I'ocynapcrBenHoOe 00pa3oBaTe/IbHOE YUpesKIeHHe BhICIIEro NPo(ecCHOHAJBHOI0
o0pa3zoBanus «Kazanckui rocygapcrseHHblil yaHuBepcurer uM. B.U. YiabsanoBa—
Jlenuna»

BBEJIEHUME B OJIEKTPOPA3BE/IKY

Y4eOHO-MeTOAMYECKOE ITOCO0He ISl CJIylIaTes el KyPpCOB NMOBbIICHUSA
KBaJIM(puKkanuy cneuuajbHocTu «I'eopusuka» mo nporpamme «MeToabl MOMCKOB U
pa3BeIKu MeCTOPOKICHUN MOJIE3HbIX HCKONAEMbIX B IPOMBICJI0OBOM U Pa3BeA0YHOMN

reopu3uKe»

Ka3zaus 2009



[Teuataercs no pemenuto Pepaknmonno-uznarensckoro copera ['OY BIIO «Kazanckuit
roCyJIapCTBEeHHbIN YHUBEepcHUTET M. B.U. YnpanoBa—JIennna»

VYTBepKIIeHO Ha 3aceiaHuu Kadeapsl reopu3suku
KazaHckoro rocy1apcTBEHHOIO YHUBEPCUTETA,
[TpoToxon Ne oT 2009

JI.1. XacaHoB

BBegenne B 3jeKTpopa3BeAKy: IocoOue i CaMOCTOSITENbHOIO HW3Y4YeHHsS — AJis
ciyumiatesneil KypcoB TOBBIIIEHHS KBalu(uKauu crenuaibHocT «leousukay. —
Ka3zanb: Ka3anckuii rocynapcTBeHHbl yHUBEpCcUTET, 2009. - 75 c.

Hacrosimee y4yeOHO-MeTOaMueckoe MmocoOue MpeAHa3HaueHO i CciyliaTesnei
KypCOB TOBBIIICHUS KBIU(PHUKAMU crlenuaibHOCTH «l'eopu3nka» Mo mnporpamme
«Metoapl TOUCKOB M pPa3BEKM MECTOPOXKIEHUN TMOJE3HbIX HMCKOMAeMbIX B
IPOMBICIIOBOM U pa3BelouHoM reodusnkey». B mocobun paccmorpeHsl Haubosee olriue
BOIPOCHI 37eKTpopa3Benku. [IpuBeneHbl MpUMeEPbl UCIIOIB30BAHUS SJIEKTPOPA3BEIOYHBIX
JTAHHBIX JJIS1 PeLIEHUs Pa3IMYHbIX I€OJOTUYECKUX 3a/1au.

© KazaHckuil rocy1apCTBEHHBII
yHuBepcuret, 2009

© JI.1. Xacanos, 2009



Orasjenue

cTp
Beenenue
I'naBa 1. Teopernyeckune 0CHOBBI JJIEKTPOPaA3BEAKH 4
I'masa 2. EcTecTBeHHBIE 2JIEKTPHYECKHE OIS 8
I'naBa 3. UcKkyccTBeHHbBIE YJIEKTPHUYECKHE TIOJs1 22
I'naBa 4. MeTtoabl npopuaupoBaHus 30
I'masa 5. MeToabl 3JIEKTPOMATHUTHOI'O 30H/IMPOBAHUS 49
I'maBa 6. DyleKTPOMarHUTHBIE CBOICTBA FOPHBIX MOPO/ 69
Jlureparypa 74

KouTpoJibHbIe BONpochl 75




BBenenne

OnexTpudeckasl pa3BeKa WIM IPOCTO IEKTpOpasBeAka - 3TO Oojbllas rpymna
reo(pU3MUecKUX METOJO0B H3YYalOIIMX 3JEKTPOMATHUTHBIE MOJS Pa3iIM4YHON MPHUPOIbI.
[{enpro 3TUX HCCIETOBAHUN SIBISAETCSA ONPEACIICHUE 3JICKTPOMAarHUTHBIX XapaKTEPUCTHUK
re0JIOTUYECKON cpelibl (CONMPOTUBIIEHUE, MMPOBOJAUMOCTD, MOJIAPU3YEMOCTh U T.J.), 3HAs
KOTOpbIE MOKHO MOJIYYUTh [IEHHYIO HH(POPMAIIMIO O CTPOCHUU M3YyYaeMOro yyacTKa Wn
pationa. Ilo By 371€KTpOMarHUTHBIX MOJIEH JIEKTPOPAa3BEAKY MOKHO pa3/IeinTh Ha JBa
oT/ena: TepBbId - OOBEAMHSIET METOJbl, MCCIEAYIOLIUE EeCTECTBEHHbIE, BTOPOU —

HUCKYCCTBCHHBIC DJICKTPOMArHuTHBIC ITOJIA.

I'maBa 1. Teopernyeckue 0CHOBBI 3JIEKTPOPaA3BEAKH

YpaBuenuss MakcseJia

Teopus anekTpopa3BeaKu 6a3upyeTcss Ha CUCTEME YpaBHEHUH AIIEKTPOJAUHAMUKH -

ypaBHeHUsX MakcBemna [XXmano, 1986]. DOtm ypaBHeHHS I JIO00M TOYKHU

IIPOCTPAHCTBA BHC CTOPOHHHUX NCTOYHHUKOB ITIOJIA 3alIMCBIBAOTCA B BUC!

rotH = j+ 22
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3nech En H - BEKTOPHI HANPSKEHHOCTH JIEKTPUUECKOTO M MArHUTHOTO IMOJNCH,
Du B- BEKTOpHI SIEKTPHUECKOIl M MATHUTHON MHIYKIUH, j- BEKTOP IIOTHOCTH TOKA
IIPOBOJAMMOCTH, (] - ILIOTHOCTb DJIEKTPUUYECKUX 3aPsI0B.
YpaBHeHuss MakcBeruia TONOJHAKTCS YPABHEHUSAMU CBA3U:

j=O‘-E.5:g.E;B=,u-H (2)

1)



ron¢ o, &€ HU U - JOICKTPOMAIrHUTHEIC CBOMCTBA Cpcabl: BJICKTPOIMPOBOJHOCTD,

AVBJICKTPpUYCCKAad WM MarHuTHad ITPOHUIACMOCTH. OTMCTI/IM, 4TO0 IICPBOC YPABHCHUC

CBSI3U MpeACTaBisieT coboii 3akoH OMa B nuddepennmansHoi Gopme.

Du3uyecKknii CMbIC] YpaBHeHH MakcBeia

[lepBoe ypaBHeHue MakcBemna TmpeAcTaBiseT coboit nuddepeHnnanTbHoe
BBIPOKEHUE 3aKOHA TOJHOTO TOKA, COTJIACHO KOTOPOMY IHPKYJISIUS MarHUTHOTO TIOJIS
10 3aMKHYTOMY KOHTYpPY paBHa MOJHOMY TOKY B HeM. OHO yKa3bIBaeT, YTO MarHUTHOE
MoJIE TIOPOXKIAETCSI KaK TOKaMH TPOBOJUMOCTH (TIEPBOE CllaraeMoe B TMPaBOW YacTh
ypaBHEHHMSI ), TaK U TOKaMHU CMEIICHUS (BTOopoe ciaraemoe). [IpudemM TOKH pOBOAUMOCTH
- 3TO JBWXXCHHE 3apsJIOB, & TOKH CMECIICHHS - CKOPOCTh M3MEHEHHUS JJICKTPUUYCCKOUN
WHYKIIAH.

Bropoe  ypaBHeHme ecth  jguddepeHIMANBHOEC ~— BBIpAKEHUE ~ 3aKOHA
AJIEKTPOMArHUTHOW HMHIYKIIMH, COTJIACHO KOTOPOMY M3MEHEHHE MAarHUTHOW WHIYKIIUU
BO30Y)KJIaeT BUXPEBOE JJIEKTpUUYecKoe Toje. Takum oOpa3om, mepeMeHHOEe MarHUTHOE
T0JIe TIOPOYXKAAeT IMEPEeMEHHOE JJIEKTPHUYECKOE, TOCTOSHHOE K€ MarHWUTHOE II0JIe He
CO3JIAET TOJIS AIEKTPUIECKOTO.

TpeTbe ypaBHEHHE YKa3bIBaeT, YTO B TIPUPOJC MATrHUTHBIX 3apsAlOB HE
CYIIECTBYET, M CUJIOBBIC JIMHUU TIOJISl MArHUTHOW WHAYKIIUU 3aMKHYTHI.

YerBepTOoe ypaBHCHHWE TOBOPHT, YTO MCTOYHHUKAMHU TIOJIS DJICKTPUYCCKOU
WHIYKIIUY SBISTFOTCS SJICKTPUICCKHE 3apsbl. M30JUHIY MOJIS SIEKTPUIECKON HHIYKIIHH

HAYMHAIOTCA Ha 9THUX 3apiadax U HCIIPCPBIBHBI BHC UX.

ITosie TOYE€YHOr0 HCTOYHUKA MOCTOSAHHOI 0 TOKA

Teopust 3JIEKTpOpPa3BEJOYHBIX METOJOB IOCTOSHHOIO TOKa OCHOBAaHAa Ha
WCIIOJIb30BAHUH CTAllMOHAPHOW MOJENH 3JEKTPOMArHuTHOro mnoss [XwmeneBckoi, 1986].
B 5TOM ciydae SIeKTpHYECKOe Moie E sBisercs Oe3BHXPEBBIM H yIOBICTBOPSCT
ypaBHenuto Jlamumaca (9). B Teopum moms moka3zaHO, UYTO BEKTOpHAas (PYHKIHA,

YAOBIIETBOPSIONIAs] 3TOMY YPaBHEHHUIO, MOXET OBITh OJHO3HAYHO OINHCAaHA CKAJSPHOU



¢yHKuuMeH, Ha3zpiBaeMoil mnoreHuuanoM. llepexon OT BEKTOPHON XapaKTEPUCTHKU K
CKaJSIPHOH ympoInaer perieHne MHOTuX 3amad. Ckamspueii motennuan U cBsizan ¢
TIOCTOSIHHBIM 3JIEKTPHUYECKHM TI0JIeM E COOTHOIICHHEM

E=gradU, (15)
KOTOpOE B CIIy4ae, €CIIM W3BECTHO HAIPABJICHUE W3MEHCHHUS IIOTCHIMANA, 3aJaHHOE

OpPTOM ir , KOTOPOE MOKET OBITH 3alKMCaHO B 00Jiee MPOCTOM BHJIE:
E=—7-ir (16)

duznyecku MOTEHIMAN MPeaCcTaBiseT co0oil paboTy, KOTOPYIO HEOOXOAMMO COBEPIIUTH
B OJIGKTPUYECKOM TIOJ€ MpH TEPeHOCEe EIUHMYHOTO IOJO0XKHUTENBHOTO 3apsjaa U3

OECKOHEYHOCTH B JIAHHYIO TOUKY.

IToreHUM A TOYEYHOr 0 MCTOYHHKA HA/I OTHOPOJIHOM 3eMJIei

= - TOROBBIC JIHHHH

= = = —=IKBEHNOTeEHIHA/IbHBIE MOBEPXHOCTH

Puc.1. [1one Toue4yHOr0 UCTOUHHUKA TOCTOSIHHOTO TOKA, HAJl OJTHOPOIHBIM Pa3pe30oM.



JlanHas 3amaya sBJISIETCSl MPOCTEWINEH 3ahaudell 3JIEKTPOPA3BEAKU MOCTOSHHBIM
TokoM (puc. 1.).

[lycts anmektpon A noceutaer B 3emumto Tok cwiioil . ComporuBiieHHe BO3ayxa
OECKOHEYHO BEJIHMKO, TIO3TOMY BECh TOK PACTEKAETCs B 3eMiie, UMEIOLIEH CONPOTUBIIEHUE
p. 3eMJIsl OJHOPOJHA, CJIEIOBATENbHO, TOK OT MCTOYHUKA TEYET PAaBHOMEPHO IO BCEM
HANpPABJICHUAM, T.€. JHHHM IUIOTHOCTH TOKA | IIPEACTABISIOT COOOH IpsMble JIyuH,

ucxonsmue u3z Touku A. Okpyx UM TOUKy A monycdepoid S Mpou3BOJBHOIO pajnyca r ¢
LEHTPOM B TOUKe A. OUeBUIHO, YTO CHJIA TOKA, MPOXOdIasl YEPe3 HEE, paBHA MOJTHOU
cuie Toka . CnepoBarenbHO, IIIOTHOCTh TOKAa B JIFOOOM TOuke M, pacroyioKeHHOW Ha
nonycdepe, paBHa cuiie TOKa, IEJICHHON Ha TUIONIaAb oJycheps:

I
2nr

j=o—ir (17)

2

ITo 3akony Oma E = jp, otkyna, ucnons3ys dopmyiy (16), momydum:

-Tir=p (18)
or
Teneps ot cootHomenwuit (17) u (18) mepetizeM k popmyre

oU o)
o om? 19

HpOHHTGI‘pHpOBaB 9TO YpPaBHCHHUC B IPCACIIAaX OT 0 JO HCKOTOPOIro KOHKPETHOI'O

3HAUCHUA T, IIOJTYyUUM:

U=~ (20)
2

I/ITaK, IIoTCHOHAJI TOYCYHOI'O HMCTOYHHKA IIPOIIOPHHOHAIICH CHIIC TOKa I u
COIIPOTHUBJICHHUIO P H 06paTHO IIPOIIOpOHOHAICH PaCCTOAHUIO OO0 HMCTOYHHKA T.
O‘-IeBI/LZ[HO, 4YTO HAIIPSKCHHOCTD JJICKTPHUYCCKOI'O IIOJIA, KaK ITPOM3BOAHAA ITOTCHIMAJIA,

2
Oyzet yObIBaTh NMPH yJIAJICHUH OT TOYEYHOT'O UCTOYHUKA Kak 1/1°.



I'naBa 2. EcTecTBeHHBIE AICKTPUICCKUEC IMOJIA

Jis  oOHapyXeHUsT ~ €CTECTBEHHOIO  DJIEKTPUYECKOrOo  MOJIS  MOXKHO
BOCIIOJIb30BAThCSl IOCTATOYHO MPOCTHIM YCTPOMCTBOM, MPEACTABIIAIOIIUM COO0M MPOBO/I,
K KOHIIAaM KOTOPOTO TPUKPEIJIEHbl 3JEKTPOJbl, HE CO3Jaollue COOCTBEHHbIE
UIEKTPUUECKUE MOJIs (HEMOJIAPU3YIoIuecs eKTpoabl). OIUH U3 3JIEKTPOJOB COCIUHEH
C TPOBOJAOM Yepe3 MOTeHIHMOMETp (MHKpoBoJbTMETp). [lomoOHble ycTpoiicTBa B

AIIEKTPOPA3BEKH HA3bIBAIOTCS YCTAHOBKaMHU (pHUC. 2).

Puc. 2. 9HeKTpOp33BeI[O‘IHa}I YCTaHOBKA AJII U3SMCPCHUS CCTCCTBCHHOI'O
QJICKTPHUUCCKOTO ITI0JIA.

Ha6J'II'O,Z[CHI/I5{ HeO6XOI[I/IMO IIPpOBOJAUTL Ha YYaCTKaX YIAAJCHHBIX OT BO3MOKHBIX
HCTOYHUKOB IIPOMBIIIJICHHBIX (aHTpOHOI‘eHHBIX) nomex. Ilocie 3azemiieHus QJICKTPOIOB,
Trac OBl BBI HU HaXOJHUIINCh, IIOTCHIOUOMCTP IMOKAXKXCT HAJINYHC, BIIOJTHC BO3MOXKXHO, OUCHb
cna60r0, QJICKTPHUUCCKOI'O IIOJIA. Ecnu IMPOBOAUTDL JKCIICPUMCHT JOCTATOYHO AOJITO, BBI

oOHapyXHTEe N3MECHECHHS (Bapuallii) B MOKa3aHUsIX Mmpudopa (puc. 3).
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Puc. 3. Bapuanuu 31eKTprU4ecKoro moJis.

Tak kakue ke mponecCel MPUBOAAT K BO3HHUKHOBCHHUIO MW H3MCHCHHIO

C€CTCCTBCHHOI'O 3JICKTPHUYCCKOI'O moJisi?

EcrecTBeHHBIE MEPEMEHHBIC JIEKTPOMATHUTHBIC I10JIS1

K  ecTecTBEHHBIM TEPEMEHHBIM  3JCKTPOMArHUTHBIM  TIOJSIM  OTHOCSTCS
KBa3WTapMOHUYECKHUE  HHM3KOYACTOTHBIE  TOJII  KOCMHYECKOW  (MX  Ha3bIBalOT
MarHUTOTEUypUYECKUMU) M aTtMmocdepHoi (rpo3oBoif) mnpuponabl ("Termypuku" u

"armochepuxu").

Tennypuxku

[IpoucxoxxaeHne  3TUX ~ MAarHUTOTEIUIYPUYECKMX — HoJell  oObscHseTcs
BO3JIEiCTBUEM Ha HWOHOC(epy 3eMiu IOTOKAa 3apsDKEHHBIX YaCTHIL, IOCHIIAEMbIX
KOCMOCOM (B OCHOBHOM, KOpPHYCKYJSIpHbIM wu3nydeHueM ComnHia). B mpunonspHbix
00J1acTAX, peke B CPEHHUX IHUPOTAX MOKHO HETIOCPEACTBEHHO HAOII0IaTh 3TOT MPOLIECC

B BHJIE ITOJIAPHBIX CUSIHUH (puc. 4).



Puc. 4. ITonsiproe cusinue B Kapenuu.

Bropxxenue B arMmocdepy dYacTHll, BbI3BIBAIOIIUX TMOJSPHBIE CHUSHUS, €CTb
PE3YNBTAT CIOXKHOTO B3aUMOJIEHCTBHSI COJIHEYHOTO BETpa ¢ T€OMarHUTHBIM TojieM. [lon
JIEMCTBUEM  COJIHEYHOrO  BeTpa  MarHuTocdepa CTAaHOBUTCS  aCUMMETPUYHOM,
BBITSTHBASICh B aHTUCOJIHEYHOM HarpaBjieHud. [loJsipHble CUSHUS HA HOYHOM CTOpOHE
3emiid CBsI3aHBI C TIpolleccaMy B IUIa3MEHHOM cioe MmarHutocdepsl. Bo Bpewms
MarHUTHBIX Oyph BHYTpU MarHuTocepbl Ha paccTosHUU 3—35 paauycoB 3emiu
oOpa3yeTcsi KOJBIEBOM TOK MPOTOHOB. MarHuUTHOE TMoOJie 3TOro TokKa JehopMHUpPYET
CWJIOBBIE JMHUM MarHUToc(epbl, W TMOJSIPHBIE CHUSHUS HAOIIOAAIOTCS 3HAYUTEIHHO
OnmmKe K DKBATOPY, YeM pailoH UX OOBIYHOTO cyliecTBOBaHWs. Ha mHeBHOW cTopoHe
3emId 11a3Ma COJIHEUHOTO BETpa JOCTUTAET BEPXHUX CIIOEB aTMOC(eEphl Yepe3 BOPOHKY,

00pa30BaHHYIO PACXOISITUMUCS CUIIOBBIMU JIMHUAMH (THEBHOM kacn) (Puc. 5).
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Puc. 5. Ctpykrypa marautocgepsl U 0Bajl MOJSAPHBIX cusiHUN. Marauurocdepa paspesaHa
M0 MEpHUAUaHy MOJIeHb — TOJHOYb U B IJIOCKOCTH T€OMAarHUTHOT'O 3KBAaTOpa (TOJCTHIE

J'II/IHI/II/I)I 1 — MMoJIyaACHHAA CCBCPHAd I'paHHUIA OBaAJia, 2 — IMMOJIYACHHAA HOKHAA I'paHUIIa

oBaJia; 3 — TOJNYHOYHas CeBepHas IpaHMIA TUIA3MEHHOIro cliosi; 4 — TMOJyHOYHas
CeBepHasl IpaHMIla OBaJla; 5 — IMOJyHOUHAas IOKHAsI TpaHUIlA OBajla U BHYTPEHHSS
rpaHulla TIJIa3MEHHOTO ciosi; 6 — gpeldyromue BO BHYTpeHHeH MarHutochepe

QJICKTPOHBI U3 IINIa3MCHHOT'O CJIOA XBOCTA.

[TocnenoBaTenbHOCTh (HOPM TMONSAPHBIX CUSHUN M MX JIBUKEHUN HAXOIUTCS B
TECHOU CBSI3U €O CIEeNU(DUUECKUMU SIBJICHUSIMH, MPOUCXOSIIUMU B Maruutrocepe, —
MarHutocepHsiMU CcyOOypsiMH, BO BpeMsS KOTOpPbIX MarHuTocepa MPUXOIAUT B
HEYCTOWYMBOE COCTOsIHME. Bo3BpalieHne B COCTOSHHME C MEHbIIEH SHeprueidl HOCUT
B3PBIBHOI XapakTep U COMPOBOXKIAETCS BHICBOOOXKAeHHEM 3a | u sHepruu ~ 1022 »pr,
YTO BBI3BIBAET CBEUCHHE aTMOC(Eepbl — T. H. aBPOPATIBLHYIO CyOOypIO.

[Ipn B3auMOAEHCTBUU OBICTPBHIX DJIIEKTPOHOB C aTOMaMH M MOJIEKYJIaMH
aTMocdepbl 00pa3yroTcs PEHTTEHOBCKUE JIYYH KaK TOPMO3HOE HM3ITy4YCHHE IJIEKTPOHOB.
Topmo3HOe u3NMyueHue ropazfo Oosee MPOHMKAIOIIEe, YeM YacCTHUIlbl, MOITOMY OHO
nocturaet BoicoT 30-40 kM (puc.S.). IlonsipHble CHSHHMA UCIYCKalOT HH(Pa3BYKOBBIC
BoiHBI ¢ mepuomamu oT 10 mo 100 cex, KOTOpbhIE COMPOBOXKIAIOTCS KOJICOAaHUSIMU

aTMoc(epHOTO JaBlIeHUs ¢ aMIUIUTY10i oT 1 10 10 I[I/IH/CMZ.



Takum o00pa3oM, BbI3bIBa€MblE pa3HOW AaKTUBHOCTHIO COJIHLIA M COJIHEYHBIM
BeTpoM nepuoanueckue (11-meTHue), rogoBble, CyTOUHbIE BapHallil MAarHUTHOIO MOJIS
3emuii ¥ MarHuTHble Oypu CO3Jal0T BO3MYIIEHUsT B MarHuTochepe u uoHocdepe.
BceneacrBue nHAyKIuMu B 3emiie U BO3HUKAIOT MarHUTOTEIUTypudeckue nossd. B menom
9Tu nojs uHpanuszkoit yactotsl (0T 10-5 g0 10 I'm). B Teopuu mokazaHo, 4To Ha TaKUX
gacToTax CKUH-3(QQeKT mposBisercs ciaado, MO3TOMY MAarHUTOTEJUIYypPHUUECKHE MO
MIPOHUKAIOT B 3eMJII0 JI0 IIIyOMH B JIECSTKM U NEpBble COTHH KuiomeTpoB. HambGonee
YCTONYHMBBIMU, MOCTOSSHHO M TOBCEMECTHO CYIIECTBYIOIIUMU B YTPEHHHUE U JTHEBHBIC
qyachl, OCOOCHHO JIETOM W B TOJAbl TOBBIIIEHHOW COJHEYHOW AaKTUBHOCTHU SIBISIOTCS
kopotkonepuoanunbie konedbanus (KIIK) ¢ mepuonom oT enunumil 10 cta cekyHa. [loms
MHBIX MEPUOJIOB HAOMIOAAIOTCS peke. 3a CUeT sBJIEHUsI CKUH-3((eKTa BBICOKOYACTOTHAs
cocrtapisomas MT-nonst ObICTpo 3aTyxaer ¢ rayOuHON M HeceT MHPOPMALIMIO JIUIIb O
MPUMOBEPXHOCTHOM obmactu 3emuu. V3ydas noss pa3inyHONW YaCTOThl MOKHO MOJTYYUTh
JAaHHBIE XapaKTepU3YIOIIKE 3JIEKTPOMAarHUTHBIE CBOWMCTBA 3€MHOM KOpbI M MaHTHUU Ha
pa3IMYHBIX [NTyOHHAX.

Hampumep, 1999 romy B paiioHe r. AJbMETHEBCK OBLIM MPOBEJCHBI OMBITHO-
METOJIMYeCKue paboThl METOJOM MAarHUTO-TEJUTYPUYECKOTO 30HAMpOBaHUA Ha 13

nyHKkTax (puc. 6).
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Puc. 6. Pacnosnoxenue Touek HaOmr0aeHUIT MeToaoM MT3.

[TpuHIIMNIHAIbHBIE Pe3YIbTaThI MOJIYYEHBI B CPETHEN YacTH 3eMHOM KOPBI, TJe Ha
riryounax ot 7-8 km 110 14-16 kM (monoxeHue BepxHel KPOMKH) 0OHApyKEH KOPOBBIN

npoBoasimuii cioit (p = 30-50 OM.M, OpUEHTUPOBOYHAS MOILIIHOCTD MopsiaKa 6 kM) (puc.

7).
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Puc.7. I'eoanexkrpruueckuii pa3pe3, IOCTPOSHHBIN MO JaHHBIM OJHOMEPHOU

KOpOBLIA NpOBOOHKK.

MHTepnpeTanuu J1aHHeiX MT3.

HaubGonee BeposSTHBIM  NPUPOAY  BBHIIBIEHHOTO  KOPOBOTO  NPOBOJHHUKA
JI.N.JIo6koBckuii, C.H.MBaHOB M Ap. yBS3BIBAIOT C (DIIFOMIOHACHIIIICHHOCTHIO CPEJIbI.
CornacHo rupoIMHAMUYECKON U PEOJIOrHYeCKON MOJENIN CTPOCHHSI KOHTHHEHTAIbHOU
36MHOM KOpBI, TMOCTPOEGHHOM € ydeToM poyik (IOUJOB, IMOBEICHUE BBISBICHHOTO
MPOBOISIIIETO CJIOST BOBMOXHO YBSI3aTh C TaK Ha3biBaeMbIM oTaenuTeneM (detachment
fauls), mosiBisIONIErOCS BCIIEACTBHE PACTSKEHHSI PEOJOTHYECKH JBYXCIOWHOW 3eMHOM
KOpBl M PAa3/IEISIONIEro 30HY AU3BIOKTUBHBIX AePOopMaIuii OT HUXKE PACIOJIOKEHHOU
30HBI JTUKATUBHBIX JIe(hOpMAIIHIA.

OtnenuTtenb JOMKEH SIBIASTHCS MPEACIIOM PACPOCTPAHEHUSI BHU3 30H ITyOMHHBIX
pPa3IOMOB U 30HBI, B KOTOPOH pa3psiKarOTCA BCE YIPYTHEe TEKTOHUYECKUE HANPSKEHHUS.
C.H.BanoB mnosaraer Take, 4YTO 30HA OTACIMUTENs SBJIAETCA BEPXHEW TIpaHULEH

pacmpoCcTpaHeHHUsl 3€JECHOCHAHIeBOW UM aM(UOOIUTOBOM (anuil  pernoHaIbHOTO



Metamoppusma. B cBA3u ¢ 3THM OHa sBIsSeTcs HauOosiee BaXKHOW TpaHULEH BHYTpU

JTUTOC(HEPHI.

AtMochepuxku

[IpoucxoxaeHne eCTeCTBEHHBIX IEPEMEHHBIX TOJIEM aTMOC(PEpHOM MPUPOIBI
CBSA3aHO C I'PO30BOM aKTUBHOCTBIO. Ilpu kaxkgoMm ynape moiHuu B 3emutto (IO Bcei
MOBEPXHOCTH 3€MJIM B CpPEIHEM €KECEKYHJHO YHCIIO MOJHUK paBHO mpumepHo 100)

BO30YKJIa€TCsl DJIEKTPOMArHUTHBI MMITYJIbC, PpACIpOCTpaHSIOUIMiics Ha OoJblIue

paccrosinus (puc. 8).

Puc. 8. I'po3oBoii pa3psn (CeBepHas AMepuka).

B 1nienom moj Bo3aecTBUEM Ipo3 B BEPXHUX YACTAX 3€MJIU TTOBCEMECTHO U BCETa
CYIIECTBYET cla0oe IpOo30BOE MOJie, KOTOPOE Ha3bIBAIOT HIyMOBBIM. OHO COCTOUT U3

MEPUOJANYECKH TOBTOPSIEMBIX HUMITYJIbCOB (I[yTOB), HOCSIIUX KBa3HCHUHYCOUIATbHBII



xapakrep ¢ npeobmanaromumu yactoraMu oT 10 I'm 1o 10 k' m HAaIpPSKEHHOCTHIO 110

ANEKTPUUYECKON COCTABIIAIONICH B 1011 MB/M.

EcTecTBeHHbIE NOCTOSIHHBIE AJNCKTPUICCKHUE I10JIsI

K ecrectBeHHbIM TOCTOSIHHBIM diekTpuueckuM mossim (EII) oTHocsiTcs monst
ANEKTPOXUMHUYECKON U DJIEKTPOKMHETUYECKON ITPUPOIBI.

Onexkmpoxumuueckumu  ssnaroress  EIl,  koropele  oOycioBieHsl 16O
OKHCIIUTEIbHO-BOCCTAHOBUTEILHBIMU ~ PEAKLUMSAMHM, NPOTEKAIOIMMHM Ha TpaHULAX
MIPOBOJHUKOB: AJIEKTPOHHOTO (pyJIHbIE MHUHEpAIbl - HAPUMEpP, CYyIb(PUAbI, OKUCIbI) U
HMOHHOIO (OKpY’Kalollue MOpoibl MOA3EMHBbIE BOJBI), JIMOO Pa3HOCTHIO OKHUCIUTEIbHO-
BOCCTAHOBUTEJIBHOTO TMOTEHIMANa MOJA3EMHBIX BOJA BJOJb IPOBOJALIEIO  CIIOS
(manpumep, rpadwuta, antpauurta). MHTeHCMBHOCTH moTeHuuanoB EIl ompenensiercs
pacmpesieieHueM KHUCIOopoJa Mo TIyOMHEe M HM3MEHEHHUEM BOJOPOJHOTO MOKazaTess
KHACJIOTHOCTH moa3eMHbIX Boj (pH). B BepxHux wyactax 3ajexeild, rae OoJjblie
aTMOC(EepHOTO KHUCIOPOJa, UAYT OKUCIHUTENbHbIE PEaKlUU, KOTOPbIE COMPOBOKIAAIOTCS
OCBOOOKJIEHUEM 3JIEKTPOHOB. B HMKHMX YacTsX 3aliexe, rae npeodagaoT 3aCTOMHbIE
BOJbl, HIAYT BOCCTAHOBUTEIBHBIE PEAKUUU C IPUCOCAUHEHUEM DJIIEKTPOHOB. Bo
BMeEIIAIONIEH cpeJie U MOA3eMHOM BoJie HAaOI0AaeTcsa 00paTHOE paclpeieieHle HOHOB, a
B 1eJIOM 00pa3yloTcsl TallbBAHMYECKHUE SJIEMEHTBI C KaTOJIOM BBEpPXY U aHOJOM BHHU3Y
(puc.9).

PasHocTh  mOTEHIMANIOB  HAa  KOHLAX  MOJYYAlOIIErOCsd  €CTECTBEHHOTO
ANEKTPUYECKOTO Aunoiisi qocturaeT 1-1,2 B. JImuTenbHOCTH CyIIeCTBOBAHUS MOJOOHBIX
raJlbBaHUYECKUX 3JIEMEHTOB, a 3HAYUT, JICKTPUUYECKUX TOJIeH (B TOM YHKCIIE HA 36MHOM
MOBEPXHOCTH) OYEHb BEJIWKA, BIUIOTH JO TOJHOTO OKHUCICHUS PYIHOU 3alieikKu.
NurencuBHocts nosen EIl HeycTolurMBa U MOKET MEHATHCS C U3MEHEHHUEM BJIAXKHOCTH,
TEeMIIepaTyphl U APYTUX TPUPOTHO-TEXHOTEHHBIX (DAKTOPOB.

JlaHHOE SIBIEHWE MOXKET HaONIoJaTbcs HE TOJIBKO B paillOHax pyaHBIX
MECTOPOXKJIEHUH, HO U B ONMU3KM HEPTAHBIX (Ta30BBIX, OUTYMHBIX) 3aJI€KeH, KOTJa IMOJT

JEWCTBHUEM YTIIEBOAOPOAOB (POPMUPYIOTCS CKOTIIICHHSI CYJIb()UIOB.
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Puc. 9. EcTecTBEeHHOE TTOCTOSTHHOE QJICKTPHUUICCKOC II0JIC.

BO3HMKHOBEHHE TaKUX CHCTEM, MOXET OBbITh, TaK)KE CBSI3aHO C JICATEIbHOCTBHIO
TNIyOMHHBIX  (JIFOMIOB, KOTOpPBIC SBJISAIOTCS ~ MOHONPOBOSINMM  PAacTBOPOM, C
U3MEHSIOIKUMCS B mipocTpancTBe Ph. Bo MHOTHX paboTax moauepKuBaeTcs HapacTaHUE C
TIIyOMHOM KoHM4uecTBa BoccTaHOBJICHHBIX razoB H, CO, CH u ap., pacTeT KUCIOTHOCTD
(mamaer pH ) Ttakux daronnoB. OHHU SBISIOTCS XOPOIIUMH PACTBOPUTEISIMH U
MepeHocYrnKaMu skene3a. Takoit ¢uronn paspymaer Fe-Ti okucabl, Kak MeHee
YCTOWYMBBIC, YeM IOPOJI000OPa3yIOIIMe CHIIMKATBI, CIEA0BATEIbHO, ICHCTBHE TaKOI'O
Gbarouaa IpHUBEAET B MEPBYIO OYEpPeb K YHHYTOXKCHHIO MAarHUTHBIX U JIPYTHUX PYIHBIX
MUHEpAJIOB. DJTO, OYEBUIHO, U OOBSICHSICT NaJCHUEC HAMATHUYEHHOCTH TOPOJ MPHU
mepexojie OT TpaHyauToB K ampubonuram. ITo Mepe mogbpema (ironaa OH OKHCIISIETCS,
pactet pH dmronga. B pesynbrare co3maroTcs ycloBuUs, O1aronpusTHbIC IS OCaXKICHUS
xene3za B (opme MarHeTura um OMu3KHX emy ¢eppoumnuaeneii. OOpa3oBaHHbIE TaKUM
00pa3oM JJIEKTPOHHBIE TPOBOAHUKHA MOTYT OBITh TMOTCHIMAIBLHBIMH HCTOYHUKAMHU

CCTCCTBCHHBIX JJICKTPUICCKUX TOJICH.



B nmoarBepkneHHMe BBIIECKAa3aHHOTO, MOXHO IIPUBECTH IIPUMEP PETrHOHAIbHBIX

AIIEKTPOPa3BEAOYHBIX paboT Ha Foro-Boctoke Pecriyommku Tatapcran (puc. 10).

10 0 10 20 Km

Nsonuuun EN (MB)
/\/-160 - -80
/\/-?9 -0
1-60
61-120

%121 - 220

Puc. 10. KapTa pacupCaCyICHUSA €CTCCTBCHHBIX JJICKTPUYCCKUX IMMOTCHIIUAJIOB.

Ha kapte norennuanos EIl oGHapyXuBaloTCsl MONOKUTEIBHBIE U OTPUIIATETILHBIC
AHOMaJIMM HMHTCHCUBHOCTBIO B COTHM MHJUIMBOJIBT M IPOTSKEHHOCTBIO B JIECATKHU
KWIOMETpOB. Hccienyemas TEeppUTOpUS HE OTHOCUTCA K paspsay pPyLOHOCHBIX.

OTaenbHbIE CKOIJIEHUS MHUHEPAJIOB B OCAJOYHOM uexJyie (HAapuUMEp - POCCHIIN) HE



00pa3yloT KPYIHBIX I'€OJOTUYECKUX TENl U, KaK MpaBUiIO, HE MMEIOT MPOMBIIIIEHHOI O
3HA4EeHHA. OJIEKTPOKMHETHYECKHE IpOLecChl  (CM. CIEQYIOIMUN pas3iena) B JaHHOM
paiioHe, Takk€ HE MOTYT CO3/1aBaThb TAaKUE€ KpPYIHbIE aHOMalIMH. [[pyrumu cioBamu,
npupoaa obHapyxkeHHbIX (aykryauuii EIl HemsBectHa. Ha pucynke 11 mpencraBnena

TUCTOrpaMMa, oTpaxarouias pacrpeaenenue uctounukon EII o rioyOune.

16
14 +
12
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boba) N
0 2 4 6 8 10 12

Fny6uHa, km

Puc. 11. Pactipenenenne uctrounukoB EIl mo riyOune.

Kak u cnenoBaiio oxkuaath, 00JbIasi UX 4aCTh MPUYPOUYCHA K TPAHUIIE OCATOUHBIN
yexon-pyHaament (1.3-1.8 kM). 3HAUYUTENbHOE YHCIO HCTOYHHMKOB, TaKkKe,
pacrojiaraetrcs Ha UHTepBaye riayouH oT 2 10 5 kM. Hike komndecTBO aHOMABHBIX Tel
pE3KO yMeHbInaeTcs. BrojiHe BO3MOXHO, YTO YacTh €CTECTBEHHOTO JIJIEKTPUYECKOTO
MOJI CBS3aHAa C TPOIECCAaMU, MPOUCXOAAIIMMHU B MECTaX CKOIUICHHS YTIIEBOAOPOJIOB
(mectopoxaenust HedTH, OMTYMOB U T.1.). C JOpyroil CTOPOHBI, MaJOBEPOSTHO, YTO
ucrtounukn EIl pacronokeHHble B KpUCTAUIMYECKOM (yHIAMEHTE CBSI3aHBI C
MECTOpOXKJIeHUusIMA HedTu. bonee mpeanouTUTENbHBIM BBITISAUT MPEANONIOKEHHE O
BO3HUKHOBEHHH €CTECTBEHHBIX IMOTEHI[MAIOB IO/ BIUSHUEM (DIIOUI0IMHAMUYECKUX
IIPOLIECCOB.

DOneKTpOoKUHETHYeCcKne MocTosiHHble ecTecTBeHHble monst (EIT) oOycrnoBieHs
¢ dy3nOHHO-aICOPOITMOHHBIME M (PMIIBTPAIIMOHHBIMU MTPOIIECCAMHU B TOPHBIX TOPOAAX,
HACBINIEHHBIX MMOJ3EMHBIMU BoJaMu. braromaps pa3iudHON MOABUKHOCTH KATHOHOB U
AHUOHOB MPOUCXOJUT HEPABHOMEPHOE pacHpeeieHUue 3apsioB B IMOJA3EMHBIX BOJIAX

pa3H0ﬁ KOHICHTpAal, 4TO U BCACT K CO3AAaHNIO €CCTCCTBCHHOTO 3JICKTPHUYCCKOI'O ITOJIA



muddy3nonnoit npupoasl. st HabmoneHust U u3ydeHus: 1udy3noHHBIX MOTEHIIUATIOB
MOXHO TMPOBECTH cleayronuil onbIT. [loTpedyercs nBa XMMHUUYECKUX CTaKaHYMKa, WU
JBa JPYyTUX TMOAXOJAIIUX COCyAa, W HamoaHuM ux pactBopoM NaCl paznuunoit
koHneHTpamuu (Cy u Cy, C; < C;) (uem Oonbllie pa3HOCTh KOHIICHTPAIIUK TeM OOJIbIIe
Oyner BenuurMHa mnoTeHnHana). CoeAMHUM CTaKaHYUKH MEXAY COO0OMl C TMOMOIIBIO

CTEKJITHHOM TpyOKH HamonHeHHou pactBopoM NaCl Menbiieit koHIeHTpaluu (puc. 12).

noTeHUHoOMe T

| NaCl, Cl KaIoMe IEHBII

AJEKTPOO

N Wl (/

NaCl ¢ NaCl C:

Puc. 12. U3mepenne nud@y3rnonnoro norennuana. OUoIETOBBIMU CTPEITKAMU MTOKA3aHO

HarpasiieHue 1uddys3un.

BcenenacrBue OGonbiieit moasuxkHOocTh uoHOB Cl- (mpumepHo B 1.5 paza),
nocieHue OyIyT MepexoJuTh U3 CTaKaHYMKa ¢ 0oJjiee KOHIICHTPUPOBAHHBIM PAaCTBOPOM
B JIPyTo#l cTakaHuuK ObicTpee yeM Na+. BO3HUKHET MOTEeHIHA, KOTOPBIA M Ha3bIBAETCS
i Gy3MOHHBIM, €r0 MOXHO HW3MEPUTh C MOMOIINBI0 KaJOMENbHBIX JIIEKTPOJOB U
MOTEHIIUOMETpA.

Jliss  OMHOBAJIGHTHOTO  JJIEKTPOJWTa (KaK B  HAIleM ONbITE) BEIWYHHA
¢ Gy3MOHHOTO MOTEHITMAIA MOXKET ObITh BBIPAJKEHA B BUJIE CIEAYIONIEH (OPMYIIbI:

_RT u-v. L C,

E -0 27V g
T F u+v gC2

Trac:



E,— a1 dy3uoHHBIN TOTEHIIMAT WIH 3IEKTPOABMKYIIAs cuiia Tupy3MOHHON pa3HOCTH
MOTEHIIUAJIOB;

R — ynuBepcanbHas razoBas nocrosinas ( 8.314 Jx/(MonbxK));

F — uucno dapanes (= 96484 Ki/monb)

T — abcomtoTHas Temneparypa, BoipaskenHas B Kenbsunax (K) (T=T,+273.150, T; —
TeMIlepaTypa pacTBopa B rpaaycax llenbcus);

U, V — 3JIeKTPOTHTHYCCKHIE TTOBIKHOCTH KATHOHA 1 aHHOHa (CMXCM?/MOJIB);

C,, C; — KOHIIEHTpAIMHU SJIEKTPOJIMTOB B pacTBOpax (MOJb/T).

‘ Mepgmaa npoeomoka

—
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cocyn

‘ Pry1e k A
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Puc. 13. YcTpoicTBO KaTOMEIBHOTO 3JEKTPO/IA.
[IpoBeneM mMOAOOHBINM K€ OMBIT, HO COEOUHUM CTAaKaHYUKA HE C TOMOIIBIO
TpyOKH, a depe3 siuelKy, HAIOJIHEHHOW MOPUCTON TOPHOW MOPOJOoW (Hampumep —

necuaHHUuKoM) (puc. 14).
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Puc. 14. Uzmepenue nuddy3noHo-aacopOIMOHHOTO TOTEHITHAA.

Bennmunna W 3HaK, BO3HMKAMOIIErO IMOTCHIMana OyneT 3aBHCETh  OT
aJICOPOIIMOHHBIX CBOWCTB MHUHEpAJOB, T.€. CIOCOOHOCTH MEJKOIUCTIICPCHBIX U
KOJUIOUIHBIX YaCTHIL yJIEPKUBATH HA CBOCH IMOBEPXHOCTH MOHBI TOTO MJIM MHOTO 3HAKA.
[TosToMy pa3HOCTH MOTEHIIMAIOB, BO3HUKatOMUE pu MU (Gy3uu B MOPOAAX MOI3EMHBIX
BOJI Pa3HOHM KOHIICHTPALMHU TIOJIYYIIN Ha3BaHUE TU(PY3HOHHO-aICOPOIIMOHHBIX.

EctecTBeHHBIC MOTEHIMAIBI HAOMIOJAIOTCS TaKXKe TPU JBWKCHUU ((UIBTpaIim)
MOJI3EMHBIX BOJI Yepe3 MOPHUCTHIC MOPObl. [ paHHIIBI U TIOPHI B TOPHOM MOPOJE MOYKHO
paccMaTpuBaTh KakK KamWLISAPbI, CTEHKH KOTOPBIX CIIOCOOHBI aJcOpOMpOBATh HOHBI
OJTHOTO 3HaKa (Yale BCEro OTPHIATENIbHbIC). B KUAKON cpelie HAKAIUTMBAIOTCS 3apsiabl
MIPOTUBOIIOJIOKHOTO 3HaKa. Yem OoJbIle CKOPOCTh JBWKCHHUS TOJI3EMHBIX BOX (WK
JIaBJICHHE Ha KOHIAX KaNmWUISPOB), TeM Oolbiie OyneT pazHocTh norennuanos EIl. 3nak
EIl 3aBucuT OT HampaBieHHS TEYCHHS IMOA3EMHBIX BOJI: TOJOKUTEIbHBIA MOTEHIIUAT
BO3pacTaeT B HANpPaBJICHUU JBIKEHHUS BOJbl. MecTa OTTOKOB IMOJ3EMHBIX BOJI
BBIICTISIIOTCS  OTPHUIIATENIbHBIMU  TIOTCHIIMAJIAMU, a MPUTOKOB - TIOJOKUTEIHHBIMHU.
CymmapHble  JJCKTPOKHHETHUYECKHE TOTCHIMANBl  3aBUCAT OT  J1udy3uOoHHO-
a7IcCOPOIIMOHHBIX, (PUIBTPAIMOHHBIX MPOILIECCOB U B MEHBINECH CTETIEHH OT Ce30Ha roJia,

BPCMCHHU CYTOK, BJIIA’)KHOCTHU U TCMIICPATYPHI.



I'naBa 3. UckyccTBeHHBIE dJIeKTPUUYECKHE MOJIS

I/ICKyCCTBeHHLIe MOCTOAHHBIC IJICKTPUICCKHUE MMOJISA

HckyccTBeHHbIE TIOCTOSIHHBIE JlieKTpuueckue mnois (puc. 18) co3marorcs ¢
MOMOIIbI0  Oarapeil, akKKyMyJSTOPOB WJIM TE€HEpPaTOpOB IOCTOSHHOIO  TOKa,
MOJIKJIFOYAaEMbIX C MOMOIIBIO M30JMPOBAHHBIX MPOBOJOB K CTEPKHEBBIM 3JIEKTPOJIAM —
3azemmautensaM (puc. 17).

B teopun 3azeMieHHil 10Ka3bIBAETCA, YTO AJIEKTPOJ CTEPHKHEBOU (POPMBI MOKHO
paccMmaTpuBaTh Kak TOYEUHBIHM, €CIIM MOoJie U3y4aeTcsl OT HEro Ha pacCTOSHUSX, B MATh U
0oJiee pa3 MPEBBILIAIONINX ATUHY 3a3€MJICHHON YacTH 3JekTpoa. [loaTomy nmpuBoanMele
HUKe (OpMysbl pacdyeTa TMOJA I8 TOYEUHOTO HCTOYHMKA CHpPaBEUIMBBI LIS
MIPAKTUYECKON 3JIEKTpopa3Beaku. Teopus aIeKTpOpa3BEIKU BKIIOYAET pElIeHUE MPSIMbIX
u oOpatHbix 3amad. llpsmoill 3agauell Ha3bpIBaeTCs ONpENECICHHE MapaMeTpoB
AJIEKTPOMArHUTHOTO TOJS HaJl 3aJaHHBIM TeOodJeKTpUuueckuM pazpe3oMm. [lpocTteitmieit
OpsiMOM  3a7lauell  BJIEKTPOpPa3BEAKU IMOCTOSIHHBIMU HMCKYCCTBEHHBIMU MOJSMHU  (UX
Ha3bIBAIOT METOJAMHU CONPOTUBIICHUI) SBIIAETCSA pacyeT Pa3HOCTH MOTeHIMaIoB (AU ) B
nByx Toukax M u N Haj 0JJHOPOJIHBIM U30TPOIMHBIM MOJIYNPOCTPAHCTBOM C MOCTOSIHHBIM
YOC (p), B KOTOpOE Uepe3 TOUSCYHBIH UCTOUYHUK A BBOIUTCS TOK cuiioit | (puc. 16).

) DA caats) A7,

Puc. 16. ITose ToOueYHOr0 UCTOYHUKA TTOCTOSTHHOT'O TOKA A HaJl OJTHOPOHBIM

HN30TPOITHBIM ITOJYIIPOCTPAHCTBOM: 1 - TOKOBEIC JIMHUH, 2- OKBHUIIOTCHLHHWAJIBHBIC IMHHH.
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Puc. 17. Jlunun QJIICKTPUYCCKOIO IIOJd W OJKBUIIOTCHIHUAJIIBHBIC ITOBCPXHOCTHU
BOKpYTr' CIWHHYHOI'O  JJICKTpOJa. a - HOJ'IYC(l)epI/Ille()Kaf{ OKBUIIOTCHIIMAJIbHAA
ITOBCPXHOCTD, b — paduaJibHO BbIXOIAIIHUC JIMHUW 1I10JIA BOKPYI' HMCTOYHHUKA, C —

paduaJIibHO BXOOAIINC JIMHUH I10JISI BOKPYT HpI/IéMHI/IKa.

HCTOUYHHK NMPHEMHUE NMoBEPpXHOCTD

y |

.‘.. fx//,'?‘
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IEEMNOTEHUMANBHAA
AMHHAA

Puc. 18. [Ipoduiib TOKOBBIX JTUHUI U SKBUMIOTCHIIMATBHBIX TTOBEPXHOCTENH MEXKTY

HUCTOYHHUKOM H HpI/IeMHI/IKOM, YKCJIO TOKOBBLIX JIMHUM OTPAKACT AOJHO IJICKTPUYICCKOIO

TOKa CBEPXY JIMHUMU.



BcenencrBue mapoBoil CHMMETPHUH pEIIaeMOM 3aa4d TOKOBbBIE JINHUU PAIUaIbHO
HaIpaBJIEHbl OT TOYEYHOIO MCTOYHUKA A, a 3KBUIOTEHIMAJIbHbIE TOBEPXHOCTH UMEIOT
Bu1 noiychep. Mcnonwszys 3akoH Oma AU =RI, tne R=p-l/s - conpoTusieHue
MPOBOJHUKA MEXAY IBYyMs HoJycpepamMu CO CpPEeAHMM paguycoM I U IUIOIIAJbI0
s=27-r%, ynajleHHeIMU Ha pacctosuue | = MN, MoxHo 3amucath AU ~ [pMN /27 -r?.
JUig TpagueHT-yCcTaHOBOK, Koraa MN <<r, B mocieaHei (opmysie MOXHO 3aMEHUTH
r’ ~ AM - AN, mosToMy BeIpaxkeHue a1 pacuera Y IC 0IHOPOJHOTO IIONYIPOCTPAHCTBA
C TIOMOMIbIO TpeXAeKTpoaAHoN ycTranoBkM AMN nonyuut Bua:

_27AM-AN AU _ AU 22)
MN | !

[Ton ycTaHOBKO#H B 27€KTpOpa3BeIKe MOHMMAIOT KOMOUHAIIMIO TTUTAIOIINX U
MPUEMHBIX 3J1eKTpooB. Koaddurment K, 3aBUCAIINIA OT pacCTOSHUN MEXTy HUMH,
Ha3bIBaeTCs KOd(DPUIMEHTOM yCTaHOBKH. Haj HEOTHOPOIHOM cpeioit pacCUMTaHHOE 10

stoit popmyrne YIC naszbiBaercs kaxymmumes (KC nnu p, = KAU /1 ). KakoB xe
buznueckuii cMbIc p, ?

4 3 TCOPHUU IIOJII HM3BCCTHO, UYTO HAIPAXKCHHOCTL OJJICKTPHUUCCKOIO IIO0JIA

E = JMNoMN =AU /MN, rae jMN - mwioTHoOCTh TOKa, pMN - yaeinbHOE CONPOTUBIICHUE
BOJNM3M NPUEMHBIX JIEKTpoAoB. O6o03HauMB j, =1/27-r> W yuuTbiBasg, 4YTO Ha

MOCTOSIHHBIX Pa3HOCAX U IMPU OJHOPOTHOM BepxHeM cioe pMN/ j, = const, momydum

2
P _27-r” AU jMN.pMN ~ iMN (23)

MN | i

Takum  oOpa3om,  Kaxymieecss  CONPOTUBIEHHWE  HAA  HEOJHOPOIHBIM
MOJIYTIPOCTPAHCTBOM MPONOPLHMOHATIBHO INIOTHOCTH TOKA Yy IPUEMHBIX 3JIEKTpo10B. Haz
OJIHOPOJIHBIM MOJYNpocTpaHCTBOM JMN = jou p, = p. Ousnueckuii CMbICII aHOMAJIUNA B
METO/IaX COTPOTHUBIICHUI B TOM, YTO TOKOBBIE JTMHUH MU3THOAIOTCS B CPE/Ie C PA3HBIMU p
(BTATHBAIOTCS B MPOBOJAIINE, OTHOAIOT HEMPOBOJSAIINE BKIIOUEHUS). B pesynbpTaTe Ha
3eMHOU MoBepxHOCTU MeHsieTcss JMN , a 3Haunt p, . [loaToMy - 3TO ciokHas QyHKIUS
reO3JIEKTPUYECKOr0 pa3pe3a U THUMA YCTAaHOBKU. Ee pacCuuThIBalOT B TEOPUHU
ANEKTpopa3Beaku. YHUCIEHHO p, PaBHO HCTUHHOMY COINPOTHUBIEHUIO (p) TaKoro

MOJIyIIPOCTPAHCTBAa, B KOTOPOM JJIsl OJMHAKOBOM ycTaHOBKHM ( K =const) oTHomieHue

AU /| ocrtaeTcs OMMHAKOBBIM.



I/ICKyCCTBeHHble NMEPEMEHHBIC TADMOHUYIECCKHUE JJICKTPOMATIHUTHLIC ITOJISA

HckyccTBeHHBIE TIEpEMEHHBIE TapMOHUYECKHE  DJICKTPOMArHUTHBIE — TOJIS
CO3/Ial0TCSl C TMOMOIIBIO PA3HOrO poJia T€HEPAaTOPOB CHHYCOHMJAJIBHOTO HAIPSKEHUS
3BYKOBOW M PaTMOBOIHOBOM YaCTOTHI, MOJKIIOYAEMbIX K TaIbBAHUYECKUM (3a3eMJIICHHBIC
JIMHUM) WIA UHIYKTUBHBIM (HE3a3eMJIEHHbIE KOHTYPbI) JaTYMKaM (McToUYHUKaM) nois. C
MOMOIIIBIO JIPYTHX 3a3eMJICHHBIX (MPUEMHBIX) JIMHUN WM HE3a3€MIICHHBIX KOHTYpPOB
U3MEPSIOTCS COOTBETCTBEHHO 3JekTpuueckue (E) mnam marnutheie (H) cocraBnstomiue
HANPSHKEHHOCTH ToJsl. OHU OMPEACISIIOTCS] TPEXkKIEe BCETO YJECNBbHBIM JJIEKTPHUECKUM
COIPOTUBJICHHEM BMEIIAIONICH cpeabl. Yem BhIle CONMPOTUBIICHHE, TEM MEHbBIIE CKUH-
dbdext u Oonpine TAyOMHA TPOHMKHOBEHHUs moyss. C JOpyroil CTOPOHBI, YeM HIKE
COIIPOTHUBJICHHUE, TEM OOJIBIIIE MHTEHCUBHOCTh BTOPUYHBIX BUXPEBBIX DJIEKTPOMArHUTHBIX
MoJIeH, MHIYIIMPOBAaHHBIX B CpEJIe.

BriBos aHanuTHyeckux (GopMys Ui CBSI3U MEXIY M3MEpPSAEMbIMHU IapaMeTpaMu
(E, H), cumoit Toka B maruuke moyis (), pacCTOSHHEM MeEXIy T'€HEPaTOPHBIMH M
U3MEPUTENNBHBIMU JIMHUAMM (), UX pa3MepaMy U 3JIEKTPOMArHUTHBIMU CBOMCTBaMHU
OJTHOPOJHOI'O MOJYTIPOCTPAHCTBA OUEHb CIIOKEH.

Ha Hwum3kux wyactorax (f <10kl'm) pacdeT CONpPOTUBIECHHS OIHOPOIHOTO
noJynpocTpancTsa Benetrcs no ¢opmyne p=K AU(w)/1, roae K, - xoaddunmeHt
YCTaHOBKH, PAa3HBIN ISl pa3IMYHBIX CIOCOOOB CO3/IaHUS U U3MEPEHHUSI TOJIsS, PACCTOSHUN
MEXy HCTOYHUKOM W MPHUEMHUKOM, KPYroBBIX 4acToT (@ =27-f ); AU(w)- pa3HocTb
MOTEHIINAJIOB, IPOMOPIIMOHANIbHAS cocTaBstomuM E wnu H. Hag HeogHopogHOM cpenoit
0 ATOH ke popMyJie pacCUUTHIBACTCS KaXKyIeecsi CONpOTUBICHUE ( o, ).

Ha Bricokux uwactrotax ( f >10k['1) ¢opmynbl isi mapamMeTpoB HOPMAaIbHOTO

nojig Ooiiee I'POMO3JKH, TaK KaK OHH 3aBHUCAT OT TPCX IBJIICKTPOMAIHHUTHBIX CBOMCTB

Cpepl.

I/ICKYCCTBQHHBIQ HMITYJIbCHBIC (HeyCTaHOBI/lB]_[Il/IeCH) IJTEKTPOMArHUTHDLIC ITOJIA

I/ICKyCCTBeHHBIe HUMITYJIbCHBIC (HeyCTaHOBI/IBH_II/IeCSI) SJICKTPOMAIrHUTHBIC TIOJIA

CO3Ma0TCA € TMOMOIIBIO TCHCPATOPOB, HOAOMIUX HaA BBIXOJAC HAMNPAKCHUC B BHIC



MPSIMOYTOJIbHBIX MMITYJIbCOB Pa3HOM JUIMTENBHOCTH U MOJKIIOYAEMBIX K 3a3€MJICHHBIM
WM He3a3eMJIEHHBIM JIMHUAM. C MOMOIIBIO APYTHUX 3a3€MJICHHBIX PUEMHBIX JIMHUNA WU
HE3a3€MJICHHBIX KOHTYPOB M3y4daeTcs IpOLIECC YCTAHOBJIEHHS M CHaJa pa3HOCTEH
noreHuuanoB AU (t) wim AU, (t) Ha pasHeix BpemeHax (1) mociie OKOHYaHUS
MUTAIOLIEr0 UMITYJIbCA.

[Ipy 30HAMPOBAHMM T'EOJOTMYECKOM Cpenbl TAaKHUMHM HMITYJIbCaMH B HEH
MIPOUCXOJAT pa3HoOOpa3Hble (Qu3nyeckue Mnporecchl. B 3aBucumMocTu oT crocoba
CO3/1aHUS U U3MEPEHHUs TOJIsl U BPEMEHH, Ha KOTOPOM MPOBOJATCA U3MEPEHHUs, a TaKKe
AJNIEKTPOMArHUTHBIX CBOMCTB TOPHBIX MOPOJA pPAa3IM4yalOT HEYCTAaHOBUBILMECA OIS
JBOSIKOM MPUPOJbI: BBI3BAHHON TMOJSPHU3aLMU W TEPEXOJHBIX IMPOLIECCOB WU

CTAaHOBJICHUA I10JIA.

1 . Ilona ewizéannoti nonsgpuzayuu. Ilonst BBI3BBAHHOW MONSpU3AIMM, WU
BbI3BaHHbIE TOTeHIManbl (BII), co3maroTcss myTeM TalbBaHUYECKOTO BO3OYXKICHUS
IIOCTOSIHHOT'O TOKa ¢ oMoIblo JIMHUU AB u u3mepenus pasHoctu noreHunanoB BII Ha

npueMHbIX 3nekTporax MN (AU,,) uepe3 0,5-1 ¢ mocie OTKIIOYEHUs TOKa, T.€.

U3MCPACTCA CIla[l HAIIPAKCHHOCTHU JJICKTPUYCCKOI'O I10JIA, 06y0ﬂ0BJ'I€HHLIﬁ pa3H0171

BBI3BAHHOMW MOJISIPU3YEMOCTBIO TOPHBIX MOPO/I (77).

Han ogHopoaneiM nostynpoctpanctBoM 77 = AU, -100%/ AU , rne AU - pa3HOCTb

MOTEHIIMAJIOB Ha TEX K€ MPHEMHBIX 3JIEKTPOAax BO BpeMs MpoIyckaHus Toka. Han
HEOJHOPOAHBIM TOJYIIPOCTPAHCTBOM pacCUMTaHHAs MO JToH (opmyne BeTudMHA

HA3bIBACTCS KAKYIICHCS TMOJIIPU3YyEMOCTbIO (77, ).

WNurencuBubie nons BII co3marorcs Hag cpenaMu, CoOAEpKallUMU PYJIHBIE
(2MEeKTPOHONPOBOJIAIINE) MUHEpalbl. [Ipu mpornyckaHuu Toka 4epe3 Takylo cpelly B Hel
MIPOUCXOJIAT IEKTPOXUMHUYECKUE MPOIIECCHI, CXOJHBIE C TEMHU, KOTOPhIE HAOIIOAAOTCS
MpU 3apsiKe akKymynaropa. Bo Bpemsi mpoIyCKaHHMs TOKa HAa MOBEPXHOCTH PYAHBIX
MUHEPAJIOB, OKPYKCHHBIX TMOJ3EMHOW BOJIOM, OCYIIECTBISETCS pAl (UHUYECKUX
MpPEBpALIEHU U XUMUYECKHX pEeaKIUi, NPUBOIAIIMX K BBIHYXIACHHOW MOJApU3AIUU
cpenbl. Ilocrne OTKIIOYEHHS TOKa B Cpele HAuMHAET YCTAHABJIMBATHCS PaBHOBECHE,
MPOSIBIISIIOIIEECS] B MEJICHHOM CHaje 3JEKTPUUYECKOro MOJIsl U HAJUYUU Ha MPUEMHBIX

NEKTPOJAX NOTEHUUAIOB AU ,, B TEUEHHE HECKOJIBKUX CEKYH/L.



B cpenax, rae mopomooOpasyronme MUHEPAIbl HE MPOBOIST ANEKTPUIESCKAN TOK,
(nonomnpoBopsmue) oopazoBanue nojuei BII cBs3ano ¢ nmepepacnpeneneHueM 3apsiioB Ha
KOHTaKT€ >KUIKOM M TBepAod ¢a3, nud@ysueil HOHOB 4Yepe3 MOPUCTHIE CpEAbI,

azcopOLuel X Ha MIMHUCTHIX YaCTUIAX U JPYTUMH MPOIIECCaMH.

2 . Ilons nepexoonvix npoyeccos uau cmanosienus nois. [Ipu uMIyI5CHOM WA
CTyNEeHYaTOM M3MEHEHUHU TOKa B muTaroen Juauu ( AB) win He3a3eMJIEHHOM KOHTYpE
(metnsi, pamMka) B MOMEHT BKJIIOYEHHS WJIM BBIKIIOYEHUS TOKAa B MPOBOJSIIECH
TEOJIOTHUECKON cpejie MHAYIUPYIOTCS BUXPEBbIE BTOPUUYHBIE JIEKTPOMArHUTHBIE MOJIS.
N3 Teopun CHEKTPOB W UMITYJIbCHON TEXHUKHA HM3BECTHO, YTO MPU PE3KOM H3MEHEHUU
TOKa B CPEJie BO3HUKAET CUTHAJ, KOTOPHI MOXKHO Pa3JIOKUTh B HAOOpP TapMOHHYECKUX
KoJieOaHUN MIMPOKOTO CIHEKTpa YacToT. UeMm ocTpee WMIYyJIbC WM KpyTH3HA Crajaa
CUTHaJa, TeM OoJiee BHICOKOYACTOTHBIC KoJieOaHus conepxkarcs B HeM. C yBennueHuem
YaCTOTHI PacTeT CKUH-d(PEKT (a 3HAUUT, yMEHBIIAETCS TTyOMHA TPOHUKHOBEHMUSI TIOJIS)
U YBEIMYUBAIOTCS BTOPUYHBIC BUXPEBbIC WHIYKIIMOHHBIC T0JI. [103TOMYy B 3aBUCUMOCTH
OoT (pOpMBI MUTAIOIIETO UMITYJIbCA U CONMPOTUBIICHUS CPEIbl CUTHAIIBI B HEW MO-pa3HOMY
uckaxarTcsa. M3ydas ¢ momompio npueMHod nauHud (M N) wim He3a3eMJICHHOTO
KOHTYpa (MeTiu, paMKH) pa3HOCTH oTeHnuanoB AU, (t) u AU, (t) Ha pa3HBIX BpeMeHax
(t) mocrme OKOHYAHHS MHUTAIOIIET0 CHTHAlA, MOKHO IOAYYUTh (DOPMY HCKAKEHHOTO
Cpeloi curHaja, T.e. M3y4YuTh IEePEX0HbIC MIPOIIECCHI MM CTaHOBJICHHUE (YCTAaHOBJICHHUE)

I10JIs B CPCIc.

BeiBon anamuTHueckux Gopmyit i cBs3u pazHoctel noreHuanos (AU (t), AU, (t))
OT CUJIBI TOKa B muTaromieit menu (| ), COmpOTUBICHUS OJTHOPOJIHOTO MOTYIPOCTPAHCTBA
(p), paccTosiHus (') MEXKAY IICHTPAMH MMUTAIOIIETO U TPUEMHOTO YCTPOMCTB U UX
pa3MepoB cioxkeH. Jlumb it nanbHed (r >5H ) wnm 6muxHed (r > H ) 30H ot
WCTOYHUKA, rie H - mpoekTupyemblie TiyOuHBI pa3Beku, POPMYIIBI sl pacyeTa UMEIOT
HECJIOKHBIN BUI:

p=K,AU®)/l um p=K,[1/AU)]*° -t (24)
rie K, u K, - KooQQHIUEHTHl yCTaHOBOK, pasHble JUId JalbHEld U ONMKHEH 30H OT

HWCTOYHHMKA, 3aBUCAILIME OT THUIA MMUTAIOLIECH U NPUEMHOM JINHUM, UX Pa3MEPOB U pa3HOCa



(r). Jusg HEOTHOPOJHOW Cpeabl CONMPOTHBIICHUS, PACCUUTAHHBIC MO 3TUM (OpMyIIaMm,

HAa3bIBAIOTCA KAXKYITUMUCH.

CBerBbICORO‘{aCTOTHI)Ie moJid

CBEepXBBICOKOYACTOTHBIE  JJEKTPOMArHUTHBIE IO C JUIMHOW BOJHBI  OT
MHKPOMETPOB J0 METPOB HMCHOJIB3YIOTCSA Uil NACCMBHOW M AKTMBHOM PaIvOJIOKAIIUU
36MHOM MOBEPXHOCTH. METOpl, OCHOBAHHBIE HA MX M3MEPEHUHU, HAXOIATCS HA CTBIKE
JJIEKTPOPA3BEAKH M TepMopa3Benku. [Ipu maccuBHOM paanonoKauuy HW3y4aroTcCs
ecTecTBEHHO-TexHoreHHble paauoteruioBble (PT) win undpakpacusie (MK) uznyuenus
3€MHOM MOBEPXHOCTHU. B pa3HbIX 1nana3zoHax MUKPOMETPOBBIX JUIMH 3JIEKTPOMATHUTHBIX
BOJIH CYIIECTBYIOT "OKHa mpo3padyHocTH", mo3Bossitomue noiaydyate PT wim UK -
M300pakeHusl 3eMHBIX JIaHAmadToB Mpu Jt000# noroje u o01a4HOCTH. UHTEHCHBHOCTD
W3JIydeHUH 3aBUCUT OT COJHEYHOIO W BHYTPU3EMHOIO HAarpeBa BEpPXHUX 4YacTei
MOBEPXHOCTH 3€MJIM, a TaKkKe OT MCKYCCTBEHHbIX HCTOYHUKOB TeIia (ropoja,
IPOMBIIIJICHHBIE TPEANPUATHS U T.11.).

[Ipn akTuBHOW paguooKanuK (aDPOKOCMUYECKONW WJIM TIOJIEBOM) 3eMHas
MOBEPXHOCTh  OOJIy4aeTcs  HCKYCCTBEHHBIMHM  KOPOTKMMH  PaJMOJIOKAIIMOHHBIMU
UMIyJbCaMHU, HM3y4yaloTCid BpeMeHa MNpuxoaa U (opma OTpaKeHHBIX KaK OT 3€MHOM

ITOBCPXHOCTHU, TaK U OT I'paHHI] CJIOCB C Pa3HbIMH J3JICKTPOMAIrHUTHBIMHU CBOMCTBaMHU.

*Cxkun-3¢pdext (oT anri. skin — koxka, 000JI04YKa), TMMOBEPXHOCTHBIM 3(deKT,
3aTyXaHHUE AJIEKTPOMAarHUTHBIX BOJIH TI0 MEpe MX MPOHUKHOBEHUS B TIyOb MPOBOISIICH
cpellbl, B pe3yJbTaTe KOTOPOTo, HAlpUMEp, MIEPEMEHHBIN TOK 10 CCUCHHUIO TMPOBOIHUKA
WIA TICPEMEHHBI MAarHUTHBIA TIOTOK MO CEYEHUI0 MarHUTOIPOBOJIA PACTIPEACIISIOTCS HE
PaBHOMEPHO, a MPEUMYIIECTBEHHO B MOBEPXHOCTHOM cioe. CO 00yClOBIEH TeM, YTO
MPU PACTIPOCTPAHEHUU DSJIEKTPOMATHUTHOW BOJIHBI B TPOBOSINEH Cpele BO3HHUKAIOT
BHUXPEBBIC TOKH, B PE3YJIbTATE YE€TO YaCTh AJICKTPOMArHUTHON SHEPTUU MpeodpaszyeTcs B
TEIJIOTY. DTO W TMPUBOIAUT K YMEHBUICHUIO HANPSKEHHOCTEH SIEKTPUUYECKOTO U

MarHuTHOTO IOJIEH U MIOTHOCTHU TOKaQ, T. €. K 3aTyXaHHIO BOJIHBI.



UeMm BBl YacTOTa N JJIEKTPOMArHUTHOTO TIOJsI W OOJIBIIE MarHUTHAs
MPOHUIIAEMOCTh M TMPOBOJHUKA, TEM CHJIbHEE (B COOTBETCTBHHM C YpaBHEHUSIMU
MakcBeia) BUXpEBOE AJICKTPHUECKOE I0JIE, CO3/IaBaeMOe IMEePEMEHHBIM MarHUTHBIM
MoJIeM, a 4eM OOJIbIIe MPOBOJAUMOCTH a MPOBOJHHUKA, TEM OOJIBINE IUIOTHOCTh TOKA U
paccenBaeMasi B €IUHUIIE 00bEMAa MOIIMHOCTH (B COOTBETCTBHHM C 3akoHamu Oma u
Jlxoymns — Jlenna). Takum oOpa3oM, 4em OOJIbIe n, m U S, TEM CHIIbHEE 3aTyXaHHue, T. €.

pesue nposieisaeTcsa CO.

CD wuacto HexemareneH. B mpoBogax mnepeMeHHbId TOK Tpu cuiabHOM CD.
MPOTEKAET IJIaBHBIM 00pa30M 10 MOBEPXHOCTHOMY CJIOIO; IIPU 3TOM CEUYEHHUE MPOBOJIA HE
WCIIOJIb3YEeTCs TOJHOCTHIO, COMPOTUBIICHUE TPOBOJA W MOTEPHU MOIIHOCTH B HEM MpHU
JTAaHHOM TOKE BoO3pacTaloT. B (eppoMarHUTHBIX TMJACTHHAX WM  JICHTaX
MarHuTOIPOBOJIOB TPAaHC(POPMATOPOB, DJIEKTPUUYCCKUX MAIIMH U JIPYTUX YCTPOUCTB
MePEMEHHBI MarHUTHBIN MOTOK MpHU CHUILHOM CD. MPOXOIUT TJIaBHBIM 00pa3oM IO UX
MOBEPXHOCTHOMY CJIOIO; BCJIEJICTBUE OTOT0 YXYJIIA€TCsl MCIOJIb30BaHUE CEUEHUS
MarHMTOINPOBOA, BO3PACTAIOT HAMATHUYHMBAIOIIMNA TOK W MOTEpH B cTaiu. «BpemHoe»
BausiHue CD  0CialisitoT yMEHBIIEHUEM TOJIIWHBI IUJIaCTUH WM JIGHThl, a TMpu
JOCTaTOYHO  BBICOKMX  4YacTOTaX —  MNPUMEHEHHEM  MarHuTONpPOBOJOB U3

MardiuTOJU3JICKTPUKOB.



I'maBa 4. Metoabl npopuIMpoBaHus

JIEeKTPOMarHuTHbIE NPOQUINPOBAHUA

O0mas xapakTepUCTHKA 3JIEKTPOMArHUTHBIX NPO(PUIMPOBAHUMH

K snekrpomarautHeiM npoduiupoBanusm (OMII) otHocutcs Gonbinas rpymnmna
YCKOPEHHBIX METOJOB 3JIEKTPOPA3BEIKH, B KOTOPHIX METOJMKA U TEXHHKA HaOII0JIeHUN
HalpaBJIeHbl HAa TO, YTOOBl B KaXJ0H TOuke MNpOoPMiIs MONYYUTh HH(OpMAIio 00
AJNIEKTPOMArHUTHBIX CBOMCTBAX Cpelbl MPUMEPHO Ha OAMHAKOBOW riyOuHe. J{ns 3TOro
BBIOMPAIOTCS TOCTOSIHHBIE WJIM MaJl0 MEHSIOIIMECS Pa3HOCHI MEXKIY MUTAIOIIUMU WU

NPUEMHBIMA JIHHUSAMH (r), a Takke wu3ydaemble dactorhl ( f) wim Bpemena (t)

MepeXoIHOTO mpoliecca. Beibop rinyOMHHOCTH, TOYHEE HWHTEpBaja TIIyOMH H3yYCHHS

r¢oJIOTUYECCKOro paspe€sa, a 3Hadur I, f,t, 3aBUCHUT OT pPCIIacMbIX 3aaad H

reodJIeKTpUUecKuX ycsioBuil. OH OOBIMHO HPOU3BOAMTCS OINBITHBIM IyTEM IO JJAHHBIM
OM3 wmmu OMII ¢ pa3HbIMM TIIIyOMHHOCTSIMM U JOJDKEH OOECNeuYuTh I0JIydYeHHE
MaKCHUMAaJIbHbIX aHOMAJU HAOMIOJCHHBIX WJIM PACYETHBIX (HAIpUMeEp, KaKyLIUXcs
COIIPOTHUBJIEHUI) MMapaMeTpoB BJIOJb MpoduiIeil nin Ha IIomaasx ucciaenoBanuil. Eciu
30HAMPOBAHUS NPEIHA3HAYEHBI Ul U3YUYEHUS TOPU30HTAIBHO WIIM IIOJIOTO 3aJIETaroIINuX
CJIOEB B BEPTUKAJIBLHOM HANpPAaBIEHUHU, TO NPOPUIMPOBAHUS CIIy>KaT JAJS BBISABICHUS
HEOJTHOPOJHOCTEN B TOPU30HTAJIBHOM HampasiieHuu. B pesynsrare OMII crposrcs:
rpa¢ukn (MO0 TOPU3OHTAIM OTKJIAQAbIBAIOTCS MHUKETHl (WIM TOYKUM HAOIIOJECHHUA), I10
BEPTHKAJIM - HAOJIIOJIEHHBIE WM pacueTHbIE MapaMeTpbl); KapThl IpaduKoB (Ha KapTte
BBIHOCSITCS] PO(UIIH, IEPIEHIUKYIIIPHO KOTOPBIM BBICTpauBaroTCs rpaduku); KapThl (Ha
KapTe NPOCTaBISAIOTCA TOYKM HAOMIOJACHUH, OKOJIO HHUX 3alUCBIBAIOTCS 3HAUYCHUS
[IapaMeTPOB U POBOASATCS U30JUHUN).

Teopus 31eKTpOMarHUTHBIX NPOGUINPOBAHUN MOCTPOEHA HA MAaTEMaTHYECKOM U
(¢u3NYEeCKOM MOJECTUPOBAHUHN TOPHU30HTAIBHO-HEOJHOPOJHBIX (U3UKO-T€O0JIOTHYECKIX
Mozenell (ABYXMEpHBIX U TPEXMEPHBIX). B pesynbrare mHTEpnpeTanuu MaTepualioB
OMII BBIABIIAIOTCS AHOMAJIbHBIE IO 3JIEKTPOMAarHUTHBIM CBOMCTBAM yYaCTKH.

DJeKTpOMarHUTHBIE  NPOQWIMPOBAHUA  TPUMEHSIOTCS Uil peIICHHUs

pa3H006pa3HHx rCOJIOTMICCKUX 3aa4d, CBA3aHHBIX C KAPTUPOBAHUECM KPYTO3aJICTArOIINX



(yrael magenus 6ompire 10° - 20°) ocao4HbIX, U3BEP)KEHHBIX, METAMOP()UUECKUX TOJIIII,
MOMCKAMU M Pa3BEIKOM TOJIE3HBIX HCKomaeMblx Ha TiyomHax 10 500 M. Onm
WCIIOJB3YIOTCSI TPU PEKOTHOCIIUPOBOUHBIX HHKEHEPHO-TEOJIOTHYECKUX, MEP3JIO0THO-
TJISIITAOJIOTMUYECKUX, THAPOTCOIOTUUECKUX, TOYBEHHO-METHOPATUBHBIX M IKOJIOTUYECKHUX
uccnenoBanusx. MHoxectBo BapuaHtoB OMII  ompenensiercs  pasHooOpaszuem

HCII0JIBb3YCMbIX noneﬁ, MCTOAOB M PpPa3IMYuCM JBJICKTPOMArHUTHBIX CBOMCTB TOpHBIX

MOpoA U Py.I.

MeToa ecTeCTBEHHOI O ANEKTPUIECCKOI0o 1moJjas

Meton ecrectBeHHoro anektpuuyeckoro mnons (EII, MEIl) wam wmeron
cobctBennbIx nmoteHnuanos (CII, I1C) ocHoBaH Ha M3yUYEHUHU JTOKATBHBIX JIEKTPHUUECKUX
MOCTOSTHHBIX TMOJIeH, BO3HUKAIOIIUX B TOPHBIX MOPOAAX B CHIY Pa3IUYHBIX (PHU3HKO-
XUMUYECKUX TporeccoB. HeOonpmme coOCTBEHHbIE MOTEHIHANBI aU(dy3UOHHO-
a7copOLMOHHON U QUIABTPALIMOHHOM MPUPOJIBI CYIIECTBYIOT MPAKTUYECKHU TTOBCEMECTHO.
WHTeHCcuBHBIE K€ TMOJS OKHCIUTEIbHO-BOCCTAHOBUTENIBHON MPUPOILI HAOIIOJAI0TCS,
KaK TpaBWJIO, TOJbKO HaJ CyJIb(QUIHBIMH U TpaUTHBIMHU 3anexamu. EcTecTBeHHbIE
ANEKTPUYECKHUE TTOJISI MOTYT BO3HUKHYTh TaK)Ke MPU KOPPO3UU TPYOONPOBOAOB U APYTUX
NOJ3EMHBIX METAJUIMYECKUX KOHCTPYKLUHM, MPU YyXYAUIEHUH HUX TUAPOU3OSALMM U HA
ydacTtkax ¢ Hu3kuMu YOC nopoa. [Jns uzmepenus EIl npuMeHst0TCS MUTUIMBOJIBTMETPBI
MIOCTOSIHHOT'O TOKA M HEMOJISIPU3YIOLIUECS SJIEKTPOIBI.

CpeMKa eCTECTBEHHBIX OJJIEKTPUYECKUX MOTCHIIMAIOB BBIMOJIHACTCS JUOO0 TIO
OTJICbHBIM JIMHUAM (MpoduiIbHas ChEMKa), TUO0 MO CHCTEeMaM OOBIYHO MapajuieIbHBIX
npodunel, paBHOMEPHO TMOKPHIBAIONIUX HM3y4aeMbIil Y4acTOK (TIOIIaJHAs ChEMKA).
Hampasnenust npoduneit  BbIOMpaloTCS BKPECT IMPEANOIaraéMoro IMpoCTUpaHUs
MPOCIIEKUBAEMBIX O0OBEKTOB, & PACCTOSHUS MEXKIy HUMH MOTYT MeHAThCs oT 10 mo 100
M U JOJDKHBI OBITh B HECKOJIBKO pa3 MEHBIIE 0XKHIAEMOU JUIMHBI PYAHBIX TEJl WA HHBIX
pa3BelIbIBAEMBIX T€OJIOTHIECKIX 0OBEKTOB.

Ha «kaxmom mnpodwune paBHOMEPHO pa3MeuyaroTcs IMyHKTBl H3MEpPEHUs
MOTCHINAJIOB. PaccTosiHUSA MeX Ty TOYKaMu HaOoIeHUH (IIar CheMKH) MEHSIOTCS OT 5

a0 50 M B 3aBHCHMOCTH OT MacmTaba CBEMKH, XapakTepa W HHTEHCHUBHOCTHU



ANEKTPUYECKOTO Nojs. PaccTosHue Mexay npouissMy IpH IJIOIAJHON ChEMKE MOKET
OBITH paBHO WJIH B 2 - 3 pa3a MpeBbIIATh Mar HaOII0ACHUH.

CpeMKa €CTECTBEHHBIX MOTEHLUATIOB MOJKET BBIIOJHATHCA IBYMS CIOCOOaMMu:
cnocoboM mnoreHuuana (U ), mOpu KOTOPOM NPOU3BOJATCA HM3MEPEHHS] Pa3HOCTH
MOTEHIIMATIOB MEXAY OJHOM HEMOJBMKHOM TOYKOW WM BCEMH IMyHKTaMu HaOJIOJACHHI
M3yyaeMoro mpoduiis Wi IUIOMAau, U CIocoOoM rpagaueHTa-moTeHnuana (AU ), mpu
KOTOpPOM  HU3MEpsieTCs  Pa3HOCTh MOTEHUMAJIOB MEXIy JBYMS  3JEKTPOJaMH,
PacroJIO)KEHHBIMH Ha MOCTOSHHOM pAacCTOSIHUM JIpYr OT Jpyra M IepeMeliaeMbIMU
O0JIHOBpeMeHHO 1o npoduiisiMm. CheMka ObIBaET MOJIEBOM, aKBATOPHAIBHOM, MOJ3E6MHOM 1
CKBOKMHHOHN. [l paboT HCMONb3yHOTCS HENOJSPU3YIONIMECS SIEKTPOJAbl Pa3HBIX
KOHCTPYKIHM, HAmpuUMep, MEAHBIM 3JIEKTPOJ, MOMEUICHHBbIM B TOPUCTBIA COCYHd C
pPacTBOPOM MEAHOTO Kylopoca.

[To pesynbTatam cbemku EIl ctpositcst rpaduku, KapThl rpa@uKoB ¥ KapThl U WIIH
AU .Metoj ecTeCTBEHHOTO MOJI MPUMEHSETCS AJsl TIOMCKOB M Pa3BEIKU CYIbGUIHBIX,
IpaUTHBIX U YTOJBHBIX MECTOPOXKACHUMN, IPU JTUTOIOTUYECKOM U THIPOTEOIOTHYECKOM
KapTUPOBAHHUH, BBISBICEHUH YYaCTKOB KOPPO3HH TPYyOONPOBOAOB M PEHICHUH APYTUX
3amau. ['my6unHocts metona EIl He mpeBpimaer 500 M, a mpu pemieHuH psjaa 3agad
COCTaBJISIET JECATKH METPOB.

Jlns mpumepa, [anee MNPUBENCHBI PE3yJIbTaThl PEXKHUMHBIX T€0AIEKTPUUYECKUX
Habmoaenuit merogoM EIl Ha gambe lllnnkapckoro BogoxpaHuiauiia (BOAOIPOBOISAIIAS

cuctema ¢onranos T. [lerponsopua) (puc.19).
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Puc. 19. I'eosnexTpuueckuii pazpe3 BAOIb JaMObI 110 pe3yIbTaTaM 30HIUPOBAHHI.




Takum 00pa3oM ObLIN BBIJEICHBI YEThIPE MOTEHIIMAIBHO OMACHBIX YYacTKa
HanOOJIBIIIEH MOIIIHOCTH MPOHUIIAEMBIX IECKOB. Y T€UKa MPOUCXO/IMIIA Yepe3 OJIMH U3

OTUX YYACTKOB B IICPUOJ MMaBOJKA U JIUKBHUIWPOBAHA IIOCJIC pPECMOHTA I[aM6BI.

JJaeKTPONpoPUIHPOBaAHNE METOIOM CONPOTUBJICHU

DnekTpuueckoe NpopuiInpoBaHue Win anekrpornpodunuposanue (III) - 310
Takass MoAu(UKAIKA METO]a COTPOTUBIICHHIA, TIPHU KOTOPOW BIOJIb 33JaHHBIX MPOQHIIei
u3MepseTCs Kaxylleecs: COMPOTHBIICHHE C MMOMOIIBI0 YCTAHOBOK MOCTOSIHHOTO pa3Mmepa,
a 3HAUYUT © TOCTOSHHOW TiyOmHHOCTH. (OHa MOXET MEHATBCI B  PasHBIX
reodsieKTpuueckux ycnoBusix ot 1/3 no 1/10 Bennuunsr AB.

[Tpu sneKkTponpoGUINPOBAHNN UCTIONB3YIOTCS MEPEHOCHAs AIEKTPOpa3Be0UHas

anmnaparypa u pa3iauuHble yctaHoBKHU (puc. 20).
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Puc. 20. Ilman pacnonoxxenus: nutaronux (A u B) m mpuemssix ( M u N)
AJIEKTPOJOB B Pa3HBIX YCTAHOBKAX METO/A COMPOTHUBJICHUI: a - YETBIPEXIIEKTPOIHOU, O
- CpeQVHHOrO0 TpajJUeHTa, B - CHUMMETPUYHOW YETBIPEXDJEKTPOIHOW, T -
TPEXBJEKTPOIHOM, J - IBYXDJIEKTPOJHOW, € - JUIIOJIBHOW PagUualbHOM, K - JHUIOJIbHON

a3UMYyTaJIbHOM.
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Puc. 21. OcHOBHas 4eThIPEXINEKTPOIHASI YCTAHOBKA U3MEPEHNUS YAECIBHOTO
COINPOTHBIICHUSI, COCTOALIAS U3 Mapbl AEeKTpoaA0B (A,B), u U3 napsl AJIEKTPOAOB IS

nu3zmepenus noreHmnuana (C,D).

[Ipocreiimeit ycranoBkoit (puc. 21) mns DI sBasiercst cummerpuunas (AMNB),
Korga Bce anekTpoasl AMNB ¢ coenuHsOmMMMH KX MNPOBOAAMHU IOCIIEIOBATEIHHO
NepeMeIaTcs BAOJIb JIMHUK HAOI0IEHUH ¢ TOCTOSHHBIM I1arom cheMkH. Kak u B BO3,
m3mepsores AU u |, no kotopsiM paccuntbiBaeTcs KC. Bzaumuble paccTOSIHUS MEXIY
JIEKTPOJAMHM BO BCEX IYHKTaX M3MEPEHMsI OCTArOTCS MOCTOSIHHbIMU. [Ipumenstorcs u

JpyTHUe YCTAaHOBKU AJIEKTPONPOGUINPOBAHNUS:

® TPEXdIICKTPOAHBIC C ABYyMs BCTpeuHbiMU ycTaHOBKaMu AMN, C B «© u MNB, C B
o, rae C - oOmuii TUTAIOMINI AJIEKTPO, YIAJICHHbIH B OECKOHEYHOCTb, T.€. Ha
pacctosaus B 5 - 10 pa3 Gonbiie AB (Takoe D11 Ha3piBaeTCsi KOMOMHUPOBAHHBIM);

® CpPEIUMHHOIO I'paJIMEHTa, KOrJa MpUEeMHasl JINHUS MEPEMEIIAETCS B CPEIHEN TPETH
AB;

® JIUIOJbHBIE U JP.

[ToMuMO HUX CYIIECTBYIOT €lI€ CieluaibHbIe YCTAaHOBKH (pHC. 22).



(D {+ Tac=L~=a)2 ryp=rep

rep=(L+a}2 rppg=r1,c

{c) Double-dipole

Puc. 22. CneunanbHbie 371€KTPOJHbIE KOH(UTYPALIUH.

WNuorpa D11 BeimonHsieTcst Ha ABYX-Tpex pazHocax AB, oTinuaromuxcs mpuMepHo
B 3 pasa 1o JJIMHE.

[Tpu snexrponpodunupoBanuu J1r0O0H yCTAaHOBKON MPO(HIN MPOKIAABIBAIOTCS
BKPECT TMPEINoIaraeMoro MpPOCTUPAHUS CTPYKTYp WIUM HMCKOMBIX 00bekToB. Illar
yCTaHOBKHU OepeTcsi 00biuHO paBHBIM MN U HECKOJIBKO MEHBIIUM OKHUJAEMOU IIUPUHBI
Pa3BelIbIBAEMBIX T€OJIOTHIECKIX 0OBEKTOB.

B pesynbrare snexkrponpoduiMpoBaHusi CTpOsTCs rpaduku, KapThl rpadukoB, a
takke kapThl KC mis kakaoro pasHoca MUTAIMUX AMeKTpoaoB. [mybunnocts DI He
npesbimaioT 500 m. Meroa J11 mupoko npuMeHsieTcs Ipyu Te0J0rnYeCKOM, HHXEHEPHO-
re0JIOTUYECKOM,  MEP3JOTHO-TJISIIUOJIOTHYECKOM,  JKOJOTHUYECKOM  KapTUPOBAHUU,

MMONCKAaxX TBEPABIX IMOJIC3HBIX UCKOIIACMBIX.



DyiekTponpoduIMpoBaHNe METOIOM BbI3BAHHOM MOJISIPU3ALUHT

[Ipu snexTponpodunupoBaHy METOAOM BbI3BaHHOM noJsipu3auuu (BII nmu OI1-
BII) Bnoas npodusnelt HaOm0ieHNN YCTAaHOBKAMU C TTOCTOSTHHBIMU pa3HOCaMU Hapsiay C

P, » paccuuteiBaercsa 7, = AU, -100%/AU , rne AU,, u AU - pa3HOCTH NOTECHIHAIOB

Ha MPUEMHBIX JJIEKTponax depe3 0,5 ¢ mociae OTKIIOYEHHs W BO BpeMs NPOITyCKaHMS
TOKa B MUTAIOLIYI0 JUHUIO. PaboTel MeTonom BII mpoBonsTcs TemMu ke ycTaHOBKaMH,
yto 1 B OIL

B pesynbrare BII crposrces rpaduku, kapTsl rpaduKoB U KapThl 77, , HA KOTOPBIX

BBISBJISIIOTCS OOBEKTHI ¢ aHOMAJIBHOM MOJISIPU3YEeMOCThIO Ha TiyonHax 10 500 M. Meton
BII npumensieTcst i TOMCKOB M Pa3BEJKH BKPAIUICHHBIX CYIb(PUAHBIX pyJ, Tpadura,
rpaUTU3UPOBAHHBIX CIIAHIIEB, AaHTPAIIUTA.

JHanee paccmatpuBaeTcs npumMep npuMeHnenust metoaa BII nnst permenus
WHXEHEPHO-TE€0JIOTMYECKON 3ajauH.

'eodusnueckue ucciaeaoBaHus MPOBOJWIMCH B OJAHOM M3 MNpuropoaoB CaHKT-
[lerepOypra mss peumieHus: MHXXEHEPHO-TE€OJIOTMYECKOM 3a/laydl - JIMTOJIOIMYECKOIo
PaCWICHEHHS PBIXJIBIX YETBEPTUUHBIX OTJIOKEHUH 70 T1yOrHbI 30-40 M.
B mpakTuke WHXKEHEPHO-T€OJIOTHYECKUX HCCIEAOBAHUM, B OCHOBHOM, HCHOJIB3YIOT
HMIMPOKO M3BECTHYIO METOJUKY U3MEPEHHI ¢ YCTaHOBKOW BEPTUKAIBHOT'O 30HAUPOBAHUS
(B23). Opnako, naHHas MeETOAMKAa HMEET CYIIECTBEHHbIE OTPAaHUYECHHUS B Kpyre
pelraeMbIx 3agad, TiyOuHe HCClIeAOBaHUS, MPOU3BOJUTEIBHOCTH U B HMHTEPIpPETALUU
noiiydaeMbix JaHHbIX. [loaToMy Oblla uMcmonib30BaHa Oosiee MPOU3BOAUTENBHAS U
shdeKkTUBHAS METOJIUKAa HEMPEPhIBHOTO AJIEKTPUUECKOTO 30HIAMUPOBAHUSA, KOTOpas
CpPaBHHUTEIIbHO HEJaBHO TMOsBUJach B Poccuu, HO ykKe 3apeKoMeHJoBana celsi Kak
3G (}EKTUBHBIM HWHCTPYMEHT PEIICHUS WHXEHEPHO--TEOJIOTMUYECKUX U IKOJIOTHUYECKUX
3a/a4. 3a pyOekoM JaHHas METO/MKA IMOJIyYHJia Ha3BaHUE JIEKTPUUECKOr ToMorpadum,
TaK KaKk OHa MO3BOJISET MOJy4YaTh HEMPEPHIBHBIA M€OIEKTPUUECKUN pa3pe3, UCIOJIb3Ys
JIBYXMEPHBIN MOAXO0] K UHBEPCUU IKCIIEPUMEHTAIIbHBIX TaHHBIX.

B namem ciywyae ObUla MCHOJNB30BaHA THOpHIIHAS W3MEpPUTEIbHAS yCTAaHOBKA,

coueTarouasi yCTaHOBKHM CPEAMHHOIO IPAaIMEHTa U TOYEUHOT 0 30HAUpoBaHus (puc. 23).



Puc. 23. 3MepurenpHas ycTaHOBKA.

[Turarommas muanu AB anuno# 200 M packiiaapiBaiack Mo NpopuiIo U3MEPEHUH.
OauHHAIUATh TPUEMHBIX 3JIEKTPOJOB ObLIM COOpaHbl B KOCY M PacCTaBISUIMCH IO
npodpunto ¢ jorapupmuueckuMm maroM. OOmas MHA KOChl cocTaBisia 80 M.
MuHMMaJIBHOE PACCTOSIHUE MEXKIY COCEIHUMH MPUEMHBIMU deKkTpoaamu P1-P2 — 2w, a
MakcumaibHoe Mexay P10-P11 - 24 m. Ilpu ogHOM TMOJOKEHUM TMPUEMHOM KOCHI
M3MEpEeHUsl MpOBOAWIMCH JBaxAbl. CHauana OMDKAWIIMK MUTAIOUUN  AJIEKTPOJ
yCTaHABJIMBAJICS Ha YJAJIEHUM 2 M OT IEpBOro IpHEMHOro 3jekrpoaa Pl, a 3arem
neperocuics Ha 20 M. DTO O3BOJISIIO HECKOJIBKO YBEIUYUTD TITyOUHY UCCIIEIOBaHUS.
[Ipuemnas ycraHoBka mnepemerianack no npodumo ¢ marom 40 m. Takum o6paszom,
MOJIy4aa0Ch NepeKpbITUE MpUueMHOU KOchl B 50%. JIIUTEIbHOCTh UMITYJIbCA U NAY3bl IPU
n3yuyenuu napametrpoB BII cocransna 1 c. Xapakrepuctuka craga BIT usmepsinacek ¢
marom 20 Mc. [[ns yMEHbIIEHHWS BIUSHHUS MPOMBIIIJIEHHBIX NOMEX MpPHU PELICHUH
oOpaTHOM  3aJaud MBI  HCHOJB30BAIM  MAapaMeTp  3apakaeMoCTH  (MHTErpaj
MOJISIPU3YEMOCTHU IO BPEMEHH).

Ha puc. 24 npencrapiieHsl pe3yabTaThl pelIeHUs ABYXMEpHOW 00paTHOM 3a1auu u

WHTEPIIPETAIMOHHBIN T€0JI0r0-reou3ndecKuii pa3pes.
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Puc. 24. Pe3ynbrat pemieHus IByXMepHO 0OpaTHOM 3aa4il U Fe0JOrMYeCKuil pazpe3
BJIOJIb TIPOQHIIS

(a) - reoaneKTpUUECKU pa3pes Mo YACTbHOMY JIEKTPUUECKOMY COIMPOTHBIICHUIO

(6) - reodnexTpuUecKuil pazpes mo 3apsikaemoctu (MB/B)

(B) - reonoro-reopu3NIECKUil pa3pes



METO)I MEPEMEHHOI0 €CTECCTBCHHOI'0 3JICKTPOMAIrHUTHOT O IMOJISA

K snexkrponpodunrpoBaHuio, OCHOBAHHOMY Ha MCIOJIb30BAaHUU €CTECTBEHHBIX
MEPEMEHHBIX 3JIEKTPOMATHUTHBIX MOJIEH aTMOC(HEPHOrO MPOUCXOKJIEHUS, OTHOCSTCS
METOIbl TIEPEMEHHOT0 ecTecTBeHHOTO 3ekTpuueckoro (IIEDIT) u marautnoro (ITEMIT)
TOJIAL.

B merone IIEDII ¢ momompio munnuBosbTMETpOB, Hanpumep, AHY, UKC, un
JBYX 3a36eMJICHHBIX Ha pacctosHud 10 - 50 M gpyr oT Apyra IpPHUEMHBIX JJIEKTPOJIOB
(MN) 3a nepuox 20 - 30 ¢ uzMmepsieTcs CpeaHssi HAPSKEHHOCTh AIEKTPUIECKOTO OIS

E, =AUy /MN. OHa mnpomopuuoHaibHa KaXylmIeMyCs CONPOTHBJICHHIO CPEIbl Ha

ri1yOuHe, COOTBETCTBYIOIIEH TPUMEHAeMOil yacTore. Tak, a1 HanOoJiee UCIOIb3yEMOT0
nuanazona yactor 10 - 20 I'p rmyOMHHOCTH 1MOAOOHOTO MPOQUINPOBAHUS COCTABISET
HEecKoJIbKO coT MeTpoB. Ecnu nposectu cheMku [IEDIT nmo npodumnsm ¢ marom 10 - 20 m
WIM paBHOMEPHO Mo Iwiomaau (HampasneHus MN JODKHBI BO BCEX TOYKAaX OBITh

O,Z[I/IHaKOBBIMI/I), TO IIO Fpa(bHKaM H KapTaM ECP MOXHO BBIABUTb T'OPHU3O0HTAJIBHLIC

HeotHOpoaHOCTH 10 YOC. CxoaHbIM 00pa3oM C MOMOIIBIO PAMOYHBIX AHTEHH MOYKHO
U3MEPATh PA3IMYHbIC COCTABIIAIONINE MarHuTHOTO 1ot (ITEMIT).

B pesynprate IIESII nnu IIOMII crpositest rpaguku v KapTel rpadukos E_, .

Merton HCIIOJIB3YCTCA IIPU I'COJIOTHYCCKOM KapTUPOBAHUU.

K wmeronmy mpodunupoBaHus €CTECTBEHHBIMH MEPEMEHHBIMU TMOJISMU MOXKHO
OTHECTHU M MarHutoteurypudeckoe npoduiupoanue (MTII), u MeTon TemtypruuecKux
TokoB (MTT), HO OHU 1O penraeMbIM 3a1a4aM OJKe K 30HIUPOBAHUSM M PACCMOTPEHBI

B COOTBGTCTBYI-OI]_[eﬁ TJIaBC.

Hu3ko4acToTHOE TApMOHHYECKOe NPOPUINPOBAHIE

K #uskouactoTHbiM rapmonudeckuM wmerogam (HUYM) oTHocutTcs Oosnblnas
rpynmna METOJOB 3JIEKTPOMAarHUTHOTO (MHIYKIIMOHHOTO) MPOGUINPOBAHUS, B KOTOPBIX
nmojie Ha oxHOW m3 dactoT mHTepBana 10 I'm - 10 xI'1p co3maercst ¢ momompl 160
3a3¢MJICHHOTO Ha KoHIax mmHHOTO (mo 30 M) kabens (/[IK), nmu6o OGombiioi

(mmametrpom g0 3 kM) HesazemsienHod mnernu (HII), mmubGo pamouHOl aHTEHHOU



(mmametpoM gm0 1 M) (Takoili MeETOA HAa3bIBA€TCS AUMOJIBHBIM HHAYKIIMOHHBIM
npodunuposanuem (AUII)).

B reonormueckoi cpene NEepBUYHOE IIOJIE, C OJHOM CTOPOHBI, HCKaXaeTCs
HEOJHOPOJHOCTSIMH, a C JAPYrOH B MPOBOMIIUX NOPOAAX, pyJax CO3JACTCS BTOPUYHOE
MHIYKIMOHHOE BUXpeBoe nosie. CymMmapHOe 3JeKTpOMarHUTHOE IoJie, Hecyllee B cebe
MH(OPMALIMIO O T€0dJIEKTPUYECKUX HEOJAHOPOJHOCTSIX, MOKET M3y4daTbCs Pa3IMYHbIMHU
npuemMaMu. Tak, MOMXHO U3MEPATh AaMIUIUTYJIHbIC 3HAYEHUSI JJIEKTPUYECKUX U
MarHMTHBIX KOMIIOHEHT C TMOMOIIBI pa3HoOro poja MHUKpoBoibTMETpoB (MKBD),
ompenesaTh ANeMeHThl aumnca noispusauuu 1nons (OIIIl), u3ydarh OTHOIIECHUS
aMIUIUTYJ U pa3HOCTH (a3 nmocpeactBom apumeTpoB (ADU) u t.11.

CokpalleHHblE ~ Ha3BaHWS  METOJOB  HMHIYKIMOHHOTO  MPOUIMPOBAHUS
CKJIa/IBIBAIOTCS M3 COKpPAIEHHBIX Ha3BaHMUI cOcOO0OB BO30YKACHUSI U U3MEPEHUS MOJIS.
Hanpumep, cymectByror meronsl: [AK-AOU, JK-OIIII, HII-ADU, HII-OIIII, JWII-
AOU, TUIT-OIIII n ap.

Cwvemka B HUM npoBoautcs o cuctemam npoduiei, oTcTosumx Apyr oT Apyra
Ha pacctossHusAX S50 - 500 M M HampaBlIEHHBIX NEPHEHIUKYISPHO MPOCTHPAHUIO
Te0JIOTUYECKUX CTPYKTYp M KaOemto WM CTOPOHE METSu (BHYTPU W BHE METIH). TOUKH
HaOI0/IeHUsT Ha MPO(UIIAX, JJTMHA KOTOPBIX OOBIYHO MEHbIIE JAJTUHBI KaOessi U CTOPOHBI
NeTJIM, HaunHatoTca He Oimxke 50 M 0T TOKOHECYIIUX MPOBOJIOB U paclojiaratoTcs 4yepes
20 - 200 m apyr oT apyra.

B pesynbrare HUM crposites rpaduku, kapThl TpadUKOB U KapThl HAOIIOAEHHBIX
napametpoB noss. ['myounnocts HUM Tem Oosibliie, 4eM HHKE 4acTOTa UCIOJIb3YyEeMOT0o
TOJIs, BBIIIE CONMPOTUBIEHUE BMEHIAOMIMX Mopoxa, Oombine pasmepsl JK wnu HIT u
paccTOsIHUS MEXIy NMUTAUMMUA U npueMHbIMH pamkamu B J{MII. B cpeanem oHa He
MPEBBINIACT NEPBBIX AecaTKoB MeTpoB B JIMIT u nepBoix coT MetpoB B JIK u HII.

HYUYM wMeronbl NMpUMEHSIOTCA [JIs TE€OJOTHMYECKOrO0 KapTUPOBAHUS U IIOUCKOB

PYAHBIX ITIOJIC3HBIX UCKOIIACMBIX.

MeToabl mepexoaHbIX MPOLECCOB

Metoasr nepexonnbix mporeccoB (MIIIT) mo ¢usmueckoit mpupoae SBIAIOTCA

uHAYKIMOHHBIMU. OT HUM oOHM oTiiMyaroTcs NPUMEHEHHMEM HE TapMOHMYECKHUX, a



VMMITYJIbCHBIX TIOJIEH. B KadecTBe reHepaTOPHBIX JUHUN MCIOJB3YIOTCS HE3a3€MIICHHBIE
nernu (HII-MIIIT) wunu pamounsie antenusl (AWII-MIIII), B koTopble MycCKarOTCs
KpaTKOBPEMEHHBIE (JTUTEIHHOCTHIO 10 50 MC) UMITYJIBCHI TOCTOSIHHOTO ToKa. B ToM xe
MeTie WiIM Jpyrod mnerie (Wiad pamMKe) H3MEPSIOTCs TMEepexXOAHbIe MPOIECCHI, T.€.

BEJIMYMHBI JJIEKTPOABIKYIIEH cuiibl E(t) Ha Bpemenax t B mpegenax ot 1 1o 50 mc nmocne

KOHIIA Ka)/10T0 UMITYJIbCA.
Meromuka HII-MIIT w JUII-MIIIT Takas xe, kak B HII w [JUII B
paccmoTpeHHbIX Boile MeTogax HUM. B pesynbrate padot MIIII crpositcs rpapuku u

kaptel E(t)/1, rme | - ammiuuTyna Toka B MeTJIE HAa MOCTOSHHOM t. DTo obecrneynBaer

MOCTOSTHCTBO ITYOMHHOCTH BO BCEX TOUYKAX.

Anomanusimu  MIIII BBISBISIOTCS XOPOIIO MPOBOASIIME TOPOJBI U PYIbI,
pacrnoniokeHHble Ha rryounax go 500 m. Meroxg MIIII nmpumensieTcs il TOMCKOB U
pa3BelIKM MAaCCUBHBIX PYAHBIX MOJE3HBIX HCKOTTAEMBbIX.

Hanee paccmarpuBaercs npumep ucnonb3oBanus MIIII mns morcka MacCUBHBIX
MEJIHO-HUKeNeBbIX pya Ha [lansHem Bocrtoke.

PaGotbl mpoBogMiIMCh B Ipeaenax HHTPY3UBHOIO MacCHBa MPEUMYLIECTBEHHO
rab0po-aHopTo3uToBoro cocrana. [1o psigy mpu3HaKOB MacCUB CXOJEH C pacciOEHHBIMU
JTAJIOHHBIMA MAaCCHBaMM, BMELIAIOIIMMHU [POMBIIIJICHHBIE MECTOPOXKICHUS IUUIATHUHBI,
najuiagus U JAPYrMX METaJUIOB IUIATMHOBOM rpynnsl . [IpoMBINUIEHHBIE COIEpIKAHUS
METAJUIOB IUIATUHOBOW I'PYIIIIBI CBSI3aHbI C MACCUBHBIMU MEIHO-HUKEIIEBBIMU Py JaMH.

[Io anpuOpHBIM TEOJIOTMYECKUM JAaHHBIM MAacCCHUBHBIE W  IPOKHIKOBO-
BKpAIJICHHBIE PYyAbl MPUYPOUYEHBI K TOPHU30HTY IMETrMaTOUIHBIX rabOpO-aHOPTO3HUTOB,
KOTOPBIN HAOMIOaeTCsl Ha 3HAUUTEILHOM TUTOMAAH B TIPE/Iesiax MacCHBa.

Llenr reodu3nuecKUX MCCIEIOBAaHUI COCTOSUIA B TOWUCKE TOPU30HTA MAaCCHUBHBIX
CyNIbQUIHBIX Py B HHTepBasie Tyond 300 m .

Yyactok paboT pacnojarajics B TOPHOW MECTHOCTH CO 3HAYUTEIbHBIMH
nepenagamu BbeicoT (10 500 M ) u ykioHamu (no 35 rpan.). CKIOHBI, KaK MPaBUIIO,
CJI05KEHBI IIPOMOPOKEHHBIMU MOPEHHBIMU U JETIOBUATIBHBIMU OTJIOKEHHUSMH.

B naHHBIX T€0NOrH4YecKUX U JaHAMA(THHIX YCIOBUAX 11€JIeCO00pa3HO ObLIO MPUMEHUTH
METOJI TEePEeXOJHBIX TMpPOILEecCOB, He TpeOyrommuii 3azemueHuil. [ perneHus
MOCTABJICHHOM 3a7jauM Obljla UCI0JIb30BAaHA OJIHOIETIIEBAs] YCTAHOBKA C pa3MEPOM METIU

100 ma 100 M. IIar naGmroaenus coctaBisiia S0 M .



Ha puc. 25(a) npeacrasiensl rpagpuku nNpoQUIMPOBAHUS MU3MEPEHHOIO B May3e
MEX/1y UMIYJIbCaMU TOKA HANPSKEHUS B METJIE HA PA3IUYHBIX BPEMEHHBIX 3aJIepKKaxX OT
0.1 mo 10 mc. Ha rpadgukax BbaenseTcs: cepus MOJIOKUTEIbHBIX aHOMAIUM ITUPUHON OT
100 o 300 m u ammuuryoi 1o 1000 MxB/A. TlepexoaHble XapaKTEpUCTUKU B Ipeenax
aHOMAJIMH 3aTyXaloT MO SKCIOHEHIUATbHOMY 3aKOHY C IOCTOSIHHOW BPEMEHM OKOJIO 3
Mc. @Popma rpa@uKkoB NpOPUIMPOBAHMS M XapakTep 3aTyXaHHUs MEPEXOTHBIX
XapaKTepUCTUK YKa3bIBAIOT HAa HAJIMYME B pa3pe3e JOKAIbHBIX TPOBOJHUKOB.

Ha puc. 25(6) u puc. 25(B) nmpeacraBiieHbl MCEBAOI€ONIEKTPUUYECKUNA pa3pe3 U
COOTBETCTBYIOLIUI €My I'€OJIOTUYECKUH pa3pe3, MOJYyUEHHBIN B pe3yJbTaTe JeTalbHBIX
re0JIOTUYECKUX TMOUCKOB. B amMIleHTpax JBYX CaMblX MHTEHCUBHBIX aHOMaJWil ObLIU
3aJI0’KE€HbI CKBXXKMHBI. B Kax 10l U3 ABYX CKBaXUH B MHTepBasie riryouH ot 30 go 100 m
ObUIM BCKPBITHl CEPUM MACCHUBHBIX M MPOKUIKOBO-BKPAIUICHHBIX CYJIb(UIHBIX Tl
MonHOCThIO OT 1 10 SM. Cyns, o xapakTtepy rpaduxoB npoduIupoBaHus CyJIbQUIHBIE
Tela MPEACTaBIAIOT cOO0M HeOONbIINE Pa3pO3HEHHbIE CYyOrOpPU30OHTANIbHbBIE JTUH3BI (OT
10 o 60 M B IonepeUHHKE).

B pesynbrate uccienoBaHW METOJOM IEPEXOJHBIX IPOLECCOB C IOMOIIBIO
nporpaMMHoro obecrniedenus U anmnaparypbl  ComuHoTH-HTT — nepBoHavanmbHOE
IPEIIONIOKEHHE O HAJIWYUMU B IIpeAelax MacCuBa IMPOTSHKEHHOIO TOPU30HTA
IPOXWIKOBO-BKPAIJIEHHBIX WM MAaCCUBHBIX pPyJ I[POMBIIUIEHHOIO 3HA4Y€HHs HeE

IMOATBCPANIIOCH.
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Puc. 25. Pe3ynbrar ucciegoBaHuii METOIOM MEPEXOTHBIX MPOIIECCOB IO TPOQHITIO.
(a) — rpadmku mpodMITMPOBaHUS HA Pa3TUYHBIX BPEMEHHBIX 3aJepiKKaxX;
(6) — TIceB 10 TEOANEKTPUICCKUN pa3pes;

(B) — reosoruveckuil paspes.

Emé ogun npumep npumenenus 3ouaupoBanuii MIIIT - B Boctounoit Adpuxke.

MecTtopoxieHre TpeACcTaBIeHO aHKEPUT-KapOOHATUTOBBIM IITOKOM pa3MepoM J10
2 kM B mnomnepeunuke. lIITok mnpopbiBaeT nokeMOpHiickiMe 00pa3oBaHHs, KOTOpBIE
IIPE/ICTABIECHbl B OCHOBHOM KaTakJIa3MpOBaHHBIMM THelcamu. Ilpenmonaraercs, 4to
IITOK U SBISIETCA JKEepioBOM (amumelt ri1y0oKo 3pOJMPOBAHHOTO PAHHEMEIOBOTO
BynkaHa. CBepxy KapOOHATHTOBOE TEJO MEPEeKpHITO Tydhamu U Oa3aqbTaMH HEOTEH-
YETBEPTUYHOTO BO3pacTa U MOITHOCTH OT 5 10 200 M.

Onektpopa3Benka ¢ nomouipto nporpaMMm u anmaparypst COJIMTOH-HTT

IIpHU3BaHa ObL1a pemnuTh ABC OCHOBHBLIC 3aJavu: IICpBasA 3aJlada - KAapTHUPOBAHUC



MOIIIHOCTH TE€PEKPBIBAIOIIEH BYJIKAaHOT€HHO-OCAJOYHOM TOJIIM, a BTOpas 3ajaya -
BbIIEJIEHUE aHKEPUTOBOW U KapOOTAaTUTOBOM Pa3HOCTH LITOKA.

Wcnonp30BaTh TPOMO3JKHE HM3MEPHUTENBHBIE YCTAHOBKHM 3JEKTPOpa3BEAKH Ha
MOCTOSSHHOM Toke mian Metroga BII Obuto HerenecooOpa3sHO B YCIOBHUSX aKTUBHOM
CEJIbCKOXO03UCTBEHHON JesiTenbHOCcTU. [losTomMy Obwio pemeno mpumenuts MIIIT c
YCTaHOBKOM COBMEIICHHBIX IeTeb. Pasmep KBaJgpaTHON IeHEPATOPHO-IPUEMHOMN METIIH
coctaiisn 50-50 m. lar nabmonenus no npoduito - 50 m.

B pesynbrare pemienus oOpaTHOM 3ajayu B paMKax TIJIAJKOH TOpPU30HTAJIbHO-
CJIOUCTON MOJIEIHN OBLI MOJYUYEH TeOdICKTPUUECKUN pa3pe3 BAOIb mpoduis (puc.26-a).
Ha puc. 26-0 npencraBieH HWHTEPNPETAMOHHBIN TI'€0J0ro-reopu3nyeckuil paspes,
COOTBETCTBYIOLIMH JAHHOMY I'€03JIEKTPUUECKOMY pa3pesy.

AHKepuT-KapOOHATUTOBOE TENO BbIIEIsETCS B MHTepBajie nmukeroB 0-1100 m B
BHJIC JIOCTATOYHO OJHOPOJHON 00sacTu moBbImEeHHBIX 3HaueHni YOIC (120 Om ™),
MpUYeM aHKEepUTHI UMEIOT elte 6osee Boicokue 3HaueHus: YIC (o1 300-10 400 Om m).
[lepekppiBaroliasi ByJIKaHOT€HO-OCAJ0YHasl TOJIIA uMeeT Hu3kue 3HaueHus YOC (ot 2
m0 20 Owm ™). HaubGonee Hu3kue 3HaueHus YOC UMEIOT 0OBOJHEHHBIE
c1a00CIIEeMEHTUPOBAHHBIE TEIUIbl. B mpepenax ByJIKaHOTE€HO-OCAOYHOM TOJIIM YETKO
BBIICNIIETCS CJIOM TMoBBIMEeHHBIX 3HadeHud YOC (or 50 go 100 Om m). [laHHBIN cioi
COOTBETCTBYET CJIOI0 0a3anbTOBBIX JaB. CpeaHsisi MOIIHOCTh BYJIKAHOTE€HO-OCATOYHBIX
OTJIOXKCHUH HaJl KapOOHATUTOBBIM TeloM cocTaBiseT 50-60M. Haunnas ¢ mukera 1100,
I7Ie 10 TEOJIOTUYECKUM JIaHHBIM (UKCUPYETCS TEKTOHWYECKUN KOHTAaKT AaHKEpHT-
KapOOHATUTOBOTO Tela C BMEIIAIOIIMMH JOKEMOPUHCKUMH TMOPOAAMH, MOIIHOCTH
BYJIKAHOT'€HO-OCAJ0UYHBIX  OTJOXXEHUW pe3ko yBenauuuBaercs jJo 150-180 w.
Kap6oHaTuTsl ¢ mMUpOXIOPOBOIl MHUHEpanHM3alleil BBIACIAIOTCS B HMHTEpBAJle MUKETOB

650-800mM.
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Puc. 26 (a) - reodexkTpruyecKuii pa3pes Mo yAeIbHOMY JJIEKTPHUIECKOMY
COIPOTHUBJICHHIO;

(6) - reonoro-reou3nUECKHA pa3pes.

AdpodJieKTpopa3BeaKa

Pa3HOBUAHOCTBIO  MHAYKUMOHHBIX  METOJOB  3JIEKTPOPA3BEIKU  SIBISAETCA
BO3JYIIHAs D3JEKTpOpa3Beaka. Bce BapHaHThI a’po3JEKTPOPa3BEIKM OCHOBAHBI Ha
WU3MEPEHNU MarHUTHBIX KOMIIOHEHT TOJISI.

1. OgHuM U3 caMbIX TIYOMHHBIX (HECKOJBKO COT METPOB) METOJOB 3JIEKTPOPA3BEAKH
aBisieTcss MeToj anuHHOro kabens ([IK-A), B KOTOpOM MEpBHYHOE IOJIE CO3JAaeTCs
nepeMeHHbIM TOKOM yacToToi 10 1000 ['u, nmporekaronum no 3a3eMJICHHOMY Ha KOHIaX
JMHHOMY Kabenmto. OH yKJIaAbIBAaeTCsl BJOJIb MPEANOIaraéMoro MpOCTUPAHUS TOPOI.
W3meputenbHasi CTaHLIMS MIOMEIAETCS] Ha CaMOJIETe UM BEPTOJIETE, KOTOPHIE JIETAIOT Ha
Hebonbmoi BeicoTe (50 - 500 M) mo npodunsam MHOHN 10 25 KM, NEePHEeHIUKYISIPHBIM
Kabeno M pacmoyioKeHHbIM Ha pacctosHuu 150 - 500 m apyr ot apyra. M3mepenue

TOPU30HTAIBHBIX (TEPIEHIUKYISAPHBIX KaOeNi0) aMIUIMTYIHBIX U (pa30BBIX KOMIIOHEHT



MarHuTHOTO IOJIsl TPOU3BOUTCS aBToMaTuuecku. OOpaboTka MaTepragoB MPOBOAUTCS C
nomoipo 9BM U cBOAUTCS K MOCTPOEHUIO KApT IpaUKOB HAOIIOJEHHBIX KOMIIOHEHT
WJIN PACCYUTAHHBIX 10 HUM KaXyIuxcs (3(pPEeKTUBHBIX) CONPOTUBICHHI.
2. B a’poBapmaHTe JUIOJBHOTO MHAYKIMOHHOTO mnpodunupoBanus (JUII-A)
reHepaToOpHas paMOyHasi aHTEHHA paclojiaraeTcs Ha caMoJieTe WM BepToJieTe, a
M3MEpUTENbHBIE PAMKH HAXOAATCS TUOO HAa BTOPOM CaMOJIETE WJIM BEPTOJIETE, JIETSILIEM
Ha pacctosgHuu 100 - 500 M, 1160 B BEBIHOCHOM TOHAOJE Ha Tpocc-Kabene JuHoi 10 150
M. Bricota monetoB 50 - 250 M, pacctostHust mexay npoduiasimu 100 - 500 M, paboune
gacToThl oT 0,2 mo 3 k1.

B pesynbrate aBTOMaTHyeckoil 3amucu U 0OpaOOTKM MONydaroTcsl rpadukud U

KapThl rpaUKOB HAOIIOIEHHBIX TapaMeTpoB. [ myOuMHHOCTh MeToAa - 0KoJio 100 M.

3. B aspoBapuante merona mnepexoaHbix mpoueccoB (AMIIII) renepaTopHas pamka
pacrosiaraeTcs Ha BEpTOJIETE, a B BBIHOCHOM I'OHJ0JI€ Ha Tpocc-Kabene JUMHOHM 10 50 M

pacroiaratroTcsl mpueMHasi pamka s usmepenus: E(t). Beicora monero - 50 - 100 M,

paccrosiHus Mexay podusiMu - okosio 100 M.

B pesynaprate crtposrcs rpabukum u kaptel TpadukoB E(t)(puc. 27 um 28).

['my6uHHOCTH pa3Benku - okojio 100 m.

Crpyktypa MupHMHCKOro KUMMGepnMTOBOro Nons B
MaTepuanax a3apo3sfieKTpopa3Befo04HON CLEMKU
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Puc. 27. Jlannpie adpopa3BeaKu.



CTpykrypa 3nmMHebe peXxXckoro KuMGepriuToBoro nosis B
MaTepasiax a3poasieKTpopasseo4YHON CbeMKU
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Puc. 28. Jlanabie aspopa3BeKu.
B menom aspoamekTpopasBenka 007aaeT MEHBIIEH TIIyOMHHOCTBIO, YeM
aQHAJIOTMYHBIC ITOJICBBIC METO/IbI, XOTS Pa0OTHI BBITIOJHAIOTCS 3HAUUTEILHO ObicTpee. OHa

INPUMCHACTCA AJIA PCHICHUA TCX JKC 3a4a4.

PaguoBosiHoBOE npodguanpoBanue

K pamunoBonrOBOMY mpodwmmmpoBanuto (PBIT) oTHOcAT pamuokoMIapannoHHYIO
CbeMKy Ha  cBepxmmHHBIX BomHax (CIBP) w  pammosnekTpoMarHUTHOE
npodunupoBanue (POMII).

[Ipn pagvokOMMapalMOHHOM CheMKE Ha KaXIOW TOYKEe U3MEPSIOTCS

BepTHKanbHas (H,) n MakcuMaibHas TOPU30HTaIbHas (H ,) COCTaBIAIOIME PaHOIIONIs

M Yroll HAKJIOHA IOJHOTO BeKkTopa K Topu3oHTy («). Ilpodunu 3amatorcs Bkpect
MPEANOIaraéMoro MpOoCTUpaHus CciloeB. PaccTossHue MeXIy TOYKaMHU HU3MEPEHUI
MeHnsieTcst oT 5 10 50 M. CbeMKy MOKHO BECTH U C JIBHXKYLIETOCsl TpaHCIoOpTa (MallinHa,

camosier). B pesymprare crpostcsa rpadpuku H, m H_ , Ha KOTOpBIX aHOMAaIUSIMH

BBIACIIAIOTCA KOHTAKTBI IIOPOJ pa3H0171 JHUTOJIOTHH, 30HBI TCKTOHHYCCKHUX HapymeHI/Iﬁ,
IMOJIOKCHUA PYAHBIX 30H. BCJ'ICI[CTBI/IC HUCIIOJB30BaHUsA BBICOKHX YaCTOT FHY6I/IHHOCTL

pa3BeslKd 3TUM MeToJI0M He npesbimaer 10 - 20 m.



K BBICOKOUACTOTHBIM  OTHOCAT M  METOJ  PaJAUOIIEKTPOMArHUTHOTO
npopunupoBanuss (POMII) ¢ wu3MmepeHreM W DIEKTPUUECKUX,M  MAarHUTHBIX

COCTaBJIAIOIINX HOJ'IGIZ, CO3aaBaCMbIX MECPCHOCHBIMHU IIEPEAATINKAMMU.

CBerBBICOKO‘laCTOTHLIC METOAbI HpO(l)l/IJIl/II)OBaHI/IH

CBepXBBICOKOYACTOTHBIC METOJBI 3JICKTPOPA3BEIKH BKIIIOYAOT PAJIUOTEIUIOBYIO
(PTC), undpaxpacuyro (MUKC) u pamapuyro (pamuonokanuonnyw) (PJIC) cwremku
(ITMHBI U3yYaeMbIX PaJUOBOIH MEHSIOTCS OT 1 MkM g0 1 Mm). B HuUX usywaercs au6o
€CTEeCTBEHHOE M3yUYEeHHE 3eMHOU MoBepXHOCTH (nmaccuHas paauoniokanus (PTC, UKC),
TU00 OTpaKCHHBIC UCKYCCTBEHHBIC MOJIS (AKTHBHAS PATUOJIOKAIUS, PaTUOIOKAIMOHHAS
(PJIC) wnu reopamapHas cheMka). PaboThl BemyTCs, B OCHOBHOM, C JIETaTEJIbHBIX
anmapatoB  (CIyTHMKH, CaMOJICTBl, BEPTOJCTBHI) C  IOMOIIBID  CICIHAIbHON
aBTOMATHYECKOW (TEJIEMETPUYCCKON W perucTpupyromieii) anmaparypsl. [lomydyeHHBIC
JaHHBIE MOTYT TPe0oOpa30OBBIBATECS B BUACOM300PAKEHHSI, CXOJHBIE C OOBIYHBIMHU
(hoTOCHUMKaMHU.

B merogax PTC MHTEHCHMBHOCTh M3MEPEHHBIX TMOJICH CI0XKHBIM 00pa3oM 3aBUCHT
OT TEIJIOBBIX M DJIEKTPOMATHUTHBIX CBOWCTB T'€OJOTHUYECKOW CpEeIbl, a TaKKe JJTHHBI
U3y4aeMbIX PaJMOBOJIH W cocTOsHUS arMmochepsl. HambGomnbmee mnpumenenne PTC
HAXOJUT JUIS BCEMOTOJHOTO KAapTHPOBAHMS 3E€MHBIX JaHmmadroB. VX pe3ymbTaTsl
MOXXHO  WCIIOJIb30BAaTh  JIISi  PEIICHUS  I€OTEKTOHWYECKUX,  T'€OJIOTUYECKHX,

TUAPOTICOJOINYCCKUX U IKOJIOTMYCCKUX 3a1a4.



I'naBa 5. MeTOIHJI NIEKTPOMATHUTHOTIO 30HIANPOBAHUSA

Oﬁl].laﬂ XapaKTepUCTHKA JJIEKTPOMAIrHUTHBIX 30HI{I/IpOBaHHﬁ

K snextpoMarnutHbeiM  30HAMpoBaHusAIM (OM3) oTHocutTcs — Haumbolee
uHpopMaTUBHAs M TpyJOEMKas TIpylna METOJOB JJeKTpopa3Beaku. B OM3
UCIIOJIb3yEMbIE TIOJIS, ammaparypa, METOIMKA, BKIIOYAIOLas CIOCOOBI TPOBEICHUS
paboT, BBIOOP YCTAaHOBOK U CHUCTEM HAOJIIOJICHUN, HAMPABJICHHBIX Ha TO, YTOOBI
MOJIyYUTh MH(OPMALIMIO 00 U3BMEHEHUHU 3JIEKTPOMArHUTHBIX CBOMCTB (uanie 3to YIC) ¢
rryouHoi. C 9TOM 1eNbl0 Ha KaxJIou Touke DM3, TouHee, HA M3y4aeMOM YYacTKe 3a
CYET TEOMETPHUU YCTAaHOBOK MM CKHH-3()(heKkTa T0OMBAIOTCS MOCTEIICHHOTO YBEINYCHUS
rTyOMHHOCTH pa3BelKW. B  TUCTaHIMOHHBIX (TE€OMETPUYECKHX) 30HIUPOBAHUSX,
MPOBOIMMBIX Ha TIOCTOSTHHOM HJIM Ha TIGPEMEHHOM TOKE (PMKCHUPOBAHHOW YaCTOTHI WU
MOCTOSTHHOM BpPEMEHHM CTAHOBJICHHS TIOJISI, IMOCTEIIEHHO YBEIMYMBACTCS PACCTOSHHE
MEXly MUTAIOMIMMHA U TPUEMHBIMU JTMHUSIMH (pa3Hoc - ). CKUH-3)(eKT ucnoab3yeTcs
B MeToJaxXx C (PUKCUPOBAHHBIM PA3HOCOM, a YBEJIMYEHHUE TIyOMHHOCTH JOCTUTAETCS
BO3pacTaHUEM Iepuoja TIapMOHUYECKHX KojebaHud (T ) MIAM BPEMEHU HU3Yy4EHUs
CTaHOBJIEHHUS T0JIA (TIEpexoaHOro mpoiiecca) B cpeae (t). Mcmonb3yrorest u o6a cocoba
U3MEHEHUs TIyOMHHOCTU. [l 30HIUPOBAHMN TMPUMEHSIOTCA OJHOKAHAIBHBIE U
MHOTOKaHaJIbHbIE TMPUOOPHI WU 3JIEKTpPOpa3BelouHble cTaHuu. OmnpenensemMbie B
pe3ynbTarte 30HAUPOBAHUN aMIUIUTYIbl U (pa3el snmekTpudeckux (E) wiM MarHUTHBIX
(H) xoMmnoHeHT mouis win Kaxymiecs conpotusienus (KC) aast pa3HbIX mapameTpoB

riyounnocTH (I11) xapakTepusyoT U3MEHEHHE T€0AIEKTPUIECKOTO pa3pesa ¢ TIIyOUHOM.

3a mapameTphl IyOMHHOCTH IPUHUMAOTCS T ,+/T ,+/27 -t . B pe3ynsrate M3 crpositcs
KpHUBBIE 30HIMPOBAHUM, T.e. Tpa@UKH 3aBUCUMOCTEH KaXYLIUXCS CONPOTUBJICHUN OT
napaMeTpoB TITyOUHHOCTH.

Teopus M mpakTHKa 3JIEKTPOMATHUTHBIX 30HAMPOBAHUN XOPOIIO pa3paboTaHbI
U1 OJHOMEPHBIX TOPHU30HTAJIBHO CIOUCTBIX Moaeneil cpen. IlosTomy 30HAMpPOBaHUs
qalie BCEro MPOBOJATCSA NPHU HM3YYEHUH TOPU30OHTAIBHO M IOJIOTO 3aJE€TAIOIIUX (YIJIbI
nagenus menouie 10° - 15°) pa3zpe3oB. B pesynpraTre KOIMUECTBEHHON HMHTEpHpETalun
KpuUBBIX OM3 momydaroTcs TOCIOWHBIE WM OOOOLICHHBIE T'€OMETPUYECKHE U

AJIEKTPUUECKUE CBOWCTBA CJOEB MIM TONM. [lo COBOKYMHOCTH NPOQMIBHBIX WIH



IUIOUIAJAHBIX 30HJIMPOBAHHUM CTPOSITCS TEORJIEKTpPUYECKUE pa3pe3bl (IO BEpTUKAIU
OTKJIAABIBAIOTCS MOILIHOCTH CJO€B WJIM IAYEK CIOEB, & B MX LIEHTPAX IMPOCTABIAIOTCS
ANEKTPUYECKUE CBOMCTBA CIOEB) WM KapThl TEX WM UHBIX 1APAMETPOB 3TUX Pa3pe30B.
DJIEKTPOMAarHUTHBIE 30HAUPOBAHUS UCIIOIB3YIOTCS JUISl PEIICHHS] IIUPOKOro Kpyra
3a/1a4, CBSI3aHHBIX C PACUJICHEHUEM IO JIEKTPOMAarHUTHBIM CBOWCTBAM IOJOTOCIOUCTBIX
reoJIOTUYECKUX pa3pe3oB. OHU MNPUMEHSIOTCS JUISl  TIOYyOMHHBIX, CTPYKTYPHBIX
WCCIIEOBAaHUM, TOMCKOB U PAa3BEIKU IOJIE3HBIX MCKONAEMBIX, IETaJbHBIX WHKCHEPHO-
TEOJIOTUYECKUX, MEP3JIOTHO-TJISIIUOJIIOTMYECKUX, T'MAPOT€OJOTNYECKUX, ITOYBEHHO-

MCIIMOPATUBHLBIX U 3KOJOTUYCCKUX HCCHGﬂOBaHHﬁ.

JJIeKTpUYeCKOoe 30HAMPOBaHHE

DNEeKTPUUECKOEe  30HJMpPOBAHME - OTO Takas Moaudukanus  MeToja
COTIPOTHUBJICHHI HA MOCTOSHHOM HWJIM HU3KO4YAacTOTHOM (70 20 I'r) Toke, mpu KOTOPOM B
mpoiiecce paboOThl  PACCTOSTHUE MEXIY [MHUTAIONIUMUA JJIEKTPOJaMH  WIH  MEXIY
MUTAOIUMH ¥ TPUEMHBIMH JIMHUSAMHU (pa3HOC) TOCTENEHHO YyBeIW4YuBaeTcs. B

pe3ynbTare cTposTcs TpaduKH 3aBUCMMOCTH KaXKyIIErocs COMpPOTHBICHUS (0, ) OT

pasHoca (), Wid KpuBasi 30HIUPOBAHUN, KOTOpasl XapaKTepu3yeT U3MEHEHHUE yIeIbHbIX
anekTpudeckux conpotuieHui (YIC) ¢ riryOnHO.

Paznuuator aBe MoauduKanuu 30HIUPOBAHUI: BEPTUKAIBHBIE AJIEKTPUUYECKUE
3oHaupoBanusa (BD3), mpumenseMble ajs pa3Beaku HeOombImx TyouH (mo 500 M), u
JUTONBHBIE AJIEKTpUueckue 3oHaupoBanus (/13), mpumensembie s pa3BelKH TITyOUH

0,5-10 kM.

1 . Memoouka eepmuKkaivbHbIX dJleKMpU4ecKux 30HOUposanuli. BepTukampHOe
JJIEKTPUYECKOE 30HIMPOBAHUE BBIMOJHIETCS CUMMETPUYHON YETBIPEXAIEKTPOIHON HIIH
TPEXDJICKTPOJHOW  TpaJMeHT-yCTaHOBKaMH. Pa0oThl CHMMETPHYHON  yCTaHOBKOM

MPOBOJIATCS B TAKOW MOCIIEI0BATEIILHOCTH (puc. 29).



Puc. 29. Cxema ycranoBku BDO3: K ,, K, - KaTymku ¢ H30JIHMpOBaHHBIME MPOBOJaMH, b -

6arapes, UII - usmepurensHblil mpudop

B BbIOpaHHOM TOUYKE 30HIMPOBAaHMS (LIEHTP 30HAUPOBAHUS, HA3bIBAEMBIA TOUKOM
3alMCH) YCTaHABJIMBAIOTCA OaTapes C HM3MEPUTENbHBIM NPHOOPOM, JBE KATYIIKH C
MPOBOJIOM JIJIsl pa3HOCa MUTAIOIIUX AEKTPo0B. Ha HebombIom paccTosiHun (00bIYHO 1
M) 3a3eMJISIIOTCS pUeMHbIe 31ekTpoibl M u N, a Ha pacctosiHuu 3 M - nutaromue A u B.

[IpousBonutcs uzmepenne AU u | u paccuutsiBaercs p, = KAU /I, rne kosddunment

ycTtaHoBKM K = 7AM - AN/MN . Jlasiee nuTaromue 3jaeKTPOoAbl IIOCTEIIEHHO PAa3HOCATCS B
pasHbIe CTOPOHBI, a I = AB/2MOryT BEIOMpAThCs, Hanpumep, Takumu: 1,5; 2,2; 3; 5; 10;
15; 22; 30; 50; 100; ... m. [Tpu Gonpmmx AB mpuXoauTcs MepexoauTh Ha YBEIHMUYCHHYIO
mimHy  MN, uytoObl AU mpeBbllIaiM  ypoBeHb moMex. Ha kaxmom pasHoce

onpenensercs p, . Jdnst ynobctBa paboT MmpoBojia MpeaBapuTEIbHO MPOMEPSIIOTCS W Ha

HUX KpPacKOW WMJIM M30JICHTON CTaBSITCS METKH, HallpuMep, OHA, BE, TPH, BHOBH OJIHA,
nBe, Tpu W T.4. [Ipum paborax ¢ aHAIOTrOBHIMH MpHOOpaMH B XOJIe 30HAWPOBAHUS Ha
OJlaHKe C JIorapu(pMUUECKMM MacHITaboM 1Mo ocsM koopauHat (6mank BO3) ¢ Mmoaynem

6,25 cM npu TOYHOCTH uU3MepeHuid p, 5% wim 10 cm npu Tounoctu + 3% cTpoutcs
kpuBas BD3: mo BepTUKalU OTKIAJBIBACTCH p,, a IO TOPU3OHTAIM - BEJIWYMHA

nosrypasHoca (r = AB/2). [Ipu pabotax ¢ uudpoBoil anmaparypoii JaHHbIE BHOCATCS B
KOMIIbIOTEp, U KpuBasi BO3 cTpouTcs aBTOMaTUueCKU Ha SKpaHe JUCILIes.

ITocne okoHuaHUs 30HIMPOBAHUS W TOCTpoeHus KpuBoil BI3 ammaparypy u
o0Opy/ZOBaHHWE TMEPEHOCAT Ha HOBYK TOuKy. OOBIYHO TOYKH 30HAUPOBAHUI
pacroararoTcsi BJIoJib npoduieii. Paccrosaus Mexay cocemHuMHu Toukamu B3 (mmar
CHEMKH ) MEHSIIOTCSI OT MEPBBIX JECATKOB J0 HECKOJIBKUX COT MEeTpOB. OHH JTOJIKHBI OBITH
CPaBHUMBIMHU C MPOEKTHPYEMbIMU IITyOMHAMHU pa3Benku. MakcumanbHblid pazHoc AB / 2

BbIOUpaercs B 3 - 10 pa3 60JBIINM ITUX TITyOHH.



Pa3HOCHI 1OKHBI OBITH HANpaBJIEHBI, 10-BO3MOKHOCTH, BJOJb JOPOT, MPOCEK, a
IIpU TaK Ha3bIBa€MbIX KpyroBelx BO3 - mo nByM win yerbipeM azuMmyTam. M3yuaemas
IUIOLIAb MOKPBIBAETCS CEThIO MPO(dHIEH HAa PacCTOSHUAX, CPABHUMBIX MU B 2 - 5 pa3
00NbIIMX IIara chbeMKU. JIJIs yMEHbIIEHUS MCKAXKAIOLIEro BIUSHUSA pesbeda pa3HOCHI
HaIIpaBJAIOT BIOJIb €r0 mpoctrupanusd. VM3ydeHue moys u rpyHTOB npoBomutcs BO3 ¢
MajbIMU pazHocamMHu (OT Jojled J0 TepBOro JecsiTka MeTpoB). MX Ha3bIBaroT
MuKpo3oHaupoBanusimu (MKB33).

[Ipn BbIMONHEHUU TpeXdNeKTpoAHbIXx BO3 oaun nutatommii snexktpon (A)
nocreneHHo ypnansercss oT ueHrpa (O) 3onaupoBanus, a BTopoil (B) oTHocuTcs B
"OeckoHeuHOCTh", T.€. B 3 - 5 pa3 janblie MakcuMalibHOro AO 1o neprneHguKyIsipy K

JIMHUH Pa3HOCa U OCTAETCS OCTOSHHO 3a3eMiIeHHBIM (ycTtanoBka AMN, B B o).

2. Memoouka Ounonvubix snekmpuyeckux 30Houposanuti. Ecim Hamo u3yduTh OOJBIINE
riyounsl (cBbime 1 kM), To mnpu BeimonHeHun BDO3 pasHocsl AB  mpuxoautcs
yBennuuBath 10 10 KM, 4TO AenaTh CI0XKHO U HEy100HO. B 3TOM cityyae HCHOIb3yOTCS
JMIIOJIbHBIE YCTAaHOBKHM (a3UMyTaslbHble, paauaibHble W Ap.). Ilpm AUIONBHBIX
UIEKTPUUECKUX 30HAMpoBaHMAX (/13) m3MepsieTcst KaxKyleecs CONPOTHUBIEHHE IIpU
pPa3HBIX pACCTOSHUAX WIM pa3HOCaxX I MeEXAYy LEHTpaMu INHTAIOIIEr0 U IPUEMHOTO

munoieit (puc. 30).
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Puc. 30. Cxema mpoBeicHUS TUIIOJIBHOTO a3UMYyTaabHOTO 30HaupoBanus: [T -

re”HeparopHas rpymma, [1JI - monesast maboparopus

Paznoc ocymiectBusieTcss 1160 B OJHY CTOPOHY OT HEMOJBIXKHOTO MHUTAIOIIETO
munonis (ogHocTopoHHee /[3), mubo BHayane B OJHY, a 3aTE€M B IIPOTHBOIIOJIOXKHYIO
CTOpPOHY (IByXcTOpoHHEe [[3).

JlunionibHOE 30HAMPOBAHUE BBIMOJHAETCS C MMOMOIIBIO 3JIEKTPOPA3BEIOUHBIX

cranuuii. CHauanma npOBOIUTCS Tomorpaduueckas MoOAroToBka pabor. I3 moryt



BBINIOJIHATHCA 1O KPUBOJIMHEWHBIM MaplIpyTaMm, NPUYPOUYEHHBIM K JOpOTraM, peKam u
y4yacTKaMm, K KOTOpPbIM MOKET OBITh JOCTaBJIEHA MojeBas jaboparopus. Bennumna
pasHoca JI0JKHA YBEJIMYUBATHCS MPUMEPHO B FEOMETPUYECKON MPOTPECCUU, HAIIPUMED,
r=0,5;1;1,5;2,5;4; 6; 10; 15; 20; 30 xm.

W3zmepuB cury Toka B AB (1,) 1 pa3HOCTh moTeHIManoB Ha niepeoid M1 N1 (AU,)

touke Oj;, MOxkHO mnoinyuuts p, =K,AU, /1, rne K, - ko3pduuueHT AUIOIBHOM

ycranoBku. [locie sToro moneBas jpabopaTopus mepee3kaeT Ha HOBYIO Touky O, (cwm.
puc. ). [lo paano ycraHaBIMBAETCS CBSI3b MEXKIAY CTAHIIUSIMHU, CHOBA ITPOBOJIATCS 3aMEPbI

AU ,lu paccuutbiBaetci p, U T.0. B pesyabrate Ha OnaHkax ¢ JIBOMHBIM

Jorapu(pMUIECKUM MacmTaboM CTpouTcs KpuBas [[3: Mo TOPH30HTAIN OTKJIAAbIBACTCS T
(8 asumytanibHoM (JJA3) u oskBaropuasibHoM ([123) 30naMpoBanuu) umu r/2 (B

paauansHoM (JIP3) unu oceBom ([1O3) 30H1upoBaHNM), a IO BEPTUKAIH - p, . U3 Teopun

n3BeCTHO, yTO KpuBbie A3 u JID93 TouHo coBnanmaroT ¢ kpuBbiMu BO3, a /IP3 u /103

HCECKOJIBKO OTJIMYAKOTCA.

3. Memooukxa mopckux snekmpuveckux 30HOuposanuii. IIpu MOPCKHX 3JIEKTPHUUECKUX
30HIMPOBAHUAX HCHOJB3YIOTCA JAWIOJbHBIE OCEBBIE YCTAHOBKH, T.€. paJauajbHbIE
YCTaHOBKH, Y KOTOpbIX nutatomas (AB) u npuemnast (MN) nuHUM pacniofiaratroTcsi BJOIb
OJIHOM TPSIMOM, a camMu 30HAMpPOBaHUS MpoBoaaTcs HempepbiBHO (HJO3). B mporecce
BbinosiHeHUs: HJIO3 nmpueMHasi TMHUSA U PETUCTPUPYIOLIAs anlapaTypa, yCTaHOBICHHBIE
Ha MPUEMHOM CYJHE, OCTAlTCS HENMOABWXHBIMH. lluTaromas JuMHUSA HEIPEpPHIBHO
NepeMeniaeTcsa Ha TeHEpaTOPHOM CyJIHE CHadalla B OJIHY, a 3aT€M B JPYTYIO CTOPOHY OT
npuemMHor nuHuU. [locine oOpabOTKM aBTOMATHMUYECKHUX 3alKcel TOKOB W pPa3HOCTEH
MOTEHIIMAJIOB PACCUUTHIBAIOTCS KAXKYIIUECS CONPOTHUBJIEHUS IS Pa3HBIX PAaCCTOSIHUI
MEXIy LIEHTPAMH UTAIOIIEeNW U IPUEeMHON TMHUM U cTposTcs kpubbie HJ{O3.

Mopckue 30HAUPOBAHUS CIY’KAT JUISI U3YUYCHHUS CTPOCHHS JOHHBIX OCAJKOB M
CTPYKTYD, OJIarONPUSATHBIX i He(pTera30HaKOIUICHHUS.

[Tpu BBIMOTHEHUH JTFOOBIX ANEKTPUUECKUX 30HIUPOBAHUMN 710 5 % TOUEK SBISIOTCS
KOHTPOJIbHBIMHU. [0 HMM pPacCUMTHIBAIOTCS CPEAHUE OTHOCHUTENBHBIE IOIPEIIHOCTH B

pacuetax KC, koTopsie He TOKHBI TpeBbIaTh + 5%.



3J'ICKTpI/I'—ICCKI/Ie 30HAUPOBAHHA MIMUPOKO HCHOJB3YIOTCA A PACHICHCHUA
reoJIOrn4eCKux pPas3pe3osB, 0co0eHHO O0CaJO04YHbIX, ITOHMCKOB INNIACTOBBIX IIOJIC3HBIX

HCKOITaCMBbIX, U3YUYCHHA C pa3HBIMU LECIIAMUA re0J0rn4ecKoi Cpcanl.

30H1mp013a1me METOA0OM BBI3BAaHHOM moJispu3anuu

BeprtukansHoe 35eKTpuueckoe 30HIUPOBAHNE METOJOM BBI3BAHHOMW MOJIApU3AIUN
(B23-BII) no Meroauke paboT Majo 4yeM OTIMYAETCS OT pacCMOTPEHHBIX Bbilie BO3 u
MpeAHa3HAuYeHO ISl PaCWICHEHHs pa3pe3oB MO TIIyOMHE HE TOJIBKO Mo u3MeHeHuo YOO,
HO ¥ Mosipu3yeMocTH (77) cioeB. C MOMOIIBIO OJHOKAHATBFHON WJIM MHOTOKaHAJIbHOM
anmnapatypsl uamepsitorca AU u |, yto nenaercs u B metonie BO3, a takxke u U ,, Ha MN
yepes 0,5 ¢ mnocne otkimoueHus Toka B AB. B pesynerate Hapsagy ¢
o = KAU /| paccuntsiBaeTcss Kaxymascs noiaspuzyeMoctb 7, = AU, -100%/AU .
Jlanee Ha O6maHKax ¢ JorapuMUYECKHUM MaciiTaboM 1Mo ocsaM KoopauHat (6mankax BO3)
Hapsaay ¢ kpuBbiMU BO3 crpositca kpuBbie BO3-BIl: mo ropu3oHTanu OTKIIAIbIBAIOTCS
AB /2, no BepTuKamm -7, .

[Tpumep kpuBbix BO3 u BO3-BII, nocTaBiieHHBIX ISl BBIACICHUS BOJOHOCHOTO

miacta (II), mpusenen Ha puc. 31 .
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Puc. 31. Kpussie B33 u B233-BII ¢ BetBsimu, 00ycioBneHHbiMU cyxumu (1) u

BogoHachieHHbIMU (II) cynecsamu, noactunaempivu rnuaamu (111)

CymectBytot BapuanTel BO3-BII Ha nepemenHom Toke, korjga usmepsitorcs KC
Ha noHwkeHHou (< 5 ') u nmoBsieHHo# (= 20 I'n) yactoTax. I1o ux pa3HOCTH MOXKHO

CYJIUTh O MOJSIPU3YEMOCTH CPEJIBL.



O6nanas rmyounHocThio A0 500 M, meTon BO3-BII ucnonb3yercst s neTaabHON
pa3BelKH PYJHBIX MECTOPOXKICHHM, TOMCKOB MOJI3EMHBIX BOJI, PACWICHEHHUS 0CAOYHBIX

MOPOI.
MarHuroreJutypruyecKue MeToAbI

K MarauroremiypuyeckuM MeTOJaM OTHOCUTCS PSAJl METOJOB 3JIEKTPOPa3BEIKH,
OCHOBAaHHBIX ~HAa  M3YyYEHUU  E€CTECTBEHHBIX (MarHUTO-TEJUTYPUUYECKUX)  MOJeH
KOCMUYECKOTO MPOUCXOXKJAeHUSI. OCHOBHBIM M3 HUX SIBJISIETCS MarHUTOTEIUTYypHYECKOe
3ouaupoBanue (MT3). [1o pemaeMbimM 3aa4amM K HEMY OJM3KM MarHMUTOBAapUAIL[MOHHOE
3ouaupoBanue (MB3) u npodunuposanue (MBII), meroa Temurypuueckux TokoB (MTT),

Marmuroremutypudeckoe npopunuposanue (MTII) u np.

1. MarHuroTeITypudecKkoe 30HIUPOBaHKME. MarHUTOTE/UTYPHUSCKOE 30HIAMPOBAHUC
(MT3) wu ero ruyounnei BapuanT (I'MT3) ocHOBaHBI Ha  HM3y4YCHHUH
MarHUTOTEIUTYPUYECKHUX TOJICH ¢ MEHSIOIIMMUCS Ha JIBa M 0osiee TOpsaKa TepruoiaMu
konebanmii. Kak  oTmedasioch  paHee, BCIeICTBHE CKUH-d(pdekra TiyOmHa
POHUKHOBEHUS 3JIEKTPOMArHUTHOTO TIOJIST B 3€MJTIO TeM OOJIbIIIe, YeM MEHBIIE YacToTa

(f) wam Gonpmie mepuos kKonebanuii (T =1/ f). TTosTomy metoauka MT3 cBoauTCs K

JUTTEIBHBIM (MHOTJA CYTKH) PErHCTpaAlUsM C MOMOIIbI0 U3MEPUTENbHOMN J1abopaTopuun

OPC B3auMHO NEPNEHAUKYIAPHBIX KomnoHent mois (E,,E,,H,,H ) pasnnunbix

IICPHUOI0B. HpI/I 06pa60TKe IMOJIYYaCMbIX MAIrHUTOTCILIYPOI'paMM BBIACIIAIOTCA CUTHAJIBI C
InepuoaamMu, OTINYarOmMMUMHUCA MCHCC, YCM B JIBAa pa3ad, 4allC BCCTO B HHTCPBAJIC OT 1 a0
100 c. Z[aﬂee PaCCUUTBIBAOTCA aMIUIMTYAbl CHI'HAJIOB, a4 II0 HHM - KaXyIIHCCA

COIIPOTHUBJICHUA:

2

pT,, =0.2T|E, [E | - oT,, = 0.2T|E, /H, (25)

B pesynbrare Ha GnaHke ¢ JorapuMUYECKUM MACHITA0OM IO OCSAM KOOPJAMHAT

(monyns 10 cMm) crpositca amrmutyaHsle kKpuBble MT3. Ilo ropuszoHTanbHOM ocu

OTKJIaAbIBACTCA \/?' BCJIMYNHA, TTPOITOPIHNOHATIbHAA FJ'Iy6I/IHHOCTI/I PICCJIG,Z[OBaHI/Iﬁ, a II0

BEPTUKAIBHOM OCH - KaXyIIMECs CONMPOTUBICHUS pT, , ol M CpeiHee U3 HHX

pT =pl, -pl, (puc. 26).



Hat ropu30HTAIBHO CIIOMCTON cpetoit pT,, = pT,, a HaJl HEOAHOPOAHOH Mo YO
B TOPHU30OHTAJbHOM HANpPABIEHUH OHU MOTYT pe3Ko oriaudarbes. llostomy s
UHTEPIPETAlUU HCIIONIB3YETCsl CpeAHss Kpuas pl (puc. 32), paroomas yCpeIHEHHYIO
xapaktepuctuky uzMeHeHuss YOC ¢ rinyOuHoil. KpoMe aMIUIMTYIHBIX KPUBBIX MOXKHO
CTPOUTH (pa30BBIE KPUBBIE, T.€. U3MEHEHHE PAa3HOCTEH (a3 MEXTy COCTaBISAIOIMMU E, 1
H,,E,uH, orT.

IIpn HazemHBIX W Mopckux paborax Touku MT3 pacnonaratrorcs ubo 1O
cucteMaMm mnpodumnei, b0 paBHOMEPHO MO IUIOMAaUd. PaccTosHHMS MEXAy HUMH

menaroTcd oT 1 1o 10 xkm.
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Puc. 32. Kpusbie MT3 Haj HEOTHOPOIHOM Cpe1oit

Menee wuHbpopMaTUBHBI 1O cpaBHeHUI0O ¢ MT3 marHuToBapHalliOHHBIE
3ouaupoBanus (MB3), B KOTOpBIX H3MEPSIOTCS PA3HOMEPUOJHBIE Bapualld JIUIIb
MarHUTHBIX COCTaBIJISIFOUIMX TE€OMAarHUTHOTO TOJIsI 3eMJM B IIHPOKOM JHarna3oHe
MIEPUOJIOB.

Ha puc. 33. MOXHO yBUAETH cXeMy ycTaHOBKU MeToioM MT3 mns craniuu [DC-
M.
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Puc. 33. Cxema yCcTaHOBKH.

Puc. 34. T'eoanexkrpudeckuii paspes no npoduito "bapstuno - Measinp",

MOCTPOEHHBIN MO TaHHBIM MT3.
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Puc. 34. T'eoanexTpudeckuii paspes mno npoduiato "bapsatuno - MeasiHb", MOCTPOCHHBIH
o gasuaeiM MT3:

1 - u3BectHsky, raunbl, Cl - D3; 2 - Teppurennas tonma, D2; 3 -
BBICOKOMHUHEpAIM30BaHHAS TeppUreHHas toima, D2; 4 - dynna-ment, Ar-Prl; 5 -

yIeIbHOE CONMPOTUBIEHUE; 6 - Touku MT3.

2. Memoowl mennypuueckux mokos, MAacHUMOMEeNIYPULECKo20 U MASHUMO-8APUAYUOH-
Hoeo npoguiuposanuti. B merone temrypudeckux TokoB (MTT) omHOBpeMEeHHO
PETUCTPUPYIOTCSI CUHXPOHHBIE BapHalMu S3JEKTPUUYECKUX CcOcTaBisomux nois (E, u

E,) Ha ogHOM 0a3ucHOM (ONOPHOM) M Ha BCEX PSIOBBIX MYHKTAX M3y4aeMOH ILIOIIAIH.

JUid cuHXpoHU3aUuu paldoOT [BYX WM HECKOJBKMX CTaHIUH, pacloJOKEHHBIX Ha

paccrosHIX 10 50 - 100 kM 0T 6a3UCHOTO MTyHKTA, UCHOIB3YIOTCS paANOCTAHLIUY.



B pesynbraTe 00pa®oTKM 3amuceil Mojs TETypUYECKUX TOKOB PACCUMTHIBAIOTCS
pasHble  TeluTypomapaMeTpbl.  Yame  Bcero - ompenessiercss — TeJUIyponapaMeTp
u=0(E)I6(E,), rne 5(E,)u 6(E,)- cuHXpOHHBIE BapyUalliy IOJIsI HA JIFOOOM pAI0OBOM U
O0asucHoi Toukax. OH XapakTepuzyeT OTHOCUTENIbHBbIE 3HAUEHUS IUIOTHOCTEN
€CTECTBEHHBIX TOKOB M KaXYIINXCsA CONPOTUBIICHUM B 3TUX TOoYKax. B ornuune or MTT
B MarHuToBapuanMoHHOM npodunupoBanuu (MBII) Ha noneBbIX 1 Ga3UCHBIX MyHKTaX
PETUCTPUPYIOTCS BapUallid MarHUTHOTO TOJISL.

[Ipn marnutoremtypuueckoM npodunupoBanuu (MTII) Ha moneBBIX MyHKTax

OJIHOBPEMEHHO PErUCTPUPYIOTCA U 3nekTpudeckue (E,,E, ), n marnuthbie (H,,H ,H,)

coctaBistomue nois. Ecnu mpu 06paboTke MarHUTOTEUTypOorpaMM BBIJICISITh Ha BCEX
MyHKTaX BapHalliy MPUMEPHO OJHOTO HEOOJBIIIOr0 WHTEpPBaJa MEPUOIOB KojiebaHuM, TO
MoJTydyaeMble WJIM pacueTHbIE TapaMeTphl MOoJs OyayT XapakTepu3oBaTh pas3pes
MIPUMEPHO Ha OJHOM TIIyOUHE.

Cuctema HaOmoaeHuit pu padorax MTT, MTII, MB3 cBoauTcs K mionaaHbM
ChEMKAM C PACCTOSHUSAMU MEXKIY TOYKaMH Mopsaaka 1 Km.

['myOuHHOCT, W 3a7auM, pelnlaeMble MarHUTOTEUIYPUUYECKUMH METOAAMH,
paznuuHbl. Ilpu mnepuomax ecTeCTBEHHBIX MOJEH, MEHbIIMX 1| €, pacwieHSIOTCs
ocaJiouHble mopoibl, MeHbIux 100 ¢ - onpenenstoTcs riryoruHa 3aneranus GpyHIaMeHTa u
YOC 3emuoit kopbl, a mpu T >1000 ¢ - u3yyaeTcs rayOMHHAS SJICKTPONPOBOTHOCTH

3€MHOM KOPBI U MAHTHUHU.

SOHI[I/lpOBaHI/Ie METOAO0OM CTAHOBJICHUA MOJIH

3onnupoBanue MeroaoMm craHoBieHus nons (3CII wam 3C) ocHoBaHO Ha
u3ydeHun ctaHoBlieHusi (ycranoieHus) snekrpuueckod (3CE) u marnuthoit (3CM)
COCTABJISIIOIIMX AJIIEKTPOMArHUTHOTO TMOJSi B MAacCHBE TOPHBIX MOPOJ MpU Mojayde
MPSMOYTOJBHBIX HMMITYJIbCOB IOCTOSSHHOIO TOKa B 3a3€MIICHHYIO JIMHUIO WU
HE3a3€MJICHHYI0 TETII0. J[JIUTEeIbHOCTh M XapaKTep CTAaHOBJIEHUS MOJsi CBSA3aHBI C
pacrnpesieJIeHueM YJEJIbHOTO CONPOTUBIICHUS MOPOJ HAa Pa3HbIX ITyOuHax. V3meHeHue
rmyOuHHOCTH pa3Benku B merone 3C oOwsicHsercs ckuH-3(dexrom. Ilpu BrIoyeHnn
MMITyJbCa TOKa B MHUTAIOUIYI0 JIMHUIO WIM [ETII0 3JIEKTPOMAarHUTHOE II0Jie

pacupoCTpaHsACTCd CHa4dalla B NMPHUIIOBCPXHOCTHBIX YaCTAX pa3pe3d, a B I[a.HBHeI\/’IH_IeM



IIPOHUKAET Bce IIyOxke U TayOxke. B cpeae HpouCXOmsT CIOXKHBIE HNEPEXOIHBIE
MPOLIECCHl M UMIYJIbC MPUXOAUT K MPUEMHOM YCTAaHOBKE B MCKAKEHHOM BHJie. ManbiM
BpEMEHaM CTaHOBJIEHUS MoJisl (t) COOTBETCTBYET Majasl INIyOMHA pa3BEIKH, OOJBLINM
BpeMeHaM - OoJIbIIas.

30Ha1pOBaHUE CTaHOBJIEHUEM noJis BBITIOJTHSIETCS C MTOMOIIBIO
ANEKTPOPA3BEIOYHBIX CTaHUUU. VCronb3yroTcsl pa3inyuHble AUMOJIbHBIE YCTAaHOBKU NPU
MOCTOSSHHOM PacCTOSHUU () MEXAYy MUTAIOIUMHA W U3MEPHUTENIbHBIMU JUIOJISMHU.
Peructpupyiorcss pa3HOCTM  NOTEHLHMAJIOB, MNPONOPLUUOHAIBHBIE  ANEKTPUYECKON

cocraBisomen, namepseMoil Ha MN (AU (t)), ¥ MarHuTHOM, M3MepseMON B MeETIE
(AU, (t)), a Tarxoke cua Toka (| ) B MUTArONIEM JTHUITOJIC.

PaznuuaroT aBa BapuaHTa 30HIMPOBAHUS CTAHOBJICHHEM TOJIS: 30HJAMPOBAHHE B
nanpHel 30He OoT nmuraromiero aunois (3CJl) u 3onaupoBanue B OmmkHed 30He (3CH),
HazpiBaeMoe Takke ToueyHbIM (3CT). B 3C]] r BbIOMpaeTcst mOCTOSIHHBIM, B 3 - 6 pa3
O0onpIIUM TIaHUpyeMbIX r1youn passenku. B 3Ch pas3Hoc () Takke MOCTOSHEH, HO
MEHbIIIE MPOEKTUPYEMBIX TNTyOUH pa3Benku. B pesynbrare o6pabotku 3amuceit 3C mo

U3MEpPEHHBIM MapaMeTpaM U PacCUUTAHHBIM KOA(P(UIIMEHTAM TMOIYYaloTCs KaXyLIUecs
conpoTuBiieHus, u ctpositcst Kpuble 3C (p, (V27 -t)).

30HAMPOBAHMUS CTAHOBJICHUEM TIOJISI BHIITOJIHAIOTCS MO OTJCIBbHBIM MPOQUIIIM HIIH
PaBHOMEPHO IO Tuiomaau. PaccrosHus Mex .y Toukamu MeHsroTcs oT 0,5 10 2 kM.
I'my6unnocTs 3C He mpeBwimaetr 5 - 10 kM. 3C UCMONB3YIOTCS MPU T€OCTPYKTYPHBIX
UCCIIEIOBAaHUSX, IOUCKAaX HEPTHU U raza.

Jlanee paccMarpuBaercsi npumep wucnosb3zoBanus 3CBb mnpu kapTupoBaHuuU
KOJUJIEKTOPOB B oOnactu cowieHnenust Katanrckoii ceanoBunsl u Herncko-boryoOunckoi
AQHTEKJIU3BL.

Ha mpencraBieHHOM HUXKE TEORJIEKTPUUYECKOM pa3pese (puc. 35) MnpuBeneHbI
pe3ynbTaThl pabot 3Ch, momyueHHbIe B Mpoliecce M3y4eHUsl Te0JOrHUYeCKOTO CTPOCHHUS
obnactu couneHnenusi Karanrckoit cemmoBunbl u Herncko-boTyoOuHCKOW aHTEKIU3BI
3anmagnoit uactm Cubupckoit mmatrdopmbel.  Paboter  mpoBoauna  Kartanrckas
reopumsuueckas skcrnenunus I[1I'O "Enucelireodpusuka", (byénos B.M.) ¢ yuactuem
CHUUITuMC, B coctaBe crnienuanucToB Hamied rpynmbl. JmuHa mpoduiis cocTaBiser

oko0Ji0 30 KM, rJe BBIIOJHEHO 17 MyHKTOB 30HAMPOBAHMM. JlOCTUrHYTas IiTyOMHHOCTB



UccleI0BaHuM He MeHee 3 KM. PaboThl MpoBOAMINCH ¢ TeHepaTOpHOi ycTaHoBKor 800 x
800 M, mpu Toke 100 A. mpuemnas netist 500 x 500 m, anmaparypa Lukn-2.

OnHOMl M3 TEOJOTMYECKUX 3alad d3TUX paboT ABISUIOCH KApTUPOBAHME
MPOBOJAIINX  KOJUIEKTOPOB, HACBHIIIEHHBIX MHMHEpPAIM30BaHHBIMU BOJAaMU. OTHU
KOJUIEKTOpa BBIIEJSIOTCS B pa3pe3e Kak MpOBOJALIME CJIOW, Oyiarogapsi HHU3KOMY
CONPOTHUBIICHUIO MHHEpPAIN30BaHHOM BOJbl. B naHHOM permone HedTenposiBiIeHUS
CBSA3BIBAIOTCS TJIABHBIM O00pa3oM C BEHACKUM TEPPUTE€HHBIM KOJUIEKTOPOM BaHABapCKOM
CBUTHI, 3aJieraroliedl BBIIIE HECOrJiacus, Ha aOCOJIOTHBIX OTMETKax riayounsl 1600 —
1800 M. B ceBepo-zanmagHoit uactu mnpoduns mno 3CBb ormeuaercs Hamuuue
BOJIOHACHIIIEHOTO BEHACKOro KoJuiekTopa. KpoMe Toro Huxe, Ha OTMETKax MPUMEPHO
2500 - 3000 M oTmedaeTcs TakKe HAJIMYMUE TMPOBOISIIMX TMOPOJ MPEINOIOKUTEIHHO
pudeiickoro Bo3pacta. HyXHO 3aMeTHTh, YTO B JAHHBIX YCIOBUSAX 3JIEKTPOpa3BeaKa
YBEPEHHO JA€T MPOJOJbHYI0 MPOBOAMMOCTb HUYKHETO CJIOS M TIyOMHY 3ajleraHusi ero
CEpeIMHBI , OJIHAKO TOJIIMHY CJ0S /JaeT C HEBBICOKOW JOCTOBEPHOCTHIO, T.€. TOJNIIUHA
ATOTO CIIOSI MOXKET ObITh MEHbIIIE, YEM IIPUBEACHO Ha pa3pese.

B paiione BocbMOro nukera HabJIOIEHUH MOKHO KOHCTaTUPOBATh BHIKIIMHUBAHHUE
OPOBOAIINX OTJIOXKEHUH pudes, 3ajleralonux HWXKe TpaHullbl Hecornacus. OgHaKo
Janee 1O MpoQuMiIo, Ha CIEAYIONIMX NUKeTax HaOM0AeH!N, NPOBOAAIIUN CIION
OTMEUAETCs BBIIIE [0 pa3pesy, TeHepb B MPEUMYIIECTBEHHO KapOOHATHBIX OTIIOKEHHUSIX
HIDKHETO-cpeiHero keMmOpus. Jlanmee, Ha I0ro-BOCTOK, INIyOMHA 10 TPOBOJSIIETO CIIOS
YMEHBIIIAETCS U CJIOW BBIXOJUT K KPOBJE OTJIOKEHUN HUXKHErO — CPeIHEro KemoOpus B
paunone nukeTa 15, rae u BeikinHUBaeTca. OOpaiiaeM BHUMaHUE, YTO MPOBOISIIHNMN CIIOM
pacceKaeT HECOTJIAaCHO BBICOKOOMHYIO (TPEUMYIIECTBEHHO KapOpHATHYIO) TOJIILY
HUKHETO-CPETHETO KeMOPHS TI0J] YTJIOM OKOJIO 5 Tpal.

['eonorudeckass TpakToBKa HaOMIOJaeMOM KapTHUHBI B TOCIEHEE BpeMs HaMHU
CBSI3bIBACTCS C HaJIMYMEM "KOCOro pasjioMa'" C HaJBUTOM , IJIOCKOCTh CKOJIbXEHUS
KOTOPOro OOBOJHEHa MHHEPAJIM30BAaHHBIMU BOJAMH M COIPOBOXAAETCS, BEPOSTHO,

OOIIMPHBIM Pa3BUTUEM TPEUIMHOBATOCTH U KapCTa.
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Puc. 35. T'eoanexrpudeckuii pazpes ( pe3yiabTaThl TOCIOWHON HHTEPIPETAIUH ) TIO

npoduiio 310 EpemuncKkoii miomaam, ¢ y4eTOM JJaHHBIX TIyOOKOro OypeHusl.

304

MyHKTHI 30HIUPOBAHUS YCIOBHAS HyMEpalusl.

INEPEPLIB B OCAAKOHAKOILIICHU N

o VI g o
Y4aCTOK IIPOTHO3UPYEMBIX KOJUIEKTOPOB BaHABAPCKOUN CBUTHI.

Taxxke B kayecTBe mnpumepa wucnoiab3oBanus 3Cb gamee mnpencraBieHbl

pe3ynbTathl (puc. 36) npu KapTUPOBAHUU BEHJICKOTO TEPPUTCHHOTO KOJUIEKTOPA.
OneHueMUHCKas TUIOIA/b, I0r0-3anaaHbli ckioH [Ipuenuceiickoro nporuoa.
[Tnomaas pabot oxBareiBaeT OJEHYEMHHCKYIO CTPYKTYPY, PACTIONOKEHHYIO B 3anaJHOM
obpamiiennn Cubupckoit iardopmsl, B 30He couneHeHus [Ipuenuceiickoro nporuba u
Enuceiickoro xpspka. PaGotsl mpoBogmna boryuanckas reodusnyeckass 3KCIEIUITHIS
(Ienmunenko, A.M., XaiicanoBa T.®.lIllamopeB B.A.), a Taxke CHUUITuMC, B
COCTaBe CIEIHNAIMCTOB HAIlIeH TPYTIIIHL.

[IpenmecTBytomumu  ceiicMopasBeioudbiMu  pabotamu OI'T Obla BBISIBICHA
CTPYKTypa 1O TOpU30HTY "M", COOTBETCTBYIOIIEMY KPOBJIC€ TEPPHUTEHHBIX OTJIOKCHHMA
BeHJIa. bypeHue moaTBEepAWSIO 3Ty MPUBSI3KY W BCKPHUIO OJHOPOAHYIO TEPPUTCHHYIO
TOJIIY BE€HAAa MOIIHOCTBIO 600 M.

OnekrpopazBenka 3Chb craBmimack ¢ 3amauedl  pacmdpuTh WHGOPMAIHMIO O

nmapamMeTpax KOJUICKTOpa: BOJAOHACBINICHHOCTb, BBIACPKAHHOCTL 110 JIaTCpaJiu. Ha



MpEACTaBIEHHON 4YacTu mnpoduias JUIMHOM okKojdo 60 kM Obuio BbIoOgHEHO 20
30HAMpOBaHUN. PaboTel mpoBogminch ¢ reHeparopHoil ycranoBkoil 800 x 800 M, mpu
toke 100 A. mpuemnas netsist 500 x 500 M, anmaparypa Luki-2.

[Io panneM onekTtpopasBenkn 3Cb Hmke ropusoHra "M" mpociexuBaeTcs
MPOBOJSIIIMKM CJIOM, OJIHO3HAYHO YBSI3BIBAEMBIM C TEPPUTCHHOM ToOJIeld BeHaa ( Ha
npoduie 0603HaueHHBIN ToayObIM IIBeTOM ). Kak oTMeuanoch B npeablayieM IpUMepe,
B CHWJIy H3BECTHOTHM "SKBHBAJEHTHOCTHM MO S" B JaHHOM CIy4ae >JIECKTPOpa3BEIKa
HAJEKHO JaeT TIyOMHY JO CEepeluHBbl MPOBOMASILETO CJIOSI U €ro MpoJO0JIbHYIO
MIPOBOAUMOCTb. TOJIIMHA 3TOTO CIIOS ONPENEIAETCS C HEBBICOKOW IOCTOBEPHOCTBIO.

OnHako TONIIMHY 3TOTO CJIOSl yAAJIOCh ONPEACIUTh U3 CONOCTABJICHUS JTaHHBIX
celicMopa3BeIKHu (KPOBJIS CJIOS) U AJIEKTPOPA3BEAKH (CepeiHa CIIos).

Ha ocHoBe »TOro 0BT clienaH BBIBOA, YTO B Mpejesiax ydacTka paboT U3MEHEHue
MIPOBOJUMOCTH TEPPUTCHHBIX OTJIOKEHUHN CBS3aHO C M3MEHEHHUEM UX MOIIHOCTH, a CaMu
KOJJIEKTOPCKHE CBOMCTBA 3TUX OTJOKEHUH SBJISIOTCA JOCTATOYHO BBIJIEPKAHHBIMH T10
natepanu. VMckioueHrue cocTaBisioT 3 — 4 nukera HaOMI0IEHUH, pacoyoKEHHbIE I0ro-
BOCTOUYHee CKBaXMHbI On 152, roe ummeercs JIOKalbHOE NOHWXEHUE IPOJOJIBHOM
IPOBOAUMOCTH IIUPUHOM 6 — 7 KM, YTO MOXKET OBITh CBSI3aHO JHOO C YXyJIICHHEM

KOJIJICKTOPCKUX CBOﬁCTB, 1100 CO CMEHOM THIIa (bmopma.
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Puc. 36. I'paduk mpoaoabpHON TPOBOAMMOCTH MPOBOIAIIEH TOJIIIH.
1 - T'opuzout “M” o OI'T, KpoBIA TEPPUTEHHBIX OTI0KEHUI BEH/IA.
b

2 - I'myOuna 3ameranus cepeauHbl MPOBOAIIEH TOJIIIH.

YacroTHoe JIEKTPOMATIrHUTHOC 30HAUPOBAHUE

MeTtoa dYacTOTHOTO AJIEKTpOMarHUTHOro 3oHaupoBanus (Y3) ocHoBaH Ha
W3YUYCHUHU JJICKTPUUECKONM WJIM MArHUTHOM COCTaBJISIONIMX 3JIEKTPOMArHUTHOTO MOJI,
CO3JaHHOTO B 3emile JJeKTpuYecKUuM jgunoneM AB wim mnerned, nuraeMbiMU
MIEPEMEHHBIM TOKOM C TOCTENEHHO MeHstolelcsa yactorod. Meton U3 HamoMuHaer, ¢
onHo# croponsl, Mmetoasl 113 u 3C, a ¢ apyroi, - MT3 u npegHazHaueH sl pelieHus Tex
e 3aJ1a4: U3YUYEHHUS TOPU30HTAIBHO WJIK MOJIOTO CIIOUCTHIX CPE.

PaGoThl BHIMOTHAIOTCS C MOMOIIBIO 3JIEKTPOPA3BEAOYHBIX CTAHIUHN JUTIOIHHBIMA
yCTaHOBKaMu. PaccTosiHue r Mexay LEHTpaMH MUTAIONIUX U MPUEMHBIX JTUIIOIEH MOXKET

OCTaBaThCS MOCTOSIHHBIM, B 5 - 10 pa3 00ibIIUM IPOSKTUPYEMBIX TITyOHH UCCIIEIOBAHUS,



T.€. paboTHI BeAyTCs B AalbHel 30He ucTounuka. [Ipunnun Y3 (kak u MT3) ocHoBaH Ha
ckua-3pdexre. Meroauka Y3 cBOAUTCS K U3MEPEHHIO CWIIbI ToKa (| ) B MHUTAIOIIEM U

pasHocteil mnoreHuuana (E (w)uH,(w)) Ha npueMHOM JAumoie M TeTie. 37Iech

® =27 /T - Kpyrosas yactora. Jlajiee pacCUUTBIBAIOTCS KaXKyIIMECS CONPOTUBIICHUS IO
JIByM COCTaBJISIIOLLUM IOJIA U Ha jJorapu@muyeckux OnaHkax ctpositcs kpuBble U3. Ilo

BEPTUKAJIN OTKJIAABIBACTCS Ka)XKyIlleecs CONpOTUBIEHHE (p,), a MO TOPHU3OHTAIU -

napameTp, MPOIOPLUOHATBHEIH ITyOHHHOCTH -~/T . KpoMe aMIUIMTYIHBIX 3HAYCHHIA

HANpPsHDKEHHOCTH MOXHO U3y4arh pasHoctd $ha3 E ,H, u omopHo# dasel Toka (g u ¢, ).

N3mepenune 1ByX KOMIIOHEHT ITOJISI M IBYX CIABUTOB (ha3 JIeJacT WHTEPIPETAITUIO KPUBBIX
U3 Gonee TouHoOM, ueM npu [13.

YacToTHBIC 30HJIUPOBAHMS BBIMOJHSAIOTCS TIO OTACIBHBIM TPOMQUIAM WU
PaBHOMEPHO IO TUTOIIAJU. PAcCTOSIHUS MEXy TOYKAMU CPABHHMBI C MPOCKTHPYEMbIMU
TIyOMHaMH pa3Be/IKH. B 3aBUCHMMOCTH OT CIIEKTpa MCIOIb3YEMbIX YaCTOT TJTyOMHHOCTH
Y3 MeHseTcs OT HECKOJIbKHX JECATKOB METPOB JO TMEpPBBIX KWIOMETpoB. OHHU
UCTIONB3YIOTCS U PACWICHEHHS OCAJO0YHBIX MOPOJ, T€OCTPYKTYpPHBIX HCCIICIOBAHUH,

ITIONCKOB He(bTPI H rasa.

Bbicoko4YacTOTHBIE 3OHAUPOBAHUSA

Oco0OeHHOCThIO ~ BBICOKOYACTOTHBIX ~ METOJOB  30HIUPOBAHUNA  SIBIISIETCS
NpUMEHEHHE pPaauoBOJIH 4acToToi cBbime 10 kl'm. [ns Takux 4YacToT XapakTepHO
0obIIoe 3aTyxaHue (MOTJIOUIEHUE) PAJOBOIH U BRICOKUN CKUH-3(dekT. [ToaTtomy 31n
METO/IbI MOKHO MPUMEHSITH JIUIIb B YCIOBUAX BBICOKOOMHBIX MEPEKPHIBAIOIIUX TTOPO/T

(p cBemme 1000 OmM), korma TIIYOMHBI Pa3BEIKH IMPEBBIMIAIOT HECKOJBKO JECATKOB

METpOB.
CylIHOCTh OCHOBHBIX BBICOKOUACTOTHBIX METOJOB 30HAMPOBAHMI CBOJUTCS K

CJIeIYIOLLIEMY.

1. Meron BepTUKAIBHOTO UWHAYKIMOHHOTO 3oHaupoBaHus (BU3) ocHoBan Ha
r€OMETPUYECKOM NPHUHIIMIIE W3MEHEHHs TJIyOMHHOCTH C HCIIOJIb30BAaHUEM OJHOU U3
gactoT auanasoHa 10 - 100 xI'n. Paznoc Mexay nepegaTunkoM U NIPUEMHUKOM MEHSIETCS

OT €JUHMI] IO HECKOJBKHX JecATKOB MeTpoB. Kpusbsie B3, koTOpBIE CTpOSTCS TaK XK€,



Kak KpuBble BDO3 M MOXO0XM Ha HUX, MO3BOJISIIOT M3y4aTh TOPU3OHTAJIBHO CIIOMCTHIE
paspe3sl Ha riyoune 1o 20 - 50 M. Meton mnpuUMEHSETCS TPU TE€O0JOTUYECKOM,

HWHXXCHCPHO-T'COJIOTHICCKOM U MCP3JIOTHOM KapTHPOBAHWH.

2. B merone paauoBosHoBoro 3oHaupoBanus (PB3) panuonone vacroroit ot 0,5 mo 20
MI 1T co3maeTcs mepelaTunkoM 1 JJMHEMHOM aHTEHHOM, pacnoyiaraéMoil Ha MOBEPXHOCTH
3emun. C MOMOIIBIO MPUEMHUKA C PAMOYHOW AHTECHHOW H3MEpPSIETCS HANpPsHKEHHOCTh
MarHuTHoro moins. [IpsiMas BoiHA, pacmpoOCTpaHssCh B BEPXHEM CIJIO€, JIOXOIUT JI0
KPOBIIM BTOPOTO CJOSl, OTJIMYAIOIIETOCS IO JJICKTPOMArHUTHBIM CBOMCTBaM, U
oTpaxaercst oT Hero. B pe3ynbrare HaOmromaercss MHTEpPepeHuns (CI0KEHHUE) BOJIH.
MeHsisi 4acTOTy TMOJisl, MOXXHO TMOJYYUTh B TMPHUEMHUKE MHHHUMYMBI CHUTHaia, KOTrJa
npsiMasi 1 OTpaK€HHas BOJHBI MPUXOAAT B MPOTUBO(DA3E, U MAKCUMYMBbI, KOTJIa BOJIHBI
npuxonatr B (aze. Ecnu B pesynbpTaTe HAOMIOIEHUN MOCTPOUTH MHTEPPEPEHIIMOHHYIO
KpuBylO (TpaduKk 3aBUCUMOCTH HAMPSHKCHHOCTH TOJISI OT YacTOThl), TO, aHAJIU3UPYS
MUHUMYMBl M MaKCHUMyMbl Ha HEH, C TMOMONIbIO CHEUHUATBHBIX (OPMYT MOMKHO
ONpeeNuTh TIIyOMHBI 3ajJieraHds OTPaKAIOIIUX KOHTAKTOB, €CIM OHM 3aJleraloT He

riyoxke 10 - 50 m. Metoa npumeHsiics Mpy MOMCKaX MOA3EMHBIX BOJ B ITyCTBIHSIX.

B npyrux Bapuantax PB3 u3mepeHus mpoBOISTCS Ha pa3HBIX PACCTOSHUSX U
4acToTax, YTo 00ecreynBaeT pacujieHeHHe pa3pesa Ha pa3HbIX INyOUHAX.
MeTon MOXHO TPHUMEHSTh JUIsl PEIICHHs HWHXKCHEPHO-TEOJIOTHYECKUX U

OKOJIOTHYCCKUX 3aJay.

3. PamuonokannonHbii Meton (PJIM), HaszpiBaeMmblil Takke paadoI0KallMOHHBIM
30HAUPOBAHUEM (PJI3), MMITYyJIbCHBIM METOA0M paaroJIOKaluu (MMP),
noAnoBepXxHOCTHbIM 30HaupoBanueM (I1I13) mnu reopagapoM, OCHOBaH Ha W3IIyYEHUU
KOPOTKHUX UMITYJIbCOB (<10 MKC), 3aIIOJTHEHHBIX BBICOKOM 4acTOTON (paAMOUMITYJIbC) WU
0e3 Hee (BuaeouMItyibe). B pesynabrare PJIM onpenensercss BpeMs MPHUX0/a CHTHAJIOB,

OTPaXCHHBIX OT CJIOEB C pa3HbIMH P U €.

Ha pucynke 37 MOXHO yBUAETh pe3yibTaThl, HodyueHHble PJIM.
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Puc. 37. Pe3ynbTarhl reopainoioKalluOHHBIX paldoT 1Mo mpoduiato nomnepek p. Yrpsl (paii-

OH 1. AnekcanapoBka, uioHb 1998). I'eopamap "3oua-10", gactora 150 MI'.

Pa6oter B PJIM MOTYT IPOBOAMTHCS C TTIOMOIIBIO KaK TIEPEABMKHBIX BPYUYHYIO, TaK
Y YCTaHABJIMBAEMbIX HAa MAlllMHE WJIA CaMOJIETE PaJHUOJIOKAIIMOHHBIX YCTaHOBOK. M3-3a
CHWJIBHOTO 3aTyXaHUsl UMITYJIbCOB B MEPEKPHIBAIOIIEM CIIO€ METOJI MOXKET MPUMEHSTHCS B
YCJIOBUSX OYEHb BBICOKHUX COINPOTHUBIIEHUH BEPXHUX CIIOEB (Mep3i0Ta WM JieHd), Tle
TIIyOMHHOCTH MOKET COCTABJISATH JIECATKU METPOB UJIU NIEPBbIE KUIIOMETPHI.

[IpakTryeckoe MpUMEHEHUE METO]I Hallled MPHU MEP3JI0THO-TISIUOIOTHYECKHX (C
TNIyOMHHOCTBIO B JIECSATKM METPOB), a TakKe NPU HWHKEHEPHO-TCOJOTUYECKUX U
HKOJIOTMUECKHUX MCCIIEIOBAHUSAX C IITyOMHHOCTHIO 10 10 M.

B 3akiroueHne cTOUT OTMETUTD, YTO YaCTO MCIIONb3YTCSI HE OJMH KOHKPETHBIH

MCTO/J, a HCCKOJIBKO IJIA 0oJiee TOYHOTO pe3yiibTaTa, 4TO MOKHO YBUJICTH Ha PUC. 38.
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Puc. 38. I'eoanekTpudeckuii paszpes 1mo npoQuito

"n. AnekcanJpoBKa - c. bensieBo", mOCTpOEHHBIN 10 JaHHBIM BCEX METOJI0B OM3:

1 - mepacunenennas Tonma, Q-C1; 2 - rmuaucras tonma, Cl; 3 - kapOoHaTHas TOJIIIA,
D3; 4 - reppurennas tonma, D2; 5 - pynnament, Ar-Prl; 6 - yaenpHOE CONPOTUBIICHHUE;

7 - Touku Y3.



I'naBa 6. 3ﬂeKTp0MaFHI/ITHble CBOMCTBA TOPHBLIX NMMOPOX

K ocHOBHBIM SJICKTPOMArHuTHBIM CBOMCTBaM TOPHBIX TOPOA OTHOCATCA:

YICIBHOE JJIEKTPHUYECKOE COMPOTHBICHHE ( p ), SICKTPOXHUMHUYECKas aKTUBHOCTH (« ),
MOJISIpU3yeMocTh  (77), HOWAJEKTpudeckas (e) W MarHuTHas (4 ) TPOHUIIAEMOCTH.
[lapameTpamMu p,e,u, a Takke 4YacTOTOM mons omnpexaensercs Kodp UIHUEHT

MOTJIOIIEHUS TOJISL CPENION.
YaenabHoe dj1eKTpUYecKoe CONPOTUBIIEHHE

VYaenbHoe snekrtpuueckoe comnpoTtusieHue (YIC), uzMmepseMoe B OMMeTpax
(OmMm), xapakTepu3yeT COCOOHOCTh MOPOJI OKAa3bIBaTh ANEKTPUUECKOE COMPOTUBIICHHUE
MPOXOXKJACHUI0O TOKa U SABJSETCA HauOOJIee YHUBEPCAIBbHBIM 3JICKTPOMArHUTHBIM
cBoiicTBOM. OHO MEHsETCA B TOPHBIX MOPOJaxX U pylax B OUYEHb HMIMPOKUX Mpeiesiax: OT

10°® mo 10" Omm. Benmuuna obpatHast y =1/ p Ha3BIBaETCS AJICKTPOMPOBOTHOCTHIO H

u3Mepsiercsi B cumencax Ha Metp (Cm / wm). [ns wHambosee pacrpocTpaHEHHBIX
OCAaJIOUHBIX, M3BEPXKEHHBIX U METaMOpPUUECKUX TOpHBIX Mopo] YOIC 3aBUCUT OT
MUHEPAIBHOTO COCTaBa, (U3UKO-MEXaHMYECKUX U BOJHBIX CBOWCTB TOPHBIX MOPO/,
KOHIICHTpALlUA COJIed B MOJA3EMHBIX BOJIAX U B MEHBIIEH Mepe OT UX XUMHUYECKOTO
COCTaBa, a TaKXke OT HEKOTOPBIX JPYruX (PaKTOpOB (TeMIIEpaTyphl, TITyOUHBI 3ajleraHus,
cTeneHu Metamopdusma u 1ip.).

Ha puc. 39 npuBeaeHsl HHTEPBAJIBI YACIBHOTO JIEKTPHUUECKOTO COMPOTUBIICHUS U
yAETBHOW MPOBUANMOCTH HEKOTOPBIX TOPHBIX TIOPO/I.

1. VYaenbHOE »SIEKTPUYECKOE COMPOTHBICHHE MHUHEPAIOB 3aBUCHUT OT HX
BHYTPUKPUCTAINIMYECKUX CBsA3ed. JlJi1 MuHEpanoB-AMAIEKTPUKOB (KBapll, CIIOJBL,
MOJIEBBIE IIMATHI U JP.) C IPEUMYIIECTBEHHO KOBAJICHTHBIMU CBSI3SIMU XapaKTEPHbI OUEHb
BBICOKHE COITPOTUBIICHUS (1012 - 10" OmmM). MuHEpaIBI-IOTyIPOBOJHAKH (KapOOHATHL,
cynb(darpl, TalouAbl W JIp.) HUMEIOT HWOHHBIE CBS3M M OTJIMYAIOTCS BBICOKHMHU
CONIPOTUBIICHUSIMU (10* - 10° OmMm). [@'nuHHCTBIE MUHEpanbl (TUIPOCIIOABI,

MOHTMOPHUIINIOMOHUT, KAaOJIMHUT U I[p) O6J'IaZ[aIOT HMOHHO-KOBAJICHTHBIMH CBA3IMHU H



BBIJICJISIIOTCS  TOCTATOYHO HHU3KUMHU CONPOTUBJICHUSIMU ( p <10 Omm). Pynubie

MUHEpaJIbl (CaMOPOHbIE, HEKOTOPBIE OKUCIIBI) OTIMYAOTCS JIEKTPOHHOM

¥pensHoe conpoTHBRAEHHE, p {n III.}
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Puc. 39. Y nensHOE QJICKTPHUUCCKOC COIIPOTUBJICHUC U YACIbHAA ITPOBOANMOCTD

HCKOTOPLIX I'OPHBIX ITOPO.

MIPOBOJAMMOCTBIO U OYE€Hb XOpOoIIO MPOoBOJAT TOK (o <1 Owmm). IlepBble aBe rpymnbl
MUHEPAJIOB COCTABJISIOT "KECTKHI" cKeleT OONBIIMHCTBA TOPHBIX MOPOJ. [ TUHUCTBIC
MHHEpaJIbl CO37a0T '"IUIACTHYHBIN" CKEJIeT, CIOCOOHBIM ajCcOopOHMpOBaTh CBS3aHHYIO
BOAY, a MOPOAbI C "KECTKUMHU" MUHEpaJlaMM MOTYT HACBIIAThCS JIMIIb PACTBOPAMU U

cBOOOTHOM BOJIOM, T.€. TOM, KOTOpast MOKET ObITh BBIKAYaHA U3 MOPOJIBL.



2. YnenpHOE D3IIEKTPUUECKOE COMPOTUBICHHE CBOOOJHBIX TMOJ3EMHBIX BOJ (TpaBu-
TAalMOHHBIX W KaNWUISIPHBIX) MeHseTcss OT Jjosnedt OMM mpu  BBICOKOM oOriei
munepanuzanuu ( M>10 r / 1) 1o 1000 Omm npu HU3KO0M MuHepanuzanuu ( M<0,01 r /

J) U MOXKET OBITh OLIEHEHO 10 hopMmyne p, ~ 8,4/ v . XUMUYECKUI COCTAB paCTBOPEHHBIX

B BOJIE COJIeH HE UTpaeT CYIIECTBEHHON pPOJH, MOATOMY IO JaHHBIM 3JIEKTPOPA3BEIKU
MOXHO CYIWTh JIMIIb OO0 O0O0mel MUHepadu3allud TOJ3EMHBIX BOJ. Y JIEIhbHOE
ANIEKTPUYECKOE COMPOTUBICHHWE CBA3AHHBIX BOJ, aJCOPOMPOBAHHBIX TBEPIBIMHU
YacTUIIAMU TOPOJIbI, HU3Koe U Mano meHsercs (oT 1 mo 100 Omm). D10 00BsICHSETCS
JIOCTAaTOYHO MOCTOSIHHON X MuHepanuzanueit (3-1 r/ m). CpenHsisi MUHepanu3aius BOJI

MHPOBOI'O OKeaHa paBHa 36 T/ 1.

3. Tak kak mopoBas BoAa (cBoOOJHAs M CBs3aHHAs) OTJIMYAETCS 3HAUUTEIBHO Oolee
HU3KUM yJEIbHBIM DJIJIEKTPHUYECKAM COMPOTHUBICHHUEM, YEeM MHHEPATbHBIA CKEJeT
OOJIBITMHCTBA MHHEPAJIOB, TO COMPOTUBIICHUE TOPHBIX MOPOJ] MPAKTUYSCKH HE 3aBUCUT
OT €ro MHUHEpPAJIBbHOTO COCTaBa, a OMNpEAeIIeTCS TaKUMH IapaMeTpaMu MOpoJ, Kak
HOPUCTOCTH, TPEIIUHOBATOCTh, BOJOHACHIIIEHHOCTh. C MX yBEJIMYEHUEM CONPOTUBIICHUE
MOPOJ YMEHBIIAETCS 3a CYeT yBEIWYeHHs HOHOB B TNoa3eMHOW Boze. [losTtomy

ANEKTPONPOBOAHOCTH OOJBITUHCTBA MOPO/ ABJSETCS MOHHOMU (3JIEKTPOIUTUYECKOM).

4. C poctoMm Temriepatypsl Ha 40° cOnpoOTUBIICHUE YMEHBIIAETCSI IPUMEPHO B 2 pasa, 4To
OOBSICHSIETCS YBEJIMYECHHUEM IMOABM)XKHOCTH HWOHOB. [Ipu 3amep3aHuu CONpPOTUBICHUE
TOPHBIX MOPOJ BO3PACTAaeT CKaYKOM, TaK KaKk CBOOOJHAsI BOJAa CTAHOBUTCS MPAKTUYECKU
H30JISITOPOM, @ AJIEKTPONPOBOJHOCTh OINPEAESETCs JIUIIL CBSI3aHHOW BOJOHM, KOTOpas
3aMep3aeT NOpU OYeHb HHU3KuX Temmeparypax (Hmwke -50° C). Bo3spacrtanue
COMPOTHBJICHUIA TPU 3aMEpP3aHUU PaA3HBIX IOPOJ PA3IUYHO: B HECKOJIBKO pa3 OHO
yBeIMuMuBaeTcs y riuH, A0 10 pa3 - y ckaipHbIX mopoa, 10 100 pa3 - y CyrJIMHKOB H

cyneceii 1 10 1000 u Gonee pa3 - y meckoB U rpy0000IOMOUHBIX MTOPOSI.

5. 'myOuHa 3aneranusi, CTeneHb MeTaMmopdu3Ma, CTPYKTypa U TEKCTypa MOPOJbI TAKKe

BIIUSIIOT Ha €€ CONMPOTHUBJICHHE, U3MEHSIS KOIPPUITMEHT MUKPOAHH3OTPOTIHH, 32 KOTOPBIH

npuHATO Opates A=.p,/p, , TAE p,U p, - CONPOTUBICHHUS MOPOJBI BKPECT U BIOJb

cioucroctu. Yame Bcero Awmensercs or 1 mo 1,5, gocruras 2-3 'y CHIIBHO



pacciaHIOBaHHBIX TOpoJ. BennumHa AMOXET OOCTUTaTh HECKOJbKUX EIMHUI] IS

MEP3JIbIX IMOPOJ Pa3HOW KPUOTEHHON CTPYKTYPHI U JIbJOBBIICICHUS.

6. HecMoTps Ha 3aBHCUMOCTb p OT MHOXKECTBAa (DAaKTOPOB M IIMPOKHH JIManazoH

W3MEHEHUSI Y Pa3HbIX IMOpPOJ, OCHOBHBIE 3aKOHOMEPHOCTH YOIC yCTaHOBIICHBI
JOCTaTOYHO YeTKo. W3BepxkeHHbIE M MeTaMOp(UUECKHE TMOPOABl XapaKTEPHU3YIOTCS
BoICOKUMH comnpoTuBiieHussMu (ot 500 mo 10000 Omm). Cpean 0OCalOYHBIX MOPOJ
Bbicokue comporuBieHus (100 - 1000 OmMM) y KaMeHHOHN COJIM, TUIICOB, U3BECTHSIKOB,
MECYaHUKOB M HEKOTOPHIX Apyrux. OOGJIOMOYHBIE OCaTOYHBIC MOPOJbI, KaK MPaBUIIO,
MMEIOT TeM OoJiblliee COMPOTHUBJICHUE, YeM OOJbIlie pa3Mep 3€pPeH, COCTABISIOIINX
nopoay, T.€. 3aBUCAT IMpPEXKIE BCEro OT IMHUCTOCTH. I[lpw mepexone OT MHMH K
CyIJIMHKAaM, CYMNECAM M TeCKaM YJACJIbHOE COMPOTUBICHUE HU3MEHAETCA OT JAOJEH U

MIEPBBIX €IMHUI] OMMETPOB K IIEPBBIM JACCATKAM M COTHSIM OMMETPOB.
DJIEKTPOXMMHUYECKAS] AKTHBHOCTD U MOJIAPU3yeMOCTh F'OPHBIX NOPOJ

1. Tlox >MEeKTPOXUMHUYECKONW AKTUBHOCTHIO MOHMMAETCS] CBOWCTBO MOPOJ CO3/1aBaTh
€CTECTBEHHBIE MOCTOSIHHBIE AEKTPUUYECKUE TOJS. 3a DJIEKTPOXUMUYECKYI0 aKTUBHOCTH
(a) ycnoBHO mpuHUMaeTcs: K03 GUIIMESHT MPOMOPLHUOHATBHOCTH MEKIY TOTSHIIHATIOM (
U) wiM Hanpss>KeHHOCThIO €CTECTBEHHOTo anekTpuueckoro moist (E=AU/MN, rne
AU - pa3HOCTh NOTEHIHAJIOB B JBYX Toukax wu3MepeHuss M u N) U OCHOBHBIMH
NOTEHIUAT-00pa3yoMKUMH  (aKkTOpaMu, KOTOPBIMH OHHM OO0ycioBieHbl. Takumu
dakTopamMu  SIBJISIIOTCS:  KOHIEHTpAlMsl — KUCIOpOAa, BOJOPOJAHBIM  TOKa3aTelb
KHCIIOTHOCTH MOJ3€MHBIX BOJ, OTHOIIIEHNE KOHIIEHTPAIUHU MOA3EMHBIX BOJ, JaBJICHUE U
ap. Koadbdunment o m3mepsercs B MIILTHBOIbTaX U MeHsieTcs oT -(10-15) MB y uucTbix
MECKOB, OJM3KO K HYJIO y CKaJbHBIX MOPOJ, Bo3pactaeT 1m0 +(20-40 MB) y rnuH u g0
COTeH MWUIMBOJBT JUISl Pyd C DIESKTPOHOINPOBOSAIIMMHU MHUHEpanamu (Cynb(umsbl,
rpadur, anTpanmr). B 1menoMm « 3aBUCHUT OT MHOTHUX TPUPOJHBIX (PaKTOpOB
(MUHEpaJIBLHOTO COCTaBa, TIUHUCTOCTHU, MOPUCTOCTH, MPOHUIIAEMOCTH, BIIAXXHOCTH,

MUHEpaATU3AIUHU MTOJI36MHBIX BOJ U JIp.).

2. CrnocoOHOCTh MOPOA MOJIIPU30BATHCS, T.€. HAKAIUIMBATH 3apsii MPU MPOIYCKaHUU
TOKa, a 3aTeM pa3psKaTbCsl IIOCJIE€ OTKIKOYEHHS JTOrO0 TOKAa OLIEHUBAETCS

kodddunmentom nonspuzyemoctu 1 ("sta"). BenmuunHa 1 BBMHCISETCS B MPOIEHTAX



KAaK OTHOIICHHE HAIIPSIKEHHs, KOTOPOE OCTaeTcs B HM3MepuTenabHOM JMHMM MN mo

UCTEYEHUH OIpesieIeHHOro BpeMeHu (00bryHO 0,5-1 ¢) mocie pa3mbIBaHHMsS TOKOBOM
uenu (AU ;) K HalpsHKEHUIO B TOW K€ JIMHUU IIPU NMPOITYCKaHUU Toka AU ), T.e

n=AU,, -100%/AU (26)

[Tonspuzanus - 3T0 CIOXKHBIA JIEKTPOXUMUYECKUI IIPOLIECC, MPOTEKAOIUN TpH

MPOIYCKAaHUU Yepe3 MOPOJy MOCTOSHHOIO MJIM HU3KOYACTOTHOTO mepeMeHHoro (1o 10

['m) Toxa. HawuOGonbmieit mnonspuzyemocteio (7=10—-40%) otnuyaroTrcs pyAbl C

ANEKTPOHHOW MPOBOIUMOCTBIO (CyIb(UIBL, CYIb(POCONH, HEKOTOPHIE CaMOPOJHbIE
MeTalJIbl, OTAENbHbIE OKUCIBI, Ipadutr, aHTpauut). [Ipupona stux mnorenuuanos BII
CBsI3aHA C TAaK HA3bIBAEMOW KOHLEHTPALUMOHHOM M JIEKTPOJHOM MOJIApU3ALUEN PYIHBIX
MuHepasioB. Koaddumumentst mnomsipusyemoctd  no  2-6%  HaOmrogaroTcss  Hal
OOBOJHEHHBIMU PBIXJIBIMU OCaJIOUHBIMU TOPOJAaMU, B KOTOPBIX HMMEIOTCSI TIIMHHUCTHIE
gactuubl. [loaspusyemocts ux oOycioBieHa aedopMalusiMi BHEIIHUX OOKIaTOK
JIBOMHBIX 3JIEKTPUYECKUX CIIOEB, BO3HUKAIOIIUX Ha KOHTAKTE TBEPAOH M >KUIKOHN (azbl.
BonbIIMHCTBO M3BEP)KEHHBIX, METaMOPPUYECKUX M OCAJOUYHBIX IOPOJ, HACHIIIEHHBIX

MHHEpaIbHOM BOJOH, c1a00 mospu3yrotTes (7 < 2%).

J_II’IC).J'IGKTPI/I‘ICCKaﬂ H MAarHUTHad NPOHUIAE€MOCTH

Jusnexrpudeckas (€) u marautHas (#) NpOHUIIAEMOCTH UIPAIOT 3HAUYMTENBHYIO
poNib  JUIIbL TpPHU  DIEKTPOpa3BelKe Ha BBICOKMX yacToTrax. OTHOCHUTENbHas

e=e,/ eo(rﬂe € u eO) - JUDJICKTPHUYICCKUEC

JUDJIEKTPUYECKass MPOHUIIAEMOCTh
MPOHUIIAEMOCTH TIOPOJIbI M BO31yXa) TMOKAa3bIBAE€T, BO CKOJIBKO pa3 YBEIUYHBACTCS
€MKOCTh KOHJICHCATOpa, €ClId BMECTO BO3JyXa B HEr0 MOMECTHTh JAHHYIO TOPOJY.
Benmnunna © MeHsieTcss OT HECKOJNBKUX €IMHHMII (Y CYXHX OCaZ0YHBIX mopoi) mo 80 (y
BOJbI) U 3aBUCUT, B OCHOBHOM, OT TIPOLEHTHOIO COJEp>KaHHUs BOABI U OT
MHUHEPaJIOTUYECKOr0 COCTaBa MOPOJIbl. Y HM3BEPKEHHBIX MOPOJIE MEHsAeTcs oT 5 a0 12

€IUHUL, Y 0CaJ04HbIX - OT 2-3 (y cyxoi) 10 16-40 (y HOJHOCTHIO HACBIILIEHHON BOJIOM

MOPO/IBI).



Kak oTrmeuanoch Bbllle, MarHUTHas MPOHUIAEMOCTh T'POMATHOTO OOJBIIMHCTBA
MOpOJ pPaBHA MAarHUTHOW NPOHUIAEMOCTH Bo3ayxa. Jlumb y QeppoMarHeTukoB

OTHOCUTCJIbHAA MAarouTHas MpOHUIACMOCTb MOKET BO3paCTaTh 10 10 CIAUHUII.
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