs CBSA3aHO C MU3YYCHUEM OTJIOKEHUH COBpe-
MEHHBIX 03ep. B Hacrosiee Bpemsi KaTajior MUPOBBIX NAaJ€OMAarHUTHBIX TaHHBIX,
MOJYYEHHBIX IO O3€PHBIM OTJOKEHUSIM, HACUUTHIBAET HECKOJIBKO JECATKOB
HAaMEHOBAaHUW 03€p, MPUYEM HX PacHpeAesieHUE MO Pa3IUYHbIM KOHTHUHEHTaM
KpaiiHe HepaBHOMepHO. Haubosbiliee 4nCiIO BBHIMOTHEHHBIX UCCIIEIOBAHUMA IMa-
JICOMAarHUTHBIX XapaKTEPUCTUK OCAJKOB COBPEMEHHBIX 03€p MPUXOJUTCS HA TEP-
purtoputo 3anagHoi EBpomnsl, 3atem cienyrotr CeBepHass Amepuka U ABCTpaiusl.
HenoctaroyHo M3ydeHBI MajieOMAarHUTHBIC XapaKTEPUCTHKUA OTJIOKEHHM COBpe-
MeHHBIX 03ep FOxHolt AMepuku, A3uu u Adbpuku. OTHOBPEMEHHO ClIeyeT KOH-
CTaTUPOBATh, YTO MOJOOHBIE PabOTHI Ha TeppuTOopun BocTounoit EBpomnbl u azu-
atckoit yactu ObiBiiero CCCP 110 Hammx HMCCleIOBaHUN MPAKTUYECKH HE MPO-
BoAwiMCh. OlLieHHMBas MMEIONIYIOCS MHGPOPMALMIO O CTPYKTYpe U XapakTepe
PSV, nonydeHHy0 1O O3€pHBIM OCaJIKaM, MOKHO TOBOPUTH O HETUIOXOM CXOJH-
MOCTH BapHuallMii HAKJIOHEHHUS TEOMarHUTHOTO TOJIsI B TOJIOLICHE B CEBEPHOM I10-
nymapuu. B crniektpe Bapuanui HaKJIIOHEHUS MPOSABISIOTCS YCTOMYUBBIEC MEPUO-
nbl B ~3800, ~2400, ~1400-1200 1 ~600 sneT. CXoAMMOCTb BapHUalliii CKIIOHCHUS
B CEBEPHOM MOJIYLIAPUHU 3HAUUTEIBHO XYK€ U MPOSBIISIETCS HA YIJIOBBIX PaccTO-
SHMSX, KaK mpaBmio, He Gomee 40-50°. OmpenencHHBIE MO O3EPHBIM OCAIKAM
CIIEKTPaJIbHBIC XapaKTEPUCTHKU PSV B 11€710M KOPPEIUPYIOT ¢ apXEOMarHUTHBI-
MU JaHHBIMH W pe3yJbTaTaMU MPSMbIX HaOMIOAcHWI. 3ajada BBISABICHUS U
HAJeKHOW OILIEHKU Jper(da HEeIUNOJBbHBIX KOMIIOHEHT T'€OMarHUTHOTO MOJS IO
03€pHBIM OTJIOKEHHUSIM Ha JTaHHBIA MOMEHT OCTA€TCsl HEPELIEHHOW B BUIY HEZO-
CTaTOYHOCTH MH(OpPMAIIUM, HU3KOM TOYHOCTH OMNpPE/IeICHU U KpailHe HepaBHO-
MEPHOT'O pacrpe/ie/ieHUs TaHHBIX M0 Pa3IMYHBIM KOHTUHEHTaM.

B npousBeieHHOM aHaKM3€ COCTOSIHUS MaJ€OMarHUTHBIX UCCIIEA0BAaHUN CO-
BPEMEHHBIX 03€pPHBIX OTJOXKEHUN HE0OXOAMMO MOJUEPKHYTh JBa acmnekta. Bo-
MEPBBIX, ’TO 3HAYMMOCTh U IIEHHOCTh NaJ€OMarHuTHON UHGOpPMAIUU, U3BJICKae-
MOM U3 OTJIOKEHHI COBpeMEHHBIX 03ep. O3epHbIe MaJeOMarHuTHHIE JaHHBIE CY-
HIECTBEHHO PACUIMPSIOT BO3MOXKHOCTU MaJI€OMarHUTOJIOTMU B U3YYEHUU SBOJIIO-
IIMM BHYTPEHHUX reocdep U MpOIEeCcCOB B KUIKOM SAPE W Ha TPaHUIE SAPO —
MaHTHUA. Bo-BTOPBIX, 3TO CYIIIECTBYIOITUE MTPOOJIEMbI TAJIEOMAarHUTHBIX UCCIIEI0-
BAHUI COBPEMEHHBIX O3€PHBIX OTJIOKEHUW, CYIIECTBEHHO OrPaHUYMBAIOIIUE
pacrpocTpaHeHue W CHKamImme 3()(PEeKTUBHOCTh MOJO0OHBIX paboT. JlaHHBIC
npoOJsieMbl 00YCJIOBJIEHBI, B MEPBYIO OYepedb, C OTCYTCTBHEM pa3paOOTaHHOMU
CUCTEMbl TEXHOJOTUUECKOTO 0OECIeUeHUs 03€pPHBIX MaJC€OMarHUTHBIX HCCIIEN0-
BaHUII.



I'maBa 1. XapakrepucTuKa OTJI0KE€HMH COBPEMEHHBIX 03ep KaK 00b-
€KTOB NAJ1€OMATHUTHBIX MCCJIeI0BAHUI

Ha TeppuTopuy KOHTUHEHTOB 03€pa 3aHUMAarOT ~ 2% momanu (~2,7 MIH.
km°). COBpEMEHHbIE 03epa JOCTATOYHO PABHOMEPHO DPACHPOCTPAHEHBI MO KOHTH-
HeHTaM. COIIacHO CTaTUCTUYECKOMY PACIIPEIEIICHUIO, KOJIMYECTBO KPYIIHBIX H
CPEAHUX 03€p, NPEACTABIIAIONIMX HAUOOJBIINN UHTEPEC JUI MaJ€OMArHUTHBIX UC-
CJIEIOBAaHUM, HA KOHTMHEHTAX 3€MHOI0 1Iapa OrPOMHO M MCUHUCISIETCS ECATKAMM
Thicsu. [IpeoOnagarommmu cpeTHIMH TTyOMHAMU TaKUX O3€p SIBISETCS TUara3oH
OT €IMHMII 10 HECKOJIbKUX JAECATKOB MEeTpoB. [laneomaruutHas HHPOPMATUBHOCTD
JOHHBIX OTJIO)KEHHWM COBPEMEHHBIX 03€p BO MHOI'OM OIIPEAENSAETCS CEAMMEHTa-
LIHOHHBIMH ITPOLIECCAMH, B X0JI€ KOTOPBIX B OCAJKaX HAKAIUIMBAIOTCS JKEJIE30CO-
Jep Kalue 4acTULbl - HOCUTEIN €CTECTBEHHOM OCTAaTOYHOM HAMArHWYEHHOCTH
(EOH). B oTiauuue oT Mopeil U OKEaHOB, ISl 03€p XapaKTEePHbI OTHOCHUTEIHLHO
BBICOKME CKOpPOCTHU CEJUMEHTALMM, MO3BOJISIOIIME IOJIy4aTh HA MOPSIOK (a B
HEKOTOPBIX CIIydasX U BbIIIE, KaK 3TO ObLJIO KOHCTaTUPOBAHO HAMHU B IIyOOKO-
BOJIHOM 3aJIUBE ApPaIbCKOro MOpsi) 0oJiee pa3pelleHHYI0 MaJCOMArHUTHYIO 3a-
IIUCh 10 CPABHEHUIO C OKCAHMYECKUMHU OCAJKaMU, Uil KOTOPBIX CTaHJApPTHOU
SIBJIIETCS THICSYENIETHSS Pa3pEeLIEHHOCTh NMajJeoOMarHuTHON uHpopmanuu. Cpeau
OCHOBHBIX (DAaKTOPOB, ONPEAEIIAIOIINX HAKOIJIEHUE U PaCIIpeeIeHIEe MArHUTHON
(dpaky B 03€PHBIX 0CaJKaX, MPEXKJIE BCETO, BHICTYNACT KIIMMAT U Pa3IUYHbIC H-
JIOTEHHBIE Y DK30T'€HHBIE MPOLIECCHI, OT KOTOPHIX B CBOKO OYEPEb 3aBUCUT THIPOJIO-
TMYECKUI M THIPOXUMHUYECKUI PEKUMBI O3€pPHOTO BOJAOEMAa W IMPeo0Ialarolni
XapakTep OCAIKOHAKOIUJIEHUS - TEPPUTEHHBIN, OPraHOTE€HHBIN U1 XEMOTE€HHBIN.

[Tpupona Hocuteneii EOH 03epHBIX OTI0KEHHUI CYHIECTBEHHO BIUSET Ha
UH(GOPMATUBHOCTh MOJYyYAEMBIX MaJCOMAarHUTHBIX JAHHBIX. MarHUTHbIE MHHE-
pajibl aJUIOTUTEHHOTO MPOMCXOXKACHUS IOMANA0T B O3EPHBIE OCAIKU U3 aTMO-
cdepbl WIM NPUBHOCATCS Pa3IMYHBIMUA BOJHBIMHM IOTOKaMH. 3a CUET J0JIOBBIX
IIPOLIECCOB B O3E€PHBIX OCAJKAX HAKAIUIMBAKOTCS YACTHULBl BETPOBOM DPO3HH, TE-
¢pa, uHAYCTpHUATIbHAS NbLIb. YacTUIBI METEOPUTHOIO BEILECTBA TaKXkKe MOIaaa-
IOT B 03€pHbIE 0CaJKkK yepe3 atMochepy. DaroBuaIbHbIe MOTOKHU - KaK MOCTOSIH-
HbIC, TAK U BPEMEHHBIE, [IOBEPXHOCTHBIE U IIOJI36MHBIE - IIPUBHOCAT B 03€pa pas-
JVYHbIE 00JIOMOYHBIE YaCTHUIIbl, PACTBOPEHHBIE HOHBI XKEJIE3a, a TAKIKE YACTULIBI
U3HA4YaJIbHO aTMOC(HEpPHOr0 MPOUCXOXKACHUS, HAKOMUBIIMECS B JIEASHOM U
CHE)XKHOM TMOKPOBax. AYTUTE€HHBIE jKeNIe30CoAeprKallie MHHEPaIbl 00pa3yroTcs B
03EPHBIX OCAJIKaX 3a CYET OMOTEHHBIX U XUMHUUYECKUX MpoleccoB. PasHooOpasue
TUIIOB 03€p U MHOTOYHCIIEHHBIE (PaKTOPBI, ONPEACIISAIONINE MPOLIECCHI 0CAIKOHA-
KOIUICHHS B KaXJIOM M3 HUX, (OPMUPYIOT MHIMBUIYaJbHBI Kaue€CTBEHHBIN U
KOJIMYECTBEHHBIA COCTaB MAarHUTHOM (Ppakuuu, BUI M KOMIOHEHTHBIM COCTaB
npeobiiafaroiiel HaMarHUYeHHOCTU. 30HAJIbHOE paclpesiesieHue 0CaJKoB B Oac-
CeilHE KaXXJI0Or0 03epa KOHTPOJMpPYeTCs (alMalibHON OOCTaHOBKOHM, KOTOpasi, B
CBOIO 0YEpPEb, 3aBUCUT OT I'MAPOJIOTMYECKUX YCIOBUN. B KOHKPETHBIX TUAPOIIO-
TMUYECKUX YCIIOBUSAX PaOOTarOT T€ WM HMHBbIE MEXAaHU3Mbl pacHpeleIeHUs B3Be-
IIEHHBIX ¥ PAaCTBOPEHHBIX YACTHII, BCIECACTBUE YETO U MPOUCXOAUT (HOPMHUPOBA-
HUE Pa3IMYHbIX (paluaibHBIX TUIIOB OCAAKOB. MOKHO BBIJEINUTH JBE OCHOBHbBIE
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IPYIIbI, HA KOTOPBIE, C TOUYKU 3PEHMS TMAPOJIOTHH U €€ BIUSHMS Ha Iajeomar-
HETHU3M JIOHHBIX OCaJKOB, OYIyT MOJpa3aeisaThcs Bce o3epa. [lepByro rpyniy co-
CTaBJISIIOT TUJPOJOTUYECKH OTKPBIThIE 03€pa, UMEIOIIUE CTOK (HAIpUMEp, UCCIie-
noBaHHbIe Hamu o3epa Ilnemeeso, CBups). BTopyto rpymmny ruipoioruyecku 3a-
KPBITBIX 03ep 00pa3yroT 03epa, KOTOPhIE JUIIEHBI CTOKA (HampuMmep, ApalbCcKoe
Mope, o3epo Conenoe). HekoTopbie o3epa B CBOEM Pa3BUTHH MOTYT MPOXOJUThH
yepe3 CTauu 3aKPBITBIX U OTKPBITHIX 03ep. OOmmii BOAHBIN OallaHC 3aKPBITHIX
03€p XapaKTepU3yeTCs TeM, YTO MOTEPH MPHU UCHAPEHUU U MHPUIBTPALUHU Tpe-
BBIIIAIOT MPUTOK IUJIIOC BBIMIAJCHHE aTMOC(EpPHBIX OCaAKOB. JTO CIOCOOCTBYET
00pa30BaHUIO BBICOKMX HOHHBIX KOHLEHTPAIUi M MOCIEAYIOLIEH XeMOTeHHOU
ceiMMEHTaluu. [ uapoAuHaMUYeCKUi pexxXuM o3ep, (GOpMHUPYIOIINN KOHKPETHBIE
(danmanbHple YCIOBUS HAKOIUICHHUS JKEIe30COAEpKAIIUX YacTHUIl, BO MHOTOM
ompezensercs TedueHusMHu. Bo Bcex ncciaeoBaHHBIX HAMU 03€pax, Mbl Ha0II0/1a-
JIM OTHOBPEMEHHOE NMPUCYTCTBUE HECKOJBKUX TUIOB TEUEHUM, U3 KOTOPBIX HA-
uboJplIee BIMSHUE HAa (OPMHUPOBAHHME OCAJKOB OKa3bIBaja LUPKYJSIIUS, BbI-
3BaHHAsl BETPOM. MeEHbIIIee 3HAUE€HUE, KaK NPAaBUJIO, UMENN TEUYECHUS, BbI3BAHHbIC
BIIAJICHUEM PEK, MPOrPEBOM JIMTOPAIU U TUAPOrpaduyUecKue YKIOHHBIE Teue-
HUsI, HAIPABJIEHHbIE OT MECTa BIAJICHUSA PEKU K BOJOCIUBY PEKH, BBITEKAIO-
niei u3 ozepa. B moctaTouHo Menkux o3epax MOBEPXHOCTHBIE BOJHBI CLIOCOOHBI
BBI3bIBATh MEPEHOC JOHHBIX OCAJIKOB. B MIMPOKUX MEJIKOBOJHBIX 03€pax, TAKUX
Kak ucciaegoBanHoe Hamu 03. Jlaua B Kapenuu (cpenusisa rimyouna 3,5 M), BOJTHBI
OKAa3bIBAIOT BO3JCHCTBME HA JOHHBIE OCAJKH IIOYTH IO BCEH ILIOIIANM 03€pa.
Kak cnencrBue, 0TiOXeHHs MOJTOOHBIX 03€p OKA3alUCh MPAKTHUECKHA HEMPUTOI-
HBIMU ISl TAJIEOMAarHUTHBIX HcciienoBanni. [lepepacnpenenenne MarHuTHbIX 4a-
CTHILl B O3€pHBIX OacceliHaxX BbI3bIBAJIOCH TAKKE TEPMUUYECKHM PACCIOEHUEM BOJIBI.
YacTo mocTymnaromasi B 03ep0o pedHas BoJia, HECYILas OCa/IKU, UMEET OOJBIIYIO II0T-
HOCTb, YEM BOJIA B SMUJIMMHHUOHE, HO MEHBIIYIO 10 CPABHEHHIO C XOJIOAHOW BOAOU B
TMIOJIMMHHUOHE, M IO3TOMY OHAa TEYET IO TEPMOKIMHY. 3 Taknx NOBEpXHOCTHBIX U
MOJIOBEPXHOCTHBIX MOTOKOB HA JTHO OCENAIOT OOJIbIIEH YaCThIO YACTHUIIbI AJIEBPH-
TOBOM pa3MEpHOCTH, BKJIOYAsl U MarHUTHYIO Qpakuuto. ['uaponoruyeckue ykiIoH-
HbIE T€UEHHMsI, FeOCTPO(PUUECKUE TEUEHUS U MPOrPEB JIUTOPAIH PEAKO BBI3BIBAIOT
JBUKEHUS BOJIbI, JIOCTATOYHO CHJIbHBIE, YTOOBI BhI3BATh TBEP/bIA CTOK Marepuaia
JTHA, HO KaK Mbl YOIUJIMCh, OHU UTPAIOT PELIAOIIYIO POJIb B IEPEHOCE B3BELICHHBIX
KENE30COoAePKAIMUX YacTUIl. ITOT AP PeKT HAOIIOAAIICS HAMHU KaK B OTHOCUTEILHO
HeOoNbpIIMX 03epax (Hanpumep, 03. [InemieeBo B LlentpansHoii Poccun), Tak u B
OoJiee KPYIHBIX 03epax, TaKUX, Kak 03. Y BUIbAbI BocTounoro Ypana.

BrisiBrieHre 30H 0CaJIKOHAKOIUIEHUS], MOTEHIMAIbHO HEOIArOMPHUSITHRIX IS
IIPOBEJICHUS NAJICOMarHUTHBIX UCCIIEAOBAHNN, SIBISIETCS OJHOM M3 BAKHEUIIUX 3a-
Jla4 PEKOTHOCIUPOBOYHOTO 3Tana paboT Ha BojgoeMe. Pemienue maHHON 3amadu
OKa3aJIOCh BO3MOXHBIM TMPU MOMOIIU Pa3padOTaHHOIO CHEHUATU3UPOBAHHOTO
CEHCMOaKyCTUYECKOTO KOMILIEKCa, 0 4YeM MOApPOOHO roBoputcs B riase 2. UH-
dbopmaius, mosiydaemasi mpu celcMocTparurpaduyeckod MHTEpIpETauu aKy-
CTUYECKOW BPEMEHHBIX Pa3pe30B, MO3BOJISIA HAM BBISBISATH UHTEPBAJIbI C IIHTeE-
HETUYECKUMU HM3MEHEHHUSMH OCaJKOB, HaJU4He TYpOUIUTOB, a TAKXKE OIpele-
JSTh IEPEPBIBBI B OCAJIKOHAKOIUIEHUH (puc. 1).
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Puc. 1. BeiaBnenue cencMOaKyCTUKOM 30H OCAIKOHAKOILIEHUs], TOTEHIUAIBHO HeE-
OJaronpuATHBIX JUIA TMPOBEACHUS MaJ€OMAarHUTHBIX MCCIEAOBaHUN ((parMeHt
BPEMEHHOTO pa3pesa 03. YBUIIbJbl, BocTouHbIil Ypai).

Hapsiny ¢ qoHHBIMH TeueHUsIMH, Ha (DOPMHUPOBAHUE O3EPHBIX OCAJIKOB U pac-
npezielieHue B HUX MarHUTHBIX YacTHUI] OKa3bIBAET OTPOMHOE BIIMSHHUE COJEp’KaHHE
KUCIIOpOoJia B BoJie. PacTBOpEHHBII KUCIOPO1 UTPAaeT BEChMA CYIIECTBEHHYIO POJIb B
METab0IM3Me BOJHBIX a3POOHBIX OPraHU3MOB U BO MHOT'OM OMpEAENSET MPOTeKaro-
e B 03epe OMOJOTMYECKHME W XUMHUYECKHE MPOIECChL. B Mepuoapl MUpKyIsSiun
BOJIbI, KOHIICHTPAITUST KUCIIOPOa B 03€Pe HAXOAUTCS B paBHOBECHH C arMocdepoii. B
TITyOOKHX 03epax, I71e UIMEIOTCS 30HbI, 00EHEHHBIE KUCIOPOIOM, BOJIAa MOXKET LIUPKY-
JIMPOBAaTh B TEUEHHE HECKONBKUX HEIENb, MPEXIE YeM JOCTUraeTcsi paBHoBecue. Kuc-
JIOPOJHBIN OanaHc 03epHON BOJBI (DOPMUPYET HE TOJIBKO OPTaHUYECKYIO COCTABIISIIO-
IIyI0 03€PHBIX OCAJKOB, HO TAKKE€ BO MHOTOM M COZAEPIKAILYIOCS B HUX MAarHUTHYIO
¢paxiuto. CyliecTBeHHAs pOJib MArHUTHBIX YACTHI] OMOT€HHOTO MPOUCXOXKICHUS
B COCTaBE OCAJKOB COBPEMEHHBIX 03ep Oajna BBISIBJIEHA OTHOCUTEIHHO HEIABHO.
Bo BTOpOI#i M00OBHHE BOCBMHUAECITHIX - Hayajie JIEBSIHOCTBIX T'OJIOB B MPECHO-
BOJIHBIX M MOPCKHMX OcCajikax ObLIM OOHapy>KeHbl oueHb menkue (<0.5 MkM) ya-
CTUIIBI MarHeTuTa, MPOUCXOXKJIEHUE KOTOPOro, Kak OBbLIO JI0KAa3aHO, CBSI3AHO C
MarHuToOakTepusiMu. GopMHUpPOBAHNE MAarHETUTAa MATHUTOTAKTUYECKUMH OaKTe-
pusmu npoucxoauT 1o cxeme: FEOOH => Fe;0, , mpuueM MarHeTuT OMOTEHHOTO
MIPOUCXOXKJICHUS B HEKOTOPBIX O3EPHBIX OCAIKaX SBIIICTCS OCHOBHBIM HOCHUTE-
jgeM octaToyHoi HamarnuueHHoctu [Higgitt et al., 1991]. 3nauntensHas poib
MarHeTuTa OMOTEHHOTO MPOUCXOK/ICHUS ObLTa BBISIBJICHA HAMHU, B YaCTHOCTH, B
U3YYEHHBIX OcaJikax ApajgbCKOTO MOpSI.

JUis OTIOXEHU COBPEMEHHBIX 03€p, XapaKTEepHU3YIOLIUXCS MpEeuMyIle-
CTBEHHO OPHEHTALlMOHHONW HAMarHMYEHHOCTHIO, JaBHO JI0Ka3aHa CYIIECTBEHHAs
pOJIb MPOLECCOB MOCTCEAMMEHTAIMOHHOTO HaMarunuuBanusa (PDRM). Pactsny-
Thle BO BPEMEHH, IMPOIECCHl MOCTCEIUMEHTAIMOHHOTO HAMAarHWUYMBAaHUS HE
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TOJIbKO HMCKaXalOT BPEMEHHYIO LIKady BBIIESEMBIX IMaJC€OMarHUTHBIX BapHa-
UH, HO TaKX e CYIIECTBEHHO OCHaOJSAIOT UX PA3HOIEPUOJIHBIE COCTABISIOIINE.
CrerneHb CrilaXXuBaHUs U 3aHKEHUs aMIUIUTy 1 PSV 3a cueT mpoiieccoB nocrce-
JUMEHTAllMOHHOTO HaMarHMYMBaHUSI KOPPEIUpPYyeT ¢ MEepUoJIaMUi BapUalluid, 4To
OBLJI0O KOHCTATUPOBAHO MPHU MPOBEACHUM HAIIMX HcclieqoBaHui. M3yyas pasHo-
oOpa3Hble THUIBl JTIOHHBIX OTJOKEHUM COBPEMEHHBIX 03€p, Mbl CTOJKHYJIHUCH C
IIMPOKKUM BpEMEHHBIM auanazoHoM ¢opmupobanus PDRM. B nacrosiee Bpems
HE CYIIECTBYET HAJEKHOTO PEIICHUs MPOOJIeMbl yyeTa MOCTCEANMEHTAIMOHHOTO
HAMarHWYUBaHUS, HO OIpENEJICHHbIE Pe3yNbTaThl JAIOT, MPU HATUYUU HE3aBU-
CUMOM anpuopHOW HH(OPMALUU, TPOLEAYPHl JEKOHBOJIIOLUNN MaTeOMarHUTHBIX
BpeMeHHBIX psmoB [Hyodo and Yaskawa, 1986]. Ilpu noBeeHUM HaIMX Majieo-
MarHUTHBIX HCCIEAOBAHUN OTIOXKEHUN COBPEMEHHBIX 03€p, Mbl OLICHUBAJIUA BpE-
MeHHO# casur PDRM, ncnions3ys apxeoMarHuTHBIE ONPEETICHUS] U UCTOpHYE-
CKHE JIaHHbIE B KaUY€CTBE OMOPHBIX TOYECK.

B o3epHbIX Ocaakax MPEeUMYIIECTBEHHO OPraHOTEHHOTO U XEMOI'€HHOTO
reHe3uca CyIlIeCTBEHHO BO3PACTAET POJIb XUMUYECKON I KPUCTAIM3AI[MOHHON
HAMarHU4eHHOCTU. XUMUYECKass HAMarHU4€HHOCTh O3€PHBIX OTJIOKEHUN MOKET
BO3HHMKHYTh B IPOLIECCE JUAreHe3a OCaJIKOB, a TaKXKe, YTO KpaiiHe HeXKeaTelb-
HO, B IpoOIecce JIaDOPATOPHBIX MCCIEIOBAHUN 32 CUET OKHUCIECHHS 00pa3loB B
BO3NyIIHOU cpefe. [laneomaruutHas MHGOPMATUBHOCTh XUMHUYECKOM HaMarHu-
YEHHOCTH O3E€pPHBIX OCAJKOB ONPEIEISAETCS CTENEHBIO €€ METAXPOHHOCTH, KOTO-
pasi, KaK 3TO MOKa3aHO BO MHOTHX paboTax, B CBOIO OY€pE/Ib 3aBHCHUT OT Ipaju-
€HTOB OKHCJIHUTEIbHO-BOCCTAHOBUTEIbHBIX MOTEHIIMATIOB B 30HE CETUMEHTAIIHH.
Ha ocHoBe mpoBeneHHBIX HaMU HCCleAOBaHUN Ooyiee IBYX IECSITKOB Pa3zHO00-
pa3HBIX 03€p, Mbl MPUIIUTH K BBIBOAY, YTO MOTEHIIMAIBLHO HEOIArONPHUSITHBIE 30-
HBI C BBICOKOBEPOSTHBIMH IUAr€HETUUECKUMHU U3MEHEHUSMU OCAJKOB MOTYT BBI-
SBJIATbCSI HA PEKOTHOCHMPOBOYHOM 3Talle NaJeOMarHUTHBIX MCCIEI0BaHUN
03€pHBIX OTJOXKEHUW B Tpoliecce MPOBENCHUs celcMOo(dalnalibHOrO aHalIu3a
OacceitHa ocankoHakorieHua. Ha atarne maneoMarHUTHBIX U3MEPEHUM, BbIsIBIIC-
HUE U OTOpPAaKOBKa KOJUIEKLIUNA 00pa3loB JOHHBIX OTJIOXXKEHHH CO 3HAUMTEIIbHON
J0JIed METaXpOHHON HAMarHMYEHHOCTH PELIAeTCs MPUMEHEHUEM CTaHIapTHBIX
METO/IOB OLIEHKH MaJIEOMAarHUTHON CTAOMIBHOCTU M3Y4aeMOM KOJIEKIIUH.

[IpuBeneHHas, ¢ MO3UIMHN MajeoOMarHeTu3Ma, XapakTepUCTUKa COBPEMEH-
HBIX 03€PHBIX OTJIOKEHUH MOKA3bIBAET, YTO 3TO CJIOXKHBIN B U3y4YE€HUH, HO OJTHO-
BPEMEHHO HIMPOKO M JIOCTATOYHO PABHOMEPHO PACHpPOCTPAHEHHBIA MO KOHTH-
HEHTaM OOBEKT IMaJeOMarHUTHBIX HCCIEeI0BaHUM, (OpMHpPOBAHUE KOTOPOTO
npojopKaeTcs W B Hactosimiee BpeMs. COBpPEeMEHHBIE O3€pHBIE OTIIOKEHHUS B
OOJBIIMHCTBE CBOEM HAXOMASTCA JIMIIb Ha paHHEH cTanuu auareHesa. [loatomy, ¢
OJIHOM CTOPOHBI, 3T OCAJKU SBISIOTCA HJICATbHBIM OOBEKTOM JIsl MajeoMar-
HUTHBIX UCCJENIOBAHMUM, HO C JPYroll CTOPOHBI — UX ciabas KOHCOJUIUPOBAH-
HOCTh U XUMHYECKast HeCTaOMITFHOCTD MPEIBABISAIOT CHEIHAbHBIC TPEOOBaHUS K
0TOOPY, XpaHEHUIO W HU3MEpeHUr0 00pa3ioB. OCOOEHHOCTH CEAMMEHTAlUM B
KKJIOM 03€pe ONpeneistorcs ero Mopdosoruein (Oeperopasi JuHus, Tpoduib
riyouH), oporuaporpadueii 00IacTu MUTaHUsSA, THAPOJIOTUIECKUMH, T€0JIOTHYe-
CKUMHU M TEKTOHUYECKUMU (DakTOpamu, KIMMATHYECKUM pekuMoM. COOTHOIIIe-
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HUE AJUIOTUT€HHOTO M AyTUT€HHOI'0 MarHUTHOTO MaTE€pUAIa B OCAIKAX TAKKE 3a-
BUCUT OT MHOXeCTBa (haKTOPOB: KIMMATUUYECKUX M TEKTOHWYECKUX YCJIOBHUH,
I'€0JIOTMYECKOI0 CTPOSHHMS U COCTaBa Mopo;] 00J1acTH muTaHust o3epa. OrpoMHYO
posib B GOPMUPOBAHUU HOCHUTENICH €CTEeCTBEHHON OCTaTOYHOM HAaMarHMYEHHOCTH
OCaJKOB WIpal0T XUMHUYECKHE U, B OCOOCHHOCTH, OMOXMMHUYECKHE MPOIECCHI,
MPOTEKAIOIIME KAK B TOJIIE BOJBI, TAK U B BEPXHUX CJIOSIX Ocajka. Paswl pa3Bu-
THS 03€pa, a Takke (alualIbHbIe U OKUCIUTEIIBHO-BOCCTAHOBUTEIBHBIC YCIOBUS,
CYIIIECTBEHHO MEHSIIOT B OTOMPAEMBIX OCAJKaX COOTHOIIEHUE MEXIY KEJIe30CO-
JEPKAMKMMUA MHUHEPAIIAMU QJUIOTUTEHHOTO W AYTUT€HHOI'O ITPOMCXOXKICHUS.
[IpenBaputenbHOe U3ydeHne OacceitHa 0CaKOHAKOIJICHUS, €Tr0 UCTOPUU Pa3BH-
TUS ¥ QaIanbHBIX YCIOBHH - HEOOXOIMMBIN 3Tall, MPeIBAPSAIOMUA 0TOOP MPod
JUTSl TIaJICOMAarHUTHBIX HccienoBannii. Heo0XoauMbIM HHCTPYMEHTOM JTaHHOTO
ATarna MCCIIeOBAaHUM, MO HaIleMy yOEKIEHUIO0, MOXKET SBIISITHCS CEMCMOAKYCTH-
ka. TimarenpHbI 1 000CHOBAHHBIN MOAXOJ K OTOMpPAEMBbIM KOJUICKIIMSAM 00pa3-
IIOB OTJIO)KEHUN COBPEMEHHBIX 03€p BO MHOI'OM OYyIET MpeAoNpeaesiTh 0CTO-
BEPHOCTb KOHEYHOT'O MaJI€OMAarHUTHOTO PE3yJIbTaTa.

I'naBa 2. CelicMOaKyCTHKAa B KOMILJIEKCE MAJEOMATHUTHBIX HCCIIe10-
BAHUU OTJIOKEHUI COBPEMEHHBIX 03ep

Bropas rnaBa nuccepTallMOHHOW paOOThl HAUYMHAETCS C PACCMOTPEHHUS
npoOiaemMbl CTAAMMHOCTU MPU MAJIEOMArHUTHBIX UCCIEAOBAHUSX O3€PHBIX OTIO-
XKeHUU. MeTo0I0rnuecKy, MajJeOMarHuTHbIE UCCIEI0BAHUS O3€PHBIX OTIIOXKE-
HUW JOJDKHBI OBITH Pa3OMTHI HA CICAYIOIIME ATalbl: a) MOATOTOBUTEIIBHBIN; O)
PEKOTHOCIIMPOBOYHBIH; B) 3Tanm oTOOpa 00pa3ioB U MOJATOTOBKU KOJIICKITUN ISl
MajJjeoOMarHUTHBIX MCCIICIOBAHUM; T) ATall KOMIUIEKCHBIX JaOOpaTOPHBIX HCCIIe-
JIOBAHUM; 1) 3Tam 00pabOTKH ¥ HHTEPIIPETAIIUH TTOJTy9aeMbIX JaHHBIX. OCHOBHAS
3a/1ada MOATOTOBUTEIBHOTO 3Tama - cOOp W aHaau3 anpuopHOU HHQPOPMAIIUH,
TEXHUYECKOEe OOEeCredYeHne MIaHUPYyEeMbIX UccienoBanuid. llenpio pexkorHocim-
POBOYHOI'O 3Tama SIBJISIETCS TPEXMEPHOE H3YYEHUE BCErO0 CEIMMEHTAIMOHHOTO
Oacceiina, BBIOOp 1 000CHOBaHHE MECTOIOJIOKEHHS Touek 0TOOpa KepHa. HeoO-
XOJIMMBIM UHCTPYMEHTOM, TIO3BOJISIFOIIIUM C HEOOXOIUMOM JETAIBHOCTHIO U TOY-
HOCTBIO TIOJIYYHTHh TPEOYEMYIO OT PEKOTHOCIIMPOBOYHBIX MCCIEAOBaHUN HHGOP-
MallMIo, SIBJIIETCS celicMoakycTuka. CrieMain3upOBaHHbIC CEMCMOaKyCTUUECKUE
paboThl MO3BOJISIOT MOIYy4YaTh, C 3aJJaHHOM pa3peniaroiiei cCnocoOHOCThIO, MPO-
CTPAHCTBEHHBIE XaPAKTEPUCTUKU JOHHBIX OTJIOKEHUU BOJAOEMOB, BOCCTaHABIIU-
BaTh UCTOPUIO UX T'€OJOTMYECKOr0 0Opa30BaHUS U MOCTCEAMMEHTAIMOHHBIX H3-
MEHEHUH, YTOUHATh T'€HE3UC 03€PHBIX KOTJIOBHH.

CelicMOaKyCTHKA 03€PHBIX CHCTEM, 3apOJMBIINCH HA METOJUYECKON U aI-
napaTypHoil 6a3ze MOpPCKOTO 3XOJOTHPOBAHUS, UMEET PsiJi OCOOEHHOCTEH, 00Yy-
CJIOBJIGHHBIX CHEIU(pUKON O3epHBIX OacceilHOB. B mepByro oudepennr 3Ta Crielu-
¢duka 3akio4aeTcss B pa3zHOOOpa3uMd TeHETUYECKUX THUIIOB O3E€PHBIX KOTIIOBHH,
IIMPOKOM JIMaIia30He TeOMETPUUECKUX pa3MEpOB U TITyOUH BOJHBIX 0AaCCEMHOB,
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3aMKHYTOCTBbIO BOJHBIX CHCTEM 3HAYUTENBbHON YacTu o03ep, creunuGuIHbIMU
YCIIOBUSIMU ceuMeHTaluuu 3PTpodHbx U onurotpodusix ozep. Ilpoueccol, xa-
paKTepHbIE ISl MOPCKOTO 0CcaJKkooOpa3oBaHus, B (husnoreorpa@uueckux ycio-
BUSIX HEOOJIBIIMX O3EPHBIX 0ACCEHHOB CXKAaThl BO BPEMEHHU U B MPOCTPAHCTBE; B
BUJLy ATOTO JJIsl O3€PHBIX OTJIOKEHMI XapaKTepHbI HAa MOPAIOK Oosee BbICOKas
JaTepanbHas W BEpPTUKAIbHAs W3MEHYMBOCTb. J[JI1 MPOBENEHUSI O3EpHBIX CEMl-
CMOAaKyCTHYECKHUX pabdOT B KOMIUIEKCE MaJ€OMarHUTHBIX MCCIEIOBAaHUM, MbI
IOPUILUTA K BBIBOJLY 00 3KOHOMHYECKOW M TEXHOJIOTMYECKOH Ienecoo0pa3HoCTU
CO3JaHus CIEUUAIM3UPOBAHHOTO 03E€PHOIO CEMCMOAaKyCTUYECKOI0 KOMILIEKCA.
IIpn HemocpencTBEHHOM y4YaCTHH aBTOpa M IOJ €ro pyKOBOJACTBOM, Ha
kadenpe reopusuku KI'Y Ob11 pa3paboTaH U cO3/1aH CEMCMOAKyCTUYECKHI KOM-
IUIEKC, CHELMATbHO MNpPeJHA3HAUCHHBIN IJI1 M3Yy4YeHHUsS O3€pHbIX OacceiHOB B
KOMIIJIEKCE MMAJICOMAarHUTHBIX UCCIIEN0BAHNN. B KauecTBe HCXOAHBIX TapAMETPOB
IpU €ro pa3padoTKe ObUIM 3aJI0KEHBI Cclieayrolie TpeOoBaHus: 1) paspelieH-
HOCTb 3amucu - He Hke 10 cM; 2) riyOMHHOCTh MCCIEAOBaHUs Pa3IMYHbIX TH-
OB 03€pHBIX 0caJIKOB - He MeHee 10 M; 3) nudpoBas peructpauus UHPOpPMaLUK;
4) MOpPTaTUBHOCTH, HEOOJIBILIOE IHEPTONOTPEOICHNE, BOBMOXHOCTh MCIOJIb30Ba-
HUS HaJyBHBIX IJIOTOB M JIOAOK JJIs MPOBEACHUS UCCIENOBAHMM; 5) reoie3nye-
CKO€ MO3WLHOHUPOBAHUE CUCTEMBbI B Ipejesiax €IMHMI] METPOB; 6) BbICOKas
IMPOU3BOAUTENIBHOCTD - 2+5 KM aKyCTHYEeCKOTo npo¢uis B 4ac; 7) BO3MOKHOCTh
WCITIOJIB30BAHUS anmapaTypsl Ha pa3iudHbIX 03€pax B IIMPOKOM JAHANA30HE IIIy-
OouH. TexHU4eckoe pelieHre MOCTaBIEHHBIX 3a/lady MOTPeOOBAIO pa3pabOTKU U
CO3/1aHUS UICTOYHHUKOB YIIPYTUX KOJIEOaHUM, MPUEMHBIX YCTPOMCTB, CUCTEMBI pe-
TUCTpAallMl M HAaKOIUIEHUS HH(OpMALUK, COOTBETCTBYIOIIETO MNPOrpaMMHOIO
oOecrnieueHus. B kauecTBe HCTOUHMKOB YNPYrux KojeOaHui, UCX0ls U3 Tpedye-
MBIX SHEPreTUYECKUX M YaCTOTHBIX MAapaMETPOB, a TAKkKeE C YUETOM K.IL.[., ObLIO
NPUHATO PEIICHUE MCIOJIb30BaTh ME30KEPaMUUECKHE U MHAYKIIMOHHBIE TPe0d-
pazoBarenu. Mcxons U3 TEOPETHUECKUX MPEANOCHUIOK, sl o0ecreueHus Heoo-
XOJIMMOM pa3pelIEHHOCTH BOJTHOBBIX KapTUH U NTyOMHHOCTH MCCJIEA0BAHMIM, Ya-
CTOTHBIM JHMAMA30H CO3JaBa€MOI0 CEHCMOAKyCTHYECKOr0 KOMILIEKCA ObLI BBI-
Opan B mpeaenax 2+10 kl'u. YuuTsiBas 3ama4uu mocienayoomeid o0paboTKu WH-
¢dbopmaruu, O6b1a BbIOpaHa MUHUMAIBbHO-(pa30Bast popma U3TydyaeMbIX CUTHAJIOB
C JUIMTEIBHOCTBIO UMITYJIbCOB B mpenenax 0,5+1 Mc v mepuomom cienoBaHus
0,5+2 c. Kak noka3piBaJl paHee HAKOILJICHHBIN OMNBIT 3ByKOBOM I'€0JIOKALINH, TITy-
OMHHOCTb UCCJIEIOBAHUN B JIECSITKA METPOB MOXKET ObITh JOCTUTHYTa MPU MU-
HUMAJIBHOW 3HEPTUU HW3JIy4a€MOro HUMITyJIbCa B JWAIA30HE JECATKOB - COTEH
mxoynei. TlepBoHauanbHO OBLT paccUMTaH M U3TOTOBIIEH MbE30KEPAMUUYECKUN
u3Nydarens Tuna audparupyromei pemerku. KoHCTpyKTUBHO OH MpECTaBIsET
cobolt rpynny u3 9 nuckobix 3nemMeHTOB kepamuku LITC (uupkonar-tutaHat
CBHHIIA), IPUKPEIUICHHBIX K MOMIOLIAIOIIEMY aKyCTHUYECKYIO 3HEpPIHMI0 OCHOBA-
HUIO U3 MoauypeTaHa. [ pynnupoBaHue U3Iy4arolUX 3JIEMEHTOB MO3BOJIWIIO CY-
[IECTBEHHO YJIYYIIUTh JUAarpaMMy HAIpaBICHHOCTU IO CPABHEHUIO C TOYEHYHBIM
UCTOYHUKOM. ONBIT TPUMEHEHUSI MBE30KEPAMUYECKOI0 M3JTydaTessl Ha pa3ind-
HBIX 03€pax MOKa3aj BBICOKYIO Pa3pelICEHHOCTh MOJYyYaeMbIX aKyCTUYECKHUX pas3-
pe3oB. VckiroueHne COCTaBIIIM Ta30HACHIIIEHHBIE YYAaCTKH JOHHBIX OTJIOXKE-
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HUM, BCTPEUCHHbIE HAMU HAa HEKOTOPBIX 03epax (Hanpumep, [lnemieeBo, SApkyb).
BeposATHO, 31€Ch MBI UMENIN JEJ0 C BBICOKOW CTEIEHBIO HACBIIIECHHS YKa3aHHBIX
pa3pe30B Iy3bIpbKAMHU T'a3a C Pa3IMYHBIMM PE30HAHCHBIMU CBoMcTBamu. llo
NPUBEACHHBIM B paboTe pacyeTam, PE30HAHCHBIMU CBONCTBaMU B YacCTOTHOM
nuamna3one 2+10 kI o6nagaroT ra3oBbie My3bIpbkH AuamMeTpoMm 3,3+0,66 MM.
BTopsiM TUIIOM MCTOYHMKA yHOpYrux KosieOaHui, pa3paOOTaHHBIM U MPUMEHEH-
HbIM B 03€PHOM CEWCMOAKyCTUYECKOM KOMIUJIEKCE HECKOIBKO IMO3Ke, SIBISETCS
UHAYKIHOHHBIA H3Mydarens - "Oymep". [l JaHHOTO MCTOYHHMKA HAM YJAloCh
MOJyYUTh MUHUMAJIbHO-(Da30BbI€ XapaKTEPUCTUKU M3TydaeMbIX UMITYJIbCOB MPHU
ux anurensHoctd MeHee 1 mc u sHepruu 200 JIx. KOHCTpYKTUBHO MCTOYHMUK,
BKJIIOYasi BBICOKOBOJITHBIM I'€HEpaTop, pa3MelaeTcsi B HeOOJbIION 3a00pTHOM
Oykcupyemoit rougoie. IlpuMeHeHne Mmogo00HOM KOMIIOHOBKH ITO3BOJIMJIO HAM
n30eXXaTh MCIOJIb30BaHUs CHEIMATLHOTO BHICOKOBOJIBTHOTO KaOessl, 3HAUYUTEIb-
HO MOBBICUTH K.IL.JI. BCE KOMITAKTHOM ycTaHOBKH. [Ipn OyKCHMpPOBKE TOHIOJBI B
paboueM COCTOSIHUU, 0OECIIEYUBAETCA ONTUMANIbHOE ToJIoKeHue aquddysopa us-
JIy4dartelisi OTHOCUTENIBHO BOJHOW IMOBEPXHOCTH — HA YPOBHE Y4 BUAMMOM JJIMHBI
BOJIHBI UMITYJILCHOTO curHaia. [IpoBenennsie B 2002 rony Ha ApanbCKOM MOpE
UCCJIEI0BAHMS C OJJHOBPEMEHHBIM HCIOJb30BAHUEM JABYX M3JIydaTesiel, BbISIBUIN
CYIIECTBEHHOE MPEBOCXOJACTBO "Oymepa" Mo TIIyOMHHOCTU MCCJIEIOBAHUNU B
CPaBHEHUU C MbE30KEPAMUUYECKUM H3ITydaTesleM MPU OJUHAKOBOM pa3perieHHO-
CTH TIOJIy4aE€MbIX BOJIHOBBIX KapTHH.

[IprieMHBIN TPaKT CO34AHHOW CEUCMOAKYCTHYECKOM amnmnaparypbl COCTOUT
U3 MPUEMHOI0 yCTPOWCTBA, CUCTEM aHaJIoro-Iu(ppoBOro mpeodpa3oBaHUsl CHUT-
HAJIOB U UX peructpauuu. Bes norpaccoBas nunugposas nHpopManus B pealbHOM
Mmaciitabe BpeMeHn HakarauBaeTcss B O3Y koMmmbroTepa M 3allMChIBA€TCS HA €ro
MarHuTHbIA HOCUTENb; OJHOBPEMEHHO BOJHOBAas KAPTHHA BBIBOJIUTCS HA DKpaH
nucruiesi. IHTepakTUBHAs mporpaMMa yIpaBieHUs CEHCMOAKyCTUYECKOM ycTa-
HOBKOM 00E€CIeYrBaeT BO3MOKHOCTh BHU3YyaJIbHOIO KOHTPOJIS MOJTYYaeMbIX JIaH-
HBIX ¥ ONEPATUBHON KOPPEKTUPOBKM METOJIMKH padoT. PazpaboTaHHbIN ceiicMo-
aKyCTUYECKUN KOMIUIEKC paboTOCOocO0eH mpu rimyonHax Bogoema He Menee 0,5
M, HO B auanaszone riyouHx 0,5 - 1,5 MeTpa Ha xapakTep MoJy4yaeMol BOJHOBOM
KAPTUHBI OKAa3bIBAET BIMSIHUE T€OMETPHUS pacCTaHOBKH, MOIPaBKa 3a KOTOPYIO B
TOM ciy4yae BBOAMTHCA MpU 00paboTke MarepuasnioB. KauecTBO momydaemMoro
MaTepralia B pEAIbHBIX YCIOBHUSAX BO MHOTOM OMNPEAEISIETCS HATMYUEM pPa3Ivy-
HBIX BOJIH-TIOMEX, CPEIN KOTOPBIX JOMUHUPYIOUIYIO POJIb UTPAOT IIyMbl JBUTra-
TEJIS JOJKU U IIYMBI, CBI3aHHbIE C BOJIHEHUEM BojoeMa. Lllymbl gBUrarens Ham
yAAJIOCh CBECTU K MUHHUMYMY 32 CUET NPUMEHEHUSI HU3KOOOOPOTHOTO 3JIEKTPH-
YeCKOTo nojiBecHOro Motopa. C 11e/1bl0 YMEHBIIIEHHSI €CTECTBEHHOTO (pOHA MUK-
poceiicM, celicMOaKkycTUYeCKUe HaOJIIOJIEHUsI MPOBOJIUIINCH, KaK MPAaBHUIIO, HO-
YbI0 B TIEPHOJIBI HAMMEHBIIIETO YHEProoOMeHa MexIy atMocdepoit u ruapocde-
poii. [IpoOnembl yiay4IieHuss COOTHOLIEHHs CUTHAJI/TIOMEXa MOIy4aeMbIX BOJHO-
BbIX KapTHH pElIAINCh HaMM KaK Ha 3Tamnax IOJIEBBIX MCCIIEIOBAaHUN, TaK U B
npoiiecce o0paboTku AaHHBIX. B kadecTBe 00pabaThIBAIOIIECH CUCTEMBI MBI HC-
IOJIb30BAJIM TIPEIOCTABICHHBIM HaMm coTrpyaHukamu MIY maker nporpamm
"RadExPro+". HaGop craHmapTHBIX HpOIEIyp, MPUMEHEHHBIX HaAMH I 00pa-
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OOTKM MOJIy4a€MbIX MACCHBOB JAHHBIX, BKJIIOYAJI KOPPEKTUPOBKY aMILIUTY],
pasinuyHble BUJIbI (PUIIBTPALIMU, CTATHYECKOW KOPPEKIIUU U JTUHAMUYECKOIO aHa-
Jm3a.

JIns MHTEpHOpETalMy MOJIy4aeMbIX CEMCMOAKYCTUYECKUX Pa3pe30B 03€p-
HBIX OTJIOKEHUN, Mbl HCIIOJIb30BaJId OCHOBHBIE ITOCTYJIATHl CEMCMUYECKOU CTpa-
TUrpa@uu U ceiicModanuanbHOro aHajln3a, YTO J1aJ0 BO3MOKHOCTh HETPaJMIIM-
OHHO TOJIONTH K MOHUMAHMIO CIIOXXHBIX CEIMMEHTAIIMOHHBIX IPOIIECCOB 03€p-
HBIX BOJIOEMOB. BrimonHeHHas celicMocTpaTurpaduyeckas HHTEPIpEeTaIus mo3-
BOJIMJIA HaM, B YaCTHOCTH, BOCCTAHOBUTH mMayieoreorpapuyeckue OOCTaHOBKU
ocaJiKOHaKoIIeHus: o3ep Kanapbeikynb U ACIHKYJb, BBISIBUTH B MpEAEIax BOJO-
€MOB OTJIOKCHHS, CPOPMUPOBAHHBIE JTOHHBIMU TEUYCHHSIMHU (03epa YBWIbIBI U
Kucerau Bocrtounoro VYpasa), BbIIETUTH 30HBI Pa3BUTUS TypOUIUTOB (03.
Hapous, benopyccust), BBIIBUTh KapCTOBbIE BOPOHKH B Jioxke o3epa [lnemeeBo
(LlenTpansHas Poccus), onpenenuTh CTENEHb BIUSHUS HEOTEKTOHUMKM Ha Oca-
nounble Tonmu (03. Kanapsikyns 3anagnoro [Ipegypanss). DpdekTuBHOCTH MO-
JTOOHOM MHTEpHpETaIllid BO MHOIOM 3aBHUCEJa OT Ka4yeCTBa MCIOJIb3yeMOTO Ceil-
CMOAKyCTHYECKOI0 MaTepuaia U OT YCIOBUM, B KOTOPHIX MPOUCXOAMIO (popMu-
pOBaHME M pa3BUTHE O3€pa: TeOMOP(HOIOTUUECKUX OCOOEHHOCTEU TEPPUTOPUH,
reHesuca o3epa, kojieOanuil kimmara. Yactb o3ep, CECMOaKyCTUUYECKUE HCCIIe-
JIOBaHUSI KOTOPBIX MPOBOJUIIMCH HAa PEKOTHOCIMPOBOYHOM ATare padoT, Oblia
HCKJIIOUEHA M3 JAJbHEHIINX MaJleOMarHuTHHIX uccieaoBanuii. Tak B 2001 romy
HaMu OBUTM TPOBEJICHBI OMEPEeKAIOIINEe CEHCMOAKyCTHUYECKUE HAOIO/ICHUs Ha
o3epax Conenoe, I'myxoe, Kuunep, FOrumem u Pandckoe, pacrnonokeHHBIX B
Cpennem IloBomkne B PecryOonukax Mapuit 91 u Tarapcran. OCHOBHOU TEJbIO
JAHHBIX pa0OT SBISJIOCH MOJYYSHHUE MPEABAPUTEIIbHBIX MaTEPUATIOB O CTPOCHUU
03€pHBIX KOTJIOBHH, MOIIHOCTH M XapaKTepe IOHHBIX OTJIOKEHHI, UX T€HE3HCE U
HBOJIIONNH. B 3aBUCUMOCTH OT 0KUJAEMBIX PE3YJIbTATOB, IPUHUMAJIOCH PEIICHUE
00 0TOOpE MOHHBIX OTJIOKCHWHN M MPOBEACHUHM MX MAJICOMAarHUTHBIX MCCIIEI0Ba-
HuW. VHTeprperanns MOJYyYEHHBIX CEMCMOAKYCTHYECKMX JAHHBIX IT0O3BOJIMIIA
BBISIBUTH MOJIOJION (B MpeJiesiax COTEH JIET) BO3PACT JIaHHBIX 03€p, UX KapCTOBOE
MPOUCXOXKJCHUE U OECHEepPCIEKTUBHOCTh MaJC€OMarHUTHBIX HCCIETOBAHUI J1OH-
HBIX OTJIOKCHHUI.

[IpeacraBieHHble B JUCCEPTALMOHHONM padOTe MaTepHaIbl MO MPUMEHE-
HUIO CEHCMOAKYCTUKH B KOMILJIEKCE MaJI€OMarHUTHOTO U3YYEHHUS OTIIOKEHUN CO-
BPEMEHHBIX 03€p JI0Ka3bIBAIOT HEOOXOAUMOCTh JAHHOTO 3Tara UCCIIEI0BaHMM, a
Takke A(P(PEKTUBHOCT, TPUMEHEHUS pa3padOTaHHOTO CIENHAIU3UPOBAHHOIO
anmnapaTypHO-METOAMYECKOTO KOMIUIEKCa U crioco0oB uHTepnperauuu. C TOUKU
3pEHUSI METOJIOJIOTUH, CEHCMOAKyCTUUECKUE UCCIENOBAHUS O3€PHBIX OTJIOKEHUM
JOJKHBI ABJISITECSA DJIEMEHTOM PEKOTHOCHUPOBOYHOTO ATalla B MAJIEOMATHUTHOM
W3YYCHUHU OCaIKOB KOHKPETHOTO o3epa. Pe3ymbrarhl ceiicModalrmaibHOr0 aHa-
J3a aKyCTUYECKUX BPEMEHHBIX Pa3pe30B MO3BOJISIIOT 1E€JICHANPABICHHO IJIaHH-
pOBaTh BCE MOCJIECAYIONINE MaT€OMarHUTHBIE SKCIIEPUMEHTHI.

I'nmaBa 3. TexHnueckue cpeacTBa 0T00pPa 03€PHBIX OTJIOKEHUH
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B mannO#i riaBe paccmaTpuBaroTCs mpoOsieMbl 0TOOpa 00pas3IoB JOHHBIX
OTJIOKEHUI COBPEMEHHBIX 03€p, OOOCHOBBIBAIOTCA IYTHU UX PEIICHUS] U OMHUCHI-
BaeTcs pa3pabOTaHHBIN MOJ] PyKOBOACTBOM aBTOpa YHUKAJIbHBIM ammaparypHO-
METOOUYECKUI KOMIUIEKC, MO3BOJSIOMIMN IMOJIy4YaTh JJIsl MAJICOMAarHUTHBIX HC-
CJEAOBAaHUN HAJEKHBIE KOJUIEKIUNA O3€PHBIX OCAAKOB PA3JIMYHOIO TE€HETUYECKO-
ro THIIA.

OTO0p HenpepbIBHBIX, HEHAPYUIEHHBIX KOJOHOK JIOHHBIX OCaJKOB COBpE-
MEHHBIX 03€p M MOJArOTOBKA KOJUIEKIMHA 00pa3lioB, MPUTOAHBIX JUJIS MOCIEAYIO-
IIMX MaJICOMArHUTHBIX MCCIEIOBAaHUM, MMEET CBOIO CIEHu(UKY, YTO B CBOIO
ouepenib 00yciIaBIUBaeT 0coOble TpeOOBaHUS, MPEAbIBISIEMbIE K UCTIOIb3YEMbIM
TEXHUYECKUM CPEACTBAM M METOJuKe paboT. JleTaabHO MpoaHaIn3upoBaB Cylle-
CTBYIOILIME€ B MHPOBOM NMPAKTUKE TEXHUKO-METOAMYECKUE MPHEMBbI OTOOpa 00-
pa3lOB IOHHBIX OTJIOKE€HHI, Mbl PUIILINA K BBIBOAY, YTO C TOUKU 3PEHHUS aJEo-
MarHUTHBIX HMCCJEIOBAaHUN, MPAKTUYECKU BCE HCIOJb3yeMble MPOOOOTOOPHBIE
YCTAaHOBKH 00JIaJIalOT Pa3IMYHBIMH, OOJbIIEH YacThIO CYIIECTBEHHBIMU, HEIO-
craTkaMu. Takas cuTyalusi B 3HAUUTEILHON Mepe MpeonpeeNniia Halle peliie-
HUE 00 aBTOPCKOH anmapaTypHO-METOJUYECKON pa3pabOTKe crelualn3upOBaH-
HOTO MPoO0OTOOPHOrO KOMIUIeKca. IIepBhlii BApuaHT KOHCTPYKLUUU TEJIECKOIH-
YECKOT'0 JIOHHOTO MPoO00TOOpHHKA OBbLT UCTIBITAH Ha 03. Aciukyib B 1991 ropy.
[To3nHee MonepHU3UPOBAaHHBIN, MPoO00TOOPHBIN Komiuieke KI'Y B HacTosiee
BpEMs CYIIECTBYET B HECKOJIbKUX MOJIU(DPHUKAIMAX, HE UMEIOIUX MHUPOBBIX aHa-
joroB. OH TO3BOJISIET TPOU3BOAUTH OTOOP KOJIOHOK Pa3HOOOPa3HbBIX JOHHBIX OT-
JIO’KEHUI HENpEephIBHOM MOIIHOCTHIO 10 6,5 METpoB 0€3 HapylIeHUs CTPYKTYpHI
0CaJIKOB. BO3MOKHOCTM KOHCTPYKLMH ITO3BOJIIIOT JOBECTH CYMMAapHYKO MOII-
HOCTb OTOMpaeMoi B JiBa MprueMa KOJOHKH 10 13 MeTpoB. TOUHOCTH OPUEHTHUPO-
BaHUS TMOJIy4aeMBbIX KOJUIEKIIMM 0Opa3IoB MO CKJIOHEHUIO W HAKJIOHEHHUIO CO-
craBmser 1 + 2°. Honuseiit mpo6ootdopHuk KI'Y yHUBEpcalieH ¢ TOUKH 3peHus
rJIyOMH M3y4aeMbIX BOJIOEMOB, UX pPa3MEPOB U TUIIOB OTOMpaeMbIx ocaiakoB. Co-
3/1aHHAsl YyCTaHOBKAa MOOMJIbHA, UCIIOJIB3YET AJi1 pabOThl HA 03€pax CAMOXOJHYIO
nHeBMOIIaThopMy, KOTOopas, B CBOIO OYEpElb, JIETKO TPAHCIOPTUPYETCs Ha Oe-
per ucclieyeMoro o3epa ¢ MOMOILbIO BHEAOPOKHOTO aBTOMOOMIIs. KoHCcTpyKIus
He TpeOyeT B CBOel paboTe UCIOJIb30BAHUS CHKATHIX WM COKMXKEHHBIX Ta30B, UC-
TOYHHMKOB 3JIEKTPOIHEPIHH, BBICOKOTEXHOJIOTMYHA B JKCIUTyaTaluu. Pa3pabo-
TaHHBIA TEJIECKOMUUYECKUNA MPOOOOTOOPHUK U METOAMKA €r0 MPUMEHEHHS TT03BO-
Js0T Opuraze u3 2-3 4eloBeK MOJHUMATh CO JHA 03€pa OJIHY KOJIOHKY KEepHa
IIPUMEPHO 32 JIBa 4aca. B COOTBETCTBUHM C CO3MaHHOM TE€XHOJIOTHEH, KOJUIEKIIUS
OPUEHTUPOBAHHBIX 00PA3IOB JJI MAJICOMArHUTHBIX UCCIIEOBAHUM OTOMpAETCs B
IUIACTUKOBBIE KOHTEWHEPHI C MIOMOLIBIO CHEIUAIBHOTO HOKEBOI'O YCTPONCTBA U3
LEHTpPaJIbHON, HEHapYLIEHHON NedopMalusMUd YacTH KEpHA HEMOCPEIACTBEHHO
1oCJIe TPAHCIIOPTUPOBKH KOJIOHKH Ha Oeper. Jlo Havana u3mMepeHuii oToOpaHHbIe
00pa3ibl, FEPMETUYHO YNAKOBaHHbIE, TPAHCIIOPTUPYIOTCA U XPAHATCS B HEMar-
HUTHOM MPOCTPAHCTBE MEPMAIOEBBIX SKPAHOB.

B ocHoBe paboThl cO31aHHOTO MPOOOOTOOPHUKA JICKUT TEIECKOMMYECKUM
OPUHIUI, PEaJTU30BaHHbINA C MOMOIIbIO MOPIIHEBOM CUCTEMBI JIBYXCTOPOHHETO
nenctBus (puc. 2).
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Puc. 2. [lpuHumn u uukisl paboTsl Teaeckonuueckoro npodoordopuuka KI'Y:
a)-IuKII (pUKcauy MpoOOOTOOPHHKA HA JTHE BooeMa; D)-mukir otbopa kepHa; C)-
IIUKJI IEPEKIIFOUCHHS THAPOMArucTpaeit; d)-1uKki moabemMa KOJIOHKOBOM TPYyObI;
€)-IIMKJI OTphIBa OTPHIBA MPOOOOTOOPHUKA OT JTHA U €ro MoJbeMa Ha TOBEPX-
HOCTb.

Takast KOHCTpYKIMS 00€CTIeUnBAET 3a/1aBIIMBaHUE KOJIOHKOBOM TPyOBbl B M3y4dae-
MYIO TOJIIY OCaJaKOB (ycuUiaueM Oojiee TOHHBI) U €€ 00paTHOE MU3BJICUECHHE TOCIIE
3aBeplleHus nporecca OypeHus. Jljig npegoTBpallleHus MPexaeBPEMEHHOTO OT-
pbiBa IpoOOOTOOPHUKA OT JIHA MCCJIEAYEMOro BOJIOEMa B Cilydyae JUTU(PUIIUPO-
BaHHBIX OCAJIKOB, JOHHBIN CHApsJ CHa0XEH CIEeUUaTbHON KaMepol (BaKyyMHbBIM
SKOpPEM), B KOTOPOW CO3AAI0TCsI OTpULIaTENbHbIE (TP OTOOPE OCAJAKOB) WM IIO-
JIO)KUATENBHBIE (IIPM OTPBIBE CHapsiia) mnepenanbl JHaBiieHHs. KOHCTPYKTHBHO,
po000TOOpHOE 00OPYIOBAHUE COCTOUT M3 OIYCKaeMOro Ha JTHO Bojoema O0ypo-
BOI'O CHaps/ia M IOBEPXHOCTHOM ammaparypbl. YHHMBEPCAJIBbHAST KOHCTPYKLUS
JIOHHOTO CHapsija IO3BOJSET HCIOJIb30BATh KAK TMAPABINYECKYIO, TaK U ITHEB-
MaTHUYECKYIO TOBEPXHOCTHYIO allaparypy.

bypoBOl CHapsil TENECKONMMYECKONM KOHCTPYKLIIMM COCTOWUT W3 BHEIIHEW
TOHKOCTEHHOU BBICOKOIPOYHOW HEMArHUTHOM CTalbHOU TpyObl nquameTrpoMm 105
MM, BHYTPH KOTOPOH MepeMeniaeTcsi, HOCPEACTBOM pabOUero MopIiHs JABYXCTO-
POHHETrO JEUCTBUS, HEMarHUTHas CTallbHas “KOJIOHKOBass™ TpyOa nuameTpom 70
MM. BHYTpU KOJIOHKOBO# TpyOBl, Y HUKHETO €€ Ccpe3a, Iepesl HadyaaoM padoThl
pacrnosiaraeTcsi BHyTPEHHUN MOPIIEHb. DTOT MOPIIEHb (PMKCUPOBAH OTHOCUTENb-
HO BepxHero (uanma OypoBOTO CHapsja ClenUaIbHOW HEMArHUTHOM IIETBIO.
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CayXuT BHYTPEHHHI MOpILIEHb UII MUHUMHU3ALUU JedopManuii oTOMpaeMoro
kepHa. K HmkHeMmy ¢uaHIly OypoBOro CHapsijia MPUKpEIUICHA WJIUHIpUYEeCKas
KaMmepa - BaKyyMHbIN sikopb 1uameTrpoMm ~800 MM, obecnieunBaromias (Gukcauio
OypoBoro cHapsija Ha JHe BojoeMa. K BepxHel yactu OypoBOro cHapsia Kpe-
IIATCA  CIECLUAJBHBIA TEJIEMETPUYECKUN HHKIMHOMETP C CUCTEMOM BHU-
JCOKOHTPOJIS, NAIOIIUA TOYHOCTh a3UMYTaJIbHOTO U BEPTUKAIBHOIO OPUEHTUPO-
BaHMs M3BIeKaeMoro kepHa + 1°. Bce 91eMeHTH JOHHOTO CHAPSIA H3TOTOBIICHEI
U3 HEMarHUTHBIX MarepuayioB. [I[pUHIMI U OCHOBHBIE UKLl pabOTHI MPOOOOT-
OopHHKa WLTIOCTpUpYeT puc. 2. CIycK U MOJbEM JTOHHOTO CHapsAaa ¢ CaMOXO/-
HOW MOBEPXHOCTHOW MHEBMOIUIAT(OPMBI OCYIIECTBISETCS C MOMOIIbIO PYYHOU
nebenku - ero Bec cocraBisieT ~150 kr. 'maponacockl, 06eceunBarOmne HUKIIbI
paboTel po60OTOOpHKKA, Ha TIaTPopMe MMEIOT AYyOJIMPOBAHHBIN MeXxaHHYe-
ckuii (OeH3o0arperar) u pydHoi mpuBoj. Bce mukiibl paboThl mpoOOOTOOPHUKA,
BKJIIOYAsl U caM MpoIlecc 0TOOpa KepHa, KOHTPOJIUPYIOTCS B Mpolecce OypeHus.
YHUKaIBbHOCTh CO3/IaHHOM KOHCTPYKIMU MO3BOJISIET, KaK 3TO MOKa3aHO B padoTe,
OTOMPATH 03€PHBIC OTIOKEHHUS KaK ¢ OOJBIINX TITyOUH (40 COTHU METPOB B CIIy-
yae OHEXCKOro 03epa), Tak U B MEPEXOJHBIX 3a00J04€HHbIX 30HaX (03. ['anny-
ckoe, llenTpanbnas Poccus).

[TaneomarHuTHBIE U MAarHUTO-MUHEPATOTHYECKHE UCCTIEA0BaHMS 00pa3lioB
03€pHBIX OTJIOKEHUU MPEABABISIIOT LENbIH psall crueruduyeckux TpeOoBaHUM K
uccienyemon koyiekiuu. [loaHsTeiil co aHa BojgoeMa npoOOOTOOPHUKOM KEpH,
npeIHa3HaYeHHBIN JJIs MaJeOMarHUTHBIX UCCIIeI0BaHUM, B Ueale JOKEH ObITh
OPHUEHTHPOBAHHBIM B BEPTUKAJIBHON W TOPU30HTAIBHON IUIOCKOCTU MU COXpa-
HEHUU NEPBOHAYAJIBHOM TEKCTYPBI U BCEX CBOMCTB ocajika. Co3/1aBasi KOHCTPYK-
IUIO0 JOHHOTO MPOOOOTOOPHHUKA, 3aJadya TOYHOTO MO3MIHOHHpoBaHus "in situ”
0TOMpPAaEeMOro KepHa peliajach HaMHu B JIByX HamnpaBlI€HUSX: BO-TIEPBBIX, TO MHU-
HUMMU3AIMS cTeneHeil cBo00Abl KOJIOHKOBOW TPYObl B TOPU30OHTAIILHON U BEPTHU-
KaJIbHOM TJIOCKOCTSIX, M, BO-BTOPBIX, OOECIIEYEHNE HEMPEPHIBHOTO KOHTPOJIA 32
MOJIO’KEHHEM KOJIOHKOBOW TPyOBI B mpouiecce Oypenus. Hanexxnas crabunuzarus
KOJIOHKOBOM TpyObl B mpolecce OypeHHs] AOCTUTHYTA 3a CYET MCIOJIb30BaHUS
CIIeIMAIBHBIX TMOIJIABKOB (pHC. 2), 00ECIeYnBAIOIUX BEPTUKATBHOCTh JOHHOTO
CHapsiJia nMpu ero (puKcau Ha JHE C MOMOIIbI0 KaMephI-PUCOCKU (LUK @), a
TaKXKe 32 CUET CIELHATBHOIO MPOQPUIs KOJIOHKOBOW TPYObI, UCKIIOYAIOILIETO €€
BpaileHue. HenpepbIBHBIM MOHUTOPHUHT Mpoliecca OypeHus: oOecrneunBacs pas-
pabOTaHHBIM TEJIEMETPUUYECKUM HHKIMHOMETPOM, NMPUKPEIVIEHHBIM K BEpXHEH
yacTu OypoBOTro CHapsija.

Pa3paborannas cucrema MoAroTOBKH KOJUIEKLIUK 00pa3lioB MOCie A0CTaB-
KM KOJIOHKHM Ha Oeper, mpeaycMaTpuBaeT HEMPEPHIBHBIN MOCIONHBIN 0TOOp 00-
pasLoB U3 UEHTPaJIbHOU, Hee(POPMUPOBAHHON YacTU KEPHA C TOMOUIBIO CIIELH-
aJIIBHOTO pexyllero ycrporcrea. Co3qaHHas KOHCTPYKLMS HOKEBOIO y3J1a, H3Tr0-
TOBJICGHHOTO M3 BBICOKOIIPOYHOI'0 TUTAHOBOTO CILIaBa, oOecrneunBaeT 0e3aedop-
MallMOHHOE pa3pe3aHue KepHa U €ro yImakoOBKY HEMOCPEICTBEHHO B IJIACTUKOBBIE
KOHTEHHephl. JIoOCTUTHYTasi HAaMH MPU 3TOM TOYHOCTH OPUEHTUPOBAHUS 00pas3-
o8 coctasimsier 1 + 2°. st peoTBpAICHIS OKUCICHHST OTOOPAHHBIX OCAIKOB
U MPOUCXOASIINX MPU 3TOM U3MEHEHUN COJIEPXKAIUXCS MAarHUTHBIX MUHEPAJIOB,
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KOHTEHHEPHI ¢ 00pa3aMu TePMETUYHO YITAKOBBIBAIOTCS U MOMEMIAIOTCS B HE-
MAarHMTHOE MPOCTPAHCTBO MEPMAJIOEBBIX IKPAHOB 0 Hayana MaJleOMarHUTHBIX
W3MEPEHUM.

I'naBa 4. MeToaunka j1adopaTOPHBIX UCCIAEI0BAHUM

B rnaBe 00OCHOBBIBAaeTCS ONTHMAJbHBI KOMIUICKC, O0CCICUMBAIOIIMI
perieHue 3aaad 1abopaTopHOro dTara NajeoMarHUTHRIX UCCIICOBAHUN 03€PHBIX
OTJIOKEHHM. DTarn J1adopaToOpHBIX MCCICIOBAHUN HAUYWHAETCS C B3aWUMHOW KOP-
peNSIIMM OTOOPAHHBIX HA 03€pe KOJOHOK, 3aTe€M CIEAYIOT MUKPO- U Makpojua-
THOCTHKA HOCHUTEJIEH €CTECTBEHHOM OCTATOYHOM HaMAarHMYCHHOCTH OOpa3IloB
O3€PHBIX OTJIOKEHUM, MAarHUTO-MHUHEPAJIOTMYECKUE M MaJCOMArHUTHBIC HCCIIe-
JIOBaHMSI, ONPEEIICHUE BO3pACTAa M3YyYAEMbIX OCAJIKOB M BO3pacTa UX HaMarHu-
YEHHOCTH, JOIMOJHUTEIbHbIC BHUJbl AHAIM30B (XUMHUYECKUM, rpaHyJIOMETpUYe-
CKHU U JIp.), MHTEpPIPETAIUs BCEX MOJYyYCHHBIX TAHHBIX.

[IpenBapurenbHass MarHUTO-cTpaTUrpaduueckas KOPpPENSIIUU KOJIOHOK,
OTOOpPaHHBIX B Pa3JIMYHBIX YaCTAX U3y4aeMOTO BOJOEMa BBINOJIHSJIACH O JIaH-
HbIM CKAaHUPOBAHUS MAarHUTHOW BOCIPUHUMYUBOCTH HM3BJIEKAEMOIO W3 MPOOOOT-
OoopHuka kepHa. [Ipu BceM MHOTO00pa3uu (pakTOpoOB, OMPEACIAIONIUX HAKOILIE-
HUE MarHUTHBIX MUHEPAJIOB B OCAJIKE, CYLIECTBYIOT 00IIME 3aKOHOMEPHOCTH U3-
MEHEHUSI MX KOHIEHTpAIMi B 11eJIOM 10 BojoeMy. COOTBETCTBEHHO, BapHalliu
MarHUTHOW BOCIIPUUMYHMBOCTH SIBJISIOTCS OOBEKTUBHBIMH KAYCCTBEHHBIMH KOP-
PETSALMOHHBIMY IIPU3HAKAMH KOJOHOK, OTOOPAHHBIX B PAa3HBIX YACTIX U3y4aeMO-
ro o3epa.

JIns TMarHOCTUKW MarHUTHBIX YaCTHUIl O3EPHBIX OTJIOKEHUM, HaMHU OBLI
BBIpA0OTaH ONTHMAaJbHBI KOMIUIEKC MarHUTO-MHUHEPAJIOTMYECKOTO aHalu3a B
COBOKYITHOCTH TPSMBIMHA METOJAMH H3YYEHUSI MHUKPO- U MaKpPOCTPYKTYPHBIX
dbopM MarHUTHBIX MUHEpaioB. Cpeau MPsIMBIX METOJOB JUATHOCTHUKH, HanOoJee
BIICUATJISIIOLIME PE3YJbTAaThl O MPOUCXOXKICHUM M TEKCTYPHBIX OCOOCHHOCTSIX
MAarHUTHBIX YaCTUI[ MO3BOJISIET MOJy4YaTh JIEKTPOHHAd MUKpockonusa. Kak nmoka-
3aJ1a MPaKTUKa HAIIUX UCCJIEAOBAHMM, MATHUTHBIN CEMapaT O3€PHbBIX OTI0KEHUM,
MMOJArOTOBJICHHBIN MO CTAHAAPTHON METOJMKE, HAPSY C MATHUTHBIMU YaCTUI[AMHU
COJEPKUT U OOJIBLIIOE KOJWYECTBO MOPOJO0OPA3YIOUIMX YaCTHUI, MpUYEM Ha
CHUMKaxX pacTpPOBOTO CKaHHUPYIOIIETO 3JICKTPOHHOTO MHKPOCKONA YaCTHUIIbI
dbopMUpYIOT OOIIMpPHBIE KiacTephl (puc. 3), IMAarHOCTHKA KOTOPBIX TOJBKO IO
MOP(OIOTHYECKUM TIPU3HAKaM B OOJIBIIMHCTBE CIy4aeB HEBO3MOYKHA.
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Puc. 3. MarauTHbIl cenapat oTioxxeHuit Apaiabckoro Mops (00p. Ch-21) B mone
PacTPOBOT0 CKAHUPYIOIIETO IEKTPOHHOTO MUKPOCKOTIA.

JI71st TOJTIOOHBIX CHOXKHBIX B MCCJIEIOBAHUM OOBEKTOB, HAJECKHbIE BBHIBOJBI O Ka-
YECTBEHHOM COCTaBe HaOt0/1aeMbIX Ha (OoTOrpadusix 3JIEKTPOHHBIX MUKPOCKO-
OB YaCTHUI[ MOTYT OBITh C/I€JIaHbl HA OCHOBE CIIEKTPOB MUKPO30HI0OBOTO PEHTTE-
HOBCKOTO aHAJIM3aTopa, 4TO M ObLIO MOATBEPXKACHO MOJYYCHHBIMU HAMU U TPHU-
BEJICHHBIMU B JUCCEepTallUM pe3ysibTaramu. [0 sHEeproaucrnepCUOHHBIM CIIEK-
TpaM MbI BBIJICTISUIA B KJIACTEPHBIX 0O0pa30BaHUSIX Pa3JIMUHBIE JKEJIE3UCThIE MU-
Hepaubl, yacTuilbl Fe-Ti, cynbduns sxenesa. [TogoOHbIH HAOOp MPSIMBIX TUATHO-
CTUYECKUX METOJOB I€JI€CO00Pa3HO MIPUMEHSTh, B BUIY €T0 TPYJIOEMKOCTH, IS
BBIOOPOYHOTO U3YUYEHHUS COCTABa MATHUTHOM (hpaKIUK UCCIETYyEMON KOJIJICKIIUH.
Jlnss MaccoBOM NMArHOCTUKM MAarHUTHBIX MUHEPAJIOB O3€PHBIX OTJIOKEHUH, OII-
TUMaJIbHBIM SIBJIIETCSl HWCIIOJIB30BAaHWE MAarHUTO-MHUHEPAIOTHYECKUX METOJIOB,
BKJIFOYAIOIINX B CeOsl TEPMOMATrHUTHBIN aHANIN3 €CTECTBEHHON M MCKYCCTBEHHOU
HAMarHUYE€HHOCTEH, TMCTEPE3UCHBIE METOJbl, U3MEPEHHSI MAarHUTHOM BOCIIPU-
MMUYMBOCTH U Pa3JIMYHBIX BUJIOB OCTATOYHON HAMAarHUYEHHOCTH. J[J1 momydeHus
JIOCTOBEPHBIX PE3yIbTAaTOB, U3MEPEHUS JTOJKHBI TPOBOJUTHCSA Ha 00Opasliax, HE
MpPETEPNEBIINX OKUCIEHUSI B pe3yibTaTe JIMTEIHHOTO XPAHEHHS Ha BO3AYXE.
N3yueHnne pa3inuHbIX BUJOB HAMAarHUYEHHOCTH OOPa3IOB O3EPHBIX OTIIOKEHUH,
KOSPIUUTUBHBIX CIEKTPOB, TEPMOMArHUTHBIA aHAJIU3 OCYILECTBIISUICS B IMaJi€O-
MarHuTHou nabopatopuu KI'Y Ha yHUKaJIbHOM B CBOEM POJE KOMIIBIOTEPU30-
BAHHOM MAarHUTOU3MEPUTEIBHOM KOMILUIEKCE amnmnaparypbl, CO3[JaHHOM IpHU
HEIMOCPEJICTBEHHOM Y4acTHH aBTOpa. VICKII0UUTENIbHO HHPOPMATUBHBIM C TOUKU
3peHus BbIsBIIeHUs MuHepajoB-HocutTeraeil NRM o3epHbIX ocajakoB, okazancs
TEPMOMArHUTHBIA aHAJIU3 IO WHAYKTUBHOW HAMarHWYE€HHOCTH Ha YCTAHOBKE
mudpepeHnanTbHOr0 TEPMOMArHUTHOTO aHalu3a. Vcnonb3yeMbie B HEil Masbie
pa3Mepbl NpoObl MO3BOJISAIOT MOIy4YaTh TepMoOMarHuTHbeie kpusble 1o Ji(T) mpu
OombIm0i ckopocTH Harpesa - 50 - 150 rpan/mun (puc. 4).
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Puc. 4. Kpussie ITMA 1no MHAYKTUBHOM HAMarHUYEHHOCTH O0Opa3I[OB OCa/l-
KOB 03. KaHJApbIKy/b. a)— KpuBBIC MEPBOTO HArpeBa, 0) — KpPUBBIE BTOPOTO
HarpeBa. B BepxHel yacTu kaxaoro rpaduka mokasaHbl UHTETPaIbHbIE KPH-
BbIC, B HIKHEH - mpou3Bonbie dl/dt.

OdeHp yacTo Ha KPUBBIX MEPBOro Harpesa (puc. 4,a), HAYMHAS C TEMIIEpa-
Typsl 450°C, oTMedaeTcst POCT MHIYKTUBHONW HAMATHHYEHHOCTH (B HEKOTOPBIX
Cllydasix — 3aMEIJIEHHE CKOpPOCTH craja), OOyCIOBICHHBbINH (OPMUPOBAHUEM
MarHeTuTa U3 JPYrux >KeJIe3ucThIX MUHepasioB. Hanbosnee yeTko 3Tu 0coOeHHO-
CTH TposBisitoTCs Ha nuddepeHmanbubiX KpuBbiX. IlepBas 3agepxka cnaaa
HAMAarHMYEHHOCTH B TeMieparypHoM nutepBaite 100-150°C ces3ana ¢ HanmmaneM
ajicopOrpoBaHHOM BOJIbI B 0Opasiax. Bropoil nuk B TemnepaTrypHOM MHTEpBaJie
250-340°C 06BIYHO CBsI3aH ¢ HamMuMeM B oOpasuax Cyab(HmoB xkemesa. Poct
HAMarHM4Y€HHOCTH B TEMIIEPATYpPHOM HHTEPBAJIC 400-500°C XapakTepeH s
BCEX 00pa3LOB COAEPKALIUX OPTraHUKY — IIPU BBICOKUX CKOPOCTSIX Harpesa Ipo-
UCXOJUT YACTUYHOE BOCCTAHOBJICHHE Kelie3a U POpMUpPOBaHUE MarHEeTUTa. YKa-
3aHHBIE TEpPMOMAarHUTHBIE 3(PhEKThl XapaKTepHbI IS OOJBIIMHCTBA 00pa3lloB
03€pHBIX OCAJKOB M CYIIECTBEHHO OIPAHMYHUBAIOT BO3MOKHOCTH TEPMOMArHMT-
HOTO aHajgu3a MO WHIYKTUBHOW HAMarHWMYE€HHOCTH. JlOmONHHUTENbHYI0 HH(OP-
MaIMIo JUTsl TOA0OHBIX 00pa3ioB MbI moidy4daeM u3 pe3yiasratoB JJTMA mo HOp-
MaJbHOW OCTATOYHON HAMAarHMYEHHOCTH HACBIIIECHUS, 4 TAKXKE MPU U3MEPEHUSIX
M30TEPMAJIbHOM OCcTaTOYHOM HamarHudeHHocTH |IRM, HamMmarHM4eHHOCTH HAaChI-
meHus |, ocTaToYHONM HAMarHMYEHHOCTH HACHIMIEHUS |15, KOOPIMTHBHOW CHIIBI
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H. o6pa3noB. JlaHHble nccae0BaHUs OTIOXKEHUN COBPEMEHHBIX 03€p BBIMOIHS-
JUCh HA YHUKAJIBbHOM KOJPIUTUBHOM CHEKTPOMETpE, CO3/IaHHOM B IajieoMar-
HUTHOM nadoparopun KI'Y. XapaktepHbIM i1 OOJIBIIMHCTBA MCCIIETOBAHHBIX
HaMHU 03€pPHBIX OCAIKOB SABJISLIOCH TO, YTO TOJIE HACBHIIICHUS HOPMAaJIbHOM ocTa-
TOYHOM HaMarHW4eHHOCTU 0Opa3noB He mpesbimano 100 mTin. Takue 3HaUeHUS
OPUCYIIM TAaKUM MarHUTOMATKMM MHUHEpajlaM, KaK MarHeTUT ¥ MarHUTHbBIN
cynbbu xeneza (FPeurur).

W3mepennst HalpaBIeHUM U MOJYJIsI BEKTOPA €CTECTBEHHOM HaMAarHW4YEH-
HOCTH OOpa3IlOB O3EPHBIX OCAJAKOB OOJAMAIOT IIEJIBIM PSIOM CHEru(UIecKuxX
ocobennocTteil. Crienrduka KOJUIEKITNI 03€pHBIX OTIOKEHUHN - UX 00JbIIOE BIIa-
rOCOJIEp’)KaHNEe, HACBHIIIEHHOCTh OPTaHWKOW, HAJIM4YME OBICTPOOKHUCIISIEMBIX Mar-
HUTHBIX MUHEPAJIOB, a TAKXKE MCIOJIb30BAaHUE TEPMOIUIACTUYHBIX TUIACTHKOBBIX
KOHTEWHEPOB - HCKJIIOYAKOT MPUMEHEHHUE TEMIIEPATYPHOU MAarHUTHOM YWCTKH
JUTSL BBIICTICHUST TIEPBUYHON KOMIIOHCHTHI HaMarHW4YeHHOCTH. J|si mpoBemeHus
MarHUTHOM YUCTKH MCCIIEYEMbIX KOJUIEKIIUNA O3€PHBIX OCAJIKOB, MBI BBIpaOOTa-
¥ CIEIYIONIYI0 METOAMKY. [IpeaBapuTensHO IPOBOAUTCS MOATATHOE pa3MarHu-
guBaHUE 3-5 00pa3IoB U3 Pa3NTUYHBIX CJIOEB BCEX KOJIOHOK, OTIUYAIOIINXCS Be-
JUYMHAMH MArHUTHON BOCTIPUMMYHUBOCTH, IEPEMEHHBIM MarHHTHBIM TIOJIEM
crafaromei 10 HyJs aMIUIMTYyAOW (YUCTKAa MEPEMEHHBIM MArHUTHBIM IOJIEM).
PazmarununBanve MpOBOJIUTCS € MIAroM 5 MTJ 10 MakCUMaabHOW BETMYHHBI
UMEIOIIENCSl B HAJTMYMKM YCTAaHOBKU MEPEMEHHOTro Mmojs (B HameMm ciydae - 40
MmT). Ilo momydeHHBIM B Tpoliecce MarHUTHOM 4yucTkH HampasieHusMm NRM
CTPOATCS, a 3aTeM aHAJTU3UPYIOTCS AuarpamMmbl 3uiiepBuiibaa (puc. 5). Kak mo-
Ka3aJ OMbIT HalUX HUccienoBanuit, s 95% oOpasinos Hampasienue NRM B
IPOLIECCe YMCTKU NMpaKkTUYecKu He u3aMeHsiercs. CpenHee paspyliaroliee Iosie
NRM cocraBnser 15-30 mTin. Cnabas Bsizkas komnonenta NRM ynansierca npu
BO3JICMCTBUH MEPEMEHHOTO MOJIsl aMIUIUTY 101 10 15 MTa, yTo oOHapyXuBaeTcs
1o cinabbIM neperndamM Ha BEKTOPHBIX AMAarpaMMax pa3MarHuIHBaHUSL.
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Puc. 5. BekTopHble quarpaMmbl YUCTKH TIEPEMEHHBIM MAarHUTHBIM IOJIEM
o0Opa3ioB o3epHbIX oTiokeHui 03. Hapour (N 687,931,1054) u o03. CBupsn

(S1994).
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B mnponecce uzyuenus obpasnos ¢ Huzkumu 3HaueHusimu EOH (I, < 1.0
MA/M), a Tak’kK€ HEKOHCOJIUJAMPOBAHHBIX OCAJKOB Ha CIIMH-MarHUTOMETPAX, MbI
KOHCTaTUPOBAJIM OOJIbILIKE JUCIIEPCUU TIOJY4aeMbIX BEJIUYHMH, U MPULUIA K BbI-
BOAYy 0 HeoOoxoaumoctu ucnoib3oBanuss CKBU/[-naTunkoB npu mogoOHBIX W3-
Mepenusax. Haunnasa ¢ 1996 rona, uzmepenuss EOH npousBoasTtca HaMu Ha TIO-
aydyernHoMm u3 llIBeitapun kpuomarauromerpe ScT.

OmnpeneneHue Bo3pacta OTOOpaHHBIX 00PA3IOB OTJIOKEHUNA COBPEMEHHBIX
03ep M BO3pacTa WX HAMAarHMYEHHOCTH TPHU TMAJICOMAarHUTHBIX HCCIEAOBAHUSIX
ABJISIETCA OJIHOW M3 HEOJHO3HAYHO pellaeMbIX 3a1ad. Bo3pact ocanka B HacCTOS-
mee BpeMsl TOCTATOYHO HAJIEKHO MOXKET OBITh ONpEJECH Pa3IudHbIMH a0Co-
JIOTHBIMU ¥ OTHOCUTEIBHBIMH MeTonamu. M3 mepBoil rpymmbl METOAOB B Ta-
JICOMarHeTU3Me 03€pPHBIX OTJIOKEHUN HanboJiee pacrpoCTpaHEHBI BAPBOMETPHS
U paIMOU30TOIHbBIE onpeaesieHus. Bo BTopol rpynme JuaupyeT naanHoJIoruye-
CKMM METOJ M pa3Iu4Hble CHOCOOBI KOPPENSIMH C ONOPHBIMU KOJOHKAMH.
HaubGonee nocroBepHbie a0CONIOTHBIE JATUPOBKU OCAJKOB COBPEMEHHBIX O3€Ep
MOJIY4YalOTCsl TIPU KOPPEKTHO TMPOBEACHHBIX HU3MEPEHUSIX COJEpKaHUs pajuo-
YI7Ieposia Ha COBPEMEHHBIX YCKOPHTEIBHBIX Macc-criekTpoMerpax (AMS-C),
MO3BOJISIONIMX MPOU3BOAUTH OINPEIECICHHS] N0 MUJUIUTPaAaMMaM OPraHuyecKoro
BemecTBa. 1107 KOPPEKTHOCTHIO M3MEPEHUI Mbl MOHMMAEM B JAHHOM Cllydae
OTOPaKOBKY M3MEPEHUM “‘OCcTapeHHOro” yriaepoja. B pa3nuuHbIx o3epax pas3iu-
YEH BKJIAJl aJUIOXTOHHOTO M aBTOXTOHHOI'O Marepuaia B CyMMapHOE COJIepKaHUE
yraepoJia B 0CajJKax; CyleCTBEHHYIO pOJib B BOJ0OEMaX MOXKET UTPaTh repepado-
TaHHBIN OOJiee CTapblii OpraHWYECKUN MaTepuai, a TaKkKe MPOIECChl ArareHesa
OpraHvku. TeppUTreHHBIM MaTepuand OCAJKOB YacTO COAEPKUT “‘OCTapECHHBIN
yIaepoJl B BUJE YAaCTHI KaMeHHOTro yriisi, rpadura, mena. CylecTBeHHbIM HUC-
TOYHUKOM TOCTaBKM TAKOTO YIJIEPOJia B COBPEMEHHBIE 03€pa SIBISETCS PEUHOM
CTOK, B TBEPJOM BELIECTBE KOTOPOT0 OOBIYHO COJEPHKHUTCS OPraHUYECKOe BEIle-
CTBO, KapOoHAaT Kaybliusi. HemocpencTBeHHO B 03epax K 3TUM KOMIIOHEHTaMm Oy-
JeT 100aBIATHCS OPraHMYECKOE BEIIECTBO U KapOOHAT KaJIbIIUsl, 00Opa30BaBIIIMe-
Csl B BOJIHOM TOJILIE BOJOEMA C KOHIEHTpALMEN painoyriepoga 0OMEHHOIrO Mpo-
CTPAHCTBA, HO OMNPEAENINUTh JOJI0 IMOCIEIHET0 B KaXIOM KOHKPETHOM cllydae
TpyaHO. AOGpa3us OeperoB Takke NPUBOJUT K MOCTABKE B IOHHBIE OCAJIKU Opra-
HUYECKOTO BEIIeCTBA M KapOOHATa KajblUs C HEONpPEIEJIECHHBIM 3HAUYCHHUEM
KOHIIEHTpAIMU “‘OocTapeHHOro” yriepoja. [Ipy Hamuuu pacusieHEHHOTO pelbe-
¢da B TEKTOHMYECKU-AKTUBHBIX pailOHAX BO3MOXHO Pa3BUTHE OMOJI3HEBBIX IMPO-
LIECCOB, TAKXKE SBIISIFIOUIMXCS HETIPEICKAa3yEMbIMH MMOCTABIIUKAMU "'OCTAPEHHOTO"
yriepoaa. 31€Ch Mbl CHOBA MPUXOAUM K BBIBOAY, UTO CEMCMOAKyCTUKa B KOM-
IJIEKCE MAaJCOMArHUTHBIX HMCCIEAOBAaHUN OTJ0XEHUN COBPEMEHHBIX O3€p IIO-
CTaBJISIET HAM JOTMOJHUTEIbHYIO MHGOpMAINIO 00 YCIOBHUSX 0CaIKO0Opa3oBa-
HUS, BO3MOXHBIX TOCTCEAUMEHTAIIMOHHBIX  Mpoleccax. Bce  Bblle-
NEPEYNCIIEHHBIE MPOIECCHl MOTYT CHIIBHO OCJIOKHSTh HOPMAaJbHYIO CEIMMEHTA-
I[UI0, U, KaK CJIEJICTBUE, BBI3bIBATh 3HAUUTEIBHBIN pa30poCc AAaTUPOBOK OJHUX U
TeX K€ O0BEKTOB, TIOJYUYCHHBIX B PA3IUYHBIX JTAOOPATOPUSX M B Pa3IUYHBIC TO-
Ibl. SIpKUM NpUMEpOM BIHSHUS "OCTapeHHOro" yriepoja Ha MOJIy4aeMble pe-
3yJbTaThl MOTYT CIIyKUTb MaTepHasibl UCCIEIOBATENICH, MPOBOUBIINX PaUO-
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YIIEPOJHOE JaTUpoBaHue ocaakoB Apanbckoro Mopst B 1980 roay [Kynuos u
ap., 1982] - coBpeMeHHBIE HAIIM OMpeeNeHus, BbimonHeHHbe 10 AMS-C Mme-
TOJUKE C OTOPAKOBKOM OOpasloB, COAEpKAIIMX "OCTapEeHHBIH" yIJiepo/, Mmoka-
3aJIM 3HAYUTEIIbHO MEHBIINI BO3PACT TEX KE CAMBIX TOJIII.

KoppekTHo omnpeneneHHbI a0COMIOTHBIA BO3pPAcT OCAJKOB HE pelIaeT
MOJIHOCTBIO 33J]a4y BPEMEHHOro MacuiTaba BbIIEISEMBIX 0 OCaJKaM MajeoBe-
KOBBIX BapHaluil B BUAY CYLIECTBYIOIIMX MPOLECCOB MOCTCUACMEHTAIMOHHOTO
HaMarHMYMBaHUs OCAJIKOB, O YEM Mbl TOBOPWJIU B rjaBe 1. 3HAUUTENbHBIN Bpe-
MEHHOW CIBUT MEXIY BO3PACTOM OCajJKa U BO3PACTOM €ro HAMarHM4€HHOCTH -
nopsinika 700 - 800 met - ObL1 OOHAPY)KEH HaMH, B YaCTHOCTH, MIPU HCCIICIOBA-
HUU KoJuiekimu obOpasnoB 03. Hapous (benmopyccust). Ha manHom o0bekTe 31O
MPOSIBUJIOCHh OYEHb PE3KO, HO TOT WJIM MHOW CABUI HAMArHWUYEHHOCTH MPUCYI]
JUst Bcex ocankoB. 1o pa3paboTaHHOM HAMU METOAMKE, MOTPABKU 32 Pa3HOCTh
BO3pacTa OcajKka M BO3pacTa €ro HaMarHMYeHHOCTHU BBOJSTCS Ha OCHOBE HC-
MOJIb30BaHUsI OMOPHBIX MCTOPUUYECKUX CBEJICHHM, apXCOMAarHUTHBIX OIpesee-
HUW U HAJIS)KHBIX MAJICOMAarHUTHBIX JTAHHBIX.

I'naBa 5. Pe3yjabTaThbl NAJ€OMAarHUTHBIX HCCJIEI0BAHUNA COBPEMEHHbIX
03€PHBIX OTJIOKECHUM

B nanHo# riaBe npuBOIATCS OCHOBHBIE MAJICOMArHUTHBIE PE3YJIbTAThI 110
psiny Haubosee JIeTadbHO U3yYEeHHBIX HaMu 03ep EBpo-A3uaTCKOro KOHTHHEHTA.

HccnenoBannsie B 1991-1995 rr. o3epa Aciukynbs u Kanapeikynb pacmo-
noxeHnbl B 3ananuoM [penaypanse (¢=54,5°N, A=55°E). JlnuTenpbHOCTh NIEpUOa
U3Y4YEHUs JaHHBIX 03€p OOBACHAETCS TEM, UTO OHH CITY>KHJIM HaM CBO€OOPa3HbIM
MOJIATOHOM MO OTPAa0OTKE CUCTEMBI TEXHOJIOTUYECKOTO OOECIeYeHus najieomar-
HUTHBIX UCCIIETOBAaHUIN OTJIOKEHUI COBPEMEHHBIX 03€p. Y CIOBUS OCAIKOHAKOI-
JeHust o3ep Acnukyiab U KaHapbikyinb cXOAHbI Mexay coboi. ConmocTaBisis mo-
Jy4YeHHbIE HAMU CEWCMOAKyCTUYECKHUE pa3pe3bl, TaHHbIE METPOPU3NIECKUX HUC-
CJIEIOBaHUN OTOOPAHHBIX KOJIOHOK C MaJICOKJIMMATUYECKON XapaKTepUCTUKOU
rojiorieHa Tepputopun bamkoproctana, Mbl MPUIIUTH K BBIBOAY, YTO HAKOIUJICHHE
c1a00COPTUPOBAHHBIX OCAJKOB, CHJIBHO MOMIOMIAIONIUX SHEPTUI0 aKyCTUYECKHUX
BOJIH, MPOMCXOAWIO B TEPUOJbl OTHOCUTEIHHOIO MOTEIJICHUS TOJIOIEHOBOM
AIIOXH, 4 YACTHUL] MEJIKOM Pa3MEPHOCTH C IUIOTHOW YIIAKOBKOW - B MEPHUOJBI I10-
xononanusi. [lomydeHHble HaMH TIO PaHOYTIEPOAY aOCONIOTHBIE JATUPOBKHU
O3E€pPHBIX OTJIOXKEHHUHN MO3BOJIAIOT MPEANONOXKUTh, YTO hopMupoBanue o03. Kanj-
PBIKYJIb HAYaJIOCh B KOHIIE NTPEOOpEaIbHOro nepruoaa U Mo4YTH COBIAJIO C Haya-
JoM rocrozacTsa rojoneHoBoi 3noxu 103004200 ner Ha3an, a 03. ACIUKYJb — B
KoHIle aTmanTudeckoro Bpemenu (4500-5000 net Hazam). [lepuoasr moTeruieHUs
B TOJIOLEHOBYIO 30Xy CITOCOOCTBOBAJIM MHTEHCUBHON aKKyMYJISIIUU aJIJIOXTOH-
HOTO MaTepuaia, MOCTYIAaIIEro ¢ BOJA0cOopa 03epa, U HAKOIJICHUIO OpraHuye-
CKOro BelecTBa. M3MeHeHus B yCIOBHSIX OCaJKOHAKOILJIEHHUS BICKJIM 32 COOOM
OIpeJIeTICHHbIE KOJIMYECTBEHHbIE U Ka4eCTBEHHbIE M3MEHEHHUSI COCTaBa MarHUT-
HOM (pakiuu ocaakoB. Cpenn OCHOBHBIX MuHepanoB-HocuTenaeih EOH ocankos
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OBbLIO BBISIBJICHO HAJM4YKE JBYX OCHOBHBIX (pa3: MarHUTHbIN Cynbhun xenesa (Tg
= 280°C+310°C) u marserut (Ts = 500°C=560°C). KonuuecTBeHHbIC BapHAIIH
yKa3aHHBIX (a3 Mo u3ydyaeMbIM pa3pe3aM OTPAXKaIHCh Ha aOCOTIOTHBIX BEINYH-
HaX €CTECTBEHHOM OCTAaTOYHOW HaMarHuyeHHoOCTH 00pasnoB. [IpoBeneHHsie mo-
cJie mpeABapUTEIbHON MArHUTHOW YUCTKY MAJIEOMArHUTHBIE H3MEPEHHUSI TI0 BCEM
OTOOpaHHBIM KOJOHKAM TO3BOJIMIIU, TMOCTIE OCYIIECTBICHUS B3aUMHOUN KOppesi-
[IUA C OTIOPHOM KOJIOHKOM BHYTPHU Ka)JOr0 03€pa, MOJYyYUTh CYMMAapHbIE KpH-
BbIC U3MEHEHUSI MATHUTHBIX XapaKTEPUCTUK OTOOPAHHBIX OCATKOB KaXkI0TO 03€-
pa. Jlns npeacTaBiaeHUsT U3MEHEHUH MAarHUTHBIX XapaKTEPUCTUK BO BPEMEHHOM
Macitade, ObUIM UCTIOJb30BaHbI A0COJIFOTHBIE TAaTUPOBKUA 00PA3II0B OTACIBHBIX
KOJIOHOK, TIPUBSI3aHHBIE K OMIOPHOM KOJOHKE. XOpOolllee COorjlacue B U3MEHEHMSIX
D u | Mmexxny BceMu M3y4YeHHBIMHM KOJIOHKaMH B TIpejieax OJJHOTO 03epa, a TaKkKe
XOpolias KOppeJsius MeXy IByMs UCCIEAOBaHHBIMU 03epamu (puc. 6), cBuIe-
TEIBLCTBYIOT O TOM, 4TO HaOmogaeMblie u3MeHeHust D u |, Haubosiee BeposTHO,
00YyCIIOBJICHBI BapHalMsIMU 3JIEMEHTOB JIPEBHETO T€OMArHUTHOTO MOJIS.

CKNOHEHWE HAKINOHEHWE
20 10 0 10 55 65 75 85 62 66 70 74

1000 T — 1000 T

2000 + 2000 |

3000 + 3000

4000 + 4000 +

o.AcnuKyns 0.ACnUKyNL

5000 + 5000 +

6000 T 6000 T

7000 + 7000 +
o.Kanapbikyns

8000 + 8000 T

9000 L 9000 L
Bospacr, ner Bospacrt, ner

Puc. 6. CymmapHble KpuBbIE Bapualiil CKJIOHEHHS U HAKJIOHEHUS 110 OCa/l-
KaM o3ep Acnukyib U KaHapbIKyib, Ipe/iCTaBJIeHHbIE BO BPEMEHHOM MaciiuTaoe.

JUis IpOBEpPKU IOJIyYEHHBIX HAaMU PEe3yJbTATOB, T.€. BbIAEIEHHbIX PSV,
MBI HCIIOJIb30BAJI UMEIOLIUECS AJIsl JAaHHOTO PErnoHa MHCTPYyMEHTaabHbIe (00-
CepBAaTOPCKUE) HAOMIOJEHUS, a TaK)K€ apXEOMAarHUTHBIE NaHHbIe. Pe3ynbrarel
CPaBHEHHMSI MAJICOMATHUTHBIX JaHHBIX MO OTJIOXEHHUSIM 03. ACIUKYIlb, 00cepBa-
TOPCKUX M apXEOMATrHUTHBIX U3MEPEHHI MPEICTABIEHBI HA PUC. 7.
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Puc. 7. Pe3ynbTarsl CpaBHEHHUSI MaJIEOMAarHUTHBIX JAHHBIX 03. ACIHKYJb C
00cepBaTOPCKUMU HAOTIOACHUSIMA U aPXEOMArHUTHBIMH OTIPEICIICHUSMH.

B nenom HabmonaeTcss 10CTaTOUYHO HEIUIOXOE€ COBNAJCHHUE BCEX yKa3aH-
HBIX JAHHBIX [0 HAKJIOHEHUIO; PA3IU4YUe MEXAY OCPEIHEHHBIMU HHCTPYMEH-
TaJbHBIMHU HAOJIFOICHUSIMU U TIaJICOMAarHUTHBIMU JJAHHBIMH COCTAaBIIIET HE OoJiee
2°. PacxokieHHe MEXIy HMaIeOMATHUTHBIMH M apXEOMATHUTHBIMH JAHHBIMHU B
XVII -XV Bekax H.D. COCTaBJIICT 3—40, pu4eM, MaJ€OMarHUTHbIE HAKJIOHECHHS
HUKE apXEOMarHUTHBIX. Paznuurie Mex 1y najieoMarHUTHBIMU ONPEACIICHUSIMU U
MHCTPYMEHTAIBHEIMA H3MEPEHISIMU CKIOHeHMs pocturaetr 5°. OXHAKO, eciu
UCII0JIb30BaTh CPEHUE BEJIMUMHBI CKIOHEHUH TI0 ABYM 00CEepBATOPUSIM, TO pa3-
mmune He mpebimaer 3°. B 060MX CIydasx TPEHI MO HMHCTPYMEHTAIbHBIM
HAOJIIOICHUSIM U TIAJIEOMAarHUTHBIM OIpEAeNIeHUsIM coBrnaaaer. Takum oOpazom,
MOHO TOBOPHUT O COIJIaCMU BCEX BHUJOB JIaHHBIX, KaK MO CKJIOHEHUIO, TaK U 1O
HAKJIOHEHUIO, YTO, B COI0 OUYEPEb, CBUIETEIBCTBYET O JOCTOBEPHOCTH 3aIUCEH
MaJ€OBEKOBBIX T€OMArHUTHBIX BapUallid B OCaJKaxX JAHHBIX O3€p, a TaKXKe, KaKk
MUHHAMYM, O KOPPEKTHBIX OMpEIeICHUSIX aOCOIIOTHOTO BO3pacTa OCAJKOB B
BEPXHEHN YaCTU KOJIOHOK.

Mbl npoBed U3yYEHUE CHEKTPAIbHBIX XapaKTEPUCTHK IMOJYYEHHBIX MO
JAHHBIM O3epaM BPEeMEHHBIX psoB. [lasieoBeKkoBbIe Bapuallui HAKJIOHEHUS, 3a-
(UKCHPOBAaHHBIC B JIOHHBIX OTJIOKEHHUSIX 03€p ACIUKYJIb U KaHAPBIKYJIb, OTIIH-
YalTCsl PEryJSPHOCTBIO, U MO JAHHBIM CHEKTPAIBLHOIO aHaju3a METOJO0M MaK-
CUMAaJIbHOM AHTPOIKHU, UMEIOT cieayromume nepuoasl: ~ 2500 ner, ~1400-1500
aet, ~750 ner m ~550 ner. Bapuanuu CKIOHEHUS TaKXe HMEIOT CIIOXKHYIO
CTPYKTYPY, 37€Ch BBIIEIAI0TCS Konebanus ¢ epuoaamu 3700-4000 net, ~1400-
1500 net, ~800 neT, u ~550 mer.

Ozepa CBuppr u Hapoub Obliu ucciienoBanbl HamMmu B 1997 romy. O3.
Hapous (54 51'N, 26 51'E) u 03. Cups (N 54°47"; E 26°30°) pacmonoxeHs! B
ceBepo-3anaaHoi yactu benopyccun B 30HE TUIUYHOTO pelbeda, chopMupo-
BaHHOro Banmaiickum osneaeHeHneM. C reojIorH4ecKod TOYKUA 3PEHUSI, 03€pO
Hapour npencraBiseT MHTEpEC Kak BHYTPUKOHTUHEHTAIBHBIM OacceiH MHTEH-
CHUBHOTO KapOOHATHOIro HakoIruieHus. Becb ocalok o3epa CHUIBHO H3BECTKOBH-
CTBIi, B OCHOBHOM OH MpEJCTaBJIEH HW3BECTKOBUCTOM rurTHend. Ocagok B
03.CBUpb MPEJCTABICH CANpOIeIEM C BBICOKUM COJIEPKAHUEM OPraHUYECKOTro
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Matepuana. [IpoBens KOMIJIEKCHbIE MarHUTO-MHUHEPATIOTUYECKUE UCCIICIOBAHUS
OTOOpaHHBIX 00Pa3l0B, Mbl MPUIUIA K BBIBOJY, YTO MEPBUYHBIMA MAarHUTHBIMU
MUHEpaTaMHu UCCIEAYEMbIX OCAIKOB SIBJSIOTCS MarHETUT U, BIIOJIHE BEPOSITHO —
HEOOJIBIIINE KOJIMYECTBA MarHUTHOTO Cyb(duaa xenes3a (rpeiruta). BeimonHeH-
HbI€, B COOTBETCTBHE C pa3pabOTaHHOW METOAMKON, MajJeoOMarHUTHBIE U3MEpe-
HUS 0 KaXJA0W 0TOOpaHHOM KOJIOHKE MO3BOJIMIIM MMOCTPOUTHh COOTBETCTBYIOIINE
KpUBBIC M TIPOBECTH WX B3aUMHYIO KOppEAIuto s oboux o3ep - CBHUPH H
Hapous. Ha puc. 8 npuBeneHsl Bapranuy CKIIOHEHUSI U HAKJIOHCHUS XapaKTePH-
ctuueckoir HamarauueHHocTH (ChNRM) mms Bcex HcCCleT0BaHHBIX KOJIOHOK.
Habmromaercst xopoias koppensuus Hanpasiaeanii ChNNRM mis Bcex KOJOHOK
YKa3aHHBIX 03€p. 3HAYUTEIHHOE Pa3Inuue B CKOPOCTIX HAKOTUICHUS OCAIKOB 3a-
TPYJIHSAET KOPPETSAIMI0O KOJOHOK, HO HaJu4he aOCOJIOTHBIX JATUPOBOK U TIIA-
TEJIbHOE COTIOCTABJICHUE KPUBBIX H3MEHEHHS MArHUTHON BOCIPUUMYUBOCTH
MO3BOJISIOT HAJIEKHO MPOKOPPEIUPOBATH BCE KOJOHKHU.

Haknonenne
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Cki0HeHHe

30 15 0 15-25-10 5 20 -1%5 0 15 30-2515-5 5 -15-5 515 -15-5 5 15 -20-10 0 10 -30-20-100 -15-5 5 15

10455+175 BP
N-5

Puc. 8. Bapuanuu ckJioOHeHUs] U HAKJIOHEHUs B KoloHKax 03. Hapoub (N-1
— N-6) 1 03. CBups (S-1 — S-3).

Hcnonb3yst Bce KOppENATUBHBIE MapaMeTpbl (MarHUTHAasE BOCHIPUUMYH-
BOCTb, a0COJIFOTHBIE JTATUPOBKH, KPUBbIE U3MEHEHHs CKJIOHEHUS U HAKJIOHEHMS
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ChNRM), kononku 1o 03. Hapous 1 03. CBUpPH OBLIM MPOCYMMHPOBAHBI B Mac-
mrade riyouH kosioHku N-2. B pe3ynbraTe HamMu ObUIN MOJYyY€HBI KPUBBIE W3-
MEHEHHUS CKJIOHEHUS M HAaKJIOHEHUS MArHUTHOTO MOJISI MO OTJIOXKEHUSM COBpe-
MEHHBIX 03ep AaHHoro peruona (bemopyccust). s npeacTaBieHuss U3MEHEHUM
CKJIOHEHUSI Y HAKJIOHEHHUS 10 Ka)XJOMy 03€py BO BPEMEHHOM MacuiTade, ObuiH
UCIIOJIb30BaHbl MMEIOIIKECS a0COJIIOTHBIE JTATUPOBKU, A TAKXKe KOPPEISAIUU C
W3BECTHBIMH apXCOMAarHUTHBIMH M TaJICOMATHUTHBIMU JTaHHBIMH TIO OJIvDKai-
muM peruonam. [lepBoHadanbHO MBI MPOU3BEIH KOPPEISAIHUIO C apXEOMarHuT-
ueiMu kpuBbiMu [Daly, De Goff, 1996] mo Ilentpanbhoit EBpone (Benrpus,
bonrapus, Ykpanna u Mongasus - puc. 9.
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Puc. 9. Koppensius apXeoMarHuTHbIX M MAJIEOMAarHUTHBIX JAAHHBIX OT-
noxeHuid 03. Hapoub u 03. CBHpS.

[IpuBeneHHBIN PUCYHOK CBUJIETEILCTBYET O 3HAUMTEILHOM CXOJCTBE 3a-
nucu B ocazikax o3ep Hapoub u CBUpB ¢ apXeoMarHUTHBIMU JTaHHBIMU. HeoOxo-
MO OTMETHUTb, 4TO AaTHpoBKa 'C Ha riuybune 1.42-1.5 M gaet Bo3pacT ocaika
2885+45 neT T.H., B TO K€ BpeMsi [0 KOPPEISAILUU C ApXEOMArHUTHBIMH JTaHHBIMH
BO3pacT HaMarHMYeHHOCTU cocTtaBisieT okono 2100-2200 nmer. HaGmromaemast
pasHuIa MOXKET ObITh CBSI3aHA YACTHUYHO C SIBJICHHEM IOCTCEIUMEHTAI[HIOHHOTO
HaMarHWYUBaHUS OCAJKOB, O Y€M MbI TOBOpWJIM B raBe 1. Iy JaHHOTO 0O3€epa,
CABUT MEXIy BO3pPacTOM OCaJKa M BO3PACTOM HaMarHMYEHHOCTH COCTaBIISET
okosio 700-800 net wnu, B Macmradbe oroOpanHoi KoioHkH, 40-50 cm. Takas
OoJplIas BeJIMYMHA CIIBUTa OOYCIIOBJIEHA B JAHHOM Cllydyae TeM, YTO OCAaJlOK
MPEUMYIIECTBEHHO KapOOHATHBIN U ero pukcaius, a Takxke Qpukcarus HaMmarHu-
YEeHHOCTHU MPOUMCXOAUT Ha 3HAUUTENBHON TiIyOmuHe. MBI MPUILIH K BBIBOJY, YTO
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JUIS TAHHOTO 03€pa OLIEHKH BO3PACTA OCaaKa 1Mo ~'C HEe MOTYT ObITh HAMPSIMYIO
MCIIOJIb30BAHBI JIs1 IOCTPOCHUSI KPUBBIX U3MEHEHUS T€OMAarHUTHBIX MapaMeTpoOB
BO BpeMeHU. Ha maHHOM 00BEKTE ATO MPOSIBUIIOCH OYEHBb PE3KO, OJIHAKO, IO-
BUJIMMOMY, 3TO IPUCYLIE AJIA BCceX KapOOHATHBIX ocaakoB. [lepBoe mpubmimxe-
HUE TONPABKHU 3a Pa3HOCTh BO3PACTa OCAJKa W BO3pACTa €ro HAMArHUYEHHOCTH
MO>KHO TMOJIYYUTh MCHOJIB3Yysl B KAUECTBE OMOPHBIX apXEOMAarHUTHbBIE ONpe/ese-
HUS JUIsl IpWIEraromux paiioHoB. OHAKO apXeOMarHUTHbIE JaHHbIE MOKPHIBAIOT
Tonbko nocieanue 2000 ser, 4To ABHO HEAOCTATOYHO JJIA Hamiero ciyyas. [lo-
3TOMY Mbl OCTaHOBWJIMCh HA MCIOJIb30BAaHUM MAJIEOMAarHUTHBIX OMOPHBIX JaH-
HBIX O BapUalUsAX CKIOHEHHS M HAKJIOHEHUS, MOJIydeHHbIE MO ONMKalIINM pe-
ruoHaM. B kaudecTBe Onrpkalliero pernoHa ¢ HaJleKHBIMU JTJaHHBIMH O TaJeoBe-
KOBBIX BapHaLMSIX T€OMAarHUTHOTO MOJs, 3aPETUCTPUPOBAHHBIX B JIOHHBIX OTJIO-
KEHHUSIX 03ep, Mbl BbIOpanu OUHISHANIO, Te ObUIM MOJIY4YEeHbl 3aIUCH IO He-
CKOJIKUM 03epaMm, TaTHPOBKA KOTOPHIX BBIIOJIHEHA ITyTeM mojacyera Baps [Ojala
and Saarinen, 2002.]. Ha Bropom 3Tare MbI IPOBEJIM COIOCTABIICHUE 3aITUCEH 110
o3epaM Hapous u CBupb ¢ bpurtanckoit o3epHoii kpuoii [ Turner and Thompson,
1982]. Xopormiasi Koppesiys TPUBEACHHBIX 3alMCeil CBUICTEIILCTBOBAJIA O 3HA-
YUTEJIBHOM CXOJICTBE BapuallMii CKJIOHEHHUS M HAKJIOHEHHUA, 32 HCKIIOUYEHHEM
aMIuIMTy[ Bapuauuidi. Caenas qomyieHue, yTo (a30Bblid CABUT OCHOBHBIX KOJe-
OaHMl CKIIOHEHUSI U HaKJIOHEHUs Mexay benopyccueil 1 OuningHauen (a Takxke
— naxxe ¢ BenukoOputaHuei) JOCTaTOUHO MaJl, Mbl MCIIOJIb30BaJIM BO3pacT Xa-
pakTEepHBIX OCOOCHHOCTEM KPUBBIX YKa3aHHBIX PETMOHOB JJIi BPEMEHHOM Npu-
BA3KH €CTECTBEHHOW OCTAaTOYHOM HaMarHMYEHHOCTH B ocajnkax benopycckux
o3ep. Takum oGpazom, A co3AaHUSI BpEMEHHOro MacuTada B KOJIOHKAaX Ocai-
KoB benopycckux o3ep Mbl UCHOJIb30BAIM BCE MOJYUYEHHbIE JaHHbIE: a0COJIOT-
HBbIE JTAaTUPOBKHM OCAJKOB, BO3pacT MUKOB PSV 1mo apxeoMarHuTHBIM ompezesne-
HUSIM, O3epHble JaHHble M0 DunnsHauu u no BenukoOpuranuu. Ha puc. 10
MPEACTABIICHBl 3aBUCUMOCTH YKa3aHHBIX BO3PAacTOB M IIyOMHBI ocajka B berno-
PYCCKHUX 03€pax.

CaBur Mexay BO3pacTOM OCAJKOB, 3aJIETAlONIMX HAa JaHHOW TIyOWHE, W
BO3PAaCTOM HaMarHM4eHHOCTH cocTaBiiieT OoT 700 mo 2500 ser. BoIsBiICHHBIN
CABHUT OOYCIIOBJIEH MHOTUMHU NMPUYUHAMHU, CPEAN KOTOPBIX TJIABHBIMH SIBIISIOTCS
CJIeIyIOLIHE:

1. Hamuuue PDRM B ocankax benopycckux o3ep. B To ke Bpemsi, caBur
3a CYET HAJIMYUS MOCTOPUEHTAIMOHHOW HAMAarHMYEHHOCTH CYIIIECTBYET BO BCEX
O3CpHBIX JIaHHBIX. BeposTHO, OH MeHee 3HaYMTeINeH i ocankoB 03. Nautajarvi,
TaK Kak 0CcaJIoKk TaMm OoJjiee TEppUTeHHBIN U 00Jee KPYMHO3EPHUCTHIN, B BUAY Ye-
ro autodukanus u GuKcalys HAMarHUYEHHOCTH MPOUCXOASAT HA MEHbILIEH TITy-
Oune. B apxeoMarHUTHBIX AaHHBIX (PUKCALMd HAMArHUYEHHOCTH CHHXPOHHA
BO3pacTy 00BEKTA.

2. 3aBblllIEHUE PATUOYTIEPOIHOIO BO3pacTa OCaAKOB 3a cuer "dddekra
xectkor Boxapl" [Deevey, 1954; Stiller, 2001]. JlelicTBHTEILHO, OCaaKA O3.
Hapoub mpenctaBisioT coO0i sIpKHUil MpUMeEp COBPEMEHHOIO OCaXACHUs KapOo-
HATOB, IOTOMY BEPOSITHO HaJIM4Me "OCTapEeHHOro" yriepoja B OPraHMYE€CKOM
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BCIICCTBE OCAIKOB. OC&I{KI/I 03. CBI/Ipb CYmICCTBCHHO OTJIMYANOTCA OT OCAAKOB
03.

14000
< Bo3pacT ocaikos 0.CBHph
—& Bo3pact ocajukos 0.Hapous
12000 + P P
/A BO3pACT MHKOB B | 10 apXeOMArHHTHEIM JaHHBIM
A Bl)'ipac']' ITHKOB B [) no ap.\'cﬂ.\lal'llﬂ'l'l[]:]ll JIAHHBIM
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Puc. 10. 3aBucuMOCTh BO3pacTa OCaJKOB M BO3pacTa UX HaMarHUYE€HHO-
CTH OT ITyOuHBI 117151 03. Hapous.

|
I

Hapoub Tem, uto oHu mMeHee kapOoHaTHble. K coxkaneHHnio, Mbl UIMEEM TOJBKO
OJIHY JaTUPOBKY MJig 0cagkoB 03. CBUpPb, HO JIayKe 3Ta TOUYKA (OTMEYEeHA POMOU-
KOM Ha puc. 10) moka3pIBaeT, 4To pa3iudyve MEXKIy BO3PAaCTOM HAMArHWUYEHHO-
CTH W BO3PAaCTOM OCaJiIKa 3HAYMTENIbHO OOJbIIe AN OTIOXKeHH 03. Hapous.
Ocanxu 03. CBupb Ha riyoune 4.22-4.30 M umeroT Bo3pact 6120+140 ner. Ilo-
NOOHBIE K€ OCOOEHHOCTH MAajICOBEKOBBIX BapuallMi 3amUCaHbl B OCaJKaxX O3.
Hapoub, nmerommx Bo3pact ~6500 net. IloaydeHHBI O APYrUM O3€pHBIM Na-
JICOMarHUTHBIM JIaHHBIM BO3pacT T€X K€ OCOOEHHOCTEH MajeOBEKOBHIX Bapua-
uuit cocrapisier ~5600 ner. Takum oOpa3om, nonaras, 4to (a3bl MaJICOBEKOBBIX
Bapuanmii B benopyccun u OUHASHANNA OTIMYAIOTCSA HE CTOJIb 3HAYUTEIHHO, MBI
MO>KEM OLIEHUTh CIIBUT MEXIY BO3PAacTOM OCajika M BO3paCTOM HaMarHUYEHHO-
CTH B JIOHHBIX oTJ0xeHusx o3ep Hapous u CBups: ~1000 u ~600-650 net coot-
BETCTBEHHO (BbIIIEe ObUIO MOKa3aHO, YTO CPAaBHEHHUE MajJeOMAarHUTHOMN 3alKCH T10
OTIIOKeHUsAM 03. Hapoub ¢ apXxeoMarHMTHBIMU JAaHHBIMU JIa€T Pa3Iudre MEXIy
pasroyTJIepOIHBIM BO3PACTOM OCaJKa M BO3PACTOM HAMarHMYEHHOCTH MOPSAKa
700-800 net). BepositHee Bcero, 4yTo pa3nnyue BEIMYMUH YKa3aHHOTO MapaMeTpa
B 03epax Hapoub u CBupb 00yciioBneHo "3 (HEeKTOM KeCTKON BOABI" B OCaaKaX
03. Hapoub, a Benmmunna 3toro addekxra cocrabmser nmopsaka 350-400 met s
Bo3pacta 6120+140 ner. Takum 06pa3oM, B 03epax C BBICOKUM COJEpKAaHUEM
T'UAPOKApOOHATOB PAAMOYTIAEPOIHBIN BO3PACT OCAKOB MOXKET ObITh 3aBBIIIECH.

3. Paznuynbiil Bo3pacT MOPGOIOrHYECKH MOX0KUX IKCTpeMyMoB PSV Ha
KPUBBIX UIsl pa3nuyHbix perruoHoB (benopyccus, BenukoOputanus u OuHIISH-
nust). JleMCTBUTENbHO BOSHUKHOBEHHME YKA3aHHOTO Pa3iiMyMsl BO3pAcTa OCAJKOB
¥ BO3pacTa HaMarHMYE€HHOCTH, MpeCTaBlieHHOE Ha puc. 10, 4aCTUYHO MOXKET

31



OBITh OOBSICHEHO 3a CUET ATOTO siBJIeHUsA. Eciu mpeanonoxuTh HaTudue 3amnaji-
HOTO JAperida Bcex MOP(HOIOrHYecCKUX OCOOEHHOCTEW M€OMarHUTHOIO MOJS CO
ckopocThio ~ 0.1 Tpajn/roa, To ’TUM MOXKHO OOBSICHUTH pazHUILY ~ 250 JIeT Mex-
Iy OJIMHAKOBBIMH ocoOeHHOocTAMH PSV Mmexny bpuranckumu u benopycckumu
3aMUCsIMHU.

4. JlatupoBKH Bcex 03epHBIX PSV kpuBbIX cojaeprkar omnOku. Hanpumep,
HekoTopele aBTophl [Snowball, and Sandgren, 2002] cuuTaroT, 4TO JTaTHPOBKH
Bputanckoil kpuBoi IpeBHEE, YeM JIOJDKHBI ObITh HAa CaMOM Jiel€ MMEHHO 3a
CYET TOTO, YTO HMCIOJB30BAJICS BECh YTJIEPOJ MOPOALI (HE TOJBKO OpraHudYe-
ckuif). JlaTUpOBKH, BHITIOJHEHHBIE TIO aHAJIU3Y MHUKPOCIOUCTOCTH MOPOJ] TAKKE
MoryT coaepxath omnoOku [Ojala and Saarinen, 2002 ].

Takum o006pa3om, MbI YBEPEHHO MOXEM KOHCTaTUPOBATh, YTO CUCTEMATH-
YECKU 3aBBINICHHBINA BO3PAacT SKCTPEMYMOB CKJIOHEHHUS M HakjJIoHeHus B berno-
pycckoit PSV xpuBoit 00ycioBiieH BiussHEEM D dekTa )KeCTKOW BOIBI W HAJIH-
yuem PDRM B ocanke. Ilocnennee, mo-BuauMomMy, uMeeT OOJbIlIee 3HAYCHUE
U3-3a OYEHb CHEIU(PUYECKUX CBOWCTB (KOHCUCTEHIIMS U COCTaB) OCaJKa O3.
Hapous. B urore mis moctpoenus 3amuceid PSV mo bemopycckum o3epam BO
BPEMEHHOM MaciluTade Mbl UCHOJIB30BAIM OCPEIHEHHYIO KPUBYIO 3aBUCUMOCTH
BO3pacTa OCaJKOB M BO3pacTa UX HAMArHWYEHHOCTH OT I1yOuHbI. [lomydyeHHbIe
MOI0OHBIM 00pa30M CyMMapHbIC KpHUBBIC BapHaIluii CKJIOHCHHS W HAKJIOHEHUS
no benopycckum o3epam Hapoubr u CBupbh BO BpeMEHHOM MaciiTade mpeicTaB-
JieHbI Ha puc. 11.

CrexTpalibHbIN aHaU3 BpeMEHHBIX psijoB u3MeHeHus: D u | ocankos nan-
HBIX 03€p METOJIOM MaKCUMalIbHOU 3HTponuu u MeToioM BII® no3Bosnuin Bbijie-
JUTh B KOJICOAHUSX CKJIOHEHHUS W HAKJIOHEHHS HECKOJIbKO TpyMm mnepuojaoB. B
NEePBYIO TPyMIy OTHOCATCA KoneOanus (Tpenn) ¢ nepuogamu 8000-11000 mer.
TouHbIe TIEpHOABI ITHX KOJEOAHUN HE YIAETCS ONMPEACIUTh T.K. OHM UMEIOT Be-
JVMYHWHBI, OJIM3KKE K BelndnHe psaa. Hampumep, B M3MEHEHHSIX HAKJIOHEHUS 10
03. CBupsb oOHapyxkuBaetcs nepuoa ~9050 ner, mo 03. Hapous - ~10000 set, a B
M3MEHEHUSX CKIOHEHHs 1o 03. CBupb nepuop cocrasiseT ~10750 ner, mo o03.
Hapous - ~80000 ner. Bropas rpynna coaepXuT Kojie0aHusi ¢ IEPUOJaMU OKOJIO

3000-4500 net: B ckionenuu o o3. Ceupb — 3050 net, mo o3. Hapous —
3500 net; B HakmoHeHUH 1o 03. CBUph — 3500 met, mo 03. Hapous — 4500 ner.
Crnenyromasi rpymma NepHUoJ0B OOHAPYKUBAETCS B CIEKTPE M HAKIOHEHHUS U
ckionenus u coctaBnsger ~1700-1900 ner. B werBepTyto rpynmy Mbl OTHECIH
nepuoiel ot 1000 et no 1400 net, oOHapy)uBaeMbie B 000HX MapameTpax. ITH
KOJICOaHHSI UMEIOT MaKCUMAJIbHbIE aMIUTUTYIbl B CIIEKTPE 3apEeruCTPUPOBAHHBIX
PSV. B nocnennroro (MATy0) TPyIITy HAMH BKJIFOYEHBI KOJICOAHUS C TIEPHOIaMU
menee 1000 met: ~950, ~850, ~650, ~500 ner u menee. [lomoOHBIE TPYITIEI TIE-
pHOJIOB KOJEOAHHI 3J€MEHTOB M'€OMarHUTHOTO TOJISI 32 MOCJEIHUE HECKOJIbKO
TBHICSY JIET OB OOHAPYXKEHBI paHee M0 MUPOBBIM apXECOMArHUTHBIM JIaHHBIM U
MaJ€OMAarHUTHBIM HCCJIEAOBAHUAM OTJIOKEHUN COBPEMEHHBIX 03€p B 3amajHoi
EBpone, CeBepHoit Amepuke u npyrux peruonax [Creer, 1983 u ap.]. DTo eme
pa3 CBUJIETEIBCTBYET O PeaTbHOCTH 3amucu PSV B JIOHHBIX OTIIOKEHUSX 03€p
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Cupb u Hapousb. [IpakTudecku Bce 3TU KoJieOaHUSI OTMEUAIOTCS Ha KPUBBIX W3-
MEHEHHUSI CKJIOHEHUSI U HAKJIOHEHUsI BU3YaJIbHO.

HAKJIOHCHHC CKJIOHCHHC

6000 |
8000 {

10000

12000 |

Bo3zpacrt, ner T.H. ~ Bospacr, seT T.H.

Puc. 11. CymmapHble KpuBbI€ Bapyualuidi CKJIOHEHHs M HaKJIOHEHUs 1o be-
aopycckum o3epaM Hapous u CBupb Bo BpeMeHHOM Maciutade. bykBamu 060-
3HAYEHBl DKCTPEMYMBI BEKOBBIX BapHalUil 110 KOpPpeJsiLUKA ¢ bpuTaHckou Kpu-
Boit (Turner and Thompson, 1982).

Eme onna oco6ennocts PSV 3apeructpupoBaHHBIX B OTJIOXKeHUsIX beso-
PYCCKHX 03€p — 3TO Pe3KOe 3aHIKCHUE aMIUIMTY/l MUKOB Ha KPUBBIX M3MEHEHHUS
CKJIOHEHHS] U HAaKJIIOHEHUS N0 CPABHEHMIO C APYIMMH 3anucsimu (puc. 8, 9, 11).
Ha amniuTyny NuKoB BIMSET HAJIMYKE MOCTCEAMMEHTAIMOHHOW HAMarHUYEHHO-
CTHM B OCaJKax, Kak ObUIO ykKazaHo Bbime. CpaBHUBAs aMIUIATYbl BapUalluid,
MOYHO C/I€JIaTh CJIEAYIOIINE BHIBObI:

1. Jdnsa Bapuanuu ¢ nepuoaoM okoio 1000 jeT, Xopomio nposiBIASIONTUXCS
B CKJIIOHCHHM WU HAKJIOHEHWM IO JaHHBIM apXE€OMAarHUTHBIX HU3MEPEHUM, HO B
0COGEHHOCTH - B HAKITOHEHHH, BUUMBIH pa3sMax KoseGauii cocrapmster 22° (1o
HAKIOHeHN0) 1 okono 40° o ckioHeHn:o0. B To xe BpeMs JUISl OTOM K€ Bapua-
I[MH, 3aIIMCAHHON B JIOHHBIX OTJI0XKeHusAx o3ep Hapoub u CBUpb, pazmax cocTas-
msier 4° (o Hakmonennio) u 8° (o ckinoHerno). T.e. aMIUIUTYIbI BapHALHMil ¢
nepuosioM nopsaka 1000 ner, 3anMcaHHble B 0CAaIKax, B 5 pa3 MEHBIIIE, YEM 10
apXE€OMarHUTHBIM JAHHBIM

2. Bapuanuu ¢ nepuoaamu nopsiaka 400-600 net, BU3yaabHO OOHAPYXKH-
BaeMbIC Ha apXCOMATHUTHBIX KPUBBIX, MIMEIOT pasmax mopsiaka 10-15° (ue Go-
Jiee), Ha KpUBBIX 3allMCaHHBIX B ocajikax o3ep Hapoub u CBUpH UMEIOT €]1Ba 3a-
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MeTHbIE Ha (oue myma ammiuTyas! (1-2°). T.e. BAPHALHH ¢ MCHBIINMH TIEPHO-
JIaMu ociiabsieHsl 0osee yem B 5-10 pas.

Takum 006pa3zom, Mbl HaOIIOJAaEM CUIIBHOE CTiIaXKHMBaHUE BapualUi CKIIO-
HEHUS W HAKJIOHEHUs, OOYCIIOBJIEHHOE HAJIMYUEM IMOCTCEANMEHTAIMOHHOIO
HaMmarHuuuBaHus. [lonoOHOe cpaBHEHUE AaHHBIX OBUIO MPOBEIECHO aBTOPAMHU
padotsl [Turner, Thompson, 1982] u oxu npuHsIH KO3QOUIMEHT 2 IS aMILIH-
TyJl BCEX BapHaIHii, YTO B TMPHUHIIMIIC HEBEPHO. MOXKHO MPEANOI0KUTh, YTO J1a-
K€ MPU 3HAYUTEITHLHOM CIBUTE MEXIIy BO3PACTOM OCaJlKa U CPETHUM BO3PACTOM
HAMarHU4eHHOCTH (Kak HaOJto/aeTcs B HAIIEM CiIydae) HEKOTOPhIE BapHAIlHH,
Hampumep — ¢ nepuogom 6onee 2000 met, MOTYT BOOOIIe HE UCKakaThbes. Mc-
MOJIb3YsI OJIMHAKOBBIN KOA(DPHUITMEHT SISl BCETO Psifa, MbI TIOJIYYHM MCKYCCTBEH-
HOE YBEIMYCHUE aMIUINTYJ]] JJIMHHONEPHOIHBIX Bapualliid, HE HCIPABUB TPH
ATOM aMIUIUTYbl BBICOKOYACTOTHBIX M3MeHEeHUM. KoppekTHas mornpaBka aMIUIH-
TyJl BapHaliii CKIIOHCHUS U HAKJIOHCHUSI MOYKET OBITh TOJTydeHa TTPH U3BECTHBIX
U3MCHEHHUSAX CKOPOCTH HAKOTUICHHSI OCAJIKOB, €r0 COCTaBa M 3aBUCHUMOCTH TITy-
OWHBI (UKCAIIMM HAMAarHWYEHHOCTH. MBI MPOU3BENIN KOJIMYECTBCHHYIO OIICHKY
CTETIEHU CTJIAKUBAHUS MONyYeHHBIX Hamu PSV mo o3epam Hapous u CBups, co-
MOCTaBUB aMIUTUTYABl BapHAIMi T€OMarHUTHOTO TOJISI, 3alTMCAHHBIX B OTJIOXKE-
HUSX benopycckux o3zep, U TexX ke caMbIX (1Mo MOPQOJIOTHU U BO3PACTy) OCO-
oenHocteit PSV, momydeHHBIX N0 APYTHMM OOBEKTaM: WCTOPUYECKUM JIaHHBIM,
apXCOMarHMTHBIM 3aIUCSIM 10 3anaaHoi u neHtpansHoit EBpone [Daly, 1996], a
TaKKe 3amucsaM B ocagkax bpuranckux osep [Turner, Thompson, 1982], o3ep
Cesepnoit IlIBeninu [Snowball and Sandgren, 2002], ozep ®unnsuauu [Ojala
and Saarinen, 2002], ozep 3amagHoro Diidens (I'epmanus) [Stockhausen, 1998].
B pesynpTaTe Mbl osyuniiv, 4To B 3anucax benopycckux ozep ammiutynsl PSV
3aHIKEHBI TT0 CPABHEHUIO C PEabHBIMHU JI0 5 pas3, a 0 CPAaBHEHUIO C 3aMUCSIMU B
ocajJiKax JApyrux o3ep - B 2 paza. ITo 00yCIOBIEHO, MTO-BUIUMOMY, crieruduye-
CKMMU CBOWMCTBaMHU Ocajika bermopycckux o3ep (BbICOKOE COjep:KaHue KapOoHa-
TOB).

[TaneomMarHUTHBIE UCCIIEIOBAHUSI COBPEMEHHBIX OTJIOKEHUN ApPabCKOro
MOPSI BBITIOJTHSUIMCH B paMKax MexayHapoHoro mpoekra Aral-1030 "CLIMAN",
¢unancupyemoro no rpanty INTAS. OOmieil 1enpio BCEro mpoexTa sBISsIIOCH
U3y4YE€HUE MU3MEHEHUs KJIMMara B PErHMOHE U YCJIOBHMM OOMTaHUS 3a IMOCIIECTHUE
TBICSIUENETHSA. APATLCKOE MOPE SIBJISIETCS BHYTPUKOHTUHEHTAIBHBIM BOJJOEMOM C
apuIHBIM THIIOM CEIMMEHTOreHesa, nogooHo A3oBckomy U Kacnmiickomy Mo-
psam. K 1995 rony mope motepsio Tpy Y4E€TBEPTH BOJHOTO oObeMa, a IUIoNIadhb
IOBEPXHOCTU COKpaTWjach 0oJiee YeM HaIlOJIOBUHY. 3HAUMTEIbHBIE KOJICOaHMs
YPOBHSI ApajIbCKOI0 MOPsl MPOUCXOIMIIM U B MPOIJIbIE HCTOpUYECKHe 31oxu. Ha
NOJIy4YEHHBIX HAMHM CEHCMOAKyCTUYECKHX BPEMEHHBIX pa3pe3ax JOCTATOYHO
YETKO BBIIETSIOTCS HECKOJBKO ceHcMOdalalbHbIX KOMIUIEKCOB OCaIOYHBIX
nopoJi, popMupoBaHUE KOTOPBIX CBSI3aHO C KojeOaHusMU ypoBHA Apana. Heon-
HOKpaTHbIE, PE3KHE M3MEHEHUS YCJIOBUH CEIMMEHTOr€HEe3a - OT CTaJHUH Cia-
0OCOJIEHBIX BOJl /0 Cylb(paTHOW CTaJAWW - MPUBOJWIM K 3aMEHE IMpeuMylle-
CTBEHHO TEPPUIE€HHOM CEIUMEHTAalMd Ha NPEUMYIIECTBEHHO XEMOI'CHHYIO.
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JlaHHbIE U3MEHEHUS HAIIUIA CBOE OTPAKEHHUE B aMIUIUTYAHO-YACTOTHBIX XapaK-
TEPUCTUKAX BOJHOBBIX MAKETOB Ha IOJIyYEHHBIX BPEMEHHBIX pa3pe3ax, uTo U
MO3BOJIMJIO HAM ITPOU3BECTH HAJIEKHBIN celicModanuanbubiil aHanu3. ['enetnye-
CKHM 00pa30BaHHE MUHEPAIBHOI'O KOMIUIEKCA IOHHBIX OTJIOKEHUN Apana mnpowuc-
XOJIMJIO 32 CYET MOCTYMAIUIMX MPOAYKTOB pa3MbIBa MaJ€Or€HOBBIX U MEIOBBIX
NOpoJ, clararoumx adpa3uoHHbIe Oepera, 70J0BOM B3BECH U MUHEPAJIOB XUMHU-
YEeCKOro M OMOTeHHOro mpoucxoxiaeHus. Kak ObLI0 BBISBICHO B pe3yJibTaTe
HaIIMX CEMCMOAKYyCTHUYECKUX HCCIICIOBAaHUN, Han0oJiee MHTCHCHUBHO HAKOIIJIe-
HUE 0CaJ0YHOT0 MaTepHrayia MPOUCXOAWIIO B 3aMaJHOM TIIyOOKOBOJHOM JKello0e
ApanbCKOro MOpsi, YaCTbl0 KOTOPOTO SIBJISIETCS MCCJIEAOBAaHHBIA HAMH 3aJIUB
UYepnebieBa. Beero B mosneBoit ce3od 2002 roaa B Tpex 3aiaumBax ApaabCKOTo
MOpst JOHHBIM TpoO6ooTOOpHUKOM KI'Y 6110 0TOOpaHO 9 KOJOHOK MOIIHOCTHIO
oT 3 10 6,2 M. /{711 AMarHOCTUKA MAarHUTHBIX MHHEPAJIOB OCAJKOB, B COOTBET-
CTBHUE C BBIPAaOOTAaHHOW HaMU METOAMKOMW, OBLIM MCIIOIb30BaHBI METOJIbI DJICK-
TPOHHON MHUKPOCKOIIUU U KOMILIEKCHbIE MAarHUTO-MHUHEPATIOTUUECKHUE HCCIIEI0-
BaHMUA. BBICOKHME 3HAueHHUs HAchIAmoMEero moiasd - nouta 150 mTn mia 95%
HachleHust IRM - KpuBBIX MHIYKTUBHONW HAMAarHMYEHHOCTH CBUJETEIHLCTBOBA-
J¥ O 3HAYMTENBHOM JoJie mapamMarHuTHbIX (PM) u cymepnapamarautHeix (SP)
YacTHUI[ B MCCJIEAYEMBIX OCaJKaX. DTO TUIMUYHO JJII MAarHETUTa M MarHUTHBIX
CyJIb(QUIOB XKejae3a, KOTOPhle OOBIYHO HAOJI0IAIOTCS B COBPEMEHHBIX OCaJKax
[Snowball, 1994]. TepmomaruuTHBIC KPUBbIE, TOJIYUYCHHBIC B OOJIBIIHMX MOJIAX (B
Hamem ciydae 200 MT1) moaATBep MM JaHHBIE BBIBOABL. Paguoyriepoinbie na-
tipoBkr (AMS-*C ) GbLIH MONYUYEHb! [0 OPraHMYECKOMY YIIEPOY, BHLICICH-
HOMY M3 OCaJKOB M3ydaeMbIX KOJIOHOK B Bricmieit Texamueckoit IlIkose (ETH)
[seitmapun (r. I{ropux). BeraucienHple 3HaYeHUST BO3pacTa OCAIAKOB ObLIH
CKOPPEKTHUPOBAHBI C TMOMOIBI0 KaauOpoBouHou mporpammbl OxCal [Bronk
Ramsey, 1995].

AHanu3 MoJy4YEeHHBIX AATHUPOBOK IMOKa3al, YTO MPH HUCIOIb30BAHUU IS
pPaguoyTiaepOJHOTO JATUPOBAHUS OPraHUYECKOr0 MaTepuasa, paclbUIEHHOTO B
oOmeit Macce npo0O, HAOMIOAAETCs IBHOE BIMAHKME "OCTapeHHOro" yriiepojaa Ha
nosyueHHble pe3ynbTarhl ("addext xectkoit Boawl"). [[aHHbIe 00pa3lbl ObUIH
HaMu OTOpakoBaHbl. OcTaBIIMECS AEBATH MOJYYEHHBIX JATUPOBOK IMO3BOJIMIIH
3aKJIIOUHTh, YTO TOKA3aTelb OCAXKACHUS CHJIBHO M3MEHSETCS BO BCEX OTOOpaH-
HbIX KoJoHKax. Hanpumep, B cambix BepxHuX 1.3 MeTpax KojoHKH Ar-9 nmokasa-
TeJIb OCAXJCHUS COCTaBIISICT MOYTH 3 MM/ToJ, B cpeaneid yactu (1.30 - 4.50 m)
3HAYEHHE OYEHBb BBICOKOE - MPUOIM3UTEIHHO OKOJIO 16 MM/TO/1, B HUKHEH YacTH
KOJIOHOK TIOKa3arellb MeHseTcs oT ~1 mm/rox (mHTepBan 4.50- 4.95 m) mo ~6
MM/Toj (mHTepBaa 4.95-5.95 M). Huszkue 3HaueHUs MOKa3aTels OCaXIACHUS CBS-
3aHbl C CYyXHMH MEPUOJAMU U CHUKEHUEM BOJHOTO YPOBHSI, YTO MOATBEPKIAACT-
Cs BO3pACTAIOIIECH KOHIIEHTPALIMEN TUIICA B OCAJIKaX.

Hcnonb3ys nanHble 00 aOCOIIOTHOM BO3pAacTe OCAJKOB, Mbl MEPECUUTAIIN
NOJIy4eHHbIE Bapualuu ckioHeHus U HakioHeHus NRM Bo BpemenHoil mac-
mTad. AHAJIOrMYHO JAHHBIM IO JIPYTUM MCCIEOBAHHBIM HAMU U BBIIIE ONKUCaH-
HBIM O3€paM, BPEMEHHbBIC XapaKTePUCTUKW T€OMArHUTHOTO TOJISI MO OcCaJKam
Apansckoro mops (45.98°N; 59.24°E) moryT OBITh MpOaHAM3UPOBAHBI C TIO3H-
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Uil KpUTEpueB BHEIIHEW cxoauMmocTd. [l mpoBedeHHss MOJ00HOTO aHanIMU3a
(puc. 12), mbl ucnonb3oBanu 3amucd PSV B ocankax o03. Aciukyib (55.25°N,
54.7°E), onucanune KOTOPBIX OBLIO ClI€JIaHO BHINIE, a TAK)KE UCTOPUUYECKHUE JIaH-
HbIE, IpecTaBIeHHbBIC B padoTe [Jackson et al., 2000].

Koppensuust ¢ paHee HaMH e TMOJYYEHHBIMU JAHHBIMU 03. ACIHKYJb
BIIOJIHE KOPPEKTHA, T.K. OCJIeJHUE ObUIH YCHEIIHO MPOKOPPEIUPOBaHbI C 3aIu-
csaMu Apyrux esponeiickux o3zep [Frank et al., 2002]. Kak M0oXHO BHIETh Ha pHC.
12, Bapuanuu CKJIOHEHUS M HakJIoHeHus 3a nocnenuaue 400 ner, 3adukcupoBaH-
HBIC B OCaJIKaX 00OMX BOJOEMOB, HEINIOXO KOPPEIUPYIOT C OCPEIHEHHBIMH HC-
TOPUYECKUMHU JIAHHBIMU 10 3TOMY PETHOHY. B TO ke BpeMs, aMIUTUTY/IbI Bapua-
U 10 ocamkaMm 03. ACIHKYJb CYIIECTBEHHO HIDKE HCTOPUYECKUX JIaHHBIX.
Kpome Toro, Heo6XoanumMo OTMETUTD, UTO ApeBHEe 350 eT aMIumMTya HaKJIOHe-
HUS 110 UCTOPUYECKUM JaHHBIM, ITO-BUIUMOMY, HEPEAITLHO BBICOKAsl. DTO MOXKET
OBITH 00YCJIOBJIIEHO MHTEPIOJIALMEH TaHHBIX — PEATbHBIX UCTOPUUECKHUX JAHHBIX
Ha 9TO BpeMs B HCCIIEIYyEMBIX perrHoHax HeT (ycTHoe coobOmmenue Andy Jackson).
Bapuanuu ckiioneHusi, HaOJr01aeéMbI€ B 3aNUCIX ApaabCKoro Mops u 03. Aciu-
KyJb, OYCHBb CXOJIHBI JIJaXK€ B MEJIKHX JeTalAx. B To ke Bpems, skcTpeMyMmbl Dg,
d4, Ds, BbIIEIISIEMBIC B 3aIUCSAX 03. ACJIHMKYJb, IO BO3pAcTy JPEBHEE aHAJIOTHY-
HBIX DKCTPEMYMOB ApalibcKoro Mops (puc. 12). 3anucu Bapualuii HaKJIOHEHUS
Ha JIAHHBIX OOBEKTAX TaKXKE XOPOIIO KOPPEIUPYIOT MEXIy coOoi. 3ameTHoe
BO3PAaCTHOE PACXOXKJIECHUE dKCTpemyMa Iy, HaOIrogaeMoe MeXIy NaHHBIMHU O3.
ACTUKYJTh ¥ UCTOPUUYECKUMH JAaHHBIMH, OOYCJIOBJIICHO, BEPOSITHO, HETOYHOCTSIMHU
JATUPOBOK O3E€PHBIX OTJIONKEHUN WM MOCTCEIMMEHTAIIMOHHONW HaMarHMYEeHHO-
CTBHIO — BO3PACT BapHallMK MO0 03€PHON KPUBOU JPEBHEE UCTOPUUECKHUX JTAHHBIX.
Bo3pact aHamornuHbeIX 3KCTPEMYMOB B BapHallMAX HAKJIOHEHUS, 3alTMCAaHHBIX B
ocasikax ApaJibCKOTO MOPS U 03. ACITUKYJIh MPAKTUUECKH COBIAAET, 32 UCKIIIO-
yeHueM nuka ls, 4TOo, BEpOSTHO, OOYCIOBIEHO 3alIyMJIEHHOCTBIO 3alUCH IO
ApalIbCKOMY MOPIO.

[lomy4yeHHble B paMKax HAcTOSIIEH pabOThl JaHHBIE IO MaJCOBEKOBBIM
Ir€OMAarHUTHBIM BapualusiM ObUIM COMOCTABIIEHBI C U3BECTHBIMU 3amucsiMu PSV
B OCaJiIkax COBpeMeHHbIX 03ep 3amannou EBpombl (puc. 13a, 6). OcHOBHBIE pe-
3yAbTAThl ATUX KOPPENSIIIUI 3aKIIFOUYAIOTCS B CIEIYIOLIEM:

1. JJocturaemast TounocTh aarupoBanuss ChRM B ocagkax COBpeMEHHBIX
03€p He MO3BOJISIET MPOBECTH aHAU3 perda ocooennoctei PSV.

2. Ocobennoctu 3anucu PSV ocankax 00ycClIOBICHHbIE HATUYUEM TPOLIEC-
COB TOCTCEJIMMEHTAIIMOHHOTO HAMAarHWYWBAHHS HE TO3BOJISIOT KOPPEKTHO pe-
KOHCTPYMPOBATh AMIUIATY/Abl BapHalMii 3JIEMEHTOB JPEBHETO T'€OMArHUTHOTO
TOJISL.

3. KauectBeHHbIil aHanu3 MOp(oJIOTUM BapUaluii CKJIOHEHUS] M HaKJIOHE-
Huss ChRM, a taxke Koppelsius JUMHOMArHUTHBIX 3allMCed JEMOHCTPHPYET
KaK HaJU4HUe JTTUHHOTICPUOIHBIX («JIUIONIBHBIX») W3MEHCHHUH IOJS, TaK U KO-
POTKONEPUOAHBIX («HEAMIOJIbHBIX») Bapualui, 00JAJAIOIUX PIAOM PpErHo-
HaJbHBIX OCOOEHHOCTEM.

4. YcraHoBieHO, 4yTo Bapuauu ¢ nepuogom ~600-900 ner mpocnexuBa-
I0TCS Ha TPOTSHKEHUU BCErO TOJIOLICHA U, MO-BUIUMOMY, CBUICTEIHCTBYIOT O
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HAJIMYUH PETYISIPHBIX MAarHUTOTUAPOAUMHAMUYECKUX KOJIeOaHHU BO BHEIIHEH Ya-
CTH >KHMJIKOTO s11pa 3eMIIH.

CKJIOHEHHUE

Apanbckoe Mope o. AanKynb
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Puc. 12. CpaBuenue 3anuceit PSV B ocankax Apaiabckoro mopsi, 03. Ac-

JMKIONb W JAHHBIX HPSAMBIX HaOmoaenuii (ckupubie nuaum, (Jackson et al.,
2000).
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CKJIOHEHUE
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Puc.13a. Koppesnsiuus Bapuaruili CKJIOHEHHsI TeOMarHUTHOro 1o B EBporne 3a nocneanue 10-12 Toicad et no pe3yipraTtaM Ia-
JIEOMarHUTHBIX UCCIIEI0BAHUI 03€pHBIX OTI0XKEeHUN. Hapsaay ¢ pesynpraTaMu NOJy4YeHHBIMUA aBTOPOM, IIPUBEACHBI ITaHHBIE T10
dunnsuauu [Ojala and Saarinen, 2002], HIseruu [Snowball and Sandgren, 2002], I'epmanuu [Stockhausen, 1998], Bennkoopu-
taruu [ Turner and Thompson, 1982].



Haknonenue
o.KanapeikyJib o.Acimmkyas o.Hapous u 0.CBups  0.Nautajarvi o3epa Ces.llIBennun  o3epa 'epmanun  bpuraHckue o3epa
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Puc.136. Koppensius Bapuanuii HakJIOHEHHUs] TeOMarHUTHOTO 1oJist B EBpore 3a nociegnaue 10-12 Thicsd JIeT 1o pe3yibTaTaM
MaJleOMarHUTHBIX UCCJIEA0BAaHUN 03€pHBIX OTIIONKEHUW. Hapsny ¢ pe3ynbTaTaMu MOJy4eHHBIMU aBTOPOM, TPUBEICHBI JaHHBIE IO
dunnsaauu [Ojala and Saarinen, 2002], HIseru [Snowball and Sandgren, 2002], I'epmanuu [Stockhausen, 1998], Benukoopu-

tanuu [ Turner and Thompson, 1982].
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3AK/IIOYEHUE

B pe3ynbrare BBINOJHEHHBIX HAYYHBIX HMCCIIEIOBAHUN U pa3pabOTOK HaM
yAAJIOCh PEIINTh OCHOBHbIE TEXHUYECKHUE U METOJUYECKHE MPOOJIEMBbI, Xapak-
TEPHBIE JJI1 PA3JIMYHBIX 3TANOB MAJECOMAarHUTHOTO U3YYEHUs OTJIOKEHHUM COBpE-
MeHHbIX o3ep. Co3/naHHas cucTeMa TEXHOJIOTHYECKOTO 00ECIeueHUsl OTKPhIBAET
BO3MO>KHOCTh IIHPOKOrO HCIOJIb30BaHUS OTJIOKEHUI COBPEMEHHBIX 03€p B Ka-
YECTBE BBICOKOMH(OPMATUBHBIX OOBEKTOB MaJICOMArHUTHBIX HccleqoBaHui. B
COOTBETCTBUU C pa3pabOTaHHBIM CHUCTEMHBIM IOAXOJ0M, OOECHEUYEeHUE IMajIeo-
MarHATHBIX MCCJICAOBAaHUN O3€PHBIX OCAJIKOB HEOOXOAUMOKN anmpuOpHOU HH(OP-
Manueil JocTuraeTcs NpUMEHEHHEM pa3pab0TaHHOTO CHEIMAIM3UPOBAHHOIO afl-
apaTypHO-METOJUYECKOTO CEHCMOAKyCTUYECKOro KomIulekca. IIpenoxxenHsie
crocoObl 00pabOTKH M CEHCMOCTPATUTPAPUIECKON MHTEPIPETAIUN CEHCMOAaKy-
CTUYECKHX MaTepuajoB 00eCIeunBalOT ONTUMAIILHOE, C TOUKH 3peHus nH(pOpMa-
TUBHOCTH, MPOU3BOJUTEIBHOCTH U CTOUMOCTH paboT, pelieHue 3a/1a4 peKorHoC-
MPOBOYHOTO ATana MajJeoOMarHUTHBIX UCCIIEI0BAaHUN O3€PHBIX OCAJIKOB, OCTAB-
7511 HEOOXOUMYIO Masieoreorpapuueckyro MHpopMalnio. BbelllonHEeHHbIE Ceii-
CMOAKyCTHYECKUE HCCIEAOBaHUS OOJiee YeM JBYX JAECSITKOB 03€p MO3BOJIMIIU
YTOYHUTh MX T€HE3UC, 00ECHeUrId U3y4eHHe TUAPOJIOTrHYECKUX YCIOBHM (op-
MHUPOBAHUSl OCAJKOB U HAKOIUIEHHS] B HUX MArHUTHBIX YACTHUII, B PsJI€ CIy4aeB
BBISIBWIM BIIMSHHE HEOTEKTOHMKM Ha CE€IUMEHTAalMOHHBIM mpouecc. C Touku
3pEHHsI METOJI0JIOTHH, CEHCMOAKyCTUUECKUE UCCIIEOBAaHUS 03€PHBIX OTJIOKEHUN
IPEJICTaBISIIOT COOOM 00s3aTeNbHBIA 3JEMEHT PEKOTHOCIMPOBOYHOIO ATarna B
NIaJIEOMATHUTHOM M3Y4YE€HUH 0CaJKOB KOHKPETHOTO 03€pa.

TexHonornueckue npodseMbl 3Tana 0TOOpa OPUEHTUPOBAHHBIX, HEHAPY-
LIEHHBIX KOJIOHOK HIMPOKOI0 Kjacca JOHHBIX OCAJIKOB COBPEMEHHBIX 03€p pellle-
HBI IIyTEM CO3JaHMsI YHUKAJIBHOTO TEJIECKOMMYECKOTO TOHHOTO MPOO00TOOpHUKA
U MOBEPXHOCTHOIrO 00opyaoBanus, odecneunBaronmx 100% wu3BiedyeHre KepHa
JUTMHOU 10 6,5 METPOB B YCIIOBHUSIX O3€p PA3JIMYHOTO TCHE3Uca, OAaTUMETPUH U
pasmepoB. Co3maHHBI TPOOOOTOOPHUK TO3BOJISIET OTOMpATh, HE HApyIIas TeK-
CTYpBI OCaJKOB, KaK TeJic0Opa3HbIe OPTraHOTCHHBIE OTJIOKEHUS, TaK M JTUTU(U-
LMPOBaHHbIE TEPPUTEHHBbIE OCaAKU. [loCTHrHyTass TOYHOCTb OPUEHTUPOBAHUS
OTOMPaEMBIX KOJOHOK MO CKJIOHEHHMIO U HakiIoHeHHio coctaBmsier 1-2°. Cosnan-
Hasl yCTaHOBKa MO 0TOOpPY OCaJKOB MOOWJIbHA, BHICOKOTEXHOJIOTMYHA B DKCILITya-
TaIlUU ¥ XapaKTepU3yeTcss HU3KUMH TPy103aTpaTaMu 0TO0Opa KOJIOHOK — MOPSJIKA
6+10 yenoBeko-yacoB Ha OJHY KOJIOHKY. Ha sTame orGopa M moAroTOBKH KOJI-
JeKIUI U3 MOJHATOTO CO JHA KepHa, HaM YJaJIOCh UCKIIIOYUTH JedopMaluu 00-
pa3loB U MUHUMHU3HPOBATh HABEJCHHYIO JIaDOPATOPHYI0 HAMarHMYEHHOCTh OT-
OMpacMOi KOJUICKIIUH.

OOocHOBaHHAsi ¥ HMCIHOJIb30BaHHAs B pa0bOTe€ TEXHOJOTUS TUATHOCTHKHU
MarHUTHBIX YacTull - Hocutened EOH - nmo3Bonuiia nmoayduTs OAHO3HAYHBIN OT-
BET O COCTABE U CBOMCTBAX MAarHUTHOM (hpaklUM OTIOKEHHUI M3YYEHHBIX COBpE-
MEHHBIX 03€p, @ MPUMEHEHHbIE CIIOCOOBI MAJIEOMAarHUTHOTO aHaJIu3a - YHUKAJIb-
HbI€ [0 CBOEW TOYHOCTH U JOCTOBEPHOCTH JAHHBIE O T€OMAarHUTHOM IIOJIE€ TO-
CJIEIHUX THICAUYEIIETHI MO O3EPHBIM OCAJIKaM paHee HEU3YUYEHHBIX TEPPUTOpPUI
Bocrounont EBponbl u pernona Apanbckoro Mopsi. CieKTpajabHbBIA aHAJIA3 Bpe-



MEHHBIX PSIJIOB U3MEHEHUSI HAKJIOHCHUS U CKJIOHCHHMS 110 OCaJIKaM BIIEPBBIE U3Y-
YEHHBIX 03€p B JIAHHBIX PErMOHAX METOJOM MaKCUMAaJIbHOW 3HTPOMHUHU U METO-
noMm BII® mo3Bosiva BBIIETUTH B KOJIEOAHUSX CKJIOHEHMS W HAKJIOHEHUS He-
CKoJIbKO rpynn nepuonaoB. [logo6HbIe rpynmbl nepuoaoB PSV mist mocieaHux
HECKOJIBKMX ThICSIY JIET ObUIM OOHapyXe€Hbl paHee MO MHUPOBBIM apXEOMarHMT-
HbIM JIaHHBIM M TaJICOMarHUTHBIM HCCJIEAOBAHUSIM OTJIOKEHUH COBPEMEHHBIX
o3ep B 3anagHoi EBpone, CeBepHoil AMEpUKe U IPYyrUX pervoHax. BeimosHeH-
HOE CPAaBHEHHE TMOJYYCHHBIX BPEMEHHBIX PSIZIOB C MUPOBBIMU JaHHBIMH, BBISBH-
JI0 3HAYUTETHFHOE CXOJICTBO OOJBITUHCTBA MOP(OTOTUIECKUX OCOOCHHOCTEH U3-
MEHEHUS HAKJIOHEHUS W CKJIIOHEHUS C M3BECTHBIMHU MAJICOMATHUTHBIMU U apXeo-
MarHUTHBIMH JaHHBIMH. OJHOBPEMEHHO J0Ka3aHO, YTO CYIIECTBYIOIIEE pPa3Jiv-
Yue BO3pacTa OCaJKOB O3€P U BO3pACTa HAMArHMYEHHOCTH, SIPKO MPOSIBUBIIIEECS
B 03. Hapoub, yCIoXHSIET KOPPEISAIUI0 Bapualluii F€OMarHUTHOTO TOJIS 10 OCaI-
KaM Pa3UYHBIX 03€p U CTaBUT I0J] COMHEHHUE paHEE MOJYICHHBIC KOJMYCCTBCH-
HbIC OIICHKH apeli(a HEAUIOIBHBIX HWCTOYHHKOB PSV 1O 03epHBIM JaHHBIM.
MHuoro(haKkTOpHBIN XapakTep CABUTA BO3pacTa HAMATHUYECHHOCTH OTHOCHTEIIBHO
BO3pacTa 0CaJKa B Pa3IMYHBIX YACTAX M3ydaeMbIX KOJIOHOK MPUBOIUT K OIIHO-
KaM BPEMEHHOM IIIKajbl, COMOCTABUMBIM C BEJIMYMHAMH TIPEIIOIAraeMoTo
npeiida HeAUMOTBLHBIX KOMITOHEHT T€OMAarHUTHOTO TIOJIA.

Pa3pabotanHasi cucteMa TEXHOJIOTMYECKOr0 OOEeCTeYeHUs MajeoMarHuT-
HBIX MCCJIEIOBAHUN JOHHBIX OTJIOKEHUN COBPEMEHHBIX 03€p MO3BOJIIET IIUPOKO
U 3O PEKTUBHO UCIMONB30BATH B MAJICOMArHETU3ME YHUKAIbHBIN MHGOPMAIIMOH-
HBIM KaHaJ - 0CaJKW COBPEMEHHBIX BOJ0EMOB. BriepBbie mosTydeHHbIE MMajieoMar-
HUTHBIE pe3yJIbTaThl 0 03epam Bocrounoit EBporbl, ApaibckoMy MOPIO JI0TOJI-
HSIOT JaHHBIC K MO3HAHUIO MPOIECCOB I€HEPAIMM T€OMArHUTHOTO TMOJS U 9BO-
JIOUMUA TPaHUIBl SAPO-MAHTUSI B YETBEPTUYHOM TMEPHOJIE, CIYXKAT YCTaHOBIIE-
HUIO B3aUMOCBSI3M M3MEHEHUN KJIMMaTa ¥ TeOMarHUTHOTO TOJISI, & TAKXKE M3yde-
HUIO TJ00aTbHBIX U3MEHEHUH, MTPOUCXOANBIIHNX B TOJIOIECHE B THApochepe, JIn-
Tocdepe u atmocdepe.
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