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PaccmoTpeHo usMeHeHre HecTallMOHApHOTO 3JIeKTpoMarHuTHoro (DM) curHasia Haj mpoBoasieit mois-
pu3yloleiics 3eMieil, TIepeKPbITOll MOPCKO BOIOU, HA U3MEPUTENIbHBIX TUHUSIX, PACTIOIOXKEHHBIX B OCe-
BOM M 3KBAaTOPUAILHONM 00JAaCTU MCTOYHMKA — MMITYJIbCHOII TOPU30HTAJIbHOMN B3JIEKTPUYECKON JTUHUM
(I'DJI). Bo Bpemst paboTel I'DJ1 B UMIYJIbCHOM peXXUMeE B Cpelie CO3AaeTCsl ralbBaHUYECKUI 1 BUXPEBOI
Tok. Ecnu cpena, Ha koTopyio Bo3aeiictByeT I'DJI reteporeHHa, To 06a BIUMSHUS MPUBOIST K pa3aeicHUIO
CBsI3aHHBIX 3apsiaoB. [Tocie OTKITIoUeHUSI NICTOYHUKA, B TAKOM Cpelle BO3HUKAIOT pejlakCallMOHHbIE (AeIo-
JIIPU3alIMOHHBIE) TIPOLIECCHI PA3JIMYHON MPUPOIbI, TPOSBISIONINECs, B YACTHOCTH, B BUuie DM curHaina.
B utore nepexonHbIii mpoliecc, perucTpupyeMbiii 3a3eMJIEHHOM JTMHUEH MTOCIe UMITYIbCHOTO BO3IeCTBUS
I'DJ1, aBisieTcs, mo MEeHbIIEH Mepe, CYIIEPIIO3UIINEN TpeX cocTaBisgommux: ctaHoBiaeHuss DM mois (CII),
rajbBaHu4YecKu BbI3BaHHOM mossipu3auuu (BIIT) u uHayknmoHHO BbI3BaHHOM mossipu3auuu (BITN).
Curnan BII, o Mmepe ymenbiueHust cocrasisionieii CIT B o611eM curHalie, mposiBisieTcsl B IEPEXOAHOM
npoliecce U3MEHEHNEeM BPEeMEHHBIX XapaKTepUCTUK CITa/a, BIJIOTh 10 CMEHBI MOJISIPHOCTU curHaia. Kak
OoKa3aHO paHee YUCISHHBIM MOAeINpoBaHueM I oceBoit ob6aactu ['DJ1, mpossienue curnana BII Ha
MO3IHUX BpeMeHax MepexXoIHOTo TIpoliecca, Jist 00blIeit YacTH reo3JIeKTPUIECKUX YCIOBUH CYIIN, He3a-
MeTHO Ha ¢poHe nposBiieHus BIII' [AreenkoB u np., 2020]. Tak ke Ha OCHOBE 3TUX PacYeTOB BUIHO, YTO B
oceBoii oonactu curHai BIIT nposiBiasieTcs: B Buae 3aMenieHUsI CKOPOCTU IepeXOaHOro Impoliecca, a Cur-
Han BITHM — yckopeHUst CKOPOCTH CIazia BIUIOTh 10 CMEHBI 3HaKa curHasa. [1pu mpoBeneHUH MOJIeBbIX U3-
MEpEeHU akBaJIbHBIM U depeHIMaTbHO-HOPMHUPOBAHHBIM METOIOM 3JieKTpopasBenku (AAHMD), uc-
MOJIB3YIOIIIUM OCEBBIE DJIEKTPUUYECKUE YCTAHOBKM, (DUKCUPYIOTCS TEPEXOIHbIE TIPOIECCH ¢ U3BMEHEHUEM
BPEMEHHBIX XapaKTEPUCTHUK CTafa: OH CTAHOBUTCS 0oJiee 3aTSIHYThIM WM HAIllPOTUB, NPOTEKAET ObICTpee
U MOXET COIMPOBOXIATHCS CMEHOI MOJSIPHOCTU CUTHaa. T.e. OTMeUeHbl pa3Hble 110 BUAY U3MepsieMble
CUTHAJIbl, KOTOpBIE IIPEAIOJIOXKUTEILHO CBI3aHbl ¢ IposiBieHrueM curHajioB BIII wiau BITW. Axryans-
HOCTB ITyOJIMKAIIUU 3aKJII0YAeTCsI B HEOOXOIUMOCTU OOBSICHUTD PE3YJIbTaThl HATYPHBIX U3MEPEHUIA, BbI-
MOJIHEHHBIX HAa aKBAaTOPUU, MOHSTH CBSI3b MPOTEKAHUS TIEPEXOMNHOIO MpPOliecca ¢ Te03JeKTPUUECKUMU
YCIIOBUSIMU, CYIIIECTBYIOIIMMU Ha akBaTtopusix. 1 B o611eM onucats (hopMUpOBaHUE MEPEXOIHOM XxapakK-
TePUCTUKY CPEAbI B OCEBOI U 9KBaTopuanbHOii oonactu ['DJ1 miist ycnoBuit akBajibHOM reosnekTpuku. Uc-
CJIeZIOBaH PACUYETHbBIN CUTHAJ IJIS1 OCEBBIX M 9KBATOPUATIbHBIX 2JIEKTPUYECKUX YCTAHOBOK C HECKOJIbKUMU
pa3HOCcaMM B yCIIOBUSIX aKBaTOPUU MOPCKOTO 1iesibda Mpu pacriooXXeHUU YCTAaHOBKU Ha MOBEPXHOCTH,
BHYTPUY BOIHOM TOJIIIIW, M HA THE aKBATOPUU — Ha re0JOrMYecKmnX noponaax. st oceBbIX YCTAaHOBOK BbI-
MOJTHEHBI pacyeThl BeJTMIWH, ncoab3ytomuxcsd B AITHM3: nepexogHoro npoiiecca AU(f), KOHEYHOI pa3-
HOCTH ITepexoqHoro mpoiiecca A2U(f) u TparchopManThl P1(7) — otHomeHmst A2U(f) kK AU(#). IIist sKBaTO-
pUAJIbHBIX YCTAHOBOK BBIITOJIHEHBI pacuyeThl curHaia AU(f). IlpoBeneHo cpaBHEHNE CUTHAIOB 2-X CJIOMHOM
MOJIEJIU CPEMIbI C MOJISIPUIYIOLIUMCS U HETTOJISIPU3YIOLIMMCSI OCHOBAaHUSIMU.

Karuesvie caosa: 1menbd, cTaHOBICHHWE TOJIS, TAJIbBAHWYECKY BbI3BaHHAS TOJAPU3ALINS, MHIYKIIMOHHO
BBI3BaHHas IOJISIpU3aLMsI, IEPEXOaHbII npoliecc, Moaenab Koyna—Koyia, akBajibHasi Te03JIeKTpUKa, MHO-
ropa3HOCHas oceBasl 3JIEKTpUYecKasi yCTaHOBKa.
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BBEIEHWE WCKYCCTBEHHOTOo DM moJjisi, BO3OeHCTBYIOIIETO Ha

Topu3oHTanbHas JIeKTpUYecKast IUHUS sIBisieT-  1C€OJTOTMYECKYIO CpEndy. OTK/IMK Ha 3TO BO3nEicTBIE
C4 OOHMM U3 KOHTPOJIMPYEMBIX M3ydaTeseil, uc- CBSI3aH C BHYTPEHHUM CTPOCHHEM cpelbl. B um-
MOJIB3YIOLIMXCA B JJIEKTPOPA3BENKE U CO3NAHUsA  IIYJIbCHOM 3JEKTPOPA3BEAKE PETUCTPUPYETCH IPO-
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IIeCC YCTAaHOBJICHUS T€03JIEKTPOMArHUTHOTO TTOJIST, ¥
10 €r0 CBOMCTBAM CYISIT O pacIpeaeIeHUN reoseK-
TPUUYECKUX ITApaMeTPOB B 3eMiie.

Brimensaior nBa cmocoba BO3meiicTBUSI Ha Cpemy:
rajJibBAaHMYECKUM TOK C 3a3eMJICHUI U CO30aHME UH-
IYKTUBHOM CBSI3M C TOKOBBIM KOHTYpoM. Takoil n3-
JIy4aTellb KaK TOKOBasl ETJISI CO30aeT TOJIbKO MHIYK-
THUBHYIO CBSI3b C OOBEKTOM HcciaegoBaHus. Hpyrue
M3JIydyaTeau:. KPyroBOil 3JE€KTPUYECKUU OUIMOJb Ha
MMOBEPXHOCTH 3eMJIM M BEPTUKAJIbHAsI DJIEKTpUYe-
CcKasl JIMHUSI BHYTpU 3eMJid, B OMHOMEPHOM cpere,
MOAABJISIIOT CBO€ MHAYKTUBHOE BO3MEICTBUE HA Hee
¥ CYUTAIOTCS TOJHKO TAIbBAHMYECKUMM UCTOYHNKA-
mu [MorunatoB, 2014]. I'DJI aBasieTcs usmydaTeaem
CMEIIaHHOTO THTIIA [TaM XKe]|, BO3IeNCTBYSI Ha 3eMITIO
¥ raJlIbBAaHUYECKMM TOKOM, M MTHIYKTUBHOM CBSI3bIO C
TOKOBBIM KOHTYpOM. ['ajlbBaHWUYECKUIT TOK CTeKaeT U
BBITEKAaeT M3 3eMyid 4depe3 3a3emMiieHUsI. TOKOBBIM
KOHTYP COCTOMT M3 TOKOIIOABOASIINX JIMHUMA, COSI-
HSIIOLIUX 3a3eMJIEHUS] C WCTOYHUKOM DHEPruu, M
rajJbBaHMYECKOIO TOKa, pacIpeAe€eHHOIO B I'€0JI0-
rudeckoii cpene. MiamepeHnst TOpu30HTAIBHON KOM-
MOHEHTHI 3JIeKTpUUecKoro mojs (£x) ocylecTBis-
IOTCSI TAKXKE 3a3€MJICHHOM JIMHUEHA.

Ecnu cpena, Ha kKoTopyio Bo3aeiicTtByeT I'DJ1, re-
TepOreHHa, TO U BIWSIHUE TaIbBAaHMYECKOIO TOKa, U
WHOYKTUBHAS CBS3b CpEedbl C TOKOBBIM KOHTYPOM
MOPUBOISIT K pa3Ae/IeHUIO CBSI3aHHBIX 3apsiaoB. Ilocie
ocnabyieHUs MOJISIPU3YIOLIETO BO3IECTBUSI, B TAKOM
Ccpele BO3HMKAET COBOKYNHOCTb pPeJaKCallMOHHBIX
(menoasIpr3allMOHHBIX) IIPOLIECCOB PA3IMYHON IIPY-
ponObl, TIPOSIBIISIIOIINXCSI, B YaCTHOCTU, B Buae DM
curHaja. B utore nepexomHsbIii Mponecc, perucTpu-
PYEMBII 3a3€MJIEHHOM JIMHUEN MOCJIE UMITYJIbCHOTO
Bo3aelicTBus ['DJ1, iBNsieTcs1, 110 MEHBIIIEH Mepe, Cy-
neprio3uiieid Tpex coctasismiommx: CII, BIIT m
BITN. Cocrasnsromye, cBg3aHHbIe ¢ BI1, XOTh 1 BBI-
3BaHbl pa3HbIM BO3ICHCTBUEM MCTOYHHKA, OIMpeae-
JISIIOTCS pacIipeieIeHueM OOHUX U TEX K€ MOJIsIpr3a-
LIOHHBIX CBOMCTB CpEbl.

DM curHajm pejgakcallMOHHBIX ITPOIIECCOB IIpH
pacueTax yYMTHIBACTCS BBEICHMEM YACTOTHO 3aBM-
cuMoro YOC [Pelton et al., 1978] unu ucnonab3oBa-
HHeM BpeMeHHoI 3aBucumocTtu crnana BIT [Koma-
pos,1980; Kopmuibues, 1980].

B nosneBbIX M3MepeHUsIX MepEeXoIHOro Ipoliecca
CUTHAJI CTAHOBJICHUSI BU3YaJIbHO BBIIEJISIETCS, U €TO
MOBEIEeHNE XOPOIIo U3y4eHO UM OMUCAHO B paborax
[Tabaposckuii, 1975; MatBeeB, 1990; Strack, Vozoff,
1996; West, Macnae, 2008; u ap.]. Curnan BII, cBg-
3aHHBIA C raJbBaHUYECKMM TOKOM BO BpeMsl UM-
MyJibca, TOXE BU3YyaJIbHO 3aMETeH B IEPEXOTHOM
Mpoliecce BO BpeMsI ITO3IHei cTaauy CTAaHOBJICHUS, 1
xopomo m3ydeH B merone BII [Komapos, 1980] u
npyrux meronax [Jlereitno u ap., 1995; 1997; Mouce-
eB, 2002]. B to xxe Bpemsa curHan BIl, cBg3anHbIiM
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BUXPEBBIM TOKOM, WHIYIMpPOBaHHBIM [DJI, mng
GOJIBLIMHCTBA Ie03JIEKTPUUECKUX Pa3pe30B HEe3aMe-
TeH B MEPEXOAHOM IIpoliecce, U 3Ta TeMa He3HAUYU-
TeJIbHO 3aTparuBaeTcs B JUTEPAType 110 3JIEKTpopas-
Benke [Jlereitno, 1998; Mowucees, 2002].

Panee ory0amKOBaHBI TEOPETUUECKME MCCIEHO-
BaHUSI MIOBEICHUSI TIEPEXOIHOTO Mpoliecca TOPU30H-
TanbHOro aekTpuyeckoro auruist (I'D/) [Me3eH1ies,
1990; JleBuenko, 1992]. B aTtux paboTax mokaszaHa
TeopeThuecKasi BO3MOXHOCTb CMEHBI 3HaKa CUTHaJja
IJISI OCeBOIl YCTAaHOBKM HaJl TOPU3O0OHTAIBLHO-CJIOM-
CTOI Cpeloii B IPUCYTCTBUU HEIOJSIPU3YIOIIETOCS
MEepeKpbITUsI, €CIM BeJIWUYMHA pa3Hoca (¥) MeHbIle
WJIM MOPsIIKA MOLITHOCTH nepekpbitus (4;). ITpu 30H-
IUPOBAHUSX C BKBATOPUAJILHOM IMIIOJIBLHOM ycTa-
HOBKOI1 1)1 3-X CIOMHBIX MoaeJieii, korma YOC npo-
MEXXYTOYHOIO CJIOSI OTJIMYAETCS OT COIIPOTHUBIICHUS
BMeEIIAIONIeil cpeabl, OTMEYaeTCs YCIOXHEHUE Xa-
pakTepa KpuUBBIX criaga FEx: mepexomHbIi Ipolecc
MOCJIE BHIKJIIOUEHMSI TOKA MOXET OBITh 3HAKOIIOCTO-
STHHBIM WJIM COIIPOBOXHAThCS OOHO-, IBYX- M JaxXe
TpexXKpaTHOI CMeHOI 3HaKa CUTHaJIa. DTO OOBSICHSI -
eTCsI, B MIEPBYIO ouepenb, HE B3aMMOACHCTBUEM TO-
KoB uHayKuuu 1 BI1, a cJIoXXHBIM XapakKTepoM II0Be-
JIEHUST BUXPEBOI COCTABJISIIONIE CYMMAapHOTO MOJIS.

OyH M3 BapUaHTOB IIOJIEBOM 3KBAaTOPUAILHOI
YCTAHOBKM U €€ CUTHAJIOB CTAHOBJICHUS OITMCaH B pa-
oore [Ilerpos, 2000]. HaTtypHble mcciieqoBaHUS C
I'DJI Ha akBaTOpUSIX TPOBOAUIIUCH C KOHIIA 80-X IT. C
9KBATOPUAIBbHOM YyCTAaHOBKOM (CM. HaIpuMep,
[BumasikoB u gp., 1988]), ¢ cuMMeTpUIHOI U OU-
nonbHoI [Hebpart, 1990].

B ny6nukauuu [KoxeBHUKOB, AHTOHOB, 2009]
aBTOPBI CPAaBHUBAIOT MHAYKLIMOHHBIN U raJiLBaHU4E -
CKU1i1 MICTOYHUK, MCIOJB3YIONINECS B METOIE IIepe-
XOIHBIX IpouieccoB (MIIII) u B MeTone BhI3BaHHOM
nossipusanuu (BIT) aiis1 Bo3aeiicTBUSI Ha TeoJIorude-
CKYIO Cpealy, KOTOPOM CBOMICTBEHHO IOJSIPU30BaATHCS
nociie BHemrHero OM BosgeiictBusa. MHIYKIIMOH-
HbIl CIOCO0 BO30YKIEHUSI U U3MEPEHUS IPOLIECCOB
BIl, BecMmoTpss Ha OYEBUAHBIC TEXHOJIOTHMYECKUE
IperuMyIIecTBa, CYUTACTCS 3aBeAOMO MeHee 3 dek-
THUBHBIM ITO CPaBHEHMIO C rajibBaHU4YeCKUM. B mac-
mrabe BpeMeHM, B KOTOPOM MPOTEKAIOT MEIJICHHBIE
npoitecchl BI1, nepBuyHOe BUXpEeBOE 3ISKTPUIECKOE
MoJjie, CO3JaBaeMoe TIPU BBIKIIOYEHUU YCTAHOBUB-
1Ierocsl Toka B reHepaTOPHOI MeT/e, BO3AEUCTBYET
Ha cpeay OTHOCHUTEIBHO HEIOJITo. 3a 3TO BpeMs cpe-
Jla osipu3yeTrcsl He3HauuTeabHo. Eciau monsipusa-
Ms1 YyCTaHABIWBAETCSI MEIJIEHHO, CKOPOCTh 3aTyxa-
Hus ToKoB BIT 1 cozpaBaeMoro M MarHMTHOTO IT0JIST
Mana. [ToaToMy, B cooTBeTcTBUU C 3aKOHOM PDapa-
Jiesl, MarHUTHOE IOJie 3TUX TOKOB WMHAYLUPYET B
npuemHoi netie D)1 C Hu3koro ypoBHs. Takum 06-
pa3oM, MO CPaBHEHUIO C TajlbBAHWUYECKUM METOAOM
BII [KomapoB, 1980] mpu Bo30yXIeHUN U U3Mepe-
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ann BIl mBEOyKONMOHHBIM CITOCOOOM MMEET MECTO
NIBOIHas “motepsi” 3pPeKTUBHOCTH.

MOXXHO IIPEAIIoJIOXKUTh, YTO BO3ACUCTBUE Tallb-
BaHMYECKOI'O Y BUXPEBOI0 TOKOB OyIeT aHaJIOTMYHO
M0 MHTEHCUBHOCTU W TPOJOKUTEIHHOCTU, OITHU-
CaHHOMY BBIIIE JIUISI TAJIbBAHUYECKOTO UM MHIYKTUB-
HOIo MCTOYHMKOB. IToaTOMYy, IpM HAaTypHBIX U3Me-
peHusIX 60Jiee MHTEHCUBHBIA U TIPOIOJIKUTEIbHBINA
CUTHaJl TaJlbBAaHWYECKM BbI3BAHHOI TMOISIpU3aALIAN
OCTaBIISIET “Ha BTOPOM IJTaHe” CUTHAJI MHIYKIIMOH-
HO BBI3BAaHHO ITOJISIpU3aLIUH.

PaHee, 11 ycioBuit Ha3eMHBIX U3MEPEHUIT YKC-
JIEHHBIM 3KCIEPUMEHTOM ITOKa3aHa, TEOPETUIECKas
BO3MOXHOCTbh pacno3HaBaHus BIIM B mepexomHoM
npoliecce IO BU3YaAJIbHOMY IPU3HAKy [AreeHKOB
n np., 2020]. beima mcrmoiib30BaHA CHUHTETHMYECKAs
YTpUpOBaHHAasI MOJEIb U3 KjlacCa OOHOMEPHBIX MO-
neneit, B KOTOpOU NPOBOASIINMA CUIIBHO TTOJIIPU3YIO-
IIUIACS CIJIOM OBIJT TOMEIIIEH TIO, IIPOBOISIIINIA 1 BBI-
COKOOMHBI HEMOJISIPU3YIOLINECS TOPU3OHTEI.

OnHako cUTyalusl U3BMEHSIETCsI IJIs1 YCJIOBUM aKBa-
Topuii menbda. YncieHHBIMI pacdyeTaMU IS TAaKUX
yciaoBuii [AreeHKOB U ap., 2021; 2022] 6bU10 II0Ka3aHO
nposieieHne curHajga BIIM mis reoajekTpudecKux
MojieJieli, Korma MpOBOISIAsl HEIOJISIPU3YIoNIasics
BOda IIepEeKPBIBACT IIPOBOISIIEE IOJISIPU3YIOIICECs
reoJIOrn4eckoe OCHOBAHMUE.

DTH TEOPETUYECKUE PaCUCThl OOBSICHSIOT PE3yilb-
TaThl IOKA3aHHBIX HI>KE HATYPHBIX U3MEPEHUIA, BbI-
IMOJTHEHHBIX Ha akBatopuu. Korma Bo BpeMs usmepe-
HMII EepexXoJHOro Ipolecca JIEKTPUYECKOM ycTa-
HOBKOI B 0CEBOI 00JIACTH NCTOYHMKA (DUKCHUPYIOTCS
CUTHAaJIBI C UBMEHEHHNEM CKOPOCTH CIaja Kak C e 3a-
MeIJIEHUEM, TaK U C YCKOPEHUEM BILJIOTh 1O CMEHBI
3HaKa B MO3OHEM CTaguy IIEPEXOTHOIO IIpoIecca
(T.. pa3HbIE IO BUIY U3MEPsieMbIe CUTHAJIBI).

AXTyaJIbHOCTb ITyOJIMKALIMU COCTOUT B HEOOXOIU -
MOCTH OOBSICHEHMSI Pe3yJIbTAaTOB HATYPHBIX U3MEpPe-
HUIi, BBIIIOJIHEHHBIX Ha aKBaTOpPWUM, NOHMMaHUU
CBSI3U MPOTEKaHUsI MEePEeXOmTHOro IIpoliecca ¢ reo-
DIIEKTPUYECKUMM YCIIOBUSIMM, CYILIECTBYIOIIMMU Ha
aKBaTOPMSIX, IIO3BOJISIOLIMMH IIPOSIBIISITHCS CUTHATY
BIIN B udMepeHusIx 3a3eMJICHHON JUHUENH U B 00-
IIeM ONKCaHUM (POPMUPOBAHMS IIEPEXOTHOM XapaK-
TEPUCTUKHU CPEIbl B OCEBOI 11 9KBAaTOpPUAIbHOIT 00JIa-
CTM MCTOYHMKA IIOCJI€ MMITYJIbCHOIO BO3IEHCTBUS
I'DJ1 nng reo3aeKTpUdecKUX YCIOBAM aKBaTOPUIA.

B paGore ucciemoBaH pacyeTHBI CUTHAN IJIsl
OCEBBIX 1 KBAaTOPUAJIbHBIX 3JIEKTPUUECKUX YCTAHO-
BOK C HECKOJIBKMM Pa3HOCAMM B YCIIOBUSIX aKBaTO-
puii MOpCKOro Ieiib¢a MpU PpacHoOXKEHUMN yCTa-
HOBKM Ha IOBEPXHOCTU U BHYTPU BOAHOI TOJILU U
Ha THEe aKBaTOPUM — Ha Ire0JIOTMYECKUX 00pa3oBaHM-
s1X. J1J151 OCeBBIX YCTAHOBOK BBITIOJIHEHEI PACYCThHI Be-
JIMYMH, ucroab3ylomuxcsa B AJAHMO: nepexonHblit
npouecc AU(f), KkoHeUHAas1 Pa3HOCTh IEPEXOTHOTIO
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mpouecca A2U(¢) u tpancdopmanta P1(f) — oTHOLIE-
Hue A?U(f) x AU(f). 17151 5KBaTOpUAIbHBIX YCTAHOBOK
BBITIOJTHEHBI pacyeThl HepexoaHoro npoiecca AU(?).

IIpoBeneHO cpaBHEHME CUTHAJIOB IS HEITOJISIPY-
3YIOLICKCSI MONEIN M MOIEIU C TOJJISIPU3YIOIIIMCS
ocHoBaHueM. OnpeneneHbl XapaKTepPUCTUKM, BIIVSI-
IOIlIME Ha BUI TIEPEXOIHOTO Ipoliecca — 3TO BhICOTA
YCTaHOBKHU HaJl T€0JIOrMYeCKUMU 00pa3oBaHUSIMU U
pazHoc. IlpoBedeHHOE WHcCClIeNOBaHUE II03BOJISICT
cIeJiaTh BBIBOIBI: IS YCIOBUiIT aKBaTOPUIL B OCEBOI
ob6nactu I'DJI curnan BIT 1BosiKo mposIBisieTCs B T1e-
PEXOMHOM Ipollecce KaK CBSI3aHHBIN C rajjbBaHU4E-
ckum (BIIT'), Tak u ¢ BuxpeBbiM TokoM (BITH). I1pu-
YyyHA 3TOMY — oOcobas cpeda, KOTOPYIO CO3IaloT
CUJIBHO IIPOBOISIIIAS BO/Ia I TIPOBOISIIIEE TTOJISIPU3Y -
[olleecsl OCHOBaHME (TeoJorndyeckue Imopoanr). Ta-
Kasi cpela IMo3BOJISIET B MEPEXOIHOM IIpollecce, Co-
30aHHOM 3a3€MJICHHOM JIMHUEW, IIPOSBIISITHCS CHUT-
Hany BIIW. DTo mpoucxoguT mJisi U3MEpEeHUil B
0CeBOII 00JIACTH 3JIEKTPUYECKOIO MCTOYHMKA IIPU
OIpelie/IECHHOM BBICOTE YCTAHOBKM HaJ I'€OJIOrMYe-
cKuMHM oO0paszoBaHUSAIMU. Eciy ycTaHOBKA HAXOIUTCS
HEMOCPEACTBEHHO Ha IeoJIOrMYeCKMX 00pa3oBaHU-
sax, To curHai BIT mposBasieTcss kak curaan BIII. Pa-
Hee, IIpU IIPaKTUYEeCKUX U3MEPEHUSIX, MPOSIBICHUE
BIIHN paccmarpuBaioch Kak nposiBieHue nomex. Ho
STOT CUTHAJI MOACINPYEMbIA I €T0 MOKHO paccMar-
puBaTh Kak nHdopmaiuio o BI1, paBHyto nadopma-
ouy 00 3TOM IIpoliecce, M3BJIEKAEMYIO M3 CUTHaja
rajJbBaHMYECKM BbI3BaHHOM nossipusanuu. ITokaza-
HEI noJieBble n3MepeHust AJJTHMD ¢ pa3HbIM BuU3y-
aJIbHBIM TIPOTEKAaHWEM CHUTHaJIa, MOJYYEHHBIM BO
BpeMsl IepexogHoro mpoiecca. st sKkBaTopuaib-
HBIX YCTAHOBOK ITOKa3aHo, 4yTo TposisieHue BIIT u
BIIN B mepexomHOM IIpoliecce OOAWMHAKOBO, B BUIE
CUTHajla NPOTUBOIIOJOXHOI TMOJSIPHOCTU OTHOCH-
tenbHO curHana CII.

PE3VJIbTATbl HATYPHbIX U3BMEPEHUN
AIHMO3, BBITTOJIHEHHBIX HA AKBATOPUAX

Bo Bpemst mepexonHoro mpoiiecca CyiiecTBeHHOe
BJIMSIHME Ha u3MepeHus oka3biBaeT curtai CI1. [1pu
M3MEPEHMSIX BO BDEMEHHOI 00JIaCTU ITOCJIe BBIKIIIO-
YeHMsI TOKa B TeYEHNE HEKOTOPOIO BpeMEHU IIPOKC-
XOJIUT CTaHOBJIeHUEe DM 11011 B 3eMJIe U JJIsI OTIpeie-
JICHHBIX BpeMeH HaOJIomaeTCsl CYNepIio3uliusl WUH-
OYKIUOHHBIX W  IIOJISIPU3ALIMOHHBIX 3(ddeKTOB
[VaiiT, 1987; Autonos, Illeun, 2007; 2008]. CHixe-
Hue BiusHUA CII 1mo3BoisieT mMogYepKHYTh CUTHAI
BI1. OguH u3 cnoco0oB YMEHBIISHUS TTPOSIBIICHUS
CUTHaJIa UHAYKIIMY B CUTHAJIE TIEPEXOAHOTO MTPOoLec-
ca, ipu paboTe B oceBoit ooactu 'DJI — TpaHchop-
Malnusl U3MepeHUid 3-X 2JIEKTPOTHON M3MEPUTEIb-
Hoit iuHunM M [ M,M;. Takue nusmepuTeabHble JUHUU
¥ TpaHC(HOPMAHTHI UCTIOJIL3YIOTCS It n3ydeHns BIT

OU3UKA 3EMJIM  Ne 2 2023
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npy HazeMHBIX n3MepeHussx JJTHMD [Jlereitmo n np.,
1995; 1997; Jlereiino, 1998; Areenkos u ap., 2012].

Ha aksatopusix AHHMD wucnonab3yeT oceBbIe
YCTaHOBKU ¢ IMHOM ncrtouHuka ot 300 mo 1000 M,
pSI 3-X 3JIEKTPOTHBIX N3MEPUTEIBHBIX JTMHMUMN oT 200
10 600 M ¢ pasHocom ot 600 o 1500 M [CUTHUKOB
u 1ap., 2017; MapkoB u ap., 2021]. Ha kaxnoii mape
U3MEPUTENBHBIX IMHUU M M,M; mpoBoasTCcs u3me-
peHus1 curHajia IriepexomHoro mpoiecca AU(Y) (1)
MeXAy daekTpoaaMu M;—M; U KOHEYHOI pa3HOCTU
nepexonHoro rnpouecca A2U(7) (2) Mexy 3/1eKTpoaa-
mMu M,—M, u M,—M;. Ilociie 00paboTKH CUTHAJIOB
AU(Y) u A*U(f), paccunTbiBaeTcs OTHOLLIEHUE KOHEY-
HOM pa3HOCTH CHUTHajla IIEPEeXOIHOTO Ipollecca K
CUTHaJly MepexoJHOro Ipoliecca — TpaHchopMaHTa
P1(¥) na nunun M,;M,M; (3) [Jlereiino u aop., 1995;
1997; Jereiino, 1998].

AU (), = AU (), TAU ()0, (1)
AU (t)MleM_z =AU (t)Mle - AU (t)MzMs ’ )
2
AU () ya,
P1 (’)MleMs =—— 2=

AU (), 3)

AU Oy, ~AU (D,

AU(I)M,MZ +AU(z)M2M3

B momygeHHOiT TaknM o6pa3oM TpaHcHOpMaHTE
P1(¢), B mo3nHeli cTaniuu CTAHOBJIEHUST B OOIIIEM IIe-
PEXOMHOM IIpoliecce OCIalIsIeTCsl CUTHAaJ, CBSI3aH-
HBIIA C BUXPEBBIM TOKOM.

st noHMMaHUST OBEACHMSI U3MEPSIEMBbIX BEJIM-
YMH Ha 3-X 3JIEKTPOTHOM YCTaHOBKE, PaCITOJIOXKEH-
HOM B oceBoit obiactu I'DJI, mpuBeneHbl IpUMEPHI
ITIT gng nByx reosnekTpmiyeckux Monaeieii. Insg om-
HoM 13 HuX curHai BII, rimaBHBIM 00pa3oM, CBsI3aH C
rajJbBaHUYECKUM TOKOM, IJIsI IPYTOii C BUXPEBBIM.

Ha ocHoBe pacueTHOro mepexomHOro IIpollecca
Mexny anekrponamMu M;—M, u M,—M; dopmupo-
Basicst curHai AU(f), A*U(f) u tpancdopmanTa P1(7).
B takoit TpaHchopMaliiu BeJInurHa, nuddepeHim-
pOBaHHAag B MPOCTPAHCTBE, OyIET JaBaTh 3HAYECHUS
OTJIMYHBIC OT HYJIS, a pacnpelesieHHass OTHOPOIHO
OyIeT UMeTh HyJIeBble 3HAUCHMSI.

N3menenue Pl1(f) Bo BpeMsl mepexogHOro Ipo-
1iecca TECHO CBSI3aHO C UBMEHEHUEM TIJIOTHOCTU TOKa
U ee MPOCTPAHCTBEHHOU HEOJHOPOMTHOCTHU B 3eMJIE.
I1noTHOCTE TOKa ompedelisieT MepPeXOMHbIN Mpoliecc
AU(t) Ha UIBMEPUTETbHON JIMHUU, & TPOCTPAHCTBEH-
Hasi HEOJTHOPOAHOCTb — OIpeAesieT KOHEUHYIO pa3-
HOCTB IepexogHoro rnpouecca A>U(f). Pucynox 1 ne-
MOHCTUPYET IIpUMeEpP, KaK BoIIJISAAT rpacduku AU(Y),
A2U(f) n P1(f) Haz HENOISAPU3YIOLIEHCS U ITOJIAPU3Y-
foleiicss 3eMJield MpU MpeoOdlalaHUKM TaJlbBaHUYE-
CKOTO BO30YXKJIEHUS MONSIPU3ALMOHHBIX MTPOLIECCOB.
st pacyeToB MCIONb30BaJIaCh OCEBasl YCTAaHOBKA C
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mmHoM ncrounuka (AB) — 500 M, nmuHOIT n3Mepu-
TeJAbHBIX TMHUHI (M; M, 1 M,M;) — no 500 M, pasHo-
coM (7) — 1250 M 1 Moaesb IoayIpocTpaHcTBa ¢ YOC
50 OM - M, XapaKTepHBLIM JISI TeO3JIEKTPUUESCKUX
ycaoBuit cymm. Yder addekra BII ocyiiecTsieH
BBeJeHHEM 4acTOTHO 3aBUcuUMOro YOC dopmynoit
Koyma—Koymna (4) [Pelton et al., 1978]:

1
1+ (i)

p(®)=py|1-n|1- (4)
[OE: Py — YAEIBHOE 3JEKTPUUYECKOE COMPOTHUBICHUE
Ha NOCTOSIHHOM Toke (OM * M); N —Ko3(duumneHT
MOJISIPU3YEMOCTH (IIOJIM €11.); T — IIOCTOsIHHAsI BpeMe-
HU (C); ¢ — IoKa3aTelb CTeIIEHU; (0 — KPyroBas 4a-
crota (c!).

OOBSICHUTH NOBeIcHUE TpaUKOB MOXKHO CJIedy-
oM obpasoM. Bo Bpemst U3MeHeHMs TOKa UCTOU-
HUMKa B MPOBO/IsiIIel cpee BOZHMKAET BUXPEBOU TOK.
st IT'DJI B Havasie mepexoaHOro Ipoliecca CTPYKTY-
pa BUXpEBOTO TOKA OyIET MOBTOPSATH CTPYKTYPY TaJlb-
BaHMWUYECKOTO TOKa, yCTAHOBUBIITYIOCS BO BpeMSI TPO-
nmyckanusi Toka (IIT). Ilpouecc craHoBiaeHuss OM
MoJIsi CBsI3aH C pacTeKaHWeM KoOJiblla OCHOBHOI
TUIOTHOCTHU BUXPEBbIX TOKOB BHU3 U BIIMPb U CTPEM-
JIeHUe K paBHOMEPHOMY pacIpeAceHUI0 B 3eMJie
[Strack, 1992]. IToaToMy mpocTpaHCTBEHHasl HEOM-
HOPOAHOCTb DM 107151, CBI3aHHOTO C BUXPEBBIM TO-
KOM, OyJeT YMEHbIIAThCs, a B MO3IHEN CTaauM CcTa-
HOBJICHUSI, CTPEMUTHCS K HYJT10. KOHeuHast pa3HOCTb
nepexogHoro npouecca A2U(f), 00ycIOBIeHHAs BUX-
PEBBIM TOKOM, OYIET CTPEMUTBCS K HYJII0 B MMO3MHEN
CTaIuM CTAHOBJICHMSI. DTO ITOKAa3aHo Ha puc. la, 3Ha-
yeHus A?U(7) (rpaduk 2) pe3Ko yMEHBILIAIOTCS ITOCIIE
Bpemenu 0.01 c.

IIpocTpaHcTBeHHAsT HEOMHOPOIHOCTh TokKa BIIT
(1 DM oTKJIMKa, CO3JAaHHOIO MM) COXpaHSIETCS Ha
MPOTSIKEHUU BCETO TMEePEXOMNHOro mpoilecca U 3aBu-
CUT OT PACCTOSIHUS 10 UICTOYHMKA, TTOBTOPSISI TIJIOT-
HOCTb rajibBaHn4ecKoro Toka. Ha puc. la (rpaduxk 4)
usMmeHeHus A2U(f) puoOpeTaloT Apyroil Xapakrep
nocne Bpemenu 0.01 ¢, Korma mpocTpaHCTBeHHAas He-
OIHOPOJHOCTb TOKA rajlbBAaHUYECKU BbI3BAHHOU MO-
JIIpU3allMM HauyMHaeT mpeobJianaTh Hald MPOCTpaH-
CTBEHHOI1 HEOMHOPOIHOCTbIO BUXPEBOTO TOKA.

M3-3a paznuumii B pacTeKaHUU B 3eMJIE BUXPEBO-
ro TOKa 1 TOKa rajlbBAaHMYE€CKU BbI3BAHHOM ITOJISIPU-
3aumu nepexonHslii mpouecc AU(Y) n AU(f) Ha 3-x
BJIEKTPOIHOM U3MEPUTEJIbHOUN yCTaHOBKE, PAcIiofio-
KEHHOI B 0CE€BOi1 00JIaCTH UCTOYHMKA, HAJl HETIOJIsI-
pU3YIOIIECS 1 TTOJISIpU3YIOIIECS cpenoit OyIeT cy-
LLIECTBEHHO pa3nyaThbes (puc. 1a).

TpancdhopmanTa PI1(f), TojiydeHHasT Ha OCHOBE
pacyeToB B OCEBOI 00J1acTU 3a3eMJIEHHOI JIMHUM, B
MO3JHEN CTaAUM CTAHOBJIEHUS TTOJABJISIET COCTABIISI-
IOIIYIO CUTHAJIA, CBSI3aHHYIO ¢ Uddy3neit BUXpEBbIX
TOKOB. B mo3nHel ctanuu miIoTHOCTb BUXPEBBIX TO-
KOB BbIPaBHUBAETCS B HUXKHEM TOJIYIIPOCTPAHCTBE U
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Puc. 1. Pemmenue DM npsimoii 3a1auu B 0ceBOit 00JIaCTM ICTOYHMKA BO BPEMSI TIPOIYCKAaHWS TOKA U TIEPEXOIHOTO Mpoliecca:
(a) — pa3HocTb noTeH1IManoB (AUQ) 1 BTopasg KOHeYHasi pa3HOCTh ITOTCHLIMAIOB (A2 U0), nepexonnsblii mpouecc (AU(f)) u Ko-
HeYHasl pa3HOCTh IIEPEXOIHOTrO IIpoliecca (A2 U(1)); (6) — tpancdopmanTta PO u P1(r). O6o3HaueHus rpacdukoB: [ u 3 — AUO0u
AU(t); 2n 4 — A2U0 u A2U(t); 5u 6 — PO u P1(¢) Han Henosipusytolieiics (N = 0) u nonsipusytoneiics (N = 5%) 3emueit, co-

OTBETCTBEHHO (cM. paboty [Jlereiino, 1998]).

MPOCTPaHCTBEHHAas HEOMHOPOMIHOCTh DM moJis, co-
3MaBaeMasl BUXpeBbIM TOKOM, ctpeMuTcs K 0. IToato-
My Ha 3TOM CTaaAMy IIEPEXOMHOrOo IIpoliecca TpaHC-
dopmaHTa P1(7) nj1s1 pacCCMOTPEHHBIX T€03JIEKTpUYe-
CKMX YCJIOBUI1 OIIpENeIsIeTCs I0JIEM TaibBAHMYECKU
BBI3BaHHO TToJIsIpu3anuu (puc. 10).

MHAIyKIIMOHHO BbI3BaHHAsI MOJSpU3alUsl B Ooce-
Boit obactu I'DJI mposBisieTcsa B cMeHe 3Haka AU(7)
[Tereiimo, 1998], a mist 3-X 2AEKTpPOMHON M3MEpPHU-
TeJIbHOM YCTAaHOBKM B CMEHE 3HaKa BTOPOM KOHEY-
HOIf pa3sHOCTM CHTHaja IIepEeXOTHOro IIpoliecca
A*U(Y) n tpancdopmaHTsl P1(f) [AreeHKOB U Ip.,
2020]. PucyHok 2 moka3pIBaeT, KaK BBITJISIIAT Ipadm-
xu AU(Y), A2U(f) n P1(¢¥) Han HENOJSIPUSYIOLIENCS U
MOJISIpU3YIOLIEIics 3eMJIeli ¢ TIpeodIagfaHueM UHIYK-
IMOHHOTO BO30YXIECHUS MOJSIPU3AIIMOHHBIX IIPO-
neccoB. Hy>kHO OTMeTUTB, YTO B 3TOI IMyOIUKAIINN
3a MOJIOXKUTEJIbHbII CUTHAJI TIPUHST CUTHAJ Ha U3Me-

puTeJie, paclojOXXeHHOM B OCEBOU 00JTaCTU UCTOY-
HUKa, BO BpeMs MPOIYCKAHUSI TOKa, U BCE UBMEHE-
HUSI 3HaKa CUTHaja OIMUCBIBAIOTCS OTHOCUTEJIHLHO
Hero. JIjisi pacueToB HCIIOJb30BaJlaCh YCTAHOBKA,
OIMMCaHHasl BbIlIEe, U CUHTETHYECKash MOJelb, UC-
MOJIb30BaBIIaAsICS B TepBOM mpumepe (cM. puc. 1),
YCJIOXHEHHasl BBEIEHMEM BBICOKOOMHOIO 3KpaHa C
TMOJSIPU3YEMOCTbIO CBOMCTBEHHOI TOJILKO CpeJie MO/,
sKpaHoM (Tabi. 1). 3aBhIlIEHHOE 3HAYSHME TTOJISIPU-
3yeMOCTU TPETbEro CJIosi UCTIONb3YETCSl B IKCIEPU-
MeHTe TS yBenudeHus addexrta BII, cBsa3zanHoro ¢
HUM. Mojenu, UCIIOJIb30BaBIIMECS B 3TUX TIpPUMeE-
pax, He XapaKTEpHBI A1 YCIAOBUI aKBATOPUIA, HO SIp-
KO MOKa3bIBaIOT BU3YyaJIbHbIE Pa3InuMsl B MPOSIBIIE-
Huu curHayios BIII u BITH B nepexonHOM Ipoliecce
Ha 3a3€eMJICHHOU JIMHUU U CIIYKaT WCKIIIOUUTEITHHO
JIJIs1 9TUX Pa3bsSICHEHUMA.

Tab6muna 1. Mogenb cpeasl ¢ mpeobaagaHueM MHAYKIIMOHHOTO BO30YXXIEHUS MOJISIpU3ALIMOHHBIX MTPOLIECCOB

MACIEEOS Koaddurmenr ITocrosinHasa [Tokazatens
. 3JIEKTPUYECKOE MoutHocCTb cost
Croit MTOJIAPU3YEMOCTH 1, BpeMeHU CTeIeHU
COTIPOTUBIICHHUE P, h,M

O - % T,¢ ¢, 6.p.
M * M
50 0 300

1000 0 500
50 50 1 0.5 oo
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Puc. 2. Peurenue ®M mnipsiMmoii 3a1aun B 0CEBOM 06J1aCTH KICTOYHMKA BO BpeMsl ITPOIYCKaHUSI TOKA U MEePEeXOIHOTO Mpoliecca:
(a) — paszHocTb noteHuuanoB (AUO) u Bropasg KoHeuHast pa3HOCTb moteHuuanoB (A“U0), nepexomaHsblit ipouecc (AU(f)) u ko-
He4yHasi pa3HOCTb IIEPEeXOIHOTrO Mpoliecca (A2 U(1)); (6) — tpancdopmanTa PO u P1(f). O6o3HaueHus rpacdukoB: I u 3 — AUOu
AU(t); 2u 4 — A2U0 u A2 U(?); 5u 6 — PO u P1(¢?) Han Henonsipusytotieiics (N = 0) 1 moJisipu3ylolieiics: B TOAKPaHHOM ToJIIIIe
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(n = 50%) 3emieii, COOTBETCTBEHHO (CM. paGoTy [AreeHKOB U ap., 2020]).

OcHOBHasl TJIOTHOCThb TaIbBAHMYECKOTO TOKa,
TSI UCIIOJIb3yeMOI YCTaHOBKH, OyIeT COCpelIoTode-
Ha BbIIlIe BLICOKOOMHOTO 3KpaHa. B cepennHe ncrou-
HUKa Ha mryouHe ot 1/4 oo 1/10 mmasr AB [MarBees,
1990], t.e. ot 50 mo 125 M. BuxpeBoii TOK, IpOHMUKAsI
1O/, BBICOKOOMHBIN 3KpaH, HaYMHAET pacipocTpa-
HSIThCS IO, HUM U IT0JIsIpu30oBaTh cpeny. I1o mepe 3a-
TyXaHUSI BUXPEBOIO TOKa, Cpela BO3BpalllaeTCs B
MepBOHAYAJIbHOE COCTOSIHHE, YTO COMPOBOXIACTCS
BO3HUKHOBeHMeM ToKa BITH. DTtot ToK ciaenyeT “te-
HBIO” 32 BHUXPEBBIM TOKOM, HO MMEET IIPOTUBOIIO-
JoxHoe HanpaiaeHue. [IpocTtpaHcTBeHHast nudde-
peHumauusa Toka BIIM moBTOpsieT, cylliecTBOBaB-
IIyI0 1O €T0 BO3HMKHOBEHUS, IH(depeHInanio
BUXPEBOro TOKA C 3aJePXKOii BO BpEMEHHU, OINpee-
JISTIONIEICS Te03JIEKTPUIECKIMMU CBOMICTBAMU CPEIbI
(YOC, mOCTOSHHOI BpEeMEHM IIOJISIPU3ALIMOHHOTO
npoiuecca) (4).

Ha rpaduxe 4 (puc. 2a) sugHo, uro BITN naum-
HaeT MPOSIBJISIThCS CO BpeMeHU oKoJio 10 Mc — 3Haue-
Hus A?U(f) HAYMHAIOT YMEHBIIATHCS BIUIOTH 10 CMe-
HbI 3HaKa curHaja Ha BpemeHu 30 Mc, YTO BbI3bIBaeT
U CMeHy 3Haka TpaHcgopMaHThl. CMeHa 3Haka AU(Y)
(puc. 2a, rpaduk 3) NpOUCXOOUT MO3AHEEe — Ha Bpe-
menu 500 Mc, ¢ TUM CBsI3aH pa3phiB rpaduka Pl1(f) u
BTOpasi CMeHa 3HaKa TpaHC(OPMaHThI, €€ 3HAYeHUsI

OU3NUKA 3EMIIM  Ne 2 2023

BHOBb CTAHOBSITCSI TTOJIOXKUTEILHBIMU (pUC. 20, Tpa-
duk 6). 1o BpeMeHu ipuMepHo 1 ¢ 3Hauenus A?U(f)
npesbiaioT 3HadeHust AU(F), moaTomy TpaHChOp-
MaHTa 0osbIre 1 — 3Ta yacTh rpaduka 1 OOJIbIINE OT-
pULaTelbHbIe 3HAUEHUsI He TIoKa3aHbl Ha Tpaduke 6
(cm. puc. 26). Peructpanuio curnamna BITU, numeio-
11IETO MPOTUBOTIOJIOXHYIO MOJIIPHOCTh, OTHOCUTENb-
Ho 3Haka curHazia CII, orMeyaloT rpu padoTe ¢ MH-
IYKTUBHBIMM ycTaHoBKamu [KoxeBHukoB, 2012;
Kamenenukwuit u np. 2014; u ap.].

OmnucaHHbIE TEOPETUYECKUE CUTHAJIBI TOKa3bIBa -
0T, KaK MPOSIBJISIIOTCSI BpEMEHHbIE WHTEPBAJIbI TIpe-
oonamanus CII1, BIII u BITH Bo BpeMs mepexoqgHOTro
rpoliecca Ha 3-X 3JeKTPOTHON U3MEPUTETbHOM JIN-
HHHU, PaCHOJIOXKEHHOI B oceBoii obnactu I'DJI.

In situ momy4eHbl TpaHC(POPMAHTEL CO CXOXKUM H3-
MmeHeHueM curHama. IloneBwie m3Mmepenuss AIHMO
OBLIM BBIITOJIHEHBI HA aKBAaTOPHUU IIYOMHOM MOpsiaKa
600 M. Mcronp3oBanack yctaHoBka ¢ AB — 800 M,
MMeEIOIIe HAKJIOH BHYTPY BOTHOIO CJIOSI — 3JIEKTPO,
A 3arny6ieH Ha 50 M, anetpon B Ha 200 M u ¢ usme-
PUTEIbHOM 4acThlO, IOTPY>KEHHOW B BOAHBINA CJIOKU
MPaKTUYSCKU TOPU3OHTATLHO Ha mryonHy 250—300 M,
MM, = M,;M; — 400 M. T.o. BbICOTa U3MEPUTENBHOM
YacTU Haa MOpCKUM mHOM cocTapiasuia 300—350 M.
M3mepeHns1 mepexoqHOM XapaKTepPUCTUKU BBIITOJI-
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JaHbl B aHAJIOTMYHOM BPEMEHHOM MHTEPBAJIC.
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Puc. 4. PacnipeneneHue nuamepeHHoro curiaia Pl(f) Ha JMHUU CbEMKMU.

Hsuch co 100 mc go 12 ¢ JInmmHa TMHUM CheMKH CO-
ctabisiiaa 25000 M.

Ha rpadukax HaTypHBIX U3MEPEHUI Ha TTO3THUX
BpeMeHax TpaHchopMaHTEL P1(f) oTMedaloTcst OTpU-
1aTeJbHble 3HAYEHWSI HA HECKOJbKUX yyacTKax Jin-
Huu (puc. 3). BpeMeHHOIi MHTepBaJl OTpULIATEIbHBIX
3HaYEHU I JOCTATOYHO TTPONOKUTENbHbIN ¢ 3 10 12 ¢.
ITpocTpaHcTBEeHHasT MPOTSIXKEHHOCTb TaKUX y4yacT-
koB coctasisier 2000—5000 M (puc. 4), y4uTbIBas
pacCcTosiHUE MeEXIy TOYKaMM TIPOCTPaHCTBEHHOIO
ocpenHeHns 3anucy [CutHUKOB U 1p., 2017] ipuHs -
toit B 1000 m.

EcTb Ha 5TOi1 IMHUM U YyY4ACTKU C IPKO BBIPAKEH-
HbIMU TOJIOXUTENbHBIMUA 3HaueHusimu Pl(f) Ha
MO3IHUX BpeMeHaX. [IpoTsSKeHHOCTh 3TUX YyYacTKOB
2000 u 3000 M.

PacrnipenenieHue oTpULIATEABHBIX U ITOJIOXKUTEIb-
HBIX 3HAYEHUIT HA IMHUU CheMKU HOCUT HE CITydaii-
HBI XapakTep, I03TOMY, MOXHO IPEANOJI0XUTb,

YTO OHM CBS3aHbBI C UBMEHEHUSIMHU MNOJISIPU3aLMOH-
HBIX CBOIMCTB Ie¢0JIOTMYECKOI Cpeabl U IIyOMHOI 3a-
JIETaHUS MOJISIPU3YIOLIETOCsI OObEKTA.

OINIMCAHUE YN CIIEHHOT O
OKCITEPUMEHTA

B ocHOBe TeopeTHUecKOil YacTu HCCIEIOBaAHUS
JieXXaT pe3yabTaThl pelleHUs] MPSIMOU 3adauM OT Ofl-
HOMEPHOI MPOBOAMIIEHA TOJSIPUIYIOLIEHCS CpEIbl
JIJIsl TOPU3OHTAJIBHOM 3JIEKTPUYECKON KOMIIOHEHTHI
HeycTaHoBUBIIerocst OM moJs. Jjas pacyeToB CUT-
HaJla Ha OCEBBIX YCTAHOBKAX MCIIOJIL30BAJICSI METOI
JIMHEMHON (PMIBTpallMM pelreHns 3amauyn DM cra-
HoBjieHus [Ilerpos, 2000]. ITpu pacuerax repBoHa-
YaJlbHO BBIYMCIISIACh YACTOTHAS XapaKTepUCTHKA
CUTHaJja B IIMPOKOM IMara3oHe YacTOT, 3aTEM IyTeM
npeodpaszoBaHuss Pypbe MONYYaTOCh pElIEeHUE BO
BpeMeHHOl obnactu. BII cpenbl yduThIBajach 4a-
cToTHO 3aBUCUMBIM YOC (4). Ha skBaTOpualibHBIX
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Puc. 5. Cxema OCEBBIX 3JIEKTPUYIECKMX YCTaHOBOK: AB — ucrounuk; M;M,M;3, MoM3sM,, MsM4M;5, MyMsMg, MsM¢M5,
MgM;Mg, M;MgMg, MgMgM |j — TpexaaeKTponHbie U3MEPUTENbHBIE IMHUM; © — Pa3HOC (PACcCTOAHME MEXY LIEHTPOM MC-
TOYHMKA U LEHTPOM TPEX3JIEKTPONAHO! U3MEPUTEIBHOM JIMHUM).

YCTAaHOBKAaX CHUTHAJl PacCUYUTHIBAJICS IPOTpaMMOii
[ITepcoBa u np., 2009; Conoseituux u ap., 2011], ko-
TOpas MO3BOJISIET Pa3neIbHO MOJEIMPOBATh ITPOIIeC-
Chl CTaHOBJIEHUSI OM T10J1s1 1 BhI3BAHHOM MOJIsIpU3a-
U1, BO30yxKmaeMble yeKTpudeckoi muHuein. DA C
BII ommuceiBanacek ¢popmyioit B.B. Kopmuibliesa (5)
[Kopmunsies, 1980]:

B(r) = exp(%iﬁtj erfc(%t),

rne: ¢ — Bpems (¢); T, — NoCTOsSIHHAsI BPEMEHM, CBS3aH-

T
Jn

[J1s1 yucjieHHOTo 3KcrnepuMeHTa Oblla BhIOpaHa
npocTasl cpefa — IBYXCJIOHOE MOJYyIPOCTPAHCTBO.
IlepBrlii cnoit — Mopckasi BoJa CUJILHO MPOBOASIIAS
HETOJISIpU3YIOLascs MOIIHOCTBIO /1, oT 50 10 250 M ¢
YBC 0.25 Om - M. OcHOBaHUE — reoJiorndyeckure 0o-
pa3zoBaHUs MpoBoAsIUe nojspusymiimuecs ¢ YOC

(%)

Hasi ¢ T B ypaBHeHUH (4) cooTHOLIEeHUEeM: Tj =

Taomua 2. Monenb IIpOBOISIIEN Cpeabl

1.5 OM - M m nomspusyemocthio 1 0 wim 15%
(cMm. puc. 5), BpeMeHeM penakcauuu T 0.5 ¢, mokaza-
TeaeM cterneHu ¢ 0.5 6.p. (tadiu. 2, Tabdua. 3).

J1J1s1 YMCIE€HHOTO KCIIEpPUMEHTA UCIT0JIb30BaIOCh
HECKOJIbKO OCEBBIX YCTAHOBOK C JUIMHOM MCTOYHMKA
AB, paBnoii 50, 100, 250, 500, 1000 u 2000 M, psimom
U3MEPUTENIbHBIX JIMHUU C IJIMHOW, paBHOM HJIWHE
MCTOYHMKA, PACIIOJOXEHHBIX B OCEBOIT 00JIacTH Ha
pa3Hocax, BhIpaXXeHHBIM B €IWHUILIAX IJIMHBI UCTOY-
Huka: (3/2)AB, 2AB, (5/2)AB, 3AB, (7/2)AB, 4AB,
(9/2)AB, 5AB (puc. 5, ta6bnm. 4). Takum oGpaszoMm,
paccMaTpUBAIMCh YCTAHOBKU, IJISI KOTOPBIX pa3HOC
3aBUCUT OT JUIMHBI MCTOYHMKA. YCTAaHOBKM pa3Me-
IIAJIMCh HA TIOBEPXHOCTU BOIHOIO CJIOSI, B €r0 cepe-
IVHE W Ha IIOBEPXHOCTU OCHOBaHUS (3eMJIM)
(cm. puc. 5).

Ha oceBbIXx MHOTOpa3HOCHBIX YCTAaHOBKax Ha
KaXI0M TPEXDIIEKTPOOAHONM W3MEPUTEIBHON JIMHUU
NPOBOIUIIUCH PACUETHl TIEPEXOMHOTO TMpoIlecca

Croii VienpHOE 3JIeKTpHUIECKOe Koadpdumment MoIHOCTE CII0sT
conpoTusieHue p, OM - M MOJISIPU3YeMOCTH 1, % h, M
1 0.25 0 50—250 u 600*
2 1.5 0 oo

*PacueThl 1 Monesv ¢ TyorHOi Mopst 600 M BBITIOJTHEHBI JUTSI OObSICHEHUSI PE3YJIBTATOB MTOJIEBOTO SKCITEPUMEHTA.
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Ta6muna 3. Mopenb npoBosiiieii cpeabl C MOISIPUIYIOIIUMCS OCHOBAHUEM

VYnenbHOE
KoadppuuumeHt IToka3zaTtenb
N 2JIEKTpUYECKOE IMocrosiHHas Mo1HOCTh
Croit TOJIIPU3YEMOCTH CTeNeHU
COIPOTUBJICHUE BPEMEHU T, C cost h, M
n, % ¢, 6.p.
p,OM M
0.25 0 — — 50—-250 u 600
2 1.5 15 1 0.5 oo

Ta6auna 4. XapaKTepI/ICTI/IK_I/I OCEBBIX YCTAHOBOK YMCJICHHOI'O SKCIICPpUMECHTA

JnuHa ucrounvka AB, M Pa3zHoCHI 7, M ﬁ?gﬁ:ﬁjﬁﬁ?ﬁ
50 75, 100, 125, 150, 175, 200, 225, 250 25,25
100 150, 200, 250, 300, 350, 400, 450, 500 50, 50
250 375, 500, 625, 750, 875, 1000, 1125, 1250 125, 125
500 750, 1000, 1250, 1500, 1750, 2000, 2250, 2500 250, 250
1000 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 500, 500
2000 3000, 4000, 5000, 6000, 7000, 8000, 900, 10000 1000, 1000

AU(f), KOHEYHOI pa3HOCTU CHUTHaja NEePEXOTHOIro
npouecca A2U(¢) u tpaHcdopmaHTsl P1(7).

Ha skBaTopraabHBIX MHOTOPA3HOCHBIX YCTAHOB-
Kax (puc. 6, Tad1. 5) Ha KaxXmoil U3MEPUTEIHLHOM JIH-
HHUU PaCCUMTBIBAJICS IepexomHblii Ipouecc AU(1).
HMcnonab3oBanuchk 3KBaTOpUaIbHBIE YCTAHOBKU C
JumHOM nctounuka 50, 100, 250, 500, 1000 1 2000 m
U IPUEMHUKOB — U3MEPUTEIbHBIX JuHUIT MN, paB-
HBIX OJIOBUHE IJIMHBI UCTOYHUKA, PACIIOIOKEHHBIX
Ha pasHocax: (2/10)AB, (3/10)AB, (4/10)AB, (5/10)AB,
(6/10)AB, (7/10)AB, (8/10)AB, (9/10)AB, AB

CurHai pacCUUThIBaJICA Ha BpeMeHU oT 1 Mc 10 16 ¢
rocJjie 66CKOHEYHOTO UMITYJIbca TOKa (MMIYJIbC BO3-
OyxneHus: — pyHKUMs XeBucaiina).

PE3VJIIBTATBI YUCJIEHHOI'O
BKCITEPUMEHTA JJI1 OCEBbBIX
YCTAHOBOK

Heob6xonumMo OTMETUTH, UTO 0Ka3ajloCh yIOOHO
aHAJIM3UPOBATh pacyeThl, UCIOJIb3YS HE ITyOUHY I10-
TPYKEHUSI YCTAaHOBKM B BOIHBIN CJIOM, a BBICOTY
YCTaHOBKM HaJl JHOM aKBaTOPUU (TTOJISIPUBYIOIIUMCS
OCHOBaHUEM), MOATOMY HajbHeilllee M3JI0XCHUE U
BBIBOJIBI TIOCTPOEHBI HA OCHOBAHNHY TAKOIM TEPMHUHO-
JIOTUH.

B nepexonHOM mpolecce Ha OCEBBIX YCTAaHOBKAX
BBIIESIECTCS PAaHHSS CTaavs NEePEXOAHOro Ipolecca
(PCIIIT). Ee nmpoaokKUTeIbHOCTh 3aBUCUT OT pas3-
Hoca. /1 oceBoif yCTaHOBKM pa3HOC 3aBUCHUT OT
IUIMHBI UICTOYHUKA, T.K. CKJIAIbIBA€TCS U3 IIOJTOBUHBI
JUIMH TIMTaloleit U u3MepuTeabHOU auHuiA. s
YCTaHOBKU C JJIMHOI McTOoYHMKA 50 M Ha ONMKHUX
pazHocax 75 u 100 m PCIIIT He oTMedaeTcs B pacyer-

HOM CUTHaJle, HaunHatomeMmcs ¢ 1 mc. st Takoro
ylajieHusl OT UCTOYHMKA BTa CTaaus MepeXOIHOro
Mpoliecca 3aKOHYMJIACh PaHbllle Hayajla pacyeToB
curHana. Ha pazHocax nopsiaka 1000 m PCITIT gut-
cs1 mo 100 mc, pasnoce okoio 3000 — mo 1 ¢, a Ha pa3-
Hocax nopsiaka 10000 m — mo 7—8 c.

M N
500 - — .
M N
M N
400 - — .
M N
M N
300 + L
= M N
- M N
200 + ——
M N
M N
100 + L W ]
r
A B
T T T T 4
0 100 200 300 400 500

X, M

Puc. 6. CxeMa 3KBaTOpHMaJIbHON 3JIEKTPUYECKOM YCTa-
HOBKU: AB — ncrounuk; MN —u3mMepuTeabHbIC TUHUU;
r — pa3HOC (paccTosiHUE MEXAY LUEHTPOM MCTOYHUKA U
LIEHTPOM M3MEPUTETbHOM JIMHUN).
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Ta6mauma 5. XapaKTepI/ICTI/IK_I/I 9KBAaTOPUAJIbHBIX YCTAHOBOK UYMCJICHHOI'O SKCIICPUMECHTA

JnnHa ncrouyHuka AB, m PaszHockwl r, M JnuHa namepurtensas MN, m
50 10, 15, 20, 25, 30, 35, 40, 45, 50 25
100 20, 30, 40, 50, 60, 70, 80, 90, 100 50
250 50, 75, 100, 125, 150, 175, 200, 225, 250 125
500 100, 150, 200, 250, 300, 350, 400, 450, 500 250
1000 200, 300, 400, 500, 600, 700, 800, 900, 1000 500
2000 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000 1000

PesynbTaThl pacueToB MpeacTaBiieHbl B BUAE rpa-
¢dukoB P1(f) Ha Bcex pa3HOCax U BCEX BbICOTax ycTa-
HOBKHU HaJ JHOM aKBaTOPHUU IJISI TIOISIPUSYIOLIETOCS
U HenoJisipusylolierocss ocHoBaHus. [pabuku mis
JOHHBIX YCTAHOBOK IOKa3aHbl CIUIOIIHOMU JIMHUEHA,
IUIST yCTAHOBOK, PACTOJIOXKEHHBIX B CEpPEAWHE BOM-
HOI TOJIIM — IIMPOKUM IMYHKTUPOM, IUISI YCTAHO-
BOK, PAacCMOJIOXXEHHBIX HA ITOBEPXHOCTU BOIHOTO
CJIOoS — MyHKTUPHOU nuHuei (puc. 7 u puc. 8). ToH-
KUMHU CEepbIMU JIMHUSIMU TIOKa3aHbl Tpaduku s
MOJEJIN C HEMOISIPUIYIOIIUMCS OCHOBAHUEM.

Hy>XHO OTMETUTb OCHOBHbIE TEHIECHIIUU MPOSIB-
nenns curHaima BIT B mepexogHOM IIporiecce 1Mo BU-
3yallbHbIM IPU3HAKAM, OTHO U3 TaKUX — yBEJIMYEHUE
WJIW yMEHbIIIEHUE, BIUIOTh O CMEHbI 3HaKa, aMILIM-
Tyabl TpaHcopMaHThL P1(f) Ha MO3THUX BpeMeHaX B
CpaBHEHUM C TpaHC(OPMAHTOU OT HEIOJISIPU3YIO-
mieiicss moaenau. st ycTaHOBOK, HaxoOJSIIMXCS Ha
JIHE, TO €CTh Ha ITOBEPXHOCTH IOJISIPU3YIOIIETOCs OC-
HoBaHus, curHai BII nposiBisercs B Buae curHaia
BIII nist Bcex pasHocoB. Korma Mexay Moasipusyio-
IIIMMCSI OCHOBAaHMEM U YCTAHOBKOM MOSIBJISIETCS He-
MoASIPU3YIOIIUIACS cioli (IpU MoabeMe YCTaHOBKU
Hag THOM), Ha pa3HOCaX, pacIlioJOXEeHHBIX Oke K
uctouyHuky, BII nnposBisieTcsa B Buae curHaia BITN.
Yewm Bblllie NOAHUMAETCS YCTAHOBKA HaJl THOM, TEM

P1,6.p.

0.0010.01 0.1 I 10 100 |
t,c

obmmpHee obacts BIT, cBg3aHHas ¢ BUXpEBBIM TO-
koM. Ilpu yBeaIMYEeHUM pa3zHOCAa WHTEHCUBHOCTH
nposBieHus curHana BI1 yMeHblmaercs, a pu elie
oosenieM ero yBenmueHnn curHan BIT mposBasercs
kak curHan BIII. HyxHO HalmoMHWTh, YTO B pac-
CMaTpUBaEMBbIX YCTAHOBKAX IJIMHA UICTOYHMKA OIIpe-
JIeJISIET Pa3HOCHI YCTAHOBKM, IIO3TOMY Pa3HOC IoIpa-
3yMeBaeTCsl KaK BeJIMYMHA, 3aBUCSIIAs OT IJIUHBI UC-
TouHMKa. TakuMm 00pa3oM, Ha OCHOBE BEIIIOJIHEHHBIX
pacyeToB BUIHO, YTO OT BBICOTHI YCTAHOBKM HAaI
JTHOM MODSI U OT pa3HOCa 3aBUCUT BUJ MPOSIBJICHUS
curHana BIl B curHane mepexomHOro mpoiiecca —
nposiBiaeHue ero B Buae curdana BIIT uimm BITHA.

CpaBHUTh MOBEAEHNE CUTHAJIOB JJIsI YCTaAaHOBOK
pa3HOTO pa3Mepa IJIsT pasHOM ITyOWMHBI aKBaTOPHU
0KazajJoch BO3MOXHBIM Ha OCHOBE OTHOIIIEHUS BBI-
COTBl YCTAHOBKM K pa3Hocy (MpuUBeleHHasl BbICOTa
YCTaHOBKU) — Ah, = Ah/r (tne Ah — 3TO TONIIMHA
BOMHOTO CJ10s1, OTIEJISIIOIIETO YCTAHOBKY OT T'€0JIOTH-
yecKUX 00pa3oBaHU, a ¥ — PACCTOSTHUE MEXITY LIeH-
TpaMM UCTOUHMKA U TPEXDIJIEKTPOIHON N3MEPUTEIIb-
HOM JINHUN).

I'paduku (cMm. puc. 7 1 puc. 8§) o603HaYEeHbI 3HA-
YeHUEeM MpUBENCHHOI BbICOTHI (A/4,). Ha Gosee paH-
HUX BpeMeHaX moKa3aH WHAECKC IUIST YCTAaHOBKH, pac-
MTOJIOKEHHOM Ha ITOBEPXHOCTH BOJIBI, HAa OoJiee o3~

Bricora YCTaHOBKM HaJl MOPCKHUM THOM, M
——250

— -125

S

0.0010.01 0.1 1
tc

10 100

Puc. 7. TpanchopmanTa P1(f) B 3aBUCUMOCTH OT pasHOCa M BBICOTHI YCTAHOBKM Hal AHOM Mops. JimmHa ncrtounuka: 50 m.
JmHa pazHocos: 75, 100, 125, 150, 175, 200, 225, 250 m. Beicota ycranoBku: 250, 125 u 0 M, ipu mryorHe akBatopuu 250 M.
ToHKMMU cepbIMU JIMHUSIMU MOKa3aH curHai P1(7) mist IpOBOASIIEN HeNOISIPUIYIOIIEHCS CPeabl.

WMHnekchl KpUBBIX: B 00JIACTH paHHUX BpeMEH — MpUBeIeHHast BBICOTA JIJIsl YCTAHOBKM, PACIIOJIOXKEHHOM Ha TTIOBEPXHOCTH BO-
IIbI; B 00JIaCTH MO3MHUX BPEMEH - IIPUBEACHHAsI BBICOTA IS yCTAHOBKU, PACIIONIOKEHHOM B CepeIMHEe BOMHOM TOJIIIIN.
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Puc. 8. TpanchopmanTa P1(7) B 3aBUCMMOCTH OT pa3HOCA U BBICOTHI YCTAHOBKY HAaJ THOM MODPSI.

Jnuna nctounuka: 250 m. iinna pasHocos: 375, 500, 625, 750, 875, 1000, 1125, 1250 m. Beicota ycranoBku: 250, 125 1 0 M, ripu nity-
6uHe akBaTopuu 250 M. TOHKMMU CepbIMU JIMHUSIMUY MOKa3aH cUrHai P1(f) Ij1st npOBOISILICH HETTOISIPU3YIOILCICS Cpebl.
WMHnekchl KpUBBIX: B 00JIaCTU paHHUX BpeMeH — MpUBeIeHHast BbICOTA 1T YCTAHOBKM, PACIIOJIOXKEHHOU Ha TTOBEPXHOCTH BO-
IIBI; B 00JIaCTH MO3MHUX BpEMEH — MPUBEICHHAs BBICOTA JIJISI YCTAHOBKU, PACITOJIOXEHHOM B cepeHe BOTHOM TOJIIIN.

HHX BpeMeHax — MHIEKC (KYpCUBOM) IJIsl yCTAHOBKM,
pacItoIOXXEeHHON B cepeanHe BomHOM Toimu. Jlas
YCTAaHOBOK, HaXOASIINXCS Ha JHE aKBaTOPUU, MPU-
BeIleHHAasl BBICOTAa paBHA HYJII0 — MHIEKC HE IIPUBO-
IUTCS. DTa BeINYMHA BO3pacTaeT P IToabeMe yCTa-
HOBKM HaJ JHOM U YMEHBbIIIAETCS MPU YIAJICHUU U3-
MEpUTENIsI OT UCTOYHMKA, TO €CTh IIPU YBEJIUYCHUU
pa3Hoca.

J17151 0OCeBBIX YCTAaHOBOK YIAJIOCh BBIIEIUTH 00JIa-
ctu, B XoTopbix BII mposiBiasercs B Buae CUTHaja
BIII' viu BIIM u nmpoucxomout mepexod OT OJHOIO
Buga nposisiieHus curdaia BIT x npyromy. Xapakrtep
nposiBieHus1 curdHana BII B curHane repexomHoro
mnpolilecca B 0CEBOI 001aCTU MICTOUHMKA OIIPEACTIsieT -
Ccsl TIPUBEOCHHOM BBICOTOM yCTAaHOBKM. B03MOXHO
BbIACJIUTH MHTEPBAJIbI HpMBeﬂCHHOf[ BbICOTHI, OJId
KOTOPKIX OOMHAKOBO IIposiBicHUe curHaia BI1. Oau
ONMCAHbI HUXKE.

Eciu npuBeneHHass BbICOTA YCTaHOBKWA WMEET
3HaueHus oT 0 1o 0.2 (Hebosblast BBICOTa WM OOJIb-
1Me pasHochl), To curHan BIT mposiBisieTcst B Bue
curHana BIII' — mooxurenbHbIe 3HAYEHUST TPAHC-
¢dopMaHThl P1(f) BO BpeMs IO3IHEN cTamuu Iepe-
XOIHOTO Tpoliecca.

Eciu Ah, umeet 3HaueHus 6osblie 0.3 (6osbiuast
BBICOTA WJIM MaJIbie pa3HOCHI), TO curHas BIT riposiB-
nsietcs B Bune curdaiga BITU — orpunareabHbIe 3Ha-
yeHus1 TpaHcopmaHThI P1(7) Bo BpeMsi Io3nHei cta-
MU TIEpEXOTHOTO TIpollecca.

Ecinu Ah, umeet 3HaueHus ot 0.2 1o 0.3, To 3Have-
Hus TpaHchopmaHTel P1(f) Bo BpeMs ITO30HEN cTa-
MU TIEPEXOIHOTO Mpolecca OJIM3KU K HYJIIO — MOX-
HO IIPEIIIOJIOXKUTD, YTO cocTaBlIsiomue curdaina BIT,
CBSI3aHHBIE C TAaJIbBAaHMYECKMM W BUXPEBBIM TOKOM,
KOMIIEHCUPYIOT Ipyr apyra. [Ipu TakoM I10JI0XXEeHUU
usMepuTesst udydeHue Ipoueccos BII cranoBurcs
3aTPYIHUTCIbHBIM.

PacyeTrpl, BbIIIOJNIHEHHBIE WIS OOBSICHEHUS pe-
3yJbTAaTOB IIOJIEBOIO 3KCIEPUMEHTA, I MOICIHU C
r1youHoi Mopst 600 M COXpaHSIOT BbIAEAEHHBIE TEH-
JIeHIIMY XapaKTepa ImposiBiaeHus curaana BIT.

PE3YJILTATbI HUCIIEHHOTI'O
OKCITEPUMEHTA JJIA SKBATOPUAJIbHbBIX
YCTAHOBOK

Pacuetsl 17151 9KBaTOpUATbHBIX YCTAHOBOK TIpe/-
CTaBJICHBI B BUIE TIEPEXOTHBIX MPOIIECCOB HA M3Me-
pUTEJISIX HAa pa3HbIX pa3HOCaX OT UICTOYHUKA (puc. 9).
YcTaHOBKM pacriojiarajuch Ha JHE, B cepeauHe BOJ-
HOI TOJIIIIN W HA TTOBEPXHOCTH BOIHOI TOJIIIIN.

HyXHO OTMETUTh CXOXECTh XapaKTepa M3MEHE-
HUSI CUTHAJIOB HAa paHHUX BpeMeHax IJisl JOHHOMN U
MOTpyKeHHOM ycTaHOBKU. IJ1s1 00BIIMHCTBA pa3HO-
COB D3TUX YCTAaHOBOK IIPMCYTCTBYET aCUMIITOTA
PCIIII, 110 3HaKy COOTBETCTBYIOIIASI CUTHAJTYy BO Bpe-
Mg I1T. C TeyueHneM BpeMeHU CUTHAJ Ha JOHHON M
MOTPYKEHHOI yCTaHOBKAaX M3MEHSET MOJISIPHOCTb —
CTaHOBUTCS TOJIOXUTEIbHBIM. C yBeIUUEHUEM pa3-
HOoca cCMeHa 3HaKa Ipourcxoaut noszaHee. [ocie cme-
HBI 3HaKa CUTHAaJIa HaOJIIoAaeTCsI CIa yCTaHOBICHUS
OJs.

11 mMOBEpXHOCTHOII yCTAHOBKM acHUMITOTa Ha
paHHUX BpeMEHax TOXE IMPUCYTCTBYET, HO HMEeT
3HaK, IMMPOTUBOITOJOXHBIN 3HAKY CHUTHAJIa BO BpeMsl
IIT, T.e. curHaja acCUMIITOThI MOJIOXMUTEIbHbIN. s
TaKOM YCTAHOBKM MPHUCYTCTBYET OTpHLIaTeIbHAas
acUMIITOTa Ha paHHUX BpeMeHaXx TOJbKO IIPU JIMHE
nctoyHuka 1000 u 2000 M Ha OoJBLINX pa3HOCcaXx (Co-
OTBETCTBEHHO 3TO paszHochkl 900 u 1000 m u 1200,
1400, 1600, 1800 u 2000 M), OTpuLIaTeIbHAS ACUMII-
TOTa TaK K€ 3aKaHYMBAaeTCs CMEHOM 3HaKa CUTHaJjla
(OH CTAaHOBUTCS IOJOXKMUTEIBHBIM), IOCIIE YEro Ha-
YMHAETCs CHaj.

Ha mozmHux BpEMCHaAX OJisd KpUBBLIX B IIPUCYT-
CTBUU MMOJIAPUIYIOLIECTOCA OCHOBaAaHMA BHOBb HabJ10-
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Puc. 9. AGcosoTHBIE 3HaYeHUST TIepexoqHoro npouecca AU(7) 1ist 3KBaTopuajibHOI ycTaHOBKY ¢ AB = 250 M 1 ©3MepUTEISIMU

MN = 125 M ¢ paszHocoMm oT 50 10 225 M B 3aBUCUMOCTHU OT M €€ BBICOTHI HaJl THOM MOps. 3HaKaMu “+” u

«

” TOKa3aHbI CUT-

HaJlbl pa3HbIX 3HAKOB. ITonoxuTenbHbIN 3HAK COOTBETCTBYET 3HAKy CUTHAJIa BO BpeMs UMIYJbca 1JIsl U3MEPUTEIISI B OCEBOM

00JIaCTU UCTOYHUKA.

JaeTcs CMeHa 3Haka, Tak mposiiasiercss curHan BIT.
Bun curnana BIT He 3aBUCUT OT BBICOTHI YCTAaHOBKU
HaJl THOM, IO3TOMY MOKHO IIPEANOI0XUTh, YTO CUT-
HaJl BbI3BAHHOI MOJISIpU3alluM, CBSI3aHHBIN C rajibBa-
HUYECKMM U BUXPEBBIM TOKOB, JJIsl SKBaTOPUAJIbHOM
YCTaHOBKU IIPOSIBIISIeTCS onuHaKoBo. IIpu mombeme
YCTaHOBKM YBEJIMUMBAETCS JUIIL BpeMsI CMEHBI 3Ha-
Ka CUTHaJIa, YeM JAJIbIIE OT ITOJISIPU3YIOIIErocss Oc-
HOBaHM, TeM Ha 0oJiee MO3THMUX BPEMEHaX IIPOMC-
XOOUT cMeHa 3Haka. IIpumyeM, yeM MeHBbIIe pa3HocC,
TeM pa3nmuue Havyajia nposisieHust BI1 Bo BpeMeHU
CTaHOBUTCA Oombiie. Tak IS yCTAaHOBKU C OJIMHOM
ncrodyHuka 50 M MUHHUMAaIbHBINA pa3HoC 25 M U s
3TUX U3MEPUTEJICH pa3HUIIa BO BDeMEHM CMEHBI 3Ha-
Ka camas OoJiblliasi, a IjIsd YCTAaHOBKHU C IJIMHOM HC-
touHnka 2000 M mMuHMMaIbHBIK pa3Hoc 1000 M mn
BpeMsl CMEHBI 3HaKa OJWHAKOBO JUISI BCEX BHICOT
YCTaHOBKH HaJl THOM.

PacueTbl, BBIIOJIHEHHBIC IS OOBSICHCHUSI pe-
3yJIbTATOB IIOJICBOrO 3KCIIEPUMEHTA, IJIsI MOOCIU C
n1yorHou Mops 600 M COXpaHSIIOT OIMMCAHHbBIE U3ME-
HEHUS CUTHAaJIa, CBSI3aHHbIE KAaK CO CJIOKHBIM Xapak-
TEPOM IOBEICHUS BUXPEBOI COCTABIISIIONICH, TaK U C
nposiBiaeHneM curHaia BIT.

MHTEPITPETALIMA PE3VJIBTATOB
YNUCIIEHHOI'O 5KCITEPUMEHTA

Ha ocHoOBaHMM BBITIOJTHEHHBIX PACYETOB MOXXHO
onucaTh MPOTEKaHUE IEePEXOIHOro Ipoliecca st
TeOdJIEKTPUUECKUX YCIOBUI aKBAaTOPHUIA BOKpPYT
I'DJI. HecraumonapHbiiit DM curHaja Ha HM3MEpHU-
TEJIbHOM JIMHUU CO3MAaeTcsl LeJbIM PSIIOM Tpoliec-
coB. PaboTa uCTOYHMKA 3aK/TIOYAETCS B ITOJaYe UM~
MyJIbCOB TOKA, Pa3ieIeHHbIX MEXIY CO00I U3MepU-
TEJIbHOM TMay30if, B CBSI3U C OTUM IIPOLIECCHI,
nopoxaaiolue DM curHaa Ha udMepuTesie, Hauu-
HAIOTCS BO BpeMsI BKITIOUEHUS TOKA U IIPOAOJIKAIOTCS
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BO BpeMSI TOKOBOTO MMITY/JIbCa, BBIKIIOUEHUST TOKa 1
MOCJIe OTKJIIOYEHUsI UCTOYHUKA (BO BpeMsl U3MEpHU-
TesibHOM 1ay3bl). st [DJI oopasyercst oceBast 1 5KBa-
TOpUaTbHasE 00JaCTM MCTOYHMKA, DPa3IWYalolIMecs
HaIpaBJICHUEM TOKa BO BpeMsl uMItyJibca. COOTBET-
CTBEHHO CUTHAJI HA U3MEPUTEISIX, PACTIOIOKEHHBIX B
3TUX 00JIACTAX, OyIEeT MO-pa3sHOMY M3MEHSITHCS BO
BpeMs1 pabOThl ICTOYHUKA U UBMEPUTEIbHOM May3bl.

M3BecTHO, YTO MpU BKIIOYEHUU UCTOYHUKA I10-
CTOSSHHOTO TOKa B OKpYXKalIleM MIPOCTPAaHCTBE
MTHOBEHHO  YCTaHAaBJIMBAaeTCs IOTEHLMAaJIbHOE
BlIEKTpUYecKoe mojie. B mpoBoagineil cpeme Imon
BO3ACMCTBUEM YCTAHOBUBILETOCS BJI. TOJISI IPUXO-
JISIT B IBMDKEHUE CBOOOIHEBIC U CBSI3aHHBIC SJICKTPU -
YECKUE 3apsibl, CO3NAIOIINE TaJbBAHUYECKUNA TOK.
CBsi3aHHBIE 3apsIAbl MOTYT CMEIIAThCS HAa OrpaHU-
YEeHHOE PaCcCTOSIHHUE, II03TOMY rajlbBaHUYECKUIT TOK
B HayaJjie UMITyJIbca OOJIbIIe TI0 aMILIMTY/IE, a 3aTEM,
o Mepe TIpeKpalleHUS IBUXKECHUS CBSI3aHHbBIX 3apsi-
JIOB, yMeHbIIaeTcsi. BOKpPYT TOKOBBIX JIMHUIA, B COOT-
BETCTBUU C 3aKOHOM MHAYKIK Dapanest, BOSHUKAET
BUXPEBOE MAarHMTHOE I1OJie, KOTOPOe BO BpeMsI Ha-
pacTaHusI MarHUTHOro notroka cosgaet B C nHayK-
UM, TIPEISITCTBYIOlee 3TOMY HapacTaHwuio. Ilon
nevicrBueM DJ1C MHIOYKIIMK B cpefie BO3HUKAET BUX-
pPEBOIi 3JIEKTPUYECKMI TOK, HallpaBJIEHHbIA IIPOTUB
HampaBJeHUS TaIbBAHMYECKOTO TOKA.

IMocne nmpekpallleHusT IBVKEHUST CBSI3HBIX 3apsi-
JIOB B cpeJie TeUYeT raJJbBaHUUYECKUI TOK, ONIpeIesi-
FOIITHIACS TOJTBKO CBOOOTHBIMU 3apsiaaMu (TOK IIPO-
BOJIMMOCTH). 3HAK CUTHaJIa Ha 3a3eMJICHHOI U3Me-
pUTENbHON JIMHUU BO BpeMsI TeEYeHMUs ToKa
MPOBOIMMOCTH IIJISI OCEBOM M 9KBAaTOPUATBLHOI 00-
JIacTH OyIeT MMEeTh pa3Hble 3HaKU. J1j1s1 OMHOMEPHBIX
cpeln 00JIacTU pa3HbIX 3HAKOB Pa3lesiioT YCIOBHBIE
JIMHUY, TIPOBEICHHBIC MO YIJIOM 45° K OCH MCTOY-
HMKa B MecTax 3a3emieHuii A u B (puc. 10).
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Puc. 10. 3Hak curHana Ha u3mepuresissx MN, pacioioXeHHbIX ITapaIeJIbHO OCU UCTOYHMKA, B 0CEBOI M SKBaTOPUAIbHOI 00~

JIaCTH UCTOYHMKA AB, BO BpeMsit TpOIyCKaHMSI TOKA.
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Puc. 11. [1epexonHslii mpoliecc Ha u3Mepuresisix MN, pacnosoXXeHHBIX IapajuieJIbHO OCH KICTOYHMKA, B OCEBOIA (a) M 9KBATO-

puanbHOii (0) ob61acTu ncTouHMKa AB.

I1pu oTkimoyeHnn ncrouyHuka, Bo Bpems PCIIII
(puc. 11), ycraHOBUBIIIEECS pacIIpeaeieH1ue INIOTHO-
CTU TaJlbBAHWYECKOTO TOKAa M3MEHSIETCSI He cpasy.
B cooTBeTCTBUM ¢ 3aKOHOM UHAYKIIUH, B Cpelie BO3-
HUKaeT BbICOKOYACTOTHOE MEPEMEHHOE MArHUTHOE
mnojie, IPEMsATCTBYIOIIee YMEHbBIIIECHUIO MarHUTHOTO
IIOTOKAa CTAallMOHAPHOTO MarHuTHoro nojs. Ilepe-
MEHHOE€ MArHWTHOE TII0J€ WHAYLUUPYET BUXPEBOM
TOK, HamnpaBJIEHHBIIA B TOM K€ HaIlpaBJICHUU, UYTO U
rajbBaHM4ecKuii ToK. HampaBieHue BHXpeBOro u

raJlbBaHUYECKOTO TOKa OyIeT COBITaIaTh Be3ae, Kpo-
Me obJyiactu BOM3M npoBona I'DJI, coenuHsIONIEro
WCTOYHUK M 3a3eMJICHUS OT UICTOYHUKA, UTO OTpaxKa-
eTcs B 3HaKe cuTHaja (tabi. 6). B aToit o6macTu BUX-
peBoOi1 TOK OyIeT HalpaBJIeH TakK e, KaK TOK B IIpO-
BOZIE BO BpeMsl UMITYJIbCA, 3aMbIKasl KOJIbIIO BUXpE-
BBIX TOKOB. B 3TOT MOMEHT pejlakcalusl CBSI3HBIX
3apsa0B, CMEIIEHHBIX TAIbBAHUYECKUM TOKOM ellle
He HAaYMHAeTCsI, OHA HAYHEeTCsI IO Mepe 3aTyXaHUsI
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Tab6muna 6. 3HaK curHajila Ha U3MEPUTETbHBIX JIMHUSX, PACTIOJIOXKEHHBIX B OCEBOI U 9KBaTOpuanbHOM obnactu ['DJ1

OceBag oonactb 'DJI

DkBartopuaibHas oo6aacts ['DJ1

IIpouecc, obpasyoiiuii curHan
Ha U3MEPUTENbHON JTMHUN
T
PCIIIT
CIl
BIIT
BITU

+ + + +
|

TTOSIBUBILIMXCSI BUXPEBBIX TOKOB, 10 Mepe 3aBepliie-
nuga PCIIII.

HyXHO OTMETHUTB, 4TO ITOCIIE OTKIIOUEHUST UICTOU-
HUKAa, CUTHAJI Ha U3MEPUTEIIbHBIX TUHUSIX OIPEACIsI-
€TCSI BUXPEBBIM DJIEKTPUYSCKUM ITOJIEM, T.K. ITOTEH-
UAILHOTO TOJIST Y3Ke HET, HET CTOKA U MCTOKA DJIeK-
TPUYECKUX 3apsIIOB.

ITo Mepe 3aTyxaHUSI BEICOKOYACTOTHOTO MarHUT-
HOTO TIOJISI, BCJIEACTBUE TEIUIOBBIX MOTEPH, B 3eMJIE
HAYMHAETCs IBa SIBJICHUSI COMPOBOXAAIOMmxcss DM
curHajioM. Bo-mepBbIX, BUXpeBble TOKM HAYMHAIOT
MpOCaYMBaThCS B Cpelie BIIUPH U BOIYOb (Irdpdy3ust
BUXPEBOTO TOKA), Co3IaBasi CTaHOBJIcHEe DM mos B
nposopsek cpene. O0IacTh, IIe HarlpaBIeHNE BUX-
pEBOro ToKa COOTBETCTBOBaJa HAIPaBJICHUIO TOKA B
MpOBOJIE OBICTPO PACIIPOCTPAHUTCS IO BCEil SKBATO-
pHabHOM 00JIACTY U HAa U3MEPUTEJIe CMEHUTCS 3HAK
curHana (cM. Tabir. 6).

Bo-BTOpBIX, HAUMHAETCS peJiakcalus CBSI3aHHBIX
3apsioB pa3iMuHON MPUPObI, TIPOSBIISIONIAsCS, B
yacTHOCTH, B Buae Toka BIII' (Toka memossipusza-
1N ), co3maroiero DM curHain (cM. TabJ. 6). CurHan
BIIT' mo 3HaKy COOTBETCTBYET CHUTHAIY BO BpeMs
npornyckaHus (cM. puc. 1).

Bo BpeMst cTaHOBJICHUSI BUXPEBbIE TOKU IeHCTBY-
IOT Ha CBSI3aHHbLIC 3apsIbl B HOBBIX 00IaCTSIX CPEIHbI,
a 10 Mepe 3aTyXxaHUsI BUXPEBBIX TOKOB B 3TUX 00J1a-

CTSIX IMIPOMCXOMUT pejlaKkcalus CBSI3aHHbBIX 3apsiIOB.
B npoTrBOMNOMIOXXHOM HampaBieHUW HAYMHAIOT TeUb
BuxpeBble TokM BIIM, coszmaBasg cwuruan BIIU
(cM. Ta6:1. 6). MOXHO MPEANOJOXUTh, YTO CUTHAJIBI
BIIT u BITH 00pa3yroTcst B HECKOJIBKO IPYruX obyia-
CTX, obnacTh oopaszoBaHus curHana BIII mepexo-
IUT B 001acTh oopa3oBaHusa curHaiga BITH. Bropas
obJiacTh OoJiee oOIMpHas (BIIyOb U BIIMPH TaK XK€,
Kak 1 00J1acTb MpOocaurMBaHUsI BUXPEBBIX TOKOB 00JIb-
111e o6y1acTu, rae Oblia OCHOBHAS TJIOTHOCTh TajibBa-
HUYEeCKOro Toka). Mbl mpuaepKuBaeMcsi MHEHUS,
yto udMeHeHue 3Haka 111 Ha mo3aHUX BpeMeHax 1Jis1
u3MepuTesieil B oceBoii 00J1aCTU NUICTOUHMKA CBSI3aHO
¢ mposieieHueM BITU n oO0BbsicHIeM 3TO clieayrolee
MpoTeKaHWe (PU3NYECKOro TIpoliecca B YCIOBUSIX
MOpPCKMX akBaTopuii. [IpoBoAMMOCTb BOIBI LJIS1 pac-
cMaTpuBaeMOM MOIEI B 6 pa3 BHIIIIE IIPOBOIMMOCTH
3eMJIM, B 3TOM CJIydyae OCHOBHAas IIOTHOCTh r'ajibBa-
HUYECKOTo ToKa cocpeaoTouutcs B Boae. [1ocre Bbi-
KJIIOYEHHMS MCTOYHMKA B 3TOI 0o0sacTu OyneT MHIy-
LIMpOBaHa MOBBILIEHHAs TUIOTHOCTh BUXPEBOTO TOKA,
MepBOHAYAILHO OH OYAET YAepXKMUBAThCS B COJIEHOM -
JaJIbHOM JIOBYIIIKE, a CO BDEMEHEM, B CBSI3U C TEIJI0-
BBIMU TIOTEPSIMU, HAYHET MTPOCAYMUBATHCS B 3€MJIIO U
MOJISIpU30BaTh 3TU TOJIIM, TI0 MEPE 3aTyXaHUST BUX-
pEeBOro ToKa HauHeT BO3HUKATh WHAYKIIMOHHO BbI-
3BaHHbII TOK MPOTHUBOMOJOXHOTO HAIpaBleHUs U
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Puc. 12. Pacyer npuBeneHHOI1 BLICOTHI ycTaHOBKY (Ah,). Imybuna akBatopuu 250 m.
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co3gaBaTb Ha M3MECPUTEIIC CUTHaAJI ITPOTHUBOITOIOXK-
HOTO 3Haka.

CylllecTBYeT U Apyras TOYKa 3peHUs Ha IPUPOAY
CMEHBI 3HaKa CUTHaJIa OCEBOM YCTAaHOBKU Ha IMO3[I-
HMX BpEMeHaxX, ONMCaHHasl B myOaukKanuu [AreeB
u 1p., 2006], ee aBTOpHI CYUTAIOT, YTO CMEHA 3HaKa
CUTHaJa CBsI3aHa C 3apsiJaMM, CYIIECTBYIOIIUMU Ha
rpaHulle HeTNoJIpU3yllleiics U NoJspusyrleiics
cpellbl U UMEIOIIIMMH FraJIbBAaHUYECKYIO TPUPOY, T.€.
00pa30BaBIIMMMUCS BO BpeMsI TPOITyCKaHMS ToKa (3a-
PSIIKY CPENbI).

3AKJIIOYEHHME

IIpoBeneHHOE McciienoBaHUE MO3BOJISIET CAENaTh
BBIBOJ] — I10 HallleMy MHEHHIO Ha aKBaTOPUU CUJIBHO
MPOBOASIIASl BOa M TPOBO/ISIIIEE MO PU3YIOIIEeCs
OCHOBaHUe (TeoJiornyecKre MOpoabl) CO3Aal0T OCO-
Oy10 cpeny, KOTopas MO3BOJISIET B TIEPEXOTHOM MPO-
1IECCE, CO3MAaHHOM 3a3€MJIECHHOM JMHUEN, MPOSIB-
Js9Thest curHany BITU. DTo mpoucxoaut ijist usmepe-
HHH 3JIEKTPUIECKON YCTAHOBKOM B OCEBOI 007IaCTH
MCTOYHUKA MPU OINpPEAeIEeHHON BBICOTE YCTaHOBKH
HaJl TeoJorhn4eckuMu obpaszoBaHusiMu. Eciu ycra-
HOBKa HaXOAMWTCSl HEMOCPEACTBEHHO Ha reojioruye-
CcKuXx ropopax, To curHai BII nposiisieTcst Kak cur-
Han BIIT. T.e. ocoOble reoaeKTpUIEeCcKre YCIOBUS
Ha aKBaTOPUU B OCEBOI 00JIaCTU UCTOUHUKA IMO3BO-
JISTIOT IposBAsAThCs curHaity BITH BusyasnibHo.

Panee, npu nmpakTUUeCKUX U3MEPEHUSIX, MPOSIB-
nenue BITW paccmaTpuBaioch Kak MpOSIBIEHUE TO-
Mex. Ho aToT curHan moaenupyeMbiii U €r0 MOXHO
paccMaTpuBaTh Kak nHGopmauuio o BIT.

B skBaTopuanpHoi ob61actu rposisiieHue BIT Ho-
CUT OoOIMIA xapakTep W mo Bumy curHaiasl BIIT u
BIIN He paznunyaroTcs

MOXHO yTBEPKIAaTh, YTO B IIEPEXOTHOM IIPOLIEC-
Ce, CO3MaHHOM 3JEKTPUYECKON JWHUEH, INIaBHBIM
obpazom, Koukypupytot curHaisl CII, BIIT u BIIHA,
HO TOJIbKO UISI YCJIOBMIA, KOIJa cpela COCTOUT U3
BEPXHETO IIPOBOISIIETO HEMOISIPU3YIOIIETOCS CJIOS
1 NOJIIPU3YIOLIETOCsT OCHOBAaHMS, 110 HallleMy MHe-
HUIO, BO3MOXHO BBIIEIUTh IIPOSIBIICHHWE CUTHAaja
BIIHN B m3aMepeHMIX MepeXomHOro mporecca. Takume
YCJIOBMSI XapaKTePHBI 111 aKBATOPUIA.

Bun nposienenuss BIl B curHame mepexomHoro
npouecca (B Buae curHana BIIT wiu BITN) mis oce-
BOM YCTaHOBKH OIIPEAEISIETCS OTHOIIIEHNEM BhICOTHI
YCTAHOBKM HaJ JHOM MPUBENEHHON K pa3Hocy (Ah, =
= Ah/r).

B 3aBucumoctu ot A#k,, curnan BI1 B Tpancdop-
MaHTe P1(f) MOXeT IPOSIBISAITHCS B BUAEC BOCXOASIIIEH
BETBU Ha MO3OHUX BpeMEHAaX, a MOXET OBITh B BUIE
HUCXOASIUEH BETBU, TMEPEXOIAIICi B OTpULIATEb-
Hble 3HaueHus Pl.

Ecnu Ak, umeet 3HaueHust ot 0 10 0.2 (HeGombLIas
BBICOTA WJIX OOJIbIIINME Pa3HOCH), TO curHai BIT mpo-
aBisercsa B Buae curHana BIIIT — monoxurenbHbIe

3HayeHUs TpaHchopMaHTHL P1(7) Bo BpeMsl MO3mHei
CTaIuU MEPEXOIHOTO Mpoliecca.

Ecnu Ah, nmeet 3Hauenus 6ompiie 0.3 (6ompias
BBICOTA WUJIU MaJible pa3Hochl), To curHai BIT nmposis-
nsetcs B Bune curdaiga BITW — orpunareabHbIe 3Ha-
yeHus TpaHchopMaHTHI Pl(f) Bo BpeMsi MO3aHEN cTa-
MY MIEPEXOJHOTO Tpoliecca.

Eciu Ah, umeet 3HaueHus ot 0.2 1o 0.3, To 3Haue-
HUs1 TpaHchopMmaHThl Pl(f) BO BpeMsl mo3aHEN cTa-
MY MIEPEXOTHOTO Tpoliecca 6;113ku K 0.

3HauyeHUEM BbICOThI YCTAHOBKH HaJl 3eMJIEi, Mpu-
BEIEHHOI K pa3HOCYy, MOXHO TPOTHO3MPOBATh BU/L
nposieieHusi curHaiga BII B curHaie mepexomHoOro
npoiiecca. BusyanbHoe mpencTaBieHue 3HAYEHUN
Ah, mokazaHo Ha puc. 12. CBeTJioii 00J1aCTbIO BbIAE-
JieHbl 3HaYeHus1 6onbiie 0.3 — onpenessoniie UH-
IYKIIMOHHBINA xapakTep curHana BIIl. O6iacTeio Oe-
JIoro 1BeTa, orpaHnueHHoit nzonuHusgmMu 0.2 u 0.3,
MOKa3aHbl TPUBENEHHbIC BHICOTbI, HA KOTOPbIX CUT-
Haibl BI1 uHAyKIIMOHHOI W TaJbBaHUYECKOU MpU-
pOIBbl KOMITIEHCUPYIOT APYT apyra. M, cooTBeTCTBEH-
HO, TEMHOM 00JIaCTbIO TTOKa3aHbl 3HAYeHUS Ah, TIe B
curHasie BI1 nmpeoGianaeTr rajibBaHUUYecKasi COCTaB-
JISIO1IAs.

OnHako HEKOTOpbIe ucciienoBaTesiv [AreeB u Ip.,
2006] cmeny 3Haka I1I1 B oceBoii 00J1aCT NCTOYHU -
Ka CBSI3BIBAIOT C pejlaKcalveil 3apsaoB Ha TpaHulle
cpen (HEMoJIIpU3YIOIIECS U TIOJSIpU3YIOLIeiics),
WMEIONINX TAIbBAHUYECKYIO TIPUPOTY.

Eille onvH BBIBOA, KOTOPBI MOXHO clejaTh Ha
OCHOBaHWM MTPOBEAECHHBIX PACUETOB, UMEIOIIINIT 3HA-
YeHue JJIsl MpakTuuecKoi peanusannu udyyeHus BI1
IUUTSL OCEBBIX U 9KBATOPUAJIbHBIX YCTAHOBOK: MPU YBE-
JIMYEHUW IJIVWHBI WUCTOYHWKA YBEJIMYUBAETCS TIPO-
noikutenbHOCTh Bo BpemeHnu PCIIII, kortopas He
3aBUCUT OT BBICOTBI YCTAHOBKM HaJl THOM, MPU 3TOM
COKpalaercsd TMPOMOJIKATEIbHOCTh BPEMEHU IS
n3ydeHus mnpouecca BII.

PacueTsl, BBIIOJIHEHHBIC IJII OOBSICHEHUSI pe-
3yJIbTATOB I10JICBOrO 3KCIIEPUMEHTA, IJIsI MOOCIU C
youHoi Mopst 600 M COXpaHSIOT OMMCAHHBIE N3ME-
HEHMS CUTHAaJIA /IS OCEBOI M SKBaTOpHaIbHOM 00J1a-
CTH UCTOYHUKA, CBSI3aHHBIC KAaK CO CJIOKHBIM XapaK-
TEPOM IOBEICHUS BUXPEBOI COCTABIISIIONICH, TaK U C
nposiBieHueM curHana BIT.

BJIATOJAPHOCTHA

AsBtopbl TpusHartenbHbl E.}FO. AHTOHOBY 3a IleHHEIC
COBETHI 10 YIYUIIEHUIO CTPYKTYPBI ¥ COACPKaHUS TyOIu -
Kaiuu. ABTOpbI Iy0oko 61arogapHbl H.O. KoxeBHUKOBY
3a IIeHHBIE COBETHI M OOCYKIeHNUE UCCIIeTOBAHUS.

ABTOpBI 0J1arogapsT pelieH3eHTOB CTaThU 32 PEKOMEH -
AWK 10 YJIYYIIEHUIO COMEPKaHMSI TEKCTa U OTChUIKY K
TOTIOTHUTENIBHOM JINTepaType Mo TeMe ITyOJIMKaIluy.
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Transient Electromagnetic Process in the Waters of the Sea Shelf with Axial
and Equatorial Electric Installations and a Field Experiment

E. V. Ageenkov* *, A. A. Sitnikov> **, V. V. Vladimirov®, and 1. Yu. Pesterev®

“Trofimuk Institute of Petroleum-Gas Geology and Geophysics, Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, 630090 Russia
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A change in the non-stationary electromagnetic (EM) signal over the conducting polarizable Earth covered
by sea water on measuring lines located in the axial and equatorial regions of the source — a pulsed horizontal
electric line (HEL) — is considered. When the HEL operates under pulsed conditions, it creates a galvanic
and eddy current in the medium. If the medium affected by the HEL is heterogeneous, both influences lead
to the separation of bound charges. After attenuating the impact of an artificial source, relaxation (depolar-
izing) processes of various nature appear in such a medium, manifesting themselves, in particular, in the form
of an EM signal. As a result, the transient process recorded by the grounded line after the pulsed effect of the
HEL is at least a superposition of three components: the transient electromagnetic (TEM) signals, galvani-
cally induced polarization (GIP) and inductively induced polarization (I1IP). As the contribution of the TEM
field component to the overall signal decreases, the IP signal is manifested in the transient process by a change
in the time response of the decay, to the point where the signal reverses polarity. As shown earlier by numer-
ical simulations for the axial region of the HEL, the manifestation of the IIP signal at late transient process
times, for most of the geoelectric conditions on land, is invisible against the GIP manifestation (Ageenkov
et al., 2020). These calculations also show that in the axial region, the GIP signal manifests itself in the form
of a deceleration of the transient process rate, and the IDP signal — an acceleration of the decay rate, to the
point where the signal changes its sign. Field measurements performed by the aquatic differential-normalized
method of electrical prospecting (ADNME), which uses axial electrical installations, record transient pro-
cesses with a change in the time response of the decay: it becomes more delayed or, vice versa, runs faster and
may be accompanied by a change in the polarity of the signal. In other words, measured signals of different
forms are observed, which are presumably associated with the manifestation of the GIP or IIP signals. The
relevance of the publication lies in the need to explain the results of field measurements performed offshore,
to understand the relationship between the course of the transient process and the geoelectric conditions ex-
isting in the water area. And in general, to describe the formation of the transient response of the medium in
the axial and equatorial region of the HEL for the conditions of aquatic geoelectrics. The calculated signal for
axial and equatorial electrical installations with several spacings under the conditions of the sea shelf water
area is studied when the installation is located on the surface of and inside the water layer, and on the seabed
of the water area — on geological formations. For axial installations, calculations are made of the quantities
used in the ADNME: the transient process AU(), the finite difference of the transient process A2U(f) and the
transformant P1(¢) — the ratio of A2U(¢) to AU(f). For equatorial installations, the signal AU(¥). is calculated.
The signals of a two-layered model of the medium with polarizable and non-polarizable bases are compared.

Keywords: shelf, transient electromagnetics (TEM), galvanically induced polarization, inductively induced
polarization, transient process, Cole-Cole model, aquatic geoelectrics, multi-spacing axial electrical instal-

lation

OU3UKA 3EMJIM  Ne 2 2023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


