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MHOTOKAHAJIBHAA YCTAHOBKA JIUIA NCCIIEJOBAHUA
T'MJIPODJIEKTPOJIMHAMMWYECKUX ABJIEHUM, BO3HUKAIOIIINX
ITPU HABETAHUM BOJIH HA BEPETOBYIO JIMHUIO O3EPA BAIMKAJI
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Ha 6eperoBoit tmHum 03. baitkan, B6u3u ¢. TopsTYMHCK, TTPOBEIeHBI UCTTLITAHUST YCTAHOBKHU JUTST UCCITe-
JIOBaHMSI B3AUMOCBSI3U MEXITY BOJTHOBBIMU THAPONMHAMUYECKUMU U JIEKTPUUECKUMU Tpolieccamu. Pac-
CMOTpEHHI anaparypa u MeTonnka usmMepeHuii. [IpencraBieHbl pe3yabTaThl MI3MEPEHUI TTPU Pa3TUnIHBIX
YCJIOBUSIX BOJIHOBOTO Mpoliecca. Dusunka sBiaeHus OTHOCUTCS K KJ1accy TUAPOINEKTPOKUHETUUECKUX -
exToB. PMILTPAIIMOHHOE €CTECTBEHHOE SJIEKTPUUYECKOE TTI0JIe CBSI3aHO ¢ IBUKeHUeM Haberaloleit 6aii-
KaJbCKO# BOJIHBI B TOpUCTOM Tiecke. [Tpu IBUXKeHUU MPECHO BOMIbI B TOPUCTOI cpejie 00pa3yeTcs dIeK-

TPHUYECKOC IT0JIC.
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BBEAEHUE

B BeceHHe-oCeHHMI U JIETHUI TIEPUOABI roma Ha
OeperoBoii JIMHUM IIPECHOBOAHOTO 03. balikan Ha-
OII0MAIOTCSl pa3IMYHbIe TMAPOAMHAMUYECKUE SIBIIE-
HUSI, XapaKTepHBIe 1J1s1 00X akBaTopuii. B mrop-
MOBYIO TTOTOIy BBICOTA BOJIH JocTuraeT 1—1.5 M 1 60-
Jiee. DTU BOJHBI TIPUM HAKaTbIBAHMM Ha IeCUYaHbIE
TJISKY BBI3BIBAIOT pa3inyHble (hU3ndecKue mpoiec-
cbl U aBieHus1. C IBUXKEHUEM BOABI B IOPUCTHIX Cpe-
JlaX CBSI3aHO TIOSIBJICHUE €CTECTBEHHOTO BJIEKTpUYe-
cKoro (¢pWIbTpallMOHHOIO) MoJisl. Takue Tojs IIu-
POKO pacIpoCTpaHeHbl B IPUPOJEC U MOIYT OBLITh
M3MEpPEHbl METONOM ecTecTBeHHoro mois [1]. Hac
3aMHTEPECOBAJIO B3aMMOJEIICTBIE TUAPOAMHAMMNYEC-
CKUX U DJIEKTPOMArHUTHBIX SIBJIEHUIT TpY HaOeraHuu1
BOJIH Ha OEpEeroByIO JIMHMIO TI€CYAHBIX IUISDKEH 03.
baiikan. B 2017—2021 rr. Ha mecyaHoii GeperoBoii

Taoimuna 1. XapakTtepucTuku peructparopa “baiikan-7HR”

JuHuM 03. baiikan y ¢. ['opsiuMHCK TpoBEeAeHBI IKC-
MePUMEHTHI 110 UCCAEeAOBAHNIO (DU3UKU TUIPOIJICK-
TpoauHamMuueckoro addexra [2].

DuibTpallMOHHBIE TIOJISI OTHOCATCS K KJaccy
DJIEKTPOKUHETUYECKMX SBJIEHUI, OTKPBITBIX IPO-
deccopom MockoBckoro yHuBepcutera @epamHaH-
nom @puapuxom Peiiccom B 1809 1. B Mockse [3, 4].
Camu pUIIbTpalIMOHHBIE OIS U3BECTHBI B GU3UKE U
GU3NUECKON XMMUM MOA Ha3BaHUEM “ITOTECHIIMAJIbI
TedeHUsT' WM “TIOTEHLMUaNbl IIporekaHus” [3, 4].
Korna XunkocTs IBMXKETCS B IIOPUCTOI Cpele, B Heit
oOpa3syeTcs 3neKTpudeckoe 1mose. Ha rpanuiie cyxo-
ro recka (HeIpOBOISIIEH CPEabl) C XKMAKOCTHIO B Ka-
nuaspax oOpasyeTrcs IBOWHONM BIEKTPUYSCKU
CJION B pe3yJibTaTe B3aMMOAEICTBYS TBEPAOM U XKW -
Koit ¢pa3. Bo3HuKaeT 3amaya M3MEpEeHUSI Pa3HOCTU
MOTEHIIUAJIOB (HAIPSIDKEHUST) €CTECTBEHHOTO 3JIeK-

ITapameTrp

3HaueHue

PaszpsinHocts AL
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6 muddepeHManTbHBIX KaHaIoB, 44 KOM, 4700 n®
50, 100, 200, 500, 1000, 2000 I
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Puc. 1. Cxema 6-KaHaJIbHOI M3MEPUTEIHLHOIN YCTAHOBKH JISI PETUCTPAIIMU THAPOSJICKTPOIUNHAMMYECKOTO (2JIEKTPOKMHETH -

4yecKoro) ¢puibTpallMoOHHOro 3¢ deKra.

Tpruueckoro (puiabrpalinoHHoro) mojs. st ee pe-
IIIEHUsI HaMU TIpeJJiokeHa, pa3paboTaHa U BBelleHa B
SKCIUTyaTalliI0 MHOTOKAHAJIbHAS YCTAHOBKA TSI Ha-
OMIONCHUST DIIEKTPUUYECKOTO TOJS 3JIEKTPOKUHETU-
YecKoil TTpUpOAbl, TeHEPUPYEMOTO BOJTHAMU Ha Oe-
peroBoii 1uHuM 03. baiikain.

Bo30yxneHue a71eKTpOKMHETUUEeCKUX 3(hheKToB
Ha JHE MOPCKOTO MEJKOBOIbSl MOBEPXHOCTHBIMU

BOJIHAMU PacCMOTpeHO B pabortax [5—7]. Bo3amoxk-
HOCTb OIIEHKHM CBOWCTB 3€MHOI KOpPHI 110 Ha0II0e-
HUSIM 3JIEKTPUUECKOTO TIOJISI JIEKTPOKMHETUUECKOM
MpUPOJIbl, TEHEPUPYEMOTO MPUIUBHBIMU e opMa-
LIMSIMU B 30HE Pa3pbIBHOTO HAPYLIEHUS, PACCMOTpE-
Ha B pabore [8]. OcoO0eHHOCTh HAIIEro MCCaeaoBa-
HUSI COCTOUT B TOM, UTO UCCJIENOBaHNE DJIEKTPOKHU-
HeTuyeckoro addexkra MpoBeNeHO BIEpPBble Ha
KPYITHOM MIPECHOBOMAHOM 03. balikai.

Puc. 2. Kondurypanus pasMenieH1st U3MEPUTENTBHBIX 2JIEKTPOIOB Ha TTeCYaHOM TUTSIKE GeperoBoii TmHUM o3epa baiikair.
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Puc. 3. CxeMa KOMMyTal[M1 UHBEPCHBIX BXOJIOB UBMEPU-
TEeJIbHBIX KAaHAJIOB.

o o o o

ATITIAPATYPA U METOANKA
N3MEPEHUU

B xavecTBe SKCTIIEpMMEHTAIBHON TTOIIAIKW TS
MTOJIEBBIX MCIBITAHUI MHOTOKaHAJbHON yCTaHOBKM
ObLT BbIOpaH mecyaHblt Oeper o3. baiikan BOIU3M
c. l'opssumHCK. AnmapaTtypa J0JKHa YCTAaHOBUTD KO-
JIMYECTBEHHYIO CBSI3b MEXIY BOJHOBBIMHU THAPOIN-
HaMHUYEeCKUMHU U 3JIEKTPUISCKUMU TIpolieccaMyd Ha
OeperoBoii TMHUM 03. baiikan. st n3aMepeHns ecre-
CTBEHHBIX DJICKTPUUECKUX ITOJIeH U 00ecTIeYeHUST Ha-
OII0ICHUI eTO TTPOCTPAHCTBEHHO-BPEMEHHBIX U3ME-
HEHUII annaparypa JoJKHa UMeThb 00Jiee OIHOTO pe-
TUCTPUPYIOIIETO KaHajla U OOIIYI0 CUHXPOHU3AIIUIO
BpPEMEHHBIX MPOLIECCOB MO BCeM KaHajlaM. Takum
TpeGOBaHUAM OTBEYaeT MHOTOKAaHAIBHBIM reor3n-
yeckuit peructparop “baiikan-7HR” [9], umeronmii

IIeCTh HEe3aBUCUMBIX KaHaiaoB. Bcrpoennbrit GPS-
MOJIYJIb 00ECIIEYNBAET CTAOMIILHOCTh paOOTHI TAKTO-
BOTO TeHepaTopa U IIOJydeHHEe TOYHOIO BpPEMEHM.
OCHOBHBIE XapaKTEpUCTUKU ITpUOOpa MPUBEICHBI B
Taod. 1.

M3meputenpHass ycTaHOBKA MCIBITAHA B aBryCcTe
2021 roma. Ha puc. 1 mipeacraBieHa cxemMa 3KCIIEpH-
MEHTAJIbHOM YCTAaHOBKHU [UJISI PETMCTpaluyd THAPO-
sneKTpoanmHaMmdeckoro addekra. IllecTs amekTpo-
JIOB 3a3eMJICHHI 110 YKa3aHHOU T€OMETPUH B mecda-
HEBIII TPyHT Oepera W IIEPUONWYECKM 3aJIMBAIOTCS
BOJOM.

Perucrparop “baiikan-7HR”, ycTaHOBIEeHHBINI
Ha IMpce, U3MepsieT Pa3HOCTh MOTEHIINAIOB MEXITY
MTOTPY>KEHHBIM B BOIY CTaJbHBIM IIIECTOM UTMHO
2 M ¥ THaMeTpoM 12 MM U IIeCThIO pa3HeCEHHBIMH B
MIPOCTPAHCTBe BJIEKTpomaMu. PaccTosHne MexXmIy
MEPBBIM PSIIOM JIEKTPOIOB U 3aBOAHEHHBIM 1IECTOM
cocrapjsieT 12 M. /laHHast cxema yCTaHOBKM U3MEPH-
TEJIbHBIX 2JIEKTPOIAOB COOTBETCTBYET re0(hU3NIECKO-
MY METOJly €CTeCTBEHHOTO ToJis [3].

B xauecTBe U3MEpPUTEIbHBIX JIEKTPOAOB UCITOIb-
3YIOTCS MOJIbIe MEIHbIE TPYOKM nuaMeTpoM 12 MM u
mmHoi 300 MM (puc. 2). Ha anexTpoabl HaHEeCEHBI
Haceyku ¢ marom 50 MM JJisi KOHTPOJISI YPOBHS 3a-
m1yoJsieHuss. KomMmyTauus 37 1eKTpOaOB U PerucTpaTo-
pa OCYIIECTBJISIETCS C MOMOIIbIO TIPOBOAA MapKU
HIBBII 3 X 0.75, K omHOMY KOHIIY KOTOPOTO Ipumna-
STH KOJIbIIEBOM HAKOHEYHUK JJISI MOAKIIOYEHUS K U3-
MEPUTEJBHBIM 3JIEKTpOJAaM, a Ha JAPYroM KOHIIE
ycraHoBiieH pazbeM 2PM22KITHIOT'1B1 s mom-
KJIIOUeHMs K perucrtparopy. Iluranue perucrparopa
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Puc. 4. iameHeHus pa3HOCTU noTeHIIManoB AU, roydeHHo ¢ 371eKTpoaoB Ne 1 1 No 5 B teueHue 60-ceKyHIHOTO MHTEpBajia
BO BpeMsI CPEIHEro 1Mo Cuie BOJIHEHUs Ha 03. baitkan 17.08.2021 . (pa3Hoc Mexay asekTpomamu 12—13.5 m).
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Puc. 5. UaMeHeHUs1 pa3HOCTH MOTeHIIManoB AU, moayyeHHo ¢ 3;1eKTpoaoB Ne 1 1 No 5 B teueHue 10-ceKyHIHBIX MHTEPBAJIOB:
a—0—10c, 6 — 30—40 c — Bo BpeMsI cpeHero 1o cuie BoiaHeHUs Ha o3epe baiikai 17.08.2021 r. (pa3HOC MeXIy /1eKTpOoaaMu

12—13.5 m).

OCYIIECTBISETCSI OT 12-BOJBTHOM aKKyMYJISITOPHOM
b6arapeu yepe3 pazbeMm 2PM 1SKITH7T.

B mpoiiecce oTpaGOTKI MeTOma B TIOJEBBIX YCIIO-
BUSIX C IIEJIbI0 yIOOCTBa UCTIOIB30BaHUS CXeMa KOM-
myTaiuu B pazbeMe 2PM22KITH10T'1 B1 6b11a n3me-
HEeHa TaK, YTO BCe MHBEPCHBIC BXOMIBI KAHATIOB OBLIHN
00BEeAMHEHBI B OMWH y3€J1. DTOT y3eJI IIpUHUMaJCcs 3a
“HyJIeByI0 TOUKY” (puUC. 3), OTHOCUTEIBHO KOTOPOI
M3MEPSUTOCH HaTIPSIKEHHUE.

MMPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 3

PE3YJIbTATbl U3BMEPEHUI U UX AHAJTIU3

Ha puc. 4 npencraBiieHa IMHAMUKA BOJHOBOTO
TUAPOIMHAMUYECKOTrO Tpoliecca Ha 60-CeKyHIHOM
uHTepBayie (pa3HOCTh IoTeHLanoB AlU) Bo BpeMs
cpenHero BoJIHEHUsI, 2—3 OaJa.

Ha puc. 5a, 56 moka3aHbl U3MEHEHUSI Pa3HOCTHU
noreHouaiioB AU B mHTepBamax BpemeHn 0—10 c
(puc. 5a) u 30—40 c (puc. 50), IOJIYyYEHHOM C BIEK-
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TpomoB Ne 1 1 Ne 5 Bo BpeMsI cpeaHeTo 1o CHJIe BOJT-
HeHus Ha o3. baiikan 17.08.2021 1.

INepemnuit GpoHT UMITYTBCHOTO ITpoIiecca XxapaK-
TepusyeT HaKaTbIBaHVE BOJIHBI Ha TTOJIOTUi1, OTHOCH-
TeIbHO cyxoil Oeper. Ilpoliecc MOKpHITHS BOHOM
snekTpona Ne 1 (cMm. puc. 5a) pimurcst npumepHo 0.6 c.
AMIuinTyga ummynbca gocturaeT 25 mB. TlepenHuit
¢dpoHT Ha 3anekTpoae Ne 5 miaurtcs 0.53 ¢, a ero am-
nantynda paBHa 24.7 mB. Ha puc. 5a amrumuryna 1re-
penHero ¢poHTa BOJHBI Ha 3JiekTpoae Ne 5 noctura-
eT 33 MB. Ctekanue Bogpbl ¢ aekTpona Ne 5 mpomoii-
Xaercsa mpumepHo 5.5—7.5 c. Ilpouecc crekaHus
MOXHO pa30ouTh Ha ABe (pa3bl: 1) OBICTpOE CTEKaHUE
(touku B5—C5) 1auTeabHOCTHIO IIPUMEPHO 2 ¢ U 2)
MemieHHoe cTekaHue (Touku C5—DS5) maurtenbHO-
CTBIO 4—6 C, B KOTOPOM y4acTBYET BECh 00bEM ITecya-
HOTIO I'PYHTa Ha IJIyOMHY HOIPY:XEHMS 3JICKTPOIOB
150 mm.

MUHUMYMBI HUMITYJIBCHOTO TIpoOllecca COOTBET-
CTBYIOT BPeMEHHU, KOraa 3jeKTponbl Ne 1—6 He mo-
KpbITHI Bosoii. Ha Bcex kaHajiax BOJTHOBOTO TIpoliec-
ca BUOHBI pe3Kre CMHXPOHHBIE MUMITYIbCHI, TTOPOX-
JNeHHbIe MOJIHMEBBIMU paszpsgamMu. OHHU CiIyKaT
BpeMEHHBIMU pernepHbIMU TouKaMu. [lo 3amepskke
WMITYJIbCOB M PACCTOSTHUIO MEXIY SJIEKTpodaMM
MOXKHO ONpeAeIUTh CKOPOCTb (DpOHTA BOJHEIL. Tak,
Ha puc. 5a CKOpOCTb Haberatolieil BOJHbBI 1O KOH-
TPOJBHBIM TOuKaM Al u A5 paBHa 1.65 M/c, o To4d-
kam B1, B5 — 1.76 m/c.

B skcnepumenTe 2021 r. mpruMeHeHa HOBAsI T€O-
MeTpUsST YCTaHOBKU. Diekrponabl Ne 4, Ne 5 u Ne 6
YCTaHOBJIEHbI TTapajuiesibHO 37ekTpogaM Ne 1 1 Ne 2
Ha JIMHUU ¢ 3JieKTpoaoM Ne 3 Ha paccrostHuu 1.5 m.
OO6pa3syeTcsl HekKoTopas “pelieTka”  3JeKTPOIOB,
MTO3BOJIAIONIAsT ONpPeNeNIsATh HallpaBlieHue (pOoHTa
OalfikarbcKoi BOJHBI. OTpaboTaHa HOBast METOOMKA
6-KaHaJIbHON perucTpalvuy THIAPOIUHAMUYECKOTO
Ipolecca IpU pacIloIOXEHUH “HyJIeBOil TOYKM pe-
ructparopa “baiikan-7HR” mon Bomoit Ha paccros-
Huu 12—13.5 M ot Gepera. IlpemioxeHa HoBast reo-
METpHST YCTAaHOBKM 3JieKTpomoB. Pu3nKa sBICHUS
OTHOCUTCSI K KJIACCY THAPOINEKTPOIMHAMUYIECKIX
(anekTpokuHeTU4YeCcKMX) 3 dexkTon [4, 5]. [Tepeme-
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ILIEHUE 3aPSAT0B XKUJIKOCThIO 9KBUBAJIEHTHO TEYEHUIO
HekoToporo Toka /. HoBu3Ha M npakTuyeckasl 3Ha-
YUMOCTb PabOThI COCTOUT B TOM, UTO BIEpBbIe OOHA-
PY:XKeH TUAPORJICKTPOIMHAMWIECKN (P PeKT Ha Oe-
peroBoii TuHUKM 03. baiikajl, KOTOpbIiA MOXET ObITh
KCIIOJIb30BaH MPU pa3paboTKe armnapaTrypbl 1151 OLIEH-
KU TapaMeTPOB BOJTHOBBIX TMAPOAMHAMUYECKHUX TTPO-
1IECCOB B OOJIBIIINX MPECHOBOIHBIX BOJIOEMaX.

OUNHAHCHUPOBAHUWE PALOTbI

PaGora BbINIONIHEHAa IO TOCOIOMXETHOMY IIPOEKTY
“Pa3Butre (yHIaMeHTaJIbHBIX OCHOB PacHpOCTpaHEHMUS
CHY-CJIB-AB-CB n YKB-pannoBoiH B HCOTHOPOTHBIX
uMIneaaHcHbIX KaHanax” (0270-2021-0004).
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