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Paccmampusaromes 6onpocvl npumeneHus: MOOYIUPOSAHHBIX CUSHANIO8 OJil NOUCKA AHU30MPONHDBIX. CPeO
nasmono0obrHoeo muna. Ilpugedenvl xapakmepucmuxku cpeo Hao yenes000pooHbimu 3anexcamu. Ocoboe eruma-
Hue yoeleHo aHanuzy nonpaeku /lebas 6 gvipasicenuu s OUIIEKMPULECKOl npoHuyaemocmu cpeovl. IIposeden
aHANU3 63aUMOOCUCMEUs INEKMPOMACHUMHBIX 80IH C Y2Ne8000PO0aMU 8 PENCUMAX AMNIUMYOHO=, YACIOMHO-
U AMIAUMYOHO-HACTIOMHO-MOOYIUPOBAHHBIX CUSHAN08. [l IMUX PeXHCUMO8 UCCAA08AHbL KOMNOHEHIMbL MEH30-
Pa OUBTIEKMPUUECKOU RPOHUYaemocmu cpeovl. Ucnoaw3yemcs 6epmuKaibHas ROIAPUIAYUSL INEKMPOMASHUMHBIX
6onn. Pacemompen wiupokuii Quanason uchoab3yemvlx uacmom. Bapuayus xapaxmepucmux 30H0upyrowux cue-
HA08 NO380JIAeN NOBBICUNTD UHMOPMAMUBHOCHb NOUCKA.

Bompocs! norcka aHu30TporHbIX cpex miazmononobnoro tuma (ACIIT) npeacTaB/sFOT HHTEPEC BO MHO-
rUX 00NaCTsIX HAYKH U TeXHUKU. OTHUM M3 TAKUX HAIPABJICHHHN SBJISACTCS MOUCK, BHIACICHUE U HACHTU(DUKALINS
yrieBoaopoaHbix 3anexeid (YB3). CxoncTBo MHOTHX HPOLIECCOB, MPOMCXOASAIINX HAJl MECTOPOXKACHUAMU Hed-
TH W Ta3a, CO CBOWCTBAMU aHM30TpOnHbIX cped (AC) mo3BosseT yHHOUUUPOBATH TCOPETHIYCCKHE M TPAKTHYC-
cKHe HapaOOTKH B O0JIACTH HCCIICAOBAHMS IUIa3Mbl M IUIA3MOMOJOOHBIX CPEA ¢ pa3paboTKOil COBPEMEHHBIX
3NEKTPOMArHUTHBIX MeTon0B (OMM) reopaseenku yriieeoaopomaos [1].

XapakTepuCcTHKH Cpel HaJl YIVIEBOAOPOAHBIMH 3ajie:KkaMi. MeTob! 3IeKTpopasBeaku HedTr u rasa
OCHOBaHBI Ha Iu(depeHunanyy 3eMHOH HOBEPXHOCTH IO JJICKTPOMArHUTHBIM CBOWCTBaM. XapaKTePHUCTHKU
9NIEKTPOMArHUTHBIX BOJIH (DOMB) onpeensroTes reosIeKTPUIecKiM CTPOSHHEM H3y4aeMOro mpoGHIst MECTHO-
CTH. 3afauul 3JIEKTPOPA3BEIKH MOTYT PEIIAThCs KaK C MOMOIUBIO MCKYCCTBEHHBIX, TAK U €CTECTBEHHBIX MCTOY-
HUKOB m3ty4deHns: DMB. Brigenenne HCKOMOTO 00BbEKTa OCYLIECTBISIETCS IO BHUIBICHHBIM 3JICKTPOMArHUTHBIM
anoMainisim (OMA) Ha JaHHOM TeppuTOprH. PaccMOTpUM XapaKkTepUCTHKH Cpel Hal 3anexamu Y B3.

OTHOCHTENbHAS ANUDJICKTPHUYCCKAsh TPOHULAEMOCTh € MOKA3bIBACT, BO CKOJIBKO pa3 yBEIHYMBACTCS CHIIA
B3aMMOJCICTBHS 3apsI0B B TAHHOI Cpejie 0 CPAaBHEHHUIO C BAKYYMOM, THAJICKTPHIECKas: IPOHHUIAEMOCTh KOTO-

poro &, =8,85110"® [ *. AGCoNOTHas AUDIEKTPHIECKAs TIPOHHUI[AEMOCTD ONPEEIAETCS CIIETYIOMM 00paszom:
g, =¢elg,.
I[TpakTHYECKH BCE BEIIECTBA, KPOME UMCTBIX METAIUIOB, MOTYT OBITH OTHECEHH! K KJIACCY JIMAIEKTPHKOB C
KOHEUHO#! IPOBOJMMOCTBI0. B CBSA3H C 9THM MPUMEHSIOT MOHATHE KOMIUIEKCHO MA/IEKTPUYECKO IPOHULIAEMOCTH
g=g'-je",
re € — JeficTBUTENbHAS YacTh, CBA3AHHAS C MOJIAPU3AIHeil IUAIEKTPHKA MO/ AeHCTBUEM MPUIOKEHHOTO MOJIS;
€" — MHUMasi 9aCTh, CBA3aHHAS C KOHCIHON MPOBOAMMOCTBIO AMANEKTPHKa, CM-M .
Cy1LIecTBYET CBA3b €" ¢ yEIbHOU IPOBOAUMOCTBIO CPEIbI

o=wl2"&,,
roe W=21f —49acTora NPUI0KEHHOTO dNIeKTpoMarHuTHoro nojs (AMII).

KoMruieKcHast JUAJIEKTPUYECKasi MPOHULIAEMOCTh MOXKET OBbITh MPEICTABICHA BEKTOPHON AMArpaMMoii,
u300pakeHHOH Ha pucyHke 1 [1].
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Puc. 1. BekTopHas quarpamMma KOMIUIEKCHOHM JU3IEKTPUYECKOH NPOHUIIAEMOCTH
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Beipaxenue (2) MOXHO IMPEACTABUTH CICAYIOIIUM 00pa3oM:

¢=¢l- | fd)=——[& @)
C0s®
rae tgd = i (5)
we

B dopmyite (5) tgd mokaspIBaeT MOTEPU B JAHHOM CPElE, KOTOPHIE HMEIOT YaCTOTHYIO 3aBUCHMOCTb.

BennunHa € MEHSETCSI OT HECKONBKUX eIuHHUIT (Y CYXHX 0Camo4HbIX mopox) no 81 (v Bozbl) 1 3aBUCHT
OT TPOIICHTHOTO COJEP)KAHUS BOJBl U MHHEPAIBLHOTO COCTaBa MOPOJbl. bombiroe 3naueHue miust OMM reo-
pasBeKM MMeEeT IHUCIEPCHsT JUDIIEKTPUYSCKON MPOHUIIAEMOCTH, TO €CTh 3aBUCHMOCTb OT YacTOThI 30H/H-
PYIOIIEro CUrHaa.

O6o6Iaronas JUCIepCHOHHast 3aBUCUMOCTD IS TUAJIEKTPUKOB npescTasiena I1. JleGaem B [3]:

€00~ Ew
g(w) =g, +-—= (6)
1+ jwr
rac SOm — 3HA4YCHHUC ILI/I3J'I€KTpI/I‘I€CKOI71 MPOHUIIAEMOCTH Ha 4aCTOTC (VS (A)Kp ) Sw — 3HAUYCHHC L[I/IBHGKTpPI‘IGCKOﬁ
MPpOHUIIAEMOCTU HA YaCTOTC w> (A)Kp . 3I[eCI) (A)Kp = 2T[pr = % — KpUTHU4YECKasA 4acToTa, TO €CTh 3HAYCHUEC YaCTO-

TBI, Ha KOTOPOH MOBEJCHUE KPUBON E£(W) CYIECTBEHHO MEHAETCSL.
Bripaxenue (6) MOKHO MPENCTABUTh B BUJIE

€'(w) =€, +(g,, —&.,)/(1+wT%), -

€"(w) = wr e, —€, ) /(L+ w'1°).

Orcrofa NpOCIIEKMBAETCA XaPAKTEP YACTOTHBIX 3aBHCHMOCTEH COCTABJIAIOLINX IUIJIEKTPUUECKON IPO-
HUL@EMOCTH: €'(()) MOHOTOHHO YMEHBILIAETCS C POCTOM YacTOThl, & €"(W) MMeeT MAKCHMYM Ha (), .

MHorouuciaeHHble AKCIEPUMEHTaIbHbIE HCCIEAOBAHMS YKAa3bIBaIOT HA CHUJIBHOE BIIUSHUE BJIAXKHOCTH
rpyuToB W Ha JM3JIEKTPUYECKYIO MPOHUIAeMOCTh [3].
JI71s1 IeCKOB U CYTJIMHKOB:
€'=3,2+11W . (8)
Jnst ocaiouHBIX TOPOSI:

€'=3,03+ 9,3V, + 148\2 - 76,W,, C)]
rae W, —obbemuas Biaxuocts; W, =Y/100 (Y — mioTHOCTS cyXo0ii TOpoas! B r/emd).
Jist cpen ¢ O0JIBIIO# BIAaXKHOCTHIO:

£'=720/(180-W . (10)

B 3aBHCHMOCTH OT CBOWCTB Cpe/Ibl KIACCHPUITHPYIOTCS IO HECKOJIBKMM Tpu3HaKam [4].
JluHetHON HA3BIBAIOT Cpedy, KOTopas HE MEHSET CBOM XapaKTEPHUCTHKH B 3aBHCHMOCTH OT BEJIMYHHBI

HapsA’KEHHOCTH 3JICKTPUYCCKOT'O 1OJIA E I[J'If{ HHHCﬁHOﬁ Cpcabl CIpaBCAJIMBbL BI)Ipa)KeHI/Iﬂ:
D =¢, [E, (11)

P=kE (12)

rac D- BEKTOP J3JICKTPUYCCKOTO CMECILICHMSI, P- BEKTOpP IIOJISIPHU30BAHHOCTH, kg— JAUDJICKTpUYCCKass BOCHpU-

UMYNBOCTH CPCIBI.
CBOICTBA HEITMHEHHBIX Cp€a 3aBUCAT OT BCJIMYUHBI ITPUIIOKCHHOT'O I10JIA. I[HH TaKuX Cpe€l 3aBUCUMOCTDb

P = f(E) uMeer HennHEHHBIN THUCTEPE3UCHBIN XapaKTep, YTO XapaKTePHO JUT CETHETORICKTPUKOB U psima Ipy-

THX BEILECTB.

OOHOPOJHBIMU CUUTAIOTCS CPEJbl, MApaMETPhl KOTOPBIX UMEIOT OJHO U TO K€ 3HAY€HHE BO BCEX TOU-
Kax, TO €CTh HE SBIAIOTCS (QYHKUUSIMU KOOpAUHAT. [[pUMEHUTENBHO K AUAJICKTPUUECKOI IPOHUIIAEMOCTH
€,(X, ¥, 2) = cons! Y HeOMHOPOAHBIX CPEeJl APAMETPBI MEHSIOTCS OT TOYKHU K TOUKE (XHCKPETHO WM HEHPEPBIBHO)

1 TIPEICTABIISIOT CO00I HEKOTOPBIE (PYHKIMH IPOCTPAHCTBEHHBIX KOOPANHAT.
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N30TponHBIMU HAa3BIBAIOT CPE/ibl, (GPU3NIECKUE CBOHCTBA KOTOPHIX OJJMHAKOBBI IO BCEM HATIPABJICHUSM.

AHU30TPOITHBIMU CYHUTAIOT CPEIbl, CBOWCTBA KOTOPHIX PA3JIMYHBI 10 Pa3HBIM HAIPABICHUSIM, CIICI0Ba-
TENBHO, JUAJIEKTPUYECKast MPOHUIIAEMOCTh TAKHUX CPEJl HOCHUT CIIOXKHBIN XapakTep.

Beoipaxxenune (11) B anHOM Ciiydae OyIeT IpeaCcTaBIeHO CELYIOMINM 00pa3oM:

Dy =&,(g,Ex +&,,Ey +£ ,E2),
BY =80(821EX +822EY +823EZ)' (13)
D: =&, (g,,Ex +£5,Ey +£ ,F).

Yao0Hee OUAIEKTPUUECKYIO MPOHHLAEMOCTh WHTEPIPETHPOBATh KaK MAaTpUIly, MOJYYHBIIYIO Ha3Ba-
HHUE TEeH30pa!

E11 E12 8l
E=le,, &, £,]. (14)
E31 E32 83

YcraHoBieHo, uTo cpeibl Haj 3anekamu YB3 uMeroT aHu30TpOIHbIH xapaktep [5; 6], uto cBumeTenscT-
BYET O CJIO)KHOHU KapTHHE B3auMOJeHCcTBIS DMB ¢ TaHHBIM KJIaccOM Cperl.

MarnuTtHble CBOICTBa Cpell XapaKTepU3YIOTCS OTHOCUTEIbHOW MarHUTHOM NMPOHULIAEMOCTbBIO [, KOTOpast
MOKa3bIBAET BO CKOJBKO pa3 MarHUTHAash MHAYKLUS B B mauHoii cpene OONBIIC, YeM B BaKyyMe, MarHUTHas
IPOHHUIIAEMOCTb KOTOPOro H, = 4110 T-m X Unoraa BBomsT a0COJIFOTHYFO MArHUTHYIO TIPOHUIIACMOCTD:

M, = Mo O (15)

JInHeliHbIE MarHUTHBIC Cp€abl HC MEHAIOT CBOU CBOMCTBA B 3aBUCHMOCTH OT HaPsSXKECHHOCTH MarHUTHO-

o 110JId ﬁ I[J'IH TaKuX Cpea CIIPpaBCIAJIMBbI BI)Ipa)KeHI/Iﬂ:
B=y,H, (16)
M =k, [H. (17)

3,I[CCI: M — HAMarHn4C€HHOCTD, kM — MAaromMTHasA BOCIIPUUMYUBOCTb CPCIBI.

Jlnst HeMHEHHBIX MarHUTHBIX cpex 3asucumoctt M =(H) u B=Y(H) umeror HenuHENRHbIH THUCTE-
PE3MCHBIN XapakTep. M30TpOMHbIE MATHUTHBIE CPEbI XapaKTEPU3YIOTCS OJMHAKOBBIM 3HAUEHHEM |l MO BCEM

KOOPAWHATHBIM HAINpaBJICHISAM. AHHU30TPOITHBIE MAarHUTHBIE CPeIbl 00JIaZaloT TEH30PHBIMH CBOMCTBAMHU Mar-
HUTHOM NIPOHUIIAEMOCTH

B=p,qiH, (18)
M M By

rne H={Mp Hp Mo (19)
Ha Hzp Mg

J1s 0IHOPOJHBIX MarHUTHBIX CPEJl MarHUTHAs IPOHULIAEMOCTh |, He sBisieTcs QPyHKIMeH IpocTpaHCTBEH-

HBIX KOOPJIMHAT, Y HEOAHOPOIHBIX MATHETHKOB MArHUTHAS IIPOHULIACMOCTh €CTh HEKOTOpas (PyHKIIUS KOOPIUHAT.
Buasl curaasioB aisi 3oaauposanus YB3. B nannoii pabote ObUT POBENCH aHAIN3 B3aHMMOJICHCTBHS
MOJAYJMPOBAHHBIX CUTHAJIOB cO cpeaoi Haj YB3. [lpumeHenne Takux 30HIUPYIOUIMX CUTHAJIOB MO3BOJISET MO-
BBICUTh MH(pOPMATHBHOCTE DMM mouCKa YIrIeBOAOPOAOB, TaK KaK BapUallis XapaKTEPUCTHUK CHTHAJIOB JacT
BO3MOYXHOCTh TIPOBECTH aHAJIN3 ICKTPOINHAMUYIECCKUX XapaKTEPUCTHK Cpell B Oosiee MMPOKOM JHUaIa3oHe.
B cityyae ToOHaJIBHOM aMIUTUTYAHON MOXyasiud (AM) paaroCHIHAI 3aIIMCHIBAETCS KaK

g(t) = E(L+ k, cosQt)coawt (20)

rae £ — ammnutyaa Hecyiero kone6anust; Ky — ko3 UUHeHT aMmuTyaHo# Moaysaiuy; Q = 2t-F — moaysu-
pyromas yactota, W = 2rf — Hecyruasi.
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Jlist pagrocurHaa ¢ TOHaJIbHOM yacToTHOU Moayisiiueit (UM) Buma
&(t) = E,cosfw,t+ sinwt) (21)

rae E; 1 0, — COOTBETCTBEHHO aMIUTUTYJa M 4acTOTa HECYIIEro KoyiebaHus, ®; — MOIYIUPYIOas 4acToTa,
B —uHACKC MOIYISAIMH; A® — ICBUAIHS YaCTOTHI.
CurHai co cMEIaHHON aMIUTUTYIHO-4aCTOTHON Mony snuei (AUM) uMeer cliexyronuii BUI;

g(t) = Ew1+ k, coQt) cosvt+f3 co8t, (22)

rone Ew —ammutyaa cursana Hecyueid 4actotel W, Ky, B — coOTBETCTBEHHO KO3(DGHIMEHT aMILTUTYIHOH MO-

JYJSIIAN U HHIEKC YaCTOTHON MOIYJISIIIAH.

PesyabTaThl M uX 00cy:kaeHus. b1 npoBeneH ananu3 B3aumoseiicreus AM-, UM- u AUM-curnanos
co cpemoit Hax YB3. lins AM-curnanos Buaa (20) ¢ yaerom monpasku JleGast (7) Obina paccudrana mpecTas-
JICHHAsl HA PUCYHKE 2 KOMOHHALIMOHHAS KOMIIOHEHTa €, (W) !

£.(W) =8 +&, =Ret +jl £, (23)
Reraw)) /f{’\\\
ZA\
Rera(W)) X\\
Refer(W)) 7o \Q
14107 ‘:: xl'nr L10°
10 1

Puc. 2.T'padux €;(W) Wit AM-curaana

Kak BUIAHO U3 PUCYHKA 2, BCIICCTBCHHAA 4aCThb éR HUMCCT ABC TOYKHU IMEPEXOJ0B UCPE3 HYJIb HA 4aCTOTAX

JJIEKTPOHHO-IUKIOTPOHHOTO M 3JIEKTPOHHO-TIA3MEHHOTO PE30HAHCOB. Bapuanus ko3 hunmenTa aMIIuTy O
MOJYJISILIMK TIPUBOJMT K M3MEHEHHAM KOMOMHAILIMOHHOM COCTABIIAIOIIENH TEH30DA.

T UM-curnana (puc. 3, 4)mpeacraBieHsl 3aBUCUMOCTH Resg = ¢(W) ¢assl 1aHHONH KOMIIOHEHTBI
arge, = P(w) c yuérom nonpasku ebas (7).

6i

\
5,3
LA
4,6;
59 A Refen(W)
32 \ \\
25 \—-*/f

1,Sj \ \ Re€ri(W))

11 21
\ Y RerAW))
14
\
02{1x10 A 7 1ad 1x1¢°

N
w

Puc. 3.Tpadux Ret, =y (W) mna UYM-curnana
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Puc. 4.T'padux argé, = P W)ans UM-curnana

Oco6enno > deKTUBHO BIMsAET Ha (a30Bble XapaKTepUCTHKH auanaszol yactor (1010'... 116 T, rae dasa

PE3KO YBEIMYUBACTCSA. DTO OOCTOATEIBCTBO MOXKET OBITH MCIIOJIL30BAHO IS TOCTpocHUss MM moucka yrieBo-
JIOPOJIOB HA OCHOBE M3MepeHHUs (Da30BBIX XapaKTepuCTUK. BrisiBneHne DMA mo u3MepeHuto (pa3bl TAKHX CHTHa-
JIOB JUISL iCCTIeLyeMOoro poduis JaeT BO3MOKHOCTh MACHTHGHINPOBATh Y B3 ¢ BEICOKO# CTETIEHBIO JOCTOBEP-
Hocth. J[s pesxkuma UM-curHana xapakTepeH nepexo]] (pas3sl ¢ mMOJIOKUTEIbHBIX 3HAYCHUH Ha OTPHIIATEIbHBIE.
UrcneHHbIe 3HAYSHHS TIPH 3TOM IIPUMEPHO OAWHAKOBEI. Pa3paborka coBpeMeHHBIX MM moucka M BBIICICHUS
YTJIEBOAOPOAOB, OCHOBAHHBIX HA BAapHAILlMM XapaKTEPHUCTUK 30HAMPYIONINX CUTHAJIOB, MOKET OBITH CYIIECTBEH-
HO JIOTIOJIHEHA TpUMeHeHneM UM-peKuMOoB CHUCTEM T€OPa3BEIKH.

CrnemyeT OTMETHTH, YTO IPU TEOPETUYECKHUX pacdeTaX HEOOXOTUMO pacIloyarate alpHOPHBIMH CBeIe-
HUSIMHU O BiaxuHocTsix mopoxa (8), (9), ¢ mpyroit cTOpOHBI, MO MONYYSHHBIM B XOJI¢ HCCIIEIOBAHUIN 3HAYCHUSIM
JURJIEKTPUYECKON MPOHUIAEMOCTH MOKHO ONPECIUTh BIAXKHOCTh OPO/I.

Jsi AUM-curnana Buzpa (22) na pucynke 5 mpencrasieHsl 3aBucumoctu argé, = Y(f) ¢ yuerom mo-

npasku Jle6as (7).

N

W\
e\
AN\
AN\
N\

RekrAW))
Refry(W))

Re¢r(W))

HSBRRQBE

10

110" S"‘"‘

—
i

o* 1107

w

Puc. 5.3aBucumocru argé, = Y(w) mst AYM-curnana F = 100MI'n npu k= 1

3akiroyenue. MITOroMm npoBeIeHHOTO TEOPETHYECKOTO aHajM3a SBIIINCh Hanboee 3P PeKTUBHBIE COOT-
HOIICHHS MEXIy napamerpamu OMB ¢ TOYku 3peHus] ONTHUMAIBLHOTO OOHAPYKEHHs, KOTOPBIE MOTYT OBITh pe-
KOMEH/IOBaHbI K MCIIOJIb30BAHUIO MX Ha MpakThke. [oJydeHHbIe pe3ysbTaThl TAKKE MOTYT HCIHOIB30BATHCS IS
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pa3paboOTKKU PaTUOTEXHUYECKUX CHCTEM OJMKHEHW W JalbHEW PaJuOOKAllUH, Ui OOHAPY)KCHUS JIOKATbHBIX
MOJ3EMHBIX 00pa30BaHU, ONTUMU3AIMHA METO/IOB ITOUCKA U OKOHTYPHUBAHUS 3ajexeil He(hTH U rasa, mpu paspa-
00TKE METOOB PagUOKOMILICKCHPOBAHMUS ISl TEOPA3BEIKH YIIIEBOJOPOJOB, KPOME TOTO, MOTYT OBITH HCIIONb-
30BaHBI B TIOMCKOBOI reo(hU3HKe.
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Tlocmynuna 19.01.2015

THE USE OF MODULATED SIGNALS TO SEARCH FOR
THE PLASMA ANISOTROPIC MEDIA OF THIS TYPE

V. YANUSHKEVICH, S. KALINCEV, K. KREMENYA, E. ZAYATS

The article describes the use of modulated signals to search for anisotropic media such as plasma. The
characteristics of the media under hydrocarbon deposits. Particular attention is paid to the analysis of the
amendments to the Debye expression for the dielectric constant of the medium. The analysis of the interaction of
electromagnetic waves with hydrocarbons in the mode amplitude, and amplitude-particle-particle-simulated
signals. For these modes, the research components of the dielectric tensor of the medium. Using vertically polar-
ized electromagnetic waves. Consider the wide range of unused parts. Variation of characteristics of probing
signals allows improve information search.
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