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AHHOTAIINA: PaccMOTpeHO NMpUMeHEHNE METOAA aKyCTUYECKOro IMpoduAMpOBa-
HUSI AOHHBIX OTAOXKEHMI KPYITHOTO BOAOXPaHMAMILNA C MICIIOAb30BAaHMEM COBDEMEHHBIX
prOOPHBIX CPeACTB. ITopA0OHBIE MccAeAOBaHMS 9D DEKTUBHBI IPY OLIeHKE 00'bEMOB AOH-
HBIX OTAOXXEHMIT M XapaKTepa MX 3aAeranusi. IIpyBeAeHsbI TPUMepbl MHTEPIPETALIUY IIPO-
¢duAorpaMm mpy pasHbIX YCAOBMSIX 3aA€TaHMSI AOHHBIX OTAOXKEHMIA.

VicioAap3oBaHMe aKycTnIecKuX MpodnAorpadoB B COYETAHNN C KOHTPOABHBIM 0T0O-
pOM IpoO AOHHBIX OTAOXeHWMIT 0€3 HapyLIeHNMs X BEPTUKAABHO CTPYKTYPhI (KOAOHKA)
M03BOASIET TIPY MUHMMAABHBIX 3aTPaTaX MOAYYUTb HEOOXOAVMBIN KOMIIAEKC MCXOAHO
nHpOpMALUK AAST IAQHUPOBAHUS AAABHENIIX MEPOIIPUSTHUIA.

KAIOYEBBIE CAOBA: akycTuyeckoe NnpoduAUpPOBAHME, AOHHBIE OTAOXKEHMS,
3arps3HAIOLIME BellleCTBA, APrasMHCKOe BOAOXPAaHMAUIIIE.

Heo0x0AMMOCTD M3y4yeHVsT MOLIHOCTY AOHHBIX OTAOKEHMIT BOAHBIX OOBEKTOB
00yCAOBA€EH], B LIEAOM, ABYMSI 00OCTOSITEABCTBAMU. Bo-TiepBbIX, IpaHyAOMETpUYE-
CKUI COCTaB OTAOXKEHUI 1 MX AUTOAOTMS XapaKTepU3YIOT AMHAMUYECKYI0 00CTa-
HOBKY OCAAKOHAKOIIAEHUsI 110 aKBATOPUM BOAOXPAHMAMILA, AAIOT KAKOY K Ooaee
rAyOOKOMY IIOHMMAaHMIO BHYTPUBOAOEMHBIX IIPOLIECCOB, 0COOEHHO MPOTEKAIOLINX B
HanboAee TPYAHOM AASI HETIOCPEACTBEHHOTO M3y4YeHVsI IPUAOHHOM I'OPU3OHTE, UX
3BOAIOLIMM BO BPEMEHM, HAUMHAsI C MOMEHTA NIepBOHAYAABHOTO 3aTOMAEHMS AOXKA.
Bo-BTOpBIX, AOHHBIE OTAOXKEHMSI SIBASIIOTCSI 00bEKTaMU, aKKYMYAMPYIOLIVIMM 3aT Psi3-
HSIIOLIME BELeCTBa, MOCTYIAOIIYE B BOAOXPaHMAMILE, C OAHOV CTOPOHBIL, a C APYTO
CTOPOHBI, OHM MOT'YT BBICTYIIATb MCTOYHMKAMY BTOPMYHOTO 3arpsi3HEHN ST BOAHOM
MacChl BOAOXPAaHUAMINA TIPU peaAn3alnyt HeOAAronpusTHEIX ycAoBuit. OOpasHo
TOBOPSI, AOHHBIE OTAOXKEHUS SIBASIIOTCS TeOXMMUYECKO TAMSIThIO BOAHOTO 00'bEKTa.

©BeAobopopos A.B., Boromoaos A.B., AenuxuH A.IT., Asxun F0.C., 2020
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OBBEKT U1 METOADBI ICCAEAOBAHIA

OO6bexT uccaepaoBaHMs — AprasuHCcKoe BOAOXpaHMAMILe. BopoeM pacroaa-
raeTcsi B AprasiickoM MYHMLMIIAaABHOM paiioHe u Kapabalickom ropoACKoM
okpyre Yeass0MHCKOIT 00AaCTH, HA BOCTOYHOV rpaHuLie 3aypPaAbCKOTO ITEHETIAE-
Ha rop lOxHoro Ypaaa u 3anmapHoi rpanuie 3anapHo-CruOMpCKOi paBHUHBI, B
AECOCTEITHOI 30He. AprasMHCKoe BOAOXPaHMAUIINe Ha p. Muacc MOCTPOEHO B
1929 1. AASI MUTHEBOTO M MTPOMBILLAEHHOTO BOAOCHa0XKeHM ST HeAsIOMHCKOro Mpo-
MBILIAEHHOTO paiioHa. B nmepuoabl ¢ 1941 no 1946 rr. u ¢ 1976 1o 1982 rr. BBINOA-
HSIAMCb pabOTBI IO PEKOHCTPYKLMM T'MAPOY3AQ C NOBbILIeHVeM ypoBHs HITY
Bopoxpauuauia aAo 275,32 m BC. Ha momenT o6caepoBanms (2019 r.) ormeTka
YPOBHSI BOABL cocTaBAsiAa 273,14 m BC.

AprasmHCKoe BOAOXPaHMAUIIE PACIIOAOXKEHO B 30HE IPEATOPUIL BOCTOYHOTO
CKAOHA YPaAbCKMX Iop, KOTOPasi XapaKTepU3yeTCsi I PSIAOBO-XOAMUCTBIM XapaKTe-
POM M IIpeACTaBA€HA HEBBICOKMIMY FTOPHBIMM XpeOTaMy, BBITSIHYTBIMY B MEPUAU-
OHAaABHOM HaIllpaBAEHUU U pa3A€A€HHBIMU AOAMHOM p. Muacc (puc. 1). 3amapHbI
Oeper BOAOXPAHMAUINA TIPEACTABASIET COOOV TUMMYHBIN TOPUCTO-XOAMUCTBIN
peabed c abcoaroTHbiMU oTMeTKamMu 300—400 m. FOxHbIiT 1 ceBepHbIl Oepera ¢
MEAKO-XOAMUCTBIM peAbeOM — ITEPEXOAHYIO 30HY MEXAY FOPUCTON U paBHUHHOI
TeppUTOPUAMU. BOCTOUHBIN Geper BOAOXPaHMAMILA HOCUT YePThI MEAKOOYIpu-
CTOVI PAaBHMHHOJI TOBEPXHOCTY, CUABHO BBITIOAOYKEH, C 80COAIOTHBIMM OTMETKaMU
noBepxHocTy 280—300 M. bepera BoAOXpaHMAMILA, 32 UCKAIOUEHVEM BOCTOYHOTO,
CUABHO M3pe3aHbl, C MHOTOUMCAEHHBIMY OCTAHILIaM KOPEHHBIX MTOPOA.

ITo pe3yabTaTraMm BbitoAHEHHBIX B 2019 1. mpoMepHbIX paboT, 00'beM BOAOXpa-
HuAunia npu ormetke 273,14 M BC coctaBasia 753 MAH M?, TAOLIIAAD AKBATOPUY
npu AaHHOI oTMeTKe — 105 KM%, AAMHA BOAOXpaHuAMIa — 24,1 KM, CpeAHsIst
mypuHa — 4,35 KM, cpeAHsia rayouHa — 7,19 M, MakcuMaabHas — 11,8 M.

PaccMmarpuBaeMblil BOAOEM, KaK yKe OTMeYaAOCh, ABASIETCA KAIOUEBBIM dAe-
MEHTOM CUCTEMBI MUTbEBOIO BOAOCHAOKeHM I. UeAsIOMHCKa, T03TOMY OLieHKa
MOIITHOCTY V1 COCTaBa AOHHBIX OTAO’KEHU BOAOXPaHUAUIIIA ITPEACTABASIIOT CYlIle-
CTBEHHO€ 3HaueHue AASL 00ecriedeH s yCTOMYMBOCTY ee QYHKLIMOHMPOBAHMSL.

OLIEHKA MOIJHOCTU 1 OFBbEMA AOHHbBIX OTAOKEHUN
B BOAOXPAHNAUIIE

Bompocsl, kacamomuecs:i M3ydeHUsI CTPOEHMSA, COCTaBa U paclpepeAeHus
MOIITHOCTM AOHHBIX OTAOXKEHUI B BOAOXPAaHMAMIIAX Pa3AUYHBIX Pa3MePOB
1 03epax, AOCTaTOYHO IIMPOKO OCBellleHbl B HAyYHO! AUTepaType, HaIpuMep
[1-4]. TTpobAeMBbI M3MeHEeHNS OAE3HBIX 00bEMOB BOAOXPAHMAMIL B Pe3yAbTa-
Te AKKYMYASILIY AOHHBIX OTAOXKEHUI pacCMOTpeHB!I B [5]. O630p coBpeMeHHBIX
BBIYMICAUTEABHBIX MOAEAEN AMHAMUKU AOHHBIX OTAOXKEHMUI! TPEACTaBAEH B [6)].

CraHAQpTHasl METOAMKA VICCAEAOBAHUI CBOAUTCSI K TOYEYHOMY OIPOOOBa-
HUIO AOHHBIX OTAOXKEHUI Pa3AMYHBIMU MO KOHCTPYKLMM IPYHTOBBIMU TpyOKa-
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Puc. 1. PacrioaoxeHre AprasHCKOro BOAOXPaHMAMINA.
Fig. 1. Location of the Argazino Reservoir.

MU U AHodepraTeAsiMu. CAeayeT OTMETUTD OllpeAeAeHHble HEAOCTATKM TaKOTo
IOAXOAQ. Bo-TiepBbIX, IIpM 3HAUMTEABHBIX pa3Mepax BOAHOTO OObeKTa oblee
KOAVYECTBO CTAHLIUI ONPOOOBAHNS MOXET AOCTUTATh AECATKOB U Aa’Ke COTEeH
TOYEK, YTO TpeOyeT OOABIINX BpEMEHHBIX M PECYPCHBIX 3aTpart (BbICTaBAEHME Ha
TOYKY, SIKOpEHJe, CITyCKO-TIOAbEMHbIE Olepaluy U T. 1.). Bo-BTOpBIX, AaXe mpu
3HAUMTEABHOM KOAMYECTBE TOYEK MICCAEAOBAHMS HEU3YUYEHHBIM «OEABIM IISIT-
HOM» OCTAIOTCS IIPOCTPAHCTBA MEXAY HUMU. [Ipy CAOXKHOM AOHHOM peabede,
HAAMYMY ITOTPEOEHHBIX PYCAOBBIX M IOMIMEHHBIX (POPM 5TO CO3AAET MPEATIOCHIA-
KM AASI HeAOyUeTa 00111ero o0’beMa AOHHBIX OTAOXKEHMI1, TOYHOE 3HaYeHle KOTO-
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poro npuobpeTaet 0CoOYI0 BAXKHOCTb ITPU IIAAHMPOBAHUY U pacyeTe CTOMMOCTHU
paboT, HarpuMep, IPU IKOAOTMYECKON peabAUTALIY BOAHOTO O0bEKTA.
PelinTh AaHHBIE BOIIPOCHI TO3BOASIIOT COBPEMEHHbBIE reodr31yeCcKrie METOABI
MICCAEAOBQHMIT, OCHOBAHHbIE Ha reHepaLiyi CUTHAAOB ONPEAEAEHHON YaCTOThI U
MOIIIHOCTH, VIX ITOCAEAYIOLIEeN perucrpanuu, oopabotTky u nHTepnperauyn. OA-
HVIM 13 TaKMX METOAOB SIBASIETCSI AOHHOE aKyCTUYecKoe IpoduarpoBaHue [7].
Axyctryeckoe  (ceiicMoakycTuyeckoe) mnpoduaupoBaHue  (sub-bottom
profiling) kax reopusnyecknit METOA AQBHO IIPMMEHSIETCS] B MOPCKOII reodusuke
B BapuaHTax Oykcupyemoro ob60pyAOBaHMs, YTO paHee ObIAO 0OYCAOBAEHO TeX-
HUYECKMMY O0COOEHHOCTSIMM U rabapuramu ammaparypsl [7]. OpHako mo mepe
TEXHOAOTMYECKOTO PA3BUTHSI CPEACTB U3MEPEHMSI B HACTOSILIEE BPEMSI [TOAYYMAY
pacrnpocTpaHeHue HabOPTHbBIE BapUaHTHI pa3MellieH st 000PYAOBaHMSI, OTAUYAIO-
1[MeCst IPOCTOTON ¥ KOMITAKTHOCTBIO YCTAHOBKM Y COOTBETCTBYIOIMM BO3MOX-
HOCTSIM HEDOABIIIX MOTOPHBIX CYAOB MaAbIM sHeprornotrpedaeHuem (puc. 2).

Puc. 2. MasoMepHOe KCCAEAOBATEABCKOE CYAHO, 000PYAOBAHHOE AAS BBIIIOAHEHMS IIPO-
MEpHBIX paboT, aKYCTUIECKOTO MPOGUAMPOBAHMUS U OTOOPA IIPOO AOHHBIX OTAOKEHUIA (4);
HabopTHOe MCcroAb30BaHuMe npoduorpada ¢ mpuemuukom GPS-TAOHACC (6).

Fig. 2. Small-dimension research vessel equipped for gauging, acustic profiling and sampling
of bottom sediments (a); on-board use of the profilograph with GPS-GLONASS reciever (6).

AoHHbIe Tpoduaorpadbl MPEACTABASIOT, IO CYTH, OAHOAYY€EBbIE 9XOAOTHI, pa-
boTaromie Ha OYeHb HUBKOIT YacToTe (IepBble K1Aorepubl). [IpoHuKaroias cro-
COOHOCTb TeHepUPYEMBIX BOAH 3aBUCUT OT YaCTOThI CUTHaAa (CKMH-2deKT) u
ero pauteAbHocTy [7-9]. IIpnbopsl ¢ 60Aee HM3KOM YAaCTOTOI aHTEHHOTO DAOKa
MI03BOASIIOT BBIIIOAHSITb VICCAEAOBAHMS HA OOABLIYIO TAYOMHY, OAHAKO IIPY STOM
CHIPKAeTCsl paspeliaolasi CIoCOOHOCTh mprbopa. VIcroAb30BaHMe TEXHOAOTUU
CHIRP (AMHETHOM YaCTOTHOV MOAYASILIMM CUTHAAQ) ITO3BOASIET YBEAUYUTD IIPO-
M3BOAUTEABHOCTD CUCTEMBI 1 00ecriednTh OoAblilee pa3pelleHle [0 pa3pesy AHa.
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B oTAMuMe OT METOAQ reOpapMOAOKALIY, TAK)KE AOCTATOYHO LIMPOKO IPU-
MEHSIEMOTO AASI 0OCAEAOBAHMS AHA BOAHBIX OOBEKTOB, aKyCTU4eCcKoe Mpodu-
AUPOBaHME M3HAYAABHO MPEAHA3HAYAAOCh AAS UCCAEAOBAHUS CTPOEHUS AHA
BOAHBIX 00BEKTOB, TAABHBIM 00Pa30M, AASI [TOMCKA MECTOPOXKAEHMI ra30rnApa-
TOB Ha LieAbde Moperl.

B paHHOI paboTe puMeHeH AOHHBIN Tpoduaorpad StrataboxHD (SyQwest,
CIIIA), paboratomuit Ha yactore 10 k['11, MO3BOASIIOI[UIT BBITOAHSTD UCCAEAO-
BaHUS Ha TAYOMHY 0CAAO4YHOM TOALM A0 40 M rpu raybuHe Bopoema A0 150 M ¢
MaKCUMaAbHBIM paspenienueM 6—10 cMm. ToUHOCTD MCCAEAOBAHMIT COCTABASIET
0,5 %. Bec mpubopa BMecTe ¢ U3AyuaTeAeM MOPSIAKA 3 KT.

[TpermyiecTBa NpMMeHeHMsI AOHHOTO npoduaorpada Mpu MCCAEAOBAHUU
AOHHBIX OTAOXKEHMT 3aKAIOYAIOTCS B BOSMOXXHOCTHU ITPOBEAEHM ST HETTPEPBIBHBIX
MAOIL[AAHBIX MCCAEAOBAHUI CTPOEHUS U MOIIHOCTU AOHHBIX OCAAKOB BOAHBIX
00'BEKTOB IMPU BBICOKOJ paspellaroleil CoCOOHOCTH MOAy4YaeMbIX MpoduAo-
rpamMM. Pe3yAbTaTsl CCAEAOBAaHUI IO3BOASIIOT IIPOBECTU KAaCCUPUKALINIO AOH-
HBIX OTAOXKEHMI1 HA OCHOBaHMM 0a3bl AAHHBIX AKYCTUYECKMX XaPAKTEPUCTUK.

VcmoAb3oBaHue AOHHBIX TpoduAorpacdoB He OTMEHSIET IIPUMEHEHYE TPAAU-
LIMIOHHBIX TPOOOOTOOPHMKOB, IOCKOABKY, KaK U AASI AI0O0OTro reousnyeckoro
METOAQ, MHTEPIIPETALMsI AQHHBIX aKYCTUMYECKOTo NMpOPUAMPOBaHUS TpedyeT
«IPUBSI3KM» K KOHKPETHBIM (U3NYECKUM CAOSIM 0CapKoB. OAHAKO MpodumAo-
rpadbl MO3BOASIIOT COKpAalLaTh KOAMYECTBO TOUYEK MCCAEAOBAHUS B pasbl, IpU
3TOM 3aKpbIBasi «OeAble MATHA» MEXAY CTaHUMAMU oTOopa 1mpob. Teopernue-
CKM BO3MOXXHOCTY QINapaTypbl MO3BOASIOT IIOAYYaTh HEPEPBIBHBIN NPOPUAD
A1000i1 AAMHBL. Hanpumep, npu pabote Ha APrasmHCKOM BOAOXPaHUAUIIE MaK-
CUMaAbHAsI AAMHA HETPEPbIBHOTO MPO(PUAS AOHHBIX OTAOXKEHUII COCTABASIAA
17 kM, cpeaHsiss — mopsipka 5—7 kM (puc. 3). OpHaKo AAst yA0OCTBa 06paboTKM
AQHHBIX, KaK TIOKa3aAY MPOBEAEHHbIE MCCAEAOBAHMSI, MOSKHO OTPAaHUYMBATHCS
AAVHOV Tpo¢uAs He 60aee 8—10 KM.

Puc. 3. Ilpumep npoduaorpaMMbI AOHHBIX OTAOXKEHUI, AAVHA MPOQUA S MOPAAKA
800 M (XOpOIIO BUAHO CAOUCTOE CTPOEHUE OCAAOIHOI TOAIU AOHHBIX OTAOXKEHUIT
B 03€pHOIT YaCTV BOAOXPAHMAUIIA).

Fig. 3. An example of the bottom sediments profilogram, the profile length of 800 m order (good
sight of the layer structure of the bottom sediments column in the lacustrine part of the reservoir).
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KoopayuHaTHas npuBsiska NpopuAOrpaMM OCYIIECTBASIAACh aBTOMaTUYeCKN
B npoljecce cbeMKH ¢ nnomoibio GPS-TAOHACC-npuemunka. O6paborka AaH-
HBIX IIPOBEAEHA B CIELIMaAM3/MPOBAaHHBIX IPOrPaMMHBIX cpepax StrataboxHD,
SonarWiz u HyPack BCTpoeHHBIMY METOAQMM YMEHBIIEHV S COOTHOLIEHM S 1y M/
MMOAE3HbIIT CUTHAA C IPUMEHEeHNeM YacTOTHON puabTpayuu [10-12].

PE3YABTATBI UICCAEAOBAHUN

B pesyabprare 00pabOTKM MaTepUaAOB, IMOAYYEHHBIX MPU UCIIOAb30BAHUU
aoHHoro mpoduaorpada StrataboxHD, mocTpoenbl cxeMbl pacrpeAeAeHUs:
MOIIHOCTU AOHHBIX OTAOXeHuit (puc. 4). OOmas HampaBAEHHOCTDb Mpoliecca
0CaAKOHAKOIIAEHVSI XapaKTepU3YeTCs aKKYMYASILIEN AOHHBIX OTAOXKEHUIA B I10-
HVDKEHUAX, HA BBIPOBHEHHBIX Y‘laCTKaX AHa. BOAb].[IYIO POADb IIpU 3TOM UI'PAIOT
rAyOMHA 1 CKOPOCTb Te4eHMsl. B 11leAOM MOIJHOCTh AOHHBIX OTAOXKEHUI YBEAU-
YMBAECTCA IIpU YBeAI/I‘-IeH]/II/I I'AY6I/[HI:>I, OAHAKO HAANYVE€ KOMIIEHCALlMIOHHbBIX Te4Ye-
HUN B BOAOXpaHUMAUMIIE, 2 TAK)KE Ha Y‘{aCTKaX BAVSAHUSA IPUAOHHBIX I CTOKOBbBIX
TEYEHUI MPUBOAUT K TOMY, YTO B IIPEAEAAX 3aTOMIAEHHOI PYCAOBOI AOXKOMHBI
MPOUCXOAUT TIEPEHOC U MEPEOTAOKEHNE AOHHBIX OCAAKOB C UX YACTUIHBIM UAU
MMOAHBIM Pa3MbIBOM B 3aBUCUMOCTHU OT CKOPOCTY TEYEHU.

B BepxoBbsix AprasmHCKOro BOAOXPaHMAMINA Y IPYIIIIbI OCTPOBOB OTMEYAeTCs
AOKAaABHOE YBEAMYEHME MOILHOCTU AOHHBIX OTAOXKEHUI BCAEACTBUE YAEP>KaHMSI
MOTOKA HAHOCOB U €r0 OTKAOHEHMSI K paBoMy Oepery. OCTpoBa 1 OKaiMASIIOLIAsI
MX MEAKOBOAHAsI 30HA BBICTYIAIOT B POAY CBOEOOPA3HBIX «9KPAHOB», MEXaHMYe-
CKOro bappepa, Ha KOTOPOM ITPOMCXOAUT OCAXKAEHVe HAHOCOB B PE3YAbTATe yMEHb-
HIEHUSI CKOPOCTEN TEYEHUS U CHUYKEHUST BOSAEVICTBUSI BETPOBOTO BOAHEHMS.

ITpoBeAeHHbBIE UCCAEAOBAHS TO3BOAUAY OTIPEAEAUTDH OOBEM AOHHBIX OTAO-
JKEHUI BOAOXPAHUMAMINA U XapaKTep UX pasMeleHus M0 aKBaTOPUU BOAOEMA.
O6wuIt 06'beM AOHHBIX OTAOYKEHUII COCTABASIeT OKOAO 87 MAH M>.

YcAoBusI 3aAeTaHNsI AOHHBIX OTAOYKEHUIA

B 1jeAoM AAst AprasmHCKOro BOAOXPaHMAMINA XapaKTEPHO AOCTATOYHO IIPO-
CTO€ CAOMCTOE CTPOEHVE OCAAOYHON TOAILY, BKAIOYAIOIE B BEPXHEN 4aCTy CO-
BpeMeHHbIe AOHHbIe 0CaAKM (puc. 5). Ha 00AbliIel YacTy HYDKHETO 1 CPEAHETO pait-
OHOB BOAOXPAaHMAMILA OTMEYAETCS CIIAOLIHOE PACIpOCTpaHeHne UAOB (puc. 6).

[TepBOHAYaABHBIN IIPEATOPHBIN OCTAHLIOBBIN peAbed 03€pHOI KOTAOBMHBI
AprasmHCKOro BOAOXPAaHMAMILA IO Pe3yAbTaTaM MHTEpPIIpeTaluy aKyCTude-
CKOTO TPOPUAMPOBAHMS IPOCAEKMBAETCS HA AHE BOAOXPAaHMAMINA B BUAE TI0-
rpebeHHBIX B TOALE OCAAKOB KAMEHHBIX OCTAHLIOB, IIPEACTABASIOIUX TIPOAYKT
paspyliIeHusl MaTePMHCKMX FOPHBIX IIOPOA CKAABHOTO MaccuBa o Oeperam 3a-
TOTIAEHHOTO 03epa (puc. 7).

Kak oTmMeyaAroch paHee, Ha BO3BBIILIEHHBIX YaCTSIX TOABOAHOTO peAbeda Hab-
AIOAQETCSI AOKaABHOE YMeHbIIIeHME MOIHOCTI AOHHBIX OTAOKeHU (puc. 8).
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Puc. 4. Cxema pacnpepeAeHNsI MOIHOCTY AOHHBIX OTAOXKEHUI ApPrasyHCKOro
BOAOXPAHMAMIIA IT0 MaTepuaAaM aKyCTUYECKOTrO MpopUANPOBaHUA.
Fig. 4. The scheme of the Argazin Reservoir bottom sediments strength distribution
according the acustic profiling data.

Ilpumep MHTepnpeTayuy TPAaHUL], AOHHBIX OTAOXKEHMI TI0 AQHHBIM 30HAU-
PpOBaHMS IIPEACTaBAEH Ha pucC. 9. JKeATbIMM AMHMSIMU ITOKa3aHbI YETKO BBIAE-
AsieMble TPAHMUL[BI MEKAY PAa3AMYHBIMU CAOSIMU (CBEPXY BHU3): A, TOP, ecKu
IIbIA€BATbIE U 3aA€ralolyie HI>Ke KOpeHHbIE TIOPOABL.

AabopaTOpHBIMM MICCAEAOBAHMSMY OTOOPaHHBIX IIPOO AOHHBIX OTAOXKEHMII
YCTaHOBAEHO, UYTO OHU IIPEACTABAEHBI IBIAEBATBIMM IIECKAaMM, TAMHUCTBIM U
IIECYAHVCTBIM MAOM U Pa3AOXXUBIINMCS TOPDOM.
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Puc. 5. YcaoBus 3aseraHusi AOHHBIX OTAOXKEHU 1 Ha IOABOAHOM YacTU CKAOHA U B
LIEHTPaABHON YaCTU BOAOXPaHMAMINA: TOPU3OHTAABHbBIE AMHUY IIPOBEAEHBI Uepes 5 M.
Fig. 5. The conditions of the bottom sediments location in the underwater part of the slope
and in the central part of the reservoir: horizontal lines with the 5 m interval.

Puc. 6. CiaourHoe pacrpoCTpaHeHNe UAOB B LIEHTPAABHOM 4aCTU BOAOXPaHMAMIIIA:
core — MOAOXKEHVE TOUKY OIIPOOOBAHMSI IPYHTOBO TPYOKOIA; 1iBETHBIE CAOU
CBEPXY BHU3 — UA, TOP) U MOACTUAAIOIMIL CAOV 03€PHO-aAAIOB/AABHBIX IECKOB;
TOPU30HTAAbHbIE AMHUY IIPOBEAEHBI Uepe3 5 M.

Fig. 6. The silts continuous distribution in the reservoir central part; core is the location
of the ground pipe sampling point; colored layers downword are silt, peat and underlying
layer of lacustrine/alluvial sands; horizontal lines with the 5 m interval.

Puc. 7. ITorpebeHHbIe B TOALLIE 03€PHO-aAAIOBMAABHBIX OCAAKOB KAMEHHbBIE
OCTaHILIbI HAYaAbHOIO peAbeda: IeHTpaAbHAS YaCTh BOAOXPaHUAKIIIA,
TOpM30OHTAAbHbIE AMHUY TPOBEAEHBI Yepes3 5 M.

Fig. 7. The initial relief stone outliners buried within the thickness of lacustrine/alluvial
sediments: the reservoir central part, horizontal lines with the 5 m interval.
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Puc. 8. CooTHolleH1e MOLITHOCTY AOHHBIX OTAOXKEHU 1 Ha BbIPOBHEHHO
MOBEPXHOCT! AO>XKa BOAOXPAHMAMILA M HA 3aTOIIA€HHOM BO3BbIIIEHUU:
JKeATas AVHUS — IOBEPXHOCTb AOHHBIX OTAOXXEHUIA, LIeHTPaAbHas YacTb
BOAOXPaHMAUIIA; TOPU3OHTAAbHbIE AUHUY IIPOBEAEHDI Uepe3 5 M.

Fig.8. Relation between the bottom sediments thickness on the flatted surface of the reservoir
bed and on the water covered elevation: a yellow line is the surface of bottom sediments;
the reservoir central part, horizontal lines with the 5 m interval.
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Puc. 9. CTpoeHMe CAOMCTOM TOAIIY AOHHBIX OTAOXKEHUII IIeHTPaAbHOM YaCcTU
BOAOXPaHMAUINA: )KEATbIE AVHUY — TPAHULBI PAa3AVYHBIX TUIIOB OTAOXKEHUIA.

Fig. 9. The structure of the reservoir central part bottom sediments laminated thickness:
yellow lines are boundaries of the different types of sediments.

[ToBbIlIEHHBIE 3HAYEHMSI MOIHOCTY AOHHBIX OTAOXKEHUI OTMEYAIOTCS B LieH-
TPAABHOI 4aCTU BOAOXPAaHMAMINQ, a TaKXXe B IPeAeAaX 3aTOIMAEHHOTO pycAa.
MuHMMaAbHBIE MOIHOCTY AOHHBIX OTAOXEHUI (PUKCUPYIOTCSI Ha TTOABOAHBIX
4acTsIX aKKYMYASITMBHBIX OTMeA€ll B 30He MaKCHMAABHOTO BETPO-BOAHOBOTO
BOBAEICTBUS, & TAKXXE B IIPEAEAAX TIOAO)KUTEABHBIX TIOABOAHBIX GOpM peabeda
(3aTOmAEHHBIE CKaABI-OCTAHIIBI).B AMTOAOrO-CcTpaTUrpaduueckoM OTHOILEHUN
AASL AOHHBIX OTAOXKEHIIT MO>XKHO BBIAEAUTD CAEAYIOLVE TUIIBI pa3pe3oB (puc. 10):

Tum 1 — mecok MbIAEBAThIN C MPUMECHI0 OPTaHUYECKOTO BelecTBa (HemoA-
HBII1 TUI pa3pesa), XapaKTePeH AAsI BEpPXHEN 4aCTU BOAOXPAHMAMINA, OTpaka-
€T AMHaMUYeCKMe YCAOBMSI HAKOITAEHMS 0CaAKa Ha BXOAHOM CTBOP€, OCHOBHO
VICTOYHUK OTAOXXEHMI1 — B3BellleHHbIe 11 BAeKOMble HaHOChL. OTCYTCTBME B pas-
pe3e MAOB XapaKTepusyeT I’MAPOAMHAMUYECKYI0 aKTMBHOCTh BOAOEMA HAa 3TOM
y4yacTKe. DTOMY TUITy pa3pe3a COOTBETCTBYIOT MaKCHMaAbHbIE MOLIHOCTU OT-
AO>KEHUII B 30HE CBOEOOPA3HOI «aBAHAEADBTHI BBIABVKEHMS» PEKIL.

Tur 2 — uA, Topd, mecok (MOAHBIN TUTI pa3pesa), OTPaXkaeT HayaAbHOE CTPOe-
HI€ TEPPUTOPUM AO 3aTOIIAEHUS U TIOCAEAYIOIIYIO AVHAMUKY HaKOITAEHUS TOH-
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Puc. 10. Buabl AOHHBIX OTAOXKEHUIT BOAOXPAaHUAMILA: 4 — TOP,
0 — NeCOK IIBIAEBATBI], B, 2 — IEPEXOAHbIE TUIIBL

Fig. 10. Types of the reservoir bottom sediments: a — peat, 6 — dust-like sand,
8, 2 — transition types.

KOAVICIIEPCHOTO 0CaAKa Ha aAAIOBMAABHBIX IIeCKaX Y MEPBUYHBIX TOpdax mpuo-
3€pHON TePPUTOPUU M HU3KOI MIOMIMBI PEKU.

Tum 3 u Tun 4 — KOMOMHALIUY UA-TIECOK, UA-TOPG (HEMTOAHBIN THUI pa3pesa),
OTPa’KalOT KaK HayaAbHbIE YCAOBUSI HAKOIAEHMSI TOHKOAVCIEPCHBIX MAOBBIX
0CaAKOB Ha IePBMYHBIX IPYHTaX, TaK ¥ GUKCUpYIOLIe AMHaMu4ecKkue obcTa-
HOBKY HaKOIA€HMsI ¥ IepedOpPMUPOBAHMS AOHHBIX OTAOXKEHWI.

BBIBOADI

IMpumeHeHMe COBpeMEHHBIX reoPpu3nIeCKMX METOAOB, OCHOBAaHHBIX Ha UC-
MOAB30BAaHUM aKyCTU4eCKOro npoduaorpaca, mo3BoAsieT Cyl|eCTBEHHO OBbI-
cuTh 9GHEKTUBHOCTD U AETAABHOCTb PAOOT IIPU ONIPEAEAEHNY Pa3HOBUAHOCTEI!
Y MOIIHOCTY AOHHBIX OTAOXKEHUI KPYITHBIX BOAOXPaHMAMIIL.

Ha npumepe AprasmHCKOro BOAOXPaHMAWILA IPOAEMOHCTPUPOBAHBI BO3-
MOXXHOCTU UCIIOAb30BAHUSI COBPEMEHHBIX Te0(PU3NUECKUX CPEACTB AASI UCCAE-
AOBaHU S AOHHBIX OTAOKeHUI. [IpoBepeHHbIe UCCAeAOBaHM A IO3BOAUAU OIIPeAe-
AUTD KaK 00'beM AOHHBIX OTAO)KEHIIT BOAOXPAHMAMIIA, TAK U UX PACIIPEAEAEHME
mo akBatopuu Bopoema. OOmMI 00beM AOHHBIX OTAOXXEHUI ApPrasmHCKOTO
BOAOXPaHMAMILA COCTABASIET OKOAO 87 MAH M°. AAsl yAOOCTBa MPaKTUYECKOTO
MICIIOAB30BaHM S IOAYUYEHHBIX Pe3YAbTATOB ITIOCTPOEHA KapTOCXeMa paclipepeAe-
HIST MOIITHOCTY AOHHBIX OTAOXKEHUII IO aKBATOPUM AAHHOTO BOAHOTO 00'bEKTA.

PasBuTue NMpeACTaBAEHHOTO B CTaTbe METOAQ BUAUTCS BeChbMa IMEPCIEKTUB-
HBIM KaK C Hay4HOJ1, TaK U C IPAaKTU4YeCKol ToueK 3peHus.. OCHOBHBIM HaIlpaB-
A€HMEM AAABHENIINX MCCAEAOBAHMUIL SIBASIETCSI OTPabOTKAa METOAOB pacIo3Ha-
BaHMS U KAacCUUKALMY AOHHBIX OTAOXKEHMII HA TAYOMHY TI0 XapaKTepPUCTUKE
oTpaxkeHHOro curHaaa [10, 13], 4TO MO3BOAUT BBIBECTU UCCAEAOBAHUS IPYHTO-
BOT'0 KOMITIA€KCA KPYIIHbIX BOAOXPAHMAMIL HA HOBBIN YPOBEHbD.
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EXPERIENCE OF APPLICATION OF HYDROACOUSTIC PROFILOGRAPH
FOR ESTIMATION OF BOTTOM SEDIMENTS OF LARGE RESERVOIR
(THE ARGAZIN RESERVOIR AS A STUDY CASE)

Alexander V. Beloborodov, Andrey V. Bogomolov, Anatoliy P. Lepikhin, Yuriy S. Lyakhin
E-mail: gwynnlehh@mail.ru

! Russian Research Institute for Integrated of Water Management and Protection,
Kama Branch
2 Mining Institute of the Ural Branch of the Russian Academy of Sciences, Perm, Russia

Abstract: The work considers application of the method of sub-bottom profiling of
bottom sediments of a large reservoir with the use of modern instruments. Such studies are
effective in assessing the volume of bottom sediments and the nature of their occurrence.

The use of acoustic profilographers in combination with control sampling of bottom
sediments without disruption of their vertical structure (column) enables to obtain at
minimum costs the necessary set of initial information for planning of further measures.

Key words: large reservoir, sub-bottom profiling, bottom sediments capacity, bottom
sediments structure.
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