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4yyHa 3 M U BepTUKAAHY Pa3pesn Ipe3 PerucTpUpaHnTe aHOMAANA.

CITMCBK HA TTPMIAOXEHVIATA KEM I'1ABA IV

IV.3.1.1.1. Moaea Ha BUCOKOCBHIIPOTHBUTEAEH OAO0K.

IV3.1.1.2. Peayatatu OoT MOA@AHNUTE M3YMCACHM 32 BUCOKOCBIIPOTUBUTE-
AeH 00K 3a pa3AMYHNUTE eAeKTPOAHU CXeMI.

IV.3.1.1.3. VInBepcroHHNI MOAeAM Bb3 OCHOBa Ha MOAE/AHNUTE U3UMCAEHIS 3a
BIICOKOCBIIPOTHBUTEAEH OA0K.

IV.3.1.1.4. PesyataTu OT MHBEPCMOHHOTO MOAeAMpaHe Ha MOAeAHUTe U3-
9ICAEeHMS 32 BUCOKOCBIIPOTUBITEAEH 010K IIPY BHECEHa IpellIKa.

IV.3.1.1.5. Moaea nHa rpobHuna ¢ pasmepu 5x3x3 pas3rnoao>kKeHa Ha pa3And-
Ha AbA00YMHA OT IIOBBXHOCTTA.

IV.3.1.1.6. PesyaTaTu oT MOAeAHNTe U3UMCAEHN 3a MOJeA Ha IpOOHUIIA.

IV.3.1.1.7. Pesyatatit OT MHBEPCMOHHOTO MOAeAMpaHe Ha MOAEAHUTE 13-
4lICAeHMs 3a TPOOHMIIA pa3loA0XKeHa Ha 1 M OT IMOBBLPXHOCTTA.

IV3.1.1.8. Pesyatatut OT MHBEpPCMOHHOTO MOAeAMpaHe Ha MOACAHUTE M3-
41CAeHMs 3a IpODOHNIIA pa3IloA0>KeHa Ha 2 M OT IIOBbPXHOCTTa.

IV.3.1.1.9. PesyataTu OT MHBEPCMOHHOTO MOAeAVpaHe Ha MOAeAHUTe M3-
q1cAeHNs 3a IpOOHNIIA pa3ioAo>kKeHa Ha 3 M OT ITIOBBPXHOCTTA.

IV.3.1.1.10. Mogea Ha peaaHa TpoOHMIIA (110 AQHHM OT I'POOHUIIATa B MOTHU-
aata l'oasima Apcenaaxa nipu HInmka).

IV.3.1.1.11. PesyaTatut OT MOA@AHUTE U3YNCACHIUS TP HAaAABXKHYU TpOpu-
AN

IV.3.1.1.12. PesyaTtatu OT MOAEAHUTE U3YMCAEHNS IPU HaIIpeYHM NpoPu-
AN

IV.3.1.1.13. PeayaTaTu OT MHBEpCMOHHOTO MOJAeAMpaHe I10 Ipodua mpes
cpeJaTa Ha rpoOHMIIATA.

IV.3.1.1.14. Moaea Ha 3u4aH rpoo.
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IV.3.1.1.15. PesyataTu oT MOAeAHUTe U3YMCASHMS 3a 3UAaH I'pod IIpu Ha-
AABXHU IPOPUANL.

IV.3.1.1.16. PesyaTtatu oT MOgeAHUTe U3UMCAEHNs 3a 3UAaH Ipod IIpu Ha-
IIpeyH!U IPOPUAIL.

IV.3.1.1.17. PesyaTaTu OT AByMepHOTO MHBEPCMOHHO MOJeApaHe I10 IPo-
¢ua mpes cpesara Ha rpoda.

IV.3.1.1.18. PesyaTatut OT TPMMEPHOTO MHBEPCUOHHO MOJeAMpaHe 3a MO-
Aea Ha rpo0.

CIIMCBK HA ITPMAOXEHVISITA KEM I'/1ABA V

V.0. Kapra Ha pa3dno10>XeHneTo Ha KOMeHTUPaHUTE B TeKCTa MOTUAN.
V.1.1.1. Maakara moruaa ripu Ilnrxka.

V.1.1.2. Maaxkara mornaa. Kapt Ha n3MepeHOTO NPUBUAHO ChIIPOTUBAE-
Hue ripu n=1 (a) u n=3 (0). Paanaanu npoduan.

V.1.1.3. Maakara moruaa. TpumMepHo n3o0pakeHre Ha U3MEPEHOTO IIPH-
BUAHO CBhIIpOTUBAeHMe pu n=3. Paguaaun npopnan.

V.1.1.4. Maakara mornaa. Kaptn Ha n3MepeHOTO IPUBUAHO CHIIPOTHUBAe-
Hute ipu n=1 (a) u n=2 (6). Kpprosu npoduan.

V.1.1.5. Maakara mornaa. Kpusu Ha 13MepeHOTO IPUBUAHO €AeKTPUIECKO
CBIIPOTUBAEHNE 110 AeTailAM3allMIOHHUTe TpOPUAN 3aral-U3TOK (a)
u 10r-cesep (0) 11pe3 cpedaTa Ha aHOMaAusATa.

V.1.1.6. I'poOBT 1 9acT oT HaxoAKUTe OT Maakara Mormaa.

V.1.2.1. 3apesa mornaa. Kapra u rpumepHu n3o0pakeHns Ha TPUBUAHOTO
eAeKTpudecKko cbpoTusaenne n=1 (a), n=2 (6) u n=3 (B).

V.1.2.2. I'poOsbT OT 3apesa Moruaa.
V.1.3.1. Mornaara I'oasima Apcenaaka nipu Ilnmnxka.

V.1.3.2. Mornaara I'oassma Apcenaaka. Kapti Ha IpuBIAHOTO ChbIIPOTUBAE-
He ipu n=1 (a) u n=3 (0) c HaHeceHa AeTallAM3allIOHHATa MpeKa.

V.1.3.3. Mornaara I'oasama Apcenaaka. Kapra Ha IpuB1AHOTO ChbIIPOTUBAE-
HMe IIpu n=5.

V.1.3.4. Moruaara I'oasma Apcenaaka. KpuBu Ha ChIIPOTMBAEHUETO IIO
npopuan -6 u -5 oT geTaiiausaliOHHaTa MpeXKa.

V.1.3.5. Mornaara I'oasma Apcenaaka. KpuBu Ha ChbIIpOTHMBAEHUETO IO
npopuan -4 u -3 oT geTaiiausaliOHHaTa MpeXKa.

V.1.3.6. Morunaara I'oasima Apcenaaka. Kpusu Ha ChbIpOTMBAEHNETO IO
npoduan -2 n -1 OT geTarian3alIOHHATa MpeXXa.
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V.1.3.7. Mornaara I'oasama ApcenHaska. Kpusu Ha CbIpOTUMBAEHMETO IIO
npoduan 0 u 1 oT AeTaiian3anyioHHaTa MpeXKa.

V.1.3.8. Morunaara I'oasima Apcenaaka. Kpusu Ha ChbIIpOTMBAEHMETO IO
npodpuan 2 u 3 OT AeTailAU3allIOHHATa MpeKa.

V.1.3.9. Mornaara I'oasama Apcenaaka. Kpusyu Ha CbIIpOTHBAEHMETO 110 Ha-
npeunn npoguan 16 u 14 ot aeraitansanmonHaTta mpexa.V.1.3.10.
Morunaara l'oasama Apcenaaka. Kpusu Ha CbIpOTUBAEHUETO IO Ha-
npeunnu npoduan 13 un 12 ot getaiansanoHHaTa MpeXKa.

V.1.3.10. Mornaara l'oasima Apcenaaka. Kpusu Ha cbIpOTUBAEHMETO IO
HarpeuHy npoduan 13 u 12 ot getaiiansariMoHHaTa MpeKa.

V.1.3.11. Mornaara I'oasama Apcenaaka. Kpusu Ha ChbIPOTHBAEHMETO IO
HarpeuHy mpoduan 11 n 9 or geraiansarmoHHaTa MpeKa.

V.1.3.12. 'poGHuniara 8 Mornaara l'oasima Apcenaaxka.

V.1.4.1. AtpoBa moruaa npu lllnnka. TpumepHo nsoOpa keHne Ha U3Mepe-
HOTO ChbIIpoTuBAeHMe npu n=1 (a) u n=3 ().

V.1.4.2. Kpeninaara B ATbOBa MOTHMAA.
V.1.5.1. Mornaara Csernja nipu Ilnrxka.

V.1.5.2. Mornaara Cserunia. Kapt Ha IpuBMAHOTO CHIIPOTUBACHME PN
n=1 (a), n=3 (0) u n=5 (B).

V.1.5.3. Mornaara Cpetuna. Kpusu Ha 1M3MepeHOTO CBIIPOTUBAEHNE IIO
npo¢pua 200g, pegosu nsmepsanms (a) u HBEC (0).

V.1.5.4. Mornaara Csetunia. /lByMepeH MHBePCHOHEH MO/eA Ha eAeKTpuye-
CKOTO ChIIpoTuBAeHue 1o npodua 200g.

V.1.5.5. I'poObT 11 321aTHaTa Macka oT Mmoruaara Cseruua.
V.2.1.1. Mommuna mornaa nipu c. bpara Jdackaaosn.

V.2.1.2. Momuna mornaa. Kaptu Ha nsmMepeHOTO NpUBUAHO €AeKTPUIECKO
cprpotusAenne npu n=1 (a) u n=3 (6).

V.2.1.3. Momuna mornza. Kapra Ha u3MepeHOTO IIPUBUAHO €AeKTPUIECKO
CBIIPOTUBAEHME IIPU N=).

V.2.1.4. Momuna moruaa. /lByMepeH NHBEPCHOHEH MOAeA Ha ChbIIPOTUBAE-
HyeTo 11o npodua 208-8g.

V.2.1.5. MomuHa Mornaa. /lByMepHI MHBEPCHOHHU MOAeAN MO IpopUAN
200+1, 200 1 192g.

V.2.1.6. Momunna mormnaa. /lByMepHI MHBEPCUOHHI MOZJeAM 110 HallpeYH!
npoduan npes metpu 15, 14 n 11.

V.2.1.7. MomuHa moruaa. /JByMepHI MHBEPCUOHHU MOJAEAN IO IIpodpuan
264-64g n 248-48¢.

V.2.1.8. I'poOHuIaTta B MoMumHa moruaa.

V.2.2.1. Unramkara moruaa npu c. bparsa Jackaaosn.
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V.2.2.2. Unramkara Moruaa. Kaptu Ha n3amMepeHOTO IPUBUAHO eAeKTpude-
cKo cpIrpoTuBaeHue npu n=1 (a) u n=3 (0).

V.2.2.3. Unramkara Mornaa. Kaptu Ha namepeHOTO NPUBUAHO eAeKTpuJe-
CKO ChbIIPOTUBAeHMe Ipu n=b.

V.2.2.4. UnramkaTta Moruaa. VIHBepcmoHHI MOAeAM Ha ChbIIPOTUBAEHUETO
rio npogpuan 290-90g u 250-50g.

V.2.2.5. Unramkara moruaa. Viasepcnonen mogea o mnpogua 200g.

V.2.2.6. Unramkara Mmoruaa. ViHpepcroHHn Mogean 1o HanpedHu npodu-
an 3-V ipes metpu 10, 8 1 6.

V.2.2.7. I'padpuuHa AOKyMeHTalusl Ha pe3yATaTuUTe OT pasKolkute Ha Yu-
TaIlIKaTa MOTMAA.

V.2.3.1. Kapakouosa mormnaa 1nipu c. bparsa Jdackaaosn.

V.2.3.2. Kapakouosa mornaa. Kaptu Ha u3MepeHOTO HIPUBUAHO eAeKTpude-
cko cpripoTuBaenne n=1 (a), n=3 (6) n n=5 ().

V.2.3.3. KapakoyoBa moruaa. ViuBepcronnn mozean Ha CbIIPOTUBAEHUETO
o npopuan 15 n 12.

V.2.3.4. Kaagara n mornakara Hag Hes B KapakoyoBa mormaa.

V.2.4.1. Mormnaa 1 mpu c. I'panut (a) 1 KaMEHHOTO CTPYIIBaHe AOCTUTHATO OT
umansipure (0).

V.2.4.2. Mornaa 1 npu c. I'panur. Kaptit Ha 13MepeHOTO IIPUBUAHO €/1eK-
Tpu4decko cprporusaeHne n=1 (a), n=3 (0).

V.2.4.3. Mornaa 1 npu c. I'panur. Kaptit Ha 13MepeHOTO IIPUBUAHO €1eK-

TPpUYECKO CHIIPOTUBAEHNE N=5 (a) 1 BepTUKaAHNS MarHUTEH Tpajvie-
HT (0).

V.2.4.4. Moruaa 1 ipu c. I'panut. VIHBepcMOHHM MOAeAN Ha CbIPOTHUBAe-
Hueto 1o npoduan 160-360g 1 200-0g.

V.2.4.5. Mornaa 1 npu c. I'panut. VInBepcoHHM MOJAeAN Ha CbIIPOTUBAE-
Hueto 1o npoduan 300-100g, 275-75g n 250-50g.

V.2.4.6. Mornaa 1 ipu c. I'panut. Kpusn Ha BepTuKaAHMA I'paJeHT Ha Mar-
HUTHOTO 110 1ipodpuan 0 (a) 1 -5 (O).
V.2.5.1. Mornaa 2 npu c. I'pannr.

V.2.5.2. Mornaa 2 npu c. I'panur. Kaptit Ha 13MepeHOTO IIPUBUAHO €1eK-
Tpu4decko cbrportusaeHne n=1 (a), n=3 (0).

V.2.5.3. Mornaa 2 npu c. I'panur. Moruaa 2 nipu c. I'panur. Kaptu na us-
MepeHOTO IIPUBUAHO eAeKTPUYeCKO ChbIIpOTUBAeHMe N=5 (a) 1 BepTu-
Ka/HIs MarHUTeH rpaaueHT (O).

V.2.5.4. Moruaa 2 nipu c. I'panut. VIHBepcMOHHM MOAeAN Ha CbIPOTHUBAe-
Hueto 1o npoduan 320-120g, 300-100g, 270-70g n 200-0g.
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V.2.4.6. Mornaa 2 npu c. I'pannt. Kpnsu Ha BepTUKaAHUA IpasyieHT Ha Mar-
HUTHOTO 110 ntpoduan 200-0g 1 300-100g.

V.3.1.1. Morunaa 1 npu c. Kadbnae.

V.3.1.2. Mornaa 1 npu c. Kabnae. Kapti Ha 13MepeHOTO NIPUBUAHO eAeK-
TpU4Yecko cbpoTusAeHne npu n=1 (a) u n=3 (0).

V.3.1.3. Mornaa 1 nipu c. Kabnae. Kaptu Ha n3aMepeHOTO IPUBUAHO e4eK-
TPpUYECKO CBIIPOTUBAEHNe IIpY N=5 (&) ¥ BepTUKaAHS MarHUTEH rpa-
AveHT (0).

V.3.1.4. Mornaa 1 nipu c. Kabuae. VinpepconHu MogeAan Ha ChIIPOTHUBAe-
Hueto 1o npoguan 200-0g n 150-350g.

V.3.1.5. Morunaa 1 ipu c. Kabnae. Kpusn Ha uaMepeHns: MarHUTeH Irpajue-
HT, IIOAMHOMBT OT 4-Ta CTeIleH X OCTaThYHOTO I104e 110 mpodua 0.

V.3.1.6. Mornaa 1 npu c. Kabuae. Kpusu Ha naMepeHns1 MarHuTeH rpajue-
HT, IOAMHOMBT OT 4-Ta CTelleH M OCTaThYHOTO I104e 1o npoduan -3
nl.

V.3.1.7. Morunaa 1 npu c. Kabuae. Kpusnu Ha nsmepeHns: MarHuTeH rpaau-
€HT, IOAMHOMBT OT 4-Ta CTelleH U OCTaThbYHOTO I104e I10 mpodua 5
IIpe3 MarHUTHaTa aHOMaANs B JOTOM3TOYHATa 4acT Ha MOrmAaTa.

V.3.1.8. Mornaa 1 npu c. Kabnuae. [1aan na apxeoaorudyeckure CTpyKTypu
PasKpUTU IpU Pa3KOIIKUTE.

V.3.1.9. Mornaa 1 npu c. Kabnae. Kaptu Ha pedyarature OT HOAMHOMHATA
perpecus o BCMUKI JaHHU OT M3MepBaHIATA (a) 1 Ha OCTaTBUYHOTO
MarHuTHO 1104¢€ (0).

V.3.2.1. Mornaa 2 npu c. Kabnae.

V.3.2.2. Mornaa 2 npu c. Kabuae. Kaptu Ha u3MepeHOTO NIPUBUAHO eAeK-
TpUYecKo cbIpoTusAeHne npu n=1 (a) u n=3 (6).

V.3.2.3. Moruaa 2. Kapra Ha n3MepeHOTO IIPUBUAHO €AeKTPUIeCKO ChIIPO-
TUBAEHME TIpU N=5.

V.3.2.4. Mornaa 2. VIHBepCMOHHI MOJ€eAY Ha ChIIPOTVBAEHIETO 110 IIpodu-
am 340-140g, 280-80g 1 200-0g.

V.4.1.1. Mornaa 1 npu c. Kpymrape 1 rpo6sT OTKPUT B Hesl.

V.4.1.2. Mornaa 1 npu c. Kpymape. Kaptn Ha 13MepeHOTO IpUBUAHO e4AeK-
TpHU4Yecko cblpoTusaeHne npu n=1 (a) u n=3 (0).

V.4.1.3. Moruaa 1. KapTa Ha n3MepeHOTO ONPUBUAHO €A€KTPUYECKO ChIIPO-
TUBAEHME IIPpU N=5.

V.4.1.4. Mornaa 1. VIHBepcroHHM MOAeAN Ha ChIIPOTHBAEHMETO 10 IIpodu-
an 200-0g n 152-352g.

V.4.2.1. Moruaa 2 mpu c. Kpymape.
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V.4.2.2. Mornaa 2 npu c. Kpymape. Kaptu Ha 13MepeHOTO NPUBUAHO €4€eK-
TpUYecKo cbhlipoTusAeHne npu n=1 (a) u n=3 (0).

V.4.2.3. Mornaa 2. Kapra Ha n3MepeHOTO IIPUBUAHO €AeKTPUIeCKO ChIIPO-
TUBAEHNe IIpU N=5.

V.4.2.4. Mornaa 2. VIHBepCMOHHI MOJeAY Ha ChIIPOTHBAEHIETO 110 ITpodu-
an 188g 1 184g nmpes aHOMaAuMATa B I0>KHaTa Ilepudepns Ha MOTuAa-
Ta (a 1 B — cxeMa lllatombepike, 6 —TpueaeKTpoaHa cxema).

V.4.2.5. Mornaa 2. VlHBepcrOHHI MOJeAN Ha CBIIPOTHBAEHIETO 0 IIpodu-
an 2, 0 u -2 nepueHAuKyAapHu Ha 11p. 188g.

V.4.3.1. Mornaa 3 mpu c. Kpymape.

V.4.3.2. Moruaa 3. Kapti Ha n3MepeHOTO NPUBUAHO €AeKTPUIECKO ChIIPO-
TuBAeHue npu n=1 (a) u n=3 (O).
V.4.3.3. Mornaa 3. Kapra Ha n3MepeHOTO IIPUBUAHO €AeKTPUIeCKO ChIIPO-

TUBAEHNe IIpU N=5.

V.4.3.4. Mornaa 3. VIHBepCcOHHN MOJ€eAY Ha ChIIPOTHBAEHIETO 10 IIpodpu-
an 200-0g, 300-100g 1 320-120g.

V.5.1.1. Moruaara npu c. Onaxa — usraeg (a) u naat (0) mpeau paskoIKu-
Te.

V.5.1.2. Mornaara npu c. Onaka. I l1anbT Ha MOTHAaTa (a) 1 KapTa Ha U3Me-
PeHOTO IIPUBUAHO CHIIpOTUBAeHUe ITpu n=1 (O).

V.5.1.3. Mornaara nipu ¢. Ontaka. Kaptu Ha n3aMepeHOTO NpUBUAHO CBIIPO-
TuBAeHne npu n=2 (a) u n=3 (O).

V.5.1.4. Mornaata nipu c. Onaka. Kaptu Ha M3MepeHOTO IPUBUAHO CHIIPO-
TuBAeHne npu n=4 (a) u n=5 (0).

V.5.1.5. Mornaara npu c. Onaka. Kapti Ha nusmMepeHOTO IPUBUAHO CBIIPO-
TUBAeHNe IIpu n=6 (a) 1 n=7 (0).

V.5.1.6. Mornaara nipu c. Onaka. Peayaratit OT AByMepHOTO MHBEPCUOHHO

Mogeanpase 1o mpoduan 0-3.

V.5.1.7. Mornaara npu c. Onaxka. Pesyaratu oT AByMe@pHOTO MHBEPCUOHHO
MogeAypaHe 1o npoduan 4-7.

V.5.1.8. Mornaara nipu c. Onaka. Pesyaratut oT AByMepHOTO MHBEPCHMOHHO
MogeAnpaHe 1o npoduan 8-11.

V.5.1.9. Mornaara npu c¢. Onaka. Pesyaratu OT AByMe@pHOTO MHBEPCUOHHO
Mozeaupase 1o rnpopuan 12-15.

V.5.1.10. Mornaara npu c. Onaxka. Pesyatat oT AByMepHOTO MHBEPCHOHHO
MozeAaupaHe 1o rnpopuan 16-19.

V.5.1.11. Mornaara nipu c. Onaka. Pesyarat oT 4ByMepHOTO MHBEPCUOHHO
Mogeanpase 110 npodnan 20-23.
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V.5.1.12. Mornaara nipu c. Onaka. Pesyaratt oT 4ByMepHOTO MHBEPCUOHHO
MogeAnpaHe 110 mpodnanu 24-26.

V.5.1.13. Morunaara nipu c. Onaka. Xopu3oHTaAHI pa3pe3y Ha ChbIIPOTUB.e-
HIETO 3a pa3ANYHU AbAOOYMHN IOAy4eH! Bb3 OCHOBA Ha TPUMEPHO-
TO MHBEPCUOHHO MOJeAlpaHe.

V.5.1.14. Morunaara nipu c. Onaka. Beptukaanm paspesn Ha CbIIpOTUBAEHU-
€TO IOAYyYeHU Bb3 OCHOBA Ha TPMMEPHOTO MHBEPCUOHHO MOJAeAnpa-
He.

V.5.1.15. Morunaara nipu c. Onaka. Beptukaanm paspesnu Ha CbIIpOTUBAEHU-
€TO IT0AY4YeH!U Bb3 OCHOBA Ha TPMMEPHOTO MHBEPCHOHHO MOJeAlnpa-
He.

V.5.1.16. Mornaara nipu c. Onaka. TpumepHn Mogean Ha CbIIPOTUBAEHIE-
TO IO TPUMeP HOTO MHBEPCUOHHO MOJeAupaHe.

V.5.1.17. Mornaara npu c. Onaka. TpumepHu Mogean Ha CbIIPOTUBAEHe-
TO IO TPMMEPHOTO MHBEPCHOHHO MOJeANPaHe.

V.5.1.18. Mornaara nipu c. Onaka. Paskpurara apxeoaormndyecka cuTyanus
Moruaara rnpu Onaka (a) 1 rpod Nel c mornakara Hag Hero (0).

V.6.1.1. Moruaa 1 npu c. Berpuine.

V.6.1.2. Moruaa 1 nnpu c. Berpuine. Kaptu Ha u3MepeHOTO IPpUBUAHO €AeK-
TpU4Yecko cblpoTusAeHne npu n=1 (a) u n=3 (0).

V.6.1.3. Moruaa 1 mpu c. Berpuie. Kapra Ha namMmepeHOTO IPUBUAHO €4€K-
TPpUYECKO CHIIPOTUBAEHNEe IpU h=5.

V.6.1.4. Moruaa 1 ipu c. Berpume. VBepcrtoHHn Moaean Ha ChLIIPOTHBAE-
Hueto 1o npoduan 250-50g, 200-0g n 180-380g.

V.6.2.1. Mornaa 2 npu c. Berpue.
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V.5.1.12. Mound at the village of Opaka. Results of the two dimensional
inverse modelling along traverses 24-26.

V.5.1.13. Mound at the village of Opaka. Horizontal slices of resistivity for
different depths based on the results of the three dimensional inverse
modelling.

V.5.1.14. Mound at the village of Opaka. Vertical sections of resistivity based
on the results of the three dimensional inverse modelling.

XXX

p. 311

p. 312
p- 313

p. 314

p- 315

p- 316

p. 317

p. 318

p- 319

p- 320

p. 321

p. 322

p. 323

p- 324

p- 325

p- 326

p. 327

p. 328

p. 329



V.5.1.15. Mound at the village of Opaka. Vertical sections of resistivity based
on the results of the three dimensional inverse modelling.

V.5.1.16. Mound at the village of Opaka. 3D representation of resistivity
based on the results of the three dimensional inverse modelling.

V.5.1.17. Mound at the village of Opaka. 3D representation of resistivity
based on the results of the three dimensional inverse modelling.

V.5.1.18. Mound at the village of Opaka. The archaeological situation
revealed in the mound at Opaka (a) and grave no. 1 with the primary
mound above it (0).

V.6.1.1. Mound 1 at the village of Vetrishte.

V.4.1.2. Mound 1 at the village of Vetrishte. Maps of the measured apparent
electrical resistivity at n=1 (a) and n=3 (0).

V.4.1.3. Mound 1 at the village of Vetrishte. Map of the measured apparent
electrical resistivity at n=5.

V.4.1.4. Mound 1 at the village of Vetrishte. Inverse models of resistivity
along traverses 250-508, 200-08 and 180-380¢.

V.6.1.1. Mound 2 at the village of Vetrishte.

V.6.1.2. Mound 2 at the village of Vetrishte. Maps of the measured apparent
electrical resistivity at n=1 (a) and n=3 (0).

V.6.1.3. Mound 2 at the village of Vetrishte. Map of the measured apparent
electrical resistivity at n=5.

V.6.1.4. Mound 2 at the village of Vetrishte. Inverse models of resistivity
along traverses 100-3008, 80-2808, 40-2408 and 30-2308.

V.7.1a. Mound VI at the village of Gorsko Ablanovo.

V.7.16. Grave constructions in the mound VI at the village of Gorsko
Ablanovo.

V.7.2. Mound VI at the village of Gorsko Ablanovo. Map of the vertical
gradient of magnetic field.

V.7.3. Mound VI at the village of Gorsko Ablanovo. Curves of the measured
vertical gradient of magnetic field and polynomial fit of 1-st and 2-nd
degree of these values along traverses 20 and19.
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BBBEJJEHUE

bbpsoro paszBuTie Ha 4YOBEUECTBOTO B pe3yATaT Ha Hay4yHO-TeXHMYECKMU: IIporpec
AaBa CBOETO OTpa’keHNe B HeM30e>KHOTO HapylllaBaHe Ha OKOAHaTa cpeda. B cbmoro Bpe-
Me, BCAeACTBME Ha eCTeCTBeHM IIpoIiecy, IIOUBEHMAT CAOM HapacTBa IIOCTeIIeHHO I roAsMa
4acT OT apXeoA0TMYecKITe OCTaHK!, Bce Ollle 3aras3eH! OT IIAyroBeTe Ha TeXXKUTe CeACKO-
CTOITAHCKM MaIIIHMU, ,, [IOThBAT” BCE MO-AHbA0OKO B 3eMsTa. Te3u sIBAeHUS AOTUYIHO U3UAC-
KBaT pa3dpabOTBaHeTO Ha e(PeKTUBHU MeTOAM 3a AOKyMEeHTIpaHe I OIla3BaHe Ha KyATyp-
HO-MICTOPMYECKOTO HacAeACTBO IIpeAt TO Oe3Bb3BpaTHO Aa ObJe YHUIIIOXKEeHO AN 3aryOe-
HO, KOeTO IIOCTaBs C HapacTBallla Cyi/la HOBU IIpeAU3BUKaTeACTBa IIpe/, apXeoA0rn4ecKuTe
nscaeapanus. B Topa oTHOIIeHMe, €4HO OT HayYHUTE HaIlpaBAeHNs, KOeTO Bede HAKOAKO
AeCeTIAeTHsI ce M3I10A3Ba B IIOMOII] Ha apXe0A0TUsITa, € IIpIAoXKHaTa reogusnka. IIpeasa-
pUTEAHOTO reopU3NIHO POyIBaHe OBP30 U C MAAKO CpeACTBa MOXe Ja IIOKpie OO PHU
I0mn n Aa Aade lieHHa MHpopMamus 3a 11eay o0ekty nam dactu ot Tsax. [Ipu Tosa, TO
MO>Ke yCIIeIITHO Ja IIPOTHO3Mpa XapaKTepUCTUKNTe Ha orpebaHNTe IaMeTHUIIM, Taka Je
apxeoA03uTe Ja IAaHupaT IIpeABapuUTeAHO Pa3KOIIKUTe Ci, KaKTO (PMHAHCOBO, TaKa I Me-
TOAMYECKH, C OTAe/ Ha TSIXHOTO Hall-epeKTUBHO ITposekaHe. VI 40KaTo, 110 HaIThAHO 00eK-
TUBHU IIPUYMHY, apXeoAorndeckaTa MeToAMKa e KOHCepBaTlBHa, reopusnyHaTa MeTOAMKa
U TeXHMKa B I10CAeJHITe TOAVHM Oele’KaT HeMOBePHO pa3BUTIe, CBbP3aHO C MHOBAIIMITe
B 004acTTa Ha eAeKTPOHMKAaTa 11 KOMIIOTbpHaTa TeXHIKa.

CpriHocTTa Ha TeOPU3NYHUTE U3CAeABaHIS Ce ChCTON B percTpupaHe Ha Iorpedanm
CTPYKTypM Bb3 OCHOBA Ha HallpaBeH! Ha 3eMHaTa IIOBbPXHOCT M3MepBaHI:l Ha eCTeCTBeH!
1AV U3KYCTBEHO Ch3aadeHn ¢puanaHm noaera’. [I[ponsxoqbT u mpoMeHnTe BbB BpeMeToO I
IIPOCTPaHCTBOTO Ha eCTeCTBeHNUTe 3eMHM (PU3NJIHM I101eTa ca IpegMeT Ha raobaaHaTa re-
odpusuka. [Ipnaoxnara reopusnka ce 3aHUMaBa C U3ydaBaHe CTpoesKa Ha 3eMsATa U Thpce-
HeTO Ha I1o4e3Hu uskornaemu. [TopeyeTo reopuanaHm METOAM U3IOA3BaHN JHEC 3a apXeo-
AOTHYECKN 11eAM ca pa3paboTeHN MbpBOHAYaAHO 3a HY>KAUTe Ha IpoyJyBaTeAHaTa 1 MHXKe-
HepHata reoaorus. VI goxaTto 6azosure pusnyecky IPpUHIUIIN ca eAHU U CBIIY, MaaKaTa
AbA0OUYNHA, ChyeTaHa C OTHOCUTEAHO MaAKNUTe pa3Mepy Ha apXeoAOTMIecKITe CTPYKTYpU
ca eAUH TecT 3a 3aKOHUTe Ha ¢pU3MKaTa 40 TPAHMUIM, C KOUTO “HOpMaaHuTe” TeoPU3NIU
ps14KO ce Haaara ga ce cboOpassBart. VzcaeapaHeTo Ha Te3V KOHKpeTHU IIpoOaeMu e J0Be-
20 A0 pa3BUTHETO Ha e4Ha ITOA-AVNCIINIIAYHA HapUJaHa JHeC “apXxeoAornyecka reopusu-
Ka”. BCchIIHOCT, KaTO CMICHA, TEPMUHBT ChBITaja C aHTAMIICKOTO CA0BOChUeTaHMe IITIIPOKO
BB3IpueTo B EBpora 3a nmpuaara"etro Ha reodpusmkara B apxeoaorusara — “archaeological
prospection” (apxeoaornuecka npocnekiiys). B CAII n Kanaga 061KHOBEHO ce 1311043Ba

1 ®u3nyHOTO I104€ e TaKaBa 4acT OT IPOCTPAHCTBOTO, BCsAKA TOYKa OT KOSATO MOXKe Ja ce XapaKTepu3n-
pa cbc CTOIHOCTTA Ha HsiKakBa pusnuna searanHa (Gribbin 1998, 138). Tumnuanm npuMepu B TOBa OTHOIIIEHIIE
ca rpaBUTAIIMOHHOTO, MarHUTHOTO 1 TOILAMHHOTO I10/€ Ha 3eMATa. Eana 400pe mmo3HaTa U M3BeCTHa Ha BCUYKM
MAIOCTpaIus 3a U3KYCTBEHO Ch3daleHo (PU3NYHO I101€ ca eAeKTPOMarHUTHUTe BhAHU U3ABIBAHU OT Pajuo U
TeAeBU3VMOHHUTE IIpejaBaTeAu AU MOOUAHNTE TeAePOHI.
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TepMUHBT “remote sensing” (4MCTaHIIMOHHM METOAM), BKAIOYBAIl], KaKTO Ha3eMHaTa reo-
¢pusuka, Taka 1 Bb34yIIHaTa 1 CII'bTHUKOBaTa potorpadus. B cbiioTo Bpeme B mocaegHuTe
roaunn B EBpomna, a u B cBeTa, TepPMUHBT ,, AVICTAHIIMOHHN MeToAn”, CbBCeM AOTUYHO, 3a-
II0YHa Ja ce HaJara caMo 3a oDO3HayaBaHe Ha M3CAeABaHIATa U3BbPIIBaHU OT AeTaTeAH!
cpeAcTBa.

Or apyra crpaHa, apxeoaorndeckara reopusmka e 4yacT oT egHa OOIIMpHa HaydHa
AVICIIUTIAVHA - apxeoMeTpusTa. [locaeagnara mpeacraBasBa M3110A3BaHETO Ha TOYHUTE Ha-
VKM 3a IJeANTe Ha apXeoAOTHs:ATa I ce OIlMCBa OOMKHOBEHO KaTo AMCIIUIIAMHATA, 3aHMaBa-
ITja ce ¢ KOAMYECTBEHOTO XapaKTepu3upaHe Ha aHTUIHY TpeAMeTH 1 Itportecu (Artoli 2010,
1). ApxeomeTpusiTa MMa HIKOAKO TOAE€MMI AsAa: QaHAANU3 — XUMUIHI U PU3NIHU METOAM 3a
aHaAM3 Ha apTeakTy ¥ OTTYK Bb3CTaHOBsIBaHe Ha TEXHOAOIMTA Ha IIPOU3BOACTBO U Thp-
CeHe Ha M3TOYHMITNUTE Ha CYPOBUHIL; JaTHpaHe Ha apTedakTy (paillOBbrA€pOAHO, TEPMO-
AYMMHICIIEHTHO, apXeOMarH!THO 1 T. H.); MaTeMaTu4eckKll MeToA Ha aHaAN3; IPUAOKHa
reopusnka. 3a pazauka oT IbPBUTE TPU BUJa M3CAeABaHNs, TeOPUNIHNITE Ca eAHCTBe-
HIITEe, KOUTO IIPeAXOKAaT apXe0A0TIecKITe pa3KOIIKY, a He ce 3aHIMaBarT C apTeakTuTe,
1 BpOOIIe ¢ nHPpopManuATa, A00UTH Ipu IposexkAaHero nM. ETo 3amo, B Hayaa0To Ha
90-Te roguay Ha XX B. apxeoaorndeckara reopusmka ce OTaeAy KaTo Hall'bAHO CAaMOCTOsI-
TeaHa agucuniianHa. KpacHopeuns 3Hak 3a TOBa OTAeAsIHe e IIpoBeXKgaHeTo npe3 1995 r. na
ITbpBata MeXXayHapoaHa KOH(epeHIIs 10 apXeoAorndyecka reopusinka, IrocieasaHa rnpes
ABe TOAMHM OT Beuye OIlle OCeM, KaKTO U 3all0YHaA0TO Ja m3am3a npes 1996 r. cnmcanne
Archaeological Prospection (Aspinal, Gaffney, Conyers 2008).

[TnpokoTo HaBAM3aHe Ha TeOPU3NIHUTE U3CAeABaHIS B apXeoA0TMsTa ce AbAXKI Ha
HAKO/AKO OOeKTUBHU ITPUYMHN:

Te ca abcoa10THO HeAeCTPYKTMBHU. 3a pa3AMKa OT apXeoA0rMIecKuTe pa3KOIIKN, KO-
UTO MHOTO YeCTO pa3pyIllaBaT 0e3pb3BpaTHO 0OeKTa Ha CBOeTO 13caeBaHe, reo(pU3NIHOTO
IIpOy4YBaHe 10 HMKaKbB Ha4MH He HapylllaBa 11e40CTTa Ha apXe0A0TMYeCcKUTe ITaMeTHUIIN.

He BuHaru e Bb3MOJKHO, a IIOHJKOTA € U HelleAeChoOpasHO, eAVH apXe0AOTHIeCKN
00eKT Aa Obae HaITbAHO IIPOYUYEH C apXe0A0TndecKy paskonkn. Hampumep B rpaacku map-
KOBe I APYIY OOIIeCTBeHU MecCTa, AU IIPU CIIaCUTeAHU Pa3KOIIKU IO MHPPaCTPyKTYPHA
1poekTn. B Tesn cayuan reopusmaHNTe IPOYIBaHNS HE CAMO MOrarT, HO AOPU € IIPernopb-
4UTeAHO, Aa OOXBaHAT II0-TOAeMU OT IIpeABUAeHUTe 3a Pa3KOIKM yJacThIIN.

l'eodpusmannTe METOAM Ca UBKAIOUUTEAHO eeKTUBHI. 3a KpaTKO BpeMe U C MaaKO
cpeAcTBa Morar ga ObJaT IIPOy4YeHM MHOIO TOAeMM I1AOIIIN.

Pesyaratute MoraT ga ObJaT I10A3BaHIU B TeUeHMe Ha IOAVIHM, KaTO apXeoAo3UTe
MaT Bb3MOXKHOCTTa IpegBapUTeAHO Aa IlAaHMpaT PasKOIKUTe CI.

KopekTHOCTTa Ha HalTpaBeHNTe reOPpU3NIHY IIPOTHO3M BUHAIY MOKe 4a ObAe ITpoBe-
peHa upe3 pyTUHHITE apXeoA0TMYeCcK! MeTOAN — apXe0AOTMYeCcK) pa3KOIIKM (COHAAXKN).

OcobeHo BUAMMO e pa3BUTHETO Ha apXeoJorndeckara reopusamka rpes rnocaejHure
ABe-TpU JeceTuAeTus, KOraTo Ts ce HaJAOXM B CBeTOBeH Malllad KaTo HeJeAMMa 4acT OT
IIpolieca Ha I0AeBUTe apXeoAornmdecku nscaeapanns. O0IIUTe TPy0Be 10 TeMara, odaue,
BCe ollje ca eAMHMIIN, KaTO OOMKHOBEHO OTpa3sBaT HMBOTO, KOETO e JOCTUTHATO B 3arag-
Ha Eppora. MscToTo Ha apxeoaorndeckaTta reopusnka B ObArapckata apXeoAOorusl ChITO
MOXKe Ja ce cuuTa 3a yTBbpaeHo. JoKaagBaHi ca Bede peAnIia IpUMepH OT IIPOyJIBaHIs Ha
oraeann odektu B boarapus. Cpea TaX Hail-MHOTOOPOVIHM ¥ IIPUMHOCHY Ca IIPOYYBaHIUATa
Ha HaArpoOHM moruan. B cpmoro speme, obmmTe MscaeaBaHus, AMCKyTUpaIu IPUAO-
JKeHIEeTO Ha reopusuKaTa I 0COOEHOCTUTE IIPpY IPOyYBaHe Ha pa3AMYHIU BUAOBe OOeKTHU B
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B’B/ll"ap]/lf[ ANUTICBAT. BC’BH_[HOCT, Ma HY6AI/IKYB&1HI/I caMoO AaBe KpaTKI/I CTaTnm, KaTo 11ocaea-
Hata e oT npean 28 roaunu (Pagkos 1966, fnes u ap. 1983)%. Te obaue, ocseH ye ca Oes-
Kpaf/lHO OCTape/lI/I, pa3me>1<,4aT HO—CKOpO TeOpeTI/I‘IHI/ITe BB3MOJKHOCTU 3a M3II0OA3BAHETO
Ha HJIKOIM OT reO(l)I/ISI/I‘IHI/ITe MeToAM, KaTO OTAeAST MACTO U Ha HpO6A€MI/I oT OpFaHI/ISaHI/I-
OHEH I TEXHIMYEeCKI xapaKTep. B ChIITOTO BpeMe HanynaHaTa 6338 AaHHU OT HpOY‘IBaHI/I}ITa
Ha Ha,ZI,l“pO6HI/I MOTIMIAN T1I03BOAsIBa da Ce HaHpaBI/I e4AHO O606LL[€HI/I€ B"bpxy MeTOoaAnKaTa Ha
TSIAXHOTO HpquBaHe. Ome I10BEe4Ye, ue HY6AI/IKaLU/H/ITe 3a HO,ZI,O6HI/I r[pquBaHM;[ B CBE€TOBEH
Marrab ca OCKbAHH, KaTO B 0000IUTEeAHUTE TPYAOBE BbPXY apXeoAorndeckaTa reopusuka
MOTMANTE OTCHhCTBAT KaTO ITOTEeHIIMaldeH O6eKT Ha n3caedBaHe.

LleanTe riocTaBeH 1peJ HaCTOSIIOTO M3CAeABaHe ca HAKOAKO:

1. Aa ce HampaBu mperae/ Ha MCTOPMsATa U ChbCTOSAHMETO Ha TeOPU3NIHUTE U3CAe]-
BaHIs Ha apXeoAornmdyecku obektu B bbarapus u ga ce chbIocTaBu C TAXHOTO pasBUTHE B
EBpora un cBera.

2. Jla ce HamlpaBu KpUTUYHA OIleHKa 3a Bb3MO>KHOCTHTE Ha pa3ANYHUTE BIAOBE Teo-
$u3NuHNM MeTOAM IPU MPNUAATaHETO UM B apXeoAOTIusTa U C IpUMepn Ja ce 4eMOHCTPU-
paT IpeuMyIecTsaTa Ha KOMILAeKca OT TeOMarHUTHO U eAeKTPOChIIPOTUBUTEAHO KapTu-
paHe 1 AByMepHa U TpUMepPHa eAeKTPOChIIPOTUBUTEAHA TOMOTpadIsl IIPU IPOYIBAHETO
Ha pa3ANYHU TUIIOBE apXe0A0IMIecKy OOeKTH.

3. Ja ce obocHOBe epeKTMBHa MeTOAMKA 3a Hall-ITbAHOIIEHHO IIpOy4YBaHe Ha eHU OT
Half-aTpaKTMBHUTe ITaMeTHUIIU 110 HaIlliTe 3eMU OT APeBHOCTTa — TPaKUIICKITe HaArpoo-
HJ MOTVAM U C IPUMEPHU 4a Ce AeMOHCTPUpAT pe3yATaTuTe OT IIpUAaraHeTo .

3a rocTuraHe Ha IIOCTaBeHUTe I1eAy Oellle HEOOXOAMMO Ja ce pellaT HAKOAKO 3aja-
g

1. Aa ce cbbepaT HaaMuHNUTE ITyOAMKYBaHM IIpUMeEPH 3a TeOPU3NIHI ITPOyIBaHIUs B
bbarapms, KakTo 1 OCHOBHITE TaKuBa OT BOAEIINTe B TOBa OTHOIIIeHNEe CTPaHI.

2. Jla ce pasraeaart TeOpeTMYHUTE Bb3MOKHOCTU U IIpUMepHUTe OT IPUAOKEHNEeTO Ha
pasAndHNTe TeoPU3NYHN METOAY IIPY IIPOyYBaHe Ha apXe0AOTMIeCK) OOeKTI.

3. Ja ce aHaAM3UparT IpOyIBaHMATA C OCHOBHIUTE reO(PU3NIHI METOAM — TeOMarHnuT-
HIIS M €AeKTPOCBIIPOTUBUTEAHN S Ha Pa3ANdHM 00eKT! OT bbarapus kato pesyataTture ce
CpaBH:AT C Te3! OT IPOBeAeHIUTe apXe0A0IMuecK) pasKOIKM I, 10 TO3M HaulH, Aa ce Hallpa-
BII OIleHKa Ha e(peKTUBHOCTTA M.

4. /la ce pasraejar 1 aHaAU3UpPaT BB3MOXKHO Hall-TOAAM Opoil ITyOAMKYBaH!U U HEITy-
OAMKyBaHU IIpUMepH 3a reoPU3NIHN ITPOYIBAHU Ha TPAKMUIICKM HAATPOOHM MOTUAM OT
bbarapus, xakro 1 Ha TakMBa OT IpOyYBaHMsATa Ha HAATPOOHU MOTUAN OT APYTU Kpauira
Ha cBeTa.

5. Ala ce HaTIpaBU IIperle Ha TPaKUIICKUTe MOTUAN OT (popMaaHa riejHa TOUKa, KakK-
TO U Ha BUAOBEeTe TPOOHU U APYTU KOHCTPYKIIMM, KOUTO Ce CpeliaT 1104 MOTMAHUTE HacK-
m.

6. Upes MogeaHM n3uncaeHns (pelraBaHe Ha IIpaBaTa 3ajada Ha reopusukaTa) Aa ce
OIIeHAT TeOPeTUYHNTe Bb3MOYXKHOCTU M OTPaHMYeHNs] Ha OCHOBHUTE re0(PU3NYHN MeTOAN
— €4eKTPOCBHIIPOTUBUTEAHNS U1 TEOMarHUTHIS IIPY PeTUCTPUPaHeTO Ha pa3AMYHY IPOOHU

2 Craruara Ha Asryctus [TeTkos ,, ApxeoMeTpus — OIlle e4Ha apXxeoAorndecka MHTePAUCIIUIIAMHAPHA
Hayka” (ITetkos 1994) e npekaieHO KpaTKa I HeA00pe CTPYKTypMUpaHa, 3a 4a MOXKe Ja 0OXBaHe II'bAHOLIEHHO
TemarTa, Ha KOSITO e TIOCBeTeHa.
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CHOPBIKEHN.

7. Jla ce IpeAa0>XK1 KOMILAeKCHa MeTOAMKa 3a IIpOBe’KaHe Ha IIPOoydYBaHIATa Ha Tpa-
KUIICKM MOTUAMN.

8. Aa ce aHaAm3upar IMpOydBaHNUATa Ha BB3MOXKHO Hall-TOASIM OpOIl MOTMAM, KaTo
pe3yATaTuTe Ce CpaBHAT C Te3U OT U3BDLPIIEHUTE apXeOAOTMYECKM Pa3KOIIKM U IO TO3U
Ha4lH Ja ce HaIIpaBM OlleHKa 3a e)eKTMBHOCTTA Ha IIpeAA0>KeHaTa MeTOAMKa.

Tepurtopuaanute 1 BpeMeBU paMKI Ha IIpOy4YBaHUTe OOEKTH ca OCTaBeH) OTBOPEHI.
Tosa ce 4bA>X11 OCHOBHO Ha (aKTa, ye reopU3UKBT He MOXKe ANYIHO Aa U301pa, KbAe U KOU
00eKTI) Aa U3CAeABa, a TOBa ce IIpaBy Bb3 OCHOBA Ha AMYHATA ITIpelleHKa Ha ChOTBETHUTE BO-
Aemu apxeoao3n. OT gpyra cTpaHa, IIpe3 II0CAeHIUTe TOAVHY OCHOBHITE OOeKTHU IIpegMeT
Ha reo(pM3NIHO ITpOyYBaHe ca BbB BPBh3Ka ChC CIIaCUTeAHNUTE Pa3KOIKM IO MHPPACTPYK-
TypHuTe npoekTu. T. e., Te ca cbcpea0TOYeHM TaM, KbAE€TO B MOMEHTa Abp>KaBaTa 1AM YyacT-
HI MTHBECTUTOPU MMaT HaMepeHIe 4a CTPOAT, IIPYU KOeTO BEPOATHOCTTA 4a Ce 3acerHe O0eKT
OT paHHIS HEOAUT, HAIIPUMep, UAM OT KbCHaTa aHTUYHOCT € e4Ha U ChIlia.

Apxeoaornyeckara reopusuka nma sede Haz 60 roaninHa ucrtopus. B brarapust Tasn
Hay4yHa AVCIMIIAMHA e BCe OIlle B Ha4a/A0TO Ha CBOeTO Pa3BIUTHe, HO IIOCTV>KeHUsATa B OIIpe-
AeaeHM 00AacTy ca 3HauMMU 1 HoBaTopckn. HacrosioTo n3caessane npupexaa oObarap-
CKITE JOCTVKeHIsI B YHIMCOH ChC CBETOBHUTE IIPaKTUKU U IIpeAlara e4gHa HOBa OpUIMHaA-
Ha MeToAMKa B cepa, KOATO He e pa3dpabOTeHa OT CBeTOBHaTa apxeoAorndecka reopuanka
— IpoyuyBaHMsTa Ha HaArpoOHu moruan. Tosa ompeaeas akTyaaHOCTTa Ha IpeJAaraHius
AVICepTalVIOHEeH TPYA.



I. TOABA U PASBUTUE HA APXEOJIOTMYECKATA TEOOU3UKA

I. 1. B EBPOITA 1 CBETA, KATO L5110

ITbpBOTO AOKYMEHTHpPaHO reo(pU3NYHO IPOyYBaHe Ha apXeoA0rnMdecky ODeKT e M3-
BbpiIeHo Ha 3 HoeMBpu 1938 B Yuaamcoepr, Bupaxunnsa (CAI) ot kanaackusa reopusuk
Mapx Maaam¢u. Toit npuaara eqHa ,uHTepecHa” MoAMpUKaLNs Ha eAeKTPOChIIPOTUBH-
TeAHMS METO/ C 1lea ThpCeHe Ha OCTaHKM OT CBOJa Ha IIpealiolaraeMa 3aTpyraHa IbpPKBa.
B nnpoyuenns yuactbk Masamdu perucrpupa eqHa 30Ha € HOBUILIEHU CHIIPOTUBAECHIS, 3a
KOSTO IIpeAIoAara, 4e e IIpeAus3BuKaHa OT ThPCEeHIS CBOA, HO € 40CTa BHUMAaTeAeH B 3BO-
AUTE CU, KaTO OTOeAs13Ba, Ye aHOMaANsATa MOXKe 4a € Pe3yATar U OT €CTeCTBeHM M3MeHeHIs
B cpegata. [locaeaBaanTte paskonky He OTKpUBAT HUKAKBJ OCTaHKI, KOUTO Aa OOSACHSAT pe-
rucTpupanara anomaans. Ileraecer roaunm mo-xbcHo busbH, M311043BaliKit MHOTO I10-MO-
AepHa TexXHIKa, PerCTpUpa Ha ChIJOTO MACTO HOA00Ha CbIIPOTUBUTEAHA aHOMAAMNS, KOsI-
TO Ce OKa3Ba Ipeu3BMKaHa OT MaAbK T€0A0XKKU cMyTuTea (,4’K00”, 3arrbaHeH ¢ Gpocuan
Ha PaKOBIHI), pa3lloA0XeH Ha Aba0ounHa 4 M (Bevan 2000).

U soxato nscaeapanmsATa Ha Mapk Masamdu B YuasMcoObpr Morar Ja ce CaMTaT 3a
ITbPBUTE CHUCTEeMaTUYHM IIPOyYBaHUs, TO 0e3 CbMHeHMe, OHe3M, KOUTO OCTaBAT CBOs OT-
IIe4aThK BbPXy HPUAOKEHNeTO Ha reopU3MIHNITE METOAU B apXeoAOIu:ATa, ca eAeKTpo-
CBHIIPOTUBUTEAHUTE IIpoyuBaHus Ha Prruapa ATknchH Ha Jopyectsp Ha Temsa ot 1946 1. C
B3eT Ha 3aeM OT KOMIIaHM 3a I'bTHO CTPOUTEeACTBO eAeKTpOChIIpoTuBUTeAeH ypes (Megger
Earth Tester) n nanoassaiiku eaeKTpoaHa cxeMa Benep, Toi1 ycrsiBa g4a odepTae poBa OKOA0
eaHo HeoAnTHO ceantre (Gaffney, Gather 2003, 16). BcpiiHocT, TOBa € 1 TbPBUST IpUMEP
3a M3I1013BaHeTO Ha reopu3uKarta 3a CllaCUTeAH! apXeoA0IMYecKy IIpOoy4YBaHIsl, Thil KaTo
IIPeKUAT II0BOJ 3a TO3U eKCIIepUMeHT e IlIAaHMpaHaTa Kapuepa 3a 400MB Ha MHePTHU Ma-
TepuaAu B parioHa.

YenenmHuaT onut Ha ATKUCBHH M3KyIllaBa MHOTO apxeoao3u B EBporia ga mpoOsaT
€4eKTPOCBIIPOTUBUTEAHN IIPOYyYBaHUs KaTO Ha4lH 3a IIPOBeKJaHe Ha yCIeITH! Pa3KoIl-
KIA.

CaeapamuAT TAachbK B Pa3BUTHETO Ha TeOPU3NYHUTE MPOYYBAHMS € U3II0A3BaHeTO
B 1958 r. Ha e4MH TOKY IO KOHCTPYMPaH yped, IPOTOHHMAT MarHUTOMETED, 3a ThpCeHe
Ha KepaMMYHI IIeIy B OKOAHOCTUTE Ha PUMCKMS rpag Durobrivae BbB Bpb3Ka C pasmiu-
pennero Ha marucrpadaara Al, ornoso B Anrams (Clark 1990, 16). B pesyartaTt Ha camoTto
rpoyusaHe Maptun EifTKeH perncrpupa MHOXKeCTBO aHOMaAUM Ha MarHUTHOTO I104e. 3a
HEroBO y4uy/BaHe caMo e/Ha OT aHOMaANuTe e IIpe4u3BIKaHa OT eIl 3a KepaMuka. l'oasama
9acT OT OCTaHaAUTe aHOMaAUM ce OKa3BaT IpeAN3BUKaHN OT OOMKHOBEHY OOKAYYHM M.
Bebmnoct, anoMaanmuTe IpeAn3BUKaHN OT Te3M SIMM HaMMpaT CBOeTO OOsICHeHNUe C eANH
IIpollec Ha IOBMINIaBaHe Ha MarHUTHUTe CBOJCTBA Ha ITOYBMTE, OIMCaH OYKBaAHO HAKOAKO
roAViHN Ipeau ToBa oT Le Borgne (1955).

PesyaTaTure mocTurHaTyi ¢ HOBSI MAarHUTOMETLP BegHara IOCTaBsAT MeTOAa KaTo BO-
Aelll IIpU M3CAeABaHeTO Ha apXeoAormyecku oOeKTu. bbpps m aecen 3a msroassaHe, Thil
KaTo He M3JCKBa KOHTAKT ChC 3eMHaTa IIOBbPXHOCT, MarHUTOMETbPBT PeruCcTpupa roasMa
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4acT OT CTPYKTYypHUTe, KOUTO ca pe3yATaT OT YOBeIlIKaTa AeMHOCT B APeBHOCTTa.

B Vtaans B TOBa BpeMe, ChIIIO Ce CAYIBAT BaXKHM CHOUTIS, KOUTO IIfe OKa>kaT CBOETO
BAVMSAHNIE BbPXY pPa3BUTIETO Ha reopU3NIHNUTEe IIPOYYBaHMs B apxeoaorusrta. B 1954 r. ce
OCHOBaBa CeKIuATa 10 apxeoJorndyecka npocreknus (Sezione Prospezioni Archologiche)
KbM (poHganma JAeprun Ha MmaaHckara moAnTexHuka. B Havaaoto mmx. Jdepuan ce 3a-
HIIMaBa OCHOBHO ¢ aepo¢ororpadupane 1 eAeKTPOChIIPOTUBUTEAHU U3CAABAHNA C 11ea
ThpCeHe Ha HeoTrpaOeHM eTPyCKM IpOOHUIIN OT paitoHuTe Ha Yepsetepu 1 TapkBuHUS, KO-
UTO B TOBa BpeMe ca 0OeKT Ha 3acuaeHa nManspcka aertHocT (Lerici 1955; Lerici 1958; Lerici
1961). Aepuun n Kapabean n3BbpIIBaT 1 U3CAeABaHNS 3a ThpCeHe Ha TaKlBa I'POOHUIIN C
npuaaraHe Ha cemdMnuHmsA metod (Ppantos, [Inukesna 1966). B mocaeacrsue, moa pbKo-
BOACTBOTO Ha Pryapa AvHNUITHH, poHganus Jdepudn ce mpeBpbilla BB BOAeIl] IIeHThP Ha
apxeoJormyeckaTa reopu3anka, 3aHIMMaBalll ce C IPOy4YBaHM: U OKa3BaHe Ha MeToAudecKa
IIOMOII] B MHOTO CTpaH! OT U3TOYHa 1 3antagHa Espora. ITpes 1964 1. poHganmsaTa craptu-
pa Kypc 11o o0y4yeHIe Ha CIIelIaACTy B Ta3y 001acT, a oT 1966 r. 3arousa 1 U34aBaHeTO Ha
crenyaAn3upaHoTo cuucanue Prospezioni Archeologiche.

HavazoTo Ha npuaaraHeto Ha reopU3MIHNUTE METOAM B apXeoA0rusATa B 3allajHa
I'epmanns e nocraseHo ot ‘bpsun Ckoaap B 1959 1. Toit 3arousa pa3paboTBaHeTO Ha aB-
TOMaTU3UPaHM CUCTeMU 3a eAeKTPOChIIPOTUBUTEAH 3MepPBaHNsA U e IIMOHep B M3II0A3-
BaHeTO Ha KOMITIOTPUTe 3a ChbXpaHeHle I MaTeMaTuyecka oOpaOoTKa Ha M3MepBaHUATA.
Ckoaap pa3paboTsa 11 COOCTBEH IIPOTOHEH TPaAiOMeTDbP C I1e1 eAMIUHIpaHe Ha AHeBHUTe
U APYTU eCTeCTBeHM BapMalii Ha 3eMHOTO MarHuTHO noae (Zikgraf 1999, 71).

[ericerre roanny Ha 20-TH BeK ca BpeMeTO, KOTraTo ce MOSBABAT HAKOM MHOTO BasKHI
TeXHU4Yecky HoBosbBegeHns. ber Paad or Llenrnpa sa nmpuaosxkna nayka koM [lencuapan-
CKIs1 YHUBEPCUTET pa3paboTBa 1 3a HPHB II'BT IIpKAara ONTUYHO-abcoOpOLMOHeH MarHUTO-
MeTbp IpHU MpOydYBaHMsTa Ha ApeBHOTpbIKMs rpas Cubapuc B Mrtaaus. o ceioro pe-
Me 3aro4yBa U M3I10A3BaHeTO Ha IbpBUTe PAYKCIeNT IrpaguoMeTpu paspadboreHn ot /J>K0H
Aagpea n OPpank Puarnor. I1o-BucokaTa CKOpoCT Ha M3MepBaHe U O-BIICOKaTa M TOYHOCT
TU IIPaBAT IBPBOCTEIIEHHN YpeAU 3a IPUAOXKeHNe B apXeoAOTUsATa, M3MeCTBaiKu Obp30
HaaoXXuAnTe ce Bede mpotoHHy Marautometpu (Clark 1990, 19-20).

ITo ceimoro Bpeme B I'apiin, @pannms ce cb3gasa LIeHTHp BT 3a reopusnaHm nscaea-
saHus (Centre de Recherches Géophysiques de Garchy) xbm ®@peHckaTa akageMs Ha Ha-
ykute (CNRS). OcHoBHuTe gericTBamm aniia B Hero ca Aa0ep Ec (Albert Hesse) n Aaen
Taba (Alain Tabbagh), konTo ce HacouBaT OCHOBHO KbM Pa3BUTUETO U PUAOKEHNETO Ha
eAeKTPOMarHuTHUTe MeTOAN 3a 3cAeaBaHe Ha apxeoaormndecku ooekTu. OcBeH TOBa, ¢ 11e4
OBp30TO IIOKpMBaHe Ha rOAeMH ILA0IIIY, Te pa3paboTBaT MeXaHU3MPaHU eAeKTPOChIIPOTU-
BUTEAHM M3MepBaTeAHM CUCTeMI MOHTUPaH Ha MaAKU TPaKTOPHU, KOUTO I10 CBOsITaA ChIIl-
HOCT Ca HaITbAHO IIPOTUBOIIOAOKH) Ha aHTAUIICKIS CTPeMeX KbM AeKOTa M IIOPTaTUBHOCT
(Clark 1990, 26; Zikgraf 1999, 74-75).

B crpanure ot I3Touna Espona reopusnaHnTe METOAM CBHIO HaBAM3AT B apXe010-
rusta. 3a 6msmms ChBETCKU ChIO3 3aAbAKUTEAHO TpsiOBa Aa ce oTOeAexku paborara Ha
I'puropuit @Ppanrtos u AaGept [InHKeBIY, KOUTO ITpuAarat reopU3NIHNTE METOAV OIIle OT
kpas Ha 50-te rogunn. Te 3a IpBB BT YCIIEITHO M3I10A3BaT METOAA Ha IpeAu3BIKaHaTa
roAspu3alisl 3a OTKpMBaHe Ha OTHMIIA U CTPYIIBaHUS Ha AbpBeHU Bbramina (PpaHTos,
[Tynkesny 1966, 84-91). Cnerpnaano BHMMaHUE 3acAy’kKaBa ga ce OTAeAl Ha IpyllaTa KbM
Mucruryra 3a ncropms Ha matepuaanara Kyarypa (VIVMIMK), nonacrosmem Viactutyt no
apxeoaorus u ernoaorus (VIAE), na [loackata akagemusa Ha Haykute. Olje OT Ha4aA0TO
Ha 60-Te rogunu exuirsT B cberas Kmmmod Jadposcku, Boityex Cronmucku n Esa Crym-
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HUIIKA M3BBPIIBA €AeKTPOCBIIPOTUBUTEAHN VI TEOMArHUTHU ITPOYYBaHMSI Ha MHO>KeCTBO
00ekTH, KakTo B IToamta, Taka 1 3a4 rpanmiia, BkaounteaHo u 5 boarapus. ITo-tosa Bpeme
AeMHOCTTa M e B TsACHa Bpb3Ka ¢ ¢poHAanus Adepudn, KaTO MHOTO 4eCTO IIpOy4YBaHMATA
(0cobeHO reOMarHUTHIUTE) ca 104, IIPSIKOTO MeTOANMIECKO PBKOBOACTBO Ha Pryapa AvHuHT-
TOH. AKTMBHAaTa pabOTa Ha IIOACKITe reopU3ULIN IpogbaAkasa 1 pes 70-Te 1 80-Te roAHNI
Beue 110/ PbKOBOACTBOTO Ha 400pus npusTea Ha bparapus fuex ITpiensocao (Misievicz
2002). OcobeHo c1AHO BIleYaTAeHNMe IIPpaBsAT MMPOKOMallaOHUTe eAeKTPOChIIPOTUBUTEA-
HI U1 TEOMaTHUTHU IIPOYYBaHNA Ha peauiia 00ekTy B Erurer, Kouto crapTupar B Ha9a10TO
Ha 80-Te TOAMHM Ha MMHaANA BeK U IIpoAbAKasaT u 40 AHec (Herbich 2003).

Passutnero Ha apxeoaorndeckara reopusuka npes 70-te 1 Hayaaoto Ha 80-Te roau-
HI Ha 20-Ti Bek e OeAs13aHO OT M3BecTeH 3acToil. To3m 3acToii e ocobeHo BuANM Ha $poHa
Ha OypHOTO pa3BUTME Ha METOAUTe 3a JaTupaHe U aHaAu3 Ha apredaktu (Gafney, Gater
2003, 19). OcobeHno nokasareaeH B TOBa OTHOIIIEHNe e pa3llaldbT Ha IrpynaTa Ha Jdepuun u
AuHnrToH B VTaans u cimpaseTto nipes 1974 1. Ha crimcanneTo Prospezioni Archeologiche.
EaHO oT 0OsicHeHMATa Ha TOBa sABA€HIE € B AOCTUTHATOTO MPOQECHOHAAHO U TEXHIIECKO
HIBO, KOETO Ce Hy>KJae OT HOBU CTUMYAM U IIOCTVKeHNs, 3a 4a MOXKe Ja ce pa3Bue B HOBO
kagectso. OT Agpyra cTpaHa, BCBIIHOCT, II'bPBUAT eTam (40 Kpas Ha 60-Te roAMHU) B pa3BuU-
THETO Ha apxeo/A0rmJeckaTta reousnka e CBbp3aH He TOAKOBa C OCMIUCAEHUTE HYXAM, a
OTTaM U AeMCTBIS, Ha IPaKTUKYBaIlITe apXe0A03H, KOAKO C yCUANATa Ha MaAbK Opoli eH-
Tycnasupanu nuoHepu. He Ha mocaeaHo MsACTO, IpUyMHa 3a TO3M 3aCTOM e, Ye HaAMJHUTe
ypeAn, a OTTaM M caMUTe IIpOydBaHILs, ca BCe Ollle MHOTO CKbIIM 11 OaBHU I He MOraT Aa OT-
TOBOPST Ha HY>KAMTe Ha apXeoA031Te OT KapTUPpaHeTO Ha T0AeMI I1A0IIM 3a KpaTKO BpeMe.
OcseH TOBa, ITIOpagu AMUIICaTa Ha Bce OIle A0CTaTbYHO HaTpyIlaH OIIUT, YecTo ce IIpuaarar
HeII0AXOAAIIN 38 KOHKPeTHIUTEe YCAOBIMS TEXHUKI U, OTTaM, ce IoAy4daBaT AOIIU UAU TPYA-
HI 3a MHTepIIpeTanus pesyataTu. B cpioro sBpeme, 70-Te TogMHM ca IepUOADBT, KOTaTo 3a-
II0YBaT OIIUTUTE 3a IPUAOKEHNe Ha TeopM3NKaTa B HOBY CTPaHM, IIPeMMYIIIeCTBeHO B 13-
TouHo EBpora, kato HannpuMep, brarapus (Bux 1.2 mo-g04y), Yarapus (Pattantyus 1986) n
ousiure sede Yexocaosakus (Tirpak 1983), AP (bexep 1980) u IOrocaasusa (Music 1999).

Caea cpeaata Ha 80-Te roguuu Ha 20-T11 BeK apXeoaormndyeckara reopuanKa OTHOBO ce
Bb3paxkAa. Tosa, OT eaHa cTpaHa, e CBbp3aHO C HOBOBbBeAeHNsATa B 001acTTa Ha e AeKTPOHNU-
KaTa M MUKPOKOMITIOTbpHaTa TexHnka. Hagaaoto Ha To31 eTamn 1o e4uH MHOTO ecTeCTBeH
Ha4lH e MapKIpaHo C e4HO CIlelnaAHo u3jaHne Ha crucaHnetro Geophysics (51, 3, 1986)
IIOCBETEHO M3IIAA0 Ha apxeoJornyecKara Ipocrekius. Toa e BpeMeTo, KOraTo ce IOsIBsI-
BaT I'bPBUTeE, IIpejHa3HadeH! 3a MacoBa yrorpebda, ¢padpmuunu ypean. B Anrans, Haopu-
Mep, 3artousa padota pupmata Geoscan Research, kosTO ITponssexxaa pe3snuCTUBUMETPU I
paykcreint rpaguomMeTpy, pejHasHaueH! CIeLMaAHO 3a IPUAOXKEHNE B apXeoAOoTVATa.
3arousaTr OINUTHUTE 3a IIpJAaraHe Ha I10CAeAHOTO TeXHINYeCKO HOBOBbBeAeHIe B MHKeHep-
HaTa reoaorus — reopadapsT. OT Apyra cTpaHa, apXeoA031Te OCh3HaBaT, de reopr3ayKaTa
MOe Ja ce M3I0A3Ba He caMo 3a ThbpCceHe Ha OTAeAHM eIy AU IIpocaeAsBaHe Ha CTeHN,
HO MOXe Ja Aaje He3aMeHIMa MHPOpMaAIM 3a Pa3BUTIIETO B APEBHOCTTA HA I1€AV CeAVI-
111, I'pajo0Be AU arA0Mepalny B OOIIMPHN palloHN, KOUTO, TaKa AV MHade, HUKOTa HAMa
Aa Morar ga ObAarT I10CTHO IIPOYYeHH C apXeoA0TrdecKy pa3konky. OcobeHo IokazaTe-
HO B TOBa OTHOIIEHUe e NMy0AMuKysaHeTo npe3 1992 r. na coopnuka ,, Geoprospection and
the Archaeological Landscape” (Spoerry 1992), B xoeTo ca pasraeganu Bb3MOXKHOCTUTE Ha
CbBpeMeHHaTa reopusyKa 3a pelllaBaHeTO Ha Hail-pa3HOOOpa3HM apXeoA0rMyecKu 3aja-
gn. [Tpes 1996 r. 3anousa 1 n3gaBaHeTo Ha CrieliMaAu3MpaHoTo crmcanne , Archaeological
Prospection”, mocseTeHO e4MHCTBEHO Ha Pa3BUTUETO U IIPUAOKEHMETO Ha TeOPU3NIHIUTE
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MeTOAM B apxeoAorusita. BrooOie, 90-te roaunn Ha 20-T11 Bek ca Oeas3aHU c Oe3rpelieeHT-
HOTO KoAm4decTBo npoyuenn ooektu (Gaffney, Gather 2003, 23). Hancrmna, mosedeTo oT Ts1x
ca BBB BpPb3Ka CbC CIIaCUTEAHM apXe0AOTMYecK! Pa3KOIKM 10 MHPPaCTPyKTYPHU IIPOeK-
. Te u3uCKBaT OT reoPU3NIHNUTE U3CAeABaHNA Aa ca Obp3U, eBTUHU U MHPOPMATUBHI.
ToBa Hazara yCchbBbpIlIeHCTBAHETO Hali-Bedye Ha MeTOANTe 3a Obp30 KapTupaHe Ha ILAOLIN
— FeOMarHUTHISA U €AeKTPOCBIIPOTUBUTeAH:. VI3IT0A3BaHNTe ypeAr Beue UMaT AV PeKTHa
Bpb3Ka C MOPTAaTUBHM KOMIIOTPHU, U3IOA3BAT C€ MOOMAHU U MYATUCEH3OPHU CUCTEMU U
GPS nHaBuraius, HeMOBEPHO pa3BUTHe OeaekaT U IporpaMuTe 3a KOMIIIOTbpHa oOpa-
OoTKa 1 IIpeJcTaBsiHe Ha pe3yATaTUTe OT U3MepBaHUsATa.

Tosa OypHO passuTie mIpoAbakaBa 1 B Hauaa0To Ha 21-u Bek. [loHacTosIIEM B pas-
BUTHUTE eBPOIIeIICKU AbP>KaBU U B APYTUTE YacTy Ha CBeTa, KbAeTO PabOTAT TeXHU eKcIle-
AUV, apXe0A0IMYecKUTe pa3KOIIK!, KaTo IIpaBIA0, He 3allouBaTt 0e3 IpeABapuUTeAHO Te-
opM3NYHO MpoydBaHe. B MHOTO cTpaHn reopuU3NIHNTE U3CAeABaHNS Ca MHTEIpalHa JyacT
OT TepeHHITe apXe0A0TMYeCcKITe IIpOydBaHus, KaTo IIpeAcTaBAaBaT e4Ha PyTUHHA U AOPU
M3MCKBaHa OT ChOTBETHITE IIpaBUAHNIIN ITponieaypa (Schmidt 2001; Jones 2008).

EaHO HaraeaHO A0Ka3aTeACTBO 3a HapacTHaJaTa poAs Ha apXeoJorndyeckara reopu-
31Ka e Ch3/4aBaHeTo KbM peAnIia BOAeIV YHUBePCUTeT) 1 HayYH) MHCTUTYLIMY Ha MOIITHA
Hay4yHI 3BeHa C roAsM M3CAe40BaTeACK! ChCTaB KaTo AabopatopusTa 110 ,Archaeological
Prospection - Shallow Geophysics”? kbm yaUBepcureTa 8 bpagdpopa, prrosogena ot Kpuc
l'adpum n ¢ yuactuero Ha Apyru Bodemiy anraniicku yaenn (Apmus Imut, ApHoag Acnin-
Haa, JAxoH l'eittep 1 Poaxsp Yoakbp); pproBogeHuAT ot Boadranr Hrobayep ,Ludwig
Boltzmann Institute for Archaeological Prospection and Virtual Archaeology” B ApcTpn*
nan pokosogenara or Crepano Kammana ,Laboratory of landscape archaeology and
remote sensing” kbM yHmMBepcuteTa B Crena, VMraans’. Pasmmpssa ce u reorpadusrta Ha
apxeoaornyeckara reodpusuka. ITogobno na tesu B 3anagna Espona ca cb3gagenu u aa-
6oparopun B I'pums — ppkosogenara ot Aniocroaoc Capuc ,,Laboratory of Geophysical -
Satellite Remote Sensing and Archaeo-environment”® xsm VHcTHUTYTA 3a Cpeau3eMHOMOP-
CKI M3cAeABaHNs Ha ocTpoB Kput, kakTo 1 KbM yHusepcureta B Vsmup, Typous — ,Center
For Near Surface Geophysics and Archaeological Prospection””, ppkosoden ot Mycrada
Apaxop.

Pasutnero Ha apxeoaornyeckaTa reopusnka Ipes rocaeAHNTe HAKOAKO geceTiie-
TUS HaA0KIIXa Ta3y AMCIIUIIAMHA KaTo eAHa MHTerpalHa 9acT OT apXeoAOTMIeCcKITe IIpo-
yusaHms. [IpenmsHocTTa Ha M3II0A3BaHaTa alapaTypa, MeToAuKaTa Ha IIpoBeXKJaHe Ha
I10A€eBUTe U3MepBaHIsI, KaKTO U IIPOrpaMHUTe IPOAYKTH 3a 00paboTKa Ha JaHHUTe ca Ha
HIBO, OTTOBapIIIO HAIThbAHO Ha Hy>KANTe Ha apXeoA03UTe 3a IT0Ay4JaBaHe Ha Obp3a U eBTH-
Ha IIpeABapuTeaHa nHGOpMaINs 3a U3cleaBaHnuTe ooekTu. Bogemara poas, 5 Tosa oTHO-
IIIeHI1e, Ha TEOMarHUTHIUS U eAeKTPOChIIPOTUBUTEAHNS METO/ MOXKe 4a ce CuMTa 3a 00III0-
npueta. brpsoro passuTne Ha cucreMure 3a rao00aaHo nosuumonupane (GPS) u nnrerpu-
paHeTo UM KbM reopU3MIHUTE CHCTEMM, MOXe Aa AOBeje 40 OIlle II0-TOASIMO YCKOpeHue
Ha IIpolleca Ha I10AeBITe U3MepBaHIs, Thil KaTo OTIIaja HeoOXOAMMOCTTa OT II0AaraHe Ha
reoJesnyHa Mpexka. VanoassaHeTo Ha IIoCAeAHUTEe HOBOCTU B TeXHUKaTa KaTO MHOIOKa-

http://www.bradford.ac.uk/archenvi/
http://archpro.lbe.ac.at/
http://www.lapetlab.it/
http://www.ims.forth.er]
http://www.deu.edu.tr]
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Ha/ZHUTE Pe3UCTUBUMETPHU U TeopajapuTe ¢ MyATUYECTOTHM aHTEeHM M Hali-Bede Ha MHO-
roceH30pHMTe PAYKCreiT, onTnaHo-adbcopoumonan u SQUID marHuToMeTpy, MO3B0AsBa
oI1ie Ho-ObP30TO KapTHUpaHe Ha MHOTO roAeMM IIA0IIN — OT MOpsiAbKa Ha CTOTULI U AOPU
xuasau gexkapy OT cBOs cTpaHa, TOBa HeM30eKHO BOAM A0 Bb3MOXKHOCTTA 3a JepuHUpa-
He Ha IIPMHIIMITHO HOBU 3ajaull, KaKTo IIpes reopuU3UINTe, TaKa U IIpes apXeoA03uTe, a
JMIMEHHO — IIpeMIHaBaHeTO OT PerMCTpUpaHeToO Ha aHOMaANI UAY IIPOyYBaHeTO Ha OTAeA-
HII ceauIlia KbM YCTaHOBsIBaHe Ha IIPOCTpaHCTBeHaTa 1 BpeMeBa Bpb3Ka MeXAy pa3ANdHI-
Te KOMIIOHeHTU Ha IleAM arAoMepaniuy HaceAeHU B APeBHOCTTa, KaKTO M Bb3CTaHOBsJBaHe
Ha eJeMeHTUTe Ha Iladeocpejara, B KOSITO Te ca ce pa3pusaau (Campana, Piro 2009).

I. 2. CbCTOSIHUE HA ITPOYUBAHUSITA B BbAT'APUISA

ITopBuTe reopusmMIHM MPOYIBAHMS Ha apXeoAornyeckn ob6ektu 5 boarapus ca ms-
BBPIIEHN OT HOACKI reodpusuk Boituex Cronmuckn. Mesxay 1962 n 1965 1. TOi1 M3BBpIIBa
€4eKTPOCHIIPOTUBUTEAHN U TEOMarHUTHU M3MepBaHs Ha CpeAHOBEeKOBHIs OOeKT IIpH C.
Crppmen, Pycencko 1 Ha ocranknTe oT pumckus rpaj Hose kpait Ceuios. 3a cbhxaaeHne
pesyATaTuTe OT IIPOyYBaHU:ATa He ca y0AuKyBaHH. B 11y0AmKyBaHNUTe apXeoA0Tn4ecky oT-
4JeTy OT pa3KOIIKUTe CHIIIO He e AaJeHa HIKakBa MHpopMals 3a Teau mpoyusanms (Hensel
1970; Majewski 1970). EanHcTBeHO 11O KOCBeHU AaHHU MOXKe Ja ce CbAM, e 3a eAeKTpo-
CBIPOTUBUTEAHUTE M3MepBaHNs e U3I0A3BaHa eAeKTpoJHa cxema Benep, a reomaruuTHu-
Te M3MepBaHNs ca U3BLPIIeHN ¢ IpoToHeH MarauToMeTwp (Lenkiewicz, Stopinski 1969).

ITpe3 1963 r. exun Ha uraananckata gpoHganus depudm U3BLPIIBA OINUTHO-METO-
AVIMHY €AeKTPOCBIIPOTUBUTEAHN ¥ TeOMarHUTHY IPOYYBaHMs Ha HAKOAKO moruan B Ka-
saHabIKo (Fondazione Lerici 1963). Eana roanna no-kbcHo Pagu Pagkos, nipeniogasartea
B Kateapa Ilpuaosxkna reopusuka Ha OuBIIMs Bede Bucin MMHHO-TEOAOXKKMSA MHCTUTYT
(anec Munno-reoaoxku yausepcureT — MI'Y) 8 Codus, cienimaansupa b poHganus Jle-
pranu B Muaano. B pesyarar B brarapus uzansa mbpsata 0030pHa CcTaTus IOCBeTeHa Ha
BB3MOKHOCTHUTE Ha reopU3NIHNUTe MeToAM B apxeoaorusTa (Paaxos 1966).

ITpes 1971 r. ca M3BBpIIIeHN U ITbPBUTE TeOPU3UIHU IIPOYIBaHIUS OT OBATapPCKU CITe-
nmnaanctu. Beceann fnes u VManan Kartescku nmposesxxgaT OIMTHO-METOAUYHM €AeKTpo-
CBIIPOTUBUTEAHN M3CAeABaHIUS IO MeToJa Ha KOMOMHUPAHOTO MpoduAMpaHe 3a peru-
CTpupaHe Ha OCTaHKM OT cTeH! BbB Beanku Ilpecaas (SInes, Katesckn 1972). CoimAr exni
npes 1974 uspbpiiisa 110-00IIMPHY CHIIPOTUBUTEAHN U3CAeABaHNs Ha IbpBaTa ObArapcKa
croanua Ilancka (SInes u ap. 1976). IIpes 1972 r. exunt or MI'Y 1iog, ppkoBoAcTBOTO Ha Bepa
VBanosa n Crariko IIniaa0s n3pbpIiisa ONUTHY €AeKTPUYHI M MarHUTHU U3CAeABaHMs
B M. Teketo kpaii c. Ceemapu (ITumaaos u ap. 1972). Ilpes caeasaiiia roauHa eAH roAsam
exur ot MI'Y ppkoBogen ot Paan Pagxos n3sbpIiiBa CbIIPOTUBUTEAHM Y MarHUTHU U3Mep-
BaHIs Ha IIIeCT MOTMAM OT HeKpomnoaa nipu Csemjapu. baarogapenne na pesyaraturte ot
reopu3NIHNTe U3cAeABaHIL IIpe3 1982 1. e oTKpuTa Beye CBETOBHOM3BECTHATa I'pOOHNIIA
B 'manua mornaa npu c. Csemapu. [Ipes 70-te roanHn Ha MuHaAaus: Bek VIBaH /kakos oT
I'eopusyranus naCTUTYT Ha BAH 13BBpIIIBa TEOMarHNTHY ITPOYyYBaHA HAa MOTUAN B paiio-
Ha Ha Crpeaua (/J>xakos 1978). I30poenuTe mo-rope nmeHa ca BCHIITHOCT IIMIOHEpUTE I10-
CTaBMAM OCHOBUTE Ha reo(pM3NYHNTe IIPOyYBaHIs: B apXxeoAorusTa y Hac. KakTo 1 B MHOTO
Apyru Abp>KaBu B EBpomna, Te3au TbpBM CTBHIIKM He ca pe3yATaTr OT OCh3HaTa HeOOXOAMMOCT
OT TaKlBa M3CAeABaHls Ha rodeMy IMpogecroHalAHN TPy, a ca 14104 Ha aMOuImuATa Ha
e/Ha Ireria eHTycuacTu. ETo 3a11o 1 Te3u bpBU CTBIIKM B HaUuaA0TO OCTaBaT Oe3 1ocaeo-



Hukona ToHkoB

BaTeAl.
Easa mipes 1981 r., BbB Bpb3Ka ¢ yectsaHeTo Ha 1300 rogumiHmnHarTa OT Chb34aBaHeTo Ha
Obarapckara Abp>kaBa, ce 3a0eAs3Ba HsKaKBa IIPOMsHA B OTHOIIIEHMETO Ha Abp>KaBaTa U
00111eCTBOTO KbM ITPOYYBaHETO Ha HETOBOTO MCTOPUUYECKO HacAeAcTso. EAuH ot uspasute
Ha Ta3y IIpOMsHa e IpOBeAeHNAT cbljata roauHa IIbpsy Hanmonaaen cumnosuym ,, Pu-
3UYHI METOAM 3a OTKpMBaHe, M3cAeABaHe U Olla3BaHe Ha IIaMeTHMUIIMTe Ha KyATypaTta”.
EAvHMAT OT maeHapHUTE A0KAaau e CbC 3araasue , I'eodpusmanm metoau B apxeoaorusra”
(“IneB n ap. 1983). B Hero ca oyepTaH! OCHOBHUTE MPOOAEMU U HACOKM 3a MPUAOXKeH!e-
TO Ha reo0(pU3NYHUTE METOAU B apXxeoAorusiTa B bbarapus, Kato ca IpeiaoskKeH! HAKOU
CTBIIKM 3a paspelllaBaHeTo M. B ceknusara ,,OTkpuBaHe U gaTUpaHe Ha IIaMeTHMUIIM Ha
KyATypaTa” ca ImpeJcTaBeHM olIlle 0010 cegeM reopU3nIHM J0KAala, HO caMo ABa OT TsX
ca HamctuHa croriHocTHU (KaTteBckm m ap. 1983; Asaes u ap. 1983). Tosu daxT oTpasssa
U3KAIOUNTEeAHOTO M30CTaBaHe Ha ObArapckaTa apxeoA0rus U reopuanka OT J0CTUTHATOTO
HIBO B pa3BUTUTe CTpaHM B EBpoIla, BKAIOYMTEAHO OT roAsMa 4acT OT OMBIINMTe COllua-
AVCTIYeCKM cTpaHn. Bebinoct, B HayaaoTo Ha 80-Te TOAMHM Ha MMHAANS BeK BhoOIIle He
MOKe Ja ce TOBOPU 3a TaKOBa ITOHATHE KaTo ,0bArapcka apxeoaorndecka reopusmka”.

IIpes cpiara 1981 r. xpM Jaboparopusra 1o reotexunka Ha BAH e cp3gasena Ja-
DopatopusTa 3a MHCTPYMeHTaAHM MeTOAM B TeoTexHuKaTa 1 apxeoaorusaTa (AVIMI'A). 3a
PBKOBOAMTEA Ha Aa00opaTOpuATa e Ha3HaueH ITOKOMHMAT Beye Hukoaa Vlaes, eaus ot rbp-
BUTe CIIeIMaANCTI 110 reopu3uKa U TreoTexHuka B bbarapus, a 3a 3aBexxJall ,apXeoA0ru-
yeckoTO” HanpapaeHne — Vausan Katescky, mmoHep u eHTycmnacT B IIpuJaraHeTo Ha reo-
¢usuunnTe Meroau B apxeoaorusara. [lo-kbcHO KbM aabopaTopusiTa ca Ha3HadeHU TOKY
10 3aBbPIINANUTE MAaTMCTPU 110 NpuAoxHa reopusuka Bacua Koncrantunos n Hukoaa
Tonkos. 3a IpbB BT TeOPU3NIIM MOTaAT Aa HacOYaT OCHOBHATA YacT OT YCUAMITa CU 3a pas-
paboTBaHe 1 yChbBbPIIIEHCTBaHe Ha MeTOAMKaTa 1 TeXHIKaTa Ha IIpOy4YBaHe Ha apXeoA0I-
gecky o0ekTu. VI pesyaratute He 3akbcHABAT. [locTenieHHO, 3a MHOTO OT ITpaKTUKyBaIUTe
apxe01031 reo(pPU3NYHNTE METOAN CTaBaT HeJeAMMa JacT OT camaTa TeXHOAOTHs Ha apXxe-
oaormyeckute paskonku. [Tpes caeapamure geceTrHa ToAMHI Ca U3BbPIIEHN IPOYYBaHs
13 BCUYKM Kpauia Ha bbarapus, skarousamy Had 50 Tpakmiicku HagTpOOHM MOTUAU U
Hag 20 apyru apxeoaornmdecku 00eKTH - TpaloBe, ceAmIla, CBeTuANINa, Hekporoan. Ha
HAKOM OT TsAX reO(PU3MYHNTE IIPOyIBaHIs Ce U3BBPIIBAT B IPOAbAKeHNe Ha roAuHN. Taka
HaIpuMep B apxeoaormdeckns pezepsat CoopsHOBO mpu ceao Caellapy Te ce MpoBeKAaT
¢ Maaku npekbcBanmsA oT 1983 r. nacam. Ha emnopuon Inctupoc kpait Cenrremspu ce mpo-
BeXJaT B IpOAbAKeHNe Ha 04130 10 roguHm.

B pesyaTar Ha eeKTHMBHOTO M3II0A3BaHe Ha HOBUTe MHCTPYMEHTaAHM MeTOAU ca
OTKPUTU HAKOUM eMOAeMaTU4HM IaMeTHMIIM Ha ObArapckara apxeoAOIVs: IPOOHULIUTE
B Moruay Ne 12 u 13 ot pesepsara CoopsHoso (Katevski 1986; Katevski 1992; Katevski
1996), rpobHuUTe B Maakara mornaa u Ocrpyia ot Hekponoaa npu Ilnnka-IerHoBo
(Tonkos, Katepckn 1996; Tonkov 1996) n ap. Pesyarature ot geitnocrra Ha JAVIMI'A ca
IpeJcTaBeHM Ha MHOTO Hayuu (popyMU B CTpaHaTa U 4y>kKOmHa, Kato Hanpumep IInpsa-
Ta 1 Bropa IO>xHOeBpornericka koH(epeHus o apxeometpust (I'spums, 1984 un 1991 1.),
MeKayHapoaHaTa KoH(epennus ,Geoarchaeology of Tumuli in Ancient Europe” (Mraans,
1993 r.) n ap. Ilpes Tesu roaunn AVIMI'A ocbiiecTssaBa 1 IIOA30TBOPHO MeXKAYHapOAHO
CbTpyAHMYeCTBO. B mpoabakenne Ha 10 roguHM ce M3BBpIIBAT ChbBMECTHU M3CAeABaHIAs
¢ /labopaTopusita 3a IPUAOXKHU TeXHOAOTUHU B KyATypHOTO HacaeAcTso (Laboratorio per
le Technologie Applicate ai Beni Culturali) xbm VTaananckata akagemus Ha HayKUTe 110
npoekT Ha TeMa ,['eodpusuka u reoapxeosorus - AnennHo-0aakanuka”. Ilpoyusar ce ap-
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xeoaornyecku ooexktut B Mraans u boarapus, cpea KOUTO ca eAeKTpOChIPOTUBUTEAHN U
reoMarHuUTHU n3caedpanust Ha Mmorusdata Komo Porongo (Turco, Rizzo 1987) u neitauTe
oKoAHOCTU A0 rpad Kosenna n Ha apyru odektu B IOxnHa Vtaamsa n Cunmans, Kakto u
Ha Moruam ot Hekponoaa npu Csemapu. MHOTO II0A30TBOPHO € U ChbTPYAHMYECTBOTO C
reopusraHys eknil Ha fnek [Ipmensocao keM VIHCTHTYTa IO apXe0A0T sl M €THOAOTHA Ha
IToackaTa akageMus Ha HaykuTe. Ha mornan ot Hekpomnoaa nipu Ceelrjapu ca M3IpoO6BaHu
HOBU MOAeAN Ha Pe3UCTUBMMEeTPU UM MarHutoMerpu npoussegenn B Iloama. Cbemect-
HI U3CAeABaHNs Ca U3BbPIIBAHU U C MeXXAYHapOAHIUTE apXeoAOTMYecK! eKCIleAUIny Ha
emriopuoH IIucropoc. JokasateacTBo 3a MeXXAyHapOAHOTO IIpU3HaHMe Ha AeMHOCTTa Ha
AVIMTI'A e Bkarousaneto 11 1ipe3 1992 r. B Karazsora Ha esporerickata Mpexka 3a Hay4HO-
TeXHIYecKo Koonepupase - ,HaykaTa 1 TexHnkara rnpuaaraiu B KyATypHOTO HacAeACTBO”
kbM CpBera Ha Eppona.

ITpes 1984 1. ce cb3aaBa u Jlaboparopusra o apxeomeTpus KbM VIHcTUTyTa 11O Tpa-
koaorus Ha BAH. PpkoBogena ot nmokoiiHu:1 edye AsryctuH IleTkos, geltHocTTa Ha 2abopa-
TOpPUATA Ce HACOYBAa OCHOBHO KbM Ma/KO pa3paboTBaHM TeMU KaTO MOpPCKaTa reopu3yKa u
BB3AymHaTa ¢portorpadus. C moakperiata Ha JoalieHa Ha ObArapckaTa TPaKoAOTs IIpod.
Azaexcanapp Poa, aaboparopusATa 3a KpaTKo BpeMe e 00opyABaHa C MOJepHa TexXHMKa U
eKIUIINPOBKa, IIPeAVIMHO 3a MOABOAHM mpoyusaHus u aepodororpadpus (Henos, Iletkos
1995). Cxopo caea cb3gaBaHeTO cu AabopaTtopusATa CTapTHpa aepoapXeoAOrMdeckKy Ha-
6a104enmus n gororpadpupane Ha pa3AMdIHM y4acThIM 110 YEPHOMOPCKOTO HU KpaiOpe-
kue. Ilpes caeapaninure roAMHN ca M3II0A3BaHU U Pa3AMYHM MOTOAeATalllaHepy, KOUTO
ce OKa3BaT MHOTO yA00HM ¥ MKOHOMIYeCK) U3roAHu 3a 11oa00Hu geitHoctu (ITetkos 1988).
IIpes Te3n roguHm ce M3BBPIIBAT IMOABOAHM TeOPU3NIHU ITPOYUYBAHMS IO OBATAPCKOTO
4epHOMOPCKO KpaiOpeskue - OaTUMeTpUYHN U3cAeABaHls B palioHa Ha /JypaHKyAakK, OKO-
20 Macaen Hoc, Apars, AXTON0A, KOMIIAEKCHI n3cAeaBaHns Ha 3aanBuTte Ha Co301104 1
Kuren, kaxTo 1 3aausa Ha p. Ponoramo (Petkov, Nenov 1988; Petkov et al. 1988, Georgiev
et al. 1991, 1994). 3a cpxaaeHne, caes IpeXXaeBpeMeHHaTa KOHUYMHa Ha ABryctuH ITetkos
1 Ha HeroBusA cbpaTHUK Mmnxana I'eoprues, JlabGopaTopusATa 110 apxeoMeTpusi KbM Beude
LlenTbpa 110 TPaKOAOIMS, BCHIITHOCT, IIpecTaBa Aa ChIIeCTBYBa.

ITpes 1994 r. laGoparopusiTa 1o reotexunka kbM bAH e anksnanpana. Yacr ot mar-
HIIS M ChCTaB € ChbKpaTeH, a OCTaHaAMAT IIepPCOHa e IIpeHacouyeH KbM APYIY MHCTUTYTH Ha
akagemusta. Viamsan Karescku 1 Hukoaa ToHkos ot ZlabopaTopusATra 3a MHCTPYMeHTal-
HII MeTOAU B reoTexHukarta 1 apxeoaorus:Ara (AI'C30T) ca npexsbpaenn KbpM cekums VH-
TepAUCHUNIAMHAPHU U3caeABaHns Ha Halnmonaanus apxeoaorndeckyt MHCTUTYT C My3eil
(HAVIM) npu BAH. Ocranaante 1pocTo ca CbKpaTeH!.

IMTepnoanT Mexxay 1994 n 2005 r. MOKe aa ce orpedean KaTo BpeMe Ha U3BeCTeH 3a-
CTOI B pa3BUTHETO Ha apxeoAornydeckarta reodpusuka B bvarapust. Toit ce m3passasa Hall-Be-
Je B ITbAHaTa AMIICa Ha CpeACTBa 3a BHeAPsIBaHeTO Ha HOBa TexHIKa. To3u 3acToil e 0co0eHO
oT4yeTAuB Ha QoHa Ha OypPHOTO pasBUTHE Ha apxeolornyeckaTta reopusnka B Espoma, a
1 B CBeTa KaTo I15140, 6aspaHO Ha M3II0A3BaHETO Ha ITOCAeAHNTe MoAeAn (PAYKCTeNT u
OIITNYHO-aOCOPOLIMIOHHY MarHUTOMETpPHU, Pe3UCTUBUMETPU U reopadapu. Touno nopaau
AUIICaTa Ha MIOAXOAAINA allapaTypa IIpOoy4YBaHUsATa Ha CeAMIITHNA U APYTU paBHUHHM apXe-
oA0rMyecKy 00eKTM ca orpaHndeHn. Bee nmak ca mocturHatit HAKOU A00pHU pe3yaATaT IIpu
TpacupaHeTO Ha KpeIocTHuTe creHMr Ha emropuon Inuctupoc (Katevski 1996; Katevski
2002), mpu npoydysaHusATa Ha apxeoaorndeckus ooexT npu c. Konpusaen (Tonkov 2002),
3a onpegeasHe ge0eAnHaTa Ha KyATYPHUs I14aCT Ha TPaKUitckoTo ceanire B COOpAHOBO
(Tonkos, Katesckn 2007). HesaBucumo oT M30cTaBaHETO B TeXHIYECKO OTHOIIIeHMe OpOsT
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Ha IIpOy4YeHNUTe HaArpOOHM MOTMAU He HaMaAsiBa 0coOeHO. Makap 1 C M3I104A3BaHeTO Ha
Beue MOpaAHO OCTapsida TeXHNKa, 3a TO3M Ilepuog, ca mpoydeHn Hag 50 morman. OcodeHo
BIIeUaTAsABalllM ca pe3yaTaTuTe OT HpoydyBaHusTa B Kasanasbiiko. baarogapenne na npea-
BapUTeAHUTEe eAeKTPOCBIIPOTUBUTEAHN U3CAeABaHIA € OTKpUTa IpoOHUIIaTa B MOIMAaTa
l'oaama Apcenaaka (Tonkov 1996b), 6oratute rpodose B Mornaara Cserniia (Torkos 2007)
n 3apesa moruaa (Toukos 2001) u ap. 3a IbpBU OBT IIpe3 TO3M IIEPUOJ Ca HallpaBeH!
OIIMTH 3a MU3I0A3BaHETO Ha AUIIO/AHATa eAeKTPOJHa cXeMma I 3a IIpuAdaraHeTo Ha e4Ha OT
IocAeAHITe HOBOCTU B €4eKTPOIIPOy4YBaHeTO - AByMepHaTa eAeKTPOChbIIPOTUBNUTEAHA TO-
Morpadu, 3a mpoyusaHeTo KakTo Ha ceanina (Tonkov 2002, Tonkov 2008b), Taka 1 Ha MO-
rmau (Toukos 2003, Tonkov, Loke 2006).

ITpes 2005 r. HAVIM-BAH sakynu uncro Hosa reogusndHa anaparypa. Tosa ca eauH
payxkcrent rpaguomersp GRAD 601 Ha pupmata Bartington, AHrams u eAnH pe3ucTUBU-
MeTwsp 4PLHP nHa ¢pupmara L. G. M. Lippmann, I'epmanns. [Topaan MHOrO mo-sucokarta
CKOPOCT Ha U3BbpIIBaHe Ha caMuTe n3MepsaHus, 3a nepuoga 2006-2010 r. 6posT Ha Hpo-
y4BaHUTEe TOAUIIIHO OOEKTU Ce yBeAUdM MeXAy HaJj ABa IIbTH, KaTo BCe II0BeYe apXeoao-
31 MO>Kaxa Ja ce yOeAsAT BBB Bb3MOXKHOCTUTE Ha reopuandHuTe nscaeapanus. OcodeHo
IIOKa3aTeAHa 3a HapacHaAWs MHTepec OT TaKyuBa IIPOy4YBaHMs € oOIjaTa 114011, KOSATO To-
AVIITHO Ce IIOKPMBa C TEOMarHUTHU IIpOy4YBaHMsA. AKO 3a yeTupute roauHu mexay 2006 n
2008 r. Tasn maomng e obmro 70 axa, To camo 3a 2009 1 2010 r. st e 6am30 300 axa. Hosata
TeXHIKa I103B0AsBa IIpM IPOyYBaHeTO Ha MOTUAN, a ¥ Ha APyIru 0OeKTH, Bede MacoBo Ja ce
npuaara eaekrpocbrporusureanara romorpadpus (Toukos 2008a; Tonkos 20080). B Tasu
Bpb3Ka, 0s1Xa M3pabOTeH! HOBM MHOTOXXMAHM KabOeAal, eAeKTPOAU U eAeKTPOAHU KOMY-
taTopu. OcBeH TOBa, 3a 4a MOTaT Ja Cce M3M0A3BaT Hall-ITbAHOIIEHHO Bb3MOXKHOCTUTE Ha
HOBMSI Pe3UCTUBUMETEP, Oellle n3paboTeHa U BbBeAeHa B yIloTpeba OKOMILAeKTOBKa 3a pa-
OoTa c gByeaeKTpoAHa cxeMa, e4Ha OT Hall-IIpeAIIOUNTaHNUTe 3a CLIIPOTUBUTEAHO IPOYY-
BaHe Ha apxeoaormndecku o6exkTu (Toukos 2007; Vuxosa, Tornkos 2009). I1pes mocaeanute
roauHn Kateapa Apxeoaorus Ha CY cbIo 3aKynu ModepeH (PAYKCTeT MarHUTOMEeTHP,
a HBY — ontnuHo abcopO1IMOHeH, KOeTO MTO3BOAN 1 Ha Te3! ABe HayYHM MHCTUTYIIUM Ad
U3BBPIIBAT TEOMAaTHUTHU M3CAeABaHIs Ha apXxeoaorndeckn ooektn (Aukos ., P. Koaesa,
Y. Kupnaos 2008; I'aneriosckn, 3uaapos 2010).

IIpaBeiiku TO31 00630p Ha reoPpU3NIHNTE ITPOYUYBAHINS Ha apXeOA0TMIecKr OOeKTH
B bparapus e Hy>XHO ga ce orOeAeXXaT M Te3!U U3BBPIIEHN OT Uy>KAeCTPaHHM eKUIIN I10
MeXAyHapoAHM IpoekTu. Takmsa mpoyusaHms ca IpaseHu Ha Jpama, IIuctupoc, Hose,
SArpyc, Hukonoamnc ag Vcrpywm, ITancka (Schleifer 2007), Cuancrpa (Illaaiidep et al. 2006),
a BepOATHO, 1 Ha Apyru MecTa. KakTo Oelrle crioMeHaTo mo-rope, pe3yATaTuTe OT IbPBUTE
reopU3MYHNTEe TIpOoyuBaHus B bbarapus — Ha pumckus rpag Hose xpait Csuinos, He ca
nyoankysaHn. Tosa ce oTHacsa U 3a uM3cAeABaHMsATa Ha aHrAMIcKuA ekun Ha Iluctupoc,
KbAeTo I1pe3 1996 r. ca n3BbpIIeHN eAeKTPOChIPOTUBUTEAHN U3MEepPBaHNs B paMKIUTe Ha
CeAMIIIeTO U M3MepBaHIs Ha MaTHUTHaTa B3I PUEeMUMBOCT U3BBH HEro.

B pesyarar Ha reomarHuTHUTe M3CAeABaHMS Ha CAOBaIlIKM eKuIl oT rpag Hutpa,
B OKOAHOCTUTe Ha ¢. KpuBuHa ca oTKpuTy mnemu 3a Bap or pumMmckara ernoxa (Vagalinski
2011).

Haii-marabHuTe reopuanaHy Ipoy4YBaHus ca M3BbPIIIeH BbB Bpb3Ka C ObATrapo-aH-
ranicknuTe npoyuysanns Ha Hukonoanc ag Vicrpym. B cpeaaTa Ha ocemaeceTTe roanHu Ha
MMHaAUs BeK ca U3BBbPIIeHN eAeKTPOChIIPOTUBUTEAHN U3MepBaHNs B paMKUTe Ha Tpaja
(Strange 1995). B cpeaaTa Ha AeBeTAeceTTe TOAMHM, Te Ca pa3IINpPeHN ¢ U3CAe]BaHNs Ha Ollle
Tpu obekra 1pu ceaara Auans, Aecudaepu u Paganoso (Poulter 1999). B nepnoga 1999-2002
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I. €4eKTPOChIIPOTUBUTEAHN IIPOyYBaHNs Ca HallpaBeH! Ha omle 18 obexTa B paiioHa, KaTo
e rmokpura odmia raom ot moutu 15 xa (Boyd 2007). Isnoassana e AByeaeKTpojHa cxema
C pa3cTosiHIEe MeXAy eaekTpoaute oT 0.5 M 1 I'bCTOTa Ha U3MepBaHe OT 1 TOYKa Ha KB. M.
B pesyaTaT oT mpoyuBaHusATa Ha OCeM OT OOeKTHUTe ca perucTpyupaHe OCTaHKM OT KaMeHHMU
rpajexxI.

B 3akaroueHmne Moxke KaxkeM, ye IIpe3 IocAeAHITe IIeT TOAUHN ¢ HaDaBsHeTo Ha I10-
caeaHUTEe MOAeAN PAYKCIENT rpaldllOMeTPU U Pe3UCTUBUMETPY Y OKOMIIA€KTOBaHETO UM
C IToAX0AAIY TlepudepHN yCTPOIICTBa 1 IIPOrpaMHO oOe3IleyeHne, HUBOTO Ha U3BbpIIIBa-
HUTe reopU3NIHN ITPOyYBaHNs Ha apxeoAorndyecku odektu B bparapus sede 40 roasma
CTeIleH ChOTBETCTBA Ha CBeTOBHOTO. Herjo roseue, npuaaranaTta sede OT HAKOAKO TOAVHU Y
Hac AByMepHa U TpUMepHa edeKTpocbrpoTrusuteada Tomorpadust (2D u 3D ECT) e uzpbH
BBH3MOKHOCTUTE 11 KOMIIETeHIIMNTe Ha roAsiMa 9acT OT eKUIINTe, 3aHMMaBall ce C U3CAe/-
BaHIL1 Ha apXe0A0TMYecKyt 00eKT B Uy>KOMHa.

3a cpKaaeHre Bb3MOXKHOCTHUTE I IIperMyIlecTBaTa Ha reopU3NIHNTe U3CAeABaHNs
BCe Ollle ca He4OCTaThUHO ITO3HATU 3a roAsMa JacT OT Obarapckute apxeoaosu. Taka Ha-
IpuMep, oT npoyusanute ¢ paskonku npes 2010 r. nag 220 oGexra Ha He 1oseye oT 20
e 0110 M3BBPIIBAHO MpejBapuUTeAHO reopU3NIHO ITpoyuBaHe. Pazbupa ce, Ha HAKOM OT
Te3y 00eKTHU IMopaAl HallbAHO OOEKTMBHM IIPUYMHM TaKOBa He MOXKe Aa Obae HalpaBeHo.
Bbrpekn BcMYKO MPOIEHTHT € HenpueMANBO HIUCHK. OcoOeHOo MoKa3aTeaeH B TOBa OTHO-
1meHne e 1 GakThT, 4e OT IpOydYeHNTe ype3 CllacuTeAHN apXeoA0TMIecKy paskoIky Ha 40
obekra 110 Tpacero Ha AM , Tpakus” mexay Crapa 3aropa u Kapno0ar Ha He mioede ot %4
e U3BbPIIIeHO IIpeABapuUTeAHO reopU3NIHO IPOyIBaHe.
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B IrbpBaTa 4acCT Ha N3A0>KEeHNETO, I10-404Y, €a pasriaedaHn IIPpaKTNM4IeCK BCUYKN Ie-
OCI)I/ISI/I‘IHI/I METOAM, KOUTO Ca IIpuAaaraHy IIpu IpOy4YBaHETO Ha apXeO0A0TIMYeCKI 00eKT!.
Mako 11o-roAsIM0O MJSICTO € OTA€A1€HO Ha 3I10A3BaHETO Ha reopagapHuUTe N3CA€ABaHILI 110~
paan CbaKTa, ge Te Ca I10CaedgHaTa HOBOCT B apXeoJA0rn4ieckara I'eOCl)I/ISI/IKa " 11opaan ToBa
Ca CpaBHUTEAHO HEIIO3HAaTH, KaTO 9eCTO B B"b/lI‘apI/I}I ca 0DeKT Ha CIIeKydannm (HaI/ICTI/IHa,
npeaAnMHO MeAMﬂHM)S 3a HeOIrpaHM4YeHUTe M Bb3MOKHOCTIL. BoB BTOpaTa 4acT HOAPO6HO
€ pasraegaHa MeToAlMKaTa Ha IIpldaraHe Ha gBaTa BOAeEIN MeTOAa IIpU IIpOYy4YBaHETO Ha
apXxeoA0In4ecKn 00eKTU — TeEOMaTHUTHIUSAT U €AeKTPOChIIPOTUBUTEAHVISIT.

IToaesnara mHpOpManus moAydasaHa Ipy TeopU3NIHNUTE ITPOYIBAHIS € pe3yATaT
Ha CBII[eCTByBalllUTe pa3ANKU BbB (PU3MYHNITE CBOJICTBA Ha apXe0A10TNYeCKUTe CTPYKTYPI
U BMecTBalljaTa cpeja (Hall-4ecTo TOBa € IIOBbPXHOCTHMUAT IOYBEH CA011), KOUTO Morar Ja
ObaaT oTYETeHM B Ipolleca Ha caMOTO u3MepBaHe. Taka HanpuMep, KaMeHHUTEe OCHOBMU
OT CTeHM MOraT Ja ce OKaXkaT C ITO-HICKa MarHuTHa Bb3IIPMEeMYMBOCT MAU C IIO-BUCOKO
€4eKTpUYecKo ChIIpOTUBAEHNEe OT ChAbprKalllaTa I'M Io4Ba. B pesyarar ce perucrpupar
aHOMAa/AHU OTKJAOHEHM:, KOUTO, aKO Ca AOCTAaThUYHO MHTEH3UBHU 11, OCOOEHO, aKO B ILAaH
ouepTaBaT IIpaBUAHM TeOMeTpUYHU POPMM, AOTMYHO MOrat Jda ObJaT MHTepHpeTHpaHN
KaTo MHAMKATOp 3a OCTaHKM OT YOBeIKa AeMHOCT. MaAKo BepOsATHO e IIpaBuUTe AMHUI,
IIPaBOBI'BAHNUIIN, KPBIOBe AN €AUTICK Aa ca pe3yATaT OT IIpUpPOAHM IIpoliecu. B cbmioro
BpeMe, KaTo IIpaB1A0, aHOMaANNTe MpeAN3BUKaHI OT apXeoA0TM4ecKy 0OeKTI ca MHOTO
cAabu. 3a macTue, CbBpeMeHHITe TeoOPU3NIHI YpeAU ca 40CTaThUHO IIPeIU3HY, 3a 4a MO-
rat Aa I'l perucrpupar.

BeposTHOCTTa JageHa apxeoaornyecka CTPyKTypa ga ObAe OTUeTAUBO perucTpupaHa
3aBJICY OT HJIKOAKO B3aIMOCBBbP3aHM dpakropa: 1) m300pbT Ha MOAXOAAI re0pU3NIeH Me-
TOA, CbOTBETCTBAIIl Ha CBIIJeCTBYBAINTe Pa3AUKI BbB (PU3NMUHNTE CBOVICTBA Ha ThpPCEeHUTE
00eKT) 1 BMecTBalllaTa cpeAa; 2) M3II0A3BaHe Ha allapaTypa, KOsTO € A0CTaThYHO UyBCTBU-
TeAHa, 3a Aa OTYeTe Te3U pa3AuKy; 3) pasMepuTe Ha HorpedGaHnTe 00eKTH; 4) ABA00OUNHa-
Ta Ha 3a/srase; 5) HaAM4MeTO Ha , IIyMOBe” (eCTeCTBeH! CMYILeHNs:) ¥ UHTeH3UTeThT UM
CIIpsIMO TO3M Ha ,,1104e3HMsA” CUTHaa, IpeAu3BUKaH OT apXeoAOTMYecKuTe CTPYKTypu; 6)
Ha/AM4MeTO Ha AVHeIIHY XapaKTepUCTUKI Ha OOeKTUTe.

Kato npasuao, 3a ga 6b4e BbOOIIe perncTpupaH eAnH apXeoA0rndyeck 00eKT, pas-

8  http://www.monitor.bg/article?id=168802 (Teopasap na HACA mokasa HepasKoltaHa u HeorpabeHa
Kp'bIAa KaMepa C IpeAlioaraeMara ceH3aloHHa Haxoaka B ['oasimata Kocmarka. Kutos mpeg mopeatoro cn
oTKpuTHUe — 6ponsosa crarys Ha Cesr III).

http://dariknews.be/view article.php?article id=259232 (Koi1 or xoro oTkpagHa OTKPUTHETO Ha XpaM
Ha Junonuc B ['oasimara Kocmarka?)

http://temanews.com/index.php?p=temaé&iid=359&aid=877( (Teopagap Buast rpobuuia 8 JAedeat. Py-
CKILSIT €KUII, KOJITO A0KaAM31pa IorpedeHneTo, e padboTu 1 B MMeH1eTo Ha J0CTOeBCKI)
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Hukona ToHkoB

CTOSIHMETO MeXAy ABe OTAeAHU TOYKM Ha M3MepBaHe He TpsI0Ba Aa € IO-TOASIMO OT I1040-
BIIHaTa OT XOPM3OHTaAHUTe My pa3Mepu. Taka cTpykTypara MOXXe 4a ObAe perucrpupaHa
B MUHMMYM ABe Touku. OOeKTy o-MaaKu OT ,,CThIIKaTa” Ha M3MepBaHe MOXe BpoOIIle Aa
ObAaT IpOITyCHATH, MAM, aKO ca perrcTpyUpaH caMo C e4Ha aHOMaAHa CTOVHOCT, 4a ObaaT
VHTepIIpeTUpaHM KaTo pe3yATaT Ha Ipelllka 1AM Ha eCTeCTBeHM CMYILeHIs.

II.1. OCHOBHU '’EOPU3NYHU METOAN 1 Bb3MOJKHOCTUTE

VIM 3A TITPUAOKEHME B APXEOAOI'MSITA

l'eopusmunuTe MeTOAM Ha IpOydBaHe MoraT ga ObAaT pasdedeHM Hali-oOIo B ABe
KaTeTopuy - akTUBHM ¥ ITaCMBHI:

AXTUBHUTE MeTOAM ce Da3MpaT Ha N3AbIBAHETO Ha IMILYACHU B II0YBaTa (Halpumep
€4eKTPUYeCKM TOK 1AM eAeKTPOMarHuTHa BbAHa) U PeIMCTPUPaHeTO Ha OTPa3eHsl CUTHaA
Ha 3eMHaTa IIOBbPXHOCT:

— @AeKTPUIHNI

— €AeKTPOMarHUTHU

- reopagapu (ypeau, paboTeIy ¢ BUCOKOYeCTOTHI €AeKTPOMarHUTHY BbAHMN)

— CeM3MMYHU

— aKyCTU4YHU (COHapm)

IMTacuBHUTE pasunTaT Ha €CcTeCcTBeHuTe (PU3MYHU I10AeTa, KOUTO O1xa MOTAM Aa Ch-
IIeCTByBaT ga’ke U IIPU AuUIICaTa Ha M3MepUTeAeH ypeJ (HallpuMep MarHUTHOTO I104e Ha
rorpebaHa KepaMIyHa IIe1ll).

— reOMarHuTeH

— IrpaBUMeTpUYeH

— reoTepMUIHI

— pagMOMeTpUYHIU

ITpaxTiyecky BCUMIKM U3OPOEHN METOAM B ITO-TOAsIMa 1AM II0-MalKa CTelleH ca OmAn
IpuJAaraHu 3a IjeAnTe Ha apxeoAorusra. B kpaiina cmeTka e4H1M ca ce OKa3aAl C IO-TOAeMU
BB3MOKHOCTH B Ta3!M KOHKpeTHa 004acT, APyru Bce OIlle ca B IIpollec Ha OlleHKa, a TPeTu
3a MOMEeHTa ca IpueTH 3a HermoaxoAsu (tada. I1.1.1). Taka HampuMep, CeM3MUIHUAT Me-
TOA, CbC CUTYPHOCT Hall-IIIMPOKO U3MNOA3BAHMAT METOA B IIpoy4dBaTeAHaTa U MHXKeHepHa-
Ta re0A0INs, HAaMMpa MHOTO Ma/AKO IPUAOXKeHIe IIpY U3cAeABaHeTO Ha apXe0A0TMIecK
00eKTH.

MeToa(n) BUL CTeneH Ha NPUNoXeHne
eNeKTpU4HN

- @NIeKTPOCHNPOTUBUTENIEH aKTUBEH BUCOKA

- Npean3BrKaHa nonspm3auma aKTUBEH HUCKa

- eCTeCTBEHU NoTeHUmanm nacmseH HUMCKa
reoMarHuTeH nacmBeH BMCOKA
€N1eKTPOMarHUTHN AKTMBHU cpepHa/HucKa
reopagap aAKTVBEH cpepHa
Cen3MmnYeH aKTUBEH HUCKa
rpaBUMeETPUYEH nacmBeH HUCKa
reotTepmMmyeH nacmBeH HUCKa
PagMoOMETPUYHN nacuBHU HUCKa

Tabauya 11.1.1. Budose zeodpusuvutu memodu (uru zpynu memodu) u cmenenma um Ha npu-
AOKeHue 8 ApXeor0ZUsma.
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MpunoxeHre Ha reoPpusnNUHUTE METOAM B apXEOSIOr1ATa

I1.1.1. EaeXTpy4aHIL MEeTOAMN.

EaexTpuunnte Metoau ce 6asupar Ha pakTa, 4e ITIOBbPXHOCTHITE HacAary Ha 3eMsITa
MOTaT Aa IPOBeXAAT eAeKTpudeckus ToK. OT MHOTOTO BuAoBe eAeKTpuaayu Metoau (ITu-
21081976, Dobrin, Savit 1988) Tpu ca Te3n, KOUTO IO HAKAKBB HAYMH ca OMAM U3II0A3-
BaHU B apXe0AO0TMYEeCKITe IIPOYIBAHI — €1€KTPOCBIIPOTUBUTEAHNIT METOA, METOABT Ha
IpeAU3BUKaHATa ITIOASPU3aLINsI I METOABT Ha ecTecTBeHuTe roTeHnaan. [locaeannre asa
MeToJa ca OMAU CIIOPasUYHO TeCTBAHU 3a M3CAeABaHE Ha apXeOAOTMYeCcK!U OOeKTU, KaTo
IIPOLIeCHT Ha CAMOTO M3MepBaHe M YCAOBUATA, IIPU KOUTO IPUAOKEHNETO UM MOXKe Aa
Aaje Hail-A00pu pe3yATaT ca Bce OIlle B eTall Ha pa3paborsaHe u orjeHka (Ppanros, [Tun-
keBud 1966, 84-91; Aspinall, Lynam 1970; Drahor et. al. 1996; Drahor 2004; Gaffney, Gater
2003, 53-54; Schleifer et al. 2002; Wynn, Sherwood 1984;), mopaau KoeTo TyK HiIMa Aa UM
ObJe OTAeASHO I10-CIIeIaAHO BHUMaHNe,

EaexTpochIpoTusuUTEeA€H METOA.

MeTtoabT ce Oasupa Ha IIpoIlycKaHe B 3eMsTa Ha IIpaB LAY C MHOTO HIICKa YecToTa (0T
IopsAbKa Ha HAKOAKO Xeplia) eAeKTpMYecK! TOK M M3MepBaHe Ha M3MeHeHNsATa Ha eAeK-
TPUYECKOTO ChIIPOTUBAEHNE, IIPeAU3BUKaHN OT apXe0A0TYeCK! CTPYKTYpH. Y peauTe, 13-
I10A3BaHM TP eAeKTPOCHIIPOTUBUTEAHUTE M3MepPBaHNs Ca M3BeCTHU C HalIMeHOBaHUATa
,pesuctusuMerpu” uan , repamerpu’ . IllnpokoTo npnao>keHne Ha MeTOAa B apXe0AOTH -
Ta ce AbAXKN Ha HAKOAKO ¢akra. [Ipean BcMUKo TOI € MHOTO IT0AX0AII 3a Obp30 KapTupa-
He Ha IIAUTKO pa3ioAoxkeHn cTpykrypu. llenara Ha obopyaBaHeTo e HICKa, a OOMJaiHuTe
IporeAypu 3a oOpadOTKa Ha JaHHNTe — CpaBHUTEAHO IIPOCTU. B CBIITOTO Bpeme MeToAbT e
MHOTIO ,,I'bBKaB” — C €4HO 1 CBIII0 O0OpyABaHe MOraT Aa ce u3cAeABaT AbAOOUMHI OT HAKOA-
KO AeceTKM CaHTMMeTpa 40 HAKOAKO MeTpa.

EaexTpochIpoTUBUTEAHMAT METOA Ma Hall-4bATa ICTOPH: B IIpOy4YBaHIUATA Ha ap-
xeoaornuecku ooexktu (Ppantos, [Tnukesna 1966; Dirtkun 1963; Aitken 1974; Clark 1990;
Gaffney, Gater 2003; Zickgraf 1999). Herosara Teopus e 400pe mM3A0KeHa B OOIIMpHaTa
crelnaAmn3ypaHa AuTepaTypa 3a IpUAOKeHIeTO Ha TeoPU3NIHITE METOAU B T€OAOTHATA
(ITmmaaos 1976, Dobrin, Savit 1988), 0TKbAeTO BCBHIITHOCT € aJalTUpaH 3a IjeAuTe Ha apxe-
O/OTIVITA.

IleaTa Ha eAeKTPOIIPOYUBAHETO € Aa ce OIIpeeAl paslipeleleHIeTO Ha ChbIIPOTIBAe-
HIEeTO B AbAOOYIHA Upe3 U3MepBaHIsl HallpaBeH) Ha 3eMHaTa MOBbPXHOCT. ChIIpOTUBAE-
HIETO e eAHO OT pyHAaMeHTaAHUTe eAeKTPUIHI CBOJICTBA Ha 3eMHIITe HacAarnu. TepMUHBT
Ce M3II0A3Ba, THII KaTO CKaAHNTE MaTepuaAu ce AbpKaT KaTo eAeKTPUIECKN ChIIPOTIB/e-
HIS IIPY IIPOHMKBaHe Ha TOK B 3eMHaTa ITOBbpXHOCT. HocureauTe Ha eAeKTpUYecKms TOK
ca IMOAOXUTEeAHNUTe U OTpUIlaTeAHUTe JIOH! Ha COANUTe pa3TBOPEHM BLB BOgaTa ChabprKa-
IIja ce B IIOpUTe Ha 3eMHMUTe I11acToBe. B ToBa oTHOIIeHMe Hall-roAsAMa poAs UTpasT pas-
TBOpUMMITe coan Ha HaTpusa u Kaarust (Clark 1990, 27-28). CaeaoBaTeAHO, KOAKOTO € I10-
roAsIMO ChAbP>KaHMETO Ha BAara 1 HAAM4YMeTO Ha pa3TBOPEHM COAM, TOAKOBA IT0-HICKO IIie
e ChIIPOTUBAEHNeTOo Ha rtousaTta. KsM Tesu ¢pakropu TpsaOBa 4a 400aBUM U crielnpUIHNTe
€AeKTPUYeCK! CBOVICTBaTa Ha ranHuTe. Te mpureskasaTr Thil HapedeH!sl ABOeH JIOHeH CAOM
B KpUCTa/HaTa CU pelleTKa U IopaAy TOBa MoraT 400pe aa IIpoBeXXAaT eAeKTPUIecKIs
TOK Aopu u npu auricata Ha Baara (Wildenschild et al. 2000). Eto 3amo nacaaru ¢ BiCOKO
CbAbp>KaHMe Ha IAMHA 4eCTO ITOKa3BaT MHOTO HUCKM CTOMHOCTU Ha eAeKTPUYeCKOTO Cb-
IIpOTUBAEHIE AaXKe U cAel AbATY ITepUOoAN Ha CyX0O U TOPeIlio BpeMe.

OOnyaitHMAT HAaYMH 3a U3BBpPIIBaHe Ha €AeKTPOCHIIPOTUBUTEAHNTE U3MEpPBaHIL e
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Hukona ToHkoB

KaTo ce MHXKeKTNpa TOK B 3eMHaTa IIOBbLPXHOCT Upe3 4Ba 3a3eMeHM 3aXpaHBalllll eAeKTpoja
A 1 B 1, cpllleBpeMeHHO, ce U3MepBa pe3yATaHTHIAT I1aj Ha Hallpe>KeHUeTO 4pe3 ApyTu
aBa eaektpoga M u N (¢pur. I1.1.1.1).

Quz. 11.1.1.1. Ycaosna cxema npu eAeKmpoconpomuumeArune usmepeanus ¢ npedcmase-
Hu moxosume (npexvcHamu) u exeunomeryuarrume (NAGIHU) AUHUL.

Ot cuaara Ha ToKa I [A (ammep)] n nanpesxenneto AU [V (BoaT)] ce m3umcaspa npu-
BAHOTO €AEKTPUYECKO ChIIPOTUBAEHNE (P, ) B OMOMETPH [ohm. m]:

AU

p,,[ohm. m] =k . (IL1.1.1)

KbAeTO k e eAVH KOe(pUIIMEHT, 3aBMCell] OT TeOMeTpuUYHaTa KOH(pUIypanus Ha 9eTu-
pute eaekrpoga (ITnmaaos 1976, 70):

21

(LT (I11.1.2)
AM BM AN BN

VamepeHOTO ChbIIpOTMBAEHNE He e MCTUMHCKOTO, a T. Hap. ,IIPUBUAHO”, KOETO O3Ha-
YaBa, Ye TO € paBHO Ha CBIIPOTMBAEHNETO, KOeTo Ou 611410 M3MepeHO Haj e4Ha XOMOIeHHa
Cpeda C TakoBa CBHIIPOTUBAEHINE IIPY M3IOA3BAaHETO Ha KOHKpeTHaTa eAeKTpOoJHa cxema’
CopllecTByBaHeTO Ha CTPYKTYPHU, OTAMYABAIIIN Ce C IIO-BICOKO MAY ITO-HMCKO eAeKTPUIecKO
CBIIPOTUB/AEHME OT BMecCTBalllaTa I cpeja Ile A0BeAe, CbOTBETHO, 40 IOBUINaBaHe VAU
MOHI>KaBaHe Ha M3MePeHOTO HPUBUAHOTO CHIIPOTUBACHIE.

9 BpwmbskaTta MeXAy TPUBMAHOTO M MCTUHCKOTO CLIIPOTUBAEHNE Ha cpejaTa e CAO0XHa. 3a da ce OIl-
peAeAu UCTUHCKOTO CLIIPOTUBAEHNE Ca HY>KHU IOAAMO KOAMYECTBO M3MepBaHUs U 3a4bAXKUTEAHOTO UM 00-
paboTBaHe ¢ KOMITIOTBPHIU ITPOrpaMi (Hali-4ecTo M3I0A3BaHUAT TEPMUH € , MHBePCUOHHU ITporpaMn’) 3a pe-
IIIaBaHe Ha T. Hap. ,0o0paTHa 3adaya Ha eaeKTponpoydsaneto”. Karto 114410 mporiegypaTta e cpaBHUTeAHO OaBHa
U U3BBPIIBAHETO I He e 3aAbAXKUTEeAHO, OCBeH IIPY pelllaBaHeTO Ha IO-CIel[MaAu3/MpaH 3ajaql, ONMCaHN
110-204y Kato 2-D u 3-D eaexTpocsiipoTusuteaHa ToMmorpadusi.
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|'|p|/|ﬂ0>|<eH|/|e Ha I'eO(t)I/ISI/NHI/ITe MeTOW B apXeonornAaTa

HaNMEHOBaHHE eJIEKTPOIHA CXeMa KOeHIMEHT Ha cxemara
(x)
A g M a N a B

Benep (anda) |<—>|<—>|<—>l 2.ma

A M N B
Benep-llmombepske l‘%‘% nn.(n+l).a
A B N M
Juronna kL»quﬁqul mn.(n+l).(n+2).a

N
JIByenekTponHa ‘qoo)|<_>|<a 00»' 2ma
B
o0
TpuesnekrponHa FL)M‘A 2mn(ntl).a

>
<
Z

A u B ca 3axpanBanmte enekrpoan, a M n N ca m3MepuTeTHuTe eIeKTpoan
a - PacTOSTHUE MEXy €lie KTPOIUTE B METPH

n - aKTOp Ha HapacTBAHETO Ha cXxemara (n € LSUI0 YKCIIO)
00 - 6e3KpalHOCT (Pa3CTOSTHUE JI0 OTAANCUEH eJICKTPO.)

Quz. 11.1.1.2. Cxemamuuro npedcmassiie Ha 0CHOGHUTNE eACKMPOOHU CXEMU.

ITpn eaexTpoChIPOTUBUTEAHNUTE U3MEPBAHNS YeTUPUTE eAeKTpoja MoraTt Aa ObaaT
Pa3IoA0XeHN B pa3ANdHU reoMeTpudHy KoHpurypauym (¢pur. I11.1.1.2.). ITpaxkriueckn,
BCIYKI TIOCOYEHM B TabANIIaTa eAeKTPOAHM CXeMM ca OMAM U3II0A3BaHN 3a pelllaBaHeTo Ha
apxeoAornyecku 3ajadn. Beska eqHa oT TsX MMa cBOUTe IIpeMMYIIlecTBa ¥ HeA0CTaTbIU I
MOXKe 4a gaje Hail-400pu pe3yATaTi, KOraTo IIpMAaraHeTo i € CboOpa3eHo ¢ KOHKPeTHNUTe
yCAOBM: U IIOCTaBeHUTe Ilean. Taka HampuMmep, AUIoAHaTa cXeMa € MHOTO II0AX0AS111a ITPU
HaAn4ye Ha ILAUTKY BePTUKaAHU Hee AHOPOAHOCTH, KaTO KaMeHHM cTeHn. /ByeeKTpoaHa-
Ta cXeMa, IIpuJaraHa B KOHQUIypalMsaTa U3BeCTHa B 3allagHaTa AUTepaTypa C TepMMHa
,twin-probe array” (Clark 1990, 44), oT cBOs cTpaHa, ce U3I1043Ba 3a OBP30TO KapTHUpaHe
Ha TOAeMM IAOLIU C IIAUTKO pas3IioAokenu crpykrypu. [Ipu Tasu konpurypanns eqHaTa
ABOJIKa 3axXpaHBall-IIpMeMeH eAeKTPO/, € 3a3eMeHa BbB (PUKCUMpaHa TOYKa, HaMupalia ce
YCAOBHO B Oe3KpailHOCTTa, KaTO M3MepBaHuUATa Ce U3BbPIIBAT Ype3 IpeMecTBaHe 110 IIPO-
dpuaHNTe AMHUYU cCaMO Ha gpyraTa ABOJiKa eaekTpoau (00p. 3, 4). CkopocTTa Ha IIpoBeXAa-
He Ha I10AeBUTe U3MepBaHIs U IIpocTaTa IIpoliedypa Ha oOpaboTKaTa Ha 4JaHHUTe 5 IIpa-
BAT MO>Ke Ou Hall-ipeariounTana B apxeoaorusta (Gaffney 2008, 317). ITpu uscaeasane Ha
110-4B5A00KO Pa3oA0>KeH! 00eKTH € yAauHO M3II0A3BaHeTO Ha TpueaeKTpoAHaTa cxeMa 1
Ha cxemaTa Benep-Illarombepske. B nsakon caydan, HampuMep IIpu CA03KHa cTpaturpadus
AU HaAW4Me Ha pasHOOOpa3H! KaTo XapaKTePUCTUKI CTPYKTYpU, MOXKe Ja ce OKaXKe I10-
A€3HO IIpIUAaraHeToO Ha HAKOAKO pa3sANIHM eA€KTPOAHI CXeMMU.

CrangapTHO, €A€KTPOCHIIPOTUBUTEAHUTE U3MEPBaHIS Ce U3BbPIIBAT 110 IIPaBy AM-
HUM C pa3CTOSHME MeXAY TSIX U OTAeAHHUTe TOYKU Ha M3MepBaHe ChbOOpaseHo C BlJa Ha
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Hukona ToHkoB

ouakBaHNUTe 00exTn (Hait-uecto 0.5 mam 1 m). Haanmumero Ha o0OekT ce MapKupa OT aHO-
Ma/ZHUTe OTKAOHEHIS Ha MI3MEePeHOTO IIPUBUAHO ChbIIPOTUBAECHME OT HAKAKBU ITOCTOSHHI
(ponosn) croitHocTn. OCTaHKNUTE OT YOBEIIKa AeMIHOCT B APeBHOCTTa MHOI'O 4eCTO MMaT Cb-
IPOTUBAEHNS, pa3AndaBalliil ce ChIIeCTBEHO OT ChbIIPOTMB/AEHMETO Ha BMecTBalllaTa cpea
(0OMKHOBEHO I10YBa), KOETO IIpealrioara yCIeITHOTO M perucTpupaHe.

20m

Y

Que. 11.1.1.3. Ilpouedypa 3a nposexoare HA USMEPEAHUAMA C D6YeAeKMPOOHA cXeMa Npu
xeadpamna mpexa 20x20 m. Ilpu usmepumerer yped MOHMUPAH 6bpXY eAeKMpoOHAMa pamxa
c kabea dvavz 50 m mozam da ce npoyuam keadpamu 1 u 2, xamo guxcuparume exekmpoou ca 6
mouxa a. [Tocaednama usmepera mouxa e c. Caed mosa puicuparume eAeKkmpoou ce npemecmean
6 mouka b u ce usmepsam xkeadpamu 3 u 4 u m. .

Quz. 11.1.1.4. Vismepsatie ¢ dsyerexmpodta cxema.
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HpmnomeHme Ha I'eO(I)I/ISI/NHI/ITe MeTOW B apXeonornAaTa

ApxeoaornyeckuTe CTPyKTypHU, KOUTO YCIEIIHO Morat Ja ObaaT perucTpupaHm ¢
€AeKTPOCBIIPOTUBUTEAHNS METO/ Ca CTeHU MAM OCTaHK! OT CTeHM, KaMeHHM HaTpyIIBa-
HIS, TaBa>kM UM ITBTHYM HACTUAKM, KyXUHU U TyHeAU, SIMU U POBOBe, LIMICTOBU IpoOOBe 1
capkodasu.

JOITbAHUTEAHO ITPEAVIMCTBO Ha eAeKTPOChIIPOTUBUTEAHNS METO/, €, 4e C yBeAndaBa-
He Ab/KIHaTa Ha M3MepBaTeAHaTa cxeMa ce IloAyJasaT 4aHHM 3a I10-ToAeMU AbAOOUYMHI.
Tosu ¢axr e B ocHOBaTa Ha T. Hap. BepTUKaAHO edeKTpudecko coHaupane (BEC). ITpu nero
U3MepBaHMsITa Ce M3BLPIIBAT B €4Ha IIOCTOsHHA TOYKa C IIPOTPeCUBHO yBeAndaBalla ce
ABbAXIHA Ha cxeMmaTa. Taka ce moaydasa MHQOpMaIus 3a XOPU30OHTaAHUTE HaIlAacTsBa-
HIUA B AbaOounHa. Heya00cTBOTO Ha MeTOa e, 4e TOI He e UyBCTBUTeAeH KbM BepTUKaAHU
rpanuny. OueBnAHO, 3a IjeAUTe Ha apXeoAOTHsTa IO-TI0AXOAI € MeTOABT Ha Npodpuan-
paHeTo, KakTo Oe OIMcaHoO IO-Tope, IIPU KOMTO ce IToAydaBa MHPOpMaIius 3a BepTUKaAHN-
Te HeegAHOPOAHOCTH. B rmocaegnure rogunm HaBAM3a eqHa KOMOMHAINA OT ABaTa OIMCaHN
MeToza. Ts1 e u3BecTHa C TEpMUHNTE ,, HEIIPEKbCHATO BePTUKAAHO eAeKTPUIeCKO COHAVpa-
He” (HBEC) n, Hait-uecTo, AByMepHa U TpUMepHa eA1eKTPOChIIPOTUBUTEAHA TOMOTpadusI
(2D n 3D ECT) nan ABymMepHO 1 TPMMePHO MHBEPCUOHHO MogeAnpaHe. IsmepsaHmsiTa o
poUAHNTE AVHUYU Ce U3BBPIIBAT C MHOTO Ha OpOil ABbAXKMHM Ha eAeKTpoJHaTa cxeMa
(¢pur. 11.1.1.5, ¢pur. I1.1.1.6). 3a yckopsiBaHe Ha IIpolieca Ce M3I0A3BaT MHOTOXKIAHY Kabean
U IIpeBKAIOYBaTeAM, KOUTO aBTOMaTUYHO NOAABP>KaT n30paHaTa eAeKTpogHa KOHPUIypa-
LM U 51 ITpeMecTBarT 110 u3MepBaTeaHus npodua. Pesyararure oT 1og00HM M3MepBaHIs
ca TOAHM 3a M3II0A3BaHe caMoO cae/ 00pabOTKa ChC CIIOMeHaTHUTe I0-TOpe MHBePCHOHHMU
nporpamu (Brk Oeaexxka 9). Topa HOBOBbBeAeHNUe ce IpuAara OT HAKOAKO TOAMHN U IIpU
Ipoy4BaHe Ha apxeoaormdeckyu ooektu B brarapusa (Tonkos 2002; Tonkos 2003; Tonkov,
Loke 2006) (00p. 10-12; 14).

15 10 5 0 -5 -10 -15
B R R R R E————————.
b T T TR S T S S S S S T T )
T T T S S R T S T R R S
4+ + 0+ + +  + + + + + + + + * + + 4+ + + 4+ o+ o+ o+ o+ o+ o+ o+ —4
+ + + + + + + + + s + * + + + + + + + + + + + +
6 e T T T S S S S S S S S S R S S 6
C + + + + + 4 + kS + -+ + + + + + 4 + 4 + +
8— + + + + + + + + + + o+ + o+ + + + + + —8
T S S S T T
107 + + + + o+ o+ o+ o+ o+ o+ + + + 710
+ + + + + + + o+ + o+ + +
12 B T e O s =12
I I 1 I I I

Quz. 11.1.1.5. Bepmuxarer naar npedcmassiuy yCA0O6HO 6 ObAOOUUHA USMEPEATNEAHUINE 1M0Y-
KU npu dsymeprama exekmpoconpomusumerra momozpapus (2D ECT).
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Que. I11.1.1.6. Cxema Ha usmepeameArume mouku npu mpuUMepHama eAeKmpoconponueu-
meana momozpagus (3D ECT).

PakropuTe, KOUTO MOTaT Aa BB3IPEILATCTBAT M3BbPIIBAHETO Ha €AeKTPOCBHIIPOTH-
BUTEAHM M3MepPBaHMA ca MaAKO U OOMKHOBEHO ca CBbp3aHM C yCAOBM:Ta Ha 3a3eMsiBaHe
Ha eaeKkTpoauTte. MHOIO cyXu 1A poXKM IIOBLPXHOCTHM HacAary C HICKO ChbAbp>KaHMe Ha
rAVHA, KaTo ISICHIIM U 4aKbAl, MOTAT Aa 40BeJaT 40 HEBb3MOSKHOCT 3a OCBIIIECTBsSIBaHE Ha
A00DBp raaBaHMYeH KOHTaKT. /0 roAsiMa CTelleH TOBa BaKM U 3a IIPSICHO M30paHU I1AOIIN.
Or apyra cTpaHa, B ycA0BMsATa Ha MHOTO BIICOKa IIOBLPXHOCTHA BAara, Hali-Bede cAe/ ToIle-
HETO Ha CHeroBeTe JAY B IIep1oAY Ha OOMAHM ABbXKA0Be, MOKe Aa Ce IOAYIN Thil HapedeHI:sT
eKpaHypaI epeKT, KOITO Ja B3IPeIATCTBa IIPOTNYAHeTO Ha eAeKTPIUIeCKIsI TOK B 45A00-
YIiHa I TaKa 3HAaYUTeAHO Aa ce HaMaAl AbAOOUMHHOCTTa Ha Ipoy4uBaHeTo. B TakuBa cayuan
Hall-IIpMeMAUBMAT BapMaHT e Ja ce M34aKa M3BeCTHO BpeMe, 40KaTO yCAOBIUATA 3a IIPOBeK-
AaHe Ha e1eKTPOChIIPOTUBUTEAHN U3MepBaHIs cTaHaT no-roaxoasamu (Gaffney et al. 1991,
8; Tonkov 2006, 52). MHOTO NANTKO pa3oOA0KeH) KOPEeHH! CKaAV MOTaT ChIIO Aa IIpeAus3-
BUKAT ABXKAVBY aHOMAANM VAN Ad 3aMacKIpaT Te3) OT apXe0A0TMIEeCKN CTPYKTypi'’.

I1.1.2. TeomarHuTEH METOA,.

MeToABT ce OCHOBaBa Ha perucTpMUpaHeTO Ha aHOMaAMUTe Ha 36MHOTO MarHUTHO
11o4e, IpeAu3BMKaHN OT pa3AMKUTe B MarHUTHUTE CBOVICTBA (MarHUTHA Bb3IIPYEeMYMBOCT
1 OcTaThbuHAa HaMarHUTEHOCT) MeXAy IlorpebaHuTe CTPYKTypHU M BMecTBalllaTa I cpeja.
Msnoaspanure ypeau ca M3BeCTHU KaTO ,MarHUTOMeTpn”.

Marnurornpoy4ysaHeTo e CbC CUTYPHOCT Hall-IIpeAIIOuUTaHUAT MeTOJ, 3a 13CAelBaHe
Ha apxeoaormdyeckn ooextu. MeToasT ce 6asupa Ha ABe PyHAaMeHTaAHU AaAeHOCTU: Cb-
II[eCTBYBaHeTO Ha eCTeCTBeHOTO MarHUTHO I104e Ha 3eMsTa I CBOVICTBOTO Ha BelllecTBaTa Ja
Ce HaMarHNUTBAaT 1104 AeVICTBIETO Ha BBHIIHY MarHuTHI 11oaeta'!. IllnpokoTo npuaosxxenne
Ha TeEOMaTrHUTHIS METOJ, ce AbAXKI Ha (paKTa, ye ToAsIMa 4acT OT apXe0A0TMYeCcKUTe CTPYK-
TYpU A€MOHCTPMpAT MarHUTHU CBOJICTBA, pa3AMYHU OT Te3M Ha BMecTBaIllaTa Il Cpeaa,
KOETO IpeJoIipejeasl 1 YCIeITHOTO UM perucTpupaHe.

ITponsxoAbT Ha 3eMHOTO MarHUTHO I10/1€ BCe Ollle He e HaIl'bAHO M35ICHeH, HO ce CUl-
Ta, 4e TO e IIPUUMHEHO OT eAeKTPIUIeCcK! TOKOBe BbB BBHIIHNTE TeUH) CA0eBe Ha 36 MHOTO
sapo (Lowrie 2007, 315; Milsom 2003, 69). B mppBo npudarskeHne Moxe Aa i IpeAcTa-
BsIMe TOBa I10/€ KaTo MpeAM3BIKaHO OT TOASM MarHUT Pas3IlOA0XKeH B IleHThpa Ha 3eMATa,
YUIITO I0XKEeH IT0AIOC € HaCOYeH KbM HeITHOTO CeBePHO IT0AYKbA00. ToBa MbpBUYHO cTabNA-

10 BewmpocT, mpeyernioTo BAMAHNE Ha IIAUTKO pa3oA0KeHNTe KOPeHHN CKaall e B CuAa 3a abcoaioT-
HO BCUYKM TeOPU3NIHM METOAM IIpMAaraiu B apXeoAOoTTa.

11 EauHwuiiata 3a MHTEH3UTET Ha MAarHUTHOTO 11046 e Tecaa (T), HO OGMKHOBEHO Ce U3I10A3Ba HETHOTO
Io/pasJeleHrie HaHOTeCa, O3HaYaBaHa 4ecTo ¢ rpbrkara 6yksa y (1y=InT=10"T).
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HO MarHMUTHO I10Je CM B3aMO/JelICTBa B 3eMHaTa MarHuTocdepa C IOTOIIUTe OT 3apeseHN
YacTUILI UABAIN OT CABHIIETO U IPeAU3BUKBAIIN IIPOMEHN Ha HOpPMaAHOTO I10A€ BbB Bpe-
MeTO, M3BeCTHI KaTO BapMaliiiy Ha 3eMHOTO MarHUTHO I104e.

CBoJICTBOTO Ha BellecTsaTa Ja ce HaMarHUTBaT M0/, AeVICTBIe Ha BbHIITHY MarHUTHU
1oJeTa ce KOHTpoAupa OT eAnH (aKTOp HapedeH MarHUTHa Bb3npremunsocT. Koakoro e
I10-TOAsIMa MarHUTHAaTa Bb3IIPUEeMUMBOCT Ha €4HO Ts10 TOAKOBA € II0-TOASIM ¥ MarHUTHU-
ST My MOMEHT IIpeAU3BMKaH OT BBHIITHOTO MarHUTHO 1HoAe. Tasy HaMarHUMTeHOCT ce Ha-
puya nHAYKTMBHA. OCHOBHMAT (PAKTOP, KOMTO BAMsIE BbPXy MarHUTHATa Bb3IIPYEeMUBOCT
Ha BeIllecTBaTa € HaAM4IeTO Ha I10-cAab0 MAM IO-CMAHO MAarHUTHU OKUCU Ha >KeAsS30TO
(marnerut Fe,0O, u marHuTHaTa pasHOBUAHOCT Ha xemartuta yFe,O,). 3a npmnaoxennero
Ha MarHUTHMS METO/ B apXeoAOIMsATa OT OCHOBHO 3HayeHIe Ca MarHUTHMTe CBOJCTBA Ha
IIOYBUTE — CpeJarta, B KOATO OOMKHOBEHO ca pa3loA0KeH) apXeoA0TMIecKuTe CTPYKTYPI.
ITpes 50-Te roaguHy Ha MUHaAUS BeK PppeHCKAT yueH Le Borgne ycraHoBsBa, 4e KaTo Ipa-
BI1AO IIOYBUTE MpUTeXKaBaT I10-BICOKA MarHUTHA Bb3IPUEeMUMBOCT B CpaBHEHMe ChC CKa-
ANTe, OT KOUTO ca oOpa3yBaHM U IIpejara Aba MexaHu3bMa BoAeln 40 Tosa sisaenue (Le
Borgne 1955; Le Borgne 1960). Hanpasenure B 1ocaeActsrie MHOTOOPOIIHU U3CAeABaHNS
yCTaHOBSIBAT, 4e II0YBUTe, KOUTO ca O1Am oOpa3yBaHM 110 BpeMe Ha OOMTaBaHeTO Ha TepeHa
B ApeBHOCTTa, IPUAOOMBAT ITOBMIIIeHa MarHUTHA Bh3IIPUEeMUYNBOCT, BCAeACTBYE Ha IIpOTe-
KAV XVMMWYHU ¥ OMOXMMMYHU IPOIecH, Ipy KOUTO I10-CAa00 MarHUTHUTE CheAVHEeHIs
Ha >KeAs130To npeMmHasat B mo-cuano maruutau (Clark 1990, 100; Fasbinder, Stanjek 1993;
Tite, Mullins 1971)" Ilo oTHOIIeHNe Ha apXeo0AO0TMIeCKUTe CTPYKTypH, MOXe Ja ce Jaje
IpuMep C POB 1AU sIMa, BKOIIaHU B CTePUAHNS TepeH U 3allbAHEeHU C MaTepuaAau OT I10-
BBPXHOCTTa, OOraTy Ha >Ke/Ae3HI OKICH, KOUTO IIie MpeAn3BUKaT XapaKTepHM OA0XKNUTeA-
HI aHOMaAun. B cpIioTo Bpeme, HampuMep, OCHOBM Ha CTeHM OT BapOBUK, KOWTO e ITpaKTH-
JecKy HeMarHuTeH, BKOIIaH! B ITOYBU C ITO-BMCOKM MarHUTHM CBOJICTBa, I1le IIpeAu3BIKaT
oTpullaTeAHa aHoMaaAus. Apyro 61aronpusaTHO 0OCTOSATEACTBO 3a IIpMAaraHeTo Ha reoMar-
HUTHIS METOJ, € CBOJICTBOTO Ha IAMHUTE Aa MOBUIIIaBaT MarHUTHAaTa CY Bb3IPUEMUYUBOCT
IIpU HarpsBaHe, a KOraTo TeMIleparypara e HaJ Todykata Ha Kiopnu (3a MarHeTuTa To4kara

Ha Kopu e 565°, a 3a xemaruta — 675°) (Dirtkun 1963), 4a npuaodusaT u Thil HapedeHaTa
TepMoOOCTaTbyHa HaMarHUTEHOCT, KOSITO ce 3arasBa M cAe/ TAXHOTO u3cTuBaHe. Tasy Ha-
MarHUTEeHOCT MOXKe Ja € MHOTOKpaTHO I10-BICOKa OT MHAYKTMBHaTa. ToBa 11o3BoAsBa 4a ce
OTKpMBAT BCAKaKBU CTPYKTYPU IIOAA0KEHM B APeBHOCTTa Ha HarpsiBaHe (IIeIy, OTHUIIIA,
OCTaHKI OT OIIOKapeH!U crpaau u T. H.). KaTo 115110, BbIIpeku 4e IIpOMEeHUTEe B 3eMHOTO
MarHuTHO I104€e, CBbP3aHM C apXe0AOTMYeCcK) CTPYKTYpy, OOMKHOBEHO Ca He3HAaYUTeAHH,
Te yCIIeITHO Morart Aa 6bAaT perucTpupaHy CbC CbBpeMEeHHIUTe MarHUTOMETPIL.
EdexTuBHOCTTAa HAa MeTOJa e Hall-BMCOKa IIPU PeTrUCTpupaHe Ha OOEKTHU, Pas3Ioao-
>KeH! Ha AbA0ounmHa 40 1 M. 3aTOBa ITbK TOI YCIIEIIHO HOCpelia Hy>KAUTe OT IIOKpUBaHe
Ha roaeMIu IA0MIM 3a MUHIUMaAHO BpeMe. C 1ocaeAHUTe MOAeAN YpeAl, B 3aBUCUMOCT OT
rbCTOTaTa Ha 3MepBaHe, 3a eAUH AeH MoraT Aa Obaat npoydenu ot 4-5 20 20-30 aka npu
rbcTOTa OT 8 40 16 M3amepsanmsa Ha KB. M. C reOMarHUTHIS MeTOJ, MOTaT YCIIeIIHO Aa Ob-
AaT AOKaAU3MpaHM POBOBe, TPOOHN 1 KyATOBU AMMU, KepaMUIHIU ¥ MeTaAypPIUYHN IIeIH,
OTHUIIA, CTPYIIBaHMs OT IILAaKy, OMTOBa U CTPOUTEeAHa KepaMIKa, OCTaHKM OT KMPIIMYEeHN

12 Dearing et. al. (1996) pasraexxaat o010 oceM IIpolieca, BOAEIN A0 IOBUIIlaBaHe Ha MarHUTHaTa
BB3IPUEMUYMBOCT Ha IIOYBUTE, KaTO CIIOpe/ TAX BAUSHIETO UM € Pa3AMYHO B 3aBMICUMOCT OT KOHKpeTHHUTe yc-
A0BUS Ha 00pa3yBaHeTO VM.
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crpaAy, OCTaHKM OT OITOKapeHM IAMHOOUTHM MAY KaMeHHU ITOCTPOIKY, KaMeHHU UAN Ty-
XA€HM CTeH!, HeTaTMBY OT OCHOBU Ha CT€HMU, KeAe3HU IIpesMeTH.

ITppBUTE MarHMTOMETPU MU3IOA3BAHN B apXeoAorusTa ca npotoHHure. Te gokassar
csosiTa epeKTUBHOCT o1rle pe3 50-Te n 60-Te ToguHNM Ha MUHaAMs BeK. PaboTaTa M ce oc-
HOBaBa Ha MarHUTHMITe CBOJVICTBA Ha aTOMMTe Ha BOJOpPOJa I BelllecTBaTa OOraTu ¢ TaKuba
aroMu. Te3au MHCTpyMeHTN U3MepBaT TOTaAHN BEKTOP Ha 3eMHOTO MarHUTHO 11o4e. Tou-
HOCTTa UM OT nopsabKa Ha 1 nT. Ilo-uecTo B apxeoaornsira ce M311043BaT IPOTOHHUTE Tpa-
AUOMeTpU, KOUTO M3MepBaT BepTukaaHms rpaaueHT (dT) Ha MarHUTHOTO II0Je Ype3 ABa
Pa3IoA0XKeH! Ha pa3dAMdyHa BMCOYMHA ceH3opa. I1o Tosu naumn, oT egHa cTpaHa, ce ean-
MMHIpPAT eCTeCTBeHUTe Bapualiyl Ha 3eMHOTO MarHUTHO 10A€ U, OT APyTa, C€ MUHUMU3N-
pa BAMAHMETO Ha IO-AbAOOKO 3aAsraliuTe reoA0XKKM CTpyKTypu. Ilpes mocaeanure gse
Aecetnaetust Ha XX BeK IIPOTOHHMUTE MarHUTOMeTpy OsXa HaIlbAHO M3MeCTeHM OT T. Hap.
»Payxcreint” nam ,,pepo3oHA0BM” MaTHUTOMETPU, KOUTO IIpuTexkasaT TouHocT 40 0.1-0.05
nT. Teau HCTPyMeHTH He MOrarT 4a u3MepBaT abCOAI0THaTa CTOMHOCT Ha 3MHOTO MarHuUT-
HO I10J€e M 3aTOBa Ce M3II0A3BaT caMO B rpaamomMeTpudHa KoHdurypanus (pur. 11.1.2.1).
OcBeH TsX MHOTO HIMPOKO IIPUAOXKEeHe HaMUpaT MarHUTOMeTPUTe, HapUdaH!U Hall-u4ecTo
ONITUYHO-aOCOPOIIMOHHM (APYTHU U3I10A3BaHM TEPMUHIU Ca 11e31eB!U, pyOuAuesH, KaauesH,
KBaHTOBU, aAKaAHO-TIIapOBU U T. H.). Te3n MarHMTOMeTpM ca IO-CKBIN OT (PepO30HAOBU-
Te, HO IpPUTEeXaBaT Mo-BucoKa ayBcTBuUTeaHOCT (40 0.01-0.005 nT) 1 ckopocTt Ha usmepsa-
He. [locaeanara HoBOCT B 0OaactTa ca , KpuoreHHute” nam SQUID (ot Superconducting
Quantum Interference Device) marnuTtomeTpn, KouTo ca Oa3upaHu Ha CBOJICTBaTa Ha Cy-
IIepIPOBOJHUIINTE B YCAOBUsATA Ha TeMIepaTypu 0Amnskn 40 abcoaroTHara Hyaa (Dobrin,
Savit 1988, 668; Linzen et. al. 2007). Teau ypeau ce oTan4aBaT C MHOTO BICOKa CKOPOCT Ha
u3MepBaHe, ChbUeTaHa C MHOTO BIICOKa TOYHOCT — 40 10 nT.

F.» s

Quz. 11.1.2.1. Msmepsatie ¢ payxceetim zpaduomemnvp.

Hait-saxaure npedemn Cl)aKTOpI/I, BAVISIEINN BbpPXY BB3MOJKHOCTTA 3a M3BbpIIBaHe
Ha M3MepBaHMATa 1 Ka4eCTBOTO Ha ITOAYYE€HIUTe AaHHN! € HaAN4YMeTO Ha JKeAe3HI 00eKTH! 1
M3TOYHMIIN Ha €A€KTpOMarunmTHIU BbAHI: JKeA€3HI! OIpaall, Bb3AYIIHI U1 II0A3€MHI Kabe-
AN, K. I1. AVIHIN 3a €eAeKTpMIeCK! BAaKOBe, IIPEBO3HU CpeAaCTBa, Crpaall, Tp’B6OHpOBOAM n
T. H. MaFHI/ITOHpoy‘IBaHETO B I'paHNLINTE Ha ChbBpEMEHHI HaceAaeHI MeCTa ODUKHOBEHO ce
cOABCKBA C HeIIpeo40AVIMU TPYAHOCTU. ‘Zl,"bA6OKI/ITe 6pa341/1 B 3eMeeACKN I1A0IIV M30paHu
C TE>XKKU TpaKTOpM Morar JAa ipeAn3BrKaT TEpEeHHN aHOMaANM, KOUTO 4a 3aMaCKMpar Te3N,
IpeAcTaBAsiBallll apXeoA0IMIeCK nMHTepec. HOB'prHOCTHI/ITe Te0A0>KKI YCAOBMAL Tp}I6Ba
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CbII0 3aABAKUTEAHO Aa 6”1),Z|,aT B3eéMaHI IIpeABUA. SHaUUTEAHU YCAOKHEHN MOTaT Aa Bb3-
HMKHaT IIpN HaAM49Ve Ha IIANTKO pa3IlloA0>KeH!N MarMeH! AN CIAHO MeTaMOp(I)OSI/IpaHI/I
ckaan. AbXAuBM aHOMAaAUY MOTaT Aa 6”]3,Z|,aT npeansBrKaHm OT 0CODEHOCTH B XapaKrepuc-
THUKITE Ha HJAKOU ITOYBI. Te, HalipuMep, MO>Ke ga CbAbpP KaT II0SICU C IISIChIN V1AM YaKbAU
C IIOBUIIIEHO ChbAbP>KaHNE Ha >KeAe3HI OKICY, KOUTO da IIpeAU3BIKaT AVIHEVIHM aHOMAaAUN
HO,ZLO6HI/I Ha Te31 OT HAKOU apXeOA0TMIECKN 00eKTu.

I1.1.3. EaexTpOMaramMTHI MEeTOAJ.

Tesn meToau ce Oazupar Ha U3AbUBaHE Ha eA1eKTPOMarHuUTHa BbJAHa Ype3 eAHa IIpe-
AaBaTeAHa aHTeHa I perCTpUpaHe Ha OTpa3eHIs CUTHaA OT Apyra, IIp/ieMHa aHTeHa. /lBe-
Te aHTeH) MoraT Ja ca OTAe/AeHM Ha M3BeCTHO pa3CTOsIHNe edHa OT Apyra, UAM Aa ca MOH-
TUpPaHU B €4HO OO0 TsA10. YpeauTte paboTelIN Ha eAeKTpOMarHiTeH IpUHIINII OMBaT ABa
BAa — HUCKOYECTOTH!U U BYICOKOYeCTOTHU

HuckodecToTHUTE €4€KTPOMarHUTHY ypeAn'> pabOTAT C 4eCTOTH OT HOpsIAbKa Ha Hi-
KOAKO XxuasAy xepiia (ot 3-4 20 15-20 kHZ). Upes eaHa npesaBaTe1Ha HAMOTKa, IIpe3 KOSITO
MIpoTuYa IPOMEHANB eAeKTPUIeCcKM TOK ce Ch3JaBa MarHUTHO 1o4e. ToBa MarHUTHO I101e
IIPOHMKBA B 3€MHAaTa IIOBbPXHOCT. TaM, AeViCTBaiK!l KaTo eAVH TpaHcpopMaTop, IpeaAns-
BIIKBa IIPOTMYaHETO Ha eAeKTPUIeCcK! TOK Ype3 IIPOoBOAAIINTe 1oHM B ITousaTa. Koakoro e
II0-TOAAMO ChbAbP>KaHMETO Ha TaKiBa TOKOBJ HOCUTeAM, TOAKOBaA IIle e II0-ToAsMa clAaTa
Ha ToKa. To31 eAeKTpu4ecky TOK reHepypa BTOPMYHO MarHUTHO I10.4e, KOeTO Ce perncTpu-
pa OT eAHa BTOpa HaMOTKa Ha uaMeputeaHus ypea. [Ipu Tosa cuH(asHus curHaa e mpo-
IOpIIOHaeH Ha MarHUTHaTa Bh3IIPUEeMUYMBOCT Ha cpejaTa, A0KaTo Aedas3upaHiisl CUTHaA
CbOTBETCTBa Ha eAeKTPOIIPOBOAMMOCTTa Ha cpejaTa. BbIipekn, uye nscaeaBaHusITa OKa3-
BaT criocoOHOcTTa Ha EM mMHCTpyMeHTHUTe Ja perucrpupaTr apxeoAOTndecku CTPYKTYpH,
MeTOABT He e ITI0AY4YNA IMPOKO NpuAoKeHne. Tbil KaTo He e Hy>KeH KOHTaKT ChC 3eMHaTa
IIOBBPXHOCT METOABT OCUTYPsIBa BUCOKa CKOPOCT Ha M3MepBaHe C eJHOBPEeMEHHOTO peru-
CTpupaHe Ha MarHUTHaTa BL3IIPUMEMYMBOCT U POBOAMMOCTTA. 3a pa3AMKa OT IIOBe4eTO
reopU3NYHI METOAY eAeKTPOMarHUTHILS CUTHAA MOXKe Aa Ce BAUsIe CUAHO OT IIPOMeHNTe
BB (PUBMIHITE CBOJICTBA Ha ITOYBaTa U OAM3KUTE T€OA0XKKU I11acTOBe, IIOpaAll KOeTo e
HY>KHO KaAuOpupaHeTo Ha ypeJaa, 3a Aa ce 1oaydaT KopeKTHM gannu. Ocsen ToBa EM ype-
AUTe Ce BAMSAST CUAHO OT €AeKTPUYeCK! CMYTUTeAN, KaTO eAeKTPUIeCK) IIPOBOAHUIIN UAN
atMocepHn nsTouHnny. EdextusHaTa 4p100unHa Ha IpOy4YBaHe 3aBUICYU OT Pa3CTOSHU-
eTO MeXAy IpejaBaTes U IIpUeMHIKa, BbIIPeK! 4e OpMeHTal/sATa UM I103BOAsBa I IPpU
¢ukcupano pascrosiHIE Aa ce TPOMeH AbAOOYMHHOCTTA, KaTO TPV XOPU30HTalHa OpUeH-
Talus T4 e II0-MadKa, a IIpU BepTHUKalHa — I1o-ToAsiMa. PaboTHaTa yecToTa, B 3aBMCHMOCT
OT XapaKTepUCTUKITe Ha Cpejara, ChbIIIO MOXe Ja BAuse BbPXY A4bA004YMHaTa Ha IIpoyYBa-
He. Hsakon cpaBHUTeAHM M3CAeABaHNs IIOKa3BaT 400pO ChOTBETCTBIE MeXKAY 3MepBaHl-
arta ¢ EM ypeanute u te3u c gByeaeKTpoAHa cxeMa IpU ChIIPOTUBUTEAHOTO IIpOydBaHe U
dayxcreitt rpagmomeTpis. B chIioTo BpeMe, HAKOM KOMOMHAIIMN MeKAY XapaKTepUCTUKU
Ha cpejaTa, OpMeHTal[/sl Ha HAMOTKITe 1 paOOTHa 4yecToTa MOKe Ja AoBejaT A0 YCAOXKHsI-
BaHe Ha CHITHaa, KOMTO He e IIPOIIOPIIMIOHAa1eH Ha HUTO eAHa OT 13cAeaBaHuTe PU3NIecKn
seanunHy. CKOpocTTa Ha ITpoy4BaHe e Chbi3MepuMa C Ta3! IIpU eAeKTPOChIIPOTUBUTEAHU-
Te IIPOyYBaHM C AByeAeKTpOjHa cxeMa.

13 VsBectHu ca ole KaTo ,slingram” (IIpy KOMTO aHTEHNTE ca Pa3IIOA0XEHN XOPU3OHTaAHO B eJHa
paBHIHA) 141, 110-001110, KOHAYKTMBMMETPY U BKAIOYBAT BCUUKY ypeAu paOOTel ¢ eAeKTPpOMarHUTHY BbAHN
¢ yecrtora no-Maaka ot 300 kHz.
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Tunmasn mpeacTaBuTeAN Ha HUCKOYECTOTHUTe ypeAn ca cepuaAta Ha Geonics Ltd.
- EM15 (pabotna gyecrora 16 kHz), EM31 (9.8 kHz) n EM38 (14.6 kHz) (¢wur. 11.1.3.1), kak-
TO 1 Te3n Ha AaboparopusTa B I'apin, @pannus (Centre de Recherches Geophysiques,
C.N.R.S. Garschy) - SH3 (8 kHZ) 1 CS150 (4 1 10 kHz) (Aubry et al. 2001; Clark 1990, 34-37;
Tabbagh 1986a; Tabbagh 1986b; Tabbagh et al. 1988). AbA004MHHOCTTa Ha IIOBEYETO OT TSIX
€ B paMKITe Ha ITbpBIsI MeThp. HrckouecToTHMTE €1€KTpOMarHUTHY artapaTy MoraT Ja ce
U3II0A3BaT 3a perucTpupaHe Ha OOEKTM, OTANYABaII Ce ChC CBOATa II0-BICOKA €AeKTpPO-
IIPOBOAVMMOCT ¥ MarHUTHA BB3IIPYEMYNBOCT B CpPaBHEHIe C BMecTBalllaTa I'i cpeja, KaTo
roiemMu MeTaAHM IIpeJAMETH, POBOBe, SIMI, MeTaAyprimdHu 1 Kepamyuunu nemm. [Topaan
TOBa, 4Ye He Ce Hy>KAasT OT KOHTaKT C IIOBbPXHOCTTA B IIpoIieca Ha 3MepBaHeTO, Te MOXe
Aa ce OKaKaT IOAXOASIIIN U 3a M3CAeABaHVIsI PV HaAMYMETO Ha MHOTO CYXU IIOBBPXHOCT-
HI OTAOKEHNs, HalIpUMep B IIyCTMHHU YCAOBMS, T. €. KOTaTo € TPYAHO M3II0A3BaHeTO Ha
TPaAULIVIOHHUTE Te0eAeKTPIYIHY METOAY, KOUTO U3VICKBAT 40O raABaHIYeH KOHTaKT ChC
3eMHaTa IIOBbPXHOCT. 3a pa3AuKa, HallpUIMep OT reopajapure, Te ca IOAXOASIIN 3a W3-
I10/13BaHe IIPYU IIPOBOASIIIIY ITOYBH. [311013BaHeTO Ha HIICKOUECTOTHUTE eAeKTPOMarHUTHIA
ypeau, obade, Bce oOllle ce Hy>KAae OT yChbBbPIIIEHCTBaHe, KaKTo 1 OT OlleHKa Ha Hali-100pu-
Te yCAOBMs 3a ITpuaokenueTo uM (Aubry et al. 2001, 621; Gaffney 2008, 326).

o

Quz. 11.1.3.1. Msmepearie c EM 38 na Geonics Ltd.

Eaun apyr BiA HMCKOYECTOTHM €AeKTPOMAarHUTHM alrlapaTi ca M3MepuTeAuTe Ha
MarHuTHaTa Bh3IpreMunBocT (magnetic susceptibility meters), nssectnu y Hac ¢ TepMuna
KarameTpu'. BChIITHOCT, e AMHCTBEHNAT IIpeAAaraH Ha Iasapa 1moaesn yped e MS2 na pup-
mata Bartington, Anramsa (¢pur. 11.1.3.2). ITponeaypara Ha caMOTO M3MepBaHe e IIpocTa.
[ToaeBnAaT ceHsop, pejaBaTeAHO-IIPUEMHA aHTeHa, ce AOMMpa A0 3eMHaTa IIOBbPXHOCT U
B 3aBMICMMOCT OT gedasupaHeTo Ha OTpa3eHNs CUTHaA ce OllpejeAsl MarHUTHATa Bh3IIpU-
e€MYMBOCT Ha 1oyBara. /bA1004MHHOCTTa Ha ypeJa e MaKa, OT IIOpsAAbKa Ha HAKOAKO CaH-
TuMeTpa. B chiioro Bpeme, ocobeHo npy HepaBeH TepeH U AOII KOHTaKT Ha aHTeHaTa ChC
3eMHaTa IIOBBPXHOCT, u3MepBaHeTo e OaBHO. ETo 3a1m10, 3a 4a ce moKpuAT Obp30 roaemMu
TILAOIIY Pa3CTOSTHUETO MeXKAY OTAeAHNUTe U3MepBaTeAH TOYKH e oT 5 20 20 M. Kantamerpu-
Te ce M3II0A3BaT 3a ThpCeHe Ha MecTa OOMTaBaHM OT XOpaTa B APeBHOCTTa U IIOpaAu TOBa
NpUAOOMAN IIOBUIIIEHN CTOMHOCTYM Ha MarHMTHaTa Bb3lpueMunsocT. [Ipes 90-te rogunn
Ha 20-TM BeK Ha KallaMeTpuTe ce Bb3/Aaraxa roaeMu HaleXXAu 3a IodydaBaHe Ha MHpOpMa-
1M1 B eTalla Ha IIpeABapUTeAHO ThpceHe Ha apXeoAoTHYecky 00eKTH B cAydauTe, KOraTo

14 ot IpbLIKaTa 6yKBa K, 3I10A3BaHa 3a O3Ha4YaBaHe Ha MarHMTHaTa Bb3IIpNEMINBOCT
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e BB3IPeILITCTBAHO YCIIeNTHOTO ITPOBeXXJaHe Ha CTaHAAPTHUTE TepeHH! HabaAloAeHums".
Ocobeno mmpoxo Oemte nsnoassanero nMm B Auramns n Cesepna Amepuka. B mocaegno
BpeMe I1043aTa OT TsX € B ITPOolleC Ha IIpeolieHKa, KaTO 4eCTO M3I0A3BaHeTO MM Ce OrpaHU-
JaBa caMo A0 TepeH!, KbAeTO OCHOBHIUTe re0pU3NIHI METOAM I10 eAHa MAN ApPyTa IPUIn-
Ha ca Henipuaoxumu (Gaffney 2008, 328).

[ToaesuTe M3MepBaHNUs OOMKHOBEHO ce TpabsAT cTblika oT 10 m. [Ipn Te3n mpoyusa-
HUA TpsIOBa Aa ce MMaT IIpeABI/ HaAYMeTO Ha eBeHTyaAH) MacKUpally HacAary, ChBpe-
MEHHOTO TpeTHpaHe Ha TepeHa U yCAOBUsATa, KOUTO 3aTPYAHAT KOHTaKTa MeXAy aHTeHaTa
U 3eMHaTa IOBbPXHOCT. OBMKHOBEHO € Hy>KHO ITOKPUBAaHeTO Ha MHOTO TOAeMU IIAOIIN 3a
Ja MOKe Ja ce HallpaB! HaJeXXAHO CpaBHEHUe U Ja ce OTAeASIT aHOMaANNUTe MPUIMHEHN
OT ecTeCTBeHaTa IIPOMsAHA Ha TeOAO0XKM U IOuBeH! GpopMaliui OT Te3) C aHTPOIIOTeHeH
ponsxoa. Jdaxke U INpu MAeaAHU yCAOBMs MaTHMTHATa BB3IPHEMYNBOCT MOXKe CaMo Aa
UHAVKMpPa Bh3MOXKHa JYOBeIlIKa AeIHOCT B APeBHOCTTa, Oe3 Aa ObJe KaTeropmdyHa B TOBa
OTHOIIIEHNe AW Aa PETUCTPUpPa apXeoA0rnIeck cTpykrypu. Taka ue, pesyaTaTtute OT U3-
cAeABaHeTO Ha MarHMTHATa BB3IIPMEMYNBOCT He MOraT caMu 3a cebe cu Ja Obaar mapa-
MeTBbp 3a OIleHKa 3a YOBEIKO IPUCHCTBUE B APEeBHOCTTa. MHOIO ITO-TOASMOTO BAVUSHUE
Ha IIOYBEHMTE YCAOBUS ¥ MacKMpaIly aldyBUaAHU HacJaru MoXe Ja ITpeAu3BUKaT KaKTo
IIOAOKWUTEAHY, TaKa 1 OTpUIIaTeAHN aHOMaAUM ¥ KaTO CAeACTBIUE — Hy>KaTa OT AOITbAHNU-
TEAHO rFeOMarHITHO IIPOyYBaHe.

Quz. 11.1.3.2. Msmepsane ¢ kanamemvp MS 2 na Bartington (no Gaffney, Gater 2003, col.
pl. 10).

KbM rpynaTta Ha ypeanuTe paOoTely C HUCKOUYECTOTHU €AeKTPOMAarHUTHU BbAHU
TpsAOBa Aa IpuOaBuM 1 MeTaaoTbpcaunte. Te, obaue, Morat ga ObaaT M3MIOA3BaHM He 3a
ThpCeHe I IIpOoy4YBaHe Ha apXeoA0TIecky 00eKTH, a 3a OTKpMBaHe Ha OTAeAHM apTedaKTH.
TBi1 KaTO TOBa PsAAKO € OCHOBHATa 1le1 Ha apXeoA0TMJecKuTe MpOydBaHUs, TYK He e MsC-
TOTO Ja pasraexxgame Io-0OCTOIHO TSXHOTO mpuaokeHue. [Toa apxeoaormaecku KOHTpOA
MeTaA0TbpcadynTe Morat ga 0b4at MOAe3HN TP OTKpVBaHe Ha MeTaAHU IIpeAMeTH, 0coDe-
HO Ha Te3) C MaAK! pa3dMepu, KaTO MOHeT) 1AM HaKUTH. B ToBa oTHOIIeHNe 1311043BaHeTo

15 Har[pMMep B 3aTp€BEHM 111011111, KOUTO OTAaBHA 1AM HIMKOIa He ca onan O6pa60TBaHI/I U BCAACTBUE
Ha TOBa € HEBb3MO>KHO OTKPMBAHETO Ha T€peHa Ha KepaMlKa AN APYTU CAeAN OT YOBEHIKO ITPUCHCTBIE.
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IM MO2Ke ga Cce OKa’Ke 0CODOEHOo yA4a49HO ITPU N3BBbPIIBAHETO Ha CIIaCUTEAHI Pa3KOIIKY, KO-
raTo apXxeoA03uTe ca IIPUTNCHATU OT ANIICaTa Ha BpeMe 11 CpeACTBa. B Munaaoro meraao-
ThpCadlTe MIMaXxa CBOE€TO MSCTO I IIPU ITIOYMCTBAHETO OT >KeAE3HI OTIIaAbIM Ha IMAOIINTEe
mogJe’kamy Ha MaroHiToIIrpoy4dsaHe, HO CbBpEMEHHIUTE KOMITIOTbPHN ITPpOrpaMI ITIO3BOAS-
BaT IIpedemysIT M CITHaal Aa 6’]),49 aBTOMAaTM4YHO Cl)I/IATpI/IpaH.

Biicoko4ecTOTHI e2eKTPOMarHuTHU ypeAl — reopajapi.

Mosxe Ou Hali-Ba>kHOTO TeXHMYECKO HOBOBbBeJeHNe 3a IIpoyJYBaHe Ha apXeoA0rnye-
CKM 0DeKTu OT 1mocaeauurte gecetuaetus Ha 20-tu Bex e reopagapsT (GPR — or ground
probing radar)'. I13moasBaH B IOAXOAAIIM YCAOBMS TOM MOXe Ja A€MOHCTPHUpPa MHOTO
BIICOKA pa3jeauTeaHa ClIOCOOHOCT U AbA00OYMHHOCT. Bee orrie orpannyeHoOTO My U3I1043-
BaHe B apXeoJOorusATa ce AbAXM Ha HUCKaTa CKOPOCT Ha II0AeBUTe M3MepBaHIs, 0COOeHO
CpaBHeHa C MarHUTOMeTpUsATa, BUCOKaTa IjeHa Ha 00Opy/ABaHeTO M CAOXKHATa Ipolelypa
3a 00paboTKa Ha JaHHNTe, M3MCKBAIlla MHOTO BICOKa CTeIIeH Ha CIelaAn3aris.

I'eopagapbT e mpoydpaTeaHa CUCTeMa, KOATO M3I0A3Ba BUCOKOYECTOTHM eAeKTpo-
MarHUTHM BBAHM. YPeAbT M3IIpallla ype3 eJHa IlpejaBaTeaHa aHTeHa KpaTKOBpeMeHHIU
€/eKTPOMAarHUTHY UMITy/ACH B 3eMHaTa IOBBPXHOCT. YecToTaTa Ha BbAHATa € OT HAKOAKO
AECeTKM A0 HAKOAKO CTOTHUIIN, U JaKe rtoede MHz. AHOMaAHMTe OTKAOHEHNS B €AeKTP-
YyecK/Te CBOJICTBA Ha cpejaTa ca IIpMYMHa 4acT OT eAeKTpOMarHuTHaTa eHeprus aa 0bae
OoTpa3eHa ODpaTHO KbM 3eMHaTa IIOBbPXHOCT, KbAETO Ce Perucrpupa U ycuasa OT eAHa
npueMHa aHTeHa. IToayyeHnusT curHaa ce 3ammcpa CbC CBOATa aMIAUTYJAa U (pa3oBo OT-
MecTBaHe KaTo (PyHKIINS Ha BpeMeTO 3a OTHBaHe I BpbIllaHe M KaTo pe3yATar ce 1oAyJapa
BepTUKaJeH pa3pes 110 uaMepeHaTa nnpopuana aunusa (gur. 11.1.3.3.).

Time (ns)

16 Texnmuyecky, TepMUHBLT ce IIpuaara 3a scruky YKB ypeau, usapusaniy eAeKTpOMarHUTHU BbAHNU
c yectotu ot 30 MHz 20 12.4 GHz, nsnoassanu 3a rnpoydsaHe B cpeAl pasAnyHU OT Bb3ayxa (Jones 2008, 28).
Tesn ypeau mMar MHOTO IIMPOKO I104€ Ha IIPUAOKEeHUE — OT reoMOp(OA0THATa 40 M3CAeABaHe KaueCTBOTO Ha
pasanyHy Matepraau. Tyk I1e pasraesxxaMe caMo OHe3!, HaMUpally IIPUAOXKEHNe B apXeOA0THATa.
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Quz. 11.1.3.3. I'eopadapert paspes noryuen cvc cucmema padbomeuia wa 50 MHz nad déa nom-
HU myHeAd. AMnAumydama Ha peucmpupanus cuzHaA e npedcmasena kamo PyHkuyus Ha nosu-
yusma (XopusoHMAAHAMA 0C) U 6peMemo 3a omueare u epvuiare (éepmuxairrama oc) (no Annan,
A.2009: 5, fig. 1.2).

EaexTpoMarHuTHUTE BbAHM Ce Pa3IIpOCTpaHsBaT BbB Bb3AyXa CbC CKOPOCTTa Ha CBeT-
anHaTa (¢ = 3.10° m/s namn 0.3 m/ns). B 3emsATa cKOpocTTa Ha €A1€KTPOMarHUTHUTE BbAHU
(V) e pazandHa, Thil KaTO 3aBUCK OT OTHOCUTeAHATa AMeAeKTpUYHa Bh3IIPUeMUNBOCT (&),
OTHOCUTeAHaTa MarHUTHa IPOHUIIAeMOCT (i), eAeKTpudeckara IIpoBOAMMOCT (0) U 4ecTo-
TaTa Ha BbAHaTa (f).

C
v = (IL.1.3.1)

1+41+(c /2n.f &)
r'“’r
2
Toit kato 0/27.f.€, e npubansuTeaHo paBHO Ha 0, B HEMarHUTHU CpeAn (u=1), xa-

KBUTO ca 3eMHUTe Hacaaru (Meller 2006, 99), ckopocTTa Ha eaeKTpOMarHuTHaTa BbAHa ce
cBeXXJa A0 U3pasa:

C
v T [m/s] (IL.1.3.2)

OTTYK, ABAKVIHATa Ha BbAHAaTa e:

h=r=— m] (I1.1.3.3)
S A,

Twit KaTo € BB BCMYKM APYTU CpeAn e TTo-TroasiMa oT 1, ypasnenue (I1.1.3.2) mokassa,
ye CKOPOCTTa Ha eAeKTPOMarHMUTHNTe BbAHM IIPOHUKBAIIM B 3eMsATa e IO-HICKa OT Ta3u
BBB Bb3AyXa. B Thil HapeyeHUTe cpeAM ¢ MaAKI 3aryOu Ha eHeprus, KaKBUTO ca Te3! C BU-
COKO e4eKTPpUYeCcKO ChbIIPOTUBAEHIe, MaKCMMaAHOTO IIOHVIKeHe e AeBeT ITbTH, T. €. TOBa €
CKOPOCTTa Ha e/eKTpOMarHuTHaTa BbAHa B IIpsicHa Boda (0.033 m/ns).

PasnpocrpanenneTro Ha U3AbUeHNTEe OT aHTeHaTa eAeKTPOMarHUTHI BbAHU He e 110
Ipasa AMHNSA, a MMa gopmaTa Ha KOHYC C eAUIICOBMAHA OCHOBa, KOATO Ce pasIupsiBa B
AbAOOYMHA.

Tasu ocHoBa e U3BecTHa ¢ TepMIHa ,caeja” Ha reopadapHus curHaa (pur. 11.1.3.4).

A D

A==+ = (IL.1.3.4)
4 g, +1

B=A/2 7)

Kbaeto A e roaemusT paauyc Ha eauricata, B e maakusar paauyc, a D e AbabounHa-
Ta. ToBa e mpuumMHaTa 4a ce IoAy4JaBa OTpa3eH CUTHaA He caMO OT OOeKTH, KOUTO ca TOUHO
1104 Teopajapa, HO 1 OT TaK/Ba, KOMTO Ca Ha M3BECTHO pa3CTOsHIE BCTPaH! OT AMHMATA Ha
IIpoy4YBaHe.
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Quz. 11.1.3.4. Qopma Ha zeopadapHusl CUZHAA.

ABpAOOYMHHOCTTa Ha IIpOy4YBaHe Ha Teopajapa 3aBUCH OT peaniia ¢paKkTopu, Hali-Ba-
SKHITe OT KOUTO Ca pasceliBaHeTO U 3aTVXBaHeTO Ha CcurHada. PasceiiBaHeTo ce AbAXKM Ha
OTpa>keH!sI OT Hee AHOPOAHOCTH C pa3Mepu OT HopsigbKa Ha AbAKIHATa Ha BbAHaTa. Koa-
KOTO € I10-BJICOKa 4ecToTa f (ChOTBETHO, IT0-MaAKa AbAKIHATa Ha BbAHATa A), TOAKOBA I10-
roAsIMO IIle € pa3celiBaHeTO Ha €HeprusTa, a OTTaM - II0-MaAKa AbAOOYMHHOCTTA. 3aTUX-
BaHETO Ha €AeKTPOMAarHUTHIS CUTHAA, € PYHKIVA Ha AMeAeKTpIJYHaTa Bb3IPYeMUBOCT
€,, MaTHUTHATa IIPOHUIIAEMOCT 4 U eAeKTpudyeckaTa IpoBoaumoct o. Koepunnenrsr Ha
3atuxsaHe 1o Annan (Annan 2009, 11) e:

a=2 |t
2 \e

r

[dB/m] (IL.1.3.5)

KakTo ce BuKga oT ropHata popMyaa 3aTXBaHeTO Ha CUTHAJa 3aBUCH Hall-Beye OT
IIPOBOAMMOCTTa Ha ITouBaTa. B cpeaut ¢ BUCOKO eAeKTpMUIecKo ChbIIPOTUBAEHNE 3aT/IXBaHe-
TO e 0aBHO, 40KaTO B IIPOBOASIIN CpeAM KaToO TAMHM MAV IIOYBM C BUCOKO ChAbp>KaHle Ha
B/Jara 3aTMXBAaHETO € MHOTO OBbP30, KOeTO BOAM A0 3HAUMTEAHO HaMaAsBaHe Ha AbAOOYMH-
HocTTa. Taka ue, AbaAO0OUYMHaTa Ha n3caeasaHe ¢ anTeHa oT 100 MHz B ycaoBusiTa Ha ranHec-
TU HacAaru Moxe ga Obae cBedeHa 40 2-3 MeTpa. AKO Te3) HacAary ca i MHOTO OBAa>kKHeH!
CUTHaABT MOXe Aa ObJe IOrbAHAT Ollle B I'bPBUTE HAKO/AKO CAHTUMeTpa, T. €. MeTOABT Aa
e ppo0O1Ie HermpuaoxuM (Schrott, Sass 2008, 57).

Bce mak Moxe ga dageM MaKcUMaAHUTE ABAOOYMHU 3a pPa3ANMYHUTE aHTEH! IIpU
eaHu obmyaiiny ycaosus (tada. 11.1.3.1).
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YecToTa Ha [bn6ounHHOCT 3a [bnxnHa Ha Bb/iHaTa Xopu3oHTanHa MakcnmanHa
aHTeHaTa (MHZ) o0buyanHn nousm (m) (A — B meTpm) B noyBa paspeluaBalla BepTUKaNHa
ce=15 CMOCOGHOCT — pagnyc Ha | pa3peluaBalla
30HaTa Ha OpaHen cnoco6HocT - A/4 (m)

1000 ~1.0 0.08 0.2 0.02

500 ~2.0 0.16 0.4 0.04

200 ~3.0 0.39 0.8 0.10

100 ~5.0 0.77 1.4 0.19

50 ~7.0 1.55 2.4 0.39

Tabauya 11.1.3.1. IIpubausumernu crmouHoCmu Ha 0CHOGHUE 6EAUNUHU NPU NPOYHEAHU-
ma c zeopadap 6 obuuaiinu nousu (no Jones 2008, 31).

Ot ocobeHo 3HaueHne 3a reopajgapHUTe IPOy4YBaHNs € Je(PUMHIPaHeTO Ha BepTUKaal-
HaTa I XOpM3OHTa/AHaTa pa3leAnTeHa ClIOCOOHOCT. BepTukaaHaTa pasgeanTeaHa Criocod-
HOCT 3aBJICU OT Ab/AKIMHATa Ha BbAHaTa (T. €. OT pabOTHaTa 4eCTOTa Ha M3ABUBAHIL CUTHAA
OT aHTeHaTa J CKOPOCTTa Ha pa3IIpoCTpaHeHIe Ha BbAHATa B AaJeHaTa cpeda - A=v/f). Tosa
O3HaydaBa, ye IPU CpeAl C IIO-HUCKM CKOPOCTM Ha pasIpocTpaHeHNe Ha eAeKTPOMarHuTu-
Te BbAHU BepTUKa/AHaTa paspelllaBaliia ClIOCOOHOCT IIle e I10-BiCcOoKa. TeopeTnyHo, 3a Ja
Morar BpoOIIle 4a ObaaT OT4eAeHM ABe OTpassiBalllyl I'paHUIM Te TpsOBa Ja ca Ha pa3CTo-

sIHIe TIOHe Y4 OT AbAKMHATA Ha BbAHATA. IIpakTiyeckn, obade, ToBa pa3cTosHNe TPsIOBa

Aa e 1oHe Y2 A, a Haii-a400pu pesyataru ce noaydasat Hag, 14 (Gaffney, Gater 2003, 49). 3a
Aa Opbae, obaue, BHOOIIle perucTpupaHa eJHa IpaHUIla, TPsIOBa 4a CBIECTBYBa pa3ANKa B
OTHOCHTEeAHATa AVeAeKTPUYHa BB3IIPUEMUINBOCT MeXAyY ABeTe cpeau. Ta3y paszanka ce o1l-
pedeas c koeduimeHTa Ha oTpakeHne R:

€1 748
R= % (I1.1.3.6)

Cunura ce, ye 3a 4a Obde eAHa TpaHUIla OTpassBallia KoepuineHTsT R Tps1OBa Aa e 11o-
roasm ot 0.1 1 caejoBaTeAHO OTHOCUTeAHaTa AMeAeKTPUYHA Bh3IIPUeMUMBOCT Ha BTOpaTa
cpeja ¢, TpsiOBa 4a ce pazandasa 11oHe ¢ 50% ot Tasu Ha mbpBarta ¢, (Leckebusch 2001, 12).

XopusoHTaaHaTa pas3deAnTeaHa CIIOCOOHOCT e Apyra XapaKTepUCTUKa, KOATO BCBIII-
HOCT e oIlpeJeAsdIliaTa 3a Bb3MOXKHOCTUTe Ha reopajapHus MeTOA B apxeoaorusTa. Ts ce
AeduHupa c Thii-HapeueHaTa 30Ha Ha @panea (Ppur. I1.1.3.5.), K0sATO OnMCcBa MUHMMAaAHATa
I110I1] Ha 00eKTa, OT KOMTO MOXe Ja ce I0Ay4n oTpakeHue. Ts mMa popmaTa Ha KPBT €
paauyc r, KOIMTO AeCHO MOXKe Aa Ce U34MCcAu 1o popMmyaaTa:

(11.1.3.7)
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Due. 11.1.3.5. 3ona na Opanen (no Sheriff, R. 2002: 154)

Koakoto no-roasima e soHata Ha @paHe, TOAKOBa IIO-HICKa € XOpM30OHTaAHaTa pas-
AeanteaHa ciocodbHocT. OT TyK caelBa, Ue XOpM30HTaAHaTa pa3deAuTeaHa CIIOCOOHOCT e
IIPaBOIIPONOPLIMOHAaAHA Ha YecToTaTa Ha aHTeHaTa, T. €. KOAKOTO e I10-BICOKa 4ecToTa Ha
n3AbYBaHe — TOAKOBA e I10-Ma/Ka 30HaTa Ha PpaHes, a caea0BaTeAHO e I10-BUCOKa XOpU-
30HTa/Ha pe3oAonus. B cblloTo BpeMe, ¢ yBeandaBaHe Ha AbAOOUMHaTa pa3jeAnTeaHaTa
cnocobHOoCT HaMmaAsBa (dur. 11.1.3.6).

24
22 e
2.0 ==

18 L
16 S -
14 S
12 _ _
10 - . §
08 L S E—
06 = S — ==
0.4 S —
02 =
0.0

3oHa Ha ®Ppanen (M)

abadounna (m)

f=100 MHz, e, =15 (Bnaxna nousa)

f=500 MHz, ¢, =15 (BnaxHa nousa)
————— =100 MHz, e, =9 (HopmaJTHa ITO4Ba)
fffff =500 MHz, e, =9 (HopMaJiHa [104Ba)
--------- f=100 MHz, e, =2.5 (cyxa nousa)
77777777 f=500 MHz, e, =2.5 (cyxa nousa)

Que. 11.1.3.6. Kpusu na sonama na Oparer usducAeHu 3a pasruvuHu padomHuy 4ecmomu u
PASAUMHU XAPAKMEPUCUKY HA Cpedama 6 3asuUcuMoc om 0bA0OUUHAMA.

Eano Apyro siBAeHMe, BAMSEIO BbPXY HplMAaraHeTo Ha reopajapHus MeTO/, € Thii-
HapedeHMAT e(peKT Ha 04m3koTo noae. [Tpu msapusaHeTo Ha eAeKTpOMarHuUTHaTa BbAHa
aHTeHaTa reHepupa e4Ho I1o4e ¢ paauyc 1¥2 gbaXmuHarta Ha BbAHATa, KOETO MOXe Aa ce
cuMTa 3a yacT caMarta aHTteHa. CaejoBaTeAHO, B Ta3! 30Ha TeXHMYECKM HsIMa IIPOHUKBaHe,
T. €. OT Ta3! 30Ha HsAMa 1 nHPopmanms. ETo 3amo, ako nmame anreHa c yecrora 300 MHz
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1 CyXa II04Ba C €, 0K040 2.5 3a bpBUAT 1 M OT paspesa I1le AUIICBa KaKBaTO 1 Aa e uHGop-
marsi. AKO ImouBaTa € OBAa>kHeHa U’ €, € OKOA0 15 Ta3u 30Ha 11e e camo okoz0 40 cm. Ho
B TO3U cAydall 3aTMXBaHeTO Ille € TOAKOBa roAsaMo, 4e AbA004YMHaTa Ha IIpOy4YBaHe MOXKe
Aa He Haaxpbpas 1 M (Davis, Annan 1989). ETo 3a1mo reopagapsT TpsAOBa Aa ce M3II0A3Ba B
yCAOBMsATa Ha HacAary ¢ HUCKa eAeKTPOIPOBOAMMOCT U HUCKO ChAbp KaHUe Ha BAara. 3a
Aa ce OCUTYpM BICOKa XOPM3OHTaAHa U BepTMKaJAHa pe3oAonns TpsAOBa Ja ce M3I10A3BaT
aHTeHU ¢ no-Bucoka yecrora — ot 200 20 500 n aopn 800-900 MHz.

ITbpBuTe onuTH C ypea, KOMTO MOXe Ja ce Hapeue reopaJap, ca HallpaBeHU B AB-
crpus nipes 20-Te TOAMHU Ha MMHaANS BeK 3a olpedeasHe deOeanHarta Ha AeAHnun. Tasu
TexHIKa e 3a0paBeHa 3a AbATO BpeMe, 3a 4a Obae npeoTkputa pes 60-Te roanHy oT NASA.
Camo caeg HAKOAKO TOAVMHU reopadapuTe 3aliouyBaT ga HaBAU3aT B MHXKEHePHOTe0 A0 KKI-
Te 1 Xugporeoaoxkure nscaeasanus (Conyers 2004, 16, 17). ITppsuTte onnTu 3a M311043-
BaHe Ha reopagapure B apXeoAOIusTa ca OT Hauaa0To Ha 80-Te roaunn Ha 20-Tu Bex (Imai
et al. 1987). Tpit Kato, reopagapute M3Ab4BaT CUTHAA HAKOAKO AeCeTKU ITbTU B CeKyHAQ,
TOBa BOAM A0 MOAy4aBaHETO Ha MHOTO roAsiM ooeM nmHpopmanns. B nauaannure etanu Ha
M3I10A3BaHeTO Ha reopajapute To3u PakT e IpeAU3BUKBaA TPYAHOCTH IIPU ChXPaHsIBaHETO
1 oOpaboTKaTa Ha Te3U 4aHHU, KOeTO, OT CBOsI CTPaHa, € BOAeA0 A0 eCTeCTBeH CTpeMe>K KbM
orpaHmMJyaBaHe oOema Ha M3MepBaHIATA. 3a ITacTye Pa3BUTMETO Ha KOMIIOThpPHATa TeX-
HIKa I IIPOrpaMHOTO oOe3IleueHne Ipe3 IocAeJHUTe ABe AeCeTUAeTIA A0 roAsiMa CTelleH
paspelrnxa To3u Ipo0.1eM 1 HallpaBlixa Bb3MO>KHO U3BbPIIIBaHeTO Ha IO-IIINPOKO Malad-
HI IIpoy4YBaHus. Te3dy HOBOBbBeAeHN: IT03B0ASBAT HOKPMBAHETO Ha I10-TOAeMM IIAOIIN U
IpeACTaBsAHeTO Ha pe3yATaTUTe He caMO KaTO BepTUKaJAHM pa3pesy, HO M KaTO XOPU3OH-
TaAH! I1AaHOBE 3a pa3ANIHU AbAOOUMHM U TpuMepHM nzodpaxkenus (Leckebusch 2001).
Bbrpekn ye reopasgapHuTe mpoydsaHUsl ca HO-CKBIIN OT ,,KOHBeHIIMOHaAHUTe” (€AeKTpo-
CBHIIPOTUBUTEAHN VI TEOMarHUTHI), Te IPeA0CTaBAT YHIKaAHa Bb3MOXKHOCT 3a Obp3a OlleH-
Ka Ha AbADOUYMHAaTa Ha 3a/siraHe Ha OOeKTHUTe, KaKTO U IIpeACTaBsIHeTO B TPMMepeH Bl Ha
rorpebGaHITe OCTaHK!, KOETO B peauiia cAydall HalTbAHO OIlpaBJaBa BAOXKeHITe CpeACTBa.
I'eopagapu Mmo>ke da ce OKakaT eAMHCTBEHITe ypeAl, KOUTO MoraT 4a ce M3I10A3BaT B Hsl-
KOV IO-CAOXKHU CUTyallMI: HallpyMep P IIPOyYBaHNs B HaCeAeH) MecTa AN B paMKIUTe
Ha CbIIlecTByBalu crpagu. MHoro 400pu nepcrnekTusy, 3a ChXKadeHlue Bce oIlle Hego0pe
uscAeABaHl, IMa IIpe reopajapuTe U IPU ThPCeHeTO Ha 0-4bA00KO pa3IioA0KeH! 00eK-
TH, HallpuMep Ipu npoyusaHeTo Ha Mornan (Goodman et al. 2009).
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Que. 11.1.3.7. Tpumepro usodpaxerive Ha 2e0padaptu UsMepeaHus Had ocmanku om paHHo
xpucmusarcka yvpkea (no Misic, B. 2005: 261, fig. 13).

Bcuuko ToBa gaBa OCHOBaHMe Ha reopajapuTe Ja ce 3alaraT TOAeMU OYaKBaHMs, Bb-
IIpeK! 4Je OINTa II0Ka3Ba, ye Te MOraT Aa ce OKa’kKaT IIPeBb3X0KJalllyl OCTaHAAUTEe Pa3BUTH
MeTOAM caMO IIpU MOAXOAAIIN ycA0BuA. KbM ToBa TpsAOBa 4a 400aBUM U TOBa, 4e MopaAu
U3II0A3BaHeTO Ha eAeKTPOMAarHUTHY BbAHN C MHOTO BICOKa €HepIvisl, B MHOTO CTPaHU OT
3anagna Espornia n ocobeno B CAIll reopagapure ca oAA0KeH! Ha 3aAbAXKUTEAHU AU-
LIEH3VIOHHI U OTPaHNYNUTEAHN PEXKUMIL.

I1.1.4. Ceu3smmueH MeTOA,

MeToabT 1311043Ba perUCTpUpaHeToO Ha OTpa3eHNUTe NAN IIpedyIleHN OT ITorpedaHmn
CTPYKTYpPU U3KYCTBEHO Ch34ajeH! CeU3MIYHN BbAHN. PU3MYHNITE OCHOBU Ha CeM3MUYIHIS
MeTog4, ce Oa3upaT Ha pa3dAMYHNUTE eAacCTUIHU CBOMICTBA (CKOPOCT Ha paspocTpaHeHle U
BBAHOBO CBIIPOTMBAEHIE Ha CeM3MUYHNTE BbAHU) Ha OOeKTUTe 1 BMecTBalllaTa Il cpeja
(Paagxos 1966, 16).

CensMMYHMAT MeTOZ, IIpeACTaBAsBa ChplleBMHATa Ha ITpoydBaTelHaTa reopusnka,
HO e OTHOCHUTEe/AHO HeunsIoA3BaeM 3a apxeoaorndecku nean (Kvamme 2005). ). Eto samio B
o01IMTe TPyAOBe BLPXY apXxeoAorndyeckaTa reopusmka My ce OTAeAsAT OYKBaAHO HAKOAKO
ab63ama (Clark 1990; Gaffney, Gater 2003), kaTO ga’ke HAKOM aBTOPM IO BKAIOUBAT B TpadaTta
“isoteric” (monsTHU camo 3a mpoceseTeHnTe) methods (Linford 2006, 2244).

IIpu cemsMmyHNMTe MPOYYBAHMS U3KYCTBEHO Ch3AaJeHM eAacTUYHM BbAHU Ce IIpo-
IycKaT B AbA004YMHa, KaTO BpeMeTo 3a IIpJUCTUTaHe Ha OTPpa3eHNTe I IIpedyIleHN OT TpaHu-
LI MEXAY Cpeay C pa3AMYHM eAacTUYHIU CBOJICTBA BbAHU Ce PeTUCTpIpa Ha HOBbPXHOCTTA.
Tesu Bpemena ce mpeoOpasyBaT B AbAOOYMHHM CTOTHOCTH, IO KOUTO Ce I10Ay4JaBaT BepTH-
KaaHu paspesu. [Inonep B mmpmaaraHeTo Ha CeM3MMUYHNTE IIPOYYBAHMS B apXeOAOTHUATa e
¢ongauma JAepuun, VMraans, BblIpekn ye HAKOU pasraexkAaT pe3dyATaTuTe KaTo CIIOPHMU
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(Clark 1990, 121). B noseueTto caydau, pasMmepuTte Ha TbpCEeHIUTEe apXe0A0Tndecky 00eKTH ca
U3BbH Bb3MOXKHOCTUTe Ha MeToJa. ITpu Haamumero Ha cA0XKHM cTpaTUrpadCKy rpaHuUIn
MHTepIIpeTalATa Ha II0Ay4eHnTe pe3yATaTi MOXKe 4a ce OKayke HeBpb3MoxkHa. OcHOBHaTa
Ipedka IpeJ CeUM3MUYHIS MeTO/ e ToAsAMaTa AbAXKIHA Ha BbAHaTa TeHepupaHa Ipu yaap-
HO MAU B3PUBHO Bb30YKaHe:

A%

A=— (IL1.4.1)
f

KbAETO

A e AbZKUHaTa Ha Bb/AHATa B METPU
v e CKOPOCTTa Ha BbAHATa B m/s
fedecroraTa Ha BpaHata B Hz (s™)

Karo 3Haem, ue mpu reHepupaHe Ha Cei3MIYHA BbJAHA C B3pUB AU yAap YecToTa i
e oT HiAK04KO AeceTku 40 200-300 Hz, a MmakcumaaHaTa i1 CKOpOCT B OOMYaHUTE ITOBBPX-
HocTHU HacAaru e 800-1200 m/s (boranmk, I'ypsua 2006, 126, 118), MokeM Aa IIpecMeTHeM,
Je AbAKMHATa Ha BbJAHATa € MeXAy 4 u 24 M, T. e. TOBa ca MUHIMAaJAHNUTE pa3Mepu Ha
00€eKT, KOMTO MOKe ga ObJde perucTpupas, KOeTo e jajed M3BbH U3MCKBaHIUATA Ha apXeo-
aorusTa’. IIpecMsTaiiku mo-1moA00eH HaulH, 3a Aa IIOAYYMM OTpa’keHle OT 0DeKT C pas-
Mepu OT HopsAAbKa Ha 1 M, yecToTa Ha ce3MMYHaTa BbJAHa TPsI0Ba Ja € HAKOAKO XUASIAU
Hz. Kapabean (Carabelli 1955) nanpo0Osa yaTpasBykosu BbAHM ¢ yectoTa oT 30 kHz 20 90
kHz, HagsBaliky ce ga mOAy4n oTpakeHue OT CTeHUTe Ha eTpycka I'poOHMITa, HO pe3yATa-
TUTe ca He3a40BOAUTEAHI.

Maraexxaa, ye MeTOoABT Ha MpedyleHuTe BbAHU € ITO-TI0OAXOASI] 3a M3cAelBaHe Ha
apxeoaornyecku ctpykrypu. Toit Mmoxe aga ce okake I10Ae3eH IIpU M3cAeABaHe Ha MaAKU
IIAOIIM U IIPU pelllaBaHe Ha KOHKPeTHM 3aJadl. Y CIIeIIHO e IIPIAOKEeHNeTO My IIpU OTAe-
AsTHe Ha ToaeMM AbA0OKO 3aAsralliy CTPyKTYypU KaTo ApeBHu posose 1 KaHaau (Karastathis,
Papamarinopoulos 1997; Karastathis et al. 2001). Harmocaeabk nma gokaaasanu 400pu pe-
3yATaTH C M3II0A3BaHETO Ha yATpa-1AuTkute orpasenu sbanu (Hildebrand et al. 2007).

I1.1.5. AKycTU4HI MeTOAN.

basupar ce Ha perncrpupaHeTo Ha OTpa3eH! U3KYCTBEHO Chb3JaleH! 3BYKOBU BbAHU
C yecToTa OT IOpsAAbKa Ha HAKoAKocTtoTuH kHz. Ypeaure paGoremnin Ha TO3M HPUHITUII
Ca M3BECTHU C OOINs TePMUH — COHapy, UAM C IIO-KOHKPETHMSI —COHAapU ChC CTpaHM4YeH
0030p. ITpmaarar ce caMmo npu 1MoABOAHUTE MPOyYBaHMUs 3a U3cAeBaHe peseda Ha MOp-
CKOTO ABHO AU 3a ThpceHe Ha IOTbHaAM Kopabu man Apyru ooexru (Blake 1995 u mur.
ant.; Sheriff 2002, 318). Kato npuHINII Ha TpUAOKeHNe COHapUTe Hallo400sBaT MeToAa Ha
OTpa3eHUTe BbAHU B CeU3MOIIpoyuBaHeTo. T'bif KaTo He e TUIINYeH reopu3nyeH IpoydBa-
TeJeH MeTOJ, IIPUAOKEHIETO MY 3a apXe0A0TMIeCcK! I1eA U3JICKBa OTAeAHO pasriexKJaHe
U 3aTOBa TyK HiMa 4a My ObJe OTAeAeHO IO-CIIel[1aAHO BHIMAaHIE.

I1.1.6. I'paBUMeTpU4YeH MeTOA.
MeTtoabT ce Dasupa Ha M3MepBaHETO Ha OTKAOHEHM:Ta Ha TPaBUTAIIIOHHOTO I104e

17  BeboiHOCT TOBa € BepTHMKaJHaTa pasjeauTesHa criocobHoCT. XOpU3OHTaAHaTa MOXKeE Ja Cce M3UIC-
A1, TIOA00HO Ha TeopajapuTe, cbe 30HaTa Ha Ppanea (Brok popmyaa I11.1.3.7) (boranuk, I'ypsira 2006, 640).
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Ha 3eMsTa IIpeAU3BUKaHN OT pa3AN4dls B IABTHOCTTA Ha ITorpedaH CTPYKTYpU 1 BMeCTBa-
mara i cpeda. MetoasT e GaBeH KaTo IIpoliec Ha M3MepBaHe, a B ChIIJOTO BpeMe e CBbp-
3aH C TeXXKM M CAOXKHU IIpolleaypu 3a oOpaboTka Ha gaHHUTe. OCBEeH TOBa, KaTo IIpaBu-
210, TpaBUTAaLIMIOHHUTE aHOMaAUM, IIPeAU3BUKaHN OT apXeoA0rndecku 0OeKTH ca TOAKOBa
cAabu, Je ca Ha TPaHMIUTE Ha BB3MOKHOCTUTE Ja’kKe U Ha Hall-CbBpeMeHHUTe Aa3epHMU
rpasuMerpu. [Tocaegnure pK, OT CBOs CTpaHa, ca HAKOAKO I'BTU ITO-CKBIINM OT Hall-CKb-
I1Te OT OCTaHaANTe reOPU3NYHN ypeAN U3I0A3BaHN B apxeoorusATa. ITppsute onurtu 3a
U3I10A3BaHe Ha IPaBUMETPUYHI MeTO/ 3a A0KaAM3VpaHe Ha apXeoAOIMYeCcK) CTPYKTypu
ca usBbpuIeHn ot ekuma Ha Ponganus JAepuun (Linnington 1966) Ha eTpyckus HeKpoI10A
npu Yepserspu. 3a chKaleHue, Iopaau IoBpeja B U3II0A3BaHIs IPaBUMETbP pe3yATaTu-
Te OT TOBa U3CAeBaHe ce OKa3BaT HellpueMAusu. Hesasnucumo oT ToBa, HabAI0OAeHNATa Ha
/VIHUTTBH OTHOCHO MeTOAMKaTa U TexXHMKaTa Ha M3cAeaBaHe OCTaBaT HallbAHO BaAVAHI.
Bbripexku ye nmpuaoxeHneTo Ha TpaBUMETPUYHIS METO/ B apXeoAOoIusATa € OrpaHu4eHo,
TOM MOXKe Ja ce M3II0A3Ba B HAKOU 0AaronpusATHU cAydaly, KaTO HallpMep ThpCeHeTO Ha
1oA3eMHI KapepHH nan Apyru roaemu Kyxuau (Fajklewicz et al. 1982; Gaffney et al. 1991, 6;
Yuan et al. 2006; Panisova, Pasteka 2009; Batayneh et al. 2006).

I1.1.7. TeoTrepMu4eH MeTOA,.

lsmoa3Ba M3MepBaHeTO Ha IPOMEHU B TeMIlepaTypara Ha 3eMHaTa ITIOBBbPXHOCT,
IIpeAU3BUKAHM OT ITOrpebaHy CTPYKTypI.

MeTtoabT e Bce ollle B eTall Ha pa3paboTBaHe 1 OIleHKa Ha e(peKTMBHOCTTa B 004ac-
TTa Ha apxeoaorusTa. [IporechT Ha AMPEKTHO U3MepBaHe Ha TeMIlepaTypaTa Ha 3eMHaTa
IIOBBbPXHOCTTa € OaBeH 1, MakKap U Ja ca AoKadaaBaHe ycrnernu usnurtanus (Bellerby et al.
1992), noayuenure gannm ca TpyAnn 3a untepuperanus (Gaffney et al. 1991, 6). ITpomenn-
Te B TeMIlepaTypaTa MHOTO I10-e(PeKTMBHO MoraT ga ObJaT perucTpupaHy 4pe3 U3I0A3-
BaHeTO Ha aepodoTorpadus B MHPpadepBeHaTa JyacT OT crekTbpa (o6ukHOoBeHO 10.5-12.5
um) (Clark 1990, 122). Tosa, obaue, e 10-CKOpO B 0OXBaTa Ha Bb3AYIIIHUTE METOAM U HsAMa
Aa Obge pasraexkgaHo TyK.

I1.1.8. PagnomMeTpuiIHI METOAMN.

basupar ce Ha M3MepBaHeTO Ha aHOMAa/AN! Ha eCTeCTBeHaTa pajMiOaKTMBHOCT, IIpe-
AVI3BUKAHM OT apXe0A0TnIecKy CTpyKTypu. Te3y MeToAM ca B IIpoliec Ha M3IIUTBAaHe U IMaT
UBKAIOYUTEAHO OTpaHNYeHO M3I0A3BaHe B apxeoaorysra. [lybankysannTe npumepu, o
KOUTO MOXe Aa ce ChbAU 38 Bb3MOXKHOCTHUTE M, Ca MaAKO U ca I1aBHO BbPXY U3CAeABAaHETO
Ha eCTeCTBEHOTO raMa M3/AbUyBaHe Ha M30TOIUTe Ha Kaawus, ypaHa u Topus (Chiozzi et al.
2000; Gautam et. al. 2000; Moussa 2001).

I1.1.9. AepodoTorpadpmsi.

KbM Benukm m3bpoeHM mo-rope reopu3MUHN METOAM 3albAXUTEAHO TpsOBa JAa
IpubdaBuM U Bb3AyIIHATa M CITbTHUKOBaTa poTorpadusi, KOsTO, Makap 1 Aa He e 4514
oT reopu3MKaTa, Thil KaTO Ts e OpraHnyYHa 4acT OT IIpolieca Ha IIpeABapuTeAHO ThpceHe Ha
apXxeoA0TNYecKuTe OOeKTH.

3naueHueTo Ha aepodoTorpadusATa € HeoleHUMO. T e U IbPBUAT UHTePAUCHIUILAN-
HapeH MeTO/ 3a OTKpUBaHe Ha apXeOAOTMYecKy OOeKTM, U3II0A3BaH YCIIeIIHO B AHIAN:
omre Hayaa0To Ha 20-tu Bek (Parcak 2009, 14). Ha nmpakTuka n311oA3saHeTo Ha Bb3AyIITHUTE
¢dororpadpum nnpeacrapasBa MpoLiec Ha pa3ro3HaBaHe Ha OOeKTY 110 TeXHNUTe TeOMeTPUYHI
ouepTanus. Tesu ouepraHus, CKPUTHU 1104 ITOBbPXHOCTTa, MOTaT Aa ObaaT perncrpupanu
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II0 XapaKTepa Ha pacTUTeAHOCTTa Haj TIX (pacTUTeAHM MHAMKATOPM), I1BeTa Ha IodBaTa
(IMToYBeHM MHAMKATOPHU) AN He3HAUUTeAHN M3MeHeHIs Ha pededa (MHAMKATOPU Ha OCBe-
TEeHOCTTa AU Ha CsIHKaTa). PacTureaHnTe MHAMKATOpU ca pe3yATaT OT pasAMIHUTE yCAO-
BIsI, B KOUTO Ce pa3BUBaT pacTeHm:ATa. Taka Hampumep, Te3u, KOUTO pacTaT Ha/, 3aTpyIlaHu
KaMeHHM CTeHH IIfe U3NNUTBAT He4OCTUT Ha BAara I, Hall-BepOsITHO, I1je 0bAaT MO-HaPsAAKO U
C He TO/AKOBa HaCUTEeH IIBAT, OTKOAKOTO Te3M PacTsIIy IIpY HOPMaAHH ycA0Bu:. B cbiioro
BpeMe, pacTUTeAHOCTTa Haj, pOBOBe C OOraT Ha OpraHMYHI MaTepuaAu IbAHeX Ou Tps1OBa-
710 Aa € MHOTO IIO-ThCTa U C ITI0-HacUTeH 1BAT. [ louBeHnTe MHAMKATOPH IIpeAcTaBAsABaT 13-
MeHeHIs B 1IBeTa Ha I104YBaTa, IpeAu3BIKaH! OT pa3AN4dNs B ChbCTaBa I, KOUTO Hall-uecTo ce
U3ABSIBAT CAe/ IPsCHO pa3opaBaHe. 3a yCcAOBMATa Ha bbarapus MHOTO xapaKTepeH e I1Be-
TBHT Ha 3aAMYeHIUTe IIPU CeACKOCTOIIaHCKa 0OpabOTKa HICKM HaArpoOHu moruan. Ha Bb3-
AYIIHUTE CHMKM Te ce OTKPOsBaT MHOTO SICHO KaToO ITO-ThbMHU AN ITO-CBeTAM I1eTHa (ur.
I1.1.8.1). MinanxaTopuTe Ha OCBETEHOCT ca MpeAN3BUKaH! OT MUHMMaAH ITOBUIIIEHUS WA
IIOHVDKeHNs Ha TepeHa, KOMTO MoraT Jga ObJaT perucTpupaHy caMo IIpu olpeJeleH Ha-
KAOH Ha CAbHYeBaTa CBeTANHA, T. €. OT XBbpAeHarTa csaHKa. ChIlecTByBa U €4UH YeTBbPTU
Tun uHAuKaropu. Te moraTt ga ObaaT onpeJeaeHy KaTo MHAMKATOPU Ha pa3TOIIsIBaHETO
Ha cHera. [Ipu manTko pasnoaoxeHu CTPYKTypH e Bb3MOXKHO OTpa3eHarta OT TsAX TOILAMHA
IoAydeHa OT CABHIIETO Ja IpeAM3BMKa pa3ToIlsiBaHe Ha CHe>KHaTa ITOKpUBKa Hag, Tsax. Ot
Apyra cTpaHa, IIOpaAl roAeMisl HaKAOH Ha CAbHYEeBNUTe ABUM IIpe3 3uMaTa € Bb3MOXKHO
OCBeTsIBaHeTO CaMOo Ha e/HaTa II010BIHa Ha cAabo u3pa3eH ITO3UTUBHI peaedpHU POopMI,
a OTTaM I CTOIIsIBaHeTO CaMO Ha CHera OTKbM OCBeTeHaTa MM CTpaHa.

I311043BaHeTo Ha CITbTHUKOBUTE N300paskeHNs Beue ChIIo UMa Abara uctopus. IIpp-
BUTe CI'bTHUIIYM, KOUTO MMaT 3a Ije4 U3cAeBaHe Ha 3eMHaTa IIOBbPXHOCT Ca aMepUKaHCKI-
Te cubTHUIY OT 1Tporpamara LANDSAT u ¢ppenckure SPOT. PazgeanteanaTta criocOOHOCT
Ha MoAy4deHNTe M300pakeHMs: obaue e HMcKa (0T mopsiabka Ha 10-20 1 mmoede meTpa) U
OIIUTUTE 3a U3II0A3BaHe B apXeoA0IusTa ca Ho-ckopo obeskypaxkuteann (Kvamme 2005).
ITbpBUTE CITBTHMKOBM CHMMKH C BYCOKa Pe30AI0IMsA CTaBaT AOCTBIIHU B cpedarta Ha 90-Te
rOAMHI Ha MUHaAus BeK. ToBa ca gekaacupuumpaHnTe M300pa’keHNsI OT HAKOM IIINOH-
CKII MUCHUM Ha ABeTe BeAMKU ciAM — aMepuKaHckuTe Corona 1 Argon ¢ pazgeanTeaHa CIIo-
cobHOCT OT 5 40 15 M 1 OT MOHTMpaHUTe Ha pycku cirbTHMUIIM Kamepu KBP-1000 n AK-1
¢ pasgeauteana ciocooHocT 40 1-2 m (Kvamme 2005). I3Beaennte B opoura mpes 1999 n
2001 roanna xomepcnaanu cabTHUIM IKONOS 1 QuickBird npeaaarat nzobpaskeHust ¢
pasdeauTteaHa criocoOHOCT A0 70 cM, KOeTO mpaBu abCOAIOTHO BB3MOXKHO M3II0A3BAaHETO
UM 3a peructpupane Ha apxeoaormdecku odexkru (Lasaponara, Masini 2007). Ot 2007 n
2008 roamHa ca B opOuTa 1 Komepcnaanu cirbTHUIM Ha Digital Globe, cHabaeHn cbe ceH30-
pute WorldView-1 n WorldView-2, xouTto npeaaaraT cBOOOAHO Ha Iasapa CIeKTpaAH! U
MOHOXPOMHH 1300pa’keHus ¢ pa3aeAnTeaHa ClIOCOOHOCT OT nopsAbKa Ha 40-50 cm.
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Quz. 11.1.8.1. Cnomnukxosa cHumka Ha paior usmoyuto om c. Opusoso, oouy. bpams Jacka-
Ao6u. YepHume Kkpbzose ca 0CMAHKU 0N MAAKU MOZUAU 3AAUYEHU OM CeAcKocmonanckama o0pa-
Oomia u nesaberexkumu na mepera. Tomnama Aunus npes cpedama Ha CHUMKAMA HAU-6EPOSIITHO
e mpacemo Ha anmudrus nom om OuAUnonoA 3a womuama cmanyus Paruiym, xoumo e mapxu-

=
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pam Ha mepena ¢ usuLa om pasnpueHamu kamviu. (usmounux Google Earth ™).

ITocaeanuTe AOCTVDKEHNUsS Ha AVMCTaHIIMIOHHITE MeTOAM Ca M300paskeHNsATa oAyJe-
HI OT MOHTMpaHuUTe Ha cirbTHUIM padapu u andapu (RADAR - or Radio Detection And
Ranging n LIDAR - ot Light Detection And Ranging), konTo 13noassar npejasBaTeAn pa-
foTemy B paaMO4YeCTOTHUS Y CBETAVHHISA AValla30H U PETUCTPUpPAT OTPa3eHMs CUTHA.
/naapute, KOUTO MMaT MHOTO BUCOKa pasddeAuTeaHa CIIOCOOHOCT (40 3 ¢M) M3BbpIIBAT
BCBIIIHOCT €4HO MHOTO TOYHO 3acHeMaHe Ha peleda Ha 3eMHaTa IIOBBPXHOCT, IIPU KOETO
MOrar Aa ce perucTpupaT U MUHMMAAHNUTE I3MEeHeHs ITpeAU3BIKaHN OT orpedaHy o0eK-
Ti. 3a pa3auKa OT TsAX MaKCMa/AHaTa pasjeAuTeaHa CIIOCOOHOCT Ha padapute e 40 15 M,
HO Te MaT IIPeMMYIeCcTBOTO, 4ye MoraT Ja AajaT U300pa’keHle Ha 3eMHaTa IIOBbPXHOCT U
IIpY HaAMYMEeTO Ha I'bCTa PaCTUTEAHOCT, a IPU IIOAXOASIIN YCAOBIUs MOTaT Aa PerucTpu-
paT 1 00eKT! A0 HAKOAKO MeTpa 1104 3emsra (Parcak 2009, 73-80).

II. 2. METOAKA HA TEOMATHUTHUTE U EAEKTPOCBITPOTUBUTEAHN
IMPOYUBAHMS HA APXEOAOTMYECKN OBEKTI.

IL. 2. 1. l'eoMarauTHMI IIPOYYBaHMSL.

I'eomarHuTHUTE M3cAeaBaHUs IIpedaaraT Hail-Obp30 MpoyyBaHe B CpaBHeHNe C pa3-
AVMHUTE APYTY TeXHUKM U pearrpa Ha IIMPOK CIIeKTbP CTPYKTYypPH pe3yATaT Ha YOBeIlIKaTa
AeMHOCT B ApeBHocTTa. ETO 3a11o ToBa e IrbpBaTa TexXHMKa, KOsITO Ou TpsAOBaao Aa Obae
nsbpaHa 3a AeTailAHM IIPOYYBaHNs Ha I1A0II[Ta, KaTO APYyTUTe I10-0aBHM TeXHUKM OOMKHO-
BEHO Ce M3I1043BaT B IOCAeACTBIe Ha II0-MaAKI IIAOIIU IIpeACTaBAsBaIIN MHTepec, KOUTO
ca oIpejeAeHM OT IIMPOKUTe T€OMArHUTHU M3MepBaHM:. ['eoMarHUTHUTE M3MepBaHIL
Morar Ja peructpupa CTpyKTypu HOAA0KeH! Ha HarpsBaHe KaTo IIeIy ¥ OTHMIIA U IIPO-
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U3BOACTBEHN yIaCTbIIV, KaKTO 1 sIMI1 11 pOBOBE. OcseH B cAaydanTe, KoraTo ca nusrpagaeHu ot
CM1AHO MarHTHNM MaTeplnaAall, MarHUTOMETPU 10-c1a00 perucrprpat OCHOBI Ha CT€HI U B
TO3UN C/ly‘laﬁ MOZKe Jda ce KOM6I/IHI/Ipa C €ACKTPOCBIIPOTUBUTEAHN ITPOYIBAHIAL.

IL. 2.1.1. Anmaparypa.

OcHOBHISI ypea Ha TEOMAarHUTHOTO IIpOoy4yBaHe e PAYKCIeNT IrpasguoMeTspbT. Tosn
MHCTPYMEHT CchueTaBa TOUYHOCT OT nopsabKa Ha 0.1 nT ¢ aeka KOHCTpyKIUs U roasma cKo-
pocT Ha usMepsaHe. Bce o nonyaspHu crasaT 1 ONTUYHO-aOCOPOIIMIOHHITE MarHUTOMe-
Tpu. Te mpurexasat uyscrsureanoct 40 0.05-0.01 nT u umar mogobHa ckopocT Ha U3Mep-
BaHe. [ 1aBHaTa pa3zanka MexXXAy ABaTa THUIIa MaTHUTOMETPH €, 4e OIITUIHO-aOCOPOITMIOHHN-
Te MarHUTOMeTpU M3MepBaT abCOAIOTHAaTa CTOVHOCT Ha 3¢MHOTO MarHUTHO I104e, A0KaTo
(paykcreniT MarHUTOMETpUTE PadOTAT caMO B IPajieHTOMEeTpUIEeH pe>KIM KaTo u3MepBaT
pasaukaTa BbB BepTHKa/AHaTa KOMIIOHeHTa Z Ha 36MHOTO MarHUTHO I10/1€e MeXAY ABa pas-
IIO/A0KeH! eAVH HaJj ApPYT ceH3opa. 3a Ja ce eAMMIHNpPa aBTOMaTYHO AHEBHITe Bapla-
LM U pernoHaAHus ,,poH” e Hy>KHO aaKaAHO-aOCOpPOIIMOHHNTEe MarHUTOMETPH CBIIO Aa
ce M3II0A3BaT B IpajAMoMeTpIYHa KoHpuUrypaius. B mporusen cayyaii ce Haaara 110AyaBTo-
MaTUYHOTO MM OTCTpaHsBaHe, KOETO BOAU KaKTO 40 HUCKA IIPOU3BOAUTEAHOCT Ha U3Mep-
BaHIATa, TaKa I 40 OaBHO M0/Ay4YaBaHe Ha OKOHYaTeAHUTe pe3yaTtaTu. I1o npunnmm onTmy-
HO-aOCOpOIMOHHNTEe MarHUTOMEeTPM MMaT I10-BMCOKa YYBCTBUTEAHOCT, HO OOVMKHOBEHO
e HeoDXOAMMO Aa ce MOHTUpAT Ha HiKakBa I1aTgopMa AN KOAMYKA, 3a 4a ce HaMaAasT
cAyJaiHUTe I'Pelllki U TaKa ga ce M3I10A3BaT BCUMYKUTe UM IpeumylecTsa. ITpakriueckn,
IIpU eAHM OOMYaliHN yCAOBUS, Pa3ANKa MeXAy ABaTa TUIIa MHCTPYMEHTU B CIIOCOOHOCTTa
UM Aa PerucTpupar apXeoAoTrndeck CTPYKTYpU e CpaBHUTeAHO MUHMMAaAHa, KaTo IPUH-
LIMITHOTO U3VICKBaHe e ypeAuTe Aa IIpUTeXXKaBaT TOYHOCT OT nopsigbka Ha 0.3 nT nau nmo-a0-
opa (Jones 2008, 21). ITo-BucokaTa TOUHOCT Ha ONITUYHO-aOCOPOIIMOHHITE MaTHUTOMETPHU
OOMKHOBEHO e OrpaHM4YeHa OT CMYIIeHIATa, TpeAU3BIKaHU OT caMIs ChCTab Ha ITOYBarTa.
CepirectsyBaTt 1 APyI MarHUTOMETPY, IIPOTOHHU U OYBbPXay3bp, UMEeTO U3II0A3BaHe B ap-
X€0AO0TMsTa € MapTUHAaAHO.

3a u3BbLpIIBaHe Ha M3MepBaHIsTa A0KAaaBaH! B HACTOSAIIIOTO M3CAeBaHe e U303~
BaH QpaykcreiT rpagnomersp Grad 601-1 Ha anranmitckara ¢pupma Bartington Instruments.
BepmiHocT, B MOMeHTa Ha CBETOBHILS I1a3ap ce Ipedaarat caMo Tpy (pAYKCIeNT rpalioMe-
Thpa, KOUTO MOraT ga ObJaT M3II0A3BaHM 3a apXeoA0orndeckn 1ean. Tosa ca roperocode-
HuT, FM256 Ha Geoscan Research, Aurans n Ferex Ha Foerster Group, I'epmanust. VI tpute
ypeda ca ¢ IpuOAM3NTEAHO eAHAKBY XapaKTepUCTUKN — TOYHOCT, CTabMAHOCT 1 T. H. Pas-
AMYaBaT ce e4MHCTBEHO IO Pa3CTOSHMETO MeXXAy BepPTUKaAHO Pa3IlOA0KeHUTe CeH30PH.
ITpu Grad 601 To e 1 M, mpu FM256 — 0.5 M 1 ipu Ferex — 0.4, 0.65 1 1.6 M.

Maxkcumaanara epexrnsHa pezoatonysa Ha Grad 601 e mexxay 0.03 un 0.1 nT, B 3aBu-
CUMOCT OT M30paHus oOxBaT. YpeAbT MOXKe Ja pabOTH KakTo B IIpoy4yBaTeJeH, Taka I B
cKaHupar pexxum. I Ipu mpoyusaTe AHIAT pesKM MOXKe Aa ce U3I1043Ba KaKTO pPbYHO, Taka
11 aBTOMaTUYHO M3MepBaHe C peryaupyema CKOpoCT Ha M3MepBaHe, II03B0/AsBallla B3IMaHe
Ha OTYeTM 40 OCeM TOUKM Ha MeThp.

IL. 2.1.2. Mpexxa Ha nsMepBaHe.

IIpeasuaenara 3a mpoy4BaHe I1A01I] Ce pa3geas Ha KBaapartu ¢ pasmepu 10x10, 20x20,
30x30, 40x40, 50x50 nam 100x100 M, KOUTO, BCHITHOCT, Ca 3aA0>KE€HNUTE OT IPOU3BOAUTEAS
Ha CbOTBeTHUS yped. OOMKHOBEHO Hall-yJadHO e M3I0/A3BaHeTO Ha KBajpaTu ChC CTpaHa
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20 m. ToBa He U3KAIOYBA B TPAHMYHM Y4acCTbIU 4a Ce U3MepBaT U ILAOIIN C IPaBObrbAHA
dopma ¢ pazanmunm pasmepu. OpueHTanuaTa Ha U3MepBaTeAHaTa Mpeka OOMKHOBEHO e
II0 ITOCOKUTE Ha CBeTa (KaKBaTO € HOpMaJAHaTa OpMeHTalNs Ha I1AaH-KBagpaTHaTa MpesKa
IIpY apXe0A0TMIecKUTe Pa3KoIIKM) ¢ mpoduan 1or-cesep, Ho B Grad 601 anapaTypHo e 3a-
A0>XKeHa Bb3MOKHOCTTA U 3a Apyra OpueHTauus — npe3s 45°,

VsmepBanmsTa o npoduanTe MoraT ga ce U3BbPIIBAT 110 YCIIOPeAHM MAM 3UT3a-
ropuAHN AuHUNM. OOMKHOBEHO M3MepBaHMsTa ce IIPaBsT 1o MpoduAnTe 10 3UTr3aroBujHa
cxeMa, € KOSITO ILAOLIHOTO ITOKpUBaHe e Hail-Obp3o0. [Ipu Tasu cxema Moxe Aa ce II0AydH,
oOade, pasMIHaBaHe Ha TOYKHUTe 110 NpoduanTe, 0coOeHO, KOraTo MarHUTOMETBhPBT He ce
ABPKU CTadMAHO MAY TPV HepaBHOMEPHO ABVIKeHMe 110 ITpodpuanTte. OcobeHo yecTo ToBa
ce cAy4yBa, KOTaTO M3MepBaHMsATa Ce IIPaBAT Harope-HaloA4y 1o ckaoH. Tosa ce uspasssa,
B KpaliHa CMeTKa, B e/HO HadyIllBaHe IepIeHAUKYASPHO Ha AMHUATA Ha TPO(pUANTe BB
¢dpopmaTa Ha pubena kocT. Upes KOMIIIOTbpHa 00pabOTKa, TO31 epeKT MOXKe Ja ce 3ardaan,
HO IIpM BCUYKU CAyday TOBa MOXe 4a AOBeJe A0 IOHV>KaBaHe KauyecTBOTO Ha M3XOAHUTe
AQHHIL.

IL. 2.1.3. O6paboTKa Ha gaHHWUTE.

ObpaboTtkaTa Ha U3MepBaHMATa OT FTeOMarHUTHIUTE IIPOyYBaHIs Cce HaJlara 3a OTCTpa-
HsBaHe IPeJelloTO BAMSIHIE Ha pa3AndHM (pakTopy, KOpUTMpaHe Ha IPelIKM Ha oIepa-
TOpa 1 eAMMHIpaHe Ha anaparypuus Apeiid. [To To3u HauuH ce 10400psBa Ka4ecTBOTO
Ha MO0AY4YeHUTe 4aHHM U ce M30srBa Bb3MOXKHOCTTa 3a IPOITycKaHe Ha caabu aHOMaAuw,
KaKBUTO Ca Te3U MpeAu3BUKaHIU OT apXeoA0TMYeCcKuTe CTPYKTypu. 3a U3BbpIIBaHe Ha Ta3!u
00paboTka OOMKHOBEHO Ce M3I0A3BaT Crelaanu3upany nporpamm kato ArcheoSurveyor
Ha DW Consulting'®, kos1To e n3roassana B cayyas, nan Geoplot Ha Geoscan Research®.

a) OTcTpansaBaHe Ha IIPeYeloTo BANSHIE Ha OAM3KO pas3ioA0KeH! A0 IOBLPXHOCT-
Ta ToaeMu cbBpemMeHHH >keae3Hn npeametn (Clipping).

Tosu mmpo1jec ce M311013Ba 3a OTCTpaHsABaHe Ha eKCTPeMaAHO BUCOKU M3MepeH! CTO-
HOCTH, KOMTO MOTaT Aa ,,3aMBIAAT” 10-PpUHUTE AeTailAl OT MHTepecyBalyi HU apXeoA0Tu-
gyecky cTpyKTypu. Teau nsmepsaHms Morar ga ce OTCTpaHAT KaTo ce 3ajajaT abcoAIOTHUTE
CTOMTHOCTM B paMKITe, Ha KOUTO Tps0Ba 4a ce BMeCTAT MAM KaTo YacTy OT CTaHAAPTHOTO
oTkAoHeHMe. PasOupa ce, mpu 13I10A3BaHETO Ha Ta3y IIpolielypa TpsOBa Ja ce BHUMaBa
Aa He ce 3aJajaT IIpeKaleHO HUCK!U CTOMHOCTYU U 3aelHO C ,IITyMoBeTe” ja ce OTCTpaHU U
11o4e3eH ,,curHaa” OT apXeoAOTMYeCcKM CTPYKTYPH C BMCOKM MarHUTHU ITOKa3aTeAMl.

6) Kopurupane Ha n3aMepBaHu:ATa 32 HETOUHOCT! OT HEpaBHOMEPHOTO /ABIV>KeHle Ha
omeparopa 1o nsMepsareaHute npoduan (DeStagger).

IIpean 3amousaHe Ha M3MepBaHUATAa MarHUTOMETHPBT Ce HACTPONBa Aa IPaBU OT-
JyeTu Ipe3 onpejeleH MHTepBal, KaTo MO3ULNsTA 110 MPOPUANTE 38 BCKM OTYeT ce 13-
qucAsBa KaTo ce Ipearioaara, 4e oreparopa ce ABVKI C IIOCTOsIHHA cKopocT. Tosa, obaye,
Ps4KO e Taka, 0CODEHO MPU ABVKEHNE IO HepaBHa IOBLPXHOCT, KOETO BOAM A0 M3MeCT-
BaHe Ha CeH30pa OT IIpe4lioAaraeMara My TO4Ha ro3unus. PesyararsT € MHOTO OTYeTANB
Ha/ AMHeNHY CTPYKTYpU IIpU M3MepBaHe I10 3UI3aroBlAHa CXeMa, P KOeTO aHOMaAHUTe
CTOJMHOCTM Ce pasrojaraT IIaxMaTHO II0 AbAKMHAaTa Ha cTpykrypara. Tosu edekr ce ot-
cTpaHsiBa ¢ onepanuaTa DeStagger, KOsTO BCBIITHOCT IIpeACTaBAsIBa B3alIMHaTa KOpeAarys
Ha CbceAHMUTe TpOpNUAN, Ype3 U3MeCcTBaHe Ha M3MepBaTeAHUTe TOUK!U II0 TAX C HAKOAKO

18  http://www.dwconsulting.nl/archeosurveyor.html

19  http://www.geoscan-research.co.uk/page9.html
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TTO3UITUML.

B) Kopurupane Ha namepsanmsATa 3a rpeliky IIpyu HUBeAMpaHe Ha ypeJa I 3a HeyTpa-
ansupane Ha TepenHus epekt (DeStripe).

ITpn aABMKeHneTo cu o NpopuAnUTe orlepaTOPBT MHOTO YeCTO He MOXe Aa ABPXKU
ypeda CTpOro BepTMKaAHO MAM TOYHO OPMEHTMPaH IIO 3ajadeHaTa Iocoka. Tosa ce oT-
passiBa Ipu NPeACTaBsIHeTO Ha AaHHUTe OT M3MepBaHMATa B PeAyBaHeTO Ha I10-CBeTAU U
IIO-TbMHI AMHUU ChBIIajalliyl C AMHUATA Ha TpOopUANTEe, KOETO BCBIITHOCT O3HayaBa, Jye
€ BHeceHa e/Ha IIOCTOsIHHA TPeIlka ¢ II0A0XKUTeAeH 3HaK IIPpU ABVDKeHIe B eJHaTa I10COKa
U, CbOTBETHO, C OTpullaTeJeH — B oOparHarta Iocoka. Taka ge mponecst DeStripe mpea-
CTaBAsBa BCHIIHOCT M3Ba’K4aHe Ha e4Ha KOHCTaHTHa CTOMHOCT, 3a 4a Ce IIOAYy4YM CPegHO
apuTMeTUMJeH OTYeT I10 Tpoduia paseH Ha Hy4a AU Ha Apyra CTOMHOCT OOIlja 3a BCUYKU
npoduan. To3u mporjec asTOMaTUYHO IIpeMaxBa U ILAaBHIUs TeMIlepaTypeH Apeiid B Te-
JyeHle Ha CaMOTO M3MepBaHe, KOWTO ce HaDAIOAaBa IpU IoBeyeTo MarHuTomerpu. Ilpn
IIp1AaraHeTo Ha TO3M IIpollec TpsI0Ba 4a ce BHIMaBa 4a He Ce e AMIUHIPAT aHOMaAUNUTe OT
AVIHeVIHM CTPYKTYpPH, KOUTO ChBIIajaT ¢ IIOCOKaTa Ha u3aMepBaTeaHuTe rnpoduan. Pazdoupa
ce, TOBa MOXKe Aa Ce CAy4Yl eAMHCTBEHO, aKO Te3V aHOMaAUM ca ChC CTOMHOCTY ChU3Mepu-
MM C OTKAOHEeHMsITa, KOUTO TpsAOBa Ja ce KOpUrupar.

r) EauMuHMpane BAMSHIETO Ha 0AM3KO Pa3OA0XKeHM 40 ITOBbPXHOCTTa MAaAKM Ke-
aesun npeameru (Low Pass Filter, aucko gecroren ¢puarnp).

Haamunero Ha Maaky xeae3Hu npeiMeTy B IIOBbPXHOCTHMS CAOJ € MHOTO 4ecTo
sABA€HIUe IIPU TePeHMUTe, KOUTO PeJOBHO Ca MOAJ0KEHU Ha CeACKOCTOIIaHCKa 0OpaboTka
nan ca B 0AM30CT ¢ HaceaeHu mecrta. Tosu ¢pakr ce uspassasa IIpu IpeAcTaBsIHETO Ha pe-
3yATaTUTe OT FeOMarHUTHUTE IIPOyYBaHNs B peAyBaHeTO Ha MHOTOOPOJHN IOAOXUTEAHU
U OTPULIATeAHN aHOMAANUM C MaaK/ pasmepu. IIponecsT Ha TAXHOTO eANMMUHNMPaHe Ipea-
CTaBAsIBa €4HO OCpeAHsBaHe Ha M3MEPEHNTe CTOVHOCTY B KPBI' C IpeABapUTEeAHO 3a4aeH
paauyc. Toii cbiio TpsIOBa 4a ce mpuAara MHOTO BHUMAaTeAHO, Taka 4ye 3aeAHO C IIpeyeru-
Te BMCOKOYECTOTHHU ,IIIyMOBe” 4a He ce OTCTPaHU IT0AEe3HIUS CUTHAA OT apXeOAOTMIecKN

CTPYKTypI/I
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Que. 11. 2.1.2.1. Xarxa oynap. Kapmu na usmeperus éepmuxarer paduerm Ha MazHum-
HOmMo noAe u caed npurazarie na npovuedypume (a) Clipping, (6) DeStagger, (6) DeStripe u (2) Low
Pass Filter.

IL. 2. 2. E2eXTpOCBIIPOTUBUTEAHN U3MePBaHIAsL.

CrernednTa Ha M3II0A3BaHe Ha €AE€KTPOCBIIPOTUBUTEAHNST METO4 € OI'paHUY€Ha OT
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Hy>KJaTa OT raABaHI4eH KOHTaKT MeXAy eAeKTpouTe U 3eMHaTa IOBbpXHOCT. Hakon Ho-
BOBDbBEeAEHIIsI, KaTO MOHTHMPaHeTO Ha eAeKTpoANTe Ha pUKCHpaHa paMKa KaKTO U aBTOMa-
TUYHOTO M3MepBaHe U 3aIllC Ha JaHHUTe B IlaMeTTa Ha ypeaa 40 roasiMa CTelleH yCKOpsiBaT
npoiieca. Bee rmak ckopocrra Ha U3MepBaHe e B IIbTHU IIO-HICKA OT Ta3y Ha MarHUTOMeTpU-
Te, KOeTO BAMsIe Ha IleHaTa Ha IIPOy4BaHeTO. 3aTOBa € MHOTO Ba’KHO €AeKTPOCBHIIPOTUBIU-
TeAHUTEe U3MePBaHMsl Aa Ce U3BBLPIIBAT B YCAOBU:, IIPU KOUTO IIperMylliecTBaTa Ha MeToa
e ObAaT U3MOA3BaHN Hall-ITbAHO. OOMKHOBEHO Te ce MPeAIOYNTaT B YCAOBMS Ha CUAHU
MarHUTHM CMYILeHMs, KOTaTO MarHUTHUSAT MeTo/ e HenpuAoXxum. ChIIo Taka, eAeKTpo-
CBIIPOTUMBUTEAHUTE M3MEPBaHN Ca BOAEIIM, KOraTo ce O4akBa HaAM4MeTO Ha OCHOBU Ha
CTeHU 1A BBbOOIIle Ha CTPYKTYPH U3TpaldeHy OT MaTepuaa, YisATO MarHUTHa Bb3IIpUeMUun-
BOCT Ce pa3Andasa c1abo OT Ta3M Ha BMecCTBalll/Te I'M HacAaru.

l'eomarHuTHNTE U €A€KTPOCEIPOTUBUTEAHN IIPOYYBaHIS B3aIMHO Ce AOI'bABAT, 3a-
TOBa KOTaTo ce IIpOoy4yBaT roldeMu 140N e 400pe Aa ce HallpaB! eAHO IIbAHO IIpeABapu-
Te/AHO MarHUTHO M3MepBaHe, 10CAeABaHO OT eAeKTPOCBHIIPOTUBUTEAHO Ha II0-MaAKH y4dac-
TBLY, KbAETO IMa AaHHU, Y€ ChIIeCTBYBAaT OCTAHKM OT IIOCTPOMIKM.

IL. 2. 2.1. I360p Ha cxema.

IIpu xapTupammurte eAeKTpOChIPOTUBUTEAHN IIpOy4YBaHUA Hali-IIpeAllodMTaHa e
AByeaeKTpoaHaTa cxeMa (twin-probe array). V3noaspaiiku a3y cxema, MOXe Ja ce pe-
TUCTPpUpa roAsIMO pa3sHOOOpasle OT apXeoAOTHYeCKM CTPYKTypH, Kato ¢popMaTa Ha aHO-
MaAnsTa € CpaBHUTEeAHO cAabo 3aBucHMa OT opueHTanmsTa i1. Thit KaTo AbAOOUMHATA 40
O4yaKBaHNTe CTPYKTyplU OOMKHOBEHO He ce 3Hae IIpeABapuUTeAHO M3Ioas3BaHeTo Ha 0.5 M
nan 1 M Mexxay eaekTpoauTte e cbceM rpueMAnso. CThIIKaTa 110 IpopuANTe OOMKHOBEHO
e 0.5 M, npu pascrosHne Mmexxay Tax — 1 M. Eanara oT ABOVIKITe €4eKTPOAM € pa3IioAo>Ke-
Ha Ha PUKCUPaAHO MACTO, YCAOBHO IIpMETO, 4ye e B Oe3KpallHOCTTa, 40KaTO ApyTraTa ABOI-
Ka e IOJBI>KHA I BCBITHOCT Ype3 Hes ce M3BbpIIBaT m3MepsBaHusaTa (Bvok ¢ur. 11.1.1.3).
OrgasedeHuTe eaeKTpoAu OOMKHOBEHO ca Ha pascTossHue oT 15 40 30 mbTH HO-TOASIMO
OT pa3CTOsAHMETO MeXAYy ABaTa M3MepBaTeAHN eAeKTpoa. B mporeca Ha pabortarta Te3n
eAeKTpoAM TpsiOBa Aa ce IIpeMecTBaT, 3a 4a MOXe IIPOy4YBaHeTO Aa IpoabAxu. ITpu Tosa
TpsAOBa Aa ce HOpMaAU3MpaT U3MepBaHMsTa HallpaBeH! ChC CTapaTa 1 HOBaTa IO3MIIV
Ha OTJaledyeHUTe eAeKTPOAM, 3a Aa HAMa IIpeKbcBaHe B n3MepeHuTte daHHu. Hyxkaara ot
HOpMaAM3anus Moxe Aa ObAe MIHUMU3MpPAHa Ipe3 yBeAndaBaHe Ha pa3CTOSHMETO MeXK-
Ay camnTte puKkcupany eaexkrpoan. [Ipocture MaTeMaTiaecky U34MCA€HUs ITOKa3BaT (BVOK
¢opmyaa (I1.1.1.2), ye ako pa3CcTOSHMETO A0 OTAaAedeHaTa ABOViKa e moHe 30 BT pa3CcTo-
SIHIIeTO Me>KAY ITOABVDKHITe e1eKTpoAY, IIPOMsIHaTa Ha TOBa pa3CTOsHMe OT Hall-OAmu3KaTa
AO Hall-Ja/ledyHaTa TOYKa Ha M3MepBaHe IIle Ipeju3BlKa I'pelllka I10-Maaka oT 3%, KOATO
3a eAeKTpOCBhIIPOTUBUTEAHNTE IIPOYYBaHIs e ChBCceM ITpueMAnBa. Taka pasaeaeHn Ha Taa-
KOBa roAsMO pa3CTOsIHNe, OpMeHTallsATa Ha eAeKTPOAHNTe ABOVIKM He e OT 3HaueH!e, a B
CBIIIOTO BpeMe ce 110400psiBa AbAOOYMHHOCTTA, 3alll0TO TOKBT IIPOTHYa OT 3aXpaHBaIlluTe
eAeKTPOoAM IOUTH paAMalHO. 3a Aa ce IOCTUTHe AbADOYMHHOCT KaTo Ha ejHa oOMdYaliHa
KoHuUTypaIus, HarlpuMmep BeHep, e HY>KHO pa3CTOSHIETO Aa € HaIlOA0BMHA I10-MaaKo.
Taxka ¢ pazcrosinmue 0.5 M MeXAy ABOVIKATE €A€KTPOAM AByeAeKTpOAHaTa CXeMa Ce € 4yBCT-
BUTeAHa KbM CTPYKTYPH Pa3lOA0XKeHM TOAKOBa AbA0OKO, KOAKOTO e cxeMma Benep ¢ 1 m
pascrosinne MeXXAy eaekTpogurte. Ilpu ToBa, B TO31 cayyail, AByeAeKTpoAHaTa cxeMa e U
C ABa ITBTU I10-A400pa XOpMU30HTaAHa pe3oaonus. TakaBa KOMIIaKTHa cXemMa BOAM A0 W3-
I1043BaHeTO Ha paMKa, Ha KOATO B AOAHU: Kpall ca MOHTHPaHM ITOABVKHIUTE eAeKTPOAY, a
B TOPHIS — UIBMEPUTEAHUS ypea,.
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HeaocraTtpiiute Ha AByeaeKTpogHaTa cXemMa ca AecHO mnpeasuaumu. Pascrosnume
MeXAy TOKOBUTE eAeKTPOAM € TOAKOBa roAsMO, 4e MOXe Ja ce IIpejroaara eaHo roas-
MO BAUSIHIE Ha I0-ABbA00KO 3aAsralliy re0A0XKKU CTPYKTypu. BepbIHoCT, HancTuHa TO3U
eeKT uecTo ce oTpassiBa BbB BIICOKOTO (POHOBO HIBO Ha M3MEPEHOTO ChIIpoTuBAeHMe. Tosa
oTpa’keHue, oDade, MOXe Ja ce IpeHeOperHe, 3all0TO HETOBOTO M3MeHeHle € HeCpaBHU-
MO IO-I11aBHO B CpaBHEHIe C TOBa OT apXe0AO0IMYeCKUTe CTPYKTYPH, 3allJOTO Te€0A0KKUTe
CTPYKTYypM Ae>KaT B [1A10CKaTa ¥ HeUyBCTBUTeAHa YacT Ha ITIOTeHIIMaAHNsA TpaAlieHT, 40KaTo
apXxeoAOIMYecKNTe Bb3AelICTBaT Ha Hall-CTp’bMHaTa 4acT OT IpajyieHTa B 0A130CT 40 TOKO-
sute eaektpoau (Clark 1990, 46).

Y 200cTBOTO, CKOpOCTTa U MpaKTHUyeckaTta epeKTUBHOCT IIPEBb3X0XKAAT IIOBEYETO OT
HeJOCTaTbhblTe Ha JABye/leKTpOoAHaTa cXeMa M 3aToBa Ts e CTaHaJa Hall-IIpeAIlouMTaHus
CBIIPOTUBUTEACH METOA B apXeOAOTUATA.

Kakro Oe mocoyeHo Beue, 4ByeaeKTpOAHaTa cXeMa e IOAX0AsA1IIIa, KOraTo ce IIpoy4yBar
CTPYKTYpMU pas3lioA0>KeH) Ha MalKa AbA0OuMHa (B paMKUTe Ha I'bPBUTE HAKOAKO AeCeTKI
canTuMmeTpa). OnuThT 3a IOBUIIaBaHe Ha AbADOYMHHOCTTA, Ype3 yBeAndaBaHe Ha pa3CcTo-
SIHIETO MeXAY IOABVKHATa ABOVIKA €AeKTPOAM, BOAM 40 HaMaAsBaHe Ha XOpM30HTaAHaTa
pesoaionus. 3aToBa NP ThpceHe Ha I10-ToAAMa AbAOOYMHHOCT, OCOOEHO B cAydauTe Ha
IpoBeXXAaHe Ha M3MepBaHMs 110 MeTOAa Ha HeIPeKbCHATOTO BEPTUKAAHO eAeKTPUYEeCKO
COHAMPAaHEe € yAa4yHO U3II0A3BaHeTO Ha APYTU CTaHAAPTHI CXEMIA.

AurnoaHa cxema

OcHoBHaTa 0cOOEHOCT Ha AUIIOAHATa CXeMa e, ye Ts e Hall-uyBCTBUTeAHa MeXAy
eaextpoaute B u N, zamoro N nipasu usmepsanus B Hall-CTPbMHAaTa 4acT Ha rpaJVieHTa B
6am3oct 40 B, g0kaTo yyBcTBUTEeAHOCTTa Ha M e MHOTO HIICKa TOpaAM OTAaAe4eHOCTTa My
ot A. ETO 3a1110 4yBCTBUTEAHOCTTa Ha Ta3! CXeMa ce KOHIleHTpupa mexxAay B u N, kato B pe-
3yATaT M3MepeHaTa KpuBa e IIpocTa 1 sicHa. HeaocTaTbKbT e, ue mopaaut TOBa, 4e eAeKTpo-
AuTe ca 0AU3KO eAUH A0 APYT, IIPOHMKBAHETO Ha TOKa e OrpaHIYeHo I AbA00UYNMHHOCTTa e
OKO040 e4Ha TpeTa OT Ta3! Ha cxemara Benep. B xpalina cmeTka, gumoaHaTa cxeMa MOXKe 4a
Ce U3I10A3Ba B MHOTO crelIupUIHU CAydau IIpY Haaudue Ha IAUTKU cTpyKTypu. TpsoBa
Aa ce oTOeaexxn, ye cxeMaTa € MHOIO UyBCTBUTeAHa KbM IPEIIKN B Pa3CTOSIHIETO MeXAY
eAeKTpOoANTe U IIOBBbPXHOCTHM HeedHOpoAHOCTU (Zhou, Dahlin 2003). Ocsen ToBa yBean-
YyaBaHeTO Ha Pa3CTOSHMNETO MeXAY AUIIOANUTE HaJ IIeCT I'bTU B peaAHM yCAOBUS BOAU A0
MHOT'O HJICKO OTHOIIIeHIe Ha I0Ae3HNs CurHaa KpM cmyieHnsta (Dahlin, Zhou 2004).

Benep-IllatomGep:xe

Kaacnueckara cxema Benep-IllaiomOepke e eqHa OT Hall-IIMPOKO U3IIOA3BaHIUTE 3a
BEepPTUKAAHO eAeKTpU4ecko coHAupase. Tazu cxema e eJHaKBO UyBCTBUTe/AHa KaKTO KbM
BepTUKaAHU TakKa I KbM XOPU30HTaAHU CTPYKTypu. KbaeTo ce cpelta koMmOmMHaums OT Ta-
KIBa CTPYKTYpH, cXeMaTa MOXe Ja ce OKa’ke e AVH 400bp KOMIIPOMIC MeXAy CTaHAapTHa-
Ta cxeMa Benep 1 aunoanara.

TpueaexTpoana cxema

Kakro n gunoanara cxema, TpueAeKTpoAHaTa IMa MHOTO 400pO XOPU30HTAAHO II0O-
KpUTHe, HO 3a pa3AuKa OT I'bpBaTa IMa MHOIO I10-100pO ChOTHOIIIeHIEe CUTHaA-IITyM. 3a
pasamka OT cumeTpudHuUTe cxemu Kato Benep n Benep-lllaiombepke, cxemarta e acume-
TpUYHa U JaBa M3MeCcTBaHe Ha aHOMaAuATa Ha ChIIPOTHBAeHeTO. OCHOBHUAT HeA0CTaThK
Ha cXxemara e U3II0A3BaHeTO Ha OTJaAede eAeKTPOoJ, KOeTO OrpaHndaBa U3II0A3BaHeTo 11 A0
MecTa C HaandeH AoCTbII. ToBa e eAuH MpaKTU4decku Impo0aeM, KOMTO He e 3a HpeHeOper-
BaHe. PasmrbBaneTo n chOMpaHeTo Ha Kabeaa MoKe Ja oTHeMme gocTta Bpeme. OcseH TOBa
ABATUTE Kabeau KbM OTAadedeHNs TOKOB e41eKTPOJ ca MHOIO YyBCTBUTEAHM KbM BBHIITHIU

45



Hukona ToHkoB

cmyienns (Dahlin, Zhou 2004). ITonsikora Tasu cxema ga’ke He ce IpejJara 3a pasraex-
JAaHe Ha Bb3MO>KHOCTHUTE TOYHO 3apaAl HaA4MeTO Ha OT4aAe4eH eAeKTPOs, .

Hsakou aBTOopu cmsATaT, ye NpM OlleHKa Ha BB3MOXKHOCTUTE Ha OTACAHUTE CXeMU
TpsAOBa Aa ce 3adarat pa3ANMIHU HIBA Ha €CTeCTBEHITe CMYILIeHI: 1 Ipelllka Ha 3MepBaHe
(Dahlin, Loke 1997). 3caeaBaHmsiTa 1IOKa3Bart, 4e Hail-HIUCKOTO OTHOIIIEHVE Ha MOAE3HIAS
CUTHaA KbM CMYIIIeHMATa IIoKa3BaT AUII0AHaTa I TpueaeKTpoaHarta cxema (Zhou , Dahlin
2003).

IL. 2.2.2. Amaparypa.

KaxTo Oe crioMeHaTo 1o-Tope ypeauTe U3II0A3BaHM IIPY €A€KTPOCBIIPOTUBIUTEAHNTE
IIPpOyYBaHNUs Ca U3BECTHNU KaTO Pe3UCTUBUMETPU AN TepaMeTpi. BrrpocsT 3a nsbop Ha
II0AXOAAIL ypea, KOWTO ga ObJe M3I1043BaH 3a apXe0AOTMYeCcK! 11eAM, U3TAeXAa eAeMeH-
TapeH, HO BCBIIJHOCT He € TOAKOBa 4eKa 3ajaya. EAMHCTBeHMAT HaaldeH Ha I1a3apa pe3iu-
CTUBMMETBLP IpeJHa3HaueH clelaaHo 3a U3I11043BaHe B apxeoaorusara e RM15 na Geoscan
Research®. Toi1 mogabp>Ka caMo AByeAeKTpOAHa cxeMa C Pa3CTOsIHIE MeXXAY MOABV>KHaTa
ABorika eaektpoau ot 0.5 n 1 M. Herosata moandukanus RM15 Multiplexer e ¢ rioseue
KaHaAM U IIO-TOASMO Pa3CTOsIHMe MeXAYy eAeKTpoANTe, KOeTo yBeAndasa geKdapupaHaTa
My ABbAOOYMHHOCT A0 0K040 1.5 M, HO OT ApyTa cTpaHa IpaBy KOHCTPYKIIUATa My MHOIO
TeXXKa 1 ,HerioBpaTamuba”. Tyk camo I1ie crioMeHeM pa3paOOTeHNs MUHUTPaKTOP 3a eAeK-
TpochrpoTusuTeann nsmepsanus RATEAU-System (Zickgraf 1999, 75) na nienTnpa 3a re-
opusmunm ndcaeasanns B lapmn kbM CNRS, paboren ¢ kBagpaTHa eaeKTpogHa cxema ¢
11ogo00Ha 4bA00YMHHOCT KaTo Ta3u Ha RM15, xoiiTo obade e rpekaaeHo ,,eK30TudeH”, 3a Aa
MOKe J4a HaMepu IIO-IIMPOKO NPUAOKeHNe AaxKe U B camaTa PpaHiius.

EaHO OT HOBOBBBeAeHMsATa OT MOCAeAHNUTe TOAVHI € HeIIpeKbCHAaTOTO BepTUKAAHO
eAeKTpuyecko coHAupane. Taxkmpa mpoyuBaHMsI KaToO MPaBUAO Ce IIPOBeXAaT C M3I0A3-
BaHETO Ha MHOTOXXMAHH KabOeAl, IOAXOAAIIN Pe3UCTUBUMETPH, MpuTeKapamy Obp3o
AeVicTBMe U aBTOMaTUYHM IIpeBKAIOYBaTeAN, Ype3 KOUTO MOoraT Ja ce usbepar U HOAABP-
KaT IIOAXOAAIINTe eAeKTpoaHu KoHpurypanun. IToHacrosieM Hy>KHITe ypeAu 1 eKUIIN-
pOBKa 3a IT0A00HM 3MepBaHIsI ca CPaBHUTEAHO 400pe pa3BUTI U ce ITpeAaarat OT peaulia
MeXXAyHapO/AHM KOMIIaHM! Ha IIeH! 3ariodsaiiy oonkHoseHo ot 15 000 g0aapa nan espo.
/luticata Ha CpeACTBa Kapa peAMIila MHCTUTYIIUM Aa KOHCTPyUpaT COOCTBEHM IO-€BTUHU
IIPeBKAIOYBaTeAN U Aa U3II0A3BaT MHOTOXKIMAHY Ka0eAu OT CeM3MUIHUTe ITPOYyIBaHILA (Ka-
KBBTO € HaIllMAT CAydJaif).

Hy>xaaTa OT IocTuraHeTo Ha IO-TOAsIMa AbAOOYMHHOCT MOXKe Ja Obae paspelreHa
C pe3UCTUBUMETPITE U3IIOA3BAHN B T€0A0XKKUTE IIPOYIBAHNA U IIpeAAaraly OT TOAeMUTe
MeXAyHapoaHu ¢pupmu 3a reopusnyHa anaparypa kato cepusara SAS ma ABEM, Syscal
Ha IRIS Instruments nan Sting Ha Andvanced Geosciences Inc. Bcuuku e, obade, ocBeH ¢
roasimMara C MOIIJHOCT, ce OTAn4aBar 1 ¢ roasamo terao (SAS 1000 - 5 xr, MiniSting - 6.6 xr)
U BUICOKA IleHa, KOeTO I'M IIpaBy INPUAOXKNUMM B apXeoA0TusATa caMO B MHOTO CIIeIViaAHN
cAyJan.

B ToBa oTHOIIEHNE 13110A3BaHMAT OT Hac 4-Point Light hp ra LGM-Lippmann e eana
YHUKaJAeH eAeKTPOChIIPOTUBUTEAEH ypes, chyeTaBalll Aeka KOHcTpyknusa (750 r) ¢ mm-
POK CHeKTBbpP OT IMOAABP>KaHM eAeKTpoaHu cxeMu. Toil n3aMepBa AMPEKTHO IIPUBUAHOTO
€4eKTPUYECKO ChIIPOTMBAEHME U 3aIrla3Ba A4aHHUTE B IIaMeT C roasm Kamauuret (16 000
usMmepBaHus). Pabotu ¢ HUCKOYeCTOTHU MPaBOBIbAHU UMITyAcHu ¢ yectoTa 1.04, 2.08, 4.16

20 http://www.geoscan-research.co.uk/pagel5.htmlf
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MpunoxeHre Ha reoPpUsnNUHUTE METOAM B apXEOSIOr1ATa

n 8.33 Hz, kosiT0 MOXe IpeABapuTeaHo aa Obae M30dMpaHa, IIpU KOETO ce HeyTpaAu3upa
ecTecTBeHaTa oAApU3alNs Ha eAeKTpouTe 1 ce puATpupaT IPOMUILILAEHUTE CMYIITeHIS.
ITpurexxasa anapartypsa TouHocT ot 0.2%. KoHncrpynpan e ga pabotu KaKTo B KapTuparr
peXXuM C AByeaeKTpoaHa KOHpUIypanus 0e3 orpaHndeHne Ha pasMepuTe ii ChC 3a405KeHa
Bb3MOXKHOCT 3a U3BbPIIBaHe Ha M3MepBaHIs 110 3Ur3aropiuaHa cxema. OcBeH TOBa IOAABP-
Ka 1 OCHOBHMTe eleKTpoanu KoHdurypanunu (Benep, Benep-Illaiombepike, TpreaekTpoa-
Ha, AMIIOAHA U ABYyeAeKTpOAHa) 3a ChIIPOTUBUTEAHO NpoduanpaHe U BepTUKaAHO eleK-
TPUYECKO COHAVIpaHe UAM AByMepHa U TpUMepHa eAeKTPOChIIPOTUBUTEeAHA TOMOTpads.
ITpu TOBa 4yBCTBUTEAHOCTTa MY € 4OCTaThyHa 3a IIPOyYBaHETO Ha AbAOOYMHY AOCTUTALIN
10 1 moBeue MeTpa. Bcuukm Tesu mokasaTeAn ro IpassT IOAXOASMI] KAaKTO 3a IIPOyYBaHe Ha
ILAOLIHI OOeKTM KaTo CeAMINa U IAOCKM HeKPOIIoAM, Taka U 32 MOTUAM, KbAETO e Hy>KHa
MHOTO TI0-TOA5IMa AbAOOYMHHOCT. EAHO M3MepBaHe Tpae 0K040 3 ceKyHAH, T. €. IIPOU3BO-
AUTEAHOCTTa Ha ypeAa € MHOTO BICOKa, KOeTO TO IIPaBy MHOTO IIOAXOASIIL] 33 apXe0A0rmuJe-
CKM 0DeKTH, KbAeTO OOMKHOBEHO ce I1eAM KapTUPaHeTO Ha roAeMy ILAOLIN 32 MUHIMAAHO
BpeMe. 3a 4a MoraT ga ObJaT M3I10A3BaHM Hali-I'bAHOLIEHHO Te3M Bb3MOXKHOCTU Ha ypeJa
Os1Xa KOHCTpyMpaHu cepust mepudepHn yCTPOICTBa: eAeKTPoAHa paMKa 3a IOABVIKHIUTE
eaekTpoau ¢ pascrosaus 0.5 n 1 M 3a usmepsane ¢ gByeaekTpoaHa cxema (¢ur. I1. 2.2.2.1),
MHOTOXMAHM Kabean ¢ AbAXuHa 34 1 68 M, Ipu Pa3CTOAHNS MeXAy eAeKTpoanute oT 1 u
2 M, KaKTO I aBTOMaTUYeH IIPeBKAI0YBaTeA 3a M3MepBaHIsI 110 MeTOAa Ha HeIIPeKbCHATOTO
BepTUKAaAHO eAeKTpIdecko coHgupane (¢pur. II. 2.2.2.2).

)

Quz. 11. 2.2.2.1. Vsmepéate ¢ 08yeAeKmpooHa cxema.
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Que. I1. 2.2.2.2. Mnozoxurer kabea ¢ 6KkAtOUeHU KbM Hezo eaekmpodu (a), aemomamuu-
am npeskarousamen (0) u ysrocmuama xKomniexmarus ().

II. 2.2.3. Mpe>xa Ha U3MepBaHe.
Tuna na MpeXXaTa Ha M3MepBaHe IIPpU €AeKTpOCBIPOTUBUTEAHINTE IIPOYIBaHIISI HEe
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ce pazAmMyaBa OT Ta3M 3a TeoMarHuTHUTe. OOMKHOBEHO ce OpMeHTMpa 110 IIOCOKUTE Ha CBe-
Ta, 3a Aa CbBIlaja C Ta3! 3a CAejBalliTe apxeoAornyecku paskonku. Cunra ce, ye Haif-0OT-
4eTAMBY aHOMaANH 3a I10BeYeTO eAeKTPOAHM CXeMH ce ITIOCTUraT, KOraTto u3MepBaTeAHUTe
npoduAan ca epreHAVKYASPHI Ha AMHeVHNITe apXeoAorndeckn cTpykTypu. Kakro Gerre
II0COYEeHO TO-Tope, o0ade, Hall-IIMPOKO M3II0A3BaHATa B apXeoAOTusTa cxemMa — AByeAeK-
TpOAHaTa, c1a0do ce BAMse OT OpMeHTalATa Ha M3MepBaTeAHNTe IPOPUAN CIIPSIMO Ta3u
Ha apxeoJornyeckute cTpykTypu. Taka ue nusmepsaTeaHaTa Mpeska MOXe ga ObJe opueH-
THUpaHa yCAOBHO 3a Hall-y400HOTO 11 MaKCMaAHO IIOKpIMBaHe Ha IIpeJBrleHaTa 3a IIpoyd-
BaHe r1ao11. [To-pasanyna e cutyanmsita Ipy HeIIPEKbCHATOTO BEPTUKAAHO eAeKTPIIecKO
COHAVIpaHe, 0COOEHO pU AByMepHIA My BapuaHT. [ToHexke nmpeaniountanute cxemn, 6140
TO AUIIOAHA, TpueaeKkTpoaHa uan llaiomOep:ke, ca 4yBCTBUTEAHM Ha OpUEHTallMsATa Ha
npoduAnTe CIPsIMO Ta3M Ha CHIIECTBYBaAIUTe AMHENHU CTPYKTYPU, IPU Bb3MOXKHOCT e
IIOAXOASIO NPOPUAHNTE AMHUN Aa Ca TIepIIeHAVKYASPHI Ha TsAX.

IL. 2. 2.4. OOpaOoOTKa Ha AaHHUTe.

ITpn naomHuTe M3MEpBaHNs C AByeAeKTpO4Ha cxeMa OOMKHOBEHO He ce HaJlara Hs-
KaKBa CA0KHa oOpaboTka Ha u3MepBaHuATa. MHOIo BaXKHO € e AMHCTBEHO Aa Ce OCUTYpuU
A00BP raaBaHIYeH KOHTaKT Ha 3MepBaTeAHUTe eAeKTPOA, 3a Aa Ce IIOCTUTHE 40CTaTbYHO
A00pO KayecTBO Ha IoAydyasaHuTe JdaHHU. KakTo Oele 11ocoueHo mo-rope eANMHCTBEHUTE
1peoOpa3oBaHusl, KOUTO Ce HaJlaraT ca Te3! BbB Bpb3Ka C M3paBHsABaHEeTO Ha M3MepBaHMI-
Ta U3BbPIIEHN IIpU pa3AndHa 03U Ha PpuKcupanute eaekrpoau. [logo6nu nsuncae-
HIsI MOTaT 4a Ce HaAoXaT M aKko B IIpolleca Ha M3MepBaHUATa aTMOC(hepHUTE YCAOBUS Ca
IIpeAu3BUKaAN 3HauuTeAHa IIPOMsHA B IIOBbPXHOCTHOTO €AeKTPUYECKO ChbIIPOTHUBAEHME.
TaxkuBa mpoMenn Morar Ja IHOBAMSAT BbPXY CPeAHUTE CTOMHOCTI Ha ChIIPOTUBAEHMETO U
Aa IpeAu3BUKaT 3HaYUTEAHM Pa3AMKM IO OOIIUTe IpaHUIIN Ha ChCeAHUTe KBaJpaTu 13-
MepeHn B pazandnu Aguu. Korato te3u pasamku ca MUHMMAaAHM KOPeKIUATa MOXe Ja ce
U3BBPIIN C IIPOCTU MaTeMaTudecku onepaunn. B cayuanrte Ha no-roaemmn pasamku, Tasu
omepalus MOXe Ja ce OKaXke I10-CAOKHa, KaToO € Bb3MOXKHO Te3! Pa3AMKM Ja He MoraT
HaITbAHO Ja ObaaT e AMMUHMUPaHMN.

ObpaboTkaTa Ha JaHHUTE OT AByMEpPHUTE U TPUMEPHUTE eAeKTPOChIIPOTUBUTEAHN
U3MepBaHIs ce U3BLPIIBAT C Thil HapedeH)Te MHBePCYOHHN IIporpaMu (141 Olje Iporpa-
MI 3a pelllaBaHe Ha oOpaTHaTa 3a/ada Ha eaeKTponpoyusaHeTto). Hait-qo06pute 1, choTset-
HO, Hall-IIMPOKO 13noa3panu ca rnporpamute Res2dInv n Res3dInv na Geotomo Software
n EarthImager 2D u EarthImager 3D na Andvanced Geosciences Inc. [Ipo61emMbT ¢ HeeaHO-
3HAYHOCTTa e 400pe M3BeCTeH IIPU pelllaBaHeTo Ha oOpaTHaTa 3ajadya Ha eAeKTPUIecKOTO
COHAVpaHe U BHOOIIe TP MHTepIpeTaluATa Ha reopusnyHuTe JanHnu. Tosa o3HavyaBa, ye
3a eAVH U ChIIl HADOp OT M3MEepPeHM JaHHIU MMa MHOTO Ha Opoli MOJeAau, KOUTO MOraT Aa
IIpeAU3BUKAT ChIINUTE ChIIPOTUBAEHMS KaTo maMepenute. CTpeMesXXbT Py pellaBaHeTo
Ha oOpaTHara 3ajaya (MHBepCHOHHOTO MOJeAupaHe) e Aa ce CHVKM Oposl Ha Bb3MOXKHITE
MOJeAl, KaTo B KpaliHa CMeTKa ce AOCTUTHEe A0 €AVH MAU HAKOAKO, HO ¢ OAM3KM MOKa3a-
TeAn. XopaTa, U3BbPIIBALIN eAeKTPOChIIPOTUBUTEAHNUTE IPOYYBaHNS Ca MHXKeHepu-Teo-
¢pusuIy, KONTO OOMKHOBEHO He ca 3all03HAT!U B AeTaliAl ¢ TeOpusATa Ha oOpaTHaTa 3ajada
Ha eAeKTpOIIpOyYBaHeTO (MHBEPCUOHHOTO MoJeanpane). Eto samjo Res2dInv e nmpoekrn-
paHa Taka, ye Ja padoT, 40KOAKOTO € Bb3MOXKHO, B aBTOMaTU4YeH PeKIM, U3UCKBaIl] MU-
HIMa/Ha HaMeca B MHBepCMOHHUs Iponec. OOMKHOBEHO 3a10XKeHUTe 110 IoApasdupaHe
IapaMeTpHu ca AOCTaThbuHM, 3a IIOCTUTIaHe Ha AOCTaThuHO A400pU pesyataTu. 3a Aa ce MH-
TepIpeTupaT JaHHUTe OT AByMepHUTE eAeKTPOChIIPOTUBUTEAH U3MePBaHNs Ce M3I10A3-
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Ba AByMepeH MOJe/ Ha IIPOCTPaHCTBOTO B AbAOOYNMHA, KOMTO Ce ChbCTOU OT roAsM Opoit
1paBobrbanyu 0a0kose. KommorspHaTa mporpama oOpaboTsa gaHHIUTe TakKa, 4e Aa 3alaje
TaKOBa CBIIPOTUBJAEHIUE Ha Te3) 0A0KOBe, Ye M3UMCAEHOTO IIPUBUAHO CHIIPOTUBAEHNE A
CbBIIagHe MaKCUMaAHO ¢ uaMepeHoTo. KommorspHata nmporpama Res2dInv asTomaTiano
pasjeas IIpOCTPaHCTBOTO Ha 0A0KOBe M M3I0A3BalKil MeToa Ha orpaHiJyeHaTa raaaKocT
AU rpyboTO MOJAeAnpaHe ThpCcK Hall-MaAKaTa CpeAHO KBagpaTUyHa Ipellika, 3a 4a 3alaje
IIOAXOASIO CHIIPOTMBAEHME Ha Bceky 040K. Hakou or mapamerpure MoraT 4a ce Ipome-
HAT TakKa, 4e ga ce I10Ay4n Hail-0AM3KM: A0 IIpeAriolaraeMara peaaHoCT MoJeA. 3a TaKbB
OOMKHOBEHO Ce CYMTa TO3M, IIpU KOITO e I10AydyeHa Hail-MalKa CpeAHOKBaApaTUyHa Iper-
ka. 'oasMa gacT oT Bb3MOXKHOCTUTE U ITpoOJAeMUTe, Kacaely AByMepPHOTO U TPUMEePHO
UHBEPCUOHHO MOJeArpaHe (KaKTo 1 pelllaBaHeTo Ha IIpaBaTa 3aJada) ca AUCKyTUpaHu 00-
croriHo ot Loke (Loke 2010).
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Quz. 11. 2.2.4.1. Obuy, 6ud Ha npedcmassaHemo Ha pesyaAmamuime npu 06yMepHomo uHeepcu-
oHHO ModeAupatte ¢ npozpamama Res2dInv (debeam, npodpur nad Kpenocmmama cmena).

a — 1ces000vADOUUHEH Pa3pes HA USMEPEHO NPUSUOHO eACKIPULECKO CONPOMUBACHLe

0 — nce6dodvAOOUUHEH pa3pe3 HA USHUCACHO NPUSUIHO eAeKMPULECKO CONPOMUEAeHUE

6 — UHBEPCUOHEH MOJeA HA CoNPOMUEACHUENO
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II. TEOOU3NYHU TTPOYYBAHWA HA CEJTVLHW OBEKTU
(TTOJIEBU TIPUMEPU, AHAJTIN3 W UHTEPTPETALNA HA JAHHUTE
W CPABHEHWE C PE3YJITATUTE OT APXEOJIOTVYECKUTE PA3KOIKW)

IleaTa Ha M310KEHNETO I10-A0A1Y € Aa MAIOCTPUpPa Bb3MOXKHOCTUTE Ha TEOMarHUTHO-
TO U €AeKTPOCBIIPOTUBUTEAHO KapTUpaHe U AByMepHaTa I TpUMepHa eAeKTPOChIIPOTH-
BUTeAHa TOMOTpadIis, M3I10A3BaHI CaMOCTOATEAHO A B KOMILAEKC, IIPU U3CAeABaHe Ha
Pa3AMYHU KaTO TUII I XPOHOAOTVISI apXe0AOTMIecKy 00eKT!. Bcuuki 11oesu mpoydBaHms
Ca M3BBLPIIIEHN IIpe3 ITOCAe HUTe IIeT TOAVHY C U3II0A3BaHeTO Ha OIVICaHUTE IT0-TOpe I10-
caeAHM Moaean reopU3MIHM ypeau U Iporpamu 3a oOpaboTka Ha daHHuTe. Ha 1mmpeo®-
Aajasalliata JacT OT ODeKTUTe BIIOCAeACTBUE Ca M3BBPIIEHN apXeOAOTMYEeCK! Pa3KOIIKI,
KOEeTO T103BO/sIBA Pe3yATaTUTE OT TeO(pV3NIHUTE ITPOYYBAHIIS Aa Ce CPaBHAT C TE3U OT pas-
Komkurte. VI3kaiodeHne mpasy o0eKTsT Ipu c. banuna B MakeaoHms1, KoiTo obaue mpea-
CTaBs e AMH OT MaAKOTO ITyOAMKYBaH!U A0 TO3M MOMEHT B CBeTa pe3yATaTu OT IIpuiaraHeTo
Ha TpMMepHaTa ChbIIPOTUBUTeAHa ToMorpadusi, KakTo 1 CBeTUAUIIETO Ha HUMpUTe IIpu
c. KacnakoBo, KOITO e equH I0-pa3anyeH OT APyTruTe IpuMep 3a Hy>KJaTa OT IpejBapu-
TeaHu reopuandyHu npoyusanusa. Ha Tosu o0exT, ycraHoBeHHUTe 11O TeopU3NIHM AQHHU
CTaOMAHU TpajeX, 3alla3eHy Ha roAsMa A4bA00YMHA, Aaj0Xa OCHOBaHIe Ha apXeoA03U-
Te Ja OTAOXaT ILAaHMPaHUTe Pa3KOIIKM Ha IIpeABUAEHNUTe ILAOIU A0 OCUTYpsIBaHEeTO Ha
CpeACTBa 3a TsAXHaTa KOHCePBALVS M pecTaBparisl.

II1. 1. TEO®U3NYHO IITPOYUBAHE HA APXEOAOI'MYECKUS OBEKT
B M. XAZIKA BYHAP ITPU C.TOPHO BEAEBO

Ocranknre oT Tpakmuiickusa oOekT Ipu Xaaka OyHap ca pa3snoA0>KeH! Ha eJHa caabo
HaKAOHEeHa Tepaca, HeIIOCPeACTBeHO CeBePHO OT KapCTOBUS U3BOP ChC CHIOTO MMe (IIpUA.
III.1.1a) (Tonkosa 2002). O0exTsT Oellle permcTpupan caes OOIIMPHU TePeHHU 0OX0XAa-
HUs 10 AoauHaTa Ha OMypoOBCKa peka, A58 NpUTOK Ha Mapumna. I'oasm nMaHsapcky us-
ko1 1 Hag 500 KOIKM Ipasexa BUAMMU apXe0A0rMyeck/ OCTaHKM Ha ejHa roAsma I1AO0II.
Hamepennre apxeoaormuecku Marepuaau ropopexa 3a 3HauMTeAHO ceAMIIle OT KbhCHaTa
JKeAs13Ha eroxa.

ITocaeasaauTe apxeoa0ornmyecky pasKomnKy Osixa IIpeAllecTBaH OT I10AeBU reodpu-
3yuHN npoyuysaHus. TsaxHaTta 3adada Oerrte ga ce chOepe Bb3MOXKHO Hall-roAsIMO KOoAude-
cTBO MHpOPMaINs 32 ABATOCPOYHO IlAaHMpaHe Ha ObAeI0TO apXeoA0TMYeckKo 13cae Ba-
He Ha oDekTa. 3a 1earta Oellle IPUAOXKEH KOMILAeKC OT A0TMYHO 0OOCHOBaHN IIPOLeAypH,
BKAIOUBAIl] U3CAeABaHe Ha HaAnmdHuTe aepodoTorpadpcku MaTepuaAay, eAeKTpOChIPOTH-
BUTEAHU M3MepBaHUs B pasAMYHU MOAUQUKAIIUN ¥, OCHOBHO, MarHUTHA TpaJAlOMeTpusL.
B pesyaraT Ha TOBa, B MOMeHTa ceaunieTo npu Xaaka OyHap e MoxKe OM Hali-I'bAHO IIPOY-
YeHUAT OT reopu3NIHA I1e4Ha TOUKa apXeoAorndecku o0ekT B brarapus. 3a a3y KoHCTa-
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Tauus, pasdbupa ce, AOIPUHACAIT U Bede IMPOKOMaIadHUTe pa3KOIIKH, IT0 KOUTO MOXKe 4a
ce CbAM 3a KOPeKTHOCTTa Ha HaITpaBeHNUTe re0(PU3MYHM ITPOTHO3M.

Bonsayimna dpororpadpus

ITepBUAT eTall OT u3caeaBaHuATa Oe Ja ce U3AUPAT HaAMYHUTE Bb3AYIIHU (POTOTpa-
¢un Ha paitoHa IIpaBeHM IIpe3 TOAMHNTE 3a BOEHHU M KapTorpadpckm 1ean. Ot MHOTO-
OpoitHnTe 00AUTaHNA Ha palioHa caMo JBe Maxa pasjeAnTeaHa ClIOCOOHOCT U KauecTBo,
KOUTO MOXKexa Ja ObaaT OT 0A3a 3a 1leAuTe Ha n3caeasaHeTo. EanaTta cunmka e ot 1952
r. u e ¢ mamab 1:16000, a sTopaTta — ot 1995 r., ¢ mama6b 1:19500. 3a cbxaaeHue, BHUMa-
TeAHOTO M3CAe/BaHe Ha Te3! ABa MaTepuasia, BKAIOUUTEAHO U Ype3 CTaHAapPTHUTE MeTOAM
3a Mogo0psiBaHe Ha KOHTpacTa Ha M300paskeHIsITa, He PerncTpupa HUKaKBYU pacTUTEAHN,
IIOYBEHM UAU APYTU UHAUKATOPU, KOUTO Ja MoTaT 4a ObAaT CBbP3aHM C apXe0AOTUIeCKN
crpykrypu (mpua. 111.1.16, III.1.2). VI ToBa naraexaa oosicHumo. BebimHoct, nscaeasanara
I11011] TI0TIaja B OOIIMHCKY 3€MM I, Hall-BePOsITHO, 3aTOBa He e O1.4a I1044araHa Ha ceACKO-
cronaHcKka oOpaboTka. Taka 4ye AnIicata Ha IIOYBeHN MHAMKATOPU € HallbAHO A0rM4HO. OT
Apyra cTpaHa, HaAYHNTe aeopoTorpadum, N3raexAa, He ca IIpaBeHN BbB BpeMe I0AX0As-
110 32 OTKpOsIBaHe Ha pacTUTeAHU MHAVKaTopu. Haii-peposTHO, mopaAy ChIINTe IPUIMHA
u Hackopo nossuante ce 8 Google Earth™ pricokokauecTsenn CIrbTHMKOBY M300paskeHus
(xopusoHTaAHa pas3jeauTeaHa CIIOCOOHOCT OT IOpsAbKa Ha 1 M) He AaBaT HsAKaKBa AOITbA-
HuUTeaHa noaesHa nHpopManus (npua. II1.1.3a). Bepinoct, ocHOBHIMS 13BO4, KOMUTO ce
HaA0XM OT paboTaTa ¢ Bb3aylIHNUTe poTorpaduu e, 4e 3a apxeoA0rndeckoTo MpoydBaHe
Ha IT0A00HM 00eKTH ca Hy>KHI CIlellaAH! 3aCHeMaHIs ¢ IIpeABapUTeAHO OIlpeeAeHN OT
CHelMaAnuCcTy 1o odpaboTKa Ha aepOo(POTOCHUMKM IOAXOASIA BUCOYMHA HAa KaMepaTa 1
TOAMIITHO BpeMe 3a U3BbpIlIBaHe Ha 3aCHEMaHeTo.

l'eopmsyanm mpoy4asanmsi

l'eopusmunuTe mpoyusaHus IpoTeKOXa B HAKOAKO KaMIIaHIM, KOUTO MMaxa 3a 11ea
pelIaBaHeTO Ha KOHKpPeTHU 3ajaun. PesyaraTure Osixa IpOBepsABaHU C apXeOAOTUYECKN
COHAAXXM, KOUTO, OT CBOsI CTPaHa, AOIPMHEeCOXa 3a IO-KOPeKTHATa MHTepIIpeTalls Ha Bede
HallpaBeHuTe 1 Ha ObJeliuTe IIpoyusanus. B Hauaaoro reopusnunnte usmeppanms Os1xa
OrpaHMYeHN CaMO B paMKHUTe Ha IleHTpaJdHaTa 4acT Ha TepacaTa, B OAM30CT 40 roAeMus
MMaHAPCKM U3KOII, KbAETO Oellle 3aA10KeH I I'bPBUAT apXeoA0rndeckyt CoHAaX. B mocaea-
CTBUe Te oOXBaHaxa Iis4aTa I0XKHa JacT Ha 0OeKTa, a HaKpasl ITIOKpIXa IIOUTH Iislarta Tepa-
ca.

EaekTpochIpoTuBuTeAHN TPOYYBAHISA

ITpean Hauaa0TO Ha TeOPU3MYHUTE ITPOYIBAHIL Oellle [1010KeHa BICOKOTOYHa I11aH-
KBaJpaTHa Mpe>ka OpMeHTHpaHa I10 MocoknuTe Ha cseta (1ipua. III.1.3a). II'spBonayaaHo, B
HerocpeAcTBeHa 0AM30CT A0 ITbPBUS 3a405KeH apXeoA0TM4ecky coHaax (congax 1), Oaxa
u3MepeHn Asa npoduia (KOopauHaTy Ha IeHTpaaHute Toukn — 50/20 u 50/7) mo MeToza
Ha HEIIPEeKbCHATOTO BEPTUKAAHOTO eaeKTpudecko conanpane (HBEC) B Moaudukarimsita
AByMepHa eAeKTpocbIipoTusuteana tomorpadus (2D-ECT). Lleata um Gerrte ga ce ompe-
Aeaun AbAOOYMHATa Ha 3aAsATaHe Ha KOpeHHITe CKaAl — HeOTeHCKM BapOBUIIM, KOUTO MMaT
134a3 Ha IOBBLPXHOCTTAa Ha MHOIO MecTa B paliOHa Ha M3BOpa, U OTTaM, JeDeanHaTa Ha
KyATYypHUs (apXe0A0THMYeCKILs) I1AacT, KOWTO 3aasra BbpXy Tsax. OpueHranuaATa Ha npodpu-
AuTe Oerrle TpUOAM3UTEAHO 3arlaA-MU3TOK, ChC C1a00 OTKAOHEeHMe I0ro3arnaj-ceBepon3ToK,
TaKa uye Aa ca IlepleHANKYASPHI Ha cAabus ecTeCTBeH HaKAOH Ha TepeHa, T. e. — yCIIope AHI
Ha u3oAnHunTe Ha peaeda. Abaxunara Ha npoduante Gemte 34 M. VMsnoassanu 6saxa 10
ABAXIHU Ha eAeKTpodHa cxema Benep-IllaromGepske. PascrostHueTo Mexxay 3aXxpaHBaiu-
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Te eaexTpoau AB HapacrtBame ot 3 20 21 M, Ipu KOHCTAaHTHO Pa3CTOAHME MEXAY ITOTeH-
nuaannte eaekrpoan MN 1, cbOTBeTHO, cThIIKa Ha u3mepsane, ot 1 M. Cxemara Benep-
[TaromOep:ke Oerte n30paHa 3apaAyl CpaBHUTEAHO BIICOKaTa CM AbAOOUMHHA Pe30AIOLI,
cbyeTaHa ¢ 400pa 4yBCTBUTEAHOCT CIIPAMO BepTUKaAHM HeegHOpoaHOoCTH. PesyaTaTuTe OoT
n3MepBaHMsTa Os1xa 0OpaboTeH ¢ MHBepcroHHa mporpamMa Res2DInv.

Ha OasaTa Ha MHBEpCMOHHOTO MOJAeANpaHe MOXKe Ja ce HaIlpaBsT CAeAHUTe HaDAI0-
AeHus 1 3akaioueHns. Criopea gaHHute ot cepepHus npodua (50/20) (mpua. I11.1.36, a)
KOpeHHaTa CKaJa 3aAsra CpaBHUTEAHO IIAMTKO, KaTO Ce OTAeAsl MHOIO 400pe C BMCOKMU
CTOMHOCTM Ha chiipoTusaeHneTo (200-280 ohm. m). AbabounHara 71 OT IIOBBPXHOCTTA He
HaaxBbpAas 1.6 M, KaTo Bapupa Hay-Bede B rpanunure 0.9-1.3 M, gocTuraikm Ha MecTa B
nscaeapannsa ydactok 40 0.7 M. Hag Baposuniure ce oraeas caom ¢ gedbeanna 20-30 cm u
IIOCTeIIeHHO HaMasBalllo ChIIpoTuBAeHMe. Toll Hall-BepOsTHO e ITpeAn3BIKaH OT ecTecT-
BeH! M3BeTPUTEAHN IIPOIec Ha KOpeHHaTa cKada. ApXeoA0Tn4ecKIsAT I14acT ce pasloala-
ra HeIocpeACTBeHO BbPXY U3BeTpUTeAHMs cA011. Toll ce XapakTepu3anpa CbC CTOMHOCTU Ha
cprrporusaennero Mexay 20 u 80 ohm. m u e ¢ gebeanna ot 0.9 40 1.3 M. IlopbpxHOCTEH
caoi1, GopMUpaH OT CeACKOCTOIIaHCKaTa 00OpabOTKa Ha ITI0YBATa, He Ce PeTruCTpupa.

Pesyararure ot 10xHM: tpodpua (50/7) ca 1o400HM caMO B M3TOYHATA MY YacT (IIPA.
III1.1.36, ©). Tyk BapoBMIIUTE Ce pa3KpuBaT Ha AbAOO4MHa okoao 1.2 M. B 3anmagnara gacr
Ha rpoduaa, obaye, TsXHaTa HIOBBPXHOCT € MHOTO HepaBHa. B cpesara Ha mpoduaa ce pe-
TUCTPpUpa eAHO A0KaAHO U3AuraHe, Kato Te gocturat 40 50 cm ot mopbpxHocTTa. Cpeg ToBa,
B 3alla/Ha I10COKa, cAe/Ba IIOCTelIeHHO ITOHVKeHIe, A0CTUTAIIo 40 2 M B Kpas Ha IIpodu-
Aa. OueBMAHO B Ta3M YacT Ha 0OeKTa BapOBUIIUTE ca C HepaBHa IIOBBbPXHOCT, KOETO MOXKe
Aa ce 0OsSICHM C ecTeCTBeHI U3BeTpuTeanu npouecu. OT gpyra crpaHa, CbIIPOTUBAEHNETO
Ha €405 Haj BapOBUIINTE € CbC CpaBHMUTEAHO Bucoku crorHoctu (120-140 ohm. m), xoeto
MOXKe Ja IpeAroJara, ye Toba IIOHIKeHNe Ha peaeda 01 MOrao ga 0bae M3MNOA3BAHO B
APEeBHOCTTa KaTO MJCTO 3a JelOHMPaHe Ha OCTaHKM OT CTOIIaHCKa MAN ApyTa AeHOCT.

l'eodpusmanmTe MPOYUBAHUS IPOABAXKIMXA C €AeKTPOCHIIPOTUBUTEAHO KapTHUpaHe Ha
raoiy or okoao 2500 KB. M, pa3lioao’KeHa HeIloCpeACTBeHO CeBepHO OT COHAaX 1 (BIK
npua. 1I1.1.3a). ®parmeHTH OT KepeMuAu 0s1Xa HAMEpPeH! B MMaHIPCKIS M3KOII ClIOMeHaT
ro-rope. ETo 3amo Ha oOekTa MoOXKellle 4a ce O4yakBa HaAM4MeTO Ha KaMeHHI OCHOBU Ha
CTeHU MAV APYTU COAUAHU KOHCTPYKILNI CIIOCOOHM Ha MOAABp>KaT KepeMueH IMOKPUB.
OuakBaHaTa UM AbA0OUYNMHa He OM TpsI0BaA0 J4a HaAXBbpAsd 1 M, J0KOAKOTO MOXKelIlle Ja ce
ChAM OT OIMCAaHNTE IIO-TOpe pe3yATaT! OT AByMepHaTa eAeKTPOChIIPOTUBNUTEAHA TOMO-
rpadust.

VamepBannsTa 6s1xa U3BbPIIEeHN 10 MTpopNAN 3aIaA-U3TOK (IpUOAUUTEAHO YCIIO-
peAHU Ha XOpU3OHTaANUTe Ha TepeHa), ChBIlajallll C I0OCOKaTa Ha reoe3nyHaTa Mpe>ka Ha
obekra. PazcrosiH1eTo MeXXay mpoduanTe U CThIIKaTa Ha M3MepBaHe IO TsX Oerre 1 M.
Manoassanu Osixa gBe eAeKTpoAHU KOHQUIypauy, C IO ABe ABbAKVMHI Ha BCSIKA OT TAX:
aurnioaHa (A1BIN1IM u A1B2N1M) u Benep-IllatombGep:ke (AB=3 1 5 m). JBete cxemn Os1xa
130paHM 3a Hall-TIOAXOASIIM 3a pelllaBaHeToO Ha IIOCTaBeHaTa 3ajaJa caes MOAeAHN U34IC-
A€HNs 3a TIOAOOHIU apXeoAO0rMYecKy CTPYKTYpU U 3apajul A00puTe pe3yATaTi ITOKa3aH!U
npu npoyusaHeTo Ha Apyru odexkTu (Tonkos 2002, Tonkos 2003). VIsnoassaHuTe A4bAXKN-
HI Ha CXeMUTe OCUTypsBaT IlI0Ayd4aBaHeTO Ha JAaHHM 3a AbAOOYMHU HNPUOAUBUTEAHO OT
0.2 20 1 m. Ot npuaoxxenne II1.1.4 ce Bk aa, 4e nipeobaasasaiinTe pOHOBU CTOMHOCTU B
IIpOy4eHMsl yJacThK ca B pamkute Ha 20-60 ohm. m. 3a cbxaseHue, He ce ouepTaxa HUKaK-
BU cAeAu OT cTeHr. OTHOCUTEAHOTO ITOBUIIIeHe Ha ChIIPOTUBAEHIETO B M3TOYHA ITOCOKa
TPYAHO O MOTI10 Aa ce CBbpKe C HAKaKBJ apXe0A0IMIecKl CTPYKTYpH, KaTo Hall-BepOsATHO
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e pesyATaT Ha IIOCTeIleHHa ecTeCTBeHa IIpOMsAHa B CBOVICTBAaTa Ha IIOBLPXHOCTHUTE HacAa-
ru. Ha ¢poHa Ha HUCKITe CTOTHOCTY Ha CHIIPOTUBAEHMETO B lleHTpalHaTa 4acT Ha TepeHa
ce odepTasa e/Ha A0KadHa aHOMaAMs ¢ KoopAuHatu B IeHThbpa 57/30. Ta ce perucrpupa
U C gBeTe eaekTpoaHu cxemu. TpsAOBa aga ce oTOeaexy, ye aHOMaAMsATa perucTpupaHa ¢
AUTIOAHUTE CXeMU € TIO-MHTeH3MBHA U sICHa, KaTO AOCTHUTra CTOITHOCTU ABA ITHTU ITO-BUCOKU
oT ¢ponosurte (rpua. I11.1.48). 3a105KeHNAT TYK apXe0A0TMIeCKM COHAAXK YCTaHOBI, Je Ts €
npeAu3BUKaHa OT TOAsIMa sIMa 3allbAHeHa C IP'BCT C BUCOKO ChbAbp>KaHle Ha Ileried, Bbrae-
HII, TIapyeTa OTyXxAeHa rauHa 1 Kpcose oT ecxapu (Toukosa 2002). OuepranusTa Ha AAmMaTa B
I1/1aH IOBTap:AT IOYTU €4HO KbM eAHO Te3! Ha aHOMaAMsTa.

EaHO MHOTO OTYeTAMBO HapacTBaHe Ha OOIINTe CTOMHOCTY Ha ChIIPOTUBAEHUETO ce
Ha0AaI04aBa B n3ToyHaTa 1/3 oT mpoydenara naomi. CroriHOCcTUTEe AocTuraT 4o 180 ohm.
m. Ha ¢oHa Ha Te3u BYCOKM CTOVHOCTH € TPYAHO Aa Ce OTKPOV aHOMaAMs, KOSITO MOXKe
Aa e IIpeAun3BlIKaHa OT OTAeAHa apXxeoAorndyecka CTPyKTypa. 3a 4a ce OTAeAN TO3U Permuo-
HaJeH ¢QOH Oellle M3YNCAeHA ITbpBaTa XOPU3OHTalHa IIPOM3BOJHA Ha CHIIPOTUBAEHIETO.
Pesyarature ca npeacrasenn Ha (tipua. IIl.1.5a). SIcHO ce BuK4a, 4e pernmoHaaHus ¢QpoH
AEVICTBUTE/AHO € U34MCTeH. AHOMaAMsATa B lleHTpaAHaTa JacT IIpeAn3BIKaHa OT siMaTa OC-
TaBa. HsIKk0AKO HOBU aHOMAaAUM MOTAT Ja ce OTAeAs T B M3TOYHaTa yacT. Hari-cmaHara ot
TAX € Ta3! ¢ NPUOAM3NTEeAHN KOOPAVHATH B IleHTbpa 72/18. VIHTeH3UTeTHT i1 € OKOA0 TpI
ITbTU Ha/ (POHOBUTE CTOMHOCTU 3a AUIIO/AHATa CXeMa U OKOJAO ABa IbTU — 3a BeHepoBaTa
cxeMa (npma. I111.1.56). OueBnaHo HeMHUAT NPUYMHNUTEA € 400pe 3ala3eHa apxeoAoruye-
CKa CTPYKTypa. ApXeoA0TMYeCcKMAT COHAAX 3a40XKeH TyK pa3Kpy OCTaHKNUTE OT KOMILAEKC
OT KepaMI4YHM IIeIlly, Hall-400pe 3allazeHaTa OT KOUTO e NPUYMHUTeAAT Ha aHOMaAusATa
(Tonxosa 2002) (mpua. II1.1.58).

MarnurtHa rpaaguoMeTpus.

ITbpBUTE apXeoA0rmyecKy COHAaKM Ha 00eKTa pasKpuxa CTPYKTypH, Hall-IIAUTKIUTe
or xouto ca Oyksaano Ha 20-30 cM OoT HOBBPXHOCTTa. Beyukn Te ca 6mau moaaoxeHu Ha
HarpsBaHe B APeBHOCTTa AN ca O1AM 3aITbAHEH!U C TaKuBa MaTepuaAu U, CAeA0BaTeAHo,
IpuTeXXaBaT BYICOKa TepMOOCTaTbyHa HAMarHUTEHOCT — IIeIIM 3a KepaMMKa, IMU 3all'bA-
HEeHU C Ileriea ¥ OTyXAeH! MasMAKM U T. H. Te3an oOcrosiTeacTBaTa IIpeArioaaraxa 400pu

pesyaTaTy OT e4HO I10CAeABaIll0 TeOMarHiTHO IpOy4YBaHe.

ITpes 2007 r. ¢ payKcrenT rpaguomMeTsp Oellle IIpoydeHa eaHa I1A0IN OT OK0A0 17
AKa oOxBaIalra Io>KHaTa 4acT Ha TepacaTa. VIamepBaTeaHnTte npodpuan Osxa mpes 0.5 M,
C TOYKM 1O IpopuAnTe mpe3 25 cM, MAU I'bCTOTa OT 8 TOUKM Ha KB. M. Ha meams mpoy-
4yeH TepeH OsXxa perucrpupaHy MHOXKecTso aHomaanu (npua. III.1.6a). Karo 15140, Te ca
C HIUCBK MHTeH3UTeT — oT nopaabka Ha 10-15 nT. EauHcTBeHnTe AVMHEVIHM aHOMaANN ca
IpeAU3BUKaHU OT CbBpeMeHH! HapyllleHIs Ha TepeHa. I1o ouepraHms B 111aH ocTaHaAUTe
aHOMaAMM MOTaT Aa ce pa3AeAdT Ha ABa TuIa — 0e3(POpMeH! U TaKuBa KpbIia UAV OBalHa
¢opwma. ITppBuTe AOCTHTAT MaKCMMaAHM CTOMTHOCTM Ha MarHUTHIS I'PajMeHT A0 OKOAO
15 nT. Bropure ca c no-pazHoo6pasuu croitHoctu — ot 5-10 g0 25 n noseye nT. T'pit-kato
BCe Ollle HAMaIlle apXeoAO0TMIecKy AaHHU 3a IIPUYMHNUTEeANTe Ha Te3) aHOMaAuM, KaKTo 1
3a 4a ce HacoyaT apXeoAOTMYecKUTe Pa3KOIKU KbM Hali-IIepCIIeKTUBHUTE I1A0IIY, HAKOU
OT yJacTbhIIUTe C aHOMaAUM Ha MarHUTHUA I'palleHT Osxa AyOAMpaH C eAeKTPOChIIPO-
TUBUTEAHU M3MepBaHMs. VI3noassaHa Oellle AByeAeKTpOAHa cXxeMa C pa3CTOsIHMe MeXAy
IIOABVDKHATa ABoNiKa eaekTpoau ot 0.5 m. IIpoduante Gs1xa pes 1 M, a TOUKUTE IO IPO-
¢uanre — nipes 0.5 m. Camo ABe oT aHOMaauuTe Os1Xa , IIOTBbpAeHN” C BUCOKM CTOMHOCTA
Ha cpripoTtusaenuneTo (rmpua. II1.1.66). iMmenHo Ha TsX ABeTe, KaKTO 1 Ha eJHa OT cAabure
reOMarHUTHM aHOMaAuy Os1Xa 3a40KeHU apXeoAornmyecku coHgaxu. ITvpsusr (cextop I)
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pasKpu paspyllleHa crpaja c pasMepu npudAn3nTeAHo 9 Ha 6 M, MapKIpaHa C HUBO OT OTY-
XA€H) TAVIHU ¥ Ma3WUAKM, CbC 3alla3eH) Ha MACTO Ky/ATOBO OTHUIIE (ecxapa) U e4VH IIUTOC
(mpmua. I1I.1.7a). Bropara anoMaans: B 10>KHaTa 4acT Ha I1A0IIITa ce OKa3a IIpeAN3BJ/KaHa OT
€CTeCTBEHO AVMHEeIHO ITOBIIIIeHe B HUBOTO Ha KOPeHHIUTe CKaAl, KoeTo Oellle perucrpupa-
HO I Ha OIMCaHNsA Io-rope podgua mpes Touka ¢ koopaunatu 50/7 (mpua. 1I1.1.76). Tpe-
TUSAT COHAAX Pas3KpU roAsiMa puTyaadHa siMa OyKBaAHO 3aITbAHEHa C OTPOMHO KOAMYECTBO
¢parmMeHTN OT rAMHEHU CBAOBE U MHOTO APYIu apxeoaormdeckn HaxoAku (Toukosa 2008)
(mpmna. 111.1.78).

ITpes 2009 r. apxeoaornmyecky COHAaXKM Os1Xa 3a10KeHM U Ha HAKOAKO APYyIU TeoMar-
HIUTHI aHOMa/AM!U B M3TOYHATa yacT Ha oOekTa. Bcuky aHoMaanu ce okazaxa IIpeAu3Bu-
KaHI OT apXeoA0TMYeCcK! CTPYKTypHU — pa3pyIleHO BCAeACTBYe Ha ITOKap TAMHOOUTHO He-
OAUTHO XXIANIIe, ABe KbCHOXKeAe3H IellN 3a KepaMIKa, II0400HM Ha Bede OTKPUTHTe Ha
o0eKTa, 11 roAsiMa KbCHOKeAs13Ha sIMa, 3allb/AHeHa, I0400HO Ha Beue oIllicaHaTa I10-Tope, C
rierie, Bbraenu u oryxaenu ranuu (cexrop IV) (Toukosa, Cuaepuc 2010).

ITpes 2009 n 2010 r. reomarHUTHUTe TpOy4YBaHNs Ha oOeKkTa Ipu Xaaka OyHap Osxa
pasIIpeH Ha ceBep U Ha 3alla, KaTo Oellle oOXBaHaTa HOBa I110111 OT 0K0A10 34 axa. IleaTta
1M Oe OCBeH percTpupaHeTo Ha HOBU IePCIeKTUBHM 3a apXe0A0TMYeCK) pa3KOIIKU yJdac-
TBIIM, HO 1, IIPU IIpOydeHu Bede 001110 Hag 50 AKa, Aa ce HallpaBy OIINT 3a OIpeJeAsHe Ha
eBeHTyaAHNTe I'paHMIM Ha CeAUINIeTO B Te3y HallpaBAeHus. IO>xHaTa 1 n3TOUHaTa rpaHuIia
CbBCeM eCTeCTBEHO ce MapKuparT OT pbh0a Ha TepacaTta Haj 13popa XaaKka OyHap 1 KOPUTOTO
Ha TpbIBalllaTa OT Hero peka AsMaxa.

Ha 144ara mpoyusaHa 1aomy Osxa perucTpupaHy roAsMO KOAMYECTBO IpeAuM-
HO Oe3(popMeHU MOAOKUTEAHU U OTpUIlaTeAHM aHOMAaANUM C HUCHK MHTEH3UTeT (IIpUA.
III.1.8). Ha To31 ¢oH ce 0TA€AAT 1 MHOXKECTBO AbATU AVHeHN aHoMaanu. Huto eana or
rocAejHuTe, odaye He MOXe Ja ObJAe MHTepIIpeTHpaHa KaTo MpeAM3BlKaHa OT apXe040-
TMYeCcKM CTPpYKTypu. Bcuukm Te ca pesyarar OT ChbBpeMeHHU IOBLPXHOCTHM HapyIIeHNs
Ha TepeHa — TpaceTa Ha YepH! II'bTUIIA 3a ABVKEHIEe Ha CeACKOCTOIIaHCKa TeXHMKa, CTapu
CHMHOPU Ha UMOTH, KaHaAl, IO3UTUBHU pedepHN POpMI IpeAN3BUKaHI Hall-BePOATHO OT
IIAMTKO 3aAsATalllyl KOpeHH! CKaAl C AMHeHO npoctupanme. Hakon oT Tesn HapyieHns
ca oseye 1AM II0-MaAKO BUAVIMU Ha TepeHa.

l'oasma gacT OoT ocTaHaAMUTe aHOMaAUU OMxa MOram Aa ObaaT CBbpP3aHI C apXe0a0-
IMYeCKM CTPYKTYpH, IPeAVMHO CTPYIBaHMs OT M3Ie4eHN IAMHU (Hall-BepOsATHO OCTaHKI
OT TAMHOOUTHU IIOCTPONKM) U sAMU. HiAkaksm AmHelHN mogpekJaHus Ha aHOMaAUUTe
He Morar ga ObgaT nocodyeHu. Bce mak, Moxe ga ce oTAeAn elHa roasiMa KOHLIEHTpalys
OT MOAOXUTEAHNM aHOMaAUU B paMKUTe Ha eAVH I0AsSM IIpaBOBIbAHMUK C IPpUOAM3UTEA-
Hu pasMepu 120-130 Ha 80 M, c 10rozamnages vroa ¢ koopauHatu 20/70. OueBnaHO, Tazu
KOHIIeHTpalys OT aHOMaAuM CbOTBETCTBa Ha ydacTbKa C Hall-MHOIOOpOIHI 1 Hall-400pe
3arla3eHM CTPYKTYpU 1, cAeA0BaTeAHO, MOXe Ja ce IIpealioaara, 4ye MapKupa IjeHTpaaHaTa
JacT Ha CeAUIIETO.

I'panunure Ha caMusl 0DeKT e TPyAHO Ja ObJaT eAHO3HauYHO odepTaHu. Bee mak, mo-
paAu IIOCTeIleHHaTa CMsHA Ha XapaKTepa I I'bCTOTaTa Ha aHOMaAUITe, MOXKe Ja ce IIpeJ-
1o/ara, 4e Ha 3arag Tou goctura 40 Mmetpu 1o X -30+-40 n nHa cesep 20 merpm 1o Y 160+180.
Ha 3amag 1 Ha ceBep OT Te3u IpaHMUIIM IIOYTU OTCHCTBAT I1O-TOA€MU IOAOKUTeAHN aHOMa-
AVM, 0CODeHO Te3!, KOUTO Ha IPbB IIoraes ca 6eapopmenn 1, KakTo ce OKa3pa, ca CBbp-
3aHM C PyXHaAu TAMHOOWTHM ITOCTPOVKM. BB3MOKHO e TyK apxeoA0rnmyecky OCTaHK! Bce
I1aK Ja ChIIIeCTBYBaT, HO eBeHTyaAHNTe CTPYKTYpPH Aa ca pa3pyllleHN OT ceACKOCTOIaHCKaTa
oOpaboTKa. 3a MpoBepKa Ha Ta3l XUIIOTe3a IIpe3 ABe OT aHOMaANNUTe B ceBepo3ariagHaTa
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JacT Ha 1aomrTa (Ks. -60/120, 20x20 m) 6s1xa IIpoKapaH! ABe B3aIMHO IT€PIIEHAVIKY ASPHA
TpaHilen. Te He 3acsIKOXa apXe0AOTMIECKN CTPYKTYPU UAM KYATYpPeH I11acT B AbA0OYMHA.
IToa mosbpxHOCTHUS cA07 ¢ AeOeanHa 10-15 cM, B KOITO ce cpeliaT e AMHINYIHY pparMeHT
KepaMIKa, 3a4sAra TAMHeCTO-IIeChbKANB I11acT 0e3 MaTepuaan, a Ha AbaA0ounHa 1-1.2 M ce
pasKpuBa I11acT ¢ 01e40XKbAT A0 OeAe3HUKaB LIBAT, OYeBIAHO, Pe3yATaT OT U3BeTPSHETO
Ha BapoBuIuUTe. AHOMaANUTe Hall-BepOATHO ca HpeAU3BUKaHU OT AOKa/AHM HeeAHOPOA-
HOCTHU B CTEPUAHMS T11aCT, IOAy4eH! TP CaMOTO My OOpa3yBaHe.

Ha npnaoxennsa 111.1.9 u II1.1.10 nspbpiienata nHTepIpeTannus e mpejcraBeHa B
rpaduyeH sug. OdepTaHu ca perucTpUpaHuTe CTPYKTYpU, KOMTO MMaT ChbBpeMeHeH IIPo-
usxoga. OTgeaHo ca OTKpOeHM, ITOAOKUTeAHUTe aHOMaAuM, KaTo ca odepTaHM Hall-Ba-
SKHITE y4acTbhllM, KbAETO MOIaT ga ce O4aKBaT 400pe 3alla3eHM apXe0AOTMYecKy OCTaHKM.
Haii-cepuosHnTe CTpyKTypu ce perncrpupar HeloCpeACTBeHO Ha ceBep OT IpOy4YBaHUTe
A0 MoMmeHTa cekTopu. OcoOeHO HTepecH! ca Te3! B cAegHuTe Ksagpatu (20x20 M), KbaeTo
e Hall-BepOsATHO Aa MMa 400pe 3ara3eHi OCTaHK! OT IAMHOOMTHY IOCTPOVIKI:

1. x8. 120/100, xB. 140/100, x8. 120/120 1 8. 140/120.

2. xB. 60/100.

3. xB. 40/80, xB. 60/80, xB. 60/10 1 x8. 60/80

4. xB. 20/60 n xs. 20/80.

Hsakon ot perucrpupannte aHoMaAuy MMaT XapakKTepUCTUKNITe Ha TaKuBa IIpeAns-
BUKaHM OT KepaMmyHy reniu. Takmsa ca anHoMaanute B Ks. -60/40 n 40/140 (rmpma. 111.1.11).
OcranaanTe aHOMaAuM He ca OCOOEHO MHTEH3VMBHM U Ca B OOIIM AMHUIU M3OMETPUYHI,
KOETO TOBOPY, Ye Hall-BepOsITHO ca IpeAU3BMKaHU OT HeA0Ope 3allaseHy CTPYIBaHUS OT
Ma3UAKU UAU SIMI.

B pesyarar or nocaeanure gaHHM OT TeOMarHUTHOTO npoyuysane ot 2010 r. na , Haii-
IepcIieKTUBHUTe” aHOMaAny OsXa 3a40KeHU HIKOAKO HOBU apXeOoAOTMYecKM COHJaKa
obosnauenn karo cextropu VI, VII, VIII u IX, xakto 1 pasminpenns Ha Bede IIpOyIBaHI
cextop I (cps. Tonkosa, Cugepuc 2011a, Tonkosa, Cuaepuc 20116).

B cextop VI, Hammuparry ce Ha ceBep OT cekTop IV 6s1xa OTKpUTM OCTAaHKM OT KUAUIITE
oT KbcHM HeoauTt (Kyatypa Kapanoso III), ssmu ot BTopaTa ¢asa Ha paHHOXKeAs3HaTa U OT
KJAacyyeckaTa eroxa ¥ TroAsIMO KepaMI4HO CTPyIBaHe OT paHHOeAMHIUCTYecKaTa eroxa.

B cextop VII, Ha ceBep oT cekTop VI, 3ar1ouHa IIpoy4yBaHeTO Ha IAMHOONUTHA ITOCTPOII-
Ka. bsixa A0KyMeHTHpaHM MacUBHM HaAHAaAM Mas3)UAKM, OPOPMAIIY HEeHIs Ioro3alajeH
BpIbA. B mpeariosaraeMusl ceBepOM3TOUHI BI'bA Ha IIOCTpOiiKaTa Os1xa AOKYMeHTVpaH!U
ABa roleMu CbhAa.

B cextop VIII, Ha 3amnag ot cekrop VII, 6e oTkpura roasima sma (4naMeTsp 5 M) OT
paHHOXKeAsI3HaTa eI1oxa C AeIIO3UT OT pparMeHTIpaH! CbA0BE, Ma3UAKY, KOCTI U €4Ha Te-
JKecT 3a cTaH. B 10>kHaTa yacT Ha cekTopa Oe 4OKYMeHTHPaHO CTPyIIBaHe Ha OTPOMHO KOAN-
gyecTBO (pparMeHTH OT ChAOBe OT paHHOeAMHUCTIYecKaTa ertoxa. CTpyIiBaHeTO e CBbP3aHo
C HaMmpallia ce B HerOBUTe I'paHUIM ecxapa VM BepPOsTHO e cAeja OT U3BBbPIIBAHM Ha TOBa
MSCTO PUTYaAHU ACTICTBIASL.

B cextop IX, rorosamaano ot cekrop VIII, 6:1xa 40KyMeHTHpaHu AeCTPyKIIUY OT IAU-
HOOMTHA MOCTPOIiKa ¢ 400pe 0(pOPMeH 04 OT IAMHA U 1101 OT 0K0A0 45 kB. M. fIcHa e
HellHaTa ceBepHa cTpaHa, 00O3HaueHa OT pa3CUII OT II0-MacUBHU AeCTPYKIMHU U peAnIia OT
Oean KaMbueTa — OCTaHKM OT AgpeHa’k 1AM IThbTeKa HeIlloCpeACTBeHO Ha ceBep OT Hes. Ts e
Ouzaa ¢ e4HO rOAsIMO UAN ABE IIO-MaAKU MaAKI ITOMEIIIeHII.

B cextop I 6e 40BBpIIIeHO ITpOyYBaHETO Ha ABeTe IIOCTPONKM OT paHHOEAMHIUCTIYe-
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CKaTa eIloXa U Ha CBbp3aHM C TsIX Tpu sAMu. B nerreana sima IA 6sixa oTkputu pparmMeHTH
OT yCcTMeTa Ha IUToCcK, pparMeHTH OT pa3AUIHI ChAOBe, CpeJ KOUTO OT KaHa M Tpalle3Ha
amdopa ¢ rpadpuTH Ha IPBLUKU e31K, YepHopupHICcOBU KaHTapocu ¢ West slope ykpaca n
AETIO3UT OT >KeAe3HU MHCTPYMEHTHU - CbPII, 4YyKde, ABe IIIIaTyAl, e4HaTa, OT KOUTO B I1a-
HMYKa ¢ PUPHUCOBO oKpuTHe. Jo TAx Oe OTKpuTa 0A0BHa I1104Ka — eK3arnus. Bbs BTopaTa
rerie/Ha siMa IB Oe OTKpUT AeIO3UT OT >KeAe3H! MHCTPYMEHTU — CBhPII, PyKaH, KOcep I
Maxalipa, 3aeAHO C OOMYalHIs ITbAHEX OT (PparMeHTH OT ChA0Be, KOCTHU, TeXKECTU 3a CTaH
u ap. SImMara ce gaTupa OoT OpoH30Ba MOHeTa Ha /lm3uMax, cpeObpHa OMEeTroBIAHA BUCYAKa
3a oberja n pparmeHTn ot KaHtapocu ¢ West slope ykpaca. B chmms cextop Oe mpoydeH
APYT puUTyadeH KomIlaekc — >KepTseHa siMa (IC) ¢ mbaHeXx-3anedyaTka OT ropeAayt Mas3uAKA
ot ,norpebana” kbira. Ha 4pHOTO i1 O A0KyMeHTHpaH Aero3uT oT ¢pparMeHTUpaHu ChAO-
Be — OITHOXOe, AeKaHe, Jallll 1 ABe MOHeTH — Ha JAu3numax u Ha Kacanawp.

B3 ocHOBa Ha Beue MaljabHIUTE apXe0A0TMYECK) pa3KOIIKI Ha 00eKTa, Oellle HaIpa-
BeHO CpaBHeHMe Ha pe3yATaTuTe OT TeOMarHUTHOTO IIpOy4YBaHe C pasKpUTUTe CTPYKTYPI.
To e npeacraseno Ha npuaoxxenys 111.1.12 n 111.1.13 o cexropu. IIpaBu BneyaTaeHne mba-
HOTO ChOTBETCTBME MeXAY perrcTpypaHuTe MarHUTHY aHOMaANI ¥ pa3KpUTUTe CTpyIIBa-
HIS OT OTYXA€HM Ma3NMAKM, OCTaHKM OT >KyAauiia. ChIOTO Ba>K! U 32 OTKPUTUTE TN 3a
Kepamuka u amure. I'lo ganHnTte oT reopuanyHNUTe TPOYyYBaHUS MOXKe 4a Ce Bb3CTaHOBST
ouepTaHMATa U pa3MepuTe Ha Kuauiara. Taka HampuMep HEOANTHOTO JKUAUIIE B CeKTOP
VI no reopusmynm ganuu e ¢ pasmepu NpudAn3uTeAHo 9.6 Ha 6.4 M, a e AMHUCTUIECKATE:
B cexTop I - 8.3 Ha 5.8 M, B cexTop VII - 5.7 Ha 5.8 M, a ToBa B cexTop IX — 8.4 Ha 5.7 M. Bcuu-
KIM Ca C OpMeHTalus Ha AbATaTa CTpaHa IOro3allal-ceBepOoM3TOK C OTKAOHEeHIe OT ceBepa
mexay 30 u 70°. PasrpaHnnyaBaHeTO Ha pa3AMYHATE XXUANIA 11O I€PUOAY B 3aBUCUMOCT
OT MHTEH3VMBHOCTTA Ha M3MepeHNs I'paJVeHT He e Bb3MOXKHa. Makap 4ye Ha IIpbB 1OTAe/
AeCTPYKILIMITE OT KbCHOXeAsI3HaTa erioxa 4aBaT IO-HUCKM aHOMAaANUN, IMa U M3KAIOYeHL,
KaTo Hanpumep xuanieto B cekrop VII (mpua. IIL.1.14-pua. 1I1.1.18).

HarmpaBeHo e 1 cpaBHeHIe Ha aHOMaAMUNTe IIpeAN3BUKaHN OT Ielu 3a O1ToBa Kepa-
MuKa 1 Te3u ot ssmu (mpua. [11.1.19, mpua. 111.1.20). AHOMaanuTe nipeAn3BMKaHM OT IeHIN-
Te U OT sIMUTe ca C IpUOAU3UTeAHO edHaKBM pasMmepu. KaTo 115110 remmure gaBat o-cnaHa
aHOMaAls Ha MarHUTHMSA IpaauieHT. Paskputure AMu JaBaT aHOMaAus OT IIOpsAAbKa Ha
10-15 a0 okoao 25 nT, gokaTo 3a meruTe TSI [IO-MHTEH3UBHA U OOUKHOBEHO e Haj 30 nT,
KaTo goctura cronHoctu 40 50-60 u aasxke 100 nT. Bce mak oT MHOTro roAsiMo 3HayeHle 3a
aMILANTyJaTa Ha M3MepeHaTa aHOMaAls e I'bAHEeXbT Ha sSIMUTe, OT e4Ha CTpaHa, U CTelleH-
Ta Ha 3alla3eHOCT Ha caMUTe IIeIly, OT Apyra. 3aToBa e pUCKOBaHO OIpejeAeHl aHOMaAUN
KaTeropM4yHo Aa ce MPUMINUCBAT KaTo IPeAU3BMKaHU OT eIl AU OT M.

IIL. 2. OBEKT 5, 10T 2, AM ,,TPAKMSI” (KM 226+600 - KM 226+850)

ITPUN C. CbPHEBO, OBIIMHA PAAHEBO.

O6ext Ne 5 o Tpacero Ha AM , Tpakus:a” e pasroao>keH BbpXy caabo M3sBeHa He3a-
AVIBHa Tepaca Ha AecHIs Opsr Ha p. AaMaka, IpuTok Ha p. Caszaniika. I1aomira Ha obekra
1mo OBOC B pamkurte Ha cepsutyTa e 11 gka. Ha 0x010 2 KM 105KHO OT 0DeKTa ce HaMupa
IpancTOpMJYecKa ceAmnIIHa MOImAa, KakTo U enoHnMHOTO ceaumte ot PJKE, nmonagamio B
semaumleTo Ha c. Ilmennyeso. ITbpBoHauaannTe Hab0AIOAEHNS Ha TepeHa perucTpupaxa
CcpedHa 40 BUCOKa KOHIIeHTpalys Ha KepaMI4HI pparMeHTN OT KbCHOXKeAs3HaTa erroxa,
HIICKa — OT pPMMcCKaTa erioxa 1 e AMHINYHYI (pparMeHT! paHHOXKeAs13Ha KepaMIKa.

ITbpBuTe reopusnynm nscaegsanns Ha obekTa Osxa uspbpinenu mpes 2008 r. Hero-
CPeACTBEeHO CAeJ HadyaJloTO Ha COHJA>KHUTe apXeoAO0TMdyecKy HpoydBaHMs. 3a Tasu Iiea
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TepeHbT Oe 13115110 OCBOOOAEH OT HacaXkAeHusATa. bellle moao>keHa I11aHKBajpaTHa reoe-
3MYHa Mpe’ka OpMeHTHpaHa I10 OCTa Ha Marucrpaaara, T. e. ¢ OTKAoOHeHue oT 118 oT cesepa.
C MarHuTHa rpaguoMeTpus Oellle IOKpUTa MOYTH IsiAaTa IIAOIN Ha OOeKTa B paMKIUTe Ha
cepBUTYTa Ha MarucrpaaaTa — 240x40 M, nan 06110 9600 k8. M. VIsmepBaTeanuTe npopuan
Osixa mpe3 1 M, ¢ Toukn 1o npopuante mpes 0.25 M (rberoTa 8 TOUKM Ha KB. M.), KaKBaTO
e IpernopbpunTeAHaTa I'bCTOTa IIPU I'bPBOHAYaAHOTO M3CAe/ABaHe Ha HallbAHO HEIIO3HATU
00eKTI.

PesyartatuTte OT IpoyuBaHm:ATa ca IipeActasenu Ha npuA. II1.2.1a. I'lo croitHocTHTE Ha
U3MepeHILsl BepTIKaleH TpasyieHT Ha 3eMHOTO MaTrHUTHO I10/€e CpaBHUTEAHO A00pe ce OT-
AeasT aBe 30HU. [IbpBata, oT 3anmagHara nepudepns Ha 00eKTa 40 OKOA0 OCeEMAECETILST Me-
TBbp, Ce XapaKTepuaupa C II04TH II'bAHaTa AUIICa Ha MarHUTHU aHoMaAnu. Ha 13Tok caeasa
y4acTbK ¢ AbaxynHa 150-160 M, B KOMTO ce perncrpupaT MHOXKeCTBO IOAOKUTEAHU Mar-
HITHI aHOMaAUM C HUCBK MHTeH3uTeT (oT nopsAAbKa Ha 5-10 nT) n Mmaaxku pasmepu B 111aH
(a0 2-3 xB. M). B Hail-m3TOouHaTa yacT Ha 0OeKTa, caed MeTbp 240, MarHUTHO I101€e Ps3KO ce
IIOKa4yBa KaTo CTOMHOCT. ToBa NOBUIIIEHNe OYeBUAHO € IIPeAN3BIKaHO OT CbBpeMeHH! Ha-
MecH, Hall-BepOsITHO OT IPOKapaH! TyK I1043eMHI TPbOM 3a HarlOsIBaHe.

Hsikon ot perucrpupanurte c1abu MarHUTHM aHOMaAnM OsXa IIPOBEpPEeHM C apXeo-
AO0TMYeCKN COHAaK!. Beruku Te paskpmxa Ha gbpabounHa ot 30-40 cM MaaKy HeTaTUBHU
CTPYKTYPU ChABP>KalllM CTPyIBaHNUA OT M3IIedeHa TAMHa U ropean Ma3uaku. CTpyKTypu-
Te NPOM3AM3aT OT KbCHIS HEOANUT, KbCHaTa >Keas3Ha 1 pumckara ertoxa (Tonkosa, Kapa-
AxnHoB, Tonkos 2009). OueBnAHO 1 OCTaHaAUTE aHOMAaANN ca IIpeAU3BMKaHM OT 110 A00H!
apxeoaormyeckn cTpykrypu. Kateropmuno moxxe ga ce TBbpAM, 4e IisidaTa M3TOYHA 4acT
Ha o0OeKTa e 3aeTa OT apXe0A0TnJecK! CTPYKTypu. BeposTHO B 3aragHaTta 4yacT Te3u CTpyK-
TYpM Ca MHOTO I1I0-MaAKO MAM HaIl'bAHO AnIicBaT. be gomycHaTa obade 1 Bb3MOKHOCTTa B
TO3M y4acTbK Te Ja ca OT APYT XapaKTep I J4a ca Ha II0-ToAsiMa AbA0O4YMHA, IIPU KOETO Ja
He Ca perucTpupaHy IIpy reOMarHUTHOTO IIpOyYBaHe.

B3 ocHOBa Ha reopU3NUHNTE IPOTHO3M 1 Ha pe3yATaTUTe OT COHAAKHIUTE Pa3KOIIKA
00eKTBT Oe IpeA0>KeH 3a I'bAHO apXe0A0TYecKo IIpoydBaHe, KOeTo Oe U3BbPIIeHO IIpe3
2009 1 2010 r. bemre paskpura 1 n3dyepiiana 40 CTepuAHa OCHOBA I1A0II OT 0K0A0 5.2 AKa B
M3TOYHATa YacT Ha oOekTa. berrte ycraHoBeHO, ue opHHUIIaTa e ¢ AebearnHa okoa0 25 cM. [Tog
Hes cAeBa ThbMHOKa(sIB 40 CHBO-UepeH IaacT (1aact 1), cbAbpIKall] pa3pyIeHn OCTaHKI
OT KbCHIs HEOAUT, paHHOXKeAs13HaTa, KbCHOXKeAsI3HaTa U pUMcKaTa eIloxa CbC CpedHa Je-
6eanna 50 cM, Hail-BepPOSITHO YHUIIIOXKEH TPV MHTeH3VBHATa 3eMeJeacka 00pabOTKa Ha Te-
peHa. Haii-goaHusAT, HeHapyIeH Kadss raact (raact 2) ¢ gedeansa 0,15-0,30 M ce oTHacs
KbM KbCHOHeoAUTHM:A ntepuog Kapanoso III-IV (sropa moaosuna Ha VI xna. ip. Xp.). [Ipes
2008-2010 r. 061110 ca mpoydyenn Hag 110 cTpykTypu OT HeOAUTHATa, JKeAs3HaTa U PUMCKa-
Ta eroxa, BKOIIaHM Ha pa3AnyHa AbAOOUYMHA B I1AacT 2 ¥ cTepuAHaTa OCHOBa. Brrpexn ye
HAKOM OT HEOAUTHUTE CTPYKTYPM €a CbC CpaBHUTEAHO roaeMu pasMmepu — 40 10 1 nmosege
KB. M, Te KaTO IIPpaB1AO ca IIAUTKM — OT IopsAAbKa Ha 40-50 cM, KaTO 4ecTo ChbAbp>KaT KbCOBE
oT cteHH Ha ropeau nocrpoiiku (Tonkosa u ap. 2009; brusapos u ap. 2010).

sIMuTe OT KbCHOXKeAsI3HaTa eIrloxa ca ¢ KpylloB1gHa, KaMOaHOBIAHA, ObUBOBUAHA U
KOoHycoBuAHa ¢popma. Hiakon ot T:x ca ¢ guamersp Ha otsopa 0,90-1,00 M, HO ITpy TOBEYeTO
CTPYKTypu TO e 0k040 1,50-1,60 M. Maabk Opoii BKOIaHM CTPYKTYPU ca C 0COOEHO roaemu
pasmepu — guaMeTwp Ha oTBOpa 2-3 M. Ababounnara um e ot 0,60 20 1,80 M. [TbanexxsT Ha
SIMUTE ce ChbCTOM B IIOBeYeTO cAydalu OT ThMHOCHBO-UYepHa IPBCT C KepaMI4HM (pparMeHTH,
SKMBOTMHCKM KOCTM, BbIA€HYeTa, Ma3uAKM, pa3npalleHn gecTpyknuu. B Hakom ca a0Ky-
MEeHTUPaHU cAeAM OT AeiicTBusA ¢ orbH. ODMKHOBEHO B ITbAHeXKa IIPUCHCTBAT BbrAeHueTa —
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cAeAM OT OTHUINA, IPeOTAO0XKeH! B iMuTe. CaMo B OTAEAHU CAydal e perucTpyupaHo oraa-
BaHe JAM TOpeHe Ha MSCTO B sAMaTa. B HAKoM OT siMuTe ca OTKpUTM 3ariedaTkyl, KOUTO OT-
Oeas3BaT MHOTOCTEIIEHHOCT Ha U3BbpIIEHUTe AeMCTBUA. B HAKOAKO sSIMM ca IPeOoTA0KeH!
roieMu KoAmndecTsa ropeam MasuAaku. B ceBeponsTounns yyacTbk Ha 0OeKTa ce OTKpOsIBa
rpyIa sIMM C OCTaHKM OT TAMHOOMTHU CBOPBKEHNUs (ecxapy, KpbIAu UAY IT0AKOBOBUAHU
CHOPBXKEHI C ITepBasi), MOAeAMpPaHM Ha MSCTO B AMUTE UAN IIPEOTAOXKEeH) TPeHOCHMU
ornumia (brusapos u ap. 2010; brusapos u ap. 2011).

ITpu apxeoaornmyeckuTe paskoIKy Oellle AJOKyMeHTHPaH M POB OT puUMcKaTa eroxa.
Toit ce paskpusa B ceBepHaTa Iepudepus Ha IleHTpaaHaTa 4acT oT o0ekrta. PoBbT odpopm:
HelpaBlAHa Abra ¢ AbAXKIHa 0K040 30 M OT 10T U IIPOAbAXKaBa Ha ceBep U3BbH CEPBUTYT-
Hata 30Ha. [llmpunara Ha posa e mexxAay 5.4 1 8 M, a cpegHara My Aba0ounHa — 0.5 M.

Msnoassanata eanHHa reoje3myHa MpeXka 1, CbOTBETHO, KOOpJAMHaTHa clUCTeMa
3a reopU3MIHNTE IIPOYUIBAHNS U apXeoAOTHMYeCKUTe Pa3KOIIKM HampasBy 0e3Ipo0eMHO
CpaBHEHMeTO Ha PercTpUpaHNnTe TeOMarHUTHY aHOMaANUM C Pa3KPUTUTE apXe0A0TUIeCKN
crpykrypu (mpua. I111.2.16). [IpaBu BrieyaTaeHme MHOTO 400pPOTO ChOTBETCTBIE MEXKAY Mar-
HUTHNUTE aHOMaANUI U pa3KpuBaHUTEe B M3TOYHATa YacT Ha obekra (Mexxay meTpu 185 u
235) stMu OT KbCHOKeAs13HaTa erntoxa (mpua. 111.2.2, mpma. 111.2.3)*. B cpimoTo BpeMe, MHOTO
Ma/Ka 4acT OT percTpUpaHuTe TeOMarHUTHI aHOMaAUH B IIeHTpaAHaTa My 4acT (MeXAy
metpu 90 u 145) cbBIIasaT ¢ pasKpUTUTE TYK HETATUMBHI KbCHOHEOAUTHY KOHTEKCTU (IIPUAL.
II1.2.4). He e peructpupan u posbT OT puMcKus nepuod. ObsicHeHne Ha TO31U (PakT MOXe
Aa ce TbpCU B HAKOAKO HaIlpaBAeHMs.

1. HeoautHmTe CTPYKTYpH Ca C II0-MaaKa AbA00OUMHA U ce pasKpMBaT Ha I1O-TOAsAMa
ABbAOOYMHA OT ITIOBBPXHOCTTA, IIOPaAy KOeTO € Bb3MOKHO MHOTIO OT TsX BBOOIIle Aa He MO-
raT ga ObAaT perucTpupaHiu.

2. JImuTe OT KbCHOKeAsI3HaTa erloxa ca MHOTO IO-AbAOOKM, ITO-KOMIIaKTHI KaTo pa3-
MepH, a roAsMa 4acT OT TIX Ca CbC CAeAV OT ONaABaHe Ha MSCTO UAU ChAbPIKaT TOpeAn
Ma3IAKM, KOeTO O3Ha4YaBa, 4e ChbAbp>KaT MaTepuaAl C BICOKa MarHUTHA BL3IIPUEeMYMBOCT
U TePMOOCTaThYHA HAMarHUTEHOCT.

3. IIpean nauaa0oTo Ha peaosHuTe paskonku 1pes3 2009 I. TOBbPXHOCTHUAT IIOYBEH
cA011 Ha oDekTa Oe IIpemMaxHaT CbC 3eMeKOITHa TexHmka. [Ipu Tasu Hameca e Bb3MOXKHO
HSKOM OT CMyTUTeANTe, HAMMpPaIIY Ce B TO3M CAOM M PeIMCcTpUpaH C TEOMarHUTHOTO IIPO-
yuBaHe, 4a ca O1AM OTHeCeH.

4. PUMCKMAT POB € ChC CpaBHUTEAHO MalKa AbAOOYMHA U He ChbAbP>Ka IAMHU I10A-
AOKEHU Ha u3NMyaHe (MaTepuaau, AeMOHCTpUpaIy TepMOOCTaThbyHa HaMarHUTEHOCT),
KOeTo e 00siICHeH1eTOo Ha (paKTa, Ue TOJl He e 3aceueH C aHOMaAls Ha MarHUTHOTO I10/e.

Tbi1 KaTo Ha TOA€MU IIA0IIM OKOAO TpaceTo Ha Marucrpasara ce HabAl0JaBalile Ha-
AV4Me Ha KepaMIKa OT AOKyMeHTUpaHMUTe Ha OOeKTa eIloXy, KaKToO U 3a Ja Ce IOCTaBsT
pe3yATaTuTe OT apXe0A0TMYeCKUTe pa3KOIIK B eAVH IO-IIMPOK KOHTEKCT, Oellle pereHo
reopU3MYHNTEe MPOyIBaHMS 4a ObaaT pasmmpenn. [Topaan HeoOXoguMocTTa OT choOpa-
3sBaHe ChC 3eMeJeACKOTO U3I10A3BaHe Ha 3eMsATa, Te3U Ipoy4uBaHus Os1xa IIpoBeJeHN eaBa
rpes npoaetrrta Ha 2010 1. O6xBaHaTy Os1xa ABa ydacTbKa CeBepPHO I I0’KHO OT CepBUTYTa Ha
Marucrpasara c ooma maoi ot 15 axa. [lopaan Harpyrianara ot paskoIIKuTe IIPbCT OT ABe-
Te CTpaHU Ha 00eKTa, IlAaH KBagpaTHUTEe MPeXXI Ha gBeTe IA0IIM He Os1xa AMPeKTHO IIpo-

21 Cammure aHOMaAMM ca C ITO-HUCHK MHTEH3UTET OT Te3!, IIpeAU3BIKAHM OT II0A00HN sIMI OT 00eKTa
npu Xaaxa 6yHap (syok o-rope II1.1), koeTo MoXKe Aa ce 00sICHM, TIpeAN BCUUKO, C IIO-ToAsAMaTa AbAOOYNMHA OT
ITOBbPXHOCTTA, Ha KOSITO ce pa3KpusaT siMute oT ChpHEBO.
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AbAYKeHIe Ha Ta3) 10 CepBUTYTa, a Os1xa IPUBbP3aHN e4Ha KbM gpyTa ¢ Bucokotounu GPS
KOOpAMHATH, KaTo Osixa OpMeHTHpaH! TakKa, 4ye Aa Ce IMOKPMAT Hall-II'bAHO ITOAXOAAIIIITE
3a IMpoy4YBaHe KbM MOMEHTa Ha M3MepBaHMsATa ceACKOCTOonancky riaomu (npua. II1.2.5a).

B ceBepHIs yuacThK aHOMaAMNTe C HUCHK MHTEH3UTET, ITOA00HI Ha Beue perucTpu-
paHNTe, ca MHOTO I10-MaAKO, KOeTO MOXKe Ja O3HadaBa, Uye TYK e ceBepHaTa nepudepus Ha
KOMII/A€eKca OT HeraTMBHM CTPYKTYpM, MAM IIOHE TO3M OT KbCHOXKeAs3HaTa erioxa (IIpua.
II1.2.56). B rorosamagHmsi My BI'bA Ce OTAeAs €AHa OBa/lHAa 30HA, XapaKTepuaMpalla ce C
001110 OBMIIIEHNIe Ha CTOMHOCTITE Ha MAaTHUTHIS TPaaieHT U ¢ pasMepy okoa0 35 Ha 10 M,
KOsTO OYeBMAHO IIpOAbAKaBa Ha IOT I Ha 3allaj M3BbH IPaHUIINTe Ha IIPOYYeHNs yJacThK.
ITpyunHUTEAAT HA TE3U aHOMAaAHI CTOMHOCTU MOKe Aa ce ThbPCU B PUMCKISI pOB, KOITO ce
pa3KpuBa B ceBepHaTa Iepudepus Ha cepBUTyTa I e ¢ T0A00HU pasMmepu (rpua. 111.2.6a).
Bb3MoO>KHO e Tyk Toi1 4a e ¢ IT0-ToAsiMa AbAOOUYMHA I pa3dAdeH 3allbAHUTeA U 3aTOBa I10-
A00pe Aa ce peruCTpupa, 3a pa3AMKa OT ydacTbKa B paMKITe Ha CepBUTYTa.

B 10>xHMs cekTOp ce peructpmupar ABe UAM, IIO-CKOPO, TPY KOHLIEHTPUYHN AVHEeVHI
anomaauu (rpua. IIL.2.66). AMnantysara um e ot nopsigbka Ha 4-5 nT. Haii-seposiTHO, Te
ca IIpeAU3BMKaHM OT pOBOBE, KOUTO O4eBUAHO IIPOAbAYKaBaT U Ha IOT M3BbH I'PaHNUIIITE Ha
cexropa (mpma. lI1.2.7). Buaummsar auamersp Ha BBHIIHIA POB € 0K0A0 115 M, Ha cpeanms
— 80 M, a Ha Halt-BpTpemHNs — 55-60 M. B cbI10TO BpeMe KOHIIeHTpaluATa Ha MaAKUTe I10-
AOXUTEAHV aHOMaANM C HUCHhK MHTEeH3UTeT, KOUTO IT0Ka3axa 400pa Kopeaalys ¢ pasKpu-
THUTEe SIMI OT KbCHOXKeAsI3HaTa eroxa, KaTo 4e Ay HaMaAsBa. ToBa O3HayaBa, ye AMpPeKTHa
Bpb3Ka MeXAy KbCHOXKeAe3HITe SIMI U PerCTpUpaHNTe POBOBe He e KOPEeKTHO Ja Obae
IpaBeHa.

Bemre nmpoyyena u omle eaHa naouy oT 0KoA0 5 4Ka, pasIoaoxkeHa Ha 0k0a0 350 m
IO>KHO OT Marucrpadara. Ha ToBa MsCTO Ha IOBBPXHOCTTa ce HabOAIOAaBallle KOHIIEHTpa-
111 Ha KepaMIKa OT paHHIs HeoAUT. MpexkaTa Ha MpoyuBaHe Oellle OpMeHTHpaHa, Taka
Je Ja MOXe Ja ce ITOKpMe Bb3MOXKHO Hall-ToAsMa I1A0I cBOOOAHA OT CeACKOCTOIIaHCKM
KyATypH, KaTo Oellre mpusbp3aHa ¢ Bucokotounn GPS xoopannaru (pua. I111.2.5a). 3a cb-
>KaJeHue, IopaAy HaAM4MeTO Ha BUCOKM CeACKOCTOIaHCKM KYATYPH U FOAsSM HallouTeAeH
KaHa/, He Oellle Bb3MO>KHO ITOKPIMBaHEeTO Ha Iislda I1A0II, Ha KOSTO Ce OTKpMBa KepaMIKa.
HesaBucnumo OT TOBa reOMarHUTHIUTE M3MepBaHIs Jaj0Xa MHOTO 400pu pesyararn. bere
perucrpupana orosarnajHaTa 4acT Ha, Hali-BepOsITHO, HEOAUTHO ceAulile C OBaAHM OdepTa-
HIS B I1AaH U HAKOAKO BEPVDKHO pasnoAoxkeHn xuanisa (mpua. I11.2.8a, 6). dokoakoro
MOXKe 4a ce IIpeljeHN, pa3MepuTe Ha ABe OT TsX ca, CbOTBETHO, 8X5 1 7X6 M.

IIL. 3. PAHHOHEO/ANUTHO CEANIIE HA AM ,MAPUILIA”

ITPA C. sSIbbAKOBO, OBIIVMHA AMUMUTPOBIPAA.

O0exTbT ce HaMMpa Ha OKOAO 2 KM IOTOM3TOYHO OT C. SIobakoso. ITbpBuTe reomar-
HUTHU IIpoy4BaHMU: Osixa u3pbpiaeHu npes cenremspu 2009 r. IIpean Tsx apxeoaormnye-
CKI Pa3KOIIKM Ha oDeKTa ca OmAu IpoBeXXKAaH!U B IPOAbAXKEHMe Ha HAKOAKO ce3oHa. Te
Os1xa pa3KpMAM Ha e/Ha roAsgMa I1AOL] Pa3ANYHM CTPYKTYpU AaTUpaHU B PaHHOHEOAUT-
Harta ertoxa (/lemakos 2010). OcseH TOBa Ha 1€yl OOEKT ¢ MaIIVHY € 6114 OTHET IIOBBPX-
HOCTHI:I TIOYBEH €011, KaTo IIPhCTTa Oellle HaTpyllaHa Ha TOAeMU KYIIUMHI OT ABeTe CTpa-
HI Ha CepBUTYTa Ha Marucrpadara. ETo 3aIo, mbpBOoHa4aAHOTO re0(pU3NYHO HPOyYBaHe
Oellle OrpaHIYeHO CaMO B e4Ha TSICHa MBUIIA C IO OT OKOAO 4 AKa B Hali-IOXKHaTa 4acT Ha
oOekra. T'piT-KaTo ce oyakBaxa CTPYKTYpH C MaAKU pasMepu I'bCTOTaTa Ha TeOMarHUTHUTE
npopuan Oemre nipe3 0.5 M nipu Toukn 1o npoduante mpes 25 cm. B pesyarar na npoyu-
BaHMsATa OsXa 3acedyeHyu Tpu KOHIeHTpudHM posa (rmpua. I1.3.1a). Pascrosnmnero mexay
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TAX B TO3U Yy4acCTbK € 0K0A0 7 M. OTKAOHeHMsITa Ha MarHUTHOTO I10A€ NPeAU3BUKaHO OT
poBoseTe e OT opsigbKa Ha 5-6 nT (mpua. I11.3.10). Hait-400pe ce oTaeas BBTPEIIHIUAT POB,
Ma/Ko I10-CAa00 — CpeAHNUSAT, a BBHIIHMAT B HAKOU Y9acTBLIM 110 IIPOTEKEHNEeTO CI € e4Ba
Mapkupat. C 11ea nsscHABaHe TpaceTaTa Ha Te3! POBOBE, a I 3a PerMCTpUpaHeTo Ha APYIH,
CBBP3aHM C TAX apXe0AOTMYeCK! CTPYKTYpU, IpOy4YBaHaTa 114011 Oellle pas3IupeHa C Ole
0K040 40 aXa OT ABeTe CTpaHI Ha Marucrpasara. lasmepsanusirta 6s51xa U3BBPIIEHN B paM-
KITe Ha OIle TpU AOIbAHUTEeAHM KaMmItaHuM 1pe3 ecenTa Ha 2009 1 2010 r., choOpaseHn ¢
MOMEHTHOTO ChCTOsIHIE Ha TepeHa, KOraTo TO e Hall-y400eH 3a IIpoBeKJaHe Ha U3MepBa-
HISITa. Y CTaHOBEHO Oellle, 4e TpUTe poBa 3arpa’kAaT OT BCUUYKM CTPaHM CeAUIeTO (IIPUA.
II1.3.2a). VIuTepecHO Oe, 4e OTAeAHUTE POBOBE Ce PerucTpupar C pa3AndeH MHTEH3UTET Ha
MarHuTHOTO 1o4e (rpua. 111.3.3). Hait-oTuyeTanBo ce OTKpoOsiBa Hali-BbTPEIIHIUAT, C aHOMa-
avin gocturamm Ao 10 nT, go0xaTo ABaTa BBHIIIHI Ha MecTa ce OTAeaAAT TpyAHo. Tosa Haii-
BePOSATHO ce AbAKM He TOAKOBa Ha pa3MepuTe Ha caMITe POBOBe (IIMpuHa U 4bA00YMHa),
KO/KOTO Ha Pa3AMKM BbB PU3MYHNTE CBOVICTBA Ha 3aIrbAHUTeAs M. PoBosere ca ¢ popMma
Ha HeIlpaBl/AeH OBaA M NpUOAUBUTEAHU AViaMeTPU KaKTO cAeABa: BbTPELIHMAT — OKOAO
175 M, cpeanmsar — 190 M n ppHIIHKMAT — 205 M. OcBeH TOBa, Os1Xa perucTrpupaHu U Apyru
AVIHeIHI aHOMaAuM, KOUTO MOoraT Ja ce CBbp>KaT C IOA00HM HeraTuBHU CTPYKTYPHU MAU
AOPH C Pa3KJAOHEHMs Ha Hail-BBHIIIHIA POB. B ceBepomsTounaTa yacT Ha I1A0IIJTa C MHOTO
CHAHY aHOMaAUM Ce OTARAST CIpajy, O4eBUAHO IIpUHaAAeXKallli Ha CpeJHOBEKOBHOTO Ce-
avme npu Slobpaxoso (Meaames, Aaaaxos 2006). MaruuTHuTe aHOMaAUU IpeAN3BUKaHN
ot Te3u cTpyKrypu gocrurat 40 30-40 u moseye nT. Hali-BeposATHO OCHOBUTE Ha Te3U Crpa-
AV Ca U3TpajeHU C MaTepuaau OT pa3KpMBalllUTe ce B paliOHa I1aA€OTeHCK!U BYAKaHCKU
ckaau (mupoxaactu, Tygu u TypuTH), IpUTeKapally BUCOKM CTOMHOCTU Ha MarHUTHaTa
Bp3npreMunBocT (Joasamumesa 1984). B cepepomsToynaTa yacT Ha I1A0IITa 3aTBOPeHa OT
BBTPEIIHNS POB CBIIIO Ce perncTpupar 4Be aHOMaAny ¢ MHOTO BIUCOK MHTeH3uTeT. Eanara,
C KOOpAMHATH B IIeHTbpa -17/181, e ¢ MaaKu pasmepu, XapaKkTepHa oBaAHa (popma I CTOI-
HOCTM Ha MarHUTHMA TpagueHT Haaxpbpasaimy 200 nT. Ta nait-peposATHO e IIpeAn3BMKaHa
OT I1en 3a Kepamuka. Bropara, ¢ koopaunaru B ienTbpa 38/140, e c popmara Ha IIpaBOb-
IbAHUK M pa3dMepy OKOAO 6 Ha 3 M U MHTEH3UTEeT N0A00eH Ha TO3M Ha CpelHOBEKOBHIUTE
crpagu. Hesasucnumo, ye 1 gBete aHOMaAuM ca B paMKITe Ha I1A0IIITa 3aTBOpeHa OT pOBO-
BeTe, He MOKe Ja ce TBbpAU KaTeTOPMYHO, Ye CTPYKTYpuTe, KOUTO I' IIpeAN3BUKBaT, IIpU-
HaJJekKaT Ha HeOAUTHOTO CeAUIIIe.

HampaseH Oellre 1 eAVH OIIUT 3a Bh3MOXKHOCTUTE Ha €AeKTPOCBIIPOTYBUTEAHNS Me-
TO/ 3a perucTpupaHe Ha Beye OTKPUTUTe C TeOMarHMTHOTO pOy4YBaHe poBOBe. 3a lieATa
Oerrre n3MepeH eAnH IpoduA IO MeToAa Ha HEeIIPEeKbCHAaTOTO BePTUKAAHO eAeKTPUIeCcKO
COH/AMpaHe, M3BeCTeH CBIIIO0 KaTo JByMepHa eAeKTpOCBhIIpOoTHBUTeAHa Tomorpadus (2D
ECT). Aluansra Ha npoduaa Gellle opueHTHpaHa TPUOANZUTEAHO MepeHAUKYASIPHO Ha
TpaceTaTta Ha POBOBETe, KAaTO MIHaBaIle IIpe3 Touky oT mpeskara 0/160 u 20/200 (mpua.
I11.3.26). VM3noa3BaHa Oerre eaexkTpodHa cxema Wenner-Schlumberger ¢ gecet pasandau
Pa3CTOAHIS MeXAy TOKOBUTe eaeKTpoau — ot AB=3 10 AB=21 M, mpu ¢pukcupano pascro-
sSHIEe MeXAy npueMmHuTe eaekrpoan MN u crprnkara no npoguaa or 1 m. Pesyararure
OT MHBePCHOHHOTO MoJeAupaHe ca npeActaseHn Ha gur. 6. Cbc cpaBHUTEAHO OTYeTAMBa
II0AOXKUTeAHa aHOMaAls Cce OTAeAs caMO BBbTpelIHMAT poB. Toll e ¢ mupuHa B ropHaTa
CM 9acT 0koa0 2 M. JAbabodynHaTa My e ChIIIO OKOAO 2 M. BBHIIHUAT poB ce perucrpupa
MHOTO 110-caa00. O4eBIAHO TOJ e C IO-MaJAKI pa3dMepH, a IPbCTTa, C KOATO e 3allbAHeH,
ce pa3AnyaBa He3HaAUMTEAHO KaTO XapaKTepUCTMKa OT HacAaruTe, B KOUMTO e BKOMaH. XO-
PM30HTAaAHOTO Pa3CTOsIHME MeXAY BbTPeIIHNs U BBHIIHUA POB € 0K0A0 15 M, KakBOTO

61



Hukona ToHkoB

e I II0 JaHHUTe OT TeOMarHUTHOTO ITpoyuysaHe. Cpe HMAT poB BHOOIIe He MOXe Aa Obae
oTAeaeH. Bb3MOXKHO e B TO31 y4acThK TOM 4a He ChIIeCTBYBa AU 3allbAHUTEASIT My Ja e
ChC CHIIPOTMBAEHME €/HaKBO C TOBAa Ha BMecCTBalllaTa cpeja. 3a ChbXXKaJleHue pe3yATaTuTe
OT Te3U OIUTHU M3MepBaHIA He MOTaT ga ObJaT ChBCeM ITOKa3aTeAHM 3a Bb3MOXKHOCTUTE
Ha eAeKTPOCBIIPOTUBUTEAHNS MeTOA IpY IPOyYBaHeTO Ha TaKuBa poBose. Vzmepsanusra
Osixa ripoBedeHM B KbcHaTa eceH Ha 2010 r., korato BpemeTo Oelre ABXAOBHO 1 IOBBPX-
HOCTHI:I CAOJ Dellle HaCUTeH C BAara, OOCTOATeACTBO, KOeTO e IIpedka 3a I10AyJaBaHeTo Ha
AOCTaTBYHO OTYETANBU €A€KTPOCHIIPOTUBUTEAHN aHOMAANIA.

I1I. 4. PUMCKM BUKYC ITPU C. TOPCKO ABZAAHOBO.

loaemusaT pumckn BUKyC B 3emAauIeTo Ha c. [opcko AbGaanoso, obmmnHa Onaka e
OT/AaBHa M3BeCTeH B HayuyHaTa Auteparypa. [IbpsBute apxeoaormyecku paskollku odaue,
ce nposexaat easa 1pes 2007 1. (Topb6atos, Pyces 2008). Te nmart coHgaKeH xapakTep 1
BKAIOYBAT IIecT coHAaxka oT 110 30 KB. M. PasKpuTiy ca KaMeHHITe OCHOBM Ha >KVUAUIITHA U
cronaHcKku crpaau, datupanu 8bs -1 B. ip. Xp. Camute ocHOBU ca n3rpageHu oT HeoOpa-
OoTeHN 10MeH! BapOBMKOBM KaM'bHI Ha KaJAoBa crioiika. JebeanHara 1M, KaKTo I 3ariase-
HaTa BIUCOUMHa, e OT nopsAbKa Ha 50 cm. Paskpusar ce Ha Aba0ounHa ot 10-15 240 okoa0 50
CM OT IIOBBPXHOCTTA, B CAOJ OT IAMHeCTOIIeChKAMBY HaHOCK Ha peka YepHu a0M.

l'eopusnunuTe rpoydysaHns Ha oOeKTa ce Iposejoxa B Hauaa0To Ha ampua 2008 r.
I Maxa 3a Ile4 odepTaBaHeTO Ha CrpagHIs KOMILAeKC B M. SlamsTa, yacT OT KOITO Oerrre
AOKYMeHTHpaH IIpe3 IpeaxogHaTa roguta. Paskpurara Torasa apxeoAorndecka CUTyalns
npejonpejeAsiie yCIeNIHOTO NpuAaraHe Ha eAeKTPOChIPOTUBUTEAHUS MeToA. MHoro
HIICKaTa MarHUTHA BL3IPUEeMYMBOCT Ha Baposunute (okoao 0 SI), chuetana c mogobHa 3a
peuHNTe HacAaru B paiioHa Ha o0eKTa (Hall-BepOsTHO, CBIIIO C HICKM MarHUTHM CBOVICTBa),
He 6AaronpusTCTBaxa perucTpUpaHeTo Ha OTIYETAMBI MarHUTHI aHOMaAuu. B Hait-200pust
cAyJail MOKeIlle 4a ce OYakKBa OCHOBITE Ha CTEHIUTe Ja ce perucTpupar CbC cAadu OTpuIia-
TeAHU aHOMaAuN. 3a ChXaJdeHle MHOIO BAa’KHOTO U AbXAOBHO BpeMe, Bb3IIpeIrsTCTBaxa
IIPOBEXXAaHeTO Ha MAaHUPaHUTe eAeKTPOChIIPOTUBUTEAHN U3MepBanus. [Tpn nopmaanu
yCAOBUs, KapTUpaHeTo Ha ITpeBlAeHaTa 114011 C AByeAeKTpOoAHa cxeMa TpsOBallle Ja Tpae
OKO0A0 eAHa cegMuIia. 3aToBa TpsAOBallle 4a eKCIIepUMeHTIIpaMe ¢ TeOMarHUTHU ITpoy4YBa-
HI15I, KOUTO OTHEeXa O0II0 ABa AHI.

MarnuTHaTa rpaguoMeTpus Oellle oCbIllecTBeHa B paMKIUTe Ha eAVH IIPaBObIbAHUK
¢ pasmepu 120x80 M. Mpe>kara Oellle opueHTHpaHa I10 IIOCOKUTE Ha CBeTa, C IpO(UA IOT-
cepep 1pes 0.5 M 1 TouKkH 110 MpoduanTe mpes 25 cM.

B pesyarar, Makap 1 c HUCKM OTpUIJaTeAHM CTOVHOCTYM Ha MarHUTHUS TPajVeHT,
Os1xa perucTpmupaHu cepus OT AMHENHN aHOMaANM, KOUTO BCBIITHOCT O4epTaxa KOHTypuTe
Ha 11eAns crpageH komriaekc (mpua. 111.4.1)* AMnantyaara Ha aHOMaAnUTe MIpeAn3BUKa-
HIJI OT BapOBMKOBITE OCHOBU Ha cTeHMTe Bapupa oT 3-4 40 10-12 nT (mpua. 111.4.2a). Tesn
pasAMKM MoraT Aa ce OOsACHAT, OT edHa CTpaHa, ChbC CTelleHTa Ha 3alla3eHOCT Ha caMuTe
CTeHU 1, Hall-Beue, C pa3AUKIU B AbADOYMHATA UM OT IIOBBPXHOCTTA B Pa3AMYHNUTE y4acTh-
1. B ceBeposamnagHara 4acT Ha odepTaHIA OT reOPU3NIHOTO M3CAeABaHe apXUTEKTypeH
KOMIILeKC Os1Xa 3a405KeH) KPbCTooOpasHo gBa coHgaka 3 u V. B Congak 3 Gerrte 3aceueH
(¢pparMeHT OT Herosus ceBepeH orpajeH 3ud. B conaax I Gerte paskpura 4acT OT IOXKHIS
311/ Ha IIOMeIlleHNeTo, U3rpajeHo IIOKpall ceBepHIs orpajeH 314 Ha KoMmiiaekca (TopOa-

22 IMaTensuBHaTa AMHEIHA aHOMAAMSI C HallpaBJA€Hle 10TO3allal-CeBEPOM3TOK, IIpeMIHaBamia 1Ipe3
Iis14aTa 111011, € IIpeAn3BrKaHa OT TpaceTo Ha ChbBpeMEHEH BOAOIIPOBOA.
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ToB, Pyces 2009) (mpua. I11.4.3a).

IIpasu BrieyataeHne, 4e Ha HAKOAKO MeCTa B IIPOCTPaHCTBOTO MeXKAY CTeHUTe ce pe-
TMCTpUpAT MHTEH3VBHU ITIOAOKNUTEAHN aHOMaANY Ha MarHUTHIS TPaAyieHT, AOCTUTAIN A0
15-20 n noseue nT. Bcuukm Te ce okazaxa mpeAu3BUKaHH OT , IIpeoOpbIlaHeTO” Ha IIPBbCTTa
B T€3! y4acTbIIM BCAeACTB/E Ha MHTeH3VBHa MIMaHApPCcKa HaMeca.

B roromsrouHaTa yacT Ha IIAO0IITa Ce OTAeAs eAHa MHOTO MHTEH3VBHA IIOAO0XKUTEeAHA
MarHMUTHa aHOMaAMsA C pa3MepH B I1AaH NpudAnsuTeaHo 5x4 M. AMnanrtyaara Ha aHoMa-
ansita Hagxebpas 100 nT (mpnua. 111.4.26). OueBngHo, de T4 e mpeAM3BUKaHa OT ODEKT C
BIICOKa OCTaTbhbuHa HaMarHUTeHOCT, Hall-BepOATHO IIell] 3a Kepamuka. VIHTeHsurera u pas-
MepuTe Ha aHOMaAMATa ca 3HaYMTeAHO I10-TOAeMIU OT Te3!U Ha Ilemute oT Xaaka OyHap,
oIlMCaH! IIO-Tope. 3aTOBa MOXKellle Ja ce IIpeJlloJara, 4e craBa AyMma 3a IIelll 3a CTpOu-
TeaHa KepamuKa. Tyk Oelire 3aa05keH coHgax JK, B KOITO Oellle IipoydeHa 400pe 3alla3eHa
Iern 3a nsnmndaHe Ha kepemuau (TopbaTos, Pyces 2009) (ipua. 111.4.30).

I11. 5. OBEKT 15, 10T 3, AM ,, TPAKWST” (KM 2676+850 - KM 268+300)

ITPU C. CKOBEAEBO, OBIIIMHA CAVBEH.

O0eKTBT e pa3Ii0A0>KeH B paBHIMHHA MECTHOCT OIpaHMYeHa OT IOT OT Bb3BUIIEHIe-
To Yaawsbanp, Hamupairo ce ceepHo oT c. CkoOeaeBO 1 HMUCKM Bb3BUIIEHNs OT MacuBa
Ha Cpegna ropa — ot cesep. TepeHHNTe 00X0XAaHMs 110 TpaceTo Ha aBTOMarucTpalara ca
perncrpupaan Ha IIOBbPXHOCTTa KOHIIEHTPpaluy OT Tpare3Ha I CTpOMUTeAHa KepaMuKa I
pascumm oT ApeOHU KaMbHM, BEPOATHO OT HaMIpaAu ce Ha Tosa MscTo roctpoiikn (ITo-
rios, ITerkosa 2009). OGeKTshT e pasaeseH OT HallOUTeAeH KaHaa M YaKbAMpaH ITbT Ha ABe
4acTy, 3arajgHa ¥ M3TOYHA, ChbOTBeTHO ¢ AbAXKMHU 180 1 300 M, pasnoao>kenn Ha 0koa0 40
M e4Ha OT ApyTa.

ITbpBuTEe TeOMarHUTHU M3MepBaHNUA Ha oOeKTa OsXa M3BbPIIEHM HeIloCpeACTBeHO
IIpeAy Ha4aA0TO Ha apXe0AOTMYECKNTe pa3KonKu B Hadaa0To Ha Mait 2009 r. ['eogesnuna-
Ta Mpe>Ka Oellle OpMeHTHpaHa I10 TpaceTo Ha Marucrpasara. I'pil KaTo TOYHO B paifloHa Ha
o0OeKTa MarucTpadaTa IIpaBi AeK 3aBOi, IO-y400HO Oellle gBeTe YacT! Ha 0OeKTa Ja MMaT
camocTosITeAHI Mpexxn. Taka Mpeskarta Ha 3allagHMs yJ9acThbK Oellle ¢ OTKAOHeHue 12° ot
ceBepa, a Ta3y Ha natounmsa — 102 (mpma. II1.5.1a). bemre mokpura 1isiaara raoms ot 19.2 axa
(aBe moaocu ¢ mupuHa 1o 40 M u AbaxnHa, cbotBeTHO, 180 1 300 M) B pamMKuUTe Ha cepBU-
TyTa Ha MarucTpasara. B pesyaTart, B 3arragHarta yacT Ha o0eKTa Oellle perncTpupaHa roas-
Ma CTOIIaHCKa Crpaja Cc pasMepu B I141aH 0K040 20x35 M, ¢ HAKOAKO OTAE€AHM IIOMeILeH I
BpTpemteH Asop (mpua. 1I1.5.16), paskputu no-kbcHO npu paskonkute (ITomos, I'eoprues
2010). MarHuTHUTE aHOMaAUU IpeAU3BUKaHN OT CTeHNTe Ha crpadara gocruraxa 40 25-30
u nnoseue nT (rpua. II1.5.2). B cbmmioro Bpeme, mpu apxeoaornyeckute paskomnku Oerre yc-
TaHOBEHO, Ye OCHOBUTE Ha CTEHUTE ca OT ApeOHI HeopOpMeHN A0MeH! KaMbHI Ha Ka/0Ba
crioiika 1 ca 3amaseHu easa 40 10-15 cM BB Bucoumna. OueBnAHO, Te ca U3TpajeHU OT
CKa/ZeH MaTepyaA C MHOTO BUCOKM MarHUTHIU CBOJICTBA, Hall-BePOSITHO OT pa3KpMBallliTe
ce B palilOHa TOPHOKpPeAHM aHAe3UTU U Apyru ByakaHutu (Joasamunesa 1984), koeto 6aa-
TOIIPUATCTBA PericTpUpaHeTo Ha TOAKOBa CAa00 3ama3eHy CTPYKTypHU C TOAKOBa OT4eT-
AViBa MarHUTHa aHoMaaus. Ha samag u Ha M3TOK OT pa3KpUTOTO CTOIIAHCTBO CBIIO Osixa
perncTpupany aHoMaAuy, O4eBUAHO IIPeAN3BUKAaHN OT YOBEIIIKa ALMHOCT B aHTMYHOCTTA,
KOUTO oDaye He Os1Xa TOAKOBa A400pe U3pa3eH.

B m3rouHms cekrop chpIno Osixa perncrpupaHiy HAKOAKO MHTEH3MBHU aHOMaANM,
MapKupaIiu OCTaHKM OT ITOA00HM, HO He TOAKOBa 400pe 3anasennu crpaau (npua. I11.5.3a).
Harit-a00pe ce perucrpupa eaHa HocTpolika B 3allaJHaTa 4acT Ha I1A0I1ITa ¢ IpuOAn3uTea-
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HI pa3Mepu 6x6 M, O4eBIAHO IIpMHaje>Kallla Ha CTOIIaHCTBO IT0400HO Ha TOBa B 3aIlaAHII
CEeKTOPp. SIBHO T e m3rpageHa OT ChbIIM:A MaTepuas, 3alJOTO U MarHMTHaTa aHOMaAus € C
1noao0en nHTeHauret (mpua. I11.5.36). B Halt-m3rounara yact Ha naomra (caed Metrsp 200-
220) aHOMaAUY TTOYTHU AUTICBAT.

3a ga ce usrpaau 1o-sicHa Ipe/AcTaBsa 3a cpejaTa, B KOSITO ce paslioaaraT OTKpUTUTe
apXxeoA0TMYecK! CTPYKTypH TeOMarHMTHOTO IIpoy4yBaHe Oellle pasiinpeHo c oie Haj 100
AKa Ha ceBep I Ha IOT OT cepBUTyTa Ha Marucrpasara. Viamepsanusara Osixa IpoBeJeHI B
paMKuTe Ha yeTupu oTAeaHu Kammanum mpes 2009 u 2010 r., B Hall-y400HUTe 3a paboTa
MOMEHTH, KOTraTo IAOIINTe He OsXa 3aeTy OT Hpedeliy ceACKOCTOIIaHCKU KYATYpHU UAU
AbA0OKa opaH. Te ycTaHOBIXa, 4e apXxe0A0TMYecK) CTPYKTYpH, ITOAOOHN Ha Bede OTKPUTH-
Te, ChlIleCTBYBaT B Is4aTa U3CAeABaHa 114011 (KaKTo Ha IOT, Taka I 4aJed Ha cesep) (IIpua.
II1.5.4-6), x0eTo 103BOAM Ha apXe0A03UTe Aa MHTepIIpeTupaT IPoyYBaHU:I OOEKT KaTo cea-
cka araoMepanusATa (koMe, sukyc) (ITormos, 'eoprues 2010).

I11. 6. UBBOPBT HA HUM®UTE 1 AOGPOANUTA ITPU C. KACHAKOBO.

O0exTbT e pas3rnoao>keH Ha 0K0A0 1 KM 10rou3TodHo ot c. KacHakoBo BbpXy e4Ha OT
TepacuTe Ha HEBJMCOKO Bb3BUIIEHNE B 3allajHUTe IIOAHOXI:, Ha KoeTo mpoTtnda baHcka
peka. YacTuHO pasKpUTUAT U €KCIIOHMPaH apXUTEeKTyPeH KOMILAEKC € IT0AYIMA U3BecT-
HOCT B HayyHaTta Auteparypa kaTto ,,Cetuaniiero Ha HuM$ure n Appoaura” (Karjaposa
2008).

[TppBUTE HAy4HO OpraHM3MpaHy IIPOyYBaHUA Ha ODeKTa ca IpoBedeHM mpes 1945-
1946 r. noa prroBoAcTBOTO Ha ITpod. VIB. Beneanxos. Toit u3scHsiBa N1aHa Ha CBeTUANIIIE-
TO 1 Ha ABeTe CrpaAy M3TOYHO U 3aIlaAHo OT Hero. I1o chIIoTo Bpeme e paskpura 4acTUIHO
oIlle e/Ha Crpaja, YniiTo ocOOeH apXUTeKTypeH I11aH JaBa OCHOBaHI:I Ha ITpod. Beneankos
Aa rpearoaara, 4ye craBa gyma 3a MaabK TeaTwp (Karaposa 2008, 488).

ITpes 1970 r. ca mpoBeaeH HOBM ITPOYYBaHI:, KOUTO II0IIaJaT Ha HeM3BeCTHa Crpaja,
Hall-BepOsITHO OaHs, KOATO He € pa3KplMTa HaI'bAHO I 3aTOBa He e eKCIIOHMpaHa.

Caeg npexbcsane oT 0k040 30 roaunmy, B iepuoga 2007-2008 r. 6:1xa mpoBeAeH HOBU
apxeoaornuecku npoyusannusa Ha “Csetmanine Ha HuMure n Adgpoanta” npu c. Kac-
Hakoso. Te Osixa MpeAM3BMKaHM OT peaAm3alllsiTa Ha MalllabeH IIPOeKT, PUHAHCUPaH I10
nporpama PAP na EC, cebp3aH ¢ KOHcepBalusTa, pecTaBpansiTa ¥ coljaau3anysTa Ha
IaMeTHMKa. /uiicata Ha AOKyMeHTallls 3a TOYHOTO MeCTOIIOAOXKeHe Ha ABe OT IIpOoyd-
BaHUTe II0-PaHO crpagu — ,Tearbsp” u ,0aHsa”, HAA0KM Ja Obje HallpaBeHO TeopU3NIHO
IIpoy4BaHe CeBePHO OT CBeTUAUIIETO.

l'eodusmanuTe M3MepBaHs OsXa U3BBPIIEHN C IIpUAaraHe Ha eA1eKTPOChIIPOTUBU-
TeAHUA MeToJ. VI3moassaHa Oelrte AByeaeKTpoaHa cxeMa (twin-probe array). MarautHaTa
rpaaguomMeTpus Oellle HEIPUAOXKIMMa ITOpaAy HaAU4IMeTO B OAM30CT Ha CbBpeMeHHU Me-
TaAHM KOHCTPYKIIUM KaTo HaBecH, OeceAKy, cTbA0OOBe 3a €AeKTPIIeCcTBO I Ap.

IIpoyuena Gemre obmia raomg ot 1600 k8. M. PascrosiHneTo MexxAy MsMepBaTeAHNUTe
npoduan Oemre 1 M, a cTprIKaTta Ha usMepsase — 0.5 M, KOAKOTO Oellle U Pa3CTOSHUETO
MeXAy IOABVKHATa ABOVIKa eaekTpoay M m N.

PesyaTtaTuTte OT €4€KTpOCHIIPOTUBUTEAHUTE M3MepBaHNs II0Ka3axa, 4e B IleHTpad-
HaTa 4acT Ha I1A0IITa HalTbAHO OTCBhCTBAT apXxeoaorndecku ocranku (rpua. I11.6.1a). B za-
Ila/HaTa 1 ceBepHaTa 4acT MHOTO 400pe ce OTAeAAT HAKOAKO AMHeNHN aHOMaANu! Ha IpuU-
BUAHOTO ChIIpOTHBAeHMe. Te3u B M3TOUYHATa 4acT ce perucTpupar ABe YCIIOpeAHM CTeH! C
OpHeHTaIlNs ceBep-I0T, KOUTO He ca MHOTO OTYeTANBH, Hall-BepOsATHO ITOpaAyl ChBITaleHN-
€TO Ha ITOCOKaTa MM C Ta3! Ha M3MepBaTeaHUTe podpuan. MHoro 1no-a400pe ce oTaeast

64



[eodV3MYHI NPOYYBAHNA Ha CENNLIHN OOEKTM

ABeTe CTeH! B CeBepHaTa 4acT Ha I1A0II[Ta, KOMTO ca C HallpaBAeHue 3ara-u3Tok. Te cbijo
ca yCIIOpeAHI U ca Pa3loA0KeH) Ha OKOAO 5 M eaHa OT gpyra. B camara cepepHa nepude-
Ul Ha T1A0IIITa Ce OTAeAsl M eAHa cTeHa ¢ popMa Ha Itoayabra. IIpasAT BieyataeHne cbIio
ABe MHOTO MHTEH3VBHM aHOMaAuM C OBaaHa pOpMa B I1AaH U pa3Mepu OT IOpsAbKa Ha
HAKOAKO KBagpaTHM MeTpa, Pa3IlloA0KeHM, CbOTBEeTHO, B 3allajHaTa U M3TOYHATa YyacT Ha
raomra. O4eBUAHO e, 4e Te, aKo He ca pe3yATaT OT HAKaKBU ChbBpeMeHH) MHTepBeHIIMI Ha
TepeHa, Ou Tps10Bal0 4a ca IpeAU3BMKaHU OT HAKAKBIU COAMAHN apXeOAOTMIeCcKN CTPYKTY-
pu. Omie 11oBeye, ye OpMeHTalMATa UM eAHa CIIpsAMO Apyra CbBIlada C Ta3! Ha PerucTpu-
paHuUTe CTeHM.

3a 4a ce ycTaHOBU paslpejeleHNeTo Ha perucTpypaHNTe apXeoA0Tn4ecKl CTPYKTY-
pM U 3a ga ce IIoAy4yaT JaHHMU 3a XapaKTepUCTUKUTe Ha cpedaTa B AbAOOYNHA, KaTo 115140,
Os1xa M3BBPIIEHN M M3MepBaHIs 110 MeTOoAa Ha AByMepHaTa eAeKTpOChbIIpOTUBUTeAHA TO-
Morpaduest. Viamepenn Os1xa Tpu mpoduiaa 1o AuHunTe Ha rnpoduan 23.5 n 30 1 1o AnHU-
siTa Ha nuketn 20, BCMYKM ¢ AbAXnHa 34 M. VIsnioassaHa Oeltte eaeKTpodHa cxeMa Benep-
IaromOepxe ¢ 10 gbaxmuy Ha 3axpanBamtaTa AnHUA AB — ot 3 20 21 m. Tosa ocurypsisa
MakcuMaaHa AbADOYMHHOCT Ha IIPOy4YBaHeTO 0K0AO 4 M. Pedyarature oT m3smepBaHuATa
ca oOpaboTeHN ¢ KOMIIOThpHAaTa nporpama Res2DInv Ha ¢pupmara Geotomo Software. B
pesyATar ca oAy4eH! BepTUKaAHU MOJeAl Ha pealHOTO paslipejeleHle Ha eAeKTpude-
CKOTO ChIpOTMBAeHMe B AbaOoumHa (rpua. II1.6.16). Ot Tsx MHOrO A400pe ce BUKJa, 4e
perucTrpupaHmuTe CTeHU Ce pasKpuBaT IIOYTU OT IOBLPXHOCTTa, uMat aebeamnna 50-70 u
IIoBeye caHTMMeTpa U ca 3arnas3eHn 40 AbaOounHa oT 1.5-2 m. IToTBbpKAaBa ce HabAIOAe-
HIETO OT eAeKTPOCBhIIPOTUBUTEAHOTO KapTUpaHe, ye I0XKHO OT CTeHUTe HsIMa apXeoA0IN-
9yecKky ocTaHKM. TyK CTOHOCTUTE Ha CbIIPOTUB/AEHNETO ca XOMOTeHHM U HMCKM (OT HopsI-
AbKa Ha 60-100 om. m). CeBepHO OT perucTpupaHuTe cTeHu, odaye, MHOTO OTYETAMBO Ce
OTAeAsl I1AACT € BUCOKM chbrrpoTuBaeHus (150-250 om. m), KOMTO 3a1104Ba OT HOBBbPXHOCTTA
u goctura AbabodynHa Hag 2 M. HecbMmHeHo, TOiT MapKupa KyATypHUs I11acT ChbAbpIKally
AeCTPYKLIMHUTE OT TPajekXuTe M APYTM apXeoAOTM4yecKy MaTrepuaan, KOMTO ce pa3BuBaT B
ceBepHa IT0COKa M3BBbH pOydYeHaTa I1AOIII.

INTopaau reopuanyHmUTe TPOTHO3M 3a HaAMUMETO Ha A00pe 3arlaseHN apXxeoAornde-
CKI OCTAHKI 1 MHOTO AbAOOK KYATYpeH I14aT, OT eAHa CTpaHa, I AUIIcaTa Ha 40CTaThYHO
IpeBUAeHI CpeACTBa 3a KOHCepPBAI[MIOHHO-peCcTaBpallllOHHN AEIHOCTH, OT Apyra, Oerre
peleHo TO3M YyJacThK ga He Obae M3cAeABaH C apXeoA0TMIecK) pa3Komnku. B pesyaraT Ha
reopU3NYHOTO IIpOyuBaHe obaye, eJHa OT OCHOBHUTE 3aJadul Ha IIpoeKTa Oellle M3ITbAHe-
Ha. To g0Bese A0 OTKpMBaHe MSCTOTO Ha T. Hap. , TeaThp” U U3pabOTBAHETO Ha OOII I11aH
Ha apXUTeKTypHUs KoMIiaekc (mpua. I111.6.2).

ITposegennte npes 2007 1. HOBM apXe0A0TMYeCKI Pa3KOIIKI Ce ChbCpeA0TouMXa BbPXy
I10-BJICOKATa M3TOYHA Tepaca, CeBepOM3TOYHO OT n3sopa. [Tpu tasu kammanus Oe paskpura
U YaCTMYHO IIpOy4YeHa apXeoA0rMyeck! e4Ha HOBa M Heu3BeCcTHa 40 TO3U MOMEHT Crpaja,
pasnoao’KeHa Ha IO-BUcoKarTa n3toyHa Tepaca (Kanaposa 2008). IlaansT 1 pasmepure i
He ca HaITbAHO M3scHeHN. [Ipoyuenn ca HaITbAHO ABe ITIOMeIlleHNs] ¥ YJaCTUYHO — OIIje YeTH-
pu. Haxoakure ot crpagaTta — raaBHO pparMeHTV OT MpaMOpHa 00A1II0BKa, (pparMeHT OT
IAVMHeH!U Cb0Be, MHCTPYMEHTH, HaKITY, MOHETH IIp., CBUAeTeACTBaT, Je IpeJHa3HadyeHe-
TO 11 € 01110 3a SKUAMIIHU HY>XKAM, a BpeMeTo Ha (PYHKIIMOHUPAHeTo 11 e MeXXAy Kpas Ha Il
u mbpBaTa 1moaosuHa Ha III B.

BB Bpb3Ka ¢ HOB IIPOEKT 3a IOBMINIaBaHe Ha TypucTUYeckaTa aTpaKTMBHOCT Ha I1a-
MeTHUKa, ripe3 2010 r., cbe cpeactsa Ha O0mMHa AMMUTPOBrpag, ce posejoxa HOBU Te-
opusnunn nscaeapanns. Te Osxa cbcpeA0TOUEHN BbPXY U3SICHABaHe I1A0IITa U I11aHa Ha
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JKMAHNIIIHATa Crpaja, ¢ Iiea IpoeKTHpaHe Ha HeOOXOAMMITe KOHCepBalllIOHHO-pecTaBpa-
LIVIOHHU A€VTHOCTHU.

Camara npoyuena 1iao1g ot 1300 kB. M. oOXBallla IIOUYTH U3IISA0 €4Ha paBHa Tepaca
HEeINoCpeACTBeHO Ha M3TOK OT yJacTbKa IIPOyYeH € apXeoAorndecky paskonku npes 2007.

leopusmunure mamepsaHus OsXxa M3BLPIIEHM C IIpUlaraHe Ha €AeKTPOCBIIPOTHU-
BUTeAHUsA MeTod. VI3moassaHa Oellle AByeAeKTpoAHa CXeMa, KOSTO Jdaje MHOTO A00pu
pesyATaTy Ipu IpeAUIIHNTe IIpoydBaHysa. MpeskaTta Ha u3MepBaHe Oellle IIpaBOBIbAHA.
ITpoduante c opmeHTanms I0r-ceBep Os1Xa IIpe3 eAVH MeThp, a U3MepBaTeAHUTe TOYKHU I10
npoduante — mpes 0.5 M. PazcTosiHIeTO MeXKAY ABETe ABOVIKU €AeKTPOAV — IOABVIKHIU
u HertoasrkHY, Oemte cbio 0.5 m. [loayuyeHuTe gaHHM ca IpeAcTaBeHM Ha MPUJAOXKeEH!e
II1.6.3a, xaTo KapTa Ha CTOMHOCTHUTE Ha INPUBUAHOTO eAeKTpUYecKo cblporusaeHue. Ilo
Hesl MOTaT Ja ce HaIlpaBsT CAeAHIUTe HaDAIOAeHN: 1 U3BOAM.

CroitHoCTUTe Ha CHIIPOTUBAEHNETO KaTo 11510 ca He 0COOeHO BUCOKI I ca cAabo cMy-
TeHN. B cammsI 1oro3ariageH bIbA Ha I1A0INTa Ce OTAeASAT ABe UHTEH3VMBHU AMHENHU aHO-
Maanu. Te MapKupaT OcTaHKM OT KaMeHHI CTeH!, KOUTO O4eBUAHO IIPOoAbAKaBaT Ha IOT
U M3BBH paMKNUTe Ha IpoydeHaTa I1aoml. Herocpeacrseno Ha M3TOK OT M3TOYHaTa ,creHa”
ce ouepTaBa e/Ha MHTEeH3MBHa IIPaBObI'bAHA aHOMaAV: C HPpUOANBUTEAHN pa3Mepu B I1A1aH
0K040 5x5 M. O4eBIAHO TyK CBIIIO MMaMe 400pe 3alla3eHy aHTMYHM ocTaHku. Ha cesep ot
ITbPBUTE ONNCAHN CTE€HM, HEIIOCPeACTBEHO A0 3allaJHaTa 9acT Ha I1AOIITa, ChIIIO Ce OTAeAS
VHTEH3/BHA aHOMaANsl, KOATO SIBHO MapKupa OCTaHKM OT KaMeHHM cTpyKTypu. Llsaara oc-
TaHa/Aa 4acT OT IIpOydJeHaTa I1A0I] ce OTANYaBa C I'bAHOTO OTCHCTBYE Ha XapaKTepHU aHO-
Maanu. O4eBUAHO TyK AUIICBAT OCTaHKU OT CIpaAM UAM, aKO TaKBa BhOOIIle ChIIleCTBYBaT,
Te ce HaMHparT Ha AbA00UMHa I10-ToAsAMa OT 1 M, KbAeTO TPyAHO MoTaT Aa ObAaT 3aceyeH.
Y4yacTpuTe CbC CpaBHUTEAHO IO-BUCOKM CTOMHOCTY Ha CBIIPOTUBAEHIATA B IIeHTPaAHaTa
JacT ca OeapopMeHH 1 He MoraT ga ObAaT CBbp3aH! C OCTaHKM OT CrpaAl, KaTo IO-CKOPO
ce AbA’KaT Ha U3MEHeHNsl B XapaKTePUCTUKITE Ha caMMsl HaCHII.

3a 4a ce ycTaHOBU paslpejeAeHNeTo Ha PercTpypaHnTe apXeoAOTMIecK CTPYKTY-
pu 1 3a Ja ce IOAy4daT JaHHU 3a XapaKTepUCTUKIUTe Ha cpejaTa B AbA0OYMHA, KaToO 115140,
Os1xa M3BBPIIEHN M U3MepBaHs 110 MeTOAa Ha AByMepHaTa eAeKTPOChIIPOTUBUTEAHA TO-
Morpaduest. Viamepenn Os1xa 061110 yeTnpu rpoduaa:

VES pr. pk. 12 o anHusATa Ha IuKeT 12, TOcoKa 3amnaj-u3TokK, AbAXKNHA — 57 M.

VES pr. 8 o annunsTa Ha npodua 8, mocoka 10r-cesep, AbAKINHA — 44 M.

VES pr. 20 o annunsTa Ha npodgua 20, mocoka 10r-cesep, AbAKIHA — 44 M.

VES pr. 27 no anHusTa Ha npodua 27, ocoka 10r-cesep, AbAKIHA — 44 M.

ManoassaHa Gerte eaekTpogHa cxeMa Benep-IllaiomGep:ke ¢ 10 4baX1HM Ha 3aXpaH-
Bamiata AnHNA AB — ot 3 20 21 M. B pesyaTtat ca noayueHu BepTUKaaAHU MOAeAN Ha peaaHo-
TO pasIpejeleHNe Ha eAeKTpUIeCcKOTO ChbIIpOoTUBAeHne B AbaOounHa (mpua. 111.6.36). ITo
TsX MOTaT Ja Ce HaIlpaBsT CAeAHUTe HaDAIOAEHS U U3BOAML:

Ot VES pr. pk. 12 mHOrO 400pe ce 0TAeAs e AVIH ITIOBLPXHOCTEH CAOM C HUCKY CBIIPO-
TuBAeHus u gedbeanna 0.8-1 M. B To3u caoit eanHCcTBeHaTa apXeoaorndecka CTpyKTypa, Ko-
SITO Cce perucTpupa, e creHara (onmcana B T. 1 mo-rope, B 10rosamnajHara 4acT Ha I1A0IIITa),
pasrnoaoxkeHa MexXAy MeTpu +1 1 +2 ot mpodnaa. MHoro 400pe ce BIDKAa, e T4 e ¢ gebe-
AyHa 0k040 70 cM 1 e 3ama3eHa OT camara IIOBbPXHOCT 40 AbAOounHa 0k040 1 m. Ilog mo-
BLPXHOCTHM: CAOV Ce pasroaara CA0M CbC 3HAUUTEAHO IT0-BUCOKM ChIIpOTUBAeHu:. Hari-
BEpOsTHO TOBa ca KOpeHHMTe Hacaaru. Jopu 1 B TAX Aa MMa OCTaHKM OT BKOIIaHM OCHOBU
Ha CTeH!, AbADOYMHATa OT Haj e AVH MeThP He II03B0AsIBa CTPYKTYPH € IOA400HM pa3Mepu
Aa ObaaT eAHO3HAYHO OTAEAEHI.
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ITo ocranaante npoduan VES nabarogennsta ca 1og00HU — HOBLPXHOCTEH CAOJ C
HIUCKI CBIIPOTUBAEHUS U, 104 Hero, Ha AbAOounHa ot 1 40 1.7 M, 4pyr — cbC 3HaUMTEAHO
110-BMCOKM cTOMHOCTU. OTHOBO, KaTO 11410, OCTAaHKM OT CTEH!U He ce perucrpupar.

ITo VES pr. 8 200pe ce oTaeast cTpyKTypara oImcaHa Io-rope B T. 3. Buxaa ce, ue
TYK CBIIIO MUMaMe perucTpupaHa cTeHa ¢ gebeanHa okoa0 50 cM, KOSTO ce pa3BuBa OT I10-
BBPXHOCTTa 40 AbAOounHa okoa0 1 m. IIpea Hes obaue nMa HsAKaKBa roasiMa CTPYKTypa C
IIMpPUHA OKOAO 2 M, KOSITO AOCTUTa B AbA0OYMHA A0 Hag, 1.8 M.

ITo VES pr. 20 cpio ce perucrpupa nogodHa ,,crabnana” crpykrypa.Ts e Ha ok0a0 5
M IOKHO OT 3al0>KeHaTa M3MepBaTeAHa MpeXka, KaTo ce 0Taeas Ha AbAOounHa Mexay 1.2
M 1 1.8 M. BE3MOKHO e Ts CBIIO 4a MapKupa OCTaHKM OT apXeoAornyecka CTPYKTypa, HO
roasMara AbA00OuMHa IpaBU TOBa MPeANO0A0KeH)e CaMO BepOsTHO, HO He U CUTYPHO.

ITo VES pr. 27 He ce peructpupar KakBUTO U 4a € CTPYKTYypH, KOUTO 4a MoOrar ga O0b-
AaT CBbP3aHM C HaAn4dye Ha apXeoA0TMIeCcK/ OCTaHKI.

l'eopusmunaTa IIporHosa 3a AmuIicaTta Ha apXeoAOTMYecKy OCTaHKHU B IIpeoDaajaBa-
1jaTa 4acT OT IpOyJeHara I11011 Aade OCHOBaHMe Ha ODIIMHCKOTO PBKOBOACTBO Ha Aumu-
TPOBIpaj Aa ce OTKa>ke OT HaMepeHMsITa CI 3a KaHAMAATCTBaHe 3a CpeAcTBa 3a apXeoA0Tu-
YecK/ Pas3KOIKM M IOCAeABallla KOHCepBalys 1 pecTaBpallsl Ha eBeHTyaAHO OTKPUTUTE
IIPY TSX CTPYKTYPM B Ta3M 9acT Ha ODeKTa.

III. 7. AHTYEH OBEKT B M. KMPA3/K IIPU C. BAHUILIA, CTPYMUIIIKO,

BIOP MAKEAOHWSI.

Hanpasenure macaeipaHusATa Ha aHTUYHUSA 00eKT Iipu c. banuia ca mM3BbHpesHO
Ba>keH IIPUHOC B eKCIIepMMEeHTUpPaHeTO ¢ IIoCAeAHNUTe HOBOCTU B 00JacTTa Ha apxeoao-
rnmdyeckaTa reodpusuka. Te gaBaT eAMH OT MaJAKOTO IIpUMeEpPHU B CBeTa 3a MPUAOKEeHIeTO Ha
TpUMepHaTa eAeKTpOChIIPOTUBUTeAHa ToMorpadus B apxeoaorusTa (Leopold et al. 2011;
Nuzzo et al. 2009; Papadopoulos et all. 2009; Tsokas et al. 2009).

Ceao banniia ce Hammpa Ha OK0410 2 KM ceseposarnagHo ot rp. Ctpymuiia 8 Makeao-
Hus (mpua. 111.7.1a). TTpes 2007 r. mpu u3KomHN padoTH Ha AbAOOuMHA 1.9 M MecTHM K-
TeAl MoIlalaT Ha CTabNAeH TyXAeH Ipaje’k, BepOsITHO OT puMcKara ernoxa (rmpua. I11.7.16).
l'eodpusmunure npoyusanus Osixa M3BBpIIeHN Ipe3 IIpoaerra Ha 2008 r. 1o mokaHa Ha
HY 3aBoa 1 Myseir - Crpymunia. lleata nm Oellte ga ce ycTaHOBM HaAM4MeTO Ha aHOMaA-
HI 00eKTU B AbA0OYMHA, KOUTO MOTaT Ja ce CBbp>KaT C 400pe 3arta3eH! apXeoA0TMIecKy
CTPYKTYpM, KOeTO Aa IIO3BOAN Ha My3esl Aa KaHAMAATCTBa 3a Abp>KaBHO (pMHAHCHUpPaHe Ha
Obaeln pasKOIKIL.

O0exThT ce HaMupa B 3arlaAHNs Kpait Ha ¢. banniia, Ha 50-60 M 105KHO OT acPpaATOBUS
eT 3a ¢. Bogoua (mpua. I11.7.2a). ITpeacraBasisa 4acT OT ceACKu ABOP, KaTO IPaHUYIM ChbC
ChbBpeMeHHa >KIANIIHA ITocTpolika. CaMIAT TepeH e paBeH, ChC ChbBCEM /AeK HaK/AOH OT IOoT
Ha cesep. [Ipoydena Gerrre eguHcTBeHaTa 1110111 0T 0k010 500 KB. M, Ha KOSITO HAMaIIle crpa-
AV AU He AMdaxa OCTaHKM OT TakuBa. Taka Halrpumep HeloCcpeACTBEHO Ha IOT, Ha caMaTa
IIOBBPXHOCT, A4axa OCHOBUTE Ha CTapy Ka3apMeH! ITOMeIleHsl.

I'eopusyranuTe mpoyusaHms Os51xa IIpOBeAeHN Upe3 IIpiilaraHe Ha eAeKTPOChIIPOTHU-
BUTeAHNA MeTod,. I'oasmaTa 4bA00UNHA Ha OYaKBaHUTE apXe0AOTMYecK! CTPYKTypH (Hag
2 M) npejomnpeean n3dopa Ha cucTeMaTa Ha IIpoy4yBaHe, a MMeHHO, IIp1daraHeTo Ha ABY-
MepHa I TPMMepHa eAeKTpOChIIPOTUBUTeAHa TOMOTrpadusl.

ITbpBoHauaaHo Oellle U3BBPIIEHO eAeKTPOCBIIPOTUBUTEAHO KapTUpaHe C AByeaeK-
Tpo4Ha cxeMa Ha 11011 ot 15x20 m. Ieara nm Gemte aa ce moayun nHGOpMaLNs 3a CTOMHO-
CTUTe Ha IPUBUAHOTO €AeKTPUIECKO ChIIPOTHBAEHIEe B IOBLPXHOCTHIS CA0M (4bA00OUMHA
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50-60 cM) 1 ga ce perncrpupa eBeHTyaAHOTO HaAM4le Ha IIANTKO Pa3oA0KEHN CTPYKTY P,
61140 TO OT apXe0A0TMYeCKO eCTeCTBO 1AM APYTHU, CbBpeMeHHHU, KOUTO MoXKeXa Aa OKaxkaT
,CMyIlleHNs1” BbPXy MOHAaTaTbIIHNUTe n3Mepsanms (mpua. 1I1.7.26). YcranoseHo Oerre, de
CBHIIPOTUB/AEHNETO e C1a00 CMYTeHO, KaTo ce M3MeH:I naaBHoO oT 60 240 120 ohm. m B rmocoka
C3-I0I, karo camo B FOV yacT Ha 11A01ITa C€ perucTpupaT aHOMaAHU OTKAOHEHNs, Ode-
BUAHO IIpeAV3BJ/KaHM OT HapyIlleHs Ha TepeHa IIpYU CbBpeMeHH! CTOIIaHCKM AeTHOCTH.

PeaoBute reopu3nyHN MpOyYBaHMs Ha I1AOIITa BKAIOYNXa M3MepBaHeTo Ha 16 (ot
up. 0 20 np. 15) aApabounuau npodnaa npes 1 M ¢ opueHranus cesep-ior. [Tpopnante
Os1xa ¢ AbAKMHA OT 23 40 34 M, B 3aBUCUMOCT OT KOHKpPeTHIUTE YCAOBI Ha TepeHa. 3a Ipo-
Be>XXJaHe Ha M3MepBaHIsTa Oelre n3dpaHa cxema Illaombepke. AnmnoanaTta cxema Oerrte
OTXBbpAeHa KaTO Bb3MOKHOCT IOpagl AOIINTe yCAOBMS 3a 3a3eMsABaHe Ha eAeKTpOoAuTe
Ha IIOBbPXHOCTTa, KOSITO Oellle HapyllleHa OT CbBPeMeHHOTO I1043BaHe Ha TepeHa. OcseH
TOBa, 10/Ay4YaBaHeTO Ha KadeCTBeH! M3MepBaHNs IIpU ThpceHaTa AbAOOUNMHA Ha IPOy4YBaHe
OT HaJ 2 M HaJaralle yBeAndaBaHeTO Ha pa3CTOSHMETO MeXAY ABOVIKUTE eAeKTPOAU IIpU
AUTIOAHATa cXema, KOoeTo Iellle 4a A0Beje 40 HaMaasBaHe Ha pe3oaiouusara. Ilpnaarane-
TO Ha TpUeAeKTpogHaTa cxeMa Oellle Bb3IIPeIIsITCTBAHO OT HaAM4MeTO Ha ChBpeMeHHM I10-
CTPOVIKM M OTpaA¥ Ha MMOTH, KOeTO IIpaBellle HeBb3MO>KHO M3I1043BaHeTO Ha cxeMa C OT-
AaaeueH eaekTpoga. Viamepsanusra 0s1xa na3pbpiienu ¢ 10 AbAXX1HM Ha 3aXpaHBallia AUHNS
Ha cxema Illarombepske (AB ot 3 20 21 m). Tean agbaxuHM OcurypsBat cpeAHa AbADOYMHA
Ha IIpoyuBaHe OT 0k040 4 M. [IpuemunTe eaekrpoan MN u cTbIKaTa Ha U3MepBaHe Os1xa
¢puxcupanm Ha 1 M. I'lo HAKOM OT TpoPuaNTe Os1Xa UBBPIIEHN U3MePBaHIs U C AUIIOAHA
cxeMa, cbInio ¢ 10 pa3zanmuHm AbAKMHY, IPU KOETO Ce YCTaHOBY, Ye MaKCcuMaaHaTa A4bA00-
4lHa Ha IIpOy4YBaHe Ha cxeMaTa e 0K040 2.5 M. 3a IloayJaBaHe Ha AOI'bAHUTEAHN AaHHU
Os1xa M3MepeH! U YeTUPH HallpedH! AbAOOYMHHY ITpoduaa ¢ IIOCOKa 3aral-M3TOK U AbA-
>K1HI - 110 34 M (pr. pk. 3, 6, 18, 20; mpna. 111.7.20). AanHuTe OoT M3MepBaHMsTa 110 AbA0O-
yyHHUTe Tpoduan Os1xa odopaboTenn ¢ nHBepcronHuTe nporpamu Res2dinv u Res3diny,
KOWTO KaTO pe3yATaT gajoxa peadeH MoJea Ha paslpeseaeHNeToO Ha eAeKTPUIecKOTO Cb-
IIpOTUBAEHNE B AbAOOUNHA.

ITo Bcuky moaydeHu BepTUKAAHU pa3pesy OT AByMEPHOTO MHBEPCHOHHO MOAEAN-
paHe MHOTo A00pe ce orAeaaT Tpu caos (npua. 1.7 3-nmpua. 1IL.7.5). ITspeusar e or mo-
BBPXHOCTTa 40 AbAOOuYMHa 0K040 1 M. XapakTepmuaupa ce CbC CpaBHUTEAHO BUCOKMU Cb-
nporusaeHus. Toit e oOpasysaH Ipu ChbBpeMeHHaTa 0OpabOTKa Ha ITouBaTa U AeiiCTBallu-
Te TIOBBPXHOCTHM ITIpOLIeCcH A0BeAU A0 3ary0aTa Ha IpOBOAAINN cheAVHeHMsA. Ha MHOrO
MecTa B TO3M CAOM MMa AOKaAHM aHOMaAuM, PerucTpupaliy Hall-BepOsATHO HapyIlIeHNs
OT ChbBpeMeHHM CTOHaHCKU AelTHOCTU. 1104 ITOBbpXHOCTHMS 114acT 3aAsra BTOPU, C HUCKIU
CTOMHOCTM Ha eAeKTPUYecKoTO chlipoTusaenue. Toil ce perncrpupa Ha 4bAOOYMHA IPU-
6ausuteano mexay 1 u 2 m. CToiiHOCTUTEe Ha CLIIPOTUBAEHIETO MY Ca CPaBHUTEAHO XOMO-
reHH! B pamknTe Ha 20-60 ohm. m. ITaacTsT mpeacTaBAsiBa, Hall-BepOATHO IIECHKANB HAHOC
C BIICOKO ChAbP>KaHMe Ha TAMHecTa KOMIIOHeHTa, 0Opa3yBaH IIPpU IIOCTeIIEHHOTO CBAMYaHe
Ha MaTepuaAu OT IIO-BUCOKIUTE YacTU Ha OKOAHMS TePeH.

IToa TO3M 14acT 3aasra TpeTH, XapakTepusupall ceé C MHOTO BUMCOKM CTOMHOCTH Ha
cprporusaennero (200-400 u noseye ohm. m). Perucrpupa ce Ha 4baA00OUMHA MeXAy 2 U
3.5 M, HO Ha HAKOM MecCTa ,HapyllaBa” IMO-TOPHMS I1AaCT U U3AM3a MO-IIAUTKO — 20 1.5 M,
a Ha APYIU BepOsTHO ,cAn3a”’ U 1o-4bA00K0. O4eBNAHO TO3U MAACT € IIpeAu3BUKaH OT
CBbIIleCTBYBAIlM TYK apXxeoAornmdecku crpykrypu. OcseH TOBa, MHOTO 400pe ce BIKAa, de
B XOpPM30HTaAHa IIOCOKa Te3M apXeoAO0TMYecK! CTPYKTYpH UMaT OT 3allaj, pPsi3Ka I'paHMIIa,
KaTo He ce IPOCTUPAT 104 ChBpeMeHHara Itocrporika (rmpua. II1.7.6). Tyk apxeoaornmaeckn-
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ST MAaCT He ce PerucTpupa, a CTOMHOCTUATE Ha CBIIPOTUBAEHMETO Ca XOMOTE€HHU U HUCKU
—ot 10 20 50 ohm. m. B cb1110TO Bpeme oT pasraexxgaHuTe pa3pe3y MOXKe Ja ce Ipearioaa-
ra, 4e apxeoAO0IM4ecKUTe CTPYKTYpU Ce IPOCTUPaAT U Ha U3TOK B HEM3CA€ABaHM: YIaCThbK.
PerucrpupanusaTt apxeoaornyecku 1aacT He € XoMoreHeH. B MHoro yyacreiim nma peay-
BaHe Ha BVICOKM VM HUCKM CTOVHOCTY Ha CBIIPOTUBAEHMETO, KOeTO TOBOPMU 3a HaAn4due Ha
CTaOMAHM CTPYKTYPU — OCTAHKM OT CTeHM U APYTU Ipade>kl, TpaHNYeIny ¢ IIPOCTPaHCTBa
cBODOOAHM OT TakMBa CTPYKTypu. Ha xopusontaanure 4p100unHHN paspesu (npua. I11.7.7-
npua. 111.7.10) 206pe ce 0TAeAAT AMHENHN CTPYKTYpPH, Hall-BEPOSTHO OCTAaHKU OT CTEHI.
Eanara e c mocoka 3amnag-u3ToK 1 MMHaBa NPpUOAM3NUTEAHO 110 AMHMATa Ha 1K.12-13 kato
NpoAbAKaBa U Ha M3TOK U3BBH IpoydeHaTa raom. OT 3anagHus 11 Kpail Ha 10T , Tpbrea”’
Apyra AoOpe M3paszeHa aHOMaAMs 10 AuHU:ATa Ha 11p. 13 u 14. T e ¢ AbAXMHa 0K0A0 8 M.
ITopaan 1o-BMCOKUTe perucTpupaHy CTOMHOCTY Ha ChIIPOTUBAEHMETO, IMa BepOATHOCT
apXxeoAOIMYecKNTe CTPYKTYpPH B TO3M Y4acThK Ja ce pasKpuBaT I0-04130 40 IOBBPXHOCT-
Ta. HenocpeacrseHo Ha 10T 1 Ha ceBep OT AMHeIHaTa aHOMaAus C IOCOKa 3araj-M3TOK
ce OTAeAAT APYTU MHTEH3UBHU, HO ,aMOp(HI" aHOMAaANM, OYeBUAHO IpeAN3BUKAaHU OT
apxeoaornyecku cTpykrypu. OcobeHo MHTeH3MBHAa aHOMaAMsl ce percTpupa 1 B I0KHaTa
4yacT Ha M3cAeABaHaTa 4011, 3a ChXXaJleHle Iopadll 40CTa OTpaHUYeHNs IIepuMeTbp Ha
IIpOy4YBaHe He MO>Ke KaTeTOPMYHO Aa Ce TBbPAU 424V apXeOAOIMYeCKUTe OCTaHKU IIPOADA-
>KaBaT U B CeBepHa IT0COKa.

PesyaraTu:

B uscaeasanara maoms 65xa perncTpupaHu OCTaHKM OT apXe0A0TMYeCK CTPYKTYPI.

Ocranknre ca pasoaoxeHu Ha 4ba0ounHa MexAy 1.5-2 1 3.5 M.

Perucrpupanu ca AnHeiHY aHOMaAUH, Hall-BePOATHO, OCTAaHKM OT CTeHU AU APYTU
CTabMAHM CTPYKTYPIH.

Haamynure ganHm mokassaT, ye 3araJHaTa IpaHMIa Ha apXe0AOIMIecKUTe OCTaHKI
MIMHaBa Ha OKOAO 2-3 M U3TOYHO OT ChIleCTByBalllaTa crpaja.

ITopaau orpannyeHaTa 114011 3a U3CAeABaHe He Ca yCTaHOBEHN I'PaHUIUTe Ha OOeKTa
B MI3TOYHA I CeBepHa II0COKa.

III. 8. ObBOBIIEHVE HA PE3YATATUTE

IIpuseaeHnre no-rope npuMepu AeMOHCTpUPAT 110 eAVH Oe3CIIOpeH HaulH Bb3MOXK-
HOCTUTE Ha KOMILJeKca OT FeOMarHUTHO I eAeKTPOChIIPOTUBUTEAHO KapTUpaHe U AByMep-
Ha U TPUMepHa eAeKTPOCBHIIPOTUBIUTEAHA TOMOTrpadIis 3a YCIEITHOTO IPOyYBaHe Ha -
POK CIIEKTBP OT apXe0A0Trnyeckyt o0eKkTu (ceauInia, IMHHU I104eTa, CBeTUANIIA) AaTUpalin
OT paHHI: HEOAUT 40 PUMCKaTa eIroxa.

Ob6exrsT npu Xaaka OyHap e Mo>ke O1 Hall-ITbAHO IIPOYYEHUAT OT reopU3NIHA TAe-
Ha TOYKa apxeoA0rnyecky 00eKT B brarapus 40 MomeHTa, Ha KOJMTO € IIPUAOXKEeH B I'bAHa
CTeIleH IOCOYeHMUAT KOMILAEKC OT MeToau. EAHO MHOro 04aronpusaTHO OOCTOATEACTBO B
TOBa OTHOIIEHME € Bb3MOKHOCTTA 3a AeTallAHO CpaBHEHUEe MeXAY PerucTpupaHuTe reo-
pusMYHNTE aHOMAANM U Pa3KPUTUTE apXe0A0TndecK CTpyKTypu. B3 ocHoBa Ha aAByMep-
HOTO CBIIPOTUBUTEAHO MHBEPCMOHHO MOJeANpaHe e ollpejeleHa AbAOounHaTa Ha 3aasl-
raHe Ha KOpeHHUTe HacAaru 4, CbOTBeTHO, deDeArHaTa Ha KyATypHMs cAoit. Ypes reomar-
HUTHOTO KapTUpaHe ca PerucTpupaHy pasANdHI CTPYKTYPU — TAMHOOUTHY KUANIIIA OT
KbCHIA HEOAUT U eAMHMCTUYecKaTa erroxa, rmeriy u asmu. ChbIpoTUBUTeAHOTO KapTUpaHe ¢
AByeAeKTpO/AHa I AUII0AHa CXeMa, He3aBIUCUMO OT HSIKOU A0OpUTe pe3yATaTH, ce OKa3a He-
II0AXOAAIIIO IIpY IpOy4YBaHe Ha TaKbB TuIl obekTu. [IpeobaasasalriaTa gyacT oT CTpyKTypu-
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Te perncTpUpaH OT FeOMarHUTHIS MeTOJ ca , HeBUAUMI” 33 eAeKTPOChIIPOTUBUTEAHMS.
YcraHOBeHO e, 4e pasrpaHMYaBaHeTO Ha >KMAMIATa 110 IIePUOAM B 3aBUCUMOCT OT MHTEH-
3MBHOCTTa Ha M3MepeHIsl MarHUTeH I'paAMeHT, IIOHe Ha TO3M eTall, He € Bb3MOKHa. OIUTLT
3a pasgeasHe Ha ITeLNTe OT AMUTE Bh3 OCHOBA Ha MHTEeH3UTeTa Ha MarHUTHUTE aHOMaAUU
CBIIO He Jaje AOCTaThyHO A00pu pesyataTn. Karo 115140 nemmre gapat 11o-ciuaHa aHOMa-
Ans. Bee 1mak, oT MHOTO TOAAMO 3HaueHIe 3a aMIIAUTyJaTa Ha M3MepeHaTa aHOMaAMs ca
pasMepuTe 1 IIbAHEXDT Ha AMUTE, OT e4Ha CTpaHa, U CTelleHTa Ha 3aIla3eHOCT Ha caMuTe
IIelu, OT Apyra. 3aToBa € pMCKOBaHO OIlpeJeAeH) aHOMaAU KaTeTOPUIHO JAa ce IPUITIC-
BaT KaTo IpeAU3BUKaHM OT ITeIy uAu oT Aamu. IlocaegHnAT MHOTO BaskeH pe3yATar e, ye
Bb3 OCHOBA Ha TeOMarHUTHOTO KapTHUpaHe ca OllpejeAeHN TpaHuITe Ha O0eKTa.

Mmnoro g400pa marocTpanns 3a Bb3MOXKHOCTUTE Ha MarHUTHATa rpaldlioMeTpus IIpu
IIPOYYBaHETO Ha HeraTMBHI KOHTEKCTH ca OTKpUTHUTE AMU 1 posoBe npu ChpHeso u SI04b-
k0Bo. Ha obekra rmpu ChpHeBO ca perucTpupanm M1 OT KbCHISI HEOANT, KbCHaTa JKeAsS3Ha
1 puMcKara erioxa. CamMuTe aHOMaANUM Ca C IIO-HUCHK MHTEH3UTET OT Te3U, IpeAN3BUKaHN
OT I0A00HM AMU OT 0OeKTa Ipu Xaaka OyHap, KOeTO MOXKe Aa ce 0DsICHU, IIpeAy BCUYKO,
C mo-roAsAMaTa AbAOOYMHA OT ITOBBPXHOCTTA, Ha KOATO ce pa3KpusaT siMute oT ChpHEBO.
CpaBHeHmneTo MexXAy reopU3NIHNTe aHOMAAUNU U pe3yATaTUTe OT Pa3KOIKUTe ITOKa3BaT,
ge 3a pa3AMKa OT eAMHUCTUYECKUTE SIMM, TOAsIMa 4acT OT HEOAUTHUTE He ca Perucrpupa-
Hu. Tosa ce obsicHsABa ¢ PpakTa, Ye HEOAUTHUTE CTPYKTYPH ca C I10-MaalKa AbADOUYMHA 1 ce
pa3KpuBaT Ha II0-TOASIMO Pa3CTOsIHME OT IIOBbPXHOCTTA, II0Paay KOETO € Bb3MOKHO MHOTO
OT TsX BBOOIIE 4a He MoTaT Aa ObaaT perucrpupann. JIMure oT KbCHOXKeAsI3HaTa eroxa ca
MHOTO MO-AbA00OKHU, ITO-KOMIIAaKTHM KaTO pa3MepH, a roAsgMa 4acT OT TsIX Ca CbC CAeau OT
oIlaABaHe Ha MSCTO UAU ChbAbP>KaT rOpeAr Ma3nAKM, KOeTO O3HadaBa, 4e ChbAbp>KaT MaTe-
pMaau ¢ BUCOKa MarHMUTHa Bb3IIPUEMUMBOCT ¥ TEPMOOCTaThuyHa HAMarHUTeHOCT. B 1oskHms
CEeKTOP Ca perucTpupaHu ABe MAM, I10-CKOPO, TPY KOHIIEHTPUYHU AMHENHM aHOMaAUMN.
Haii-seposTHO, Te ca mpeAM3BUKaHN OT POBOBE, KOUTO OYEBUAHO IPOADbAKaBaT U Ha IOT
U3BbH I'PaHMUIUTE HA CeKTOpa.

B pesyartar Ha nmpoyusaHmsaTa 1npu c. J0BbAKOBO ca 3acedyeHM TPU KOHIIEHTPUUIHU
posa. OTKAOHeHMsITa Ha MaTHUTHOTO I104e IIpeAU3BIKaHO OT pOBOBeTe, I0400HO Ha Te3n
ot CbpHeBO, e oT nopsAbKa Ha 5-6 nT. 3a IpbB IIBT B cBeTa upe3 Ipuaaraseto Ha 2D cbrpo-
TUBUTEAHO UHBEPCUOHHO MOJeAlpaHe ca ollpejedeHN pa3MepuTe (IIMpuHa, 4bA00UYNHa,
pascTosHMe OT IIOBBbPXHOCTTa) Ha posoBeTe. ChC CpaBHUTEAHO OTYETANMBA IIOAOXKUTEAHA
aHOMaAMs ce OTAeAsl cCaMO BLTPeIIHMAT pos. Toil e ¢ mmpyHa B TOpHaTa CU 4acT OKOAO
2 M. ApaOOUMHATa MYy € CBIIIO OKOAO 2 M. BBLHIITHUAT poB ce perucrpupa MHOTO IO-CAa-
00. O4eBnAHO TOM € C II0-MaAK/ pa3MepH, a IPBCTTa, C KOATO € 3allbAHEeH, ce padandasa
He3HauMTeAHO KaTO XapaKTepPUCTUKa OT HacAaruTe, B KOUTO € BKOIaH. XOPU30OHTAaAHOTO
pascTosHMe MeKAY BhTPEIHNS ¥ BLHIIHIA POB € 0K0A0 15 M, KaKBOTO € I 110 AaHHUTE OT
reOMarHUTHOTO KapTupaHe. CpeAHIAT poOB BbOOIIIe He MOXKe Aa Obae oTAeAeH. BpaMoskHO
e B 30HaTa Ha eAeKTPOChIIPOTUBUTEAHNS TPO(NUA TOM Aa He ChIeCTByBa AU, II0-CKOPO,
3allbAHUTEAST MY 4a € ChC CBIIPOTUB/AEHNE e4HaKBO C TOBa Ha BMecTBalllaTa cpeja.

Mmnoro noxazareAHn 3a IIMPOKUTE Bb3MOXKHOCTY Ha MarHUTHaTa TpajuOMeTpusl ca
Ipoy4yBaHUATa Ha ABa cxoAHM obexTa ot II-IV B. mpu ceaara 'opcko A6aanoso n Ckobeae-
BO.

I'eomarnuTHOTO MpoyuBaHe 1pu c. lopcko AGaaHOBO perucTpupa cepust OT AMHeNTHN
aHOMAaAMY C HUCKM OTpUIIATeAHM CTOMHOCTY Ha MarHUTHUSA TPaAUeHT, KOUTO, BChITHOCT,
ouepraxa KOHTYPUTe Ha L4 CrpageH KOMILAEKC ¢ pasdmepu 0kKoao 55 Ha 60 M. AMman-
TyJaTa Ha aHOMaAuuTe e oT nopsabka Ha 5-6 nT. Te3u Hucku croitHOCTU ce OOSCHABAT C
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Ma/AKNTe pa3dANKN MeXXAy MarHUMTHaTa Bb3IPUEeMUMBOCT Ha cpejaTa (aAyBMaAHM HacAarm)
U MaTepuasa U3I0A3BaH 3a I'palekuTe — BAPOBUK, KOMTO € C MarHMUTHA Bb3IIPUEeMYMBOCT
64m3ka 40 Hyaa. Heszasucnumo ot ToBa, Te3n pesyATaTu MOKa3BaT, Ye MarHUTHaTa rpaayo-
MeTpIsl YCIIeITHO MOXe Ja ce IIpuAara i B Takuba HeOAaronpusATHY YCAOBMSL.

B pesyaraTt Ha reomarHMTHOTO KapTupaHe 1ipu c. CkoOeaeBo e perucrpupaHa roasimMa
CTOIaHCKa Crpaja ¢ pasMepu B I11aH 0K040 20x35 M, ¢ HAKOAKO OTAe/AHM IIOMEIIeHI s i Bb-
TpellleH ABOp. MarHMTHITe aHOMaAUHU IIpeAN3BMKaHM OT CTeHITe Ha crpajaTa AOCTUTaT A0
25-30 u moBeue nT. B cb110TO BpemMe, mpu apxe0A0TMYecKUTe Pa3KoIKM Oellle yCTaHOBEeHO,
Jye OCHOBUTE Ha CTEHUTe ca OT ApeOHM HeopopMeH! A0MeH! KaMbHI Ha KaA0Ba CIIOKa 1
ca 3anasenn easa 40 10-20 cm BB BucounHa. OueBAHO, Te ca U3rpadeHN OT CKaJleH MaTe-
pMaA ¢ MHOTO BMCOKV MarHUTHM CBOJICTBa (MarHMUTHA B3I PUEMUMBOCT U TePMOOCTaThuHa
HaMarHUTEeHOCT), Hall-BepPOsTHO OT pa3KpMBalll/Te ce B pPaliloHa TOPHOKPeAHU aHAC3UTH U
ApPyTU ByAKaHUTHU, KOeTO 0AaronpuATCTBa perMcTpUpaHeToO Ha TOAKOBa CAabo 3alla3eHU
CTPYKTYPM C TOAKOBa OTYeTAMBa MarHUTHa aHoMaAan:A. Ha 3armas u Ha M3TOK OT pa3KpuUTO-
TO CTOITAHCTBO CBIIO OsIXa perncTpupaHyt aHoMaAuy, OYeBUAHO IIPeAU3BIUKaHY OT YOBelll-
Ka AeITHOCT B aHTMYHOCTTa, KOUTO 0Oaue He Os1Xxa TOAKOBa 400pe uspasenn. Te ceugereacrt-
BaT, 4e apXeoAO0IMYecK! CTPyKTypM IOJAOOHM Ha Bede OTKPUTUTE ChIIeCTByBaT B IisglaTa
n3caeaBaHa 11011 (KaKTO Ha IOT, TaKa I Ja/led Ha ceBep), KOeTO II03BOAM Ha apXe0A03UTe 4a
MHTepIIpeTrpaT Ipoy4YBaHNsl OOeKT KaTo ceAcKaTa araoMepanus (Kome, BUKYC).

Makap n 1mo-06aBeH KaTo IpolleCc Ha M3MepBaHe eAeKTPOChIIPOTUBUTEAHUAT MeTOJ,
MO>Ke YCIIeIIIHO Aa Ce M3II0A3Ba IIpY IPpOyYBaHeTO Ha MaAKY IIAO0MIM U IIPY HAAMYMETO Ha
M3TOYHMIIM Ha CMYILeHN:, IIpaBelyi MarHUTHIS MeTO/, HelpuAOXuM. B 3aBucumoct or
IbCTOTaTa Ha M3MepBaTeAHNTE TOYKM Hall-IIIMPOKO M3II0A3BaHaTa cxeMa — AByeAeKTpoHa-
Ta MOXe 4a OCUTYpU KapTUpaHeTo OT eAVH A0 TPU AKa Ha AeH. B cpioro Bpeme, nmpnaara-
HEeTO Ha AByMepHaTa I TpUMepHa eAeKTPOCLIIPOTUBUTEAHa TOMOTrpadus MOXKe Aa OCUTY-
pu He3aMeHMMa MHQOPMaIs, KOraTo ce ThbPCAT CTPYKTYPU Pa3loA0KeH) Ha IO-ToAsIMa
ABbAOOYMHA.

Eana oranyHa naroctpanms 3a moasaTa OT KOMOMHNMpaHe Ha eAeKTPOChIIPOTUBUTEA-
HOTO KapTupaHe ¢ 2D mHBepcMoHHO MoAeAnpaHe ca IIpOy4YBaHMATa Ha CBETUAMIIETO Ha
Humpure npu c. Kacuakoso. Upes kapTupase c AByeAeKTpOAHa CXeMa ca O4epTaHM CTeHN-
Te Ha crpadeH Komriaekc. ITo Hsakoako npodmnaa nsmepenu mno meroga HBEC e ycranose-
HO, Uye CTeHUTe My ca ¢ gebeanHa 0ko40 70 cM 1 ca 3amaszeHn 40 AbA0ounHa 1.5-2 M.

IIpoyuBanusTa Ha 06exTa I1pu c. banuiia, Make40HIS ca e AMH OT MaAKOTO IIpUMepH
B CBeTa 3a IIPIAOXKeHNe Ha TpMMepHaTa eAeKTPOChIIPOTUBUTEAHA TOMOTpadus Ipu Ipo-
yuBaHe Ha apxeoaorndeckn ooekru. Ilpoyudena e naomy ot okoao 500 kB. M, IIpu KOeTo, B
pe3yATaT Ha TPMMEPHOTO MHBEPCMOHHO MOJeANpaHe Ha AaHHNUTe OT M3MepBaHu:ATa, ca pe-
TMCTPUPaHM apXe0A0TMYeCK! CTPYKTYPU pas3lioA0>KeH) Ha AbAOoYMHa MexXAy 2 1 3.5 M.

l'eomarnuTHUTe M3CAeaBaHUS IIpeaJaraT Hall-Obp30TO IpOydYBaHe B CpaBHeHUe C
pasandHUTe APYrU TeoPpU3NMUHM TeXHMKHU. Te permcTpmupar IIMpPOK CIEeKThP OT CTPYKTY-
pu, pe3yAaTaT OT 4oBelllKaTa AeHOCT B ApeBHOCTTa. Te3n 11oga0KeHn Ha HarpsiBaHe, KaTo
eIy 1 OTHUINA MAY TAVMHOOUTHU IIOCTPOIKMY, 3aTMHAAN IIPY OIIOXKapsBaHe, HO CBIIO U
HeraTMBHU CTPYKTypH, KaTto siMu 1 posose. OcBeH B cAydyamuTe, KOraTo ca M3rpajeHu OT
CIAHO MarHUTHU MaTepuaay, MarHUTOMeTpuUTe pearnpar o-c1ab0 Ha KaMeHHU OCHOBMU
Ha CTeHM, BBIIPEKM Ye U B TO3U CAydall YCIIeITHO I' perucTpupar.

OCHOBHMAT ypes Ha TEOMarHUTHOTO IIpoy4yBaHe e (PAYKCIeNT rpairoMeTspsT. Tosn
VHCTPYMEHT CbhueTaBa BCOKa TOYHOCT (40 0.1 nT), 2exa KOHCTPYKIMS U roasiMa CKOPOCT
Ha M3MepBaHe. Bce mo-monyasipHm craBaT U ONTUYHO-aOCOPOIIMOHHNUTE MarHUTOMETPI.
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Te npeaaarar mo-sucoka uyscrButeaHOCT (40 0.05 nT) 1 mogo6Ha CKOpOCT Ha M3MepBaHe.
ITpaxTiyeckn, Ipy eAHN 0OMYAIHU YCAOBUS, pa3ANKaTa MeXAY ABaTa TUIIa MHCTPYMEeHTU
B CITOCOOHOCTTa UM Ja PerucTpupar apxeoAorndecku CTpyKTypu e MuHumaasa. Ilo-suco-
KaTa TOYHOCT Ha OITUYHO-aOCOPOIIMOHHITe MaTHUTOMEeTPY OOMKHOBEHO e OrpaHideHa OT
CMyIIIeHUsITa IpeAu3BIMKaHN OT caMIisl ChCTaB Ha IouyBaTta. B saBrcuMoOCT OT rbcTOTaTa Ha
M3MepBaTeAHIUTE TOUKY, C eANH PAYKCIelT MarHUTOMETDbp 3a 4eH MoXKe Ja Oble ITOKpUTa
rao1r ot 4-5 40 10-15 axa. CamaTa KOMIIOTbpHA 0OOpa0dOTKa Beue e HaI'bAHO CTaHAAPTU3U-
paHa, Taka 4e TpaHcdepa Ha M3MepBaHMsATa OT ypeda KbM KOMIIOThPa, MaTeMaTUIecKITe
oIlepall ¥ OKOHYaTeAHOTO IIpeAcTaBsHe Ha pe3yATaTuTe OTHeMa MIUHIMAaAHO BpeMe, OT
HopsigbKa Ha HAKOAKO 4aca.

ITonskora, 3a 4a MOXKe Ja ce MOKpMe MaKCMMaAHO ToAsiMa I1101Il, ce Halara OpueH-
TalusATa Ha Mpe’kara 4a ObJe choOpa3eHa ¢ KOHKPeTHHUTe yCAOBI: Ha TepeHa (II0coKa Ha
CepBUTYyTa Ha Marucrpasla, Haan4ye Ha MeTaAHU Orpaiy UAM IIpedelria pacTUTeAHOCT). B
Te3U cAyday MpesKaTa MoXe Ja e opreHTHupaHa 1 Koco. CbBpeMeHHUTe PAYKCTENT MarHu-
TOMEeTPU, MaKap Aa ca YyBCTBUTEAHM CIIPSIMO IIOCOKaTa Ha M3MepBaHe, Ca KOHCTPyMpPaHU
Taka, 4e 4a MOraT ga ce HaCTpOMBaT, 3a J4a eAVMMHUPAT BAVSHIETO Ha TOBa OTKAOHEHMe.

3a mnpeariounTaHe e IIpM HaAMYMETO Ha eAVH TOAKOBa Obp30 paboTelr ypes KaTo
c])AchreﬁIT rpaauoMerbpa ga ce IIpoydy Bb3MOXKHO Hall-4eTaliAHO IIpeABuJeHaTa 3a M3-
caeaBaHe 114011 B TakbB caydail cThIIKaTa Ha M3MepBaHe 1O IpoduanTe He TpsOBa Ja €
1o-roasma ot 25 cm. MogepHnuTe MarHMTOMeTpu Morart aa npasar 40 10 msmepsanms B
CeKyHJa, MMaT roAsMa BrpajeHa IlaMeT, KOATO Obp30 ce mpexpbpas B KOMIIOThp. Taka
4e, OpOAT Ha M3MepBaHIATa 110 ITpOoPUANTe He OKa3Ba BAUSIHIE Ha BpeMeTo 3a IOKpUBaHe
Ha gajeHa naoil. Tosa He ce OTHAcCs 3a Pa3CTOSIHUETO MeXKAY TpopuAnTe, KaTo Hy>KHOTO
BpeMe e IIpaBo IIPOMOPIIMOHAAHO Ha I'bCTOTaTa Ha ITpoduante. Taka ye, KoraTo OCHOBHaTa
Ile] € 4a ce yCTaHOBM HaAW4YMeTO MAV OTChCTBMETO Ha apXeOAOTMYeCKM CTPYKTypH, eAHO
MaKCMMaAHO pa3CTosHMe OT 1 M e HalTbAHO IIpUeMANBO. AKO e HeoOX0AMMO, obade, peru-
CTpUpaHeTO Ha II0-MaAK! CTPYKTYpH, KaTo AMM, € IPpelopbuuTeAHO CThIIKaTa Aa e 50 cm.

V3pbpiienuTe reOMarHMTHYA IPOYYBaHMS Ha HAKOAKO HaITbAHO Pa3AMYHU IIO CBO:
XapakTep 1 AaTUPOBKA apXe0A0TMIeCK) O0OeKT! Jal0Xa OTAMYHO IIOTBbP>XKAeHe Ha eAUH
(paxT, B KOITO Bede Bce IIOBeYe apXe0A03M ce yOexkaasaT — Hy>K4aTa OT re0(pU3NIHOTO 13-
cAe/BaHe Ha Bb3MOXKHO Hall-TOAeMM I1AO0I, BKAIOUYUTEAHO TaK/Ba, KOUTO eABa AN I1ie Ob-
AaT O0eKT Ha pa3KOIIKI B 0003puMO ObJellle. B ToBa OTHOIIEHNe ITOA€3HM MOXe Ja ce
OKakaT He caMO IIpeJBapUTeAHNTe IIPOYy4YBaHN: C 1led PercTpypaHe Ha CbIlleCTBYBaIliu
apXxeoA0IMYecK) OCTaHK! 3a HacOYBaHe I I1aHpaHe Ha pa3KOIIKITe, HO U Te3!, U3BbpIlle-
HI caeg Tsx. KaTto ye am, ToBa B Hall-roAsiMa CTelleH BakK! 3a CllaCUTeAHNTe Pa3KOIIK!U 110
nHQPPacTPYKTYpHM IIPOEKTH U, Hali-Bede, IIPY Te3M 110 TpaceTaTa Ha ObJAeIuTe Marucrpa-
au u razonposoau. [Tpm Tsx apxeoaormyeckure mpoydsBaHyisl ca OrpaHUYeHN B €4VH TeCceH
KOp1AOp ¢ MakcuMaaHa mupuHa 40 40-50 M 1 AbAXMHa 40 HAKOAKOCTOTUH, U AaXKe I10-
Beue, MeTpa. OueBIAHO, TOBa € OOCTOATEACTBO, KOETO He 1103B0AsBa I'bAHOIIeHHaTa MHTep-
npertanus Ha AOKyMEHTHpPaHUTe apXeoA0rndyecku curyanun. ETo 3amo, e yaauyHo u mpe-
IIOPBUNTEAHO IIPU TaKMBa OOEKTH Ja ce A0TOBOPAT U M3BBPIIAT re0PU3NIHI ITPOyIBaHNS
Ha Bb3MO>KHO Hall-TOAE€MH IOV U3BBH CEPBUTYTA U I10 TO3M HAUMH pa3KpUTUTE IIPU ap-
X€0A0TMYeCKUTe Pa3KOIKM CTPYKTYpH Aa ObAaT IIOCTaBeH! B TeXHIsI €CTeCTBEeH IIPOCTpaH-
creeH KoHTeKcT (Bvok IIL. 3 n I11.4). MHoro gecTo TakuBa HMpoKoOMaadH IPOyYBaHMs ca
BB3IPEIATCTBAHN OT ChbBCEM ecTeCTBeH! OOCTOsITeACTBa — HaAM4le Ha CeACKOCTOIIaHCKM
HacakgeHns 1nan Ababoka opaH. ToBa MoXe ga HaA0X! IIPOy4YBaHeTO Ha IpeABUAeHUTe
A0 Aa Ce U3BBPIIN B HAKOAKO KaMITaHIM, KOTaTO TePeHbT e Hall-II0AX0AAII 3a paboTa.
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ITpu ToBa Te3u mAOLIM MOXe Aa He ca 0OXBaHaTH B O0IIa Treoe3nyHa Mpeka. [Tpoyusann-
sTa MOXKe J4a ce M3BbpIaT 10 A0KaAHM MPeXXI C OpMeHTallys I03BOAsABallla MaKCMaAHO
IOKPUTHE, KOUTO Ca IIPel3HO IIPUBbP3aHN KbM HAKOS OT CBeTOBHITE KOOPAVHATHHU CHC-
temu WGS84 nan UTM (Bux 111 2).

IIpes nocaeanure rogHN ce HaAOXU IpaKTUKaTa IIpeAut apXeoA0TM4ecKoTO IIpo-
y4uBaHe Ha OOeKTHuTe II0 TpaceTaTa Ha ObAellNTe MarucTpaal Aa ce OTHeMa C MaIllHA I10-
BBPXHOCTHIAT IIOYBEH CAO0M, HapyIlleH IIpM ceACKOCTOIIaHcKaTa oOpaboTka. MHOro yecto
TOBa Ce U3BbPIIIBa U IIpeAl U3BbPIIBaHeTO Ha FeOMarHUTHOTO KapTupase. [Tpu Tosa nma
OITaCHOCT OT 3acsATaHeTO Ha IIAUTKO Pa3IlI0A0KeHM apXeoA0orndecky cTpyKTypu. ETo samo
e pe30HHO TaKaBa HaMeca Aa ce M3BbpIIIBa e4Ba C1e KaTo I1A0IIITa € IIPOyJeHa C reopusnd-
Ha TeXHMKa, IPU KOETO € YCTaHOBEHO HaAM4MeTO MAV OTChCTBIETO Ha TaKiBa CTPYKTYpMU.
ITspBOHaYaAHOTO TEOMarHUTHO IIpOyYBaHe 011 MOIA0 CAeJ TOBa Aa ce Ay0Aupa ¢ HOBO, U3-
BBbpIIIEHO cJe/J OTHEMaHeTO Ha ITOBbPXHOCTHI:A cA0i1. Taka IIje ce n3berHe cMyIaBaIioTo
BAISIHIIE Ha ChbBPEeMeHHM JKeAe3H! IIpeAMeTy HaMypalllyl ce B IIOBbPXHOCTHIS CAOM U, IO
TO3J Ha4ulH IIle MOraT Ja ce perucTpupar I1o-MaaKy UAY I10-4bA00KO 3aAsraliy CTPyKTy-
pu. Tosa He 61 3a0aB1A0 AU OCKBIINAO IIPOYYBaHMATA, Thi1 KATO TEOMarHUTHOTO KapTu-
paHe Ha eauH 00eKT c o1y oT 10 aka (abakuHa 250 M u mypuHa 40 M, KaKBBTO OOVMIKHOBe-
HO € CepBUTYTHT Ha MarucTpaanuTe) B 3aBMCMMOCT OT AeTallAHOCTTa Ha IIpOy4YBaHe OTHeMa
OT eAVH A0 ABa AHIUL.
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IV. ONTUMWINPAHE HA METOVKATA 3A NPOYYBAHE
HA HAATPObBHW MOIJin

HaarpoOHute Mormnam ca pasrpocTpaHeHn B eAUH oO1IpeH reorpadpcku apeaa. Te ce
cpemar B 11o4TH 11514a EBpomna, kato ce sanmouHe ot CKaHAMHABCKIS 10AyOCTpOB, AHTANS,
3anaana u llentpasna EBpona, Anennuckusa n baakaHCcKms OAyOCTpOB U ce CTUTHE A0
IO>na Pycns. Ha nstok Te mpoabaxkasat or Maaa Asns npes Kaszaxcran u Cudup g0 Ku-
tai u fAnonns. Mornan nma gopu B fIO>xna n Cesepna Amepuka. Tpakuiickute HagrpoOHM
MOTIAY Ca MO>Ke OV Hall-MHOTOOPOJIHITE U SICHO 3a0eAe>KMMU [TaMeTHUITU OT 4PeBHOCTTa
110 HammuTe 3eMu. bposT M e TpyaHO Aa Obae onipeseaen, Ho criopeg 'eopri Kuros (1993,
43) e okoao 50000. TaitHMTe, KOUTO ca CKPUTHU B TsIX, BUHAIY ca O1AU IIpesMeT Ha MHTepec
OT CTpaHa Ha apxeo03uTte. Moske Ou 3aTOBa, CbBCEM eCTeCTBeHO, e4HM OT IIbPBUTEe OIUTHU
3a MpuUAOXKeHe Ha reopU3MIHITE MeTOAY B bbarapist ca MMeHHO Ha MOTUAN.

IV.1. CbCTOSIHUE HA TEO®U3NYHUTE ITPOYUBAHIS HA MOTUAN.

ITbpBuTe MpOy4YBaHMA Ha TPAaKUIICKM HaATPOOHM MOTuAN B bbarapus ca u3pbpiieHn
oT reopusnny OT UTaananckara gponganus Aepran npes gaseqnara 1963 r. (Fondazione
Lerici 1963). Te npapaT n3amepsaHns Ha LIeCT MOIMAM B paiioHa Ha Kasanabk. Learta um
e ThbpceHe Ha MOHyMeHTaAHlu rpooHunm. ETo 3aiio, B Hauaa0TO Ha cBOs mpectoii B brara-
pus, Te ce HacoYBaT KbM TPU paliOHa, KbAeTO MOIaT 4a Ce OYaKBaT TaKMBa ChOPBXKEHNS —
Kazanaspiko, B okoaHoctute Ha [110Ba1uB 1 0K0A0 Obarapo-TypckaTa rpanuiia. B kparina
CMeTKa, Te pellaBaT Ja He pa3XBbpAsIT YCUAMATA CU U 4a IPOydaT II0Bede MOIMAN B e AUH
paiioH, KbAeTO ChC CUTYPHOCT Ce CpelllaT TpaKUIicKu rpoOHmiu. Pasraexaaiiky MOrmau-
Te B Kazanab1IKO, Te I pasaeasT O pasMepu: MaAKHU (C BUCOUYMHA 40 2-3 M), CpeAHM A0
roaemMu (BucoumHa A0 5-6 M) n MHoro roaemu (Hag 10 m n anamersp 70-80 M), egHa Kaa-
cuduKaIus, KosTo U3rAexXAa cbBceM pe3oHHa. JI300pbT UM Maja Ha IIecT MOTUAN — ABe
Ma/KM, ABe CpedH! U ABe MHOIO roaeMmu. VismepsanuaATa ca M3BLpIIEHN C U3II0A3BaHETO
Ha eAeKTPOCBIIPOTUBUTEAHNS I TeOMarHUTHIA MeTo4. MpekaTa Ha M3MepBaHe e pajual-
Ha 1 ce cberon oT 80 AMHMM, MMHaBaIllM Ipe3 IleHTbhpa Ha Moruaarta. B gokaaga cu mipo-
yuBaTeANTe CIIOMEeHaBaT, uye Tps0Ba 4a ce M3BBbpIIAT M3MepBaHNsA 110 KPBIoBU IpoPUAN,
HO TaKlBa He ca M3I043BaHN. Te oTOeas3BaT CbIO, Ye IPpY reOMarHUTHUTE M3MepBaHM:
TpsAOBa J4a ce OYaKBa BAUsJHNIE Ha caMara Mormaa Kato peaepHa ¢popMa, HO CMATAT, de
AOKa/AHNUTe MarHUTHU aHOMaAUM IIpeAU3BMKaHU OT IPOOHNUIIY, IIle Ce OTAeASAT AeCHO Ha
¢poHa Ha TOBa permoHaAHO MarHUTHO I104€, YMATO MHTEH3UBHOCT € TPYAHO Ja ce MpeABU-
AU. 3a eAeKTpOCBhIIPOTUBUTEAHNUTE U3MepBaHIs e 3I10A3BaHa eAeKTpoAHa cxeMa Benep ¢
pa3CcTosIHIE MeXAY eAeKTpoAnuTe oT 1.5 M 1 cbIaTa cThIIKa 110 IpopUANTe, a 3a reomar-
HUTHNTE — IIPOTOHEH MarHMTOMETLp C BUCOYMHA Ha COHAaTa 1 M M TakoBa pa3CTOAHUE
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MeXAy M3MepBaTeAHNUTe TOUKM. B KpaliHa cMeTKa, HaITbAHO ca MPOYYEHM CaMO YeTUpuU
MOTUAU — ABeTe MaAKIU U ABeTe cpeAHu. Ha MHOTO rosaemure Moruamn, nopaau TpyAHOCTHU
IOPOJAEHM OT BUCOKMS HaK/AOHa Ha CKAOHOBeTe MM, Ca HallpaBeHM CaMO M3MepBaHMs I10
HAKO/AKO CBIIPOTUBUTEAHU Ipodria. MarHUTonpoydsaHeTO ce € OKa3alo HeBb3MOXKHO,
IopaAy HaAM4MeTO Ha roAAMO KOAMYECTBO ChbBpeMeHH!I MeTaAHM OTIIaAblu. Bb3 ocHOBa
Ha II0Ay4YeHNTe AaHHH, B ABe OT CpeAHNTe MOTUAM Ca perUCTpUpaH MarHUTHY aHOMaAuH,
3a KOUTO e HaIlpaBeHO IIpeATI0A0XKeH e, 4e MOXe Aa ca IIpeAU3BUKaHN OT 3MAaHU IPOOHNU-
1y (Fondazione Lerici 1963, 10-11). V1 B ABaTa cAy4asi aHOMaAUNUTe ca MOAOXKNUTEAHN U Ca
PasIloA0XKeH! B Ioro3aragHuTe ceKTopu Ha Moruaunre. JocTaTbuHO OTYETAMBY aHOMAANN
Ha OPUBUAHOTO €AeKTPUUYeCcKO ChIIPOTUBAEHIe, KOUTO Ja MOTaT Ja ce CBbp>KaT C HaAl-
4lle Ha TPOOHO ChOPBKEHNe, He ca peIrCTpUpaHl B HUTO egHa OT Moruaure. B mHTepec
Ha JCTMHaTa Tps0Ba 4a 0TOeAeXKIM, Jye C OIlNTa, KOWTO CMe HaTpyHaaAu 40 MOMEHTa, 110
IpeAcTaBeHITe B OTYeTa Ha MTaAMaHCKN eKUII KapTy OT TeOMarHUTHNUTE M3MepBaHIs, Ha
HITO e4Ha OT MOTUANTE He MOXe Aa ce OTAeAV aHOMaAMs, KOATO 4a MOXKe 4a ce CBbp>Ke C
Ha/An4dye Ha roAs MO I'pOOHO ChOPBKeHIe.

Caeg AeceTroAMIITHO IIpeKbCBaHe, TOASM eKUII OT Bycimss MMHHO-Te0A0KKI MHCTHU-
TyT (BMI), ppKOBOAEH OT ra. ac. Paau Pagkos npeanpuemMa reopuanaHu IpoydBaHIs Ha
Moruam ot Hekpornoaa rpu Ceemapu (Paakos et al. 1974; Paaxos et al. 1978; Apaes et al.
1983. Te mMaT ONIMTHO MeTOAMYEH XapaKTep, KaTo IleATa e paspaboTBaHe Ha palliiOHaAHa
MeTOAMKa 3a ThpceHe Ha MOIMAHM rpoOHuIu. Cae KaTo MpaBsAT KpaTbK 0030p Ha reodu-
3UYHNTE MeTOAM, KOUTO MoraT Aa ObaaT IPUAOKEHH, IIpoydBaTeANnTe ce CliupaT Ha eAeK-
TPOCBIIPOTUBUTEAHNS Y TEOMaTrHUTHIS MeTo4,. [Ipoydenn ca mect Mormnam, KaTo cpea Tsx
ca Omyprarosara (Mmornaa No 1) u I'munna mornaa (Mornaa Ne 6). MpeskaTta Ha usmepBaHe
e paguaaHa ¢ npoduan npes eHrbpa Ha Mornante. Camo mpu moruau NeNe 1 1 6, kouto
ca ABeTe Hall-ToAeMI B HeKpoIl04a, ca HalTpaBeH! I10 4Ba Kpbrosu npoduaa. Vznoassana e
eaexkTpoaHa cxeMa [IlaromOGepike ¢ pa3cTOSHIS MeXKAY 3aXpaHBalllUTe U IIPUEeMHITe eAeK-
Tpoau cboTBeTHO: 3a Moruay NeNe 1 m 6 - AB=30 140 m u MN =5 u 10 M, 3a ocranaante
moryan AB =20 1 30 m u MN =5 M 1 3a kpbrosute nnpodpuan AB =12 u 3 m. Pazcrosinuero
MeXAy TOUKUTe 10 mpodpuante B repudepusAra Ha MOTUANUTE € IIoBede OT 8 M, a pa3CcTo-
SIHIETO MeXXAYy U3MepBaTeAHITe TOYK!U 10 mpoduanTte e orpegeaeHo Ha 3 M. Ilo cpijure
npoduan, cbC ChIllaTa CTBIIKA Ca U3BbPIINEHN IeOMarHUTHNUTe u3MepBaHus. V3moassaH
e MexaHn4yeH MarHuToMerbp M-23, msMmepsalll BepTUKadHaTa KOMIIOHEHTa Ha 3€MHOTO
MarHuTHO 1noe. Tbil KaTO ca M3MO0A3BaHM MHOIO TOAeMM Pa3CTOAHUA MeXKAy 3axpaHBa-
IJUTe eAeKTPOAM ca Ce MOAYyYMAN MHTeH3VBHM peAedHM aHOMAaAUU Ha CTOMHOCTUTE Ha
U3MEepPEeHOTO MPUBUAHOTO ChIIpOTHBAeHMe. ETo 3a1m10, roAs1Ma yacT paboTtaTta Ha IIpoy4YBa-
TeAlTe e HacCOUeHa KbM eAVMIHIpPaHe Ha ToBa BAMsiHMe. I IpeaaosKeH e MeTOZ 3a OTAeAsHe
Ha AOKa/HUTe aHOMaAuU 4ype3 ycpedHsBaHe, KOITO, CIIOpeJ aBTOpUTe e KauecTBeH, HO e
IIpeJHa3HaYeH CaMo 3a ThbpceHe Ha aHOMaAunu B niepudeprsta Ha MornaaTa. Criopea Tsx
,aHOMaAuuTe IpeAN3B/KaHN OT IpPOOHUIIN B LIeHThpa Ha MOI/AaTa HsiMa Aa MoraT Aa Ob-
aat otgeaenn” (Paaxos et al. 1978, 304). VzcaegosaTeanTe ca OTY€AU U CHILIECTBYBAIIOTO
CHAHO BAUAHME Ha caMMsl MOTMAEH HacUII BbpXy reOMarHUTHUTe u3MmepsaHus. Ilpeaao-
SKeHMAT OT TSIX aATOPUTHM 3a eAMMUHIUPaHe Ha TOBa BANMSHIE € U3KAIOUUTEeAHO CAOXKEeH U
Te ce OTKa3BaT OT HETOBOTO M3I10A3BaHe. B kpalina cMeTka, Hall-100puTe pe3yATaTi OT Iis-
AO0TO ITpOyYBaHe ca IT0Ay4eHM OT M3MepBaHMsTa 110 KphropuTe mpoguan Ha Moruaa Ne 6.
M o aBata nsmepenn nmpoduaa e perucTprupaHa MHTEH3MBHA aHOMaANs Ha IIPUBUAHOTO
€4eKTpUYIecKo ChbIIpOTUBAeHIe, AOCTUTaIlla CTOMHOCTI A0 ABa IbTU (poHOBUTE. TOBa JaBa
IIpaBoO Ha €KMIla, CbBCeM OCHOBATeAHO, Ja 3aKAIO4l, 4e B MOIVAaTa YCIIeIITHO € PerucTpu-
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paHa rpoOHmIIa. B cbI1oTO BpeMe cera Bede e OU€BMAHO 3alll0 Ta3) IPOOHNUIIA He e 3acede-
Ha ¢ pagmnaanute nnpoduan. Tosa e Taka, 3aIIJOTO B Ta3M YacT Ha MOTMAaTa Pa3CTOSHIETO
MeXAYy paguaiHnuTe Ipodpuan e 0Koa0 9 M, I Te BCBIITHOCT MIHABaT OT ABeTe I1 CTpaHI,
6e3 aa s peructpupat. OcBeH TOBa MOXKe Ja ce HallpaBl U e AHO APYTO 3aKAIO4eHIe, KOeTOo
aBTOpUTe He IpasAT. JoOpuTe pe3yaTaTi ca IOAYYeHM C Hall-MaAKOTO Pa3CTOsIHIE MeXK-
Ay 3axpaHBalllTe eAeKTPOAM U3II0A3BaHO HPU €AeKTPOCBIPOTUBUTEAHNUTE MU3MepPBaHI
-AB=12m.

banso 10 roaunm 1o-KbcHO, Ipe3 eceHTa Ha 1982 1., mpoBegeHnTe Bh3 OCHOBA Ha Aa-
HHIUTe OT TeOPU3NIHUTE U3CAeABaHIT apXeOA0TMIECKN Pa3KOIIKU pa3KpuBaT Bede CBETOB-
HOU3BecTHaTa rpoOHumna B I'munua mornaa (Fol et al. 1986, 20). Tosa oTkpuTHe BOAU A0
3aclJeH MHTepec Ha apxeoA031Te KbM MOTUANTE OT HeKpornoaa npu Cselapu 1 40 HYXK-
AaTa OT IIMPOKO MalabHOTO UM IIpeABapuTeAHO TeodpusnyHo npoydsare. C Ta3y 3ajada
ce 3aeMa exun ot /labopaTopusATa 3a MHCTPyMeHTaAHU MeTOAM B TeOTeXHUKaTa I apXeo-
aoruara (AVIMI'A) xpm JaGopatopusTa no reorexunka Ha BAH mog pbpkoBoacTBOTO Ha
k. Vansan Katesckut. 3a repnog OT HAKOAKO ToAVHU caeg, 1982 1. ca m3caeaBaHy roasama
9acT OT TOAeMUTe U CpeAHM MOIMAY (BKAIOYMTEAHO Te3) IpoydBaHy oT ekuria Ha BMITI),
KaKTO U HAKOAKO MaaKM oT VIstounms Hekpomnoa npu Cpemapyu U HAKOAKO MOTHAU OT
3anaguus. Boger e eaeKTpOCHIIPOTUBUTEAHMAT MeTO/A B MOAM(PUKAIUA CHUMETPUIHO
npoduanpane. Vimaiiku npeasn onura ot npoyysanuATa Ha BMIT, ocsen no paguaann
npoduan, ce BbeXXaa 3aAbAKUTeAHNUTe U3MePBaHNs U 110 KPBroBU NPpOPUAN U U3I10A3-
BaHeTO Ha o-Kbcu 3axpansamiu anHnn (Katevski 1986). Vismepsannsara na Omyprarosara
MOruAa, HallpuMep, ca U3BbpIIeHu 1o 26 pagnaanu npoduaa. PascrosHusAra Mexay Ha-
JaAHUTE TOYKM MO Ipoduante e oT nopsAabka Ha 10 M, KOeTo He ocUTypsBa AOCTaTbIHO
AeTallAHO IIpoy4dBaHe. 3aTOBa Ca HallpaBeHU I M3MepBaHI 110 KPBrosu Ipodpuan mpes
2 m. V3moassanuTe pa3CTOSHUS MeXAY 3axpaHpamuTe eaektpoau ca AB =10 m 20 M, a
MeXAy IIpMeMHITe — 2 M, IIpU CTBhIIKa Ha M3MepBaHe cbIjo 2 M. Taka B 1oronsToyHaTa 4acT
Ha MOIJ/JaTa € peTcTpupaHa roasMa IO3UTUBHA aHOMaAns. B ydacTrbka Ha aHOMaAuATa
ca HallpaBeHM AeTallAM3allIOHHI M3MepBaHus 10 IIpaBObI'bAHA MpeXKa ¢ pasMepu 27 Ha
16 m. IsnioasBana e eaekrpogHa cxema ¢ AbAXuHu — AB=10 m 1 MN=1 m nipu pascrosnue
MeXAy TpoduanuTe U CThIIKA 1O TiaX — 1 M. JeTailan3aiMOHHNUTe U3MepBaHNs yCIIsIBaT
CbBCEM TOYHO Aa OKOHTYPAT eAMH 0OeKT C IpaBObIbAHA pOpMa U pa3MepH B I1AaH IPU-
6am3uTeaHo 9 Ha 7 MeTpa u rnaouy ot Hag 60 k8. M. C mpuaaraHeTo Ha CbIllaTa MeTOAVKA
ca perucTpupany u rpooHuIute B Moruau 12 n 13 ot Hekponoaa (Katevski 1992; Katesckn
1996; I'eprosa 1996).

ITo cproro Bpeme Ha I'mHuHa Mornaa u mormnaa 13 ot Hekpomnoaa npu Ceerlapu ca
U3BbPIIEHN OINUTHM U3CAeABaHMS 3a IIPUAOKEHMEeTO Ha CeM3MUYHIUA MeTo/ (HemyOau-
KyBaHU pe3yATaty Ha MHX. Bacua Kocucrantunos ot AVIMI'A, Ha koroto 0aarogaps 3a
npejocraseHaTa nHQpopmarus). VsmepsaHnsiTa ca mposeJeHN C IIecTKaHaAHa CeM3MIYHa
crannyst Ha pupmata OYO, Snonns mo mpoduAHM AVMHUY C IIOCOKa 3aIlal-U3TOK Haj pas-
KpUTHUTe Bedye rpoOHMUIIM B Te3au Moruan. Vianoassan e MeToAbT Ha IpedyleHnuTe HalAbK-
HJ ¥ HaIIpeYH!U BbAHN. 3a TeHepMpaHeTO Ha CeM3MMYHa BbAHA € M3I10A3BaH 4ykK ¢ Terao 10
Kr. PesyaTtaTure ca olleHeHM KaTO He3a40BOANUTEAHM, KaTO IIPMYMHNTE 3a TOBa ca IIOThpce-
HI B HAKO/AKO ITOCOKI: MaAKUTe pa3Mepy Ha ThbpCeHUTe 00eKTU B CpaBHeHNe C AbAXKIHaTa
Ha CeM3MUYHITE BbAHU; IIOCTUTHATOTO MHOTO HMCKO ChOTHOIIIEHNE CUTHAA-IITyM, IIOpaAu
paboTtara B Hall-TOPHMS CAOM OT T€OAOXKKNsS paspes, KOMTO € U C Hall-AOIIN aKyCTUYHU
IOKa3aTeAl U Hall-TOAsIMO IIOTAbIIJaHe Ha CUTHaJla; HaAM4MeTo Ha 0AM3KO pas3IlioAoskeH
BIICOKOCKOPOCTEH I14acT (BapOBMIIN), KOMTO yCAOXKHABA pelllaBaHeTO Ha OOpaTHaTa 3ajada
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Ha CeM3MOIIPOYyYBaHETO.

C HOBUTe IIpOyYBaHNA Ha MOTMAN OT HeKpornoaa Ipu Cselrapu 3aliousa M M3I10A3-
BaHeTO Ha IPOTOHHUTe MarHuToMeTpu. Hammpasenu ca mamepBaHIsl KaKTO Ha MaAKH, Taka
n Ha eqHa roasimMa moruaa (Tonkos 2005). I13caeasaH e 1 yg9acTBbKBT B palloHa Ha aHOMaAN-
saTa Ha OMypTaropaTa MOTMAa, IPU KOETO € YCTaHOBEHO, Ye CMYTUTeAST ce perucTpupa u
OT reoOMarHUTHUTe U3MepBaHsl. OcBeH TOBa e IIpeJa0>KeHa e4Ha Obp3a U IpocTa IIpolie-
Aypa 3a OTCTpaHsBaHe Ha MarHUTHOTO I10/e, Ch34aBaHO OT MOTMAHMA HacUII U OT caMaTa
Mornaa kato peaedpna popma (Tonkov 1996a).

B cpiioTo Bpeme, mopactHaaaTa Hy>kKAa OT TeopU3NIHU ITPOyIBaHI Ha MOTIAH, Ha-
/ara IpuJaraHeTo Ha HOBOBbBeEHI:I C 11e/ YCKOpsiBaHe IIpolleca Ha cCaMITe M3MepBaH.
3a Tasu 11ea ca pazpaboTeH!U 1 BbBeAeH! B yIIOTpeOa MHOTOXKUAHY KaOeAy 1 aBTOMaTIYHMA
npeskarouBaTeau (Tonkov 1996b). Te mossoAsiBaT aBTOMAaTIUHA IPOMHA Ha €1€KTpOAHaTa
CXeMa U Ha M3MepBaTeAHaTa TOUKa 110 mpopnaHuTe AuHNN. ToBa yCKOpsIBaHe Ha IIpolieca
I103B0/51Ba M3MepBaHIsATa 4a He ce OrpaHMyYaBaT caMo C e4Ha AU ABe eAeKTPOAHIU CXeMI.
I'lo TO31 HauUMH 1Ipe3 eAeKTPOChIIPOTUBUTEAHNTE IIPOYIBaHNs MOTaT Ja ce ITIOCTaBAT HOBU
3agaun. He Tbpcene caMo Ha rpoOHUITN, a BH3MOYKHO Hall-I'bAHO M3CAe/ABaHe Ha MOTUAHIS
HaCHII 3a CTPYKTYPU C pasAndHM PUSNMYHM XapaKTepUCTUKU ¥ pasMepH, PasIIoA0KeH!
Ha pa3AMdHU AbAOOYMHHU, KOUTO MOTaT Ja IIpeACTaBAsBaT apXeoAOTMuecKy MHTepec 1A
C KOUTO apXxe0403UTe TpsiOBa Aa ce chboOpassBaT B IIpolieca Ha MPOBeKJaHeTO Ha Pa3KoIl-
KITe, OCOOeHO B cAydauTe, KOTaTO ce I0/A3Ba 3eMeKOIIHa TeXHMKa. Te3u HOBOBbBeeHIs
I103BOAsBAT U Aa Ce eKCIIepUMeHTHpa ChC CXeMU, HeM3I10A3BaHM Ipeay ToBa. Taka 3arodsa
TecToBeTe C AUTIOAHUTE U APYTU CXeMMU, KaKTO U I'bpBUTE OIINTU 3a Ip1araHe Ha eAeKTpo-
CBIIPOTUBUTEAHATa ToMorpadus npu uscaeasane Ha moruan (Tonkos 2003).

Hesasucumo, ye ca ToAKOBa IIIMPOKO paslpOCTpaHeHM, MyOAUKyBaHUTe IIpUMepu
OT yy>XOMHa 3a IIpUAOKeHNe Ha TeoPU3NIHUTe MeTOAM IIPU IIpOoydBaHe Ha MOIUAM Ca
CpaBHMTE/AHO MHOIO MaaKo. B o0obmiuteanuTe TpyAose 3a apxeoaornyeckaTa reopusnu-
Ka MOTMANTE OTCHCTBAT KaTO IIOTeHIMaleH 00eKT Ha mn3caesaHe (Byok Hamp. Clark 1990;
Gaffney et al. 1991; Gaffney, Gater 2003; Campana, Piro 2009). B o63opHnara cu craTus 3a
HOBUTe TeHAEHIIUM B Pa3BUTIETO Ha apXeoAormyeckara reopusnka Ha eAUH OT HeITHUTe
aoarienn Kpuc I'apnu (Gaffney 2008) eguncTseHnTe ABa II0COUEHN IIpUMepa 3a IIpOy4BaHe
Ha Moruau ca ot Aarams (Astin, Eckardt, Hay 2007) n ot bparapus (Tonkov, Loke 2006).
Tasu npasHmnHa MOXe 01 ce AbAKM Ha (paKTa, 4e TO3U BIA ITaMeTHUITU Ca TOAKOBAa MHOTO-
OpoliHI eAVHCTBEHO B 3eMITe Ha gpeBHa Tpakus 1 3aTOBa ca e4HM OT Hall-4ecTo IIpoy4dBa-
HITe apXeoA0Tndecky 00ekTy B Hatu AHn. OT gpyra cTpaHa, B CTpaHnTe oT 3anaaHa Espo-
I1a apXeoA0THs:ATa e 3all0YHala CBOeTO pa3BuTHe olle Iipe3 19-Tu Bek 1 Hall-aTpaKTUBHUTE
MOTIUAU ca OMAM TpOydeH! oIlle Ipeau BbhoOllle Ja e ChIeCcTByBaAo IOH:ATIe KaTo apXxe-
oAormnyecka reopusnka. V nmocaeaHo, mpoydsaHeTo Ha HaAIPOOHU MOIVAY € TeopU3NIeH
1po0.eM, KOWTO e Ha I'paHHIlaTa MeXXAy apXeoAoIrusATa U reoaorusra. TbpciaTt ce Maakuy,
pa3sHoOOpa3HM 110 CBOsI XapaKTep CTPYKTYPH, Pa3loA0KeH) ITOHsAKOTa Ha roAsMa A4ba0o-
4IMHa, KOeTO M3JCKBa CIlellfaAHa arlapaTypa 11 MeToAMKa Ha u3caeasaHe. B cbioro Bpeme,
eKUIINTe IIPOyYBally TPaAUIIMOHHUTE apXeoA0rndecky 00eKTy OOMKHOBEHO He pasIlioa-
raT C TaKaBa araparypa, a TeopuU3NIIUTe OT TeOAOXKKUTE U MHKeHePHO-Te0A0KKIuTe pup-
MM, KOUTO s IIpUTeKaBaT, HIMaT OIIUT B M3CAeABaHeTO Ha TakuBa creluduunn nean. Eto
3aIo, B IpeobaajasaliaTta 4acT OT cAydauTe, IIyOAMKYyBaHUTe M3CAeABaHU Ha MOTUAN
13BbH bbarapus nmar onuren xapaxrep. Lleata nm e nsscHsABaHe Ha Bb3MOXKHOCTUTE Ha
eAVIH 1A APYT reopu3NUeH MeTO/ IIpU IPOyYBaHeTO Ha TaKbB TUII ITaMEeTHUIIN UAN AasKe
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IIpY IIPOYYBAHETO Ha KOHKpeTHa Moruaa(m)®. MHOTo 4ecTo Te3u OIMTY HAMAT 3a e ITbA-
HOTO IpOy4YBaHe Ha JdajeHa MOTuJa 3a HaAM4MeTO Ha apXeoAOTMYecKM CTPYKTYpH, a ca
Haco4yeH! KbM ThPCEHeTO caMO Ha roAeMu TPOOHM KOHCTPYKIINY, U3sCHsIBaHe XapaKTepuic-
TUKITEe Ha MOTMAHIS HACUII MAY APYTU KOHKPEeTHU 3ajaun. B Te3u caydyan nscaeaBaHmsITa
Ce orpaHmMyaBar 40 U3I0A3BaHETO caMO Ha eAVH KOHKPeTeH MeTOJ UAM A0 OTAeAHa 4acT OT
Moruaara. B gpyru caydan, ek, mpoydsaHusATa ce IpaBsT BbB BPb3Ka C apXe0AOTIECK
IIPOEKTH C roAsIMo PpUHaHCKpaHe, IPU KOeTO ce IMpuAlaraT MHOTO pa3ANdHY reopU3NIHA
MeTOAM U pa3HOOOpa3Ha allapartypa, 0e3 4a ce >KaaAT CpeAcTBa I C eAMHCTBeHaTa 11ea a ce
pely KOHKpeTHaTa IIOCTaBeHa 3ajada. MHOro 4ecto 40KJAadBaHUTe M3CAeABaHUsATa He ca
II0cAeBaH! OT apXe0A0TMUeCcK! pa3KOIIK! V1 TaKa He MOKe Aa ce IIperieHN A0 KaKBa CTelleH
Te HaCTMHA Ca CIOAYyYAMBU. 3acera HAMaMe IIyOAMKaluy OT IIPOyYBaHMATa Ha MHOTO Ha
Opoi1 MormAau ¢ HocaeABaAn pasKoIKM U3BbH bbarapus, mpu Koeto ga Morar 4a ce OLIeHsT
KOPEeKTHO HallpaBeHITe IIPOTHO3M.

EaHM OT nmoHepuTe B IIpMAaraHeTo Ha reopU3MYHNUTE METOAM B apXeoAOTusTa —
dponganus Aepran, MmnaaHo, ca 1 TbpBIUTE, KOUTO IIPaBST OINUTY 3a OTKpYBaHe Ha eTPYCKU
rpo6uuim B Mornau (Lerici 1955, Lerici 1960a, Lerici 1960a, Carabelli 1966). Te nsnoassat
MeTOANTe Ha IIpedyIleHITe U Ha OTpa3eHUTe CeU3MUYHN BbAHY, IIPeAN3BUKaHN C MeXaH!-
4YeH M3TOYHUK VM TeHepaTop Ha 3ByKOBa BbAHA. 3a ChXKaJleHle, BLIIPeK! ye eKCIlepuMeH-
TUTe UM Ca MHOTO 400pe OIMCaHM, pe3yATaTuTe OT IPOyYBaHMATa He ca TOAKOBA SICHU
1, II0paau ToBa Te TPyAHO MoraT Ja ObJaT olpejeaeHN KaTo yCIIeIlIHY, a Ilpeo>KeHaTa
MeToAMKa — KaTo epekTuBHa. Moke O1 ToBa e eqHa OT HIPUUYMHNTE IIPYU ONUTUTE UM 3a
Ipoy4yBaHe Ha TPaKUIICKM HaAIpoOHU Moruam B bbarapus te ga mpearioderar eaeKTpo-
CbIPOTUBUTEAHNS METOA (BVK KOMEHTapa I10-Trope).

Mo>ke 611 cbBCceM AOTMYHO eAVH OT ITbPBUTe IIyOAMKYBaH! OIIUTH 3a IIPIUAOKeHe Ha
reopU3NYHNITE METOAY P POyYBaHe Ha MOIMAN U3BBH bparapus e or I'vprms. Iokac
n Poka (Tsokas, Rocca 1987) narpo6sat eAeKTpOoChbIIPOTUBUTEAHY U3MepBaHIs I10 MeToAa
Ha BepPTUKaAHOTO eAeKTpudecko coHaupane (BEC) no mpasobreana mpexka Ha e4Ha MaaKa
moruaa B CesepHa I'bprums. Te n3noassar pasandHu CriocoOu 3a cpaBHsIBaHe Ha KpUBUTE
ot BEC. Makap aa He ycIisIBaT 4a perucTpupar ChlllecTByBalliaTa B MOTMAaTa IpOOHNIIIA, 13-
I10A3BaHaTa TeXHMKa II03B0AsIBa Aa Ce 3acede PHODBT Ha aHTUYHA siMa. Te 00sICHABAT AOIIN-
Te pe3yATaTy OT IIpuaraHeTo Ha MeToJa ChC 3HauMTeAHaTa HEXOMOTEHHOCT Ha MOTUAHMUS
HAaCUII ¥ HAAMIMEeTO Ha IIAUTKO 3aAsraliy KOpeHHU CKaAl.

Hs1K0AKO roguHM MO-KBCHO €KIUIT PBKOBOAEH OTHOBO OT I'peropu Llokac mpasu or-
UTHU U3CAeABaHNs 3a ThbpceHe Ha MakeJ0HCKM rpoOHunu B CesepHa I'bprma (Tsokas et al.
1995). Tosu BT € U3I10A3BaH CEU3MUYHIAT MeTOJ, Ha IpeuylieHnTe BbaHU. CIiopeJ TsAXHO-
TO ONICaHe HAYMHBT Ha U3rpa’kJaHe Ha MaKeOHCKITe TPOOHNUIIN € CAeAHIUAT (BChIIHOCT,
MHOIO 110 pa3dAnMdeH OT TO3! Ha M3Tpa’kJaHe Ha Tpakuiickute rpoonunm). Haii-nanpea B
paBHIL TepeH ce M3KOIIaBa roAsiMa siMa (IIpUMepHO, ¢ pazMepu 25x25 M), KaTo B e AMHUS 11
Kpait ce opopms pamIia (ApoMoc), KOSATO ce U3I10A3Ba 3a CBaAsHe Ha MaTepuaAnTe, C KOUTO
Ile ce u3rpaau rpooHnara. Caes Tosa rpoOHMIIaTa ce 3acUIIBa C MOTMAHMA HacuIl. Ode-
BIAHO TO3M HaCUII € C MHOTO pa3dAMdHI TeoPpU3NIHI XapaKTePUCTUKM OT Te3) Ha OKOAHNS
tepen. Criopeg rmpoyusarteante B 90% OT caydanTe rpOOHMITUTE Ca Pa3lOA0XKeH! DAM3ZKO
Ao nepudepusaTa Ha moruante. Tosu PpaxT BOAM 40 U3BOAa, Ye aHTMYHATa paMIla MOXKe

23  MHoro nokasareAHa B TOBa OTHOIIIeHIe e oOsiBeHaTa 11pe3 2011 1. JoKTOpaHTypa KbM YHUBepCuTe-
ta ,Kpucrnan Aabpext” B Kuea, I'epmanns na Tema ,, PazpaboTsane Ha HeAeCTPyKTUBEH MeTOZ 3a ITpOy4YBaHe
Ha ro/eMuTe eAVHNUCTIIecKu Morvau rpu beprama, Typrumsa” (www.uni-kiel.de/landscapes).
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Aa Obae 3acedeHa MHOTO II0-A€CHO OT caMaTa I'poOHMIIa, KOSITO Taka Ife Obje perucrpupa-
Ha MHAUpPeKTHO. [ThAHEeXXBT Ha paMIaTa IIle € OT MHOTO I10-cA4a00 KOHCOAMAMpPaHa IIPBCT,
OTKOAKOTO OKOAHU: TepeH. Taka 1npu yaap B IIeHTbpa Ha MOTIAaTa, CeM3MOIPUEeMHNIIN-
Te, pasIl0A0KeH! KPBIoBo 1o nepudepusaTa Ha MOTuAaTa, 1le perncTpupaT 3aKbCHeHMe
Ha ceM3MMYHaTa Bb/AHA B 30HaTa Ha paMIlaTa IPUYMHEHO OT pa3AndusATa Ha ITbAHeXa 1.
OnuTtHuTe cCeM3MMIHN M3MepBaHNs HallpaBeH! Ha MoTnaa ¢ BucounHa 11 M u AnameTsp
0x040 80 M ¢ Beue pa3KpuTa Make4oHCKa IpoOHNIIa IOTBBP>KAaBaT IIPaBUAHOCTTa Ha Ha-
npaseHuTe 3akaodeHns1. Cael ToBa METOABT e IIPIUAOSKEH Ha Ollje TpU IT0A00HM MOTUAN B
TO3M palioH, IIPU KOeTO U B TPUTE ca yCTaHOBEHM MaKeAOHCKU IPOOHUIIN.

ITo cpmioro BpeMe ITnnap u Axuwnr (Pinar, Akcig 1997) u3pbpiisaT ONNTHY reopu-
3UYHM IPOYyYBaHMS Ha egHa Moruaa B cepepomstouyHa Typuusa. Te mpmaarar eaekrpo-
ChIIPOTUBUTEAHMS METO/ B ABa eTamna. Hail-nanpeg kapTupar Morunaara 4pe3 M3MepBaHIs
C AByeaeKTpoAHa cxeMa B 90 TOUKM 110 4 KpBrosu rnpoduia pasrnoaoXKeHn npes 3 M eANH
OT ApyT. PascTosiHIeTO MeXXAy ABOVKaTa IIOABVIKHI eAeKTpoau e 2, 3 1 4 M, KOeTO CIIope/,
aBTOpHUTE (HE ChbBCeM KOPeKTHO) OCUTYp:sIBa AbAOOUYMHHOCT OT 0K0A10 4 M (Pinar, Akcig 1997,
17, 19, tig. 6). PascrosiHneTo MeXXAy M3MepBaTeAHUTe TOUKMU 10 Pa3ANIHNUTe ITpodpuan e 2
n 3 M. ToBa o3HavaBa, ye MakcUMaaHaTa I'bCTOTA Ha IPOy4YBaHeTo e 2x2 M. Bb3 ocHoBa Ha
pesyATaTuTe OT CbIIPOTUBUTEAHOTO KapTHpaHe e OTJe1eHa aHOMaAHa 30Ha (CTOMHOCTY OT
nopsAbka Ha 20% ot poHOBITE) pa3Iioao>KeHa, Hall-001110, B 3allagHaTa JacT Ha Moruaa. B
TO3M y4acThK ca HarpaseHu naMepsanus 110 Mmetoga BEC cbe cxema llaromOepske B 45 Tou-
K1 B paMKITe Ha €AVH IPaBObIbAHNK C pasmepu 8x16 M. B pesyarar Ha uHTepripeTranysTa
Ha U3MepBaHUsATa U3CAel0BaTeANTe yCIIsIBaT 4a yCTaHOBAT HaAMIMeTO Ha I'poOHa Kamepa C
pasmepnu 4x4 M 1 ApOMOC KbM Hes € AbAX1Ha 10 M 1 mmpnHa 0k040 3 M. 3a ChXXaleHue B
cTaTysITa IpaBsT BlleyaTleHue HiAKou HechboTseTcTBusA. Criope aBTOpuUTe MOIMAaTa € BiU-
coka 6 M 1 uMa auametsp 80 M. Ilo mpeacraseHNnTe IIAaHOBe OT IIPOYy4YBaHMsATa, ODaue, Ou
TpsI0BaA0 AMaMeTbpPbT Ha MOIMAaTa 4a e 0k0a0 25 M. OcBeH TOBa He ca ClIOMeHaTy Pa3CTo-
SIHUATA MeXKAY 3aXpaHBall[iiTe I IIpMeMHUTe eAeKTPOAM U3I0A3BaHI IPU M3MepBaHNATa
BEC. Onncannero Ha MeToAMKaTa Ha MHTepIIpeTans Ha M3MepBaHUATa 110 ITpodpuante
BEC cb1110 € HegoCcTaTbuHO ITHAHO.

Bb3MosKkHOCTUTE Ha HMCKOYECTOTHM €AeKTPOMarHUTHU MeTOAM ca MAIOCTpUpaHU
ype3 13I043BaHeTO Ha ypeaa EM-31 c paborna yecrora 9.8 kHz (Fréhlich Gugler, Gex
1996) 3a mpoyuBaHeTO Ha eaHa KeATCKa Mornaa B KaHToH @pulyp, [lseimapus. Ot pas-
KOIIKM Ha APYTM MOTMAU B paliOHa, KaKToO M IIpY 4aCTMYHOTO pa3KollaBaHe Ha caMaTa Mo-
ri/a IpeAu TOBa, e 01140 U3BeCTHO, 4e IPOOHUTE ChOPbXKeHMs, KOMTO MOXe A4a ce O9aKBaT
ca MaAKlI KaMepH CbC CTeH! U IMOKPUB U3TPajeHM OT ThbHKM KBapUUTHU I1a0un. VIsmepsa-
HMsTa OOXBalllaT He caMO MOIMAaTa, HO U HeliHuTe okoaHoctu. OkasBa ce, ye JaHHUTe OT
U3MepBaHMsATa Ce HY>KAAAT OT 3a4bAKUTeAHU KOPeKIMU 3apalll Pa3AMYHM cucTeMaTuy-
HU U cAydaliHu rpemku. Pesyatature oT npoydyBaHmUATa ce OLleHABAT OT CaMUTe aBTOPU
KaTo HeycremHu. 110 HMKakbB HauUMH Te He yCIIsIBaT 4a perucrpupaT BUAMMA aHOMAaAVs
Ha/ 13BeCTHa 3aTpyllaHa KaMeHHa CTeHa. 3a cMeTKa Ha TOBa, YCIIeIIHO e OMA 3acedyeH C
II0A0XKITeAHa aHOMaAus Ha eAeKTpudeckaTa IIpOBOAMMOCT Beue 3aITbAHEeHUAT pOB OKOAO
Moruaara.

IIpes 1997 r. mmpokomaIabHM ONUTHYU reopajapHU M3CAeABaHIUs Ca U3BLPIIEHN
oT eku1l reopusnuiy ot I'eoaormueckns dpaxyarer Ha YHusepcutera B Tpuect (Pipan et al.
2001). Te n3caeasaT HAKOAKO MOTMAN IPUHaAAeXKally Ha rpyliaTta CKUTCKM IL1€MeHa 13-
sectHu KaTo Cakny, HaceasBamy lentpaana Asus. EauHcTBeHUTe MaMeTHUIINM AOCTUTHAAN
A0 HalllM AHU OT Te3U IAeMeHa ca MHOTOOPOIHUTe MOTuAHU (pasloAo>KeH! Hall-Bede I10
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ITbTA Ha KOIIPMHAaTa), KOUTO apXeoA03UTe pasaesT B ABe TPYIIN: IJapCKY MOTMAN — C BU-
counHa 40 8 M 1 guameTsp 40 60 M 1 I110CKM MOTUAU — C BUCOYMHA 40 1 M 1 guameTsp
20 20 m. ITpu uscaeasanmsra e usnoassan reopagap RAMAC c antenn ¢ pabotHa yecroTa
ot 50, 100, 200 1 400 MHz. ITopaau caoese oT MHOTrO (puHM HacAary MakCUMaAHaTa AbA-
OounHa, KOSITO yCIIsIBaT 4a ITOCTUTHAT e 2-2.5 M. OcBeH TOBa e PerncTpUpaHO MHOTO CIAHO
pasceliBaHe Ha CHTHaJa IIPUYMHEHO OT HaAM4YMeTO Ha CA0eBe ChbAbP Kallly I0-TOAeMIU UAN
Io-MaAKM peuyHy KamMbHU. OcobeHO oTdyeTanBo e TOo npu aHTeHute ¢ yecrora 200 n 400
MHz. OniutnTte upes 13104A3BaHe Ha AOI'bAHUTEAHA IIpOrpaMHa 0OpaboTka Ha CUTHaAUTe
He JaBaT A00pu pesyartatu. Ilopaau ToBa e cyeTeHO, ye IOCTaBeHaTa IieA 3a OTKpUBaHe
Ha TPOOHMIIM B IIapcKuUTe Moruau e HemsmbaHuMa (Pipan et al. 2001, 150, 154). Cpmioro
3aKAI0UeHMe e HallpaBeHO M 3a ILAOCKMTe MOIMAM C KAMEeHHO IIOKPUTHe, KOeTO OCBeH 4e
IIpeAU3BUKBa TOASIMO pa3celiBaHe Ha CUTHaJAa, Bh3IIPeIsITCTBa 400pOTO KOHTaKTyBaHe Ha
aHTeHUTe ¢ TopbpxHOcTTa. [lopaau ToBa M3caes0BaTeANTe IIpeIOpbYBAT U3II0A3BaHETO Ha
aHTeHMU c yecrorta o4 100 MHz, Ho mogueprasat, ye BBIIPOCHT C OTKpMBAHETO Ha IpOOHI
CbOPBKEHMS B TaKMBa MOTMAM OCTaBa OTKpuT. Taka ye 400pu pesyaTaTu ca IOAy4YeHU
caMoO OT IIAOCKITe MOInAM O0e3 KaMeHHO oKputue. B pesyaraTt Ha mpoyusaHusTa Ha eAHa
TakaBa MOIJJa Ha AbaOounHa 1 M e oTkpuTa rpobHa siMa. B ollle HAKOAKO OT I1aockuTe
MOITAM TeOpajapHNUTe MU3CAeABaHNs CBIO perucTpupaT aHOMaAuu, Iipealioaraniy Ha-
AVYMETO Ha I0400HM IPOOHN CLOPBXKEHNsI, KOUTO ca O1AM 00eKT Ha ObAeIN pa3KOIIKI.

ITpes 1998 r. roasam exun Hadeao ¢ Anocroaoc Capuc or /AabopaTopusra 3a reo-
puU3MYHM M CI'BTHMKOBU AMCTaHIMOHHM MeToAu KbM VIHCcTUTyTa 3a cpeAn3aeMHOMOPCKA
uscaeasanusa Ha o. Kput npeanpuemMa mscaeasaHns Ha MOTUAK B paitoHa Ha KomoTuhy,
Cesepna I'vpunmsa (Sarris et al. 2000). ITpoyuenu ca yeTupu MOrmam KaTo ca UM3I0A3BaHU
reopagap Puls EKKO 1000 c 25 n 100 MHz anrtenu, eaekrpocbipoTusuTeaa cuctema RM
15 u payxcreirt rpaguomersp FM 36. Iloayyennre pesyaratu Moxke Aa ce OLIEHSAT KaTo He-
cnoayuausn. ToBa, Ipeau BCMYKO ce AbAXKM Ha HeydauHMs n300p Ha anaparypa. I13mnoas-
BaHeTO Ha reopajapHI aHTeHN C TOAKOBa HIICKa YeCcTOTa e IO-ITI0AXOAAINO 3a pelllaBaHe Ha
MH>KeHepHO-Te0A0XKKM 3a4ady, OTKOAKOTO 3a ThpceHe Ha TPOOHM ChOPBXKeHNs], IIPU TOBa
B MaAKu Moruan. Vsnoassanust pesuctusuMersp Ha Geoscan Research e paOpuuHo KoH-
CTpyupaH 3a Opp30 KapTUpaHe Ha TOA€MMU IIAOIIN C IIAUTKO Pa3lioA0XKeH! CTPYKTypH (40
60-70 cM) ¢ IpeAUMHO AVHENHM XapaKTepPUCTUKM, KOETO IO IIpaBy HEIIOAXOAMAI 3a IIPO-
yusaHe Ha Mornan. OKkassa ce, 4ye B pajioHa Ha IIpOy4YBaHUTE MOIMAM CKaAUTe ca C MHOTO
BIICOKII MarHUTHM CBOJICTBa, IIOpaAu KOETO U pe3yATaTuTe, IMOAydeH! ¢ MarHUTOMeTbpa
CBIIIO He Ca BIIeyaTAsBalIll.

IIpumep 3a €AeKTPOCBIIPOTUBUTEAHU M3CAeABaHI: Ha ejHa MOIUAa B DAM30CT 40
rpblKaTa Koaonus Tanauc e gokaagsan ot Kmnmmos Mumesnu ot IloackaTta akagemus
Ha Haykurte (Misiewicz 2003, 71-73). Twit kaTro Mornaara e 61aa 0OeKT Ha apxeoAoruJe-
CKI pa3KOIIK! B MIHAA0TO, IIpOy4YBaHMATa ca OOXBaHaAl caMO ceBepHarTa i moaosuHa. Vi3-
11043BaHa e AByeJeKTPOJHa CxeMa C Pa3CTOsIHMe MeXXAy IOABMYKHATa ABOJKa eAeKTPOAU
MN ot 1 M, KOsITO crIOpe aBTopa TpsA0Ba A4a OCUTYPU AbAOOYMHHOCT OT 1.5 M. 3a chkaae-
HIe B IIyOAMKallMsITa He ca IIpMBeJeH! JaHHH 3a BUCOYMHAaTa Ha MOTMAaTa 1 M3I10A3BaHaTa
Mpeka Ha usMepsaHe. B pesyaraTt Ha nmpoyuysaHuATa ca ouepTaHU HAKOAKO aHOMAaAuM, 3a
e/Ha OT KOUTO aBTOP'bT He U3KAIOUYBa, Ue MOXKe Ja e IIpeAu3BlKaHa oT rpooHa kamepa. Oc-
BeH TOBa € yCTaHOBeHO, 4ye MoruJara uMa auamersp ¢ 8-10 M 11o-roasm oT To31 AajeH OT
ITbPBIST aPX€0A0T, KOWTO € MpaBua pa3Konku rpes 1853 1.

EauH Tynmyen npumMep 3a M3I10A3BaHETO Ha IrOAsSM HabOp OT TreopU3NIHU METOAU
3a pelllaBaHeTO Ha eJAHa KOHKpeTHa 3ajada e M3cAejBaHeToO Ha JABe MOTMAU B paliOHa Ha
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I'ama Yrcaaa, HIserus (Persson, Olofsson 2004). Te ca yacT OT HEKpOIIOA OT TPU MOTVAN
usBecreH ¢ umeto ,, Kpaackure morman”. I1pu uspbpienn s cpegara Ha 19-Tu BeK paskorr-
KM Ha egHaTa oT Mmornaunre (Varounara mormnaa) upes eAuH TyHeA € AOCTUTHATO A0 TOASIMO
KaMeHHO CTpyIBaHe (A1aMeTbp 0K0A0 15 M 1 BrcodrHa 0K0410 2.5 M), pa3Ii0A0>KeHO B I1eH-
TpaaHaTa 11 9acT. [log crpymBaHeTO ca OTKpuTHU ypHa 1 norpebaana kaaga. Caeg paskor-
KITe ypHaTa e BbpHaTa 0OpaTHO, KaMeHHaTa MOIl/Aa € Bb3CTaHOBEeHa, a TYHeABT - pyxHaa
C Te4eHIe Ha BpeMeTo.

ITeaTa Ha apxeoaoTrMyecKuTe pasKOIIKHY, IIpeABUAEHN 110 TO3U IIPOEKT, e Aa ce 40C-
TUTHe A0 CTPYyIIBaHeTO, 4a ce OTKplMe ypHaTa U eBeHTyalHO APYIM HaXOAKMU, KOUTO Ja ce
u3yJaT ,,C MOAEPHI aHaAUTUYIHN MeToau”. 3ajadaTa Ha TeoPpU3UIHOTO IIPOYYBAHE, OT
CBOsI CTPaHa, e Aa ce ITogd0epe Hall-MOAXOAAIO MSICTO, OTKbAETO Aa ce IIpoKapa apXeoA0Tu-
YecKMs COHAAK KbM KaMeHHOTO CTpyIIBaHe, KaTo IIPY TOBa Ce N3CAeABaT U Bb3MOKHOCTUTE
Ha eAVH KOMILAeKC OT TeopU3NIHU MeTOAN. 3a I1eATa ca U3I0A3BaHN eAeKTPOMarHuTHIUTE
ypean EM 31 u EM 38 (14.6 kHz), reopagapu Pulse EKKO IV ¢ aarena 200 MHz 1 Ramac
c aareHa 500 MHz u ¢ayxkcreiir rpagnomersp Vallon. Ob1iaTa croiiHOCT Ha n30poeHaTa
ro-rope reopu3uYHa anlapaTypa e ot nopsigbka Ha 100 000 Espo. B xpaiiHa cMeTKa 115110TO
u3cAe/BaHe ce CbCTOM OT IIpeKapBaHeTO Ha TpU reopajapHM IIpoduaa ¢ IOCOKa Ior-cepep 1
ABa IepIIeHAVKYASPHI Ha TAX IIPe3 [eHThpa Ha MOIAaTa U OIlle MHOXKeCTBO AOII'bAHUTEA-
HI 3MepBaHIs C OCTaHaJAaTa anaparypa. [lo usmepsanusATa oT reopagapaute npopuan
aBTOPUTE YCIIABAT 4a PeruCTpuparT KaMeHHOTO cTpynBaHe. VI3caeaBanusATa ¢ ocTaHaAnUTe
ypean, obade, He gaBaT IloBede OT Tasu MHPopManus. EAMHCTBEHO ¢ eAeKTpOMarHUTHIS
ypea EM 38 e perucrpupana eaHa AuHelHa aHOMAaAus, KOATO € MHTepIpeTupaHa KaTo
IpeAu3BIKaHa OT KaMeHHa cTeHa. IIpeacrasenure pesyarature ot udmepsanu:ATa ¢ EM 31
U MarHUTOMeTbpa ca HesICHI 1, Hall-O0II[0 Ka3aHo, HellpeACTaBUTeAHIA.

IToa00OHM 3asaum ci IIOCTABAT U U3CAeABaHNATA Ha YeTUPY PUMCKI MOTUAN OT pa-
itoHa Ha bapTtaoy B Anrans (Astin, Eckardt, Hay 2007). Mornante ¢ Bucounsm Mexay 6 u
13 m 1 amamerpu mexxay 30 u 45 M ca paskonanu B nepuoga 1815-1840 r., karo ca oTKpuTHU
rorpebenns c 6orat nHBeHTap, Aatupanu B I-II Bex ca. Xp. Ileata Ha reopusnaHnTe IPO-
y4BaHU: € 4a Ce YCTaHOBY HadyliHa Ha HaTpyIlBaHe Ha MOTMANTE U 110 KaKbB Ha4lMH ca IIpO-
BeJeH! CTapuTe pa3KOIIKU — C TYHeAN OT IepudpepusATa UAK € IIaXTU OT Bbpxa. V3caeapa-
HISITa Ha YeTUpPUTe MOIMAY BKAIOYBAT €AeKTPOChIIPOTUBUTEAHN M3MepBaHIs 110 MeToAa
Ha HeIlpeKbCHATOTO eaekTpuyecko coHAupane (HBEC, nam ome mssecTHO KaToO e4eKTpoO-
cprporusuteasa tomorpadust - ERT) ro o01mro 24 anann. VsnoassaHa e eaeKTpoAHa CXe-
Ma Benep c pascrosiHue mexay noreHnmaanuTte eaekrpoaun 1 m 2 m u 40 8 n 12 ety 1o
roAsMO Pa3CTOssHUe — MeXAy 3axpaHpamiure. Vamepsannsita cbe cxema lllarombepske 1o
eAuH OT Ipoduanute He ca AaAy 3HAYUTEAHO IO-A00pu pesyatatu. JAuiioaHa cxema He
e M3II0A3BaHa 3apajyu HelHaTa 1o-cAaba AbabounHHa pesoaonus (Astin, Eckardt, Hay
2007, 29). PesyaTaTuTe OT MHBEPCHOHHOTO MOAeAlpaHe IIPU ABe OT MOTMANUTEe AeMOHCTPU-
paT 30HM C SICHO U3pa3eH! IOAOXKUTEAHN aHOMAaANM Ha eAeKTPUIeCKOTO ChbIIPOTUBACHIEe
1104 BbPXOBeTe VM, 3alo4yBallly IIOYTH OT BbpXa U AOCTUTAIM, IIPU eAHaTa — IIOYTU A0
OCHOBaTa, a IIpu BTOpa — 4a 4-5 M Hag ocHoBara. Il ABeTe aHOMaAnM ca MHTepHIpeTHpaH
KaTo NpeAV3BUKaHN OT I'bAHEXXa Ha CPYTUANTE Ce IIaxXTU OT CTapUTe apXe0AOIMIeCKN pas-
KOIIKM, KOMTO $IBHO Ca IIPOBeKAaHM OT BbpXxa KbM OCHOBaTa Ha Mornaure. IIpu ocranaanre
ABe MOITAM ca perncTpupaHu OAU3KM 40 XOPU3OHTaAHN IIOA0XKIUTEAHN aHOMAaAN, KOUTO
ca MHTepIIpeTUpaHy KaTo 3aITbAHEH! TyHeAM 3a AOCTBII OT HepudepusTa UAM OCOOEHOCTH
B HaCMIIa, IIpeAN3BMKaHM OT caMIs MaTepuaAa 3a HaTpyIIBaHeTO My.

YcneniHo oTKpuTa ¢ IIOMOIITa Ha reopajap MaAkKa I'poOHIIIa B MOTMAa e J0KAajBaHa
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ot Auitn I'yaman (Goodman et. al. 2009, 498-499). I'pobnuata ¢ pasmepu okoao0 4 Ha 2 M
e oTKpuTa B riepudepusTa Ha MOTIAA C BUCOUYMHA OKOAO 3 M Ha 0k040 70 cM 1104 ITOBbpX-
HOCTTa. 3a ChXXaJeHue IIpOoyYBaHIsATa ca AIOCTPUpPaHI caMo C eAUH reopajapeH npodpua.
ABTOpHUTeE He JaBaT HMKaKBa MH(OpMaIs 3a MpesKaTa Ha 3MepBaHe, M3I10A3BaHaTa aHTe-
Ha U T. H., C U3KAIOUEHNEe Ha TOBa, 4e AaHHUTe OT M3MepPBaHU:ATa ca KOPUTUPAaHU 33 U3KPU-
BSIBAHETO Ha aHTeHaTa OT HaKAOHa Ha MOTI/aTa.

IIpumepu 3a reopagapHn, eAeKTpPOCBLIIPOTUBUTEAHN U T€OMarHUTHU M3CA€ABaHS
MMa U 3a MOTMAHU I'POOHMIIM OT T. Hap. TUII ,,KAi09aaka” ot nepuoga V-VIII B. B Anonns
(Kamei et al 2000; Goodman et. al. 2009, 495-498). Te3u rpoOHuUIIM OOaue, HIMAT HUIIO
oOmo ¢ tpakuiickute. Te mpeacraBasBaT, BCHITHOCT, €JHM IINPOKU POBOBE C pasMepu
oT nopsgbKa Ha 45 Ha 10 M, 3aTpynaHu ¢ HacuIl, ¥ TAXHOTO IIpOy4YBaHe He MOXKe Ja MMa
IIPMHOC 3@ Bb3MOXKHOCTHTE Ha M3I0A3BaHNUTe METOAY IIPY IIPOYyYBAaHETO Ha TPaKUIICKUTe
HaarpoOnu mMornan. Ilopagu ceiata npuunHa HaAMa Ja ce ClMpame U IIO-II0APOOHO Ha
reopU3MIHNTE TPOYIBAHNU Ha KUTaiCKUTe reopu3NIM Ha Moruaara Ha umneparop Kun
[l XyaH, KOUTO B pe3yATaT Ha IpaBUMeTPUYHN, MarHUTHY, €1€KTPOChIIPOTUBUTEAHN, Ie-
opadapHI U paiiOMeTPUYHN U3MepBaHus, ca OTKPUAN B Hesl MaB304eli, KOWTO e C pa3Me-
pu 145x125x14 m u crenn aedean 8 M (Yuan, Liu, Lu 2006).

IToaoGen e cayyasaT u ¢ npoyusanusATa Ha I'oasimaTta Mmormaa npu bapcyunit Jlor B
Munycunckara xoraosua 8 Cubup (Von Hermann, Nagler, Gotlib 2010). Mornaara e ¢
BIICOUMHA OKO40 8 M 1 gnamMeTbp 0k040 80 M 1 NIpUHaAAeXXK! Ha Tarapckara KbCHOOPOH-
30Ba KyaTypa. Ekun Ha yactHaTta reopusmuna ¢upma Eastern Atlas, bepann nspbpiisa
reOMarHUTHO KapTupaHe Ha Mormuaara. Vsmoassan e ¢gpaykcreint rpaguomersp Foerster
4021 c pascrosnne mexay censopure 0.4 M. B pesyarar na npoyusanmsTa ¢ AMHeIIHa Hera-
TUBHa aHOMaAMs OT nnopsigbka Ha 10 nT e oueprana cTpyKTypa ¢ npuOAMU3UTEAHO KBajpart-
Ha popMa B I1aaH U pasMmepu okoao 55x55 M. Apxeoaormyecknure pasKoIKU pasKpusaT
orpajHa CTeHa U3rpajeHa OT AeBOHCKU IICBUHULIM C AeDearHa OT Haa 5 M U BUCOYMHA A0
2 M, KOATO Ha MecCTa e 3alla3eHa 40 camara IOBbPXHOCT Ha moruaara. OcBeH TOBa HeIo-
CpeACTBEeHO I0TOM3TOYHO OT IIeHThpa Ha MOTHJa ce ouepTaBa OOIINMpHa HeraTMBHa aHOMa-
AUSL C TIOYTH CBhINNs MHTeH3uTeT. Ts1 chBIaja ¢ OOIIMpHa Aerpecs Ha MOTUAHNS HacUII C
oBazHa opma ¢ pasmepu okoa0 20x15 M u Aba6ounHa okoa0 4.5 M. Ha ToBa MsACTO apxe-
OA0TMYEeCKUTEe Pa3KOIIKM pa3KpuBaT roasma rpodHa KOHCTPYKIIMS A4OCTa pa3AMyYHa OT OT-
KpusaHute B Tpakus. Ts nmpeacrasassa nocTpoiika ¢ pasmepu 15x12 M u npearnoaaraema
BIICOUYIHA OKOA0 6 M. buaa e usrpagena or gebeaun AbpBeHM rpeAn B HalIpaBeH B OCHOBHIAS
TepeH U3KOII ¢ AbA004YMHa 0K040 4 M. OnucanaTa no-rope Aernpecus B HaCUIIa ce e MoAy-
YyJa IpU pyxBaHeTO Ha IIOKpUBa Ha IpoOHMIIaTa BCAeACTBYE Ha U3TASABAHETO Ha TpejuTe
Ha KOHCTPYKUMATa. ABTOpPUTE Ha 3CAeABaHeTO He ca KaTeTOPUYHI AaAM perucTpupaHaTa
reoMarHuTHa aHOMaAus e IIpeju3BMKaHa OT TPOOHMITATa MAYM OT TepeHHUs e(PeKT IIpu-
4IHeH OT JenrpecuaATta. [eopU3MUHMAT eKUIl U3BbPIIBa U eKCIlepUMeHTaAHN M3MepPBaHIs
C IIpMAaraHeTo Ha CeM3MUYHMA MeToA. VIsMepenn ca nio 11 nmpoduaa mpes 5 M ¢ 1tocoka
ceBep-Ior M MU3TOK-3alad. 3a ch3JaBaHe Ha ceM3MIMYHaTa BbAHA € U3I0A3BaH 4yK, KaTo 3a
perucTrpupaHeTo Ha HaAAbXKHUTE M HaIIpeYHUTEe CeM3MUYHU BbAHU Ca U3II0A3BaHI BePTU-
KaAHU CeM3MOIIpMeMHMIN ¢ pe3oHaHcHa yectoTa oT 100 Hz. 3a chxaaenne, aBropure He
AaBar roseye MHQPOpMaIs 3a METOAMKATa Ha IIPOYYBAHETO U 3a IIOCTUTHATUTE pe3yAaTa-
TI, KOUTO Ca OlleHeHM KaTo He3aJ0BOAUTEAHM, KaTO IIPUYMHATA 3a TOBa Te OOsCHSBAT C I10-
AY4eHOTO MHOTO HUCKO ChOTHOIIIeHMe CUTHaA-IIyM. B 3akarouenmne asTopure npenopby-
BaT IIpM IIPOyYBaHETO Ha IIOAOOHM MOTUAM Ja Ce IpuAaraT MarHUTHUAT U € AeKTPUYHSAT
METOJ, KaKTO U 4a IPOABAXKAT eKCIIEPUMEHTHUTE ChC CeM3MIIHIL.
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Eaun nHTepecen npuMep IpeAcTaps KOMOMHMPAHOTO IIpMAaraHe Ha CeM3MMJIHa TO-
Morpadus u reopajap pu uscieapaHe Ha eJHa KbcHOOpoH30Ba Moruaa ot Cesepna Vra-
ans (Forte, Pipan 2008). Mornaara e ¢ BucodnHa OK0A0 4 M 1 AzaMeTwbp 0koa0 25 M. [eaTa
Ha TeopU3NYHIUTE M3MepBaHNs € He ThpceHe Ha IpoOHNIIA, a U3CAeABaHe Ha CTpaTurpa-
¢dusita Ha Mornaara. 'eopagapHuTe nsmepBaHns ca HallpaseH! 110 24 paagnaanu mpoduaia
npes3 15° npes nenrbpa Ha Moruaa. Vsnoassana e cucrema RAMAC ¢ ase antenn — 250
MHz (expannpana) n 100 MHz (neekpanupana). [Tpu censmmunnte nmpoydysanms reodpo-
HIUTe ca Pa3loA0XKeHM KPBroso Ipes 15° no nepudepusAra B OCHOBaTa Ha MOTrmAaTa, KaTo
C 4yK Cce TeHepMpa CeM3MUYHO BbAHA IO CcpejaTa MeXAy BCeKM JABa CeM3MOIpUeMHMKA.
ITo xapTaTa Ha CKOPOCTHUTe Ha CeM3MUYHUTE BbAHM U3BA€4eH OT I'bPBUTE BCTHILAEHNS Ce
ouepTasa eAHa 30Ha C IIOBUIIIEHN CKOPOCTH C pasMepu IpudansuteaHo 15 na 7 M riouatn
B IIeHThpa Ha Moruaara. [IposesenuTe mo-KbCHO apXe0A0IMIeCcK) pa3KOIIK/ pa3KpuBaT B
LIeHThpa Ha ABHOTO Ha MOruAaTa rorpedeHue 1104 Maako KaMeHHO crpynBanHe. CaMOTO TO
€ IIOKPUTO C eAMH eAHOMEeTPOB HacKII OT YMCTa TAMHecTa IPbCT, 0K0A0 15 M B Anamersp,
KOPEeHHO pa3AndHa OT KaMeHMcTaTa IPBCT Ha ocraHaaus Hacum. Toii, BCbIIHOCT, € Oua
IIpUYMHATA 32 PETUMCTPUPAHNATE IMOBUILIEHN CTOMHOCTY Ha censMmudHuTe Bbanu. Okaspa ce,
ge B cAydasl, pesyATaTuTe OT reopajapHUTe U3MepBaHus ca Ho-Aomu. ['eopagapHusAT cur-
Ha/ 3aTMXBa MHOTO ObP30 1 He AOCTUIa OCHOBaTa Ha MOIMJaTa B IleHTpaJAHaTa Ii 4acT, 3a
KOeTO e BUHOBHO BMICOKOTO ChAbp>KaHMe Ha IAuHa. JocTurnarara MakcumaaHa AbA00YMHa
Ha reopagapa e 2.5 m.

Bb3MoxxHOCTUTE Ha €4eKTPOCHIPOTUBUTEAHNSI METOJ C M3IO0A3BaHe Ha eAeKTpPo-
corporusuteanara Tomorpadus (ERT) e gemoncTpupaHno ¢ npoydysaHeTo OT €4UH IoAsSM
eknI Ha eaHa Maaka moruaa B Cesepna I'bpums (Papadopoulos et al. 2010). Moruaara e
C BUCOYMHA 0K040 4 M u guamersp 20 M. VismepBanusaATa ca HapaseH! IO IIPaBObIbAHA
MpesKa ¢ pa3cTosHmus Mexxay npoduante ot 0.6 M. Vzroassana e TpueaeKTpoaHa cxeMa ¢
pascTosHMe MeXAy IpUeMHUTe eAeKTpoAu oT ¢bio 0.6 M 1 pa3cTosHNe MeXAy HpueM-
HIUTe IIPOTPeCUBHO yBeAndaBalllo ce 40 OCeM IThbTU Pa3CTOAHMETO MeXAy IpueMHuTe. Ap-
TOpuTe 0TORASA3BAT, Ye M3MepPBaHeTO e IIpaBeHo caMo B e4Ha I10COKa, 3apaAy IPOALAXKU-
TeAHOCTTa Ha CaMOTO M3MepBaHe IIPM M3I0A3BaHeTO Ha e4HOKaHaleH pe3UCTUBUMETHP.
Kopexumnure 3a peaed ca BbBegeHM 3a BCsAKa U3MepeHa AMHIUA. 3a ChKaleHue, IipejcTabe-
Hute pesyaratu ot 3D unsepcuonHoTo mogeanpane (Papadopoulos et al. 2010, 204) ca ns-
KAIOUMTEeAHO CMyTeHM 1 ,HescHu”. ToBa Hail-BepOsATHO ce AbAKM Ha ILAUTKO pas3IioAoKe-
HII KOPEHHM CKaAl, YMeTO BAMSIHME e IIpedka 3a OTAeAsHe Ha eBeHTYaAHO ChIIeCTByBallN
apxeoaornyecku crpykrypu. Ilpean Hadyaa0TO Ha ITpOyYBaHUATa €KUITBT IIPaBU MOAEAHU
KOMITIOTbPHI CMY/Aallui 3a MOTMAa ¢ IT0OA00HM pa3Mepu ChAbprKallla eqHa TPOOHNUIIA B
nepudepusTa 1 eqHa — B IIeHTpaaHaTa JacT B OCHOBaTa J1. 3a Mogeaa Ha camMara MOTHAa
e rpueTa nupammujaanara popma. Vzuncaenusra ca HarpapeHM 3a OOIIO IIeCT pa3Auny-
HI eaeKTpoann cxemu. Criopea noaydeHnuTe AaHHU OT MHBEPCHMOHHOTO MOJeArpaHe Hall-
A00pu pesyaTaTu ca IIOAy4eHU C TpueaeKTpoaHara cxema. Ha BTopo mscro e mocrasena
rpaguenTHaTa. KaTo nmo-caabu ca oneHeHu pesyAtaTuTe ¢ AMIIOAHATa, AByeAeKTpoAHaTa I
obpaTHaTa cxema lllaom0Oep:ke. Vzcaeapanust 3a Bb3Mo>KHOCTUTE Ha cxeMa IllarombGepske
BBOOIIIe He ca ITpaBeHm?

Or HaIlpaBEHNI IIPErae ce BI>KAQ, 9e HiAMa IIpeaa0>KeHa yHIBEpcaldHa MeTOAMKa
3a mn3caeaBaHe Ha Ha,ZI,FpO6HI/I MOTIUAN. HpquBaTe/u/[Te IIpuaaratT arapartyparta, ¢ KOsJATO
pasinoaaraTt mMAM TEXHMKM, KOUTO ca IIpeleHNnAaN, 9e ca Haﬁ-HOAXOA}IH_U/I B KOHKpPETHITE
YCAOBILI 3a pelllaBaHETO Ha KOHKPETHITE IIOCTaBEH! 3ada4vIl. I toBa e chBCEM HOpMa4HO.
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Makap, 4e BCMUKM M3CAeABaHU MOTUAN Ca HaATpOOHM, OYeBUAHO B Pa3ANYHUTE paliOHM,
pasAMYHNTe KYyATYPU MMaT CBOU crielupUIHN orpedalHy pUTyaAl U OT TaM U pa3And-
HIU TPOOHNU ChOpPBKeHMs. B Bbarapus s3a AbABI IIepros OCHOBHUTE yCUANS HPHU reopu-
3UYHNTE IPOYYBAHM Ca HACOYEHM KbM ThpCeHe CaMO Ha roAeMM CTPYKTyPU — MOHYMeH-
TaaHU rpooHuLN. [Tpu ToBa ce IpaBAT caMO eAeKTPOCBIIPOTUBUTEAHN U3MepBaHIs, KaTo
U3II0A3BaHNUTe cXeMM (KaTo eAeKTpOAHM KOH(PUIypaIus U pa3Mepu) He ca 0OOCHOBAHMU
C AOTMYHU apTyMeHTH (IIOHJKOTa Te ca MHOIO KbCU, APYT ITbT IIpeKadeHO Abarum). Taka
ye, KOTaTO ce TOBOPM 3a ONTMMaAdHa MeTOAMKa Ha IIpOyYBaHeTO Ha HaAIPOOHNTe MOIMAN,
KaKBaTo IIle ce oIuTaMe Aa 0OOCHOBEM II0-A0AY, TPsAOBa 4a ce YTOUYHU M3PUYHO, Ue CTaBa
BBIIPOC 3a TPAKUIICKI HaArpoOHN Moruau. Pasdupa ce Ts 61 O1aa 1oaxoas11a BbB BCUIKA
yCAOBUA ITIOA00HM Ha HaIlIUTe.

IV.2. OIIMCAHME HA MOIMANUTE OT ®OPMA/AHA 1 APXEOAOTNYECKA

I'17EAHA TOUYKA. CbOPBXEHUS OTKPUBAHWM B MOTU/ANTE.

3a 11eAnTe Ha HACTOAIIOTO M3CAeABaHe € Ba’KHO Ja ce pasraejar pasmepure u Gop-
MaTa Ha MOIMANTE, XapaKTepPUCTUKNUTe Ha MOTMAHNUTE HACUIIN U BUAOBETe ChbOPBIKEHIs
OTKpMBaHU B TsX, T. €. XapaKTepPUCTUKUTe Ha OOeKTITe, KOUTO ce ThbPCAT U Ha cpeJara, B
KOsITO Te Ca Pas3IIOA0XKeH.

Haarpobuure Mormam ce mosBsiBaT B AHEIIHNUTe ObATapCKU 3eMM IIpe3 paHHaTa
Oponsosa ertoxa (ok. 3500/3400-2200/2000 r. mp. H. e.) (Hukoaosa 1992, 1). Mornaure ot
TOBa BpeMe ca I10 IPaBIAO MaaKM, C BUCOUMHA A0 2-3 M, psAAKO 40 6-7 m (Kutos 1993, 46).
Tpaanimsra Ha HaTpyIIBaHETO Ha MOTMAM Ce 3alla3Ba U B KbCHaTa OpOH30Ba erioxa 1 IIpo-
AbaXasa Oe3 mpexbcaHe 40 IV B., Korato nocrerieHHo orMupa (Boauesa 1996).

Hesasucumo de B bbarapus mma Bede CTOTHLIM IIPOYYEHH C apXeOAOTMYEeCKM pas-
KOIIKII MOIMAM, HAKAKBO CTaTUCTMYECKO M3cJeABaHe 3a TsAxHaTa popma I pasMepu He e
npaseHo. CBIIIOTO ce OTHACA U 3a HaDAIOAeHMATa Kacaelllyl MaTeplada M HaulHa Ha HaT-
pyIiBaHe UM, KaKToO 1 3a pOpMaAHUTE XapaKTepUCTUKN Ha Morumanute Hacumm*. Criopea
Bacna Muxos (Mukos 1957) mornante oOMKHOBEHO MMaT KYIIOAOBUAHA, IToAycdeprdHa 1
B peAKHU caydau HUCKO KoHycosuaHa ¢popMa. ['eopru Kurtos (Kutos 1993 r.) cbimio nipasu
OINT 3a KAacuduiimpaHe Ha MOIMANTe 110 popMa, KaTo I OTAeAs B ABe IpyIu — ¢ popMa
Ha CerMeHT OT KbA0O M ocTpoBbpxu (KoHnM4HM). Pasraexaariku mornaute ot Pogonure
OT KbCHaTa OpOH30Ba, paHHATa JKeAs3Ha 1 KbCHaTa >keAs13Ha ertoxa Kocraauu Kucpos or-
pedeast popmara MM KaTo moaycdepndHa 1, B IIO-peJKM cAydan, KaTo TakaBa 04m3Ka 40
eanntideH napadoaong (Kucwos 2009, 18, 31, 52).

BepmiHocT, MormauTte mMaT MHOTO XapakTepHa gopma, KOSITO TPyAHO MOXKe Ja ce
oImIlle ¢ IpocTa reoMerpmuyHa. IIpexogbT MeXKAy OKOAHMA TepeH M MOTMAHMSA HaCUIL
00OMKHOBeHO e 1naaseH. CaeABaT paBHOMEPHO U3AUTAIIN Ce CKAOHOBe I, HaKpasl, 3a00.1eHO
BpBX (01140). VI3uncaennsara, kouto Os1xa HallpaBeH!U I10OKa3axa, 4e Ha IIpaKTiKa BbB BCUY-
K1 caydan popMaTa Ha MOTMAUTE MOXKe Aa Ce OIMIIIe MHOTO TOYHO C €AVH ITOAMHOM OT
yeTBbpTa creren” (¢pur. IV. 2. 1.).

24 HesaBucuMo oT MHOroOOeIIaBaIoTo 3arAasue cu 3araasue cratusita ,,Geoarchaeological charac-
teristics of the Thracian tumuli in Bulgaria” (Evstatiev, Gergova, Rizzo 2005) BchITHOCT ITpaB1 €4HO KpaTKO OII-
UCaHIe OT TeOTeXHIUeCKa r1e4Ha TOUKa Ha HaCUIIUTEe Ha TPYU OT MOTMANTE C TPOOHULIN OT MU3TOYHISI HEKPOII0A
npu Csemapu.

25 Koedunnenrure Ha perpecusara ca: Z(X,Y) =Agg +Ag1 Y + A2 Y2 + Ap3 Y3+ Apa Y4+ A1 X+A1
XY +A1p XYZ2 + A13 XY3 + Agg XZ + App X2Y + Aoy X2YZ + Az X3 + Agp X3Y + Ay X4
Ao =-0.140689, A1 =0.0231228, A(r —0.0063246, A3 —-0.0003928, A4 =5.861626E-006, A1) =-0.009945,
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Quz. IV. 2.1. Tpumepro usobpaxerue na mozura 2 npu c. Opusoso u pesyrmamuimne om
NOAUHOMHAMA Pezpecusl.

OcseH TOBa, OT chOpaHUTe A4aHHU 3a 40CTa MOTMAM Ce OKa3a, 4Ye HaKAOHBT Ha CKAOHO-
BeTe Ha MOTHUANTe Hali-4ecTo e OT nopsabka Ha 10-20%. CkaoHOBeTe caMO Ha MHOIO CTP'bM-
HUTe MOIMAM Morart Aa HaaxpbpaAaT 20°. Taka Hanpumep, 'oasamara mornaa 40 apxeoaoru-
yeckaTa Oa3a B Kabuae, mpoyuena ot ekl pbkoBogeH oT Ao1l. Torko Crosanos mpe3 2009 .
(Crosinos, Muxos, Axxandesosa 2010), KOsATO e M3KAIOUNUTEAHO CTPbMHA, IMa MaKCHMa/AeH
HaK/AOH Ha CKAOHOBeTe OT 26.5°. Egna MHOro roasma u ChIIEBPEMEHHO MHOTO CTPbMHAa
Moruaa e uspectHara ¢ umero [Tamykansa a0 c. bpecrosuna. Bucounnara i1 Haaxsbpas 12,
a auamerbpsT — 70 M. Hanpasennre usmepBanus I10Kasaxa, Y€ MaKCHMMaAHMAT HAKAOH
Ha CKJAOHOBeTe 11 e 0KoA0 29° Taka 4de, B3emMalKu 1104 BHUMaHMEe HaKJAOHA HAa MOTVMAHIS
Hacuil, He 61 TpsAOBaao Aa pasraexxgamMe caydau, KoraTo Toii e rmo-roasm ot 30°. Tosa Ha-
04104€H1e e MHOTO Ba>kKHO, 3aIllOTO IIOKa3Ba 40 KaKBa CTeIleH TpsiOBa 4a ce cboOpassBaMe
C TO3M HaKAOH IPU U3BBPIIBaHE Ha €AeKTPOCHIPOTUBUTEAHU M3MEpPBaHMUA U A0 KOAKO
TepeHHUAT ePeKT MOXKe 4a OKayke BAVSIHIE BbPXY Te3! U3MepBaHIsL.

A1 =0.011356, A1y —-0.0003523, Aq3 ~2.886738E-007, Apq ~0.007174, Ap1 —-0.000310, Any — 8.6123E-006, Az
—-0.0003448, A3 6.724718E-007, A4 —4.225316E-006.
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Apyro Ba>kKHO HaDAIOAeHIe, KOeTO MOKe Aa HallpaBl YOBeK, KOWTO AbATO BpeMe ce e
3aHIMaBaA C MOIMAN €, Ye Te MHOTO PsAAKO ca cuMmeTpuyuHn. TakmBa ca Hali-4ecTo camo HI-
CKITEe MOTMAN C BUCOUMHA 40 2-3 M. OOMKHOBeHO popMaTa Ha MOTMANTE € HeCMeTpUYHa.
Harii-uecto Te ca mo-roaerartu oT IOT U 10 CTPbMHI OT ceBep. ToBa MOKe AecHO Ja ce 00sic-
HJI C eCTeCTBeHN ePO3VIOHHI ITpoliecy IpoTHUJallly B TedeHne Ha BpeMeTo. B MHOrO cayuan,
KOTaTo ca Pa3Il0A0KeHM Ha CKAOH, Ta3) 4acT, KOATO e I10 ITI0COKa Ha 3allaJaHeTo Ha CKAOHa
e 110 U3AbA>KeHa I 110AeraTa, a IPOTUBOII0A0KHaTa — II0-Kbca ¥ CTpbMHa. Taka HanpuMep,
ABbAKIMHATa Ha I0KHIA CKAOH Ha MoMuHa moruaa npu c. bpara Jackaaosu e okoao 35 M,
a Ha ceBepHM: — He HaAXBbpAs 20 M.

Kuros (1993) pasaeast Mormaute u 1o BICOYMHA B IIeT TPYIIN, KaTO CBbP3Ba BCsIKa OT
TsIX CbC CTeIIeHTa Ha IIPOYYeHOCT Ha MOTUANTE OT ChOTBeTHaTa IpyIla, BepOATHOCTTA 3a OT
YHUIIIOKaBaHe 3eMeAeACKN AeTHOCTY, Bb3MOKHOCTTa 3a ITPOBeKAaHe Ha apXe0A0TNYeCcKN
Pa3KOIIKN U AP.

1. MHuoro MmaAkKu MOrmAu — Bucodmya 40 1.6Mm.

2. Maaku mornau — sucounsa ot 1.6 40 4 M, amametsp 40 30 M.

3. Cpeanu Moruam — BucounHa ot 4 40 8 M, AmameTsp 40 60 M.

4. T'oaemn moruan — pucodnHa ot 8 20 15 M, anamersp 40 80 M.

5. MHoro roaeMun MoruAau — BucoumHa Hag, 15 M, auamersp 40 120 m 1 noseue.

Haarpobuurte Mornamn oOMKHOBEHO ca HaTPYIIBaHM C IIPBCT B3eMaHa OT HeIlocpea-
crBeHute okoaHoctu (Kuros 1993, 55). CeuaereacTBo 3a ToBa ca HaOAIOAaBaHUTE OCTAHKU
OT POBOBe IpU HAKOM OT TsAX. ETo 3a1110 1 GpuanyHmUTe XapaKTepPUCTUKM Ha HACUIIUTe OOMK-
HOBEHO ca ChIITUTe KaTo Te3! Ha OKOAHU: TepeH. Taka HalrpuMep, MOIMANTe OT paBHUHIUTE
U HU3VHUTe, HaTPyIlaHM C IeChbKAMBa TAMHecTa IPBCT Ife ITOoKa3BaT HMUCKM CTOMHOCTU Ha
IPUBUAHOTO ChIlpoTuBAeHNe. Te3n OT mpeAlnldaHMHCKUTE U ILAaHMHCKUTE palioHMU, Ha-
TPYIIBaHM C IIPBCT C BUCOKO ChAbpP>KaHMe Ha CKaAHU MaTepuaAll ¥ HUCKO ChAbp>KaHIUe
Ha TAMHa, IIOKa3BaT BYCOKM (POHOBM CTOVHOCTH Ha M3MEPEeHOTO MPUBUAHO CHIIPOTUBAE-
Hre. Haba10a4eHnsTa BbpXy HaulMHa Ha HaTpyIlBaHe Ha MOTMAUTE ITOKa3BaT, ye Te PsIAKO
ca Hatpynsanu HaBegHaxX (Kurtos 1993, 53). ToBa Hali-Beue ce OTHacCs 3a Hall-MaAKUTe U
MaJKuTe MOruAn 1o kaacudukanusara Ha Knuros. OcraHaante ca HaTpynBaHI IIOCTEIIEHHO
3a IpOoABAKUTEAEeH Iep1o/ OT BpeMe. MHOTo yecTo Te3u eTaly MHOTO 40Ope Morar ga ce
Ha0AI04aBaT Npu cTpaTurpadpcknuTe MpoPpuAM Ha MOTUANTE, U3PassBalllil ce B pesyBaHe
Ha I11aCcTOBe VA MaAK! MOTMAKM C pa3AndeH 1BIT. OOMKHOBEHO Te3! I11aCTOBe ca ThHKM.
JebeanHaTa M € OT HAKOAKO CaHTMMeTpa 40 HIKOAKO AeceTKU caHTuMeTpa. MHoro vec-
TO Te3U I11aCTOBe Ca HaTPyIIaHM OT IPBCT C MHOTO OAM3BK ChCTaB, IIPY KOETO MOXKe Aa ce
OKaxke TPyAHO da ObjaT OTAeAeHN 40pU U BU3yaaHo. Taka de pasraexxaikyi MOTMAHUTE
HacuIu OT reopu3NyIHa I1€4Ha TOUKa MOXKe Aa T cduTaMe 3a XOMOTreHHN. B Tabanria mpm-
aoxenne V.1.1.2. ca cbOpaHu gaHHUTe 3a HAKOM OT MOTUANTE ITPOy4YeH! IIpe3 IT0cAeAHUTe
TOAVHI, 3a KOUTO MMaMe MH(pOpMalys 3a UICTUHCKOTO ChIIPOTHBAEHIE Ha MOTUAHIUTE Ha-
cunu (T. e. MMaMe IipoyusaHus 110 metoga Ha HBEC c obpaborenn pesyaratu upes nHsep-
CIIOHHO MOJeAupaHe).

ITspBOTO HAbOAIOAEHE, KOETO MOXKEe 4a Ce HaIIpaBl e, 4Ye MOTUANTe OT IIpeAll1aHIH-
CKITe 4acTM ca C IIO-BMCOKM CBhIIPOTUBAEHMsA Ha Hacuiia. ToBa MHOIO Ae€CHO MOXKe Ja ce
OOsICHM C HaAM4YMeTO Ha MHOTO II0Bede CKa/AHM MaTepuaan, 4akbA U IsAChK. Mornanre ot
paBHMHHITE YacTy ca HaTPyIIaHM C II0YBa U IIP'BCT OT HAHOCK C BMCOKO ChAbp>KaHIe Ha
ramHa. IlpaBu BeyataeHne u pa3AuKuTe B CHIIPOTHUBAEHMITA Ha IIOBbPXHOCTHIUS CAOM U
ocTaHaJaTa YyacT OT MOTMAHMA Hacull B AbaOounHa. ITpy Bcuuku Morman ce otaeas eAnH
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ITOBBPXHOCTEH CAOM € MOIITHOCT OT HAKOAKO AeceTK! caHTuMeTrpa 40 1-1.5 M, xapakrepnusn-
palll ce ¢ IO-BUCOKM ChbIIPOTHUBAEHN: OT Te3! Ha OCTaHaAUs MoruAeH Hacul. Tosa siBaeHne
AeCHO MOXe Ja ce OOSICHM C BAMSHIETO Ha HAKOAKO (pakropa. ITpeam Bcirako, mosbpx-
HOCTHMAT CAOV KaTO ITPaBNIAO € C IIO-HUCKO ChAbP KaHMe Ha Baara OT OCTaHaAMs MOTUAEH
Hacuil. Orrje 11oBeye, 4ye BpeMeTO, KOraTo ce IIpaBAT OOMKHOBEHO IIpOoy4YBaHMsATa — KbCHaTa
IIpOAeT, AATOTO U PaHHaTa eceH, e IIepuo/ Ha Cyxo 1 Torao BpeMe. OcobeHO OTueTAnBa €
Ta3y pasAayKka 3a MOITMANUTE OT IIPeAIIAaHNMHCKIATE YacTy, HaTPyIlaHM C IPBCT C BUCOKO Chb-
Abp>KaHe Ha CKaAHU MaTepuaAl U 4aKbA M HUCKO ChbAbpKaHue Ha ramna. [Ipu Tsax kaTo
11510 HAaCUIIUTE Ca C BUCOKM ChIIPOTUBACHM:, a AUIICaTa Ha BAara ce OTpassBa B M3KAIOUN-
TeAHO BMCOKM CTOMTHOCTU Ha CBIIPOTMBAEHMETO Ha ITOBBPXHOCTHIUS cA01. To3n PpaxT e or
MHOTIO Ba>KHO 3Ha4eHle, 3allJOTO TOYHO TO3M CAON e cpejara, B KOSTO KOHTaKTyBaT eAeK-
TpoAUTe, a AOOPUAT raJBaHIYeH KOHTAaKT € MHOTO Ba>keH 3a M3BbpIIIBaHETO Ha KOPEeKTHU
nsMmepsanus. OT gpyra cTpaHa Te3U BUCOKM CBIIPOTMBAEHIs Ha IMOBbPXHOCTHIUS CAOM ce
ABAXaT U Ha (aKTa, 4e IIPOBOAAIINTE CheAMHEHIISI — KapOOHATHITE COAM U COANTE Ha Ha-
TPpMSI M KaAMsI ca A€CHO pa3TBOPMMMU U IIPOHUKBAT B AbAO0UNHA 3aeAHO ¢ aTMOcdepHaTa
BoJa. Taka To31 ca071 0OegHsABa Ha IIPOBOASAIIN CheAVHEHN:I 3a CMeTKa Ha 00OraTsBaHeTO
Ha MOTMAHUS HacCUII B AbAO0unHa. Taxa ue 1 B IIeproAu, KOraTo IOBBbPXHOCTHIUST CAOI € €
BVICOKO ChAbp>KaHle Ha BJAara, HOpMaAHO e TOM Mak Ja IT0Ka3Ba ChbIIPOTUBAEHN: I10-BICO-
KI OT T€3M Ha I10-AbA0OKITE YaCTH Ha MOTIlaTa.

CTOMHOCTW Ha CHLNPOTUBNEHWETO HA MOTHITHWA Hacun

cbnpoTuBreHue (ohm. m)
Hacun
NOBBPXHOCT NOBBLPXHOCT |CpedHo
cpenHa oT cpelHa 0T  |OT WHB
No MOrWna HACEMNEeHO MACTO BUC_ (M) AWam (M) |M3MepBaHWATa |MHB Mofen |Mofen Hackn min/HacWn max| paioH* |HagMm. B
1|KapakodoBa c. bp. [lackanosu 22 25 250 300 150 30 300 2 230
2|Opuaoso M2 c. Opu3oBo, U3TOK 2.4 35 50 20 15 40 1 148
3|'pobuwHaTa morunalrp. Onaka 25 30 35 35 25 20 40 1 183
4| 'panut M1 c. [panut 2.7 30 25 25 30 20 50 1 169
5|l opHo Yeproeuwe 1|c. I'. Yeproeuwe 3.0 30 120 70 25 100 2 423
6 |panut M2 ¢_[paHut 35 35 35 40 40 15 90 1 171
7|[Opuzoso M1 ¢ Opu30B0O, U3TOK 35 25 50 60 40 15 60 1 148
8|BeTtpuie M1 c. Betpuuie, Uymen 4.0 35 70 100 20 10 30 1 138
9|Kabune M1 c. Kabune 4.0 35 25 25 20 15 60 1 149
10(BeTtpuwe M2 c. Betpywe, UymeH 45 35 70 100 20 10 30 1 135
11|Kpywape M1 c. Kpywape, CnveeH 50 40 100 180 15 5 20 1 154
12|Ctapo ceno M1 ¢. Ctapo ceno, TyTp| 5.0 35 50 60 30 15 50 1 32
13|Kabune M2 c. Kabune 6.0 40 30 50 30 15 50 1 141
14 |Kpywape M2 ¢_Kpywape, CnveeH 6.0 45 100 150 20 10 30 1 153
15[YuTalika moruna c. bp. [lackanosu 6.0 35 250 250 150 30 300 2 225
16 |Kpywape M3 c. Kpywape, CnveeH 7.0 55 80 110 20 5 40 1 151
17 | Mobumery M1 p. Jliobumey 7.0 40 90 100 50 10 100 1 64
18[Momunua mornna c. bp. [lackanoeu 7.0 50 250 300 200 50 600 2 255
19|Mupgon M1 rp. Nupgon 7.0 45 200 300 150 50 200 2 762
20|lonama Apcenanka |c_ lllunka 80 45 1000 500 300 1000 2 521
21|Morna CBeTula c_lllunka 80 45 700 850 250 150 450 2 507
22 |Capadosa moruna |c. KpbH 8.0 45 350 450 80 40 150 2 476
23|Kounuwika morvna |c. Ctapocen 9.0 55 300 300 100 50 150 2 365
24 |Bbwnrapeso M1 c. benrapeso 12.0 75 60 70 40 15 60 1 84
25|Mpogadosumn M1 c. [pogaHoBum 12.0 55 1800 2000 1500 500 3500 2 927
26|Npoeagua, Conuuua|rp. Mpoeagua 14.0 70 150 200 20 5 30 1 23
27 |ManTene ¢_MaHone, MNnosawg 190 100 100 50 30 100 1 150
28|lonsama Kocmatka |rp. llunka 200 120 1000 500 250 800 2 518
4140
* cpegHo 148
1 - paBHWHEH
2 - NNEHWHCKN UK
NONynNNaHMHCKK

Taba. 1V.2.1. Adannu 3a pasmepuime, ConpomueAeHusma Ha HACUnume u MecrmonoroKeHue-
MO HA MOZUAU NPOYHUEAHU 6 NOCACOHUIME 200UHU.
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TpaxuiickaTta morpebaiHa mpakTuKa e IpeacTaBeHa OT ABa OCHOBHI puUTyada — TPy-
rornoAaraHe 1 TpyIlousrapsiHe, KaTo ABaTa ce U3I1043BaT € AHOBpeMeHHO Ipe3 11eANs Ilepu-
o4, B KonTo ce HaTpynsaT moruau (Kuros 1993).

Pasraesxxaaiiku mo-404y rpoOHUTe ChOPBXKEeHNs, KOUTO ce pa3KpuBaT B MOTUAUTE, He
e TbpceHa adCOAIOTHa M34epIIaTeAHOCT, a II0-CKOPO e 00bpHATO BHMMaHMe Ha (akKTa, Je Te
ca U3KAIOUNTEAHO pa3HOOOpa3HI KaTO XapaKTePUCTUKI, KOeTO 00ycAaBs U CAOKHOCTTa Ha
3adaqnTe, KOUTO ce IOCTaBSAT IIPU TAXHOTO IIpeABapUTeAHO reO(pU3NIHO IIpOyIBaHe.

OcHoBHUTe IPOOHN CHOPBXKEHMA ca IIeT: I1A0IaKa, sIMa, TpajeH Irpo0, capkodar i
rpodnuna (o Kuros 1993).

I1aomaskara e Hali-e1eMeHTapHOTO TPOOHO ChopbXKeHue. Pasmepure u ¢popmara it
OOVMIKHOBEHO ca HeyA0BuUMI. [Ipy niorpebGeHne upes TpymousrapsHe 14oirajkaTa e odep-
TaHa OT I14acTa M3lledyeHa I104Ba, Ileriea U BbIAeHn. B MHOro cayyan caed M3BbpIIBaHETO
Ha puUTyaJa HaJ Hes € HaTpyIlaHa KyIT4MHA pedH! 00AM AU A0MeHM KaMbHI, KOUTO O(-
OpM:IT KaMeHHa MOITAKA.

I'poGHUTE sIMI1 Ca OOMKHOBEHO MaAKM M3KOIIN B OCHOBHIS TepeH 1AM Hacuila. Mosxke
Aa ca 00AUII0BaHN C ABPBO 1AM KaM'bK. [IoH:sIKOra ca MOKpUTH ¢ KaMeHHa Moruaka. Imure
OT pMMCKaTa erioxa ca Hall-pasHOOOpa3HM — HaCTAaHU ca UAM ca OOAMIIOBAHM U HOKPUTHU
¢ Tyxan uau c kepemuau. llupoko pasnpocrpanennu ca siMuTe, B KOUTO Ca M3BbPIIBAHA
rorpeOeHNs Ype3 TPyIou3rapsiHe Ha MsCTO.

Pasankara mexxay 00auIIOBaHNTe IMU U TPaJeHITe TpoOoBe e, ye SIMITe ca BKOIIaHI,
a rpadeHuTe rpoboBe ca M3AUTHATU HaJ HMBOTO Ha ApeBHMs TepeH. VI311oa3BaHmsaT MaTte-
puaa e AbpBO, IAMHa, KAMBK 1A ChueTaHle Ha HAKOU OT TsaX. MHoro ca rpageHuTe rpo6o-
Be OT KbCHOXKe/As3HaTa erloxa, a 3a pMMcKaTa TO3U TUII TPOOHO ChOPBKeHIe e TBbpAe Xa-
pakrepeH. KbM rpagenuTe rpobose ce OTHaCAT U BCMYKH IIpeACTaBUTeAHN 31 aHU TPOOOBe
KaTo Te3! OT palioHa Ha /JyBaHAIL.

Capkodasure ca nspaboTBaHI OT MOHOAUTEH OAOK 1 Ce ChCTOAT OT KOPUTO U IIO-
xaymnak. I[To Hauaao0 Te ca 4y>kAM Ha TpakuTe, HO IIOHSIKOTa ce CpelaT IIpY MOTMAHNUTE UM
rorpeOeHNs OT MpeApuMcKaTta 11 pumMckara eroxa (I'eros 1970, 6).

Hait-uMnozaHTHUTe CHOPBKEHISI OTKpUBAHM B MormAauTe ca rpoonunurte. [Tog rpo6-
HHUIIa ce pa3dupa MpocTpaHCTBeHO opOpMeHa crpaja C IIoHe e4HO ITIoMellleHe, KbM KOeTO
IMa BXO/ MAM IIOHe UMUTaINsA Ha TakbB. Criopes cTpouTeAHUsI MaTepua Te ca OT AbPBO,
OT KaM'BK UAM OT TyXAM, KaTO IIOHAKOTa MaTepuaauTe ca cbueTaHu. [1o maan rpobHUIIITE
ca MPaBOBIbAHU MAM KPBIAM, KAaTO YeCTO IIpU TPOOHMIIN C IIOBeYe OT e4HO ITOMeIlleHre
Ma chbueTaBaHe Ha KPBbIAUs U IpaBObIbAHMA I11aH. HarrbaHO paszBuTaTa 1aaHoBa cxema
Ha e/Ha rpoOHIIIa BKAIOYBA: IpeAJBepue, 4poMoc, IpeArpobHa Kamepa (Kamepi) 1 Ipoo-
Ha Kamepa (Pycesa 1995).

Ocsen n3dpoeHnTe 10-TOpe rpOOHM CHOPBXKEHNs B MOTUANTE MOTaT Aa ce cpellaT U
ApyTHu — cAeAM OT HpOTHUYaIlN IIpU ITorpeOeHNeTo AU cAeABallly IO PUTyaAl, KaTo TPU3-
HI, KAaAy, sMu U Ap. Ha BbpXxa Ha HAKOM MOTMAM Cce OTKPMBAT OCTaHKI OT, Hall-BepOsITHO,
KyATOBU crpaAn. KOHCTpyKTMBHO-OXpaHNUTeAH), a MOXKe 01 1 CBbp3aH! C pUTyaaa, ca Ka-
MEeHHHTe OorpaAy (Kpenmamu) OKOA0 MOIVANTE.

IV. 3. OIITUMMN3NPAHE HA METOANUKATA 3A EAEKTPOCBIIPOTUBUTE-
HO "1 TEOMATHUTHO ITPOYUBAHE HA TPAKUICKIM HAATPOBHI MOTUA.

Kakro Gemre oTOeas13aHO Bede, JoceTa He e IIpeAA0>KeHa YHUBepcaaHa MeTOAMKa 3a
IIpoy4yBaHe Ha HaAIPOOHU MOTMAH B cBeTOBeH Mainad. lleata Ha n3aokeHneTo 1o-404y e
Aa Obge obocHOBaHa egHa OOIlla MeTOAMKa, ChueTaBallla Bb3MOXKHOCTUTE Ha Hali-IINpo-
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KO U3II0A3BaHUTE B apXeoAoTu:ATa U ChIeBpeMeHHO Hall-4OCTBIIHM KaTO amnaparypa, Ie-
pudepHM yCTpoiicTBa I IMPOrpaMHO o0Oe3leueHre MeToA — eAeKTPOCBIIPOTUBUTEAHNS U
reOMarHUTHIS, 3a II0AydaBaHe Ha Bb3MOXKHO Hali-ITbAHa MHPOPMaIUs 3a TOBa KaKBO ce
Kple 1104 HaCUIIUTe Ha TpaKuiickuTe Mornan. Ts TpsaOBa 4a BKAIOUBa, KAKTO M3MOA3BaHUTE
PYTUHHO CBIIPOTUBUTEAHO U TEOMarHUTHO KapTHpaHe, Taka 1 I10CAe AHITe HOBOBbBeAeHIs
B 001acTTa Ha apxeoAornJeckara reopusuka — AByMepHaTa U TpMepHa eAeKTPOChIIPOTU-
suteaHa Tomorpadpus (2D u 3D ECT). [TspBocrenenHa 3agada, pasdbupa ce, € yCIIeIITHOTO
perucTpupaHe Ha Hall-aTpaKTUBHUTE OOEKTU — TPOOHMIINTE U 31AaHNuTe rpodose. ViHpop-
MalMsATa 3a TAXHOTO HaAM4uMe UAU OTChCTBIE e BaskKHa He caMO OT apXeoA0rnJecka rie4Ha
TOUYKa (MHOTIO 4eCTO TOBa ca 3abeae>XUTeAHN apXUTeKTyPHU IaMeTHUIIM, KOUTO IOHIKOTa
ChABprKaT OoraTu rpoOHU AapoBe), a U Iopagu oOMJaifHaTa Hy>KJa OT ITocAejBalra KOH-
cepBallMA U pecTaBpalllis, 3a KOMTO OOMKHOBEHO ca Hy>KHI 3HauMTeAH!U CpeACTBa, 3a YeTO
HabaBsHe e AOTMYHO Ja ce MICAM IIpeABapuTeaHo. EAHOBpeMeHHO c TOBa, Ta3y MeTOAMKA
Tps0Ba Aa II03BOAM II0Ay4aBaHeTO Ha JaHHMU 3a ChIIeCTBYBaHeTO Ha APYIU pa3HOOOpasHU
I10 XapakKTepa CM apXeoAOTMYeCKI CTPYKTY P, KAKBUTO Ce CpellaT B TPaKUIICKUTEe MOTUAMN.
He na mocaeaHo MscTo T TpsaOBa Aa ocurypy nHpopMalus 1 3a XapakKTepUCTUKUTe Ha
MOIVAHMS HAaCuUII, KOUTO KOCBEHO MOTaT Ja yKa3BaT ChIlleCTByBaHeTO Ha IPOOHM AU APY-
I KOHCTPYKLIMY, 3a 4a MOraT apXeoA03uTe Aa ILAaHupaT IIpeABapuUTeAHO U Aa IIpoBeJaT
Pa3KOIIKMUTe I10 Hall-e(peKTUBHIUS 1 MeTOANYeCK! Hall-ITpaBUAHMS HauuH. I I'bpBocTerieHHO
3HayeHIe MMa 1 Obp3MHaTa 1, CbOTBETHO, CTOMHOCTTa Ha M3BbpIIBaHe Ha IPOY4YBaHMs-
Ta, KaTo I0A€BU M3MepBaHMsA 1 oOpaboTKaTa Ha IT0Ayd4eHNTe jaHHU. MeToAnKara TpsiOBa
Aa e edpexTuBHA. 3a MUHMMAaAHO BpeMe U C MUHMMaAHU CpeACTBa TpsOBa Ja ce MoAydn
MaKCHMaAHO I104e3Ha M HaJeXK/AHa KaTO KOAMYeCTBO 1 KauecTso nHQpopmarus. Tbi1 kato
HaATrpoOHNTe MOTMAM Ca eAHM OT Hall-4ecTo IIpoy4yBaHUTe HaMeTHUIU B bparapus, apxeo-
A03UTe OOMKHOBEHO Ce Hy>XKAasT OT ObP3U M KOPEKTHIU Pe3yATaT OT TeOpU3NIHUTE ITPO-
y4BaHN:, a He OT eKCIepUMEeHTHPaHeTO Ha eK30TUYHY TeXHMKM C HesICHU Bb3MO>KHOCTI.
Cao>xHOCTTa Ha IIOCTaBeHaTa 3ajada e 00ycA0BeHa OT U3KAIOUMTEeAHOTO pasHOOOpasue Ha
TpOOHM U APYTU CHOPBXKEHNs, KaTo (popMa U pa3dMepy, OTKpUBAHM B MOTMANUTE, OT eAHa
CTpaHa, KaKTO M OT pa3AMYHUTE pa3MepH Ha caMHUTe MOIMAU — OT eBa 3abeAeXUMU Ha
IIOBBPXHOCTTA C AMaMeThp OT IopsAAbKa Ha 15-20 M 40 TakuBa ¢ BucoumHa Hag 20 M 1 Ana-
MeTbp 100 1 TOBeue MeTpu.

IV.3.1. EaexTpOoChIIpOTHMBUTEAHM IIPOYYBaHMSI.

3a pasauka ot npeoOaagasaljaTa 4acT OT OCTaHaAUTe apXeoA0TMIecK O0eKTH, Ipu
KOUTO OCHOBHATa IleA e AeTallAHOTO KapTupaHe Ha ChIeCTBYBalllTe OCTaHK! Pas3Iioao-
>KeHM OOMKHOBEHO B paMKUTe Ha ITbPBMS MeThbp IO/ MHOBLPXHOCTTa, IIPU IIPOyYBaHETO
Ha TPaKMUIICKM HaATPOOHM MOTMAY € HY>KHO IIOCTUTIaHeTO Ha Bb3MOXKHO Hall-ToAsAMa AbA-
DOUYMHHOCT, KOeTO IIpejollpejeasl BojeljaTa poAsl Ha eAeKTPOChIIPOTUBUTEAHUS METOA.
AbAOOYMHHOCTTa Ha €AeKTPOCBIIPOTUBUTEAHNS MEeTO/ € 00eKT Ha AbATOTOAMIITHO aHaAN-
3UpaHe OT MHOXeCTBO y4eHU BbB Bpb3Ka C IIpMAaraHeTo My B Ie0A0XKKUTe IPOydYBaHMs.
Crnopeg Oldenburg u Li (1999, 405) ToBa e AbAOOUMHATA, 104 KOATO AaHHUTE OT U3Mep-
BaHIsATa Ha IOBLPXHOCTTa Ca HEUYBCTBUTEAHN CIPAMO M3MeHeHUsATa Ha (PU3MIecKUTe Xa-
pPaKkTepUCTUKI Ha 3eMsATa B 4bA0OUYNHA, e4HO ollpejeleHne, KOeTO MOXKe Ja ce CYMTa 3a
OOIIOIIpMeTO, HO B CBIIJOTO BpeMe e IIpekaaeHo oomjo. Edwards (1977) sbeexxaa TepmuHa
cpedHa AbAOOYMHA Ha IPOyYBaHe, KaTo U3BeXKAa AbAOOYMHHOCTTa KaTO (PYHKITN Ha BUAA
U pa3Mepa Ha 13I0A3BaHaTa eAeKTpoAHa cxeMa. Brirpekn ye KaTo OCHOBa 3a HETOBUTE pa3-
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rae>xxAaHus e mpueTa XOpU30HTaAHO-CAONCTa Cpeja, CpedHaTa 4/bAO0OYIHa Ha IIpOydYBaHe e
MHOI0 yA00Ha 3a eAHa IIpeABapuTeAHa OlleHKa: 3a II0BeYeTo eAeKTPOAHN KOHPUTYpaLun
Ts e MexXAy 1/3 n 1/7 ot gbaxuHaTta Ha cxeMaTa. Pasraesxxaaiiku e4Ha o-oOIla CUTyaIus
Oldenburg u Li (Odenburg, Li 1999) ussexxaat Aba004nHaTa Ha Ipoy4dBaHe KaTo (PYHKIIU
Ha XapaKTepUCTUKIUTe Ha cpeJaTa, U3II0A3BaHaTa cXxeMa (CXeMM) U Ipelkara IIpu usmep-
BaHeTO. B Tazu Bpb3Ka, 3a 4a ce HalTpaBu e4Ha IIO-TOYHa IIpeJBapuTeAHa OlleHKa Ipu I10-
CAOXKHU YCAOBMS € YAauHO Aa Ce U3M0A3BaT MOAEAHV KOMITIOTbPHU U3YNCA€HNs, U3BeCTHI
B reopU3MIHATA AUTepaTypa KaTo pelllaBaHe Ha IIpaBaTta 3ajada Ha eAeKTPOIIPOyIBaHETO
(Loke 2010; Tonxos 2002). ITpu TsX mpeABapUTeAHO ce 3ajaBaT XapaKTepUCTUKITe Ha cpe-
AaTa U Ha IIpe/lloJaraeMiuTe re0A0Tn4ecku (B cAydasi, apXeoAOTMYecKn) CTPyKTypu U ce
M34MCASABAT OYaKBaHNUTE aHOMaAuM Ha NPUBUAHOTO CBIIPOTMBAEHNE 3a Pa3sANYHM €AeK-
TpoAHM KOoH(puryparum. Taka MoraT 4a ce 1mogdepar Te3y CXeMU KaToO BUA M pa3MepH,
KOMTO Ca Hal-IOAXOASAIIN 3a M3II0A3BaHe B KOHKPeTHUTe yCAOBU.

IV.3.1.1. Moaeanu m3caeaBaHMsI.

LleaTa Ha Te3ay M3UMCAeHNs € Aa ce HallpaBU OlleHKa 3a Bb3MOKHOCTUTEe Ha pa3And-
HIUTe eAeKTPOAHM KOH(PUIYpalluM 3a MOJeAN Ha HSAKOM OT Hall-aTpaKTMBHITE apXeo4o-
IMYecKy CTPYKTYpHM, KaTo TpOOHMIIN U 31AaHy TpoOose. B pesyarar TpsAOBa aa ce otaeasT
OHe3! CXeMIH, KaTo B/ U pa3dMepy, KOUTO O1xa 4aau Hail-A400pu pe3yaTaTu B KOHKPeTHH-
Te ycaosus. 3a 1eaTa ca usnoassanu nporpamute Res2dmod u Res3dmod na ¢pupmara
Geotomo Software, Maaaiisus, KoATO e BOJellla Ha CBeTOBHM: I1azap Ha IOAO0OHU ITPO-
rpaMHu npoAykTu. OyaksaHUTe IPOOHM KOHCTPYKIIUM ca YIIOA400eHM ¢ MOAeAN Ha TeOMeT-
puany Gpurypu ¢ npasuata popma.

A. Mogaea Ha BUCOKOCBIIPOTUBHUTEAEH 0A0K.

B HawaaoTo Os1xa HampaBeHM M3YMCAEHNS 3a BBb3MOXKHOCTUTE Ha BCUMUKM IIMPOKO
IpuJaraHu eAeKTpOAHM CXeMI C AByMepeH MOJeA Ha BUCOKOCBIIpOTUBUTeAeH 0A0K. Llea-
Ta 1M Oellle Aa ce OTAeAAT CXeMUTe, KOUTO JaBaT 400pU pe3yATaTi U Ja ce eAVMMHIpaT
Te3! C IO-A0IIN, 3a Aa He ce YCAOXKH:ABa paboTara 1 M3YNMCACHNATa C TPUMEPHN MOAeAN
Aa MpogbAXKaT caMo C Hal-TiogxoasammuTe. MogeaHuAT 040K e cbC cedyeHne 2x2 M, KaTo
TOPHUAT My Kpaii e Ha 1.5 M ot nopbpxHoctTa (mpma. IV.3.1.1.1). 3a cbrpornsaeHne Ha cpe-
Aata e npueta croiiHocrta 100 ohm. m, a Ha cerporusuTeanns 610k — 10000 ohm. m. Te
ca 130paHM Bb3 OCHOBa Ha JaHHUTE 3a HOpMaAHUTe CbIIPOTUBAEHNS Ha IIOBbPXHOCTHUTE
Hacaaru (II04Ba, rpaBeAy, TAMHM) 11 Ha MarMeHnTe U ceaguMeHTHU ckaau (IImniazos 1976,
18, Tabauna 2; Milsom 2003, 88, table 5.1), kouTo MoraT 4a cAy>kaT KaTo Marepuaa 3a W3-
rpa’kAaHeTo Ha TpOOHM KOHCTPYKIuy*. Te3u cTOTHOCTH ca B TOPHIUTE TPaHUIU Ha CBIIPO-
TUBAEHMATA Ha BapOBUIINTE U IISICBUHUIINTE, OT KOUTO Ca U3IpajeH! J4acT OT OTKPUTUTE
IpOOHMIIN U 31 AaHM TPOOOBE, HO ITPY IOA0KEeHMe, 4e Te3V KOHCTPYKIIUM B roAsIMa 4acT OT
cAydauTe He ca 3aIll'bAHEHM C IIP'BCT, Ca HAI'bAHO IIPUEMAMBIAL.

VsnoassaHuTe cXeMU 3a MOJAeAHNTE U3UMCAEHI: ca AByeaeKTpoaHa (pole-pole), Be-
Hep (Wenner), Illaom6epsxe (Schlumberger), aunoana (dipole-dipole) u TpueaexrposHa
(pole-dipole) mpu pascTosHMeTO MEXKAY eaeKTpoauTe 1 M 1 cThIIKa Ha n3aMepsaHe — 1 M. 3a

BCsIKa OT CXeMUTE Ca M3I0A3BaHM MUHUMYM JAeceT AbAXUHY, T. e. oT n=1 g0 n=10.

26 Jocera He ca IlpaBeHN M3MepBaHIs Ha eAeKTPUIEeCKOTO ChIIPOTHUBAEHNE Ha CKaAHITe MaTepuaan,
OT KOUTO Ca U3rpajeHU OTKPUTHUTe TPOOHUIIN U 3MAAHM I'pODOBe, KOeTo 611 0110 OAXOAAIIO 3a e4HO ObAeIo
n3caeBaHe.
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PesyaTtatute OT MOA€AHNTE U3YNCAEHNS Ca IIpeacTaBeHn Ha npuaoxkenue V.1.1.2. 3a
pasAMYHUTE eAeKTPOAHU CXeMU MaKCUMaAHUTe OTKAOHeHMs OT (pOHOBUTE CTOMHOCTU ca
KaKTO CAeaBa:

Aumnoana — 94-133 ohm. m

Tpueaexrpoana — 97-141 ohm. m

Iarombepsxe — 100-136 ohm. m

AsyeaextpoaHa — 94-117 ohm. m

Benep — 100-116 ohm. m

Ouesngno, Haii-caaba aHOMaAMs ce II0Ay4daBa IIpU M3MepBaHUATa C AByeAeKTpOAHa
cxeMa 1 cxeMa Benep. MakcnmaaHuTe OTKAOHEHMs ca CbOTBeTHO 17 1 16% cripsamo gpoHo-
BIUTE, KOETO B peaaH! yCAOBUs O3HayaBa, 4e ca B IpaHMIINTe Ha eCTeCTBeHUTe CMYIIeHNs.
OueBnaHO Te3u cxeMu He ca II0AXOAAIIN 3a [leAuTe Ha HallluTe U3CAeABaHus U 3aTOBa IIPpU
IIOHATaTBIITHUTe MOJAEAHU IIpecMATaHNs Te HsAMa ObaaT pasraexganu. MakcumaaHuTe
aHOMaANU IIPY OCTaHaANUTe TpU cxemu ca cxoAHu. I1pu annoanarta — anomaansTa e 33%
ot ¢ona, mpu Illarombep:ke — 36% u nipu TpueaexTpogHara — 41%. Tpsa6sa, Aa ce oTOee-
K11, oDade, ye MaKcMaAHaTa aHOMaANs IIpU AUIIOAHaTa cXema ce perucrpupa mnpu n=>5,
aokarto npu llaromOepske 1 TpueaekTrpogHaTa — ToBa ce cayusa npu n=10. 3aTroBa Haii-
A0Ope e cxeMHTe ja ce CpaBHAT TOYHO IIpM Ta3u cToiHocT Ha n. [Tpu n=5 anomaansTa Ha
TpueAeKTpoaHaTa cxema e 32%, a Ha IllaromOep:ke e 25%. OueBUAHO e, 4e TpUTe CXeMU
uMaT OAM3KM ITOKasaTeAl, KaTo AUII0AHaTa U TpueAeKTpoAHaTa gasaT C ,,eaHa uaes” Io-
A00pU pe3yATaTH.

3a ga ce moAyuM MOTBbP>KAEHME Ha IIOCTUTHATUTe pe3yATaT! € U3BbPIIeHO MHBep-
CHOHHO MoJeAupaHe (pelllaBaHe Ha oOpaTHa 3aJaya) 3a BCMYKI M3M0A3BaHN eAeKTPOAHA
koHurypanum. 3a 1ieata e usroassana nporpamara Res2dinv na Geotomo Software. V1n-
BePCHOHHNTE MOJeAN ca npeacrasenn Ha npuaoxxenue 1V.3.1.1.3. Te norsbpixgasaT Beue
HanpaseHuTe nssoau. Hait-400bp e MOAeAbT HallpaBeH 10 pe3yATaTuTe II0Ay4eH!U 3a AU-
II0AHaTa CXeMa, cAe/, ToBa ce HapeXJaT TpueaeKkrpoaHara u cxemara Illaombep:ke. Haii-
AOIIN Ca pe3yATaTUTe II0Ay4eHM mo cxemara Bewep. Eaun gombanutesen m3Bog, KOWMTO
MOXKe Ja ce HallpaBy, e, 4e 3ajajeHara AbA0O4YMHa e B OOIIM AMHMM MaKCuMMaaHaTa, Ha
KOSITO MOXKe e/HO3HauHO 4a ObAe perucTpupan oO0eKT ¢ u30paHuUTe 3a MoJeda pasMepu 1
CBIIPOTUBAEHMSI.

3a aga ObaaT OlleHeH! IO-pealHo pe3yATaTuTe e pasraejaH M cAydall CbC 3alajeHa
rpelika B u3aMepBanuATa. Pakropure BAUSCIIN BbPXY TPEIIKUTe B M3MepBaHUATA ca Hsl-
KOAKO:

- TPeIIKM B pa3CTOAHMETO MeXXAY eAeKTPOAUTe, KOeTO He ChOTBeTCTBA Ha 3aA05KeHs
reoMeTpudeH pakTOp Ha cxemara.

- Tpelllka B M3MepBaHeTO Ha MOTeHIadHaTa pa3danka Mexay eaekrpoante M u N.
Makap cpBpeMeHHNTe IN(PPOBU YpeAn Aa IpeaaaraT BUCOKa IPeIM3HOCT Ha 3MepBaHe,
Ta3! Ipelllka He MOXKe ga ObJe IpeHeOpersaHa.

- Ipellika IIpoM3THYalla OT pa3AnMyHaTa 4bA0OUYMHa Ha 3a0MBaHe Ha eAeKTpoJuTe.
Bcrukm Mogean B e 1eKTpOChIIPOTUBUTEAHUTE IIPOYYBAHNS Ca pa3dyeTeH! 3a TOYKOBH, a He
AVHelHU eaekTpoau. Ta3u rpeika He ce OTYMTa IPU Ie0A0XKKUTe IIPOyIBaHNs, 3all0TO e
IpeHeOpeXMO MaaKa IIpY U3II0A3BaHNUTe IIPU TAX AbATU eAeKTpoAHu cxemu. IIpu apxe-
0/A0TMYecKUTe MpoyyuBaHus obaye, TS e HalTbAHO peadHa U BbIIPeK) Ye M34MCASIBaHeTO i
e eaemenTtapHo (Eintkun 1961, 114) e TpyaHo Aa ObAe npegBapuTeAHO OLleHeHa B pealAHN
YCAOBUAL.

- TpelllKa OT yCAOBUATa Ha 3a3eMsBaHe Ha eaeKTpoauTe. Ta3u rperika Haii-uyecto ce
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IIpOsIBsIBa B YCAOBHUATa Ha AOIII TaABaHIYEH KOHTAKT Ha eAeKTPOANTe B YCAOBIATa HA MHOTO
cyxa 1 poxka OBBbPXHOCT.

- TpeIlIKM OT HaAM4MeTO Ha eAeKTPOMarHuTHY cMylleHns:. Makap, ye cbBpeMeHHNTe
ypeAu uMmaT PUATPpHU 3a IIOTUCKaHe Ha Te3V CMYIIeHNs, TAXHOTO BAMAHIE MOXKe Aa ce IIPo-
sIBY, 0COOEHO ITPU M3II0A3BaHeTO Ha AbATY KabeAl 3a 3aXpaHBaHe Ha OTAale4eHN eAeKTpo-
AU, KaKbBTO € cAy4JasT c TpueaekTpodHarta cxeMa (Dahlin et all. 2003 71).

- TpsiOBa ga mpuOaBUM U HaAMIMETO Ha HeeJHOPOAHOCTU B IOBBPXHOCTHMS CAOM
Ha MOTMAHMA HacMUII, KOUTO MOTaT Ja AOBejaT A0 CePUO3HU OTKAOHEHM:S B M3MEPEHOTO
CBIIPOTUB/AEHNE IIPU BCUYKI U3II0A3BaHM CXeMM, KaTO eAeKTpoaHa KOHPUTYpaus U pas-
Mepu (Dahlin et all. 2003, 59).

B kpaiina cMeTka, rpemkara B M3MepBaHeTO IpOM3THYaIla OT BCUYKU U3OPOEHM
daxTOpN I11e e MpaBoIPOIIOPIIMOHAaAHa Ha TeOMeTPpUYHIS KoepuUIIMeHT Ha cxemaTa. KaTto
ce nMma npeasug, de 3a IllaomOepske KoepuIMeHTHT Ha cxeMara e k=m.n.(n+l).a, 3a Tpu-
eleKTpoJHa e k=2.r.n.(n+l).a, a 3a gunoaHara — k=m.n.(n+1).(n+2).a, mpocTUTe N3UNCASHN
IIOKa3BaT, 4e IpelllkaTa B Mi3MepBaHNsATa IIPU e4HN U ChIIIM YCAOBMS IIPU TpUeAeKTpogHaTa
cxeMma IIle e IIOHe ABa IIbTHU IT0-ToAsAMa OT Ta3y 3a cxeMa [llaiombBepske. 3a Auroana cxeMma
Ta3yl TPeIlKa IIe HapacTsa Ollle IT0-Obp30 — IMPaBOIIPOIOPIINIOHAAHO Ha dpakTopa (n+2) Ha
cxemara.

ETo 3a1mo npu mMmUTHpaHeTO Ha pealHM pe3yATaTyl € BHeceHa pa3ANyHa Ipellika 3a
pasamunuTe cxemu: 3a cxemara Illaombepsxe — 3%, 3a TpuesekrpogHa cxema — 5% u 3a
auroana cxema — 10%.

PesyaTtaTute OT MHBEPCHMOHHOTO MOJeAlpaHe ca IpeAcCTaBeHU Ha IIPUAOXKeHIe
IV.3.1.1.4. IlpaBu BrIe4aTA€HMe, 4e IIpU MHBEPCUOHHIS MOJeA 3a AUMIIOAHATa CXema € I10-
CTUTHaTa MMHIMaAHa CpejHOKBagpaTuyHa rpemika ot 10%, sa TpueaekTpoanara — 6% u 3a
cxemata llaromGep:ke — maako Hag 3%. OcBeH TOBa IIpM AMIIOAHATa CxeMa ca ce ,II0SIBU-
An” HAKOAKO HeChIIIeCTBYBalIllyl aHOMaANY, YMATO aMIIANTYAa € ChbU3MepuMa C Ta3y OT MO-
AeaHata cTpyKrypa. IIpu Tpuesekrpognara cxema nmame ,,(pUKTUBHA” aHOMAAMS, HO T4 €
C aMIIAUTYyAa ABOVIHO IIO-HMCKa OT Ta3M IIpeAu3BUKaHa OT ModeaHus o0ekT. [Ipu cxemara
[IaromOep:ke TakBa PUKTUBHI aHOMaAUN AUIICBAT.

b. Moaea Ha rpoOHMIIA.

ITpu To31 MOgeA edHa KaMeHHa TPOOHMIIA € OINCaHa KaTo paBObIbAHA YeTUPUb-
rbAHa IPU3Ma C pasMepu AbAKMHa 5 M, mmpuHa 3 M 1 Bucounta 3 M. Te ca n3dpaHu Bb3
OCHOBa Ha AaHHMNTe OT Taban1iata (Taba. IV.3.1.1.1) 3a pasmepure Ha HAKOU OT U3BECTHUTE
HY rpoOHuIM. T'BiT KaTo 3a LleauTe Ha MOAeAHUTe U3UNCAeHN BbTPeIIHNTe pasMepu Ha
I'pOOHUIINTE, KOUTO YeCcTO Ce AaBaT B apXeoAOormdeckuTe IyOAMKaluM, HAMAT 3HauyeHue,
KbM TsX e IpubaBeHa JeOeanHaTa Ha 0A0KOBeTe, OT KOUTO Te ca U3IpajeH!, AOKOAKOTO
nMa nHpopManus 3a ToBa. TabanraTa HiAMa IIpeTEeHIINN 3a U3UepIIaTeAHOCT, a II0-CKOPO
1Ma 3a I1ea Aa ce IoAydart eAHU yCpeAHeHM JaHHM, KOUTO Aa ObaaT 3agajeHM Ha MoJea.
Mmoro oT oTKpuTHTe TPOOHMIIN Ca C KPBIAU KaMepH, Taka 4e pa3MepuTe UM ca ycpesHe-
HI KbM Te3! Ha IIpaBliAHa IpaBObrbaHa IpuaMa. Apyru rpodHuIy, Kato Te3n ot I'mHuna
mornaa npu Csemapy, Yetnnbrosa Mmornaa npu Crapocea mam B Moruaarta npu I'aroso,
ITortoscko, ca cbC CAOXKEH IaH U ca IIpUeTH KaTo U3KAIOUeHMs, 3aToBa He purypupar B
Tabaunara. 3a HAKOM OT TPOOHMIIUTE, KaTO Tasu ot Snkoso, Illymencko, nma nmpoTuso-
peune MeXAy OIMCaHNUTe BbTPeIlIHN pa3Mepu U JajeHNTe Ha I1lAaHa, 3aTOBa CBIIIO He ca
BKAIO4eHN. He ca B3eTu mpeasna rpoOHUITATE C ABATU KOPUAOPH, KaTo Te3u npu Mesex
nau l'oasimata Kocmarka, 3a1moTo Te ca 11o-cKopo U3KAIYeHNe, OTKOAKOTO Hpasnao. Aba-
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OounHaTa Ha TOpHIs Kpall Ha MOJeAHaTa IIpu3Ma OT HOBbPXHOCTTa e 3ajajdeHa Ha 1, 2, 3, 4
n 5 M (mpua. IV.3.1.1.5). VMianoassaHute chbIIpOTUBAEHNS 38 MOA€eAa Ha IpOOHNUIIaTa U BMeC-
TBaIllaTa CcpeJja ca CBIIUTe, KaKTO IIPU pPasraesKAaHIs II0-Tope ChIIPOTUBNUTEAEH OAOK.

ObIDKMHA | LWIMpWHA |BUCOYMHA
Moruna (m) (m) (m)
1|Pyeu 3.75 2.75 2.25
2| Crapocernka 4.20 3.00 2.25
3|Akvmnnap, BapHa 4.25 3.50 3.15
4|Ewn-Ttene, BapHa 5.50 2.75 3.00
5| dvkncaH, Jlosey 5.10 4.50 2.20
6|PyeH 3.00 2.50 1.60
7| rapa Punmnoso 4.70 2.25 2.75
8|BeTtpeH 5.00 3.30 3.60
9|KasaHnbk 5.70 3.40 3.40
10| Mesek 8.40 3.60 3.60
11{JlozeHrpagcko 5.50 3.40 3.30
12[Crapo HoBo ceno (Ctapocen) 6.60 4.00 2.40
13[TatapeBo 6.40 4.00 4.00
14[Paknuua 5.80 4.20 3.60
15[Cselapu 13 5.00 3.00 3.00
16[ApceHanka 5.50 3.30 3.20
17["pnudboHnTe 6.40 3.50 3.90
18 XenBeLusi 4.70 2.60 4.00
19[CapadioBa 4.70 1.60 2.00
20| CawioBa 4.50 4.50 2.70
21| Lyimanedl 7.00 4.00 3.40
22| CnaB4yoBa 6.00 3.80 3.30
23| MomMuHa moruna 6.00 3.00 3.00
123.70 76.45 69.60
cpbegHo 5.38 3.32 3.03

Taba. 1V.3.1.1.1. Pasmepu na nsxou mpaxuticku zpodnutiu (no Beneduwos, I'epacumos 1974;
Kumos 2005a; Pycesa 2000; Pycesa 2002; Torixosa, Mearos 2011 u dp).

PesyaTtaTuTe OT MOACAHUTE U3UMCACHNS Ca IpeAcTaBeHN Ha npuaoxkenue 1V.3.1.1.6.

3a pasAnvYHNTE €AEKTPOAHN CXeMI MaKCIMaAHUTE OTKAOHEHI OT Cl)OHOBI/ITe CTOMHOCTU
Ca KaKToO caeaBa:

IIpu pascrossHMe OT HOBBPXHOCTTa OT 1 M:
AunoaHa cxema — 240 ohm. m nipu n=4

Tpueaexrpoana cxema — 198 ohm. m mpu n=3
HIarombepsxe — 150 ohm. m mpu n=3

OueBnaHO, Hall-400pM pe3yATaTi AaBa AUIOAHATa, HO U APYIUTE ABe CXeMU peruc-
TpUpaT rpoOHNUIIaTa C AOCTaTHYHO OTYETAMBA aHOMAaANs.

IIpu pascrosHMe OT HOBBPXHOCTTA OT 2 M:
Aumnoana cxema — 128 ohm. m npu n=7
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Tpueasexrpogna cxema — 133 ohm. m nipm n=4

HIarombepsxe — 116 ohm. m mpu n=4

Maxkcnmaanata aHoMaAus OpuU AUIIOAHATa U TpUeAeKTpoAHaTa cxeMa ca OAM3KIUL.
Anomaansra npu cxema [llaromOepske e MouTH HaIIOAOBMHA II0-HIUCKA I € OT IIOPsigbKa Ha
©CTeCTBEHNUTEe CMYILICHAS.

ITpu pascrosiHMe OT MOBLPXHOCTTA OT 3 M:

Aumnoana cxema — 118 ohm. m npu n=7

Tpueaexrpoana cxema — 115 ohm. m ripu n=6

[TaromOepsxe — 108 ohm. m nipu n=12

OtHOBO AMIIO0AHATa cxeMa JaBa Hail-400pu pe3yATaTy, HO U 3a TpUTe eAeKTPOAHU
KOH(}UIypalny oyakBaHaTa aHOMaAVl € B paMKITe Ha eCTeCTBeHUTe CMYyIIeHsl. ToBa 03-
HayaBa, ye Ha TakaBa 4b1004lHa MOJeAHaTa I'pOOHMIIa MOXe Ja ce perncTpupa caMmo Ipu
UAeaAHN yCAOBU:, KAaKBUTO B IIpUpoJaTa ca U3KAIOUUTeAHa PAAKOCT.

Bb3 ocHOBa Ha HampaBeHNTe ITO-TOpe HaDAIOAEHIsI MOXKe Ja ce HallpaBU M3BOJa, ue
MaKcMMaaHaTa AbA0OUYMHA, Ha KOATO eAHO3HAaYHO MOXKe Ja ce perucTpupa rpoOHUIIA CbC
3ajajeHuTe mapaMeTpu e 2-2.5 M oT nopbpxHocTTa. Hait-100pu pesyaratn gasa gunoaHa-
Ta cxema, caeasaHa oT TpueaekTpoaHara u [IlaromGepke. [Ipu ToBa 3a perucrpupasneTo Ha
MakcHMaJAHa aHOMaAls B peadH! yCAOBMs HAMa Hy>KJa Ja ce M3I0A3BaT CXeMIU HO-AbATU
oT n=6 3a Tpueaekrpoana u IlllalomOep>ke u n=7 3a AUNI0AHaTa.

Ot noayuenute pesyataTu OT MOAEAHUTE U3UMCACHNS € U3BbPIIEHO MHBEPCUOHHO
MoJeAupaHe 110 IIpodpuan IIpe3 cpejarta Ha 3agadeHute rpooHunn. Twit KaTo ToBa e ABy-
MEepHO MOJeAlpaHe Ha pe3yATaTi OT IIpOoyYBaHe Ha TPUMMEePHU CTPYKTYPHU, € KOPeKTHO Ja
ce obosHaun KaTto 2.5D uHBepcroHHO MogeanpaHe.

Pesyaratu ca npeacrasenn Ha npuaoxenns IV.3.1.1.7-1V.3.1.1.9

IIpu pascrosiHMe OT HOBBLPXHOCTTa OT 1 M MaKCHMMa/AHNUTEe aHOMAaANN ca KaKTO CAea-
Ba:

Aurtoana cxema — auarmason 70-500 ohm. m.

Tpueaexrpoana cxema — 72-390 ohm. m

HIarombepsxe — 78-380 ohm. m

JurioAHaTa cxeMa gaBa OTUYETANUBO MO-A00pU pe3yATaTi OT OCTaHaAUTe ABe. AHOMa-
AVIIITE 3a TpUeAeKTpoAHaTa cxeMa 1 cxeMara Illaombepske ca ¢ TOUTH eJHAKBB MHTEH3U-
TeT.

IIpu pascrosiHMe OT HOBBLPXHOCTTa OT 2 M MaKCMMaAHNTe aHOMaANH ca KaKTo cAea-
Ba:

Aunoana cxeMma — gnarason 84-244 ohm. m

Tpueaexrpoana cxema — guarnasoH 93-363 ohm. m

[MTaombepxe — gnanaszoH 92-306 ohm. m

Haii-4006pu pesyatatu 3a TpueaeKTpoAHaTa, Hall-cAa0M 3a AUIIOAHATA Y MeXKAVHHA
3a lllarombepeske

HpI/I pascrosinne OT IIOBbPXHOCTTa OT 3 M MakKcMMaAHUTE aHOMAAUU Cca KaKTO caea-
Ba:
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Aurioana cxema — gmnara3os 89-166 ohm. m
Tpueaexrpoana cxema — 86-169 ohm. m
HIarombepsxe — 91-145 ohm. m

PesyaTaTtuTe 1 3a TpUTe CXeMU ca ITOUYTY UAEHTUIHIL.

b.1. Moaea Ha peaana rpoOHuita ot Tnmna Ha I'oasima Apcenaaka c ¢acaga,
npeasepue u rpoOHa Kamepa.

3a ga Morar 3akAIOueHMsATa OT MOJeAHUTe M3CAeABaHNs Ja ca Hall-IIbAHOIIEHHHU e
pasraejaH U eAUH MOJAeA Bb3MOXKHO Hall-OAM3BK A0 TO3M Ha pealHo ChIIlecTByBallia rpoo-
Hu1a. Toll e HalIpaBeH M0 I11aHa Ha TpoOHMIIaTa pa3KpuTa B Moruaara I'oasama ApceHaaka
ot Hekponoaa Ha nipu unka (mpua. IV.3.1.1.10). 3agasenara 4bAX1Ha Ha MoJeaa e 8 M.
Cncron ce oT dpacaga, mpeaasepue (mpearpoOHa Kamepa) 1 rpoOHa KaMmepa.

®dacagara e ¢ AbakuHa 4 M, Bucodnta 2.5 M 1 aedbeanta 1 m

IIpeaasepue (mpearpoOHa KaMepa) — AbAXKMHaA 4.5 M, IIUpMHa 2 M U BUCOYMHA 2 M

I'poGHa kamepa ¢ Kpbrba I14aH U KOLIEPOBUAEH KYIIOA — AuaMeThp 3.5 M, BUCOYMHa

PacagaTa ce Hamupa Ha 0.7 M OT IIOBBPXHOCTTA, a BLPXbT Ha Kynoaa —Ha 1.8 m.

dacagara Ha rpoOHHUIIaTa ce Hamupa Ha 11 M ot nepudepusTa Ha MOrAaTa, a HaKA0-
HBT Ha CKAOHa e 22°.

IIpu MogeaHUTe M3UMCAHNS Ca pasraeaHn ABa cAydas: C HaAAbXHN ITpopuan (Cb-
OTBETCTBAIM Ha paJMalHa u3MepBaTeaHa Mpexka, npua. npua. IV.3.1.1.11) n nanpeunn
(xpprosa mpexa, npua. IV.3.1.1.12). Karo 111110 Hal-Bucokara aHoMaAnsl, IpeAn3BIKaHa
OT rpoOHHUIIaTa Ce perucTpupa Cc AUIoAHaTa cxema. Jdpyrure e cxeMu AaBaT O0AU3KU pe-
syataty, Kato Te3u 3a [llaromGep:ke ca mHoro no-scHu. [Ipasu srieyaraeHne 400poTo pe-
rucTpupase Ha ¢pacajaTa Ha TpoOHMIIATa, KATO CTOMTHOCTUTE ca IIOUTU e AHaKBI 1 3a TPUTe
eAeKTpoAHM KoHpurypaunmn. MakcuMyMbT Ha aHOMaAnATa OT OCTaHaJAaTa 4acT Ha Ipoo-
HUIlaTa (OCHOBHO rpoOHaTa KaMepa) e € ITO-HIChK MHTeH3UTET U € M3MeCTeH Ha 0K040 2-3 M
npeau Bbpxa i1. IIpaBu BrieyaTaeHne, ye KaTo 15110 IpOOHNUIIATa Ce PeTUCTpupa mo-400pe
¢ paguaanute npoduan. Ilpu Tax ¢ MHOTO MHTEeH3MBHA aHOMaAus ce 0TAeas ¢acalara,
KOATO e Hal-01130 40 MOBBPXHOCTTA, I € MaJAKO I0-cAaba — Kamepara. I1pu HanpeunuTe
npoduAay aHOMaAmATa e 10-cAaba, KaTo TPyAHO ce 0T4eAst pacagaTa OT KaMmepaTa. B Haii-
roAsiMa CTeIleH TOBa Baki 3a cxemara lllaromOep:ke.

3a ga HalpaBMUM AOITbAHNUTEAHA OlleHKa Ha IIOAyJYeHUTe pe3yATaTu (ChIO Bb3MOX-
HO Hail-0A130 A0 pealHUTe YCAOBU:A) € U3BbplIeHo 2.5D MHBepCHMOHHO MoJAeAupaHe 110
HaAA'bKeH Ipodua Ipes cpejara Ha TpooHuIIaTa (1Ip. 18) ¢ oTynTaHe Ha BAMSAHUETO Ha pe-
2eda Ha Mornaara. Te ca npeacrasenn Ha npuaoxenns 1V.3.1.1.13. Pesyaratute ca cpas-
HUTEAHO 0AM3KM, HO OTHOBO Hali-400pu ca Te3au NOCTUTHATU C AUIIOAHA CXeMa, CAeABaHU
oT TpueaekTpoaHara u [laombepsxe. MHOTO 200pe ce otgeas dacajaTa Ha rpoOHUIIATA
I AOCTa 110-cAa00 KaMeparTa, HO KaTo 11410 ce BUXKAA, 4e € perucTpupan 00eKT ¢ AbAXKIHA
0K040 8 M M MaKCMMaJHa BUCOYMHA OKOAO 3 M. Karo 1151410 pe3yATarbT OT e4HU TaKuBa
IIpOy4YBaHIs MOXe 4a Obae OlleHeH KaTO MHOIO 400bp.

B. Mogaea Ha 3uaaH rpo0 He3aIrbAHEH, AV CaMO 4aCTUYHO 3aIIbAHEH, C IIP'bCT.
MoaeasT e mpaBobrbaHa IIpU3Ma € AbAXKINHA 3 M, IIMpuUHaA 2 M 1 BucodnHa 1.5 m.
Pasmepure ca n3dpanmu Bb3 OCHOBA Ha gaHHMUTe B TabamiiaTa 1o goay (npma. 1V.3.1.1.2).
Tpsabsa aa ce otOeaexu, ye B TabanIlaTa He ca B3eTU pasMepuTe Ha rpoOoBeTe, KOUTO ca
Aazenu B ryOankarnunre uM. OOMKHOBEHO TOBa Ca BbTPEIIHUTE padMepy, KOUTO HAMaT OT-
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HOIIleHMe KbM TeopusnuHus Mogea. Taka ye B TabanijaTa KbM ITbpBOHadaAHNUTE Pa3Mepu
e npubaBeHa JebeanHara Ha 610KOBeTe, OT KOUTO ca U3rpageHu rpodosere. Jba0ounHaTa
Ha TOpHM: Kpall Ha MoJeAa OT IIOBbPXHOCTTa e npuera 3a 1.5 M. V3noassanure cblpoTu-
B/AEHIs 3a MOJeAa Ha 34aHus Ipo0 1 BMecTBalljaTa cpeja ca ChIIuTe, KaKTO IIPY pas3raex-
AaHus Mo-Tope ChbIIpoTuBUTEeAeH 040K (mpna. IV.3.1.1.14).

Moruna OBbIDKMHA | LWUMPUHA | BUCO4YMHA

(m) (m) (m)
KykyBa ([lyBaHnmn) 2.35 1.25 1.40
Bawosa ([yBannu) 3.00 1.80 1.10
longmata (JyBaHnu) 3.90 2.07 1.10
JlosapckaTta (OyBannu) 2.16 0.90 1.20
Obnooku 2.35 1.60 1.50
MNenyoBa moruna (Crtapocen) 3.00 2.10 1.60
Ceetuua (Llnnka) 3.16 1.75 1.55
Moruna 1 (MepHo3em) 3.00 2.00 1.70
Moruna 3 (YepHosem) 3.55 2.75 1.75
c. YepHuueBo 2.50 1.80 1.50
28.97 18.02 14.40
cpenHo 2.90 1.80 1.44

Taoa. 1V.3.1.1.2. Pasmepu na nsaxou mpaxuticku sudanu zpodose (Beneduios, Iepacumos
1974; Kucvos 2005; Kumos 2001; Kumos 20056; Pycesa 2002; Duros 1934).

PesyaTtaTuTe OT MOA€AHUTE M3YNCACHN ca IpeAcTaBeHy Ha Tpuaoxkennsa 1V.3.1.1.15,
IV.3.1.1.16.

MakcumaaHuTe aHOMaAHM CTOHOCTH ca KaKTO cAeaBa:

Aumnozana cxema — 97-126 ohm. m ipu n=3

Tpueaexrpoana cxema — 97-119 ohm. m npu n=3

ITaromOepske — 100-112 ohm. m mpu n=3

Hai1-400pu ca pesyartatute c AuIl0AHaTa cxeMa, cAeABaHM OT TpUeAeKTpoAHaTa U
[Iarombepeske. VM mpu Tpute cxeMu MakcuMaAHaTa aHoMaAus ce moaydasa mpu n=3. [1pe-
MMYIIIeCTBOTO Ha AMIIOAHATa cxeMa ce IIOTBbp>KAaBa U OT AByMEePHOTO ¥ TPUMMEPHOTO MH-
BepCHOHHO Mogeanpane (mpua. IV.3.1.1.17,1V.13.1.18). Ouesngen e ¢pakrsT, ye 1.5 M (paBHa
Ha 3aJaJeHara BIICOYMHA Ha MoJeJa) e MaKCMMaAHaTa AbA004YMHa, 40 KOSATO MOXKe Ja ce
peructpupa rpob ¢ mo400HN pa3MepH, a 3a 3aCMYaHeTO MY He e HY>KHO Ja ce I10A3BaT cXe-
MM C ABAKVHU IIO-TOAeMM OT Nn=3+4 (mpu a=1 m).

I'. Moaea Ha 111CTOB IpOO.

Moaeanute uscaeaBaHns 3a ThpceHe Ha TaKbB TUII apXeOAOTUMYeCK! CTPYKTypHU ca
pasraejaHu IOApOOHO BBB BPb3Ka C IIPOyYBaHMATa Ha TpaKuiickus odekt mpu c. Kompn-
BaeH (Tonkov 2002). MogeasT e Ha rpo0 3amrbAHEH ¢ IPBCT ¢ pasmepu 2.25x1.25x0.5 M,
npu gedeArHa Ha IIAOYNTE OT KOHCTPYyKUMATa — 8 cM. B pesdyarar Ha uzuncaeHusATa e yc-
TaHOBEHO, Ye TaKbB I'p0oO MMa BepOsATHOCT Aa Obje perucrpupas Ha AbabounHa A0 40-50
CM, KaTO ce IpelopbyBa U3II0A3BaHe Ha AUIIO/AHA CXeMa C pa3CTOSIHIS MeXAY ABOVIKUTE
3axpaHBaIiu 1 npueMHn eaekrpoau — AB=MN=a ot 0.5 M, mexxay gunoaure — 3.a (n=3),
MeXAy u3MepBaTeAHnTe rpoduan — 1 M u crbika Ha usmepsase 0.5 M. OueBuAHO TakaBa
rbCTa Mpe’ka Ha 3MepBaHe O yCAOXKHIAA U3KAIOUUTEeAHO MHOTO IIPOy4YBaHeTO Ha eJHa
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Moruaa. VsnoassaneTo i1 61 61410 oIlpaBgaHO caMO IIPpU IIPOYyYBaHETO Ha MaAKM MOTHUAM,
B KOUTO Ce O4aKBaT BTOPMYHM I'poOoOBe (T. . Ha MaaKa AbA0O4YMHA) OT TO3M TUII. 3aToBa
IIpY HOpMaAHUTe peJoBU U3MepBaHIs 01 61140 MOAXOASIIO U3II0A3BAaHETO Ha CXeMU (41-
1oaHa, TpueaekTpogna uan Ilaombepske) ¢ a=1 M u n=1.

N3BoAM 3a BB3MOXKHOCTHUTE Ha pa3ANMIHITE CXEMIL.

Ot 20KaaaBaHUTE HO-TOPE AaHHU Ce BIKAQ, UYe KaTo 11510 IIPY MOYTU BCUYKIU MOAeA-
HI M3CAeABaHUs AMIIOAHATa cxeMa II0Ka3Ba Hail-400pu pe3yATaTH, cAeABaHa OT TpueAeK-
TpoaHarta u [llaombGep>ke 1 3aToBa IpU HOpMaAHM OOCTOsITeACTBa Ou TpsAOBaao aa Obae
npeanoderera. IIpn n3dopa Ha HaucTMHa Hall-lIogxoAsllaTa B peaAH!U yCAOBUs, oDaue,
TpsAOBa 4a ce B3eMaT I10J4 BHUMaHIUe U APYIU IIOKa3aTeAu 3a OTAEAHUTE CXeMU, KOUTO ca
omnmcaHu ro-rope s raasa II. 2. Pazdupa ce, oT mbpBocTelleHHa BaXKHOCT € ChbOoOpas3sBaHeTo
C KOHKpeTHHUTe yCAOBMsA Ha TepeHa. IIpy MaakuTe MOrmuam ¢ BUCOYMHA 40 OKOAO 2 M CbC
3eM/eH! HacUIIM Hall-yAa4HoO € M3I0A3BaHeTO Ha AMIIOAHa cXeMa, KbAeTO He Cce M3VCKBa
roasiMa AbA0OUMHHOCT, a B CHIIJOTO BpeMe Hail-yCIIeIlIHO MoTaT Aa ObJaT perucTpupaHn
3UAaHM AU ITUCTOBU IpoOoBe. B yca0B1: Ha HEBE3MOXKHOCT 3a OChIIleCTBsIBaHe Ha 400bp
ra/BaHN4eH KOHTaKT Ha €AeKTPOANTE AV HaA4die Ha IIOBbPXHOCTHU CMYTUTEAN (KaKBUTO
4ecTo ce cpemar Ipyu MOTUAN B IIAQHMHCKUTE U IIPeAILAaHMHCKY palioHN, HaTPyIlaHu OT
CKaAHU MaTepuaAl A YaKbAN) B M3MepBaHUATa C AUII0AHaTa CXeMa € Bb3MOXKHO Aa Obae
BHECeHa 3HauMTeAHa rpelika. B Takbs caydailr MOXe ga ce IpeArniodyere TpueaeKTpogHara
cxema man cxeMa IllaromGep:ke. Hail-aexkn 3a KauecTBeHa MHTepIIpeTalls IpU KapTupa-
HeTO Ha MOTIMANTe ca M3MepsaHmsTa cbc cxeMa [llaombepske. 3a pasanka OT Hesl, TpU-
e4eKTpoJHaTa e acuMeTpu4YHa U 4aBa M3MecTBaHe Ha aHOMaAlsATa Ha ChbIIPOTUBAEHIETO,
a AUII0/AHaTa MOXe Ja 4aje Jdake ABOVIHM aHOMaAuM, KOeTO B yCAOBUATa HA HEXOMOTeHHI
MOTMAHJ HaCUIM MOXKe 3HAaUMTeAHO Aa yCAOXKHU KadecTBeHaTa MHTepIIpeTanus Ha Aa-
HHITE OT CBIIPOTUBUTEAHOTO KapTupaHe. OcBeH TOBa, IIpMAaraHeTo Ha TpUeAeKTpoAHaTa
cxema e A0 roasiMa CTelleH AUMUTHPaHO OT Hy>KJaTa OT M3I0A3BaHe Ha OTJaledeH eAeK-
Tpoa. Taka, 4e B HsAKoM caydan cxemara IllaiomOep:ke MOXKe Ja ce OKake eAMHCTBeHaTa
aATepHaTNBa.

Ot MogeaHHUTe U3CAeABaHNUS Ce BIDKAA, Ye HAMa Hy>KJAa OT M3I10A3BaHeTO Ha AbATU
cxeMH ¢ reoMeTpudeH gakTop n Hag 6-7. B mpeobaasaBaiiaTa yacT OT cAy4JauTte e 40OCTa-
TBUHO N Ja e B paMkute Ha 1-6. ITpu kapTuparinure nsmepsanus e 400pe da ce nzdepar
HAKO/KO pa3Mepa KaTo n ga e pasHO Ha 1, 3-4 u 5 nan 6. Ilpu gpa0ounuHUTE TpOodUAN
TpsAOBa Aa ce M310A3BaT pasMepu ¢ n 40 10 u moseve. I1pyu MHOTO ABATUTE ,,@” TpsAOBaA 42
cTaHe 2 M, KaTO He ce Hazara ga e o-ToAsIMO.

IV.3.1.2. Mpe>xa Ha nsmepBaHe.

IIpaBobroaHa (kBagpaTHa) MpeKa.

OcHoBHMAT QakTOp, KOMTO € OIlpeAeasll] 3a BuJa Ha M3IOA3BaHaTa MpeXka Ha 13-
MepBaHe e XxapakTepHaTa peaedHa ¢popma Ha Moruante. O4eBUAHO e, Je Ts Ile BHece 3Ha-
YUTeAHU U3KPUBABaHMSA B CTaHAAPTHO M3IOA3BaHUTE IIPU apXeoAOTMYecKuTe IIpoydBa-
HISI KBaAdpaTHU U IPaBOBI'bAHM MPEXU, KaTo Te IIje 0bJaT TOAKOBa I10-TOAeMU, KOAKOTO
II0-ToAsMa I IO-CTPbMHA e ejHa Moruaara. VIanmoassaHeTo Ha pajmMaaHa MpeXXa e e4lHO
palloHaAHO pellleHMe 3a chboOpa3sBaHe C XapaKTepHaTa oceBa CMMeTpHUs Ha MOIUAMNTE.
Pasbupa ce, mpaBobIbAHa Mpeka CIIOKOMHO MO3Ke Ja ce U3I10A3Ba TP MaAKUTe MOTUAN —
¢ BucounHa 40 2-2.5 m u auametrsp 40 30-35 m. EaeMeHTapHUTE M34McAeHNs IIOKa3BaT, 4ye
B TO3M cAydall MaKCMaAHUTe OTKAOHeHNs IpU MpopuANTe MIHaBaII/ IIpe3 IleHThpa Ha
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Moruaara He HaAXBbpAAT 30-40 cM.

Paamaano-kpbrosa mpexa.

Paauaanara Mmpeska Ha M3MepBaHe € MHOTO yA00Ha, 3aI1j0 ChOTBEeTCTBa Ha XapaKTep-
HaTa oCeéBa CMETPIISI Ha MOTTIAIL. Pa,ZI,I/Ia/lHI/ITe HPOCI)I/I/H/I ce rtoaarart IIpe3 OoIIpeael€H bI'bAa
IIpe3 neHTbpa Ha MOormlara. OCBeH, 4e Moratr ga perucrpmupart aHoMalH! 00eKTI B MOImAa-
Ta, MI3MepBaHIsiITa I10 Te3 HpO(l)I/IAI/I II03BOAsBAT Aa Cce ,ZI,O6I/I€ npeacraBa 3a M3MEHEHIsITa
BbB Cl)I/I3I/I‘-IHI/IT€ CBOIICTBA Ha HacuIila HpeMI/IHaBaﬁKI/I OT OKO/HI TepeH KbM LI€EHTbpa, Aa
ce moA0epar IOAXOAAIINTe AbAKIHY Ha CXeMIUTe, Ja Ce YCTaHOBM eBeHTYaAHOTO HaAudue
Ha Kpeluja AU PoB OKOAO MOTIAaTa.

Que. IV.3.1.2.1. Cxema Ha paduarna mpexa.

Paauaanute npoduan, odaye, He gaBaT paBHOMepHa I'bCTOTa Ha IIPOyYBaHe, Thil KaTO
B niepudepusATa Ha MOTAaTa pa3cTOSTHUETO MeXAY U3MepBaTeAHITe TOUKM IIe e I10-TOAS-
MO OT Te3) B IleHThpa. To3n HeaocTaThK Ha padMalHaTa MpeXka ChbBCeM AOTMYHO MOXKe Ja
Obae KOpUTMPaH Ype3 U3I0A3BaHeTO Ha Kpbrosy rpoduan npes 1 nam 2 M ot 1jeHThbpa Ha
Moruaata. Taka Ie ce moAy4yn egHa paBHOMEepHa I'bCTOTa Ha M3MepBaTeAHaTa Mpexka OT
2x1 m. OcBeH TOBa Upe3 Kpbropute NpopuAn ce u3dsArsa Makap ¥ MUHMMAAHOTO BANSHIE,
KOeTO, 0COOEHO BIUCOKMTe MOIMAM KaTo reoMeTpudHa (popMa, MOTaT ga OKakaT BbpXy M3-
MepBaHIsATa 10 paguaaHuTe Ipopuan (T. Hap. TepeHeH edekxT). ONUTHT HU Jocera, odade
II0Ka3Ba, ye HAMa AOCTaThYHO JOKa3aTeACTBa 3a HaAMIMeTO Ha OTYEeTAUB TepeHeH edeKxT
IIpY U3I0A3BaHeTO Ha AbAXKMHIU Ha CXeMUTe, KOUTO ca I0-MaAK! OT pasMepa Ha CKAOHO-
BeTe Ha Mornaata. OcBeH TOBa IPU MU3II0A3BaHETO Ha ABATY CXeMU IIPY HeIIPeKbCHaTOTO
BepPTUKAAHO eAeKTPIUeCKO COHAMPaHe OTCTPaHsABaHeTO Ha TepeHHIs e(PeKT e 3a10KeHO Aa
CTaBa aBTOMATUYHO OT U3TI0A3BaHNUTE IIPOrPaMHIU ITPOAYKTI.

MsnoaspaneTo Ha Kpbropu Npopuan umMa u peauiia Heaqocratbly. Egun oT ocHOB-
HUTe € U3KPUBABAHETO Ha CXeMara I10 M3I10A3BaHUTe OKPBXKHOCTH, IIPU KOETO 3a105KeHMT
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reoMeTpudeH KoepUIIMEHT Iile e pa3AndeH OT peaAHNs, KOITO TpsiOBa 4a Obae M3I10A3BaH.
ITpu ToBa rperikara Ie e TOAKOBa I10-TOAsIMa, KOAKOTO € II0-4bATa CXeMaTa U KOAKOTO e
I10-MaABK pajuyca Ha OKpbKHOCTTa. Tasm rperika Moxe ga Obae KOpUTMpaHa ypes IIpoc-
THU OIlepallni, HO TOBa IIle 40Beje A0 MHOTO I10-0aBHa 0OpaboTKa Ha AaHHUTE, 3aII[OTO IIPO-
Llegyparta TpsiOBa ga ObAe IpuaaraHa IOOTAEAHO 3a BCeKM MPoQuA U BCsAKa M3IOA3BaHA
eaekTpoAHa cxeMa. OcBeH TOBa, ThiI KaTO OOMKHOBEHO MOTMANTE ca HeCUMeTPUYHMU (I10-
HsKOTa MHOTO OTYeTAMBO), IpOopUANTE IIIe ca jaled OT UAeaAHNs KPBI U Ta3! KOPEKITNI
MOKe Ja ce OKake He CbBCceM KopekTHa. OueB1AHO, TOBa OM YCAOKHIAO MHOTO 11 00paboT-
KaTa Ha JaHHUTe OT eBeHTYa/AHM M3MepBaHNs 10 MeTOAa Ha HEeIIPeKbCHAaTOTO BepPTUKA-
HO eaekTpnuecko coHgupane (HBEC), koeTo mpaBu egHu TakyBa M3MepBaHIs 110 KPBrOBU
npoduan npakTudecky Henpuaokumu. Ilopaau ceirjata npudmHa U Ipen3dCcAIBaHETO
Ha IIOASIPHNTE KOOPAVHATU B IIPaBOBIbAHH, 3a IIOCAeABallla aBTOMATIYHAa KOMIIIOThPHA
00paboTKa, MOXXe Aa ce OKaXK! CAOXKHO U He chbBceM TOUHO. OCBeH TOBa M3MepBaHILATa C
M3I1013BaHeTO Ha MHOTOXKIAHY KabeAl 110 Kpbrosy rmpoduan ca 6asHu 1 Hey200HH. I1pn
BCAKO IpeMecTBaHe Ha KabeJa IIle MMa Hy>KJa OT IIPUIIOKpUBaHe Ha TOYKM C Te3! OT IIpe-
AXOAHOTO M3MepBaHe, KOUTO IIle ca TOAKOBA II0BeYe, KOAKOTO € IO-AbAra M3I0A3BaHaTa
e1eKTpPOAHA cxeMa, KOeTO BOAM A0 M3MepBaHe Ha MHOIO ITI0-MaJAKO TOYKY, OT KOAKOTO ca
MaKCMMa/AHO Bb3MOKHU. [Ipy eBeHTyaaHOTO M3I10A3BaHe Ha TpUeAeKTpOAHa cxemMa TOBa
I1le e CBbP3aHo U C IPeMeCcTBaHe Ha OTAaleueHNs eA1eKTPOoJ, KOeTO ITbK, OT CBOsI CTpaHa, I11e
AoBeJe 40 Hy>KJaTa OT AOI'bAHUTEAHN KOPEKLNM Ha M3MepBaHUATa. Te3y KOpeKIum Iie
TpsI0Ba Aa ce IIpaBsT 3a M3MepBaHUATA 110 BCIKA OTAeAHa AbAXKIMHA, IIPU KOeTO MOorarT Aa
ce BHecaT HellpeABUAeHN TPelikn. JpyTuaT BapMaHT e Aa ce U3I1043Ba MHOTO AbABI Kabe,
3a Ja ce yBeA4M MaKCHMa/AHO Pa3CTOSIHNETO A0 OTAadedeHNs eAeKTpod, KOeTo, OT edHa
CTpaHa, OCBeH, ye e Hey400HO, PsAAKO e Bb3MOXKHO B peaaHM yCAOBIs, a OT ApyTa, MOXKe Ja
AoBeJe 40 BHacsHeTO Ha BBHIINHM cMyteHus (Dahlin et all, 71). Bciruku te3u obcrositea-
CTBa IIPaBAT U3M0A3BaHeTO Ha TpHeAeKTPOJHa CxeMa 110 KPBbIoBy IpopuAN IIpaKTUIeCcKN
HeIIPUAOXKIUMO.

Quz. 1V.3.1.2.2. Cxema Ha paduarna u Kpbzo6a Mpexa.
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Taka ye eauH DpPOCT U yJadeH HadylH 3a CI'bCTABAHE Ha M3MepBaTeAHaTa Mpexa e
yBeAndaBaHe Ha Opos1 Ha paguaaHute npodpuan. bposar um 1ie 3aBucu ot AnameTbpa i1, HO
He Tps0Ba Aa e II0-MaAbK OT TO3M, KOVTO OCUTYPsIBa IIOHe C e4VH Aa ce 3acedye 0OeKT C pas-
Mepu 0K040 2.5x2.5 M, A0pU U Aa e pa3I0A0XKeH B IlepudepusATa Ha Mornaara. Hait-a06pe
e Aa ce u3noa3sar brau Kpatau Ha 4008, 1. e. mpes 108, 88 nam 58. Taka 3a mpoy4yBaHeTO Ha
eJHa MormAa Irje e Hy>kHO u3Mepsaseto Ha 40, 50 nan 80 nmpoduaa. Tosa o3HavaBa, ye B
II0CAeAHUS CAy4ail, Ipu mpodpuan mpes 58, Hall-TOASIMOTO Pa3CTOsIHIE MeXXAY TOUKIUTE B
nepudepusATa Ha eAHa Mornaa c AuaMeTsp 60 M 111e e 2.5 M. ToBa e HaITbAHO IPUEMANBO,
3allJOTO O3HaYaBa, ye e4Ha MHOTIO IoAsiMa MOTIAa C BUCOUYMHA OT nopsigbka Ha 10 M (BIOK
¢ur. IV.3.1.2.3) me 6bae 40CTaTHUHO AeTaliAHO IIpoydeHa. CThIIKaTa Ha M3MepBaHe U ChOT-
BETHO Pa3CTOSIHMETO MeXAy OAU3KNUTe eAeKTPOAM He TpsIOBa aa e mmosede oT 1 m. ITpm n3-
MepBaHU:I C 1le/ YCTaHOBsIBaHe Ha XapaKTepUCTUKITe Ha MOTMAHUTe HaCUIINU IIPU ToAeMU-
Te MOTTAY MOXE Ja Ce U3II0A3Ba CThIIKAa OT 2 M VI ChOTBETHO MEXAY ABOMKITE (PUKCUPAHN
eaekrpoan. Ilo-maaka creiika (0.5 M) e nKOHOMIUYecK HeoOOCHOBaHa. Ts1 OM ockblInAa
HEeHY>KHO IIpOoy4YBaHMsATa 1 O TpsAOBal0 4a ce U3I1043Ba CaMO IIPU AeTallAU3allIOHHY 13-
MepBaHILsI, CbOOpa3sBaiiK ce C KOHKPEeTHUTE YCAOBIUS U IIOCTaBeHNUTe I1eAM.

o e

Quz. 1V.3.1.2.3. Cxema nozvcmena paduarta mpexa.

VMnoBanuunre B 064acTTa Ha eAeKTpOHUKAaTa 1 KOMITIOTbpHaTa 0OpabOTKa Ha 4aHHU-
Te npe3 nocaeguure 10-15 roanHn nospoanxa IpuaaraHeTo Ha HEIPeKbCHATOTO BePTU-
KaaHO eaekTpuyecko conaupane (HBEC), nasecTHo o1ie kaTo 4ABymMepHa 1 TPMMepPHa eAeK-
Tpocbrporusuteasa Tomorpadust (2D u 3D ECT). IMsnoa3saHeTo Ha TaKMBa AbA00UHHNI
npoduAan e eAHa HOBa Bb3MOYKHOCT 3a IO-AeTallAHO M3CAeiBaHe Ha MOTMAHITE HACUIIU U
HO-TIPelM3HO ouepTaBaHe Ha perucTpupaHuTe IIpU ChbIIPOTUBUTEAHOTO KapTUpaHe aHO-
MaAHI 00eKTI. 3a ChKaleHue, U3I10A3BaHeTO Ha e AHOKaHaAHU pe3UCTUBMMEeTPI U Hy>KAa-
Ta OT 3acThIIBaHEe Ha M3MepBaHIUATA IO TPOPUAHNTE AVHUY, IPABIT €AHN TaK/Ba M3Mep-
BaHIsI 110-0aBHM U IISIA0CTHOTO IIPOyYBaHe Ha AaJeHa MOTIAa C TaKMBa M3MepPBaHIUs MOXKe
Aa ce oKake HeoOOcHOBaHO. V311043BaHeTo Ha padlaaHa Mpe>ka He I103B0AsIBa TPUMepHO-
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TO MHBEPCUMOHHO MoJeaunpane. Taka ue, MOXe Ja ce U3BBPIIIBA TAKOBA caMO IO OTAeAHM-
Te MpopuAN B AByMepeH BapHMaHT. 3a Ja ce MOAy4yaT JaHHU 3a OOIINUTe XapaKTepUCTUKI
Ha MOTMAHMSA HaCUII ca AOCTaTBhYHI HAKOAKO Mpodriaa Impes 1slaTa MOriAa ¢ Bb3MOXKHO
Hall-ABATY CXeMI, 3a Aa MOXKe Ja ce AOCTUTHe MaKCIMaAHa AbAO0OuUMHa B IleHTbpa i1. Haii-
II0AXOAAIIN cxeMH, B caydas, ca [llatombGepske u TpuesexkTpoaHa. CTbIIKaTa Ha M3MepBaHe
no-npouante Tps6sa Aa e cranAdapTHara — 1 M. [Tpu MHOTO roaemmure MOruAn, KbAeTo ce
TBPCU Hall-TOAsIMa ABbAOOUMHHOCT, MOXKe Aa Ce M3I10A3BaT YBeANYEeHO Pa3CTOsIHIE MeXAY
IIpUeMHNTE eAeKTPOAM — 2 M 1, CbOTBETHO TaKaBa CTBIIKA Ha M3MepBaHe.

Bce nax, mpu morman ¢ sucounHa 40 2-2.5 u gzmameTrsp 40 30 M, KbAeTO ce U3I10A3Ba
IIpaBOBI'bAHA MpeXka I HsiMa Hy>KAa OT 3acTbIIBaHe Ha M3MepBaHUATA 10 IPOPUANTE, I15-
aoctHOTO 11poyuBaHe 110 Metoga HBEC (3D ECT) Moxke aa ce u3BbpIIM 40CTaTHUYHO OBP30
1, cAeA0BaTeAHO, € HaIl'bAHO IIPUAOXKIMO.

IV.3.1.3. O0paboTKa Ha pe3yaTaTure.

ITppBOTO HeIO 3a MOHATATBIIHATA KOMITIOThbPHA 00OpadOTKa M IIpeACTaBsHe Ha pe-
3yATaTuTe e IIpeoOpa3yBaHe Ha KOOpAMHATHTE OT U3MepPBaHMsTa 110 pasuaaHuTe mpodu-
AV OT IIOASPHA KOOPAMHATHA CUCTEMa B OPTOrOHaAHa 3a IIOHATAThIIHA KOMITIOThPHA 00-
paboTka 1 mpeAcTaBsHe.

KoopauHaTuTe ce mpensuncassar 110 cAegHaTa rpocrta popmya:

x = (C = b)*cos(mt/2 - 21t/400*a)

y = (C - b)*sin(m/2 - 21t/400%a)

KbAETO:

C e pascrosiHMeTO OT HauaAHaTa ToYKa Ha mpoduia 40 IIeHTbpa Ha MoTiAaTa
b — pascrosiHMeTO Ha TOUKaTa Ha U3MepBaHe 110 mpoduia

a —'bI'bABT Ha OTKAOHEHNe Ha mpodiiia OT ceBepa (B rpagu — g)

Karo 15110, HsKaKBa creraasa AOITbAHNUTEAHAa KOMIIOThPHA 00paboTKa Ha pe3ya-
TaTUTe OT CbIIPOTUBUTEAHIUTE M3MepBaHNs He ce Haaara. /ake U IIpy MHOTO CMyTeHI AaH-
HI €4HO ycpeAHsBaHe, PUATPpAIUs AN CIIAaliH MHTePIIOAalllsl MOXe Aa AoBeje A0 3ary0a
Ha nHPOpPMAIN:I 3a ChIIECTBYBAIN MaAKM CTPYKTYpHU, KOUTO ca BCBIIHOCT IpeoOaajaBa-
LIUTe IIpeACcTaBAsABalll apXe0A0TUIeCKM MHTepec.

IV.3.2. TeomarauTHN IIpOy4YBaHMsI.

Aobpute pesyATaT HOAy4aBaHM C €A€KTPOCHIIPOTUBUTEAHNS METOA IIPY IPOy4BaHe
Ha MOTMAM, KaKTO I AUIICaTa Ha AOCTaThYHO A00pa amapaTypa 4bATO BpeMe ca 00ycaassi-
AVI BTOPOCTEIIEHHOTO MsICTO Ha TEOMarHUTHIS MeTO/. Bb3MOXXHOCTTa 3a perucrpupase Ha
CTPYKTYpPU IOAAOKEH! Ha HarpsBaHe M IPpUTeKaBally TepMOOCTaThyHa HaMarHUTeHOCT
onpeeAsT Bb3MOXKHOCTTa 3a I10Ay4aBaHe Ha LIeHHU 4aHHM I'POOHIU U APYTY KOHCTPYKIIUM,
KOUTO Ca U3BbH Bb3MOKHOCTUTE Ha CLIIPOTUBUTEAHUTE U3MepPBaHA.

Eany mbpBOHaYaAHM MOA@AHM U34MCAEHNs, HaDAIOACHIS M M3BOAY 3a ITOTeHIIala
Ha reOMarHUTHUS MEeTOZ ca AOKAaABaHU I10-404y. Te ca HalpaseHM Bb3 OCHOBa Ha yCAO-
BUsATa OT HeKporoaa npu Cpemlapu, HO ca HaI'bAHO BaauAHM 3a 11s14a CepepHa boarapns,
KaKTO U 3a BCUYKU APYIM paliOHM, XapaKTepusupaliy ce ¢ MaabK KOHTPacT MeXAy Mar-
HUTHNTEe CBOJCTBa Ha BMecCTBalllaTa cpeja (MOTMAHN HacuIl) U ThpceHnTe oOekTn. Kon-
KpeTHUTe M3MepBaHus Os1xa U3BbPILIEHN B HA4a10TO Ha AeBeTAeceTTe TOAMHY C IIOACKUTe
nporonHn marauromerpu PMP-4 u PMP-5 npeaocrasenn o npoexr c¢ [loackara akage-
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M1l Ha HayKUTe.

Bb3MoskHOCTTa 3a IMpuaaraHe Ha MarHUTHUS MeTO/ IIPU IIpOydBaHe Ha HaATPOOHMU
MOIAM 3aBUCH OT peauiia paKTopu, KOUTO AeliCTBaT KOMIIAeKCHO, HO TYK 3a y400CTBO IIie
ObaaT pasraeiaHn 1o otaeAHo. Ha rbpBo MsCTO TOBa € KOHTPacThT B MarHUTHAaTa BB3IIPU-
eMUIBOCT Me>KAy BMecTBalllaTta cpeda (MOIMAHNS HACUII) U ITOorpe0aHUTe apXeoA0TMIecKn
IaMeTHULM (TpOOHULY, 3MAaHM TPOOOBe, KaMeHHN HaTpyHBaHuA U Ap.). Vscaeasanure
0oOpasLy OT MOTMAHM HacUMN OT paiioHa Ha Cellapy MMaT MarHUTHA BL3IIPUEMUMBOCT
ot 50 20 100.10° uSI (Paakos, 1974; Asaes, Pagkos, Ctaspes, Josenckn, 1983, 185). Bepost-
HO II0400HM CTOVHOCTH Cca XapaKTepHM 3a I1I0BeYeTO IIOYBM U MAaAV ITIOBBLPXHOCTHU OTAO-
>xeHns ot CesepHa bbarapusa, kakTo u ot gpyru paitonn Ha CesepHa Esporia, kKaTo 11540
(Payne, 1996; Tabbagh, 1986a; Tabbagh, 1986b; Tabbagh, Bossuet, Becker, 1988; Tabbagh,
Dabas, 1996). B ¢p1110TO BpeMe MarHUTHAaTa Bh3IPUEMUINBOCT Ha BAPOBUITUTE, BAPOBUTUTE
ISICBYHNMLIN U 1IeChYAMBUTE BapOBUIIM, OT KOUTO Ca M3rpajeHl ChbOPBXKEeHUsTa, PasKpu-
TI B HiIKOU OT Moruante e okoao 0. CaeaoBaTeaHO O4aKBaHMUTE MarHUTHY aHOMAaANN IIie
©baaT c OTpUIIaTeAHM CTOMHOCTI. 3a 4a ce OoIlpeeAy aMIIAUTyaTa Ha Bb3MOXKHUTE aHO-
MaAll e pellleHa IIpaBarta 3ajada, KaTo CpellaluTe ce B MOTMANTEe OT palioHa KaMeHH!
CHOPBXKEHISI ca YyIIOA00eH! Ha pa3ANIHY 10 KOHPUTYpaIus MIPaBUAHN I1apajelernuiie-
Au. VIsuncaennsaTa ca U3BBPIIEHN C IIOMOIITa Ha KOMIIIOTbPHa IIporpaMa OasupaHa Ha
aaropurmute Ha Koawbakun n Aanmna (1960, 31-32), kato ca cpaBHeHU U C pe3yATaTuTe
noaydenu ¢ mporpamara “Pblok” sepcrs 1.05 na Geophysical Software Solutions Ltd. ITnp-
BUAT U Hail-,0AaronpusteH” MoJeA e TO3M Ha Hall'bAHO 3alla3eHa 1 He3aITbAHeHa C IIPbCT
KaMeHHa rpoOHuIIa ¢ pa3mepn 5x2x2 M (11o400Ha Ha Ta3n, pa3kputa B Moruaa Ne 13), pas-
I10A0>eHa Ha pa3AndHa AbAOOYMHA 1104 U3MepBaTeAHUs IIpodpua. AHOMaAHaTa MarHuUT-
Ha BB3IpueMunBocT e npueta 3a -100.10° uSI, maruuTHaTa MHKAMHAIUA 62°, HAKAOH Ha
npoduaa (HaKAOH Ha IOBbPXHOCTTa Ha Moruaara) 15°. ITpu gpa06ounna 1 M amnanTyaara
Ha MarHMTHaTa aHoMaaAms goctura 4o 6-7 nT, Ho ¢ yBeandyaBaHe Ha AbAOOYMHATa OBP30
HaMmaAsBa, KaTo Ha 2 M e 0K040 2.5 nT, KoeTo Beye e cb13MepUMO C TpelllKaTa Ha M3MepBaHe
(Ppur. IV.3.2.1).

44 ——h=tm e h=2m ——— h=1m (A°=100%)

dT [nT]

T T T T T T T T T T T T T T T
-10 -5 0 5 10

Quz. 1V.3.2.1. Msuucaeru kpueu na maznumuomo nore. Modea 1.

Bropusit Moaea onmcsa e4uH 40CTa 4eCTO CpeljaH cAyJali - HeMaCMBHO KaMeHHO ChO-
pbxenue (Mornam Ne 25 1 32), ocTaHKH OT YaCTUYHO pa3pyllleHa rpooHuIia (mormuaa Ne 12,
Omyprarosara Mormuia) nau 3amnaseHa rpoOHIIIA C pasMepuTe Ha IIbpBaTa, HO IIOKPIUTa C
HaCUII C HO-HMCKM MarHuTHM cBoyicTBa. Ha ¢ur. IV.3.2.2. e mokazana oyaksaHaTa aHOMaAM:
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IIpU ABe pa3AMYHU CTOMHOCTY Ha MarHMTHaTa Bb3npuemunsocT (-50 and -30.10° uSI) sa
ApabounHa 1 M. Ts e oT mopsabKa Ha 2-3 nT, T. e. TOBa e mpegeaHaTa AbAOOYMHA, 40 KOATO
BBOOIIe MOXe Ja Obje perncTpupas Takbs 00ekT. Cael0BaTeAHO, TOBa € Bb3MOXKHO IIpU
HICKITe MOTUAM (104, 2-3 M) MAM aKO OOEKTBT e ChBCeM B IepudepusATa Ha IIO-BUCOKHUTE.

«=-30*10"

10

Quz. 1V.3.2.2. Vsuucaeru kpueu na maznumtomo noie. Modea 2.

Tyx Tps6Ba aa ce oTOeaeXM, Ye pasriejaHUTe IPUMepH ca IIpK IOCOoKa Ha ITpodu-
aa IO-C, xoraro anomaansTa e Hali-cuaHa. Takusa mpodpuan, odbade ca y400HM caMoO Ipu
Ipoy4yBaHe Ha HMCKM Moruau. IIpu ocranaaure, KbAeTo ropagu XapakTepHaTa OceBa Cl-
MeTpusl, 0OeKTUBHO ce HaJara M3I10A3BaHeToO Ha pallaAHO-KPbhIroBa Mpeska, BepOsITHOCTTa
TBPCEHOTO ChbOP'BKEeHIe JAa ce Ipecuda 104 APYT bI'bA € MHOIO TOAsMa, a cAeJ0BaTeAHO U
BB3MOKHOCTTa 3MepeHaTa aHoMaAls Aa e II0-HICKa OT MakcuMaaHaTa. OT gpyra cTpaHa,
perucTpupaHaTa aHoMaAus MOXe Ja ce OKake MHOTIO IT0-BJMICOKa OT oJaKBaHaTa (IIpeABa-
pUTeAHO M3UMCAeHaTa), ako Ts e IpeAM3BMKaHa He OT camara IpoOHMIIa, a OT €4HO MHO-
IO ITO-MHTEH3MBHO HapyIlleHle Ha XOMOTeHHIs MOIM/AeH HaCcUII, CBbp3aHO C KOHKPeTHIS
HauylH Ha M3Tpa’kAaHeTo 1. B cbIfOTO BpeMe, ako MOTMAHMAT HacUII € HaTpylaH He OT
IIOYBEHMSI CAOM OT paliOHa Ha MOTHAaTa, a OT IIPBCT OT MO-AbAOOKO AeXKalljUTe HacAaruy,
KOMTO KaTo cAyd4as € AbOcCa ca ¢ MHOTO HUCKM MarHMTHU CBOJCTBa (OT IOpsigbKa Ha Te3!
Ha BapOBUIIUTE), MaTHUTHATa aHOMaAus MoXKe Ja KaoHu KbpM 0. Pazdbupa ce cpbbceM pas-
AM4Ha Ile Obde cuTyaluATa, ako IpoOHMIIaTa e M3rpajeHa C MaTepymad CKaAl C BMCOKa
MarHuTHI CBOMCTBa (MarHMTHA BB3IPUEMUYMBOCT U OCTaThUHA HaMarHUTEHOCT), KaKBUTO
yecto ce cpemaT B IOxHa boarapusa (Jdoaammunesa 1984). Torasa marHuTHaTa aHOMaAMs
MOKe Ja e A0CTa ITO-MHTEeH3MBHA I I0400Ha CTPYKTypa Aa Obje perncTpupaHa 1 Ha I10-TO-
AsMa ApA0ounHa. ChBceM AOTMYHO T€OMarHUTHOTO IIpOy4YBaHe MHOTO I10-400pe OT eAeK-
TPOCBIIPOTUBUTEAHOTO IIle PerucTpupa CTpyKTypH NOAAO0XKEH! Ha HarpsBaHe KaTo puUTYy-
aAHV OTHHIIIA, TPOOOBe ¢ TPyHOu3TapsHe Ha MsCTO MAM KyATOBU I1A0IIaAKM, Ha KOUTO ca
U3BBbPIIBAHU PUTyaAl C OTbH. 3a ChXaJeHle, MOAeAH! M3YMCACHNS 3a MarHUTHUTE aHO-
MaAnu IpeAu3BUKaHM OT TSX He MOraT g4a ObJaT HallpaBeH!, Thil He pa3IiodaraMe C JaHHU
OT U3CcAeABaHNATa Ha MarHUTHNUTe CBOVICTBA Ha TaK/Ba CTPYKTYPMU.

Apyr MHOTO Ba>keH (aKTOp 3a ITpilaraHe Ha MarHUTHIS METOJ, € Bb3MOKHOCTTa 3a
OTJeAsiHe Ha MarHMTHOTO I10/€ Ha 3aTpyHaHUTe apXeoA0TM4ecky O0eKT! OT PernoHaAHMs
¢$poH, mpeaus3BUKaH OT COOCTBEHOTO MarHUTHO I104€ Ha MOTMJaTa 1 eCTeCTBeHIs BepTHUKa-
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A€eH TpaAueHT. MarHMTHOTO 1104e, IIPpeAU3BMKaHO OT MOTMAHMS HAaCUII, Hail-00III0 Ka3aHo,
€ C IOA0KUTeAHM CTOHOCTH B I0’KHaTa II0AOBMHA 1 OTpHUIIaTeAH) B ceBepHaTa, KaToO MaK-
CUMYMBT € Ha HIKOAKO MeTpa I0XKHO OT IleHTbhpa. AMILANTYAaTa Ha TOBa I10Ae IIPU HUCKU-
Te Moruau gocrura 40 20-30 nT 1 Ha To31 POH e BB3MOXKHO Oe3 0coOeHM TPYAHOCTHI Ja ce
OTJAeAl eAHa aHOMaAUsl, IIpeAu3BUKaHa OT IIAUTKO Pa3oA0KeHO KaMeHHO ChOPBhXKeHNe.
Ha ¢urypu 3 u 4 ca nmpeacraseHn KapTi Ha MarHMTHOTO I104e Ha ABe HUCKM Moruan (17
u 18) or nekponoaa npu Csemapu. Ha mopsata(pur. 1V.3.2.3) He Moxke Ja ce pasrnosHae
aHoMmaJeH 00eKT, HO Ha Bropara (pur. IV.3.2.4) n3TouHo OT MaKcMMyMa B IJeHTpaJHaTa
9acT, AbAKalll ce Ha II0AeTO Ha caMaTa MOTIAAa, Ce PerucTpupa eqHa aHOMaAus C aMILAN-
Ty4a okoao 15 ramn. Ha caeasammaTa ¢purypa (Ppur. IV.3.2.5) ca nmoxazaHu pesyaratute ot
MarHUTHOTO M3MepBaHe 110 ITpodua Ipe3 cpelaTa Ha aHOMaAMsATa. Bukaa ce, ue Ha goHa
Ha II0A0XMUTeAHUTe CTOMHOCTY Ha MarHUTHOTO I104e Ha MoruJaTa Ao0pe ce OTAeAasl OT-
puilaTeaHa aHOMaAMsl, IIpeAN3BUKaHa OT O0OeKT C IMpuHa okoao 2 M. [Ipu HanpaseHuTe
apXeoA0TMYeCKN pa3KOIKM Ha TOBa MSICTO e pa3KpuT KaMmeHeH capkodar. CbBceM B I0TO-
U3TOYHIS BI'bA Ha IIpOyYeHaTa I1A0I1] ce pericTpupa eqHa oTpuiiaTeaHa aHOMaANsI, KOSITO
OuYeBIAHO MPOAbAXKaBa Ollle I10 Ha I0T. TyK paskoIKuTe pa3kpyxa OCTaHK! OT OTHUIIIE.

0 5 10 15 20 25 30
x(m)

Quz. IV.3.2.3. Kapma na mazrumnomo nore (nT). Ceewpapu, mozura Ne 17.
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x (m)

@ur. [V.3.2.4. Kapma na maznumnomo nore (nT). Ceeupapu, mozura Ne 18.

measured curve calculated curve

+ tumulus surface

dT (nT)
< 1

-10-

-20-
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0 5 10 15 20 25
x (m)

Quz. 1V.3.2.5. Maznumer npodpur npes arnomarusma wa mozura Ne 18.

C yBeanuapaHe Ha pasMepuTe Ha MOTUANTe, oOaye, HapacTBa U TAXHOTO MarHUTHO
11oJe, YMATO aMIIAUTyAa AOCTUIA AO HAKOAKO AeCeTKM TaMI, a 3a MOIMAUTEe C BUCOYMHA
Haa 13-14 M - u Hag 100, T.e. CTOVHOCTM MHOTO IO-BMCOKM OT Te3! Ha ThbPCeHNTe IaMeT-
Huru. Ha ¢urypa IV.3.2.6. e mpeacraseHo Kak Ou msraexaasla aHoMaaysTa 1o npodua
IO-C, npeaussukana oT pasraejaHuTe IIO-Tope MOJAeAl, ako Te ce HaMMpaT B I0KHaTa JacT
Ha MOIMAa C BUCOYMHA OKOAO 7-8 M. JlaHHNTe 3a MarHUTHOTO I10A€ Ha MOIMAaTa ca B3eTU
OT u3MepBaHuATa Ha moruaa Nel6 kpait Csemapu. [logo0en xapakTep 1MMa M3MepeHOTO
Mar"HuTHO 11oe 1o npodua c mocoka IO-C Ha mornaa Ne28 (¢pur. IV.3.2.7). 3a cpxaseHne
TYK He MOXKaxme 4a pa3lIMpuM U3MepBaHM:ATa CU, ThIl KaTO HU Ce€ HaAOXI CaMO 3a TO3MU
npodua ga OTAeAUM OKOA0 4 Jaca 3a IIpeMaxBaHe Ha >KeAe3HI IIpeAMeTH OT IIOBbPXHOCT-
Ta Ha MormuJaTa (eAuH APYr IpoO4eM BAUseI] BbPXy NPUAOKeHNeTO U epeKTUBHOCTTa
Ha MarHUTHMS MeToA). Bee mak ce Brkaa, ye mpm Te3u ycAOBMS MOXKe Ja ce O4aKBa eJHa
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HaITh/AHO 3alla3eHa KaMeHHa TpoOHMIIA Ja daje ejHa CPaBHUTEAHO OTYeTAMBA aHOMAaAMS.
Ho ako rpoOHMIIaTa He e HaITbAHO 3alla3eHa, HaMIpa ce Ha II0-ToAsAMa AbA0OYMHA UAN Ce
Ipecuda OT U3MepBaTeAHUTe TPOPUAN 104 APYT bI'bA, TOBA HAMA Aa € TaKa I IIie e Hy>KHO
Aa ce OTAeAl pernoHaAHus GOH U 10 OCTaTHYHOTO I10A€e Aa e TIPaBAT U3BOAU 3a HAANYUM-
€TO 1AM OTChCTBMETO Ha OOeKTM OT apXe0A0TMYeCcK) MHTepec.

—— h=07m —— h=A3m e tumulus surface

x (m)

Quz. IV.3.2.6. Kpusu na maznumnomo nore. Ceeupapu, mozura N 16.

—— h=06m —— h=12m = e tumulus surface

40

201

LIS L L O B O B 0

0 5 10 15 20 25 30 35 40
x(m)

Quz. 1V.3.2.7. Kpusu na maznumnomo nore. Céeujapu, mozura No 28.

Ha nnpoGaema 3a BbBeXKAaHETO Ha KOPeKIINM 3a peded B M3MePeHOTO MarHUTHO I104e
CBM Ce CIIpsA IO-IoAPOOHO B AOKAaja cu Ha Bropara IOxHOeBporieiicka KoH(pepeHIs
o apxeometpus B Jeadpu (Tonkov, 1996b), B koiTO e IIpeAA0KeHO U3II0A3BaHeTO Ha II0-
AVHOMHa perpecusi ¢ IOAMHOMU OT BTOpa /0 I1eTa CTelleH 3a OTCTpaHsBaHe Ha TepeHHI:
edexT. V3pbpiiBaHeTo Ha M3MepBaHNsATa B IpaJMOMeTpUYeH BapyaHT He ca A0CTaTbhyHU 3a
OTJeAsiHe Ha perMoHaAHMA (POH, ThII KaTO aHOMaAusATa IpeAu3BIKaHa OT caMaTa MOTIAa e
IIO-BICOKA OT Ta3u OT IorpedanuTe chopbkenus. CpaBHUTEAHO 400pM ca pe3yATaTuTe OT
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rpagMeHTHUTe U3MepBaHus U3BbplIeHn Ha Mmoruaa No12 (¢pur. IV.3.2.8).

Due. IV.3.2.8. Kapma na mazrnummomo nore (nT). Ceeusapu, mozura No 12, dematirusavyu-
OHHA Mpexa.

3a cbXaJeHue Te ca OTpaHMYeHN caMO Haj 09aKBaHOTO I10 €AeKTPOChIIPOTUBUTEAHU
AaHHI CbOpBXKeHIe, Thil ue He JaBaT CbBCeM TOYHa IIpe/cTaBa 3a Bb3MOKHOCTUTE Ha Me-
ToAa. Bece mak Moxke Aa ce BIAM, 4e CTOMTHOCTUTE Ha rpaAMeHTa HapacTBaT KbM ILIeHThpa Ha
Mormuaara (TOBa ce AbAXKM Ha eCTeCTBeHI:s I'paJMeHT) KaTO AOCTUraT aMInAuTyAa 3-4 mptu
II0-BJMICOKa OT Ta3! Haj aHoMaAHMs 00ekT. Ha ¢purypa IV.3.2.9. moxe aa ce HartpaBu cpas-
HeHIe I C pe3yATaTuTe OT u3MepBaHu:ATa cbc cxeMa lllaromOep:ke o mpodua Hag cpesaTta
Ha 09aKBaHOTO ChOpbXKeHue. Biokaa ce, ye anHoMaamsiTa Ha IPUBUAHOTO ChIIPOTUBAEHNE €
He caMo I10-CI/AHa, HO I Ye I10 Hesl MHOTO AeCHO MOTaT Ja ce ollpeAeAsT IpaHMIITe U pas-
MepuTe Ha IIPOTHO3MpPaHNs ITaMeTHHK.
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-201
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Quz. IV.3.2.9. Mazrnumer npopui npes anomarusma na mozura No 12.

108



OI'ITI/IMI/I3I/IpaHe Ha MeTO[MKaTa 3a Npoy4BaHe Ha Ha,ElI'pO6HI/I MOTUN

Hai1-200pu pesyaraTu 3a BHacsHe Ha KOpeKUMu 3a peaed Os1xa IMOCTUTHATU IO Me-
TOAa Ha ITIOAMHOMHATa perpecus ¢ IOAMHOMM OT 4™ 1 5™ cTerieH, ype3 KOsITO e AHOBpeMeH-
HO Ce OTCTpaH:sABaT MarHUTHOTO I101€ Ha MOTIAaTa, eCTeCTBeHIsI BepTuKaleH IpallieHT U
aHOMaAuM, IIpeAN3BUKaHN OT II0-OOIIMPHM M3MeHeHs B XapaKTepa Ha MOTVLAHNS HaCHIL.
3a marocTpanus ca IpeacTaBeH! pe3yATaTUTe OT MarHUTHUTE U3MepBaHILI B eTallau3a-
IMOHHMS ceKTop Ha moruaa Ne 30 (Omyprarosara moruaa). ITo Tsax Tpygno Moxe aa ce
oTaeay aHOMa/AHa 30Ha. OTOeas3Ba ce e4HO MHTEH3MBHO HapacTBaHe Ha CTOMHOCTUTEe Ha
MarHuTHOTO I104e B ceBepHa Itocoka (pur. 1V.3.2.10). Caes npmuaaraHe Ha MOAMHOMHATA
alpoKcuManys U IoAydaBaHeTO Ha ocTarbuyHara aHomaawus (dpur. IV.3.2.11), moxe aa ce
ouyepTae 00eKT C NpMUOAM3NTEeAHO ITpaBobIbaHa popma. Ha ToBa MsCTO apXeoaornmyeckure
Pa3KOIIKI ca pa3KpMUAM OCTaHKU OT CUAHO pa3pyllleHa IpoOHUIIA.

y (m)

10
X (m)

Due. 1V.3.2.10. Kapma na mazrumromo nore (nT). Ceeujapu, mozura Ne 30, dematirusavyu-
OHHA Mpexa.
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14

12

10

y(m)

-2

10
x(m)

12 14 16 18 20

Que. IV.2.11. Kapma na ocmamvuromo maznumuo nore (nT). Ceeuwyapu, mozura N 30, de-
MAUAUSAUUOHHA MPEXA.

Que. 1V.3.2.12. Ceewyapckusm HeKPonoA ¢ 0moOeAA3a Homepama Ha MOZUAUIE CHOMEHA-
mu 6 mexkcma.

HpI/IBe,ZI,eHI/ITe HSIKO/AKO ITpMMeEpa € U3I10A3BaHeTO Ha ITPOTOHHN MaTHUTOMETPH I10-
KasBaT, Y€ TeOMariiTHOTO IIpOy4YBaHe YCIIEIITHO MOXKeE Jda Ce IIpunadara B AOITb/AHEHIE Ha
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€4eKTpOChIPOTHBUTEAHOTO. Pazdupa ce, ocraBa OTKPUT BBIIPOCHT, 3a HOBUTE BBH3MOXK-
HOCTM OTKpUBAIIM ce IIpeJ MeToAa, OAarojapeHne Ha ChbBpeMeHHNTe (PAYKCIeNT Tpajyo-
MeTpH, KOUTO Ce OTAMYaBaT C MHOTO IIO-BICOKA YyBCTBUTEAHOCT 1 Obp3uHa. Te 1mie ObaaT
KOMEHTHpaH!U B CAejBalllaTa I1aBa BbB BPb3Ka C KOHKPETHU IIpUMepU IIPU IIPOYYBaHETO
Ha pa3dANIHU KaTO pa3dMepu MOTUAH, ChbABPKAI pa3dANIHI ITPOOHU AU APYTU ChOPBXKe-
HI.
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V. FEOQU3NYHM MTPOYYBAHWNA HA TPAKUNCKN HAATPOBHW MOTU/IN
(ITOJIEBU TIPUMEPU, AHAJTIN3 U UHTEPTPETALNA HA JAHHUTE
M CPABHEHWE C PE3YJITATUTE OT APXEOJIOTUYECKUTE PA3KOITKU)

B npeacrasennTe 1mo-404y npuMepu ca BKAIOUEHN IPeUMYIIeCTBeHO MOIMAU IIPO-
y4BaHU IIpe3 rocaegunute 5 roaunn, caea 2006 r., ¢ mpuaaraHeTo Ha OOOCHOBaHaTa I10-TO-
pe MeToAMKa, ChueTaBallla eAeKTPOChIIPOTUBUTEAHO KapTUpaHe C AByMepHa I TpuMep-
Ha eJeKTPOCBHIIPOTUBNTEAHA TOMOTpadus M MarHUTHA I'pajllOMeTpus C M3IOA3BaHETO
Ha HOBaTa arapaTypa, IlepudepHu yCcTpoiicTBa (MHOTOXXIAHN KaOeAl, eAeKTpOAHM IIpe-
BKAIOUBaTeAM) U IPOTrpaMHO oOeslledeHNe. VI3kAioueHNe MpaBsIT MOIMAUTE OT paliOHa
Ha Illunka, konTo ca mpoyusanm 1npe3 1992 r. (Maakarta moruaa), 1995 (3apesa u I'oasama
Apcenaaka), 1997 r. (Atbosa) u 2004 r. (CseTu1ia), 3apagu MHOTO 400puUTe pe3yATaTi, KO-
UTO Ca OTAMYHU IIPUMepU 3a Bb3MOKHOCTITE Ha eAeKTPOChIIPOTUBUTEAHNS MeTOJ,. 3a Aa
He Cce HaTOBapBa IPEKOMEPHO, B M3A0KE€HMETO I10-404y Ca BKAIOYeHU He BCUYKV MOTUAN
IIpOy4YeH! IIpe3 IoCAeAHUTe TOAVHI, a CaMO TaKMBa C pa3sAMYHIU pa3MepH, ChAbp>Kalln
pasHoOoOpa3HM IPOOHM APYTU ChbOPBXKEHMsI, KOUTO UAIOCTpUPAT Bb3MOKHOCTUTE I Orpa-
HIYEHNATa Ha IIpeAJaraHaTta MeTOAKa.

V. 1. MOTUAU OT PAVMIOHA I'P. IIIUTIKA.

l'eopusmunure mpoyusanmus Ha Moruam oT Hekporoaa npu IHunka-Ieitnoso 3a-
noyHaxa npes 1992 r. Kakto u gpyrage, BCbITHOCT IIPsIK IIOBO/, 3a 3allOYHAaANTE IINPOKO-
MaIrabHM apXeoA0rMIecKyl pa3KoIKi B paiioHa Ha KasaHabk Os1xa OpyTaaHNUTe OIIUTH Ha
UMaHsApUTe Ja ce J00epaT A0 CKPUTHUTe B TPaKMIICKNUTe Mormam Oorarcrsa. Paskonkure
Osixa mpeAliecTBaHy OT reopusmaHN mpoyusaHusl. Lleara um Oe aga ce HabeaexxaT Hail-
IepCcHeKTUBHUTe MOTAH, OTKBAETO Aa 3all0OYHaT apXeoAoTndecKuTe geitHocTu. B nmocaea-
CTBIe 3aJadaTa Oe yCAOXKHEHa, KaTo TpsOBallle 4a ce IIPOTHO3Mpa BIAa Ha O4aKBaHUTE Chb-
OpBXKeHNs, 3a 4a MOTaT Aa Ce Il.AaHUpaT IIpejBapUTeAHO Pa3KOIIKITe 3a Hall-e(peKTMBHOTO
UM IIpOBEXJAaHe.

3a yeTHpU IOAEBU Ce30HA eAeKTPOIIpOoyYBaHe Oe M3BBPIIEHO Ha CPaBHUTEAHO IO-
Asm 6poit moruan — Hag, 10, eauH cam 110 cebe cu MOAOXKNUTeAeH (PaKT, KOWTO IO3BOAU
Aa ce a4001e I0-sCHa IIpeAcTaBa 3a HAKOM OOIIM 3aKOHOMEPHOCTH I OCOOEHOCTI B Te010-
ro-reo(pU3NYHITE XapaKTePVUCTUKI Ha MOIVIAHNTE HaCUIIM VI OKOAHUS TepeH, KaKTo I 3a
aMILAUTyJaTa Ha aHOMaAUNTe, IIpeAu3BUKaHN OT OOeKTM OT apXeoA0rMyecKl MHTepec; Aa
ce BbBeJaT CBOeBpeMeHHM KOpPeKIIMI B MeTOAMKaTa I Taka Ja ce oAydar I10-400pu pe-
syaratu. C MaaKM M3KAIOYEHUs MOTMAHUTE HaCUIIM B palioHa ca HaTpyIlaHM OT 4aKbA C
BKAIOUEHIs OT I10-ApeOHM AN TO-eAPpY KaMbHU M3KOIIaHM OT IOBBPXHOCTTA Ha OKOAHIIS
TepeH - MaTepuaAbT OT HAHOCHUTe KOHyCH, 0Opa3yBaHM OT CBAMYAHeTO Ha CKaAHU Macu OT
IOKHUTe cKA0HOBe Ha baakana (Yemmnres, Kbnues, 1989). Tosa onmpeaeast n KaTo npaBmnao
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BIICOKOTO (POHOBO €1eKTPUYeCcKO ChIIPOTMBAEHIe Ha HaCUIIUTEe, KaTO HUCKOTO ChAbprKa-
HIle Ha I'AMHa, OT CBOs CTpaHa, o0ycAaBsl M3KAIOUUTEAHO roAsMaTa 3aBUCUMOCT Ha TOBa
CBIIPOTMBAEHME OT ChAbp>KaHMeTO Ha BAara. Taka Hampumep, akO eAVH MOIVIA€H HaCKII
IIpe3 Mecell Mall 1AM B HA4aA0TO Ha IOHM, KOTaTo MagaT MHOIO ABXA0Be, € ¢ POHOBMU CTOM-
HOCTM Ha IPUBMAHOTO CBHIIPOTMBAEHMe OT IopsAbka Ha 150-200 ohm. m, To mpes aBrycr
Te3M CTOMHOCTU MoraT da HaaxsbpaAT 1000 u aaxke 2000 ohm. m.

V.1.1. MaakaTta mornaa (npua. V.1.1.1).

Bucounna okoa0 4 M, AaMeTbp B OCHOBaTa OKOA0 25 M.

MaakaTa Moruaa Oete cpes IIbpBUTe 4 MOTUAM, C KOUTO O€ CA0KeHO Hauyal0TO Ha
reopu3MYHNTE M3MepBaHus Ipe3 1992 r. u KosATO caes oOpaboTKaTa Ha IT0Ayd4eHUTe JaHHU
Oellle mperiopbyaHa KaTo Hall-IlepCIeKTUBHA 33 apXe0A0IMYecKy Pa3KOIIKIA.

VsmepBanmsiTa Os1xa 3BbpIIeHn cbe cxema Illaombepesxe o 12 paanaanu npodu-
2a (rpes 30°) u mect Kpbrosu npoduaa mpes 2 M. 3a paguaanute npodpuan Osxa U3IM0A3-
BaHU ABAKMHI Ha cxeMaTta n=1 n n=3 (AB=3 u 7 m), a 3a kpprosure n=1 u n=2, mpu MN=1 m
(a=1mM). B pesyarar, 10KHO OT LIeHTbpa Ha MOTIAaTa ce O4epTa MHTeH3/BHA aHOMAaAsl C He-
IIpaBU/Ha eANIICOBMAHA popMa U pazmepu NpudansuteaHo 6x4 m (mpua. V.1.1.2, V.1.1.3,
V.1.1.4). IIpaBu BrieyaTAeHMe, 4e aHOMaAMsITa e 0-400pe M3pas3eHa 3a M3MepBaHUATa 110
paauaaHuTe IpOPUAN.

IIpn HOpMaAHM ycA0OBUs, B 30HaTa Ha aHOMaAusATa TpsAOBallle Ja ce M3BbpIIAT Je-
TallAM3aIIMIOHHI 3MepBaHIsl 110 IIPpaBObI'bAHA MpeXKa C Ijea ChBceM TOYHOTO OllpejeasiHe
II0A0>KeHIEeTO I pa3dMepuTe Ha CMyTUTeAs. 3a Aa He ce ITI0ACKa3Ba o0ade ¢ HUIIO Ha MMaH;I-
puTe OT palioHa, KbAe MOXKe Aa ce O4aKBa €BeHTYaAHO ChOPBKeHNe, AeTallAM3allIOHHATe
u3MepBaHs Os1xa orpaHMYeHN caMO 40 ABa HaAABXKHU U ABa HaIlpeuyHM IIpoduaa Iipes
cpesata Ha aHomaamsATa (n=1+4). 3a macTue Te ce oOKa3axa HallbAHO AOCTaThbYHU U Jal0Xa
TOUYHUTE pa3Mepy M MeCTOIIOAO0XKeHIe Ha cMyTurteas. B cayuas mnTepecHoro e, ye cToii-
HOCTUTE Ha HIPUBUAHOTO CBIIPOTUBAEHIE U3MEPeH! ChC cxeMa n=1 perucrpupar ropHara
4acT Ha CbOPBKEHNeTO, 40KaTO JABaTa MIMKa IIPU Te3! U3MepeHu ¢ n=3 uan n=4 Mmapkupar
TOYHO rpaHMIINTe Ha cMyTuTteas (mpua. V.1.1.5). Hanmpasenara riporsosa sa cbliiecTByBaHe-
TO I10A MOTM/AHMS HACUII Ha Hepa3pyIlleHa, a BepOosATHO 1 HeorpabeHa IpoOHMIIA ce OKa3axa
BepHn. CaMoO ABa yaca cae/ HauaA0TO Ha pa3KOIIKUTe apXeoA03UTe A0CTUTHaxXa 40 IpUMU-
TMBHA KaMeHHa TpPOOHMIIA, IIpe KOSITO OT OTPOMHIU KaMeHH! I1104M e O1A U3rpadeH cap-
Ko(arornoao0eH rpod (mpua. V.1.1.6). B rpobHuIaTa e 6114 10A0XKeH TpaKUIICK! BAajeTe,
a 3aeAHO C Hero ABe 34aTHU OTbPAUIIY, 3AaTeH IpbCTeH-TIevarT, 31aTeH HaTPbAHUK U1 MHO-
JKeCTBO 34aTHM yKpacH 3a Apexa, ABe CpeObpHM OrbpAKIIY, OPOH30Ba CUTYyAa, MHOXKECTBO
ApyTHu cpeObpHI, OPOH30BU U IAVHEH! cbhAoBe U Apyru npeametu (Kuros 1994, 46-76).

V.1.2. 3apeBa Moruaa.

Bucounna okoa0 4.5 M, anameTsp B ocHOBaTa 0K040 30 M.

Mpexa: paanaaau npoduan mnpes 30°, Kpbrosu npoduaa mpes 2 M.

Mnoassana cxema: [llarombepske - n=1, 2, 3; MN=1 M (a=1 m).

IOromsrouno ot Bbpxa Ha 3apeBa Moruaa Oellle perucTpupaHa aHoMaANs C OBaaHa,
routu usomerpmuyHa popma (mpua. V.1.2.1). T e Tunmden npumep Ha NAUTKO Pas3Iioao-
>KeHO 1 Heg00pe U3Abp>KaHO B /bA00YNMHA A0KaAHO KaMeHHO cTpynBaHe. IMeHHO 3a ToBa
ropopeiiie pakThT, Ue Hall-BUCOKITE CTOTHOCTY Ha IIPUBUAHOTO ChIIPOTUBAEHIE Ca I10AY-
YeH! OT U3MepeHus:ATa C Hall-MaakaTa cxeMa n=1 (AB=3 m), kaTo 3a ro-gbarure cxemmu n=2
n 3 (AB=5 u AB=7 M) Te3u cToIHOCTM ITOCTOSIHHO HamMaAsABaT. TakoBa CTpyIIBaHe HaUCTUHA
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Oe pa3KpUTO Upe3 apXeoA0TMYeCKITe Pa3KOIIKH, a 1104 HeTo 1 HorpeOeHIe Ha BOJIH 11 HeTO-
BI1sI KOH 3aeAHO ChC ChbOTBETHILS ITorpe0aeH MHBeHTap — I111eM, MedoBe, KOs, IIJUT I T.
H. (npua. V.1.2.2) (Kitov 1995).

V.1.3. l'oasima Apcenaaka (npua. V.1.3.1).

Bucounna oxkoao 10 M, amameTsp B ocHOBaTa 0K040 50 M.

Mpexa: paanaanu npoduan npes 208, Kpbrosu npoduaa mpes 2 M.

Msnoassana cxema: [llaombepixe - n=1, 3, 5, MN=1 M (a=1 m).

VamepeHnTe CTOHOCTY Ha HPUBUAHOTO €A€KTPUUIECKO ChIIPOTUBAEHNE ca CPaBHU-
TeAHO BUCOKM — B pamkuTe Ha 300-800 ohm. m (mpma. V.1.3.2, V.1.3.3). Ils1aaTa oronsTogHa
4eTBBPT Ha MOINAaTa ce XapaKTepusypa C BUCOKM CTOMHOCTY Ha M3MEPEeHOTO HPUBUAHO
eAeKTpuJecKko cbIpoTusAeHne. Topa MOKe Ja ce 00sICHU C HauMHa Ha HaTpyIllBaHe Ha Ha-
cuIla BbB Bpb3Ka C IIpolleca Ha CTPOUTEACTBO Ha OTKpuUTaTa o-KbCHO IrpobHua. Ha rosu
(poH 10>KHO, CBBCEM A€KO IOTOM3TOYHO, OT LIEHThpa Ha MOTIAaTa Ce perucTpupa IoA0XKU-
TeAHa aHoMaAus. Ts He e TOAKOBa MHTEH3MBHa, KaTO OIlMCaHaTa I1o-Tope npu Maakara
Mormaa. Bepmnoct, anomaausATa ce peruncrpmupa camo € Ho-AbAruTe cxemmu n=3 u 5, HO
He 1 ¢ n=1. Tosa roBOpHU, Ye CMyTUTEAAT e pa3lloA0>KeH Ha I10-ToasaMma AbabodynHa. Tosa
HaA0XM AOII'bAHUTEAHO Aa Cce IIpoBeJaT cepusi OT AeTallAM3allIOHHY U3MepBaHUs ChC Ch-
IIJMITe CXeMM IO IIpaBObI'bAHA MpeXKa ¢ rbcToTa 1x1 M opueHTHpaHa nepreH UKy AsIpHO Ha
ouyakBaHms 00eKT (BoK pua. V.1.3.20). Te ycrsaxa ga ouepTasT Ha 0ko40 12 M oT nepude-
pusTa Ha MOIMAaTa CbOpbKeHNe ¢ HpUOAMU3UTeAHO ITPaBObIbAeH I14aH M pa3Mepy OKOAO
5x6 m (mpna. V.1.3.4-11). ToBa gase ocHOBaHME Ha apXe€0A03UTE Aa OTPaHMYaT PA3KOIIKIATE
CI CaMO B CeKTOpa IIpe 04aKBaHOTO ChbOPBbXKeHIe I TaKa Ja ITOKaykaT OTKpUTaTa I10-KbC-
HO I'poOHNIIa-MaB304ell BbB BI1Aa, B KOMTO e OMaa IlocelllaBaHa OT APeBHIUTe TpaKM IIpe-
An rioede ot 24 croaetus (V.1.3.12) (Kitov 1995; Kitov 1996). CpasnsBaiikyu pesyaTtature
OT M3MepBaHIsTa 110 JeTallAU3allMOHHITe TPOPUAN C Pe3yATaTUTe OT Pa3KOIIKUTe MOXKe
Aa ce HaIlpaBM U3BOABT, Y€ HaAABKHUTe (pairaaHn) IpopuUAN perucTpupar rpooHMUIIaTa
MHOTO T10-400pe oT HarrpeuHute (Kpbrosu). [Ipu nmocaeguure, anomaansATa Hag gpacagaTa
e MHOTO IT0-caaba, a Ha4 KaMepaTta BpoOlle aAuricsa. OCBeH TOBa SICHO ce BIDKJa, 4e IIpu
HagABXHUTe TTpoduan ¢acajara, KOSATO e MO-OAM3KO A0 MOBBPXHOCTTA, Ce perucrpupa
MHOTIO 400pe 1 C TpuUTe U3I0A3BaHI CXeMI, 3a pa3ANKa OT I'poOHaTa KaMepa, KOsTO ce 3a-
c1da caMo C ITO-AbATUTE CXeMM 1 TO C MaKCMMYM M3MeCTeH Ha e4UH-ABa MeTpa OT IJeHTbpa
11, T. €. OT Hal-BUCOKaTa 11 JacrT.

V.1.4. AThOoBa MOTMAa

Bucounna okoao 7 M, AmameTnsp B OCHOBaTa OKOA0 45 M.

Mpexa: paanaaan npopuan npes 208.

Msnoassana cxema: [llaomGepke - n=1, 3, 5; MN=1 M (a=1 m).

Ha nipeacrasenure pesyartatu oT usmepsanusTa (mpua. V.1.4.1) mpasst BrieyaTaeHne
MHOTO ITO-BMCOKITE CTOMHOCTI Ha NPUBUAHOTO CBIIPOTUBAEHIe Ha OKOAHM: TepeH (900-
1300 ohm. m) B cpaBHeHme ¢ Te3u Ha MoruAHys HacuIl (500-600 ohm. m). Ha To3u ¢on
SICHO ce OTeAsl ejHa AMHelHa aHOMaAusA ¢ popmaTa Ha I0AyAbra B I0KHaTa Iepudepns
Ha MOTIMAaTa C IHOBUIIIeH! CTOMHOCTY Ha IPUBIUAHOTO ChbIIpoTuBAeHMe. Kakro moxere ga
ce PeANOA0XKM, Ts ce OKa3a IIpeAu3BMKaHO OT KpellnAa, usrpajeHa oT eAUH pes roaeMu
KaMeHHI 0A0KOBe, oIlacsall I0KHaTa 4acT Ha Moruaata (mpua. V.1.4.2) (HeryOauKyBaHU
pesyartatu Ha ap. ['eopru Kutos). YuacTbuure ¢ NOHVMIKEHM CTOMHOCTM Ha IIPUBUAHOTO
CBIIPOTMBAEHME B Ta3) MOAyAbIa CbOTBETCTBAT Ha MecTaTa, KbAeTO AMUIICBaXxa KaMBbHIU OT
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KpenugaaTa. Tosa 1o3BoAM Ha apXeoa03UTe Ja 3allOYHAT Pa3KOIIKUTe TOYHO OT e4HO OT
Te3M MecTa, 3a 4a MoraT Aa AOCTUTHAT I10-A€CHO 40 aHOMaAMsATa perucTpypaHa I0rou3Tod-
HO OT IJeHThbpa Ha Moruaara. Tyk B ocHOBaTa 11 Oe pa3KpuTO pa3pylleHo 1 orpabeHo oIe
B APeBHOCTTa HEr0AsIMO TpOOHO ChOpBKeHMe. B To3u caydail 3a4bAKUTEeAHO TpsIOBa Aa ce
oTOeaexxn1, 4ye Ta3y aHOMaAUs Ha IIPUBUAHOTO CBIIPOTUBAEHIE € CBbp3aHa II0-CKOPO C II0-
KbCHO HapyIllaBaHe Ha M3BeCTHA YacT OT MOIM/AHMS HacUIl, OTKOAKOTO ChC CAMOTO I'POOHO
CbOPBKEHIe.

V.1.5. Mornaara CseTwuiia.

Mornaara “Csetuina” ce Hammupa Ha 0K040 4 KM I0rom3ToyHo ot rpag Hlumka, ce-
BepPHO OT LleHTpaAHus IIbT 3a Kazanabk. Buicoka e okoa0 8 M 1 mMa gnamMeTbp 0K0A0 55 M
(mpma. V.1.5.1).

Vcropusara Ha mpoy4yBaHeTO Ha Ta3M MOINAa € TBbpAe MHTepecHa. BebImHOCT ToBa
e Tperara MoruAa B bparapus, Ha KOATO HIKOTa ca IIpaBeHM IreoPpU3MIHI U3CAeABAHIIA.
Ilpes ecenta Ha 1963 1., B paMKNUTe Ha e4Ha UTaA0-ObArapcka KyATypHa CIIOTo0a, eKIII
Ha UTaAnaHcKaTa poHjans /epuyan U3BbpIIBa ONNTHO-METOANYIHY Te0pU3NIHI ITPOyY-
BaHI Ha 6 MOImAM OT palioHa Ha rpag Kaszanabk, eaHa oT KouTo e tasu mormuaa. [Tpoyu-
BaHMATA Ha MOIM/AaTa BKAIOYBAT IPOTOHHA MarHUTOMETPUs U €AeKTPOChIPOTUBUTEAHN
U3MepBaHNs 10 pajraiHa Mpexxa ¢ npoduan npe3 108. MaruutHuTte naMepsaHus ca IIpa-
BeHI CbC CThIKA 1 M. 3a €AeKTPOChIPOTUBUTEAHNTE N3MEePBaHIs € 3I1043BaHa eAHa Be-
HepOBa cXeMa C pa3CTOsHIe MeXAy ChCceJHNTe eAeKTpoau 1.5 M, 1 cbOTBeTHO cThIKa - 1.5
M. B mpeacrasenns ot ponaanmsa JAepuun 40kaas ce oOpbIlia BHUMaHIe Ha percTpupaHa
MarHMTHa aHOMaAus B I0TO3anajHIs CeKTOp Ha MOImAaTa, “KbAeTO MOXe ja ce O4akBa a
chamber tomb” (Fondazione Lerici 1963, 10-11). AHOMaANs Ha IPUBUAHOTO €A€KTPUIECKO
CBIIPOTMBAEHME He e PercTpupaHa 1, CbOTBETHO, He e J0KAaaBaHa. Bb3 ocHoBa Ha 4aHHU-
Te OT reo(PU3NYHNTE IIPOYIBaHNA apXe0A031 OT IrpalcKust Mysell B KazaHABK M3KOIIaBat
€AVH COHJaX 3a IIpoBepKa Ha MarHUMTHaTa aHOMaANs, HO He AOCTUTaT 4O KaKBOTO I Ja e
chopbKeHne (110 ceegenns Ha Ap. I'. Kurtos). Tpuaecer roaunm no-kncHo, npes 1993 1., ap-
X€0031Te pelllaBaT, 4ye UTaAMaHCKIAT eKIUII e 00bpKaa ceBepa C I0ra 1 M3KOIaBaT C TEeXKKI
MaIlllHI ABe rOAeMU TPaHIIer B IOTOM3TOYHIUS CeKTOp Ha MOTuAara, IIpu KOeTO OTHOBO
He IToNajaT Ha HMKaKBO ChbOpbXKeHle (HellyOAMKyBaH! pa3konku Ha Ap. I'. Kuros). B moc-
AeaBaANTe TOAVIHY IeAVAT MOT/AeH Hacull e 0114 HapylllaBaH HeIIpeCTaHHO OT HOBU IIMa-
HaApcky nakonu. IIpes asroro na 2004 r., BEB Bpb3Ka € IIOAHOBEHNUTE CAe/ ceAeM TOAUIIHO
IpeKbCcBaHe pa3KOIIK! B palioHa Ha KasaHADK, Oellle pellieHO 4a ce HallpaBy €4HO IOCAeA-
HO JeTaliAHO TeopU3NIHO IIpOyIBaHe Ha HEHapYILeHs Ioro3arajeH ceKTOp Ha MoruaaTa
U IpU IIOAO0XKNTEeAHa IIPOTHO3a Aa ce IIPoBejaT apXe0AOTUYeCKM Pa3KOIIKIA.

l'eodpusmunute nsmepsanus Osxa posedeHn B niepuoga 11-13 asrycr 2004 r. upes
Ipu/laraHe Ha eAeKTPOChIIPOTUBUTeAHNA MeTod,. V3noassana Oertre cxema Benep-Ilaom-
Oep>Ke C TpM OCHOBHU ABAKMHM Ha 3axXpaHBalllata AuHuA - AB =3, 7 u 11 M, mpu pascro-
sSHUEe MeXXay npueMHnuTe eaektpoau MN =1 m u crpiika Ha nsmepsane 1 M. Ilpoyusarea-
HaTa MpeKa Oellle paamnaaHa, CboOpa3eHa C XxapaKTepHaTa oceBa CUMeTpPHsI Ha MOTUANTE,
¢ npopuan npes 108 3a yckopsiBaHe Ha M3MepBaHMATa OsgXa M3II0A3BaHM MHOTOXXUAHU
KabeAn 1 aBTOMaTU4eH IpeBKAIouBaTeA. B 30HMTe c aHOMaAHM CTOHOCTY Ha IPUBUAHOTO
€4eKTpUYecKo ChbIIPOTUBAeHNe OsXa IIpoKapaH! AOIbAHUTEAHN ITPOPUAN C U3II0A3BaHe-

116



[eodV3MYHN NPOYYBAHNA Ha TPAKWUICKM HAArPOOHN MOTN

TO Ha IIO-TOAsM OpOi ABAKMHU Ha 3axXxpaHBalllaTa AMHISL.

Perncrpupanure B pe3yaTaT Ha M3MepBaHMsTa CTOMHOCTY Ha IPUBUAHOTO CBIIPO-
TUB/JEHIEe B IIpOyJYeHaTa 4acT OT Moruaara ca cpasHuTeAHO Bucokn (300-700 ohm. m)¥, Ho
caabo cmytenn (rpua. V.1.5.2). Tosa robopu 3a eAMIH XOMOT€HEeH MOT/AeH HacUII C BUCOKO
CbAbp>KaHMe Ha MechbuanBa Pppakius u ckaanu mMatepuaan. Ha Tosu ¢poH ce oTaeas eaHa
OOl pHa aHOMaAMs B IOXKHATa YacT Ha MOIMAaTa, KOATO ce perucTpupa o pasAndeH Ha-
4IH C TPUTe u3MepBaTeAHN cxeMu. Ts1 e 0coOOeHO MHTeH3MBHA 3a CTOMTHOCTUTE Ha CHIIPOTH-
BaeHneTo 3a AB =3 n 7 m, xouto gocturat 1300-1500 om. M (mpua. V.1.5.2a, 6). ITo mpopmna
2008 anOMaAMATa € C MAaAKO ITO-HUCHK MHTEH3NUTET 3a Te3! CXeMU, HO TyK T Ce perucTpu-
pa MHOTO OTYETAMBO C Hall-AbA0OYMHHATA eAeKTpoAHa KoHpurypanus - AB=11 m (mpua.
V.1.5.28). Ilo gaHHUTE OT MOCAeAHATa, Ha OKOAO 1 M HaBBTpe OT BuguMaTa nepudepis Ha
Moruaara, Moxe 400pe 4a ce OT4eAl eAVH CMyTUTeA ¢ IpudAuU3NUTeAHa AbAXKIHA 2-3 M B
rocoka 1or-cesep (mpua. V.1.5.3a). Ha 2-3 M ceBepHO OT Tazdu aHOMaAus ce OTAeAs BTopa C
IIOYTHU ABOIMHO IIO-HUCHK MHTEH3UTET. 3a Aa ce oIlpeeAl C II0-BJ/ICOKa CTelleH Ha BeposIT-
HOCT XapaKTepa Ha CMyTHUTeANTe U Ha caMMsl MOIM/AEH HacuIl B AbAOOuMHa, Oe M3MepeH
eAuH AbpA0ounHeH (2-D) npodua o anHmsTa 2008. 3a rjeaTa Oelrte 1311043BaHa cxeMa Be-
Hep-IllalomBepske ¢ pa3cTosHNE MeXKAy TOKOBUTe eAeKTPOAM HapacTBalllo IIPOTPecBHO
oT 3 20 23 M (1. e. 11 gbAXMHM Ha cxemaTa) IIPU IIOCTOSIHHO Pa3CTosAHMEe OT 1 M MeXXay
IIpUeMHITe eAeKTpoau. PesyartaTture oT msmepsaHusATa ca 00paboTeH! ¢ MHBepCHMOHHATa
nporpama Res2Dinv. Upes Hes e 1moaydeH KOMIIIOTbPEH MOJAeA Ha pas3npeaeaeHNeTO Ha
€4eKTPUYHOTO ChIIPOTUBAEeHMe B AbaOoumHa (npua. V.1.5.4). Vinsepcuonnara oOpaboT-
Ka Ha AaHHUTe e OCbIIleCTBeHa Ype3 M3I10A3BaHe Ha ONTUMU3NMpaHUs MeTO/ Ha Hail-Ma-
KITe KBajpaTu HpHU orpaHmdeHo maraaxkdase (the smoothness-constrained least-squares
optimization method (Loke, Dahlin 2002)). Tt kaTo ce oyakBallle HaAu4ye Ha Ipod C pe3-
KM IrpaHuny Oelle n3rnoassaHa 0aokosa HopMaansanus (Loke, Acworth, Dahlin 2003) ¢
MOIIHOCT Ha 010KkoBeTe oT 0.5 M. JeGeanHaTa Ha ITbpBIS CA0M Oerrle 3aao>keHa Ha 0.25 M,
KaTo 3a BCeK! cAeaBalr] ce yseandasaiie ¢ 15%.

Ot Mogeaa sICHO ce BIKAa, 4e Ha (pOHa Ha CpaBHUTEAHO HUCKUTE U €Aa00 CMyTeHU
CTOMHOCTM Ha CBIIPOTMBAEHIETO Ha MOTMAHIS HACUII M Ha OKO/AHILSI TEPEeH ce OTAeAs eAHa
oOIIMpHa aHOMaJHa 30HA, KOSTO 3aro4yBa OyKBaaHO OT camaTa Iepudepns (Touxa 0) u
IpogbAXKaBa 40 0K040 12 MeTpa HaBbTpe B MOIMAaTa. BbB BepTuKalHa IMOCOKa TS 3aIl0u-
Ba AMPEKTHO OT IMOBBPXHOCTTA M AOCTNTIa AbAOOUMHA OT 0K0A0 2-2.5 M. Ha ¢poHa Ha ToBa
IIOBUIIIEH)i€ MHOTO OTYETAMBO Ce odyepTaBa €4Ha MHOTO MHTEH3MBHA aHOMAaAUs C IIOYTH
IIpaBlAHa IIPaBObI'bAHA POPMa I pa3Mepu B XOPM3OHTaAHa ITIOCOKA OKOA0 2.5 M 11 OKOA0
1.5 M (o1 0k020 0.6 M 40 0K040 2.1 M OT ITIOBLPXHOCTTa), BbB BepTukaaHa. [loutu Ha cpijarta
ABbADOUYNHA Ha OKOA0 2 M 3a/ Ta3y aHOMaAus ce OTAeAsl BTOpa, I10-cAaba U IO-HesICHO ouep-
TaHa. O4eBUAHO IIbpBaTa aHOMaAMs e IpeAu3BIKaHa OT HeTOAsIMO KaMeHHO ChbOPbKeHle
¢ mpasuaHa popma, 40KaTo BTOpaTa € II0-CKOPO JacT OT Io-aMopdHaTa pernoHalHa aHO-
MaAusl, KOSITO Hall-BepOsITHO ce Ab/AXK! Ha M3MeHeHIe B XapaKTepa Ha MOIVIAHNI HacuIl. 3a
chbXXaJeHue, IIopaAy HaTpylaHaTa B HeIIOCpeACTBeHa 0AM30CT IIPbCT OT ChCeAHN s U3KOII,
HsIMaIlle Bb3MOXKHOCT Aa ObaaT OIlpejeAeHN pasMepuTe Ha perncTpUpPaHOTO ChOPbKeHle
B IIOCOKa M3TOK-3ariagj,.

ApXeoa0Im4eckuTe pasKolKM, PbKOBOAEHI OT ITOKOVHMU Bede ao1l. ['eopru Knutos,
3alloyHaxa TpU AHU CAe/ U3BbpIIBaHe Ha reo(pU3NYHNTE IPOYYBAaHIS U pa3Kpyxa Ha I10-

27  Karo 115110, Te ca B paMKIUTe Ha ,,HOpMa/AHNUTe"” CTOTHOCTM Ha HaCUIIUTe Ha APYyTUTe MOIMAN B pa-
J10Ha, IIpOyYBaH! IIpe3 IIpeANIITHUTe TOANHIA.
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COYEHOTO M:ICTO B camMaTa Ilepudepus Ha MOruAaTa KaMeHeH rpoO ¢ MHOTO OoraT MHBeHTap
(mpua. V.1.5.5) (Kuros 20050).

CbBceM ecTecTBeHO Bb3HIKBA BBIIPOCHT: 3alll0 UTAAMaHCKIAT €KIUIT He YCIIsIBa Aa 3a-
cede rpo0a. IIpuunnnre ca Ase. [TbpBo, MarHUTOMETpHUATa He € IOAXOAIIA 3a IIPOyYBaHe
Ha roaeMy Moruau. VIHTeH3uTeThT Ha O4aKBaHNUTe aHOMaAUM € HUCBHK, OCODeHO B cAyda-
UTe Ha HICBK KOHTPACT B MarHUTHUTE CBOJICTBA Ha IpOOHaTa KOHCTPYKIIMS ¥ MOTMAHIS
Hacuil. Olje rtoBeue, 4e 0COOEHO ITPpMU MOA3BaHETO Ha MarHUTOMETBpP CaMo C eAVH CeH30p,
B U3MepBaHIsITa TpsIOBa 4a ce BbBeJaT KOPeKINN 3a peded 3a eAVMMNHIPaHe BAVUSHUETO
Ha camaTa Moruaa kKaro peaedna popma. Ha BTOpo MsICTO, KaKTO Helrre crioMeHaTo o-To-
pe, UTaAMaHCKMAT eKUII IIpaBy U3MepBaHMs caMo C eJHa AbAXKIMHa Ha cxeMa Benep. Ts e
IIO4TH MAeHTHYIHa cbe cxemara IllaromOepske ¢ AB=5, m3anoassana oT Hac Ipu AByMepHUTe
nscaeapanns. Kakro ce Bukga ot npua. V.1.5.30, B To31 caydaii e perncrpupaHa caMo eqHa
OOIIMpHa 30Ha C BUCOKM ChIIPOTUBAEHNs, HO He U IpOOBT, KOUTO ce 0TAeAs eAHO3HaYHO
yak npu AB=11 m. OueBnaHo, eaHa cxema Benep c pascrosHue MeXXAy CbCeAHNUTe eAeKTPOo-
An ot 1.5 M He e B CbCTOsIHME 4@ perucTpupa OTIeTAUBO IT0A00HA KOHCTPYKIINS pasioao-
>KeHa Ha AbabounHa 1-1.5 m.

CorporusureannTe n3Mepsanusa Ha Mornaarta CseTuiia 4agoxa 1 ollle e4uH BasKeH
pesyarar. MzomerpmnunaTta popma Ha aHoMaansTa 3a AB=3 u 7 m (npua. V.1.5.2a, 6), kakto
U pasnpejeAeHNeTo Ha ChbIIPOTUBAEHNEeTO TPV MHBePCMOHHMSA MOAe, IIOKa3BaT ye TpoObT
Hall-BepOsITHO e O11A U3TpajeH cAe  KaTo B I0’KHaTa YacT Ha OPUTMHAAHNSA MOTUAEH HaCUIl
e HaIlpaBeH roAsM M3KOII, KOTO cAe/ TOBa e 0114 3aITbAHEeH C IPBCT C BIICOKO ChAbp KaHe
Ha KaM'BbHI U 9aKb4, KOETO e MpUYIMHaTa 3a BUCOKITe ChbIIpoTuBAeHms. Tosa HaOAl0 eH1e
e B II0AKpeIla Ha ChIIleCTByBalllaTa XUII0Te3a, 4e HAKOM OT I'pOOHMIINTe OT TOBa BpeMme ca
U3rpa’kAaHy BbB Beue U3AUTHATI MOTUAL.

V.2. MOI'IAU TTPU C. BPATS AACKAZAOBN.

B paiiona Ha c. bpartsa Jackaaosu Osixa mpoydennu et moruan. Tpu ot Tsax — Mo-
MuHa, Ynramkara n Kapakouosa ca pa3anoA0>KeH! Ha eAVH CKAOH HeIOCpeACTBeHO ceBe-
POM3TOYHO OT CeA0TO, a OCTaHAaAUTe ABe — HEIIOCPeACTBeHO ceBepo3ariagHo OT ChbCeAHOTO
ceao I'panut. B MoMuHa mMornaa, cae4 MHOTOKpaTHIU OINTHU, MMaHsIpuUTe Os1Xa yCIIeAn ¢
eAVH OT U3KOIINTe CU Aa AOCTUTHAT 40 KaMeHHa IpoOHMIIa, pa3lloA0>KeHa B I0XKHaTa 4acT
Ha MoOTuJaTa, KOeTo Jaje I0BOJ 3a IIPOBeXKJaHeTO Ha INMPOKOMallabHM apXeoA0TnIecKu
IIpOy4YBaHMUATA 1O IIPOEKT (PUHAHCUPAH IO MeXaHI3bMa Ha EBpoIIeiickoTo MKOHOMIYECKO
IIPOCTPaHCTBO.

V.2.1. MommHa mornaa (npua. V.2.1.1).

Bucounna oxoao 7 M, gAmameTnsp B ocHOBaTa 0K0A0 50 M.

IleaTa Ha mpoy4yBaHM:ATa Ha MOIMAaTa Oellle Ja Cce YCTaHOBM TOYHOTO IIOAOKeHIe,
pasMepu 1 OpMeHTalNs Ha AOCTUTHaTaTa OT MMaHsIpUTe IpOOHUIIA; HAAMIMeTO UAN OT-
CbCTBMETO Ha APYIU I'POOHU ChbOPBKEHMS; APYTY KOHCTPYKIIMI 11 OCOOeHOCTH Ha HaTpyII-
BaHe Ha MOTV/HILSI HACUII, C KOETO Aa ce gaje nHpopMaIusl 3a Hai-epeKTUBHOTO IIPOBEK-
JaHe Ha pa3KOIIKIUTe.

Mpexa: paanaanu npoduan 1pes 88, crblika Ha uaMepsase 1 M.

Msnoassana cxema: lllaromGepske - n=1, 3, 5; MN=1 m (a=1 m).

ITopaau HaaAMYMeTO Ha TOASM UMaHIPCKM M3KOII B MI3TOYHATa YacT Ha MOTIAa C I1A01I]
0x040 200 KB. M, TyK U3MepBaH/s He OsXa U3BbPIIeHN.

3a 1oay4yasaHeTO Ha AOII'bAHUTEAHN AaHHU 3a TPOOHMIIATa M 3a XapaKTepPUCTUKNTe
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Ha MOTMAHN HacUII Os1Xa U3BbPIIeHN AeTalAM3al[MIOHHN 3MepBaHIs 110 MeToAa Ha He-
IIPeKbCHATOTO BePTUKAAHO edeKTpudecko coHaupane - HBEC (aBymepHa eaekTpochnpo-
TUBUTeAHA ToMorpadusi). Vsmepenn Gsixa odmio 9 npoduaa ¢ AbAXKnHA MeXAy 34 u 47
M (B1oK mmpua. V.2.1.2). MsnoassaHa Gerte cxema IllaromGepske ¢ gecet gpaxkuuan, n=1-+10,
npu MN=a=1 M 1 cTbIIKa Ha M3MepBaHe — CbIIOo 1 M.

CroitHOCTUTE Ha M3MEPEHOTO IPUBUAHO €AeKTPUYEeCKO ChIIPOTUBAEHE I 3a TPUTe
U3I0A3BaHN €AeKTPOAHM CXeMMU ca BUCOKU U CUMAHO cMyTeHn (ripua. V.2.1.2, npua. V.2.1.3).
B naii-roasima cTemeH TOBa BaKM 3a CTOVHOCTUTE M3MEpPeHM C Hall-,IIAuTKaTa” cxema —
AB=3 M. ToBa roBopH 3a HeXOMOTeHeH MOTH/AeH HaCUIl U3TPajeH OT IIP'bCT C MHOIO BUCOKO
ChAbp>KaHlMe Ha CKaaH!U MaTepuaAan. Haii-Bycoku n cMyTeHH ca CTOMHOCTUTE B I0JKHaTa I
3arlagHaTa 4acTu Ha MormaaTa. Ha HAKOAKO MecTa TyK ce perucTpupar oompHu de3dpop-
MeHI aHOMaAMM, KOUTO ca IIPeAN3BYKaH/ Hall-BepOATHO OT KAMEeHHV CTPYIIBaHMA.

Haii-sican 1 mHpOpMATUBHM ca pe3yATaTUTe IMOAy4eH! C Hail-,AbA0oKaTa” eaek-
TpogHa cxema AB=11 m (n=5). Ot TsAX ce BUKAa, Uye KaTo 15110 B AbAOOYMHA MOIVAHUAT
HacuUII e Ho-xoMoreHeH. OOIIMIpHaTa 30Ha C BICOKI CTOMTHOCTY Ha IIPUBUAHOTO eAeKTpuJe-
CKO CBIIPOTHMBAEHMe oOXBalllallla IIOYTH Iisi1aTa ceBepo3ariagHa yacT Ha MOTiAlaTta e CBbp-
3aHa C II0-TOASIMOTO ChAbP>KaHle Ha CKaAHM MaTepuaAl B Hacuiia. 3a ocTaHalaTa 4acT Ha
MoOruAaTa CTOMHOCTUTE Ca 3HAYUTEAHO IIO-HUCKIU.

Ha to3u ¢pon MHOTO 400pe ce 0TAeAAT TpU XapaKTepHU MHTEH3UBHU TOAO0KNUTEAHN
aHOMaAMM IOKHO OT IleHTbhpa Ha Moruaara. [Ibpsurte gBe ca AnHeHN, ¢ NpUOAN3UTEAHA
OpMeHTauNsI U3TOK-3amas (IepIeHAVKYASPHI Ha OCTa ceBep-ior). Permcrpupar ce cboT-
BeTHO Ha 6 1 11 M oT nepudepnsTa Ha MOIMAaTa 1 MMaT AbAX1MHa 0k040 9-10 M. Ouesngano
Te ca IpeAU3BUKaHN OT 3HaUMTeAHU KaMeHHM CTPYIBaHU C AVHEeMHM OYepTaHus B I11aH.
Ot npmnaoxxnuTe MHBEPCUOHHN MOJeAN, IOAY9eH! OT U3MepPeHNsTa 10 MeTOAa Ha Hellpe-
KbCHATOTO BEPTUKAAHO €AeKTPUYeCKO coHgupane (mpua. V.2.1.4, npua. V.2.1.5) ce Buxaa
SICHO, 4e ITbPBOTO CTpyIIBaHe (TOBa Ha 6-Tus MeThp) Cce pa3BuBa MHOTO 400pe B AbA004YMHa
KaTo AOCTHUTa IIMpPNHA OT 2.5 M B OCHOBaTa Cl1, KOATO ce HaMupa Ha 1-1.5 M oT moBbpxHOCT-
Ta Ha MormuJaTa. 3a pa3AmMKa OT Hero BTOpoTo (Ha 11-Tus MeThp) e pa3rioao>keHO OAMU3KO
A0 IOBBPXHOCTTA I He ce pa3BuBa B AbA00OuUMHa. TpeTaTa aHOMaAuMs ce perucTpupa MexAy
14-tust m 18-Tust MeTBp OT epudepusTa Ha MOIMAaTa, CbOTBETHO MeXXAy 11 1 7 M oT 11eH-
Thbpa. Ts oueBUAHO e IpeAM3BMKaHa OT KaMeHHaTa I'poOHuUIIa B Moruaara. JVIHrepecHOTO
e, ue aHOMaAMsATa HsMa sICHO M3pa3eHM AMHENHU odepTaHMs B I1aaH. Tosa MoXe ga ce
OOsICHM OT e4Ha CTpaHa CbC 3HaUMTeAHa AbA00YMHA OT IIOBBPXHOCTTA, Ha KOSITO Ce HaMupa
rpoOHMIIaTa, KOETO BB3IIPEIATCTBA YCIEITHOTO VI peTUCTpUpaHe, UAM C eBeHTyal1Ha He400-
pa 3al1a3eHOCT Ha camaTta KOHCTPYKUM:A — OT Apyra. 3a ChXXaJeHue, IIopaAyl CMyIaBaIioTo
BAISHIE Ha MHOTOOpONMHITE MMaHAPCKM M3KOIM B Ta3M YacT Ha MoTIuJAaTta, pe3yATaTu-
Te OT MHBEePCUOHHOTO MOJeAMpaHe U3BBLPIIeHO Ha HAKOAKOTO AOITbAHUTEAHO M3MepeH!
npoduaa o meroga HBEC He mosBoasBaT eAHO3HaUHa MHTepIIpeTaLVs U AOITbAHUTEAHO
npenusupane. ITpokapannTte HampeuyHn ABAOOUMHHY IPOPUAN I0XKHO OT TPOOHMIIATa He
JAaBaT OCHOBaHIE Ja Cce O4aKBa Ti Aa € cHaOAeHa ¢ KOpuAop, Boell KbM Iepudpepusra
Ha Moruaara. [To-ckopo eana a0KaaHa MOAOKHUTe/AHa aHOMaANs TOBOPM 3a HaAndue Ha
KaMeHHO CTpyIIBaHe Ha HMBOTO Ha I10Ja IIpe/ caMusl BXOJ4 Ha rpoOHmiara (mpua. V.2.1.6).
ITpoBesennTe apxeoA0rMIeCcKy pa3KOIKM, IIOTBbPAYIXa HallpaBeHUTe IIPOrHO3Y, KaKToO 3a
I10A0>KeHNeTO Ha 'poOHIIIaTa, Taka 1 3a KaMeHHITe cTpylBaHus 1pe Hes (Tonkosa, Vsa-
HoB 2011) (mpua. V.2.1.8).

JaHHNUTe, KaKTO OT ChbIIPOTUBUTEAHOTO KapTUpaHe, Taka i OT AByMepHaTa eAeKTpo-
CBIIPOTUBUTEAHA TOMOTpadus He JaBaT OCHOBaHIe Ja ce Iipealioara HaA41eTo Ha BTopa
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rpoOHa KOHCTpyKums. B gbaboumna Hacuma B ctpanmu u 3a/4 rpoOHMIIATa € XOMOIeHeH C
OTYETAMBO HUCKM CTOVHOCTY Ha ChbIIpOTUBAeHMNeTO (mpua. V.2.1.4, mpua. V.2.1.7).

V.2.2. Unramkara mormnaa (pua. V.2.2.1).

Bucounna okoao 6.5 M, gnameTsp B OcHOBaTa 0K040 40 M.

Mpexa: paanaanu npopuan npes 108, crpika Ha n3Mmepsase 1 M.

Isnoassana cxema: lllatomGepke - n=1, 3, 5; MN=1 M (a=1 m).

3a moayJyaBaHeTO Ha AOI'BAHUTEAHU AAHHU 3a HaAM4IMETO Ha aHOMaAHU OOeKTU B
ABAOOUNHA U 3a XapaKTEePUCTUKITE Ha MOTUAHNS HaCUII Os51Xa U3BBPIIEHN AeTallAu3alii-
OHHU M3MepBaHM: 110 MeTOJa Ha HeIIPeKbCHAaTOTO BePTUKAAHO eAeKTpUIecKO COHAMpaHe
- HBEC (aByMepHa eaekTpochIlIpoTuBITeAHa TOMOTpadus). Vismepenn Os1xa 001110 9 mpo-
¢unaa c gpaxuna Mmexay 34 u 47 m (Brox nipua. V.2.2.2). Visnoassana Oemre cxema Ilarom-
Oep:ke ¢ gecet AbaxyuHN, Nn=1+10, mpu MN=a=1 M 1 cTbIIKa Ha U3MepBaHe — ChIIO 1 M.

CroitHOoCTUTE Ha M3MEPEeHOTO IIPUBUAHO eAeKTPUYeCcKO ChIIPOTUBAEHIEe ca CPaBHU-
TeAHO BMCOKM, HO cA1a00 cmyTenu (npua. V.2.2.2, npua. V.2.2.3). Toa rosopu 3a eAuH X0-
MOTeHeH MOTIAeH HaCUIl, U3rpajeH OT IIPeAVMHO I1eChbKAMBA IIP'bCT C HUCKO ChbAbp KaHNe
Ha rAMHecTa KOMIIOHeHTa I MHOTO Ma/AKO 1AM II'bAHa AUIICa Ha CKaAHM MaTepuaan. MHoro
BIICOKI CTOMHOCTY Ha ChbIIPOTUBAEHMETO ce perncTpupar e AMHCTBeHO 110 camara Iepude-
pus Ha MOIMAaTa M U3BBH caMmsl MOTuAeH Hacuil. Te ce AbAXKaT Ha BAMSHMETO Ha MHOTO
IIAUTKO pas3IioAoKeHuTe KopeHHu ckaau. C Hail-,nantkara” eaekrpogHa cxema AB=3 m
(mpma. V.2.2.2) 1o 11s14aTa I0KHa U 3allagHa nepudepus Ha MoruaaTa ce perucrpupa ejHa
AVIHeliHa aHoMaAMs ¢ popmara Ha HOAYKpI. Ts Hall-BepOsTHO e IpeAU3BJMKaHa OT KaMeH-
Ha KpeIlnAa, KOATO OIlacka Ta3) YacT Ha MOIMAaTa, KaTo ce pasloJara Ha 0KoA0 2-3 M OT
nepudepuAra Ha Hacuna. Jebeannara 11 mexxay 0.5 1 1 M, KaTo He e ITOCTOsIHHA B pa3Me-
puTe cu MO IAA0TO CU IIpOoTeXKeHne. Bb3aMOXKHO e 4a 1Ma yJacThIiu KbAeTO e I10-4ebea,
U ApyITU — KbAETO e MO-ThHKa. Apyru anoMaamum Ha HPUBMAHOTO CBHIIPOTMBAEHME He ce
perucrpupar. VinBepcuoHHNTe MOAeAM Ha CBIIPOTUBAEHUETO MO0 AOIbAHUTEAHO U3Mepe-
Hute npoduan rno Mmeroga HBEC cbiio He 0TAeaAT HMKaKBY aHOMaAHU 00EKTHU B AbA00-
ynHa. MHOTO 400pe ce perucrpupa Kpemnaara, KosiTo 110 AaHHIUTe OT MHBEPCUOHHOTO MO-
AeAupaHe e ¢ IMpKHa 40 3 M 1 BucounHa 40 1 m (mpua. V.2.2.4, V.2.2.5). B HoBbpXHOCTHIS
€01 40 0KOA0 1 M OT IIOBBPXHOCTTA ce HabeAsI3BaT U HAKOU He3HAaYUTeAHU OTKAOHEHII,
KOWTO MOrar Ja ce CBbp>KaT C HeeJHOPOAHOCTU B IIOBLPXHOCTHIS CAOM CBbP3aHU ChC Ca-
M1 HauMH Ha HacUIIBaHe Ha MOTIu/AaTa MAU € IIO-KbCHY HapyIleHNsl Ha MOTMAHS HaCuIl.
VHBepcOHHUTE MOAeA! IIO HaIlpeuyHNTe MpoduAM B I0KHaATa 9acT Ha MormaaTta (IIpuA.
V.2.2.6) cbII10 He perucTpupar KaKbBTO I Aa € CMYTUTeA B AbA00unHa. Bcuako ToBa rosopy,
ye B MOTIAaTa He MOXKe 4a ce OYaKBa HaAuuye Ha TPOOHMIIA A APYTO TOASIMO KaMeHHO
ChbOpBKEHHe.

ITocaeaBaauTe apxeoA0rmMyecKy pasKOIIKM pa3Kpuxa OdaKBaHaTa Kpemna (IIpua.
V.2.2.7). Ilpu pas3konkure B IIOBbPXHOCTHUTE YacTV Ha HacuIla Osxa OTKPUTU U MHOXKe-
CTBO BTOPMUYHI I'poDOBe OT KbCHaTa aHTUMYHOCT 1 cpeAHoBeKoBueTo (Aumutpos, ToHKO-
Ba 20110). Te obaue, mpeacraBAsBaxa MaAKU I'POOHU SIMU, 3alTbAHEHU C IIPBCT, KOSTO I10
HUIIIO He ce pa3AnyaBa OT OKoAHaTa. PerncrpupaneTro M o4eBuAHO € U3BBH Bb3MOXKHOCT-
ute Ha reodpusnkara. CbIIIOTO ce OTHACA U 3a KAMEHHOTO CTPyIIBaHe Pa3KpUTO B OCHOBaTa
Ha Moruaara (mpua. V.2.2.7). To e c oBaana popMa 1 pazmMepy OKOA0 2 Ha 5 M 11 BUCOYMHA
ok0410 1 M. CbBceM ecTecTBeHO e e4Ha TaKaBa CTPYKTypa 4a He MOXKe Ja ObJe perucrpupa-
Ha Ha 4bAOOYMHA OT Ha/, IIIecT MeTpa.

120



[eodV3MYHN NPOYYBAHNA Ha TPAKWUICKM HAArPOOHN MOTN

V.2.3. Kapakouosa mormnaa (ripua. V.2.3.1).

Bucounna okoa0 2.5 M, guamMeTbp B OCHOBaTa OKOA0 25 M.

Mpesxa: mpaBobrbaHa ¢ ipoduan mpe3 1 M, cTbka Ha n3Mepsase 1 M.

Manoassana cxema: [llarombepske - n=1, 3, 5, MN=1 M (a=1 m).

3a 1oayJyaBaHeTO Ha AOITBAHUTEAHU AAHHU 3a HaAM4IMEeTO Ha aHOMaAHU OOeKTU B
ABpAOOYMHA U 3a XapaKTepUCTUKIUTE Ha MOTUAHNS HacKUII Os1xa U3BBbPIIEHN AeTallan3alil-
OHHI M3MepBaHM: 110 MeTOJa Ha HEIPeKbCHAaTOTO BePTUKAAHO eAeKTPUIeCcKO COHAMpaHe
- HBEC (aBymMepHa eaeKTpOChIpOTHBUTeAHa ToMOrpadust). Vizmepennu 6s1xa oO1io 2 mpo-
¢naa c gpaxuna 34 M (oK nipua. V.2.3.2). Vsnoassana Gemre cxema Ilaiombepike ¢ gecet
Abaxyan, n=1+10, mpu MN=a=1 M 1 cTbIIKa Ha M3MepBaHe — CbIIO 1 M.

CroitHoCcTUTe Ha M3MEPEeHOTO HPUBUAHO eAeKTPUIeCcKO ChbIIPOTUBAEHNE KaTo 15110
ca BIMCOKI, HO ca CpaBHUTeAHO caabo cmyTteHu (mpua. V.2.3.2). Toa rosopu 3a eAVH XOMO-
TeHeH HaCMII C BUCOKO ChAbpKaHle Ha ITeChbKANBa (ppaKius, JaKbA U CKaAHN MaTepyalll
HIICKO ChbABbP>KaHIe Ha ranHa. Hail-B1coknuTe cTOMHOCT Ha CHIIPOTUBAEHMETO 1 3a TPUTe
U3II0A3BaHM €AeKTPOAHU CXeMI Ce perCcTpUpar B I0KHaTa nepudepis Ha MOIMAATa U U3-
BBH CaMIsI MOIVIA€H HaCUII U ca IIpeAU3BMKaHN OT MHOTO IIAUTKO Pa3liOA0KeHUTe KOpeH-
HI cKaAu. B camara Mornaa noAoXmuTeAHy aHOMaAuy He ce perucTpupar, KoeTo O3HayaBa,
ye He MOXe Ja ce OYaKBa HaAM4MeTO Ha KaMeHHO ChOopbXeHne B Hacuia. Ha oxoa0 2-3 m
IO>KHO OT IIeHThbpa Ha MoTuJaTa ce percTpupa eJHa M30MeTpUYHa 30Ha C pasMepu B I11aH
0K040 3X3 M, XapaKTepuaupalia ce ¢ MHOTO HUCKM CTOMHOCTY Ha HPUBUAHOTO CBIIPOTHU-
BAeHMne. MHoro 400pe ce 0oT4eAsl Ta3y aHOMaAusA M Ha MHBEPCUOHHUTE MOAEAN IO Bep-
TUKaAHUTe Npoduan usMepenn Hag Hes (npua. V.2.3.3). BpaMoxxunTe npudmHUTEAN Ha
Te3¥ HMCKU CTOVMHOCTHU Ca HSAKOAKO: 1) BKOIlaBaHe B MOIVMAHM: HAaCUII 3aITbAHEHO C IPbCT
C IO-BJMICOKO ChAbp>KaHMe Ha I'AMHa; 2) BKOIIaBaHe B KOPeHHaTa CKaJa 3all'bAHeHO C IPhCT;
3) MaaKa MOTIMAKa OT IIPBCT C BUCOKO ChAbp>KaHle Ha IAHa B OCHOBaTa Ha Moruaara. Bos
BCUYKI CAydaM Ta3M CTPYKTypa MOXe Ja e CBbp3aHa AU 4a € MHAMKATOP 3a U3BLPIIEeHO
rorpebeHne B ApeBHOCTTa. TakaBa CTpyKTypa HalCTMHa Oellle OTKpUTa IIPU apXeoAoTnde-
ckure paskonku (Jumurtpos, Tonkosa 2011a) (mpna. V.2.3.4). Ctasa BBIIPOC 3a KpeMaljus
BBPXY CaMIsI aHTMUYEH TepeH, KOsITO cAe/ IlajaHe Ha KJajdaTta e Omaa 3acuIlaHa, HO cAes
I0JaraHeTo Ha MHOTO U TBbpAe Ooratu rpobHn gapose. AbAXIMHaTa Ha TPOOHOTO A0KEe,
U3IOPEeHo B KAajata e 3 M, a mupounHaTa noutu 2 M. OueBnAHO KAagaTa, KakKTo I MaAKara
MOTIMAKa OT IAMHecTa IPBCT HaTpyIllaHa HaJ, Hes ca IIpUYMHaTa 3a TOAKOBa OTYETAMBUTE
HIJICKU CBIIPOTUBAEHIUSI perucTpUpaHu OT AByMEPHOTO MHBEPCHOHHO MoeAupaHe. Bbs-
MO>KHO e caMaTta Ir'poOHa KJ1aja 4a BOAU A0 PpsA3KO MOBUIIIaBaHe Ha IIPOBOAVMMOCTTa Ha cpe-
Aara BCAeACTBYe Ha BIICOKOTO ChAbp KaHle Ha BbIAepoa, aHaAOTMYHO Ha IIpUTe>XKaBallluTe
eAeKTpOHHa IPOBOAUMOCT AbpBeHN Bbramia (Ppanros, Ilnnkesnu 1966, 84), kakTo 1 Ha
rpadurosute Ay BpraymauTe mucty (Inmazaos 1976, 18, tabaura 2).

V.2.4. Mormnaa 1 npu c. I'paant (V.2.4.1a).

Bucounna okoao 3 M, amamersp B ocHOBaTa 0K0A0 30 M.

Mpexa: paanaanu npopuan npes 108, cronka Ha n3amepsase 1 m.

Manoassana cxema: [llaombepske - n=1, 3, 5, MN=1 m (a=1 m).

MarnutHa rpaguomerpus: kBagpatHa mpexka 40x40 m; npoduan npes 0.5 M; cTbII-
ka 1o npoduante 0.25 m. Vsnoassan amapar: gpaykcrent rpaguomerbp GRAD 601-1,
Bartington B aBTOMaTI9eH peXXuMm.

3a moay4yaBaHeTO Ha JOI'bAHUTEAH!U AaHHU 3a HaAMYMETO Ha aHOMaAHM OOeKTU B
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ABbAOOYMHA U 3a XapaKTepUCTUKITE Ha MOTUAHN HaCUII Os1xa U3BBbPIIEHN AeTallau3alin-
onnu uaMmepsanus 1o meroga HBEC. Msmepenn 6:1xa 001110 5 mpoduaa ¢ AbAKMHA MEXKAY
34 u 47 M (Brx nipua. V.2.4.2). Visnoassana Gerre cxema IllaromOep:ke ¢ geceT AbAKUHIY,
n=1+10, npu MN=a=1 M 1 cTbpnKa Ha M3MepBaHe — CbIIo 1 M.

CroitHOCTUTEe Ha M3MEPEeHOTO IPUBIUAHO €AeKTPUYECKO ChIIPOTUBAEHNE U 3a TPU-
Te M3MO0A3BaHU eAeKTpoaHm cxemy ca Huckm (10-30 ohm. m) u caabo cmyTeHm (Ipua.
V.2.4.2, npua. V.2.4.3a). B Hait-roasima cTerieH ToBa BakM 3a CTOVHOCTHTEe M3MEepPeHM C Hall-
,AbA0oKata” cxema — AB=11 m. ToBa roBopu 3a e411H XOMOT€HeH MOTMAeH HacUII U3rpajeH
OT IPBCT C MHOTO BUCOKO ChAbp>KaHMe Ha IAMHa, HUCKO ChAbp KaHMe Ha IIICHK M 4aKba
U TIOYTU I'bAHA AMIICA Ha CKaAHU MaTepuaaAl, KaKBaTo, BCHIIJHOCT e IIPbCTTa OT OKOAHMS
TepeH — pe3yATaTa OT HAaHOCUTe Ha IIpoTudaiiaTa B 6An3oct peka [toaaepe. Ha Tosu ¢os,
ce 0TAeAAT HAKOAKO AOKaAHM IOAOXKUTEeAHN aHOMaANY Ha CTOMHOCTUTE Ha IPUBUAHOTO
eAeKTpIYecKo ChbIIpOTHBAeHIe, n3MepeHn cbe cxeMa AB=3 m. Te, oOaue, ca ¢ MHOTO HUCBK
VMHTEeH3UTeT 1 He MoraT ga Ob4aT CBbP3BaHU C eBeHTyaAHU apXeoAOTMYecKu CTPYKTYpH,
a I10-CKOpO ca IpeAU3BUKaHM OT CAa00 M3pa3eH! U IAUTKO pas3lloA0KeHNe HeedHOpPOA-
HOCTM B MOTUAHUS HacuIl. VIHBepcuoHHUTE MOAean 110 nmpoduan 160-360 u 200-0 (mpma.
V.2.4.4) cp1110 TOBOPAT 3a €4MH XOMOTeHeH HacuIl cbe cToitHocTy MekAy 20 1 40 ohm. m.

IIpu cToHOCTUTE Ha CHIIPOTUBACHIETO M3MepeHn cbe cxemure AB=7 u AB=11 m ce
oTJeAsl ejHa I10-400pe M3pa3eHa M30MeTpUYHa aHOMaANs CUTylpaHa Ha HAKOAKO MeTpa
Joro3aragHo OT IleHTbpa Ha Moruaata. VIHBepcoHHITe MOAeAN Ha U3MepeHUTe B 30HaTa
Ha aHoMaausaTa npoduan 1o meroga HBEC (mpua. V.2.4.5) notebpkAaBaT HaAMIMeTO Ha
aHoMaJeH 00eKkT B AbaOounHa. Toit e ¢ npudansuTeAHn pasmepu B 114aH 3x3 M 1 ce pas-
1oaara Ha AbAOounHa MexxAy 0.7 1 1.7 M OT HOBBbPXHOCTTa Ha MOIuAaTa, T. €. AOAHUS My
Kpall e Ha HUBOTO Ha OCHOBaTa Ha Mormuaara. KommaxkrHaTa popma Ha CMyTHUTeAs IIpeAIIo-
/ara, 4e Hal-BepOATHO CTaBa BBIIPOC 3a KAMEHHO CTPYyIIBaHe BbPXY A4PEBHIS TepeH, KOeTO
B II0CA€ACTBIeE e 3aTPyIlaHO ¢ MOIMAeH Hacuil. Takosa cTpynBaHe Oellle OTKPUTO HaMCTU-
Ha, HO 3a CbKa/JeHle, BCAeACTBYe Ha MMaHAPCKM U3KOII HallpaBeH Iipe3 AAT1oTo Ha 2011 1.
(V.2.4.16). Ha apa00ounHa 0k04a0 1 M OT IIOBBPXHOCTTa MMaHAPUTE ca IOIajHaAll Ha Ba-
POBUKOBI KaM'BbHI, KOUTO Ca 3allOYHaAM Aa U3XBBPASAT, HO OsIxa CIIpeHM CBOeBPeMeHHO, a
U3KOI'BT — 3aTpynaH. Taka ye, pasMepuTe Ha CaMOTO CTPyIIBaHe OCTaHaXa HeyCTaHOBEHM.

PesyaTtatute oT 00paboTKaTa Ha reOMarHUTHUTE M3MepBaHNA He OTAeAAT HUKAKDB
aHoMaJeH O00eKT B MOrmAHUsA Hacuil (mpua. V.2.4.30). PeructpupannTte HIKOAKO Xapak-
TepHM aHOMaAUM C IIOAO0XKUTeAHa 1 OTpullaTeAHa KOMIIOHEHTa I MaAKI pasMepH B I11aH
ca IIpeAU3BUKaHH, Hall-BepOATHO, OT IIAUTKO Pa3IIOA0KeH! CbBpeMeHH! >KeAe3HU Ipea-
MeTn. B caydas e mo-Ba>kHO ga KOMeHTHUpaMe, 3alll0 TeOMarHUTHUTEe M3MepBaHIs He pe-
TUCTpUpaT CTPyKTypaTa perucrpupana Ipu eAeKTpocbIpoTusuTeanuTe. ITspsoTo Helo,
KOeTO ITpaBy BIledaTJeHle ca MHOIO HICKITe CTOMHOCTI Ha M3MepeHIs TpajlileHT Ha Mar-
HUTHOTO 11oae. Te ca B pamkute Ha -2+2 nT. ToBa roBopu, 4ye camara IIPBCT, OT KOATO €
HaTpyllaHa MoTuJaTa € C MHOTO HICKa MarHMUTHa Bb3lipuemunsocT. Cael0BaTeaHO, U Ka-
MEHHOTO CTpyIIBaHe OT BapOBMKOBM KaMbHM (MarHMUTHA Bb3IIPUEeMUYMBOCT Ha BapOBUIIUTE
e 0amska a0 0) HAMa ga ITpeAN3BIKa HUKAKBI OTKAOHEHM B MarHUTHOTO I10Ae 1, OTTaM,
perucTpupaHeTo Ha CTPyIIBaHETO.

PesyaTaTuTe OT reOMarHUTHUTE U3MepPBaHIs HU JaBaT Bb3MOXKHOCT Ja OIIeHIM KakK-
BO € BAUAHMETO Ha MOTMAHMA HacUII KaTo peaedpHa popma 1 MMa A Hy>KAa OT KOPUTHpa-
HeTo My. 3a IleATa e pasriejaHa KpuBaTa Ha MarHUTHOTO I10A€ 110 ITpopuAN ¢ HallpaBae-
HII€e IOT-CeBep Ipe3 LeHThpa Ha Moruaata (1p. 0), T. e. IIpe3 Hali-BICOKaTa 11 4acT, ¥ Ha I1eT
MeTpa 3anaaHo (1p. -5) (mpua. V.2.4.6). MHOTO 5ICHO ce BU>K4a, Y€ HOPMaAHOTO U3MeHeHNe
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Ha MarHMTHOTO I104€ I10 npoc])l/ma e 0A13KO0 A0 HyAa U, CAe40BaTe€AHO, KOpeKL M Ha Mar-
HMUTHOTO I104€ ITPeAN3BIKaHO OT MOryaaTta KaTto peAeq)Ha cl)opMa He ce Haaara. To3u (1)aKT
MOXe Ja Ce ADbAXKIM, KaKTO Ha MHOTO HIMCKIVTE MarHVMTHI CBOJICTBA Ha HacCHIla, TaKa M Ha
U3I10A3BaHETO Ha MaTHUTOMETDHP B I'padlI€HTOMETPIIIHA KOH(l)I/II'ypaHI/IF[, IIpM KOATO aBTO-
MaTU4YHO ce eAMIHIpaT ,,peFI/IOHaAHI/ITe” VIBMEHEHI Ha MaTrHUMTHOTO IT10Ae.

V.2.5. Mornaa 2 mpu c. I'pasmr(npna. V.2.5.1).

Bucounna oxkoa0 4.5 M, guamMeTbp B OCHOBaTa OK0A0 35 M.

Mpexa: paanaanu npopuan mnpes 108, crpika Ha n3aMepsase 1 M.

Msnoassana cxema: [llaomGepke - n=1, 3, 5; MN=1 M (a=1 m).

MarnutHa rpaguomMeTpust: paguaanu npoduan mpes 108; crpnka no npoduante 0.5
M. Vsnoassan anapart: ¢paykcrent rpaguomersp GRAD 601-1 Bartington B ppuen pesxxum
Ha U3MepBaHe. 3a Aa ce MogAbp>ka QUKCUPAHO Pa3CTOSIHIE Ha CEH30PUTE OT ITOBBPXHOCT-
Ta Ha MoruJara Oellle 311043BaHa I11acTMacoBa IIpucTaBKa ¢ BucounHa 20 cM MOHTHUpaHa
B JO/AHM Kpayl Ha ypeaa.

3a 1oaydaBaHeTO Ha AOII'bAHUTEAHN JAAHHM 3a IpOOHMIIaTa M 3a XapaKTepPUCTUKU-
Te Ha MOTM/AHNS HacUIl OsIXa M3BbPIIEHN AeTallAM3allIOHHI M3MepBaHI: 110 MeToAa Ha
HBEC. Vismepenn 6s1xa 061110 4 poduaa c AbaxuHa mexay 34 u 47 m (Bvox npua. V.2.5.2).
Manoassana Gemte cxema Illarombepske ¢ gecet Abaxnuuy, n=1+10, mpu MN=a=1 M 1 cTb1I-
Ka Ha 3MepBaHe — cpIo 1 m.

CroitHOCTUTe Ha 3MEePEeHOTO IIPUBUAHO €AeKTPUIeCcKO ChIIPOTUBAEHNE I 3a TPUTe
U3II0A3BaHM eAeKTPOAHM CXeMM Ca HUCKM U cA1a00 cMyTenu (ripua. V.2.5.2, mpua. V.2.5.3a).
B naii-roasma crerieH ToBa Bakl 3a CTOMHOCTUTe M3MepeH! C Hail-,Aba0oKaTa” cxema —
AB=11 m. ToBa roBopu 3a eaH XOMOTeHeH MOIT/AEeH HacUII U3rpajeH OT IIPBbCT C MHOTO
BIICOKO CbAbP>KaHMe Ha TAMHA, HUCKO ChbAbpP KaHMe Ha IISIChK M YaKbA M IIOYTHU IThAHA AUTI-
ca Ha ckaaHu MaTtepuaan. CpaBHUTEAHO ITO-BUCOKM CTOMHOCTM Ha CBhIIPOTMBAEHMETO Ca
usMepeHn c eaekrpogHa cxema AB=3 m. Tosu ¢akr, obade, e HOpMaaHO Aa Obae OOsACHEH
C ecTeCTBeHUTe M3BeTPUTeAHN IIpoliecy, BOAEIIN A0 3arybaTa Ha IPOBOAAIIN MUHEpPaAN
B IIOBBPXHOCTHATa 4acT Ha MOTMAHM:A Hacull. EAMHCTBeHaTa perncrpupaHa aHOMaAus ce
CUTyMpa Ha BbpXa Ha Mornaata. Ts e ¢ HemmpasuaHa ¢popMa B I11aH U € CPAaBHUTEAHO MH-
TeH3VBHa. Perucrpupa ce eqHakBo 400pe 1 C TpUTe U3MepBaTeAHN cxeM. VIHBepCcOHHM-
Te MOJeAll Ha U3MepeHITe B 30HaTa Ha aHOMaAausATa npoduan o meroda HBEC (mpnua.
V.2.5.4) noTBbp>KAaBaT HaAMIMeTO Ha aHOMa/eH OOeKT B Ta3! yacT Ha Mormnaata. Toit e ¢
NpuOAM3NTEAHN pa3Mepu B IAaH 3x4 M 1 ce pasliodara OT camaTa IHOBBbPXHOCT Ha MOI-
Aata 40 AbAO0o4YMHa oko40 1.5 M. Hait-BeposATHO perucrpupaHaTta aHOMaANs e IpeAu3BU-
KaHa OT TOA5IM M3KOI (BepOsITHO, MMaHsAPCKI), KOITO B IIOCAeACTBIe e 0114 3alTbAHeH I B
MOMeHTa HsiAMa BUAUMU CAeAU Ha NOBbpXHOCTTa. Pasbupa ce, He MoXke HalTbAHO Aa ObJe
M3KAIOUYEeHO U ChIIleCTBYBaHeTO Ha HsiKaKBa BKOIIaHa apXeo/A0rnyecka CTPYKTypa, KOsTO e
3aIl'bAHEHa C MaTepuaaAN C I1O-BIUCOKO CBIIPOTUBAEHNE OT OKOAHM: MormaeH Hacui. Oc-
BeH TOBa MHBEPCUOHHUTE MOJAeAN perucTpupar e4HO 00AacT C IOBUIIEHN CTOMHOCTU Ha
CBHIIPOTMB/AEHNETO B 3allagHaTa yacT Ha Moruaara. Ts1, obade, e ToAKOBa OOILIMPHA 11 aMOP-
(pHa, ye MoO-CKOpPO e cBbp3aHa C M3MEHeHMsI B MOTMAHMS HacUIl IIpeAU3BMKaHU OT CaMIs
Ha4lH Ha HaTpyIBaHeTO My, OTKOAKO C KOHKpeTHa apXeoAornJyecka CTpyKTypa.

Pesyaratute OT U3BbpIIeHNTe TeOMarHUTHUTE u3MepBaHus (mpua. V.2.5.30) cbuio
perucTpupar e4MHCTBEHO aHOMaAMsITa Ha BbpXxa Ha Moruaara. JVIHTeH3uBHITe aHOMaAUN
U3BBH U 110 camara Iepudepnsi Ha MOruAaTa ca IpeAu3BUKaHN, Hall-BepOsATHO, OT Troe-
MM MOJAEPHM >KeAe3HU IpeAMeTH, C KaKBUTO M300MACTBaIlle ITIOBbPXHOCTTa Ha OKOAHI
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TepeH.

V1 B TO3M cay4ail, pe3yaTaTuTe OT TeOMarHUTHUTE M3MepBaHIsI OsXa U3II0A3BaHM, 3a
Aa ce OlleH! BAVSHIETO Ha MOTMAHIS HacUII KaTo peaedpHa popMa U MMa AU Hy>KAa OT KO-
purupaseTo My. 3a LleATa ca pasraeAaHy KPUBUTe Ha MAaTHUTHOTO I104e 110 TpO(UAN C Ha-
IIpaBAeHle I0T-CeBep U 3allaj-M3TOK IIpe3 LIeHThpa Ha MOINAaTa, T. e. IIpe3 Hall-BucoKaTa
1 yact (rnpua. V.2.5.5). MHOTO sICHO ce BI>KAa, Ye HOPMaAHOTO M3MeHeHe Ha MarHUTHOTO
1o4e o npopuanTe MoxKe Ja ce OIMIIe C IOAMHOM OT BTOpa CTeIleH, KaTO MaKCMMaAHOTO
oTKAOHeHIe e MexXAy 2 1 5 nT. B cpaBHeHMe ¢ perucTpupannTe aHOMaANM, YUIITO IHTEH-
suteT e 15-20 nT, To He e TOAKOBa 3HAUMTEAHO U IOCA€AHUTE ChbBCEM A00pe ce OTAeasT Ha
HeroBus QoH. Bce max, sIBHO e, 4e IIpy APyTru 0OCTOATEACTBA KOPEKI[MATa Ha MarHUTHOTO
1o/€e 3a BAMSHMETO Ha MOTUAHMS HaCUII MOKe Ja € HaAOXKUTeAHa U M3I10A3BaHeTO Ha I1o-
AVHOMHa perpecus (B caydasl, OT BTOpa CTelleH) Ou TpsA0Balo Aa gaje A400puU pe3yATaTi.
Hait-yaauno 61 61410 Tasu perpecus Ja ce U3BBLpPIIBA B AByMepeH BapuaHT (T. e. 10 BCsIKa
npoduaHa AVHNS), a He 3a BCMYKU JaHH, 3a Aa ce M30erHaT M3KpUBIBAHNA B Kpast Ha I110-
11ITa, KbAETO AUIICBAT 3MEepPBaHMA.

V.3. MOI'mMAN ITPU C. KABUIE.

Mornanute ce HammpaT(xa) cepepHo oT c. Kabnae B mogHo>kmero Ha 3aiiuy BpbX U He-
IIOCpe/CTBEHO Ha Ioro3aria/, oT aHTu4yHusA rpad. ITpoyusanero Gerrte M3BbPIIEHO BB BPb3-
Ka CbC CIIaCUTeAHUTe pa3KoIIKu 110 Tpaceto Ha AM , Tpaxna”.

V.3.1. Mornaa 1 ripu c. Kabnae (npna. V.3.1.1)

Bucounna okoa0 4.5 M, gnameTsp B OCHOBaTa 0K010 30 M.

Mpexa: paanaanu npopuan npes 108, crpika Ha usmepsane 1 M.

Isnoassana cxema: lllaromGepske - n=1, 3, 5; MN=1 M (a=1 m).

3a 1oayJyaBaHeTO Ha AOITbAHUTEAHU AaHHU 3a HaAM4YMEeTO Ha aHOMaAHU OOeKTU B
ABbAOOYMHA U 3a XapaKTepUCTUKITE Ha MOTUAHN HaCKUII Os1xa U3BBbPIIEHN AeTallan3alin-
OHHI M3MepBaHM: 10 MeTO4a Ha HEIPeKbCHAaTOTO BePTUKAAHO eAeKTpUIecKO COHAMpaHe
- HBEC (aBymMepHa eaeKTpOoChIpOTUBUTeAHa ToMOrpadust). Vizsmepenn 6s1xa o010 2 mpo-
¢naa c gpaxuna 47 m (K nipua. V.3.1.2). Vsnoassana 6emre cxema IlarombGepike ¢ gecet
Abaxunn, n=1+10, npu MN=a=1 M 1 cTblKa Ha U3MepBaHe — CbIIIO 1 M.

MarnutHa rpaguomMeTpus: KsadpaTHa Mpexka 40x40 m; npoduan mpes 0.5 M; cToII-
ka o npoduante 0.25 M. Vsnoassan amapat: ¢paykcrent rpagnomersp GRAD 601-1,
Bartington B aBTOMaTIUeH pexXnMm.

CroitHoCcTUTe Ha M3MEePEeHOTO IPUBUAHO eAeKTPUYeCcKO ChIIPOTUBAEHE I 3a TPUTe
U3II0A3BaHM eAeKTpoAHM cxeMn ca HUCKH (15-30 ohm. m) n caabo ecmyrtenu (mpua. V.3.1.2,
npua. V.3.1.3a). Tosa rosopu 3a eAH XOMOTeHeH MOINAeH HacUIl U3rpadeH OT IPBCT C
MHOTO BMCOKO ChAbp>KaHle Ha TAMHa, HICKO ChbAbp>KaHye Ha IIChK U YaKbA U IIOYTU ITbA-
Ha AmIIca Ha CKaaHU Matepraan. Ha To3u ¢oH, 11s11aTa I0TOM3TOYHA YeTBBPT Ha MOTIAaTa
ce xapaKTepusupa ¢ e4HO caabo OOIIO MOBUIIIeHNe Ha ChIIPOTUBAeHMsATa. To, obaue, e C
HICBK MHTeH3uTeT (crovHocty oT 30 240 50 ohm. m) 1 e IpeAN3BMKaHO OT M3MEHEeHUs B
XapaKTepUCTUKUTE Ha HacuIla, CBbP3aHM ChC CaMIs HauMH Ha HaTpyIlBaHeTo Mmy. VIHBep-
croHHuTe Mogean 1o npoduan 150-350 n 200-0 (mpua. V.3.1.4) cbIjo roBopAT 3a e4UH XO-
MOTreHeH HacuI cbe croriHocTy Mexxay 10 u 30 ohm. m. ITpasu Bneyataenne u paxTsbT, ye
He Cce OTAeAsl XapaKTepHMs IIOBLPXHOCTEH CAOM € OTYETAMBO IO-BYCOKM CBIIPOTUBAEHINS,
KOETO MO3XKe Ja ce 005ICHN € BUCOKOTO ChAbp>KaHle Ha BAara — IIpoy4YBaHIATa ce IpoBejoxa
B Ha4a/A0TO Ha Mali, B yCAOBUATa Ha IIOYTU eXXeAHeBHI AbXA0Be. VIHBepcroHHITe MOgean
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0TAeAsT A0Ope U oIMcaHaTa IIO-Tope 004acT € IIO-BUCOKM ChbIIPOTUBAEHMS ChC CTOMHOCTA
MexAy 40 1 80 ohm. m. T sarousa oT camara nepudepus Ha Moruaara 1 goctura 4o 3-4
M OT Bbpxa 11. PasBuBa ce OT IIOBLPXHOCTTa M AOCTUTa 40 OCHOBaTa Ji, KaTO Ce CTeCHsBa C
yBeAn4yaBaHe Ha AbaOounHaTa. Popmara Ha 004acTTa C TOBUILIEHN CBIIPOTUBAEHNS B pas-
pe3 roBopy, I10-CKOpO 3a €4HO I10-KbCHO HapyllIleHne (M3KOM) Ha MOTM/AHM:A HaCcUIl, KOeTo e
3aIr'bAHEHO C IIP'BCT C MAAKO IIO-Pa3ANIHI XapaKTepUCTUKN. ' poOHa 1A Apyra KOHCTPYK-
ST He ce OTAesl.

MHoro ,uHTepecHa” e KapTMHaTa OT TeOMarHUTHUTe u3MepBaHus (mpua. V.3.1.30).
3a pasanka oT MoruAuTe npu I'paHuT, TyK CTOMHOCTUTe Ha BepTUKaAHIS IPaslieHT Ha Mar-
HUTHOTO I104€ BapupaT B MHOTO INMPOKU I'paHUIIM — OT 1104 -50 20 50 1 mmoseye nT. Tosa
O3HayaBa, ye MoruJaTa e HaTpyIlaHa C IIPBCT C BMCOKa MarHuTHa Bb3IIpUMeM4YnBOCT. B cese-
pOM3TOYHATA YacT Ha IIpOyJeHara I11011, B camaTa repudepris Ha MoTuAaTta U U3BBH Hesl,
ce OTAeAAT ABe MHTeH3UBHI ITI0A0KIUTeAH aHoMaAun. V asete, obade, ce okazaxa mpeauns-
BIUKaHU OT sIMU 3allbAHEH!U ChC CbBpeMeHH!U oTIlaAdbuu. OcBeH ToBa IIpaB! BlledaTJeHue
eAVH 110s1¢ ¢ popMaTa Ha IOAyAbTa C OTIETAUBY OTPUITATEAHN CTOTHOCTY Ha MarHUTHOTO
I10€ I10 caMaTa ceBepHa Iteprdpepus Ha MoruaaTa. ToBa OTKAOHeHNe, Hall-BepOsITHO e IIpe-
AU3BUKAHO OT 0Opa3yBaAms ce psA3bK pPbO Ha MOTMAHMS HAaCUII C BMCOYMHA HaJ, TOAOBUH
MeTbp, BCAeACTBIE Ha CeACKOCTOIIaHCKaTa 0OpaboTKa Ha OKoAHUsA TepeH. Taka Je, ToBa e
eJHa TUIIMYHa peaedHa aHOMaAaus. EaguHcTBeHaTa aHOMaAN s, KOETO MOKe Aa ce CBbpKe C
HaAM4YMeTOo Ha apxeoAornyecka(1) CTPyKTypa e pa3loA0KeHa B IoTOM3TouYHaTa nepudepus
Ha Moruaara. Ts1 e c oBaaHa popMa, pazMepu 0KoA0 4 Ha 4 M 1 MaKCUMaAHa aMIIAUTyAd B
LIeHTpaAHaTa CU 49acT OT nmopsigbka Ha 100 nT.

PesyaratuTe OT reOMarHMTHNATE M3MEPBaHNs HU 4aBaT Bb3MOYKHOCT Aa OLIeHMM KaK-
BO € BAMSHIETO Ha MOTMAHNA HacUII KaTo peaedpHa popma 1 MMa AU Hy>KAa OT KOPUTHpa-
HeTO My. 3a IleaTa e pasraejaHa KpupaTa Ha MarHUTHOTO 1o/e 110 rnpodua 0 ¢ Harpasae-
HIIe I0T-CeBep Ipe3 IIeHThpa Ha MOTuAaTa, T. €. IIpe3 Hall-B/coKaTa 1 JacT (mpua. V.3.1.5).
OueBnaHa e 11aBHaTa TeHAEHIMS 3a IIOBUIIIaBaHe Ha MArHUTHOTO IIO/€ OT IOJKHAaTa Ile-
pudepus KbM LeHTbpa Ha MoOIMAaTa 1, CAeJ TOBa, 3a IOHIVKeHNe — KbM CeBepHara. 3a
OIleHKa Ha TepeHHI:I e(peKT OT MOTMAHNS HaCUII € M3II0A3BaH MeTOABT IpelA0>KeH OT ToH-
k0B (Tonkov 1996a) upe3 moAMHOMHA allpOKCUMaLVs C IIOAMHOM OT 4eTBbpTa crerneH. Ot
ro/lyJeHaTa KpuBa ce BUXKAa, Ue ,, peTMOHaAHOTO” 1104e, TIpeAU3BIUKaHO OT MOoTuAara KaTo
peaedpHa popma, ce M3MeH: I1A1aBHO, MarHUTYABT My HaaxBbpAs 50 nT, KaTo MakcMMyMBT
ce pasnoJara Ha 2-3 M IOKHO OT IleHTbpa. OcrarbyHaTa KpuBa, II0AydeHa OT pasAuKara
MeXAy peaAHNUTe M3MepeHM CTOVHOCTU U MOAMHOMa OT YeTBbpTa CTelleH e ChC CpeAHO
apuUTMeTIYHa CTOMHOCT paBHa Ha HyaAa. Ilo Hest MHOroO 400pe ce OTAeAST MHTEeH3UBHUTE
A0KaAHU aHOMaAUM C MaAKM pasMepu, IIpeAU3BUKaHM Hall-BepPOsITHO OT OAM3KO pasIo-
AO0XKEeHU Aa ITOBBPXHOCTTa ChbBPeMEeHHM MeTaAHU IIpeJMeTH, KaKTO U Ta3! IIpeAu3B/KaHa
OT ceBepHUsI pBO Ha Moruaara. Ilogo0Ha e KapTuHaTa U Ipu Apyru Asa npodnia — -3 u
1 (mpna. V.3.1.6), koeTo 10Ka3Ba, 4e IpeAA0KeHIsI MeTOJ, 3a OTCTpaHsIBaMe Ha I101eTO Ha
MOTUAHMS HacUII e aDCOAIOTHO pe3oHeH. OTcTpaHsABaHeTO Ha PeroHaAHOTO I104e 10 IIpo-
¢punaa npes onmcanaTa 1o-rope aHOMaAysl B IOTOM3TOYHATA YacT Ha Mornaata (rmpodua 5,
npua. V.3.1.7) oraeas oTanmdHo 00eKT ¢ mMpuHa 0Koa0 3 M. AHOMaAuATa, IpeAu3BIKaHa
OT TO31 OOEKT e I0A0KUTeAHa, C MHOTO BUCOKU CTOMHOCTU — amItanTtya Haz 70 nT, koeto
O3HayaBa, 4e MOXe Ja e IIpeAu3BuKaHa OT CTPYKTypa U3rpajeHa OT MaTepuaAay ¢ MHOTO BU-
COKM MarHMTHU CBOMCTBA AU IIOAAOXKEeHa Ha HarpsiBaHe 1, CAeA0BaTeAHO, IIpuTeKaBalla
TepMOOCTaThyHa HAMarHUTEHOCT.

VspbpiennTe apxeoA0rndeckyl pa3KoIKM pasKplxa Ha TOBa MsACTO B MOTHAaTa ABe
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ITbPBIYHU ITOTpeOeHNsI U3BbPIIeHN Upe3 TPyIIou3rapsiHe B CTbIIaA0BuAHN MU (/l03aHOB,
Xpucros 2010, 420) (npua. V.3.1.8).

Onurer 3a OTCTpaHsABaHe Ha BAVMSHNMETO Ha MOIVAHM: HaCcUII Ype3 IOAMHOMHA pe-
rpecus IO BCUYKM AaHHU OT TeOMarHUTHUTE M3MepPBaHILs KaTo Ye AU He € TOAKOBa yCIIelIeH
(mpua. V.3.1.9). OueBnaHO MaKCMMyM'BT Ha IIOA€TO He € B IIeHThpa Ha MOrIAaTa, KaKTo Ou
TpsAOBaA0 Aa ce OYaKBa, a B HelfHaTa 3allagHa yacT. ToBa ce AbAXKH, Hall-Bede, Ha BAMSHIETO
Ha JABeTe MHTEH3MBHU I OOIIMPHN aHOMAaAUM B CeBepOM3TOYHATA YacT Ha I1A0IIITa, KaKTO
U U3KPUBsIBaHETO Ha allpOKCHMMalNsATa OT aHOMaANuTe 1o pbhOa Ha MormuAaTa U M300II0
3apaay CTOMHOCTUTE U3BbH MOIMAHMA Hacu1l. O4eBMAHO B TaKMBa CAOXKHU CAydan OTAeAs-
HETO Ha I104€TO e II0-400pe Aa ce U3BBPIIIBa 10 OTAeAHUTE U3MepBaTeAHN ITpodpuan, a He
B TPUMepPeH BapMaHT — 110 BCMYKM HaAMYHU AaHHI.

V.3.2. Mornaa 2 npu c. Kabnae (nmpmua. V.3.2.1).

Bucounna okoao 7 M, AmameTsp B OCHOBaTa OKOA0 35 M.

Mpexa: paanaaau npoduanu mnpes 108, crpika Ha n3Mmepsase 1 M.

Manoassana cxema: Hlarombep:ke - n=1, 3, 5; MN=1 M (a=1 m).

3a 1oayJyaBaHeTO Ha AOITbAHUTEAHU AaHHU 3a HaAM4YMETO Ha aHOMaAHU OOeKTU B
ABbAOOYMHA U 3a XapaKTepUCTUKIUTE Ha MOTMAHN HacKUII Os1xa U3BbPIIeHN AeTallan3ally-
OHHM M3MepBaHM: 110 MeTOAa Ha HeIPeKbCHAaTOTO BePTUKAAHO eAeKTPUIecKO COHAMpaHe
- HBEC (aBymepHa eaexkTpocbiipoTusuteana tomorpadus). Vismepenn 6:1xa o01o 3 mpo-
duaa c gpaxuna 47 m (Bvox npua. V.3.2.2). Viznoassana Gerre cxema IllaomOepske ¢ gecet
Abaxunn, n=1+10, mpu MN=a=1 M u cTbnKa Ha U3MepBaHe — CbIIO 1 M.

CroitHOCTUTe Ha M3MePeHOTO IIPUBUAHO €AeKTPUIeCcKO ChIIPOTUBAEHIE U 32 TPUTe
U3II0A3BaHM eAeKTpoaHM cxemu ca HUckM (10-40 ohm. m) u caabo cmyrenu (pua. V.3.2.2,
npua. V.3.2.3). Topa roBopu 3a e411H XOMOT€HEeH MOTTAeH HaCUII U3IpadeH OT IIPbCT C MHO-
IO BICOKO ChAbp>KaHlMe Ha IAMHa, HUCKO ChAbp>KaHMe Ha IIICBK M YaKbA U IOYTU ITbAHA
ANIICa Ha cKaaHU MaTepuaan. OcBeH A0KaAHHUTe ITIOBbPXHOCTHI aHOMAaANHU C HYCBK MHTEeH-
3UTET He ce perucTpupar HUKaKBU APYIU, KOUTO Aa IIpeArolaraT HaAM4neTo Ha IPOOHO
CbOPBKEHMe UAN APYTY apXeoAOTMIeCKN CTPYKTYPH.

ITopaau aurcara Ha KaKBUTO I 4a Ca aHOMa/AHM yJ9acThLM TPpUTe U3MepeHn 4bA00-
9MHHY Tpodpuaa Os51xa 3a10KeH) paBHOMEPHO eAVH OT APYT — 110 AnHunTe 340-1408, 280-808
n 200-08. Pesyatatute ca nipedcrasenu Ha npua. V.3.2.4. [lorsbpkaaBa ce HabAI0AeHMETO
3a XOMOTeHeH MOTTJEeH HacUII ¢ HICKO ChIIpOTHBAeHMe. Jobpe ce 0TAeAs eAVH IOBbPX-
HOCTEH CA0M C ge0eAMHa OT HAKOAKO AeceTKM CaHTUMeTpa 40 OK040 1 M mpeausBUKaH OT
AWIICaTa Ha IPOBOASIIIN CheAMHEHNs U BAara. B To31 c4011 ce 0T4e45T HAKOAKO MaAKH I10-
AOXNUTeAHV aHOMaAM, KOUTO Hali-BePOsTHO Ca CBbP3aHM C II0-KbCHU ILAUTKY HapyIIIeHNs
Ha MoruaHus Hacul. O0mnpHaTa II0A0XKNUTeAHa aHOMaANs B ceBepHaTa 4acT Ha MoTuAaTa
rio npodua 200-08 (mpua. V.3.2.48) e cBbp3aHa O-CKOPO € OOIIMPHO U He OCOOEHO MHTEH-
3MBHO M3MeHeHNe B XapaKTepUCTUKITe Ha MOTM/AHMNS HAaCUII U He OM MOTA0 AMPeKTHO Ja
MapKupa OTKpUTaTa B Ta3y 4acT Ha MOTHAaTa, B HellHaTa OCHOBa, Toasama Kaaaa (CTosHOB,
Muxos, Axxandesosa 2010, 240). 3a cbxaaeHne, CHIPOTUBUTEAHUTE M3MepPBaHIs He Os1Xa
AorrbaHeHN ¢ reoMarHuTHU. CKAOHOBeTe Ha MOruAara, OCODeHO ceBepHUTe U 3arasHuUTe,
Os1xa TOAKOBa CTPBMHH, Ye IIpOBeXXAaHeTO Ha TaKiBa M3MepBaHUsA Oellle pU3MIeCcKU He-
BB3MO>KHO.

V.4. MOI'MAEH HEKPOIIOA ITPU C. KPYIIAPU, CAMBEHCKO.
Hekponoast 8 M. Mormanre Ha 0ko40 1 kM ceBepHO OT cea0 Kpymape ce cbcton oT
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TPU MOTMAM Pa3MNOA0KEH) B IIOYTH IIpaBa AMHIS C IIOCOKa 3anaa-u3tok. Mornaa 1 e naii-
3anagHata. I'eopusmunnre npoyusanms Os1xa ussbprienn mnpes 2008 n 2009 r. xkato mpes
I'bpBaTa rognHa Os1xa poydeHy Moruan 2 u 3, a Ha cAeapalata — Moruaa 1.

V.4.1. Mornaa 1 (Kurosa mornaa) npu c. Kpymape (ipna. V.4.1.1).

Bucounna oxkoao 6 M, guamersp B ocHOBaTa 0k0a0 60 M. HacT oT ceBeposanagHus
CeKTOp Ha Moruaara Oellle CIIAHO HapyIlleHa OT roAeMI ChbBpeMeHHI U3Komu. I1o moBbpx-
HOCTTa 11 AMJaxa oIlje HAKOAKO II0-MaAKM HapyIIeHIsI.

Mpexa: paanaaay npodpuan mpes 88, crblika Ha uaMepsase 1 M.

Msnoassana cxema: [llaomGepke - n=1, 3, 5; MN=1 M (a=1 m).

3a noay4yaBaHeTO Ha JOI'bAHUTEAH!U AaHHU 3a HaAMYMETO Ha aHOMaAHU OOeKTU B
ABbAOOYMHA U 3a XapaKTePUCTUKUTE Ha MOTMAHIUS HaCUII Os1Xxa M3BbPIIeHN AeTallAu3alin-
OHHM M3MepBaHM: 110 MeTOAa Ha HeIPeKbCHAaTOTO BePTUKAAHO eAeKTPUIeCcKO COHAMpPaHe
- HBEC (aBymMepHa eaeKTpOChIIpOTHBUTEAHA ToMOrpadust). Vismepenu 6s1xa oO1io 2 mpo-
Pnaa c gpaxunm 60 1 73 M (Brok npua. V.4.1.2). Vsnoassaxa Gerrre cxema llaromOepke ¢
Aecet AbaxuHN, n=1+10, mpu MN=a=1 M n cTbIKa Ha U3MepBaHe — CbIIO 1 M.

Karo 115110 cToitHOCTUTE Ha M3MEPEeHOTO IIPUBUAHO CBIIPOTUBAEHIE Ca He MHOTIO BU-
coKM 1 ca caabo cmyrtenu (npua. V.4.1.2, npua. V.4.1.3). 3a npeobaagasaliia yacT Ha Hacu-
na e ca Mexay 20 u 70 ohm. m. Tosa roopu 3a e4uH CpaBHUTEAHO XOMOT€HEH MOTILAEeH
HaCHII, U3rpajeH OT yakbaecTy ppakiun. [TopbpxHOCTHIS CA011 Ha MOrMAara e ¢ 40CTa 110
BIICOKI CTOMTHOCTM Ha ChIIPOTHBAeHMeTo. ToBa ce 00sICHsBa C IT0-HICKOTO ChAbp>KaHle Ha
B/Aara B TO3M CAOJ, KaKTO M Ha 3arybaTa Ha IIPOBOASIIM KapOOHAaTHN Che AVIHEeHIs B Pe3y .-
TaT Ha U3BETPUTEAHN IIPOIIeCH.

Ha To3u ¢on 3a msmepsanmsTa ¢ Haii-,I1auTkata” cxema (mpua. V.4.1.26) ce otaeast
HAKO/KO 30HM C ITOBUIIIEHN ChIIpOTMBAeHM:. EAHa TakaBa 30Ha MMa B IOTOM3TOYHATa 4acT
Ha MorIuJaTa, a Apyra — B cepepHata. OTKAOHeHMsATa OT HOpMaAHUTE CTOMHOCTU U IIPU
ABeTe He ca 0COOeHO MHTeH3VBHU 1 3aTOBa TPYAHO MoOraT 4a ObaaT CBbp3aH! C apXe0A0I-
gecky cTpyKTypu. Te ca mo-ckopo mpeAn3BUKaH! OT AOKa/AHM M3MeHeHIs B XapaKTepa Ha
HacuIila oOpasyBaHI B caMIsI IIpolieCc Ha HaTpyIlBaHe Ha Moruaara. EaHa gocta rmo-uHTeH-
31BHa aHOMaAUs ce PeTCTpupa B 3allagHaTa 4acT Ha Moruaara. Ts e mpeAn3BuKaHa Hall-
BEPOSITHO OT CBhIIleCTBYBAII[UTe TYK CbBPeMEeHHI M3KOIII.

Ilo 11s11ata 3anagHa nepudepus Ha MoruAaaTa ce OTAeAs eAVH IO0sIC OT BUCOKHU CTOM-
HOCTM Ha CBHIIPOTUBAEHIETO M3MepeHU C ApeTe Mo-Aba0oku cxemn (AB=7 n AB=11 m).
BeposATHOCTTa Te3u BUCOKM CTOMHOCTHU Aa ca MpeANM3BMKaHU OT HAaAMIMeTO Ha Kpenuja e
Mazka. [To-ckopo Te ca npegusBuKaHM OT M3I0A3BaHeTO Ha IIP'CT C II0-BMCOKO ChAbprKa-
HIe Ha YaKbA AU APYIU CKaAHU MaTepuaAu IIpy caMOTO HaTpyIlBaHe Ha HacuIia. Bucoku
ca CTOMHOCTUTE U B 3allad-ceBepo3alla/HaTra JacT Ha MOIuAaTa, B 004acTTa Ha OIMCcaHuTe
110-Tope chBpeMeHHn uskonu. He e n3kaoueHo Ha ToBa MACTO 4a MMa OCTaHKM OT HAKaKBU
CbBpeMeHHM CTPOUTEeAHM AeMTHOCTHA.

3a aa ce yCTaHOBSAT XapaKTepUCTUKNTe Ha HacuIia (0COOeHO B IleHTpaAHaTa JacT Ha
Moruaara) Osixa usMepeHu gsa AbaOoumHHM nnpoduia. Te Osxa 3a10KeHU IO AVHUUTE
Ha npoduan 208-8¢ n 152-3528. Vznoassanu Os1xa 10 AbAKMHN Ha M3MepBaTeAHN CXeMI
Wenner-Schlumberger (AB — o1 3 40 21 m). Ha nmoayyenute pazpe3u MHOTo 400pe ce oTJe-
A5l eAHa OOIIMpHaA 00.4aCT C OTYETAMBO O-HUCKM CTOMHOCTY Ha CBIIPOTUBAEHIETO, Pa3Iio-
A0>X€Ha ITIOYTH B LIeHThpa Ha MOIMAHNS HacuIl. Ts e ¢ mmpuHa okoao 10-15 M u Bucounna
0K0410 3 M. 3aroysa puOAM3UTEAHO OT OCHOBaTa Ha MOIMAaTa, 40 OKOAO 2 M 110/ Hall-
BIUICOKaTa I1 Touka. Hail-BeposiTHO cTaBa BBIIPOC 3a I'bpBMYHA MOTITAa HacCKUIIa OT HIPBCT C
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BIICOKO ChAbp>KaHMe Ha ranHa. Tasu Mormnaa B rocaeAcTsue e 6maa AoHaTpyIaHa C IIPbCT
C ITO-BMCOKO ChAbP>KaHMe Ha IISICHK U 9aKbA, TP KOeTo ce e 0popMILA OKOHIATeAHI S Ha-
curl. He e m3akarodeno Ta3u mppBudyHa MOTiuAa Ja € KOCBeHa MHAVKAIIV ca ChIIeCTByBaHeTO
U Ha ITbPBIYHO ITOrpebeHne, KOeTo e U3BbpPIIeHO0, 01110 TO, Ha APeBHIs TepeH UAN B sIMa,
KOATO Ha Ta3y AbAOOYIMHA OT 6 M He e Bb3MOXKHO Aa ObAe perucrpupaHa.

TaxbB rpo6 HamcTMHa Oellle pasKpUT IIPU IOCAeABAANTE apXeOAOTMIECKI Pa3KOIIKA
(Aumutposa , Cupakos, Mapkos 2010). Toi1 e BKolaH B ApeBHM:A XyMYC IIOYTHU B IIeHTbpa
Ha MOrMJaTa, KaTO OCBeH CKeAeT ca OTKPUTI I MHOXKECTBO 3AaTHU HaKUTU U APYIV IpOOHU
Aapose.

V.4.2. Mornaa 2 (Crannmmposa) ripu c. Kpymape (mpua. V.4.2.1).

Bucounna okoao 5.5 M, amamernsp B ocHOBaTa 0K0A0 45 M. PasnioaoskeHna e Ha OKo-
20 50 M nsTouHO OT Mormaa 1. Yacr ot nsTouHara nepudepus Ha MoruAaTa e HapyllleHa
OT MIHaBall] TYK KOAapCK! ITBT, a YacT OT 3allagHara i1 repudepus e OTHeTa OT CeACKO-
croraHcka oopaboTka. Taka B I11aH MOTMAHUAT HacUIT 0(POPM:I OBad, YUATO AbATa OC € C
puOAM3UTEAHA OPUEHTaINs IOTOU3TOK-ceBeposanad. B ceeposamagnaTa nepudepus u
U3KOIIaH ABABI U AbAOOK POB.

Mpexa: pagnaanu npoduan mnpes 88, crplika Ha usmepsaHe 1 M.

Msnoassana cxema: llaromGepske - n=1, 3, 5; MN=1 m (a=1 m).

3a 1oayJyaBaHeTO Ha AOITbAHUTEAHU AaHHU 3a HaAM4YMeTO Ha aHOMaAHU OOeKTU B
ABbAOOYMHA U 3a XapaKTepUCTUKITEe Ha MOTUAHNS HaCKUII Os1xa U3BBbPIIeHN AeTallAn3aly-
OHHM M3MepBaHMU: II0 MeTOAa Ha HeIPeKbCHATOTO BePTUKAAHO eAeKTPUYEeCcKO COHANpa-
He - HBEC (aBymepHa eaekTpochipoTuBuTeana romorpadpust). Vsmepenn 6s1xa o0mio 6
npopuaa ¢ AbAXKUHN 34 M (Byk nipua. V.4.2.2). Vsnoassanu Os1xa TpueAeKTpodHa cxeMa
u cxema IllaromOep:ke ¢ gecet Abaxuuy, n=1+10, mpu MN=a=1 M 1 cTbIIKa Ha U3MepBaHe
—cpio 1 m.

Karo 115120 cTotHOCTUTE Ha M3MEPEHOTO IPUBIAHO ChIIPOTUBAEHNE Ca He MHOTO BU-
cokn u caabo cMyTeHn. 3a npeobaajaBalila yacT Ha HacuIia Te ca MexkAy 20 u 70 ohm. m
(mpna. V4.2.2, npua. V.4.2.3). Toa roBopu 3a e4uH CpaBHUTEAHO XOMOTeHeH MOIAeH Ha-
CUII, U3TpajeH OT YaKbaecTu ppaKkLNI C BUCOKO ChAbp KaHNe Ha ranHa. [TopbpXxHOCTHI
C/011 Ha MOTIAaTa e C A0CTa IO BUCOKM CTOMHOCTH Ha chIlpoTuBAeHneTo. Ha ¢ona Ha mo-
COYeHNTe II0-TOpe CTOMHOCTHU Ce OTAEAST TPU aHOMaAH!U 30HMU:

1. Peructpupa ce B 3artagHata yacT Ha Mmoruaara. He e ocobeHo nHTeH31BHa 1 400pe
nspaseHa. He Moke kateropnuHo ga ce cBbp>Ke ¢ apxeoaorndecka crpykrypa. I[To-ckopo e
pesyATar OT A0Ka/AHO M3MeHeHIle B XapaKTepa Ha MOTMAHMS HaCcUII.

2. Peructpupa ce B cepepo3arnagHara yacT Ha MOIMAHNs HacuIl. Ts e gocTa mo-a00pe
U3pas3eHa U C II0-BMCOKM CTOMHOCTY Ha ChIIPOTUBAEHMETO. 3a ChKaAeHle B HeIocpeACcTBe-
Ha 0AM30CT A0 Ta3M YacT Ha MOIAaTa e OIMcaHus Io-Tope poB. Toll mpeun Ha U3BbPIIIBa-
HEeTO Ha AOI'bAHUTEAHN AeTallAM3allIOHHN U3MepBaHsl. 3aToBa He MOKe KaTeTOPUYHO Ja
ce TBbpAU AaAM aHOMaAMsTa e IIpedu3BIKaHa OT apXxeoAoryecka CTPYKTypa UAM € pe3ya-
TaT OT CbBPeMeHHI HaMeCH.

3. Tosa e nait-uHTepecHara 30Ha. Perucrpupa ce B 10r-rorou3To4yHaTa 4acT Ha MOImAa-
Ta. OcoOeHO MHTeH3MBHa e Ts 3a M3MepBaHUATa C I10-Aba0okuTe cxemn AB=7 n AB=11 M,
KaTo CTOVMHOCTUTE Ha IPUBUAHOTO €AeKTPUYeCcKo chlpoTusaeHne gocturat 150-170 ohm.
m. ToBa o3HauaBa, ye aHOMaAuATa € IpeAU3BIMKaHa OT 400pe U3pa3eH CMyTuTea, KOITo e
AoOpe pasBuUT U B AbA0OYNHA.

3a Aa ce yCcTaHOBU XapaKTepa Ha IIpMUMHUTeAs Ha Ta3y aHOMaAns Os1xa usMepu Hsl-
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KOAKO JAeTallAM3allIOHHN ITpoduaa 110 MeToja Ha HeIIpeKbCHATOTO BepTUKAaAHO eAeKTPH-
yecko coHaupane (HBEC). IIpojpuante munasat rpes cpegata Ha aHomaausra (. /Ba ca
HaAABXKHU - 110 AvtHUM 1848 11 1888, 11 weTnpy HarIpeyHn npes gsa MeTpa I10 TOUKM -2 — 4 Ha
ayHus 1888, Ha moayyenure paspesu MHOTO 400pe ce 0TAeAs aHOMaAeH CMyTuTeA (IIpuA.
V4.2.4, npua. V.4.2.5). Toi1 e c npubausuteann pasmepu okoao 6 M (8 mocoka IOV-C3) n
0K020 5 M (B mocoka I03-CH). Paznoaara ce Ha AbA60491Ha 0K040 1-1.5 M 1104 TOBBPXHOCT-
Ta i IpOAbAXKaBa A0 AbAO0uMHa 2.5-3 M. CpaBHEeHIIeTO MeXXAY MHBEPCUOHHITE MOAEAMN 10
usMepBaHisiTa cbe cxema Illaombepske (V.4.2.4a) u Tpueaexktpoanara (V.4.2.46) moxassa,
ye pesyATaTUTe ca IIo4YTU uAeHTNIHU. [TocTuruary ce egHakBu aHOMaAUM Ha CbIIPOTUBAE-
HIEeTO U eAHaKBa AbA00UMHHOCT. TpuesexTposHaTa cxeMa e ¢ MaaKO I10-400pO XOPU30H-
TaAHO IIOKPUTHE, HO OCTaBa HEyA0OCTBOTO OT HY>KAaTa OT M3II0A3BaHe Ha AbATU KabeAu 3a
OTAa/ledeHls1 eAeKTpod. Brripekn 400pe n3paseHnTe IIpaBObIbAHNM OYepTaHIs Ha CTPYKTY-
pata, He MOXKe Ja ce OTAeAN HaAM4MeTo Ha orpakAalliy ro KaMeHHM cTeHn. Tosa o3HadaBa,
Je CTaBa BBIIPOC 3a r0AsMa HeTaTMBHA CTPYKTypa 3allb/AHeHa C KAMBHIU AU IIP'BCT C BUCOKO
cbAbprKaHMe Ha Yakba. [Ipy n3pbpienure ot exnna Ha Jduana AuMuTpoBa paskoIKu ce
e 0Ka3aao0, ye aHOMaAHMAT AeVICTBUTeAHO e IIpeAu3BIKaHa OT I0400eH CMyTUTeA, roasMa
sMa 3all'bAHeHa C 4aKb4, KOWTO obade MMa Te0A0>KKO eCTeCTBO M BepOsITHO e oOpa3yBaH
IIpU pa3dAMBaHMsATA B 4aA€UYHOTO MIHAJAO Ha IpoTnyaliara Habamu3o peka TyHaxa.

V.4.3. Mornaa 3 (SIkmmosa) ripu c. Kpymape (mpua. V.4.3.1).

Bucounna okoa0 4.5 M, azmameTsp B 0OcHOBaTa 0K0410 40 M. PasrioaoxxeHna e Ha OKOA0
400 M ceBeponsTouHO OT Moruaa 2. 'oasma yact ot sanagnara nepudepus Ha MOTAaTa e
OTHeTa IIpU CbBPeMEeHHU U3KOIIHM paboTH, KOUTO B IOro3anajHus CeKTop ca ,HaBae3an”
AOCTa HaBbTpe B Hacuma 11. 1o moBbpXHOCTTa Ha MOIMAaTa AM4daT CAeAU OT HAKOAKO CTapy
VMIMaHAPCKM M3KOIIa.

Mpexa: paanaanu npopuan npes 108, crpika Ha usmepsane 1 M.

Manoassana cxema: [llaombepske - n=1, 3, 5, MN=1 m (a=1 m).

3a 1oayJyaBaHeTO Ha AOITbAHUTEAHU AaHHU 3a HaAM4YMETO Ha aHOMaAHM OOeKTU B
ABbAOOYMHA U 3a XapaKTepUCTUKIUTE Ha MOTUAHN HacCKUII Os1xa U3BBPIIEHN AeTallan3alii-
OHHI M3MepBaHMA 110 MeTOJa Ha HePeKbCHATOTO BePTUKAAHO eAeKTPUIeCKO COHAUpa-
He - HBEC (aBymepHa eaekTpochnpoTusuteaHa Tomorpadust). Vismepenn Osxa oOmio 3
npoduaa c A7bAXUHN OT 47 20 58 M (Brk nipua. V.4.3.2). Vsnoassanu Os1xa TpueAeKTpoAHa
cxema u cxeMa Hlaom0Oep:ke ¢ gecet apaxuun, n=1+10, mpu MN=a=1 M 1 cTbIIKa Ha 13-
MepBaHe — CbIo 1 M.

Kato 1151210 m3mMepeHnTe CTOMHOCTY Ha IPUBUAHOTO CBITPOTUBAEHIE ca HUCKU U CAa-
60 cmyTtenu (mpua. V.4.3.2, npua. V.4.3.3). B Hall-roasma crerieH ToBa Bak! 3a M3MepBa-
HIAATa ¢ Hall-AbAOOKaTa cxeMa. ToBa roBopu 3a eAVH XOMOTeHeH HacuUIl U3rpajeH IPbCT
C BUICOKO ChAbp>KaHMe Ha rauHa. [TopppxHOCTHMA cA011 ce xapaKTepuaupa C II0-BUCOKU
CTOMHOCTM Ha ChIIPOTMBAEHMETO, HO KaKTO Oellle IT0COYeHO II0-TOpe, TOBa e pe3yATaT OT
ecrectBeHn Iporecu. Ha tosu ¢on ce oTgeas ejHa aHOMaaHa 30Ha B ceBepo3allajHaTa
yacT OT MOrMAHMs Hacuil. Ts obaue He e 4OCTaTBhYHO 400pe M3paseHa U TPyAHO MOXe Ja
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ce CBbp3Ke ChC CTPYKTypa IIpeAcTaBAsBallla apXeoA0Trndecku nHTepec. MHOTo BepOosATHO e
T4 Aa e IIpeAM3BMKaHa OT AO0KaAHa HeeAHOPOAHOCT oOpasyBaHa IIpM CaMOTO HaTpyIlBaHe
Ha MoruaHusA Hacuil. OcBeH TOBa B OBBPXHOCTHMSA CAOM C€ OTAEAAT HSAKOAKO AOKaAHU
aHOMaAlM, HO Te MOXe Ja ca IIpeAN3BMKaHM OT I0-KbCHU HapylIeHMs, KOUTO Aa ca He-
3abeae>XMM B MOMeHTa Ha TepeHa. HeratnsHara aHOMaAns I0ro3arnagHo OT IIeHTbpa Ha
Morunaara (nmpua. V.4.3.2) e npeausBuKaHa OT OIIMICAHOTO IIO-TOPe roAsMO ChbBpeMeHHO Ha-
pyllleHre Ha HacuIla.

PesyaTaTuTe OT MHBEPCMOHHOTO MOJAeAUpaHe IO M3MepeHnTe IpodpuAau 1o MeToja
HBEC (npua. V.4.3.4) cpiio He 0T4easT HUKakBy cMyTutean. Hacura Ha Mornaara e ab-
COAIOTHO XOMOT€EHEH ChC CTOMHOCTM Ha ChIIpoTuBAeHNeTo Mexxay 10 u 20 ohm. m. MHuoro
A00Ope ce OTAeAsl MOBbPXHOCTHUAT cA0M ce gebeamHa 60-70 cM 1 OTYETAMBO I1O-BUCOKMU
croitHocTy — oT 100 g0 300 ohm. m. CpaBHeHIETO MeXAY MOJeANUTe TTOAYIeH) OT U3Mep-
BaHIsITA C TpUeAeKTpoAHa cxema (mpua. V.4.3.40) u cxema Hlaombepke (mpua. V.4.3.48)
IIOTBbP>KAaBaT Hall'bAHO HallpaBeHUTe II0-Tope IPU pasraekjaHeTo Ha MoTruaa 2 U3BOAU
— pe3yAaTaTuTe U OT ABeTe CXeMMU ca IIOYTU UAeHTUIHI.

I1pu nnposeaeHnTe B IOCA€ACTBYE Pa3KOIIKM, OCBeH HAKOAKO KyATOBHU SIMU, He e 01110
OTKPUTO HMKAKBO I'pOOHO chopbxeHue (Aumurposa, Cupaxos, 2009).

V.5. MOI'MAA TIPU T'P. OITAKA.

MornaaTa ce HaMupa B TyPCKOTO IpoOuilie B I0KHUTe ITOKpaltHMHM Ha rp. Onaka.
Pasnoao>keHa e Ha A€K CKAOH, KOJTO ce TIOHV>KaBa B IIOCOKa Ior-cesep. Moruaara e ¢ Buco-
unHa MeXAy 1 (ot 1or) u 3.5 M (0T ceBep) 1 BUAUM auameThsp 0k040 30 M (ripua. V.5.1a).

Ha Tasm mormaa 3a npbB ITBT B CBeTa Oellle eKCIIepUMeHTHpaHa TpUMepHa eJek-
TPOCBIIPOTHBUTEAHA TOMOrpadus C M3I0A3BaHETO Ha AMIIOAHA cxeMa®. Mornaara Oertre
II0AX0AsIIIa 3a TO3M OIUT IO HAKOAKO ITpuunHu. Ts1 Oellle He MHOTO BICOKa I CpaBHUTEA-
HO pasJarta, KoeTo 0AaronpusTCTBallle U3I10A3BaHeTO Ha IIPpaBObI'bAHA, a He Ha pajradHa
Mpexa. [IpbcrTa, OT KOATO Oellle HaTpyHaHa, Oellle rAMHeCTa M IO3BOAsBAIlle OTANIHO
3azeMsBaHe Ha eAeKTPOAMTe, 3a KOeTO AONpMHAcsIIIe M BAaXKHOTO BpeMe B HayaAOTO Ha
Mecer1 Mait. OuakBallle ce MOTuAaTa 4a € OT PUMCKaTa erioxa, KoeTo Iperiolaralie eBeH-
TyaAHOTO Ha/AM4ye Ha MaJAKI IpOOHI ChOPBXKeHNs, 3a KOUTO e Hy>KHa MaKCcMaaHa IIpe-
IM3HOCT. B 0am3ocT 40 MornaaTa nmaiiie CbBpeMeHHM MeTaAHU KOHCTPYKIIMI U OrpaAn,
KOETO ITpaBellle HeBb3MOKHO IIplAaraHeToO Ha TeOMarHUTHIS METOA.

AurioaHara cxema Oellle IpeAlIoueTeHa 3a U3BbpIlIBaHe Ha M3MepBaHMATa 10 HAKOA-
KO IIPUYMHA:

1. Ilo-a00pute pesyaratu B cpaBHeHUe C TpueAeKTpogHaTa cxema u cxema Illaom-
Oep:Kke, AeMOHCTpUpPaHN IIpU MoAeaHUTe usuncaenns (srx IV.3.1 no-rope).

2. ITo-206poTO 1A01THO MOKpUTHE B cpaBHeHMe cbe cxeMa [laombepike.

3. OranmyHuTe ycAOBMS 3a 3a3eMsBaHe Ha eAeKTpOoAuTe, IIPU KOeTO ce eAMMMHUpa
€AVH OT OCHOBHUTE 11 HeAOCTaThIM — Bb3MOXKHOCTTA 3a BHACsHe Ha ToAsgMa Ipellka IIpu
HeA0CTaTbyHO AOOBP raABaHNYeH KOHTAKT.

4. HaamameTo Ha NpensTCTBISA, KOUTO IIpaBexa HeBb3MOXKHO M3I1043BaHeTO Ha OTAa-

28  EAMHCTBeHMAT ITyOAMKYBaH gOCera ONNT 3a TPUMepHa eAeKTPOChIIPOTUBUTEeAHa ToMOorpadus Ha
MoOruJa e Ha e/Ha Takasa ¢ 10400HU pasmepu oT CesepHa I'bprist (Papadopoulos et al. 2010) (srx IV.2.1 o-ro-
pe). ITpu Hest e u3roA3paHa TpueAeKTPOAHa CXeMa, KOATO e IpeAriodeTeHa 3apaayl pe3yATaTuTe OT MOAeAHNUTe
nscaeasanus. Ilpeacrasenute pesyaratu ot 3D mHBepcnoHHOTO Mogeaupane (Papadopoulos et al. 2010, 204),
obaue ca M3KAIOYUTEAHO CMyTeHU U ,HescHu”, a HalTpaBeHUTe IIPOTHO3M He ca IMIPOBEePeHN Ype3 apXeoAoride-
CKM Pa3KOIIKIA.
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/AedeH eAeKTPOA U, CbOTBETHO, IpIAaraHeTo Ha TpueAeKTpoAHaTa cxeMa.

MpekaTa Ha usMepBaHe Oellle IpaBObI'baHa ¢ pasMepu 26X30 M. ITopaau naananero
Ha ChbBpeMeHHI I'poOoBe B M3TOYHaTa Ilepudepus Ha Moruaara (y4acTbK, KOMTO He Oelrre
IIpoyYeH), IIpoy4yBaTeAHaTa MpesKa Oellle OpMeHTIpaHa ¢ OTKAOHeHMe oT 108 oT ceBepa, ¢
IleA Ja ce IOKpUe MaKCMMa/Ha 114011, 3a 4a MOXKe B II0CAeACTBUe Ja ObAaT BHECEHN KO-
pekiuu 3a peaeda Ha MoTnAaTa IIpeaBapuTeAHO Oellle M3BbpIleHa IIpel3Ha HBe ALy
I10 BCeKM OT u3MepBarteaHute npopuan (mpua. V.5.1.0). Viamepsareanure npoduan Osxa
npe3 1 M ¢ Toukn 1o npoduante — cpirfo mpes 1 m. Vsnoassana Oelre AnIoaHa cxema ¢
pas3cTosiHIe MeXAy TOKOBUTe U npueMHuTre eaektpoan AB=MN=a=1n2m (a=1 u2 m) n
AeceT ABAXKMHN Ha cxeMarta — n=1+7 npu a=1 M u n=3+5 pu a=2 M, T. e. 00IIja AbAKIHA Ha
cxeMarta oT 3 20 14 M.

PesyaTtaTure OT M3MepBaHMsATa Ha HPUBUAHOTO €AeKTPUIECKO ChIIPOTUBAEHIE C pa3-
AVYHUTE ABbAKVHU Ha CXeMaTa ca IipeActaseHu Ha mpua. V.5.2 — npua. V.5.5. CroitHocTuTe
Ha CBIIPOTUBAEeHNETO Ha HYCKM — 20-40 ohm. m. Perncrpmupanu ca MHOXKeCTBO MaAKI A0-
KaaHy aHomaanu. Te ca IpeAMMHO B IIOBBPXHOCTUTE YacTV Ha HacKIIa M ca C MHOTO HUCBK
MHTeH3UTeT. Bh3MOXXHO e Ja ca IIpeAu3BUKaHM OT CbBpeMeHH) HapyIlleHNs Ha MOTUAHNS
HaCHII.

3a ga ce HalIpaBy CpaBHeHIe MeXXAY pa3ANIHITe BII0Be MHBEPCMOHHO MOJeArpaHe
Ha JaHHNTe OT M3MepBaHMsATa TO Oe U3BBPIIEHO B 4Ba eTalla.

1. ABymepHoO (2D) nHBEpCMOHHO MOJeANpaHe 10 BCeK MHAuBUAyaleH npodua. Pe-
3yATaTuUTe Ca MpeACTaBeHN 4pes3 BepTukaanu paspesu (nmpua. V.5.6+V.5.12).

IToTBBpKAaBaT ce HAOAIOAEHNATA, Y€ CTOMHOCTUTE Ha eAeKTPUYeCKOTO ChIIPOTUBAe-
HI€ Ha MOTIMAHMUS HacUII ca HUCKM 1 caabo cmyTenn (20-25 oh. m). Tosa rosopu 3a eanH
XOMOTEeHeH HacMII OT IIPbCT C BUCOKO ChAbp>KaHMe Ha TAMHa U I'bAHA AMUIICA Ha CKaAHU
Mmarepuaau. Jobpe ce OTAeAss HUBOTO Ha eCTeCTBeHM: TepeH (ChbIpoTuBAeHns Hag 35 ohm.
m), BbPXy KOITO e HaTpyIlaHa Moruaara. ITo Hero moxe ga ce cbau, 4e gebGeanHaTa Ha Ha-
CuIla B B Hall-BMICOKaTa Ji 4acT He HajBUIIIaBa gBa MeTpa. B 1ieHTpaanaTa yacT Ha Mormuaara,
1o npopuan 12-16 u metpu 12-16, ce perucrpupa 3oHa cbc caabo rosuienne (40 40 ohm.
m) Ha CBITPOTUBAEHIETO, KOeTO 3alloyBa IIOYTH OT IIOBbPXHOCTTA, KaTo Cce pa3BuBa I B AbA-
HounHa 40 camara OCHOBa Ha Mormnaata (rpua. V.5.9). To e mpeansBukaHo, Hail-BepOSITHO,
OT cAa00 u3pa3eHa IIPOMsIHa B XapaKTepUCTUKUTe Ha MOTMAHIS HacuIl. Bb3MOXKHO e Tasn
IIpOMsIHA KOCBEHO Ja MapKlpa HaA4MeTO Ha Ipo0Ha siMa B IIeHThpa Ha MOIMAaTa.

2. TpumepHo (3D) nHBepcMOHHO MOJeAupaHe 110 BCUYKI HaAMYHU AaHHU OT U3Mep-
BaHMsITa (00110 7344). PesyatatuTe ca npeAcTaBeHU Ype3 XOPM3OHTAaAHN pa3pe3) Ha Cb-
IIPOTUBAEHUETO 3a pa3AN4YHM AbAOOUYMHH, BepTUKAAHM pa3pe3u (II0400HO Ha Te3! OT ABY-
MepHOTO MoJeanpane) (mpua. V.5.13+V.5.17) u TpuMepHO chueTaHne Ha XOPU3OHTaAHN U
BepTUKaAHM paspesn. Ilo pesyataTure oT TpuMepHOTO MoJeArpaHe MHOIO I0-400pe ce
OTJeAsl aHOMaANsATa Ha CbIIPOTUBAEHNETO B IIeHTpadHUTe YacTu Ha Moruaata. Biuokaa ce,
Je TsI He 3aI104Ba OT ITOBBPXHOCTTA, a Ha 0K040 (.75 M OT Hes, B AbA0OUNMHA Ce pa3IIypsiBa
1 U3AbAKaBa B U3TOYHA IIOCOKA, KaTO B OCHOBaTa Ha MormuAaTa nMma popMara Ha OBaa AbA-
>K1Ha 0K040 10 M u mupuHa okoa0 6 M. OcobeHO 400pe ce ouepTaBa aHOMaAMsITa Ha TPU-
MEepPHI MOJeA C U3II0A3BaHeTO Ha M30NOBBbPXHOCT (rpua. V.5.17). Hai-BepoATHO craBa
BBIIPOC 3a MaAKa MOTMAKa HaTpyIlaHa OT IIPBCT pa3AndaBpaliia ce OT OKOAHMS HaCKII, KOSITO
KOCBEHO MOXKe Ja MHAMKIMpPa HaAM4MeTo Ha orpedeHre U3BbPIIIeHO Ha caMIsl TepeH UAN
BBB BKOIIaHa B Hero siMa, 0e3 camara Ts 4a MOKe da Obae ,,3aceueHa’ Ha TakaBa AbAOOYIHA.
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Perucrpupar ce 1 gBe AMHeHM aHOMaAUM C IO-BUCOKM CTOMHOCTU Ha ChIIPOTUBAEHIUETO,
CBbOTBETHO, B I0’KHaTa I ceBepHaTa repudepus Ha Mornaara (mpua. V.5.13). VInteHauteTsT
1M, obaue, CBIIIO € HICBHK, KOeTO IIpeArioaara, 4e I1o-CKOpo ca IIpeAu3BMKaHN OT M3MeHe-
HISI B MOTMIAHMS HACUII B pe3yATaT OT CaMIsl HauMH Ha HaTPyIIBaHETO My MAU OT BAMAHU-
€TO Ha OCHOBHIS TepeH, OTKOAKOTO OT eBeHTyaaHa Kpernuga. Te3u aHoMaanmu Moxe Ja ca
U U3KYCTBEHO , IIpuBHeceHn” IIpY MHBEPCHOHHOTO MOJeANpaHe BCAeACTBIe Ha eKCTparlo-
AMpaHeTo Ha ChIIPOTUBAEHNATA B KpaulllaTa Ha MoJeAa, KbAeTO HsIMa AOCTaThyHO AaHHU
OT caMUTe U3MepBaHIsL.

ApxeoornyeckuTe pa3KoIlKlil Ha MOIuAaTa Osxa IpoBeeHu 1pes aatoro Ha 2011 r.,
3aToBa Bce ollle He ca ITy0aukysaHn®. Te paskpuxa HeIIOCpeACTBEHO M3TOYHO OT IIeHThbpa i
ABa rpo0Oa (Nel i No2) ¢ rpyrousrapsiHe B sIMM BKOIIaHM B OCHOBHI T€PEeH, KOUTO BIIOCAeA-
cTBMe ca O1AM 3aTpyIiaHu ¢ oO1a Mmoruaka (mpua. V.5.18).

V.6. MOI'MAEH HEKPOIIOA ITPU C. BETPUIIIE.

Morunante ce Hamupat B M. Kozxa Terre cebepHo oT c. Berpuiie. Mornannre Hacumm
ca HaTpyIlaHM Ha 3ara/JHNs pb0 Ha I14aTOTO, U3AUTAIIIO ce U3TOYHO OT p. bokayaxaaepe,
a8 nputok Ha ['oasma Kamunst. Ha MornanTe He ca M3BbpIIeHN apXe0AOTMYeCKI pa3KoIl-
KI, HO Te Ca BKAIOYEeHM B IIpUMePUTe, ITIOPaayl BEPOATHOCTTA 1O pe3yATaTuTe OT MHBePCH-
OHHOTO MOJeAMpaHe Ja ca perucTpypaH BKOllaBaH!s Ha AbA0OYMHA OT Haj 3 M B OCHOBa-
Ta Ha MOTUAITE, KOETO € OIlle €4HO A0Ka3aTeACTBO 3a TOAEMUTE Bb3MOXKHOCTI Ha METOAA.

V.6.1. Mornaa 1 ripu c. Berpumie (ipua. V.6.1.1).

Mornaara ce namupa Ha okoa0 200 M OT nocaegHuTe Kby Ha c. Berpumge. Ima
HeIlpaBlAHa KOHycoBuAHa ¢popma. Bucounnara i1 e mexxay 3.2 (ot usTok) u 4.4 M (OT 3a-
raa). Varounara i1 nepudepust e oTHeTa OT CBIIeCTBYBalll KOAapCKM ITbT. AbAKIMHATA Ha
CpaBHUTEAHO IOAeTaTUTe J1 CKAOHOBe € 0K040 20 M, a AnaMeTbpsT 11 — 35-40 M. [Lao1mTa Ha
moruaata e okoao 1200 kB. M.

Mpexa: paanaanu npodpuan mpes 108, crpika Ha n3aMepsase 1 M.

Isnoassana cxema: lllatomGepke - n=1, 3, 5; MN=1 M (a=1 m).

3a moayJyaBaHeTO Ha AOITBAHUTEAHU AAHHU 3a HaAM4IMETO Ha aHOMaAHU OOeKTU B
ABAOOUNHA U 3a XapaKTePUCTUKITE Ha MOTMAHIS HaCUII Os51Xa U3BBPIIEHN AeTallAn3alin-
OHHU M3MepBaHIs 10 MeToJa Ha HelIPeKbCHAaTOTO BePTUKAaAHO eAeKTpUIeCcKO COHAMPaHe.
Mamepenn 6s1xa 06110 3 mpoduaa ¢ AbAKMHN MexXAy 47 u 60 M (BvoK mpua. V.6.1.2). Vs-
roassaHa Oerre cxeMa Hlarombepske ¢ gecet abaxnuuy, n=1+10, mpu MN=a=1 M 1 cTbIIKa
Ha M3MepBaHe — cbIo 1 M.

Kato 115110 cToitHOCTUTe Ha M3MEePeHOTO IPUBUAHO CHIIPOTMBAEHNE Ca HUCKU U CAa-
60 cMyTH. 3a TOBBPXHOCTHATA YacT Ha Hacutia Te ca Mexxay 40 1 70 ohm. m (mpua. V.6.1.2a),
KaTo B AbADOYMHA TO3M AMaIla3oOH ce CTecHsBa 40 25-35 ohm. m (mpua. V.6.1.26, mpua.
V.6.1.3). ToBa roBopu 3a e4H XOMOT€HeH MOIVAeH HacuIl, U3rpadeH OT IIPBCT C BUCOKO
ChAbp>KaHle Ha TAMHA U IIOYTY IThbAHO OTChCTBIE Ha cKaaHM Matepuaan. Ha To3u o ce
OTAeASAT HAKOAKO A0KaAHM aHOMaAnu. VIHTeH3uTeThT U pasMepuTte UM, obaue, ca MaAKU U
TPYAHO MO>Ke Ja ce CBbP>KaT ChC CTPYKTYpU IIpeAcTaBAsBallll apXeoA0rM4ecky MHTepec, a
I10-CKOPO ca IIpeAu3BUKaHN OT cAabo u3pa3eHN Hee AHOPOAHOCTY B MOTMAHMS HaCHIL.

VnTepec npeacraBasBaT JaHHUTeE 3a Hall-ToAsMaTa AbAOOYNMHA, U3MEPeHN ChC CXeMa

29 Paskomnkure 6s1xa mposeaeHu ot Hukoaa Pyces ot VIM-ITonoso.
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AB=11 m (nmpua. V.6.1.3). Ha npeacrasenara kapTa ce 0TAeAs e4Ha OOIIMpPHA 30HA B IeH-
Tpa/AHaTa 4acT Ha MOI/AaTa, XapaKTepusupalia ce C MHOTO HICKI CTOMHOCTM Ha IIPUBUA-
HOTO cblipotusaeHne (15-20 ohm. m). B naan Tasu sona nma npudansureasHo popmara Ha
Kp®I ¢ AnaMeTbp 10-12 M.

PesyaTtaTute OT MHBEepCMOHHOTO MoJeaupane (ripua. V.6.1.4) MHOTO A400pe 0TAeAsIT
eAVH IIOBbPXHOCTEH CA0M C ge0earHa 0KOA0 1 M U CpaBHUTEAHO BYICOKO CBHIIPOTUBAEHIE
(75-120 ohm. m). Toit Mmo>ke Aa e oOpa3yBaH KaKTO P CaMOTO HaTpyIlBaHe Ha MOrINAaTa
OT MaTepyaAl € IO-HIUCKO ChbAbP>KaHNe Ha TAMHecTa KOMIIOHeHTa, Taka I Aa e IOAydeH
B pe3yATaT Ha M3BETPUTEAHM IIpoliecy, IpeAn3BUKaAN 3arybaTa Ha IIpOBOAMMU KapOo-
HaTHU CbeAVHEeHIs B IIOBbPXHOCTHIS CAON. B Aba00OUMHaA MOTMAHNSA HACUII € XOMOTeHeH
ChC CBIIPOTUBAEHNUS OT MOpsIAbKa Ha 25-35 ohm. m. Ha To3u QpoH B IeHTbpa Ha MornaaTta
MHOT0 400pe ce 0TeAsl eAHa SICHO U3pas3eHa 001acT Ha HIUCKM ChIIpoTuBAeHus (8-15 ohm.
m). Tosa Hall-BepOsITHO e MbpBOHaYa/AHaTa MOIMAA C AllaMeThbp OKOAO 12 M 1 BMCOYMHA
2-2.5 M, HaTpyIlaHa OT IPBCT C MHOTO BMCOKO ChAbp>KaHle Ha I'AMHa, KOATO B IIOCACACTBYIE
e O14a AOII'bAHUTEAHO 3acuIlaHa. Bb3MOXKHO e Ts1 MHAMPEeKTHO Aa MapKlpa HaAM4neTo Ha
rpo0 B LleHTpaAHaTa 4JacT Ha Moruaara. Ha nasepcuonnus mogea no npodpua 180-380 ce
HabAI04aBa eAHO , MI3KpUBsBaHe” Ha HICKOOMHATa 30Ha B AbA0OYMHA. 3a ChXKaJleHue, TO
€ MHOTO caab0 u3pa3eHo U TPYAHO MO>Ke KaTeTOPMYHO Aa ce TBbpAl, 4aAll € CBbP3aHoO C
HsAKaKBO BKOIIaBaHe B OCHOBaTa Ha MOIlAaTa I, CbOTBETHO, C HaAl4le Ha BKOIIaHO TPOOHO
CbOpBKEHHe.

V.6.2. Mornaa 2 mpu ¢. Berpume (ipna. V.6.2.1).

Hamupa ce na oxoao 1 xm cepepro ot moruaa 1. VMima ¢popma u pasmepu moutu
UAEHTIYHMU ¢ Te3y Ha moruaa 1 — amamersp 35-40 M 11 BucounHa Mexxay 3.2 (OT M3TOK) 1 5 M
(ot 3amag). Yacr ot 1orousrouHaTa 1 repudepus e CAHO HapyIlleHa OT ChBpeMeHeH U3KOII
U He TI0AAeKellle Ha IIpoy4JBaHe.

Mpesxa: paanaanu npopuan rpes 108, croika Ha n3aMmepsase 1 M.

Manoassana cxema: [llarombepike - n=1, 3, 5, MN=1 m (a=1 m).

3a 1oayJyaBaHeTO Ha AOITbAHUTEAHU AAHHU 3a HaAMIMEeTO Ha aHOMaAHM OOeKTU B
ABbAOOYMHA U 3a XapaKTepUCTUKITE Ha MOTUAHNS HacKUII Os1xa U3BBPIIEHN AeTallAn3alil-
OHHU M3MepBaHIs 110 MeTOa Ha HelIPeKbCHAaTOTO BePTUKAaAHO eAeKTpUIeCcKO COHAMPaHe.
Mamepenn Os1xa o010 4 mpoduaa ¢ gbAxuHa 1o 47 M (BIoK nipua. V.6.2.2). VsnoassaHa
Herre cxema IllaromOep:ke ¢ geceT AbaxyHY, n=1+10, mpu MN=a=1 M 1 cThIIKa Ha U3Mep-
BaHe — CcbIo 1 M.

Pesyaratute oT mpoyyBaHeTO Ha MOImuAa 2 ca IIOYTM MAEHTUYHU C Te3) Ha Moruaa
1. CroitHOCTUTE Ha M3MEPEeHOTO MPUBUAHO CHIIPOTUBAEHME ca HUCKM U cAab0 cMyTH. 3a
IIOBBPXHOCTHATa 4acT Ha Hacuia Te ca Mexxay 40 u 70 ohm. m (mpma. V.6.2.2a), kato B
ABpAOOYNHA TO3M AMATIa30H Ce CTeCHsIBa B paMKuTe Ha 25-35 ohm. m (mpua. V.6.2.26, npua.
V.6.2.3). MornanuAT HacuIl € XOMOIeHeH, U3rpajeH OT HPBCT C BUCOKO ChbAbpP KaHNe Ha
TAVHA ¥ IIOYTY IThAHO OTCBCTBIE Ha CKaAHM Matepnaau. I1o orozanagsara nepudepus Ha
MoOTHAaTa ce ouyepTaBa eAVH II0sC C IIMPUHA OKOAO ABa MeTpa C IIOBUIIIeH! CTOMHOCTU Ha
cbrpotusaeHnero. CToiiHOCTHUTe, 0Daye, He ca TOAKOBa BIICOKH, Ye 4a TOBOPST 3a HaAndue
Ha KaMeHHa Kpermaa.

W nipu Mmornaa 2, npubAn3NTEAHO B LIeHTbpa 11, 400pe ce oTAeas 001acT Ha HUCKU
CBIIPOTUBAEHMS, perucTpupaia ce c Hali-gba0okaTta cxema AB=11 m (rmpma. V.6.2.3). Pesya-
TaTUTEe OT MHBEPCMOHHOTO MOJEeApPaHe C ca IIpeAcTaBeH! Ha Ipuaoxenue V.6.2.4. Ul npu
TAX, KaKTO IIpM Te3n oT Moruaa 1, 400pe ce 0T4eas1 HOBBbPXHOCTHILS BICOKOOMEH CAOM, 104,
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KOJITO 3a4sTa IIO-HMCKOOMHISI MOTIAeH Hacull. JloOpe ce oTaeas 1 IleHTpaaHaTa MOTUAKa
C MHOTO HUCKM ChbIIpOTUBAeHMs — 8-15 ohm.m. ITpu morunaa 2, obaue, ,, uskpussBaHeTo” Ha
HIICKOOMHaTa 004acT B OCHOBaTa Ha MOTH/AaTa e MHOTO I10-400pe u3paseHo. MHuoro sepo-
SATHO € Ta3u aHOMaAus Aa e IIpeAu3BUKaHa OT TOASIMO BKOIIaBaHe B OCHOBaTa Ha MOIMAaTa,
KOeTO Ja e CBbP3aH0, CbOTBETHO, I C HaAu4ye Ha TPOOHO ChOPbXKeHNe.

V.7. MOI'MAA VI OT HEKPOIIO/A ITIP1 C. TOPCKO AB1AHOBO, OBIIINTHA
OITAKA (mpma. V.7.1a).

Ha 1.5 xM 13TOK-ceBepom3TOUHO OT C. ['opcko AG.AaHOBO, HEITOCPEACTBEHO Ha M3TOK
OT oOMTaBaHaTa TEPUTOPN Ha MIPOYIBaHI TyK PUMCKHU BUKYC, € pa3l0A0>KeH KOMIIaKTeH
HEeKpoI104, cbeTos ce ot mect Mmornau (Topbaros, Pyces 2009). C nakaioyeHne Ha MOTH-
Aa VI, Bcuukuy octaHaay ca OuAm oOeKkT Ha OpyTaaHa MMaHApPCKa HaMmeca U He Iojae’kKaxa
Ha reopU3NYHO Ipoy4BaHe. T'bil ce IIpearioaaraliie, 4e MOTMANTE Ca CBbP3aHM C PUMCKI
BUKYC, Oellle IHTEPEeCHO JAa ce IIPOBepsIT Bb3MOXKHOCTIITe Ha TeOMarHUTHILSI MeTO/ 3a peru-
CTpupaHe Ha 'pOOHM MU C TPyHIOU3TapsiHe B TsX, KaKBUTO MOXKeXa 4a ce 0O4akBaT B MOTUAN
OT TOBa BpeMme.

Mornaa VI e cucremHO oOpaboTBaHa OT AeceTiAeTys, KaTO MaKCMaAHaTa i1 BUCO-
ynHa cera e 1 M, npu guamersp 40 40 M.

ITopaau TpyaHus AOCTBII A0 MOIMAaTa, IPOy4YBaHMATA Ce OrpaHMYMXa CaMO A0 Ieo-
MarHUTHO 3acHeMaHe. Mpeskara Oerte mpaBobIbaHa — 4 kBagpara 20x20 M ¢ ob111a TouKa B
IIeHThpa Ha MOIAaTa, OpMeHTHpaHa 110 ITocoKuTe Ha cseTa. IIpoduante 6:1xa mpes 50 cm,
a uaMepBaHuATa 110 npoduante — npes 12.5 cm.

[Ts1.20TO MpOyYBaHe Ha MOTMAaTa OTHe /ABa Jaca.

Ha xaprara Ha MarHuTHOTO 1104€ (Ipna. V.7.2) ce perucTpupar gse MHTeH3MBHI aHO-
MaAuM ¢ MaAKM pasMepu — egHaTa B IleHThbpa Ha MOIlAaTa, a BTopaTa — B CeBepOM3TOYHaTa
nepudepus. [Ibpsara e mpeansBuKaHa OT MMaHIPCKIU U3KOII, @ BTOpaTa, Hail-BepPOsITHO, OT
IIAMTKO Pa3IlOA0KeH Kele3eH IIpeJMeT.

EauHcTBeHaTa aHOMaAMs, KOSATO MOXKe Ja e IIpeAN3BlKaHa OT I'pOOHa sMa e pasIio-
AO>K€eHa B ceBepo3allagHaTa Iepudepis Ha Moruaara. Tyk Oerrre 3a105keH COHAAXK, B KO-
TO Oellre pa3KpuTa siMa BKOIIaHa B CTEPUAHIS TepeH Ha 4ba0ounHa 40 0.60 M OT cerartHaTa
IIOBBPXHOCT, ChbAbp>Kallla OCTaHKITe OT ITorpebeHIe ype3 KpeMalys U3BbpIlieHa Ha APYTo
msicro (mpua. V.7.16) (Topbaros, Pyces 2009).

IIpu apxeoaormyeckure paskoIIKM B IOKHaTa II0AOBMHA Ha MOrINAaTa, 110/ Hall-BU-
COKaTa 4yacT Ha MOTMAHMS HacUII ca IIpoydeHU Tpu rpoda Ha AbadounHa 0.60-0.90 M ot
ChbBpeMeHHaTa IIOBBbPXHOCT. ' poOHNUTE ChOPBKEHMs ca BKOIIAHM B 3aBapeHIsI TEPEH SIMI
C NpuOAMBUTEAHO YeTUPUbIbAEH I11aH U 3a004€HU bIAM, ¢ AbAXKUHA OT 1.75 20 2.13 M,
mypuHa 0.65-0.80 M 1 gpa60unna 0.37-0.40 M. Bcuukm Te cbaAbpKat norpedeHns upes Kpe-
Malns U3BbpIlleHa Ha MACTO. B pesyaTaT Ha ropeHeTo, cTeHUTe Ha sSIMUTE ca ce OTYyXANAU
Ha g4pa0ounHa oT 1 20 3 cMm (Topbatos, Pyces 2009). Ouesnano, morpebeHs ype3 TpyIo-
usrapsHe Ha MSCTO B SIMU C IIO400HM pasMepu U OTyXAsBaHe Ha CTeHMTe He MOorar Ja ce
perucrpupar Ha AbA004nHa Haa 50 cm.

CpaBHeH1eTo MeXXAy pe3yATaTuTe OT FeOMarHUTHOTO IIPOy4YBaHe I apXeoA0IMIecKy-
Te pa3KOIIK! ITI0Ka3Ba Ollle, 4e C MeTo/Aa MOorar J4a ce OTKpUBaT ¥ OOMKHOBeHM IPOOHU SIMI,
HO caMO, aKO ca MHOTO OAM3KO pa3NoA0KeHM A0 ITOBbpXHOCTTa. Pazdupa ce oT 0CHOBHO
3HauyeHle, B cAydJas, ca pa3MepuTe Ha AMUTe.

PesyataTtuTe OT rTeOMarHMTHUTE M3MepPBaHMs ca M3II0A3BaHN, OTHOBO, 3a OILleHKa Ha
BAMSAHMIETO Ha peaeda Ha MOIMAaTa BbpXy CTOMHOCTITe Ha MarHUTHOTO 1104e. ITo kpusuTe
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Ha MarHUTHMS TpaaMeHT (rpua. V.7.3) no Apa nmpoduaa rpes Haii-BIICOKaTa JacT Ha MOTH-
Jara ce BIDKJa, Ye TaKOBa BAVSHIE He ChIeCTByBa I, CAeA0BaTeAHO, IPU HPOYyYBaHeTO Ha
MOTHUAN C TIOAOOHM pasMepH M XapaKTepUCTUKM Ha HacuIla, He € HY>KHO OTCTpaHsIBaHeTO

V.8. ObOBITEHNE HA PE3YATATUTE

ITocoyenuTe mo-rope mpuMepu HaradeAHO AeMOHCTpUpAT ePeKTUBHOCTTa Ha Ipea-
JAO’KeHaTa MeTOAMKa 3a IIpOydBaHe Ha TPaKMIICKM HaATpoOHM morman. KoMmiaekcsT ot
€4eKTPOCBIIPOTUBUTEAHO KapTUpaHe, AByMepHa U TpUMepHa eAeKTPOCHIIPOTUBUTEAHA
ToMorpadpusi 1 MarHUTHA TpaAMOMETPHUs AaBa OTAUYHU pe3yATaTU IPU OTKpUBAHETO
Ha pasHOOOpa3HM I'POOHM U APYTU ChOPBXKeHNs. YCIeIIHO ca PerMcTpypaHy BICOKO Cb-
HPOTUBUTEAHN CTPYKTypU KaTo 3udanu rpooose (V.1.1, V.1.5), MoHyMeHTaAHU TPOOHUIIN
(V.1.3, V.2.1), xamennu crpynsanus, kpermmau (V.1.4, V.2.2). Upes nipuaaraneTo Ha AByMep-
HOTO MHBEPCUOHHO MOJeAVpaHe ca II0Ay4eHI JaHHHU 3a XapaKTepUCTUKITe Ha MOTUAHNTe
HacCHUIIM, KaTo ca oIlpejeleHN pa3MepuTe U AbAOOUYMHATA Ha 3aAsiraHe Ha KaMeHHM CTPYII-
Banus (V.2.1, V.2.4, V.4.2). Ocsen TOBa ca OTAeAeHU HIUCKOCBIIPOTUBUTEAHU CTPYKTYpPU Ha
roasma AbA0O4YMHA KaTO IIbpByuHM Mornan (V.4.1), KakTo 1 BKOIlaBaHMs B OCHOBaTa Ha
MOTUANTE, KOUTO MOXKe MHAMPEKTHO Ja CBUAETeACTBAT 3a HaAudle Ha IPOOHU ChbOpbXKe-
Hus (V.6.1, V.6.2). B caygas ¢ Kapakouosa mornaa npu ¢ bpata Jackaaosu, Moxe ga ce
IpeArioaara, 4ye MHTeH3MBHaTa HeraTMBHa aHOMaAMs B IleHTbpa i1 (V.2.3) e npeaussuKaHa
OT rpobHaTa KAada 1, CbOTBETHO, OT PsI3KOTO ITOBMIIIaBaHe Ha IIPOBOAMMOCTTa Ha cpejaTa
BC/A€ACTBYE Ha BUICOKOTO ChAbP>KaHMe Ha BbIAepoJ, aHaA0TMYHO Ha IIpUTeKaBalliTe eAeK-
TPOHHa IIPOBOAVIMOCT AbpBeH! BBbIANINA, Ha rpapUTOBUTE UAY BIAUIIHNITE IINICTH, KOe-
TO 4aBa OIlle e4VH HeoJaKBaH IIpaKTudecky pesyarar. C reOMarHUTHIS METO/, YCIIEIITHO ca
perucTpupany CTpyKTypH, KOUTO ca M3BbH Bb3MOXKHOCTUTE Ha €AeKTPOCHIIPOTUBUTEAHS
— 0OMKHOBeHM rpoOHM AMu ¢ Tpynousrapsne (V.3.1, V.6).

3a IbpBU BT B CBeTa, IpM ITpoyuBaHmuATa Ha MornaaTa Ceetunia kpaii [lumnka (V.1.5),
IO pe3yATaTuUTe OT AByMepHaTa eAeKTPOChIIPOTUBUTeAHa ToOMOTrpadus e pasKpuT 3ujaH
rpo0, KaTo IIpU TOBa ca OIlpejeAeHN TOUYHIUTe My pasMepu U AbAOOYIMHATA, HA KOSATO ce
Hamupa. OcBeH TOBa ca II0Ay4eHM MHOTO Ba>kHM JaHHU 3a HaulHa Ha HaTpyIlBaHe Ha MO-
ruaara. Te mokasBar, ye rpoOBT Hall-BepPOSTHO e 0114 U3TpajeH cAe KaTo B I0JKHATa JacT Ha
OpUTMHAAHMA MOTUAEH HacUII e HallpaBeH IroAsM U3KOII, KOWTO cAeJ ToBa e O1A 3aITbAHeH
C IPBCT € HO-BUCOKO ChAbp>KaHMe Ha KAMBbHI U YaKbA.

ITpn npoyusanmsita Ha moruaata B Onaka (V.5) 3a mbpBM IIBT B CBeTa e MPUAOKeHa
TpUMepHa eAeKTPOCBIIPOTHBIUTEAHA TOMOrpadIisl Ha HaArpOoOHa MOITAA C U3I0A3BaHETO
Ha AuIo4Ha cxeMma. B pesyarar Ha 3D nHBepcIIOHHOTO MOAeANpaHe e HallpaBeHa IIPOTrHO-
3aTa 3a HaAu4le Ha IbPBMYHA MOTH/Ka HeIIOCPeACTBEHO M3TOYHO OT IIeHThpa Ha roAsMara
Moruaa. [Ipu nocaeasaante apxeoAorndyeckn paskoIKy TakaBa HaluCTHa e oTkpura. Ts e
HaTpyllaHa Haj ABa rpo0a ¢ TpylousrapsHe B sSsMJ BKOIIaH! B OCHOBHU:A TepeH. Hampase-
HITe CpaBHeHIsI ITI0Ka3axa, 4e B cAydas ¢ Moruaara npu Ornaxka TpMMepHOTO MHBEPCYOHHO
MogeAupaHe JaBa MHOIO I10-400pHu pe3yATaTy OT AByMepHOTO 1, CAeA0BaTeAHo, TpsiOBa
BUHAIM Aa ObJAe IpuAaraHo Ipu IOAXOASAIIN YCAOBMS, T. €. IIPU MOTUAM C BMCOYMHA 40 2-3
M.

Hy>xaaTta or nmocturaHe Ha MakcuMa/AHa AbAOOYMHHOCT IIPU MPOyYBaHETO Ha MO-
IMAY, KaKTO 1 (PaKThT, ye Hall-aTpaKTUBHUTE ChOPBXKEeHUs — TPaKUIICKUTe TPOOHUIN U
rpageHu rpo0oBe ca BCBHIITHOCT €AHM BUCOKOCBIIPOTUBUTEAHN CTPYKTYpH, IIpesonpeaeas
BO/JelllaTa POAs Ha eAeKTPOCBIIPOTUBUTEAHNS MeTOA,. VI311043BaHeTo Ha HAKOAKO AbAXKN-
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HI Ha CXeMHTe I103BOAsABa KapTUpaHe Ha pa3AndHn Aba0ounHu. OT J0KaaaBaHUTe I1O-TO-
pe 4aHHM ce BUKAQ, 9e KaTo 1140 HIPU IIOYTU BCUIKM MOAEAHU U3CAeABaHNS AUIIOAHATA
cxeMa ITOKa3Ba Hail-400pu pes3yaTaTH, cAedBaHa OT TpueaekTrpoaHarta u llaiomOepike n
3aToBa P HOPMaJAHM OOCTOATeACTBa Ou TpsiOBaao ga ObAe mpeanodeteHa. [Ipu nsdopa
Ha HalCTMHA Hall-IIogXo4sdIaTa, padoTellla B peadH! ycAOBMs oDade, TpsAOBa Aa ce B3e-
MaT 110/ BHMMaHIe U APyTU OKa3aTeAl 3a OTAeAHUTe CXeMM, KOUTO ca OIMCaHU O-Tope
B raasa II. 2. Pazbupa ce, oT rbpBOCTeIIeHHa Ba’KHOCT € ChOOpa3sBaHeTO C KOHKPETHUTE
ycAoBMs Ha TepeHa. Ilpu MaaKkuTe MOrmam ¢ BUCOYMHa 40 OKOAO 2-3 M CbC 3eMA€HU Ha-
CUIIN Hall-yAauHO e M3I10/A3BaHeTo Ha AMIIO/AHA cxeMa, KbAeTO He ce U3MCKBa roasama AbA-
OOYMHHOCT, a B CBIIJOTO BpeMe Hali-yCIIeIIHO MoraT ga ObAaT perucTpUpaHy 3UAAHN UAN
LIMICTOBM I'poOoBe. B yca0Bus Ha HEBB3MOKHOCT 3a OCbIIIeCTBsABaHe Ha 400bP ralBaHNYeH
KOHTaKT Ha eAeKTpPOANTe MAU HaAuuye Ha IIOBbPXHOCTHU CMYyTUTeA! (KaKBUTO 4ecTo ce
cpemar IIpu MOTMAU B IIAaHMHCKUTE U IPeAIAaHMHCKY PaiiOHM, HaTpylaHU OT CKaAHU
MaTepuaAu UAM YaKbAM) B UI3BMepBaHMATa C AUIIOAHATa CXeMa e Bb3MOKHO 4a ObJe BHece-
Ha 3HaulMTeAHa Ipellka. B Takbp cayuail MoXe Ja ce IpealiodyeTe TpueAeKTpoAHaTa cxema
nan cxema llarombGep:ke.

Haii-2exu 3a KauecTBeHa MHTepIIpeTalysl IIpy KapTUpaHeTO Ha MOTUANTE ca U3Mep-
BaHUATa cbe cxeMa [llaromOepike. 3a pazanka OT Hesl, TpUeAeKTpOAHaTa e acuMeTpuJHa I
AaBa M3MecTBaHe Ha aHOMaAUMNTe Ha CLIIPOTHUBACHIETO, a AUII0AHaTa MOXe Aa Aaje AaxXe
ABOVIHI aHOMaAlM, KOETO B yCAOBMATa Ha HEXOMOIEHHM MOTMAHU HacUIIM MOXKe 3Haul-
TeAHO Aa yCAOXKHI KadecTBeHaTa MHTepIpeTallls Ha AaHHUTE OT ChIIPOTUBUTEAHOTO Kap-
tupane. OcBeH TOBa, IpUJAaraHeTo Ha TpueAeKTpoAHaTa cXxema e 40 roAsiMa CTelleH AVMU-
TUPaHO OT Hy>KJaTa OT MU3I10A3BaHe Ha OTdadedeH eAeKTpod. Taka, ye B HAKOM CAydam Cxe-
Mmara [IlaromGepeske MOKe aa ce OKake eAMHCTBeHaTa aaTepHaTusa. KakTo o Mogeanure
n3cAeABaHNs, TaKa U OT II0A€BUTEe pe3yATaTy ce BIDKAa, 4ye HAMa Hy>K4a OT U3II0A3BaHeTO
Ha ABATY CXeMIU C TeoMeTpuueH pakTop n Hag 6-7. B mpeobaasasaiiaTa yacT OT cAydaute
€ 40CTaThyHO N ga e B paMKkure Ha 1-6. Taka nam nHade, BepOATHOCTTa 4a Ce perucrpupa
eJHa apxeoAorndyecka CTPyKTypa Ha 4bA00OUMHa IIO-TOAsAMa OT pa3MepuTe i1 (BICOYMHATa
1) € MHIMMa/AHa, KOeTO O3HadaBa, 4e IIpesA0>KeHNTe AbAKMHU Ha CXeMUTe ca HaIlbAHO
AOCTaTBhYHM 3a IPOYYBaHETO Ha IIpeoD4ajaBaliaTa yacT oT Mmoruaute. OcsBeH ToBa U3I10A43-
BaHeTO Ha IIO-ABATH CXeMJ HaMa/sBa II10IIHOTO IIOKPUTHE, KOeTO IIle A0Bee A0 3abaBsHe
U1, CbOTBETHO, OCKbIIsIBaHe Ha ITpoyusaHmsATa. CaeaoBaTeAHO, IpU KapTUpaluTe U3MepBa-
HIS e 400pe 4a ce u3depar HAKOAKO pa3Mepa KaTo n e pasHo Ha 1, 3 man 4 u 5 namn 6.

IIpuaaraneTo Ha HeIIPeKbCHAaTOTO BepTUKAaAHO eaeKTpudecko coHaupane (HBEC) n
MHBEPCHOHHO MOJeANpaHe I, CbOTBeTHO, Ha AByMepHaTa I TpPUMepHa eAeKTPOChIIPOTU-
suteaHa tomorpadus (2D u 3D ECT) e eaHa HOBa B3MOXKHOCT 3a IO-A€TailAHO U3CAEA-
BaHe XapaKTepUCTUKNTe Ha MOTMAHUTE HacUIIM, 3a IPeLM3HO oyepTaBaHe Ha pPerucTpu-
paHuTe IIpU CHIPOTUBUTEAHOTO KapTUpaHe aHOMa/AHM OOeKTU MAM PerucTpupaHeTo Ha
HOBU TaKuBa. 3a ChXXaJleHle, N3I1013BaHeTo Ha e HOKaHaAHU Pe3UCTUBMMEeTPU U Hy>KaTa
OT 3acCThIIBaHe Ha M3MepPBaHUATA 10 NPOPUAHNUTE AMHNY, IIPABST €4HU TaKuBa M3MepBa-
HIS 10-DaBHM U II5.A0CTHOTO IPOy4YBaHe Ha JajdeHa MOTHJa C TaKuBa M3MepBaHNs MOXKe
Aa ce oKaxke HeobOocHOBaHO. OcBeH TOBa, 3I104A3BaHETO Ha padialHa Mpeska He I103BOAsI-
Ba M3BBPIIIBAHETO Ha TPUMMEPHO MHBEPCUOHHO MogeanpaHe. Taka ue, TakoBa MOXe Ja ce
U3BBPIIBA CaMO 110 OTAeAHUTe TpopuaAn B AByMepeH BapuaHT. 3a Ja ce IoAydaT JaHHU
3a OOIUTe XapaKTepUCTUKM Ha MOTMAHMA HaCcUII Ca AOCTaThYHU HAKOAKO IIpoduia 1pe3
IIs11aTa MOTMAA C Bb3MOXKHO Hall-AbATU CXEMM, 3a 4a MOXe Ja Ce AOCTUTHE MaKCuMaa-
Ha AbAOOuYMHa B IleHTbpa 1. Hait-moaxoasmu cxemn, B cayyas, ca lllaiomOepxe n Tpu-
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eaexTpoaHa. ITpnaaranero Ha nmocaegHara, KakTo Oe oTOeAs3aHO Bede, € OTPaHNYEeHO OT
Hy>K/aTa 3a U3I10A3BaHe Ha OTAaledeH eAeKTpod. CThIIKaTa Ha M3MepBaHe Io-TIpoduante
TpsAOBa Aa e craHgapTHaTa — 1 M. [Ipu npoduante HBEC Tpsi6Ba 4a ce 1311043BaT cxeMM C
reomeTpudeH ¢gaxkrop n 40 10 u mo-roasm. Ilpu MHOTO roaemure Moruan, KbAeTo ce Thp-
CM Hall-roAsiMa AbAOOYMHHOCT I, CbOTBETHO, Ca HY>KHM MHOTO ABATU CXeMI, MOXe Ja ce
U3I10A3Ba YBeAMYEHO Pa3CTOsHIE MeXAY ABOJIKaTa OAM3KM eAeKTPOAY — A0 2 M IIPU CBIIO
TaKaBa CTbIIKa Ha u3MepsaHe. PoasiTa Ha MHBEpPCHMOHHOTO MOJeAMpaHe He ce OrpaHM4YaBa
caMoO 40 M3caeABaHe XapaKTepUCTUKNTe Ha MOTUAHNTe Hacunu. To MoxXe 4da gage MHOTO
IleHHa MHQPOpMalNs IpU OllpejeasiHe TOYHOTO IIOAOXKEH!Ue, pasMepu U AbA0OYMHA Ha
CMYTUTEAUTE PETUCTPYUPAHM IIPU CBIIPOTUBUTEAHOTO KapTupase. ITpu Toa 6posT 1 opu-
eHTanyaTa Ha npopuante HBEC Tps6sa 4a e Takbs, 4e 4a OCUTYpU MaKCUMaJHa I101e3Ha
napopmanus. B Hait-400pus caydait Te3u u3MepBaHUs TPsAOBa Aa ce M3BBpIIAT 110 IIpaBo-
‘bI'b/AHA MpeKa ¢ rmocaesairo 3D MHBepCMOHHO MOoJeAnpaHe Ha IoaydeHuTe gaHHu. Karo
IpaBUAO TPaKUIICKUTe TPOOHUIIM ca Pa3IlOA0KeHU B IOXKHUTE MAU M3TOUHUTE JacTU Ha
MoruanuTte. ETo 3a1110 nmpu roaeMuTe MOTUAH € yAadHO U3I10A3BaHeTO ¥ Ha AObAHUTEAHN
usMepsaHyl 110 Harrpeunu npoguan HBEC B 10>KHNTe 1 M3TOYHNUTE YacTy, KbAETO MOXKe
Ja ce o4akBaT IPOOHM CHOPBXKEHIS M KOMTO ca Ha TaKaBa AbAOOYMHA, IIPU KOATO MOXKe
Aa He ca perucTpupaHU OT ChbIIPOTUMBUTEAHOTO KapTupase. IIpu Morman c sucounna 40
2-2.5 n auamersp 40 30 M, KbAETO Ce M3II0A3Ba MPABObIbAHA MpeXa U HsAMa HyXKaa OT
3acTbIIBaHe Ha M3MepBaHUATa 110 IPOPUANTe, IIs1A0CTHOTO ITpoyuyBaHe upes 3D mHBepcu-
OHHO MOJeAlpaHe MOXe Ja ce U3BBPIIN 40CTaThUYHO ObP30 U, CAeA0BaTeAHO, € HaIl'bAHO
IIPUAOXKIUMO.

IIpoyusaTeanara Mmpeka TpsI0Ba Ja ce cboOpa3sBa ¢ roAeMMHaTa Ha moruaure. Ipa-
BOBbI'bAHATa MpeXa e MOAXO4sAIa IIpU MOTMANUTE C BUCOYMHA 40 2-2.5 M U gameTwsp A0
30-35 M. EaemeHTapHMTe M34MCACHNS IOKA3BaT, Y€ B TO3M CAydall MaKCMMaAHUTE OTKAO-
HeHIs Ha KpaiHuTe TOYKM HpHU IpoduanTe MUHABAIIM IIpe3 IleHThbpa Ha MOruJlara He
HaaxBbpaAT 30-40 cm. IIpm mo-roaemure mMormam pagmasdHaTa Mpe’ka Ha M3MepBaHe e
MHOTIO Y400Ha, 3aIll0 CbOTBETCTBA Ha TsXHaTa XapaKTepHa oceBa cumeTpus. ['bcToTaTa Ha
paauaaHuTe mpodpuan TpsIOBa Aa € TaKapa, 4e 4a OCUTYPU AOCTaThIHO AeTailAHO IIPOy4dBa-
He Ha BCMYKM YacTy Ha MOTuJaTa.

I'eomarHuTHOTO M3CAeABaHe Ha MOIMAU MMa AO HAKbAe BTOPOCTeIIeHHa POAsl, Thil
KaTO CbBpeMeHHITe IpaAioMeTpH, KOHCTPYMPaHU 3a apXe0A0TMYecKH 11eAM, ca Hali-qyBCT-
BUTEAHMN CIIPAMO CTPYKTYPH pasloA0XKeH! B paMKUTe Ha IbpBus MeThp. Hesasucumo or
TOBa, Te Ca He3aMeHIMM IIpY OTKPMBAHETO Ha TPOOHM sIMU C TPyIIOU3TapsHe B MaAKUTe
MOIVIAM VAV aKO Ca Ppas3IOAOXKeH! B IepudepusAra Ha IO-TOAeMUTe, KOETO € U3BBH Bb3-
MO>KHOCTITE Ha eAeKTPOCBhIIPOTUBUTEAHUS MeTOA. B ToBa oTHOIIIeHMe, ako Ma IIpeaBa-
pUTEeAHN AaHHM OT apXeoAOTMYecK! Pas3KOIIK!, ye MOTUANUTE OT A4ajleH HeKPOIloA ChbAbP-
>KaT I'POOHM sIMU C TPYHOM3IapsiHe, MarHUTHaTa IpagiOMeTpusl MOXKe Ja ce U3I10A3Ba U
HaIThAHO CAMOCTOSITEAHO.

IIpuseseHnTe KOHKpeTHU MpPUMepPH OT FTeOMarHUTHOTO IPOyYBaHe Ha MOTUAMU II0-
KasBart, 4ye eAVMIHIPAHeTO Ha TepeHHM: e(eKT PN U3I0A3BaHeTO Ha (PAYKCTeilT rpasu-
OMeTpH B roAsiMa 4acT OT caydauTe crasa apTomaTuyHo. C ocobeHa cmaa TOBa BaK! 3a
MOTMAHV HAaCUIIM C HUCKYM CTOMHOCTM Ha MarHMTHaTa Bb3IPUeMumnBocT (Brok V.2.4, V.25,
V.6). ToBa e BaA1AHO KaKTO 3a MaAKUTe MOTUAM, TaKa U 3a MOTUAU C BUCOUYMHA 40 4-5 M.
EauHCTBEHO B palflOHM € BUCOKM MarHUTHU CBOJICTBA Ha IIOBbPXHOCTHUTE HacAary, KaKbBTO
e cayyasat ¢ Moruaa 1 npu Kabnae (V.3.1), Moxxe ga ce HaA0XK1 BHACSIHETO Ha KOPEKIUN
3a HeyTpaausupaHe Ha TepeHHIs eQeKT. B ToBa oTHOIIIeHMe, ITpeAA0KeHIsT MeTO, C IT0AN-
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HOMHa perpecisi Iokazsa MHOIO 400pU pe3yATaTu.

l'osaemunaTa Ha MOrMANUTe BAUsE B II0-MaJKa CTeIIeH BbPXY BlAa Ha M3MO/A3BaHATa
MpeKa IpU TeOMarHUTHNUTe IIpoy4yBanusl. [IpaBobreana Mmpesxka CIIOKOMHO MOXKe 4a Ce U3-
11043Ba Ha MOTMAM C BICOUMHa A0 3-4 M, 0cOOeHO, aKo He ca MHOTo cTpbMHU. [Tpn ToBa 13-
MEeHEeHIATa IpeAU3BMKaH/ OT HaKJAOHA Ha TepeHa AeCHO MOTaT 4a ce eAMMMHIpPAT KaTo ce
U3I10A3BaT e4aCTUYHM BbXKeTa ¢ Mapkepu. [1o To3u HaunH pa3dankuTe MeXXAy XOpU30HTaA-
HIUTE 1 HaKAOHEHNTe Pa3CTOAHMS I1le ce paslpeAesT I10 IisdaTa AbAKIMHA Ha TpoduanTe
U Ha TOYKHUTe 110 mpoduante. /1leCHO MOKe Ja ce U34MCAH, Y& MaKCUMaAHUTe OTKAOHeHNs
HAMA Ja HaAXBbpAAT 2-3 cm. IIpu ToBa e BB3MOKHO ChueTaBaHe Ha pajluasdHa MpeXa 3a
€4eKTPOCHIIPOTUBUTEAHNTE M3MepBaHusA C KBagpaTHa 3a reomarHuTHuTe. Ilpu mo-suco-
KITe ¥ CTPbMHI MOTMAM O4eBMAHO IpaBObIbAHATa MpeXa Ije cTaHe Henpuaoxmuma. Ot
e/Ha CTpaHa, KOPUIMPAHeTO Ha TePEHHUTEe OTKAOHEHNs HAMa 4a € TOAKOBa e4eMeHTapHO.
Ot apyra, ABU>KeHmeTo 1o npoduante e Oble 3aTpyAHeHO. 3aToBa MOXKe Ja Ce U3I1043Ba
paamaaHarta MpeXka OT ChbIIPOTUBUTeAHUTe n3Mepsanus. Hepb3MoXXHOCTTa 4a ce mogAbp-
’Ka paBHOMEepHa CKOPOCT Ha ABVIKEHHe IO NpopuAnTe BCAeACTBUE Ha CTPBMHIUS TepeH
Ha/ara M3MepBaHIATa Ja Ce IIPaBAT B pPbueH peskuM, KaTo pUKCHpaHaTa BUCOUMHA Ha CeH-
30puTe OT TepeHa MOXe 4a ce OCUTYpU 4pe3 eAHa IPOCTa IIpMCTaBKa MOHTMpaHa B A0AHaTa
gacT Ha ypega. [Ipu n3noaspaneTo Ha mpaBOBbI'bAHA MpeXKa ce Ipuiarar ChIuTe IpoLey-
PU, KaKTO IIpY paBHUMHHUTE 00eKTH, onycanu rno-rope B raasa I1.2. — Clipping, DeStagger n
DeStripe u T. H. OueBuAHO Te3M MpoLeAypu He MOraT 4a Ce U3BbpIIaT IpU U3MepBaHMsTa
110 pagMaAHa Mpexka. 3aToBa II'bK, paboTaTa B pbueH PeXkKiM U, OTTaM, Bb3MOXKHOCTTa 3a
noaabp>KaHe Ha (pUKCHpaHa BUCOUYMHA U OpMeHTalNs Ha ypeda A0 roAsMa CTerleH eANMU-
HIUpaT Hy>KAaTa OT IIpuAaraHeTo 1M.

PesyaTtatute OT 1oaesute M3CAeABaHNS, KaKTO U MOAEAHY M3YMCACHNS, TIO3BOAS-
BaT Aa Ce HaIlpaB! e/JHa KaTeropusallis Ha MOTMANTE 110 pa3Mepu OT reopuanyHa raeaHa
TOuKa. Bp3 ocHOBa Ha M3II043BaHaTa M3MepBaTeAHa MpeXKa, IpUAaraHuTe MeTOAM, HyX-
AaTa OT BbBeXKJaHe Ha KOpeKIUM 3a peaed IpU reOMarHUTHUTE M3MepBaHUs, BUAOBETe
CTPYKTypU, KOUTO MOTaT 4a ObaaT yCIIeIIHO PerucTpupaHn ¥ HeOOXOAMMOTO BpeMeTo 3a
IIpoy4BaHe Ha MOTMANTe, Te MoraT Ja ObJaT pa3aeAeH! B IIeT IPyIIN.

1. Muoro maaku moruan — Bucounsa Ao 1 M. Morar ga ce mpoy4dsar 110 IpaBObrba-
Ha MpeXa, KaTo ce IIpuJara caMO reOMarHUTHUS MeTO4 UAU €AeKTPOCBIIPOTUBUTEAHS
c AByeaekTpoaHa cxeMa. [Ipu ToBa ycnemHo Morat A4a ObJaT perucTpupaHy TpoOHN MU
C TpyIousrapsiHe MAM LMCTOBM I'poOOBe, ako ITOCAeJHNTe He ca B IeHTpaAHNUTe JacTu U
BKOIIaHM B APeBHMIs TepeH. VI3caeaBaHeTo Ha MOIMMAa C TaKuBa pa3Mepu HsMa ga OTHEMe
noseue oT eauH geH. C npuaaranero 3D ECT morar ga ce perncrpupat BKOIIaHU 3 AaHN
rpo0OoBe 40pu 1 B IIeHThpa Ha MOruAaTa, KaTo paboTaTa 1je oTHeMe 3-4 AHIL.

2. Maaku mornam — BucodmnHa A0 2-2.5 m u anametrsp A0 25-30 M. Morat ga ce ripoyu-
BaT I10 IIPaBObI'bAHA MpeXKa C IIpuaraHe Ha eAeKTPOChIIPOTUBUTEAHNS U T€OMarHUTHIAS
MeTo4. ['eoMarnnTHnTe M3MepBaHNs OOMKHOBEHO He ce Hy>KAasT OT KOPEeKIUNI 3a II0AeTO
Ha MOruAara. Y CIIeIIHO MOraT Aa ce perucTpupar 3ugany rpodoBe, A0p1 U Aa ca B LIeHTbpa
Ha MOruJaTa, KaKTO U IJMCTOBU — aKO ca Ha Heroasma AbaOoumHa. V3caeapanero Ha eqHa
TakaBa MOIMAa I1ie oTHeMe 2-3 AHM, a mpu u3noassadeto Ha 3D ECT 3-4 aunm.

3. CpeaHo roaeMm MOTUAM — BucodnHa 40 5-6 M u auamernsp 40 40-50 m. I1poyu-
BaT ce 110 paguaana mpexxa npes 10 man 88 PesyaTaTure OT reOMarHUTHUTE U3MEPBaH
B IIOBEYETO CAydal ce HY>KAasAT OT KOPeKIU!U 3a I104eTO Ha Moruaara. Bepositnocrra sa
Obae perucTpupaHa rpoOHMIIA, AOPU T4 Aa € B LIeHTbpa Ha MoruaaTa, e roasma. Morar ga
ce perucTpupar U sugaHu rpo0Oose, ako ca B nepudepusra. Ilpoyusanero Ha egHa Takapa
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MOTrmAa I1e oTHeMe 5-6 AHI.

4. 'oaemu morman — sucounsa 40 10 M n anamersp okoao 60-70 m. ITpoyusanero ce
IIpoBe>KJa KaKTo Mpu MpejuIlIHaTa Ipyla ¢ paguaanu npopuan mpes 58. 'oaemun cbopb-
>KeHIs1, KaTo TpOOHMIIN, MOTaT Ja Ce perucTpUpart, ako He ca B IIeHThbpa Ha MoTuAaTa 1An,
IIpU IIOAOKeHNe, Je ca B IIeHTbpa, ako MMaT KopuAop nan ¢pacaga, KOUTO ca I10-0A130 40
nepudepuATa 1, CbOTBETHO, Ca Ha IO-Malka AbaOounHa. IIpoydysaHeTro Ha eaHa TakaBa
MoOrmAa e oTHeme 7-8 AHMU.

5. MHuoro roaemn moruan — Hag, 10 m. IIpoydysaneTo ce mposexkga KakTo IIpHU IIpe-
AuIrHaTta rpyna. 'oaemun rpobHI ChbOPBXKEHUs MOTaT 4a Ce PETUCTPIUpaAT, ako He ca B I1eH-
Thpa Ha MOTHMAaTa MAM aKo MMaT Kopugopu uan ¢gacaja, KoATo Aa e Ha IT0-MaaKa AbA00-
gnHa. KaTo 115110 mpoy4yBaHeTO Ha TaKMBa MOTMAM € OaBHO U TPYA0eMKO M TpsOBa Aa ce
U3BBPIIIBA CAeJ AeTallAHO IIpeiBapUTeAHO I11aHIpaHe — 'bCTOTa Ha MpesKaTa, U3I10A3BaH!
eAeKTpOAHM KOHPUIypauuu cboOpas3eHy ¢ KOHKPETHITE UM pasMepu I XapaKTePUCTUKI-
Te Ha HacuIa I T. H.
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3AKJIOYEHUE

IIpeacraBeHnsAT AMcepTalllIOHEeH TPY/ € I'bPBOTO IO poja CU U3CAeBaHe Ha ChCTO-
SIHMETO U IOCTIKeHMsATa Ha apXeoJAormdeckara reodpusuka B bparapus B KOHTeKCTa Ha
PasBUTHMETO Ha TO3M TUII U3CAeABaHNA B CcBeTa. B Hero ca aHaamsupaHM Bb3MOKHOCTUTE
Ha pa3sAMdIHUTEe reoPU3NYHM METOAM 3a IjeAUTe Ha apXeOAOTUATa, KAaKTO ¥ TAXHOTO IIpU-
AOK€eHIe B IIpOy4YBaHIUATA Ha CEAMIITHU OOeKTU U HaArpoOHU Moruau B bearapus. Eaun
OT OCHOBHUTE IIOCTUTHATU pe3yATaTu e pa3pabOTBaHETO Ha MeTOAMKA 3a IpOoydYBaHe Ha
MO>Ke O Half-aTpaKTVBHUTE ITaMeTHUIIM, OCTaHAAU 10 OBbATapCKUTE 3eMU OT A4PEBHOCTTA
— TPaKMIICKUTEe HagIpOOHM MOIMAN. Bcuky MogeaHn M3uMcAeHns, 10AeBU U3MepPBaHIL,
KOMITIOTbpHaTa 00paboTKa, aHaA13a, MHTepIIpeTalsATa I IIpeACTaBsHeTO Ha pe3yATaTuTe
ca AMYHO Ae/0 Ha aBTopa.

Hy>aarta ot pazpaboTsaHeTo Ha e(peKTUBHI METOAM 3a JOKYMEHTHpaHe 11 OIla3BaHe
Ha KyATypPHO-UCTOPUYECKOTO HacAeACTBO BOAM A0 IIOsBaTa e4Ha HOBA MHTEPAVCLIMIIAN-
HapHa Hayka — apxeo1ormdeckarta reogusuka. [Tbpsute onmuTi ¢ M3110A3BaHETO Ha eAeK-
TPOCBIIPOTUBUTEAHNMS U T@OMArHUTHMSI METO/ IIpM IIPOYyYBaHETO Ha apXeoAOTMYecKy
00eKTM ca HalpaBeHM B AHIAMSI MHOTO CKOPO caeg Kpas Ha Bropara cserosHa BoiiHa. /o-
OpuTe peayATaTu gaBaT TAaChK 3a U3I10A3BaHETO UM U B APYIUTEe pa3BUTU UHAYCTPUAAHA
Abpxasu — Vtaans, @Ppannusa u 3anagna 'epmanns, a mo-KbCHO U B IO-TOAsMAaTa 4acT OT
ocTraHaauTe epporneiickyu crpaHn. OcobeHo BUAMMO e pa3BUTHETO Ha apXeolormndyeckaTa
reopusnka caes cpeaarta Ha 80-Te roanHu Ha XX BeK, KOTaTo Ts ce HaJara KaTo MHTerpaAHa
4acT OT apXxeoA0TrndeckuTe npoydysanns. Tosa, OT eqHa cTpaHa, € CBbP3aHO C HOBOBbBee-
HIsITa B 004acTTa Ha eAeKTpOHMKaTa I MUKPOKOMIIOThPHaTa TeXHMKa, KaKTO U C OChb3Ha-
TaTa OT apXeoA031Te HeOOXOAMMOCT OT II0400€H PoJ U3CAeABaHMNs, OT ApyTa.

CpIiocTaBKaTa MeXKAy pa3BUTIETO Ha apxeoJornyeckara reopuayka B CBeTOBEH Ma-
a0 ¥ ChCTOSIHMETO ¥ B bbarapus mokassa, ye ¢ M3KAIOUeHMe Ha IIPOy4YBaHMsTa Ha Hal-
rpobHM Mornay, ObArapckara apxeoaorndecka reopusayka 1M30CTaBa 3a AbABT IIEPUOJ OT
CBETOBHOTO HMBO. ToBa IpeAn BCUMYKO ce Ab/AXKU Ha AHUIICaTa Ha ChbBpeMeHHa allaparypa,
Ipou3Tuyalia oT HeJOCTUTIa Ha eleMeHTapHM cpeAcTtsa. Easa caea 2006 1., ¢ HabOaBsiHETO
Ha IIOCAeJHUTe MoAeAr (PAYKCIeNT IpajuiOMeTpy U Pe3UCTUBUMETPH, OKOMIIA€KTOBaHN
C IIOAXOASIIN MepuepHN YCTPOIICTBa U IIPOrpaMHO oOe3IleueHre, HUBOTO Ha M3BbpPIIIBa-
HIUTe TeOPU3NIHU IIPOYIBaHNS Ha apXeoA0rndeckn o0ekTu B bbarapus 40 roasma crerneH
ChOTBETCTBa Ha CcBeTOBHOTO. HeIo noseue, mpuaaraHara Bedye OT HAKOAKO I'OAVIHM Y Hac
ABYMepHa U TpUMepHa eAeKTPOChIIPOTUBIUTEAHA TOMOTpadusl € U3BBH Bb3MOXKHOCTUTE U
KOMIIeTeHIIMNTe Ha ToAsIMa 4acT OT eKUIINTe, 3aHMMaBallll ce C U3CAeABaHls Ha apXeoA0-
riyecky o0eKkTH B 4y>kOmHa. B Tasu 064acT nmpeacraBeHnTe TyK pe3yATaTil ca HOBaTOPCKI
U 3a CBeTOBHATa apxeoAorndecka reoprsnka.

3a cpKaaeHre Bb3MOXKHOCTUTE I IIperMyIlecTBaTa Ha reopU3NIHNTE U3CAeBaHNs
BCe OIlle ca HeAOCTaThYHO IIO3HATU 3a ToAsIMa 4acT OT ObArapcknuTe apxeoaosu. Taka Ha-
IpuMep, OT IpoydsaHuTe ¢ paskonku mpes 2010 r. nag 220 oGekra, Ha He roseye ot 20 e
01110 U3BBPIIBAHO IIpeABapUTEAHO TeOPU3NIHO ITpoyusaHe. OcoOeHO oKa3aTeaeH B TOBa
OoTHoOIIeHIe e 1 (aKThT, Ye OT HPOyUYeHNUTe Ype3 CIaCUTeAHN apXe0A0TNYecK! Pa3KOIKM
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Hag 40 obekra o Tpacero Ha AM , Tpakna” mexay Crapa 3aropa u Kapnobar na He mose-
ge OT Y4 e U3BBLPIIIEHO IIpeABapUTeAHO TeO(PU3NYHO IIPOyJYBaHe.

Kpurnunara o1ieHka Ha Bb3MOXKHOCTUTE Ha OCHOBHITE TeO(pU3NUHU MeTOAM 3a IIpU-
AOXKeHNeTO UM B apxeoaoruAra gepuHmupa BojeliaTa poas Ha FeOMarHUTHUS M eAeKTPo-
cbapoTuBuTeAHNs Metod. IlpenusnocTra Ha M3NoA3BaHaTa arapaTypa, MeToAuKara Ha
IIpOBeXKJaHe Ha I104eBUTe M3MepBaHMs, KaKTO U IIporpaMHUTe IPOAYKTU 3a 00OpaboTKa
Ha JaHHUTE Ca Ha HMBO, KOETO II03BOASIBA Aa Ce IIOCPeIlHaT Hy>KAUTe Ha apXeoA03UTe OT
Obp30 1 €BTUHO KapTUpaHe Ha pa3HOOOpa3H! I10 CBO: XapaKTep apXe0A0TrnJecky 00eKTu
C IIAUTKO Pa3IlOA0KeH! (B paMKNUTe Ha IbPBUs MeThp) cTpykTypu. OT gpyra cTpaHa, upe3
Ipu/AaraHeTo Ha AByMepHaTa M TpUMepHa eAeKTPOCBHIPOTUBUTEAHa TOMOTpadus MOXKe
Aa ce moayun nHpopMaIns 3a CTPYKTypH, pa3IloA0KeH! Ha MHOTO I0-ToAsIMa AbA004n-
Ha. B ToBa oTHOIIEHME, C TOAEMI IEePCIIeKTUBU € U M3I10A3BaHeTO Ha IocJegHaTa HOBOCT
B apxeoAorndyeckaTa reopusyKa — BUCOKOUeCTOTHUTE eAeKTPOMarHUTHY YpeAu, U3BeCTHA
KaTo ,Teopagapu”.

ZOCTUTHATOTO HUBO Ha reopU3NIHNTE IPOydBaHus B bharapus e gemoHcTpupano
gypes3 pe3yATaTUTe OT U3CAeABaHNsATA, U3BbPIIEHN OT aBTOpa Mpe3 MOCAeAHUTe HAKOAKO
rOAVHM Ha OOLIO cejeM CeAMIIHN apXeoAorndecky odekTn (mect ot brarapus u eann ot
BIOP Makeaonns). Te ca mogpobHO aHaaM3MpaHy, KaTO ca CpaBHEHM C pe3yATaTUTe OT
apxeoaornyeckute paskonky. OCHOBHUTe 3aKAIOueHIs HallpaBeH! Ha Ta3y Oasa ca 1340-
>KeHM 00CTOIHO B 1TocaeaHaTa Touka ot raasa I (, IIL.8. Masoan n mpennopbkn”).

PoasTa Ha MarHUTHATa rpaguoOMeTPUs € Bogellla IIpu Obp30TO IpOydYBaHe Ha pa3Ho-
oOpa3HM KaTo XapaKTepucTUKa U JaTUpOBKa 00eKTU. EAeKTpoCchbIIpOTUBUTEAHUAT METOA
CBIIIO MMa CBOUTE IIPEUMYIIeCTBa: KAPTUPAHEeTO C AByeAeKTPOAHa cXema — IIpU U3CcaeABa-
HETO Ha Ma/AKU ILAOIIY C IIAUTKO 3aAsrally CTPYKTYpU; AByMepHaTa i TPUMepPHa eAeKTpo-
CBIIPOTUBUTEAHA TOMOTpadus — IpU IIPOyYBaHUATa Ha OOEKTHU Pa3IOA0KeH! Ha roasma
ABbAOOYMHA.

IIpuaaraneTo Ha ITIOCOYEHNST KOMILAEKC OT METOAM C OrAe OIITUMAAHOTO ChyeTaBaHe
Ha TeXHIUTE Bb3MOKHOCTU € OTANYHO AeMOHCTPUPAHO Ype3 Pe3yATaTUTe OT MHOTOCAOIIHIS
ceanieH o0ekT B M. Xaaka OyHap 1nipu c. 'opno beaepo, KoifTo e Haif-I'bAHO IIPOYYEHUAT
oT reopU3NYHA rielHa apXeoAornmyeckyu o0exkT B brarapus. B3 ocHoBa Ha ABymMepHOTO
€4eKTPOChIIPOTUBUTEAHO MHBEPCUOHHO MOJeAUpaHe e olpejeleHa AbAOOYMHATaA Ha 3a-
AATaHe Ha KOpeHHUTe CKaAM U, CbOTBeTHO, ge0eArHaTa Ha KyATypHUs cA0i1. Upes reomar-
HUTHOTO KapTUpaHe ca PerucTpUpaHy pasANdHU CTPYKTYPU — TAMHOOUTHY KMUANIIA OT
KbCHIA HEOAUT U eAMHNCTIYecKaTa eroxa, nemy u sMu. ChIIpOTUBUTEAHOTO KapTUpaHe
C AByeAeKTpOJHa I AUII0AHA CXeMa, He3aBMCUMO OT HAKOU 400pU pe3yATaTH, ce OKa3a He-
IIOAXOASAIIO IIPY IPOyYBaHe Ha TaKbB TUII 00ekTu. [locaeanusaT MHOTO BaskeH pesyATar e,
ge Bb3 OCHOBA Ha TeOMarHUTHOTO KapTupaHe Osxa o4epTaHi I'paHULIMTE Ha O0eKTa, KOeTo
no3poan npe3 2011 r. MuHMCTEpCTBOTO Ha KyATypaTa Aa OIlpeAeAl ¥ HeroBaTa OXpaHuUTeA-
Ha 30Ha.

IIpeaumcrBaTa Ha MarHUTHATa IPaAMoOMeTpPus IIPU IIPOYYBaHeTO Ha HeraTMBHU KOH-
TeKCTU ca UAIOCTPUPaHM Upe3 OTKPUTUTE IMHIU KOMILAEKCH 1 poBose Ipu ceaata ChpHeBO
1 SI6b4K0BO, pas3ioAo>KeHn Ha TpaceraTa Ha marucrpaaute , Tpakua” u ,Mapuna”. Ha
obekra ipy ChpHEBO ca perncTpupaHu MU OT KbCHUS HEOANUT, KbCHaTa XKeAsd3Ha U pUM-
cKaTa erioxa. B pesyaraT na mpoyusanusATa npu c. SI6baK0BO ca 3acedeHy TPy KOHIeHTpUY-
HJI paHHOHEOAMTHH POBa. 3a IIPbB ITBT B CBETa, Upe3 Ipuaara"ero Ha 2D cenpornButeaHo
VMHBEPCUOHHO MOJeAMpaHe, ca ollpejeAeHy pasMepuTe (IIMpUHa, AbAOOUNMHA, Pa3CTOAHME
OT ITOBLPXHOCTTA) Ha pPOBOBETE.
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MHoro nokasaTteAHM 3a IIMPOKNATE Bb3MOXKHOCTY Ha MarHUTHaTa TpaguioOMeTpus ca
IIpoy4YBaHIUATa Ha ABa cxOAHM ceauiiHy obekra ot II-IV B. mpu ceaata I'opcko AbaaHo-
Bo 1 Ckobeseso. CHOTBETHO, C HMCKM OTPUIJaTeAHM M BUCOKU ITOAOXKUTEAHU CTOMHOCTU
Ha MarHUTHUA I'PpajUeHT Os1Xxa O4epTaHM TOAeMU CIpajHU KOMILAeKCH OT pPUMcKaTa ernoxa.
PasanynsAra B oT4eTeHUTe aHOMaAHIU CTOMHOCTY ce OOsICHSBAT C MarHUTHUTE XapaKTepIic-
TUKJ Ha M3II0A3BaHIs CTpOUTeAeH MaTepuaa — BapoBuk (ripu I'opcko AGaaHOBO) 1 rop-
HOKpeaHn a"gesntn (mpu Ckobeaepo). JdaHHNUTe 3a ChIIeCTByBaHETO Ha MOAOOHM CTpaiut
Ha Ijsf4aTa IIOKpUTa C TeOMarHUTHU M3MepBaHms 11aom1 ot Hag 120 axa npu c. Ckobeaeso
II03BOAM Ha apXeoA03UTe ga MHTepIpeTupaT IIpoydBaHNs 0DeKT KaTo ceAcKa araoMepa-
1us (KoMe, BUKYC).

OrangnHa narocTparusl 3a moa3aTa OT KOMOMHMpaHe Ha €AeKTPOChIIPOTUBUTEAHOTO
KapTupase ¢ 2D MHBepCIOHHO MOJeANpaHe ca pe3yATaTuTe OT IIpOy4YBaHMATa Ha CBeTUAN-
meto Ha HuM¢ure npu c. Kacrakoso. Upes kapTupane ¢ AByeAeKTpOAHa CXeMa ca ouep-
TaHU CTEHUTE Ha crpajeH Komiaekc. Ilo Hiakoako npoduia usmepenu mo Mmeroga HBEC
€ yCTaHOBEeHO, Ye CTeHUTe My ca ¢ gebeanHa okoao0 70 cM 1 ca 3amaseHu 40 A4bAOOYMHA
1.5-2 m. Ilopaau reopusmaHNTe IPOTHO3M 3a HAAMYNETO Ha 400pe 3alla3eH) apXeOAOIN-
4JecKM OCTaHKM ¥ MHOTO AbA0OK KyATYpeH I14aT, OT e4Ha CTpaHa, ¥ AMIIcaTa Ha 40CTaThbyHO
IpeABUAeHI CpeACTBa 3a KOHCepBallMIOHHO-pecTaBpallllOHHI AeVHOCTH, OT Apyra, Oerile
pelleHo TO3M yJacThK ga He Obae M3cAe]BaH C apXeoA0TMyecky pa3konkn. B pesyaraT Ha
reopU3NYHOTO IpOyYBaHe oDaye, ejHa OT OCHOBHUTE 3aJa4yll Ha IIpoeKkTa Oellle M3IIbAHe-
Ha. To g0Beje 40 OTKpMBaHe MACTOTO Ha T. Hap. , TeaTbp” U M3pabOTBaHETO Ha OOII I11aH
Ha apXUTEKTYyPHIS KOMILAEKC.

IIpoyusanusaTa Ha obexra npu c. banuia, Makegonus ca equH OT MaAKOTO IIpUMe-
pu 3a IIpUAOKeHMe Ha TpUMepHaTa eAeKTPOCBIIPOTUBNUTEAHA TOMOTpadus IpU Ipoyd-
BaHe Ha apxeoaormdyecknu obextu. VMacaeasana e maoms ot okoao 500 KB. M, IIpu KOeTO, B
pesyaTaT Ha TPMMEPHOTO MHBEPCHOHHO MOJeAMpaHe Ha AaHHUTe OT M3MepBaHUATa, ca
perucTpupaHy apXeoAOTMIecKy CTPYKTYpH, pa3lIoA0KeH! Ha MHOIO roAsiMa AbA00O4YMHa
- Mexay 2u 3.5 m.

PesyaTtaTute OT mpoyuBaHMsTa Ha Te3U CEAMIIHM OOeKTU JaBa BB3MOXKHOCT Ja ce
00OCHOBe Hy>KJaTa OT IIOKPUBAHETO C reOPU3NYHN U3MepPBaHIsI Ha Bb3MOXKHO Hall-To/e-
MM IIA0IIY, BKAIOUMTEAHO TaKMBa, KOUTO eBa AU Ife ObjaT OOEKT Ha Pa3KOIKM B 000-
3puMo Obgerre. [To To3u HaUMH pasKpUTHUTE IIPY apXe0AOTMUECKUTEe Pa3KOIKU CTPYKTYPU
Morar ga ObAaT IIOCTaBeHU B TEXHIS eCTeCTBeH IIPOCTpaHCTBeH KOHTeKCT. [Ipu ToBa Te3n
IA0IIIM MOe Ja He ca 0OXBaHaTH B 00IIja reoge3nyHa Mpeska. [IpoyusanusTa Mmoxxe ga ce
U3BBpIIAT 110 A0KaAHI MPEeX! C OpMeHTalus I103B0AsBallla MaKCMMaAaHO IIOKpUTHe, KO-
UTO ca IPelM3HO NPUBbP3aHM KbM HKOs OT CBeTOBHUTe KoopauHaTHU cucteMu WGS84
nan UTM.

OcHoBHa 11e4 1 e AMH OT Haii-BaskKHUTe IIPMHOCH Ha HAaCTOAIIOTO U3CAeBaHe e paspa-
OoTBaHeTO Ha ONTMMaJHa MeTOAMKa 3a IIPOYIBAHeTO Ha TPaKUIICKU HaATPOOHM MOTHAIA.

/Jlocera B cBeTa Te3M M3CAeABaHM MMaT eKCllepiMeHTaleH XapaKTep, KaTo He e IIpa-
BeH OIMT 3a ODOCHOBaBaHEe Ha IOAXOAsAINa KOMILAeKCHa MeTOAMKa 3a IpOydYBaHeTO Ha
TaKbB TUII apXxeoaornmyecku odektu. ['oasamMoTo pasHooOpasue Ha TpaKMUIICKUTe HaAIpoo-
HII MOTWAM, KaKTO KaTO pasMepy, Taka M KaTo OTKPMBaHMU B TAX KOHCTPYKIMM, oOycaa-
Bsl C0KHOCTTa Ha 3a4adnTe, KOUTO Ce MOCTAaBAT IIpe/] TAXHOTO reopU3NIHO IIPOydIBaHe.
ObocHoBaBaHeTo Ha MeTOAMKAaTa 3a TAXHOTO IIPOy4YBaHe e CAeACTBMe OT aHaAmu3a Ha pop-
MaAHUTe XapaKTepUCTUKM Ha MOTUAUTe KaTo peaedpHu pOPMU U HACUII, KAKTO U OT BUJAa
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Ha ThpCeHUTe IIpY TeoPU3NIHITE ITPOYIBaHNS 00EKTU — TPOOHUTE U APYTU ChOPBIKEeHMs,
KOWTO Ce OTKPUBAT B TsX.

IIpeacraBeHaTa I510CTHa METOAYIKA 3a ITIpOydYBaHe Ha TPaKMIICKM HAATPOOHN MOTUAN
BKAIOUBa KOMILAEKC OT eAeKTPOCBhIIPOTUBUTEAHO KapTUpaHe IO NpaBObI'bAHA AN paAl-
aAHa Mpe>kKa, MaTHIUTHa TpaguiOMeTpUs U AByMepHa U TpYIMepHa eAeKTpOChIIPOTUBUTEAHA
tomorpadus. B ocHoBara 11 3aasraT HallpaBeHNUTe MOAEAHN M34YMCAEHNS 3a Bb3MOXKHOCT-
UTe Ha pa3sAMYHUTe, KaTO BUA U pa3dMepH, eAeKTPOAHU KOHPUTYpaLuy IIpY PeTucTpupa-
HeTO Ha Hall-4ecTo cpelllaHiTe ¥ Hall-aTpaKTUBHM ITaMeTHUIM OTKPUBaHU B TPaKUIICKITe
MOIVAN — TpOOHULIM U 3udaHu rpoOoBe. Te3n 0OeKkTH ca yriogo0eH! Ha Teaa C IIPaBUAHA
reomeTpuaHN GopMu (IpU3MH) ¢ IpeABapUTEAHO 3ajaleHN pa3Mepl, CbIIPOTUBAEHIS I
ABbADOUYMHA Ha 3a4sATaHe, Pa3ll0A0KeHN B XOMOTeHHI MOTM/AHM HacCUIIN. Y CTaHOBEeHO Oellle,
ye IIpY MOYTH BCUYKM MOJAEAHM U3CAeABaHUs AMIIOAHaTa cXxeMa II0Ka3Ba Hall-100pu pe-
3yATaTy, caeABaHa oT TpueaekrpoaHarta u Illaiombepske. ITpu ToBa ce okasa, ye B IIpeoO-
AajaBallia 4yacT OT cAydauTe 3a peIrMCTpUpaHeTo Ha Te3! CTPYKTYypHU He e HY>KHO M3I1013Ba-
HeTO Ha ABATY CXeMI, T. €. C reoMeTpudeH $akTop n Hag 6-7. OcseH TOBa, pe3yATaTUTe OT
MOJeAHUTe U34YMCAeHNs TI0Ka3axa, 4e BepOsATHOCTTa 4a Ce PericTpupa eqHa apxeoAormude-
CKa CTpyKTypa Ha AbA004YMHa I0-TOAsIMa OT BUCOYMHATa 11 e MUHIMaAHa. Bepxy nsbopa na
I10AX0AsIIa eAeKTPOogHa cXeMa BAUSIAT U APyTH (paKTOPH, KaTO yCAOBUATA Ha 3a3eMsBaHe
Ha eAeKTpoauTe, Bb3MOKHOCTTa 3a BHaCsIHe Ha Ipelllka B 3MepBaHITa, N3110A3BaHeTO Ha
oTaaaedeH eaekTpod u Ap. C Hall-BICOKO OTHOIIIeHMe curHaA-IIyM e cxemara IlaromGep-
>Ke, a C Hall-HICKO AUIIOAHaTa. B HiIKOM cayyam HMCKOTO OTHOIIeHMe CUTHAA-IIIyM MOXKe
Aa A0BeJe A0 PerucTpUpaHeTO Ha ABbXAUBYM aHOMAaAUMU, CbU3MEPUMH C Te3U OT peaaHo
chblllecTByBaluTe 00eKkTn. VI3noassaHeTo Ha AbATM Kabeau KbM OTJaledeHNs] 3aXpaHBaily
€4eKTPO/ IIpU TpUeAeKTPOAHaTa cXeMa ChIIJ0 MOXKe Aa 40 BHACsHE Ha BbHIITHN CMYIIeHN:
B u3aMepsaHuATa.C ocobeHa cmaa Tosa Bakyt Ipu nsroassasero o meroga HBEC, korato
TO3U eAeKTpoJ, TpsAOBa aa e pasroaoxkeH Ha 100 1 rmoseye MeTpa OT U3MepBaTeAHaTa AN-
HUSL.

PesyartatuTte OT mpeaBapuTeAHUTE U3CAeABaHN Ha aBTOpa Ha MOTUAM OT HEKpOII0Aa
npu Cpelapu ¢ M3110A3BaHETO Ha IIPOTOHHM MarHUTOMETPU ITOKa3axa, 4e FeOMarHUTHUAT
MeTOJ, IMa BTOPOCTeIleHHa poAsl IIpU ThpceHeTo Ha rpoOHuun. Ilpnu ToBa, BAMAHMETO Ha
MoruAnTe Kato peaedpHu GOpMU BLPXY pe3yATaTiTe OT U3MepBaHUATa € 3HaUMTeAHO U TO
3aAbAKUTEAHO TpsIOBa Aa ObAe eAMMMHIPAHO, 3a Aa Ce OTAeASAT aHOMaAUNTe OT ThpCeHNU-
Te apXeoAornmdeckuTe CTpykrypu. Vi3moassaHeTo Ha chBpeMeHHUTe PAYKCTeNT rpajioMe-
TPpMU, HE3aBUCUMO Ue Te Ca Hall-UyBCTBUTEAHM CIIPSIMO 00eKTH pa3lOA0KeH) B paMKITe Ha
IIBPBUS METHP, 4aBa HOBM IePCIIeKTUBY IIpeA TO3M BIA U3CAeABaHNs, II0paAl CIIOCOOHOC-
TTa UM Ja perucTpupar CTPYKTypU IOAAO0XKEeH! Ha HarpsiBaHe.

BbaMmoskHOCTHUTE Ha ITpeAaaraHaTa MeTOAMKa 3a perucTpupaHe Ha pa3ANdHU apXeo-
A0TMYeCKM CTPYKTYPMU ca MAIOCTPUPaHM € IIpoy4uBaHmATa Ha 19 Mornam ot pasamndHu paio-
HII Ha CTpaHara. 3aKAIOueHNsATa HallpaBeH! Ha 0a3aTa, KaKTO Ha MOJeAHITe 13CAeABaHIs,
Taka M Ha peaJHNTe IIOA€BU pe3yATaTH, ca IOoAPOOHO M3A0XKeHM B IocAeAHaTa dacT Ha
raasa V (,V.8. Mzsoau u npenopwkn’). 3a ToBa 0-404y Ile ObAaT IOCOYEHU CAMO OHe3M
pe3yATaTy, KOUTO ca aDcOAI0OTHa HOBOCT 3a CBeTOBHaTa IpaKTHKa.

Upes npuaaraHeTo Ha KOMILAeKca OT eAeKTPpOChIIPOTUBUTEAHO KapTUpaHe, AByMep-
Ha U TpMMepHa eAeKTPOChIIPOTUBITeAHa TOMOTpadus 1 MarHUTHa IpallOMeTpus ca pe-
TUCTPUPaHM 3UAaHY I'pOOOBe, MOHYMeHTaAHY TPOOHMITN, KaMeHHI CTPYIIBaHNs, Kpelnalu,
rpobHa Kaaja, TpOOHI AMMI C TPyHou3TapsiHe, I'bpBUYHI MOTUAM, MHAMKIPAIIY KOCBEHO
HaAM4YMeTO Ha BKOIIaHM TPOOHM AMM. Bcuukm Te mpeacTaBsT IOYTHU II51A0TO pa3HOOOpa-
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31e OT OTKpUBaHNUTEe B TPAKUIICKUTe MOTUAY TPOOHN U APYTU CLOPBKEHNUs C U3KAIOUeHIe
€AMHCTBEHO Ha OOMKHOBEHITe TPOOHM sIMU C TpyIlonioAaraHe. Upes mpuaaraHeTo Ha ABY-
MEPHOTO MHBEPCMOHHO MOAeANpPaHe ca IOAy4eH! AaHHU 32 XapaKTePUCTUKUTE Ha MOTUA-
HIUTe HaCMUIIM, KaTo ca OoIpeJeleHM pasMepuTe U AbAOOYMHATaA Ha 3aAsraHe Ha KaMeHHU
crpynsanns. OCBeH TOBa ca OTAeAeHIU HUCKOChIIPOTUBUTEAHM CTPYKTYPU Ha TOAAMa AbA-
6ounHa KaTo IbpBMYHM Moruam (V.4.1), KakTo 1 BKOIIaBaHM: B OCHOBaTa Ha MOTUAUTE,
KOUTO MOXKe MHAMPEKTHO 4a CBIUAETeACTBAT 3a HaAudye Ha TPOOHI ChbOPBKEHNSL.

3a IrbpBM BT B CBeTa, IIpM IIpoy4yBaHu:ATa Ha Moruaarta Ceetuna kpaiit Illnmka, 553
OCHOBa Ha pe3yATaTUTe OT AByMepHaTa eAeKTPOChIIPOTUBUTEeAHA TOMOTpadusl € PasKpuUT
31AaH Irpod OT KbCHOXKeAsI3HAaTa e110Xa, KaTo IIPY TOBa ca OIlpeAeAeH) TOYHIUTe My pa3Me-
pu 1 4bAOOYMHATA, Ha KOATO ce Hamupa. OcBeH TOBa ca II0AyYeH! MHOTO Ba>KHU AaHHU 3a
HauMHa Ha HaTpyIBaHe Ha MoruaaTa. Te TToka3saT, ye rpoOBLT Hali-BePOATHO € O1a u3rpa-
AEH CAe/ KaTo B I0XKHATa 4acT Ha OPUIMHAAHMS MOTUAEH HaCUII € HallpaBeH TOAsIM U3KOII,
KOIITO cAeg TOBa e OMA 3aII'bAHEH C IPBCT C IIO-BUCOKO ChAbP KaHUe Ha KAMbHIU U YaKbA.
ToBa Haba104eHMe € B IOgKpella Ha ChIllecTByBalllaTa XIIIOTe3a, 4e HAKOU OT TPOOHULIITE
OT TOBa BpeMe ca U3rpa’k4aHy BbB Beue U3AUTHATY MOTVAMN.

ITpn npoyusanmsATa Ha MornaaTa B Omnaka 3a IPbB BT B CBeTa € MPUAOXKeHa TPU-
MepHa eAeKTPOChbIIPOTUBUTEAHA TOMOrpadus Ha HaaTpPOOHA MOIMAa C U3I0A3BaHETO Ha
AurioaHa cxeMa. B pesyarat e 3aceuena rppBudHaTa MOIMAa, KOETO He O1 0110 Bb3MOXKHO
C APYyTU METOAM, 110 KOATO apXe0AOIMYecKMUTe Pa3KOIIKM pasKpuBaT ABe IPOOHM sAMU C
TpynousrapsiHe Ha MscTo. HanmpasenaTa cbriocraska MexxAy n3sbpiieHoTo 2D n 3D unsep-
CMOHHO MOJeApaHe Ha AaHHUTEe OT M3MepBaHMATa II0Ka3Ba, ye IMOCAeAHOTO JaBa MHOTO
110-200pu pesyATaTi.

B13 ocHOBa Ha mpuaaraHeTo Ha MarHUTHaTa IPajuoOMeTpPus 3a IIPLB IIBT € HallpaBe-
Ha OIleHKa 3a Bb3MOXKHOCTUTE Ha TO3U B/ M3MepBaHIs IIPU perucTpupaHeTo Ha IpOOHM
CTPYKTYpU ,HeBUAUMMN 3a €AeKTPOCHIPOTUBUTEAHNUTE IIPOYIBaHNS — TPOOHM SIMU C TPY-
IoM3rapsHe Ha MsCTO. be ycraHoBeHO, 4e TOBa € HaI'bAHO Bb3MOXKHO, KaTO pe3yATaThT 3a-
BIICM OT pa3MepuTe UM U MHTEeH3UTeTa Ha IpuAo0uUTaTa TepMOOCTaThuHa HAMAarHUTEHOCT.
Okasa ce, ge iMUTe C IIO-MaAK/ pa3Mepu 1 110-cA1a00 ollaaBaHe Morat 4a ObAaT perucrpu-
paHI caMO B paMKITe Ha I'bPBUTe HAKOAKO AeceTKM caHTuMmeTpu (Brk I'opcko AGaanoso,
V.7), AoKaTo 1mo-roaeMuTe 1 MOAA0XKEeHM Ha IIO-CU/AHO HarpsBaHe — Ha MeTbp U IIOBede
(B1x Mmornaa 1 mpu Kabnae, V.3.1). Ocsen ToBa, Oe HarrpaBeHa OIleHKa Ha Hy>KJaTa OT KO-
purnpaHe Ha reOMarHUTHNUTE M3MepBaHM: 3apaAl BAMSHIETO Ha MOTAaTa KaTo pededpHa
dpopma. be ycraHoBeHO, ye B roasMa 4acT OT cAydauTe (IIp¥ MO-HUCKUTe MOTUAM U Te3U
HaCUIIaH!U C IPBCT C HUCKA MarHUTHA Bh3IPUEMUYMBOCT) TOBA BAMSHIE Ce KOPUTUPaA aBTO-
MaTIMYHO Ype3 U3I0A3BaHeTO Ha MarHMTOMeTpU padoTenyu B rpadoMeTpudeH pexxnum. B
OCTaHa/ara 4acT OT CAy4JauTe, KOraTo TOBa Ce HaJara, IipeAA0>KeHaTa IIOAMHOMHa perpe-
CMsl 4aBa OTAMYHY Pe3yATaTH, KaTO HaITbAHO OTCTPaHsABa TepeHHus eeKT (BIK Moruaa 1
npu Kabuae, V.3.1).

Pesyaratute oT moaesuTe n3caeABaHusl, KakKTo M OT MOA@AHM U3YMCAECHNS], TIO3BOA-
BaT Aa Ce HaIlpaB! e/Ha KaTeropusalys Ha MOTMANUTE 110 pa3Mepu OT reopu3nyHa raeAHa
TOYKa.

IIpu MmHOrO MaakuTe moruau (c Bucounta 40 1 M) reopusmyHUTe U3CAABAHNSA MO-
raT Aa perucrpupar IrpoOHM sIMU C TpyIlOM3rapsHe 1AM Irpobose 00AMIIOBaHM C 11104,
aKko I0CAeJHNUTe He ca B LIeHTpaAHNUTe YaCcTy ¥ BKOIIaHU B ApeBHMs TepeH. C IpuaaraHeTo
Ha 2D 1 3D ECT morar aa ce perucrpupar BKOIIaHM 3UAaHU TpoOOBe AOPU U B IIeHThpa Ha
MoruaaTa.
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B maakuTe mormam (¢ BucounHa A0 2-2.5 M) yCIIeIIIHO MOTaT 4a Ce pernucTpupar 3ua-
HI rpo0OOBe, J0pM U Ja ca B IIeHThbpa Ha MOIuAaTa, KaKTo 1 IIUCTOBY, aKO He ca Ha ToAsMa
ABbAOOYMHA.

IIpu cpeaHo roaeMuTe MOTMAM (C BUCOUMHA A0 5-6 M) BepOsATHOCTTa Aa ObAe peru-
cTpupaHa rpoOHMIIA, AOPU T4 Aa € B IleHThbpa Ha MoTuAara, e roasmMa. Morat aa ce permuc-
TpUpar U1 3uAaHM rpoboBe, ako ca B epudepusTa.

B roaemure mornan (c sucounna 4o 10 M) Morar ga ce perucTpupar roaeMiu Cbopb-
JKeHMsI, KaTO I'pODOHMIIN, aKO Te He ca B IleHThpa Ha MOoImuAaTa UAM, P II0A0XKeH!e, Je ca
B IIeHTbPa, aKo UMaT Kopuaop nan ¢gacasa, KOUTO ca 110-0A130 40 nepudepusra.

IIpoyuBaHeTo Ha MHOTO roAeMuTe MOTuAN (C BucodnHa Hag 10 M) e cBbp3aHoO ¢ rpea-
BapuUTEeAHO AeTallAHO IAaHMpaHe, ChOOpa3eHo ¢ KOHKpeTHaTa Moruaa. I'oaemu rpoGHu
ChOPBXKEHMSI MOraT Aa ce PerucTpupar, ako He ca B IIeHThbpa Ha MOruAaTa AU ako MMat
Kopuaopu nan gacaga, KOUTO ca Ha ITO-MaaKa AbAOOUMHA.

ITocTurHaTuTe Ha TO3M €Tall pe3yATaTi II03BOASBAT Ja Ce OYepTasT U HAKOM OT Haco-
KIITe 3a Pa3BUTHETO Ha apxeoAornJyeckarta reopusuka B bbarapus u B 4aCTHOCT Ha MeTOAU-
KaTa IIpy IPOy4YBaHMsATa Ha TpaKUIiCKUTe HaarpoOHmu moruan. Ilepcriektusure B Obgelre
ca IpeAy BCUYKO B IIpMAaraHeTO Ha TpUMepHaTa eAeKTPOCHIPOTUBUTEAHAa TOMOTpadus
Ha ceAMIria 1 Ha aDCOAIOTHO BCMYKIU MOIMAM, BKAIOYUTEAHO M Ha MHOTO roaemure. B Tosa
OTHOIIIEHNE, 3a yCKOpsIBaHe IIpolleca Ha CaMOTO M3MepBaHe, ca Hy>KHJM MHOIOKaHaAHU
pe3UCTUBMMETPY, KaKBUTO Bede ce IpuaaraT B T€OAO0XKNUTe IIPOyYBaHMA B CBeTa, KAaKTO
U Ha IO-ChbBLPIIIEH) MHBEPCUOHHU IIporpaMu 3a oOpabOTKa Ha JaHHUTEe OT M3MepBaHU-
aTa. Jpyrara MHOroo0OeIasalla rnepcreKkTiBa e M3I1043BaHeTo Ha ITocAejHaTa HOBOCT B
Ipoy4yBaTeAHaTa reopusnka — reopagapure. Ilpuaaranero Ha Te3u MHOBaUMsA B Obaelre
e 00Bbp3aHO C pa3dANIHO (PMHAHCOBO OOe3IleyaBaHe Ha apXeoAOIusTa U apXeoAorndecka-
Ta reopusnka KaTo 1151410, B YaCTHOCT, C IIOAXOASIIO IIPOrpaMHO oOe3reueHne, KakTo I C
MHOTO BJMICOKa CTeIleH Ha KBaAu(pUKaIls Ha ClielaANuCTUTe ¥ HaTpyIlaH OINUT B TO3U BUA
n3cAeABaHMA.
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PeaynTaTi oT ABYMEPHOTO EMEKTPOCHNPOTUBUTENHO MHBEPCHMOHHO MOLENVpaHe
no npodunu 50/20 w1 50/7
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Xarnka OyHap npun. 111.1.4
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KapTta Ha npMBMAHOTO enekTpPMHYECKO ChNPOTUBINEHWE N3MEPEHO C OUMNOMHA CXxeMa
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KapTa Ha NpUBUOHOTO eNeKTPUYEeCKO ChMPOTUBNEHNE N3MEPEHO ChC CXemMa BeHep
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Kpveun Ha n3mepeHoTO NPMBUAHO eNEeKTPUYECKO ChNPOTUBIEHNE
Hap nenenHarta sma ¢ KoopauHatin 57/30
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Xarnka OyHap npun. l11.1.5
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KapTa Ha MbpBaTa XOPWU30HTalHa npon3sogHa Ha NpUMBMAHOTO efleKTpU4eCcKo

CbNpPOoTUBINEHNE M3MEPEHO C AMNOJIHa CXeMa

i pr. 18
160 —

AB=3m
A1BIN1IM

140

120

ohm. m

80

60 —

6 e A B B L B B B L

60 65 70 75 80 83 a0 95
x(m)

KpMBVI Ha NnpuBMOHO CNPOTUBIEHWE Ha NeLl 3a Kepamuka

PESKPMTETH neLl 3a KepaMuka
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Xanka OyHap npun. 111.1.6
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KapTa Ha BEPTUKANHWA rpagMeHT Ha MarHUTHOTO none
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KapTa Ha BEePTUKaINnHWUA roaAueHT Ha MarHMTHOTO None 1 enNeKTpu4eCcKoTo CLNPOTUBIIEHNE
B CEKTOpPWUTE U3MEPEHK C ABYeNeKTpoaHa cxema
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Xanka OyHap npwn. I11.1.7
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y (m)

Xanka byHap npun. 111.1.8
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KapTta Ha BepTUKanHus rpagueHT Ha MarHUTHOTO None ¢ HaHeceHW mecTaTa
Ha npoy4BaHWTEe C Pa3KONKW CEKTOpU
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y (m)
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Xarnka OyHap npun. 111.1.9
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C apxeoniormn4eckn CTpyKTypu
it YepHU NbTULLA U N3KOMKX

VlHTepI'IpeTaLLMFI Ha pe3yntatuTte OoT reoMmarHUTHOTO Npoy4BaHe



Xarnka OyHap npun. 111.1.10
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WMHTepnpeTaumns Ha pesyntaTute OT reOMarHUTHOTO NpoyYBaHe
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Xanka byHap npuvn. 11.1.11
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KpwnBa Ha mar HUTHOT O NMore Hajg BepoATHa new, 3a kepaMmuka B kB.40/140



Xanka byHap npun. 111.1.12

cekTop |

CpaeHeHWe Mexay perucTprpaHuTe MarHUTHA aHoManuu
W pesyntaTnTe OT apxeonorm4ecKnTe paskonku B cektop |

cextop IV

CpaBHeH1e Mex[y perMcTpupaHuTe MarHuTHU aHoManum
1 pesynTaTuTe OT apXeoniorMYeckuTe Paskonku B cektop 1V 171



Xarnka OyHap

120 140 cektopu Vin VI

120 140
x (m)

CpaBHeHue mexay perucTpupaHuTe MarHUTHU aHoManum
W pesynTatuTe oT apxeonormdeckuTe paskonkm B cekropun VIm VI

cektop IX

y (m)

CpaeHeHWe Mexay perMcTpupaHuTe MarHUTHU aHoManum
172 W pesyntaTuTe OT apXeonorM4yecknuTe paskonkn B cektop |X

npun. 111.1.13
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Xanka byHap npun. 111.1.14
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KpI/IBH Ha BepTuKanHua r paaueHT Ha mar HUTHOTO none Hag enMHMCTU4YecKarTa crpaga B CeKkTop |
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Xarnka 6yHap npun. 111.1.15
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KpvBK Ha BEPTMKANHWA I pagueHT Ha Mar HATHOTO Nofe Had HeonuTHaTa crpaga B cektop |V
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Xanka byHap npun. 111.1.16
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Kpu1BM Ha BEPTUKANHWUA I paaueHT Ha Mar HUTHOTO Nore Hajd HeonuTHaTa crpaga B cektop VI 175



100

dT (nT)

100

80

60

40

dT (nT)

100

80

60

40

dT (nT)

20

0

-20

Xanka byHap npun. 111.1.17
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KprBKn Ha BepTUKaNHWA I pagueHT Ha Mar HUTHOTO Mnorne Hag enMHucTudeckarta crpaga B cektop Vil
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Xanka byHap npun. 111.1.18
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KpuBK Ha BepTUKaNHUSA I paaueHT Ha Mar HITHOTO NOne Hag eNMHUCTUYecKaTa cr paga B cekTop |X
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Xanka byHap npun. 111.1.19
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KpMBVI Ha BepTUKanHua r paauMeHT Ha Mmar HUTHOTO none Haa enmMHUCT M4ecKiK neLln 3a Kepam mka
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CtpHeBO npun. 111.2.2
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KpuBu Ha BEpTUKANHUS I pagMeHT Ha Mar HUTHOTO none
Haj HAKOW OT PasKpUTUTE apxeon Or NYeCKU CTPYKTYpu
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CbpHeBo npun. 111.2.4
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KpwvBu Ha BEPTMKAMNHWA I pagMeHT Ha Mar HUTHOTO MONe Haf HSAKOW OT PasKpUTUTE apXxeorn OF MMECKM CTPYKTYPU
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CbpHeBO npvn. I11.2.5

CNbTHUKOBA CHUMKA Ha palioHa Ha oGekTa npu ¢. CbPHEBO C NOKPUTUTE
C reoMarHUTHU U3MepBaHUS NNoLu
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CbpHeBo. KapTa Ha BepTUKanHWA rpagneHT Ha MarHUTHoTo rnone. CekTop CeBep
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CbpHeBO npvn. [11.2.6
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CubpHeBO npun. 11.2.7
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CbpHeBO npvn. [11.2.8
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HAGbnkoBoO npun. 111.3.1
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HA6bnkoBo. KpI/IBVI Ha BepPTUKanHWA rpagneHT Ha MarHMTHOTO Nore Ha HeONMUTHUTE POBOBe.



A6bnkoeo npun. 111.3.2
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A6bnKoBo. [1ByMepeH NHBEPCUOHEH MOJEN Ha eNeKTPUYECKOTO cbnpoTuereHne no npodcgpun BEC 1.

AGBbNkoBo. ONWT 3a Bb3CTAHOBKA Ha poBoBeTe Bb3 OCHOBA HA reOMarHUTHOTO MNMpoy4BaHe. 189



Ab6wnkoso npun. 111.3.3
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A6bNKoBO. KpuBM Ha BEPTUMKANHWA I pagueHT Ha M ar HUTHOTo none no npodpunm 10, 15 1 20, -61 n -80.
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A6bnkoeo npun. 111.3.4
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Fropcko ABnaHoBo npwn. 111.4.1
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FOpCKO AbnaHoeo. Crpa,D,HI/IFI KOMMJIeKC, cnopej AaHHUTEe OT reoMarHUTHOTO Nnpoy4vBaHe.
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Fropcko ABnaHoBo npwvn. I11.4.2
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rOpCI{O AbnaHoBo. KpVIBa Ha BepPTUKanHWA rpagueHT Ha MarHUTHOTO none
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rOpCKO AbnaHoBo. KpVIBa Ha BepPTUKanHWA rpadneHT Ha MarHUTHOTO rnosie
Haf new 3a CTpouTernHa KepaMUKa.
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[opcko AbnaHoBo npwn. 111.4.3

FopCKo ABnaHoBo. Pa3KpI/ITI/ITe npKy apxeonorM4eCknTe pa3konkn oCHOBWM Ha CTEHWA.

lopcko ABnaHoeo. MNelTa 3a CTpoUTENHaA KepaMuka.
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CkobeneBo npun. 111.5.1

Ckobeneo. CNbTHMKOBA CHUMKA Ha obeKTa C HaHeceHa MpeXxaTa Ha namMepBaHe
Ha ABaTa y4acTbKa B PaMKUTE Ha CepBUTYTA.

1098-76543-2-1012345678910
nT

CkobeneBo. KapTa Ha BepPTUKanHWA rpadueHT Ha MarHUTHOTO none
B paMKWUTE Ha CepBUTYTA, 3anaieH y4acTbK.
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Ckobeneso. KpMBI/I Ha BEPTUKanHuA r paaueHT Ha Mar HUITHOT O none Ha Cr pagHuAa KOMNnekc B 3anagwd y4acT bK.
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npun. 111.5.3

CkobeneBo

Ma10ehA BUHhOLEN g mv__.,\._OQ._.OOE eH aLrou OLOHLUHIBW

Ma1oenA BUHhoLleW g eludiced eleinodioo] | “ogaLUagon) BH LHanT'edl BMHURNMLdaE BH nandy "ogaLragoin)
L
0g 74 0c Gl
m L L 1 L L L L 1 I I I I 1 L 1 n 1 1 1 n DNl
— m_‘l
5] O_..I
. ml
— D h|v_
- 3
5
| i
1
LA
- GC
- 0g
gr ud

WaL1oenA Haholen ‘eLALnadao eH almywed g surou OLOHLMHIBW BH LHanTedl smHueNnidag eH eldey| -ogauagoiD
._|C
oLe 8L 9 ¢+ €L 0L~ ¢t G 9 /L 8 60L-

= " 3.4 d ...f.mc--uv
AT ,.@ .M.
SEREEEN

, g i
00g 08¢ 09¢ ove 0ce 002 081 091 orl 0cl 001 08 09 or oc 0

197



198

Ckobenero

npun. 111.5.4
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CkobeneBo npun. 111.5.5
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Ckobeneso. KapTa Ha BepPTUKaITHMA rpadneHT Ha MarHMTHOTO rnoJsie, U3TOYeH Y4acCTbK.
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CkobeneBo npun. 111.5.6

CkobeneBo. Pe3yJ'ITaTI/ITe OT reOMarHMTHOTO Mpoy4BaHe
HalmoXeHW BbpXy CNbTHUKOBa CHMMKa Ha paﬁOHa.
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KacHakoBo npun. 111.6.1

a
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KacHakoBo. KapTa Ha NPpUBUAHOTO ENEKTPUYECKO CBNPOTUBNEHWE
n3MepeHo C ABYyerieKTPpoAHa CXemMa.
Depth Iteration 6 RMS error = 2.2 % TRESARKOND. . SIESAL PR
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Inverse Model Resistivity Section
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Resistivity in ohm.m Unit electrode spacing 9.500 m.
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Inuerse Hodel Resistivity Section
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Resistivity in ohm.m Unit electrode spacing 8.500 m.
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6 Resistivity in ohm.m Unit electrode spacing 8.500 m.

KacHakoBo. [lByMepHW MHBEPCMOHHW MOZENW Ha eNeKkTPUYECKOTO CbMPOTUBIIEHUE. 201



202

KacHakoBo npwn. I11.6.2

— 7,

“CBETHJIMILE HA HUM®UTE™

0 30
OIIOPEH IIJTAH HA OBEKTA ‘ ;"

KacHakoBo. MNaH Ha apxuTeKTypPHUS KOMNMeKe uspaboTeH ¢ noMoLTa
Ha AaHHWUTE OT eNeKTPOCHNPOTUBUTENHOTO NPOYyYBaHe.

—— 7

“CRLETWIMIIE ITA ITTMOHTE™

4] 30
OTTOPEH TUTAH HA OBEKTA : ;M

KacHakoBo. OBLL NnaH Ha apXMTEKTYPHUA KOMMNMEKC.



KacHakoBo npun. 111.6.3

200
185
120
185
180
175

=
-~
o

>
@
R {vhm. m}

=
[+2]
(=]

nMKeTH - y (m)

=
th h
o o

145
140
135
130
125

npothrnu - x [m)

KacHakogo. KapTa Ha NMPUBUAHOTO eNeKTPUHeCcKo CbNpoTHUBeHKNE
U3MepeHO C ABYeNneKTPoAHa cxXxemMa.

HWEQ HA KODEHHWTE
) h s VES pr. pk 12
boptn Iterction € Abs. error = B.46 %
A E—IT.! -8.58 -1.%0 % < 4 2z 5 38.5 iR 5 n.
.1 f .

0.636
1.8

-

Inverse Model Resistivity Section

[ ) ([ ) (...
337 843 59T TS5 186 141 188 258

Resistivity in chm.n Unit electrode spacing 0.526 n.

HWEQ Ha KOPEHHWTE

ckanu
Uspth  Iterztion € Abe. error * 9.43 % VES pr.8
-8 58 1.58 i 7.5 255 335 "
8.125¢
wonl I
1.1%
167
2.21
2.75| CTPYKTypa
2.3
3.3
4 46 L
Inverse Model Resistivity Section
I ) (5 (. ) [ - -
4.8 554 678 AT 33 118 14z (T

Resiativity in chm.n Unit electrode spacing 0.536 n.

HWBO Ha KOpeHHUTS

ckanv VES pr. 20
Dapth Iterstion T Abs. error = 8.57 %
. 15‘.5.5 -2.50 21.5 29.% .
0.638 I.

1.1%
1.87
2.21
2.78
ER ]
.88
g

CTRYKTyYpa

Inuerse Model Resistivity Saction

I N N (T (B [ I ) [ .
8.2 S1.5 69.% 935 26 17 228 308
Rosigtivity in chn.m

Unit electrode cpacing 9.53¢ m.

HWEO HA KOPEeHHWUTZ
cranv
Nepth  Ttorstion & Abs_ orror = 8.68 % VES pr. 27
-11.5 -3.50 "

4.50 12.5 20.5 28.%
8125 ¢
0.6
1.8
1.67
z.2
z.78
3.31
3.8
Y. 46

6 52,3 §1.3

Unit eleetrode spacing 9.538 w

203
KacHakoBo. [lByMepHU MHBEPCMOHHU MOAENW Ha eneKkTPUYECKOTO ChNPOTUBMEHNE.



c. baHuua, MakegoHuAa npun. 1.7 .1

BaHuua. Tonorpadcka kapTa Ha paloHa okorno rp. CTpyMuua.

BEHI/ILI.a. PBSKPVITVITG OCTaHKK OT PUMCKATa enoxa.

204



c. BaHuua, MakegoHuAa npun. 111.7.2

npeyyeHa
nnowy

—25

25 1 ! ! 1 | ! 1 ! ! | | 1 | ! 1 1 1 1 | 1 1 I L ]

pr. pk. 20 I

0

pr. pk. 18 I

=\J

0 5 10 15 20 25

m

BaHuua. MNnaH Ha npoyyeHaTa NioLw W kapTa Ha NPWBWMAHOTO eNeKTPUYecKo

cenpoTUBNEeHNe U3AMepeHo C ABYEeNneKTpo4Ha CXeMa.
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c. baHnya, MakegoHua npun. I11.7.3

"Banica D8"."VIE" " pr. 0"

Depih Iieration & Abs. errer =
-1.50

0.12§

e

771 I [ . == [ [ I . . .
G4.1 811 103 130 164 208
i nhin.m Tit electrade spacing 1500 m.

Madel Resissivi £

I I ] . [ [ I . .
40.0 .G 4.1 81l 103 120 154 208
Restariviny n nhm.m Ttk elecmnda spacing 0500 m

"DBanica 08",."VL§"."pr. 2"

Depth Tieration 10 RMS errar =0.71 %
150 2 6.30 105 4.5 185 m.

Iuyerse Mudel Kes

40.0

Restativiy n ahm.m Tkt electrada spacing 0500 m.

Depih Tieratinn & RATS error =072 %8
150 2

5.50 1% 145 155 m.

1

12

150
148
2.40.
2.87)
338

204 e
Tuyverse Mudel Resivivily Secliva
| 1§ J Jr JEay jJeoy  pPogmmp oy § § |

40.0 .G 54.1 811 103 120 154 208
Resterivin: n nhinm Tt elecrrnds spacing 0.500 m

Depth lteration ¥ KALS ervor = L5¥ % LU e et oo
150

m.
400 i 811 103 130 164 208
Resistivity in chm.m Unit electrode spacing 0.500 m.
Depth Tierativn T RMS eror — 1.6 % EBanlcalUss, VESTTR0ST
-L.50 m

Resisliv Vit electrude spaciog 0.500 .

BaHuuya. [ByMepHW MHBEPCUOHHW MOZENN Ha enekTPUYecKoTO ChbMpOoTUBNEHMe no npodunn 0-5.
206



c. baHnuya, MakegoHua npun. 111.7.4

"Danica 08", VES"."pr. §"

Tepth Teerarinn @ Ahs. evrar
S0

[/

2.40.
287,
338

3.4

Inverse Mudel Resistivily Secliva
I N D N N || N [ D || [ [ N N N .
400 @ 04,1 ¥L.1 103 120 104 208
Restariviny n nhm.m Ttk elecmrnda spacing 0.500 m

Depih Tieration T Abs. errar = (.51 %
50

& m.
338
304
Tuyerse Mudel Resistivily Secliva
I I D N N || N (O N R || [ [ N N N .
400 .6 54.1 8l.l 103 120 4 208
Restariviny n nhm.m Ttk elecmnda spacing 0.500 m
Depth Téeratinn 7 Abs. errar = (1.5
.50 Y 450 145 185 m,
T I i | i
0.637)
124
1.5
198
240
257
338
314
Tnvers Vndal Raslstivity Section
) [ N ] O [ ..
o 164 208

64.1 Bl 103 13

Vit elecirude spaciog 0.500 .

"Banica 08", "\ ES","pr. B

0.637|

124,

240
187
338
3.4 ;
Tnverse Madel Resistivity Scetion
I I N [ N [ O ] O e .
ani 0.6 4.1 a1 104 10 164 208
Resistivity in ohwn.m Unit electrads spacing 0500 m.

“"Banica U8, "V EY

Depth lierulivn 7 Abs, error — LI5S %
-1.50

Tuyerse Mudel Resisiviy Sectiva

] [ [ D || [ [ N B B
400 4.1 811 130 164 208
Rsistivity Tk eloeivadc spacing 1.500 o
Tepih Treratinn i Abs. errar = (.03 % HBANEAR] VAT IpALER
150

Inversa Muodal Raslsrivity Section

] I [ I 5 ] I [ .
2 L1 103 130 4 203

Tnit clecrode spacing 0.500 m.

HBYMEPHU NMHBEPCUOHHW MOLENN Ha eNneKTPUYECKOTO ChNpoTUBNeHWe no npodunm 6-11.
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c. baHuua, MakegoHuAa npun. I1.7.5

Tepih Tieratinn @ Abs. errar = (.54 % 'Banica 0%, VLS" "pr. 12"
150

LS
I N N | [N S || S .

Tuverse Mudel Resistivily Seclioa

40.0 0.6 4.1 8l.1 103 120 1G4 208
Kesistivity in ohm.m Unit electrade spacing U.500 m.
Depth Iteration 6 Abs. errar = 0.50 % "Bauica 08", "VES","pr. 13"
-L5U m.

Inverse Mrdel Resistivity Scction
N [N [ I O ] O [ . .
4na 0.4 £4.1 a1 3 10 144 208
Hesistivity in ohm.m Unit electrods spacing 0.500 m.

"Banica 08", "VES","pr, 14"

Doepth Tderalivon ™ Abs. corar 000 %%
-L5U
L o
0.637]
1.24.
159
148
240

2.87|

I I . . [ [ [ .-

0.6 &4.7 144 208

Unit electrods spacing U.500 m.

“Hanica U8",,"VES","pr. 157

.30 145 L3 M3 m.

Trversa dndal Raclsrivine Secinn
L1 ] Jo |smjoules] Josimmloaiesy § ) ] |
400 0.6 64.1 811 102 130 154 203
Fesislivily in olanm Tail electrode spacing 0.500 .

[BYMepPHWN NHBEPCUOHHW MOENWN Ha eNeKTPUYECKOTO CHNpOTUBNEHWE No nNpodunu 12-15.
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c. BaHuua, MakegoHuAa npun. 111.7.6

el

L]
W+E
L3
s 5
Depth Treration ? FMS error=0.41 % Bemice Dito YRS LIpe W)
1% a0 450 125 205 m

0.125

0.637

1.23

304 «
Tuy erse Moullel Resisivily Seciion

I NN NN (N [ (RO N NN [ [ N N .

400 06 641 BLL 103 130 164 208
Kesistivity in obm.m Uit clectrode spacing U.S00 m.
Depth Técration 10 RNIS crrar—1.71 9% "Baniza 08","VES","pr. pk. 6"
L3 330 450 203 n
i ~wpr ‘
0437 ' """ “‘\A\ :
124
159,

Tnverse Viodel Resistivity Section
I N N (N () [ [ N [ || [ .
40.0 0.6 641 SL1 102 137 le4 208
Resistivity i ahm.m Unit electrade spacing 0500 m

""Banica 08",,"VE£","pr. plz. 18"
Depth Ireration § RMS error=0.88 %0
-13.5

0,125

s

10.637

124
159,
198
130
.87,
338

odel Resisiviy Section
[T [ [ N [ [ [ [ N BN B B
64.1 811 103 130 164 208
Resistivity in obm.m Uit electrode spacing 0.500 m.

Depth Iremimn 10 RMS errar=0.50 % ""Dan.ca U8",,"VLS","pr. pk 207
1 2350 1ns 18 m,
[INEE, L

w — "
124
150,

108
240

K7
138

3.94.

Tuverre Mudel Resislivily Section

lé4 208

Uit electrode spacing 0.500 m.

[ByMEpHW UHBEPCMOHHWN MOAENW Ha ENEKTPUYECKOTO ChMPOTMBIEHUE No Npodunu no nk. 3-20. 200



c. baHnuya, MakegoHua npun. I11.7.7

e S G T = anuers_i_gn of several data files in RES2DINV 'Fg:r'mat to one file in RES3DINV for

0.0 L L L n L L L L " 0o L L L L L L L " oo L L L L L L '

20
40
60
8.0

i« Layer 1, Depth: 0.00-0.50 m_ 4 3 i y Layer 2, Depth: 1.08-1.74 m.
05 45 85 13 05 45 . 05 45 85 13

0.0- — 3
2.0- ‘"" A 20

17 21 25 29 33

40- 4.0

5.0- 6.0

8.0- 8.0
10.0- 10.04
12.0- 120
14.0- o 1401 2

¥ Layer 4, Depin: 1.74-2.50 m. y Layer 5, Depin: 2.50-3.37 m y Layer &, Depin: 3.37-4.38 m.
05 45 85 13 17 21 25 29 3

0.0 L L L L L L L L )y

20- -

: .
5.0-

10.0-
12.0-

14.0-
y Layer 7, Depth: 4.38-5.63 m.
I O OO O] T .
13.4 209 327 51.1 70.9 125 195 305
Resisfivity in Ohm.m
X Unit Electroge Spacing 1.UM. Y Uit Electrode Spacing 1UM.  lleration 11 - KMS Error 3.92%

a

XOpVI3OHTaJ'IHVI paspesn oT TPUMEPHNA MHBEPCUOHHNA MoAen Ha enekTPUYeCKOTO ChNpoTUBNEeHWE.

0 5 10 15 20 25
25, 1 1 | | | 1 1 1 | 1 25
] ) N
] pr.pk.20 | __
—29— Fav)
] pr. pk. 18
154 R a.@;;e‘ ﬁ%i;ﬁx éfg%yx‘é%;gﬁx /5?; 15
e i’f
E
10— 10
] pr. pk. 6
5 —5
] pr. pk. 3
- ‘ =
0 T T T T ‘ T | T T T T T T T T | T T T | T 0
0 5 10 15 20 25

CTOMHOCTW Ha CbMPOTUBIIEHWETO OT MHBEPCUOHHNA Mogden 3a AbnbounHa 1.08-1.74 m.
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c. baHnuya, MakegoHua npun. 111.7.8

0 5 10 15 20 25
25_ L 1 1 1 1 1 1 1 | 1 25
N e
15— —
£
10+
5- —5
pr. pk. 3
0 T T T T T T T T T T T T T T T T T T T T T T —0
0 5 10 15 20 25

25_ L 1 1 1 1 1 1 1 | 1 25

CTOMHOCTW Ha CHLMPOTUBIEHNETO OT MHBepcofHMa Moaen 3a AbnBounHa 2.5-3.37 m. 11



npun. 111.7.9

c. BaHuua, MakegoHua

‘W 0 §'Z 10 MHMhOQUAT e 0laMHaLranLoduqo eH Meadeed MHLELHOEMAOX ‘W Z 0 ¢’ 10 MHMhOQUA T BE OleMHalranLoduqo eH Meadeed MHLBLHOEMd oY

X
oF I 02 Al o1 q n o W I fL oL q 0
00ZL 00Ul 000 00 wok 002
Hpsisay
y
i ~ 4 7 P
L u 4 .
‘\ .\\ \\\
: LN . P
i A o
| P = .
§ 00ZL N0l o0A ooa ook ooz | 7 b P
= A I e
1 T 1
u 0
= X
or 52 02 51 o 5 u o 5 0 St o 5 0
7 | |
i - NOZL 000L 00N 00D WOk 007
‘o & Apsisay
Al .
S >
ay / 4 - -
A.;. zl 2l
My Ea
wzl ool oo wo ooy voz | Sk : [
Ay el HE
1 1
o 1
X x
oF 52 02 51 ol § o ae 2 a2 ol ol g "
i NOZL 000L Qnne QN ook 007 L i O0ZL o0l 0OB 008 O0F W02
B Anmpssen : ey
- -
i s
o S
. i
; A B By
P P
b
i 3
T i
a n
ks x
0 ue 02 u 0 i 0 oe 2 0z ol ol P )
0170001 00B 005 OOF | 062 < ogzw et aon any wak o
e ; Aupsisay
FE b
4 - -
& S e
. -
Ky < By
2 : “ e
-y | v .
[ i
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c. BaHuua, MakegoHuAa npun. 111.7.10

Tresistivity T
4, 20 400 B00 EG 1900, 1200 P
' E T
ve o iz
o - H
: E ta
: "
2 A
' 4 .
7 /..'
p .
4
o
4
o
S
1 5 0 15 20 % 30
5

XOpU3oHTaneH paspes Ha CbMNPOTUBIEHNETO 3a AbNB0YNHN OT 4.5 M.

Nesistivity
200 400 60D HOO 1000 1200

PR I l I l:l

XOpVISOHTaJ'IeH Pa3pe3 Ha CeNPOTUBIEHWNETO 3a AbnoovnHa 3 m
M BePTUKanNHW pas3pesn npes peructpupaHuTe aHoManuu.
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214

4

2.5

35

58

ModenHn n3yncneHnA

100 1000 20 10003
= = = =
Resistivity model
0.0 4.0 8.0 12.0 16.@ 2d.9 24.¢
[ANEENE
INNREEEI

Mogen Ha BUCOKOCEBMNPOTUBUTESTIEH Bnok

npun. 1V.3.1.1.1



ModesiHn n3vncneHnA npun. V.3.1.1.2

Block 104 (Dipole-Dipole array)

Ps.2
0.0 4.0 8.0 12.0 16.9 20.0 m.
0.4
iy A

Apparent Resistivity Pseudosection

I N I . N ] (T ) [ T .
100 106 112 118 124 130 136 142
Resistivity in ohm.m Unit electrode spacing 1.0 m

100 1000 20 10000
- = = =

Block 104 (Pole-Dipole array)
0.0 4.0 8.0 12.0 16.0 20.0 m.

Apparent Resistivity Pseudosection

N N N N N ] (T O ) (O .
100 106 112 118 124 130 136 142
Resistivity in ohm.m Unit electrode spacing 1.0 m

100 1000 20 10000
| = = =

Block 184 (Schlumberger array)
0.0 4.0 8.0 12.0 16.0 20.0 m.

Apparent Resistivity Pseudosection

I N D BN N ] (O (T N ) (N (O N NN N
100 106 12 118 124 130 136 142
Resistivity in ohm.m Unit electrode spacing 1.0 m

100 1000 20 10000
- == = =

Block 104 (Pole-Pole array)
0.0 4.0 8.0 12.0 16.0 20.8 m.

1- -

oo W F W N

Apparent Resistivity Pseudosection
I N N . N ] T O ) (O T .
100 106 112 118 124 130 136 142
Resistivity in ohm.m Unit electrode spacing 1.0 m

100 1000 20 10000
- = = =

Block 184 (Wenner Alpha array)

Ps.Z
0.0 4.0 8.0 12.0 16.0 20.0 m.
0.5
1.5
3.6 o

Apparent Resistivity Pseudosection

I NN B N O (T [ [ S [ (O O N N N .
100 106 12 118 124 130 136 142

Resistivity in ohm.m Unit electrode spacing 1.0 m

100 1000 20 10000
- = = =

Pe3yJ'ITaTVI OoT MOAderNHNTE N3YNCrieHnAa 3a BUCOKOCBINPOTUBUTENEH Bnok
34 pasnnyHnTE enekKTPpogHN CXeMHn
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ModenHn n3yncneHnA npun. 1V.3.1.1.3

Depth Iteration & Abs. error = @.21 %
a.8 4.0

g.0@ 12.9 16.8@ 208.9 m
0268
0.820
1.65_
1.47
.o
2.3%
2.78
;. B AavnonHa
el Pesistivity Section
| [ T | [ (O ) (O O ..
1 181 244 328 441 594 799
Resistivity in ohm.m Unit electrade spacing 1.08 m
Depth Iteration 5 Abs. error = 0.19 %

6.8 4.08 2.ad 12.08 1e.@ 20.9 1]
b.258 : 1
0.781_

131
1.8%
2.38_
2.92_
34T,
4.82_
4.58_
Inverse Medel Resistivity Sectien TpmeneKTpOﬂ.Ha
I N N N N [ [ O ] (N N .
100 135 181 244 328 441 594 799
Resistivity in ohm.m Unit electrode spacing 1.08 m
Depth Iteration 5 Abs. error = 0.23 %

6.8 4.08 2.ad 12.08 1e.@ 20.9 1]
b.258 3 1
0.781_

1.3
1.8%
2.3%
2.92
347
4.82
458 LUnombepxe

stivity Section

I [ [ [ I . .
244 328 H41 S04 799
Resistivity in ohm.m Unit electrode spacing 1.90 m.
Depth Iteration 7 Abs. error = 0.20 %

a8 4. a8 2.00 12.8 1€.8 288 n
0,433} : - 1
2.18_

3:97:
5.?57
6.72_
T.E5_
2 60
9.55 ByenekTpogHa
Inuerse Hedel Resistivity Section ﬂ' y p ﬂ'
I N N N N T [ [ O ] O .
ep 135 181 244 328 Lol S04 799
Resistivity in ohm.m Unit electrods spacing 1.09 m.
Depth Iteration 7 Abs. error = @.20 %

a.a 4. 0a 8.00 12.8 16.8 2688 mn
o256, i : i i
e.7M
1.29
1.22
2.35
Z.88
3.4z
3.97
4.52.

Inverse Medel Resistivity Sectien BEHep

I I N N N [ [ O ] (O N N .
180 135 181 244 328 41 594 793
Resistivity in ohm.m Unit electrode apacing 1.08 m

MHBepCMOHHM MOLeny Bb3 OCHOBa Ha MO enHUTe M3YUMCNeHWA 3a BMCOKOCHEMPOTHUBUTENEH Bnok
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ModenHn n3yncneHnA npun. 1V.3.1.1.4

Depth Iteration T Abs. error = 18.5 %
() 4.0a

v.208

0.626.
1.85
1.47.
1.91.
2.3
2.76_

Inverse Medel Resistivity Sectien ﬂ'MnonHa
I I N N T [ [ O ] O T ..
60.8 80.7 109 146 197 263 356 479
Resistivity in ohm.m Unit electrode spacing @.508 m

Depth Iteration 7 Abs. error = 6.1 %
a.a 4.e8 .

b.259
0.781_
1.31_
1,24
2.3%
P A A
3.47.
4.02
4.58

e

Irerse Hadel Resistivity Section TPUENEKTPOA HA
I I N S [ T ] [ O .
b6e.8 0.7 103 146 197 285 356 479
Resistivity in ohm.m Unit e¢lectrede spacing 9.500 m.

Depth Iteration 7 Abs. error = 3.2 %
a8 4.a8 2 .00 12.8 1€.8 288 .

p 258"
0.781.
131,
1.5%
2.38.
2,92
247
4,02
4.56.

N7

LWniombepxe

Inverse Hodel Resistivity Sectien
I I N N [ [ O ] O O ..
6.8 0.7 109 145 197 265 356 479
Resistivity in ohm.m Unit elactrode apacing 8.500 m

Pe3yJ'ITaTI/I OT MHBEPCMOHHOTO ModenupaHe Ha MoOAENHUTE N3YUCNEHNA
3a BUCOKOCHBMNPOTUBUATENEH Briok npKy BHECEHa rpellKka
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ModenHn n3yncneHnA npun. 1IV.3.1.1.5

N ~ ™ ™
o ] @ =
2 = = z
z = o hod
= o i n
(=1

Mogen Ha rpobHuUa ¢ pasMepu 5x3x3 pasnonoXeHa Ha pasnuyHa AbnbovnHa oT NOBbXHOCTTA
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npun. IV.3.1.1.6

ModesiHn n3vncneHnA

wwyo ut fjtniystsey jueaeddy

Birl Zhl SEL 821 Lzl kLl

“mogr) Butaeds epodjasre jTun & ‘w g | butaeds epoujaele jTun ¥ ‘w @1 Buroeds sposioete 3tun 4 *w p L Butoeds spouioere jtun X ‘w gL butomds epodjaste jTun A
m myo ut A3TnTisTsey juadeddy
oL aal 6h 1 Zh SEL 8Z1
N OB R EE = R ] Em L I O BN BN BN D BN O BN B D BN O B B B . - o o .

UDT308dTR-X JBBIBGUNTY2S - JaUue

- = .

ehMHgod] BH rafoN BE BUHBLIOUKEWN SLUHLISTOW 10 ULBLLIASS

€=U = =
uot3aedtp-x #1odip-a1od uoT}ae.Tp-x sTodrp-sTodrg

[ o

wwyo ut R3Tniystsey jueaeddy

- . T O O . T - .
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ModesiHM N3YncneHnA npun. 1V.3.1.1.7

“Tomb™,"h=1 m"."pr. 4","3x3x3". "DpDp"
Depth Iteration B Abs. error = 9.36 L
8.9 4.00 8.60 12.0 16.0 20.9 24.0 28.0 32.0 m.

0.208.
0.626 .
1.05.
147,
1.91.
2. 34
2.78.
3
3

22,
6T.

Inverse Model Resistivity Section

I N (N ) [ (S () (O [ -
80.6 101 128 162 205 260 328 416

Resistivity in ohm.m Unit electrode spacing 1.80 m.

“Tomk" ,"h=1 m", “pr. 4","5x3x3", "p.Dp."
Depth Iteration B Abs. error = 9.23 %

0.0 8.00 12.0 16.0 20.90 24.9 28.0 32.0 m.
©.259 ] : . , : : g : ’
@.781.

1.31.
1.84_
2 .38
2.92
34T
4
y
5

.02
-1

Inverse Model Pesictivity Section

I T - [771 I [ ... -
0.6 101 128 162 205 260 328 416

Resistivity in ohm.m Unit electrode spacing 1.90 m.

"Temb","h=1 m" “pr. 9","5x3x3", "Sch"
12.8 16.8 20.0 24.0 28.0 32.0 m.

Depth Iteration 7 Abs. error = 0.26 %
0.0 4.00 8.00
g.2s9)
e.781
31
84
38
92
47
o2
c8

15

L A N

Inugrse Model Resistiuity Section

[ I N N [ [ N ) O T .
80.8 101 128 162 205 266 329 418

Resistivity in ohm.m Unit electrods spacing 1.96 m.

PesynTaTu OT MHBEPCUOHHOTO ModenupaHe Ha MOAENHUTE U3YUCTIeHNS
3a rpoGHULa pasnofioxeHa Ha 1 M 0T NOBBLPXHOCTTA

220



Depth
[:]

©.208
6.626

1
1
1
z
2
3
3.87
|

ModersiHn n3vncneHnA npun. 1V.3.1.1.8

“Temb™,"h=2 n","pr. 11","5x3x3","DpDp™
Iteration 8 Abs. error = 0.23 %
;] 4._06 &.00

Inverse Model Resistivity Section

[ I N [ (S [T [T [ .

g8o.@ 101 128 162 205 260 329 418

Depth

0.259
0.731

L e O
*
=

15

Iteration 6 Abs. error = 0.21 %
6.9 4.00 §.00

Resistivity in ohm.m Unit electrods spacing 1.08 m.

“Tomb™,"h=2 m™,"pr. 11","5x3x3","p.0p."

Inugrse Model Resistiuity Section

[ I N [ [ N ) (O T .

go.@ 101 128 162 205 260 329 418

Depth

©.259
6.T31
#
g4
38
92
47
a2z
58
15

[ I R N

Resistivity in ohm.m Unit electrods spacing 1.08 m.

Iteration 6 Abs. error = 0.23 %
]

Inverse Model Resistivity Section

I N N ] [ T ) (O O ..
80.6 101 128 162 205 260 329 415

Registivity in ohm.m Unit electrode cpacing 1.08 m.

PesynTaTu OT MHBEPCUOHHOTO ModenupaHe Ha MOAENHUTE U3YUCTIeHNS
3a rpoGOHULa pasnosioXeHa Ha 2 M OT NMOBBLPXHOCTTA

1z2.8 6.0 20.0 240 28.0 320 m.

12.8 16.8 20.0 z4.0 28.0 32.0 m.

221



ModenHn n3yncneHnA npun. 1V.3.1.1.9

“Tomb™,"h=3 n","pr. 18", "Sx3x3","DpDp"
Depth Iteration 6 Abs. error = 0.17 %
] 8.0@ 12.0 16.8 20.0 24.0 28.0 3z.0 m.

0.208
©.6286
1.85
1.47
1.91
2.34
2.78
3.22
3.87

Inuerse Model Pesistivikty Section
I T . [771 [ ... -
&n.@ 101 128 162 205 260 329 416
Resistivity in ohm.m uUnit electrode spacing 1.90 m.

"Tomb™,"h=3m" "pr. 18", "5x3x3","p.Dp."
Depth Iteration 5 Abs. error = 0.17 %
6.9 4.00 §.00 12.0 16.0 20.0 24.0 28.0 32.0 m.

0.259
e.731
31
84
38
92
47
a2
5B
15

I e

Inverse Model Resistivity Section

I N (N ) [ (S N [ [ (O .
80.6 101 128 162 205 260 329 ue

“Tomb™,"h=3 m","pr. 187, 5x3%x3", "Sch”

Depth Iteration 6 Abs. error = 0.23 %
6.9 4.00 §.00 12.0 16.0 20.0 24.0 28.0 32.0 .

L N O N
+
=

15
Inverse Model Resistivity Section
I . T . 1 I 5 .. -
g80.@ 101 128 162 205 260 329 416
Recistivity in ohm.m Unit electrode cpacing 1.00 m.

Pesyntat OT MHBEPCMOHHOTO MOAENNpaHe Ha MOAENHUTE N3YNUCTIEHMS
3a rpoGHULa pasnonoxeHa Ha 3 M oT NOBLPXHOCTTa
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ModesiHn n3vncneHnA npun. V.3.1.1.10

Z:0.35 0.70 Z:0.70 1.10

Z5875 27595 Z:9.512.0

m = m

100 30.0 10000
Mniel Resistivity Valnes

Mogen Ha pearnHa rpobHuUa
(no AaHHKM oT rpo6HuULaTa B MorunaTa fonama ApceHanka npu LUunka)
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npun. 1IV.3.1.1.11

ModesiHn n3vncneHnA

nuncodu nH¥AUTeH Ndu BMHBLOUKEN aLUHLURTOW 10 nieLlrAisad
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V.3.1.1.12

npwmn.

ModesiH1 U341ucneHmnA

I N B B O O O B ..

s gt fnTapds apniyaATA AT A

225

nundodu nHhadueH ndu BUHBUDOUKEN SLUHUSTOW 10 nieLuAcad

S gty RUTIRAS ApaATa 1THR ¥

w-wyo U AITATISTSaH Juadeddd
Lyl EETS ank SEL

143 akL Sl M ah

g
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ModesiHn n3vncneHnA

“Tomb", "typa Arsenal” “pr. 1

Model resistivity with topography
Iteration & Abs. error = 0.55

Elsu.
.00

-1.89

I O | | .

.8 1ol 145 20: 301 432 624 839
Resistivity in chm.m

Horizental scale is 3%.72 pixels per unit spacing

Usrtical sxmggeration in model section display = 1.75

First electrode iz located at 6.0 =

Last electrode is located at 36.0 m.

-2 80

Model resistivity with topography

Iteration 5 Aks. error = ©.51
Eleu.

6,60

-1.89

-2.60

-2.80
I T ] ..
T0.8 101 145 209 =0 433 624 €99

Resietivity in chm.m

Horizontal scale iz 35.72 pixels per unit spacing

Uertical exaggeration in model section display = 1.25

First electrode is located at ©.0 m.

Last electrede is located at 26.0 m.

Model resistivity with topography

Iteration 6 Abs. error = .49
Eleu.
6.60

-1.60

-2.680

I T [ O ] ..
] 1 5

208 am 433 824 289
Resistivity in ohm.n
Horizental scale is 35,72 pixels per unit spacing
Uertical exapgeratiocn in nodel zection display = 1.25
First electrode is located at 6.8 m
Last electrode is locatsd at 36.9 m.

14,

Pe3yJ'ITaTVI OT MHBEPCUOHHOTO ModenunpaHe

"type Arsenal”, “pr.

npun. 1V.3.1.1.13

8", "8x3x3" . "DpDp”

Unit Electrode Spacing = 1.88 u.-

187 "8x3x3" "pDp”

Unit Electrode Spacing = 1.09 m.

Unit Electrode Spacing : 1.90 m.

Mo nNpochun nNpes cpeaaTa Ha rpobHULATA



ModesiHn n3vncneHnA npun. 1V.3.1.1.14

FDIT MONDFI MODFE - Gr v

Z:0.25-0.50 Z:0.50-0.75 Z:0.75-1.00

L2025

Zh0-75

B [ .
100 10000 500
Muodel Resislivily Values = FlecIrode localion

Mogen Ha 3uaaH rpob
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npun. 1V.3.1.1.15

ModesiHn n3vncneHnA

nundodu nHxaUTeH ndu godl HeTne e BUHALONKEN SLMHURTOW L0 nLieLurAsad
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npun. 1V.3.1.1.16

ModesiHn n3vncneHnA

229

nungodu nHhadueH ndu godl HeTUE BE BUHBLIDUKEN SLUHLIBTOW 10 UielUAead

u g | Butoeds sepoagoers tun 4w @ L Butoeds epoJidere itun
uwyo ut hytntistsay juaueddy
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ModesiHn n3vncneHnA npun. V.3.1.1.17

“Grave”,"185 NM","pr. 97, "3x2x1.5","Dplp”
Depth Itarakion 4 Abs. arrar : 8.48 %
o.a L. o6 &.08 12,6 16.6 [ B

9,208
9.628

PR e
w
*

N |
3¢ 108 11% 126 138 153 168
Resistivity in ohm.m Unit electrode spacing 1.8¢ m.

“Grave” 185 HM™ “pr.o 8" “3x2x1 5", "p.Dp."
Depth Itarakion & Abs. arrar = 6.31 %
o.a L. o8

&.08 12 6 16.0 m.

I [ ) [ [ .
126 138 153 168

Resistivity in ohm.m Unit electrode spacing 1.08 m.

“Graue”, 13 NH", “pr. 4%, “3x2x1.5", "Sch”
Depth Lteration & Abg. error = 0.48 %
9.8 i4.08 2.08 12.9 16.0 L]

H.253
BTl

1
1
F
H
3
4.02.
Inuerse Model Resietiuiby Seckion
11 ] | e [ [ [ [ .
El 126 138 153 164
vity in ohn.m Unit electrode spacing 1.88

PesynTaTu OT 4BYMEPHOTO MHBEPCUOHHO MOAenMpaHe no npodun npes cpegara Ha rpoda
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V.3.1.1.18

npwmn.

ModesiH1 U341ucneHmnA

aodl eH ustfow ee sHeduuasow oHHonodagaHK oloHdawudL Lo nielrAead
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npun. V.0

KapTa Ha pPa3nonoXeHeTo Ha KOMeHTUPaHWUTE B TeKCTa MOTUIMA
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MankaTta moruna npu LUnnka npun. V.1.1.1

MankaTa moruna, norneg oT U3ToK.
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npun. V.1.1.2

MankaTa moruna npwm Wwunka

‘Mumdodu nHUen’ed (9) £=u 1 (e) |=u ndu anHaLramioduas oHTMandu oloHadawen eH NLdey "BUNIOW BLENLBIA

w ‘wyo w ‘wyo
o o o
S B 9
@ w b

o
uwy
<t
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MankaTta moruna npu LUnnka npun. V.1.1.3

800
£ By
§

TpumMepHo n3obpaxeHne Ha N3MEPEHOTO NPMBUAHO CBNPOTUBNEHWe Npu N=3. Paguanuu npodunu.

800

750

700

650

ohm. m
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Mankata morvna npu Luvnka npun. V.1.1.4

y (m)

ohm. m

700

650

y (m)

600

550

500

ohm. m

450

400

350

300

250

-10 -5 0 5 10
x(m)

236 MankaTa moruna. KapTi Ha M3MepeHoTo NPUBMAHO ChrnpoTuBreHne npu n=1 (a) u n=2 (6). Kpbrosu npocpunu.



Mankata moruna npu LWwunka npun. V.1.1.5

800

700

600

500

ohm. m

400

300

a 200

1000

800

600

ohm. m

400

200

-10 -5 0 5 10 15 20

KpuBM Ha M3MEPEHOT O NPMBUAHO ENEKT PUYECKO CHNPOTMBMEHWE
no AeTannuM3aunoHHuT e npodmnmn 3anag-n3tok (a) u tor -cesep (6)
npes cpefarta Ha aHOMANUATa
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MankaTta moruna npu LUnnka

[PoOBT N YacT oT HaxoaknTe oT MankaTta Moruna

npun. ¥.1.1.6



npun. V.1.2.1

3apesa morvna npu LLnnka

=

s
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3apeBa moruna.
KapTa 1 TpumepHM n3obpaxkeHus Ha NPUBUOHOTO enekTpuyecko cbnpoTuenerue n=1 (a), n=2 (6) n n=3 (B).
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3apesa moruna npw LWnnka npun. V.1.2.2

MpobbT oT 3apeBa Moruna

240



MorunaTta l'onama ApceHanka npu LLUunka npun. V.1.3.1

MorvnaTa [lonAama ApceHarnka, norneg ot 3anag.
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y (m)

y (m)

Morvnata Nonsama Apcenanka npu LLunka

npun. V.1.3.2

ohm. m

ohm. m

C HaHeceHa geTannuMsaumuoHHaTa MpeXxa

3(6)

1(@)umn

Morunarta Fonama Apcenanka. KapTv Ha NpUBUOHOTO CLMAPOTUBIEHWE MPU N



y (m)

MorvnaTta Nonsima ApceHanka npu Lunka

-20 -15 -10 -5 0 5 10 15 20
x(m)
Morunata Nonsama Apcenanka. KapTta Ha npMBMAHOTO CbNPOTUBNEHWE Npu n=5.

npun. V.1.3.3

ohm. m
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Morunata ["onama ApceHanka npu lWwnnka npun. V.1.3.4

2000pr=
AB=3 m
1750 AB=7
] AB=11m
1500

==

&
?
1S
RV

g‘1z5o:

1000- ,Cti//__ /5\
750- ﬂéii
500- //

R (ohm

|\

250 —— e
-2 3 8 13 1 3 28
2000575 x ()
E AB=3m
1750 AB=7m
] AB=11m
1500

1250-

: N ~
?/ —
| N \\
500_//\\4§4¥/ L
s+
2 3 8 13 18 23 28

x (m)

R (ohm. m)

Kpuen Ha cbnpoTUBNEHNeTo no npogunu -6 1 -5 o1 AeTannmMaalmMoHHaTa Mmpex a
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3

R (ohm

R (ohm. m)

MorunaTta [Tonama ApceHanka npu W wunka

npun. V.1.3.5
20007
] AB=3 m
1750 ABS7 M
AB311m

1500 A\ A A

AV AWV,

000 4 l\/ W/\ WA \

o I N
Y

500 | /\//\ /

250 ] T T T J T T T T T T T T T T T T T T T T T T T T 1
-2 3 8 13 18 23 28
20003 x {m)
] ABS3 m
1750 ] A

1500: T /\ /\ /\/\ /\

- VANLNY
o AT T N AN
_ ﬁ —

Y
] ] /r’r.‘l‘
5007 E ‘!7 \llw‘l'w "_ﬂ\
N e
250- T T T T T T T T T L T T - T T \M —__I T T T T T T T 1
-2 3 8 13 18 23 28
X (m)

KpwnBu Ha cbNpOTUBNEHWMET O NO NPpodnK -4 1 -3 0T AeTannM3auMoHHaTa Mpex a
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Morunata ["onama ApceHanka npu lWwnnka npun. V.1.3.6

20005
1750- o A A
1 AB=11m /\ /\/J\/
TR, W
= 1250 //\ AN \/\
W AN AN
= 1000- /W/ N\ \ ,\\
750 /i// V/\\ <
500 —\f/l\// E " flllr\i
| sl
250+ m— L
-2 3 8 13 18 23 28
2000 75 x {m)
E ABS3 m
1750 ABS7m
1 AB=11 m
1500: /\ /\ v/_/\_W
| INYANAN
=~ 1950 /N A ,
21250: \// K\/ \ \/\/\
51000: A\
; % N
750; f/J
500_/\/“\// j— “:
] =i L’
250'....'Tﬁ‘....
-2 3 8 13 18 23 28

x (m)

Kpu1BM Ha CHNTPOTUBIEHUETO MO Npodunn -2 1 -1 OT AeTalnmaauMoHHaTa Mpex a
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Mor unaTta [Nonsma ApceHanka npu W unka

npun. V.1.3.7

20000
AB=3 m
1750~ ABS7 M
1 AB311m
1500 //\ /\/\ \/ J
£ 1250 /\ A \ /
: : J J \/
£ : /—\
750 v \/\ —
500- -_/‘/ = Ty \f
] = ]y
_\ﬂ rl-': I‘I \“ ‘\l
i 7 |
250+ S e — —— .
-2 3 8 13 18 23 28
200075 x(m)
AB=3 m
1750~ AB=7m
] AB=11m r/\
NN N
T 1250- -/ —<L™
o _
750: ——*ﬁ \/ V |\
500 \//'
250+ C —— —— — —— ——
-2 3 8 13 18 23 28
x (m)

Kpueu Ha cbnpoTuBneHneTo no npocunu 0 u 1 oT getannuaaumoHHaTa Mmpex a
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Morunata ["onavma ApceHanka npu lWwunka npun. V.1.3.8

2000-77rz
E AB=3 m
1750 AB=7
] AB=11m

1500; ‘_;7V<§§¢¢,\J/ \
£ 1250- /::71 y - .
: ///\\/\

1000~ Jé;;;;f VN

750- A
5003‘“/\/5E

250- : -—

R (ohm

2000753

AB33 m
AB37 m A

AN

1500- ,

V. A

’ N /\/\ /
RSV

750

A{//: 7

500+t
-2 3 8 13 18 23 28

X (m)

Kpuen Ha cbnpoTUBNEHWETO No Npodrny 2 1 3 0T AeTannm3aumMoHHaTa Mpex a
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Morunata [Nonama ApceHanka npu lWwunka npun. V.1.3.9

2000 pr. pk. 16

] AB=3 m
AB=11m
1500
E 1250-
£
S ]
x 1000

x (m)

KpvBKM Ha cBNpOTMBNEHWET O NO Hanpey HW Npoduny 16 1 14 oT geTannuaauMoHHaTa M pex a
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Mor unata N'onsma ApceHanka npw lWnnka npun. V.1.3.10

2000i pr. pk. 13
: AB=3 m
1750__ AB=7 m
T AB=11m
1500-

x (m)

Kpuven Ha cbnpoTUBNEHUETO No Hanpey HK npocdunu 13 u 12 oT geTannuaaumMoHHaTa Mpex a
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npun. V.1.3.11
Morwunata Nonama ApceHanka npu LW wunka

2000—_ pr. pk. 11
] AB=3 m
1750; AB=7 m
] AB=11m

x (m)

Kpren Ha CBNPOTMBNEHUET O NO Hanpey HK npoduny 11 1 9 oT geTannmMaaumoHHaTa M pex a
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Morunarta lonama ApceHanka npu LUunka npun. V.1.3.12

poBHUUaTa B Morunata [onamMa ApceHarnka

252



ATtboBa moruna npu Wunka npun. V.1.4.1

1250

1150

Kpenuaa

ATboBa mMoruna. TpumepHo n3obpaxeHue Ha M3MepeHOoTOo CbnpoTMBrieHune npu n=1 (a) u n=3 (6).
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AteoBa Moruna npw Wunka npun. V.1.4.2

KpenugaTa B ATboBa Moruna
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Morunata Ceetuua npu Lnnka npun. V.1.5.1

vt b W #:rm S O
My N e Br——— o
i i g ’*

- --._..,--—-»- - =
- ____;:m:»._,__-

MorunaTa CBeTuua, norneg ot 3anag.
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ohm. m

ohm. m

npun. V.1.5.3
Mor nnata CeeTtuua npu L unka

AB=3m
- pr.200
1400 - ——— AB=Tm
: e AB=11m
1200 — f
1000 —
800 L
] A
600 —
400 '
200 — : ‘ . — ‘ . ‘
-10 -5 0 5 10 15 20 25
m
: pr.200s
1400
_ AB=3m
i AB=5m
_ AB=7m
1200 - e aB=9m
] AB=11m
B AB=13m
1000 -
800
600 |
400
200 == S
-10 20 25

Mor nnata CeeTuua. KpvBn Ha M3M epeHOTO CHIpoTMBNeHne no npocun 2009, peaosu navepsaHus (a) n HBEC (6).
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Morunata Ceetuya npu LLnnka npun. V.1.5.4

Elev. "Svelilsa '04". " pr.2002"
516.0- Mudel resistivity wilh lopography

Tteration 10 Abs. crror — 1.4

514.0-

S120-

SHL-

508.0-

506.0 ¢

504.0-

soz.0- [N NN I N (N ] I [ O O O N .. Unlr Elecrrode Spaciag = 0.500 m.
80.3 141 222 340 250 866 1365 2150

Resistivity in ohm.m
Harizantal seals is 10.07 pixels par unit sparing

Vertical exaggeration in model section display = 1L.00
First electroda is located at -11.5 m.

Last electrode is located at 22.5 m.

Morunata CeeTuua.
[ByMepeH NHBEPCUOHEH MOAEer Ha eNnekTPUYeckoTo CbNpoTUBNeHne no npodcdun 200°,



Morunata Ceetuua npu Lnnka npun. V.1.5.5

rp06'l:|T W 2naTHaTa Macka oT Morunara Ceetuua
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npun. V.2.1.1

MomuHa moruna npu ¢. bpaTta dackanosu

MomuHa Mormna npu ¢. bpata Jackanosu. Marneq oT 3anag.
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npun. V.2.1.2

MomwHa morvna
npu c. bp. Jackanosu
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MomuHa moruna npwu c. BpaTa [Jackanosu npun. V.2.1.3

25— 25
20 20
15 15
10- 10
5- -5
£ o= 0
=~ 07 i
] r 190
-5 —-5
i C 165
-10 : :-10 £
g - 140 £
* r e
i - o
15 15
i L 115
20— —-20
: : a0
25— .05
i g.l - 65
25 20 <15 -10 -5 0 5 10 15 20 25
m

MomuHa moruna. Kapta Ha M3aMepeHoTO NPUBMOHO €NEKTPUYECKO ChMPOTUBNEHNUE MPU N=5.
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Eleu.
298.0

297.0

296 .0

295.0

294 .0

293 .0

292 .0

291.0

290.0

289.0

288 .0

MomuHa morvna npu . bpata dackanosu npun. V.2.1.4

“Momina mogila“,,"UES pr. 208-8"
Model resistivity with tepography
Iteration 5 RMS error = 1.1

28.5

KaMeHHO 12.5
CTpynBaHe

-3.50
N I B N N [T (N N R () (N O N N N . Unit Electrode Spacing = ©.500 m.
34.6 54.1 84.5 132 2086 322 503 87

Resistivity in ohm.m

[BymMepeH MHBEe pCMOHEH MOAen Ha CbNpoTUMBRAeHneTo no npocdun 208-8°
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MomuHa Moruna npu c. bpaTa Jackanosu npun. V.2.1.5

"Momina mogila”,,"UES pr. 200+1"
Model resistivity with topography
Iteration 5 RMS error = 1.3
Elev.
298.0-

5 ) rpobHULa

20.5
»‘”’”’
296 .0 : -

/
/
295.0 12-5// g5
KaMeHHO | :
204.0] CTpynBaHe o :

293.04
292.04
291.04
290.04

289.04

288.0- L
I N T (S ) O .. Unit Electrode Spacing = 6.580 m.

33.7T 50.9 T16.7 116 174 262 396 596
Resistivity in ohm.m

o . “Momina mogila”.."VES pr. 280"
Model resistivity with topegraphy
Iteration 5 RMS error = 1.1
Eleu.
298 .04

297.0] rpoBHuLa
296.04
295.04
294 .04
293.04
292.04
291 .04
290.04

289.0q

288.0-

-q--o-------m------ Unit Electrode Spacing = 0.500 n.

30. 47 72.6 1z 173 26T 413 6338

Resistivity Ln ohm.m

“Momina mogila“, ,"UES pr. 192"
Model resistivity with topography
Iteration 5 RMS$ error = 7.5
Eleu.
298.8

297 6 rpoBHKLa

296.0

295.0 12,5 wg
y,*” . /

234.0

293.0

292.0

291.8

290.0

289.0

288.0 &
I B B BN B ] 5 O O ] 5 O .. Unit Electrode Spacing = 0.500 m.
6 .2 .2 108 i 273 443 Tz

Resistivity in ohm.m

[BYMeEpHU MHBEPCMOHHN Modenu no npodunu 200+1, 200 n 192°




Eleu.

296.

295.

294,

293.

292.

291.

290.

0-

Eleu.

295.
295.
294,
294,
293.
293.
292.
292.
291.
291.
290.

Eleu.

294,

293.

292.

291

290.

289.

288.

287.

0-

0

.0y

MoMuHa Moruna npu c. bpaTa Jackanosu npun. V.2.1.6

“Momina mogila“,,"UES pr. 208/pk. 15"

Model resistivity with topography
Iteration 5 RMS error = 3.4

I N N T [ ) T .. Unit Electrode Spacing = 8.500 m.
8 9 .2 114 179 279 437 682

Resistivity in ohm.m

“"Momina mogila™,, "UES pr. 208/pk. 14"
Model resistivity with topography KaMeHHO

Iteration 5 RMS error = 1.0
-1.50 CTpyneaHe

114 179 279 437 682
Resistivity in ohm.m

“Momina mogila“,,"UES pr. 200/pk. 11"
Model resistivity with topography
Iteration 5 RM$ error = 1.4

-1.50 6.50

I N T [ ][ .. Unit Electrode Spacing = 8.500 m.
8 9 .2 114 179 279 437 682

Resistivity in ohm.m

LBYyMepHWN NHBEPCUOHHW MOAENK rno HanpedHn npodunu npes metpn 15, 14 n 11

-a--g--é-----l:l------ Unit Electrode Spacing = 0.500 m.
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MoMuHa Moruna npu ¢. bpaTa Jdackanosu npun. V.2.1.7

“Momina mogila”,,"UE$ pr. 264-64"
Model resistivity with topography
Iteration 5 RMS error = 1.1
Elev.
298.0 r

297.0
KamMeHHO

256.84 CTpyrBaHe

295.01

294 .9

293.0

292.0

291.0

290.0

289.0

288.0- : : -
[ N D (N [ [ N[ [ (N (N N . Unit Electrode Spacing = 8.500 m.
30.0 46.9 T73.2 114 179 279 437 682

Resistivity in ohm.m
Herizontal scale is 13.68 pixels per unit spacing
Uertical exaggeration in model section display = 1.50
First electrode is located at -3.5 m.
Last electrode is located at 43.5 m.

“Momina mogila”,,"UE$ pr. 248-48"

Model resistivity with topography
Iteration 5 RMS error = 1.3

Eleu.
298.0

297.0
296. 0
295. 0
294 . 0
293. 0
292. 0
291. 0
290. 0
289. 0
2g5.0. N I NN NN O () (O [ B (O (] [N (O N N B B Unit Electrode Spacing = £.500 m. -
30.0 46.9 T73.2 114 179 279 437 682
Resistivity in ohm.m
Horizontal scale is 13.68 pixels per unit spacing
Uertical exaggeration in model section display = 1.58

First electrode is located at -3.5 m.
Last electrode is located at 43.5 m.

[ByMepHN NHBEPCUOHHK Modenu rno npocunn 264-64" n 248-48°



MomuHa moruna npu ¢. bpaTta dackanosu

MpobHuuaTa B MoMWHa Moruna

npwvn

V218
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UuTawkaTta moruna npu c. bpaTta dackanoeu npun. V.2.2.1

YnTawkaTta moruna npu ¢. bpaTta Jackanosu.
Marnen oT U3TOK.
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npun. V.2.2.2

YuTtawkarta morvna npu c. bpata Jackanoeu
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YuTawkata moruna npu c. bpata Jackanoseu npun. V.2.2.3

-25 -20 -15 -10 -5 0 5 10 15 20 25

200
190
180
170
160
150
140
130
120
110
100
90

80

70

60

| T I T T T I I I 50

ohm. m

Yurawwkata moruna. KapTu Ha M3MepeHOTO NPUBKULHO €NEeKTPUHECKO CbNPOTMBNEHME NpK N=5.
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UuTawkaTta moruna npu c. bpaTta dackanoeu npun. V.2.2.4

“Chitashka mogila™,,"UES pr. 290-90"

Eleu. Model resistivity with tepography
236. 04 Iteration 5 RMS error = 1.2 -
234.0
232.0
230.0
228 .0
"
226 .0
224.0! N NN NN N O ] [ [ I [ ] [ [0 (O N BN Unit Electrode Spacing = 8.500 m. -
27.5 43.3 68.2 107 169 266 420 661
Resistivity in ohm.m
“"Chitashka mogila™,, K "VES pr. 250-50"

Model resistivity with topography

Iteration 5 RMS error = 1.5
Elev. 20.5
235.0, r
234 .0 F
233.04 F
232.91 ~ Y A N kpenuga |
231.04 ' - -
230.0 F

Kpenumaa
229.0 F
228 .0 F

-3.50
227.0 F
226 .0 v F
225.0- -
I I N N O [ [ [ I [ . Unit Electrode Spacing = 8.500 m.
3.0 37.7 61.8 101 166 271 4y T27

Resistivity in ohm.m

Horizontal scale is 13.68 pixels per unit spacing
Uertical exaggeration in model section display = 1.50
First electrode is located at -3.5 m.

Last electrode is located at 43.5 m.

NHBEPCUMOHHWM MOZEeNN Ha CBNPOTMBIEHMETO No nNpochunn 290-90° n 250-50°
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UuTawkaTta moruna npu c. bpaTta dackanoeu npun. V.2.2.5

“"Chitashka meg”,"M 1","UVUES pr. 200"
Model resistivity with topography
Iteration 5 RMS error = 1.0

Eleu.
235.0 18.5

234 .04
233.0
232.0

231.091
Kpennaa

KOpPeHHK
cKann

230.0q

229.0
228.91_g gp
227.0

226.0

225 o NN N I I (N ) [N [ [ ) (D [ Unit Electrode Spacing = 8.500 m. L
28.2 45.2 t2.6 116 187 300 481 71

Resistivity in ohm.m

Herizontal scale is 20.90 pixels per unit spacing
Uertical exaggeration in model section display = 1.25
First electrode is located at -5.5 m.

Last electrode is located at 25.5 m.

NHBepcrnoHeH mogen no npodpun 200°
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UnTawkaTta moruna npu c. bpata dackanoeu npun. V.2.2.6

“Chitashka mogila™,,"UES pr. 200/pk. 10"
Model resistivity with tepography

Iteration 5 RMS error = 1.3
Eleu.

232.0- -1.50 6.50 r

231.0
230.0
229 .0
228 .0

227.0

226 .0

225.¢) N NN N N (B ] (5 O I O (] (5 [ (O . Unit Electrode Spacing = 6.560 m. -
28.2 46.2 75.6 124 203 332 543 888

Resistivity in ohm.m

Horizontal scale is 19.07 pixels per unit spacing
Uertical exaggeration in model section display = 1.40
First electrode is located at -17.5 m.

Last electrode is located at 16.5 m.

“"Chitashka mogila”, K "UE$ pr. 200/pk. 8"
Model resistivity with topography
Iteration 5 RMS error = 0.94

Eleu. 6.50
231.0 -1.50 )

230.01
229.0
228.0
227.0

226.0

225.01 r

22y o) HEN I I N (N [ (N [ N () (D [ N N Unit Electrode Spacing = ©.500 m. -
28.0 44.4 T0.6 112 178 282 448 711

Resistivity in ohm.m

Horizontal scale is 18.91 pixels per unit spacing
Uertical exaggeration in model section display = 1.#1
First electrode is located at -17.5 m.

Last electrode is located at 16.5 m.

“Chitashka mogila",,"UES pr. 200/pk. 6"
Model resistivity with topography

Eleu. : -
231 0- Iteration 5 RMS error = 1.6 _

-1.50
230.0q
229.0
228.0

227.0

226.0

225.0

224.9-
I N T (T ) (T . Unit Electrode Spacing = 8.500 m.
8 8 62.6 101 163 263 425 686

Resistivity in ohm.m

=

Herizontal scale is 19.06 pixels per unit spacing
Uertical exaggeration in model section display = 1.40
First electrode is located at -17.5 m.

Last electrode is located at 16.5 m.

MHBEpPCHMOHHK Mogenn no HanpevHy npodounun 3-U npes metpn 10, 8 n 6
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UuTawkaTta moruna npu c. bpaTta dackanoeu

ApxBanoriuacks obakT
Yurawea morwa - ¢. bpars Jackancen

KPEMWOA HA MOMUIHWS HACHN .

Gorei

RO - e cpedes da kpenudenma

S - :

o, 2010 ¢,

Agxeanormsccim obexr.
L8RS MOIITE - G, BpE # euRe ok

PA3PE3W NPE3 MOTANHWA HACHKI, KPENWOATA ¥ KAMEHHOTO CTPYNBAHE

22475
56
PAJPE3 CEBEP - HOI"

MOTHIEN HATHIT

R
22040 20840 @ #
—
CETERAN
sl
a in
su7s
aparm LT madn e
WCTHIEN HACHI
PA3PE3 3ANAJ - MATOK 22035 e
2282 ; i, AN
il ii.] Ror
A
25 T AMEI0 GTPYTIBAHE
25 ._-;"
e G
33
&

MpadbnyHa OKyMEHTaUWA Ha pesynTaTuTe OT paskonkuTe Ha YuTalukaTa

npun. V.2.2.7

MOTrIa



Kapakoyosa moruna npu ¢. bpaTta Jackanosu npun. V.2.3.1

Kapako4yosa moruna npu ¢. bpata dackanoeun. N3rmeq oT Oro-naTok.
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npvn. V.2.3.2

Kapakoyoea moruna npu c. bpata Jackanoeu

‘(8) g=u 1 (0) g=u ‘(e) L=u auHauanLoduqad oxoarndLiauUs oHMandu oLoHadawen eH nidey "eUMIOW egonhoyedey

w "wyo w "wyo w "wyo
o o o o o o T =3 res =3 n o 0 9 w o 1w 9o v o W o v o
S © © < I S o o =) I~ B N S ~ B 3 0 o XN B o © N~ B N © K b o
I - - - - - @ o ¥ o B o~ & - = - - ~ e} ® ® ® ® a4 o & & 9= = -
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Kapako4yoBa Moruna npu ¢. bpaTta Jackanosu npvn. V.2.3.3

. wy ; “Karakoecheva mogila”,,"UES pr. 15"
Eleu. Model resistivity with topography HeraTWBHa aHoOManms

Iteration 5 Abs. error = 1.7

234.0 (MbpBKYHA MOTWNA, KIana) r

233.01

232.0

231.0

230.01

229.0

228.0

227 0. -9--3--1-----:'------ Unit Electrode Spacing = 0.500 m.

20 32 57 96.5 163 276 466 787
Resistivity in ohm.m

Herizontal scale is 18.91 pixels per unit spacing
Uertical exaggeration in model section display = 1.41
First electrode is located at -3.5 m.

Last electrode is located at 30.5 m.

“Karakocheva mogila™,,"UES pr. 12"
Model resistivity with topography

Eleu. : -
234 0- Iteration 5 Abs. error = 1.6 .

233.0
232.01
231.04
230.0q
229.01

228.0

2270 NI N BN N ] (5 [ I [ ] (0 [ (O . Unit Electrode Spacing = 8.560 m.l
8 8 57.1 96.5 163 276 466 78T

Resistivity in ohm.m

(=]

Horizontal scale is 18.91 pixels per unit spacing
Uertical exaggeration in model section display = 1.#1
First electrode is located at -3.5 m.

Last electrode is located at 30.5 m.

AHBEPCUOHHN MOZENW Ha CbNPOTUBNEHWETO No Npocdunn 15 n 12
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Kapako4osa moruna npu ¢. bpata dackanoewu

Knagata n morunkaTa Haj Hed B KapaKquBa MOruIa

npwn

V234



Moruna 1 npu c. paHut npun. V.2.4.1

Moruna 1 npwu c. [paHuT.
Marneq oT tor (2) N KAMEHHOTO CTpynBaHe 4OCTUIHAToO OT UMaHApuTe (0)
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Moruna 1 npu c. 'panHuT npun. V.2.4.2

-20 -15 -10 -5 0 5 10 15 20
| |

20 N 20

15 15

10 § 10

oo
ALK
y &

i
o . . 0 -
: S A 40.0
\ ’ 375

: B s e A 35.0

048 A RO, '%7)9 ; 325
- L (- ' 30.0

s ; : =\ 275 g

5 : : 25.0 E

-10 ° : ; 10 (125 S
: 20.0
175
15 -15 {150
125
10.0
7.5
5.0

y (m)
o
&
(o]

40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10

ohm. m
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Moruna 1 npu c. ['paHnT.
KapTn Ha n3amepeHOTO NPUBMAHO €NeKTPUYECcKo cbnpoTueneHue n=1 (a), n=3 (0).



Moruna 1 npu c. 'paHuT npun. V.2.4.3

-20 -15 -10 -5 0 5 10 15 20

y (m)

y (m)

Moruna 1 npu c. 'paHuT. 281
KapTu Ha nsmMepeHoTO NPUBUAHO eNEKTPUYECKO CbNPOTUBNEHWE N=5 (a) 1 BepTUKaNHUS MarHuTeH rpaaneHT (6).
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Moruna 1 npu ¢. [paHuT

“Granit 28187, "Nl

Elev. Model resistivity with topography
174.0 Iteration 7 Abs. error = B.4E

173.0
172.9
1716
170.0
169.9

168.0

ter.o) I N NN [N ) (N I N I ) I (N
5 T 2 160 223 327 4B B B
Resistivity in chm.m
Horizontal scale is 18 .91 pixels per unit spacing
Uertical examggerstion in model section display = 1. 41
First electrode is located at -3.5 m.
Lact electrode ic located at 38.5 m.

“Granit 20107, "M1

Eleu. Model resistiuvity with topography
1748 Iteration 6 Abs. error = B.5%

173.9
172.0
iv1.8
178.9
169.0
168.0
167.9 -

L1 | J - issjenien)  Fesiesjeies) § § J |
5 T 2 186.8 2284 327 U6 6 GB.B
Resistivity in chm.m

Horizontal ecale is 13.68 pixels per unit spaeing

Uerticel exmggeration in model section display = 1.35

First electrode is located at -7.5 m.
Last electreode is located at 39.5 m.

166.0

npun. V.2.4.4

", "UES pr. 168-368"

Unit Electrode Spacing = 0.508 w.l

", "UES pr. 200-07

Unit Electrede $pacing = 8.500 m.|

NHBEPCMOHHM MOAENM Ha CBLNPOTMBIEHNETO Mo npodcunu 160-360° n 200-0°



Moruna 1 npu c. paHut npun. V.2.4.5

- “Granit 2019",,"VES pr. 300-100" KaMeHHO
eu. Model rasistiuvity with topography
174.0 [teration 5 RHS error = 0.97 CTpyneBaHe -

173.0

172.9
171.0
170.9
169.0
168.0

167.0 fad -

166.0 5-53- ?-85- 1 ’2_ : El- z S- '; ?- % E- g 5- [ Unit Electrode Spacing = ©.500 m.
Resistivity in ohm.m

Horizontal scale is 13.68 pixels per unit spacing

Vertical exaggeration in model section display = 1.95

First electrode is located at -7.5 m.

Last electrode is located at 39.5 m.

“Granit 20197,"M1”,"UES pr. 273-7%" KaMEHHO
Model rasistiuvity with topography CprnBaHe

[teration 4 RHS error = 0.99

Elgu.
173.0

172.0

171.0

170.0

169.0

168.0

167.0 S--T---\Z_‘----I_IS--S--S-- Unit Electrode Spacing = 0.560 m. _
Resistivity in ohm.m

Horizontal ecale is 18.91 pixels per unit spacing

Uertical exmggeratior in model section display = 1.#1

First electrede is locakted at -3.5 m.

Last electreode is located at 39.5 m.

L. ) “Granit 28197,7M17, VES pr. 250-59"

Model resistivity with topography

Lteratioh 5 RHS errer = 1.1
Eleu. 14.5
173.0
172,
171,
170.

169.

168 .

167.0! N NN N NN ) () (N ([ ) [ (D . Unit Electrode Spacing = 0.500 m. L
3 T 2 18.8 22.9 32.7 3 3
Resistivity in ohm.m
Horizontal scale is 18.91 pixels per unit spacing
Uertical exaggeration in model section display = 1.#1
First electrode is located at -1.5 m.
Last electrode is located at 32.5 m.

NHBEPCUOHHM MOAENn Ha CbNPOTUBMNEHNeTO No Npodunun 300-100°, 275-75° n 250-50°
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12

nT

12

nT

284

Morwuna 1 npu c. [ paHuT npun. V.2.4.6
lpr.0 dz
1 ~——— Fit1: Linear
- Fit 2: nonMHom oT BTOpa cTeneH
/-/\ A/\ /\v’\ /\\ '"l.(\\‘ A j\ﬁ—,—c.__& A _
— Vil Tr VAREE
T T | T | T I T | | T T | T [ |
-20 -15 -10 -5 0 5 10 15 20
m
Fit 1: Linear

Equation Y = 0.01816792085 * X - 0.2575185559

Fit 2: nonMHoM OT BTOpa cTeneH
Equation Y = 0.2416814625 + 0.01769990255 * X - 0.003744146393 * pow(X,2)

pr. -5 dZ
. Fit 1: Linear
- Fit 2: nonMHoM OT BTOpa cTeneH
-I-A /L—M\\ JrJ\",H-\\ . S—— /\ N\
\vg \/ 7 \AJ 1% " W
[ I [ I [ I [ I I [ T I T [ 1
-20 -15 -10 -5 0 5 10 15 20
m
Fit 1: Linear

Equation Y = 0.004197065109 * X + 0.09069601347

Fit 2: nonMHoM OT BTOpa cTeneH
Equation Y = 0.5372506726 + 0.003778403762 * X - 0.003349290775 * pow(X,2)

KpuBuK Ha BEpTUKanHWs r pagueHT Ha Ma r HATHOTO none no npodunm 0 (a) u -5 (6)



Moruna 2 npu c. paHuT

npun. V.2.5.1

Moruna 2 npu c. lpaHuT. Narneg oT tor.

285



Moruna 2 npwu c. [panut npun. V.2.5.2

-20 -10 0 10 20
\

ohm. m

-20 -10 0 10 20
|

ohm. m

T I : ! : T I
-20 -10 0 10 20

286 x (m)

Moruna 2 npwu c. 'paHuT.
KapTu Ha n3aMmepeHoTO NPUBMAOHO eNEKTpMYecko cbnpoTueneHne n=1 (a), n=3 (6).



npun. V.2.5.3

Moruna 2 npu c. Npanut

14
10
-1000

—20
—10

1d 53N

20
20

10
10

-10
-10

|

-20

-20
|

20—

10-{@o ¥

20

10

-10

|
-20

20—

287

X (m)

Morvna 2 npw c. ['paHunT.

5 (a) 1 BepTUKaNHWA marHuTeH rpaguenT (6).

KapTI/I Ha N3MepeHoTo NPUBUAHO enekTpnyecko CbnpoTUBNeHne n



Moruna 2 npu c. [paHuT npun. V.2.5.4

"Granit 2070" "H2","UES pr. 320-120"

Hodel resistivity with topography
Iteration S5 RHS error = 1.6

Eleu.
173.06-

173.

172.

171,

178,

L 1 0 1 | Jeshfes]l Jesimmloayesy § | | | Unit Electrode Spacing = ©.56€ m.
163.8- 727 11.0 16.6 252 38.1 S¢.6 BT.2 132

Registivity in ohm.m
Horizontal ecale is 18%.91 pixels per unit epacing
Uertical exaggeration in model section display = 1.85
First electrode is located at -8.5 m.
Last electrode is located at 33.5 m.

"Granit 2070" "H2","UES pr. 3e0-10@"
Elsu. Hodel resistiuity with topography
176.8- Iteration 5 RM3S error = 1.1

-~

166.6- | NN I NN [ ) () I N [ [ [ Unit Electrode Spacing = ©.580 m.
I .6 25.2 38.1 57.6 8T.Z2 132

Resistivity in ohm.m
Horizontal scale is 13.68 pixels per unit spacing
Uertical exaggeration in model secticn display = 1.95
First electrode is leocsted at -5.5 m.
Last electrode 1s located at #1.5 m.

“Granit 2010, "H2","UES pr. 270-78"
Hodel resistiuity with topography
Iteration 5 RMS error = 1.4
Elsu.
175.6-
174.06-
173.06-
172.06-

17.8-

178.08-

189.05- a2
L 00 1§ ssjeoion) Jesfmsioages) § § 1 | i ing =
7 @ 16.6 25.z 38.1 76 37.2 132 Unit Electrede Spacing = €.500 m.

Resistivity in chm.m
Herizental secale is 18.91 pixels per unit spacing
Vertical exaggeration in medel sectien display = 1.#1
First electrode is located at -0.5 n.

Last electrade is located at 3Z.5m

"Granit 2010","H2","UES pr. 208-8"
Hodel resistivity with topography
Iteration 5 RMS error = 0.98

Eleu.
175.8-

174.06-
173.06-

172.06-

N B . T O O T O ... Unit Electrode Spacing = 0.560 m.
7.2t 118 16.6 252 381 57.6 8F.2 132

Resistivity in chm.m
Horizontal seale is 13.68 pixels per unit spacing
Uertical exaggeration in model section display = 1.95
First electrode is lecated at -5.5 .
Last electrode is locatad at 41.5 m.

168.0-

a8 MNHBEPCMOHHM MOAENM Ha CHNPOTUBNEHUETO Mo npodunu 320-120°, 300-100°, 270-70° n 200-0°
2



nT

nT

16

12

16

12

Mor una 2 npu c. ['paHuT npun. V.2.3.5

pr. 200-0 — dZ
Fit 1: Linear

~  Fit 2: nonuHom oT
BTOpa CTeneH

175
174 —~
173 £
172 ©
T T | T T T T T T T 171
0 5 10 15 20 25 30 35
] pr. 300-100 — 4z
Fit 1: Linear
~  Fit2: nonuHom oT
BTOpa CTeneH
\/\/ \ W
175
174 —~
173 £
172 <
I ' ' T T T T T T T 171

KpuBM Ha BEpPTUKanNHWs r pagveHT Ha Mar HUTHOTO none no npodunu 200-09 u 300-1009
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Morvna 1 npu ¢. Kabune npvn. V.3.1.1

Moruna 1 npu c. Kabune, nsrneg ot U3TOK.
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npun. V.3.1.2

Moruna 1 npu c. Kabune

(@) ¢=u u (B) |.=u udu suHsLauLoduqo oxdarMdisLrd oHMandu oLoHadaweN BH nidey|
‘aumgey 0 udu | BUMION

201



npun. V.3.1.3

Moruna 1 npwu ¢. Kabune

‘(9) LHeunTedl HaLMHIEW BUMHUENKLdEE 1 (B) g=u ndu anHauanLodudd oxoahndieus oHTMandu oLoHadawen eH uidey
‘aumgey o udu | eUMIOp

W "wyo 1u

100
90
80
70
60
50
40
30
20
10
10
20

-100

. aHomanus
Hap rpoboBeTe

15 20

10

-15 -10

-20

202



Moruna 1 npu ¢. Kabune npvn. V.3.1.4

"Kabyle ©3","M 17,"VES pr. 200-8"

Elevation Model rasistiuity with topography
[teration & RHS error = 2.3

5.00

-1.09

-2.09

-3.00

n®
=
El

esistivity in ol
Unit Electrode Spacing = 1.08 n.

T : “Kebyle 08”."M 17 "UE$ pr. 150-3507
Fleuation Model resistivity with topography

5.00 Iteration 8 RMS error = 1.5

—1.08

-2.00

-3.00

T (N ] ..
1g.e 15,4 23.B 3I6.4 S5.8 €5.8 132 203
Resistiuity in ohm.m

Unit Elactrode Spacing = 1.89 m.

Morvna 1 npu c. Kabune.
NHBEPCMOHHM MOAENM Ha CbNPOTUBNEHNETO Mo npocunm 200-0° n 150-350°.
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Mor una 1 npu ¢. Kabune npun. V.3.1.5

100
Cabyle ot
1M 1, magnetic data

1pr.0

peanHa Kpuea
nonMHom ot 47@ cTenex
—————— ogTaTb4yHa Kp1Ba
Fit 1: Linear

50

nT

o
/
™
AN

AN
E J
/

—1 00 T T T T T T T T T T T T T T T T T T T T T T T T T T T
-20 -15 -10 -5 0 5 10 15 20

[MonuHoM OT YeTBBPTa CTEneH
Y =4.86891047 - 1.826837974 * X - 0.269152335 * pow(X,2) + 0.004144013032 * pow(X,3) + 0.00041691384 * pow(X,4)

Mor vna 1 npu c. Kabune.
KpuBM Ha U3M ePEeHUA Mar HUTEH I paaneHT, NONMHOMET OT 4-Ta CTeneH U ocTaTbYHOT O none no npodwmn O.
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100

Morwuna 1 npu c. Kabune

npun. V.3.1.6

Cabyle 0

M1, magtt:etic data

pr. -3

eanHa Kpue
ONUHOM OT 4
cTarTb4yHa K

A
8 cTeneH
bBa

nT

nT

m o 3T

t 1: Linear

50

)
\

-\/A\/

)
v

100+

-20 -15 -10 -5 0 5 10 15 20
m

[MonuHOM OT YeTBbpTa cTeneH
Y =-1.003983822 - 1.748531944 * X - 0.2321920618 * pow(X,2) + 0.004591477777 * pow(X,3) + 0.0004018907006 * pow(X,4)

100
{Cabyle 08 S— anHa Kpuea
1M 1, magnetic data ;
lor. - —_— NONMHOM OT 472 cTeneH
pr. — TaTBYHa KpUBa
T it 1: Linear
50

_S@/

/

S0 1
-20 15 -10 -5 0 5 10 15

m
[MonuHoM OT YeTBbpTa CTeneH
Y =-0.5367195515 - 1.145469157 * X - 0.2903330257 * pow(X,2) + 0.002169278311 * pow(X,3) + 0.0004926207535 * pow(X,4)

20

Morwna 1 npu c. Kabune
Kp1BKM Ha 3MepeHns Mar HUTEeH I paaueHT, NONMMHOM BT OT 4-Ta CTeneH U 0CTaTBYHOTO Mone Mo npodunm -3 M2195



2906

150

100

50

-100

-150

[MonvHomM OT YeTBBPTA CTEneH

Mor una 1 npm ¢c. Kabune

npun. V.3.1.7

1Cabyle Ot
1M 1, magnetic data — peanHa kpusa
1pr. 5 — MOMMHOM OT 472 cTeneH
i — OCTaTBYHa KpUBa
j rpob — Fit 1: Linear
| / |
| N A ,—/‘ A, /\
\ N
-20 -15 -10 -5 0 5 10 15 20
m

Y =7.297720668 - 1.611698602 * X - 0.567627795 * pow(X,2) + 0.005713994453 * pow(X,3) + 0.00132161126 * pow(X,4)

Morwuna 1 npu c. Kabune.
KpuBM Ha M3M epPeHUs M ar HATEH I pagWeHT, NOMUMHOMBT OT 4-Ta CTENeH U OCTaT b4HOTO none
no npodoun 5 npes Mar HUTHaTa aHOMANKS B KOT OM3TOYHATa 4acT Ha Mor unarta.



Moruna 1 npu c. Kabune npun. V.3.1.8

o 3 13 4 g — e by +* + g ge
& + + + + S5
aF + + + + +
& + + + + +
il f + + + +
ot + + + + +
'}T\'l I
Tt A= ik e ot s
AV CTIAICHSY, 10T 4, OBE KT 6
HEPTEX TAXMMETPHYHO 3ACHEMAHE
i + + + + o + + NALAD e —1" M 1200
M3MQTBKWN | O-P BEHETA XAHDICMINCKA ‘MTA J 18.5.2009

Moruna 1 npu c. Kabune. MnaH Ha apxeonorndecknTe CTPYKTYpU paskpuTK NPKU paskornknTe.
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Moruna 1 npu ¢c. Kabune

-20 -15 -10 -5

0

5 10 15 20

_aHomanus
Hap rpoboBeTte

-20 -15 -10 -5

0
m

5 10 15 20

npun. V.3.1.9

ohm. m

ohm. m

Morvna 1 npu c. Kabune.

KapTn Ha pe3ynTtaTtute OT NOMMHOMHAaTa perpecus no BCUYKM AaHHW OT U3MepBaHUATa (a) M Ha OCTaTb4YHOTO MarHUTHO none (6)



Moruna 2 npu ¢. Kabune npvn. V.3.2.1

Moruna 2 npu c. Kabune, nsrneg ot HOronaTok.
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npun. V.3.2.2

Moruna 2 npwu c. Kabune

‘(9) £=u 1 (B) | =u ndu snHaLranLoduqao oxoahndLieLs oHTuandu oLoHadawen eH ULdey "auMgey 0 udu g eLmIol

w "wyo
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Moruna 2 npu ¢. Kabune
| | _ | _ \ |
20+ -
10 -
0_ -
-10+ B
-20 -
-20 -10 0 10 20
m

Moruna 2. Kapta Ha M3mMepeHoTO NPUBUOHO €NEKTPUYECKO ChNPOTMBRAEHWE Npu N=5.

npun. V.3.2.3

30
28
26
24
22
20
18
16
14
12
10

ohm. m
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Moruna 2 npu c. Kabune npun. V.3.2.4

"Kebyle '08"."M 2" "UES pr. 348-140"

X Hodel resistivity with topography
Eleuation rieration 5 Abs. error = 0.52

8.00
7.00
5.00
5.00
4.00
3.00

2.00

72-00° N [ ] ] [ [
T.3% 11.@0 16.5 24.8 37.3 56.0 384.0 126
Resistivity in ahm.m
Unit Electrode Spacing = 0.500 m.

"Kabyle '08" . "M 2" "UES pr . 286-80"
. Hodel resistivity with topagraphy
Elevation Iteration 5 Abs. error = 1.7

8.00
7.00
6.09
5.00
4.00
3.00
2.00
1.00
]

-1.08

O -z

Unit Electrode $pacing = ©.500 m.

“Kabyle '08" "M 2" "UES pr. 208-0"
Hodel resistivity with topagraphy
Iteration 5 Abs. error = 2.4

Eleuation
T.00
6.06
5.08
4.08
3.008

2.00

-1.00

B -2.00

Pegistivity in chm.m

Unit Electrode Spacing = ©.500 m.

MNHBEpPCMOHHWM MOZenu Ha cbnpoTuBeHneTo no npocunun 340-140°, 280-80° n 200-0°.
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Moruna 1 npu c. Kpywape npun. V.4.1.1

Morvna 1 npu c. Kpywape 1 rpobbsT OTKPUT B HEA
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Moruna 1 npu c. Kpywape npun. V.4.1.2

ohm. m

110

100

90

80

70

ohm. m

60

50

40

30

20

|
-20 -10 0 10 20

304

Moruna 1 npu c. Kpywape. KapT Ha namepeHoTo NpMBUOHO EMEKTPMYECKo CbNpoTUBneHue npu n=1 (a) n n=3 (6).



Morvna 1 npwm . Kpywape

| 392 0 8 |

376 4 T N
’ ’ w+s
20—
336
328

10520

i

304,

0
296
488, . -
280, - *
10—
272, -
2%4
204
| I | I T
-20 -10 0 10 20
m
Moruna 1. KapTa Ha M3MepeHOTO NPUBMAHO ENEKTPUYECKO CbNPOTUBMEHKe Npu N=5.

npun. V.4.1.3

110
100
90
80
70

60

ohm. m

50

40

30

20

10

305



306

Moruna 1 npu c. Kpywape

; “Krushare'08" "M 3" "UES pr. 203-8"
Eleuation Model resistivity with topography

159 Iteration 5 RMS error = 1.3

158 5 e
157
156
155
154
153

152

150

1497 N NN N [0 (O (O ([T D NN N
6.16 9.93 16.8 25.8 41.5 66.3 108 174

Resistivity in ohm.m

Horizontal scale is 8.88 pixels per unit spacing
Uertical exmggeration in model section display = 3.09
First electrods is located at -5.5 m.

Last electrode is located at 67.5 m.

"Krushare'08","M 3" ,"UES pr. 152-352"

Elevation Model resistivity with topography
159- Iteration 5 RMS error = 0.99

158&-
157

156-

24.2 374 58.0 89.
Resistivity in chm.m

Horizental scale is 10.80 pixels per unit spacing
Uertical exaggeration in model section display = 2.85
First electrode is located at -2.5 m.

Last electrode is located at 57.5 m.

npun. V.4.1.4

NbpBHUYHATA
Morina

Unit Electrode Spacing = B.588 n

NbpBHUYHATA
Morina

Unit Electrode Spacing = ©.500 m.

Moruna 1. MHBe pCMOHHU MOZenn Ha CbLAPOTUBNEHUETO No npodunu 200-0° n 152-352°.



Moruna 2 npu c. Kpywape npun. V.4.2.1

Moruna 2 npu c. Kpywape, uarneg ot 3anaa.
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Moruna 2 npwu c. Kpywape npun. V.4.2.2

ohm. m

ohm. m

\ - T -
-20 -10 0 10 20

Moruna 2 npu ¢. Kpywape.
KapTn Ha usMepeHOTo NPUBMAHO eNekTpMYecko cbnpoTueneHune npy n=1 (a) n n=3 (6).



Moruvna 2 npwm c. Kpywape npun. V.4.2.3

20

10

140
130
120
110
- 100
-10+
90
80
70
60
20
50

40

30

20

Moruna 2. KapTa Ha M3MepeHOTO NPUBMAHO eNeKTPUYECKO CbNPOTHBIEHKE Npu n=5.

ohm. m
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Moruna 2 npu c. Kpywape npun. V.4.2.4

"Krushare U87,"AM 2", "VES". "pr. LEE"

Model resistivity with (upography
Trcration 5 Abs. crror — 0.37

Llevation

£.00

4.00

on
-1.00
-2.00
.00
-
-4.00- N I N N [T [ [ ) (O .
122 188 2S5 437 668 102 157 240
Rewistivity in ahm.m

Unit Tlectrade Spacing = 0.500 ni.
Tarizantal scale is 19.06 pixels per unif spacing
Verlical exagyeration in muilel sectivn display — 1.50
Flrst electrode is Iocated at -12.5 m.
a Last clectrode is locatcd at 2

"Krnshare U8, N1 2","VES", "pr. 18§ "
Model resistivity with (upography

Elevalion Ttcration L0 RMS crror — 0,74

2.00.

-2.001

-3.00

—
-z.oul N I N T [ O O .

91 15.2 237 306 6.5 5.3 135 204

Resislivily in ohm m

Uit Elecirude Spacing — 0.500 m_
TMarizantal scale is 18.91 pixels per mnif spacing
Vertical exaggeration in model section display = 1.41
First clectrode is located at 12.5 m.
6 Last electrode is located at 215 m.

“Krushare 08" "M 27, "UES” “pr. 184" " HSch”
Hodel resistivity with topography
Iteration & RMS error = 1.3
Eleu.
5.e8

-2--3--I3_1----I_1--6--1-- Unit Electrode Spacing = 0.506 m.

48.2 4.2 114 17
Resistivity in ohm.m
Horizontal scale is 18.21 pixels per unit spacing
Uertical exaggeraticn in model sectien display = 1.#1
First electrode is located at -8.5 m
B Last electrode is located &t 25.5 m.

27

Moruna 2. MHBe pCMOHHU MOZENN Ha CLAPOTUBNEHUETO No npodunu 188° n 184°
npes aHoManuaTa B KOXHaTa nepudgepna Ha MorunaTa

310 (a n B - cxema LUntomBepxe, 6 - TpUenekTpoaHa cxema).



Moruna 2 npu c. Kpywape npun. V.4.2.5

“Krushare 08"."M 2"."VE$"."pr. 188 pk. 2"
Model resistivity with topugraphy

Flevation Iteration 6 Abs. crror — 0.83
1.50- -0.500
Lou*

0.500- 0.5

0.0-

250"
2,00
3.50-

400 [ I NN N (N [T D [ B O NN N
254 360 523 4B w7 152 28 312

Resistivity in ohm.m

Unit Electrode Spacing = 0.500 m.
Horizontal scale is 15,91 pixels per unit spacing
Vertical exaggeration in model section display = 1.51
First elactrnda is located af -16.5 m.
Last electrode iz located at 17.5 m.

"Krushare 08" "M 2" "UES" "pr. 188 pk B8"
Model resistivity with topography
Iteration § Abs. error = 0.73
Eleu. B
0.500- -3.50 ‘ B:380 7.50
.65 e T sy NN 15.5
9.e- e

— .

-0.560-
-1.60
-1.50-
-2.60-
-2.50-
-3.80-
-3.50-
-4.60-

I I I N T T .

22.1 3z.0 6.1 6.6 96.2 139 201 299
Resistivity in chm.m

Horizental scale is 37.82 pixels per unit spacing

Uertical exaggeration in madel seetion display = 1.51

First electrode is located at -1€.5 m.

Last electrode is located at 17.5 m.

Unit Electrede Spacing = 1.€08 n.

=

"Krushare 08","A 2","VES","pr. 188 pk. 2"
Depth Tieralivn 7 Abs. error — 0.34 %
6.5

0.125]

0637

i

1.24]
1.59.
198
2.40
2.87.

.38,

3.04.
Tnverse Model Resistivity Section
I I N T R . . [ [ I . . .
178 26.3 38.9 575 0 125 186 273

Resistivity in ohm.m Tnit electrode spacing 0.500 m.

-1 -8.50 -0.500 .50 155 m.

Morwna 2.

NHBEPCMOHHM MOAENMW Ha CHNPOTUBNEHMETO Mo Npocdunm 2, 0 1 -2 NepneHAUKYNSpHM Ha np. 188°.
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Moruna 3 npu c. Kpywape npun. V.4.1.1

Moruna 3 npu c. Kpywape, uarneg ot 3anaa.
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Moruna 3 npwu c. Kpywape npun. V.4.3.2

220
205
190
175
160
145
130 E
15 g
100 S
85
70

55
40
25
10

80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

ohm. m

Morvna 3. KapTu Ha u3amepeHoTO NpMBMAHO eNeKTPUYeCKo cbnpoTuanernwe npu n=1 (a) n n=3 (6).
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Moruna 3 npwm c. Kpywape npun. V.4.3.3

25—

15—

VES

-15—

-25-

I | T . T ) I T
-25 -15 -5 5 15 25
m

Moruna 3. KapTa Ha n3aMepeHOTO NPMBULHO ENEKTPUYECKO CLNPOTUBNEHNE NPpK N=5.

62
58
54
50
46
42
38
34
30
26
22
18
14
10

ohm. m



Moruna 3 npu c. Kpywape npun. V.4.3.4

"Krushare'o8" ,"M 1","UES pr. 200-0"

Eleustion Hodel resistivity with topography
5.00 Iteration 5 Abs. error = 0.53

4.00

-1.08

-2.00

I I T O (O ..
_3.pp) 5.99 18.1 16,9 284 477 8E.2 135 227
Resistivity in ohm.m
a uUnit Electrode $pacing - ©.500 m.

"Krushare 98" "M 1","UES","pr. 38@-108 "
Hodel resistivity with topography
Eleustion Iteration 5 Abs. error = 8.54

6.00
5.00
4.00
3.00

2.00

_4.00 I N | (N NN ) [ ..
. T.e6 12.T 23.0 #1.4 T4 T 135 243 439
Resistivity in ohm.m
6 Unit Electrode Spacing = 0.500 m.

“Krushare‘o8","M 1" ,"UES pr. 32a@-120"
Model resistivity with topography
Elevation Iteration 5 Abs. error = 0.58
5.00
5.00
4.00

3.00

-1.00

"2.00° (.
§.08 13.4 221 36.4 80.2 935 164 272
Resistivity in ohm.m
B Unit Electrode Spacing = ©.588 n.

Moruna 3. MiHBe pCMOHHN MOZENN Ha CbMpoTUBNEHWeTo no npodunu 200-0° | 300-100° n 320-120°,
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Moruna npu rp. Onaka

Lo
H\\%\ ‘925
N

,Z
v

=\
ﬁﬁn’\\\%\uj
TG
L

0 5 10 15 20 25

_/

MorvnaTa npw c. Onaka - narneg ot M3ToK (a) u nnax (6) Nnpegn paskonkuTe

npwn. V.5.1



npun. V.5.2

Moruna npu rp. Onaka

25

20

15

10

“+

o
™

1] o
N N

15

10

/7

1117/

.

L

i
\

o
3]

i

I

2l

Il

\

7
N\

!

i

/@

=

)

o
™

1] o
N N

15

10
5

25

20

15

10

25

20

W "wyo

317

1 (6).

MnaHbT Ha morunaTa (a) M KapTa Ha naMmepeHoOTO NpUBUAHO CbNpOTUBIEHWE MNMPU N

Morunata npu c. Onaka.
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Moruna npu rp. Onaka

KapTn Ha nsmepeHoTO NpUBMAHO CbNpOTUBEHWE Npu n=2 (a) n n=3 (6)

npun. V.5.3

ohm. m

ohm. m



Moruna npu rp. Onaka npun. V.5.4

ohm. m

ohm. m

KapTu Ha naMepeHOTO NpUBUAHO CLNPOTMBENEHME Npn N=4 (a) n n=5 (B6)

319



Moruna npu rp. Onaka npun. V.5.5

ohm. m

ohm. m

320 KapTu Ha namepeHoTO NPUBUOHO CbNPOTMBNEHME Npu N=6 (a) n n=7 (6)



Elev.
3.00

-1.00

-2.00

-3.00

Eleu.
3.00

2.50

2.00

06.500
6.0
-6.500
-1.00
-1.50
-2.09
-2.50

Elsu.
3.00

2.50

2.00

0.500
6.0
-6.500
-1.00

-1.50

Moruna npwu rp. Onaka npun. V.5.6

. . "Qpaka” "UES dp-dp” pr. @
Model resistiuvity with topography
Lteration 5 Abs. error = B.72
-2.50

— 5.50

—

Unit Electrode Spacing = ©.500 n.

®

27.6

-2.00

Eleu.
3.90

2.50

2.00

0.500:
6.0
-0.500
-1.00
-1.50

-2.00

I N T [ (O O T ..
@ 3 g 3.7 2 a .3
Resistiuity in ohm.m

- : “Opaka”"UES dp-dp”Tpr. 17
Model resistiuvity with topography
Iteration 5 Abs. error = B.46

-2.59

e e 5.50 r

e

I T N O N TS (T .. unit
20,0 22.3 24.8 276 307 342 380 H2.3
Resistiuity in ahm.m

Electrode Spacing = 0.500 m.

L. . “OUpaka” "UES dp-dp”Tpr. 27
Model resistiuvity with topography
Lteration 5 Abs. error = B.42

-2.50
R 5.50 r

N BN BN N N T [ O O O O e . Unit Electrode Spacing = 0.569 m,
0.0 22.3 248 27.6 30.7 .2 38,8 42.3
Resistivity in ohm.m

. . “Opaka” "UES dp-dp”Tpr. 3"
Model resistiuvity with topography
Lteration 5 Abs. error = B.4S
-2.590

- ‘ 5.50

Unit Electrode Spacing = 0.580 m.

Resistiuity in ohm.

PeaynTaTv oT ABYMEpPHOTO UHBEPCUOHHO MogenupaHe no npocgpunu 0-3
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©.500
0.0
-0.500
-1.09
-1.50

-2.09

Elau.
3.50

3.00
2.50

2.00

0,500
6.0
-@.500
-1.00
-1.50
-2.90

Elav.
3.50

3.00
2.50
2.00

0.500:
6.0
-0.500
-1.90
-1.50
-2.00

Morvna npwu rp. Onaka

. . “Opaka” "VEF dp-dp”Tpr. 4
Model resistiuity with topography
Lteration 5 Abs. error = 0.73

-2.590
[E

Unit Electrode Spacing = 0.580 m,

°N 27.6
Resistiuity in ohm.

I T [ O O ..
a .3 3 397 2 a .3
Ll

“Opaka” "UES dp-dp”“pr. 57
Model resistivity with topography
Iteration & Aks. error = B.38%

-2.590
L B

5.50
_—

e e e

Unit Electrode Spacing - ©.500 m.
0. 27.6

Resistiuity in ohm.

L L L 1 | esjonien) peeimspeefesd § § J |
@ .3 g 39.7 2 a .3
n

- : “Opaka” "VEF dp-dp”“pr. B
Model resistivity with topography
Lteration & Abs. error = B.43

-2.590 5.50
[

npun. V.5.7

HENEENC
.0 s g

=
30,7

=
34

[
2

=
38

NN
g ug.a

Resistiuity in ohm.m

“Opaka™ "UES dp-dp”Tpr.
Model resistivity with topography
Eleu. Iterztion %4 Abs. error = 0.7§

7

NN W

50
.90
.50
]

-2.590

(I —

5.50

Unit Electrode Spacing - 0.580 m.

Q.500
6.0
-6.500
-1.09
-1.50

Unit Electrode Spacing - 0.580 m.

Resistiuity in ohm.

PeaynTaTv oT ABYMEpPHOTO UHBEPCUOHHO MoAenupaHe no npogpunu 4-7




Moruna npwu rp. Onaka npun. V.5.8

L. . “Opaka” "VUES dp-dp”Tpr. 3"
Model resistiuvity with topography
Lteration 5 Abs. error = 1.8
Elau.

3.50,-2.50 5.50 .
SR e s e o o, ‘

3.00 i T 13.5 L

2.50

2.00

0,500
0.0
-0.500

-1.90

-1.50 i
L L 0 1 I fomieioel  foehpmaeeioed §§ § | i ing =

0 3 6 276 0.7 342 350 42.3 Unit Electrode Spacing = 0.500 m.

Resistivity in ohm.m

Horizontal seale is 18.91 pixels per unit spacing

Vertical exaggeration in model section display = 1.88

First electrode is located at -2.5 m.

Last electrede is located at 31.5 m.

@

-y : “Opaka”"UES dp-dp”Tpr. 97
Model resistiuvity with topography
Iteration 5 Abs. error = B.68

Elev.
3.50,°2.50 5.50 -
3.00
2.50
2.00
1.50
1.90
0.500
6.0
-6.500
-1.00
-1.50 .
L L 0 1 - fmmieeien) Jeeieioaieed § 1§ ] Unit Electrode Spacing * ©.580 m.
28.0 2.3 24.8 2.6 39.7 342 3808 H2.3
Resistiuity in ohm.m
o ) “Dpaks""VES dp-dp~ pr. 10"
Model resistiuvity with topography
Lteration & Abs. error = 0.52
Elav.
3.50,72.50 350 e
A - I 13.5
3.00 r
2.50 r
2.00 r
1.50 r
1.90
0.500 r
6.0 r
-0.500 r
-1.00 r
-
-1.50 &
L L 0 1 o jmmieeien) Jeeimefeeieed § 1§ Unit Electrode Spacing * ©.580 m.
8.8 22.3 4.8 27 B 390.7 342 388 42.3
Resistiuity in ohm.m
“Opaka”"VES dp-dp”pr. 11"
Model resistivity with tepography
Iteration € Aks. error = 0.35
Eleu.
350,258 . % r
S e — 13.5
3.00
2.50 r
2.00 r
1.50 r
1.80
6.500 G
6.0 r
-0.509 r
-1.00 r
©1.507 N [ [ N N [ [ . Unit Electrods Spacing = 0.500 m.
20.0 22.3 4.8 27.6 39.7 .2 38,0 H2.3
Resistivity in ohm.m

PesynTaTu oT ABYMEPHOTO UHBEPCUOHHO MoAenupaHe no npocdpunm 11-8
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Moruna npwu rp. Onaka npun. V.5.9

“Opaka” UES dp-dp”Tpr. 12°

Model resistivity with tepography
Elsu. Lteration 7 Abs. error = 8.33
4.00 r
5.50

3.50|"2 .59
3.00
2.50

2.00

6.500

u.o
-6.500
-1.09 I

I I T [ (N O [ O . Unit Flectrode Spacing = O 580 m
8 3 8 30.7 3.2 380 42.3
L}

in ohm.

-1.50

S |
8

Recistivit

frs

“Opaka™"UES dp-dp”pr. 13"
Model resistivity with topography aHoManM B UEHTBPAa

Elgu. Iterztion €& Abs. error = ©.36 Ha Mornnara

4.00 : e
-2.58 3 By 13.5

3.50
3.00
2.50

2.00

29.5

-
!
L\;\w\_

@.500

6.0
-0.500
-1.00 43 r

-1.s0! SN I N N N T (O O B OO0 [ O [T BN B i . Unit Electrode Spacing = 0.580 m. -
2.8 223 248 8 7 E] 3

Res

£ol
0 =

3a
tivity

“Opaka”“VES dp-dp” pr. 14"
Model resistivity with topography
Elau. I[terztion 6 Abks. error = 0.36
4.00

5.50
. B LR N v R s 3

oy

-2.%0
3.504 .
3.00
2.50

2. 0o

©.500
6.0

-6.500

-1.09 - L
-1 5ol NN N N N T [ O O [ O T . Unit Electrode Spacing = 0.560 m. -
a 3 3 3.7 2 a 3
n

=

Resistivity in ohm.

“Opaka”"UES dp-dp”“pr. 15"
Model resistivity with topegraphy
Elou. Iteration 6 Abs. error = B.37
4.00 50
-2 50 B 7 ] 13.5
e
[2¢] lll

58

NN W

.00

.50
29 5
~

N
0.500 ')\‘“
6.0

-9.508
-1.00 &

I N I [ O O ] O O B .. Unit Electrode Spacing = §.500 n.
20.0 22.3 24.8 27.6 30.7 34.2 38.0 42.3

Resistivity in ohm.m

PesynTaTu oT ABYMEPHOTO UHBEPCUOHHO MoAenunpaHe no npodpunm 12-15
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[o¢]
3.50
3. 00

~

.50

N

8o

Q.500
8.0
-0.500
-1.00

-1.50

1.50

0.500
8.0
-0.500
-1.00
-1.50

Q.509
a.o
-0.509
=1.00

-1.50

Elsu.
3.50

20
50

NN W

[orc]

.50

0.500
8.0
-0.500
-1.00
-1.50

Moruna npwu rp. Onaka

o ) “Opaka” "VES dp-dp~“pr. 16
Model resistiuvity with topography
Lteration 5 Abs. error = B.4S

-3 58 5.5 13.5

A

N . T O T ...
28,8 22.3 24.8 27.6 30.7 342 380 H2.3
Resistiuity in ohm.m

o ) “Dpaks""VES dp-dp  pr. 17"
Model resistiuity with topography
Lteration & Abs. error = 0.40

-2.50 5.30 13.5

>

Resistivity in ohm.

“Opaka”“VES dp-dp" pr. 18"
Model resistivity with topography

[teration 6 Abs. error - B.37 HWBO Ha
-3 58 5.50 APEBHWA TEPEH .
S e O

s

S e

Resistiuity in ohm.

Model resistivity with topography
Iteration € Aks. error = 0.43
-2.50 339 13.5

1
— e —_—

npun. V.5.10

Unit Electrode Spacing = ©.500 n.

> L

Unit Electrods Spacing = 0.580 m. -

Unit Electrode Spacing - ©.580 m.

Unit Electrode Spacing = 0.500 m.

PesynTaTu OT ABYMEPHOTO UHBEPCUOHHO MoAenupaHe no npocdunun 16-19.



Moruna npwu rp. Onaka npun. V.5.11

“Dpaka""UES dp-dp”Tpr. 20"
Model resistivity with topography
Iteration € Abs. error = B.47
Elau.
3.50,°2.50 5.50 .
S 13.5

3.00
2.50

2.00

6.500
a.n

-0.500

-1.00 r

-1.50" . T O O O . Unit Electrode Spacing = 0.560 .
2] 2 g 3.7 2 <] 3
L]

Resistiuity in ohm.

“Dpaka""VES dp-dp”pr. 21"
Model resistivity with topography
- Iteration 5 Abs. error = 0.49 HUBO Ha
eu.
3.50,-2.58 5.50 APEBHWA TEpeH .

e

———

3.00
2.50

2. 80

Q.500
a.n
-Q.500

-1.00

-1.50 g
L L L 1 o mmieeion)  Jeeieefoaeed § ] § Unit Electrode Spacing * ©.589 m.
@ 3 g 3.7 2 a 3
n

Resistiuity in ohm.

“Opaka""VES dp-dp”Tpr. 22"

Model resistivity with topography
Lteration & Abs. error = 0.52
Eleu.
3.509-2 58
3.00
2.50
2.00

1.50

0.500:
u.o
-0.500

-1.09

-1.50 &
-3--3--5---%?-I:2--B--3-- Unit Electrode Spacing = 0.580 m.

“Dpaka""UES dp-dp”Tpr. 23"
Model resistivity with topography

Elgu. [teration 5 Abs. error = 9.57

-2.50 5.50

80 :

.50

NN W

.0

.50

0.500
6.0
-0.500
-1.90

-1.50

I I T [ (O T .. Unit Electrode Spacing = 0.500 m.
a 2 g 39.7 2 a 3
Ll

Resistiuity in ohm.

PesynTtaTi OT ABYMEPHOTO MHBEPCUOHHO MogdenupaHe no npodunun 20-23



Moruna npwu rp. Onaka npun. V.5.12

"Opaka""UES dp-dp""pr. 24"

Model resistivity with topography
Eleu. Iteration 5 Abs. error = 0.5%
3.50

3.00

-2.50

2.50
2.00

0.500:
0.0
-0.500
=1.00

-1.50
-2 0o, 1 NN N BN N ) () (O O O ]

] 3 27.6 30.7
esistivi

Unit Electrode Spacing = 0.500 m.

=

~n
3
o ®
=N I
°l
“i

o+

y in ohm.

o ) “Dpaks""VES dp-dp T pr. 25"
Model resistiuvity with topography
Lteration 5 Abs. error = B.72

Elev. -z sp
0 o e S S S 5.50 .

2.50

2. 080

6.500
a.n
-Q.500
-1.00

-1.50
-2.00 -3--3----%?-I:2--B--3-- Unit Electrode Spacing = 0.560 m.

“Dpaks""VES dp-dp T pr. 26"
Model resistivity with topography
Lteration 7 Abs. error = B.61
Elev. _, oo HWBO Ha
3.000 7 5 .50 APEBHUA TEpPEH [
gy,

2.50

2.00

0,500
6.0
-@.500
-1.00

-1.50

-2.00 -
-9--3----37-|:--H--3-- Unit Electrode Spacing = 0.560 m.

PesynTtaTi OT ABYMEPHOTO MHBEPCUOHHO MogenupaHe no npodunn 24-26
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Moruna npwu rp. Onaka npun. V.5.13

Conversion of several data files in RES2DINU format to one file in RES3DINU for
3‘2 —q,b Z:l‘,:l l‘,b 1‘2 ‘Ilh' zlu Zld ZIH 3'2 _ufh 3;5 {fh 1|2 ‘I‘ii Z‘Il

-0.5 35 75 12 16 20 24 28 24 28 32
0.0+ : . : : . : : 0.0 00 : : g
20] 2.0 20]

4.0] 4.0] 40]
6.0 6.0 6.0
8.0 8.0 8.0 |
104 101 104
121 12 124/
14 14 14] |
16 16 16
18 181 18
20] | 20] 20
221 221 221
24 24 24,

25 Layer 1, Depth: 0.00-0.35 m. 26 Layer 2. Depth- 0.35-0.75 m. 25 Layer 3, Depth- 0.75-1.22 m.

po 3. 35 TS5 12 16 w24 2 3 005 35 75 12 1 24 W I 45 35 75 12 16 W M B ?
2.0

40

6.0

8.04

104
12
14
16-
18-
20+

224 |
24

26

'Y Layer 4, Depth: 1.22-1.75m. 26} Layer 6, Depth- 2 36-3.06 m.
0.5 35 [E-] 12 16 20 24 28 32

20

4.0+
6.0+
8.0+
104
124

14

16+

24
26
]

18
204
22

Yo

Me)

'y Layer 7, Depth: 3.06-3.87 m. 'Y Layer 8, Depth: 3.87-4.80 m.
- . T N . DS O B D .

200 223 248 276 307 342 3go 423

Resistfivity in Ohm.m

X Unit Electrode Spacing 1.0M. Y Unit E il 1.0M. i 6 - RMS Error 2.33%

XOpI/I3OHTaJ'IHI/I pa3pesn Ha CbNpPpoTUBNEeHNETO 3a pas3ni4v4HK AbnBoYnHK noriyvyeHW Bb3 OCHOBaA Ha
TPUMEPHOTO MHBEPCHUOHHO MOodeNnpaHe



Moruna npwu rp. Onaka npun. V.5.14

Elev. Elev. Elev.
A5 35 75 12 16 20 24 28 32 05 35 75 12 16 20 24 28 32 0.5 35 75 12 16 20 24 28 32
30 30 30
20 2.0 2.0
10 10 10
0o oo oo
-10 -10 -10
-20 20 20
-30 -3.0 -30
-40 -4.0 -40
X-Z plane 1, Y dist. :0.00-1.00 m_ X-Z plane 2, Y dist. -1.00-2.00 m_ X-Z plane 3, Y dist. -2.00-3.00 m_
Elev. Elev. Elev.
4.5 35 75 12 16 20 24 28 3z 0.5 35 75 12 16 20 24 28 32 4.5 35 7.5 12 16 20 24 28 32
30 30
20 20
10 10
(] 00
10 10
-20 -20
-30 -30
-4.0 -40
X-Z plana 4, Y dist :3.00-4.00 m_ X-Z plane 5, Y dist :4.00-5.00 m_ X-Z plane 6, Y dist :5.00-6.00 m_
Elev. Elev. Elev.
05 35 75 12 16 20 24 28 32 05 35 75 12 16 20 24 28 32
30 3o 30
20 20 20
10 10 10
00 0.0 00
-10 -1.0 -10
-20 -2.0 -20
-30 -30 -30
-4.0 -4.0 -40
X-Z plane 7, Y dist. :6.00-7.00 m_ X-Z plane 8, Y dist. -7.00-8.00 m_ X-Z plane 9, Y dist. :8.00-9.00 m_
N N N BN I T O O O ) O O S -
200 223 248 276 307 342 380 423
Resistivity in Ohm.m
Elev. Elev. Elev.
24 28 0.5 35 75 12 16 20 24 28 32
30 30 30
20 20 20
10 1.0 10
0.0 oo oo
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Moruna npwu rp. Onaka npun. V.5.15
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Moruna 1 npu c. BeTpuwye npun. V.6.1.1

Moruna 1 npu c. BeTpuile, nsrneq ot ceBepon3ToK
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Moruna 1 npu c. BeTpuwe npun. V.6.1.2
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Moruna 1 npu c. Betpuwe.
KapTu Ha n3amepeHoTO NPMBMOHO €NeKTPMYECcKo cCbNpoTuBneHue npu n=1 (a) n n=3 (6).

335



336

Moruna 1 npu c. BeTpuwe
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Moruna 1 npwu c. BeTpuwe.
KapTta Ha n3amepeHoTO NPUBUAHO ENEKTPUYECKO CLNPOTUMBNEHUE Npu n=5.
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Moruna 1 npu c. BeTpuwe npun. V.6.1.4
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Moruna 1 npu c. BeTpuLle.
MNHBEpPCMOHHWM MOZenu Ha cbnpoTMBeHneTo no npocdunun 250-50°, 200-0° n 180-380°.
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Morvna 2 npu c. BeTpuwe
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Moruna 2 npu c. BeTpuwe npun. V.6.2.2
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Moruna 2 npu c. Betpuwe.
KapTu Ha namepeHoTO NPUBMAHO eNeKTpMYecko cknpoTuenexue npyu n=1 (a) n n=3 (o).
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Moruna 2 npu c. BeTpuwye npun. V.6.2.4
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Moruna VI npu c. Nopcko AbnaHoso
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Moruna VI npu c. Nopcko A6naHoBo npun. V.7.2
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Moruna VI npu c. Nopcko AbnaHoBo. Kapta Ha BepTuKanHus rpagueHT Ha MarHWTHOTO Mnone.

343



Moruna VI npu ¢. FopckoA6naHoso npun. V.7.3
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Fit 1: Linear

Equation Y =-0.0148786476 * X + 2.024650621

Fit 2: nonMHoM OT BTOpa cTeneH
Equation Y = 1.742663115 + 0.02795489757 * X - 0.001077573464 * pow(X,2)

Mor vna VI npwu c. [T opcko AbnaHoBo.
KpuBu Ha CTOMHOCTUTE Ha U3MEPEHUA BEPTUKANEHT PAAVEHT HA Mar HUTHOTO None u
NOSIMHOMA OT MbPBa M BTOpA CTENEH Ha Te3u CTOMHOCTM no npodmnm 20 1 19.
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GEOPHYSICAL METHODS IN ARCHAEOLOGY

OPTIMIZATION OF TECHNIQUE FOR PROSPECTION OF BURIAL MOUNDS

Summary

Preface

The need of development of new efficient methods for record and preservation of
cultural heritage has lead to the application of geophysical techniques for prospection of
archaeological sites.

The essence of geophysical survey consists in detection of buried structures by means
of measurements of natural or artificial physical fields performed on the earth’s surface.
Most of the geophysical methods used today for archaeological purposes have been ini-
tially invented for the needs of prospecting and engineering geology. And while the fun-
damental physical principles are the same the small depth along with comparatively small
dimensions of archaeological features are a test for the laws of physics to limits the common
geophysicists seldom have to comply with. Research of these particular tasks has led to the
development of a sub-discipline known as archaeological geophysics or simply, archaeo-
logical prospection.

The progress of archaeological geophysics has been especially visible during the last
three decades when it has been established in world scale as an integral part of the field
archaeological research. The general issues on the topic however are still few and they usu-
ally reflect the level reached in West Europe. The place of archaeological geophysics in Bul-
garian archaeology also can be considered approved. Examples of prospection of several
sites have already been reported. Amongst them the most numerous and contributing are
geophysical surveys of burial mounds. At the same time the general studies concerning the
application of geophysics and, especially, on the prospection of different sites in Bulgaria
are missing. In this respect, there are only few short papers published which, besides that
are already outdated, discuss sooner the theoretical potential of some of the geophysical
methods and give place to issues of organizational and technical matter. Meanwhile, the
accumulated database from the survey of burial mounds in Bulgaria allows a generaliza-
tion on the technique of their prospection to be done. Moreover, the publications of similar
surveys in world scale are scanty, as the barrows are missing as a potential target of inves-
tigation in the summary works.

I. Appearance and progress of archaeological geophysics.
First successful experiments with resistivimeters and proton magnetometers for sur-
veying of archaeological sites were performed in UK shortly after the World War II. The
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good results gave impetus for application of geophysical methods in the other developed
countries like Italy, France and West Germany, and later on in the great part of the rest
of the European countries. Electroresistivity and proton magnetometry have been mainly
applied. Electromagnetic, gravimetry and seismic surveys have also been tested. First sam-
ples of fluxgate and optically pumped magnetometers came into use in the mid 1960s. The
development of archaeological geophysics in the mid 1970s and early 1980s suffered some
standstill. The main cause was that the devices available, and hence, the surveys themselves
were still expensive and slow and thus they could not meet the need of fast mapping of
large areas. Besides, due to the lack of sufficient experience, inappropriate for the particular
conditions techniques were performed and, hence, bad or difficult for interpretation results
obtained. After the mid 1980s geophysical survey achieved rapid development. It was con-
nected mainly with the innovations of electronics and microcomputers, with the develop-
ment of new devices and software designed especially for application in archaeology. This
is the time when first experiments with georadars were carried out.

Earlier steps for application of geophysical techniques in archaeology by Bulgar-
ian specialist dated from the 1970s. They were connected with the names of Vera Ivanova,
Staiko Pishtalov, Peter Stavrev, Radi Radkov, Ilian Katevski, Veselin Yanev, Lidia Nikova,
Stojan Avdev and Ivan Jakov which were the pioneers of this kind of survey in the country.
Resistivity and, to a lesser extent, geomagnetic trial surveys were performed but they did
not go beyond the experimental stage. In fact, till the early 1980s we could not speak of such
term as “Bulgarian archaeological geophysics”. Only then, the real penetration of geophysi-
cal methods in Bulgarian archaeology began. It was connected with the activity of the two
newly established laboratories: Laboratory for Instrumental Methods in Geotechnics and
Archaeology at the Laboratory of Geotechnics of Bulgarian Academy of Sciences directed
by Ilian Katevski and Laboratory of Archaeometry at the Institute of Thracology directed
by Avgustin Petkov. First one focused its efforts especially towards survey of burial mound,
while the second — toward aerial and marine and underwater (mainly sonar) prospection.

The comparison between the development of world archaeological geophysics and
its state in Bulgaria after the beginning of the 1990s shows that, except the survey of burial
mounds, Bulgarian archaeological geophysics fell behind the world level. Prospection of
settlements was reduced to minimum. This was mainly due to the lack of modern equip-
ment. Just after the begging of 21 century, obtaining latest models magnetometers and
resistivimeters, equipped with the appropriate paraphernalia and software, the standard
of geophysical surveys performed on archaeological sites in Bulgaria largely corresponds
to the world level. Moreover, the two and three dimensional electroresistivity tomography,
applied for more than ten years now in the country, is beyond the capability and compe-
tence of great part of the teams concerned with geophysical prospection in archaeology.

It must be noted however that the potential and advantages of geophysical techniques
still are not sufficiently well-known for great part of Bulgarian archaeologists. For example,
of the 220 archaeological sites studied by excavations in 2010, only less than 20 were geo-
physically surveyed. Particularly indicative is also the fact that in the rescue excavations of
over 40 sites along the route of the highway oThracee between Stara Zagora and Karnobat
just on V4 of them a preliminary geophysical prospection was performed.

II. Application of geophysical methods in archaeology.
First part of this chapter consists of a summary of the main geophysical methods with
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an assessment of their potential for application in archaeology. The main place is devoted
to the geomagnetic and electroresistivity. Special attention is paid to the last innovation in
the field — the high frequency electromagnetic devices dubbed for ground probing radars
(GPR).

The useful information obtained during the geophysical prospection is a result of
existing differences of the physical properties of archaeological features and host medium
(commonly, this is the superficial soil layer), that can be recorded in the course of the meas-
urement itself. Depending on whether geophysical methods rely on naturally existing or
artificially induced physical fields they can be divided generally into two categories — ac-
tive (electroresistivity, electromagnetic, seismic) and passive (magnetometry, gravimetry,
geothermal, radiometry).

Practically, all methods listed above, in greater or lesser degree, have been applied
for archaeological proposes. Ultimately, some have appeared to be with better capabilities,
other are still in a course of estimation and thirds have been accepted as inappropriate for
now. E. g., seismic, the most widely used method in exploration geophysics and engineer-
ing geology, finds very little application in archaeology.

Electroresistivity method is based on direct or alternative (of order of few Hz) cur-
rent fed into the ground and simultaneous measurement the changes of resistivity caused
by archaeological remains. Features that can be successfully recorded by the method are
stone walls or remains of walls, stone heaps, pavements, cavities and tunnels, pits and
ditches, stone graves and sarcophagi, etc. The good reputation of electroresistivity is due
to some circumstances. First of all, the method is very suitable for fast mapping of shallow
structures. The cost of equipment is comparatively low and the common procedures for
data processing — fairly simple. At the same time, the method is “flexible” — there are de-
vices able to investigate depths from some tens of centimetres to several meters.

Magnetometry is based on the registration of the earth’s magnetic field anomalies
caused by the differences of the magnetic properties (magnetic susceptibility and remanent
magnetization) between the buried structures and the host medium. Magnetometry suc-
cessfully detects a huge variety of archaeological features: all kinds of negative contexts,
like ditches and grave and cult pits, but also those subjected to heating in the past, like
pottery and smelting kilns, heaps of slag and pottery, remains of adobe walls, remains of
burned dwellings, as well as stone and brick walls, iron objects. The power of the method
is in the detection of features located within the first meter beneath the surface. In return, it
successfully meets the need for covering vast areas in short time.

Electromagnetic methods are based on the propagation of electromagnetic waves
transmitted by means of an antenna and recording of reflected signal by means of another,
receiving antenna. The devices from this group operate with low frequency, of the order
of few kHz, waves. They can be use to register features differing by their higher conduc-
tivity and magnetic susceptibility from the host strata like big metal objects, ditches, pits,
pottery kilns, etc. The measurements’ quality, however, can well be influenced by interfer-
ing factors like changes of soil and shallow geological layers physical properties as well as
electrical sources of noise, e. g. from electrical wires or from atmospheric sources that limits
application of this kind of devices. For they do not need galvanic contact with the surface
in the course of the measurement, they may appear appropriate in case of very dry super-
ficial deposits, e. g. in desert conditions, i. e. when the application of resistivity method is
impeded.

Georadar (GPR) is perhaps the most important technical novelty in archaeological
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prospection of the last decades of 20" century. It is a survey system that operates with very
high frequency electromagnetic waves (from some tens to several hundreds MHz). Its use
is based on variations of the relative dielectric permittivity (the ability of the strata to propa-
gate electromagnetic waves) between the features sought and the host medium. Applied in
favourable conditions, it can demonstrate very high resolution and depth of penetration.
Unfortunately, the full capabilities of GPR for detection of different kind of archaeological
structures are still in course of evaluation. Its still limited application in archaeology is due
to the slower manner on measurement performing, high cost of equipment and compli-
cated procedures of data processing. Besides, georadar measurements are limited by cer-
tain interfering phenomena like existence of inhomogeneities with dimensions of order of
wave length and superficial layers with high conductivity like wet or loamy soils, circum-
stances that may make this kind of investigation completely unpractical. Although GPR
surveys are more expensive than “conventional” (resistivity and magnetometry), they offer
a unique possibility for rapid assessment of objects” depth. Georadars may also appeared to
be the only devices that can be used in certain more complex conditions, e. g. prospection
in modern settlements or within the limits of existing buildings.

Seismic makes use of recording reflected and refracted by the buried structures ar-
tificially generated seismic waves. Physical grounds of method are based on the different
elastic properties (velocity of propagation and wave resistance) of archaeological features
sought and the host medium. Generally, the dimensions of archaeological features are be-
yond the method resolution. Its application is successful for delineation of big deeply oc-
curring structures like ancient channels and ditches.

Gravimetry is based on the measurement of variances of the earth’s acceleration
caused by density differences between the buried structures and the host stratum. The
measurement process is very slow and data processing includes very sophisticated proce-
dures. Besides, as a rule, gravitational anomalies caused by the archaeological features are
so weak that they are at the limits even of the most advanced laser gravimeters. The last, in
turn, are much more expensive than the most costly of the other geophysical devices used
in archaeology. Although, the application of gravimetry in archaeology is limited, it can be
performed in certain favourable conditions like exploration of subsurface caverns and other
big voids.

Geothermal method makes use of measurements of earth’s surface temperature
changes caused by buried features owning temperature capacity and conductivity differ-
ent from those of the host environment. The method is still in the stage of development and
assessment of efficiency in the field of archaeology.

Radiometry is based on the registration of anomalies of the natural radioactivity
aroused by archaeological structures. The published examples, allowing an evaluation of
its potential, are extremely scanty and are mainly on the study of the natural gamma emis-
sion of the isotopes of potassium (K), uranium (U) and thorium (Th).

Magnetometry and electroresistivity are the most widely applied geophysical tech-
niques in archaeological prospection. Accuracy of devices used, methodology of field meas-
urement performance as well as the software for data processing are on a level allowing
the requirements of the archaeologist for fast and cheap mapping of various archaeological
sites with shallow buries structures (within the first meter beneath the surface) to be eas-
ily realized. In return, applying continuous vertical electric sounding (NVES) and two and
three dimensional inverse modelling also known as 2D and 3D electrical resistivity tomog-

348



Geophysical methods in archaeology. Optimization of technique for prospection of burial mounds

raphy (ERT), information for structures occurring at much greater depth can be obtained.

The principal devices of geomagnetic survey are the fluxgate and optically pumped
(alkali-vapour) gradiometers. Gradiometric configuration provides simultaneous rejection
of diurnal variations of earth’s magnetic field and regional background of deeper geologi-
cal deposits thus registering only the changes aroused by the archaeological structures.
The application of magnetometers measuring the total vector of magnetic earth’s magnetic
field intensity like proton or optically pumped magnetometers with a single sensor has
been reduced to ciphers. As a rule, optically pumped magnetometers have higher accuracy
than fluxgate. In practice, however, under common conditions, the difference of these two
types of instruments in their ability to register any archaeological structure is infinitesimal.
The higher precision of optically pumped magnetometers is reduced by the natural noise
aroused by the upper soil composition itself.

Geomagnetic measurements reported in this study were performed with a fluxgate
gradiometer Grad 601-1 of Bartington Instruments, UK. Depending on selected range,
Grad601 effective resolution varies from 0.03 to 0.1 nT.

Measurement grid is rectangular referencing cardinal directions (as the general ori-
entation of archaeological square grid is). Usually, measurements along the traverses are
performed in zig-zag pattern allowing the most rapid area coverage. The most suitable
sample density varies from 1x0.25 to 0.5x0.125 m.

The post-processing of geomagnetic survey’s data is essential and it is necessitated
for the elimination of the interfering influence of several agents like operator’s errors, in-
strumental drift, etc. Thus the quality of initial data can be improved and the possibility of
missing weak magnetic anomalies, as actually are those caused by archaeological features,
to be minimized. This post-processing usually makes use of specialized programs like DW
Consulting ArcheoSurveyor (now TerraSurveyor) or Geoscan Research Geoplot. In both
programs the main procedures available like Clip, DeSpike, Low Pass Filter, DeStagger,
DeStripe, etc., are very similar.

The degree of resistivity survey’s application is somewhat limited by the need of
galvanic contact between probes and earth’s surface reducing the speed at which it can be
done. In mapping, pole-pole (known also as twin-probe) array is the principal electrode ar-
rangement where one pair current-potential electrodes is placed in a fixed place arbitrarily
at infinity while the other pair is mobile and, actually, the measurements are carried out by
moving it. The common distance between the mobile probes is 1 or 0.5 m, as survey density
varies from 1x1 to 0.5x0.5 m. The depth of investigation is within the first meter beneath the
surface. The attempt to increase the depth by means of enlarging separation between the
mobile electrodes leads to the decrease of the horizontal resolution. That is why, seeking
greater depth of investigation, especially carrying out measurements by CVES, it is relevant
other conventional electrode arrays to be utilized — dipole-dipole, pole-dipole (half Schlum-
berger), Schlumberger or Wenner. CVES measurements along traverses are performed with
gradually extending electrode separation thus respectively increasing the depth of current
penetration. The data obtained are processed with so called inverse programs which as a
result give section of vertical distribution of true electrical resistivity. Combining several
parallel traverses with measurements by CVES mode, the result from the inverse process-
ing will be a tree dimensional model of resistivity distribution in depth.

Electroresistivity surveys, reported in the present study, were performed with resis-
tivimeter 4-Point Light hp of LGM-Lippmann, Germany. It measures straight the apparent
electrical resistivity. It works with low frequency square impulses at which the simultane-
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ous polarization of electrodes is rejected and industrial noise is filtered. It is designed to
work in both mapping and CVES modes and supports all general electrode arrays. In order
these options of device to be completely exploited, it was supplied with the appropriate
equipment: a lightweight and rigid frames for mobile electrodes with separation of 0.5 and
1 m for work with twin-probe array in mapping mode, as well as multicore cables with
length of 34 and 68 m and distance between electrode respectively 1 and 2 m and automatic
switchers for work in CVES mode. The results from the last were processed with Geotomo
Software Res2dInv and Res3dInv inverse programs.

III. Geophysical survey of settlement sites.

The aim of the exposition in this chapter is to illustrate with examples of the potential
of geomagnetic and resistivity mapping and 2D and 3D ERT applied separately or in com-
plex for prospection of different as type and chronology archaeological sites and simulta-
neously to demonstrate the level reached by this kind of survey in the country. Prevailed
part of the sites was subsequently studied by archaeological excavations that allowed the
geophysical results to be compared with those from the excavations.

The multilayered site of the Late Neolithic Age and first millennium B.C. at Halka
Bunar locality at the village of Gorno Belevo is perhaps the most wholly surveyed, from
geophysical point of view, site in Bulgaria until now, where the above mentioned complex
of methods was applied in full extent. By the 2D resistivity inverse modelling the depth
of the bedrock occurrence and, respectively, the thickness of the cultural layer were deter-
mined. Magnetic gradiometry outlined various structures — destroyed by fire dwellings of
the Late Neolithic and Hellenistic Ages, pottery kilns and pits (fig. 1). Resistivity mapping
with pole-pole, dipole-dipole and Schlumberger arrays, regardless some good results, ap-
peared not quite suitable for prospection of such type of sites. The prevailing part of the
features detected by magnetic gradiometry is “invisible” for the resistivity. It was estab-
lished, that chronological determination of dwellings according to the magnitude of the
measured magnetic gradient, at least at this stage, is impossible. Similarly, the attempt to
differentiate kilns from pits on the base of magnetic anomaly dimensions and intensity did
not give results good enough, too. Generally, the kilns give stronger anomaly (fig. 2). In
fact, the magnitude of the measured anomalies depends on the dimensions and sort of pits
filling, on one hand, and the degree of preservation of the kilns themselves, on the other.
Therefore, it is risky certain anomalies to be firmly attributed to kilns or to pits. The last
very important result was that on the base of geomagnetic mapping the boundaries of the
site were outlined.

Very good illustration of the possibilities of magnetic gradiometry in prospection of
negative contexts are the pits complexes and ditches discovered at the villages of Sarnevo
(on the construction of highway “Thrace”) and Yabalkovo (highway “Maritsa”). Pits of the
Late Neolithic, Late Iron and Roman periods were detected at the site at Sarnevo. The
anomalies themselves had lower magnitude than those induced by similar pits from Halka
Bunar that can be explained mainly by the greater depth from the surface at which Sarnevo
pits occurred. The comparison between magnetic anomalies and the excavation results
showed that, unlike the Hellenistic pits, great part of the Neolithic were not registered. This
can be explained by their smaller dimensions and greater depth from the surface. Late Iron
Age pits were much deeper, more compact as dimensions and great part of them contained
remains of heating or baked clays, i. e. materials with high magnetic susceptibility and re-
manent magnetization. In the south sector two, or sooner, three concentric anomalies were
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Fig. 1. Halka Bunar. Fluxgate gradiometer survey with positions of archaeological trenches

outlined. They, most likely, were aroused by ditches which obviously occur southward
beyond the surveyed sector boundaries.

The geomagnetic survey at Yabalkovo detected three concentric enclosing ditches
with maximum diameter exceeding 200 m (fig. 3). Magnetic field amplitude aroused by the
ditches, like those from Sarnevo, was within the limits of 5-6 nT. For the first time in the
world applying 2D ERT ditches dimensions (width, depth and distance from the surface)
were determined (fig. 4). The inner ditch is most clearly outlined. Its upper width is around
2 m, as is its depth. The outer ditch is faintly outlined. Obviously, it is with smaller dimen-
sions and the filling soil differs slightly, in terms of electrical properties, from the deposits
it is dig into. The horizontal distance between the inner and the outer ditches is about 15,
what it is by the magnetic mapping. The middle ditch can not be detected, at all. Probably,
it does not exist in the zone of the resistivity traverse or, most likely, its filling has resistivity
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Fig. 2. Halka Bunar. Magnetic curves above a pottery kiln and a cult pit

equal to that of the host deposits.

Magnetic mapping of the site at the village of Gorsko Ablanovo detected a set of line-
ar low-value negative anomalies which, in fact, outlined the configuration of a big building
complex with dimensions around 55 by 60 meters. This low values are to be explained with
the little contrast between magnetic susceptibility of the alluvial deposits and the building
material itself — limestone with susceptibility around zero. Nevertheless, these results show
that magnetic gradiometry can be successfully applied in such unfavourable conditions, as
well. The kiln for tiles used in the buildings was registered with very high positive anomaly
(above 200 nT) about 25 meters south-east of the complex.

As a result of the geomagnetic mapping of the site at the village of Skobelevo (high-
way “Thrace”) a big civil building with dimensions around 20 by 30 m with several premis-
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Fig. 4. Yabalkovo. 2D ERT profile above the enclosing ditches

es and an inner courtyard was registered within the boundaries of the future highway (figs.
5, 6). Magnetic anomalies caused by the walls reached 25-30 and more nT. All together, the
archaeological excavation revealed that these walls, built of small crushed stones, were pre-
served only 10-20 cm in height. Obviously, the rock material posses very strong magnetic
properties (susceptibility and remanent magnetization) and probably come from the Upper
Cretaceous andesites and other volcanites occurring in the region. The additional geomag-
netic mapping of more than 10 hectares showed that archaeological features similar to the
already unearthed existed all around (both South and far to the North) beyond the line of
the highway. This fact allowed archaeologist to interpret the site under study as a rural ag-
glomeration (kome, vicus).
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Fig. 7. Banica. Horizontal slices from the 3D ERT data

An excellent example for the benefits combining resistivity mapping with 2D inverse
modelling were the survey of the sanctuary of nymphs at the village of Kasnakovo. The
walls of a building complex were outlined by means of the mapping with a pole-pole array.
By the several traverses measured with CVES mode it was determined that the walls were
wide around 70 cm and were preserved up to 1.5-2 m in depth. Although, geophysical sur-
vey were not followed by excavations, it led to the discovery of the so called “theatre” and
the development of a general plan of the architectural complex.

The surveys at the village of Banica in the FYR Macedonia are amongst the few ex-
amples in the world of the application of 3D ERT for prospection of archaeological sites.
An area of about 500 sq. m was covered with 1 by 1 m density mesh of measurements with
ten or more different electrode arrangements of Schlumberger array. As a result of the 3D
inverse modelling of the measurements archaeological remains located between 2 and 3.5
m bellow the surface were discovered, most probably belonging to a Roman villa (fig. 7).

The last part of this chapter contains a brief summary of the performed surveys, along
with the conclusions drawn and some recommendations.

Magnetic gradiometry offers rapid and efficient survey of various archaeological
sites. It register wide range of structures both positive (either stone or earthen) and nega-
tive as well as of course those subjected to heating. According to the sample density and the
type of device one fluxgate gradiometer can cover from 0.4-0.5 to 1-2 and more ha a day.
The data processing itself is already completely routine. Thus the measurements transfer,
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computer procedures and the final presentation of results take minimum time, of order of
several hours.

Although less rapid as a measuring process, resistivity can be successfully performed
for mapping of smaller areas as well as in case of unfavourable for geomagnetic survey
conditions. According to the sample density, the widely used twin-probe array may pro-
vide mapping from 0.1 to 0.3-0.4 ha a day. The application of 2D and 3D ERT gives new
prospects for resistivity survey when greater depth of investigation is required.

Geomagnetic surveys of several completely different as character and data archaeo-
logical sites gave excellent confirmation of a fact ever more archaeologists have been con-
vinced - the need of geophysical investigation of largest possible lands including those
unlikely to would be subjected to excavations in the foreseeable future. Perhaps, this fully
applies to the rescue excavations especially those along future highways. In this case, ar-
chaeological excavations are limited to a narrow strip around 40-50 meters wide. Obviously,
this is a circumstance not allowing an adequate interpretation of the recorded archaeologi-
cal situations. That is why, it is reasonable and recommendable that at such sites the geo-
physical survey must be expanded on largest possible space beyond the servitude. Thus,
the structures revealed by the archaeological excavations will be set within their natural
spatial context. Often, such wide-range survey has been impeded by completely ordinary
circumstances — agricultural crops or deep ploughing. This may dictate the targeted areas
to be surveyed in several campaigns when the earth’s surface is best suited. In this case, the
single sections may not be framed in a common rectangular grid. Surveys can be performed
on local grids orientated for maximum area coverage, which are precisely enough refer-
enced to one of the world coordinate systems.

Recently, a convention has been established, the ploughed topsoil layer to be removed
by heavy machines before the archaeological excavations, even before the trial trenches.
Very often this has been done without preliminary geomagnetic mapping, too. Thus, there
is a risk the shallow archaeological features to be damaged. That is why, it is reasonable
such crude intervention to be undertaken only after the terrain had been geophysically
studied and the existence or absence of archaeological structures had been ascertained.
The initial geomagnetic survey can be doubled by a new one, after the top soil had been
removed. Thus, the interfering influence of modern iron objects will be avoided and smaller
and deeper archaeological structures will be outlined. This procedure will not delay survey
or make it more expensive because geomagnetic mapping of 1 ha, according to the sample
density, will take several hours.

IV. Optimization of technique for prospection of burial mounds.

A separate goal and one of the most important results of the present study is the de-
velopment of an optimized technique for tumulus prospection.

Burial mounds are spread over vast territories. They occur in almost all of Europe
starting from Scandinavian Peninsula, England, West and Central Europe, Apennine and
Balkan peninsulas and reaching South Russia. Eastward they continue from Asia Minor
trough Kazakhstan and Siberia to China and Japan. Tumuli occur even in South and North
Amerika.

In the general studies on the archaeological geophysics burial mounds are not present
as a potential target of exploration. Nevertheless, they are so wide spread, published ex-
amples of the application of geophysical techniques in tumulus prospection coming from
abroad are scanty. More over, there is not a universal method offered for investigation
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of similar archaeological sites. Resistivity, geomagnetic, seismic, electromagnetic and geo-
radar investigations have been carried out with variable success. Surveyors have applied
the devices at their disposal or techniques they have decided to be more appropriate for
the proper conditions for solving the specific tasks set. And this is completely normal. Al-
though, all surveyed tumuli were burial, obviously different cultures in different regions
have their own burial rites and consequently, different grave constructions. Often, reported
surveys have not been followed by archaeological excavations and thus it can not be as-
sessed to what extent they have been really successful.

The amount of geophysically surveyed burial mounds in Bulgaria is relatively large.
This is, perhaps, quite natural as they are amongst the most numerous and attractive monu-
ment remained from the ancient times on this lands. Already in the early 1960s the first
specialists from the Italian foundation “Lerici”, which carried out prospection on tumuli
in the vicinity of Kazanlak, suggested joint application of electroresistivity and magnetic
mapping. They, however, used single but inappropriate electrode arrangement and a low-
precision magnetometer. Therefore, their result can not be considered successful. The same
applies to the geophysicists from the Sofia Higher Institute of Mining and Geology which
surveyed in the early 1970s barrows from Sveshtary necropolis. They, in turn, used too long
electrode arrays and obsolete magnetometers along with very low measurement density.
Nevertheless that, based on their resistivity data, the tomb in Ginina tumulus was discov-
ered, they did not detect the existing tombs in other mounds surveyed by them and pre-
dicted tombs in “empty” mounds. The surveys of tumuli in 1980s increased but they were
targeted only on search of big structures — tombs. Besides, only resistivity mapping meas-
urements were carried out with arrays (as electrode arrangements and dimensions) which
were not based on strong arguments. Geomagnetic surveys were performed very sporadi-
cally and inconsistently. Meanwhile, the examinations with seismic technique of refracted
waves applied on few barrows from Sveshtary necropolis appeared unsuccessful.

As it was mentioned above, different ancient cultures had their own funeral rites and
hence different grave constructions. Thus, when we speak of development of an optimized
technique for tumulus prospection it must be specified that it comes to Thracian ones. Of
course, it will be appropriate in all conditions like ours.

In order such a technique to be relevantly grounded, the next part of the study con-
tains a review of the formal characteristics of the Thracian burial mounds as landforms and
embankments, as well as of the type of the buried funeral and other constructions which in
fact are the targets of the geophysical survey.

The researchers usually describe Thracian mounds by simple geometric shapes:
domed, hemispherical, spherical segment, conical, elliptical paraboloid. In fact, tumuli have
very characteristic shape which can hardly be described so easy. Usually, the transition be-
tween the surrounding terrain and the tumulus embankment is smooth. Following are the
evenly rising slopes and, finally, rounded top (summit). Meanwhile, tumuli are extremely
different in size — from barely visible on the ground to those exceeding height of 15 m and
diameter of 120 m. The embankments were erected both at once and for a long time by ac-
cumulating alternating thinner or relatively thicker layers of different earth. That is why,
considering embankments from geophysical point of view we can reckon them as homo-
geneous. Every intensive local variation of embankment physical characteristics can be an
indicator for existence of archaeological structures. From the empirical data gathered from
the survey of tumuli of the last years it is visible that the embankments from the mountains
and foothills are with much higher electrical resistivities than those from the plains. In al-
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most all of them, however, a superficial layer between several tens of centimetres and 1-1.5
m thick, with higher (sometimes, several times) resistivities from the rest of the embank-
ment is distinguished. This phenomenon is of great importance, because just this layer is
the medium the electrodes contact with, and the favourable galvanic coupling is vital for
the correct resistivity measurements.

Thracian burial practice is presented by two main rituals — inhumation and crema-
tion, both used simultaneously during the whole period in which tumuli were built, i. e.
from the Early Bronze Age to the 4™ century A.D. The main grave constructions are five
types: platform, pit, build grave, sarcophagus and tomb. Apart from above listed, there are
other construction occurring in the tumuli — remnants of rituals performed simultaneously
or after the funeral: pyres, pits, etc. Constructive-protective and perhaps connected to the
ritual are the stone fences (crepises) around some mounds.

The aim of the exposition in the last part of the chapter IV is the argumentation of
a general technique combining the potential of the widely used in archaeology and most
affordable as equipment and available software— electroresistivity and geomagnetic, for
obtaining the fullest possible information about what is buried beneath the embankments
of the Thracian mounds. It must include both the routinely applied resistivity and magnetic
mapping and the last innovations in the field of archaeological geophysics — 2D and 3D ERT.
Certainly, the primary task is successful detection of the most attractive objects — tombs and
built graves. The information about their presence or absence is vital not only from archaeo-
logical point of view (very often these are remarkable architectural monuments contain-
ing occasionally very rich funeral offerings) but also for the common need of subsequent
conservation and restoration both consuming significant resources. At the same time, this
technique must allow obtaining data for the existence of other various archaeological struc-
tures occurring in the Thracian tumuli. Last but not least, it must supply information about
the characteristics of the embankment which may indirectly indicate existence of funeral
or other features. Thus, the archaeologists will be able to plan the excavations in advance
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and to perform them in the most efficient and methodologically correct manner. Speed and,
respectively, the cost of survey as field measurements and computer processing is also of
great importance. The technique must be efficient. Maximum useful and reliable informa-
tion have to be obtained for minimum time and resources. Since burial mound are amongst
the most commonly studied sites in Bulgaria, the archaeologists usually require from geo-
physical survey rapid and correct results but not experiments with exotic techniques with
vague possibilities. The task complexity is determined by the tremendous variety of the
funeral constructions, as shape and size, discovered in tumuli, on one hand, and the variety
of the mounds’ dimensions, on the other.

The need of possibly greatest depth of investigation predetermines the leading role of
resistivity survey. The potential of the different as type and dimensions electrode configu-
rations in detection of the most common and attractive monuments discovered in Thracian
tumuli — toms and built graves, is estimated by means of both forward and inverse model
calculations. These constructions are described as regular geometric bodies with preset di-
mensions, resistivities and depths. As a result, those arrays as configuration and dimen-
sions which would give the best response in the proper conditions have to be distinguished.
The calculations were performed by Geotomo Software’s Res2dmod, Res3dmod, Res2dinv
and Res3dinv computer programs. The models are following;:

— tomb model. Regular rectangular prism with dimensions: length 5 m, width 3 m
and height 3 m; depth from the surface from 1 to 5 m.

— model of a real tomb. It is modelled after the tomb discovered in Big Arsenalka
mound of Shipka necropolis, i. e. facade, antechamber and domed chamber with a total
length of 8 m.

—model of a built grave not filled with earth. Regular rectangular prism with dimen-
sions: length 3 m, width 2 m and height 1.5 m; depth from 1 to 5 m.

—model of a cyst grave filled with earth Dimensions: length 2.25 m, width 1.25 m and
height 0.5 m; stone plates width 8 cm.

According to the forward modelling, it was determined that for almost all models
dipole-dipole array showed best results, followed by pole-dipole (half Schlumberger) and
Schlumberger, pole-pole and Wenner being the worst (fig. 8). Model calculations showed
also that the probability certain archaeological feature similar to the above described to
be detected at depth exceeding its vertical dimensions is slim. At that, it is not necessary
to use long electrode separations, e. g. with geometric factor n greater than 6-7 (at a=1 m)
and these have to be preferred for mapping mode. The same conclusions can be drawn by
the results of the inverse modelling of forward calculations. Of course, the measurements
with CVES technique must be performed with the greatest possible electrode separation so
maximum depth of investigation to be achieved. The choice of appropriate electrode array
depends on other circumstances, as well: the electrode coupling conditions, measurement
error, use of remote electrode(s), etc., which in turn give some advantages to Schlumberger
array over dipole-dipole and pole-dipole.

Survey grid has to be conformed to the size of the mounds. Rectangular grid is ap-
propriate for tumuli with heights up to 2-2.5 m and diameter up to 30-35 m. Simple calcula-
tions show that in this case the maximum grid deformation by the tumulus relief does not
exceed 30-40 cm. For the greater barrows radial grid is more suitable because it corresponds
to their characteristic axial symmetry. Traverse density must be that providing sufficiently
detail study of all parts of the mound. Circular profiles have certain disadvantages: elec-
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trode array distortion (at that, irregular), impossibility to perform CVES, more complicated
recalculation of measurement points position from polar into orthogonal coordinates as
well as the slower manner of the measurement process. Therefore the use of circular grid
may not be considered advisable.

Author’s results from the initial proton magnetometer surveys of mounds from Svesh-
tary necropolis showed that these method played secondary role. At that, magnetic fields of
the tumuli themselves as relief forms can significantly influence measurements and these
have to be corrected in order the anomalies of the archaeological features to be extracted
(fig. 9). In this respect, the proposed procedure by polynomial regression is sufficiently
simple, efficient and rapid. Application of modern magnetic gradiometers, regardless these
are most sensitive to features located within the first meter beneath the surface, provides
new prospects for these devices since their ability to detect features subjected to heating in
ancient times like graves with cremation on the spot.

V. Geophysical survey of Thracian burial mounds.

This chapter contains results from the survey of 19 burial mounds carried out with
minor exceptions between 2007 and 2011, applying the above proposed technique combin-
ing resistivity mapping with 2D and 3D ERT and magnetic gradiometry. For each of them
the employed techniques, measurement grids, electrode arrays and data processing pro-
cedures are comprehensively described. Registered geophysical anomalies are thoroughly
analyzed, the character of engendering features is predicted and these prognoses are com-
pared with the archaeological structures discovered by the excavations.

The examples, discussed in the study, clearly demonstrate the efficiency of proposed
technique for prospection of Thracian burial mounds. The complex of resistivity mapping,
2D and 3D ERT and magnetic gradiometry give excellent results in revealing a variety of
funeral and other features. High resistivity structures like the built graves in Malkata (and
a primitive tomb, fig. 10) and Svetitsa tumuli at the town of Shipka, the monumental tombs
in Golyama Arsenalka (Shipka) and Momina mound (Bratia Daskalovi, fig. 11), stone heaps
(Zareva tumulus at Shipka, Momina mound, fig. 12, tumulus 1 at the village of Granit, fig.
13, tumulus 2 at the Village of Krushare) and crepises (Atyova tumulus at Shipka, fig. 14,
and Chitaskata tumulus at Bratya Daskalovi, fig. 15) were successfully detected by the resis-
tivity mapping. In most cases, applying 2D ERT, the exact dimensions and depths of these
structures were determined. Data about general characteristics of the embankments were
obtained applying 2D ERT, as well. Low resistivity structures located at great depth were
also distinguished by 2D ERT. These are the primary mounds in tumulus 1 at Krushare (fig.
16) and tumuli 1 and 2 at the village of Vetrishte, as well as the diggings in the mound’s base
(Vetrishte, fig. 17) which may indirectly testify to the existence of grave structures. In the
case of Karakochova tumulus at Bratia Daskalovi, it may be supposed that the very inten-
sive negative anomaly in its centre (fig. 18) is produced not only by the primary mound but
also by the burial pyre and, respectively, by the sharp rise of medium conductivity due to
the high carbon content similarly to the possessing electronic conductivity charcoal, graph-
ite or coal schist, a phenomenon that gives another unexpected practical result. Magnetom-
etry successfully detected features which were beyond the capabilities of electroresistivity
— simple grave pits with cremation (tumulus VI at the village of Gorsko Ablanovo, fig. 19,
and tumulus 1 at Cabyle, fig. 20). In the case of the tumulus from Gorsko Ablanovo which
is only one meter high other two grave pits with cremation dug into its centre were not
registered. What means that this is approximately the depth such graves can be detected.
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Fig. 10. Shipka, Malkata tumulus. 3D surface plot of resistivity mapping

Besides, magnetic gradiometry did not locate the stone heap, so clearly outlined by the elec-
troresistivity, in the similar in size tumulus 1 from Granit (fig. 21, see also fig. 13). Therefore,
magnetometry must not be applied as a single surveying technique.

For the first time in the world, a built stone grave in Svetitsata mound was outlined
by the results of 2D ERT, and at that its exact dimensions and depth beneath the surface
were determined (fig. 22). Besides, very important data about the manner of tumulus em-
bankment accumulation were obtained. They show that the grave was probably built after a
large ditch had been dug into the south section of the already raised tumulus embankment,
which was then filled with earth containing a higher content of gravel and boulders.

The survey of the tumulus at the village of Opaka for the first time made use of 3D
ERT on burial mound applying dipole-dipole array. As a result of the 3D inverse model-
ling a hypothesis was done about the existence of a primary tumulus just east of its centre
(fig. 23). Such tumulus was really unveiled by the subsequent archaeological excavations.
It was erected over two graves with cremations in pits dug into the ground. The performed
comparisons showed that in this case 3D ERT gave much better results than 2D (along every
single profile) and therefore it has to be always applied in appropriate conditions, i. e. on
tumuli 2-3 meters high.

Based on the results of the field surveys as well as from the model calculations, a gen-
eral conclusion on the proposed technique of tumulus prospection has been drawn in the
final part of this chapter.

The need of maximum depth of investigation, as well as the fact that the most at-
tractive features — Thracian tombs and built graves are actually highly resistive bodies,
predetermines the leading role of electroresistivity method. The use of several electrode
separations allows mapping at different depths. For almost all model calculations dipole-
dipole array shows better results, followed by pole-dipole and Schlumberger. That is why
in normal conditions it might be preferred. In practice, however, other parameters must
be taken into account, e. g. conditions for electrode grounding, measurement error, use of
remote electrode(s), etc. In favourable conditions, small earthen embankments with heights
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“Chitashka mogila™,,"UES pr. 250-50"

Model resistivity with topography
Iteration 5 RMS error = 1.5

Eleu.
235.04

234.0
233.0
2.8 : ' crepis
231.04 P ’ :
230.0
229.0
228.0
227.0

226.0-

225.0° . O [ () [ [
3.8 37.7 .8 181 166 27 4y T27

Resistivity in ohm.m

Unit Electrode Spacing = 0.500 m.

Iy

Horizontal scale is 13.68 pixels per unit spacing
Uertical exaggeration in model section display = 1.50
First electrode is located at -3.5 m.

Last electrode is located at 43.5 m.

Fig. 15. Chitaskata tumulus. 2D resistivity model detecting the crepis

of 2-3 m can reasonably be measured by dipole-dipole array allowing the most successful
detection of vertical features like built and cyst graves. In conditions of bad galvanic contact
or existence of superficial inhomogeneities (which often occur in tumuli from mountain
and hilly regions, built of rock materials or gravel), significant error can be introduced into
dipole-dipole measurements. In such cases pole-dipole or Schlumberger array may be pre-
ferred.

The mapping measurements by Schlumberger array are the easiest for qualitative
interpretation. In contrast, pole-dipole is asymmetric and gives displacement of resistivity
anomalies and dipole-dipole can give double anomalies what can significantly complicate
the qualitative interpretation of resistivity data. Often, the application of pole-dipole array
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Fig. 17. Vetrishte, tumulus 2. 2D resistivity model detecting a primary mound and a digging in the
ground

is limited by the need of remote electrode. So in several cases, Schlumberger array may ap-
pear the only alternative. Both from the model calculations and field results is visible that
there no need long electrode separations with geometric factor “n” above 6-7 to be used.
Usually, “n” from 1 to 6 is enough. Anyway, the possibility an archaeological features to
be detected at depth exceeding its dimensions (height) is minimal, so the proposed array
lengths are quite enough for prospection of majority of the mounds. Besides, the use of
long schemes decreases the area coverage leading to lower speed and, respectively, higher
prospection costs. Therefore, for mapping survey, it is better a few electrode separations
with “n” equal to 1, 3 or 4 and 5 or 6 to be selected.

The application of CVES and inverse modelling and, respectively, 2D and 3D ERT is
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Fig. 18. Krakochova tumulus. 2D resistivity model detecting the primary mound and the burial
pyre

a new possibility for more detail study of embankments’ characteristics, more precise out-
lining of detected by the resistivity mapping anomalous features and registration of new
ones. Unfortunately, the use of single channel resistivimeters and the so called roll-along
technique along the traverses make these measurement less rapid and the complete survey
of a given tumulus by this manner may appear unfounded. Besides, radial grid does not
allow 3D inverse modelling for the simple fact that the existing software does not support
such irregular grid. So, ERT can be performed only with single traverses in 2D mode. In
order general data about characteristics of tumulus embankment to be obtained, several
traverses through the whole barrow are quite enough. Measurements density along the
profiles is the standard one — 1 m. As long as possible electrode separations have to be used
in order to maximum depth of investigation is obtained. In this case, pole-dipole and Sch-
lumberger arrays are most appropriate. For the CVES traverses electrode separations with
geometric factor 10 and more have to be used supplying providing 4-5 and more meters
depth of investigation. For the very big tumuli where greater depth is sought, the distance
between the pair closely spaced electrodes can be doubled. The role of inverse modelling
is not limited to the study of embankment characteristics. It can give valuable information
in determination for the exact location, dimensions and depth of the anomalous bodies
registered by the resistivity mapping. The number and orientation of CVES traverses has to
be that supplying maximum useful information. At best, these measurements may be per-
formed on rectangular grid with subsequent 3D inverse modelling. As a rule, the tombs are
situated in the south or east parts of Thracian mounds. That is why, in case of big tumuli, it
is reasonable, additional measurements in their south and east sides along transverse CVES
traverses to be carried out. In case of low tumuli with height up to 2-2.5 m and diameter
around 30 m, where rectangular grid is used and there is no need of measurements’ over-
lapping, the complete survey by 3D ERT can be quite rapidly performed and therefore it is
perfectly applicable.

Geomagnetic survey of burial mounds has somewhat secondary role since modern
gradiometers developed for archaeological purposes are most sensitive to structures situ-
ated within the limits of the first meter beneath the surface. Nevertheless, these are indis-
pensable for detecting grave pits with cremations, especially in small tumuli, that is beyond
the possibilities of electroresistivity. In this respect, if there are preliminary data available
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Fig. 19. Gorsko Ablanovo, tumulus VI. Fluxgate gradiometer survey

by archaeological excavations that the mounds from given necropolis contain grave pits
with cremations, magnetic gradiometry can be used independently, but only for tumuli not
higher that one meter.

The quoted practical examples of geomagnetic prospection on tumuli show that ter-
rain effect removal applying gradiometers happens automatically in most cases. It is espe-
cially true for the barrows with low values of magnetic susceptibility. It is perfectly valid
both for the small tumuli and for those with heights of 4-5 m. Only in regions with high
magnetic properties of the superficial deposits, as was the case with tumulus 1 at Cabyle,
corrections for the neutralisation of terrain effect have to be performed on the measure-
ments of such tumuli. In this respect, the proposed polynomial regression has shown very
good results. According to the particular conditions, it can be applied both in two dimen-
sional and three dimensional mode.

Tumulus size affects to a lesser extent the grid type of geomagnetic survey. Rectan-
gular grid can be easily used for tumuli lower than 3-4 metes, especially if the slopes are
not very steep. At that, the distortions due to the terrain inclination can be simply corrected
using elastic ropes with markers. In this manner, the differences between the horizontal
and leaning distance will be spread along the full length of the traverses and the points

367



Nikola Tonkov

150
1Cabyle 08
1M 1, magnetic data ————— measured curve
100 1pr.5 —+— polynomial af 4t degree
8 anomaly —————  residual curve
] above the grave -_ Fit1: Linear

|

50 /
. S ~
VIV YT T
VERY -

g/ |

-100

-150

-20 -15 -10 -5 0 5 10 15 20
m

Polynomial of 4th degree
Y =7.297720668 - 1.611698602 * X - 0.567627795 * pow(X,2) + 0.005713994453 * pow(X,3) + 0.00132161126 * pow(X,4)

Fig. 20. Cabyle, tumulus 1. Magnetic curves above a grave with cremation

along them. It can be easily calculated, that the maximum deviation will not exceed 2-3
centimetres. At that, it is possible to combine radial grid of resistivity with rectangular of
geomagnetic prospection. For higher and steep tumuli, obviously, the rectangular grid will
become inconvenient. On one hand, terrain corrections will not be so simple. On the other,
the walking along the traverses will be hindered. In this case, the radial grid of resistivity
survey can be used. The inability for keeping regular pace along the traverses due to steep
slope forces measurements to be performed not in automatic but in single mode. In this
case, the fixed height above the surface can be provided by a simple gadget mounted to the
lower part of the sensor. In case of rectangular grid, the same programs and data processing
procedures like for flat sites are applied. Obviously, these can not be used for radial grid,
since it is irregular. On the other hand, taking measurements in single mode and, thence,
the possibility of maintaining fixed height and orientation of the sensors make to a great
degree these procedures unnecessary.

Field survey results as well as the forward modelling allow Thracian burial mounds
to be classified from geophysical point of view. Based on the applied techniques, geodetic
grids, the need of terrain corrections, the type of structures which can be successfully de-
tected and the prospection time and costs, tumuli can be divided into five groups.

1. Very small tumuli - height less than 1 m. Those can be surveyed applying magnetic
and pole-pole array resistivity mapping on rectangular grid. Pit graves with cremation and
cyst graves can be successfully registered structures if they are not in the central part of the
mounds and dug into the ancient ground. Applying 2D and 3D ERT, dug into the ground
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Fig. 21. Granit, tumulus 1. Magnetic gradiometer map

built graves can be detected even positioned in the tumulus centre.

2. Small tumuli — height between 1 and 2-2.5 m and diameter 25-30 m. These tumuli
can be surveyed on rectangular grid by both electroresistivity and magnetic gradiometry.
Measured magnetic field usually does not need terrain corrections. Built stone graves can
be registered even in the centre as well as cyst graves if not very deep.

3. Medium sized — height to 5-6 m and diameter to 40-50 m. The suitable grid is radial
at intervals of 10 or 88 both for resistivity and magnetic mapping. In most cases, geomagnet-
ic measurements need corrections for tumulus magnetic field. The chance a tomb to be reg-
istered even if in the centre is fair. Built graves can also be registered if in the periphery.

4. Big tumuli — height to 10 m and diameter around 60-70 m. Survey is carried out like
last group with radial traverses at 58 or less. Big structures like tombs can be detected only
if not in the centre or, in case these are in the centre, if they have corridor or facade leading
to the periphery and respectively are at a lesser depth.

5. Very big tumuli — height above 10 m. Survey is performed like the previous group.
Big grave constructions can be detected only if they are not in the centre or have corridor
or fagade at a lesser depth. Generally, prospection of such tumuli is time-consuming and
laborious and it must be undertaken only after detail preliminary planning — grid density,
applied electrode arrays, as type and lengths, consistent with the particular dimensions and
characteristics of tumulus embankment, etc.

This classification can be helpful in two directions. On one hand, geophysicists will be
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Fig. 22. Shipka, Svetitsa tumulus. 2D ERT traverse above the built grave
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Fig. 23. The tumulus from Opaka. 3D surface plot from the 3D ERT

able to easily plan the survey of given tumulus for achievement of most valuable informa-
tion. On the other hand, archaeologist commissioning such prospection will know how far
the possibilities of geophysics reach and what results they can expect from it.

The results achieved at this stage of research allow some directions to be drawn re-
garding the development of archaeological geophysics in Bulgaria and the prospection of
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Thracian burial mounds, in particular. These are primarily in the application of 3D ERT
on settlements and on all funeral tumuli including big ones. Therein, the acceleration of
measurement process forces the use of multichannel resistivimeters like those already ap-
plied in geological prospection, as well as the so called optimised electrode arrays and more
advanced inverse programs for data processing. Another promising prospect is the last in-
novation in exploration geophysics — the georadar.
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