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PaccMOTpeH OIBIT IPUMEHEH ST MATHUTHOH Pa3BeKH JUI IOHCKA apXeoMeTaJLIypruieckux o0bekToB Ha crosHke Kysixranap (Pecmy6mm-
ka Auraii, Kor-Arauckuii paiion). IlonckoBoe kapTHpOBaHHE BBIIOIHSIOCh YCKOPSHHBIMI METOIAMU M3MEPEHUI B CBS3H C HEOOXOAUMO-
CTBIO 00CIIEZIOBATH OOJBIIYIO TEPPUTOPHIO B CIKATHIC CPOKH. B HTOre IOMCKOBBIX MarHUTOMETPHIECKHX HCCIENOBAHU yanock oOHapy-
JKUTB U BIIOCIEICTBUH HCCIIET0BATh PACKOIKAMH XKEJIe30ILIaBIIIBHYIO I1e4b KOII-araucKoro T YHUKAIBHOH COXPAHHOCTH.
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BBenenne

B 2018-2019 rr. ToMCKUM rocyqapCTBEHHBIM yHUBEP-
CHUTETOM HPOBOIMINCH KOMIUICKCHBIE HCCIIECIOBAHUS 00B-
€KTOB JPEBHETO METAJUTyprHUECcKOro IIPOM3BOACTBA Ha
crosiake Kysixranap. CrostHka Kysixtanap HaxonmuTes B
npaBoOepexbe p. Uys Heqaneko oT MecTa BHAJCHUS B HEé
p. Kysxtanap (Komr-Arauckuii pation Pecriyonukn Anraii),
orkpeita b.X. XaagukoBeiM B 1975 r. B ToM xe romy
B.A. MOruipHMKOB  OIMCAl IECTh JKEJIe30IUIaBMIIBHBIX
neyei Broib kpast teppacel p. Uys [1. C. 52]. B 1976 1.
H.M. 3unsikoB packoman 3maeck Tpu meun [2. C. 46-50].
Bce n3BecTHBIE CerosHs Medn KONI-arauckoro TUIa, K Ko-
TOPBIM OTHOCSTCS M Tleud CTOsiHKM KysixTanap, BKaIlbIBa-
Juch B OeperoBble Teppachkl. BusyanbHoe oOcienoBaHue
teppac pek Uys m KysixTanap mo3BoiwiIM HaM BBISIBUTH
TUTOLIAIKH JJIsI POOJICHHUS JKEJIE3HOM PYABI M ITPOBEICHUS
KY3HEUHBIX OIepalyi, IPH 3TOM He ObIII0 OOHApYKEHO HU
OJIHOU paHee He U3BECTHOMH »Kene30Iu1aBuiIbHOoN neun. [o-
CKOJIbKY HENb3sl OBUIO UCKIIIOUUTH HaXOXKJCHUE Ha TEppH-
TOPHUM CTOSHKH ITOJIHOCTBHIO 3aJIpHOBAHHBIX M HE (DPUKCH-
PYEMBIX B COBPEMEHHOM pejibe)e METAITYPIHIECKUX 00b-
€KTOB, OBUIO NMPUHSTO PEIICHUE O MPOBEACHUN ITOUCKOBBIX
MarHUTOMETPHYECKNX HCCIIEOBAHHH.

Marepuajibl 1 METOABI

MarnuTtHas pa3BeJKa SIBISETCS OJHUM U3 CaMbIX pac-
MPOCTPaHEHHBIX TeO(PU3UUECKUX METOAOB, HUCIIONB3yEMBIX
B apxeonorun [3]. OHa OCHOBaHAa Ha M3MEPCHHUU MATHUT-
HOT'0 moJIs 3eMJIX U BBISABICHUM U3MEHCHHI €CTECTBEHHOM
CTPYKTYpbI TPYHTOB BBUY MPUCYTCTBUSl B HUX, B YaCTHO-
CTH, OOBEKTOB apxeojorud. M3BECTHO, YTO MarHUTHBIC
CBOWCTBA apXCOJIOTHYECKUX OOBEKTOB OTIMYAIOTCS OT
MAarHuTHBIX CBOMCTB BMemaromel ux cpeasl. Ilpu stom
TePMHUYECKOE BO3JICHCTBAE Ha OOBEKTH 3HAYUTEIHHO IIO-

BBIIIAET CTENEHb WX HaMarHWYEHHOCTH. B cBs3m ¢ aTuM
MarHuTopasBe/ika MIPOIYKTUBHO HCIIOIb3YyeTCs, HAIpuMep,
JUISL OTIPEAEIICHUS] MECTOIIOJIOKEHHUS PA3JINIHBIX TEIJIOTEX-
Huyeckux yctpoicts [4. C. 85]. TepmoocraTouHast Hamar-
HUYEHHOCTh BO3HHMKAET IPH HArpeBaHWH: JIMOO NpH ecTe-
CTBEHHOM, KakK B CIIydae BYJIKaHHYECKHX IOPOJ, JIHO0 NpHu
HCKYCCTBEHHOM, KakK B CIy4ae INIMHOOMTHBIX NE4eH, Kepa-
MHUYECKOH MMOCy/Ibl, KUPIINYEH, YepeNHIIbl ¥ IPYTUX 00bEK-
TOB, YaCTO HAXOAMMBIX Ha apXEOJOTMYECKHUX ITaMSTHHUKaX
[5. C. 52-61; 6. C. 6-11]. Ocobenno 3¢h¢hexTHBHA MarHUT-
Hasl CheMKa JUIsl TIOMCKA M HMCCIICOBAHUSI OOBEKTOB JIPEB-
HEro JKEJIe30/1eaTeIbHOTO MPOMU3BOJICTBA, TaK KaK €ro
OCTaTKH — O0OOKEHHAS TTIMHA Y METAJLTYPTHYECKHUE IIUTaKH —
MMEIOT BBICOKYIO HAMAarHMYeHHOCTh M OYE€Hb XOPOLIO (PUKCH-
pytotcst MmarauroMerpoM [7; 8; 9. C. 85-86]. Meramryprude-
CKHeE TIeYH KOII-araucKoro THIIa MPEACTaBIIOT COO0H KpyT-
HBIE TEIUIOTEXHUYECKHE COOPYKEHHS I BBIIUIABKH JKele3a
[10]. Bolcokast Temmeparypa, MIMTEIBHOCT METaJLTyprude-
CKOro Tporiecca 1 OoibInoi 00hEM TTaBHITBHON KaMephl Je-
JIAIOT TI€YM KOII-araucKoro THMA MPAKTHYECKH HICaIbHBIM
00BEKTOM Tl MATHUTHOW Pa3BEeIKH.

OrnpeniesieHne METOAVKM TPOBEACHUSI MAarHUTOPA3BEIKH
Ha KOHKPETHOM apXEOJOTMYECKOM IaMATHHKE CBOAUTCS K
BBIOOPY BHJA CHEMOK, MX MaciiTaba, HamnpaBlieHHs Mpodu-
JIed, TYCTOTBI TOYEK HAOMIOJCHMS, TOYHOCTH M3MEPEHHH U
criocoba oToOpaykeHHs pe3yabTaToB. [lonckoBoe KapTHpoBa-
HHE JKEJIE30IUIABIWIBHBIX MeUei BBIIOIHIIOCH YCKOPEHHBIMU
METOIaMH M3MEPEHHH B CBSI3U C HEOOXOIMMOCTBIO 00CIE0-
BaTh OOJIBIIYIO TEPPUTOPHIO B CKATHIE CPOKH.

Jls mpoBeneHNsT MarHUTHOW ChEMKH HaMM HCIIONIB30-
BaJICsl TPaJUEHTOMETp (MarHUTOMETp) KaHAJCKOH KOMIa-
Hun Gem Systems GSM19GW. B 3aBucuMoctu OT ycio-
BHI ChEMKH IPHMEHIIOCHh HECKOJIBKO BHOB KPEIUICHUS
To/IBECa C JATYUKAMH:

1) ITonsec Ha cimHe oneparopa (puc. 1, /). JIBa natun-
Ka KpENWINCh Ha JKECTKOW JIOPAIIOMHHHEBOM IITAHTE Ha
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paccrostanu 120 ¢cM W yCTaHABIWBAIHCH HA paMy B BHIE
prok3aka. HmwkHui gaTumk kpemwics Ha pacctosaud 30 cM
OT MOBEPXHOCTH 3€MJIM C YUETOM pocrta omneparopa. Iloa-
BEC Ha CITMHE HCITOIB30BAJICS IMIPHU MPOBEIACHUU 0030pHOM
ChEMKH METOZOM CBOOOIHOTO ITOMCKAa B MECTaX yMeEpCH-
HOW 3ayieceHHOCTH. J[aHHBIA BHJ TOJBEca OOECIeYHUBal
MIPOCTYIO TIEPEHOCKY 00OPYIOBaHUS B MPOIECCE CHEMKU U
ITO3BOJIHJI TIPOBOJIUTH MHOTOYACOBEIC U3MEPCHUSL.

2) IonBec Ha Tenexke (puc. 1, 2). JIBa nqarunka Kpemnwu-
JIUCHh HAa JKECTKOH MIOPATFOMHHHCBOH IITAaHTE HA PAacCTOs-
HuM 60 CM W YCTaHABIMBAIWCH HA CHCIHATH3HPOBAHHYIO
TENEXKKY W3 HEMATHUTHBIX MaTepHaioB. HImKHWIA JaTduK
Kpermmwics Ha pacctosHuA 30 CM OT TTOBEPXHOCTH 3EMITH.
[MogBec Ha TeNMEKKE UCIONB30BAJCS IS MPOBEICHUS KaK
0030pHO CHEMKH METOJIOM CBOOOIHOTO TIOMCKA, TAaK U JIJIS
CBhEMKH I10 ceTKe. JlaHHBIH BUI MOJBeca 0OecreunBa ca-

MYIO MIPOCTYIO MEPEHOCKY 00O0pYIOBaHUs, OJHAKO MpUMe-
HSTh €r0 BO3MOXKHO TOJBKO B HE3aJECCHHBIX 30HAX C yMe-
PEHHBIMU TiepenagaMu penbeda.

3) WTanra s py4HOro nepeHoca AaT4ukoB (puc. 1, 3).
JlBa maTyuvka KpemuiIMCh Ha KECTKON MIOpaTFOMUHHEBON
IITaHre Ha PacCTOSHUU 60 CM W MEePEHOCWIHCH OMEepaTo-
pom BpyuHyto. Taroke Ha HWKHUNA JaTYUK IpaldeHTOMET-
pa yCTaHAaBIWBAJACH [IONONHUTENbHAS INTAHIA JTHHOU
30 cm s obecniedeHHs ero (PUKCHPOBAHHOI'O PACCTOS-
HHSI OTHOCUTENEHO MOBEPXHOCTH 3eMJIM. DTO CaMblii MO-
OMJIBHBIA BapUaHT, KOTOPBIA MCIONbB30BAICS MPU MpPOBE-
JIEHUU O030pPHOH CHEMKH B CaMBIX TPYIHOIOCTYIHBIX
3aJIECCHHBIX MECTax, IJI¢ HEBO3MOXXHO HCIOJNB30BaHUE
IpYrux BUIOB mojaBeca. Takke 3TOT BapUaHT UCIIOJIB30-
BaJICSl TIPU BBICOKOTOYHOW ChEMKE METOJOM E€IUHHYHBIX
3aMepoB.

Puc. 1. BI/I,I[LI roaBeca NaTYUKOB IPpaIuCHTOMETPA: 1- TI0ABEC Ha CIIUHE OII€paTopa; 2- TIOABEC Ha TCIICKKE,
3 — mranra JJI pyHYHOT O IEPEHOCA TaTIUKOB

PesynbraTsl

W3BecTHBIE METaJUTYprUUEcKHe ey Ha cTosiHKe Kysix-
TaHap PAacIOJOXKEHbl Ha 3HAYNTEIHHOM PACCTOSHUH JPYT
ot apyra (o 0,75 xm). Mcxonst u3 3T0M 0COOEHHOCTH, Ha
IIepBOM 3Tamne ObUIO IPOBENEHO O0CIEeIOBAaHHE MEpCIIEK-
TUBHBIX YYacCTKOB METOIOM CBOOOIHOrO ITOWMCKa. Bebiie-
JICHHasi TEPPUTOPHS sl NPOBEICHUS HCCIEJOBAaHUN CO-
craByisana 1 xB. kM. Ha BTOpoM 3Tame B 30HE pacHoioxke-
HUS OIHOM W3 aHOMAJIMH MBI OCYIIECTBIISUIN JCTAIU3UPO-
BaHHYIO ChEMKY IIO CETKE.

O030pHas chbeMKa METOI0M CBOOOIHOrO moucka. Hamu
ObUIM BBIZIENICHBI HanOoee IEpCIIeKTHBHBIE 30HBI PACIIONO-
JKEHHS! 00BEKTOB METAJLTYPTUH: BEPXHHUE KPOMKHU TEPpac peK
U pydseB. B oOmeli criokHOCTH, METOIOM CBOOOIHOTO TIOHC-
Ka TpoBezieHO 9,83 kM nmuHEHHOH cheMkH (puc. 2). s m3me-
PEHMIT HCIIONIB30BAIMCH ITOABECH HA CIIMHE OIEparopa H Te-
JIOKKE, TPUBS3Ka OCYIIECTBIUIACH IIPH TIOMOIIM BCTPOSHHO-
ro GPS npuemnnka. B pe3ysnbraTe BBIIBIEHO 6 MarHUTHBIX
anomasmii co 3HadeHmsiMu oT 280 no 1100 nT. Anomamus 1
ObL1a BEIOpaHa JUIsl ACTaIbHOTO H3yIeHUS.

JeTranu3mpoBaHHasi CheMKa IO ceTKe. B 30He aHo-
Manuu | TpoBeleHA AeTalbHAs ChEMKa IO PETYASIpPHON
cerke. JIBIDKEHWE MO JIMHUSAM CETKA OCYIIECTBIISUIOCH C
TTOMOIIBIO ITO/IBECA HA TEIEKKE IO TPACKTOPUM 3UT3ara,
IIPU TOM HATNPAaBICHHUE NATYNKOB OTHOCHTEIBHO CTOPOH
CBETa OCTaBAJIOCH HEM3MCHHBIM. VM3MepeHHs TPOBOIMIHCE
¢ marom 0,5 M mexay muausmua 1 0,15-0,2 M mo xomy
CheMKH. B pe3ynbraTe CheMKH MOTyYCHA JIeTajabHas Mar-
HUTHAsI KapTa, Ha KOTOPOU BEIICICHBI ACBITH aHOMAIHU C
MaKCHMAJIbHBIMKM 3HAYCHUSIMH TPAaJUCHTa HAMATHUYCHHO-
ctu ot 200 nT u BeIIE (pHC. 3).

Yacte aHOMaNWii XOTh W ObLTIA CBs3aHAa C TEPMOOCTA-
TOYHON HAMAarHUYEHHOCTHIO, HO UMEJIa €CTECTBEHHOE IIPO-
UCXOXKAcHUE. Ha TeppuTOpUH CTOSHKH (PHUKCHPOBAIUCH
JIOCTATOYHO KPYITHBIE BadyHBI — OCTAaTKU TOPHBIX MOPOJ
MarMaTH4ecKoro MPOUCXOXKACHUSA. YacTh BaayHOB BBIXO-
JTAIIO Ha TTOBEPXHOCTh, W WX JIETKO OBUIO WACHTH(HUIIUPO-
BaTh U HE PacCMATPUBATH IMPH MOUCKE METALTyPTHUCCKUX
00beKTOB. B pesynbraTe aHanmm3a MarHUTHOW KapThl LIS
apXEOoJOrMICCKOT0 W3YUeHUs OBUTH BEIOPaHBI aHOMAJIUU
1-1 u 1-6.
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Puc. 3. MaruuTHasi ChbeMKa 10 CETKE B 30HE aHOMAJTUH |
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Anomamus 1-1, kak Moka3aJld TECTOBBIE PACKOIIKHU, Map-
KUpOBaJIa He (PUKCHPYEMYIO B COBPEMEHHOM pelbede MeTa-
JIypru4ecKyto nedb. TecToBble pacKONKY HaJ aHOManued 1-6
TIOKa3aJIi, YTO OHa ObLIa CBSA3aHa C 33/IEPHOBAHHBIM BaJIYHOM.

HenocpenctseHHo nepen MPOBEAECHUEM apXeoJIoruye-
CKUX paboT B MecTe pacnojoKeHHus aHoMaianu 1-1 mpose-

Packon 2019 r.

JieHa npeuu3uoHHas cbemka no cerke 0,25x0,25 m. CreM-
Ka TPOBOAWIACH ITyTeM H3MEpPEHHS TpaJicHTa HaMarHU-
YEHHOCTH OTACTHHO B KAXKIOM y3JIe CeTKA. MakcuManbHOe
3HaueHue rpaaveHta HamarauaeHHoctu — 650 nT. IMocre-
JIYIOIITUE PACKOITKY MTOKA3aIM HATHYNE HA MECTEe aHOMAJIHU
1-1 merammyprugeckoit meuu (puc. 4).

| Packon 2018 r.
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Puc. 4. BeicokoToYHast MarHUTHAsI CheMKa aHOMAJIMU 1 ¥ Npuiieraromeil miomaamu

B utore nouckoBbIX MarHUTOMETPUUYECKUX HCCIEI0BA-
HUHA Ha crostHKe KysixTaHap yaanoch OOHapyXHTh MeTal-
JIyprU4ECKyI0 Meub NpeKpacHol coxpanHocTu. [Ipumenen-

Hasi METOJMKA OKa3ajach ONTHMAJIBHOM IS MOUCKAa 00b-
€KTOB JIPEBHEN METAIUTYPIHH, PacCPEJOTOUCHHBIX HA 3Ha-
YUTEIBHON TEPPUTOPUU.
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ON THE RESULTS OF MAGNETIC SURVEYING ON THE KUYAKHTANAR ARCHAEOLOGICAL SITE
Key words: magnetic survey, archaeology, ancient metallurgy, Altai Mountains region, Kuyakhtanar.

The authors describe a comprehensive study of objects of ancient metallurgical production in the Altai Mountains, made by them in
2018-2019. A visual examination of the region’s major archaeological site — Kuyakhtanar — allowed identifying places used for crushing
iron ore and blacksmithing. During the examination of the territory, it was suggested that some of the objects could be invisible on the
surface. A series of magnetometric surveys were carried out to find any metallurgical furnaces possibly hidden in the landscape.
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For the survey, a GSM19GW (Gem Systems Inc., Canada) gradiometer (magnetometer) with internal GPS was used. Depending on the
survey conditions we used several types of gradiometer sensors mounting: on the back of the operator; on a cart; rod for manual transfer
of sensors. Metallurgical objects which were identified in the past at the Kuyakhtanar archaeological site are separated from each other
at a considerable distance (up to 0.75 km). In this regard, we decided to conduct continuous magnetic survey in the territory of one
square kilometer. First, the territory was explored through the “free search” method. The most probable areas of detection of metallurgy
objects were examined: the upper edges of the terraces of rivers and streams.

As a result, we located six magnetic anomalies of 280 to 1,100 nT pointing to a potential presence of metallugical objects. One of the
anomalies was selected for a more detailed analysis, and the surrounding area was subjected to a high-precision survey using a regular
grid. Following that, a magnetic map was created, with nine magnetic anomalies of over 200 nT depicted on it. Based on this map, two
more anomalies were chosen for archaeological research — one of them revealing an iron smelting furnace and the other indicating a
piece of igneous rock. Overall, two different types of magnetic anomaly are found at the Kuyakhtanar site: the first one is associated
with natural remnant magnetisation of igneous rocks and the second one — with remnant magnetisation caused by iron making.
Immediately prior to archaeological excavation at the location of the indicated anomaly, a high-precision grid survey was carried out
using the method of single magnetometer measurements. Focusing on the contours of the anomalies displayed on the magnetic map, the
boundaries of the excavation area were determined.

Thus, the conducted magnetic surveys enabled the discovery and study of the well-preserved iron smelting furnace, which would have
been impossible to locate otherwise.
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