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[Ipenucnosue

B konie 60-x, Hadane 70-X ro1oB BOZHUKJIO, 1 HA4aJI0 aKTUBHO Pa3BUBAThCS HOBOE HAIIPaBJICHUE B
TEeXHUKE JajbHEH CBsA3M Ha BoeHHO-MOpcKoM (proTe — pa3paboTka cpeacTB KOMMYHUKAIMU C TTOIBOJXHBIMU
JOAKAMHU, HAXOISIIMMHUCS B TIOTPYKCHHOM COCTOSIHUM B OKEAHCKHX TIIyOWHAaX HIIHU K€ IMOJA apKTHUYECKUMHU
npaaMu. Heo0XoaMMOCTh pellieHns 3TOH 3a/1a4ll ONpeNeysiiach, IPeX/Ie BCEro TeM, YTO MOIBOJHBIA QIIOT K
TOMY BpPEMEHH ITOTIOJHHIICS aTOMHBIMH TOABOAHBIMHU Joakamu (AILJI), paccunTaHHBIME Ha ATUTEIHHOE
npeObIBaHKE MO/ BOAOH M Ha MPAKTUYECKU KPYTOCBETHBIE TNIaBaHus. 3aadeld HoMep OJUH B 3THX YCIIOBHAX
cTasia HeoOXOIMMOCTh Tiepeadd KOMaHi B IOy TOYKy MHUpoBoro okeaHa Ha AIlJI, Haxomsmimecs B
YCIIOBUSX MTOJTHOW CKPBITHOCTH Ha TITyOWHAX B JECATKH U MEPBBIE COTHU METPOB. Pemenuem 3Toit mpooiieMsr
CTaJl0o CO37]aHME CHCTEM paauoCBsI3M Ha cBepxHu3kux dwacrtorax (CHY), mpuuem B [IOBOJBHO Yy3KOM
4acTOTHOM JuamazoHe. Hecymmas uwactoTa B 3TOM cilydae JOJDKHA OBITH JOCTaTOYHO HU3KOM, UYTOOBI
JJIEKTPOMArHUTHOE II0JIe HE YCIIeNo 3aTyXHyTh Ha TpeOyemoil TimyOuHe cBs3u. B To ke Bpems, Hecymas
4acToTa JOJKHA OBITH JOCTATOYHO BBICOKOM, YTOOBI SHEPTHS 3JIEKTPOMArHUTHON BOJIHBI HE PacCceUBaNIach 3a
npenensl HOHOc(epHOro 3epkana M Moriia obecneynBaTh NoOalbHYI0 cBa3b. B Poccum Obuio mpuHSTO
pewienre co3aatk uctrouyHuk CHY paamocssu Ha yactore 82 'l M pacmonoxuTh ero Ha MypMaHCKOM
0JIoke 3eMHOW KOpbI, Ha TeppuTopuu Kombckoro moiryoctpoBa. Breibop mecta pacmonoxenus CHU-
UCTOYHMKA ONpeeNnsics TpeboBaHIeM, YTOOBI TI0OJ] aHTEHHOW (TOpPU30HTANbHAS 3a3eMJICHHAS TUHUS ITHHOMN
mopsiaka 60 KM) HaXOAWMJIOCH TIOXO IMPOBOZSIIEE, JOCTATOYHO OJHOPOJHOE OCHOBaHHE. B atom ciydae
aHTeHHa (TOPU30HTAIFHBIA MarHUTHBINA TUTIONH) 00J1agaeT HauOOIBIITUM MarHUTHBIM MOMEHTOM Ha 9acTOTe
n3nydenus. CoznanHas Ha KosibCKOM MOJIyOCTpOBE YCTaHOBKAa MOJy4YMJIa KOJOBOE Ha3BaHHE «3EBC».
AHanornyHblii ucTOUHUK Ha vactore 76 [ Ot co3man B CIIIA B paiione Benukux o3ep. OgHO M3 ero
KOJIOBBIX Ha3BaHUM « CaHTBUHY.

PazpaboTka M co3maHMe HCTOYHHKA «3€BC» SBUIIOCH CIOXHON mpoOieMol, moTpeboBaBmIeit
PELIeHHUs LEeTIOro psifia HECTAaHAAPTHBIX TEOPETHUECKUX U HHXKEHEPHBIX 3a7a4. B 3To# pabote 00beAMHUINCH
ynpasienue Jlanpreit csisu BM® Poccun, HITO um. KomuHTepHa (HBIHE POCCHIICKMIT HHCTHTYT MOITHOTO
pamuoctpoermsi, PMMP), HUWM mocrosaHOTO TOKAa, WMHCTHTYT 3eMHOW Kopel m HHUN® CaHkT-
[etepOyprckoro rocynapcTBeHHOTO YHUBepcHTeTa, Hinkeropoackuii paguodusndeckuii ”HCTUTYT u Ap. C
CaMoro Hayaja 3KCILTyaTallid yCTaHOBKa «3€BC» HAXOAWIACh IOJ CTpOoKaWmMM cekperoMm. lloatomy
TOIPOOHOCTH €€ CO3JaHusl, HECMOTPS Ha YHHUKAIBHOCTh €€ TEXHHYECKNX XapaKTepUCTHK, JOJITOe BpeMs He
yOJIMKOBAIKCh B OTKPBITON nedaTd. OqHaKo co BpeMeHeM, ¢ Hadana 90-X rojos, mpodiieMa CeKpEeTHOCTH
noTepsijla aKTyalbHOCTh, TaK Kak paboTa yCTAaHOBKHM M BCE €€ MapaMeTphbl MPEKPacHO MPOCITYIINBAIUCEH
3amagHbIMU  CIIEICITY’)KOaMH, a BCE JeTAIH €€ pACHOJOXKEHHS IMPOCMATPHBAIUCH KOCMHYECKUMHU
anmapaTaMu. B CBSI3M ¢ 3TUM Ha TIOBECTKY IIHS BBICTYNHJIA BO3MOXKHOCTH Hcnojibp3oBanna CHY nctounmka
«3eBc» Mo OWHAPHOM cXxeMe — HE TONBKO B LEIsIX OOOPOHHOW NMPOMBIIIICHHOCTH, HO M JUIS pEIlCHHS
MHUPHBIX, HAPOJIHO-XO3UCTBEHHBIX 3a7]au. DTO HaNpaBleHUEe rops4yo noanepsxai akagemuk PAH Bnanumup
AnexkcannpoBrnd KoTemsHHUKOB, IONTOE BpeMs BO3TJIABILIBINHKN HaydHbIH coBeT PAH mo koMruiekcHOH
npobieme «Pagnoduznueckue METOAbI HCCIEIOBAaHUS MOPEN M OKEaHOBY.

[Mpeanaraemas YuTaTEIIO KHATA IPEACTaBIsIET cO0OH TEPBYIO MOIBITKY cOOpaTh BOSAWHO PEMPUHTHI
paHee OITyONMKOBAaHHBIX HAYYHBIX CTaTeil, TE3UCOB JMOKIAJOB W COOOMIEHWH B IIMPOKOW TI€YaTH,
MIOCBSIIEHHBIX OMBITY HAy4YHO-HCCIEAOBATENbCKUX W TPUKIAAHBIX PAabOT C HMCTOYHHUKOM «3€BC» IO
JBOWHOMY Ha3HaueHuto. KHura coctout u3 msaTu rinaB u ¢ororaieper. PenpuHTH NpuBeneHBI Ha SI3BIKE UX
My ONMKAIK — Ha PYCCKOM WIIA aHTJIMKACKOM. Tam, T1e 3To ObLT0 BO3MOKHO, TIPUBEICHBI OYOJINKOBaHHBIC
MIEpPEeBOBI CTATe Ha aHTIUHCKUH A3BIK CO CCBUIKAMH Ha PYCCKO-A3BIYHBIE OpuTHHANBI. CofepKaHue KHUTH
MIPUBEJEHO B ABYX BapHaHTaX: MEPBbI BapHaHT C PYCCKUMHU U aHIVIMHCKUMHU Ha3BaHUSAMH, BTOPOI BapHaHT
- TOJIBKO C aHTJIMHCKUMU. Bce myOmuKaIiy 1mo riraBaM MpHuBeIeHbI B XPOHOJIOTHYECKOM MOPSIKE.

B nepBoii riiaBe KHUTH MPEICTABICHBl PACUETHO-TEOPETHUECKHE PabOThI, NOCBSIIEHHbIE, ITIaBHBIM
o0Opa3oM, u3ydeHuio ycioBuii pacnpoctpanenus CHY pamnoBoiaH B BoOJHOBOAE 3emisi-uoHocdepa. B
oTinyme oT knaccudeckux padot C. bepHcraitna u ap. (1974), B. Akunannosa u ap (1976), I'. MakapoBa u
ap (1993) u MHOTHMX OPYruX, TOCBSLICHHBIX IMTOOATFHOMY PAaCHpPOCTPAHEHUIO 3JIEKTPOMArHUTHBIX BOJH B
c(eprUuecKOM BOJIHOBOJIEC C OJHOPOIHBIMH CTEHKAMH, 3[IeCh PAcCCMAaTPHBAIOTCS TUIOCKHE MOJENN 3eMIIH U
noHocdepsl. IT0 0cOOEHHO BasKHO NPHU M3YUEeHUH ITyOMHHOTO cTpoeHus 3emin ¢ npumeneHneM CHY-BouH,
TaK Kak IO03BOJISIET IIOCTPOUTH PEIICHHS C YYETOM CJIOMCTOrO CTPOCHMS CTEHOK BoyiHOBoaa. HeoOxommmo
3aMETHUTh, YTO PACCMOTPEHHBIE B IV1aBe | pelieHns Al IIOCKOM MOJENN CIPaBeUIMBhI JIUIIb AT YAAJICHUI
1o 2000 kM OT HcTOYHUKA. B mepByro rinaBy BKIIOUEHBI Takxke paboThl, B KOTOPBIX PACCMOTPEHBI pacyeTsl

11



HOPMAJIGHOTO TIONS  3a3eMJICHHOW JIMHWHM, TPUBEIACHBI pEIICHUS TNpsSIMOM W O00paTHOW 3amadu
DJIEKTPOMArHUTHOI'O 30HIUPOBAHHUS U IP.

Bo BTOpOIi TT1aBe MPUBOIATCA PE3YIbTaThl SKCIIEPUMEHTABHBIX UCCIEIOBAHUN C MCIIOJIB30BAaHUEM
CHUY anTtenHb «3eBcy». Havamo stum paboram nomoxkumu CHY 30HAMpOBaHNs, BRITOTHEHHBIE B 1992 romy
B IOxHo#t Ounnsamum [Velikhov et al., 1994]. OcoOwiii wmHTepec mnpexacraBisitor CHY  pabotsl,
BeimosiHeHHbIe B Kutae Ha ynanenusx go 7000 km ot «3eBca» [CapaeB u np., 2000] 1 B HeTera30HOCHBIX
npoBuHIUAX 3amagHort Cubupu [Zhamaletdinov et al. 2013].

Tperbst THaBa TOCBAIICHA aKTyaJIbHOH W O KOHIIA HE PEIICHHON mpo0iieMe MOHHTOpPWHTA
3eMIICTPSICEHUN W JTYHHO-COJHEYHBIX TNPUIMBHBIX SBJICHUN ¢ wucnonb3oBanueM CHY mons wncrodHnka
«3eBcy. IlepBbie paboThl B 3TOM HampaBlieHUH ObuTH BhIoHEHBI coTpyaaunkamu HUN3K CIIOI'Y [Capaes
u ap. 1996, 1998, 1999, 2006] n mosmHee mx koiwieramu w3 I'eomormueckoro mHcTHTyTa KHI[ PAH
[Zhamaletdinov et al., 2000].

Baxxnoe mecro B CHY-temarumke 3aHMMaeT pa3pa0OTKa METOIUKA U TEXHUKH BO30OYXKICHHS U
PETHUCTpallK DIIEKTPOMATHUTHOTO TIOJsI. DTHM BOIpPOCAM IIOCBAIICHBI Marepuansl 4-i riaBel. Hapsmy c
anmaparypHsiMu Bompocamu [MBoukuH, Capaes, 1998; Kono6os u ap. 2013], B Helt Oonpiioe BHUMaHUE
YAEICHO METOJIWKE HaOJIOJCHUN M aHalu3a MOJYYCHHBIX pe3ysibraToB. OcO0Oro BHUMAHHS 3aCITyKHBACT
crarbs [LII. bensera, C.B. IlomsakoBa u nap. (2002), mocBsiieHHas TEPBOMY ONBITY HW3IY4YCHHS U
peructpanuu curHaioB KHY amanasona Ha yacToTax B €IMHUIIBI M MEpBbIe JeciaTKHU ['1] Ha ynaneHuu A0
1500 kM. OT™MeTHM, YTO TIABHBIMH HWHHUIMAaTOpamu uccienoBannid B KHY-mmamazone spmivch JleoHun
AspaamoBud CobuakoB u JleB bopucosuu [lecun. Yuactue JI.b. Ilecuna namuto orpaxkenue B crathe H0.B.
®decenko B 5-if rmaBe. MutepecHa craths AnToHm ®pasep-Cmurta c Ilerepom bammmcrepom (1998),
MIOCBAIICHHAS pPE3yJbTaTaM «IOJACTYIINBAHUS» HNCTOYHUKAa 3€BC aMEPHUKAHCKUMHU H3MEPHUTEIbHBIMU
CHUCTEMaMHU B pa3HBIX YacTsSX MHPOBOTO OKeaHa, B TOM uucjie B paioHe AuHTapkTuabl. Ha ocHoBe
MIPOBEACHHOIO aHANIM3a UMHU CHeJIaH BBIBOA, uTo poccuiickuii CHY-panuonepenatynk «3eBC» Ha 4acToTe 82
I'm momtaee Ha 10 /10 B cpaBHEHNH ¢ aMEPHUKAHCKUM PaTHOTIepeIaTINKOM Ha yacTore 76 ['11.

Oco00e MeCTO B KHUTE 3aHMMACT TATas IiiaBa. B Hell coOpaHbl MyONUIIUCTHYECKUE CTAThHU, JTOKIAJbI U
BOCIIOMHUHaHUs yd4acTHHKOB paboT ¢ CHY-ucrounmkom 3eBc. OCHOBHas HaNpaBIEeHHOCTh MaTepHUAIOB
IIaBBI cBs3aHa ¢ mpuMeHeHneM CHUY-pammonepenaromnieii yCTaHOBKH «3€BCy» 10 JTBOWHOMY Ha3HAYCHHUIO —
Ui 0OOpOHBI CTpaHbl M JJIS HApOJHOTO XO34HCTBa. JTa mMpobjemMa pacCMOTpeHa KaK B OTEYECTBEHHBIX
nyonukarusix [XKamanernuuos, 1995, 1996; Kononos, XXamaneraunos, 2002; MomnbskoB, 2011], Tak u B
3apyoexsbix [T. fAxo6con, 2013, Kommema. 2013]. Crates Tpomma. fIkoOcena mana B mepeBojie C
aHrmickoro. B Hell B momynspHO# (opMe paccMOTpeH NIMPOKHU CIHEKTp BOIPOCOB: OT CHOCOOOB
koHcTpyupoBanusi CHU-ycTaHOBKH 1 TeHEpaliy paauolepeaalonnX CUTHAJIOB O PaCCMOTPEHHs crtoco0oB
KOJMPOBaHHS TOJE3HOW WH(POpPMAIMK U TPOOIEeM 3KOJOTHH cpenbl. B TimaBe 5 MOXHO Takke HaWTH
Mmarepuas 00 ambTepHATHBHOM BapuaHTe mnepenaun wuHpopmanmmun B KHY-CHY-gmamazone ¢
HCIIOJIb30BAaHUEM YCTaHOBOK HarpeBa uoHochepbl [[lonstoBa, 2013]. B 3akitouuTeNbHONW YacTH MATOU
TJIaBBl TIPUBEACHBI BOCIIOMHHAHHUS HemocpencTBeHHbIX ydacTHUKOB CHY-pabor (FO.B. ®ecenko, FO.JI.
Jlucunpiaa, FO.b. bamkyeBa u psga Ipyrux) o CBOMX KOJUIErax, O TPYIHOCTSAX, KOTOPBIE UM NMPUXOANUIOCH
MIPeoIoNIeBaTh MpHU co3fdaHuu U sKkcruryaTaunn CHY-cucrem, W 0 Tex pe3ynapTaTrax, KOTOpPBIE MM YJIAlOCh
MIOJTyYHUTh.

Kaury 1 3akmiogaer QoToranepes ¢ KOJUIEKTUBHBIMUA (DOTOrpadusMU yYACTHHKOB W CO CHHMKAMH
OTJICNIBHBIX 3IMHU30JI0B PabOT, a TakKe CIUCOK YYaCTHHUKOB pabOT B aj(paBUTHOM MOPAIKE C yKa3aHUEM
CTpaHUI], Ha KOTOPBIX UMEIOTCSI COOTBETCTBYIOIINE YIIOMUHAHUA B KHUre. Knura 1 uspaercs B npenaBepun
Bcepoccuiickoro (¢ MeXIyHapOTHBIM ydYacTHEM) Hay4YHO-TIPAaKTUYeCKOro cemuHapa «BsammopeiictBue
JJIEKTPOMAarHUTHBIX TIOJIEH KOHTpoJupyeMbix ucrodnnkoB CHY nmama3ona ¢ wmoHOC(epod W 3eMHOMH
Kopoit». MaTepuaiibl ceMUHapa Mo JIOKJIagaM, KOTOpBIE ellle MPeJCTOUT 3aciyllaTs, OyAyT U3/1aHbl B BHIE
KHUTH 2.

Hacrosmiee u3ganre moAroTOBICHO K MIeYaTw pu nojepkke rpanta PODU opu-m 13-05-12044.

[Ipencenatens peaxomerun A.A. JKamaneTauHoB
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Preface

The late 1960’s-early 1970°s saw the dawn and rise of a new trend in the distant communication technique in the
Navy, i.e. developing media of communication with submarines submersed in oceanic depths or under the Arctic ice.
The necessity to solve the problem was determined by the Navy having obtained nuclear submarines (NS) intended for
long underwater travelling and almost all-year-round voyages. In these conditions, task No. 1 proved transmitting
orders to any part of the World Ocean to NS that travel top secretly at depths of tens and first hundreds of meters.
Elaboration of radio communication systems using an extreme, and quite narrow, low-frequency (ELF) range, solved
this problem. In this case a carrier frequency should have been low enough for the electromagnetic field not to fade at
certain communication depth. At the same time, the carrier frequency should have been high enough for an
electromagnetic scattering energy not to exceed the ionosphere mirror and be able to provide the global connection. The
Russians made a decision to create an ELF radio communication source using the frequency of 82 Hz and set it on the
Murmansk block of the Earth’s crust, on the territory of the Kola Peninsula. The choice of the ELF source location was
predetermined by the need of an antenna (about 60 km-long horizontal ground line) to have a poor-conductive, quite
heterogeneous basement underneath. In this case the antenna (horizontal magnetic dipole) performs the maximum
magnetic moment on the radiation frequency. The installation created on the Kola Peninsula was given the code name
of “Zeus”. The similar source on the frequency of 76 Hz was created in USA, in the Great Lakes area. One of its code
names is “Sanguine”.

Elaborating and creating the “Zeus” source proved quite a challenge that demanded solving a number of no
ordinary theoretical and engineering tasks. The work united the Naval Telecommunication Centre of Russia,
Komintern’s Scientific Production Association (now the Russian Institute for Powerful Radiobuilding, RIPR), JSC
High Voltage Direct Current Power Transmission Research Institute, Institute of the Earth’s Crust and Institute of
Physics of the Saint Petersburg State University, Radiophysical Research Institute in Nizhny Novgorod, etc. Exploiting
the “Zeus” transmitter had been kept top secret right from the start. That’s why details of its creation, despite its
technical characteristics being unique, had not appeared in the open press for a long time. However, from the beginning
of the 1990’s there was no longer need in vitamizing the secrecy ground of the matter, since the operation and
parameters of the transmitter came well tapped by the western secret services, and all the details of its location could be
seen via the space surveillance. It limelighted the opportunity of double use of the “Zeus” ELF source, i.e. not only for
the sake of the defense industry, but also to meet non-military national economy tasks. This idea was backed up by
Academician RAS Vladimir Aleksandrivich Kotelnikov, who long headed the Scientific Board RAS on complex theme
"Radiophysical methods of investigating seas and oceans".

The current book is a first attempt at puzzling reprints of earlier published scientific articles, open-press theses of
reports and presentations on the experience of scientific and applied works with the “Zeus” for two purposes. The book
consists of five chapters and a photo gallery. The reprints are provided in the original publication language, either
Russian or English. Where possible, published translations of articles into English with references to the Russian
original are provided. The book contents are given in two patterns — the first one with titles both in Russian and in
English, the second one in English only. All publications in chapters are chronologically ordered.

Chapter I provides theoretical calculation works, most of them analyzing conditions of the ELF radiowaves
scattering within the Earth-ionosphere waveguide. Unlike classic works by S. Bernstein et al. (1974), V. Akindinova et
al. (1976), G. Makarova et al. (1993) and many others dedicated to the propagation of electromagnetic waves within a
spherical waveguide with heterogonous walls, here we treat flat models of the Earth and ionosphere. It is particularly
important for the Earth’s deep structure study with ELF waves, since it allows making decisions taking into account
bedded patterns of the waveguide walls. Notably, the solutions for the flat model highlighted in Chapter I are true only
for the objects up to 2000 km away from the source. Also, Chapter I contains papers with calculations of a normal field
of a ground line and provides patterns of direct and converse electromagnetic sounding, etc.

Chapter II presents results of experiments with the “Zeus” ELF antenna. ELF soundings in South Finland in 1992
[Velikhov et al. 1994] set the ball of these works rolling. Particularly interesting are the ELF works made in China at
the distance of up to 7000 km from the “Zeus” [Saraev et al., 2000] and in oil-and-gas-bearing provinces of the Western
Siberia [Zhamaletdinov et al., 2013].

Chapter III is dedicated to the up-to-date and still outstanding issue of monitoring earthquakes and lunar-solar
tidal phenomena using the ELF field of the “Zeus” source. First works in this direction were made by employees of the
Institute of the Earth’s Crust of the Saint Petersburg State University [Saraev et al., 1996, 1998, 1999, 2006].

Developing methods and techniques of the electromagnetic field excitation and registration is important in
ELF research. Chapter IV is dedicated to these issues. Along with equipment matters [Ivochkin, Saraev, 1998; Kolobov
et al., 2013], it focuses on the methods of observation and analysis of the obtained results. The article by P.P. Belyaev,
S.V. Polyakov et al. (2002) deserves particular attention. It outlines the first experience of radiation and registration of
ELF signals within the range of first tens of Hz, at the distance of up to 1500 km. Notably, the investigations within the
ELF range were mainly promoted by Leonid Avraamovich Sobchakov and Leo Borisovich Pesin. The latter’s
contribution is reflected in Yu.V. Fesenko’s article in Chapter V. Deserving particular attention is the article by Antony
Fraser-Smith and Peter Bannister (1998) on results of the “Zeus” source being tapped by American measuring systems
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in different parts of the World Ocean, the Antarctica area inclusive. On the basis of the carried research the authors
concluded the Russian “Zeus” ELF source to be on 10 Decibel more powerful on the frequency of 82 Hz than an
American transmitter on the frequency of 76 Hz.

Standing out in the book is Chapter V. It comprises publicist articles, reports and memoirs of those who actually
worked with the “Zeus” ELF source. Materials of this chapter mostly focus on the dual-purpose use of the “Zeus” ELF
transmitter, i.e. for the country defense and national economy. It is discussed both in domestic publications
[Zhamaletdinov, 1995, 1996; Kononov, Zhamaletdinov, 2002; Molkov, 2011], and in foreign ones [Trond Jacobson,
2013; Komleva. 2013]. Trond Jacobsen's article is given as a translation from English into Russian. It provides a
comprehensive overview of a wide spectrum of issues, from patterns of the ELF plant construction and its transmitting
radio signals up to patterns of information coding and ecological matters. From Chapter V you will also gather an
alternative way of transmitting information in ELF range using ionosphere heating sets [Ponyatova, 2013]. Concluding
Chapter V are memories of those who actually partook in the ELF research (Yu.V. Fesenko, Yu.D. Lisitsyn, Yu.B.
Bashkuyev and others) of their colleagues, challenges that they met while creating and using the ELF-systems and
results that they managed to obtain.

Volume I ends up with Photo Gallery of collective pictures of participants and work moments, and also provides
an alphabetically ordered list of researchers with pages of references to these in the book. Volume I is a preconference
publication of the All-Russian with International Participation Research and Practice Workshop “Interaction of
electromagnetic fields of ELF controlled sources with the ionosphere and Earth’s crust.”. Materials after the workshop
reports to be delivered shall be published as Volume II.

The current publication is financially supported by RFBR Grant ofi-m 13-05-12044.

Editorial Board Chairman A.A. Zhamaletdinov
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['maBa 1. MeToabl M pe3yJbTaThl TEOPETHYECKUX PACYETOB
pacnpocrpanenuss CHY-pagnoBosiH B BOJIHOBOAE «3eMuasi-HOHOChepay.

Hesuyoe A.H. (1990) O HekOTOPBIX CNIOCO0AX HOPMHUPOBKHU M TPaHC(HOpMALIUM Pe3yIbTATOB
3J1eKTPOMATHUTHBIX 30HAMPOBAHUI. // [ TyOUHHBIE T€O3NEKTPHUECKUE UCCIIEJOBAHUS C
KCTOJIb30BAaHUEM MTPOMBINUICHHBIX JUHUM 35ekTponepenad. Anatutel. KHI[ AH CCCP, 1990. C.
90-95.

I'eonorunueckuit unctutyt KHIL PAH, r. Anatutsl, Poccus, anshev2009-01@rambler.ru

B crathe mpHBOIATCS BBIPOKEHHWS AJs pacdyeTa HOPMAJILHOTO TMOJIA JIUHHOW 3azeMieHHOW JnuHuU (I3J1) u
(G (PEKTUBHOTO Y/AENBHOTO CONPOTHBICHUS 10 MOAYJIO TOPH30HTAIBHOW COCTaBJIAIONIEH BEKTOpa 3JIEKTPUYECKON
Halps>KEHHOCTH IO0JIA Had OJAHOPOJHBIM MOJYIIPOCTPAHCTBOM.

Pemienue HpﬂMOﬁ 3aJa4 BBINIOJIHEHO IMYTEM HMHTETPUPOBAHUA IMOJIA TOPU3OHTAJIBLHOI'O JJICKTPUYCCKOI'O AUITOJIA
HaJl OJHOPOJHBIM ITOJYIPOCTPAHCTBOM BJOJbL MIMHHON 3a3emieHHod smHuu (3JI). Ilpum stom paccmorpeHue
MPOBEACHO NPUMEHHUTENBHO K II0JIEBOMl METOAMKE, OCHOBAaHHOM HA H3MEPEHUU MOJHOIO TOPU30HTAIBHOTO
anekTpuueckoro noius JA3J1.

BBenem B paccMOTpeHHE HOPMHPOBKY 10 mosHoMy moito J[3JI Hag OoJHOPOTHBIM IOYNIPOCTPAHCTBOM JUIS

JTansHeH 30HBL [l 3TOrO NIPOHMHTETPHpYeM X u ) - KOMIIOHEHTHI 3IEKTPUYCCKOTO IO TOPH30HTAIBHOTO
SJIEKTPUUYECKOTO JIHUIOJIA HaJ OAHOPOIHBIM monynpoctpancTBoM (Bemes A.B., 1980; Akcenosa u np., 1989) no Bceit
npotspkeHHocTH auHud ([13J1). [Tone aumons B nanpHEN 30HE HaJl OJHOPOIHON Cpenon

x? dx
dE? = Ip(3=—2|=
2

3
] (1)
ks
0 —
dEy =Ip s dx
1€ 0 - CONPOTHBIIEHHE OJIHOPOHOTO MOMYIPOCTPAHCTBA, - TOK B AUIONE, (X ~JUTMHA IUIONS, X, ) - KOOPIHHATHI

TOUYKH IIpUeEMa.
WHTerpupys 1o Bcel JUIMHE 3a36MIICHHOM JIMHUM, [TOJIy4HM:

Xg L‘J‘
E! = J‘ dE! = —
N Xa * wa
. 2)
o
£ = [ amp=C
¥ = ¥ KJ':..-
rae reomerpudeckue kodddunuentsr OyayT (B.}O.Axkcenosa u np., 1989)
2wyt
Ko = x g2 ERT Ty X
-G 263
(7"3 ] A T
_ 3)
2rys 2m

Ky, =

- [@-O0

ITonHOE BRIpaXKEHHE TSI TOPU3OHTAILHON COCTABJIAIONICH KaK OOBIIHO:

£9 = J(E8,)7 + (ER)", @

nHzekc 0 - 03Ha4YaeT, 9TO BBIPAKCHUE MOIYyUCHO AJISI OJHOPOJHOTO ITOJYIIPOCTPAHCTBA (B AATBHEHIIIEM €ro OITyCTHM),

MHJICKC (U - YTO pacCMATPHUBACTCs BOJIHOBAs 30HA.

Amnanornunsie Boipaxenust s Ky, un K, 6bun monyuens: panee [Bemes, 1980] myreM uHTerpupoBanus
KOMIIOHEHT ITOJISl TAPMOHHYECKOTO AUIIONS HaJl OJHOPOAHBIM MOJIYIIPOCTpaHCTBOM 10 Beelt anune J[3J1 B cpennelt 30He

¥ NOCJIETYFOLIMM MPE/IETbHBIM EPEXOIOM ((0—> ©°) B BOJIHOBYIO 06J1aCTh.
Temeppr MOXHO BBECTH B PAacCMOTpPEHHE M T€OMETpPHUECKHH KodduuueHT mms momHoro mons A3J1 Han
OJTHOPOTHBIM HOIYIIPOCTPAHCTBOM B BOJTHOBOI! 30HE.

TTOCKOMNBKY B JAJIbHEN 30HE MO ONPEENEHHIO Py =1,
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L,z (3 cos?g —2)
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" Lyz3cos@sing
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OTCI0Jla TCOMCTPUYCCKUN K03(1)(1)I/IIII/IGHT Ka) JJI IMOJIHOT'O IMOJIA B BOJIHOBOM 30HC Had OAHOPOJAHOU 3EMJICHU IJIA

TOPU30OHTAJIBHOT'O DJICKTPHUUCCKOTO JUITOJIA 6yﬂeT:
gd = K llgL _ 2 r®
o

T LppVi-3cos &
K”] +(gt)E 4B
rae L 4p - nvHa MUTAKOIETO IUMIONS, - Pa3HOC, @ - a3UMYT Ha TOYKY IIPHEMa OTHOCHTENBHO OCH JIUIIOJ.
To4HO Tak K€ MOXXHO IMOJYYHTh reoMeTpudecKuid ko3 duunent mis noinoro nois J3JI Hag omHOpOmHBIM
HOJIYIIPOCTPAHCTBOM B OJIMDKHEW 30HE

Kk = i:’ )
Kos

rac
2 }':

(E}E_(E} (1_3}
TR -] 4 TR
a ch = Kyw, B CHILy TOI0, 4TO Ey - KOMIIOHEHTa He 3aBUCUT OT YaCTOTHI IS II0JIs1 TOPU30OHTAIIBHOI0, 3JIEKTPUYECKOIO

JUIONS HaJl OAHOPOIHBIM IMOIYyIPOCTPAHCTBOM. BBeneM B pacCMOTpeHHE ANIEKTPUYECKHE YUCNA sl MOJHOTO MOJIs
JUTMHHOMW JINHWY HAaJl OJHOPOJHBIM HOIYIIPOCTPAHCTBOM U 3((EKTUBHOE YACIBHOE IEKTPUIECKOE CONPOTHBIICHHUE:

ka -

)

35 Elwd

eroe () = =% == (10)
fap Elwd
eife () = ===, (1)

snech Elw) = fE2 (w) + E 7 () — MOJIYJIb TIOJTHOTO BEKTOPA SMEKTPHUECKOTO MOJIsl KaK (PYHKIHS OT YaCTOThI TOKA ()
B JIMHUH.

Ex (w) - X-KOMIIOHCHTaA 3JICKTPUYCCKOTO MOJII, Ey (a)) - y-KOMHOHeHTa QJICKTPHUYCCKOI'O IIOJIA; pk u Ek -

KaXyllleecs CONpPOTHBIEHHE U  »jekTpuyeckoe nose JI3J1 Ha mocrosHHoM Toke (—> () Hajm OmHOPOAHBIM
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MOJIyIpOCTPAHCTBOM, (pk% p); Po U Ew - KaXyIlleecss CONMPOTUBJICHHE U AJIEKTPUUECKOE TOJI€ JIUHUM B BOJIHOBOMN

30HE, (Pp—> P, W—>°9), p;d) (a)) - 3(QeKTHBHOE CONMPOTHBICHWE OJHOPOJHOTO MOJYNPOCTPAHCTBA IS
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v
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E,=E,,=E, - y-xomnonenra osnexkrpuueckoro momns J3JI Hag OAHOPOAHBIM MOJYNPOCTPAHCTBOM
(HE 3aBHCHUT OT YaCTOTHI),

exw(a)) - MOYJIb DJICKTPUYECKOI'O YMCiIa AJIsl X-KOMIOHEHTBI I1OJIsA I[3.H HaJl OAHOPOJAHBIM MOJIYIIPOCTPAHCTBOM.
Kak HU3BCCTHO, ex((l)) JUIMHHON 3a3e€MJICHHON JIMHUH MOXKHO MPEACTaBUTh 4Y€PE3 BCUICCTBEHHYIO W MHHMYIO
YaCTHU X-KOMIIOHCHTBI BEKTOP-IIOTCHIHAJIa Ax B 3E€MJIC
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B pa6ote A.B. Bemesa (1980) nan TuiaTebHbIi aHATH3 MOBSICHUS €5 (&),

Wnrerpanst (15) u (16) Ha npakTHKe BHIYUCISIOTCS IIOCPEICTBOM YHUCICHHBIX METOJIOB. XOPOLIYIO CKOPOCTh 1
TOYHOCTH J1aeT MeTof ["aycca (mi1st pacueToB ucnonb3oBainuck MUKpo-OBM PC/XT u CM-4).
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[pu pacuere €y((W) HEOOXOANUMO 3a1aBaTh 3HAYEHHE YJEILHOTO CONPOTUBIIEHHS TONYIIPOCTPAHCTBA [.
B 3aBucHMOCTH OT yCIIOBUIl M3MEpEHHH B KauecTBE p MOXHO OpaTb pj UIH P, HNOCKOIbKY B JaJbHEH 30HE

(W =) pu/p=1, a B 6muxueii (0 = 0) p/p =I. B nanbueiiimem no 3HaueHAIM p;qb (a)), PacCUUTAHHBIM 110

u3MepeHHbIM BeiuunHam E (@) nposomuiach NepBUYHAs MHTEPIpPETAalMs JUis ONpejeeHHs IapaMeTpoB
re0dJeKTPUYECKOro paspesa nyrteM Tpancopmanuu Hubne-bBoctnka B nuama3oHe 4acTOT () TaKHX, YTO

Pop /pw =1, To ecTh B BOJIHOBOIT 30He.

AJNropuT™M peanu3oBaH B mporpammax Ha sizbikax ®optpan-77 u TypOo06siicuk. BeruncieHnus npoBoauinch
Ha CM-4 u IBN PC/XT. Ilpumepsl 00pabOTKHM OKCHEPUMEHTAJIBHBIX MAaHHBIX IPHUBOASTCA B paboTe
(Kamanernuaos, Tokapes u ap.,1989).

B 3axmroduenne aBTOp BBEIpakaeT OiarogapHOCTh AcMuHTY B.D. 3a momoimns B paboTe Hag cTaTbel.
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Saraev A.K. and Kostkin P.M. (1997) Structure of ELF radio station electromagnetic field.
//*Actual problems in deep EM studies” Russian-German seminar, Moscow, March 11-15, 1997,
page 29. /theses/

Earth Crust Institute, State University, St. Petersburg, aks@AS1002.spb.edu

One of perspective directions of deep electrical prospecting is the use of the ELF radio station as a harmonic
electromagnetic field source at extremely low frequency soundings. At calculations and analysis of the structure of
electromagnetic field the antenna system of the radio station is approximated by grounded at the ends a finite length
cable. On relatively small distances from this source the calculations of normal electromagnetic fields can be made
under the low-frequency formulas for the half-space, and at removed distances it is necessary to use the solution of the
problem in view of displacement currents and influence of the ionosphere.

For frequency of 80 Hz, resistivities of the earth and ionosphere accordingly 10* and 10° Ohm'm, antenna
length 60 km and altitude of the ionosphere of 90 km calculations in view of displacement currents for components £,
and H,, (the axis x is directed along, and axis - across of the cable) are necessary since distances of 300 km on a
direction across and 600 km on a direction along the cable, and the influence of the ionosphere is necessary to take into
account since distances 100 km on a direction along and 200 km on a direction across the cable. The evaluations are
indicated for 10 % differences of appropriate values of field components.

At calculations under the low-frequency formulas for indicated above parameters and distance more than 200
km the components £, and /1, on the direction across the cable twice exceed appropriate values for the direction
along the cable. On the contrary, at calculations in view of displacement currents and the influence of the ionosphere the
components £, and /1, since distance of 600 km on the direction along the cable exceed appropriate values for the
direction across the cable (five times on distance of 3000 km). These features of the directional diagram of ELF- station
are confirmed by data of experimental measurements.

Using results of calculations areas around the cable are allocated, in which at the determination of effective
resistivity p on impedances E/H y and E y/ H it is possible to use approximation of a plane wave. For the
impedance £ ./H y favorable at determination p are the areas, located in the equatorial part and along the cable and
removed from the cable (on an axis y) or from grounding (on an axis x) for indicated parameters at distances more
than 30 km. For the impedance F y/ H . favorable at the p determination are the areas, located under angles 45°

relatively the cable. Influence of the ionosphere results in narrowing of favorable areas for an impedance E ./ H y for
the direction across the cable, and to the extension of these areas for the direction along the cable.

Saraev A.K., Ivochkin V.G., Kostkin P.M., Kocherov A.B. (1997) Experimental and theoretical
researches of polarization features of the ELF radio station electromagnetic field //“Actual
problems in deep EM studies” Russian-German seminar, Moscow, March 11-15, 1997, page 30.
/theses/.

Earth Crust Institute. State University, St.-Petersburg, aks@AS1002.spb.edu

For study of polarization features of the EM fields generated by the ELF radio station, located on the Kola
Peninsula, experimental circle measurements at various distances from the source were executed: on the Kola Peninsula
(Apatity station, distance 150 km), in Karelia (Voknavolok, 470 km), on the Karelian Isthmus (Vuoksa, 950 km).

Electrical E and magnetic H field components at frequency 80 Hz were measured with the step in rotation angle

of 15-30°. As a result it was found, that for the Apatity station values of ellipticity of polarization (ratio b/a, b is a
small, b is a large half-axes of the polarization ellipse) were 0.2 for E and 0.07 for H. With increasing the distance from

the source b/a values were increased and consisted of 0.25 for E at the Voknavolok station, and 0.3 for £ and H at the
Vuoksa one. The results of measurements were compared with calculated data obtained using of developed software
basing on the solution of the problem of the field determination generated by a cable in the plane "earth-ionosphere"

waveguide taking into account displacement currents. As a result of calculations the ellipticity of polarization for £ and
H components coincides and is 0.026 at the Apatity, 0.22 at the Voknavolok and 0.32 at the Vuoksa stations. Without

accounting of the influence of ionosphere calculated values of b/a for these stations are accordingly 0.0017, 0.052,
0.12. Calculations with the use of the problem solution for a cable over a half-space, when neglecting displacement

currents, gave linear polarization of £ and H fields (b/a = 0).
The comparison of experimental and calculated data shows their good coincidence at the Vuoksa and

Voknavolok stations and closes enough coincidence for H at the Apatity one. Distinctions of b/a values for E field at
the Apatity station are caused by the influence of discontinuities of the medium beneath the observation point, which
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appears in a greater degree for electric, and in a smaller degree for magnetic field. The obtained results of experimental
and theoretical researches show increasing of the polarization ellipticity of ELF-station electrical and magnetic fields
with increasing of the distance to an observation station from the source. Conterminous experimental and calculated £
and H field values of b/a for the Vuoksa and Voknavolok stations indicate, that the polarization ellipticity depends first
of all on features of the fields propagation in the "earth-ionosphere" waveguide at a great distance from the source and
in a smaller degree on the influence of conductivity discontinuities of the medium under the receiving stations (the
influence of such discontinuities appears, as the experience shows, in disturbance of orthogonality of E and H
polarization ellipse axes because of the E field turning).

Kostkin P.M., Morozova O.M.. Saraev A.K. (1997) Software for calculations of
electromagnetic field of the ELF radio station in the plane waveguide "Earth-
Ionosphere"//*“Actual problems in deep EM studies” Russian-German seminar, Moscow, March
11-15, 1997, page 31. /theses/

Earth Crust Institute, State University, St. Petersburg,

The antenna system of the ELF radio station is represented by horizontally located in a latitude direction and
grounded at the ends a line of electro-transmission about 60 km length. Operational mode - harmonic, range of
operational frequencies - from the first tens up to the first hundreds hertz.

For the realization of electromagnetic field calculations the antenna system is approximated by grounded at the
ends a finite length cable, located on the lower boundary of a plane waveguide - a layer between two half-spaces (the
earth and the ionosphere). The full solution is obtained and programs for calculation of electromagnetic field
components of a dipole and cable in view of resistivities, dielectric permittivitis of all three layers (earth, air and
ionosphere) and displacement currents are developed. The field of the cable is calculated by integration along the cable
length of dipole field components. In the programs a numerical integration of complex expressions, containing
oscillating Bessel functions is realized. A relative error of the calculations is 10,

The necessity of taking into account of the wave number in the air ky is stipulated because of even for extremely
low frequencies at very large distances 7 (hundreds-thousands kilometers) the contribution of terms in the full solution
of a problem containing the multiplicands ko7 is rather significant.

Features of integrated function are investigated at non-zero values ky. Using fulfilled calculations, areas, in which
it is possible to use approximating of the antenna system instead of a cable by a dipole, are determined. With distinction
less than 10 % these areas are situated at distances more than 100 km on a direction across the cable and more than 150
km - along the cable (for frequency 80 Hz, resistivities of the earth and ionosphere accordingly 10* and 10° Ohm'm and
altitude of the ionosphere 90 km).

Capaes A. K., Kocmxun I1. M. (1998) CtpykTypa 3jekrpomarautTaoro noas CHY-
paauoycranoBkH. // Boripocsl reodusuku. Beim. 35. CI16.: M3a-Bo C-IleTepOyprckoro yH-Ta,
1998. C. 117-135. — (YVuensie 3anucku CIIOI'Y; Ne 433)

WuctutyT 3emHOM KOophl CaHKT-IleTepOyprckoro rocyrapcTBeHHOTO yHIBepcuTeTa, Cankr-IlerepOypr,
aks@AS1002.spb.edu

HoBbIM mepcreKTHBHBIM HalpaBieHUEM TIIIyOMHHOW 3JIEKTPOPa3BEIKH SIBISIETCS HCIOJIb30BAHUE B KayecTBE
WUCTOYHUKA DJIEKTPOMArHUTHOTrO Mojsi cBepxHuskodactotHoit (CHY) pagmoycranoBku "3esc". CHU-pagunoyctaHoBka
pacriosnioxxeHa Ha ceBepe Konbckoro nosryocrpoBa. OHa COCTOHT M3 reHEpaTopa rapMOHNUYECKH N3MEHSIOIIETr0cs TOKa 1
TOPU3OHTAIBHO PACIIOJIOKEHHONW aHTEHHBI JUIMHOM okosio 60 KM, 3a3eMJICHHOW Ha KOHIAX W OPHEHTHPOBAHHOH B
LIMPOTHOM HarpaBjieHHH. Paboune 4acToThl MOTYT MEHATBCS OT JIECATKOB 10 COTEH repil. JlaipHoAeHCTBHE COCTABIISIET
okoino 10000 kM. B o6prarOM peskume CHY-paanoycTaHoBKa paboTaeT Ha OOHOM M3 YacTOT YKa3aHHOTO JHMAalla3oHa,
KOTOpasi MOXET HCIOJIb30BAThCS JIJIsl DJICKTPOMArHUTHOTO NPO(MUIMPOBAHUSI WM MOHUTOPUHIA CEHCMUYECKON
akTHBHOCTH. [IJisi MCClIeOBaHMN METOJOM YACTOTHBIX 30HMPOBAHMN HEOOXOAMMA MpeIBapUTEsIbHAs MOJrOTOBKA,
BKJIFOUEHHE MCTOYHHMKA Ha Pa3HbIX YaCTOTAX MO PACIUCAHHIO M MPOBEACHHE M3MEPEHHI B COIJIaCOBAHHbBIC MHTEPBAJIBI
BpPEMEHH.

JlaHHBIII HMCTOYHHMK MOMXET WCIIOJIb30BAThCS HEMOCPEACTBEHHO Ul IPOBEACHUS  DIEKTPOMArHUTHBIX
30HIUPOBaHNKA W TPOQUIMPOBAHUS TNPH PELICHWH Treosoro-reopusnueckux 3ajaady. Ero mnpumeHeHne 0COOEHHO
aKTyaJIbHO B T€X ClIy4asx, KOrja HeoOX0uMa BbICOKasi TOYHOCTh U3MEPEHNH (MOHUTOPUHI CEHICMUYECKON aKTHBHOCTH
[1], xapTHpoBaHKE CIAOOKOHTPACTHBIX IO YAEIBHOMY 3JEKTPUYECKOMY CONPOTHBIEHHUIO MAaCCUBOB FOPHBIX Topon). B
HeOJIaronpusATHBIX YCIOBUSX Ul METOJIOB, OCHOBAHHBIX Ha MCIOJIb30BAaHUM €CTECTBEHHBIX AJIEKTPOMArHUTHBIX MOJeH
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(Ipu 3HAYWUTENFHOM YPOBHE NPOMBINUICHHBIX IOMEX, a TaK)K€ B BBICOKMX LIMPOTaX NPH CYIIECTBEHHOM BIMSHUU
noHochepHbIX Bo3MylleHui), u3mepenust mojeid CHY-paguoycTaHOBKM TMO3BOJSIOT MMOJy4aTh Oojiee HaJeHKHbIC
JAHHBIC.

CHY-paguoycTtaHOBKa TakKe MOMKET NPUMEHATHCS NPH IOJyYEHHHM OIOPHBIX MAHHBIX JUISI MHTEpIpeTaruu
pe3yapTaToB JIPYTUX METOIOB, HAlpUMEp METOAa aydHMOMarHHUTOTEJUTypHYeCcKOro 30HAMpoBaHUS [2], Merona
AJIEKTPOMATHUTHOTO TPOQUINpOBaHUs Ha npombiinieHHoW wactotre 50 ['m [3]. VBepeHHas wuHTepnpeTanus
Pe3yJIbTaToOB 3THX METOAOB BO3MOXKHA IPH JOIYCTUMOCTH alpOKCHMAUHU HCCIEIyeMOro 3JeKTPOMAarHUTHOTO OIS
IUIOCKOM BEPTHKAJIbHO MAaJarolied BOJHOW. B KkauecTBe KpUTEpPHEB MCIOJB3YIOTCS COIMOCTABICHUS IOJy4aeMbIX
pe3ynpTaToB ¢ AaHHBIME u3MepeHmi moneii CHY-paanoycTaHOBKHM, BBIMIOJHEHHBIC IMPH YYETe CTPYKTYPHI IOJEH
HMCTOYHUKOB ¥ HEOTHOPOIHOTO CTPOCHHS CPEBI.

Hdus sddextnBroro npumeneHuss CHY-paanoycTaHOBKM TIpH pEIICHHH TeoJOoro-reopu3uyecknx 3aiad,
MPOTHO3UPOBAHUN 3EMJICTPSICEHUH W Ui KOMIUIEKCHPOBAaHHMS C JAPYTHMH 3JEKTPOPa3BEIOYHBIMH METOIaMHU
HEOOXOANMO H3y4YUTHh 3aKOHOMEPHOCTH H3MEHEHHS €€ 3JIEKTPOMarHuTHoro mois. Ilpu mpoBeneHMH pacueToB H
N3YYCHUU CTPYKTYPBHI OJCKTPOMArHvTHOIO II0JIA HMCTOYHUK TaKOro0 TUIIA MOXKET 6I)ITb aAlIpoOKCUMHPOBAH
TOPU3OHTAJIBHBIM DJJICKTPUYCCKUM JUITOJICM. Ha oTHocuTenbHO HC6OJ'II)IJ_IOM YaAaJI€HUHU OT HMCTOYHUKA HeO6XO[ll/IMO
YUUTBIBATH JUIMHY aHTEHHOI CUCTEMBI U pacCMaTpHUBaTh MoJIe Kabelisi KOHEYHOH JTHHEL.

CTpyKTypsl HOPMAJIBHBIX 3JICKTPOMATHUTHBIX TOJCH (HaX OJHOPOIHBIM H30TPOIHBIM IOIYNPOCTPAHCTBOM)
TOPU30HTAIBHOTO 3JEKTPUYECKOr0 IHIONs M Kabenss B KBa3HUCTAI[MOHAPHOM IPHOJIKEHWH JIOCTATOYHO XOpOIIO
nzyuensl [4]. BmecTe ¢ TeM nCronp30BaTh MOJMy4YEHHBIE paHee pe3yIbTaThl Ul 00bSICHEHNS! 0COOCHHOCTEH U3MEHECHNUS
anektpoMarauTHoro monss CHY-pagmoycranoBku He yamaercs. Ha OONBIIMX pacCTOSHUSX OT JAHHOTO HCTOYHHKA
CTPYKTYpa TIOJIS CYIMIECTBEHHO OTINYAETCS OT UMEIOIIUXCS MPECTaBICHUHN O MOJIAX B JalbHEH 30HE TOPU30HTAIHHOTO
AIEKTPUYECKOTO AUIOIS [4 -7].

Panee npu aHamm3e HOPMAIBHOTO TIOJS TOPHU3OHTAIBHOTO 3JEKTPUYECKOTO JAWMOJS PacCMaTPHBAIICH
Pe3yIbTaTHl PAcYeTOB ISl MOJIYIPOCTPAHCTBA B KBA3HCTAIIMOHAPHOM MPHUOIMHKEHUH TI0 HU3KOYACTOTHBIM (OpMyIaM
0e3 yueTa TOKOB CMEIICHHUS B BO3AyXe (II0JIarajoch, YTO BOJIHOBOE YHCIIO Bo3ayxa ky = 0). Takoit moaxon K pemeHuio
3a1a4n 6])1.]'[ OolpaBAaH IIPpU HUCIIOJIb30BAHMU HHU3KOYACTOTHBIX OJJICKTPOPA3BCAOYHLIX YCTAHOBOK C OTHOCHUTEJIIHLHO
HeGOJ’II)H_lI/lM pacCToOdHUEM OT HMCTOYHHMKA J0 TOYKH Ha6J'IIOI[eHI/IH. CHq-paﬂI/lOyCTaHOBKa ABJISICTCA  MOIIHBIM
HCTOYHHUKOM, U €€ II0JIC MOXKCT OBITH HU3MEPCHO HAa 3HAYUTCIIbBHOM YAAJICHUN (COTHI/I - ThICSYHU KHHOMeTpOB). B stom
cllydae pPAacCTOSIHMSL JI0 TOYEK HAOJIIOAEHMS IPEBBIMIAIOT BBICOTY HOHOC(EPHI, W NPH aHaIW3e 3aKOHOMEpPHOCTEH
W3MEHEHHS COCTAaBIISIOIIMX I10JIS1 BO3HUKAET HEOOXOAMMOCTh ydera ee BIHMsHUSA. Kpome Toro, mpu OoibIIMX
pacCTOSHHUAX OT MCTOYHMKA JI0 TOYEK HAOJIONEHUS JaKe Ul CBEPXHHM3KHX 4YacTOT (IECATKU-COTHH Tepll) cielyer
OKU/IaTh YBEJIWYCHHS BIUSHHUA TOKOB CMEIIEHHs B Bo3myxe. [loaTomy mpu mposemeHmn pacderoB moned CHY-
PaAMOYCTaHOBKM OBLIO WCIIONB30BAHO pEIICHHE 3aJadd O TI0J€ TUIIONSA, MOMEIICHHOTO Ha HIDKHIOK TPaHHILY
BOJIHOBO/JIa 3€MJIs - HOHOC(]Epa, C y4EeTOM TOKOB CMEIICHHS B BO3IyX€ U JIEKTPHUYECKUX CBOHCTB 3€MJIM U HOHOC(EPHI.

BoipaikeHusi cOCTaBJISIOIMX 3JIEKTPOMATHHTHOIO MO/ TOPU30HTAIBHOI0 JICKTPUYECKOT0 JHII0JISI B
BOJIHOBOJe 3eMJIsI-HOHOCdepa

Pacderam CBEpXHH3KOYACTOTHBIX 3JICKTPOMATHUTHBIX TOJCH MOCBSIICH PsAl MyOJUKAIMA pagrnoPU3HISCKOro
npoduIis, HAllCNICHHBIX HAa PEIICHHE 3aj]ad PaclpOCTPaHCHHs PaIUOBOJIH M CBs3u [8-14]. B Hacrosiiee BpeMs npu
HCCIIeIOBAaHUN 3aKOHOMEPHOCTEH pacripocTpaHeHus paanoBoiaH CHY-panroycTaHoBKH paccMaTpuBaeTcs cepryeckas
MOJIeNIb BOJIHOBOJIA, M YUUTHIBAIOTCSI OCOOGHHOCTH CTPOCHUSI MOHOChEpHI (3amaeTcs MpoQuib U3MEHEHHs ¢ BBICOTOM
JIEKTPOHHON KOHIEHTPALMU U, COOTBETCTBEHHO, CBOMCTB MOHOC(EPHI), a TAK)KE CE30HHBIE U CYTOYHBIE H3MEHEHHS e
mapaMeTpoB. Bmecte ¢ TeM B 3THX paboTax MPHHATA AWIONBHAS AIMIPOKCUMAIHS MCTOYHHWKA, W BBHIYHCICHUS TOJCH
MPOU3BOMATCS MO ACHMITOTHYECKUM (opMyiaMm, MPUTONHBIM JUIS WCIONB30BaHUS HAa HEKOTOPOM, JOCTaTOYHO
HEOIIPEIeIICHHOM PACCTOSHUH OT UCTOYHHUKA.

[Ipu pemennu reonoro-reoGu3nueckux 3a4ad B Pa3IM4YHbIX paifoHax, B TOM uucie u Ha KojbckoMm m-oBe B
HenocpeacTeenHon 6mm3octi o1 CHY-pagnoycTtaHoBKH, HEOOXOANMO MPOBEACHUE PACcUETOB, KaK IS JalbHEH, TaK U
uiA OMMKHEW 30H paccMaTpHUBAaeMOTO HCTOYHMKA C yYETOM ero pealbHbIX mapamerpoB. C Apyroil CTOpPOHEBI, B
yKa3aHHBIX BbILIE pabdoTax Haubosee IeTalbHO aHAJIM3MPOBAIUCH COCTABIISIOLINE TI0JISl, TPEICTABIISIOIINE HHTEPEC C
TOYKHU 3pEHHs PELICHUs 3a/1au CBsI3H, B NIEPBYIO O4epelb BEPTUKAIbHAS COCTABIAIOIIAsA 3IeKTpuueckoro noist £, Ona
XapaKTepu3yeTcss MUHUMAJIbHBIM 3aTyXaHHeM IIPH PacnpoCTpaHEHHH B BOJHOBOE 3eMIIsi-MOHOC(Epa, OIHAKO, SIBIISISICh
MEHee 3aBHCHUMOI OT IapaMeTpoB 3eMIIM M MOHOC(EpHI, OHa MeHee nH(opmaTtuBHa. bojiee MHDOPMAaTHBHBIMU MOTYT
OBITH JpyTHe cocTaBistoIIUe 3ekTpomMarHnTHoro moyisi CHY-panmoycTaHoBKH, M HEOOXOAMMO NETAbHO H3YYHTh
3aKOHOMEPHOCTH X U3MEHEHHUS B 3aBUCHMOCTH OT CBOHCTB U CTPYKTYPHBIX OCOOCHHOCTEH 3eMITH.

IIpu pacderax COCTABIIOMIMX SIEKTPOMATHUTHOTO IIOJI1 OWTONSA W Kabens KOHEYHOH UIMHBI B BOJHOBOJE
3eMIIs-HOHOC(epa HCIOIB30BAIHCE pe3ynbTaThl uccienoBanmii I1.M. Koctkuaa u O.M. Mopo30Bo#i, BBHIIIOJHEHHBIX
paHee UL pemIeHus 3amad paaroBoiHOBoro mpocBeunBaHus (PBII). Beutn momydeHsl cTporue pereHus BOJTHOBOTO
YpaBHEHHS B TPEXCIOMHOM cpelle C Y4eTOM TOKOB CMEIICHHS M JJIEKTPOMArHHUTHBIX MapaMeTpPOB KaXKAOTO CIIOA
(YoenpHOTO 3JEKTPUYECKOTO COMPOTHBIICHUS, AMANIEKTPHUECKOW M MAarHMTHOM IPOHHUIIAEMOCTEH), pa3paboTaHBI
MporpaMMHBIC CPE€ACTBA [JIA BBIYUCICHUA COCTABJIAIOIIHNX MOJISA J3JCKTPUYCCKOIO W MArHuTHOI'O )11/11'[0.]'16171, Kak
OPTOrOHAJIbHBIX, TaK U MapaJUICJIbHBIX I'PaHUIaM pasjiciia Cpea. le/l 9TOM UCTOYHHUK U MPUEMHUK MOTYT HAXOJAUTHCA B
mo00ii U3 Tpex cpea. Vcnosap3oBaHue MOMYYEHHBIX PEIEHWH U pa3padOTaHHBIX IPOrPaMMHBIX CPEICTB IJIsl aHAM3a
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3aKOHOMEpHOcTell u3MeHeHus mosieii B meroge PBII paccmorpeno B pabote [15], a s aHamu3a CTPYKTYpbI
3JIEKTPOMArHUTHOT'O TIOJISI BEPTUKAIBHOTO 3JIEKTPHUYCSCKOrO AMITOJISA B BOJTHOBO/IC 3eMIsi-HOHOChEepa - B padote [16].

[Tpn anamuze crTpykTypsl saekrpomarHuTHoro nois CHY-paguoycraHoBkM HaMu ObUI TPUHAT TIOAXOJ,
OCHOBaHHBI Ha MCIOJI30BAHUKM MOJENIM MOHOC(Ephl B BHJE IMOJYNPOCTPAHCTBA U CTPOrOM pELICHHH 3ajnadu 0e3
YIPOIIAIOIIUX JOIMYIIEHUH 0 mapaMeTpax HCTOYHHKA U CBOMCTBax cpepbl. [IpuHsTas Moziens HOHOCHEpPHI IS 4YacToOT ~
1 - 10° I'n XapakTepu3yeTcs: 3HaYeHUAMHI PHEKTHBHOI BHICOTHI BOIHOBOAA 90 KM B HOUHOE BpeMst M 60 KM B JHEBHOE
[8]. DddeKTHBHOE 3HAUECHHE YENBHOIO YIEKTPHUECKOTO CONPOTHBICHHs HOHOChEPHI PHHATO paBHEIM 10° OM-M. Jta
MOJenb HMOHOC(epbhl TpH  (QUKCUPOBAHHON  4YacTOTE€ M3NIYyYSHUS  aJEKBAaTHO  XapaKTEpPH3yeT CTPYKTypY
anektpoMarauTHOro monsi CHY-pamnoycTaHOBKH, MOJENb IO3BOJISIET ITONYYUTh MPEICTABICHHS O XapakTepe
W3MEHEHHS COCTABILIOIINX TIOJIST U OOBSICHATE PE3yNbTaThl SKCIIEPUMEHTOB, KaK B HETIOCPEACTBEHHON OIM30CTH, TaK H
HA yJOalleHWH OT MCTOYHWKA. AHAIN3 JaHHBIX U3 [8] MOKa3pIBaeT, YTO MOJENb IUIOCKOTO BOJHOBOAA IPHMEHUMA IS
paccMaTpUBaeMbIX yCI0BHU puMepHo 10 pacctosHust 3000 kM ot nctounuka. [yt Berancienus yposHeii moneit CHU-
pPangMOyCTaHOBKM B TOYKE H3MEPEHHH C YYEeTOM CE30HHBIX M CYTOYHBIX W3MEHEHHH IapaMeTpoB HOHOCHEPHI
HE0OXO0AMMO HUCIIOJIb30BaTh 00Jiee CIOKHYI0, C U3MEHSIOIMMUCS CBOMCTBAMU MOJENIb HOHOC(EPHI, YTO PEATU30BAHO B
paboTax paauoPpU3NIECKOro MpopHIs.

Hacrosimiast crarbsi siBIsieTcsl NEPBOM W3 IUIAHUPYEMOTO aBTOpPaMH psia IMyOJMKanuii, B KOTOPBIX OyIyT
MOJJPOOHO PacCMOTPEHBI 0COOEHHOCTH CTPYKTYPBI sekTpoMarautHoro nosist CHU-paguoycTaHOBKH TIPUMEHHUTENBHO K
PELICHHUIO TeoIoro-reou3nueckux 3a1ad 1 NporHosa 3emierpsicennii. [1o aToii npuuuHe B cTaThe NPUBOAATCS MOJHbIE
BBIPaKEHUS [JIS1 COCTABIISIOIINX 3JIEKTPOMArHUTHOTO ITOJIsI TOPHU30HTAIBHOTO AJIEKTPHUYECKOTO JTUIIONIS, HCIIOIb3yeMble
B pa3pabOTaHHBIX TpOTrpaMMax IJis PacdeToOB MOJEeH AWUTONS W Kabelss KOHEYHOH IIMHBI B BOJHOBOJIE 3EMIIS-
HoHOC(]epa, a TAKKE TOCTATOYHO JCTAFHO PACCMOTPEHA METOTUKA YHUCIIEHHBIX PacUeTOB.

JUis  BBIYMCIEHHS COCTaBISIOMNX dJekTpoMarHuTHOro momst CHY-panmnoycTaHOBKH — TOPH30HTAIBHBIN
ANEKTPUYUECKHUI JIUITOJb, HAXOSIUICS BHYTPU CPEIHETO CJI0Sl TPEXCIOWHOI cpelibl, HE0OX0IUMO OBLIO MOMECTUTH Ha
HIDKHIOIO TPaHUILy cliof. B 3TOM ciyd4ae B MOJYyYEHHBIX paHEe BBIPAKEHHSX JJIS HEKOTOPHIX COCTABIIAIONIMX ITOJIA
MOSIBIUIMCh ~ pacxonsmuecss wuHTerpaisl. Ilyrem mpeoOpa3oBaHmii 3TH pPacXOAMMOCTH YAAJIOCh yOparb, H
OKOHYATCJIbHBIC BBIPAXKEHUA COACPKAT TOJBKO CXOAAIUECCA NHTCTPAIbI.

Mounens, HCIO0JI30BAHHAS pu
pacderax anekTpomaruutHoro moss CHY-
panuoycTaHOBKH, IOKa3aHa Ha puc. 1. B
9TOM MOJENH OJHOPOIHBIM IuIacT (BO3IyX)

MOIIHOCTBIO ¢/ HAXOMUTCA MEXKIY IBYMS
OJHOPOAHBIMU  IIOJIYIIPOCTPAHCTBAMH —
3emieii u woHOc(hepoil. ["opu30OHTANBHBIN
DJIEKTPUYECKUH  JMIIOJb  PACIOIOKEH B
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YACIBHBIC JJICKTPUUCCKHUE CONPOTUBJICHUA

(p) M OTHOCHUTENBHBIE JUIIECKTPUYECKHUE
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X |
MarHUTHbIE TPOHULIAEMOCTU ({l) IIPUHSITHI 1
PaBHBIMH EIMHHUIE JUII BCEX TPEX Cpex.

Puc. 1. Mogenb, ucnofib30BaHHasl MIPH pacdeTax
3aKoH M3MEHEHUS JICKTPOMAarHUTHOTO TOJIS

it anekTpomMarHuTHOTro noiisi CHY-paanoyctaHoBKu
BO BPEMEHH IIPUHSAT B BHIE € .

BeIpaxeHuss COCTAaBISAIOIMIMX IEKTPOMATHUTHOIO MOJIE TOPU3OHTAIBHOIO IEKTPUUYECKOTO JUMOMS Ui CPEAbI
"0" B IMIMHAPUYECKON CUCTEME KOOPAUHAT TAKOBBI:

COCTABJISIOLIME TI0JIS1 HaJl MOJIYIPOCTPAHCTBOM (HOPMAJIBHOTO IOJIST)
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3IEKTPOIPOBOAHOCTE (Tj=1/p;), 80—1/(3 6:10%) d/M - audNEKTpHYEcKas IPOHUIAEMOCTh BAKYYMa, Ho= 4107 Tu/m -
MarHuTHas NPOHUIIAEMOCTh BakyyMma, Jy — (yHKIMu Beccens nepBoro pojia nopsika V.

B A B A
P (no+m)(nok +mikd)’ 77 (no +np)?
kir+1 _, k3r? + 3k;r +3 _,
MJ‘ = Jrs e k,r, Pj — = J e k,r’
_Zz y _ _ -
cosp=—, sing==, r=yval+ydne=/N+kf, ni=./2+k};

COCTaBJIAIOIIHUE ITOJIA B BOJTHOBOJAC 3€MJIA — I/IOHOC(I)Cpa

H, =
H, =
"
&
"
H, =
E, =

oo

oo 2 _
Hnopw + Bsing { 4(k3 - k) / ny By Jo(Ar)dA — M [ f BeJ, (Ar)dA+

0

/ By Ji(Ar)dA + 2(k2 - &2) / By (,\r)dk} M [ BsJ, (,\r)A2d,\}

Hrpmpm — fcosy {2(k§ ge kf)

fBeJo(z\r);\da\+[Bs.fo[/\f)a\d/\‘r
0 0

2(k3 — k3) f Bdo(f\r)a\da\] - 4(kg - k3) [ / n1 BrJo(Ar)dA\+
0

0

2 2 _ 32
2.&? B&JD(/\?)ASdI\} - M [ BgJ, (/\f)dk + [ BaJ; (z\?‘)dx\-{-
] oo ]

2k - K2) f Bd,(.hr}d)\] M f Bs.Jy (Ar)A?dA }
0

H.enopse + 4B5sin (k2 — k2) f By, (Ar)AdA,

ko — ki

o ==
Eenop + 28c0np 5 { f noBy Jy (Ar)dA - f o Be s (Ar)dA+
1]

0

23



+ 2k -k f noBaJ) (Ar)dX | — 2(k3 — k3) | 2k2 [ ny BsJy(Ar) AdA+
1]

i
+ fﬂgﬂ:-}n(lf]d.h + [kg -k:n /ﬂntJq[-’hr}AdA — fﬂuﬂ;iﬂ(ﬁf}.’lda—
0 Q 0
- (k2 —k-f]/ngﬁ.u.fn{.!;rjhdﬁ + (2)
D

(k2 — k2 ‘ = oo
+ 2028 9 [ B (anar + [Binoa| .
i ]

r
1]

o
n

E opu + 208sinp

L{} 2kg (k3 — k3) f BaJo(Ar)dA —

2 32| F n o [

ko — Ky /HQBGJI («\r)dA—[ﬂuBth (Ar)dx - 2(k3 _ké)_/ﬂoB“Jl (Ar)dA | +

-
0 0 0

+

2 2 oo [+ =]
E@E—kﬁ 2%2 f n B Jy (\r)dA + f Bri(Or)AdA| b,
0

0

E. = Eznopn +28cos (p-g;; (k& - K?) fBﬁJl (Af)AEdA+stJ1 (Ar)A2dA+
0 0 0

+

(k3 - k3) / BaJi(Ar)X*dX| — 2(k3 — k3) | 2K] f BsJy(Ar)X*dX +
0 0

oo
+ / nyBrJy Ar)AdA| b
0
Bxogsmume B (2) koaddurmenTs! onpenemnsrores: popmynamu:

_ ‘ngkf - nlkg ?‘Lok% - ngkg 22 e_ﬂod ﬂo/\2 nokg + ngkg

By = , By = s
8 ngkf+n1k§ ngp+m C 4 (no + n1)(no + n2) CcD
242 2 2 :
ngA noky — n2kg 2 4 _nod Mo A nod
= B = —=e————— XA o, B = — ee,
Bs=Tp Pe CD ¢ "~ o +m1)(mo + n2) D

ne = \/ A2 + k2, k2 = pow(02i — £062w), A = (ng + n2)e™? + (ng — ny)e 0%,
C = (nok? + n1k2)(nok2 + nok?)e™® — (nok? — nik3)(nok? — nakd)e o4,

D = (ng + n1)(ng + nz)e™? — (ng — n1)(ng — ny)e ™%

AHanu3 TPHUBEICHHBIX BBIPAKCHHUW IS COCTaBJSIOIIMX JJIEKTPOMArHUTHOTO IIONII TOPU30HTAIBHOTO
3JIEKTPHUECKOTO JUIOJS TIOKA3BIBAET, YTO BOIHOBOE UMCIIO BO3TyXa K BXOIUT B HEKOTOPBIE WIEHB! STHX BHIPAXKEHHIA B
BHJIE CIIATaeMBIX B IIEPBOM HJIM BTOPOIl CTEHEHH COBMECTHO C BOJHOBBLIMH UMCIAMH 3eMiu K| umu noHochepst Ky, a
TaK)ke B BUJIE COMHOKHUTENS BO BHEMHTEIPaTbHbIE UleHbl. BKasoM 3Hauenuii ko, Kak caraeMbIX B pacCMaTpPUBAEMbIX
CHTYyaLMsIX MOKHO npeHe6peus. [Ipu yueTe BKIaa 3HaueHHil K(, BXOAAIINX B BHIPAKEHHUS JUIS COCTABIISIONINX IO B
BHJIE COMHOXHTENs, HEOOXOIMMO paccMaTpuBaTh BEJHUMHY K/, KOTOPOH MOKHO NpeHeOpedb TONBKO TIPH MalbIX
PACCTOAHUAX U HAAO0 YUUTLIBATH IIPU 6OJ'II)I_UI/IX PacCToOsAHUAX OT UCTOUYHHUKA. }la)Ke JJIA CBEPXHU3KUX YaCTOT (}IeCﬂTKI/I
— COTHHM Tepl) NpH OYeHb OOJBLIMX PACCTOSHHAX ¥ (COTHM - THICSYM KWJIOMETPOB) BKJIAJ WICHOB, COIEpPIKAIINX
COMHOXHUTENH Ko, TOKEH OBITH BECEMa 3aMETHBIM. AHAJIOIMYHBIE 0COOEHHOCTH OTMEUEHBI paHee B padote [17] mpn
PACCMOTPECHUHU TOJIAA BEPTUKAJIIBHOI'O MArHUTHOI'O AUIIOJIA.

PacuerHnie (l)OpMyJ'H)I 1A COCTABJIAIOMIUX JJICKTPOMArHuTHOI'O I10JIA Ka6en;1 KOHC‘{HOﬁ JUIMHBL TTOJTYYCHBI

MHTErpupoBanueM Mo jumHe kabens 2L (cm. puc. 1) BbIpakeHWH IS COCTaBNISIONMX TOJS WMo, Ilpu 3Tom
COCTaBJIAIOUIME IOl AWMONSA IIEPBOHAYATIBHO IPEOOPA30BBIBAINCH B MPSMOYTONBHYIO CHUCTEMY KOOpAMHAT. B
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paspaboTaHHON MporpamMMme HpeLyCMOTPEHO BhIUMCIIEHME Moayneil u ¢as cocraustomux £y, F,, E, H,, Hy, Hy,

nonyoceit @ u b >WIMICOB MONAPH3ALMM HIEKTPUYECKOTO M MATHHUTHOTO MOJNEH M YINOB, XapaKTEpPU3YIOMHX MX
OPHEHTALHIO.

Oco0eHHOCTH YHCJIeHHBIX PacyeToB
Jlis  BBIYUCIICHHS HWHTETPAlOB, BXOMIAIIMX B BBIPaXEHHs cocTaBisommx mois (1) u (2), mpoMexyTok
uHTerpupoBanus [0,00) pazduBaeTCsi Ha KOHEUHBIE IPOMEXKYTKHU, PACIIOI0KEHHbBIE MKy COCETHUMH HYJISIMUA (QYHKIIMH
Beccens. MHTerpupoBanye Ha KaXX0M IIPOMEKYTKE IPOBOAUTCS MeTooM ["aycca mo npsiMoit KkBafpaType Ul 1 TOUEeK
U YTOUHSIOIIEH KBaaparype ans 2n+1 Todek [18]. st 3TOro BIYUCISAIOTCS UHTErPalIbHbIE CYMMBI

n 2n+1
(7)) — A () (n) »n  _ 2n+1 2n+1
5 = Zfz ;) Wi, Sona = Z i 1'5 ) Wi( Y, (3)
=1 =1
rac SnU) — I/IHTeraJILHaSI CYMMa Ha KOHCYHOM HpOMe)KYTKC JJIs1 j-FO I/IHTeraHa, BBIYUCIICHHAA 110 HpHMOﬁ

KBazparype, N4 2n+] - WHTETPANbHAA CyMMa Ha 3TOM JK€ HPOMEKYTKE Ul j-TO HMHTErpajia, BbIYHCICHHAS 10
. n 2n+ . .
YTOUHSAIOIEH KBajparype, VVi( ), W:""" - Beca meroma I'aycca mis npaMOll M yTOUHSIOIEH KBajapaTyp
COOTBETCTBEHHO, ﬁ (xj) - 3HAUCHUS j-i TOIBIHTETPATBHON (PYHKIMH, BEIYUCICHHON B i-M y3II€, KOTOPBIA 3aBUCUT OT

HCIIOJI3YEMOI'0 MEeTo/la MHTerpupoBanus. Ilociae 3Toro oueHuBaeTcsi TOUHOCTh BBIYMCIEHMSI MHTErpajla C IOMOIIBIO
COOTHOIIICHUH

[Re SE2,, ~ ResY)| . [tm 5§, — 1m 59 1552, - 59|
ResD o msE] s

rae € - TOTPEUIHOCTh BBIYMCICHUS HHTETrpajoB Ha mnpoMmexyTtke [0,00). Eciam cooTHomenus (4) BBINOIHSIOTCA
O/THOBPEMEHHO, TO 3a 3HAYCHHE j-TO MHTErpaja Ha JAaHHOM MPOMEKYTKE MHTETPHUPOBAHMS MPUHUMACTCS BEIHYMHA
NL 2n+1. Eciiit cooTHOIIEHNs (4) OAHOBPEMEHHO HE BBINOJIHAIOTCS, TO IPOMEKYTOK HHTEIPUPOBAHUS ACTUTCS HOIMOJIaM
1 TIPOIEypa BBIYMCICHUS IOBTOPSETCS HAa KaKAOM M3 HOBBIX NPOMEXKYTKOB. IIporenypa 3akaHumBaeTcs, €Clid Ha
KaXIOM NPOMEXKYTKE UISI KaKIOTO HHTErpajia BBIMOJMHIIOTCS cooTHomeHus (4). Ilpu stom ecnm mnms Kakoro-iu6o
MHTErpaja COOTHOLICHUs (4) Ha KAKOM-TO 3TaIle BHIYUCIICHUI BBINOIHSIIOTCS, TO P JalbHEHIINX APOOICHUSIX IIPOMe-
KYTKa UHTETPUPOBAHHUS OH YK€ HE BBIYUCIISIETCSL.

OreHKa OCTaTKa HHTETPUPOBAHUS Rk(]) Ha npoMexyTke [0, 00) MPOBOIUTCA MO ABYM CXEMaM.

B niepBoii cxeme KpuTeprueM OKOHYaHHSI HHTETPUPOBAHUS CITY>KHT COOTHOIIECHHE

. S,Ej}
R =2 _ ¢
k M) 1y [5)
1Sg”1
rae SgO) - CymMMa Moﬂyﬂeﬁ MOCICAHUX IISITU YaCTUYHBIX HHTCTPAIOB, Sk(]) — CyMMa 4YaCTUYHBbIX HHTErpaioB,

BBIYHCIICHHBIX MEXKIY & KOPHSIMH COOTBeTCTBYIommX (yHkumit beccems. Ecin (5) BBIMONHsETCS, TO 3a 3HAYCHHE J-TO
UHTEerpana Ha npomexyTke [0,00) MpUHUMAETCs BeTUUMHA Sk(]) ,

Bo BTOpoOii cxeme nucnonp3yercst Meton Jlonrmana [19, 20], mpuMeHSIOIIHIACS AJST BRIYUCICHUS HHTETPAIOB OT
MEUIEHHO CXOJSIIUXCS OCIMIUTHpYIOmNX (GyHKnmil. [Isi OLEHKH OCTaTKa MHTETPUPOBAHUS Ha NpoMmexyTke [0,00)

HCIOJB3yeTCs cooTHoIIeHue [21]

: AP
Ry T <L (6)

rae Ajp - p-s1 pa3HOCTb, IOCTPOEHHAs U3 P+1 YaCTUUHBIX UHTErPaOB, BHIYMCIEHHBIX MEKAY p+1 kopHamu QyHKuuil
Beccenst. Eciu ycnosue (6) 1uist j-ro MHTErpana BBIIOJHSIETCS, TO, B COOTBETCTBHH CO cxeMoii JIOHrMaHa, 3a 3HaueHne
J-TO WHTerpaia Ha mpoMexyTke [0, 00) MPUHUMAETCS BeIHYHHA
P AP
5 — g j
L — %k 2p+1 »
m=k+1
rae k+1 - Homep KOpHS COOTBeTCTBYIOMEH (yHkuuu Beccens, HauMHAS ¢ KOTOPOTO BHIYUCIEHHS MPOU3BOIAATCA IO
cxeme MeTona JIoHrMaHa. 3ajaBaeMasi OTHOCHTE/IbHAS TIOIPENIHOCTb BHIYMCICHHS KOMIIOHEHT 1oy (€) pasna 107, a

OTHOCHUTEJIbHASA MOTPCITHOCTD BBIYHCIICHUS UHTCTPAJIOB (81) MPUHUMACTCA paBHOﬁ 0,18.

IIpu pazpaboTke mporpamMmbl OBUIO OMPOOOBAaHO PA3IMYHOE KOJMYECTBO Y3JIOB MHTETPUPOBAHUS ULl METOAA
laycca: 5 (11), 11 (23), 23 (47), 40 (81) (B ckoOKkax yKa3aHO KOJWYECTBO Y3JIOB, HCIOJB3YEMBIX IUISI YTOUHSIOMICH
KBaaparypel). V3MeHeHHe KOJMYECTBa Y3JIOB WHTEerpupoBaHUS mocie 11 (23) He mpuBOOMIO K W3MECHEHHUSIM B
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BBIYMCJICHHBIX 3HAYCHUAX MHTCTPAJIOB U KOMIIOHCHT IIOJIA B IpEACIax 3a;1aBaeM0171 OTHOCHUTEIIHbHOM MNOTPEUIHOCTH &,
MO3TOMY 3TO KOJHUYCCTBO Y3JIOB OBLIO IPUHATO B KAa4YCCTBC OCHOBHOI'O BapHaHTa BeIUMCIICHUM. BMecTe ¢ TeM B
nporpamme npeayCcMoTpeHa BO3MOKHOCTb U3BMCHCHUS ITPU H606XOHI/IMOCTI/I 9THUX MapaMETPOB BBIYKCIICHUH.

AHanm3 pe3yJabTaToOB PacyeToB

Pacuersl cocraBisromux AnekrpoMarsutHoro nosisi CHY-paanoycTaHOBKM BBIIOJNHEHBI JUIS  CIIEAYHOLINX
napamerpos: f = 80 I'u, mmna kabens 2L = 60 xm, cuna Toka 200 A, Beicota HoHOochepsl d = 90 KM, yzeibHbIE
COIIPOTHBIIEHHUS 3€MIIU, BO31yXa U HOHOC(EpPBl COOTBETCTBEHHO P1= 104, po = 107, P2 = 10> Omm. PaspaGoranmubie
[IPOrPaMMHBIE CPEIICTBA IO3BOJISIIOT BApbUPOBATh 3HAUCHUS OTHOCHUTENIBHBIX JUIIEKTPHYECKHX HMPOHHIAEMOCTEH BO
BCEX TPEX Cpelax, OAHAKO IIPU pacdyeTax OHH ObLIM IPHHATHI PAaBHBIMH €IUHUIE (BKJIaJ 3HAYCHUH € B BOJIHOBBIE YHCIIA
ki u ky nesnaunrenen, a mis Bosayxa € = 1). B OTAENBbHBIX CIydasx HCHONb30BAaHBI APYrHE NApamMeTphl, U 3TO
OTOBapHBAETCS B TEKCTE.

Ha puc. 2 TpuWBEAEHBI PE3yNbTAThl PACYETOB COCTABJAIONIMX DIEKTPHUECKOro monms Fy no mpodmism,
OPUCHTHUPOBAHHBIM DPA3JIUYHBIM 00pPa30M OTHOCHTEIBHO UCTOYHHWKA. J[Ba mpodwmisi HampaBiieHbI MEPICHAUKYISIPHO
kabemo. OMH U3 HUX MPOXOAMT yepes ueHtp (X/L = 0), apyroii cMemeH B cTOpoHy oT LeHTpa kabens (x/L = 10).
Tpernii npoduis opueHTnpoBan BHodb Kabens (/L = 0). PaccmarpuBaiorcs 3aBucMMOCTH u3MeHeHms FEy ot
pacCTossHuA OO0 HWCTOYHHKA, BBIPAXKCHHOTO B €AWMHHIAX L Kaxk BUAHO W3 PHUCYHKA, Ha OTHOCHUTCIIBHO H66OHbH_lI/lX
paccTosiHUAX KpuBBIE (3), TIOTYYEHHBIC TI0 Pe3yJIbTaTaM PacdeToB C HCIIOIB30BAaHUEM MOEIH IMOIYTIPOCTPAaHCTBA 0e3
ydeTa BIMSHHSA HOHOC(EPHI U TOKOB CMEIIEHHs B BO3AyXe (manee OyieM Ha3bIBaTh UX KBa3HCTALMOHAPHBIMU MOJISMH),
COBIIQAAIOT C KPUBBIMHU, PACCUNTAaHHBIMU C YUETOM BIIMSHHUS TOKOB CMelIeHHs (2), a TakKe ¢ y4eTOM TOKOB CMELICHHS
u nonocoeps (1). [ToaToMy Ha OTHOCHUTENBEHO HEOOIBIIOM PACCTOSHUU CTPYKTypa anekTpoMarautHoro moist CHY-
panuoyCTaHOBKH MOXKET OBITh OXapaKTepHU30BaHA pe3yJibTaTaMU PacyeToB B KBA3UCTAIIMOHAPHOM NpUOMKeHuH. [Ipu
yIAJIICHUU OT UCTOYHMKA ]ISl PACUETOB COCTABIISIIONIMX MMalsi HEOOXOAMMO HCIIONIBb30BaTh PEIISHUE 33/1a4d C YYETOM
BJIMSTHUSI MOHOC(EPHI ¥ TOKOB CMEIIEHHS B BO3/yXe (OyeM Ha3bIBaTh UX TOJIIMH B BOJIHOBOJIE).

a ] &
107 - |Exl B/ 5 |Exl Bim y [Exl Bm
- ! :
_E =0 i pL=0 L =10
16 :J .
5 | B - 1 1 d=
107 - \, 4 W, jj__;ﬁ;ﬁom 4 :I,_LWH-I
i 1 ",
1 Q\\ lm -1 3 {\‘ 1 du |, . — 1, g=30 M
o ] NS p— VR H,-‘”m‘” T ‘f
Ll | N v ) 3 N
1 W } - ] .
7 ] Y Ny Y 1 % - N
10 J ;\: 1 1 , -\\:“
3 \ i 2 3 :
3 J 2
10—0 o % 2 o ] : __.
3 i 3
LY 1 \
1 3 3 4 I
9 [l
10 4 E i \
1U‘u 1 LA R B T T T TRRir i T T T T IT00] T ¢ T TTrT 'l‘| L LR AL N R R R |
1 10 100 10 100 1 10 100
wL wl i

Puc. 2. 3aucumoctu |Ey| oT paccTosinust 10 uctounuka no npodussm X/L =0 (a), y/L=0(6)u x/L =10

(B). 1 — noJie B BONHOBOJIE, 2 - pacyeThl 6e3 yueTa BIUAHUSA HOHOC(EDPHI, 3 — KBAa3UCTAIIMOHAPHOE ToJe, d —
BEICOTA BOJIHOBOJIA.

AHanu3 NpPUBEACHHBIX HA PHC. 2 KPUBBIX MOKA3BIBACT, YTO JJIS MPHHATHIX MApaMETPOB MOJECIU M MCTOYHHKA
y4eT TOKOB CMENIEHHs B BO3AyXe IPH pacdeTax cocraBisiomell Fy Heobxomum Haumbas ¢ paccrosaui 300 kM B
9KBaTOpHAIIbHOM 30He U 600 KM BJONb Kabens, a BAUSHUE HOHOC(EPHI ClielyeT YUUThIBaTh, HaUnHas ¢ pacctosiHus 100

KM BIoJib Kabesst 1 200 KM B 9KBaTOPHAIBHON 30HE Kabels. 31ech M Jajee OLEHKU npuBeneHsl it 10 % oTnuunit
COOTBETCTBYIONIUX 3HAYCHUH COCTABJISIFOIIUX MOJISL.

CormocTaBiieHUE Pe3yJIbTaTOB PACUETOB MOJIEH B BOTHOBOJE AJ Kabels U JUIMOJ IO3BOJIMIO YCTAHOBUTS, YTO,
HayMHas ¢ paccrosaHuil 6onee 100 kM mo ocu ) u 6osee 150 kKM 1O ocu X, MOXKET UCIIOIb30BATHCA ANIPOKCHMALHS
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AHTEHHOW cucTeMbl BMecTO Kabens munonieM. [lanee, paccmatpuBas crpykTypy nosiss CHU-panuoycranoBku, Oyiaem
TOBOPHTS O MOJIE Kabelst, Tak Kak pacCTOSHHUS TS yI00CTBa aHAIIM3a BHIPAXKEHBI B €MHMIAX MOy UTHHBI Kabens L.

BnusiHue TOKOB CMelleHHMs B BO3MyXe M MOHOC(EpHl NPUBOAMUT TaKXKe K HM3MEHEHHIO Xapakrepa rpaduka
coctapnstomeil £y mo npopumo X/L = 10. IIpu 3ToM cyMMapHOe BIMSHHE yKa3aHHBIX (DaKTOPOB IPHBOIMT K
CMEIIEHHUIO 30HBl MUHMMAJIbHBIX 3HadeHuil Fy, 110 CPaBHEHHIO CO Cy4aeM KBAa3MCTalHOHAPHOTO TIOJIS, B CTOPOHY
Gonee BBICOKUX BenmuuuH )/L, 4TO COOTBETCTBYET MPUOIMKEHWMIO 3TOH OONACTH K SKBATOPHAIBHON 30HE Kalens.
KpOMe TOT'O, IJId 1TOJIsI B BOJTHOBOAC XapPaKTEPHbI CIJIaKCHHBIC 3HAYCHU Ex B O6J'laCTl/I MHUHHUMYMaA.

Kak cnegyer u3 puc. 2, yMEHbILIEHUE BBICOTHI
noHochepsl m0 60 KM TPHUBOAUT K YBEITUYICHHUIO

(=]

aMIumMTy Bl cocTaBisomeit Fy npumepno Ha 80 % mo a 1l5.10‘6 80
OTHOIMIEHHIO K aMIUIuTysie curHaia mpu d = 90 k.
KauectBenHo 3TO 00BsICHSIETCS YCHIICHHEM
BOJIHOBOJZHOTO d¢¢eKTa TpH yMEHBIIEHHH BBICOTHI (
BOJIHOBO/IA. \

Ilpn yyere TOKOB CMEIIEHUS W HOHOCHEPHI o P — b o
CYIIECTBEHHBIM  00pa3oM  MEHseTcs  Juarpamma 1807 . . 10

HaIlpaBJIEHHOCTH JAHHOIO HCTOYHMKa. /[lng ciyyas -1 ,5°10_6 / 1,5.1(}'a
KBa3UCTAIIMOHAPHOTO TOJIA  cocTapistomme  F,  Ha
0ONBIIOM YIaleHWH B JKBATOPUAIBHOW 30HE KaOems B
JiBa pa3a MPEBOCXOISIT COOTBETCTBYIOIIME 3HAYECHHUS Ha

ocu ucrounuka [4-7]. HaoGopor, none Ey B BonHOBOzE, -1510° .
KaK CIeAyeT U3 puc. 2, HaunHas ¢ paccrosiHusg 600 kM 1o 270
HaIpaBJICHUIO BIIOJIb Kabenst MPEBBIIAET
COOTBETCTBYIOIIME 3HAYEHHS B OSKBATOPUAIBHOM 30HE 6 2,5.10-5 990
(mpEMepHO, B WATH pa3 Ha paccrosmH 3000 kM). DtH / N\
0COOEHHOCTH  JuarpaMmbl  HampaBieHHoctH  CHY- { )
PagroyCTaHOBKH MIOATBEPKAAIOTCS JAHHBIMU '
9KCIIEPUMEHTOB.

le/IBeZleHHbIe MaTepuaJibl IIOKa3bIBaIoT, 4qTo /,-
CYIIECTBYIOIIME IIPEACTaBIEHUA O CTPYKType IIOJA 180°} \

TOPU30HTAILHOIO JIEKTPUYECKOr0 IMIONSA MU Kabens

KOHEYHOW JUIMHBI, OCHOBaHHBIE HAa HCIIOJIb30BAHUU -2,5-10 v

KBa3WCTAI[IOHAPHOTO IMPUOIIKEHUSI M PEIeHUs 3a1aqn f

0e3 ydeTa TOKOB CMENICHHsS B BO3AyXe M BIMSHUSL

HOHOC(EPHI, TPEOYIOT KOPPEKTUPOBKU IIPHU MPOBEACHUU

U3MEpeHUH Ha OOJBIIMX PACCTOSIHUSX OT HMCTOYHHUKOB -2,541 0° ==

TaKoro THIIA. 270
Xapakrep HU3MEHEHUS JarpaMMel o

HampaBJICHHOCTH C YJAJICHHEM OT pacCMaTpHUBacMOro 2‘5—10? el

Q
1

MCTOYHHUKA /ISl COCTaBIsioNIel £y nimoctpupyerces puc.
3. B maHHOM ciydae IMoJ IUarpaMMOi HarpaBIIEHHOCTH
nonuMaercs tpaduk 3Hauennii Fy 1no maHmery Ha
OIIPEICTICHHOM PACCTOSIHUU OT UCTOYHMKa. Jlnarpamma ﬁ
HalpaBJIEHHOCTH [UIl KBAa3HCTALMOHAPHOTO TONS U \
paccrosiaua 10L. npuBeneHa Ha puc. 3, a.

OTHOLIEHHE aMIUIUTYJ, MHOJs IO HAlpaBICHUSIM
BJIOJIb U BKpecT Kabens 3meck paBHo 0,5. Jlng mons B ...2,5.10";Jr - 2‘5_.10-7

BOJIHOBOJE Ha OJTOM JK€ PpAacCTOSHUM Jauarpamma
HaIlpaBJICHHOCTH MPUHUMAET BUJ, I0KAa3aHHbII Ha puc. 3,

0, ¥ OTHOLIEHHE AMIUIMTYJ IOJIsl CTaHOBUTCS paBHbIM 0,9. 254057 L

CyliecTBEHHO AMarpaMma HanpaBJIeHHOCTH MEHSETCs! Ha ' 270°

GombiioM yaanenun ot ucrounnka 100L (puc. 3, B). Ilpu

9TOM OTHOILIEHUE aMIUTUTY]L MOJIsI BIIOJb U BKpeCT Kaberst Puc. 3. lnarpammsl HanpasienHoctn CHY-

paBHO 5,4. pamuoycranosku st |Ex|. a, 6 - ynanenune or
OcoGeHHOCTH U3MEHEHHs cocTaBstomei nons Hy, ucrounnka 10L (a - KBa3UCTAaHIIMOHAPHOE ITOJIE,

BKIIFOYasi OLICHKM pAacCTOSHWM, HadyWHas C KOTOPBIX 0 - T0JIe B BOJTHOBO/IE); B - yIAJICHHUE OT

HEoOXOJUM y4eT BIMSHHSA TOKOB CMEIIEHHUS B BO3LyXe H ucrounnka 100L., mone B BonHoBoze; |Ex |

HMOHOC(EPBl, AaHAIOTMYHBI ~ PACCMOTPEHHBIM  BBIIIE BBIPAXKEHO B B/M.

3aKOHOMEPHOCTSIM, YCTAHOBJICHHBIM [y COCTaBJIIOIIEH

E,.
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[Ipoananu3upyem xapakTep HW3MeHeHHA Opyrux cocraBmsomux mnons CHY-pagmoycranoBku (puc. 4).
Cocrassttoue £, u H Bonb oceii X ¥ Y IPHHAMAIOT HyJICBBIC 3HAYCHHSL, TO3TOMY PACCMOTPHM 3aKOHOMEPHOCTH HX
usMeHeHus Buonb npoduis 7/L, opuenTupoBamHOTO mOA yrioM 45° Kk HanpapieHmio kabens. Ha oTHOCHTENbHO

HEOOJIBIINX PACCTOSHHUIX OT HCTOYHHUKA COCTABJISIOIIHME ITOJICH Ey (puc. 4, a) u H, (puc. 4, 6) B BONHOBO/IE COBNAAIOT
C COCTaBJISIOLNIMMH KBa3WCTAIL[MOHAPHOTO IIOJIsI, a NMPH YAAIEHHH OT MCTOYHMKA HEOOXOAMMO YUYHUTHIBATH BIMSHHE
noHocepsl M TOKOB cMelleHus B Bo3nyxe. [1o paccmaTprBaeMOMy NPOGHIIO y4eT TOKOB CMELICHHS B BO3AyXE IS
STHX COCTABISIOMNX He0OX0oanM HaduHas ¢ pacctosHus 600 kM, a BusHIE HOHOC(hEpHI - ¢ paccTtostHrs 200 KM.

a 6 8
T 5 IEy),Bim 107 IHyl Alm
-y
10—4_.“ 10 E
1 107°
107 ]
’ 10—&_;
10° 3
. 107
107 ] \ .
e -8 R
. '.‘ 10 — -“. _'10-_
\ ] ' 2 1075 R
7 \ 2 A ’ : h
15° o 5 10—”_'5 \
5 10"+ £ 3 -
4 - - -1 Y
. v 3 10725 3
i 2 ] 3 '
0 | - "1
10 —i T ‘1“F|||:|| T I1'1"‘r|'| 1010' o L) IITII]I - T <‘T'1"=I‘[] 10‘13 i T T T T TTraf T TTTT
1 10 100 1 10 100 1 10 100
L WL XL, yiL

Hy7| (6) nna npoduns, opuenTHpoBanHOro 10 yrioM 45° k ocu
X, |E, [no mpodumo y/L = 0 (8) u |Hz| o mpodumo X/L = 0 (B). O603HaueHHUs cM. Ha puc. 2.

Puc. 4. I'pauxu nsmenenus monyiei |E,, | (a),

COCTaBJ’ISIIOU_laSI T10JIs1 EZ MMPUHUMACT HYJICBbBIC 3HAUYCHUA B 3KBaT0pHaJ'IbHOI>i 30HC Ka6eﬂﬂ, MO3TOMY

MIPOaHATTU3UPYEM 3aKOHOMEPHOCTH €€ H3MEHEHHS BIIOIb Kabems 1mo ocu X (puc. 4, B). Y4eT TOKOB CMEIICHHS B BO3AYXE
B 3TOM Clly4ae HeoOXoquM HauuHask ¢ paccTosiaust 600 kM, a BiIusiHUS HOHOChEpHI - ¢ paccTtostHus 100 kM.

Cocrapisomas moJjs HZ MPUHUMACT HYJICBbIC 3HAYCHUSA 110 HAIIPABJICHUIO BJAOJIb Kabes. PaCCMOTpI/IM XapakTep

€€ W3MEHEHHs B JKBATOPUAIbHOH 30He no ocu ) (puc. 4, B). AHanmus noseaenus [, MoKaspIBaeT, 4TO NaHHAS
COCTABIIAIONIAs] B HAUMCHBIICH CTENCHH IMOJIBEP)KCHA BIUSHHIO PACCMATPHUBAEMBIX (PAKTOPOB - TOKOB CMCIICHUS B

Bo31yxe U noHochepsl. Ilpu 3Tom BiausHue HoHOC(hEPH! U HHTepBane u3MeHeHus ) oT 100 xo 300 kM mposBisercs B

yMenbinienuu H. Munumym Ha rpaduke |H|, cocraBnsroumii 0,25 OT 3HaueHMs KBa3MCTALMOHAPHOTO MOJIs,
orMmeuaeTcss Ha paccrossHuM 200 kM oT ucroynuka. Haumnas ¢ paccrosnus 600 kM 3HadeHus: H, B BOJHOBOZE
MIPEBOCXOMAT COOTBETCTBYIOIINE 3HAYCHUS KBA3UCTAIIMOHAPHOTO TOJA. IIpm 3TOM OCHOBHOW BKJIAJ B YBEIHUYCHHE

aMIATyasl [, BHOCAT TOKM CMEINEHHS B BO3LyXe, a HOHOC(Epa NMPAKTHYECKM HE BIMSAET HA MOBEICHHE DTOM
COCTaBJISIIOIIIEH ITOJIS.

CrietyeT OTMETHMTB, UTO cocTabistomas FH, xapakrepusyercss Haubosee OBICTPHIM yOBIBAHMEM aMILIMTYBI C
ynaneHueM oT uctounmka. Ha paccrosamm 3000 xm (100L) ee ammmTyna yMEHBIIAETCS HAa CEMb IMOPSAKOB IO
OTHOIICHHIO K YPOBHIO 1O HA paccTogHuH 30 kM (L) OT MCTOYHHMKA, TOT/IA KaK JJIsl APYTHX COCTABIIIONINX OIS 3TO
YMEHBIICHUE COCTABISCT YeThIpe-IATh MOpsiakoB. HamGosiee MemieHHO yObIBaeT BEpTHKAJIbHAS COCTABIIAIOIIAS

sJ1eKTpHueckoro nons F,, nus koTopoil ammiutysa npu usMeHeHuu paccrosHus oT 30 g0 3000 kM yMeHbLIaeTcs
TOJILKO Ha TPU MOPSIKA.

Harmsnao  crpykrypa monst  CHU-pagvoyCTaHOBKM — WIUTIOCTPUPYETCS — M30JIMHUSAMH  COCTABIISIOIINX,
pPACCUMUTAHHBIX C JIOCTATOYHOM [ETANBHOCTBIO MO IUIAHIIETY, B IIEHTPE KOTOPOTO HAXOAMTCS NaHHBI HMCTOYHUK.
PaccMoTpuMm xapakTep M30JHHHI COCTABISIONMX KBA3MCTALMOHAPHOIO JJIEKTPOMATHUTHOIO IO Kabens BOIM3U
HCTOYHHUKA (pHUC. 5) W TOJI1 B BOJHOBOAE HA YOAJCHUHM OT HCTOYHHMKA (pUC. 6). AHamM3 BBIIOJIHAM JUIS TEPBOM
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YETBEPTH IUIAHIIETA, MIPHYEM €ro pa3sMepbl NPHU PAaCCMOTPCHHUH HOPMAJLHOIO IOJII COCTaBJSIIOT OLX6L, a mojs B
BonmHOBoje - 100Lx100L. Ha mpuBeseHHBIX pHCYHKaxX Kabellb PACIOJIOKEH MO OCH X W HonymuHe kabens L

COOTBETCTBYET paccTostHue 1o 31oit ocu or 0 o 1. Vsonunun E oumdposansr B B/M, H - B A/m. Tlpu stom
HCIIOJIb30BaH JorapudmMuyeckuii MacTab HaHeCEHHs M30JIMHUM C IaroM 1 B mpeaenax Kaxaoro nopsaka.

13
!
U
'
'

. XL
PI/IC. 5 I/I30J'II/IHI/II/I MOIIYJ'ICI/I COCTAaBJIAKOLINUX 3H€KTp0MaFHHTHOFO I10JIs1 HA MaJIbIX paCCTOS[HI/IHX oT
HNCTOYHHUKA (KBa3I/ICTaHI/IOHapH06 HOJ'IC).

Cocrapisfone  HopManbHbix noseii £y u [, no HanpaneHwsM BIONb oceii X M ) MMEIOT IUIABHBII
3aKOHOMEpHBIH Xapakrep u3MeHeHus (puc. 5). 30HbI MHUHHMAaJbHBIX 3HAUCHHWH MOJEH C PEe3KUMHU IpajueHTaMu

OPHEHTHPOBAHBI IO YIIaMH 0Kosio 40° oTHOCUTeIbHO ocH X. 3Hadenus £y u H), B sxBaTOpHaibHOil 30HE IPEBOCXOMSIT
COOTBETCTBYIOIME 3HAYEHHs Ha ocu Kabens. s noneit Ey u Hy B BOJIHOBOJIE (pHC. 6) 30Ha MUHUMAJBLHBIX 3HAUYECHUIH
BbIpaK€Ha MeHee KOHTpacTHO. Ee mosioxeHue, Kak OTMedaaoch BB [IPU aHAIM3€ PHUC. 2, B, CMEIIACTCS K OCH ) U

HPUMEPHO COOTBETCTBYET yrity 60 - 70° oTHOCHTENBHO ocH X. ITpu 3ToM 3Hauenus Ey u Hy 110 HAMPaBJICHUIO BAOIb
Ka0elIst MPEBOCXOISIT COOTBETCTBYIOIINE 3HAYCHUS B IKBATOPHUATBHON 30HE KaOes.
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Cocrapiisifolie KBasucTaluoHapHbix noseii £y, u ), mo HanpasieHusM BIOIb oceil X 1 ) paBHbI Hyio. dopma

O6nm3Ka K OKpykHOCTsM (puc. 5). Hdus

H30JIUHUHA COCTABJIAIOMINX KBA3UCTALIMOHAPHOI'O IO B IIEPBOM KBAJAPAHTC

noueit £y, u H . B BonHOBOE (PHC. 6) H30IMHAN BEITATHBAIOTCS BJOJIb HAIIPABIICHNUS!, OPHEHTHPOBAHHOTO MO YIJIOM

45° K ocH X, a UX 3HAYEHUsI BJOJIb OCEH X U ), KaK U B CIIy4ac HOPMAIbHBIX MOJIEH, PaBHBI HYIIIO.
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Puc. 6. M3omuHNN MOIyIIel COCTABISMIOMNX YIEKTPOMATHUTHOTO TIOJIST Ha OOJBIITNX

PaCCTOSIHUSX OT UCTOYHHKA (TI0JIE B BOJTHOBOJIE).

il cocTaBIAIOIMX KBa3UCTalUMOHApHbIX Toneil £, u H, (puc. 5) aHanoruueH xapakrepy 3THX

XapakTep U30JIUHU

K€ COCTaBJIAIOMIMX B BOJHOBOAC: HYJCBBIC 3HAUCHUSA BAOJbL OCCU COOTBCTCTBCHHO y U X, U U3MECHCHHUSI C

ONPECICHHBIM I'PAIMEHTOM BAOJIb OCEU X U ).

BnusiHue noHocgepsl M TOKOB CMEIIEHHs B Bo3Xyxe Ha Ooipmmx paccrosHusix or CHU-paguoycraHoBKH

OPUBOAAT TAKIKEC K U3MCHCHUIO MOJIAPU3ALNN IJICKTPUICCKOTO U MArHUTHOT'O MOJICH. HpI/I MIpOBCACHUN PACYCTOB 0e3

y4eTa yKa3aHHbBIX ()aKTOPOB KBAa3HCTAI[OHAPHBIE HIIEKTPHYECKOE U MArHUTHOE MOJIS B AAJIbHEH 30HE TOPU30HTAIBHOTO
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SIEKTPUYECKOTO JUMONS M KaOens KOHEYHOH IITUHBI MMEIOT JIMHEWHYIO HOJIIpU3aIfio. Pe3ynpTaTel pacueToB
3IIEKTPUYECKOTO MOJIS B BOJIHOBOJE IOKAa3aHbl HA pUC. 7. BIomb oceil X U ) 3IEeKTPUUYECKOE MOJIE€ B TOPU3OHTAIIBHON
IJIOCKOCTU MMEET JIMHEHHYI0 nojsipuzauuio. [lo npyrum HampaBieHHsIM, KaK BHIHO M3 MPHUBEIECHHOTO PHUCYHKA,
MONSAPU3AHUS JIUIMITHYECKAs, TPHUEM JUTMITHYHOCTD ToNspu3anuu (otHomenne b/a manoit u 6ombmoii momyoceit
QJUIMIICA TIOJISIPU3AlMK) YBEJIMYMBACTCSA [0 Mepe YJaJeHUs OT KMCTOYHMKA W IPUOIIDKEHUS K HalpaBieHUIo,
OpHEHTHpPOBaHHOMY of yrioM 60 - 70° x ocu X.

y/L
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Q04 - s o 0 0 0o ¢ ¢ £ 7 7
804 - s 0 0 / 14 A S S 4
04 - o o 0 0 ¢ ¢ 27 7 v 7
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x/L

Puc. 7. Dnnuncel noaspu3aniuy rOpu30HTAIBHON COCTABIIAIONIEH 3JIEKTPUIECKOTO MOJIs B TNIOCKOCTH X Y.

Hanyume s/umMNTHYHOCTH TMOJISIPU3alMU AJIEKTpUUeckoro U marHutHoro nosed CHY-pammoycraHoBkH OBLIO
YCTaHOBJIEHO HAMH paHee 10 pe3yJibTaTaM AKCIIEPUMEHTAJIbHBIX pa0boT [22]. BbuTH BBIOJHEHBI KPYrOBble H3MEPEHHS
COCTaBJISIOLIMX 3JIEKTPUYECKOr0 ¥ MAarHUTHOTO MOJIS HA PA3IMYHBIX PACCTOSHHSAX OT MCTOYHHMKA: OKOJIO T. ANATHUTHI
(150 xM ot ucrouynmka), B moc. BoknaBonok (470 kM) m Ha monuroHe Byokca, Kapenbckmii mep. (950 km). B
pe3ysbTaTe YCTAaHOBJICHO YBEJIMYEHHE DJUIMITUYHOCTH TOJISIPU3AMM, KOTOpas MEHSUIach IOCIIEN0BATENBHO 0 MEpe

yAajleHus] OT UCTOYHHMKA M COCTaBJisla JJIi MarHUTHOTO MOJISI COOTBETCTBEHHO b/a =0,07; 0,25; 0,3. TIo pacueram ¢
HCIIOJIb30BAHUEM pa3pabOTaHHBIX NMPOTPAMMHBIX CPEICTB TH 3HAUCHHUS Ul YKA3aHHBIX TOYEK ObUIM COOTBETCTBEHHO
paBHBI b/a =0,026; 0,22; 0,32.

W3MeHeHre IUTMITHYHOCTH Nospu3aiiu nekrpudeckoro noius CHY-paanoycTaHOBKE B BOJHOBOJAE 3€MIIS -

noHocdepa WILTHOCTPUPYETCS PUC. 8, @, Ha KOTOPOM IIPE/ICTaBIeHbl M30JMHUAM OTHOIIEHHS D/d B TOPU30HTAIBLHOI
wiockocTd. s mapaMeTpoB, MPHUHATBIX IMPU NPOBEIEHUM PACUYETOB, AIUIMITHYHOCTH IONAPHU3ALMU CTaHOBHUTCS

sametHoit (b/a = 0,1) na ynanenun 300 KM OT HCTOYHHUKA 110 HAMPABIEHUIO, OPUEHTHPOBAHHOMY TOJI yTiioM 45° K ocH
X. B HauOospmiel cTeneHn 3UIMITUYHOCTD HOMAPHU3ALUK TPOSBIAETCS HA PacCCMaTPHBAEMOM IUTAHIIETE Ul 00JIaCTH
x/L =20 u y/L = 80-100, rue ona npubmukaercs k kpyrosoit (b/a = 0,8). Dta 061acTh COBNAIAET C 30HOI
MMHUMAJIBHBIX 3HaueHuii F,, OTMedeHHOH paHee INpH aHaIM3e XapaKkTepa H3OJMHMI [JAaHHOH COCTABIAIOLIEH
AIEKTPUYECKOTO MO (CM. pHC. 6).

Ha puc. 8, 6 mokazaHbl M30JIMHUK YTJIOB ITOBOPOTA O OOJBLIMX OCEH DJUIMIICOB MOJISPU3ALNU 3JIEKTPUIECKOTO
TIOJIS1 OTHOCUTENIBHO OCU X. AHaNN3 NPUBEICHHBIX W30JUHUI MOKA3bIBAET, YTO JUIA HANpPABICHUH, OPUEHTUPOBAHHBIX

mox yriamu oT 0 1o 60-70° oTHOCHTENbHO HAmpaBiICHUS KaOewsl, 3HA4eHUs O MEHSIOTCS 3aKOHOMEPHO, IPUMEPHO
COBIAJasl C yKa3aHHBIMY HAIIPABICHUAMU U MpUHUMas 3HadeHus ot 0 = 0 go o = 60 - 70°. OgHako A HaNpaBlICHUH,
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MPUOIDKAIOLIMXCS K 9KBATOPHAIBLHOMN 30HE Kalens (OpUeHTHPOBaHHBIX moj yrinamu ot 60-70° no 90° oTHOCUTENBEHO
HampaBJICHUS Kabews), 3TH YIIIBI MEHSIOTCA HAaMHOTO OBIcTpee oT o = 60-70° no o = 180°.
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Puc. 8. M301MHUM 3JUTMNTUYHOCTH NOJSPHU3alMK (a) M YIJIOB MOBOPOTa OOJNBLIMX OCEH 3IIIMIICOB
noJsipu3anuy (0) rOpU30HTAIBLHOM COCTABIISIFOLIEH 3JIEKTPUYECKOTO TIOJIS B INIOCKOCTH X Y.

[TpuBeneHHbIE MaTepHabl CBUIETEIBCTBYIOT O TOM, 4TO Npu n3Mepenuu nojed CHU-paanoycraHoBKY BOJIM3U
9KBAaTOPUAIILHOM 30HBI JIaHHOTO MCTOYHHMKA HEOOXOIMMO YJEsITh 0co00€ BHMMaHHE BBIOOPY ONTUMAaJbHON
OPHEHTALMH W3MEPHUTENBLHON YCTaHOBKU. PaboThI 10 CBEpXHU3KOUACTOTHOMY 30HIMPOBAHMIO HAa Pa3HbIX 4aCTOTaX WIIU
MOHHUTOPUHTY Ha OJHOM YacToTe HEOOXOIMMO CONPOBOXIATh KPYrOBHIMH HM3MEPEHHMSIMH 3JIEKTPUYECKOro M Mar-
HUTHOrO Toyieil. Ilpum 3TOM cremyerT YYHTBIBAaTH TO OOCTOSITEIBCTBO, YTO B PEAIBHBIX YCIOBHAX BO3MOXKHO

JIOTIOJTHUTENbHOE M3MEHEHHE OPUEHTALMU TOPU30HTAIBHON COCTaBIISIOLIEH BEKTOpa AJIEKTPUUYECKOTO MOJS 33 CUeT
BIUSTHHS HEOJHOPOTHOCTEH CpEIIbL.
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B 3aki110ueHne MOKHO cIesIaTh cJIeTyIOIHe BHIBOABI.

Ha ocnoBe cTpororo pemeHus 3aa4du O MMOJIe TOPU30HTAIBHOTO ANMEKTPHUYECKOTO TUIONS M Kabenst KOHEYHOI
JUIMHBI B IINIOCKOM BOJIHOBO/IC SCMHﬂ-I/lOHOC(l)epa TMOJIYYCHBI BBIPpAXKCHUA U pa3pa60TaH1)1 IMpOrpaMMHBIC CPpEACTBA IJid
pacueToB cocTaBiAOLMX AnekTpomarHutHoro mnons CHY-paguoycranoBku "3eBc". B oTnuyme 0T MOIXOMOB,
pEaM30BaHHBIX NPU pEUIEHUWH 3a]ad paclpOCTPAHEHHUS PAJUOBOJIH M CBSI3U, B KOTOPBIX, C OJHOW CTOPOHBI,
paccmarpuBaercsi ceprieckasl MOJENIb BOJHOBO/IA M YUUTHIBAIOTCSI OCOOEHHOCTH CTPOEHUsI HOHOC(EPHI, a C APYrou
CTOPOHBI, IPUMEHSIOTCS ACUMITOTHYECKHE (DOPMyIbI JUIs BBIYMCIEHHS COCTAaBISIOIIUX IOJs, HAMH HCIIOJIL30BAHO
pemieHne 6e3 ynpoIaomuX JOMYyIIeH!H 0 apaMeTpax UCTOYHHMKA M CBOMCTBaxX Cpeabl, HO PH YIPOLUIEHHOH MOAenn
BOJIHOBOJa M MOHOC(epHl. JlaHHBIN MOAXOM HaIleleH Ha W3yYeHHE CTPYKTYPHI 3JCKTPOMArHUTHOTO IIOJII MCTOYHHUKA
MPUMEHUTETHHO K PEHICHUI0 TeOoJIOro-Teo(PH3MUecKUX 3a1ad ¥ MPOTHO3MPOBAaHWIO 3emierpsiceHnil. Co3maHHBIC
MPOTPAaMMHEIE CPEJICTBA ITO3BOJISIOT MPOBOAWUTE pacdeTsl moieir CHY-pammoycTaHOBKM KaK B HEMOCPEICTBEHHOM
OMM30CTH OT MCTOYHMKA, TaK W HA yJAJIEHHH OT Hero A0 paccrosHus mpumepHo 3000 kM, Korga HEOOXOAWM yYeT
chepuyHOCTH BONHOBOAA 3eMii-MoHocepa. B pa3paboTaHHBIX mporpamMmax TPOW3BOAMTCS  HYHUCIECHHOE
MHTErPUPOBaHNE KOMIUIEKCHBIX BBIPRXEHMH, COAepKalux oclpumpyoomme (GyHkuun beccens, ¢ OTHOCUTENbHON
norpemHocThio 107,

B PE3yJIbTaTC BBINOJHCHHBIX l/ICCJ'Ie[lOBaHl/Iﬁ MOKa3aHO, 4YTO IIpU TMPOBECACHUH PACUYETOB COCTABJIAIOIINX
JIEKTPOMArHUTHOTO MOJIS Ha 3HAYMUTEIHHOM YAIEHHH OT MCTOYHHKOB TAaKOTO THIA JaXe JUIl CBEPXHM3KHUX YacTOT
(tecATKN-COTHH Trepl]) HEOOXOANM Y4eT TOKOB CMENIEHHUS! B BO3JyXe. JTO OOYCJIOBJICHO BIMSHHEM WICHOB B 00LIEM

peImI€HNN 3aJa491u, COACPNKAIIUX COMHOXUTEIIN k()r, BKJIaJT KOTOPBIX IIPU MAaJIbIX 3HAYCHUAX BOJIHOBOI'O YHCJIa BO3QyXa

k() )44 6OJ'II)I_IJI/IX PpacCTOAHUAX r (COTHI/I-TI)ICH'-II/I KI/I.]'IOMeTpOB) CTAHOBUTCS BeChbMa 3aMETHBLIM. BimsHue TokoB CMCLICHUA
B BO3JyX€ MHPHUBOAUT K YBEIMUYCHHIO AMIUIUTYAbl COCTABISIOIIMX 3JIEKTPOMArHUTHOTO MOJS U CYHIECTBEHHOMY
M3MEHEHHIO TUarpaMMBbl HAIPaBIeHHOCTH JAHHOTO UCTOYHUKA

ITokazaHo, 9TO B pe3yibTare BIUSHUS HOHOC(EpHl W TOKOB CMEUICHHS B BO3AYXE COCTABJIIOIINE
AIEKTPUYECKOTO M MATHUTHOTO TIOJIGH CTAaHOBATCS SIUTUITAYECKA TOJSPU3OBAHHBIMHU, IPHYEM SIUIHIITHIHOCTD
MOJISIPU3ALIMU BO3PACTAET C YAAJICHHEM OT HCTOYHHKA. BBIAEICHBI 30HBI, B KOTOPBHIX JUIMINTHYHOCTH MOJSPU3AINN
MPOSBJSIETCS B HAWOOJBIICH CTENeHH, a Takke Hambosee OBICTPO M3MEHSIOTCS YIJIBI IOBOPOTa OONBIIMX OCeH
SJUTUIICOB TOJIIPU3AINN, COCTABIISIOMINX MOJISI B TOPU30HTAIBHON TUIOCKOCTH

Ilo maTepuanaM BBINOJIHEHHBIX PAacyeTOB IPOBEAEH aHAIM3 3aKOHOMEPHOCTEH W3MEHEHHs COCTaBIISIONIUX
anekTpoMarautHoro nosss CHY-panmoycTtaHOBKH B INIOCKOM BOJTHOBOZE 3emirsi-moHocdepa. [lokazaHo, uTo BiMsHHE
HMOHOC(Ephl B HaMMEHbLIEH CTENEHW NPOSBISIETCS JUIS BEPTUKAIBHON COCTaBisiiOIIEed MarHuTHOro mois. Jlis
Pa3IMYHBIX COCTABJISIOIIUX IOJIS ONPENENIEHBl PACCTOSHUS, HAUMHASA C KOTOPBIX CTAHOBUTCS 3aMETHBIM BIHMSHUE TOKOB
CMELIEHNsI ¥ MOHOC(EpHl, a TaKKe MOXKHO MCIOJIB30BAaTh ANNPOKCHMAIMIO PacCMaTpUBAEMOr0 HCTOYHHKA BMECTO
Kales IUIoJIEM.

YcTaHOBIIEHHBIE 3aKOHOMEPHOCTH W3MEHEHHs JiekrpoMarHuTHoro momss CHY-pagmoycTraHOBKH —cliemyeT
HCIOTH30BATh NP TUIAHUPOBAHUU PabOT ¢ JAHHBIM HCTOYHHUKOM, pa3paboTKe METOIUK KOMILICKCHPOBAHUS C APYTUMH
ANEKTPOMArHUTHBIME MeTonamu 1 npuMeHeHnn CHY-painoycTaHOBKY IPU PEIIEHUH reoJIoro-reoGu3nueckux 3aaad u
MIPOTHO3UPOBAHUN 3eMIIETpACEHHH. PaccMOTpeHHBIE OCOOCHHOCTH TOJS HEOOXOOMMO TaKkKe YYHTHIBATH MpPHU
MIPOBEACHNH TTTyOMHHBIX JIEKTPOMArHUTHBIX 30HIMPOBAHUI C UCTOYHUKAMH, alllIPOKCUMHUPYEMBIMH TOPHU30HTAIBHBIM
QJICKTPUYCCKUM JUIIOJIEM, U 60J'II)L[IOM pacCTodHUN MEXKIY HCTOYHHUKOM U TOYKON Ha6J'lIO£leHI/l}I.

PaGora BbImoNHEHA mnpH TOAJEpKKe nporpammMbl "YHuBepcutersl Poccuu", mpoekr Ne 2140, u ®III
"Nuterparus", nmpoekt Ne 32G.66.
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PaccMoTpeHBl pe3ynbTaThl M3MEpEeHHMH XapaKTepHCTHK IOJISIpU3aluH  dyekTpoMarHutHoro mnosst CHY-
pPaIMOyCTAHOBKH B TOYKAaX, PACHOIOKEHHBIX HA PA3IMYHOM PACCTOSIHUM OT MCTOYHHUKA. [IPOBEACHO COMOCTaBIICHUE C
pe3yJbTaTaMi pacueToB 110 MPOrpaMMamM, pa3paboTaHHBIM HAa OCHOBE MOJHOTO PEUICHHS 33/1a41 00 JIEKTPOMArHUTHBIX
MONISAX IUNONS W Kabens B IUTOCKOM BONHOBOAE "3emisi-moHOc(epa'. YCTaHOBIIEHO CYIIECTBEHHOE BIUSHHE
noHocepsl U TOKOB CMEIEHUS] Ha MapaMeTphbl MOJSPU3AlMU [EPBUYHOTO 3JIEKTPOMATHUTHOIO MOJIS HA OOJBIIUX
paccTosiHUsAX (COTHU-THICSYM KUJIOMETPOB) OT HCTOYHMKA. [lokazaHO BO3pacTaHuWe CTENEHH ODJUIUITUYHOCTH
MOJISIPU3ALIUH C YIAJIEHHEM OT UCTOYHHKA.

CHY-paouoycmarnoska, 2mnyOunHas s1ekmpopaszéedka, 0J1H0600 "3emus-uonocgepa’, noisapuzayusi.

BBenenue

HoBbIM HanpaBiieHHEM TITyOMHHOW 3JIEKTPOpa3sBENKH SIBISIETCS HCIIOJIb30BAHUE pacIioiokeHHOH Ha Kosbckom
monyocTpoBe (puc. 1) mommHOo# cBepxHH3KoyacToTHOW (CHY) pammoycTaHOBKH B KA4eCTBE HWCTOYHHKA TOJS IPH
MIPOBEJICHUN  DJIEKTPOMAarHUTHBIX 30HIMPOBaHMK. PanuoycTraHOBKa COCTOMT W3 THPHCTOPHOIO TI'eHEpaTopa
TAPMOHHUYECKHA HW3MEHSIOMIETOCS TOKAa, EMKOCTHOTO COTJACYIOIIEro YyCTPOHCTBAa, a TakkKe TOPH3OHTAIBHO
PacIoyIOKEHHOM U OPUEHTUPOBAHHOM B LIMPOTHOM HANpPABJICHUU AHTEHHbl. AHTEHHOW SIBJISETCS 3a3eMJICHHas Ha
KOHIIaX JIMHHSI JJIEKTporepenadn IiIuHOW okoino 60 kM. Huskoe compoTuBieHue 3azemieHuil (eauHUIbI OM)
o0ecrieunBaeTcsl CIeNHaIbHON KOHCTPYKIMEH 3a3eMIINTENIeH, MPEICTaBISIOMUX cO00H pacHoiIOKeHHBIE Ha TIyOnHe
0.5 M PELIETKH U3 CTAIBHBIX MOJIOC IUIomaapio 1 kv>. Bemmduna Toka B aHTeHHe coctaBisier 200-300 A. MarHuTHSIit
MoMeHT focturaer 3uauenns 1.5x10' A/m?. PaGoune 4acTOThI MEHSIOTCS B AHANA30HE OT MEPBBIX AECATKOB 0 TEPBBIX
COTEH repil.

3HauuTenbHas MouiHocth CHY-pammoycTaHoBKM oOecredrBaeT BO3MOXKHOCTh PErMCTpPAallMM CHTHAJIOB Ha
OoJIbIINX yJalleHusIX (HECKOIBKO THICSY KHIOMETPOB) OT MCTOYHUKA, a UCIIOJIb30BAaHHE TAPMOHMYECKH N3MEHSIOIIMXCS
T0JIeH TTO3BOJISIET PEATN30BaTh BBHICOKYIO TOYHOCTHh M3MEPEHUH U BBHIIOJIHATH JOCTOBEPHYIO MHTEPIIPETALUIO JTaHHBIX.
Panee ObutM 1MOKa3aHbl NPUHLIMIIHAIBGHBIE BO3MOXHOCTH NPUMEHEHHS JIAHHOTO MCTOYHHUKA VIS 3JIEKTPOMAarHUTHBIX
30HAMpoBaHuH [BenmxoB u np., 1994] u MoHnTOpHHTa celicMuueckoi akTuBHOCTH [CapaeB u ap., 1996]. B nacrosmee
BpeMsI TIPOBOMATCS HWCCIeNOBaHUS 3iekTpoMarautHoro mons CHY-pagmoycraHoBkm, pa3paboTka ammapaTypHO-
METOJMYECKUX W TPOTPAMMHBIX CPEJICTB U €€ WCIOJIh30BAaHUS MPH PEIICHHH Teojoro-reodusmueckux 3amad. [Ipu
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W3YYEHUH CTPYKTYPHl DJEKTPOMAarHWTHOTO TIONS AHTCHHAs CHCTeMa pPagHOyCTAaHOBKH —ANIPOKCHMHUPYETCA
3a3eMIJICHHBIM Ka0eneM KOHEYHOM JJTHHBIL.

BakHpIMM XapaKTepUCTUKAMU OJIEKTPOMArHUTHBIX TOJIEH, MCHOJB3YEMbIX B METOAAX JIEKTPOPa3BEIKH,
SIBJISIFOTCSL 0COOGHHOCTH MX nossipuzanuu [bepandesckuii, 1968; Cseros, 1973]. OTu 0COOEHHOCTH UMEIOT OOJIBILIOE
3Ha4YeHHEe MJIsi BHIOOpa METOIUKM HM3MEPEeHMH M WHTEPIIpEeTaluH IOJy4aeMbIX JaHHbIX. PaHee ObUIM BBINOJHEHBI
WCCIIEIOBAaHMST TNOJApH3aLMK  dieKTpoMarHuTHoro monsi CHY-paanoycTaHOBKM Ha OTHOCHUTENIBHO HEOOJBIIOM
yAalleHuH OT 3Toro ucroynuka [Msoukun, Capaes, 1994].

IKcrnepuMeHTAIbHbIE TaHHbIE
st U3y4eHHUs ocobeHHoCTe HOJIApU3aLuu
3JIEKTPOMArHUTHOTO TMOJII Ha Oonpmmx pacctosHusx ot CHU- 24° 36° 48°
pamnoyctanoBkn Ha dwacrore 80 I ObulM  BEITIONHEHBI
9KCIIEPUMEHTAIBHBIE ~ MHOTOa3UMYyTHBIE U3MEpEeHus1  IpH
Pa3IMuHBIX YAIEHHUSIX ToueK HaOmonenus (puc. 1): Ha Komsckom
MOTyOCTPOBE (TOYKA AIATUTHI, PACCTOSHHE OT HMCTOYHHKA 150
kM), B Kapennun (BoknaBonok, 470 xm), Ha Kapenabckom
nepemeiike (Byokca, 950 km). W3mepsnauch TOpU3OHTalIbHbBIE
COCTABJISIIONIME  JJIEKTPHYECKOTO moisi  E ¢ MOMOIIbIO
3a3eMJISIEMOTO TIPUEMHOTO U0 JTUHON 15-25 M M MarHuTHOT 0
moast H ¢ momomplo WHIYKIMOHHOTO MAarHUTHOTO JaT4HKa,
OPHEHTHPOBAHHOTO MEPHECHANKYISPHO 3JIEKTPUYECKOMY JHIIOIIO,
IIpY MOBOPOTE ycTaHOBKH uepe3 7.5°-30°. [Ipu sToM mpumeHsiach
annapaTtypa amIUIUTYJHO-()a30BbIX H3MEpPEHUI NPOMBIIIICHHBIX
nonet ADUIIII-1, mpenHasHaueHHas A JIEKTPOMATrHUTHOTO
npoGUINPOBAHHS c HCIOJIb30BaHUEM noJien CHUY-
pPaguoOyCTaHOBKM M TPOMBIIUICHHBIX JIMHUHA 3JIEKTponepenad
(Touxn AmatuTsl 1 BOKHABOIOK) M ammaparypa KOppensHOHHBIX
GbyHKIHN AK®D-2.2, peIHa3HaYCHHAS TUTS
ayIMOMarHuTOTEIUTYPUUECKUX 30HAUPOBAHUM U U3MEPEHUN MOJIeH
KOHTPOJUPYEMBIX  HCTOYHHUKOB, B ToM uucie CHY- "’W S;b
panuoycranoBku (Touka Byokca). [Tpudopst AOUIIII-1 u AKD- -MetepGypr
2.2 co3mannl B MucturyTe 3eMuoi kopsl CITOIY. J\f" -
:

Bapenyeso
Mope

AnNaTHTEI

“~ Boknasonok PXaHrensck
A

A 64°

<
C.

Ilo pe3yabTaTaM I/ISMepeHI/Iﬁ IMOCTPOCHbI  MOJIAPHBIC

nuarpammbl coctasnsiomux nons £ w H (puc. 2). 3nauenus
HaNpsDKCHHOCTH  DJICKTPUUYECKOTO  MONA  OTKJIAABIBAIHCH IO
HaNpaBJIEHUIO NIPUEMHOIO 3JIEKTPUYECKOrO IuIoisA, a 3HauyeHus  Puc. 1. Cxema pacmonoxerns CHY-
HAIPSDKEHHOCTH MarHUTHOTO MOJA AJs yI0OCTBAa CONOCTaBICHHA  PajWOyCTAHOBKH U TOYEK HAOIIOICHHUS.
IOCTPOEHBI ¢ MOBOPOTOM Ha yron 90° oTHocutensHo HampasieHus 1 - CHU-paagnoycraHoBka.

MarHUTHOTO Jaryvka. Ilo 9SKCHepUMEHTalnbHBIM — 3HAYCHUSIM

COCTABJISIOLIMX IOJIS TPOBEICHBI CONPUKACAIOIINECS OKPYXHOCTH,

B HauOOJIbIIIEH CTENIEHH COOTBETCTBYIONIME TOUYKAM IOJIIPHBIX AUarpaMM. B MUHMMyMax IuarpamM mepexobl MexXIy

0 160 320km
=t e

— 1

OKPYXKHOCTSIMM TpOBeNeHbl 10 3HadenusM [ w [, nsmepennbim ¢ Gonee meranbhbiM marom. [lpum moctpoeHun
TIOJIAPHBIX JMarpaMM 3Ha4eHHs cocTaBsomux nojist £ u H, nsMepenHble Mpy HECKOJIBKO Pa3IMYaIOINXCS 3HAYEHUAX
TOKa HCTOYHMKA, OBUTM TNpHBEAEHB K eauHoMy ypoBHIO Toka 200 A. C wucHonb30BaHMEM MaKCHMAJIBHBIX W

MHHUMAJIGHBIX 3Ha4YeHHUH cocTapasomux £ u H, coorserctByromux GomsmuM (a) 1 MaabM (b) IOTyOCsSM BIUIHIICOB
MnoJjiApusalv, MNOCTPOCHBLI JJUIMIICBI MOJIAPpHU3ALUU IJICKTPUYCCKOIO W MArHUTHOI'O I10JIA (n01<33aH1)1 Ha puc. 2
MITPUXITYHKTUPHBIMU JIUHUSIMH).

AHanu3 MONSPHBIX AUATPaMM H 3JUTATICOB MOJIIPH3ANNHN U TOYKH ATATHTHI TIOKAa3bIBACT, YTO MATHUTHOE TOJIE
B JaHHOM CJIydac IMOJIIPH30BAaHO MPAKTUYECKU JIMHCHHO, W UIS HETO XapaKTePHO 3HAYCHUC JIUTUINTUYHOCTU

nonspusauuu  (otHomenuss b/a) pasnoe 0.07 (puc. 2a). DieKTpHYecKOoe TMOJe XapaKTepusyeTcs OoJibliei
SIMMOTHYHOCTRI0 mosispusamud (b/a = 0.2). Oco6eHHOCTBIO TIPMBEIEHHBIX HA PHUC. 2a SIUIUICOB MONAPH3ALMH
cocrapsiomux £ u H saBnsercs HecoBnameHWe HampaBleHME HMX OONBIIMX ocel, paBHoe 11°. Touka m3MepeHHMit
AnaTuTtel pacrojiodkeHa mMoj yrioM 19° OT HanpaBieHHs, OPTOTOHAILHOTO KaOenlo, M MaKCUMyM curHama F
COOTBETCTBYET MCTHHHOMY a3UMYTy O = 95° (MCTHHHBIN a3UMYyT ONpEeIIeH 110 3HAYCHUI0 MarHUTHOTO a3uMyTa O  C
YYETOM MarHUTHOTO CKJIOHEHMs!, PABHOTO B JaHHOH Touke 11°). 3HaueHue KaxKylerocs CONpOTUBIEHHUS ., HAHJIEHHOE
aust yactoThl 80 ' Mo MMIenaHcy ¢ UCNoIb30BaHUEM (POPMYJIBI TS IUIOCKOH BEPTUKAIBHO MaJaloIei BOJIHBL, PAaBHO

4000 OM'M (BO3MOXXHOCTH HCIIOJIb30BaHHMS 3TOr0 NPHOJIVDKEHMs Uil JAaHHOM M JpPYrHX TOYEK HOATBEPXkIeHa
pacueramu noist CHU-panuoycTaHOBKH).
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Puc 2. DxcmepuMeHTanmbHBIE TMOJSAPHBIE JHAarpaMMBl TOPH3OHTANBHBIX cocTaBistommx £ u H
anekTpoMarHUTHOTO 1ot CHY-pamnoyCcTaHOBKH M COOTBETCTBYIOIINE UM SJUIUIICH MOJISPU3AIUN B TOUKAX
Amnatutsl (a), BoxnaBomnok (0) u Byokca (B). N, N,, — HallpaBlieHHE Ha CEBEpP W MarHUTHBIN ceBep, & U Oy, —
VWCTUHHBIA M MAarHUTHBIA a3uMyThl. [, 2 - 3HAUEHUS HAINPSHKEHHOCTEW JJIEKTPUYECKOTO0 M MArHUTHOTO
nosHel. CIDIONIHBIMY W MTyHKTUPHBIMH JIHHUSIMU TIOCTPOCHBI ITOJIIPHBIC TUATPAMMEI, a IITPUXITYHKTUPHBIMHA
— DIUTHTICHI TOJISIPU3AIIHH.

DJIeKTpHUECKOe MOoJe B TOYKe BOKHABOIOK XapaKTepu3yeTcs 3HAYeHHEM >JUTHITUYHOCTH monspusauuu b/a =
0.25. Touka W3MEpEeHWH pacmoNOKeHa MOoi yriaoM 22° OT HampaBJICHUS, OPTOTOHAJIHHOTO Kabemro, U MaKCUMyM

curnana E cooterctByer 00 = 156°. Bennuuna Py B 1aHHO# Touke paBHa 10000 Om-m.

B Touke Byokca MEHHMyMBI KPYTOBBIX IHArPaMM cocTaBIsiomux mons £ u H usMepeHsl MeHee I€TanbHO, 9eM
B IPEABIAYIINX IBYX TOYKAX, OJHAKO 3HAYCHHS SJUIMITHYHOCTH HOJIPU3AIIHA MOXKHO OIIEHUTH JOCTaTOYHO YBEPEHHO
u onu coctaiaor 0.3 g noneit £ u H. HecoBnanenne HampapieHHMii GONBIIMX OCEH SIUIMIICOB MOJNSPHU3ALNH
3JIEKTPUUYECKOTO U MArHUTHOTO MOJIsl OTHOCUTEIBLHO HEBEJIMKO U paBHO 2°. JlaHHAs TOUKa paclojioKeHa o yriaom 15°

OTHOCHTEJIbHO HAIPABJICHHsI, OPTOrOHAILHOTO Kabeo, M MakcuMyM curana £ coorserctyer o = 132°. Bennuuna Py
B naHHOM Touke paBHa 400 Om-M.
Pe3yabTaThl pacueTroB

JlaHHBIE H3MEPEHNH COMOCTABIISUINCH C PE3yIbTaTaMU BBIYMCIICHUH, OTYYEHHBIX C UCIIOJIb30BaHHEM CO31aHHbBIX
B MHCcTHTYTE 3eMHOM KOopbl CaHKT-IleTepOyprckoro yHuBepcHTeTa MPOrpaMM IJIsl pacdyeTa 3JIEKTPOMArHUTHBIX MOJeH
JUIIOJIbHBIX W JIMHEWHBIX MCTOYHUKOB B CIIOUCTBIX Cpefax. DTH NpOrpaMMbl OCHOBAHBI HA CTPOTHX PEIICHHSX 337124 C
YYETOM BCEX 3JIEKTPOMArHUTHBIX IapaMeTpoB cpex (YAENBHOTO CONPOTHBICHUS, AWICKTPHUECKOM M MarHUTHOH
MIPOHMIIAEMOCTEN) U TIO3BOJISIFOT BBIYHCIISATH OIS TPH PON3BOJILHOM PACIIOJIOKCHUH HCTOYHUKA U TOUKH HAOIIOACHHS
B HIMPOKOM JAMANa30HE YacTOT OT JOJIEH Tepll 10 JeCATKOB Merarepi. /Iyt OJHOTO M3 UCTOYHHKOB - BEPTHKAIHHOTO
JIEKTPUYECKOTO U0, Pe3yIbTaThl PAacueTOB C MOMOIIBIO pa3pabOTaHHBIX IPOrpaMM JAETalbHO PAacCMOTPEHBI B
pabote [Koctkun, Mopo3oga, 1990].
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IIpn mpoBenennn pacyeToB snekTpoMarHUTHOTO moiast CHY-paanoyCTaHOBKM BBIYHCISUIMCH COCTABIIAIOLINE

JIEKTPOMArHUTHOTO TOJNA 3a3€MJIGHHOTO Ha KOHLAX
Ka6en;1 KOHEUHOM JUIMHBI, ITOMCHICHHOI'O Ha HHWXHIOKO
TpaHHIly IUIOCKOTO BOJIHOBOJAA - CJIOSI BO3JAyXa MEXIy
JBYMs TIOJIy[IPOCTPaHCTBAMH: 3eMileil M HOHOc(hepoit
(puc. 3). B wucnonp3yeMoM — peUIeHHMH  33Ja4d
YUUTBIBAIOTCS AJIEKTPOMArHUTHBIE ITapaMeTphl BCEX Tpex
cpen (3eMiH, BO3AyXa M MOHOC(EPHI) U TOKH CMEIICHHS.
Ilone xabenst HaXOOWTCS WHTETPUPOBAaHHWEM IO JUTMHE
Kabenst ~ COCTaBIIOIIMX  MMOJS  TOPU3OHTAIBHOTO
IIEKTPUIECKOTO IO,

B mporpammax npou3BOANUTCS YUCIEHHOE HHTETPH-
pOBaHME KOMIUIEKCHBIX  BBIPQXKEHHH, COJAEpIKAIIUX
ocuwuthpyroomue ¢yHkuuua beccens.  OTHocuTenbHas
norpemHocTs Bhruncaenuit - 107, Ilo  pesympratam
pacyueTOB YCTAHOBIICHBI 00JIaCTH, B KOTOPHIX MOXET OBITh

HCIIOJIb30BaHA  alllpOKCUMalus AHTECHHOM CHCTEMBI
BMECTO Kabest JHIIOJIEM.
H€06XOHI/IMOCTL peuieHus 3aga4yu € YUYCTOM

BOJIHOBOTO 4YHCJIa BO3OyXa ko O6yCJIOBJ'IeHa TEM, 4YTO
JaXXe Jid CBEPXHU3KUX YaCTOT IIpU OYCHb OOJIBLLINX

paccTosiHusAX ¥ (COTHH-THICSYM KWJIOMETPOB) BKJIa

cpena 2

d
| cpena ()

r ry ¥

Puc 3. Mogens cpenpl M MCTOYHHKA, HCIOIB3yeMast
mpu pacderax odiekTpomarautHoro moms CHY-
pamnoyctanoBku. Cpena / - 3emist; cpena () - BO3AyX;
cpema 2 - uoHocdepa, 7y, 73, ¥ — PaCCTOSHHSA
COOTBETCTBEHHO OT 3a3€MJICHHH U IIEHTpa Kaless 10
TOYKH HAOJIOIEHUS.

4JIeHOB B OOLIEM PEIEHHH 33/1a4H, COJIEPKAIIUX COMHOKUTENH KoF', IBIISETCSA BEChMa 3HAYUTETbHBIM.

Ha oTHOCHTENbHO HEOOJNIBIINX PACCTOSIHUAX OT PACCMATPUBAEMOIO MCTOYHHMKA PACUEThl HOPMAlbHBIX MHOJIEH
MOTYT MpPOHM3BOJUTHCS TI0 HU3KOYACTOTHBIM (hopMynam Juis TOJNYNPOCTPAHCTBA, a NPU YAaIEHHH HE00X0IUMO
HCIIOJIb30BATH PELICHHUE 33/1a41 C yYETOM TOKOB CMEILIEHHS U BIMSHUS HOHOC(EPHI.

PesynbraTsl pacdeToB mO MpouisiM BKpeCT Kadess: MpoxomsiiieMy depe3 ueHTp kabems (/L = 0) mu
CMeleHHOMY B CTOpoHY oT uentpa (X/L = 10), a Taxxke Bioms kabens (/L = 0), rne L - monynmuna kabens,
npuBeneHs! Ha puc. 4. Pacuersl BbimonHeHsl g 4acToThl 80 ['L, yaenbHBIX CONPOTHBIEHMI 3eMIM W HOHOCHEpHI,
cooTBercTBeHHO paBHbX 10" 1 10° Om-M, amuns kaberns 2L = 60 kM u BbicOTHI HOHOChEpH! d = 90 KM.

IE,I[B/M]
1E-2

1E-3
1E-4
1E-5
1E-6
1E-7
1E-8
1E-9

1E-10 10° 10" 10? 10! 102

y/L x/L

Puc. 4. Pe3ymnpraTsl pacdeToB coctaBisitomeii E, 37eKTpoMarauTHOTO MO
kabes o npoduisim x/L =0 (a), y/L =0 (6) u x/L = 10 (B). 1 - pacueTsI ¢
y4eTOM TOKOB CMelleHus: u uoHochepsl; 2 - 6e3 ydyera noHochepsl; 3 - 6e3

ydera TOKOB CMEIEHHSI U HOHOC(HEPHI.

Kaxk BUJIHO u3

IPUBEJEHHOTO0 PHCYHKA, Y4YeT

TOKOB CMEIICHUS ISt

(8) cocraBisronteii E, HeoOxomum

HauuHas ¢ paccrosHuil 300 kM
IO HampasleHHU0 BkpecT u 600
KM TI0 HAalpaBJCHUIO BJOJb
Kabensi, a BIUSHAE HOHOC(HEPHI
CJIElyeT yYUTHIBATh, HAUHHAS C
pacctossaus 100 kM WO
HampasyieHuto BaIoib U 200 kM
[0  HAamNpaBJICHUIO  BKPECT
KabeJs. AHanornunsie
3aKOHOMEPHOCTH  M3MEHEHUSs
XapaKTEepHBI u b

xfL=10

cocraisouteit 1, Ouerku
npuBeaeHsl A 10% oTnmuunit

COOTBETCTBYIOIUX  3HAYEHUH
COCTaBIIAIOIIUX TOJIA.
IIpu y4ere TOKOB

cMeuleHust 1 HoHocdeps! cytiie-
CTBEHHBIM 00pa30M MEHSCTCSI

JAuarpaMma HalpaBJICHHOCTH
JaHHOI'0 HMCTOYHHKA. B cjyydac
HCIIOJIB30BaHUA

HU3KOYaCTOTHOTO peIIeHus 0e3
ydera TOKOB CMELICHHS U
noHOocepsl IS yKa3aHHbIX

BBIIIC [TApaMeTpoB cocTasisitoutye £y u [, B 1anbHeii 30He 10 HATIPABICHHMIO BKPECT KaGels B 1Ba Pa3a IPEBOCXOIST
COOTBETCTBYIOIIMC 3HAYCHUS I HAIIPaBJICHUS BIONb Kabemss. Haoboport, mpu pacderax ¢ y4eTOM TOKOB CMEIICHUS U

BIIMAHUWA I/IOHOC(I)CpBI COCTaBJIAOIIUC Ex n H, HavYvHasg € PpacCTOSAHUA 600 xm 1o HalpaBJICHUIO BAOJIb Kabens
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MIPEBBIIAIOT COOTBETCTBYIONINE 3HAUCHIS IJIs1 HATIPaBICHHUS BKpeCT Kabens (B mATh pa3 Ha pacctosHuu 3000 km). OtH
ocobeHHOCTH AMarpammbl HampasieHHOCTH CHY-pammnoycTaHOBKHM HMOATBEP)KOAIOTCS JaHHBIMH JKCIEPHUMEHTAIBHBIX
U3MEPEHU.

AHanu3 pe3yibTaToOB
ConocTaBieHre PaCCMOTPEHHBIX BbIIIE IKCIEPHUMEHTAIBHBIX JaHHBIX IO U3MEPEHUSM NapaMeTpoB 3JUIUIICOB
TIOJISIPU3ALIMH MIEKTPUUECKOT0 U MAarHUTHOTO TIOJICH 1 pe3ysIbTaToB PacyeToB IOKa3aHo B TaOJIHUIIE.

ComnocraBjieHne IKCIICPUMEHTAIBHBIX TAHHBIX U PE3YJIbTATOB PACUYCTOB NMapaMeTpPoOB 3JJIUIICOB
NOoJApU3alvm 3JEKTPUICCKOI0 U MATHUTHOTO moJiei CHq-pa)II/I()yCTaHOBKI/l

napaM‘ l Epacq Epac'l {HDPM) Hpacu Hpaclt (HOPM) E‘Jl’.cn H'JKCI'I
Toyka AnaTuThbl
o, rpaj 106.9 103.0 106.9 103.0 95 106
bla 0.026 0.0017 0.026 0.0017 0.2 0.07
Touka BokHaBanok
o 128.4 117.9 128.4 117.9 156 -
bla 0.22 0.052 0.22 0.052 0.25 -
Touka Byokca

o 110.6 103.1 110.6 103.1 132 129
bla 0.32 0.12 0.32 0.12 0.3 0.3

Kak crnenyer u3 npuBeeHHBIX JAaHHBIX, JUIMITUYHOCT MOJISPU3AIUU JJIS1 PACUETHBIX TOJei Epacl, u H, pacy B
Ka)XIOH TOUKe OrHaKoBa M paBHa ais ToUkH Amatutsl 0.026, s toukn BokraBomnok 0.22 u mis toukn Byokca 0.32.
DTH 3HAYEHHS XOPOIIO COBNAAIOT ¢ SKCIEPHIMEHTAIBHBIMHA JAHHBIMA £, 1 H 0y 111 TOuek Boxnasonok u Byokca.
JIJist TOYKH « ATIATUTBD) U3MEPEHHBIC M PACYCTHBIC 3HAUCHUS JUIMITHYHOCTH 3aMETHO OTJIMYAFOTCS, YTO 00YCIIOBIICHO C
OL[HOﬁ CTOpOHl)I prJIHOCT]:IO TOYHOI'O 1/13MepeH1/1;1 He6OJ'II)I_lII/IX 3Ha‘-IeHl/II‘/II MaJIbIX HOHyOCEﬁ BJIJINIICOB nonﬂpmaunn B
JTAHHOM TOYKE MPH TUCKpeTHOM (depe3 7.5°) miare 1o yriry HOBOPOTa U3MEPHUTEIBHOW YCTAHOBKH, a C PYTrOi CTOPOHBI
BIMSHUEM HEOTHOPOIHOCTH CPEBI B TOUKE M3MEPEHHMS, YTO MPOSBIIAETCA B 60JIbIIel crenenu mis nons F.

JloctaTouHO XOpollee COBMAJeHHE HAOIIONACTCs Ul a3UMYTOB O OOJBIIUX OCEH JIUIMIICOB MOJSPU3AINN

SIEKTPUYECKOr0 U MArHMTHOTO IIONel (37ech, KaK M paHee, a3suMyT OOJBINOA OCH 3ILUIMICA Honspusanuu mns H
m3mMeHeH Ha 90°). [lng pacdeTHBIX HOPMAaJBHBIX MOJEH (Haz MOIYNPOCTPAHCTBOM, 0€3 ydeTa BIHMSHUS HOHOC(HEpHI)

Epacu(vopm) u Hpygeq(HOpM) 3HAYCHNS b/a nns yxazammbIX Touek cooTBeTcTBeHHO paBHbl 0.0017, 0.052 u 0.12, T.e.
CYIIECTBEHHO OTIMYAIOTCS OT IKCIEPUMEHTANIBHBIX JaHHBIX. B Cilyuae UCIONb30BaHMs PEIICHHS 3a/1a4 O TIoJIe Kabers
0e3 ydera TOKOB CMEIICHUS U BIHMSHUS HOHOC(EPHI MO PE3yJbTaTaM PAacyeTOB BO BCEX TOUYKAX MOJIYYACTCs JTHHEHHAsS
nonspusanus noneit £ u H (b/a = 0).

HOﬂy‘leHHbIe peE3yJIbTaTbl CBUACTECIILCTBYIOT O BOSpaCTaIOLHeﬁ SJUIMINTUYIHOCTHU MOJAPU3aUN JICKTPUICCKOIO U
marauTHOro mnosieii CHY-pagmoycTaHOBKM C yAaleHHeM TOYKH HaOmoaeHus OT ucrtovyHuka. CoBmajaromiue
SKCTIepMMEHTaJIbHbIE U pacueTHble 3Hadenns b/a noneit E u H nns touex Byokca 1 BOKHABOJNOK TOBOPAT O TOM, 4TO
CTENEeHb  OJJUIMNTHYHOCTH  MOJSIPU3AlMU  CYNIECTBEHHO  3aBHCHT  OT  OCOOCHHOCTEH  pacrpoCTpaHEeHUs
AJIEKTPOMArHUTHOTO TOJIsl B BOJHOBOAE "3emiisi-noHoc(epa" Ha OOJbIIOM yHaJleHHH OT UcTOuHHMKa. Ha BennuuHy 37-
JIMIITUYHOCTU MOJIApU3alluM TAKKE BJIUAOT HCOAHOPOJHOCTHU CPEAbl B TOUKE MU3MEPCHUS. O}IHaKO, KakK ITOKa3aJj OIIbIT
paboT, BIUSHIE HEOTHOPOTHOCTEH CPEIbl MPOSIBIIACTCS MPEK/C BCErO B HAPYIICHHH OPTOTOHAIBHOCTH OOJIBIINX OCEHt
3JIMIICOB NoJsipu3annu nojiei £ v H B ropusonTanbHoil miockocTy 3a cuet passopota nous E.

HarnsaHo xapakTep M3MEHEHHs SJUIMIITHYHOCTH NOJApHM3anuu mons £ kaGens mo pesysibTaTaM pasiudHbIX
BapUaHTOB PACUYETOB: C YUETOM TOKOB CMEILIEHUsI 1 HOHOC(hephl, 0e3 yueta HoHOChephl U Oe3 yyeTa TOKOB CMEIIEHHS U
noHocgepsl, MokasaH Ha puc. 5. Kak BHIHO U3 prCyHKa, OCHOBHOW BKJIaJl B BO3pAacTaHHE 3JUTUIITHYHOCTH TOJISIPU3ALMN
BHOCHUT BiMsHHE HOHOC(epbl. PaccMmarpuBaemble (akTopbl (TOKM CMeEIIeHusi, noHocdepa), ITOMHUMO H3MEHEHHUS
IUIMNTUYHOCTH TOJSIPU3aLUK, TPUBOAAT K HW3MEHEHHIO HAlpaBi€HUsl OOJBIIMX OCEH AIJUIMIICOB IMOJISIPU3ALUH IO

CPaBHEHMIO C BEKTOPAMH IIOJIA £, 10Ty 9eHHBIMU 110 HU3KOYACTOTHRIM (OpMyJIaM O€3 ydeTa BIMSHUS TOKOB CMELIECHUS
U HoHOC(hEpHI.

BoiBoabI
B pesynbrare BBINONIHEHHBIX 3KCHEPUMEHTANbHBIX HW3MEPEHUH M pacueToB diekTpomarautHoro mosnst CHY-
PaAMOYCTAaHOBKU M3yYEHBI OCOOCHHOCTH MOJSAPU3AIUY TIOJIS B TOYKAX, PACIIONOKCHHBIX HA PA3IUYHOM PACCTOSHHA OT
JMAHHOTO MCTOYHHWKA. [ToKa3aHO NOCTAaTOYHO XOpoIlee COBIAACHHE SKCIEPUMEHTANBHBIX W PACUETHBIX NaHHBIX. [Ipu
sToM ans BermciaeHus mnonei CHY-panmoycTaHOBKHM WCIONB30BaHBI MPOTPAMMHBIE CPEICTBa, pa3paboTaHHBIE HA
OCHOBE ITOJTHOTO PEICHHUS 3a/Ia49H C YIETOM TOKOB CMEIICHHS U BIUSHISI HOHOC(EPHI.
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y/L
25 1% 10°% B/m
—

Puc. 5. Xapakrep u3MeHeHUs

IUTMITUYHOCTH TIOJISIPU3ALIIH
TOPU30HTAIIBHOM COCTaBJISIOLIEH
AIEKTPHYECKOTO TIOJIsSt CHUY-

panMoycTaHoBKM 1o npodumo X/L
=5 aas touek )/L = 10; 20 u no
npodumo X/L = 10 qns Touek y/L =
1; 3; 10; 20. 1 - pacdeTsl ¢ yueToM
TOKOB CMEILCHUs U HOHOC(hephl; 2 -
6e3 yuera noHocgepsr; 3 - 6e3 yuera
TOKOB CMEILICHHS © HOHOC(HEPBL.

-L 0 L 15
x/L

Ha ocHoBe aHanmm3a pe3yiabTaTOB pacdyeToB paccMOTpeHbl ocobGenHoctn oyt CHY-papmoycraHoBKH.
YcTaHOBIEHO, YTO JUIs IPUBEICHHBIX B CTaThe YCIOBUH y4eT TOKOB CMEIIEHHs HE0OX0ANM HaunHas ¢ pacctosHui 300
KM II0 HampasiIeHHIo BKpecT n 600 KM Ui HanpaBJICHHS BAOJIb AHTCHHOH CHCTEMBI, a BIUSHAE HOHOC(HEPHI CIeayeT
yauTHIBaTh HauwHas1 ¢ paccrosaus 100 kM mo HampaieHnto BAodh u 200 KM MO0 HANpaBICHUIO BKPECT aHTEHHOU
CHCTEMBI.

Marepuansl  BBIIIOJHEHHBIX  PabOT  IOKa3bIBAIOT ~ HEOOXOAMMOCTh  KOPPEKTHPOBKHM  CYLIECTBYIOIIUX
NPeJCTaBIeHUH 00 OTCYTCTBMM ()a30BBIX CIOBHIOB M JIMHEHHOW MOJISAPH3ALUMM HEPBUYHBIX OJIEKTPHUYECKOTO H
MarHUTHOTO IOJeH Ha OONBLIMX PACCTOSHUSAX OT KOHTPOJMPYEMBIX HCTOYHHMKOB TAaKOI'O THUNA (IOPH30HTAIBHOIO
JJIEKTPUYECKOTO JTUIOJIS, KaOess), UCIOIb3YEMbIX B METOIaX JIEKTPOMArHUTHBIX 30HAUPOBaHMiA. M3-3a 0coOeHHOCTEH
pacrnpocTpaHeHHs B BOJIHOBOZC "3eMyIs-MOHOC(epa" M BIMSHHUS TOKOB CMEIICHHUS MEPBUYHOC IOJIEC MOJSPHU30BAHO
SJUIMNTUYCCKU, TIPUYEM CTCIICHDb SJUIMINTUYHOCTH MOJIAPpU3ALINN YBEINIUBACTCA C YIAJICHUEM OT UCTOYHHUKA.
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New possibilities in the Earth Crust electromagnetic sounding and monitoring was opened due to use of the
powerful ELF antenna (in frequency range 31-166 Hz), situated on the north of the Kola Peninsula. Experimental
researches illustrate high resolution of signals measured at distances up to several thousand kilometres from the source.
Results of the soundings at distances 300 km from the source and more showed that apparent resistivity curves,
obtained from normalisation by electric and magnetic components happened to be strongly diverged from those one
obtained by normalisation through effective impedance. For to explain the phenomena theoretical calculations were
made with the use of the program for EM field for electrical dipole over horizontal layered model in presence of
conductive ionosphere in the upper half-space. The solution of the problem has been made on the basis of algorithm
presented in [Boerner, West, 1989]. The program has been made without quasistatic restrictions. Both approximations
have been studied - the wave type and the diffusion type. Results of calculations gave possibility to explain
experimental results by common influence from ionosphere (at moderate and high frequencies (31-166 Hz) and
displacement currents (at relatively more high frequencies 83-166 Hz). On the basis of theoretical research the
behaviour of electromagnetic field has been investigated in frequency range 1-1000 Hz and at distances from 100 till
3000 km in approximation of horizontally layered Earth and flat wave-guide "Earth - Ionosphere". The use of the ELF
antenna for the earth quakes prediction needs in study for the influence from tide phenomena caused by the Moon and
Sun. For the purpose special long term electromagnetic monitoring has been performed. Results showed the clear
changes of apparent resistivity and phase shifts correlated with the Earth deformations from tides.
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Radio transmitting installations of the extralow-frequency (ELF) range represent a new kind of electromagnetic
field source, which can be used both for solving the problem of telecommunication, and for accomplishing deep
electromagnetic soundings of the Earth [8, 9]. The first experiment of such research was executed in Southern Finland
with the use of the “Zevs” ELF transmitter located in the Kola peninsula [5, 7]. The transmitting antenna is a grounded
transmission line at a length of about 60 km. The equivalent horizontal magnetic moment of the antenna reaches 1.5 x
10" A m”.

The main feature of the results obtained was the great discrepancy between the curves of apparent resistivity pr
obtained by normalization over the source impedance E/H and the curves p, obtained by normalization over the wave
zone for electrical and magnetic fields. Curves p,, were shifted towards the higher domain by almost one order of

magnitude, in comparison with curves pr. The shift is explained by the weak attenuation of the ELF waves in the
ionosphere waveguide. It resulted in the overestimation of amplitudes of electrical and magnetic field components in
comparison with the calculated data for a stratified half-space.

The preliminary understanding of the effect of the ionosphere upon the results of deep soundings of the Earth was
confirmed by observations along the regional profile Kola peninsula-Karelia-Finland (Fig. 1).

Fig. 2 presents curves of apparent resistivity obtained by normalization to the total electrical
tot

field p, = K “E™" and curves of apparent resistivity p;ff obtained by normalization to the total impedance

2 d _ |
, where Z¥ = ExEy/HxHy.

The results displayed in Fig. 2 demonstrate a sharp difference between the curves pﬁst and p;fl .

pil =021]Z"
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Fig. 1. Location of the profile of observations of the
“Zevs” source signals along the route Kola Peninsula-
Karelia-Finland. (1) location of “Zevs” source; (2)
location of the profile and the numbers of observation

The  curves ,0;;” , obtained by

normalization to the total electrical field, have

approximately identical shapes at all points. They

. tot
reveal an average monotonous recession of O,

which would seem to indicate a decrease in the
resistivity of rocks in deeper zones of the Earth's
crust. However, the impedance curves of apparent

resistivity p;ﬂ ‘show a completely  different

(ascending) pattern indicating the increase of
resistivity with depth. A practically parallel shift

of curves p.' upward along the axis of

resistivity, in accordance with increasing distance
from the source, is another important feature. At a

distance of 920 km, magnitudes of P, reach

exotic magnitudes of  (5-7)x10° Ohm'm.

The analysis of the physical nature of the
obtained curves of apparent resistivity requires
the calculation of the electromagnetic field of
ELF waves in the "Earth-ionosphere" waveguide,
with an allowance for the properties of the lower
half-space. The majority of known methods for
calculation are based on the concept of
homogeneous properties of the walls of the ion-
osphere waveguide [1-3, 13].

The theory of calculations for the case of
arbitrary dependence of the conductance of the
Earth and ionosphere of the radial coordinate is

Py Pr- L2 m
TT® ® ® ® ® ®
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Fig. 2. Results of soundings with the “Zevs” source along the route Kola Peninsula-Karelia-Finland (location of
points and their numbers are indicated in Fig. 1): p,,, curves of apparent resistivity over the complete electrical field

E= lexz +FE yz ; Po curves of apparent resistivity over the effective impedance Z = | E E | / HH,
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developed in [9]. It is based on the of quasigeometrical-optic approach, which is only applicable for high frequencies
(>1000 Hz) and for large distances from the source (>1000 km).

At comparatively small distances from the source (up to 1000 km), the sphericity of the Earth can be neglected.
In this case, a rigorous solution to the problem can be obtained on the use of an electrodynamics approach based on the
calculation of electromagnetic field components above a flat one-dimensional horizontal-stratified model of the lower
half space, if interface of the ionosphere is present in the upper halfspace. It can also be generally represented by a
stratified model. The most complete solution to this problem proposed in [11] is based on using linear combinations of
elements from a matrix of distribution of poloidal and toroidal modes of the electromagnetic field. The above solution
has made it possible to compile a program for calculating both the direct and inverse problems of soundings with
monitored sources; this program was used for the analysis of the “Zevs” source field [10]. It is admitted that field
excitation does not affect the current in the source. For calculating the Hankel transform to the set accuracy, we used the
direct integration between the zeroes of Bessel functions with Pade approximation of the integrand [12].

The example for comparison of the calculation results with the experimental data at Parkano location (r = 920
km) is indicated in Fig. 3. The model of conductance of the lower half-space is set by the results of soundings with the
Khibines MHD source [6]. The calculations were executed in two variants of computing procedures: in the first variant,
computational formulas were limited by the domain of quasistationary approximation (disregarding bias currents, gy
<< 0); in the second variant, no limitations were entered for the quasistationary state; i.e., the computational formulas
described both extreme cases of the field propagation (with the allowance for bias currents, € = 1). In both cases, the

ionosphere was presented as conducting the upper half-space with a resistivity of 10* Ohm'm at an altitude of 100 km.

theor

Results of the calculations demonstrate that the impedance curves O are practically not subject to the

influence of ionosphere and bias currents (Fig. 3). Their character adequately reflects the properties of the lower half-

space. At the same time, the influence of both the ionosphere and the bias currents is clearly observed upon the curves

theor

of apparent resistivity of the total complete electrical field 0, . The influence of the ionosphere starts to manifest at

the lowest frequencies of ELF range, beginning at a frequency of 1-0.5 Hz, in the form of excess of the magnitudes of
theor theor

Pr  overthe O,

100 Hz, transforms into the parallel shift of curves by approximately 0.7 order of magnitude. The influence of the bias
currents is observed at much higher frequencies (100 Hz and above) and manifests in a sharply ascending character of

curve, which gradually increases with the growth of frequency and, at frequencies higher than

curves P Such a character is in good agreement with both the experimental curves Po* (Figs. 2, 3), and the

results in [4].

p. &2 m Fig. 3. (a) Theoretical and experimental curves of
108 the apparent electrical resistivity in the “Zevs”
@ | antenna field in Parkano at a distance of 920 km

(b) from the ‘“Zevs” source. (b) Accepted for

calculations model of the lower half-space. ( p}he‘” )

4 theoretical curves of apparent resistivity over the

logp [€2 m]

3+ complete impedance; ( p;Xp ) experimental curves

- R of apparent resistivity over the complete impedance;
Z2-1 0 1 2 (plheer

log H [km] @ ) )
complete electrical field: (p,;) with the allowance

107

) curves of apparent resisttivity over the

for ionosphere, (Pwi+b.c) With the allowance for the

exp
[

ionosphere and bias currents, &=1), (PO
experimental curves of apparent resistivity over the
It = 100 km _ complete electrical field. Parameters of the
p: =10"Qm L=0orl ionosphere used in calculations: altitude 2 = 100
0.1 1 10 km; resistivity p;= 10* Ohm-m.

VT, 5112

i

Thus, the results of this research shows that the experimental curves of soundings accomplished with an ELF
antenna acquire a physical explanation only when the influence of both bias currents and the ionosphere is taken into
consideration in theoretical calculations. Such a conclusion essentially expands the concept that bias currents can only
affect the results of deep electromagnetic soundings with monitored sources at sufficiently high frequencies described
by the inequality wegy << o, where &= 8.85 x 10'? F/m is the dielectric permeability and @ = 27f'is the circular
frequency.

From this follows immediately that, when the specific conductance of the lower half-space achieves o = 10™
(Ohm'm), the condition of the quasistationary state should hold up to a frequency of about 10’ Hz. The influence of
the bias currents observable in reality at much lower frequencies is explained in the following way: in the process of
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deep soundings, it is necessary to take into account the final velocity of the electromagnetic field propagation; in air,
from the radiator to the receiver [4]. In this case, restriction on the quasistationary state is supplemented by the

condition << A¢/27, where r is the distance between the radiator and the receiver, and Ay is the wavelength in air,

Ay = 272'/0)1/80/10 :

As a result of the restriction on the wavelength in air, the bias currents can only be neglected at the distances » <
500 km already at a frequency of 100 Hz.

The experimental and theoretical curves in Fig. 3 agree only in general. To achieve complete agreement, we
should execute additional calculations with the introduction of more realistic values for the relative dielectric
permeability e and more accurate data for the conductance of the Earth and the ionosphere. A good knowledge of the
conductance of the Earth can make it possible to select more accurate parameters of the ionosphere, and vice versa.

The attenuation coefficient a, which describes the exponential model of propagation of the field with the form
A=Ape’™, is an important parameter characterizing the propagation of the ELF waves in the Earth-ionosphere
waveguide. Based on experimental results of the parameters of the lightning discharge (atmospherics) propagation and
Schumann resonances, as well as the study of artificial signals of the Sangvin ELF system [3], the frequency
dependence of attenuation, usually implemented in calculations, is demonstrated in Fig. 4 (curve 1). The computation of
a similar frequency dependence of attenuation coefficient a was accomplished on the basis of experimental observations
of the “Zevs ” source field, (Fig. 2). The o value was calculated using the formula

_logA4, —logA,

(r, =1 )loge
where 4;, A are the field amplitudes at the observation points at distances of 7; = 327 km and 7, = 920 km from the
radiator. The obtained experimental curve 2 (Fig. 4), which is also confirmed by the theoretical calculations (curve 3),
differs from curve 1 by an ascending character. The noted discrepancy can be explained by small distances from the
radiator and by the fact that the observations were accomplished near the equatorial zone of the source. The increase of
field attenuation with the decrease of frequency in Fig. 4 directly follows from the profiles of the experimental curves in
Fig. 2, as well as from the general physical reasons regarding the predominant role of the effect of field absorption in
the walls of a plane waveguide as a result of the frequency decrease in the equatorial zone of the source, where the
influence of the bias currents is insignificant. At the same time, the absorption of the ELF waves on the dipole axis,
where the influence of the bias currents sharply increases, is essentially reduced with increasing distance from the
source, and the directional diagram of the ELF antenna acquires an elongated (along its axis) form with abrupt
contractions in the equatorial zone.

, dB/1000 km,

o, dB/1000 km
100

Fig. 4. Frequency dependences of the
electromagnetic waves attenuation in the
Earth-ionosphere waveguide.

(1) Generalized attenuation curve based on
experimental data of global measurements at
distances of thousands of kilometers
[Bernstein,  1974]; (2)  experimental
attenuation curve obtained by measurements
on low-conducting blocks of the Earth's crust
of the Baltic Shield at distances up to 920 km
in the “Zevs” source field; (3) theoretical
attenuation curve calculated with the
allowance for the normal model of the deep
conductance of the Baltic Shield at distances
of 300-1000 km in the equatorial zone of the
source in the plane waveguide.

L0

[

| |
10 LW 1000
f.Hz

The results described allow us to refine the available concept about the features of the ELF waves propagation in
the ionosphere waveguide, and to outline ways of applying the ELF antennas for solving the problems of deep sounding
of the Earth and study of the ionosphere parameters.
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In realization of activities by CSAMT method with a source as horizontal electrical dipole or cable a near-field,
transition and far-field zones are outlined, the measurements and data interpretation in which have a number of
distinctions. While using powerful sources of electromagnetic field with a long-range action of hundred - thousand
kilometers, similar to the Russian extremely low frequency (ELF) transmitter "Zevs", there is the necessity of additional
selection of a waveguide zone. In this zone the field structure strongly depends on the influence of the ionosphere and
displacement currents in the air and noticeably differs from the case of the far-field zone. The main differences consist
of in slower fading of amplitudes of electrical and magnetic field components, change of directional diagram of the
source, change of configuration of areas, favorable for measurements of Zxy or Zyx impedances, appearance of
ellipticity of electrical and magnetic fields polarization. Distance, where the waveguide effects arise for the ELF
transmitter "Zevs", is 100 km for the direction along and 200 km for the direction across antenna. These estimations
made for the antenna length of 60 km, frequency of 80 Hz, resistivity of the earth and ionosphere accordingly equal to
10000 Ohm'm and 100 000 Ohm'm and altitude of the ionosphere of 90 km.

Sobchakov L.A.," Astakhova N.," and Polyakov S.V. * (2003) Excitation of electromagnetic waves
in a plane waveguide with anisotropic upper wall // Radiophysics and Quantum Electronics, Vol.
46, No. 12, 2003 (Translated from Izvestiya Vysshikh Uchebnykh Zavedenii, Radiofizika, Vol. 46,
No. 12, pp. 1027-1037, December, 2003. Original article submitted August 23, 2002.)
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? Radiophysical Research Institute, Nizhny Novgorod, Russia.

We solve the problem of propagation of electromagnetic ULF waves in a plane waveguide with anisotropic upper
wall from an arbitrary source with allowance for an arbitrary inclination of the magnetic field. The procedure for
calculating magnetic components of the signal radiated by horizontal and vertical dipoles is developed in detail. The
solution is presented in the form of the Fourier-Bessel transform of the desired field components. Impedance-type
boundary conditions were used for an arbitrary inclination of the magnetic field. The obtained solutions can be used for
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interpreting experiments on measuring the spectra of ULF electromagnetic noise in various geographical regions and
calculating parameters of ULF signals from controlled sources.

1. Introduction. Formulation of the problem

Although the studies of the problems of radio-wave propagation in the Earth-ionosphere cavity have been
described in many papers (see, for example, monographs [1-4] and the references), the ULF range (/<30 Hz) is
qualitatively special, which makes the solution of the problem under consideration much more difficult. First, in the
ULF range, the ionosphere cannot even approximately be assumed a "perfect" (well conducting) wall, since the
impedance of the atmosphere-Earth half-space is comparable with or greater than the ionospheric impedance. For this
reason, the role of ionospheric anisotropy (gyrotropy) becomes much more pronounced for the ULF range [5, 6], which
increases the problem dimension (azimuthal symmetry is absent) for the case of an oblique geomagnetic field. Then, in
the ULF range, description of the fields in the Earth- ionosphere cavity is more complicated, since in the general case
we are in the intermediate region between the wave and static zones. This paper is aimed at filling a gap in the available
literature and develop the solution of the problem in question to be used for both estimates and numerical calculations.

It is expedient to mention another issue, which, strictly speaking, should also be taken into account, namely,
large-scale horizontal ionospheric inhomogeneities. This issue is beyond the scope of this work and is most positively
considered in the literature by the method of a two-dimensional telegraph equation [7, 8].

Let us consider the plane-layered model of the Earth-ionosphere cavity. We use the Cartesian coordinate system

with the z axis directed vertically upwards. The Earth (z = 0) is assumed to be perfectly conducting. It is assumed that
the geomagnetic field lies in the yz plane and makes an angle 6 with the z axis. For the ionosphere (z = /), we specify
the impedance-type boundary conditions under which the electric £ and magnetic H fields in the ionosphere are written
in the form of electromagnetic waves propagating vertically upwards (along the z axis)

Ey=ZpeHe + ZoyHy, By =ZyHy + ZyH, (1)

If electrodynamics parameters of the ionosphere are described by the conductivity tensor
Trx "-T.r_a.' L
. -
o = Tyr Tyy Tz 5 (2 |
Txr Tzy Tzz,

then we easily obtain the following analytical expressions for the components of the tensor of ionospheric surface
impedance for the simplest case of a homogeneous ionosphere:

i(Z) — Za) Ty

EII: '-yy: ; . . |:3jl
- — — 5
’V'II 472, — (Fzzr — Tay)*
7 - 21 + ZE 2122 Trx — a'y'y |:-'-l-\|
T2 221+ Ze) [z s - ’
20+ 22) | [52, 4 Grabyy
z __21+32 N ZIEE 511_&;@' I:rJ\I
v 2 2(Z1 + Z2) /= S o
A1+ 22) | (52, 4 5rrt
where
2 2
I TrrTzz + 0L, o OyyTzz — Oy T TryTzr — TyzTrz I:ﬁwl
= Tz L * Tz I - Txz L ’

Z, = U,k and Z, = @u,/k, are the impedances of eigenwaves in the ionospheric plasma, k; and k are

the wave numbers of the ordinary and extraordinary waves, respectively, @ is the wave frequency, and (i is the

magnetic constant. Due to a certain symmetry in the problem (with respect to the plane yz), we have Zy, = Z,,. In the
general case, for  determining the components Z , we should use numerical calculation. In what follows we
assume that the Z matrix is known. Let us write ~ without derivation the required expressions for the elements of
the tensor of transverse impedance in the cylindrical coordinate system

Ey=ZwHe+ ZpyHy,  Ep= ZorHy + ZooH,, (7)

where
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Zor = Z o — AZ =in(2p), Z o = Zzz + AZ sin(2yp), Zrp=Z — AZ cos(2yp)
P -7 Z, Lz — Ly
Z,,=—7 —AZcos(2p), AZ= + e
The horizontal magnetic dipole equivalent to the horizontal grounded electric antenna is assumed to be the field
source. First, for definiteness, we consider the case in which magnetic dipole is directed along the y axis.

2. Constructing exact solution
The solution of the problem is sought in the cylindrical coordinate system in the form of vertical components of
electric and magnetic Hertz vectors, IT and I1*, related to the field components by the known relations [9] (the time

dependence of the fields is given by exp(— iwt )

A*T1 1 HIT* 1 ul‘[ GeTI*
E- Ly . H-,- = — .u..-\_|
= Bron T T B W 5 T Bros
A AT AT1 G211+
E e .-L-;,-' | I —— H = .';r;f'l\'—-l_l - T 8\
¥ rlpd: e i p = TR0 dr i ridpdz ()

The boundary conditions for the Hertz vectors for z = h are obtained directly from Eq. (7) with the use of Eq. (8).
Omitting simple transformations, we write the final expressions

«f,il 9 ff.i' l'[‘
i 3&.;. Lz ~AZ AZ _ JII* .
, 902 10 11 9 | , .
where V Ity — —5 ~ 5 Isthe Laplace operator in the transverse coordinates

o ror 78(p2

1 a2 a2 lfii']

1 &2 1 d
r2 0o Or? 7 or rordp 12 8|’

Ly = cos(2p) [

1 8 & 10 1
=sin(2¢) | 5 55 — 75 + — = | — 2cos(2p) -
La = sin(2yp) [1'9 52 B2 + . UI‘:| 2cos(2yp) [ r 0z 3

0 = ZIZ is the reduced surface impedance of a homogeneous isotropic ionosphere, and Z, = /{4, /€, .
The boundary conditions for z = 0 correspond to the case of a perfectly conducting plane and have the form
Aljdz =0, " =0. (10)

The initial field of a horizontal magnetic dipole oriented along the y axis is written in the form of the Fourier-

Bessel integrals

o

o P

m* = ™ sin g / Ji (M) exp(—nz) dA, (11)

o
A

T . odA
1= _‘F;& COS (& / Ji(Ar) exp(—nz)
T n

0 i

where n =1 +ko2 is the wave number in vacuum and, 7 [A « m’] is the magnetic moment of the dipole. By

analogy, for a magnetic dipole directed along the x axis, the corresponding expressions have the form dipole.

1A 3 T
51'11;[.11 (Ar) exp(—mnz) 4 " = ;L cos / Ji(Ar) exp(—nz)dXi (12)
n T
1] |:|

m;mm

II=

=
il

Without derivation, we write the well-known expressions for the Hertz vectors for the case of homogeneous

isotropic waveguide (when AZ = 0 and Zyx =0)
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T h[n (b — 2)] — ikgd shln (h — 2
Mg = —iwpug cos / J () = o (k= 2)] - ikodshra (h —2)] 3\
nq

0

. Fei

i nchln (h — 2 I]—i—bh[?:!lh—.. ]

IT;, = sin .r-:-[,fl[,kr | A, dA, (13)
where )
It.ll

v = nh.

Ay =nsh~y — ikgd ch, ,ﬁg=r;chﬁ.—Tah“
Hereafter, for definiteness, we consider a source with the moment (0,772,0), while the factor m/(27)is omitted for

the sake of simplicity. Note that Eq. (13) automatically satisfies the radiation condition at infinity
It is expedient to consider the case of an anisotropic upper wall for @ = 0 (AZ = 0). In this case, boundary

conditions (9) are significantly simplified and take the form

& iy & ik Z
e -!;L.II |"5 ]:[ = f. - N e l-.[‘ = MWWEQD = ].-.[. 1-:1-\|
(éi':* ! j Oz (U.’.‘ 0 ) S Z (14)
The solution of the problem for € = 0 is sought in the form
o

- r h{nz hinz
Ty = Iy — dwpg cos @ / LA B2 4y iwnesing [ A ) 202 gy
f ndy ' ' ndy

oD

0
oo oo

Tk * . h[‘”“_;l f 5 3 Shl:”"f:l
IT; = II; +sm\,9/ Ji(Ar)B(X) A dd + cos i / .Ill:Ai')lD(A)leA.
=3 '

¥ 0
Here, I1, and I1* are Hertz vectors (13) satisfying isotropic boundary conditions and A(4), B(4), C(4), and
D(L) are the unknown functions of the integration constant, which should be found from boundary conditions (14).

These formulas automatically satisfy the boundary conditions on the Earth's surface
Omitting simple but cumbersome algebra, we write the final expressions

(15)

: ik
5 ,ﬁg{nch[n[h —z)] — ikodsh[n (h — = |]} ! onz=" chsh[n (h — 2)]
II = —sewpey cos .,;:-f.fllz}\rjl x ] da
né
w T ch(nz
+ : F;DEE sin J-/ J1(Ar) I—n iﬂ Id)\.
]
tkg ikgnee®
= Ay anchn (h—2)] - Tsh[n[h —z)] ¢ — 5 ch~ychln (h — 2)]
[+
II" = =in ;:[Jl (Ar) A dA
K2 T J.(Ar)sh(nz)
+ 0% cosgp / Ar)shinz) 4y (1)
5 , A
0
where
o= 7. /7, A=Ay Ay — ikgna? ch®(~) /8

Below, for solving the problem for the general case, we need expressions for IT and OIT*/0z on the upper

waveguide wall, which are readily written as

= —éu;ag[rﬁ'(h]Zl(r.:;.Ajchﬁ.-d}\— iwplo / A% Z_i(r 0. A) chydA,
i 0

L"ﬁ“ ko /B“(A)Zl(r ) A) nch»d,ui/r:ﬂlz (s Ee by (17)
h

where
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1(A) Q1(A) ' Q3(A)
A0y =28 g0 =N o poyy o G po gy @)
1) " 2Achy’ -1() 2Achy 1(M) 2Ach~y’ -1(} 2Achy’
raen ch ez ch
Q1= Ay + kpsechy, Qs=A;—komchy, Qo=— (a2+ #) . Qi=Ag— %

Zi(r, 0, X) = 1 (M) expliy). Z_1(r,i o, A) = J_1 (W) exp(—ip).

In accordance with the developed approach, the solution of the problem for an arbitrary inclination angle of the
constant magnetic field is sought in the form of a sum of two terms one of which is the solution of the problem for the
vertical magnetic field, while the other complements the solution such that it satisfies boundary conditions (9)

- o
I =1l — m';ac.fch[?a::l dA Z T (Ar)Am(A) exp(ime),
= ,{,D g . % i
I =115 + —[ nz ) dA Z Jn(Ar) B (A) exp(ime). (18)
il m=—oa

Here, A,,,(X) and B;,(X) are the unknown functions of the integration constant, which should be determined from
boundary conditions (9).
Such form of the general solution is rather convenient because the terms I, and 1:[.5 (18) satisfy the left-hand
sides of boundary conditions (9).
With allowance for the properties of the Bessel functions, we easily show that the action of the operators L1 and
L2 (see Eq. (9)) on the fundamental solutions is determined by the expressions
}"..
Li Zm(r ) [f.m,+f.- @) + Zm—z2(r, )]
2 }L‘- . P *
Lo zm\ )= [zm+2| ) — Lm2(T, “rt'jl] y (19)

i.e., their action is actually reduced to an increase or decrease in the shift in the fundamental-function index by 2.
In addition, we know that

VA T (r,0) = =N Tn(r, ). (20)

Substituting Eq. (19) into Eq. (9) and allowing for Eq. (20), we write the following system of equations with
respect to unknown coefficients
Ay + By, = ‘""Am+2 - 'HBJT,—FZ'
Q3Am + QB =adp o+ 8By, 2, (21:'
where m = £1, £3, £5, £7,...,
o = ikpdy ch -y, 3= rhdllzﬁ,-]l_-'frﬁ. & = AZ/Zqy.

For m = 1, the right-hand sides of Eqs. (21) should be complemented by the terms A4°, 4%, B and BY, (see

Eq. 17) characterizing the initial field of the source located on the lower wall of the waveguide whose anisotropy is
determined by the vertical magnetic field.

Since the initial field is determined by the Bessel functions with indices +1, the nonzero solutions of system (21)
are only the coefficients 4,, and B,, with odd indices.

Let us increase the index in the second equation (21) by two units and exclude sequentially A, and Bp,. Then we
obtain two identical recurrence relations

PAm_2— qAm +pAp 2 =0, By 2 — 9By +pBri2 =0, EE‘Z:'
where
p= G — alls = 303 + ally, g = (N}y — Qo) + 203
The solution of Eq. (22) is written as
XB,_2 = Bp(X), XA, ,=A,¢(X), X=p/q (23)

where the function y(X) can be written in the form of continued fraction:
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X)) =1— - (24)
1—— e
1o
Obviously, y/(X) is the solution of the quadratic equation
i1 _4Ave
(X)) — (X)) + X2 =0, (X)) = u (25)

2
such that the plus sign before the radical is chosen from the condition {(0) = 1, which follows from Eq. (24).
To develop the full solution, we should calculate expansion coefficients (18) with indices +1. First, for

convenience, on the left-hand side of Eq. (21), we move from the coefficients A1, A_1, B1 and B_ to their sums
A, =A%+4, A,=4",4+4,, B =B'4+B. B_,=B"+B,
Making transformations similar to those performed to derivative recurrence relations (22), we obtain four

equations with respect to the unknowns with indices 7 = +1 and +3

[QZém.l - 3"5:1’.—2.—1 + (-94'5111_.—1 + ."-f51n+2.1] ;

PAm—2 —gAnm + pAmy2 = 2ch ~

EJBJT:—Q - QBm + PBm-I-E [ rJaﬂm -1+ tt'ﬂ'm+2 1 — ':}lc'm 1+ ”"-'Jm 2 —l] (Eﬁ:'

2ch~y

where 0, is the Kronecker delta (0,,; =1 for m =1and 0,,; = 0 for m#l). From Eq. (26), with allowance for Eq. (23),
we obtain

(_' .','.i' v — E
(XA + x4 =28 B 4 xB = 2298
gch - R g ch -
(Ja — 3 v —
."I:_-q_]_ — i-;"rjlf\l_.ill = 22— ; leFB_l —_ E;"I{jLF\I_Bl = J. |:. T\I
W A E} Ch -y W A fj’ C].'.I. ":. &

Solving Eq. (27), we finally obtain

(68— Q) (X)) — X(84+Qy) (X)) (@1 —a) + X(Q3 — o)
A== - - 25 By = ] i
gchy [V2(X) — X7] gchy [ (X) — X7
(0 —Q2) X — (X)) (3 + Q4) (X)) (Qs —a) + X (@1 —a) )
A = & — H B_, = -
-1 gchy [#2(X) — X7] 1 achy [2(X) — X7 >

To summarize the above consideration, we write the final rigorous expansions for the vertical components of the
Hertz vectors on the Earth's surface

B J1(Ar) sh~ T = X\
II = —iwpp cos ¢ [ neh~ —dA —iwpg / Ap(A)dA z JZmH'ﬁ”(m) expli (2m + 1) ¢]

=0

o b'e m
+ .r'w‘,u[.[ Ay (X)) dA Z Jam1 (Ar) (ﬁ) expl[—e(2m + 1) ],

0 m=0

AT T Ji (M) sh~ ko [ X \"
P = —sing / %rad)\—l—% / By (A d)\z Jop iy (Ar l( l:\]) expli (Zm 4+ 1) ]

o o m=0

= % / B_q(M)dA Z Jomr1 (M) (T\\)) exp[—t (2m + 1) ¢]. (29)
0
Formulas (29) describe the exact solution of the problem of radio-wave propagation in a plane anisotropic
waveguide in the impedance formulation.
To avoid misunderstanding, we should note that equation ch y = 0 in this case does not determine the integrand
poles, since we easily see that the first terms in Eq. (29) for y = +i (2k + 1) /2 are compensated by terms of the series
with zero indices.

m=1
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3. Approximate solution
Despite a certain universality, the obtained formulas (29) are cumbersome, which impedes drawing physical
conclusions, and are not always convenient for calculation. Therefore, we perform summation of series in these
formulas, first, to reduce them to a form convenient for numerical solution and, second, to develop illustrative
approximate expressions. Let us perform the summation of the series in Eq. (29).

Denote
[ ] oo
=" Jampa (A7) exp [i (2m + 1) &), Z 21 (Ar) expli (2m + 1) &), (30)
=0 =0
where
- 1 1 X + ¢ 1 1 X
=—In—— 4+, =—In—— — .
=1 23 l{_.'ll'li."l: \I T 2 2: i'.:"(."l: :I ?
The function S(?) satisfies the linear differential equation
§"(z) + S(z) sin? £ = m;“’ Ji(z) (31)

and the initial conditions S(0) = 0 and S'(0) = exp(i&)/2. The solution of Eq. (31) satisfying the above initial conditions
has the form

e 7 cos &
Sz) = E&.111| sin&) +

exp(izeiné) fexp(—éa‘ sin £)Jo(t) di

+ exp(—izsin {}[m{p(ie‘ sin€)Jo(t)dt| . (32)

Integrals in Eq. (32) belong to the class of incomplete Lipschitz-Hankel integrals [10].

Using the apparatus of incomplete cylindrical functions, we easily obtain a variety of approximate calculation-
friendly expressions for S(z) for all values of parameters of the problem. It is noteworthy that all possible
approximations are developed on the basis of consistent rigorous mathematical procedures. Here we confine ourselves
to the simplest formula yielding good results when calculating the fields at distances from the source exceeding the
ionospheric altitude. We proceed from the following transformation of the Lipschitz-Hankel integral [10]:

/ exp(iZ ch @) Jy(t)dt = ﬁ + Zexp(iZch3).Jy(2)
sh
0

2z
[l

Y

Ji(z) / exp(iZ chu)du + ZJn(Z) / exp(iZ chu)sh®udu| . (33)
e

For integrals with infinite lower limit, one can integrate by parts to obtain asymptotic expansions. Confining
ourselves to the main terms of the expansions, we obtain

(3T f
exp(iZ ch _._1’|

1
[expl iZchu)du~ [expl Z chu]ah udu ~ —sh 3 exp(iZ ch 7). (34)
iZ

iZsh 3

Transformmg Eq. (32) and using Egs. (33) and (34) we obtain a simple approximate equation for the sum of the
studied series:

J 20
s(z)= 1) (35)
: 2cosé :
Therefore we finally write

~ X m e . Jh |{::|;_.'-|(,\'\I -
Sia= E Ja (A7) 3 +1i2m+ 1)) = - — . 36
L2 ot [ (X)) } ew:p( St ”I\*) [(X)+ X] corp Fi[th(X) — X]sin (36)

=10
Omitting elementary algebra accompanying the substitution of Eq. (36) into Eq. (29), we write the final
expressions for the vertical components of electric and magnetic Hertz vectors on the Earth surface

. [ A shy JUAr) (A + 3]
= _m"“u“)h\'u/ nch~ A - PO COS /lﬁ" f '2,l'.lr-n~.-|:2\l_’.:||q-[1” A
0

i r ,1( ;.' [
F 2w yg—[ﬂn\ij,H_.
0

q + 2pcos(2y)
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Al _ JulAr)shyndh  2ikg | JUAr) (AL —a) ndA
—_— = sy f — 511142 —

' ch A J a+2pcos(2p) chn
L

r',l"_‘ = !
0 0 5
2k J1Ar)ndX A
| —D""“‘-r-‘/ll—';_,- (37)

i) q -+ 2peos(2w)

[i
The corresponding expressions for the source oriented along the X axis are easily obtained by the replacements

COS ¢— —Sin @ and sin gp— COS @.
In accordance with the standard procedure, we transform the integrals in Eq. (37) using the formula

[o"e] oo
[ Ju(r)F(A) dA :% / HO(Ar)F (V) dA.

1]
Here H" is a Hankel function of the first kind of order one. We easily see that the integrands have the zero-

mode pole at the point determined by the equation
g+ 2pcos2p=10. (38)

Assuming that |y| = [nh|<< 1, we write
5 — ikoh [ i 824?82 ikghd .
Ap = by [ = ! /1 M S (39)
\' d —ikph + 01 cos(2y ’y‘ koh & —ikgh

Therefore, in accordance with the theory of residues, we obtain
(8 + 8y —ikgh)cosp — =sing

_ T h gy
H H :I d" e !.lt.tlh + d-'l CGEI:EZIJJ

2 Aph
o1T* Tk 2h — ikod — ikpdy ) sin p — ikiee cos .
__T —jHilj(}tpﬂ (ns 0 . 0d1)sm : i . (40)
Oz 2 Aph ’ & —ikph + 01 cos(2p)

where 7 = /ﬂ; + k02 . Expressions (40) describe the zero-mode propagation in a plane anisotropic waveguide and

hold true for r>h.
Let us write without derivation the solution of the problem for the case where the source is a vertical electric

dipole with the current moment //.
The exact formulas on the Earth's surface (z =0) have the form

7 AA T BJp(Ar) AdA
1= [ gy 20 4 [ZRUTAD
L ; piy
1]

_ . T ?;"I:."Lr:l I:Qﬂg.\r — A)AdA - ) . N m o
+ 3[ VZ(X) — X2 ;I—JanQJn (Ar) (L X ) cos(2myp],

—,

-

0

O _ diweo T opX)Adr & X \™_ ,
= [ Trxn (W) T (Ar) cos(2mp)

= § (1h2 — X 29
iz i q (v A2 —
CTnad S X\
- Gl/ Z( ) Jo (Ar) sin(2me) |, (41)

1]
)2, m=0;
™Tl0, om0
The approximate formulas obtained after the summation of series have the form
: T+ ol 9 i
T )y Al mwey Hy (AT = 4 20y sin(2p) .
o=— KM ). . _ b . 42
Ho "(Apr) Oz 2 h 8 — ikoh + 81 cos(2y) (42)

In the above formulas, the multiplier i (] / )/ (27[80(0) is omitted and Hf)l) is a Hankel function of the first kind of

order zero.
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Assuming that 0; =0 and  y =0 in Eqs. (40) and (42), we arrive at the cases of normal magnetic field and

isotropic waveguide, respectively. The obtained expressions are natural generalization of the previously known
simplified solutions.

4. Conclusions

In this paper, we obtained the exact and approximate solutions of the problem on electromagnetic-wave excitation
in a plane waveguide with anisotropic upper wall.

The case of an oblique magnetic field is considered. Although the solution of such a standard problem itself is of
interest, our efforts were aimed at developing the theory for explaining the results of experimental studies of the ULF
fields generated by lightning discharges [5, 6] and by power transmission lines grounded at the ends [11]. Recent years
saw regular measurements of the background natural ULF fields in the low latitudes (for example, the Crete Island [12])
in which it is essential to allow for the magnetic-field inclination.

In this paper, we confined ourselves to the presentation of a formal procedure for obtaining solutions. Particular
examples of calculating the ULF field spectra and polarization will be given in our future works on the experimental
data interpretation.

This work was supported by the Russian Foundation for Basic Research (project Nos. 01-02-16742 and 04-02-
17333), the programs "Universities of Russia" (grant No. 015-01.01.069), the Ministry of Higher Education (grant No.
E02-8.0-33), INTAS (grant No. 99-0335), and the Federal Program of the Ministry of Science (contract No.
40.020.1.1.1171).
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BBenenue

3amada ompenereHusl 3JIEKTPOIPOBOTHOCTH TIYOMHHBIX oOjacTell 3eMHON KOphl HEM30€)KHO HPUBOIUT K
HeO6XOZlI/lMOCTI/l HCIIOJIB30BaTh B MCTOJAC YaCTOTHOI'O 30HAMPOBAHUA HU3MEPHUTCIIBHBIC YCTAHOBKHU C BCE 6OJ'II)IJ_II/IMI/I
PACCTOSAHUAMU MEKIY U3TYyUaTCJIEM IOJIA U TOYKOH Ha6J'IlO,Z[eHl/I)I. Hanuune ectecTBEHHBIX U UHAYCTPpHUAJIbHBIX HIYMOB
CTHMYJIUPYET KaK Pa3BUTHE aHAIOTOBOW IIYMOIIONABIISIONICH ammapaTrypsl H alrOPUTMOB IUGPOBOH (PHUIBTpaIINK, TaK
¥ TIOUCK 00JIee MOIIHBIX CPEIICTB BO30YKIACHUS moJis. [Ipu 3TOM 0COOYI0 aKTyaabHOCTh UMEIOT CIIOCOOBI BO30YKICHUS
MOIIHOTO MOHOXPOMATHYECKOTO TapMOHHYECKOTO 3JICKTPOMATHUTHOTO IIOJIS, ITO3BOJIIONIME YIPOCTHTH 3a1ady
BBIJICTICHUSI TIOJIE3HOTO CHUTHanma Ha (oHe ciydaifHeIXx mmomeX. s pemeHust 3TOH MpoONeMBI, Kak IPaBHIIO,
TIPAMEHSIOTCSI CUCTEMBI H3ITydaTesield, MMEFOIie OOJBIION AIIEKTPUICCKUN MIIM MarHUTHBIA (B 3aBUCHMOCTH OT THIIA
ACTOYHHKA) MOMeHT. C 95TOW TOYKH 3peHHS NPUMEHEHHE TMPOTSHKEHHBIX YYACTKOB MPOMBIIUICHHBIX —JIMHHUNA
anekrponepenayn (JIDII), 3a3emisieMpIX Ha OKOHEYHBIX MOJCTAHIISIX MMEET HEIUIOXHE ITEPCIIEKTUBEL.
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HOCKOHBKy KOMITIOHEHTBI JJIEKTPOMArHuTHOT'O IMOJIA MU3JIydaTeIsd MPONOPIUOHAIBHBI JICKTPUIECKOMY MOMEHTY
J :]l , TO aMIUIUTYAy IMOJIC3HOTO CUIHaJla MOKHO YBCJIIMYHUTH KaK MYTEM YBCIWYCHHA aMIUIMTY/Jbl TOKa [ B

WCTOYHHKE, TaK M yBEJIMYHMBas JMHEHHbIe pasMepbl uaiyuatens /. Vicmosb3oBaHHMe MPOTSHKEHHBIX ydacTkoB JIDIT
IMO3BOJIACT, B NpUHLOMUIIC, MTOJYy4YaTh HU3JydaTeCIn C JIMHEHHBIMU pasM€paMu B COTHU KHJIOMCTPOB 663 3HAYUTCIIbHBIX
JIOTIONIHUTENbHBIX 3aTpaT. C Apyrodl CTOPOHBI KOMIIOHEHTHI OIS MPONOPLHOHAIBHBI YAEIBHOMY COINPOTUBICHUIO
MOJCTUIAIOILETr0 MOTYIPOCTPAHCTBA, MIO3TOMY U3JIydaTellb AOJDKEH HAaXOAMTCS B IpeAenax AOCTaTOYHO OJHOPOIHBIX
BBICOKOOMHBIX OJIOKOB 3€MHOW KOPBI, YTO HAKJIaJbIBaCT HEKOTOPBIE OrPaHMYEHUsI Ha BHIOOP TOTO WJIM MHOTO y4acTKa
JIBII. Kpome Toro, mpotskeHHbIe yIacTKH JISIT MOTyT MMETh JOBOJIBHO CIOXKHYIO KOHMOUTYPAIHIO, TO €CTh UX MOXKHO
CUMTATh TNPSIMOJMHEHHBIMH JHIIb B TEPBOM MNpUOMIDKEHWH. IIpH paccTOSHMAX MEXTy TOYKOH HaOmoneHuil u
TE€OMETPHUYECKHM LEHTPOM H3IIydaloUlel CHCTEMBI, CONOCTABHMBIX C pasMepaMH H3Iydarells, IpH HHTEPIpETalun
HYXHO YYHTBIBATb T€OMETPHIO M3Iy4YalOIleil CUCTEMBI, a PN yOAJICHUSX, IPEBBIMIAONINX BBICOTY HMXKHEH TpaHMIIbI
NpoBOJsLIeH HOHOC(EPHI, BO3HUKAET HEOOXOMMMOCTh y4deTa M CBOMCTB BEPXHETo IOJIynpocTpaHcTBa. [lanee, ecinu

PACCTOSHUE T OT TOUKM HAGIIIOCHHIT 10 3IEMEHTa MCTOYHHKA HPEBBIIACT JUTHHY BOJIHBI B Bo3ayxe Ay (r/Aog>>1), b
BBIXOJIMM 3a MPEENbl MPUMEHEHHUS KBa3UCTALMOHAPHOTO MPUOIMKEHUSI, IIUPOKO MCIOJIB3YEeMOT0 B HU3KOYACTOTHBIX
JNIEKTPOMArHUTHBIX METOJIaX HCCIICIOBAHUs, U, CIIEJIOBATEIbHO, BO3HHMKAeT HEOOXOAMMOCTh Yyd4era JelCTBHs
MaKCBEJIJIOBCKOTO Toka cmerneHus [Yout, 1987, XKamanetnuaoB u ap., 1999]. Hivke MBI paccMOTpHM HEKOTOPHIE
BOIIPOCHI IPEJICTABICHHS U UHTEPIPETALMU PE3yIbTaTOB H3MEPEHHII C HCIIOJIb30BaHUEM MPOTHKEHHbBIX yyacTkoB JIDIT
B Ka4yecTBe M3ydaromux cucteM. C 1ebi0 HEKOTOPOI'o YIPOINEHHs, MbI OyeM HPEAINoJiarath, YTO PacCTOSHHUE 7 OT
TOYKH HAOMIOICHUN 0 JIF00OW TOYKM HCTOYHHKA HE MPEBBIIMIACT MPEACNIOB, NUKTYEMbIX IUIOCKHM HPUOIMKEHHEM

mozenu 3emmu: 7/R<<1, rne R — paanyc 3emuu. Ilpu 3TOM M3Iydarollyro cucTeMy OyjeM HpeiCTaBiIsTh B BHJE
IUIOCKOTO KOHTYPA, JIEKALETO Ha IIOBEPXHOCTH 3EMIIH.

[TpoGrieMbl BO3HHUKAIOT YK€ Ha CTaJIMH IMPEACTABIICHUS PE3yJIbTATOB HAOIIOJEHUS! B BU/I€ KPUBBIX Ka)XKyLETOCS
conportuBieHus. [Ipu nocraTtouno cioxHOi KoHurypanun ydactka JIOII ncrmose3yemMoro B KauecTBE HM3JIydaTens
MIPUXOUTCS BMECTO OOIICHPUHSATBHIX CUCTEM KOOPAMHAT CBSI3aHHBIX C MCTOYHHKOM, KOTOpPBIE OOBIYHO MPUMEHSIOTCS
JUI IPEICTaBICHUS KOMIIOHEHT I0JI1 UCTOYHUKOB JIUIOJIBHOTO TUIIA, UCTIONB30BaTh JIOKAIBHBIE CUCTEMBI KOOPJUHAT, C
HayaJIoOM OTcYeTa B TOYKE M3MEPEHHs, KOTOPHIE YYMTHIBAIOT TEOMETPHIO PpACIONOXEHHS MJaTIYUKOB IIOJIS
(M3MEpUTENBHBIX JJIEKTPUUECKUX JIMHUA WM MAarHUTHBIX JAaTYMKOB). TECHO CBSI3aHHBIE MEXKAYy COOOH MOHATHSA
KaXYILErocss CONMPOTUBIECHUSI M TEOMETPHUECKNX KOIPPUIMEHTOB Ul M3MEPACMbIX KOMIIOHEHT IOJISI HYXKIAIOTCS B
HEKOTOPOM 00O0OLIeHHH I COXpaHeHHs ux ¢u3ndeckoro cmeicna. [Ipu mepexone K JOKaIbHBIM CHCTEMaM OTCYETa
HEoOXOJMMO YYUTHIBATh (ha30BbIe CIBUI'H, KaK MEXKIYy CaMUMH HaOII0JaeMbIMH KOMIOHEHTAMHM IIOJI, TaK U MEXIY
HUMHM U TOKOM B HCTOYHHKE. [Ipym 3TOM cama BenMUMHA CHJIBI TOKAa B MPOTSDKEHHOM H3JIydaTesie, OKa3bIBAeTCs
(dyHKIMEH, 3aBUCSIIEH OT PAaCCTOSIHUSL 10 TeHeparopa Baosib JuIMHbI jauHuM [Beme, 1980], uto Tak ke HyKHO
YUUTHIBATh IIPU HMCCIEAOBAHUM aMILIMTYJHO-(DAa30BBIX COOTHOLICHWI HaONIOJaeMbIX KOMIIOHEHT IIOJII M UX
MIPEACTaBICHNH B BHJE KPUBBIX YaCTOTHOTO 30HAMPOBaHUs. BBHUIy O0JbIIOro KOJIMYecTBa HAOIIOAaEMBIX KOMIIOHEHT

nonst (Kak mpasuiio, He Menblue 5 — Bx, By, Bz, Ex, Ey) u ux 3aBucuMocTy OT TO# WM HHOW CHCTEMBI KOOPAMHAT
BO3HMKAaeT Mpo0iieMa BbIOOpa MHBAPHAHTHBIX XapPaKTEPUCTHUK I0JIsI, KOTOPbIE MOXKHO HCIOJIBb30BaTh I ONPEAEICHHS
MOHATHUS KaXYILIErocs CONPOTHBICHUS WM (YHKUMH OTKIMKA Cpedbl NPHUIONHBIX Ul HHTepIperauu. B stom
OTHOIIEHHH OY€Hb yIOOHBIM OKAa3bIBAETCS IOAXOM, MCIOJb3YeMbIi B MarHUTOTEIIypUKE, IJle CBOWCTBA MCTOYHHKA
NPaKTUYEeCKH HE YYUTHIBAIOTCA, @ B KAUECTBE M3MEPSIEMBIX BEJIMUMH BBICTYNAIOT KOMIIOHEHTH TEH30pa UMIIEAaHCca Ha
noBepxHoctd 3emun. [Ipu Takom mnoaxone Mbl u30aBisieMcss W OT NpoONeMbl ydeTa CBOMCTB BEPXHEro
MoJTynpocTpaHcTBa (arMocdepbl ¥ HOHOC(EPHI) B CHITy TPaHMYHBIX yciaoBHi JleoHToBr4a. OHAKO B 3TOM CIIy4ae Mbl

OKa3bIBACMCS B JOCTATOUHO TECHBIX PaMKaX yCJIOBHS JaibHel 30ubI (F/A>> 1), rae A - wmnHa BoHbl B 3emite, Korja
HUMIICJAHC OKa3bIBACTCA CBA3aHHBIM IIPOCTBIM COOTHOIICHUEM C YIACJIbHBIM COIPOTHUBICHUCM IOACTUIAOMICTO
noJymnpocTpancTsa. Jpyroi cnocod 3To BBeneHHE 3)()EKTHBHOrO YASIBHOIO CONPOTUBIICHUS 110 KOMIIOHEHTAM II0JIs,
YUUTBHIBAIOIIET0 TEOMETPUIO0 HM3MEPUTEIbHOW YCTAHOBKM W KCTOYHHKA IMOJsI, a TAK)K€ YACTOTHYIO 3aBHCHMOCTh
KOMIOHEHT HopMaiibHOTo nouis [Bemres, 1980, Caldwell, Bibby, Brown, 2002].

1. DJIeKTPOMAarHUTHOE T0Jie JTUHHOI JUHUM MPOU3BOJILHONH KOH(PUTYypaUMH 3a3eMJIeHHOI HA KOHIAX ¢
HEOJHOPOAHBIM paclpe/iejieHueM TOKA.
1.1. Pacnpenesenue ToKa BAOJIb AJTUHHON JUHUM, 3a3eMJIEHHON HA KOHLIAX.
OCHOBHBIMHU XapaKTePUCTHKAMH ATUHHON JTHHUN
SBIIAIOTCSI  TIOTOHHBIE  MapaMeTpbl —  aKTHBHOE 1 l

COMPOTHBIIEHHE XWI mpoBojga R, mpoBomumocts G

C (puc. 1). JleTanbHblii aHANM3 3IEKTPOMATHUTHBIX
nmapamMeTpoB JJIMHHBIX JIMHUH HCIOJIb3YyEMbBIX B =
TCORJICKTPUKE TMpencTaBiieH B padore [Bemer, 1980].
IMapameTpsl npomsbiiuieHHbIx JIOII Tuma BO3myLIHBIX
JIMHUH C pacIleIyIeHHBIMH IIPOBOJIAMH MO>KHO HAiTH B
psize TEXHWYECKHX CIPaBOYHHMKOB. [t HHUX TOXKe
MOXXHO BBOJOUTH TPUOIIDKEHHBIC JKBUBAJICHTHEIC

TaJIbBAHUYECKUX YTCUCK, MHAYKTUBHOCTbH L U EMKOCTb Gdx I Cdx

Puc. 1. [loronusle napaMeTpbl U 3KBUBAJIEHTHAs
cXeMa 3JIEMEHTAPHOTO y4acTKa OJHOPOIHOM JIMHUH
— K BBIBOAY ypaBHeHUH (1).
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MOTOHHBIE XapPaKTEPUCTHUKHU, AaHAJIOTHYHBIE OHOMPOBOJHBIM reo(pU3MIeCKUM JIMHUAM. [l03TOMY Nanee orpaHuuauMcs
pPaccMOTpPEeHHEM [JIIMHHBIX OAHOIPOBOAHBIX JHUHUHA. I mpocTOoTH OyaeM CYWTaTh JHHUIO OJHOPOAHOHM, TO €CTh
napaMeTpsl pachpefereHbl PaBHOMEPHO IO BCEW MAJMHE JIMHUM M SIBIAIOTCS HE 3aBHCALIMMH OT KOOPIMHAT
TNOCTOSAHHBIMHU BETMYMHAMH, XapaKTepU3yOMUMH TuHKI0. TOK M HAIIpsKEHUE ISl 3IeMEHTa TaKO! JIMHUHU JUTMHHOM dX
VIOBJIETBOPSIIOT CHCTEME TellerpadHbBIX ypaBHEHUI

a’U(x,t) I(OR+ La’](x 1)
dt )
d[(x,t)_U( t)G+CdU(x ,1)
dx dt
3IleC]) L, C, R, G — 3HAQUYCHHUA IIOIOHHBIX BCIUYHUH — I/IHZ[yKTI/lBHOCTI/I, CMKOCTH, COHpOTI/IBﬂeHI/IH u

MIPOBOIUMOCTH M30JAINH Kabens (puc. 1).

Texunuecku, npu ucnonb3oBannu JIOII, Gomee ymoOHOH oOKa3pIBaeTCS HECHMMETPHYHAS CXE€Ma BKIIOUYCHHS
JMHAN — TEHEPATOP pacIioyiaraeTcsi BO3je OJHOTO U3 3a3eMiieHui [Bemres, 1980].

Ecnu Ha BXoze Takol JTHMHHUU JEHCTBYeT FapMOHUYECKUI CHUTHAI C BPEMEHHOH 3aBHCHMOCTBIO THIA exp(imt) ,

TO cucTtema ypaBHeHHH (1) CBOJUTCS K IByM ypaBHEHHSM BTOPOTO MOPSKA JUIsS KOMIUIEKCHBIX aMILIUTY HAlpsDKEHHs
U TOKa!

TUCD) _; (o)1, (@ (x,0

dx ’ @
D) _ 7 ()1, (@)1 (x.)

dx

e Zy(@)=R+iol Y,(w)=G+iawC

Pemenus 3Tux ypaBHEHHN IPEACTABISIOTCA QYHKIHIMHA
U(x, )= A(w)exp(y(@)x)+ B(a)exp(- y(w)x)

_ Alw)exp(y(@)x) - B(w)exp(= H{w)x) 3)
1 (x, a)) o (w)

3}160]) A(GJ) u B(GJ) - (byHKIJ,l/Il/I YacCTOThbI, ONPCACIIAEMbIC I'PAHUYHBIMH YCJIOBUSIMHU Ha KOHIAX JIMHWUU, a

BEJIMYHHBI 7((0) u W(a)), MPEJCTABISIOT, COOTBETCTBCHHO, KO3(PQHIMEHT pPACHPOCTPAHCHUS H BOJIHOBOE
COIIPOTHUBIICHNE JTUHUH JUTSI JAHHOW 9acTOTHl () :

Ho)=\Z@@)  Wlo)= [ @

Ec/u U3BECTHBI 3HAYCHHUS TOKA M HANPSKEHUs Ha KoHue JuHun U ’ (a)) u I ’ (a)) , TO B JTIFOOOM TTOTIEPEYHOM

CCUYCHHUM Ha yJAJICHUHW X BJOJb KOHTYpPA JMHUH HANPSIKCHUE U TOK ONPECACIISIIOTCSA BhIPAXKCHUIMU

U(x,@) =U (@)ch(y(a)l = x) +1 (@)W (o) sh(y(o)] - x))
I(x,0) =U (o)W (@) sh(H@)l =) + 1 (@) ch(H @)l - x))

rae / — jInHa JUHAM.

®)

Ecny Ha KOHIE JMHUM BKIIOYEHA HArpy3Ka ¢ HMIENAHCOM Z (a)), TO BXOJHOH UMIIEIaHC JIMHUH OTIPEIEIICTCS
BEIpaKCHHUEM

_ (o Z@)+ W (0)ih(y(@))
Z““*”””%mqnz@ﬂm;wm' ©

HpI/I 9TOM 3HAUYCHHS TOKA W HAIPSIKCHUSA HAa KOHLC JIMHUHN Uf (a)) n ]f (a)) CBA3aHbI 4YCpEe3 HMMIICAAHC

HarpyskKu
U
2wy = Y@) _U0) %
() 1(,0)
Ha BXOI€ JIMHUHW, aHAJIOTUYHO,
2 ()= Y@ _U0.0)
L) 1(0,0)

®)
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[Tonoxum, 4YTO HaNpsDKEHWE M TOK B JMHUM MEHseTcs Mo 3akoHy (5). IIpumem, 4To 3aBUCHMOCTH NapaMeTpoB
JIMHUM OT IMKJIMYECKOM 4acTOThl () KoJjieOaHWIl HaNpsDKEHUs TeHepaTopa U3BeCTHHI — KodduIMeHT pacnpocTpaHeHus

¥ = Y(@) w Bonnosoe conporusnenne W =W () . Npaktnueckn usmepsiores 3Hadenns Hanpsokenns U, (a)) u
toka I,(@) y renepatopa, smavenns U P (w) u I P (w) B xomue nuHMM ompenemMM O BOTHOBOMY
COTIPOTHBIICHHIO W(a)), KOX(QQHUIHUEHTY pacIipOCTpaHSHHUS ’Y((D) u aimae muann [ . U3 (5) cnenyer, uto
U@)_( chtro))  W(@) shiw) D) (Uyw)
Li@) (W) shirw)-n  chfe)) ) 1)

[oronusie mapamerpbl JIDI1 Hax OAHOPOAHBIM MOJYHPOCTPAHCTBOM MOXKHO TPHOJIMIKEHHO OLEHUTH I10
cremyommM hopMyiaM: HHIYKTHBHOCTH (Bemes, 1980) —

1.123
(@, 0 )r,

rne k(w,0)=\iou,o (11)

— BOJIHOBOE HYHMCIO MOJACTHJIAIONIETO TMOJNYNPOCTpaHcTBa, (W=27If — LMKIMYeckas uyactota, 0= 1/0 — ynenbHas

(€)

L(h,r,0,0)=|2/ In ~1|-i(1.5708+2.6667)k(w, 0 Jh) |- 107 (Trim), (10)

3NIEKTPOTIPOBOHOCTD, & Mo=4m-10 " T'H/M — MarHUTHAS IPOHHIIAEMOCTH MOICTHIAIOMIETO MOMYTIPOCTPAHCTBA.
7o = 5 M — JKBUBAJICHTHBIA paguyC JIMHUM SJIEKTPOIIEPEaul YUYHUTBHIBAIOIIMKA paccTOsiHME MexIy (da3zamu U
PACIIEIIEHHOCTh TIPOBOIOB, /1 = 15 M — BBICOTa MPOBOJIOB HAJl 3eMJIei, EMKOCTh

27E
Clh, 1)) = —2c (®/m), (12)
2h
In| —
o
31ech £=8.85- 10712 @/M,— TUANEKTpUIecKas IPOHAUIIAEMOCTh BO3AyXa.

ConpoTuBicHUE HaiieM, YUuTbIBas K — K03 QUIIUCHT 3aI0THEHNs CCUYSHHS TIPOBOA aKTHBHBIM MaTEPHUATIOM —
anmomuHueM (Ajexcanapos, 1989) u uncno napayuiensHO BKIIOYEHHBIX TPOBOOB 7

R(p0>r5 Kan)zzp—o (OM/M) 0.24 =
K-n

Tr L (T'n)

(13)
3neck, ¥ — paguyc nposoaa (¥ = 1 — 1.5 0.22 —
cM), Py = 2.66-1 0% Omm - yACITBHOE

comnpoTuBieHue amoMunus, K = 0.66 — 0.67

K03((ULMEHT 3al0JIHEHHsI CEYeHHUs] IPOBOJA

ATIOMHHUEM, 1 = 6 4ucio npoBoaoB B JIDIL 02—

IIpoBomuMoOCTBIO BO3yXa B H30IsTOpOB JIDII

npenebperaem G=0 Cm.

Onenku (9) — (13) Obu MpoBepeHH B
XOIe  OKCICPUMEHTOB 10  YaCTOTHOMY
sonaupoBanuio ¢ JIOI-401  (Koma — MHAYKTMBHOCTS yuacTka N3N-401 N N
CepeOpsiHKa) MPOTSKEHHOCTBIO 127 KM B . * PeayneTatel uamepexmi S
CYOLIMPOTHOM  HAIPaBICHHMM Ha  CeBepe - p=tse
Kosbckoro momyocTposa. 06— T ° T p=3010 ~

Ha puc. 2 moka3ano cpaBHeHme | | ~TT°° p=7.510°
HW3MEPEHHBIX 3HAYEHHH U TEOPETHYECKHX
olleHOK uHIyKTuBHOCTH JIDII B 3aBHCHUMOCTH
oT YaCTOThI JJIs1 Ppa3HbIX 3HAYEHUH
JJIEKTPOIIPOBOAHOCTH MIOJICTHJIAIOILETO
MOYNPOCTPAHCTBA. TeopeTudeckue KpHBbIS
paccuuTaHbl IS yOEIBHOTO COIMPOTHBICHHS

0.18 =

1 10 100 f(I'1)

Puc. 2. YacrotHas 3aBucuMoOcTh HHAYKTHBHOCTH JIOII-401.
Usmepennsie 3Hauenns L (TH) M TeOpETHYECKUE OIEHKH

L(h,ro,®p) MHIYKTUBHOCTH Ui pANa 3HAYEHHH YAEIBHOTO

TIOJCTHIIAIONIErO NOYNpocTpancTea P = 1/0
COIIPOTHUBIICHHS MOJICTHIIAIOIIETO MOJTYIPOCTPAHCTBA.

or 7.510° mo 3-10* OmmM B Mara3oHe
yacToT oT 2.6 10 166.7 I'11.

Hdnst 3HaueHus ,1):1.5-104 OM-M
YCIBHOTO COIMPOTHBIICHHS TOACTHIAIOIIECTO

I'eomeTpuueckue napameTpsl 1 = 15 M, 79 = 5 M, n = 6, nuuHa
sunmn [ = 127 km. Tlo ocu abeumce otnoxkena yacrora f (I'm).
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MOJYPOCTPAHCTBA OTHOCUTEIBHOE OTKJIOHEHHE TEOPETHUECKHUX OLEHOK OT M3MEPEHHBIX 3HAYSHNIH MHIYKTHBHOCTH HE
mpeBbImaeT 2%, 9T0 HEIUIOXO COTJIaCYeTCs C TaHHBIMH YaCTOTHOTO 30HAMPOBAHUSA W 30HIMPOBAHHA HA MOCTOSHHOM
TOKE IS BEPXHEH YaCTH re0dICKTPUUYECKOro paspe3a Mypmarckoro 0j0ka. [XKamanetnusos u mp., 1999]

C M3MEHEHHEM YaCTOThI HANIPSHKCHUS TeHepaTopa paclpeie/ieHue TOKA B JIMHUU OYAET MEHAThCS, cOraacHo (5),
KaK IMOKa3aHo Ha puc. 3.

1.05 =
10, - f=261T
1 i _u Puc. 3. W3MmeHeHne
4 -~ -t = OTHOILIEHHS AMIUTUTY b
- f=41.67 My
0.95 = ~~eL TOKa BJIOJIb JIMHAX
4 .. m3nydarens JIDII-401 I(x)
0.9 = f=83.331y K AaMIUIMTyJe TOKa Ha
i BbIXOJIe TeHepartopa [), B
0.85 — 3aBUCHUMOCTH OT YacTOTEI
- KoJieOaHUH f HanpspKeHUs
08 — Ha reHeparope.
} f=166.67 My
0.75 | I L I | l L I | l L 1
0 20000 40000 60000 soooo 100000 120000 X(M)

YacTtoTHas 3aBUCHUMOCTh OTHOCHTEIBHOIO MAaKCHUMAaJbHOTO H3MEHEHHMS aMIUIUTYyAbl TOKa OT €€ CpPEAHCTO
3HAYEHHUS MOXKET OBIThH npeacTaBjicHa BEIIUYUHOU

ﬂm:%fum% (14)

m
3pecs Al = Ly — Lpin — makcumanbhoe usmenenue, I, cpennee apupmeTndeckoe aGCONIOTHOIO 3HAYEHUS

AMILTATY 1Bl TOKA BJIOJb JIMHUK HA yacToTe f. Bennuuna d xapakTepusyeT HEOHOPOHOCTh PACIpPe/IENeHUs TOKa BIOIb
JIMHUM Ha JAHHOM 4acToTe.

W3 puc. 3 caenyer, uro ans JIDII-401 B cinydae Hu3Koi wactoTsl (2.6 I'1) 3HaYeHHEe aMIUTUTYABI TOKa BAOJIb
JUIMHBI JIMHUU TpakThdecku He MeHsiercsi. Ha Beicokoi dactote (166.7 I'y) OTHOCHTENbHOE M3MEHEHHE COCTAaBIISET
3aMETHYIO BCJIMUYMHY B 28% n JOJDKHO YYUTBIBATHCA IMPHU BBIYMCICHUM KOMIIOHCHT ITOJIA.

1.2. Kaxyieecsi CONpoTHBJICHHE /5] KOMIIOHEHT 105 AJTMHHOI JUHHMH, 323eMJICHHON HAa KOHIaX.
PaccmoTpuM rapMoHMYECKM HU3MEHSIOLIEECS BO BPEMEHM IOJ€ MAIMHHOM JIMHUM C HEOJHOPOIHBIM
pactipenenenueM Toka (5). KoHTyp nuHNM 3a1aanuM mapaMeTpu4ecKIMHU 3aBUCUMOCTSIMH €KapTOBBIX KOOPIUHAT

x = x(s)
y=y(s)

rze § — AJWHA ITyTH BJOJb KOHTYpa JIMHUK OT reHeparopa. To ecTs, Mobas Touka, NpUHAIJISKAIast KOHTYPY JIHHUH,
T

(15)

onpenensercs pamyc-sexropom r(s) = (x(s)  y(s))
. T
By/nem cuutats, uto B Touke Habmonenuit P = (XP yP) M3MEPSIOTCS OPTOrOHATLHBIE KOMIIOHEHTHI T10JIst

<m> o
Bioms oproB P, m=0,1. Paccmorpum mome Hax OXHOPOAHBIM MOJYNPOCTPAHCTBOM C  YHENBHOI

QJICKTPOIIPOBOAHOCTBIO O. 3ﬂeKTpl/I‘IeCKI/Ie KOMITOHCHTBI IIOJIA MCTOYHHUKA OHNPEACTIAOTCA MHTCTPHUPOBAHUEM I10JIA
TOPU3OHTAJIBHOT'O DJICKTPHUUCCKOT'O JUITIOJIA BAOJIb KOHTYpa JUHUU

,6(s,P),0)-p<ds. (16)

r(s)—P

E,(,P)= [R(a(s, x ) E,, I(s,0), 0,

Buece E, ) (](S, W), w,r(s)—P,O(s, P),O') —  DJIEKTPMYECKOE TMOJIe JMIIONA E€IMHMYHON JUIMHEL B

JIOKAJILHOM CUCTEME KOOPMHAT C OPTAMH HAIPABICHHBIMHE 10 KACATEIHLHOW U HOPMAJIH K KOHTYPY JIMHHH.
1 3cos(0) — 2 +exp(ié(w, o, 7)1 -ié(w,0,r))
270 -1 3cos(8)sin(6)

E,.,([,o,r0,0)= (17)

I — tox B gunone, ¥ = ‘r(s]— paccTosHUe OT LIEHTpA AUIONS A0 TOUKM M3MepeHHs mons, & — yrom Mexmy
HAIPABJICHUEM OCH JUIIOJISI M HAIIPABJICHUEM U3 LIEHTPA AUIOJIA Ha TOUKY U3MEPEHUS.

Ew,0,r)=k(w,0)-r (18)
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Martpuna nosopota R(Ot) npeoOpa3yeT KOMIIOHEHThI BEKTOpa JJIEKTPHYECKOrO MOJIsA HPH Iepexole M3
JIOKaIbHON CUCTEMBI KOOPAMHAT B CHCTEMY KOOPIMHAT C OCSIMH, OBEPHYTBHIMH Ha yron Ol
cos(er) sin()
R(a@)=| (19)
—sin(e) cos(«)
VYron a(s, X<O>) — Yroa MexIy €IWHHYHBIM BEKTOPOM t(S)Z r' (S), HaIPaBJICHHBIM II0 KacaTEJIbHOM K

<0>
KOHTYpY B Touke F(S) moprom X, HANPABIEHHBIM MO OCH X:

0 0
a(s, X ) = acos(t(s) S O ) (20)
I[HH rOpH3OHTaJIBHBIX KOMITIOHCHT MAaroHuTHOI'O ITOJIA aHAJIOTUYHO

r(s)—P|.6(s,P),0)- p~"ds . @1)

H,(0,P)= [R(a(s,x ") H,, (I(s,0), 0,

,0(s,P),0 ) — BEKTOp TOPU3OHTAJIBHOW TNPOEKIMM MAarHUTHOTO MOJIS

3nees H , (1(s, 0), 0,|r(s) — P

JJIEKTPUYECKOTO IUIOIS E€AVMHUYHOM JJIMHBI B JIOKAJIbHOW CHCTEME KOOpJAMHAT C OpPTaMHU HAIpPaBIEHHBIMU I10
KacaTelbHOW U HOPMAJIA K KOHTYPY JIMHUMU.

I ( cos(8)sin(8)¢ (w,0,r\J,H,+J,H,)
4.2\ sin(6) ¢ (@,0,7)J,H, +J,H,)~J,H,
rie J, =J, (; ), H,=H, (; ), j=1,2 — ¢ynximn Beccens um XaHkensh KOMIUIEKCHOTO apryMmeHTa

C(a),a,r):f(a),a,r)/Z (23)
B nanbHell 30He (IPH JIOCTATOYHO OOJBIIMX YACTOTAX WJIM BBICOKMX 3HAYEHMSX MPOBOJAMMOCTH — €CIIH

P- r(s)u >> 1 nns mo6oro 3Havenus S € [0, Z])

H,, (l,or0,0)=i , (22)

BBIIIOJIHSIETCS YCJIOBUE ‘é" (a), o,

2

E,,.(ro0,0)=— L 3005(9)‘_ 5 )
276 r’ | 3cos(6)sin(8)

(1+i) I (3cos(6)sin(8)

m'r_a 2—-3cos(0)’

B cuywae OmmkHeld 30HBI (IIOCTOSHHBIH TOK, BBICOKOEC COINPOTHUBIICHHUE), €CIHM BBIIOJHSACTCS YCIOBUE

¢lo.o,

MIPOBOANMOCTH HOACTHIIAIOLIETO IOIYIIPOCTPAHCTBA

1 1| 3cos(0) -1
EHEDk(Iaraeao-): Y . ) (26)
270 1’| 3cos(@)sin(0)
a MarHuTHOEC T10JIC TCPACT OTY CBA3b, U ONPEACTIACTCA TOJIBKO FeOMeTpHeﬁ YCTaHOBKH YU TOKOM MCTOYHHKA
1 1 (2cos(8)sin(8)
4z r*\ 2sin(6) -1

Ipu unTerpupoBanuu BeIpakenuit (25) — (27) TOk ymo6HO TIpeacTaBuTh B Buae | (S, a)) =1, C(S, a)) 3nech

H,,, (ILor6.oc)= 25)

P- r(s)u << 1 nna moboro swauerns s € [0, [], anexrprueckoe noe coxparseT CBOIO 3aBUCHMOCTE OT

H i, (19 r,0, O') = (27)

I, = |I (a),0)| MPEACTAaBISIET aMIUIMTYAY H3MEpSIeMOro TOKa Ha BBIXOAE reHeparopa. [Ipm sToM Ui M3MepseMbIX

<m>
KOMIIOHEHT I10JIA BAOJb OPTOB p MOYXHO BBECTH KAXYIIECCCA CONMPOTUBIICHUE, AHAJIOTUIHO TOMY, KaK 3TO JCIAaCTCA

B CJIy4dac€ JUIIOJIbHOI'O U3JTyvdaTesIsd.

Tlo 5IEKTPHYECKOMY TIOIO B TAbHEI 30HE — 0. ", (a), P)=—2K z uls (28)

0

Ijle reoMeTpHYecKue KoI(Q(UIMEHTBI Ul KOMIOHEHT 3JEeKTPHYECKOro MOJisl AMIOIBHOrO MCTOUHMKA JUTMHOH dS ¢
LIEHTPOM B TOUKE ¥(S):

K& = (R(e(50, X)) E i, (Lr(s,) = P, O, P), 1)- pdis) 29)

JUISL JUIMHHOM JIMHUHM, HHTErpHupys (16) BIOJIb KOHTYpA M3JIy4aTellsl C Y4eTOM pacipeieeHus TOKa B HeM, IMeeM
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-1

,6(s,P), 1)-p<"ds (30)

r(s)—P

lj
KL, =| [R@(s, x ) B, (c(s,0),
0

Ilo TOPU3OHTAJIBHBIM KOMIIOHEHTaAM MAarHuTHOIO I10JIA B JaibHEH 30HE
2

p. (@, P)=|au % Ky, 31
0

IZie TeoMeTpHUeckie KOod((MUIMEHTH JUIi TOPU3OHTATBHEIX KOMIOHEHT MAarHHTHOTO MOJS JMMOJBHOTO HCTOYHHKA
JUTHHOM dS ¢ eHTpOM B TouKe F(S¢):

Ka];[,i = (R(O{(SO, x* ))THHEDa)(l’ r(s,)—P,O(s,, P), 1)' p<m>ds)_l (32)

JUISL JUIMHHOM JINHUHM, HHTErpupys (21) BIOJIb KOHTYpa M3JIy4aTessl ¢ Y4eTOM pacipeieeHus TOKa B HeM, IMeeM
-2

,6(s,P),1)- p<ds (33)

r(s)—P

1
kY, =| [R@(s, x ) H,y,,(c(s,0), o,
0

B ciyuae OXHOPOAHOTO TIONYNPOCTPAaHCTBA B JAJIbHEH 30HE 3HAYCHUS] KaXXYIIErocs COIPOTHUBIICHHMS,
orpenenseMbie BeIpakeHIsIMA (28) 1 (31) cTpeMaTcs K 3HAYEHUIO YASTBFHOTO COMPOTHBIICHHS TOCTHIAOMICH CPEIBL.

U3 (16) u (26) cnemyet, 4To B ONMFDKHEH 30HE (U1 TOCTOSIHHOTO TOKA) TIO AIIEKTPUIECKOMY IO, TaK Ke MOXKHO
BBECTH KaXKyIleecs COTMPOTUBIICHUE MO100HO (28)

Pl (@ P)=|Z2 K (49

k m|>
0
IpUu 5TOM I'€OMCTPUICCKUC KO3(1)(1)I/IHI/ICHTBI JJI1 KOMIIOHCHT 3JICKTPUYCCKOI'0 MOJIA OTIPEACISAOTCA aHAJIOTHIHO (30)
-1

r(s)—P|,6(s,P),1)- p<ds (35)

]
KE, =| [R@(s, X)) E yp, (c(s, @),
0

TecHO cBs3aHHBIE MEXIy COOOW  TOHATHS
KaXYIIETOCS  CONPOTHBICHHUS ¥  T'€OMETPHYECKUX
- KO3(QQUINEHTOB A U3MEpPSEMBIX KOMIIOHEHT IIOJIA
HY)KHaloTcsi, Kak BHaHO m3 (28-35), B HexoTopoM
00001eHnN U1 COXpaHeHUsI UX (HU3MUECKOTO CMBICIA.
A HUMCHHO, IIpU KOMIIOHCHTHBIX HU3MCPCHHUAX IIOJIA
HﬂMHHOﬂ JIMHUW, U1 TPEACTABJICHUSA PE3YJILTATOB B
BUJIC KPHBBIX KaXYIIETOCsS CONPOTHUBJICHUS B 00JIACTH
BBICOKMX  YacTOT HEOOXOJAMMO  YYHTBHIBaTh  Kak
TreOMETPHUIO KOHTYpa U3ITyYaTens, TaK u
HEO/IHOPOJHOCTH PACHPEICIICHHsI TOKA B HEM.

B kadecTBe mpakTHUECKOTO MPHMEpa paCCMOTPUM
pe3ynpTaTel  m3Mepernii mo wmerommke CSAMT c
WCTIONB30BaHUEM  yYacTKOB JIBII-401 (Koma—
CepebpsHKka) B cyOmupoTHOM Hampasieruu u JIDII-154
(Kosra—MoH4eropck) B CyOMepHANOHATIEHOM
HampaBieHun Ha KoJbckOoM moJyocTpoBEe B KadecTBe
A — ] nnyuatenei (puc. 4). ['enepatop Obul yCTaHOBIEH B
0 50 km | 100 km MecTe IepeceueHusi 00enx JIMHUI 3JIeKTpolepesad Ha
T T T T T T MOACTaHIMU B NMyHKTE BBIXOIHOM, 3a3eMiIeHHE KOTOPOM

Puc. 4 KOHTypI)I YYaCTKOB JIDI1-401 u JIDII-154 CIIYKUJIO HEHTpPAaJIbHbIM 3a3€MJICHUEM IIUTAarOIIUX

U 1oJI03keHue Touek uzmepenuii 2003 roaa. AHIIOJICH. .
Hwke mnpeacTaBieHbl pe3yiabTaThl MEPBUYHON

00paboTKH B TOuke YToiokmia (puc. 5, 6).

3HaunTEIHHOE pacxoxxaeHue KPUBBIX
KaXyIIerocs CONPOTHUBICHMS [UISI PAa3HBIX HM3IydyaTeled Ha pUC. 5 OOBSICHAETCS NMPUMEHEHHEM T'€OMETPHYECKUX
K03 HUIMEHTOB AJIsI AUNONBHOTO MCTOYHMKA, & HE JUIs JUIMHHOW JMHUH. KpoMe TOro, mpu 3TOM HE y4YHTBIBAIOCH
HEOJHOPOHOE paclpe/eiieHue Toka B u3nydarene. [Ipu ydere 3Tux (aktopoB ¢ mnomoinsio (30) KOMIIOHEHTHbIE
KPHUBBIE Ka)KYILErocs CONPOTUBIICHHS MO JJIEKTPUUECKOMY MO0 JUI PasHBIX H3JIydaTeneld cTaHoBsATcs Oojee
COIJIACOBAHHBIMHU T10 YPOBHIO ¥ 110 hopme (puc. 6).

Takum 00pa3oMm, TpH JOCTaTOYHO CIIOXKHOM KoH(purypauun yuactka JIDII wucrmonb3yemMoro B KauecTBe
W3JTydaTerst MPUXOAUTCS BMECTO OOLIENPHUHSATHIX CHCTEM KOOPIMHAT CBS3aHHBIX C MCTOYHHKOM, KOTOpPBIE OOBIYHO
MIPUMEHSIOTCS ISl NIPEACTAaBICHUS! KOMIIOHEHT IOl WCTOYHHMKOB JIUIIOJIFHOTO THIA, BBOJAWUTH B PacCMOTPEHHE
JIOKaJIbHBIE CHCTEMbl KOOPAMHAT, C HAYaJOM OTCYETa B TOYKE H3MEPEHHUs,, KOTOPHIE YUYHTBHIBAIOT T'€OMETPHIO
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pacnosioeHus: AaTYUKOB Nouisl. [losydeHHble TakuM 00pa3oM KPHBBIE KaXKYILIETOCs CONPOTHBICHUS Ul pPa3HBIX
yuactkoB JIDIT oka3biBaroTcsi OoJiee coriacoBaHHbIMU (pUC. 6) U MO BENWYMHE W 10 (OpMe 3aBUCUMOCTH OT KOPHS
KBaJIpaTHOTO U3 NIEPHO/IA.

po™* (OMMm) _£mEv (Omm) 1 pOEt (OMM)

104 ML R 104__I'I'I'I1’M|:Pﬁl'ml| 104 L R

001 0.4 1 001 0.4 1 001 04 1
sqr(T) (c*°) sqr(T) (c*°) sqrt(T) (c°5)

113M-401
- - - - - [13M-154

Puc. 5. PezynbraTel nepBruHON 00padoTkn gaHHBIX u3MepeHuit MmerogoM CSAMT c JIDII-401 u JIDII-154 B
T. YIIOJIOKIIA - KPUBBIE KAXYIIErocs CONPOTHBIICHUS 0 M3MEPEHHBIM KOMIIOHEHTaM 3JIEKTPUYECKOTO OIS
(mo ocsM oOpaMHAT) B 3aBUCHMMOCTH OT KB. KOPHS IIepHoja TOKa B HCTOYHHMKE (10 ocsM abcuucce),
TEOMETPUYECKHE KOX(PPHUINEHTH ONpENeIeHH B TUIOIBHOM NPUOMIDKEHHH wu3nydatens (29) s
OJTHOPOJIHOTO PaCHpeACIECHHS TOKa

I'mans Ha puc. 6 MOXHO CAeNaTh BBIBOJ O CYIIECTBEHHOW aHMU30TPOIUHU COMPOTHUBIICHUS IMOACTUIAIOIIETO
MpocTpaHCTBa. [ BCeX KOMIIOHEHT IOJIA KaXKYIIeecs CONMPOTHUBICHUE OT JHHUU B CyOIIMPOTHOM HAIPABICHHU
MEHBIIIE YeM OT JIMHHH BJIOJL MepuauaHa. COrjacHO MapaZoKCy aHH30TPONHHU, 3TOT (DaKT MOXKHO (OpMaBEHO
TPAaKTOBATh KaK aHU3OTPOITUIO TOACTHIIAIONICH Cpelbl C 00Jiee BEICOKUM COIPOTHUBICHUEM B ITUPOTHOM HATIPABJICHUH H
0oJiee HU3KUM BIIOITE MEPHUINAHA.

wEtet (OMM)

-

pwE* (OMMm) 108 _£mEv (Omm)

1063 = 1063
105 ~-Ac” 105F SN g5 4T
- - - -
10* RRLLL ERRRLL 104 104__|'|'ITITI'1_I'I'ITITI1
0.01 0.1 1 0.01 0.1 1 0.01 0.1 1
sart(T) () sary(T) (c*9) sqrtT) (%9
nan-401

- = = = = [13M-154

Puc.6. KpuBble KaxKyIierocst COnpoTHBIICHHS 10 HU3MEPEHHBIM KOMIOHEHTaM 3JIEKTPHYECKOTO MOJS C yUYETOM
TeOMEeTpUH JUINHHON JINHUU 1 HEOTHOPOIHOTO PACHPE/IeNICHNs] TOKa B HEH.

Bosee mpaBmomon0OHBEIM OOBSICHEHHEM pPE3yJIbTaTOB, IPEICTaBICHHBIX Ha pHUC. 6, SBIAETCA, BHINMO,
CYIIECTBEHHOE OTIMYHE I'€OUIEKTPUUECKHX Pa3pe30B MOJ Y4aCTKaMH MUTAOUINX JUHUH W HaIWIHe TOPH30HTAIBHON
HEOAHOPOIHOCTH MOACTIIIAIOIIETO MOTYIPOCTPAHCTBA B TOUKE Y OJIOKIIA.
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2. IuBepcust AaHHBIX H3MEPEHHI 110JI1 JNIMHHOM JTNHUY IPOU3BOJILHON KOH(UIYPALIMH 323¢MJICHHON HA
KOHLIAXC HEOJHOPOAHBIM pacnpeejiecHHeM TOKAa MeToA0M 3 (PeKTUBHOI THHeapHU3aluH.

2.1. MeTtoa 3¢ deKTHUBHON JHHeAPHU3ALMH.

Meron sddexruBHOil auHeapuzauuu, npemioxkennslii JI.H. ITopoxoBoit 1 M.M. XapnamoeiM [Porokhova,
Kharlamov, 1990] nnst pemennst 3aa4 OJHOMEPHBIX W JABYMEPHBIX 3a/1ad MarHUTOTEIUTYPUKH 00JagaeT Xopouieh
CXOJMMOCTBIO U JIOCTATOYHO MPOCTO 0000MIaeTcst Il KOMIIOHEHT 0N TOPH30HTAIBHOTO 3JIEKTPUYECKOTO U0
[IeBuoB A.H., 1995, 2001]. B ocHoBe MeTona nexar 3)()eKTHBHBIE OLEHKH (YHKIMOHAJIA HEBA3KH W HEJMHEHHOM
YaCTH NPHPALICHUS OmlepaTopa NPsSMOM 3agayd Uil MaJIOTO IPHPAIICHUS MOIEIBHON (YHKLIMHM HPOBOJMMOCTH.
NpUMEHeHHs1 MeTola 3G (EeKTUBHON TMHEapU3alul aBTOPOM OBLIM HCIIOJIB30BAaHBI MIPEICTABICHUS ONepaTopa MpsMoi
3amaun [Boerner, West, 1989], smep ®peme n OLeHKH HETHMHEHHOW YaCTH MPHPAIIEHUS SIEKTPOMArHUTHOTO ITOJIA
TOPU3OHTAIBHOTO dekTprdeckoro aumoiisi [Chave, 1984, Xapmamos 1987, 1990, Ilesmos, 1995, 2001]. IToncramss

ux B BbipaxeHust (16) u (21) Bmecro omeparopos E .o, H,,, u BbinonHss uHTerpupoOBaHHEe 10 KOHTYDY

UCTOYHHUKA, IIOJY4YUM, OIEpAaTop NpsAMOM 3anauu, sapa Dpemie u OLEHKM HEIUHEHMHONW 4acTU HPUPALICHUs I10JIs
JUIMHHOM 3a3eMJICHHOW JTMHUU. B KauecTBe Ha4aIbHOTO MPUOIIKEHHS HCIIONb30BaIaCh MOIENb, MOIy4YeHHAss METOJIOM
KOHTpoJInpyeMoi Tpancdopmannu Mosiounosa — Jle Beera [1lleBros, 1999]

[Ipn wncmonp30BaHMM B OAHOM ITyHKTE 30HAMPOBAHUS MOJEH OT IOBYX M Oojee JMHHUH 3JIEeKTpolepeaavH,
00ecreunBaOINX HECKOJIBKO HE3aBUCHMBIX MOJSIPH3AaLUi NEPBUYHOIO IIOJIS, IO pe3ysibTaraM H3MEpeHHH
JNIEKTPUYECKUX M MATHHUTHBIX KOMIIOHEHT ONPEACISAIOTCS OCHOBHBIE M JOIOJIHHUTENBHBIE KOMIIOHEHTBI TEH30pa
MMIENAaHCa, KOMIIOHEHThl BekTopa IlapkuHcoHa-Bu3e, 4Tro MO3BOJSET OLICHUBATh BIUSHHE BO3MOXKHBIX
TOPU30HTAIIbHBIX HEOJHOPOAHOCTEN ¥ aHU30TPOIHBIX CBOWCTB IOPOL.

B ciryuae npenMyIiecTBEHHO OJJHOMEPHOTO PACIpPENETIECHUs yAENbHONW 3JIEKTPOIIPOBOIHOCTH 10 BEPTHKAIIH, IIPH
pelIeHnn oOpaTHOHM 3a7a4u MBI IOTY4aeM BO3MOXHOCTh HMOCTPOEHHMSI COTJIACOBAHHON MOJIETH, yIOBJIETBOPSIOLICH
HaOIIOJEHUSIM CO BCEMH HCTOYHHKAMU NIEPBUYHOTO TI0JIS1 BO BCEM YaCTOTHOM JHAINa30HE UCCIECJOBaHUI.

2.2. HopMaabHblii reo3JIeKTpUIECKHIl pa3pe3 H pe3yabTAaThl HHBEPCHH B TOYKe YOJIOKIIA.
B 00sacTsax pacroioKCHHBIX BAAIH OT
MIPUNIOBEPXHOCTHBIX ~ KOPOBBIX  aHOMAaJUil

6
POBOJIUMOCTH, pe3yIbTaThl 10 1® @ @ E,43-95(Ynonokwa-Kosgop)
QJICKTPOMArHuTHBIX HU3MEPCHUU MOXXHO p (OM M}: A A A E)( y3-03 (I'ISI'I-401-Yn01'|OKLLIa)
MPEICTAaBUTh B BUJI€ HOPMAIILHOW KPUBOU IUIS 1m W W Zes Y3-03 (N3N-401-Ynonokwa)

KaXxyIerocs: cornporusieHus [JKamaneTmHoB
u 1p. 2004]. YuacTok HOpManbHOW KpUBOH B
HCCIIE/IOBABIIEMCS 4YacTOTHOM JMAala3oHE B
skcnepumenTtax ¢ JIOII B 2003 roxy B Touke -
Yhosokma NpeAcTaBleH Ha pUC. 7 KUPHOU
CIUIOIIHOW JIMHHEHW ¢ 00JacTeio pasdpoca
BEJINUMHBI U3MEPEHHOTO Ka)yILerocs 105+
CONPOTHUBJICHHUS. 3/1€Ch K€ KUPHBIMU TOUYKAMHU ]
MIPEICTABICHBl PEe3yabTaThl U3MepeHuil 1995 -
r. B T. KoBgop ¢ AWMNONBHBIM HCTOYHHKOM,
pacroyioXKEHHBIM B TOYKE YMOJIOKIIA Ha
ymaneruu S50 kM s SKBaTOPHAIBLHOMN
ycranoBkH [Lllesmos, 2001]. Taxxe Ha puc. 7
TIOKA3aHBbI 3HAYEHHSA KaxyILerocs
CONPOTHUBJICHHUSI MO JIIEKTPHUECKOMY IIOJIO
(tpeyronpaukn) JISII-401 u mo kBampaTHOMY 104 T : ——r
KOPHIO U3 ONIPEACTIUTEIIA MaTPULIbl UMIICIaHCa /

HopM. KpuBas Kax. CONpoTUBNEHWUS

0. 0.1 —
(kBagparuku) — 10 3P HEKTUBHBIM 3HAYCHUSIM \{ T ('
UMIIE/IaHCa MHBapUAHTHBIM  OTHOCHUTENBHO
IIOBOPOTa M3MEPHUTENHFHON YCTAaHOBKH BOKPYT .
BEPTUKAIBLHOU OCH. DP(EKTUBHBIE 3HAUECHHUS Puc. 7. Pesynbratel  m3MepeHMH  Kakymlerocs
noMyueHsl B T. Yronokma ¢ Junusmu JIDII- compoTupieHus Ha Encko-Kosmopcko-benomopckoM 610ke
401 u JIDM-154 B 2003 r. Ha yjaleHHu — 1. Ynonokma B 1995 [Illesmor, 2001] u 2003 ronmax.

CmomHass kupHas ¢ Oapamm  pa3Opoca 3HaYeHHH —
HOpMajbHas KpUBas KaXyIIerocsi CONPOTHBICHHS IS
Bantuiickoro mura [XKamanetnuHos u np., 2004]

ceemme 180 m 100 KM COOTBETCTBEHHO.
IIpencraBnenHsle Ha puc. 7 pe3ysbTaThl
W3MEpPEHUH  WMEIOT  ONm3KHe  3HA4YeHUs
KaXYIIEerocs: CONPOTHBIICHUS U B Ipeaenax
pazdbpoca B LEIOM  COIJIAaCylOTCSl €
HOPMAaJIbHOW KPUBOM Ka)KyIIErocst CONPOTUBIICHUS U1 banTHICKOro mura.
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Bwmecte ¢ TeM EMEIOTCS U 3aMETHBIE PACXOXKICHUS KPUBBIX KaxyIerocs conportusieHus st JIDI1-401 u JIDII-
154 (puc. 6), Kak U MX OTJIMYHE OT HOPMATHHOMN
KpuBOil. BepoATHO, 3TO CBsI3aHO C pa3HbIMU
TEORJIEKTPUUECKUMHU pa3pe3aMu TOJ[ ydacTKaMu
JIDII, xoTopble CAY>KWIM B KayecTBE MCTOYHUKOB
TOJIAL.

PesynbraTs OJTHOMEPHOU UHBEPCUHN
HOPMaJIbHOM KPUBOI Ka)KyILIErocs CONMPOTUBIICHUS
C Y4YeTOM JaHHBIX B TOYKE YIOJOKIIA IS
TJIABHBIX KOMITOHEHT 3JeKTpudeckoro mois JIDII-
401 w JIDII-154 mnpencraBieHsl Ha puc. 8.
WuBepcusi BbINOIHEHA METOAOM 3()(HEKTHBHON

JIMHEeapu3aLuH. B KayecTBe  HayaJbHBIX
NpUOIMKEHUH  UCIIOJB30BAIUCH  PE3yJIbTaThl
muddepeHnnanbHOR TpaHchopmanuu

MonouHoBa—Buera (T0Ka3aHBl ITyHKTHPOM) IS
OIICHOK HOPMAJBHBIX 3HAYCHUH KaXKYIIErocs
CONPOTHUBIICHUS] bBanTUiiCKOro MmmMra CHU3Yy |
cBepxy. HecMoTps Ha psia OTiIMYMi B HOJTYYEHHBIX
pa3pesax, OHH JTOCTATOYHO XOPOIIO COTJIACYIOTCS
MexIy co0oif B 00mmx ueprax. Beigenena odmacts
MOHIDKEHHOTO  CONPOTHBIICHHSI BEpXHEHl uacTh 1 101 102 103 104 105 10
paspesa — 10 30 M, o6nacts DD-ciost (2 — 10 kM) Puc. 8 MHBepcust HOpMalbHOM KPUBOM KaXyLIErocs
[KamanerauaoB u ap., 2005] u mHOHIKEHHE CONPOTHUBIICHUS ¢ yueToM u3mepenuii ¢ JIDII B T.
conpoTuBieHus Hwke ypoBHs 10° OmwM ma | YTOJNOKIIA.

riyounax cbime 100 kM.

Pabota Beimonnena npu nognepxke PODU (rpant Ne 02-05-64708), mo npuoputetHoMy Hanpasienuto OH3
PAH — 6: «I'eonunamuka 1 MeXaHU3MBbI J1e()OPMHUPOBaHUS JIUTOCHEPHD»

CnHcok JTuTepaTypsbl

1. AnexcannpoB [.H. YcraHOBKH CBEpXBBICOKOTO HAIIPSHKEHHS U OXpaHa OKpysKaromien cpensl. 1989

2. Barun C.A. Anroput™M JABYMEpHOW HHTEpIIPETAllMM MAarHUTOTEIUTypUYEeCKUX MJaHHBIX it E- um H-
noJsipu3anui mostst. // Borpocsl reodusuku. Beim. 35, CII6., CITOI'Y, c. 176-187, 1998.

3. Bemer A.B. DnekrponpoduiinpoBaHie Ha MOCTOSHHOM M IIEpEMEHHOM Toke. 1980

4, KamanerauuoB A.A., lllesiioB A.H., Tokapes A.Jl., Kononos F0.M., Baubsn JI.JI.. Bausaue noHocheps! u
TOKOB CMEILIEHUS Ha PE3YJIbTaThl IIIyOMHHBIX 3JIEKTPOMAarHUTHBIX 30HAupoBanuii B mose CHY-anrtennst. // JJAH, 1999.
T. 366, Ne 5. C. 688-691.

5. Xamanernunos A.A., Ileprens M.U., Tokapes A.Jl., lllesnioB A.H. u pa6. rpynna BEAR. «Hopmanbhas»
KpHBas KaXKyIIErocs yAeIbHOIO IEKTPHUECKOr0 CONPOTUBICHHS B quana3oHe yactoT 10 °~10° ' uist reppuropuu
Banrtuiickoro muta. // Bonpocs! reopusuku. Beim. 36. CI16., 2004— Yuensie 3anucku CIIOIY; Ne434)

6. XXamanernuuoB A.A., Kopotkosa T.I'., Tokapes A./l., llleenoB A.H., HeBperauros F0.M., 3apxu .M.,
Komsrrerko FO.A., Kombirenko E.A., T'ox6epr M.b., Ilecun JI.b., [llepmaes FO.A. CBepXriryOnHHOE 30HIMPOBAHNE
murocdeps! bantuiickoro muta ¢ npumeHerneM npomeinuieHHBIX JIDIL. // JJAH, 2005. T. 405, Ne5. C. 666-669

7. XapnamoB M.M. DddekruBHas nporenypa MUHUIMHU3AIHKA HEBS3KH B HEIIMHEWHBIX OOpaTHBIX 3aJa4ax
reodu3uky. / MeToauka 1 pe3ysibTaThl re0(U3NUECKUX UCCIICIOBAaHUN TOKEMOPHHCKHIX TOPO]] BOCTOYHOM 4acTh
Bbanrtutickoro mura. [Terpo3aBoack. C. 139-144, 1987.

8. XapnamoB M.M. OrpaHunueHus, CBSI3aHHbBIE C UCIIONb30BaHIEM JIMHEApU3allHOHHON IPOLEIYypHI B 3a1a4ax
WHYKUUOHHBIX 30HAMpoBaHuii. // [Tpo0nemMbl u3ydeHHs JOKeMOPHICKMX 00pa3oBaHUi reo(pU3MUECKUMHI METOIAMH.
ITerpo3zaBoxack. C. 105-112, 1990

9. llleBuoB A.H. OGpaTHas 3a/1a4a YaCTOTHBIX JIE€KTPOMArHUTHBIX 30HIUPOBAHHUH B CIIydae OJTHOMEPHBIX Cpel.
Meron 3¢ dexTrBHOM nHHeapu3anuy. // Marepuaisl 9-it MonoaexxHoN HayyHOH KoH(pepeHunu “I'eonorns
BanTuiickoro mwra u qpyrux qokeMOpuiickux obmacteit Poccun”. Anarutsl. C. 99 - 104, 1995

10. Illemor A.H. [Ipumenenue auddepeHnnanrbHeIX TpanchopMaIuid B METOIE YaCTOTHOTO 30HIUPOBAHUS. //
I'eonorus u mone3HbIe HCKOMIAEMEBIE ceBepo-3amana U neHTpa Poccun (Marepuans 10-i MomomexHO# KOH(pEpeHIIH
namatu K.O. Kparma), Anarursr, , 1999, c. 176-179

11. IlleBumoB A.H. Meron 4aCTOTHOTO 30HAMPOBAHHS MPU HM3YYEHHH AIIEKTPONPOBOTHOCTH BEPXHEW HYACTH
kopbl banTtuiickoro ugura. //J{uccepraiys Ha COUCKaHUE CTENeHU Kanauaara ¢us.-mat. Hayk. 98 c., CII6. 2001.

12, VYoiir [Ix. ['eosnexkrpomarnetusm. 1987

13. Chave A.D.. The Freshet Derivatives of Electromagnetic Induction. // JGR, 89, B5, 3373-3380, 1984.

14. Boerner D.E., West G.F.. A generalized representation of the electromagnetic fields in layered earth. //
Geophysical Journal, 97, 529-548, 1989.

61



15. Porokhova L.N., Kharlamov M.M. The solution of the one-dimensional inverse problem for induction
soundings by an efficient linearization technique.// Physics of the Earth and Planetary Interiors, 1990, 60, p. 68-79

16. T. Grant Caldwell, Hugh M. Bibby, Colin Brown. Controlled source apparent resistivity tensors and their
relationship to the magnetotelluric impedance tensor // Geophysics Journal Interior, 2002, 151, 755-770

62



['maBa 2. IkcnepuMeHTANIbHBbIE HccIe0BaHus B3auMoaericTeuss CHY-
PaaAMOBOJIH € 3¢MHOI KOPOM.

Benuxoes E.H.I, HKamanemounoes A.A. 2, Coouaxoe JI.A. 3, Bewes A.B.° , Capaees A.K. 3, Tokapes
AJL 2 Hlesyoe A.H. ? Bacunves A.B.°, Connuxos A.T'.*, Axoenes A.B.* (1994). OnpbIT
YaCTOTHOIO YJIEKTPOMATHUTHOI0 30HJIMPOBAHMS 36MHOI KOPbI ¢ MPUMEHEHHEM MOIIHOI
antenabl CHY - nmanma3ona. // JJAH. T. 338, N 1. C. 106-109.

'Poccniickas AkaznemMus HayK

T'eonornuecknii mHCTHTYT KOIbCKOro HayuHOro nentpa Poccuiickoit AkageMun Hayk, AmatuTsl MypMaHCKOiT 061,
3 Hayuno-mccnenoBarenbckuii HHCTUTYT 3eMHOM Kopbl CaHKT-IleTepOyprckoro rocyapcTBEHHOTO YHUBEPCUTETA
*PoccmiicKuii MHCTUTYT MOIIHOTO paguocTpoerus, Cankt-IlerepOypr

CoBepIIeHCTBOBAaHUE METOJIOB TJIyOMHHOTO 3JIEKTPOMAarHUTHOTO 30HIMPOBaHHS 3€MHOI KOPBI C IIPUMEHEHHEM
MOIIHBIX KOHTPOJINPYEMBIX MCTOYHHMKOB IIOJISI SIBJSIETCSI aKTyaJIbHOH IpoOieMol (yHIaMEHTaNbHONW M IPUKIAJIHON
reousuku. [[ppmMeHeHne MOIIHBIX 3aKPEIUICHHBIX NCTOYHUKOB TI03BOJISIET ¢ MUHUMAJILHBIMHU 3aTpaTaMy MCCIIEA0BaTh
OoJIbIIE TEPPUTOPHH 3€MHOM KOPBI, COXPaHss BRICOKYIO TOYHOCTh M BOCIIPOM3BOJMMOCTh pe3yibTaTtoB. Cpeau pabor
9TOTO HANpaBICHUS CIEIyeT OTMETHTh IepBOoe IIyOMHHOE 30HIMPOBaHME C Oarapeei aKKyMyJIsSTopoB B (PHHCKOM
samuBe [1], rmyOmmHBIe uccrenoBanus ¢ MI/-rereparopom "Xubunel" Ha Kombckom momyoctpose [2,3],
sopaupoBanue ¢ JIOII mocrosaHOrOo TOoka 800 KB "Bomrorpan-Houbacc" B LlentpampHoit Poccmm [4], a Tarke
soupupoBanus ¢ JIDII IIT "Kabopa-bacca" B IOxnoi Adpuke [5] U 30HAUPOBAHHS C OTPE3KAMH MPOMBIIIICHHBIX
JIDII B CeBepHoit Amepuke [6,7].

Hossie MEPCTIEKTHBbI TITyOMHHBIX
UCCIIeI0BaHUMN suTocdepsl OTKpBIBAaET
UCIIONB30BaHNE MOILIHBIX NepeaardukoB CHY-
quanasoHa. OpHa W3 TaKUX  YCTaHOBOK
pacriojio)keHa Ha ceBepo-3amnane Koibckoro
noixyoctpoBa (puc.l). Ilepemarumk cocrout
U3 JIByX CBHUTY-TEHEPATOPOB CHHYCOHMJAIBHOTO
HaNpsDKEeHNS n IIBYX TapauIenbHBIX
TOPU3OHTAIBHBIX 3a3€MJICHHBIX aHTCHH JUTMHOM
okojo 60 kM  kaxpgas. ['eHepaTopsl
obecmeunBaroT TOK B aHTeHHax 70 200-300A B
muamazoHe yactotr or 20 mo 250 I'm. BakHoit
0COOEHHOCTBIO aHTEHH SIBJISIETCS ux
pacrojio)keHHe Ha IOBEPXHOCTH OJHOPOIHOTO
IUIOXONPOBOJSIIEro  OJIOKAa,  CJI0XXEHHOTO
TPaHUTO-THEHCAMU JpeBHEMILEro
nporopynnamenra  (MypmaHCkuid  OJIOK).
O¢dexTnBHas NPOBOIUMOCTb CPEAbl  IOA
auTeHHONW He mpesbimaer 2:10° Cm/m. Dto
O3Hayaer, 4ro Ha cpemHed dactore 100 I'mp
' TOPU30HTAIBHBIH MAarHUTHBIH MOMEHT AHTEHHBI

3 _.-—4 — AnllA 2 )
Typxy ,\{::.[’a”” MevepGypr M=JLhy nocruraer 1,5-10""A-M* (J - cuna
104} kM xﬂ-""':'f'} Toka, L - IiMHa aHTeHHBL, /g - TONIIMHA CKHH-
e - le—efs [ & |

cy05). CuHycongansHBIN TOK MOYET
3amaBartbes B guanaszone 20-250 I'm mo mrob6oit

. cetke gactor ¢ marom 0.1 I'm. Xox 3amarorero
3ouaupoBanuit co CrnenJISI CHY-nuanazona. KBapLIEBOro reneparopa onpeensercs

1 - monoxxeuune HGPSI[&IOH.ICI/I AHTCHHBI (3a3eMJICHHON cHcTemoll "THAIMHT" ¢ TOYHOCTBIO HE XYyke
muand AB mwHO#M 60 KM); 2 - IyHKTHI IpHEMa U IX 107¢
nomepa (1-TTapkano: 2-Pamakusu, 3-Typky).

Puc. 1. Cxema pacnonoxeHus MyHKTOB U Tpacc

IlepeuncneHHble BHINIE W PSAI IPYTUAX
rnapameTpoB ONPENEIAIOT LIUPOKHKE
BOo3MOkHOCTH npuMeHeHst CHU-aHTeHH npy TITyOMHHBIX U TUIOMIAIHBIX T€0AIEKTPHUECKIX UCCICAOBaHUAX. BriepBrie
aHaJIOTMYHAs aHTeHHa Oblla MpUMeHeHa B KoHie 70-x romoB i anekTpopasBenku [8]. B 1990-1991 rogax Obutm
BEITIOJTHEHBI TTepBHIe 30HANpoBaHus B oitle CHY-aHTeHHBI U1 H3y4YeHUs TIIyOUHHOTO pa3pe3a MypMaHCKoro Ooka u
HCCIIeIOBaHMs cTpoeHus: pyaHoro mois [lancko-Llarnackoi 30861 C momomsio CHY-aHTEHHBI yAaI0ch 0OHAPYKHUTH
MIPOBOAIINN CIIOH Ha TIyOMHE 2 KM, TOATBEPKACHHBIN N03Ke TaHHBIMHU OypeHus. Cioi IpuypoUYeH K MepCIeKTUBHON
HA TIOJIE3HBIE NCKOTIaeMbIe 30HE CYIb()HUIHOTO M MarHETUTOBOTO OPYICHEHUS.
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[epBbIii KpynmHOMACHITAOHBIA 3KCHEPHUMEHT IO TIIyOMHHOMY 30HIUpOBaHHIO 3eMHOI Kopbl ¢ CHY-anTeHHO#
Obu1 ocymecTBiieH B 1992 roxgy Ha roro-3amage QunnsHmuu (puc.l). M3mMepeHHs OCYyMIECTBISUIMCH C TOMOIIBIO 5-
KaHaJIbHOM 1M(POBOM cTaHIMK, pa3paboTaHHO i 3ToM nenu B ['eonornueckom uneruryre KHIL PAH coBmectHo ¢
[onsipubiM reopusuueckuM HHCTUTYTOM. C 1IEJIBIO MOBBIILICHUS [TOMEXO3aLIMIIEHHOCTH N3MEPHUTENFHOrO OJIoKa B
CTaHLMM MpPHUMEHEHa CcHcTeMa TreTepoAuHupoBaHus. CHEKTp CHUrHajJa MHpH 3TOM IEpEeHOCUTCS Ha 3aJaHHYI0
(IpOMeXyTO4HYI0) 4acToTy, BEIOpaHHyro paBHOW 1 't muist yno6cerBa 3anucu B mudposoM Buze. [Ipumep perucrpaunu
curHaina Ha yactote 125 I'y B Touxe IlapkaHo mokaszaH Ha puc. 2 B BU€ pacleuyaTkH ¢ dKpaHa koMmbroTepa "Komman
AT-Typ60", 06paboTKa Ha KOTOPOM OCYIIECTBIISUIACH HETTOCPEACTBEHHO B ITOJIEBBIX YCIOBHSX.

0 5 10
E,
20
H,, ,10*uTxn
E, ,,MB/xm
0
-2 2
] | |
0 5 10 0 5 10 5t MuH

Puc. 2. IIpumep 3amucu curnana B Touke ITapkaHo Ha pa3Hoce 920 kM (Touka 1 Ha puc.l, pacneuaTka
C DKpaHa KOMITBIOTEpa).

MarsuTHoe IO0J€ M3MEPANOCh C IOMOIIBI0 MHIYKIHOHHBIX JAaTYUKOB, OPUEHTHPOBAHHBIX B HAIMPABICHUAX
"cesep-tor" ([1)),"Bocrok-saman" (Hly) wu Beprukamsho (/). COOTBETCTBEHHO, OMNEKTPUYECKHE —JIMHHH
opuentupoBaincs Ha cesep (E,) n na Boctok (Ey). OOpaboTKa AaHHBIX OCYLIECTBISUIACH IyTeM BbIYMCIEHHS

[ 12 2 .
KaXyIIerocs: cONpoTHBIeHns P, 1o snektpudeckomy nomo (Ey, Ey u E,,, =, E +E] ) ¢ nopmuposkoii mo

BOJIHOBOH 30HE HAa COOTBETCTBYIOIIME T€OMETpUYECKUE KOIQ(DUINEHTH U 3HAUYEHHH O, ¢ HOPMUPOBKOH MO BXOIHBIM
X X A
umnenancam (£, 2% u Z° 2 ). Hambonee HamexHble pe3ynbTaThl OBUIM TONy4YeHBI B TOouke Ilapkano. 3mech
HaOJII0Ial0TCSI HECYIIECTBEHHbIE PACXOXKICHUS MEXK/y 3HAUEHHSIMH Ka)KyLIEerocsi CONPOTHBIICHUSI, OIPEIeICHHBIMH I10
tot
OTZeIbHBIM KOMIIOHeHTaM (0, 0,) 1 110 NOIHOMY OO L, . DTO yKa3blBAET HA OTHOCHTEIbHYIO TOPH3OHTAIBHYIO

OJTHOPOJHOCTH Cpellbl B TOUKE BO3OYKIEHHUsS W B TOYKE Npuema. ['opu3oHTabHAs HEOTHOPOIHOCTH pa3pes3a BOJb
Tpacchl PAaCHpPOCTPAHEHHs CHIHAJIOB HE BJIMSET Ha pe3yJbTaThl HAOJIIOJICHWH, MOCKOJBKY PacCTOSHHE MEXIY
HUCTOYHMKOM M TOYKOW HaOmroneHust cocrtaBiusier 8§-10 paaMH BOJH B cpelle W OCHOBHAs 4YacThb JHEPIHU
pacnpocTpaHsieTcs Mo BO3AYXY.

BaxHOW 0COOCHHOCTBIO TNOJYYEHHBIX PE3yJIbTATOB SIBISICTCS PE3KOE PACXOKACHHE MEXTYy MMICIAHCHBIMUA U

BOJIHOBBIMU KDHBBIMH Ka&)XKyLLETOCs CONpOTHBIeHns. Ha puc.3 MOXHO BHAETh, 4TO KpuBas 0, XapaKTepHU3yercs

S 9 o »x
3HaueHHAMH (2-5)-10° OM'M u mMeeT Hucxonsmmil BuA. B To xe BpeMs Ha KpHBOH 0; M3MEpPEHHBIE 3HAYCHUA

Haxomarcs B mperenax (5-8):10° OM'M M BO3DACTalOT C INOHIKEHHEM 4YacTOTHL. OTMEUEHHbIE OCOOEHHOCTH
OOBSICHSIOTCS  BIMSIHMEM HMOHOC(Ephl: B  YCIOBUSX  C(HOPMUPOBABLIETOCS  BOJIHOBOJAA  3eMIsi-HOHOCc(epa
JIEKTPOMAarHUTHBIE BOJHBI PACIPOCTPAHAIOTCA cO cinabbiM 3aryxaHueM. IlosTomy oOmenpuHATass HOPMHPOBKA
JIEKTPUYECKOTO MO 110 OJHOPOJHOMY HM)KHEMY HOIYIPOCTPAHCTBY, OTAEIEHHOMY IUIOCKOM I'paHUNEH OT BEPXHETO
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IIOJTyIPOCTPaHCTBA (BO3AyXa), Oe3 yuera HMoHOC(Ephl JaeT 3aBbllIeHHbIE 3HayeHus L, . [lpu HopMHpOBKE MO
MMIEIaHCY BIHSHUE HOHOC(EpPHl KOMIICHCHPYETCS 3a CUeT €€ IMPUMEPHO OJWHAKOBOTO BKJIAJa B AJIEKTPHUYECKUE U

MAarovuTHBIC KOMIIOHCHTBI MOJIA WU, B PE3YyJIbTaTe, 3HAYCHUA pT OTpaXaroT pCajibHBIC 3JICKTPOMArHUTHBIC CBOICTBa

HWKHETO NOJYyIPOCTpaHCTBA. OTMeueHHBIE CBOMCTBA KPHUBBIX me/I IOT MOATBCPIKAAIOTCA TCOPETUICCKUMU paCYCTaMU.

s P OM - M

lgg’_p” Puc. 3. Pesyubrarthl 3JEKTPOMArHUTHOTO
- 3ouaupoBanusi ¢ CHY-anTeHHON B TOYKe
- o [MapkaHo (kpuBble 1 U 2) B CONOCTaBJIEHHH C

pe3yIbTaTaMM APYTHX METO0B 30HIHPOBAHHS
| @ I Ha Bantuiickom mure.
B 1, 2 - KaxyIeecst COMPOTHBIICHUE B TOUKE

T

IMapkano (1 - P, , onpexneneno no

v X
KOMITOHEHTEe Ey 10 BOJIHOBOI 30HE; 2 - p; s

onpeneneto no umnenancy 2 =E,/H,); 3 -
0000IICHHBIC JAHHBIC YaCTOTHBIX
30HIUPOBAHHN HA OJHOPOIHBIX
IoxonpoBoAamux 6mokax Komsckoro n-sa; 4
- To e, nanasie MI'JI-30umupoBannii [3]; 5 -
pe3ynsTatel AMT 30HIMpOBaHNS B CeBEpHOM
Ounnsiaany [9]; 6 - "HopMabHas" KpuBas 1o

10°E narHeiM AMT3 [10]; 7 - To e 1o JaHHBIM
C MT3 [11]; 8 - 06006111eHHbIE faHHBIE AMT-MT
£ 3oHaupoBanuil B FOxHoN OunisHauu [12].
3-10°

VMeHbLIEHHE HanpskeHHOCTH F u H KOMIIOHEHT 3JIEKTPOMArHUTHOTO MOJsS C TMOHMKEHHEM 4YacTOTHI B
YCIIOBHSX BOJHOBOH 30HBI YKa3bIBae€T HA KOHEYHOE CONPOTUBIICHUE HOHOChEpHL. Ee anekTpuyeckue mapaMeTpbl MOTyT
OBITH MCCIIEAOBAHBI ITyTEM COIOCTABICHUSI KCIIEPUMEHTANIBHBIX JaHHBIX C TEOPETUIECKUMHU PAacueTaMH, OCHOBAaHHBIMHU
Ha XOpOIIEeM 3HAaHUH AJIEKTPOIPOBOJHOCTH HIDKHETO MOIYNIPOCTPAHCTBA.

Pesynbratsl 3onaupoBanus ¢ CHY-anTteHHoU
B T1. [IlapkaHo comocTaBneHsl Ha puc.3 ¢ Pap OM.- M E, mB / xm
pesyibTaTaMH  JIPYyrUX  METOJOB  IJIyOWHHOTO ( 12
3JIEKTPOMArHUTHOTO 30HAMPOBaHUS Ha banTuiickom 10

-

wute. MOXHO  BUEETb, 4YTO KpuBas  Oj

YIIOBIIETBOPHUTEIHHO corylacyercst c
BBICOKOYAaCTOTHBIMHU BETBSIMU
ayMoMarHuToTesutypuueckux (AMT) u yacTOTHBIX
30HAUPOBAaHUH 1o Kapenun, Konsckomy
noixyoctpoBy U CeBepHoil OuHISHINY (KpUBBIE 4-7)
U pe3ko pacxoaurcs ¢ gaHHbIMH  AMT-MT

sopaupoBanuii B FOxHoit ®unnsHmuu (kpusas 8). | 10.5

Wntepriperanns kpuBoi (2) Ha puc. 3 yKa3blBaeT Ha ]

POCT CONPOTHBJIEHHS ¢ TIy6uHOH oT (2-3):10* Om'Mm

Ha Ty6une 1-3 kM 10 ~10° OM-M Ha rry6ume 10 kM. 2.10° Ly x 03
JloTIOTHUTETBHY IO HH(POPMAIIHIO 0 900 1000 1100

TCO3JICKTPUYCCKOM paspese IaroT PEe3ylbTaThI napKaHO Panakusu Tyva

00paboTkn 1O ocTanbHBIM ToOukam. Ha puc. 4 :

TPE/ICTABIICHb! JUCTAHIMOHHEIC 3aBHCHMOCTH E) 1 Puc. 4. Pe3ynbraTel H3MEpeHHN SJIEKTPUIECKOTO TTOJIS

y
p(J:) o Tpacce HapKaHO-PaHaKI/IBI/I—TypKy. MoxHO Ey Ha yactote 125 'l v 3HaUYeHHS pw 110 Tpacce

BUACTHb, HYTO KaXylIeeCd COHNPOTUBJIICHUE CJICTKa HapKaHO_TypKy'

BO3pacTaeT HaJ IPaHUTHBIM MaccUBOM PamakuBu u
3aTeM pPe3Ko cnaaaer B paiioHe Typky.
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IMepcnexkTusbl ncnojb3oBannss CHY-paguoycTaHOBKHY Uil pellIeHUs reoJioro-
reoguznyeckux 3aaay. // Tezucel nokaanoB MexayHapoaHOH KoH(pEpeHIuN “3aKOHOMEPHOCTH
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'CII6I'Y, Canxr-Tlerep6ypr, Poccus, aks@AS1002.spb.edu
’PUMP, Cankr-ITerep6ypr, Poccns, vasilyev@rimr.ru
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‘LUEHTP UHAHKO, Cankr-Ilerepbypr, Poccus,

Pacnionnoxxennass Ha Konbckom m-oBe MorHast cBepxHu3kodactoTHass (CHY) paanmoycraHoBka cOCTOMT U3
reHepaTopa CUHYCOMJAIbHOTO TOKa U TOPU30HTAIBHO OPUEHTUPOBAHHOM M 3a3€MJICHHOW Ha KOHLAX aHTEHHBI JJTMHON
okono 60 kM. Bemmunna Ttoka B anreHHe 200-300 A. /luama3zoH pabO4YMX YacTOT MAECSATKHU-COTHH repi. B
9KCIIEPUMEHTAIFHOM IUIaHE PaJroyCTaHOBKa ONpoOoBaHAa Ha Oojiee HM3KMX 4YacTOTaX, B KpalHE HHM3KOYAaCTOTHOM
(KHY) nunamazone no 0,32 I'n. B ganpHelmem mianupyercs cozganne reaepatopa KHY anamazona (0,01-30 I'mx).

ITpn nomormm CHY pagnoyCTaHOBKHM C yYETOM €€ MOJICPHHU3AINH B IUTaHE PACIIMPEHUS YaCTOTHOTO JHAana3oHa B
CTOPOHY HM3KHX YaCTOT MOTYT PEIIAThCs CIEAYIONINE 3a1a4u:

- CO3JlaHHE TeOdIEKTPUUYECKUX MOZAEIEH 36MHON KOPbI H3y4aeMbIX PETHOHOB;

- IMPOBEJCHUE INIyOMHHBIX T'€0EKTPUUECKUX MCCIEIO0BAHUN MO PETHOHAIBHBIM NPO(MIAM B MEPBYIO OYEPENh
Ha y4yacTKax C MNOBBINIEHHBIM YPOBHEM IPOMBIIIICHHBIX ToMeX, rae Metoasl MT3 u AMT3 He no3BonsioT mosy4arh
Ka4yeCTBEHHbIE MaTepUabI;

- KapTUPOBAaHUE TEOJOTMYECKUX CTPYKTYp PYIHBIX PaiOHOB Jyis TIIyOMHHOTO TPOrHO3a MECTOPOXKIACHUH M
BBISIBJICHUS YUaCTKOB, IIEPCIIEKTHBHBIX Ha JIETAJIbHBIE IOUCKH;

- TIyOWMHHBIN IPOTHO3 MECTOPOXK/ICHUH YIIIEBOIOPOIOB, B TOM YHCIIE PAcIlOiI0KEHHBIX Ha MIebde;

- TIPOBEAEHHE MOMCKOBO-KapTHPOBOYHBIX 33/1a4 C BBISIBIICHHEM PYAHBIX TEI;

- KapTUPOBaHHUE CIA0OKOHTPACTHBIX MO YAEIBHOMY COINPOTHBIICHHUIO TOPHBIX IOPOJ, TJ¢ HE0OOXOIMMa BBICOKAs
TOYHOCTh M3MEPEHHH, C PEIICHNEM T'€0JIOTMIECKUX M AKOJIOTHUECKHX 3a1a4;

- MOHHUTOPHUHI CEHCMUUYECKOM aKTUBHOCTH;

- BBIOOp IUIOLIAJOK HOJ CTPOUTENBCTBO JIOJITOBPEMEHHBIX CEHCMOCTOMKHUX COOpPYKEHUH, BKIIIOYas Ha3EMHbIE U
noazeMabie ADC;

- BBISBJICHUE U OKOHTYPHBaHHE DKOJIOTHUECKH 0€301acHBIX OJIOKOB MOPOJ AJIsl CTPOUTENBCTBA IOJATOBPEMEHHBIX
XPaHWINII PaJANOAKTUBHBIX OTXOIOB;

- MOJIy4EHHE OMOPHBIX Fe0dJIEKTPHYECKUX Pa3pe30B Ha reo(pU3MYECKUX MOIUTOHAX;

- OIIEHKa [TapaMEeTPOB U COCTOSHHS HOHOC(EPHI.
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“KpaTkocpOoYHBIil MPOrHO3 KaTaCTPO(YUIECKUX 3EMIICTPSCEHHIA C TIOMOIIBIO paANOPHU3NIECKUX
HA3eMHO-KOCMHUYECKUX METO/I0B”, TOKIaAbl KOH(pepeHnu, Mocksa, 2-3 okts0ps, 1997,Mocksa,
1999, C.

'OU®3 PAH, Mocksa;
* MuctutyT 3eMuoit kopsl CII6IY, C.-ITerepGypr, aks@AS1002.spb.edu

[TapameTpbl HOHOC(EPHBIX MPOLECCOB NMPUBIEKAIOTCA K M3YyUCHUIO IIHPOKOTO KIIAcCa CEHCMUYECKHX CHUTHAJIOB.
Peructpanust MOHOC(EPHBIX BO3IMYILCHHH HCIIONB3YeTCS U JETEKTHPOBAaHHUA M JUCKPUMHMHALMK MOBEPXHOCTHBIX
TIPOMBIIIUICHHBIX M TTO3EMHBIX SAEPHBIX B3pbIBOB. Ha OCHOBE HA3€MHBIX M CITyTHHKOBBIX HAOJIOAEHUH NOHOC(HEPHBIX
MPEABECTHUKOB Pa3BUBAIOTCSI METOABI KPATKOCPOUHOTO MPOTHO3a 3eMIIeTpsICeHU [ 1].

Panee mpu npoBeneHUM 3KCHEPUMEHTAIBHBIX HMCCIEIOBAaHHUN OBUIO YCTAHOBJICHO, YTO Peakius HOHOc(hepsl Ha
MIPOLIECCHI TIOATOTOBKHU 3€MIICTPSICEHUH U HAa BO3JEHCTBHS HA3€MHBIX WJIM INTyOHMHHBIX B3PBIBOB JOCTATOYHO OJIM3Ka IO
($u3MueCKOMy MEXaHU3MY, XOTS MOXET OTJIMYaThCS [0 4YacToTe W Xapakrepy auccunanuu. OnHo U3 Hambosee
3¢ (GEeKTUBHBIX CPEACTB KPYIMHOMACIITAOHOTO MOJACIHPOBAHUS CEHCMO-HOHOC(HEPHBIX CBsA3eH - BO3ICHCTBHE Ha
noHochepy mornHbM B3pbiBOM. [lIupoko m3pecteH skcnepumeHT MACCA, BbinodaHEHHBIH B 1981 1. ais u3ydeHus
CeliCMOaKyCTHYECKMX SBJICHUH B arMocdepe M HOHOc(epe C HCIOIb30BAaHMEM CIIELHMAIBHO IOArOTOBICHHOTO M
MIPOM3BECHHOTO BOIM3HM I. AMa-ATbl B3pbiBa [2]. B pe3ynbraTe 3TOro SKCepuMeHTa IIOJIyYeH PsiJ] BaXKHBIX HAyYHBIX
pe3yIbTaToB M OOHApyXEHBI HOBBIC SIBICHHS, KOTOPBIE CIIOCOOCTBOBAIHM PAa3BUTHIO IIPEACTABICHHH O JHHAMHKE
HOHOC(EpHBIX IporeccoB. OMUCAaHBI B TUTEPAType U OPYTUe IKCIIEPHUMEHTHI, CBSI3aHHBIE ¢ HAOMOACHUAMH (P PEKTOB,
BBI3BAHHBIX IPOMBIIIJICHHBIMH U SJCPHBIMU B3PBIBAMH.

AKTYyaJIbHOCTh W3y4eHHsI, BBI3BaHHBIX B3PBIBOM HOHOC(EPHBIX 3(EKTOB BO3pOCa IMOCie MOABICHUS MOJCIEH,
WCIIONIB3YIOLIMX ~ aKyCTUKO-TpaBUTAlMOHHbIe  BoJHbI  (AI'B) kak MexaHusM  nurochepHO-HOHOChHEpHOTO
B3aUMOAEHCTBUS B TIEPHOJ] OATOTOBKU 3eMIIETPsICEHHS. B COOTBETCTBHM € 3TUMH MoJensiMu UcTouHUKOM AI'B mMoryT
CIly)KHTh OKCIIEPUMEHTAIbHO OOHapy)KEHHbIE HECTAlOHAPHbIE aTMOC(EpHbIE aHOMAJIMM, KOTOpbIE CBS3aHbI,
HalpuMep, C BBIXOJOM Ta30B M HCIApeHHEM BOJBI B 30HAX Pa3loMOB Imepen 3emieTpsceHueM [2]. OTHOCUTENbHBIN
BKJIJ] 9THX BOJIH IO CPaBHEHHIO C JAPYT'MMH BO3MOXXHBIMH MEXaHM3MaMH CeiCMO-MOHOC(EPHOro B3auMOJEHCTBUS
(9J1€KTPOMArHUTHBIN KaIlIMHT U JIp.) PACTET C BBICOTOH BCIIEACTBHE YMEHBUIEHHS IUIOTHOCTH aTMOC(EPHI.

MexaHn3M BO3/€HCTBYSI B3pbIBa HA HOHOC(EPY MOXKHO HPEICTaBUTH clenytomum odpasoM [3]. OOpasyromasics
1ociie B3phIBa y/apHas BOJHA TPAHC(OPMHUPYETCS B aKyCTHUECKYIO. AKyCTHYECKash BOJIHA, PaclpoCTpaHSIOIIAsics
BBEPX M Hecymas 3HAYMTEIBbHYIO SHEPTHI0, MPUMEPHO 3a 6 MUH JOCTHTaeT MOHOC(EPHl W MPHBOAUT K 3aMETHBIM
W3MEHEHUSM DJICKTPOHHOH KOHUEHTpauuu B obnactax £ u F. Ha nyTu ABWKEHHSI aKyCTHYECKHH HMIIYJBC OT
JIOKAIBHOTO B3pPbIBa CYIIECTBEHHO pacuMpsieTcs. BXonx axKyCTH4eckod BOJHBI B HOHOC(EPY CONPOBOKAACTCS
reHepalmeil AJIeKTPOMarHuTHBIX KoleOaHui 1 BOBHMKHOBEHUEM BO3MYIIEHHH, (PUKCUPYEMBIX Pa3IMYHBIMU METOJAMU
30HIUPOBaHKS MOHOC(EPHI HA PACCTOSHHUMU JI0 HECKOJIBKUX COTEH M JIaXKe TIEPBBIX THICSY KUJIOMETPOB.

KiaccuyeckuM HMHCTPYMEHTOM H3y4YeHUs] MOHOC(EpBI SBIISIOTCS METOJbl BEPTUKAIBHOTO 30HIMPOBAHHS B
METrareploBOM [Hara3oHe 4YacTOT. DTUMH METOJAMM HCCIeIyeTcs CTPOCHHE HOHOC(Epbl, a TakkKe CYTOYHBIE U
CEe30HHbIE U3MEHEHMs ee apaMeTpoB. Vcronb3ytorest Takxke yacTtoTsl nopsaka 10-15 k' (cucrema "Omera") n 16-70
k[ (meperaTyrKy CUTHAJIOB TOYHOTO BPEMEHH), HAa KOTOPBIX OCHOBAH METOJl HAKJIOHHOTO 30HUPOBAHUS HOHOC(HEPHI
JUIS TIeTield IPOTHO3UPOBaHUA 3eMileTpsiceHui [4]. UnciieHHbIe pacueThl MOKa3bIBAIOT, YTO MPU HOHWKEHUH YacTOTHI OT
10 kI'q mo | x['m WHPOPMATUBHOCTE W3YYEHUS COCTOSHUS MOHOC(]EpH, 0COOCHHO MPH aKyCTHYECKOM BO3JEHCTBUH,
pe3ko yBenwumBaercs. [losToMy wucronbp3oBaHME OoJjieeé HHM3KOYACTOTHOTO JAMANa3oHa IPH H3YYCHHH CEHCMO-
HOHOC(EpHBIX B3aUMOJCHCTBIN NIPEACTABIACTCS BECbMa IEPCIIEKTUBHBIM.

Jnst onienkn noHochepHbIX 3(Hh(PEKTOB, BHI3BAHHBIX MOIIHBIMH Ha3eMHBIMH B3pbIBaMu, B 1996-1997 r.r. Hamu
OBbUTH BBINIOJHEHB! 3KCIEPHMEHTAIbHBIE PA0OTHl C IMPHUMEHEHHEM B. Ka4eCTBE HCTOYHHKA 3JIEKTPOMArHUTHOTO IIOJIS
MolrHoi cBepxHu3kodactoTHoW (CHY) pammoycranoBku "3esc". CHY-pagnoyctanoBka Haxoxutcss Ha Kombckom
noiyoctpoBe (puc. 1). OHa cOCTOUT U3 reHepaTopa rapMOHMYECKH HW3MEHSIOUIErocs TOKA, a TaKKe IOPU30HTAIBHO
pacIioyio)KEHHOH W OpPUEHTHPOBAHHOW B IIMPOTHOM HAlpaBJICHUM AHTEHHBI (3a3¢MJICHHOH Ha KOHLAX JIMHUU
JJIeKTpoIepeaaun JunHOW okojio 60 kMm). Benmumna toka B anTeHHe coctaBisieT 200-300 A. PaGodume d9acTOTHI
MEHSIIOTCSI B IMaIa3oHe OT JAECSATKOB JI0 COTeH repl. [lanpHoaeicTBre KOMIUIeKca cocTaisieT okoio 10 000 k.

Panee ObumM TOKa3aHBl MNPHUHIOWIIHAIBHBIE BO3MOXKHOCTH TPUMEHEHHMS JAaHHOTO HCTOYHHMKA IS
AIEKTPOMArHUTHBIX 30HAMPOBAHUHA [5] W MOHHTOpHHra HANPSHKEHHOTO COCTOSHHS TeOoJOormdeckodl cpensl [6]. B
HacTosllee BpeMs TMPOBOAATCS HCCIEIOBaHMs 3nekrpoMmaraHuTHoro monst CHY-pammoycranoBkw, paspaboTka
anmnaparypHO-METOOMYECKHX M IPOrPaMMHBIX CPEACTB Ul €€ MCIOJIb30BaHUS IIPH PELIEHHN I'e0JI0ro-reo(pu3nIecKux
3azad.

IIpu mpoBeneHNn SKCTIEPUMEHTAIBLHBIX PaboOT Todka M3MepeHui Oblia BhiOpaHa Ha Kapenmbckom mepereiike.
[Tomuron "Byokca", Ha KOTOPOM BBINOJHSUINCh WM3MEPEHMSA, pAcHojokeH Ha paccrosHun 950 kM or CHUY-
panuoyctaHoBku (cM. puc. 1). PacnosokeHne DaHHOTO TMOJHIOHA OJArONMPHUATHO JJISI MPOBEACHHUS IMOJ0O0HBIX
9KCIIEPUMEHTOB, TaK KaK OH y/aJIeH OT BHICOKOBOJILTHBIX JIDIT 1 MECTHBIX JIMHUM AJIEKTpOIIepeiad U XapaKTeph3yeTcs
HU3KUM YPOBHEM IPOMBIIIJIEHHBIX TIOMEX.
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IIpu npoBeneHun U3MepeHU HaMu

NPUMEHSINCE PA3iUdYHBle MOAMQUKammn [ I \
coznanHoi B HUU 3emuoit koper CIIOI'Y 30

anmnaparypbl KOPPEJSIUOHHBIX (YHKIMHI 2 BAPEHLEBO 4
(AK®), mnpennasHaueHHoil s pador ; L

METOJIOM  ayJHOMAarHUTOTEILTYPUIECKOTO
30H1MpoBaHKs. C MOMOIIBIO annapaTypsl
AK® U3MEPSIOTCA CUTHAJIbI °

TOPHU30HTAJIBHBIX COCTAaBJISTIOIIHNX Mypmatick ‘

JIIEKTPHIECKOTO OIS E c
UCIOJIb30BAHUEM 3a3€MJISIEMBIX +2,1(15:50)
3JIEKTPMYECKUX TIPUEMHBIX JIMHUH [JTMHOM Q/® 2.6(21:32)
o0bryHO or 20 g0 100 M wm . i
FOPHU3OHTAIBHBIX COCTAaBJIAIOIINX
MarduTHOro mojis H ¢ Mcrnoiabp30BaHuEM _ 4
HWHIYKIIMOHHBIX MArHUTHBIX AHTEHH C j +1,8(9:00)
YPOBHEM  COOCTBEHHBIX  IIYMOB  Ha D Apxa'mmhcx
gacrore 10 T’ ve 6omee 17 T/

AmanoroBas 9acTh  ammapaTrypsl +1.'g(518-’{5}_1 6
AK® nipesicTaBieHa yCHITATEISIMH, HMEFO- s
UMK CTY[IEHYaroe  [epeKIIoYeHre
ATTEHIOALUH U BO3MOXKHOCTh [O/IABJICHUS ;
MIPOMBIIIJIEHHBIX YaCTOT PEKEKTOPHBIMU 2,7(11:12)
¢unpTpamu, 4to obecrevnBaeT NUHeHHOe [—<=if ¢ ©Byokca
npeoOpasoBaHHE  BXOJHBIX — CUTHAJIOB 2~ 2,0(10:26) X
ammummtygaod or 1 mxB go 0.3 B. B C.-nerepﬁypr
uppoBoi 9acTH aInmaparypel O 1.9(11:36] 11%(11?}%)) 1.6(12:01)
MIPOU3BOINTCS HaKOTIJIEHHE P ‘ 1:759;1?& Bl
aBTOKOppeNAIMOHHbIX QyHkimii Kgg(T) =R 2 ]
u Kun(v), CBA3aHHBIX c
TOPH30HTATBHEIMU COCTaBIISFOLIIMH e L '
SIIEKTPUYECKOTO M MArHUTHOTO TOJEH, a

TaKkK€ WX B3aUMHOW KOPPEISIIMOHHOMN
bynxumn Keg(t). Puc. 1. Cxema pacnonoxenus CHY-paguoycranosku (1) Ha

TIOMOIIIBIO Dypbe- KonbckoM m-oBe u mosmrona «Byokca» Ha Kapensckom
npeoOpa3oBaHusl Yepe3 KOPPEeIAHOHHbIC nepernieiike. YepHBIMA TOYKaMH TIOKa3aHbI KAPBEPHBIE B3PBIBBI IS
(byHKHHH HAaXOOATCA  DHEPreTUYECKUE nepuoaa 26-27 utons 1996 T., KpECTUKaMH — IJId I€prUoaa 25-26
urons 1997 r.

e S

ciextpsl Se(f) u Suu(f), mo xortopem
OTpeNieNAIOTCS  3HA4YeHHMs  MOJyJieif

umnenanca |Zxy

. Kaxcyieecs y/enbHOE 3IeKTpHUECKOe COMPOTUBIEHHE ) PACCUMTHIBACTCS MO (HOpMyIIe [Jisl Mio-
CKOif BepTHKAIBHO Mazatomeit Bost pr=|Zxy|*/(1tom), tae o= 4n-107 Tr/m, 0=27f — kpyroBas wactorta.

da3za umIieJaHca qoz BBIYUCIISICTCA 110 peaﬂbHOﬁ A MHHMOH 4YacTsAIM B3aUMHOM Cl‘IeKTpaanOﬁ IIJIOTHOCTH
curnanos Sgp(f). s OLEHKH [ONM HEKOTEPEHTHOH 4YacTH B HM3yYaeMbIX CHTHANAX BBIMHCISIOTCS 3HAYEHHS

ko3 duuuenta korepentHoctd Grpy. Benmmuuna ko3Q@UIMEHTa KOTEPEHTHOCTH MO3BOJISAET OLIEHUBATh JOCTOBEPHOCTD
MOJY4aeMbIX Pe3yIbTaTOB.

B paccMmaTpuBaeMbIX OIKCHEpHMEHTAIbHBIX paboTaXx HCHOJB30BAINCH JIByXKaHAIbHbIE MOAM(UKAINN
anmaparypbl AK®: npuboper AK®-2 u AK®D-2.2. Jlnamazon pabounx yacror mns npubopa AK®D-2 cocrasmser 1-
12800 I'u, paspemenue no wactore paBHo 0.1 I'm. Jlns u3mepenuii curnanoB CHY-paamoycraHoBku pa3paboTaH
npubop AK®-2.2, B kotopoM peanu3oBaHo paspeimreHue mo 4dacrore 0.007 I'm. Y3KOMOJOCHBIA PEXUM H3MEPECHUI
IMO3BOJIACT YBCINYUTH COOTHOIICHUE MOJIE3HBIN CI/IFHaﬂ/HJyM U IIOBBICUTH TOYHOCTbH I/ISMCpeHI/Iﬁ CHUI'HAJIOB UCTOYHUKA
rapMOHMYECKH M3MeHsitomerocs mnois [7]. Ha puc. 2 nmokasaHo comnocraBlieHHE CIEKTPaIbHBIX INIOTHOCTE MOIIHOCTH

marautHoro nons (CIIM H(f)/Hy) npu ucnons3opannu anmaparypst AK®-2 u AK®-2.2. {ns npubopa AKD-2

xapakrepHo mnpesbiienne CIIM  H(f)/H, curnana CHUY-paguoycranoBkd Hax yposHem CIIM  ecTecTBEHHOrO
MarHMTHOTO MOJIsi MPUMEPHO Ha IMOPSIOK, Toraa kak npudopa AK®-2.2 310 mpeBbilieHHe cocTaBiseT Oosee IBYX
HOPSIIKOB.

Ilepen mpoBeneHHEM 3KCIEPHMEHTAIBHBIX PabOT OBUIM BBIIOJHEHBI KpyroBble m3MmepeHus curHainoB CHU-
PaAMOYCTAaHOBKH, TI0 pe3ybTaTaM KOTOPBIX BHEIOMpPAIHCh HANPABICHUS MAKCUMAJbHBIX 3HAUCHHH 3JICKTPUYCCKOTO H
MarHMTHOTO TOJIeil. DTH HalpaBJIeHHs COOTBETCTBOBAIM a3UMYyTaM JUIs 3JIEKTPHUYECKON MpUeMHOM JiHun 120° v mist
MarHuTHOH aHTeHHB! 30°, 4TO MOATBEpXkmaeTcs pe3yinbTaraMu pacueToB moiisi CHY-paanoycTaHOBKH IJs TaHHOTO
paiiona pa6ot. Ilo pesymbraTaM HpEAMIECTBYIOMINX HCCICAOBAHUA YCTaHOBICHO, YTO IEPBUYHBIC DIIEKTPUIECKOE H
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MarauTHoe moisi CHY-paamoycTaHOBKHM B STOM paioHE MONAPH30BAHBI SIUTUNTHYCCKH C OTHOIICHHEM Majlod u
6opIIoi ToTyocel nica nospusanun, paBabmM 0.3 [8].
CBe[leHI/IH (6] IMPOMBIIJICHHBIX CIIM H(f}i"H{), oTH. oL

Ha3€MHbIX B3pbIBax 6])1.]]1/1 TMOJIYUCHBI U3 ]O,(}G
ceTu "Unrepuet" o JIaHHBIM

HAOIOICHUN CeNlCMOIOrNYEeCKUX

CTaHIIUIH, PACTIONOKEHHBIX B L
CKaHJIUHAaBCKUX cTpaHax. Ilo Bcelt L
BEPOSATHOCTH, HanboJee CyIIeCTBCHHBIH
BKJIaJ B WM3MEHEHHS PETHCTPHUPYEMBIX

—TTT T

a N

CUTHAJIOB JIOJKHBI BHOCHUTh flf {}N H(f)/Hy, oth. en. 100
HOHOC(EpPHBIC BO3MYIICHHUSA, = A
BBI3BAHHbBIE B3PBIBAMU BONM3H C r

UCTOYHHKA M TOYKM HAOMIOZEHHs, a
TaKKe BIOJb TPAacChl MNPOXOXKICHUS
curHaia CHUY-pagnoycTaHOBKH.
Y4uuThIBass ONBIT  TIPEIIIECTBYIONINX
HCCIIeIOBaHUN o W3yYECHUIO
BO3/ICHCTBUS B3PHIBOB Ha HOHOCHEPY, 0.1
HaMM TIpH aHajiu3e ObUTM YYTEHBI
B3PBIBBI, IIPOM3BEICHHBIC B TEPUOIBI
HaONMIONCHUST HA yOAJICHNH He Oojee
gem 200-300 kM OT yKa3aHHOH

obnacTw. 3aperucTpupoBaHHbIC -

ceificMUYecKre COOBITHS TOKA3aHbl Ha

puc. 1 YEPHLIMU TOYKaMHU JJId I€proJa 0,01 1 1 1 0.01 1 s 1 L ]
26-27 uronst 1996 r. u KpecTUKaMu Jis 174 175 176 81,9 82,0 82,1
nepuoga 25-26 wmions 1997 r. Okono £, T f,Tu

TOYKM WM KpecTHKa  yKazaHel  Puc. 2. ComocTaBieHHEe CIEKTPAIBHBIX IIOTHOCTEH MOITHOCTH
MarHuTyga ¥ BpeMs  JaHHOTO  MAarHUTHOTO moJisi pu yacToTHOM paspemenuu 0.1 I'n (a) u 0.007 I'u (0).
celicMMYecKoro coObITHsL  (31€Ch |
Janee TIPUBOIATCS 3HAYCHHUS MUPOBOTO
Bpemern UT, oTnmdaromerocss OT MOCKOBCKOTO Ha 4 d). MnmeHTHduKamus 3THX CEHCMHYECKHX COOBITHH Kak
TIPOMBIIIJIEHHBIX B3PHIBOB IMMPOU3BOIMTCS HA OCHOBE JAHHBIX CEHCMOJIOTHYECKOM CETH (BCE OHU 3apETUCTPHPOBAHBI KaK
TOBEPXHOCTHBIE) U TIO COTIOCTABJICHHUIO C MECTOTIOIOKEHHUEM H3BECTHBIX KaphepOB TOPHOIOOBIBAIOIINX MPEATPHUATHI.
W3mepenns noneit CHY-paanoycTaHOBKM B XOZ€ SKCHEPUMEHTOB MPOBOIMINCEH 4depe3 Kaxnaele 20 muH. [Ipu
9TOM MCTOYHMK BKJIOYAJICS Ha 7 MHUH IO 3apaHee COTJIaCOBAHHOMY pacrhucaHuio. HemocpenacTBeHHO H3MEpeHHs
curdaioB CHY-paanoycTaHOBKM OOBIYHO BBIMOJHSUIUCH B TEUCHHE 4-5 MHUH BO BpEMsS 7-MHHYTHBIX BKIIOYCHUI
UCTOYHHUKA. J[JIs SKCIIEpUMEHTAIBHBIX U3MepeHuid 26-27 urons 1996 r. 6puta BeiOpana yactota 80 I't, 25-26 urons 1997
r. - 175 T'n. [o pesynbraTtam 00paOOTKU NTAHHBIX U3MEPEHHI TOCTPOCHBI IpadMKU M3MEHEHHH BO BPEMEHU 3HAYCHHUI
lgpx, @ u 1gCTIM H(a)/Hy. Tlocne mpoBeneHHs SKCHEPUMEHTATBHBIX H3MEPEHH ObUIM MONyYeHbl NAHHBIE O
momHocTH m3nydeans CHY-pammoycraHoBku. [1o 3THM JaHHBIM BeTHYMHA TOKa B aHTEHHE B XOJE JKCIIEpUMEHTa
MPAaKTHYECKH HE MEHSUIaCh, U BBOJAUTH COOTBETCTBYIOIIYIO HOPMHUPOBKY HpPU 00OpabOTKe HEe ObLIO HEOOXOAMMOCTH.
XapakTep U3MEHEHHs BO BPEMEHHU CIEKTPATLHOM IIOTHOCTH MOLIHOCTH dnekTpuueckoro nons 1gCTIIM E(f)/Ej 6bin

630k k usmenenuto lg CIIM H(f)/Ho u 31ech He paccmatpuBaercs.

[Tpu aHanu3e pe3ynbTaTOB HKCIEPUMEHTAIBHBIX PA0OT HAMH YUUTHIBAINCH IIPOMBIIIICHHBIE B3PBIBBI Pa3UuHON
MOIIIHOCTH KaK BOJIN3U MCTOYHUKA, TaK M BOJIU3U TOUKU HAOIIOAEHHS U TPACChl PaCIPOCTPAHEHHs HIIEKTPOMArHUTHOTO
nons CHY-pannoycranoBku. Biag aTux B3phIBOB B M3MEHEHUE CUTHAJIA HCTOYHUKA MOXKET ObITh HeoanHakoB. Kpome
TOTO, B XOJI€ SKCIIEPUMEHTOB OOBIYHO MPOHUCXOIMIIO HECKOJIBKO B3PBIBOB ITOYTH OJJHOBPEMEHHO, ¢ nHTEepBaioM 0.5-1 4.
[TosToMy BBIABUTH 3aKOHOMEPHOCTH pPEAKIUH HOHOC(HEpHl HA CIMHUYHBIA B3PHIB IO IMOJYYCHHBIM B pE3yJbTaTe
JIOCTATOYHO JUCKPETHBIX HAOJIOJCHUN MarephaiaM OKa3ajloCh CIOXKHBIM, W TPHBOJAMMBIC KOJHMYCCTBEHHBIC
XapaKTEPUCTHKH OTHOCATCS K OICHOYHBIM.

Ha puc. 3 npencrapiensl rpaduku usmenenus Ig py, lg CIIM H(f)/Hy u ¢, nonyuennsie Ha yactore 80 'y ipu
nomouty anmnaparypsl AK®-2.2 B nepuon Bpemenu ¢ 5:20 26 uronst mo 6:20 27 utonsa 1996 r. Yacth Touek u3MepeHHii
9TOro ceaHca ObLIa WCKIIFOYCHA W3 aHaju3a, TaK Kak B ONpeaeicHHbIe nepuoisl Bpemenn CHY-paamoycraHoBKa
pabotana B mpyrom peskume. Cirygan pabOThI HCTOYHHKA B IPYTOM PEKUAME OMPEICISIOTCS 110 XapaKTepy PEeruCTpaIiiu
CIIM H, (]9/]‘]0 curHaioB  CHY-pairoyCTaHOBKM ¥ TIOHIKCHHBIM 3HAYCHHSM KOTEPEHTHOCTH (I aHajm3a
MCIIOJIB30BAIMCH TOUKU ¢ KorepeHTHocThio (Gpp>0.98). Ha ropusoHTanbHOl Iikane paccMaTpuBaeMoro rpaduka
YEpHBIMU TOYKAMH TOKAYaHBI CEHCMUYECKUE COOBITHS, 3aPETUCTPHUPOBAHHBIC CETHIO CCHCMOCTAHIMIA B 3TOT MEPUONT
BpemeHHU. [lonokeHne KakaoW TOYKM COOTBETCTBYET MOMEHTY B3PBIBA, a MarHHUTYyJa XapaKTepPHU3YyeTcs BEITMYNHON
TOYKH ¥ COOTBETCTBYIOIIUM YUCIIOBBIM 3HAYCHHEM OKOJIO Hee.
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_1g CIIM H(f)/Hy,

11,0 OTH.€]I.
10,8
10,6
10,4 1,71.925271.9 26
10‘2__Lﬁ._._..._mn.....r...‘..1.,.U.T’?
6 12
26.06.1996 . - = 27.06.1996 r.

Puc. 3. Bapuanun peructpupyeMsix napamerpoB Ha gactore 80 ['m.

CpaBHeHME NPHUBEICHHBIX PA3IMYHBIX XapaKTEPHCTHK OIS IO0Ka3alo, 4YTo HanOojee MHPOPMATUBHBL C TOUKH
3pEHHUs U3ydeHHs Peakini HoHocdephl Ha Bo3jeicTBue B3pbiBoB Benmuuubl lg CTIM H(f)/Hy u ¢. 3uauenus Ig py B
9TOM IUIaHE OKa3ajach MeHee HH()OPMATUBHBIMH. OTO NOATBEPXKIAeT OOIIENPUHATHIE NPENCTABICHUS O
L[eJIECO00Pa3HOCTH HMCIIOIb30BaHMS UMITEIaHCa HIICKTPOMArHUTHOTO TIOJISL JJIsl M3YYEHHS CTPOSHHS 3eMHOM KOpBI, Ha
KOTOpBIH BO3MOXKHBIE HECTAOWJIBHOCTH MOHOC(EpHI BIUSIOT B MEHbIIEH creneHn. Kpome Toro, B pesynbrare mpea-
LIECTBYIOIIMX MCCIIEI0BaHNI YCTaHOBJIEHO 3aMETHOE BIIMSHUE Ha ITOBEJCHUE aMIUIUTYIbl IMIIEIaHCA MIIH KaXXyIeTrocs
YIETBHOTO IEKTPHYECKOT0 CONPOTHBIEHHS APYroro (Gakropa - aeopMaliii 36 MHON KOPBI, BHI3BAHHBIX IIPHINBHBIMH
SIBIICHUSIMU [6]. DTO BIUSHUE SABISETCS MEMIAOIMNUM (PaKTOPOM MPHU UCCISIOBAHUSAX HOHOCHEPHBIX 3P dexToB, n ganee
aHaIM3MpyeTcs B OCHOBHOM noseenue rpadukos lg CIIM H(f)/Hyu ¢..

AHanu3 npeiCTaBICHHBIX Ha pUC. 3 rpaKOB MOKAa3bIBAET, YTO JIO B3PHIBOB B mepuof ¢ 5:20 mo 9:00 26 uroHs
(oHoBas 06CTaHOBKA XapaKTepusyeTcs CHOKoWHbIM xapaktepom noseaenus I1gCIIM H(f)/Hy (otnocurensubie
U3MEHEHHs COCTaBIAT 3-4%) U () (OTHOCUTENbHbIE M3MeHeHHs cocTaBisoT +0.2°). Ilocie B3pbIBOB Ha rpaduxe

lgCIM H(f)/Hy B nepuon ¢ 9:00 o 13:00 26 uioHs HaGMOAAIOTCS N3MEHEHUS B BUJIE 1lyra KojeGaHuii ¢ meproiom
okojio | 4. OTHOCUTENbHBIE U3MEHEHH aMIUIMTY/Ibl MarHUTHOTO MOJISI B JAHHOM cilydae cocTaBiseT okono 20-25%.
st rpaduka ¢as3pl UMIeqaHca XapakTepHO HECKOJIBKO OTIMYAIOLIMNCS XapakTep KojeOaHui ¢ OOIIMM MOBBILIEHUEM
3HAYEHUH (. npuMepHO Ha 1-1.5°. Ananoruunslii xapaktep nsmenenus rpapukos lg CIIM H(f)/Hj u ¢ xak peaxuus
Ha B3pBIB MarHUTya0# 2.6, mponssenensslii B 21:32 na Komsckom nomyoctpoBe, HaOmogaercs u B nepuon ¢ 23:40 26
urost 110 2:20 27 mions. Kone6anus 3nauenuit lg CTIIM H(f)/Hy n ¢, cBUIETENLCTBYIOT O CYIIECTBEHHOM BIIMSHHH B
JTAaHHOM CJIy4ae BO3MYIIEHHs HoHOC]ephl Ha peructpupyemsble curnansl CHU-pagnoycraHOBKY.

BnusHue moHocgepHBIX BO3MYIICHHH, BBI3BAHHBIX IIPOMBIIUICHHBIMH B3PbIBAMH, TaKKe IPOSBISETCS B
m3MeHeHn: (HOpMBI TpadUKOB 3aperucTpupoBaHHbIx curHaoB CHY-pamnoycranosku. Ha puc. 4 mokazaHsl rpaduku
1gCTIM H(f)/Ho, MOJTy4YeHHBIE TPU MMOMOIIHM, WCIOIB30BABIICHCA B JAHHOM JKCIepuMeHTe ammaparypbl AK®D-2.2 ¢
paspemiennem o yacrote 0.007 'y B mepuos ¢ 7:00 go 13:40 26 utonsa 1996 r. Jlns COOTBETCTBYIOMIUX MEPUOJIOB Ha
pUCYHKE OTMEYEHBI ceficMUuecKHe COOBITHSI M MX MarHuTyzaa. Kak BHIHO M3 pUCYHKa, HOHOC(EpHBIE BO3MYILEHHMS
TIPOSIBIISIOTCS ¢ HEKOTOPBIM 3aIla3/IbIBAHAEM 110 BDEMEHH M B HEKOTOpOM HcKaxkenuu dopmbl curnana lgCIIMH(f)/Hy
(oH cTaHOBHUTCA OoJiee IIMPOKMM) M YMEHBIICHHWHM €ro amIumTynsl. OIeHKa WHTETPaJbHBIX 3HAYCHUH CHIHAJIOB
yKa3bIBacT Ha OoJice MOCTOSHHBIN XapaKTep MOBEICHUS MarHUTHOTO IIOJI1 BO BPEMEHH. JTO CBHUIETEIBCTBYET O TOM,
YTO MOJ AEHCTBHEM B3PBIBOB IIPOUCXOAAT KOJEOAHHs HIDKHEH KPOMKH HOHOC(EPHI, N3MEHEHUE BBICOTHI BOJHOBOJA U
moaysitiust curHana CHY-paanoycraHoBKH.

HI/ICerTHOCT]) I/ISMepeHI/Iﬁ HC TMO3BOJIMJIAa JOCTATOYHO TOYHO OUCHUTH MNEPHUOJ 3amnas3JblBaHUA pPCaKIIHUU
noHocgepsl. Meromuecs qaHHbIe, IPUBEACHHbBIE HA PUC. 4, YKa3bIBAIOT HA NEPHO BPEMEHH 3aIla3AbIBaHus 30-50 MUH.
3ama3apIBaHue peakuy HOHOC(hEphl Ha BO3CHCTBHE B3PHIBA TAK)KE BU/IHO U3 COMOCTABIICHUSI MHTEPBAJIOB 12:40-13:40 1
0:40-1:20 Ha puC. 4. AHOManbHBIe M3MeHeHus lg CIIM H(f)/Ho HabJIIoaloTCA CIycTs 2-3 4 1ocie B3pbiBa, a Ul @,
s¢dexT nocneneHcTBIA NPOSABIAETCS IPUMEPHO HAa OAUH Yac MO3XKe.
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1g CIIM H(f)/H, ots. e,

12 r = B E
® 1,7(9:16)
7:00 - 7:40 - 9:00 i 9:20
: A/\/[\\' W‘/\W p\]\N _
8 L [] 1 ] L 1 I ] i 1 IR, | 1 1 J
12 - g -
® 1,9(10:14)
- 9:40 - 10:00 - 10:20 § 10:40

10;j\/\l\,

8 J
12 - -
@ 2.5(10:46) @ 27(11:12) ® 1,9(11:36)
- 11:00 | 1120 | 11:40 | 12:00
il V\/\p m/\\v ij\f-
8 i 1 L J 1 e, | 1 1 ] i 1 L ]
12 - - -
3 1220 | 12:40 13:00 13:40

8 1 1 1 L 1 1 J 1 1

L J L L ] 1 ]
80 80,25 80 80,25 80 80,25 80 80,25
£

Puc. 4. smenenust popmbl curnanoB CHU-paaroycTaHOBKY 1OCiIe KapbepHBIX B3PbIBOB. UepHBIMU
TOYKaMM OTMEYCHbBI NIEPUOABLI B3PBIBOB, LII/I(bpaMI/I YKa3aHbl BpEMS U Maroutyza.

WuaTepBan ¢ 2:20 mo 6:20 27 uioHS HpU OTCYTCTBHHM BO3ICHWCTBHUS B3PBIBOB XapaKTEpU3YeTCS IOCTATOYHO

criokoiHbIM TIoBesieHueM rpadukos lg CIIM H(f)/Hp v @, npuuem 3nauenus dasbl uMIeIaHca MMEHOT MeHee
BBIP@KEHHBIE (DITyKTYyaIlUH.

Ha puc. 5 npusenens! rpaduku snadennii lg CIIM H(f)/Hy, nomydennsie no pe3yibTaTaM 3KCIIEPUMEHTATBHBIX
pabor B nepuon ¢ 7:00 25 urons no 4:40 26 uwrons 1997 r. npu nomouu annaparypsl AK®-2 na wacrore 175 I'n
(curnansl CHY-pagnoycTaHoOBKH), a TakkKe CpPEeIHUE 3HAUEHUS ISl €CTECTBEHHOI'O MEPEeMEHHOT0 MAarHUTHOIO MOJS B
nuana3zoHax yactoT 165-175 u 180-185 I'u. B naHHOM 3KCcIiepuMeHTe, Hapsiy ¢ U3MEPEHUsIMU yepe3 Kaxkable 20 MuH, B
narepBate ¢ 8:00 o 11:00 naOmronmenmst ObuiM BbIMONMHEHBI 4epe3 10 mmH. B sror mepuon Obuta 3apanee
npeaycMoTpeHa HempepbiBHass pabdora CHYU-pagnoycraHOBKM U1l W3y4dEeHUsl BO3JICHCTBHSA Ha HoOHOc(epy,
rutaHupoBasiuerocs B 9:00 kappepHoro B3peiBa B paiione r. Kocromykmu. Kak n B nmpeapiaymiemM 3KkcnepiuMeHTe, 9acTh
TO4YeK OBbLIa HCKITFOUEHa U3 paccMoTpeHus, Tak kak CHU-pagmoycranoBka paborana B pyroM pexxume. CelicMudeckue
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COOBITHS U MX MAarHuTyabl OTMEYEHBI Ha IIPUBEACHHBIX rpad)HKax KpECTUKaMU COOTBeTCTByIOH.[eﬁ BCIIMYHUHBI U
YHUCJIOBBIMHA 3HAYCHUIMMU.

1g CIIM H(f)/Hy, oTH. eq.
7,0

6,5
6,0

f=165-170Tx

T 18 20161816 2.1
68 i S N MR T R T S TR S T N .qT".{
= 25.061997 r. 18 4 26.06.1997 r.

Puc. 5. Bapnanuu curHamoB MarHUTHOTO TIOJIAL B Anana3oHax 9actot 165-170 'y, 180-185 I'm n mHa wacToTe
175 T'.

Amnanus xapakrepa usmenenus snauenuii lg CIIM H(f)/Hy ans curnanos CHY-paanoycranosku Ha yactote 175
't B cpaBHeHMM c rpadukamu Ajsi €CTECTBEHHOTO IOJISI B COCEIHMX AMANa30HaX YacTOT MOKa3bIBaeT MX 3aMETHOE
pasiuuue B mepuoa mpou3BoacTBa B3phiBOB (¢ 9:00 mo 14:00). C npyroii cTopoHBI, Mexay coboro rpaduku lg CIIM
H(f)/Hy nns nnanasonos uactor 165-170 u 180-185 ' B 5TOT nepuo/ BpeMeHH pa3inyaroTcst Majio. [IpuBeieHHbIiH
pUC. 5 HarmgAHO WIUIIOCTPUPYET aHOMajibHble u3MeHeHus curHanoB CHY-panmoycTaHOBKH, BBI3BAHHBIC
I/IOHOC(bepH])IMl/I BO3MYIICHHUAMU MOCJIC MPONU3BECICHHBIX B3PbIBOB.

B manHOM 3KCHIepHMEHTe ObLIa HCIIOJIb30BaHa ammapaTtypa ¢ paspemieaueM no yacrore 0.1 ', u curnansr CIIM
H(f)/Hy CHY-pajuoycTaHOBKH BBLIETSUIMCH C MPEBBILIEHMEM OKOJIO OJHOTO MOpS/KA HAa (DOHE €CTECTBEHHOTO
MepeMEHHOT0 MarHUTHOTO ToJst. [ Ooniee 0JHO3HAYHOTO aHAIHM3a AHOMAJIBHBIX M3MEHEHHH MarauTHOrO monst CHY-
pannoyCTaHOBKH OblIa BBIMTOJTHEHA JOIMOJMHHUTENbHAs 00padOTKa JaHHBIX: M3 KaXIOTO 3HAYCHHS CHUTHAJIa Ha 9acToTe
175 T’y Ob1T BEIYTEH COOTBETCTBYIOIINI YPOBEHB CHTHAJIA €CTECTBEHHOTO IIEPEMEHHOT0 MATHUTHOTO TIOJIS, B3STHIN Kak
cpenHee Mexay uHTepBajgaMu yactoT 165-170 u 180-185 'y, n Ha puc. 6 mokazaHbl pazHocTHbIe 3HayeHus lg CIIM
H(f)/Hy. Ha 5tom pucyHKe npuBe/ieHbI TaKske rpapuku 1g py u @-.

AHanu3 rpaduKOB MOKa3bBaeT, yTo B mepuox ¢ 7:00 mo 9:00 25 utoHs GoHOBass 00CTaHOBKA XapaKTEePHU3YeTCS
iaBHBIM noBbimenneM yposns lg CTIIM H(f)/H, koTopoMy COOTBETCTBYET M3MEHEHHE AMILIUTY/Ibl MATHUTHOTO TIOJIS

Ha 12%, 1 [OCTaTOYHO CTaOMIBHBIMU 3HA4eHHAMH (0; (B mpepenax 0.5°). Peakums noHocdepsl Ha Bo3JelCTBHE
€IMHUYHOTO B3pBIBA MOXKET OBITH OIIEHEHa Ha OCHOBE pPAaccMOTpeHHs OocoOeHHOcTed m3MmeHeHHs curHama CHY-
pazunoyctanoBku B niepuoy ¢ 9:00 mo 10:26 (Bpems cremyromiero B3psBa). [locne B3peBa B 9:00 Havamo m3MeHEHUA
curHaa CHY-paanoycraHoBku nposiBuwiock cryctst 20 mun  (touku 9:20-9:30) B ymenblienun 3Hadenuii lg CIIM
H(f)/H, (amrumnTyzia nosist ymenbliaercs: npumepro Ha 15%). Uepes 40 mun (9:40-9:50) yMeHbIlIEHHE aMILTUTY b1 TIOJIS
cocrapisuio 20%. Bosspamenue rpaduxa lg CIIM H(f)/Hp na npexuuil yposens npousomwto crycts 1 u mocie
B3peiBa (10:00-10:10). IMocnenyromie nBe Toukn Ha paccmarpuBaemoM rpaduke (10:20-10:30) xapaxTepu3yroT
noBTopHoe noHmwxkenue 3nadennit lg CIIM H(f)/Hy (10 27% 0T MCX0IHOTO YPOBHS aMIUIMTY/Ibl MATHUTHOTO MOJIs).
Ha xapakTep nocieayronmx H3MECHEHUI CUrHajla yKe OKa3bIBaeT BiusHUE B3pbIB B 10:26. Bapuaruu ¢assl umnenanca
COCTaBIISIIOT B IaHHOM citydae 2-3%, mpuyeM 3TH aHOMAaJIbHbIe U3MEHEHUSI TPOSIBIISIIOTCS € 3ama3/ibiBaHueM Ha 1.5 4 o
cpasuennto ¢ rpadukom lg CTIM H(f)/Hy. Ha rpaduke lg py Takxke HaGIIONAOTCS ONpEIETIEHHBIE H3MEHEHHUS B

nepuozst ¢ 9:20 10 10:00 u ¢ 11:00 g0 12:00. Bmecte ¢ Tem ero conoctapienue ¢ rpapuxamu lg CIIM H(f)/Hy u ¢,
CBUJIETENLCTBYET O MeHblell MHQOPMATMBHOCTH KaKyLIErocss CONMPOTHBIEHHMS HPH M3yYeHHH HOHOCHEPHBIX
3(p(BEeKTOB OT MPOMBIILIEHHBIX B3PHIBOB.

Takum 06pa3oM, BO3MyIIeHHE HOHOC(EpPHI IMOCie B3pbiBa MPOSBIAIOTCA B BHAE Lyra KojeOGaHuii 3HauyeHHit

1eCIM  H(f)/Hy ¢ nepuomom okono 1 4 u TIyOMHOM MOAYJSIMM MO aMILIATYJ€ MAarHUTHOrO mons 15-27%.
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Kounebanus takoro nepuojia B HOHOC(Epe COOTBETCTBYIOT BHYTPEHHUM IPaBUTAOHHBIM BoiiHaMm (BI'B), ¢ koTopbiMu
CBsI3bIBAETCS OOJIBLIMHCTBO SIBJICHHI, HAOIIOIaeMbIX B HOHOC(EpE mepel] 3eMIICTPSICEHUSIMH.

2,80
2,78
2,76
2,74

1g py, OmMm

46
44
42
40

12 18 24 5
lg CTIM H(f)/H,
OTH. €]1.

7,0
6,8
6,6
6,4 y

18 201,618%6 2.1
e o s UT, 4

L 1 L I 1 L L 1 L L L

25.06.1997 r. = 26.06.1997 r.

Puc. 6. Bapuanuu peructpupyeMpIx mapaMeTpoB Ha gactore 175 I'm.

Ha rpajuxe lg CIIM H(f)/Hy B nepuon BpeMeHH IOCIE CEPUM B3PHIBOB HAGIIONAOTCH KOJNEOAHUS C
TIOHI)KEHUEM 3HAYeHUH aMIUTUTY bl MarHUTHOTO 1ot Ha 35%. Ilupoxkwuit MunuMmym B nHTepBaie ¢ 11:40 go 13:20
COOTBETCTBYET, BEPOATHO, CYMMAPHOMY NIEHCTBHIO HECKONBKUX B3pbIBOB. [yt mHTepBana ¢ 17:40 25 utons mo 4:40 26

MIOHS TIPY OTCYTCTBUM B3PBIBOB XapaKTEPHO JIOCTATOYHO CIOKOiHoe ToBenenne rpapukos lg CIIM H(f)/Hy u ¢,
OpHYeM KakK M B MPEABIAYIIEM SKCIIEpUMEHTe, (a3a NMIIeIaHCca MCHSCTCSI B MEHBIIICH CTEECHH.

BeiBoabl

B pesynbraTe BBINOJHEHHBIX SKCIIEPUMEHTAIBHBIX HCCIIEOBAaHWH YCTAHOBJIEHA CYIIECTBEHHAs! 3aBHCHMOCTH
Bapuanuii curHamoB CHUY-pammoycraHoBku "3eBc" OT HOHOC(EpHBIX BO3MYIICHHH, BBI3BAHHBIX HAa3eMHBIMU
MIPOMBIIIUICHHBIMH B3pbIBAMH BOJIHM3H TOUYKH HAOIIOAEHHS, HICTOUYHHKA U TPACCHl paclpocTpaHeHus mouist. st 4acToTh
80 T'uy M3MeHeHHs aMIUTUTYJbl MarHUTHOTO TOJISi COCTaBIsIOT HpH 3toM 20-25%, dasel mmnenanca - 1-1.5°. J{ns
gacTtoTel 175 T'm cooTBeTcTByIOImME M3MEHEHHs paBHBI 15-35% wm 2-3°. AMmiuuTyaa wMIlefaHca oKas3ajlach MEHee
WH)OPMATUBHOM MMPH U3Y4YEHHH HOHOC(EPHBIX IPPEKTOB OT B3PHIBOB.

Xapaxrep uzmenenus rpaduros lgClIIM H(f)/Hy nocne B3pbiBoB nMMeeT BH Iyra KoneGaHuil ¢ MepHOIOM
oxouno 1 4. [Tox meficTBHEM B3pHIBOB U3MEHSETCS TIOJIOKEHUE HIDKHEHW I'PaHUIIBI HOHOC(EPHI X BBICOTHI BOJTHOBO/A, UYTO
MIPUBOIUT K MomyJsinuu u3MepsiemMbix curHainoB CHY-pagmoycranoBku. Bosnukaromme B mMoHOcdepe KoneOaHMs
TaKOT0 Mepro/Ia, HabI0AaeMbIe TaKoKe Tepen 3eMierpsiceHusmu [9], cootBercTByroT BI'B.

[TosyueHHbIe pe3ynbTaTHl MOKA3bIBAIOT IEPCIEKTUBHOCTH ncnoib3oBanuss CHYU-pammoycranoBku "3eBc" s
MOHHUTOPUHIa HA3e€MHBIX IPOMBIIIICHHBIX W IOA3EMHBIX SIECPHBIX B3PHIBOB, a TaKKe HOHOC(EPHBIX IIPOIECCOB,
BO3MOXKHO CBSI3aHHBIX C 3€MICTPACCHMSAMH. JlalbHOAEHCTBHE KOMILIEKCA IO3BOJSIET YCTAHOBUTH IPHEMHYIO
anmnapatypy st Habnronenni Ha Kamuarke, Caxanune, Assicke, B Slnonun u Kurae.
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In 1999 an unique experiment on measurements of electromagnetic field generated by the Russian ELF
transmitter "Zevs" in China at the distance of 7000 km from the source was carried out. The objective of the experiment
was to study the possibility to use this source for electromagnetic investigation at a long distance. The ELF transmitter
is located on the Kola Peninsula in the north-western part of Russia. The harmonically varying current in the antenna
can reach 300 A. The measurements were carried out using the ACF-2.2 hardware-software complex developed in St.
Petersburg State University. As a result of the experiment the signals of electrical and magnetic fields generated by the
ELF transmitter at frequency of 80 Hz were detected confidently. Spectral power density of signals exceeded levels of
the natural electromagnetic field 250 times at the used spectral resolution of 0.00032 Hz. The measurements were
carried out under unfavorable noise condition in an urban area. The coherence between signals of natural electrical and
magnetic fields at the adjacent frequencies was 0.1-0.5, while for ELF transmitter’s signals the coherence exceeded the
value of 0.95. As a result of the experiment the use of the ELF transmitter for electromagnetic soundings and
earthquake prediction in China has been shown to be very promising.
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sancku CIIOIY; Ne 434). C. 102-108.

'MucrutyT 3emuoit kopst CII6I'Y, C.-ITerep6ypr, aks@AS1002.spb.edu
2 )
Kwurait

B Cankr-IlerepOyprckoM TrocynapcTBEHHOM YHHUBEPCUTETE MPOBOISITCA ASKCIHEPUMEHTAIBHO-TEOPETUIECKIE
HCCIICIOBAHMS HU3KOYACTOTHBIX 3JCKTPOMATHUTHBIX TOJEH MOIIHBIX HCTOYHHKOB C [ANBHONCHCTBHEM B COTHH-
TBICSYH KIJIOMETPOB, HalleJIEHHBIE Ha pa3pa0OTKy TEXHOIOTHI MPUMEHEHHUS 3TUX UCTOYHHUKOB JUIS AJIEKTPOMAarHUTHBIX
30HJAMPOBAHUM U MOHMTOPUHIA CEMCMHUYECKOW aKTUBHOCTH. VICTOYHMKOM Takoro THUIa SBJISIETCS POCCHUMCKas CBEpX-
HuskovactotHast (CHY) pamnoycranoBka "3eBc", pacmonoxenHas Ha ceBepe Kombckoro moxyocrtpoBa (puc. 1). Ona
COCTOUT W3 I'eHepaTopa TapMOHUYECKH H3MEHSIOIIECIOCS TOKa W TOPH30HTAILHON, OPHEHTHPOBAHHOW B INUPOTHOM
HaIpaBJIEHUU U 3a3eMJICHHOW Ha KOHI[aX aHTeHHBI (IMHUU dnekTponepenay - JIDII) miounoi okono 60 kM. 3HadeHHe
TOKa B aHTeHHE MOXKeT jgocturath 300 A. Pabounii tuama3oH 9acToT - OT IECATKOB JIO COTCH I'epil.

CHUY-pagnoycranoBka  "3eBc"  sBHSETCS  HOBBIM  HCTOYHMKOM, HCIOJB3YE€MBIM JUIsl  MPOBEACHUSA
AJIEKTPOMATHUTHBIX 30HAUPOBAHUI (M3MEPEHU Ha HECKOJIBKUX YACTOTAX ), AMEKTPOMArHUTHOTO TPOQHUINPOBAHUS WITH
MOHHTOpPHHTa TIPH TPOTHO3HPOBAHUHM 3EMIICTPSICEHUH (M3MepeHms Ha OgHOW dYactoTe). OTINYATEIbHBIMA
0COOCHHOCTSIMH JAHHOTO HWCTOYHHKA SIBIITIOTCS €r0 3HAYMTENhHOE NAIBbHONCHCTBHE W W3Ty4aeMOe TapMOHHYECKH
HM3MEHSIONIeEecs oI, Il KOTOPOoro Ooliee MOJHO, IT0 CPaBHEHHIO, HAIPHMEp, C UMIYJIbCHBIMU TIOJISIMH, pa3paboTaHa
METOJMKa WHTepHpeTannd JaHHBIX. IlepcnexTuBbl ncnonp3oBaHus CHYU-pagnoycTaHOBKM TpW MPOTHO3UPOBAHHUU
3eMJICTPSICEHUH U €€ MIPEUMYIIECTBA Mepe] APYTHMH HCTOYHUKAMHU OApoOHO paccMOTpeHsl B padote [1]. s oneHKH
nepcrekTuB ucnoib3oBannss CHY-paanoycTaHOBKH B T€O(HM3UKE IPEICTABISET WHTEPEC BBIIBUTH BO3MOXKHOCTH
N3MEPCHUA €€ CUTHAJIOB B pa3/IMYHbIX PETHUOHAX Poccun n JAPYTux CTpaHax.
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Junst pemiennst reopu3nyYecKux 3aaad
1 MIPOTHO3UPOBAHUS 3€MIIETPACCHUH MOTYT
ObITh  CO3JaHbl  CHELUATU3UPOBAHHBIC
CHY-ucrounuku Ttaxkoro Ttuma. Ilpum wux
CO3/IaHUH HEOOX0AMMO BBITIOJIHUTD
KOMIUIEKC paboT, BKIIOYAIOIIMA B ceds
T10JIEBbIE F€O(PHU3NIECKUE HCCIIEIOBAHUS 10
BBIOOPY IUIOIIAJKK Ui pa3MelleHHs
aHTEHHBl M YYacTKOB Il 00yCTpOWCTBa
3a3€MJICHUHA, CTPOUTENBLCTBO  AHTEHHOM
CHUCTEMBI (JI2ID), W3TOTOBJICHHE
reHepaTopa M 3allyCK paJuOyCTaHOBKH B
IKCIUTyaTallio. OTH paboOThl  TPeOYIOT
3HAYUTEJbHBIX ~ MaTepHalbHBIX  3aTparT,
II03TOMY BAYKHOU 3a1auei JULSL
s¢¢extuBHOrOo  mcnoab3oBanus ~ CHU-
HCTOYHHMKOB B reo(r3nKe SBISETCS OLCHKA
ux JaIBLHONIEHCTBHS WU paiiona
00CITy)KUBaHUS.

Puc. 1. Cxema pacnonoxennss CHU-panunoycranoBku "3eBc" u CymecTByronmme METOABI  pacyeTa
palioHOB, TJIe U3MEPSUINCh CUTHAIBI JaHHOTO mcTovHuka: C.- 30H OOCITYy>KHBaHUSI MCTOYHHUKAMHU TAKOTO
Ietepoypr (1), Cesepnniii Kaekas (II), Kpachosipck, IlekuH. TUIA AT BO3MOXXHOCTb OLICHUTh YPOBHHU
W3onunusvmu MOKa3aHbI YPOBHU HanpsH>KEHHOCTH HUX CUTHAJIOB IIpY Pa3JINYHOM yIAJICHUN OT
TOPU30HTAIBHOM COCTABIISIONIEH MATHUTHOTO IMOJISI. HCTOIHMKA u 3a/JaHHOM ypoBHE

€CTECTBEHHOI'O JJICKTPOMArHUTHOTO OIS,

OpHako B palioHax  IUIAHUPYEMOTO
ucronb3oBanuss CHY-McTOYHMKOB st 1ieded reou3uKd YpOBEHb M OCOOEHHOCTH HM3MEHEHHS €CTeCTBEHHOI'O
QJICKTPOMAriuTHOr'0 IOJid MOTYyT 3aMCTHO OTJIUYATLCA OT €ro OCPCAHCHHBLIX XapaKTCPUCTHUK, HUCIIOJIbB3YEMBIX IpPHU
pacyerax. Kpome TOro, ypoBHH NMPOMBIIUIEHHBIX MOMEX MOTYT OBITh Pa3IMYHBIMHU, M JJISI OLIEHKH JaIbHOJCHCTBUS
TaKMX HCTOYHHKOB HEOOXOIMMBI M3MEPEHHUs] MX CHTHAJIOB Ha pA3IMYHOM YAAJIECHHHM W TPU Pa3IMYHOM YpPOBHE
TIPOMBIIUICHHBIX [TOMEX.

HamenopneiicteBue CHY-pagmoycranoBku "3eBc" mpm paamocBs3u coctaBisier Oomee 10000 xm. Ilpm stom
OOBIYHO W3MEPSETCSI OIHA W3 COCTABILIIOIIUX AJIEKTPOMATHUTHOTO TONA 0e3 0coOBIX TpeOoBaHWK K TOYHOCTH
ompeneneHuss aMIIMTYyAel U ¢a3el curHama. B 1990 r. m3mepeHus mmoisi AaHHOTO HCTOYHHKA OBUTM BBITOJHEHBI
aMEepUKaHCKIMH HCCIIeIOBATEISIMU B Psilie paifoHOB MHpa, B TOM dncie B AHTapkTuae Ha yaairenud 18 300 km [2]. B
9THX 3KCHEPHMEHTaX PETHUCTPUPOBANACh TOJBKO OJHA TOPU3OHTAlbHAS COCTABILIONIAS MArHUTHOTO MO W Ul
obecrieueHns YBEPEHHOI0 IpHUEMa CHTHaja HCIIONIb30BAIOCh HakoruieHue 1o psny (6onee 1000) ogHOMHUHYTHBIX
ceancoB u3Mepenuil. Ilpu reopusnueckom ucnonb3oBanur CHY-MCTOUYHMKOB 3ajaucii pabOT SBISCTCS HE TOJBKO
perucTpanys CUrHaia, a U3sMepeHus, 1o KpaiHel Mepe, IByX COCTaBIISIOIIMX JIEKTPUYECKOT0 U MarHUTHOTO TOJeH ¢
BBICOKOH TOYHOCTBIO M ONPEIEIIEHIEM aMIUTUTY bl M (ha3bl MMIIeIaHca.

Jns pemennst reopusnyeckux 3amad ¢ ucnoib3oBaHueM MouiHblx CHY-ucrounmkoB B CIIOI'Y Gbuto
pa3paboTaHO HECKOJIIBKO MoaMGUKanui NpHOOPOB M3 CEpUH ammapaTypsl KoppeisinnoHHbIX (yHknuit (AK®) n
TIPOBEJEH Pl SKCIIEPUMEHTAIBHBIX N3MEPEHUH B pa3JIMuHbIX pernoHax Poccnm.

B 1995 r. Obun BBIIONHEHBI SKCICPUMEHTANIBHBIE HWCCIEHOBAHUS diekTpoMarHuTHoro moms CHY-
PaAMOYCTaHOBKHM ISl MOHHTOpPHHTA ceficMuueckod akTmBHOCTH Ha CeBepHOM KaBkaze Ha paccrosHmm 2700 KM OT
nctoyauka [3]. Ilo pesynapratam paboT ObUIa TOKa3aHAa BO3MOKHOCTh YBEPEHHOUW PETUCTPAIMH CUTHAJIOB MIPH ITOMOIIN
IIMPOKOMONOCHOH — ammaparypel AK®-2 wMeTomoM ayAMOMarHWTOTETypHYecKux 3oHampoBaHmii (AMT3) ¢
paspemenueM o yacrore 0.1 I'n. Ha puc. 2, a npuBeneH npumep perucTpanuy CleKTPaabHbIX INIOTHOCTEH MOIIHOCTH
(CIIM) curHajioB 3J€KTPHYECKOTr0 M MarHUTHOro moiyieii Ha wacrore 125 I'm. CIIM curHamoB mpeBbimiajia YpOBHU
€CTCCTBCHHOT'O JJICKTPUYECCKOIO U MAarHUTHOI'O noJicii B MATh pa3, a TOYHOCTb OIPCACIICHHUA UMIICIaHCa, OLICHCHHAas
OTHOCHTEJIBHO TOBTOPHBIX U3MEPEHUH, HaX0AuIachk B peaenax 2-3%.

B 1996 r. Gbuta coznana crienpanuzupoBanHas anmaparypa AK®-2.2, npennasHadueHHas AJsl IpoBeIeHNs padboT
MeronoM AMT3 u mnst cBepxHM3KouacTOTHBIX 30HmupoBaHui (CHY3) ¢ m3aMepeHMSIMM 3JIEKTPOMAarHUTHBIX IOJIEH
HCKyccTBeHHBIX McTouHnkoB CHY-amnama3ona gactot [3]. B anmaparype mpeaycMOTpeHbl IHPOKOTIOIOCHBIH (paOoThI
merogoM AMT3) u y3komomocusli (padoter meromom CHU3) pexumbr pabotel. Peamms3oBaHBl permctpanus
KOPPEILIIUOHHBIX (YHKIIMA W TIpsiMasi 3alliCh IOJIeH Kak B IIMPOKOH, Tak W B y3Kou moioce. C HCIOIBb30BaHIEM
HOBOTO Y3KOIIOJIOCHOTO peXHMa CYIIECTBEHHO IMOBBICHIIOCH CIeKTpaisHOe paspemenue, u CIIM curmamos CHY-
PagrOyCTaHOBKU PETHCTPHPYIOTCS C MPEBBIIIEHUAMH HAJl YPOBHEM €CTECTBEHHOT'O 3JIEKTPOMArHUTHOTO MOJIS Ha J1Ba
nopsiika 0ojiee KOHTPACTHO, YeM B OOBIYHOM LIMPOKOIIOJOCHOM PEKHME, YTO MO3BOJISIET cyliecTBeHHO (B 5-10 pas)
MOBBICUTH TOYHOCTh U3MepeHuit nmmnenanca nosust CHU-paguoyctaHoBKH.

C mnomomipto anmaparypbl AK®-2.2 ObulM BBINOJIHEHBl HM3MEPCHHs 3jekTpoMarautHoro mons CHUY-
paauoyCTaHOBKU B psije paiioHoB Poccuu. Ilpumepst peructpammu s touek BOnmsu C.-IlerepOypra (950 kM ot
ncroununka) u Kpacnosipcka (3200 kM oT ucTouHMKa) npuBeneHbl Ha puc. 2, 0. Ilpessimenne CIIM curnanos
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3JIEKTPHYECKOTO TOJISt Haj
YPOBHEM €CTECTBEHHBIX MOJIEH P
UCIIOJIb30BABIIEMCSI CHIEKTPAJIbHOM a
paspemiennu 0,007 I'p cocraBnsmn
s C.-Ilerepbypra 160, a mns
Kpacnosipcka 70 pa3. Taxoe
cootHoweHue ammuurygy CIIM
curHaioB ~ CHY-paguoycraHOBKU
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COOTBETCTBYET pacyeTHbIM = i v X 3
3HAYEHHSAM CHTHAJIOB M JHArpamMMe % ' E %
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C HCIONB30BAHMEM IPOTPAMMHBIX 5 ] i E ‘
CpEICTB, JICTAIbHO : ; ; :
paccMOTpEHHBIX B padote [4]. 0,1 t + + i

B 1999 r. ¢ mnomompo 124 125 126 81,8 82,0 fTu

pa3paboTaHHbIX B CIiery '
ABYXKaHAJbHOM anmnapaTypel Puc. 2. ITpumeps! peructpanuu CIIM cHUrHagoB 37IEKTPHUYECKOTO MO
AK®-2.2 u 4YeThIpeXKaHaJIbHOM CHY-pamnoycTaHOBKH C HCIOIb30BaHHeM anmaparypel AK®-2 co
arnmaparypsl AKD-4 ObLI cnekrpanbHbiM paspemenreM 0,1 T'm ma Cesepnom Kaskaze (I) u
BBIIIOJIHEH ~ OKCNEPUMEHT 110 annaparypsl AK®-2.2 co cnekrpansueiM paspemenvem 0,007 T'n B
HU3MEPEHUIO  DJIEKTPOMATrHUTHOTO paiione C.-IlerepOvpra (II) u KpacHosincka (I11).
TIOJIS poccHiicKoi CHUY-

pannoyctanoBku B Kutae Ha

paccrosituun 7000 kM OT MCTOYHMKA. PaliOH IKCIIEPUMEHTAJIBHBIX pabOT HAaXOAWIICS B HAIpaBICHUU MaKCHMyMa
nuarpammsbl HarpaeieHHocTn CHY-pannoycranoBku (cM. puc.l). PaGoTsl ObliM BBHINOIHEHBI B psJe TOYEK B paiioHe
Ilexnna. M3Mepsanuch rOpU30HTAIBHBIE COCTABIISIIOIIUE AIEKTPUUECKOrO MO ¢ MOMOLIBIO 3a3€MJICHHOM MpHEeMHON
JiuHuY Ao 100 M M1 MarHUTHOTO NOJISt ¢ TOMOIIbIO UHAYKIUOHHOW aHTeHHbI. OpUEHTUPOBKA IPUEMHOMN YCTaHOBKHU
(amexTprdeckas aHTeHHa 1O asumyTy 350°, MarHuTHas aHTeHHA 1o a3uMyTy 80°) COOTBETCTBOBAJIA MAaKCHMAJIEHBIM
3HadeHusIM curHanoB CHY-pagmoycraHOBKH.

Ha puc. 3 mpencraBnens! pe3yiabTaTsl m3MepeHnid marautTHoro ot CHY-paanoycranoBku Ha gactore 80 ' B
Touke baogu. JlaHHBII pPUCYHOK WIUTIOCTPHPYET BIMSHHE HCIIOIB3yEMOrO CIEKTPAJIbHOIO pa3pelleHuss Ha
KOHTPACTHOCTh BBIACNEHHS IIOJIE3HOTO CUrHaia, T. €. mpesbimieHne CIIM curHana Hajg ypOBHEM €CTECTBEHHOTO
MarHUTHOTO MoJjIs. [IIsl MCTIONB30BaBIIErocs PeKUMa Y3KOMIOJIOCHOH perucTpauy BpeMEeHHbBIX psios (B monoce 2 I')
co crnekTpanbHbiM pazpenienneM 0,0264 I'tp 3To mpeBbliieHue coctasisio 3 pasa, st 0,00258 I'm — 20 pa3 u s
0,00032 ' — 250 pa3. Takum 00pa3oM, UCIOJIL3YEMBIH B IPUEMHOM arIapaTypHO-IporpaMMHoM komiuiekce AKD-
2.2 y3KONOJIOCHBI PEXUM U PEaTM30BaHHOE CIEKTPaJbHOE pa3pelieHre 00eCeyrBaloT YBEPEHHBIN TPUEM CUTHAJIOB
CHY-paauoycranoBku B Kurae Ha paccrostuuu 7000 KM OT UICTOUHHKA.

W3mepeHnss B JaHHOM OKCIIEPHMEHTE BBINOJHSIIMCH HEMOCPEIACTBEHHO B HACEJICHHBIX IYHKTaX IpH
3HAYUTEIHLHOM BIIMSHUM IPOMBIIUICHHBIX ToMeX. Puc. 3 mokassiBaer xapakrep n3MmeHeHus CIIM snekrpuyeckoro n
MarHWTHOTO TOJIEH, 3apeTUCTPUPOBAHHBIX B TOUKEe XHUKU IpH momomty ammapaTypsl AK®-4 B mmpokoii momoce 5-
180 T'm ¢ paspemenuem no gacrore 0,66 I'm. Kak BumHO W3 pHCyHKa, MOMHMO CUTHANOB rapMoHUK 50 m 150 I'm B
CIIEKTpe HaOM0JaeTCsl JOCTATOYHO MUPOKHUI MakcuMyM B paitoHe 100 I't, oxa3piBaroIuii BIUSHNAE HA HHTEPBAI OKOJIO
80 T'm, rme m3mepsuics moie3HbIM curHan. OmHAKO, HECMOTpPS Ha HeOMarompusTHble ycioBus, curHaimsl CHY-
PagrOyCTaHOBKH PETHCTPUPOBAINCH OYCHb YBEPEHHO BO BCEX TOUYKAX M3MEPEHUI CO 3HAYMTEIBHBIM IIPEBBILICHHEM
HaJl ypOBHEM MIOMEX M €CTECTBEHHBIX AJICKTPOMArHUTHBIX MOJIEH. DTO MOKa3aHO Ha puc. 4, a g Todek baoau, Xumkn
u JI>KUKCHaH, T/ie MPEBBIIIEHUE TIOJE3HOTO CUTHala mpu crekTtpaibHoM paspemieHuu 0.00258 ' cocrasnso 15-20
pas.

IIpu BBICOKOM YpOBHE MPOMBIIUIEHHBIX MTOMEX M3MEPEHUs] €CTECTBEHHBIX IJIEKTPOMATHUTHBIX IOJEH 4acTo He
o0ecrieunBalOT HEOOXOJMMOW TOYHOCTH ONpEAeNeHHs HMIenanca. Vcronb30BaHHE CHUTHAIOB HCKYCCTBEHHBIX
HCTOYHHKOB NPU 3TOM Ooyee TEepCHeKTHBHO, OCOOCHHO IIPU MOHHMTOPHHIE CEHCMHUYECKOH aKTHBHOCTH, KOTZa
TpeOyeTcss BBICOKAas TOYHOCTh m3MepeHmit. Ha puc. 4, 0 mokazano comoctaBnernne CIIM curmama CHUY-
panuoyCTaHOBKH M €CTECTBEHHOTO JIEKTPHUYECKOTO IOJISI ¢ MapaMeTpOM KOTE€PEHTHOCTH CHTHAJIOB JIEKTPUYECKOTO U
marautHOro noseil (7, KOTOpBIil XapaKTepH3yeT TOYHOCTh ONPEAENEHUs MMIenanca. Kak BUIHO M3 pUCyHKa, IS
ecrecTBeHHoro nosns 3Hadenue G mensiercs B npenenax 0,1-0,5, B To Bpems kak s curdanos CHY-pauoycTaHoBKH
G =0,95.

Boinonnennsie B Kutae wusmepenus curHanoB poccuiickoit CHY-pagmoyctanoBku "3eBc" mpu MOMOIIM
annapaTypHo-iporpaMMHoro kommuiekca AK®-2.2 mokasany NepcrneKTHBHOCTh TIeO(U3MYECKOTO HCIHOIb30BaHUS
JAHHOTO HMCTOYHMKa Ha paccrosHuu 10 7000 kM. Bputm yBepeHHO 3aperncTpHpOBaHBI CUTHAIIBI AJIEKTPHUECKOTO U
marHuTHOro nojieii Ha uvacrore 80 I'u. Jlns peanusyemoro cnektpainbHoro paspeweHuss 0.00032 I'm mosydeno
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MIPEBBIIIEHUE CIIEKTPATHHOM IIOTHOCTH MOIITHOCTH CUTHAJIOB HaJl YPOBHEM €CTECTBEHHOTO JIEKTPOMArHUTHOTO TIOJIS B
250 pa3. Ilokazansl mpemmMyInecTBa ucmosib3oBaHus noned CHY-pannoyCcTaHOBKH MO CPaBHEHUIO C M3MEPEHHAMHU
€CTCCTBCHHBIX 3JICKTPOMArHUTHBIX MoJeu B paﬁOHax C BBICOKMM YPOBHEM ITPOMBINUICHHBIX ITOMEX.
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Puc. 3. CpaBuenne CIIM cuTrHaIOB MarHUTHOTO Puc. 4. CpaBuenune CIIM 351eKTpUIE€CKOTO MOJIS
monst CHY-papnoyctanoBku B paifoHe [leknna (a) CHY-pannoycTaHOBKM B Ppa3iIMYHBIX TOYKaX
OpU  Pa3HOM CHEKTpaIIbHOM paspeumienun (I - (a): baonu (1), Xumku (II), Joxukcuan (II1) u
0,0264; II - 0,00258; III - 0,00032 T'n) u xapaxkTep conoctapienne CIIM snexkTpuueckoro mois u
U3MEHEHUsI MarHUTHOTO U JIEKTPUUYECKOI0 MoJieil B korepeHtHoctt G pmiug curHama CHY-
Touke XHIKU B auanazone yactot 5-180 I'mp (0) (1, paguoyCTaHOBKHU u €CTECTBEHHOI0
2 - H (a3. 260 n 350°); 3, 4 - E (a3. 260 u 350°)). aJieKTpudeckoro mois  (0). ChexrpaibHOE
CrexTtpanbpHoe paspemierne 0,00258 I'm. paspemenue 0,00258 I'i.
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A power line of 108 km length in the Kola Peninsula, Russia, was fed by a tunable AC current in the upper ULF
and lower ELF frequency band. Its magnetic signature was received by the Finnish chain of pulsation magnetometers at
distances from 200 to 1000 km from the source. Amplitudes and polarization properties were analyzed as a function of
frequency, distance, line-of-sight angle, and local time. Some evidence was obtained that, beside the geological
structure underneath the radiator, also different ionospheric conditions affect the received signal properties in a
systematic way. The efficiency of the power line as an ULF-wave radiator proved to exceed largely those typically
obtained in similar experiments based on modulation of ionospheric currents by powerful HF heating.

1. Introduction
It is well known that power line radiation (50 and 60 Hz) fills the entire Earth's atmosphere up to deep into space,
hereby changing the natural electron distribution in the magnetosphere via electron-wave interaction. Power line
radiation produces and modifies a great variety of wave and particle phenomena (for a recent review, see Parrot and
Zaslavski [1996, and references therein]) and can be considered as a kind of global pollution with consequences we
cannot give an account of in all details and full amount.
Contrary to this side effect of our technical world
and industrial civilization, we could use power line

.. e . Consumers Power line 108 km lon,
radiation also as a scientific tool in a well defined l‘ l.’ I I o | ¢ ';m
manner under controlled conditions. In the first place — N ~330KV
we are not fixed to 50 or 60 Hz and could choose the
frequency freely. The basic idea is very simple: hire a
commercial power line of let us say 100 km length and ~a Q("
feed to it an AC current of desired strength and | Controller
frequency. The technical and geologic requirements for E— o
high ELF/ULF transmission efﬁcienpy are, however, Matching s 2
not so easy to meet. The underlying Earth's crust capacitors N ——
. woLL
conductance should be low, and even more important, | 0

antenna and gel}erator should have a good e}ectrical fgg\;\; || OF generator- reciain
grounding (cf. Fig.1). Both requirements are fairly well | squ converter generator
met in case of the Kola-Serebryansky power
transmission line in Russia. The Kola shield belongs to
the oldest on the globe and the good grounding is
guaranteed by a water power station at one end of the
power line (where the generator is located).

First experiments of the given kind were, however, not carried out in Russia but in USA at the Wisconsin Test
Facility [Bannister et al., 1974], known as the Project Sanguin. A more rigorous search for historical forerunners
revealed an attempt in Sweden of geoelectric probing of the Earth's crust using a power line as antenna. It dates back as
far as 1946 [Lundholm, 1946]. To some extent, power line usage for magneto sounding was also tried here and then in
Northern America, Southern Africa, and former USSR [Cantwell et al., 1965; Samson, 1969; Van Zijl, 1969; Blohm et
al., 1977; Sapugak and Enenstain, 1980].

Russian research groups developed and systematized this method doing experiments either in the VLF range
[Velichov et al., 1994] or in the ULF range [Belyaev et al., 1997, 2002] with main emphasis on ionospheric investiga-
tions. All experiments (which still continue) have shown that the transmission efficiency in the ULF range exceeded by
far what has been able to achieve by high power HF periodic heating of the ionosphere [cf. Bosinger et al., 2000, and
references therein]. Power line transmitted artificial signals in the 1 Hz frequency range were detected over distances of
more than 1500 km, a result which was never reported in case of heating experiments (the ULF signals were only
detected under the heated region) [Belyaev et al., 1987; Stubbe, 1996].

In spite of such a clear strategy and an attractive scientific objective, power lines have been only little used in a
controlled fashion, at least in the ULF range. This is partially due to practical difficulties. It is not so easy to feed an AC
current of, e.g., 1 Hz efficiently into the line (see above) but even more severe is the little confidence in the scientific
community that something can be achieved beyond just the trivial effect, detecting the primary field. It is one objective
of this paper to show that the ionosphere has, depending on distance, indeed an effect on the received artificial signal.
This is shown here not for the first time [cf. Belyaev et al., 1997, 2002] but it is for the first time that extended use is
made of the Finnish chain of pulsation magnetometers which are located in an intermediate range of distances with
respect to the ULF wave radiator. It allows one to investigate the transition from near to far field. A study of the longest

n

Fig. 1. Schematics of the ULF-transmitter.
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distance reception properties is kept for a separate paper. It may, however, be mentioned that in the experiment
analyzed here the artificial signal was detected in Spitzbergen located in the polar cap and on at a river side of Volga, in
midlatitude Russia, 500 km southeast of Moscow. Thus the artificial signal was received over an area of 3000 km in
diameter.

The paper is organized as follows: In section 2 details are given of the campaign, the experimental setup, and data
processing, in section 3 some basic theoretical concepts are reviewed, in section 4 the observational findings are pre-
sented. Section 5 closes the paper with a discussion and a summary.

2. Arrangements, Equipment, Observation Points, and Data Processing
Disconnecting a power line for several days from the providers and consumers of electric power requires consid-
erable efforts on the legal, financial, and practical side. It can only be carried out on some campaign basis. This paper
deals with the result of a campaign carried out from 27 September till 3 October 2001.

2.1. Transmitter and Its Surrounding
The basic concept of using a power line as an ULF

wave transmitter is shown in Fig. 1. The Kola-
Serebryansky power line was disconnected from the
power plant and its consumers. A 50 kW ULF generator
fed a current of up to 100 A via matching capacitors into

| the line. The generator makes use of powerful thyristor
B switching circuitry and is shown in Fig. 2. Input current
and voltage amplitudes were monitored during all
experiment time.

The power line in question is of 108 km in length
and stretches out into the geographic east-west direction,
so the axis of the corresponding magnetic dipole points
toward north. The geological structure on Kola Peninsula
E is rather unique and is characterized by a very low

i

<,

Fig. 2. The 50 kW ULF generator. sl ..

conductivity 0=54+107°-10" S/m (as it follows from
measurements at frequencies above 30 Hz). The estimated
skin depth 6 for a frequency of /= 10 Hz is of the order of 8
to 10 km.

2.2. Observation Points

To study the spatial distribution and characteristics of
the received ULF, magnetic field emitted by the transmitter
the Finish chain of pulsation magnetometers was used. The
geographic location of the receiving sites and their position
relative to the source field is shown in Fig. 3 and geographic
coordinates, etc., are given in Table 1 (the station KEV
shown in the figure was out of operation during the time of
the experiment but it is part of the Finnish chain).

A triple of orthogonal search coil sensors provided the  60°
geomagnetic  east-west, north-south, and  vertical
components of the magnetic field vector at each station with
the exception of the station NUR where a vertical sensor
was missing. The magnetometers are sensitive to the

frequency range 0.01 to 5 Hz. Data is recorded digitally at a g’ ' ‘

it L L

el

resolution of 16 bit with a sampling rate of 40 Hz. All
instruments were equipped with a GPS clock. Raw data was :
processed to correct for the frequency and phase response of Fig. 3. Geography of the experiment.
the instruments.

35°

2.3. Campaign Strategy and Data Processing
The campaign took place from 27 September to 3 October 2001 at daytime and nighttime. Various patterns of
time schedules and frequency sweeps were implied. They can be divided in two categories, either a set of fixed
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frequencies from 0.6 to 15 Hz band or a continuous frequency sweep with small increments. After judging the quality of
the data, 4 out of 6 days were selected for a detailed data analysis. Daytime conditions were 30.09.01, 0800-1200 UT,
1.2-3.0 Hz, 0.1 Hz increment, 10 min at each frequency. Nighttime conditions were 27.09.01, 01.10.01, and 02.10.01,
2000-2300 UT, 0.6-4.2Hz, 0.2 Hz increment, 10 min at each frequency, and three sweeps.

Table 1. Names and Coordinates of Observation Points and Their Distances to Radiation Facility

Station Position

Distance to Angle o
MName Code Lat Long Source, km to Source
Kilpisjarv KIL 69.0 20.7 547 B5.05
Ivalo A 6E.6 27.4 286 80.71
Sodankyld 50D 67.4 26.5 367 0. iy
Rovanierm ROV 66,6 25.8 477 53.87
Oulu QUL 65.0 25.5 578 3IR.26
MNurmijarvi NUR 6.5 24.7 1032 22.23

Data processing implied calculation of power spectra from 100 s of data with spectral resolution of 0.01 Hz and
subsequent averaging over the 10 min period of signal radiation. Power spectra of linear as well as circular polarization
were calculated, i.e., east-west and south-north components, and left-handed and right-handed circularly polarized
components.

3. Theoretical Background

Let us consider the power line as a magnetic
field source in a highly resistive half space
(atmosphere) formally represented as a magnetic
dipole where the power line's length L<</, p (with A

the wave length in free space and p the distance to

the observation point). As in Fig. 4 we put the X axis k
pointing into east-west and Y axis into the south-
north directions, define ¢ as the angle between the ¥ :
axis and the direction to the observation point, name \ / ;
h the thickness of the waveguide and have the O :
| the O e

magnetic field H laying in the ZY plane). hd » X

Under the assumption of finite conductivity of - /)\ =—
the half space underneath the antenna the magnetic @ g
momentum M Of;;e source can be expressed as: Fig. 4. Coordinate system for calculations of the

M=2_5 (1) radiation from power line.
V2

Here L is the length of the current line, / is the current amplitude, and & = - /2/ WO, is the skin depth as

expressed in conventional notation.

The near field (p < L) can be calculated by integrating along the antenna [see Terechenko et al., 2005]. In this
case one has taken in account only the finite conductivity of the Earth crust and neglected the influence of the
ionosphere. At distances p > /1, L the magnetic field in the waveguide can be easily calculated under the assumption of
a perfect ground conductor because the losses in the waveguide are dictated primarily by the upper ionospheric wall
[see Wait, 1972]. Note that the propagation of electromagnetic waves in the ELF frequency range within the Earth-
ionosphere waveguide in case of a homogeneous and isotropic ionosphere was investigated by Bannister et al. [1974].
Sobchakov et al. [2003] in turn investigated the case of an anisotropic and homogeneous upper wall for ULF
frequencies.

Following Sobchakov et al. [2003], on the surface of the Earth the orthogonal magnetic field components are

%
~
h

given by |
iM singp i3 |~ —
H, = | — — (2}
T 2nph { knhw '
iM cosg i3] !. Zyy — Zxy (3
P 2mplh koh 2.5 R

where 1, and H, are the magnetic field components parallel and perpendicular to the radius vector from the source
to the observation point, M as given by formula (1), symbols / and p as used above, Zyy, Zyxy are the horizontal
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components of the ionospheric impedance tensor in case of an anisotropic and nonhomogeneous ionosphere, Zy =
12077{Ohm] is the impedance of free space, ky is the wave number of free space. In case of an anisotropic but
homogeneous upper wall, 5 can be replaced by (f = (1/n; + 1/n;), where n; and n; represent the refractive indexes of

the normal wave modes. The formulas (2) and (3) were obtained under the conditions kop << 1, p > h, kpn; >h <<1
assuming a vertical Earth magnetic field throughout. The conditions define in fact the applicability of the impedance
approach.

The signal components F, and H,, calculated by formulas (2) and (3) were used for defining the magnetic-field
absolute value H = .|H ; +H ; . Then the dependence of the field module on frequency for each station, and the

dependence of the field module on distance for given frequencies were calculated and plotted. The components Hs n
and Hy.g were also determined from the calculated components F, and /, for comparing the experimental with the
theoretical dependences. Besides the linear components Hg_y and Hyy.g, we will consider also the right and left-handed

circularly polarized field components defined by H, , = (H sy TiH,, ; )/ 2.

4. Observational Results

Throughout all experiments the artificial signal was observed at all stations of the Finnish chain (cf. Fig. 2 and
Table 1). As an example of the received signal, Fig. 5 shows dynamic spectrum obtained at the nearest station IVA. The
operational mode of a stepping sweep in frequency is clearly and distinctly discernable above the background noise.
This is true also for NUR where the signal to noise ratio
is smallest. Similar dynamic spectra were obtained at all " _ I, Hs-n, 27.09.01
receiving points. A g FAsH e

The observation at IVA revealed in addition
harmonics above the fundamental excitation frequencies. 5
This is not due to signal saturation at the receiving
station but a product of the nonsinusoidal excitation of
the current in the power transmission line (cf. Fig. 5).
Such additional harmonics were not observed for more
remote stations.

The values of the signal to noise ratio (SNR) were
estimated for the best and worse cases using power
spectra for the two stations mentioned above. Clearly,
the peak power was always well above the neighboring
background level. We consider in all cases the SNR
large enough to avoid tedious confidence interval T }
estimates for the spectra. In numbers SNR was of the 0 s L L L Y
order of 6 to 8 dB at the most remote stations NUR and = == B Zfilme :Ill,ourszlz & B S
OUL (cf. Table 1). This is considered enough to make
reliable spectral analyses.

We first focus on the amplitude-frequency depen-
dence of the linearly polarized magnetic field
components (Fig. 6). This is done in comparison of night to day hour observations and for the station IVA (286 km) and
NUR (1032 km). The night observations were from 27.09.01 and 01.10.01 and day observations from 30.09.01. All
amplitudes of the received signal were normalized corresponding to constant antenna current amplitude of 100 A. As
one can see from Fig. 6, upper panel, the received signal amplitude at the nearest receiving point depended only weakly
on frequency if at all. This is true for both components. The discrepancy between night and day observations is negligi-
ble for the east-west component (more-or-less coinciding with the plane of the antenna current loop) and not large (at
most 25% in relative units) for the north-south component. If there were no observations of 27.9.01 (night observation)
for the north-south component, one would be ready to state no significant frequency dependence and no significant
night to day hour dependence in the near-field of the antenna.

One is inclined to assume that the somewhat different behavior on 27.9.01 is actually due to background
magnetic activity. This assumption is checked below. Note that IVA is located underneath the Polar electrojet.

As one can see from Fig. 6, lower panel, the behavior of the signal at the remote receiving point NUR differs
from the one at IVA (cf. Fig. 6, upper panel). In order not to overload the figure only the east-west component is
presented as showing the largest effect. For the two nighttime runs (27.9.01 and 1.10.01) a contradictory frequency
dependence of the signal strength was encountered. In spite of the large spread of observation points (up to 25% in
relative units), it was big enough to be considered as significant. Astonishingly, the trend was positive during night
27.9.01 and negative during night 1.10.01. One would have liked to see a great difference between the nighttime and
daytime runs but this was not observed, at least as much as can be said from the few observation points of day 30.9.01.

-

Frequency (Hz)

Fig. 5. Dynamic spectrum from IVA.
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Fig. 6. The dependence of the ULF signal linear
components on frequency for IVA (upper panel) and
NUR (lower panel) stations during three sweep
operation times.

An important parameter of radiated magnetic field is
the ratio of right- to left-handed polarized components. This
parameter is very sensitive to the anisotropic properties of
the waveguide walls (both ionosphere and Earth crust) as
was shown by Belyaev et al. [2002]. It is known, for
instance, that the spectral resonance structure (SRS) of the
ionospheric Alfven resonator (IAR) is most distinct in the
ellipticity, which is in fact the ratio of left- to right-handed
circularly polarized wave components [Bosinger et al., 2004,
and references therein; cf. Hayakawa et al., 2004, Fig. 1].

In order not to be fooled around by the polarization
properties of the background magnetic noise superimposed
on the artificial signal a similar processing is carried out for
the noise alone and for the signal plus noise and shown in
comparison. Fig. 7, upper and lower panels, exemplifies this
kind of analysis for the station SOD (cf. Table 1). As
regards the background noise Fig. 7, lower panel, shows
convincingly that there was no frequency dependence and
night versus day difference in the observations.

The artificial signal received at SOD exhibited a

distinctly different behavior: the signal ratio Hyr/H) was
clearly above unity at all operating frequencies and
exhibited an increase with frequency (up to 30% in relative
units). This means prevalence of R with respect to L
polarization. Interestingly enough, there was no difference

'SOD, rIRfHL -

1.8 T r
1.6 SIS SIS | [SSSS oK SNSRI .
1.4

1.2p -

0.6

between nighttime and daytime runs, a fact which was also
realized at the station IVA. Whereas the frequency dependence
could indicate an ionospheric impedance effect, the similarity
between nighttime and daytime runs speaks against it.
Obviously, SOD was still too close to the source in order to be
sensitive enough for ionospheric modifications.

Now let us look at the station NUR: The background
noise properties shown in Fig. 8, lower panel, clearly indicate
an active ionosphere during the night of 27.9.01. It therefore
does not come as a surprise that the artificial signal was also
affected in the same way at this night as Fig.8, upper panel,
can tell us. Note that this figure includes only night hour runs.
The number of points is too small from the day hour
experiment of 30.9.01 (cf. Fig.6, lower panel) in view of the
large observational spread. Note that the trend in the frequency
dependence was either negative or positive indicating a large
variability in this quantity.

Closing this section, two more figures are shown which
will be addressed only in section 5. In Fig.9, upper and lower
panels, use is made of all experiments, also the one of night
2.10.01. Moreover, one more station, ROV, is incorporated
which is located south of IVA and SOD but well north of
NUR (cf. Table 1). The ratio of the two linearly polarized
components (north-south and east-west) turned out to be
worthy also of some consideration (see below).
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5. Discussion
Keeping in mind that the Kola-Serebryansky transmission power line is located inside the auroral oval, it seems
necessary to give an account of the geomagnetic activity during the experiments. For this purpose the 4, index was
chosen. It allows to estimating the geomagnetic field disturbance level. A histogram of this index for the TromsO
observatory is shown in Fig.10 (upper panel; cf. http://spidr.ngdc.noaa.gov/). As one can see the disturbance was rather
weak during the operation times of 27.09.01 and 30.09.01. The night runs of 01.10.01 and 02.10.01 were carried out
during prolonged medium level geomagnetic activity.

The ionospheric conditions are best probed by an ionosonde in Loparskaya, close to the transmitting facility (1 =

68°52'N, & = 33°03'E). The ionosonde data is shown in the middle and bottom panels of Fig.10 (cf. http://
spidr.ngdc.noaa.gov/).

It can be concluded by the ionosonde data that the situation in the E layer during the first night (27.9.01) differed
radically from the situation during the second and third nights runs (1.10.01 and 2.10.01). The latter were carried out
under disturbed magnetic conditions and the ionospheric parameters were strongly affected most likely by particle
precipitation. On 27.09.01 the E layer produced a rather low critical frequency (about ~1MHz) and exhibited a weak

sporadic E layer f.gs ~ 2 MHz), but the critical frequency of the E-layer accompanied with Esraised up to 5-6 MHz in
the time period of 01.10.01 -02.10.01 and actually blanked the upper ionosphere. The data from the Tromse dynasonde

(not shown) could tell that it was not a typical and regular Eg (rather narrow) but it was a 50 km thick layer practically

like a daytime E layer. It can also be concluded during the night of 01.10.01 the conditions in the £ layer were very
close to those of the following night on 02.10.01.

In accord with the geomagnetic and ionospheric conditions the signal characteristics obtained during the night of
01.10.01 (and actually also during the night of 02.10.01) were similar to daytime ones as obtained on 30.09.01 (cf.
Fig.6). Fig.9 can serve as a kind of summary for this fact. The ratios of linearly polarized components at IVA and ROV
on 27.09.01 distinctly differ from those obtained at all others days of observations. Recall that the daytime frequency
dependence was close to the one obtained during nighttime under disturbed conditions.

So far we have only considered the ionospheric conditions in the vicinity of the ULF transmitter. As is known
since the first midlatitude observations [Belyaev et al., 2002], the natural background magnetic noise polarization

&3



H,10° o7 (defined as the ratio p = HR/HL) is

! - A2 sensitive to the ionospheric conditions above
3 i the observation point. As stated in the
2t . relevant literature [Belyaev et al., 2002] the
L ) spectral resonance structure (SRS) is only
0 I observed when p > 1. It signals an influence
of the local ionospheric gyrotropicy and
“-:“m ‘1 m -1 results in an anisotropic noise parameters at
. i u N the receiving point. The observed ratio p
| 7, above unity for the artificial signal detected
200l at SOD (cf. Fig.7, upper panel) in spite of
L | E, the value of p close to unity for the
ok | =t fv_;ﬁ_mﬁ.,,m_l'—s‘:-ﬁb-"" ] background noise (cf. Fig.7, lower panel)
| - indicates that there was no ionospheric
anisotropy above the observation site (367
oLl km from the transmitter) but there was an
8.0 Fy g 4 anisotropy of the Earth crust underneath the
sof * ULF wave radiator.
i AL The interpretation of observations at
11 . A % NUR located about 1000 km away from the
_‘-!_‘ E—E f\]z“_ ; radiator is more tricky (cf. Fig.8). Except for
27.08.01 200901 utc 0110 01 sswo  frequencies below 1 Hz the background

magnetic noise during the night of 1.10.01

Fig. 10. Geophysical conditions close to the transmitter (and actually also during the night of
during the campaign (the operation time is marked by black 2.10.01; both disturbed) was not polarized
lines at the bottom of the middle panel): 4, index (upper (ratio p close to unity; cf. Fig.8, lower

pat}el), ionosonde dat'a' at Loparskaya station, heights of layers panel), still the artificial signal exhibited a
(middle panel) and critical frequencies of £g and F'; layers. frequency dependence (negative trend).

Could this be attributed to a source region
effect? Fig.8, upper panel (positive trend) does not allow us to draw this conclusion. We are inclined to attribute the
negative trend at NUR as an artifact caused by the large spread in the observation points. The interpretation of the case
during the night of 27.9.01 is more secure. At that time background noise (cf. Fig.8, lower panel) and artificial signal
(cf. Fig.8, upper panel) tell the same story. The strong frequency dependence (positive trend) in the ratio of background
noise and in the ratio of the artificial signal suggests that this was an effect of the ionosphere conditions overhead of
NUR.

The main message of our study is to be seen in the contrasting behavior of the artificial signal as a function of
distance from the source and as a function of ionospheric conditions as a whole. There is evidence for the influence of
the ionospheric anisotropy on the propagation path as well as for the effect of the ionospheric conditions overhead of
the observation point. The steep frequency dependence in the relevant quantities at NUR during night 27.09.01 in
contrast to all the other daytime and nighttime measurements is already enough proof for a definite nontrivial effect.

We have not been very lucky during the campaign in 2001 in the sense that all registrations from the Finnish
chain of pulsation magnetometers did not exhibit SRS from the ionospheric Alfven resonator. It means that during the
time of our experiment the ionosphere was not very "talkative" [Belyaev et al., 1989; Belyaev et al., 2000].

Let us compare now theoretical estimates of magnetic field amplitudes at different stations with the experimental

results. For the comparison we choose the day of 01.10.01 when a powerful £ layer existed which blanked the upper
ionosphere (the plasma frequency was close to wg.~ 6 MHz during the night runs of 01.10.01). Thus the upper wall
could be modeled by a homogeneous anisotropic halfspace with the Ej layer characterized by

ma =4/ I g= J;fk_;'g;mu;

where @y, is the plasma frequency of the £ layer and @y, is the electron gyro frequency.

The refractive indexes 71 ; for normal waves in such conditions are given by the above formulae yielding values
of 117 5| of the order of 5 x 10° for f'= w/27 = 1 Hz. The value kon; 2 = 10 (>>1), holding for practically all receiving
stations, guarantees the validity of the impedance approximation. The calculations by formulae (2)-(3) provide us with
the dependencies of magnetic field module being inversely proportional to the squared distance from the source. This
agrees well with the experimental results (see Fig.11).

For the effective conductivity of the Earth underneath the antenna a value of & = 10 S/m was chosen since it
provides the best matching with the experimental results. The value is in fact one order of magnitude higher than what
is usually applied to the VLF band (frequencies above 30 Hz). As one can see, the experimental curves for the ratio of
linear components versus direction to the ULF source coincide rather well with the theoretical ones, although one must

admit that also a distinct asymmetry as well as a dependence on frequency exists (see Fig.12). The theoretical curves
were obtained for a frequency of 3Hz.
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Fig. 11. The dependence of the magnetic-field absolute value on the

distance from the transmitter; experiment and theory in comparison.

As regards frequency
dependence, we have noticed
that at the nearest stations (see,
e.g., IVA of Fig.6, upper panel)
the linear component practically
does not depend on frequency.
This behavior did not change
from one experimental run to
another. The experimental as
well as theoretical dependences
of the signal magnetic field
modules on frequency for the
stations IVA and ROV are
shown in Figures 13 and 14,
respectively. One can notice a
great  discrepancy  between
experiment and theory, the latter
making the assumption of
homogeneity of the Earth's crust
underneath the antenna. A more
refined model has to be made to
fit with the experimental data.
Several factors which probably
influence the received signal but
are neglected in the model are
discussed below.

Currents at frequencies

below 4 Hz penetrating deep into the Earth's crust meet somewhere at a depth of about 10 km a layer with high
conductivity. In consequence the magnetic moment of the ULF source does not grow with decreasing frequency any
more. Also, one more item can be noticed in Fig.14, the growth of amplitude with frequency in ROV. Probably, this
behavior is explained by anisotropy of the layers beneath the antenna. The observed ellipticity of the magnetic field
(about 10 - 30%) could be explained by the same effect (cf. Fig.7, upper panel). The asymmetry of the linear
components' ratio versus source direction could in turn be taken as evidence for anisotropy of the Earth's crust under the

Hs-n/Hw-e, 01.10.2001

ULF source. In the calculations it was
assumed that the magnetic moment of
the source pointed to the north.
However, the presence of anisotropy
under the antenna (for example, an
inclination of the high conducting layer)
will lead to a rotation of the direction of
the magnetic momentum as a function
of frequency (cf. Fig.12).

It is interesting to note that the
discussion on the presence of a layer
with high conductivity around 10 km in
depth on the Kola Peninsula has a long
history [see Velichov et al., 1998, and
references therein]. The authors of the
latter work denied the presence of such
a layer. Their conclusions were based
on magnetic sounding by a pulsed MHD
generator  (experiment  “Khibiny”).
Results of classical magnetotelluric
sounding, however, on the profile just
crossing our antenna suggested the
presence of a thick (about 11 km) layer
with a specific resistance of 250 Ohm/m
starting at 10.6 km under the first layer
with a specific resistance of 10° Ohm/m
[Kovtun et al., 1986].
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Fig. 12. The dependence of the magnetic field components' ratio on
the direction to the ULF source; experiment and theory in comparison.
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6. Summary
The main results of the campaign in 2001 are as follows:
1. The artificial ULF signals were
detected at all six stations of the Finish

IVA, Amplitude of signal

35

M ! ' ! ! —— 27.0001 magnetometer chain (at distances from
\ ; ; ; ; —a— 01.10.01 200 up to 1000 km) with a signal/noise
Yol i i i =+ theoretical model ratio from 30 to 68 dB. Spatial and

b I A . I ; angular  dependences  of  signal

parameters were reliably measured. A
good efficiency of the facility as a
source of artificial ULF signals was
demonstrated under a variety of
different geophysical conditions.

2. A distinct difference was
revealed in  nighttime frequency
dependence of  amplitude and
polarization of the artificial signals
under quiet and disturbed geophysical
conditions.

3. The comparison of measured
and calculated characteristics of the
ULF signals allowed us to obtain infor-
mation on the no uniform Earth crust
structure beneath the antenna, i.e., the
Frequency (Hz) presence of a high conductive layer at a

depth of 8 tol0 km. The estimated
Fig. 13. The dependence of the ULF field signal module on frequency  offective conductivity of the half space

for the station IVA; experiment and theory in comparison.
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under the antenna for frequencies below
5 Hz is of the order of 10~ S/m.

Two main conclusions can be drawn from the
results presented above: the characteristics of the ROV, Amplitude of signal
received signals from an artificial, controlled ULF ' 4 ' 4 " [—— 27.00.01
source greatly depend on the Earth's crust structure : : i —e— 011001
beneath and underneath the antenna as well as on ; [+ theorelical model
geophysical and ionospheric conditions. It was shown
that the use of the Kola Peninsula ULF facility, at
least for distances up to 1000 km, can provide an
efficient tool to investigate the Earth's crust structure
and some ionospheric properties.

It should be made clear that our simple model
of an ULF source placed on the ground describes the
properties of the received signal only above 5 Hz. For
lower frequencies this model is no more adequate; at
the most it can explain the signal strength
dependence on distance.

Improvements of the theory should be made : : : : : :
including a layered Earth's crust structure and o . T . o - . . e
allowance for possible violations of the impedance
condition at the ionospheric boundary. In this way a
more accurate assessment of the spectral and
polarization characteristics would increase the overall
value of the ULF power line as a scientific tool.

In connection with the high latitude of the Kola ULF facility, it should be also mentioned that the Mcllwain L

value is about ~5.5-6.5. The corresponding proton gyro frequencies at the top of magnetic field lines with these L
values are in the range of 1 to 4 Hz. This is just in the ULF transmitter's operating frequency band. Thus it looks very
attractive to carry out experiments aiming at injecting artificial ULF signals into the magnetosphere and thereby
triggering interactions with hot protons. It is also attractive to use this facility in experimental campaigns in conjunction
with operating and forthcoming satellites, such as DEMETER (cf. http://demeter.cnrs-orleans.fr), CLUSTER, or
RESONANCE, respectively.

Amplitude (pT)

Frequency (Hz)

Fig. 14. The dependence of the ULF field signal module on
frequency for the station ROV, experiment, and theory in
comparison.

86



Acknowledgments
The work is done under support of RFBR (project 04-02-17333) and the Ministry of Education (project E02-8.0-
33). Data from the Finnish chain of pulsation magnetometers were kindly provided by the Sodankyla Geophysical
Observatory.

Shadia Rifai Habbal thanks Andrei G. Demekhov and another referee for their assistance in evaluating this paper.

References

Bannister, P. R., F. J. Williams, A. L. Dahlvig, and W. A. Kraimer (1974), Wisconsin Test Facility transmitting
antenna pattern and steering measurements, |EEE Trans. Comm., 22(4), 412-418.

Belyaev, P. P, D. S. Kotik, S. N. Mityakov, S. V. Polyakov, V. O. Rapoport, and V. Y. Trakhtengerts (1987),
Generation of electromagnetic signals at combination frequencies, Radiophys. Quantum Electron., 30(2), 248-267.

Belyaev, P. P, et a. (1989), Experimental studies of the spectral resonance structure of the atmospheric
electromagnetic noise background within the range of short period geomagnetic pulsation, Radiophys. Quantum
Electron., 32, 663-672.

Belyaev, P. P., L. A. Sobchakov, S. V. Polyakov, N. L. Astakhova, A. V. Vasiljev, and S. |. Isaev (1997), First
measurements of artificial ULF signal reception at a distance of 1500 km, in The 5th European Heating Seminar, Rep.
Ser. in Phys. Sci., Rep. 6, pp. 4-5, Univ. of Oulu, Sodankyla, Finland.

Belyaev, P. P., S. V. Polyakov, E. N. Ermakova, and S. V. Isaev (2000), Solar cycle variations in the ionospheric
Alfven resonator 1985 -1995, J. Atmos. Sol. Terr Phys., 62(4), 239-248.

Belyaev, P. P., et. a. (2002), First experiments on generation and receiving artificial ULF (0.3 -12) Hz emissions
at adistance of 1500 km, Radiophys. Quantum Electron, 46(12), 135-145.

Blohm, E. K., P. Worzyk, and H. Scriba (1977), Geoelectrical deep soundings in Southern Africa using the
Cabora Bassa power line, J. Geophys., 43, 665-679.

Bosinger, T., T. Pashin, A. Kero, P. Polari, P. Belyaev, M. Rietveld, T. Turunen, and J. Kangas (2000),
Generation of artificial magnetic pulsations in the Pcl frequency range by periodic heating of the Earth's ionosphere:
Indications of ionospheric Alfven resonator effects, J. Atmos. Sol. Terr. Phys., 62(4), 277 -297.

Bosinger, T., A. G. Demekhov, and V. Y. Trakhtengerts (2004), Fine structure in the ionospheric Alfven
resonator spectra observed at low latitude (L= 1.3), Geophys. Res. Lett., 31, L18802, doi:10.1029/2004GL020777.

Cantwell, T., P. Nelson, L. Webb, and A. S. Orange (1965), Deep resistivity measurements in the Pecific
Northwest, J. Geophys. Res., 70(8), 1931-1937.

Hayakawa, M., O. A. Molchanov, A. Y. Schekotov, and E. Fedorov (2004), Observation of ionospheric Alfven
resonance at amiddle latitude station, Adv. Polar Upper Atmos. Res., 18, 65-76.

Kovtun, A. A., et a. (1986), MT and AMT sounding on Kola Peninsula and Karelia, in The Deep
Electroconductivity of Baltic Shield, edited by L. L. Van'yan, pp. 34-48, USSR Acad. of Sci., Petrozavodsk, Russia.

Lundholm, R. (1946), The experimental sounding of d.c. through the earth in Sweden, paper presented at Conf.
Int. des Grands Reseaux Electriques a Haute Tension, Int. Council on Large Electr. Syst., Paris.

Parrot, M., and Y. Zaslavski (1996), Physical mechanisms of man-made influences on the magnetosphere, Surv.
Geophys., 17(1), 67-100.

Samson, J. C. (1969), Deep resistivity measurements in the Fraser Valley, British Columbia, Can. J. Earth Sci.,
16(5), 1129-1136.

Sapugak, Y. S, and B. S. Enenstain (1980), Usage of the power line currents for electromagnetic sounding of the
Earth, Dokl. Akad. Nauk, 252(4), 838-841.

Sobchakov, L. A., S. V. Polaykov, and N. L. Astahova (2003), Excitation of electromagnetic waves in a planar
waveguide with anisotropic upper wall, Radiophys. Quantum Electron, 46(12), 918-927.

Stubbe, P. (1996), Review of ionospheric modification experiments at Tromso, J. Atmos. Terr. Phys., 58, 349-
368.

Terechenko, E. D., A. E. Sidorenko, V. F. Grigor'ev, A. N. Vasil'ev, L. A. Sobchakov, and A. V. Vasil'ev (2005),
The peculiarities of frequency dependence of horizontal components of magnetic field at ultra low and extremely low
bands, Pismav JTF, 31(14), 30-33.

Van Zijl, J. S. V. (1969), A deep Slumberger sounding to investigate the electrical structure of the crust and upper
mantle in South Africa, Geophysics, 34(3), 450-462.

Vdichov, E. P, et a. (1994), Experience with frequency electromagnetic sounding of the Earth's crust by using
powerful ELF antenna, Dokl. Akad. Nauk, 338(1), 106-109.

Velichov, E. P., et a. (1998), Deep electromagnetic searching using the powerful ELF radio facilities, Fiz. Zemli,
8, 3-22.

Wait, J. R. (1972), Electromagnetic Waves in Stratified Media, 372 pp., Elsevier, New Y ork.

87



Zhamaletdinov A.A.1’2’3, Petrishchev MS.I, Shevtsov A.N.Z, Kolobov V. V. 3, Selivanov V.N.3,
Esipko 0.A.%, Kopytenko E.A."’, Grigorjev V.F.% (2012) Electromagnetic Sounding of the
Earth’s Crust in the Vicinitiesof the SG-6 and SG-7 Superdeep Boreholes in the Fields of
Natural and Powerful Controlled Sources // Doklady Akademii Nauk, 2012, Vol. 445, No. 2, pp.
205-2009.

'Pushkov Institute of Earth’s Magnetism, Ionosphere, and Propagation of Radio Waves, St. Petersburg Branch, Russia
* Geological Institute, Kola Science Center, RAS, Apatity, Russia, abd.zham@mail.ru

? Center for Physical Technical Problems of the North, Kola Science Center, RAS, Apatity, Russia

* OAO NPTs Nedra, Yaroslavl, Russia

5000 VEGA, St. Petersburg, Russia

¢ Polar Geophysical Institute, Kola Science Center, RAS, Apatity, Russia

Abstract

The results of electromagnetic sounding of the Earth's crust in the vicinities of the SG-6 and SG-7 superdeep
boreholes (Yamal-Nenets Autonomous Okrug) are presented. The studies were conducted in the fields of natural
sources (AMT-MTS) and in the field of the “Zevs” ULF antenna located at a distance of more than 2000 km from the
receiver points. In the vicinity of the SG-7 superdeep borehole, where the small industrial noise was observed, the
results of inverse problem solution are completely consistent with the electric logging data. The conducting layers have
been identified at the depths of150 m and 1.1 km. The roof of rocks having small electrical conductivity and belonging
to the Permian-Triassic trappean complex has been found at the depth of about 7 km. The response of the Zevs signal
(the frequency range of 44-182 Hz) has indicated the properties of the upper part of the geoelectrical section better than
audiomagnetotelluric sounding for both boreholes. Based on the sounding in the vicinity of the SG-6 superdeep
borehole, with the data of the Novosibirsk observatory taken into account, the distribution of resistivity down to about
800 km depth has been obtained. This distribution can serve as additional information in calculation of the temperature
and rheological regime of the lithosphere and the upper mantle in the region of Western Siberia.

In prospecting for mineral resources, the most promising method, with the exception of seismic survey, is electric
survey. Electrical conductivity allows specialists to make decisions about the material composition, temperature, and
fluid regime of the underground medium. Electrical conductivity can also carry indirect information about the porosity
and structural pattern of current conductive channels at depths, about the presence of particular melting zones, and
about the rheological properties of the lithosphere. One of the ways for improving the electric survey validity is increase
in determination of the precision of the medium response function. In this sense, controlled-source audio-frequency
magnetotelluric (CSAMT) sounding, in combination with audio-magnetotelluric and magnetotelluric sounding (AMT-
MTY), is of a certain interest. The main advance of the CSAMT is that the position and configuration of the source are
absolutely known and the optimal frequency range can be chosen for sounding. The modern powerful generators [2,3,9]
and computerized digital measuring systems [5,6] allow researchers to collect and record a useful signal against the
background of intensive industrial noise.

In September 2011, the Kola Science Center of the Russian

N — — = —~ Academy of Sciences and Pushkov Institute of Earth's Magnetism,

' -~ Ionosphere, and Propagation of Radio Waves, Russian Academy of

GRE Y by Sciences, St. Petersburg Branch, implemented the first stage of elabora-
- tion of sounding technique with the use of natural and powerful controlled
g -3 sources in the Yamal-Nenets Autonomous Okrug. The studies were made
ok 4 ' 1 in the area of the superdeep boreholes SG-6 (Tyumenskaya) and SG-7

i 4 -~ (En-Yakhinskaya). The situation of the boreholes is shown in Fig. 1. The

66° | Novy Urengoi @ x SG-6 borehole (bottom is at the depth of 7502 m) is located 50 km east of
L the largest natural gas field, Nizhnii Urengoi, in the zone of positive
< 5G-6 potential fields. This borehole resulted in the most complete section of the
’ 1 Early Jurassic and Permian-Triassic deposits at that time; however, it did

not reached the Paleozoic basement. Hence, the oil and gas perspective

64°1 i i : - was not assessed for the basement. Drilling of the SG-6 borehole was
68° 72° 76° I stopped in 1994 for technical reasons. The SG-7 borehole was drilled in

I 1hl2 l==|3 4 2000 at the Bolshoi Urengoi field, at Pestsovyi Swell, 160 km northwest

—_ —t of the SG-6 borehole, in the zone of negative potential fields. At present,
Fig. 1. The scheme of the study it is the deepest borehole drilled in sedimentary basins of Russia (8250
area: 1, coastline; 2, boreholes and m). At the depth of 6920 m, the borehole entered into the cenotypal alkali

sounding points with the chosen effusive rocks of the Permian-Triassic trappean formation, which are
directions of E-polarization; 3, analogous to the trap-rocks of the Siberian Craton [10]. In the SG-6 bore-
transform faults; 4, axial line of the hole trap-rocks occurred at a smaller depth, 5500 m. Drilling of the SG-7
Ob paleorift [1]. borehole is still in progress.

In 2011, measurements of signals from the “Zevs” ULF antenna [3]
and AMT-MTS works were implemented in the vicinities of SG-6 and
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SG-7 boreholes. Recording of both signals was performed with the KVVN-7 digital system applied [6]. Magnetic field

was measured by two IMS008 broadband sensors manufactured by OO0 Vega (f1,, H,; 0.005-6000 Hz). Records of
ULF signals from the “Zevs” source are given in Fig. 2. The “Zevs” source proper is a highvoltage grounded electric
line of 55 km long [3]. This electric line is latitudinally oriented (E-W) and is placed in the territory of the Murmansk
granite block, Kola Peninsula, at a distance of 2200 km from the study area. Its position relative to the SG-6 and SG-7
boreholes is shown in the inset of Fig. 2. The “Zevs” antenna operated at the frequencies of 188, 144, 82, 62, and 44 Hz.
Its signals were confidently recorded in both boreholes. The electric field noise level in the vicinity of the SG-6
borehole was higher than that in the vicinity of the SG-7 borehole; in contrast, the noise intensity in the magnetic
components of the field differed insufficiently. Polarization of the measured field of the controlled source in the areas of
both boreholes agrees with the latitude orientation of the emitting antenna with up to 5° degrees precision. The full
vector of the electric field at all the frequencies was directed in the latitudinal direction, while that of the magnetic field
was directed in the meridional direction.

(b)
E, E-W

(a)

,r?.l 2
E, E-W PSD, V*/(m~ Hz)

PSD, V2/(m? Hz)

1= 1™
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Fig. 2. Diagrams for power spectral density (PSD) of electric (Ey) and magnetic (H,) fields based on the
“Zevs” antenna ULF signals recorded in the vicinities of the SG-6 and SG-7 boreholes. Source and receiver
positions are shown in the inset, bottom left part of the figure.
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the boreholes (160 km), the signal intensity

in the magnetic field component nearly did 0.1
not change moving farther from the source,
and the signal in the electric field compo-
nent at the SG-6 borehole was higher by
30% than that at the SG-7 borehole. Such
behavior of the field of the borehole is
explained by the relatively high resistivity
of the upper part of the section in the
vicinity of the SG-6 borehole. The results
of electric logging for both boreholes are
given in Fig. 3.

The most valid AMT-MTS results
were obtained in the vicinity of the SG-7
borehole where the smallest technogenic
noise sounded during the observations (Fig.
2). Processing was made in the PTS
program (developed by M. Petrishchev, A.
Tkachev and V. Semenov). Processing ioL 1ok
implied assessment of the relationship H, km
between the spectra of electromagnetic
field components in terms of the coherence Fig. 3. The results of electric logging in the SG-6
level [7] and the directions for which minor (Tyumenskaya) and SG-7 (En-Yakhinskaya) superdeep boreholes
components of the apparent resistivity by the methods of potential sonde (PS) and lateral logging (LL).

tensor were either absent or negligibly
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small were chosen. After the direction was chosen, the sliding was made along the realization for the statistical set of
estimates. Sliding was made with the set coherence thresholds that reduced displacement errors in determination of the
impedances. Then the median values of estimates were determined in the derived set of values for every period. The
advance of such an approach is reduction of the random error value.

The processing and interpretation of results are presented in Fig. 4 (measurements in the vicinity of the SG-7
borehole are exemplified). Interpretation of the AMT-MTS data was made for E-polarization of the field; the
polarization angle was ~30° eastwards (Fig. 1). This is the direction in which stable response functions were derived in
the range of periods from 10°-10” s (Fig. 4, 2), and this direction corresponds to that of the axial line of the Ob paleorift
[1]. The MTS results were supplemented, first, with the results of numerical modeling on the sphere, made by Jan
Vozar utilizing the software by A. Kuvshinov et al. [12] for the Novosibirsk (NVS) observatory (Fig. 4, 3) in
accordance with the technique described in [15], and, second, by the response function of the nearest NVS observatory
in the range of periods from 4x10° to 10® s [8] (Fig. 4, 4) in the same way as [14]. Note that the method of MTS curves
supplemented with magneto-variation response functions substantially improves the stability of the inverse problem
solution through determination of the respective inversions; moreover, it often allows the displacement error in long
periods of apparent magnetotelluric resistivity to be eliminated. In practice, high effectiveness is proven for the D+ [13]
and OCCAM [11] inversions. The former increases the estimates of the apparent resistivity modulus; the latter increases
the phase of this modulus. In our opinion, the OCCAM inversion is preferable, since the error in phase estimates is
determined largely by random error, in contrast to the modulus estimates, whose error is related to both displacement
errors (static shift) and random errors.
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Fig. 4. The summarized diagram showing the curves of apparent resistivity and impedance phase based on
the sounding data obtained in the vicinity of the SG-7 superdeep borehole and the result of inverse problem
solution in comparison with the borehole logging data: 1, response from the “Zevs” ULF antenna; 2, AMT-
MTS data; 3, 4, MVS data, Novosibirsk; 5, model curve from the inverse problem solution; 6, 7, logging
results (6, potential sonde, 7, lateral logging); 8, geoelectrical section based on the AMT-MTS-MVS inverse
problem solution and sounding with the use of the “Zevs” controlled source.

The signal of the “Zevs” ULF antenna is shown in Fig. 4, 1. As a result of the inversion implemented in the
MTI1D program (v. 2.0) for the derived sounding curves with various parameters, a model of the geoelectrical section
has been obtained (Fig. 4, 8). The results of resistivity lateral and potential-sonde loggings in the SG-7 borehole (Fig. 4,
6 and 7, respectively) and the averaged curve of the geomagnetic section after the implemented inversions (Fig. 4, 5)
are given here as well.

As a result of comparison between the sounding results and logging data, two conducting layers have been found in
the upper part of the SG-7 borehole (Fig. 4). The logging and sounding data are quite consistent in this sense. The first
layer lies in the depth interval of 150-200 m, and its specific resistivity is 10-20 Ohm'm. The second layer has greater
thickness (700-1400 m) and higher electrical conductivity (less than 10 Ohm- m). In the depth interval of 5 to 7.5 km,
the data of logging and the geoelectrical model show slightly different results; however, they begin to agree well again
from the depth of 7.5 km, which corre sponds to some of the effusive rocks belonging to the trap complex [10].

We should place emphasis on the comparison of the results for the soundings in the fields of natural and
controlled sources (Fig. 4). The overlapping range of periods was, in this case, 5x10~ - 3x107 s. It is the range in which
the roof of the first conducting layer is identified with the center of the layer at the depth of 150 m. The estimates of
apparent resistivity based on the results of processing magnetotelluric records appeared to be overestimated, while the
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responses from the “Zevs” source, vice versa, are underestimated. The averaged model curve of sounding was drawn
between them. The advance of the response from the “Zevs” source is that it was the best indicator of the upper
conducting layer.

The results obtained show the advances and broad opportunities of electromagnetic sounding equipped with
natural and controlled sources when studying the deep structure of the sedimentary cover in the territory of oil-and-gas
bearing fields of the Yamal-Nenets Autonomous Okrug. The main perspectives in the sense of deep sounding with
powerful controlled sources are related to the use of long grounded electric lines in the form of industrial power lines

[4].
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I'nmaBa 3. CHU-MOHMTOPHHTI 3eMJIETPACEHNIT M JIYHHO-COJIHEYHBIX
NPUJIMBHBIX SIBJCHUM.

Capaes AK', Hepmens M.H., appenmues 1A, Ilpokoghves B.E., Xapnamoe MM,
Coouaroe JI.A.>, Bacunves A.B.>, [lecun JI.B.>(1996) Pe3ysabTarhl 3KCNIEPUMEHTAJIBHBIX
HCCJIeJOBAHMI 31eKTPOMAarHuTHhIX noJseit CHUY-paanoycraHoBKH 1JIs1 Leseli MPOrHo3a
3emuieTpsiceHuii Ha CeBepnoMm KaBkas3e. // Te3zucer noknanoB MexayHapoJHOH KOH(pepeHInu
“3akoHoMepHOCTH 3BooIMH 3eMHor Kopel” C.-IletepOypr, Poccus, 1996, 1. 1, C. 271.

'CI6I'Y, Cankr-IlerepGypr, Poccus, aks@AS1002.spb.edu
*PUMP. Cankr-Ilerepbypr, Poccus, vasilyev@rimr.ru
3 Hentp MHOHKO, Cankr-IletepOypr, Poccus

B nmexabpe 1995 roga ma CeBepHoMm KaBkaze ObUTH BBITOJHEHBI KCIIEPUMEHTATIBHBIE PAaOOTHI MO U3YUYCHHIO
0COOEHHOCTEH perucTpanud U BPEMEHHOH CTaOMIBLHOCTH CHUTHANOB cBepxHM3KodacTtoTHoW (CHY) pammoycTaHOBKH
JUIA OIICHKHM TIIEPCIIEKTUB HCIOJIB30BAHMS IAHHOTO WCTOYHHKA TIPM MPOTHO3E 3eMieTpsceHnid. B pesymbprare
MIPOBEACHHBIX UCCIIEOBAHUI YCTaHOBIECHO, YTO HanboJee YBEpEHHO U3MEPSIINCh CUTHAIIBI HA O0Jiee BBICOKHX, U MEHEE
- Ha  HM3KMX  YacTOTax. Jnst KCII0JIb30BaBIICHCS udpoBoi KOMIbIOTEPU30BAHHOU CTaHLIMKU
ayJMOMarHUTOTEIypudeckux 3oHaupoBanuii AK® ¢ sddexruBHON mupuHOi mnojiocel npomnyckanus 0,3 '
MPCBLIICHUA SHEPIETUUCCKUX CIICKTPOB CHUI'HAJIOB JJICKTPHUYCCKOI'O E U MAar"HuTHOIo H 110JIA CHq-paﬂI/lOyCTaHOBKI/I
HaJ YPOBHEM €CTECTBEHHBIX AIEKTPOMArHUTHEIX nojei cocraBmsumn 10-11 nb mrs wacror 125 'mu 166,6 ['n u 2,5-4nb
st gactot 62,5 'm u 83,3 I,

Onenka BO3MOXXHOCTEH ucnonp3oBanusi CHY-pagmoycTaHOBKM IS MOHHTOPWHTA BEINIOJIHEHA Ha OCHOBE
COIIOCTaBJICHUS PEe3yNIbTATOB HM3MEPEHHH IOBEPXHOCTHOTO HMMIIEAHCA JIEKTPOMArHUTHOrO Imojisi B ceaHcax 11-12
gacoB U 15-16 gacos. [loka3zaHO 4TO OTHOCHTENIbHBIE PACXOXKIACHHSI UMITEIAHCA COCTaBISAIOT B OAHON u3 Touek 0,03-
2,6%, a B apyroii - 1,2-2,1%.

[IpoBeneHo comocTaBieHUE pPE3yabTAaTOB H3MepeHud HanpsokeHHoctr noned CHU-pagnoycraHoBku
PaCyYC€THbIX JaHHBIX. IToka3zano Xopomee COBINag€HUE HC TOJBKO M3MEPCHHBIX U PACUYCTHBLIX BCIWMYUH E u H, HO U
XapakKTepa UX U3MEHEHHUS B 3aBHCHMOCTH OT 9acTOTHL. Ilpu 3ToM 3Hauenns £ B mumamazone gactor ot 41,6 I'n 1o 166,6

I'I1 MEHSIOTCS B OCHOBHOM B ipejienax (3-6) - 107 B/, a 3uauenus H - B npenenax (4-8) -10° A/m.

B menoM momydyeHHble pe3ynbTaThl I[IOKA3bIBAIOT 3HAYUTENIBHBIE IEpPCHEeKTUBBI Hcnosb3oBanus CHY-
PAagMOYCTaHOBKM A MOHUTOPHMHIA CEHCMOTEKTOHHMYECKHX IpoueccoB. [l CO37aHMS CHCTEMBl MOHHMTOPUHIA
HeoOxoauMa pa3paboTka CIeHAIN3HPOBAHHAIX allapaTypHO-IPOrPaMMHOTO KOMILIEKCa U TEXHOJIOTHH.

Capaee A.K, Ilepmens M.U. (1996) [lepcneKTUBHI MCNI0Jb30BAHUS HU3KOYACTOTHBIX
3JIeKTPOMATHUTHBIX M0JIeii MOIIHBIX HCTOYHHKOB /IS MPOTrHO3a 3eMJieTpsicenmii. // Te3ucsl
ToK1a10B MexayHapoHOU KOHPEPEHITNH “3aKOHOMEPHOCTH 3BOJONHNH 3eMHON KOphl” C.-
[etepOypr, Poccus, 1996, 1. 1, C. 270.

CIIoI'Y, Canxkr-IlerepOypr, Poccus, aks@AS1002.spb.edu

B 70-80 romax OJIIeKTPOMAarHUTHBIC WCCICAOBAHUS JIS IeJiell TIIyOMHHOTO TMPOTHO3a 3eMIICTPSICCHUMA
MPOBOJWINCH C Hcmosib3oBaHueM MI'JI-reHepaTopoB M MOIIHBIX AJIEKTPOUMIYJIBCHBIX cHUcTeM. biaronmapst stum
paboTaM METOABI MITYOUHHON 3JIEKTPOPA3BEIKU BOILIH B COCTAB CHCTEMBI CEHCMOJIOTHUSCKUX HAOIIOACHUH U TIPOTHO3a
3€MJICTPSICEHUM.

Bwmecre ¢ TeM, UCTIONB30BaHIE UMITYJIBCHBIX HCTOYHUKOB HE 00ECTIeYHBaeT HEOOXOIUMYIO TOYHOCTh U3MEPEHUHA
Y OJHO3HAYHOCTh MHTEPHpETannu pe3yibTaToB. ONBIT MPUMEHEHHS METOAOB 3JIEKTPOPA3BEAKH IIEPEMEHHBIM TOKOM
MTOKA3bIBAET, YTO 3HAYUTENHHBIC MEPCHEKTHBHI A MOHHUTOPHHTA CEHCMOTEKTOHHMYECKHX IMPOIECCOB M TIIyOMHHOTO
MPOTHO3a 3EeMJIETPSCEHWH HMEET WCIOJb30BaHWE MOIIMHBIX HMCTOYHUKOB TapMOHHUYECKHM  W3MEHSIOIINXCS
HU3KOYACTOTHBIX DJIEKTPOMATHUTHBIX MOJIEH.

[Ipu MCHONB30BaHUKM TAKUX HMCTOYHUKOB HET MPUHIMIHAAIBHBIX 3aTPyIHCHHH B pealn3ali, TpeOyeMou yis
MPOTHO3a 3eMJIETPSACEHUH TOYHOCTH M3MEPEHUN B JIECAThIC JOJM - TMEPBbIE €AUHMIIBI MPOILEHTOB. [IpumeHeHHe
TApMOHUYECKHA HM3MEHSIONINXCS TIOJCH IO3BOJSACT OOCCIICYHTh 332 CUCT CHHXPOHHOTO HAKOIUICHHS HEOOXOIUMYIO
MIOMEXO0YCTOMUMBOCTh U3MepeHuil. HopManbHOE Mosie TaKUX UCTOYHUKOB JOCTATOYHO IMOJIHO TEOPETUYECKU H3YYEHO,
YTO JaeT BO3MOXXHOCTB HCIIONB30BATh IS OpeaesicHus 3 ()EeKTUBHOTO COMPOTHBICHUS PA3JINYHbBIC XapaKTePUCTUKU
(OTHETBHBIE COCTABIIIONINE JIIEKTPUYCCKOTO WM MArHUTHOTO ITOJSl, MMIIENAHCHI), a TaKKe IT03BOJSIET H3Yy4YaTh
M3MEHEHHS MPOCTPAHCTBEHHOW OPUEHTUPOBKH BEKTOPOB JIEKTPUIECKOTO M MATHUTHOTO TOJIS B MIPOIIEcce MOATOTOBKU
3emyeTpsceHus. i1 rapMOHHYECKH M3MEHSIOIIUXCS TIOJIEH JeTadbHO pa3padOTaHbl TEOPETUYECKHE OCHOBHI METO/A
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YaCTOTHBIX 30HAMPOBAaHUH (Kak mis OMvKHEH, TaKk W IS JaIbHEH 30HBI), U 3TO OO0ECIEeYMBAET JOCTOBEPHYIO
HWHTEPIIPETALMIO PE3yJIbTaTOB 30HIUpoBaHui. Vcroabp30BaHue CBEpPXHU3KUX (OT AECSITKOB JO COTEH repil) U KpaiHe
HHU3KHX 4acTOT (OT COTBIX JIOJEH O €IMHUII Tepll) MO3BOJIIET IOJIy4aTh JOCTATOYHYIO IIyOMHHOCTH MCCIIEAOBAHUS
pa3pe3a Ijid HUCKIIOYCHUA BJIMAHUA MCIIAIOMINX CE30HHBIX (baKTOpOB N H3Y4YCHHUSA HHTCIPAJIbHBIX XapaKTCPUCTHK
Oo0ubIINX 00BEMOB MOPOJ C pErHCTpaleil H3MEHEHUH YIEIbHOTO CONPOTUBIIEHHS ITOPOA B 00JIACTX, PUOIMIKEHHBIX
K OYaraM rOTOBSIIMXCSI 3eMJICTPSICCHUH.

Saraev A. K., Pertel M. 1., Kocherov A. B., Kadyshevich G. M., Nikiforov A. B.(1998)
Application of the ELF radio station to seismic activity monitoring / EAGE 60th Conference
and Technical Exhibition - Leipzig, Germany, 8-12 June 1998 - Geophysical Division, pp. 115-116.
/theses/

St. Petersburg State University 7/9 Universitetskaya nab., 199034 St. Petersburg, Russia, aks@AS1002.spb.edu

Deep electromagnetic sounding is an important part in a complex of methods, used in earthquakes prediction, as
it permits to receive the information about changes of rocks resistivity p at rather large depth, where influence of
seasonal factors does not appear, and it is possible to expect more noticeable variations of p because of approach to area

of a formed seismic center. Values of apparent resistivity p, variations during preparation of earthquakes can vary from
a few up to 10-20 %, and for their registration it is necessary to supply the high accuracy of measurements (no less than
1-2 %).

An experience of application of alternating current electrical
prospecting shows that for getting high accuracy of measurements a
in a wide frequency range it is perspective to use harmonically
varying fields of controlled sources. Instruments, software tools and
techniques for application of a powerful extremely low frequency
(ELF) radio station to the seismic activity monitoring are developed
in the Earth Crust Institute of St. Petersburg University. Located on
the Kola Peninsula the ELF radio station consists of a harmonically
varying current generator and an antenna system, which is an
electro transfer line of about 60 km length oriented in latitudinal
direction and grounded at the ends. The value of the current in the
antenna is as much as 300 A. Operational frequencies range is from
30 up to 200 Hz.

The ELF-station is a rather powerful source and its
electromagnetic field can be measured over extensive territories on b
the distance up to 10000 km. It allows to supply a prognostic test
sites in many regions with the receiving instrumentation of the
same type and to make measurements and processing of data on the
unified methodical basis with the unified form of results
representation.

To evaluate a feasibility of the use of the ELF-station in the
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seismic activity monitoring the experiments were made on the E - M ‘
Northern Caucasus. As a result of the research a capability of = ) .
signals registration using the ACF-2 device with a frequency = 3 |
resolution of 0.1 Hz at a large distance from the source (2700 km) - 35 i i
in a direction, which was close to the minimum of the antenna E |
system directional diagram was shown (fig. 1). The values of - 2 :L1| "1‘:';1 = =i
electrical and magnetic fields strengths varied thus in limits of (2.5- N F.r;p: — -I i; '
4.5) 10° V/m and (4-7)-10® A/m accordingly. The evaluation of a . =
possibility to use the ELF-station in the seismic activity monitoring Fig.1. Examples of registration of the ELF
was made by comparisons of electromagnetic field impedance radio station signals in the Northern
measurements at various moments during the day between each Caucasus at frequencies 166.6 Hz (a) and
other. It was shown, that relative variations of the impedance at the 125.0 Hz (b) (£,H - spectral power density
frequencies of 125.0 Hz and 166.6 Hz were less than 2-3 %. of electrical and magnetic fields)

Variations of separate electrical and magnetic field strength were

more significant and were as much as 30-40 %. Measurements of the natural electromagnetic field impedance have
shown, that its variations were more valuable (6-8 %) and a dependence of a measurements accuracy on time of day due
to change of the natural electromagnetic field level was noticed (fig. 2). Coherences of E and H fields for the ELF-
station signals are equal ones for the morning and evening measurements, and for natural fields measurements these
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coefficients are more different. The p, curve for the morning measurements is more changeable as the natural field’s
level in this period of the day is lower.
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Fig.2. Comparison of the results of natural electromagnetic field measurements in the frequency range 162-176
Hz, signals of ELF radio station at the frequency 166.6 Hz (a), and curves of apparent resistivity p,, coherence
G and impedance phase ¢, at morning (thin line) and evening (thick line) measurements (a,b)

An experimental research of the ELF-station electromagnetic field was carried out in the Karelian Isthmus at the
distance of 950 km from the source. Measurements of signals using an ACF-2.2 device with a frequency resolution of
0.007 Hz at the frequency of 80 Hz round the clock in each 20 min were being made. By results of the experiment a
diurnal change of the impedance within the limits of 4-6 %, probably due to tide phenomena, was detected. The
impedance measurements accuracy was +1.4 % in the experiment and values of electrical and magnetic fields strengths
were as much as (4-5):10”7 V/m and (2-3)-10” A/m accordingly.

The work was performed with the support of «Integration» grant, Ne 326.66.

Capaeg A.K., Ilepmenv M.H., Mankun 3.M. (1998) IIposiBnenne gedopmanuii 3eMHOM KOPBI,
BBI3BAHHBIX NPWJIMBAMH, B H3MEHEHHUSIX NMIIeaHCca dJIeKTpoMarauTHoro noJst CHY-
paauoyctanoBku // Borpocsr reodusuku. Beim. 35. CI16.: U3a-Bo C - [letepOyprckoro yH-Ta,
1998. C. 136-147. - (Yuensie 3anucku CIIOI'Y; No 433)
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VenbHOE  DIEKTPUYECKOE CONPOTHUBIEHHME 0 TOPHBIX IIOPOJ  XapakTEPU3yeTCs BECbMa  BBICOKOM
qyBCTBUTEIBHOCTHIO K N3MEHEHHAM HAINPSKEHHOTO COCTOSIHUS T'€0JIOTMYECKOH cpelibl. DTO CBA3aHO C ONPEEIISIONIIM
BIMSHUEM Ha JAHHBIA MapaMeTp CTPYKTYPHBIX OCOOEHHOCTEH TOPHOI MOPOABI, CTENEHH €€ BIAarOHACBHIIIEHHOCTH U
MHHepanu3auy BoJsl. 1101 Bo3aeicTBUEM BHEIIHETO JIaBlieHUs cpeaa qedopMupyeTcsi, MEHSIETCsl XapakTep MOPOBOTro
NPOCTPAHCTBAa W TPEUIMHOBATOCTH, MPOMCXOAUT IBIDKCHUE (IIIOMIOB M, KaK CJIEICTBUE, H3MEHSETCS Y/AeIbHOe
COIPOTUBJICHHUE NTOPOJIBI.

[To nmanHbIM M3MepeHHil Ha oOpaslax NUIAKOBHIX Ty(OB OXHOrO M3 PaioOHOB SIMOHMH, BBHIMOJHEHHBIX B 60-X

roax, yCTaHOBIEHO, 4TO I JMHeitHoM nedopmarmu obpasua AL/L = 10° oTHocHTeNbHOE H3MEHEHHE YIETHHOTO
JJIEKTPUUYECKOTO  COIPOTUBIICHHUS Ap/p cocrapmser okono 3-10" m  mx  orHomrenme (ko>(duumeHT

TEH304yBCTBUTENbHOCTH) nocturaer suauenuii (Ap/p)/(AL/L) = 300. B ananormuseix Gonee MO3IHHX
SKCTIEPUMEHTAX Ha 0Opaslax GObLTH TOJydeHBl 3HaueHHs KOdQOHIMEHTOB TeH304yBCTBHTENbHOCTH 10 10°. Ilpn
NpoBeJIeHUH  Na0OPATOPHBIX — MCCIEJOBAHMH  OTMEYeHa  CYIIECTBEHHAas  3aBUCHMOCTh  Kod(QuiueHTa
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TEH304YyBCTBUTEIBLHOCTH OT HEOJTHOPOJIHOTO WJIM CJIOMCTOTO CTPOEHUSI TOPHOM 1opobl. BennunHa Bapuanuit Ap/ P Ha
JIOKAJIbHOM Y4acTKe U3y4aeMoro oopasiia MOXKeT MPEBOCXOAUTh Ha MOPSAA0K HHTETPAIbHOE 3HAYCHUE ITOTO MapameTpa
st obpasma B mesoM [ 1].

Bricokas YYBCTBUTCIBHOCTH p TOPHBIX IOPOJA K M3MCHCHUIO NABJICHUSA HIMPOKO HCIOJIB3YCTCA IS U3YyYCHUST
OJIEKTPOPA3BEAOYHBIMUA METOAaMH HAIPSHKEHHOI'O0 COCTOAHHUSA MACCHUBOB B IIOA3€MHBIX TOPHBIX Bpra6OTI(aX u

IIPOrHO3UPOBAHUSA TOPHBIX YAapoB [2]. YCTaHOBIEHO, YTO KaXKylleecs YAEIbHOE DJIEKTPUUYECKOE CONPOTUBIICHUE Oy
MOXKET MEHATHCS B YCJIOBHAX TOPHBIX BBIPAOOTOK Gonee ueM B jecsATh pas. Ilepesn ropHBIMU ynapamu 3HaueHUs Oy

OOBIYHO YMEHBIIAIOTCS, OHAKO Habmo1acs u pocT Py. OTMedeHsl Takke 0oJee CI0KHbIE 3aBUCHMOCTH aHOMAIbHOTO
M3MEHEHHS Ka)XYIETOCs YAeIbHOTO COMPOTUBIICHHUS.

Ha n3ydyenun Bapuanuii BenuuuH Oy, NPEJIECTBYIOMINX 3€MJIETPSICEHUAM, OCHOBAHO IIPUMEHEHHE Pa3IMYHbIX
METOJIOB JIIEKTPUYECKUX W DICKTPOMATHUTHBIX 30HAMPOBAHWHA IJIsl pEeIIeHHs MPOTHOCTHYECKHX 3amad. [Ipum sTom
MPEANOYTeHHE OTHAaeTCsl MTyOMHHBIM MOAMGUKALUSAM 30HAMPOBAHUH, MO3BOJSIOIIUM IOIy4aTh HH(GOPMALHIO 00
M3MEHEHHAX yIEIBHOTO CONPOTUBIIEHUS TOPHBIX MOPOJ B OONACTSX, TNie B MEHBIICH CTENEHH MPOSBISAETCS BIUSHHE

MEIIAOMUX CE30HHBIX (HAaKTOPOB, a TAKKE MOXKHO OXHIATh Oolee 3aMETHBIX BapualWii BemMWdIMH L 3a CUeT
MIpUOIIKEeHNs K 001acTH (GOPMHUPYIOIIErocs oJara 3eMJIeTpsiICeHus. Pe3ynpTarsl nccienoBaHuid METOAaMH TITyOMHHON

3JIEKTPOpa3BeaKHU [3] NOKa3bIBAIOT, YTO M3MEHEHHUS Ka)KYIIErocsi CONPOTUBIEHUS Oy 00BIYHO HAOIIIONAIOTCS B IIEPUOJ
BPEMEHH OT HECKOJBKAX MECSIEB 10 HECKOJbKHX JHEH Mepes 3eMIICTPSCCHHEM, W IPUMEHEHHE 3THX METOJI0B
OPHEHTHPOBAHO HA CPEHE- U KPATKOCPOYHBIN MPOTHO3 3eMIICTPSICEHHIA.

Bennuunbl Bapuanuii Oy B I€pUOIBI IOJTOTOBKY 3eMJIETPSICEHUH, YCTaHOBJIEHHBIE IO pe3ylIbTaTaM INTyOMHHBIX
30HIMPOBAHNMN, COCTABISIIOT OT HeCKONbKHX 10 10-20 % [4]. [losTOoMy a1sl perucTpaui OTHOCUTEIBHO HEOOIBIINX

W3MCHEHUH BEJWYMH Ok NPH MOHHUTOPHHIE CEHCMHUYECKOW aKTHBHOCTH CIIEAYET OOECHEYUTh BBICOKYIO TOYHOCTB
U3MEpEeHuil (AecAThIe T0JIU MPOLIEHTA).

st MOHUTOpUHra CefiCMHUYECKON aKTMBHOCTH HEOOXOJMMO BBINOJHATh PEKUMHBIE HAOJIOACHHS IPU OIHOM
WJIM HECKOJIKUX Pa3HOCaX YCTaHOBKH, HA OJJHOM MJIM HECKOJIBKMX Pa0OYMX 4acToTaX, Co4YeTas UX C 30HIUPOBaHHUSIMHU
Ha [TOCTOSTHHOM TOKE MJIM C MCIIOJIb30BaHUEM IIEPEMEHHBIX Mojiel. [1o cpaBHEHHIO ¢ 3JIeKTPUYECKUMHU 30HANPOBAHUSIMHA
Ha TIOCTOSIHHOM TOKE OoJiee TNEepCHEeKTUBHO NPHMEHEHHE YaCTOTHBIX 3JEKTPOMArHUTHBIX 30HAMPOBAaHUHA. B 3rom
cllydae OCTalOTCsI HeM3MEHHBIMU Pa3HOCHI YCTAaHOBKH U YCIIOBUS B paiOHE MPUEMHBIX JIEKTPOJIOB.

OmnbIT MPUMEHEHHUS METO/AOB 3JIEKTPOPA3BENKN MEPEMEHHBIMU MOJSIMU IOKAa3bIBACT, YTO BBICOKYIO TOYHOCTH
W3MEpPEHHH B IIMPOKOM JHANa3oHe YaCTOT MOXKHO OOECIEUYHTh NMPHU HCIIOJIB30BAHMH TAPMOHMYECKH HN3MEHSIOMINXCS
JIEKTPOMArHUTHBIX TIOJIE HMCKYCCTBEHHBIX HMCTOYHMKOB. 3HAYWTENbHBIC TIEPCIEKTUBBI JUII MOHHTOPHHTA
celicMUYeCKOll aKTUBHOCTH B 3TOU cBsi3u mMeeT npuMmenenne CHY-pagnoycranoBku "3eBc".

CHY-pagnoycraHoBka pacrnonokeHa Ha Kosbckom m-oBe. OHa COCTOMT U3 TEHEpaTropa TIapMOHHYECKH
U3MEHSIOIErocsl TOKa M TOPU3OHTAIBHO PACHOI0KEHHOW, OPHEHTHPOBAHHOM B IIMPOTHOM HANpPaBICHUU U
3a3eMJICHHO} Ha KOHIIaX aHTeHHBI JNIMHON oKkojio 60 kM. Benuunna Toka B anteHHe nocturaet 300 A. PaguoycranoBka
MOJKET M3JTy4aTh CUTHAJIBI CBEPXHU3KHX YacCTOT B AMAINa30HE OT JECATKOB J0 COTEH repil. JlanbHomelHCcTBUE COCTaBIgeT
oxono 10000 xm.

IIpeumymectBom wucnonb3oBanuss CHY-paguoycTaHOBKM NIpU MOHHMTOPHHIE CEHCMHUYECKON aKTUBHOCTH IO
CPaBHEHHUIO C JIpyTMMH METOJaMH JJIEKTPOMAarHUTHBIX 30HAMpOBaHWK (¢ mnomomplo MI/l-reneparopa, ¢
WCIIOJIb30BAHNEM €CTECTBEHHBIX IIOJIEH) SBJIAETCS CTAalMOHApHOCTh MOJS JAHHOTO HCTOYHMKA. llpm sToM Juis
MOJy4YEHUs HEOOXOOUMMOW TOYHOCTH M IOMEXOYCTOWYHMBOCTH W3MEPEHHH MOXHO HCIOJNb30BaTh TpeOyemyro
JUTUTENBHOCTh HAKOIUIEHHs. JI7sl rapMOHMYECKM W3MEHSIOIMXCS TOJeH JIeTanbHO pa3paboTaHbl TEOpPETHUECKHE
OCHOBBI METOJIa YaCTOTHBIX 30HAWPOBAHUH, M 3TO MO3BOJISIET BHINOIHSITH JOCTOBEPHYIO MHTEPIIPETALUIO MOTy4aeMbIX
pE3yJIbTaTOB.

CHY-pagnoycTaHOBKa SIBISETCS MOIIHBIM MCTOYHHKOM, M COCTABJIAIOIINE €€ ICKTPOMAarHUTHOTO IOJI MOTYT
ObITh W3MEpeHbl Ha BecbMa OOIIMPHBIX TEPPUTOPUSAX BO BCeX ceiicMoomacHbIX paifoHax Poccuum, a Taxoke
CONpE/IENBHBIX CTpaH. DTO T03BOJISIET 00ECIIEUUTh MPOrHOCTHYECKUE TIOJIMTOHbBI OZHOTUITHOW MPUEMHOM armnaparypoi
Y BBINOJTHSTH U3MEPEHHs U 00pabOTKY pe3ysIbTaToB Ha €JMHONW METOAMYECKON OCHOBE.

PesynbraTsl u3MepeHuii  snekTpoMmarHuTHbIX  moneil  CHY-paguoycTraHOBKM @IpU  NPOTHO3UPOBAHHUU

3EMIICTPSACEHUH MPEACTABIAIOTCSA B BUJE KaXYLIErocs YAEIbHOIO 3JIEKTPUYECKOrO CONPOTUBIEHHUS Oy UM MOLYNS U

(a3pl MOBEPXHOCTHOTO MMIIEIAaHCA PABHOIO OTHOIICHHIO TOPHU30HTAIBHBIX W OPTOTOHAIBHBIX MEXAY CO0O0I0

COCTABJIAIOLINX 3JIEKTPUYECKOI0 M MArHUTHOIO TMoJyiell. 3HaueHUs MOJYJs HUMIIeJaHCa CBA3AaHBI C KaXyIIHMCS
o . 2

YJIETBHBIM COTIPOTHUBIIEHHEM T10 (hOPMyJie [UIsl IIOCKON BEPTUKANBHO Naarouleil Bomubl Py = | Z|“/ (1o ), tae o =

4m-107 TH/M — MarHUTHAs NPOHMIIAEMOCTh BaKyyMma, (0 = 27f - kpyroBas 4acTota, f - yactora, I'i. Bo3MoxHOCTb

UCHOJIb30BaHMs IPUONMKEHHS TIIOCKON BOJHBI M MPHUBEIEHHONH HOpMyIIBI It ONpeienenus Oy yCTaHaBIMBaeTCs 1Is
KOHKPETHOTO paiioHa paboT 1Mo pe3ysibTaTaM TEOPETUICCKHUX pacueToB [5].

Jlna ouenku mnepcnexkTuB npuMeHeHHs CHY-panuoycTaHOBKM MpPHU MPOTHO3HPOBAHUHU 3EMIIETPSACEHUH HaMH
OBUTH U3MEPEHBI COCTABJISIOIIME HJIEKTPOMATHUTHOTO TIOJISL 3TOr'0 MCTOYHMKA U MOJIy4YEeHHBIE JIaHHbBIE COIIOCTaBIICHbI C
nedopmanusiMy 3eMHOI KOpPbI, BEI3BAHHBIMH ITPHIMBHBIMU SBJICHUSIMUA. DTH SKCIIEPUMEHTAIBHbIE HCCIIEIOBaHNS ObLIN
HaleleHbl B MEpPBYIO odepelb Ha H3ydeHHEe (AKTOpPOB, ONpENEeNSIOMINX TOYHOCTh u3MepeHud mnoineir CHY-
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paguoycTaHoBKU. Kak mokaszan aHalu3 pe3ynbTaToB MPEALIECTBYIOMNX paboT MO MPUMEHEHHIO 3JIEKTPOPa3BEA0YHbBIX
METOZI0B IPH MPOTHO3UPOBAHUH 3€MIICTPSICEHHH, HAOMI0aeTCs 3aBUCUMOCTD KaXyILErocs: yAeIbHOIO CONPOTUBIICHUS
TOPHBIX IIOPOJ OT HAINPSHKEHHOI'O COCTOSIHMSI CPElbl, U3MEHSIOLLErocs MOJ ACHCTBUEM NIPUIUBHBIX sBieHUU. IIpu
NPOBEICHUH JAIbHEWIINX paboT B CeWcMOONacHbIX paiioHax [ BBISBICHUS MPEJABECTHUKOB 3eMJIETPICCHUI
NPWIMBHBIC SIBJICHUS CIIEAYET pacCMaTpUBaTh KaK MEIIAIOIUA (aKkTop, y4eT KOTOPOro HeoOXOJUM IPH MOHUTOPHHTE
ceiicMU4ecKOll aKTUBHOCTH.

MzyueHne NpUJIMBHBIX SIBJICHUI B CBSI3H € 33/1a4aMH ITPOrHO32 3eMJICTPSICCHHI
B3anMmocBs3u  pe3yibTaTOB HM3MEPEHHH KaXKyIIeTrocs YIEIbHOTO CONpPOTHUBICHWS W AedOpManuii Cpeasbl,
BBI3BAHHBIX IIPWJIMBHBIMH SIBICHHMSMH, U3y4aJIUCh paHee B SIMOHMH NpH MOMOIIM yCTaHOBKHM HEOOJBIIOrO paszmepa ¢
paccTosHEEM MeXIy uekTpoiamu 1,6 M. Mcmosb3oBaHne BapuoMeTpa KaXKyIIerocs yJIeIbHOTO CONPOTHBICHHUS U
KOMIIEHCAI[IOHHOTO CI0Cc00a I03BOJIMIIO PEalM30BaTh BBICOKYI0 TOYHOCTh M3MEPEHMI (OTHOCHUTENbHAS MOTPEIIHOCTD

cocrasmsua 107). Beia YCTaHOBJIEHA B3aUMOCBsA3b aHOManuil Oy u nedopmanuii cpeibl, BI3BaHHBIX NPUIUBHBIMH
siBICHUSAMH. [Ipy 3TOM pe3ysibTaThl HAOJIIOICHUN COMOCTABISUINCH C 3amucsiaMu nedopmorpada. Beiio oTMedeHo, 4To

BBI3BAHHBIE MIPUIMBAMH fedopMariiy BeTuanHoi 10 KOppenupyroT ¢ OTHOCHTENBHBIME H3MEHEHUAMH Oy MOPSIKa
107 [6].

CyTouHble BapHaluy KaXyIIETrocs YAEITbHOTO CONPOTHBICHUS, CBSI3aHHBIC C NMPHIMBHBIMHU SBICHUSIMH, OBUTH
3apEeTUCTPUPOBAHE B ['apMCKOM ceiicMOaKTHBHOM paiioHe TapKWKWCTaHa IPH TPOBEIACHUM PAa0dOT C AMITOIBHOU

YCTaHOBKOM Ha IIOCTOSHHOM TOKE C pasHocamu 7-8 kM [7]. AMIUIMTYJa 3TuUX BapuanMii Oy B TEUEHUE CYTOK
mmeHstack ot 4 1o 10 %. VX nmeprnoamaHOCTh coBIanaia ¢ JaHHBIMU O TOPU30HTAIBHBIX Ae(opMaIisIx 3eMHON KOPHL,
MOJYYEHHBIX UHCTPYMEHTAIHBIMA HM3MEPEHHUSMH HA CTAHIMU, PACIIONIOKEHHOHW Ha pacCTOsHUM OKoyo 250 KM OT

ydyacTka paboT. DKCTpeMyMbl Ha KpUBOH Oy HaOMOAanuch IPUMEPHO Ha 3-4 4 1o3xkKe, YeM Ha KPUBOH AedopMaiuil.
ABTOpBI OOBSCHSIM BapHalMi KaXyIIErocs yIeIbHOTO CONPOTHBIICHHS H3MEHEHHEM JaBJICHUS Ha TIIyOMHE H,
COOTBETCTBEHHO, IOPHCTOCTH TOPHBIX MOPOJ BCIEICTBHE NEUCTBUS NPHIMBHBIX cHi. OHHM Takke HE WCKIOYaIH
ONIPENIENICHHOTO BIIHMSHHS Takoro (hakropa, Kak KojeOaHHs ypOBHS I'PYHTOBBIX BOJ. 3ara3iblBaHHE JKCTPEMYMOB Ha

KpPUBOH Oy IO CPaBHEHHIO C KPUBOH AedopManuil 00bACHATIOCH aBTOPaMH HEOJHOPOAHBIM CTPOSHUEM 3€MHOH KOpBI
BOJIN3M TOYEK HAONIOCHUS.

AHanorn4Hele pe3y’abTaThl OBIIM IMOMy4eHBl Ha AImxabagcKoM IPOTHOCTHYECKOM TMOJHWIOHE METOJOM
30HIMPOBAaHKS CTaHOBJIEeHHEM mois [8]. PaccTrosHMe OT NWTAIOMETO IUIONSA 1O NPHUEMHBIX- CTAaHLIMH Ha 3TOM

HOJIUTOHE COCTaBILIO 5-13 kM. IIpu n3MepeHusaX BbIABICHBI CyTOUHBIE BapHALMU Oy C aMILIUTY0H 4,5-5,3 %. JlaHHble
O MPUIMBHBIX JeHOpPMALMAX MONYUEHBl C MOMOLIBIO HAaKIOHOMEPOB. COMOCTaBIEHNE KPUBBIX Oy U HAKJIOHA JHEBHON

noBepXHOCTH A MOKa3a10 MX JOCTATOYHO XOPOLIYI0 KOppelsiiyio. VismeHenus Oy CBsi3bIBaloTcs aBropamu [8] ¢
MIPOLIECCAMU PACKPBITHS U 3aKPBITHS TPELIMH B TOPHBIX MOPOJIaX Pa3JIOMHBIX 30H M COOTBETCTBYIOIMMHU U3MEHEHUSIMU
BHYTPUIIOPOBOI'O AaBJICHUA U YUCJIa IIPOBOAAIINX KaHAJIOB.

3aBUCHUMOCTD PE3YJILTATOB PA3JIMYHBIX MCETOJAOB JJICKTPOPA3BECAKU OT MPUIIUMBHBIX SIBJICHUM HCIOJIB3YETCA B
Hacrositiee Bpemst criepanuctamu Llentpa "T'eon” (JI. H. Conoxwmnos, 10. ®@. KoHoBanoB) npu OLEHKE MEPCHEKTUB
MIPUMEHEHHS 3THX METOJIOB JUIsl PELICHUs] IPOTHOCTUUECKHX 3a1a4. OZHUM U3 KPUTEpHEB NIPUMEHUMOCTH METOAA JUIs
MOHHUTOpPUHIa CEHCMHYECKOH aKTHBHOCTH CYHMTAETCSI BO3MOXKHOCTH PETHCTPAMM IIEPUOJMYECKUX H3MEHEHHH
KaXYILErocs: YAEIbHOTO COIPOTHBIICHUS 110]] BO3AEHCTBUEM NPWIIMBHBIX CHIL

[punuHbie nedopmanny 3eMir BOSHUKAIOT MO AeicTBueM npuTspkenust JIyHer 1 CONHIA U CIIOXKHBIM 00pa3om
3aBUCST KaK OT CTATUYECKOTO JSHCTBHS MPHIMBHBIX CHJ, TaK M OT JUHAMHYECKUX 3()(EKTOB, BOZHUKAIOIIUX H3-32
JeicTBus psijia GakTopoB (Ynpyrie XapakTepUCTHKU 3eMJIH, MIPWIKBBI B MOPSIX U OKEaHax, SBJICHHS PE30HAHCa U Jp.)
[9]. HanGonpmuit npunuBHON 3¢ dexT Ha 3emimro okasbiBaeT JlyHa, a mpmimBHoe AevicTBue CONHIIA TPUMEPHO B IBa
pa3a meHblie. [IpuarBHbIE CUITBI ISHCTBYIOT KaK Ha MOBEPXHOCTH, TAK M BHYTPH 3€MJIH, MIOCTEIIEHHO YMEHbIIASChH 10
HYJISI B €€ LICHTpe.

Pacuern! nedopmanuii 3eMHOI IOBEPXHOCTH B TOYKe M3MepPeHUit
[Tpn mpoBeneHWU SKCHEPUMEHTAIBHBIX PabdOT TOYKa M3MepeHuil Obula BbiOpaHa Ha KapenbckoM mepereiike.
[onuron Byokca, Ha KOTOPOM BBINOJHSIIMCE paboThI, paciioioxeH Ha paccTossHuu 950 kv o1 CHY-pannoycranoBku
(puc. 1). DTOT MOAMTOH co3/1aH Ha ByOKCHMHCKOM MaccHBe I'PaHOJHMOPUTOB CPEIHETO POTEPO30sl. MaccuB pacIionokeH
cpenn MeTamMOp(M30BAaHHBIX NOPOX (THEHCHI, KPUCTAIMYECKHE CIAHIBI) HIKHE- W CPEAHE-IIPOTEPO30HCKOTO
Bo3pacta. PaifoH xapakrepm3yercs OIaronpUSATHBIMH YCIOBHSMHU JUIl M3Y4EHHS >JeKTpoMarHWTHbIX moned CHY-
panuoOyCTaHOBKM M €CTECTBEHHBIX JJIEKTPOMAarHWTHBIX MOJEH, TaKk KaKk OH yNaJleH OT BHICOKOBONBTHBIX JIOII n
MECTHBIX JINHUHN 3JIEKTPOIEpeaad U XapaKTepHU3yeTcsl HU3KUM yPOBHEM IIPOMBIIIJICHHBIX TTOMEX.
Pacuerts! nedopmaliuii 3eMHO# OBEPXHOCTH B pailoHe nonurona Byokca, BEI3BAHHBIX NPUIIMBHBIMU SIBICHUSMH,
JUISL COMOCTABIICHUsI C pe3yJbTaTaMU MU3MEpEHUH MMmenanca sinekrpomarHutHoro noss CHY-panuoycranoBku Obinn
BBINOJIHEHbI B MHcTuTyTe mnpukiagnoit acrponomuu PAH. Pacyer mpousBoamsics 1mo Haubosee COBpPEMEHHOMY
anroputMy [10], npuHATOMY B HacTosIee BpeMs B Ka4ecTBE CTaHAapTa MeXayHapoIHOTO aCTPOHOMUYECKOT0 COI03a.
Amnanus PE3YJIbTATOB PACYCTOB U JAHHBIX MHOTOYUCICHHBIX HHCTPYMCHTAJIbHBIX Ha6J’lIO[leHHﬁ IIOKa3bIBACT, 4YTO
B CIEKTpe NPWIMBHBIX Jedopmanmii npeodiaagaroT IOMYCYTOYHBIE W CYTOYHBIE Iepuoisl. MakcuManbHOe
TOPU3OHTAILHOE CMEIIEHHE, OO0YCIIOBJICHHOE NPWIMBOM TBEPAOH 3eMiIM, MaJI0 3aBHCUT OT IIMPOTHI M B CPEIHEM
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cocraBimsier okono 10 cmM. MakcumManbHOE BEpPTHUKAIHHOE
CMeIIeHne MeHsieTcs mpuMepHo oT 60 cM Ha skBaTope 10 12 cm
Ha MOJIIOCE 110 3aKOHY, OJIM3KOMY K KOCHHYCHOMY.

Ha puc. 2 npuBenens! rpaduku u3mMeHeHus nedopmannii
3eMHOl moBepxHOCTH TI0 Beptukanu (dH), mepumuonansnomy
(dN)u mmporrnomy (dE) nanpapieHnsM B TeueHHe JBYX CyTOK:
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Puc. 1. Cxema pacmonoxenns CHY-
pagroyCTaHOBKH M IOJHMIoHa Byokca.
1 - CHU-pamnoycTtaHOBKa.

BpeMeHH (cooTBeTcTBYeT 10:45 MECTHOTO BpEMEHH) U
27 utona B 7:30. MakcumanbHOE OIYCKaHHE 3€MHOMN
MOBEPXHOCTH HaOmonanoch 26 uroHs B 22:45 u 27
utoHs B 23:15.

Jpyrue cocTaBislOIIME CMELIEHHS 3E€MHOU

26.06.1996 27.06.1996 N
TIOBEPXHOCTH BBIPAXEHBI B MeHbllel crenenu (dE B
LA L L L AL A 1
12

o & 12 18 24 8 18 24 npenenax 9 cm, a AN — 6 cm). CremyeT OTMETHUTS,
ut, 4
Puc. 2. T 5 y YTO OKCTpEMANbHbIE 3HAYEHMS Ul PasTMYHBIX
c. 2. I'paduiu m3Merernst Aeopmaimii 3eMHO COCTaBNAIOMMX  AeOpMAIUM  HpPOSBIAIOTCA — HE
TIOBEPXHOCTH 10 BEPTHKATH (dH), . JE
mepumonanstomy (dN) n umporsomy (dE) OJIHOBPEMEHHO. Jns cocTaBnsomeit
HATIpABIIHISIM. MaKCHMaJbHOE 3HAueHHE HAGJII0NAETC TPUMEPHO

uepes 4 u, a s cocrapisiomeit dN — uepes 7,5 u
nocjie MakcumMyma Ha kpusoit dH.

OmicaHye MPHEMHOI aNmapaTypbl
[Ipu mpoBegeHNN U3MEPEHUH HAMH IPUMEHSUTICH JBYX- U YeThIpeXKaHaIbHbIe Moaudukanuu co3ganHoi B HU
3emHO Kopwl CIIOI'Y ammapaTypsl koppemsmuoHHBIX ¢GyHKOui (AK®), mpenHasHadyeHHOW Ans pabOT METOIOM
ayauoMarHuToTeIurypudeckoro 3oHaupoBanus (AMT3). C momomsio ammapatypsl AK® wu3MepsroTcss CHTHANB
TOPU30HTANIBHBIX COCTABIISIOMINX IEKTPUUECKOTO IOJISI C UCIIOJIb30BAHMEM 3a3€MJISIEMBIX 3JIEKTPUYECKHX MPHEMHBIX

nuHUR amuHOM 00b19HO OoT 20 10 100 M M TOPHU3OHTAIBHBIX COCTABIISIONIMX MAarHUTHOTO TOJISI C WCIOJb30BaHHUEM
WHIyKIIMOHHBIX MArHUTHBIX aHTEHH.

AmnanoroBas yacTe anmaparypbl AK® mpexacraBieHa yCHINTENIMH, UMEIOIIUMH CTYNEHYAaTOE MEepeKIIoueHHe
aTTEHIOAIMH ¥ BO3MOXKHOCTH IOJABJICHUS NPHMBIIIICHHBIX YaCTOT PEXEKTOPHBIMU (HUIBTPaMH, 4TO OOecreuuBaeT
JIMHEIHOe Mpeo0pa3oBaHie BXOAHBIX CUTHAIIOB ¢ aMIuuTynoi ot 1 MxB no 0,3 B. B un¢poBoii yactu annaparypsl

NPOU3BOAUTCS HakorleHue apTokoppensiuuonnbix Gpynxuuit Kz (7) M Ky (T), cBI3aHHBIX ¢ rOPU30HTATBHBIMU
COCTABJISFONIMMH 3JIEKTPHYECKOTO ¥ MATHUTHOTO MOJEH, a TaKkKe B3aUMHOMN Koppesisuonnoit dyuxkiumn K g (7).

C nomomipio Dypbe-npeodpa3oBaHus uepe3 KOPPEANUMOHHbIE (YHKIMH HAXOIATCS SHEPreTHUeCKHe CHEKTPhI
See(f) u S gr(f), O KOTOPBIM ONPENENAIOTCS 3HAYEHHS MOJLYJISl TIOBEPXHOCTHOTO nMmIenanca | Z yy| u kaxymerocs
conpoTuBieHus Py. Pasza UMIenaHca (), BBIUUCIACTCSA M0 PEATbHOM M MHHMOM YacTsM B3aWMHON CIEKTpaJbHON
mwiotHocTH curnanoB Sgp(f). Jls oueHKn 101M HEKOTePEHTHOM YaCcTH B M3y4aeMBbIX CUTHAJIAX BBIYMCIISIOTCS 3HAYEHHS

kodpuuuenta korepentHoctd G py. Benumumsa kod(pduIMEHTa KOTEPEHTHOCTH IIO3BONSET  OLEHHBAThH
JIOCTOBEPHOCTb TI0JIy4aeMBbIX PE3yJIbTATOB.
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B paccmartpuBaeMbIX SKCIIEPUMEHTANBHBIX paboTax HCIOJIb30Ballach YeThipexkaHalbHas ammnaparypa AKD-4 u
nByxkaHanpHas ammapatypa AK®-2.2. Cranmus AK®-4 emmyckaercs B Hactosmee Bpems ['HIIII "T'eonoropassenka’.
Juanazon ee padounx wactor 1. 3200 I'u, mmpuna yactoTHbIX nopauanasoHoB 200 I'u, paspemeHue mo vacrore

cocrasysier 0,78 I'm1.

Hnst m3mepennii curHanoB CHUY-paguoycraHoBku paszpadotan npudop AK®D-2.2, B KOTOpOM B YaCTOTHBIX
moxauanaszonax 2 ['m peanmsoBano paspemenue no yacrore 0,007 I'm. Awamazon pabodux 4acTOT ammapaTypsl - 1...

6 10
&
E
o
£
a 3
z
g (]
01
E_ 01
:
g o
S T 1 0.01— T T
70 80 g0 81,9 82,0 82,1

A

Puc. 3. CpaBHenne curHana CY-paamoycTaHOBKH,
3apETUCTPUPOBAHHOTO B IITHUPOKOIIONIOCHOM (a) U
Y3KOTIOJIOCHOM (0) pexnmMax.

260 Tu. Hapsamy c peructpanueil KOppeIsSLUOHHBIX
¢yHKIMI B anmapaType peajln3oBaHa IpsMas 3alHCh
CUTHAJIOB. Y3KOMNOJOCHBIM PEXUM H3MEPEHUN MO3BOJIMUII
YBEIMYUTH COOTHOIICHWE CHTHAJ/IOIYM W  TOBBICHTb

TOYHOCTh M3MEPEHUI CHTHAJIOB MCTOYHHKA T'apMOHHYECKU
n3MeHstomerocss mons. Ha pme. 3 comoctaBisroTcs
ClieKTpaJibHble TIOTHOCTH MomHOcTH (CIIM) curnamnos,
IMponopuUrOHAJIbLHBIC TOPU30HTAJILHBIM COCTAaBJIAOIIUM
MAarHuTHOIO IOJIS CHUY-paanoycTraHOBKH,
3apEruCTPUPOBAHHBIX B IIMPOKOIOIOCHOM U y3KOIIOJIOCHOM
pexxumax. Kak BUAHO U3 pUCYHKA, B IIMPOKOIOIOCHOM
peXHUMe CHeKTpajbHas IUIOTHOCTh MOIIHOCTH CHTHajaa
CHY-pannoycTaHOBKH NPEBBIIAET YPOBEHb €CTECTBEHHOTO
MarHUTHOTO TIOJII B TPH Pa3a, TOTJa KaK B y3KOIIOJIOCHOM
peXKHME 3TO TPEBHIIICHHE COCTaBIsIeT Oojee IBYX
MTOPSAKOB.

AHATM3 IKCIIEPIMEHTAIBHBIX Pe3yJIbTATOB
J1J1s1 OLIEHKHM TE03JIEKTPUUECKOT0 pa3pe3a Ha Y4acTKe IMPOBEJICHHUS IKCIIEPUMEHTAIBHBIX PadoT ObIIIM BHIOJIHEHBI
HaOmonenust meronoM AMT3 ¢ ammaparypoit AK®-4. Tlo pesynbratam 00paOOTKH NAHHBIX W3MEPEHUH IOJY4EHBI
MaKCHMaJlbHasi © MUHUMaJbHasg aMIUIUTYHbIE (Ox(2), Pi(1)) u da3oBble (¢9(2),¢-(1)) kpussle (puc. 4). 3HaueHUS Py HA
9THX KPHUBBIX pPA3IMYAIOTCS TPUMEPHO B JBa pas3a, 4YTO CBHUJICTENBCTBYET O HEKOTOPOH HEOIHOPOIHOCTH
Te03JIEKTPUIECKOTO pa3pe3a B TOPU3OHTAILHOM HampasieHuH. VHTepnperanus 3GQEKTUBHBIX KPHUBBIX Py U (Iz

OPUBOAUT K TEOINNEKTPUUECKOMY pa3pe3y, XapaKTepu3yloIleMycs CIEIyIOIUMH 3HAuYeHUSIMH YAEIbHOTO
COIIPOTHUBJICHUS U TTIyOMH MOJOUIBHI TJIACTOB!
;= 170 0m'M, H;=358Mm,
P P OmM @, rpaa
P2=2220 Om'™m, H,=1660 M, K 90
;=28000 Omm, H3=9100 m. -
Ps B MM, 113 M y o"—l PL(2) [ o
pP4= 640 Om-Mm, B
W3mepenus COCTaBIIAOLIUX T amMms 70

anekTpomaruutHoro noiyisi CHY-pagmoycraHoBku B
paccMaTpruBaeMOM SKCIIEPUMEHTE MPOBOIUIIUCH TIPU
momommu ammapatrypsl AK®-2.2 ¢ ucmons3oBaHIEM
YV3KOTIOJIOCHOTO ~ pexkuMa ee  pabortel.  [lepen
MPOBEACHNEM HKCHEPUMEHTANBHBIX paboT ObuH
BBITIOTHEHBI KPYTOBBIE H3MEPEHHS, [0 pe3yabTaTaM
KOTOPBIX BHIOMPATMCH HAMPaBICHUS MaKCHUMaIbHBIX
CUTHAJIOB AJIEKTPUYECKOTO0 U MATHUTHOTO IOJIA. DTH
HampaBJIEHUS! COOTBETCTBOBAIM  a3UMyTaM  JUIst
SNeKTpuuecKoil  mpuemoif  smmmm  120° u 0510
MarHuTHOM aHTeHHEI 30°. u

KpuBass p, Meroma CBEpXHHM3KOYACTOTHOIO ~ T : — T T 0
soggupoBadns  (CHU3) ¢ HCIONBb30BaHHEM 2 50 100 f Iy
curHaioB CHY-pagnoycTaHOBKM TOJIy4eHa Ha
gacrotax 41,6-166,6 T'm (puc. 4). Dra kpuas
pacrnonaraercs MEXIY MUHUMAaJIbHOU 51

Puc. 4. Kpusbie pi U (9, TIONy4EHHBIE METOIIOM
ayIMOMAarHATOTEJITYPHYECKOro 30HaMpoBaHus (AMT3), u
KpUBasi Py , IOJy4eHHAst METOJIOM CBEPXHI3KOUACTOTHOIO

MaKCUMallbHOM KpHUBBIMH p; Meroga AMT3 u 30 OB (CHU3)

Ommke K  MHUHAMaNbHOW  KpuBod.  Takoe

pacrosnioxxeHre KpuBoil px Merona CHY3, nonyueHHON Npu OpUEHTUPOBKE NMPHEMHOM JIMHUM 3IEKTPUYECKOro MOJs
qmHOM 60 M mo asumyTy 120°, cormacyercs ¢ ceBepo-3alagHbIM MPOCTHPAHUEM TE€OJOTMUYECKHX CTPYKTYp B 3TOM
paiione. Crnenyer 3ameruTs, uro KommuekcupoBanue AMT u CHY 3onaupoBaHuil NpeincTaBisieTcsl BechbMa
MIEPCIIEKTUBHBIM HAIIPABICHHEM pPa3BUTHS METOJIOB TIIyOMHHOHM 3JIEKTPOPA3BEIKH, CIIOCOOCTBYIOUIMM IIOBBIIICHHIO
MH()OPMATHBHOCTH TE€OIEKTPUUECKUX NCCIECIOBAHUI M JOCTOBEPHOCTH MHTEPIIPETALNH HOTy4aeMbIX JaHHBIX [11].
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Jlnst OLEHKH BO3MOXKHOCTEH peructpanni 3((hexToB, BHI3BAHHBIX IPHIMBHBIMU SIBICHUSAMH, OBUIM IPOBEACHBI
mmepenns curHaioB CHY-pagmoycranoBku Ha yactore 80 ['m B Teuenme cyTok, HaumHas ¢ 5:00 o BceMHpHOMY
BpeMmeHu 26 utoHsA 10 5:00 27 mrona 1996 r.; ¢ 15:00 no 20:00 usmepenus He mpoBoawiIHchk. IIpuemHas nuHUS
AJIEKTPUYECKOTO0 1MOoJIs AIMHOM 60 M ObU1a OpHeHTUpOBaHHA Mo a3uMyTy 120°, a MarHUTHast aHTeHHA - 110 a3uMyTy 30°.
W3mepenus npoBoauinchk depe3 Kaxasle 20 MuH npu BitodeHnn CHY-paanoycTaHOBKY Ha IEpHO]] BpEMEHH 7 MUH.

Ha puc. 5

2. p.. oMM NpPEACTaB/IeHbl PE3yIIbTaThl
— U3MEPEHUuN  Kaxyllerocs
YZEIBHOTO CONPOTHBICHUS
Px B COMNOCTABICHHH C
L1150 KpUBOH BEPTUKAIBHBIX
nedopmannit 3eMHOM
nosepxnoctn  dH.  Kax

1100 BUJIHO M3 PUCYHKA, KpUBas
Px  HUMEET  NOCTATOYHO
BBICOKYIO CTETIEeHb

1050 Koppessiuu ¢ kpusoit dH.
Koadpuument koppensiuuu
MEXIy 3HAYCHHSIMH Py H

26.06.96 27.0696 ¢ dH pasen 0,73.
Bbonee BBICOKOE
Puc. 5. ConocrasiieHre KpUBbIX U3MEHEHHUS KaXKYILUXCSl YICAbHBIX JJIEKTPUYECKUX  3HaueHHe  Kod(hQuinenTa
CONPOTUBIICHUN Pr, UX CIIAKEHHBIX 3HAYEHUS Py U BEPTUKAIBHBIX )ZlC(l)OpMaLlI/lﬁ KOPPEISIIH 0,95
3eMHoii opepxnoctu dH. YCTaHOBIICHO MEXKILY

CIUIAXCHHBIMU 3HAUCHUSIMU
Pre 1 dH. Tlpu s10M, Kak

BUJIHO U3 PUC. 5, HAOJIIO/IAETCs COBMAJICHUE KPUBBIX Py M dH B neBoii uacTh rpaduka 1 HEKOTOPOE MX PACXOKIIEHHUE B
mpaBoit yactu B uHTepBaie oT 0 mo 5 u 27 wuioHA. DTO pacXoXICHHE, IMO-BUANMOMY, CBS3aHO C BPEMEHHOU
HEeCcTaOMIBHOCTBIO PAabOTHI almapaTypbl, KOTOpas COCTaBisIeT 3a nepuo Bpemenu 10-12 1 okomno 0,1 %.

[lorpemHoCcTs OmpeneneHust Py MO IAHHBIM M3MEPEeHHMH HMIlenaHca »siekrpomarauTHoro momst CHY-

PaJuOyCTaHOBKU OLIEHUBAETCSl HA OCHOBE CPEJHEr0 KBAaJPAaTHYECKOrO OTKIOHEHUS OTIENbHBIX TOYEK Px OT KPUBOU P.
DTO OTKIIOHEHHE B JJAHHOM dKCIIepUMeHTe coctaBuiio =+ 0,6 %.
C WHCIOJb30BaHUEM MOJYYEHHBIX JaHHBIX

Obl1 TaKKe BBIIOJHEH aHAIW3 3aBUCHMOCTHU A, OMm

BEJIMYUH U3MEHEHUI pK OT aMIUIUTYy [ HepCMeHHOﬁ 1140 — +

cocrapisomeit  dH (puc. 6). VYpasHeHue
JIMHEHHOW KOPPENSIMOHHON CBsi3M B JaHHOM 1120 —

Cllyuae MOXKET OBITH 3alMCAHO B BUIE Py = -
1097+240dH, rne dH Buipaskeno B metpax, a Px - 1100—

B OMMETpax.

VI3MeHeHHsI BENMYUH Py B TEUEHHE CYTOK,
YCTAHOBJIEHHOE 1o pe3yibTaTam
SKCIEPUMEHTANBHBIX PadoT, COCTaBISIOT 7 %. OTH
3HAYEHUs JOCTATOYHO ONM3KM K BenwdmHam 1060 I .

1080 —

I T I I ! 1

Bapualuii, TMOJYYEHHbBIM B YIOMSHYTBIX paHee -0,04 0 0,04 0.08
uccienoBanusax Ha ['apmckom [7] u Amxabaackom "UdH, M
[8] monuronax.

PaccmatprBacmeie PE3YIBTATRL  pye 6. KoppensupOHHAs 3aBHCHMOCTh  Ka)yIIEroCs
OKCHEPUMEHTANBHBIX  paboT M JAHHBIC  yjomyporg 3eKTPHHUECKOTO COMPOTHBICHNA Py M AMILTHTY I
MIPEALIECTBYIOINX MCCIIENIOBAHMA  penrycanproit nedopmartn dH.

CBUIACTECIBCTBYIOT 0 3aMCTHBIX BCIIMYHNHAX
Bapnaunﬁ sz 06yCHOBHeHHBIX TNIPWINBHBIMU SBJICHUAMU. Ot Bapualu TaKUE€ XE MO0 BEJIMYUHE, KaK U OXKUIACMBIC

U3MEHEHHs1 p, Hepen 3emierpsceHusiMH. Kak oTMedanoch Bbllle, aMIUIMTYJa MAaKCUMAalbHOIO BEPTHUKAIBHOIO
MIPWIMBHOTO CMEUIEHHUsI BO3PACTaeT OT IOJIOCcAa K 3KBaTopy 3emid. [103ToMy B FOKHBIX HIMPOTAaX CIEIyeT OKHIAaTh
YBEJIUYEHUs BapUALMU Py, CBA3aHHBIX C IIPUJIMBHBIMU SBICHUSAMU, U y4eT STHUX SABJICHUH HEOOXOIUM HE TOJIBKO IPH
BBICOKOTOUHBIX M3MEPEHHMSX Ui MOHUTOPUHIA CEHCMUYECKOH aKTMBHOCTH, HO W NP NPOBEAECHHH PadOT METOJaMHu
MAarHUTOTEIIYPUUYECKUX, AyJAUOMAarHUTOTEIIYPHUUECKUX U  JIPYTUX  JIEKTPUUYECKHMX M AJIEKTPOMArHUTHBIX
30HAUPOBAHUI.
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[Ipyn MOHUTOpPHUHTE CEHCMUYECKONH aKTHBHOCTH IO HAONIOICHUSIM BapHALUN Py JUIA MOBBIILICHNS JOCTOBEPHOCTH
MPOTHO32a 3EMIICTPSCCHUH HEOOXOIMMO YYHTBHIBATH BIIMSHHE MPHIMBHEIX SBICHUN W MPOBOIHWTH COOTBETCTBYIOIIYIO

KOPPEKLHUIO MTOJY4aeMbIX JaHHBIX. XapaKTEpHbIM NPU3HAKOM BIMAHUS NPHIMBOB HA M3MEHEHUS Py, HE CBA3AHHBIX C
MIPOLECCAMHU U3MEHEHHUSI HAIMPSHKEHHOTO COCTOSIHUS CPENbl Mepel 3eMIIETPSICEHUSMU, SBISAETCS MEPUOJUYHOCTD dTHX
SIBJICHUI. BemMuuHbl n3MEHEHHH MOTYT OBITh JIOCTATOYHO TOYHO PACCUMTAHBI [0 AaHHBIM BBIYMCICHHN aedopmaruii
3EMHO TMOBEPXHOCTH C HCIOJIB30BAHUEM YPABHEHWS KOPDENSIMOHHONW B3 Mexiay Px ¥ dH, amanormumnoro
MIOJY4YE€HHOMY JUISl TOUKH TPOBEICHMS 3KCIIEPUMEHTANBHBIX padoT Ha KapenbckoM nepenieiike.

CormocraBieHne KpuBBIX P, U dH (puc. 5, 6) TOKa3pIBaeT, YTO TOBBIICHHE KaXYIIErocs YACIBHOTO
COIIPOTHUBJICHUS] COOTBETCTBYET HMOAHATUIO 3€MHON IOBEPXHOCTH, a IIOHIKEHHE Py - €€ OIllyCKaHuio. Takoil xapakrep

U3MEHEHU Py MOKHO OOBACHUTH Tak HaszbiBaeMbIM "3 dexrom ryoku” [12]. Bo Bpems npunusa 3eMHasi IOBEPXHOCTD
MIOJJHUMAETCSI ¥ MPOUCXOJUT PacUIMPEHUE Cpellbl, BO BPEMs OTIIMBA, HA00OPOT, 3eMHasl TIOBEPXHOCTh OITYyCKAeTCsl U
MIPOUCXOAUT cxatue. [lon3eMHBIe BOJBI, KaK B OTKPBITHIX IOJOCTAX (CKBa)XMHAX, KOJOALAX), TaK M B MEJKHX
TPEIIMHAX, MOpax M KallWUIIpaX TOPHBIX IIOPOJ, IOJl BO3JACHCTBHEM IPHIMBOB M OTJIMBOB TAaKXKe HAXOIATCS B
JIBYDKCHUH.

IIpn ommmBax, Korga 3eMHas Kopa C)KaTa, BOJa IIOJ JIABJICHWEM ITOJHUMAETCS B CKBRKWHAX M KOJOZUAX.
[IpoucxonuT MHBEpCHs SBICHHA: OIyCKAaHHE 3€MHOI MMOBEPXHOCTH M IMOJHITHE BOABL. BO BpeMs NMpMIMBOB cpena
pacmmpsieTcss U IPOUCXOIHT OIyCKaHue Boxbl. B pabore [12] mpuBoasTcs cBeaeHUs 00 M3MEPEHHUAX YPOBHS BOIBI B
KOJIOJIAX M CKBA)KWHAX, TMOATBEPXKIAIONINE TAKOW XapakTep CBSI3M C NPMIMBHBIMU sBIeHUsIMU. KoneOaHus ypoBHs
BOJBI 110 3TUM JaHHBIM COCTaBIIAIOT 2-3 CM.

I[BI/I)KGHI/IG IMOPOBLIX U KAIWJIJIAPHBIX BOJ B I'OPpHBIX NOpOJaX UMECT TAKOM K€ MEXaHHU3M. le/l C)XXaTuu BOAA
IMPOHUKACT B MCJIKMEC TPCUIUHBI, MOPHI U KallWJUIAPbI TOPOALI, O6p8,3yﬂ CETb B3aUMOCBS3aHHBIX IIJICHOK U KaHaJIOB. HpI/l
OCJTa0JIEeHNH JaBJICHHS MPOUCXOAUT OTTOK BOJBI M3 MEJIKHX TPELIMH, NOp, W KaMWULIPOB, U (GopMa HaXO0XKICHUS
¢uonna B TOpHOH MOpoOJe NPHOOpETaeT OCTPOBHOM, MEHEe CBSI3aHHBIH MEXIy co00I0 Xapakrep. YaesibHOe
CONPOTHBIJICHHE TOPHOHM MOpOJBI B Clydae M3MEHCHHH JaBICHHS MEHSETCS IJIaBHBIM 00pa3oM 3a CYeT M3MEHEHUS
Xapakrepa pacrpezaeieHust (uonaa B MEXIOPOBOM NpocTpaHcTBe. OHO MOHMXKAETCs NMPH OOJIBIIEH CTENEeHH CBSA3U
BOJIBI B PE3YJIbTATE CXKATHS, U MTOBBIIIAETCS IPY MEHBIIECH CTETIEHH CBSA3U B PE3YJIbTATE PACTSKEHUS CPEIBI.

ITo pe3ynpTaTaM BBIOJTHEHHBIX SKCHEPUMEHTANBHBIX H3MEpPeHHH C wucnoip3oBanneM CHU-pammoycraHOBKH
MOJKHO CZEJNaTh BBIBOA O TOM, YTO NPH BO3MOKHOM BJIMSHHH KOJE€OaHWH 3epKana TPyHTOBBIX BOZA BOJHM3HM 3€MHOU

MIOBEPXHOCTH TJIaBHBIM (JaKTOPOM B H3MEHEHUSX Py SBISETCS M3MEHEHHE BOJOHACHIIEHHOCTH I'OPHOM IOpPOABI Ha
JIOCTaTOYHO OOJIBIION TITyOMHE 3a CYET NMPOHMKHOBEHHMs (PIIIOMIOB B MEJIKME TPEIIUHBI U IOPHI I10J] BO3/EHCTBHEM
MIPWINBHBIX siBIeHUH. J{ns mcronmb3yemoit yactorsl 80 'l M NpUBENEHHBIX BBINIE MApaMETPOB I'€03JIEKTPUIECKOTO
pa3pesa TIIyOMHHOCTh MCCIICIOBAHUS COCTaBIsIeT B Touke m3MepeHuil okono 1000-1500 M. B 3THX yCIOBUSX MOXKHO
OKHMJATh I0CTATOYHO CYIIECTBEHHOTO BKJIa TITyOOKHX TOPU30HTOB Pa3pesa, 3aJIeTaloliX 3HAYUTEILHO HIDKE 3epKajia
TPYHTOBBIX BOJ.

PaccMOTpeHHBI MeXaHU3M BapHALU{ YAEIBHOTO JUIEKTPHYECKOTO CONPOTHUBICHUS TOPHBIX IIOPOJ MpHU
W3MECHEHHH MX HAMPSHKEHHOTO COCTOSIHUSI T0Jl BO3JCHCTBHEM MPWIMBHBIX SIBICHHH COMJIACyeTCs C JaHHBIMU
abopaTOpHBIX HM3MEPEHHH Ha o00paslax ¢ OTHOCHUTENhHO HEOOJBIIUM COAEpP)KaHWEM BOJBI (M3BEPKCHHBIE WIIN
IUIOTHBIE 0OCAaJJ0YHBIC TOPHLIC HOpOI[I)I). I[J'JH 60.]'166 BOJIOHACBINICHHBIX TOPHBIX MOPOJ (p]:.lXJ'H)Ie 0CaJO4YHbIC HIIU
TPEIIMHOBAaTbIe HM3BEPIKEHHBbIE TOPHBIE IOPOJbI) HAONOAaeTCss oOparHas 3aBHCUMOCTB: IIPH CKaTud 00pasloB
NPOUCXOJUT yBEIWYEHHE yJelbHOro conporusienus [13]. B arom ciyuae ¢opma pacnpenenenus: ¢uronga B ropHON
IOPO/ie HOCUT B3aMMOCBSI3aHHBIN XapaKTep W NPH IMOBBIIICHUN AABICHUS IIPOUCXOUT NEPEKUM I10p M Kanwuisipos. B
UTOTe HapylIaeTcs HENPEepPHIBHOCTH NMPOHM3BIBAIONIEH TOPHYIO MOpoay (IIIOMIHON CETH M YAEIbHOE COIPOTHBIICHHE
TIOPOAbI YBEIWYMBAETCS. Pe3ynbTaThl MCCIIEIOBAaHUI C OOpaTHBIM XapakTEpPOM 3aBHCHMOCTH BapHalMi KaxKyIerocs
CONPOTHUBJICHHUST OT Je(OPMALMH CpeNbl, BBHI3BAHHBIX MPWINBHBIMH SBICHUSAMH, OyOyT H3JI0KEHBI B OTACIHbHON
Iy ONMKany.

B 3akitroueHne MOXKHO CENATh CIEAYIOIINE BBIBOJIBI.

1. B cratbe mNpOaHATU3MPOBAHBI PE3YJIbTAThl IMPEIIIECTBYIOMINX HCCIEJOBAaHUN B3aMMOCBA3M HPHINBHBIX
ABJICHUH W BapHalMi Ka)XyLIErocsl YAENbHOTO 3JIEKTPUYECKOTO COMPOTHBICHUS INPHU IPOTHO3E 3EMIICTPSICEHHM.
OTMC‘{CHO, YTO TMPHUIIMBHBIC SABJICHUA PAHEC UCIIOJb30BAJIUCH MIPHU pa3pa60T1<e METOAUK DJJCKTPOMArHuTHOIO
MOHHUTOPHHI'A HAIIPSHKEHHOTO COCTOSTHUS T'€0JIOTMYECKON CPEJIbl.

2. IlpoBeneHHbIE pacueThl NPWIMBHBIX JedopManuii 3eMHOW KOpBI B TOUYKE IKCIEPHMEHTANIBHBIX paldoT ma
KapenbckoM mepeineiike mokasand, 4ro HauOojiee 3HAUMTENbHAs aMIuMTyAa cMmemeHus 20 cM XapakTepHa JUis
BEPTUKAJILHOTO HarpaBieHus. ['opu3oHTanbHBIE AedopManuu MeHee 3aMeTHble (6-9 cM), IpH 3TOM MX MaKCHMYMBI
CMEIIEHBI 10 BPEMEHH OTHOCHTEILHO BEPTUKAIBHOM Aedopmanum.

3. o maHHBIM 3KCTIEPUMEHTAIBHBIX Pa0OT, BEIIONHEHHBIX ¢ Hcnonb3oBanueM CHY-pagnoycranoBku "3eBc" u
MIPUEMHOTO  amlmapaTypHO-IporpaMMHOro KoMmiulekca AK®-2.2, oTMeueHbl CyTOUHBIC BapHAllMH KaXyIIErocs
YACTBHOTO CONPOTHUBIICHUS BENWYHHON 7 %. YCTaHOBIEHO, YTO 3TH BapHaIMK CBSA3aHBI ¢ Ae)OopMaIMsIMA 3€MHOU
KOpBI, BBI3BAHHBIMH TPHJIMBHBIMHU SIBICHHSIMH. YUHTBIBas W3MEHUYMBOCTH IPOSIBICHUS IMPUIMBHBIX JedopManuii B
3aBHCUMOCTH OT IIONyCYTOYHBIX M CYTOYHBIX IEPHOJOB U YBEIMYEHHE HX aMIUIMTYAbl ONMKe K JKBAaTOpy, B
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celicMooIacHbIX paiioHax Poccum m Apyrux cTpaH MOXKHO OXHAATh elle Oosiee 3aMETHBIX BapHallMi Py, BBI3BAHHBIX
MPWINBHBIMU SIBJICHUSIMH.

4. Jlns TMOBBINICHUS JOCTOBEPHOCTU MPOTHO3UPOBAHHS 3EMIICTPICCHUN HEOOXOIUM YYET BIUSHHS MPHUIUBHBIX
3¢ deKToB, BEIUUUHBI KOTOPBIX CONOCTABUMBI C U3MEHEHUSAMU Py, IPEIIIECTBYIOUIUMH 3eMIETPICEHUSM. BpI3BaHHbBIE

MNPpUWJIUBHBIMA  ABJICHUAMU BapUaliun ,0;< MOryT 6bIT]:- JOCTAaTOYHO TOYHO BBIYHUCICHBI C HCIIOJB30BAHHCM
COOTBETCTBYIOIINX yPaBHEHHH KOPPEISIMOHHBIX CBS3€H, MOMYYEHHBIX 10 MaTepHaIaM 3KCIEPHUMEHTAIbHBIX padoT n
JAHHBIM PacyeToB IedopMannii 3eMHOH MTOBEPXHOCTH.

5. Tloka3zaHa BBICOKAas CTENCHb KOPPEMALMHM 3HAYEHHH  KaXyIIErocs yAEIbHOTO  3JIEKTPUYECKOTrO
COINPOTHUBJICHHUS], ONPEICIICHHBIX 10 JaHHBIM M3MEPEHHH UMIlefanca snekTpomarautHoro nosst CHU-paguoycraHoBKy,
U BEPTUKAJBHBIX JAeopManuii 3eMHOH IOBEpXHOCTH, BBI3BAHHBIX IPHIMBHBIMU sBiIeHHAMH. Koaduuuent

KOPPEJISAIMHE MEXK/Ty CIVIAKEHHBIMU 3HAYEHUAMU Py 1 aepopmamusmu dH cocrasnser 0,95. Habmonaemble Bapuanum
UMIENaHca U Py CBS3aHBI C M3MCHEHHSAMH YIETBHOTO 3JIEKTPHYECKOTO CONPOTUBICHHS MOPOIBI M OOBACHIIOTCS

"3¢ppexrom ryOxu". YMeHblLIeHHE P NPOMCXOIUT IPU CKATUM 3€MHOH KOpBI BO BpeMs OTIMBA U IIPUTOKE BOABI B
MEJIKHE TOPHI, TPEIIMHBI ¥ KAWJULIPEl TOPHOH IOPOJBI ¢ 00pa30BaHMEM CETH B3aMMOCBS3aHHBIX IUIEHOK M KaHAJIOB.

VBenuueHue P NPOUCXOAUT IPH PACTHKEHUH 36MHON KOPBI BO BpEMs IIPUIIUBA U OTTOKE (DIIIOMIOB U3 MEJIKHUX TPELIHH,
HOp M KalWUIIPOB, B pe3yibrare uero (opma pacrpeneneHuss BoJbl B TOPHOW MOpOJe NPUOOpETaeT OCTPOBHOM, C
MEHBILIEH CTETEHBIO CBSI3U, XapaKTep.

6. Ilpn mpoBeneHWM W3MEPEHHH peaM30BaHa [OCTATOYHO BHICOKAash TOYHOCTh H3MEPEHUsl HMIIeJaHca
anektpoMarautHoro moist CHY-papgnoycranoBku. IlorpemHocTs omnpeneneHus KaKyIIerocs COIPOTHBICHUS MO
JTAaHHBIM M3MEpEeHUH UMIIelaHca, IOCTUTHYTas! B X0/I€ SKCIIEPUMEHTANIBHBIX padoT, cocrasiseT +0,6 %. DTo m03BOIHIO0

YBEPEHHO 3apErUCTPUPOBATH CBSI3aHHbIE C IPUIMBAMYU CYTOUHBIE U3MEHEHMUS Py BETUUUHOHR 7%.

7. Ananu3 nepcnektus npuMmeHeHus CHU-pagmoycraHoBku "3eBc" Ui M3yueHMs HANPSIKEHHOTO COCTOSHHUSA
T'€0JIOTHYECKOM CPeJIbl U PE3YJIbTAaThl BBIMOJHEHHBIX SKCIEPUMEHTAIBHBIX pabOT MOKA3bIBAIOT, YTO C MCIIOJIb30BAHUEM
NPUEMHBIX alnapaTypHO-IPOrpaMMHbBIX KoMIuiekcoB AK®D-2.2 MoryT ObITh co3/1aHbl 3 QEKTUBHBIE CHCTEMBI IPOTHO32
3eMIIETPSICEHUN B CEICMOAKTUBHBIX paiioHax Poccun u conpenenbHbIX CTpaH.

Pabora BbINONHEHAa TpH MoOJJepXkKe mnporpammbl "YHuBepcutersl Poccun”, mpoexr Ne 2140, u OIIII
"NnaTerpamus", mpoekt Ne 326.66.

Cnucok JIMTepaTyphbl

1. Cugopun A.S. IlpenBectauxu 3emierpsicenuii. M.: Hayka, 1992. 192 c.

2. Pynuuunas reosnextpuka / [lon pen. H. B. MenbuukoBa. Kemeposo, 1977. 210 c.

3. Bapcyko O.M., Copokur O.Il. M3MeHeHHe KaxKyllerocs CONpPOTHBICHHA TOPHBIX Mopon B I'apmckom
celicMOakTHBHOM paiione // ®uzuka 3emnu. 1973. Ne 10. C. 100-102.

4. Cgeros B.C. DJIEKTpOMAarHUTHBIH MOHUTOPUHI CEHCMOTEKTOHMYECKUX Iporieccos // W3B. By3oB. ['eonorus u
pasBenka. 1992. Ne 2. C. 99-115.

5. CapaeB A.K., Koctkun I1.M. 3akoHOMepHOCTH HU3MeHEHUH 3nekTpomarautHoro nonst CHY-paauoycranoBku
// MockBa'97: Te3. noki, mexayHap. koHd. 15-18 cenrsopst 1997 r. M., 1997. C. B1.8.

6. Puxurake T. [Ipenckazanne 3emuerpscenuii. M.: Mup, 1979. 388 c.

7. Amprray3er H.M., BapcykoB O.M. O BpeMeHHBIX BapHAlHAX 3JIEKTPOIPOBOIHOCTH // Duszndeckne
OCHOBaHMS IOMCKOB METOJIOB MIPOTHO3a 3emierpsicennu. M.: Hayka, 1970. C. 104-110.

8. ABarumoB A.A., AtaeB A.u., AtaeB C.A. u np. CBs3b aHOMAIBHBIX H3MEPEHUN 3JEKTPOCOMPOTHBIICHHUS
TOPHBIX HOPOJ B Pa3JIOMHOM 30HE ¢ MPWIMBHBIME JedopmMariusimu 3emHoi kopsl // M3B. AH Typkm. CCP. Cep. dus.-
TeXH., XMM. U Teoll. Hayk. 1988. Ne 5. C. 50-52.

9. IMapwuiickuit H.H. 3emubIe npunuBel 1 BHyTpeHHee crpoenue 3emin // 3B. AH CCCP. Cep. reodus. 1963. Ne
2.C.193-215.

10. Mathews P.M., Dehant V. Gibson JM. Tidal station displacements // J. Geophys. Res.
1997. Vol. 102. N B9. P. 20469-20477.

11. Ileprens M.U., Xapnamos M.M., CapaeB A K. Kommnekcuposanue AMT-30H11pOBaHuUl ¢ U3MEpEHUIMU
moneit CHY-pamuoycraHoBku // 3aKOHOMEPHOCTH 3BOJNIONMU 3eMHON Kopbl: Te3. moki. MmexnmayHap. kKoH(., C.-
[erepOypr, 15-18 okTsa6ps 1996 r. CII6., 1996. C. 1-265.

12. Menbxwuop I1. 3emasie npunusel. M.: Mup, 1968. 482 c.

13. TTapxomenko D.W. Dnekrpuyeckue cBocTBa rOpHBIX mopo. M.: Hayka, 1965. 164 c.

101



Capaeg A.K., Ilepmenv M.H., Ilapghenmoes 11.A., Ilpokogvee B.E., Xapnamoe M.M. (1999)
JKCcNepUMEHTAJIbHbIE MCCIeI0BAHUS 3JIeKTPOMarHuTHoro nouass CHY-paanoycranoBku st
1eJieil MOHUTOPHHIA celicMuueckoil akTuBHOCTH Ha CeBepHom Kaska3se // DU3UKA 3EMJIN.
1999. Ne 2. ¢c. 17-24

WuctutyT 3emHON KOopBl CaHKT-IleTepOyprckoro rocygapcTBeHHOro yHHBEpcuTeTa, I. Cankt-IletepOypr,
aks@AS1002.spb.edu

Paccmotpensl mpennocsuiku  npuMmeHeHuss CHY-paanoyCTaHOBKH, MOIIHOTO HCTOYHHMKA TIapMOHHUYECKU
HM3MEHSIOIIEr0Csl CBEPXHU3KOUACTOTHOTO AJIEKTPOMATHUTHOIO MOJS, Ul MOHUTOPUHTA CEHCMHUYECKOM aKTUBHOCTH.
IIpuBenena kpaTkas XapaKTepUCTHKA HCIOIb30BaBILIEiicss u3MeputenbHoll anmapatypel AK®-2. Bemonnen anamus
pE3yIbTaTOB 3KCIICPUMEHTAIBbHBIX pabor Ha CeBepHoMm KaBkasze. [lokasaHbl BO3MOXKHOCTH PETHCTPAI[MM CHUTHAJIOB
CHY-pagnoycranoBkn Ha paccrosHuu 2700 KM B HampaBJICHHH, OJM3KOM K MHHHUMYMY €€ JHarpamMMbl
HATIPaBJICHHOCTH (PKBaTOpHalbHAas 00JacTh aHTeHHOW cucTeMbl). OlleHEeHa BpeMeHHas CTaOWIBHOCTH WMIICAHCa,
XapakTepusymolias IMepcreKTUBbl Hucrnoiab3oBaHusd CHY-pannoycTaHOBKM IIpHM MPOTHO3UPOBAHHM 3EMIIETPSICEHUM.
CpaBHHBaOTCS pe3ynbTaThl m3Mepennii moneit CHY-paanoycTaHOBKY M €CTECTBEHHBIX JIEKTPOMArHUTHBIX TOJIEH.

BBenenue
B oOmeM xoMIDIeKce METOIOB, HAICJICHHBIX HAa MPOTHO3MPOBAaHUE 3EMIICTPSICECHUM, BAXKHOE MECTO 3aHUMAIOT
AIEKTPOMArHUTHBIE 30HIMPOBAHUS C TOBBIIICHHOW TIIyOMHHOCTRIO WCCIEIOBAHUI, ITO3BOJIONIME MOIYYaTh

uHpopManuo 006 U3MEHEHUSIX YJEIbHOIO 2IEKTPUYECKOrO0 CONPOTUBIIEHHUS ) TOPHBIX MOPOJ HA JJOCTATOUHO OOJBLINX
riyOMHaxX, TJe He TPOSBISETCS BIMSHUE CE30HHBIX (DAKTOPOB, a TAKKE MOXKHO OKHIATh Oojiee 3aMETHbBIE BapHalluu

BEIIMYMH 0 3a CcUeT NPUOIIKEHH K 001acTU (OPMUPYIOLIErocs odara 3eMIeTpACEHH. Pe3yIbTaThl re0dIeKTpUYeCKUX

uccinenosanuil [bapcykos, CopokuH, 1973] nokasplBaroT, 4YT0 U3MEHEHMs KaXKyLIErocs COIPOTUBIEHUS Py OOBIYHO
HaOJIIOZAI0TCST B IIEPHOJ BPEMEHHM OT HECKOJBKHX MECSIEeB JI0 HECKOJNBKUX JHEeW Mepesi 3eMIIETPSCCHUEM, M
IIPUMEHEHHE 3TUX METOJ0B OPUEHTHPOBAHO HA CPEHE- U KPATKOCPOUYHBIH MPOTHO3 3eMJIETPSICEHUI.

Benuuunsl Bapuanuii P, B NepUOABL IOATOTOBKYU 3eMJIETPICEHU], yCTaHOBIEHHBIE IO Pe3yIbTaTaM INTyOMHHBIX

30HIUPOBAHNN, COCTABISIFOT OT Heckoubkux a0 10—20% [CseroB, 1992]. Bapumauuum p, MOTYyT OTpakaTb Kak
M3MCHEHHS YJEIBFHOIO CONPOTUBICHUS TOPHBIX TOPOJA Ha TIyOWHE, W OHH IOJDKHBI BO3pAcTaTh MPH YBEIHYCHHUU
NIyOUMHHOCTH KCIOJIB3YyEMBIX METOJOB IO Mepe MPHOIMKCHUS O0JACTH HCCIENOBaHUS K (OPMHPYIOMIEMYCS OYary

3EMIIETPSICEHUS], TAK ¥ H3MEHEHHA £ B TEH309YBCTBHTEIBHBIX 30HAX, OTPAKAIOIIUX PEAKIHIO T€0JOTHYECKO Cpeabl Ha
NPOLIECCHl  TTOATOTOBKM 3€MJIETPSCEHMH. YUHThIBas TO OOCTOSTENBCTBO, 4YTO OOBEKTHI 3JEKTPOMArHUTHBIX
UCCleIOBaHNH (TEH304yBCTBUTENILHBIE 30HBI, 00J1acTH, OJIM3KKe K (YOPMHUPYIOIIUMCS O4araM 3eMJIETPSICEHHUH) UMEIOT
OTpaHHYEHHBIE Pa3MEpbl U MOTYT paclojlaraTbCsi Ha pa3IndHbIX, B TOM YHCJIE M Ha JOCTATOYHO OONBIIMX IITyOHMHaX,
W3MEHEHHs YJEJIbHOTO CONPOTHBIICHHS TOPHBIX ITOPOJ| HETOCPEICTBEHHO B ATHUX 00JacTsAX MOryT ObITh Oojee
3HAYUTEIBHBIMHU 110 CPAaBHEHHUIO C HAOJI0J]aEMBIMH Ha MMOBEPXHOCTH 3€MJIM BapHALMSIMU KaXYILET0oCsl COPOTHUBIICHHS.

HaunGonee 3ameTHble M3MEHEHUS Q) HOJDKHBI OTMEYAaThCA HPU ONTUMAJIBHOM PACIOJIOKEHUH CUCTEM HaOJoieHuil
OTHOCHTEJIFHO TEH30YYBCTBHUTENIBHBIX 30H W oOylacTeil (OpMHUPYIOMIMXCS 04YaroB 3eMIIETPSICEHHH W JI0CTAaTOYHOMN
[IIyOMHHOCTH HccinenoBaHuil. OJHAKO YCTAHOBKM HCIIOJIb3YEMBIX METOJOB HE Bcerza OyAyT pacroyiaraTbes
OIITUMAJIbHBIM O6p330M U CaMU METOAbI MOTYT UME€Tb HECAOCTATOYHYIO Fﬂy6l/IHHOCTI), MO3TOMY Ui PErucTpanuun OT-
HOCHUTEIBbHO HEeOONbLIMX M3MEHEHUHM BEIMYUH Q, IOPU MOHUTOPUHIE CEHCMHMYECKOH aKTUBHOCTH HEOOXOIUMO
00eCTeunTh BEICOKYIO TOYHOCTh H3MEPEHUH (HE MEHEee IECATHIX JOJeH - IepBhIX eIUHHII IPOIICHTOB).

B 70-80-x rTomax mss I1ened MporHo3a 3eMIIETPSICEHWH MPOBOIWINCH pPabOThI METOJaMU YacTOTHOTO
3oHaupoBanus (U3) u 3ouaupoBaHus cranoBieHreM moist (3C) ¢ UCTIOIB30BAaHUEM 3JIEKTPOMArHUTHBIX moseid MI'JI-
TeHepaToOpOB M MOIIHBIX JIEKTPOUMITYJILCHBIX cucTeM [Kypasnes, 3eiirapuuk, Cunopus, 1992; Ilpossnenue..., 1993].
C MOMOIIBIO TAKUX HCTOYHHUKOB YyAaBaJIOCh AOCTUYb B OAMHOYHBIX UMITYJIbCAX BCIIMYMH TOKA OO HECKOJBKUX TBhICAY
amrep, 4YTo O0ECHEeYMBaJO0 BBICOKYIO MOMEXO3aIIMIIEHHOCTh HM3MEPEeHHH U JaBajo BO3MOXHOCTH IIOJIYYHTh
HE00XOAUMYIO TITYOHMHHOCT HCCIIE0BaHUM. Biiarogaps 3TuM paboTaM rryOWHHBIE JIEKTPOMArHUTHEIC 30HTUPOBAHUS
BOIIUTM B HACTOSIIIEE BPeMs 00s3aTEIIEHOW COCTABHOM YaCTBIO B CHCTEMY CEHCMOIOTMIECKUX HAOIFOICHUIA M IPOTHO3a
semuerpscenuii [Cobones, 1993; GenepanbHas cucrema..., 1995].

Bmecte ¢ TeMm, HCIONB30BaHHE WMITYJIBCHBIX HCTOYHHKOB ITO3BOJISET TIONYYaTh C JTOCTATOYHO BBICOKOM
TOYHOCTBIO TOJBKO HEOOJIBIINE (pparMeHTHl KPUBBIX U3, KOTOpBIE COOTBETCTBYIOT IMEPBBHIM TapMOHHKAM CIIEKTPOB
4acTOT W OONBIIMM 3HAYCHHWSM OTHOIIGHHH curHaja K momexe. Jlms apyrmx wacteil kpuBoir U3 morpemHocTsh

oIpezielIeHust P MoxkeT gocturath 10 u 6onee mpoueHToB [[IposiBneHne reofMHaAMHUYECKHUX MPOLECCOB.... 1993], uTo
TIPEBBIIIACT JOIYCTUMBIE TP MOHUTOPHHIE CEHCMHYECKOH aKTHBHOCTH Npenesbl. 3-3a OTCyTCTBHS BBICOKMX YacTOT
B CHEKTpax 30HAUPYIONMX WMIYJIbCOB JUISi M3Y4YEeHHMs BEpXHEH 4dacTh paspe3a NPUXOJUTCS HCIOJIb30BaTh
MaJIOTTTyOMHHBIE MOIU(MHUKAIINH 3JICKTPUUECKUX 30HAMpOoBaHUI. ClleayeT OTMCTHUTh M TaKyl0 OCOOCHHOCTh PabOTHI
MI I-rerepaTtopoB, KaK HEMOBTOPSEMOCTh (POPMBI HMITyJBCOB TOKa B HWCTOYHWKE. B pesynbrare CymiecTBEHHO
CHIXAETCS BO3MOXKHOCTD MX MCIOJIBb30BaHUS JJIsI PSKUMHBIX HAOJIOACHHUH 32 BapHaUsIMH yIEIbHOTO COMPOTHBIICHNUS
TOPHBIX MOPOJ TP PELICHUH IPOTHOCTUYECKHX 3a1ad.
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IIpeanoceuikyu ncnoJn3oBannsa CHY-paguoycTaHoBKH 1JIsi MOHUTOPHHTIA CeiCMUYECKOl AaKTHBHOCTH

OnbIT TPUMEHEHUs] METOJOB 3JIEKTPOPA3BENKU IEPEMEHHBIM TOKOM IIOKa3bIBACT, YTO BBICOKYID TOYHOCTh
1/13MepeH14171 B IIHMPOKOM JHala3oHC 4YaCTOT MOXKHO O6eCHe'-II/lT]> Ipyu UCIIOJIb30BAHUU TapMOHHNYCCKU U3MCHAIOMINXCA
QJICKTPOMAruuTHBIX roJieit KOHTPOJHUPYEMBIX HCTOYHHUKOB. 3HaYUTENLHBIE NEPCHOCKTHUBLL JI4 MOHUTOPHHIA
CEHCMUUYECKOM aKTUBHOCTH HMEET MNPUMEHCHUEC B Ka4€CTB€ MCTOYHHKA DOBJICKTPOMArHUTHOI'O IIOJIA MOLL[HOf/i
cBepxamkoyactoTHo (CHY) pammoycranoBku, pacmonoxenHoi Ha Konbckom m-oBe [Panfilov, Pesin, Saraev at al.,
1992].

CHY-pagnoycraHOoBKa COCTOMT M3 TeHeparopa CHHYCOWAAIBHOIO TOKa M TOPHU30HTAIBHO PACIOJIOKEHHOH,
OPUEHTHPOBAHHOH B IIMPOTHOM HAIIPABICHHU W 3a3€MJICHHOW Ha KOHIIAX aHTCHHBI [UIMHOW Ookojo 60 kM. BenmnumHa
Toka B aHTeHHe nmocturaer 300 A. B HacTosImmee BpeMs paJHOyCTaHOBKA MOXKET HM3IydaTh CHUTHAJBI CBEPXHH3KUX
gactoT B nuamazoHe oT 30 mo 200 I'm. B manpHelinieM miaHHpyeTCsl pacIIMpPeHHE YacTOTHOTO AHMANa30oHa B CTOPOHY
kpaitie Hu3kmx wactoT A0 0.1 T'm. C momompro CHY-pagnoycTaHOBKM BO3MOXHO IpOBEIEHHE paboT MeToaoM
CBEPXHU3KOUACTOTHOTO 30HAupoBanus (CHY3) Ha ocHOBE W3MEpPEHHI CHUTHAJIOB HCTOYHHMKA IO CETKE YacTOT H
METOJIOM CBEpXHM3KodacToTHOTO npodunrposanus (CHUII) Ha oqHoit wacToTe.

le/l HCIOJIb30BAHUN TaKUX UCTOYHHUKOB UMECTCA NMPUHIHIINATIbHAA BO3MOXHOCTb IOCTUYb Tpe6yeM0171 TOYHOCTH
1/13MepeH14171 B JICCATBHIC OOJIM - TCPBBLIC C€IUHUIILI IMPOILCHTOB. le/IMeHeHl/Ie TFapMOHHNYCCKHU H3MCECHAIOIUXCA noJiei
MO3BOJISIET O0ECHEeYUTh 3a CYET CHHXPOHHOTO HAKOIUICHHS HEOOXOIMMYI0 IIOMEXOYCTOHYMBOCTD HM3MEPEHHH.
[IpenmymectBoMm ucnonp3oBannss CHU-pagnoycTaHOBKY TPH MOHUTOPHHTE CEHCMUYECKON aKTHBHOCTH 110 CPABHEHHIO
C JpYrMMH METOJAaMH 3JEKTPOMArHUTHBIX 30HIMpoBaHMH (c momomplo MI/l-reneparopa, C HCIOIB30BaHHEM
€CTECTBEHHBIX MOJIEH) SIBISIETCS CBOMCTBO CTallMOHAPHOCTH IOJISI AAHHOTO WMCTOYHHUKA. [IpW 3TOM Al mOsTydeHus
HEOOXOMMON TOYHOCTH M3MEPEHHH MOXKHO HCIIOIB30BaTh TPeOyeMylo AJIUTENLHOCTh HakomuieHus. [lo cpaBHeHHIO ©
30HIMPOBAHUSIMH Ha ITOCTOSHHOM TOKE, B KOTOPBIX MEHSIOTCS Pa3sHOCHl YCTAHOBKH M COOTBETCTBEHHO YCIIOBHS B
palioHE NMPHEMHBIX 31eKTpoaoB, npumeHeHne CHY-paanoycTaHOBKH MO3BOJISIET PEaln30BaTh TAKOE IPEHMYIIECTBO
YaCTOTHBIX 30HAUPOBAHUMH, KaK COXpaHEHHE UICHTUYHOCTH YCIOBHI B OJTHOM TOYKE N3MEPECHUSI.

HopmanbHoe mose 3a3eMI€HHOTO Kalesss KOHEYHOW UIMHBI WJIM TOPU30HTAIBHOTO 3JIEKTPUYECKOTO AMIOJ,
KOTOPBIMH MOXXET OBbITh amnmnpokcuMmupoBaHa aHTeHHas cucremMa CHU-pagnoycTaHOBKM, JJOCTAaTOYHO IIOJTHO
TEOPETHYECKU HCCIIEA0BAHO, YTO JIaeT BO3MOXKHOCTH HCIIOJIB30BaTh AJISl ONPEIENICHUS] KaKyIIEerocs CONpPOTHUBIICHHMS
pas3inyuHble XapaKTEPUCTHKHU MOJsl (OTAEIbHBIE COCTABIISIIONINE, OTHOLICHUSI COCTAaBISIOIIUX JJIEKTPHUYECKOTO WIIN
MarHUTHOTO MOJIEH, MMIIEAHChl), a TaKXKe IO3BOJISIET W3y4daTh BO3MOXKHBIC B ITPOILIECCE MOJTOTOBKH 3€MIIETPSICCHMUS
W3MEHEHHS TPOCTPAHCTBEHHON OPHEHTHPOBKHM BEKTOPOB 3JIEKTPUYECKOI0 W MarHUTHOro mnosei. J{ms rapmoHudeckn
W3MEHSIIOIINXCS TI0JIeH eTaNbHO pa3paboTaHbl TEOPETHUECKHE OCHOBHI METOJIa YACTOTHBIX 30HIMPOBAHMH, KakK JUIs
OmDKHEH, Tak W JUId JaJbHEH 30HBI, W 3TO MO3BOJISIET BBHINOJHATE JOCTOBEPHYIO HHTEPHPETALMIO PE3yIbTATOB
30HIUpoBaHNHA. lMcronp30BaHWE CBEPXHM3KMX YacTOT OOECIEYMBACT JOCTATOYHO OONBIIYI0 TIyOMHHOCTBH
HCCIIE0BAaHMS, IIPH KOTOPOH IpPaKTHYeCKH HCKIIOYaeTcs BIMSHHE MEIIAOIMX CEe30HHBIX (DaKkTopoB, a B
OIaronpUATHBIX yCIOBHUSX (palOHBI Pa3BUTHA MOPOJ C BHICOKUM YIEIbHBIM 3JIEKTPUYECKHUM COINPOTHUBICHUEM) MOTYT
n3y4yaTbCsl 4acTH  pas3pes3a, NpuOMDKaromuecs K  00JacTH  MOATOTOBKM — 3eMuleTpsiceHus.  M3MepeHus
CBCPXHU3KOYACTOTHBIX JJICKTPOMAIrHUTHBIX noneﬁ, XapaKTCPpU3yIOUmnxXCs 3HAYUTEIIbHOMU MOIIHOCTBIO CKHMH-CJIOA, JaK0T
BO3MOXHOCTD I10JIy4aTb HUHTErPaJIbHBIC, AOCTATOYHO yCTOﬁ'{MBble XapaKTCPUCTHUKHU 60Hb1HI/IX O6"beMOB nopoa, 4to
NOBBILIAET HAJIS)KHOCTh IPOTHO3A.

CHY-paaroycraHoBKa SBJISIETCS IOCTATOYHO MOIIHBIM UCTOYHHUKOM, U €€ 3JEKTPOMAarHUTHOE T10JIE MOXKET OBITh
M3MEpPEHO Ha BechbMa OOLIMPHBIX TEPPUTOPHSIX BO BCEX CeCMOONAcHBIX paiioHax Poccuu. DTo 1mo3BossieT oOecneunTsb
MIPOTHOCTUYECKUE IOJUIOHBI OJHOTUIIHOW NPUEMHOW ammapaTypoid ¥ BBIIOJHATH H3MEpeHus u  00paboTKy
pe3ynbTaTOB HAa EOWHOW METOJMYECKOW OCHOBE C eAWHOW (OpMOW TPEICTaBICHUS pPe3ylIbTaToB. BakKHBIM
00CTOATENILCTBOM IIMPOKOro ucmonbs3oBaHuss CHY-paanoycTaHOBKM TNpH MOHHTOPHHIE SIBIISIETCS. OTHOCHTEIIBHO
HEBBICOKAsi CTOMMOCTB paboThl HcTOYHHKA (Ha KoHen 1995 T. - okono 30 Teic. py0. HA OAMH CEaHC UIUTEIFHOCTHIO 8
MHH). Meroan4yecku HEOOXOIUMBIM W HKOHOMUYECKH LeecooOpa3sHbIM — SABISCTCS  UCIIONB30BaHHE  CETH
HaOIOAATENbHBIX CTAHIUH, IPH pa3BOpAaYMBaHUM KOTOPOW ctonmMocThs u3nydeHuss CHY-paanoycTaHoBKH Ui OXHOU
TOYKH CYIIECTBEHHO CHI)KACTCSI.

Jna ouenku Bo3moxHocTelt Mmeroma CHY3 ¢ ucnonb3oBanmem CHY-pagnoycTaHOBKM HpHU MOHUTOPHHIE
CeiCMMYECKO aKTHBHOCTH B Jiekabpe 1995 r. ObuiM MpoBelieHbl dKCIIEpUMEHTalIbHbIe paboThl Ha KaBMHHBOJICKOM
nporuoctudeckom monurone (r.r. [lsruropek, Eccentyku, KucinoBomack). PaboThl ObUTH MOCTaBICHBI 10 MHUIIMATHBE
MUC Poccun. OpraHuzanmsi 3KCIIEPUMEHTAIbHBIX pabOT IMPOBOAMIACH COBMECTHO ¢ LIeHTpoM MeXmayHapoaHOTro
cotpyaundectBa B obxactu skonoruu (Lenrpom MHOHKO) u PoccuiickuM MHCTUTYTOM MOIIHOTO PaJHOCTPOCHUS
(PUMPowm). HemocpencTBeHHO MOJIEBBIE SKCIIEPUMEHTAIBHBIC HCCIEOBAHUS H 00pabOoTKa Pe3yIbTaTOB BBITOIHSIINCH
cnenmanuctaMu MHctutyTa 3eMHON Kopbl CankT-IlerepOyprckoro yHMBEpcHuTeTa HpPU COACHCTBHH COTPYTHHKOB
Hentpa "T'eon" m ero lOxHOro ¢unmana. 3amawamMu paboT OBUIO H3ydYeHHWE BO3MOXKHOCTEH M OcoOeHHOCTEH
peructpammu curHanoB CHY-pagmoycranoBku Ha CeBepHoM KaBkase, orieHKa BpEeMEHHOW CTaOMIIBHOCTH CHUTHAJOB
JAHHOTO MCTOYHHUKA U BO3MOKHOCTH €T0 HCIIOJIB30BAaHHS AJISI MOHUTOPHHIA CEHCMUYECKON aKTHBHOCTH.

HN3mepurtenbHas annaparypa

[Tpu npoBenennu paboT MCIONB30BANICS JBYXKaHAIbHBIA BapuaHT co3nanHo B HUN3K CIIGIY ammapartypst
koppensiuroHHbIX QyHkuuit AK® (nmpubop AK®D-2) Merosna aynmomMarHuToTeIuTyprdeckoro 3ouauposanus (AMT3).
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AHanoroBas 4acTh anmnapaTypbl MPeJCTaBlIeHa NBYMS YCHUIIUTEISIMH, UMEIOIMMHU CTYIIEHYATOe IePEKIIUeHNE
aTTEHIOAIMM W BO3MOYKHOCTh TMOJABJICHUSI CHUTHAJIOB IPOMBIIUICHHBIX YacTOT PEXEKTOPHBIMU (HIbTPAMH, YTO
obecrieyrBaeT JUHEHHOE MPpeoOpa3oBaHMe BXOIHBIX CHTHAIOB aMIuiuTynoi oT 1 MkB 1o 0.3 B B mosnoce gactort ot 0.1
1o 12800 I'm.

B nudpoBoii yacTh anmapaTtypbl HPOM3BOJUTCS HaKoIleHue aBTokoppessimuonnbix pynkunit Keg(t) n Kgp(t),
CBSI3aHHBIX C TOPH30HTAIBHBIMH COCTABJSIFOLIMMH DJIEKTPUYECKOr0 M MAarHUTHOTO MOJel, a TakkKe WX B3aMMHOMN

koppensunonHoit gynxuun Kgy(T). TlapameTpsl HakKOIJIEHMs TAKOBBI, YTO MPU YacToTe Auckperusamud 500 I'ix
PacCUHTHIBAIOTCS CHEKTPHI 3TUX (GYHKIMH ¢ paspemmenueM 0.1 I'n B monoce mmpunoit 50 'y wnmm ¢ paspemennem 1.6
I'n B monoce mmpuHo#t 800 I'i. C momompio Dypre-nipeobpasoBanus depe3 KOpPpENsSIMOHHbIE (QYHKIMH HAaXOIATCS
suepretuueckue cnektpsl Sgg(f) u Spp(f), mo xoropeiM onpenensroTcs 3HaueHus Mopyieil umnenanca |Z| u
Ka)KyLIUXCsS. CONPOTHBICHUN p,. Pa3a uMIenaHca (9, BBIUUCISIETCS MO pPealbHONM M MHUMOM 4acTsAM B3aHMMHOMN
CTIEKTPAILHON TUIOTHOCTH curHanoB Sgp(f). Jlns OleHKM 10T HEKOTePEHTHOH 4YacTh B HM3Yy4aeMbIX CHTHAIAX

BBIUMCIISIOTCS 3Ha4YeHus Koddduuuenta korepentHoctd Grp. Benuuunbl kK03QQHUINEHTOB KOT€PEHTHOCTH MO3BOISIOT
OLICHUBATH JOCTOBEPHOCTH MOJIyYaeMbIX PE3yJIbTaTOB.

Jnst u3MepeHHss MarHUTHOTO TOJISL IIPH NIPOBENCHUH PaboT MCHOJIB30BANICS MHIAYKIIMOHHBIA JAaTYMK C YPOBHEM
coGCTBeHHBIX mIyMOB Ha wactore 1000 I'p me Gomee 2 ¢Tn/T'u"?. J[nMHa NPHEMHONH JIMHHHM JUIS PErHCTPALIAH
3JIEKTPHYECKOTO o cocTaisuia 100 m.

XapakTepucTuka paiioHa padoT U yCJI0BHIi H3MepeHuii
Paiion, B KOTOpOM NPOU3BOJMINCH SKCIIEPUMEHTANIBHBIE PaOOThI, HaxoauTcs Ha paccrossHuu 2700 kM or CHY-
paauoycTaHoBKM (puc. 1) M pacmoyiokeH BOJM3M 3KBATOPUAILHOW 30HBI AHTEHHONH CHCTEMbI (YTOJI MEXIy
OpPUEHTHUPOBKOM aHTEHHBI U HallpaBieHUeM Ha I. IIaTuropck coctapnset okoso 70°).
[ToneBble 3KcneprMeHTANBHBIE PAOOTHI BBIIOJN-
HsUHCh B Tiepuof ¢ 14 mo 20 mexabps 1995 r. ytpowm ¢
70° 11% o 12% u BEYEPOM C 15% o 16% ma wacrorax
31.2,41.6, 62.5, 83.3, 125.0, 166.6 I'i, u3mydaBIImxcs
MTOCTIEIOBATEIbHO M0 § MUH ¢ may3amu 1o 4 mMuH. B
CTaThe AHATU3UPYIOTCS PE3yIbTATHl M3MEPSHHUN MO
CHY-pagnoycranoBkH B ABYX Toukax: Ne 2 (Tiocermox
uM. YUkanoBa), pacronoKeHHOH Ha pacCTOSHUAU 15 KM B
CEeBepO-3aMaHoOM HampaBieHUU oT I. Eccentyku u Ne
60° 4 (mocemox JIbicoropckas), pacroJIOKEHHONW Ha
pacCcTosIHUA 15 kM B BOCTOYHOM HalpaBJICHUU OT T.
IIsturopck.
B paiione Touku Ne 2 ocamoyHble OTJIOKEHUS
yexjlia MOIIHOCThI0 okojio 1200 M mnpeacTaBieHbI
H. Hosfopon TecYaHUKaMH, apTIJUTHTAMH, W3BECTHIKAMH,
MEpreJisiMi  Mel-TIaJIeOTeHOBOTO BO3pacTa. Y IelbHOe
COIIPOTHBIIEHNE STHX OTIOXKEHUH Mo maHHBIM B33
MEHSeTCd OT eOWHHI[ JO JECATKOB OMMETPOB.
DyHIaMEHT, CIIOKEHHBIN rpaHuTaMu "
TPaHOJUOPHUTAMH TIaJ€030MCKOTO BO3pacra, MMeEeT
yAENbHOE  CONPOTUBJIEHHE  HECKOJBKO  ThHICSY
OMMETPOB.
40° B paiione Touku Ne 4 o0masi MOIITHOCT 0Ca/104-
| HBIX OTJIO)KEHWH YeXja, IPEJICTABICHHBIX II€CUaHH-
KaM{, aprUUIATAaMH, W3BECTHAKAMH, MEPTeIIsIMH,
0 500 1000 km rIMHaMH W CYIJIMHKaMM  IOPCKOr0-HEOI€HOBOI'O
L1 BO3pacTta, cocTaBisieT okono 2500 m. [l BepxHen
4acTH pa3pe3a MOITHOCTHIO Okoo 700 M XapaKTepHBI
3HAYCHUS  YACTBHOTO  CONPOTHUBICHUS  EOMHUIIBI
Puc. 1. Cxema pacnonoxkennst CHU- OMMETPOB, a HIDKHSS 9acTh OCAZOYHOM TONIIH MMEET
pazmoycranosku (1) U paiioHa mpoBeeHns yAETbHOE COMPOTUBICHUE OT €AWHUI] IO HECKOIBKHX
JECSITKOB oMMeTpoB. DyHaaMeHT B paiioHe Touku Ne 4
NPE/CTAaBICH CJlaHIaMHd KapOOHOBOTO BO3pacTa C
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9KCIIEPUMEHTAIBHBIX PaloT.

yAETbHBIM CONPOTUBIEHUEM JIECITKH OMMETPOB.

Ha Bcex Toukax BBIMOJHSITUCH UccenoBanus MeTotoM AMT3 ¢ 4eThIpeXKaHAIBHOW (TEH30pHOMN) ammmaparypoi
AK®-4. TTo pe3ynpraramM 30HIUPOBAHUN OBIIIO OTMEYEHO OTCYTCTBHE PA3NWYMi Ul MaKCUMAaJIbHOW ¥ MHUHUMAJIbHON
KPUBBIX py, YTO TOBOPUT 00 OTCYTCTBHMM HEOJHOPOAHOCTEH B TIOPH30HTAIBHOM HAIPABIEHUU M JOCTATOYHOCTD
HCIOIB30BaHUS IpH m3Meperusx noieit CHU-pagnoycTaHOBKH ABYXKaHAJIBHOH (CKasipHOMN) ammapaTypsl AK®D-2.
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Ilo mamapiM AMT3 B TOouke Ne 2 ycTaHOBIEH TpEXCIOHHBINM, a B Touke No 4 - NBYXCIOMHBIA THII
Te0ICKTPUIECKOTO pa3pesa Co CIEAYIOINMHI 3HAUCHNUIMH YIeIbHBIX CONPOTUBIICHUH M MOIHOCTEH IIJIaCTOB:

Touxka Ne 2 Touka Ne 4
pr=470mM h =64m pP1=4.60mM hi=54m
p2=2.20MMm hy=132m p2=230mMm
p3=8.50mMm

Ilepen nawanom m3mepenuii noneir CHY-paanoycTaHOBKM OBUIM M3YYEHBI CIEKTPHI MPOMBIIUICHHBIX ITOMEX B
paiione pabort. Takue nccnenoBaHus HEOOXOIUMBI B CBS3U C TEM, YTO MYHKTHI KOMILJICKCHBIX HAOIIFOACHHH ITOJIMTOHA
HEpelKo pa3MelaloTcss BOJNM3M WM HENOCPEACTBEHHO B HACENCHHBIX IyHKTaX, M JUIS OIIEHKHM BO3MOXKHOCTH
MOHUTOPHHIA, a TakKe IIOJYyYCHHUsS TapaHTUH HAJCKHONW pabOThl WM3MEPHUTEIBHON ammapaTypbl, CleIyeT
YAOCTOBEPUTHCA, YTO YPOBCHDb IMPOMBIINIICHHBIX MMOMEX HE MPEBLIIIACT AOIMMYCTUMBIX NPEACIOB, IPHU KOTOPLIX CJIOKHO
obecrieynTh HEOOXOMUMYIO TOYHOCTh H3MEPEHHMH, W JaXXe MOTyT HaOJIlo#aThCs HEJIMHEHHBbIE MCKAKEHHUS B
YCHUIINTEIbHBIX TPaKTax.

Ha puc. 2 mpencraBieHsl pe3ylabTaThl U3MEPEHUI
CIIM H(N/H, E(H/Ey, nB OTHOCHTENIFHBIX ~3HAYEHHWI CIEKTPalbHBIX IUIOTHOCTEH
100 MomHOcTH  (CIIM) TOPH3OHTANBHBIX  COCTABIISFOIINX

90

snextpuueckoro E(f) w wmarmutnoro H(f) moneit B
nuana3one 4acTtoT 0-800 I'L, BBINOJHEHHBIX C IIOMOIIBIO

80 anmnapatypbl AK®-2 B Touke Ne 2. Kak BUAHO U3 pUCYHKA,

na crnekrpax E(f) u H(f) mposmnstorcs, B ocHoBHOM,
HEYETHBIE TAPMOHUKH MpOMBIIeHHONW JacToThl 50 I'm. Ha
gacrory 50 I'm B ammapaType YCTaHOBIEH PEKEKTOPHBIN
¢ubTp ¢ kodpduumentom mnonaenenus 40 nb, Tem He
MCHEC, MU Ha IlaHHOfl 4acTOTC BBIACIIAKTCA CUT'HAJIbI
3HAYUTEIILHOM AMIUIATY IbI. O)IHaKO, B CIICKTpPC
9JIEKTPOMArHUTHOTO MOJII MMEIOTCS CIIOKOWHBIE YYacTKH,
HE UCKa)KEHHbIE IPOMBIIIJICHHBIMU [OMEXaMU, U 3TU
YaCTOTHBIE IMaNa3oHbBl MOTYT OBITH HCIIOJIB30BaHBI IS
M3MEPEHUH NOBBIILIEHHON TOYHOCTH.
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Puc. 2. CnekTpanbHble INIOTHOCTH MOLTHOCTH -
TOPU3OHTANIBHBIX COCTABIISIOLIUX JIEKTPUYECKOTO ~10k
M MarHUTHOTO Iojel B Touke No2.
OueHka OTCYTCTBUS HMCKa)KEHUH CIEKTPOB 3a CYET -12F

BJIMSIHUSL TIOJIEW HWCKYCCTBEHHBIX HCTOYHHUKOB U IPYIHX
OMEX B BBIOPAHHBIX TOYKAaX HM3MEPEHHI Ka4eCTBEHHO
OPOM3BOJMIACE HAMH [0  XapakTepy  pPEerHCTpaliu
r06aIbHBIX PE30HaHCOB €CTECTBEHHOTO
9JIEKTPOMArHUTHOTO IOJIS. JTH PE30HAHCHl BO3HHKAIOT B
chepudeckoM BOJTHOBO/IE "3eMsi-oHOChEpa" B 4aCTOTHOM
JMana3oHe OT eIMHHI[ IO HECATKOB Trepl, KOrma UIMHA
BOJIHBI B BO3YyXE cCou3dMeEpuma C I[HHHOﬁ OKPYXHOCTH
3emun. BrepBble OHM OBUIM TEOPETUHYECKH IPEICKa3aHbl
B.O. Illymanom B 50-x romax u 3ateM OOHapy»KeHbI <<
9KCIeprUMeHTaIbHO. OMBIT HAIIMX PaboT C pasTHYHBIMH
Momudukarmusamu  anmapatypsl  AK® nokaseiBaer, uTO
AHAIIN3 XapaKTepa 3aluck "IyMaHOBCKHX" pesoHamcos — DHC. 3. [IpUMEpBI pErHCTpaluH 1Ty MaHOBCKHX
HeoOXOAMM  JUIA  KOHTPOIs  HODMAlbHOH  paGoTbr ~ PE3OHAHCOB ECTECTBEHHOIO SIEKTPHUYECKOTO MO
armapaTypsl. Kak BUIHO U3 puC. 3. B yIpeHHeM U Bedephem -2 - CIEKTPAIbHBIC MIIOTHOCTH MOIIHOCTH
CeaHcax W3MEPEHHI PE30HaHCHbIE MAKCUMyMbl criekrpop ~— COOTBETCTBEHHO B yTPEHHCM M BEUCPHEM CCaHCaX.
JIEKTPHYECKOTO IO HE HMMEIOT HCKKCHHH, HPH 3TOM

YPOBEHb CUTHAJIOB MOBBILIACTCS OT YTPEHHETO K BEUEPHEMY CCAHCY.

1 L 1 1

1 1
5 10 15 20 25 30 35 40 45
Yacrora, 'y

1 ]

AHaIN3 3KCNEPUMEHTANIBHBIX JAHHBIX
OnHOW W3 TJaBHBIX 3a/Jad OKCIEPUMEHTAIbHBIX pPaboT ObUIO M3Yy4YE€HHE BO3MOXKHOCTEH pPErucTpaunuu
COCTaBJIIONIMX 3JIEKTPOMAarHUTHOTO TOJII Ha JocTtaTouHo OosbmoM ynainenun ot CHUY-paguoycraHoBkum B
9KBAaTOPUAIIbHOM 30HE AHTEHHOM CHUCTEMBl B HANpaBICHWH, OJM3KOM K MHHHMYMY JHarpaMMbl HarpaBiIeHHOCTH
jpanHoro ucrounuka [CapaeB, Koctkun, 1997]. Ha puc. 4 npuseneHsl pesynabTaTel usmepenuil noneir CHU-
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panuoyctaHoBkH B Touke Ne 4 Ha actoTtax 125.0 I'm u 166.6 I'1. U3 pucyHka BUAHO, 9TO O0JIee YBEPEHHO BBIACTACTCS
curHas Ha 4actore 166.6 I'm, 9yTo CcBsi3aHO C 0oJee HU3KUM YPOBHEM €CTECTBEHHOTO 3JIEKTPOMArHWTHOTO MO Ha
0oJiee BBICOKHMX YacTOTaXx.

E‘.SHM H(f)/Hy. E()/E,, nb
h (a)

(6)

S50 =
asp _H :
40 = H
35 i
E
30 - 1 j I 1
123 124 125 126 165 166 167 168

Yacrora, I'y

Puc. 4. Tlpumeps peructpanuu curHanos CHU-panunoycranoBku Ha 9acrtorax 125.0 'y (a) u
166.6 (6). E, H-ciekTpanbHble IIOTHOCTH MOIIHOCTH SIEKTPUYECKOr0 ¥ MATHATHOT'O TIOJIEH.

Boiee GnaronpusTHeIM BpeMeHeM st BbiaesieHnst curaanoB CHY-paguoycraHoBKM ObIIM yTpeHHHE ceaHchl. Bo
BpeMsi BEUEPHHX CEaHCOB BO3pacTall ypOBEHb €CTECTBEHHBIX 3JIEKTPOMATHUTHBIX IMOJICH, M CHTHAIBI PaJHOyCTaHOBKU
MIPOSIBIISUTMCH MEHEE KOHTPACTHO.

3uauenus CIIM usydaembix curHanoB F u H CHUY-pajuoycTaHOBKM M HX IIPEBBINICHHS HaJl yPOBHEM
ecrectennbix nosteil AE u AH npusenens B Tabnuie. AHaIA3 9THX TaHHBIX MOKA3BIBAET, YTO IS IEKTPHIECKOTO U

maruutHoro noneit npesbintenus CIIM AE u AH npumepno opuHakoBble M cocTaBisioT s yactoT 125.0 'y u 166.6
I'm 6.4-11 nb Bo Bpems ytpenHux u 5-8.4 nb Bo Bpems BeuepHux ceaHcoB. Ha Huzkux yacrtotax curHainsl CHY-

PaIMOYCTAHOBKU PETHCTPUPYIOTCS MEHee YBEepeHHO M s yactoT 62.5 I'i u 83.3 T'm mpessimenus AE u AH
cocraBisgeT npuMepHo 2.6-4.1 nb Bo Bpems yrpenHux u 1.3-2.9 nb Bo BpeMs BEe4epHHUX CEaHCOB.
Tabmauma

OTHOCHTEIbHbIE 3HAYEHHS! CIIEKTPAIBHBIX ILIOTHOCTel MomHocTH curnanos F 1 H CHY-paauoycraHoOBKH 1
ux npesbimennust AE 1 AH nan ypoHem ecTecTBeHHBIX 3JeKTPOMATHUTHBIX 10J1ei, AB.

f, I'n Vrpo(11°-12%) Beuep (15°-16")
E AE H AH E AE H AH
Touka Ne 2
(Tocenok uM. Uxkanosa)
41.6 22.0 1.1 36.5 0.9 23.6 1.2 37.3 1.1
62.5 24.1 2.6 36.6 32 26.2 1.7 37.6 2.1
83.3 25.4 43 359 4.1 28.3 3.1 38.6 2.9
125.0 25.9 7.8 34.4 7.6 28.0 54 36.3 5.7
166.6 25.1 10.6 38.9 10.1 29.0 8.5 35.6 8.4
Touka Ne 4
(mocenox JIsicoropckas
62.5 39.6 2.4 51.8 2.6 43.7 1.9 554 1.3
83.3 41.0 3.7 51.7 3.8 442 1.5 54.4 1.3
125.0 42.0 6.6 50.3 6.4 45.4 4.9 53.6 5.0
166.6 41.8 11.0 48.9 11.0 45.0 7.2 51.7 6.9

[IpuBeeHHbIE MaTepHANBI TIOKa3bIBAIOT BO3MOXKHOCTH HCIOJIb30BaBIelcs ammapatypsl AK®-2 ¢ paspemennem
no vactore 0.1 I'l mpu Beiaenenun curnanoB CHY-paguoycranoBku B ycnoBusax CesepHoro KaBkasza. YBennuenus
COOTHOIIECHHS CHUTHAJ/IIyM M Oojee YBEPEHHOTO BBIJIECJICHUS CHTHAJIOB MOXKHO HOOWTBCS 3a CUET YIyYIIeHUS
pa3peIeHus 110 YacToTe MPUEMHOHN anmaparypsl.

Bo3MOXXHOCTh NTPOBENCHNST MOHMTOpHHTA C ucnonbs3oBaHrneM CHY-paanoycTaHOBKM OIEHMBAJIach Ha OCHOBE
COIOCTABJICHUs PE3YJIbTATOB M3MEPEHMH B XOAE YTPEHHEr0 M BEUEPHETO CEaHCOB H3MydeHus. st comocraBieHUs
O6bun BRIOpaHB! 4yacToTl 125.0 I'm m 166.6 I'm, mOCKONBKY ypOBEHb CHTHAJIOB JJISi HUX NPEBBIIIACT YPOBEHBb
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€CTCCTBCHHBIX JJICKTPOMArHUTHBIX nojieit Ha 5-11 nb. Kak CJIIEAYET U3 MOJYYCHHBIX MaT€pHUaJiOB, OTHOCHUTECIIBHBIC

pasnuuus MojyJell moepxHocTHoro umnenanca Z = Ex/Hy B yTpeHHue u BeuepHHe ceaHChl M3MEpEHMi He
nipeBbiany 2.6% aust Touku Ne 2 1 2.1% nuist ouku Ne 4. YkazaHHbIE OTHOCHTEJIFHO HEOONIBIINE BETMYMHBI PA3IHUUN
TOBOPAT O NPUHIMITHAIEHOW BO3MOXHOCTH H3MepeHmid mnoieir CHY-pagmoycTaHOBKHM C BBICOKOW TOYHOCTBHIO W
MIEPCTIIEKTUBHOCTH MCIIOJIB30BAHMSI JAHHOTO HCTOYHHKA MIPH TPOTHO3NPOBAHUY 3€MJIE TPSICEHHH.

Crenyer OTMETHTB, YTO €CIH COIIOCTaBIIATH BeE-

JMYMHBI HE MMIENAHCA, @ OTIEIbHO  B3ATHIX CIIM H(f)/HO, E(f)/EO, 1B P OM M
COCTABIISIOLIMX DIEKTPMYECKOTO W MATHUTHOTO MOJEN 40 - ’ ' ke 102
B YTPEHHEM M BEYEPHEM CEAHCAX U3MEPEHHS C YUETOM ]

BEJIMUMHBI TOKAa B AHTEHHOH CHCTEME, TO pa3Iuyus
OyayT OoJyiee 3HAUUTEIBHBIMH M MOCTUTHYT 30-40%.
3TO TOBOPUT O OOJBIION 3aBUCHMOCTH 3HAYEHHH CO-
CTaBJIAIOUIMX 3JIEKTPOMArHUTHOTO IOJSI OT CYTOYHBIX
W3MEHEeHHH TmapameTpoB uoHochepbl. IIpuBeneHHbIE
Pe3yIbTaThl MOATBEPKAAIOT U3BECTHBIC MTPEACTABICHUS
0 BO3MOXXHOCTH CYIIECTBEHHOTO YMEHBIICHHS BIUSHUA
noHocepsl HAa OCHOBE H3MEPEHHH HMIIEJaHca
JIEKTPOMAarHUTHOTO MOJISL.

BaxHBIM  NIPEeHMyIIECTBOM  HCIOJIb30BAHUS
moneii CHY-pagmoycTaHOBKM TI0 CpPaBHEHHIO C
€CTEeCTBEHHBIMHU IJIEKTPOMArHUTHBIMH MOJISIMU
ABJIIETCA MaJlasi 3aBUCHMOCTb Pe3yJIbTaTOB U3MEPEHUN
OT BPEMEHH CYTOK, BDEMEHH roJia, IOTOAHBIX YCIOBHH,
4TO T03BOJIsIET paccMaTpuBath Meto CHY3 kak Gosee
MPUTOHBI  JUIS  TPOBEICHUSI  JIOJITOBPEMEHHBIX
KPYTJIOTOIMYHBIX ~ HAOJIOAEHWH TIpH MOHWTOPHWHIE 5
celicMuUecKol akTUBHOCTHU. HarisigHo mpeumyiecTBa
ncnonp3oBanus merogqa CHY3 wmimmrocTpupyroTes puc.
5 u puc. 6, Ha KOTOPHIX TNPHUBEACHBI PE3YIBTATHI
comnoctaienusi CIIM curnanoB CHU-pannoycTaHOBKI
Ha vactoTax 125.0 I'm m 166.6 I'm n ecrecTBeHHOTO
9JIEKTPOMArHUTHOTO TIOJIE B JAMana3oHax 4actoT 121-
129 T'm n 162-176 T', a Takke COOTBETCTBYIOIIME UM

35
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Puc. 5. ConocraBnenne ceKTpaabHbIX MIIOTHOCTEH
MOIIHOCTH €CTECTBEHHOI'O AJICKTPOMATrHUTHOTO TIOJIS
B auamaso”e dactor 121-129 I'm u curmanos CHY-
pamnoyctaHoBkM Ha yactore 125.0 I'm, a Taxxke
rpaKoB  K@XKYIIErocs CONPOTHBICHUS P, B
yTpeHHeM (TOHKas JIMHHSA) W BeYepHEM (ToJCTas
JIMHUS) CeaHcax.

3HaueHUs Px U (; Ecnu Bo BpeMs BeuepHEro ceaHca,
KOTZda YPOBEHb ECTECTBEHHOTO 3JIEKTPOMATHUTHOTO
moyst OoJiee BBICOKWH, TpaUKH YaCTOTHBIX 3aBHCH-
MOCTEH Ka)KyILIEroCsl CONpPOTUBIICHUS TI0 pe3ysbTaTaM
AMT3 u3pe3ansl Mo U KOAPPHUITHEHT KOTEPEHTHOCTH
JOCTaTOYHO OJIM30K K EIWHHUIE, TO JUIl YTPEHHEro
ceaHca ¢ 0ojee HU3KUM YPOBHEM €CTECTBEHHOIrO IOJII rpaduku p, Oonee u3MeH4MBbIe. [Ipu 3TOM 3HAUEHHS Py ANA
YTPEHHHUX M BEUYEPHUX M3MEPEHHH MOTYT COBIAJaTh, HO MOTYT M 3aMETHO pa3iau4arhcs. B TO jke BpeMs At MeTona
CHY3 3HayeHus P, B BEUEPHEM M YTPEHHEM ceaHcaxX OJIM3KM MEXOy co0010. AHalOrMyHas 3aKOHOMEPHOCTb
HabrogaeTcs U Ui @ (puc. 6, 0).

OTMeueHHBIE OCOOCHHOCTH pe3yibTaroB m3MepeHuid moneii CHY-paanoycTaHOBKM W €CTECTBEHHBIX
3JIEKTPOMATHUTHBIX TIOJIEH MPOABISIOTCS Ha Tpadukax korepentnoctu noneit £ n H (puc. 6, 6). Eciu s curnana
CHY-pasmoycranosku Ha yactote 166.6 T'i G = 1 kak B yTpeHHeM, Tak U B BEYEPHEM CEaHCaX, TO CPEIHUE 3HAUCHUS
G nns ecrectBeHHBIX monedt Mensorca oT 0.95 g0 0.98. DTu 3HaYeHMs KOTEPEHTHOCTH JOCTAaTOYHO BBICOKHE, U
Ka4eCTBO pe3yJbTaTOB HM3MEPEHHH ECTECTBEHHOTO 3JICKTPOMAarHUTHOTO IIOJISI 3/1€Ch MOXHO CYHTAaTh XOpOIINUM (B
metone AMT3 yI0BIETBOPUTENBHBIM cuuTaeTCs KadecTBo m3mepenuit ipu G > 0.8). Omnako, jJaxe Jis M3MEPEHHIt
XOpOILIETro KadecTBa rpaduku P, B YTPECHHUX CEaHCAX M3PE3aHHbIC, M 3HAUCHUS KaXKYILIErocs CONpPOTUBICHHUS B
YTPEHHHX U BEUYEPHHUX CEaHCaX, KaK BUIHO U3 PHUC. 5 U pHUC. 6, MOTYT 3aMETHO Pa3NIN4aThCA. DTUM Pa3IUUUAM Oy UL
MIPUBEIEHHBIX JUAMa30HOB YaCTOT COOTBETCTBYIOT PA3IMUKS BEJIIMUYMH UMIIEAAHCOB, B CPEIHEM paBHbIE 5-7%.

Hapsany ¢ usmMeHeHHEeM YpOBHS €CTECTBEHHBIX 3JEKTPOMArHHUTHBIX MOJIEH B TeYEHHE CYTOK HAOIIOAAIOTCSA €ro
CEe30HHbIE KOJIeOaHHUs C MOBBILICHUEM JaHHOTO YPOBHS JIETOM-OCEHBIO M MOHW)KEHHEM 3MMOW-BECHOM [AJIEKCaHAPOB,
Baknenosa, I'magmreiin u ap., 1972]. B aTux ycnoBusix OyJeT MeHATbCS TOYHOCTh M3MepeHuit merogom AMT3, a npu
ncnons3zoBannu CHY3 ykazanHbie GpakTopsl OyAyT BIMATH HA TOYHOCTh M3MEPEHHH CYIIECTBEHHO B MEHBILICH CTENICHH.

[To pesynpraram uzmepenuit CIIM Obutn OIlEHEHBI 3HAYEHHS] HANPSDKEHHOCTEH 3JIEKTPUYECKOr0 M MarHUTHOTO
noneil rapmonmdeckux curHanoB CHY-paanoycTaHoBkM Ha pasHeIX uacToTax. [l ompeneneHus 3HAYeHUN
Hanpsokennocteit £ n [ uenonezosanack MeTomKka, OCHOBaHHAs Ha MOJI@YE HA BXOJ AMNAPATYPHI STATIOHUPOBOYHOTO

CHrHaJIa ONIPEENEHHON aMIUIMTy bl M Beandaunbl F u H onpenensnuck ¢ yuetrom ko3uuMeHTOB Npeobpa3oBaHus
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Puc. 6. ConocraBieHne CHEKTPaJIbHBIX IUIOTHOCTEN
MOIIHOCTH €CTECTBEHHOI'O AJICKTPOMArHUTHOTO TIOJIS
B auamasoHe 4dactor 162-176 I'm u curmanos CHY-
paznoycTaHOBKM Ha dbactoTe 166.6 I'm, a Tarke

rpa@uKOB  KaKyIIerocs

CONIPOTHUBJICHUA Px

korepertHocTH G U (asbl HMIIEAAHCa (), B yTPEHHEM
(ToHKas TNWHHUA) ¥ BedepHeM (TOJICTast JIMHUS)

CCaHCax.

HCIIOJIb3YEMbIX MarHUTHOM M 3J€KTpUUYeCcKO aHTeHH. Ha
puc. 7  mpuBeAcHBI ~ TrpadUKHd  HANPsSHKEHHOCTEH

cocrapnsronux £ u H mons CHY-paguoycTaHOBKH B
Touke Ne 2 nnd OpPHUEHTHUPOBKH TPHEMHOU JTMHHA
AEKTPHUECKOro 1o mo asumyTty CB 30°.

BesMumHBI TOKOB B HCTOYHHKE NPU U3MEPEHHAX HA
Pa3HBIX YacTOTaX HECKOJBKO Pa3iM4ajnCh, 1 Ha PUCYHKE
[IOKa3aHbl Pe3yJbTaThl, IPUBEIICHHBIC K BEIMYHHE TOKA B
aHTeHHOU cucteme, paBHoH 200 A. Dtm rpadukm marT
npejcraBicHne 00  ypoBHax  curHamoB ~ CHY-
panuoycranoBku Ha CeBepHoMm KaBkasze, KkoTopsbie
MEHSIOTCS COOTBETCTBEHHO B mpenenax (2-4)-10° B/m u
(5-7)-10°* A/m. Habmonaemast yacToTHas 3aBHCHMOCTD F

H o0ycJioBIEHa BIMSHHEM ocobeHHoCTei
re03JIEKTPUYECKOTO Pa3pe3a U HOHOCHEPHI Ha Pe3yIbTaThl
HU3MEpEeHuil.

E. 107B/M: H, 10°% A/m
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Puc. 7. XapakTep HM3MEHEHHS HaAIPSLDKEHHOCTEH
AJIeKTpUYecKoro W MarautHoro momeir CHU-
panmoyctaHoBkH it dactoT 41.6. 83.3. 125.0,
166.6 I'rr B Touke Ne 2.

BeiBoabl
B pesynbrare BBHINOJHEHHBIX 3KCIEPUMEHTAIBHBIX
WCCIIEIOBAaHUH YCTAaHOBJICHA BO3MOXKHOCTb DPErHCTPaLUH
cursaioB CHY-paanoycTaHOBKH Ha TOCTATOYHO OOJIBIIIOM
(2700 xm) ymaneHWHM OT WCTOYHHWKAa B HAIpPaBJICHUH,
ONMM3KOM K MHHHMYMY JAHarpaMmbl HalpaBlICHHOCTH
AQHTEHHOW cUCTEMBI. JlJI1 UCIIOJIb30BABILEHCS alapaTypbl

AK®-2 ¢ paspemennem mo ugactote 0.1 I'm mpespimenuss CIIM curnamos CHY-paanoyCTaHOBKH Hall ypOBHEM
€CTECTBEHHBIX 3JIEKTPOMArHUTHBIX HOyeH i dacToT 125.0 I'm m 166.6 I'n coctaBnsmu ot 5 mo 11 ab. Ha wactoTtax
31.2, 41.6, 62.5 u 83.3 I'u npeBbllIeHUsT MEHEE 3aMETHBIC, M Ul YBEPEHHOTO BBIJIEIICHUSI CHTHAJIOB HEOOXOIUMO
UCIIOJIb30BaTh anmnapaTypy ¢ 0ojiee BBICOKUM pa3peleHneM Mo 4acToTe.

Ha ocHOBe comocraBieHUsl pe3yabTaTOB HM3MEPEHMH B YTPEHHEM M BEUYEpPHEM CeaHcaxX II0Ka3aHo, YTo
OTHOCUTEIIBHBIE PA3JIN4Ms MOIYJIEH MOBEPXHOCTHOrO uMmmnenanca st yactor 125.0 I'm u 166.6 'y He npessimanu 2.1-
2.6%. VYxa3aHHBIE OTHOCHTEIHHO HEOOJIBIIME BEIMYMHBI PA3IMYMA TOBOPST O IPUHIMIHAIBHOW BO3MOXKHOCTH
m3Mepenuit noned CHY-pagnoycTaHOBKH C BBICOKOM TOYHOCTBIO M HEPCHEKTUBHOCTH HCIOJIb30BAHUS JaHHOIO
WCTOYHHKA MPH MPOTHO3UPOBAHNH 3eMIIETPSICEHUH. JIIIsl TOITydeHuUs] BBICOKOW TOYHOCTH M3MEPEHUH MPYU MOHUTOPHHTIE
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CeHCMUYECKOll aKTHMBHOCTH HeoO0XoauMma pa3paboTKa CIHENMaIn3HpOBAHHOW IPHEMHOW ammapaTypbl, METOIUKH
MPOBEACHUS paboT 1 00pPaOOTKH MOTyIaeMbIX JAHHBIX.

ConocTaBieHue pe3ylbTaTOB H3MEPEHUIl €CTEeCTBEHHBIX JJIEKTPOMArHuUTHbIX mojed u curHamo CHUY-
panuoycTaHoBkH mnokasano, uro Merox CHUY3 Oosiee mepcriekTHBEH Uil MOHUTOPUHIA CEHCMHUYECKOH aKTUBHOCTH.

Iomydaemble 1o pesynbraTaM H3MepeHHH anekTpoMarHutHoro noiss CHY-paanoycTaHOBKM 3HA4EHUS Pk U Pz MaJo

3aBUCAT OT BpeMeHU cyTok. 1 metona AMT3 oTMeuaercs Gonee CyleCTBEHHAs 3aBUCUMOCTDb 3HAUEHUH Py U (), OT
BPEMEHHU CYTOK BCJIEJCTBUE KOJICOAHUH YPOBHS €CTECTBEHHOTO 3JIEKTPOMArHUTHOTO MOJIS.

CraTbsl peKOMEHI0BaHa K Me4aTH WieHoM peakosuieruu un.-kopp. PAH A.B. Hukxonaessim.
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The study of the influence of lunar and solar tide-forming forces on the shape of the Earth's surface and on the
character of geophysical fields constitutes one of the fundamental problems in the physics of the Earth. Among
geophysical phenomena accompanying tidal deformations, the study of variations in the electrical conductivity of rocks
is of special interest, since this information can be directly related to the fluid regime in the Earth's crust. The first
positive experience of such measurements was gained in Japan at the beginning of 1960s in connection with the
problem concerning the monitoring of electromagnetic forerunners of earthquakes [1]. The “Zevs” powerful source of
ultralow-frequency (ULF) radiation was for the first time used for the study of tidal phenomena in the work [2]. The
monitoring was carried out at a distance of 950 km from the antenna at a low signal/interference ratio. The present work
describes the experiment of electromagnetic monitoring in conditions of a large excess of the useful signal over the
interference (by a factor of ~50) at a distance of 180 km from the “Zevs” source. Owing to this, as well as to a higher
tensosensitivity of electrical resistance of the Earth's crust in the region of investigations, we have succeeded in
revealing and describing a number of basically new features characterizing the influence of tides on the electrical
conductivity of the Earth's crust and in relating them to the parameters of the fluid regime of the Earth's interior.

The measurements were conducted at the Avva-Guba test site located in the southwestern part of the Kola
Peninsula. The positions of the observation point and the “Zevs” radiating antenna are shown in Fig. 1. The “Zevs”
antenna represents an earthed 60-km-long power transmission line. The magnetic moment of the source attains
2 x 10" A m? [3]. The line is oriented latitudinally. The current with the strength 300 A and the frequency 83.3 Hz was
supplied to the antenna in the course of monitoring. The current was supplied in separate 6-min-long series at 30 min
intervals during 2 days.

The signals were recorded using the SChZ-95 frequency sounding station working in the narrow-band regime on
the principle of super heterodyne [4]. Four components of the field, i.e., two electrical (E,, Ey) and two magnetic

(hy, hy), oriented along the magnetic latitude (the X axis) and the meridian (the Y axis), were measured. The results of
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detailed reconnoitering works have demonstrated a high homogeneity of the section at the receiving point and an
absence of the local S-effect. In the regional plan (Fig. 1), the Avva-Guba receiving point and the “Zevs’ radiating
antenna are situated within vast quasi-homogeneous poorly-conductive blocks of the Earth's crust, far from the large
conductivity anomalies[5].

100 km 1 //2?4\\

el e 27743 4

Fig. 1. Position of the region of monitoring in the “Zevs’ source field. (1) “Zevs’ source of
ULF radiation; (2) Avva-Guba point of signa receiving; (3) blocks with an increased
electrical conductivity of the Earth's crust; (4) low-conductive, more homogeneous blocks
of the Earth's crust (proto basement).

The results of electromagnetic monitoring are presented in Fig. 2 in the form of four panels, each containing the

graph representing variations dH of the vertical component of tidal deformation calculated theoretically for the Avva-
Guba point. The calculations were accomplished by A.K. Saraev in the Institute of Applied Astronomy, RAS, using the

agorithm of [6] accepted as an international standard. The dH curvein Fig. 2 is compared to plots for temporal trend of
the apparent resistivity pfw and pf“ and plots for variations of the phase difference between the conjugated components

of electrical and magnetic fields for the input impedances Z,, and Zyx.
The apparent resistivity was calculated by the impedance relationships for the wave zone conductions:

p;‘.{(ﬂ‘? _ EA[(:)] e _ L
o H,(w)] ®Ho
(o E (w)]* _1
pPrie) =X | - ’
! H.(m)] @Hq

where @ = 27" isthe cyclic frequency in radians, 1y = 4x 107 HA™ is the magnetic permeability of air.

Visual comparison of the theoretical dH curve and experimentally recorded variations of the apparent resistivity
and phase of impedances Z,, and Z,,, revedls their distinct relation to one another (Fig. 2). It can be seen that the p™'t
and p"1 values vary in antiphase with the Earth's surface topography changes. The decrease of apparent resistivity pt
corresponds to the relief rise (tide), and vice versa. The full amplitude of the Earth's surface oscillations is 8 cm from

peak to peak. The maximum amplitude of apparent resistivity variations is 22.5% along the latitudinal component pt
coinciding with the plane of ecliptic, and 11% along the meridional component. The average scatter with respect to the
envelope curveis 2.5%. The accuracy of readings within separate realizations is 0.5%.

The relation of phase curves with tidal deformations is expressed more clearly, as compared to the curves of
resistance (Fig. 2). Thisrelation is directly proportional, i.e., the increase of phase difference corresponds to the relief
rise (tide) and vice versa. The maximum amplitude of phase variations attains 12° at the average scatter 1°-2°.

The analysis of experimental data in the spectral region is of particular interest (Fig. 3). The spectrum of tidal

deformations S? has two (diurna and weaker semidiurnal) harmonics. The spectrum of latitudinal component for the

experimental pr curve has a similar shape; whereas, the diurnal harmonic alone is expressed in the pxy T spectrum. We

have already mentioned above that the latitudinal component pxy T coinciding with the plane of ecliptic is doubly
sensitive to tides. Thus, the tensor character of lunar and solar tidal deformations is manifested.
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Fig. 2. Results of electromagnetic monitoring at the Avva-Guba point. (dH) curve of variations of the
vertical component of tidal deformations; (pxy T and py “T) apparent resistivity values based on impedances

Zy, and Z, respectively; A@ewy, A@Eym, differences of phases between the £, and E,H,
components, respectively.

The results of processing the amplitude and impedance phase by the least-squares method are presented in Fig. 4.
According to these data, the variations of pr and the impedance phase A, depending on the change of vertical
component of tidal deformations dH, are described by the following linear regression equations with the mutual
correlation coefficient C..,, within 0.6-0.8.

pr =66-1.2xdH, kQm,

A, =31+ 053 x dH, deg;
pr =45-042 xdH, kQ m,
Ap,,. =26 + 1.05 x dH, deg.

Among the results presented in Figs. 2 and 4, it is most important to note the observed different signs of relative
variations of the apparent resistivity and impedance phase. The apparent resistivity (p7) growth is accompanied by the
phase diminishing and vice versa. In accordance with the dispersion relationships for the components of impedance, pr
and Ag are related to one another by the approximate Weidelt formula [7]

Api(T) = w4 (d log(pr(T"))/d log(T""))

It follows from the expression presented that the behavior of amplitudes and phases observed in Figs. 2 and 4 can
be physically explained only in the case when it is assumed that the measurements are conducted on the descending

branch of the H- or KH-type p (T ! /2) curve. In this case, the very fact of the observed phase dispersion points to the
existence of a conductive layer at some depth. This in turn suggests that the noted diurnal variations of the apparent
resistivity and phase are of the conductive origin and encompass the entire upper sequence of the Earth's crust to the

depth H comparable with the skin-layer thickness = A /27, where the wavelength A = (107 p/f)"*. In the
investigated region, the average value p = 5 x 10 Ohm m. Hence, it is not difficult to determine that the depth [ at the
frequency f = 83.3 Hz is 7-8 km.
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Fig. 3. Spectra of variations of the apparent resistance p and vertical component dH of tidal deformations of
the Earth's crust based on results of monitoring at the Avva-Guba point; (o™ 1) latitudinal component, (p”"1)
meridional component.

Therefore, the accomplished analysis of the results of electromagnetic monitoring at the Avva-Guba test site
allows us to conclude that the specific electrical resistance diminishes in the upper layer (thickness ~7-8 km) during the
Earth's crust rise (extension) under the action of tides and the resistance grows in the phase of compression (lowering).
In this case, one may suppose that an intermediate layer (depth interval 3-7 km) with a reduced resistance makes the
largest contribution to the diurnal variations of electrical conductivity. The existence of a zone with a reduced resistance
at these depths has been established previously from the data of frequency soundings with a controllable source at the
Kola Peninsula and in Central Finland [8]. It may also be noted that, according to the data of electrical logging of the
K ola superdeep borehole, the maximum fracturing and electrical anisotropy of rocks are observed at the same depths (5-
8km) [9].

The theoretical interpretation of the obtained experimental data on the monitoring of tidal phenomena can be
carried out in the framework of the dilatation-diffusion model described for the first time on the basis of analysis of
seismic forerunners of earthquakes at the Garm test site [10]. One can suppose the pressure decrease and microscopic
crack opening (dilatancy) during the phase of extension owing to the Earth's surface rise (tide). This phenomenon
resultsin a partial drawing of fluids from closed pore spaces into opened voids, the increase of the number of connected
current-conducting channels, and the growth of electrical conductivity of rocks. On the contrary, the phase of com-
pression (ebb) is characterized by the consolidation of rocks and the closing of free cracks. As a consequence, fluids are
squeezed out into closed pore spaces, the amount of connected current-conducting channels diminishes, and,
accordingly, the electrical conductivity of rocks also diminishes.

The processes noted resemble the sponge effect described for the first time for sedimentary rocks based on the
groundwater level change. In conditions of crystalline rocks, the influence of tidal deformations on the fluid regime of
the Earth's crust takes place at the molecular level without any changes in the total content of fluids and al the more
without their translation in space to large distances.

The phenomenon detected opens up fresh opportunities for experimental study of the physical state and dynamics
of the Earth's crust. In this case, the electromagnetic response of the medium to tidal deformations, determined by the

coefficient of tensosensitivity of electrical resistance (CTE), can serve asthe basic informative parameter:

112



CTE:AP/AH
p/ H

where AH/H is the relative compression-extension and Ap/p is the corresponding relative change of resistance.
The value of CTE for the Avva-Guba test site from the results of monitoring of tidal deformations was 2.3 x 10
rel. u. (relative unit) along the latitudinal component and 10° rel. u. along the meridional one. The values obtained

coincide in their order of magnitude with the average CTE values established from the measurements of
electromagnetic responses from earthquakes with a magnitude of 33.5 at distances of 10-15 km from their epicenters

[11].

pr. 10°Qm Ag, deg
Bl - 40+

dH, cm

Fig. 4. Diagrams obtained through the processing of data of monitoring at the Avva-Guba point by the
leastsquares method. (pxy T and py “T) resistivities along the latitudinal and meridional components,
respectively; (A@gxay, AQEyry) phases of Zy,, and Z,, impedances, respectively.

Hence, it may be concluded that tides in their energetic are equivalent to medium earthquakes extended in time
for 24 h. In this case, tidal deformations themselves can be regarded as peculiar catalysts enhancing the response of rock
medium to the electromagnetic disturbance, and thereby allowing us to investigate the Earth's interior structure. The
degree of compactness of geodynamic blocks, the character of electrical coupling, and the relative content of fluid
components along different tensosensitive directions and at different depths can be assessed through multicomponent
and multifrequency measurements (monitoring) of tidal phenomena in the “Zevs” source field at different geodynamic
blocks of the Karelia-Kola region. This in turn will make it possible to solve problems concerning the geological and
tectonic evolution of separate blocks of the Earth's crust and provide their metallogenic assessments. Such
measurements can substantially assist in the evaluation of petroliferous areas in sedimentary cover.
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BBenenue

I[J'ISI KOHTPOJIA HaprI)KGHHO-Z[e(l)OpMPIpOBaHHOFO COCTOSIHUSI T'€OJIOTHYECKOM Cpeabl HIMPOKO HCIIOJIb3YHOTCSA

M3MEPEHHsS  YIENBHOrO OJIEKTPHYECKOTO CONPOTHBIEHHMS () TOPHBIX MOpOA. DTO CBA3aHO C  BBICOKOI
YyBCTBUTEIBHOCTBIO P K CTPYKTYPHBIM OCOOSHHOCTSIM HOPOJ, CTENICHN WX BOJOHACHIIICHUS U MHHEpaIH3alliy BOJBL.
[Ipu BoO3zECTBUM BHENIHEro JABJIEHHS TIeoJorHueckas cpena AeOpMUPYETCs, M3MEHSIOTCS pa3Mepbl MOPOBOTO
MIPOCTPAHCTBA, IPOUCXOJUT JIBIDKCHHE (IIIOWAA WM, KaK PEe3yJbTaT, M3MEHSETCS yJeNbHOE CONPOTHBICHHE TOPHON
ropoabl. Bapnanuy yziensHOro CONpOTHBIICHUS! TOPHBIX ITOPOJ] NIPH M3MEHEHWH MX HANpPSHKEHHO-Ie(OPMHPOBAHHOTO
COCTOSTHHS SIBJISIFOTCSI OJTHAM W3 HauOoJjIee YyBCTBUTEIIBHBIX MIPEABECTHUKOB 3eMileTpsiceHuil. VIHGopMaTHBHOCTH 3TOTO
NPEeIBECTHUKA MOATBEPIKACHa MHOTOUHCICHHBIMH IPAKTUYECKUMHU Pe3YIIbTaTaMHt, TIOJyYeHHBIMH KaK B Hallel cTpaHe,
TaK ¥ 3a pyOesKoM.

Ilpm uCHONB30BaHUM METOJOB DJIEKTPHYECKUX U IJIEKTPOMATHUTHBIX 3OHAUPOBAHMI JUII MOHHUTOPHHIA
CEHCMHUUYECKOM aKTUBHOCTH H MMPOTHO3UPOBAHUA 36Mﬂe’1‘pﬂceHHﬁ Jame BCCro HM3y4acTCsd HU3MCHCHHUE BO BPEMCHH

KaXyLErocsi CONPOTUBIIEHUs (k). Bapnauuu O 06bIMHO HAGIIOAIOTCS B [IEPHO/BI BDEMEHH OT MEPBBIX MECSLEB [0

HECKOJIBKHX JIET Tepe]] 3eMieTpsiceHnsMu [1,2]. Bemuaunel Bapuarmit O Ipu 3TOM MEHSIIOTCS OT MEPBHIX IIPOLEHTOB
1o 10-20 % [3].

J7st 31eKTpOMarHiTHOTO MOHUTOPHHIA CEMCMUYECKOH aKTUBHOCTH 1I€I€CO00pa3sHO MPUMEHSTh BHICOKOTOYHBIE
METO/Ibl, 00eCIIeYHBAIONINE IOJIydeHHEe HaJeKHBIX JaHHBIX U JOCTATOYHO AEIIEBBIE UL CO3MaHMS ceTel HaOJIIoNCHUH
B CEHICMOOIIACHBIX paiioHaX. DTH METOJbI JOJDKHBI 00JIalaTh JOCTATOYHO OOJIBIION INTyOMHHOCTBIO JJISl MCKIIFOUEHUS
BJIMSIHUN CE30HHBIX U METEOPOJIOITHYCSCKHIX (PaKTOPOB.

Meron aynmoMarHuTOTeILTypHUecKUX 30HMpoBannii (AMT3) B HacTosiIIee BpeMs OTBEYAET 3TUM TPEOOBAHUSIM.
Crporast 1 XOpoIo pa3paboTaHHas TEOPHUsI METO/d, OCHOBAHHAS Ha MCIOJIb30BaHUH IJIOCKOH BEPTHKAJIBHO IaJatoIIei
BOJIHBI B KAYECTBE MO MIEPBHYHOTO OIS, 00ECIIeYNBACT HAISKHYIO HHTEPIIPETALHIO ITOTy4aeMbIX JTaHHbIX.

Panee merox AMT3 He pUMEHSUIICS MIUPOKO JUTI MOHUTOPUHTA CEHCMHYECKON aKTUBHOCTH. DTO OBLIO CBS3aHO
C HEBBICOKOH TOYHOCTBIO METOJa M3-3a HECTAOMIBLHOCTH U HU3KOW MHTEHCHBHOCTH €CTECTBEHHBIX 3JIEKTPOMAarHUTHBIX
oJIeil ayIn0YacTOTHOTO JMAla30Ha U CYLIeCTBEHHOTO BIMSHMS NPOMBIIIICHHBIX TOMeX. B mocienHue roasl TOUHOCTb
metoaa AMT3 cymectBernHo Bo3pocia. CoBpemeHHas anmaparypa AMT3 B OnaronpusTHONH MOMEXOBOW 0OCTaHOBKE
IMO3BOJIACT MOJIy4YaTb AAHHBIC XOPOIIETro KauyeCTBa, NPUIOAHBIC JI MCIIOJIb30BAHUA IMTPU MOHUTOPHUHIC CECMHUYECKON
AKTHBHOCTH.

Jocturayras Beicokasi TOUHOCTh MeToia AMT3 1o3BossieT perucTpupoBaTh HEOOIBIINE BaApHALIMN KaXKyIIETOCs
COIPOTHBIICHHUS, OTPAXKAIOIIMEC H3MEHEHHS HaNPsHKEHHO-Ie(OPMHPOBAHHOTO COCTOSHUS TOPHBIX HOpOJ H3-3a

npuinuBHBIX Jedopmannii 3eMHON Kopbl. V3ydeHue NpPUIMBHBIX Bapualui O MOXKET ObITh HUCIONB30BAaHO IS
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MOJICTUPOBAHMUS CEHCMOAIEKTPOMArHUTHBIX SIBJICHUH Tepen 3eMieTpsceHHsMH. BocmnponsBoanMmbie HTaHHBIE 00

U3MEHEHUHU O IOPHBIX B €CTECTBEHHBIX YCJIOBHAX IEpe]l CEHCMUYECKUMHU COOBITHAMM NOTyYUTh HE ynaercs. Bmecre ¢
TEM, U3MEHEHUSI HAIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS TOPHBIX MOPOA IO/ BO3ICHCTBUEM 3€MHBIX IPWIIMBOB U
IIPY TOATOTOBKE 3EMIICTPSICEHHH MOXO0XKH, M HAOMIONEHWS TPWIMBHBIX BapHallMi MO3BOJIIET YCTAHOBHUTH
3aKOHOMEPHOCTH IIOBEJCHUSI 3TOTO MpeABeCTHHKA. [Ipn 3TOM moaxoige K MOMAEIMPOBAHHUIO NPOIECCOB MOATOTOBKU
3eMIIETPSACEHUH H3y4aroTcs OoJblIMe 00BbEeMbl T'OPHBIX HOPOJ B YCIOBUSX €CTECTBEHHOTO 3aJIeTaHUS, M HUMEETCS
BO3MOXHOCTH ITPOBOJIUTH MTOBTOPSIONINECS IKCIIEPUMEHTHI.

Pe3ynbTaThl Takux HaOMIOAEHWH MOTYT OBITH HMCIOJB30BaHBI JUIsl U3YUEHHs 3aKOHOMEpHOCTEll Bapuanmuit Oy
nepesi 3eMIIETPSICCHUSIMU, JIJIsL BBIOOpA TEH30YYBCTBUTEIbHBIX 30H IPU YCTAHOBKE M3MEPUTEIbHOW ammaparypbl, IUis
OIIpe/IeICHUs] ONITUMAJIBHBIX YaCTOT M MOHHUTOPHHIA 332 HanOoJiee YyBCTBUTEIbHBIMU HHTEPBAIAMHU T€0IIEKTPUUECKOTO
paspesa, a Takxke JUIsl ydeTa MPUIMBHBIX 3((EKTOB, KaK MEIIAIIUX (aKTOPOB MPU MOHHUTOPHHIE CEHCMHUYECKOM
AKTUBHOCTH.

B Hacrosiiiee BpeMsi Takke UMEETCs HEOOXOAMMOCTh ydeTa MPUIMBHBIX 3((EKTOB NPU MPOBEIACHUU padoOT
MetogoM AMT3 mns u3ydeHUs TeONEKTPUYESCKAX pPa3pe30B M PEIICHHS T'eOJIOTMYCCKHX 3aaad. PaHee MpHIIMBHBIC
3¢ eKTHI HE YUUTHIBAIHCH M3-32 HEBBICOKOW TOYHOCTH U3MEPCHUIMA.

B nmpenpinyimue rofpl OpUIMBHBIE BapHalud Oy HAOMIOAAIUCH NIPU U3MEPEHHAX METOAAMU JIEKTPOMAarHUTHBIX

30HJMPOBAHUI C HCKYyCCTBEHHBIMM MCTOYHMKaMu [3,4,5]. BbuUIO yCTaHOBIEHO, 4YTO CYTOYHbIE M3MEHEHHUS [y,
CBSI3aHHBIE C MPUIMBaMH, cOCTAaBIIOT 4-10 %. DxcnepumenTs! ¢ poccuiickoit CHY- pannoycranoBkoi «3eBc» [6,7]

THIO3BOJIMIIM 3aPETUCTPUPOBATh HAJIMYME IIPUIIMBHBIX BapHaluil O BennuuHoi 7-15 %.
B HacTosmen craTbe pacCMaTPUBAETCS ONBIT W3yYEHHs MPUIMBHBIX BapUALMN Ka)KyIETOCS CONPOTHBIIEHHS IO
pe3yIbTaTaM U3MEPEHUI €CTECTBEHHBIX dJIEKTPOMArHUTHBIX ITOJIEH.

[punusHble nedopManuu 3eMHON KOPbI
I'paButanmonnoe BozaeWicTBue Jlynst u CojHua NUPUBOAMT K JedopMmanusM 3eMiid U U3MEHEHHUSIM
HANpPSHKEHHOIO COCTOSIHUSL TOPHBIX MOpoJ. I[IpuIuBHBIE CHUIBI MMEIOT MAaKCHUMAJIbHYHO aMIUIMTYJy Ha 3E€MHOU
MIOBEPXHOCTH, YMEHBIIAIOTCS C INIyOMHOW M B LeHTpe 3emsn ucye3aroT. Haubonpmme npuinBHbIE aedopManyun
XapaKTepHbI /1Sl BepTHKaNbHOM cocTtapnstomteit dH. B nanpasnenusx C-IO (dN) u 3-B (dE) npunusubie redopmarun
UMeIoT MeHblive BeanuuHbl. Jlepopmauns dH Mensercs oT MakcuMyma 710 MHHMMyMa Ha 12 cM BOJM3H TIOIIOCOB

3emun u Ha 55 cM oxono dkBaropa. Jedopmamuu dN u dE menstorcs ma 12 cM Bo Bcex mmporax. HanGomnsmee
MIPUJINBHOE BO3/ICHCTBHE HA 3eMITIO Tpon3BoAnTCs JIyHOH; aMIIHTy1a COTHEYHOTO BO3ACUCTBHS IIPUMEPHO B J1BA pasa
MEHBIIIE.

[MpunuBHbIe AedopMaIiK COACPKAT P TAPMOHHK C Pa3IHMYHBIM MIEPHOJOM U aMIUIUTYI0N. VX CHeKTpasibHBIN

coctaB mokazaH Ha puc. 1. Hawubompiredi  amMIuiuTynoun dH, Mm

XapaKTepu3yeTcss TJIaBHAs JyHHas TOJIyCyTouHas BomHa M2 ¢ 100 4 M2

nepuogoMm 12.42 yaca. Bropas no BenuuuHe BosHa K1 ¢ mepuomom 80 — K1 o1

23.93 yaca (3Be3IHBIC CYTKH) CBSI3aHAa C OJJHOBPCMEHHBIM BIUSHHEM 60 g2

JIynst u Coxana. Boxra S2 ¢ meprogom 12 9acoB sBisieTcs TTIaBHON 407

COJTHEYHOH TIIONyCYTOYHOH BOJIHOW (CBS3aHAa C BpAIlICHHEM 3eMITH 207 | e

okoJio ee ocu). Boraa O1 ¢ mepuomom 25.82 gaca siBIsieTcs TTIaBHON S L L B L B L B L B N
v v v 10 12 14 16 18 20 22 24 26 28 30

JIyHHOW CyTOYHOW BOJIHOH. 2 Yace:
OpmnoBpemennoe BozzaevictBue Jlynsl wn  ConmHma uw HX 1.6 —|

W3MEHSIOMIEECs] B3aMMHOE DACIOJIOKEHWE TPHUBOAUT K CIOKHON 12—

KapTUHE MPWIMBHBIX JedopManyii. BelmuuuHbl M 3aKOHOMEPHOCTH 0.8

U3MeHeHUH nedopMaliuii B TEUCHUE JTHS, MECSIA U r0Jla CYIIIECTBEHHO 04 7 | l K

Mensercs. [Ipu aHanM3e 3THX 0COOEHHOCTEH MOXKHO BBIAEINUTH CITydau 0 L L L I L B

cusurnii (Comuue, Jlyna n 3ems pacrionoxkeHsl Ha OHO| mpsamoif) m 8 1 1 oM 28 EZH"

kBanparyp (mpu HabmroaeHuu ¢ 3emuu nonoxenus JIyasl u CoiHia o

obpasytot yron 90 rpaxa.). MUHHMaNbHEIE TPUINBHEIE IehopManun 067

HAOIIOA0TCA B TEPHOIBI KBAAPaTyp, a MaKCHMAallbHBIE — CU3UTUH 04

(puc. 2a,0). ITlomokeHus CH3UTHH W KBagpaTyp OIPEICISIOTCS 0.2 —

BpamenreM JIyHbI BOKpYr 3eMJIM M TIOBTOPSIOTCS JBAKIBI B MECSII, 0 —— A ‘A/‘\ﬁ -

T.€. B T€UEHUE MecsIa HaOIFOJaI0TCs IB€ CH3UTHH M JIBE KBaJpaTyphl o 2 4 6 8 10 12 14 16

(puc. 2B). AMIIMTY1a TPWIMBHBIX OeOpMaluil Takke 3aBHCHT OT Mecsiue!

U3MEHEHUsl pacCTOosSHUsA Mexnay 3emieil u JlyHoil: B amoree 370
paccrostaue paBHo 406 000 kM, a B mepuree — 354 000 kM. Kpome
MOJYyCYyTOUHOW M MOJYMECSYHOM MNEepHOJUYHOCTH HaOII0JaeTcs
MOJIyT0J10Bas NEPUOUYHOCTD, CBSI3aHHAs C BPALLEHUEM 3€MIIU BOKpPYT
Comnnua (puc. 2r).

Puc. 1. TapMoHWKH  BEpTHUKaILHOU
MPUWINBHON jedopMaIMy  JJIsl  YacCOBBIX,
JTHEBHBIX U MECSYHBIX TICPHOJIOB.
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PaccMoTpeHHbIE 3aKOHOMEPHOCTH
[PUIMBHBIX A€()OpMAUE CIIENYET yYUTHIBATH
[pU TUIAHUPOBAHMA PaGOT MO MOHUTOPHUHTY M
0.2 0.2 UHTEPIPETAMU [OJIYYEHHBIX JAHHBIX, T.K. B
Pa3IMYHbIE TIEPUOBI BPEMEHU MOXKHO OXKUIATH
IPUJIUBHBIX Bapuanuit KaXyIerocs
02 T 02 T T COMPOTUBJICHUS PA3TUIHON aAMILTUTYIbL.

dH, m

0.0 0.0

Meton AMT3 u ucnoib3yemast
annapartypa
B r Meron AMT3 OCHOBaH Ha
HCTIOIH30BaHUH €CTECTBEHHBIX
AIIEKTPOMArHUTHBIX IIOJIEH 3BYKOBOTO (ayamo)
JManasoHa 4acTOT OT MIEPBBIX TepI] 0 IMEPBBIX
kujorepn. Ilpu momomum anmaparypsr AMT3
HU3MEPSIOTCA CHUTI'HAJIbI TOPU3OHTAJIBHBIX nu
B3aHMMHO  OPTOTOHANGHBIX  COCTaBJISIFOIIUX
4 8 12 16 20 24 28 32 60 120 180 240 300 360 JNEKTPUYECKOTO M  MArHUTHOTO MOJed u
OHun OTPENEISIIOTCS.  aMIUIMTyJla  [TOBEPXHOCTHOTO

0.2 0.2

0.0 0.0

L L L L L L B B BN DL B B

. uMnenaHca (KaXyIIerocsi COIpOTHBIEHUs Oy) U
Puc. 2. OcobeHHOCTH MOBEJCHUS BEPTUKATIBHOI
¢da3a umnenanca (.. IIpu uHTepmperanuu 1o

aMIUIUTYIHBIM 1 (a30BbIM  KpuBbiM AMT3
MOIY4aloT  TIEO0dJIEKTPUUECKHH  paspe3 10
riyOuHbI 1-2 KM.

B HaIllUX SKCHEPUMEHTAX
HCIIOJIb30BAJIACh YeThIpeXKaHabHas (TeH3opHas) anmnaparypa AK®. I[Tocinenuss monudurkanys faHHOW anmapaTypbl —
npubop AK®-4M [8] Bkirouaer mudpoBoi n3MepUTENbHBINM 010K ¢ KaHaitoMm cBs3u Ethernet ¢ mepcoHanmbHBIM

cocrapysomeii npunuBHLIX aedopmauuit dH nis monoxennit
Jlynsr u Conrma B kBagpaType (a) u cmsuruu (0), a Taxke
MecsaHbIe (B) M rofoBsIe (T) n3meHenus dH.

KOMITBIOTEPOM M YeTbIpe 24-OMTHbIE KaHala [Uli CHHXPOHHBIX M3MEPeHMil cHrHaioB snekrpuueckoro (Ex, Ey) u

marautroro (Hx, Hy) noneit. Juanason pa6ounx gactor 0.1-800 I'. OGbeM BCTpOEHHO# mamsiTi cocTasisier 512 M6.
W3mepeHnst mpoBOJATCS B PEXHMMax PETHUCTPALMM BPEMEHHBIX DSAIOB M CIEKTPOrpaMM. Peann3oBaHBl TEH30pHBIE
W3MEpEHHUs, TMPOTPAMMHEIA KOHTPOJh paboTHl ammapaTypsl, LuppoBas o0pabOTKa CHUTHANOB, BBIYHCICHHE U
BH3YaJIN3aIUsl CIEKTPANBHBIX XapaKTEePUCTHK U3MepsieMbIX cUrHaOB. Anmaparypa AK®-4M obecrnieunBaeT BRICOKYIO
TOYHOCTH m3MepeHuit (1% mo kaxxymemycs conporusienuio u 0.5 rpan. mo ¢asze nmmnenanca).

AHauu3 1 00cysKaeHue pe3yJIbTATOB
9KCHepl/lMeHTLI M0 MOHHUTOPUHI'Y U H3YYCHHUIO Bapnaunﬁ KaXXyHuerocsa CONpOTUBJICHUA 6]:1.]11/1 BBIIIOJIHEHBI B
pasnnunbix pernoHax Poccun u B Keipreiscrane. Ilpu npoBeaeHnn paboT NPUIMBHBIE BapHalMy HaONIOJaIHCh B
HEOJHOPOAHBIX I€0JIOTMYECKUX CPEelax U HE OTMEYAIOTCSI B OJTHOPOIHBIX.
Hnst ydactka B paiioHe r. KpacHosipck paspe3 mpencraBieH
BOJIOHACBIILIEHHBIMU TI€CKAMU W TJIMHAMH B BEpXHEH 4acTu u

?z, rpaa.
moponamu ¢pyHIameHTa (rpanntamu) Ha riryouse 240 m. Kpussie P,Omm paa

Ka)KylLIerocsi ConpoTusiaeHusn) U ¢das3bl uMmnenanca (¢, @2) aus
JIBYX TJABHBIX HAIPABICHUH TEH30pa MUMIICJAHCA B ATOH TOYKE
MOKa3aHbl Ha puc. 3.

3HaueHus Oy B TOUKE 30HAUPOBAHUS MEHAIOTCS B Ipejenax
or 20 go 100 Om'M. [Ing HM3KUX 4YacCTOT XapaKTEpHbI HU3KHE
3HaueHHs (aszbl UMIIEIaHCa, YTO CBSA3aHO C BBICOKHUM YJIENBHBIM .
cormpoTuBiieHHeM Mopon ¢yrmamenta (6omee 10 000 Omm).
AHanu3 TOBEICHWS aMIUIMTYJHBIX M (DAa30BBIX  KPHUBBIX _
TTOKA3bIBAET, YTO OHHU 3aMETHO PA3JIMYAIOTCS KaK Ha BBICOKUX, TaK
M HA HHM3KHX 4HaCTOTaX, MPHYEM KaK AMIUIMTYIHBIE, TaK H 4
(ha3oBble KpUBBIE IEpEeceKaloTCa Mexmy cobow. Pasmuums
aMIUTUTYJHBIX KPUBBIX Ha BBICOKMX YacTOTaX M (Pa30BBIX KPHUBBIX
Ha HHU3KHUX CBHUIETEIBCTBYIOT O CYLIECTBEHHON HEOJHOPOAHOCTH

KaK BEpXHEM, Tak U 0oJiee rTyOMHHON YacTeil paspesa. 10 100 F,Tu
I[To pe3ynpraTaM MOHHUTOPHHIA, BBINOJHEHHOTO 29-

30.07.1996 r., ycraHOoBieHa oOparHas Koppeisauus TrpaduKoB Puc. 3. Kpussie AMT3 Ha yuacTke B paiioHe

BEPTUKAJIBHON cocTaBisiomedl npwimBHOi aedopmarmun dH u r. KpacHosipck.

Ka)XyLIUXCSl CONPOTHBIEHUN Oy U Oy2. Ha puc. 4 npuseneHsl

rpad¥Ki U3MEHEHUH 3HaueHui Py U Py oT Muposoro Bpemenu UT (Universal Time) ans gactotsr 130 I'n. Takoit xe
XapakTep 3aBUCUMOCTH OTMEYAeTCs U IS APYTHX 9acToT U3 Auana3ona 6-200 I'm. [Ipu mogseme 3eMHOM MOBEpXHOCTH
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INPOUCXOAUT YMEHBIIEHUE 3HAYeHMH Kak Oy, Tak U POy2. Bemuuuna Bapuanmii O, cocrapisger okoso 8 % npu

usmenennn dH ua 30 cm.

JanHple 0 MpWIMBHBIX JedopManusx 3eMHON KOpbl B
OTOM U ApYIruX pacCMaTpUBaACMbIX SKCIICPUMEHTAX IMOJYYCHbBI
pacueTHbIM myTeM. Ilpu pacderax uMeeTcs BO3MOXKHOCTb
MOJY4YEHHUsT HEKOTOPBIX YCPEAHCHHBIX 3HAUYCHHUH NPUINBHBIX
nedopMmanuii, KOTOpsleé MOTYT OTJIMYAThCS 110 BEIMYMHE OT
peamsHBIX B TOYKe W3MepeHuil. OmHako, ciBura mo ¢ase ¢
peansbHBIMH eOpMaAMAMI HE MPOHUCXOIUT, U MBI MOXKEM
UCIIONIB30BAaTh PAcyeTHBIE 3HAYCHUS JJIsl CPaBHEHHSA C

Ha yuactke Tam Dbamwar B pailoHe 1. bumkek
(KeIprei3cran) paspe3 MpeacTaBlieH TpaHOAWOPUTAMH Ha
riryouHe okosno 10 M M IepeKphIBAIOIIMMHU  OCaJAO0YHBIMU
ornoxkeHuamu. Ilo nmamaeiM  AMT3  ycTaHoOBIE€HO, 4YTO

3Ha4YeHUs Oy Ha 3TOM ydacTke MeHsorca ot 200 xo 600 Om-m

, OMM
2648K dH, m
—0.2
dH i
04| 0.1
4 P k2 0.0
22 — —-0.1
7 i nmanaeiMu AMTS3.
—-0.2
P k1
20 —
29.07.96 30.07.96
18 ‘ T ‘ T ‘ T ‘ T
12 18 24 6 UT, yacsbl

Puc. 4. PesynpTaThl MOHHUTOpHHIra MJIsi
gactorel 130 I'm Ha ydacTke B paifoHe T.
KpacHhosipck.

(puc. 5a). KpuBble Kaxylerocss CONPOTHBICHUS  JUIs
HampaBJIeHUN MPUEMHON JIMHHUHU 3jeKTprueckoro nons MN 0

rpan. (Ox2) 1 90 rpan. (Px1) pasnnuaroTCs NPUMEPHO B 1Ba
pa3a Ha BBICOKHX YacTOTaX M IIEPECceKaroTCs Ha HU3KHX.
®a30Bple KpUBBIE () U () Ha BBICOKMX YacTOTax
cOMmDKAIOTCS, a HA HU3KUX pacxoasTcs. Takwme ocoOEHHOCTH

aAMIUIMTYIHBIX W ()a30BBIX KPHUBBIX CBUIETEIbCTBYET (KaK M JJIs PACCMOTPEHHOIO BBIIE ydacTKa B paifoHe T.
KpacHosipck) 0 3aMeTHOI HEOTHOPOIHOCTH KaK BEPXHEH, Tak u Ooiee riryOMHHON JacTer paspesa.
Ilo pe3ynpTaTaM MOHHTOpPHHIA, BbIIOIHEHHOro 04.06.2005

r. Ha yyactke Tam bamar Ha yactore 7 I'n, ycraHOBIeHa mpsmMas Pk ,Omm Taw Bawar ¢z, rpagp.

KoppeJisius rpaguKoB IpuiMBHON Aepopmaruu dH v xaxymxcs
CONpoTUBIEHUHl Oy U Ok2 (puc. 6). AHaNOrMYHBIE XapakTep

3aBUCHMOCTEN JUIS Oy U Py2 HabMOAaeTcs U Ha OoJiee BBICOKUX
gacrorax 10 200 I'm. Bemmuuna Bapuanuit coctasnser 2-3 % npu

usmenennsx dH no 30 cm. B untepsanax 12:00 -14:00 MupoBoro
Bpemenu wim 17:00 — 19:00 mecTHOro BpeMeHH HaOIIOMAIOTCS

HEKOTOpbIE pasnuuns nosenenus rpaduxos dH u Py (Ha 1-2 %).
IpuuuHBl  5THX pasiAdyuii  IIpeanojaraercss YCTAHOBUTh B
najJbHEHUIIEeM.

Paznnunblii XapakTep 3aBUCUMOCTH MeXIy rpadukamu Oy 1

dH B KpacrHospckomM ¥ BHIIKEKCKOM PErHOHAaX MOXKeT ObITh
OOBSICHEH Pa3IMYHON CTEICHBIO BOJOHACHIIICHUS T'OPHBIX MOPOI.
Korzaa Bojia OJHOCTBIO 3aI0JIHSET HOPOBOE IPOCTPAHCTBO, TOPHAs
HOpoJia UMEET HU3KOE yJIEeNbHOE compoTuBieHHe. CxaThue cpeibl
(TIp¥ MOHM)XEHHUHU TIOBEPXHOCTH 3€MIIM B Cllydae OTIHMBA) MPUBOIUT
K HNEpeXXUMy MPOBOJSIIUX BOJOHACBHIIIEHHBIX KaHATIOB U YJEIBHOE
CONPOTHUBIICHHE ITOpOJBl Bo3pacTaeT. CHIbKeHHE naBieHHs (TIpH
MOJbEME TOBEPXHOCTH 3€MJIM B Cllyyae INPHINBA) IPHBOAUT K
YMEHBIICHUIO yIEIFHOTO CONPOTUBIIEHHS MOpoasl. B 3TOM ciydae

MbI Habmro/1aeM 06paTHyto Koppesuuto rpaduxos Ox u dH (puc.
4).

[lpn HHU3KOM COIEp)KaHWUHM BOJABI TOpHAs IIOPOAa HMeEeT
BBICOKOE  yIeJbHOE  CONpOTHBIECHHEe. B 3ToM  ciiydae
pacrpeneseHre BOIbl B MOPOJAE HOCHT DPA30OLICHHBIA XapakTep.
Ilpm cxatum cpembl BOJAa W3 YYACTKOB €€ KOHLEHTPALMU
NIPOHUKAET B IOPHl M MEJKHE TpPEeIMHBI, (GOPMHUPYS CETh
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Puc. 5. Kpusie AMT3 Ha ygacTtkax Tam
Bamar u Y4 Omuek B paiione r. bumkex.

B3aUMOCBSI3aHHBIX KaHaJOB, W YJEJIbHOE CONPOTUBIICHHE IOPOJbI YMEHbIIaeTcs. [Ipu CHMKEHMM IaBJEHUsl BOja
YXOJUT M3 MOP U TPEIIMH U €€ paclpe/ieiieHUe B IOPO/ie CTAHOBUTHCS MEHEE CBSI3aHHBIM, YTO MPUBOIMT K YBEIHUSHUIO
yIEJIBHOTO CONPOTHBIIECHUs. B naHHOM cityuae HaOnronaercst Tak HasbiBaeMblil «3ddexT ryoxu» [9]. [Ipu MoHuTOpHHTE

MbI HaOJTI0JaeM NPSIMYIO KOPPENALHIO TPaQUKOB Oy U dH (puc. 6). lomo6HbIE 3aBUCHMOCTH ObLITH paHEe MOTyYeHBI B
71a00paTOPHBIX SKCIEPUMEHTaX C BOJOHACHIIEHHBIMH U CyXHUMHU 00pa3uamu ropHsix nopox [10].

Bosee ciioxHBIH XapakTep 3aBUCUMOCTU OBbLI MOJY4YEeH HaMH MPU MOHMTOPHMHIE Ha y4acTKe C aHW30TPOIHBIMHU
noposamu. ByokcuHckuii MaccuB rpanoauoputoB (Kapenbckuii mepenieex) pacroyiodeH Cpein MeTaMop(hUUecKHx
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nopoa (THeWChl, KpHCTaJUIMuecKue ciaHipl). 110 naHHbIM OypeHUsl yCTaHOBIEHO, YTO T'PAHOJHOPHUTHI MEPEKPHITHI
0CaJIOYHBIMH MOPOJAaMH MOMIHOCTBIO A0 30-40 M. B BepxHeil 4acTw IpaHOAMOPUTOB BBIJAEISIECTCS BBIBETpENas 30HA

MotHocTeIo OT 10 10 40 M.

P k1, OMM dH, cm
350 7Ty - 30
345 - 20
340 dH : :)0
335 [ 10
330 —_ I -20

0 4 8 12 16 20 24

Kpusble kaxyIerocs conpotusienus (Oxj, Px2) U ha3pl UMIIeaaHCca
(Q-1 1 Q-2) WIS TIABHBIX HANPABJIEHHIT TEH30pa UMIIEAHCA IS OIHOTO U3
y4acTKOB ByOKCHHCKOro MaccuBa MOKa3aHbl Ha puc. 7. MuHUMalbHas
KpHBas Py (ciydail E-nonsipusaiiin) coOTBETCTBYET a3UMyTaM IPHEMHOM
TUHAA AnekTpudeckoro moms MN  80-90 rpax., dYro coBmamaer c
MPOCTHPAHWEM  TE€OJIOTUYECKHX  CTPYKTyp  (TJIaBHBIX  Pa3JIOMOB,
aHM30TPONUK TOPOJ) HA JAaHHOM YydacTke. MakchUManbHAas KpHUBas Py
(cmyuait H-monmspusanmu) coorBerctByer azumyTamMm MN 350-10 rpan. u
HATPaBJICHUIO BKPECT TMPOCTHPAHHMIO TEOJOTHMYECKHX CTPYKTYP YdYacTKa.
HeomHopomaHOCTE cpenbl B TOPH30HTAJIHHOM HANpaBICHUH M BIHSHUE
aHU30TPOIUH MTOPOJ MOATBEPIKIACTCSH CMEIICHUEM KPUBBIX Ok U Oy 2APYT
OTHOCHTENIBHO JIpyTa C OTJIMYMEM 3HAYCHHH KaXyIIEerocs COMPOTHUBICHUS

Pe3ynpTaThl MOHHTOpPHHra Ha JAaHHOM Y4YacTKe, BBIIIOJIHEHHOTO
26.07.1998 r., mpencraBisioliero rpaguUKd HM3MEHEHHH BO BpPEMEHH

3HaYeHUH Oy U Pionist vactot 70, 90 1 130 't B cpaBHEHNH ¢ TpaduKom
dH, moxasamel Ha puc. 8. MaxcuMmaneHoe 3HadeHnme dH mpu sToM

AHanu3 noseJeHus TpapuKoB Py U Oy2 TIOKA3BIBAET, YTO Haubosee
3aMeTHBIE TIPHIMBHBIC Bapuanuy (BEJIMYMHOIN 0KOJI0 5%) HaboAal0TCs Ha

gacrorax 70, 90 m 130 I'n ang MUHMMANbHBIX 3HaYeHUM Oy;. [Ipu 3TOM

oTMeuaercs obpaTHas Koppensuus rpadpukos Py u dH (noxpemy 3emuoit

P k2, OMM dH, cm HOPUMEpPHO B /1Ba pasa.
440 - - 30

. - 20
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430 1 dH L 0 cocrasiser 15 cm.

' T
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UT, yacsl

Puc. 6. Pe3ynpraTel MOHUTOPHHTA
Ha yuyacTke Tam bamar.

TMIOBEPXHOCTHU OTBEYACT YMEHBIICHUE KAXYIIETOCS COHpOTI/IBJ'IeHI/I}I).
,HJ'IS[ MaKCUMAaJIbHBIX 3HA4YeHHUU KaXYyHIETOCA COIIPOTUBJICHUSA Ha

gactotax 70 u 90 ' HabmromaeTcs mpsMast Koppensaius rpadukos Oy2
dH (nompeMy 3eMHOIN MOBEPXHOCTH OTBEYaeT YBEIMUYEHHE KaiKyIIerocs

conportusienus). Jns gactorer 130 I'iy B3aumMocBs3u rpagukoB Oy2 U dH

HE OTMEYEHO. OTO MOXKHO OOBSCHUTHL  IOHIKEHHOMN

Pk » OMM ¢z, rpag.

ITyOMHHOCTBIO Oy2 TIPU MOBBIIIEHHOH 4acTOTe MOJs, U CBA3BIO

Px2 B DTOM ClIydae C IEPEKPBIBAIOIIUMU OJHOPOIHBIMU
BOJIOHACHIICHHBIMHI OTJIOKCHUSAMH, U1 KOTOPBIX HMPWJINBHBIX
BapHaluii KaXKyIlerocs CONPOTUBICHNS HE HAOIIOAAETCs.

Ot1cyTcTBHE NPUIMBHBIX Bapualuil Oy Ul OJHOPOJHBIX
BOJIOHACHIIIEHHBIX ~ OCAJO0YHBIX  TOPOJ  HJUTIOCTPHPYETCS
JAaHHBIMA MOHHTOpPWHTa Ha ydacTke Y4 Omuek (bumkexckuit
peruon). Ha sTom ydwacTke pas3pe3 CIOXKEH MOIIHBIMH (COTHH
METPOB)  OCaZOYHBIMH  OTIOXKEHHSMH C  ITOHWKEHHBIMU
3HAQUEHUAMH YAEIBHOTO CONpPOTUBJIEHHA (TI0 pe3yibTaTam
AMT3 mo 200 Omm). Kpussie p, u ¢, s vanpaenernit MN 0
rpag. u 90 rpaxg. Omm3ku Mexngy coboro (puc. 56), uto
CBHJIETENBCTBYET 00 OJTHOPOIHOCTH T€0JIOTUYECKON CpEbl.

JlaHHbIe MOHHMTOpUHTa BbIMoNHeHHOro 27.05.2005 r. Ha
ydacTke Yu Omuek g yactoT 7, 70 u 175 'y B cpaBHeHHH C
pe3ynbTaraMu MoHMTOpUHTa BbinoHeHHOTOo 04.06.2005 1. Ha
yuactke Tam Bamar ju1s Tex e 4acToT NpUBEIeHbI Ha pHC. 9.

Ha y4acTKe Tam Bbamar c BBICOKOM

TCH301YBCTBUTCIBHOCTBIO IIPU HN3MCHCHUAX dH Ha 30 cm

60

20
F, Ny

Puc. 7. Kpussie AMT3 Ha ydacTke Ha
Kapensckom nepenerike.

HaOJII0/1al0TCsl 3aMETHBIE Bapualuu Oy (11 asumyTa MN 0 rpaz.) Ha TpeX 4acToTax, B TO BpEMs KaK Ha yyacTke Y4

DMUEK ¢ HU3KOH TEH304yBCTBUTENBHOCTBIO P u3MeHeHusix dH na 35 cm 3HaveHust Oy HE MEHSIIOTCS B TEYEHHUE JIHS.
AHanorn4Hele 3aKOHOMEPHOCTH OTMEYEHBI Ha 3THX y4acTKax s oy (pu asumyte MN 90 rpan.).

[IpuBeneHuble Ha puc. 9 NaHHbBIE MOHUTOPHHIA MJUIIOCTPUPYIOT BBICOKYIO TOYHOCTh M3MEPEHUH KaXKyIIerocs
conpotuBieHuss (He xyxe 1 %) M BO3MOXKHOCTE KOHTposisi HeOompmmx (2-3 %) HW3MEHEeHWil KaKymerocs
COIPOTHBIICHUS. DTO MO3BOJAET CIHENaTh BBIBOJI O BO3MOXKHOCTH NpuUMeHeHHs Merona AMT3 ¢ mcnons3oBaHueM
COBPEMEHHOM ammaparypbl JUIi MOHHTOPHHIA HaIpsDKEHHO-Ie(OPMHUPOBAHHOTO COCTOSIHUS TOPHBIX IIOPOA H

MIPOTHO3UPOBAHUSA 3EMIIETPSICEHUH.
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Puc. 8. Pe3ynbpTaThl MOHHTOPHHTA Ha ydacTke Ha KapenbckoM mepemeike
Taw Bawar
P2y OMM P2y OMM Pr2y OMM dH, cm
440 7Mu - 30 620 70 My 30 610 175 Ty 30
20 20 20
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Puc. 9. Pe3ynpTaTel MOHMTOPHHTA Ha yuyacTKax Tam Bamat u Y4 Dmuek B paiione r. bumkek.

BriBoabl
1. U3MmepeHust ecTeCTBEHHOTO 3JEKTPOMArHUTHOTO TOJIS B ayJAHMOYacTOTHOM JHara3oHe MO3BOJIMIN YCTAaHOBUTH
HAJIMYMC KOPPEIAIUN MEKIY BapHALMAMHU KaXYIIErOCs COMPOTHUBICHUS W MPHIMBHBIMU AcopMarusMu 3eMHOMN

KOpbl. Bapuaumn QO ¢ ammmnrymoil 1o 3-8% CBSI3aHBI ¢ BEPTUKANBHBIMH NPHIMBHBIME aepopmaumsamun dH c
ammmuTyaoi 15-30 cm.

2. IlpunuBHBIE BapHalluy KaXyIIEerocs CONMPOTUBIEHHUS HAOIIOIAI0TCSl B HEOJHOPOAHBIX I'€0JIOTHYECKUX CPeaax.
Ha yvacTkax ¢ MOLIHBIMH OJHOPOJHBIMH OCaJOYHBIMM HOPOJAMU B BEPXHEH YacTH pa3pe3a 3aMETHBIX MPUIMBHBIX
Bapuanui Oy He OTMEYEHO.

3. [o pe3ynbraram HaOMIOJCHUI OBUIM MOMYYEHBI KaK MpsIMasi, TAK U 00paTHasi KOPPEJSLUK MeXIy rpaduKaMu
px 1 dH. Pasnuunbli XapakTep NPUIUBHBIX BapHalUi Oy OOBSICHAETCS Pa3MYHON CTENEeHbIO BOJOHACHIIEHHOCTH
nopox. Ilpsmas koppensiuust rpagukoB Or u dH nabmropanack B CyXux MOpOAax ¢ BBICOKMM  Y/IETbHBIM
COIIPOTHUBIIEHUEM, a 00OpaTHAs KOPPEIALHS - B BOJOHACHIIICHHBIX IIOPOJIaX ¢ HU3KUM YACIHHBIM COTIPOTUBICHUEM.
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4. Tlo pe3ynbTaTaM MOHMTOPHHTA HAa YYacTKE C aHU30TPOIHBIMM MOPOJAMHU YCTAHOBJIEH PA3IMUHBIN XapakTep
koppensiumn Py 1 dH s cydaes pasnudHOi nonspusanuu: npsMast Koppessiuus s H-nonspusauuu, u oGpatHas —

nns E-nonspusanuu. Bosee 3aMeTHBIE U3BMEHEHHUS P, XAPAKTEPHBI IS F MOIAPU30BAHHOTO MO,

5. BeICcOKas TOUHOCTh M3MEPEHU KaXyIIerocsi COnpoTuBieHus (He xyxe 1%) ¢ ucrnoap30BaHUEM COBPEMEHHON
anmapatypsl AMT3 no3BossieT peructpupoBats Hebospmme (2-3%) Bapuanuy Kakymierocst conpotusienus. [Toatomy
Metrox AMT3 MOXeT HCHOJIB30BATHCS ISl MOHUTOPHHTA HANPSHKEHHO-1e(OpPMUPOBAHHOTO COCTOSIHUSI TOPHBIX TIOPOJT
U IPOTHO3UPOBAHUS 3EeMIIETPSACEHUI.

Pa6ora BrrmosaeHa npu moanepxke nmpoekra MHTI Kr-583.
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Abstract - An overview of current deep studies with the use of a new type of electromagnetic source in the
extremely low frequency (ELF) range is presented. The results of the experimental explorations with the “Zevs” ELF
installation located in the north of the Kola Peninsula are reported. The soundings in the near-field zone, DC soundings,
soundings in the frequency and transient-field regimes in ore regions, and deep soundings in the wave zone, at a
distance of up to 1100 km, are described. The influence of the ionosphere and displacement currents on the results of
deep soundings was analyzed. The possible use of the “Zevs” ELF radio installation in applied and basic geophysics is
discussed.

Introduction

This paper is devoted to the analysis of possibilities to use a new type of controlled source - a powerful radio
transmitting installation of extremely low frequency (ELF) range-in deep electromagnetic studies. Before describing the
installation and the initial results, it is appropriate to review previous studies in this direction.

The history of electromagnetic soundings of the Earth using powerful controlled sources began in the mid-1940s,
when the first deep soundings were carried out in the Gulf of Finland [Kraev et al., 1947]. The soundings used a
grounded electric line submerged in the sea and fed by a direct (pulse) current. The power installation composed of a
battery of lead-acid cells provided a current of up to a thousand amperes in the line. The observations were conducted
along the ground and sea lines and used an analog-type measuring apparatus. These works, with a separation of up to 75
km, showed that a conductive layer exists in the crust, at depths of 10 to 20 km. Around the same time, geoelectric
measurements were performed in Sweden, with the use of grounded electric lines of up to 200 km in length, with the
purpose of studying the influence of ground currents on underground service lines [Lundholm, 1946]. From these
works, it was proposed that the electrical conductivity of the crust, at a depth of about 30 km, increases.

The results of soundings in the Gulf of Finland lent impetus to the further development of deep soundings in the
USSR, which were based mainly on the magnetotelluric method developed by A.N. Tikhonov [1950] and L. Cagniard
[1953]. Along with this, the technique of soundings with controlled sources continued to improve. Of the most
important results, we note a series of deep dc soundings carried out in the United States and Canada in 1963-1968, with
the use of mobile sources and sections of power lines [Cantwell et al., 1965; Samson, 1969]. The studies were made in
connection with the choice of the territory for installation of antennas for the underground and land-based low-
frequency wireless communication that could be used to detect electromagnetic signals from distant nuclear explosions,
to perform the communication with submerged objects, and to solve other tasks. The working separations reached 200
km for the line length from 37 to 218 km.

The studies in the Dallas area [Cantwell et al, 1965] indicated a strong inhomogeneity of the underlying
basement. The average resistivity of the basement in the eastern sector of the examinations reached 20000 Q-m,
whereas in the southern sector, at a distance of about 200 km, the resistivity was only 10 Q-m. According to the quoted
authors, the cause of such great variations in the crustal resistivity at depth is related to the possible effect of a E-W-
oriented deep-seated fault. From data of various authors, the depth to the conductive layer in the crust ranges from 70
km in North America [Cantwell et al., 1965] to 10 km in Canada [Samson, 1969].

These and other results suggested an abrupt electrical inhomogeneity in the Earth's deep structure. This, in turn,
led to the abandonment of possible distant underground wireless communication with the use of low-frequency
electromagnetic waves, which propagate over hundreds and even thousands of kilometers in the poorly conductive
middle crust. In this case, the latter might serve as an unusual waveguide between two highly conductive shells: the
fluid-containing upper crust with a thickness of 5-10 km and the high-temperature conductive lower crust at depths of
40-50 km.

During 1965-1976, a wide program of deep soundings was performed in southern Africa [Van Zijl, 1969; Van
Zijl and Jubert, 1975; Blohm et al., 1977]. The DC soundings were carried out using the dominantly four-electrode
Schlumberger array. The Cabora-Bassa high voltage 1250-km-long DC line and telephone lines were used during the
period that it was made operational. The maximum AB/2 separations reached 620 km. The results of these many-year
studies were generalized by Van Zijl and Jubert [1975]. Unlike the results for North America, they concluded that the
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crustal conductive layer exists throughout the southern African crystalline shield, at depths of 10-20 km. The nature of
the conductive layer was related to the dehydration of the rocks.

A number of deep soundings were also carried out in Central Europe (in France), with the use of DC sources
[Migaux et al., 1960] and the earth current of electrified railroads [Mennier, 1969]. The high electrical conductivity of
the sedimentary cover and the restricted separations (a few tens of kilometers) in these experiments did not allow the
study of the lower crust structure.

In the early 1970s, the technique of soundings with controlled sources was supplemented by a pulse
magnetohydrodynamic (MHD) generator with a power of up to 80 MW. A series of experiments was carried out in the
Urals, Pamir, and the Kola Peninsula [Astrakhantsev et al., 1977; Velikhov and Volkov, 1982; Velikhov et al., 1984;
Zhamaletdinov, 1982]. The results of the Ural MHD experiment conducted on a restricted network of profiles were
found to be affected by a thick conductive fault. Consequently, in spite of the great depth of these studies, up to 40 km,
only ambiguous results for the electrical model of the crust in this region were obtained. The experiment with the
Khibiny MHD source on the Kola Peninsula used areal measurements and a network of regional profiles covering
northern Karelia and adjacent parts of Finland and Norway, along with the Kola Peninsula. The observations were used
to develop a block model for electrical conductivity in the upper crust and to identify homogeneous poorly conductive
basement blocks, on which the measuring sites were then concentrated. These studies were intended for the deep
sounding of the lithosphere through its total thickness. The current in the antenna (flooded circuit) reached 22000 A.
The measurements were made at distances of up to 600-700 km from the source.

These studies allowed the assessment of the character of variations in the crustal electrical conductivity to depths
of 100-150 km in a frequency range of 0.05- 2 Hz and gave an overall estimate of the transverse resistivity of the crust

T =h-p (Ris the thickness and p is the resistivity of poorly conductive crust) reaching 2:10"° Q'm?* [Zhamaletdinov,

1982, 1990]. Such a high transverse resistivity was confirmed in the order of magnitude by the model calculations
[Vanyan et al,, 1989] and suggested the absence of conductive layers in the crust, at least, to a depth of 30-40 km.
However, this conclusion is at variance with the majority of the previous results derived from deep soundings with
powerful controlled sources and magnetotelluric (MT) and audiomagnetotelluric (AMT) soundings [Jones, 1982;
Kovtun et al., 1986].

During approximately the same years, deep sounding experiments began in the Soviet Union with the use of
industrial power lines. Glaze-melting installations [Sapuzhak and Enenstein, 1980] and DC power lines [Zhamaletdinov
et al., 1981, 1990] were employed as current sources. In the experiments with the Volgograd-Donbass 800 kV DC
power line, 473 km long, the current reached 1400 A in the doubling regime. However, in spite of the large achieved
separations (up to 504 km), the curve of apparent resistivity from the distant sounding did not exceed the bounds of the
ascending asymptote, which suggested the absence of conductive layers in the crust, at least, up to a depth of 2030 km
and the presence of a high transverse resistivity of the crust (on the order of 10" ©-m?), which impedes the penetration
of current to large depths.

Thus, the analysis of the deep soundings presented above shows that the basic problem on the electrical
conductivity model for the crust has not yet been resolved, since the results obtained by various researchers with the use
of different methods are at great variance. Further searches for unambiguous solutions must lie in the manner that
alternative methods of deep electromagnetic soundings are applied.

A new step in the technique of Earth soundings is related to the application of ELF radio transmitting antennas.
The first experiments in this direction were carried out in 1990-1993 [Velikhov et al, 1994]. Studies on the
development and creation of the ELF antennas and on the propagation and detection of low-frequency electromagnetic
oscillations in the Earth-ionosphere waveguide began in the Soviet Union and the United States in the mid-1960s. The
purpose of these works was to solve the problems of wireless communication with submerged objects and of the
detection of underground nuclear explosions [Ames et al, 1963; Keller et al,, 1966; Bernstain et al., 1974]. The
attractiveness of using extremely long radio waves for these purposes is related to the following unique features of the
ELF range.

(1) The ELF waves propagating in the Earth-ionosphere waveguide penetrate sufficiently deeply into the
waveguide walls. For a frequency of 100 Hz and lower, the maximum depth reaches 100 m in the ocean and 10-15 km
in crystalline shields.

(2) The properties of the waveguide are such that the attenuation of ELF waves, inferred from experimental data,
decreases as the frequency decreases, from 1020 dB/1000 km for a frequency of 1 kHz to 12 dB/1000 km for a
frequency of 100 Hz. This provides virtually global communication with remote objects for a fixed transmitter position.

(3) Due to their great length, the parameters of ELF wave propagation minimally depend on the ionosphere
disturbances. This provides a higher stability of communication compared to high-frequency transmitters.

1. Methods of ELF wave radiation
An important feature placing specific constraints on the design of ELF antennas is their small linear dimensions
compared to the wavelength in air, which leads to problems regarding their high reactive impedance. In the vertical
antenna, while generating the ELF waves, electrical break-down occurs before the necessary current is reached.
Consequently, an optimum vibrator for the ELF radiation is a horizontal line grounded on its both ends. The principal

requirements to such an antenna are a sufficiently large electric moment P = J-/ (where J is the current in the antenna
and [ is the antenna length) and a sufficiently low conductivity in the underlying half-space. The latter requirement is
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caused by the necessity to obtain the maximal radiating magnetic moment. The grounding of the antenna ends provides

a path for the returning earth current. The current is concentrated at a depth approximately equal to 5/ \/5 , where
0=./2 p/ WU, is the skin thickness in the Earth. At distances exceeding 30, the field of the horizontal grounded cable

can be represented by a vertical magnetic loop with an area of L0 / \/5 .

The generator power required to produce the necessary magnetic moment of the antenna is determined by the
total complex resistivity at the antenna input. The active component is created by the resistance of the grounding

systems, the lead, and the returning path of the earth current. The earth current resistance R, is produced by the
Foucault currents in the Earth. The value of R, is usually estimated assuming that the earth current flows in a half-
cylindrical hollow provided that / >J; in this case, R, = @, /8 [Bernstain et al., 1974].

The grounding systems are a special problem in the design of the ELF antennas. The requirement of the minimum
conductivity of the ground beneath the antenna leads to the necessity of using the ground connections occupying large

areas in order to diminish their resistivity. The grounding resistivity R is estimated to an accuracy sufficient for practice
by the formula R = p / [ for a linear grounding with length / and by the formula R = p / P for a plane grounding,

where P is the grounding perimeter (in m). Hence, one can see that, for the average resistivity of the ground p:104Q-m,
the transient grounding resistance on the order of 2-3Q is provided by a grounding with an area of no less than 1 km?.

The reactive impedance is the sum of the inductive and capacitive components. For the end-grounded feeder, the
effect of a distributed capacitance is similar to that of a resistor placed in parallel with the grounding resistor. In this
case, the wire will be under the same potential, and for a low grounding resistance, the influence of the capacitive
reactance can be neglected. Consequently, the wire inductance makes the main contribution to the reactive impedance
of the ELF antenna. Inductive reactance R reflects the accumulation of energy in the magnetic field and is proportional
to the field frequency

R, =alL, Q,

where L is the running inductance of the wire lying on the ground. In practical calculations, L is set as 3-10” H/km
[Veshev, 1980]. For a frequency of 100 Hz, the inductive reactance of the 100-km-long antenna is approximately 180€2.
In order to achieve a purely resistive load on the circuit, the matching capacities are introduced in a series connection to
the line so as to form a series resonance RLC circuit. The further matching of the circuit is made by adjusting the circuit
quality factor.

2. Experimentswith the ELF transmitters

At the present time, two projects that practically realized the ELF communication are known: "Sangwin"
(United States) and “Zevs” (Russia). In the course of the realization of the "Sangwin" project, a few transmitting
antennas were first constructed [Bernstain et al., 1974; Bannister, 1974]. One of them was installed in North Carolina
in 1966-1967. A 176-km-long horizontal wire served as the transmitting antenna and was fed by a current on
frequencies of 78 Hz, 156 Hz, etc. The observations were performed along a 4900-km trace (up to Iceland).

Another series of observations was conducted in the state of Wisconsin in 1971-1973 (United States). The
transmitting VIU antenna was composed of two orthogonal grounded lines, each of which had an individual power
supply at the central point, in a frequency range of 45 to 75 Hz. Each of the antennas was 22.5 km long, and the
maximum current was 300 A. The directivity diagram of the antenna could be controlled by choosing the phase
difference between the currents in two vibrators, which provided the omnidirectional pattern. The location of the VIU
antenna and the sites of signal detection are shown in Fig. 1. The measurements were carried out at shore stations and
onboard an atomic submarine that passed across the Pacific Ocean. The signals were received at depths of up to 100 m
and at distances of up to 11 000 km.

The positive results obtained served as a basis for designing the main “Sangwin” transmitting antenna, in which
the length of the transmitting grounded line was made longer due to the use of a "lattice" of vibrators. The use of
several parallel lines allows the construction of a more compact antenna, the moment of which is equal to the
geometrical sum of the moments of all the lattice elements.

In the Soviet Union, studies in the field of ELF wireless communication were performed at several research
sites, and one of them is located in the north of the Kola Peninsula. In the first stages of the ELF developments in this
region, the Kola-Serebryanka industrial 110-km power line was used in the period of its initialization. This line
provided the first series of successful experiments on the detection of ELF signals at distances of up to 4000-5000 km.

The next step was the creation of a specially radiating system called “Zevs”. It consists of two parallel
asymmetric grounded 60-km-long vibrators fed from two sinusoidal-voltage switch-generators that were installed at
each of the groundings. The transmitter provides the antenna current of up to 200-300 A, in a frequency range of 20 to
200 Hz [Velikhov et al., 1994]. The sinusoidal current in the antenna can be given on the frequency network with a
step of 0.1 Hz. The frequency of the master oscillator is determined by the “Giatsint” system with an accuracy of
variations no worse than 107 s.

The “Zevs” antenna is located on the Murmansk crystalline block of the Archean age. The crust in this region is
characterized by very high resistivity exceeding 10°Q'm at depths of about 10-15 km [Zhamaletdinov et al., 1991]. At
the time of designing the “Zevs” antenna, extensive geoelectrical observations were performed in this region with the
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purpose of choosing suitable traces for air power lines and the sites of their grounding. The studies were headed by the
staff members of the Saint Petersburg University, Prof. A.V. Veshchev and Assistant Prof. A.V. Yakovlev. The
electrical exploration revealed the local zone of low resistivity suitable for the siting of power groundings and helped
to design the radiation parameters of the antenna.
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Fig. 1. Arrangement of the Sangwin and “Zevs’ ELF antennas and the location of detection sites.

The successful location of the “Zevs’ antenna and high technical parameters of the power installation provided
the radiation power sufficient for the reliable detection of signals at a distance of up to 10000 km in the Atlantic and
Pacific Oceans (Fig. 1). The estimated equivalent magnetic moment of the antenna is on the order of 2:10™ A-m?.

Many methods for calculating the parameters of propagating ELF waves have been developed [Al'pert, 1988;
Galleis, 1968; Bernstain et al., 1974; Akindinov et a., 1978; Makarov et a., 1993]. The ELF field is believed to
propagate in the Earth-ionosphere waveguide as a vertically polarized, transversely electric TE mode. It includes the
horizontal component H,, (longitudinal relative to the waveguide boundaries) and the vertical (transverse) electrical
component £z. Due to the Leontovich boundary conditions, component /1, produces electric field £y at the Earth's
surface. In this case, a part of the energy is scattered downwards as a plane el ectromagnetic wave provided that £y <<
ke, where ky and k. are the wave numbers of air and the lower half-space (the Earth), respectively. Intensity £y of the
horizontal field is determined by the input impedance of lower half-space Z,

E,=ZH, where Z,=./p,aU, .
The deep sounding of the Earth in the ELF antennafield can be performed by studying impedance £, / H o

The table lists the calculated electric and magnetic components of the ELF antenna field for the parameters of
the “Zevs’ source, at the points located along the antenna axis, at different distances from the source. The calculations
were made by the formulas given by Bern-stain et al. [1974] and Akindinov et al. [1976]. The adopted methods of
calculations differ mainly in the procedures of allowing for the attenuation coefficients of ELF waves in the Earth-
ionosphere spherical waveguide. Both quoted papers used the same frequency dependence of the attenuation
coefficients, which is based on the experimental study of the lightning discharge propagation parameters, the Schuman
resonances, and artificial signals from the “Sangwin” source on frequencies of 45 and 75 Hz. The calculations took
into account the energy of an incident wave and the wave passing around the Earth along the great circle. The electric
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field intensity was derived from magnetic field /, through the impedance of a homogeneous half-space with a
resistivity of 10*Q-m. The remaining parameters are indicated in the note to the table. One can see that the field values
obtained by the formulas of Akindov et al. [1976] are 30% greater than those from the formulas by Bernstain et al.
[1974].

Comparative table of the ELF “Zevs” field amplitudes calculated by formulas from various sources

7 (km) Bernstain et al., 1974 Akindinov et al., 1976

H,, 0.1nT Ey, mV/km H,, 0.1nT Ey, mV/km
1000 2.57 0.57 3.67 0.82
2000 1.62 0.36 233 0.52
3000 1.20 0.27 1.71 0.38
4000 0.94 0.21 1.34 0.30
5000 0.77 0.17 1.09 0.24
6000 0.66 0.45 0.91 0.20
7000 0.57 0.13 0.77 0.17
8000 0.50 0.11 0.67 0.15

Note: The values accepted in the calculations: the underlying space resistivity is 10 000 Q'm, the height of the
ionosphere is 100 km, the antenna length is 60 km, the current in the antenna is 300 A, the attenuation coefficient is
1dB /1000 km, the azimuth of the receiving point relative to the axis parallel to the dipole arm is 0° (axial installation),
the source current frequency is 100 Hz, and the ratio of the light velocity to the phase velocity of the ELF wave is 1.4.

In order to gain an impression of the distribution of the “Zevs” ELF antenna field in the CIS territory, Fig. 2
shows an approximate diagram of isolines of the total horizontal magnetic field at a frequency of 100 Hz, for a current
of 300 A in the antenna. For longer distances (above 3000 km), when the Earth's sphericity must be taken into
account, the calculations were based on the formulas from the paper [Bernstain et al., 1974]. For distances shorter than
3000 km, the electromagnetic field of the “Zevs” source was calculated by the formulas for a horizontal electric dipole
in a plane layered medium [Shevtsov, 1995], which are present in section 5 below. The main seismic risk zones in the
CIS territory, which are interesting for electromagnetic monitoring with the purpose of earthquake prediction, are
hatched in Fig. 2. In the diagram of isolines, one can see that the magnetic field varies from about 0.05-0.07 pT in the
seismic risk zones of the northern Caucasus to about 0.04 pT in the Kamchatka region of operating volcanos. As
shown below, the modern apparatus is capable of detecting these signals. Records of ELF signals were obtained at
many sites in the CIS territory (in Vladivostok, Transbaikalia, the Crimea, and the Caucasus), and the observed field
amplitudes were found to be close to those calculated in Fig. 2.

The “Zevs” installation is presently a unique operating object of ELF radio communication. Nevertheless, its
obvious advantages described above have a number of constraints. First of all, it is a one-way type of connection,
since large wavelengths require enormous antennas with linear sizes of tens and up to hundreds of kilometers. The
high losses on radiation require the application of powerful sources. The conversion coefficient is, on average, 107;
i.e., each watt of the radiated energy is related to an expenditure of generator energy of up to 100 kW.

Nevertheless, the rapid development of computerized digital data-processing methods, the appearance of
modern low-noise antennas for detecting weak signals, as well as wide possibilities for using satellite systems for the
synchronization of source and receiver open new ways to develop ELF wireless communication. The principal
prospects are related to the development of multipurpose systems intended, on the one hand, to solve the problems of
basic and applied geophysics, and on the other hand, to further expand the possibilities of ELF systems for working in
the interests of the Russian navy. This paper is devoted to the results of studies obtained with the “Zevs” antenna for
solving geological and geophysical problems.

3. Soundingsin the near-field zone of the EL F antenna

Already, in designing the “Zevs” radio transmitter in this region, vertical electromagnetic soundings were
carried out to choose the trace of an air power line and areas for grounding. These works continued with the use of
natural and controlled electromagnetic sources for improving the radiating parameters of the antenna.

In 1989, the problem on the use of the “Zevs” ELF antenna was stated in the framework of the program
"Conversion" for solving the tasks of deep sounding of the crust and studying the ore field structure.

In the first step, in 1990-1991, a series of deep DC pulse soundings was performed by connecting an ERS-67
external source of the 29-kW power directly to the ends of one of the antenna. A current of 25 A was delivered to the
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line, in the form of alternating rectangular pulses with a pulse spacing of 8 s. The digital detection with the subsequent
stacking was made with the help of the TsAIS apparatus. Three components of the electric field were measured at
each point: two mutually orthogonal and the third component turned at an angle of 45° to the first two components.
This allowed the estimation of the direction of the total horizontal vector, along with its modulus. The position of the
observation sites was chosen in arbitrary parts of the plane table, depending on the presence of roads (Figs. 3a, 3b).

The results were treated and interpreted for the total vector of the horizontal electric field |E| = 1[Ef + Ey2 for
dE/dt —0.

1000 km
[

Les™] 1 EZA 2

Fig. 2. Isoline pattern of the total horizontal magnetic field from the “Zevs” source in the CIS territory
from theoretical calculations. (1) Magnetic field isolines (in 10™ nT), (2) seismic risk zone in the CIS
territory, (3) schematic propagation of ELF signals in the Earth-ionosphere waveguide. Dashed-dotted
lines are the axial (0°) and equatorial (90°) lines of the “Zevs” source on the map.

The field was normalized with the help of geometrical coefficient K defined as a quantity inverse to intensity £,

of the field created by the superposition of the power line groundings above a homogeneous half-space with p= 1Q-m
[Zhamaletdinov et al., 1981].
2

1 _ D =
E,=— rA4+rA4—%
2r (r,7y)

A'B

where 74 and 7p are the distances from an observation point to groundings 4 and B, respectively.

The working separation parameter was calculated by the empirical formula 7% =5 + 0.5(rg-ry)(rq! ra),
where 4 < 7.

The calculations of the theoretical curves showed that the adopted parameter of the effective separation allows
us to reduce the sounding curves, obtained at various angles to line AB, to a unified comparable form. The soundings
with the “Zevs” antenna were combined with the previous soundings by the MHD generator "Khibiny"
[Zhamaletdinov, 1990] and with the results of dipole frequency sounding from an additional grounded dipole A,B,
(Fig. 3b) on low frequencies corresponding to the near-field zone [Zhamaletdinov et al., 1991]. The obtained results
were used to construct a unified curve of distant sounding with a separation of up to 350 km (Figs. 3c, 3d). It can be
seen that the apparent resistivity has a large scatter indicating the great inhomogeneity of the upper crust. In most
cases, we succeed in establishing the relationship between the abrupt deviations of p, toward lower values and the
location of observation sites in the zones of tectonic disturbances or within specific geological formations
characterized by a high content of electron-conducting carbonaceous rocks.

Figures 3c, 3d show two alternative interpretations of the results: the K-type section with a thick poorly
conductive crust, including a smooth decrease in conductivity at depths of 30-40km, i.e., at the Moho level (Fig. 3c¢),
and the section with an intermediate conductive layer at a depth of 10-20 km (Fig. 3d). The transverse resistivity of the
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crust 7 =hp is estimated at 4-10°Q-m’, for an average crustal resistivity of 10° Q-m’ and a crustal thickness of 40 km.
One or another of the models is chosen by the interpreter and, until recently, has remained questionable. These rather
uncertain estimates exhaust the possibilities of the geometrical (distant) principle in the studies on the deep structure
of the crust, since, in the course of increasing the separations and sounding depth, the receiver must move to new
geological conditions, which leads to the accumulation of uncontrolled errors.
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Fig. 3. Results of DC electric soundings in the field of the “Zevs” ELF antenna and Khibiny MHD
source in the Kola Peninsula. (a) location of the receiving sites at large distances of 20-400 km from (/) the
“Zevs” and (2) Khibiny sources. (b) location of the sounding sites at small distances from (1) “Zevs”, (2)
dipole ERS-67, and (3) VEZ (with AB/2 of up to 8 km) sources. (c, d) two fitted versions of the electrical
section model.

4. Studies with the “Zevs” source in ore regions
The principal prospects of deep soundings are related to the use of the “Zevs” source in the frequency mode,
when the variation in the sounding depth is reached due to the skin effect. As the frequency decreases, the skin
thickness increases and so does the depth of the field penetration into the Earth. Such studies were first carried out in
the Pana-Tsaga platinum-bearing province, 120 km south of the ELF antenna (Fig. 4). The current was delivered to the
line from two sources: the ERS-67 general group in a frequency range of 1 to 1000 Hz and the main “Zevs” power

installation in a narrower frequency range of 31.2 to 166 Hz, with a frequency step of \/E . The measurements were
made in 1991 with a single-channel analog receiver working on the super heterodyning principle.

At all the observation sites, we obtained unusual descending curves of apparent resistivity with several bend
points. These latter can be formally interpreted as thin conductive layers at depths ranging from 1.7 to 7 km. The
soundings were performed at five sites spacing, on average, 10 km apart (Fig. 4b). With such a rare network, it is
difficult to closely interpret the data, especially in the geologically complex Pana-Tsaga rivers region. Nevertheless,

the regular course of the obtained p, curves enables us to construct the electrical section (Fig. 4a) in which we
observe conductive layers gently sloping toward the north. The uppermost position of the top of the upper conductive
layer, at a depth of 1.7 km, was fixed at point 1 (Fig. 4b). This suggests the gently sloping dip of the conductive base
toward the northeast. This conclusion agrees with the location of seismic reflection boundaries in Fig. 4a and with the
general geological views of a trough-like structure of the region with the same dip of the boundaries toward the north-
east.
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Fig. 4. Results of deep soundings with the “Zevs” source in the areas of the Pana and Tsaga intrusions.

(a) Deep seismogeoelectrical section: (/) diagram of the S-18 hole electrical logging, (2) conductive layers from
the interpretation of soundings with the “Zevs” ELF antenna, (3) seismic reflection planes, (4) basic and ultra
basic rocks in the Pannonian terrain. (b) Location of the observation profile on the geological map in plan: (1)
points of soundings with the “Zevs” source, (2) the direction of dip of the conductive base from sounding results,
(3) enclosing gneisses, (4) Pannonian terrain rocks, (5) Tsaga intrusion rocks.

At the northern flank of the Pana
layered intrusion hole S-18 was Pu: 2 m p.Qm
subsequently drilled near the sounding site 3Ix 103 10* 3x 10t 108 10t 10t 10t
no. 2. The drilling at a depth interval of 0.03 0 0
1.7 to 1.95 km revealed the conductive
horizon with a resistivity lower than 10°
Q-m (Fig. 5¢). The logging technique did Vet e
not give the exact value of resistivity in Hz-
the conductive layer. Its nature is related 0.1 PR
to the titanium-magnetite mineralization
that controls the position of a promising
platinic ore zone. The location of this
horizon is satisfactorily consistent to the e
position of the upper conductive layer 0.3 O % /
found in the deep soundings with the “
“Zevs” source (Figs. Sa, 5b). The apparent h, km
resistivity curves in Fig. 5a were — | (b)
interpreted on the basis of the H- ®@®?2 (a)
asymptotic of the wave curves shown in 1.0

Fig. 5a by thin lines drawn at an angle of . . .
63° to the ordinate. A similar result is Fig. 5. Example of the fitted electrical section model from

soundings with the “Zevs” source in an area of the S-18 hole
(Pana-Tsaga region). (a) Apparent resistivity curve, (b) the
one-dimensional section fitted by the approximation method,
(c) resistivity section from logging data.
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a high resolution only for the upper conductive layer and with a low resolution for the two lower layers. Since the

intermediate bends in the p,, curve (Fig. 5a) were confirmed by two independent methods of current generation in the
“Zevs” antenna, these bends are not noise. Their nature may be caused, to a considerable extent, by regional features
of the horizontal inhomogeneity of rocks.

At sites / and 2 (Fig. 4), the soundings were also made by using the transient field from the “Zevs” antenna, by

generating in it the rectangular signals from the ERS-67 general group, with a period of 7 = 8 s. The measurements
and subsequent processing were conducted in the deep stacking regime. At the same site, the magnetotelluric
soundings were subsequently carried out with the use of the TsAIS apparatus [Askerov et al., 1989]. Joint data
processing gave the summary curve of the frequency sounding in a frequency range of 0.001 to 1000 Hz. The obtained
sounding curves are characterized by a regular drop in the apparent resistivity from about 10* Q-m for the 1000 Hz
frequency to about 10> Q'm along the minimal curve for a frequency of 0.001 Hz. This suggests a substantial anomaly
in the region, i.e., the possible extension of a unified conductive layer at depth. Such a proposal was first set forward
by N.F. Skopenko [1985] on the basis of studies using the small-scale charge method.

Deep soundings with the “Zevs” source were also carried out in the Monchegorsk ore region, with the use of the
ERS-67 general group in the frequency mode. The sounding was made near the Loipeshnyun hole. These data showed
that the resistivity at depth is lowered, in agreement with the position of a conductive copper-nickel layer that was
previously found at a depth of 1.5 km in the hole. An important feature of these observations is also the presence of
high-resistivity (greater than 10® Q'm in the upper section part) crystalline rocks in the crust, which was corroborated
by logging (up to 2:10° Q-m).

Thus, the use of the “Zevs” antenna along with the ERS-67 truck generator with a power of 29 kW provides
deep geoelectric studies virtually in all of the ore zones on the Kola Peninsula. Moreover, the use of the main 2.5 MW
power installation expands the possibilities of the “Zevs” ELF antenna far beyond the borders of the Kola Peninsula,
covering the entire Karelian-Kola region and adjacent territories of Finland and Norway.

5. Deep studies of the crust regard to the ionospheric effect

Deep studies of lithospheric conductivity with the “Zevs” source are the direct continuation of the sounding
program with the “Khibiny” MHD generator of a power of 80 MW [Velikhov and Volkov, 1982]. The MHD
soundings were used to develop the schematic integral block structure of the crustal conductivity in the northeastern
part of the Baltic Shield, to construct the model for the deep structure of the lithosphere, and to estimate its
conductivity to depths of 100-150 km [Zhamaletdinov, 1990].

However, the low-frequency spectrum of pulse signals from the “Khibiny” MHD source (0.05-2 Hz), which is a
consequence of the low resistivity of the medium where the radiating circuit was located (the sea area around the
Srednii and Rybachii peninsulas), did not allow the detailed study of the crust in an intermediate depth interval from
units to tens of kilometers. Consequently, the “Zevs” source soundings are of special interest to studies of the
lithosphere in the Baltic Shield.

Owing to its high power, “Zevs” provides frequency soundings at great distances from the source, under the
conditions of the wave zone. This, in turn, allows the geoelectric zoning of the crust over the entire Baltic Shield for
the same location of the source and gives the possibility to assess the physical and thermodynamic state of geoblocks
(their porosity, fluid regime, and temperature) in various geological settings from the deep variations of electrical
conductivity.

The principal advantages of the “Zevs” source, compared to the “Khibiny” circuit, are its following parameters:
the location within the homogeneous Murmansk block, regular geometry (two rectangular lines grounded on the ends
and 55 and 60 km long), the sinusoidal current given with a high accuracy, the possibility of precision current
measurements and the environmental safety.

In 1992, the deep sounding experiment with “Zevs” was made at the southern margin of the Baltic Shield (in
southern Finland), at distances from 920 to 1100 km. The measurements used a SChZ-92 digital station developed at
the Geological and Polar Geophysical institutes, the Kola Research Center, Russian Academy of Sciences [Tokarev et
al., 1997]. The magnetic field transducers were inductive coils, and the electric field transducers were grounded
nonsymmetrical lines 300-500 m long. After the preliminarily magnification, the measured signal enters the mixer
where the preliminarily filtered and magnified valid signal was multiplied by the heterodyne signal. The heterodyne
frequency differed from that of the valid signal by 1 Hz. The SChZ-92 difference frequency separated by the mixer
passes through the two-cascade selective amplifier and enters the 20-digit analog-to-digital converter (ADC). The
discretization frequency of the ADC valid signal is 20 Hz in a dynamic range of 100 dB. After the analog-to-digital
conversion, the signal enters the portable computer Note Book 486-DX through the RS-232 connector. Fig. 6 shows
an example of signal detection with the “Zevs” antenna at the site of Parkano (Finland), at a distance of 920 km. One
can clearly see that the signal exceeds the noise in all five components of the electromagnetic field, with average
values of 0.2-0.4 nT in the magnetic field and 1.5 mV/km in the electric field. The obtained magnetic field values
agree with the calculated results given in the table. The measured electric field values exceed the calculated results,
since the adopted resistivity of the lower half-space (10* Q'm) is substantially lower than that fixed at Parkano.

The main feature of the first experimental results was a great variance between the impedance curves of

apparent resistivity p7 and the curves of p,, in the electric field. This feature is explained by the weak attenuation of
ELF waves in the Earth-ionosphere waveguide. For this reason, the commonly accepted normalization of the electric
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and magnetic components with
respect to a homogeneous lower half-
space, separated by a plane boundary
from the wupper half-space (air),
without regard to the ionosphere,
gives the resistivity values
overestimated approximately by one
order of magnitude. In the
normalization with respect to the
impedance, the ionospheric effect is
compensated due to its approximately
equal influence on the parameters of
the electric and magnetic component

propagation. Due to this value, pr
calculated from the effective
impedance reflects the real electrical
properties of the lower half-space
under the wave zone conditions.

The first obtained data for the
ionospheric effect on the deep
sounding results were confirmed in
1993 by observations along the
regional Kola-Karelia-Finland profile.
The location of the profile and the
observation sites are shown in Fig. 7.
These sites were located dominantly
within homogeneous poorly
conductive blocks whose positions
were chosen on the basis of the
previous  soundings  with  the

H. 104

[ o=

0

3

1

H. 10 *nT

0 5 10 0 5 10 0 5 10
E.mVikm E,, mV/km e
Frad -
I 2F ’ ~h. I . zf].:\:hl\>
i \; =
\ oS
0 S
Z
o
=] - 1O km
1 L -
0 510 0 s 10 —t
—= [, min

Fig. 6. Example of the five-component record of “Zevs” signals at
Parkano (Finland), at a distance of 920 km from the source (on a
frequency of 125 Hz).

“Khibiny” MHD generator [Zhamaletdinov, 1990].
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Fig. 8 presents the results of soundings along the
Kola-Karelia-Finland profile. The curves of apparent
resistivity were obtained with the use of normalization by
the total electric field

tot __ fot yrtot
Po =K"E ’

where
Eo= JEI+E],
Kml _ K,\'K_\:

JKi K
and K, and K, are the geometrical coefficients for com-
ponents £ and E), in the wave zone.

The curves of apparent resistivity pfﬁ were obtained

by normalization with respect to the total impedance
p = 027|z"T

where Z¥ = [E E [H H,

The results present in Fig. 8 show a great difference
between the pg’t and p;ﬁ curves. The former, obtained from

the total electric field, on average, monotonically drop at all
points. It might seem that such a behavior suggests a
decrease in resistivity with depth, however, the impedance

curves of apparent resistivity p;f/ “are of a totally opposite

character: they ascend, with a small deviation at point 7,
where the effect of the Imandra-Varzuga conductive
structure, located 10 km to the north, was probably
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manifested. Another important feature of the experimental data is that the p;;” curves are shifted upward, along the
resistivity axis, with distance from the source. At a distance of 920 km, pgjt reaches exotic values of (5-7) x 10> Q-m.

Such behavior of the pZ;t curves is explained by the effect of the ionospheric waveguide. Due to this effect, the

amplitudes of the electric and magnetic field components are eight times higher than similar amplitudes calculated for
a layered half-space.
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Fig. 8. Results of the soundings with the “Zevs” source along the Kola-Karelia-Finland profile (the location
of points and their numbers are given in Fig. 7). p, is the apparent resistivity curves for the total electric field

E=, [Ef + Eyzt , and pr is the same for the effective impedance ANES |EE, /HxHy )

This increase is quite accurately coincident with the estimates by the empirical formula accounting for the
increase in the bond energy in a zero-order wave [Bernstain et al., 1974]

E,|E, = A/4h

where 4 is the wavelength in air (3000 km for /= 100 Hz) and / is the height of the ionosphere (about 100 km).

Analysis of the physical nature of the obtained apparent resistivity curves requires calculations of the ELF
electromagnetic field in the Earth-ionosphere waveguide, taking into account the properties of the lower half-space. The
theory for such calculations based on the analysis of the impedance spectrum components was developed by Makarov et
al. [1993]. This theory allows us to find the field values for an arbitrary dependence of the Earth's properties and
ionosphere on the radial coordinate. The solution is sought for by using the zonal and normal harmonics that are used to
construct the solution in the form of a quasi-geometrical-optical series. However, this approach is applicable only at
high frequencies (>1000 Hz) and for large distances from the source (greater than 1000 km).

In deep studies in the ELF range, at relatively small distances (to 2000-3000 km), the Earth's sphericity can be
neglected, and the problem may be replaced by a plane one. In this case, the more accurate estimates are given by the
electrodynamic method based on the calculation of the electromagnetic field components above a plane one-
dimensional horizontally layered model of the lower half-space, in the presence of a plane interface (ionosphere) in
the upper half-space. The ionosphere can also be represented by a layered model. The general solution to this problem
was present by Boerner and West [1989]. Their equations completely describe the electromagnetic field in a one-
dimensional layered medium without any approximations or assumptions. The equations were used in the
development of the program of the solution to the forward problem of soundings with the “Zevs” source [Shevtsov,
1995].

In the solving algorithm, the quasistationary constraint was not introduced, and, consequently, the calculated
results allowed the study of both wave and diffusive limiting cases in the electromagnetic field propagation. It was
assumed that the field generation did not affect the current in the source. The Hankel transformations were calculated
to a given accuracy by using the direct integration between the zeros of the Bessel functions, including the Pade
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approximation of the integrand [Chave, 1983]. The extension of the solution to a more general case of the spherical
Earth can be obtained by expansion in spherical harmonics instead of the Bessel cylindrical functions [Whate, 1987;
Sochel'nikov, 1979].

The developed program was used to calculate the field of the “Zevs” source at particular observation points. As

an example, Fig. 9 shows the results calculated at the site of Parkano (» = 920 km), allowing for the effect of the
ionosphere with a resistivity of 10* Q:m, located at a height of 100 km. Two cases were calculated: with (¢= 0) and
without (&= 1) regard to the displacement currents. For the former case, the p curves are given with the subscript “/”
(only the ionosphere influences), and for the latter case, the subscript "i + dc" (both the ionosphere and displacement

currents influence) is used. Figure 9 also presents the experimental curves for the total electric field p:,xP and effective

. €
impedance p; " .

p.{m logp [ m] Fig. 9. (a) Theoretical and experimental
10°1 (a) 61 curves of the apparent resistivity in the
. “Zevs” source field at Parkano, at a distance
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experimentally. The ionosphere parameters

z=0orl used in the calculations: £ = 100 km is the

From Fig. 9, one can see that the 0"

and ionospheric effect. In the wave zone, these curves adequately reflect the properties of the given lower layered
half-space.

The p,, curves exhibit their dependence on both the ionosphere and displacement currents. The ionospheric
effect is significant already on a frequency of 1 Hz. With an increase in the frequency to 10-20 Hz, the effect is
enhanced, resulting in the gradual divergence of the impedance and component curves of apparent resistivity. For
higher frequencies of 20 to 500 Hz, the ionospheric influence is stabilized and leads to the parallel shift of

theor

the p;
of the curves and is manifested in their abruptly ascending shape for frequencies of 80 to 100 Hz and higher. Such

impedance curves are virtually independent of the displacement current

and p,, curves (Fig. 9). The displacement current effect is observed only in the left high-frequency branches

theor

behavior of the O,

The above analysis of the theoretical and experimental results with the “Zevs” source shows that these results
can be brought into agreement only by allowing for the displacement current effect, along with the ionospheric effect.
Such a conclusion is at variance with the usual opinion that, for slowly varying fields, it is possible to neglect the
displacement current and to restrict ourselves to a quasistationary model described by the diffusion equations. In this
case, the quasistationary condition is determined by the inequality @€ << O, where &= 8.84 x 10" F/m. It directly

curves agrees with that of the experimental pz)xp curve.

follows that, for = 10 Q-m™, the quasistationary condition holds true in a frequency range from zero to 10°-10” Hz.
However, in this case, the displacement currents in air are not automatically taken into account. The actually observed
effect of displacement currents on super low frequencies is explained by the fact that a finite velocity of
electromagnetic field propagation from the source to the receiver must be included in the interpretation of deep

soundings [Vanyan, 1997]. Then, the quasi-stationary constraint is added by the condition 7 << /10 / 27, where 7 is

2z
the source-receiver distance and X is the wavelength in air, /10 = T . The constraint on the wavelength in air

W Eolhy

132



gives rise to the fact that, for example, for a separation of 7 = 500 km, the quasistationary condition holds true only in
a range from zero to 100 Hz.

In total, the experimental and theoretical curves in Fig. 9 are in agreement with each other. In order to achieve
complete agreement, additional calculations are required, with the use of more realistic values of relative
permeability £ and more accurate data on the electric conductivity of the Earth and ionosphere. Given the conductivity
of the Earth, the parameters of the ionosphere can be fitted more accurately and vice versa. However, such a problem
is beyond the scope of this paper. In studying the conductivity of the Earth, we can restrict ourselves to the results of

the impedance processing of data for the distances exceeding the wavelength in the Earth (7 >> /1007 ). This

condition holds true over the entire ELF range, at distances greater than 300 km, for an average medium resistivity of
10° Q'm.

The summary diagram of the results of
soundings with the “Zevs” source (impedance
curves) is present in Fig. 10. The data of deep
soundings with natural and controlled sources on 10°
the Baltic Shield are also given in Fig. 10. All
these results were selected from measurements
on a fortiori homogeneous, poorly conductive v
blocks of the crust. It is remarkable that

P, L2m
Kola=Kanclian
\ geoblock
| hamaletdinoy, 1990]

the p;ﬂ impedance curves, obtained with the i
“Zevs” source, are grouped in a band covering 10tk
the lower part of the hatched zone of probable in

Po values for the Karelia-Kola region, the part 17 ¥y, 19508

found from the frequency and MHD soundings
and referred to as the "normal" section. These
Central
Finland
geoblock

1 [Korja. 1990

results contrast with the pr distributions in Fig.
10, obtained with the help of natural sources in
the Russian territory of the Baltic Shield
[Vanyan et al., 1980; Kovtun et al., 1986] and in
central Finland [Korja, 1990].

Many authors believed that the use of
grounded (galvanic) electromagnetic generators “ \
in the installations of power lines, Khibiny MHD
source, “Zevs” antenna, etc. is one of the causes T I f N
for the observed differences in the interpretations 10-! T 10!
of soundings with natural and controlled sources. s 11
In this case, along with the inductive component, 41,8

\
P

| Kewvtum o af ., 1986] ‘1‘ \

the original field contains the galvanic mode
with the vertical electric component, whose role
is enhanced as the frequency drops and the
separation decreases. Under conditions of the K-
type section, the galvanic mode is weakly
sensitive to the lower conductive layer, since the
intermediate poorly conductive layer hinders the

Fig. 10. Summary diagram of the normal apparent
resistivity curves for the Baltic Shield from data obtained
by various authors and the comparison with the results of
“Zevs” antenna soundings at different distances from the
antenna. Digits at the curves are the distances (in km)

from the antenna. The p, are normalized with respect to
the effective input impedance.

penetration of current into the lower half-space,
and the current spreads mainly in the upper layer.

In order to analyze the resulting situation, we calculated the electromagnetic field of the “Zevs” antenna along
the route oriented at an angle of 60° to the dipole axis, corresponding to experimental data (Fig. 7), for two
geoelectrical models: the K-type normal section with a poorly conductive layer (Fig. 11e, model 1) and the same
section containing, however, an intermediate conductive layer at a depth of 10 km (Fig. 1le, model 2). The
longitudinal conductivity of the layer was set at 250 S, and its thickness was 10 km, which corresponds to data for the
Murmansk block [Kovtun et al., 1986]. The results of the calculations and the accepted models are present in Fig. 11.
The ionospheric and displacement current effects were taken into account in a frequency range of 0.01 to 1000 Hz, for
the separations ranging from 50 to 800 km.

The calculated results for model 1, with the normalization relative to the impedance and electric field E, parallel
to power line AB, are shown in Figs. 11a and 11b, respectively. The right ascending branches of the impedance curves

reflect the decreased influence of the wave zone with an increase in the separation. The pr curves almost coalesce at
separations of 600-800 km. The doubled thick line in Fig. 11a is the averaged experimental data of soundings with the
“Zevs” source for separations of 300-900 km. These data are not beyond the bounds of the left ascending curve caused
by the resistivity increased with depth.
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Fig. 11. Comparison of the experimental data from deep soundings in the “Zevs” antenna ELF field with
theoretical results for two section models. (a) and (b) Calculations for the normal gradient-layered K-type

model (model 1 in Fig. 11e). (c) and (d) Calculations for the normal model with an intermediate conductive
layer at a depth of 10 km (model 2 in Fig. 11e). (a) and (c) Theoretical curves with normalization with respect
to the input impedance; (b) and (d) the same curves with normalization with respect to electric field £ parallel
to power line AB. (¢) Models 1 and 2. Notation: (1)-(6) theoretical curves for different distances between the
“Zevs” antenna and reception points: /, 5; 2, 100; 3, 200; 4, 400; 5, 600; and 6, 600; (7) average position of
the generalized apparent resistivity curve based on the input impedance, for the “Zevs” source and separations
from 300 to 900 km (from experimental data).

The p,, curves for electrical component E reflect the joint effect of the ionosphere, displacement currents, and
varying wave stage. One can see that the galvanic mode has the prevailing effect for a separation of 50 km: the p,,
curve is of the two-layer (p, > p;) type, reaching the direct current at frequencies of 50-100 Hz. With a further
increase in the separation, the right p,, branches undistorted by the ionosphere and displacement currents are virtually

coincident with the impedance pr curves.

For the model with an intermediate conductive layer at a depth of 10 km, the apparent resistivity curves change
their shape (Figs. 11c, 11d). For all the separations, we see the abruptly ascending impedance curves already at
frequencies of 80-100 Hz, suggesting the presence of the conductive layer at the 10-km depth (Fig. 11c). A similar

picture is observed for the apparent resistivity curves calculated for electrical component £y, p,.

The experimental data of the “Zevs” source, shown in Fig. 11c, are close to the theoretical curves and are con-
tradictory to the proposal on the possible existence of the conductive layer at a depth of 10 km. The obtained electrical
section exhibits the natural pattern of an increased resistivity in the upper crust with the increasing depth of sounding up
to 10-20 km. On the order of magnitude, the resistivity values agree with laboratory data and can be used to study the
further features in the physical state of the crust. For the more complete solution to the problem, it is desirable to expand
the frequency range in the direction of low frequencies, at least, up to the maximum on the apparent resistivity curve
and its further drop, i.e., up to a frequency of about 1 Hz.

Thus, the tests of the “Zevs” power installation in the on-duty regime showed that such deep geoelectrical
studies can be fundamentally performed in the almost entire Baltic Shield. The portable frequency sounding
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equipment developed at the Geological and Polar Geophysical Institutes, Kola Research Center, can be used in these
measurements.

6. Other promising research with the “Zevs” source
The large distance over which the signals from “Zevs” propagate and their low-frequency spectrum determine
wide possibilities of its use in various fields of geophysics. Below, we list some of the possible directions of research,
taking into account that this paper is an overview and we are interested in a wide cooperation with various potential
participants of future works.

Electromagnetic Monitoring for Earthquake Prediction Problems.

Of the various possible uses of the “Zevs” source in the national economy, the most interesting problem is the
electromagnetic monitoring of the Earth's stress state with the purpose of earthquake prediction.

To this time, generally accepted criterions for earthquake prediction do not exist, and all the efforts to solve this
problem end in conclusions on the necessity to apply a multidisciplinary geological-geophysical approach based on
several methods. Of them, seismology and geoelectrics are most often used.

The “Zevs” installation itself is located in a low-seismicity zone. The nearest objects of interest for seismic
safety monitoring are the Kola atomic power station (APS) located in a zone of the Kandalaksha graben influence and
the Lesnoi Bor APS in the Leningrad region. More remote areas (Fig. 2) are in the zone of weak “Zevs” influence
(Fig. 2). Nevertheless, observations suggest that the «Zevs» source signals can be convincingly detected in the greater
part of the CIS seismic zones. The apparatus of the AKF (autocorrelative function) series developed at the Research
Institute of the Crust, Saint Petersburg University, satisfies the necessary requirements.

In December of 1995, by the initiative of the Ministry of Emergency Situations (MES), this apparatus was used
in tests at the Caucasus Mineral'nye Vody seismic prediction site, at a distance of 2700 km from the “Zevs” antenna
[Saraev et al., 1997]. In spite of unfavorable winter conditions and a high level of noise, quite satisfactory results were
obtained in the recurrence of data from cycle to cycle. The average ELF “Zevs” signal relative to the natural
electromagnetic field at frequencies of 125 and 166.6 Hz ranged from 5 to 11 dB. The relative differences in the
horizontal impedance modulus at these frequencies between the morning and evening measurements did not exceed
2.1-2.6%.

Taking into account that the average value of the p, deviations for earthquakes with a magnitude of 5-6 is 16-
20% [Barsukov and Sorokin, 1973], it can be believed that the obtained results confirm the suitability of the “Zevs”
source for geophysical monitoring.

In the circle of the earthquake prediction problems of interest for the MES, it is necessary to clearly formulate
the sphere of the application of the “Zevs” source and its priority value compared to other methods applied in this
field.

The seismic risk zones are usually located in the regions with a pronounced horizontal electrical inhomogeneity
of the crust (in fault zones, shear and thrust slip zones, the contacts between various crustal blocks, and along fold
geosyncline belts or island arc systems). Along with the variation in the overall resistivity of the crust in the source
zone, the earthquake preparation is accompanied by variations in the relationship between the electrical
inhomogeneity elements of the medium. For example, the compressive stresses are concentrated along a fault
controlling the source zone position and, at the moment of their discharge (earthquake), are converted into shear
stresses.

The fluid regime of the crust and, correspondingly, its electrical conductivity change during this conversion.
Furthermore, the overall conductivity may change minimally, while the orientation of the electrical inhomogeneity
axes may vary significantly due to the movement of fluids from the compressive zones to the extension ones. Finally,
these variations must lead to the rotation of the total vectors of electric and magnetic fields through an angle. In this
case, the decisive attraction can be given to the application of a controlled source with a given polarization direction of
the original field. The phase measurements between the mutually orthogonal components of the same kind, i.e.,

A¢Ex/Ey and A@H /Hy , may be put in the forefront.

The physical-geological model for earthquake prediction in the ELF range can be based on the hypothesis that
the major events preceding an earthquake proceed due to water coming into the fractures opening up before the
earthquake in the fluid-saturated upper crust [Barsukov and Sorokin, 1973; Mogi, 1988]. The theory of earthquake
precursors for this case is developed in the framework of the dilatance-diffusion model describing changes in the fluid
regime of the uppermost crust (200-500 m) accessible for the ELF measurements even in rocks with a fairly high
conductivity (30 100 Q m). In this case, the depth of the ELF sources remains sufficiently great to avoid the prevailing
influence of the seasonal variations in rock conductivity.

Ecology.

A set of environmental problems is related to electromagnetic monitoring. Here, the field of the “Zevs” source
may be used in searching for the monolithic crustal blocks suitable for the burial of radioactive waste and for aseismic
building. The experience of works with the Khibiny MHD generator showed that these problems are most reliably
solved in the field of a unified fixed source. In this case, it is possible to reveal the ancient monolithic and poorly
conductive crustal blocks with their roots escaping in the protobasement strata and to distinguish them from the
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relatively young and also poorly conductive dome-shaped granitoid blocks "floating" in the supracrustal substrate and,
consequently, being more seismically dangerous.

Wireless Communication.

The problem of wireless communication is topical because it is necessary to transmit messages to deep galleries
in the case of emergency situations, when all other communication means are disrupted. In this direction, the ELF
antenna has certain advantages, since its frequency range enables us to reliably detect the emitted signals at great
depths in the crust, up to 1 km and deeper, in the entire Karelia-Kola region. An exception is the case when the
galleries are in strata of highly conductive rocks, for example, in sulfide-carboniferous schists or sedimentary rocks of
clay type. These cases require preliminary study on the conditions for ELF signal propagation.

Examination of the Barents Sea Shelf.

The location of the “Zevs” ELF antenna near the Barents Sea shoreline allows us to propose a promising
problem on using the radiated electromagnetic field in measuring the electrical conductivity of the bottom sediments
in the Barents Sea shelf, with the purpose of predicting the oil-bearing fields in common with other geophysical
methods. This problem needs a model for electromagnetic wave propagation in the sea bottom and for field energy
scatter in sea water, described like the scatter in the ionospheric waveguide. The preliminary calculations intended to
test this model showed that the optimum approach may be provided by measurements for the location of the receiving
electrical antenna on the seafloor. In this case, a gain in the amplitude may reach two orders of magnitude, compared
to the measurements on the sea surface. Moreover, the distance of detection may be up to several thousands of
kilometers, under conditions of high-resistance bottom rocks, which provides the weak attenuation of the ELF field.

Conclusion.

Thus, the studies with the “Zevs” ELF radio transmitter open up wide possibilities for the further development
of this system, including the creation of a multi-disciplinary installation capable of solving the forward
communication problem along with problems of applied and basic geophysics, such as deep soundings, seismic
prediction, and study of the wave properties of the ionosphere. A specific feature of the installation is the possibility of
simultaneously solving various problems in various regions, following a synchronous and coordinated program of
“Zevs” source starting. The profitability of the program directly depends on the number of users. However, the
practical use of the source must be preceded by a prolonged stage of theoretical and experimental investigations, and
this paper is only the very beginning of this process.

In conclusion, it should be noted that all of the studies on the creation of the “Zevs” installation were carried out
by the Russian Institute for Power Radio Engineering, with the participation of a number of other institutions, of
which a major role was played by the Institute of the Crust and the Institute of Radio Physics (Saint Petersburg
University), as well as by the Nizhni Novgorod Institute of Radio Physics and the Research Institute of Direct Current,
Geological Institute of the Kola Research Center, Russian Academy of Sciences.
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Cankr-IlerepOyprekuii rocynapcrBenHblid yausepeuret, Cankt-IlerepOypr, aks@AS1002.spb.edu

3HayuTeNbHAs MEePCIEeKTHBHOCTD HCIIOIB30BaHM TEXHOTCHHBIX mouieil yactoToit 50 't amst anekTpopasBenku B
TEYCHUE JITUTEIHHOTO BPEMEHH MPHUBIICKACT K JAHHOW MpoOJieMe MHOTOYHCIICHHBIX Hccienoparenei [2, 3, 4, 6, 8, 10].
[lo cpaBHEHHMIO ¢ MeETOAAaMH, MWCHOJNB3YIOIMMHA COOCTBEHHBIE WCTOYHHKH TIIOJIS, 3TH pPabOTHl JeElIeBIE W
XapakTepu3yloTcsi 0ojee BBICOKOW TNPOU3BOAUTENBHOCTBIO. Cpemu MeTofoB 0e3 COOCTBEHHBIX HCTOYHHKOB
WCIIOJIb30BAHNUE 3JIEKTPOMATHUTHBIX IOJIEH CBEPXUIMHHOBOJIHOBBIX PAaJHOCTAHIMI Ha 4acTOTaX AECSATKH KHJIOTEpIl HE
MMO3BOJISICT TMOJYYaTh IOCTATOYHO OOJNBIIYIO TIIyOMHHOCTh HCCIEHOBaHHU. DPPEKTHBHOMY NPUMEHEHHIO METOJIOB,
WCIIOJIB3YIOIINX ECTECTBEHHBIC 3JIEKTPOMATHUTHBIE MO C YAaCTOTAMH OT IIEPBBIX EIUHHMI] O JIECATKOB Tepll, B
MIPOMBIIIUICHHO PAa3BUTHIX pailoHaX MPEISTCTBYET BBICOKUI yPOBEHb TEXHOTE€HHBIX ITOMEX.

s yenemuoro ucnois3oBanus monei JIDII wacroroit 50 I'm B anexTpopa3Beake HEOOXOAMMO PEIIUTh PSA
METOAMYECKHX M TEXHUYECKHX BompocoB. IIpexne Bcero, ciiemyeT OTMETHTb, 4YTO B OOJBLIMHCTBE CIydaeB
JJIEKTPOMArHUTHOE TII0JI€ B TOYKE H3MepeHuil (opmupyercss HeckoibkuMu JIDII pasziuyHOW NPOTSHKEHHOCTH U
OPUEHTUPOBKH, PA3IMYHON KOHCTPYKIIMH U MEPEIaBa€MON MOILIHOCTH, IPUYEM MOCIEAHSA OABEPKEHA 3HAUUTENbHBIM
KoJIeOaHHUsIM, HECHHXPOHHBIM B pa3nnuublx JIOII. [laxke B mpenenbHO MPOCTOM Ciydae eIMHUYHOW MPSIMOJIMHEHHON
JIBII HanmpsKeHHOCTh U XapaKTep M3MEHEHMs €€ 3JIEKTPOMArHUTHOIO IOJIA 3aBUCST OT THIA MOABECKU MPOBOAOB U
COOTHOIIEHHS CHJIBI TOKOB PA3JIMYHOM MOCIIEA0BATEILHOCTH |2, 6. B pe3ysbpraTe B KOHKPETHOM CUTYyallny OKa3bIBAeTCs
HEM3BECTHOM (DyHKIMOHANbHAS CBS3b M3MEPSEMBIX XapaKTEePUCTHK 3JIEKTPOMATHUTHOTO OIS C IapaMeTpamu
T€03JIEKTPUIECKOTO Pa3pe3a, v Mo JaHHBIM U3MEPEHHI HE yJaeTcsl ONPENEIUTh JOCTOBEPHBIE 3HaUeHNUS 3()(HEKTHBHOTO
compotuBieHus p_[5]. [Toaromy, s pa3paboOTKH METOIHMKH IEKTPOMArHUTHOTO mpoduirpoBanus Ha gactote 50 ' u
€ro NMPUMEHEHHsI HEOOXOANMO UMETh OIIOPHBIE TOCTOBEPHBIE TaHHBIE O XapPAKTEPUCTHUKAX I'€0IEKTPUIECKOT0 pa3pesa,
MTOJTyYeHHbIE Ha YacToTe, 6mm3koi k 50 I'm.

B kauecTBe MCTOYHMKA 3JIEKTPOMArHUTHOTO IOJIS JUI 3TUX LENell MOXKeT OBbITh MCIOJIb30BAHA PACHONIOKCHHAS
Ha ceBepe Kombckoro m-oBa cBepXHH3KodacTOTHas paauoyctaHoBka (cmen JIOII) [7]. Cmen JIDII cocrout wu3
BBICOKOMOII[HOTO T€HEepaTopa rapMOHUYECKH U3MEHSIOIEr0Cs TOKa M TOPU30HTAIBHO PACHOI0KEHHON U 3a3eMJICHHOMN
Ha KOHIIaX aHTCHHBI JUTMHOW OKojio 60 kM. Cuia TOka B aHTEHHE OOBIYHO HM3MeHsercs B mpeaenax 200-300 A u
MOIITHOCTh PaJMOYCTaHOBKU nocturaer 2.5 MBT. ®ukcupoBaHHOE MOJNOKEHHE W CTAaOMIIBHBIM PEXHUM padOTHI CIen
JISII no3BoisieT MpH €€ UCMONb30BaHUM B KaueCTBE MCTOYHMKA MOIYy4aTh JOCTOBEpPHBIE pe3ynbTaTsl. [loaToMy mpu
CO3JJaHWM ammaparypsl Hapsgy c dacrorod 50 I'm Obuto mpemycmorpeHo ucmosb3oBaHue dactorsl 80 I'm. OTo
MTO3BOJISIET HAPSIY C PEUICHHEM METOIUIECKHX BOMPOCOB sl paboT Ha yactore 50 'y mpoBoauts B Kapeno-Komsckom
peTHOHEe HCCIIeJOBaHUS METOAOM AIIEKTPOMArHUTHOTO TPOQIITHPOBaHNUs ¢ ucmonb3oBanueM crer JIOIT na gacrore 80
1. YuureBas to, uto Kapemo-Kombckuii pernoH sSBISETCS TOCTATOYHO IMPOMBIIIIEHHO OCBOCHHBIM, TIPH pa3paboTKe
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anmaparypbl ObUTH IPUHSATH MEPHI TI0 00ECTICUSHHIO 3AIMUIIEHHOCTH M3MepeHnid Ha yactote 80 I'11 oT BIMSIHMS TOMEX
00IIenPOMBIIIUIEHHOH ceTn yacToTor 50 I'm.

OHLIT annaparypHo-ME€TOANYCCKUX pa3pa60T01< QJICKTPOMArHUTHBIX METOAOB IIOKa3bIBACT, YTO JId HU3Y4YCHUA
QJICKTPOMArHuTHBIX noneﬁ O6U_lel'[p0MI)IIJlJ'IeHHI)IX n clen .HBH MEPCICKTUBHO OIPEACIICHUE BEPTHUKAJIBHOTO
HUMII€JaHCa - OTHOUICHUA KacCaTCJIbHbIX K IMOBEPXHOCTH 3eMJ'll/I COCTaBJIAIOMIUX SJICKTPUYCCKOT'O E‘L’ U MarHuTHOIro H‘L’
moneil. Pe3ympTaThl M3MepeHWil NpW 3TOM HE 3aBUCAT OT CIJIBI TOKa B HMCTOYHHMKE. YUWTHIBAS 3HAYUTEIHHYIO
HECTaOMIIBHOCTH MOJIS MIPOMBIIIIICHHOH ceTn dactoToit 50 ', cremyeT 3aMeTHTh, YTO UCIIONb30BaHNE OJHOKAHAIEHON
amnmaparypbl IS TOOYEPEIHOTO BO BPEMEHH M3MEPEHUS ANIEKTPHYECKOTO M MArHUTHOTO TOJIS MAaJIOIPUTOJHO H3-3a
3HAYUTENBHBIX ITOTPEIIHOCTeH TaKMX M3MepeHHid. B 3Tol CBs3M OBLIO MPEXyCMOTPEHO ABYXKAaHAIBHOE MOCTPOCHHE
arnmnaparypsl ¢ HETIOCPEACTBEHHBIM OTCUCTOM OTHOIICHUA U3MEPACMbBIX CUT'HAJIOB.

IIpu pa3paboTke ObUIO yuTeHO oOIee TPeOOBaHWE K ammaparype 3JIEKTPOMArHUTHOTO MPOQUIAPOBAHUS,
COCTOSIICE B TOM, YTO OHA JIOJDKHA OBITH JIETKOM, KOMITAKTHOW ¥ SKOHOMHYHOU TI0 TIUTAHHIO.

PaspaGoTanHas anmaparypa * amIuIMTyaHO-()a30BbIX M3MEPEHMH MPOMBINLIEHHBIX nojel (ADUIIII-1) cocTour u3
KOMIUTIEKTAa TPUEMHBIX aHTCHH W JIBYXKaHAIBHOTO MHKPOBOJBTMETpa-pazomerpa. Oba kaHama €ro WACHTHYHBI U
BKITIOYAFOT y3JIbI, TOKa3aHHBIC Ha OJIOK-cxeme (puc. 1).
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Puc. 1. CtpykrypHas cxema MUKpOBoJIbTMETpa-pazomerpa anmnaparypsr AOUIIII-1.

1- arrenroaropsl 0+40 nb; 2 - ¢GuabTpel HIDKHMX dacToT: 3, 5, 13 - MIMPOKOMOJOCHBIE ycuiauTenu; 4 -
cryneHudatsie arteHoatopsl 0+60 nb; 6 - pexexkropusie puabTpsl Ha 50 I'; 7 - pexxekropHble GUILTPHI Ha 150
I'm; 8, 9 - cenexkruBHbie GrnbTpsl Ha 50 1 80 I'm; 10 - meTekTopHBIC Kackajpl; 11 - yCHITUTEN! MOCTOSHHOTO TOKA;
12 - dazoBpamarenn; 14 - ycunurenu-orpaHuauTend; 15 - quddepeHnnansHeid gorapudmarop; 16 - ¢a3oBbrid
JUCKPUMHUHATOD.

Curnansl snextpudeckoii Ug u marnuthol Uy aHTeHH MoCTynaroT Ha BXOJHBIE aTTEHOATOPHI 1, MO3BOJISIONIHE
B 100 pa3 (ma 40 nb) ymMeHbIIaTh 9yBCTBUTEIEHOCTS OTHOCUTEIFHO HOMUHABHOW. 32 HUMH CIEAYIOT MaccuBHbIE Z-C-
GUIBTPEl HWKHHMX YacTOT ISATOrO MOpsAAKa 2, MpeIHa3HAuYeHHbIE IJIS IOJABJICHHS CHUTHAJIOB BCEX PaAMOCTAHLIUH
BimountenbHo CJIB-amamaszona. Yacrora cpesa (5 kl'1) BeIOpaHa [JOCTATOYHO BBICOKOM Ui OOCCIICYCHUS
MHHUMAaJIBHOW KPYTH3HBI ()a30BO-YaCTOTHOW XapaKTEPUCTUKU B HMHTEpBaje PadOYMX YacTOT (ITUM YMEHBILAETCS
BJIMSTHUE M3MEHEHHMH Y4acTOThl CUTHANIA Ha pe3yJsibTaThl Pa3oBbix u3MmepeHuid). Kpyruzna AUX cocrasinsier 26 nb/okr.,
4yTro obOecrieunBaet nojapicHue curHainoB CJIB-pamunocranimii He mMeHee deM B 40 pas. Uepes OydepHbiii kackan 3
(Ky=3) curnan noctynaer Ha cTyneHdatsii (¢ marom 10 1B) aTTeHI0aTOp ¢ MakCHMMaibHBIM ocnabnenuem 60 1b u
nanee uepes yewmrens 5 (Ky= 13) na 610k pexekTopHbix ¢puinsTpos nepsoii (50 ') u tperseii (150 T'1y) rapmonuk

00LIENPOMBILLIEHHON ceTH (OJIOKH PEKEKTOPHBIX (PUIBTPOB BKIIIOYAKOTCSA B MOJIOKEHHUAX Tepekmouarerei Sy «80»
TIPU U3MEPEHUSX C UCIIONIb3oBaHueM crely JIDIT).

Kaxnpiit GpunbTp (pric. 2a) COCTOUT M3 JBYX 3BEHbEB YACTOTHI, HACTPOWKU KOTOPBIX BBIIIE M HUKE OCHOBHOMN
YaCTOTHI PEXKEKIMU. Bce 3BeHbst BBINOIHEHBI 0 OJJHOM MPHHIMITHATILHON cxeMe (pUC. 20) M OTIMYAIOTCSI HOMUHAJIAMU
Ppe3uCTOPOB U KOHIeHCaTOpoB [1].

*
IlepBblit ncce0BaTENbCKHIl MAKET aIapaTypsl ¢ JaHHBIM LIeJIeBbIM Ha3HaYeHneM Obu1 pazpaboran B HUM3K JII'Y B.JI. Bonpapenko moxa

pyxoBoactBoM A.B. SIkoBnesa.
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AMIUTUTYTHO-9aCTOTHAS
XapaKTepUCTUKA Oyi0Ka
PEXKEKTOPHBIX ¢unbTpOB
MIpUBEJICHA Ha PUC. 3a; y4acTOK
50 T'u B Oosiee HarJIsAAHOM
Macutabe n300pakeH Ha pHC.
30. U3 pucyHka BHAHO, YTO
650K PO obecrieunBaeT
MOJIABJIICHUE CETEBOH MOMEXH H
€e TpeThel TrapMOHUKH B
MOJIOCE YacTOT COOTBETCTBEHHO
5041 I'm u 15043 I'n He MeHee
gem B 100 pa3 (40 ab). ®wibtp
BHOCHT HE3HAYHUTEILHOE
(nprmMepHO Ha 20%)

YMEHbILEHNE
qyBCTBUTEIHHOCTH, KOTOpoe
JIETKO KOMIIEHCHpYETCS B II0C-
JeIYIOMNX y3Jax.

CenexTuBHBI  QUIBTP

COCTOMT U3 [IIByX B3aWMHO

PacCTPOSHHBIX  OTHOCHTEIHHO

HEHTPAIFHOW YacTOTHl 3BCHHEB

Puc. 2. bnok-cxema peXeKTOpPHBIX (GHILTPOB (a) W MPUHIUIHAIBHAS 8 w® 9, BBHIIOTHEHHBIX IO

cXxeMa OJIHOTO 3BeHa (0). OJMHAKOBOM MPUHUMUIHAIBHON

cxeme aktuBHOro RC-¢duibrpa

yHUBepcagpHOro  THma  [1],

OTJIMYUTENBHBIM KayeCTBOM KOTOPOTO SIBJISIETCS HE3aBUCHMasi pEryJMpOBKa YacTOThl HACTPOMKH, JOOPOTHOCTH

(mosocel  mporyckaHus) W KOd(GQHUUIMEHTa YCHIEHHS, 4YTO oOecreunBaeT dYpe3BBbIYAHYI0 IPOCTOTY Npolecca

HACTpOWKH. 3BeHO 8 HacTpamBaeTcs Ha 4acToThl 79 wim 49 I'm, a 3BeHo 9 - Ha 81 wim 51 ['m; BRIOOP YacTOTHI
HaCTPOMKH OCYIIECTBIISIETCS ¢ TIOMOIIBIO KJIFOUEH Ha MOJIEBBIX TPAH3UCTOpax (Ha puc. | OHM HE MOKa3aHBbl).

—

ITomumo
obecneunBaeMoit TUMHU X ed. a 6 K, 66
3BeHbsIMH AUX THma mapsl 10 ~0
B3alIMHO PacCTPOEHHBIX

PE30HAHCHBIX  KOHTYPOB C

=
(DUKCUPOBAHHON IEHTPATBLHON q 140
4acTOTOU peayCcMOTpeHa
BO3MOXKHOCTh TOJTyYEHUS - -
AUX THIA OJUHOYHOTO
PE30HAaHCHOIO  KOHTypa C o1 20

IIABHOI NepecTpoiKoil B mpe-
nemax  80%1,5 I'm; or10
OCYILECTBIISICTCS TIEPEMEHHBIM 170
pe3ucTopoM B 3BeHE 9 mpm
OJTHOBPEMEHHOM OTKJIIOUCHHUU i
3BeHa 8. IlemecooOpa3HOCTD
IIABHOM nepecTpoiiku 0,01 ” 140
00ycJIoBIeHa OCOOCHHOCTSIMU
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IIOCTYNaeT Ha yCHIMTCIL C Puc. 3. AMIUIMTY THO-4aCTOTHAsE XapaKTEPUCTHKA 0JIOKA PEXKEKTOPHBIX

IaBHOU PETyIINPOBKOU ¢unbTpOB (@) 1 B Oboiee geTanbHOM Macitade ee 5S0-repLoBbIi y4acTok (6)
YCHIICHUS B npenenax

K=13+22 (ma puc. 1 =ne
T0Ka3aH) ¥ 3aTEM Pa3/IeNIAeTCs Ha [1Ba NapalIelbHbIX MOJIKAHAIA.
B nepBoM aMIUIUTYyIHOM MOJKAaHATIE OCYNIECTBIACTCS JCTEKTUPOBAaHHE C MACCHBHOW ¢uibTpanuei LC-1enbo

(K = 2,5) u ycuienne NOCTOSHHOH COCTABIAMONIEH JO YPOBHS, JOCTATOYHOTO Ul HOPMAIbHOH PabOTBI CXEMBI

onpe/esenns JeCATUIHOTO JlorapudMa OTHOIEHUs aMIuuTy aByx curnanos (6nok lg(U./Up)) n peructpanun na
aHaJIOTrOBOM camomnuclie (B ciryyae Heooxoxumoctn) tuma H 3020/5.
Bropoii monkanan npeaHa3zHadeH IS BBIOJIHEHHS (ha30BBIX M3MEPEHUI U COCTOUT M3 TUIABHOTO (ha30BpaIiaTess

12, mmpoxkonosocHoro ycunurens 13 (Ky = 5) n mByxcTopoHHero ycuiutens-orpanuuutens 14 (hopmuposarern
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«meanzpa»). Curnainsl (a3oBbIX IMOAKAHAIOB NOCTYNAIOT Ha (a3OBBIH JETEKTOpP; IOCTOSHHAS COCTABIIAIOIIAsl €ro
BBIXOJHOTO HAIIPsDKEHHUS, IPOIOPLHOHANBHAS Pa3sHOCTH (a3 BXOAHBIX CHIHAJIOB, IIOCNIE YCHICHHS H3MEpSAETCS
CTPEJIOYHBIM HMHAMKaTOpoM. Yepes mepekiouateNb O3 IMOCHEAHUN TaKkkKe IMOAKIIOYAETC K BBIXOJY CXEMBI
ONpeIeNICHUs] OTHOLICHHS aMIUIUTY CHTHAJIOB.

[Turanue Bcex OJIOKOB MHKPOBOJIBTMETPA OCYLIECTBISETCS OT BHYTPSHHUX CTAOMIIM3aTOPOB HAaNpsDKeHHEM +9 B.
Hanpsbxkerne MCHonb3yeMBIX NCTOYHHKOB IMHATAaHUS MOXKET Koiebarses B mpenenax +(10...15) B, moTpebnsemsrii Tok
nopsinka 30 MA.

OCHOBHBIEC TEXHUYECKHE XapaKTEPUCTUKH MUKPOBOJIbTMETpa-azomerpa anmapatypst AOUIIII-1

YpoBeHb COOCTBEHHBIX IIIYMOB (C OTKPBITBIM BXOAOM),MKB ........................ 0,1-0,15
Juanazon u3MepsaeMbix curaanos npu cootHomernu Uy U,> 10, MkB ............. 1-300
JnamazoH n3MepeHnit mpyu OOJIBIION aMIUTUTYAE CUrHaia, MB ................... ... 0,1-30
ITonoca npomyckanus mmo yposaio 0,7 B peskume IByXKOHTypHOH AUX, [T ........... 1,4

JHuanazon msmenenns Ug/Uy nis mikams! 6710Ka aHATIOTOBOTO OTPEAEICHHS

Jlecsaruunoro norapudma otHomenus usmepsembix curnanos lg(Ug/Up)).or 1/10 1o 10
[penens! n3mepeHus pa3HOCTH (a3 CUTHAJIOB, IPaIyChl

B 1 (01 570): 10} 00111022 1 (N -50...+50

B (00 : 107010 7 0 110 N1 (< -100...+100

OCHOBHO KOMIIJIEKT JTaTYMKOB U3MEPSIEMBIX 3JIEKTPOMAarHUTHBIX MOJEH COCTOMT M3 CHMMETPUYHONH MarHUTHOMN
AQHTEHHBI C OTBOJIOM OT CPEAHEH TOUKH, CEpJCYHUK KOTOPOH BBINOJIHEH U3 (eppuToBbIX Kosen Mapku M 2000 HMI, u
3a3eMJIIeMON Ha KOHIAX MNpHeMHOW ImHuH pasMepamu 10-20 M. Oba gaTyWka TOJKITIOYAIOTCS K OJMHAKOBBIM
CUMMETPHYHBIM COTJIACYIOIIUM OJIOKaM C BBICOKHM IIOJNHBIM BXOJHBIM W HH3KHM BBIXOIHBIM COIPOTHBIICHHEM,
CMOHTHPOBAHHBIM B KOMIIAKTHBIX BBIHOCHBIX KOPITyCaX W YKPEIUICHHBIM Ha KOXKyXe MUKPOBOJIbTMeTpa. Iluranume u
BBIXOJIHBIC CHTHAJIBI COTJIACYIOUIMX OJIOKOB TEpeJaroTcs K MOCIeTHEMY 4epe3 KOPOTKHE YeTHIPEXIPOBOIHBIC
SKpaHUPOBaHHBIEC KaOeH.

MarnuTHas aHTEHHA MOKET HCIOJIB30BATHCS B HIMPOKOMOJIOCHOM (0€3 HACTPOMKH B PE30HAHC) M PE30HAHCHOM
peXuMax; B MOCIETHEM CITydae OHa HaCTPanBaeTcs AUCKPETHO C IMOMOIIBI0 MEPEKIouaTelisi B COIIacyIomeM OJIoKe B
noioce uactor *+1,5 'l OTHOCHTENBHO HOMHHAIBHBIX 3HAYCHUH UM UMEET MAaKCHUMAIbHBIH KOI(PQHUIHEHT
npeobpaszoBanus, paBubiid 80 (B-M)/A s yacrorsl cnen JIDII.

B mmpokomnonocHOM pexkume HeoOxoamMmas ero BemuumHa (mpumeprHo 7,2 (B'm)/A) ycraHaBimBaeTcs

koo puimenTomM ycunenus cornacyromero onoka Ky = 20). Jlns usydeHus nosei ¢ Gonblueil HaNpsyKEHHOCTBIO
Ki=1.

[IT1pOKOIIOIOCHBII PEXUM SIBISIETCS. OCHOBHBIM TIpH (Da30BBIX W3MEpEHHUSIX, TaK Kak II03BOJSIET M30eXaTh
OLIMOKH 32 CYET U3MEHEHUH YaCTOTHI HCIOJIb3YEMBIX HCTOUHHKOB.

JUIs  OIEHKH TeOoNOTHYeCKOH HWH(POPMATHBHOCTH 3JIEKTPOMATHUTHOTO TPOQIIIMPOBAHUS C AaNIlapaTypou
AO®UIIII-1 Ha paboueir wactore cmen JIDII m comocTraBineHHs MOMYyYaeMbIX MAaTEpPHAJIOB C pe3ylbTaTaMH pPadoT
OPYTAMH METOAAMH JJIEKTPOpa3BeNKH OBLTH MPOBENEHBI OMBITHO-METOMUYECKHEe HCclenoBaHus B LleHTpambHO-
Konbckom paifoHe Ha MaccuBax 0a3HT-TUIIEPOA3UTOBBIX PACCIOCHHBIX HHTPY3ui Llarnackoii 306 U [1aHCKUX TyHID.
B mannaoM paiione CeBepHbiM (Gunanom rocrupeanpusatest DI TY npoBoaiinch padoThl KOMIUIEKCOM CEHCMOPa3BeIKH,
ANEKTPOPA3BEKH 1 MArHUTOPA3BE/IKU C LEJbI0 OLCHKU MEePCIIEKTHB UHTPY3Ui Ha OOHApYKEHUE CYJIb(PHUIHOTO MEIHO-
HHUKEJIEBOTO U TUNIATUHOBOTO OPYCHEHUS.

Bmecre ¢ anmapatypoit AOUIIII-1 mis 21eKTpOMarHUTHOTO MPpOQUIMPOBAHUS HAMHU UCIIOJNI3YETCs arnaparypa
MeToJla paauodIeKTpoMarHutHoro npodumupoBanus (POMIT) MITU-300 [11]. Kommiekc 3TUX IBYX METOAOB C
HCIOJIb30BaHUEM pabounx vacToT cren JIDII (mecstku repn) u CAB-pamuoctaHnuii (IECATKU KWIOTEPI) MO3BOJSIET
MoJTy4aTh MH(OpPMALMIO Ha JABYX CYLIECTBEHHO PAa3IMYHBIX YPOBHSX TIIyOMHHOCTH (B CpEIHEM IECATKH M COTHH
METPOB - MEPBbIE KMJIOMETPHI), YTO J1aeT BO3MOKHOCTH IPOU3BOJUTE O0OBEMHOE M3yUYEHHE I'€0JIOTMYECKOTO CTPOCHHMS
YYaCTKOB U TIOBBIIIAET JOCTOBEPHOCTH BBIAEICHHUS TITyOHHHBIX 00BEKTOB C MMOHIKECHHBIM Y IEIEHBIM COITPOTHBIICHIEM.

B paccmarpuBaeMBIX HIDKE TIpUMepax IIONIEBBIX pabOT M3MEpeHHs BBIIOJMHAINCh B JalbHEH 30HE
COOTBETCTBYIOINX HCTOYHUKOB (TOPH30HTAIBHOTO Kabemss KoHeuHoW mmuuHbl 1t crer JIOII m BepTHKambHOTO

snektpudeckoro gunons ans CJIB-paamocraniuu f=16,4 k). B 9Toii 30He 3J1EKTPOMArHUTHOE TIOJE YKA3aHHbBIX
HCTOYHHKOB MOXET OBITh alpOKCUMHIPOBAHO IIOCKOH BEPTHKAIHHO MAJA0ICH BOJHOW U HA TPAHMIIC Pa3Jieiia 3eMIIs-
BO3JyX MEXIY TOPHU30HTAJIBHBIMH COCTABIISTIONIMMH JJIEKTPOMATHHTHOTO W MATHUTHOT'O TIOJEW BBIMOJIHICTCS
HMIIEJIAHCHOE COOTHOIICHHE:

E
2= = Jegp_
¢

rie £, u H, - TanreHnmanbHbie K IOBEPXHOCTH 3eMIIM COCTABISIONINE HANIPSKEHHOCTH SJICKTPHYECKOTO H MATHUTHOTO
nosieif, cootsercTBenHo B/M u A/M; Z — mosepxHOCTHBI umnenanc, Om; @ = 27f - kpyrosas wactoTa
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3NIEKTPOMATHATHOTO T, I'1; flg= 4m-10” TH/M - MarHUTHAS IPOHMIIAEMOCTH BaKyyMa; f. - 3)eKTHBHOE yIenbHOe
COMPOTHBIIEHUE HEOJHOPOIHOM MoACTUIaIOIEN cpelibl, OM M.

3Hauenus p. npu o0paboTKe pe3ynbTaToB u3Mepenuii ¢ anmaparypoir AGUIII-1 u UITHM-300 BeIMUCIAIOTCS 110
bopmyie
o
*o
Ha puc. 4 npusenens! rpaguku 3¢pQEeKTHBHOTO COIPOTHBIEHHS L., NONy4YeHHble ¢ anmaparypoit AOUIIII-1 n

MeroznoM POMII, a takxke pe3ynbrarsl paboT METOAOM JIMHEHHO-0ceBbIX 30HaupoBanuil (JIOD3) ¢ anmaparypoii DPA
[9] mo cybmmpoTHOMY Tpodriro 9105 Ha [laruHcKoi 30HE.

a oah

Jooo0

10000

B EJ: 3y (s 5 B3

Puc. 4. Pe3ynbraThl 3JIeKTPOMarHUTHOTO MpoduiupoBanusi Ha paboyeld uyacrore crneu JIOII (ammaparypa
AOUIIII-1) u pagnosnexTpomarautHoro npoduiauposanust POMII (ammaparypa UITNU-300, f = 16,4 x['1) mo
npopmwtto 9105 wa Ilarmuckoit 3o0me (a), pesyabratel pabor ITI DITU wmeromom JIOD3 (0),
celicMOreoJIornIecKuii paspes (8) n nanHble kaporaxa KC mo ckB. 1 u ckB. 6 (T).]1 - kBapleBble TUOPUTHI: 2 -
MeTarabopo; 3 - rab0po-madbpagopuThsl: 4 - rabOPO-HOPUTEHI; S5 - THEHCH: 6 - pa3pbIBHBIC HAPYIICHUS.

Amnanu3 xapakrepa IpaduKoB p. IOKa3bIBacT, YTO OHHU B II€JIOM COBNAJAIOT, 32 MCKIIOYEHUEM HHTEpBaia
npoduiast Mexay nukeramu 17 w18, DTO cBHAETENbCTBYET O HEOOJBIIOM BIMSHHUM Ha pe3ylbTaThl paboT
HEPEKPBIBAIOIIUX PBIXJIBIX OTIOXKEHUH. Paznuuus B 3Ha4eHWsX p. B UHTepBase NuKeToB 17 u 18 cBs3aHbl, Kak
ITOKA3bIBAET COTMIOCTABIICHHE C TeOMOP(OTIOTHEN yJacTKa, C OTJIOKEHISIMA JOJIWHBI OJTHON U3 peK.

CpaBHEHHE JaHHBIX 3JCKTPOMArHUTHOTO MpodwinpoBaHus Ha paboueit yacrore crer JIDII ¢ pesynpraTamu
Meroga JIOD3 Takke NOKa3pIBaCT HAa WX OOMUI XapakTep. BJIOK MOBBIMICHHOTO YIEIEHOTO COMPOTHBICHUSA,
OTMeYeHHBIIl Ha rpaduke p. Mexny nukeramu 15,2 u 16,7, Bbuensercd Takoke H30IUHUAMU Oy Merona JIOD3.
IonmxeHHoe 3HaueHue P- Mex1y nukeramu 12,1 u 13,7, a taxke 14 u 15,2 cooTBETCTBYET NOHMKEHHBIM BEIMUMHAM
Pi B 9TUX uHTepBanax. IIpoBogdiuue HaHOCHI B MHTepBale IUKETOB 17 u 18, BbloeneHHble Ha rpaduxe p., Takke
OTMEYEHbI HOHMKEHHBIMM 3HAYEHUAMHU Oy

B nenom xapakrep rpadMKoB p. CBUIAETEILCTBYET O TOM, YTO Pa3pe3 B pacCMaTpUBAEMOM HMHTEpBasie NPOQUILL
9105 croxxeH HOCTaTOYHO BHICOKOOMHBIMH TTopoaaMu. [Ipennocsiok st 00HapYyKEeHUs TITyOWHHBIX IPOBOASAIINX 30H
¢ cymb(OUAHBIM MEIHO-HUKEIEBEIM OpYyIHEHHEM, IPHYPOYCHHBIM K HIDKHEH YacTH pPACCIOCHHOW WHTPY3HH,
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CIIOEHHON TabOpO-HOPUTaMHU, 1O JAHHBIM AJIEKTPOMATHUTHOTO MpoduiIMpoBaHus Ha padoueit yactore crern JIDII He
OTMe4YaeTcs. DTO MOATBEPKAAETCS Takke pe3yiapTaramu kapoTaka KC mo ckB. 1 u ckB. 6 (puc. 4), npoOypeHHBIM s
YTOUYHEHUS CTPOCHHUS PACCIIOCHHON UHTPY3UU U BO3MOXKHOTO IIOACEYEHUS OPYIHEHUSL.

Bo3moxxHOCTH 3J€KTpoMarHuTHOro npodunupoBanus c ammaparypod ADOUIII-1 Taxke WILIFOCTPUPYIOTCS
pe3yiabTatamu pabot Ha [lanckux TyHzapax (puc. 5). Llenbio 31eKTpopa3BeiouHbIX PadoT MO JaHHOMY PO OBLIO
KapTUPOBaHUE MHHEPAIN30BAHHBIX 30H NMOHIKEHHOTO YAEIBHOI'O CONPOTHBICHHS, NEPCIEKTUBHBIX Ha IUIATHHOBOE
opynenenue. V3 npuBeneHHbIX rpauKoB p. BUIHO, YTO YBEPEHHO BbLIEISIETCSA 30HA YepeIOBaHUs HOPUTOB U rabopo-
HOpuTOB Mexxny nukeramu 30 u 40. mpudem 3Ta 30HA KapTupyeTcs kak MerogqoM POMII, Tak U 3J€KTPOMarHUTHOTO
npoduiarpoBanusi Ha paboueit wactore crer JIOIN. Ilpu aBwKeHHH B IOro-3alaJHOM HAlPaBICHUH B CTOPOHY
NOHIDKEHUST penbeda H3-32 BIMSHHSA IPOBOAALIMX HAHOCOB KapTUPOBOYHBIE BO3MOXKHOCTH Meroga POMII
3HAUMTENIBHO YMEHBINAIOTCA, B TO BpeMsA Kak rpaduk p., moiydeHHelii c¢ ammaparypod A®UIIII-1, nocrarouno
muddepeHnupoBad. Pe3ynbTatel, momydeHnsle ¢ ammaparypoir AOUIIII-1, Xopomo cornacyroTes ¢ JaHHBIMA OypeHuUs
(oTMeuaroTCsl BBICNEHHBIE 10 JAaHHBIM OypeHHs 30HBI Mexny nmkeramu 30-40, a Taxke 0-15). Kpome Toro,

JOTOJTHUTENBHO BBIZIETICHA 30HA MOHIDKCHHBIX 3HAUeHMH p. MexAy nukeramu 19-24 (yBepeHHO HO pe3yibTaTam
n3Mepenuii ¢ anmaparypoit AGUIII-1 n menee yBepeHHO 110 pe3ysbTatam Metosa POMII).

a
EHP;r Puc. 5. Pezynbratsl

0 3JIEKTPOMAarHUTHOTO
2000 npo¢uImpoBaHus Ha pabodeit
gacrote cnen JIDII (anmaparypa
AOUIIII-1) n
Panuo3IeKTPOMATHUTHOTO
npodumpoBanust POMIIT
(ammaparypa UITNU-300.
f=16.4 xI'n)) o npoduio
«Kamennuk» Ha [TaHckux
TyHZpax.
1 - menoYHbIe TPAHUTHI,
2 - Tab0OPO-HOPHUTHI:
3 - yepenoBanue rabopPO-HOPUTOB
1 HOPHUTOB;
4 - HOPUTBHl MEJTAHOKPATOBHIE C
cyb(uaHON BKPaIICHHOCTBIO;
5 - paccraHnoBaHHble TabOpo-
HOPHTBI KOHTAKTHOH 30HBI;

Far 2 Ry N4 F=)s [Fls 6 - CKBA)KUHBL

10000

IlorpemHocTy, oOmpeneseHHblE IO pe3yJbTaTaM IOBTOPHBIX H3MepeHuil ¢ anmapatypoit ADUIIII-1 npu
npoBeneHnn pador Ha IlarmHckoi 30He W IlaHCKMX TyHIpax, He mpeBocxomar 3%, 4YTO CBHUAETENBCTBYET O
JIOCTAaTOYHOW HAJICKHOCTH JAHHBIX JEKTPOMArHUTHOTO pouiIrpoBaHus Ha pabodeii gacrore crery JIDIT.

Takum oOpasom, Uil aMIUIUTYJHO-(a30BbIX HU3MEPEHMI 3JIEKTPOMArHUTHBIX MMOJEH OOIIENPOMBINIIEHHBIX H
cnenuansHoi JIDII pazpaborana moneBas ApyxkaHaigbHas anmaparypa ADOUIII-1, koropas xapakrepusyeTcst BRICOKOI
YyBCTBUTEIBHOCTBI0 W IOMEXO3AIIUIICHHOCTHIO. JIJIi MOBBIMICHNUS TOYHOCTU IPESYCMOTPEHO HEMOCPEICTBEHHOE
AHAJIOrOBOE OIpEeZIeJIeHUE OTHOIIEHHs HM3MEpSEMbIX CHUTHAJIOB. ATmMaparypa YCIHEHUIHO onpoOoBaHa Ha OOBEKTax
HentpansHo-Konbckoro paifoHa MpH HM3Y4YeHUH PACCIOCHHBIX HHTpYy3ui ILlarmHckoit 30HBI u IlaHCKMX TyHOp.
OtMeueHa BbICOKass MH(POPMATHBHOCTh KOMILIEKCa AJIEKTPOMarHUTHOTO NpoduiIMpoBaHust Ha pabodeil yacrore criery
JIDII m pamuodneKTpOMarHuTHOTO MPOQHUIMPOBAHMS, TO3BOJISIONIETO MOMyYaTh HHPOPMAIMIO Ha JBYX CYLIECTBEHHO
Pa3JIMYHBIX YPOBHSX MTyOMHHOCTH (IECATKH M COTHH METPOB — IIEPBbIE KHJIOMETPBI).
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Abstract
Measurements of 82 Hz radio signals from a Russian ELF transmitter located on the Kola Peninsula are
described. The measurements were made at several locations around the world, including Dunedin, New Zealand, and
Arrival Heights, Antarctica, which are close to the antipodal point for the transmitter. This is the first time man-made
ELF signals have been observed over such long distances and their clear reception makes possible a comparison of the
theoretically predicted and measured amplitudes near the antipode. The agreement is excellent.

Introduction

During January 1990, CW radio transmissions at a frequency of 82 Hz were successfully received for many days
at a number of the combined extremely-low and very-low frequency (ELF/VLF; frequencies in the range 5 Hz - 30
kHz) radio noise measurement systems operated around the world by Stanford University [Fraser-Smith et al., 1985,
1988; Fullekrug and Fraser-Smith, 1996]. Specifically, the transmissions were observed at Sondrestromfjord, Greenland
(67° N, 51° W), Kochi, Japan (33° N, 227° W), Dunedin, New Zealand (46° S, 170° E), and Arrival Heights, Antarctica
(78° S, 167° E); they could not be detected above the normal background noise at the Stanford University site in
California (37° N, 122° W).

At the time of measurement of these ELF signals there was no available description of any ELF transmitting
system operating at 82 Hz. This was surprising, since ELF transmitters for global communications are expensive to
build and to operate and, by contrast, there was an extensive literature covering the development and deployment of the
United States” WTF/MTF (Wisconsin Transmitter Facility/Michigan Transmitter Facility) dual antenna transmitting
system, which typically operates at a center frequency of 76 Hz. Guided, however, by the comparatively large 82 Hz
signal strength at Sondrestromfjord, and by the references to a Russian ELF transmitter in a novel by Tom Clancy
[Clancy, 1990], who has a reputation for accuracy in regard to defense matters, we provisionally assumed that the
source of the 82 Hz signals was in Russia, and that it was most probably located on the Kola Peninsula, which has the
necessary very low electrical conductivity for operation of a ground-based ELF transmitter [Vagin et al., 1985]. The
lack of detectable signals at Stanford, and some other details of the signal strengths, combined with practical
considerations, suggested that the antenna was a long horizontal electric dipole (HED) antenna oriented in an
approximate east-west (EW) direction.

We have since confirmed, from Russian sources [E. Tereshchenko, personal communication, 1996; Velikhov et
al., 1996], that there is indeed a Russian ELF transmitter located on the Kola Peninsula, at a location (69° N, 33° E)
near Murmansk in the northwest of the peninsula. As described by Velikhov et al., [1996], "the transmitter consists of
two swept-frequency generators of sinusoidal voltage and two parallel horizontal grounded antennas, each about 60 km
long. The generators provide 200 to 300 A currents in the antennas in the frequency range from 20 to 250 Hz." In the
following, we will assume that the Russian ELF transmitter (hereafter referred to as the Kola Peninsula Transmitter

Facility, or KPTF) is located on the Kola Peninsula at 69° N, 33° E, and that the azimuthal orientation (taken to be ¢ =
0°) of the long HED (or equivalent horizontal magnetic dipole (HMD) [Bannister, 1966]) is approximately 13° N of E
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(77° E of N). The antipodal point for the KPTF is at 69° S, 213° E, which is located off the coast of the Antarctic in the
north-eastern part of the Ross Sea, near Marie Byrd Land, and the great circle distances of this antipodal point from the
Arrival Heights and Dunedin measurement sites are 1.7 Mm and 3.5 Mm, respectively.

It is remarkable to have measurements of man-made ELF signals over such long ranges, and particularly at
antipodal distances (where a form of focusing of the signals is predicted theoretically), and they provide a unique
opportunity to test the propagation theory for these ELF signals at large distances from their source for the first time.
The purpose of this paper is to describe our comparison of the measured and theoretically-expected signal amplitudes
and to show the excellent agreement between the two quantities.

Analysis of the Measurements
The great circle distance (p) from KPTF to Sondrestromfjord is close to 3.2 Mm, which, to two significant figure
accuracy, is the same as the distance from the WTF/MTF combination to Sondrestromfjord. Given this fortuitously

close agreement in range, it is significant that our measurements indicate that the normalized (to ¢=0°) 82 Hz
Sondrestromfjord field strength is 10 dB greater than the 76 Hz Sondrestromfjord WTF/MTF field strength. A similar
10 dB difference is also obtained when appropriate comparison is made between the 82 Hz field strength for the KPTF-
to-Japan path (7.0 Mm) and the 76 Hz field strength for the WTF/MTF-to-Hawaii path (6.7 Mm). We will therefore

assume that the 82 Hz KPTF magnetic dipole moment (M) is 10 dB greater than the 76 Hz combined WTF/MTF
magnetic dipole moment.
For an HMD antenna

M=ILW, @)
where M is the magnetic moment (Am?), L is the antenna length (m), / is the antenna current (A), and where W (m) is
the effective vertical extent, or depth, of the antenna. For a single layer earth, with an electrical conductivity of ¢; and
magnetic permeability (9, W is given by

we L J 2)

nl V2’

where ) is the propagation constant and 51 - (2/ WOYL, )1/ ?is the corresponding skin depth [Bannister, 1966]. If we

assume there is a second layer of conductivity o) starting at a depth of hi beneath the first, and that 0,<<ag, and
tanh y, i, ~ y,h,, we have
W =h, 3)

The average effective conductivity of the earth beneath the WTF/MTF antennas is approximately 2.4-10* S/m

[Bannister, 1976; Wolkoff and Kraimer, 1993], which gives an effective depth of W ~ 2.6 km at a frequency of 76 Hz.
For the very low conductivity Kola Peninsula area, there is a first layer with a conductivity of approximately 10~ S/m

down to a depth (%)) of approximately 10 km, beneath which there is a second layer with a conductivity of
approximately 10~ S/m [Vagin et al., 1985]. Thus condition (3) applies and W ~ 10 km, which is approximately four

times greater than the value of W for the WTF/MTF antenna combination.
For the combined WTF/MTF antennas, operating at 76 Hz, we have

M= 2x300 (A) x 22.5 (km) x 2.6 (km) = 3.51 x 10* (Akm?) @)

Since the magnetic moment for the KPTF is approximately 10 dB greater than that of the WTF/MTF

combination, it must equal 1.1 x 10° A- km®. For an antenna length of 55 km, the required current / is 200 A. That is, at
82 Hz:
M = 200 (A) x 55 (km) x 10 (km) = 1.1 x 10° (A km®) 5)

Fig. 1 shows a plot of the variation with frequency (in the range 0-400 Hz) of the measured ELF magnetic field
strength at Sondrestromfjord for January 1990, during the times when the 82 Hz signal was present. The effective
integration time is 1185 minutes (the number of the 2 one-minute samples/hour recorded during January that contained
82 Hz transmissions). The total number of possible one-minute samples is 1488, so transmissions were detected 80% of
the time. The plot clearly shows the first seven Schumann resonances, the 50 and 60 Hz power line frequencies (and
their related harmonics), and the spectral peak corresponding to the 82 Hz transmissions.

The January 1990 82 Hz field strengths measured at Sondrestromfjord, Dunedin, and Arrival Heights (and
estimated at Stanford) are presented in Table 1. Also listed are the 1985-1994 January 80 Hz median atmospheric noise

values measured in dB Hy (H ; is the total horizontal magnetic field noise level; the unit of H; is dB with respect to
the reference quantity of one ampere per meter in a 1 Hz bandwidth), and the signal-to-noise ratios (SNR's) for both a
1Hz bandwidth (BW) and for a 2 minute integration time (IT). Note that the measured Sondrestromfjord 2-minute
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integration time SNR is 25 dB, which corresponds to an easily measured signal. On the other hand, the estimated
Stanford 2-minute integration time SNR is < 1.5 dB, which is undetectable.

10 ¢ T . g T - - . Fig. 1 Average

: amplitude spectrum
of the lower-ELF
g ] radio  noise  at

180 Hz Sondre-stromfjord,

82 Greenland,  during
January, 1990. The
LN 1 average spectrum is
[ computed from the
1185 one-minute
0 synoptic  recordings
taken twice per hour
k..* 150 300 that contained 82 Hz

102k 120 | transmissions;  the
%L overall total possible
iy T TR number of these

one-minute
recordings  during
January is 1488.

Amplitude (pT)

1 1

0 50 100 150 200 250 300 350 400

10
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Tablel

The 82 Hz field strengths measured at Sondrestromfjord, Dunedin, and Arrival Heights during January 1990. The
estimated field strength at Stanford is also shown.

KPFT Median Noise Measured SNR SNR
Range Jan 80 Hz H, 1HzBW 2min. IT
L ocation (Mm) (dBH7) (dBA/m) (dB) (dB)
Sondrestromfjord 3.2 -139.7 -135.6 +4.1 24.9
Dunedin 16.5 -134.7 -142.5 7.8 13.0
Arrival Heights 18.3 -140.5 -151.9 -11.4 9.4
Stanford 8.1 -136.4 < 155.7* <19.3* <15

* estimated

The receiving antennas at the Stanford University ELF/VLF measurement locations are normally installed as
perpendicular pairs, with one antenna oriented in the magnetic NS direction and the other otherwise identical antenna
oriented in the magnetic EW direction, and it is the signals received on the magnetic NS aligned antennas that were
employed in this analysis. Since the magnetic NS direction is different from the great circle path direction from KPTF
to these sites, a receiving antenna correction factor must be employed. The correction factors varied from 0 dB at
Sondrestromfjord to 6.5 dB at Arrival Heights. Also, since these sites are off axis to the KPTF antenna (i.e., ¢=0°), a
transmitting antenna correction factor must also be employed. These transmitting antenna correction factors vary from
2.0dB at Dunedinto 8.6 dB at Arrival Heights.

Presented in Table 2 are the measured and normalized (to ¢=0°) field strengths at each of the three sites. From
this table, we see that the normalized 82 Hz field strengths are -131.8, -139.0, and -136.8 dBA/m, at Sondrestromfjord,
Dunedin, and Arrival Heights, respectively.

Following Bannister [1975, 1993, 1996], the 76 Hz magnetic field strength produced at distances in the range 1 to
19 Mm by the WTF/MTF combination in an omnidirectional mode (i.e., independent of ¢) may be expressed as

20logH , =~ —131.8+ 20log E — ap —10log(asin p/a), dBA/m (6)
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where E is the excitation factor, o is the attenuation rate (measured in dB/Mm), p is the great circle distance (measured
in Mm), and « is the radius of the earth (6.370 Mm). E'is defined as:
55.90 _
E= :

, km
hyJc/v

where / is the ionospheric reflection height in km, and ¢/ is the earth-ionosphere waveguide phase velocity ratio.

(7

Table2

Measured and normalized (to ¢ =0°) field strengths at the three Stanford measurement sites. The receiving antenna
(RA) and transmitting antenna (TA) correction factors are listed for each site.

Measured Measured KPFT Correction Correction H,
H, H, Range  Factor, RA Factor, TA (p =0+)
Location ®D) (dBA/m) (Mm) (dB) (dB) (dBA/m)
Sondrestromfjord 0.208 -135.6 3.2 0.0 3.8 -131.8
Dunedin 0.0943 -142.5 16.5 1.5 2.0 -139.0
Arrival Heights 0.0319 -151.9 18.3 6.5 8.6 -136.8

We have shown that the 82 Hz KPTF field strength is 10 dB greater than that of the 76 Hz WTF/MTF
combination in an omnidirectional mode. As a result, the 82 Hz magnetic field strength produced by the KPTF for
distances in the range 1 to 19 Mm may be expressed as

20log H,, = —121.8+20log E — ap —10log(asin p/a)+20logcos @, dBA/m (8)

At the antipode (=20 Mm), the spreading loss factor (—10log(asinp/a)) is replaced by

+10log(7* (c/v)/A) [Galejs, 1972; Burrows, 1978], where A is the free space wavelength in Mm. For frequencies

of 76 to 82 Hz and ¢/v~ 1.09 (nighttime propagation), the antipodal spreading loss (which is actually a focusing gain)
varies in the range +4.3 to +4.7 dB.

Utilizing eqn (8) and comparing the Sondrestromfjord (Dunedin and Sondrestromfjord) Arrival Heights field
strengths (Table 2) results in an attenuation rate of 0.5 dB/Mm and excitation factor of 0.65 (-3.7 dB) for the KPTF
signals. These are clearly nighttime values of o and E, since typical daytime values of o and E are 1.3 dB/Mm and 0.91
(-0.8 dB), respectively (Bannister, 1993, 1996].

This comparison indicates that the nighttime 82 Hz field strengths at antipodal distances (15 to 20 Mm) will be
substantially greater than the daytime field strengths. For example, at a range of 17.5 Mm, the nighttime field strength
will be (17.5(1.3 - 0.5) - 3.7 + 0.8) = 11.1 dB greater than the daytime field strength.

The average 76 Hz nighttime attenuation rate (0 ) measured over various paths (with lengths in the range 1.5 to

11.5 Mm) is ~ 1.0 dB/Mm [Bannister, 1985, 1993, 1996]. However, during January, oy ~ 0.6 dB/Mm for the
WTF/MTF to Hawaii path. Because of the effect of earth's magnetic field, we would expect the attenuation rate for this
predominantly EW path to be greater than the attenuation in the WE or NS directions (such as KPTF-to-Dunedin and
KPTF-to-Arrival Heights paths). Thus, a nighttime attenuation rate value of 0.5 dB/Mm is reasonable for the given time
of year. (An exponential ionospheric conductivity profile with # = 0.55 km™ and H= 95 km, as was used by Wait and
Spies [1964], yields o ~ 0.5 dB/Mm). On the other hand, if the measurements were taken in the March/April time
period, the nighttime attenuation rate would be ~ 1 dB/Mm [Bannister, 1993, 1997].

Shown in Figure 2 are the predicted KPTF 82 Hz field strengths versus range for both all-daytime and all-
nighttime propagation paths. The azimuthal angle ¢ is assumed to be 0°. The nighttime and daytime attenuation rates
are assumed to be 0.5 and 1.3 dB/Mm, respectively, while the nighttime and daytime values of £ are assumed to be -

3.7 dB and-0.8 dB, respectively. Also plotted in the figure are the normalized (to ¢ =0°) Sondrestromfjord, Dunedin,
and Arrival Heights measured field strengths. Note the excellent agreement between the predicted and measured values
at all three sites. For further comparison, we have also plotted the 76 Hz field strengths for January as measured in
Connecticut, King's Bay (Georgia), and Hawaii [Bannister, 1997]. 10 dB has been added to the measured values to
adjust for the difference in transmitter strengths and the distances are measured from the WTF/MTF midpoint. Again,
the agreement is excellent. (The Hawaii measured nighttime field strength is 0.7 dB low, but this is because the
nighttime attenuation rate in this EW direction is 0.1 dB/Mm greater than in the WE/NS directions).
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Field strengths of the 82 Hz signal for mixed day/night paths were also measured at Kochi, Japan (7 Mm range)
during January through March, 1990. As we have aready noted, the normalized field strengths were aimost identical to
the 76 Hz field strengths (with 10 dB added) for the Hawaii mixed day/night path (6.7 Mm range) for the same three
month interval.

KPTF Field Strengths vs. Range ( ¢ = 0°)

-120 T
r Fig. 2. Curves showing measured

; and predicted values of the KPTF 82
7] Hz field strengths. The two curves
1 show theoretically-predicted values
] for al-day and al-night paths over
global ranges and the measured field
strengths at Sendrestremfjord (SS),
Dunedin (DU), and Arrival Heights

co
124 *
[ Is)
128 e

-132

s _ . (AH) are shown as three labelled
D 136 wAH ] points. January WTF/MTF 76 Hz
;Ja ; ] field strengths in Connecticut (CO),
140 | Day (Theory) L § Hawaii (HW), and at King's Bay,
r ) . Georgia (KB) are also shown for
T Night (Theory) : comparison.
144 |- u Mixed Day/Night -
I Day :
48 | . Night J

Distance (Mm)

Conclusion

During January 1990, 82 Hz CW transmissions were successfully received for many days at a number of
ELF/VLF radio noise measurement sites operated by Stanford University around the world. The source of these
transmissions was undoubtedly the Russian ELF transmitter (KPTF) located in the Kola Peninsula, which is about 10
dB more powerful than the U.S. 76 Hz dua transmitting system (WTF/MTF).

It is particularly interesting that the 82 Hz signals could be clearly measured at Dunedin, New Zealand, and
Arrival Heights, Antarctica, which are close to the antipodal point of the KPTF. This is the first time that man-made
ELF signals have been received over such long distances. Reception of the signals made possible a comparison of the
theoretically-expected and measured signal amplitudes near the antipode and the agreement is excellent, asit isat all of
the measurement sites.

Additional comparison of the 82 Hz KPTF and 76 Hz WTF/MTF signal strengths (with the 76 Hz strengths
adjusted to compensate for their 10 dB weaker transmitter) measured at different sites and times yields almost identical
values of ELF attenuation rates and excitation factors.
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We present first results on generation and reception of an artificial ULF signal at distances of 800 and 1500 km in
the frequency range 0.3-12 Hz. The high-sensitivity receiving equipment and a stable current in the antenna exciting the
ULF field in the Earth-ionosphere cavity allowed us to detect the signal with high accuracy. It was found that the
amplitude-frequency dependences and the polarization of an artificial signal are strongly different in the daytime and at
night, which is related to the influence of the near-Earth waveguide and resonance structures on the detected signal. We
calculate the signal amplitude for different models of the ionosphere. It is shown that the model of an anisotropic,
vertically inhomogeneous ionosphere describes adequately the amplitude-frequency dependences of the measured ULF
signal. We calculate the apparent resistance of the underlying surface at the reception point using two measured

orthogonal components Hy and Ey of an electromagnetic field. It is shown that the calculation accuracy of the apparent
resistance obtained using a controlled ULF source exceeds significantly the accuracy achieved using natural
electromagnetic fields.

1. Introduction

The ultra low frequency range (ULF, 0.3-30 Hz) differs radically from the higher-frequency extremely low
frequency (ELF) range which iswidely used at present. The differences are in the great variety of the near-Earth paths
of signal propagation to the reception point, factors that influence the electromagnetic field and the types of noise
sources. The sensitivity of ULF signals to the state of the near-Earth environment makes this band very advantageous
for studying ionosphere-magnetosphere structures and nonlinear processes of interactions between waves and heavy
particles. Moreover, a large skin depth of the ULF field in natural conductive media facilitates its use for developing
deep-sounding techniques. Development of high-precision satellite navigation systems, alowing one to synchronize
time at the emission and reception points, makes it possible to develop novel multifrequency tomographic systems for
electromagnetic sounding of the underlying medium.

In September 1993, the Russian Institute of Powerful Radio Construction (RIPRC) and the Radio-physical
Research Ingtitute (RRI) performed the first experiment on generation and reception of ULF signals at a distance of
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1500 km using a radio transmitter located at Kola Peninsula. This facility is described in detail in [1, 2] where the
results of experiments on ELF sounding of the Earth crust are discussed. In May to October 1998, new experimental
studies on generation of ULF fields were performed on a new ground-based facility of moderate power, also located at
Kola Peninsula. In this paper, we present the results of measurements of artificial ULF signals in the experiments of
1993 and 1998 and compare the experimental data with the calculations of the amplitude-frequency response and the
polarization of the received ULF signals for different models of the ionosphere.

2. Description of the transmitting and receiving equipment

In September 18 and 19, 1993, the RIPRC and the RRI conducted the first unique experiment on generation and
reception of electromagnetic ULF fields at a distance of 1500 km. The goals of the experiment were testing the ULF
transmitter, the reception unit, and conditions of signal generation and propagation along the Earth's surface. We used
the radio transmitter located at Kola Peninsula with the antenna in the form of an electric power line about 60 km in
length, grounded at both ends. An important feature of this antenna is that it is located on the surface of a homogeneous
tectonic plate of very low conductivity (6 =5 - 10°-10* Sm™"). The line was excited by sinusoidal current with an
amplitude of 120-150 A. The reception was performed at the RRI observation site located about 120 km from Nizhny
Novgorod. The measurement equipment of the site is as follows [3]:

1) a basic two-component inductive magnetometer with sensitivity 0.05 pT Hz
measuring the meridional (H.g) and latitudinal (H ) magnetic-field components;

2) a shielded loop with a radius of 250 m and the number of turns # =18, placed at a depth under the ground

2 at a frequency of 1 Hz for

for measuring the vertical magnetic-field component /;

3) an orthogonal symmetric earth-current facility with two arms of length / = 75 m each and the Pb electrodes
placed at a depth of 2.5 m for measuring the meridional (Ey.s) and latitudinal (Eg.j) electric-field components;

4) a capacitance-type sensor for measuring the vertical electric-field component £

5) a set of loop antennas for measuring the /.5 and HEg_ components in the ELF/VLF ranges;

6) a portable two-component induction magnetometer with sensitivity 0.1 pT Hz'? at a frequency of 1 Hz;

7) an SK4-72 multichannel complex of the analog-to-digital (4-D) processing and recording equipment.
In 1993, the schedule of experiments was as follows:

Cycle 1: 10:00{12:00 MSK, September 18, 1993;
Cycle 2: 22:00{24:00 MSK, September 18, 1993;
Cycle 3: 02:00{04:00 MSK, September 19, 1993.

In each two-hour cycle, the transmission was I T £
performed during 20 min intervals separated by 10 yit 1em, -

. L A sy S R
min pauses. The radiation frequency f was chosen rill'ed e
for each interval as follows (time is reckoned from o 4 Teriberks _;'
the beginning of the corresponding cycle): L b
g Soveromorsk i I
00:00-00:20 f=5 2Hz: [l Kola Peninsula gl
00:30-00:50  £=2.6Hz; | & | N
01:00-01:20 f=1.3Hz; 8 Blurmansk i I
01:30-01:50  £=0.32 Hz. t V401 E—

After the successful experiment in 1993 on o . Kola—Serchryanksy line, 108 km
I Eyldynstroy 1

generation and reception of ULF signals at large SST i) a
distances, the Russian Institute for Powerful Radio Kola River 2
Construction, the Radiophysical Research Institute, i Sl i o
and the Institute of Exploratory Geology 3 ":L
"Rudgeofizika" (VIRG-Rudgeofizika) built a .
mobile geophysical ULF facility located at Kola ?
Peninsula (see Fig. 1). The facility comprises an %
ULF/ELF generator, a matching unit, an antenna,

and a testing and measuring complex. A 108-km HE ME E

grounded electric power line aligned in the East-

Western direction serves as an antenna. A portable Fig. 1. Location of the 108 km electric power
50-kW generator directly transforms a three-phase transmission line VL-401 "Kola-Serebryansky" used as
50-Hz signal with a voltage of 380 V into a signal an antenna for the geophysical ULF transmitter. The
at frequency ranging from 0.1 to 15 Hz, which was line is grounded at both ends through the buildings of

fed to the antenna input. The frequency of the the hydroelectric station HES-16 and the substation
radiated signal was set by a standard G-110 SST-200).

oscillator which ensured signal accumulation at the

e
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reception point for 1000 s. To match the
generator and the antenna, we used a
capacitor compensating the inductive
part of the antenna input resistance and
allowing us to excite an antenna current
of up to 60-100 A at the maximum

Dt

S5T-200 VL-401

HES 16

allowable voltage and a given power.
The testing and measuring complex
recorded the current and voltage at the

]

generator output and performed their
spectral analysis. The scheme of
connecting the ULF/ELF generator to
the power line is shown in Fig. 2.

The  first experiment on
generation and reception of artificial
ULF signals using this facility was
performed in 1998. The signals were
recorded at distances of 800 km
(Vidlitsa, Karelia) and 1000 km (St.
Petersburg) using the receiving and
detecting equipment of RIPRC and
VIRG-Rudgeofizika [4], and also at a
distance of 1500 km at the RRI
observation site in Novaya Zhizn',
Nizhny Novgorod region. As the

-

DSC

@ i

W0V, 5 Hz

EG

Fig. 2. Scheme of connecting the ULF/ELF generator to the electric
power line VL-401: DSC is the discretely switched capacitor, LFC is
the low-frequency converter EG is the exciting generator, and TMC
is the testing and measuring complex.

electromagnetic-field sensor, we used an induction magnetometer with a ferrite core together with a low-noise
preamplifier (see the description of the RRI reception site). The RIPRC hardware/software complex for measuring ULF
fields is based on a Briiel & Kjaer two-channel spectrum analyzer (model 2032) and a PC. In Vidlitsa, Karelia, the
equipment for audiomagnetotelluric sounding (AMTS) was used to detect the electric- and magnetic-field components.
The equipment has eight channels for digital recording of signals. We recorded two tangential electric-field components

(Ey and E)), two tangential magnetic-field components (/1 and H,), and vertical components of the magnetic (F)

and electric (E) fields. In two remaining channels, reference signals were recorded to decrease the influence of
uncorrelated interference signals and instrumental noise. Grounded electric lines with near-electrode amplifiers and

wideband induction sensors were used in the
AMTS equipment to detect the electric and
magnetic fields, respectively.

During the experiments in 1998, three
different measurement cycles were performed.
Each of them comprised daytime, evening, and
night-time measurements. The first measurement
cycle was aimed at studying signal behavior in
the frequency range 0.6-12 Hz. The second cycle
was devoted to studying the resonant properties
of the ionosphere in the frequency range 2-3 Hz
and involved small-step (about 0.1 Hz)
frequency changes. The third cycle included
continuous two-hour operation of the facility at
each of the three frequencies, 4.8, 10, and 12 Hz.

3. Results of the experiments performed
in 1993 and 1998

Figure 3 shows a sample record of an
artificial ULF signal at the Novaya Zhizn'
reception site. The signal processing technique
involved accumulation and subsequent averaging
of independent signal samples for separating the
coherent component. The processing was
performed using the A-D complex SK4-72. It
follows from Fig. 3 that the signal-to-noise ratio
reaches a value of 10-12 dB, which allows us to
separate the artificial signal with high accuracy.
The signal-to-noise ratio increases proportionally
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Fig. 3. Averaged samples of the magnetic-field component
Hp w: (a) the artificial ULF signal at frequency 5.2 Hz, (b)
the signal at frequency 2.6 Hz, (c) magnetic noise at
frequency 2.6Hz during pause of the ULF transmitter, and
(d) the calibration signal with amplitude H = 3.6:10® A/m
at frequency 2.6 Hz. Operation cycle 1, 10:00-11:20 MSK,

September 18, 1993.
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L0 = 10020 MSK

h.2 J ||.-'

b)

P00 - 1120 MSE )

0.0 1.5 2 340 -=-'3_|I-.Jlf
Fig. 4. Frequency spectra of the Hg_y component
(see Fig. 3) after the filtration. Panels (a), (b), and
(¢) correspond to artificial-signal frequencies 5.2,
2.6, and 1.3 Hz, respectively. Operation cycle 1,
10:00-11:20 MSK. Sepntember 18. 1993.

interval of increase for all
magnetic-field components. The
greatest difference between the H 10 Afm

to the interval 7 = NT of averaging, where T is the
sample duration and N is the number of independent
samples (Npax = 512 and Tpee = 13 min). Sample
frequency spectra of the received signals after the
coherent processing are shown in Fig. 4.

Figure 5 shows the measurement results for two
orthogonal magnetic-field components of the trans-

mitter signal, i.e., the North-Southern (Hy.s) and
East-Western (Hp_j) projections, and the calculated

1/2
total field amplitude |H| = (va_s +H§_W)/ . The
upper panel in Fig. 5 also shows the theoretical results
for |H| obtained using the model of a homogeneous

isotropic ionosphere with the horizontal dipole
grounded at both ends [5]. Two values of crust

conductivity under the transmitter were used, o; =
3-10° Sm™ and 0y = 10* Sm™. Comparison of the
experimental and theoretical frequency dependences of
[H| shows their fair coincidence during daytime for o =
10" Sm”. We assumed in our calculations that the
ratio of the phase velocity of a ULF wave to the
velocity of light in vacuum v/c=1.5 at all frequencies
and that the height of the Earth-ionosphere cavity /1 =
60 km.

During night time, the frequency dependence of
the signal amplitude is strongly different from the

predicted one (Hoo l/ \/7 ) and, as a rule, has an

~ Fig. 5. (a) Absolute values
&) of the transmitted magnetic

measured and calculated signal *
amplitudes is observed after 2k field cglgqlated for two
midnight, when the signal .| conductivities of the Earth
amplitude at a frequency of 5.2 Hz | ® * crus_t under tsh ¢ trinsmltter,
is very large, while the signal at 1.3 : —— o1 =3 £0 SI? (0) and
Hz is strongly suppressed for both i = oy = 107 Sm~ (#), and
. e .
magnetic-field components. The M - . T measured during the first
calculated and measured magnetic Hippe 107 A fm b (®), second (A), and third
fields of an artificial ULF signal are . * - 4 (m) transmitter operation
shown in Fig. 6. It is seen that the . cycles. The  measured
signal polarizations almost coincide N - * amplitude of (b) Hg_ and
during daytime and are strongly “ T —_— (¢) Hy.s magnetic-field
different during night-time. This N 0n— : components for the three
strong  difference between  the x5, 10 A/m . ] operation cycles (the same
measured direction of the magnetic = i . . ’ ngtation asyfor p(anel (+).
glleld and the one calc}llllated usglgl | = S . The amplitude of the noise
¢ Isotropic 1onosphere mode 9 L . magnetic field is shown by
suggests  that the  gyrotropic ) 1"_'___‘_' a bold solid line.

properties of the ionosphere affect i
significantly the parameters of the
received signal during dark time of

6 f Ha

the day. Figure 7 shows the amplitudes of Hz_j and Hy.s components of an ULF signal for all operation cycles. This
plot demonstrates a large spread in the signal amplitude for the morning hours as compared to the day hours. Figure 8
shows the averaged spectra of background electromagnetic noise generated by lightning discharges. The measurements
were performed at the Novaya Zhizn' reception site using the RRI equipment at the time when the artificial ULF signal
was detected. The natural noise signal was processed by arithmetic averaging independent spectral samples with the

frequency resolution Af'= 0.1 Hz. An SK4-72 spectrum analyzer was used. Typically, the averaging was made over 1 =

64-128 samples (averaging interval 7 = 10-20 min), which decreased the variance of spectral envelope fluctuations to

about 1/~/n = 10-15%.

152



Hy s
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Fig. 6. Magnetic field vectors of ULF signals
calculated for the frequencies f = 1:3, 2:6, and
5:2 Hz and crust conductivity ¢ = 10 * Sm*!
under the transmitter (dashed line) and measured
at the corresponding frequencies (solid lines).
Panels (a), (b), and (c) correspond to the 1st, 2nd,
and 3" transmitter operation cycles, respectively.
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Fig. 7. The amplitudes of the Hn-s and He—w
components (solid and dotted lines, respectively)
of an artificial ULF signal measured during three
operation cycles of the transmitter.

Beginning from 19:30 MSK in September 18, 1993, a wideband maximum was observed in the noise spectrum
below the Schumann resonance. The position of the maximum drifted in time from about 3 Hz a 21:00 MSK in
September 18, 1993 to 5-6 Hz at 03:00-04:00 MSK in September 19, 1993. Comparison of Figs. 7 and 8 shows that
amplitude variations in the artificial ULF signal at frequencies 2.6 and 5.2 Hz basically follow temporal variations in
the wideband spectral maximum of low-frequency magnetic noise. This maximum can be related to the ionospheric
MHD waveguide. The anomalous amplitude-frequency dependence of the artificial ULF signal during night-time can
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Fig. 8. Evolution of the averaged normalized
spectrum of the noise magnetic field during the
ULF experiment of September 18-19, 1993.

also be related to the resonant influence of the ionosphere,
which results in formation of a resonance spectral structure
(RSS) for the noise magnetic field, asis seen in Figs. 8 and
9 [6, 7]. The RSS manifests itself as deep harmonic
modulation in the spectrum of electromagnetic noise on the
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Fig. 9. Normalized spectra of the noise
magnetic field for two frequency windows
with widths 12 Hz (&) and 5 Hz (b).
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ground with the characteristic frequency scale Afy x+; = fi+1 - fi, where fj are the resonance frequencies of the F-layer
ionospheric Alfven resonator related to propagation of Alfven waves guided by the Earth's magnetic field between
reflecting regions at heights 100 and 1000 km. Figure 8 shows the spectra of the noise magnetic field in which the
resonance spectral structure with Af ~ 0.77 Hz is clearly seen for the Hp_ magnetic component. We have not yet
succeeded in revealing the resonance spectral structure of artificial ULF signals detected at Novaya Zhizn'.

Figures 10 and 11 show sample recordings of an artificial ULF signal obtained at Novaya Zhizn' during the
experiments in 1998. Variations in the signal amplitude at frequency 4.8 Hz for two linear magnetic-field polarizations
(Hpy.s and Hg ) are shown in Fig. 10, and two spectra of the signal together with noise at the output of a two-channel
coherent receiver are shown in Fig. 11. In the experiments of 1998, a PC with an A-D converter and original software
for spectral, correlation, and coherent analysis were used during data acquisition and processing. It is seen in Fig. 10
that the phase difference between two magnetic components of the signal vanishes after sunrise, i.e., after the transition
to daytime ionospheric conditions. The phase difference between the components Hy.s and Hg y means that the
artificial signal is elliptically polarized, which confirms the influence of ionospheric anisotropy on the signal detected at
night.

H relunits (5400 MSK u|.||||‘1~.r<
0.2 H\ . ,n H
f\ ,\ %
0.1 |'IIII .1 / ”\ .
011 'll 'IIJI 0.0 {/
B Time,
0. fi/'/ \ \ niF \\
\S ,
0.2 e b i "Jll '\.
H relunits
Wi S K (M40 MSE

:;;\H”?/\”/“\ [ :'f\ /’* /

Fig. 10. Variations of a 4.8-Hz signal at the otput of a coherent receiver for linear Hy_s and Hg_y polariza-
tions of the magnetic field. The interval of coherent accumulation was 0.6 s and the averaging interval was 10
min. Morning operation cvcle. 04:00-07:00 MSK. Julv 22. 1998. The excitation current was 70 A.
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Fig. 11. Two sample spectra of the output signal of a two-channel coherent receiver (Hy.s component). The
frequency of the transmitted signal was 4.8 Hz and the averaging interval was 10 min. Morning operation
cvcle. 04:00-07:00 MSK. Julv 22. 1998.

Figures 12a and 13a show the amplitude-frequency dependences of two linearly polarized (Hy.s and Hg_j) and

two circularly polarized (Hg Hp) magnetic components for morning (Fig. 12a) and evening (Fig. 13a) operation cycles.
Sample spectra of the noise magnetic field for the corresponding observation periods are shown in Figs. 12b and 13b,
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respectively. As is seen in Fig. 13, in the evening there is a large difference in the shapes of the amplitude-frequency
dependences of different magnetic components. At the same time, a significant difference in spectrum shapes exists for
different polarizations of magnetic noise. The strongest difference exists for spectra of H and H polarizations in the
evening. This fact is related to the influence of gyrotropy of the night-time ionosphere on natural magnetic noise.

Hl 10 J"L‘“ TELOTO8, - 0TI -0 MSK Fig. 12a. Frequency dependence of the
L arti_cialsignal amplitude for two
17 + "1 E-W linearly polarized (Hy-s and Hg-w) and

two circularly polarized (Hrx and Hp
magnetic components. The notations Hy
and H; correspond to the right-hand
(electron) and left-hand  (proton)
polarizations, respectively. FEXx-citation
current is 70 A.
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Fig. 12b. Sample averaged spectra of magnetic noise for moderate thunderstorm activity. The averaging
interval is 10 min. The amplitude frequency response of the induction magnetic sensors is not shown.

During the experiments in 1998, the ULF signal

was also recorded at distances of 800 and 1000 km

IH]. 10" A/m 22.07.08, 22:20- 2400 MSK (Vidlitsa, Karelia and St. Petersburg). The digital
' processing of a signal comprised a spectral analysis and

calculation of the mutual coherence coefficient £ ~

J.H ) ( iEx(t " ™dt as well as the impedance
- =" Z(w)=H,(0)E,(0)/H () and the
e —— admittance Y (@)= H ) (w)E | a))/ EX@) of the

underlying surface.

0 2.1 L& 7.2 Y FH-
f, Ha Figure 14 shows sample records of the orthogonal
Fig. 13a. Same as in Fig. 12a, but for the evening electromagnetic-field components Hy and E, and
operation cycle. processing results for the detected fields, namely, the

coherence coefficient k of the components and the
apparent resistance p, of the underlying surface:

p, =iz ? (a))/ (a),uo ) = i/ (a),uo xY? (a))), where {1y is the magnetic permeability of vacuum. It is easily seen that the

coherence coefficient is maximum at the transmitter frequency (4.8 Hz). The values of p, calculated using admittance
and impedance characteristics are equal. Therefore, using a controlled source yields the higher measurement accuracy
for the apparent resistance than using natural fields.
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Fig. 13b. Same as in Fig. 12b, but for the evening operation cycle.
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Fig. 14. The ULF signal detected in Vidlitsa, Karelia, in July 17, 1998, 03:58{04:52 MSK. The panels on the
left show the spectra of the £y and Hx components (y = 107> G). The panels on the right show the coherence

coefficient £ and amplitude |pq and phase ¢, of the apparent resistance p, of the underlying surface,
calculated using the measured field values.

4. Discussion and conclusions

Experimental studies performed in 1993 and 1998 showed a strong difference between the daytime and nighttime
amplitude-frequency dependences and polarizations of artificial ULF signals. Variations in the profiles of electron
density and collision frequencies of electrons and ions with neutrals in night and evening time cause strong variations in
the parameters of the detected ULF signal and the spectrum of magnetic-field noise. We thoroughly developed a
technique for calculating the magnetic components of a signal radiated by the horizontal magnetic dipole in a planar
waveguide bounded from above by an anisotropic, vertically inhomogeneous ionosphere. The solution at the surface of
a perfectly conducting Earth was obtained in the form of Fourier-Bessel transforms of the desired field components, and
impedance-type boundary conditions were used for an arbitrary inclination angle of the geomagnetic field. An
anisotropic, inhomogeneous ionosphere was modelled by a set of homogeneous plane layers with the parameters of a
standard mid-latitude ionosphere at heights from 60 to 1000 km for moderate solar activity. Figure 15 shows the

amplitude-frequency dependences of the Hy.g component for day and night periods, calculated using the chosen
ionospheric model for the Novaya Zhizn' reception site. The calculated curves represent more adequately the anomalous
amplitude-frequency dependence of an artificial ULF signal measured at Novaya Zhizn' in the night-time. The used
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ionospheric model also allows one to take into account the resonant properties of the night-time ionosphere, evident
from the oscillatory behavior of the frequency dependence.

Thus, the propagation of an artificial ULF signal
can be influenced by the near-Earth resonance and
waveguide structures. We emphasize the following ones,
whose influence is clearly seen in the spectrum of low-
frequency electromagnetic noise (Figs. 8 and 9):

(i) the Earth-ionosphere cavity [8];

(ii) the ionospheric MHD waveguide [9, 10];

(iii) the ionospheric Alfven resonator [11, 12].

On this basis, the observed ULF signal can be
represented by three components:

(i) the direct signal propagating in the Earth-
ionosphere cavity from a ULF source to the reception

i — point with the speed of light ¢ =3 10’ km s™';
(if) the ionospheric waveguide signal propagating
0.2l with the velocity v ~ 500-1500 km s™';
(iii) the signal reflected from the upper
ionospheric boundary above the reception point and
| ) . propagating into the ionosphere along the geomagnetic

) ] 10 [ Hz 15 field lines with the Alfven velocity v ~ 500-1500 km s™'.
This signal results from transformation of the direct

Fig. 15. Amplitude-frequency dependence of the under-ionospheric field excited by the ULF facility into

H.0 A/m

0,5

magnetic-field component Hy—g calculated for the slow MHD_ waves ig the ionospheric E layer.

ULF source \Kola{Serebryansky" and the reception ) During  daytime, the 1nﬂgence of the upper
site Novaya Zhizn' using the model of the ionosphere on the artificial ULF signal can be neglected
anisotropic and inhomogeneous ionosphere. Curves due to strong damping Of MHD waves. Hence, the s1gne.11
1 and 2 correspond to the nighttime and daytime structure is very complicated in the night-time and is
conditions, respectively. simpler in daytime. A good agreement between the

computed (using the model [5]) and measured amplitude-

frequency dependences and polarizations of the signal for
daytime suggests that we measure the signal propagating along the Earth-ionosphere cavity. During night-time, the
situation is more complicated, and one must take into account the influence of large-scale waveguide properties and
local resonant properties of the ionosphere.

During the experiments of 1993 and 1998, in which the controlled source of ULF electromagnetic fields was
used, the artificial ULF signal was received at a distance of 1500 km. High-sensitivity receiving equipment and stable
radiating current in the antenna exciting the ULF field in the Earht-ionosphere cavity allowed us to detect the signal
with high precision in a frequency range of 1.3 to 12 Hz. All the observed features of the artificial ULF signal are
related to the influence of waveguide and resonance structures in the near-Earth space. The Earth-ionosphere cavity, the

MHD waveguide in the ionospheric F’; layer, and the ionospheric Alfveen resonator are most important of them. Thus,
the properties of the detected ULF signal can contain important information on the parameters of the above-mentioned
near-Earth structures. Moreover, the detected artificial ULF signal can be used to obtain the apparent resistance of the
underlying surface at the reception point. The accuracy of the underlying-surface parameters obtained using a controlled
ULF source greatly exceeds the accuracy of the results achieved using natural electromagnetic fields.

The authors wish to thank A. G. Litvak for his constant interest in this study and helpful discussions. This work
was supported by the Russian Foundation for Basic Research (project Nos. 01-02-16742 and 0102-31019), the Federal
Program "Universities of Russia" (grant No. 015.01.01.069), the Russian Ministry of

Education (grant No. E00-8.0-44), and INTAS (grant No. 99-0335).
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Brenenne

Mero ayIMOMarHUTOTEIUTYPHUYECKUX 30HJUPOBAHMH € KOHTpoiupyembiM ucrouHukoMm (Controlled source
audiomagnetotellurics - CSAMT) 00bIYHO NpHUMEHSIETCS NPH MOBBIIIEHHOM YPOBHE IPOMBIIUIEHHBIX IOMEX, KOrja
CTaHJApTHBI METOA ayIMOMAarHUTOTEIUTypUdecKHX 30HIupoBaHMH (AMT3), OCHOBaHHBIF Ha H3MEPEHUAX
€CTECTBEHHBIX 3JIEKTPOMArHUTHBIX IIOJIEH, HE IO3BOJISIET IOJIydaTh JAaHHBIE BBHICOKOro KaudecTBa. [lo cpaBHEHHMIO C
AMT3 wmeron CSAMT ofecreunBaeT moONyYeHHEe O0Jee KAYECTBCHHBIX JAaHHBIX B YaCTOTHBIX JIHAITa30HAX
HECTaOMIILHOTO TIOBEJICHUSI €CTECTBEHHOTO AnekTpoMarauTHoro nos 0.1-10 T'm u ero Huskoro yposus 700-3000 I,
[pu paborax meromom CSAMT Ttpebyercs MeHbIee BpeMsl HAKOIUICHHWS AaHHBIX, 4eM B meroge AMT3, dto
MTOBBIMIAET TPOU3BOAUTEIHHOCTE pador. B Merome CSAMT 0OBIYHO M3MEPSAIOTCS TOPH30HTAIBHBIE COCTABISIOIINE
AIEKTPUYECKOTO W MAaTrHUTHOTO IOJSI KOHTPOJHMPYEMOTO MCTOYHHMKA (Yalle BCETO 3a3eMJICHHOTO Ha KOHIAX KaOens
JUTMHOK HECKOJIbKO KujoMeTpoB) B auamazoHe 9actoT 0.1-10000 I'i. ITo maHHBIM M3MEpEeHUH BBIYUCISIOT YaCTOTHBIE
3aBHCHMOCTH aMIUIUTYJBl HMIIeaHca (WIM KaXKyIIEerocs CONPOTHBICHUS) W (a3sl HMIIEIaHCAa, U B pe3yibTare
HWHBEPCUU CTPOAT T€ONIEKTPHUECKIE Pa3pe3bl B JHANA30HE TITyOHH OT MEPBBIX AECATKOB METPOB 10 2-3 KM.

Tounocts u3mepenuit B Mmetosie CSAMT He 3aBUCUT OT CE30HHBIX U CYTOUHBIX BapHalllii YPOBHS €CTECTBEHHOTO
AJIEKTPOMArHUTHOTO MOJISl. DTO SBISETCS BAXKHBIM (DAaKTOPOM IPH MOHUTOPHHIOBBIX HAaOJIIOAEHUSIX JUISl BBISBICHUS
npeaBecTHUKOB 3emuerpacenuil [Capaes u ap., 1999]. B atoif cBA3u B mocnegHue rojsl pa3BUBaeTCd HaIlpaBICHUE,
CBSI3aHHOE C HCIOJIG30BAHMEM MOIIHBIX MCTOYHHKOB 3JIEKTPOMArHUTHOTO IOJSI C AAJbHOJEHCTBHEM COTHHU-TBHICSUU
KWJIOMETPOB Il MOHHUTOPWHTa HampsDKeHHO-Ae()OPMHUPOBAHHOTO COCTOSIHHMSI TOPHBIX HOpoX. B akcrnepumenTax c
poccuiickoii CHUY-pagmoycraHoBko# «3eBc», pacnoiokeHHoW Ha KolbCkoM Im-oBe, OBUIM IMOKa3aHBI BO3MOXHOCTH
W3MEpEHUsl CUTHANOB i1 peanmu3anuu pabor meromom CSAMT Ha ymamenunm 7000 kM [CapaeB um mp., 2004].
OKCIIepUMEHTHl TI0 HW3MEPEHUSAM CHUTHAIOB KuTaiickoii CHY-pagmoycTaHOBKH BHIIONIHEHBI B Ipoliecce padoT 1o
CO3IaHHIO CHCTEMBI MOHHTOPHHTA CEHCMUYeCKo# akTuBHOCTH B Kutae [Zhao et al., 2010]. Pa3BuBaercst HampaBiieHue,
CBSI3aHHOE C HMCIOJF30BAaHHEM B KadyeCTBE AaHTCHH IPOMBIIUICHHBIX JHHUN 3JexTporepenad (JIOII), m momydeHst
JIAHHBIE 110 U3MEPEHUSIM CUrHaJIoB Ha yaaiteHun a0 1000-2000 kM [Zhamaletdinov et al., 2008].

Hike paccMaTpuBaroTCsi OCOOCHHOCTH 3JIEKTPOMATHUTHBIX TIOJIEH MOIIHBIX MCTOYHUKOB Ha YIAJIICHWH COTHH-
TBICSIYM KWJIOMETPOB OT UCTOYHMKA, IPUBOAUTCS XapaKTEPUCTHKA araparypHo-riporpaMmmuaoro kommiekca CSAMT c
MOIIHBIM HCTOYHMKOM U TIPUMEpHl pEeTucCTpaluu curHajioB poccuiickoi CHY-paguoyctaHoBkn «3eBc» Ha
3HAYUTEIBHBIX YIAICHHUAX OT HCTOYHHUKA (THICSYH KUIOMETPOB).

Paziin4uHbIe 30HBI 0K0J10 Ka0eJIsi KOHEYHOH JJINHBI
I[JIH KOHTPOJIUPYEMBIX HWCTOYHHUKOB, BKIIIOYASA KaOellb KOHEYHOM JJINHBI, 00BIYHO BBIICIAIOTCA 6J'II/I)KH}I}I,

NPOMEKYTOUHAs M JajibHss 30HbI. BIMKHSS 30HA COOTBETCTBYeT ycioBuro |K7|<<l, mpomexyrounas - |kr|~1 u

nanbHss 3ona - [kr[>>1 [Zonge and Hughes, 1991]. B nanbHeii 30He HCIIONB3YHOTCS MOJIENb IEPBUYHOTO OIS B BUIIE
IUIOCKOM BEPTHKAIBbHO MAJAAIOIIeii BOJHBI M XOPOLIO pa3paboTaHHbIe MArHUTOTEIUTYPHUUYECKHE IMOIXOJbI U METOJbI
HWHTEPIPETAINN TaHHbBIX.

B nmomonHeHue HaMu OBUIO MPEUIOKEHO BBIZCICHHUE BOJHOBOAHOHN 30HBI [Saraev and Kostkin, 1997, 1998,
1999]. Ha OonbIIMX pACCTOSIHUSIX M3 MCTOYHHUKA (COTHHM - THICSYM KHJIOMETPOB) 3JIEKTPOMArHUTHOE Iojie Kabeis
OTJINYAETCA OT KBAa3HMCTAIMOHAPHOTO TOJISi, KOTOPOMY COOTBETCTBYET MAJIbHSISI 30HA, W CYHIECTBEHHBIM 00pa3om
3aBUCHT OT BJUSHHS HOHOC(HEPHl U TOKOB CMEIICHUS B BO3MyXe. JTH (DakTopbl, OOBIYHO HE YUYHTHIBAEMbBIE HA
HEOOJIBIIIOM YAATIEHHUHU, UTPAIOT 3HAYUTENILHYIO POJIb HA OOJIBIIIOM PACCTOSIHUM OT UCTOYHHUKA.

[MonoxxeHue pa3InYHBIX 30H Kabels, HAMPABICHHOIO MO TOPH30HTAIBHON OCH, MPU M3MEPEHUSIX UMIIEAaHCa 110
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AnnapaTtypHo-nporpaMMHbIil koMiuieke MeToga CSAMT ¢ MOIIHBIM HCTOYHHUKOM

B coctaB xomIiekca BXOAUT MOIIHBIH MOOWIBHBIN T€HEpaTop, IPUEMHHK U IIPOrPaMMHBIE CpeICTBa 00paboTKU
U MHTEpIpeTaluy JaHHbIX. [ DONrOBpeMEeHHBIX HaONMOAECHUH (MOHUTOPUHI CEHCMHUYECKOW aKTUBHOCTH H Jp.) B
KauyecTBE aHTEHHbBI HCIOJB3YEeTCsl CIeUajbHO IMOCTpoeHHas Bo3aymHas JIOII, a npu HOMCKOBO-KapTHPOBOYHBIX
UCCIIEZIOBaHUAX pacKiaapiBaeTcs kadbeiab. Ocoboe BHUMaHUE YENsIeTCs BBIOOPY TUIOMIAIKH Ul pa3MEIeHUs] aHTCHHOM
CHCTEMBI M O0YCTpOMCTBY 3a3eMieHHi. B O1aronpusaTHBIX yclloBHsX (KaOedb pacrojioKeH Ha BBICOKOOMHOM OJIOKe
IIOPOJ, HU3KOE CONPOTUBIICHHE 3a3eMJICHHI) TaJIbHOICHCTBHE KOMIUIEKCa COCTABIISIET TIEPBHIE COTHH KHMJIOMETPOB.

I'enepaTop. B xauecTBe MOIIHOrO MOOMIIBHOTO T€HEpaTopa HCHoib3yercs: reneparop «Komay, paspaboraHHbIN
B OAO PUMP. On npezcrasisieT o000 OJIOK HETTOCPEACTBEHHOTO MpeoOpa3oBaTels YacTOTH 0e3 3BeHa MOCTOSHHOTO
TOKa C HETIOCPEICTBEHHOW CBSA3BIO MUTAIOIIEH CETH M HAarpy3ku. B cocTaB MOIIHOrO reHepaTopa BXOASAT YCHIIUTENb
MOIITHOCTH, OJIOK yTIpaBIICHUs, 3aMA0IIAi MPEU3NOHHBIA HU3KOYACTOTHBIN Te€HEepaTop, COTIACYOIIEe YCTPOMCTBO.
OCHOBHBIEC XapaKTepUCTUKU: auana3oH padodux dactor 0.1-10000 I'm, mar ceTkw 4acTOT OmpeAeNseTcs 3aAarolIuM
reaepaTopoM. Bun curaana — cuHycouaanbHbIH, MOIIHOCTE — 10 50 kBT, Hanpsoxenne — 380 B, Tox — mo 120 A. Tun
AHTCHH — Ka6eﬂbeIe AHTCHHBbI [lJ'lIdHOi/i 06]:.1‘1H0 a0 3 -5 kM unu BO3AYIIHBIC JIMHUU BJICKTponepeaaun, MUTaHue —
tpexaznoe mnepemennoe 380B/50I'm.  JIomoJHMTENBHO TNPOM3BOAMTCS  aBTOMATH3MPOBAHHOE  YIPaBJICHHE
N3MEPCHUAMU U aBTOMaTHSHpOBaHHLIfI KOHTPOJIb U PETUCTPALA BBIXOJHBIX IMMapaMETPOB reHeparopa. OTHOCUTEIIBHO
HeOombIIMe Macca reHeparopa (okouso 40 kr) u rabapurHsle pazmepsl (600x600x800 Mm) obecrieunBaroT €ro yao0HyI0
TPaHCIIOPTUPOBKY M IKCILIYaTAIHIO B TIOJIEBBIX yCIOBHSX.

Ipuemunk. B kauectBe mnpuemMHHMKa wucnoie3yercs ammaparypa AK®-4M, paspaborannas CaHKT-
[erepOyprckum rocynapctBeHHBIM yHEBepcuTeToM M OO0 «MukpoKOPy» [CapaeB u ap., 2003]. Amnmaparypa
BKITFOYAET IUPPOBON PETHCTPATOP C YETHIPHEMSI CHHXPOHHBIMH KaHanamu u 24-paszpsamasiMu ALIl B kakaoMm KaHaje.
UYacrorueii muamazoH 0.1-800 I'm, gactoThl nuckperm3anuu BXonmHBIX curHamoB 160, 1600 m 3200 I'm, o6Bvem
BcrpoeHHoi mamstu 1024 M6. B anmaparype AK®-4M ycTraHOBKa M3MEPHUTEIBHBIX ITAPAMETPOB BBITIONHACTCS MPH
TIOMOIIY KJIABHATYypPbl PETHCTPATOpa WM BHEIIHETO KommbioTepa. IloneBbie HaOMIONEHUS B TOYKaX 30HIUPOBAHHUN
MIPOM3BOASATCS C 3aIIUCHI0 IAHHBIX BO BCTPOSHHYIO MaMATh. PETUCTPUPYIOTCS BPEMEHHBIE PSAIBI WM CIIEKTPOIPaMMBI,
Ka)XKyIlleecs CONPOTHBICHHWE U (a3a HMIIEAAaHCA BBIYHCIAIOTCS HEMOCPEICTBEHHO B HM3MEPUTEIBHOM OJIOKE.
OOecrieunBaeTcsi NPOrpaMMHOE YIPABJICHUE anmnaparypod, BU3yallM3alusi CHEKTPAJIbHBIX XapaKTEPUCTHK CHIHAJIOB
IMMPpOU3BOAUTCA Ha OUCIIICC PCruCTpaTopa, U OILCHKAa KaucCTBa JAaHHBLIX BBIIIOJHACTCA HEIMOCPCACTBCHHO Ha TOYKE
HaOmoneHuit. PaboTe! mpousBosTes ¢ ucnonb3oBanneM GPS npuemnunka (npuBs3Ka 1o KOOpHHATaM U BPEMEHH).

Iporpammusie cpeacrBa. IIporpammHoe obecrnedeHHe BKJIIOYAET IPOTPaMMy YIPaBICHUS IPOLECCOM
M3MEpPEHNH U IepBUYHOI 00pabOTKH JaHHBIX C IOJyYEHHEM KPHUBBIX KaXKyIIerocs CONpOTUBIICHHS U (pa3bl MMITeaHca.
Jiist 00paboTKN JaHHBIX, MONYYSHHBIX B CJIOXHBIX YCIOBUSX (HEONArONMpHUATHAs IOMeXOoBas OOCTaHOBKA, HU3KHN
YPOBEHb M HECTAOWJIBHOCTh E€CTECTBEHHOTO 3JEKTPOMArHUTHOTO IIOJIS), MPHUMEHSETCS MpOrpamMMa, HCIIOIb3YIoIas
pasiMyHble BHABI POOACTHHIX mpouexyp. JiId Bu3yanu3alMyd HCXOIHBIX JaHHBIX M PE3yJIbTaTOB HMHTEPHpETAlUH
MIPUMEHSETCS IPOCMOTPA U aHaNIN3a JaHHBIX 110 OTJEIbHBIM TOYKaM 30HANPOBAHUS, O MPO(WIAM 1 0 miomanu. [Ipu
MHTEPIIPETALUH UCTIONIB3YETCS METO/IBI M IporpaMMHBbIe cpezicTBa 1D u 2D unBepcum.

[Ipumeps uzmepennii curunanos CHY-paanoycranoBku «3eBc»

Hipke mpuBonsTCst IpUMEphl N3MEPEHNI CUTHAJIOB (CHIEKTPasIbHOM TuioTHOCTH MotiHocTH — CIIM marHutHOTrO
noist) CHY-pagnoycraHoBku «3eBc» npu nomomu anmaparypsl AK® B pasnuunbix pernonax Poccun (B Mpkyrtckoit
o6u1. — puc. 5, Ha Kamuartke — puc. 6) n B Kurae (puc. 7), mokaspiBaronye BO3MOXXHOCTb peajlu3alud paboT METOJ0M
CSAMT Ha paccrosausax 4000-7000 kM OT MOLITHOTO HCTOUHHKA.
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— [ -
F1E-011 - ~ o .
o 3 & < .
= ] i3 % 1E-013 =
= & 1E-014 o E
= 1E-012 — < = 3
= E = 5 7
H — -
3] ] E 1E-014
“ 1E-015
1E-013
1E-015 I T | T |

1E-016 I T | T
79.75 80.00 80.25

79,75 80,00 80,25
Yacrora, l'n
Puc. 5. U3mepenus B Mpkytckoi
0071.(4000 KM OT UCTOYHHKA) MPH
gacToTHOM paszpemenuu  0.0024
T'u.

|
79,75 80,00 80,25
Yacrora, I'n

Puc. 6. M3mepenus Ha KamuaTke
(5000 kM OT WHCTOYHMKA) NpHU
gactoTHOM paspemenun 0.0011
I'n.
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Yactora, I'n

Puc. 7. Usmepenus B Kurae
(7000 kM OT HCTOYHWKA) WIpU
YaCTOTHOM paspeleHnu
0.00032 I'u.
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Hacrosmias MoHOrpadust sIBUIOCH pe3ysibTaToOM 00bEIUHEHHS YCWINH yUSHBIX — Te0(U3UKOB 1 SHEPTETUKOB IS
pelIeHus 3a1a4 HayYHO-HCCIEeJ0BaTEIbCKOr0 U MPAaKTUUECKOro coaepxkanus. I1oaToMy B KHUTE, HApsdy ¢ NPOEKTHO-
KOHCTPYKTOPCKMMH pa3pabOTKaMH, CBSI3aHHBIMHU C CO3JJaHHUEM 3JIEKTPOPa3BEIOYHBIX T€HEPATOPOB HOBOTO MOKOJICHUS
(Oueprus-2, Dueprus-2M u DHeprus-3), HAIUTA OTPAXKEHHUE BOMPOCH UX MPAKTHYECKOTO MPHUMEHEHHs. PaccMOTpeHbI
BONIPOCHI CO3MaHUS HOBOW TEXHHWKH s m3MepeHus curHaimoB (cranmums KBBH-7), kpaTkue OCHOBBI Teopud
JIEKTPOMArHUTHBIX 30HIUPOBAHMUM, a TAK)KE MPAKTHUECKH BAKHBIC BOIPOCHI COTTACOBAHHS MOIIHBIX MCTOYHHKOB
NIEPEMEHHOT0 TOKa C BO3AYIIHBIMU JIMHUSIMU 3JIEKTPONEPENaur, HUX JJIEKTPOMArHUTHOW COBMECTUMOCTH C
000pyZOBaHMEM MOACTAHIMI M ¢ KaOeNbHBIMH JHHUAMH CBs3H. Oco00e MEeCTO 3aHHUMAIOT DPe3YNIbTaThl IOJIEBBIX
UCIIBITAaHUH CO3/IaHHOM IeHepaTOpHO-U3MEPUTEIbHON TeXHUKU. ONHMCaHbl YHUKAIbHBIE SKCIEPUMEHTHI 110 TITyOUHHOMY
30HAMPOBAHUIO 3€MHOM KOpBl C TNpHMeHeHHeM InpombinuieHHbIX JIOII Ha Teppuropum bantuiickoro mmra u B
3anagHoit Cubupu.

MoHorpadust TpencraBiIseT WHTEpeC JUId CHEUUaiCTOB, 3aHMMAIOLIMXCS pa3pabdoTKOH TreHepaTOpHO-
H3MEPUTENBHBIX CHCTEM Ha OCHOBE HOBEWIIEH CHIIOBOHM NMpeoOpa3oBaTeNbHOM TEXHUKH M MHUKPOJIEKTpOHUKH. KHura
MOXET IPEJICTaBUTh OCOOBIH MHTepec /I Te0(U3UKOB, 3aHUMAIONINXCS MCCIIENOBAHNEM CTPOEHHS 3eMHOM KOpBI U
BOIIPOCAMH MOHHUTOPHHIA CEHCMHYECKON aKTHBHOCTH C NPHMEHEHHEM 3JIEKTPOMAarHUTHBIX METOAOB, a TaKXKe JUIs
CTYZIEHTOB IeO(U3NIECKUX 1 IHEPTETUUECKHUX CIIEINAILHOCTEH.

HayuHslii penakTop HoKTOp TexHHYecKux HayK b.B. E¢pumos

Canxkr-IlerepOyprckuii rocyaapcTBeHHBIN yHUBEpcUTeT, 2013

Brenenne
[lpumenenne  TIyOMHHBIX  OJIEKTPOMAarHUTHBIX  30HAMPOBAHWI  TO3BOJSET  JUCTAHLUMOHHO  U3y4aTh
AJIEKTPONIPOBOAHOCTh 3E€MHBIX CJIOEB OT JHEBHOM MOBEPXHOCTH [0 DIIyOMH BO MHOI'ME COTHH KHIJIOMETPOB.
30HIMPOBAaHMS C MOIIHBIMA KOHTPOJIMPYEMBIMH MCTOYHMKaMH, 00o3HaunM ux kak CSEMS (Control Source Electro
Magnetic Sounding) 007agaroT HEJNBIM PSIOM MPEUMYILIECTB B CPABHEHUH C TPAJAULMOHHBIM MarHUTOTEILTYPHUYECKUM
MetojoM 3oHaupoBanus (MT3) [bepaudeBckuii, 1968], OCHOBaHHBIM Ha HCITOJIH30BAHUU CCTCCTBEHHBIX BapHAIMA
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3JIeKTpoMarauTHOro o 3emn (EDMIT3).

I'maBapiM mpeumymectBom CSEMS sBisiercss TO, 9TO MOJIOKEHWE W KOH(HUIYpamus KOHTPOJIMPYEMOTO
HCTOYHHMKA TOYHO U3BECTHBI. bojee Toro, oH MOXeT ObITh PacroJiOKeH B ONTUMAJIBHBIX T€0JOTHYECKHX YCIOBUSIX U C
3aJJaHHON OpPUEHTHPOBKON M3Iy4aroIUX JMHUN OTHOCHTENIBHO NPEUMYIIECTBEHHOIO MPOCTHUPAHUS T'COJOTMYECKHX
CTPYKTYp. 3apaHee MOXXeT ObITb BBIOpaH HEOOXOIMMBIH YaCTOTHBIH [Mana3oH KOHTPOJIMPYEMOrOo WCTOYHHKA,
OTBevalOIMi TpeOyeMoMy JAnana3oHy INyOMH B JaHHOW TIeodJIeKTpHUYecKoi oOctaHoBKe. COBpEeMEHHbBIE MOIIHBIC
TeHEePaTOPHBIC YCTPOWCTBA U KOMIIBIOTCPU3UPOBAHHEIC IIH(DPOBEIC U3MEPUTEIBHBIC CUCTEMBI TIO3BOJIIIOT HAKAIUIHBATH
¥ YBEPEHHO PETHUCTPHPOBATH MOJE3HBIN CHTHAN Ha ()OHE WHTCHCHUBHBIX IPOMBINUICHHBIX noMmeX. [Ipomemypa 3amvcu
CHUTHAJIOB KOHTPOJIMPYEMOTO FWCTOYHHKA [IOCTATOYHO OMepaTHBHA. Halne)KHOCTh pe3yNbTaTOB PETHCTPALldN
OTIpeNeNAeTCs ONepaTOpOM HEMOCPEICTBEHHO Ha IOJIEBOM TOYKE IO COOTHOIIEHHWIO «CHTHAN-IIYM» W TI0 OLEHKAM
KOT€PEHTHOCTH COMPSKCHHBIX KOMIIOHEHT IOJNIS. BaKHBIM TMPEHMYIIECTBOM 30HIMPOBAHUN C KOHTPOJIHPYEMBIMU
HCTOYHUKAMHU SABJISETCSA BO3MOXKHOCTH aHANM3a W HWHTEPHPETallMH PE3YIbTaTOB II0 HECKOJIBKHUM B3aUMHO
JOTIONHSIOMMM TapaMeTpaM — He TOJIBKO 10 BXOJHOMY HMMIIEIAHCY, HO M IO OTHENBHO B3STHIM 3JIEKTPHYECKUM U
MArHUTHBIM KOMIIOHEHTaM IIOJii W 10 HUX COOTHOIICHUsSM. HakoHell, 30HOMPOBAaHMSA C 3a3EMJICHHBIMHU
KOHTPOJIMPYEMBIMH  HCTOYHHMKAMH  II03BOJIAIOT ~ HCIOJIB30BaTh BCE IPEUMYIIECTBA COBMECTHOTO  aHaju3a
rajJbBaHUYECKOW U UHIYKIIMIOHHOW MOJ.

K wnenocratkam CSEMS criemyer OTHECTH, MPEXAE BCEro, BBICOKYIO CTOMMOCTh pabOT, CBA3aHHYHO C
HEOOXOJAUMOCTBIO HCIIOJIB30BaHUS JTIOPOTOCTOSAIINX TEHEPATOPHBIX YCTPOHCTB M MUTAIONIUX JIMHUH, MMOBBIIICHHBIC
TpeOOBaHUS K TEXHHKE OE30MACHOCTH padoT, a TaKkkKe HU3KYI0 MOOWIBHOCTH, OOYCIOBICHHYHO HEOOXOJUMOCTHIO
TepeMeIIeHUs TeHepaTopa W MUTAOMINX JIMHAN 110 Mepe U3yUYeHHsI TEPPUTOPHH. 30OHIUPOBAHUS C KOHTPOIHPYEMBIMU
HCTOYHUKAMHU OO0JIAAAaf0T OTpaHWYEHHON IUIOMIANbI0 HMCCISNOBaHWN, TaK Kak IO Mepe yIaleHWs OT HCTOYHHKA
MIPOUCXOIUT OCIIA0JICHHUE OIS M CHIHKEHHE TOYHOCTH. B TO ke Bpems, 0 Mepe MPHUOIMKEHUsI K UCTOYHUKY ITajaeT
WH(POPMATHBHOCTH, IPOUCXOINT MEPEX0 B OIIDKHIO 30HY, I/I€ YaCTOTHOE 30HANPOBAHUE TEPSET CMBICIH, TOCKOIBKY
OTKJIMK CpeIbl TepecTaeT 3aBuceTh OT 4dacToThl. K Hemocrarkam CSEMS NpuHATO Takke OTHOCHUTH CIOXKHOCTH
KOJIMYECTBEHHON HMHTEPIPETAlMN IaHHBIX, 0COOEHHO MpPHU Iepexoae K aHAIN3y 2-X M 3-X MEPHBIX Cped C y4eToM
BIIMSIHUSL OJIMDKHEHW M NPOMEXYTOUYHOH 30H. [Ipu mpoBeneHnu 30HAMPOBAHUI C KOHTPOIMPYEMBIMH MCTOYHUKAMH Ha
JaJbHUX U CBEPXIaJbHUX pa3HOcax (COTHM KWJIOMETPOB U Ooiiee) kK oTMeueHHbIM npobiemam CSEMS nobasnsercs
HEOOXOJMMOCTb y4eTa BIIMSIHUS Ha pe3yJIbTaThbl HAOJIOAECHUH BOJIHOBOJA «3eMIIsi-HOHOC(Epa» M TOKOB CMELICHUS B
CJTydae aHaJIH3a MOJIs 110 OTAEIBHO B3STHIM KOMIIOHEHTAM — JJIEKTPHYCCKUM WJIH MarHUTHBIM.

30HAUPOBaHUS C KOHTPOJIHPYEMBIMH UCTOYHHKAMHU MPHUOOPETAIOT HEKOTOpOE mpenmMyinecTBo mepenq MT3 npu
HCIIOJh30BAaHUS TPOMBINUICHHBIX JTHHUN 3nekTporepenad (JIJI) B kadecTBe M3MydaronMx aHTEHH. B 3ToM ciydae
CHHMAaeTCs TIpo0IIeMa CIIeIaIbHOTO YCTPOICTBA M OXpaHbl MUTAIOMINX JIMHIHA U 3a3eMJISIOIINX COOPY)KEHHUI H B TO JKe
BpeMsI CYIIECTBEHHO YBEIHMYUBACTCS (IO COTEH THICSY KBaJIPATHBIX KHJIOMETPOB) IUIOMIAAb MCCICIOBAHUH TIPH OTHON
paccTaHOBKE 3aKpEIUIEHHOTO MCTOYHHMKA. OHAKO MW MCIIOJIB30BAaHUH ITUHHBIX JTHHUH AB HEoOX0auMoO y4YHTHIBATH
HEAWIONBHOCTh YCTaHOBKH, (HOPMYy M PpaCIONOKEHHE HAa MECTHOCTH CHIIOBOIO Kabels ¢ TOKOM W HEITHHEWHOCTh
MPOTEKaHWA TOKAa B HEM, Pa3HyI0 Ha pa3HbIX dacToraX. CiaObIM MECTOM 30HAWPOBAHHHA C KOHTPOJIHPYEMBIMU
UCTOYHHMKaMH SBJISIETCS TAKXKE CJIOKHOCTH IPOLEyPhl HAKOIIJICHUsI CUTHAJIOB HA HU3KUX U cBepXHHU3KHX yactorax (0.1
I'u 1 HIDKE), HEOOXOAMMOCTh, B KOTOPOW BO3HUKAET IpPU H3YyYEHUH INTyOOKO 3aJeralouiuX TOPU30HTOB B YCIOBUSIX
XOpOILIO MPOBOAALIMX cpell. B 3TOM citydae pe3Kko yBeIW4YMBaIOTCS TPeOOBAaHUS K AJIUTEILHOCTH BPEMEHU HAKOIUICHHUS
CHUTHAJIA U OJJHOBPEMEHHO MOBBIMAIOTCS TPEOOBaHUS K SPTOJUYHOCTH TIOJS, TO CTh K YCTOHYHMBOCTU CITy4aiHOTO
MpoIIecca ECTECTBEHHBIX IITYMOB, Ha (POHE KOTOPBIX BBIICISIETCS ITOJIC3HBIA CUTHAIL.

C y4YeToM WU3J0KEHHOTO HEYJIMBHUTEIBHO, YTO MAarHUTOTEIUTYPUYECKUH METOJa TIIyOMHHOTO 30HIMPOBAHUS
(MT3), roe He TpebOyeTcs NPUMEHEHHUS TEHEPATOPOB W MHUTAOIIUX JIMHUHM, 3aXBaTWI BCIO 00JacTh HHTEPECOB
TTyOMHHON T€0dNIEKTPUKH, TOTa KaK 30HIMPOBAHUS C MOITHBIMH KOHTPOIHPYEMBIMH UCTOYHHUKAMH CTAIH PEIKIMU
HCKITIOYEHUSIMA. JIMIb CTPYKTYpHBIE 30HAMPOBAHUS C MCTOYHWKAMHU CpPEIHEH MOIIHOCTH Ha TryOmHax g0 1-2 KM,
n3BecTHble Ha 3anane kak CSAMT metonst [Goldstein & Strangway, 1975], Gosee uiu MeHee yCIenHO KOHKYPHUPYIOT
C MarHATOTEJUTYPHUECKUMHE 30HANPOBAHISIMH.

OpnHako OBICTpOE pa3BUTHE COBPEMEHHOH T'€HEPATOPHOW TEXHHKH, CO3JaHHE HOBEHIINX KOMITBIOTEPHBIX
TEXHOJIOTHH ¥ pa3pabdoTKa HOBBIX IOJXO/0B B TEOPUU 00pabOTKH M MHTEPIPETALMU PE3YJIBTATOB AJIEKTPOMArHUTHBIX
30HIUPOBaHUM, HAPALY C COBEPLICHCTBOBAHUEM alapaTypHOU 0a3bl Uil PEruCTpaliyi CUTHAJIOB MO3BOJISIIOT YCIIEITHO
0OpOThCS C TEPEUYMCIICHHBIMHU BBIIIC MPOOJEMaMU KaK MarHUTOTE/UTYPUKH, TaK W 30HIUPOBAHUN C MOIIHBIMHU
KOHTPOJIMPYEMBIMH HcTOYHHKaMH. [losTOMy mapaiiensHoe pasBuTHe 3THUX IBYX HampasieHud (CSEMS n MT3),
KOHKYPHUPVYIOIIUX U B3aUMHO JOMOJIHSIONIMX JIPYT APYyra, UMeeT OOJBIINE MEPCICKTHBBI U JOCTHKEHUS YCITCITHBIX
pe3yIBTaTOB.

Hacrosmas moHorpadus sBisercss 0000meHreM pe3yIbTaTOB MHOTOJICTHAX HCCIIEHOBAHHUA aBTOPOB B OOJIACTH
CO3JIaHMsI TEHEPATOPHOW TEXHHUKH W U3MEPUTEIBHBIX MPHOOPOB IS TIIYOMHHBIX 30HAMPOBAHUMN C KOHTPOIHPYEMBIMHU
HCTOYHMKAMU. Hagamo 3THM HCCIEeOBaHMSAM IOJIOKWIA SKCIEPHUMEHTHl C MarHuToruapoauHammdeckum (MI)
reHepatopoM «XuOuHB MoOmHOCTRIO 10 40 MBtT [Benuxos, XamanermunoB, 2006] u ¢ aHTeHHOi BM®
cBepxam3koyactoTHOro (CHY) m3mydenus «3eBc» MOUTHOCTHIO mopsanka 2.5 MBt [Bemuxos, XXamanerauaoB u np.,
1994; Konounos, JKamanmermuuos, 2002]. HWcnoap3oBanue MI'JI-renepatopoB B reodusuke wuMeeT OOJIbIIne
MEPCICKTHBBI, HO HX MPAKTUYECKOE MPHUMEHEHHE OTPAHUYCHO, C OIHOM CTOPOHBI, MX YHHUKAIBHOCTHIO U BBICOKOH
CTOMMOCTBIO M, C Jpyrod CTOPOHBI, OrPaHMYECHHBIM YaCTOTHBIM JMana30HOM M OTCYTCTBHEM MOOHMIBHOCTH
nepeMelleHusl Ux B mpoctpaHcTBe. B cBsizu ¢ atum, no unnuuuatuse JI.b. Tlecuna u npu ywyactuu 0.J1. Jlucuubina,
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JILA. CoGuakoBa, }I0.M. Kononona, B.1. JKunnukoBa u psga Ipyrux COTPYIHHKOB BempoMmcTBa JlanpHel cesizu BM®
P® u HUU IIT Obutn HauaThl pa3pabOTKH B 00JACTH CO3AaHUS TEHEPAaTOPOB HOBOTO MOKojeHus. B mepuon ¢ 1993 mo
2005 ron O6buTH co3aanbl U onpoboBaHbl renepaTopsl «Komay, «JIuBagus» u «ueprusi-1» mouiHoctsio 1o 100 kBr. C
UX TPUMCHCHHEM 6bIJ'I BBIIIOJIHEH L[e.l'lblﬁ pAaA  YCICHIHBIX JKCICPUMEHTOB IO H3JIYYCHUIO KpaﬁHe— n CBEPX
HuskouacToTHeix (KHU-CHY) koneOanuii it manbHEH CBS3M C MOTPYKCHHbIMA OOBbekTamMu |[KOHOHOB,
XKamanernuuos, 2002] w and TIyOMHHOTO 30HAMPOBAHMS 3E€MJIM C TPUMEHEHHEM IpoMmblnuieHHbIX JIOIT
[PKamanernuHoB u ap., 2005]. BeicTpoe pa3BuTHE NEKTPOHHON TEXHUKH 32 MOCJIEIHHUE OBl IO3BOIMUIO CYLIECTBEHHO
OOHOBHUTH KOHCTPYKLHUIO YIOMSHYTHIX BBIIIE TEHEPATOPOB M pPACHIUPUTh WX OIEpaTHBHBIE BO3MOXKHOCTH. B
MTOCTIEAYIOIINE TOABI OBUTH CO3MaHBI TeHepaTOphl «DHeprus-2» momHocTeio 10 200 kBt [bapannuk u mp., 2009],
«Queprun-2M» momHocTeI0 10 30 KBT ¢ perymmpyemoii nuarpamMoit HampasieHHocTH [Barannik et.al., 2013] u
MTOPTATUBHBINA TeHEpaTop « IHEPTHs-3» MomHOCTEI0 2KBT [Bapanauk u np., 2012]. VIx onmcaHuio MOCBSIICHBI TTIaBH 4,
5 u 6, cooTBeTCTBeHHO. B ritaBe 7 paccmotpensl Bompock! cornacoBanust KHY renepatopoB ¢ m3nydatormmmu JIOII, a
TakKe MpoOsieMsl AnmekTpoMarHuTHOM coBmectuMoctn KHY-CHY m3mydenuit ¢ 060pynoBaHUAMH MOJCTAHIMHA U C
JIMHUSAMU CBA3H.

D¢ GEeKTUBHOCTh HCIOJIB30BAHUSI KOHTPOJIMPYEMBIX HCTOYHMKOB HANpPSIMYIO 3aBHCHUT OT COBEPILEHCTBA
I/I3MepI/ITeﬂbH0ﬁ TCXHUKHU, HpHMeHﬂeMOﬁ JJI peruCTpalu IMOJIC3HBIX CUIHAJIOB B ITYHKTaX MPOBCACHUSA FHy6I/lHHI)IX
30H1UpoBaHNNA. PaboTa 3Ta BBHIMONHIETCS KOJUIGKTHBOM aBTOPOB HACTOSIIEH KHWIM NapajuleIbHO C pa3paboTKon
TEHEPATOPOB U C YYETOM IEPCIEKTUB X MPAKTHYECKOTO HCIIOJIb30BaHUs. ABTOPaMH BBINOJIHEHA Pab0Ta MO CO3IAHUIO
ceMUKaHaIbHOU LMdpoBoii n3mepurenpHol cTanimn «KBBH-7». OtaaneHHBIM MPOTOTHIIOM 3TOH CTaHIMH SBUIIACH
OJHOKaHAJbHAsl aHAJIOTroBas CTAHIMA YAaCTOTHOTO 30HIMPOBAHMSA HAa MOCTOBBIX (MIbTpax, pa3paboTaHHas eIie B
Havane 60-x romoB mponwutoro Beka b.C. Duenmreitnom m A.Il. VBanoBeM (1961) m mepenmemaHHas mo3gHee B
YeThIpeXKaHANBHYI0 —aHajoro-mudposyto cranmmio CU3-95 A H. Bacuiserim, C.A. HockoBem 1 A.J]. TokapeBsIM
[Tokapes u gmp., 1997]. B cranmmm KBBH-7 ot mpexnedt cranmmm CU3-95 (akThuecku OCTaIUCh TOJIBKO
WHAYKIIMOHHBIE JTAaTYWKH, W3roToBIeHHbIE B HimkeropoackoMm pagmodusmdeckom uHcTHTyTe (HUP®U). Onumcanuio
cranunu KBBH-7 nocBsiena riasa 8.

Bcst paboTta 1o co3aaHuio reHepaTopoB U M0 pa3paboTKe M3MEPUTEIbHOW TEXHUKU MPOUCXO/IMIIA B TECHOM CBSI3U
C IPOBEACHUEM TTOJIEBBIX OKCIICPUMEHTAIbHBIX HCCJ’IC}IOBaHHﬁ, BBITNTOJIHABIINXCA, I'NIABHBIM O6p330M, IO IJIaHy I'paHTOB
POOU. Onucanuio pe3yapTaToB 3TUX UCCIEIOBAHUHN ITOCBSIEHA 3aKIIIOYUTENbHAs 9-5 rinasa.

HeobxoauMo  OoTMETHTH, 4YTO aBTOPCTBO HACTOsIEH MoOHOrpaduu HE OrpaHHYMBAcTCS  JIMLAMH,
ITOMMEHOBAHHBIMH Ha TUTYJIC W Ha 3aKIIOYMTENIFHOM cTpaHuIile 00J0XkH. [Ipn cocTaBiieHMHM KHUTH HCIIOJIB30BAaHBI
CTaThbW, HamucaHHble ¢ ydactueM K.T.H. B.H. CemuBanoBa, k.p.-M.H. A.H. IlleBroBa, BeaymuX HWHXEHEPOB U
nporpammuctoB I1.U. Ilpokonuyka, [I.B. Kykinuna u T.I'. KoporkoBoii. X Bki1ag OTMEUEH Ha CIELYyIOIIEH CTpaHULE,
r7ie TpUBEACHBI LBETHbIE (oTorpadmy KOMIEr ¥ IEPEeUHCIICHBl COBMECTHBIE ITyONMKAIMK COTJIACHO CITHCKY
JIUTEPATYPbI, IPUBEICHHOMY B KOHIIE MOHOTpa(uH.

CnHcok TuTepaTypsl

bapannuk M.b., Janumuna A.H., Ebumor B.B., Kono6os B.B., IIpokomuyk I1.11., Cenuanor B.H., KomnbiTenko
I0.A., XamanernuuoB A.A. (2009). BbICOKOBONBTHBII  BBIIPSAMHUTENL TeHepaTopa «DHEprus-2»  uis
AJIEKTPOMArHUTHBIX 30HIMPOBAaHUH 1 MOHUTOPUHIA OYaroBbIX 30H 3emierpsicenuii // Celicmnueckue npudopst. 20090.
T.45. Ne 3. C. 5-13.

Bapanauk M.b., B.B. Kosno6os, A.H. IlleBnos, A.A. Xamanernuaos (2012). I'enepaTopHO-H3MEpUTENBHBII
KOMIUIEKC HaNpaBIEHHOro AeicTBus “OHeprus-2M” Uil CEHCMHYECKOTO MOHUTOPHHIA M 30HAUPOBAHUS PYAHBIX
00BexToB // CeticMuueckue mpudopsr, 2012. T. 48, Ne 4. C. 67-80.

Bapanank M.bB., B.B. Kono6os, B.H. CemmuBanos, /I.B. Kykmua, A.A.Xamanermuaos, A.H. llermos(2012).
[lopraTuBHBEINA TreHepaTop Ul TIyOMHHOTO 30HIMPOBAaHMS M MOHHTOPHMHIA CEHCMOAKTHBHBIX 30H C NPHMEHEHHEM
MMPOMBIIIICHHBIX JIMHU# 35ekTponepeaayn // Cericmuueckue nmpubopsr, 2012. T. 48, Ne 4, ¢. 67-80

bepauueBckuit M.H. (1968). Dnextpuueckas pa3Beika METOIOM MarHUTOTEIUTYPHUYECKOTO MPOQHIMPOBAHUSI.
M.: Henpa, 1968. 255 c.

Benuxos E.II., XXamanerauno A.A, Coouakos JI.A., Bemer A.B., Capae A.K., Tokapes A.Jl., llerio A.H.,
Bacuibe A.B., ConnukoB A.T'., SIkoneB A.B. (1994). OnbIT 4aCTOTHOTO 3JIEKTPOMAarHUTHOTO 30HAUPOBAHUS 3€MHOU
KOpBI ¢ mpuMeHeHneM MomHoi aHteHHsl CHY - guanasona. // Jlokmanst Axkagemuu Hayk. T. 338, Nel, C. 106-109,
1994.

Bemuxos E.II., Kamanernunos A.A. (2006). K 30-neturo MI'JI-skcnepumenta "XuOuns" (0030p TITyOMHHBIX
T€03JIEKTPUIECKUX HCCIECIOBAaHMI ¢ MOIIHBIMH KOHTPOJIMPYEMBIMH HCTOYHUKaMH) / Teopust 1 MEeToauKa TiTyOMHHBIX
AJIEKTPOMATrHUTHBIX 30HINPOBaHAN Ha KpucTammnaeckux mmurax. Kawra 1. M3n-so KHI] PAH, 2006. C. 60-64.

KamanernuaoB A.A., KoporkoBa T.I'., Tokape A.J., llesmos A.H., , Heppernmuno FO.M., 3apxu U.M.,
Komeiterko 1O.A., Komeitenko E.A., T'ox6epr M.b., Ilecun JL.b., Illepmmer FO.A. (2005). CsepxriybunHOe
30HAMPOBaHKE aTUTOCPepsl bantuiickoro mura ¢ npuMenerneM npombinnieHasix JIDIL. // TAH, 2005, tom 405, Ne5. C.
666-669.

Kononos IO.M., JKamanermuuo A.A. (2002) Cucrempr CHY-paauocBsi3s® M MOHHTOPHUHIA CPEIBI:
NEepCIeKTUBHOE HaIpaBiieHHe KOHBepcHOHHON mnonutuku Poccun. M.: "MH®OPMOCT" - "PaanosnekTpoHuka U
Tenexommynuxanun". 2002. C. 4-6.

Tokapes A.Jl., XKamanernunoB A.A., BacunseB A.H. (1997). M3MeputenbHbIii KOMIIEKC IS TITyOWHHBIX

163



ANIEKTPOMATrHUTHBIX 30HIUPOBAHUIN 36MHON KOPbI C KOHTPOJIMPYEMBbIMH MCTOYHHKAaMU 1ojs. // TIpuGopsl u MeToanka
reo¢pusngeckoro skcrepumenta. Mypmanck. Wza. KHI[ PAH, 1997. C. 85-90

Ounenmireitn  b.C., MBanoB A.Il. (1961). CraHumsi Juisi 4acTOTHOTO 30HIUpoBaHus. // Bompockl Teopuu u
npaktuku sMexTpomerpun. M3n. AH CCCP, M., 1961.

Goldstein, M. A. and Strangway, D. W. (1975). Audio Frequency Magnetotellurics with a Grounded Electric
Dipole Source. // Geophysics 40, 669-683.

164



I'naBa 5. CHY paauonepenarwmasi ycranoBka «3EBC» 1BoiiHOro Ha3HAYeHUS B
HAYYHO-TIOMYJISIPHBIX U3AHUAX, TOKJIA1aX U BOCTIOMMHAHMSIX YYACTHUKOB.

Kamanemounoe A.A. (1995). IlepcnieKTUBBI U MePBbIe Pe3yJabTaThl IIyOMHHBIX
3JIeKTPOMATHUTHBIX 30HIMPOBAHNI ¢ IPMMEHEHHEeM HU3K0YACTOTHBIX PaJH0yCTAHOBOK //
Hoxknan Ha [Ipesunuyme PAH, r. Mocksa, 12 nexabpst 1995 rona.

I'eonorudeckuit nactutyt Konbekoro HayuHoro neHrpa PAH, abd.zham@mail.ru

Mormnble paaunoycranoBkn CHY-nuanazona sBisitoTcss 3(QQEKTUBHBIM CPEACTBOM CBSI3M C HOTPYKEHHBIMU
oobextamu. [lepBeie nBe Takue ycTaHoBKM ObLIM co3fanbl B Hadase 70-x romoB B CILHA u CCCP. B CHIA - sT0
ycranoBka "CaHreuH", pacrnojoxxeHHass B paiione Bemmkux O3zep. Ee pabouast wacrora - 76 I'i. B Poccumn - arto
ycraHoBKa "3eBc", pacnosnoxeHHas Ha ceBepe Koibckoro moxyoctpoBa. Ee pabGouwast wactora - 82 I'l. OCHOBHBIM
npeumymectsoM CHY-aHTeHH sBngercs TO, 4YTO OAJIEKTPOMAarHUTHOEe Tone B aAuanasoHe Hmwke 100 I'mg
pacripocTpaHsieTcsi B JaJbHEW 30He ¢ KpaiHe HU3KUM 3aTyxaHueMm mopsaka 1.5 n1b5/1000 kM. OHM mpakTHYecKd He
TIOJJBEP>KEHBI BIMSHUIO MarHUTHBIX Oypb, HEOJHOPOJHOCTH MOHOC(EpHl U penbeda 3eMHON moBepxHOCTH. Ha cBoeM
nyty CHY-Bosbl pacnpoctpansiorcs B Bune 1 E-mombl (Ez/HX ) v npoHUKaroT B CTEHKH BOJHOBOJA Ha TOJIIMHY
CKUH-CJIOS. OJrta riyOMHa TteMm Oojbhie, uyem Oonbiie jmHa BoiHBL OT ycraHoBku CaHIBHH —CHTHAJIBI
3aperucTpupoBanbl Ha myouHax mo 100 M B MupoBom okeane. YcrtanoBku "Caursuu" u "3eBc" o0ecredmBaroT
CHCTEMY ITPAaKTHUYECKHU TII00aNbHON CBS3M C MOTPYKEHHBIMH CyOMapuHaMu Ha yaaneHusx 10 8-10 Teic. kM. OHako 3Ti
nocronHcTBa CHY-aHTeHH CTOAT NOCTaTOYHO J0poro. boisblime JUIHMHBI BOJH TPEOYIOT COOPYXKEHHUSI I'POMO3JIKHX
aHTEHH C JIMHEWHBIMH pa3MepaMH B JECATKH W 10 CTa KHIOMeTpoB. IIpum 3ToM MOXkeT OBITh oOeclieueHa JIUIIb
OJTHOCTOPOHHSIA CBSA3b. boJbIye MmoTepu MpH M3MEPEHHH TPEOYIOT MPUMEHEHHS MOIIHBIX MCTOYHHMKOB. Jl0CTaTOYHO
CKazaTh, 9T0 B cucteMe "CaHrBuH", pu notpedisieMoit MomHocT 3,9 MBT, H3mydaemas MOIITHOCTh COCTaBIISCT JIHIIh
60 Bt. CymectBeHHbIM HegocTtatkoM CHY-aHTeHH sBNsieTCs Takke KpaifHe HU3Kas CKOpOCTh Mepeaadn HHQOpMAIiH -
nopsinka 1 6/c Ha ynmanenuu B 10 Thicsd kM. OTMEYEHHbIE HEIOCTATKH, & TAaKKe IIUPOKOE pPa3BUTHE APYIHUX,
JIbTEPHATHBHBIX CPEICTB CBSI3H, MPUBENIO K ToMy, 4T0 CHY-aHTeHHBI HE MOIyYMIN IIUPOKOTO Pa3BUTUS B TEXHUKE
manpHel cBsi3m BM® Poccun. YcranoBka "3eBc" mo Hacrosimiee BpeMs SBISIETCS YHHKAJIBHBIM JIEHCTBYIOIINM
00BEKTOM 3TOTO HAIPABIICHHUSI.

Eme Ha cTagum mnpoeKTHpOBaHWS YCTAaHOBKM "3eBc" Juisi BbIOOpa IUIOLIAJOK IO/ 3a3eMJICHHE W TPacchl
Bo3aymHbIX JIOII 31mech MPOBOMMIIMCH T'€OIIEKTPUUECKHE HCCIIENOBAHUS C €CTECTBEHHBIMH M KOHTPOJIHMPYEMbBIMU
HCTOYHMKAMHU M, NpEeXIe Bcero, MeromoM BO3. DTu paboOTHl MPONOIDKAINCH M BIOCIEACTBUU JUIS YTOYHEHHMS
M3JIy4YaloMX NapaMeTpoB aHTEHHbl. ODTHUMM HCCIeJOBaHMAMH pykoBomwin mnpodeccop Cankr IlerepOyprckoro
yauBepcureta A.B. BemeB u poment A.B. fAxosmeB. B 1990 romy Bmepeple Obuia oOoO3HaueHa mpoOieMa
ncnonb3oBanuss CHU-anTeHHs! "3eBc" B HAyYHBIX U MPHUKIAJIHBIX IENIX B paMKax mporpammsel "KorBepens" mis 3amad
IITyOMHHOTO 30HAWPOBAHUS 3€MHOW KOPHI M M3Y4YEHHUs IIyOMHHOTO CTPOCHHUS PYIOHBIX Tosieil. B cBoem nokiane s
OCTaHOBIIIOCh, TJIABHBIM O0pa3oM, Ha IEPBBIX PE3YybTaTax, MOJYYCHHBIX HAMH B 3TOM HANpPaBIECHHH, U KOPOTKO
OCBEIIy BO3MOXXHBIE IIEPCIIEKTHBBI HCIIONB30BaHMSA "3eBca" B IKOJIOTHH, CEHCMOIIPOTHO3E W IPH HCCIEIOBAHUHI
BOJIHOBOJIHBIX CBOWCTB MOHOC(epbl. KoHeUHOH IIenblo 10KiIama sBIseTCS IHONbITKAa 0DOCHOBATH LeIeco00pa3sHOCTb
CO3JJaHUsl BYXLIEJIEBON YCTaHOBKM Ha 0a3e aHTEHHbI "3eBc" JUisl pellieHNs] MUPHBIX 33a4, COXPaHss U, MOXKET OBITh,
JlayKe YCWIIMBAs IIPH TOM BO3MOXKHOCTH aHTEHHBI JUIs padoThHI €e 1o IPsSMOMY Ha3HaueHHIo B pamkax LleHTpa nanpHen
cBsa3u BM® Poccuu.

HccnenoBanuss ¢ aHTeHHOH  "3eBc" SIBWIMCh MNpPSIMBIM  IPOJOJDKEHHUEM  IPOTpaMMBI  TIIyOWHHBIX
JIEKTPOMArHUTHBIX 30HAMpoBaHuit ¢ MI'/l-renepatopom "Xubunuel" mommuocteio 80 MBt. Orta mnporpamma
BBIMIOJIHSJIACH 110 WHUIMATHBE M MOJ Hay4dHbIM pykoBoAcTBoM akajgemuka E.II. Bemmuxoma. Pesynpratsr MI /-
30HIMPOBAHMS IO3BOJIMJIM COCTABUTH CXEMY OJIOKOBOI CTPYKTYpBI 3JIEKTPOIPOBOAHOCTH 3eMHOM Kopbl Kombckoro
moryocTtpoBa u CeBepHoil Kapemnwun, pa3pabotaTe MOAENb TTyOWHHOTO CTPOCHUS TUTOC(EpHl U OLEHUTH XapaKTep ee
aneKTporpoBogHOCTH 10 TiyomH 100-150 kM. Paboune pa3sHOCH MEXIy UCTOYHUKOM W MPUEMHHUKOM JOCTHUTAIH TPU
stom 700 kM. OgHAKO, HU3KOYACTOTHBIM CIEKTp CUTHaIoB mcrouyHuka "Xuowubl" (oT 0.05 mo 1 ') He mo3BoNMI
BBINOJIHUTH JIETAIBHOE HCCIIEA0BAHUE IEKTPOIPOBOAHOCTH 36MHOM KOPBI B CPEAHEM JHana30He INIyOHH OT €JUHUI JO
HEPBBIX AECATKOB KMJIOMeTpoB. [I0aTOMY Halm nHTEpechH 00paTUIIUCh K KICTOYHUKY "3eBc".

BoIrogHbIMU  OTIUYMSAMHM WCTOYHUKA "3eBc" SBIAIOTCS: - €ro pacrlojioKeHHWe B MpejesiaX OJAHOPOIHOIO
IIoXonpoBosiero MypManckoro 0J0Ka; MpaBWiIbHAs reoMeTpust (IBe NPsMOJIMHEHHbIE, 3a3€MJICHHbBIE 110 KOHIIaM
JIMHUY JUIMHOHK 55 1 60 kM, KOTOpble MOTYT paboTaTh Kak pa3aeibHO, TaK M BMECTE); 3a/laHHasi C BHICOKO TOUYHOCTBIO
CHHYyCOMJaJbHAs (popMa TOKa; BO3MOXKHOCTD IPELE3NOHHOTO M3MEPEHUs CHIIBI TOKa M, HAKOHEL, OOJIbIIAs MOLIHOCTh
MUTAIOIUX F€HEPATOPOB, JOCTUTAIONIAS HA BXOAE KaXKA0l U3 ABYX aHTeHH 10 2,5 MBT. HacToTHBIN [uana3oH aHTEHH
ot 30 mo 200 't obecnedynBaeT MaKCUMAIIBHYIO TIIYOMHHOCTB UCCIIEOBAaHUN 12-15 KM B YCIOBHUAX CpPEeTHUX 3HAYCHUI
compotusieHust kopsi 4-10* Om-m. Ha mepBom stare B 1990-91 rr. Gbliia BBIONTHEHA CEpHs TTyOWHHBIX 30HANPOBAHHUHA
Ha MOCTOSIHHOM (MMITYJIbCHOM) TOKE IMyTeM MOJKIIOYEHHs K aHTeHHe "3eBc" BHEIIHEro HCTOYHMKA - TeHrpymnmsl OPC-
67 MoImHOCTBIO 26 KBT. Pe3ynbTaThl 9THX HCCIIENOBAaHUI IO3BOIWIN MOCTPOUTH CBOIHYIO ¢ MI'JI-TaHHBIMU KPUBYIO
TreOMETPUYECKOTr0 30HANPOBaHUs 0 pasHoca 330 KM M OLEHUTH NPOBOAMMOCTH (yHAaMeHTa 10 TiyOouHbI 35-40 KM,
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T.€. 10 paznena Moxo. [lonepedHoe cOMpOTUBIIEHHE KOPBI NMPU 3TOM OLIEHWBAETCS BEJIMUMHON mopsiaka 2- 10° Om-m?
TIPH CPeTHEM 3HAYCHHH YJIETBHOTO IEKTPHYECKOr0 CONPOTHBICHHH 3eMHOiT KopsI 10° OM-M. B 310T e epros 6bu1a
BBITIOJIHEHA CEPHsI IKCIIEPUMEHTOB M0 TIIyOMHHOMY 30HAupoBanuio B [Tancko-LlarnHckol IIaTHHOHOCHOM MPOBHHIIHY.
B »TOM ciydae uccie0BaHUS BBIONHAINCH B PEKUME YaCTOTHOTO 30HIUPOBaHMA. TOK B aHTeHHY "3eBc" mojmaBaics
Taoke oT redrpynnsl OPC-67 B aquanazone yacror 1-1000 ', 3xech B paspese 3eMHON KOPBI ObIT 3a(MKCUPOBAH Psil
TOHKMX IPOBOJSIIMX CJIOEB Ha IIyOMHAX 2-7 KM, MOJIOT0 Masjarolux Ha ceBep. Habmromaercss Hemoxoe coBnajieHne
TI0JI0KEHHSI BEPXHET0 MPOBOISIIETO CJIOS Ha MTyOHHE TOpsIKa 2 KM ¢ 30HOH THTaHO-MarHeTUTOBOTO M MarHETHTOBOTO
OpYZACHEHUs B pailoHe TIATUHOHOCHOW MPOBUHIIUY.

Haubonpmme wHTEpecs! Uil TIIyOMHHBIX WCCIEJOBAaHHWN CBA3BIBAIOTCSA C BO3MOMKHOCTBIO HCHOJIB30BAHUS
OCHOBHOH cmioBO# yctaHoBKH "3eBc". B cBs3u ¢ 3tuM B 1992 romy ObUT IpeANnpHHAT YKCIEPUMEHT 10 TITyOHMHHOMY
30HAMPOBAHUIO HA I0XKHOI OKpanHe banTHiicKoro muTa ¢ UCTIoIb30BaHIEeM aHTeHHHB! "3eBc" Ha ynamneHusx 10 1100 k.
3arem srta pabora Opuia mpomomkena B CesepHoit Kapemnm B 1993 rogy. OmgHOM W3 TIaBHBIX OCOOEHHOCTEH
MOJY4YEHHBIX PpE3YyJbTaTOB SBUIOCH CHIBHOE BIMSHHE HOHOC(HEPHOrOo BOIHOBOAA, IPHUBEALIEE K YBEIHUCHUIO
AMIUIMTYAbI IOJISA IIPUMEPHO B 10 pa3 1o JICKTPUIECCKUM U MArHUTHBIM KOMIIOHECHTAaM, B CpaBHCHHU C paCCYUTaHHbBIMU
napamMeTpaMu B OTCYTCTBUH I/IOHOC(l)ep])l. DTO 3aBBIIICHUE JOBOJIbHO TOYHO COBIAJIO C TCOPETUUCCKHMMU OLICHKAMU

YBCJIMYCHUA SHCPIUU CBA3U B BOJIHE HYJICBOI'O NOpAAKa € MOMOIBIO COOTHOUICHUA 1/4}1 , TAC /1 - JJIMHa BOJIHBI B

Bo3syxe M A - BbicoTa HMoHOC(ephl. HOpMHpOBKAa MO MMIENAHCY, B COOTBETCTBMUM C TPAHMYHBIMH YCJIOBUAMH
JleoHTOBHYA, TIO3BOJISIET B 3HAUYUTEILHOW MEpE YyCTPAHWUTh BIMSHHE MOHOC(EPH U IONYYUTh 3HAUYEHMS KaXyIIEerocs
CONPOTHUBIICHUS], AaJEKBAaTHO OTPAXAIOIUE DIEKTPONPOBOAHOCTh HIDKHEr0 HolynpocTpancTBa. ComocraBieHUe
MOJY4YEHHBIX PE3YJIbTaTOB C JAHHBIMH TJIyOMHHBIX 30HIUpOBaHMH banrmiickoro mwmra B IOJNE €CTECTBEHHBIX M
KOHTPOJINPYEMBIX HCTOUYHHKOB ITOKA3bIBAET UX XOpoliee cornacue. Takum 00pa3oM, pe3ynbTaThl HCTIBITaHWH MTOKa3aiIH,
YTO C UCIONB30BAaHHEM YCTaHOBKM '"3eBc" MMeeTcs NPUHIMIHAIBGHAS BO3MOXHOCTH TPOBEACHUS TITyOHMHHBIX
IeOdJIEKTPUYECKUX  HUCCIENOBAaHMM Ha Bced Teppuropuu bantuiickoro mmMra u©  [OpWIEraroled  4acTh
BbapenneBomopckoro menbga. [IpumepHble rpaHUIBI 30HBI YBEPEHHOTO MPUEMa yCTAHOBIECHBI C OPHEHTHPOBKOW Ha
mapaMeTpel W3MEPHUTENBHOW CTAaHIUH, pa3paboTaHHOM i 3Toi menmn B [eonmormuexkom wmHcTHTyTe KHI[ PAH
coBmectHO ¢ [lomsipHbiM reodusuyeckum uHctutytoM KHI] PAH. M3MepeHus BBINOJHSIOTCS C TOMOILBIO TPEX
MHIYKIIMOHHBIX JaTYMKOB, YCTAHABJIMBAEMBIX B HAIIPABICHUAX CEBEP-IOT, BOCTOK-3amaja U BepTukanbHO. C TaTUMKOB
CUTHAJIBI TIOCTYNAIOT Ha OJIOKM CONPSDKEHHS, TIE MPOMCXOAUT (UIBTpAlHs MpOMbIIUIeHHOW 4acToThl 50 ' u ee
nepBbIx IBYyX rapmoHuk 100 u 150 I'u, ranpBaHuueckas pa3Bsi3ka Ha ONTOTPOHAX M IpeaycuieHHe. 3aTeéM CHUTHAJIbI
MOCTYIAIOT Ha OCHOBHOM M3MEPUTEIbHBIN OJIOK, IJIe OCYIIECTBISETCS TeTepOANHUPOBAHNE U (QUIBTPALUS Pa3HOCTHON
gactoTel 1 I'm. [Tocne 3TOro aHaoroBBId CUTHAN TpeoOpazyeTcs B NU(POBOH C MOMOINBIO JIHHEHHOTO 20-pa3psIHOro
AUIT n 3ammceBaercs mo Note Book 486 DX. Jlns 3amucy HU3KOYACTOTHBIX CHTHANOB, HIke | 'l mcmomip3yrorcs
KBapIEBblE MarHUTOMETpHl. lIpMMeHeHHas ammaparypa Janeka OT COBEpIIeHCTBa. VIMEroTcs 3HauMTEIbHBIC
BO3MOXKHOCTH ISl YIIy4IIEHHS €€ XapaKTePUCTHK M, COOTBETCTBEHHO, ISl PACIIMPEHUs CXEMBbl AAIbHOICHCTBUS
aarenHsl CHY-mmamazona "3eBc" mpu  pemeHHH reou3uyeckux 3agad - NIyOMHHOTO 30HAWPOBAaHUS U
Te03JIEKTPUIECKOTO KapTUPOBAHUS TEPPUTOPHIA.

B 3akmroueHne cBoero cooOIIeHHs 5 KOPOTKO OCTAHOBIIOCH Ha NEPCHEKTHUBAaX pa3paboTku Ha 0aze aHTEHHBI
"3eBc" nByXIeNeBON YCTAaHOBKH, T.€. YCTAaHOBKHU, B KOTOPOM pelIeHne MpsMOi 3aauu CBA3H C MOJIBOJHBIMHU JIOJKAMH
COBMELIAJIOCH OBl C pEIIeHHEM HapOJHOXO3SHCTBEHHBIX 3a/ad - MO Treo(M3HMKe, SKOJOIMU, CEHCMONpPOTrHO3y |
UCCJIEJIOBAaHMIO CBOWCTB HOHOC(hepbl. OCHOBHBIE 3alaud TJIIyOWHHBIX JJIEKTPOMArHUTHBIX 30HIUPOBAaHMH Ha
Bantuiickom muTe rokasaHsl HIKE B Bujie OJIOK-CXeMbl. AHTEHHas cuctemMa "3eBc" B ee COBPEMEHHOM COCTOSIHUH, T.€.
B CHY-mnanazone (30-200 I'm) MoxxeT OBITH MCIIONIB30BaHA NPH peIleHWH 3axad 1,2 u, yactuyHo, 3. IlepcrekTuBsl
pacuMpeHust BO3MOXKHOCTEH ycraHOBKM "3eBc" cBsizaHbl ¢ BbixogoM B KHY-mmamaszon (or 30 mo 0.1 TIm).
AKTyaJIbHOCTh TIPOOJIEMBI I'NTyOMHHBIX 30HIMPOBAHUH ONPENEINAETCS] OUEBUIHON HEOOXOAMMOCTHIO Pa3pabOTKH €MHON
HETPOTHBOPEYMBON MOJENH CTPOCHHUs IuTochepsl banTuiickoro muTano AaHHBIM 30HANPOBAHUHA C €CTECTBEHHBIMU U
MOIIHBIMH KOHTPOJIMPYEMBIMH UCTOYHHKAMH. BechMa mepcreKTHBHOMN MPEACTaBIseTCs] BO3MOXKHOCTD MCIIOIb30BAHUS
aHTeHHbI "3eBc” I u3yueHus bapeHieBoMopcKoro Ienbda ¢ Hedblo NPOTHO3UPOBaHHs He(Te-ra30-MepCIeKTHBHBIX
TeppuTopuil. PacueTsl MOKa3bIBAIOT, YTO JAIBHOCTh YBEPEHHOT'O MPHUEMa IPH PACHONIOKEHUN JATYUKOB Ha JHE MOpS
moxet gocturatb 200 kM. [TpoGiiema riryOMHHBIX 30HAMPOBAHUI 36MHOM KOPBI Ha OOJNBIIMX YAAIEHHIX OT MCTOYHUKA
TECHO CBsi3aHa C HEOOXOJMMOCTBIO yueTa BIHMsHUs HoHocdepbl. Pacuersl nmokaseiBatoT, uyto Ha yacrore 100 I'm ato
BJIMSIHAE HEOOXOAMMO YYHTHIBaTh, HaunMHas ¢ pa3zHoca 100 kM u OoJjbiie. ITH UCCIACIOBAHUS MOTYT MMETh BaXKHOE
3HaYEHHeE JJIsl HCCIIeIOBaHUs CBOMCTB HOHOC(eps! 1 ocobenHocTei pacnpoctpanenns CHY- u KHU-BosnH B BoiHOBOIE
«3emis-uoHocdepar. [lepcrieKTHBBI NCIIOIB30BaHUSI aHTEHHBI "3€BC" B 9KOJIOTMU CBS3aHBI C ITOMCKAaMHW MOHOJIMTHBIX
0JIOKOB 3€MHOW KOPBI JUIsl 3aXOPOHEHHS paJO0aKTHBHBIX OCTATKOB. JTa MpobiieMa TECHO CBsi3aHa TakXke ¢ MpolieMoi
MTOVICKa MOHOJUTHBEIX OJIOKOB 3€MHOI KOPHI IOJI CEHCMOCTOWKOE CTpOouTenhcTBO. OmbIT pador ¢ MAT-rcTOYHHKOM
"XuOWHBI" TIOKA3BIBAET, YTO ATH 33aJa4d HANOOJIee HA/Ie)KHO PEIIAIOTCS B MOJIE 3aKPEIUIEHHOTO yIAIEHHOTO UCTOYHHUKA.
B sTOM cityuae ynaercst paclio3HaBaTh MOHOJIUTHBIE OJIOKHM 36MHOI KOPBI, CBS3aHHBIE C BBIXOJaMH IPOTO(yHAAMEHTa U
yxomamme "KopHsAMH' Ha OonbIIyl0 TIIyOMHY, OT JIOKAaJbHBIX, OTHOCHTEIBHO MOJIOABIX IUIOXOIPOBOISIIIX
KYIOJIOBUIHBIX OJIOKOB TPaHHUTOMAOB, '"TIABAlOMIKX' B CYNPakpyCTAIBbHOM CyOCTpaTe, M SBIIOIIUXCS IOATOMY
MOTEHLIMAIbHO Oosiee celicMoonacHeIMU. HakoHer, OTAeNbHBIM OJIOKOM BBIAETACTCS KpyNHas M IPEICTABIAIONIAs
HECOMHEHHBIH HMHTEpec IpolieMa HCIOJIB30BaHUS aHTEHHOM cHucTeMbl "3eBc" Uil W3y4YeHUs IPeIBECTHHKOB
3eMIIETPSICEHUM. 5] He SIBISIOCH CIEUAIMCTOM B 3TOi 001acTh, HO, HACKOJIBKO MHE M3BECTHO, HAJISKHBIX KPUTEPHEB
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MIPEACKa3aHNs 3eMJICTPSICCHUH 1O JaHHBIM T'€03JIEKTPUKH, KaK BIIPOYEM, W MO JAHHBIM CEHCMUYECKUX HaONIOICHUM,
HeT. Tem He MeHee, pabOThI B 3TOM HANpPaBICHUH BEAYTCS C UCIOJIb30BAHUEM BCEX JIOCTYIHBIX METOJOB, M OTICIbHBIC
yCIIEIHbIE MpeICKa3aHusl HUMEIOTCA, B TOM YMCJIE€ MU IO JAHHBIM 3JEKTPOMAarHMTHBIX HM3MEpPEHMH, Hampumep, Ha
I'apMckoM u @pyH3E€HCKOM I€OAMHAMUYECKUX [TOJINTOHAX.

Cama ycraHoBka "3eBc" pacrojoXeHa B 30HC HH3KOM CEHCMHUYECKOW aKTUBHOCTH. BimkalimMu 0ObEeKTaMH,
MIPEACTAaBISIONMMIA HMHTEPEC C TOYKM 3pPEHHST MOHUTOpUHra ceilicMoOe3omacHoct, siBistores Kombekas ADC,
pacriosioxkeHHast B 30He BiusiHUS Kannanakmickoro rpabeHa, u ADC JlecHoit bop B Jlenunrpanckoii obnactu. bonee
ylaJIeHHbIe OOBEKTHI PacIoOoKEHbl B 30HE €1aboro BO3JeWCTBHs MCTOuHHMKA "3eBc". Tem He MeHee, pe3yJbTaThl
9KCIIEPUMEHTAIBHBIX HAOJNIOAEHUH MO3BOJIIOT CYNUTAaTh, YTO YBEPEHHOE OOHAPY)KEHHE CHIHAIOB BO3MOXHO Ha
Goupimieit yactu Teppuropun Poccun. Hanbosee nepcrieKTHBHBIMU M3MEPUTEIBHBIMU IIPHOOPAMH JUIS 3THX N3MEPEHUH
sBisttorcest cranin cepun AK®D-2 u AK®-4, paszpadorannasie B UHcTHTyTe 3eMHOI KOopel CaHkT I[letepOyprckoro
yHHBepcuTeTa mox pykoBoactBom M.UM. Ileprens. Hapsimy ¢ »tuM mpu pa3paboTKe BBICOKOYYBCTBHTEIBHBIX
HM3MEPHUTENBHBIX CHCTEM HEOOXOAMMO HCIIOJIB30BATh MMEIOIIHIACS 0orareiii orbiTr BM®. B cBsi3u ¢ HEOOXOAUMOCTHIO
U3y4YEHUs] CUTHAJIOB, MPOHMKAIOIINX JOCTATOYHO IIIyOOKO B 3eMHYIO KOpY, IO KpaiiHeil Mepe, 710 r1yOMHBI 04aroBbIX
30H, PpACHONIOKEHHBIX, KaK IPaBMWJIO, IIOA JOBOJBHO MOIIHBIMHU IPOBOJAIIMM OCAaJKaMH, 3/1eCh BO3HHMKAeT
OTMeYaBIIasCsl BbILIE HEOOXOIMMOCTh B PACIIMPEHWHM YacTOTHOIO JAMalla30Ha aHTEHHOW cucteMmbl "3eBc” ImyTem
co3nanuss KHY-reneparopa B nmamasone 30-0.01 T'm. Ho 3Tu Bompochl BBIXOIAT 3a PaMKM MOEroO JOKJIAaAa; OHU
SIBIISIFOTCS! TIPEJIMETOM pacCMOTPEHHUs B JOKiIaze Moero koyutern Cobuyakosa Jleonnna ABpaamoBuya.

B 3akiroueHne oKJaga Xody BEIpasUTh OnaronapHoOCTh pykoBoiCTBY LleHTpa manbheii csisu BM® Poccun wu,
mpexzae Bcero KononoBy FOpuio MuxaitmoBudy 3a MONAEP)KKY B MPOBENEHUH HccienoBaHui. braromapro UneHos
[Ipe3nanyma 1 IpUrIAIIEHHBIX Y9aCTHUKOB 3aCEAaHMs 32 BHUMAHUE.

bnunosa Anuna (1995). «3eBc» nBoitHoro npumenenus // «Ilouck», Ne 50. 1995. C.2

Bonee maamaTu et Hazax OBLUIO BBISICHEHO, YTO BOJHEI Ha acToTax MeHee 100 ['m 3aTyxaroT odeHb MEIJICHHO,
IMO3TOMY PaCHpPOCTPAHSAIOTCS Ha Oonpme paccTossHAA. K TOMy e Takue BONHBI 00ECIeUYHBAIOT OYCHb YCTOWYHBYIO
CBSI3b: OHU HE 3aBHCAT HH OT COCTOSHUS aTMOc(epsl, HA OT MATHUTHBIX OYypPb.

B cBoe Bpems HH3KOUYAaCTOTHBIMM YCTaHOBKAMU OYEHb 3aUHTEPECOBAJICS aMEPUKAHCKHM, a IOTOM POCCUHCKUN
BOEHHO-MOPCKOH ¢utoT. OgHAKO HapsAAy ¢ JOCTOMHCTBAMH TaKHE YCTAHOBKH MMENH HE MEHEE O4YeBUIHbBIC HEJOCTATKH.
Jis Toro, 9T0OBI BO30YIUTH OUY€Hb [UTMHHBIE BOJHBI, HEOOX0AMMO yCTaHABINBATh TPOMO3IKHE aHTeHHEI. K ToMy e Ha
H3JIYy4YCHHUEC Ha CBCPXHU3KHUX YaCTOTaX TPATHUTCA OYCHbL MHOT'O 3HCPTHU. HO3TOMy HU3KOYaCTOTHBIC YCTAHOBKH HE
HOJYYHIIH IIHPOKOTO PACHPOCTPAHEHUS.

HccnenoBanusi B 00NacTH CBEPXHU3KUX YaCTOT €Ba HE 3aKpbutMCh. OJIHAKO, KaK COOOIIWII, BBICTyNas C
HAy4YHBIM JOKJIAJOM Ha 3acenaHuu npesuanyma PAH, mokTop reonoro-MuHepaaorndeckux Hayk A. JKamaneTnuHOB,
€IMHCTBCHHYIO B CTPAaHE YCTAHOBKY «3€BC», K CUACTBIO, €IIle HE CAAIH B METAJUTONOM. Ee HCTIONB3YIOT IIsl TITyOUHHOTO
9JIEKTPOMArHUTHOTO 30HIMPOBAaHUSA 3€MJIM C LIEJBI0 MPOrHO3a 3€MIIETPSICEHHN, MPOBEPKU KadecTBa OKpY>Karoulei
cpensl, u3ydeHuss HoHochepsl. IlpeamomaraeTcsi HWCIONB30BaTh €€ JaKe IS IMPOTHO3a COCTOSHHUS aTOMHBIX
anektpocTannuii, B vacTHOCTH JIADC. OIHOBpEMEHHO YYCHBIE pacCMaTPUBAIOT BO3MOXXHOCTH YCTaHOBKH B BOCHHO-
MOpCKOM (hIioTe.

Kamanemounoe A.A. (1996). ""3eBc' Ha ciayxbe y MOPSIKOB M reo(pusukos. // 'azera
«ITonsapuas nmpasaa» ot 05.03.1996 (mo marepuanam razetst «Ilouck»").

I'eonornuecknit macTUTYT Kosmbekoro Hayanoro nenrpa PAH, abd.zham@mail.ru

B razere "Ilouck" ot 22.12.1995 nosiBuiiace 3ameTtka "3eBc” ABOWHOrO Ha3HaueHUs'", B KOTOPOM coolbIiaercs o
HOBOM MOIIIHOM HMCTOYHHKE 3JIEKTPOMArHuTHOro moss "3eBc", KOTOpbIi pacrnoiioskeH Ha KoabCKOM MOIyOoCTpOBE H
ucrons3yercst st 3a1a4 BM® u s mry6unaHOTO 30HAMpoBaHus 3emid. C mpocb00i MPOKOMMEHTHPOBATh 3TO
coo0IIeHNe MBI OOpaTWINCh K 3aBeAyrolieMy J1abopaTopueil reoanekTpuku ['eomorndeckoro macruryta Kosbckoro
Hay4yHOro IieHTpa Poccuiickoil akajzemMun HayK JOKTOpPY T€0JOro-MHHEpaloOrHueckux Hayk JKamaneTnuHoBy
AOnynxaro A3BIMOBHYY, CIENaBIIEMy COOTBETCTBYIOIIee HaygHOe coobmenue Ha [Ipesnamyme Poccutickoit AkagemMun
Hayxk.

Pen. Yo 3710 3a ncrounuk "3esc"?

A.A. Hudero cBepxbeCTECTBEHHOr0. JTO HEMHOTO HEOOBIYHAs BBICOKOBOJBTHASI JIMHHS JIICKTPONEpENadn
MPOTSDKEHHOCTBIO 9yTh MeHbIne 100 kM, 3a3emieHHas Mo 000MM KOHIIAM B CKaJIbHBIN TpyHT. CrenuanbHasi MOIIHAS
SHEpreTUvecKasl yCTaHOBKAa TIEHEpUpPYeT B HEH TOK B 3aJaHHOM JAMamna3oHe 4acToT. CBOWCTBAa H3IIy4yaeMoOro
QJICKTPOMAriuTHOI'0 II0JIA TAKOBbI, YTO OHO PACIPOCTPAHACTCA Ha MHOI'ME TbhICAYM KHUJIOMETPOB BI0JIb 3eMHOM
HOBEPXHOCTH U MPOHHUKAET IITyOOKOr0 B 3eMHYIO KOPY M I0/1 HOBEPXHOCTh MUPOBOI'O OKEaHa.

Pen. Uem onpenenstorcs 3Tu cBoicTBa?
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A.A.OHH ONIpeNeNsIOTCs, IPEXKIE BCEro, YJaCTOTOU

3JIEKTPOMArHUTHOTO MO B oTimiume oT 0OBIYHBIX paguoOCTaHLMH, pabOTAIONINX HA YacTOTaxX B JECATKHU ThICAY
repi u Bbllle, crucreMa "3eBc” MOXkeT paboTaTh B Juana3oHe CBepXHHM3KHMX 4acToT, Hike 100 I'm. Ha stux wacrorax
JJIEKTPOMArHUTHBIE BOJIHBI PACHpPOCTPaHAIOTCS B BoJIHOBOJE "3emisi-MloHocdepa" ¢ kpailHe HH3KHM 3aTyXaHHUEM
nopsaka 1.5 penuben Ha KaXIylo THICSYY KHIOMETPOB yaayieHus. OHM NpPaKTHYECKH HE IOJBEPIKEHBI BIHSHUIO
MarHUTHBIX Oypb, HEOAHOPOAHOCTH HOHOC(EPHI U penbeda 3eMHON OBEPXHOCTH.

Pen. Nmetorcs mu ananoru "3esca" 3a pyoexom?

A.A. B Hauane 70-x ToJ10B Benach KOHKypeHTHasi 60pb0a B 3T0M obsactu. B wactHocTH, st 3anau BM® CIIA
ObuTa cripoekTHpoBaHa aHanmormyHas cucrteM "CaHrsuH". OIHAKO W3-3a ITOPOTOBH3HBI aHTEHHBI ATH HCCIICIOBAaHUI
OCTaHOBWJIMCh HA CTAaJIMM CO3J[aHUS OTIEIBbHBIX SKCIEPHMEHTAIBHBIX YCTAaHOBOK, AEHCTBOBABIIMX B paifoHe Bemmkux
Oszep. Takum 00pazom, aHTeHHA "3€BC" SBIIETCS B ’TOM OTHOIICHUH YHHKAIBHBIM 00BEKTOM.

Pen. [Touemy nmeHHO ['eosiornyeckuii HHCTUTYT y4acTBYeT B 3TOM padote?

A.A. T'eomormueckuii nactutytT KHI[ PAH B TeueHme MHOTHX JieT BemeT pa3pabOTKy MpoOieMbl IIyOMHHBIX
JJIEKTPOMArHUTHBIX 30HAMPOBAHUH JIMTOChEPHl 3EMIIU C UCTIOIB30BAaHHEM MOIIHBIX KOHTPOJIUPYEMbIX HCTOUYHHKOB. B
yacTHOCTH, B “Tlossipke” HEOHOKPATHO MyOJIIMKOBAIUCH PE3YJIbTaThl HAIIMX MCCICIOBAHUIN C HCTOYHUKOM " XUOUHBI"
- umnyiabcHeIM MI'JI-reHeparopom MomiHocThio 80 MeraBaTT, yCTaHOBJICHHBIM Ha Ppibaubem mosyocTpoBe, paboThl ©
npombinuieHHol JIDIT mocrostHHOro Toka Bonrorpan-Jlonbacc u apyrue. Pabotsl ¢ ycraHoBkoi "3eBc" sBIisHOTCS
MIPSMBIM IIPOJIOJDKEHUEM AITHUX HCCIIEOBaHUM, HO B TO )K€ BpeMs MCTOYHHK "3eBC" B CpaBHEHMH C HCTOYHHUKOM
"Xubunbe" 0baagaer psgoM npenmMyniectB. OH pacnoiokeH B IpesesiaX OJHOPOJHOTO IUIOXONPOBOJISIIEI0 MaccHBa,
HMMEET TPaBHIbHYI0 I'€OMETPHUYECKYIO ()OpMy, Ha BBIXOJE M3ITyYaeT MOIIHBIA TapMOHHYECKHH CHTHAI C TOYHBIMH,
3apaHee 3aJaHHBIMH XapakTepucTukamu. ClieyeT OTMETHTbh, YTO 3TH HCCIIEIOBAHUS MBI BBHIIIOJIHSEM COBMECTHO C
LENBIM PSAAOM JPYTHX Hay4YHO-HCCIENOBAaTEIbCKUX W BOEHHBIX OpraHW3anuii, mpexae Bcero, ¢ Poccuiickum
HMHCTUTYTOM MOIIHOTO paauocTpoerus: 1 MHctuTyToM 3eMHOM Kopbl CankT-IleTepOyprekoro yHuBepcHUTETA.

Pen. Kakyro KoHeUHYyIO I1€7Tb BB CTaBHTE?

A.A. Koneunoii 3amaueii paboT SBIIETCS CO3JaHME ABYXIIETICBON YCTAaHOBKM Ha 06a3e aHTeHHOW cucteMsl "3eBc",
KOTOpast Obl MMO3BOJISLJIA pelIaTh 3aJa4yu JalibHeH CBs3M Juis BoeHHo-Mopckoro ¢iora u obecrieunBana Obl pelieHne
MHUPHBIX 3aJad Hay4yHOIO M TPHUKIAJHOIO 3HAa4deHHsA. OTa MporpamMma YKJIaAblBaeTCsi B IOMJIEPKHUBAEMYIO
[IpaButenbcTBoM nonutuky Kousepcuu BITK mo 6unapHoit cxeme.

Pen. Kakoe 3Hauenue 11 pyHIaMEHTANBHON HAYKH UMEIOT UCCIIEJOBAHMS C HCTOUYHUKOM "3eBc"?

A.A. H3BectHo, yto Ha KojibckoM moiyocTpoBe mpoOypeHa camasi TiryOokas B MHpe cKkBaxuHa. Ho Bens B
Macmrabax banruiickoro mmra 3To BCero JMIIb OJMHOYHBIN YKOJ, NpaBaa, BecbMa YyBCTBHUTENBHBIH (BCe-Taku
rirybuHa - 12.262 xM). UtoObI pacnpocTpaHuTh AaHHBIE KONbCKON CBEpXTiIyOOKOW Ha OONBINKE IUIOMAAH H, YTO
0c0OEHHO Ba)KHO, Ha OOJBINNE TTyOHHBI, HEOOX0AUMa Xopoiasi reo(pu3nKa U, B YaCTHOCTH, TE€OIEKTpHKa. McTouHIK
"3eBc" mo3BossieT wuccienoBaTh IyOmHBl A0 50 w 100 kM, mpudueM Ha Oompmmx Twiomanix. C HOMOUIBIO
pa3paboTaHHON B I'€0I0rHueCKOM MHCTHTYTE N3MEPUTENBHON CTAHIIMU MBI IT0Ka3aIM BO3MOKHOCTD MPOBEICHUS TaKUX
HCCIIeIOBAaHNHA Ha OoxbmIeil yacTu Tepputopun banruiickoro mura. J[aHHBIE TEO0JIEKTPUKH B KOMIUIEKCE C APYTHMHU
METOJlaM{ ITO3BOJISIIOT OLICHUBATH TEMIIEPATypy Ha IiIyOuHe, (IIOWAHBIA PEKUM 3€MHOW KOPBI, TPEIIMHOBATOCTh U
aHU30TpoNHI0. Bee 3To 1Mo3BOJIsET JTydllle y3HATh CTPOCHUE MIAHETHI, Ha KOTOPOI MBI dKHBEM.

Pen. TpynHo ynepikaTtbcs M He 331aTh BOIIPOC, 8 KaKOe NMPAaKTHUECKOe 3HaYeHHE UMEIOT 3TH paboThI?

A.A. Jlnama3oH NpPaKTUYECKOTO MPUMEHEHUS TEO0dIEKTPUYECKHX HCCIeNOBaHUN ¢ ycTraHoBKod "3enc"
Yype3BplYaiiHO MmMpoK. Ilpexxae Bcero, 3To, KOHEYHO, M3Y4EHHE TIIyOMHHOIO CTPOEHUSI pYyIHBIX —IIOJIeH,
MIPOTHO3UPOBAHUE PYAOIEPCHEKTUBHBIX TeppuTopuil. [Ipnuem Hanbosnee a3PpekTHBHO 3TH pabOTHI MOTYT IPOBOANUTHCS
B mpenenax MypMaHCKOW 00JacTH, TAE€ MOIIHOCTH CHTHaIOB "3eBca" B 3emiie OCOOCHHO Benmuka. llepBbie
TIOJIOKUTEIBHBIE Pe3yIbTAThl HAMHM IIOJIyYeHBI B TIpesienax [[aHCKO#H MIaTHHOHOCHOH — IPOBHHIIMY.

Pe3ynbTaThl pacyeTHBIX W SKCIEPUMEHTAIBHBIX PA0OT MOKA3BIBAIOT IIHPOKHE BO3MOXKHOCTH HCIHOJIB30BAHUS
ncToyHMKA "3eBc" I M3ydeHHUs He(TenepCreKTHBHBIX TEPPUTOPHH Ha mpuiieraromeil yactu bapeHmeBoMopckoro
menbda. Kpome Toro, ¢ mpuMeHeHneM UCTOYHHKA "3eBC" OTKPBIBAIOTCS HOBBIE BO3MOXKHOCTH IS TOVCKA TUIOMIAZ0K
10J] CECMOCTONKOE CTPOUTENBCTBO U JUIS 3aXOPOHEHMS PaAMOAKTUBHBIX OTXOJOB. M3mydaemas MOLIHOCTh aHTCHHBI
"3eBc" CTOJb BEJNMKA, YTO MPU HUCIOJIH30BAHUM COBPEMEHHBIX UYBCTBUTEIBHBIX NPHUEMHUKOB UMEETCS BO3MOXKHOCTh
NPOBOJIUTH 3JIEKTPOMArHUTHBIH MOHHTOPHHI 32 COCTOSIHUEM JJIEKTPOIIPOBOAHOCTH 3€MHOW KOpBI B JIFOOOH TOYKE Ha
teppuropuu CHI'. OT0, B CBOIO 0Yepenb, OTKPBIBAET IIMPOKUE MEPCIEKTUBBI UCIOIB30BAHUSA MCTOUHMKA "3eBc" s
MporHosa 3emiierpsiceHuid. [lepBbIii ycnemHblid omeIT Takux paboT ObLI ocymiecTBieH B jaekabpe 1995 roma Ha
CesepHom Kaskasze rpynmnoit HUM3K CIIOI'Y no 3aganiio MUHHCTEPCTBA YPE3BBIUYAHHBIX CUTYaLUH.

Kononoe F0.M.(1996). CBsi3b Ha BoeHHO-MOpPcKoOM (uioTte. //Pamgno, Ne 10, 1996. C. 10-11.

Boenno-Mopckoii ®iot, yurij.kononov.1947@mail.ru

K 300-1eTuio poccuiickoro ¢gJiora
B okts6pe HeiHEMHETO ToAa PoccuiickomMy (GroTy ucmomHseTcs Tpu cTolieTrs. Best HCTOPHS €ro CTaHOBICHUS U
pa3BUTHS HEPa3phIBHO CBS3aHA C HCIOJIh30BAHMEM W COBEPIICHCTBOBAHHEM CBS3M KaK Ba)KHEHIIETO CpElCTBa
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yrpaeieHus: kopadiasimu. OT NPUMUTHUBHBIX CPEICTB 3PUTENBHON Mepeaad U MpHeMa CUTHaJOB B JI0XY OCHOBATEIs
Hamrero ¢iota Ilerpa I, mepBBIX OIBITOB IPUMEHEHUS paaHOCBs3u Ha ¢uiote pycckuM ydeHbM A. C. [TomoBem B 1897
., KOTOPBI B CaMOM HayaJie JBAJLATOrO BEKa PYKOBOAMJI paboTaMH IO OCHAIICHUIO KopaOieW craHiusMu Oec-
NPOBOJIOYHOrO Teyierpada, M0 TIJI00aNbHBIX CPEACTB PaJMO- M KOCMHUYECKOH CBSA3M HAIIMX JHEH - TAaKOB MYTh,
NPOWCHHBIH (IOTCKUMH CBSI3UCTaMHU.

B sToM HOMEpE penaxiys NpeJocTaBiIsieT CI0BO HaYanbHUKY cBsi3u BM® Bune-agmupany FOpuro Muxainosuay
Kononosy.

CoBpemennsiii Boerno-Mopckoit @noT - oauH W3 BaXHEUIIMX BHIOB
Boopyxenrsix Cuil cTpaHBI, CHIIBI U BOMCKa KOTOPOTO TpEIHA3HAYCHBI IS
JIEHCTBUS B Pa3jMyYHbIX cpegax MHUpOBOro NpoOCTPaHCTBA - HA BOAE, IOJ BOJAOH
U B BO3JyXe, 3a9acTyI0 Ha 3HAUNTEIFHOM YJaJICHUH OT CBOUX 0a3.

Hns sddexTtuBHOrO ympaBieHHS CHIaMH M BOHCKAMH CO3J4aHA U
¢dyHkuroHupyet cuctema ynpapieHuss BM®. OHa 6azupyercst Ha TOCHEIHUX
JOCTHIKCHUAX PaanoOdJICKTPOHUKH, BBIYHCIIUTEILHON TCXHHUKH, 06pa3yﬂ
CJIOKHBIC q)yHKIJ,l/IOHaJ'le]:le ABTOMATU3UPOBAHHBIC KOMIIJICKCHI.

Hawubornee ciiosxHOI 1 yHUKaJIBHOH B 001iel cucreme ynpasieHus BMO
SBISIETCSI €€ OCHOBHAsh COCTaBJIAIONIAasl - CUCTeMa CBsi3u. VIMEeHHO OHa
oOecrieuynBaeT yIpaBJIeHUE CHIAMU B OTIEPATUBHO BaXKHBIX paiioHax MUpPOBOTO
OKeaHa, BKIFOYas apKTUYECKHE PAalOHBI, B TOM YHCIE U TMOJBOTHBIMH paKe-
TOHOCIIAMH Ha 3HAYHUTENIbHBIX TITyOWHAX.

Ecmu npencraButh cebe cucremy cBsizu BM®, To oHa OyZeT BHITIAACTH
KaK pa3BETBICHHAs CETh Y3JIOB CBSI3M DA3IUYHBIX YPOBHEH YIIpaBICHHS:
TEPPUTOPUANBHO pPAa3HECEHHBIE MOIIHBIC CTAllMOHAPHBIE IEpEAaoONINe M|
MpUEMHBIE PAJAMOIEHTPHI, IEHTPHl CBSI3M Yepe3 KOCMHYECKHE AamIaparsl,
KOMILJIEKCBI CpCIACTB CBA3UM Ha IMOJABOAHBLIX JIOJAKAX, HAaABOJAHBIX KOpa6J’l§IX,
camoJjeTax U BepTojeTax.

Hnst cBszucroB BM® cioxHeiinias 3amaua - obOecrieueHHe CBS3M C IOTPY)KEHHBIMH B BOJHBIE TIIyOUHBI U
HAXOASAIIMMUCS TOJI0 JIBJAOM TIOABOJHBIMHE JIOJKaMHU. DTO HAIpPaBJICHUEC HAN0OJIEE aKTyallbHBIM CTaJIO B IIOCICBOCHHBIC
TOJIBI, KOrza (BJIOT MOTOHWIICS TOABOAHBIMHA JIOJKAMH, PACCYMTAHHBIME Ha JJTUTEIHFHOS aBTOHOMHOE IUIaBaHue. Peun
UJET, IPEXAE BCEro, 00 aTOMHBIX PAKETHBIX CyOMapHHax ¢ HEOIPaHWYEHHOH JaNbHOCTBIO M JUIMTEILHOCTHIO ITOXOA.
EcTecTBeHHO, 4TO 1711 CBSI3U C HUMH MOTpeOOBaiaCh OpraHU3aNys IPHHIUIHAIHFHO HOBBIX panunonnanii. HeoOxommumo
obecrieunBaTh nepeaady Ha MX OOPT MPUKa30B MPAKTUIECKHU B JIF000i Touke MHPOBOTO OKeaHa, IpUYeM B KpaTdaiimee
BpEMsI U C BRICOKOI BEPOSTHOCTBIO, KaK y HAaC TOBOPST, "¢ IepBO mepenaun’.

CeromHs 3TH POOIJIEMBI YIAJIOCh PEIINTh HA OCHOBE KOMIUIEKCHOTO MCIIOJIB30BAHUS KAaHAJIOB CBS3U PAa3IMIHBIX
JIMana30HOB PAJMOBOJIH - OT CBepXHU3K04acTOTHBIX (CHY) - mecsaTku-coTHU TepIl - 10 BICOKOYacTOTHHIX (BY) - coTHH
Merarepil.

OcraHOBUMCS, TIpPEXAe BCEro, Ha paguosiMHusX, padorarommx B CHY wu cepxmmunHoBosmHOBOM (C/IB)
JArarna3oHax, SABJIAIOINXCA OCHOBHBIMU [JI CBA3U C JIOAKAMHU B MMOIPYKEHHOM COCTOAHUU. O1H PaaAuOBOJIHBL O6J'IallalOT
HauOoJbIIeH NPOHMKAIOMIEH CHOCOOHOCTBIO B TPOBOJSIIEH Cpene - MOpPCKOH Boje. PacmpocTpaHsitoTcss OHM B
cBOeoOpa3sHOM c(epuUecKOM BOJHOBOJAE, O0Opa30BaHHOM HOHOC(EpPOH M IMOBEPXHOCTHIO 3€MIIM, MU HMEIOT Majoe
3aryxaHue Topsiaka omgHoro aenuOena Ha 1000 kM. DNEKTpOMAarHWUTHBIC TOJS B 3THUX JAHMANa30HaX JOCTATOYHO
CTaOMIIBHBI M COXPAHAIOT CBOU ITApAMETPHI IIPH HCKYCCTBEHHBIX U €CTECTBEHHBIX MOHOC(HEPHBIX BO3SMYIIICHHSIX.

Pagmoctanmmn B cmimy ocobenHocteit CHY  nmmamasoHa pa3MemaroTcss B palioHaX ¢ HHU3KOH
AJIEKTPOIIPOBOTHOCTRIO TOYBHL. X momBoanMasi K aHTEHHaM MOIMHOCTh COCTABIISIET HECKOJNBKO MeraBarT. Becbma
cBoeoOpa3Hbl Hcmosb3yemble Ha mepegaromux neHTpax CHY cBs3m anTeHHbl. OHHM TOPM3OHTANBHBIE, HHU3KO
pacIioyioKeHHBIe, C 3a3¢MJICHHEM Ha KOHIIAX W YEeM-TO HAIlOMHHAIOT JIMHUU BBICOKOBOJBTHBIX Iepenad. Takue
AHTEHHbIE CHCTEeMbl (OPMHUPYIOT OJJEKTPOMAarHWTHOE T[OJie B KaHane '3emiss - HOHocdepa" aHAIOrMYHO
TOPU30HTAJIbHOMY MAarHuTHOMY IHWIIOJIO, IUIOMIAAb KOTOPOI'O0 OMPEACIACTCA )IJ'IMHOﬁ AHTEHHBI ¥ BEJIMYMHOMN CKUH-CJIOS
B MOJICTUJIAIOIIEH TOBEPXHOCTH.

IIpuem Ha moxBoaHON Jozaxe ¢ mepenaromero CHY paguornieHTpa OCyIIecTBISETCS Ha MarHUTHbIE aHTEHHBI,
pacriojio)kKeHHbIE B HaJCTPOIKe JOAKH, WJIM Ha CHelualibHble OyKCHpyeMble yCTpoWcTBa. PacnornoxeHHble B
HAJCTPOHKE AaHTCHHBI OOCCIICYMBAIOT ITPHUEM HA MANBIX [IyOMHAX W TPU HAXOXKICHUU JIOJKU IOJ0 JIbIAMH.
Bykcupyemple aHTEHHBI pacCUMTaHBI Ha TIpHUEM Ha TIyOMHAX B COTHH METPOB OT IMOBEPXHOCTH BOAEL [lpm 3TOM
OyKCHpyeMbIii HOCHTEIh AaHTEHHBl HAXOMUTCI B NPUIOBEPXHOCTHOM CJIOE, 32 CYET Yero M OOeCIeYnBaeTCs
"9HepreTHIeCKUi KOHTAKT" C IMePeIaroIlnM PaJHOIEHTPOM.

HoBrie pa3paboTku, KOTOpbIE BEAyTCA B HAYYHO-HCCIIENOBATENECKUX opraHm3amuix BM®, dacTo BBEIXOAAT 3a
PaMKH JIMIIb BOEGHHBIX MHTEpecoB. OHM OTHOCSATCA K TaK HA3bIBAEMBIM TEXHOJOTHSM JBOWHOTO MPUMEHEHHUS U C
yCIIEXOM MOTYT OBITh HCIOJB30BAaHBI B HAyKe, IPOMBIIIJICHHOCTH, cepe 00CIyKIBaHUS U APYTHX o0nacTsx. Passutne
cucteMbl cBsisu BM® crumynupoBano Hauyano psina paboT, CBS3aHHBIX C KOHBEpCHEW M TEXHOJOTHSMH JIBOWHOIO
npuMeHeHusa. K HuMm, Hampumep, OTHOCSTCSA 3JEKTPOMArHUTHBIT MOHHUTOPHUHI CEHCMOTEKTOHHYECKHX IPOLIECCOB B
3eMHOH KOpe Ul HPOTHO3UPOBAHMS 3EMJIETPSICEHHH, HMCIOJIb30BAHUE PAAMOM3IYYeHUH KpaliHe HM3KHMX 4acTOT JUis
TTOWCKA IOJIE3HBIX NCKOMAEMBIX.
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[To stum HanpasienusiM [Ipesnauym PAH npunsut peurenue paspaborars depepaibHy0 Mporpammy, KOTopas
OyZeT OCYIIECTBIATHCA B MHTEpEcax psAna TPaXKIAHCKUX OpPTaHU3aIlMid M OJHOBpEeMEHHO B mHTepecax BM®. DOto
JaJICKO HE GHHHCTBeHHbIﬁ IMpUMEP HUCIIOJIb30BaHUA OIIbITA, HAKOIIJICHHOI'O CBA3UCTAMH BM® U1 MUPHBIX uenef/i.
3nech M pazpaboTaHHas TEXHOJIOTHS IOJIbeMa, IPOBEPKH M BOCCTAHOBIICHMS CTapbiX IOABOIHBIX KaOENbHBIX
MarucTpajiel CBsi3W, M CHEeLUaIbHbIH MaTEeMaTHYeCKUI armnapar MpoeKTUPOBAHUSI HOBBIX KaOENbHBIX JIMHHUU, M ITyTH
MOJICpHHM3AIINH CYIIECTBYIOIIMX M CTPOUTEIHCTBA HOBBIX KaOEJBHBIX CyJIOB M JIOHHOTO 00OpYIOBaHMS IPOKIAIKH. B
KauyecTBe KOHBEPCHUOHHOIO BapUaHTa CTPOUTENBCTBA TAaKOTO CyJHa CBS3UCTHl BM® mnpemiokuiiu HCIoib30BaTh
aTOMHBIE TOJBOJHBIC JIOJKH, BBIBOAWMBIE M3 cocTaBa (JoTa B COOTBETCTBUM C JIOTOBOPOM 00 OTpaHHMYCHUH
CTpAaTeTUYECKUX HACTYNATEIbHBIX BOOpPY)KEHH. BeckMa TMONE3HBIMA MOTYT OKa3aTbCsi pa3paboTaHHBIE U
HCTIOJb3yeMBbIe Ha (DIIOTE CPe/ICTBA aBTOMATH3AINY IpHeMa HH(POPMALIMK O BOSHUKHOBCHUY aBApUIHBIX CUTYAIIHH.

Hemaio u npyrux mpo0ieM, s perieHus: KOTOPBIX [erecoo0pa3Ho 00BeIUHATE YCHITHS crieruanucToB BM® u
JIpyrux BeJOMCTB. B yacTHOCTH, HapuMep, peub UIET O COBMECTHOM AKCIUTyaTallui HALIMOHAJIIBHOM CUCTEMbI MOPCKOi1
MOBIKHOM cyxO0b1 cBa3u. CBsa3uctel BM® roToBBI Takke M B JaJbHEHIIEM HCIOIB30BATh HAYYHO-TEXHUYECKUN
3ajieJ1, CO3JJaHHBIN B IpoIiecce peleHns YMCTO BOGHHBIX 3a/1a4, B HHTEepecax HapoaHOro xo3diicTBa Poccuu.

B nHamm gHM pasButue cBsisu BM®, HecMoTps Ha TpyIHOCTH OOIIEro 3KOHOMHYECKOTO XapakTepa,
npoaokaercs. OHO HampaBlIeHO, IpEeXJe BCEro, Ha COBEPLICHCTBOBaHME YympaBiieHHs cuiamu BMO® Poccun,
MOBBIIIEHUE CTENEHH AaBTOMATU3ALUM IPOLECCOB CBA3M, UHTErPALMI0 YCIYI Ha OCHOBE BHEAPEHUS HOBEWIIMX
JOCTKEHHH B 00JacTH 0OpabOTKHM CHTHANOB, OoJiee MIMPOKOE MCIOJIB30BAHUE MEPCIIEKTUBHOW BBIYMCIUTEIBHON
TEXHUKH U OCBOEHUE HOBBIX JHANA30HOB AIEKTPOMATHUTHOIO CHEKTPA.

' Tsoxenslii aromubli kpeticep "Anmupan Haxumos", CeBepHblIil (J10T

Svanhovd Environment Centre (1997). Svanvik, Norway, March.1996. Information about electric
line “ZEVS”. // “Polarnaya pravda”, 7.03.1996

Svanhovd Environment Centre Svanvik Norway

The Chief of the Geoelectric laboratory of the Geological institute of the Kola Science Centre RAS A.A.
Zhamaletdinov reported about use of 100 km electric line “ZEVS” with grounded ends to study deep structure of the
Earth and to make seismological forecasts. The electric power installation generates high-tension current. Electric and
magnetic field spreads to thousands of kilometres along the land stratum and penetrates deep into the crust and under
surface of the World ocean. During many years the Institute develops deep electric and magnetic probations of Earth
lithosphere, using powerful control sources. The main object of the investigations is to build the installation on the basis
of aerial system ZEVS to solve problems of the far link of the Navy and to fulfil scientific tasks. The Institute carries
out all the investigations together with the Institute of Radio Construction and the Institute of the Crust in
Snt.-Petersburg.
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Kononos 10.M., Kamanemounos A.A.” (2002). Cucrempl CHY-paanocBsa3u ¥ MOHUTOPHHT
cpeabl - NepcneKTUBHOE HANIPaBJIeHHe KOHBepCHOHHOM noutuku Poceuu. // M. Uadpopmmoct
"Papnosnexrponuka u tenekommynukanuu", 2002, Ne 21, C. 4-6.

1BoeHHO—MopCKOP”I @rort, yurij.kononov.1947@mail.ru
*Feonornueckuit unctutyT Kosbckoro HayuHoro nenrpa PAH, abd.zham@mail.ru

Wnes cBepxHM3KOIacTOTHON paguocsszu (nanee CHY-pagrocss3n) Bo3HHKIA B Hadaje 60-X IT. IPOILIOro BeKa.
OcnoBHoe npenmymectBo CHY-paaioBoH 3aKkIf0o9aeTcsi B UX MaJIOM 3aTyXaHUH B CPEPUIESCKOM BOJTHOBOJIE «3EMIIsi-
norochepa» (mopsaka 2-3 nb/1000kM) u crmaboil 3aBHCHMOCTH TMapaMeTPOB WX PACIpOCTpaHEHUH OT penbeda U
MarHWTHBIX Oypb. OTOT THN pPaAMOCBI3M HauOosiee CTaOMJICH II0 CPaBHEHHIO C OOBIYHON BBICOKOYACTOTHOM
PagUOCBSI3BIO.

Ot «3eBca» U «CaHTBHHA» K 3¢eMHBIM MPodjieMaM.

OcHoBHBIM mnpenmMyiecTBoM CHU-panuocBs3u, NPHUBIEKIIMM BHUMaHHE
BOCHHO-MOPCKHX CIICIIMAINCTOB, CTala BO3MOXHOCTh €€ HCIIOJIb30BAHUS IS
CBS3M C TOTPYKEHHBIMH OOBeKTaMu. bnaromaps 3nauutTenpHOW mmHe CHUY-
pamuoBonHbl, gocturamomed 3000 kM B BO3AYIIHOM  HIPOCTPAHCTBE,
AIEKTPOMArHUTHOE TIOJ€ TIIyOOKO IPOHWKAaeT B CTCHKH BOJHOBOHA '3emiis-
noHocdepa". B MOpckyro BoIy Imojie MOKET IMPOHUKATE 10 TryOuHB 60-70 M Ha
gacrore 50 - 100 I'm. (s cpaBHEHHS: CBEpXUIMHHOBOIHOBEIE PAJHOCTAHINH | -
MOTYT O0ECIeYUTh MPOHUKHOBEHHE 3IEKTPOMArHUTHOTO IOJISI B MOPCKYIO BOIY
JIUIIb JI0 TTyOuHbI 2-3 M.)

B wmagane 1970-x rr. B CHIA wu OwBmem CCCP, mnpakTHYeCKH
OIHOBpeMEHHO, Obuin co3fanbl  jaBe CHU-paguocTaHumu aist  CBA3U €
noaBoaHbIMU JogkamMu - "3eBc" u "Canrsun". Illupoxo paspexnaMmupoBaHHas
cucreMa CHUY-panuocssazu CIIA, pacnonoxkeHHas B paiioHe Benukux oszep, He
MoJy4msia JajbHEHIIero pa3BUTHUS 10 HKOHOMHYECKHM  COOOPaKEHHSM.
Pacnonoxennas Ha KonbckoM momyocTpoBe aHTeHHa "3eBC" - €QMHCTBEHHBIN
JNEHCTBYIOIIMH OOBEKT JTOro TuHa. AHTEHHa TpeACTaBIsIeT co0oil nBe
mapajuleNlbHble JTUHUK dJeKTporiepenadn mHoH 60 KM Kaxknas, KOTOpEIe
MMUTAIOTCI OT JBYX CBHY-TCHEPATOPOB CHHYCOMAATBHOTO  HATIPSDKEHHUS,
YCTaHOBIICHHBIX Yy OMIKHHUX 3a3emieHuil. [lepematumk obOecriedynBaeT TOK B
aaTeHHax 10 200 - 300 A B nuamaszone gactoT ot 20 mo 200 I'y [Bemuxos u ap.,
1994 r.]. CunyconganpHBIi TOK B aHTEHHaX MOJKET 33JaBaThCS HA CETKE YacTOT C
marom B 0.1 T'm. Yacrora 3amaromiero reHepaTopa ONpEAeNseTcss CHUCTEMOU
"I'matuHT" ¢ TOYHOCTBIO He Xyxke 107,

AnTenHa "3eBc" pacojioKeHa HA MYPMAaHCKOM KPHUCTAUTHUYECKOM OJIOKE
apxeHcKoro Bo3pacra. 3eMHasl Kopa B 3TOM pailoHe OTIMYaeTCsl KpaiiHe BHICOKUM
conpoTHBIeHHeM, nocTuraromuM 10° oMMerpoB Ha riy6unax 10-15 kM. dakr
9TOT ONarompusTeH, Tak Kak 00eCIeYnBacT BHICOKMH MarHUTHBI MOMEHT
ucrounnka "3esc" - mopsiaka 1.5-10'" Am®. Ha puc. 1 mpuBesieHa TeopeTHuecKH
paccuuTaHHAs cXeMa W30JIMHHUA MOJTHOTO TOPHU30HTAIEHOTO MarHUTHOTO ITOJI Ha
gacrore 100 't mpu cre Toka B anTeHHe 300 A.

IITprX0OBKO# BBIACICHBI OCHOBHBIC CCHCMOOIACHBIC PAHOHBI OBIBIICTO
CHI', nmpencrapnsiomye HHTEpEC IS JIEKTPOMAarHUTHOTO MOHUTOPHUHTA C IIEIBI0
NporHo3a 3emiieTpsiceHuid. Ha cxeme WM301MMHMHA MOYKHO BMJIETh, YTO MAarHUTHOE
none u3Mmensercas or ~ 0.05 - 0.07 nukarecma B CEHCMOOMACHBIX paiioHax
CeBepnoro Kapkaza no ~ 0.04 mukatecna B paifoHe neicTByromux ByinkaHoB Ha Kamuartke. CoBpeMeHHas
crernamnmnaparypa CrnocoOHa pEeruCTPUPOBAaTh 3TH CHTHAIBL. Bo MHormx myHktax Ha Tteppuropun CHI' (Bo
BnanuBocroke, 3abaiikaiinbe, Kpeimy n Ha KaBkase) yxke mpoBoxmiuch coorBercTBylomue 3anucu CHY-curnanos.
[Nomy4eHHbIE aMIUTUTYABI OIS OJTM3KH K MPEACTABICHHBIM Ha pHC. 1.

VYcranoBka "3eBc" B HacTosIee BpeMs SBISCTCS yHUKaIbHBIM 00BbekToM CHY-pammocBssu. OdeBUOHBIE ee
MIPEUMYIIECTBA, OJHAKO, HE BIONHE OeccropHbl. HyXHO yKa3aTh Ha OJHOCTOPOHHHUI XapaKTep CBS3U, MOCKOJIBKY
OoJpIINE IIMHBI BOJH IPEAIONAraloT COOpPYKEHHE TPOMO3IKHAX aHTEHH C JMHEHHBIMH pa3MepaMH B AECATKU (10
OJTHOW COTHHM) KHJIIOMETPOB. 3HAYUTENBHBIC MOTEPH NPU U3IYICHUH TPEOYIOT HCIOIH30BAHUS MOITHBIX HMCTOYHHKOB.
Kosdduument npeobpaszoBanms coctaBaser 10°, a 3To 3HAUMT, YTO HA KaXUblii BATT M3JIyd4aeMOH BHEPIUH
HeoOxoauMo 3arpatuTh 10 100 kBT sHEpruu reHepaTopos.

CrpemuTeNIbHOE pa3BUTHE KOMIIBIOTEPU3UPOBAHHBIX CPEICTB LU(PPOBOH 00pabOTKH WH(OpMALUHU, a TaKXKe
MOSIBJIEHUE HOBEWIIIHNX MAaJIOIIYMHBIX AHTCHH [JId PpETUCTpalnuu cna61>1x CUI'HAJIOB W HIUPOKHUE BO3MOKHOCTH
HCIIO0JIb30BaHUA CITYTHHUKOBBIX CUCTEM CHMHXPOHH3AIUM CUT'HAJIOB UCTOYHUKA U NPUCMHUKOB, IPEAOINPCACIIAIOT HOBLIC
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HAIpaBJCHUSI B Pa3BUTHU
CHY-pagmocssizu.  Ilpu

3TOM OCHOBHBIE
[IEPCIEKTUBBI
CBSA3BIBAIOTCS C
pa3paboTkoit CHCTEM
MHOTOILIEIEBOTO
Ha3HAYCHUS,
OpPUECHTHPOBAHHBIX, ¢
OJTHOM CTOpPOHBI, Ha
JIajabHeuee pa3BUTHE
BO3MOKHOCTEMH CHUY-

CHCTEM UIS UX pabOTHI MO
IpsSMOMY Ha3HAYCHHIO B
UHTEpEecax HAlIbHEH CBSI3U
BM® Poccuu, a ¢ npyroi
- Ha pelleHue 3a1ad
(hyHIaMEeHTAIBHOM u
MIPUKIIAHON reodr3nKy.
Jwnamazon

MIPaKTHYECKOTO IpH-
MEHEHHS paJUOAHTCHHEI
“3eBc” 4pe3BbIYAHHO
OIMPOK:  3TO,  TpexIe
BCETO, H3yYeHHe
TIIyOMHHOTO CTPOEHUs
3€MHON KOpBI U OTHAEJIbHO
B3STBIX PYIHBIX IOJIEH, a

Puc.1. CHY-anteHHa «3eBc» M cXeMa paclpOCTPAaHCHHS H3Iy4aeMOTO €10
MarHUTHOTO ToJist Ha Tepputopun CHI'.
YcioBHbIE 0003HAUCHUS:

TaKoKe . HaXOK/ACHHC 1 - M30JIMHHUKA MArHUTHOTO TOJIS B €IMHHUIIAX 10'1HT, MPUBEJICHHBIX K TOKY

TCpPpHUTOPHH 300 ammep; 2 - celicmoomnacHbsle pernoHsl Teppuropun CHI'; 3 - cxema

TICPCTICKTHBHLIX B CMBICTIC pactipoctpanenust CHY-curnanoB B BoMHOBOJE — «3eMis-moHOC(hepay,

TTOVICKa PYIHBIX u o
LITPUXITYHKTUPHBIMA  JIMHUSIMU 0003HaueHbl oceBast (0°) M sKBaTOpHalbHAsS

HeTAHBIX . (90°) nuHUM cTOYHMKA «3EBCY Ha KapTe.

MECTOPOXKICHHH.

BosmoxxHOCTH UL

HCCIIEOBAaHUA O0YCIIOBIEHBI 000l rimy6nHol nmpoHnkHOBeHHss CHY-BonH B 3eMHyI0 Kopy - mopsiaka 10-15 k.
VYcenemHsle 3KkcnepuMeHTsl nposoauianck B Kapeno-Komsckom pernone un B FOxHoiM @uunsHauu. C HOMOIIBIO
JJIEKTPOMArHUTHOTO TIOJIE MCTOYHHMKa "3eBc" MoXKeT ObITh co3JaHa OecrpoBOIHAs IIOA3EMHAs pPaJHOCBS3b,
UCCJIEeZIOBaHbI CBOMCTBA HOHOC(HEPHOT0 BOJIHOBO/IA, TPOBEICH MOUCK MECT ISl 3aXOPOHEHHUS PaANOAKTHBHBIX OTXO/IOB,
a TaKKe M3Y4YEHO HANpPSDKCHHOE COCTOSHHME 3€MHOM KOPBI, TOPHBIX yIapoB M JlaKe Mpe/CKa3aHbl 3eMIIETPSCEHUS.
OcoOeHHOCTh TakOW MHOTOILIETIEBOH YCTaHOBKH C H3JIydaTesleM BBICOKOW MOIIHOCTH B BO3MOKHOCTH pELIaTh
Pa3HOILIAHOBBIE 3aJa4ll OJHOBPEMEHHO B Pa3sHbIX PErHOHaxX, 10 CHHXPOHHOW IporpamMMe IyCKOB HCTOYHHKa "3eBc'",
COTJIACOBAHHOM €O BCEMM 3aKa3dMKaMH palboT. PeHTaOenbHOCTh TakoW yCTAHOBKHM HANpsIMyIO 3aBHCHT OT 4YHCIA
moTpeOuTeNeH.

CHY-MOHUTOPHHT KaK CPeICTBO A/ H3y4eHUs JHHAMHMKH 3eMHBIX HeJlp ¥ MPOrHO3a 3eMJICTPSICeHMIA.

Opmno w3 HamboJee MEPCHEKTHBHBIX HampapieHui ucrnonb3oBanus CHY-pagmoycranoBkm "3eBc" mo auHHUN
KOHBEPCHH - 3TO TIPOBEACHHE JJIEKTPOMArHUTHOTO MOHHUTOPHHIA, TO €CTh JOJTOBPEMEHHBIX CHCTEMaTHYECKHX
HaOJIIOZIGHUH Ha OTJEIbHBIX O0BEKTax C IEJbI0 BBIIBUTH JUHAMHKY Pa3BUTHsS TEX WM WHBIX MpolueccoB B cpexe. [Ipu
3TOM MOXKET NIPOBOJUTHCS MPOrHO3UPOBAHKUE TOPHBIX yIapOB B PyIHUKAX U U3yUCHHE MPEIBECTHUKOB 3€MIICTPSACCHUH,
OCYILECTBIIATHCS] KOHTPOJIb HAJ YCTONUYMBOCTBIO KPYITHBIX THIPOTEXHUYECKUX COOPYKEHUH, aTOMHBIX CTaHIMH U JIp.

OcoOb1ii MHTEpeC NMPeCTaBIsIOT padboTel B obnactu npumenennss CHY-anTeHH Ui IpOrHO3a 3eMIIeTpsICeHHH,
MIOCKOJIbKY, TI0 CEH JIeHb, HeT OOIIENPHHATHIX KPUTEPHEB IPEACKa3aHHs CEHCMHYECKUX COOBITHH, M BCE IIOIBITKA
pemuTh 3Ty 3aJady CBOIATCA K BBHIBOJAM O HEOOXOAMMOCTH KOMIUIEKCHOTO TOIXOJA C HMPUBJICUYCHHEM HECKOJIBKHAX
MeToZ0B. [Ipm 3TOM OOBIYHO OTHAETCS TPENNOYTCHHE KOMIUIEKCY, OCHOBAHHOMY HAa HWCIOJB30BAHWU AHHBIX
CEHCMOIIOTHH U T€03JICKTPUKH.

YcranoBka "3eBc" pacmoyiokeHa B 30He HU3KOM CeHCMUYIECKOW aKTHBHOCTH. [IpeacTaBiisomye nHTepec ¢ TOUKH
3peHHsT MOHHMTOpPHMHTa ceilicMobe3omacHocTH Ommkaiiimme o0bekThl - 310 Konbeckas ADC, pacrosiockeHHass B 30HE
pmustHAa Kanpanakmickoro rpabdena, m ADC "Jlecnoit bop" B Jlennnrpanckoit obmactu. bonee ynaneHHbie 00BEKTH U
paifoHbl, HHTEpECHbIE MMl ceiicMolporHosa (puc. 1), pacroyioxeHsl B 30HE cl1aboro BO3JIeHCTBHs UCTOYHMKA "3eBc'.
Tem He MCHEC, PCE3YyJIbTaTbl 3KCICPUMCEHTAJIBHBIX Ha6HIOILCHI/Iﬁ IMO3BOJIAKOT TOBOPUTHL O TOM, 4YTO 06Hapy>1<eHI/Ie
NPEJBECTHUKOB 3EMJICTPSICEHUI ¢ momolibio "3eBca" BO3MOXKHO Ha OOJbIIEH YaCTH CEWCMOOMACHBIX PETHOHOB
osBrrero CHI™ u make 3a ero mpeenamu.
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B 1995 r. mo wunHunmatuBe MUC ObITM BBIOJHEHBI KOHTPOJBHBIE H3MepeHuss Ha KucimoBoackoMm
CEHCMONPOTHOCTHYECKOM TIOJINTOHE, YIaJeHHOM OT aHTeHHHI "3eBc" Ha 2.5 Thic. kM. HecMoTps Ha HEGmaronpusTHbIE
3UMHHUE YCIIOBHUA U BBICOKHIM YPOBEHb IIOMEX, 34€CHh 6]:IJ'II/I TMOJIYUCHBI BIIOJIHC YAOBJICTBOPHUTCIILHBIC PE3YJIbTAThI
U3MEPEHUil 10 NOBTOPSAEMOCTH JaHHBIX M3 IMKJIa B UK. CpeaHssi norpemHocTs HabmoaeHuit Ha yacrore 125 I'u He
MpEeBLICHUIIA 6%. qu/leBaa, 4TO CpCaHAA BEIMYMHA U3MCHCHUS CONPOTUBJICHUA 3EMHOM KOpbI B IEpHUOJ MOATOTOBKH
3eMIICTPSICEHUH ¢ MarHuTynoi 5-6 OamnoB cocraBmser 16-20%,"MOXHO cYHMTaTh, YTO HOJYYEHHBIH pE3yJbTaT
MOJTBEPKIACT IEPCIIEKTUBHOCTh HCIIOJIb30BaHUS HCTOYHMKA "3eBc" uId pemieHus 3axad MoHuTopuHra. Ecte
MOJIOKUTEIBHBII OIBIT PETUCTPAlMM CUTHANIOB McTouHMKa "3eBc" B Kurtae mis mporHo3upoBaHMs 3eMIIETPSCEHUN
[Capaes u ap., 2000 r.]. [To muann PAH pa3pabaTeiBaeTcss MPOESKT HCIOIB30BAHUS UCTOUHUKA "3eBC" C ATOU K€ HENbI0
B 30H¢ Bpanua B PymbIHuM.

B 3axmroueHne HeOe3bIHTEpPECHO OyIeT MPHBECTH NPHMEp OOHAPYKEHUS HOBOTO Teo(HM3WIECKOTO SBICHHUS C
nomompio CHY-pannoycranoBku "3eBc". B xo1e 3JeKTpOMarHUTHOTO MOHUTOPHHTA, IpoBoAMBIIeTocs B Kapensckom
nepenreiike, a 3ateM Ha KoJbCKOM IOJIyOCTpOBE, OBLIO YCTAaHOBJICHO U3MEHEHHE 3JIEKTPOIPOBOAHOCTH 36MHOM KOPBI
noJj HeﬁCTBHeM T'paBUTAlIUOHHOI'O BIIMSAHUSA JIYHHO-COJIHCUYHBIX IMPUIIUBHBIX BO3MyLL[eHPII>lI. Pe3yanaTb1
QJICKTPOMAariuTHOr0O MOHUTOPUHI'A Ha Konbsckom IMOJYOCTPOBE, Ha YAAJICHUH ABYXCOT KHJIOMETPOB OT HMCTOYHHKA,
NOKa3aHbl Ha pUC. 2 B BUJE IpaMKOB M3MEHEHMs 3HAUCHUI KaXKyIIErocs CONPOTUBIICHHS U (a3bl MMIIEaHca BO
BpEMEHH. 37eCh JK€ IPHUBEAEH TEOPETUUECKH DPACCUMTAHHBIH TpaduK W3MEHEHHs AIbTHTYIbl penbeda, 3eMHON
IIOBEPXHOCTH B TOUKE ABBa-TIy0a 1oJ1 IeHCTBHEM IIPUIMBHBIX HANPSDKEHUH.

Pe3ynbraThl 31€KTPOMarHUTHOTO MOHUTOPHHTA MO3BOJIIOT CJEIaTh BBIBOA, YTO IPH B3IBIMAHUH 3€MHOH KOPHI
TI0J] IeHCTBHEM JIyHHO-COJIHEUHBIX HMPHIIMBOOOPA3YIONINX CHJI IPOUCXOJUT YMEHBIICHHE yJEIBHOTO 3IEKTPUIECKOTO
COIIPOTHBIICHUSI B BEPXHEM CJIO€ KOpPHI MOIIHOCTBIO Topsinka 7-8 kM. M, HaoOopot: B ¢a3e cxarus (OIyCKaHHS)
YBEIMYMBACTCS COMPOTUBIICHHUE

B CllOE TOH K€ MOLIHOCTH. _pF P Oim i, em p¥ 1PEM gﬂnlﬂl
MOXHO TpPeAnoaoKUTh, YTO B l.I'T“ . 4 . -
HaubopIIeH CTETIeH! Ha -

CYTOYHbIC HU3MCHCHUS

3JIESKTPOIIPOBOIHOCTHU BIIUSIET &4
MPOMEKYTOUHBIN croit
MIOHWXEHHOIO0  CONPOTHUBIECHUN
Ha MHTEpBaJIe TI1yOuH B 3-7 KM.
Ha puc. 2 BugHo, uro

36

43 i i
Ap, degrees

JIYHHO-COJTHEYHBIC Bapualuu
OKa3bIBAIOT CYLIECTBEHHOE
BIIMSIHUE Ha M3JTyYarolye
rapamMeTpsl CHY-anTeHHbI

"3eBc", W, 4Yro 3TOT QaxTop
HEOOXOMMMO  YYHTHIBATH MPH
npoBenenun  CHY-panuocsizu
Ui 00ecreueHHsT ONTHMATbHBIX
YCIIOBH TIepeiaydl CUTHAJIOB Ha
MOTpyKeHHbIE 00BekTel BMO.
IIpuBeneHHsbIH pUMep
JOKA3bIBACT  B3aMMOBBITOTHBIN
xapaktep paboT TO JHHHAA
KoHBepcuu. Tak  HoBeHuue
OOCTIDKEHHSI HAayKH  HaXOMAT
NpuUMeHeHne B 0OOpOHHOM
MIPOMBIIIICHHOCTH.

Puc.2. Pe3ynpTaThl 2I€KTPOMAarHUTHOTO MOHUTOPHHTA.

B Bume cromHo# KpuBo# MaH rpaduk W3MEHEHUsS albTUTYIBI penbeda
3eMHoi#t oBepxHocTH dH B canTuMeTpax. ToUKaMH OTMEUEHb! 3HAYCHHS
Ka)XXyILEToCsl COMPOTUBIICHHS | (ha3bl IMIIEIaHCA.
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Vupasnenue cBsizu BM®
Hocsawaemcesn namamu Jlvea bopucosuua Ilecuna

VYpasnenue csizu BM® Bcerna TpaaullMOHHO YAESUIO BHUMAaHHUE JAJBHEH MEPCIEKTHBE Pa3BUTUS HOBBIX
BUJIOB CBSI3M M TEXHUYECKUX CPEACTB I OOECIeYeHWs YyNOpaBieHHs cwiamMu (iota. OTO HampaBlieHUE
PeaT30BBIBAIOCH Yepe3 MaJIOOIOIKETHBIM pa3ziel MmporpaMMbl BoopykeHus "dyHnamenTansHbe U monckossie HUP".
Co cTopoHbI AKaJieMUH HayK 3TO HarpasjieHue koopauHupoBan HayuHslii coBer PAH 1o xoMIuieKCHbIM pobiiemMam
"Paguodusndeckrue METOIbI UCCIACIOBAHUS MOPEH M OKEaHOB', BO3IIIABISCMBIN cCaMUM aKajaeMUKoM KoTelbHHUKOBBIM
B.A., a co croponsl BoenHo-Mopckoro @nota — HauanbHUK cBa3u BM® uepes 3 otnen Ympaenenus cessu BMO.
Bnagumup AnexcaHapoBHY Bcerja BHUMATENbHO OTHOCHIICS K HAaIIMM IpoOieMaM M aKTHMBHO y4acTBOBaJ B pabote
Cosera.

Takux HUP Obuio He Tak MHOTO, BBHINOJHSJINCH OHU CHJIAMH aKaJEMHUYECKMX HHCTHTYTOB C HPHUBIICYECHHEM
crienuanvcroB HULL cesizu BM®.

Cxema BreImonHeHHs ObiIa mpoctasi. B pesynprare HaydHoro mowcka 34-m HUU cBszu BM® (a 3atem — HULL
cBs31) coBMecTHO ¢ Hayunbim coBeToM PAH ompenensitack mepcrneKTHBHAS HIEs, BOSMOXKHOCTE pPeai3aiui KOTOPOi
000CHOBBIBAJIACH TEOPETHYECKH. Pe3ynbTaToM ke ObUIM TeXHHYECKHE NPEUIOKEHHs 10 pa3paboTKe HOBBIX JIMHUI M
CPEZCTB CBS3H.

MobwibHas reHepatopHas rpymnmna OPC-67 Ha miomaske JISII npu npoBeAeHUH IKCIIEPUMEHTOB
o redepauuu curanoB KHY, nposoaumeix 8 HUP "JIusagus". Konsckuit momyoctpos. 2000 r.

OmHOMl W3 HEMHOTHX HAayYHO-UCCICIOBATEIbCKUX pPaloT, BBINEANNX H3 paznena "(yHIaMEHTALHBIX U
MTONCKOBBIX" Ha ypoBeHb "npukiannex”, 0pita HUP nox mmdpom "Jlueaaus". A HUP "Jluaaus-2" crana e€ npsiMbiM
nponoykeHueM. [lpuknaansie HUP siBnsitoTcs oaHOM M3 cTaauil )KU3HEHHOTO LUKJIA U3JENns Uil cucteMbl. MX 3amaya
- IaTh OTBET Ha BOIPOC: BO3MOXKHO JIM CO3JaHWE HOBOTO BHA TEXHHKH, M C KAKUMH XapPaKTCPUCTUKAMHU, a TaKKe
ompenenenue BozMoxkHocTH nposeaeHnss OKP mo rematnke HUP.

HUP "JluBanus-2" 6buia otkpeita B 2001 roxy u Kacanach OHa pa3pabOTKH MEPCHEKTUBHBIX METOJIOB U HAYYHO-
TEXHHUYECKUX PEUICHHH MO I[OCTPOCHUIO PAJUOJIMHUI B HMHTEpecaX MOBBIIICHHS S(PPEKTUBHOCTH YIpPaBICHUS
obbektamu BM®. B Heii, kpoMe Npoumx, HUCCIEAOBAIKNCH [1BA OCHOBHBIX B3aMMOYBSI3aHHBIX HAIIPABJICHHS: METO/IbI
noBbImeHus 3GdeKTHBHOCTH (YHKIMOHUPOBAHHUS PaJHONUHUI cBepx Hu3kouactoTHoro (CHY) nmamazona w mytu
MOCTPOEHUS PaANOIMHUI KpaliHe Hu3KkoyacToTHoro (KHY) nuanasona.

Hecmotpst Ha ¢popmat HUP, 00bEM HcciienoBanmii U SKCIIEpUMEHTANBHBIX paboT B "JIuBamuu-2" ObLI OOJIBIIIM.
B Heii, B ToM ymcIie, TNIaHUPOBAIIUCH:

® [IPOBEJIEHUE TEOPETUUECKOTO aHalIM3a BO3MOXKHBIX MEXaHHU3MOB U TMOCIIEJACTBUI Bo3nencTBus u3nyuenus CHU-
KHY nuana3zona Ha OKpY’KaloILIyIO CPEAy U YEJIOBEKa, a TaKKe OMpeeseHUue MPEeAEIbHO AOMYyCTUMbIX YPOBHEH
3TOT0 U3JIYUYEHHUS JUIsl YEIOBEYECKOT0 OPraHu3Ma;

® pa3paboTKa ¥ 00OCHOBaHUE TPEOOBAHUN K METOJAM M CPEACTBAM 3alIUThI OT 3JICKTPOMATHUTHOTO HM3JyUYCHHS
CHY-KHY aguana3oHa, B TOM YHCIE K CPEICTBAM KOJJIEKTUBHON U MHAUBUAYAIBHOMN 3aIUTHI;
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® CTEHJIOBBIE UCIIBITaHUs NpUEMHOro aHTeHHoro ycunurenss KHY nuanazona;
® pa3pa0oOTKa CXEMHBIX pelieHui cuiaoBoro moxyns makera KHY reneparopa W TOATOTOBKAa CTEHOA C
annapaTypou EKTPONUTAHNS AJISI UCTIBITAaHNS MAKETa;

® pa3paboTKa TEXHUYECKUX PEIICHUI IOCTPOCHNUS IKCIIEPUMEHTAIBHOTO M3MepHuTenbHoro npuemanka KHY-CHY
Jrara3oHa ¢ udpoBoit 00paboTKOH cCHrHaNa;

® pa3paboTka mporpaMMHOrO obOecmedeHust s pacuera moneir KHY nmuamasoHa ¢ y4eToM aHHU30TPOIHU
noHOC(]EPHI;

® JiCCIIE[IOBAaHHME MEPEXOJHBIX U ycTaHOBMBILUXCS MpoueccoB B reneparope CHUY-KHY nuanazona Ha ocHOBe

MaTeMaTHYECKOI0 MOJIEIUPOBAHMUS;

HCCIIeIOBaHUE 0XKHUIaEMbIX XapaKTepUCTUK nepcrekTuBHbIX panunoannuil CHUY-KHY nunanazona;

M3roToBieHne MakeTa cuoBoro moayisa KHY reneparopa;

CTEH/IOBBIE HCTIBITAaHUS MakeTa skcniepumenTanbHoro KHY renepatopa;

M3rOTOBJICHHE U TECTUPOBAaHUE MaKeTa KkciepuMeHTanbHoro npuemMuuka KHY-CHY nuanazona;

pa3paboTKa peKOMEHIAIMHI 10 CHIXKCHUIO YPOBHS NOMEX paauonpuemy B auanazone KHY;

MOJTOTOBKA alIapaTrypbl MakeTa PaIHoIMHUM U1 MPOBEACHHS SKCIIEPUMEHTAIbHBIX HcciemoBannii B KHY-
CHUY aunamasone;

® pa3paboTKa MPOTrPaMMBbl U METOIMKH SKCIIEPUMEHTAIBHBIX NCTIBITAHUH;

® NIpPOBEJCHHE NCIIBITAaHUH SKcnepuMenTanbHoi paguonnann KHY nuamasona n 06paboTka pe3ynpTaToB.

IIpuBeaE€HHBIN NepeyeHb UCCIEAOBaHUN MO MOHATHBIM MPUYMHAM JAJIEKO HE TMOJIHBIA, HO M €ro JI0CTaTOYHO,
4yToOBl OLEeHNTh 3HaueHne 3Toii HUP. 3 otnen B pesynbrate Boimonnenus HUP "JluBanus-2" miaHupoBai MOJy4YHTh
JCUCTBYIOINI MaKeT HOBOW Pa/IMOJIMHUM, KOTOPOH ellé He ObIJI0 HU Y OJJHOTO U3 TOCYIapCTB (10 OTKPBITHIM JaHHBIM).
Kaxogo?!

HayuneiM pykoBogurenem u "3anaronm reneparopom” HUP "Jlusans-2" 661 JleB bopucosny [lecun, kanuran
1 panra B 3amace. OTO OJUH U3 HEMHOTMX YHHKAJIbHBIX OPraHM3aTOPOB HAYUYHO-NPOU3BOACTBEHHBIX IPOLECCOB,
JOOMBAIOIIHUICS BRICOKMX Pe3yIbTaToB. IHAaYe OH MPOCTO HE MOT JKHTh.

Jles Bopucosmuu pomwmics B Ps3ann B 1933 romy. Oxonuun Bricmee BoeHHO-MOpckoe yumimiie cBs3u (1954) u
Boenro-mopckyto akagemuro (1964). Kanaunar texandeckux Hayk. Ciyxwn B 34 HUU cBsizsu BM®(c 1967): craprmit
Hay4YHBII COTPYAHUK, Ha4alIbHUK J1TaOOpaTOpHH, Ha4anbHUK oTAena. [IpoBén mccienoBaHus B 00JacTH KOCMHYECKON
CBsI3U. Y4YacTBOBal B pa3pabOTKe M JIETHO-KOHCTPYKTOPCKUX MCHBITAHHUSX HABUIALMOHHO-CBSI3HOH KOCMHYECKOH
CHCTEMBI, B pa3pabOTKe TEXHUKH CBA3U C MTOJBOJHBIMU JIOJKaMH B HecHenn(HUECKUX Anana3oHax yactot. [Ipuanman
ydyacTu€ B HNPOCKTUPOBAHMU HW CO3AAHUM YHHUKAJIBHOTO ULEHTpa ﬂaﬂbﬂeﬁ CBsA3M C IIOABOAHBIMHU JIOAKAMHU U
ceepxmotnbix CJIB mepemarommx komruiekcoB. Jlaypear T'ocymapctBenHoii mpemun CCCP 1988 roma. Ilocne
OKOHYaHHUs BOCHHOH Ciryx0bI (1989) on mpoxomkan padorats B HUM cesizu BMO. (3: A.M.Menya « QHIUKIIONE U
"Nmxenepsl Cankt-IlerepOypra").

Tpebosanus 3axkazurika HUP — Ynpasnenus csizsu BM®, Ilecun JI.B. Bcerna BeimosnHsin 0€3yKOpU3HEHHO U IPU
9TOM Yy Hac C HUM ObUIO ITOJHOE B3aMMOIIOHMMaHHE B HAayYHO-TEXHMYECKHX BOIPOCAX M Crocobax M3 pemeHus. 3a
JIeBom Bopucosuuem He Hago OBUTO HUYETO MPOBEPSTH. 51 OBI HaXke CKas3all, YTO OH caM ce0s 9acTo MPOBEPsUT 33 Hac U
JIOKJIaBIBAII 00 TOM.

K Takoit 00pEMHOM paboTe OB TpUBIEUYEH WENbIH pan ucnonHuTenel, cpenu Hux HULL cBszu BMO®, Llentp
MHOHKO PAH, HUUM mno mepenade 3JIeKTPOIHEPTHH TOCTOSHHBIM TOKOM BbICOKOTO Hampspkenus (HUWUIIT), HUU
pagroduzuku Cankr-IleTepOyprckoro rocynapcTBEHHOTO YHHUBEPCHTETa, | eosiorMyeckuii MHCTUTYT W MHCTHTYT
¢usnKo-TexHuueckux npodiem sHepreruku Ceepa Konbckoro Hayunoro nentpa PAH, Tocynapcreennsiii Hayuno-
UCCIIEZIOBATEIbCKUI MCIBITATENIbHBIH MHCTUTYT BOoeHHOW MenunuHbl MO P® u Hayunblii nentp "Pud" npu Héw,
"IMpoektHO-KOHCTpYKTOpcKoe Otopo "PUO", OO0 «TUPA-DJI», I'Y "UHCTUTYT KOCMO(QH3UYECKUX UCCIEIOBAaHUN U
pacnpocTpanenus paguoBosH JansHeBocrouHoro otaenenus PAH", 3A0 "CKH", 3A0 "CYJIAK".

VYxe B cenrsiope 2001 roxa no mrany HUP na CeBeproM (hiioTe OBbII MCTIBITAH B PEAIBHBIX YCIOBHSX NMEPBBIH
JEWCTBYIOIINIA MaKeT MEPCHEKTUBHOIO paJiioKaHalla ¥ TAKUM 00pa3oM BIIEPBBIE ITOJITBEPKAEHA BOBMOXKHOCTh PUEMa
pamnocuraanoB KHY amana3ona mox Bomoit Ha ymanennu 200 KM OT HCTOYHHKA M3Iy4deHHUs. Becero OBLTO MpoBeaeHO
105 ceaHCOB CBSI3M C AKCHEpUMEHTANBHBIM pamuorniepenarankoM KHY u 9 ceancoB ot panmmomepenarunka CHY
o0pekTa "3eBc". 3a oOecredeHHWe STHX WCHBITAHUN TpPUKa3oM HadaibHUKa [ 7aBHoro mrada BM® agmmpana
Kpaguenko B.A. Obuim mooripens! oduiiepsl Ynpasieauii cBsi3u BM® u C®, dotwnnu moasoansx jtogok CO, HUL]
cBs3u BMO.

A x wmromo 2004 roga ObUT pa3paboTaH W M3TOTOBIEH MakeT paauonuamun KHY nuanazona. Jlms mpoBepku
TEXHHUYECKUX CPEACTB M XapaKTEPUCTUK MaKeTa B CEHTAOpe Toro xe rojga Ha CeBepHOM (uoTe ObUIM TIIATEIHHO
MOATOTOBJICHBI U MPOBEACHBI HATYPHBIC UCIILITAHUA. 3KCHepHMeHTaﬂbHaﬂ paauoIMHuA COCTOAIAa U3:

® MakeTa Iepefaromero reaeparopa MomHocTeio 10 100 kBt B MoOmiapHOM BapmaHTe (Ha yCHIMTENb
momrHoct KHY nunamasona, Bxomsuuili B coctaB 3Toro makera, B 2003 rogy mosyuyeH nareHT P® Ha
MOJIE3HYIO MOJIENb);

° Hepenalomeﬁ AHTCHHBbI, B Ka4dyCCTBC KOTOpOﬁ HCIOJIB30BAJIMCh JIMHUK JJICKTponepeaady CUCTEMbI
«Komuepro» anmuHoii oT 55 10 110 km;

® MakeTa BBIHOCHOTO yHH(UIMpoBaHHOTO npuéMHoro ycumrenast KHY;
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®  MakKeTOB IPUEMHOIO YCTPOICTBA.
e [loaroToBKy M MPOBEACHUE UCIIBITAHUN 00SCTICINBAIIH

e ot HUIJ cBasu BM® — xanuransl 1 panra IlstaenkoB A.E., Boponun A.U., kanutan 2 panra Mnemep
I.B., Ilecun JL.b., Axynos B.C., ITaadunos A.C., Jlucunsn 10./1., Fopbynos b.K.;

e ot Konsckoro Hayunoro nenrpa PAH — JKamaneraunos A.A;

e ot CeBepHoro ¢nora — kanutan | panra banusix M.B., xanntans! 2 panra JKwimnkos B.M., Tomunes
B.A., Xynonees B.E., karutan 3 panra berakoB M.A., karmtan-nefiteranT Ciryaunnckwii [1.B.

PesynbpraThl MCHBITaHWH OJHO3HAYHO MOATBEPIAWIM TNPHHIHUITHAIBHYIO BO3MOMKHOCTH CO3J@HHS OIIBITHOTO
o0pasia HOBOH paguoavHNH CBs3H. BriepBeie B Poccum ObLT pa3paboTaH M yCIIEIIHO HCIBITaH B OEPETOBBIX yCIOBHAX
MakKeT armnapaTrypHoro komiuiekca paauonunun cBszu KHY nuanazona. HeoOxoauMocTs 3Toit paauonuuun st ¢uiora
B TO BpeMs HE BBI3bIBala COMHEHUI. [[g onpeneneHns ypoBHS BO3MOXKHOCTEH nconb3oBanus paguonnann KHY s
peanbHON CBSI3M C OOBEKTaMH B MOPE U YTOYHEHHS TAKTUKO-TEXHHYECKHX TPeOOBaHMI K pa3pabaThIBacMON TEXHHKE
CBA3U TpeGOBaJ'IOC]) IMMPOBECTH IKCIICPUMECHTAJIbHBIC UCIIBITAHNUSA B MOPCKUX YCJIOBUSX.

IIpoOnema Obuta B ToM, uto 1o miany HUP "Jlupamus-2" 3akanumBanack B 2004 romy, a HOBBIC HCIBITAHUS
TpeboBau emié OoJiee THIATEIBHONW MOArOTOBKH, Ha KOTOPYIO TPeOOBaJIOCh HE MEHEE Moyroaa. Beixoa ObUT HaiiIcH.
[To mpeanoxenuro Ynpasienust cBsisu BM®, koropoe noanepkann HadanbHuK KopaOnecTpoeHHsi, BOOPYKEHHS U
SKCIUTyaTallil BOOPYXKEHHs — 3aMecTuTenb [nmaBHOkoMaHayromero BM® no BoopyxeHuto Bune-aamupan CMoISIKOB
A.A. n nmpeacenarens Mopckoro Hay4HOro komurera KoHTp-aamupan Cupopernko JLI'., I'maBHOkoMaHmyrOMit
Boenro-Mopckum @aotom anmupan ¢paora Kypoemxor B.1. B mapte 2005 roma yTBepaIuI IpoaoKeHHE paboT 1Mo 3TOH
TeMatuke B pamkax npyroit HUP (mmdp "Pabunnmk-2").

Wrak, Hame# "rpymnme pa3HOPOIHBIX CHI" (BOCHHBIX, HAYKH M MPOMBIIUICHHOCTH) MPEACTOSIIO PEIINTh emié
Oosiee CIOXKHYIO 33Jady: KpOME TOTO, YTO B OKCIIEPUMEHTE 3aJelCTBOBAJCS OOBEKT B MOpe, Ha Oepery Mbl
HaMepeBaINCh HCIBITaTh paboTy mepenaromero reHeparopa KHY ma pelicTByromryto aHTeHHY oObekra "3eBc" (c
OTKJIFOUEHHEM €€ OT CTAI[MOHAPHOTO MEPEAAIOIIEr0 MOIYIIA).

B cooTBeTCcTBHHM C IJIAHOM DKCIIEPUMEHTAIBHBIX pador BM® ucnbiTaHusi MakeTa JOJDKHBI ObUIM TPOBOJUTHCS
oceHpto 2005 roma. llens uCHBITaHUI: MpOBEpKAa B PEANbHBIX YCIOBHSX SKCIUTyaTallM TEXHUYECKUX PEIIeHHH,
UCIIONBb30BAaHHBIX NPH TOCTPOSHUH HOBOTO TOKOJIEHHMS NpHEMHOW M mepenaromieil anmapatrypsl KHU paanonunuu,
OLICHKa KadecTBa MpHEMa CHI'HAJIOB U YPOBHS IIOMEX Ha MOPCKOM OOBEKTE€ M KOHTPOJBHBIX OEpETOBBIX MPHUEMHBIX
ITyHKTaXx.

C mas 2005 roma, Korja B MOATOTOBKE HCIIBITAHMA HACTyNHJIa aKTUBHAs (pa3a, MBI Ha4adW WCHIBITHIBATH BCE
HapacTaromie TpyIHOCTH. [IpuumHa OBIIa OYEBMIOHOM: K TOMY BPEMEHM HPOLECC BBHINOIHEHHS YNPABICHUYECKHX
peurennit Ha ypopae BM® yxe HaCTONBKO CHIIBHO OBLT "pa30anaHCHpOBaH" ¢ MEXaHH3MOM HX pealn3alliy Ha MECTax,
YTO MPUXOJWIOCH NMPHUKIAIBIBATE MHOTO JOTOJHHUTENBHBIX YCHIMH A MPEOJOJIeHHs MPOoOJIeM, KOTOPBIX 10 3TOTO
MPOCTO U OBITH HE MOTJIO.

OCHOBHBIM OCJIO)KHEHHEM HIOHS M HIONA OBLIO OTCYTCTBHE aBaHCHPOBAHMS HCIIONHHUTENEH paboT 3aKa3urKoM
(MO P®) no npuuntHe (HUHAHCOBBIX OTpaHMYEHHUH OOILIEro IUIaHa, ATO Ha MECSI 3aJepiKalio J0paboTKy ammaparypbl
MakeTa, CPOK FOTOBHOCTH KOTOPOTo ObuT ycTaHoBiIeH 1 ceHTsiopst 2005 r.

PeanbHble yciioBHsl Ha (IIOTE TaKkKe OKa3aJHCh NAJIEKH OT MIEaJIbHBIX, U3JI0KEHHBIX B IPOrpaMMe U METOJIUKE
WCTIBITAHUH MakeTa paJuOJIMHUU. Y)KE€ IPH COIJIACOBAHMM IPOTPaMMbl HCIBITAaHUH O MOPCKOMY IOJBIKHOMY
o0bexTy Yrpasienue cBsizu CO BHIIBHHYJIO 00s3aTeNbHble TPEOOBaHMS: B3aMMOYBSI3Ka HCIBITAHUH C BBIOJIHEHHEM
00BEKTOM 337a4 "OCHOBHOTO MeponpusThs" (BMECTO CHENMATBHOTO BBIXOJA) IO 3KOHOMHYECKMM COOOpaKeHHUSIM;
WCTIBITAaHNUS HE JOJDKHBI OBUIM CHU3HUTH 3((EKTHBHOCTH, CKPBITHOCTH M ONEPATHBHO-TEXHHYECKHE BO3MOXHOCTH MO
JEWCTBYIOIIEH CBS3M; BIIOCIEACTBUH (PIIOTOM OBLIO BBEJEHO OTpaHMYEHHE W N0 TIIyOMHE paguonpuéma (B MEHBIIYIO
cTopoHy). Ho 3T orpanmueHns pe3ko CHIXKaJIM HH(OPMATHBHOCTh M 3((HEKTUBHOCTD HCIBITAHWN B IeJIOM. TeM He
MeHee, maBHblii wumkenep YC BM® cornacuics ¢ ycioBusMd (uiota, W TporpamMMa HCObITaHHHA Obuia
OTKOppEeKTUpOoBaHa. J{Jisi MCIIOHUTENEH BOIIPOC CTOSUT el MPOLIE: UK TaK, UM HUKaK.

Ve mepen caMbIM HadaJIOM WCIBITAaHWH, B TIEPBOM JIeKaje CEHTSAOps, BO3HHKIA Mpobiema co ctoporsl OAO
"Komynepro" B mnpenocraBnenun JIOII B kauecTBe mepenaromiell aHTEHHbl U3-32 aBapUHAHOM CHUTyalluu W
HE3aKOHYEHHBIX PEMOHTHBIX PabOT Ha OCHOBHOW M OJHON W3 pe3epBHbIX JHMHUUA. [lodTOMYy mpumioch "Ha xomy"
KOPPEKTUPOBaTh YaCTOTHO-BPEMEHHOE PACIMCaHNE TPACCOBBIX HCIIBITAaHWH M Iepe0a3srpoBaTh MakeT Iepeaarouiero
reHeparopa, ycraHoBieHHbIH Ha maccu 3MJI-131, k Toukam MOAKIIOYEHHUS.

3ato oObexT "3eBc", KOTOPHIM K TOMY BpPEMEHM KOMaHAOBal KarnuTaH 1 panra MoubkoB AnHnpeit
BrnagnmupoBud, Hac BeIpyumn: reHepatop KHY Bkmrodancs B pabory yxke Ha mopepHm3mpoBaHHyr (B OKP,
Bexymieiics mo 3akazy YC BM®) B 2005 rogy aHTeHHYI0 cucTeMy OOBEKTa, YTO IaBajl0 3HAYMTEIHHOE YBEIHMUYCHHE
YPOBHS 3JIEKTPOMAarHUTHOTO TI0JIS1 CHTHAJIA B TOYKE NpUEMA.

Kpome Bcero mpouero, OykBanbHO O MOCIEOHEro AHs HE ObLIa M3BECTHA JaTa BBIXOJAa B MOPE MOPCKOTO
MOJBIKHOTO O00BEKTa. Y Hameil KOMaHIbpl HEPBBl ObUIM HA MpeAeie, MOTOMY YTO Mbl NOHHMAJIH, YTO JAPYron
BO3MOKHOCTH ITpoBecTH 3TH ucnbITanus B 2005 roxy e Oyzet. brut prck cppIBa HCITBITAaHHHA.

Ho Bompeku BceMy 3KCIEPUMEHTaNIbHbIE MCIBITAHWS HOBOM PaJMOJIMHUU cOCTOsuUCh. IIpuém u perucrpanus
curHaioB KHY npowusBonuiick He TONBKO B MOpe, HO U Ha OeperoBbiX NyHKTax npuéma Kosbckoro momyoctposa, a
Takxe mosyocrpora KamuaTka, 10 KOTOPOT0 pacCTOSIHHE OT M3JIydaTelsi COCTABIIAIO0, MEXIy IPodnM, okoiio 8 100 k.
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Hecmotpst Ha yHnoMsiHyTble MHOW OTpPaHHYEHMS NPOTPAMMBI HCIBITAHWN, HAM YAAIOCh OOLIMMH yCHUIIHSMH,
IIyCTh ¥ Ha MHHUMAJIBbHO JOMYyCTUMOM YPOBHE, IPOBECTU IKCIIEPUMEHT M MOJyYUTh JOCTATOYHO CTATUCTUYECKUX
JNaHHBIX JUIs JanbHelnied paboThl. A TJIaBHBIM DE3yJbTaTOM JKCIIEPUMEHTa OBUIO TOATBEP)KICHUE BO3MOXKHOCTU
Haj&xHoro npuéma paanocuryanoB KHY nuana3oHa B peajibHBIX peKUMaX IKCIUTyaTallud MOPCKHX OOBEKTOB.

Wnrepecus! pusnueckue xapakrepuctiku quanazona KHY. Dto anexrpoMarHuTHble BOJHBI yacToToi ot 3 1o 30
I'u, mo-gpyromy — nexameramerposble BosHbl OT 100 000 xm mo 10 000 kM. Ho nHama ammapatypa 29.09.2005 r.
obecrieuniia mepenavy u nmpuéM curHaia B paanokanane Ha yactotre — BHUMAHUE! — 0,1 Ty (aymuHa Bosteer 3 000
000 xm). D10 Hmxe HwkHero npenena (3 I'nm) mo knaccudukanuu pagroBosiH. BoT 3THM nocTikeHneM YnpasiieHHe
cBsa3u BM® u Bce, npuyacTHbIE K SKCIEPUMEHTY, MOTYT FTOPAUTHCS B IIOJIHOM Mepe.

B ob6ecrieuenne ucnbiTannii odeHb Oompmon Bkian BHEC Ilecwn JIB., oH oTmanm aTomMy Ieiry MHOTO CHII H
3/10pOBbs, B ITOJHOM MepE NPOSIBUII CBOM OPraHU3aTOPCKUM TalaHT.

PaboTa 3akoHUMIACh MPOEKTOM TaKTUKO-TeXHUYeckoro 3ananus Ha OKP 1o sToii Teme.

A D3KCHEpUMEHTHl C AHAJOTHMYHBIM MOOWJIBHBIM TI'€HEPAaTOPOM, YCOBEPLIEHCTBOBAHHBIM TIPYIION MOJ
pykoBozactBoM JKamanernuHoBa A.A., ObUIM NPOAOJDKEHBI y)e B MHTepecax reosormd. B 2010 romy 3akoHYeHBI
MEX/IyHapoJIHble HCIBITaHWs MOOWIBHOTO TeHeparopa "OHeprus-1", mnpegHa3HAuYeHHOrO JUIS TIIyOMHHBIX
TEOdJIEKTPUYECKUX HUCCIEAOBAHUN 3€MHOM KOpBI, B TOM YUCJIE Ul IIOMCKA IOJIE3HBIX HMCKOIAEMBIX. YHUKAJIBHOCTh
MIPETIOKEHHOTO POCCUICKUMH YYEHBIMU METOJ1a TNTyOMHHOM 3JIEKTPOPAa3BEIKH COCTOMT B MCIIOJIB30BAHUU B KaueCTBE
M3JTy4YaloUX aHTeHH ABYX npoMbinuieHHbIX JIDII nporsokénnoctrio 109 u 120 kM. [Ipu aToM nutocdepa nccnenyercs
Ha riryounsl 50-70 kM. (OKypnan "Hayka n sxusap" Ne 6, 2010).

Monvkoe A.B.(2012) 25 net pad6oThl 00beKTa «3eBc». // CeBepoMOpCK-3, FOOMICHHBIN
MIPOCTICKT.

B 60-e ronel Boenno-mMopckoit @noT momomeén K ouepeaHOMYy JTally cBOero pasBuTHsa. Co3fgaHUE aTOMHOTO
MOJBOAHOTO ()JIOTAa W TIOSBJICHWE B €r0 COCTaBE PAKETHBIX ITOJBOJHBIX KpPEHCEpOB CTPATErM4ecKoro Ha3HauYCHHS
MTOCTABWIIM TIepe]] BOCHHOH HAayKOH 3amady - 00ecrneunTh Haa&KHYI YCTOHYMBYIO CBSI3b C HUMH Ha 00OEBOH CiryxOe.
Bbuto  sicHO, 4TO I 3TOrO MOTPEOYIOTCS pPAagMOCTAaHIMKM OONBINOW MOIIHOCTH, paloTarome B AWala3oHe
CBEPXJIMHHBIX BOJH, KOTOPbIE CIIOCOOHBI NMPOHHMKATh CKBO3b TOJIIY BOABI M IPUHMMATHCS MOABOJHBIMU JIOJKAMHU,
HaXOAALINMHUCS Ha OOIBIION TIyOHHE.

[Tocne mpoBeneHNUs HAyYHO-HCCIEIOBATENBECKUX padoT, B HosOpe 1972 roma IlpaBuTenscTBOM CTpaHbl OBLIO
NPUHATO pelleHre 0 co3iaHuy Ha KoJIbCKOM TOJIyoCTpOBE CBEPXHHM3KOUACTOTHOM PaJIMOCTAHIMHU, YTO M IOCITY)KUIIO
HayajioM oOpa3zoBaHusi 00bekTa BoeHHO-Mopckoro ¢uiota, HOIyYUBILIET0 Ha3BaHUE «3EBCY.

B 1977 rony Hauanoch CTPOUTENBCTBO OOBEKTOB IIEPBOW ouepeny, U yke K BecHe 1983 roga ObuiM ycHeuiHo
MIPOBEICHBI TOCYIapPCTBEHHBIE NCIIBITAHNS pauoIiepeiatonero Moyt Ne 1.

B 1985 rony 3aBepmmiioch CTPOUTEIBCTBO M TOCYJAPCTBCHHBIC UCTIBITAHUS 00BEKTa «3EBCY.

[lepBBIM KOMaHIMPOM IIEHTPA JAIBHEN CBSI3M HAa CBEPXHHU3KHX YaCTOTAX HAy4HO-HCCIIEA0BATEILCKOTO TIOJIMTOHA
cBsi3u BM® 6put Ha3HaueH kanuTaH 1 panra Jlrob6an B.I.

C 1986 roma meHTp perraet 3a1a4n OOEBOTO AEKYPCTBA.

C camoro Havaia CBOETO CyIIECTBOBAHUS «3€BCY» OBUIO NMPENIHMCAaHO CTAaTh CTAaHLUEH IBOMHOTO HAa3HAYCHUS.
Bo3MoXHOCTH, KOTOPBIMH OH 00JIafaeT, MO3BOJISIOT UCIOJIB30BATh €0 HE TOJIBKO B BOEHHBIX memax. C Haugama 90-x
rofoB oObeKT paboTaeT B HHTEpecax NPHUKIATHOW M (yHOAMEHTAJIbHOH Hayku. AKajeMHeH HayK IJIs HEro
paspaborana crnenuanbHas (enepanbHas nporpamma. CTaHIUS MO3BOJISIET JETAIBHO aHAIM3MPOBATh COCTOSIHUE U
CTPYKTYPY 3€MHOH KOPBI, pemarh GpyHIaMEHTAIbHBIC TPOOIEMBI JJICKTPOMArHUTHOTO 30HIMPOBAHUS 3eMIIH U U3y4aTh
CTpoeHHe pyAHbIX mopoa. HawmbGonee 3¢¢dexTuBHBIME 3TH pabOTBI MOTYT OBITh JIsi MypMaHCKOW o00jacTu, Tae
MOIITHOCTh CHTHAJIOB «3€Bca» B 3eMJie 0COOEHHO BenuKa. Pe3ynbraTel paboT MOKa3bIBAIOT €ro IHUPOKHE BO3MOKHOCTH
JUIL W3y4YeHHs HEePTENepCIeKTHBHBIX Yy4acTKOB Iuenb(a bapeHumeBa Mops, NPOTHO3UPOBAHUS 3eMIICTPSICEHUH
MIPaKTHYECKH B JIFO0O0I TOYKE 3€MHOTO I11apa.

C npuHATHEM Ha BOOPY)KEHHE M BBOJOM B COCTaB OOBEKTAa HOBBIX KOMIUIEKCOB TEXHMYECKHX CPEACTB
paCIIUpSAIOTCS €ro BO3MOXKHOCTH M 3amaud. HerHe 00bekT BoeHHO-Mopckoro ¢umota «3eBc» mpeacTaBiseT coOoif
MOIIHEHIINHA KOMIUIEKC paJHONepeNaloNIiNX YCTPOHCTB, KOTOPHIE OXBATHIBAIOT BECh JHAINA30H YacTOT H3BECTHBIX
COBPEMECHHON HayKe OT YyJIbTPAKOPOTKUX OO CBEPXIMHHBIX BOJH. TEXHHUYECKOE OCHAILEHHE «3€BCa» I03BOJISIET
CEeroflHs HE TOJIBKO IEPeAaBaTh CHTHAJIbI OOEBOrO YMpAaBJIECHHS Ha TIyOOKONOTPYXKEHHBIE MOJBOJHBIE JIOJKH, HO U
OCYILIECTBIIATH PYKOBOJICTBO BceMH cuiiamu Poccuiickoro diora.
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Ilonamoesa A. (2013). Uto oonapy:xuina «CYPA» // V3 crateu «3aueM rperoT He60. Mudsr
u npaszaa.» // Hayka u sxu3nb. Ne 8, 2013, C. 7-9.

B 1974 rony B skcnepumenTtax ¢ nepBbIM HarpeBHbIM cTteHnoM HUP®OU B 3umenkax non pykosoactsom I'.T.
'ermanneBa 0OHapyXWiH, YTO MO BO3JEHCTBHEM MOIIHOIO MOIyjHpoBaHHOro KB-m3myuenus nonocgepa, cioBHO
TWTaHTCKas aHTEHHA, HAYMHAET W3JIydaTh PaJNOBOIHBI C YaCTOTOM MOIYJIALMH - TIPOMCXOIHWT CBOETO poOja
nerektupoBaHue curHana. [Ipu pabore cternma CYPA (Puc. 1) peructpupoBanuchk aaxe dactoTsl Hibke 10 I'm. Oto
SIBIICHNE Ha3BalmH y Hac «dpdextom ['eTmanmeBa» (Ha3BaHWe Ha 3amage He NMpuHATO). OHO OOBACHICTCA TEM, UTO
MomHb KB-curaan Momynupyer snekTpudeckuii Tok B E-001acTi, KOTOPBIM CTAaHOBHTCS MCTOYHHKOM BTOPHUYHBIX
panuoBonH. I'.I". 'ermaHneB cuuTai, 4YTO B MOJSIPHOM OONACTH, TAE TOKH CHIIbHEe, 3PQeKT OyaeT 3HaunTenpHee. JTo
MOJTBEP AN paboThl Ha cTeHae B Monueropcke (Puc. 1).

HuskouacTtoTHOE H3JIy4YCHHUE I/IOHOC(I)epr MOKHO HCIIOJb30BaTh 1Jid CBA3UM C INOABOJHBIMU W II0J3€MHBIMHU
O6'I)€KT8.MI/I. }leno B TOM, YTO AAK€ MPUMCHACMBIC [JIs CBA3U C NOABOJHBIMU JIOJKAMU CBEPXAJIMHHBIC BOJIHBI /1 =10 -
100 k™ (f' = 30 — 3 kl'y) mpoHUKaIOT BrIIyOb Bcero 10 20 MeTpoB, a BOT emE 0ojee JAIMHHBIC BOJTHBI JICTKO MPOXOMIST
CKBO3b IrOpa3/o OOJIBIIYIO TOJIILY 3eMJIM U BoJbl. Ho co3naHue nepepaTyuka Ui CTOJNb HU3KUX YacTOT - YPE3BBIYANHO
CJIOYKHAsI 3371292, TOCKOJIbKY TPEOYIOTCSI OTPOMHBIE aHTEHHBI X MOIITHOCTH.

Bo Bcém mupe Tonmpko y Poccun n y CIIIA ects Takue ycrpoiictBa («3esc» u Canesun na puc. 1). Hama cucrema
«3EBC» Ha KonbCKOM IOIYOCTpPOBE UMEET A =
1500 - 15 000 xM (200 - 20 I'ry), cpaBHEMYTO C
pasmepom 3emun. IIpu paboTe B OCHOBHOM i HA A RP
nuana3one - 82 I’y - €€ curHaym MpoOHWKAeT B r it
Boay Ha TiayomnHy 60-70 merpoB. OObrdHAsA
JUIOJNbHAS AaHTEHHA CUCTEMbl OblIa OBl E‘})ynaep CaHrBHH

JUIMHOM B THICSIYM KHJIOMETpOB (4/2), uro :
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crenano e€ kpaitne Hea(dexTnBHON. Tak uTo
WCIIONIb30BaHNE HOHOC(eEepsl B KadyecTBe
AQHTEHHBI c XapaKTePUCTHKAMU,
HEAOCTIKUMBIME TSI HA3€MHOTO WCTOYHHKA,
- OYCHPb BBITOAHOE pemieHue. VMeHHO st
«uoHOC(EpHOI» CBA3M C  MOJIBOJHBIMHU
noakamu 1 Obuta moctpoeHa cuctema HAARP
(Ha Anacxe, Puc. 1); e€ curnan npuUHUMAETCs
IIIyOOKO 1OJ1 BOJIOI Ha PACCTOSIHUSIX B THICSYH
KUJIOMETPOB.

Emé omHO BO3MOXKHOE ITPUMEHEHHE d-
(dexTa - pagMoSIOKAIIOHHOE HCCIIeIOBaHNE
3eMHBIX Henp (Teosokanusi, MOJ3EMHasl TO-
Morpadus). [TomoOHBIE PabOTHI yKe HIYT C
ncnons3oBanueM cuctem «3EBC» u HAARP.

OteuectBeHHBIM yu€HBIM U3 HUP®U npunagmexut 0e3yCcIOBHEI MPUOPUTET B 0OHAPYKEHUH MCKYCCTBEHHBIX
nepuoandeckux HeoxHopoxHocreit (UITH), hopmupyeMbix MoOLIHOW paanoBosIHON B nOHOCGepHOi miazme (1975 r.).
3710 1O3BONMIO pa3paboTarh eué oguH Meroj nuarHoctuku armocdepsl. Creng CYPA u3nydaeT BBEpX MOIIHYIO
PaJMOBOJIHY Ha YacTOTE HIKE KPUTHYECKON 4acToThl noHOC(hepbl. OTpaxEHHas 0T noHochepsl BoJIHA UHTEphepupyeT
C HeH, oOpa3ysl CTOSYYyl0 BOJHY. DJEKTPUYECKOE MOJIe B €€ IyYHOCTSX HarpeBaeT JSJIEKTPOHHBIN ra3, co3jaBas
NEPUOUYCCKYIO CTPYKTYPY IMOBBIIICHHOW TeMIepaTyphl ¢ mepuoioM A = A/2 manaromieit paanoBoiHbl. Harperbie
obylacTh, B CBOIO oOuepenb, (OPMHUPYIOT HEOJHOPOJHOCTH D3JIEKTPOHHOW KOHLEHTPALUH, HAa KOTOPBIX HMITYJIBCHI
JIOKaTOpa paccerBAaOTCSI M BO3BPAILAIOTCS K NPUEMHUKY. VIHTEHCHBHBIN CHUTHajl MOSBISIETCS, TOJBKO KOTJIA BOJIHBEI,
paccesiHHBIE OTIENBHBIMA HEOJHOPOIHOCTSIMH, CKJIAAbIBAlOTCS B (ha3e, 4TO M OOYCIIOBHIO HA3BaHHE - «METOJ
pe3oHaHCHOTO paccesiHust paanoBosiH Ha UITH». M3yueHne paccessHHOTro cUrHajia I03BOJISIET UCCIIe0BaTh aTMocdepy
HA Pa3IMIHBIX BEICOTAX.

Puc. 1. Cxema pacronioxeHus yCTaHOBOK Harpena HOHOC(bepLI
(1) n cBepxunzkouactotHsx (CHY) panuonepenarommx
YCTpPOHUCTB (2).

Ort peaaxropa. Kypcusom evioenernsvl pedakmopckue oonoaHeHus u npasku. Ha puc. 1 oonoanumensHo noxkasamo
nonogicenue CHY paouonepedaiowyux ycmpoicmes, YROMAHYMbIX 6 MeKCme CManmbl.
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Tpono Axoocen.(2013). «3eBe», poceniickuit CHY-nepenaTuuk Ha yacrore 82 I'u (cucrema
H3JTyYeHHs] KpaiiHe HU3KOM 4acTOThI, HCIOJIL3YI0Ias CBepX JUIMHHbIEe BOJIHbI) // ALFLAB,
Xannen B Hopserun, URL: http / / www.vlf.it/ zevs/zevs.htm. ( IlepeBos ¢ aHTIIMHCKOTO)

Trond Jacobsen. Zevs (2013). The Russian 82 Hz ELF transmitter (A Extreme Low Frequency
transmission-system, using the real longwaves). / ALFLAB, Halden in Norway,
URL:http//www.vlf.it/zevs/zevs.htm

IMoyemy HCHOJB3YIOTCH TAKHE IKCTPEMAJBLHO HU3KHE YACTOTHI /ISl CBSI3M € MOABOAHBIMU JIOAKAMU?

OCHOBHO# IPUYUHOMN 3TOTO SIBJIAETCS CIIOCOOHOCTh CUTHAIOB CBepxHM3KoN yactoThl (CHY) nponukats riryboko
BHM3 MO MOBepXHOCTh OkeaHa. CHY 4acTOThl MPOHMKAIOT HE TOJBKO CKBO3b BOJY, HO TaKXe CKBO3b TOJIIHUHY
MOPCKOTO JIbJa, YTO JENaeT BO3MOXHBIM MOJBOAHBIM JIOAKAaM TOJy4YaTh MPUKa3bl, B TO BpeMs, KOrJa OHH
MIEPEMEIIAIOTCS IO MOJISPHBIMH JICASTHBIMH NIAITKAMH.

Tam BHH3Y, B OKeaHax Ha riryOumHe yacto Oonee 300 MeTpoB ecTh (DIOTHI BOOPYKEHHBIX aTOMHBIX TOIBOIHBIX
momok (AILT), kak ¢ Bocroka Tak m ¢ 3amama, KOTOpbIE HPSYyTCs (CKPBIBAIOTCA) M HINYT IPYT ApPYyra, UCHOIb3YsS
CIO)XKHOEe  obOopymoBaHWe IS HaOMIOACHUS 32  COOTBETCTBYIOIIMMH  «BPKICOHBIMI»  CTpaHAMH.
Momrnass  AITJI MoXeT HaxOOWUTBCS HA 3THUX TIyOMHAX B TEUCHHWE HEHENbh 0e3 HeoOXOAMMOCTH IMOIHUMATHCS Ha
TTOBEPXHOCTH IS 3a00pa CBEKETO BO3AyXa WIH APYTHX IIPUITACOB.

OcHoBHasi po0OJieMa 3aKIIFOYaeTCsl B TOM, YTOOBI NepeiaTh HHPOPMALHIO, KOTOPYIO COOMPAIOT Ha MOBEPXHOCTH,
BHM3 Ha cyOmapuHy. B Bojax, rie nmoaBOJHBIE JOAKHM MATPYJIMPYIOT BOAM3H TOCTOSHHBIX 6a3 BHI/I3y yCTaHOBJIeHbI
HECKOJIBKO CTaHIMHA I THAPOAKYCTHYECKOW CBA3M. JTa CHCTEMa ' ;
CBA3BIBACT  MOJBOJHYIO  JIOJKY C  OCpEroBbIMH  ITYHKTaMH,
nepefalimuMu  paauocurHainsl.  [logBogHass 3BykoBas CBSI3h -
noctaTouHo 3(deKkTuBHA A7 COBMECTHBIX TAKTHYCCKHX JICUCTBHMA
MMOJIBOJIHBIX JIOJOK C JAPYIHMMH CyOMapWHAMH W/WIN HAJIBOIHBIMH
KopabsiMu.

ITockonbKy 3T HCKYCCTBEHHBIE aKyCTHUUECKHE CHCTEMBI
MMOBOJHOM CBS3M TIPEAHA3HAYEHBI [UIA CPABHHUTEIBHO KOPOTKUX
paccrostanit  (mo  10-30 kM), TO TPoOIEMBI BO3HUKAIOT, KOTIA
TTOIBO/THAS JIOAKA JACHCTBYET 3a IpeaenamMu 0a30BBIX PaliOHOB, JAJIEKO
OT OXpaHJAeMBbIX BOJ, 3AIWIICHHBIX HAIIMOHAIBFHOH OOOPOHOH W
CHCTEMaMH CBS3H.

B  HeWTpaJbHBIX MEXKIYHApOJHBIX BOJAX CIUHCTBEHHBIM
CPEJICTBOM CBSI3U C IMOABOJHBIMU JIOJKAMU SIBIISETCS HCIOJb30BaHKE
paguocuruanoB B guanazone OHY wmm CHY. ChoocobGHOCTh
PaMOCHTHATIOB MIPOHUKATH B BOJY, 3aBHCUT OT YaCTOTHI M COJICHOCTH
BOJbl. B cepenuHe ATIaHTHMYECKOTrO OKeaHa ¢ MUHepanuzauueit 3,2%,
OHY curran (9acToThl OT SIWHHII JO TEPBBIX IECATKOB KHIOTEPII)
Oynmer mpoHmkath 1m0 TimyomHsl 10-20 MeTpoB. DTO BCero IHIIb
rryOMHa  TepUCKONa  [UII  COBPEMEHHOH  KPYIMHOMACIITaOHOM
MOIBOJIHON JIOOKH.

B paiionax ¢ MeHbIIEH coIeHOCTBIO, TOA00HO Cpean3eMHOMY MOPIO MM B COJOHOBATHIX BoAax bamrumiickoro
MOpsl, TOT K€ CUTHal OyJeT BO3MOXHBIM IIOJy4aTh Ha riiyOuHe cBbimie 40 merpoB. Jlisi MOABOAHBIX JIOIOK,
JEUCTBYIOIIUX TIIy0Xe 4eM 3Ta, €CTh SIUHCTBEHHOE PEIleHUE Uil OJHOCTOPOHHEr0 CeaHca CBS3U C MOBEPXHOCTHIO -
ucnojb3oBanue paanoBoiH B CHY (kpaiiHe HU3KO# 4acTOThI) B auana3one, Hmwxke 3 k['1. [To cocTrossHMIO Ha ceromHs
BM® Poccum u BMC CIHIA o6cnyxuBator CHY mnpueMHHKH, CHOCOOHBIE IIOJJIEPXKHMBaTh CBsI3b C UX
COOTBETCTBYIOIUMH MOIBOTHBIMH JIOJIKAMH [P UX OMEPATUBHON CKOPOCTH U TIIyOHHE.

Pacnonosxenne «3esca»

Poccuiickuit CHY nepenatank «3eBcy, pacloiiokKeH K ceBepo-3amany oT Mypmancka - 69 © cam. 33 © 3.1, Ha
Konbckom nomyoctpose, Ha ceBepo-3anane Poccun.

B Mypmanckoii obiactu Ha KonbckoM nosyocTpoBe pacroyiaraercsi mopT npuricku Poccuiickoro CeBepHOro
(y10Ta ¥ MHOXKECTBO JPYIMX BOSHHBIX 00BEKTOB, 0J100HO Poccuiickomy Apkriueckomy ¢uioty BBC, neiictByromemy
Ha a’poapome Oneneropck. Hano momarate, 4to «paamo perpaHcisitop» camoieroB Ty-142 MR (mexsens J),
pa3MeIIeHHbBIN Ha 3TOM a’pojApoMe, BMecTe ¢ ycTaHOBKOH «3eBc» u RDL 18,1 / 21,10 k['11 cBepXNIMHHOBOJIHOBEIMH
(CAB) pammomnepenatuukamu siBisiiorcss  ocHoBoit CHY/C/IB kanmama cesizu mexny OIl mentpom Kpemst u
BOOPYXEHHBIMHU poccuiickumu ATTJL.

CrpourensctBo n obciyxuanne CHY-nepenardnka,- He JeTkasi ¥ HE JeUIeBasi SJKOHOMHUYECKH U TEXHUIECKH
3amada. AHTEHHAs CHCTeMa TpeOyeT MHOTO MeCTa, a epeaTunK TpeOyeT COOCTBEHHOW HEOOIBIION AIIEKTPOCTAHIIIH.
Kpome Toro, m reomormueckue YCIOBHS Ha MECTE COOPYXKEHHUsSI AHTEHHbI OJDKHBI OBITH H3Y4EHBI 1O Hauania
CTPOUTENBCTBA.
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[IpaBuno HoMep OnOUH,
JUIS  pa3MENIeHUs YCIIEUTHOTO
CHY nepenatunka, 1mogaoOHOTO
«3eBcy» Ha yactote 82 I'm, u
ero aHaJIoTy B ClIIA,
JICUCTBYIOIIEMY Ha  4acToTe
76 T'm or ABOWHON aHTEHHBI
WMT (Wisconsin Transmitter
Facility) u MTF Michigan
Transmitter Facility), wmecra
3aNI0KEHHUS JOJDKHBI  00JIaaTh
O4YEHb HU3KOU YAEIbHOMI
3JIEKTPOIIPOBOIHOCTRIO. IJTO -
HEoOXoauMasi XapaKTepUCTHKa,
HCKJIFOYUTEIIBHO, YTOOBI
3a3emusaTh Oasupyrommecst ELF-
NepelaTyiKki, B OTIHYHE OT
BCEX TPYTHAX BHJIOB

paauonepeIaTINKOB, rie
Hy’KHA xoporast CBSI3b
HAa3eMHOTO 3a3eMJICHUS  JUIA
AHTCHHBI. TToaxoasmmm
MECTOM TS CHY
nepegaTdnKa SIBJISTFOTCSI
paiioHbl, TIZ€ CIOW OCaIKOB,
BKJIIOYAIOIUX  [ECOK  WJIH
MOpEHBIH rpaBuii, HE
MPEBBIIIACT HECKOJIbKUX
MeTpoB. ToHKMI c0i 0caaKoB
JIOJIKEH 3aJjeraTh Ha
KPUCTAJUIMIECKOM OCHOBaHUH,
CIOKEHHOM  HM3BEP)KCHHBIMA
rpaHUTaMHU WA
MeTaMoppuIecKuMu
THEHCaMU. ) o I
B Kamane m Cesepmoii | = W : IS F
yactu CIIIA ects Kananckuii, '. )
Tak Ha3bIBACMBIIA, : ;
JlaBpeHTHiicKUI TIUT, OOIICH
miomwaasio 4790000 kM2
IO>Hast yacTh muTa OOHAXKCHA
B CeBepHoM Muunrane u
Buckoncune. JIpyroe noaxonsmiee mecto B CIIA s1o Amuponnak B mrtate Hero-Hopk. B Epomne amanmornumbie
moxxozsmue mecta 1t CHY mepenaTankoB, MOKHO HAaWTH B 00JacTAX, oxBaTtbiBaeMbIx bantuiickum n Kanemonckum
muTam. [lomoOHo CkaHIMHABCKUM
cTpaHaM,  OOHa)KEHHbIE  YYacCTKH
€BPOIEHCKOTO KOHTHHEHTAJILHOTO
OCHOBAaHHMSI HaWJEHBI TakXke U B
3anagHo  yactu  Poccum, — kak
Halpumep, Ha Konbckom
noxyoctpoBe. Jlpyrue mnoaxonsuiue
MecTa JUIsl COOPYXEHHs Tepenaroieit
anteHHsl CHY HaxopgsTcst B cTpaHax ¢
TEOJIOTHIECKIMH ~ OCTaTKaMH  JTaBHO
9POAUPOBAHHBIX TOPHBIX XPEeOTOB, KaK
Hanpumep B HloTnanaun.

I'nen Tappu  @oppect B
[Hotmanauu  ObLT  NPEUIOKEH B
KagecTBe MecTa pasmemenus CHY
nepenatunka Koposesckoro ¢uiora,
JehcTByoIero Ha yacrote 72 ', st
CBS3M C ATOMHBIMH  ITOJIBOJHBIMU
noakamu TpaiineHT. DTOT MpoeKT ObLT

s Sioekholm




UCIIBITaH, HO HEeA(P(EKTUBHOCTh PacxXoioB OblIa BBHICOKA, W IMOCJE MONUTHYECKOH auckyccuu, cranuus CHY cBszu
I'nen I'appu, kaHyJ1a B UCTOPHUIO.

YacTtoTa 3KcTpeMaabHO HU3KOH Nepeaaqyu

C nmepenaBaeMbIM CHUTHANOM TakuM Hu3kuM kak 82 I'm mim 0.000082 MI'ni (cooTBEeTCTBYIOIIAs JUIMHA BOJHBI
paBHa 3658536.5 merpam mim 3658.5 KM) MBI MMeeM )0 C ACHCTBUTENBHO JUIMHHBIMH BoJIHaMu. Ha BoeHHOM
paboueii yactore «3eBcay JUIMHA BOJHEI - OoJiee ueM Y4 nquamerpa 3emin. Eciim BBl mosaraere, 4To Baml 3aHUI IBOP
CJIMIIIKOM MaJl JiJIsl TIOJIOBUHBI JUTMHBI BOJIHBI JIWIIOJIb-aHTEHHBI 80-METPOBOTO pPaJHONIFOOUTEIHCKOTO JHANa30Ha, TO
OTPOOYHTE TMPEACTABUTH cebe MOMOBUHY JUIHMHBI BOJHBI TUTIOJIb-aHTCHHBI HA TaKOW HU3KOH gacTtoTe Kak 82 I'm. Ha
STOW KpaifHe HW3KOW YacTOTe MOJOBWHA IJTUHBI BOJHBI JWIONB-aHTEHHHI yxke Oyner 1829.25 kwm; 3To Oombiie, ueM
paccrosiane Mocksa-bepiwa nin Jlonnon-Heamons B EBpone. U Ha gactore 82 ' tumnons moimkeH OBITH OOJIbIIE, YeM
paccrosuue Mexay Maitamn - Cenr-JIync n Hero-Hopk - Heio-Opnean B CeBepHoii AMepuke. Jlake pacCTOsiHHE
mexny Peraro - QTH B Kymbsiae - Utanus u MHO# 31ech, B XanaeH - Hopeerwst, npubimsurensao 1660 kM, Kopode,
9YeM MOJTMHBI BOJIHBI 82 ['11 mumods.

Ho k cuacteio s paspadborunkos CHUY cranimu 3eBc, UM HET HEOOXOUMOCTH B CO3/IaHHUM TMTaHTCKUX aHTCHH,
HOZ[O6HI)IX 9TUM OYCHb 6OJ'II)LLII/IM TCOPCTUYCCKHUM JUIIOJIbHBIM AaHTCHHAaM, '-lTO6bI oT nepena}omeﬁ CTaHIIMH,
PacIioyoKEeHHOHM BBICOKO 3a MOJISIPHBIM KpyroMm, B pailoHe MypMaHCKa, mepelarb CUTHall Ha POCCHHCKHE ITOJUIONKH,
TUTaBaIoOIME TIIyOOKO IO/ BOJHAMHM OKeaHOB. PerieHue mpoOiemsl cozganust atod rurantckoit CHY aHTeHHBI, Ha
CaMoM JieJie HaXOIUTCS MPSIMO TT0JT BAIlIUMU HOTaMHU.

Pecypcsl nepenatunka KoJsibckoro nosryocrposa

Poccuiickuit CHY nepenatunk 3ec B Hadane 1990-x Obu1 0OHApyk€H BO BCEM MHPE HECKOJIBKUMH CHCTEMaMHU
u3MepeHus: panuorryma, obciyxuBaembiMu CroHpopackum yHuBepcureTtoM. CurHan Ha vactore 82 [y Obul
3aperucTpupoBaH qaxe Ha 0aze Arrival Height B Aurapkruke (78 © S 167 © W) (smo okono 20 mwicsiy kunomempos
/pen.). B To Bpems He ObLIO HUKakoW HOCTymHOW uH(popmaiuu o npyrux nepepatuukax CHY, kpome cucremsl
nepenarunka CIHIA Ha yactore 76 I'. U pasnuuue Mexay HUMH HE MOIJIO OBITh OOJIBIIMM, TaK KaK CyLIECTBYET
oOIMpHas JuTepaTypa, OXBaTbiBaiolias pa3paboTKy W pasBeprhiBanue B CIIIA nBoifHOIM aHTEHHBI nepeaaroiieit
cucremel WTF / MTF.

VYuensle CTaH(POPACKOTO YHHBEPCUTETa OBICTPO IMPEAIIONOXKWIN, YTO UCTOYHMK curHaia 82 I'i HaxomuTes B
Poccun. DToT nmormveckuil BEIBOJ OCHOBBIBAICS HA CpPaBHHUTENBHO Ooibpmiol cwie curHama 82 [ mepemaum B
Sendrestremfjord — I'pennanaus, HayyHO# cTaHMu U ccbulku Ha poccuiickuit CHY nepenarunk B cratee (!!!) Toma
KimaHeH, KOTOpBI MMeNn pemyTanuio 3HaToka B Bompocax OO0O0poHBl. OHHM Tarkke IpencKazaid KOHCTPYKIUIO U
OpPHCHTAIMIO AaHTEHHBI NepelaTYnKa KaK JIMHHBIA TOPH3OHTAIBHBIA JIIEKTPUUYCCKUNA TUIIONb, OPHEHTUPOBAHHEBIN B
HaIpaBJieHnU npuoan3uTebHo Boctok - 3aman (EW).

ITo3gaee 310 OBUTO MOATBEPKACHO POCCHHCKIMH HCTOYHHKAMH. llepemaTdnk COCTOMT W3 OBYX I'€HEpaTOPOB
MePEeMEHHOHN YacTOTHl CHHYCOHMIAIBHOTO HANPSDKEHUS W ABYX MapajUIeIbHBIX TOPH30HTAIBHBIX 3a3€MJICHHBIX aHTCHH,
Kakaas JuinHO# okoito 60 kM. ['eHeparopsl obecrieunBaror Toku 200-300 A B aHTeHHax B ananazone 4actoT ot 20 'y
1o 250 I'u. Ho ecTth o/iHa mompaBKa, KOTOPYIO HYXKHO C/eNaTh; B€ MapajuieibHble aHTEHHBI JJIMHON 60 KM SIBIISIFOTCS
BOBCC HC aHTCHHaMH, a IHUTAOIIMMHU JIMHUIMU. dakTHyecky aHTEHHOM SBJISIETCS cama 3eMils. Coopy)Kaﬂ AHTCHHY B
MecTe ¢ IUIOXO0M 3(QEKTUBHON 3IEKTPONPOBOMHOCTHIO 3EMIIM, M 3a3eMJIsisi KOHIBI NHUTAIOIICH JIMHUN/aHTEHHBI,
BBIHYK/IAIOT CUTHAJ UATH TTyOOKO B 3€MIIIO, JeJiast caMy 3eMIT0 3()(heKTUBHBIM M3ITyYaIOIINM 3JIEMEHTOM.

DaKkTHYCCKII BHEITHUA BUJ BUIAAMOW YACTH MMUTAIOIICH JIMHUHU, 3TO TUTAHTCKAs aHTECHHA, BBITJISINAS TaK XKe,
KaK crapble TenerpadHble MpoBOJa, MOBEIICHHBIE Ha TenerpadHbie CTONOB. BHH3 oT mociemHero moiroca B KOHIE
KaKIOH BETBH aHTEHHBI, €CTh TOJCTBIM MEIHBIN IPOBOI IO TPYHTA M YCTAHOBIICHHBIH TIyOOKO B CKBaXXHHE, IJIS
3azemyieHnsa. (CM. cTaThiO OTKpBITOH Jaboparopun «0O030p moaBomHbIX cucteM cBs3my, IKIQFK um OH2LX 06
ocHOBHOM cxeme cuctembl CHY anTeHH).

Pacuersl, BRIMONHEHHBIE NO MaHHBIM, coOpaHHbIM emie B 1990 roamy, Takke mokassiBaioT Ham, yto CHY
nepenatunk 3esc 82 'y umeet Ha 10 dB (B Tpu paza) Oonbinyto MouHocTs usinydeHus, yem CHY nepenarunk BMC
CHIA na uacrore 76 'l ¢ nBoitbiMu ctanuuaMu WMT/MTF. Mbl He OyzeM 3arTpyIHSTh 4YMTATENs CIOKHBIMU
MaTeMaTH4ECKUMH OOBACHEHUAMM, HO IIPUBEEM HEKOTOpPBIE (akThl. MaruuTHbli MoMeHT M (A M?) rOpU30HTANIBHOTO
MarauTHoro aumnois (HMD) Beipakaetcs cliegyrommmM o0pa3om:

M=ILW
L - 5to nnuna anTenns (M), I - 31o Tok B anTenne (A), W - adpdexTrBHas BepTUKAIbHASA IPOTSKEHHOCTH MIIM TIIyOHHa,
anteHHsl (M). W naiinena ¢ momolsio GopMyJibl, OCHOBAHHOM HA MOCTOSHCTBE PACIPOCTPAHEHMS U COOTBETCTBYHOIEL
rTyOMHE OT/IENBHBIX TOKOMPOBOAAIIMX CJ10€B 3a3emuennii mog CHY - anrennoi. s npocToTel MbI 3asBiseM, uto W

= hy, rne h; — rmy6uHa nepBOro MPOBOASIIETO CIOS.
Ecnu msl cpaBauM ¢ 76 't CHY nepeaaruukom:
Cpenusisi addexruBHas npoBoaumocth 3emuin O noa WTF/MTF anreHHamu cocTaBisieT NPUOIH3UTENBHO

2.4 x 10™*C/m, xoTopsIii naeT s3dppexruBryo ray6uny W ~2.6 kv Ha yacToTe J=76 Tu (enybuna W onpedensemes xax
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appexmugnas 2nybuHa RPOHUKHOBEHUSL NIOCKOU JIeKMPOMAZHUMHOU 8OIHbL HA Yacmome [ Ha0 NOLYRPOCMPAHCMEOM C
1 10

w2 o f

s camoit twioxo mpoBozsmieii obmactm Kombckoro moayocTpoBa CYIIECTBYET BEPXHHHM CIOH, C YA

VOenbHOU I1eKMmponpo8ooHocmvio O no opmyne W = , km / pen.).

JEKTPONPOBOIHOCTBIO TIpuGIM3uTensHo 10 C/M 10 rny6unst (/1) okono 10 KM, IO KOTOPHIM HAXOAMTCS BTOPOIL
CIIOi, C YJI. IEKTPONPOBOIHOCTHIO TIpuGIH3nTEIsHO 10~ C/M.

Jis komOuampoBanHeix WTF /MTF anTenH, pabotarouux Ha 76 ', y Hac ecTs:

M ~ 2x300(A)x22.5(kM)x2.6(xM) = 3.51x10* (km2)
ITockonbKy MarHUTHBIE MOMEHT JuIs nepenaTduka 3eBc B 1990 romy mpuHuMMaeM mnpenmnosoxurensHo Ha 10 nb,
GonbImM, uem 510 s komOunamun WTF / MTF, 1o on nomken 6bith pasen 1,1 x 107 (km?)

Jis aHTeHHBI ATUHON 55 KM, TpeOyeMblid TOK [ -200 A. Ha uacrore 82 I'Il MarHWTHbBI MOMEHT «3eBcCa»
COCTaBHT:

M ~200(A)x55(xm)x10(km) = 1,1 x 10° (km?)

W3-3a oueHb HU3KOU APPEKTHBHOCTH, IPPEKTHBHAS U3ITydaeMasi MOIIHOCTh COCTAaBIISIET TOJNBKO mapy BatT (!),
HO 3TOT0 JJOCTATOYHO, YTOOBI 0OECHEYUTh MOYTH ITI00AIbHOE MOKPHITHE HA STHX YaCTOTAX, IIOCKOJIBKY caMa 3eMJIs
sIBIIsIETCs (PAKTHYECKN aHTEHHOM.

Cnocod nepexayu uHGOpMALNH.

82 T'u mnepematumk 3eBC TEXHMYECKHM TOBOpS, COBEpIIaeT mepeaady HHOOPMALUH, HCIONb3Yys CHOCO0
MUHHMaIbHOTO ciaBura Hecyied dactroret MCK (MSK - minimum-shift keying / pem). DToT cnoco0 mnepenadu
MH(OpMaLMK HCIIOJIB3YETCsl TOYTH HA BCEX COBPEMEHHBIX IOIBOIHBIX JIojkax - VLF rpymnmel, Ha Hecymux yacrorax 3
- 30 x['u, PexxuMm mepenauu cUrHajuoB MCTOYHHMKA 3eBC U aHamoruuHelx CHY mepenaTyukoB sIBIsSETCS YHUKAJIBHBIM,
MMOCKOJIBKY BO BpeMs (a3bl mepenadd COOOIIECHHUHA HCIIONB3YeTCs OYCHb Y3KHH YaCTOTHBIN CHABHUT HECYIICH YacTOTHI
repeaTynKa.

Camas mmpoKkasi HaOJIIOJICHHAS ITOJI0Ca CMEIICHUS 9aCcTOThI, HAXOAUTCS B Y3KoM nuama3zone ot 81 mo 83,3 ', B
Hayvaje nepemaBaeMoro coodmenus! Capur Hecymien Tonbko 2,3 I'1 co3maer pa3nidne Ha OTMETKE W B MIPOCTPAHCTBE
MCK curnaia.

OT0, 0YEBHAHO, TpeOyeT HEKOTOPOTO IOBOJBHO CIIOKHOTO, MPOTPAaMMHOTO OOecIeYeHUs IEeKOAWPOBAHMUS,
HCIOIB3yEMOT0 KOMITBIOTEPHOW CHCTEMO OOPTOBOM CBSI3M MOABOAHOM Joaku. Yacrora CHY mochutku cMermaeTcs u3
HOpMallkHOU Hecymied dactotel 82 I'm, mo 81.6 I'm u no 82,7 ', mo sToro coobmeHns. DTo - HambOoJee BEPOATHO,
¢byHnkuus BeizoBa «Oxuaite cOOOIIEHHEY» POCCUIICKOTO NepeaTdnka 3eBc.

82.7Hz
81Hz .
i 83,30z | |

i

SCHUMAHNH
RESOHAHCES

08:40 UTC 0841272000

Ilepenaua 3eBc, 3amucannas B Mramuu Penato Pomepo 8 nexabpst 2000 roma B 08:40 UTC. Curnan
«oxupaiite coobiieHney, 81.6 I'y HU3KOTO YPOBHS B TeueHHe 8 MUHYT, 82,7 ['ll BRICOKOTO YPOBHS B T€UeHHE
4 MHHYT JIeTKO OOHapyKuBaeTcs B crekrporpamme. [locie 16 MUHYT mepemavyd IOCIEIOBATEIEHOCTH
JUIMHHBIX COOOIIeHmi cHOBa Hecymas - 82 I'm. M3-3a JUIMTENBPHON 3KCIIO3UIMH MOSBIISIOTCS ITOJIOCHI
pe3onanca Illvmana, J1erko BUAUMEIC B HUXKHEH YacTU CIIEKTPOIDaMMEL.
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KoaupoBanne u nexogupoBaHue curuana 3esc.

Jlaxe mocie COKpalIeHMS] YMClla POCCHMCKMX M aMEPHKAHCKHX SAEPHBIX BOOPYKEHHH BCE €I JIOCTATOYHO
aTOMHBIX 0OEroJIOBOK Ha OOPTY MOJBOAHBIX JIOAOK B MHpPE, 4TOOBI pa3 U HaBCET/la CTEPETh HAC ¢ 3TOil rutaHeTsl. Korna
Br1 ynpasinsiere BceMupHOU Cyabp00#, Bbl He XoTHTE, YTOOBI CilyyaifHO Hadaycs SAEPHBIN yaap, BEAYIIUi K TpeThel 1
MOCJICIHeH MHPOBON BOMHEe Ha pomHOW IiaHeTe. Ha kopabiie CymiecTBYeT KOMITBIOTED CBSI3H, CICASAIIMA 3a
coo0IeHnsIME ¢ npuopureToM. Kirtou 3akirouaercss B CO3aHUU Koja, YTOOBI HE OBUIO CIETaHO MHOTO Bpela, ecid
COOOIIEHNE TIOHATO HenpaBWiIbHO. OYeHb M0 W3BECTHO O (DaKTHMYECKOM Kojie, ucroibdyemMoM B Poccum CHY
nepenaTyrkoM Ha KonbckoM mosryocTpose.

Ecmu Ob1 g y3HAN QakTudeckuidl KO, 5, B JIIOOOM cirydae, He nan Obl mH(pOpMaIym, Tak 9To OeCIOKONHEBIE THOUTEIN
Jnemm$pUpoBaHUs JOIDKHBI OXJIaIUThesl. UTOo ropaszno Ooree MHTEPECHO, 4eM (DaKTHYECKHH KOJ, TaK 3TO - KaK 3TH
OYEHb MEIJICHHBIE CUCTEMBI NIEPEAAUN JTOCTABIAIOT COOOIICHNE MOy IaTeIIO.

IToutn BceMMpHBIN OXBaT NEPeAaTUNKOM 3€BC, JE€TIaeT BO3MOKHBIM IOCBUIKY OZHOCTOPOHHHX COOOIIEHHH Ha
pycckue moutonku (CyOMapuHBI) TOJ BOIOW, KaK B ATIaHTHYECKOM, Tak M B Tmxom okeanax. C momompio CHY
nepenaTyuka, MoJOOHOT0 PYCCKOMY «3€BCY», OCHAILEHHBIE SIAEPHBIM OPYXKHEM IOJUIOJKH MOIYT OCTaBaThCs IOJ
BOJIOW Ha JIeHCTBYIOIIEH TIyOuHE ¢ IEHCTBYIOIIEH CKOPOCTBIO TIEPEMEILICHUS B TEUSHHE HEJellb U MECsIeB, OCTaBasCh
HEBUJUMBIMU 14 "HenpusTens".

CambiM  mpocTbIM  (TpyObIM) criocoOOM cBsi3u ¢ cyOMapuHOW, HaxoJsmieiicss Ha TiIyOuHe, SIBISIETCS
ucnonszoBanne CHY nepenarynka B Ka4ecTBE «3BOHAPS». DTO MOX0XKE HA KJIACCHYECKHE TaHICTEPCKUE (QHIIBMBI «HE
3BOHHMTE HaM, MBI BaM NO3BOHMM». KarmmTanam [uis penieHus 3ajad, MOJy4YeHHBIX B MOPTE NPHUIHMCKH, NTPHKa3bIBAIN
3aHATh MOJIBOIHON JIOIKOU
OIIpEAEICHHYIO TTO3HIUIO u
ocTaBaThCd TaM, B  TEYEHHE
OIIPEZICTICHHOTO  BPEMEHH, II0Ka
CHY cuwrHan ¢ mOpaBWIBHOH
4acTOTOMN HE o0OHapyxeH
KOMITBIOTEPOM Ha OOPTY MOJUIONKH.
Ecnn Takoit curHan oOHapykeH,
TO MMPUHUMACTCA HCCKOJIBKO
JeiictBuil. Bo3MoxHBIN cueHapuil
3aKJII0YaeTCsl B MEPEMEIIEHHH K
0Ty OT 0e30MacHBIX TIIyOOKHX BOI
K Oojee MeNKOW Boje, A TOTO
YTOOBI TOJYYUTh HOBBIC TPHKA3EI
Ha CTaHJApPTHBIX YacTOTaxX CBS3H B
Juanazone VLF u Beimie.

3TO MOXET OBITh CIEIaHO

HOCPE/ICTBOM 3arycka Oyst

ELF/VLF cBsi3u, KOTOpHBIA Jenaet

BO3MOXKHBIM MOJIy4aTh ..

paMocoobieHus, JHHbIE Buytpu poccnnfxon cyOmapunbl, Tina 227. I[omionaka HaxoauTCst
LLEIEBOTO HA3HAYCHHS - HA IePUCKOITHOM rITyOnHe

CIIyTHHKOBEIC CHTHAJIBI HABUTAIIUH,
OCTaBasiCh Ha Pa3yMHO OE30MacHOM

riryouHe. Poccmiickue moaBoAHEIE JIOAKH, THHA 667 «JlembTa» MMEIOT Ba W3 ATHX IUIABAIOMINX OyeB cBsi3u. Mmm c
TTOBBIIIIEHHBIM PUCKOM OOHApy)KEHHsI, KallUTaH MOXET MOTHATH MOJBOMHYIO JOAKY A0 IIEPHCKOMHON TIyOWHBI U
HCIOJBH30BATh CIIyTHUKOBYIO WJIH JPYTYIO CBSI3b BBICOKOTO TE€MIIA Mepenadyd JaHHBIX. /[ Toro 4ToObl HCHOIR30BaTh
MONTHBIA TOTeHIHANl «3eBca» KaKk HMHCTPYMEHTa OIHOCTOPOHHEr0, HO BCEMHPHOTO, CPEICTBa CBS3H, TpeOyroTcs
HEKOTOpbIE YyTh 0oJiee CII0KHBIE KOAUPOBAHHUS COOOIICHUH.

CHUY nepenarunku 00JIafal0T OYCHb HU3KOW CKOPOCTHIO MEpeJaun MaHHbIX. B coueTaHuM ¢ BHICOKMM YPOBHEM
€CTCCTBCHHBIX ITYMOB Ha MCIOJIB3YEMbIX CBECPX HU3KHX HAaCTOTax 3TO HNPEABABIACT OCO6I)IC Tpe6OBaHI/IH K CHOCOGaM
KOJMPOBAHHUsI [TEPEIaBaCMbIX COOOIICHUIA.

Coo0IIeHusl ¢ KCHOJIB30BAHUEM MPSAMBIX IMPHKA30B, TAKHUX KaK: «OTOHb OamucThdeckux paker 2,4,6,8 1o
MPEIBAPUTEIHLHO 3aPOrPaMMHUPOBAHHBIM aJpecaM» WU «OaJUTHCTHYECKUE pakeTs 1,3,5,7 MOmKHBI OBITH HANPaBIICHBI
Ha 59° 8'12"N 11°23' 55" E» (moit QTH!) mano BeposTHO, Tak KaK 3TO, HECOMHEHHO, MOYKET BBI3BaTh HEOOPATUMBII
a¢dexr (1), ecru 310 OBUIO HEMTPABHIHHO pacIIn(poBaHO KOMITBIOTEPOM CBSI3H Ha OOPTY IOABOIHOM JIOIKH.

C ¢dopmaToMm mepenadn, UCIIONB3YS TONBKO €IMHCTBEHHBIH KOXI M3 TpeX OYKB, W MOBTOPSSA 3TOT SAWHBIA KOXI B
tTedeHue 15 muHYT cermenta coobmenns CHY mepemaum, Oyner emie BO3MOXKHBIM CHTHAIM3HPOBATH OKoJo 35937
paznuuHbiME Kogamu (33 x 33 x 33 =35937), ecnut ucnionb3ytorest 33 GyKBbI pycckoro andasura.

[TocmanHOE KOXMPOBAaHHOE COOOIIEHHE, SBISAETCS PETYSIPHONW OIMOKOW KOoppeKkTHpymomed kox. CKopocTbh
COCTAaBJIACT HECKOJIBKO 6I/ITOB B MUHYTY, NIOBTOPACTCA 10 TEX MOP, ITOKAa HC HAKAIIJIMBACTCA JOCTATOYHO JAaHHBIX, ‘-ITO6I)I
IMMO3BOJIMTh NPUEMHUKY PCUHINTD, YCIICIIHO JIKM MOJTY4YCHO MMHCbMO. B KOHIIE CETMEHTAa COO6H_leHI/IH OXXUIAACTCA 3aBEPIIUTH
TpeMsi PaBUIIBHBIMUA CHMBOJIAMHU B KOJIOBOE CJIOBO «ITyTEIISCTBHE) OT MepeAaTyrka 3eBC MOIBOTHON JIOIKE.
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B magane 1990-x romoB nepemaTdank 3eBC HAOMIOJAICS HECKOJBKO pa3 B MCHOJB30BAHWH Telerpada u az0yku
Mopsze. Ecin pycckue Bce enie UCIONB3YIOT 9TOT PEKUM U KOJI, T€ K€ IpaBUIIa IPUMEHSIOTCS I 9TOTO BUA CBA3H.
[IpogomKUTETPHOCTh KaXKIOr0 THPE M TOYKM KOHEYHO OYeHb [UIMHHAS, [0 CPAaBHEHUIO C HOPMAJIbHOH CKOPOCTBIO
a30yku Mopse - Kak CIbIIIAT Ha Paauo JIOOUTENbCKUX AMana3oHax. BMecTo MaHMNyISALIUKM HECylled BKIIOUEHHS U
BBIKJIFOUEHHMS, ObUIO OBl MOJE3HO /ISl KayecTBa IepeJayd BMECTO O3TOr0 HMCIHOJIB30BaTh YAacTOTHBIA CABUT B
nepeiaBaeMoii moceutke. B kauecTBe npumMepa, kak 3to padoraer MKL LF-nepenatuuk, padoratomuii Ha 82.75 k[’ ot
Kunnoc B [lotnarmun, MKL ucnone3yet 3ToT pesxkuM u kox mis nepenadd TAFS (cooOieHust 0 MPOrHO3e IMOTOIbI)
nepeaaolel Ha yac, Kax/blii yac.

HexoTopble MCTOYHHMKN yKa3bIBAIOT HA Apyrue BUAbl padounx pexxumoB miusi CHY mepemaTdmkoB, mogoOHBIX
«3eBcy». HekoTopble U3 HUX SIBHO OTCIEKUBAIOTCS BO BpeMs Iiepeaadu Tecta. Ho caMblif MpoCTOi pexuM U3 HAX BCEX
1 HauboJjee OMacCHBIM OAMH, - 3TO PEKUM «HETPEPHIBHOW mepenaum». CrenuanbHbIi KO, «CHTyallus HOPMAaJIbHash)
MIOCTOSTHHO OTIpABIISETCA, HO 3aTeM MNPEeJyCMOTPEHbl M 3alUIaHUPOBaHbI HepepbiBbl B 310l nemn OK- curnanos,
YKa3bIBAIOIIME HA TO, YTO «IKCTpEMajbHasi CUTyalus» ObUla co3laHa. DTOT NEPephlB, W MOTEPS BCEX AAHHBIX C
IIOBEPXHOCTH, - IIPUKA3 JJIs Hayajla HOBOH IOCJIEJ0BATEIbHOCTY JEHCTBUM, OCHOBAaHHBIX HA 3TOM HOBOW CHUTyallUH, HA
3emiie. OueBUIHBIA PEXUM CBSA3M M CTPAHBI, y’KE B ITOJIHOM ONOBEUICHUH sfiepHOro HamaaeHus. I1ycTs 310 HHKoraa
HE CITy4MTCS.

HeBoeHHoOe HcnOJIb30BaHME NepeJaTYHKa 3eBC

B ommume ot npBoitHoit WTF/MTF CIIHA CHY mnepematuuk 3esc CHIT ma KombckoM momyocTpoBe
HCIIONIB3YETCS HE TOJIBKO JUIS IIeIel BOGHHOH CBs3U. DnekTpoMarHuTHsle BoaHbI CHY MpoHMKAIOT HE TOJNBKO B BOLY,
HO 7 B 3¢MITIO Ha OOJBIINE TITyOWHBL. DTH CBOMCTBA HCIIONB3YIOTCS IS TeO(PHU3MUSCKIX HCCICIOBAaHUH.

B 1994 romy OBUIO BEIIONHEHO 3JIEKTPOMATHUTHOE 30HAWPOBAHHE M MOHHUTOPHHT 3eMHON Kopbl MHCTHTYTOM
3eMHO# Kopel Cankr-IletepOypra u I'eonormueckum HHCTUTYTOM KOJIBCKOTO Hay4HOTrO LEHTpa. BbuM MCTONIB30BaHBI
4acToThl B AuanazoHe 31-166 ', Curaaim BEICOKOTO pa3pemieHns MOT H3MEPAThCA Ha YAAICHUAX JO HECKOIBKIX THICSIY
kmioMeTpoB oT wuctouHuka. C 1995 roma wu pmanmee 3eBc mepenaTdWk OBUT  WCIONB30BaH B Pa3IMYHBIX
UCCIIEZIOBATEIbCKUX TPOEKTAX, CBA3aHHBIX C MOHUTOPUHIOM CEHCMUYECKOW aKTUBHOCTH. [IpelBECTHHKH, TaKHe Kak
N3MEHCHUC MMPOBOAUMOCTH IMMOPOJ U IIOMEXU B l/IOHOC(l)epe - B&XHBIC CUTHAJIbI PAHHETO NPEAYIIPCKACHUA MMOATOTOBKU
3eMJICTPSICEHUSL.

Ucnons3oBanne 82 I'm mepenarumka 3eBc oOecneuyMBaeT BHICOKYIO TOYHOCTh H3MEPEHHH, YTO IT03BOJISIET
W3BJEKATh JTAHHBIC CBEPXIIIyOOKOTO 30HIUPOBAHMS, paHee HEBO3MOXKHBIE C IOMOILIBIO CTAaHJAPTHBIX HMCTOYHHKOB
HMMIYJIbCHOrO ekTpomarautHoro nois. Ha Ceseprom Kaskasze B 2700 km ot Konbckoro nomyoctposa, none 82 I'n,
JOCTaTOYHO CHJIBHO, YTOOBI YBEPEHHO M3MEPSTh C UCIIOIB30BAHIEM CTAHIAPTHBIX IMIHPOKOMONIOCHBIX cTaHmmit AK®D-2
ayauoMarauTorenrypudeckue (AMT) 30HIUpOBaHHS.

bmuxe xk Kome, Ha paccrostHum «Bcero numb» 950 kM, Ha Kapensckom mepemeiike - CHY curnan 82 I'n
UCIIOJIB3yeTcs Ul cOopa NaHHBIX KOPPENSLUH BEPTUKAIbHON NMPUWIMBHON NedopManuy 3eMHOH MOBEPXHOCTH. JTa
JedopManyst BEI3bIBACT M3MEHEHHUS B 36MHOM IIPOBOAMMOCTH, TAKUM K€ 00pa3oM, Kak U Hepel 3eMIIeTPSCEHUAMH.

HopmanbHas nedopmarus 3eMHON Kopbl coctaBisier 10 20 cm Ha nonurone Kapenus (Ha 9kBaTope NMpUIIMBHBIE
nedopmanmu 3eMHOM mMoBepXHOCTH JocTHralorT 60 cMm). Ota nHpopmanus HeoOxoauma sl dPQPEeKTUBHOrO aHann3a
CHTHAJIOB PAaHHETO MPeAyNPEekISHNST BO3MOXKHOTO 3eMJIETPSICEHHUSI.

OTOT TNEpCHEeKTUBHBI METOA MpPEACKa3aHMs 3EMIICTPSICEHMH  HCIONB3YeTcss B OKCIEPUMEHTAIBbHBIX
uccnenoBanusix B Kurae B cotpyaunuectse mexny MHcruryroM reonorun, Kuraiickoro ceiicMornornueckoro 6ropo B
[lexnne n Cankr-IlerepOyprckoro rocyiapcTBEHHOrO yHUBepcuTeTa B Poccun, Ha HECKOJBKMX IOJIMIOHAX B
Ceseprom Kurae BOmm3u [lexknna, Baodi u Jixian

CHUY - yacTo HCIOIb3yeMoe U HeIPABUJIbHO BOCIIPMHUMAEMOE IIOHSITHE.

Iomumre CHY nHa BeG-caiiTax M BBl MOJYYHTE HEMAaJO CCHUIOK, HANPABIAIONMX Bac OT HeOombmmx el u
anb(hoB, Yepe3 (paHily3cKylo He(TSHYI0 KOMIIAHHIO, B CaMble HEBEPOATHBIC MCTOPHUU O JIydax CMEPTH, YIpPaBICHHS
pa3yMoOM U 3JIEKTPOHHOM BOIHE.

DIEKTPOMAarHUTHOE U3JIy4eHue ¢ yactoramu B nuamna3zoHe CHY, MoxkeT, KOHEUHO, KaK BCE 3JICKTPOMArHUTHBIC

U3JIy4YCHUs, CEpPhe3HO IOBPEAWUTH BalleMy 3J0pOBbIO. Eciu moyie sABISIETCA JOCTATOYHO CUJIBHBIM, €CJIA BBI
MTOJIBEPracTeCh BO3IACHCTBUIO AIEKTPOMArHUTHOTO OIS CIUIIKOM noiro. Ecnu... st He roBopro, uro CHY mpubnmxaer
nerb CTpamrHoro Cya, ¥ YTO aKTHBHCTHI HE MTPABHIL.
UenoBeyeckoe TENO IMOIHO 3JIEKTPUUECKUX CHTHAJIIOB HECKOJIBKUX Pa3IMYHBIX YacTOT. Bce MCKycCTBEHHBIE TMOJS OT
TEJNIEBUICHUS, OT COTOBBIX Tele(OHOB, BOCHHON CBS3M, PO3ETOK M DIIEKTPUYCCKHUX IOJIEH W T.I. M OT BCEX APYTHX
AEKTPUYECKUX UCTOYHHUKOB, KOTOPHIE MBI JIFOJM TaK JIOOMM HCIOIH30BaTh, KOHEYHO, OyIyT B3aMMOAEHCTBOBAThH CO
BCEMH CHUTHAJaMH E€CTECTBEHHOTO IPOUCXOXKIEHHUS. XOPOIIO W3BECTHBIM aBTOPUTET B OOJACTH TOJNEH OJIHAMKIbBI
BBICKA3aJICS CIIEIYIOIUM 00pa30M: «4eJIOBEYECKOE TEJIO SBISIETCS IEKTPHUECKON MPOBOAAIIEH )KUIKOCTHIO — MIPOCTO
00BIION MEMIOK C coyieHoW Bomoi. JIroOble KoneGaHWs MarHUTHOTO TOJS B MPOBOAAIICH XKHUAKOCTH BO30YXKIAIOT
JJIEKTPUYECKUE TOKU. OTO, KOHEYHO, BO3JCHCTBYET Ha €CTCCTBEHHBIC JJICKTPOOHMOJOTHUYCCKHE CUTHAJIBI B
4eJoBeYecKoM Tejie. Kak 3TO MOBIUSET Ha YEIOBEUYECKUHN POJT B TOJTOCPOYHON MIEPCIICKTUBE, MBI HE 3HACM.
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OueBUAHBIN (axkr, 9TO
OOJIBIIOE YHCIIO HETEXHUYECKHX

nucarenei JHO0ST MyraTh,
cceutasice  Ha HAARP  (High
Frequency Active Auroral

Research Program Ha Ausicke) (3a
HCKIIFOUYEHUEM POCCUICKOro AATia
(«3e6ca» / pem)) W Ha
cranpaptasle VLF nepenatuuku
mrs CHY mmyuenns. s Beex
TAMHCTBEHHBIX  BEHICH  «3JI0»
ABIISICTCA HanOoJee MOIXOMAIIIM
ONpeIeICHUEM. Ilepenatumnku,
UCIIOJIB3YIOIIUE BBICOKHE
4acTOThl, HO C MOAYJISIIHEH
curhaio B CHY wu KHY
Mama3oHax ~ Kak ~ HEKOTOpEIC

BBICOKOYACTOTHBIC

3aropu3oHTHBIE pagapsl (Over The Horizon Radars, OTHR’s), BoBce He CHY - mepenarymku.
To ke oTHOCHTCS K HOHOC(EpHBIM HarpeBaTensM, TakuM kak Eiscat u HAARP; CHY cursan - 3T0 BTOpHYHBII

nponykTt BY nepenauu.

C takumu niepenarynkamu kak HAARP, koTopsle MOZymupyIOT MOJSIpHELA AnekTpomkeT B CHY auamasone, B
IPOLITIOM OBLIN MPOOJIEMBI CO3IaHMS THI'AHTCKUX aHTeHH. Tenepp He TOJIbKO 3eMJIL, HO U HOoHOCdepa, AeiicTBYeT Kak
m3myvaromuii snemeHT. Pecypcst HAARP nepenatunka B 'akoHe Ha AJSICKE HCHOIB3YIOT A3TOT 3G GEKT st TPOOHBIX

nepenay curuanoB Ha noaBoauble Joaku CIIA Ha wactote 2.2 T'mn.

Analysis - submarned5. way®

Curzar; | 222 He, -30.14 o8

[¥ | Lin=ar Wiem

Fraquency. | 2 2222 Hz (CF-3 +44)
EFT Sizc[1024 =] [Hanring =

| :
Emlm_'ﬂim

HEEs b hAREEza""S

2.2 'y Heomo3HaHHOE COOOIIEHHE IS IMOJI0AKH, MoayueHHoe Renato Romero B Utanuu /

Bynymas HanpaBIeHHOCTh HHTEPECOB M JOPOTOCTOSIINX YCHIIMH CBSA3aHA C NCCIICOBAaHIEM HOBBIX THIIOB
uckyccrBeHubix CHY niepenardnkoB, OCHOBaHHBIX KaK Ha UCIIOJIL30BaHUU aTMOChepsl (HoHocghepbl / pel.) 3eMiu, Tak
u 60e3 Hee. IMeroTcst cBenenus, uro Muauiickuii BoenHo-mopckoit ¢ioT, ouens 3anHTepecoBat B yeinyrax CHY
nepenaTyrKa, YTOObl CBS3BIBATHCS CO CBOMMH MOJI0KaMu (CyOMapruHaMu) kiacca «Kuio», co3iaHHbIMU PYCCKHMH.

Ot penakropa. Kypcusom evidenenvi pedakxmopckue 00nOIHeHUs U NPpAeKu
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Jucuyvin 10./]. (2013). IlepBble 0Te4eCTBEHHbIE IKCIIEPUMEHTHI 110 CO3JAHUI0O IPHEMHO-
nepegawmux cucreM CHY-paguocsszu Ha mopckux odbexrax. // HULL cBsazu BM®, Cankr-
[TerepOypr.

PaboTy naHHOTO Hay4YHO-NIPAKTHYECKOTO CEMHHApa MOXXHO OTMETHTH HEKOTOPBIM 3SnHUrpadoMm, KOTOPBIH
OTpakaeT CMBICI ¥ 3MOLIMK BCETO NMPOUCXOAAIIero, HanpuMep: «Kak 310poBo, 4TO Bce MBI 34€Ch CETOHS COOPATHCHY.
K coxanenuro, 1mMomoOHBIE CEMHHAphl MPOHUCXOIAT BECbMa PEIKO, XOTS KaKIbli, HECOMHEHHO, OIIYyINAeT HX
OmaroTBOpHOE BINSIHAE Ha JajbHEHIIyI0 paboTy m oOIiee MHPOOIIyImIeHHWe. MHOTAa 3TOMY CIIOCOOCTBYET U
MIEPUOANIECKUH 3KCKYpC B MPOILIOE, KOTOPBIN MO3BOJISIET YCTAHOBUTH OOBEKTUBHBIC IPUUUHHO-CIICICTBEHHBIE CBSI3H,
MIOHATH, II0YEMY MBI HAXOIUMCS 3/1€Ch U Ceifyac, MOTUBHPOBAHHO MPEIBUAETH X0 AaTbHEHIINN COOBITHH.

B cBs3u ¢ 3THMM, B paMKax JaHHOTO CEMHHapa yMECTHO HAmOMHHUTh, yTo 7 Mapta 1900 roma Mopckoit
TEXHHUYECKUH KOMHUTET N0J0KWI MopckoMy MuHHCTPY Poccum, urto: «becrpoBonouHblil Tenerpad nmo JajlbHOCTH U
ObICTpOTE Tepeayl, a TAKXKe BCIEACTBHE MOJHOW HE3aBUCUMOCTH OT CBETa U aTMOC(EPHBIX YCIOBHH IPEICTABISIET
GosipIioe y0OCTBO [UISi CHTHANW3AlMM Ha MOpE, a IO CBOEH OE33BYYHOCTH M HEBHIMMOCTH OH CTaHOBHTCS JlaXKe
HE3aMEHHMbIM B HEKOTOPBIX HCKIIOUHTEbHBIX CIIydasxy ',

[To pesynbraram noknazna npukasaHo: «Tenepb jke MPUCTYNHUTh K YCTPOMCTBY OecrpoBosIoYHOro Tenerpada u
TIPUHATH MEPHI K TOMY, YTOOBI ammapaTsl ¥ Bce HEOOXOAWMBIE MPEAMETHI Ui Tenerpada 0e3 MpoBOIOB MOTIH OBITH
M3TOTOBJIEHBI Y HAaC caMuX B Poccuu 1 He 3aBHCETh OT 3arpaHUYHbBIX 3aBOJOBY.

HecomHeHHO, crnenuanucTaM, CBS3aHHBIM C HCCIEAOBAHMEM B3aUMOJCHCTBHUS 3JIEKTPOMArHUTHBIX MOJEH
KoHTposupyembix ucrounnkoB CHY nuanaszona ¢ noHocdepoit 1 3eMHOIt KOPOii, H3BECTHO, YTO ATH YCHIIUS 3aKa34unKa
YBEHUAIMCh ycmexoMm, W K 1916 romy Opmma co3maHa mpHeMHAash W30NMPOBAaHHAS AaHTEHHA ITOABOAHOM JIOJKH,
M03BONIMBINAST OOECHEUNTh MNpOCIyIIMBaHME Ha NIyOmHe 10 10 M CHUrHambel JUIMHHOBOJIHOBOM paJMOCTaHIMU
MoIHOCThIO 35 kBT, Haxoasmieidcs Ha ynanenud a0 45 muib. Cepus ONBITOB MO MPUEMY PaTUOCUTHAIIOB Ha
HIOZIBO/IHOM JIO/IKE B IOTPY>KEHHOM COCTOSIHMU OblLIa MpoBeZeHa Noja pykoBoacTBoM VmanTa ['eopruesnua dpeiimana,
KOTOpblﬁ OKCIICPUMECHTAJIbHO YCTAHOBUJI, YTO JJICKTPOMArHUTHAA BOJIHA HA T'paHUILIC pa3Jiciia «BO3AYyX — BOJa» MCHACT
CBOM TIapaMeTPbl, a HAPSHKEHHOCTD OIS 10 Mepe YriTyOlIeH s Pe3KO Najiaer.”

[Ipobnema coxpaHeHUs CKPHITHOCTH JEUCTBUSI MOPCKUX CHJI 000CTPUIIACh C HA4aJloM CTPOHUTENILCTBA B CEPEIMHE
50-X roJI0B O/ABOJTHBIX JIOJIOK C SIAEPHON YHEPreTUKON, KOTOPbIE MOIy4aId BO3MOXKHOCTh JUTMTEIILHOTO NMPEObIBaHUS B
MTOJJBOZHOM TIOJIOKEHUH, @ CBA3b BBIHY)KIAJA MX MEPUOAMIECKN 3aHUMATh NEPUCKOITHOE WIJIM HAJBOIHOE MOJIOKEHHE.
OmHO W3 TEpCIEeKTUBHBIX PEIICHHH 3TOW TMPOOIEMBI MPEAJIOKEHO B JOKTOpPCKOH muccepramun IlaBmoma Ilerpa
[TaBoBr4a, crtaThs Mo MaTepuanaMm KoTopoil «lccremoBaHue 31EKTPOMArHUTHOTO MOJS YJIBTPAaHW3KOM 4acTOTHl B
MOPCKOH BOJIE, CO3aBaeMOI'0 BEPTHKAIBHBIM JIEKTPHUYESCKHM JIUIIOJIEM, PACIIOIOKEHHBIM B aTMOcdepe, B HHTepecax
OCYIIECTBIICHNSI OJHOCTOPOHHEH CBSI3M C IOABOIHBIMH JIOAKAMH Ha OOJBIION TITyOUHE», IPUHSTA K OITyOJIMKOBAaHHIO 7
ceHTs0pss 1966 r.* B cratee cuenaHa mombITKa MPUOJIMHKEHHO OLICHUTh JAJbHOCTH U TIIyOWHBI TMOABOIHOIO
paauornpremMa Mpy MCHOJIb30BaHUU Auamna3zona yactoT 1—100 ', ogHako, B TO BpeMs C/elIaHHBIE B CTaThe BBIBOIbBI
NPE/ICTABISUINCH CIIOPHBIMHU, TPEOYIOIUMHU 3KCIIEPUMEHTAIBHON IIPOBEPKU M YTOYHEHHSI.

Takast mpoBepKa C 3a/1eficTBOBaHHEM IITAaTHOIO CyaHa OoproBoro pasmaranunBanus (CBP) u monBoaHol J1o1ku
(ITJT) CeBepHoro ¢uora npoBoauiack B utone-arycre 1968 roxa B pamkax HUP «Ilouck» B BbIIENEHHBIX paiioHax
pa3MarHu4uBaHus CyJoB MoToBckoro 3anuBa. Ha mepBoM 3Tame HaTypHBIX HCHBITAHUNH MakKeT THPUCTOPHOTO
mepegaTyika MomHocThio 25 kBT, m3roroBmenHoro HUM IloctosiHHOTO TOKa pasmemancs Ha CBP, a mpumemHoe
YCTPOUCTBO, pa3zpaboraHHOe JIEHHMHTpaiCKUM MOMUTEXHHYeCKMM HWHCTHTYTOM mM. M.U. Kammawmna - mHa IIJI. Ha
BTOPOM JTale WCOBITAHUM OCYIIECTBIUIACh B3aWMHAs IEPEAMCIOKALUS MAaKeTOB IIepefarolieil M MpPUEeMHON
annapaTypbl 0 00BEKTaM pa3MEIleHHs C IETbI0 OLIEHKH BO3MOKHOCTH oOecredeHus AByXCTOpoHHeH cBsasu ¢ I1J] Ha
riryOuHe.

HenocpencreeHHOE pyKOBOACTBO PabOTaMH 1O MOJATOTOBKE U MPOBEJCHUIO MCIBITAHMH OCYIECTBIIST KAlTUTaH 3
panra ['opbynoB bopuc KoHCTaHTHHOBHY, KOTOPOMY IMOMOTalM KamuTaH-jielTeHaHT MuxaitnoB B.U., kanurtaH-
neiirenant [Tangunos A.C. u Axynos B.C.

Pasmerienue u  0OCIy)KMBaHHE MAaKETOB IMEPEAlOIIC M MPUEMHOW ammapaTypbl  OCYIIECTBISLIOCH
MPEIICTABUTEISIMU pa3padoTunkoB JmutpukoBeM B.®., becmanoBeiM, AnekcaHSIHOM. ABTOPCKHI KOHTPOJIb 32 XOJI0M
pabor ocymectBisan kanutan 2 panra bontynoB H.M., koropomy mnpunamnexana uupest ucrons3zoBaHus CBP s
MIPOBEJICHUS TAKUX HCITBITAHUH.

Hx ycmex BO MHOTOM OIIPEAEISIICS Ka4eCTBOM PabOThl aHTEHHBIX yCTPOWCTB, M3TOTOBJICHHE, TOAKIIOUCHNE U
o0ciTy’)kKMBaHHE KOTOPHIX B TIOJTHOM OOBeMe Boziaramuch Ha B.M. MuxaitnmoBa. B kauecTBe mpueMHOW aHTEHHBI Ha
o0oMX »Tamax HCIBITAHMA MCIIONB30BaNach Oykcupyemas KaOenpHas aHTEHHa IHHON mopsiaka 50 MeTpoB C
JATyHHBIMHM 3JIEKTPOJAaMHM W Pa3MEIICHHBIMH Ha HEH MEXaHWYECKUMH PETHCTpaTopaMH IIyOWHBI MOTPYXKEHHUS,
MTO3BOJISIOMIMMH KOHTPOJUPOBATh €€ peanbHoe monokenue npu OykcupoBku CBP u morpyxenno#t I1IJI. O6praHO,
rIIyOHMHA MOTPY’KEHUs XOJ0BOTO KOHIIA IPHEMHOM aHTeHHbI Ipu Oykcupoke ee [1JI cocrasmsiia 50 — 70 meTpoB.

' LT'A BM®, ®.900, om. 22, 1. 85, 1. 94-96.

* M.A. Kpynckuii. Mcropudeckuii ogepk Hayuno-uccnenoBarenbckoro MOPCKOro HHCTUTYTA CBsizu. BM®, J1.,1971.
? HUcropuueckwmii ouepk 1932 — 2012. HULI tenekommyHuKamoHHbIX TexHoaoruii BYHI] BM® «BMAy, CII06, 2012.
* Tpyme! B/a 60130, Bemyck 1 (39), J1., 1969.
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B kawecTtBe mepenaromiell aHTEHHBI HAa IIEPBOM OTale HCIBITAHUI TakXKe HCIONb30BaNach JJIEKTPOJHAS
kabenpHas aHTEHHA, M3TOTOBIICHHAS U3 CHIIOBOTO Kabemst Ha pabounii Tok 10 150 A, nmuHo# mopsinka 100 metpoB. Ha
BTOPOM JTare ucnbiTaHuil ans ocHamenus [IJI mepepatomell aHTEHHOM WHCMOJB30BaJIach IUTaTHAas Ipolenypa
nonepeyHoii OOMOTKM €€ KopIlyca CHJIOBBIM KabelleM, KOTOpas NpOW3BOAMTCS Ha dtame moxroropku I k
pa3MarHnuMBaHui0. Yepe3 mITaTHbIE repMETHYHBIE pa3beMbl 0OMOTKA M3 11 BUTKOB MOJKIIOYaiach K MepedaTuuKy,
pasMelaeMoMy B IIPOYHOM KOpITyce, KOTOpBIH oOecrieunBall ee Bo30yx/IeHne Ha (PUKCUPOBAHHBIX 4aCTOTaX AWAIa30Ha
10 - 100 I'y B pexxuMe MeaHzpa.

[ToMuMO OpraHM3alMOHHBIX TPYIHOCTEH, CBSI3aHHBIX C OOECHEYeHWEM CHHXPOHHOM JIOCTaBKM B paloH
WCTIBITAaHUN JBYX EIWHUI PAa3HOPOAHBIX CHJ (pJIOTa, OCHOBHOM INPOOIEMON Ui YJICHOB HWCIBITATENBHOW TPYIIIBI
SIBUIMCh HU3KHE MopexoxaHble kadectBa CBP, y KoTOporo oTrcyTcTBOBal KWIilb, BCIEICTBHE YEro NPH OTXOJE OT
MIPUYATGHON CTEHKH OOJBIIMHCTBO WIEHOB HCIBITATENFHON T'PYMIIBl HMOABEPTaNCh JKECTOYANIIEMy BO3AEHCTBHIO
MOPCKOH 00JI€3HH, IPENATCTBYIOIIEH BHIIOTHEHUIO 3aINIAHIPOBAHHON MIPOTPaMMBI padoT.

B nemoM mpoBeneHHbIE NMPOBEPKU MO3BONMIM TONYYHUTh SKCIEPUMEHTAIBHOE INOATBEPKACHUE BO3MOXKHOCTH
TeHepaluyd KOHTPOJIUPYEMbIMH HCTOYHHMKaMH poctarouHo uHTeHCHBHBIX KHY-CHY moneit ams  yBepeHHOMH
perucrpanuu ux Ha riryounax 40 - 100 meTpoB npu yaaneHusix ot S 1o 10 Musb.

Hecmortps Ha To, 4TO B TeYeHUe npolueamux 45 jer Bonpoc o npuopurere nanusix padbor HUU cesizu BM® no
OTHOIIEHHUIO K TIOCIIEIYIOUINM HCCIIeOBaHMSIM TpoOsieMbl Bo30yskaeHus u perucrpaimn KHU-CHY moneii He Obin
MIPEACTaBIeH Ha OOCYXK/IEHHE MIMPOKHX KPYroB CHELHUAIMCTOB, HE O3HA4YaeT OTCYTCTBHE TAaKOro IpHopurera. Tem
Oosiee, MOXXHO C YBEPEHHOCTBHIO YTBEP)KAATb, YTO ONHCAHHBIE COOBITHS SIBJIAIOTCS IEPBBIMH OTEUECTBEHHBIMHU
9KCIIEpUMEHTaMH 10 Bo30yxaeHuro u perucrpanun CHY snexrpomarautHoro noist Ha Kossckom nomyoctpose.

C Tex mop MCCIENOBaHMS 110 OCBOCHHUIO JMalla30Ha CBEPXUIMHHBIX BOJH, a MO3JHEE CBEPXHM3KHX M KpaiHe
HU3KUX YacTOT CTAJIN INIABHEHIINMU B pab0Te MHOTHX OT€UECTBEHHBIX M 3apyOeKHBIX HAYYHBIX OpPTraHN3alni.

Komneesa E.B. (2013). I'eostorusi, ropHoe /1eJ10 U siiepHasi SJHeprus (BblAepP:KKa U3 cTaTbu) //
Texuuueckuit ynusepcurer, Jloptmynna, I'epmanus. (Elena Komleva. Geology, Mining and Nuclear
Energy, E-mail: komleva ap@mail.ru).

TU Dortmund University, Germany

PaccMOTpeHBl HEKOTOPbIE AHTPOIOCOLUATbHBIC ACMeKThl (PeHOMeHa siepHON sHeprud. OHU CONPSHKEHBI C
MEPBOM MOMBITKOW CO3/IaHHsT MEXYHAPOJAHOTO MOJ3EMHOT0 MOTHIILHHKA SIICPHBIX MaTepuanoB BOmu3u KpacHospcka.
B npuBeieHHO! BbIJEpIKKE U3 CTATbU OTMEUEHBI IPOOJIEMBI, KOTOPbIe HACHTH(UIIMPOBAHbI C TAKUM COIPSKEHHEM Ha
mpumepe Komnbckoro nmomyoctposa u CHU-nctounnka 3eBc.

[eyeHrckasi CTPYKTypa IO MPaBy MODKHA PACCMATPUBATHCS KAaK YHHKAIBHOE TEOJIOTHYECKOoe (C KOMILIEKCOM
JPYTHX TIPHUBJIEKATEIbHBIX JUIsS PEIeHUs MPOOJeMbl MOA3EMHOIO SIEPHOr0 MOTHIbHHKA 4yepT) mecto Konbckoro
noiyoctpoBa M Poccun. Kak Hay4HO-TEXHOJIOTHUECKMH MOJMIOH AJsl MEXIyHapoIHbIX 00BbekToB MegaScience.
[NeyeHra — HENPEB3OWACHHBII CTAHAAPT CTEIECHH I'€OJOTHYECKON M3yYEHHOCTH (COBETCKHMiA, CTABLIMI MO HACIEICTBY
POCCHIICKUM) ¥, BO3MOXHO, KauecTBa MOPOMHBIX MACCHBOB. 3Aech (Kak HHIOE €Ile) Oaxe IpPaHHLa MaHTHH
yCTaHOBJICHA TOYHO, o JaHHBIM reousuku u OypeHust (A. XKamanernuHos,
http://geoksc.apatity.ru/images/stories/Print/zh21.pdf).

Ha MypmaHe pacriono)keHa yHUKaJIbHas YCTAaHOBKAa CBEPXHH3KOYACTOTHOIO C IIOBEPXHOCTH 30HIUPOBAHUS U
MOHHTOPUHIA 3eMHBIX Henp «3eBc». C MOMOIIBIO 3TOM YCTAaHOBKH YK€ IPOBOAMIICH MOMCK MECT IS 3aXOPOHEHUS
paaroakTuBHbIX 0TX010B (http://www.rit.informost.ru/rit/3-2002/4.pdf). I MoryTt nepenaBaTbcs O 3eMJIIO KIIFOYEBbIC
KOMaHJbI B 9KCTPEHHOH CUTyaIMy aHaJoruyHo ynpasneHuto AILJL. I1pu ucrionb30BaHUY JPYTUX TEXHUYECKUX CPEACTB
HMEIOTCS NPENIIOChUIKA U OECIpOBOIHOTO KOHTPOJIS 3THM METOIOM IOA3EMHOI0 O0BEKTa M BMEILAIOIIEr0 MacCHBa
u3nyTpH (E. Tepemenko, http://www.kolasc.net.ru/russian/news/vestnik/vestnik-1-2013.pdf).

HGOGXOI[I/IMO MPUBETCTBOBATH IMONBITKM HOBBIX Pa3HOCTOPOHHHUX I/ICCHe}lOBaHI/lﬁ MPUMEHUTEIIBHO K }:LaHHOﬁ
mwiomaad. Takas BbICOKas IUIAHKa MOAXOJa K 3HAHHAM O IJHTOC(Epe M KPUTEPUSIM e MPUTOJHOCTH, Hauboiee
aJleKBaTHa 3aJa4e CO3IaHusI IPUPOTHO-TEXHOTCHHOT0 00BEKTa B HEAPaX 3EMIIH.

Brnaronmapro 3a monaepkky uccienoanuii mpodeccopa Brigitte Falkenburg.

bawxyes 10.5. Bocnomunanust yaactouka CHY - padot B 3abaiikauase B 1977 — 1991 ronax //
WuctutyT ¢pusndeckoro marepuanoseaenuss CO PAH, Ynan-Ymp, E-mail: buddich@mail.ru

C CHUY tematukoii s mosnakomuics B 1974 roay, korga B 3abaiikanbe Ha Haired 6ase BypsTckoro nHcTuTyTa
ecrectBeHHbIX Hayk Cubupckoro oraenenns AH CCCP (BUEH CO AH CCCP) BOnu3u nocenka XOpHHCK padoTai
otpan Uucruryra pammodpmsukn AH Ykpannsl n3 XapbskoBa B cocrae B. bespoanoro, B. bopmorosa u B. Onomiko.
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Onmn peructpupoanu LllymanoBckue pe3oHaHchsl B monoce 1 - 40 ' Pe3ynbTaThl 3THX 3KCIIEPHMEHTOB OTPa)KEHBI B
m3BecTHOW kHUre 1. brmmoxa, A. Hukomaenko u 0. ®wmmnmoBa «[mobanbHBIE 3JIEKTPOMArHUTHBIE PE30HAHCHI
nosnoctd  «3emis-uoHocdepa». Torma Ham ormen paxumopusukun BUEH TecHO coTpyaHMuYanm €O MHOTMMH
panuodusnueckumu nHctuTyTaMu CCCP, B TOM umcne u ¢ kadenpoit pagunodpusuxu JII'Y u OKTH «Pannodusukay,
Bo3rnarisieMbiMu nipod. .M. MakaposeiM. B ob6nactu pacnpocrpanenus C/IB-JIB-CB paanoBosiH Mbl 3aHUMAIIUCh
panuodIeKTPOMAarHUTHEIM 30H1upoBanreM (POM3) u reossekTpriyeckuM KapTupoBaHueM teppuropun Boctoka CCCP
U CONpPEIENbHBIX CTPaH.

B urone 1977 rona 3aBenytrommii otaenom npod. U.II. [{prapimoB HanpaBmin MeHst B IHCTUTYT paJliOTEXHUKH U
anektpoHukn AH CCCP na coBemanme mo CHY Ttemarmke, xoropoe mposommn mpod. H.A. Apmann. 3mech s
mo3HakoMmicss ¢ BramucmaBom BacmibeBnueM AKHHIWHOBBIM - 3aB. jabopatopueit ®psiuHckoit wactu PO un
AmnatonmreM MutpodanoBruueM Ps3aHIIEBEIM — CT.H.C. 3TOMH ke TabopaTtopun. Mbl 00CYIWIIN ITOCTABICHHYIO 3a/a9y U
JOTOBOPWIIACH, YTO B ceHTIOpe mojeBoi orpsin MPD c ammapatypoilt mpuemer mis 3kcrnepuMeHToB B bypsaruio. B
paiione nmagu Aarup [IpubalikambCKoro paiioHa MbI BEIOpAIH «THX0€» B DJIEKTPOMArHUTHOM OTHOIIEHWH MECTO W JIBE
Heslenu npoBoAuiH 3kcrnepuMenTsl B CHY nuamnasoHe 1o mpueMy UCKYyCCTBEHHBIX cUrHaioB. B otpsine PO 6butn A.
Pszannes, H. Terekun, JI. [Toranosa, A. I'yrun, C. Epemun. DxciepuMeHThl ipojoibkanuck 1 B 1978 u 1979 rogax.
Mbl e3ui Bo Opsi3uHo, Qps3UHIIBI — K HaM.

Jlerom 1979 roma B Ynan-Yi» npuexan npeaceparens Cexkuuu npukianaeix npotmem AH CCCP renepan-
JelTeHaHT, A.T.H., npod. FOpuit BacunseBnu Uyes. Ham nupexrop BUEH un.-xopp. AH CCCP Mapkce Bacuibesuu
MoxocoeB 03HAaKOMMWJI €r0 ¢ TeMaTHUKOH othena paanodusuku u nokaszan Ham CHY - crammonap «['opsumHCK» Ha
Oepery o3epa Baiikan. ITo pexomenmamuu F0.B. Uyesa B centsi6pe 1979 roma B BUEH npuOsiia Gonpmias qenmeraris
Munnpomcsszu CCCP. Cubupckoe orneneane AH CCCP HaumHamo MHOTONETHEE COTPYIHHUYECTBO C OTpacipio. B
pe3yibTaTe MeperoBopoB OBLIO JOCTHIHYTO COTJIAIICHWE O BBIJCICHUH JOMOJHUTEIBHBIX MITATOB M Havaje paboT mo
CHUY temaruke mo teme «OnbxoH». PaGoThl MpOBOAMINCH  COBMECTHO C JabOpaTopuel SIEKTPUYECKUX CBOWMCTB
ropusix nopox Mucturyra 3emHoit kopel JII'Y, koropoit pykoBoamn npod. A.B. BemeB.  OTBeTCTBEHHBIM
ncnoiauteneM CHY tematnku 6511 K.T.-M.H. AJiekcanap BacunbeBnu SIkoBneB. MHOTHX COTPYIHHUKOB Ja00paTopuu 5
XOPOIIIO 3HAJ eIl ¢ Hayana CeMHJECSTHIX rofioB. JTo K.r.-M.H. Bukrop I'puropreBuu MBoukuH, Muxaun VBaHoBHY
[eprens, [erp IlapdentbeB, Eprenmnit AnekceeB u apyrue. Ot 3akazumkoB pabor HIIO um. KomuuTepHa mbl
corpyaundanu ¢ KOpuem DvmanyminoBuueM YnanbeBbiM u JleoHumom ABpamoBuueM Co0OYaKOBBIM, OT MOPSIKOB —
CBsI3UCTOB - ¢ Bukropom lBaHoBHMuem AranoHoBeiM, Bukropom EdumoBnuem I[loHnmmarkuHbIM, AJneKcaHapoM
Cepreesuuem [TanpwmnossiM, JIbBom bopucosuuem Iecunsiv n Mropem AnaronbseBnyeM CKOKOBBIM.

OKcnepUMeHTaIbHbIE HccaenoBanus B3auMoneicteud CHUY-panuoBonH ¢ 3eMHON Kopoll Ha BocToke Poccun
MPOBOIMIIMCH C IENBI0 IMMOWCKAa ydJacTKa 3eMHOW KOpbl pasmepamu He MeHee 100 kM x 100xkM c oueHb HH3KOH

3neKTponpoBoauMocTsio 0 = 107 — 107 Cm/m. :
Ha nepBom asrane pador (1980-1982 r.r.) Obuia ﬁ
BORACKOBASA YACTb

coznaHa «[IporHozHas kapra 3((EeKTHBHOTO

CONPOTHUBIICHHSI 3€MHOW Kopbl tora Cubupu u MIPEACEIATEND BYPATCKONO BHIUATA

HaneHero Bocroka» gns dvactotsl 40 I'm. — 60130 == C0 AH CCoP
OIHOBPEMEHHO OTpadaThIBAIACh METOIMKA M o uxeny-xoppecnoienty AHl CCCE
TEXHHUKa CHY-30H1mpoBaHmMi C | 28 . wosopa 085, by M. B, MOXOCOEBY

WCIIOJH30BAHUEM TIOJNS YCTAaHOBKH «3€BC» U
MPOBOIMIINCH a3pocheMounbie paboter B CJ/IB
IUama3oHe PpaAMOBOIH Ha  IEPCIEKTUBHBIX ' S ,u./’
yaactkax. Jlerom 1980 roma a»spopabothl = /\,(/"
IIPOBOAWINCE HA BUTHMCKOM ILIOCKOrOpbE, B [}{,f /ﬂ

paiione EpaBuunckoro pyanoro ysma. Ot U3K v ]
Baum Mue
JII'Y B mnonerax yuwactBoBan B.I'. BoukuH - ]‘/ Y p"ﬂﬁopuow panmoreofuauKs PyKOBOIUMOTO uryTa
©CTECTREHHHX HAYK MPOBONHT BO MCMOJHEHWe MOCTAHOBIEHHA LK HIcC

Py je
vl s 4 (M r/’w ;’/ 4670042, r.Ynan-Yne, ya.M.Caxsanosoht,)
r. Jlenunrpan, 19 155/,_/ a7 Byparcku#t dunuan Cudwupexoro Ornenenms
z" AH CCCP

‘;( P'ny6okoysaxaeuuft Mapke Bacuipeswu!

paspaborunk CJIB ©OopToBOii  ammaparypsl,

oonpmoii sHTY3nactT CJIB meroma. C HUM MBI
JIETAIM  eule B ceHrsa0pe 1981 roma Ha
AnmanckoM mure W B Mae 1984 roma Ha
Konkynepo-MamakaHckom Haropse. Hnst
TIOJIETOB 110 6 KaTETOPHH CIOXKHOCTH BocTouHO-
Cubupckoe ympapieHHEe IpakIaHCKOH aBHUAINH
BBICIMIIO DKHOAX JEeTYNKOB KupeHckoro
AaBUAOTPAJA, KOTOPBIM UMeEN OOJbIION OMBIT
paboT B ropHO-TaexHOH MecTtHocTH CHOUpH.
Torma ne Obi0 I'JIOHACC-GPS cucrem, u

KayecTBO  paboT  CHJIBHO  3aBHCENI0  OT
npodeccHoHann3Ma LITypMaHa. Takux
CIELUAINCTOB  ObUIM  €OUHUIBI Ha  BCIO
Bocrounyro Cubmps. Bcero ma CIAB -

a’popadotsl Ha Boctoke CCCP Op110 3aTpadeHo
okoJ10 600 JIETHBIX YacoB.

# CM CCCP ¥ 940-321 sKcrepHMeHTANBHHE MCCHENOBAHHA B PASTMUHEX
paftonax Cudupu u [aasxero Bocroka. PaGotu npopofATCA B TPYNHO-
mocrymofl ropHo=fleckeTofl MECTHOCTH B PASNMUHNE CE30HH Tona. lng
sfdexrupHoM padorTH HEOGXOMMA TPAHCTIOPTHAA TEXHWKA sHCOKOR mpo-
XOLMMOCTH rma__.l"n:a-'?l,_ ‘lf_pu-a'?ﬁ. 9
WU 1a60pATOPHH TI'eo-

Mpowy Bac b copnefereie B B
dusHkH apToMOCHIA NoBHmEHHON NPOXOTMMOCTH NAA BHNONHEHHA dkene-

pusenranbiix pagor B XII nArurerxe mo Teue "Tamcar-AH".

BPHO KOMAHIMPA BOACKOBOA
i’ YACTH 60130-3

T

188



3akazyuku paboT CTPOTO MPUACPKUBATHCH Tpadrka BBHITIOTHEHHS SKCIIEPUMEHTOB U 2-3 pa3a B T'OJl MPOBOIUIH
paboume coBeIaHUs U MPUEMKY 3TanoB pabor. CiemyeT OTMETUTh MX OOJIBIIYI0 IOMOIIb B ONEPATUBHOM PEUICHUN
MHOXKECTBa INPAKTUYECKHX BOIPOCOB, TAKMX KaK MOJyYeHHE pa3pelleHHsi Ha IPOU3BOJCTBO IIOJIETOB, BbIJEICHUE
pe3epBa ToproYero /st OTAAICHHBIX CEBEPHBIX a3pOIPOMOB, IIEPBOOYEPETHOE TOJIydeHHe TIPUOOPOB U 000PYAOBaHUSL.
[Tpumepom MoxeT ciyxuTh nucbmo u3 B/4 60130 nupexropy BUEH (doto). Bech 3amparmBaeMslii aBTOTpaHCHIOPT
OB IOJTyYEH.

[Tone3HbIMu W pe3ysIbTaATUBHBIMU OBUTM M MPOBEPKH KauecTBa M yPOBHs MPOBOIUMEBIX uccienoBannii B BIUEHe.
B okTs0pe 1983 roma, 6e3 mpeaBapuTeI-HOTO COTNIACOBaHUS, B YIaH-Y 13 npuobuia aeneramnus [naBHoro mradba BM®
B cocTaBe kammraHa | panra B.M. AranonoBa, karmurtana 2 panra B.E. [lommvaTtkmaa m kammranHa 3 panra W.A.
CkokoBa. O3HAKOMHBIINCH C PEATBHBIM COCTOSHHEM JE€N M BBICOKO OLCHWB TIOJMYYEHHBIE DPE3yJbTaThl, KOMHCCHUS
nonpocuia qupekropa BUEH M.B. MoxocoeBa opraHu3oBaTh BBUIET B pailoH cTposiieics Tpaccel BAM u aBrogoporu
Takcumo-bomaii6o. B Yian-Y 13HckoM aBraoTpsiae ObLT CPOYHO HMOATOTOBIICH IS AajbHEr0 mepenera Beprojer MU-8
U OCYILECTBIIEHA SKCIIEANNNS B 3aJaHHBIN paiioH. Komuccust ocMoTpena ¢ Bo3ayxa MecTo OyQyIIuX JeTaabHBIX padoT
U yOeauiach, 4To BRIOpaHHBIN INIOCKOTOPHBINA y4acTOK BIIOJIHE MOJXOUT AJIS pa3MELICHUs! POEKTHPYEMOro 00beKTa.
IToOwiBana komuccus u Ha o3epe baiikan. Ha CHY craruonape «"ops4rHCK», TOe MIMPHHA 03epa gocTuraet 60 kM, a
riyouna 1620 MeTpoB, 4WIEHOB KOMHCCHMHM OUY€Hb yIUBHJIA IpecHas Oalikanbckas Boja. OHHM 1O HECKOJBKY pa3
OITyCKaJI1 JIaJIOHU B YHCTYIO BOAy, IIMJIM ee ¥ roBopuin: «Hacrosimee Mope, a Bozia He coneHas .

B centsa6pe 1983 roga Ml ¢ k.¢-M.H. B.b. XanTanoBsiM oTpaboTainy oJHOCTHIO anmaparypy ¥ meroauky CHY
panuouMITeIaHCHBIX 30HIMpoBaHui Ha 20 IMyHKTaX U3MEPEHHH yyacTKa «Y IUHCKHI» U yKe B HOSIOpe MPEACTaBUIN UX
Ha coBemrannu o CHY temarnke B Tamumae. OHO MPOXOIMIO B CTAPUHHOM 3JIaHWH B LIEHTPE TOpPOJa, B XO3SICTBE
KoHTp-ammupana VBana MiBanoBnua MepkynoBa. YuactHukamu cosemanns Opuin A.B. Bemes, A.B. fAxosnes, 10.0.
VYnanses, JILA. Co6uakoB, B.1. Aranonos, B.E. [TornMaTkuH u apyrue. JJoroBopminchk cOCPEIOTOUNUTE Bee pabOTHI B
ogHOM paitone. MccnenoBanus Ha AnaHcKoM muTe U bypernHCKOM MaccuBe ObIIIM 3aKOHYEHBI.

B ampene-mae 1984 roma Opumm BeIonmHEHB! adpopaboTtsl B CJ/IB mmanasone ma Konkyzepo-MamakaHCKOM
Haropee. Ot U3K JII'Y yuactBoBan B.I'. MBoukun. K mromro matepuansl aspopabot 66Ut 06paboTaHBl M MOJIEBON
orpan BUEH (B.b. Xanranos, b-1I1.Y. baryes, }0.b. bamkyeB) Obul packBapTHpOBaH B Iocenke bucsra Ha peke
ButuMm. [lpyrux mocenkoB Ha JieBoM Oepery peku He Obulo, HO OBUIM CHOCHBIE JIECOBO3HBIE Joporu. Bech aBrycr u
ceHTs10pb Mbl npoBo i CHY 3onaupoBanust Ha 4 yacrorax B 15 mynkrax. Otpsan U3K JIT'Y takxke pabGoran B 3TOM
paiione merogamu BO3 u EDOMII. PykoBomgun otpsimom A.B. SlkoBneB. Ha myHKTBI HaOmIOA€HUN OTPSA JOCTABIISLICS
BeproieroM MU-8 ¢ mogbopom Mecra Bbicanku ¢ Bo3nyxa. 13 uneHoB otpsna NU3K, kpome A.B. fIkoBneBa, s TecHO
B3anmogxeictBoBan ¢ JKeneil AnexceeBbiM M Jlemelr EpodeeBeiMv. B 1985 m 1986 romax CHY skcrnepuMeHTHI
MIPOBOAMIINCH, B OCHOBHOM, Ha Y4acTKe «YAWHCKHI» W B 3UMHEE BpeMs — Ha JbIy o3epa baiikan. DTy yHUKaIbHYIO
MIPUPOTHYIO JTa0OpaTOPUI0 MBI MCHOIB30BaH MHOTO pa3 misd kamuOposku CHY-CJIB-JIB-CB ammapartypsl U ApyTHX
sKcriepuMeHTOB. CylecTBOBaHHME B 3UMHEE BPEMS «KBa3M»-OJJHOPOIHOIO IE€O3IEKTPHUECKOTO pa3pe3a TOJIIUHON 10
1620 mMeTpoB Ha BOIHOW Cpeje MO3BONMIO Xopomio oTkannopoBate CHY anmapatypy B HATypHBIX yCIOBHAX U CHATH
JrarpaMMbl HaIlPaBIEHHOCTH JAaTYMKOB IEKTPUYECKOr0 ¥ MATHUTHOTO MOJIEH.

OueHb HHTEPECHBIE IKCIIEPUMEHTHI 110 pacnpoctpanenno CHY paanoBonH Obutn BhINOJIHEHBI JieToM 1986 rosa,
Korja «3eBc» M3IydaJ IapMOHHUYECKHE CUTHaibl Ha 4 yactorax B TeueHue 12 wacoB. B 1987-1989 romax CHY
OKCIICPUMECHThDI 6bIJ'II/I TMOJIHOCTBIO COCPE€AOTOUYCHBI Ha KOHKyﬂepO-MaMaKaHCKOM Haropse. Ounu IMPOBOANUJINCH TOJIBKO
Ha yacrore 82 'l BAOJb 3aaHHOI Tpacchl Mo HampaBieHuio «BocTok-3aman». Otpsapl BUEH n U3K wacto sxumu
BMecTe Ha Oase Mererckoil reodusndeckoin sxcnequuuu tpecta «Mpkyrckreopusnka». UToOsl moiyduTh OoIbliie
(axTHYEeCKOro Marepuala, MyHKTHl HAIMX HaOMI0EHUH OOBIYHO HE COBIAAAIH, HO OBUIM BBINOJHEHBI KOHTPOJIBHBIC
M3MEPEHHUs B HECKOJIBKHX 00mux Toukax. Kpome toro, Bepromer MU-8 He Mor ogHOBpeMeHHO puHATH 10-12 genmoBek
7 BCIO TPOMO3JKYIO H TKEIYI0 U3MEPUTENBHYIO ammapatypy. B Hamem oTpsme Tonpko OeHzoarperat AB-2 Becun
oxoino 180 Kr, ¥ ero NpUXOJMIIOCh CHUMATh C BUCSILIETO B BO3AyX€ BEPTOJICTA MPSIMO HA KYPyMBbI

Jletom 1989 roma momHOCTRIO 00CIEIOBaHHYIO IUTOMAAKY HpuHHUMana ['ocymapcTBeHHas kommuccusi. B ee
coctaBe ObUTO 0K0JIO 30 CIEUANINCTOB PA3IMIHOTO MPOMUII, BKIIOUAs 3aKa39MKOB, TPOESKTUPOBITUKOB, YHEPTETHKOB,
T€0JIOTOB M CaHWUTAPHBIX Bpaueh. /Iy mpoxrBaHMS KOMHCCHM MECTHAs aJMHHUCTPALUs BbIOEIHIA U 000pyJoBana
HOBbIi MHOTOKBAPTHUPHBIN JEpeBSHHbIA JOM. UJIEHOB KOMHUCCHM HWHTEPECOBAIM MHOIME KOHKPETHBIE BOIPOCHI,
BKJIFOUast MPpoObl 00pa3loB TPYHTa M XUMHKO-OHOJIOTHUECKHUI COCTaB BOJIbI TOPHBIX PeK.

B urone-arrycre 1990 rona nHam otaen paguodusuku BUEH nposoaun Beecoroznoe coBelianue mno npu3eMHOMY
pacIpoCTpaHEHUIO PAJMOBOJIH W JIEKTPOMArHUTHOW COBMeCTUMOCTH. PykoBoamrenem cekuun «Pammodusmueckue
CBOMCTBa 36MHOMW KOPBI 1 MX BIMSHHE Ha PaclpoCTpaHeHHe paanoBoiH» Obut npuriamnieH 10.3. Y nanse. OH mpuieren
n3 Jleannrpana B Yias-Y 13, pyKOBOAMI CEKIMEH 1 BRICTYNIII ¢ JOKIagoM «OmnpeeneHne reo3IeKTpuIecKoro pa3pesa
3eMJIM [0 JaHHBIM M3MEPEHHH BXOJHOTO CONPOTHBIECHUS NPH3eMHBIX aHTeHH». CoaBTopamm nokmana Obumn JILA.
CobGuakoB u A.B. SIkoBines.

S mo cux mop OepexHO XpaHio momapeHHsi MHe H0.D. YmanpeBeIM CyBeHHpP — OOJBIION METHBIN MapyCHBIH
KOpabiMK, O4eHb MOXOKUHM Ha KOpaOIUK Ha AxMupanTelickoM mmuie. B mporpaMMy coBemiaHusi BXOAWIA U TOE3Ka
Ha baiikan. I'pynmy neHHHrpanckux yd4acTHHKOB B coctaBe cotpynuukoB OKTB «Paanodusuka» H.I1. Tuxomuposa,
A.A. IlpmaeBa u FO0.3. VnanseBa Mbl moBe3nu Ha Ham CHY crammonap B mocenok ['opsumHck. Kak Bcerma B
conHeuHOW Bypsitun Obuta 3aMeuaTesnbHas noroaa, u OykBajibHO 3a 20 - 25 MUHYT COJIHEUHBIX BaHH Hallld CEBEPHBIE
((6J'Ie[lHOJ'll/ILU)Ie)> KOJIJIETK yCHCIW MOJYYUTh 3HAYUTCIIBHOC IOKPACHCHUC KOXHOI'0 ITIOKpPOBA. Mgbl HacTOHUMBO
MIPEAYNpPEKAANIN UX, 4TO OoJjiee 5 MUHYT Ha OTKPBITOM COJIHIIE OBITh HE PeKOMEHIyeTcs, 4To y Hac tor Cubupu, a He
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Bantuxa. OTmeuy, uto Oepera baiikana B paiioHe KypopTa « OpSYHHCK» OYeHb HAIIOMHUHAIOT Prkckoe B3Mophe. MBI
MIPOBOAMIHN BCceX ydacTHHKOB CoBemanus OOJpbIMHU U 310POBBIMU.

B centsi6pe 1990 ropma mpuunia crpamiHas BecTh O Tparuueckoil rubemu otpsina A.B. SkoeneBa. Ee Ham
coobmumn Ilerp ITapdentbeB. UyTh mozxke cooOImMIM O KOHYMHE OT cepaeuyHoro mpucryma F0.D. Ynpaibea. It
Tpareimu MHE HUKOTJa HE 3a6blT]).

Cotpynunuectso ¢ 3K JII'Y, HITO um. Komunrtepra, Konsckum Hayunsim nentpom AH CCCP u Mmopsxkamu
ObUIO OYeHb NPOAYKTHBHBIM W HHTEpecHbIM. B TeueHue 11 ner MBI NPOBOOMIM COBMECTHBIE HCCIIEIOBAaHHS B
pasnmuHbIX paiioHax Cubupu u Jlanenero Bocroka, BeiOpanu miomanky pasmepom 250 x 70 xM aist pa3MelneHus
AHTEHHBI U CJIAJIN €€ TOCYAapCTBEHHON KOMUCCHH. B 3TH e rozbl yianock co3aaTh MOJIOIOH KOJUIEKTHB Ja00paTOpUu
paanoreopu3uKH, COCTOAIMKA W3 BHITYCKHHKOB MockoBckoro, Jlenunrpanackoro, HoBocubupckoro, Tomckoro,
Hpkyrckoro ynusepcureroB, MOTU, UpI'TY, XAN.

K coxanenunto, mocie 1991 roga dhunancuporanne CHY ucciaemoBanuii mpekpaTuiaocs. Mbl epe3BaHUBAINCH C
JILA. CobuakoBbIM, IPOBOIMIIH IO €r0 MPOChOE IMU30IUIECKIEe U3MEPEHHS Ha 00Jiee HU3KUX YacTOTaX, TNIAHUPOBAIH
UCIIOIb30BaHKUE YCTaHOBKHU «[edecT».

B nocnennue roael Mosi 1abopaTopusi 3aHUMaeTCsl CEHCMOAJIEKTPOMArHUTHBIMU TIPOLIECCaMU M SIBJICHUSIMU B
Baiikanbsckoit pudrosoii cucreme. Konnekrus naboparopun cokparuiicst ¢ 25 yenosek B 1990 roay mo 11 uyenoBek B
2013 roxy, HO KOCTSIK yIaJloch COXpaHuTh. Bee ocHoBHBIe yuacTHukr CHY mcciienoBanmii ctainy KaHIUJaTaMH HayK.
MsI TecHO cotpyaandaeM ¢ MHctutyToM conmHedno-3eMHoit ¢pusznkn CO PAH, MucTuTyToM 3emHuoii kopst CO PAH n
I'eonornueckum nHeruryrom CO PAH no mnarerpanmonasiM npoekram CO PAH. Koopaunaropamu padot siBisitoTCs
akagemuk ['.A. XKepe6mos u wi-kop. PAH A.IL. TTotexun u3 UC3® CO PAH (Mpkytck). Temartnka Birtogaet B ceOs U
CHUY nmama3soH.

Cn0XHOCTh PabOTHI COCTOUT B C1a0OM (PMHAHCHPOBAHWN HCCIIEOBaHUI. BeencTeue 3Toro TpyAHO OCHACTHTH
9KCIICPHMEHTAJIbHBIE YCTAaHOBKM HOBBIM LH(POBBIM 00OpynoBaHHEM. B HOBBIX YCIOBHAX pabOTBI Hay4HBIX
nmonpaznenenuii PAH neoOxomumo BepHyTh akTyanbHOCTh CHY Temartmke m chopMmMHpoBaTh Ha 0a3e MMEIOIIUXCS
HayuyHbIXx Jabopartopuii PAH n BY30B KOMIUIEKCHBIH MEXIUCUUIUIMHAPHBIA KOJUIEKTUB POCCHHCKMX YUYEHBIX U
WHXXCHEPOB JIJIsl PELLICHNs] MPAKTHUECKHUX 3a]]a4 B MHTEPECcax Pa3BUTHsI HAPOJHOTO X035 CTBA U 0OOPOHBI CTPAHBI.

CnHcoK JUTepaTypshl
1. bamkyes lO.b., Xantanos B.b., Xanxapaes A.B. «Ananu3 ycnosuii pacrnpoctpanenuss CHY paguoBosiH Ha Tpacce
«3eBcy-3abaiikanbe». M3sectus BY3oB. Pagnodmsuka. T.XLVI, Nel2, 2003, ¢.1017-1026.

2. bamxkyes [0.b., Xantanos B.b. [myOuHHBIE pagnonMIleTaHCHBIE 30HIUPOBAHHS 3€MHOM KOPHI C MCIIOE30BaHHEM
anekrpoMarauTHoro ot CHY pagnoycranoBku. @uznka 3emmm. 2001. No2. ¢. 75-84

3. Bashkuev Yu.B. and Khaptanov V.B. Results on “Zeus” station application for electromagnetic sounding of
seismoactive area // Seismo Electromagnetics: Litosphere-Atmosphere- Ionosphere, Eds. M. Hayakawa and O.A.
Molchanov, 2002 by TERRAPUB, Tokyo. p.p. 239-247.

Kamanemounoe A.A. Kparkue BocnomuHanus ydyactHuka padoor ¢ CHU-ucrounnkom 3eBc
1o ABoiHOMY Ha3HaYeHHI0 B 1990-2013 rr. // ['eonornyeckuit UHCTUTYT KOJIBCKOro HAy4YHOTO
nentpa PAH, r. Anatutsl, e-mail: abd.zham@mail.ru

Tlocsawaemcs ceemnou namamu
Anexcanopa Bacunvesuua HAkoenesa,
Jeonuoa Aspaamosuua Coouakoea u
JIvea bopucosuua Ilecuna

[TepBbIit pa3 0 HOBOM Hay4yHOM HaIlpaBJIeHHH, OObeAMHsONIEM HHTEpeckl BoenHo-mopckoro ¢uiota (BM®) u
NTyOUHHOM re03JIeKTPHKH, s y3HaI oT Asiekcanapa Bacuibesuua SlkoieBa u Anaronust Mutpodanosuua PsizaHiieBa B
1975-76 rr., a Takxe u3 crareii C.JI. bepucraiina u ap., (1974) nu B.B. Axunnunosa u np., (1976). Peusr mua o
cBepxHu3koyacToTHOH (CHY) pammocBssu, ¢ MOMOLIbI0 KOTOPOW MMEETCss BO3MOXKHOCThH II€pelaBaTh W IPHHUMATH
MH()OPMANHNIO IO BOJIOH, JUIS CBSI3U C MOTPYKEHHBIMUA 00BEKTaMH H 1TOJ] 3eMJIEH AJIs1 MOHUTOPHHTa AaTOMHBIX B3PHIBOB
u g apyrux ueneit. [Ipo6npie wucmeitannss CHY-pammocBssm B CCCP  mpom3BoAWIHCE € HMCTIONB30BaHHEM
BBICOKOBOJBTHOM JimHUM aekrponepenaun (JIDIT) «Koma-Cepebpsiaka» (BJI-401), HaxomuBIieics Torma Ha CTaaud
CTPOUTENBCTBA. S| CO CBOMMH KOJUIETAMH B 3TH TOJbl ObUI IMOJHOCTBIO IOTJIOIIEH PAa3BOPAUYMBABIIMMUCS MOJ
pykoBonctBoM akaaemuka E.Il. BemumxoBa paboramm Ha momyoctpoBax Cpemnuiit m Pribaumii mo rimyOHHHOMY
30HIUPOBAHUIO 3E€MHOH KOpPBI C MNPUMEHEHHEeM MarHutoruapoanHamudeckoro (MI'J]) reHepatopa «XuOWHBD)
MorHocThio 80 MBT. IToaToMy ocoGoro BHUMaHHs Ha 3TH cBeaeHHs He oOparmi. [losnnee, B Hauvane 80-x romoB
Urops MarseeBud 3apxu cOOOLIMI MHE O ABYX JIMHUSX 3JIEKTPOINEpEeaaur, yCTAaHOBIEHHBIX Ha MypMaHCKOM OJIoke 1
npennasHadeHHbix Ui CHY-paanocesizu. Ho m sta mHbopmanus, nepeaaHHas MHE NOJ OOJIBIIUM CEKPETOM, He
MIPUBJIEKIA MOETO BHIMAaHHSI.
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W tombko B Havame 1990 roma, worma pabotel ¢ MI'J[-reHepatopom ObUIM TMPAaKTHYECKH CBEPHYTHI, 5
OTKJIMKHYJICS Ha Tpeanoxenne Anexcannpa BacunbeBnua SIkoBneBa u Jleonnga ABpaamoBmua CoO4akoBa IMpOBECTH
reoduzndeckue naMepenusi ¢ npumenenneM CHY-anTeHHBI «3€BC». MBI NONYYMIM NMPWIMYHBIA 110 TEM BpeMEHaM
noroBop Ha 20 Teicsd pyOuieil. B ycnoBust 1oroBopa BXOJUIO H3MEPEHNE CUTHAIIOB aHTEHHBI «3€BC» U OIUIaTa apeH bl
BEpTOJIETA JUTs TeoPpu3nUeCKuil nccieaosanmii A.B. SIkopinera.

A.B. SIxoBnes, 1moj Hay4HBIM pyKoBoJcTBOM npodeccopa JII'Y Anekcannpa Bacunbesuua Bemniesa, mpoBoamn
paboThI B MIOJIE-aBIyCTe Ha BOCTOYHOM ITPOIOJDKEHUH aHTEHHBI «3€BC» JUIS ONPEIEICHHS BOZMOXXHOTO HAPAIMBAHUS
ee JUIMHBI C LEJbI0 YBEJIIMYEHHS U3ITyYarolero MOMEHTa HCTOYHUKA «3€BC». MBI IPOBOAMIN U3MEPEHUSI BJIOJIb JOPOTH
Koma-Cepebpsinka u 3a ee npenenamu. PaboTsl CBOM MBI BBITONHSAIN B Mae, KOT/Ia TEHEPAaTOpHAsl YCTAHOBKA «3€BCH
HaxoJujach Ha NPOQMIAKTHIECKOM peMOHTe. TOK MOAaBajics B AHTEHHY «3€BC» IyTeM MOIKIIOYEHUS K HeH
reaeparopa IOPC-67 momHOCTRIO 29 KBT Ha wacrore 0.25 ['m. HecmoTps Ha koHen mas, B paifoHe CeBepomopcka-3
CIUIOIIHBIM ITOKPOBOM Jieskall cHeT. IloaToMy pa30uMBKY NMpPHUEMHBIX JMHHUNA MBI J€Nald Ha JbDKax. B m3MepeHusax u
00paboTKE CHTHAIOB MNPUHUMAIM YYacTHE IIPAKTHYECKM BCE COTPYJHMKM HENABHO CO3JaHHOW JabopaTopuu
reoanektpuku — A.J[. Tokapes, A.H. Illesuos, B.3. Acmunr, F0.A. Bunorpanos, H.B. Oukyp, B.M. I'ypesuu, A.T'.
Smmonbekuii. MBIl HE IPEMHUHYJIM IPOBECTH N3MEPEHNUS] CUTHAJIOB HE TOJILKO Ha MaJbIX, HO U Ha OOJBIIMX yJalIeHUsIX
oT aHTeHHBI «3eBc» — 10 200 kM (BcraBka Ha puc. la). bbutn mosmy4yeHsl HOBbIE UHTEPECHBIE pe3yJibTaThl. Ho Haie
HaCTpPOECHUE CHIIBHEHIINM 00pa3oM OMpavmIo U3BECTHE O Tpareauu, pasbirpasiierics 17 asrycra 1990 roga B 17-34. B
paiione JloBo3epo Ha BeicoTe 2.3 kM motepren karactpody Beproiuer K-32. [Tornbmau — 4 nmwiora u 7 HaIIMX KOJIIET-
yHuBepcanToB. Cpenu HuX — Cama SIkoBieB, MOH YHMBEPCUTETCKHI CTaplluil Apyr, u 1Boe OparbeB I'omyOeBbix. Mx
MOXXHO yBHIETh Ha (oto 9 B pazmene «Dororamepes», rae mpuseneH padoumii smm3oxn 1987 roma w3 apxusa 1O.b
Bamkyesa.

51 BeUTETEN HA MECTO MAJICHHs BEPTOJIETA B cocTaBe [IpaBUTENHCTBEHHOW KOMHCCHM M pa30Oupas oOyTiIeHHbIE
TPymBI, ono3HaBas Topapuineil. [Torom BBIBO3MI MX CHayana B Ope3eHTOBBIX Memikax B JIoBo3epo M 3aTeM yxe B
OLIMHKOBaHHBIX siuukax B Jlenunrpan. M3 obropesuieil moxoaHod cymku Camu SIkoBieBa MHE yAaloch HM3BIeYb
NOJIEBblE JHEBHUKM W BOCCTAHOBHThH IIOJy4YCHHBIE pe3yibTaThl HaOmoneHuid. Hike, Ha puc. 1 IpuBOXY
COXPaHUBILYIOCS CXEMY PACHOJIOKEHHMsI IMOJEBBIX PabdOT €ro W Hamero oTpsiioB. Bce JeHbrM OT X0370roBopa, 3a
BBIYETOM DPAacXOJIOB Ha apeH/]y BEpPTOJIeTa, Mbl MNEPEUUCIHIM CEMbsIM MOTHOImMX Koiier u3 JleHMHrpajackoro
yHHUBEpCHUTETA.

Puc. 1. Cxema pacnonoxeHus
reousngeckux padot 1990
rojia B pailoHe HCTOUYHHKA
«3eBeor.

YcnoBHbIe 0003HAYEHMS:
|—3a3eMIIeHUs] aHTEHHbI
HCTOYHHUKA «3€BC», 2 — IyHKTHI
nabmronenuit ' KHI] PAH,
3 — npoduiu u3MepeHuit
orpsana A.B. Slkosnesa (HU
3K JIT'Y), 4 — ycraHoBKa
YaCTOTHOT'O 30HJUPOBAHMS,
5-10 — rpaHUTOTHEWCOBBIE
KOMIUIEKCHl MypMaHCKOTo
omoka, 11 - pa3momsl.

C rubensio A.B.SIkoBneBa u ero komler reousnyeckue padOTHl HAa MCTOYHHMKE «3€BC» HE MNPEKPaTHIIHCH.
Bounbie Toro — nosBUIAchk HACTOSTENbHAsT HEOOXOAMMOCTh B MX MPOJODKCHNH U ycwiIeHHHd. J[eno B TOM, YTO Hayajo
90-x romoB, KaKk U3BECTHO, 03HAMEHOBAJIOCH KPYTHIMH IIEpEMEHAMU B SKOHOMUYECKON M MOJIUTHYECKOH KHU3HU CTPAHBI.
IlepemeHBI 3TH KOCHYINCHh M yCTAaHOBKH «3€BC». M3-3a pe3koro MmoAopoKaHUSI CTOMMOCTH 3JIEKTPOIHEPTHH, a TAKXKe
COKpameHus (PUHaHCOBOro 00ECIEeYeHHsI UCTOUYHHMK «3€BC» MOTEPsI BOZMOXKHOCTh pabOTaTh B «IITATHOM» PEXHME.
Bo3Hukiia yrposa HOJNHOM OCTaHOBKHM CTaHIMH, TaK KaK IEPCOHAT Tepsl KBaIM(HUKAHMIO. B 5THX YCIOBHSX, IO
MHHUIMATHBE TOTJAIIHEro KoMaHaumpa «3eBca» ['eHHaausa MuxaiinoBudya KagplmieBnya W BeOyIIero HH)KeHepa
kanutana 2 panra lOpust Tumodeeuua Iloxbepeskuna, I'eonormueckmit mncturytr KHL] PAH oOpatumics x
ryboepHaropy Mypmanckoit oosactu FOputo AnekceeBuuy EBIOKMMOBY ¢ TIPOCHOOH O BBIIEICHUH «3EBCY» JILIOTHOTO
sHeprooOecrieueHus. B muceMe cooOmianock, 4TO yCTaHOBKA MMeEET JBOMHOE Ha3HaueHHWE M NPHUHOCUT TONB3Y HE
toabko BM®, HO u HapomHoMy Xo3siictBy MypmaHCKoil o0iacTH, cHocoOCTBys pa3padOTKe COBPEMEHHBIX
TEXHOJIOTUH M3ydeHHUs TITyONHHOTO CTpOoeHus pyAHbIX noinei. [Ipockba Obuta yaoBieTBopeHa, U «3eBc» 3apadotan. Ho
MIPUMEHEHHUE €ro U PEIICHUS KOHKPETHBIX TI'e0JIOro-Teo(M3MUECKUX 3a/ad OCTaBaJoCh, B OCHOBHOM, Ha CIJIOBax,
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HECMOTpsI Ha ycuius SHTy3uactoB 3tux pabor JI.A. CoGuakoBa u JI.b. Ilecuna. PeanmbHOMYy BOIUIOIIEHHIO HJCH
KOHBEPCHUH TPEMIATCTBOBajIa HEOOXOUMOCTh pabOThl «3€BCay B PEKUME MOCTOSHHON 00E€BOH TOTOBHOCTH BBIWTH Ha
CBSI3b 1O NepBOMY BBI30BY. Kpome Toro, o0opymoBaHue «3eBca» CTapeio W IUIOXO MEPEeHOCHIO CMEHBI YacTOTHOTO
peXuMa, CTOJb HeoOXOoJuMble Teo(U3UKaM Uil 3JIEKTPOMAarHUTHOTO 30HIMPOBaHHUs 3eMHOI Kopbl. Tem He MeHee,
LEINBIA PSIJT KHTEPECHBIX PabOT HaM yIaIOCh ITPOBECTH.

B 1991 roxy A.H. llleBnoBem, A.A. Kamenckum u A.J[. Tokapesim (' KHI[ PAH) ¢ momomipto cTaHIum
OPC-67, moaxIrOYeHHON K aHTEHHE «3€BCY», OBUIHM BBIIIOJHEHBI YacTOTHBIC 30HaupoBanus B [larmackom n denopoBo-
[Tanckom paiionax Kombckoro monyoctpoBa. OTH  pabOTHl NOKa3aJid BO3MOXKHOCTH IIPOCICKHBAHUS  PYHO-
MIEPCIIEKTUBHOTO JKEJIe30-TUTAHOBOTO TOPH30HTAa Ha TIMyOMHE 2 KM, IOACEYCHHOTO B OJHOM MECTE€ CKBAXHHON W
TTOITBEPKAEHHOTO JEKTPUISCKAM KapOTaKeM U HAITMMH HaOJTFO ICHISIMH.

B 1992 roay cocrosttack skcnenumusi B OUHISHINIO COBMECTHO C OTpsanoM WHctuTyTa okeanomormn PAH
(Huxomaii Ianemmn, Braguvup Eropos). Ot ' KHII, momumo mens, yaactBoBanmu A.J[. ToxapeB u A.H. IlleBros.
OcHoBHasi 3ajgaya aKcreauiuu, chopmynupoBanHas npodeccopom JIJI. BanbsHOM, 3akiioyanack B H3MEPEHUU
curnaioB duncko-1IBenckoii JISII nocrosiHHoro Toka. [lomyTHO (JUIs MOACTPaXOBKM padoT) s 3aXBaTHII «3a Oyrop»
annapaTypy Uil U3MEpeHHsl CUTHAJIOB UCTOYHMKA «3€BCay U 3apaHee COIIacoBall CETKY YacTOT U PEXKUMBI PabOThI, HE
BJIaBasiCh B MENKHUE JeTanu. V3mepeHus: curHajioB «3eBca» BBIMIOJHSIINCH C aHanoroBoi cranuieil A.H. Bacuinesa,
C.A. HockoBa u C. BopoHnHa, OCHOBaHHOW Ha MPUHIUIE CyNEepreTepoauHa, ¢ MOCIEAYIOWEH 3aIuChl0 Pa3HOCTHON
yactoTsl 5 'l Ha mudposyro cranumio [HANUC (CU3-LHAUC). [lepBbie n3MepeHns: CUTHAJIOB, BBIIOJIHEHHBIE B paiioHe
6azoBoro jarepsi, He Jajkl MOJOXXUTEIBHOrO pe3yibrara. CurHan He ObUI BHIEH 3a momexamu. Kaszaiock, 4Tto Bce
HanpacHo. Ho mpI ¢ A.Jl. TokapeBsIM BBIEXaJIH Ha CeBep, OMIKe K HCTOYHHKY, B ipeaens! LlenTpanbHo-OuHIIHICKOTO
TPaHUTOMIHOTO MaccuBa, B Touky Ilapkano. M3mepurensHple muHUN ATHHON Mo 500 M paccTaBisuid B KPOMEITHON
THME Yepe3 TYCTHIC 3aBaJIbl 3aCOXIINX MMOBAJICHHBIX AepeBbeB. U — 0 uyzo! CHrHaIBI BEIPHCOBAINCH COBEPIICHHO YETKO
Ha DJIEKTPUYECKUX W Ha MarHUTHBIX KaHanax (Puc. 26). Ilocie aToro Mbl 3anmucany ermie 0oJjiee OTYETIUBBIC CUTHATBI
[0’)KHee 0a30BOTO Jarepsi, Ha TpaHMTOMAHOM MaccuBe PamakmBu Ha ynameHmn 1000 KM OT HCTOYHHKAa W MEHEe
yBepeHHbIe curHaibl Ha yaaneHnu 1100 xm B paitone Typky (Puc. 2a).
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Puc. 2. [Tpumep
pEeTHUCTpAIlil  CHUTHAJIOB
HCTOYHHKA <«3eBC» B
peaslkHOM BpEMEHH Ha
ymaneaun 900 kM B
TOYKE ITapkano
(DunHATHINS).

0

Korna Ha 0OCHOBE MMOJTyYSHHBIX PE3yJIbTaTOB ObLIA MOJATrOTORJICHA CTaThs B KypHal «Jloknanst PAH» [Benuxos u
ap., 1994], pykoBomutens padbot akagemuk E.I1. BenuxoB mpu MHE M0o3BOHWI HavadbHUKY CBsi3u FO.M. KoHoHOBY u
CIIPOCHIT — MOXKHO JIM IyOJKoBath. FOpuit MuxaiinoBiY OTBETHII YTBEPANUTEIHHO, COCIIABIIUCH Ha TO, YTO «3€BC» yKe
HaIllyMell 110 BCEH IUIaHeTe U BCE eTo AaBHO «3acTyKalli». Tak coCTOsIICS BBIXO[ «3€BCa» B CBET, B OTKPHITYIO MEYaTh.

B 1993 roay cocrosiiach HOBasi COBETCKO-(MHCKast SKCIEULM, Ha 3TOT pa3 Ha Teppuropun CCCP, B Kapenun.
ME&I poBeNnH W3MEPEHUsT CUTHANIOB «3€BCa» B TOYKaX 2-5, MOKA3aHHBIX Ha pUC. 2a. Pe3ynbTaThl 3THX HAONIOICHHM,
COBMECTHO C JaHHBIMH, TOJYYEHHBIMH B TpensiaymeM roxy B HOxnoi PUHISIHIWN, MO3BOJIWIM HaM OTYETIHBO
YBHIETH BIMSHHE HOHOC(HEPHI U BIMSHIE TOKOB CMELIEHHUS HA XapakTep HabmromaeMsIx moneid. MizydeHneM 3THX ABYX
SIBJICHUI MbI 3aHUMAJIMCh HECKOJIBKO MOCJIEAYIOIINX JIeT B paMkax rpaHta PODU 96-05-64387 «Bnusinue nonocheps
Ha pe3yNbTaThl HJIEKTPOMArHUTHBIX 30HIUPOBAHMI C MOIIHBIMH KOHTPOJIMPYEMBIMH HCTOYHMKaMI». B pamkax 3Toro
rpaHra pa3padaTbIBajy CIIOCOObI yueTa HOHOC(Epbl M TOKOB CMEIEHHsI Ha Pe3yJIbTaThl INIyOHMHHBIX DJIEKTPOMAarHUTHBIX
3oH1upoBaHuid. Ho Bce ke caMbiM sipkuM coObiTHeM 1993 rona auist Hac SIBUIIOCH OOHApYKEHUE C TIOMOIIBIO0 HCTOYHUKA
«3€BC» CHIIBHEHIIEr0 CTATHYECKOTO CMEIEHNsI KPUBBIX Ka)XKyLIETOCs COIPOTUBIICHHUS], BBI3BAHHOTO HEOJHOPOJHOCTHIO
TOHKOTO cJI051 MOpeHbl. OOHAPYKMIIM MBI €r0 ITyTE€M NPOBEICHUs] U3MEPEHUH CHTHAIOB «3eBca» IpH IBYX JUIMHAX
n3MepuTenbHbIX JuHUM - 100 M 1 700 M. AMIUTUTYAa 371€KTPUUECKOro CUTHANA IIPYU 9TOM yBEJIUYMIACh HE B 7 pa3, Kak
noaraercs, a B 21 pa3. COOTBETCTBEHHO, Ka)KyIlleecsi CONPOTHBIEHUE BO3POCIIO IO AJIEKTPHYECKOMY II0JII0 B 3 pasa, a
mo wMnenancy — moyrdn B 10 pa3. DT1o oOHapy)XeHHE IIOMOIJIO YTOYHHTH METOAMKY H3YYEHHs I1apaMeTpoB
«HOPMAJIBHOTOY» pa3pe3a JuTochepsl U JIerao B ocHOBY MexayHapoaHoro rpanTta . Copoca u IIpaBurensctBa PO.
Per Ne RLZ-000 u RLZ-300 «HopmanpHast KprBasi KaXXyIIerocsi CONPOTHUBICHUS BalTHIICKOTO IIUTa MO pe3ylbTaraM
30HANPOBAHUH C €CTECTBEHHBIMU M KOHTPOJIUPYEMBIMHA UCTOYHUKAMU B quanazone mnepruoos ot 0.001 mo 1000 c.

1o nToram HaKOIJIEHHBIX MaTEPUAJIOB SKCIEPUMEHTAIBHBIX U PACUETHO-TEOPETUUECKUX PadOT s CAENaN JOKIaz
Ha [Ipesmmuyme PAH 19 nexadpsi 1995 roga o mepcrektuBax npumeneHnss CHY-anteHHBI «3eBc» B pamKax
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KOHBEPCUH [UIsl TOMCKa TOJIE3HBIX HCKOIAeMbIX, MIyOMHHOW Teo(M3uKH M /s MporHo3a 3emierpsicenuit. Tekcr
JOKJIaJla IPUBEICH B TJIaBe S5 HacrosAmero cOopHrka. B mpenmsax BeicTymm akagemuk Hukomnait [TaBnoBua JlaBepos.
OH momepxan mpeajaraeMyro MporpaMMy W MpuBed HarusiaHbelid mpumep mo CaxanuHy 00 3ddexkruBHOCTH
3IEKTPOMArHUTHOTO MOHUTOPHHIA 3€MJIETPSACEHUN B KOMILJIEKCE C CEHCMOJIOrMYecKiM IporHo3oM. Hano cka3zars, uTo
npsMO K JIokiany mopocnena teiaedonorpamma ot Asekcannpa Kaprnouua CapaeBa. B Tenerpamme oH coobuian c
CesepHoro KaBka3za, 4To TaM NpOBe/€HA YCIICIIHAsi PErUCTPALlUsl CUTHAIOB MCTOYHHMKA «3€BC» M UTO 3TO SIBISETCS
000CHOBaHNEM I1€7IECO00PAa3HOCTH €ro MPUMEHEHHS JIIsI MOHUTOPHHTA IPEIBECTHUKOB 3eMJIETPSCEHHH.

B 1996 romy MBI MpOBENHM 3KCICAWIMOHHBIC HAONIOJCHHUS CHTHAJIIOB HCTOYHUKA «3€BC» MO MpOodHIIro,
npotskeHHocThi0 1200 kM oT 1. Amatutsl A0 Jlagorn. Mbl HCNONB30BaIM HOBBIM KOMIUIEKT W3MEPUTENIBHOM
amnmaparypbl Ha CyIepreTeponuHe ¢ MPeAyCHIUTEIIMH Ha OonTpoHaX. llomydeHHBIE pe3yNbTaThl, HApSAAy C HOBBIMHU
JMAHHBIMH, yKa3alld HaM Ha P HEIOCTATKOB M HAa HEOOXOIUMOCTh KapAHHAIEHOTO OOHOBIICHUS TTapKa U3MEPUTEIFHON
anmaparypbl. [IpuMeHeHne cymnepreTepoArHa TO3BOLSUIO C BBICOKOW TOYHOCTBIO PETUCTPUPOBATH CHUTHAIBI
KOHTPOJIUPYEMBIX HCTOYHHKOB Ha JKECTKO 3aJaHHBIX MJHCKPETHBIX YAacTOTaX, HO IOJHOCTBIO OTpEe3ajo HaM
BO3MOXHOCTb U3MEPEHHMS MOJIeH €CTeCTBEHHBIX UCTOYHUKOB Juid npoBeaeHus MT-AMT 3onaupoBaHuil B JONOIHEHUE
K YaCTOTHOMY 30HAMPOBAHUIO.

B 1997 romy, ¢ 12 mo 22 mas cocrosjack CiyxeOHas koMmauaupoBka B Kwuraii ¢ menerarmein or BM® no
npoOiieMe ABYCTOPOHHMX HCCIENOBaHWII B 00JacTH pa3pabOTKM M TNPUMEHEHUs MOIIHBIX KOHTPOJIHPYEMbIX
ucrounnkoB CHY nuanazona. Bosrnaeisun generanuto JleB bopucosuu [ecun. B cocraBe meneranuu Obutn ['eHHAIMN
CrenanoBnu Hepoba (komuccap), Jleonun AspaamoBuu CoOuakoB, Anekcannp Kapmosuu Capaes, Bbopuc
KoncranturoBud ['opOynoB, Banepuii CemeHoBrd AkyinoB. Beuto oueBumHO, 9T0 podaeMa MporHo3a sSBIsIIach JUIIb
npukpeiTieM. Kuraiickoit cropone HyxHa Obuta roroBas CHU-yctaHOBKA 1T CBSI3U ¢ TIOJBOJHBIMH JIOJKAMH. A 9TO
OBUTIO HY)KHO HAaIled CTOpOHE s He 3HAN W He BOABaJICS B JETaNH, T.K. MOS 3amada Obuia cyry0o TpakmaHCKas,
CBSI3aHHASI C MHTEPIIPETALleH Pe3yIbTaTOB 30HANPOBaHMs 3eMHOM Kopbl B CHY nuamazone.

B Tom ke 1997 romy cocrosiiace MexayHaponHas skcnenunusi «bemoe mope - YmbOa». B akcnemunnu
y4acTBOBaJM cOTpyOHHMKH YHHUBepcutera Oyiy ¢ mmpoxoauanazoHHoii AMT-MT ammapatypoit, HUU 3K CII6I'Y ¢
anmaparypoit AK®-2 u me1r, ' KHI[ PAH c anmapatypoit C43-95 nns 3onauposanuii ¢ CHY ucrounukoM «3eBcy.
®unckue komteru (ToiBo Kopes n OpHe Mapkko) mpusesnu ¢ coboit 6onbiioit mapk MT-AMT anmapatypsl Ha
q)eppo30HzLax 1 MHAYKOUOHHBIX TaTYUKax. CuiipHO U3MYYUJIN MCHS TaMOKCHHBIC HpOGJ’leMbI, CBA3aHHBIC C nepeBo3Kof/i
reoduznyeckoil anmaparyps! u3 @unnsiHaMK B Poccntio 1 o0paTHO. 51 Bce 3TO npeo1oses, HO Kak 0Ka3aJloch, HAPacHOo.
Huxakux pe3ysbTaToB HE NOJyYMJIOCH IO HEMOHSTHOW MHe mpuumHe. To 1M (UHCKas ammapaTypa oKasajlach
HEHCIPABHOM, TO JIM JAaHHBIE MPONAIN B YpeBE KOMIIBIOTEPOB, TO JIM MOTOMY, YTO YBOJIMIN MapKKo, KOTOPBHIH BCeM
sTiM Biagen. B skcnemumuu yaactBoBan u cotpynauk HUUM 3K CIIOI'Y Bomons PomanoB ¢ ammapatypoit AKD-2.
Hapesncst 1 Ha Hero, HO ¥ OH HUYErO TOJKOBOTO HE MOJMYYHJI. B WTOre MBI CMOTJIM TIOJMYYHThH HETIOXHE PE3yIbTaThI
TOJIBKO 3a CUET MCTOYHHMKA «3eBc». OHU MpeACTaBlIeHB HA PUC. 3 B BUAE MIyOWHHOTO I'€0JIOTO-T€03JIEKTOPHIECKOTO
paspesa no uanK «benoe mope-Ymb03epo-KoHTozepo-bapeHiieBo Mope» IpoTsHKEHHOCTBHIO 0KoJi0 300 kM.

2 \ Puc.3. Pe3ymnbTaThl
o @ . §‘4 p[/\q% 3IIEKTPOMATHUTHBIX
‘ 0 30HAMPOBAHUI C
Q?Si 7 /] "onecryy A W’; HCTOYHHMKAMU
e 7 / A,Ey / %8\ )\ «XunOuHBI» U «3eBC»
g " 7/ / / 1o npoduito
< /i‘ . «Benoe mope-
10 f ./ AL L L L Ll f L VmGo3epo-
° @ Kook Wi nonyocreos 300k Kownrosepo-

Benoe /1 o 3 5 YMBo3EPO 5 rxlorgos%)o O\ Bapenueso bapenueso mope»
_MOpE L/ L |7 —— oV arwruts . e (nonoskenue
_O;;:ET%Q 2 s j"’ o XY AT, L TNk npoGuILs

e g R AV e e e 0003HAYEHO TIOL
4 6 T HOoMepoM 1Y Ha
Bpe3Ke).

a — paspe3 YIENbHOTO JJIEKTPUUECKOTO COMPOTHBIECHUS; O — TIeoJOTMYecKHd paspe3 Mo pe3yjbTraTaM
30HIMPOBaHMI B KOMILIEKCE C APYIMMH Teosoro-reodusndeckiumu aanHbivMu (o B.. [oxunenko u A.A.
KamanernuHoBy). Lludpamu 0003HAUEHBI Te€OJOrMYECKHE KOMIUIEKCHI: | —yMOMHCKHE TpaHYJIHTBI; 2 —
[Topperydcko- YMOMHCKast 30Ha HaABHTa; 3 —CylpakpycTajbHble 00pa3oBaHus; 4 — KHCIOTyOCKHE THEHCHI-
yIIbTpaOnacTOMWIOHNTHI; 5 — MIHro3epckuii 6J10K; 6 — TOMUHICKasl CIaHIEBasi CepHs; 7- LEHTpalbHasl 30Ha
Wmannpa-Bap3yru; 8 — LlerrpansHo-Konsckuii 610k; 9 — KoHTo3epckas xampaepa npocenanus; 10 — 30Ha
Kommosepo-Boponss; 11 — MypmaHckuii 010K.
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B 1998 roay mosiBwiICS MHTEpEC K MCTOYHHKY «3€BC», CBSI3aHHBIM C M3YYCHHEM BIUSHHSA JTyHHO-CONHEYHBIX
MPUINBHBIX JedopMmanuii Ha 3JIEKTPOIPOBOAHOCTh 3€MHOW KOpbl. MHuimmatopom storo HampasneHus cran A.K.
CapaeB. MBI K HEMY NPUMKHYJIM U 32 KOPOTKOE BPEMsl MOJIYHHIIM PsiJi BAOXHOBIIIONIMX Pe3ysibTaTroB. OmyOarKoBaiu
1O 3TOW TeMe psij cTareil B LEeHTpaibHOM mevatH. OnHAaKo, Ha 3TOM €0 M OCTAaHOBHJIOCH, MOCKOJIBbKY JOOUTHCS
HIOJIHOW TOBTOPSIEMOCTH JIYHHBIX BO3MYLICHUH B AJIEKTPOMAarHUTHOM Iojie He yaanoch. OOHapy»XHics 3aMaHuMBBIN
KpYyr CcOOJIa3HMTENBHBIX COBIAJCHUM, HAIOMHUHAIOMIMI CUTyalWio, IOBCEMECTHO HaOIIoJaeMyl0o B Ipoldiieme
CEICMUYECKOT0 U AJIEKTPUYECKOI0 MOHUTOPUHTA IPEABECTHUKOB 3eMIIETPSICEHUI.

B Ttom xe 1998 rony Ha reomarHuTHO# 1mkosne B CuHae g BBLABHHYJ IIPOEKT MOHUTOPHHIA 3€MIIETPSACCHHUN B
PyMBIHUE B TTOJIE HCTOYHHUKA «3€BC» MO CllefiaM KpynHoro 3emierpscerns B byxapecre. [Ipoekt moanepxan TUpeKTop
Wnctutyra reommHamuku Pymbmamm  3yrpaBecky mnpu  mnocpeaHmdectBe Jumurpy Cranuka. Ilpuerymmmm
COCTaBJICHHIO MEXaKaJIeMHUYECKOro IpoeKTa, Ho mHunuatuBy nepexsBatmi A.K. CapaeB. OH MOIHSI aHAIOTHYHYIO
KaMITaHHIO MOHUTOPHHTA C UCTOYHHUKOM «3eBc» B Kurae u yBiek kuraiinieB Bo riase ¢ JKao-I'o-/[33. Heobxomumo
otaath AoinkHOoe. Anekcanapy Kapmosumuy. OH He mocpammi PoccuMiCKyl0 HayKy M CyMell NMPOBECTH YCHEUIHYIO
PETUCTpaIfIO CUTHAJIOB UCTOUHUKA «3€Bc» co cBoeil amnapaTtypoit AK®-2 B Kutae Ha ynaneHusx 10 5-7 ThIC. KM.

B 1999-2000 ropax Havaics eiie OJUH HOBBIM BUTOK MHTEPECOB K HCTOUHHKY «3€BC», CBSI3aHHBIN C MEPEX010M
Ha KHY nnanazon, To ecThb Ha 4acTOThl B €OUHHUIIBI M TEpBbIE NECATKU repl. Pa3zpaboTka 3TOro HarpabieHUs
olpeziessiyiack HE0OXOJMMOCTBIO YBEINYEHHS TITyOUHBI Ilepe/ladydl CUTHAJIOB Ha MOTPYKEHHbIE CyOMapHHEI C JAECSITKOB
JI0 TIepBBIX coTeH MeTpoB. [lepBbie padoTs! BeimomHmI JI.A. CobdakoB coBmectHO ¢ C.B. TTomsikoBeiM. OH H3roTOBHUI
renepatop Kosa mommuocteio 100 kBt n mpoBen cepuro HabmroneHui Ha ynaneHusx 10 1500 kM oT ncToyHHMKa Ha
4acTOTax OT ECATKOB J0 AECAThIX foJieH ['epua.

B 2001 roay cocrosimack ciayxkeOHast KoMaHAUpoBKa ¢ nereranueit BM® B Kuraii (Ilexun, Yxans). Ha aT0T pas
oOcyXnanace KOHKpeTHas pa0oTa, CBA3aHHAs C HMCTOYHHKOM «3€BC» M C OpraHu3alieldl I'eOANHAMHYECKOTO
MporHO3HOTO TojuroHa Ha Tubere. Poccuiickas cropoHa Opamach M3rOTOBUTH TeHeparop MomHOCThi0 200 kBT u
pazpaborarh MeToAuKy HaOmoaeHui. Bosrnasnsut neneranuto JI.B. Tlecun. B cocrase nenerauuu 6butu [.C. HepoOa,
B.K. I'op6ynos, B.C. Axynos. [1o utoram coBemanus TpeGyemsiii renepatop Obu1 m3rotosier B HUU 11T u nocrasiexn
B Kuraii, Ho nanpHelas ero cyp0a ocranach B IiTyOOKOH TaiiHe.

B nepuox ¢ 2000 mo 2005 roawl nuunmatuBy B paspadborke KHU-remaruku B3sut Ha ceds JI.B. Tlecun B pamkax
Tembl JluBazms W 1OOWIICS LENOro psiAa CYLIECTBEHHBIX pPE3yJbTaToB, OmucaHHbIX B crathe [0.B. decenko B
HacrosmieM cOopHuke. OmHMM K3 Haubojee BaXKHBIX JOCTIDKEHHH SBHJIOCH CO3JaHHE MAakKeTa ammapaTypHOro
xommiekca KHY nuanmazona Ha ocHOBe reHepaTopoB «OHeprus-1» u «OHeprus-2» momHocTtsio 100 u 200 kBr,
cOOTBeTCTBeHHO. ['eHeparopsl coznanbl cwiiamu LleHTpa Qusnko-texunueckux npobiem sneprerukn Ceepa KHI]
PAH mnpu Benymem ydactum ['eomormueckoro mactutyTa KHI[ PAH. OcCHOBHBIME pa3paOoTyMKamMH CTaHIMHA U
CpeIcTB uX coriacoBanus ¢ mpoMbinuieHHBIME JIDIT sBrmck corpynauku LIOTIIOC B.B. Konobos, M.b. bapanauk,
II.U1. Tpoxomuyk, B.H. CenuBanoB wu 3aB. nab. A.H. Jlauunun. Paspaborka merommku KHY pagmocssizu
OCyIIeCTBIsUIACh ¢ ydactueM [eonormueckoro nHetutyta KHII myTrem mogkmrodeHust Ha MEPBBIX 3Talax reHeparopa
OPC-67 moutHOCThIO 29 KBT, a 3aTéM 1 03HAUYEHHBIX TeHEPaTOPOB cepuu «DHeprus» cHadana k JIDII JI-401, a motom u
K aHTEHHOH cHucTeMe HCTOYHHKa «3eBc». CHUrHajibpl MOJABAJUCh IO 33JaHHOM MporpamMme BO BpeMs IPOBEACHUS
«XOZIOBBIX» HCIIBITAHMH Ha MOPCKUX M OeperoBblx oObektax BM®. B artoii paboTe HamMM HEpeMEHHBIM
nomoruHukoM Obut FOpuii JImurpuesud JlucuupiH. OCHOBHYIO pa0OTy MO MOHTaXy M JKCIUIyaTallud T'eHepaTOpHOMN
ycraHoBku OPC-67 Ha BJI-401 Bemonuan Anekcanap Jmutpuesuu Toxapes mpu coxeiictsuu FOpus MacymoBuua
Hespernunosa, Uropst MaTtseesuua 3apxu 1 HadanbHuka 11/c 200 Komuepro Banepus Hocudosuya Tpodumunka. He
OTKpOIO OOJIBIIOTO CEKpeTa, €ciii COOOIly, YTO BO BPEMS KaXXIOTO HCIBITAHHS MBI BBICTAaBIISUIM HW3MEpPHUTEIbHBIC
CTaHIMM B caMbIX pa3HbIX paiioHax Konbcko-Kapenbckoro pernona, a 4acTeHbKO W 3a T'paHULEH, U pellald CBOW,
3eMHBIE 33/1a4M, CBSI3aHHBIC C pEIIeHHeM (YyHAaMEHTAIbHOM NPOoOIeMbl (HM3MKM 3€MHBIX HEAP M C H3Y4YECHHEM
IITyOMHHOTO CTPOEHUS PYJHBIX paifoHOB. TakuM 00pa3oM M peaan30BbIBAIACh MIES HCIOIb30BaHN HCTOYHNKA «3EBCH
110 IBOMHOMY Ha3Ha4YEeHHUIO.

B 2007 u 2009 rogax, uCIONb3ys HOTYYEHHBIN OIMBIT PA0OTHI C ICTOYHUKOM «3€BC» U ¢ MPOMBIIUIeHHBIME JIOIT
MbI, coTpynHukH ['eonornueckoro nacruryta KHII PAH coBmectrO ¢ LIDTIIDC ocymecTBuIM 1Ba YHUKAIBHBIX IS
MHPOBOW  TPaKTUKKM MeXIyHapouHbelx odkcrnepumenta FENICS-2007 w  FENICS-2009 mno riayOuHHOMY
AJIEKTPOMArHUTHOMY 30HIMPOBaHUIO JUTOChepbl DEHHOCKaHAMHABCKOTO HIMTA C KCIOJIB30BAHUEM JIByX B3aHMHO
oproroHaneHbeiX JIOII JI-401 wu JI-154. Ilo cBoell cyTH sI CpaBHUBAK OSTH 3KCIEPUMEHTHl C OSKCIEPUMEHTOM
Maiikenbcona Mopiu 10 H3MEpPEHHIO CKOPOCTH CBETa B JBYX HalpaBiIeHHsX. MblI, HCIONB3ys JBE B3aUMHO-
OPTOTOHAIBHBIE H3JIyYalOIIMe aHTEHHBI, MCCIEJOBAIN YAEIBHOE HJIEKTPHUUYECKOE CONPOTHBICHHE HIKHEH YacTh
KOHTHHEHTAJIBHON JIUTOC(Ephl U MOKA3aIM, YTO OHO HE 3aBUCHUT OT HAIPABJICHHS MOJIIPU3ALMN TIEPBUIHOTO IIOJIS, TO
€CTh SIBIACTCS W3OTPOIHBIM, TOPH30HTAIGHO-OZHOPOAHBIM. OTOT pe3ylbTaT KapAWHAIGHO H3MEHWI HAIlU
MIPEACTAaBICHNSI O CTPOCHWH HIKHEH YacTH 3€MHON KOpBI M JHUTOC(EpPHl B IIEJIOM, MOCKOJBKY AWaMETPalbHO
OTIIMYaeTcs OT paHee MOIy4YeHHbIX OaHHbIX MT3, OCHOBaHHBIX Ha HCIIOJIb30BAHWU ECTECTBEHHBIX HCTOYHHKOB
JIEKTPOMArHUTHOTO OIS,

2011 roa. B 3axmiodeHne KpaTKOro OMHCaHHWS paboT HE MOTY He YIMOMSHYTh moiydeHHbIH B 2011 romy ombiT
ucnonb3oBanuss CHY-ucrounnka «3eBc» MpH U3yYEHHH TITyOMHHOTO CTPOEHUsI Ta30-He(TenepcrneKTHBHBIX paifoHOB
3anagnoit Cubupu. Ilpu copelictBuu [lomsipHoro reodmsuueckoro wuucrutyta KHL] PAH B smne Banepus
denoceeBnua ['puropreBa HaM BBIZEIHIIM [Ba CEaHCca Pa0OTh HCTOYHUKA «3€BC» Ha COIJIaCOBaHHOM ceTKe 4acToT. Mbl
YBEpEHHO 3aUKCUpOBaIU CUTHANEI Ha yhaneHnn 2100 kM ¢ npeBsimienuem 6oiee 10-20 genuben Hax mrymamu. OTO
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TO3BOJIMJIO HaM MCIOJBL30BaTh T0JIE HCTOYHHUKA «3€BC» i Oojiee TOUHOH B cpaBHeHUH ¢ AMT3 oneHku (Ga3oBbIX U
aAMIUTUTYAHBIX MapaMeTPOB BBICOKOYACTOTHOW 0OJACTH KPHBOH YaCTOTHOTO 30HAWMpOBaHWA. B nmanpHeiimem, mpu
pelieHur 00paTHO# 3a1a4un 3TH TaHHBIC ObLTH MCIIOJIb30BaHbI B niporeaype Okkama Jisl MPUBSI3KK (DAa30BBIX JUArpaMM
Ha HHU3KHX YacTOTaX M OINPEHACICHUS TOJIOKEHUS HEe(TENEepPCIeKTUBHBIX TOPU30HTOB HA TIIyOMHAX 10 2-3 KM.
[TonyueHHBIC TaHHBIC XOPOIIIO COBIAIH C Pe3yJIbTaTaMU CBepXriryookoro Oypenus [XKamanerauuos u ap., 2013].

B xone mmHyBmIero moseBoro ce3oHa, B mwHe 2013 roma, Onaromaps onepaTUBHOW MOIACPIKKE AHApeEs
BiagumupoBrnya MosibkoBa MBI BBIIIOJIHUAJIM U3MEPEHUSI CUTHAJIOB «3eBca» Ha yacTtorax 41, 62, 82, 144 u 188 I'u Ha
yaactkax KoBmop m Ymomokma. B manpHeleM, Ha CEHTAOPH IUIAHUPOBANIOCH MPOBECTH M3MepeHus mo cxeme 2005
roja, MyTeM MOAKIIOYCHUS HAIlleTo TeHepaTopa « DHepriusi-2» K aHTeHHe «3eBCy», HO padoTa He COCTOsIIACh MO IPUIHHE
PEMOHTHBIX PadoT.

3aBepimasi BOCTIOMIHAHUS O ITOYTH YeTBEPThBEKOBOU nctopun padot ['eomornuyeckoro nacruryra KHL[ PAH u
Hentpa ¢uznko-rexanyeckux npobdiem sueprerukn Cesepa KHI[ PAH ¢ nctounnkom «3eBcy, BEIpakaro HaASKIy Ha
TO, YTO YCWIHMA HAIlM OBUIM MOTPAa4YeHbl HE 3pA. XOdy HAAEAThCS, YTO CO BpEeMEHEM Ha o00bekTe «3eBc» Oyaer
CYIICCTBOBATh JCKypHAsl TPaXKIaHCKas TEHEpaTOpHAas ycTaHOBKAa «JHeprus» MoinHocThio 200 kBT, cmocoOHas
BBITIOJIHATH, 10 coryiacoBanuto ¢ LleHTpom cBsizu BM®, npaktuuecky BakHbIE 3a1a4u U3y4eHHs 3eMHBIX Henp Kaperno-
Koubckoro perrona u cnoco0CTBOBaTh HapalMBaHHIO MHHEPAIbHO-CHIPLEBOiT 0a3bl ceBepo-3anana Poccun.

Cnucok JIMTepaTyphbl
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195



I'naBa 6. @orToranepesn

®oro 1. UiteHbl rocyaapcTBeHHOW KoMuccuu 1o mpreMmke PIIM-2 BTopoii ouepenn o0bekTa
«3eBey.

CneBa HampaBo: MNOAMONKOBHMK Mapkun A.H., crapmmii umxeHep-ucnbeiTaTtens wmaiop J[Jopodeen
Anexcanap bopucoBuu, 3aB. kadeapodl paguoTeXxHUKH JIGHMHIPAACKOTO TMOJUTEXHHYECKOTO HHCTHTYTA
Huxkua W.A., nadansauk 180 momurona BM® kontp-ammupan MepkynoB U. U., rmaBHBIN KOHCTPYKTOP
KTC «Bapuanus» Ypamses H).D., nHadampHuk PIIM-2 oObekra «3eBc» DUIMIUYCHKO, HaYaIbHUK
Cesepomopckoro ¢unuana 180 monurona BM® kan. 1 panra Craguumuenko I'.Il., crapmmii umxenep-
ucreITaTenb Kam. 1 panra FOwom Amnaronmmii HukomaeBwd, HawambHHMK otaena 180 mommronma BM®
I'opOynoB b.K. (13 apxuBa F0.M. Kononosa)

@010 2. AIMUHUCTPATUBHBINA KOPITYC 00BEKTa «3€BCH
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®orto 3. Ilocemnenne HadYaTbHUKOM CBsI3U BM® 3aKOHYEHHOTO CTPOUTENHCTBA TIEPBOM OUYepeIn
o0BeKTa «3eBey.

Crnesa HampaBo: MoxunaueB A.Il., CounukoB A.I'., [lorumatkun B.E., Y nanses 10.3., Kpsuios M.M., 777,
T'opoyunos B.K., Ilecun JI.b., Mepkynos W.W., [Tandpunos A.C., Cragauuenko ['.I1. (M3 apxusa FO.JI.

Jlucunpina).

®doto 4. UecTBOBaHUE BeTepaHOB 00bekTa «3eBcy, 2007 ron

Crnesa nampano: [lIBermuenko FO.JL., bamyto C.H., ITomoros E.I'., Tkauenko A.®. Caxun E.I'., Ky3Hemnos
B.H., Mapkua A.H., Kosua A.O., Cumopuyk B.C., beikoB A.H., Ilyxambckuit B.C., Huuumopyk P.U.,

Metunun 10.H. (U3 apxuBa A.B. Monbskosa).
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« . 92 ®oro 6. Komannup odwekra “3eBc”
®doro 5. Komanaup oobekta “3eBc” ¢ 19 ¢ 1998 roga mo HacTosmice Bpews

no 1998 rox kanutan 1 panra KaapimeBua xarmtas | parra Mombkos AHpeii

T'ernaanii MuxaioBuy Brazmmposir

= +|'l1|' Allu}.ﬁﬁru“-? .
' 1

®oto 7. [TynsT ynpaBieHUsI 00BEKTOM «3€BCH
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®oto 8. Tropueckuii komnektuB KHL] PAH (r. AnatuTtsl) y Makera reaepatopa JHeprus-1
motrHocThI0 100 kBT, n3rorosnenHoro no 3akazy JI.b. [lecuna s nuccnenopanuii B KHU-CHY
nuarna3oHe ().

Cnesa nampaso: Koio6os B.B., IIpokonuyk [1.U., )KamanernuHoB A.A., bapannuk M.b. (U3 apxuBa A.A.
JKamanetamHoBa).

®oro 9. Konkynepo-Mamakanckoe Haropwe, MpkyTrckas obnacts, 1987 ron. CoBmecTHas rpymmna
BUEH u HWU 3K CII6I'Y nociie BhIcaKu B ITyHKTE, HAMEUEHHOM JTsl K3MEPEHHUS CUTHAJIOB
CHY-00bekTa «3€eBey.

£

Cnesa nanpaBo: C.banbxaeB, B.bormapenko, A.Jlebenes, A.fxosneB (cuaut), M.['onybeB, B.XanTaHoB,
10 .bamikyes, K.Caranyes. (u3 apxusa }O.b. bamikyesa)
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®oto 10. PaccmoTrpenue pesynbratoB reodusznueckux uccnegopanuii KHI[ PAH
C HCIOIh30BAaHUEM CUTHAJIOB 00BEKTa “3eBC”.

CneBa HanpaBo: HadanbHUK cBsi3H BM® Kononos 10.M., HauansHuK nHCTUTYTa CcBsizu upexkropoB H.D.
HaganbHUK CBs3M CeBepHoro ¢uiora ['omwa b.H. (u3 apxuBa FO. /. Jlucureiaa)

®oto 11. Komuccus 'Ll BM® CCCP B asponopty nocenka Takcumo.

CneBa HampaBo: HayuHbeli coTpygHuk BUWEH IO.A. MsoitnoB, B.M. Aramonos, B.E.[lonumarkus,
N.A.CxoxoB. baiikamo-AMypckass MarucTpaiib, okTs0pb 1983 roma. (M3 apxusa 0.b. bamkyesa).
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®oto 12. Jleonnn ABpaamoBUY ®oto 13. Anekcanap BacunbeBnu
Co0OuakoB SIkoBieB

®doto 14. YyacTHUKH 00CYXKIEHUS TPOTpaMMBbl padOT MO CO3IaHUIO
Mo6mibHOro reneparopHoro KHY-CHY kommiekca.

CneBa nHampaso: JleB bopucosnu Ilecun, Buktop Bmamumuposuu Hemmpos, IOpuit Bragumuposuu
®decenko, IOpwuit JimurpueBnd JIncuiisia.
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®oto 15. Kuraiickas nenerauus B Cankr-IlerepOypre Ha nepemonnu nepepaun CHU-KHY
reHeparopa MomHocThio 200 kBT, uzrorosnennoro 8 HUU IIT nox pykoBoactsom JI.b. Ilecuna.
Cnesa HampaBo poccuiickue npeacrasurenu: 2-it A.K. Capaes, 7-i1 A.C. [landunos,

10-i1 B.C. Akymnos, 11-# JI.b. Ilecun, 12-i YO . JIucuupi, (2004 roxn). u

— : g

®oto 16. ATomMHasi cyOMaprHa B CeBEpHBIX BOJAX.
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Crumcok aBTOpoB cTaTeit B cOopHuke «B3anmoaencTBre 3EKTPOMarHUTHBIX TIOJIeH
KOHTpoaupyeMbIx ucrounukoB CHY nuanasona ¢ monocdepoit 1 3eMHOI KOpoii»

No Ne
. ®. 1.0 Crp. i ®. 1.0. Crp.
1. | Acraxosa H.JIL. 158 35. | MoabskoB A.B. 177
2. | bapannuk M.b., 161 36. | Mopozosa O.M. 20
3. | bamxkyes [O.b. 187 37. | Hukudopon A.b. 93
4. | Benses ILIL 149 38. | ITapdenrses I1.A. 92,102
40, 66, 67,74, 92,
5. bnunoBa AnuHa 167 39. | Ileptens M.U. 93,94, 102,
114,121
6. | Banpsu JI.JL 40, 40. | Ilecun JL.B. 66,92, 121
7. Bacunbes A.B. 63, 66,92, 158 41. | Herpumes M.C. 88
8. Benuxos E.I1. 63,121 42. | Tlonskor C.B. 44,77, 149
9. | Bemes A.B. 63 43, | TlonstoBa A. 178
10. | Bmagumupos JI.H. 158, 149 44. | Ipoxopres B.E. 92,102
11. | Bonocesuu B.C. 149 45. | ITpotonomnos JI.H. 149
12. | T'onoeenko B.Bb. 158 46. | Paraukos K.JI. 149
13. | l'opmromkun C.M. 149 47. | Peapko I'.B. 149
14. | Tox6epr M.B. 67 48. | CaBunkwmii A I 149
19, 20, 34, 44, 63,
66, 67, 74,92, 93,
15. | I'puropnes B.®. 88 49. | Capaes A.K. 94,102, 114, 138,
158
16. | denucos P.B., 158 50. | CenuBanos B.H. 88,
17. | EnnceeB A A. 149 51. | CobuakoB JLA. 44, 63, 164% 78,92,
18. | Epmaxosa E.H. 78, 149 52. | ConnukoB A.T. 63
19. | Ecunko O.A. 88, 53. | Toxapes A./l. 40, 63, 109, 121
11, 406 63, 66,
20. | XKamanerauuos A.A. 18681’,110695” 11261’;, 54. | Tpouz SxoGcen 179
171, 190
21. | UBoukuu B.I'". 19,34, 138 55. | ®enopos A.b. 149
22. | Ucaes C.B. 149 56. | Xapmamos M.M. 74,92, 102
23. | Kagpimesuy I'.M. 93,121 57. | llleBuos A.H. 15, 4?(’)95’2i2613’ 88,
24. | Komno6os B.B. 88, 161 58. | llnsikoB A.A. 158
25. | Komnera E.B. 187 59. | SxosaeB A.B. 63
26. | Kononos HO.M. 40, 121, 168, 171 60. | Axynma M.H. 149
27. | Komnbitenko E.A. 88, 61. | Bannister Peter R. 144
28. | Koctkun I1.M. 19, 20, 44, 74 62. | Bosinger T. 78
29. | Koruk JI.C. 78 63. | Deng Qianhui 74
30. | Kouepor A.B. 19, 74, 93 64. | Fraser-Smith Antony C. 144
31. | Jlapuonos K.A., 158 65. | TangJi 74
32. | Jlucuupin 10 /1. 186 66. | Wang Jijun 74
33 | Mankus 3.M. 94, 114 67. | Zgao Guoze 74
34. | Mutpodanor D.I1. 109 68. | Zhao Junmeng. 74
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Cnucok yuactHUKOB paboT ¢ CHY-ucrounnkom «3eBcy, YIIOMSHYTHIX B IJ1aBe 5 U B pasjielne

«DoToranepes».
Ne Ne
i Dd.N1N.0 Crp. i ®.1.0 Crp.
1. Aranonos B.1. 188, 189, 200 41. EBnoxumos FO.A. 191
2. AxunnuHoB B.B. 188, 190 42. | Eropos B. 192
3 AKyHOB B.C. 1769 118933 193’ 43. EpeMI/IH C. 188
44. | Epodees A. 189
4. AnexcaHsH 186
45 % AA 167, 170, 176,
5. | Anekcees E. 188, 189 : aMRJICTIHHOB A.-A. 177, 187, 199
6. Apmann H.A. 188 46. XKepeobmos ' A. 190
7. Acmunr B.D. 191 47. | Xunmuakos B.W. 176
8. banyros C.1. 197 48. | 3aiiues I'.B. 188
9. banbxaes C. 199 49. | 3apxu U.M. 1906 194
10. | bannbix M.B. 176 50. | 3yrpaBecky 194
11. | bapanauk M.B. 194, 199 51. | Usoitnos I0.A. 200
12. | baryes B-II1.4. 189 52. | UBoukun B.I'. 188, 189
13. | Bamkyes IO.B. 189, 12%}), 199, 53. | Unbmep J1.B. 176
54. Kagpimesnu I'.M. 191, 198
14. Besponusrii B. 187
55. | Kamenckuit A.A. 192
15. | bepacraiin C.I1. 190
56. | Kimucu Tom 181
16. | becnanos 186
57. | Ko3un A.O. 197
17. | bmmox I1. 188
" " 58. | Komo6os B.B. 194, 199
8. | Boarynos H.W. 86 s K OM 167, 169, 192,
19. | Boumapenko B. 199 : OHOHOB 1.1V 196, 200
20. | bopmotos B. 187 60. | Kopss ToiiBo 193
21. | boikoB A.H. 197 61. | KorenbuukoB B.A. 174
22. | berakoB M. A. 176 62. | KpaBuenko B.A 175
23. | Banpsn JLJL 192 63. | KppuioB M.M. 197
24. Bacuibes A.H. 192 64. Ky3znenos B.H. 197
25. Benuxos E.II. 165, 190, 192 65. Kypoenos B.1. 176
26. Bemer A.B. 1659 1189813 189’ 66. HaBépOB H.II. 193
5 0 o1 67. | JleGenmes A. 199
7. Bunorpanos 10.A. 1 o5 B o 176, 194, 197,
28. | Bopouun A 176 . | /menupm 101 200,201
29. | Boponus C. 192 69. | JIroban B.T. 177
30. | 'ermanues I'.T". 178 70. | Maxkapos I'.1. 188
31. | I'onmun B.H. 200 71. | Mapkun A.H. 196, 197
32. | T'omy6er M. 191, 199 72. | Mapkko OpHe 193
> 2 74. | Mepkynos U.N. 189, 196, 197
34. | I'puropses B.®. 194
75. | Muxaiinos B.1. 186
35. | I'yrun A. 188 e v B 176. 195, 197.
36. | T'ypesuu M.B. 191 : OJIbKOB A.B. 198
37. | Jauunun A.H. 194 77. | Moxnaues A.Il. 197
38. | dupekropoB H.D. 200 78. | MoxocoeB M.B. 188, 189
39. | Amurpuxos B.®. 186 79. | Hesperaunos 10.M. 194
40. | Hopodees FO.II. 196 80 | Hemumos B.B. 201
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Ne Ne
i d.N.0 Crp. i d.N.0 Crp.
81. | HepobaT.C. 193, 194 120. | Terekun H. 138
82 | Huxonaenko A. 188 121. | Tuxomupon H.II. 189
" 122. | Tkauenko A.D. 197
83. | Huunopyk P.H. o7 123. | Toxapes AL 191, 192, 194
84. | Hockos C.A. 192 124. | Tomunes B.A. 176
85. | Onomko B. 187 125. | Tpodumuux B.U. 194
86. | Oukyp H.B. 191 126. | Ynamses 10.2. 188, 11297’ 196,
87. I1apnos ILIT. 186 127. | ®decenko KO.B. 194, 201
88. | Haupmmu H. 192 128. | ®umnmnos [O. 188
176, 186, 188, 129. | ®OunumueHko 196
89. | Mangunos A.C. 197 130. | ®peiiman IL.T. 186
90. | Mapdentoes II. 188, 190 131. | Xanranos B.b. 189, 199
132. | Xymnonees B.E. 176
1. | II M.I. 167, 1
2 o s — 617;5 8f7 ; 133. | Llukun LA 196
177’ 188’ 190’ 134. | Ipiaeimos Y.11. 188
92. | Hecun JL.b. ’ ’ ’ 135. | Yyes 10.B. 188
191, 193, 194,
197. 199 201 136. | IBerquenxko 1O.JI. 197
> 2 137. | lleBuoB A.H. 191, 192
93. | Honbepeskun O.T. 191 138, | Lletnmm 1O H. 197
94. | Ilomoues E.T". 197 140. | IOuom A H. 196
95. | Honsxos C.B. 194 141. | SxoBies A. 199
165, 188, 189,
96 IMouumatkus B.E. 1889 12’%%9 1973 142 SIkoBneB A.B. 190, 191, 201
143. | SImmonnsckuit A.T. 191
97. | Horanosa J1 188 144 | Falkenburg Brigitte 187
98. | Iorexun A.IL. 190
99. | Ipokomuyxk I1.W. 194, 199
100. | IMyxansckuii B.C. 197
101. | IIeimacB A.A. 189
102. | IlatuenkoB A.E. 176
103. | Pomanos B. 193
104. | Pomepo Penaro 182
105. | Psa3anmes A.M. 188, 190
106. | Caranyes K. 199
107. | Caxun E.T'. 197
108. | Capae A.K. 193, 194
109. | Cenusanos B.H. 194
110. | Cunopenko JL.T'. 176
111. | Cunopuyk B.C. 197
112. | CkoxoB 1. A. 188, 189, 200
113. | Cayuunckuit JI.B. 176
114. | CmomsaxoB A.A. 176
167, 188, 189,
115. | Co6uaxos JI.A. 190, 191, 193,
194, 201
116. | ConnmkoB A.T'. 197
117. | Cragauuenko I'.I1. 196, 197
118 | Cranuka Jlumurpy 194
119. | Tepemenko E. 187
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B3AVIMOOEWNCTBUE SNEKTPOMAIHUTHbLIX MONEN
KOHTPOJITIMPYEMbBIX UCTOYHNKOB CHY IVAMNA3OHA
C NOHOC®EPOWN 1 BEMHOU KOPOW

Tom 1

Martepuansl Bcepoccinckoro (C MexayHapoaHbIM y4acTeM) HayuHO-NPaKTUYECKOro CeMuHapa

Hay4yHoe Hekomepyeckoe 13gaHue BbinyLEeHO Npu OMHAHCOBOMN NOAAEPKKE
Poccuickoro hoHza hyHaameHTasnbHbIX UccnefoBaHuid, rpaHT ocu-m 13-05-12044

PSPU

OtnevyataHo BOOO K & M

184209 r. Anatutbl MypmaHckoin obn., yn. ®epcmana, 4. 17 a
Ten. / ¢pakc (881555) 77329

Tupax 100 aks.
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CraHUuunen gBONHOIro Ha3Ha4Ye€eHUA .

/A.B. Monbkos, 2013/
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“C camoro Ha4yana CBOero CyLweCcTBoBaHUS
"3eBcy" ObINIO NpeanucaHo cTaTb





