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OCOBEHHOCTU U PE3YJIBTATHBI UCITOJIb3OBAHUA
HHAPAMETPUYECKOI'O TPOPUJIOI'PADA
B NIOJABOJHOU APXEOJIOI'MA

B craTbe 00Cy)XIat0TCs BOIPOCH MPUMEHEHHS THAPOAKYCTHYCSCKON ammapaTyphbl Ul PeIICHUs 3a7ad TOIBOIHOMN
apxeoJorud. B wacTHOCTH, pacCMOTPEHBI 3aadd JUCTAaHIMOHHOTO OOHApYXKEHHS M HMACHTU(DHKAIUK OOBEKTOB
KyJbTYPHOTO HACIEHsI, CKPBITBIX 0CaI0YHBIMHU Topoamu. O003HAUCHHBIE 324l PELIAIOTCS MOCPESICTBOM Mapa-
MeTpuueckoro npoduiorpada. M3moxeHsl OCHOBHbIC MPUHIHUIBI paboThl akycTHyeckoro npodunorpada. Ipuse-
JICHbI pa3JInyuusl JIMHEHHOTO U napameTpuieckoro npoguinorpadon. OObsCHEHbI NPUHIUITBI 1 0COOEHHOCTH pabOoThI
napamerpuieckoro npoduiorpada. O0CyxIaroTcs pe3ylbTaThl THAPOAKYCTHYECKOTO MPOPUIMPOBAHUS MECTa pac-
KOIIOK 3aTOIUICHHOW Xa3apckoil kpemoctu Capkein. M31m0KeHbl METOIMKA M yCIOBHUSI MPOBEACHHS HCCICIOBAHUIL.
IpuBeneHsl mapaMeTpsl HCIONb3yeMOi ammaparypsl. [IpencraBiens! nonydeHHble npoduaorpamMmel. IIpoBeaeHs!
aHaIN3 U UHTEPIPETALHS Pe3yIbTaTOB NPOPUINPOBAHHUS. BBIIIOIHEHO COMOCTAaBICHHE XapaKTEPHBIX 0COOCHHOCTEH
perbeda aHa U 00BEKTOB KYJIBTYPHOTO HAcClenus, 0OHAPYKCHHBIX B MPOLECCE THAPOAKYCTHISCKOr0 00CIeJOBaHM S,
U JTAHHBIX apXEOJOTHUECKUX PACKOMOK. B pesysbrare ObL1 HalijieH pailOH, MOJHOCTHIO COOTBETCTBYIONIMI OMUCa-
HHUIO MecTa packornok. COOTBETCTBHE MOATBEPKIATIOCh KaK HAIMYMEM XapaKTepHBIX OCOOCHHOCTEH penbeda, Tak
W cienamu packorok. Takke ObUIM OOHApY>KEHbI U UIECHTU(HUIUPOBAHBI PBBI, OKPYKaBIINE KPENOCTh, U OCTATKU
KAPIUYHBIX CTPOCHHUMA. PBBI OBIIIM TTOTHOCTHIO 3aChIMAaHBl CMECHIO TIECKA M WJa, MOITOMY HX OOHApYKEHHE CTalo

BO3MO>KHO TOJBKO IPH TIOMOIIIH MTapaMeTPHUIECKOro mpodumorpada.

Ka. cn.: mapamerpuaeckuii npodunorpad, npoduiorpamma, peuHsle OTI0KEHHS, CTPYKTYpa JTHa, TT0J{BOTHAS

apxceoJjorus, CapKen

BBEJIEHUE

OCHOBHBIMM THAPOAKYCTHYECKHMH WHCTPYMEHTa-
MH [l TOMCKa OOBEKTOB KYJIBTYPHOTO HAacCJIEAMs
B TIOJIBOJTHOM apXEOJOTHH SIBISIOTCS 3XOJOT, THAPO-
JIOKaTop OOKOBOrO 0030pa W MHOTOJIYYIEBOUW IXOJIOT.
C ¥X TOMOUIBI0O BO3MOKHO HE TOJBKO OOHApYXHUTh
apXeoJIOTHIECKE TMaMATHUKHA W TONYyYUTh HX aKy-
CTHYECKOE M300pakeHHe, HO U CO3/aTh TPEXMEPHYIO
KapTy obnactu moucka. bonee Toro, coBMecTHOE HC-
MOJIb30BaHUE TUAPOAKYCTHUECKUX MPUOOPOB U CIIyT-
HUKOBBIX CHCTEM HaBHrallM{ IIO3BOJISIET IONy4aTb
TpeXMepHbIe KapThl, KaXaas TOUYKa KOTOPBIX oOsaza-
eT reorpaduueckumMu koopauHaramu [1-3]. B To xe
BpeMsl B ITOJIBOAHON apXeOoJOTHH HE PEIKH CIIydad,
KOTJla apXeOoJOrMYeCKHE IMaMITHUKM YaCTHYHO WIH
MOJTHOCTBIO CKPBITHI OCaJO0YHBIMU Topojamu. Torna
NPUMEHEHHE YIOMSHYTBIX BBIIIE JTUHEHHBIX CHCTEM
30HJMPOBAHUS JIHA CTAHOBUTCS HEIPPEKTUBHBIM.
Bozaukmyro npobiaeMy MOXXHO PEUINTh, €CIH BO Bpe-
Msl apX€0JIOTHYECKON pa3BEeKU BMECTE C JIMHEHHBIMU
CHUCTEMaMH{ JHCTAaHIIMOHHOTO 30HIWPOBAHUS THA HC-
M0JIb30BaTh aKycTHYeckui npodunorpad [1-12].
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Teopernyeckoe 000cCHOBaHHE
NPUMEHEeHHOH annapartypsbl

[Mpunnun pabotsl npoduiaorpada BO MHOTOM aHa-
JIOTMYEH NPUHLMIY PabOThl 3X0I0Ta. AHTEHHA IPO-
¢uorpada u3NryyaeT aKyCTHUECKUH UMITYJIbC BEPTH-
KaJbHO BHH3 B CTOPOHY JIHA M MPUHUMAET OTPaKEH-
HBIH 00paTHO curHan. OTIWYMe 3aKII0YaeTcs B TOM,
YTO y 3XOJIOTAa OTPAKEHHBI CHUTHAT COACPKUT WH-
(hopMaruio TobKo o penbede aHa. Y mpoduiorpada
OTPaXCHHBIA CUTHANl COJACPKHUT WHPOPMAIMIO Kak
0 penbede OHA, TaK U CTPYKTYpe I'PYHTA IOA JHOM.
OT OTHOWIEHHS aKyCTHUECKHX CONPOTUBIEHUH CO-
MPUKACAIOIIUXCS CPEJl 3aBUCUT, KaKasi 4acTh SHEPIHH
MOTJIOTUTCS, a Kakas BEpHETCS K aHTeHHe. [ryOuHa
MPOHUKHOBEHUSI aKyCTHYECKOTO CHTHAaja B JOHHBIN
TPYHT OIIpenenseTcss Kak CBOMCTBaMHM CaMOI'0 CHTHa-
Ja, TaK ¥ TeOJIOTHYECKHMHU XapaKTEPUCTHKAMU TPYH-
Ta. B KpynmHO3epHUCTBIE OTIOXEHUS (IECKU U Ipa-
BUI) CUTHAJ TpyJHEE MPOHHUKAET, YeM B MEIIKO3EPHU-
CTBIE OTJIOXKEHUS (Wil M TNIMHBI). PopMa OOBEKTOB,
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YKJIOH JHA U MOJIOHHBIX CIIOEB TOXE BIMSIOT Ha OT-
PaXkarolyro CriocoOHOCTH [ 1-6].

CpaBHuBaTh mnapamerpsl npoduiorpadpoB U JH-
HEWHBIX CHCTEM 30HIMPOBaHUs JHA HE COBCEM KOP-
PEKTHO, T.K. 3TH TPHOOPHI PElIaloT pa3HbIe 3a]auu.
Ho Bce e mo pasperiaromnieii criocOOHOCTH JIMHEHHBIE
npoduinorpadpl 3HAYUTEIHFHO YCTYNAIOT MHOTUM THJI-
POaKyCTHYECKMM CHCTEMaM, NPHMEHSEMBIM B IOA-
BOJIHOU apxeonoruu. HekoTopele aBTOPHI 1aXKe CTaBsIT
0] COMHEHHE 11€JeCO00Pa3sHOCTh NPUMEHEHHs Ipo-
¢unorpadoB I MOKUCKa 0OBEKTOB KYJIHTYPHOTO Ha-
ciemus [1]. Huskas paspemiatomiasi cnocoOHOCTh 00y-
CIIOBJIeHa (DPU3MYECKHMHU CBOMCTBAMH HCHOJIB3YEMBIX
4acTOT. BBICOKHME 9acTOTHI MAIOT JIydinee paspere-
HHUE, HO MOTYT IIPOHMKAThH B JHO JIMIIb HA HEOOJbIOE
paccTosiHue, U Ha00OPOT, HU3KHE YacTOThI MPOHUKA-
0T TJIy0’Ke, HO aloT Xynuee paspeuienue. Eme oqun
(baxTop, 3aBUCSIIUIA OT YaCTOTBl, — 3TO pa3Mep aH-
TEHHbI JTMHEHHoro npodunorpada. Yem Hmxe yacTo-
Ta, TeM OOJIbILIE aHTEHHA. DTO OOCTOSTENBCTBO CYyIlle-
CTBCHHO OCJIOKHSET NMPUMEHEHUE JTMHEHHBIX Mpodu-
norpagoB Ha MaJlOMEPHBIX CyJaxXx Ha MEJIKOBOJbE.
Hcrnonp3oBanue mapameTpudeckux mpodumorpadon
MO3BOJIIET YMEHBIIUTH BIMSHHE OIUCAHHBIX BBILIE
npooieM.

Paznuuust nuHEHHOro M mapamMeTpHyecKoro Ipo-
¢unorpadoB cocTosT B cienyromemM. JInHelHbIe po-
¢unorpadsl B OCHOBHOM pPabOTAlOT Ha OJHOM WJIH
JIBYX JIUCKPETHBIX CHUTHAlaX HHU3KOM YacTOTBHL. ITH
CUTHAJIBI M3Jy4aeT aHTeHHa npoduiorpada, 1 IMEH-
HO MX CBOMCTBa ONPEACIAIOT Pa3peliaionyio crocoo-
HOCTB Iprbopa. Y mapamerpuieckoro mnpoduiorpada
AQHTEHHA M3JIy4aeT He MEHEe ABYX CUI'HAJOB BBICOKOM
9acTOTHI (CUTHANBI HakadykH). Jlanee B Boje mpoucxo-
JIUT HETWHENHOE B3aNMOJEUCTBHE CUTHAIOB HaKAUKH.
B pesyiabrate uyero B cpene GopMHpyeTcs pazHOCT-
HbI CUTrHall HM3KOM 4yacTtoTel. lMeHHO oOT ero
CBOWCTB 3aBUCHT INTyOWHA MPOHUKHOBEHHSI aKyCTHYE-
CKOM BOJIHBI B IOJJOHHBIA TPYHT M paspeuiarouias
criocobHOCTh Tpubopa. Takoil crmocod momydeHus
30HJIUPYIOIIETO UMIYJIbca MO3BOJISIET (OPMUPOBATH
CJIOJKHBIE LIMPOKOIOJIOCHBIE CHUrHajBl. bonee Toro,
y aKyCTHYECKOTO IOJIsl CUTHAIa Pa3HOCTHOM YacTOTEHI
OTCYTCTBYIOT OOKOBBIC JIETIECTKU. A IIHMPUHA TIABHO-
ro JIerecTKa Ha BCEX PAa3HOCTHBIX YacTOTaX paBHA
NIMPHHE TJIABHOTO JIETIeCTKA YacTOT HAaKayKh. OTH
(hakTOpHl B COBOKYMHOCTH C OOpabOTKOM MPHHATOTO
CJIOKHOTO OTPaXEHHOT'O CHTHalla JIeJal0T BO3MOX-
HBIM COXPaHUTh NPHEMIIEMYIO Pa3peIlaloIIyl0 CIIO-
cobHocth mpoguiorpaga. Takke aHTeHHa MapamMeT-
pudeckoro npoduorpada U3IydaeT TOJIBKO BBICOKO-
YaCTOTHBIM CHIHAJ, MO3TOMY HE TpedyeTcs Ienarb
pasMep ee aKTHBHOM MOBepXHOCTH OobmuM [13, 14].

OO0LeKT ucciieJ0BaHUuA U METOANKA

B cenrs6pe 2022 r. uccienoBarenbckas TpyTa,
cocTosas u3 npenojasareieil u cryaentoB A0y
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BO "IOxHbI# (henepanbHbII yHHUBEPCUTET", a TakkKe
corpyaaukos OOO "HEJIAKC", mo 3akazy AHO
"TlogBoanoe Apxeonornueckoe OOmiecTBo" mposena
apXCOJIOTUYECKYI0 Pa3BeAKy MecTa packorok JleBo-
6epexxnoro umnsuckoro ropoamma (Capken — be-
nast Bexa). [{nst pa3Benku MpUMEHSUIMCH THAPOJIOKA-
TOp OOKOBOTO 0030pa M MapaMeTpuyecKuil mpoduio-
rpad. B xone pabot ObUIO POBEICHO HCCIICAOBAHKE
4JaCTU aKBaTOpUH HI/IMHSIHCKOI‘O BOAOXpaHUJIUIIIA
B pabione r. [lumisnck PocroBckoi obOmactu. Ilens
SKCIICAMINU COCTOsAJIa B H3YUYCHUM XapaKTepa AdHa
BOJOXpaHWIMIIA, MOJTYUYCHUN 6aTI/IMeTpI/I‘-ICCKI/IX JaH-
HbIX, COCTaBJICHNN FI/II[pOElKYCTI/I‘ICCKOI\/'I MO3auKu JHa,
BBISIBICHHU OOBEKTOB €CTECTBEHHOTO U HUCKYCCTBCH-
HOT'O TMPOUCXOXJICHHS, PACIIONOKEHHBIX KaK Ha I0-
BEPXHOCTH JHA, TaK u 1moJ HuM [15, 16].

Kpenocts Capken Ha Huxuem [Jlony Obina Bax-
HEHIIUM KOMIIOHEHTOM HH(PACTPYKTYphl Xa3apcKo-
ro karaHata. OHa OblUla TOCTpOEHA Xa3apaMu MpHU
TIOMOIIM BU3aHTUHCKHUX MHXeHepoB B 830-x rr. OCHOB-
HOM BKIaja B uccrnenoBanue Capkena BHec M.M. Apra-
MoHOB. IMEHHO OH Ha OCHOBAaHHU aApXCOJIOr'NYCCKUX
packomok B 1934-1936, 1949—-1951 rr. nokanuzoBai
kpenocth Capken Ha mecre JleoOepexHoro Ilum-
JSHCKOro ropoavmia. Bo  Bpems  skcnenuuuii
M.U. ApramoHoBa ObUta packomaHa OoJbIIasi 4acTb
KpPEermocTH M MOJNYYEHO KOJIOCCATbHOE KOJIUYECTBO
NPEeAMETOB  KyJIbTYPHOTO  HAcjeOusl  IMPOILIOTO.
B nmanmpHeiiiieM MECTO pacKoOmoK OBLIO 3aTOILICHO
BO BpEMs CTPOUTCIILCTBA ]_II/IMHHHCKOFO BOJOXpaHU-
muma [17-20].

K coxanenuto, y apXxeosornieckoro maMsiTHUKa He
OBUIM OMpeZeTIeHbl TOYHBIE reorpaguyeckue KOOpIu-
Hatbl. [TosTOMy mocne 3aToruieHust kpenoctb Capken
OKazanach CHOBa "morepsHHOU". U Bce ke coxpaHHu-
JIUCh CXEMaTHYHBIN TUIaH KpemocTH (puc. 1), Tekcro-
Bble omnmcaHus u QoTorpaduu, copepikamue Xapak-
TepHbIe 0COOCHHOCTH paiioHa packomok [15, 17-20].
C MOMeHTa 3aTOIJICHHUS TPOILIO OTHOCHTEILHO Majlo
BpPEMEHH, MO3TOMY 3TH OCOOCHHOCTH JOJIKHBI XOpO-
IO COXPAHUTBCS. DTOT (PaKT CYHIECTBEHHO YIIPOIAET
MOUCK MECTa PAacKOTOK M MACHTH(PHUKALUIO apXeoJio-
TMYECKOTO MaMITHHUKA.

Hns moucka OOBEKTOB, PACHONIOKEHHBIX TOA
JTHOM, HMCIIOJIb30BaJICAd OTEYECTBEHHBIN MapaMeTpuye-
ckuil mpodumiorpad TPOMU3BOACTBA MPEANPHUSITHS
00O "HEJIAKC". Ilpodunorpad ¢ pabounmu yacto-
tamu OT 7 70 21 k['I1 MO3BOJNSET OCYIECTBUTH 00CIIe-
JOBaHHUE TOJIM MOPCKOTO IpyHTa Ha riryouHy 10 30 M
C paspenrarineii crnocoOHOCTHIO 1O ciosiM 110 10 cM.
Anmnaparypa pa3Meliajgack Ha MajJOMEPHOM CyJIHE
(Tpumapan). AHTeHHa mnpodunorpada Kpenuiach
Ha LITAHTy 10 JIEBOMY OOpTy Ha rinyOuHy 1 M U opu-
EHTHpOBAJIaCh MapayjieNbHO IHY. HaBuramus u mo-
CleAylomas TpUBS3Ka OOHAPYKEHHBIX OOBEKTOB
K KOOpAMHATaM OCYIIECTBISUIMCH C MOMOIIBIO ABYX
GPS-anTeHH, pacnonoKeHHBIX Ha IITaHTax M0 000uM
Oopram cynHa.
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0 100 200 m

OBCYXJEHME NNOJYYEHHBIX PE3YJIbTATOB

Ha puc. 1 nmokasan cxeMaTH4YHBIN IJIaH KPEMOCTH
C HAaHECEHHBIMH HA HETO TPAEKTOPHUSMH JBIKEHUS
cynmHa (rancamm). Ilpodummorpammel, moIydeHHBIE
B pe3yJbTaTe JBWKEHHS CyJHA 10 rajcaM, MpeacTaB-
nensl Huxe. [Ipoananusupyem paHHble npoduInpo-
BaHUS WU COINOCTAaBUM HX C ONHCAHHEM MECTHOCTH
pacnionoxenns Capkena. CormacHo paboram [15, 17—
20], Capkenckoe TOpOAMILE HAXOAUIOCh Ha HEBBICO-
KOM MBICY KOPEHHOTO Oepera peku, 00pa3oBBIBaBIIEH
37ech HEOOJIBLIYIO U3Iy4YUHY. DTOT MBIC ObLT OTpE3aH
OT MPWJIETAIIIEH YacTu Oepera HMIMPOKUM M TiIy0o-
kuM  pBoM. Kowenm  wmpica  OblT  OTAEJEH

Puc. 1. CxemaTuuHblif IUIaH KpPEMOCTH
Capken [20].

1,2, 3,4,5, 6 — npsIMonuHEHbIE TpacK-
TOpUH (TaNChl) IBMXKEHUS M3MEPUTEIIBHO-
TO CyJIHa

BTOPBIM PBOM, 32 KOTOPBIM M MTOMEIANACh KUPITUYHASA
KpEIOCTb.

Ha puc. 2 npeacrasiena npoduiorpaMma ¢ Tu-
NUYHBIMU penbeoM JHAa W TOAJOHHOW CTPYKTYpPOM
HummsHCKOTO BOAOXpaHWiuIIa. | myOnHa MeHseTcs
IUIaBHO, PE3KUE Nepenajsl OTCYyTCTBYIOT. Ha pucyHke
YeTKO BHJIHBI BEpXHHE T'paHUIBI ABYX cioeB. [lo xa-
pakTepy OTpPaKEHUS MOXKHO MPEAIOIO0KHUTh, YTO
BEPXHUM CJIOM — 3TO NPEUMYLIECTBEHHO IECOK,
a HIDKHMM ¢TI0l — 3TO rimHa win yepHoszeMm. B mpa-
BOM 4aCTH PUCYHKA PacHOJIOKEeHa HU3UHA, THO KOTO-
poii 3acemano wioM. COBOKYIHBIN aHaTU3 BCEX Taj-
COB TNO3BOJIAET MPENOI0KHUTh, YTO HU3UHA SIBIISCTCS
CTapbIM pycioM pexu JIoH.

Puc. 2. IIpodunorpamma ranca 1
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Ha npodunorpamme ranca 2 (I[lpunoxenue, puc. I1)
MPHUCYTCTBYET O0OJNACTh C PE3KUMHU TepenanaMu
penbeda qHa. UeTkoe pasziesicHUe CIIOCB B HEM OTCYT-
CTBYET, T.K. OHA 3aChIllaHa CMEChIO TIeCKa U Wia. AHa-
JIOTWYHAs KapTuHA HaOmomaercs Ha puc. 3. Ha npodu-
JIoTpaMMe BHIHBI XOJIMBI BBICOTOM OKOo 3.5 M. Hus-
MEHHOCTH MEX]y XOJIMaMHU MOKPBITHI CJIOEM WIIA.
Takoit xapakTtep penbeda JaHA MOXKHO OOBSICHUTH

b il
w Tl LT TR

Puc. 4. IIpodpunorpamma ranca 4

HAVYYHOE [NPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 3

pe3yJbTaTOM aHTPOIIOT'€HHOTO BO3/AEWCTBUS, @ UMEH-
HO packomnkamu kpernoctu Capker.

Ha puc. 4 uudpoit 1 obo3HaueH ¢parMeHT KHp-
MMAYHOW CTEHBI KPETOoCTH. Buammas mprubopom BBICO-
Ta CTEHBI OKOJIO 2 M. bospIIas yacTh CTEHBI Kak CBEp-
Xy, TaKk ¥ TI0 OoKaMm 3achImana rmeckoMm. [loaTomy BH-
3yaJbHO OHA BBITTIAIUT KaK MECUYAHBIN XOJIM BBICOTOM
okouo 0.5 M HaL ypoBHEM JHA.

\
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B neBoil ¥ mpaBoil 4acTAX pHUC. 5 NPUCYTCTBYIOT
Hu3MeHHocTH. Kak yxe oTMmewanoch Bblle, NpaBast
HHU3UHA [PEACTaBIsIeT co00l crapoe pycio peku JloH.
Jleast HU3MHA ABISETCS OOJBIIMNM PBOM, OTPE3ABILIUM
MBIC, Ha KOTOPOM OBIIa pacHojOXeHa KperocTh,
oT mpuieraiomeid yactu Oepera. OcoOblii mHTEpEC
MpeJCTaBIsAseT 00JacTh, OTMEUEHHass Ha pPHCYHKE
mudpoii 2. B obnacth aHOManuu BHIHBI T'PAHHUIIBI
Tpex cnoeB. IlepBbie 1Ba €105 MOYTH CIMBAIOTCS JAPYT
C APYTOM H SBIIAIOTCS CJIOEM YEPHO3E€Ma WIN TIIUHBI,
KOTOpBIM 3achimad neckoMm. Ilog HMUMM HaxoauTcs
CIIOM MATKOTO IpyHTa THNa WJI. MOHO Hpenmnosuo-
JKUTh, YTO aHOMANHs SIBIISIETCS YacThiO Majoro o0o-
poHuTensHOTO pBa. HO B TO ke Bpems oOmactp 2
CWIBHO yJlaJleHa OT KHUPNHUYHOM YacTH KpEmocTH

U, Cy/d MO OKpYyXXaloleMy penbedy, pacKorkaMm He
M0/IBEpraiach.

Ha puc. 6 mudpoit 3 ob6o3HaueHa aHOMAJHS, CXO-
Kasi ¢ aHomanuen 2 Ha puc. 5. OgHako aHoManus 3
JISKAT B OOJIACTH paiioHa PACKOIMOK M €€ MECTOHAaXO-
KIIEHHE COOTBETCTBYET PACIOJI0KEHUIO Majoro pBa.
Eme omna o0macth, mpeacTaBisionias 0COObIi WHTE-
pec, obo3HaueHa Ha puc. 6 mudpoit 4. B obnactu 4
pacrosyioxkeHa siMa TiIyOuHOW Okojo 2 M. JIHO sMBbI
3achlllaHO WIOM. B siMe HaxopmsTcs OBa BBITSHYTHIX
BBEPX M NapajUlebHBIX APYT ApYyry oObekra. Mecto
pacmonoxeHus 00BEKTOB U MX (opMa roBOPAT 00 UX
HUCKYCCTBEHHOM NPOHMCXOXIEHWH. B  pesynbraTe
COTIOCTABIICHHUS JAHHBIX MPOPUIUPOBAHUS, THIPO-
JIOKaLIMOHHOM CBHEMKH, BOJOJIA3HOTO 00CIeOBaHUs

Puc. 5. IIpopunorpamma ranca 5

Puc. 6. [Ipopumorpamma ranca 6

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 3
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u aspodorocbeMku 50-x rr. [15, 17-20] Obu1O BBI-
JIBUHYTO TPEATNOJIOKECHUE, YTO OOBEKTHI SIBJISIOTCS
OIMHCAHHBIMHU B apXEOJOTMYECKUX OTYETaX OCTATKAMHU
3nanus [19].

3AK/JIIOYEHUE

PesynbraTel Ha puc. 2—6 u B Ilpunoxxenun He siB-
JITIOTCS MTOJTHOCTBIO MCUEPTIBIBAIOIIMMY M CaMOJOCTa-
TouHbIMU. OHH COCTaBISIFOT TOJBKO OIPEAEICHHYIO

9acTh OT BCero 00beMa padoT 110 KOMIUIEKCHOMY JTUC-
TaHI[MOHHOMY OOCJIC/IOBAaHUIO O0BEKTa KYJIbTYPHOTO
Hacnenusi. OJJHAKO W3JI0KCHHBIC BBINIE PE3yJbTATHI
npo(UIMPOBAHUS M UX aHAU3 YOCIUTEIIBHO JOKa3bI-
BalOT HEOOXOJUMOCTh HCIIOJB30BAHUS MapaMeTpuye-
ckoro mpodwuiorpada B MOABOJHOW apeosOTHU IPHU
MPOBEJIEHUH pa3BeIku MecTHOCTH. [Tapamerpuueckuit
npodunorpad crnocoOeH O0OHAPYKHUTH OOBEKTHI IOA
OHOM U JaTh IMPEJCTaBICHHE O TeOJOrHIeCKOM
CTPOCHUM BEPXHHX CJIOEB paiioHa.

MNPUJIOKEHUE

Puc. II. IIpodunorpamma rasuca 2
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FEATURES AND RESULTS OF USING PARAMETRIC
PROFILOGRAPH IN UNDERWATER ARCHEOLOGY

A. P. Voloshchenko, P. P. Pivnev

Southern Federal University, Taganrog, Russian Federation

The article discusses the use of hydroacoustic equipment to solve problems in underwater archeology. In par-
ticular, the problems of remote detection and identification of cultural heritage objects hidden by sediments are
considered. The indicated problems are solved using a parametric profilograph. The basic principles of the oper-
ation of an acoustic profilograph are outlined. The differences between linear and parametric profilographs are
given. The principles and features of the operation of a parametric profilograph are explained. The results of
hydroacoustic profiling of the excavation site of the flooded Khazar fortress Sarkel are discussed. The methods
and conditions for conducting the study are outlined. The parameters of the equipment used are given. The ob-
tained profilograms are presented. Analysis and interpretation of the profiling results were carried out.
Characteristic features of the bottom topography and cultural heritage objects discovered during the hydroacous-
tic survey and archaeological excavation data were compared. As a result, an area that fully corresponded to the
description of the excavation site was found. The correspondence was confirmed both by the presence of cha-
racteristic features of the relief and by traces of excavations. The ditches surrounding the fortress and the re-
mains of brick buildings were also discovered and identified. The ditches were completely covered with a mix-
ture of sand and silt, so their detection became possible only with the help of a parametric profilograph.

Keywords: parametric profilograph, profilogram, river sediments, bottom structure, underwater archeology, Sarkel
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INTRODUCTION

The main hydroacoustic instruments for searching
for objects of cultural heritage in underwater archeol-
ogy are the echo sounder, side-scan sonar, and multi-
beam echo sounder. With their help, it is possible not
only to detect archaeological sites and obtain their
acoustic image, but also to create a three-dimensional
map of the search area. Moreover, the joint use of hy-
droacoustic instruments and satellite navigation sys-
tems makes it possible to obtain three-dimensional
maps, each point of which has geographic coordinates
[1-3]. In underwater archeology, cases are not un-
common when archaeological sites are partially or
completely hidden by sediments. Then the use of the
above-mentioned linear bottom sounding systems be-
comes ineffective. The problem that has arisen can be
solved if, during archaeological exploration, linear
bottom remote sensing systems are used together with
an acoustic profiler [1-12].

RESEARCH EQUIPMENT AND METHODS

Theoretical background
for equipment application

The principle of operation of a profiler is in many
ways similar to that of an echo sounder. The profiler
antenna emits an acoustic pulse vertically down to-
wards the bottom and receives the signal reflected
back. The difference is that the echo sounder's reflect-
ed signal contains information only about the bottom
topography. In a profiler, the reflected signal contains
information both about the bottom topography and the
structure of the soil under the bottom. The ratio of the
acoustic resistances of the contacting media deter-
mines which part of the energy will be absorbed and
which will return to the antenna. The depth of penetra-
tion of an acoustic signal into the bottom soil is de-
termined both by the properties of the signal itself and
by the geological characteristics of the soil. It is more
difficult for the signal to penetrate into coarse-grained
sediments (sands and gravels) than into fine-grained
sediments (silts and clays). The shape of objects, the
slope of the bottom and subbottom layers also affect
reflectivity [1-6].

It is not entirely correct to compare the parameters
of profilers and linear bottom sounding systems, be-
cause these devices solve different problems. But still,
the resolution of linear profilers is significantly infe-
rior to that of many hydroacoustic systems used in
underwater archeology. Some authors even question
the advisability of using profilers to search for cultural
heritage objects [1]. Low resolution is due to the phys-
ical properties of the frequencies used. High frequen-
cies give better resolution, but can penetrate the bot-
tom only a short distance, and vice versa, low fre-

quencies penetrate deeper, but give worse resolution.
Another frequency-dependent factor is the size of the
line profiler antenna. The lower the frequency, the
larger the antenna. This circumstance significantly
complicates the use of linear profilers on small vessels
in shallow waters. The use of parametric profile
graphs allows us to reduce the impact of the problems
described above.

The differences between linear and parametric pro-
filers are as follows. Linear profilers mainly operate
on one or two discrete low-frequency signals. These
signals are emitted by the profiling antenna, and it is
their properties that determine the resolution of the
device. In a parametric profiler, the antenna emits at
least two high-frequency signals (pump signals). Next,
a nonlinear interaction of pumping signals occurs in
water. As a result, a low-frequency difference signal is
formed in the medium. The depth of penetration of the
acoustic wave into the subbottom soil and the resolu-
tion of the device depend on its properties. This me-
thod of receiving a probing pulse makes it possible to
generate complex broadband signals. Moreover, the
acoustic field of the difference frequency signal has
no side lobes. And the width of the main lobe at all
difference frequencies is equal to the width of the
main lobe of the pump frequencies. These factors,
combined with the processing of the received complex
reflected signal, make it possible to maintain an ac-
ceptable resolution of the profiler. Also, the antenna
of a parametric profiler emits only a high-frequency
signal, so there is no need to make the size of its ac-
tive surface large [13, 14].

Object of study and methodology

In September 2022, a research group consisting of
teachers and students of Southern Federal University
(Russia) as well as employees of NELAX LLC, com-
missioned by the Underwater Archaeological Society
ANO, conducted an archaeological exploration of the
Levoberezhny excavation site Tsimlyansky settlement
(Sarkel - Belaya Vezha). A side-scan sonar and a pa-
rametric profiler were used for reconnaissance. Dur-
ing the work, a study of part of the water area of the
Tsimlyansk Reservoir was carried out in the area of
Tsimlyansk, Rostov region. The purpose of the expe-
dition was to study the nature of the bottom of the re-
servoir, obtain bathymetric data, compile a hydroac-
oustic mosaic of the bottom, and identify objects of
natural and artificial origin located both on the surface
of the bottom and below it [15, 16].

The Sarkel fortress on the Lower Don was the
most important component of the infrastructure of the
Khazar Kaganate. It was built by the Khazars with the
help of Byzantine engineers in the 830s. The main
contribution to Sarkel's research was made by M.L
Artamonov. On the basis of archaeological excava-
tions in 1934-1936, 1949-1951, he localized the Sar-



kel fortress on the site of the Left Bank Tsimlyansky
settlement. During the expeditions of M.I. Artamonov,
most of the fortress was excavated, and a colossal
amount of cultural heritage from the past was ob-
tained. Subsequently, the excavation site was flooded
during the construction of the Tsimlyansk reservoir
[17-20].

Unfortunately, the exact geographical coordinates
of the archaeological site were not determined. There-
fore, after the flooding, the Sarkel fortress was again
"lost". And yet, a schematic plan of the fortress
(Fig. 1), text descriptions, and photographs containing
characteristic features of the excavation area have
been preserved [15, 17-20]. Relatively little time has
passed since the sinking, so these features should be
well preserved. This fact greatly simplifies the search
for an excavation area and the identification of an arc-
haeological site.

Fig. 1. Schematic plan of the Sarkel fortress [20].
1, 2, 3, 4, 5, 6 — straight trajectories (tacks) of
movement of the measuring vessel

To search for objects located under the bottom,
a domestic parametric profiler produced by NELAX
LLC was used. A profiler with operating frequencies
from 7 to 21 kHz makes it possible to survey the
thickness of sea soil to a depth of up to 30 m with
a layer resolution of up to 10 cm. The equipment was
placed on a small vessel (trimaran). The profilograph’
antenna was attached to the rod on the left side to
a depth of 1 m and was oriented parallel to the bottom.
Navigation and subsequent linking of detected objects
to coordinates were obtained using two GPS antennas
located on rods on both sides of the vessel.

DISCUSSION OF THE RESULTS OBTAINED

Fig. 1 shows a schematic plan of the fortress with
the vessel's movement trajectories (tacks) marked on
it. Profilograms obtained due to the movement of the
vessel along the tacks is shown in Figs. 2—-6, II. Be-
low, we analyze the profiling data and compare it with
the description of the area where Sarkel is located.
According to works [15, 17-20], the Sarkel settlement
was located on a low cape of the main bank of the
river, which formed a small bend here. This cape was
cut off from the adjacent part of the coast by a wide
and deep ditch. The end of the cape was separated by
a second ditch, behind which the brick fortress was
located.

Fig. 2. Profilogram of tack 1

Fig. 2 shows a profilogram with typical bottom to-
pography and subbottom structure of the Tsimlyansk
reservoir. The depth changes smoothly, there are no
sharp changes. The figure clearly shows the upper
boundaries of the two layers. Based on the nature of
the reflection, it can be assumed that the top layer is
predominantly sand, and the bottom layer is clay or
black soil. On the right side of the picture, there is
a lowland, the bottom of which is covered with silt.
A combined analysis of all tacks suggests that the
lowland is the old bed of the Don River.

On the profilogram of tack 2 (Appendix, Fig. II)
there is an area with sharp changes in the bottom to-
pography. There is no clear separation of layers in it,
because it is covered with a mixture of sand and silt.
A similar picture is observed in Fig. 3. The profilo-
gram shows hills about 3.5 m high. The lowlands be-
tween the hills are covered with a layer of silt. This
nature of the bottom topography can be explained as
the result of anthropogenic impact, namely the exca-
vations of the Sarkel fortress.

Fig. 3. Profilogram of tack 3

In Fig. 4, the number 1 indicates a fragment of the
brick wall of the fortress. The height of the wall visi-
ble with the device is about 2 m. Most of the wall,
both on top and on the sides, is covered with sand.
Therefore, visually it looks like a sandy hill about 0.5
m high above the bottom.

Fig. 4. Profilogram of tack 4

In the left and right parts of Fig. 5, lowlands are
present. As noted above, the right lowland is the old
bed of the Don River. The left lowland was a large
ditch that cut off the cape on which the fortress was
located from the adjacent part of the coast. Of particu-
lar interest is the area marked 2 in the figure. In the
anomaly area, the boundaries of three layers are visi-
ble. The first two layers almost merge with each other
and are a layer of black soil or clay, which is covered
with sand. There is a layer of soft dirt, possibly silt,
underneath them. It can be assumed that the anomaly
is part of a small defensive ditch. But area 2 is very
far from the brick part of the fortress, and, judging by
the surrounding topography, it has not been exca-
vated.

Fig. 5. Profilogram of tack 5




In Fig. 6, number 3 indicates an anomaly similar to
anomaly 2 in Fig. 5. However, anomaly 3 lies in the
area of the excavation area, and its location corres-
ponds to the location of the small ditch. Another area
of particular interest is indicated in Fig. 6 with the
number 4. In area 4, there is a pit about 2 m deep. The
bottom of the pit is covered with silt. In the pit, there
are two objects extended upward and parallel to each
other. The location of objects and their shape indicate
their artificial origin. As a result of the comparison of
profiling data, sonar survey, diving survey, and aerial
photographs from the 50s [15, 17-20], it was sug-
gested that the objects are the remains of building
described in archaeological reports [19].

Fig. 6. Profilogram of tack 6

CONCLUSIONS

Results in Figs. 2—6 and in the Appendix are not
completely exhaustive and self-sufficient. They con-
stitute only a certain part of the total volume of work
on a comprehensive remote survey of a cultural herit-
age site. However, the profiling results presented
above and their analysis convincingly prove the need
to use a parametric profiler in underwater areology
when conducting terrain reconnaissance. A parametric
profiler is capable of detecting objects under the bot-
tom and giving an idea of the geological structure of
the upper layers of the area.

APPENDIX

Fig. II. Profilogram of tack 2



