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NPUMEHEHUE MMAPAMETPHYECKOTO MPO®UIOTPA®A
JJIS1 UCCJIENOBAHUSI TOHKON CTPYKTYPBI
MOPCKOTI'O JHA

B 2015-2016 1r. B paiione mbica [lanarus Tamanckoro noixyoctpoBa coTpyanuku FOxHoro ¢enepanpHoro yHuBep-
CUTETa COBMECTHO C PycckmM reorpaduueckuM 0OIIECTBOM IPOBOJMIM apXEOJOTHUECKHE HCCIIEIOBAHUS THIIPO-
aKycTiHueckuMu Meronamu. B 2015 r. ocHOBHas 3a/jaua KCIIEANIMN 3aKIII0YAINCh B UCTIBITAHUU U JIEMOHCTPAIUU
BO3MOKHOCTEH THAposioKaTopa OokoBoro o63opa cepuu "Heman". B pesynbrare ObLI W3ydeH MOBOIMHBIN JIAH[I-
maT paiioHa M cocTaBlieHa KapTa MOPCKOro JiHa. Bo BTOpoii ros ocHOBHas 3a/jaua SKCIE UMK 3aKIII04anach B UC-
MBITAHHK ¥ JIEMOHCTPAIIMH BO3MOXKHOCTEH mapameTpuueckoro npodmiorpada cepuu "IIIJI-101". B cratse mpuse-
JIeHB U 00CYXKIAlOTCS paHee He OIMyOJNMKOBAHHBIC MaTephanbl M pe3ynbTaTsl 2016 T., MO3BOJISIOMINE TO-HOBOMY
B3MITHYTh Ha BO3MOXKHOCTH IapaMmeTpudeckoro npoguiorpada. B paboTe netansHO M3ydeHO CTpPOEHHE BEpPXHEH
YaCTH 0CaI0YHOH TOJIIIH, 3aJeTaromeii ceBepo-3anaanee Mbica [lanarus. [IpuBenens! Hanbosee HArTsIHBIE JaHHBIC
npoduiarpoBanus. J[OMOMTHUTENFHO TPUBEACHBI JaHHBIC aKyCTHUECKOH ChEMKH paiioHa C MCIIOJIb30BAHHEM THIIPO-
nokatopa OokoBoro o63opa. ITokazana He0OX0IMMOCTh MIPUMEHEHHs TapaMeTprueckoro npoduiorpada mpu mpo-
BEJCHHH MOPCKUX T€0JI0ro-reoMop(oIOTHIecKiX HccienoBannid. [lokazaHa HEOOXOIMMOCTh CO3JIaHUSI M paspa-
0OTKH HOBBIX OOpa3lOB OTEUYECTBEHHOTO THIPOAKYCTHYECKOTO O00OpyJOoBaHMs. Pe3yibTaThl IKCIEAWIMA MOTYT
OBITh KMCIOJIB30BaHbl MPU MPOBEICHUU LIMPOKOTO KOMIUIEKCA Te0JI0ro-reoMop(oIorHuecKux, najeoreorpaduie-

CKHX, apXCOJIOTUIECKNX U OKOJIOTHIECKUX HCCIICIOBAaHMIA.

Ka. ca.: reonormueckuii paspes, 0CaI0uHbIN CII0H, menb(, CHHKIMHAb, TapaMeTpuiIecKuil npoduiorpad,

THIPOJIOKATOp OOKOBOTO 0030pa

BBEJIEHUE

[MpubpexHbie yyacTku 1IeIb()OB BHYTPEHHHX MO-
pell HaxoAATCs MO CHIIBHBIM BIMSIHUEM aHTPOIIOI€H-
HOTO Tpecca. 31eCh OCYIIECTBISIETCA pa3BeaKa U J0-
OBIYa TOJIE3HBIX MCKOMIAEMBIX, IPOMBIIIIIEHHOE PBHIOO-
JIOBCTBO M SKOJOTHYECKUH MOHHUTOpUHT [1-3].
Ha noGepexne mocTpoeHbl u (pyHKIIMOHUPYIOT KPYTI-
HEHIIMe NOPTOBBIE KOMIUIEKCHI M APYrHE KPYIMHbIE
MPOMBIIUICHHBIE OOBEKThI, K KOTOPBIM MPOJIOKEHBI
Tpacchl CyI0XOJHBIX KaHaloB. B TeueHue nmocieaHux
JECATWICTHH 3TH TEPPUTOPUHU SIBIAIOTCS OOBEKTOM
MPHUCTANBHOTO HAyYHOTO WHTEpPEca pas3iIMYHBIX CIIie-
LUAJIMCTOB: T€0JIOrOB, reorpados, reopu3NKOB, OKea-
HOJIOTOB, OWOJIOTOB, apxeosoroB u T.1. Ilpm 3Tom
MOPCKHUE I€0JIOTMUECKHUE UCCIEI0BAaHUS 3/1€Ch MTPOBO-
JIATCSL TOCTaTOYHO penko [2, 4].

Ongnum w3 paiioHoB Poccum, npeactaBisiommx
HEOCIIOPUMBIA HMHTEpeC I TMPOBENEHUS MOPCKHX
TUAPOAKyCTUUECKUX MCCIENOBaHUM, siBasieTcst TaMaH-
CKH TOJYOCTPOB M NPWJIETAIOIUN y4acTOK aKBaToO-
puun YepHoro mops. I'eosornueckoe u3ydeHue 3TOro
paiioHa HayanoCh AOCTAaTOYHO JABHO M INPOJOJIKAET
MIPOBOJIUTKCS B HacTosimee Bpems [1, 5-8].

OK30TeHHbIE U 3HJOTEHHBIE MPOLECCH M BbI3BaH-
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HbIE MMH KOJEeOaHUS OTHOCHTEIBHOTO YPOBHS MOpS
n abpas3usi 0eperoB CyIECTBEHHO MOBJIHSIIN Ha O4Yep-
TaHUS YEePHOMOPCKOTO M a30BCKOr0 mobepexbs Ta-
MaHCKOTO TIOJTyOCTPOBA 3a IOCIETHIE HECKOIBKO ThI-
CST9 JIeT. DBOJIONUS AeNbTH p. KyOanb Oblma ogHIM
M3 BaXHEWIUX (haKTOPOB, OMPEICIISBIINM OOJIHK pe-
rroHa. COBpeMEeHHbIE OYepTaHus MOIyocTpoBa (hop-
MHPOBAIHCH 32 CUET aKKyMYJISIIUM PEYHBIX HAHOCOB
3TOM pEKH, OTHAEIBHBIE PyKaBa KOTOPOH MPOTEKAIU
MEXIy BO3BBIIICHHBIX YYacTKOB CYIIM W BITaJailnd
B UepHoe win A3oBckoe Mmops. Ha cyuecTBeHHOM
OTpe3Ke IO3JHETO TOJIOIIEHA TJIAaBHBIM OBUIO YepHO-
Mopckoe pycio Kybanu. Bmecte ¢ Tem, HEeCOMHEHHO,
CYIIIECTBEHHOE BIMSHUE Ha MEPHOANYECKHE H3MEHE-
HUS YPOBHS MOpPSI M, KaK CIEICTBHE 3TOTO, Iepe-
CTpOWKY JNMHHMH Oepera OKa3bIBalM HEOTEKTOHHYE-
ckue nBmwkeHus [5]. B TpancrpeccuBHble Qa3bl AeTbTa
B Pa3HOHM CTENEHM 3aTOIUISIaCh MOPEM, O Y€M CBHJIE-
TEIbCTBYET CHUCTEMa APEBHUX NPHUOPEKHBIX BajoB,
PaCTONIOKEHHBIX Ha Pa3jIMdHOM PACCTOSIHHA OT CO-
BpeMeHHO# nHuHN Oepera [9].

Crtpoenne u ycnoBusi ((OpMUPOBAHUS JOHHBIX OT-
nmoxkeHnid 1rens(hoB A30BCKOro W YepHOro Mopei
Y BHYTPEHHHX BOJOEMOB TTOYYHIIN TOPa30 MEHbIIIEe
OCBEIICHUE B TEOJOTHYECCKOW JmTepaType. ITo 00-
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BSACHSETCSl TEM, YTO 3a4acTyl0 B KauecTBe cIocoOoB
MOJYYEHUs] TEOJIOTUUECKOW HH(GOpMAlUU MPUMEHS-
JMCh TUCTaHIIMOHHOE 30HIUPOBAaHUE 3€MHOM MOBEPX-
HOCTH, a9poOTOCHEMKA U TeO(PH3HMIECKOE 30HIUPO-
BaHKE, KOTOpble Matod(pQEeKTUBHBI NPH HCCIIEHI0Ba-
HUU CTPYKTYpbl JOHHBIX oOcaikoB [6]. [leTanpHyro
WHQOPMAaMI0O O CTPOCHHU penibeda JHA W BEpXHEH
YacTHU OCaJIOYHOM TOJIIH, Claralolleii reoJIOTHYeCKHi
paspes, MOTYT IpPelOoCTaBUTh COBPEMEHHBIC TUCTaH-
[UOHHBIE METOJBI, OCHOBAHHBIC Ha IPUMEHEHHH Pas3-
HOOOPA3HBIX THIIPOAKYCTHYECKHX CHUCTEM, UCIIOJB30-
BaHHE KOTOPBIX CTAHOBUTCSI 00S3aTENIbHOW MPaKTH-
KO TIpH MPOBEJICHUH MOPCKUX HCCleAoBaHui [2, 3,
10, 11].

AIMTAPATYPA U METOJUKA ITPOBEJEHUA
HNCCIEJOBAHUA

B 2015-2016 rr. B paiione mbica Ilanarus (puc. 1)
TamaHCKOTO TIOTYOCTpOBa COTPYIOHHKH Kadempsl
JIEKTPOTUIPOAKYCTHUECKON M METUIMHCKON TEXHHU-
k1 THCTUTYTa HAaHOTEXHOJIOIUH, 3JIEKTPOHUKHU U IIPU-
6opoctpoenus FOxHoro denepansHOro yHUBEpcUTeTa
COBMECTHO ¢ PycckuM reorpaduueckum oOLIecTBOM
MIPOBOJMIIM apXEOJIOTHYECKHE HCCIEOBAHNS JUCTAH-
LMOHHBIM THAPOAKYCTHUYECKUM METOAOM. ['mapoaky-
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CTHYEeCKOe 000pylOBaHUE OKCIEIULIUN COCTOSIIO
U3 BBICOKOPA3peIIaIoIero TuaApojoKaTopa OOKOBOTO
0030pa (I'bO) cepun "HemaH" u y3KomydeBOro mapa-
Mmetpuueckoro npoduiorpada (II1D) cepun "IIJI-
101" [12], pacionaraBmmxcsi Ha CyJHEe Majoro BOJO-
m3Menenus. B 2015 r. ocHOBHAA 3agava DKCIEIULIAA
3aKIIIOYAINCh B HCIBITAHUH W JEMOHCTpAIlH BO3-
moxnocteit 'bO cepun "Heman". B pesynbraTte Obu1
W3y4YeH IMOJBOJHBIN NaHamadT pailoHa U cocTaBlieHa
KapTa Mopckoro aHa. Uroru skcnenuuuu 2015 r. us-
nmoxxkeHnsl B crathe [13]. B 2016 r. ocHOBHas 3amada
9KCIEIULNH 3aKJII0Yanachk B UCIBITAHUM M JAEMOHCT-
patuu  Bo3moxHocTe IIIID cepum "IIIJI-101".
B pesynprare ObUTO AeTambHO H3Yy4YEHO CTPOCHHE
BEpPXHEH 4YacTH OCaJOYHOM TOJINIM, 3ajerarouiei ce-
Bepo-3anaanee Mbica [lanarus. PesynpraTe! skcnenn-
uuu 2016 r. npuBeeHBl B TAHHOM CTaThe HUXKE.

HccnenoBanusi NpOBOAMINCH B MPUOPEXKHON 30HE
¢ xoopauHatamu 45.15° c.m. un 36.61° B.1. (puc. 1).
[Tnomane 30HBI paboT cocTaBisia HOpsiaka 9 K.
['my6waa Mopst Mmersutach ot 1 10 12 M.

Ot mbIca Oosiee yeM Ha 3 KM Ha 3amaj BBICTYIIAeT
pud Tyraea (puc. 1). OcHOBHasI 4acTb TOBEPXHOCTH
puda Haxoaurcs Ha riyomHax ot 0.5 mo 1.5 m. Heko-
TOpBIE CKaJIbHbIE BBIXOJIbI BBICTYMAIOT HaJl ITOBEPXHO-

CTBIO MOPsI.
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Puc. 1. Paiion paboT 3xcriequmnmn.
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JRECS

UYepHble TOHKHE JTUHUT — TPACKTOPHS ABMKEHHSA (TaNIChl) U3MEPUTEIBHOTO CyJHA.
UepHble yTONIEHHBIC IMHUN: MHIUKanus puda TyraeBa u obnacteld nokamuzanuu (1-3) oOcyxmaaeMbIx

B CTaThC JaHHBIX HSMepeHHﬁ
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Hcnonp3oBaHHBIE TIPU MPOBEICHUN MOPCKHX JKC-
neauinoHHbIX ucciaeqoBanuii I’ bO u II1D gBasrorces
pe3yabTaTOM MHOTOJIETHEH COBMECTHOW pabOThI WH-
xeHepoB 1 yueHsix OO0 "HEJIAKC" u AO "HUUII
uMm. B.B. Tuxomuposa". [Ipubopsl cocoOHBI H3ITy-
YaTh KaK TOHAJIBHBIM, TaK M JIAHCHHO-9ACTOTHO-
MonyaupoBaHHblil (JIYM) 30HAMpYIOIIMH CHUTHANBIL.
CTOUT OTMETUTH, YTO TOCIE MOJICPHU3AINHN U OINTHU-
MHU3ALMU BO3MOXHO pa3MeLICHUE JaHHOTO TUApoaKy-
CTHUYECKOTO 00OpY/IOBaHMS Ha ABTOHOMHBIX HEOOH-
TaeMbIX NIOABOJHBIX amnmnapartax [14].

[P npumensuics Aas TPOPUIMPOBAHUS TONLIH
MOHHBIX OTNIOKeHHWH. OH TpemHa3HaueH IS UCIOJb-
30BaHUs B BojioeMax riyounamu ot 1 qo 500 m. TITTD
MIPEJICTAaBIIICT COOOW aKyCTUYECKYIO0 CHCTEMY, CO-
CTOSIIIYIO U3 IBYX KaHalioB. AHTeHHa [III®D cocrout
13 HabOpa MHE303JIEMEHTOB, YCIOBHO pa3lIeICHHBIX
Ha JIBa BBICOKOYACTOTHBIX M3JIy4aromux Tpakra. OHa
W3Iy4aeT JBa BHICOKOYACTOTHBIX CHUTHANA B TUAIa30-
He ot 135 mo 150 x['m. B pesynbprate HEmmHEHHOTO
B3aUMOJICUCTBUS ABYX MOIIHBIX BBICOKOYAaCTOTHBIX
CHUTHAJIOB HaKauyku (opMHUpyeTcss HU3KOYACTOTHEIN
CUTHaJI Pa3HOCTHOM yacToTsl oT 7 o 15 x['h, ¢ mo-
MOIIBI0 KOTOPOTO OCYIIECTBISETCS 30HAUPOBAHUE
TONIIMA JOHHBIX 0camkoB 10 40 M (B 3aBHCHUMOCTH
OT THIIa 0CaJIKOB). BepTukanpHas pasperatomnias cro-
COOHOCTh TIapaMmeTpudeckoro mpodmuiorpada ompe-
nensierca yactorord aeuarmu JIUYM-curnana u Jo-
cruraet 15 cMm. I'opusoHTaNibHAS pa3peliaronias cro-
cOOHOCTB y MapaMeTpuueckoro npodumiorpada Ha mo-

A. 1. BOJIOLL[EHKO

PAZOK BBINIE, YeM Y JIMHEHHOro npoduiorpada. I1o
MPEUMYIIECTBO 00eCIeUnBaeTCsl y3KOW XapakTepH-
CTHKOW HAaNpaBIEHHOCTH Jy4a (MeHee 3°) M IMOUTH
MTOJTHBIM OTCYTCTBHEM OOKOBBIX JIETIECTKOB.

Jnst monyueHHus aKyCTHUECKMX HM300pakeHHH TOo-
BepxHOocTH nHA npuMmenscs ['bO ¢ pabounmu gacTo-
tamu 240 (neBwrii 6opt) U 290 k[ (mpaBerit OoOpT).
Pazpemaromas cnocodHocTh o AanbHOCTH Yy ['BO —
2.5 cM. Bo BpeMsi MOPCKUX HCCIECJOBaHUI aHTEHHBI
I'BO u II® kpenunuck Ha mITaHrax Mo 6opram Cyj-
Ha. ' myOuHa morpyskeHus aHTeHH coctaBisuia 0.5 M.
Chauana Obl1a IpoBesieHa 0030pHas CheMKa, KOTopas
MTO3BOJIIIIA BRIOpATh HANOOJIEE TTOAXO/ISIIAN IS TaH-
HOro paiioHa pexum npoduaupoBanus I[II1PD: wga-
CTOTHasl JeBHAIHMS aKyCTHYECKOro curHama — & kI,
IUTUTEIBHOCTh UMIIyJIbca — 2 MC, IEpHOA H3Iyue-
HUS — 5 u31./c. CKOpOCTh ABHKCHUS CYZHA BO BpeMs
CheMKH cocTaBisuia 2-3 y3na. Ilo3unuoHupoBaHue
cyaHa obecneunBanock auddepenuuansaeiM  GPS-
npuemankoM TRIMBLE DSM 232, xotopsrii 103BO-
JISIET OIPENENSITh MECTOMOJIOKEHUE C MOTPELIHOCTHIO
He Oonee 1 M. Muadopmanus o TEeKymeM BpeMEHHU
n koopamHatax WGS-84 Bo Bpems cOopa JaHHBIX
3alMChIBAJIaCh B WHIWBUIYAJIbHBIN (DAl Kaxmaoro
rainca. [IporpamMHoe obecrieueHre B IPOLIECCE ChEM-
KM B pealbHOM BPEMEHHU BBIBOJWJIO HA 3KpaH MOHH-
Topa WHGOPMAIMIO O CTPYKType AHA W MO3BOJISIO
peryiupoBarh yCHJIEHHE, MOACTpauBaTh MapameTphl
oToOpakeHns wHPopMaIuu 1 T.4. [lodydeHHBIC NaH-
HBIE 3alMCHIBAIMCH U XPAaHUIKCH B IM()POBOM BUE

TeprieH UKy IIpHO
Oepery
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Puc. 2. [IpodunorpamMma yyacTka MOPCKOTO JIHA CO CJIIOSIMHU OCaJl0YHbIX nopos (45.15° c.oi.,

36.62° B.11.).
O06sacTh JIOKaMU3auu JaHHBIX — 1 Ha puc. 1
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Ha JKECTKOM JHuCKe HoyTOyka. McciaemoBanus ydact-
KOB JJHa MPOBOJUJIUCH IO CUCTEME rajcoB, KOTOpPbIE
MPEJICTABIISIIN COOON JIMHUM MapajiielibHbIe U Tep-
MIEHIUKYJSIpHBIE Oepery. PaccTostHue Mex Iy rajicamu
MeHsI0Ch OT 25 10 50 M B 3aBHCHUMOCTU OT paioHa
pa6or. [llar 3o0aaupoBanus He TpeBbiman 0.5 M BI0Ib
Kaxxgoro rainca. Mccnegyemas 1iomiaab NOKphIBajgach
CETKOM rajicoB CyJiHa, Ha OOPTY KOTOPOTrO YCTaHORBJIE-
Ha THApoaKycThdeckas ammaparypa (puc. 1). B pe-
3yJbTaTe HMCCICAOBAaHUM ObLla TMOJy4YeHa KapTa HC-
ciaenyeMoro pailona. OHa cocTosula M3 MaHOPaMbl
JIHa, moy4eHHoi npu nomomu I'bO, u pa3pe3oB oca-
JIOYHOW TOJIIK, TOJy4YeHHbIX Mpu mnomomu [II1D.
B 3aBHCHMOCTH OT aKyCTHYECKHUX CBOMCTB JTOHHBIX
OTJIOKCHHM, TIyOWHa TPOGUINPOBAHUS COCTAaBIISIIA
1o 20 m. Kapra no3BossieT onpeaenuTbs U3MEHUYUBOCTh
JIOHHBIX OCAJKOB U OIEHUTh UX CTPYKTYpY, THI, CO-
CTaB.

87

AHAJIN3 PE3YJIBTATOB

[TomydenHble qaHHbIE 30HIUPOBAHMS TTOKA3BIBAIOT
XapakTepHble OCOOCHHOCTH CTPOCHUs penbeda 1HA
Y BEPXHEW 4acTH OCaJ0YHOM TOJIIM B paliloHe padorT.
Crou, cnararomiue BEPXHIOIO 4acTh I'€OJIOTHYECKOTO
paspesa, UMEIOT CKiIaa4aroe 3aneranue (puc. 2). Ciou
CMSATHI B CKJIAJIKHA, UMEIOIINE FOT0-3aMaHoe MPOCTH-
panue. Ha puc. 2 npuBeznena npoguiorpamma rasuca (1,
puc. 1), mpoiiieHHOTO MePHEeHANKYIAPHO (JIeBas 4acTh
puc. 2) ¥ napawiensHo Oepery (IpaBast 4acTb pHC. 2).

B paiione pupoB Ha MOpPCKOM JHE OOHAKAIOTCS
BBIXOJbl CJIOEB MIIAHKOBBIX W3BECTHSKOB, 3aJI€Taro-
MIMX B KPBUIBSX CHHKIMHAIBHBIX CKIIQJOK (00JacTh
ckanupoBaHus 2 puc. 1) — puc. 3. CynHo ABHTANOCH
ot Oepera. B nenpeccusix MOpcKoro gHa MeXIy OCHO-
BaHUSIMH COCEIHUX PHUGPOB aKKyMyJIHPYIOTCA TMECKH

(puc. 4).
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Puc. 3. TIIpodpunorpamma ydactka
MOpPCKOTO JIHA C BBIXOAAMHU CJIOEB
MIIIAHKOBBIX M3BECTHSAKOB (45.15° c.11.,
‘| 36.62°B.11.).
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Puc. 4. Ilpodunorpamma ydacTka
MOpPCKOTO JHA mapauiensHo pudy Ty-
TaeBa (45.14° c.im., 36.62° B.11.).
O6nacTb ckanupoBaHus 3 Ha puc. 1
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Puc. 5. Oxorpamma I'BO yuacrtka Mmopckoro aua (45.15° c.m., 36.62° B.1.)

JononauTtensHy0 HHGOPMAIHMIO U HHTEpIIpeTa-
UM U YTOUHEHHUS OTMEUYECHHBIX BBIIIE 00BEKTOB MOXK-
HO TIOJYYHTh, aHAIN3UPYS aKyCTHYECKHE H300paxe-
HUS MOPCKOTO JHa, moiyuyeHHsle ¢ momoimbso ['BO.
Ha puc. 5 noka3zana sxorpamma JiHa, COOTBETCTBYIO-

masi paioHy ¢ npoduiorpaMMmbel Ha puc. 3. JlaHHBIC
MPEJICTaBJICHbI B BUJE (parMeHTa KapThl MOPCKOTO
nHa. Ha puc. 5 oT4eTnMBO BHIHBI KPBUIBS CHHKIH-
HaJbHOM CKJIAAKU, OTMEueHHOU Ha puc. 3. CormacHo
pe3ynbTaTaM aHaln3a JUCTaHIIHOHHOTO 30HANPOBAHUS

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 1
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Puc. 6. CriyTHUKOBEIII CHUMOK C HaHECCH-
HBIMA Ha Hero 00O3HAYCHHWSIMH CHHKIHU-
HAJIBHOW CKJIaJIKA M TPAaeKTOpUU (TajcamMu)
HU3MEPUTENBHOrO Cy/THA

ny6uxa, m
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Puc. 7. llpodunorpamma yyactka MOPCKOTO JIHA C CHHKJIMHAIBHOW CKIaj-
Koit (45.15° c.m1., 36.62° B.11.) o rancy 1 Ha puc. 6

3eMHOI MOBEPXHOCTH CO CITyTHHKOB (pHC. 6), CHHK-
JWHANbHAS CKJIaAKa 10 (OpME HAIOMHUHACT IIOJTy-
KpyT, yaaneHHbd Ha 300 M OT Oepera ¥ ynuparomuii-
Csl KOHIIAMHU B HEro. AHaJIM3 rajca, NpOWIEeHHOTo ma-
pautensHo Oepery (1, puc. 6), MoKa3bIBaeT, 4TO JaH-
HOE OOCTOSITENICTBO OKa3bIBAaCT BiMSHHE Ha (hopmy
3ajeraHus OcaJouHbIX cioeB (puc. 7). U3 3amucu
npoduIorpaMMbl Ha pUC. 7 BHUIHO CHHKIMHAIBHYIO
CKJIJIKy U CJIOM MIIAHKOBBIX H3BECTHSKOB.

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 1

3AK/IIOYEHUE

Co3naHue TEXHOJIOTHH, I03BOJIIONIMX IIPOBOAUTD
KOMIUIEKCHOE O0O0CIIeJIOBaHE OOIIMPHBIX yYaCTKOB
MOPCKOTO JIHa C HCIOJIB30BAHUEM T'HIPOAKyCTHYE-
CKOU TEXHUKH, — OJIHa U3 OCHOBHBIX 3a/1a4 MOPCKOH
reoyioru. TeXHOIOTHHU JTOJKHBI TIO3BOJISITH HCCIIEAO0-
BaTh COCTOSIHME IIOBEPXHOCTH MOPCKOI'O JJHA U CTPYK-
Typy TOJIIM MOJ HHUM, MCKAaTh M HAaXOIUTh HEOJHO-
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POIAHOCTU U OOBEKTHI KaKk Ha AHE, TaK U B CJIOE TPyH-
Ta. [IpoBeaeHHbIe HccaenoBaHMs TTOKa3alu BBICOKYIO
3¢ (EeKTUBHOCTh TPUMEHIEMOTO IapaMeTPUIECKOTO
npodunorpadpa "MIJI-101" mis u3ydeHUss U Oaib-
HEWIlleT0 pa3BUTHUS MPEACTABIECHUN O CTPYKType
1 CBOMCTBAX JJOHHBIX OCAJKOB.

[TomydenHast B X0/1€ 3KCHEIUIINH T€OJIOTHYECKas
MHPOPMaIKsT MOKET OBITH MCIOJb30BaHa JAJS CO37a-
HUS €IMHON reoakyctmueckod mogmenu [15] Taman-
CKOTO TIOJTyOCTPOBa, KOTOpasi CyMMHPYET UMEFOIINECs
T€OJIOTHUECKUE, TeOPHU3NUECKHe, THUIAPOJIOTHYECKHE
U TeTpopU3NIECKre aHHbIe O perruoHe. Pe3ynbTaTs
uccieloBaHuil OyIoyT HMHTEpecHBI AJsl reomopdoiio-
TUM W Tajeoreorpaduu NMpH H3YYCHUH H3MEHEHHS
U PEKOHCTPYKLMH Teojlornueckoro obnuka Taman-
CKOTO TIOJTyocTpoBa. HemomHOTa COXpaHUBIIMXCS
MUCHMEHHBIX WCTOYHHKOB TOPOXKIAET HEOIHO3HAU-
HBIE  UCTOPUKO-Teorpaduveckue  pPEeKOHCTPYKIHH
nanamadTHo-reomopdorornyeckoro obnuka Taman-
ckoro moisyoctpoBa [6]. [lomydyeHHble HOBBIE MaTe-
pHAaIBl TIO3BOJISIIOT OLEHUTH MPOHU3OMIEIINE H3MEHE-
HUSI B O0JIMKE IaHHOTO Y4acTKa MOOePexXbs.

[IpuMeHeHue ruipoaKkyCTUYECKUX TEXHOIOTUM UC-
CJIEIOBAHUN C TIOMOIIBIO TTAPaMETPHUIECKOTO Mpodu-
norpada Mo3BOJUT MOBBICUTH 3()(HEKTUBHOCTH CyIIle-
CTBYIOIIUX TPYIOEMKHX W JOPOTOCTOSIIUX METOJIOB
9KOJIOTHYECKOT0 MOHHUTOpHMHTa [16], OCHOBaHHBIX
Ha HETOCPEJICTBEHHOM B3ATHH MPo0. J{ncTaHIIMOHHBIE
METO/IbI MO3BOJISIOT MOJIyYUTh JaHHBIE 00 SKOJIOrHYe-
CKOM COCTOSTHIM MOPCKOTO THa Ha JOCTaTO4YHO 00-
UIUPHBIX IJIOMIA/ISAX U CYIIECTBEHHO COKPATUTh BPEeMsI
npoBeaeHus pador [11].

B nacrosimee Bpemst O0NBITMHCTBO BOAHBIX T'€0JI0-
THYECKHUX M apXCOJIOTHUECKUX paboT Ha menbde 1 BO
BHYTPEHHUX Bojioemax Poccuiickoit denepanuu HO-
CAT €IUHUYHBIA Xapaktep. OnHOM M3 MPUYUH CIO-
KUBIIEHCS CUTyallMH SIBJISETCS OTCYTCTBHE OTEYECT-
BEHHBIX T'HJIPOaKyCTHYECKHX NpUOOpOB, HE YCTY-
MAONMX 3apyOeKHBIM 00pa3iiaM 10 XapaKTePUCTH-
kaM. B TO ke BpeMs TIOJy4YeHHBIE pPE3yJIbTaThI
M0 aKyCTUYECKOMY M3yYEHHIO MOPCKOTO JHA MOKa3bl-
BalOT HEOCIIOPUMYIO BRXHOCTh JIAHHOTO pOJia MCCIe-
JoBaHui. OHM MEpPCHEKTHBHBI Sl OCBOEHHUS KOM-
TUIEKCOB Pa3IMYHBIX TOJIE3HBIX UCKOMTAEMBIX BO BHYT-
PEeHHUX BoJOeMax M NpuOpexHoW 30He Mops [17],
JUTSL apXEOJIOTHIECKAX W T€0IKOJIOTHIECKUX HCCIIEIO0-
BaHMi [6]. )1 DOCTHXKEHHUS BCEX BBINIE 00O3HAYCH-
HBIX IIeNield HEeOOXOAMMO TPUMEHEHHE COBPEMEHHOM
texauku [10, 12], cnocoOHOM naBaTh WHGMOPMAIHIO
00 00BEeKTax Kak Ha MOBEPXHOCTH MOPCKOIO JTHA, TaK
Y B TOJIIE OCA/IKOB.
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APPLICATION OF A PARAMETRIC PROFILOGRAPH
TO STUDY THE FINE STRUCTURE OF THE SEABED

A. P. Voloshchenko

Southern Federal University, Taganrog, Russia

In 2015-2016 in the area of Cape Panagia of the Taman Peninsula, employees of the Southern Federal University, to-
gether with the Russian Geographical Society, carried out archaeological research using hydroacoustic methods. In 2015
the main task of the expedition was to test and demonstrate the capabilities of the side-scan sonar of the Neman series. As
a result, the underwater landscape of the area was studied and a map of the seabed was compiled. In the second year, the
main task of the expedition was to test and demonstrate the capabilities of the parametric profilograph of the PGL-101 se-
ries. The article presents and discusses previously unpublished materials and results of 2016, which provide a fresh look at
the capabilities of the parametric profilograph. The structure of the upper part of the sedimentary stratum lying north-west
of Cape Panagia was studied in detail. The most illustrative profiling data are presented. Additionally, the data of acoustic
survey of the area using side-scan sonar are presented. The necessity of using a parametric profilograph in carrying out
marine geological and geomorphological studies is shown. The necessity of creating and developing new samples of do-
mestic hydroacoustic equipment is shown. The results of the expedition can be used in carrying out a wide range of geolog-
ical and geomorphological, paleogeographic, archaeological and ecological research.

Keywords: geological section, sedimentary layer, shelf, syncline, parametric profilograph, side-scan sonar

INTRODUCTION seas. For a significant part of the late Holocene, the
main channel of the Kuban River was the one that
The coastal areas of the shelves of the inland seas  flows into the Black Sea. At the same time, undoub-
are strongly influenced by anthropogenic pressure. tedly, neotectonic movements exerted a significant
Exploration and extraction of minerals, commercial influence on the periodic changes in the sea level and,
fishing and environmental monitoring are carried out as a consequence, the restructuring of the coastline
here [1-3]. [5]. In transgressive phases delta was flooded by the
The largest port complexes and other large indus-  sea to varying degrees, as evidenced by of system of
trial facilities have been built and are operating on the  ancient coastal ramparts located at different distances
coast, to which the routes of navigable canals are laid.  from the modern coastline [9].
Over the past decades, these territories have been the The structure and conditions of formation of bot-
object of close scientific interest of various specialists:  tom sediments on the shelves of the Azov and
geologists, geographers, geophysicists, oceanologists, the Black seas and inland waters have received much
biologists, archaeologists, etc. At the same time, ma-  less coverage in the geological literature. This is due
rine geological research is carried out here quite rarely  to the fact that remote sensing of the Earth's surface,
[2, 4]. aerial photography and geophysical sounding were
One of the regions of Russia that is of undeniable often used as methods for obtaining geological infor-
interest for marine hydroacoustic research is the Ta-  mation, but they are ineffective in studying the struc-
man Peninsula and the adjacent area of the Black Sea.  ture of bottom sediments [6]. Detailed information on
Geological exploration of this area began a long time the structure of the bottom topography and the upper
ago and continues to be carried out at the present time  part of the sedimentary strata that composes the geo-
[1, 5-8]. logical section can be provided by modern remote
Exogenous and endogenous processes and fluctua-  sensing methods based on the use of various hydroac-
tions in the relative sea level caused by them and oustic systems, implication of which is becoming
coastal abrasion have significantly affected the out- a mandatory practice in marine research [2, 3, 10, 11].
lines of the Black and the Azov coasts of the Taman
Peninsula over the past several thousand years. Evolu-
tion of the Kuban river delta was one of the most im-
portant factors determining the appearance of the re-
gion. The modern outlines of the peninsula were
formed due to the accumulation of sediments of this
river, separate branches of which flowed between ele-
vated land areas and fell into the Black or the Azov

EQUIPMENT AND METHODS OF RESEARCH

In the summer of 2016, in the area of Cape Panagia
(Fig. 1) of the Taman Peninsula, employees of the
Department of Electrohydroacoustic and Medical
Technology of the Institute of Nanotechnology, Elec-
tronics and Instrumentation of the Southern Federal

92



[MPUMEHEHUE ITAPAMETPUYECKOI'O ITPO®UIIOTPADA 93

Fig. 1. Area of work of the expedition.

Black thin lines — trajectory (tacks) of the measuring vessel.

Black thickened lines — the Tutaev reef and

1-3 — areas of collecting measurement data discussed in the article

University together with the Russian Geographical
Society carried out archaeological research by remote
hydro-acoustic method. One of the tasks of the expe-
dition was a detailed study of the structure of the up-
per part of the sedimentary strata lying northwest of
Cape Panagia.

The studies were carried out in the coastal zone
with coordinates 45.15° N. and 36.61° E. (Fig. 1).
The area of the work zone was about 9 km”. The sea
depth varied from 1 to 12 m.

The Tutaev reef juts out more than 3 km to
the west from the cape (Fig. 1). The main part of the
reef surface is located at depths from 0.5 to 1.5 m.
Some rocky outcrops protrude above the sea surface.
In the inner part of the reef, about 0.8—-1.0 km from
the coast, at a depth of about 5 meters, among the
stones, several ancient anchors of various types and
their details were discovered.

The expedition's hydroacoustic equipment, which
consisted of a high-resolution side-scan sonar (SSS)
of the Neman series and a narrow-beam parametric
profilograph (PPF) of the PGL-101 series [12], was
located on a small-displacement vessel. It should be

noted that after modernization and optimization, it is
possible to place this hydroacoustic equipment on au-
tonomous unmanned underwater vehicles [13]. Used
in the conduct of marine expeditionary research, SSS
and PPF are the result of many years of joint work of
engineers and scientists of NELAX LLC and JSC Re-
search institute of instrument engineering named after
V. V. Tikhomirov. The devices are capable of emit-
ting both tonal and chirp probing signals.

The PPF was used for profiling the thickness of
bottom sediments. It is intended for use in reservoirs
with depths from 1 to 500 m. PPF is an acoustic sys-
tem consisting of two channels. The PPF antenna con-
sists of a set of piezoelectric elements, conventionally
divided into two high-frequency radiating paths. It
emits two high frequency signals ranging from 135 to
150 kHz. As a result of the nonlinear interaction of
two powerful high-frequency pump signals, a low-
frequency signal with a difference frequency from 7 to
15 kHz is formed, which is used to probe the thick-
ness of bottom sediments up to 40 m (depending on

Fig. 2. Profilogram of the seabed area with layers of sedimentary rocks (45.15° N, 36.62° E).

Data detection area— 1 in Fig. 1

the type of precipitation). The vertical resolution of
the parametric profiler is determined by the frequency
of the chirp signal deviation and reaches 15 cm. The
horizontal resolution of the parametric profilograph is
an order of magnitude higher than that of the linear
profiler. This advantage is provided by a narrow beam
pattern (less than 3 °) and an almost complete absen-
ceof side lobes.

To obtain acoustic images of the bottom surface,
SSS was used with operating frequencies of 240 (port
side) and 290 kHz (starboard side). The range resolu-
tion of the SSS is 2.5 cm. During the marine research,
the SSS and the PPF antennas were mounted on rods
along the sides of the vessel. The immersion depth of
the antennas was 0.5 m. First, a survey was carried
out, which made it possible to choose the most suita-
ble PFD profiling mode for the given region: the fre-
quency deviation of the acoustic signal — 8 kHz, the
pulse duration — 2 ms, and the emission period —
5 rad / s. The vessel speed during the survey was 2-3

HAVYYHOE [NPUBOPOCTPOEHME, 2021, Tom 31, Ne 1

knots. The positioning of the vessel was provided by
the differential GPS receiver TRIMBLE DSM 232,
which allows determining the location with an error of
no more than 1 m. Information about the current time
and WGS-84 coordinates during data collection was
recorded in an individual file of each tack. During the
shooting, the software displayed information about the
bottom structure on the monitor screen in real time
and made it possible to adjust zooming, change the
information display parameters, etc. The received data
was recorded and stored in digital form on the laptop
hard drive. Investigations of the bottom sections were
carried out according to a system of tacks, which were
lines parallel and perpendicular to the coast. The dis-
tance between the tacks varied from 25 to 50 m, de-
pending on the area of work. The sounding step did
not exceed 0.5 m along each tack. The investigated
area was covered with a net of tacks of the vessel, on
board of which the hydroacoustic equipment was in-
stalled (Fig. 1). As a result of the research, a map of
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the study area was obtained. It consisted of a bottom
panorama obtained using the SSS and sections of the
sedimentary strata obtained using the PPF. Depending
on the acoustic properties of bottom sediments, the
profiling depth was up to 20 m. The map allows to
determine the variability of bottom sediments and as-
sess their structure, type, composition.

ANALYSIS OF RESULTS

The obtained sounding data show the characteristic
features of the structure of the bottom relief and the

Fig. 3. Profilogram of a seabed area with outcrops of lay-
ers of bryozoan limestones (45.15° N, 36.62° E).
Scan area 2 in Fig. 1

Fig. 5. SSS-echogram of the seabed
(45.15°N, 36.62° E)

Fig. 7. Profilogram of the seabed with
a synclinal fold (45.15° N, 36.62° E) along tack 1 in Fig. 6

In the area of reefs on the seabed, outcrops of lay-
ers of bryozoan limestones occurring in the wings of
synclinal folds are exposed (scan area 2, Fig. 1) —
Fig. 3. The vessel was heading away from the shore.
Sands accumulate in depressions in the seabed be-
tween the bases of adjacent reefs (Fig. 4).

Sands accumulate in depressions in the seabed be-
tween the bases of adjacent reefs (Fig. 4).

Additional information for the interpretation and
refinement of the objects noted above can be obtained
by analyzing acoustic images of the seabed obtained
using the SSS. Fig. 5 shows the echogram of the bot-
tom, corresponding to the area in the profilogram in
Fig. 3. The data is presented as a fragment of the
seabed map. Fig. 5 clearly shows the wings of the
synclinal fold marked in Fig. 3. According to the re-
sults of the analysis of remote sensing of the Earth's
surface from satellites (Fig. 6), the synclinal fold re-
sembles a semicircle in shape, located 300 m away
from the coast and abutting with its ends against it.
Analysis of the tack traversed parallel to the coast (1,
Fig. 6) shows that this circumstance affects the shape
of the sedimentary layers (Fig. 7). Profilogram record
shows (Fig. 7) a synclinal fold and layers of bryozoan
limestones.

CONCLUSION

Creation of technologies that allow conducting
a comprehensive survey of vast areas of the seabed

upper part of the sedimentary strata in the area of
work. The layers composing the upper part of the geo-
logical section are continuously folded (Fig. 2). The
layers are crumpled into folds with a southwest trend.
Fig. 2 shows a profilogram of a tack (1, Fig. 1),
passed perpendicularly (left part of Fig. 2) and parallel
to the coast (right part of Fig. 2).

Fig. 4. Profilogram of the seabed area parallel to the Tu-
taev reef (45.14° N, 36.62° E).
Scan area 3 in Fig. 1

Fig. 6. Satellite image with synclinal fold and trajectory
(tacks) of the measuring vessel marked on it

using sonar technology is one of the main tasks of
marine geology. Technologies should allow investi-
gating the state of the seabed surface and the structure
of the strata beneath it, looking for and finding hete-
rogeneities and objects both at the bottom and in
the soil layer. The studies have shown the high effi-
ciency of the applied parametric profiler PGL-101 for
the study and further development of ideas about
the structure and properties of bottom sediments.
The geological information obtained during the expe-
dition can be used to create a unified geoacoustic
model [14] of the Taman Peninsula, which summariz-
es the available geological, geophysical, hydrological
and petrophysical data on the region. The research
results will be of interest to geomorphological and
paleogeographic studies of change and reconstruction
of the geological appearance of the Taman Peninsula.
The incompleteness of the remained written sources
gives rise to ambiguous historical and geographical
reconstructions of the landscape and geomorphologi-
cal appearance of the Taman Peninsula [6]. The new
obtained materials make it possible to assess the
changes in the appearance of this part of the coast.

The use of hydroacoustic research technologies us-
ing a parametric profilograph will increase the effi-
ciency of existing labor-intensive and expensive me-
thods of environmental monitoring [15], based on di-
rect sampling. Remote sensing methods make it poss-
ible to obtain data on the ecological state of the seabed
over a fairly large area and significantly reduce time
of work [11].
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At present, most of water geological and archaeo-
logical works on the shelf and in inland water bodies
of the Russian Federation are of a single nature. One
of the reasons for this situation is the lack of domestic
hydroacoustic devices that are not inferior to foreign
samples in terms of characteristics. At the same time,
the results obtained on the acoustic study of the
seabed show the undeniable importance of this kind of
research. They are promising for the development of
complexes of various minerals in inland water bodies
and the coastal zone of the sea [16], for archaeological
and geoecological research [6]. To achieve all of the
above goals, it is necessary to use modern devices [10,
12], capable of providing information about objects
both on the surface of the seabed and in the sediment
layer.
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