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IIpoBeneHo reopagapHoe 30HAMpOBaHUE THA 03epa YebapKy/b B pailoHe maaeHus KPYITHOTo (pparMeHTa
meteopura YenssouHck. JInHeitHbIe TpodWIn U TpexMepHasi peKOHCTPYKILIUS BBISIBJISIIOT aHOMaJIbHOE 110~
HIDKeHue pefibecha THA M HapyIIeHNe CTPYKTYPHI JIEIOBOTO MOKPOBA, YKa3bIBAIOIINE BEPOSITHOE MECTO 3a-

JICTaHUA OCKOJIKOB METCOpHUTA.
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ITo cBUAETENBCTBY OUEBUILEB OAWH U3 KPYITHBIX
dparMeHTOB MeTeopuTa YensOouHck 15 deBpans
2013 . yman B 3anamHoii yacTu o3epa YebapKyib,
OCTaBHB BO JIbAY OBaJbHYIO MOJIBIHBIO Pa3MepoM 6 X
x 8 MeTpoB — puc. 1.

[TombITKM HAlITX METEOPUT Ha JHE O3epa B HEIIO-
CPEACTBEHHOM OJIM30CTU OT MOJBIHBM OKa3aauCh
0e3pe3yIbTaTHBIMM, XOTSI YUY€HbIE 1 MECTHBIEC XKUTE-
JIV U3BJIEKAJIU U3 MPOPYOH C TTOMOIIbIO MarHuTa He-
OOJIBIIINE OCKOJIKH CO 3HAUUTEIbHBIM COAEPXKaHUEM
Xxene3a. [lryomHa o3epa B paiioHe maaeHUsI METEOPU-
Ta mopsiaka 10 MeTpoB, paboTy BOJ0JIA30B 3aTPYIHSI-
JIO HAJIMYME TOJICTOTO CJI0SI PHIXJIOTO Miia, JOCTUTAI0-
IEro mo MX OLIEHKaM JBYyX M 0Oojee MeTpoB. s
YTOYHEHUSI BEPOSITHOIO MecToHaxoxaeHus1 Yedap-
KYJIBCKOTO (pparMeHTa, ObIJIO IPOBEICHO JUCTAHIIN-
OHHOE 30HIMPOBaHME JHA 03epa C ITOMOIIbIO reopa-
napa “JIo3a”, pa3zpadboTaHHOro B THCTUTYTE 3eMHOTO
MarHeTmama, MOHoOc(hephbl U paclpoCTpaHECHMs pa-
nuoBosiH uMm. H.B. IlymkoBa (MI3MUPAH) [1] u
00O “Komnanust BHUMCMMN” [2].

IIpuHLMIT AeiicTBUS reopagapa OCHOBAaH Ha U3JY-
YEHUU B MOJACTUJIAIOLIYIO CPEay CBEPXIIMPOKOIIO-
JIOCHBIX BJICKTPOMATHUTHBIX UMITYJIECOB 1 PeTHUCTpa-
LUK UX OTPaKEHUI OT I'paHMI] paslesa CI0eB WU
JIOKaJIN30BaHHBIX OOBEKTOB.

OTIMYNTEILHOM 0COOEHHOCTBIO IIPUOOPOB Ceprn
“JIo3a”, 1Mo cpaBHEHMIO C 3apyOesKHBIMU U OTeYe-
CTBEHHBIMU aHAJIOTaAMU, SIBJISIETCS OOJIBIIION SHEPreTH -
YeCKUi1 TTOTeHLIMa, MO3BOJISIOLINI paboTaTh B cpeaax
C BBICOKOI IIPOBOAMMOCTBIO, HAIpMMEP B CYIJIMHKE
VJIA BIIAXKHOW TJIMHE. S30HAMPYIOILNIA UMITYJILC TEHEPU-
PpyeTcsl BBICOKOBOJIBTHBIM I'a30BbIM Pa3psITHUKOM C MU~
KOBBIM HampspkeHrneM 5—10 kB u msnmygaercss pesu-
CTMBHO-Harpy>k€HHOM JIUIIOJIbHON aHTEHHOM IJIMHOU
ot 0.5 1o 6 MeTpoB. AHAJIOTMYHAsST aHTEHHA MCITOJIb3Y-
eTCsI B IPUEMHOM YCTpOMCTBe — puc. 2. B 3aBucumoctn
OT Mozenu Ipubopa M MHapaMeTpOB Cpenbl ITyOMHA
30HAMPOBAHUST COCTABJISICT OT SAMHMIL 10 COTHU MeT-
poB. Mcxons u3 ycinoBuii reopanapHor CheMKU (TIyou-
Ha o3epa, TOJIIIMHA JIbJa U CHETOBOIO IIOKpOBa) ObLIa
BbIOpaHa Moneib “Jlo3a-H” — puc. 3, obecrieunBaio-
Iasi JOCTAaTOYHYIO IIyOMHY 30HAMPOBAHMSI M OTCYT-
CTBUE MEIIAIOIIMX PE30HAHCHBIX 3(pHeKTOB.

3a Tpu aHs 1moaeBbix padot (12—14 mapra 2013 1)
yyacTHUKM 3Kcneauuuu U3MUPAH-BHUMNCMU
cHsti 36 TeopamapHbIX Tpodwiei mmmHoi mo 100—
120 M B patioHe nageHns1 MmeteoprTta. CeTKa MOKphIBa-
eT noJibIHbIO U yyacTok 100 x 100 M K 3amaay oT Hee —
puc. 4.

3oHAMpOBaHNWE, MPOU3BOIUMOE C MMOBEPXHOCTHU
JIbJ1a, TIO3BOJIMJIO BOCCTAHOBUTS JIETAJIbHYIO KapTUHY
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“Jloza-B”

Puc. 2. Koncrpykius reopanapa “Jloza-B”: 1) mpueMHUK, 2) UMIYJIbCHBIN TIepeaaTInK, 3) GJIOK perucTpaluy U TUCIuieit, 4)
rnepenaolas u mpueMHast aHTeHHbI 1inHoi 0.5—1.5 meTpa, 5) pama.

pesibepa mTHa U yKazaTb HauboJiee BEPOSITHOE MECTO
3ajieraHusl MeTeoprTa WK ero 0CKoJIKoB. Kpome To-
ro, B paiiloHe najaeHus ObLIU COOpaHBI ITPOOBI BOJBI,
JIbIa U MeJKoAucIepcHas: (ppakius OCKOJIKOB JJist

FEOXUMHUA  Ne7 2013

IajabHeero pu3nKo-XxuMU4eCcKoro aHajamnsa, moj-
TBEPAUBILIETO CBUICTEIBCTBA O METCOPUTHOM IIPO-
ucxoxaeHun Yebapkynabckol moablHbU. Ha ¢doto-
rpadusix ToKa3aHbl pACITbUICHHBIC YACTULIBI METEO-



638 KOMNEMKWH u np.

“Jloza-H”

Puc. 3. Koncrpykius reopanapa “Jloza-H”: nnmuHa aHTeHH yBesmdeHa 10 3—6 METPOB.
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Puc. 4. Tpaccel reopagapHOro 30HAMPOBAHMS paiioHa MaaeHUsI METeopuTa B 03epo YebapKyiib.

puTa, coOpaHHBIE ¢ BEpXHEHN M HIDKHEN TTOBEPXHOCTH
JIba BOKPYT JIEASHOI BOPOHKU — pUC. S5a, a TaKXke
0oJiee KpYITHbIE OCKOJIKH, N3BJICYCHHBIE CO THA 03€-
pa ¢ MOMOIIIbIO MarHuTa — puc. 50.

WM3MepeHre MAarHUTHOTO MOMEHTa MIJLTMMETPO-
BBIX OCKOJIKOB (pHc. 6) maeT 3HaueHUsl, COTIacyIOIIM-
ecsl C MI3BECTHBIMU XapaKTePUCTUKAMU IPYTUX ¢hpar-
MEHTOB MeTeopuTa YestOnHCK.

TEOXUMUA Ne7 2013
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(6)

Puc. 5. (a) MukpoHHas ¢dpakiusi OCKOJIKOB METEOPUTa, COOpPAaHHBIX €O Jibla o3epa UebapKyib; (6) 6osee KpyInHble OCKOJIKH,

M3BJICYCHHBIC CO THa 03€pa B paﬁOHC TIOJIBIHBbU.

Ha pwucynke 7 mpuBeneH nmpuMep mpeacTaBiie-
HUSI TIEPBUYHBIX JaHHBIX Te0pagapHOTO 30HAUPOBa-
Hug B mporpamme “Kpor-13017, pa3zpaboraHHOMN
BHUMCMMN. Ha npaBoii maHen U nipeacTaBieHa BOJI-
HoBasi (hopMa UMITYJIbCa, 3aPErMCTPUPOBAHHAS ITPUEM-
HUKOM Treopagapa B M30paHHOI TOYKE PO
(A-scan o tepmuHonorum [3]). Ilpm mpoxoxmeHnun
TPacchl OHU CKJIQJbIBAIOTCS B BEPTUKAJIbHBIE Pa3pe3bl
(B-scan), n3obpaxkeHHbIe B JBYX JIEBbIX TMaHEJISIX pU-
CyHKa.

ITo ropuzoHTaNM OTJIOXEHO PACCTOSIHUE B MET-
pax, Mo BEpPTUKAJIM — BpeMsI IIpUXoda OTPakKeHHOIO
MMIIyJIbCa B HaHOCEKyHax (TpaBasl IIKajla) U pac-
yeTHasl IIyOMHa OTpakalolleil rpaHuIIbI (JieBasl IIKa-
na). Iojiockl B BepxXHeil 4yacTU KapTUHBI COOTBET-
CTBYIOT IIPSIMOMY CHUTHAaJIy, pacpOCTPaHSIOIIEeMYCs
OT TIepeNarolIe K IPUEMHOM aHTEHHE C Pa3JIUYHbI-
MU CKOPOCTSIMM — IO BO3/IyXY, B TOJIIIIE CHETa 1 B BO-
JIe oJ, ciaoeM Jibaa. Jlexalme Hioke IMPOKUe MOJI0-
Cbhl COOTBETCTBYIOT 3aTSIHYTHIM OJHOIIOJISIPHBIM UM-
yJIbcaM, OTPaXXEHHBIM Ha IIJIABHOM II€peXo/e OT ujia
K IopoaaM TBepaoro aHa. Takoe moBeaeHue BOJIHO-
BOI (hOpMBI IPUHATOTO CUTHAJA, XapaKTepHOE OJIs
HM3KOoJacToTHOIro reopamapa “Jloza-H”, oObr9HO
OOBSICHSIETCS BIIMSIHUEM IIPOBOIMMOCTU IIOAITOBEPX-
HOCTHOH cpenbl. OgHAKO, KaK II0Ka3aJI0 YUCICHHOE
MOJIeJIMpOBaHue, B JAHHOM CJIy4yae OCHOBHOE BJIUSI-
HUE OKa3bIBaeT HE MPOBOAUMOCTD, a INIABHOE M3MeE-
HEHUEC L[I/ISHCKTpI/I‘{CCKOIL/'I NMPOHUIAEMOCTH, CBsA3aH-
HOE C MOBBIIIEHNEM COAEPKaHUS TBepaoi (dppakiimu
WJjia ¢ TJIyOMHOM.

FEOXUMHUA  Ne7 2013

Jng mHTepIIpeTalnil HaOJIIomaeMoro Xapakrepa
OTPaXXEHHOTO CUTHaJIa OBLJIO MPOBEICHO MOMIEIUPO-
BaHUE BEPTUKAJIIbHOIO PacIpOCTPaHEHUS] UMIYJIbC-
HOT'O CUTHaJjIa B INTyOb CJIOMCTO-HEOTHOPOIHOM MO/~
TMIOBEPXHOCTHOM Cpembl YMCIEHHBIM PEIleHUEM OJI-
HOMEPHOTO BOJIHOBOro ypaBHeHus [4]. Haumydiree
COOTBETCTBHUE TOCTUTACTCS B MOJEIN CPEIIBI, COCTOSI-
1€l 13 OMHOPOTHOTO CJI0ST BOABI (IMAJIEKTpHUYecKast
MPOHULIAEMOCTb €, = 81) U CcleAylollero 3a HUM
TUIAaBHOTO TIepexoia K TBEPAOMY TPYHTY C JIMBJICK-
TPUYECKOI MPOHU1IaeMOCTbIO TTopsiaka €; = 10—20 —
JeBas TaHed b puc. 8. BbUT TakKe ydTeH TIIaBHBIN
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Puc. 6. MarHuTHblii MOMEHT TPEXMUJUIMMETPOBOTO
ockoJika Yeass0MHCKOro MeTeopuTa.
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Puc. 9. CurHan, oTpaXXeHHBII OT TpaaeHTa TUAJICKTPU-
YeCcKOW MPOHULIAEMOCTH, (CIUIOLIHAs JUMHMSI) Ha (oHe
MEePBUYHOTO 30HAMPYIOLIETO UMITYJIbCa.

Puc. 10. Teopanapusie ipoduan P601-604.

pPOCT yIeIbHOU MPOBOAMMOCTHU Cpenbl OT G, = 0 1o
BenuuH nopsiaka ¢; = 0.001 Cm/m. XapaktepHas
JUTUTEJILHOCTh 30HAMPYIONIETO UMITYJIbCa TOPSIIKa
25 HC, 4TO GIU3KO K PeaTbHOW JJTUTETBHOCTH MM-
MyJibca, N3JIy4aeMoro reopagapom.

IIpocTpaHCTBEeHHO-BpeMEHHASI KapTUHA PacIipo-
CTpPAaHEHUS WMILYJIbCa B MOJAIIOBEPXHOCTHOM Cpele
npejcTaBjeHa Ha OCHOBHOM MaHeJu pUcyHKa. Bu-
HO MOCTENEeHHOE YBEeJIUYEHUE CKOPOCTH C TITyOUHOI
U BO3HUKHOBEHHE CjJ1aboro oOpaTHOro CUrHajaa 3a
CUET YaCTUYHBIX OTpakKeHUId Ha BEPTUKAJIbHBIX Ipa-
IUEHTaxX AU3JCKTPUYECKON IMPOHUIIAEMOCTU. DTOT
OTpaXE€HHBIII CHUTHaJ BO3BpallacTcs B IIPUEMHYIO
aHTEHHY, PaCOJIOXKEHHYIO Ha ITOBEPXHOCTH, U PErU-

KONEWKWH u ap.

CTPUPYETCS UYYBCTBUTEJBbHBIM TMPUEMHUKOM reopa-
Japa. DJeKTpuyecKkoe IoJjie Ha MOBEepXHOCTH Z = ()
1300pakeHO B BEpXHEW MaHeau pucyHkKa. UToObl
clesiaThb CJIa0blii OTpaK€HHbIN CUTHAJI 3aMETHBIM Ha
(boHE MOIIIHOTO MEPBUYHOTO UMITYJIbLCA, BBEICHO HE-
0oJIbIIIOE BKCHOHEHIMabHOE ycuaeHue exp(of). Ero
BOJTHOBas (hopMa, mokaszaHHasi Ha puc. 9 B yBeJIMUYeH-
HOM MacuTabe Ha (hoHE TIEPBUYHOTO 30HANPYIOIIETO
MMIYJIbca, UMEET XapakKTep OJMU3KUI K peaJbHO Ha-
O1r0JaeMbIM BOJTHOBBIM (hOpMaM HU3KOUYACTOTHOTO
30HAUPOBaHUs (0e3 yuyeTa MpsSIMOro pacIpocTpaHe-
HMUS OT MepeaaTyruKa K mpueMHuKy). ITpu oopabdoTke
MEPBUYHBIX JaHHBIX MPOrPaMMHBIM OOecTrieueHrueM
nakerta “KpoTr” xapakTepHble TOUKU MaKCUMaJIbHOIO
U3MEHEHUS] aMIUIUTYAbl OTPa’K€HHOIO CUTHajaa UH-
TePIPETUPYIOTCS KaK TpaHUIIbl HEOAHOPOIHOIO Te-
PEXOMHOrO CJIOSI MEXKIY YMCTOW BOAOW U TBEPIbIM
TPYHTOM.

IIpu ananmm3e reopamapHBIX pa3pe3oB, IIPEACTaB-
JICHHBIX Ha puc. 7, oOpallaeT Ha cebOsi BHUMaHUE
YTOJIIIIEHWE U HapyllIeHUue CTPYKTYPHI JEASIHOIO Mo~
KpOBa, a TaKXe pe3Koe IMOHIDKEHUE pelibeda JHA Ha
npodwie P602 B paitoHe mepecedeHusT ¢ MpopuaeM
P603 — puc. 10.

MBI MHTEPIIPETUPYEM 3TY aHOMAIIUIO KaK Pe3yJib-
TaT ynapa MeTeopura o 1Ho o3epa. [loaTBepxxaeHneM
3TOM TUITOTE3bl CJyXKAT HaOJIomaTeIbHbIC (aKThI.
TpaexTopust OBMXXEHUS METEOpUTa IO HAKIIOHHOM
TPaeKTOPUM B CeBepO-3allaJlHOM HaMpaBJICHUU C
azsumyToMm 280—290 rpamycoB 1M Majioe KOJMYECTBO
BBIOPOIIIEHHOTO HaBePX JIbJa HABOJSIT HA MBICJIb, UTO
OCHOBHAasl ero Macca Oblja yBjieueHa IoJ BOAy K 3a-
naay OT HOJbIHBY M 3aT€M BCILIbLIA, HAPYIIIUB CTPYK-
Typy JIEASTHOTO MOKPOBA HaJl BOPOHKOIA.

HMcxonst u3 3Tux cooOpakeHui ObLT MPOBEACH
JIeTaJbHbI aHaJIM3 TeopaJapHbIX pa3pe3oB, Mpea-
cTaBJeHHBIX Ha puc. 4. CtangapTHas o0paboTKa pa-
JlaporpaMM € TTOMOLLBIO YaCTOTHBIX (PUIBTPOB MPO-
rpaMmMHOTO makeTa “KpoT” IO3BOJIIET BBIICIUTH
XapakKTepHble TOUKHY MPOoduist (MAaKCUMYMBbI TPOU3-
BOAHOI aMIUIUTYAbI OTPaXK€HHOTO CUTHAJIa) U CBSI-
3aTh MX B paanoo0pa3 oTpaxaroliux rpaHuil. [Tpumep
Takoil oOpabOTKM, HATIJISIAHO BbISBISIIONIEH pebed
JHA W HapylIeHUEe CTPYKTYphl JIEAOBOTO ITOKPOBA,
npuBencH Ha puc. 11.

IpaHuIBI TIEPEXOMHOTO CJIOSI MEKIY YKMCTOI BO-
JIOM U TBEPIbIM JTHOM TTOKa3aHbl OpAHXKEBOW IMHUEH.
TlonbiHbst, BO3HUKIIIAS TIPU HaACHUU METEOpUTa Ha
Jen (y:xe 3aMep3Iasi B IIEpUo IIPOBEICHUS U3Mepe-
HUIi1), OTMe4YeHa YepHbIMM MapKepaM1 Ha TOPU30H-
TajbHOM 1IKaje B paiioHe 110 M. Pe3koe moHm:keHMe
penbeda qHA, KOTOPOE Mbl MHTEPIIPETUPYEM KaK BO-
pPOHKY, 00Opa30BaBIIyIOCS IIPU yaape MeTeopuTa O
JTHO o3epa, HabmogaeTcs B 30 MeTpax K 3amaay Ha OT-
meTke 80 M. ZKenTas rojioca B BepxHel 4acTu mpou-
JIT TTO-BUIMMOMY CBSI3aHa C YTOJIIEHUEM JIEJTOBOTO

TEOXUMUA
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Puc. 12. 3D-pekoHcTpyKIIus penbeda nHa B paiiloHe MaaeHUs METEOPUTA.
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Puc. 13. [IeTanbHas KapTUHA U300aT MO JaHHBIM reopagapa. OBajloM OTMeUeH KOHTYD MOJILIHBH, ITO OCSIM — PACCTOSTHUE B Ha-
npasieHuu 3-B u FO-C (B canTuMeTpax). TeMHBIE MSITHA COOTBETCTBYIOT IMIOHMKEHUIO pejibeda THa.
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MOKPOBa 3a CUET MacChl Jibja, YBICUEHHOTO METEOPU-
TOM M 3aTEM BCIUIBIBIIIETO HAJ BOPOHKOU. AHAJIOTAY-
Hasi aHOMaJIusl HaOII0AaeTCsl Ha COCEAHUX MTPOPUIIsIX,
YTO TO3BOJISIET BOCCTAHOBUTH TPEXMEPHYIO KapTUHY
0o0pa3oBaBLIeicsi BOPOHKU — pUc. 12.

[MonoxeHre BOPOHKN OTHOCUTETBLHO MOJIBIHBY CO-
[JIaCyeTcsl CO BCeli COBOKYITHOCTBIO Ha0JII0AaTeIbHbIX
JTaHHBIX O TPAaeKTOPUU ABMKEHUST MeTeopuTa “Yes-
OUHCK”, YTO MO3BOJISIET HAM PEKOMEHIOBATh MPOBE-
JeHue JajlbHEUIIMX MMoucKoB YebapKyabckoro par-
MEHTA Ha JIHe 03¢pa B yKa3aHHOM BBbIIIIE paiioHe. Yun-
ThIBasi MMEIONIUECS JaHHBIE O 3HAYUTEIbHOM
colepXKaHUU XeJie3a, JOMOTHUTEIbHYIO YBEPEHHOCTD
MOXET [aTh COITOCTABJICHWE HAIIUX PE3YyJIETaTOB C
MarHUTHEIMM MU3MepeHusIMU. B 3akirroueHue mpuBe-
JIeM pe3yJbrar 0oJjiee NeTaJbHON PEKOHCTPYKIIMM pe-
Jbeda TBepIOoro JHa, JAIOIIUi OCHOBAaHUE TIPEAIIOa-
raTtb, 4TO B pe3yjbrare yaapa o0 Jied METEOPUT MOT
PaCKOJIOTbCSI Ha HECKOJIBKO 00Jiee MEJIKUX KYCKOB —
puc. 13.

KONEWKWH u ap.

Asmopbi baaeodapam A.B. Opaoea, E.B. Kopoavko-
6a u aomunucmpayuro Yebapkyavckoeo eopodckoeo
OKpYyea 3a nodoepicKy U mexHuyeckoe obecneuerue no-
A1e8bix pabom.
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