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NEPBbIN CMYTHUK, NPEOHA3HAYEHHbLIV ONA
WCCINEOOBAHUA MUPOBOI'O OKEAHA

el Seasat (Seafaring Satellite), NASA JPL

3amnyck - 27 utonst 1978

IHose3nast Harpy3Ka

1. TlepBblii uccnenoBaTenbCKuii ( HEOOOPOHHOTO HA3HAYCHUS)
PAAHOJIOKATOP ¢ CUHTe3upoBaHHo aneprypoii ( PCA)
L-auanazon (23 cm), HH —nonsipuzanus

AJbTHMETP

CBUY ckarrepomeTp ( HanpaBJICHHUE U CUJIa BETPA)
CBUY-paguometp ( TIIO)

5. Paagmomerp onTuueckoro quanasona ( Bugumbii + NK)

bl

Seasat pynknronuponan 110 qHeit
3a 3T0 Bpems Obul0 coOpaHo Oombiie uHGOpPMAIMKM 00 OKeaHe, 4YeM 3a
npeapiayme 100 net cynoBbIX UCCIIeI0BAHUN

m Jsenaoyamas medxncoynapoonas Llkona-cemunap: «Cnymuuxogvle memoobl u cucmemsl ucciedosanusi 3emnu». 21.03 - 25.03.2024, 2. Tapyca m



PI1-o6pa3 mopckoui noBepxXHOCTU
3GBUCUT OT:

vANANasoHa 30HAUPOBAHUS;
vhonapusauum usnyyeHus;

vwrna nageHus 30HAUpYHOLEro
CUrHana

N3nyuarowee YCTPOMUCTBO paauosiokaTopa nepeaaert '
3NEeKTPOMArHUTHYHO BOJTHY.

Ee xapaktepuctukamu asnarotcs:

ANUHa A;

yactota — BenuuuHa f = C/A, rae C - CKOpOCTb pacnpocTpaHeHUs
351eKTPOMArHUTHLIX BOJH B CpeAe;

BOJIHOBOU BEKTOp, YKA3bIBAFOLWMM HANpaeneHue pacnpocTpaHeHus
BOJIHbI,

nonapu3aUug 3N1eKTPOMArHUTHOU BOJHBI — OYeHb BAXXHOe CBOWCTBO,
OT MONOXeHUS MNNOCKOCTU NOoMApuU3aLUUM MO  OTHOWEHUHO K
OoTpaxarolwen MOBepXHOCTU 3ABUCUT KOIPEPULMUEHT OTpaxeHUs
BOJTHBI.




B 3aBucCMMOCTH OT KOHCTPYKTHUBHBIX
ocobeHHoOcTel U pexuma padotsl PJIC
IpUEeMO-TepeaaroIIfie CUCTEMbI MOTYT
OCYUIECTBIISATD:

v -U3JTyYeHHE ¥ IPUEM Ha
BepTUKanbHOH (BB) nomsipuzanuu;

v -M3Iy4YEHUE U IPUEM Ha
ropusoHTansHol (I'T) monsipuzanuuy;
v -U3JIy4eHHE U IIPUEM Ha

nepekpecTHbIX nmosspuzanusax (Bl u
I'B)

l_OpI."ISOHTaJ'IbHaFl BepTMl{aana
nonAapu3ayna nonapu3auund

BeKmop IANEKMPUHECKO20 NOJIAL npu 20pu30HmaJle01/7 u

BEPMUKANILHOU NOAPUZAYUU 30HOUPYIOU €20 CUSHALA mu




15 ™m

['eomeTpusi CbeMKH PaIuOIOKAIIMOHHOMN CTAHITIH
6okoBoro 063opa (PJICBO).

AHTEHHA TaKOW CTAHIIUU BBITATUBACTCS BIOJb (IO3EIIshKa
camojieta M obOecrneunBaeT O0KoBOe "BHacHUE" .

B vacTtHOCTW, NpK ANvHEe BOMHbLI A=2 CM U AJIMHE aHTEHHbI L,:=6 M (415 caMONeTHON aHTeHHbI 3TO AOBOSbLHO BonbLuas AnvHa) u
HOMWHamNbHOW BbICOTE NosneTta 2 kM umeem Agp~1/300 pag, aneMeHT paspelleHns AX Ha pacctosiHum y=10 KM OT ocu noneta

COCTaBuUT AX=Y-A@/2=15 M.

B paccMoTpeHHOM npuMepe aneMeHT paspelueHns ("nukcen") Ha NNoCKOCTU X,y NpeacTaBnseT cobon kBagpar pasmepomM 15m x

FTEOMETPUA PAOUONTOKALLUOHHOU CBEMKU
(PAONOJIOKATOPbBI BOKQBOI O Ob30PA

a3pemenue 6 O0KOBOM HaanZGJZ)Huu (no HAKJIOHHOU

oanvbHocmu) onpeoensiemcs ONUMeNbHOCMbIO
umnynvca T. AV = Cr
2sin 8

C - ckopoeThb CBETa, 0 - yroi 30HAMPOBAHUS.

[Ipu TummyHOM jnuHe wumnyiabca  =0,1 MKC u
BBICOKMX yIJIax 30HJMPOBAaHUSA pPa3pelieHUue 10
HaKJIOHHOU JaJbHOCTU COCTABUT MPUMEPHO 15 M.

Paspewenue 6 asumymanvHoM HAnpaeienuu, m.e. 8
Hanpasnenuu noiema (0cb X), 3aBHCHUT OT  VeloGol
(asumymanvroir) WUPUHDL ouazpammol
HanpasieHnocmu Ap,

KOTOpast MOYKET OBITh OI[EHEHA KaK OTHOIICHHE JUTHHBI
BOJIHBI A K JuinHe anTeHHsl L: Ap~A/L,.

Paspemienne B a3suMyTajdbHOM  HalpaBJICHUU

OIIpeseNseTes cneyomum obpasom: ., _ HA
cos @

A s



TPAANHMOHADBIE ObO3SHAYEHISST HACTOTHBIX ANATTASOHOB
Juana3zon | dTumosorus YacToTsl Jdauna Ilpumenenune
BOJIHBI
) UcnonbsoBasics B CIIA Ha TepBBIX  camojeTax- Obosnauenus cnoxicunucy na 3anade 6 xoe
p previous <300MI'w (>1m naGoparopusx NASA Bmopoii Mupo6oii 601inbL.
B nacmosuwee spems onu saxpennenwvi ¢ CLLA
PCA na 6opry UC3 SEASAT (CLIA) u JERS-1 (Smonus), cmanoapmom |EEE, a maxaice
cencop SIR-C/X-SAR Ha 0GOpPTY KOCMHYECKOTO YEITHOKA mexcOyHapoonvim cmandapmom 1TU
L Long 1—2ITa |15—30cu «Endeavory(CIIA)
ALOS-2 (Anonus)
S Short 2—4ITu |7,5—15cm | PCA UC3 «Anmasz-1»
Compromise
C TIPOMEIKY TOUHBIH 4 8TTu |35 75cu PCA na Gopty eBponelickux cinytHukoB ERS-1,2 u Envisat
IManason Mexay X u ’ n kaHagcknx cmyTHHKOB RADARSAT-1,2 SENTINEL-1
S
PCA mna O6opry repmanckoro cmytHuka 1ERRA/SAR-X,
TANDEM
X 8 —12TTu |2,5— 3,75 cm | B CIIA nmamason 10,525 I'Tu + 25 MI'n ncnione3syercst B
PJIC aspomoproB
Cosmo-SkyMed (HMmanust)
under K JlemoBast  pasBenka, KapTrorpagMpoBaHHE  BBICOKOTO
HEM. 12 — 18 paspeuieHys, CIlyTHUKOBast allbTUMETPUSL.
K, Kurz — 1,67—2,5¢cm
N [T PIICBO «Hute» u «Topoc» Ha OoOpry caMOIETOB-
«KOPOTKUID»

naboparopuit TY-134 Cx u An-24.




«Anmaz-1», ERS-1, -2
Seasat,

JERS-1

CNyTHUKOBLIE PGAMOJIOKATOPLI NEPBOrO NOKONEeHUs 0611GAGNMU BO3MOXHOCTBHO CheMKU
HG OAHOM (PUKCUPOBAHHOW MOMAPU3ALIMK 30HAUPYHOLLETO CUrHaNa:

vwW |HH |VV/HH |VH HV VW/VH | HH/HV




el

B anpene u okta0pe 1994 r. cencop SIR-
C/X-SAR, yCTaHOBJICHHBIN Ha
KocMu4eckoM uenHoke Endeavour Obin
33JICCTBOBAH B JIByX JKCIIEPUMCHTAaX, B
X07Ie KOTOPBIX IMPOBOAMIINCH H3MEPEHHUS
Bapualiii  WHTEHCHBHOCTH  OOpaTHO-
paccsaHoro curHana L-, C-m X-

JIMAIa30HOB Ha KOHTPOJIMPYEMBIX
paznuBax HE(TH W PA3IUYHBIX BHUOB
ITAB.

Ed OKCIIEPUMEHTHI MPOBOJIMIINCH B

i
4
4
&l
)
4
4
&
o |
;|
d
%
4
ol
<Y
|
4
4
=3

CeBepHom mope, a Takxke B CeBepHOM
yacTu fmOHCKOrO MOpsi M B panioHE
teuenus Kypocuo [Gade et al., 1998].

PJI-uzo0paxenue, moiaydeHHoe B paiione TedeHus Kypocwo
04.10.1994, 20:25 UTC cencopom  SIR-C/X-SAR
OIIHOBPEMEHHO B TpeX JWana3oHax W IMPHU PA3JIAYHBIX
nojspusanuax 3oHaupyromero cur"ana lllupuna xaxmoro
¢parmenta 21 kM. B momoce o0030pa Ha MOpCKOH
MIOBEPXHOCTH HaXOIUTCS HedTsiHOE 3arpsi3HEHUE,
nedopMUpOBaHHOE O] BO3/ICUCTBUEM BETPA




Psii sKCTIEpUMEHTOB ¢ KOHTPOJIMPYEMBIMH pa3iuBaMu HEPTH
Y TIOBEPXHOCTHO-aKTUBHBIX BEIIECTB OBLJI MPOBE/ICH B
Cesepnom mope (MARSEN79, SAXON FPN,
SAMPLEX92). B aTux skcriepumeHTax OblIN
3a/1elICTBOBAHbI MHOTOYACTOTHBIE MHOTOIOJISIPU3ALIMOHHBIE
PaAMOIOKATOPHI U CKaTTEPOMETPHI aBUALMOHHOTO
0a3upoBaHus, C MOMOIIBIO KOTOPBIX U3MEPSITUCH
PaMOIOKAIIMOHHBIC KOHTPACTHI Pa3TUIHBIX HE(DTIHBIX
nareH u msteH [IBA. 1ens sxcriepuMeHTOB cOCTOsIIa B
ONpEICTICHUU 3aBUCUMOCTH PAJUOJIOKAIIMOHHBIX KOHTPACTOB
OT THIIa TUIEHOYHOTO 3arps3HEHUS U yCIOBUI HAOIIONCHMS, B
YaCTHOCTH, OT IIPUIIOBEPXHOCTHOTO BETPA.

Bb110 yCTaHOBIEHO, YTO MOMYJISIIMS CUTHAJIA IS KasKOU
YacTOThl UMEET Pa3IMYHbINA TUII 3aBUCUMOCTH OT CKOPOCTH
BeTpa M TUIA TUIeHOYHOTO 3arps3HeHus [Hithnerfuss et al.,
1983].

Haubonee 3nauntenbHble KOHTpacThl HaOmoaanucs B C-, X-
n Ku — qnana3onax.

KonTpacTsl, u3MepeHHbIC I Pa3TUBOB «JIETKOI» HeDTH,
coctapisiiu 5 1b, a 1715 pa3nuBOB «TSAKEIOTO» TOIIIMBA
noxommiu no 10-15 nb.

B 10 xe Bpems oOparHo-paccesHHbIi curHan L- u S-
JIMaIa30HoB €J1ab0 pearupoBal Ha MPUCYTCTBUE
ITIOBEPXHOCTHBIX IIJIEHOK

Bapuanuu M"HTEHCUBHOCTH 00paTHO-PACCSIHHOTO
CHUTHaJa JUIsl 5 pa3IMYHbIX NUANa30HOB HA VV
TIOJIIPU3AIIAN TIPH Y€ 30HAUPOBaHUs 25° ,
MOJTyYeHHBIE MPH MOJIeTaxX HaJl Pa3iuBoM HEDTH 1
utoHs 1992 [cormacHo (Wismann, 1992)]

Heenaoyamasn meosicoynapoonas [lxona-cemunap: «CnymHuuxogvie Memoosl u cucmemvl ucciredoganus 3emmu». 21.03 - 25.03.2024, 2. Tapyca



HeoxxnaaHHbIM pe3ynbtaTtoM OoKas3anoch,
YTO OMOreHHblEe CITMKN eCTECTBEHHOIO
npoucxoxaeHna obycnaenueatoTt 6onee
CUINbHYIO MOOYNALUMIO PaaNOSIOKaLMOHHbIX
KOHTPAacCTOB, YeM NATHA HEPTAHOIO
3arpsisHeHus.

®parments! PJIN, nomydyenHoro ceHcopoM SIR-C/X-SAR onHOBpeMeHHO B Tpex auana3zoHax Ha V'V nomspuzanun 18.04.1994, 05:26
UTC, Ha KOTOPBIX OTYETIHBO BUIHBI MOHOMOJIEKYIISIPHBIE ISITHA (OJEUHOBBIH CIIUPT)

[MoaoOHble M3MepeHna NPOBOAUNUCH NPU Pa3NNYHbIX
CKOpPOCTSAX BeTpa, 1 bbin caenaH BbiBOA, YTO ANA O4HOMO
n Toro xe MNAB rnybuHa mogynsunum MHTEHCUBHOCTU
obpaTrHO-paccesaHHOro curHarna CyLecTBeHHbIM 0b6pa3om
3aBUCUT OT CKOPOCTU BETpa

Bapuannu uHTEHCHBHOCTH 00paTHO PacCETHHOTO

CUTHaJa I TPeX pa3IMYHbIX IUara3oHoB HA VV
MoJIApU3aniuu y
Hsenaoyamas medsicoynapoonas Llxona-cemunap: «Cnymuuxogvie Memoosl u cucmemvl ucciedosanus 3emmu». 21.03 - 25.03.2024, 2. Tapyca



IIOBBIIIEHHBIN YPOBEHDb 3arpA3HEHUS
MOPCKOU cpeabl

AHTpONOTreHHbIE I [Tpupoanbie

3arpsi3HCHUA i : SN AT PSA3HECHHUSA

CTECTBEHHBIE BBIXO/IbI
YTJIEBO/IOPOIOB C
MOPCKOTO JTHa




Cobipas He(Th, HOcTYyNaIAsA B MUPOBOIl OKeaH

53%
" VYTEUKHU U pa3IUBbI
47 % 0
5 BO BpeMsi I0OBIUH,
= JIOBJICH
00y CJIOBICHO TPaHCTIOPTUPOBKH,
€CTECTBEHHBIMHU
nepepadoTKH,
BBIXOJIAMHU C MOPCKOTO
a p - XpaHEHHUS U
TTHa
m2 MPOMBIILIIEHHOTO
VCTIOJIb30BaHMS
HeTH

=  Pesynerare aBapuit
Ha HE(QTIHBIX
matrdopmax u

cynax,




GLOBAL OFFSHORE SEEPS DATABASE




«FTOPAYNE TOYKU»
CMYTHUKOBbIX HABTIOOEHUH




ST MARINE SEEPS IN THE SANTA

G B . BARBARA CHANNEL

Channod islands
National Park

Qil slicks rnapped frorn satellite SAR, Santa Barbara

Channel Islands
Sania Barbars  Santa Gatalna

m 30 o “%—

‘1# ‘\_\ San Clemante
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The largest natural oil and gas seeps
in the Western Hemisphere lie in the
Santa Barbara Channel.

According to the California State
Lands Commission, they comprise
more than 1,200 of the over 2,000
active submarine seeps along the
California coast.

Bachgrourd rmage Boguied by L Vil proveoed by Be USGS o — 1 Milgamalers ]
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THE GULF OF MEXICO

The SAR images indicate that water is
covered with oil amounts to,

a) conservatively ~850 sq. km of the in the
northern Gulf of Mexico

b) and ~150 sq. km in the southern Gulf of
Mexico.

1. Mitchell, R., MacDonald, I. R. &
Kvenvolden, K. Estimates of total
hydrocarbon seepage into the Gulf of Mexico
based on satellite remote sensing images.
EOS Supplement 80, 0S242 (1999).

2. MacDonald, 1. R. et al. Asphpalt volcanism

Dense repeating seepage
coincides with many fields.

A satellite survey published in January of 2000 and chemosynthetic life, Campeche Knolls,
counted at least 600 natural oil seeps within the Gulf of Mexico. Science 304, 999-1002
Gulf of Mexico. And they release a lot of oil. (2004).

Studies in parts of the Gulf of Mexico (MacDonald et al., 1993;
MacDonald, 1998; Mitchell et al., 1999), have resulted in an estimated
seepage rate for the entire Gulf of Mexico of 140,000 tonnes per year
(range of 80,000 to 200,000 tonnes per year).

—I/R[/IE




KAPTA-CXEMA PACMNPEOENEHUA METAHOBbIX FA30BbIOENEHUA B
YEPHOM MOPE

Paiions! HauoOoee WHTEHCUBHBIX
NPOSIBIIEHUI  pasrpy3Kd  YIVIEBOAOPOIHBIX
ra3oB U3 HEZP B TOJIIILY BOJBI :

— menbd bonrapum (ceie 480 BBIXOAOB
ra3a Ha JHe Mops);

— ceBepo-3anaaHbiid menbd YepHoro mops
(oxomo 200);

— Kepuencko-Tamanckuii menbd;

— menbd Poccun mo Bcelt mnomaan Coun-
Animepckoii enpeccun;

— TPY3UHCKH miesib() U KOHTHHEHTAIbHBIN
ckJI0H (565);

— Typenkuil mens( B NPHOPEKHOW 30HE
BocTouHbIX [loHTHA B palione Puse;

— minybokoBogHas 4acth. CBbime 60—t
IPSI3€BBIX BYJIKAHOB 3aJI0OKYMEHTHPOBAHO K
HacTodleMy BpeMeHH B UYEpHOM Mope,

MCTaHOBBIC BBIZICICHUA. MPEUMYIIECTBEHHO, B LIEHTPAJIBbHOW €ro
> ‘-IeprIe TPEYTOJbHUKHU — BBIXO/IbI He(i)TI/I H rasa yacTH U B nporude CopokuHa Ha ITyOnHax

Ha MOBEPXHOCTh. ceprmie 1500 m

» KpacHble TOUKH — 3aTOKyMEHTHPOBAHHBIC

» I'- rps3eBbie ByJIKaHBI




wE T . BOCTOYHASA YACTb AKBATOPUU

YEPHOIO MOPA B PAUOHE
KOHTUHEHTAJIbHOIO CKNOHA

s\ e BBJIU3U NMOBEPEXbA NPY3UU

42°15° 42%15

\ Ha cryTHHUKOBBIX H300paXeHUsIX
ATOTO ydacTKa aKBaTOPUH
e O i e =gl BBISIBIISIOTCS CIINKOBBIE
om Komeelu . o0pasoBaHus, paarKaIbHO

T Hoegmx , OTJIMYAroNIuecs o CBOUM

s f%?:;“ CTPYKTYPHBIM  XapaKTEepHUCTHUKaM
7 Kak oT He(TecoaepKaImx

L - CIMKOB,  OOpa3oBaBIIMXCSI B

2/ pe3yJbTare CylIOBBIX COPOCOB, TaK
. o e e e Iﬁ’lﬂlﬂ Wi

U OT CIIMKOB, OOpa3OBaHHBIX Ha
MOPCKOW TMMOBEPXHOCTH IUUIEHKAMU
OMOJIOTUYECKOTO MPOUCXOXKICHUS,
IIOBCEMECTHO M ITOCTOSIHHO
BCTPEUYAIOIIUXCA HAa  MOPCKOM
IMOBEPXHOCTH.

batumeTpuueckas kapra MOPCKOTO JTHA B TPY3UHCKOM CEKTOPE
UepHOro Mopsi ¢ HAHECEHHBIMU Ha HEE MCCIIEIOBAHHBIMHU
METaHOBBIMU CUIIAMHU

B paiione Ilotu-batymu, Ha AHE HA paccTOsIHUU MpUMepPHO 50 KM
OoT OeperoBoi YepThl PaCIOJIOKeHBI 4 X0JI0AHBIX METAHOBBIX CUIIA




SKCNEAULUMUOHHBLIE PABOTbI B
’PY3UMHCKOM CEKTOPE HEPHOI'O MOPHA

HUC «IIpodeccop Bogauunkuii» (42— petic, utonb 1993 r.).
HUC «IIpodeccop Boasuunkuii» (46— petic, aBryct 1994),
«ITocenimon» (I'epmanus) (317—i peiic, OKTIOpb — HOSAOPH 2004 T.)

HUC «IIpodeccop Jloraues» (26-ii petic, utoHb 2005r) - yacTh yueOHON U UCCIe/I0BATETbCKON
nporpammbel FOHECKO

«Meteop» (I'epmanus) (72—i peiic, MmapT — anpeab 2007 1.,

84-11 petic, mapT 2011 1) - mpoekt METRO (Methane and methane hydrates within the Black Sea).

—I/R[/I




SKCNEAULUMNOHHbBIE
PABOTbl B IrPY3UHCKOM
CEKTOPE YEPHOIO
MOPA

AxkycTrueckue uccae0BaHud
JleTasbHbIE TEOXUMUYECKHE aHATU3bI
3abopbl pob IPyHTA

OmnpenesieHre cocTaBa ra3oruZipaToB
1 BBIJEJIAIOIIUXCA Ta30B

e

Gas bubble catcher Gas hydrate experirhent

Jeenaoyamasn medicoynapoonas Lllkona-cemunap: «Cnymnuxogvie Memoobvi u cucmemvl ucciedosanus 3emau». 21.03 - 25.03.2024, 2. Tapyca




SKCNEAULUMUOHHBLIE PABOTbI B
’PY3UMHCKOM CEKTOPE HEPHOI'O MOPHA

BbIBO/bI:

|. I'yiyGoKOBOJIHBIE CUIIBI B TPY3UHCKHUX BOJAX IIPEACTABIIAIOT COOOU
YHUKaJIbHBIU AJ1s1 YEPHOTO MOPS TUI CTPYUHBIX Tra30BbIE/IEHNH, B
KOTOPBIX METaH COCYILECTBYET OTHOBPEMEHHO B CBOOOIHOM (hOpPME U B
BH/I€ Ta30TH/IPATOB.

Il. OT/IMuuTEbHOU YEPTOUN 3TUX CUIIOB ABJIAETCS MPUCYTCTBUE CJIEJIOB
He(TH B JOHHBIX Fa30TUPATAX U OJHOE OTCYTCTBUE IPHU3HAKOB
IrpA3€BOr0 ByJIKAaHU3MA.

I11. Ha moBepxHOCTU MOpPs B palioHaX OOHAPYKEHU STUX CUIIOB
Pa3JIMYHBIMU MCCJIEI0BATEIAMU OTMEYAJIOCH IPUCYTCTBUE HEPTAHBIX
IIATEH IIPUPOJHOTO IIPOUCXOKIECHUS.

_H{[/IW




YANCJTOBAA MOLEJIb PEJIbE®A HA B 'PY3NMHCKOM
CEKTOPE YEPHOI'O MOPA, NOCTPOEHHAA MO OAHHbBIM
AKYCTUYECKOI'O 30HANPOBAHUA

A1M0E

JIBa KOHYCOOOpa3HbIX MOJHATHS:

1) mumanuponas ropa Iledopu, nuamerpom 2-
2,5 KM M BBICOTOM 75 M

2) numanup y cuna Konxeru nuamerpom 1,4
KM M BbICOTOM 20 M

Pechori

B panone [lotu-barymu, Ha nHe Ha
paccTostHuY IpuMepHOo S0 KM 0T OeperoBoit arson]
YEPTHI PACIOJIOKEHBI 4 XOJIOAHBIX METAHOBBIX
cuIla

batumeTpuueckas kapra MOPCKOTO JTHA B TPY3UHCKOM CEKTOPE
YepHOro Mopsi ¢ HAHECEHHBIMH Ha HEE UCCIIEIOBAHHBIMHU
METaHOBBIMU CUIIAMU

_I/R[/Im




SKCNEAUUMNOHHBLIE PABOTbI B
’PY3UMHCKOM CEKTOPE HEPHOI'O MOPA

[TozBoAHBIE BBIXO/IBI TA30B:

(A) - nBa rasoBbix ¢akesna cuna Kosxerw,
(pyHKIMOHUPYIOIIVE OJHOBPEMEHHO
(b) - razoBeili (daken U3
AuanupoBou ropsl [lewopu
[MMuprHa ra30BBIX (AKEJIOB COOTBETCTBYET
IIUpUHE KpaTepoB y ropsl Iledopu u cuma
Kosxern

KpaTepa

OcstabsieHrie MTHTEHCUBHOCTH OTPAYKEHHOTO B
ra30BOM (1)aK6JIe 3XO-CUurHa’sia 10
HampaBJe€eHHUI0 OT MOPCKOro JHa K
IIOBEPXHOCTU CBUJETEIBCTBYET O TOM, 4YTO
IMOTEHI[UAJIBHO MOPCKOH IIOBEPXHOCTHU
JOCTUTAIOT JIMIOIb JOCTaTOYHO KpYIIHBIE
IMy3bIPbKU I1aMETPOM OKO0JIO 1 cM

Oosilee MeJIKMEe ITIy3bIPbKU IIPH BCILIBITUH
paspyiamTtca Ha nepsbix 100 m

PARASOUND echograms showing acoustic anomalies

(‘flares’) originating from rising gas bubbles or oil coated
gas bubbles.

o+ 2an A

i

s

3

Two flares at the Colkheti
seep

i |

Water depth
[m] I B

300

400

Pechory mound




TP M q)o P M bl B bIXOuA Oil and gas are released from a seep vent in three forms: gas
HEDPTEITA3OBbIX KOMIMOHEHT bubbles, oil drops and oily bubbles (gas bubbles coated with a

thin layer of oil)

¢, Methane ilema

oA i e | | Only big enough bubbles of about 1 cm in diameter are

able to reach the surface, whereas smaller ones are
getting dissolved while rising the first hundred meters
of the water column

Rising gas bubbles are quickly dissolved
releasing organic matter into the water. Oil
drops with high density are cooled by
contact with water and sink to the floor near

the vent
e o St Low-density oil drops dissolve or mix with water
o3kl in sedimenary ook . .. .
i ipbond while rising from deep locations

Only oily bubbles having small mass and significant size are able to
cover large distances at high speed. Inside such a bubble, there is a
drop of oil formed due to thickening of the bottom of oil coating
during rise, and surface tension force prevents the bubble from
collapsing. The oil drop inside the bubble is protected by the coating
from contact with water, it safely reaches the surface where the
coating collapses with the gas released to the atmosphere and the oil
left on the sea surface

—I/R[/IW

[Ipu ecTecTBEHHBIX BBIXOJAX YIIEBOAOPOAA TOJBKO Masiast
4acTh OPraHWYECKOIO BEIIECTBA IOINAJAET HA MOBEPXHOCTh
MOpsSI B BHUJEC HE(PTSIHOW IUICHKH, TOTJA KaK HAWOOJBIINM
YIJIEBOJIOPOAHBIM 3arps3HEHUSIM MOJIBEPKEHBI MOPCKOE JTHO
W HWKHHE CIOM BOJHOTO CTON0Aa B  OKPECTHOCTH
€CTECTBEHHOI'0 UCTOYHUKA.




NMPOCTPAHCTBEHHAA CTPYKTYPA
HE®TENPOABNEHUN B
HEMNOCPEOCTBEHHOW BJIU30OCTU OT
TOYKU BbIXOOA HA MOPCKYHIO
NMOBEPXHOCTb
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®parment PJIM SAR Sentinel -1A
ot 24.05.2016, 03:24 UTC

XapakTepHbIN NpU3HAK, OO IS
€CTECTBEHHBIX HE(PTENPOSBICHUI HA MOPCKOM
MMOBEPXHOCTH B paCCMaTPUBAEMOM paliOHE — UX
«moJyiocyaTas» CTPyKTypa.

dakT HATUYHS TPEX YETKO PA3TUIUMBIX TIOJIOC
0OBSICHAETCS TEM, YTO HEPTh JOCTABIISIETCS Ha
MOPCKYO TTOBEPXHOCTb Ta30BBIMU ITy3bIPbKaMH B
pe3yJbTaTe OMHOBPEMEHHONW aKTHBHOCTH TPEX
razoBbIX (hakesoB: U3 ropsl [levopu u AByX szep
npopeiBaHus cuna Konxetu

BOnu3u TOUKM BCIUIBITHS HAOIIOAAIOTCS TPU
CJIIMKOBBIE TIOJIOCHI PA3JINYHON IIUPHHBL. B
IpolLecce IBOJIIONNHU U Aperda ciauka 3Tu
MIOJIOCHI MOTYT CIIUTHCSI, @ MOTYT MPOJIOJIKATh
ABOJIIOIIMOHUPOBATH OTHOCUTEIILHO CUHXPOHHO,
COXpaHsIsI IPU 3TOM CBOIO 000COOTIEHHOCTb.

HauOonpias TosuHa mI€HKU HaOIroaaeTcs
BOJIM3M TOYKU BCIUTBITHS. [I0BEpXHOCTHBIN CIIUK
(dhopmupyeTcs TIoJ] BIUSHUEM TI0JIS BETpa U
TCUCHHUM.

B 3aBucumoctu ot ycnoBuid GopMUpOBaHUS
MMOBEPXHOCTHAS TUIEHKA JIMOO BHITSTUBAECTCS
BJIOJIb HAIIPABJIEHUS IPUIIOBEPXHOCTHOTO BETPA,
100 BOBJIEKAETCS B BUXPEBBIC ABM)KEHUS BOJIBI.




NMPAMEP MNOBEPXHOCTHOI'O NMPOABIIEHUA ECTECTBEHHOIO
HE®TAHOIO 3ArPASHEHUA HA CITYTHUKOBOM
PAONONOKALUOHHOM U3OBPAXEHWUU IOrO-BOCTOYHOU YACTU
YEPHOIO MOPH

AS f.l. |-.||-..|I 210-10-27 0732 __LI"““'
42°30° | B e

42700

PJIN ASAR Envisat ot 27.10.2010, 07:32 UTC

ITocne  BCmbITUS HA  MOBEPXHOCTh
HeTIHAS MJIEHKA HAYMHAET
pacupoCTpaHsATbC B CEBEpPO-3allaIHOM
HalpaBJICHUHU, NPUHUMAs TMOJ BIIMSHUEM
CWJIBHOTO  IPUIIOBEPXHOCTHOTO  BETpa
dbopMy y3KOH BBITIHYTOM U3BWJIHCTON
ITOJIOCBL.

Ha paccrosnun okono 39 kM oOT
HauyaJlbHOM TOYKM He(TsIHas IUIEHKA
3aXBaTbIBACTCS IIOBEPXHOCTHBIM
TEUCHUSIM, BOBJIEKAETCA B  BUXPEBBIC
JBWKEHHUS W TMPOAOJDKAET MUIPUPOBATH
BMECTE C BUXPEBOUN CTPYKTYPOM.

O6mass miomanes HedTecomepIKalero
ciuKa - 44,5 km2.




NMPUMEP NMOBEPXHOCTHOIO NPOABJIIEHAA ECTECTBEHHOIO
HE®TAHOIO 3ArPA3SHEHUA HA CITYTHUKOBOM U3OBPAXEHWUU
ONTUYECKOIO ONAMA3O0HA HOro-BOCTOYHOU YACTU YEPHOIO

MOPA

OtuéTnuBo IIPOCMATPUBAOTCS TpHU
c(hOpMUPOBAaHHBIE TOHKWE MPOTHKEHHBIE MOJIOCHI
MOBBIIEHHOW SIPKOCTH,  OKPYXEHHBIE TEMHBIM
OpEOJIOM, PACIIMPSAIOIUMCS 10 MEpe PaCTEKaHUs
IJIEHKH.

[Tocie BbIXOIAa HA MOBEPXHOCTh TPU TOJIOCHI
He(TEMpOsBICHUS PACIPOCTPAHSIOTCS B CEBEPO-
BOCTOYHOM  HAllpaBJICHUM  HA  PacCTOSIHUE
npumepHO 10 KM OT TOYKH BCIUIBITHS.

[Tocie aToro, nBEe CTPyH OTKJIOHSIOTCS Ha 3amaj,
JIBUTAsICh IO TPACKTOPUH CO  MHOKECTBOM
W3JIOMOB, a TPEThS TOJI0CA MPOJOIHKACT JIBHKCHHE
B TIEPBOHAYAILHOM HANpPAaBICHUU, W HECKOJBKO
Mo3Ke, OMHUCAB YTy, NMPHCOSAWHICTCS K OOIICH
TPAEKTOPHH.

<1>parMeHT OBCTOCUHTC3UPOBAHHOI'O I/1306pa)KCHI/I$I

O6mras momaas HedTecomepkamero cimka - 53,7

cercopa Landsat-8 OLI (4, 3 u 2 criekTpajibHbIe KaHAJIBI) M2

or 22.08.2016, 08:02 UTC
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NMPAMEP MNOBEPXHOCTHOI'O NMPOABIIEHUA ECTECTBEHHOIO
HE®TAHOIO 3ArPASHEHUA HA CITYTHUKOBOM
PAONONOKALUOHHOM U3OBPAXEHWUU IOrO-BOCTOYHOU YACTU
YEPHOIO MOPH

TS 3530 N Tpu CIMKOBBIX TIOJOCHI, OOpa30BaHHBIX BBINICAIICH Ha
‘_ MOBEPXHOCTh HE(PTAHOM MICHKOM.

[Tocme BCIJIBITHS Ha MOBEPXHOCTh HEPTSAHBIC IIEHKH
HEMEICHHO BOBJICKAIOTCS B JIBUXKCHHUsSA, OOYCJIOBJICHHBIC
cyOMe3oMacITaOHbIM AHTHUIIUKJIOHHYECKUM BHXPEM,
Pa3BUBAIONIMMCS B HEIOCPEICTBCHHON OJNIM30CTH OT TOYKH
BBIXO/1a HE()TH HA TIOBEPXHOCTbD.

BOnmu3u Toukm BCIUTBITHS HaOMOmaeTcs 001acTh, MOKPHITAS
JOCTAaTOYHO TOJICTOM IUIEHKOH, IO MEpe paclpoCTpaHEHHUS
CJIMKH W3TU0AI0TCS, TONIINHA TUIEHKU YMEHBIIAeTCS.

[Ipoiins mo pyre okono 24 kKM, Ha pacCTOSHUUA 14 KM K 1Oro-
3amajy OT TOYKHM BCIUIBITHSI, CJIMK H3J1aMbIBaeTCi IIOA
OCTPHIM YIVIOM M IUIEHKAa HAuUWHAET PACHpPOCTPAHSATHCS B
BOCTOYHOM HAlpaBJICHUH B CTOPOHY Oepera, mepeMeniasch
Oonee ueM Ha 54 kM.

ITo Mepe mpoaBWXEHHs B HampaBJIeHMH Oepera oOT
OCHOBHOI'O CJIMKA OTBETBIISIFOTCS KOMITIOHEHTBI, 3aXBaUCHHbIC
Ha 3TOT pa3 yXe BAOJbOEPEeroBbIM TEUEHHEM, U HAYMHAIOT
JIBUTATHCS BIIOJb OEPETOBOM YEPTHI.

PJIN SAR Sentinel -1A ot 08.11.2014, 15:10 UTC Oo6m1as mromaas HeTeCoAEePKAIIEro CIIMKa - OKOJIO 28 KM?,

_M




NMPAMEP NMOBEPXHOCTHOI'O NPOABJIEHUA ECTECTBEHHOIO
HE®PTAHOIO 3ANrPA3SHEHUA HA CITYTHUKOBOM
PAOVNONOKALUOHHOM U3OBPAXEHWUU IOrO-BOCTOYHOU YACTU
YEPHOIO MOPH

A0 41°15° 4

[Inénka mox BO3AEMCTBHEM BETPA NMPAKTUYECKHU
NPSMOJIMHEWHO  PacupOCTPaHsAETCsA B
BOCTOYHOM HAIIpaBJICHWH, B CTOPOHY OeperoBoit
4yepThl, GOpMUPYS MapaJUIeNIbHbIE CYKAIOIINECs
[IOJIOCBI, IOCTOSAHHO  IIPEBpallaloIIUecs B
TOHKHE HUTEBUHBIC CIIUKH,
npocmarpuBatromecss Ha PJIIM  Bmmote  go
paccTosgHus 37 KM OT TOUYKH BCIUIBITHSL.

Xopomio 3aMeTHa «Ioiocyaras» CTPYKTypa
CITUKOB.

OO0mas [UIOIIAb HedTecomeprkaero
3arpsisHeHus - 45,5 kM2,

PJIN SAR Sentinel -1A ot 16.09.2015,
15:10 UTC




NMPUMEP NOBEPXHOCTHOI'O NPOABJIEHUAA ECTECTBEHHOIO
HE®PTAHOIO 3ANrPA3HEHUA HA CITYTHUKOBOM
PAOVNONOKALIMUOHHOM U3OBPAXEHWUU IOrO-BOCTOYHOW YACTU
YEPHOIO MOPH

a4 1°00°

[Tocae BbIXOMA HaA IMOBEPXHOCTh He(TIHAS
IUICHKA PAacIpOCTpaHsAETCS Ha CEBEPO-BOCTOK,
MOCTEIIEHHO pPacTeKasCh M NPHHUMAs 0]
. | BIMSIHUEM ~ CJIIOKHOH  CTPYKTYpPHI ~ TCUCHHMA
M2°15° B NG - | IPUXOTIMBYIO U3JIOMaHHYIO (GOpMy.

e 4 [TocTermeHHO  CIWUK ~ Cy)KaeTcs, a  3areM,
BOBJICKAsCh B BHUXPEBBIC IBWKCHUS, CHIJIBHO
P, WUCKPHUBIIACTCS M PACIPOCTPAHACTCS B 3alaJHOM
ey Y T S HATIPABIICHHH.

OO6mast momaae HedTecoaepKamero CiuKa —
0K0JI0 60 KM?.

5km
'L_IZ km

PJIN SAR Sentinel -1A ot 18.07.2016,
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[TpriMephl MPOSIBICHUH CIIMKOBBIX CTPYKTYP B CITyTHHKOBBIX JTJAHHBIX, MOJTYYCHHBIX HaJl BHIXOAAMH
He(pTeyIIIeBOI0POIOB ¢ MOPCKOTO JTHA B PaliOHE IPY3MHCKOTO meabda:
ASAR Envisat or 19 centsiops 2011, 19:01 GMT (a),

SAR-C Sentinel-1B ot 26 utons 2018, 15:10 GMT (0),

SAR-C Sentinel-1A or 4 mas 2019, 03:16 GMT (B),

MSI Sentinel-2A ot 18 mas 2019, 08:17 GMT (1),

MSI Sentinel-2A ot 7 utonsg 2019, 08:17 GMT (x),

SAR-C Sentinel-1B ot 27 uronst 2019, 15:10 GMT (e)
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O06o00meHHas cxema HeTSIHOTO 3arpsi3HEHUST MOPCKOM TIOBEPXHOCTH HaJl paliOHOM €CTECTBEHHBIX BBIXOJIOB YTIICBOJIOPOIOB CO

JTHA B FOT0-BOCTOYHOM YacTH YepHOro Mopsi, HOCTPOECHHAS! IO CITyTHUKOBBIM JIAHHBIM (CJIEBA);

MPOCTPAHCTBEHHAS TUIOTHOCTD (%) HEPTIHOTO 3arpsi3HEHUST MOPCKOM MMOBEPXHOCTH, BBISIBIIEHHOTO HA CITyTHUKOBBIX
M300pakeHUsIX (CIpaBa);
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[. Hasim4yue 0CHOBHOTO YepHOMOpPCcKOro teuenusi (OUT), koTopoe ciioco0CTBYET MEPeHOCy

3arpsA3HeHMH 10 UMKJIOHUYECKOH cXeme
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[Tepenoc 3arpsizaenuii mo nukinonndeckon cxeme. a) PJIM SAR Sentinel-1A. 21 oxts6pst 2014, 03:16 UTC.
Cnuk pacnpocTpaHsieTcsl Ha CEBEPO-BOCTOK HA PACCTOSIHUE 28 KM OT TOUYKHU BCILIBITHS;
0) paccunTaHHBIE 110 MOZENIM TOBEpXHOCTHBIE TeueHus Ha 21 okTsa6pst 2014, 06:00 UTC




II. BuxpeBble CTPYKTYPbI Pa3HbIX 3HAKOB 3aBUXPEHHOCTH, KOTOPbIE CIIOCOOCTBYIOT KPOCC-

Kpocc-menshoBrblit nepeHoc 3arps3HeHMi:

a) PJIN SAR Sentinel-1A. 2 urons 2016, 03:24 UTC. Cnuk, BOBJICYCHHBIN B BUXPEBOE JBUKCHHE,
pacmpocTpaHseTcs nonepek meinbda Ha paccTosHue 33 KM OT TOUKH BCIUIBITHS;

0) paccunTaHHBIE 10 MOJIECIIA TOBEPXHOCTHBIE TeueHus Ha 2 utons 2016, 12:00 UTC




III. Kpa3ucranuoHapHblid 0aTyMCKU AHTUIUKJIOHUYECKUI BUXPb, 0]l BIUSITHHEM KOTOPOro HeQTAHbIE

INICHKHU, PACHIPOCTPAHAITCA B I0’)KHOM HallPpaBJICHUM

841°30°

PY3US
42¢12|
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[Tepenoc 3arpsizHeHumii B 1o)kHOM Hanpasiienuu: a) PJIM SAR Sentinel-1A. 7 mast
2015, 15:10 UTC. Cnuk, BOBI€UEHHBINH B BUXPEBOE JBUKEHHE, PACTIPOCTPAHIETCS
Ha I0r0-BOCTOK Ha paccTosiHie 50 KM OT TOUKH BCIUIBITHS; 0) pacCUMTaHHBIE IO
MOJIENN MOBEPXHOCTHBIE TeueHust Ha7 mas 2015, 12:00 UTC




CxeMbI TpaeKTOpHUii HEPTAHBIX CJIMKOR, BRISIRJICHHBIX 110 CIYTHUKOBBIM JIaHHBIM B 2019
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PacnpocTpanenue miaeHOK €CTECTBEHHBIX HEPTETPOSBICHII HA MOPCKOM MTOBEPXHOCTH 110
pe3yabTaraM CITy THUKOBBIX HAOMOCHUI B pa3audHbie Mecsinl 2019 r:
a) sHBapb—MapT; 0) anpenb—Maii; B) HIOHb—OKTAOPb; ') HOIOpb—/1eKa0pb.

JmarpaMMbl pactipeiesieHus HalpaBiIeHU qpeiida mIeHOK eCTECTBEHHbBIX He(TemposBICHUN Ha
MOPCKOH MOBEPXHOCTHU 10 PE3y/IbTaTaM CITy THUKOBBIX HAOJIONCHUN B pa3audHbie Mecsinl 2019
I: 1) SHBapb—MapT; €) anpesib—Mail; )K) HIOHb—OKTA0Pb; 3) HOSOpb—aeKadpb

Ce30HHasi ©BMEHYMBOCTH PACHPOCTPAHEHHS €CTECTBEHHBIX
He(TenposiBJIeHUIi, BbISIBJIEHHAS 110 CIIYyTHUKOBBIM JTAHHBIM

Ha ocHOBe CIyTHHUKOBBIX JaHHBIX
HaMM yCTaHOBJIEHO, YTO CE30HHAs
U3MEHYUBOCTh PACIPOCTPAHEHHUS
HE(TAHBIX IUIGHOK MPHUCYTCTBYET
BO BCE T'0OJpl HAOJIIOAECHMSI, OHAKO

XapakTep ee IPOSIBJICHUS
BapbUpyercs Troj oT roma. B
YaCTHOCTH, BapbUPYIOTCS

JJIUTCIIBHOCTH  MHTCPBAJIOB, Ha
KOTOPBIX COXpPAHACTCA TO HIIH

WHOE JOMUHUPYIOIIIEe
HalpaBJIeHUE  PaclpOCTpPaHEHUs
IJIEHOK €CTECTBEHHBIX
He(dTenposBICHUN.
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JuarpamMMbl pacnpejaesieHusi HanpaBJIeHWi apeiida NJeHoOK ecTeCTBEHHbIX He(PTeNPOosIBJIeHU Ha
MOPCKOH MOBEPXHOCTH 110 Pe3yJIbTATaM CIIyTHUKOBBIX HAOJII0eHU B pa3jndHbie mecaubl 2017 r:

Qo e g B nepsoii nmonosune 2017
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or or wor IIPOTHB YaCOBOM CTPEJIKH K
r a e BOCTOKY, a 3aTeM

a) stHBapb—(eBpab;

0) MapT—anpeb;

B) Mali—HIOHB;

I') HIOJIb—aBIyCT;

1) CEHTSIOpb—OKTSIOpB;

e) Hosi0pb 2017—stHBaps 2018

HaGJ'IIOI[aJ'ICH ITOBOPOT 110
4acoBOM CTPCJIKC K 0Ty
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A part of a Landsat-8 OLI image (composite

¥ of 4, 3 and 2 spectral channels) of 29 May
o Y NN S e e R 2014, 08:01 UTC.
Examples of natural oil slicks in satellite radar images of the southeast l—surface slicks from the seafloor seepages;
Black Sea: a) Sentinel-1A SAR, 24.06.2015, 15:10 UTC; b) Sentinel-1A 2—biogenic films

SAR, 01.03.2015, 15:18 UTC; c¢) Sentinel-1A SAR, 19.02.2016, 15:10
UTC; d) Sentinel-1A SAR, 14.12.2015, 15:18 UTC. Asterisks mark the oil
slicks origin location.




40730 40736 404z’ 40748’ 40°54'

41718’
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p7 TURKEY

The site of seep source was documented as the persistent location of origins of 230 oil slicks
detected in satellite images taken over the region of interest in years 2010-2017. Our results
indicate that the point with coordinates 40°41°E, 41°09E appeared a “source” of the natural
oil slicks origin. This point can by recognized as a point of location of an offshore seep at the
seafloor at a depth about of 1000 m.
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PacnpocTpanenue He()TAHBIX IUVIEHOK B PaiioHe TYPenKOro mejiab@a moja AeicTBHEM MeJKOMACIITAOHBIX
BHMXPEBBIX JIBUKEHU I

6

@paemenmol PCA-uz00pasicerutl MOpCKOU NO8ePXHOCMU 1020-80CMOYHOU Yacmu YepHozo mops
68 paiione mypeykoeo wenvgha 6oiuzu 2. Puse, evisgnsiowue mpaexmopuu pacnpocmpanens
He@hMAHBIX NIEHOK, 00YCI06IEHHbIX eCMEeCMBEHHbIMU 8bIX00AMU HemuU ¢ MOPCKO20 OHA.

a) SAR Sentinel 1B. 26.06.2018, 15:09 GMT. Boonwbepezosoii nepenoc 3azpsaszueHui,

6) SAR Sentinel 14. 16.11.2017, 15:10 GMT. Ilepernoc 6 cmopony omkpwimo2o mops;

8) SAR Sentinel 14. 30.08.2018, 03:25 GMT. Bozmooichbiil 6biHOC 3a2psi3HeHuUll Ha bepe

v" B 10-12 nponenrax cirydae He(TAHAS IUIEHKA IIOCIIE BHIXOA HA MOBEPXHOCTH OKA3LIBAETCS BOBICUCHHOM B MEJIKOMACIITAOHBIE
BUXPEBBIE IBIXKEHHUSI, KOTOPBIE 3a4aCTyI0 PaJUKaIbHBIM 00pa30oM MEHSIOT 0KUAEMYIO0 (PAcCueTHYI0) TPACKTOPUIO paCcIpOCTPaHEHUS
CIIMKA.

v Touka BCIUIBITUS €CTECTBEHHBIX HE()TEMPOSIBJIEHHUM Ha MOBEPXHOCTDH B OTOM PallOHe HAXOIUTCS Ha PACCTOSHHU OKOJIO 5 KM OT Oepera, u
npeoOnagaeT BAoIp0eperoBoe HapaBICHNE IepeHOCa 3arpsI3HEHHA.

v B 3aBHCHMOCTH OT pa3MepoB, 3HaKa 3aBUXPEHHOCTH M TPAEKTOPHH JIBUKEHHUS BUXPsI, BOBJICUCHHOCTD CIIMKA B BUXPEBBIC JIBHKECHUS
MOYKET UMETh KaK MOJIOKHUTETbHBIN 3((EKT, CTOCOOCTBYSI KPOCC-IIENb(POBOMY MEPEHOCY 3arPA3HEHHUN U OUUIICHUIO TPUANe N 201k
TaK ¥ OTPUIATENIbHBIN, CIOCOOCTBYSI BEBIHOCY HE(TSHOTO 3arpsi3HEHUs Ha Oeper
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N3MeHYMBOCTh MHANBUYTBHBIX Pa3MEepPOB HePTECOACPIKAIINX TATEH MPUPOTHOTO
MIPOUCXOXKICHUS, BHISBIICHHBIX 110 CITyTHUKOBBIM JaHHBIM Ha MOPCKOU MTOBEPXHOCTH B
paiioHe rpy3uHCKOTO Ieiabda YepHoro mops (a) u

Typernkoro menabda Yeproro mops (0)
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CoBoKyMHbIE TUIOIIA/IU 3arPsI3HEHUSI MOPCKOM MOBEPXHOCTH FOTO-
BOCTOYHOU 4acTH YEepHOTo MOps B pE3YyJbTaTe €CTECTBEHHBIX

ObobmenHas cxeMa HeQTAHOTO 3arpA3HENHs MOPCKOH He(TENPOSABICHUI, BLIABIECHHBIE 3a IO/ [0 CIYTHUKOBBIM JAHHBIM
noBepxHocTH 3a 2010-2016 rr. Hajx pailOHOM €CTECTBEHHBIX

BBIXOJIOB YITIEBOJIOPOJOB CO IHA B FOTO-BOCTOYHOM YaCTH
Yepuoro mops

The map can be used to estimate the sea surface oil pollution probability in the region under study. High risk of the sea surface oil pollution is attributed to areas
of 859 km? and 360 km? respectively.

The highly unstable system of sea currents governs the oily films drift in area I. A cross-shelf transport of pollutants can occur here with high degree of
probability

Prevailing currents and wins determine the mainly alongshore drift of oily films in area II..




oD e w2 ' Main pattern and sources of sea surface oil
s pollution of the Caspian sea, revealed on the
[7ALUKOM: £ S & basis of satellite remote sensing data:

Sl 1 — Oil Rocks oil-producing area;
2 — Seabed mud volcanoes;

3 - Natural hydrocarbon seafloor seeps off
the Sefid Rud Cape;

4 - Natural hydrocarbon seafloor seeps

SR westward of Cheleken Peninsula;
fEERERD O . 5- offshore oil-producing platforms in the
:I,;].'lil Iboftt;ll‘l;pnducin area N % TURKMENISTAN .
J']r::i.ih,df;mm { :: : 4 Nat:alﬂlirdnnr:hm Cheleken oil ﬁeld,
£ — seep
WA= s Cheten 6- Kashagan oil field;
2. Underwater s
mnd v

7 — LUKOIL oil-producing area; Main

shipping routes depicted by green lines.
IRAN

X
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Main shipping routes depicted by green




PAUOH HE®TEOOBbIYN
HEPTAHBIE KAMHUA

» Mopckoe wmectopoxaeane Hedrsaasle Kamnw,
pacronoxeHo B akBaropuu Kacnuiickoro mops, 42 km
K IOr0-BOCTOKY OT AMNILIEPOHCKOro mnomyoctpona, 100
KM 0T baky

» Pa3paboTka 3TOro MecTopokaeHus Hayanach B 1949
roay. Jlist Toro, 4ToObl CO37MaTh OCHOBaHUS OypOBBIX
mwiargopM, OBUIO  3aTOIUIEHO CEMb  CIHCAHHBIX
Kopabseil, B TOM YuCiie U TIEPBBI B MUPE CAMOXOTHBIN
METaJTNYECKHI He(pTEeHATUBHOMN TaHKep,
MocTpoeHHbli B 1877—78 romax mo 3akazy
«ToBapumectBa OparbeB HoOenb» mjiss J0CTaBKU
kepocuHa HamuBoM wu3 baky B Illapuisin (HbIHE
Bonrorpan) u Actpaxans.

» Ceituac Hedrsapie KamHn — 310 OONee ABYyXCOT
CTAIlMOHAPHBIX TIATPOPM, CBA3AHHBIX MEXIY COOOM
dCTaKaJgaMH oOrei MPOTAKEHHOCTHIO 350
KHUJIOMETPOB.




P Aﬂ O H H E ¢T E no 5 bl LI M »HenpepbiBHOE 3arpsi3HEHHE MOPCKOW IOBEPXHOCTH

HedThIO B paiione Hedrsausix Kamuelr oOycnoBneHo B
H Ed)Tﬂ H bl E K AM H M OCHOBHOM HE yTEYKaMHu B Tporiecce He(pTeaoObIyn miu
yCTapesbM 000pyIOBaHUEM, A MOCTYIUIEHUEM HEPTH U3
€CTECTBEHHBIX M WCKYCCTBEHHBIX T'pH(OHOB (BBIXOJ]
He(TU HA TOBEPXHOCTH MODPSI).

» EcrecTBeHHBIE BBIXOBI HEPTH Ha MOBEPXHOCTH MOPSI
B 3TOM paiioHe OBUIM H3BECTHHI 3aJ0JIT0 10 Hadajia
HedTenoOpun. HedTh nmpocaunBanack Mo TpemydHaM U3
BBICTYMAONIEH HaJ IOBEPXHOCTHIO MOpS KaMEHHOU
rpsaasl YEpHBIE KaMHH, KOTOpast TO3KE MOTydnia HOBOE
Ha3zBaHue — HedTsaHble KaMHHU.

» OOpa3oBaHHe WCKYCCTBEHHBIX TPH(OHOB SBISETCS
XapaKTepHOW  OCOOCHHOCTBIO  TIpoIllecca  MOPCKON
pa3Benku U HeTeA0OBIUH.

» 3a Bpems pazOypuBanus MectopokaeHus "Hedrsaubie
kaMHU" 710 1958 1. rprdoHO0Opa3zOBaHNE UMETIO MECTO B
37 ckBaxuHax. Ilpu 3ToM TpuUOHBI HEKOTOPBIX

A subset of a true-colour MSI Sentinel-2B image (composite of 4, 3 CKBa)KMH JCHCTBOBAIN OT HECKOJBKUX JHEH 110 2 JieT, a
and 2 spectral channels) acquired on 15 April 2020 at 07:37 over Oil KOJIMYECTBO BBIOpAChIBAEMON HE(TH BO BpeMs NCHCTBUSA
Rocks oil-producing site rpugona xonedanocs ot 100 1o 500 T B cyTKH.

» W ceromHs WCKYyCCTBEHHbIE TPH(OHBI OCTAIOTCS
OTHUM H3 HCTOYHUKOB HE(MTSIHOTO  3arpsi3HEHUS

B o6s1actu cotHeuHOTO OJ1MKA, HETECO /IEpIKAIIIE
Hentpanbuoro Kacnus.

IUIEHKU UMEIOT MTOBBIIIEHHYIO IPKOCTD U
MIPOSIBJISIIOTCS KAK CBETJIbIE CTPYKTYPbI, OKPYKEHHBIE
TEMHBIM OPE0JIOM




PANOH HE®TELOBbIYN
HEPTAHBIE KAMHUA

» [lpakTuveckn Ha BCEX CIYTHUKOBBIX H300paKEHUSIX
palioHa He(dTeno0bIYM UACHTUDUIMPYIOTCS HEDTAHbBIC
MSATHA, IPUYEM CJeAbl He(PTH BBISBISIOTCS 3a4acTyr0 Ha
mwromaan Oosxee 800 KM? BOKPYr MOPCKHX OypOBBIX
maTGopm.

» Pasmep u HampaBieHHE pAcCIpPOCTPAHCHUS IMATHA
3aBHUCST B OCHOBHOM OT METE0YCJIIOBUH.

» Paiton mectopoxnenus «Hedtsapie KamHW» MOXKET
BBICTYIaTb B  POJIM  CBOEOOPA3HON  €CTECTBEHHOMN
nabopaTopuu, TJAE MOKHO UCCIEAO0BaTh: BIHMSHUE BETpaA U
TEUCHUN Ha pacIpOCTpaHeHUE HEPTIHOTO MATHA, a TAKXKe
3aBUCUMOCTD dbopMupoBaHUS PaIUOIOKAIIMOHHBIX
o0pa3oB  HE(PTSIHBIX  3arpsA3HEHUM  OT  YCJIOBHUH
HaAOIOACHUS.




1989—- 1991 rr.

ABHAaLIMOHHBII MHOTOYACTOTHBIN paJnoNoKalMoHHbIN koMILiekca “MAPC” [KanMbikoB
u jp., 1998], ycraHoBneHHOTo Ha 60pTy camorera-inaboparopuu NJI-18.

CheMKH TPOBOJUIINCH OMHOBpeMeHHO TpeMs tokaropamu Ka-SLAR, X-SLAR u L-SAR
¢ BeICOTHI 7200 M.

Tun Janna Cpeanas Ll upuna MpocTpaH- Bun
pagKo= BOJTHbL, HATYHACMAN Moasps- NOAOCH CTHEHHOE olGpaGoTEn
JOKATOPA oM HDLIJEGCIB. HMA obsopa, Ky | paspeiieHme, ARHHLIX
T M
PEO 0,8 4,5 YV, HH 15 30...50 Goprosas |
PEC 3.2 8,1 vy 45 20..50 Gopronas
PCA 23 11,2 VYV, HH 30 2,5..25 Ha 3cMie
VH. HY 25..50 Goprosas

Crenenb 3arpsA3HEHUs] MOPCKOIl IOBEPXHOCTH OLIEHHMBajach I10

CHHXPOHHOE JIByX4acTOTHOE paauonokanionnoe (CM_ u JIM 1nanasoHoB) u300paskeHre BEMYHHE JIOTapu(YMUYECKOTO paaronokannonnoro konrpacta DE(KE):
paiiona no6eruu Heu “Hedrsupie Kamun™ B KacnniickoM Mope, OTYYEHHOE C TOMOILBIO
MPJIK “MAPC” 19.07.90. ( Cornacuo [boes u dp., 2008])

TeopeTrndeckne paaroIOKAIIOHHBIC KOHTPACTHl PACCUUTHIBAIIUCH B pAMKaX TCOPHH
B3aMMOJICHCTBHS TOBEPXHOCTHBIX BOJIH C IJICHKOM KOHEYHOU TOMIUHEI [hoes, Acnuyxas ,
2002; Foes, Acnuyxas , 2003]. B ypaBHEHHUAX, UCIIOIb3YEMbIX aBTOPAMH, COACPIKHUTCSI MSITh

napamMeTpoB, XapaKTePU3YIOIIHX [UIEHKY: aKTHBHOCTD, TOJIIMHA, TOBEPXHOCTHOE rie Pr, PS — CpejIHie MOIHOCTH CHIHAIOB, PHHATBIX, COOTBETCTBEHHO, OT
HaTKEHUE, BASKOCTH HETH 1 e MIOTHOCTh 3arpsI3HCHHOTO M YHCTOTO YYaCTKOB MOPCKOM MOBEPXHOCTH, Py— CPE/IHSs MOIIHOCTh

CcOOCTBEHHBIX IITYMOB MTPUEMHHKA Ha BBIXOZIE 0JI0Ka 00pabOTKH CUTHAJIOB
Mertonuka 10/KHA OMUPATHCS HA CPABHEHUE TEOPETHUYECKHUX PE3yNbTaTOB U

JKCIIEPUMEHTAIILHBIX KOHTPACTOB 3arpsA3HEHHON MOPCKOH IOBEPXHOCTH, OJIYUYEHHBIX 10
pe3yabTaTaM CHHXPOHHBIX U3MEPEHUN HA Pa3NIUYHbIX JBYX AJUHAX BOJH.

Pe3ynbraThl HATYPHBIX MHOIOUaCTOTHBIX U3MEPEHUIl, IPEACTaBICHHBIE B CTaThe, PEACTABMIAIOT HECOMHEHHBIH HHTEPEC, OAHAKO TEOPETHUECKUE BBIBOJBI IPEACTABISIIOTCS CIOpHBIMU. Crenyel
OTMETHTB, YTO PaIHOJIOKAIIMOHHBIN KOHTPACT B 00IIEM ciTydae ABIseTcs (PYHKIHEH He TOJIBKO apaMeTpoB IUIEHKH, HO TaKKe CKOPOCTH BETPa, COCTOSHHUS ITOBEPXHOCTH MOPS H psAAa JIp.
apaMeTpoB OKpy»katorei cpensl. [Ipenebpeskenne nocaetHUMU GakTopaMy MOXKET ITPUBECTH OLIHOKaM B pacueTax. Bo3aMoxkHo, Onarogapst 3TomMy, OIEHKH TOJIIIMH Hedy
IPUBE/ICHHbIE B MMyOINKAIUU, BBIIISIAAT CYLIECTBEHHO 3aBBIIIEHHBIMU
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2018 2019

2020

All in all, we examined, for this study,
588 satellite images of the Caspian Sea
obtained over the oil-producing site Oil
Rocks

Sensors Resolution Band Wavelength Count of
(m) used images
SAR-C Sentinel 5x20 C 5.6 cm 376
1A, 1B
OLI/TIRS 30 B2 — Blue B2 (0.452-0.512 pm) 50
Landsat-8 B3 - Green B3 (0.533-0.590 um)
B4-Red  [B4(0.636-0.673 um)
MSI Sentinel-2A, 10 B2 — Blue B2 (0.456-0.523 um) 162
2B B3 — Green B3 (0.542-0.577 um)
B4 — Red B4 (0.650-0.680
pm)

200

180 BN AR images B /S images e Number of slicks detected

160

140
8 120
2 100 . . .
S e Inter-annual distribution of data analyzed and

6 natural oil slicks detected in them for the Oil

‘2‘2 Rocks region




A-image A subset of a true-colour MSI A subset of a true-colour MSI

A cubcet-of-a-Sentinel-1A-1m
acquired on 2 February 2019 Sentinel-2B image (composite of 4, 3 Sentinel-2B image (composite of 4, 3
and 2 spectral channels) acquired on 4 and 2 spectral channels) acquired on
July 2020 in the sunglint zone 15 April 2020 outside the sunglint
Examples of different types of oil slicks manifestations in VIS images. zone.

In the VIS image obtained in the sunglint area, oil films have increased brightness and appear as bright structures surrounded by a
dark halo; the polluted area is about 520 km? in this case.

In the VIS image taken outside the sunglint zone, oil films are seen as dark patches like in the SAR image. At the same time, central

parts of some slicks appear as brighter areas, which indicates an increase in the reflection coefficient of the water-film system. Hence
we observe "thick" films there

N —— (1§




Characteristic examples of oil slicks seen in radar images taken over the Oil Rocks platform under moderate winds

a) A partofa VV-polarized Sentinel-1 SAR image acquired at 02:43 UTC on 29.05.2015 showing oil patches near the oil-
drilling platform. Total area of the oil slick — 375 sq.km;

b) apart of an HH-polarized Envisat ASAR image acquired at 06:39 UTC on 13.07.2010 showing oil patches near the oil-
drilling platform. Total area of the oil slick — 515 sq.km.

¢) apart of an HH-polarized Envisat ASAR image acquired at 06:45 UTC on 07.05.2010 showing oil patches near the oil-
drilling platform. Total area of the oil slick — 290 sq.km.

and wind sieed as well as on the iie of sensor and iolarisation.

The reduction in the Normalised Radar Cross Section (NRCS) within a slick can reach 2 - 11 dB depending on film thickness, oil conc mﬂ




- PAOWONNOKALMOHHBIE OBPA3bI
HE®DTAHbLIX 3ArPA3HEHUN NMPU

CUIIbHOM BETPE / AKTUBHbIX
ATMOC®EPHbIX MPOLUECCAX B
NMPUBOAHOM CJIOE

A subset of Sentinel-1A SAR image
acquired at 02:44 UTC on 08.04.2020
showing the sea surface near the oil-
drilling platform. A relatively small
area of 12 sq. km covered by oily
films can be identified near the oil-
drilling platform

A subset of Sentinel-1A SAR
image acquired at 14:29 UTC
on 16.03.2020 over the oil-
producing area Oil Rocks

» CunpHBI MPUTIOBEPXHOCTHBIN Berep (Oomee 9-

10 wm/c) B coueTaHMM C  Pa3BUTHIM
MOBEPXHOCTHBIM  BOJHEHHUEM  MPEMATCTBYET
Pa3BUTHUIO OOIIUPHOTO CIIMKA, T.K. MIPU OOIBIINX
CKOPOCTSIX BETpa IMOBEPXHOCTHBIC IIJICHKH, KaK
HeTsHBIC, Tak W OWOTEHHBIC, HAYMHAIOT
pa3pylialoTcss MOA BO3JACHCTBUEM BeTpa U
BOJIHEHMSI W  HE Bcerma  MOryT  ObITh
UAeHTU(UIIUPOBAHBI Ha CITYTHUKOBBIX PJIN.

Bapuanuu 1nosis IIpUIIOBEPXHOCTHOIO BETPA,
00yCIOBIIEHHBIE KOHBEKTUBHBIMU JBM)KCHUSMH B
OPUBOAHOM clloe arMoc(epbl, NPUBOAAT K
nosiBneHnto Ha PJIM suenctrix cTpykryp.

B pesyabrare COBOKYITHOTO BITUSTHUS
ONMHUCAaHHBIX  BbIEe  (aKTOpoB  HEPTAHOE
3arpsi3HEHNe ciabo MIPOSIBIISICTCS Ha

cryTHuKOBOM PJIMI — pasnuuum TOJIBKO OYEHB
HEOOJIBIION Yy4aCTOK OHUKEHHOTO PAacCEsHUS B
HEMOCPEICTBEHHOM OIM30CTH OT MIaT(OpPMBI.

Bapuanun MHTEHCUBHOCTH obpaTHo-
pacCesHHOro CUTHAJIA, CBSI3aHHBIC c
NPHUCYTCTBUEM HE(TAHON TUIEHKH HAa MOPCKOM
IIOBEPXHOCTH B OTOM CIly4a€ HEBEIUKU H

COCTaBIIAIOT TpuMepHo 1,5-2 n1b mﬂ




PAONONOKALMUOHHBIE OBPA3bI
HE®DTAHbLIX 3ArPA3HEHUN NMPU
CJIABbIX BETPAX

SES106 LR 5118

40°23

40017

10°11

40205

40°00°

@paemenm P/IH ASAR Envisat om 4 urons 2015, 02:43
UTC, nonyuennozo nao pationom Heghmedodwviuu
Hegmsanvie Kamnu 6 ycrnosusx cnabozo
NPUNOBEPXHOCMHO20 8empa

Brisiuth Ha 3ToM PJIM HedTsiHOE 3arps3HEHHE BOKpPYT
wiargopmM, a TeM 0oJiee, yCTAaHOBUTh €T0 IUIOIIA/lb, HE
IIPEACTABISAETCA BO3MOKHBIM.

Ha PJIM, nomyuyeHHBIX B YCIOBUSAX CJIa0OTro
MIPUITIOBEPXHOCTHOTO BETpA, BBISIBIISIFOTCSI
oOmupHbIE TEMHBIE O00JACTH  MOHMKEHHOI'O
paccesiHusl.

[Ipu cmabom BeTpe WJIM €ro OTCYyTCTBUU
IPaBUTAIMOHHO-KAMMLISIPHAsS KOMIIOHEHTa TIOJIs
MIOBEPXHOCTHOTO BOJIHEHMS, OTBETCTBEHHas 3a
BperroBckoe pe3oHaHCHOE paccesiHhE, MOXKET HE
ycneTb  pa3BUThCA,  YTO OPUBOJUT K
3HAYUTEIBHOMY  OCJHAa0JEHUI0O HMHTEHCUBHOCTHU
00paTHO-pacCessHHOTO CUTHaA.

Ha PJIW, nony4yeHHBIX B YCIOBUSX CJIa00Oro
MPUTIOBEPXHOCTHOTO BETPA, MPUCYTCTBYET
MHOTO 00JacTeil MOHWUKEHHOTO pacCesHus,
HE CBS3aHHBIX C HAJIMYMEM Ha MOPCKOH
MOBEPXHOCTH HE(TAHON  TUIEHKH, YTO
3HAYUTEIIPHO  TIOBBIIAET  BEPOSTHOCTH
(JIO)KHOM TpEeBOTM» TIPM MOHHUTOPHHTE
HEe(TAHBIX 3arpsi3HEHUMN, a TaK)Ke MPUBOIUT
K 3aBBIIICHUIO UX TIIOMIATN




51°15'

An example of a combined analysis of SAR and VIS data.

a) A subset of a Sentinel-1 SAR image acquired at 14:37 UTC on 31.07.2020 under low wind conditions;
b) a subset of a Landsat-8 OLI-TIRS-derived true-colour image obtained over the same area close in time (at 07:19 UTC on
31.07.2020)

_MW




ILnomann HeTAHOTO

3arpA3HeHHs, ompeziesigeMas
VCKJTIOUUTEIHHO 1o

Da/IMOJIOKAIIMOHHBIM ~ JAHHBIM
MOYKET OKa3aTbCA

3ABBIIIIEHHOM, ecnu maHuble
MOJTy4eHbl MPHU CJIA0BIX BETpax
MNJIN B IIITNJIEBBIX yCJIOBI/I}IX

[Inomaas HeDTAHOTO 3arpsA3HEHUH,
ompefiesiieMass HNCKJIIOUUTEIbHO II0
PAAUOJIOKAITUOHHBIM JAaHHBIM
MoskeT okazaThesa SAHVDKEHHOM,
ecii  JaHHble  IIOJIyYeHbl B
IIPUCYTCTBUH 3HAUYUTETbHBIX
BO3MYIIIEHU B IIPUBOJHOM CJIOE
atMocdepsnl




3ABUCUMOCTb ®OPMUPOBAHUA
PAOVUOJTIOKALMOHHbLIX OBPA30B
HE®TAHbLIX 3ATPA3HEHUN OT

yCNOBUN HABNMIOOEHUA 22% ciyuaeB - HeDTSIHbBIE

3arpsi3HeHUs He BBISIBJIEHBI, IIOTOMY
YTO UX HPOSABJIEHUS MaCKUPOBAJINCH
PaJInoJI0OKAIIMOHHBIMU 00pa3aMu
AKTUBHBIX aTMOC(EPHBIX IIPOIIECCOB
JIn0O0 MIOTOMY, UTO ChEMKU
IIPOBOJIYJIHICH B YCJIOBUSX CHUJIBHOTO
IPUIIOBEPXHOCTHOTO BETPA.

69% ciryuyaeB - HeQTAHOE 3arpsA3HEHUE
C YBEPEHHOCTBIO BbIABJIAETCA.

9% ciiydyaeB - HA MOMEHT Cb€MKU B
paiioHe mHTepeca HabJIIoaICs
c1a0bIH TPUTIOBEPXHOCTHBIN BETEP
WJIU YCJIOBUSA, OJTU3KHUE K IITUIIEBBIM.
Ha PJIU npucyTcTByeT O0IITUpHast
o0J1acTh MOHUKEHHOTO paccesiHUsA U
YBEPEHHO BBIJIeJIUTh HePTAHOE
3arpsA3HEHUE He y/IaETCA.

—I/R[/IW
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Ce30HHas1 I3MEHYNBOCTH KOIHMUECTBA HEPTEIPOSBICHUI,
BEISIBJICHHBIX Ha MOPCKOU MOBEpXHOCTH B paiioHe Hedrsabie Kamuu
(NOS frequency )

Ce30HHas U3MEHYMBOCTh YaCTOTHI BBISBICHUS HEQTEIPOSBICHUI Ha
MOPCKOM OBEPXHOCTH B CITyTHUKOBBIX AaHHBIX ( detectability rate)

The most pronounced is the seasonal variability in NOS frequency in VIS images. The majority of NOS— about 70% — were identified in VIS images of the
Oil Rocks oil-producing area during the warm season, from May to September. No one issue of natural oil showings on the sea surface was detected in VIS
imagery in December over the whole study period. Depending on the season, the frequency of identifying oil patches in VIS images changes more than three
times - from 20% in January to 63% in July

As the two main reasons for this variability, we can point out
(i) acloud cover masking the oil patches signatures in the cold season
(ii) the presence of a sun glint area significantly improving conditions for detecting oil slicks in the warm season

The seasonal variability in the detection rate of oil patches at the sea surface in the SAR images is almost non-existent. This fact can be explained by
different mechanisms of oil slicks manifestation in SAR images. SAR can detect oil slicks through clouds and is insusceptible to solar light conditions.
However, the detectability of oil slicks in SAR images depends mainly on the hydrometeorological conditions at the time of the survey. The detectability
rate of oil slicks in SAR data varies from 53% in November to 82 % in June; its mean annual value reaches 68%, which coincides with the results we
reported early.




paiioH He¢Tenobbium HedpraHble KamHu
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Pacrnipenenenrie MHAUBUYadbHBIX TUIOMIAIeH HE(TAHBIX 3arpsI3HEHUIN
noBepxHocT Kacnuiickoro mops B paiione Hedrenoosrun Hedrsanbie Kamuu

IIpencraBiieHHBIE OIIEHKU 0A3UPYIOTCHA NCKIIOYHUTEIHHO HA CIYTHUKOBBIX TAaHHBIX H MOTYT
B Ty HUIH IPYT'YI0 CTOPOHY OTJIMYATHCS OT M3MepPeHHii, MpoBeAEéHHBIX IN Situ.




BITNAHUE
NMPUNOBEPXHOCTHOI'O BETPA
N NOBEPXHOCTHbIX TEYEHUN
HA PACINPOCTPAHEHUE
3ArPA3HEHUN

OLI-TIRS ZIC3 Landsat-8, 5.08.2016 , 07:19 UTC

BoBneueHHble B BHXPEBBIE JBUKEHUS IUICHKU
pacpoCTpaHsSIOTCA B CeBepo-3anaHOM
HaIlpaBJICHUW Ha paccTostHue 10 20 KM U B I0TO-
BOCTOYHOM HAamlpaBJiI€HUU Ha paccrosHue 1o 10
kM. [Inomane 3arps3aenus 200 kB. KM.

dakTopsl, OKa3bIBAIOLINE HAUOOIIbIIEE BIMSHHIE
Ha pa3Mep, GopMy U HarpapiieHUE
pacnpocTpaHeHUs HEPTSIHOTO 3arps3HEHUS B
OKpeCTHOCTH He(Tea00bIBatoIIel MI1aT()OpPMBbI:

» TIPUTIOBEPXHOCTHEIN BETEP;
» TIOBEPXHOCTHBIC TCUCHUSI.

Paiion AnmepoHCKOro mojiyocTpoBa — 3TO CaMbli
OypHbI pailoH Ha Bcel akBaropun Kacnuiickoro
MOpH.

Oporpadudecknii 1 MbICOBOI 3P (HEKTHI CO3TAI0T
ONaronpusATHBIC YCIIOBHUS ISl pa3BUTHS BETPA,
HaOJTFOIAIOTCS YaCThIE IITOPMOBBIC BETPHI.

Cucrema OBEpXHOCTHBIX TCUECHHH SBIISIECTCS
CJIOKHOM 1 OTJIMYAETCSl HEyCTOMYUBOCTHIO.

HaGmromaroTcst BRBICOKHE CKOPOCTH
MMOBEPXHOCTHBIX TEUCHUH, MEXAY 0. Kuiout u
Hedrsaupimu Kamuasimu, Haripumep, CKOPOCTh
MMOBEPXHOCTHBIX T€UEeHUM nHoraa gocruraet 100
M/cek u Ooiree

—MIW




BITNAHUE
NMPUNOBEPXHOCTHOI'O BETPA
N NOBEPXHOCTHbIX TEYEHUN
HA PACIMPOCTPAHEHUE
3ArPA3HEHUN

s045° 1700 TR T ] e
| Envisat ASAR = 0 4(F
| 24.06.2010, 06:36
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JIBa sTana pacrnpocTpaHeHus: He(TIHOTO
3arpsi3HEHUS:

I. Hedrsanbie nn€HKM nepeMenaTcs u
PacTEKarOTCs MO/ NEUCTBUEM JIOKAIBHOTO
BETPa J10 TeX IOp, IT0OKA HE OKA3BIBAIOTCS
3aXBa4YC€HHBIMU NIOBEPXHOCTHBIMU
TEYCHUAMU

II. HedTtsaHoe 3arps3HEeHNEe MOXKET OKa3aThCs
3aXBaY€HHBIM MOBEPXHOCTHBIMHU TEUEHUSMH,
U PacIpOCTPAHATHCSA STUMHU TEUCHUSIMH Ha
JOCTAaTOYHO OOJIBIITUE PACCTOSHUS UITH Ke
OKa3aThbCsl BOBJICYEHHBIM B BUXPEBBIC
newxeHus. HedrsHoe 3arpssHenue,
3aXBauY€HHOE MOBEPXHOCTHBIMU TEUEHUSIMH,
MOXET PacIpOCTPAHATHCS HA 3HAYUTEIbHbBIC
paccTosHusl, BIUIOTh 10 70 KM, B
HaIpaBJICHUSX, HE COBIMAJIAIOIINX C
HaIlpaBJICHUEM ITPUIIOBEPXHOCTHOIO BETPA.

[Tocne BCIubITHA HA TOBEPXHOCTH HEPTIHOE 3arpsA3HEHUE PACTIPOCTPAHSIIOCH B CEBEPO-BOCTOYHOM
HarpaBJIeHuH (romy0as cTpesovka Ha pucyHke). Ha paccTosHum 6,5 KM OT BBIXO/Ia Ha TOBEPXHOCTh HE(PTAHOE
3arps3HEHHE OKa3aJI0Ch 3aXBaU€HHBIM IIOBEPXHOCTHBIM T€UE€HUEM, 00YCIOBICHHBIM Pa3BUBAIOLIMMCS BUXPEBBIM
JIUTIONIEM, TIOBEPHYJIO Ha CEBEPO-3ama/i, a 3aTeM, YBICUYEHHOE COMYTCTBYIOIIUM BHXPEBOMY JUIIONIO TCUCHUEM,
MIPOIOJKIIIO PACTIPOCTPAHSITHCS HA FOT0-3aMa, T.€. IPOTHB BETpa, Ha paccTosiHUe 10 40 KM OT HAYaJIbHOW TOYKH.




Absheron Peninsula

| i )

Caspian Sea

!

The probability of the pollution by crude oil of the sea surface near
the Oil Rocks oil-producing site calculated based on satellite data

The total aquatic area potentially subject to
contamination by crude oil films is about 9000 sq.
km. This area is shaped under the winds and
currents that affected the oil films drift and
evolution. A pronounced spatial asymmetry of this
area can be easily seen.

The part of the sea surface with the nonzero
probability of crude oil pollution stretched for 170
km in the direction of the northwest—southeast
and about 100 km in the northeast —southwest
direction.

About 800 sq. km of the sea surface has a 10% or
greater chance of contamination by crude oil.

Approximately 100 sq. km of the sea surface near
the drilling site has a very high risk of pollution
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This study examined all Envisat ASAR images of the Caspian Sea obtained over the two regions of interest from January 2010 to January
2012 and Sentinel-1 SAR images taken from January 2015 to December 2020.
Also, visible (VIS) data with less than 10% cloud cover for these periods were analyzed

Analyzed satellite data for the region of Cape Sefid Rud

140 B Sar data

. . I V/|S data
Sensor Period Number of images 120

g Slicks detected

ASAR Envisat January 2010 - January 2011 39 L
SAR-C Sentinel 1A, 1B January 2015 - December 2020 413 g
TM Landsat 5 January 2010 - August 2011 17 i Z
MSI Sentinel-2A, 2B January 2015 - December 2020 154 o
OLI Landsat-8 January 2015 - December 2020 71 0

2010 2011 2015 2016 2017 2018 2019 2020
YEARS

Analyzed satellite data for the region of Cheleken Peninsula

140 I SAR
— VIS
Sensor Period Number of images 120 | w—icisveterted
ASAR Envisat January 2010 — March 2012 77 o
B 80
SAR-C Sentinel 1A, 1B January 2015 - December 2020 459 =
Z 60
TM Landsat 5 January 2010 - August 2011 28 2
MSI Sentinel-2A, 2B January 2015 - December 2020 129 20
OLI Landsat-8 ]anuary 2015 - December 2020 108 0 2010 2011 2015 2016 2017 2018 2019 2020

YEARS

All in all, we examined 702 satellite images of the Caspian Sea obtained over the Iranian waters and 801 satellite images over the Turkr




Yacrte akBaropuu Kacnuiickoro Mops y 0ro-3anajgHoro nodepexnos B nposunuuu I'mnan (Mpan) k Boctoky ot mbica Cepun Pyx

Ha upanckom mienbde ase
OJIM3KOPACITOI0KEHHBIE TOUKH
BBIXO/1a HE(QTEYTIICBOIOPOIOB
Ha MOPCKOM JTHE

C KOOpJIMHATaMU

50°24.4" B.x.,37°23.4" c.. u
50°28.9" B.1., 37°20.4" c.1.
UACHTU(PHUITIPOBAHBI KaK
MIOCTOSIHHBIE TOYKHU BCIUTBITHS
HE(TIHBIX CIUKOB.

(e)
(a) Sentinel-1A SAR-C of February 16, 2015, 14:36 UTC;
(b) Sentinel-1A SAR-C of June 25, 2018, 02:36 UTC;
(c) Sentinel-1A SAR-C of December 09, 2018, 14:36 UTC;
(d) Landsat-5 TM (color composites of bands 3, 2 and 1) of June 11, 2010, 07:04 UTC;
(e) Sentinel-2A MSI (color composites of bands 4, 3 and 2) of June 30, 2018, 07:38 UTC;
(f) Sentinel-2A MSI (color composites of bands 4, 3 and 2) of September 03, 2019, 07:38 UTC.
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IIpnMeps! NposiBJIeHUI CTUKOBBIX CTPYKTYP B CIIyTHUKOBBIX JAHHBIX, 0JYYE€HHBIX HaJl BBIX010M
He()TeyIVIeBOAOPO/I0B C MOPCKOI0 JHA B PailOHe TYPKMEHCKOIo0 meab@da B paiione n-a Yesnexen

a) ASAR Envisat ot 7 ceHTsa0pst %07, 18:13 GMT,

6) ASAR Envisat or 27 utonst 2010 2007, 06:42 GMT ,
6) SAR-C Sentinel-1A ot 10 mapra 2020, 02:36 GMT,
2) TM Landsat 5 ot 19 urons 2007, 07:07 GMT ,

1) MSI Sentinel-2A or 18 mas 2018, 07:28 GMT

e) OLI Landsat 8 ot 17 centsa6ps 2019, 07:07 GMT
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Mnowaab, KB. KM

Pacnipenenenue MHAUBHUIyaIbHBIX IJIOMAACH HEPTIHBIX 3arpsi3sHEHH MoBepXHOCTH Kacnuiickoro Mopsi B paiione Mbica
Cedun Pyn u B paiione nmonyoctposa UenekeH

WunuBuayanbHble pa3Mepsl €CTECTBEHHBIX HE(TENPOsSBICHHUH, 00yCIOBICHHBIX BBIXOJAMH CHIPOW HE()TH ¢ MOPCKOTO NTHA, BBIBICHHBIX B Pa3HBIC OBl HAa CITyTHHKOBBIX
n300pakeHusX, MeHsmuch B mpeaenax ot 0,01 mo 45 km? qs paiiona meica Cedun Pyn ot 0,01 no 83 km? s paiiona n-a Yeneke).

MpsI MO’KEM KOHCTaTUPOBATh, YTO 00BbEMBI OCTYILUICHHS CHIPOI HE(TH ¢ MOPCKOTO JTHA HAa MOBEPXHOCTh B TYPKMEHCKUX BOJaxX paiioHe m-Ba UelieKkeH BhIIIE, YeM Ha UPAHCKOM
menbge Boim3u Mbica Cedun Py,

B 40% ciyvaeB miomaaM CJIukoB, 00Hapyx uBaeMbix BOu3u Meica Cedut Py, He nipeBsimaroT 1 kM2, miomaay ente 35 % CIUKOB BRIPBUPYIOT B pefeaax 1 — 5 KB. KM.

B 10 *e Bpems B paiione n-Ba UenekeH ruomaan 0osee, 4eM MOJOBUHBI €CTECTBEHHBIX HE()TEIPOSBICHUN HA MMOBEPXHOCTH MOPS MPEBBIMIAIOT 5 KBAJAPATHBIX KHJIOMETPOB, a
Goree yeM B 25% cItydaeB TUIONIE1 OOHAPYKEHHBIX MATEH TpeBbImanT 10 kM2,
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In the case of the Iranian shelf, two hydrocarbon seeps 'llocated c%'ose to each The seabed seep near the Cheleken Peninsula is
other on the sea bottom are documented as persistent "sources "of 157 and d ted istent oriein of 423 NOS detected i
172 NOS with coordinates 50°24.4' E, 37°23.4' N, and 50°28.9' E, 37°20.4' N, ocumented as a persistent origin o etected 1n
respectively. the satellite images.
Their "source" point coordinates determined as 52° 36.2'
After reaching the surface, NOS form, as a rule, thin curved stripes and can E, 39° 32.9' N evidently indicate the seabed hydrocarbon
spread over long distances - up to 35 km in the Cape Sefid Rud region and up to seep location.
50 km in the Chelgken Penmsula.reglon.‘Thls 51g1‘11f1cantly increases the sea The seep is situated on the continental shelf at a depth of
surface area potentially prone to oil pollution, despite the relatively small area . v 2 d di 44 km f h
of each individual slick. As a result, more than 1200 km? of the sea surface in the approximately Smandata ) istance o m from the
Cape Sefid Rud region and more than 1500 km? in the Cheleken Peninsula western end of Cheleken Peninsula.
region are potentially exposed to oil pollution. A high risk of sea surface oil
pollution from natural seabed seeps is attributed to areas of 100 km? and 200

km? correspondingly. mﬂ




Ce30HHASI N3MEHYNBOCTH KOJIHYECTBA €CTECTBEHHBIX He(l)TﬂHbIX npommennﬁ Ha MOBEPXHOCTHU MOPH BBIABJ/IAECMbIX HA CIYTHUKOBBIX n306pamemmx

30 30
—— SAR — SAR
— /15 —— /|5

o & s SARAVIS
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% out of total numberof natural oll slicks
detected
% out of total numberof natural ol slicks

iﬂmbﬁnrth?;yuf TR 1 2 3 & Moﬁthoﬁheyt?ar g 5 10 11 1

(@) (b)

CesoHHAM H3MEHYHBOCTE KOAHYECTBA HE(DTENPOABIACHHIT HA MOPCKOiT moBepxHOCTH B paiioHe a) m. Cedpua Pva: 6) n-sa Yenekes;

[Tonasrnsromiee OONMBITMHCTBO MPUPOJHBIX TSATEH ObUIM UACHTU()UIMPOBAHBI HA H300PAKEHUAX BUIUMOIO JUara3oHa B TEIJIOE BpeMs roja — B
paiione mpica Cedun Pyn okoso 85 nmporeHToB BceX HETEPOSBICHHIA BBISIBICHO B IEPHUOJL C Masi 1O aBIYCT.

AHaJOrMYHBIE PE3yJabTaThl MBI TIOXYYHIIHN IS paiioHa nomyoctpoBa Yeneken. OgHAKO 3/1€Ch CE30HHOE paclpeaeseHre 0osee miaBHoe.

Ce30HHas M3MEHYMBOCTH B YaCTOTE OOHApYKEHHsSI €CTECTBEHHBIX HE(TSIHBIX MposBieHWN Ha m3o0paxkeHmsx PCA Taxke cymiecTByeT, HO
CYILIECTBEHHO MEHEE BbIpaXK€Ha U OIPEAEIISIETCS B OCHOBHOM I'MAPOMETEOPOIOTHYECKUMHU YCIOBUSAMU HA MOMEHT CHEMKH.
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(a) (b)

Inter-annual variability of NOS detectability near:

(a) the Cape Sefid Rud;

(b) the Cheleken Peninsula. SAR - blue bars, VIS - orange bars.

Grey lines show the overall percentage of SAR and VIS images bearing distinct NOS signatures

We found that during the whole study period, NOS detectability in satellite images (both SAR and VIS) of the Cape Sefid
Rud region varied within 33%-50%.

NOS structures were identified in 47% - 60% of images taken in the Cheleken Peninsula region in the same period
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OTHocuTeJIbHbIE BRKJIa/JbI 3anﬂ3HeHI/II7I Pa3JINYHBIX TUIIOB

YenekeH
9%

Cedug Py
8%

[pA3eBbIf BYSIKAaHN3M
20%

HedTaHble KamHu
63%

m HedTaHble KamHu @ [pA3eBbIvi BynkaHu3m & Ceduna Pys  ® YenekeH

OTHOCUTENBHBIC BKJIAJbl PA3JUYHBIX TUIIOB 3arpsI3HEHUN, BBIABICHHBIX 10
CIyTHUKOBBIM  JIaHHBIM, B HUHTErpajbHOE HE(PTAHOE 3arps3HEHUE
noBepxHocTH Kacnmiickoro Mmops
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