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O OUJIBTPAIMN MATHUTHBIX OBBEKTOB 110 I''TIYBUHE
IHOCPEACTBOM AHAJIMTUYECKOI'O INPOJOJIZKEHUA
B IIOJIE D KBUBAJIEHTHBIX NCTOYHUKOB

O.A. Yepnas, 10.U. [IlyooBeHko

Hucmumym eeopusuxu um. C.H. Cy66omuna HAH Yxpaunwt, npocn. Axad. Illasraduna, 32, Kuee 03680, Ykpauna,
e-mail: oksana_chornaya @mail.ru, nemishayeve @ukr.net

B craThe paccMaTpuBaeTCss METOAMKA JJIsl MHTEPIIPETALIMY U YTOUHEHHUS TIOJOXKEHUST apXeOoJOTHYECKUX OOBEKTOB C
MTOMOII[bIO MeTO/a (DUIBTPALIMY B SKBUBAJEHTHOM CJIo€. 3a7a4a COCTOUT B TOM, YTOOBI BBIIEIUTh BCE HEOOXOIMMBIE
aHOMAJIMK, BKJIIOYask aHOMAJIMU MaJIoif aMIUTUTYIbI, B YUCTOM BUE U MPEACTABUTh UX B HAMIsAAHOM (opme. C 3T0it
LIEJIBIO MTPOM3BENEHBI UCKITIOYEHHE PETMOHANBHOTO (hoHa 1 DUIIbTpalivs ToMeX. MICroib30BaHO aHATMTUYECKOE TIPO-
JOJKEHUE BBEPX KaK CITOCO0 pasfiesieHns ICTOYHMKOB Ha Pa3IMUHBIX TIyOMHaX. [TpeutoXeH aropuT™ BOCCTAHOBIIE-
HUS TOTEHUATBHOTO TOJIsI 110 PaCIpele/IeHNI0 SKBUBATEHTHBIX UCTOUHUKOB: MCKIIIOUEHUE PETMOHAIBHOTO (hOHAa;
HaXOXIeHNE PA3HOCTHOTO TIOJISI OCTATOUHBIX AHOMAJIMIA; BHIYMCIICHUE HAMATHUYEHHOCTH OT CJIOSI 9KBUBAJEHTHBIX
HMCTOYHMKOB; uabTpanus aHoManuii. CaexaHo JOMyIeHNe, YTO JaHHbIe TPaBU- M MATHUTHOTO IMOJIsI HEe comepkar
SIBHO MH(GOPMALIUU O TIIyOUHE UCTOYHHUKOB U YTO HAOJIIOEHHOE MAarHUTHOE IMOJIE SIBJSIETCSI CYMMOM PErMOHAIbHOTO
T0JIs1, OCTATOYHOTO TMOJIst ¥ 06001IEHHOTO HIyMa. Mcrmoib30BaH HAG0P B3aUMHO He KOPPEIMPYEMBIX pacripeaeie HUi
TOHKOCJOMCTBIX MCTOYHMKOB Ha Pa3HbIX IIYOMHAX U MOAeIMpOBaHus mojis. Ha OCHOBe aHaM3a MATHUTHBIX JTaH-
HBIX OCYILECTRIEH MePecUET BBEPX MATHUTHBIX AHOMAJIMIA C LIEJIBIO X apXE0JOTMYECKOT0 UCTOJKOBaHuUsI. B pesynbrare
AHAIMTUYECKOTO MPOJIOIKEHUS aHOMAIMU PasfesieHbl MO IIYOMHHOCTH MCTOYHUKOB. I10 pacCUMTaHHOMY TOJIIO OT
HMCTOYHHMKOB B SKBUBAJIEHTHOM CJIO€ OTIpEe/Ie/IEHbl KOHTYPBI aHOMaUiA. JIOMOTHUTEIbHBI PACYET TOPU30HTAIBHOTO
rpagueHTa MarHUTHOM MHIYKIIMK JaJl BO3MOXHOCTh YTOUHHUTD KJIACCU(DUKAIIMIO JTOKATbHBIX aHOMAJIHIA [0 aMILTUTY-
ne. Pe3ybTaThl MHTEPIIPETALIMKA UMEIOT KAUueCTBEHHBIN XapakTep, HO MX UCIOIb30BaHUE 1AJI0 BO3MOXKHOCTD JIOKAJIH-
30BaTh MECTa PACKOIOB.

KnioueBbie cjioBa: apXxeoJoruda, MarHuToMeTpusA, aHAJIMTUYECKOEC IMPOAOJLKEHHUE, TOHKOCIOUCTadA Cp€aa, SKBUBAJICHT-

HbIC UICTOYHUKMU.

AKTyanbsHOCTB 33124, Hepaszpymalommm Metogam
W3YyYEHUST apXeOJOTUYECKUX OOBEKTOB, B TOM UHUCIIE
reo(U3NIeCcKM, HET aJIbTepHATHUBBI IIPU OOHapYyXKe-
HUW apXeoJIOTMYEeCKNMX OOBEKTOB, YCTAaHOBJIECHWU
CTPYKTYpBI 0e3 mx BcKpbITHMs. Hammume reodusnye-
CKMX aHOMAaJIMii OOYCJIOBJIEHO KOHTpPAcToM hu3nuye-
CKMX CBOMCTB TPYHTOB M MCKOMBIX OOBEKTOB (Hamar-
HUYEHHOCTM B CJIydae C MAarHUTHON CBEMKOIA).
MasnormyonHHas reou3rka XopoIo 3apeKOMeHI0Ba-
J1a ce0s1 TIPU apXeoJIOTUIECKUX UCCENOBAHUSX B CHITY
BBICOKOI CTaOMJIILHOCTM DPe3yJIbTaToB. Bapmanum co-
JIep>KaHWs MAaTHUTHBIX MIHEPAJIOB HAa HECKOJIBKO TTPO-
IIEHTOB MOTYT B HECKOJIbKO pa3 M TOPSIKOB H3Me-
HUTb HAMarHMYeHHOCTh TPYHTA M CO3JaTh 3aMETHYIO
aHOMAaJIMI0 MAaTHUTHOTO ITOJIsI. MarHuTHas CheMKa
MHOTHX TIOCEJICHUI 310Xy OpoH3bl Ha FOxkHOM Ypaie
(“Apxkaum”, “Kamennsiii AMoap”, “Capbm-Cakibl”,
“BopoBckag Ama”) [1, 2, 7, 8, 12], TpHAIIOIBCKOTO
noceneHnsa B YkpanHe (“Imeioouok™) [3] xopo1to 3a-
pekoMeHoBasa cebsl Mpy KapTUPOBaHUM (hopTUdUKA-
Ui 1 WHTephepa TOPOIUIL, IMOCKOJbKY MarHUTHBIE
CBOMCTBa OOOXCKEHHBIX TJIMH W IPYTMX TPYHTOB B
KYJIBTYPHOM CJIO€ TTOBBILIEHBI MO CPAaBHEHUIO C Mar-
HUTHBIMU CBOMCTBAaMU OKPYXAIOIINX ITOYB.

MarnuroMmeTpuyeckasi ChéMKa apXeoJ0TUIECKIX
00BEKTOB BBITIOJTHIETCS OOBIYHO IO CeTH OT Ix1 M 10
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4x4 M B mpeAeliax TUIAHIIETOB pasMepoM oT 50x50 m
1o 100x100 M. B xaxmoii Touke HaOMIOACHU U3Me-
psieTCsl MOAYJIb MAaTHUTHOM MHAYKIIMKA B reOMarHuT-
HOTO moJisi. TOYHOCTB OTCUeTa MPUMEHSIEMBbIX IS ap-
XCOJIOTUYECKUX  MCCIAEJOBAHMIA  TPOTOHHBIX |
KBaHTOBBIX MAaTHUTOMETPOB He mpeBbiaeT t1—2 v,
CpemHeKBaIpaTUIecKas MMOrPeITHOCTb CBEMKHU HE TIpe-
BOCXOAUT BequumHy ¢ = (2—5) HTn. MuHuManbpHas
aMIUJITYa YBEPEHHO BBIIEISIEMBIX JJOKAIbHBIX Mar-
HUTHBIX aHOManuii A . = 3e, T.e. 6—12 uTn [3].
YT100OBI HaIEXKHO BOCCO3IaTh CTPOEHUE apXeO0JIO-
TMYECKOTO 00BbeKTa, HYXKHO PEIIMTh OOpaTHYIO 3a1a-
yy MarHUTOMeTpun. OTHAKO BBUIY HEKOPPEKTHOCTH
00paTHO 3ama4v MHTEPIpETalMs MOJyYeHHBIX Ma-
TepuajoB OKa3bIBaeTCs HeogHO3HauyHOi. OcoOeHHO
HeOJIarOTIPUSITHBI IUIST M3YUYEHUSI CPEIbl C MAJIBIMU 110
CpPaBHEHUIO C TJTyOWHOI 3ajieraHUsl TeOMETPUIECKU-
MM pazMepamMu (OOJIbIIOe BIUSHUE MPUHIIATIA SKBU-
BQJIEHTHOCTH) M KOHTPACTHBIMY 3JIEKTPOMATHUTHBIMU
cBoiicTBaMM (3KpaHHBbIe 3 deKTh). lomoJIHNTEb-
HbIe TPYAHOCTH CBSI3aHBI C TEXHUIECKUMU, TIPUPOI-
HBIMU ¥ T€OJIOTUYECKUMU TIOMeXaMH. BrinesaeHue Ha
nx (hOHE TOJIE3HBIX AHOMAJINI TPEOyeT PUMEHEHUS
CTIeIMAJIbHOM armapaTypsl ¢ BBICOKOW TTOMEXO03alllu-
IIEHHOCTHIO ¥ HAKOIJIEHMEM CHUTHAJIOB, a TaKXKe CTa-
TUCTUYECKUX CITOCOO0B 00paboTKM mHpopManm [5].
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Ha cranuu nepBruYHO 00pabOTKM MarHUTOMET-
PWYECKUX TAHHBIX HEOOXOOUMO BBIITOJIHUTH TIPOIIE-
JIypy YpaBHMBAHWSI CUCTEMBI IJIAHILETOB, T. €. TIPU-
BECTM MAarHUTHOE MOJI€ y4acTKa ChEMKU K €IUHOMY
ypoBHIO [4]. YpaBHEHHOE TAKMM 00pa30M MarHUTHOE
oJjie MPeACTaBUM CYMMOM TPEX COCTaBISIOLIMNX:

B(x):A(x)+R(x)+P(x),

rae A(x) — JoKaJbHBIE aHOMAaJUM OT apXeoJoTuye-

CKUX 00BEKTOB; R(X) — perMoOHAJIBHOE MOJIE TEOJIOTH -

yecKoil mpupoasl; P(x) — aHOMaJuM-TIOMEXW B pe-

3y/IbTaTax HAOMIONEHUI, CBSI3aHHBIE C TTIOTPEIITHOCTHIO

MarHMTOMETPOB, HEAOYYETOM KOPOTKOTIEPHOANIECKIX

BapHallii MATHUTHOTO TIOJSI, HAJIMIMEM MaTHUTHBIX

HEOTHOPOMHOCTE B BEPXHEM CJIO€ ITOYBBI U apXeo-

JIOTUYECKUX OO0BEKTOB. Habmog€éHHOe MarHUTHOE

1moJjie, B KOTOPOM IIPOSIBIISTIOTCSI OMHOBPEMEHHO BCE

TUIIBI aHOMAJINI, UMEeT CJIIOKHBIN XapaKTep M Majo-

MPUTOIHO MJIsI YBEPEHHOTO BBHIIEJICHUS apXeOoJIOTH-

YeCKMX OOBEKTOB.
3agaya COCTOMT B TOM, UTOOBI @bldeaums 8ce Uc-

Komble anomaiuu (B TOM YWCII€ MEJKHWE) 6 YUCHOM

6ude u npedcmagums ux 6 HaeasadHou ¢opme. Jns

9TOTO HYXHO BBITIOJIHUTH ABE IPOLEAYPHI: CHSTHE

(McximoueHne) peruoHaJbHOTO (hoHa M DUIBTpALINIO

TOMeX.

Boinenenune nokaabHbIx aHoMaauid. /lyis1 paznene-
HUSI PETMOHAJIBHBIX U JIOKAJIbHBIX aHOMAaJU{ MOTYT
OBITh MCIIOJIb30BaHbI PA3IMIYHBIE METOJbI:

1) ycpemHeHME HAOIIOONEHHOTO TIOJS;

2) BBIYMCIEHUE BapualMii MAarHUTHOTO TTOJIST IO Me-
tony b. Aunpeena;

3) KOppEJSIIIMOHHBIA METOI: OTIpeIe/IEHIE M UCKITIO-
yeHue TpeHaa (JIMHeHOTo/HETWMHEHHOTO PEeTro-
HAJILHOTO TI0JIs1);

4) aHAJIUTUYECKOE MPOIOJIKEHUE AaHOMAINIA B BEPX-
Hee TTOJYIPOCTPAHCTBO M BBIYMCIEHUE OCTATOY-
HBIX aHOMAaJIUM;

5) BbIOENEHWE PETMOHAJIBLHOTO TONSI C ITOMOIIBIO
(UIBTPOB, MOAABISIONINX JIOKAJIBHBIE aHOMAJIK
1 TIOMEXMU.

[TomoOHEIE TIpeoOpa3oBaHmsI (TpaHCHOPMAIIVHN)
BBITTOJIHSIOT KaK MO TUIOIIAAM, TaK 1 IO MPOMWIISIM.
[1pm BBIOOpE TUIOLIAMHOTO MW MPOMUIBHOTO Baph-
aHTa TpaHchopMalnii yYIUTHIBAIOT 0COOCHHOCTH (poHA
nomex. Kaxmbiii u3 ynmoMsIHyTHIX METOIOB MMEET
IpenMyIIecTBa, M HemocTaTku. B pabdore [3] mmpous-
BelleHa KOJIMYECTBEHHAsI XapaKTePUCTUKA Pa3TMIHbBIX
METOIOB BBIAIEICHUS JTOKAIHHBIX MAarHUTHBIX aHOMa-
ymii. [Ipyu cpaBHEHMM BCeX ITOJTYYEHHBIX Pe3yibTa-
TOB YCTaHOBJIEHO, YTO METOJ] BHIAEIECHMS JOKAIbHBIX
AHOMAJIM, OCHOBAHHBI Ha TPEHI-aHAJIN3€ HCXOIH-
HBIX JAHHBIX, BBITOAHO OTJIMYAETCS OT APYIMX pac-
CMOTPEHHBIX METOOB M €r0 MOXHO PEKOMEHIOBATh
Kak JIydlllee CPeICTBO pa3fejeHMs JOKAJIbHBIX U pe-
TMOHAJIBHBIX aHOMaJIMiA TIpM 00paboTKe MaTepuajoB
MarHUTOMETPUYECKHUX CBHEMOK apXeOJOTMIeCKUX
00bekToB. HegocTaTkoM Xe KOppeISILIMOHHOIO METO-
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Jla SIBJISIETCS TO, YTO B MPOLIECCE pacyeTa JIOKATbHBIX
aHoMannil GUIbTpALMKU TTIoMeX He TTpoucxoauT. Ilo-
3TOMY CJIEAYIOIIAs 3a1a4a 00pabOTKA COCTOUT B TOM,
YTOOBI ITOJABUTh MTOMEXU, MAKCHMaJIbHO COXpaHUB
rmoJjie3Hsle aHoMauu. OTMEYEeHO TakKXe, YTO TIpUeM-
JIeMbI€ PE3YJbTAaThl MOXHO MOJYYUTh Ha OCHOBE Ie-
pecyeTa HaOMIOAEHHOTO MOJsI B BEpPXHEE MOJIYIPO-
CTPAHCTBO WJIY MyTE€M MIPUMEHEHUS SHEPTETUUECKOTO
¢unprpa. [Ipu mepecyere BBEpX METOIOM aHAIMTH-
YECKOIro MPOJOIKEHUS aHOMAJIUKA B BEPXHEE IMOJIY-
MPOCTPAHCTBO Y3KWE KPYTHIE JIOKAJIbHBIE AaHOMAJINU
U noMexu ObIcTpo 3aTyxaloT. Ha Ham B3msm, 3To
HEOCITOPUMOE MPEUMYILIECTBO MTaHHOTO METOAA.
I1aBHBIE IIMPOKKWE PETMOHAIBHBIE AHOMAJIUU C He-
OOJIBIIM TPAIMEHTOM ITIOJISI YMEHBIIATCSA C BBICO-
TOU 3HAUYMTEJBHO 00JIE€ MEIJIEHHO, B CBSI3U C YEM Ha
HEKOTOpO# BbicOTe H Hal ypOBHEM HaOJIOAECHUI CO-
XpaHSEeTCS TJIABHBIM 00pa30oM permoHajabHass KOMITO-
HEHTa IOJISI, XOTSI U HECKOJIBKO OCJIabJIeHHAas .

Hamy wn3ydyeHa BO3MOXHOCTbh HCIIOJb30BAHUS
GuabpTpanM ¢ MOMOIIBIO AHATUTUYECKOTO ITPOMOJI-
KE€HUS B BEPXHEE MOTYIMPOCTPAHCTBO B KAYECTBE CITO-
coba paszneneHnsT BO3MYLIAIOIIMX NCTOYHUKOB Ha pa3-
JuaHbIX TyomHax [11]. Cmemansl momyieHusT o0
YIPOIIEHHOM PacCMOTPEHUU T€OJIOTUYECKON CPEIbI.
[Ipexne Bcero cieayeT UMETh B BUAY, UYTO TpaBU- U
MarHUTHBIE JaHHBIE HE COAEPXKAT SBHO MH(OPMAIINN
O TNyOWHe 3ajeraHusl UCTOYHUKOB aHOMAJTUIA.

B pesynbTate pelieHuss COOTBETCTBYIOLIECH Mpsi-
MOU 3aJayy BceTna MOXHO CO3IaTh JIIOOYI0 MOZEIb
HaOIIOAEHHOTO TOJIST TI0 pacHpeAeeHUI0 3HAYCHUI
HaMarHWYEeHHOCTH (MJIM TIJIOTHOCTH) HA TIOBEPXHOCTH
n3MepeHuit. OqHako Takoe (hopMajbHOEe MaTeMaTH-
YECKOE PEUICHUE JIMIIb B MCKIIOUMTEIBHBIX CIydasx
OyIEeT UMEThb ceoa0cu4ecku 3Ha4umoe COIEpKaHWeE.
Hcxons M3 3TOro, B Ka4eCTBE MONEIU CPEObl MC-
TOJIb30BAHO CEMEWCTBO G3AUMHO HE KOPpeAupyembix
pacnpeneneHuil moHKOCAOUCMbIX UCMOYHUKOE C 1ie-
JIBIO PELICHUS MPSIMON 3a1a4y — BBIYUCJIEHUS MOJE-
Jm ioJist. CliencTBUE PeIeHNsT — S9KBUBAJICHTHBIN Ha-
00p 11aGJIOHOB ITOJIE3HOTO CUTHalIa. Takod Mpuém
O3HAYaeT, YTO MOJISI, BBIUMCICHHBIC 11 PA3HBIX 3HA-
YEeHUH TJTyOWMH UCTOYHUKOB, UMEIOT HYJIEBYIO KOppe-
gy, JIaHHOE yclioBUE He CTOJIb CTPOroe, Kak Ka-
XKETCSI, TIOCKOJIBKY MHOXECTBO pAaCHpeaeIeHUNR
HEOTHOPOJHOCTH BO BMEILAIOLIEN Cpelie, BOOOLIE TO-
BOPSI, MOXET UMETh KaK IMOJIOXUTEIbHYIO, TaK U OT-
puLaTeabHy0 Koppeasauuio. [ToaTtomy ponyiueHue o
HYJIEBOW KOpPEJSILUU — YACTHBIN Clydyal HEUTpaib-
HOTO pacmpeneieHus. B ¢puznueckoM cMbicie mogo0-
HBIE pacIpeneNeHns MPeACTaBISIOT CO00W CJIou ¢
9KBUBAJICHTHBIMM MCTOYHUKAMM, U K UX 00paboTKe
MOXHO TIPMBIIEYb COOTBETCTBYIOIIE€ METOIBI (DWIIBT-
palyy MO SKBUBAJIEHTHBIM UCTOYHUKAM.

Monudukamus merona uccaenosanud. [Ipegnara-
€TCs CIEAYIOIINI aIrOpUTM BOCCTAaHOBJICHUS TTOTEH-
LIMAJIHOTO MOJSI MO SKBUBAJICHTHOMY paclpenesie-
HUIO UCTOYHUKOB.
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1. HM3BiaeueHME peTMOHAIBHOTO (hOHA OT MCTOUYHU-
KOB, HaXONALIMXCA Ha IIyOMHE /), NMyTéM aHa-
JIMTUYECKOTO MPOAOJKEHUs HAOIIOAEHHOTO OIS
Ha BBICOTY 2/, 1O M3BECTHBIM COOTHOLIEHUSM.
B crekTpanbpHOI 00J1aCTH ONITUMAIBHBIN (PUITBTP
JUIS TAKOM OoTiepalun

F(x)=e >

r

JIETKO peanm3yercs B cpeae MatLab 2011.

2. HaxoxmeHme pa3HOCTHOTO TIIOJSI OCTAaTOYHBIX
AaHOMAJIMK TIYTEM W3BJIEYEHUS] PETMOHAIBHOTO
MOJISI M3 TIOJTHOTO MAarHMTHOTO MOJIST (JIETKO OCy-
mecTBUMO B cpene Origin 9).

3. BpluncieHne HAMarHWYEHHOCTH B 3alaHHON 00-
JIACTH OT CJIOST 9KBUBAJICHTHBIX UICTOYHUKOB, pac-
MOJIOXEHHOTO MEXAY IyOuHamu h, v h,, IyTEM
HaXOXIEeHWsI Pa3HUIIBI ONEPaTOPOB aHATIUTUYE-
CKOTO TIPOJIOJIKEHMs BBEPX Ha BbICOTaX 2h, u 2h,
(BBIUMCIIEHNE PA3HOCTH OT TIEPECUYETa BBEPX CIBO-
€HHBIX 3HAUYCHHMI COOTBETCTBYIOIINX TNyOWH), B
CIIEKTpaJIbHON 00JACTU ONMTHUMANBHBINA (DUIBTP
JUIS. TAKOW OTIepalivu:

(x) - e(72xhl) _6(72xh2) .

F

sl

4. ®OunpTpauus aHOMaIuii. AHOMAaaUM, MMeEOLINe
WCTOYHUK BHYTPHU CJIOSI 3KBUBAJIEHTHBIX MCTOY-
HUKOB, BBIICJSIOTCS Oojiee pelbedHO ITOCiIe
¢unpTpaumy  (MCIOJHEHHOW B  IporpamMme
Cooper’s SignProc 1.56).

CrienyeT yYuTBIBAaTB, YTO B CJIA0OTpamMeHTHOM
MO3aMYHOM T10JI€, OCIIOXKHEHHOM PE3KUMHU CTPYKTYP-
HBIMM HECOTJIACUSIMM, OTIPEACIEHHOCTD B 3aBUCUMOC-
TH aHOMAaJIUSI — TITyOmHa TepsieTcss. PekoMeHmyem mc-
MOJIb30BaTh AJIbTEPHATUBHBIE METOABI (PUIBTpAIINHN
(rapmonnueckuit ananus [13], dunbTpsl Bunepa [6]).

IIpumep 00padOTKH 3KCHEPUMEHTANbHBIX JTAHHBIX.
W3noxxeHHBII BEHIIIE CITOCO0 KauyeCTBEHHON (DUIIBT-
palyy MarHUTHBIX aHOMAJIMK MPUMEHUM K 00paboT-
K€ TaHHBIX TTOJTHOTO MAarHUTHOTO TIOJISI, TTOJYyYEeHHBIX
MpU JIEeTATbHOM MCCAEIOBAHUU apXeO0JIOTUYECKOTO
obwekTa B Pineview mapke (CIIA). Mcxomawie maH-
HbIE B3SITHI U3 PEIIO3UTOPUS Www.ngdc.noaa.gov.

3mech peaym30BaH MOITAITHBIN MTEPECUET aHOMa-

JINHA TIOJTHOTO MAarHWUTHOTO TIONST BBEPX Ha BBICOTHI

0,5; 1,5; 2 1 4 M cooTBeTcTBeHHO (pHC. 1) Ha paB-

HUHHOM ydJacTKe Tepputopnu napka 30x80 m (ropm-

30HTAJIbHBIM MaciuTab — B MeTpax, MarHUTHAs WH-

IyKIWST — B HaHOTeCHa, KOHTYPBl WM30JMHMIA

npoBeneHsl yepe3 25 HTm). [lepecuéT ocymiecTBisIeT-

- 55600
- 55450
- 55300
55150
- 55000
- 54850
- 54700
- 54550
54400
- 54250
54100
53950
53800
- 53650
- 53500

85370
- 55360
- 55350
53340
| 53330
- 55320
- 55310
- 55300
| 55290
- 55280
- 55270
- 55260
- 55250
- 55240
53230

55450
55400
55350
55300
55250
55200
55150
55100
55050
55000
54950
54900
54850
54800
54750

- 55360
- 55355
- 55350
55345
- 55340
- 55335
- 55330
- 55325
- 55320
55315
- 55310
55305
- 35300
- 55205

Puc. 1. TlosTanHblii NepepacyeT aHOMAJMK MOJHOTO MarHUTHOTO TOJISI: @ — MCXOAHbIe naHHbIe (aHoManust AT, HTn); pesyrema-
mut npodoaxcenus noas eésepx. 6 — Ha 0,5, 6 —Ha 1,5, e —Ha2; 0 — Had4 M
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csl ¢ LeJIbIO TTOAAaBUTh KOPOTKOBOJIHOBOM 1IYM U BBI-
eJINTh JIOKAJIbHbIE aHOMAaJIHH.

YepHble TOYKM Ha puc.l, a 0603HAYAIOT pacio-
JIOKEHWE TYHKTOB M3MEPEHMI C MarHMTOMETPOM.
[Ipu aToM Ha puc. 1, 6—0 HWXKHUN Kpail ydacTka
o0Ope3aH BCIEACTBME BBICOKOTPAAMEHTHOTO IITyMa
(6IM30CTh K METAITMYECKOM OTrpajie, yaaaeHo U3 aHa-
JIN3a), a TakKKe MCKITIOUEHBI (MPOMYIIEHHbIE TOYKHN)
HEKOTOpbIe HAOMIOAeHUS Ha MPOGWISIX BBUIY HU3-
koro kavectBa. [loBTopuTh HAOMIOMEHNST HEBO3MOX-
HO B CHJIy MU3MEHEHMSI TEXHOJIOTMYECKUX YCIOBUIA
(packombl, 0OBOgHEHWE M T. I1.). Jlaxke B TIepUOI U3-
MepEeHMII MHOTVE aHOMAaJMU U3 MHTEPECYIOLIeTO HAaC
METPOBOTO JMana3oHa IMonajiu B Mpo0JIeMHBIE TI0 yC-
JIOBUSIM U3MEPEHMI 30HBI.

MarHuTHbBIE aHOMAJIUKA PACCUYMTAHBI OT CJIOST 9K-
BUBAJIEHTHBIX MCTOYHMKOB B SignProc 1.56 [9, 10]
myTéM nuddepeHIIMpoBaHNS, TTPOIJIEHHOTO Ha COOT-
BETCTBYIOIIMI ypOBeHb MATHUTHOTO IIOJSI MEXIY
ypoBusmu 0,5—1,5; 1-2 u 2—4 M (puc. 2). Cion
3aIaHHBIX UICTOYHUKOB allpHOPH CONEePKAT KOPPEIH-
pyemble petieHusi. KpaTkuii KaueCTBEHHBI aHAJIN3
TTOJTYYEHHOTO TT0JIST TIO3BOJISIET TIPEATNOJIOXKUT, YTO C
TOYKH 3PEHUS TUTAHUPYEMBIX PACKOIIOK HaMOOIbIIIUI
WHTEPEC MPEACTABISIIOT aHOMAJINM C LIEHTpaMu B KO-
opamHartax (1o ceTH yJactka) (x, y) = (8, 50); (8, 28);
(30, 22). Bty TpM aHOMAaJIMK JTUOO comepxKaT 3aMeT-
HO€ KOJWYECTBO MAarHMTHOTO MaTepuayiia BO3jie IO-
BepxHOCTH (2—4 M), 1100 BBI3BAaHBI BO3MYIIIAIOLIN-
MU TeJlaMH, PACIHOJIOKEHHBIMU Ha 3HAYUTEIbHOMN
mryoune (17—20 M mom mMOBEPXHOCTHIO).

OOcyxnenne W aHaau3 pe3yabraToB. KadecTBeH-
HBIIT aHaIM3 MCXOMHOTO Mot (cM. puc. 1, a) n ero
TpanchopManmii (puc. 1, 6—d) moaTBepAW, 4TO B
0o0I1IeM ciydae TPOJOJIKEHHE BBEPX Ha BEJIUUYMHY,
paBHyI0 1mary mo npoduiio (0,5 M), He maéT 3HAUM-
TEeJbHON “NpubaBKM” B pa3pelieHW, HO MHOTAA Cy-
IIECTBEHHO CHUXXAeT BBICOKOYACTOTHHIN (KOPOTKO-
BOJIHOBOI) IITyM.
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HanoxeHnue cetn Touek HabmoaeHnit (puc. 1) Ha
Te 3Xe TOYKHW 3HAYEHU MarHUTHOTO ToJIst (puc. 2, 6),
TOJIYYEHHBIX TIPX pacuéTre MpsiMoro 3¢ dexra oT cios
SKBUBAJIEHTHBIX MCTOYHMKOB Ha MHTEpBaje IIyOMH
1—2 M (pmc. 3), mokazajao, 4TO CIeayeT ¢ KpaiHei
OCTOPOKHOCTBIO TPAKTOBATh ABE 3HAUUTEIbHbIC aHO-
MaJliM Ha 3alajHOM Kpam ydyacTKa KapThl. XOTs
OGOJIBIIMHCTBO TOYEK HAOMIOACHUI M TTOATBEPXIAET
(uKcHpoBaHUE 3TUX aHOMAJINIA, KAYeCTBEHHBIN aHa-
JIU3 YKa3bIBaeT Ha BBICOKYIO BEPOSITHOCTH MIyOUHHO-
IO MPOMCXOXKIEHUS aHOMaJIbHBIX NUCTOYHUKOB. K TO-
MY X€, OHU CHJIBHO KOPPEIUPYIOT ¢ MNpOGHISMU
HaOJIIOIEeHUI, HA KOTOPBIX MCKIII0UeHO MHOTO (15 %)
HaOJII0ICHUI C TTOBBIIIEHHBIM IIIyMOM.

[Tocnenyroriee HaTOXeHUE 3HAYEHUIT MAarHUTHOTO
MOJIsI, PACCUMTAHHBIX HAa TOM X¢ MHTepBaJie TIyOUH
1—2 M pacnojioXXeHUs CJIOSI SKBUBAJICHTHBIX MCTOY-
HUKOB, HO ¢ OOJIBIIIEHt MeTaIbHOCTEIO (pHUC. 3, 6, KOH-
Typ 4epe3 2 HTJ), MOATBEPXKIAET MPEAbIAYLINIA BbI-
BOA. 3IeCh TOYKM XapaKTePHU3YIOT MaKCUMaJIbHbIC
3HAYCHMSI TOPU3OHTAJILHOTO TpaaueHTa mojis. [lo ux
PAacTIONIOXKEHNIO MOXHO Ka4eCTBEHHO OIICHUTH IT0JI0-
>KeHUEe TPaHUIl BO3MYILIAIOIINX TeJl HIXKe TTOBEPXHOC-
TU HaOmoaeHuit. B maHHOM cilydae 0COGEHHOCTH TTOJIS
BO3JIe CEBEPHOTO Kpasi KapThl MeHee BBIPaKeHBI CO
CKATBIM KOHTYPOM M TMOJYEPKHYTHI 3HAYUTEIHHBIM
TOPU3OHTAJIBHBIM IPAIMEHTOM MarHUTHOTO TTOJIsl. BTO
0O3HAa4YaeT MEHBIIYI0 BEPOSITHOCTH COAEPXKATEIHHOTO
HCTOJIKOBAHUST (COMHUTEJIBHBIE UCTOUHHUKH).

AnbrepHaTHBHBIE MccaemnoBanus. B paGore [12]
HCCleT0oBaHa BO3MOXHOCTh BOCCTAHOBIEHUST MOIEITN
MAarHUTHBIX CBONCTB HUXE IMOBEPXHOCTH HaOIOIe-
HMI Ha OCHOBE pellIeHUsT 0OpaTHOM 3a1a4l MarHUTO-
METpUM C TOMOIIBIO amanTuBHOro Metoma KouHeBa
(B mporpamme ADGM-3D). ABTOpamu yCITeIrHO BOC-
CTaHOBJICHA TIOCJIOHAS MATHUTHAST BOCIIPUMMUYHUBOCTh
IIJIST MOZIENIN U3 3 CJIOEB. DTY METOAMKY MOXHO PEKO-
MEHIOBATh IS TTapajuIeIbHOTO KOHTPOJISI BEIYMCIIE-

HUU.
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Puc. 2. MarHuTHbIe aHOMaJIMM, PACCYUTAHHBIC OT CJIOSI SKBMBAJIECHTHBIX MCTOYHUKOB B ciosx: a — 0,5—1,5, 6 — 1-2; ¢ — 2—4 ™M
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Puc. 3. PacueT MarHUTHBIX aHOMAaJMM: @ — HAJOXEHUE CETH HaOJIIOJEHWI MCXOAHOTO MAarHMTHOIO IMOJISI Ha pe3yabTar €ro
Tpchcpopmaum/l B IT10JIC 3KBUBAJICHTHBIX MCTOYHHKOB, 6 — TMoJie 9KBUBAJEHTHBIX MCTOUHUKOB C TMOBBILIEHHON AETaJbHOCThIO

HeranpHoe McciaeqoBanme [3] 000CHOBBEIBaET Me-
TOAWKY BOCCTAHOBJIEHMSI MAarHMTHBIX CBOMCTB IpH-
TMOBEPXHOCTHBIX OOBEKTOB T'€OJIOTUUECKOM CPENbI O
JTaHHBIM MarHUTOMETpUM (MOXIYJIST MarHUTHON WH-
IYKIUW B reomarHuTHOTO T10715T). B crathe [3] mcce-
MIOBaHBbl Pa3JIMYHbIE METOABl PAa3AeHCHUS aHOMAaJIWi
(ycpenHeHVe; BBIYMCICHWE Bapuallvii; MCKIIOUEHUE
perrnoHaIbHOTO (hOHA; AaHAIMTUYECKOE TIPOIOJLKEHIE
BBEPX U BBIYMCJIEHNE OCTATOYHBIX aHOMAJINi1; (PUITBT-
pamus pernoHanbHoro (oHa). KonnuectBeHHas xa-
pPaKTepUCTUKA 3TUX METOMAOB JIOKAJIW3allMd MarHUT-
HBIX aHOMAaJIMI MTO3BOJISIET YCTAHOBUTD, UTO Haubojee
MPEANOYTUTESIEH KOPPEISLIMOHHBIA METOJ BBIIEJIC-
HUS JIOKAIBHBIX aHOMAaJIMii, OCHOBAaHHBIN Ha TPEeHII-
aHaJaM3e MCXOAHBIX JaHHbIX. OH HamMeHee TOABep-
JKEH ITOTPEIITHOCTSM M peKOMEHIOBaH [3] Kak Jrydlee
CPEICTBO PAa3NeeHUS JIOKAIbHBIX WU PETUOHAIBHBIX
aHOMaJIuit Mpu 06paboTKe MaTEpUaiOB MAaTHUTOMET-
PUYECKUX CBEMOK apXeOJOTUYECKUX OOBEKTOB.

Oco0bIiT UHTEpEC MPEACTABISCT IMIPUEM, OTTICaH-
HBII B cTaThe [3], KOTOPBII UCITOIB3YETCS JJIST OLICH-
KJ JOCTOBEPHOCTH (HAAEXHOCTH) BBISIBIICHHBIX aHO-
MaJIMii — MeTOMI 0OpaTHO (YCIIOBHOM) BEPOSTHOCTH.
CyIIIHOCTh METOA COCTOUT B TOM, YTO BBIICICHHBIC
JIOKaJbHBIE AHOMAJWM, OCJIOXKHEHHBIE ITOMEXaMH,
CPABHUBAIOT C YCJIOBHO MPUHSATHIM CUTHAJIOM 3aJaH-
HOU (hOopMBI. DTO MOXET OBITh KpWBasi, MpeaCcTaB-
JNeHHass 5—7 ToykaMmu HaOJIOAEHUI, MMeIolas
1 makcuMyM (OOBEKT HEOONBIINX TOPM3OHTATBHBIX
pa3MepoB), 2 MakcuMyMa (IIUPOKUiT OOBEKT), 3HAKO-
nmepeMeHHast Wi npyroit ¢opmel. Yem ydime psim
3HAYEHU TI0JIS JIOKAJIBHBIX aHOMAJIMI B PAaCYETHOM
WHTEepBaJie OTBedyaeT popMe 3aJaHHON KPUBOI, TeM
BBILIIE BEPOSITHOCTb TOTO, YTO OTMEUYEHHAS 3€Ch aHO-
MaJIisl COOTBETCTBYET UCKOMOW.

Tak, BepOSITHOCTh HAJIMYMSI aHOMAJIMU B TaHHOMK
TOYKe IMPOGUIST OLIEHUBAETCS 1Mo PopMyIam

56

V(i)=K(i)/(1+K(i))100,
K(i)= exp(—zis i A(k)2jexp(§ f: (B(i+k)A(k))j,

k=—m k=—m
rme K(i) — xoaddummeHT npaBaomogoous; s — ANUC-
nepcus mmomex; B(i+ k) — 3HaYeHMS MOJSI B TOYKAX
pacyeTHOTO MHTEpBaJja, paBHOTO *m TOoUeK Haboae-
Huli; A(k) — OpIMHATHI OXXUIAeMOW aHOMAaJIWH.

[To atum hopMysiaM pacCUMTHIBAIOT KO3 huim-
€HTBl MAaKCUMAJIbHOTO MPaBIOITOA00MS IO CPaBHEHUTO
C JTaJIOHHBIMM aHOMATMAMM (PaCCUMTAHHBIMHU OT
TeopeTn4yecKrux Moneieii). HanéxHo BBISIBICHHBIMU
CUMUTAIOT aHOMAaJMM C BepOSITHOCThIO Oojiee 50 %.
B Halllem ciiyyae BEpPOSITHOCTbH BBIACJICHUS “MOJE3-
Ho1” anoManuu cocrasnsier 75—100 %, a aHoMannu-
rmomexu — He Gomee 20 %.

BoiBoapl. [71aBHBIM BBIBOJIOM OTHOCHUTEJIBHO HC-
creayeMoit mpoOeMbl SIBIISIETCS yCIelHAsI arpoba-
1S METO/A aHAJUTUIECKOTO TPOAOJIKEHUST KOMITO-
HEHT MAarHWTHOTO TIOJISI B TOJE€ SKBUBAJCHTHBIX
WCTOYHMKOB Ha IIPUMePe JaHHBIX IS mapka Pineview
(30x80 M) B 1IETISIX MX apXEOJTOTUIECKOTO MCTOJKOBA-
Hus. PasneneHne aHOManii IPOU3BEACHO aHAIUTH-
YeCKUM ITIPOIOJDKEHUEM BBEpPX Ha pa3Hble YPOBHM,
a pacyéT MCTOYHMKOB B 9KBUBAJIEHTHOM CJIO€ — BbI-
YUCJIEHUEM PA3HOCTHOTO T10JIS1 OT BEPXHEW U HUXKHEH
aHOMAJIBHBIX TPAHWI[ MCTOYHMKOB. [lormoaHuTe I HAS
nHpopMaIys, UCIOJIb30BaHHas IJII KaueCTBEHHOTO
aHajm3a, — pacy€T TOpM30HTAILHOTO IPAIMEeHTa Mar-
HUTHOW WMHOYKIIMW C IIeJIbI0 YTOUHEHMs Kilaccudu-
Kalu¥ JIOKATbHBIX aHOMAaJIMK TI0 aMIUIATyAe. DT
Mmpeo0dpa30BaHUs MOXHO JOIOJHSTh pacuyéTaMu Ipy-
IMX XapaKTePUCTUK U GWILTPOB, MHOOPMATUBHEBIX B
KOHKPETHBIX YCIOBUSIX TIPUMEHEHMSL.

Pe3yibTaThl MHTEPIIPETAIIMM MMEIOT KayeCTBEH-
HBII XapakTep, HO Jajid BO3MOXXHOCTh JIOKaJIM30BaTh
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MPO ®UIBTPAIIIIO MATHITHUX OB'€KTIB 3A INIMBUHOIO AHAJNITUYHUM ITPOJOBXKEHHAM

Y ITOJIT EKBIBAJIEHTHUX J12KEPEJI
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Y cTatTi pO3IISTHYTO METOAMKY ISl iHTepIpeTallii i yTOUHEHHS MOJIOKEHHS apXeoJIOTiYHUX 00’ €KTIB 3a JOMTOMOTOIO
Metony GinbTpallii B eKBiBaIEHTHOMY Il1api. 3aBAaHHS MOJATa€ B TOMY, 1IOOW BUAUIMTU yCi HEOOXiAHi aHOMAaJIii,
BKJIIOYAIOYM aHOMaJlii Majiol aMILUIITyaud, B YACTOMY BMIJISII i MPEACTaBUTU iX Y HAaOUHiil popmi. 3 1Ii€l0 METOIO
3p00JIEHO BUKJIIOUEHHSI perioHaJIbHOTO (DOHY i (inbTpallito nepeiko. BUKopucTaHo aHaiTUYHE TTPOJIOBXEHHSI BrOpY
SIK CIOCi0 PO3MiJeHHST IxKepes Ha Pi3HUX IMMOMHAX. 3apoNOHOBAHO AJITOPUTM BiTHOBJIEHHS MOTEHIIIAIbHOTO MOJIS 32
PO3MOIiIOM €KBiBaJIECHTHUX JXKEPeJl: BUKJIOUEHHS PErioHaJbHOTO (DOHY; 3HAXOIKEHHSI Pi3HULIEBOTO MOJIST 3TAILKO-
BUX aHOMaJTiil; 00UMCIIEHHs] HAMAarHiyeHOCTi BiJI lIapy eKBiBaJICHTHMX JixKepest; (hiibTpallist aHoMalliii. 3po0ieHo mpu-
MyLIEHHS, 110 JaHi I'paBi- i MAarHiTHOTO IOJIsI He MICTSTh SIBHO iH(bOopMallii Ipo MMUOUHY JKepe i 110 CIIoCTepexXeHe
MarHiTHe I0Jie € CyMOIO PETiOHAIbHOTO IMOJIs, 3aIUIIIKOBOTO MOJIs i y3aralbHEHOTo 1IyMy. BukopucTaHo Habip B3aeM-
HO He KOPEJIbOBAaHUX PO3MO/iJIiB TOHKOIIAPOBUX JIXKepes Ha Pi3HUX IMMOWHAX A1 MoJieoBaHH moJjsi. Ha mincrasi
aHaJli3y MarHiTHUX JaHWX 3IilICHEHO MepepaxyHOK Yyropy MarHiTHUX aHOMaJill 3 METOIO X apXeoJIOTiYHOTO TIyMavyeH-
Hs1. B pe3ynabrari aHaJMiTMYHOTO MPOJOBXKEHHS aHOMaJil PO3MiJieHO 3a IIMOMHAMM mxepes. Po3paxyHoK mouist Bin
JiKepes B eKBiBAJIGHTHOMY 1l1api 1aB 3MOTY BU3HAUYUTU KOHTYpU aHOMaJliil. 3a TOIaTKOBUM PO3PaXyHKOM T'OpPU30H-
TaJIbHOTO IpaJlieHTAa MAaTHITHOI iHAYKIIii YTOUHEeHO Kiacudikailito JoKaJIbHUX aHOMaJlil 3a aMIuliTy010. Pe3ynapTatin
iHTepIpeTallii MaloTh SIKICHUI XapakTep, ajle 32 HUMU MOXHa JIOKaJIi3yBaTH MicCllsl pO3KOITiB.

KniouoBi cioBa: apxeoJiorisi, MarHiToMeTpisi, aHaJliTUYHE TPOAOBXKEHHSI, TOHKOIIApyBaTe CepeloBUlle, €KBiBaJEHTHI
JoKepena.
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ON FILTERING MAGNETIC SOURCES AT DEPTH, USING ANALYTIC CONTINUATION
INTO THE FIELD OF EQUIVALENT SOURCES

58
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Purpose. The paper considers the techniques and methods aimed at interpretating and specifying the location of the
archaeological sites using the equivalent layer filtering approach. The task is to outline all the required anomalies (including
small) per se and present them in a visual form. For this purpose, it is necessary to perform two procedures: remove the
regional background and to filter noise.

Design/methodology/approach. We studied the possibility of using filtration by means of analytical continuation in the
top half-space as a way of separating sources at various depths. We offer the following algorithm of restoring potential field
by the equivalent distribution of sources: Elimination of the regional field, Estimation of the residual field anomalies,
Calculation of the magnetization, Filtering the anomalies. There are a number of assumptions made, and one must keep
in mind that magnetic and gravity data contain no inherent information about the depth of source and the observed
magnetic field to be the sum of the regional field, the residual field, and aggregate noise. We also used assemblages of
mutually uncorrelated thin source distributions at various depths to model the field as equivalent source layers.
Findings. Based on the analysis of the magnetic data survey acquired for a Pineview park of 30x80 m, we calculated
upwards magnetic anomalies in order to perform their archaeological interpretation. An analytical continuation procedure
allows us to divide the anomalies by the sources depths. Field calculation from the sources in an equivalent layer by means
of calculating of the residual field from the anomalous sources boundaries allowed us to define the contours of the
magnetic anomalies. Additional calculation of the horizontal gradient of magnetic induction allowed us to adjust the
classification of local anomalies by the amplitude.

Practical value/implications. The conducted research proves the necessity to create a general database on processing
archaeological objects of geological heritage (geosites) of Ukraine under a single state program. The research was also
successful in testing a method for analytical extension of components of a magnetic field into the field of equivalent
sources within the sample data for Pineview park (30x80 m) to do their archaeological interpretation. Additional information
used for the qualitative analysis is the calculation of the horizontal gradient of the magnetic induction in order to specify
the classification of the local anomalies by the amplitude. The transformations above one can be complemented with other
filters. The results of the interpretation are of qualitative character, nevertheless they us allowed us to localize the location
of excavations.

Keywords: archeology, magnetometry, analytical continuation, thin-layer environment, equivalent sources.
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