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O6roBOpPEHO MIpodAEeMY IMIIEAQHCHOTO ONUCY €AeKTPOMAarHiTHOTO IOASI Ha ITIOBEPXHi HEOAHO-
pianoi 3emai. ITpoaHanizoBaHO KOHIlenIlii TeH30pa iMIepaHcy, TeH3opa Bize — IlapkiHcoHa,
Y3araAbHEHOTO TEeH30pPa IMIIeAAHCY, IMIIEAGHCHOTO HAOAMIKeHHs A€OHTOBMYA Ta MOTO y3arab-
HeHb. [TliAKpecaeHO, 110 IIi MOAEAl HOCSATh YaCTKOBUM XapaKTep, AIMCHI TiABKH 3a CIeliaAbHUX
dopM 3apaHHA 30YAKYBAABHOI'O IIOAS 1 HE 3aBJKAU BIATIOBIAQIOTH YMOBAM IIDOBEAECHHS PEAABHOTO
MAarHiTOTEAAYPUYHOI'O €KCIIepuMeHTy. HaBepeHO y3araabHeHy CUCTeMY BEKTOPHUX TOTOKHOC-
Tel IMIIEAQHCHOI'O TUITY AASI TAPMOHIYHOIO €AeKTPOMATHITHOIO IIOAS Ha 3aMKHYTHUX Me’yKax po3-
IIOAIAY Ta reHepOBaHe Ha IX OCHOBI y3araAbHeHe TOuHe AU(pepeHIliarbHe PIBHAHHSA IMIIEAQHCIB, a
TaKOJK CUCTeMy CKaASIPHUX PiBHSAHD, SKi BU3HAUAIOTh 110 IIOBEPXHIO. 3a3HauueHo, 110 3a Heob-
XiAHOCTI BUKOPUCTAHHSA IX HEIIOBHUX YKOPOYEHUX (POPM IIi MOAEAL IOPIBHAHO 3 KAQCUYHUMU B
NPUHIUII MiCTSTh BHYTpPIlIHI KpUTepii cBOro 3acToCyBaHHS i He IOTPeOYyIOTh AASL CBOTO OOI'PYH-
TyBaHHS AOAATKOBUX eMIIIPUYHUX a00 eBPUCTUIHUX AOIIOBHEHE.

A problem of impedance description of magnetic field on the surface of heterogenic Earth is
discussed in the article. The concepts of impedance tensor, Vise — Parkinson tensor, generalized
impedance tensor, Leontovich's impedance approximation and its generalization are analyzed. It
is noticed that these models are of particular character and are real only in cases of special forms
of giving primary field and do not always correspond to conditions of conducting real magneto-
telluric experiment. Generalized system of vector identities of impedance type is given for harmonic
electromagnetic field on the closed interfaces and generated on their base generalized accurate
differential equation of impedances and the system of scalar equations which determine this
surface. It is noticed that in case of necessity of using their incomplete, truncated forms these
models in contrast to classical ones, have interior criteria of their application and do not demand

for their substantiation any additional empirical or heuristic considerations.

Beeaenne. [IpoGaeMa MMIIEAQHCHOTO OIHICA-
HUS 9A€KTPOMArHUTHOTO TIOAS Ha TPaHUIle pas-
AEAd «AMDAEKTPUK — XOPOIIIO ITPOBOASIIAS Cpe-
Aa» UMeeT CPaBHUTEABHO AABHIOIO WCTOPUIO U
AOBOABHO OOIIMPHYIO OMOAMOrpaduio, B KOTOPOH
IIPEACTaBAEHBI Pa3AWYHEBIE €€ aCIIeKThl, BKAIOYAs
BOIIPOCHI (PU3NYECKOU TPAKTOBKU U METOABI IKC-
IIepUMEHTAaAbHBIX OreHOK. DyHAAMEHT COOTBeT-
CTBYIOIeN (PU3MYECKON TeOpHUM OBIA 3aA0’KEH B
40-x rOoA@xX IIPOIIAOTO BekKa B paborax PriToBa
(1940), WeaxkynoBa (Schelkunoff) (1943), Bykepa
(Booker) (1947), AeonToBuua (1948) u psipa Apy-
TMX UCCAEAOBaTeAel, KOTOphIe CTaAW y>Ke KAaac-
cnaecknMu. HaunHas ¢ pyHAAMEHTaABHBIX paboT
Tuxonona (1950) u Kanbsipa (1953), KoHIenus
TTOBEPXHOCTHOTO MAM BXOAHOTO MMIIEAGHCA ITPOY-
HO BOIIIAA B ITPAKTUKY F'€03AEKTPOMArHUTHBIX UC-
CAEAOBAHUN 3eMHOM KOPHI, @ U3y4YeHUe HMIIe-
AQHCHBIX COOTHOIIIEHUU CTAaAO OAHOU M3 KAIOUe-
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BBIX POOAEM reodAeKTpuKU. LlearecooGpa3HoCTh
WX TPAKTUYECKOTO NIPUMEHEeHUs CTaHeT Goaee
TIOHSITHOM, €CAY ITPUHSTH BO BHUMaHUe OCHOBHYIO
HMAEIO0 MaTHUTOTEAAYPHUYECKOM Pa3BEAKH, CYIITHOCTh
KOTOPOM COCTOUT B BbIOOpE TaKOM KOMOWHAITUM
KOMIIOHEHT eCTeCTBEHHOTO SAEKTPOMAaTrHUTHOTO TIO-
AT, U3MEPEeHHBIX Ha 3€MHOMW MOBEPXHOCTH, KOTO-
past, Io BO3MOKHOCTH, CAa0O 3aBUcCeAa OBI OT
€ro CTPYKTYpPhl B BEPXHEM IIOAYIIPOCTPAHCTBE
(BO3AyXe) U BCeIleAO ONpeAeAdnach OBl (PyHK-
nyeN paclipepereHUs] SAEKTPOIPOBOAHOCTH B
3eMAe, HaXOXXAEHUEe KOTOPOM M SIBASIETCS Iie-
ABIO MAarHUTOTEAAYPUYECKOTO SKCIIEPUMEHTA.
3aMeTHuM, 4YTO BCE ITU TOABI IIIAO MHTEHCHB-
HOe HaKOIIAeHVe SKCIePUMEHTAABHOTO MaTepu-
ana, ero OCMBICAEHHMS M Pa3paboTKU MeTOAOB
MCTOAKOBAHUS TTOAYUYEHHBIX AQHHBIX. O KOHCT-
PYKTUBHOM XapaKTepe 3BPUCTHIECKOUN UAEU UM-
IIEAQHCHOTO OIMCAaHUS M ee BO3MOYKHOCTSIX 9KC-
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IIepUMeHTAABHOI'O IPUMEHEeHN, Pa3BUTHE KOTO-
PO IPOAOAYKAETCS A0 HAaCTOSAIIETO BpeMeHH, MO-
JKeT CBUAETEeAbCTBOBATH Ta aKTUBHAS AUCKYC-
CHsl, KOTOPAas BEAETCSI CeTOAHS B TAKUX BEAYIIINX
M3AQHUAX, KaK «YCIexu (PU3NIeCKrX HayK» [AAb-
mmnn, Arooumos, 2009; 2010; T'yapeapmm, 2009;
2010], «ITucema B JKOTD» [['yabeapmm, 2009],
«®usuka 3eMan» [['yabeasmu, 2009]. ITpoporxa-
eTCs AUCKYCCHS U II0 BOIIPOCY OOOCHOBAHUS UM-
IIeAQHCHOTO ONIMCAHUSA OTKAUKA B COBPEMeHHOU
re0dAeKTPUKEe, XapaKTePU3yIoIasicsa HEKOTOPOU
CHelN(PUIHOCTHIO IOCTAHOBKM 3aAauM (CM., Ha-
npumep, [AmMurpues, bepanuesckuti, 2002; Lly-
MaH, 2009] u nuTHpPyeMyro TaM AUTepaTypy). Oa-
HAKO IIPU 3TOM BEI3BIBAET HEAOYMeHHe TO 00-
CTOSITEABCTBO, UTO YIIOMSHYThIE AUCKYCCUU UAYT
KaK Obl B pa3dAMYHBIX MAOCKOCTSIX. OHU cAabo
CBSI3aHBI MeXXAy cO00M, a uMeroluecsa B pU3u-
YeCKUX M3AQHUSAX YIIOMUHAHUSA UAM yKa3aHUd Ha
BO3MOJKHOCTb UCIIOAB30BaHUS IMOAYUEHHBIX pe-
3YABTATOB B reopu3rke (pparMeHTapHbI, He BIIOA-
He odyepueHBl U KOpPpPeKTHBE. OueBUAHO, UMe-
eTcsl MOTPeOHOCTh B aHaAM3e MOAYUYEHHBIX pe-
3YABTATOB, UX 0OOOIIEHUN U Pa3BUTHUU COOTBET-
CTBYIOIIero (popMaAr3Ma C YIeTOM B3aUMOAEU-
CTBUS (PM3UUYECKOT0 U MaTeMaTU4eCKOTO aclek-
TOB. DTOU CTOPOHE MPOOAEMBI, OTIPEAEASIONIel
METOAOAOTUYECKYIO OCHOBY Fe03AeKTPOMarHeTus-
Ma, U MOCBITUM AaAbHeHIlIee N3A0KeHNe.

Moaeas TeH30pa UMIeAaHCaA U ee orpaHuye-
Hus. Kak ussectHo [bepapnueBckuii, AMUTPHUEB,
2004], ocHOBHBIMU 0a30BBIMU METOAAMU COBpE-
MEHHOM Ire03AeKTPUKHU C eCTeCTBEHHBIM BO30YK-
AEHHEM TIOAS IBASIIOTCSI MAarHUTOTEANYPUYECKOe
3oHAUpOBaHue (MT3), B KOTOPOM CUHXPOHHO U3-
MepsIOTCS Bapuallul SAeKTPUUECKOTO 1 MarHuT-
HOTO TIOAeM B TOYKe perucTpaluu Ha 3eMHOU
TIOBEPXHOCTH, U AOKaAbHOE MarHUTOBapUaIloOH-
Hoe 30HAUpoBaHue (MB3), mpu KoTopoM orpa-
HUYMBAIOTCS U3MepeHHeM TOABKO MarHUTHOTO
noAs. [Tpu 3TOM BXOAHOU UMIIEAQHC (MMIIEAQHC
Ha I'paHUIle pa3pera «3eMAsI—BO3AYX») B TeO-
PHUM MarHUTOTEAANYPUKHU OIIPeAeAdeTCs Ha ABYX
MOAEABHBIX YPOBHAX [AMuTpueB, bepanueBckuii,
2002].

[MepBBIl — 3TO CKAAIPHBIN UMIIEAQHC TOPU-
30HTAABHO-CAOUCTOM CTPYKTYPHI, BO30Yy>KAQeMOU
TIOAEM C AMHEeMHBIU U3MeHeHNeM ero TaHTeHIH-
AABHBIX MArHUTHBIX KOMIIOHEHT (uMIepaHc Tu-
xoHoBa — Kanbsipa). B aToM opAHOMEpHOM MOAEAH

E,=ZH,, E,=-ZH,, (1)

rA€ Z — CKaASIPHBIM MMIIEAQHC, SBASIOMIUNCS
(PYHKIIMOHAAOM 3AEKTPOIPOBOAHOCTUA G(7) —
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HelpepBEIBHOM UAM KYCOYHO-HelIpepLIBHOU PyH-
KIIUYU TAyOUHBI Z.

BTopoit — TeH30p UMIIepA@HCA TOPU30HTAAD-
HO-HEOAHOPOAHOM CpeAbl, BO30y’KAQeMOU Bep-
THUKAABHO ITapAIoIell Ha 3Ty IPaHUIly pasjpeaa
IIAOCKOM BOAHOM. B 3TOM caydae onpepenseTcs
KaK TeH30p UMIlepaHca

Zx ny

[z]= =
Zyx ZW
Exl Hy2 _Exz Hyl (Ex2 Hxl _Exl Hx2)
Eyl HyZ_Ey2 Hyl (EyZ Hxl_Eyl Hy
Exl Hy2 _Exz Hyl

CBA3BIBAIOIIUN MeXAY COOOU TaHTEHIIMAAbHBIE
KOMIIOHEHTHI JAE€KTPUYECKOTO M MAarHUTHOT'O
noAen

Et=|[Z]Hr, 2)

a MHAEKCH 1 mAm 2 0003HAYAIOT IIOASL OT ABYX
AWHEWHO HEe3aBUCUMBIX UCTOYHUKOB PA3AUYHOMN
MOASIPHU3AIlUY, TaK U TeH30p Buze — Ilapkun-
COHa (THUmnmep)

[W]= lex Wzny

CBSA3BIBAIOIIUN BePTUKAABHYIO KOMIIOHEHTY Mar-
HUTHOTIO IIOASI BAPUAIIUM C €T0 TOPU30HTAABHBI-
MM KOMIIOHEHTaMH
H =W, ,H. +W_H,. 3)
B KraccuueckoM BaprUaHTe MarHUTOTEANYPH-
4eCcKuX uccaepoBanmii Merop MT3 urpaer Be-
AYIIYVIO POAB, B TO BpeMs Kak MeTop MB3 cBo-
AUTCS K PACIIO3HABAHUIO M AOKAAU3AIUUA He-
OAHOPOAHOCTeHU pasdpe3a. OAHAKO B IMIOCAEAHEE
BpeMs BO3pacTaeT UHTepeC K TAKOMY KOMIIAEK-
Cy MT-UCCAEAOBAHUM, B KOTOPOM POAb 0a3UCHO-
ro Mmetopa orsopurca MB3, a MT3 cAyKUT AAd
KOHTPOASI ¥ YTOUHEHUS ITOAyIaeMbIX pe3yAbTa-
ToB [Bepauuesckuit, Amurpues, 2004]. TTpu sTom
IIoApa3yMeBaeTCs TpexMepHasi MHBepCHs UMIle-
AQHCOB U TUIIIIEPOB, YyBCTBUTEABHAs K CTAOHUAL-
HOCTHU 3KCIIEPUMEHTAABHBIX OIJeHOK KOMIIOHEHT
VIOMSHYTHIX (DYHKITUM OTKAMKA (TeH30pOoB [Z] u
[W]). Oanako, Kak CBUAETEABCTBYET 3KCIIEpH-
MEHT, pearr3yeMasi B paMKax 9TOM MOAEAM TOY-
HOCTb OIIpeAEAeHNsT KOMIIOHEHT 3THUX TEH30POB,
KaK IIPAaBUAO, HUJKe TOYHOCTH H3MepeHu! co-
CTaBASIIOIINX TIOASI BAPUAIIUM U 3a9acTyIO He AQeT
IIOBOAQA AASI MBAUIIIHETO OIITUMHU3MA (CM., HallpH-
Mmep, [Eisel and Egbert, 2001; BapeHnnos u Ap.,
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2003]). CymiecTByeT hpU3NIECKUN aCIeKT IPO-
OAeMBI: TUNIIEp OOAee UYBCTBUTEAEH K 3dek-
TaM MCTOYHHUKA IIOASI, UeM MMIIEAQHC, T.e. Bpe-
MeHHAas U3MeHYMBOCTD €T0 YaCTHBIX OIIeHOK 3Ha-
YUTEABHO BBIIIE MMIIEAAHCHBIX, @ KAYeCTBO AM-
HeWHBIX CBS3eH, B I[eAOM, CYLIeCTBeHHO HUKe.

C 1eAbI0 pacIIupeHUs BO3MOKHOCTENM Mar-
HUTOTEAAYPHKHU B paboTe [AMurpues, bepauues-
ckutt, 2002] npeprosKeHa 00OOIeHHAass MOAEAb
HMMIIepaHCa, KOTopask BKAIOYaeT YIIOMSIHYThIe BhI-
IITe ABa MOAEABHBIX YPOBHSI U AOTIOAHSIET UX Tpe-
TBUM: «...T€H30POM UMIIEAQHCa TOPU30HTAABHO-
HEOAHOPOAHOU CpeABl, BO30YyKA@eMOM IIOAEM C
AMHEWHBIM H3MeHeHHeM ero TOpPU30HTaAbHBIX
KOMITOHEHT U BEePTUKAABHON MAarHUTHOM KOMIIO-
HEeHTOM»

E=|Z"|H;

E=E(E,, E,, E, =0 ), H=H(H,, H,, ),

- Zw Z% Zi
7' \=\Zy Zy 7| 4)
0 0 0

3aMeTuM, 4YTO B 3TOM CAydYae OIpeAereHue
TeH3opa Buse — TlapkuHCOHa He TpeAycMaT-
pUBaeTcs, Tak KaK OH MOYXKeT W He CYIIeCTBO-
BaTh. OAHAKO, HECMOTPS Ha MMPEAITPUHSITYIO Ta-
KUM 00pa30oM MOTBLITKY yYeTa BEPTUKAaABHOU KOM-
TIOHEHTHI H. B HODMaAbHOM IIOA€, TTIOAOJKEeHHas
B ee OCHOBY MOAEAb BO3OYKAEHUS HEOAHOPOA-
HOM CpeABbl B BUAE CUCTEMBI 3aMKHYTBIX TOKOB B
AOKaABHOM 0OAACTU HEITPOBOASIIEN aTMOC@EepPhI
(cm. puc. 1 paboTtel [AMuTpuen, bepanueBckui,
2002]) oTpa>kaeT AMIIb YaCTHBIY crieluuaecKmui
acIleKT IPoOAEeMEL U B 00II[eM CAydae He MeHseT
CyIllecTBa AeAa.

Kak n3BecTHO, pmsrka (pOpMUPOBaHUSA INEK-
TPOMArHUTHOTO OTKAMKA Ha ITOBEPXHOCTH 3eM-
AHY, BOOOIIIe TOBOPSI, COBEPIIIEHHO MHAs U Ha AQH-
HOM 3Tale MOJKeT OBITh C(POPMyAMpPOBaHa Ha
OCHOBE COBpPEMEeHHOM KOHIEeIIWUU TAODaAbHOU
SAEKTPUYECKOM IlelM KaK (PyHAAMEeHTaAbHOU
reo(U3NIEeCKON CUCTEMBI B IAEKTPOMArHUTHOM
okpy>xeHnu 3emMau. OHa TO3BOASIET PAaCCMaTpH-
BaTh MarHuTocdepy, “oHocdepy, aTMmocdepy u
AuTOoCEpPy B KauyeCcTBe EAMHOM 3AEKTPOAMHA-
MHUYEeCKOU CTPYKTYPHI. JTa Ilenb (POPMUPYETCI
COBOKYITHOCTBIO MCTOUYHUKOB DA C, SIBASIOIINX-
Csl PE3YABTATOM PSIA@ TeO0(PU3UIECKUX IIPOoIiec-
COB pa3jpeAeHMs U HaKOIAEHUS 3apsiAOB, COCpe-
AOTOUYEHHBIX B aTMocdepe, Maruutrocdepe, MOHO-
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chepe u Aautocepe. Ee TOKOBBIU KOHTYp Ha-
PSAY C OTHOCHUTEABHO TOHKHM CTPATH(UIUPO-
BAHHBIM aTMOC(EPHBIM Y4aCTKOM (IIPOBOAUMOCTD
aTMocdepsl YBEAUUYUBAETCS C BEICOTOM IIO 3KC-
IIOHEHIIMaABHOMY 3aKOHY U Ha BBICOTax Ooaee
50 KM MOJKeT CYUTATHCS TPOBOAHUKOM C IIPOBO-
AUMOCTBIO, CDABHUMOMU CO CpPEAHEN ITPOBOAMMO-
CTBIO 3eMAM) BKAIOUAET IIAa3MeHHYI0 HOHOChep-
HO-MarHuToc(epHyl0 U TBEPAOTEABHYIO AUTO-
chepHyI0 060AOUYKY, BEICOKas IIPOBOAUMOCTE KO-
TOPBIX SIBASIETCSI HEOOXOAUMBIM YCAOBHEM (DYHK-
IIMOHWPOBaHUS CUCTeMBI [AHUCUMOB, Mapees,
2008].

O06o011eHHasi TAoOaAbHas dAeKTpuuecKas
1ernb BKAIouaeT reHepaTtop OAC Ha BHeIIHeM
rpaHulle MarHUTOC(EPE! (MarHuTonay3e), yIpas-
ASIeMBIM SHepruer COAHeUHOro BeTpa, arMocdep-
HbIE TEHEPATOPHI IAEKTPUUECKOTO TIOAST B HUK-
Helt aTMocdepe (TPo3hbl), IAEKTPUUECKU CBSI3aH-
HBIEe C HOHOCEepPOr U MarHUTOCEPOM BAOADL T'eo-
MarHUTHBIX CHUAOBBLIX AMHUHU U, AdAee, TeHepa-
Top DAC Ha BHyTpeHHeM rpaHuIle TOBEPXHOC-
TH 3eMAU, OOYCAOBAEHHBIY eCTeCTBEHHON pa-
AMOAKTHUBHOCTBIO 3€MAU M 9IAEKTPOHHO-MOHHBI-
MM TTIOTOKaMU M3 ee HeAp. [Ipu 3TOM TpOoAOAL-
HBIE TOKU BAOAB CUAOBBIX AMHUM reOMarHuTHO-
TO TIOASI CBSI3BIBAIOT BHEITHIOIO MarHUToCc(epy
U moHOCepy, a Haamdue cAabo IPOBOAAIIEN
(HO He ’AeKTpUUYECKU HEeUTpaAbHOM) aTMocdep-
HOW OOOAOYKHU 3aCTaBASIET MTPOAOABHBIE MarHu-
Toc(pepHbIe TOKM 3aMBIKaThCSA Ha MOHOChEPY. 3a-
MeTHM, UYTO CAOKHOCTb MCCAEAOBAHUM rAOOaND-
HOM IIeII COCTOUT B TOM, UTO MOHOC(hEepa U Au-
Tocdepa — OMUYECKHUE CPEABI, TAE dAEKTpUYeC-
KOe TIOAe U TOK CBs3bIBaeT 3akoH Oma. B marum-
Tocdepe MPSIMOU CBSI3U MEXKAY IAEKTPUIECKUM
IIOAEM U TOKOM HeT.

Konmnenmnus o600111eHHOM TAOOAABHOM DAEKT-
PUYECKOH Ieny CTUMYAUPOBaAa HOBBIU ITOAXOA
K OIPEAEAEHUIO CTPYKTYPhI FT€OMarHUTHBLIX Ba-
puaruii Ha TOBEPXHOCTHU 3eMAM U ee aTMocge-
pe, B YaCTHOCTU K NpPoOOGAeMe HaAW4us B HeH
TOPOMAAABHOTO MAarHUTHOTO TOAsl. B paccmat-
pUBaeMOM KOHTEKCTe Ba’KHOe 3HaueHHWe uMeeT
Teopema Oykymumsl [Fukushima, 1976]: npu og-
HOpOgHOU npoBogumMocmu uoHocgeprl U pagu-
QABHBIX CUAOBBIX AUHUSIX I'€OMATHUMHOTO NOAS,
BgJOAb KOMOPKIX MeKym NPOgoAbHblE MOKU, MAT-
HUMHBIU OMKAUK HA 3eMHOU noBepxHocmu, pop-
Mupyemblll 3mumMu MOKAMU, NOAHOCMbIO KOMNEH-
cupyemcst noAeM UOHOC(EPHBIX NegepCeHOBCKUX
MOKOB.

OAHAKO (BBHUAY OTCYTCTBUSA IIOAHOU CUMMeT-
puH) B IPUPOAE TaKOM MEeXaHU3M pPearusdyeTcs
AUIITb 9YaCTUYHO, TOABKO B II€PBOM IPUOAMIKE-
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Huu. B utore, Tak Kak aTMOC(epHBIN CAOM OT-
HOCUTEABHO TOHKUM, IPOAOABHBIE TOKM B Mar-
HuTocdepe (Kak U BepTUKaAbHbBIe TOKU B 0OAacC-
TH «3eMAs — HOoHOoCdepa») (OpMUPYIOT TOPOU-
AAABHYIO KOMIIOHEHTY B MarHUTHOM OTKAUKE Ha
3eMHOM IMOBEPXHOCTU: KaK CBUAETEABCTBYET DKC-
IIepUMEeHT U TeopeTHuYeCKUe pacyeThl, Aa’ke B
CPEeAHUX IIUPOTaX BO3MOJKHO IIOSIBA€HIHE TOPO-
UAAABHOM KOMIIOHEHTHI MarHUTHOTO IoAad [Ki-
sabet, Rostoker, 1977]. He yAuUBUTEABLHO, UTO B
CTOAB TPYAHO (DOpMaAU3yeMoOMt CUTyalluu (Ipu
OUMOAAABHOM BO30OY>KAEHUU 3eMAM) Hen3beik-
HOe pacIpocTpaHeHUe IIOAYUYUAN Pa3ANYHbBIe MH-
TYUTUBHBIE MAEU U IIOAXOABI ONIMCAHUS 3AEKT-
POMarHUTHOTO OTKAMKA, OCHOBAHHBEIE Ha BeCh-
Ma yIIPOIIeHHBIX (PU3UYeCKUX IIPeACTaBACHUIX,
K KOTOPBIM, OUE€BUAHO, MOJKHO OTHECTU U MOAe-
AU TeH30pa M 00O0OIIeHHOTO TeH30pa UMIIeAaH-
ca, TeH3zopa Buze — IlapkuHCcOHa, ompepeAse-
MbIe paBeHCTBaMu (2), (4) u (3).

ITpuOAnkeHne AeOHTOBUYA U COBpeMeHHast
MarHuToTeAAypHuKa. Kak n3BecTHO [A€OHTOBUY,
1948], Ha rpaHule pasperd «MU30TPOIHBIN AU-
SAEKTPUK — U30TPOITHAsA IIPOBOAAIIAS CPeAa» C
OOABIIION KOMIIAEKCHOM AMIAEKTPUUECKOM TPO-
HUITaeMOCTHIO ‘ € \ >>1 NpUOAMIKEHHO BBITIOAHSI-
eTCs TPAaHUYHOE YCAOBUE /A€OHTOBUYA!

E—{H.xn=0, ()

rae E; 1 H, — KacaTeAbHble KOMIOHEHTEI 9AeK-
TPUUIECKOTO ¥ MAarHUTHOTO MOAEH, N — eAMHUY-
HBIM BEKTOP BHEIIIHEN HOpMaAH, { — IOBEpXHO-
cTHBIN nMnepanc. CoraacHo [AeonToBuY, 1948],
€ro BBIBOA OCHOBAH Ha COOOpakeHUsIX KauecT-
BEHHOTO XapaKTepa O CTPYKType 3AeKTpoMar-
HUTHOTO ITOASI B IPOBOASIIEN CpeAe BOAU3HU Tpa-
HUIIBI pa3jpenrd, a YCAOBUSI TPUMEHUMOCTU Ae-
TaAbHO 00CY>KpaAuCh PeIToBEIM (1940), AeoHTO-
BuueM (1948), Senior and Volakis (1995) u Apy-
TUMU UCCAEAOBATEASIMU U B CyMMe CBOASITCSI K
CAEAYIOIIIM:

® BHeIITHEee ITOAe BAOAL TPAHUITBI PAa3AEAd U3-
MeHSIeTCSI MeAAEHHO B MacIiliTabe AAMHBI BOAHBI
Ao B BaKyyMe;

e 3MeHeHNe CBOUCTB CPeAbl MeAAeHHOe B
MaciaTabe AOKaAbHOM AAWHEI BOAHBI B HEH;

® B Ka’KAOM TOYKE CpeAbl BeAUYMHA ‘ n ‘>>1 ,
TAe n=,en /gy, — bdakTop pedpakIuy;
‘Imn‘kop >>1, rae p — HaUMEHBIIUH PAAUYC
KPUBU3HEI IOBEPXHOCTU PA3AeAd, ky=m,/Ug € -

I[Ipy BBINOAHEHUM HACTOAIIUX YCAOBUM
{(w)= \/u_/s ={'+i{” (IOBEPXHOCTHHI HuMIe-
AQHC) — BEAWUYMHA MaAnast. 3HAKM KOMIIOHEHT
>0 u {"<0 onpeAeAsItoTCst YCAOBUSME AUCCHUIIA-
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LMY S9HEePTUU BHYTPU IIPOBOASAILLEN cpeAbl. [1pu-
OAM>KeHHe AeOHTOBUYA XOPOIIIO paboTaeT B OII-
THKe, papAuo(U3UKe, PSIAE APYTUX 3apa4 3AEKT-
poaumHaMuKu. OAHAKO C IIeABIO PACIITUPEHUS AU-
ara3oHa IPUMEHUMOCTH MeTOAd HeAaBHO B pa-
oote [Aabmui, Atobumos, 2009] mpearosKeHOo 06-
o0IeHNe NPUOAVIKEeHUS /AeOHTOBHYA AAS CAY-
yasi IPOU3BOALHEIX 3HaueHuu {:

E.={H xn+{(1- R)NH,, (6)

rae R(Gn)=41-Cn)* . N(n)=| 1 —

0
MaTpuiia 2x2. R(Cn)

PaBeHCTBO (0) IOAYYMAO Ha3BaHUE TOUHOTO
IPAHUYHOIO YCAOBUS /\A€OHTOBMUYA IIPU IIPOU3-
BOABHOM 3HaueHuwu L.

BuazO, uTO ypaBHeHUe (6) 1TO CpaBHEHUIO C
KAQCCUYEeCKUM ypaBHeHUeM /AeoHTOBUYA (5) nMe-
eT KauyeCTBEHHO MHOM BUA: B MAaTPUYHOU CBSI3U
Me>XAY TaHTeHIMaAbHBIMU BekTopamu E, u H, B
SIBHOM BUIAE TIOSIBASIETCST (DAKTOP pedpakIium #
KOTOPBIN B 3apade 00 OTpa’keHWM BOAH OAHO-
3HAYHO CBSI3@H C YTAOM TIAAEHUSI.

HamomMHUM B 3TO¥ CBSI3W, YTO COYeTasi MPU-
OAMDKeHHOe yCAOBHMe /AeOHTOBUYA () C ypaBHe-
HUEeM UHAYKITUU

0 1

io
rotE=— H,
c

'yAbeAbMU ITOAYYEHO YpaBHeHUEe UMIIeAaHCa
B popMme [['yabeabmu, 1989]

A%+B%+cC+D=0. (7)
ox dy
rae
_aHx aHy i

D= H

A=H, B=H,; c= ,

ox dy Ao | F
Ag =¢/® — AAMHA BOAHBI B BaKyyMe.

Boaee obmiuit BEIBOA (7) € YKa3aHUEM YCAO-
BUY IPUMEHNUMOCTH AaH PrITOBEIM [PhITOB, 1940].
YpaBHeHUe (7), B IPUHLOUIE, MO3BOASIET HAXO-
AUTDH pacipeperenue {(x,y) O AaTeparu U Ta-
KHUM 00pa3oM MOJXKeT OBIThb IIOA€3HBIM IIPU UC-
TOAKOBAHWU PE3YABTATOB MAarHUTOBAPHUALIMOHHOTO
skcrnepuMeHTa. OAHAKO, KaK U NPUOAMIKEHUE
AeoHTOBHMYA (5), HA OCHOBAHMUM KOTOPOI'O OHO
IIOAYYEHO, TakKe TpeOyeT He(hOPMAABHOI'O IIPEA-
IIOAOJKEeHUs 00 U3MEHEHUHU B CpPepe HUKe Ipa-
HUIIBL pa3pera (pasbl BOAHBI BeCbMa 4aCTHOI'O
BUAQ IIOAS — MAOCKOU MOHOXPOMATUYECKOU BOA-
HBI, KOTOpPOeE, BOOOIIle TOBOPS, 1 OIIPEeAeAsieT reo-

MeTPUYECKYIO (M MaTeMaTU4YECKYIO) CTPYKTYpPYy
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noas B Hell. OpHAKO reocpepa — OUYeHb CIIelu-
duyeckui 0oOBbLEKT UCCcAepOBaHUM. HeopHOPOA-
HOCTHU Pa3AWYHOI'O PAHTa COCTABAFIOT CaMy ee
CYIIHOCTb M AOAJKHBI PACCMATPUBATHCA He KakK
OTKAOHEHUSI OT HEKOM HOPMHI, @ KaK caMa HOop-
Ma (cM., HanpuMep, [Kpacusbiii, Batoman, 1998;
Caposckuyi, 2004]. ViMeHHO Ha M3y4eHUE TAKO-
ro 0OBbeKTa ¥ OpUEeHTHUPOBaH KOMIIAEKC MarHu-
TOTEAAYPHUYECKOTO ¥ MarHUTOBapHUAIlMOHHOTO Me-
TOAOB 30HAUpOBaHuA. HO B CyllleCTBEHHO He-
OAHOPOAHOUM Cpepe, BOOOIle TOBOPS, HET pac-
IPOCTPaHAoMUXCcA (Oerymux) BOAH — BOAHBI
ABAAIOTCA cTostunMu [Payrman, 2008]. B atom
CAydae, OUeBHUAHO, MOJKHO FT'OBOPHUTH AMIIE O AO-
KaAabHOM 3HaueHuU (paKkTopa pedpaKIiyu n B Ka-
KOU-TO OIIPEAEAEHHOU TOUYKE CPEABI UAH, B Ay4d-
1IIeM cAydae, 0 HeKoM 3(p(eKTUBHOM ero 3Haue-
HUM B paMKaxX HEKOTOPOU aHaAOTMU C OAHOPOA-
HOU cpepou. I'lpu aToM, padyMeeTcsd, TeOMeTpUsa
BOAHBI 3aAA€TCSI OCOOEHHOCTIMHU CpeAbl — ee
KOMIIA€KCHBIMU ITpOHUNaeMocTsaMu. OHa MOJKeT
OBITH OIIpeAEAeHA AUINB IO (POPMYyAAM AAL pe-
IIeHUs1 ypaBHEHUM MaKcBeAra M TeM CaMBIM
OKa3bIBAETCS CAEACTBUEM OCOOEHHOCTEN HCCAe-
AyeMol cpepbl. C 3TOM TOYKM 3peHUs OBITYIO-
1IMe IpeACTaBAEHUS O TOM, YTO B OCHOBY KOMII-
Aekca meTop0B MT3—MBIT mo>keT OBITEH IIOAO-
JKeHO NpuOAM>KeHMe AeOHTOBUYA BMECTO HAU
HapsIAY CO CTAHAAPTHBIMU T€H30PHBIMHU COOTHO-
meHuamu (2), (3), (4) B oOuem carydae He BIIOA-
He ODOOCHOBAHO U HYKAQETCA B AETAAU3AIUU.
l'oBops TouHee, 3peCh, CKOpee, He BIIOAHE aAeK-
BATHO HU NpUOAMIKeHUe AeOHTOBUYA, HU TEH-
30PHBIHM MIOAXOA, TTPU KOTOPOM IIePEeAATOUHBIE OTle-
pPaTopbl KOPPEKTHBI AUIIL HPU CHeIMaAbHBIX
dopMax 3apaHus naparoilero noasa. CkazaHHoe
OTHOCHUTCSI U K IIOIIPAaBKaM K ypaBHeHUIO (),
CBSI3@aHHBIM C TOPU30HTAABHOM HEOAHOPOAHOC-
TBIO UHAYITUPYIOIIETO IIOAST, KOTOPLIE MOT'YT OBLITh
IIOAYYEHEI II0 pe3yAbTaTaM aHaAmM3a IIpoljecca C
IIOMOIIIBIO ITapabOANYeCKOro YpaBHeHud. B aTux
YCAOBUSIX Ka’kKeTCs BIIOAHE YMEeCTHBIM U IIpa-
BUABHBIM CAEAYIOIIUM BOIIPOC: HEAB3SI AU IIPEA-
AOXKUTH OOAee OOIIWIM U B HEKOTOPOM CMBICAE
aAbTEePHATUBHBIM TTOAXOA K OIMCAHUIO MarHu-
TOTEAAYPHYECKOTO IIpoIjecca Ha 3eMHOM [T0BepX-
HOCTH, COXPaHSIIONINY KOHCTPYKTUBHBIN Xapak-
Tep KAACCUUYECKUX ITPEACTaBAEHUU, HO AUIIEH-
HBIY, II0 KpalHeU Mepe YaCTU4YHO, IPUCYIIUX
UM HEeAOCTAaTKOB U OorpaHuueHunii? Kak okasa-
AOCB, B PSIAE€ CAY4aeB MOJKHO AQTh ITOAOKUTEADb-
uelf otBeT [Lllyman, 2007a; 20076, 2008, 2009;
CemMmeHoB u Ap. 2007].
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O AOKaAbHBIX YCAOBUSIX UMIIEAQHCHOTO TUIIA
AASI TAPMOHUYECKOTO SIAEKTPOMarHuTHOrO MOAS
Ha rpaHuIe HEOAHOPOAHOM oOaacTu. [Tpeano-
AOJKUM Tellephb, YTO BHYTPU HEKOTOPOU 0OAACTH
D KOMIIAEKCHAasT SAeKTPOIPOBOAHOCTE G (I)=G(T)—
—iWe(r) ecTb MPOU3BOABHAS HellpephIBHAs (BIAOTD
AO TPaHUIEL Sg) PyHKIIUA KOOPAUHAT, @ MarHUT-
Has IpoHUIlaeMocTh W= const. [TycTb Ha rpaHu-
e S, obractu D 3apaHBI BEKTOPHBIE (DYHKITUM
E(r,) u H(r,), HenipepriBHEBIE 10 ['eAbpepy Ha Sy,
uMeronre TaM AuddepeHIupyeMble TaHTeHIU-
aAbHBbIEe KOMITIOHEHTHI, TpUYeM HOpPMaAbHble U
TaHTeHIMaAbHble KOMITIOHEHTHI 3TUX BEKTOPHBIX
dYHKIIUN Ha S, CBA3aHbl COOTHOIIIEHUSIMHU

H, =—;divso [anT]:
o]t

1 ..
En Z_QdIVS()[nXHT] (8)1

rae H, E, H, E, — HopMaAbHBIe U TaHTEHIU-
aAbHBbIe KOMITIOHEHTBI BEeKTOPHBIX (pyHKIINN E(r))
u H(r,) Ha moBepxHOCTH S;. OpAHaAKO ycAroBUA (8),
SIBASIFOTCSI HEOOXOAUMBIMHU, HO HE AOCTATOUYHbDI-
Mu AAst Toro, uToOBI E(ry) 1 H(r,), ObiAM OBI Kpae-
BBIMM 3HAUEHUSMU IAEKTPOMATHUTHOTO TIOAS,
YAOBAETBOPSIONIErO BCIOAY B D BIAOTH AO Tpa-
HULEL Sy ypaBHeHUEM MaKcBeArd

VxH=c6*(r)E, VXE=iouH. 9)

AAS 3TOTO OHM, IOMUMO COOTHOIIEHUU (8),
AOAKHBI YAOBAETBOPSATH TAKKE HEKOTOPHIM WH-
TErpaAbHBEIM KPAEBBIM YCAOBHUSAM AASI DAEKTPO-
Mar"HuTHOTO IIOAS Ha rpaHure S, HEOAHOPOAHOU
obractu D (cm. [2KaaHoB, 1984]). B cuny npus-
nuna epuHcTBeHHocTH [Harrington, 1961] aaek-
TPOMArHUTHOE IOAe B KOHEYHOU OOAACTH, CBO-
OOAHOM OT UCTOUHUKOB, OAHO3HAUYHO OIIPEAEAs-
€TCsI TAHTeHIIMAABHBIMU KOMIIOHEHTaMHU IIOAS Ha
ee rpaHulle.

3aMeTHuM, YTO TaHT'€HIIMaAbHbIe KOMIIAEKCHEIE
amnautyabl E; u H, onnceiBaroT Bpamaroniecs
IIOASI U, CA€AOBATEABHO, He UMEIOT OIIpeAeAeH-
HOT'O HallpaBAeHU. AN ONKMCAHUSA 3TOU IPAaHU-
bl (IOBEPXHOCTH S;) YAOOHO BBECTU B PACCMOT-
peHue YHUTapHOe BEKTOPHOEe IIPOCTPAHCTBO BTO-
PO pa3MepHOCTHU Hap IIOAEM KOMIIAEKCHBIX YH-
cenr C, B KOTOPOM 3aAaHO CKaAsipHOe YMHOJKe-
HIe BeKTOPOB, HOpMa U YCAOBHE OPTOTOHAABHO-
ctu [Aboul-Atta, Boerner, 1975; Maavbnes, 1975].
Kak m3BecTHO, ATOOBIe ABa AMHEMHO He3aBHCH-
Mble TaHT€HIMaAbHbIe BEKTOPHI AA€KTPOMarHuT-
HOTO IIOAS, SIBASIIOIIMECS pellleHueM YpaBHeHUN
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MaxkcBeAra, MOKPHIBAIOT B (popMe Gasuca pac-
cMaTpuBaeMoe YHHUTapHOe BEKTOPHOe IIPOCTPaH-
CTBO BTOPOU Pa3sMepPHOCTH. B KauecTBe TaKOBHIX,
caepys [Aboul-Atta, Boerner, 1975], BeiOepeM ABa
TaHTeHITMaAbLHBIX BEKTOPa Ha S, HETPUBUAABHO-
ro (nxXH # 0) MarHUTHOTO IOASL

nxH u nxH xn, (10)

TAe N — eAMHUYHBIN BEKTOP BHEITHEH HOPMaAKd
K TPaHUIlE Pa3AeAd; 3Be3A0UYKON 0003HaUYeHO KOM-
TIAEKCHOE COTPSIKEeHNe, M OTPEeAeArM Ha Sy ABa
CKaASIPHBIX IMapaMeTpa (MMIIeAaHCa) B KauecTBe
KO3 PUITHEHTOB Pa3A0KEeHMs ABOMHOT'O BEKTOP-
HOTO ITPOU3BEAEHUS px Exn IO OPTOTOHAABHO-
My Oasucy (10):

anxn=c(n><H)+§*(n><H*><n), (11)

‘- n[ExH")

 Jaxnf

TAE

*_ (an)(nx H)
nxH]?

2 * * 2

InxH||” =(nxH)nxH )=Hn><H ><nH

EAMHCTBEHHOCTB pasaokeHud (11) caepyer us
AMHENHOU He3aBUCHUMOCTU U OPTOTOHAABHOCTHU
BeKTOpOoB nXH 1 nxHxn. HamomMmuuM, 4TO OpTOTO-
HAABHOCTB KOMIIAEKCHBIX BEKTOPOB ¢ 1 d oIpe-
AEASIeTCS B COOTBETCTBUM CO CTAHAAPTHBIM OII-
PeAEAEeHUEM AN KOMIIAEKCHBIX €BKAMAOBBIX IIPO-
CTPAHCTB

(c.d)=cd" =0.

Bo3zBpartasick K BEKTOPHOMY TOKAECTBY AAS
rapMoHUuUYeckux mnoaen (11), 3amedyaem, 4TO OHO
COAEP’KUT ABa CKaAIPHBIX ITapaMeTpa (MMIIepaH-
ca) — (L u &' dusnyeckuii CMBICA CKAASPHOTO
nmIepanca  AOBOABLHO IIPO3PavyeH: 9TO BEAUYH-
Ha HOPMAABHOM HA Sy KOMIIOHEHTHI KOMIIAEKC-
HOTrO BeKTopa [loMHTHHTa, HOPMUPOBAHHAS Ha
ACHCTBUTEABHOE YHCAO 2 Hn><HH2 . B wactHocTH,
BelecTBeHHas: yacTh {, T.e. Rel — HOpMUpO-
BaHHasi BeAWYMHA ITIOBEPXHOCTHBLIX IIOTEPh OT
BUXPEBLIX TOKOB, BO30y>KAaeMEBIX B cpepe (00-
Aactu D), T.e. HOpMUPOBaHHAs «IIOBEPXHOCTHAS
TIAOTHOCTBY» BBIAGASTIONIErocs: Temaa. YTo Kaca-
eTCs CKaASIPHOTO KO3 @PUIMEeHTa (UMIIepAaHCa)
E', TO COrAaCHO ONpPEAeAeHHUIO, OH MOXKeT HH-
TepIPeTUPOBAThLCI B KaueCTBe «MephI» OPTOTro-
HAABHOCTH (COIPSIPKEHHOM OPTOTOHAABHOCTU C
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TOYKH 3pEeHUs BBEAEHHOTO paHee YHUTApHOTIO
BEKTOPHOTO MMPOCTPAHCTBA BTOPOM pa3MepHOC-
TH) KOMIOAEKCHBIX BeKTOpOoB nXE 1 nxH:

((an),(an)*)=(an)(an)zETHT. (12)

HamoMHUM Tak’kKe, 9YTO SAAUIICHI ITOASIPHU3a-
uu (roporpadbl TapMOHUYECKU U3MEHSFOIITIX-
cs BekTopoB E. u H; opToroHaabHBIX TTOAel E, 1
H ) opToroHaabHBI, @ UX OOABIITINE OCU B3aUMHO
TIePIEeHAUKYASIPHBL. HeopTOroHaAbHOCTH KOMII-
AekcHBIX BekTopoB E . 1 H; MoxxeT OBITE 00yC-
AOBAEHa CBOWCTBAMM WCTOYHHKA ITOAS], aHU3O0T-
poImen MAYM TaHTEeHITMAaABHON HEOAHOPOAHOCTBIO
Cpepbl B TOUKE PEerucTpainuu moas Ha S, [Tpu
3TOM BBICOKAs MPOBOAMMOCTD CPEABI PACITPOCT-
paHeHUs oA ABASIeTCS (PAaKTOPOM, HUBEAUPY-
IOIINM TaKue OCOGEHHOCTH TIOASL, KaK ero IIpo-
CTpaHCTBEHHBIE TPAAVEHTH, & TAaK)Ke HellepreH-
AUKYASIPHOCTH OOABIINX OCEUW BAAMIICOB TIOASI-
puzanuu moaert E; u H..

Aanee, caepy4 [Llyman, 2007a, 20076] 1 Kom-
OuHUpPysa popMyAy

iOuH, =V (Exxn), (13)
rae VT — IOBepPXHOCTHAasI AUBEPTeHIHs, OIpe-
AEASTIOTTYIO CBSI3b HOPMAABLHOW KOMIIOHEHTHI KOM-
TIAEKCHOW aMIIAMTYABI MAaTHUTHOTO TIOASI C TaH-
TEHIIMAABHOM COCTABASIONIEN 3AEKTPUYECKOTO
noas E; ¢ BeKTOpHBIM TORAeCTBOM (11), MoxxeMm
3amMCaTh TPAHUYHOE YCAOBUE

iouH, =V ((H, )+ V1 (E,,[H an ) (14)
CBSI3BIBAIOIEE MEKAY COOOM BCE KOMIIOHEHTHI
TapMOHWYECKOTO MarHUTHOTO TIOAS Ha .

PaBencTBo (14) MoskeT OBITH Ha3BaHO 0000-
IIeHHbBIM YpaBHEHUWEM WMIIEAAHCOB, €CAW CUM-
TaTh HEU3BECTHLIMYU CKAAsIPHEBIE ITapaMeTpsl  u
0 ¥ UX TrOPU30HTAABbHBIE TPAAHMEHTHI B TOYKE
perucTpanuu moAst Ha S, a APyrhe BEeAMYMHBI
H, H, V.H, Hxn u V.(H,xn) — U3BeCTHLIMHA U3
HabAopeHUuMt. OHO 000011aeT TPUOAUKEHHOEe
rpanudHOe ycAoBue I['yabeabmm [['yabeabmn,
1989]:

iopH, =V (L Hy), (15)
B KoTOopoM { — cKaAsipHbIi uMmiteparc. CpaBHU-
Basg cooTHouleHus (14), (15), AeTKoO BUAETH, 4TO
TOYHOE I'PAHUYHOE YCAOBHUE (0O0OOIIeHHOE ypaB-
HeHHe UMIIeAQHCOB) (14) mMeeT KauyeCTBEHHO
WHOM BUA: B HEM IIPUCYTCTBYeT BTOpPOe CAarae-
MoOe, CoAeprKalllee BTOPOU CKAASIPHBIN UMIIEAQHC
0, HAAMYHe KOTOPOTO 06YCAOBAGHO CHSTHEM Or-
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paHWYeHUM Kak Ha BUA PYHKIUU O(r) B D, Tak U
Ha XapaKTep W TUI BHEUIHUX II0 OTHOLIEHUIO K
obaacTu D NCTOUYHUKOB IIOAL.

O00011eHHOe ypaBHeHHe UMIIeAaHCOB (14)
IIPEACTaBASIET MHTEPEC C TOYKU 3PEHUS Te0dAEK-
TPOMArHUTHBIX IIPUAOKEHUN, [0 KpaliHe! Mepe,
B Tpex acnekrax [[IIyman, 2007a]. Bo-nepBhIX,
OHO TIOABOAUT UYEPTY OA MHOTOYHUCAEHHBIMU T10-
IBITKAMHU YCTAHOBAEHUS CBS3U MeXXAy KOMIIO-
HeHTaMH1 rapMOHUYECKOI'O IIOAS B TOUKE ero pe-
TUCTpalluM Ha 3eMHOW IIOBEpPXHOCTH (CM., Ha-
npumep, padory [Kukes, 1985 u aAp.]) u paet dc-
HYIO TPAKTOBKY KO3(dunmeHTaM 3ToH CcBsA3u. Bo-
BTOPBIX, IIO3BOASIET €CTeCTBEHHBIM 00pa3oM 0000-
IINTH U OOBEAUHUTH TaKle KAacCUUecKHe MeTo-
ABl AOKAABHBIX MarHMTOBapHUAllMOHHBIX UCCAe-
AOBaHMH, KaK MeTOA MarHUTOBapHaIlIOHHOTO 30H-
AUPOBAHUS C UCIIOAB30BaHUEM IIPOCTPAHCTBEH-
HBIX IIPOM3BOAHBIX MarHUTHOI'O IIOASI ¥ TAYOWH-
HOTO TeOMarHUTHOTO 30HAUPOBaHMA. B-TpeTbux,
CIIOCOOCTBYET MOHUMAaHMIO BO3MOKHOCTEN 1 OT-
paHUYeHUN WX UCIHOAB30BaHUS Ha IIPaKTHKe.
BuAHBI ¥ TPYAHOCTH WX IPAKTHUYECKOUW pearu-
3aruu. OAHAKO CYIIeCTBEHHO TO, UYTO dKCIIepHU-
MEHT IIOAHOCTBIO U eANHOOOPa3HO pPearnu3yeTcs
B TepMHHaX ABYX CKaASIpHBIX ITapaMeTpoB (MM-
NIeAQHCOB) ¥ UX TOPU30HTAABHBIX 'PAAVEHTOB. B
UTOTEe B CYIIIeCTBEHHOM CTelleHU CHUMAaeTCs IIpo-
OAeMa apeKBaTHOCTH MaTeMaTHYeCKUX MOAEAeN
AOKaABHOTO ONMCAHUSI IAEKTPOMArHuTHOTO OT-
KAMKa pearbHOMY MarHUTOTEAAYPHUIECKOMY IKC-
IIepUMEeHTYy Ha pearbHOU 3eMae.

MHuMble TOBEPXHOCTHBIE BEKTOPHBI U 00paTt-
HbIe 3aAa4¥ reodAeKTpuKu. Kak n3sectHo [Abo-
ul-Atta, Boerner, 1975], Ha ocHOBe BEKTOPHOTO
TOXAeCTBA (11) MOryT OBITH CHHTE3UPOBAHEL (OII-
peAeAeHbl) ABa He3aBUCHUMBIX MHUMBIX ITOBEPX-
HOCTHBIX (TaHTeHIMaAbHBIX) BeKTopa K u L:

K=C(E*><H>—C*(E*><H*>;
L:ExE*—[ §2+§2J(H><H*>+

+§*(E*><H*)—§(E><H),
nL=nK=0, L=-L", K=-K'. (16

VX OpTOTOHAABHOCTB (L, K)= LK =0 u pa-
BEHCTBO HOpM HKH = HLH II03BOASIET BBIIIMCATH ABA
TOYHBIX CKAAIPHBIX YpaBHEHHUHA (inverse scatte-
ring surface equations), IOAHOCTBIO OIIpEAEAS-
IOIUX paccMaTpuBaeMyio rpaHuny S, [Aboul-
Atta, Boerner, 1975]:
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(L,K*)z LK =0,
ILf=]x]. )

[TpuMeuaTeABHO, UTO BCe KOMOWHAIUM Ha-
NIPA’KEHHOCTEN SA€KTPOMArHUTHOTO IIOAS, PETH-
CTPUPYEMOrO Ha S, (BCe ero mecTb KOMIIOHEHT),
BHOCAT BKAQA B 3Ty TOYHYIO MOAeAb. Ha aron
OCHOBE MOJKHO IONBITAaTHCS YAYUIIUTH KAACCH-
YeCKYIO CXeMY pellleHUss OOpaTHOM MarHUTOTEA-
AYPUYECKOU 3aAQ4YU, €CAU HUCIOAB30BAaTh B Ka-
4eCTBe UCXOAHOM MH(MOpMAIUU pacIpeAeAeHue
Ha Sy MHMMBIX IIOBEPXHOCTHBIX BeKTOpoB K n L,
IIOPOJKAAEMBIX TOUHBIM BEKTOPHBIM HMIIEAQHC-
HBIM TOXAECTBOM (11), u cpopMyAnpoOBaTh ee, K
IIPUMEPY, CAEAYIOIINM 00Pa3oM (AT HEKOTOPOU
ONTUMAABHOU mNoAgpu3anuu noad) [Llymas,
2007]:

HKp(x,y,m)—KQ(x,y,wj‘ss. min Q(c”), (18)

rae K? — MHUMBIH ITOBEePXHOCTHBIN BEKTOP, OII-
peAeAsdeMbIN Ha S, IO 9KCIIepUMEeHTaAbHBIM Ha-
ortoperusaM, K ¢ — BBIYMCAEHHBIN TeopeTuyec-
KI AASL 3aAQHHOTO B D pacIpepereHHs G (r), a
Q(c") — QYHKIKMOHAA, BEIAGASIONINAN KAACC MO-
AeAel Cpeabl, Ha KOTOPOM peliaeTcss oOpaTHas
3apada. TakoM MOAXOA K pelleHnto oOpaTHOM Mar-
HUTOTEAAYPUIECKOU 3aAa9¥ MOYKET OBITh Ha3BaH
METOAOM MHWMOTO ITOBEPXHOCTHOTO BEKTOpA.
OueBUAHO, B 3TOM CAyYae MOKHO M30e’KaTh PSIAa
TPOOAEMHBIX BOITPOCOB, CBSI3aHHBLIX C 00PaboT-
KOM AQHHBIX TTOAEBBLIX HaOATOAEHUMN: BCe 3THU ITPO-
IIEeAYPHl, B OTAUYHE OT OOBIYHOTO UMIIEAQHCHOTO
MPUOAVIKEHUS, IBASTIOTCSI KOPPEKTHBIMH.

HenAokaabHBIE BEKTOPHBIE TOJKAECTBa MMIIE-
AQHCHOTO THIIa Ha IIOBEPXHOCTHA HEOAHOPOAHOM
cepuyeckoil 3eMAM M CHCTeMa CKaASIpPHBIX
YPaBHEHU, OIPEAEASIONNX €€ MOBEPXHOCTD.
KonukpeTtuszmpyeM HEKOTOPEIE TTOAOKEHMST O0IIen
TEOPUU UMIEAQHCHBIX U3MEPEHUHN TPUMEHUTEAD-
HO K HEOAHOPOAHOM cepuueckolt 3emae [LLy-
MaH, 2007].

C 1eABbIO YIIPOIeHUsT AAAbHEUIIIero n3A0Ke-
HUSI KPAaTKO HAIIOMHUM HEKOTOphIe M3BECTHHIE
COOTHOIIIEHUS AEKTPOAMHAMUKH B Ccepudec-
KOM cAoe uAu obaactu [Baskus, 1986].

Kak n3BecTHO, yCcAOBUE 6E€3AMBEPTEHTHOCTHU
TIO3BOASIET TIPEACTABUTHL IMMOAE B CHeprUuecKkom
CcAOe Yepe3 ABa CKaASpHBIX IOTeHIrara. Takoe
IpeACTaBAEHUE IITUPOKO MCIOAB3YeTCs B TeO-
pU¥ TMAPOMArHuUTHOTO AMHAMO U B cdepuyec-
KoM caoe S(a,c) umeet Bup [Baskus, 1986]

B=BP01+BT0r =VXA1P+A1Q=
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=e, (r_IVIZP)— Vi lr_1Vr(rP)J+ AO, (19)

rae P u Q — IpOM3BOABHBIE CKAaASIpPHBIE (PYHK-
Uy cheprudeckKux KOOpauHar (r, 0, @); e, =r/r;
V| — Ge3pa3MepHBI IOBEPXHOCTHBIA 'PAAUEHT:

Vi=egd/d0+e, L
sin O a(p
V,=V-eV,; V.=r-V=90/0or,
0
A1=I’As=r><v=—e9.7—+e(p—.
sin® d@ a0

3aeck Ag =e, XV, — MOBEPXHOCTHHIH poTop, V

— onepaTtop 'amMmuAbTOHA:
V=e i+1 e i+e SN
"o r| 200 "sin® 0 |
I[ToronpaAbHBIM P U TOPOUAAABHBIN O CKaAS-
PHL (IOTEHIIMAABI) YAOBAETBOPSAIOT PAaBEHCTBAM
[Baskus, 1986]

Vi2P=r-B=rB,, V| [ rP)J -V,B;.

V12Q= AiBss BS =B_e}’Br' (20)

B cootBeTcTBUU C (20) MOKHO 3anucaTth [Bac-
kus, 1980]

P=V,2(B)=V,"

2(1”3,).

V(7)== (VBy).

0=V, (AB,)=V,(AB). (21)

Kak caepyer u3 (21), norennuanrel P u Q, a
TaroKe V (r P) OIPEeAEASIOTCSI HEOAHO3HAUYHO U AAS
X OAHO3HAYHOT'O OIIpEAEACHUA HeOGXOAI/IMO II0-
NOJKUTH

(P), =(rV,.(P)=(0), =0, @

rAe 3Hak () 03HAYaeT CpepHee OT COOTBETCTBY-
omen PyHKIUU Ha cepe papuyca r=const.

IMyctsb f(,0,0) — raapkas QyHKIUS, CpepHee
OT KOTOPOU Ha cepe papryca r, T.€. < f > , 0Opa-
LIAaeTCcs B HyAb. Toraa OHa MOJKET OBITH pasao-
>KeHa II0 IIOBEPXHOCTHLIM rapMoHuKaM [Baskus,
1986; Moddar, 1980]:

£6,0.0)= 3 /,() 0,0) (23)

n=1

TA€ B CUAY YCAOBHSA < f >‘ =0 UCKAIOYEH YAEH C
n=0, a KoapPUITUEeHTHI f (r) paBHBI
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2
Su)=(1S,), / <Sn >r (24)
¢ y‘quOM COOTHOIIEHUN OPTOrOHAALHOCTHU
" =0 npu n=n'. EcAn Tenepb IOAOKUTH
quj f(r 0,¢), To, coraacHo [Backus, 1986;
Moddar, 1980], oneparop V,* MOKHO 06PaTUTh:

S,(6, )

V= an() s (25)

n=1

TakuM o0Opa3oM, eCAU B paccMaTpuUBaeMoOM
obractu S(a,c) U3BECTHO pacIpepeAeHUue COAe-
HOMAAABLHOTO TTOAST B Ha HekoTOpoU cdepuuec-
Kol noBepxHocTH S(b), a<b<c, TO B COOTBETCTBUU
¢ (21) MOTyT OBITH OIIpPeAEeAeHBI TOAOHUAAABHBIN
U TOPOUAAABHBIN CKAASPHI (TOTEeHITNaAbI) P u Q,
pajuasbHasg IIPOU3BOAHAd NoTeHIMara P V,P,
YAOBAETBOPSIONIE YCAOBUIO (22) M, COOTBET-
CTBEHHO, BBEIIIOAHEHO pa3peAeHue IIOAS Ha IIOAO-
uparbHYIO By, 1 TOopoumparbHyio By, cocTaBag-
romre. OUeBUAHO Tak’Ke, YTO B COOTBETCTBUU C
yCAOBUEM (22) noTeHIMaAbl P u 0 HEAOKAAbBHO
CBSI3aHHL C ToAeM B.

B KOoHeUHOM HTOTE C y4eTOM COOTHOIIEHUM
(19) — (22) mo>keM 3amnucaThb

A=Apy +Aqy =—0r—Vx(Pr),
=VXA=BP01+BT0r =VXA1P+A1Q. (26)

BocmoabdyeMcda panee MAESIMU U IIPEACTAB-
A€HUSMU, UCIOAB30BAHHBIMU HAaMU paHee IIpU
YCTQHOBAEHUU AOKAABHBIX COOTHOIIIEHUU UMIIe-
paHcHOro tuna. [Ipu 3ToM B KadecTBe 0a30BBIX
HUCXOAHBIX COOTHOLIEHUY BEIOEPEM CUCTEMY (26),
rA€e BEeKTOp-IIOTeHIIMaAbl A u B BbIpaskeHEH! ue-
pe3 NOAOMAAABHBIN U TOPOUAAABHBIN IIOTEHIN-
aArbl P u Q. OTU COOTHOLIEHUS OCTAIOTCS AeM-
CTBUTEABHBIMU M Ha IIOBEPXHOCTU HEOAHODPOA-
HOrO ILIapa.

Kak y>kxe oTMedanroch, AIOOBIE ABA AMHENHO
He3aBHUCHUMBIE TAHTe€HIIMAABHBIE BEKTODHI (B AQH-
HOM CAydYae SIBASIONIMECs pelleHHeM ypaBHe-
HUM MaKkcBeanra) MOKPBIBAIOT B (hopMe Oasuca
paccMaTpuBaeMoe YHHUTapHOe BEKTOPHOeE IIpo-
CTPAHCTBO BTOpOM pasMepHocTH. C yueTOM
CTPYKTYPBL SA€KTPOMArHUTHOI'O OTKAUKA Ha 3eM-
HOM IIOBEPXHOCTU U OCOOEHHOCTH €ro reHepa-
UM (KaK U3BECTHO, HAOAIOAQTH U CPABHUBATH C
pe3yAbTaTaMU MaTeMAaTU4ECKOTO MOAEANPOBAHUSA
«PEarUCTUUECKOTO» UCTOYHMKA U ITPOBOAMMOC-
TH paspe3a MOJKHO TOABKO IIOAOUAANBHYIO 4aCTh
IIOAS TEOMAarHuTHBIX Bapualnui) B KauecTBe Oa-
3HcCa [jeAecO00Pa3Ho BEIOPATh ABA AMHEUHO He-
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3aBUCHUMBIX TaHT'€HIIMAABHBEIX KOMIIAEKCHBIX BeK-
TOpa  HETPUBUAABHOTO  IIOAS  MHAYKIIUU
Bpo e, XBpy, u epr*p01><e,, rAe €, — epu-
HWYHBIM BEKTOP BHEIITHEW HOPMAAW K I'PAHUIE
S(a), 3Be3A0YKOM 0603HAUEHO KOMIIAEKCHOE CO-
IpsiKeHne.

3aMeuas, 4TO IIPU BEIOPAaHHOU KaOAUPOBKE U
rapMOHMYECKOM pe’XHMe JAEKTPUUECKOe IIOAE
E oTAamdaeTrcsi oT BeKTOP-IIOTEHIIHaAa A AWIIb
MHOKHUTEAEM i, OIIpepAeArM Ha S(a) ABa CKa-
ASIPHBIX UMIIEAQHCA B KaueCcTBe KO3(ddUIineH-
TOB Pa3A0KEHHUSI ABOMHOTO BEKTOPHOT'O IIPOM3-
Bepenus €, XEr,, xe, mo BbIGpaHH(zMY OpTOro-
HanbHOMY Oasucy e, XBpg u e, xB,  xe.:

€, ><]ET()r ><er = CP(er ><BPO] )+§*P (er ><B*Pol Xer)=
=e, xio[Vx(Pr)lxe, = {ple, x (VX A P)]+

+Eple, x (VX AP xe, | 27)

TAe

e, Jio[Vx(Pr)x[VxA,P]'}
le, x(VxAP)|?

Cp =

- _ feoxiolTx(Pe))-fe, x(7x AP
| e, x(VxAP)| 2

| e, x(VxAP)| *=
= [e, x(VxA,P)|-le, x(VxA,P)].  (28)

EAMHCTBEHHOCTB Pa3sA0OKeHUs (27) crepyeT U3
AMHEMHOU He3aBUCUMOCTUA U OPTOTOHAABHOCTU
%
BEKTOPOB €, XBp, u e, xXB,  xe.:

(erXBPoherXB*POlXer ):[erXBPol }[erXBPolxer ]:

= [e, xBpgi [x[e, xBpgJe, =0.

BekTopHOE paBeHCTBO (27) M €CTb UCKOMOEe
HEAOKaAbHOe BEKTOPHOE TPaHNYHOE YCAOBHE UM-
IIeAQHCHOTO ThIla (vectorial impedance boundary
condition) Ha S(a).

SIcHO, 9YTO 3HAUYEHUs CKAaASIPHBIX MMIIEAQHCOB
Com g}i 3@BUCAT OT TUNA UCTOYHUKOB IIOAS U UX
OPHEHTAllNH, U C IIeABIO YIOPSAOUYEHU UX 3Ha-
YeHUM B TOUKe ollpepeAeHMs Ha S(a) MOKHO BOC-
IIOAB30BATHCSA MOAIPU3AIIMOHHBIMU XapaKTepu-
ctukamu 1noad Bp, [yman, 2007]. I'lpumeua-
TEABHO, YTO CKaAsSpHBIE ImapameTrpol (p u &;
OIIPEAEASIIOTCSI TOABKO 4Yepe3 IOAOKUTEAbHBIN
CKaadp (moreHnuan) P, HEAOKAABHO CBSI3aHHBINU
c noreMm B Ha S(a).

IMTpopoakast panee YIOMSIHYTHIE paHee aHa-
Aoruu ¢ paborori [Aboul-Atta, Boerner, 1979],
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AerKO yOEeAUTHCS, YTO HeAOKaAbHOEe BEeKTOpPHOe
TOXXAECTBO (27) IMOPOKAAET ABa He3aBUCUMBIX
MHUMBIX TTOBEPXHOCTHBIX BEKTOPA:

K, = (p0A" xBpy )~ p(0A 7, xBpy),
L, =i0Ag, XA - QCP\Z + \é\z)(Bpol XBpy )+
48" ([0A 1o, X By )~ £ (10A 7, XBpy),
eL =¢K, =0,L,=-L,, K, =-K|. (29

*
I/IX OPTOTOHAABHOCTD (Ll,Kl)z LK, = Ll(e, X
xL;)=e,|L;xL,) m paBeHCTBO HOPM AQIOT ABA
TOYHBIX CKAASIPHBLIX YDABHEHHUS:

LK, =0,

30
L] =Ky o

s

ONPEAEATIONIUX I'PAHUILY S(a) B TEDMUHAX ABYX
CKaASIPHBIX TIapaMeTpoB (p u é; ¥ HapsSKeH-
HOCTel TOPOUAAABHOM KOMITOHEHTHI dAeKTpHYec-
KOTO TOAS WA, U IIOAOMAAALHOM Bp, Maraumrt-
HOUW UHAYKIIMU, IPUHAAAEKAIINX MarHuTHOU
MOAE.

3aMeTHuM, YTO MHUMBIE IOBEPXHOCTHEIE BEK-
Topbl K1 L — KBappaTHuHbBIE IO TTIOAIO BEAUYH-
HBI, OBICTPO YOBIBAIOIINE C YAQAEHHEM OT HEOA-
HOPOAHOCTEN CpPeAbl U AOKAABHOTO HCTOUYHMKA
noAsi. O4eBUAHO, CIIEIIMAAUCT 110 Te0IAEKTPUKE
oOpaTUT BHUMaHMe Ha UX ONPEeAeAeHHYIO aHa-
AOTHIO ¢ BeKTopaMu Buse — IlapkuHcoHa npu
OAHOM CYIIeCTBEHHOM OTOBOPKE: €CAU BEKTOp
Buze — ITapkuHCOHa onMpaeTcsa CKOpee Ha M-
NHpHUYeCcKye UAU 3BPUCTUYECKUe COOOpa>kKeHms,
TO MHUMEIE ITOBepXHOCTHBIe BeKTOPHI K u L mmoa-
Ae’KaT KOPPEKTHOMY OIPeAeA€HHIO B paMKax
KAQCCUUYECKOMN SAEKTPOANHAMUYECKOM TeOPUH.

O6paTuM BHUMaHUe Ha Ba)KHOE OOCTOSITEAD-
CTBO: TIO0 3aAAHHBIM Ha S(a) 3HaueHUSAM MOAS B
OAHO3HAYHO MOT'YT OBITH OIIPEAEAEHBI ITOAOHAAND-
HBIM P ¥ TOPOUAAABHBIN Q CKAASIPHI (TIOTEHITHAa-
ABI) ¥, COOTBETCTBEHHO, BEIIIOAHEHO pa3jpeAeHre
A 1 B Ha IOAOUAAABHYIO U TOPOHMAAABHYIO CO-
ctaBAsgiolie. B To >Ke Bpemsa uHpopMauum o
pacnpeapereHur oA B ToabKo Ha S(a) OKa3bI-
BaeTCcd HeAOCTATOYHO AAS BOCCTAHOBAEHUS TaH-
TeHIIMaAbHOU (KOHCOUAAABHOM) YacTU TIOAOM-
AAABHOTO TIOAS Ha S(a), KOTOpass IPUHAANEKUT
SAeKTPHUUYECKOU MOA€, TaK KakK B 3TOM CAyYae He
YAQeTCs BBIUMCAUTDH PAAUAABHYIO IIPOU3BOAHYIO
v,.(r0).

3aMeTHUM TakK’Ke, YTO OOBIYHO UCIOAB3yeMas
TPAKTOBKAa MEXaHM3Ma BO30yKAEHUS PearbHOU
3eMAU KaK «UHAYKIIMOHHOTIO» WAU «TaAbBaHU-
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YeCKOTO» SBASIETCS BeCbMa OTPAaHMYEHHOM, yC-
AOBHOM U He BIIOAHE KOPPEKTHaA.

3akawueHne. CTtaThbsl IOCBgIleHa ITpobaeMe
UMIIEAQHCHOT'O OIIMCAHUS 3SAEKTPOMArHUTHOTO
IIOASl, PETUCTPUPYEMOro Ha IIOBEPXHOCTH He-
OAHOPOAHOM 3eMAU. SICHO, YTO B COOTBETCTBUU
C TIOAOKEHUSIMU KAACCUUYECKOM SIAEKTPOANHAMU-
KU, B3aUMOAEUCTBHE TIOASI C MaTePUaABHOM Ccpe-
AOUM 3ajpaeTcs mapaMeTpaMUd MaTepUaAbHBIX
YPaBHEHUU U MPOSIBASIETCST Yepe3 COOTHOIIIEHUST
Me>KAY IPOU3BOAHEIMU KOMIIOHEHT dAeKTpoMar-
HUTHOTO IIOAd. VcIloAb3yeMble jKe CBS3U HMIIe-
MAHCHOTO THIIa HETIOCPEACTBEHHO MEKAY KOM-
MMOHEHTaMM 3AEKTPOMArHUTHOTO ITOAS Ha I'pa-
HHUIle pa3pena «3eMAI—BO3AYX» (MOAEAM TeH30-
pa uMnepanca. Busze — ITapkuHcoHa, 06001IeH-
HOTO TeH30pa UMIIeAaHCa, UMIIEAQHCHOTO IMPHU-
OAV>KeHUMsT AeOHTOBUYA) HOCSAT YACTHBIU, TIPU-
OAVDKeHHBIN XapaKTep U AeUCTBUTEABHBI TOAB-
KO MIPU CHEeIMaAbHBIX (pOPMaXx 3aAaHUS ITepPBUY-
HOTO TIOASI MAM CTPYKTYPBI CPEABI U 3a9acTyIO
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