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BBEAEHUE

Hacrosiiasg nyonukauus TpOCTUMYJMpPOBaHa
IMCKYyCcCUel ¢ aBTopaMu cTaTtbu “IlepexomHsblii Ipo-
1IeCC Ha aKBaTOPUSIX MOPCKOTO Iiiesibda rmpu padbore ¢
OCEBOM M 3KBATOPUATIbHOW 2JIEKTPUUYECKUMU yCTa-
HOBKaMHU U TojieBoii akcriepuMeHT” (AreeHkoB E.B.,
CuraukoB A.A., Bmagumupos B.B., Ilecrepe W.10).
B Heili, mtoMMMO aKkTyaJibHOI 3a/1auu MOKa3aTh, OT Ye-
rO 3aBUCUT BUJ HaOJIOJAaeMbIX Ha IIPaKTUKE IIPpU
MOPCKHUX paboTax CIOXHBIX, PA3HOOOPA3HbIX Iepe-
XOIHBIX MPOILIECCOB HaJ TMOJISIPU3YIOLIMMCS 1101 BO-
JIoit pa3pe3om, ellle aHAIU3UPYIOTCS BKJIaAbl Pa3HbIX
Mo croco0y BO30YXIeHUS MoJieid BbI3BAHHOM MOJIsI-
puzaunu (BIT) B cyMmMapHBIil CUTHaI — rajlbBaHAYE -
CKU BbI3BaHHOI noJisipu3auuu (BI1I) u uHayKimoH-
HO BBI3BaHHOU mnojsgpu3anuu (BIIN). ABropamu
YTBEPXKAAETCS, YTO MHAYKIIMOHHO BbI3BaHHAas TOJIsI-
pusanus B oceBoit 00J1acT TOPU3OHTAILHOM 2JIeK-
TPUYECKOM JUHUY TIPOSIBIsIETCSI B cMeHe 3Haka AU(r)
Ha 0oJIbIIIMX BpeMeHaX. U aTo sIBJsieTCs BU3yaJIbHbIM
npusHakoM BITH. YTBepxkmaeTcsi, 4To TP MOPCKUX
paboTax Mbl UMeEM JIeJI0 C 0CO0O0I cpenoii, KOTOPYIO
CO3/1al0T CUJILHO TPOBOJSIIAS BOJA U MPOBOJSIIEE
TMOJISIPU3YIOIeeCss OCHOBAaHUE U KOTOpasi MO3BOJISIET
B TIEpPEXOMHOM TIIpoliecce MPOSBIASITHCS CUTHATY
BITN.

MOXHO MOpelIOXUTh albTEPHATUBHBIN aHaIU3
TaKOTO BUIA TTIEPEXOIHbBIX IIPOLIECCOB, BKIIIOYAst MOP-
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ckue ycinoBus. [1pu perieHry NpsIMbIX 3a1a4 MBI 11O~
nmydaem cymmy BkiragoB BIIT m BITU B mepexomHyio
XapakTepucTUKy. B naHHoIi pabore, MCIIOIB3Ys pa3-
HYIO 3aBUCHMMOCTb 3THX cocTapisomux BIT ot pa3-
HBIX MapaMeTPOB pa3pe3a U 0CeBOI YCTAHOBKM, MBI
MOoCTapaJiuCh YMCIACHHBIMU MOAEIbHBIMU 3KCIIEPHU-
MEHTaMM II0Ka3aTbh, YTO OTPUIIATEIbHbIC 3HAYCHUS
BII umeroT raibBaHU4ECKYIO IIPUPOAY U 3TO COIJIa-
CYeTCSI C HAllIMMU MpPEeACTaBICHUSIMU 00 NCTOYHUKAX
noJjst BIT.

IMonsipu3yeMOCTh Cpenbl B HAIIMX PACCYKACHUSIX
MBI TIpEICTaBjseM cleayllnuMm obpa3oM [CBeToB
u ap., 2011; Kapuncknii, 2011; Arees u ap., 2006;
Kopmunbues, 1981]. B mucnepcuoHHOiT Momein
BJIMSIHUE TTOJISIPU3YEMOCTH CPEIbl MOXET OBITh OITH-
caHo AByMsI criocobamu. Bo-TiepBbIX, MBI MOXEM
CUMTATh, YTO IIPOBOAUMMOCTb CpeIbl €CTh (DYHKIIUS
yactotel. Hammpumep, mcnoiab3oBaTh (DEeHOMEHOJIO-
rnyeckyio dopmyny Cole-Cole mias onmucaHus 4da-
CTOTHOM IUCIIEPCHUU ITPOBOAMMOCTU. Bo-BTOpBIX, TY
XKe caMyIo MOJEeIb MOXHO ONMCATh CICOYIOIIUM 00-
pa3oM. [IpoBoAMMOCTb Cpeabl OT YaCTOTHI HE 3aBU-
CUT, HO B Ccpelie TTOSIBIISICTCSI 3aBUCSIIAs OT YaCTOThI
cropoHHsIs1 BJIC U COOTBETCTBYIOIIUI €ii CTOPOH-
Huii Tok j¢T. Benennas croponHss DJ1C onuckiBa-
€T OCpEIHEHHBIC CWJIbl HE3JIEKTPUYECKOIO IIPOMC-
XOXIEHUSI, NEeHCTBYIOIIME Ha BJICKTPUYECKU 3apsi-
XKEHHbIe 4YacTULbl. Takoe IIpeicTaBiIcHUE TOYHEE
oTpaxaeT (M3NIECKUI CMBICI IIPOLIECCOB B Cpeae U
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TO3BOJISIET B HEKOTOPBIX ITPOCTHIX 3amadax, pacCMOT-
PEHHBIX B CTaThe, MPEACTaBUTh pacrpeacieHue 1c-
TOYHUKOB 110J1s1 BIT 1, B YyacTHOCTH, OOBSICHUTDL CME-
Hy 3Haka BII.

OU3NYECKHUE ITPOLUECCHI
B ITOJIAPU3VIOIIENCA CPEAE

1t mOHMMaHWS Halllel MTO3ULIMM 10 00CcyXKIae-
MOMY BOIIPOCY OIIpeAe/IMM HEKOTOpPhIe IIOHSTHS.
CHavaya pacCMOTpPHUM CJIydaii, Koraa MOXHO IIpeHe-
Opeyb DBJIEKTPOMArHUTHOM wuHAyKuuei. Ddusumye-
CKUi1 CMBICJI SIBICHUS BBI3BAHHON ITOJISIpU3alIuK 3a-
KJIFOYaeTCsl B TOM, UTO IIOJ J€MCTBUEM MEPBUYHOIO
BJIEKTPUYECKOIO IO/ IOMUMO IIEPBUYHOIO 3JIEK-
TPUYECKOIO TOKA, CBSI3aHHOTO C IIepeMellIeHUEM 3a-
PSIIOB IO AEMCTBUEM KYJIOHOBCKUX CUJI CAMOTO I10-
JIsl, B cpeJie MPOTEKaT CTOPOHHNE SJIEKTPUUECKOMY
TIOJIIO IIPOLIECCHI — 3JIEKTPOKMHETUIECKHUE, IJIEKTPO-
XUMHYECKUe M apyrue. B aTux ciydasx sHeprus
BJIEKTPUYECKOTIO T10JISI YACTUYHO IIEPEXOIUT B SHEP-
TUIO IPYTOTO0 MOJIs, IPOUCXOOUT IIepepacIipeaeieHIe
3apsI0B HAa MUKPOYPOBHE B O00BbEME ITIOpOHd, cpeaa
MoJIsIpu3yeTcsl, BO3HUKaloT ctopoHHue DI C. Penak-
cauysi M30BITOYHBIX 3apSIIOB B OTHCIBHBIX STUYeiiKax,
ycpemHeHHasI Mo o0beMy cpeabl, GeHOMEHOIOTHYE-
CKU BOCIIPUHUMAETCS KaK ITOSIBJIEHHE CTOPOHHETO
TOKa IIPOTHUBOITIOJIOXHOIO HAIIPpAaBJICHUS, BEI3BAHHOTO
HapylIleHMeM paBHOBECHUSI KOHIIEHTpaluu 3apsiaoB.
Ho 510 emie He Toku BII. AHasiornuHasi cutyamust
MMeeT MECTO B METO/IE €CTECTBEHHOTO JIEKTPUYIECKO-
ro ntojist (EIT) mpu u3y4eHun 371eKTPOKMHETUISCKUX
GUIbTPallMOHHBIX ITOTEHILIMAMOB. TaM B MOpUCTOM
cpene 1o NeliCTBEM CTOPOHHEN CUIIBI — IpagueHTa
IaBJICHUS IBUTAIOTCS 3apsanbl Oud@y3HOI dYacTu
JIIBOMHOTIO B3JIEKTPUYECKOTO CJIOSI BMECTE C KUIKO-
CTBIO. DTOT IIOTOK IIPEACTaBIIsSIET COOOI IEKTpUYe-
CKUI TOK. DTO CTOPpOHHMIT TOK He DM npuponsl. Ho
MPOCTO TEUYECHUSI KMIKOCTU Yepe3 MOPUCTYIO Cpedy
HEIOCTATOYHO IJISI TOTO, YTOOBI ITOSIBUJIOCH 3JIEKTPH-
YecKoe MoJjie QMIbTPanU. DIIEKTPUIECKOE IOJIE CO-
3MaeTcs Makpo3apsigamMu, a He TOKoM. J1oJIKHBI rae-
TO BO3HMKHYTh Makpo3apsibl — MUCTOYHUKU DJICK-
tprdeckoro 1o EIl. Kak moka3ano B pabote [Ka-
ycdmaH u np., 2013], TakKMMu MeCTaMHM SIBJISTIOTCST HE-
OTHOPOTHOCTH IO JIEKTPUUECKUM U (PUIBTPALIIOH-
HBIM apaMeTpaM, KOTOphIe IIepeceKaeT CTOPOHHUMA
TOK TEYEHUSI, 1 MeCTa HarHeTaHUSI U pa3rpy3Ku BO-
nbl. K aHamornuHoMy BeiBony npuxoguT Tutos K.B.
[Tutos, 2003], moapoOHO onMCHIBasI TPU TUIIA BO3-
MOXHBIX MaKpOVWCTOYHUKOB 3JIEKTPUYECKOTO IIOJIS
EIl. McToYyHMKM mepBOro TMNa — TMApOoArHaAMUYe-
cKue (IepBUYHBIE — PACITOJIOXEHBI B MECTaXx, TAE MO~
BEPXHOCTHBIE BOABI BXOIST B IOPUCTYIO Cpely WU
BBIXOJISIT M3 Hee, BTOPUYHbBIE — B MECTaX HEOMHOPOI -
HOCTH cpelbl 1o KoadduimmenTy GuabTpalui U 1c-
TOYHUKU, CBSI3aHHBIE C HECTALIMOHAPHBIM TCUEHYEM).
HMcrouyHuky BTOpPOro TUIIA BO3HUKAIOT HA TpaHUIIAX
HEOTHOPOMTHOCTHU CPedbl MO 3JeKTPOKMHETUIECKO-
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My KO3(pPUILMEHTY TOKa, a TPEThero TUIA — IO
3JIEKTPOIIPOBOIHOCTH.

3amMeTuM, 4YTO IIPM CTPOroii MaTeMaTUYeCKOI
¢dbopMyIMPOBKE paccCMaTpUBaeMBbIX 3a1a4, B KOTOPBIX
BO3HMKAIOT CTOPOHHUE CHJbI, HaM JOCTaTOUYHO
OIpeAeIUTh pacrpeacacHie COOTBETCTBYIOIINX CTO-
POHHUX TOKOB B Cpelie M IJISI 3TOro paclpeacacHus
peniaTh OOBIYHYIO 3JIEKTPOAMHAMUYECKYIO 32124y T10
omnpeaeiacHUio DM mnoneii. OgHAKO HpUBEICHHEIE
paccyXIeHUsI O JOKaJU3alluU peabHbIX MCTOYHU-
KOB — MaKpo3apsiIoB TIOJIE3HBI [IJIsl JIy4IIero MOHU-
MaHUS U 00bSICHEHUSI BOZHUKAIOIINX 3((MEKTOB.

Bepnemcs k 3apaye BIT. Ha MakpoypoBHE MBI MO-
XeM OO0OHTHCH 0€3 BJIEMEHTAapHBIX 3apsiioB, pac-
CMaTpuBasi TOJBKO TOKM, HATIPSDKEHHOCTU Y [IOBEPX-
HOCTHBIE 3apsiibl Ha TpaHUIaX HEOTHOPOIHOCTEH.
Camast mpocTtasi 3amaya OJHOPOMHOI ITOJISIPU3YIO-
1eiics cpenbl, BO30yXXaaeMoii TOCTOSTHHBIM TOKOM B
JuHUM AB ¢ m1apoBbIMU 3JICKTPOJaMU 3a3€MJICHUSI,
paccMmoTtpeHa B pabdote [Kopmunbnes, 1981]. IToka-
3aHO, YTO MIpPH 3apsaKe CTAOMIN3UPOBAHHBIM TOKOM
Ha TTOBEPXHOCTHU IIAPOBOIo 3a3¢MJICHUSI BO3HUKAET
IUIOTHOCTb 3apsiioB, KOTOpasl OIIMChIBACTCS OBYMSI
cocrapissomumMu. IlepBas cocraBistiomast — 3To 0c-
HOBHBIE 3apsiAbl, KOTOpbIE MOSIBISIIOTCS MpaKTUye-
CK1 MTHOBEHHO IIpY BKJIIOYEHUY ToKa B TMHUM AB 1
co3naloT nepsuyHoe mnoje E,. Yobuib OCHOBHBIX 3a-
PSIIOB BOCIIOJIHSIETCSI KaXKI0€ MTHOBEHHE TOKOM,
MOOBOIMMEIM K 3a3eMyeHMIO. BTopasi cocraBisiio-
Imasi — 3TO JOIIOJIHUTEIbHBIE 3apsiIbl, KOTOphIe Ha-
KarIMBalOTCS Ha 3a3eMieHUsIX AB 1Mo Mmepe BOZHUK-
HOBEHMSI CTOPOHHUX CUJI B TIOJISIPU3YIOLIEICS cpee
U TIOIIePXKUBAIOTCSI CTOPOHHUM TOKOM. MEHHO 3Ti
JIOTIOJITHUTEJIbHBIE 3apsiibl SIBJISIIOTCSI MCTOYHUKOM
anekTpuyeckoro noJist BIT u TokoB BII B naHHOI 3a-
nave. Toxk BII coBmagaeT mo HampaBACHMIO C Mep-
BUYHBIM nojieM Ej, U TiepBUYHBIM TOKOM. [Tocie BbI-
KJIIOUEHMSI TOKA 3apsiAKM OCHOBHBIC 3apsiabl Ha 3a-
3eMJICHUM HMCYEe3al0T, a IOIIOJIHUTEIbHbIC 3apsiabl
MIPOIOJIKAIOT BOCIIOJHSATHCS CTOPOHHHUM TOKOM B
MOJISIPU30BAaHHOM Cpelie U Co3IaBaTh JIESKTPUUYECKOE
nose BII, mocreneHHo cnagasi. To ecTh i OOHO-
POIHOTO MOJISIPU3YIOILIErOCsa IPOCTPAHCTBA MJIM T10-
JIyIPOCTPAHCTBA 3JIEKTPUUYECKU MaKpo3apsil, CO-
3naromuii moie BII, o6pa3yeTcs Ha MOBEPXHOCTH 3a-
3eMyiecHU AB, HO mommepXWBaeTCI CTOPOHHUMHU
TOKaMH BO BCEM OObeMe IOJSIPU30BAHHOI Cpeldbl.
DTO MOXHO IPOAEMOHCTPHUPOBATh CICAYIONIAM Ha-
TYPHBIM 3KCHEPUMEHTOM, BBIITOJJHEHHBIM B OKPECT-
HOCTSIX T. YpeHros. PesynbraT mokasaH Ha puc. 1.
Hcrnonb3oBajlach  TpeXd3JIEKTPOAHAs  YCTaHOBKa
AMN. Braextpon B orHeceH B O6CKOHEUHOCTH TIep-
NeHAUKYJISIpHO MN, 4ToOBI OCTadUTh MHAYKLIMOH-
HbIe 3 PeKThl. DaeKkTpoasl MN Henosspu3yoole-
ca. Pasznoc nebonpioii, 10 M. ['eHeparopHast TMHUS
AB 3anuThIBajIach OT aKKyMYJISITOPOB. B MOMEHT BbI-
KJTIOUCHMSI BPYYHYIO ITepeKIIIoYaTeIeM OTKIII0YaJICs
aKKyMYJISITOp, a MuHUSA AB 3akopaunBamack. AHaAJIO-
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Puc. 1. Pe3yabTaT perucrpaiuy noJist Ha IpueMHbIX 3JieKTpoaax MN Npy BBIKJIIOYEHUN U BKIIOYEHUU TOKA OT aKKyMYJIsiTopa
B reHepaTOPHOI JTMHUY TTPU 3aKOpOUYeHHOM JIMHUKM AB 1 ¢ ee pa3pbiBaMu.

TUYHO IIpY BKIIOYEHWM pas3pbiBajiach JMHUA AB u
MOAKJIIoUajcsl akKymyasitop. Bpemst cpabaTeiBaHMS
MepexaoyaTesisi okazaioch mpuMepHo 1 Mc. ITpu BbI-
KJIIOYUEHUU TaKUM CIIOCOOOM MbI OTCOEIMHSIEM aKKYy-
MYJISITOp, HO JuHMusI AB B TeueHue 1 Mc eire paso-
MKHyTa. B 3TOT MOMeHT Ha aiekTpogax AB ctopon-
HUMU TOKaMU B MOJIIPU30BAHHOMI cpene
MOAAEPKUBACTCS TOMOTHUTEIbHBIN 3apsi, KOTOPbIit
coznaet noJsie BII Ha npuemHuke MN. IToaTomy Ha
PUCYHKE B TeUEHHUE IIepBOii 1 MC MBI HAOIIOHAEM TH-
nnuyHbli cnang BIT. Croycts nmpumepHo 1 Mc 3aMBIKa-
ercst TuHus AB, To3TOMYy MpakTUYECKM MTHOBEHHO
Hrcye3aeT 3apsa Ha ayekTponax AB 1, kak BUgHO Ha
pucyHke, ucuesaetr noje BIl Ha mpuemHoOI MMHMN
MN. ITpnmepHo yepes 1 ¢ TIepekimouaTeneM pa3phbl-
BaeM JuHUIO AB. B 3TOM cCOCTOSIHMM OHA HAaXOIUTCS
1 Mc. B moJisipu3oBaHHOM cpee pesiakcalusi CTOpOH-
HUX TOKOB el1ll¢ He ycIielia 3aKOHYUTLCS, 1 OHU cpa3y
(GOpMUPYIOT HOMOJIHUTEILHBIN 3apsI Ha pa30MKHY-
ThIX 271eKTponax AB. Ha MN omars perucrpupyercs
octatouHoe noJjie BII. Yke mocie aToro mogkiwoya-
eTCsl aKKyMYJISITOp U Ha puc. 1 HaOaromaeTcsa GpoHT
BKJTIOUEHMS].

Taxkum 06pa3zoM MBI MOXKEM YOUpPAaTh BIMSHUE O -
HOpPOOHOI BMeELIAIONIEH MOJSIPU3YIOLIEHCs Ccpebl,
WUCTIOJIB3YsI T€HEpaTop HampskeHWs (TeHepaTop C
OYEeHb MAJILIM BBIXOIHBIM COIIPOTUBJICHUEM) 11 B MO-
MECHT IIpOITyCKaHMS TOKA U B may3e. YacTo KOMMYTH-
PYIOT aKKyMYJISITOPEL C MaJIbIM BHYTPEHHUM COIIPO-
TUBJIECHWEM, HO B Tiay3e auHmuio AB paspriBaioT. To-
I1a B May3e MMeeM JIeJI0 YXe C TeHepaTopoM ToKa.
Taxkoli mpreM ¢ KWCOOJIb30BAaHHWEM TreHepaTopa Ha-
MIPSKEHUS TTI03BOJIUT OCJIa0UTh (hOH OT BMEIIAIOIIEiA
cpedbl M BBIACIATH JOKAIbHBIC ITOISPU3YIONINECS
OOBEKTHI. DTOT MIPUEM, HO TOJIBKO JIJISI MOMEHTA IPO-
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MyCKaHUs TOKa, ormicaH B padote [Illectepres u ap.,
2003].

Crenyiomasi 3amadya C JIOKAJIbHBIM TTOJISIPU3YIO-
IIUMCSI TEJIOM B MNPOBOMSIIEM ITOJYIIPOCTPAHCTBE
paccMoTpeHa B psze padot [CeetoB u ap., 2011; Kop-
muiblieB, 1981; ConoBeitunk u ap., 2011]. C BBene-
HUEM MOHSITUSI CTOPOHHUX CUJI U CTOPOHHEro TOKa
MOXHO JaTh cleaymollee (U3nvyeckoe OmnucaHue
MPOUCXOASIIUX MpoleccoB. [1ycTh Tosie BO30ykaa-
eTcs ayekTpudeckoi auHueil AB. Ilpu niporekanumn
MTOJISIPU3YIOIIETO TOKa j, B OOBEMHO TOJISIPU3YIO-
meMcs Tejie BO3HUKaroT ctopoHHue D C 1 cTopoH-
HUIT TOK, HAIIpaBJCHHbII B IPOTUBOMOIOXHYIO CTO-
poHy. CTOpOHHUI TOK HE MOXET BBIATH 3a IPEIACTbI
MOJISIpU3YIOIIErocsl Teja, W, CcledoBaTelbHO, €ro

HOpMaJbHast KOMIIOHEHTa j,,C T cosmaer Ha ero rpanm-
1Ie HEOMHOPOIHO pacIlipefeieHHbIE TTOBEPXHOCTHBIE
3apsiibl Pa3HOTO 3HAKA B COOTBETCTBMU C 3aKOHOM
coxpaHeHus 3apsga. M3MeHsmonecs BO BpeMeEHH
MMOBEPXHOCTHBIE 3apsabl TOPOXIAIOT BHE U BHYTPHU
TeJIa TOKW BBI3BAHHOM ITOISpU3ALINN. DTO OOBIYHBIE
TOKHU IMPOBOANMOCTH, COITPOBOXIAEMBbIE DJIEKTPUYE-

BIT .BIT BIT
ckuMm nojeMm ET: ji, =0,E . CXxeMaTuyecku
HaIpaBJIEHUE BCEX TOKOB IIPEACTABICHO Ha PUC. 2 U3
Hateit cratbu [CBeToB U 1p., 2011]

OT COOTHOIIIEHUS TTPOBOAMMOCTEIl BMeIIaromieit
Cpedpl Y MOJISIpU3YIONIETOoCs Tejla OyIeT 3aBUCETh CO-
OTHOIIIEHWE BeJIWYMHBI BHelrHero Toka BII u Toka
BII BuyTpu tena. B padore [ Kopmuiblies, 1981] oco-
00 oTMeyYaeTcsl SKCTpeMasbHbIM XapakTep MHOBeae-
HUS TIOJISIPU3YEeMOCTH Hal MNOJISIpU3YIOLIMMCS IIa-
POM B 3aBUCHMMOCTH OT ero rpoBoaumocTu. I1pu ma-
JIOI TIPOBOAMMOCTHU TNEPBUYHBINA TOK HE 3aTeKacT B
Iap 1 He IoJIsIpu3yeT ero. I1pu 6oIbI10i IIPOBOAN-
MOCTY NEePBUYHBIN TOK BHYTPHM IlIapa MakKCUMaJeH U
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Puc. 2. Cxema HampaBJeHUI TPOTeKaHUsI MIEPBUYHOTO,
CTOpPOHHETO ToKa U ToKOB BII B 1oKaTbHOM 00bEMHO MO~
JISIPUBYIOIIEMCST TeJIe U B HETOJISIPU3YIOLIECS] BMeIaio-
1eit cpezie ¢ 06pa3oBaHUEM MTOBEPXHOCTHBIX 3apsIIOB.

BEIIECTBO IlIapa, HECOMHEHHO, Tojspusyetcs. Ho
npu 3ToM BHemrHue Toku BIT OymyT cyiiecTBeHHO
MEHbIIIE BHYTPEHHUX, U HA TIOBEPXHOCTU 3€MJIU Ja-
K€ CWJIBHO TIOJISIpU3YIoINIeecs TeJao c1abo MpOosIBUT-
cs. [IpuMmep pacyeTa 111 CHMMETPUYHON YCTAHOBKU
AMNB nHang 2D- nonsipusyromnieiicss BCTaBKOM mpe-
CTaBJIeH Ha pHucC. 3.

Crenyet oOpaTUTh BHUMaHWE HA TO, YTO Mbl aHa-
JIM3UpPYEeM Ciaydail ¢ 00beMHOM ToJsIpU3aliieid, Mpu
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KOTOPOI Ha TpaHMIIE TeJa BO3HUKAET MIPOCTOM 3apsi-
KeHHBIH cinoit. Ho 1aj1st 371eKTponmpoBOASILEro Mosi-
PU3YIOLIErocsl Teja B pacTBOpPe 2JIEKTpOJIMTa OyaeT
MMEThb MECTO IBOMHOM CJIOM Ha rpaHUlIE Teja C Ipe-
JIeJIbHO COJIMDKEHHBIMU Pa3HOMMEHHBIMU 3apsigaMu
U CTOPOHHUE CUJIBI COCPENOTOYECHBI BOJIM3U MOBEPX-
HocTHu pasaena ¢a3s. [loatoMy, HarmpuMep, IIpu 1a00-
PaTOPHBIX SKCIIEPUMEHTAX C METALIMYECKUM TEJIOM
B 0aKe C 2JICKTPOJIMTOM HaJl TeJOoM OydeT MHTCHCUB-
Hasg anoManus BIT, HecMoTps Ha €ro OrpOMHYIO IIPO-
BOAMMOCTb. 31€Ch HET MPOTUBOPEYMS C BBIIIE CKa-
3aHHBIM, TaK KaK 3TO APYro¥ ciy4ail ¢ IBOMHBIM CJ10-
€M, KOTOPBIii MBI HE pacCMaTPUBAEM.

MOJAEJIN CIIOUCTDBIX CPE,
ITPUBOIAALIME K CMEHE 3HAKA BII

TpeThs 3amadya KacaeTcsl CIIOMCTBHIX TOJISIPU3YIO-
muxcsa cpen. B Hamreit cratee [Arees u ap., 2006]
paccMoOTpeHa UMWJIMHAPUYECKU CJIOUCTasl cpesa.
CkBaxuHa paguycoM 0.1 M 3anioJTHeHA HETIOJISIpU3Y-
I01LIEICSI BOJIOM, cpella 3a CTEHKOM CKBaXKMHBI MOJISI-
pusyetrcsi. Bo3OyxkaeHue ToJIsi OCylIeCTBISIETCS] CO-
OCHBIM CO CKBaXHWHO# SJIEKTPUYECKUM ITUIIOJIEM,
TOK B KOTOPOM BBIKITFOYAETCST IO 3aKOHY CTYIICHHU.
HM3MepeHue 3JIeKTPUYECKOTO MOJsT BBITTOJHSIETCS Ha
ocH CKBaXWHBL. YOC BOmBI U Cpeldbl OMWHAKOBEIE.
IMoBTOPUM paccyXkmeHus, KaK U B TIPeIbIIyIIeii 3a-
Jlaye ¢ JIOKAJbHBIM MOJIsipusytoiumcs tegom. [lpu
MPOITYyCKaHWM TOKA Cpela 3a CTEHKOM CKBaXKWHBI ITO-

n, %
5~
4l A M N B
300 OMm - M, 0%
3r AB=100m
hy=15Mm
hy =40 m
5| L=40M
1F
0 S I S N I S Y I I T A S B R W H 1
0.1 1 10 100 1000 10000
p, OM ' M

Puc. 3. 3nauenus BIT mis cummerpuaHoii yctanoBku AMNB Hag 2D-1nipssMOyroibHOM TTOISIpU3YIOIIECs BCTaBKOM B 3aBU-

cuMoctu ot ee YOC. YOC cpenst 300 Om - M.
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Puc. 4. KapTbl BEKTOPOB 2JIEKTPUYECKOTO MOJIsI 111 MOJIESIM CKBaXKWHBI C BOJOI B ONHOPOIHOI MoJisipusyloliieiics cpene (¢ =
=1Cu/m;m=0.1;1= 1073 c; ¢ = 0.5) st pa3HbIX MOMEHTOB BPEMEHMU TOCJIe BBIKJIIOUEHMS ToKa B aurnode: (a) — ¢t =0 c;

6)—r=10"3c.

JIIpU3yeTcsl, B HEll BO3HMKAIOT CTOPOHHUE TOKM PO~
TUBOIIOJIOXKHOTO TIEPBUYHOMY TOKY HampaBJeHUS.
CTOpPOHHUI TOK HE BBIXOIUT U3 CPelbl B CKBAXKIHY.
Ero HopmanbHasi KOMMOHEHTa CO3Ma€T Ha CTEHKE
CKBaXXMHBI pacrnpelesieHHbId MOBEPXHOCTHBIN 3a-
psid, KOTOPbIi MOAEePKUBAETCSI CTODOHHUM TOKOM U
MOPOXIAEeT B OKPYKaloIeil cpee MeIJIeHHO craaa-
omme Toku BII. Ctpormii pacyer 3JIeKTpOMarHur-
HOTO TIONS IJIg JaHHOM 3amaym mo padote [KapuH-
ckuii A., 1998] no3BossieT MOCTPOUTDH KapThl BEKTO-
POB 3JIEKTPUUECKOTO TIOJIsI JJIsI Pa3HbIX MOMEHTOB
BpEMEHH MOCJe BRIKII0UeHNI ToKa. Ha puc. 4a moka-
3aHa KapTa BEKTOpOB nepBuuyHoro nojis. HauuHas c
HEKOTOPOro MOMEHTA T0CJIe BBIKJIIOUEHUS TOKa, KO-
IIa 3aKOHYaTCsl BCE MHIAYKIMOHHBIE MPOLIECCHl B
cpene, rosie E BeITIAAUT Kak Ha puc. 40. VI B cKBaxXu-
He, U BOJIM3U Hee 3JEKTPUYECKOE MOJIE MOJHOCTHIO
onpenensiercs nmpoueccamu BIT.

M3 koH(pUTrypam HanpasieHUS BEKTOPOB MOX-
HO MOHSTH, T PaCIOJoXeHa OCHOBHAs IJIOTHOCTh
pacnpeaeaeHHBIX MO TPaHULIe MaKpO3apsiIoB pa3HO-
ro 3Haka. OHM IToKa3aHkI Ha puc. 40 Ha CTEeHKE CKBa-
KUHBL. IMEeHHO 3TH 3apsiibl SBISIOTCS UICTOYHUKOM
nosst BIT Ha mo3mHKUX BpeMeHax Mociie BhIKTIOUEHUST
U CO BpEMEHEM PeJIaKCUPYIOT CO CKOPOCThIO, OMpe-
IeliieMOid  TOJISIpU3ALlMOHHBIMU  TTapaMeTpaMu.
A BO3HUKIIM OHHM BO BpeMsI IJIMTEIBLHOTO MPOMycKa-
HUSI TOKA, UMEIOT TaIbBAHWYECKYIO TIPUPOIY U MO~
JIEP>XKUBAIOTCS CTOPOHHUMU TOKAMMU B IIOJISIPU30BaH-
Hoi1 cpene. O6palaeM ocodoe BHMMaHKE Ha TO, YTO
Ha OCH CKBaXXMHBI HA MaJIbIX pa3HOCaX, COMOCTABU-

OU3NUKA 3EMIIM  Ne 2 2023

MBIX C paIMyCOM CKBaxXWHHI, mojie BI1 MeHsieT 3HaK.
A U151 pa3HOCOB, IPEBBILIAIOLINX PAAUYC CKBAaXUHBI,
nose BIT coBnagaeT mo HanmpaBJIeHUIO C IEPBUYHBIM
TOJIEM.

PaccmoTpuMm Tenepb IByXCIOMHYIO MOPCKYIO MO-
JIeJIb CPEeNbI C TOJIAPU3YIOIINMCA OCHOBAHUEM C Ia-
paMeTpaMu, IpUBeAeHHBIMU Ha puc. 5. Paccmortpe-
HBI IB€ OCEBbIE€ YCTAHOBKM C KOPOTKOI TeHepaTop-
HOM uHMel (puc. 5a) U ¢ OYeHb IJIMHHOM JIMHUEH ¢
2JIEKTpOAOM B, OTHeCeHHBIM B “OEeCKOHEYHOCTbH”
(puc. 50). JocTaTOuHO OYeBUIHA KOH(UTYPALIUS TO-
KOBBIX JJUHUM TIpU TIPOITyCKaHUU TOKAa B UCTOUHMKE
Jo AJist 06eux YCTaHOBOK, KOTOpasi CXeMaTUYHO IMOKa-
3aHa Ha pUC. 5 BMeCTe C HaripaBJIeHUEeM j ., B OJSIPU-
3yrolueMcss oCHOBaHUU. CTOPOHHUM TOK HE MOXKET
BBIATU 13 MOJISIPUBYIOLIEICS Cpeabl B BONY U, CIENO-
BaTeJIbHO, €ro HopMaJibHasi KOMIIOHEHTA CO3JacT Ha
rpaHuile pasaeia (Ha AHE) HEOMHOPOIHO pacrlpee-
JICHHbIE TTOBEPXHOCTHBIE 3apsiAbl pa3HOro 3Haka.
Kak BugnM, pacnooxeHne y9acTKOB ¢ MAKCUMalb-
HOI IUIOTHOCTBIO 3THMX 3apsiIioB OyIeT 3aBUCETh OT
MOIIIHOCTH MEPBOTO CJIOS U OT pa3MEPOB UCTOYHUKA.
151 KopoTKoit nuHuY AB, KaK U 1J1s1 AUITOJISI B CKBa-
KIHE, 3TM y4aCTKU PaCIIOJOXEHBbl Ha yIaJIeHUU OT
AB, mpyuMepHO paBHOM MOIIHOCTU /1. [ToaToMy, Kak
U B IPEIbIIyIIeM IpUMepPe CO CKBAXKMHOI, 3HAK I10-
Jis BIT Ha moBepxHOCTH Ha MajioM pa3Hoce 111 M| N,
1 Ha 6osbLIOM pasHoce (6oublue A,) wis M,N, Gyner
pa3HbIM. M3 puc. 56 o4yeBUIHO, UTO IJISI TPEXDJICK-
TpomHoit ycraHoBKM AMN MakcuManbHas IUIOT-
HOCTbB 3apsiA0B 00pa3yeTcst Ha rpaHuIIe MO SJIEKTPO-
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Puc. 5. Cxema pacnpeneneHust TOKOB jj U joT C 00pa3oBaHUEM MOBEPXHOCTHBIX 3apsiIOB AJISI IByX OCEBBIX YCTAHOBOK: (a) —
IUIST AUTIONIBHOM YCTaHOBKY; (6) — IUISl TPEXRJIEKTPOIHOMN YCTAHOBKU.
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Puc. 6. TlepexomHbie XapaKTepUCTUKKU JIEKTPUIECKOTO
MoJisl Haj IBYXCIOMHBIM MOPCKHMM pa3pe3oM ISl IBYX
ycTtaHoBOK ¢ JuHueil AB =200 m u AB = 1000 m.

oM A m cmeHsl 3Haka BIT mpu yBeamueHnu pasHoca
OXXMAATh HE IIPUXOIUTCS.

CropaBemJIMBOCTh 3TUX PACCYyXICHUI MOATBEP-
UM CTPOTMMM pacyeTaMM JJis OIMCAHHOM IBYX-
CJIOMHOM MOPCKOM MOJEIMN IJISI IBYX KOHKPETHBIX
OCEBBIX YCTAHOBOK ¢ MajTbiM AB = 200 M 11 60abIIINM
AB = 1000 M. B o6oux ciaygasgx nuausg MN ynajieHa
OT GJIMKaKIIIero reHepaTopHOTro 3jIeKTpoaa Ha 30 M
(mpu mryomHe Mopst 50 m). IloaydeHHBIE IIE€pexo-
HbIE€ XapaKTePUCTUKHU DJIEKTPUYECKOTIO I10JIs1 TIPUBE-
JeHbl Ha puc. 6. Kak u ciaegoBano oXugath, Mpu
oomemron maNT AB = 1000 M KprBast CTAaHOBIICHUS
He MeHdeT 3HakK. A mpu AB = 200 M 1 MajioM pa3Hoce
Ha MO3MHMX BpeMeHaxX HaOJrogaeTcs CMeHa 3HaKa
nosist BIT. 3ameruMm, 94TOo mipw OOJBIITOM YIaJIeHUM
MN niist oToit ke 3amauu ¢ AB =200 M cMeHBI 3HaKa
He OyIeT.

HTak, Mbl pacCMOTpEIN MPOSIBJICHUE BBI3BAHHOM
MOJIIpU3alM Ha ABYX IMPUMepax CIOMCTBIX MOJIEIICH.
INokaszanu, 4To cMeHa 3HaKa MepeXoIHOro mpolecca
BI1 npu ompeneneHHBIX COOTHOIIIEHUSIX Pa3HOCOB,
MOIIIHOCTEI ¥ pa3MepoB MCTOYHHMKA IIOJTHOCTBIO
OOBSICHSIETCS HALLIMMU MTPEACTABICHUSIMU O pU3nUe-
CKUX TIpolleccax B cpele, MMeeT rajJbBaHUYECKYIO
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MNPpUPONY N He SIBISICTCS “BU3yaJlbHBIM ITPU3HAKOM ™’
BITN.

Ecnu cropoHHME TOKM He TIepeceKaroT IMTOBEPXHO-
CTU TIOJISIPU3YIOIIETocs Teja, KakK B CJIydyae ¢ BO30YyXK-
JIEHEM TOPU30HTAJIbHO CJIOMCTOI ITOJISIPU3YIOIICIACS
cpenbl TOPU30OHTAJIbHOI T€eHEpaTOPHOI TEeTael, TO U
3apsIbl Ha TpaHUIlaX He BO3HUKAaIOT. B mimactax uH-
IYLIAPOBAaHHEBIII B HUX TOK IPOBOIMMOCTU TaKXKe
MOPOXAAeT CTOPOHHHUI TOK IIPOTUBOIIOJIOXHOTO
HanpaBiaeHus. OgHAKO OH HE€ COIPOBOXIAETCS
2JIEKTPUYECKUM I10JIeM, He co3maeT ToKoB BII u
MIPOSIBIISIETCSI TOJIBKO B MATHUTHOM IIOJIE, TIOPOXAAe-
MOM CTOPOHHUMU TOKaMU. DiekTpudeckoe 1ose BIT
BO3HUKAET TOJIbKO B PE3yJIbTaTe WHIYKIIUU CBSI3aH-
HOTO C ITOJIsIpu3alyeit MarHUTHOTO TI0JIS.

HeoGxomnnMo crnenaTh ogHO BaXkHOE 3aMedaHIUE.
I1pu paccMoTpeHNM ABYX IIPOCTESHIIINX MOAEIIeii O-
HOPOIHOTO MOJISIPU3YIOIIETOCs IIOIYIPOCTPAHCTBA U
JIBYXCJIOMHOM Cpedbl C IOJSIPU3YIONIMMCS OCHOBa-
HUEM MOKa3aHOo, YTO MCTOUHuKaMu 1osst BIT sBisi-
IOTCSI TIOBEPXHOCTHBIE 3apsiibl Ha TeHepaTOPHBIX
anekTponax AB mnu Ha rpaHuMie CI0€B, COOTBET-
CTBEHHO. MOXKET CJIOXHUThCS BII€YaTJIEHHE, YTO B
aTtux TpuMepax Tone BII xapakTepusyeT TOJbBKO
MIPUAJICKTPOOHYIO 00JIaCTh B NIEPBOM Cilydae, WIN
mIyOMHHOCTH MeToma BIT orpanmueHa TOIBKO MOIII-
HOCTBIO TIEPBOTO CJIOSI BO BTOPOM. DTO He Tak. [lo-
BEPXHOCTHBIE 3apsabl OIPEACISIOT U3MEPSIEMOE 10~
se BI1, Ho mopoxKnaioTcst U ITOAAep>KUBAIOTCS 3T 3a-
psapl ctopoHHUMH DJC M CTOPOHHMM TOKOM BO
BCeil OXBa4eHHOWM IIEPBUYHBIM ITOJIEM IIOJISIPU3YIO-
IIeiics cpede M MO3TOMY OTPaKaloT ITOJISIPU3alIMOH-
HBI€ CBOMCTBA pa3pe3a Ha IITyOuHY, OIpeAcsieMylo
pa3HOCOM yCTaHOBKU. Eciin moJisipu30BaHHbBIX CIOEB
HECKOJILKO, TO Ha KaxXI0ii rpaHulie OynyT popMupo-
BaThCsl CBOM IIOBEPXHOCTHBIEC 3apsabl, JAIOIINE CBOM
BKJIad B cymMmMmapHoe mosie BIT.

YUCJIIEHHBIE SKCITEPUMEHTBI
A1 MOPCKOM MOJEIN

DnekTpuyeckasi JUHUSI — CMEIIaHHBIA HCTOY-
HUK, UM€EeT U TaIbBAaHWYECKYIO U WMHAYKIIMOHHYIO
cocrapistone. CoOTBETCTBEHHO BUXPEBbIE TOKU B
MO pU3YIOIIEHCST cpeae MPUBOASAT K 0Opa3oBaHUIO
BIIN napasHe c¢ BIII. B mpocteiiinem ciydyae u3
AHAJIUTUKY IS DJIEKTPUYECKOTO TUTIOJS B OMMKHE!
30H€ HaJ OMHOPOMHBLIM IOJSIPUBYIOIIUMCS IOy~
MPOCTPAHCTBOM 3TOT YJIEeH pa3HOro 3Haka C 3JIeK-
TPOAMHAMUYECKUM CTAHOBJIEHUEM M CYIIECTBEHHO
MeHbIIe 1To nHTeHcuBHOCTH, yeM BIIT. To ects pn
pelIeHun MNpsMoil 3aJadyuM MOXHO, B YaCTHOCTH,
oxunath nposisieHue BII Ha kpuBoii caga co cMme-
HOM 3HakKa KakK WMHAYKIMOHHOW IpPUPOAbI, TaK U
rajpbBaHn4Yeckoil. Kak ke oTBETUTh Ha BOIIPOC, Ka-
KOIi Ipoliecc OoTBeYaeT 3a 3To IpossiaeHue — BIIT
v BITNU?
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st aTOrO, YyUnThIBas pasHeie 3aBucuMoctu BIIT
u BIIW ot pa3HBIX MapaMeTpPoOB pa3pe3a U yCTaHOB-
KM, TIOCTaBUM HECKOJIBKO YMCJIEHHBIX 3KCIIEPUMEH-
TOB ¢ U3MEHEHMEM TaKMX ITapaMeTPOB, OT KOTOPHIX
nposinenne BII cymectsenHo otmmuaetcs misg BITT
u BITHN.

PaccuntaeM XpuBylo crnaga i JOBYXCIIOMHOI
MOPCKOI MOJENN cpeabl ¢ mapaMeTpaMH U3 CTaTbU
[AreenkoB u np., 2022]. Boga 0.25 Om - M, niyouHa
Mopsa 50 M, HMXe IIOJSIPU3YIONIeecss OCHOBAaHUE
1.5 OM - M ¢ mosmsgpusyemMocTthio 50%, 1= 1c¢, C=0.5.
OceBast yctaHOBKa, reHepaTopHas auHusa 200 M, Ha
yoaneann 30 M ot anekTpoma B mamepsiercs moie E.
JauTenbHOCTh UMINTYJIBCA U T1ay36bI 110 1.5 cek.

Teneps maBaiiTe BBeAEM B MOJIEIIb €1Ie OINH IIPO-
MEXXYTOYHBIN O4eHb TOHKM CIoi n3ojisitopa ¢ YOC
10000 OM - M 1 MOLITHOCTBIO Bcero 1 M Ha aHe. s
WHIYKIIMOHHBIX TOKOB OH HE SIBJISIETCSI IpeTpagoil 1
ecau HaOmomaeMmad g 2x-ciaouku BIT uMmeer uH-
JYKIIMOHHYIO IIpUPONY, TO BBeASHME IIPOCIONKU
M30JIITOpa HE NOJDKHO HMYETro NPUHIIMINAIBHO U3-
MEHUTBH IT0 CPaBHEHUIO C 2X-CIIOMKOM. 3aTO rajbBa-
HUYECKUI TOK BO BpeMsl UMITYJIbCa IPONYCKAHUS MBI
rapaHTUPOBAHHO He IIPOIycKaeM B ITOJISIPU3YIOIIce-
cqa ocHoBaHue U nuckmodaeM BIIT. U ecom B sTOM
Monenu Habmomaemast BII ucuesHer, To 3TO OyAeT
CBUJIETEJILCTBOBATh O TOM, uTOo Habmogaemass BII B
MOJIENIN 2X-CJIOMKN MMEET raIbBaHUIECKYIO IIPUPOLY.

Pe3ynbrathl pacueToB npuBeAeHBI HA puc. 7. s
2X-CJIOITHON MOAEIN C MOJISIPU3YIOLIMMCSI OCHOBA-
HHeM Ha BpeMeHax 0osee 0.3 ¢ HabmomaeTcs cCMeHa
3Haka — oTpulaTejabHoe TposiBiaeHue BII. UMeHHo
€ro IIpUPOIY MBI IIbITaeMCsI MOHATh. [ 3x-cnoii-
HOWl MOIEeNW C MPOMEXYTOUHBIM m3oisitopoM BII
MpakTUUeckKu ucuesno. KpuBass cTaHOBIEHUS €J1abo
OTJIMYAETCS OT COOTBETCTBYIOIINX KPUBBIX O€3 ITOJISI-
pu3auuu ocHoBaHus. T.e. BBelleH1e TOHKOTO M30JIsI-
Topa “youno” BII. Emie pa3 oTMeTUM, UTO €CJIU yaa-
JINTh TOYKY HabmoaeHus He Ha 30 M, a 6onee 60—70 M,
TO HaJ IBYXCIOMHOM MOJIEIIBIO C IOIsIprU3aleii Obl-
Jla Obl MHTEHCUBHas TojioxuTenbHast BII, kotopas
OBI TOXXE MCUe3Jia C BBEIEHNEM U30JIITopa.

JlormaHo crmenaTh BBIBOM, YTO HaOMIOgaeMbIe OT-
puuarensHble 3HaueHUs: BIT Hag nByxciioiiHONM MoO-
JIeIbI0 MMEIOT TaJbBaHMYECKYIO IIPUPOAY, OCHOBa-
HHUE TIONSIPpU3yeTCsI TaJbBaHWYCCKMMHM TOKaMU BO
BpeMsI IIPOITyCKaHMS TOKA.

PesynbTart ere omHOro MOAEIBHOIO SKCIIEPUMEH-
Ta MpUBEIEH Ha puc. 8. 31mech MOKa3aHO, KaK 3aBUCUT
MHTECHCUBHOCTb OTpULIATEIbHBIX 3HaueHMii BII ot
YOC npoMexXyTOUYHOTO BHICOKOOMHOTO CJI0sI IIPU €TO
momrHocTH 10 M. Tak kak cioii-usonsgrop c 2= 10 m
CYLIECTBEHHO 3aTPyIHSIET IPOHMKHOBEHME TIEPBUY-
HOTO TaJIbBAHWYECKOTO TOKA B MOJISIPU3YIOIIEECsS OC-
HOBaHUE, TO OTpULaTeNbHbIC 3HaYeHUs BII mpogs-
JISIIOTCSl TOJIBKO Ha 0OoJiee MO3AHUX BpeMeHax IIo
CpaBHEHUIO C TIPENbIOYyIIeii 3agadeii, Korma WHAYK-
LIMOHHOE TI0JIE YXKe CylLIeCTBeHHO crnagaeT. [Toaromy
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Puc. 7. [1epexonHsie mpolecchl 1151 2X-CI0IHOM U 3X-CI0HOI Mozieieli U YCTaHOBKHU, ITOKa3aHHOI Ha pucyHKe: [ — 2X-cioii-
Hasi MOZIeJIb C MOJISIPU3YIOLLMMCS] OCHOBaHMEM; 2 — 3X-CJI0iiHasl MOZEJb C TOHKMM CJIOEM U30JI51TOpa Ha IHe; 3 — Te XKe MOJeIN
0e3 ToJIsIpU3aliu.
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Puc. 8. [lepexonHsle mporeccsl it 3X-CA0MHOI MOIEIN U YCTAHOBKY, IOKA3aHHOI Ha PUCYHKE 7, C IPOMEXYTOYHBIM BBICO-
KOOMHBIM CJI0€M MOILIHOCTBIO 10 M € pa3sHbIM YIEJIbHBIM 3IeKTpUudeckuM corpotusieHueMm: I — YOC = 1000 Om - m; 2 — YOC =
= 3000 Om - M; 3 — YBC = 10000 Om - M; 4 — Te xe MoaeIun 0e3 TToJIIpU3allni.
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Puc. 9. ITepexonHsbie MPOLIECCHI AT 3X-CIIOMHOM MOACIN U
YCTaHOBKH, MOKa3aHHOM Ha pUC. 7, C TPOMEXKYTOYHBIM BbI-
COKOOMHBIM cJjtioeM MoitHocThio 10 M 1 YO C=1000 Om-M ¢
Pa3HBIMU MOCTOSIHHBIMU BpEMEHU ToJisipyu3aiuu: I — T =
=10c; 2—1=1c¢;3—1=0.1 ¢c; 4 — Ta xxe Moneyb 6e3 mo-
JISIpU3aLvn.

BpPEMEHHO IUara3oH, JIUTEeIbHOCTbh UMITYJIbCa TO-
Ka 1 1may3sl BeIopaH mo 100 c.

Pesynberart akcnepnMeHTa oueBuaeH. Yem Oosbiie
VYBC npoMeKyTOUHOTIO CJI0sI, TeM MEHbIIIE MepBUY-
HBIIl TaJIbBAHUYECKUIT TOK MPOHMKAET IOA HEro u
ToJIIpU3yeT OCHOBaHMe. TeM cnadbee MHTEHCUBHOCTD
oTrpuniatesibHbix 3HadeHuil BII. KpuBble st Bcex
TpexX Mojeiei 6e3 IMOoISIPU3alluy IIPAKTUIECKN COB-
nagaroTr. 1 B 3TOM cirydae HaOmomaeMble 3aKOHO-
MEPHOCTH CBUIETEJILCTBYIOT O TaJbBaHUYECKOI
OpUpOJe OTpULATEIbHEIX 3HaueHuit BI1.

MOoXHO pacCMOTPETB €111€ OTUH MOAETbHBIN TTPU-
MEp € 3aBUCUMOCTbIO MHTEHCUBHOCTU OTPUIIATEIb-
Hoil BII oT mocTosiTHHOW BpeMeHM MoJsipu3aiuu T.
laapBaHWYECKUMM TOKaMU cpela MOoJspusyercsl B
TeUYEeHUE BCETO BPEMEHU MTPOMYCKaHUS UMITYJIbCA TO-
Ka, B HaieM ciaydae 31o 100 c. [Tpr nHOyKImoHHOM
BO30OYXIEHUU MOJSIPU3ALUS OCYIIECTBISIETCS BUX-
PEBBIM BJIEKTPUYECKUM I10JIEM MOCJE BBIKJTIOYEHUS
WMITYJIbCa, KOTOPOE AOCTAaTOYHO OBICTPO CITadaeT.
Ecan mponeccer BII oueHb MemaeHHBIE (T OYEHb
OoJiblliast), TO KOPOTKOE IIOJSIpU3YIOIee BO3meii-
CTBME BUXPEBBIX TOKOB HE YCIeBaeT MOJIHOCTBIO MO-
Jisipu3oBaTh cpeday. B aToM ciyyae ecTecTBEHHO
OXuparthb, 9To MHTeHcUBHOCTL BITM OymeT mapats ¢
poctom T. Hanmporus, mist BIIT gnutenbHoOe mpormyc-
KaHMe TOKa MO3BOJISIET NOOUTHCS MpeAeTbHOMN MOoIsi-
pu3aluu 1Js BceX T, KOTOPbIE MEHbIIE AJIUTEIbHO-
cTu umMmIlyabca Toka. Ha puc. 9 nmg momenu us
MpEenbIayIero MnpuMepa IpUBEAEHbl KpUBbIE IS
tpex T. st T = 0.1 ¢ 3HageHus orpuuatenbHoro BIT
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MEHBIIIe, YeM B IPYIUX CJIydasix, M3-3a TOrO, 4TO K
BpeMeHU 3 ¢ ObICcTpHIii ITpouecc BIT yxxe cymecTBeH-
Ho cnajt. OgHako BUI KpuBBIX 111 T = 10 u 1 ¢ ToBO-
PUT O TOM, YTO OHM OJIM3KM K CBOEH IIpeaeIbHOM 10-
nspuzanyu 1 BIT oj1s1 T = 1 ¢ uyTh OBICTpEe criagaer.

ITo manreMy MHEHUIO, ITOJTyYEeHHBIE 3aKOHOMEP-
HOCTHU NposiBJieHUs oTpuuiateabHoil BIT oT mapamert-
POB pa3pe3a BO BCEX TpeX IMPUBEACHHBIX YMCIICHHBIX
9KCIIEPMMEHTAX CBUAECTEILCTBYIOT O TOM, UTO BBI3BIBA-
ercst orpuniaresbHas BIT ranpBaHMYeCKMMI TOKAMMU.

SAKJIIOYEHHME

Ha nipuMepe npocThIX Moaeseii cpeabl ITIoKa3aHo,
rae oOpas3yloTCsl MOBEPXHOCTHBIE 3apsidbl, KOTOPHIE
SBJISIIOTCSI UcTOuHUKOM 1107151 BIIT 1 KkoTOopkie mon-
JIEpKUBAIOTCSI CTOPOHHUMM TOKAMM B ITOJSIPU30-
BaHHOM OOBEKTE M PEIAaKCHUPYIOT BMECTE C HUMHU B
COOTBETCTBUM C MOJISIPU3AaLlMOHHBIMU ITapaMeTpa-
MU CpeIbl.

HOHO)KGHI/IC TOYKM HM3MEPEHHNA OTHOCHUTCIBHO
MECT PacIIOIOXKCHUSI 3TUX 3apsiiOB OIpeaciseT Ha-
MpaBlieHue dIIeKTpudyeckoro mojs BIT u, ciemoBa-
TeNbHO, 3HaK 1o BIT Ha mmepexomHbIX XapaKTepu-
CTHKaX.

11 MOpCKOIA MOAEIU C TeOMETPUEN YCTAaHOBKM,
MPU KOTOPOM TposiBiIsieTcsl oTpuliaTenbHast BIT, BbI-
ITOJIHEHBI TPY YMCICHHBIX 9KCIIEpUMEHTA TSI OTIpee-
JICHUS1 3aBUCUMOCTE MTHTEHCUBHOCTU MIPOSIBJICHUS OT-
punatenbHoit BIT oT xapakTepHbIX mapaMeTpoB MOJie-
JIM, I KOTOPBIX M3 (PU3NMYECKMX COOOpakeHM
MOXHO OXMAATh CYIIIECTBEHHO Pa3HbIX 3aBUCHUMO-
creii o1t BIIT u BITN. TTonyyeHHBIE 3aKOHOMEPHO-
CTH yOeIUTEJIbHO CBHACTEIBCTBYIOT O TOM, UTO IS
aTUX Moxesieil orpunarenrHas BIT nmeer raapBanm-
YECKYIO TIPUPOIY U HE SIBJISIETCS BU3YaIbHBIM MPU-
3HakoMm BITUN.

st apyrux 6oJjiee CIOXHBIX MOAEEH WIIN NPYTHUX
pPa3HOCOB JJI1 OCEBOI YCTAaHOBKH TOXE MOXHO TOJTy-
YUTh CMEHY 3HaKa Ha TMepexXoJHOM Tpollecce, CBs-
3aHHy10 ¢ BI1. Ho 6e3 crienmaiibHbIX pacuyeToB TPY/I-
HO TIPEJICTaBUTh, KaK OYAyT paclipenejieHbl 1o rpa-
HUILIaM 3apsifibl, BbI3bIBA€Mble CTOPOHHUMU TOKAMU U
kakue nosst BIT onu chopmupytot. [ToaTomy Henb3st
3apaHee YTBepXKIaTh, YTO BCErIa Mbl UMEeM EJ0 C
nposieieHreM ToibKo BIIT. B kakux-To ciaydasix 370,
BO3MOXHO, OyaeT u tniposieiieHre BITW. TimaBHOe, yTO
MOKa3aHoO — 3TO TO, YTO OTpUliaTelbHble 3HaueHust BIT
Ha KpUBOI criaga Aajisi OCEBOM YCTAaHOBKU HE SIBJISIIOTCSI
BU3YaJTbHBIM MTPU3HAKOM ToJbKo BITU.

OUNHAHCHUPOBAHUWE PAGOTbI

HekoTtopkbie pe3ynbTaThl, U3JI0XKEHHBIE B CTaThe, MOJTY-
yeHbl B paMKax padot o teMe HU PAH “KommiekcHbii
[JTyOOKOBOMHBIN ¥ HA36MHbBIIT MOHUTOPHUHT C LIEIbIO U3yde-
HMS U IPOTHO3UPOBAHUST KPYITHOMACIITAOHBIX IPUPOTHBIX
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On the Nature of Negative Values of Induced Polarization in the Transient
Electromagnetic Process when Working with an Axial Electrical Installation
on the Sea Shelf
V. V. Ageev*

Geoelectromagnetic Research Center, Schmidt Institute of Physics of the Earth, Russian Academy of Sciences,
Troitsk, 108840 Russia

*E-mail: ageevvv@yandex.ru

The paper describes the ideas about the sources of induced polarization fields generated by external forces of
non-electrical origin. Layered polarizable media are considered, over which a change in the sign of induced
polarization can be observed for an axial electrical installation. Numerical model experiments substantiate
the conclusion that the induced polarization is caused by galvanic currents and is not related to the induction

component in this case.

Keywords: induced polarization, frequency dispersion, external currents, transient process, axial electrical in-

stallation
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