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DKCcMepuMeHTaIbHbIE MCCIeA0BaHUS MO 3G(MEKTUBHOCTY MPUMEHEHUS] MALIMHHBIX METOAOB PELIeHUsT OOPATHBIX
3a1a4 ISl JeTalbHBIX MarHUTHBIX Ch€MOK IMPOBEACHBI Ha JIOKAJIbHOM y4yacTKe B 10XHOI yacTu [leTpoBckoro xe-
JIE30PYJHOTO MECTOPOXKIEHMSI, PACIIOIOXKEHHOTO B CeBepo-3anaaHoii yactu KpuBOpoXKCKOTo eae30pynHoro dac-
ceitHa. B mpouecce npoBeaeHusi padoT ObUIM KMCIOJIb30BaHbl MAarHUTHBIE KapThl Maciutaba 1:1000 ¢ paccrosiHuem
mexay npodwisimu 20 M, Mexay Toukamu uamepeHus nojst — 10 m. [lpumeHeHre GUIbTPALIMOHHBIX UTEPALIMOH-
HBIX METOJIOB PELIECHUSI CUCTEM YPABHEHUI MO3BOJISET MOMABIATH BIUSHUE OOJBIIMX OLIMOOK U3MEPEHUI MOJs ¢
OoJbIIMMU TpanreHTamu. PellieHue oOpaTHBIX 3a7a4 BBIMOJHSETCS ¢ OKOHYATEJIbHOM CPeTHEKBAAPATUYHOMN HEBS3-
koit mosist mpumepHo 0,3 MK T, XOTS ToJIe U3MepsIeTCsI C TOUHOCTBIO IO HECKOIBKUX AeCSITKOB HaHoTeca. [1pu co-
OJIIOICHUM PABEHCTBA IUIOLLIAACH MOJEIM MAacC M KapThl Mol oOpaTHas 3a1aya peluaeTcs: Beeraa ycroiuuso. [pu
OJIHOCJIOMHOW WJIM MHOTOCJIOMHOM MOJAEJM Macc oOpaTHas 3ajaya HE MMEET B T€0JOTMYECKOM CMbICIIE CoaepKa-
TEJIbHOTO PELUEHUSI, MOCKOJIbKY CPEIHssI MHTEHCUBHOCTb HAMAarHUYEHHOCTHU 110 OJIOKY MPEACTaBIsIET COO0M IKBU-
BaJieHTHOe pelueHue. [1pu BbICOKOI AeTanbHOCTU pa30MeHUs] MOIEIN Macc Ha OJIOKM IO TMpeniaraeMoil MeToiuke
BO3MOXHO [OJIyYeHUE NMPAKTUUECKU PEabHbIX KAPT U Pa3pe30B PACIPELEICHUS] MATHUTHBIX CBOMCTB, OTpaXaroLmx
OCHOBHbIE 3aKOHOMEPHOCTH PACTIPENEIEHNSA MATHUTHBIX DY B CTPYKTYpe MECTOPOXAeHUA. [Ipy Hanuyum anpuop-
HBIX JaHHBIX O TJIYOMHAX PACIOJIOKEHUS TPaHUILL OJIOKOB U COAECPKaHMU OOIIEr0 U MarHUTHOTO 3kKejie3a B HEKOTO-
PhIX OJI0Kax PYyAHbBIX 3aJieXKeil TOYHOCTb pellleHUs] OOpaTHOM 3alauu CYIIECTBEHHO MOBBIIIACTCS.

KiroueBble ciioBa: MarHUTOMETpUSI, pellieHrue oOpaTHBIX 3aaay, GUIbTPAMOHHbIEe NTePALlMOHHBIE METOIbI, METO

HavMMCHbIIMX KBaJApaTOB, HEBA3KA ITOJIA.

BBenenne. Ha mpoTsokeHUMM MHOTUX JIET aBTOPBI
TIPOBOISIT SKCITEPUMEHTAJIBHBIC MCCICIOBAHUS B TIpe-
Jejax OTHCIbHBIX JIOKAJbHBIX YYaCTKOB, IPEICTaBIISI-
IOLMX UHTEPEC IS TOPHOAOOBIBAIOIIMX TTPEATPUITUIA
C Pa3BeOYHOU TOUKHU 3PEHUS, C LETbIO U3YUYECHUS BO3-
MOXHOCTH U 11eJIeCO00pa3HOCTU IIPUMEHEHMST MarHM-
TOMETPUM MPU MPOBEACHUU re0DUZUIECKUX UCCIeI0-
BaHMI HA pa3JIMIHBIC BUABI TTOJE3HBIX UCKOTIAEMBIX, B
TOM 4YHUCJIe XeJIe3HbIe pyabl. B craTbe IpencTaBicHbI
U TIpOaHAJIM3UPOBAaHbl HEKOTOPhIE PE3yJbTaThl TaKO-
0 poJia 3KCIEPUMEHTAJBHBIX padOT C LIEJIbI0 U3yYe-
HUSI BO3MOXHOCTU MPUMEHEHUS (PUIBTPALIMOHHBIX U
ONTUMU3ALIMOHHBIX METOAOB PELICHUST HEKOPPEKTHBIX
00paTHBIX 3amay IJIsI OOHApYKeHUS M KapTUPOBAHUS
0oTaThIX XKeJIe30M PYIHBIX 3aeXKeil 1 BbhISIBJICHUS BHY-
TPU HUX MHOPOJHBIX TeJl U OJOKOB OeIHbIX pya [2, 3].

YyacToK M 3a7a4d MCCJIeN0BaHUil. DKCIIepUMEH-
TaJbHbIE MCCAEAOBaHMSI TIPOBEICHBI Ha JIOKAJbHOM
yJyacTke B I0XHOW yactu IleTpoBCKOro Xeje3opya-
HOTO MECTOPOXKIECHMSI, PACIIOJIOXEHHOTO B CEBEPO-
3anagaHoi yactu KpuBoposkKCcKoro xejie3opyaHoro dac-
ceitHa (ITetpoBckuit p-H KupoBorpaackoit o6i.) [3].
OcCHOBHBIC 3aa9M MPOBEACHHBIX MCCICIOBAHUIA CO-
CTOSUTA B CJEAYIOLLEM.

1. Anpobamusi yCTOMUMBBIX ONTUMMU3aLMOHHBIX
WTEPallMOHHBIX METOMOB PEIlIeHUsI 0OpaTHHIX 3a1ady B
YCJIOBUSIX BBICOKMX U CUJIBHO HEOTHOPOIHBIX MAaTHUT-
HBIX MOJIeii TPU KPYITHOMACIITAOHOM CeTU U3MEPEHU I
10 x 20 1 20 x 40 M?> ¥ OTCYTCTBUM JAaHHBIX JJIsSI Ha-
YaJIbHBIX YCIIOBUU UTEPAIMOHHBIX TIPOIIECCOB.

2. IlpakTryeckasi AEMOHCTpALUS MOTeHIMATbHbBIX
BO3MOXHOCTEI TIPU TTOMCKAX M Pa3BeIKe 3ajIexeil xKe-
JIE3HBIX PYI BCEro KOMILIEKCa padOT ¢ MCITOJIb30BaHM-
€M MarHUTOMETPUU U (PUIBTPALMOHHBIX, ONTHMU3A-
IIMOHHBIX U YCTOMYUBBIX METOMIOB PEIICHUSI €€ HEKOp-
PEKTHBIX OOpaTHBIX 3a7a4.

3. OOHapyxXeHUe U KapTUpOBaHUE B TIpeaesaax pya-
HBIX TTOJIEH JAEHCTBYIOIIMX TOPHOAOOBIBAIOIINX TIPE/-
MPUSATUIT aHOMAJIBHBIX OJIOKOB C BBICOKMM M HU3KUM
comepxxaHueM kesesa. OlLieHKa NIyOMH UX 3ajieraHusl
W pa3MEPOB C 1IEJTbIO OIpeneeHUs] TTepBOOUEPETHO-
ro HaIlpaBJICHUSI BEACHUSI TOPHO-IIOATOTOBUTEIHLHBIX
pador.

Meton uccaenoBanmii. [y perieHuss HEKOPPEKT-
HBIX OOpaTHBIX JMHEWHBIX 3aJady MarHUTOMETPUU
(OJI3M) ucnonb3yloT NUCKPETHBIN (CETOUYHBI) aHa-
JIOT pelIeHus] UHTeTPaIbHOTO ypaBHeHMsT 1-ro pona,
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KOTOPOE IIPUBOIUTCS K PEIICHUIO CUCTEMBbI JIMHEITHBIX
WIM HeJIMHEWHBIX anredpanyeckux ypasHeHuit (CJIAY
win CHAY) ¢ ¢pyHKIMOHANBHBIMU KO2(hGULMEHTAMU
(®K) A u npaBoii 4acThio Z, OCIOXHEHHOI pa3ind-
Horo poaa owmmnokamu dZ. IToCKONIbKY reoJoTuYecKue
TeJa UMEIOT TPOU3BOJIbHYIO (DOPMY M HEOTHOPOIHBI
0 MarHUTHBIM cBoiictBaMm J, To PK Taxke BbIUKC-
JISIIOTCS ¢ TIOTPeLIHOCTSIMU dA. PelaloT 3TU CUCTEMBI,
Kak 1 B OOBIYHOI CTaTUCTHKE, TIOUTH BO BCEX CIIydasix
MeToIOoM HauMeHbInx kBagpaTtoB (MHK).

B nuHeitHOM ciyyae M3BECTHOE TOUHOE YpaBHEHUE
ATAx = A"Z npeBpaiaetcsi B 6ojiee CIIOXKHOE ypaBHeE-
Hue (A ™+ dA") (A + dA) (J + dJ) = AT+ dAY) (Z +
+ d7Z), B KOTOPOM HaMHOTO OOJIbIlIE HEU3BECTHBIX,
YyeM B TOYHOM YpaBHeHHHU, a pemieHue J + dJ mo-
JKeT HAMHOTO OTJIMYAThCS OT peaJIbHBIX (PU3MUECKMX
CBOMCTB J TreoJIOrMuyeckux Tejd, CO3Jalluux mnoje Z.
Pasznocth aByx ypaBHeHuii paBHa (A" + dA") (AdJ +
+ dAJ + dAdJ) = (A"+dA") dZ. Kax Bugum, MHCTPY-
MEHTOB ISl TIofaBieHusi morpemrHoctu dJ Het. [lpu
TOYHOM u3MepeHuu nojist (dZ = () umMeeM ypaBHEHUE
(A" + dA") (AdJ + dAJ + dAdJ) =0, KkoTopoe maeT Tou-
Hoe peirenue (dJ = 0) tonbko npu dA = 0. A atoro
JUJIs1 11000r0 peajibHOro MoJisl JOOUThCS HEBO3MOXHO.
OmHako eciay B KaXIOM CTpOKEe WM CTOJIOLIE CHUCTe-
MBI ypaBHEeHUN AJ = Z cnenaTb OOWH WA HECKOJb-
ko @K HamMHOro OoJblile, YeM MUHUMAJIbHBIIA B TOU
K€ CTPOKE WJIM CTOJIOIE, TO OIIMOKK dZ BO BCEX CTPO-
Kax JaayT HAaUMEHBLUUNA MPUPOCT JIEMEHTOB BEKTO-
pa dJ. Takum obOpas3om, Ipu JIFOOOM HaboOpe OIIMOOK
noins dZ Bce dJ OynyT HaMMEHBIIMMU, a JII0OOE yBe-
JNYeHue dZ npuBenaeT K MUHUMAJIbHBIM U3MEHEHUSIM
Bcex dJ. Dmo o3nauaem, umo peuwieHue o6pamuoll 3ada-
yy Oydem yCmou4uUgbIM.

Taxoil pe3ynbraT He MPOTUBOPEYUT METOAY pe-
rynspusanuu akagemuka A.H. Tuxonosa [4, 5], mo-
CKOJIBKY PeTyJIsIpU3yIONINil (DyHKIIMOHAJI, IO €ro CJI0-
BaM, MIPU3BaH ObLI YBEJIUYUTH JUArOHAJIbHBIC JIeMEH-
Tl MaTpulbl A. Takoe TpeboOBaHME MOXET OBITh J0-
CTUTHYTO U Apyrumu crnocodamu [1, 2]. B yactHOCTH,
OHO JOCTUTaeTCsl TeM, UTO Hal KaXXIbIM OJOKOM ce-
TOYHOM MOJEIN IOKHA OBITh XOTS OBl OJHA TOYKA C
U3MEPEHHBIM B Heil mosieM. M HA000opoT, 1o, KaxKIoii
TOYKOM ITOJISI TOJIKEH OBITh XOT Obl OAWH OJIOK CETOY-
HOI MOJENIM TeOJIOTUYECKUX TeJI.

TTpu npsIMOYToJIbHOM WM KBaApaTHOM CETH U3Me-
peHMit TIoJist pa3Mephl KapThl 1osist (puc. 1, 2) u cetou-
HOI MOJeIU reojlorudyeckux Tena (puc. 3, 4) DOJKHBI
coBnaaath. Ecay miolanb mpoeKuM reoJornyecKux
TEJI Ha KapTy TOJIsi MEHbIIIe TIIOIIAAN KapThl TIOJISI, TO
HY>XKHO YMEHBIIIUTH pa3Mepbl KapThl MOJIsI, UCIIOIb3Ye-
MO 11 peleHus: odpaTHOU 3agauu. MoXHO npume-
HUTb U CETOYHYIO MOJEb, B KOTOPOW K TeOJOTHYe-
CKMM TeJlaM IMPUCOEAUMHEHBI IMyCThIe CMEXHbIE 0J10-
KU TaKMM CIIOCOOOM, YTOOBI ILJIOIIAAb MOJICIU B TO-
PU3OHTAIBHOM ceueHuu (puc. 3) coBmamgana ¢ riolia-
IIbI0 KapThl Tosist (puc. 1).

Ho a10 eme He Bce. B kiaccuyeckoil Teopun MH-
TErpaJIbHBIX YpaBHEHUI 1-r0 poja obyacTh NoJis U 00-

JIACTh T'€0JIOTMYECKUX Macc NOJKHBI COBIagaTh. B Ha-
3eMHOI Teo(U3MKe ITH 00JIACTH TIOJTHOCTHIO HE COBITA-
JAI0T, TOCKOJIBKY M3MEPUTEIbHASI CUCTEMa TpaBUMETpa
WJIM MarHUTOMETpPa HaXOAUTCS Ha OIpeaeIeHHOM pac-
CTOSTHHMU OT TToBepxHOCTH 3emun. C OIHOI CTOPOHHI,
3TO BBITOJHO, TaK KaK CHCTEMa HE COMCPKUT CHHTY-
JIpHBIX ToueK. C Ipyroif CTOPOHBI, 3TO CO3[AET He-
OIHO3HAYHOCTh pEILIeHUsS] 0OpaTHOM 3aJaurl U TIPUBO-
IUT K SKBUBAJCHTHOMY PEILICHUIO, KOTOPOE YIOBJIET-
BODSIET TIOJIO0 C BBICOKOW TOYHOCTBHIO, HO CYIIECTBEH-
HO OTJIMYaeTCs Mo (PM3NMIECKUM CBOMCTBAM OT peajb-
HBIX reojornyeckux tei. ITo cnosam akan. B.H. Crpa-
XOBa, Takasi oOpaTHas 3alaya UMEeT B I'e0J0rMYeCKOM
CMBICTIE HecoaepxkaTtenbHoe perieHne. ComaepxkaTeib-
HOe pellieHne MMeeT TOJbKO oOpaTHas 3agava ISl Of-
HocoiiHoI Moaenu. MHTeHCHMBHOCTh HAMAarHUYEHHO-
ctu (MH) xaxmoro 6;10Ka Oymet paBHa cpenHedPdek-
TUBHOMY 3HAYEHHUIO, KOTOPOE 3aBUCUT OT pa3MepoOB
010Ka M TJyOMHBI ero pacrojoxeHus. st 1Byxcioii-
HOI Momenu (pu3nJyecKre ImapaMeTphl BEpXHEro 0JI0Ka
OmpenessioTcs: 0oj1ee TOUHO, YeM HIKHero. I1pu 60Jb-
1IeM KOJIMYECTBE CJIOEB PEIICHME TSI HUKHUX CJIOEB
SIBIISICTCST 9KBUBAJICHTHBIM, B KOTOPOM OTJIMYHNE OT pPe-
aJIbHOTO HapacTaeT ¢ YBeJUUEHUEM IIyOMHBI PacIiofio-
XeHus 6J10Ka.

[ToaToMy TIpUXOIWTCS BBOOWTH MOIIPABKU 3a TIIy-
OMHBI paACIONOXEeHUsT OJOKOB [3] MJIM MCIOJIb30-
BaTh JBYXCJIOMHYIO MOZAEJb C TOHKMM BEPXHUM CJIOEM
(puc. 3, a, 6) 1 MOIIHBIM HIDKHUM ciioeMm (puc. 3, e,
2). 3areM pelialoT NpsIMYIO 3adady U yIajsioT U3 Ha-
OnroaeHHOTO noJisl BausiHue 1-ro cios. Jlangee, BTopoit
cJoii (TTacT) pa30oMBarOT Ha IBa CJIOS: BEPXHUI — TOH-
Kuii (puc. 4, a), a B HIDKHEM OyIeT TO, YTO OCTaHeTCsI
(puc. 4, 6). CHoBa pelaloT oOpaTHyIO 3aaa4y, onpeae-
ns110T, Hanpumep, MH mnacros (puc. 5, a, 6), pemaior
MPSIMYIO 3a7a4y I/ BEPXHEro MJ1acTa U BbIYUTAIOT €ro
BJIIMSTHAE W3 HOBOTO MoJisd. OCTAaTOK ITOJIST MCITOJIB3Y-
FOT JIJISI HOBOTO peIIeHUsI 0OpaTHOI 3a1aur, IMOJTyJaroT
MH 4-ro nnacta 1 HOBBII OCTaTOK IOJISI ISl OTIpee-
nenust MH 5-ro ToHkoro u 6-ro 6osjiee MOLLHOTO Ija-
cra u T. 1. Huke npuBeneHbl pelleHus oopaTHbIX 3a-
Ja4 JUISE PeaIbHOIO IOJIS IO 2 MOJAEJSM: C TOYHBIM U
TIPEIIToJIaTacMBIM PaCIIOIOKEHUEM HIDKHEH TPaHWIIBI
CTPYKTYPBI MeCTOpoxXaeHus (puc. 1—5).

Bo Bcex ciyyasix mojydyeHnl yCTOMYUBBIC PELIEHUS
OJI3M. [ng omHOCIOWHBIX Mojeneit (puc. 2), comep-
xkammx 20 x 20 BepTUKAJIbHBIX MPSIMOYTOIBHBIX ITPU3M
¢ pazmepamu 23 x 23 M? u BeicoToit 505 (puc. 2, a) u
275 M (puc. 2, 6), B pelicHNM OOpaTHOM 3amgadyM IO-
JIy4eHbI pa3inyHble 3HayeHus1 MH omHOMMEHHBIX, HO
Pa3HOBBICOTHBIX ITpH3M. OIHAKO KaueCTBEeHHAsT KapTH -
Ha Ha Kaptax MH st 06erx mopeneit mouTu oanuHaKo-
Ba. JIns1 BhIICHEHUs XapakTepa pacnpeneneHus UH B
KaxXIoi# TIpU3Me 10 BBICOTE MX HEOOXOTMMO Pas3IeuTh
Ha HEeCKoJIbKO yacTeii. Haubosee nmpocTo 3T0 MOXHO
caenaTh IeJeHUEM OOHOCIOMHON MOAEIU Ha TOPU3OH-
TaJbHBIC CJION. B TTOIYYeHHBIX MaJIbIX TIPU3Max TPYI-
HO OXWJATh OOHOPOIHOrO pacripeneneHuss MH mo nx
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Karta magnitnogo polya Petrovo Za, mkT

Karta ostatkov magnitnogo polya, Re=0.276 mkT

T

S M S e 2 S

: <
it NEEELN /\ﬂ:—\@
35 40

5 10 15 20 25 30 45

Xx10m

Puc. 1. KapTa MarHuTHOrO TOJIsI FOXKHOM YacTH 3KeJie30pyaHoro MectopoxaeHus “IlerpoBckoe” (a) 3aech U aajee U30JIMHUU 000-
3HavyeHbl: B 1 en. — 1 mukpotecna (MkTi), paccrosthust: B 1 en.— 10 M 1 KapTa ocTaTkoB (HeBs130K) moJjst (B MKTu1) mociie 4-ro ata-
na pewennss OJI3M; cpenHekBagparnyeckas HeBsizka mosist Re = 0,276 MxTi (6)

Fig. 1. Map of the magnetic field of the southern part of the iron ore deposit "Petrovskoe" (@) (here and further isolines are denoted:
1 unit - 1 microtesla (uT), distances: 1 unit - 10 m) and a map of residuals (discrepancies) of the field (in uT) after the fourth stage
of solving of the not correct invers problems; the root-mean-square error of the field is Re = 0.276 uT (6)
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Puc. 2. Perienust OJI3M 111 OGTHOCTOMHBIX MOJEIeil MAarHUTHBIX T€OJIOTMYeCKMX MacC B IIpeaeIaX TOYHO M3BECTHBIX IIyOuH 25—530 M
(a) u mpennonaraeMbix (6) B npeaenax 25—300 m (3mech U Jajee M30JMHUM MHTEHCUBHOCTU HaMarHndyeHHoctu (MH) ropHbix mo-
PO U Xeje3HbIX pya obo3HaueHbl: B 1 en. — 1 A/M; pacctosHus: B 1 en. — 23 m)

Fig. 2. Solutions for the single-layer models of magnetic geological masses within single-layer models of magnetic geological masses
within precisely known depths of 25-530 m (a) and assumed (6) within 25—300 m (hereinafter the isolines of the magnetization intensity
(MI) of rocks and iron ores are denoted: in 1 unit - 1 A / m, distances: 1 unit - 23 m)

o0beMy. [ToaToMy He OUeHb BasKHO, KaKO BBICOTHI MX
BBIOMpPATh. DTO YCTAHOBJIEHO B3KCIIEPUMEHTATbHBIMU
pelleHus MM 00paTHO 3aJa4u ISl Mojelieit ¢ 00bean-
HEHMSIMU KaXKIObIX OBYX Ipu3M ¢ pasHoii MH 1o BBI-
COTe WJIM 3aMeHOoI JuHelHoro usmeHnenus MH B npu-
3Me Ha ee cpeiHee 3HaUeHUe B 00beMe IMPU3MBI KakK I10
TOPU3OHTAJIM, TaK U 110 BepTuKain. [1oCKOIBKY periie-
HUe oOpaTHO 3aa4u JJIsk IPU3M 0oJiee TITyOOKHUX CJI0-
€B OJJMHAKOBOI MOIITHOCTH JaeT MEHEee TOUHbIC SKBU-
BasieHTHbIe 3HaueHus1 MH, BeiromHee BbIOpaTh pa3ou-

€HUE OJTHOCIIOMHOU MOJIEJIM Ha JBa CJIOST PA3HOU MO~
HOCTHU: BEPXHUI — C MeHbIIel, a HXKHUI — C 00JIb-
weit. Ilocne ompenenenus MH nmias mpusm Kaxmoro
CJIOST M3 TIOJISI BBIYMTAIOT BIMSIHUE BEPXHETO CJIOSI, a
3aTeM paslesisiloT BTOPOI CJIOM Ha JBa HOBBIX CJIOS U
pelaloT oOpaTHYIO 3amady Ul TOJYyYeHHOTO OcTaT-
Ka TI0JIST U T. 1.

Hcxonnbie naHHble I 00paTHbIX 3aaad. B mpo-
1ecce MpoBeIeHUs pabOT ObUIM MPOAHATU3UPOBAHBI U
WCITOJIb30BaHbI MAaTHUTHBIE KapThl MaciuTaba 1: 1000 ¢
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STR2S Petrovo J1, Aim
20 T

25-75m Re=0.26 mkT

STR2S Petrovo J1, A-m  25-75m Re=0.28 mkT (300m)

Puc. 3. Pemienusa OJI3M misi ABYXCIOMHBIX MOJEICH MAaTHUTHBIX T€OJOTMUYEeCKMX Macc (CM. puc. 2) B Ipeaesax TeX XK€ M3BeCTHBIX
M TpeanojaraeMbIX TyouH: a, 6 — kaptel MH 1-ro crnos B mpenenax rayoun 25—75 m; ¢ — kapta MH 2-ro ciost TouHoM Momenn
(75—530 m); ¢ — kapta MH 2-ro ciost mpeanonaraemoii Moaeau (75—300 m)

Fig. 3. Solutions of the inverse linear problems for two-layer models of magnetic geological masses (Fig. 2) within the same known and
assumed depths: a, 6 — maps of MI layer 1 within depths of 25—75 m; ¢ — MI map of the 2nd layer of the exact model (75—530m);

2 — map of MI of the 2nd layer of the proposed model (75-300 m)

paccrositHreM Mexny mpoduasimMu 20 M, MeXIy TOUKa-
MU u3mepenus nouast — 10 m. HecMoTps Ha BBICOKYIO
TOYHOCTb npudopoB (10 HT), mosyyeHHas TOYHOCTh
CBEMKM OKa3ajlach B JECCATKU pa3 rpydee, MOCKOIbKY
B OOJIBIIIMHCTBE TOYEK I10JIe MMEET BHICOKME TpaaueH-
ThbI, 1 TOYHAsl MOBTOPHAasl yCTAaHOBKA NMPUOOpa Ha TOUKY
MpocTo HeBo3MOXHa. OaHAKO MpUMeHeHUe (hUIbTpa-
LIMOHHBIX MTEPAIlMOHHBIX METOIOB PEIICHUSI CUCTEM
YpaBHEHHI TTO3BOJISIET TTOJABIISITh BIUSHNE OOJBIINX
OLIMOOK M3MepeHuii nmossi. PelieHue oOpaTHbIX 3aaa4
BBIIIOJIHSIETCS C OKOHYATEJIbHOMU CPEIHEKBAAPATUYHOMN
HeBsI3KoM 1moJist, mpuMepHo 0,3 MK T, XOTS 1ose u3me-
pSIETCSI C TOUHOCTBIO IO HECKOJIBKMX JECSITKOB HAaHO-
Tecaa. DTo nejaeT MPaKTUYeCKU HEBO3MOXKHBIM OIpe-
JIeJICHUE CPeTHUX MAaTHUTHBIX CBOMCTB IO KEPHY CKBa-
KMH M KapOTaXKHBIM AUarpamMMam JIsi 0JJ0KOB MOJe-
Jm paszmepaMu 20 x 20 x 50 M3, KoTopbie XOTEIOCh ObI
HCITOIb30BaTh B KAYECTBE HAaYaJbHBIX YCIOBUI UTEpa-

IIMOHHOTO TIpoliecca MpU pellieHnn oOpaTHBIX 3ajad.
ITosTOoMy IpUXOIMIOCH OpaTh OTHOCUTENIbHbIE 3HAUe-
HUS HaYyaJbHBIX YCJIOBUM, OPUEHTUPYSICh MO coaepxkKa-
HUIO 3XeJie3a B KepHe CKBaXKMH WJIM TI0 MHTEHCUBHOCTHU
MarHUTHOTO MOJIsI HaJ OJJOKaMM MOIEIU.

Pe3yabraThl 00padOTKH JAaHHBIX pellieHHs o0pat-
HbIX 3a1a4. B nmpuBeneHHOM npumepe (cM. puc. 1 — 5)
BEpXHUi1 cjioil paBeH 50 M, HUXKHUI B TOYHOM MoJe-
am — 455, a B npubakeHHoi — 225 M. PelieHue 06-
paTHOI 3agayd ISl 3TUX 2-CJIOHMHBIX MOJeeil nMme-
eT cBou ocobeHHOCTU. [TOCKONIBKY HUXHSSI TpaHMIla
30HBI TIOJTHOTO WM YAaCTMYHOTO OKMCJICHMST TOPHBIX
MOpOJ, HAXOOUTCI Ha riyomHax 65—140 M, B mepBoM
TOHKOM cjioe Ha miyouHax 25—75 m momyuenst UH
npusM 1—5 A/M, a BO BTOpoMm, 0oJiee MOIIIHOM CJIO€
— cpennue 3HaueHuss MH 12—20 A/m. [Iast mpuban-
XKeHHoU Moxenu monydyeHbl MH mpumepHo Ha ver-
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STR2S Petrovo J2, Aim  75-125m Re=0.276 mkT

STR2S Petrovo J1, A-m  125-530m Re=0.276 mkT

Puc. 4. Peuenus OJI3M ast ABYXCIOWHBIX MOJIEIell MATHUTHBIX TE€OJIOTUYECKUX Macc (CM. puC. 3, ) B TIpeiesiax U3BECTHBIX TIIyOUH:
a — xapta UH HOBoro 2-ro cnos B mpeaenax rayouH 75—125 m; 6 — kapra MH HoBoro 3-1o cios B nipenenax ryoud (125—530 m)

Fig. 4. Solutions of the inverse linear problems for two-layer models of magnetic geological masses (Fig. 3, ) within known depths:
a — map of the new new layer 2 within depths of 75—125 m; 6 — map of the MI of the new 3rd layer within the depths (125—530 m)

STR2S Petrovo J1,A-m  125-175m Re=0.276 mkT

STR2S Petrovo J3, A-m  175-530m Re=0.276 mkT
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Puc. 5. KapTbl MTHTEHCMBHOCTH HAMarHMYEHHOCTU: @ — CJIEAYIOIIET0 HOBOTO 3-TO CJiost TouHOM Monenu (125—175 m); 6 — 4-To ciios

TOYHOI MO B Tpeneiax rayouH 175—530 m

Fig. 5. MI maps: a — of the next new third layer of the exact model (125—175 m); 6 — of the 4th layer of the exact model within the

depths of 175—530 m

BepTh OobIe. Bo BTOpoM TOHKOM cjloe Ha TITyOMHAax
75—125 m UH 3HaumntensHO Oonbine — 14—20 A/Mm,
a B ocTaTke CTPYKTyphsI (125—530 M) emre Gojblie —
16—22 A/m. B TpetbeM ToHKOM citoe (125—175 m) UH
3HauYnUTEeIbHO MeHbIIe (10—12 A/M), 9TO CBSI3aHO C Ha-
JIMYMEM CJIAHLIEBO-XEJIe3UCTOr0 IUIacTa Ha TUX IJIy-
o6unax. Heckonbko 6onee Huskue MH (14—20 A/Mm) B
OCTaBIIIe¥ica HIDKHEW 4YacTH CTPYKTYpHI Ha TIyOMHAaX
175—530 M u Oojiee BbICOKAsl CpeAHSs] HEBSI3KA TOJIS
0,276 mxTa npotus 0,26 MKTJ B IpeabIayILEM peLle-
HUM TPEOYIOT ITOBTOPCHMSI PEIIICHUS C OOJIBIIINM KOJIH-
YecTBOM mTepanuii. Bo3MoXHO Takske pelreHne oopar-
HBIX 3a/1a4 ¢ pa3HBIMU IIIYOMHAMU IIJIsT OJTOKOB OTHOTO
CJI0SI, HO TOTJA MX HYXXHO 3aaBaTh OTHOCIBHBIM Mac-

CHBOM, €CJTM OHM TOUYHO M3BECTHBI, MJIN PEIIaTh HEJIM-
HEWMHYI0 3aa4y ¢ ONpeaeJeHUeM IJyOuH 10 HUXKHUX U
BEpXHUX rpaHull 6J0KOB. B m1000M ciayyae ycToium-
BOE pellieHre 0OpaTHOU 3a1auyud MOXHO MOJYyYUTh. by-
JIeT JI1 OHO COAepKaTeJIbHBIM B T'€0JIOTMUYE€CKOM CMBIC-
JIe, 3aBUCUT OT HaJW4Msl KaKOH-TO YacTH allpUOPHBIX
IAHHBIX U YMEHMSI UHTEPIIpETaTOpA.

BoiBoapl. Pe3ynbTaThl 3KCIIEpUMEHTANTBHBIX HC-
cleoBaHMI Ha ydacTKe IleTpoBCKOro MecTOpoXKie-
HUSI TIO3BOJISTIOT KOHCTAaTUPOBATh CJIEAYIONIEE.

1. Tlpu cobntogeHur paBeHCTBa IUIOLIANEH MO-
nead Macc U Kaptel nojsg OJI3M peinaercss Bcerma
YCTOMUYMBO.
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2. Ipu omHOCIOMHOI WM MHOTOCIONHON MOe-
mm macc OJIM3 He mMeeT B T€OJIOTMUYECKOM CMBICTIE
COJIEPXKATEJIbHOTO PEIIEHHUS, TOCKOJIbKY CPEIHSS WUH-
TEHCUBHOCTh HAMarHMYeHHOCTU MO OJIOKY MpeacTaB-
JIsIeT cO0O 9KBUBAJIEHTHOE PELICHMUE.
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PO3B’AI3KN HEKOPEKTHUX OBEPHEHUX 3AJIAY AJIS1 BEJIMKOMACIITABHUX
MAT'HITHUX 3HIMAHDb

11.0. Mineuko', P.B. Minenxo?, 10.11. Meunixoé®, I.B. [laiurko*
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ExcnepuMeHTasnbHi 1OCTiIKeHHST €(heKTUBHOCTI 3aCTOCYBaHHSI MallMHHMX METOMIB PO3B’SI3KY OOE€pHEHHUX 3amay
IJIS1 IeTalbHUX MATHITHUX 3HiMaHb MPOBEACHO Ha JIOKAJbHIN AISHLI Y MiBAeHHIN yacTuHi [TeTpoBchkoro 3amizo-
PYAHOTO POMOBMIIIA, SIKE PO3MIILYEThCS Yy MiBHIYHO-3aXiAHiil yacTuHi KpuBopizbkoro 3aiizopyaHoro OaceitHy. Y
npolieci MPOBeIeHHs poOIT BUKOPUCTAHO MarHiTHi Kaptu mMaciuTtady 1 : 1000 3 BiactaHsamu Mix npodinsimu 20 M,
MiX ToukKamu BuUMipy mosst — 10 M. 3acTocyBaHHs DiIbTpalliiHUX iTepallifHUX METO/IiB PO3B’SI3KY CUCTEM PiBHSIHb
JIa€ 3MOTY CYTTEBO 3MEHIIUTU BIUIMB BEJMKUX MOMUIOK BUMIpiB MOJs 3 BeAIMKUMU TpafgieHTamu. OGepHeHy 3aaa-
4y PO3B’SI3yI0Th 3 OCTAaTOYHOIO CepeAHbOKBAAPATUYHOI HEB’sI3KO0 mojis nmpubausHo 0,3 mxTha, xoya mosie BUMi-
PIOIOTH i3 TOYHICTIO 10 AEKiIbKOX MIECSITKiB HaHOTecaa. 3a JOTPMMAaHHS PiBHOCTI TUIOLI MOJEJi Mac i KapTu IOJs
00epHEeHy 3a1auy po3B’sI3yIOTh CTiliko. B pasi ogHolapoBoi abo GaraTolapoBoi Monesli Mac oOepHeHa 3amavya He
Ma€ y reoJIOTiYHOMY CEHCi 3MiCTOBHOTO PO3B’SI3KY, OCKIJIbKU CepeaHs iHTEHCMBHICTh HAMarHiuyeHOCTi B OJIOLI € eK-
BiBaJICHTHUM PO3B’SI3KOM. 3a BUCOKOI J€TaTbHOCTI pO30MBKM MOJENi Mac Ha OJIOKM 3a 3alpONIOHOBAHOI METOAM-
KOI0O MOXJIMBE OTPMMAaHHS MPAKTUYHO peaIbHUX KapT i po3pi3iB pO3MOIily MarHiTHUX BJIAaCTUBOCTEH, 1110 BiATBO-
PIOIOTh OCHOBHI 3aKOHOMiIpHOCTi PO3MOIiTY MarHiTHUX PYI y CTPYKTYpi poAoBuIla. 3a HAsSIBHOCTI alpiOpHUX JaHUX
100 TIMOUH PO3MIILIEHHST MeX OJIOKIB i BMICTY 3arajJbHOTO i MarHiTHOTO 3aJli3a y AeSKUX OJ0KaxX pyIHUX TIOKIa-
IIiB TOYHICTb PO3B’SI3Ky 00E€pHEHOI 3a1a4i iCTOTHO ITiABUIIYEThCS.

KimouoBi cj10Ba: MarHitomMeTpist, po3B’sI3KM 0OCPHEHMX 3a1a4, (DiIbTpalliliHi iTepalliiiHi METOIM, METOI HaliMEHIIINX
KBaJpaTiB, HEB’sI3Ka TTOJIS.
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SOLUTION OF NOT CORRECT INVERSE PROBLEMS FOR MAGNETIC SURVEYS OF LARGE SCALE
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' Krivorozhsky State Pedagogical University, 54, Gagarin Ave., Kryvyi Rih, 50086, Ukraine
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Purpose. The research was conducted with the view to develop a method of obtaining a stable as well as geologi-
cally meaningful solution to inverse magnetometry problems for large-scale surveys, using multilayer models of the
geological environment; to compare the solutions of inverse problems with an exact and inaccurately known depth
of the lower boundary of the deposit.

Design/methodology/approach. To solve ill-posed inverse problems of magnetometry, a discrete (grid) analogue of the
solution to an integral equation of the first kind is used, which is reduced to solving a system of linear or nonlinear
algebraic equations with functional coefficients and a right-hand side complicated by various kinds of errors. Since
geological bodies have an arbitrary shape and are inhomogeneous in magnetic properties, the functional coefficients
are also calculated with errors. We solve these systems, as it done in ordinary statistics, in almost all cases by the
method of least squares. The requirement of stability of the solution is achieved by the fact that above each block of
the grid model there must be at least one point with the field measured in it. And, conversely, under each point of
the field there must be at least one block of the grid model of geological bodies. With a rectangular or square network
of field measurements, the size of the field map and the size of the grid model of geological bodies must coincide.
Findings. The solutions of inverse problems for a real field are given for the 2 models: with the exact and inaccurate
(presumed) location of the lower boundary of the structure of the deposit. In the geological sense, the content of the
solution has been only for the inverse problem for a single-layer model. For a two-layer model, the physical parameters
of the upper block are determined more accurately than for the lower one. With more layers, the solution for the
lower layers is equivalent, in which the difference from the real increases with an increasing depth of the block. It is
also possible to solve inverse problems with different depths for blocks of each layer, but then they need to be set by
a separate array. In any case, a stable solution of the inverse problem can be obtained; but whether it is meaningful
in the geological sense, depends on the availability of some part of the a priori data.

Practical value /implications. As a result of the carried out experimental studies on the site of the Petrovskoye deposit, it
is established that, if the area of the mass model and the area of the field map are equal, the inverse problem is always
solved steadily. In the case of a single-layer or multilayer mass model, the inverse problem does not have a meaningful
solution in the geological sense since the average intensity of the magnetization over the block is an equivalent solu-
tion. With the high detail of the partition of the mass model into blocks, it is possible to obtain practically real maps
and sections of the magnetization distribution of rocks reflecting the main regularities in the distribution of magnetic
ores in the structure of the deposit. In the presence of a priori data on the depths of the location of the boundaries
of blocks and the content of total and magnetic iron in certain blocks of ore deposits, the accuracy of solving inverse
problems has substantially increased.

Keywords: Magnetometry, solution of inverse problem, iterative method, least-squares method, discrepancy of the field.
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