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PE3IOME. Llenb gaHHOM cTaThy — aHanu3 BO3MOXHOCTEN PErpeccHOHHbIX METOLOB KONIMYECTBEHHOW UHTEpNpe-
Tauuy aHomanwii noTeHuuanbHbix reoduanyeckux nonen. CpaBHuBatoTCs ABa cnocoba peleHus obpaTtHomn 3a-
[auv rpaBMpasBesKn: METOAOM HaMMEHBLLKX KBaApaToB C NPUMEHEeHNeM napameTpa perynsapusaumm n MeToLom
CUHTYNAPHOTO pasnoxeHus matpuy. MeTtoabl. [N ycnewwHoro pewweH1s nocTaBneHHo 3agaym 6sina cpopmmpo-
BaHa neTpoduanyeckas Mogenb C 3BECTHbIM pacnpeaeneHmeM N3bbITOUHOM NIIOTHOCTM aHoOManmeobpasyoLwmx
06BbEKTOB (MPSAMOYronbHbIX NpK3M). Ha ocHOBe AaHHO MOoEenW NyTeM peLLeHns NPSMON 3a4ayum NPOU3BEAeH pac-
4eT rpaBMTaLIMOHHOTO NONs, B pesdynbTaTe Yero nonyyeHa cxematnyeckas Qpuanko-reonornyeckas Mogesb, KOTo-
pasi COOTBETCTBYET MaccuBy opToaMcunbonnTOB, KOHTPOIMPYIOLWEMY pa3MeLLeHne peakoMeTansbHbIX nermaTu-
T0B. Pe3ynbTaThbl. PewweHa obpaTHas 3agava rpaBupasBeaky METOA0M HaMMEHbLUWNX KBAAPATOB U CUHIYNSPHOMO
pasnoXxeHus 4Ns ABYX CUTYyaLMI: NepBast — MHTEPNPETUPYEMOE rpaBMTaLMOHHOE none Ag, He OCNOXHEHHOE OLNG-
kamu HabniogeHnin, BTopas — rpaBuTaumorHoe none Agl, ocnoxHeHo nomexon nopsaka +3%. B utore pewenns
obpaTHOW 3agaun nonyveHbl 3Ha4eHUs M3bbITOYHON NAOTHOCTM aHoManneobpasyowyx obbekToB. PelleHune 3a-
[a4v Ans nons, He OCMIOXHEHHOrO NMOMEXO0W, BOCCTaHaBMNBAETCS AOCTATOMHO TOYHO, @ AN NOMs, OCNOXHEHHOTO
MOMEXOW, PELLEeHNe «CPbIBAETCA» N CTAHOBUTCS HEMPUIOAHbLIM ANs NPaKTUYeCKoro MCrnonb3oBaHus. PelleHue ob-
paTHOW 3aayv MeTOIOM HauMeEHbLUWX KBaApaToB YAaeTCst BOCCTAHOBUTL MPW UCMONb30BaHWK NapameTpa pery-
napusaumm A.H. TuxoHoBa. MeTop CUHTYNAPHOTO Pa3nOXeHUs MaTpUL, Takke Nno3BOMnI BOCCTAHOBUTL PeLLEHKE,
HO AnS 3TOro MPULWNOCh chopMMpoBaTh NCEBA0OOPATHYI0 MaTPULy C Y4ETOM TOYHOCTW BbINOSHAEMbIX paboT.
BbiBoabl. PelieHvie obpaTHoM 3agaym rpaBupassegky NokasbiBaeT, YTO AN 3a4aHHbIX MOAEMNbHbIX YCroBuii oba
MeToAa NHTepnpeTauuy JaT CXOXUe pe3ynbTaThbl BbIMUCIEHNI M3ObITOYHOM NNOTHOCTU aHOManbHbLIX OO bEKTOB.
Knrouesbie crosa: konudecmeeHHas uHmepnpemayus epagumayuoHHOZ0 Noss, Memood HauMeHbWUX keadpamos
U CUH_YnspHoe pasrnoxeHue, pe2ynsapusayus peweHul obpamHoul 3adayu.
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COMPARATIVE ANALYSIS OF TWO QUANTITATIVE METHODS
FOR POTENTIAL GEOPHYSICAL FIELD ANOMALY INTERPRETATION

V.S. Kanaikin, A.A. Subbotin, A.l. Bulnaev

Irkutsk National Research Technical University,
83, Lermontov St., Irkutsk, 664074, Russian Federation.

ABSTRACT. The purpose of this article is to analyze the capabilities of regression methods for quantitative inter-
pretation of potential geophysical field anomalies. Two solution methods for the gravity inversion problem are com-
pared: the method of least squares with the use of the regularization parameter and the method of singular matrix
decomposition. Methods. A petrophysical model with the known distribution of excess density of anomaly-forming
objects (rectangular prisms) has been formed in order to solve the set task. This model enabled to calculate a
gravitational field through solving a direct problem. As a result, we obtained a schematic physico-geological model
corresponding to a massif of ortho-amphibolites, which controls the location of rare metal pegmatites. Results. The
inverse gravity problem is solved by the method of least squares and singular matrix decomposition for two situa-
tions: the first is the interpreted gravitational field Ag uncomplicated by observation errors, the second is the gravi-
tational field Agl complicated by an interference of about + 3%. Having solved the inverse problem, we obtained
the values of the excess density of anomaly-forming objects. The problem solution for the inference uncomplicated
field is restored quite accurately, whereas the solution for the field complicated by an interference fails and becomes
unsuitable for practical use. The solution of the inverse problem by the method of least squares can be reconstructed
using A.N. Tikhonov’s regularization parameter. The method of singular matrix decomposition also allows to restore
the solution, but requires the formation of a pseudo-inverse matrix taking into account the accuracy of the work
performed. Conclusions. The solution of the inverse gravity survey problem shows that for the specified model
conditions both interpretation methods give similar results in the calculation of anomalous object excess density
that is proved by the values of mean square errors.

Keywords: quantitative interpretation of the gravitational field, least-squares method and singular value decompo-
sition, regularization of inverse problem solution

For citation: Kanaikin V.S., Subbotin A.A., Bulnaev A.l. Comparative analysis of two quantitative methods for po-
tential geophysical field anomaly interpretation. Proceedings of the Siberian Department of the Section of Earth
Sciences of the Russian Academy of Natural Sciences. Geology, Exploration and Development of Mineral Depos-
its. 2017, vol. 40, no. 2, pp. 95-100. (In Russian).

BBepeHue

MeToaoB KONMYECTBEHHOW MHTEpPNpe-
TauMm aHomanuin noTeHuMarnbHbIX MONen
[0CTaTOMHO MHoro [3, 5, 6, 7]. B cratbe
CpaBHMBAOTCA ABa crnocoba KONMMYecTBEH-
HOW MHTepnpeTauun rpaBUTaLMOHHbIX aHo-
Manuin, OCHOBaHHbIX Ha pPerpecCUoHHOM
aHanu3e. epBbln cnocob OTHOCUTCS K Me-
TOAY HaMMeHbLUMX KBagpaToB C MPUMEHE-
HWeM napameTpa perynspusauum [8, 11],
BTOPOW MCMOMb3yeT CBOWCTBA CUHIynsp-
HOro pas3noxexus matpuy, [9, 10, 11].

Martepuan un metopbl
uccnepoBaHus

PeweHune obpaTHon 3agaym paccmart-
pMBAETCS HAa MOAENbHOM MpUMeEpPe W Hale-
NEHO Ha onpegeneHne mopdonorum mac-
cuBa OpTOaMUOONUTOB, KOHTPOMMPYHO-
ero  pasMelleHne  peakoMmeTansbHbIX

nermatutoB [1]. MaccuB BbITAHYT B ropu-
30HTanbLHOM HanpaeneHuu (puc. 1), ero ne-
Tpodusnyeckass MoAenb COCTOMT U3 [ABa-
Auaty npsimoyronbHbIX npuam (k = 20), Bep-
TWKanbHbIE U FOPU3OHTanNbHbIE MOLLHOCTM
KOTOpbIX COOTBETCTBEHHO paBHbl 1000 K
300 M. M3BbITOYHbIE NAIOTHOCTU AC NPU3M
13BeCTHbI. KoopamHaTta TO4KM BEPXHEro Ne-
BOro yrma Habopa npu3m OTHOCUTESNIbHO
npocpunsa mamepeHns pasHa 2000 m, rny-
BuHa h — 10 m.

NHdopmauna o neTpodusnyeckon
moJenu nossonuna cdopmmpoBaTtb -
3MKO-TeosIormyeckytlo Moaens obbekta ny-
TEM pelleHus NpsMON 3ajayu rpaBupas-
BEAKW, T.e. BbluucneHus nonsg G no npo-
cunio HabnopeHns anuHon 8000 m, yTo Cco-
oteetcTByeT n = 80 nuketam npu Lware
cbemkn 100 m.
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Puc. 1. Cxemamudyeckuli pa3pe3 Maccuea opmoamgpu6oinumoe u epagumalyuoHHOe nosie Had HUM:
1 — epasumayuoHHoe rone G; 2 — opmoamgubonumel; 3 — U3bbiMoYHbIe MIOMHOCMU AC MPU3M, 2/cM3
Fig. 1. Schematic section of the ortho-amphibolite massif and the gravitational field above it:

1 — gravitational field G; 2 — ortho-amphibolites 3 — excess densities Ac of prisms, g/sm?

PeweHne obpaTtHoi 3agaun BbINoOn-
HEHO B [Ba dTana. Ha NepBOM 3Tane uc-
NoNb30BaHO MOAENbHOE rpaBUTaLMOHHOE
none G 6e3 ownbok HabnoaeHU, Ha BTO-
pom — none G1, \3BMEHEHHOE C y4ETOM OLLK-
6oK. MickombiMM napameTpamu (Mn OLeH-
KaMun) MHTEpNpeTaLumn Npu 3TOM CYUTanNuUCh
N30bITOYHbIE NNOTHOCTU AGk MPAMOYroSb-
HbIX NPW3M, T.e. BEKTOp, cogepxawmn 20
3HaYEeHUN N30bLITOYHON MIOTHOCTM.

[laHHas 3agava CBOAUTCS K PeLUEeHMto
creayLmnx CUCTEM JIMHENHBIX YpaBHEHUN:
B Cnyyae MpUMEHEHNA MeToada
HaMMEeHbLUMX KBagpaToB:

Gy =2, Aoy +ay, Aoy ++-+ay Aoy +0y

Gz = 8.21 'AUl -|-8.22 ~A02 +"'+a2Ik 'AUk +52
Gn =an.1-AO'1+an|2 'AO-Z ++ank Aak +§n ;
— B CNy4ae — CUHTYMSPHOTO pasnoxe-
HUA MaTpul.
GZ = a.zll -AGl + a2_2 AGZ +-ot a2k . AO-k
G,=a,; Aoy +8,, Aoy +--+8,, - Aoy |
roe Gi — 3Ha4eHne rPaBUTALIMOHHOIO NOJ1A B
i-oM nukeTe, paBHoe CyMMe BCEX BKJ1adoB

OT Kaxpgoro j Tena; aij — Ko3adduuneHTbI
matpuubl nnaHa A, i = 1..n, n = 80; Agj —
3HavyeHve M3BbITOYHON NOTHOCTU MPU3M,
j = 1.k, k =20; 6 — owwnbka, cBA3aHHas C
HETOYHOCTbIO BblIOOpa MHTEPNPETaLMOHHO
mogenu.

Ans BblYMCNEHNS KOIPPULMEHTOB aij
maTtpuubl nnaHa A mcnonb3oBanacb op-
Myna ans pacyeTa rpaBUTaLMOHHOIO Mons
OT MNPSMOYrofbHON MpU3Mbl [2], No3aToMy
anemMeHTamu 3TON MaTpULbl SBNSIOTCS 3Ha-
yeHust 6a3ncHbIX PYHKLMIA aij, KOTOpblEe CO-
OTBETCTBYIOT A(PPEKTY j-Oi NPSAMOYrOSIbHON
npuambl (j = 1...20) B i-o Touke npoduns (i
= 1...80), npuyem n3bbITOYHAA MAOTHOCTb
Takow Npuambl NpUHSATa paBHoOW 1.

Kak n3BecTHo, pelieHve obpaTtHon 3a-
a4y MeTOOOM HaWMeHbLIMX KBafpaToB B
MaTpU4HON (hopMe 3anuchbiBaeTcs B criegy-
towem Buge [4, 11]:

A00Q = (AT-A)L-AT-G,
a ONs CUHIYNSIPHOO PasnoXeHus Matpuy
3Ty 3an1Cb MOXHO NpeacTaBsuTb B Buge [9,
10]
Aagp = AP-G,

roe AP — ncesgoobpaTHas matpuua, ¢op-
MUpOBaHMe KOTOpoi OyaeT pacCMOTPEHO
OTAEeNbHO.
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Pe3ynbTatbl uccnegoBaHus

PeleHne obpaTHOM 3agaum ans rpa-
BUTALMOHHOrO nons 6e3 ydyeta owmBOK
HabnaeHnn nokasano, 4To cymMa Ksagpa-
TOB HEBSA3KM MeXay UCXOAHbIMK (Moaesb-
HbIMW) 3Ha4YEHUSAMM N3OLITOYHON NNOTHOCTK
npuam Adx, n pacyetHbiMn AdOx U Aopy,
onpegeneHHasa no dopmynam (1), (2),
OYeHb Mana M Ans MeToda HauMeEHbLUMX
KBaApaToOB M AN MeToda CUHIYMSPHOro
PasfnoXeHnss  COOTBETCTBEHHO  paBHa
1,91-10" 1 1,86-107 r/cm®:

20
5:\/2((A0K)—A00K)2/20= 1)
j=1
=1,91-10""2/cu®,

20
& =\/Z((AGK)—AopK)2/2o =

j=1

=186-10"" 2/ cnm®.
3 aToro cnegyet BbIBOA O TOM, YTO peLle-
Hue obpaTHOW 3agaym B CryyYae MUCMonb3o-
BaHWS NPW UHTEpNpeTaLum HEUCKAXKEHHOIO
reocnanyeckoro nons (MoAenbHbIE 3Have-
HUS1) NO3BONSET NONyyYaTh NpUemMnemble pe-
3ynbTaTbl PELLUEHNS.

[ns Toro 4ytobbl peleHne obpaTtHo
3agaun npubnuantb K bonee peanbHOW Cu-
Tyauum 1 NogyYepkHyTb €€ HEYCTONYMBOCTb
K owmnbkam m3mepeHuin, Bbibopa napameT-
pOB NETPOMU3NYECKON MOLENMN N BbIYUCTIN-
TeNbHbIX Npoueayp, B ucxogHoe none G
Obina BHeceHa nomexa, paeHas *(3-5)%.
[one ¢ nomexon, Kak yxe Oblf10 cKkasaHo
BblLwe, 0603Ha4YeHo Kak G1.

PelueHne obpaTHOM 3agaym ans nons
C MOMEXOW METOAOM Kak HaWMeHbLUMX

SoR, r/om’
20

15 r- = -

10

/

KBaZpaToOB, TaK W CUHIYNAPHOrO pasnoxe-
HUA MOKa3ano OYeHb NIoxXue pesynbTaThbl,
OHO «CPbIBAETCSA» U CTAHOBUTCH HEMPUrod-
HbIM 4S5 NPaKTUYECKOro WUCMofb30BaHUS.
HeBsiska pesko Bo3pacTaeT v cocTaBnseT o
= 16,214 r/cm3. 3T0 00BSACHSETCA TEM, YTO
pelaemMas cucteMa fIMHENHBIX YpaBHEHWUI
BbIpOXaeHHasi, onpesenuTens D =| ATA| =
3,17-1014.

[ns BOCCTaHOBMEHUS peLueHus npu
1CMNOSIb30BaHNN MeTO4a HaUMEHbLUUX KBaf-
paToB Mbl UCNOMb30Banu cnocob perynspu-
3auuu, npeanoxeHHoln A.H. TuxoHoBbIM [8]

AoRp = (AT-A+ap-E)1-(AT-G1+ap-ACl),
rae G1 — uHTepnpetupyemoe norne; E —
€OVHWYHAs amaroHanbHas maTpuua; ap =
y-ap-1, U <1, a1 — 41Cno, U3HavanbHo npu-
HUMaKLlee A0CTaTOMHO 6onbluoe 3Haye-
Hue, p = 1...nn, nn = 103...10° — BO3MOXHOE
KONMMYeCTBO pelleHuid; Aol — BeKTop npea-
nonaraemblx 3Ha4yeHun U3bbITOYHOW NNOT-
HOCTW.

B xoZe BblunCneHN paccunThiBaeTCS
(PyHKUMS Uenn Sacr Kak CyMMa KBagpaToB
HEBSA3KM MexXdy WCXOAHbIMW 3HAYEHUSMM
“36bITOYHON NAOTHOCTW NPU3M U pacyeT-
HbiMK (puc. 2). PesynbTaTbl BbIYUCNEHWIA
Saor MOKa3anu, 4to (PyHKUMS LEenn umeet
3HAYMTENbHbLIN NOKaNbHbIA MUHUMYM (Saor
= 0,028 r/cm?) 1 aTa 06NacTb XapakTepuay-
eTca crabunusauven pewenns. OTcloga
crnegyet BbIBOZ O TOM, YTO UCNOMb30BaHME
napameTpa perynspusawuv no3sonseT Boc-
CTAHOBUTb peLLeHWe 1 nosyyatb npuemne-
Mble pesynbTaThl.

n

0 20 40

__n
60 80 100

Puc. 2. Cymma keadpamoe Heesi3Ku MexQy UCXOOHbIMU
U pac4emHbIMU 3HaYeHUsAMU U36bImoYHOU MIOMHOCMU NPU3M
Fig. 2. Sum of squares of discrepancy between the initial
and calculated values of excess prism density
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MNpuMeHeHne annapata CUHrynsp-
HOro pasfoXeHWsl Takke NO3BONWUMIO NOMy-
YUTb XOpoLLKe pe3ynbTaThl. [1na aToro npu-
LUMOCb BbIMNOMHWUTL PELUEHUs C Y4ETOM pe-
anbHOM TOYHOCTWU MCXOOHbIX MaTepuanos
(nonesbix paboT), B HalleM cryyae 3To
3-5%.

Ons ¢opmMyMpoBaHMA ONTUManbHOro
BapuaHTa pelleHns obpaTHoW 3agayn uc-
nonb3oBanucb npoueaypa CUHIYNSPHOro
pasnoxeHus matpuubl nnaHa A. [pn aTom B
mMaTpuly nnaHa A 6bin gobasneH 21-bin
cTonbeu R, BCe uneHbl KOTOPOro paeHbl 1.
PasmepHocTtb R — (80x1). [JaHHOe fencTene
NO3BONWINO HaM B AanbHEWWeM MNony4nTb
MHOPMALIMIO O 3HAYEHUM POHOBOTO rpaBm-
TaLMOHHOrO Mons No AaHHOMY Npodunio.

CUHrynsipHbIM  pa3noXeHnem Oen-
CTBUTENBHOW MaTpuubl A HasbiBaeTCcs BCSH-
kas ee haktopusaumsa Buga A = V-S-U, roe
U, V — opToroHanbHble Matpuupl; S — gua-
roHanbHasi MmaTpuua, y KOTopow AnaroHanb-
Hble YneHbl | Ha3blBAKTCA CUHIYNAPHBIMU
yucnamum matpuubl. S = (66,50; 45,19;
33,45; 26,78; 9,81; 7,58; 3,12; 2,46; 1,86;
1,34; 0,66; 0,34; 0,22; 0,16; 0,06; 0,02; 0,01;
0,008; 0,004; 0,001; 0,0007). Torga 4ucno
obycnosneHHocTn matpuupl A B = yily1 =
66,5/0,0007 = 9,5-10* — aT0 AOCTaTOYHO
Gonbluas BeNMYnHa, YTO roBOPUT O 3HAUN-
TENbHOW BbLIPOXAEHHOCTU MaTpuubl A 1
MIOXUX pe3ynbTatax peLeHns CUcTembl -
HENHbIX YpaBHEHU 0ObIYHBIMM METOLAMM.

Ecnu 3agatb onTuMarnbHyl0 TOYHOCTb
pewenuss 3%, TO HaMMEHbLUEE 3HAYEHUe
cuHrynspHoro ymcna 7 = 0,03-y1 = 66,5-0,03
= 1,995, T.e. 3T0 COOTBETCTBYET MUCMOSMb30-
BaHWIO NEPBbLIX AEBATN CUHIYNSIPHBIX YMcen,
k=09.

Ha cneaywowem 2atane cnegyet

Bubnuorpadmyeckuin cnmcok
1. Baxpomees [.C., [laBbigeHko

AKO. MogenupoBaHne B pa3BeaO4HOM
reodusuke. M.: Hegpa, 1987. 192 c.

cchopmmpoBaTh Tpu HOBLIX MaTpuubl Sk, Uk
n VK, koTopble 6yayT Bkntovatb B cebs
onpeaeneHHble oparMeHTbl COOTBETCTBY!O-
wux matpuy S, U n 'V [9, 11].

[anee paccunTbiBaeTCa nceBfoob-
paTHas matpuua AP kak npoussefeHue co-
OTBETCTBYIOLUMX MaTPULL:

AP = Vk-Sk-UTk,
roe UKT — TpaHCnoHupoBaHHasi OpToro-
HanbHas matpuua pa3mepHocTbio (9x80);
Vk — opToroHanbHas matpuua pasMmepHo-
CTblo (21%9); S — AmaroHanbHas MaTtpuua
pasmepHoCTbIO (9%9).

BekTop MCKOMBIX 3Ha4YeHWit 130bITOY-
HOW nnoTHocTM 20 NpW3M U YpOBEHb HOp-
MasbHOro rpaBUTaLOHHOIO NOS BbIYNCNS-
eTCcs no cneayoLLen opmyne:

Aop = AP-G1,
roe AP — nceBpoobpaTHas matpuua pas-
MepHocTbto (21%80), G1 — BekTop cTonbew
VHTEPNPETUPYEMOTO rpaBMTaLOHHOIO
nons, cogepxaLluii noMexy.

PesynbTaT pelieHns obpaTHon 3a-
[a4v Ans rpaBMTaLMOHHOMO Nons ¢ owmb-
KOW HabnoaeHuin nokasan, 4To cymmMa KBag-
paTOB HEBA3KM AGP MEXAY NCXOAHBIMM 3Ha-
YEHUSIMU  M3OBITOYHON MAOTHOCTWM NPU3M
Adx v pacyeTHbIMM Adpx Mana: & =
0,032r/cm?. [JaHHblii  pesynbTaT BrOMHe
npuemnemM Ans npakTUYecKnx Lenen.

3akntoyeHue

O6Lwwmin BbIBOA NPOBEAEHHOTO MCChe-
[OBaHMSA 3aK/YaeTCsa B TOM, YTO METOA
HaMMeHbLUMX KBaApaTOB C MPUMEHEHWUEM
annapara perynsapusaummm u MeTog, CUHry-
NSAPHOTO Pa3noOXeHUs MaTpuL NOKa3blBakoT
BMOSHE YOOBINETBOPUTENbHbIE, CXOXMNE pe-
3ynbTaTthl peweHns obpaTHoW 3agauu rpa-
BMpa3BeadKu Ans paccmaTpuBaemoro Mo-
LENbHOro nNpumepa.
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