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AHHOTALMSA

CroxcoB npeii(, reHepupyeMbIii TOBEPXHOCTHBIM BOJIHEHHEM, BIIUSET HA MHOXECTBO (HhH3H-
YECKHX IPOIECCOB, MPOUCTEKAMONINX B OSPEeroBOi 30HE MOpS, B TOM YHCIIEe Ha MEPEHOC
TEIUIa M COJH, a TAK)KE TPAHCIIOPT 3arpsI3HSAIOIINX BEIIECTB. Y YET MapaMeTPOB MOPCKHX Te-
YeHUi, BbI3bIBaeMbIX Jperiom CTokca, BakeH Al 00jee KOPPEKTHOTO OMHCaHMs OOIei
THIPOAVMHAMHUYECKON CTPYKTYpPBI MPUOPEXHBIX BoJ. KpoMe Toro, MOpckue TeueHus, TeHe-
prUpyEMbBIC TOBEPXHOCTHBIM BOJIHEHHUEM, MOT'YT BHOCUTDH CyH_[eCTBeHHBIﬁ BKJIaJT B IPOLECCHI
HAaKOIUICHHUS U IiepepaclpeesieHus 3arpA3HAIONINX BEIIeCTB B MIPUOPEXKHOI 30HE MODSL.
[IpencraBneHb! pe3ynbTaThl KCCIEI0BaHHUI CTOKCOBA JIpeli(ha Ha CEBepO-BOCTOYHOM IIeTbdhe
YepHoro mMops B paiioHe . ['enenmkuka 3a orpe3ok Bpemenu ¢ 2003 mo 2022 r. BrisBiieHsl
CE30HHBIE U MEXT'0/I0BbIE 0COOCHHOCTH U3MEHUYHNBOCTH CKOPOCTEH 1 HalpaBJICHUH Te4eHUH
Croxkca. [TokazaHo, 4yTO ¢ neKadps 10 arpenb, 3a UCKII0YeHHEeM (eBpalsi, CTOKCOB IIEPEHOC
obnazaeT conocTaBUMBIMH IIOBTOPSIEMOCTSIMHU I10 HAalpaBJICHUSIM K Oepery, oT Oepera
1 Ha ceBepo-3amnai. B ¢eBpane 0CHOBHOM IOTOK CTPEMHUTCS B OTKPHITOE MOpe. B Mae u ntoHe
3HAYUTEIHHO YBEIMUUBACTCS IIOBTOPSEMOCTE TEUCHUH B CTOPOHY OepErOBOM JIMHIH, TIPH 3TOM
B Hayaje JieTa pacTeT JOJ IMOTOKOB, HANpPaBJICHHBIX Ha IOrO-BOCTOK. B mione TedeHus
C HaIlpaBJICHHEM Ha IOT0-BOCTOK M OT Oepera CTaHOBATCS IMOYTH OJAMHAKOBBIMH IO TIOBTOPSI-
emoctu. C aBrycra 1o HOsIOpb BBIpACcTaeT JI0JIs TEUCHHUI, HAlpaBJIeHHBIX OT Oepera, IpH I1o-
CTCTICHHOM YMCHBIICHUHN MMOBTOPACMOCTH IMOTOKOB HAa FOI'0-BOCTOK. B MmHoronernem BbIpa-
JKEHUU TpeobiiagaeT MOTOK, HANPaBIEHHBIH OT Oepera B OTKphITOe MOpe (TIOBTOPSIEMOCTh
34.3 %). DTOT xe MOTOK 00amaeT U HauboJsble# cpegueir ckopocthio (0.053 m/c).
[ToBTOpsieMocTH BIIOJILOEPETOBBIX MOTOKOB, HAIPABJIEHHBIX HA IOTO-BOCTOK M CEBEPO-
3araj, NOYTH OAMHAKOBEI, HO IIPH 3TOM TE€UYEHHS Ha CEeBEpO-3ariaji ropas3io MHTEHCHBHEE.

KaroueBsble ciioBa: BeTpoBoe BosHeHHe, CTOKCOB jpeiid, nprbpekHas 30Ha, pacnpocTpa-
HEHUE MPUMECH, aHTPOTIOTCHHBIE 3arPSI3HEHUSI
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Jast murupoBanusi: OcobenHoctu apetida CTokca B IPHUOPEKHON 30HE CEBEPO-BOCTOYHOTO
nobepexnst YepHOro Mops 1o pesynbraram MozenupoBanus / b. B. Jlusunckwii [ ap.] // Oxo-
Joruyeckasi 6e30macHOCTh MPUOPEKHOH 1 menshoBor 30H Mops. 2024. Ne 1. C. 6-19. EDN
CAVUNO.

Features of the Stokes Drift in the Northeastern Coastal Zone

of the Black Sea from Modelling Results
B. V. Divinsky *, S. B. Kuklev, V. V. Ocherednik, O. N. Kukleva

Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow, Russia

* e-mail: divin@ocean.ru

Abstract

The Stokes drift generated by surface waves affects many physical processes occurring
in the coastal zone of the sea, including heat and salt transport, as well as transport of pollu-
tants. Taking into account the parameters of sea currents caused by the Stokes drift is
important for a more correct description of the general hydrodynamic structure of coastal
waters. Moreover, sea currents generated by surface waves make a significant contribution
to the processes of accumulation and redistribution of pollutants in the coastal zone of the sea.
The article presents the results of the study of the Stokes drift on the northeastern shelf of
the Black Sea near Gelendzhik for the period from 2003 to 2022. Seasonal and interannual
features of variability of Stokes current velocities and directions have been identified. It has
been shown that from December to April, excluding February, the Stokes transport has com-
parable repeatability in directions towards the coast, away from the coast, and towards
the northwest. In February, the main flow tends to the open sea. In May and June, the repeat-
ability of currents towards the coastline increases significantly, with the contribution of cur-
rents to the southeast increasing at the beginning of summer. In July, the currents directed
to the southeast and away from the coast become almost identical in terms of repeatability.
From August to November, the proportion of currents directed away from the coast increases
with a gradual decrease in the repeatability of currents towards the southeast. In multi-year
terms, the flow directed away from the coast to the open sea prevails (repeatability of
34.3 %). The same flow has the highest mean velocity (0.053 m/s). Repeatability of the long-
shore currents directed towards the southeast and northwest is almost the same, but the cur-
rents towards the northwest are much more intense.

Keywords: wind waves, Stokes drift, coastal zone, spread of pollutants, anthropogenic
pollution
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Beenenune

CrnencTBrueM HE3aMKHYTOCTH BOJHOBBIX OpPOWTABHBIX TPACKTOPHHA SBISAETCS
JIOTIOJTHUTENbHBIA PE3YIBTHPYOIINH MMOTOK KHUIKOCTH B BEPXHUX HECKOIBKHAX MET-
pax BOIHOW TONIIHU (C HAUOOJBITUM 3HAYEHHEM Ha TIOBEPXHOCTH), COOTBETCTBYIO-
M TeHepaTbHOMY HAIPaBJICHUIO PACTIPOCTPAHEHHS BOJH. DTO SBIIEHUE BIIEPBBIE
omucaHo aHruiickuM yuensiM J]. CTokcoM P 1 BIOC/IeACTBHH IOMYYHIIO €70 HMS.

CTokcoB npeiid) oka3bIBaeT HEMOCPEICTBEHHOE BIVMSIHHE HA MHOXKECTBO (PH3H-
YECKUX MPOIIECCOB, MPOUCTEKAIONINX B OeperoBoii 3oue mops [1-4]. B pabote [5]
MMOKAa3aHO, YTO TPACKTOPUH JIBUKCHHSI TIOBEPXHOCTHBIX APUPTEPOB B YCIOBHSX Pa3-
BHUTOT'0 BOJIHCHHUS CO 3HAYUTEIBHBIMU BBICOTAMU BOJIH, IPEBBIIAIOMIKUMU 1 M, ompe-
JEeINSII0TCs UMeHHO nipeiiom CTOKCa U TOJIBKO NPU CPABHUTEIHHO HEOOJBIIUX BbI-
corax (menee 0.6 M) — MECTHBIM BETPOM M OCHOBHBIMU TedeHHSIMH. COBMECTHO
C BETPOBBIMU TCUCHHUSIMH, I'DaJUCHTAMU IUIOTHOCTH, NMPHUJIHMBAMH CTOKCOB Jpeid
BHOCHT CYIIIECTBEHHBII BKJIaJ B IEPEHOC TEIIa M COJIH, TPAHCIIOPT 3arpA3HSIIOMINX
BEIIIECTB, BKJIIOYass MUKPO- U MaKPOIUIACTHUK, & TAKXKe HEQTAHBIX MATeH [6—8]. YueT
CTOKCOBa fpeii(a Mo3BoJAET 3HAUUTEIBHO YIYUIIUTh YUCIEHHBIE MOJIETH Pacipo-
CTPaHEHMsI TTACCHBHBIX MpuMeceil [9], 9To crmocoOCTByeT TydileMy MOHHUMAaHHIO
3KOJIOTUYECKUX MOCIEACTBUM X03IHCTBEHHON ACSITEIIBHOCTH YEJIOBEKA.

CKOpOCTH TE4YEeHHH, BBI3BIBAEMBIX CTOKCOBBIM IEPEHOCOM, MOTYT JIOCTHTaTh
2 % OT CKOpPOCTH JOKAJHHOTO BeTpa [8], a BKJIaJ CTOKCOBA TMepeHoca B OOMIHit
IIOTOK, BBI3BAHHBIA BETPOBOW HArpy3koi, MoxeT cocTaBiaThk a0 40 % [10]. ITapa-
METpBI CTOKCOBA Apeii(a CyIEeCTBEHHO 3aBUCAT TAKXKeE OT CE30Ha M TeoTpaduIecKux
ocoOeHHOCTeH MOopcKoi akBaTopuH [11]. OTMeTHM Takke, 9To, IT0 TaHHBIM paOOTHI
[12], na akBatopuu bantuiickoro Mopst Te4eHus, BbI3BaHHBIE NlepeHOocoM CTOKca,
obnanatot cpeaaumu ckopoctsmu 0.08—0.10 m/c u MakcumanbHbIME ~ 0.6 M/C.

Takum 06pazoM, CTOKCOB Apetih MOKET CYIIECTBEHHO BIIUATH KaK Ha THIIPOJIU-
HaMUYECKHH PEKUM, TaK U IKOJIOTHIECKOE COCTOSHUE BOJIOEMA.

Hcxons u3 3T0r0, 0CHOBHOM IENTBI0 HACTOSIIETO UCCIIeIOBAHUS SBIISIETCS aHATIN3
OCHOBHBIX MTapaMeTPOB CTOKCOBa Apefida (CKopocTel 1 HapaBiIeHNH ), BKIFOYast UX
CE30HHYIO M MEXTOJIOBYIO H3MEHYHBOCTH, 32 0Tpe30K BpeMeHH ¢ 2003 mo 2022 r.
Ha ceBepOo-BOCTOYHOM Iienbde UepHOoro Mops B paiione r. I'enenmkuka. s yemo-
Buii YepHOTO MOps 11010OHBIE OIICHKH paHee He BBIIOIHINCH. B KadecTBe q0110I-
HEHUS 32 TOT XK€ IePUO/] UCCIIEA0BaHbI CE30HHBIC U MEXXTOJIOBBIE 3aKOHOMEPHOCTH
pacnpezeneHui mapaMeTpoB BETPOBOTO BOJTHEHUS U MPU3EMHOTO BETPA.

MarepuaJibl U METOABI

B kauecTBEe MHCTpYMEHTOB HCCIEHOBAaHUI BBICTYIAIOT COBPEMEHHAs CIIEK-
TpaJjibHas BOIHOBAs Mojenb [laTckoro runpasnndeckoro nuacrturyra DHI MIKE SW
u 0a3a maHHBIX riobanbHOro peananmsa ERAS, mpenocraBnsemas EBpomeiickum
LIEHTPOM CPEIHECPOUHBIX TPOrHo30B ECMWF.

B monmemn DHI MIKE SW yduThIBaIOTCS OCHOBHBIC (PU3MUECKHAE MEXaHHU3MBI
TpaHc(hOpMaIy BOJTHOBOTO TOJIS, BKIIIOYAs 3apOKICHUE BOJH IO/ BO3/IEHCTBUEM
MIPU3EMHOT'0 BETPa, HEJIMHEHHBIE TPEX- U UETBIPEXBOIHOBBIE B3aUMOJICHCTBHS, JAMC-
CHIALIMIO SHEPTHH BOJIH B PE3YJIbTaTe JOHHOTO TPEHUs M OOPYLICHUS, a TAKXKE SIB-
nenus nudpaxiun 1 pedpakiuu [13]. [Ipu pacdere BoHOBBIX Hojiei UepHoro Mopst

D Stokes G. G. On the numerical calculation of a class of definite integrals and infinite series // Trans-
actions of the Cambridge Philosophical Society. Cambridge, 1847. Vol. IX, part 1. P. 166—187.
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HCIIONB3YyETCsl HECTallMOHAPHAS TIOJTHOCTBIO CIEKTpaibHast MoJenb. CreKTpaibHbIC
YaCTOTHI 3aKJIIOUEHBI B JUATIa30H BOJTHOBBIX MepHoI0B OT 1.6 mo 16.5 c. Pazpemenue
MOJICJIM O HAIMpaBICHUSAM PaCIpOCTpaHEHUs BOJH cocTaBigeT 15°. Monens
HACTpOEHAa Ha pa3jielieHre BOJHOBOI'O TOJIS Ha JIB€ KOMIIOHEHTHI (YMCTO BETPOBOE
BOJIHEHUE U 3bI0b) ¥ BEepUPUIUPOBAHA HA OCHOBE MHOTOYHMCIICHHBIX HATYPHBIX
JKCTIIEPUMEHTOB U CIIyTHUKOBBIX JaHHBIX [14].

PacyerHas ceTka co crymieHneM B MpUOpPEXHON 30HE IMOKPHIBAET aKBATOPHIO
Uepnoro u AzoBckoro mopeii u cocrout u3 20 000 pacueTHbIX 37eMEeHTOB (pHC. 1).
Pacuernas Touka, ykazaHHas Ha Bpe3Ke K puc. 1, pacmosiokeHa B 4 KM MOpPHCTEE
r. ['enenmxuka Ha rryonne 40 M.

B pe3ynbrarte mpoBeeHHOTO MOIETHPOBAHHUS ITOTYY€H MACCUB ITAHHBIX, COCTO-
SIIUI U3 OCHOBHBIX MMapaMeTPOB YHUCTO BETPOBOTO BOJHEHUS U 3bI0HM, OXBATHIBAIO-
it mepuoa B 20 set (¢ 2003 mo 2022 r.). MaccuB BKITIOUaeT B €051 3HAYUTEIHHBIC
BBICOTHI BETPOBBIX BOJIH M 3BI0M, a TaKKe€ HAIMPaBICHHS UX PACIPOCTpPaHEHHS.
Bpemennoii miar — 1 4.

W3 maccuBa rnodasHOro armMocgepHoro peanaiisa £RAS 3a TOT e CPOK U ¢ aHa-
JIOTUYHBIM IIIarOM TI0 BPEMEHU H3BJICUCHBI MEPHUAUOHAIBHAS M 30HAIBHAS KOMIIO-
HEHTHI CKOPOCTEH MMPU3EMHOT0 BETpa B CTOKCoBa Apetida. [locmeaauii Beraucmsercs
Ha OCHOBE aHAJIM3a JByMEPHBIX SHEPTETHUECKUX CIIEKTPOB BOJHEHU [15].

Takum o0Opa3oM, B JalibHEHINIEM HUCCIEAYIOTCS OCOOCHHOCTH M3MEHYMBOCTH
CIIEIYIONINX IMapaMeTPOB:

— 3HAYUTENBHBIX BBICOT, a TAK)KE HANPABJICHUH PaCIpPOCTPAHEHUS BETPOBBIX
BOJIH M 3bI0U;

— HampaBJIeHHUS U CKOPOCTH BETPa;

— HamlpaBJICHUS U CKOPOCTH CTOKCOBA Jperi(ha Ha MOBEPXHOCTH MOPSL.
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Puc. 1. Pacuernas cetka UepHoro u AzoBckoro mopeid. Ha Bpeske
MOKa3aHO MOJIOKEHUE PAaCUETHOM TOUKU B paiioHe r. I'enenpxuka

Fig. 1. Calculation grid of the Black Sea and the Sea of Azov.
The inset shows the position of the calculation point near Gelendzhik
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Pe3ynbTaThl 1 00cyxK1eHHE

Ce30HHBIE 0COOCHHOCTH pacIipe/ielIeHHsI 3HAYNTEIBHBIX BBICOT BETPOBBIX BOJIH,
3610, a TaK)Ke CKOPOCTEH BETpa MPEeACTaBICHB COOTBETCTBEHHO Ha puc. 2—4.

Kak crnenyer u3 puc. 2, ¢ KOHIIa OCEHH M 10 CEpEANHBI BECHBI JOMUHHUPYIOT
BETPOBBIE BOJTHBI MOPCKUX PYMOOB (C I0T0-BOCTOKA IO ceBepo-3amnan). Mckmouenue
COCTaBJITIOT HOSIOph W ()eBpaib C WX CHJIBHBIMH IITOPMaMH CEBEPO-BOCTOUHBIX
HanpasieHuii. B Mae, utoHe u urosie mpeo0I1agaloT BETPOBBIE BOJTHBI 3aI1a/IHBIX U Ce-
Bepo-3anafHbix HamnpasieHuid. C aBrycra mo OKTSOph 3HAUYUTENBHO YCHIMBAETCS
BOJIHEHHE C CeBepo-BocToKa. [Ipr 3TOM B aBrycTe u CEHTSAOpE ITOPMBI CO CTOPOHBI
OTKPBITOTO MOPSI MaJl0 00ECTIeUEHBI.

Ha otHOCHTENBHO Y3KOM IIEnb(de ¢ NOYTH NapaiebHBIMHA H300aTaMu B paii-
one T. ['enenmkuka (cM. puc. 1 Ha Bpe3Ke) JITMHHBIE BOJIHBI 3610 UCTIBITHIBAIOT 3HA-
YUTETBHYIO pe(PPaKINIo C MEPECTPOITKOI BOTHOBOTO (PPOHTA TIO HOPMAJH K Oepery.
B pesynbrare 11 BCeX CE30HOB XapaKTePHO a0COIIOTHOE MPeo0iaaHne BOJIH 36101
I0r0-3aMMa HbIX U 3aMafo-Iro-3anaJHblx HanpasieHui (puc. 3).

B nexabpe, ssuBape u mapte (puc. 4) paccMaTpuBaeMblil pETHOH HAXOIHUTCS
OJT BO3JIEHCTBUEM MPU3EMHOTO BETpa BCEX HAIPaBJICHUH, 32 MCKIIIOYEHUEM OTO-
BOCTOUYHBIX pyMOOB. B ¢eBpane pe3ko yBennuuBaeTcsi BKJaJ CEBEPO-BOCTOYHOTO
BeTpa. B anpene — Mae BBIIENSAIOTCS 1IBa OCHOBHEIX HAIIPABIICHUS BETpa: I0r0-3amaj-
HOE " ceBepo-BocTouHOE. C HIOHS IO CEHTIOPH MpeobIaaaroT cliadbie BETPHI CEBEP-
HBIX CEKTOPOB, B OCHOBHOM CEBEPO-BOCTOUHOTO HaIpaBiieHus. B okTa0pe u HOsiOpe
CEBEPO-BOCTOYHBIE BETPHI CTAHOBSITCS OTPEACTSIONINMHU.

Ha puc. 5 npuBeneHb1 0000IIarOIIIE PO3BI BETPOBOTO BOJHEHHS, 35101 M BETPA,
noctpoenHsie 3a 20 et ¢ 2003 mo 2022 r.

hs,wind sea, M <=0.5 [l >0.5-1 >1-1.5 >1.5-2 [l >2

Puc. 2. Mecsunsie po3bl BETPOBOTO BOTHEHHUS B paiioHe T. [ eneHmKika

Fig. 2. Monthly wind wave roses near Gelendzhik
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hs,swell; M
Puc. 3. Mecsunblie po3bl BOJIH 36101 B paiioHe T. ['eneHmxuka

Fig. 3. Monthly swell wave roses near Gelendzhik

V, m/c <=5 >5-10 >10- 15l >15

Puc. 4. Mecsunsie po3sl IPU3EMHOTO BeTpa B paiioHe T. ['eneHmxnka

Fig. 4. Monthly surface wind roses near Gelendzhik

Dkosoruyeckasi 0€30MacHOCTh MPUOPENKHOI U Hienb(oBoii 30H Mopst. Ne 1. 2024

11



hs wind sea> M hs, swell> M V, mlc
<050 >0.5- 1 >1-1.5  >1.5-2[0l 2 <=5H >5- 100 >10- 15[ >15

Puc. 5. Kimmmarnaeckue po3bl BETPOBOTO BOJIHEHHUS (@), 3610H (D), PU3EMHOTO BETpa (¢)

Fig. 5. Climatic roses: for wind waves (a), for swell waves (b), for the surface wind (c)

Kak cnenyer u3 puc. 5, HanOGobIIeH MOBTOPSEMOCTHIO 00JIATAI0T BETPOBBIE
BOJIHBI 3aI1aJ10-FOT0-3aMaIHBIX ¥ CEBEPO-BOCTOYHBIX HAIIPABIICHUM, IIPH 3TOM Hanbo-
Jiee CHIIBHOE BOJTHEHHUE PA3BUBAETCSI B CEKTOPE FOT0-I0r0-BOCTOK — 3amnaj. Kak u Bo Bce
CE30HBI TI0 OTJIENBHOCTH, B MEXTOJIOBOM CMBICIIE JOMUHUPYET 3bI0b 3amai0-toro-
3aMaIHBIX M FOTo-3amagHbIX pyMOoB. IIpeoOiagaroniiii BeTep — CeBEPO-BOCTOUHBIX
HaIfpaBJIeHUH, BeTep HauMEHbIIEeH TOBTOPSIEMOCTH — FOT0-BOCTOYHBIX PyMOOB.

Ha puc. 6 oToOpakeHbI TaKk HAa3bIBACMBbIE SIIUKH C YCaMH, JAIOIINE HATIISTHOS
rpaduyeckoe MpPEACTaBIeHHE O HEKOTOPHIX CTATUCTHUYECKUX XapaKTePHCTHUKAX
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Puc. 6. Cratuctuueckue XxapaKTepUCTHKH pacIpeaAeIeHUI
3HAYUTENBHBIX BBICOT BETPOBOTO BOJHEHUS (), 3HAUMTEIh-
HBIX BBICOT 35101 (D), CKOpOCTEH MPU3EMHOT0 BeTpa (¢)

Fig. 6. Statistical characteristics of the distributions of:
significant wind wave heights (@), significant swell waves
heights (b), surface wind speeds (c)
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(cpenuee pacnpenenenue, 1-it u 3-it kBapTuib (win 25-i u 75-i nepuenTuwis), 10-i
u 90-# MepIIeHTHIIb) 3HAYCHUH BBICOT BOJTH M CKOPOCTEH BETpa OTIACIBHO 10 MeCsI-
[1aM | B LIEJIOM 3a TOJ.

Hannbie (puc. 6) MOKa3bIBAIOT, YTO UISI PACIpeeIeHni BRICOT BOJH Xapakx-
TepHa CHIIbHAsI BHYTPHUCE30HHAs I3MEHINBOCTh. Hanbonee cuimbHOE BETPOBOE BOJTHE-
HHUE OTMEUACTCsl B 3MMHHE MECSIIBI CO CPSIHUMU BhICOTaMH BOJH ~ (.7 M, HanOosee
cinaboe — B JIeTHUE (fiswind sea ~ 0.3 M). AHajoruuHas KapTUHA HaOJI0JaeTCs
U JUIS 3510 CO CPEIHUMU BBICOTAMHU, HECKOJBKO mpeBbimarommmu 0.6 M 3umoi
u 0.2 M — terom. HaunboJtee CriOKOMHBIN MeCsI] — aBrycT. Y CKOpOCTel BeTpa pas3iiu-
YUl MEXKTy Ce30HaAMH BBIPAXKEHBI HE CTOJIb OYEBH/THO, KK Y ITAPAMETPOB BOJIHEHUSI.
3uMoii, a TaK)Ke B Havasie BECHBI M B KOHIIE OCEHU CPEHIE CKOPOCTH BETPa COCTaB-
TSI0T ~ 7 M/c, 1eToMm — 5 m/c. Hanbonee ciiabpiii BeTep HaOmOgaeTcs B Mae.

Ce3oHHBIE 0COOCHHOCTH CKOPOCTEH M HaIlpaBJICHWH CTOKCOBa Apeiida mpen-
CTaBlIeHBI Ha pUC. 7. OTMETUM, YTO, B COOTBETCTBUHU C YCTOSIBIIUMHUCS B OKEAHO-
rpaduu TpaguIUAMU, HallpaBieHue TedeHn CToKca OnpeIeNsieTCss OTHOCUTEIIBHO
CTOpPOHBI CBETAa, KyJla OHU HAIIPaBJICHBI (HAMPABJICHUS BOJH U BETpa — OTKY.A).
st ynoOcTBa pacCMOTPEHHUS M C YYETOM TeHepallbHOM OpHUeHTaluu OeperoBoit
JIUHUH, TTOBTOPSIEMOCTH CTOKCOBA Jpeii¢a paccuuTansl Juid 4eTbipex 90° ceKTopoB,
YCJIOBHO ONPEAEISIONINX CIeIyIoIIre HalpaBIeH s TeUeHi: K Oepery, BIoib Oe-
pera Ha FOT0-BOCTOK, OT Oepera, BI0JIb Oepera Ha CeBepo-3aral.

Kak cnenyer u3 puc. 7, MOBEpXHOCTHBIE T€UCHHS, 00YCIOBICHHBIE BETPOBBIM
BOJIHEHUEM, CHOPMHUPOBAHHBIM KaK KPYITHOMACIITAOHBIMU IPOIIECCAMK Ha BCEH ak-
BaTopuu YepHOTO MOPsI, TaK U MECTHBIM BETPOM, UMEIOT XOPOIIIO BEIPaKEHHEIE Ce-
30HHBIE oTi4us. C Aexadps MO amnpenb, 32 UCKIYeHneM (eBpais, CTOKCOB Iie-
peHoc o0nagaeT COnOCTaBUMBIMU MIOBTOPSIEMOCTSIMH 110 HAalpaBJICHUsIM K Oepery,
ot Oepera u Ha ceBepo-3amaj. B deBpaine mox Bo3aeiicTBUEM CHIIBHBIX CEBEPO-BO-
CTOYHBIX BETPOB OCHOBHOM IMOTOK CTPEMUTCS B OTKpBhITOE MOope. B Mae u utone 3Ha-
YHUTEIBEHO YBEIUUMBACTCS MOBTOPSIEMOCTh TEUCHHH B CTOPOHY OEperoBoOil JHHUH,
IIpY 3TOM B Hayaje JieTa pacTeT A0S MOTOKOB C HAIllpaBIIEHHEM Ha IOr0-BOCTOK.
B utone TeueHusi, HalpaBJIeHHBIE Ha IOT0-BOCTOK M OT Oepera, CTAHOBSTCS MOYTH
OJIMHAKOBBIMHU TIO MOBTOpsieMocTsiM. C aBrycTa 1o HOSOph BBIpAcTaeT JOJs Tede-
HUW, HAMPaBICHHBIX OT Oepera, MpH MOCTEIICHHOM YMEHBIICHUN TTOBTOPSIEMOCTH
ITOTOKOB Ha OTO-BOCTOK.

O06o00meHHas KapTHHA MOPCKHUX TEUCHHM, BRI3BAHHBIX CTOKCOBBIM ITEPEHOCOM,
MpeJIcTaBlieHa Ha puc. 8.

Kak cnenyer u3 puc. 8, MHoroJieTHUE NOBTOpsieMOocTH TeueHud CTokca
10 HampaBJIECHUSM COCTaBIIIOT: K Oepery — 27.4 %, Ha 1oro-soctok — 20.9 %, ot Oe-
pera — 34.3 %, Ha ceBepo-3anan — 17.4 %. B uenom, Takum oOpazom, npeodianaet
MIOTOK, HalpaBlIeHHBIH B OTKPBITOe Mope. [loBTOpsieMocTH BIONEOEPErOBhIX IMOTO-
KOB, HalpaBJICHHBIX Ha FOTO-BOCTOK U CEBEPO-3aI1a]l, I0YTH OJUHAKOBEHI.

CraTucTHyecKue XapakKTepUCTUKHA CKOPOCTEH MOTOKOB OOHAPYIKUBAIOT U BHYT-
puce3oHHbIe paznuuus (puc. 9). TeueHus, HaNpaBIeHHBIC K Oepery, caMbie CUIbHBIC
B nekabpe — stHBape (cpemnue ckopoctr ~ 0.07 M/c), oT Gepera — 3MMOW U OCEHbIO,
ocobenno B ¢eBpaie (bomee 0.08 m/c), Ha ceBepo-3ammang — ¢ HOSOPS 10 QeBpab.
Cawmple cra0ble TeUeHNs — Ha FOTO-BOCTOK CO CPETHAMH 3HAYEHUSIMH, COCTABIIAIOIIMHI
B 3umHUI nepuoxa 0.04 m/c. B aBrycre kpailiHe HE3HAYUTENEH MEPEHOC (CpeqHue
ckopoctu MeHsbIre 0.02 m/c) k 6epery u Ha ceBepo-3amnaj], B Mae — Ha FOTO-BOCTOK,
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C, mfc <=0.025 [l >0.025 - 0.05 >0.05 - 0.075 >0.075-0.1 [l >0.1

Puc. 7. Mecsunble po3sl cTOKCOBa jipelida B paiioHe T. ['eneHmpkuka
Fig. 7. Monthly roses of the Stokes drift near Gelendzhik

B HIOJIE — B CTOPOHY MOps. B 11e710M TeueHus: B CTOPOHY MOpsi 00Ja1atoT HauboIIb-
IIMMH CPEIHETOIOBBIMU 3HaueHmsiMH cKkopocTH (rmoutH 0.06 m/c). [lanee cinenyroT
TeueHus: Kk Oepery m Ha ceBepo-3aman (~0.05 m/c) u BIOTBOEPETOBBIC TEUEHUS
Ha 10ro-BocTok (~ 0.03 m/c).

MexronoBass U3MEHUMBOCTh CKOPOCTEH CTOKCOBa Apeiida mpencraBieHa
Ha puc. 10. JlaHHBIC MOKA3bIBAIOT, YTO, HECMOTPSI HA JIOMHHHPOBAaHHE ITOTOKOB,
HampaBlIEHHBIX B MOpE, B OTAeNIbHBIC To 16! (B 2004 1 2021 rT., HanmpuMep) MOTYT Ipe-
BaJIMPOBATh TEUEHHS B CTOPOHY Oepera. CpeaHErooBbIe MOBTOPIEMOCTH CTOKCOBA
npeiida mo 90° cexTopaM HaxoIsATCs B mpenenax: k oepery — 23.4-34.7 %, Ha toro-
BOCTOK — 16.1-25.5 %, ot 6epera — 24.8-44.1 %, Ha ceBepo-3anan — 12.6-23.3 %.
CpenHeroJioBble  CKOPOCTH TEYCHUH BapbUPYIOTCS CIEIYIOMHM  00pa3oM:
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Puc. 8. Po3bl TeueHmid, 00yCIOBICHHBIX
npetihom Crokca

Fig. 8. Roses of currents caused by the

Stokes drift
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Puc. 9. Craructuueckue XapakKTepUCTHKH pacmpezesne-
HUIi CKOpOCTEH CTOKCOBa Jpeida mo cexropam pacmpo-
CTpaHCHHS: a — K Oepery; b — Ha I0r0-BOCTOK; ¢ — OT Oepera;
d — Ha ceBepo-3amaj

Fig. 9. Statistical characteristics of Stokes drift veloc-
ities by distribution sectors: a — towards the coast; b — to the
southeast; ¢ — away from the coast; d — towards the northwest
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Cimeans M/

. K Bepery

[l Ha roro-socTok
Il o7 Gepera

I Ha cesepo-3anag

Puc. 10. Ilosropsiemocts (a), cpematsis (b) ¥ MaKCHMaJTb-
Has (¢) CKOPOCTh CTOKCOBA Jipeida Mo CeKTopam pacipo-
CTpaHeHHs

Fig. 10. Repeatability (a), mean (b) and maximum (c¢)
Stokes drift velocities by distribution sectors

K 6epery — 0.037-0.054 m/c, Ha 1oro-BocToK — 0.025-0.035 m/c, ot Gepera — 0.039—
0.061 m/c, na ceBepo-3aman — 0.033—0.059 m/c. MakcumanbHBIe CKOPOCTH Ha MOPSI-
JOK TPEBOCXOMAAT CpeJHHE 3HAYCHUS. BHYTpPHUroZOBBIE MaKCHMaJbHBIE CKOPOCTH
TaKKe KOJeOII0TCS B JOBOJIBHO MIMPOKUX Tpenenax: k Oepery — 0.18-0.34 m/c,
Ha toro-octok — 0.12-0.22 m/c, ot Gepera — 0.19-0.42 m/c, Ha ceBepo-3amam —
0.20-0.34 m/c. MakcumanbHas ckopocTh npetipa Crokca, cocrapupmas 0.42 m/c,
Habmoganack B 2012 r. mpu Te€YEHHUSIX B CTOPOHY OTKPHITOTO MOPSL.

3axioyeHue

B xone nmpoBeneHHO# paOOTHI BHITIOJHEH aHAJIN3 OCHOBHBIX MTApaMETPOB CTOK-
coBa jpeiia (ckopocTeil u HanpaBieHH) 3a MPOAOJDKUTEIBHBIA OTPE30K BPEMEHH
¢ 2003 mo 2022 rr. Ha ceBepo-BOCTOYHOM mienbde UepHoro mops B paiioHe T. [e-
JICH/KUKA, a TAK)KE MCCIeIOBAHbI CE30HHBIE M MEXXT0JIOBBIE 3aKOHOMEPHOCTH pac-
MIpeJIelIeHni TapaMeTPOB BETPOBOTO BOJHEHHS U IPU3EMHOTO BETPA.

OcHOBHBIE PE3YIbTATHI.

Bemposvie onnpl. C KOHLIA OCCHH U 10 CEPEIUHBI BECHBI JOMUHUPYIOT BETPO-
BbI€ BOJIHBI MOPCKUX pyMOOB (C I0ro-BoCTOKa IO ceBepo-3amnaf). HekoTopoe uckio-
YEHUE COCTABISIOT HOSIOPB M (eBpallb C X CHIBHBIMU LITOPMaMH CEBEPO-BOCTOYU-
HBIX HampaBiieHUH. B Mae, urone u urone npeo6aanaroT BETPOBBIE BOJIHBI 3aIlaIHBIX
U ceBepo-3anaHbIX HarpasieHud. C aBrycTa 1o OKTSIOph 3HAYUTEIBHO YCHUITUBACTCSI
BOJIHEHHE C CEBEPO-BOCTOKA. [IpH 3TOM B aBrycTe H CEHTAOpE LITOPMBI CO CTOPOHBI
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OTKPBITOTO MOPS MaJio oOecrieueHbl. Hanbouee cuibHOE BETPOBOE BOTHEHUE HAOITIO-
JaeTcsl B 3MMHHE MECSIbI CO CPeIHUMHU BeicoTamMu ~ 0.7 M, Haunbosnee cnadboe —
B netHue (0.3 m).

3b166. 171 BceX CE€30HOB XapaKTEPHO aOCOIIOTHOE MpeolIiajaHie BOJH 36101
I0r0-3aMajJiHbIX U 3alaJIHO-I0r0-3aMaHbIX HanpapieHuit. CpelHUue BBICOTHI 3bIOU
HECKOJbKO mpeBbimaioT 0.6 M 3uMoit u 0.2 M IeTOM.

Bemep. B nexabpe, sHBape U MapTe paccCMaTpUBAEMBbIi PETHOH HAXOIUTCS
101 BO3/ICHCTBUEM IPHU3EMHOTO BETpPa BCEX HAIMPABJICHUH, 3@ MCKIIOYCHHEM IOr0-
BOCTOYHBIX PyMOOB. B (eBpanie pe3ko yBeIUYMBAETCS JOJS CEBEPO-BOCTOUHOTO
BeTpa. B anpene — Mae BBIIENSAIOTCS 1Ba OCHOBHBIX HAIIPABIICHUS BETpa: I0r0-3amaj-
HOE " ceBepo-BocTouHOE. C UIOHS 110 CEHTIOPH MpeodIagaroT cliadbie BETPHI CeBEP-
HBIX CEKTOPOB, B OCHOBHOM CEBEPO-BOCTOYHOI'O HarmpariieHus. B okTsa0pe u HosiOpe
CEBEPO-BOCTOYHBIC BETPHI CTAHOBSITCS OMPE/ICSIIAIONUMEU. 3UMOH, a TAK)KE B Hadaje
BECHBI M B KOHIIE OCCHU CPEIIHUE CKOPOCTH BETpPA COCTaBISIOT ~ 7 M/C, JIETOM —
5 m/c. Haubonee cnabblii BeTep HaOMo1aeTCs B Mae.

Cmokcos Opetigh. C nexabps 1o amnpenb, 3a UCKIoUeHneM (heBpaisi, CTOKCOB
IePEeHOC 00J1aIaeT COMOCTABUMBIMH IIOBTOPSIEMOCTSIMH 10 HAIIPABJICHUSIM K Oepery,
ot Oepera u Ha ceBepo-3anal. B ¢eBpange OCHOBHON MMOTOK CTPEMHUTCS B OTKPBITOE
Mope. B Mae u uioHe 3HAYNTEIHHO YBEINYHBACTCS TOBTOPSAEMOCTh TEUEHUH B CTO-
pPOHY OeperoBoii JUHUH, IIPH 3TOM B Hadaje JieTa PacTeT JOJis MOTOKOB Ha IOro-
BOCTOK. B wroyie TeueHus1, HanpaBlieHHbIC HA FOT0-BOCTOK M OT Oepera, CTAHOBSTCS
MMOYTH OJJMHAKOBBIMH 1O MOBTOpsieMocTh. C aBrycra 1o HOsIOph BHIPACTAET IO
TE4YEeHWH, HAIPABJICHHBIX OT Oepera, MpH NOCTENeHHOM YMEHBIIIEHHH MTOBTOPSIEMO-
CTH ITOTOKOB Ha FOTO-BOCTOK.

MesXro1oBbIe XapakTepUCTHKH TedeHnid CTOKca CBe/IeHbI B Ta0HIIe.

B mHOTrONETHEM BBIpa)K€HUH TMpeobdiagaeT MOTOK, HANpaBIEHHBIH OT Oepera
B OTKPBITOE MOpe. DTOT ke MOTOK 00JagaeT U HauboIbIIeH cpellHel CKOPOCTHIO.
[NoBTOpsieMOCTH BIOTKLOEPETOBBIX TOTOKOB, HAMIPABJICHHBIX HA IOT'0-BOCTOK U CEBEPO-
3araj], MOYTH OJMHAKOBBHI, HO TIPY 3TOM TeUEHHS Ha CEBEpO-3amaj ropasio UHTEeH-
CUBHEe.

MmuoroetHue XapaKTCPUCTHUKH CTOKCOBA z[pei/iq)a IO HalIpaBJICHUAM paCIpOCTPaHCHUS

Long-term characteristics of the Stokes drift by wave directions

Cpennsis
Hamnpagnenue Cpenusist MaKCHMaJbHast
P [oBTopsiemocTb, % / P
oToKa / CKOpOCTb, M/C / CKOPOCTB, M/C /

Repeatability, %

Flow direction Mean velocity, m/s | Mean maximum

velocity, m/s

K 6epery /

Towards the coast 274 0.046 0.27
Ha roro-soctox /

Towards the southeast 209 0.030 0.17
Or Oepera /

Away from the coast 34.3 0.053 0.28
Ha ceBepo-3aman / 174 0.045 026

Towards the northwest
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OTMeTHM, 4TO CTOKCOB JIpel( SBIAETCS TOJBKO YacThIO CIIOKHON THAPOIHHA-
MHYeCKOU KapTHHBI, CBOWCTBEHHON MPpHOpekHBIM BoiaM. Kak ycraroBneHo A. Mco6a
C COaBTOpPaMH Ha OCHOBE 3KCIIEPUMEHTAJHHBIX HAOIIOJCHUNA M YHCIEHHOTO MO/Ie-
JMPOBaHMsL, KPYIHBIN IIACTHK MOJ Bo3/AeicTBHeM nepeHoca CTokca Gonplieid ya-
CTBIO MIEPEMEILAETCsl M HaKaIIUBaeTCsl B OeperoBoii 30He MOpsl, epepadaThIBacTCs
B Oonee Menkue GOpMBI (MUKPOILIACTHK) U BEIHOCHTCS B JAIILHEUINIEM B OTKPHITOE
Mope. Takum 00pa3oM, MOXKEM 3aKIIIOUNTh, YTO MOPCKUE TCUCHHUSI, TCHEPUPYEMBIE
[TOBEPXHOCTHBIM BOJIHEHHEM, BHOCST CYLIECTBEHHBIH BKJaJ B MIPOLECCH HAKOIUIE-
HUS U TIepepactpeieNieHrsl 3arps3HAIONNX BEeIIECTB B MIeNb()OBOM 30HE MOPS U BO
MHOTOM OTIPEIEIISIOT IKOJIOTHIECKOE COCTOSHUE MMPHUOPEKHBIX BOI.

[Tocnennee 3aMevanue. B nose rpynn BoJIH Ha MOBEPXHOCTH OKEaHA MOTYT T'e-
HEPHUPOBATHCA CPEeIHUE TEUSHHS, OTIMYHBIE B YUCTOM BHUJIE OT CTOKCOBa Jpeida,
WHAYIUPYEMOTO HEMOCPEACTBEHHO BOJHAMH. EcTecTBeHHO, 3TO BiedeT 3a coboit
oTpesieTieHHbIe OUIMOKM B OIEHKaX 3Hau€HHUil CTOKCOBa mepeHoca. TeMm He MeHee
10JIaraeM, UYTO YKa3aHHbIE HETOUHOCTH HOCST, CKaXKEM TaK, XapakTep CUCTeMaTH4e-
CKOH OIIMOKM W HE CHUJIBHO BIHSAIOT Ha KIIMMaTHYECKHE OCOOSHHOCTH BapHAIlHiA
CTOKCOBa Jpeiida.
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PacnpenesieHue BO3BbILIEHHH MOPCKOM TOBEPXHOCTH
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AHHOTaAHUA

Bepu¢unnposana annpokcumanys GyHKIUH INDIOTHOCTH BEPOSTHOCTEH BO3BBIICHHH MOp-
CKOM MOBEPXHOCTH JIByXKOMITOHEHTHOI TayccoBOl cMechio. J{J1si Bepu(HKaIK HCIONIB30-
BaHbl JAHHBIC ITPAMBIX BOJIHOBBIX HSMCPGHHﬁ, TIOJTYUYCHHBIC Ha CTaI.IHOHapHOﬁ OK€aHoTIpa-
¢uueckoil mrathopme, ycraHoBieHHOH B UepHom Mope. Kpurepuem KOpPpEeKTHOCTH am-
MIPOKCHMANUN BbIOpaHa OTHOCHTENbHAS OMIMOKA € OTKIOHEHHS MOJENbHOW (YHKIMH
IUIOTHOCTH BEPOSTHOCTH OT 3KCIEPHUMEHTAIBbHON (DYHKIMH, pAacCUYMTAHHOW IO JaHHBIM
BOJIHOBBIX M3MepeHuil. CpemHss mo aHcamMOIIo CUTyalidi OTHOCHTENbHAs OMNOKa (€) Ma-
Ja, ecIy 3Ha4eHUs] HOPMHPOBAHHOTO Ha CPETHEKBAIPATHYECKYIO BEIWYHMHY BO3BBIILICHHS
TOBEPXHOCTH Jexat B oGnacti | & | < 3. CpenHekBagpaTHIecKoe OTKIOHEHHE OTHOCHTEIb-
Ho#t ommGKy MuaAMansHO 1pH | & | ~ 0 u pasmstercst 0.12, mpu | € | = 3 Bospacraer g0 ~ 0.5.
[TokazaHo, yTo OmMOKa (€) MMEET CHCTEMAaTHYECKYIO COCTABJSIOIIYIO, KOTOpPasi 3aBHCHUT
OT OTKJIOHEHHH TPETHEro M YeTBEPTOrO CTATUCTUYECKMX MOMEHTOB OT 3HaYE€HHH, COOTBET-
CTBYIOIIMX pacnpeneneHuto ['aycca. [loctpoeHa nomyamnupuyeckas 3aBUCUMOCTD, MO3BO-
JSTFOIIAsl YYECTb 3Ty COCTaBIISIIONIY 0. OTMEYEHO, YTO TOYHOCThH ANMNPOKCUMALMH MO>KHO
TIOBBICUTH B 2—3 pasa, HCKIIOYMB CHCTEMAaTHYECKYIO COCTABIISIONIYIO.

KutioueBble cj10Ba: TaycCOBa CMeCh, MOPCKask TOBEPXHOCTh, HEMHEHHBIE BOJHBI, CTATH-
cTUYeCKUit MoMeHT, UepHoe Mope
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Distribution of Sea Surface Elevations in the Form
of a Two-Component Gaussian Mixture
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Abstract

The approximation of the probability density function of sea surface elevations by a two-
component Gaussian mixture has been verified. For verification, the data of direct wave
measurements obtained on a stationary oceanographic platform, installed in the Black Sea,
were used. The approximation correctness criterion is the relative error ¢ of deviation of
the model of probability densities function from the experimental function calculated
from the measurement data. The average error (€) over the ensemble of situations is small
if| & | < 3. The standard deviation & is minimal if | & |~ 0 and is equal to 0.12, if] & | =3 then
d =~ 0.5. It is shown that the error () has a systematic component, which depends on
the deviations of the third and fourth statistical moments from the values corresponding
to the Gaussian distribution. A semi-empirical relationship has been constructed to take
this component into account. It is noted that the approximation accuracy can be increased
by 2-3 times by eliminating the systematic component.

Keywords: Gaussian mixture, sea waves, surface elevation, statistical moment, Black Sea
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Beenenue

Mopckoe TOBEpXHOCTHOE BOJIHEHHE SIBISICTCS cab0 HENMHEHHBIM IMpoliec-
COM, a CTaTUCTHUYECKHUE pacCIpeAesieHUs BO3BBIIIEHUH W YKJIOHOB MOPCKOW IO-
BEepXHOCTH ONu3KH K pacnpeaeieHuto ['aycca [1]. XoTs OTKIOHEHHs OT pacmpe-
nerneHus ['aycca mMaibl, OHM UTPAIOT BaXHYIO POJIb B IMTPHIJIOKECHHX, CBI3AHHBIX
C IMCTaHIIMOHHBIM 30HIMPOBAaHUEM OKeaHa [2, 3], a TakXe IPHU MPOTHO3€E MOsBIIEC-
HHUS aHOMaJIbHBIX BOJH [4].

Jng cTaTucTHYeCcKOTro ONMMCcaHusl MOPCKOM MMOBEPXHOCTH, KaK MPaBHIIO, UCTIONb-
3YIOTCS paclpeleeHHs], IOCTPOCHHbIE HA OCHOBE YCEUEHHBIX psioB I'pama —
[Hapnee unu OmxBopra [5, 6]. Pactnpenenenus sBIAIOTCS pa3IoXKeHUEM UCKOMOM
(YHKIMHU TUIOTHOCTH BEPOATHOCTH 10 OPTOTOHAJIBHBIM MoJuHOMaM YeObimieBa —
Opmura. Mcnonb30BaHHE yCEUYEHHBIX PsIOB NMPUBOAMT K MCKaKEHHUSIM HCKOMOM
(yHKLINY IJIOTHOCTH BEPOSITHOCTEH, CBSI3aHHBIM C IIOSIBJICHUEM Y HE€ OTPHULIATENb-
HBIX 3HAUCHUM, & TAKKE HECKOJIBKUX JIOKATbHBIX MAaKCUMYMOB [7-9].

AKTyaJIbHOCTh NTOMCKA HOBBIX MOJXO/A0B K CTATUCTUYECKOMY ONMHMCAHUIO MOP-
CKOM MOBEPXHOCTH ONPENEIIAETCS TEM, YTO CYIIECTBYIOIINE MOJEIN HE MO3BOJISIIOT
CTPOUTH (PYHKITHIO TUIOTHOCTH BEPOSTHOCTEH BO3BHITIICHU MOPCKOW MTOBEPXHOCTH
BO BCEM JHMala3oHe UX M3MeHeHH. OIHMM K3 BO3MOXXHBIX PELIEHUH AaHHOM

Dxomnorudeckas 6€30macHOCTh MPUOPEKHOH 1 menbdoBoit 30H Mopst. Ne 1. 2024 21


http://178.34.180.61:37000/INDEX/avtor_stat.php?value=57
http://178.34.180.61:37000/INDEX/avtor_stat.php?value=157
http://178.34.180.61:37000/INDEX/avtor_stat.php?value=57
http://178.34.180.61:37000/INDEX/avtor_stat.php?value=157

npoOJieMbl SBIISIETCS allPOKCUMAIIHSI pacipe/eNieHHs] KBa3urayccoBOro mporecca
JIByXKOMIIOHEHTHOM I'ayCCOBOM cMechl0. Pacnpeenenus 3Toro Tuma noka He HalllIun
LIMPOKOTO INPUMEHEHHUs] B OKCAHOJIOTHH, YTO, BO3MOXKHO, CBSI3aHO CO CIJIOXKHOH
npoueaypoil pacuera ux napamerpos [10]. BriepBble ucnonbp30BaTh Takylo MOAETH
JUIsL OTIMCaHMsI MOPCKOH MOBEPXHOCTH OBUIO HE3aBHCHMO TPEAJIOKEHO B paboTax
[11, 12], B KOTOPBIX CTPOMINCEH (GYHKIMH TUIOTHOCTH BEPOSATHOCTEH AJISI YKIIOHOB
MOPCKOW MOBEPXHOCTH. HemaBHO ABYXKOMIOHEHTHYIO I'ayCCOBY CMECh OBLIO
IIPEMIIOKEHO UCIIOIb30BaTh I ONMCAHMS PACIPEIEICHUN BO3BBIIIEHUNA MOPCKOMN
noBepxHocTH [13]. Jlms uckoMoit rayccoBoil cMecH, KaK U MpHU MOCTPOSHUH pac-
npenenenuid I'pama — llapnbe 1 DmKBOpTa, HEU3BECTHBIE MAPAMETPHI PACCUUTHI-
BAalOTCS IO N3BECTHBIM CTATHCTHYECKUM MOMEHTaM.

Lenpto maHHOW pabOTHI SBISETCS aHATN3 BO3MOXKHOCTH U TPaHMIL UCIIOIb30-
BaHUS JBYXKOMIIOHEHTHOM rayCCOBOW CMECH JIsi ONMHCAHMSA PACIpPEeNICHUs BO3-
BBIIIEHUIT MOPCKOI MOBEPXHOCTH. AHAJIM3 MPOBOAUTCS HA OCHOBE MPOBENEHHBIX
Ha YepHOM MOpe NpSMBIX U3MEPECHUH MOPCKHX BOJIH.

JIByXKOMIIOHEHTHAsl rayccoBa CMeCh

Koneunble rayccoBbl CMECH HIMPOKO HCIOJB3YIOTCS B pasHbIX 00IacTsIX
JUTSL aNMPOKCUMAIIMU HEU3BECTHBIX (PYHKIMH TUIOTHOCTH BeposiTHOcTel [9, 14].
JIByXKOMIIOHEHTHAsI rayCCoBa CMECh ClydaliHON BeMMYHHBI § uMeeT BU [15]

P(E) =5 | )

2672

i 1

) (1)

r7e o, — Bec i-i KoMmoHeHTH (I = 1, 2), oy € (1, 2); m; — MaTeMaTHYeCKOe OXKHUIa-
HHUe; G — aucnepcus. Becoble KOO(GQUIMEHTHI YIOBIETBOPSIOT YCIOBUIO

artox=1. (2)

C yuerom ycnoBus (2) ans nocrpoenus: Ps(E) HeoOX0IMMO HaWTH TSTh Mapa-
METpPOB: M1, M2, G1, G2 ¥ oi. B padote [13] npeasiocxkeHo pacCUUTHIBATh UX TI0 TIEp-
BBIM IATH CTaTHCTUYECKUM MOMEHTAaM BO3BBIIIEHHH MOPCKOH MOBEPXHOCTH.
HenocraTok Takoro moaxona COCTOWT B TOM, YTO IO JaHHBIM BOJHOBBIX M3MeEpe-
HUI B MOPCKHUX YCIOBHSX, KaK MPABUIIO, OMPEIENIAIOTCA CTATUCTUYECKIHE MOMEHTHI
TOJIBKO JI0 YETBEPTOro mopsiaka BkmouutenbHo [16—18]. [loatomy ana pacuera
apaMeTpoB MOAEIH (71, M2, G1, G2) OylIeM UCIONb30BaTh HEPBbIE YETHIPE CTATH-
CTHYECKUX MOMEHTA, OCTaBJIsIs MATHIA mapameTp (o) ceodomasM [11]. ITapamerp
o; OyZneM BapbUpOBaTh IS yIOBIETBOPEHHUS YCIOBHSA OJTHOMOAAIBHOCTH pacipe-
JICJICHNA.

[Ipouenypa pacuera mapamerpoB mozenu (1) omumcana B padore [10]. Ona
CBOJIUTCS K PEIICHHUIO CUCTEMBI YPaBHEHUN

am +(1-a)m,=pn,, 3)

o, (mlz +012)+(1—a1)(m22+022)=p2, 4)

(ll(m13 +3m1012)+(1—a1)(m23 +3m2022)=u3, (5)

o (m' +6m’c +30* )+ (1-a,)(m,* +6m, 0, +30," ) =p,,  (6)
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TA€E | €CTh CTATUCTUYECKUI MOMEHT MOPSAIKA 1 :

T RAGLS

Bynem nonarate, 4To cpeHUI YpOBEHb ITOBEPXHOCTH paBeH Hymro (i = 0), u auc-
nepcus aHaIu3upyeMon cirydaitHol BenuuuHbl { paBHa 1 (M2 = 1). [lapamerps! us

U [ — 3 ABISIOTCA KOX(PPHUIMEHTaAMH aCHMMETPHUH M JKCLECCa COOTBETCTBEHHO.
Cucrtema ypaBHeHu# (3)—(6) cHMMETpUYHA OTHOCHUTEIBHO TPOCK MapaMeTPOB
(m1, 012, O(.1) )51 (I’I’IQ, 622, Otz).

Bepuduxauus

[ns Bepudurauun mMoaensHOW (YHKIMH IUIOTHOCTH BEPOSITHOCTEH BO3BBI-
LICHUH MOPCKOH MoBepxHOCTH (1) HCIIONB30BaHbl JaHHBIC BOJTHOBBIX H3MEPEHUIA,
MOJTyYCHHBIC HA CTAallMOHApHOW okeaHorpaduyeckoil mmarpopme Mopckoro ruj-
podusndeckoro uncturyra PAH [19]. M3MepeHus mpoBOIMITNCE B TeUEHHUE JeKa0-
ps 2018 r. IInardopma ycranosnena B UepHom mope B 600 M oT Oepera Ha Tiy-
oune oxoino 30 M. BomHBI M3MepsITUCH CTPYHHBIM BostHOTpadom [20].

W3mepennst mpoBOAWIMCH MPU BETPOBBIX YCIOBHX, KOTOPbIE MEHSJIHChH B Tpe-
Jieniax OT IITHJISL I0 CKOPOCTH BeTpa 25 M/c. 3HaUnTeNbHAas BHICOTA BOJH (CpeTHSIS
BbICOTa 1/3 caMbIX BBICOKMX BOJIH) MeHsulach B mpeaenax oT 0.23 m mo 2.26 M,
MaKCUMaJbHasl BBICOTa BOJMH AocTturana 4.9 M. [IMHBI BOJIH, COOTBETCTBYIOIINX
MHUKY BOJHOBOI'O CIIEKTPA, Jiexkanu B npeaenax ot 10 go 120 m.

[Mponenypa BepudHKalMK OCYIISCTBISIIACH CIEAYOINUM oOpa3zoM. Hempe-
pPBHIBHBIE BOJTHOBBIE M3MEPEHUSI Pa30MBAINCh HA BOJIHOTPAMMBI MPOAOIKUATENBHO-
ctbi0 20 muH. OOmuii 00beM JaHHBIX U1 aHaiau3a cocraBui Oojaee 2200 BoJHO-
rpamm. Kaxxzast BoJHOrpaMma LEeHTpUpOoBajiach U HOPMUPOBAJIACh TAKUM 00pa3oM,
YTOOBI €e AMCIEepPCHs PaBHSUIACH €AMHMIIE, 3aTEM /IS KaXXJA0H BOTHOTPAMMEI BBI-
YHUCISUIACh KCIIEpUMEHTaNbHas (YHKUUS TUIOTHOCTH BepositHocTeil Pr(E). Bol-
YUCIIAINCH TAKKE CTATHCTHYECKME MOMEHTHI W3 = (&%) u s = (E%), mo xoropeim
paccUMTHIBAIKCH MapaMeTpbl JBYXKOMIIOHEHTHOW rayccoBoil cmecu Ps(&). 3xech
1 J1ajiee CUMBOJI { ) 03Ha4YaeT OCPEIAHEHUE.

CornacHo BOJIHOBBIM M3MEPEHHUAM, paHee IPOBEJCHHBIM Ha YepHOM Mope, 3Ha-
YEHHsI CTATUCTUYECKUX MOMEHTOB |13 ¥ |14 B OCHOBHOM JIeKaT B Iuamna3zoHax [19]

—02<p,;<03m2.6<p,<34. @)

OTH ke Tuarna3oHbl ObUTH onpeesieHsl 1o n3MepenusM B CeBepHoM Mope [18].
Boixon 3a npezpensl yKa3aHHBIX JUANla30HOB, KaK MPAaBUIIO, IIPOUCXOAUT B CHUTYa-
X, KOTJa HaOIIOA0TCS aHOMAaJbHO BBICOKHE BOJHBI (BONHBI-YOWHIIEI) [17].
B nacrosmeit pabore MBI OTpaHWMYMMCS AHAIM30M CHUTYaIlMi, KOTAa W3 U L4
YIOBIETBOPSIOT yCiaoBHio (7).

OkcnepuMeHTalIbHasE (YHKIUS IUIOTHOCTH BEPOSITHOCTEH pPacCUUTHIBACTCS
Ha OCHOBE aHajiM3a TMCTOTPaMMBI BO3BBIIIEHHH MOpCcKOM moBepxHocTh. lupuHa
uHTEepBasioB AL Obuta BeiOpana paBHOH 0.45. @ynkuus Pg(£) momydeHa U3 TUCTO-
rpaMMBI IIyTeM HOPMHUPOBaHUS Ha 0OIIee YMCIIO TOYEK B BOJIHOTPAMME W Ha -
PHUHY HHTEpBaja.
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[Iponexypa BepuduKaum Moaenn IBYXKOMIIOHEHTHON TayCcCOBOM CMeCH 3a-
KJtovaeTcs B cpaBHeHnn QyHkuuil Pr (&) u Ps(&). Kpurepuem cooTBeTCTBUS MO-
nenu (1) naHHBIM BOJTHOBBIX U3MEPEHUH SBISETCSI OTHOCUTENbHAS OIIHOKa

JUTSL KOTOPOH pacCUUTHIBAIOTCS cpenHee 3HaueHue ((€)) U cpelHeKBapaTHIeCKOS

otkionenue 3(§) = ((e(§) — (e(€)))*.

st pacuera rayccoBoii cmecu Pg(&) Oblia BeIOpaHa MpoLeAypa, OMMCAaHHAS
B pabote [10]. Cucrema ypaHeHuii (3)—(6) ¢ yueTom yciaoBus (2) cBOAMIACH
K OJTHOMY MOJHHOMHATIPHOMY YPAaBHEHUIO IIIECTOMN CTEMEHU OT M|

2

20, (o, —o,” —D)m,® — 4y, (20, —1)(a, = 1) m> +

)
+3(u, =3y (o, — 1)3 m12 + “32 (o = 1)4 =0,

peIIeHHs KOTOPOro AJsl 3alaHHBIX 3HAYCHUH |3 U [l4 HAXOAWIMCH YHCIEHHO METO-
oM HetoroHa nipu BapeupoBanuu o.. KoadduimenTsl, Bxoasiue B ypaBHeHue (8),
ObUIM TIpoaHaNU3UPOBaHbl B padote [10], rae mokasaHo, 4TO KPOME PEAKOTo Ciy-
yast i3 = 0 u P4 > 3, OHO BCer/a UMeEET PEIICHUE U MTOCTPOCHUE (BYHKIIUH MII0THO-
CTH BEPOSITHOCTH BO3MOXHO. VI3 MOIy4eHHBIX HECKONBKHUX PELICHUH Ui pa3iny-
HBIX BO3MOXHBIX Olf BBIOMPaJIOCh TO, KOTOPOE COOTBETCTBYET (PU3UUECKOMY YCIIO-
BUIO OJHOMOJATBHOCTH MOJIYYaeMOro paclipeaeieHus U MOJI0KUTEIFHOCTH 3Haue-
HUl G1° ¥ 627, KOTOPBIE TIEPECUNTHIBAIUCH, KAK U M2, U3 3HAYEHUS M| 110 METOJIUKE,
paccMoTpeHHO# B pabote [3]. 3HaUeHUS L3 U L4, BBIYUCISAEMbIE NI ITOJYICHHOM
B pe3yJibTaTe peuieHusi ypaBHeHus (8) MoJenbHOH rayccoBoii cmecu Ps(E), cpas-
HUBAJIMCH CO 3HAYCHUSIMH, PACCYMTAHHBIMU IO BOJTHOIPAMME U HCIIOJIb30BaHHBIMU
B UCXOAHBIX ypaBHEHUSX (3)—(6). TouHOCTH COBMAJIeHNS PACCUMTAHHBIX IO rayc-
COBOIi CMECH M T10 BOJHOTPAMME 3HAUEHUM |13 M 4 JOCTUTAETCS He Xyxke 107,

Oynkunn (€(§)) n 8(&) nokazansl Ha puc. 1. 3nece N(E) — 4uCIO TOUEK,
M0 KOTOPOMY PaCCUYUTHIBAIMCH CTATUCTUYECKHE XapaKTEPUCTUKU B 33JaHHOM WH-
tepBaiie AE. Oynkiyun (&(€)) u () ABIAOTCA CPSIHUMH 10 AaHCAMOJIIO CUTYaIIH,
B KOTOPBIX MIPOBOIMIIUCH U3MEPEHUS, TIPH L3 U L4, YAOBIETBOPSIOLINX YCIOBUIO (7).
Uckmrouens! n3 paccmotpeHus 11 BomHorpamMm c mapamerpamu Bz = 0 u pg > 3
10 IPUYWHE, YKa3aHHOW BBIIIIE.

AHau3 NpHUBEICHHBIX HA PHC. | OTKJIOHEHHH MOAeiIbHOM ¢yHKuuu Ps(&)
OT KCHepUMeHTaNbHOM Pr () yKa3bIBaeT Ha X MaJIOCThb B OKPECTHOCTH TOUKH & = ()
v yBenmuenne ¢ pocro | & | Jlns nuanmasona | & | < 3 mapamerpel, xapaktepusyro-
LI1E€ 3TO OTKJIOHEHHE, YJIOBIETBOPSIOT YCIOBUAM

(e®))|<0.05, 5(&)<0.3.

Jis nanpHeHIIero aHanusa Bce AaHHBIE pa3OMBaMCh Ha TPYIIBI, COOTBET-
CTBYIOIIME YETHIPEM AMAIa30HaM TPETHETrO CTATUCTUYECKOI0 MOMEHTa: rpymma 1 —
02 <p3 <0, rpymma 2 — 0 < p3 <0.1, rpymna 3 — 0.1 < p3 < 0.2, rpynmna 4 —
0.2 < p3 £ 0.3. Paccunrannsle 1iis Kaxkaoil rpynmnsl onenku (€(&, W3)) u 8; (&, 3)
IIPEeCTaBJICHbl Ha pUC. 2. 31eCh UHAEKC i, IPUHUMAIOLINM 3HAYE€HHUsI OT €IAUHUIIBI
JI0 YeThIpeX, COOTBETCTBYeT HoMepy rpymnbl. [lapamerp N; (&, 1s) MOKa3bIBAET YUCIO
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Puc. 1. OrHocurenbHas omubka &(§) (a)
U CpeTHEeKBajpaTuieckoe oTkiioneHue 8(&) (),
paccuMTaHHBIE 110 aHCAMOJIIO CUTYyaIlUH, Yuc-
70 Touek N(E), Mo KOTOPOMY PaCCUMTHIBAINCH
CTATHCTUYECKUE XapPAKTEPUCTUKY B 3aJaHHOM
uHtepBaie A& (c)

Fig. 1. Relative error &(&) (@) and standard
deviation (&) (b) calculated for an ensemble
of situations, the number of points N(&) from
which statistical characteristics were calculat-
ed in a given interval A& (¢)
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Puc. 2. 3nauenus €(€) (a), 8(€) (b), N(E) (c), paccunTaHHbIC
s 9etbipex auana3zonoB L3 —0.2 < pu3 < 0 (cuHMH 1BeT),
0 <3 <0.1 (kpacHsii 1Bert), 0.1 < p3 < 0.2 (KOPUIHEBHIHA 1IBET),
0.2 < 3 £0.3 (3eneHbIi BET)

Fig. 2. Quantities €(&) (a), 6(&) (b), M) (c) calculated for
four ranges p3: —0.2 < pu3 < 0 (blue), 0 < w3 < 0.1 (red), 0.1 <p3 <0.2
(brown), 0.2 < pu3 < 0.3 (green)

TOYEK, 110 KOTOPBIM PacCUUTHIBATNCH 3HA4YeHUs (& (§, W3)) u O; (&, ws). Cpennee
3HAYEHUE OTHOCUTENbHOW OmMOKU (& (§, W3)) CYIIECTBEHHO 3aBHCHUT OT TOTO,
JUTSL KAaKOW TPYMIIBI OHO PAacCUUTBIBAIOCH, B TO K€ BpeMs CPEIHEKBAAPATHIECKOE
otkyoHeHue O; (&, W3) A BCeX TPYIN MOYTH COBMazaeT. PacxoikaeHue MexIy
Ps (&) u Pg (&) 3aBUCUT OT TOTO, HACKOJIBKO CTATUCTUYECKUNA MOMEHT L3 OTKJIO-
HsETCA OT HYJIEBOTO 3HAYCHMsI, COOTBETCTBYIOLIETO pacmupenenenuro [aycca.
Haunbonpmme pacxox1eHus: HaOIFOMAI0TCS IS TPYIIIHL 4.
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AHaJIOTHYHBIA TOAXO0J MCIIOIb3yeM, YTOOB! IPOAHANIN3UPOBATh ANIPOKCHMA-
LU0 IJIOTHOCTH BEPOATHOCTEH BO3BBILICHUN MOPCKOW MOBEPXHOCTH MPU PA3HBIX
SHAYCHUAX YETBECPTOr0 CTATUCTUUCCKOI0O MOMCHTA. Pa3o0bem OaHHBIC Ha I'PYIIIbI,
COOTBETCTBYIOIIHNE YETHIPEM JHana3oHam Ly rpynmna 1 — 2.6 < ps < 2.8, rpynma 2 —
2.8 <y <3.0, rpymma 3 — 3.0 < s £ 3.2, rpymma 4 — 3.2 < py < 3.4. Onenkw (&g (&, L))
u d; (&, W4), pacCUUTaHHBIE U YKA3aHHBIX TPYIII, IIPEICTABICHEI HA PHC. 3.
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Puc. 3. 3nauenns €(&) (a), 8(&) (b), N(&) (c), paccunraHHble
JUISL YeThIpeX JAWamazoHoB L4 2.6 < py < 2.8 (cuHMH 1BET),
2.8 <4 £ 3.0 (xpacusrif user), 3.0 < py < 3.2 (KOPUUHEBLIH LIBET),
3.2 <y < 3.4 (3eneHsblif BeT)

Fig. 3. Quantities (&) (a), d(§) (b), N(§) (¢) calculated for four
ranges 4: 2.6 < py < 2.8 (blue), 2.8 < ps £ 3.0 (red), 3.0 <y <3.2
(brown), 3.2 < p4 < 3.4 (green)
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Pa3z0uenue Ha Tpymnmbl M0 AWANa30HAM W3MEHEHUS CTATUCTUYECKUX MOMEHTOB
W3 1 L4 OPpUBOAUT K 3HAYUTCIIBHOMY U3MCHCHUTIO OTHOCHUTEIbHOU OIlII/I6KI/I aIIpoK-
CUMallU IUIOTHOCTU BEPOSITHOCTEW BO3BBILICHHM MOPCKOM MOBEpXHOCTU. B aua-
nasoHe | S | < 2 3pauenns 0i (&, w3) u ;i (&€, we) B 2-3 pasza HUXKE, YEM PACCUUTAH-
HBIC TI0 BCEMY aHCaMOJIt0 cuTyaruii 3HaueHus O(§). DTO MO3BOJSET OMUCHIBATH
(YHKLHUIO IJIOTHOCTH BEPOSITHOCTEH MOTYIMIIMPUYECKOH 3aBUCUMOCTBIO

P.(&)=R (8)(1+(e;(®)).

rae (€z(§)) — cpeaHsisi OTHOCUTENIbHAS OIIMOKA, paCCUMTAHHAS JIJII COOTBETCTBY-
IOIMX HANA30HOB L3 U 4.

3aknaoueHue

ArnmpokcuManusi pyHKINU TIOTHOCTH BEPOSITHOCTEH BO3BBIIMICHHI MOPCKOM
MOBEPXHOCTH JBYXKOMIIOHEHTHOH TayCCOBOHM CMechi0 BepuU(UIMpPOBaHA IMPH Xa-
paKkTepHbBIX JJIsl IPUOPEKHON 30HBI UepHOT0 MOpSI 3HAUYEHHSX TPETHETO M YeTBEp-
TOTO CTATHCTHYECKUX MOMEHTOB, KOTOphIE MEHAIOTCS B mpeaenax —0.2 < puz < 0.3
n2.6 <y < 3.4. Kpurepuem KOpPpPEKTHOCTH alIIPOKCUMAIIUH SIBISIETCS OTKIIOHE-
HUE MOJICNBHON ()YHKIMH IJIOTHOCTEH BEPOSTHOCTH OT PACCUMTAHHOM MO JaHHBIM
BOJIHOBBIX U3MEPEHUH, KOTOPOE XapaKTEPHU3YETCsl OTHOCUTEBHOM OMIMOKOH € .

B nmamazone |§| < 3 3Ha4YeHMs CpeJHEH OTHOCUTENbHOHN omuoOku (e(§)) u
€e CpeJTHEKBaIpaTHIECKOoe OTKIIOHEHHE O(§) Mallbl U YIOBIETBOPSIOT YCIOBUIO
|(8(§))| < 0.05, 8(§) < 0.3. Ommbdka anmpokcuMmariiu (€(&)) UMeeT cucreMaruyie-
CKYIO COCTABIIIOIIYI0, KOTOpasi 3aBUCUT OT OTKIIOHEHHUH TPETHETO W UYETBEPTOTO
CTaTUCTUYECKUX MOMEHTOB OT 3HAa4YCHUH, COOTBETCTBYIOIIUX paCHpeeIICHHIO
T'aycca. IlocTpoena monysMnupuyuecKas 3aBUCUMOCTb, MO3BOJISIIOIIAA YUYECTh 3TY
COCTaBIISIIONIYIO. VCKITIOUMB CHCTEMaTHUECKYIO COCTABIIAIOLIYIO, MOKHO YMEHbB-
muTh O(E), COOTBETCTBEHHO IMOBBICUB TOUYHOCTH AMIPOKCUMAINH B 2—3 pasa.
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Oco0eHHOCTH MEeKCe30HHOI H3MEHYMBOCTH
B/10/1b0EPEeroBoil HMPKYJISIIUM BeTPa
U npuoOpesxkHoro reyennst y FQ:xnoro depera Kpbima
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AHHOTAUA

ITo pesynbTatam ananu3za cpennux 3a aecaruietne 2013—2022 rr. cTaTUCTUUECKUX U CIEK-
TPaNBHBIX XapaKTEPUCTHK ME30MAaCIITa0HOW ¥ CHHONTHYECKOH N3MEHYMBOCTH IIOJIS BETPa
TIPUBOJTHOTO CJIOS aTMOC(HEPHI U MIPUIIOBEPXHOCTHOTO TCUCHHMS BBIICIICHBI 3aKOHOMEPHOCTH
1 0COOCHHOCTH M3MEHYMBOCTH BETpa U KBa3HCTALIMOHAPHOTO BIOJILOEPErOBOIO TEUCHHS
y M. Kukunens HOxnoro 6epera Kpsima. KoMIIiekcHbI HHCTPYMEHTAIbHBIH MOHUTOPHUHT
BBITIOJTHEH KJIaCcTepaMi THAPOMETEOPOJIOTHIECKUX U OKEAHOJIOTHIECKUX M3MEPHUTENIeH B yCIo-
BHUSIX OTKPBITOIO MOPS CO CTaIlHOHAPHOM okeaHOrpaduueckor miarhopmbl YepHOMOPCKOTO
rUAPO(U3NIECKOT0 MOJCITYTHUKOBOTO MOJUroHa Mopckoro ruipohu3nyeckoro HHCTUTYTa
PAH. /Ins KOMW4eCTBEHHBIX OIEHOK 3HAYEHHWH M BBIABJICHUS TEHACHIIMNA B MEXCE30HHON
M3MEHYMBOCTH XapaKTEPHUCTHK IOJSI BETPA M TEUCHMS MCIIONb30BaH HAO0Op XpPOHOJIOTHYE-
CKUX IOCIIE0BATEIbHOCTEN CPEeJHEUACOBBIX BEKTOPHO-OCPEIHEHHBIX AAHHBIX 3a MOIYro-
I¥s Mail — OKTAOph M HOSIOpH — arpedb. B BblieeHHbIe BpeMEHHBIE IEPUOIbI Y TTOOEpexXbs
HaOJIONANCh SBHBIC CE30HHBIE PA3IMYusi B TEPMHUUYECKOH CTPYKTYpe M JIMHAMHKE Kak
MIPUIIOBEPXHOCTHOTO TOJS BETpa, Tak M NPHOpeXHBIX Box. Ha ocHoBe MaTepuanoB HH-
CTPYMEHTAJIbHOI'O MOHHMTOPHMHIA HCCIIEIOBAaHBl OCOOEHHOCTH LMPKYJSIIUU MTPUOPEKHBIX
BOJl TIPH CE30HHON HM3MEHYHMBOCTH MECTHBIX BETPOBBIX yCJIOBHH. Ilo pesympTaram crek-
TPaJbHOTO AaHAIM3a IMOJYYECHBI OIEHKH SHEPreTHYEeCKOro BKIaga OpH30BOM IUPKYIALNH
BETpa B MEPHOA CE30HHONH MHTCHCHU(HUKAIINHA MEe30MacIITaOHONH N3MEHYNBOCTH BIIOJIBOEpe-
TOBOTO TeYeHUs. B TeueHme BCero roJoBOro MUKIa y HOOepexbs B MOpe Hapsay ¢ (oHO-
BBIM KPYITHOMACIITAaOHBIM TIOJIEM BETpa BBISABICHBI pasHOMAacIITaOHBIE BIOJIHOEPETOBHIE
BO3BPATHO-TIOCTYIATENbHbIE KOJE€0aHUs BETpa, OPUEHTHUPOBAHHbIE MApaJLIeNbHO XpeOTy
I'maBnoii rpsapl KpbiMckux rop. Takue koieOaHus BeTpa BIMSIOT Ha HM3MEHYMBOCTH
BJIOJIEOEPETOBON LUPKYJSIIMK NPUOPEXKHBIX BOJ, YTO ITO3BOJISIET HCCIENOBATH YCIIOBHS
1 ocobeHHOCTH (POPMHUPOBAHUSI OMMOAAIBHOTO PACHPE/ICIICHHS TIOBTOPSIEMOCTH HapaBIie-
HUSI KBa3HUCTAI[MOHAPHOTO B/I0JILOEpEroBoro teueHus y M. Kukuneus.

KaoueBsie ciioBa: UepHoe Mope, FOxHbIi Oeper Kprima, npubpesxHast 30Ha, HHCTpyMEH-
TaIbHBI MOHUTOPHHT, MOJIE MECTHOTO BETPa, BIOJILOEPEroBOE TEUEHUE, YIHEPTETHUECKUN
CIIEKTp
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Peculiarities of Interseasonal Variability
of Alongshore Wind Circulation and Coastal Currents
off the Southern Coast of Crimea

A. S. Kuznetsov

Marine Hydrophysical Institute of RAS, Sevastopol, Russia
e-mail: kuznetsov_as@mhi-ras.ru

Abstract

The paper analyses decade-average (2013-2022) statistical and spectral characteristics of
mesoscale and synoptic variability of the wind field for the atmosphere surface layer and
the surface current to reveal regularities and peculiarities of the wind variability and quasi-
stationary alongshore current near Cape Kikineiz of the Southern Coast of Crimea. Complex
instrumental monitoring was carried out under open sea conditions using clusters of hydrome-
teorological and oceanological meters at the stationary oceanographic platform of the Black
Sea hydrophysical sub-satellite testing area of Marine Hydrophysical Institute of RAS.
The author used a dataset of chronological sequences of mean-hourly vector-averaged data
for May—October and November—April half-year periods to quantify the values and identify
trends in the interseasonal variability of wind and current field characteristics. During the se-
lected time periods, clear seasonal differences in the thermal structure and dynamics of both
the surface wind field and coastal waters were observed near the coast. Based on instrumental
monitoring materials, peculiarities of coastal water circulation under seasonal variability of
local wind conditions were studied. The spectral analysis results estimate the energy contribu-
tion of breeze wind circulation to the seasonal intensification of the mesoscale variability of
the alongshore current. During the entire annual cycle, multiscale alongshore reciprocating
wind fluctuations, parallel to the Main Ridge of the Crimean Mountains, were detected
at the seacoast apart from the background large-scale wind field. Such wind fluctuations in-
fluence the variability of the coastal-waters alongshore circulation, which allows studying
the conditions and peculiarities of the bimodal distribution formation of the direction recur-
rence of the quasi-stationary alongshore current near Cape Kikineiz.

Keywords: Black Sea, Southern Coast of Crimea, coastal zone, instrumental monitoring,
local wind field, alongshore current, energy spectrum
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Beenenue

UccnenoBanns mpuYMH WHTEHCHBHON M3MEHUYMBOCTH TEUYEHUH Yy TOOEpPEekbst
KpbiMa 00ycioBieHbl HEOOXOAUMOCTBIO HA/IEKHOTO HAaBUTALMOHHOIO obecrede-
HUSI MOPCKHX TIEPEBO30K, a TAKXKe JOOBIYM U BOCIIPOU3BOJICTBA PECYPCOB B MpH-
OpexxHoii 3oHe Uepnoro mops. Ha teppuropun FOsxnoro 6epera Kpemma (FOBK)
WHTEHCUBHO Pa3BUBaeTcs cepa PEeKPearMoOHHbIX YCIYT, CTPOSITCS KHJINLIHBIE
1 XO3S5IIICTBEHHbIE KOMIUIEKCHI, @ B 30HE CONPSDKEHUS CYIIU 1 MOps C(OpMUpOBaHa
CeTh MOPTOBBIX, THAPOTEXHUYECKUX U OYHCTHBIX COOPYKEHHUI C KaHaIM3alHOH-
HBIMH KOJIJIEKTOpaMH TNPHUIOHHOTO cOpoca MPOMBIIUIEHHO-CTOYHBIX BOJ C CYILIHU
B IPUOPEKHYIO 30HY MOPA.

B Tako#l curyanMu COXpaHHOCTb COCTOSHUS NpUpPOAHOH 3kocucteMbl FOBK
3aBUCUT OT COANTaHCHUPOBAHHOTO MOTPEOJIEHUS U BOCIPOM3BOJACTBA IPUPOIHBIX
PEeCypCcoB NpH OTPaHUYCHUU MOCTYIUICHHUS 3arpsA3HEHHH B MOpE B XOZe YTHIIM3a-
Ui 0TX0a0B. CyIlecTBOBaHHE M YCTOWYMBOE IKOHOMHUYECKOE Pa3BUTHE TaKOil
COLIMAJBLHON 3KOJIOTO-IKOHOMUYECKONH CHCTEMBI BO3MOXKHO TOJBKO TPH paIfo-
HAJIBHOM YIPABICHUH NPUPOIOOXPAHHON NESTEIBHOCTBIO M ONEPAaTHBHOM KOH-
TpOJIE KauecTBa MOPCKoii cpensl [1].

EctecTBeHHBIM (paKTOPOM, HEU3MEHHO MUHMMHU3UPYIOIIUM MOCIEACTBUS TEX-
HOT'CHHBIX U aHTPOIIOT'CHHBIX HArpy30K Ha MOPCKYIO Cpefy, SIBJISETCS Crieluduye-
CKasi CTPYKTYypa IepeHoca NpUOPEKHBIX BOJ U 3arpsisHEeHUH y odepexbs Kpbima.
MHoroneTHu HHCTPYMEHTAJIbHBII MOHUTOPUHI AMHAMHMKH HPUOPEKHBIX BO[,
BhIMONHsIeMbIH Mopckum ruapodusndecknm nactutyrom (MI'H) Ha UeproMopckoM
runpodusnueckoM nojacnyTHukoBoM nonurone (UI'TI) y m. Kukuneuns (FOBK),
MO3BOJISIET JOCTOBEPHO OLIEHUTH BJIMSIHHE M3MEHEHHUH MPHUPOJHO-KIMMATHIECKAX
¥ aHTPOIIOTEHHBIX (PAKTOPOB HA COCTOSHNE MPUOPEKHOIN IKOCHCTEMBI.

Lenbio paboTHI SBISIETCS MONyYEHHE HOBBIX HAYYHBIX 3HAHUH 00 OCOOEHHO-
CTSIX MEXKCE30HHOW HM3MEHYHMBOCTH BIOJIBOCPErOBON LUPKYJSLUHM BETpa W NPH-
OpEeXXHOTO TEUEHHUS MO pe3yjbTaTaM CTaTUCTUYECKOTO M CIEKTPaJbHOTO aHaIu3a
JAHHBIX HHCTPYMEHTAJIHHOr0 MOHMUTOpHUHTA 32 2013-2022 TT.

MaTtepuaibl 1 METOABI HCCAETOBAHUS

Ha YI'TII MI'U B n. Kanuenu, pacnonoxkeHHoM y M. Kukuneus, ¢ 1929 r.
(YHKIMOHUPYET U TIOCTOSHHO COBEPIIEHCTBYETCSI CUCTEMa THAPOMETEOPOIIOTHYe-
CKHUX W OKeaHorpaduueckux HabOmoneHwii [2]. UHCTpyMeHTaNbHBIIT MOHUTOPUHT
XapaKTePUCTUK MPHUOPEKHON aKBATOPUHU BBIMOIHICTCS THIPOMETEOPOIOTHIECKH-
MH ¥ OKEAHOJOTWYECKUMH HM3MEPHUTEISIMH C OKeaHOrpaUYecKol IIaThOpMEI,
PAacIIoNIOKEHHOH B OTKPBITOM Mope Ha yaanenuu ~ 500 M ot Oepera.

Jis rccaenqoBaHUil XapaKTEpUCTHK TOJISL BETPa MUCIOJIB3YIOTCS JaHHBIE aBTO-
MaTH3UPOBAaHHBIX THAPOMETEOPOIOINIECKUX KOMIUIEKCOB C MIEPBUYHBIMH U3MEPHU-
TEeTHLHBIMH TIpeoOpa3zoBaTesiMu aHeMopymoomerpa M-63 u UIIB-M B cocrase
xomrutekca MI'M-6503 [2], JIBM B coctaBe xomiuiekca KCI'/] [3], koTopblie ycTa-
HOBJICHBI KOMIIAKTHO Ha BbIcOoTe 18 M HaJ ypoBHEM MOpS Ha CHUTHAJILHOW MauTe
okeaHorpaguieckoi miardopmer. Kommiekcsl paboTaloT B €XKECEKyHIHOM PEKH-
Me M3MEpPEHHUH NPHU MacHOPTHOW YYBCTBUTEILHOCTH M3MEPHUTEIBLHOTO KaHalla MO-
IIyJIsT CKOpOCTH BeTpa He Oosee 0.1 M/c m KaHaja HaNpaBJICHHS BeTpa He Ooee 3°.
3a mepuon mMouutopuara 2013-2022 1T. chOopMHpPOBAaH BEKTOPHO-OCPEIHCHHBIN
psin u3 87 648 map cpeaHevYacOBbIX OTCUETOB KOMIIOHEHTOB BEKTOPA.
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[ nccnenoBaHus UUPKYJSIUUN IPUOPEKHBIX BOJ UCIIONB3YIOTCS AaHHbIC U3-
mepuTteneit Tedennii MI'M-1308 [2, 4] Ha TUAPOTOTUYECKUX TOPU30HTaX OT MpH-
MTOBEPXHOCTHOTO JI0 TIPUJOHHOTO CIIOS TIpH TiIyOmHe Mecta ~ 28 M. M3meputenu
PETUCTPUPYIOT BEKTOPHO-OCPEIHEHHBIE 332 BPEMEHHOW HHTEpBal 5 MUH exece-
KyH/IHbIE€ OTCU€TBhl CKOPOCTH WM HaIpaBJIEHUS BEKTOpa TE€UEHHs IPU MacIOpPTHOM
YyBCTBUTENBHOCTH M3MEPUTENBHOTO KaHana MOAyJsl ckopoctd, paBHo 0.1 cm/c,
1 KaHalla HampaBieHus TedeHus 3°. J{nd KakI0ro M3MEpUTEIbHOTO FOPU30HTA
5, 10, 15, 20 M 3a ykazanseiid 10-neTHHA Tiepuo cOPMHPOBAHBI 0a30BbIC BEK-
TOPHO-OCPEAHEHHBIE pAlbI U3 87 648 map cpeIHEeYacOBBIX OTCYETOB KOMIIOHEHTOB
BEKTOpa TEUCHHUS.

[lepBruHbIE M3MEpUTENBHBIE MPEOOPA30BATENN KOMIUIEKCOB B YCTaHOBJICHHOM
MOPSIKE MPOXOAAT METPOJOTUUYECKYIO aTTECTALMIO B CIIy>KO€ METPOJIOTUH U CTaH-
naptuzauuu MI'U. JlaneHelmmnii onepaTUBHBIA TEXHOIOTUYECKUNA KOHTPOJIb Kaye-
CTBa U3MEpEHH o0ecreurBaeT COOMIOICHUE METPOIOTHYECKOTO IMHCTBA TIPH J0JI-
TOCPOYHBIX H3MEPEHUSX XapaKTEPUCTHK MPUOPEKHBIX TEUEHUH M BETPa, YTO MO03-
BOJISIET MCKJIIOYMThH BKJaJ COOMHBIX 3HAUYEHHH W CYLIECTBEHHBIX METOAWYECKUX
norpenHocTel u3mepenuid. JlanbHeliliee ocpelHEHHE pe3yIbTaTOB OO0pabOTKH
MIO3BOJISIET MTOBBICUTH TOYHOCTH CTATUCTUYECKU OCPEIHEHHBIX 3HAUCHUH Kak Tede-
HUSl, TaK ¥ BETpa A0 YPOBHSA MpPENENIbHBIX CIyYalHBIX MOTPEIIHOCTEH, OrpaHnYeH-
HBIX pa3peliaroneidl CriocoOHOCTHIO (MAacCIOPTHONW YYyBCTBUTEIBLHOCTHIO) COOTBET-
CTBYIOIIMX [IEPBUYHBIX H3MEPHUTENBHBIX TpeoOpa3oBaTesieil KOMIIJICKCOB.

Hcnonb3yemast B paboTe COBOKYIMHOCTh CHCTEMAaTH3UPOBaHHBIX 3a 20132022 rr.
MatepuajoB o0ajaeT Hay4HOW HOBH3HOM, YTO MOJTBEPKIACHO CBHJCTEIbCTBAMH
0 rocyapcTBeHHoN peructparmu 23, TIpu CTaTUCTHYECKOM U CHIEKTPAIBHOM
aHAJIM3€ WCIOJB30BaHbl MaTepHaibl 0a3 BEKTOPHBIX JAaHHBIX CHHXPOHHOTO MOHH-
TOpPHUHTa MPUOPEKHOTO TEUCHUSI U BETpa MPUBOJIHOTO ciiosi atMocdepsl. Ha ocHo-
BaHUU IOJYYEHHBIX KOJIMYECTBEHHBIX OLIEHOK HCCIEJOBAaHbl MHTEHCHUBHOCTH
¥ TIPOCTPAHCTBEHHO-BPEMEHHBIE OCOOCHHOCTH AWMHAMUKH Box M BeTpa y FOBK.
CriekTpasbHBI aHaNU3 M3MEHYHMBOCTH JHEPreTUYeCKOW WHTEHCHBHOCTH KojeOa-
HUM TEYEHUS U BETpa BBIIIOJIHEH B paMKax JIMHEIHON OLIEHKH CIIEKTpa depes3 criia-
KUBAHUE MEPUOJIOTPAaMM 0 Tporpamme oOpaboTku, paspadoranHoit MI'U wHa oc-
HOBe paboThI ¥ U UCIIOIB30BaHHOI B paboTax [4—6].

1) Basa naHHBIX MOHMTOPHMHIA IMHAMUKU NPUOPEXHBIX TeueHuil UepHoro mops y IOxuoro Gepera
KpbiMa 3a 2008-2015 rr. mo u3MepeHHsM Ha CTallMOHApHOH OkeaHorpaduueckoil miathopme
y mbica Kukunens / A. C. Ky3uernos, B. B. 3uma ; ®TBVH «Mopckoii ruapodusnueckuii HHCTUTYT
PAH». DnexrpoH. nan. Mocksa, 2019. Ne roc. peructpanuu 2019620377.

2) ba3a JaHHBIX MOHUTOPHUHIA MOJIs TeYeHHi npuOpexHbIi 3006 YepHoro mops y IOsxHoro Gepera
Kpoima 3a 2016-2019 rr. / A. C. Ky3nenos, B. B. 3uma ; ®I'BYH UL «Mopckoii runpoduzu-
yeckuit uHCTUTYT PAHY». DnextpoHn. nan. Mockga, 2020. Ne roc. perucrparu 2020621445.

3 Baza JIAHHBIX MOHMTOPHHTA XaPAKTEPHCTHK BETPA aKBATOPHH MPHOPEKHOTO SKOTOHA UepHOro Mopst
y mbica Kukuneuns HOxHoro 6epera Kpsima 3a 2013-2022 rr. / A. C. Ky3nenos, A. B. T'apmarios,
B.B. 3uma ; ®I'BYH ®UIL] «Mopckoit ruapodpusnueckuii MHCTUTYT PAH». DnexTpoH. maH.
Mockaa, 2023. Ne roc. peructpaunu 2023622482.

4 Konses K. B. CiekTpalbHBIH aHAIU3 CIy4alHbIX OKEAHOJNOTMUeCKUX moneit. Jlenunrpan : 'napo-
Mereounsaat, 1981. 207 c.
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Pe3yabTarhl n 00cy:x1eHue

B pamkax MOHHUTOpHHIA OLIEHKa BKJaJa NPUOPEKHONW LUPKYISALUH BETpa
B (OPMHPOBaHHE OCOOCHHOCTEH MEXCE30HHOH M3MEHYHBOCTH BIOJILOEPEroBOro
TEYEeHHs SBIISETCS aKTyaidbHOW mpobmemoii. CormacHo [4], B mpHOpe)HOW 30HE
y M. KuknHens 10cToBepHO BBIpaKEHO KBa3MCTALMOHAPHOE BIOJILOEPEroBOE Teue-
HHEC U UCCJIICAOBAaHbI OCHOBHBIC PCKMUMbI €I'0 USMCHYUBOCTHU. Kak ormeueno B pa60Te
[7], mpocTpaHCTBeHHBIE 0COOCHHOCTH AWHAMHUKH BOJX Y TOOEpEXbsi 00YCIOBICHBI
KoH(Urypanueii 6eperooit TuHUM U penbedom aHA. B padore [4] mpeacraBieHb
Pe3yJIbTaThl UCCIICIOBAaHUN OPHUEHTAMH [TIABHOW OCH TPaHC(HOPMUPOBAHHBIX Y IO-
Oepexbsl BOJIHO-BUXPEBBIX JUTMITUYCCKUX OPOUTANILHBIX JBWKCHUH Boa. B o0mem
HAIpaBJCHUs] TAaKUX BO3BPATHO-NOCTYMATENbHBIX KOJICOAHUH OpPHUEHTHPOBAHBI
BJOJIb HAIIPABJICHUS TEUCHUS, KOTOPOE HA KOHKPETHOM U3MEPUTEILHOM TOPHU30HTE
OPHEHTHPOBAHO BJIOJIb COOTBETCTBYIOIIEH n300aThl penbeda aua [8]. B mpumosepx-
HOCTHOM CJIO€ MOpsI Ha TOpu30HTE 5 M cpemnsist 3a 2013—2022 rr. CKOpOCTh BIOJb-
0eperoBoro KBa3WUCTALIMOHAPHOTO TE€UYEHMs paBHa 7.9 cm/c mpH 3amano-roro-3amasi-
HOM HampaBieHud (253°), a B Ipu0OHHOM ciioe Ha ropu3oHTe 20 M OHa COCTaBIISET
6.7 cMm/c ipu Hampasiienuu 215°. Ha puc. 1 npeacrasnensl cpeauue 3a 2013—2022 rr.
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Puc. 1. IlomHble sHEpreTHYECKUE CIEKTPHI KONEOaHNUH MpH-
opexnoro teuenus y KOBK Ha ruaponormyeckux ropu3oHTax
5,10, 15, 20 M (kopu4yHEBas, OpaH)XeBasi, 3€JCHAs, CHHSS JIH-
HUU COOTBETCTBEHHO) MpPH 95%-HOM TOBEPUTECIBHOM HUHTEP-
BaJle B IWara3oHe MepuoaoB: a — 3—128 cyt; b — 14-96 u;
f— nokanpHAas MHEPIIMOHHAS 9acTOTa

Fig. 1. Full energy spectra of coastal current fluctuations
near the Southern Coast of Crimea at 5, 10, 15, 20 m hydrological
horizons (brown, orange, green, blue lines, respectively) at 95%
confidence interval in the range of periods: a — 3—128 days;
b —14-96 h; f'is local inertial frequency
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JHEPTreTUYECKUE CIEKTPHI KOJeOaHUH MPUOPEKHOIO TEUCHHS Ha THAPOIOTHIECKUX
TOPU30HTAaX s Auama3oHa nepuoaoB 3—128 cyr (puc. 1, a) u 14-96 4 (puc. 1, b),
1oTI00HBIC pe3yJIbTaTaM, MOY4YCHHBIM paHee [4—5].

B pabote [7] oTmMeueHO, 9TO H3MEHIUBOCTH BeTPOBbIX yciioBuil y FOBK BBI3BI-
BaeT OINEPAaTHUBHYIO MEPECTPOHKY CTPYKTYpbl MpuUOpexxHoro tedeHus. Jlanee pac-
CMOTPCHBI PE3YJIbTATHI aHAJIM3a PEKUMaA U USMCHUYMBOCTU BETPOBBIX YCJ'IOBI/II‘/'I, I10-
Jy4eHHbIE [0 MaTepuajlaM WHCTPyMEHTaJbHOro MoHUTOpuHra 3a 2013-2022 rr.,
HE0OXO0IUMBIE TS TaTbHEUIIero 00Cy K IeHHS.

Ocobennocmu cpeonemnozonemuen usmenyusocmu eempa. CyMMapHoOe IoJje
BeTpa UepHOMOpcKoro peruona (opMupyercsi B pe3ysbTare BKJIaga (OHOBOTO
BETPa M CYNEPHO3ULUN MECTHBIX BETPOB TEPMHUUECKOI'O M OpOrpahuuecKoro mpo-
HCXOXKICHUS, KOTOPBIE SIBISIOTCS CYIIECTBEHHBIM (PAKTOpOoM B (HOPMHUPOBAHUH
I0JIsl BETPa MPHUIIOBEPXHOCTHOTO ciiosi atMochepsl [7, 9—10]. JlaHHbIE HACTOSIIETO
WHCTPYMEHTAIBHOT'O MOHHUTOPHUHTA MO3BOJIMIN IOCTOBEPHO BBIAEIUTh U YTOUHUTH
CHEKTpalbHBIN cocTaB Konebanuil monst Berpa y FOBK. Ha puc. 2 mpencrasienst
cpennue 3a 2013—2022 rr. 3HepreTM4ecKre CHeKTPhl U3MEHYHUBOCTH BETpa MpH-
BOJIHOTO CJIOSI aTMOc(epsl B Auarna3zoHe nepuojioB 3—128 cyr (puc. 2, a), 6-96 u
(puc. 2, b) u 14-96 4 (puc. 2, ¢).

Ha puc. 2, a npencraBieH sHepreTHYECKU CIEKTP KojaeOaHui BEeTpa B Iuara-
30HE ME30MAacIITa0HON M CHHONTHYECKON M3MEHYMBOCTH, TJIe JOCTOBEPHO BhIJie-
JICHBI CIIEKTpaJbHBIC NMUKH HA MEpUOAax Okoyio 4 u 6 cyT, a TakXe BhIpa)keHa
WHTEeHCU(UKAIUS CHHONITHYECKUX KoJjebaHuii BeTpa Ha epuoaax 8, 13 u 21 cyr.
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Puc. 2. IlomHBIl dHEPreTHUECKUN CHEKTP M3MEHUYHMBOCTH BETpPa MPHBOIHOTO
ciost atMocdepsl B 30HE mpudpexxHoro 3kotoHa Mops y FOBK mpu 95%-H0M
JIOBEPUTEIBHOM MHTEpBaJe B JUANIa30HE MEPHOIoB: @ — 3—128 cyT; b — 6-96 b,
¢ — 14-96 u; f— nokanbHast ”HEPLMOHHAS YaCTOTa

Fig. 2. Full energy spectrum of wind variability in the atmosphere surface layer
in the coastal marine ecotone zone near the Southern Coast of Crimea at 95% con-
fidence interval in the range of periods: a — 3—128 days; b — 6-96 h, ¢ — 14-96 h;
fis local inertial frequency

36 Ecological Safety of Coastal and Shelf Zones of Sea. No. 1. 2024



B pab6ore [9] oTmedeHo, 9TO Mpu 00TEKaHWU BETPOM TOPHOTO penbeda, oKpy-
x)atorero YepHoe Mope, oporpadudeckuii 3h(eKT TomKeH 3aKI0YaThCsl B TeHe-
palMy CTallMOHAPHBIX WHEPIUOHHO-TPABUTALIMOHHBIX BOJH, 3aXBAaUE€HHBIX IMOBEpPX-
HOCTBIO. [10 M3BECTHRIM pe3ynbTaTaM YrciIeHHOro MoxenupoBanwus [10—12] u ana-
JM3a JAHHBIX HATYPHBIX MCCIEIOBAaHUM [6], MecTHbIC OPHU3BI U BETPBI CKJIOHOB I'OP
UMEIOT BBIPQXKEHHYIO CYTOUHYIO MEPUOAMYHOCTh. DHEPreTUUYEeCKUN CIIEKTp KoJie-
OaHuii BeTpa Ha puc. 2, b CONEPKUT CIEKTPAITbHbIE MAKCUMYMBI KOJIcOaHUH BeTpa
Ha nepuojax okoio 8, 12 u 24 u.

C 1enbio BeIAENCHUS MHEPLUUOHHBIX KOJeOaHU BeTpa B IPUCYTCTBUH MHTCH-
CHBHBIX BHYTPHCYTOYHBIX KOJICOAHUH U3 MCXOJHOW pean3aliii MEeToI0OM IUu(po-
BOH (UIBTpalMy yIaneH BKJIaA FPaBUTALMOHHBIX KOJeOaHU ¢ MepHoiaMHu MEHee
14 4. Ha puc. 2, ¢ mpeacTaBiieH SHEpreTHYeCKHil CIieKTp KoyiebaHuii BeTpa, pac-
CUNTAHHBIM B THUAMa30He MepruoaoB 14—96 4, e MOCTOBEPHO BBISIBICH CIEKTPAIb-
HBIN MUK KOJICOaHMI BETpa C MEPUOI0OM ~ 17 4 (JIOKaJIbHAS MHEPIMOHHAS YaCcTOTa).

Ocobennocmu npocmpancmseeHHol opuenmayuu nois éempa. COTIacHO TIOo-
Jy4eHHBIM pe3yJbTaTaM, B MPUBOJIHOM CII0€ aTMOC(]ephl BBISIBICHBI OCOOCHHOCTH
MPOCTPAHCTBEHHON OPHUEHTALIMH OCHOBHBIX COCTAaBIIAIOIIMX CYMMAapHOTO TIOJIS
BeTpa B peruone. Ha puc. 3, a npeacraBneHa smnupudeckast (GyHKIHS TIOTHOCTH
BEPOSTHOCTH PACIIPEICIICHUS] HAIPABJICHUN TIOJIS BETpa, BEIYMCICHHAS B YTIIOBBIX
cermMeHTax £5°, 3a 2013-2022 rr. BeimeneHs! Tpu TJIaBHBIX HANPaBICHUS IepeMe-
IIeHHs] BO3AYIIHBIX MAacc MPHUBOAHOTO cios atMocdepsl y M. Kukunens. Berpbt
BIIOJIEOEPErOBBIX BOCTOKO-CEBEPO-BOCTOUYHBIX (~ 65°) WM 3amamo-roro-3amagHbix
(~ 245°) pymOOB Mo4TH KOJUTMHEAPHBI U MapajuleIbHbl OpHeHTaun xpeoTa [nas-
HOM rpaasl KpeIMCKUX TOp B peruoHe, a BeTep ceBepHbIX (~ 355°) pymOoB Hampas-
JIeH BHU3 110 CKJIOHY K MOPIO 110 HOPMAaJIl K TOPHOMY XpeOTy.

[Ipu ompenenennsix npupoaHbx yenoBusx y FOBK u Bo3mymenusx, BHOCH-
MBIX KpbIMCKUMU TOpaMu B TOJIsSi CKOPOCTH (DOHOBOT'O BETpA, NMEPUOTUUECKH MO-
ryT (opMupoBatbcsi BIOIBOEPEroBble TOTOKM BO3AYyXa, M CO3/AETCA 30HA ME30-
MacIITaOHBIX KoJeOaHuii ckopocTu BeTpa [12].

Ha puc. 3, b npeacrapnena sMnupuydeckas GyHKINS TUIOTHOCTH BEPOSTHOCTH
HamnpaBJICHUM BETpa, pacCUuMTaHHas IOCJE YAAJICHUS U3 MCXOAHOM peanu3aluu
MeTOAOM LU(POBOH (PHUIBTpaLMK BKIIaJa HHEPLHUOHHO-TPABUTALIMOHHONW U CYTOY-
HOW W3MeHYMBOCTH Berpa. [locne QUIbTpaluM COXPaHSIOTCS BAOJILOEPETOBEHIC
HaIpPaBJIEHUS] PEBEPCUBHOTO MEPEMENICHHSI BO3AYUTHBIX MAcC MapaiieibHO OpH-
EHTalK TOPHOro XpedTa, HO MPH 3TOM KapJUHAIBHO TPaHC(HOPMHUPOBAH BKJIAJ
BeTpa ceBepHBIX pyMmOoB. Ha puc. 3, ¢ mpencraBneHa smmupuyeckas (QyHKIHS
TUIOTHOCTH BEPOSITHOCTH HAIPaBIIEHUI BeTpa, pacCUMTaHHAA IMOCIE YIaJeHUs
13 UCXOJHBIX peann3aluil BKJIaJa WHEPUIHOHHO-TPAaBUTALMOHHBIX, CYTOUYHBIX KO-
nebanuii U KpymnHoMaciiTaOHOro ¢oHoBoro Berpa. (DOHOBBIM BeTep CeBepo-
CEBEPO-BOCTOYHBIX pyMOOB (~ 25°) mpu 3Ha4eHHH MOIYJs CKopocTH 1.5-1.6 mM/c
paccunrtan 3a 10-eTHHil mepuoa MoHUTOpHUHTA. Ilo 3aBepreHNN 00pabOTKHU I0-
CTOBEPHO BBIAEJICH BKJIAJ KOJeOaHUH BETpa BIOILOEPETOBBIX pyMOOB, a BETEp ce-
BEpHBIX pyMOOB CaMOCTOSITENTLHO HE BBIIEIsAeTCS (puc. 3, ¢). B pesynbrare ycra-
HOBJICHO, YTO B IPHBOIHOM ciioe atMocdepsl Ha yaameHun ~ 500 M oT Oepera
©XKEroHO JOMUHHPYIOT BIOJLOEperoBbie KojieOaHWs NPUOPEKHOTO BETpa pas-
JUYHBIX BPEMEHHBIX MacIITa00B B MPUCYTCTBHU BKJIaJa MECTHOTO M PETMOHAIIb-
HOTO (DOHOBOTO BETpA.
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Puc. 3. DOwvmmupudeckas (QpyHKIUS pacupeneieHus IUIOTHOCTH BEPOSTHOCTH
HaIpaBJICHUH BETpa B IIPUBOJIHOM CJI0€ aTMOC(HEPBI: @ — IO UCXOJHBIM JaHHbBIM;
b — nocne YAaJIC€HUA U3 UCXOJHBIX JaHHBIX BKIaga HHepHHOHHO-I’paBHTaHHOHHOﬁ
)51 CyTO‘-IHOﬁ U3MCHYMUBOCTU BETpaA; ¢ — IMOCJIC YAAJICHUA U3 UCXOAHBIX JTaHHBIX
BKJIa/la MHEPIIMOHHO-TPABUTAIIMOHHOM, CYyTOUHONW M KpyIHOMacITabHoi (HoHO-
BOM M3MEHYNBOCTH BETPa

Fig. 3. Empirical probability density distribution function for wind directions
in the atmosphere surface layer: a — based on the initial data; b — after removing
the contribution of inertia-gravity and daily wind variability from the initial data;
¢ — after removing the contribution of inertia-gravity, daily and large-scale back-
ground wind variability from the initial data

Jnst comocraBneHHs CTaTHCTUYECKUX M CIEKTPAIBHBIX XapaKTEPUCTUK H3-
MEHUYMBOCTH BETpa B MPUBOJHOM CJIOE€ aTMOC(EpPhl U COOTBETCTBYIOLICH N3MEHYH-
BOCTH TPUOPEKHOTO TEUCHHUS B BEPXHEM JEATENHHOM CJIO€ MOPS HCIIOIb30BAHbI
JlaHHBIE TOJBKO MPHUIIOBEPXHOCTHOIO TOpH30HTA 5 M. [l pacueToB XapakTepH-
CTHK KakK BeTpa, Tak u TedeHus 3a 2013-2022 rr. Obutn chopMHUpOBaHBI 1O JBa
pa3aenbHBIX Habopa CpeJHEeYacOBBIX NAHHBIX 32 Mald — OKTAOph (momyromue I)
1 HOSIOpb — anpens (monyroaue I). Chenyer OTMETHTb, YTO TIPU YUCICHHOM MOJIe-
JUPOBaHUM BETPOBOTO pexrma KpbIMCcKoro pernosa, €ro c€30HHOM N3MEHYUBOCTH
U 0COOCHHOCTEH OpU30BOI LUPKYJIALUM TAKXKE HCIIOJIB3YIOT XPOHOJIOTHUYECKHE
HAOOPBI TaHHBIX 32 YKa3aHHbIe nmomyroans [10-11].

Meosiccesonnvie ocobennocmu KpynHoMacuimabHOU U3MEeHYUBOCMU 6empa
u meyenus. Ha puc. 4 npeacTaBieHbl OJIHbIE SHEPTETHUECKHE CIIEKTPBI U3MEHUNBO-
CTH XapaKTePUCTHK MPHUBOIHOTO BeTpa (puc. 4, a) M MPUITOBEPXHOCTHOTO TEYCHHUS
(puc. 4, b), paccuntannsle 3a nonyroaus I u Il B tnanazone neprogos 3—128 cyT.
Ha puc. 4, a B nonyronus 1 noctoBepHO BBIAETEHBI CHEKTpaIbHBIE KK KOJeba-
HHH BeTpa Ha meprogax 5—6 cyt, 8, 13 u 21 cyT, a B mosryroaus Il mocToBepHO BBI-
JieJIeH MK Ha nepuoje 4 cyT U 0TMe4eHa MHTEHCU(UKALUS CUHONITHYECKUX KOJle-
OaHuil BeTpa B AuamnasoHe nepuooB 8§—21 CyT 1Mo CpaBHEHHIO CO CIEKTPOM, pac-
cunTaHHbIM 3a noayroaus I. Ha puc. 4, b 1ocToBepHO BbIJENIEHBI CIEKTPAIbHbIE
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Puc. 4. IlonHble 3HEpreTHUECKHUE CHEKTPHI AITMHHOBOJIHOBBIX
Koye0aHull B AHama3oHe rmepuoaoB 3—128 cyT: a — BeTpa B pH-
BOJHOM cJio€ atMocdepsl; b — Te4eHHs B NPUIIOBEPXHOCTHOM
CJI0€ MOPSI, PACCUUTAaHHBIE 32 MOIYTOHsl Mall — OKTAOPb U HOSIOPb —
arpesb 20132022 rr. (kpacHast ¥ CHHSISI JINHUN COOTBETCTBEHHO)

Fig. 4. Full energy spectra of long-wave fluctuations in the range
of periods 3—128 days: a — winds in the atmosphere surface layer;
b — currents in the sea surface layer, calculated for the half-year
periods May—October and November—April 20132022 (red and
blue lines, respectively)

MTAKY JUTMHHOBOJIHOBBIX KOJIeOaHWH TedeHus Ha mepuomax ~ 3.5, 6, 12 u 21 cyr,
paccanTaHHble 3a noiayroaus 1, a 3a moxyroaust 11 — va mepuomax ~ 3.5, 5 u 12 cyr.
OTH AJIMHHOBOJIHOBBIE JBIKEHHUSI PACHPOCTPAHSIOTCS BMECTE C BIIOJILOEPErOBBIM
TEUYEeHHEM, OCTaBJIss Oeper crpasa.

HccnenoBaHuss MEKXCE30HHBIX PA3IMYUNA CIEKTPAIBHOTO COCTaBa JJIMHHO-
BOJHOBBIX KOJI€OaHUH MPHOPEKHOIO TEUEHUS BO3MOXXHBI B paMKaxX HaTypPHBIX
Y YUCIIEHHBIX MOJIEJIBHBIX HCCIEIOBAaHUH JJIMHHOBOJIHOBBIX ABM)KEHUH, BKIIOUast
3axBaueHHble Oeperom BonHBIY. B pabore [4] mpencraBien 0630p pe3ysbTaToOB,
MOJIYICHHBIX paHee MPU HCCICIOBAHUSIX UIMHHOBOIHOBHIX nBIKeHHHA y FOBK,
KOTOpBIE O0YCJIOBIMBAIOT 3aXBaT U aKKyMYJIMPOBaHHE BOJIHOBOM DHEPruM, MEaHI-
pUpOBaHHE TEYCHUH U 00pa30BaHIE ME30MACIITAOHBIX BUXPEBBIX CTPYKTYP.

Kax m3BecTHO, 3aXxBaueHHBIE O€pEroM BOJHBI OOBIYHO T€HEPUPYIOTCS KOIe-
OaHMAMU BAONBOEPEroBOro HampsDKEHUs BeTpa. Takue KoiebaHHs BeTpa, Co-
rimacHo puc. 4, ¢, noctoBepHo npucytcTByoT y KOBK, a mpocTpaHcTBEeHHO-Bpe-
MEHHBIE XapaKTEPHCTUKHU 3aXBaUeHHBIX OEPEeroM BOJH OMPENeNIIoTCs MacTabaMu

3) Heanoe B. A., Aukosckuii A. E. JITMHHOBOJHOBBIC IBHKCHWS B Yepuom mope. Kues : Haykosa
nymka, 1992, 110 c.
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BBIHYXIAIOIINX aTMOC(EpHBIX Bo3aelcTBUI B perwoHe [13]. JITMHHOBOIHOBBIE
KoJIeOaHMs TEUEHHS C IEPHOAOM OKOJIO 6 CYT B JIETHHUI1 C€30H 00YCIIOBICHBI CTOHHO-
HAroHHOW LUpKyJsuei Bog YepHOro Mopsi ¢ MepUoJMYHOCTBIO 5—7 CYT, a Koneba-
HUS ¢ IepuooM BOIm3u 12 cyT panee HACHTU()UIMPOBAHbI KaK JJIMHHBIC 3aXBaYCH-
HbIe OEperomM BOJHBI, TEHEPHUpPyEMBIE YAalIeHHBIM BETPOBBIM Bo3xaeicTBueM [13].
BHCPFCTI/I‘ICCKI/IG CIICKTpPhI B M€3OMaCIHTa6HOM U CHHOIITUYECKOM JHAaIla30HEC
N3MCHYMBOCTU, PACCYHUTAHHBLIC 10 CUHXPOHHBIM JaHHBIM TCUCHHA U BETPa, UMCIOT
OJIM3KHMe CIEeKTpalbHble aWana3oHbl WHTeHcH(uKammu konebanuit. IlogpoOHbIe
HCCIICA0BaHUS IPUIMHHO-CIICACTBEHHBIX CTATUCTHYECKUX CBSI3€H MEXAY Xapakre-
PUCTUKAMU 3THUX NJIMHHOBOJHOBBIX KoJie0auuii IJIAaHUPYETCA BBIIIOJHUTL B AadJIb-
HeHmeMm.

Meosiccezonnvie ocobenHocmu UHEPYUOHHO-2PABUMAYUOHHOU U CYMOYHOU
usmenuugocmu eempa u meuenusi. Ha puc. 5 npencrapieHsl MOTHBIE SHEPTreTHYE-
CKHE CIEKTPBl HHEPIIUOHHO-TPABUTAIIMOHHBIX U CYTOYHBIX KOJIeOaHUI BETpa MpH-
BOJHOTO cIlosi atMocdeps! (puc. 5, @) U MPUNOBEPXHOCTHOTO TedeHus (puc. 5, b),
paccuuTaHHBIC B aAMana3oHe mnepuoaoB 6—96 u 3a momyroaus I u II. Ha puc. 5, a
JUISL TIapbl CIIEKTPOB KOJIEOAHWI BETpa JOCTOBEPHO BBIJCICHBI YHEPreTUUECKHUE
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Puc. 5. IonHble pHepreTnyeckue CIEKTPhl WHEPLUOHHO-
IPaBUTALIOHHBIX M CYTOYHBIX KOJICOaHHI B IMana3oHe MepHoOIOoB
6-96 4: a — BeTpa B IPUBOAHOM CJIO€ aTMOC(epbl; b — TeueHus
B TIPUIIOBEPXHOCTHOM CJIO€ MOPSI, PACCUMTAHHBIE 32 MOJIYTOJIUs
Mait — oKTSI0pb 1 HOSIOph — anpens 2013-2022 rT. (kpacHas U CH-
HSIS1 IMHUH COOTBETCTBEHHO)

Fig. 5. Full energy spectra of inertia-gravity and daily fluctua-
tions in the range of periods 3—128 days: a — winds in the atmo-
sphere surface layer; b — currents in the sea surface layer, calcu-
lated for the half-year periods May—October and November—
April 2013-2022 (red and blue lines, respectively)
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MaKCHUMyMBbI Ha iepuojax 12 u 24 4 1 oTMeueHBI KoJieOaHus Ha JTIOKAIbHON WHEp-
OMOHHOH YacTtore f u mepuosne 8 4. Ha puc. 5, b ans mapbl criekTpoB KoneOaHuit
NpUOPEKHOTO TEUCHHUS TOCTOBEPHO BBIACISIOTCS CHEKTPAIBHBIC MUKU HA JIOKAJb-
HOH WHEPIMOHHOHN JacToTe f.

C 1enpio OLICHKH 3HAYUMOCTH M JOCTOBEPHOCTH BBIIEJIICHHBIX CIIEKTPATIbHBIX
MaKCUMyMOB KOJIEOaHUH KakK BETpa, TaK M TCUCHUsS B YCTaHOBICHHOM IOPSIKE ¥
Uil (paKTHUYECKOTO yHcia cTerneHeil cBo6oasl ~ 1600 ObLIM paccUMTaHbl COOTBET-
cTBYIOIINE 95%-HBIE NOBEPUTENBHBIC HHTEPBAIbI. DTO IO3BOJIMIIO C BEICOKOW TOY-
HOCTBIO OLICHHUTh Pa3jIn4Msl IPU CPaBHEHHM CIEKTPaJbHBIX YPOBHEH chopmupo-
BaHHBIX T1ap CIIEKTPOB.

CpeHeMHOTOJIETHUE aMILTUTY bl KoJeOaHUH BeTpa Ha pUC. 5, a B IUana3oHe
nepronoB 36—96 1 3a nomyrogus Il mpessimaroT Ha ~ 40 % aMIUIUTYBI COOTBET-
CTBYIOIIMX KojeOanuid 3a momyroaus I. [lanmee mo criekTpy BHI U CpaBHHBAaeMbIC
YPOBHH CIIEKTPOB BETpa B AMana3zoHe KoyieOaHuil 6—26.5 4 COBNAAAIOT MIPH pa3iiu-
YUSAX B 3HAUCHUSIX YPOBHEU CIEKTPaJbHBIX MAKCUMYMOB Ha mepuogax 12 u 24 u.
CornacHO pe3ynbTaTaM, MOJyYeHHBIM paHee B HaTypHbIX [6—7] u moaenbHbIx [10-11]
9KCIEPUMEHTAX, C Masl TI0 OKTAOph OpW30Bast MUPKYIISAILNS yCUIUBACTCS, YTO U SIB-
JSIeTCSl MPUYMHOMN CYIIECTBEHHBIX MEXCE30HHBIX Pa3lu4uii B HHTCHCUBHOCTH KO-
nebaHuii Ha epuoaax 12 u 24 4 Ha puc. 5, a.

Pacmipenenenre crneKkTpanbHOM TUIOTHOCTH SHEPrHM TEYEHUS B NPHUIIOBEPX-
HOCTHOM ci1oe Mops 3a noixyroaus I u Il mpencrasneno Ha puc. 5, b, rue B nuamna-
30He KoneOaHud 36-96 4 OTCYTCTBYIOT SHEPreTHUECKHE Pa3inivsi B YPOBHSIX
CIIEKTPOB, a Jiajiee Mo CIEKTPY B IUara3oHe KoieOanui 6—36 4 3TH pa3nudus mpe-
BBIIAIOT Tpeneinl 95%-Horo moBepurenpHOro MHTEepBaia. CpeTHEMHOTrOJIeTHHE
aMIUTUTY 1Bl KoJieOaHWH TedeHHs B AMana3oHe MepuojoB 6—36 4 3a momyrous |
MPEBBIMIAIOT Ha ~ 25 % ammuTyas! Konebanuii 3a momyroaus 1. Takue pasnnuns
B MHEPIIMOHHO-TPAaBUTAIIMOHHOM M CYTOYHOM JHara3oHe KoJeOaHUi TeueHHs BO3-
HUKAIOT ¢ Mas 110 OKTSAOPb B BEPXHEM AEATEILHOM clioe UepHOro MOpsi B YCIIOBHAX
YCTOMYMBOIM TEpMUYECKOH (TIIOTHOCTHOM) crpatudukaumu Bof [14]. Kak usBect-
HO, B 9TOT TIEPHOJI TO/Ia B JICSITEIBHOM cJioe (POPMHUPYETCS M0JIe MHTEHCHBHBIX KO-
POTKONEPHOAHBIX BHYTPEHHHX BOJIH, OOECIIEYMBAIOIIMX CTOK SHEPIHH JUITMHHO-
BOJIHOBBIX KosieOaHui TeueHus Ha menbde Yeproro mops. Hatypasle uccienona-
HUSI IMHAMHUKHA WHEPIMOHHO-TPABUTAIIMOHHBIX U KOPOTKOIIEPUOTHBIX BHYTPEHHUX
BOJIH Ha Ienb(e B BEpXHEM JACITEILHOM cioe UepHOTO MOpPS MOCTOSHHO COBEp-
LICHCTBYIOTCS, @ HOBbIE HAy4HBIE PE3YJIbTAThl TAKUX UCCIIEIOBAHUI MPEICTABIICHEI
B [15-17].

OtmetnMm, uTo mpubpexnas akBatopus y FOBK, Bkimrowas marepukoByio OT-
Menb ¢ OyXTaMH M 3aIMBaMH, SBIISETCS OKPAaMHHOM, CONPSDKEHHOW ¢ cymiei va-
cThIO 1enb()oBOH 30HBI YepHOro Mops. B HacTosiee BpeMsi HEKOTOpPbIE HCCIIEHO-
BaTeNIM CUUTAIOT, YTO €AMHCTBEHHON CTATUCTHUYECKH JAOCTOBEPHOM XapaKTepH-
CTHUKOH peXuMa LUPKYJLIIUU BOJl y TMOOEpEXbsl SIBJIETCS OMMOAAIBHOE pacIpe-
JieJieHHe MOBTOPSIEMOCTH HampaBiieHHs TeueHus. OJJHaKo, COTJacHO pe3yjbTaTaM
HaTypHBIX nccnenoBaanii MI'U [4], y M. KukuHen3 T1O0CTOBEPHO BBIIEIECHO MOHO-
MOJIAJIBHOE BJIOJILOEPErOoBOE TEUCHHE, HAIpaBJIEHHOE Tak ke, kKak OcHoBHOe Yep-
HoMopckoe TedeHue. [lpu stom B pabote [5] BbLABICHO, YTO TpH (HOPMHUPOBAHUH
o0paTHOM MOjaBl OMMOJANBHOTO paciipeefieHns HampaieHusi TedeHus y FOBK
JoMHuHUpYonwiA BKIaz (~ 80 %) BHOCAT KomebaHs B HMHEPIMOHHO-TPAaBUTAIIHOHHOM
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1 CYTOYHOM ananasone, a 20 % BKiaga pacrpeneneHbl B ME30MaclITaOHOM Juara-
30HE KOJIeOaHU TeUeHHs ¢ IeproIaMu 10 4—5 CyT.

Kak u3BecTHO, MHEPIIMOHHBIE KoJeOanusi B UepHOM MOpe BO3HUKAIOT NPU H3-
MEHEHUH JIEHCTBYIOMIEH CHJIBI U MPEACTABISIOT COO0H KPYroBOE HITH DIUIATITHYC-
CKO€ aHTHLUKJIOHHYECKOE BpAILCHHE BEKTOpPa CKOPOCTH TEUEHHs, KOTOpOe Kap-
JUHAIBHO TpaHchopMupyeTcs y modepexbsa. MHepruoHHble TeueHUs y Oepera
(kBazupeBepcHBHAs NUPKYISALUS Boxa) Habmogarorcs y FOBK o0br4HO mocie mpe-
KpalleHus padoThl AJTUTENBHOTO BIAONBEOEPErOBOro BETpa MpHU BpAIIEHUH BEKTOpa
WHEPUMOHHOIO0 TEYEHUs [0 YaCOBOM CTpENIKE Ha MEepHoAax OKojo 17 4 mpu mpo-
CTPaHCTBEHHBIX MacIITabaX aHTUIMKIOHWYECKOTO BUXPS MEHEE OJHOIO JIECITKa
kunoMeTpoB [7]. [lo naHHBIM MOHMTOPHUHIOBBIX UccienoBanuit 3a 2013-2022 rr.,
HWHEpLUUOHHbBIE KojeOaHus TeueHni y M. KMKiHen3 peryssipHO BO3HUKAIOT U CyLlie-
CTBYIOT B BHJIC MEPUOAMYCCKUX MMAKETOB, a B paboTe [7] OTMEUEHO, UTO MPOJI0JI-
KUTEIBHOCTh CYIICCTBOBAHUS CEPUM TAKUX WHEPIIMOHHBIX AHTUIUKIOHUYECKUX
KpPYTOBOPOTOB OOBIYHO COCTaBISIET 3—4 CYT.

[IpencraBneHHble pe3ynbTaThl KOMIUIEKCHBIX UCCIEIOBAHII N3MEHYNBOCTH TI0-
JIsl BETpa MPUBOTHOTO CIIos aTMOcdepsl U pubpexHoro tedenus 3a 2013-2022 rr.
SIBIISIIOTCSI OCHOBOM JUIS NAJIBHEHILINX HCClIeI0BaHUN 0COOEHHOCTH (hOPMUPOBAHUS
OMMOIANBHOTO paclpelesieHus] HalpaBiICHUN BAOIBOEPEroBOro TEUCHHUS B MHEP-
UOHHO-TPaBUTAIIMOHHOM M ME30MacIITa0HOM JHara3oHe BOJHO-BUXPEBBIX KOJie-
Oanwmii Ha mepuogax 4-5 cyr.

3akioueHue

OCOOCHHOCTH MEXCE30HHOH HM3MEHYHMBOCTH BJIOJILOCPETOBON IHUPKYIISIIIUU
npuOpeXHBIX BoA U BeTpa y FOxkHOTO Gepera Kppima BBISBIEHBI B pe3ylibTaTe 00-
paboTKK M aHajIM3a MaTepHajioB MHOT'OJIETHUX HATYpPHBIX MCCIIEIOBAHUH, BBHIOJI-
Haembix Ha YI'TIIT MI'U. YHukanbHas BO3MOXXHOCTh MPOBEJICHUS 1OJITOCPOUHOTO
(2013-2022 rr.) KOMITJIEKCHOTO HATYPHOTO JKCIIEPUMEHTa B aKBaTOPUH MPHOPEXK-
Horo 3kotoHa y FKOBK Opuia oOecreueHa HafeXHbIM (YHKIMOHUPOBAHHUEM Kila-
CTEPOB OTEUECTBEHHBIX OKEAHOJOTMYECKHX U THAPOMETEOPOIOTHUECKUX H3MEPH-
TeJel co crarroHapHoi okeanorpadudeckoi miardopmser YI'TIIT MI'U B ycioBu-
SIX OTKPBITOTO MODSL.

KommiekcHble nccienoBanus BHIIOIHEHB! IO BepU(UIIMPOBAHHON HHpOpMa-
[IUOHHOW TEXHOJIOTUU WHCTPYMEHTAIBHOTO MOHHTOPWHTA, 00ECTIeYNBAIOIIEH BHI-
COKYIO TOYHOCTB TP TOJTOCPOYHBIX WHCTPYMEHTAIBHBIX U3MEpeHusax. Pesynpra-
TBI CTATHCTHYECKOTO U CIEKTPAIbHOIO aHAIN3a MOJYUYEeHbI P 00paboTKe Maccu-
BOB CMHXPOHHBIX 0a3 IaHHBIX U3MEHYMBOCTH XapaKTEPUCTUK MPUOPEKHOTO Teue-
HUS U BeTpa.

1. YcraHoBneH (akT MHTEHCHMBHOW M3MEHYMBOCTH IOJIsI BETpa B IPUBOJHOM
cioe aTMocdepbl B T€UEHHE BCEro I'oJIOBOr0 IMKJA B JUana3oHe MepuoaoB 12
n24 4, 46 cyr u 13-21 cyT npu TOMUHHUPOBAHHUH BIOJHOCPETOBBIX KOJICOAHMIA
HaIpaBJIeHUs] MECTHOrO BeTpa. [Ipu 3TOM peryssipHble Me3oMaclTabHble Koneba-
HUI BeTpa MOTYT SIBJIITBCS HCTOYHMKOM T€HEpallH I[yTOB MHTEHCUBHBIX KOPOT-
KOIIEPUOJHBIX BHYTPEHHUX BOJIH Y TOOEPEXKbSI.

2. IlonHble 3HEPreTHYecKUe CIEKTPbl KojJeOaHWH Ted4eHHs W BeTpa B ME30-
MacITaOHOM M CHHONTHUYECKOM JHana3oHe M3MEHYMBOCTH UMEIOT OJIM3KUE CIIeK-
TpaJIbHbIE IMana3oHbl HHTeHcHuKanuy konebanuii. [locnenytomniee BoIsIBICHNE
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CTaTHCTUYECKUX INPUYMHHO-CIEACTBEHHBIX CBS3EH MEXKIy XapaKTepHUCTHKAMH KO-
neGaHUi TeUeHUS M BeTpa SBISAETCA MEPCIIEKTHBHOM 3amadeil s (U3NIeCKOro
MOHMMAaHUS Tpoliecca X B3aMOIEHCTBUS.

3. B BepxHem cioe mMops no riyOmH 15 M cmHONTHYECKHE KoieOaHWs MpH-
OpEeXXHOTO TE4EHHs Ha mepuonax ~ 12 cyT MMEIOT CYLIECTBEHHbIE MEXCE30HHbIC
paznuuus. [lanpHeiye HaTypHble U YHMCICHHbIE MOJIENbHBIE UCCIIeI0OBAHUS JATUH-
HOBOJTHOBBIX JIBMKEHUH TIO3BOJISAT BBIABUTH MIPUUYMHBI TAKUX pa3nuduid. PenpeseHra-
THBHBIE SMITUPUUCCKHE PE3YIbTAaThl HEOOXOJUMBI VISl BAIUAAIMK M COBEPILLECHCTBO-
BaHMSI COBPEMEHHBIX PETHOHAIBHBIX YHCIICHHBIX MOZIEJIeH TPUOPEKHBIX aKBATOPUIL.

4. lHeplIMOHHO-TPAaBUTAIIMOHHBIC KOJICOAHUS TPUOPEKHOTO TCUCHUS B TUaIia-
30HE NEPUOAOB 6—36 4 UMEIOT CYLIECTBEHHBIE MEKCE30HHbIE pasnuuus. [Ipu aTom
JanpHEeHIe UCCIeA0BaHUA HEOOXOAUMO NPOBOAUTH U B IUAra3oHe KOPOTKOIe-
PHOJHBIX TPAaBUTAIIMOHHBIX BHYTPEHHUX BOJH, YTO MO3BOJIUT AETAJIBHO HCCIEN0-
BaThb WX BKJIaJ B (OPMHpOBaHHE OMMOJAILHOTO pACIpEIEICHUS HaNpaBICHUHA
BIOJB0EperoBoi HupKymauuu Bos. [Ipu 3ToM HE0OX0OMMO MPONOKUTE UCCIIEN0-
BaHUSI OCOOCHHOCTEH JHEPreTHYECKOTrO BOJHO-BHXPEBOTO B3aWMOJCHCTBUS MHEP-
[IMOHHO-TPABUTAIIMOHHBIX U ME30MacHITa0HBIX BO3MYILEHHH BIOJHOEPEroBOro
MPUOPEKHOTO TCUCHHUS.

IIpencraBneHHbIe pPe3yabTAThl COCTABISAIOT OCHOBY I AAJBHEHIINX HCCIIe-
JIOBaHWH pazHOMaclITabHON U3MEHYMBOCTH IUPKYISAINUU TpHOpekHbIX Boa y KOBK
KaK CyLIECTBEHHOI'O MPUPOJHOTO (aKTopa, BIUSIIOMIET0 HA YCTOHYMBOE COLUAIb-
HO-?KOHOMHUYECKOE pa3BUTHE peruoHa mnodepexxbs Kpwima, yTo ocraercsi OgHOM
U3 IPUOPHUTETHBIX 33124 Mopckoro runpodusndeckoro nHcTuTyTa PAH.
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AHHOTAIHSA

HccnenoBaHsl TUTOIMHAMHUYECKHE MIPOIIECCH B OeperoBoil 30He YepHOro MOps Ha y4acTKe
or M. MukuT no M. [Munyana B PecnyOnuke A6xa3us. BeimonHen 0030p wccienoBaHui
JMTOJMHAMHKHU JAHHOTO y4dacTKa Oepera Impouuibix JieT. [loka3aHbl MPUHIMITEL BBIICICHUS
JIUTOAMHAMMYECKHX paioHOB. OIHUCAaHBl XapaKTEPUCTHKH IOMNEPEYHONM MU MNPOJOIbHON
CTPYKTYp OeperoBeIX cucteM. Paspaborana cxema JIHTOAMHAMUYECKOTO PAaHOHMPOBAHUS
uccreayemMoro ydyacrka. OnucaHbl MCTOYHHMKHM IOCTYILUICHHMS HAHOCOB U HX IBIDKEHHE
B OeperoBoil 30He mccieayemMoro ydactka Mukut-IInmyrnckoro paiiona Abxasun. JlaHbI
XapaKTEePUCTUKHU BIOJIHOEPEroBOTO MMOTOKA HAHOCOB HAa ywacTke. MccnenoBana auHaMumka
OeperoBoii muHMKM Ha Pparmente Oepera b3piOb — [luiynna. BeimonHeHa omeHka o0bema
HAHOCOB, BEIHOCHMBIX P. B3bIOBIO, U €ro cpaBHEHHE ¢ BEIMYMHOMN 00IIero BIOIL0eperoBo-
ro MOTOKa TaJeYHbIX HAHOCOB Ha y4acTke. IIpoaHanmm3mpoBaHa auHamuKa OeperoBoi ju-
HUM 10 MaTepuajlaM HCCIEIOBaHMI MPOIUIBIX JIET ¢ y4eToM a3podoTocheMok. OIeHEeH
CTOK HaHOCOB B BEPIIMHBI IT0JIBOJHBIX APO3NOHHBIX JIOKOWH (KaHBOHOB), PACIIONOKEHHBIX
Ha I0/ABOHOM OeperoBoM ckiioHe oT p. b3b1ou 1o M. [unynna. ITokaszaHo, 4To, XOTS mIH-
pUHA TaJEeYHBIX IUBDKEH MoxeT nocturatb 50 M, B BepxHel yacTH OeperoBOil 30HEI
HaOJII0At0TCsI TTOIMBIBBI IPEBHETO OEPEroBOro Bajla M HU3KOH Teppachl, CII0KEHHBIX JIETKO
pa3MbIBaEMBIMH OTJIOKECHUSIMA. OJTH TIOJMBIBBI OOYCJIOBJIEHBI BO3/IEHCTBHEM OOJIBIIMX
BOJIH BO BpeMsI ITOPMa, HAKAaT KOTOPBIX HE FACUTCS MOJHOCTBHIO HAa HAJIBOJAHOM YacTu faxe
TaKUX IUPOKUX IUishked. CrenaH BBIBOA O TOM, YTO HMIMPHHA CYIIECTBYIOLIETO IUIsSXa He-
JOCTaTOYHA JUIS TIOJHOTO TallleHHs IITOPMOBBIX BOJIH, O Y€M CBHICTEIBCTBYIOT ITOAMBIBHI
JIpeBHUX OeperoBhIX BayioB. Kpome TOro, Takne moAMBIBEI 00YCIOBICHB! OONTUM OTCTYIIa-
HHEeM OeperoBoil NMHHMU B MpeeliaX MOPCKOH Teppachl, PacIONOKEHHON MEXIY YCThEM
p. B3p16u u M. ITuynna.

KuroueBble cioBa: abpasusi, aJUTIOBHAIBHBIE OTJIOKEHHS, TUTOANHAMIKA, TUTOAMHAMIYE-
CKO€ pallOHMpOBaHWE, IUISDK, ITOABOAHBIE KaHBOHBI, OTOK HAHOCOB, NMPUOpEXHas 30Ha,
AKKyMYJISITUBHBIE TEPPACHI
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Lithodynamics of the Coastal Zone
in the Inkit-Pitsunda Area (Abkhazia)
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Abstract

The paper studies lithodynamic processes in the Black Sea coastal zone from Cape Inkit
to Cape Pitsunda in the Republic of Abkhazia. A review of past studies of the coastal litho-
dynamics in this area was carried out. The principles of allocation of lithodynamic areas
were shown and the characteristics of the transverse and longitudinal structures of coastal
systems were described. A scheme of lithodynamic zoning of the studied area has been
developed. The paper describes sources of sediments intake and their movement in the studied
coastal zone of the Inkit-Pitsunda area of Abkhazia. and provides characteristics of the long-
shore sediment flow in the area. The coastline dynamics on a fragment of the Bzyb-
Pitsunda coast was investigated. The paper estimates the volume of sediments carried out
by the Bzyb River and compares it with the value of the total longshore flow of pebble sed-
iments on the site. The coastline dynamics based on research materials of previous years
was analysed, the aerial photographs taken into account. The paper also estimates sediment
runoff into the tops of underwater erosion hollows (canyons) located on the underwater
coastal slope from the Bzyb River to Cape Pitsunda. The paper shows that although
the width of pebble beaches may reach fifty meters, in the upper part of the coastal zone,
the ancient barrier beach and low terrace, which are composed of highly erodible sedi-
ments, are exposed to washouts. These washouts are caused by large waves during passing
storms, and their run-up is not completely damped on the surface of even such wide beach-
es. The authors conclude that the existing beach is not wide enough to completely damp
storm waves, as evidenced by the washouts of ancient barrier beaches. In addition, the ero-
sion of the ancient barrier beach bases is due to the general retreat of the coastline within
the sea terrace located between the mouth of the Bzyb River and Cape Pitsunda.

Keywords: abrasion, alluvial deposits, lithodynamics, lithodynamic zoning, beach, under-
water canyons, sediment flow, coastal zone, accumulative terraces

For citation: Tlyavlina, G.V., Petrov, V.A. and Tlyavlin, R.M., 2024. Lithodynamics of
the Coastal Zone in the Inkit-Pitsunda Area (Abkhazia). Ecological Safety of Coastal and
Shelf Zones of Sea, (1), pp. 45-56.

BBenenue

Hccnenyemslii yaacTok Oepera pacrolioxkeH Ha roro-3anagHoM ¢uanre [Tuiry-
HJICKOTO T-0Ba Mexy mbicamu Wukut u [Munynna. [lpuneraromuii yaacTox aHa
MEX1y ycTheM p. b3b10u u M. [IuiyHaa ocinoxHeH pa3BeTBICHHONW CUCTEMOM MOJI-
BOJTHBIX KaHBOHOB, BEPINMHBI KOTOPBIX MOIXOAAT Onm3ko kK Oepery. Hambonee
KPYITHBIM W3 HUX SBISIETCS KaHbOH AKyina [1], BeIXomsamuii K THKHTCKOMY MBICY
(puc. 1). Hannumne Ha MOABOHOM CKJIOHE 3PO3HOHHBIX JIOXKOHMH YCIOXKHSET Oepe-
TOBBIE TIPOIIECCHI.

JlocToBepHasi OlleHKa MPHUPOIHBIX TPOIECCOB, MPOTEKAMUX B OeperoBoi
30HE MODS, U UX HAIMPABJICHHOCTH MMEET OYCHb BAXKHOE HAYYHOE U MPAKTUYCCKOE
3HaueHue. Tak, HAJACKHOCTh U IPPEKTUBHOCTh COOPYKCHHUI WHKCHEPHON 3al[UThHI
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Puc. 1. Hccnenyemprii yaactok Oepera. CTpenkamMu MOKa3aHO Hampas-
JIGHHE BIO0JHOEPEroBOro MmoToka HaHOCOB. AmantupoBaHo u3 kapt URL:
https://satmaps.info/map.php?s=100k&map=k-37-033

Fig. 1. The investigated shore. The arrows show the direction of the longshore
sediment flow. Adapted from https://satmaps.info/map.php?s=100k&map=k-37-033

OT BOJTHOBOTO BO3/IEMCTBHUS BO MHOTOM 3aBHUCHT OT U3YYEHHOCTH W MPABHIBHON
OLIEHKM JIUTOIMHAMUKU U Mopdosoruu ydactka [2, 3]. IIpu s3ToM BiamsaHue pas-
JUYHBIX (PAKTOPOB MOXKET OBITH BBISBICHO TOJBKO MPH IOJTOBPEMEHHBIX HAOIIO-
JIEHUSX 33 COCTOSTHUEM Oepera.

C KOHIIa MIPOIIOTO CTOJIETUS U 110 HACTOsIIEeE BpeMs Ha ydacTKe Oepera Mex-
Iy yctbeM p. b3pion u M. Iluiynna koMIuieKCHbIe ucciaeqoBanusl OeperoBbIX Mpo-
LIECCOB, TIO3BOJISIOIINE OIEHNTHh WX HAIpaBlIeHHOCTh, HE MpoBoAMIKCh. Habmrone-
HUSI 32 TUHAMUKOM TraJleyHoro IUIshKa Takke He Beluch. [locie rpy3nHo-adxa3ckoro
koH(pukTa (1992-1993 rr.) crenuanbHbie OEPETOBBIC MCCIICIOBAHYS BBITOTHSITH
JIMIIb HEKOTOPBIE COTPYIHUKH AKaneMUH HayK AOXa3uu MpH OrpaHUYCHHOM yda-
CTHM POCCHMCKMX yueHbIX [4]. Bce 3T0 3aTpyaHsaeT 00beKTHBHYIO OLIEHKY Oepero-
BBIX IPOLIECCOB, MPOTEKAIOIINX B HACTOALIEE BpEMs Ha pacCMaTpUBAEMOM y4acT-
K€, 1 HalpaBJIEHHOCTH UX Pa3BUTHSL.

Hcxomns 3 mpoBeIeHHOTO aHa3a UMEIOIINXCS TAHHBIX O COCTOSTHIH Oepero-
BOH 30HBI MEXIY ycTheM p. b3p10ou u M. [IniyHna 1 mpoucxoaimux B 3TOW 30HE
mporeccax, a Tak)Ke BIMSHAM Ha HAX aHTPOIOreHHOro (hakTopa, CTeNeHb H3y4eH-
HOCTH 3THX TIPOIIECCOB Ha COBPEMEHHOM J3Tarleé MOYKHO OXapaKTepH30BaTh KaK He-
JIOCTaTOYHYIO.

Lenbio nccnenoBanus SBIAETCS OLEHKA reoMOP(OIOrHuecKuX ycaoBui oepe-
roBOM 30HBI MeXAy MbicamMu MHkuUT u IluiyHAa W BeIABIEHHE HAIPaBIEHHOCTH
JTUTOAMHAMHAYECKUX MTPOIECCOB.
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MartepuaJibl 1 METOABI HCCJIETOBAHUS

[Ipu BEIMOTHEHUH UCCIIEAOBAHUS HCIIOIB30BaHBI MATEPHANBI MTOJIEBBIX PadoT,
NpOBEJICHHBIX aBTOopaMu JjeroMm 2023 r. (6aTMMmeTpuveckue W TornorpaduuecKue
CHEMKH, 00CIIeZIoBaHHE OEPETOBOM 30HBI), & TAKXKE JaHHBIC, MTOTyYeHHbBIE HA OCHO-
B€ aHaJM3a MPOTEKAOIINX OSpPEerOBBIX MPOIECCOB C YYETOM IOCTYIUICHUS M3 PEK
IsbKeo0pa3yoIero Marepraia i KOHQUrypamnun 0eperoBoi JIMHUM [5].

Pe3yabTaThl M 00cyKIEHNE

JluronuHamMudeckas cucTteMa HpeAcTaBisieT coOOOH COBOKYIMHOCTh XapakTep-
HBIX MPUPOAHBIX U AHTPOIOTEHHBIX (PaKTOPOB, KOTOPhIE OOYCIOBIUBAIOT B3aUMO-
CBsI3aHHBIC OEperoBbIe MPOIIECCHI, MPOTEKAIOIINE HA PacCMaTPHUBAEMOM Y4YacTKe
Oepera ¥ He 3aBHCSIIUE OT COCEIHUX YYAaCTKOB, U ONPEHENSIIOT YCTONUYUBOCTh
CaMOU CUCTEMBI.

BeperoBas nuroanHaMuveckas cucTeMa XapakTepusyeTcs MONnepedHon 1 mpo-
JOJBHOM cTpykTypamu. [lomepeynas cTpyKTypa BKJIIOUYAeT JaHHble 0 (OpMHPOBa-
HUH MONEPEYHOTO PO TAICYHOrO TUIHKA MOJ BO3ACHCTBUEM BOJH U €r0 U3-
MEHEHUH BOJb Oepera. Jnsi rajedHbIX IULSDKEH OeperoBas TUTOAMHAMHYECKAS
CHCTEMa CO CTOPOHBI MOPSI OTPaHUYEHA MECTOM OTTSATHBaHUS TAJIEYHOTO MaTepra-
Jla BO BpeMsl LITOPMa, YTO COOTBETCTBYET IIyOMHE MOCIETHEr0 OOpyLIeHHs BOJH
[5]. Bepxwneii rpanuieii Ha Gepery siBisieTcs BeplIMHA HakaTa BoJH. CienoBarelb-
HO, B MOTIEPEYHOM pa3pe3e MIMpHHA OeperoBoil JINTOJMHAMUYECKON CUCTEMBI paB-
Ha JJMHE HaKaTa MaKCUMaJbHO BO3MOXKHOTO (pacueTHOro) mropma. B mpenemax
9TOH BBIACIICHHOH 30HBI MPOUCXOAUT MOIMEPEYHOE IEPEMEIICHUE TaJIeYHOr0 Mate-
puana c ero nuddepennuanueit u Gopmupoanue npodwis wishka. [ 1aBHbIM (dak-
TOpPOM, OmNpeAessiFomuM (GopMupoBaHue MPoGWIS TaIeyHOro IUISDKA U pelbed
MIOJIBOJTHOTO CKJIOHA, SIBJISIIOTCSI TIOBEPXHOCTHBIE BOJIHBI (BETPOBBIE U 3bI0b) U BO3-
OyX/maeMble MU Pa3HOOOpa3HbIE TEUEHHs, UTPAIOIINE BAKHEHITYIO pOJIb B Tiepe-
MEIlleHHH HAaHOCOB W TpeoOpa3oBaHuu penbeda OeperoBoi 30HbI. [yOuHa Mops
SIBIISIETCS. OAHOM M3 OCHOBHBIX XapPaKTEPHUCTHK, OOYCIIOBIUBAIOIINX HANpPaBICHUE
1 CKOPOCTb paclpoCTpaHEeHHs BOJH M, KaK CIIEACTBUE, AedopMmanuio Oeperos u JHa.
Brnusinue penbeda JHA Ha BBICOTHI BOJH M YIUIBI UX MOJXO/a K Oepery HauWHaeT
MIPOSIBIIATECS € TIIyOHH, paBHBIX TIOJOBUHE AJTMHBI BOJH.

[IpononbHas BoonbOeperoBast CTpyKTypa JUTOINHAMUYECKOH CHCTEMBI B IEPBYIO
ouepesib XapakTepu3yeTcst 00beMaMu TiepeMelaeMoro MaTepraia U UX U3MeHEHH-
MU Ha Pa3HBIX ydacTkax Oepera, a Tak)ke U3MEHEHUEM IONEPEYHO CTPYKTYPHI,
o0ycioBineHHON KoH(puUrypanuel OeperoBoil JMHUH, MOCTYIUIEHHEM IUIshKeoOpa-
3YIOIIEro MaTepHajia U3 BOJOTOKOB M a0pa3MOHHBIX MPOLIECCOB, U3MEHEHUEM TIIy-
OMH U T. 1.

OCHOBHBIMH JINTOAMHAMHUYECKUMHU XapaKTePHUCTUKAMH, HHPOPMALIUIO O KOTO-
PBIX MOJIyYarOT MPH UCCIIEA0BAHUSX, SBISAIOTCS HANPaBICHUE ABHKCHUS U 0O BEMBI
HAHOCOB, [IEPEMEIIAIOIIUXCS 0] BO3IEHCTBUEM THAPOTeHHBIX (aKTOPOB, a TAKKE
HOCJIeyoe npeodpa3oBanHusl peibeda IUIhKa W MPUIIETAIOIIETO HOABOIHOTO
ckioHa. [TosTomy Hanbosee MOHYIO OLIEHKY MPOLIECCOB, MPOTEKAIOIIUX B Oepero-
BOW 30HE, MOXKHO TTOJIYYHTH TPU HUCCIEIOBAHUIX BIOJIBOCPETOBOM M TOIEPEIHON
CTPYKTYp BAOJILOEPEroBOro IOTOKAa HAaHOCOB KaK MHTErpajbHOro (hakropa, ompe-
JEISIoIero ee cocTosiHue. Hawyano u OKOHYaHHE MOTOKa HAHOCOB OIPEAEISIOT
IpaHULbl JTUTOIAWHAMUYECKOH CHUCTEMBI BAOJNb Oepera, a momepedHas CTPyKTypa
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IIOTOKa HAHOCOB OTIPEEIISET TIIYOHHY MOPS, 10 KOTOPOH HEOOXOIMMO aHAIIU3HPO-
BaTh MPOTEKAIOIINe B OeperoBoii 30He JTUTOANHAMUYECKHE MPonecchl. Takum 00-
pa3oM, B OCHOBE BBLICICHUS TUTOANHAMUYCCKON CHCTEMBI JIGKHT BAOJIBOEPETOBOI
IIOTOK HAaHOCOB, KOTOPBIM ONpeAenseTcs BO3ACHCTBUEM BOJH Ha MOCTYMAOIIAN
B OeperoByro 30HY IUIsHKeoOpasyromwmii Mmarepruai. [1og BIoas0eperoBsIM MOTOKOM
HAHOCOB TOHUMAETCA pPE3yJNbTHpPYIOIIee INepeMelleHre MaTepuana IoJ BO3JeH-
CTBHEM BCETO CIEKTpa BOJH 3a JUTMTENbHBIN Mepro]] (OOBIYHO 32 TOJ), a TOUHEee —
BIOJB0EPETOBOM TPOSKIIMH BOJHOBOW JIHEPreTHUECKOW paBHOIEHCTBYIOMICH,
KOTOpasi BIOJb MOOEpPEekbsl pacIpeeNseTcss BeChMa HEpaBHOMEPHO W BEITMYMHA
KOTOPO# 3aBUCHT OT 3KCIIO3UIIMK KOHKpETHOro yuactka Oepera. [lon Bo3aeicTBu-
€M BOJH pa3HbIX PyMOOB IUBSDKHBIM MaTepuan MOXKET CMEINaThCs BAOJNb Oepera
B ITPOTUBOIIOJIOKHBIX HATIPABICHUSIX.

®dparment 6epera Mexy yctbeM p. b3pi0ou u M. [uiryHna npuMeikaet k 6omnee
MOJIOZION MPHUOPEKHOM dacTh (BO3pacT KOTOpPOoH He mpeBbImmaeT 2.0—2.5 Twic. eT)
AKKyMYJIATUBHON paBHUHBI |IMITyHICKOTO 1T-0Ba, SBISIOMIEHCS YaCThIO aJUTIOBUAITb-
HO-MOPCKOH Teppachl, (OopMHUpOBaBIIelics B TeueHue rocieannx 11-12 Teic. ner.
IIpumopckast paBHHHA CIIOKEHA JIETKO Pa3MBIBAEMBIMH OTJIOXECHUSIMHU, MOITHOCTh
KoTopbIXx gocturaeT 90—100 M. OTiOXEHUST TPEACTaBICHBI OTACIBLHBIMHU CIOSMHU
WJIOBATHIX TJIMH W WINCTHIX TIECKOB, TOCTUTAIOIIMMHE TOJIIUHEI 16—18 M, KOTOpHIE
MEPEKPBITH TOPGIHUKOM MOILTHOCTBIO 10 4—5 M. Ha ceBepe IluiyHackas HU3MeEH-
HOCTh NIPUMBIKAET K IO’KHBIM CKJIOHaM MIOCCepCcKoil BO3BBIIIEHHOCTH. 3arajgHast
rpaHUIla HUI3MEHHOCTH MPOXOAHT TI0 JICBOOEPEKBI0 HIKHETO TedeHUus p. b3pion
[6], atoxHas orpaHWYHMBaeTCs MOPCKOH OeperoBoil nuHHel. [loBepxHOCTH HU3-
MEHHOCTH HMMEET HU3KHE OTMETKH BBICOTBHI, YTO CIIOCOOCTBOBAJIO OOpa30BaHUIO
PEeNMKTOBBIX 03ep, HanOoJee KPYIMHBIM U3 KOTOPBIX SABiIsieTcs 03. IHKHT.

Hccnenyemblit yuacTok Oepera, pacrioioKECHHBIH MEKIy MbicaMud WHKHUT
u [TuiyHzaa, BKiroyaeT Tpu Mopdosiorndecku pa3Hbix pparmenra oepera. Ha cesep-
HOM (uiaHTe pacroyioxeHa 0. MHKUTCKasl, TUIABHO MEpeXoAsiias B OTHOCHUTEIBHO
MPSIMOJIMHEWHBIA LIEHTPaNbHBIN (parMeHT Oepera, CMEHSIOIIUICS Ha BOCTOYHOM
¢anre 6yxTooOpa3HbIM OeperoM, mpoTaruBarommmMes 10 M. [unysaa. [psmoinu-
HEHHOCTh CpelHero y4acTka Oepera, CI0KEHHOTO JIErKOpa3MbIBaeMbIMH HaHOCA-
MU, a3UMyT KOTOporo paBeH 140°, oOBsICHSETCS €ro pa3BOPOTOM IMapajuIeibHO
(bpoHTY paBHOIEHCTBYIONIEH BOJIH.

Kak mokasany BeInonHeHHbIE nccnenosanus V2 [1], ns-3a ocobeHHOCTEN TUI-
POIMHAMUYECKOTO pPeXrMa MOps B Ipejeniax ydactka oepera ot M. Komom, pac-
I0JIOKEHHOT'O CeBepo-3amnaaHee I. Tyarce U ABISIOLIErocsl eCTECTBEHHOM Mperpa-
JOM JUIsl IepeMellaloIuXcsl HAHOCOB, U 10 M. [lunynna Ha npotsbkeHun 160 kM
paHee (0 BO3BEICHHUS PA3IMYHOTO POJA THMAPOTEXHUYECKUX COOPYKEHHH, TAKHX
Kak orpaxmarontue Moisl mopToB Tyarce, Coun, MIMepeTnHCKMIT) OBLT BEIpaKeH
eANHBII BAOIHOEPEroBOil MOTOK HAHOCOB. JTO AET OCHOBAHHE BBIACITUTH 3TOT
(hparmenT Oepera B equHyto Kogomnr-ITuiyHACKy 0 TUTOJUHAMHYECKYIO CHCTEMY.

D Zenxosuu B. I1. bepera Yeprnoro u A3zoBckoro mopeil. Mocksa : ['ocy1apcTBEHHOE U3ATENBCTBO
reorpaduaeckoii mmrepatypsl, 1958. 374 ¢

2 3enxoeuy B. I1. Mopdonorus u nuHamuka coBeTckux 6eperos Ueproro mopsi. Mocksa : W3na-
tensctBo AH CCCP, 1958. Tom 1. 187 c.

Dxomnorudeckas 6€30macHOCTh MPHOPEKHON 1 MIenb(HoBoi 30H Mops. Ne 1. 2024 49



[Tomoca mska Ha mobepexkbe KpacHogapckoro kpast u A6xazuu oT M. Kogomn
mo M. [luryHaa cnoskeHa ecuaHo-TajeqHbBIMI HaHOCaMUA. OCHOBHBIM HCTOYHHUKOM
NMUTaHUA TaleyHBIX IUIDKEH paccMaTpUBaEeMOIr0 PEerMoHa SIBISETCS MpeuMylle-
CTBEHHO KPYIMHOOOJOMOYHBIH MaTepua, IMmocTaBisieMblii pexkamu > [7]. He3naun-
TeTbHAS YacTh OOJIOMOYHOTO MarepHualia, He MMEOIas PEeNIafomero 3HadeHus,
nocTynaer ot abpasuu OeperoBoro ycryna U (PU3MYEcCKOro BHIBETPHBAaHUS clara-
IOIIMX €0 OO/, a TAKXKE B pe3yiIbTaTe adpa3uu Mopo] KOPEHHOTO THA.

B crpykType Boomp0eperoBoro moToka HaHOCOB BBIIEISIFOT TPH COCTaBHBIX
YacTH, KaXJas W3 KOTOPBIX XapaKTepU3yeTCs NOMHHHPOBAHUEM ONpEIeIIEHHBIX
npoueccos passutus . Tlepsas 4acTh — 30Ha 3apPOXKIACHUS MOTOKA HAHOCOB, B Mpe-
JIeNlaX KOTOPOro npeodiiafaroT abpas3us u pa3MbIB. BTopas 4yacTe — y4acTOK TpaH3H-
Ta BJOJIHOEPETOBOTO MIOTOKA HAHOCOB, T/I€ a0pa3usl U Pa3MbIB YEPEIYIOTCS C OTIIO-
JKEHHEeM IUISDKHOTO Martepuaia. TpeThs 4acTh — y4acTOK Pa3rpy3KH, Ha KOTOPOM
MIPOUCXOANT aKKyMYJISIHS MaTepuaia, epeMeniaeMoro o Bo31eHCTBUEM BOJIH.

B ecTecTBEHHBIX YCIOBHAX BO BIOJHOEPErOBOM MOTOKE HAHOCOB, UAYIIEM
ot M. Koot 1o M. [Iunysna, He OTMedanoch KIacCHYECKOrO JeNIEHUS] Ha 30HBI
€ro 3apOoKJCHUA, TPAH3UTA U Pasrpy3ku (akkyMmyssanun). Ilpomecchl akkyMyIsIuu
¥ TPaAHCIIOPTa HAHOCOB B OEPEeroBOi 30HE paccMaTpuBaeMoro ¢parMeHra Oepera
OB CBSI3aHBI C TBEPABIM CTOKOM PEK, €0 IepepacipeaesieHueM Mol NeHCTBHEM
BOJIHOBOTO U TIPHOOHHOT0 MOTOKOB U TIOPOXKIAEMBIMU 3THMH ITOTOKAMH TEUCHHUSIMH.
CroHHO-HaroHHbIC SBJICHUSI U BETPOBBIE (Apeli(oBbIe) TEUSHUS B pacHpe/eieHUU
IUISDKHOTO TaJIeyHOr0 MaTepralia UTparoT MOAYNHEHHYIO POJIb.

B BeimenenHoit ecrectsennoi Komom-IIumyHackold JTUTOIMHAMHYECKON CHC-
TeMe He ObUIO €MHOr0 UCTOYHHKA MOCTYIUIEHHS IUISHKHOTO MaTepuaia B Oepero-
BYyIO 30HYy. Ha mpoTs>keHnn Bcell CUCTEMBI TPOMCXOAMIIO MTOCTOSHHOE MOTIOHEHNE
TUBDKHBIM MaTepUaioM €IUHOTO BIOJIH0EPEroBOro MOTOKAa HAHOCOB 33 CUET TBEp-
JIOTO CTOKa KPYIHBIX M MallbIX PeK, a TakKe PyYbeB U BPEMEHHBIX BOIOTOKOB.
B cnoxxHBIX oporpauyecKkux YCIOBHSX IPH HAJMYUU MHOTOUYHCIIEHHBIX Bpe-
MEHHBIX BOJIOTOKOB, HEOOJBIINX PYYbEB W OTHOCHUTENILHO KPYIHBIX pek (Alure,
Ilcesyamnce, Illaxe, Coun, M3bmTa, b3b10b) 30HBI 3apOXKIACHUS, MOIMOJHCHUS U
TpaH3UuTa BAOJBHOEPEroBOro MOTOKAa HAHOCOB CIMJINCH B €IWHYIO 30HY — 30HY
HACBIIIEHUSI BIOJILOSPEroBOro MOTOKAa HAHOCOB [5].

be3 ydera aHTpOIOreHHOTO BMEIIATENbCTBA 30HBI Pa3rpy3KH BAOIHOEPETOBO-
ro MOTOKa HAaHOCOB (aKKyMYJIAIIMM IUBDKHOTO MaTepuasa) MPUMBIKAIOT K CEBEpO-
3amaJHbIM (praHraM axkKyMYJSITUBHBIX BBICTYNOB pek Aime, Ilcesyamnce, Couwn,
M3bimMra, bB3p10b. YYacTKM aKKyMymSIMM IUBDKHOTO MaTepualia TakkKe MOXKHO
HaOJr01aTh Y MBICOB, Hanpumep Yu-/lepe, Bunnoro, [Iniynza.

BHyTpu BBIIENEHHOH JIMTOJMHAMHUYECKOW CHCTEMBI BEIMYHMHA BIOJIBOEpEro-
BOTO MOTOKA T'aJI€YHBIX HAHOCOB MOXET MEHSTHCS B 3aBUCHMOCTH OT HOCTYILICHHS
B 0EperoBylo 30HY IUBDKHOTO MaTepualia ¥ U3MEHEHHUS TPaHCIOPTHPYIOIIEH CIo-
COOHOCTH BOJIH, OOYCJIOBJICHHON COOTHOIIICHHEM HMX HaIpaBJICHUS W KOHTypa Oe-
peroBo# nuanu. Ha yyactke 6epera (M. Kogom — M. [TunyHna) HeT kiiaccH4ecKkoro

3 Makapoe K. H., Tasenuna I'. B., Trsenun P. M. Hayuno-merouueckoe 060CHOBAHUE TEHEPATBHON
CXeMBI Oepero3amuTbl COYMHCKON arnomepanuu «Mopckoit Pacagy. Coun : CounHCKHi rocynap-
CTBEHHBIN yHHBepcuTeT, 2019. 213 c.

Y Cagpoanos I'. A. Teomopdomnorus Mmopckux Geperos. Mocksa : MI'Y, 1996. 400 c.
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JIENIEHVS JTNTOJUHAMIUIECKOW CUCTEMBI Ha 30HBI 3apOKIACHHUS BIIOIHOEPETOBOrO MO-
TOKa HAaHOCOB W €ro TpaH3uTa. B mpolecce MpOABMKEHUS TOTOKA B I0I0-BOCTOUHOM
HaMpaBJIeHUH €ro BEeJIMYMHA MOCTOSHHO MEHSJIAch B pe3yJIbTaTe MOIMOJHEHUS IOo-
TOKA IUISHKE00Pa3yIONIMM TaJIeYHBIM MaTEPHAaJIOM 3a CUET TBEPJOr0 CTOKA PeK.

[loctynnenue msHkeoOpa3yoIIEro rajeyHoro Mareprana B OeperoByro 30HY,
00yCJIOBIIGHHOE TBEPIBIM CTOKOM PEK U OIpEeNsioliee N3MEHCHNE BEIHMYMHBI
BIOJIBOEPETOBOrO MOTOKA TaJIeYHBbIX HAHOCOB, MOXET OBITh MPHHATO 38 OCHOBY
pa3feneHus €AMHON JTUTOAMHAMUYECKOW CUCTEMBI Ha mojacucteMsl. Micxoas u3 sro-
r0, TPAaHUIIAMH JTUTOAMHAMUYECKIX MOJICUCTEM MOTYT SIBISTHCSA YCThsI peK, HanOo-
Jiee 3HAYMMBIX IO BEJIMYMHE TBEPJOro CTOKa. llepeurcieHHbie BbIE (akTOPHI
JAI0T OCHOBAHME JUIsI BBIACICHUS B €AUHON JTUTOJUHAMUYECKON CUCTEME JINTOAU-
Hamuueckux noxacucteM [5]. Ot M. Kogomr no wm. [IuiyHaa ¢ yueToM OCHOBHBIX
MCTOYHHMKOB TOCTYIUICHHS MaTepuaia (KpymHbIE PeKH paccMaTpHUBAaEMOro PErvo-
Ha, Takue kak Are, [Icesyance, Illaxe, Coun, M3biMTa, b3b10b) MOXKHO BBIIACIUTH
HECKOJIbKO JUTOJAMHAMUYECKHX MOICUCTEM, SBIISIOLIUXCA COCTABHBIMH HeEpas-
pBIBHBIMU 4YacTsMu enuHod Komomr-IIuiyHICKOM TUTOMHHAMUYECKON CHCTEMBI:
Ame-Tyancunckyo, Ame-Ilcesyancunckyro, Illaxe-IIcesyancunckyto, laxe-
Counnckyto, CounHcko-M3bIMTHHCKYI0, [lcoy-M3piMTHHCKYIO, 1lcoy-B3piockyro
u b3p10b-IIunysnckyro. O0mUM il 3TUX JTUTOAMHAMUYECKHX TOJCHCTEM SIBIIS-
JIOCh HaJIM4HE BAOJILOEPETOBOTO MMOTOKA HAHOCOB, HAIIPABJICHHOTO C CEBEpO-3aIaia
Ha roro-Boctok (ot Tyance B ctopony M. IIuitynna). BnonsOeperoBoii moTok HaHO-
coB He 00xomuT M. Koso1ir, HO IPOXOAUT Yepe3 YCThsl yKa3aHHBIX BBIIIE PEK U 00-
XOAUT MBICHI, Takue Kak Yu-Jlepe, Buansiii u psaa apyrux. Ha m. [Iuiysna npouc-
XOJIMJIa OKOHYATENIbHAs pasrpy3Ka BJOIBOEPEroBOro MOTOKA TaJiedHbIX HAHOCOB,
KOTOpBIE, OTKJIAJbIBAsICh HA TUISHKE U MOJBOJHOM CKJIOHE, CIIOCOOCTBOBAJIM OOIIIe-
My BBIIBM)KEHHIO MbIca B cTopoHy Mops# [8]. [loaTtomy paccMarpuBaemble TUTOAU-
HAMHUYECKHE MOJICUCTEMBI paHee (0 BO3BEJEHHs Oorpaxaaronmx MosioB CounH-
ckoro U MmepernHckoro noptoB) OblIM He3aMKHYTHIMH. Bo3Benennsie monsl Co-
yuHacKoro (1936 r.) u Umeperunckoro (2008 r.) mopToB npepBaiv eIUHbIH BIOJb-
OeperoBoil MOTOK TaJIeYHBIX HAHOCOB, BeieacTBHE 4ero CounHCKO-M3BIMTHHCKAS
u Ilcoy-M3bIMTHHCKAs TUTOIMHAMUYECKUE TTOICUCTEMBI CTaIH 000COOIEHHBIMH.

Ucxonga u3 npeanaraeMoro NpUHINIA BBIICICHUS TUTOJUHAMUYECKUX TOICU-
CTEM, B OCHOBE KOTOPOTO JIGKHUT BJOJIBOEPETOBON IMMOTOK HAHOCOB, MOIMOIHICMBIH
M3 3HAYWTEIHHOTO HMCTOYHMKA TUISHKEOOpasylomiero marepuana, (KpymHbBIE PEeKd
HCCIIEAyeMOr0 PErHoHa), paccMaTpUBaeMblid y4acTOK Oepera BXOOUT B b3biOb-
[IuyHackyro MTMTOAMHAMUYECKYIO ToAcHcTeEMY. CXOTHO C 3TUM U IPECTaBICHUE
0 BbIJIeTIeHNH B OeperoBoi 30HE Ha y4acTKe MEXAY ycThsaimu pek Ilcoy m Murypu
IIECTH CaMOCTOSITEIIbHBIX OEPEroBBIX JUHAMHUYECKUX CHUCTEM, BKJItOUass U b3biO-
CKYyI0, TIO KPHUTEPHUIO HAJMYHUS OTHENbHBIX BIOJHOEPErOBBIX IMOTOKOB HAHOCOB,
(hopMHUpYEMBIX PEUHBIMHU HaHOCaMH [9].

BrigeneHHble KpyIHbIE CTPYKTYPHBIE SIMEUKU — JIMTOAMHAMMYECKAsT CHCTEMA
1 BXOZALINE B HEE MOJCUCTEMBI — BKIIIOUAIOT NPOTSDKEHHBIE YYacTKH Oepera, KoTo-
pbIe OTPENEISIOT OOy HAMPABIEHHOCTh MPOTEKAOIINX B HUX OEperoBbIX MpoIiec-
coB. [Ipu BEIOOpE MHKCHEPHBIX PEIIeHUH Oepero3aluTHRIX COOPYKEHUH TS JeTalb-
HOro y4era OEperoBbIX MPOIECCOB, MPOTEKAIOIINX HA PacCMaTpUBAEMOM YYacCTKe
Oepera, HEOOXOJMMO BBIACTATH OOJIee MEJIKUE JTUTOANHAMUYECKHE CTPYKTYpPbI, BHYT-
PH KOTOPBIX CIIEAYET MPOBOAUTH MOIPOOHBIE INTOJUHAMHYECKUE CCIIETOBAHMSL.
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B Brimenennoii bapiOb-lIumyHacKol TUTOAMHAMAYECKON MTOJICUCTEME, UCXOMS
13 BIUSHUSA KOH(HUTYpaIy 0eperoBoi JIMHUU (BBICTYIAIOMHMA B MOpe M. MHKUT)
Ha BJIOJILOCPErOBOM MOTOK HAHOCOB, MOXKHO BBIICIUTh b3biOb-VIHKHMTCKMI ¥ THKUT-
Iuynackuii turonuHamudeckue paionsl. Buytpu Makut-IIniysackoro nutoanna-
MHUUYECKOTO PaliOHa, ¢ y4eTOM KOH(Urypanun 0eperoBoii TMHUHN, MOYXKHO BBIICITUTh
TPH JTUTOAMHAMUYECKUX ydacTKa (puc. 2):

1) 3amagHBIH, pacIOIOKEHHBIH B mpenenax MHKuTcKoi OyXThI,

2) LeHTPAaIbHBIH, TPEICTABJISIOMNN COO0H POBHBIN (hparMeHT Oepera,

3) BOCTOUHBIH, OyXTOOOPa3HbIH, 3aKaHUYMBAIOLIUICS MbIcOM [TuiyHa.

Jlenenne equHOM NUTOAMHAMHYECKON CHUCTEMBbI HA YacTH OOOCHOBAaHO HEOO-
XOJTUMOCTBIO0 00Jiee JETANbHBIX JIMTONWHAMHYECKAX HWCCIEIOBAHUN, HAIPUMEpP
IUTst 000CHOBaHUS O€pPer03alUTHRIX MEPOTIPUATHA.

B cBs3u ¢ 3TUM i1 T1OCTOBEPHON OLIEHKH COBPEMEHHBIX IMPOILIECCOB, MPOTE-
KaloluX B OeperoBoi 30He HEOOXOAMMO PACCMOTPETh C OJJTHOH CTOPOHEI, BO3MOXK-
HOE€ BJIHMSHHE HAa HUX aHTPOMOTEHHOTO BMEIIATENbCTBA, a C APYTroi — UX BIHSHUE
Ha BO3BOJMMBIE Oepero3amuTHeIe coopykeHus. Kpome Toro, ciemyer math mpo-
THO3 BO3MOYKHOTO COCTOSIHUS TUISDKEH M BIOJIBOEPETrOBOr0 MOTOKA HAHOCOB b3bIOk-
MHKUTCKOrO TUTOAMHAMUYECKOTO PaiioHa, PACTIONOKEHHOT'O BBILIE 110 XOAY MOTOKA,
T. €. HAYMHAs OT YCThs p. B3bIOH.

PaccmaTpurBaemslii yqacTok Oepera pacrosioskeH B npenenax Makut-IInmynn-
CKOTO JINTOJIMHAMHYECKOTO paiioHa, BXozsmero B b3piob-IluiyHackyro nuromu-
HaMHUYECKYI0 mojcucteMy. /luHaMuka misbKed 3TOW JTUTOAMHAMHYECKOW MOACH-
CTEeMBl B TEPBYIO OYepedb OIpPENeNseTCs BIOJIBLOCPETOBBIM ITOTOKOM HAHOCOB,
HaIpaBJIEHHBIM B CTOpOHY M. IluityHna. OcHOBHOM 00beM HAHOCOB, TIOCTYIIAFOIIINX
B OeperoByro 30HY W IO/ BO3ICHCTBHEM BOJH (HOPMHPYIONIMX BJIOIHOEPETOBOM
MIOTOK, KOTOPBIN OIPEAENsSeT COCTOSHHUE IUISKEH Ha paccMaTpHUBaeMOM yJacTke Oe-
pera, mpUXoANUTCs Ha BBIHOCHI P. b3pi0u. U3 3Toro oObema Ha JOJIIO B3BELICHHBIX

~

S,

HKUT-1IHIyHICKHiT
ITHAMHYECKHUI paiioH

B3bI6b-HIlHyHIICKaH JIJUTOJHHAMHUYCCKasa IMOJACUCTEMA

YEPHOE MOPE

Puc. 2. Cxema ITUTOAMHAMHYECKOTO PaOHHPOBAHHS HCCIETYyEMOTO paifoHa.
Crumok Google Earth (URL: https://www.google.com/intl/ru/earth/)

Fig. 2. Scheme of lithodynamic zoning of the studied area. Google Earth image
(available at https://www.google.com/intl/ru/earth/)
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HAHOCOB MPUXOAUTCs > 715 ThiC. T, a CTOK BIEKOMBIX cocTaBiseT 205 ThIC. T.
ITo nanHBIM SKceaumuii TOMNHCCKOTO YHHBEPCHUTETa, MPOBOAMMBIX C 1972
o 1978 r., B CTOKE BJICKOMBIX HAHOCOB p. b3bIOU J10J1s1 yacTHIl fuaMeTpoM OoJiee
50 MM cocraBiser 26 % ot obmero Beca, nruamerpoM ot 50 no 100 mm — 31 %.
Bo Bpemst poXoKAE€HUsI BECCHHUX MOJIOBOAUM IOYTH IOJIOBUHA OT BBIHOCHMBIX
PEeKOli BIEKOMBIX HAHOCOB MPUXOIUIIACH HAa YaCTUIlbI fuaMeTpom oT 20 1o 100 mm.
B BBIHOCAX B HE3HAYMTENBHBIX 00BbEMaxX MPUCYTCTBOBAIM HAHOCHI AUAMETPOM 0O-
nee 200 mm. B MHOTONETHEM pa3pe3e 00BeM HAHOCOB, BRIHOCHUMBIX P. B3BIOBIO,
IpeBbIaeT 00beM BAOIHOEPEroBOro NOTOKA rajJiedHbIX HAHOCOB, B CBSA3U C UYEM €e
yCThe B OCHOBHOM (pOpMHUpYyeTCsl TIOJ MPeodIalaloniuM BIMSHIEM PEYHOTO (ak-
topa [9]. CymecTBeHHOE BIMSHHE Ha COCTOSHUE IUISDKEH Ha ydyacTke Oepera
oT ycThs p. b3piOu 1o M. Ilunynna okaseiBaeT npuriay0ocTh MOABOJHOTO CKIIO-
Ha, OCJOKHEHHOT'0 CHUCTEMOM IMOJBOIHBIX 3PO3WOHHBIX JIOXKOUH — KaHbOHAMH.
OHU 00YCIIOBIMBAIOT MOAXOJ K Oepery BBICOKMX BOJH, Maj0 MEHSIOUIUXCS
10 CPaBHEHMIO C BOJIHAMHU OTKphITOro Mops. Ilox Bo3neiicTBuem BonHeHuil 3ana-
HBIX HaIpaBJICHUU TPU CBOEM IIEPEMEIICHUH HaHOCHI, BRIHOCHMBIC P. B3BIOBIO,
TEPSIIOTCS B BEPIIMHAX MOJBOJHBIX KaHEOHOB. Hanboliee akTHBHBIM U MaKCHMAJTb-
HO NPUOIMKEHHBIM K Oepery sBIsieTcs KaHbOH AKyJa, PacliofioEeHHBINH B paiioHe
HNuxutckoro BeicTymna [1]. CTOK HAHOCOB B BEpUIMHY 3TOr0 KaHbOHA MOXKET JOCTHU-
rate 50 ThIC. M® B T0OJ, YTO COCTAaBIAET 0OJEE MOJOBHHBI OT BIOIEOEPErOBOrO
IIOTOKa HAHOCOB Ha paccMaTpHBaeMOM ydacTke Oepera [6], mo OLEHOYHBIM AaH-
HbIM paBHOro 80 Teic. M° B rox [1]. IToTepy IUISHKHBIX HAHOCOB B KaHbOHE AKya
SIBJISIFOTCS. OCHOBHOW MPUYMHON Bpe3anust MHkuTcKkoi OyxThl [1], rie oTcTymanue
Oepera B cpennem orenuBaercs B 0.3-0.5 m/rox [6]. Ha ucciaenyemoM yuacTke
BOJIM3K Oepera Ha JHE HET SPO3HUOHHBIX JOXXOMH, BIMAIOMIMX HA BAOJIBEOEPETOBOE
nepeMelleHre MIsHKeo0pasyoIero MaTepralia U BOJHOBBIE YCIOBHS.

Jlnnamuka G6eperoBoil JTMHUM HA Y9acTKE OT YCThs p. b3piom mo m. Iluiynna
MOJIBEPKEHA [IUKINUYECKUM KOJIeOaHusIM, 00yCIOBIMBAIOLINM YepPEJOBAHUE ITAIIOB
pa3MbIBa ¥ akKyMyJsinuMu Iuisbkeid. Ha cocrosHue mispkei 3amagHoro mooepexbst
[uiryHacKoro m-oBa OKa3bIBAIOT BIMSHIE KaK MHOTOJIETHHE U3MEHEHHS BOTHOBOM
AKTUBHOCTH MOPSI, TaK U U3MEHEHHUs B BEIMYMHE TBEpA0ro cToka p. b3siou. [lepu-
OJIbl BBICOKOH BOJIHOBOM aKTUBHOCTH OOBIYHO COBMAJAIOT C OOIIMM CHIKCHUEM
TBEpAOTO BBIHOCA pek. Kak crencTBue, 3amanHblii Oeper MOJyoCTpOoBa HAUYWHAET
pasmeiBaThca. ComocTaBiieHWE JAaHHBIX O BEJIMYKWHE TBEPAOTO CTOKa p. b3piom
ITOKa3bIBAET, YTO Ha €€ MPEIyCTbEBOM YYaCTKE NMEPHOANUECKU CO3/1aETCS OCTPHIN
neuut HaHOCOB WK UX M30bITOK. [Ipu coBMazeHny NeproI0B CHIKEHUSI TBEPO-
ro CTOKa peku ¢ (a30ii MOBBIIICHHOW BOJIHOBON aKTHBHOCTH HAOJIIOJAIOTCS Pa3Mbl-
BBl TUISDKEH 3amagHoro nodepexos uiyHapl, kak, Hampumep, B Hadase 1960-x rr.
[10]. 3MeHYMBOCTH TBEPAOrO CTOKA P. B3bI0M 1 BOIIHOBOTO pekrMa MOpPS CKa3bl-
BAeTCs U Ha CTOKE HAHOCOB B IIOABOAHBIE KAHHOHBI.

JuHamuueckue U3MEHEHUs1 KOHTypa OeperoBoil JIMHUH, 00YCIIOBIIEHHbIE pa3-
HBIMM LIMKJIAaMH BOJIHOBOW AaKTUBHOCTH W M3MEHEHUSIMH BO BPEMEHHM BEJIMYMHBI
CTOKa IUISKE0Opa3yronux HaHOCOB p. b3piOM, pasBuBaroTCs Ha (QoHE 00IIETO
OTCTyNaHusl OeperoBoi JIMHUYU I0Tr0-3alaiHOTo nodepexps [luiyHackoro m-osa.

3 Xuanaose I'. H. BrrHOCH HaHOCOB peKkamH UepHOMOpCKoTo ToGepexss Kapbkasa. Jlemwnrparn :
I'uapomereonsnat, 1978. 167 c.
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B MHOTONETHEM TIITAaHE ATOT y4acTOK moOepexbs M. IIumyHma oTHOCHTCS K paiioHy,
B KOTOPOM HMHTEHCHBHO Pa3BUBAIOTCS aOpa3MOHHBIC MPOLIECCH B OeperoBoil 30He
[11]. ConocTanenne a3pohOTOCHUMKOB U KOCMHYECKHX CHUMKOB YKa3bIBa€T, UTO
3a nocinexnue 80 siet Geper B paiione M. MHkuT orctynun Ha 6570 m [4]. K rory
oT VHKUTCKOTO 3ainBa NMPOTHO3HAs CKOPOCTb OTCTYNAaHHUA OEperoBOil JIMHUM
3a rocyieHue cTo JeT cocraBmia 60—110 m [12].

HecMoTpst Ha TO 4TO MIMpHHA rajledyHOro MUIsbKa Jocturaet 50 M, B ero Bepx-
Hell yacTu HaOI0Aat0TCs MOAMBIBBI IPEBHETO OEPEroBOro Bajia U HU3KOW Teppachl,
CJIO’KEHHBIX JIETKO Pa3MbIBAEMBIMHU OTJIOXKEHUSAMH. JTH MOIMBIBEI 00YCIOBJIECHBI
OONBIINMH BOJHAMH BO BpPEMs LITOPMA, HAKAT KOTOPBIX HE IaCUTCS IMOJTHOCTHIO
Ha HAaJBOJHOHN YaCTH Ja)Ke TAKUX LIMPOKUX IIIDKEH.

Ycryn pa3mbiBa ApeBHETO OEPETOBOTO Basla, CIOKEHHBIN IIECKOM C IPUMECHI0
rpaBHs ¥ MEJIKOM rabKy, CMelaeTcs B CTOpoHy Oepera. BonHsl pa3mbiBatoT Oepe-
TOBOM BaJl U HU3KYIO T€ppacy, 4TO MPUBOIUT K MaJCHUIO coceH (puc. 3).

Ha temmbl oTcTynanus 6eperoBoil JIMHUM CYIIECTBEHHOE BIIMSHHE OKa3bIBAcT
MOBTOPSIEMOCTh MPOXO’K/ICHNS CHIIBHBIX LITOPMOB, a TakKe KOH(Uryparms Oepera,
00yCIOBIMBAIOIIAasi HEOAHOPOAHOE paclpeieieHre BOIHOBOM »Hepruu. Ilo ome-
HOYHBIM JaHHBIM, CKOPOCTb OTCTYyINaHHUs OeperoBoil JMHUM B LIEIOM MEXIY MbICa-
mu Mukut u [Tnnysna 3a nocinennue 20 ner coctasuia 0.3—0.4 m/roa.

Penred mompogHOro ckioHa He omuHoponeH. Jlo rmiyounsr 10-11 M Ha amHe,
CIIO’KEHHOM DBIXJIBIMH OTJIOKEHHUSIMH, MIPOCIEKHUBAIOTCS HECKOIBKO 3PO3HOHHBIX
70XOWH, BEPLIMHBI KOTOPBIX BBIXOAAT Ha TMyOuHbI 5—5.5 M. [myOuHa Bpesa 3Tux
JO>XOMH OTHOCUTEIBHO OKPY)KAIOIIeH MOBEpXHOCTH AHA He mpesblmaer 0.6 m.
B paiione 5-5.5 M OTHOCHTE/BHO MOJIOTHH peiibed JHA MEPEXOIUT B O0OIee KPYyTOH,
(hopMupoBaHe KOTOPOro 00YCIOBIEHO CMELIEHHEM KPYIHOTO IUIHKE0Opas3yIoIero
MaTepralla K 30He OKOHYATEIbHOIO pa3pyLIEHHs] IITOPMOBBIX BOJIH.

[TogBonmHas yacTh LKA (0 TIyOWMHBI 5 M) OCIIOKHEHA PSIOM HETITyOOKHX
nonepeyHbix J0x0uH. [lo-BuauMoMy, 3TH JT0KOMHBI 00pa3yrOTCs BO BpeMsl LITOP-
MOB KaK KaHaJIbl CTOKa HAaHOCOB Ha riryOnHy. KpynmHoo010MOUHBIE HAHOCKH HE YXO-
JST MOpPHUCTee 30HBI OOpYIIECHHS BOJH, @ MEJKHE MO YKa3aHHBIM BBIIIE PO3HOH-
HBIM JIO)KOMHAM BBIHOCSITCS Ha 00Jiee HU3KHE TOPU30HTHI.

Puc. 3. IloaMbIB U MafieHHE COCEH C CEBEPHOI CTOPOHBI HUCCIIE-
JIyeMOro yJactka bepera

Fig. 3. The washout and fall of pine trees from the north side
of the investigated shore section
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3axiroueHue

Ha ocHOBaHWUM BBIMOJTHEHHBIX JTUTOAMHAMUYECKUX HCCIEJOBAHUN M aHaIH3a
JTAHHBIX MTOJTyYEHBI CIEIYIOIINE Pe3yIbTaThl:

— OCHOBHBIM HCTOYHHMKOM TOCTYIUIEHHUS IUISHKHOTO Marepuaja Ha paccMart-
PpYBaeMBIN y4acTOK Oepera sSBISIOTCS BBIHOCHI p. b3p1ou;

— IO BO3ACHCTBHEM BOJIH IEpEMELICHUE IUIHKHOIO TajlieqyHOro Marepuana
BO BJOJB0EPEroBOM IMOTOKE HAHOCOB HANPAaBIEHO HA IOTO-BOCTOK B CTOPOHY
M. [Iunynna;

— Oeper W JHO HOABOJAHOTO CKJIOHA Ha paccMaTpUBacMOM ydacTKe Oepera
CJIO’KEHBI JIETKO Pa3MbIBAEMBIMU AJUTIOBUAIBHBIMHU OTJIOKEHUSIMU;

— B HacTOSsIIIee BpeMsl B OEpETroBO 30HE JIEKHT IUISDK MUpHHOM 50-55 M;

— B BEpXHEW CBOCH YaCTH IUIDK CJIOXKEH IECKOM, MEHSIOLIIMMCS 10 Mepe
MIPOABIDKEHHUS B CTOPOHY MOPS Ha TaJIeYHO-TPaBHIHbBIE OTJIOKEHUS;

— IIWpHWHA IUISHKA TOJAEPKUBACTCS BIOIBOCPErOBHIM MOTOKOM, HJIYIIUM
oT ycTbs p. b3b10u;

— IIMpPUHA CYIIECTBYIOIIEro IUIDKA HEIOCTATOYHA JAJISl TOJIHOTO TalleHUs
IITOPMOBBIX BOJIH, O Y€M CBHUJIETEIbCTBYIOT IMOAMBIBBI APEBHUX OEPErOBhIX BaJOB;

— TIOAMBIBBI OCHOBAHHMU JPEBHUX OEPETrOBBIX BaJIOB OOYCIIOBJICHBI OOLIUM
OTCTYNaHWEM OeperoBoil JIMHUM B TpeJesiaX MOPCKOW Teppachl, pacioOKEHHOMH
MeX1y ycTheM p. b3piou u M. [umyHna.
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AHHOTAIHSA

Yriekucislii ra3 ABISETCS OJHUM M3 KIMMaTooOpa3yomnuX BEeIECTB, €T0 HOCTYyICHHIE
B arMoc(epy U AalbHeHIIee rnepepacipeesieHne B Bogax MupoBoro okeaHa UrparoT 3Ha-
YHUTENILHYIO POJIb B (DOPMHUPOBAHUY KJIMMaTa Ha 3eMJIe M BIUSIOT HA XapaKTEPHUCTHUKH BOJ.
N3ydeHne BHYTpEHHUX MOpeEH, Takux Kak YepHoe Mope, MMO3BOJISIET UCCIEI0BATh BIMSIHUE
atMoceproro CO, Ha XapaKTEpUCTUKU BOJA U OIICHHUTH BKJAJl PETUOHAIBHBIX IKOCHCTEM
B o6muit 6romxer CO; Box MupoBoro okeana. B pabote mpuBeneHb KOTHUECTBEHHBIC
ouenku noroka CO» Ha rpaHuie ¢ atMoc(epol, TpoaHaTH3UPOBaHa €ro HANPaBJICHHOCTD,
BBIJICJICHB! (DAKTOPBI, ompenensaiomue Beanunty notoka CO; B ceBepo-BOCTOYHOM YacTH
UepHoro Mopsi B XOJOAHBIN nepuoA. i aHanmu3a MCIOIBb30BAHbI JaHHBIC, IOJNyYCHHBIC
B X0ze 3KcreAnnnoHHbIX uccienoBannii Ha HUC «lIpodeccop Bonsaunkuii» B nexadpe
2022 r. BemuunHa mMoTOKa YTICKUCIOrO Ta3a Ha TPaHMIIE BoJa — aTMocdepa pacCUnTHIBA-
Jach C y4eTOM CKOpOCTH BeTpa M rpaauenta pCO; MeXIy MOBEPXHOCTHIO MOPS U MPUBOJ-
HBIM ciioeM atMoctepsl. [1o manabM npsimoro omnpenencHus pCO», 3HaueHns motoka CO»
B niekabpe 2022 r. U3MEHIMCH B IMPOKUX npesenax oT —0.05 1o —8.74 mmonb M 2-cyr !,
CpelHee 3HAYEHHE COOTBETCTBOBANO —2.11 % 1.79 Mmois M 2-cyT !, YCTaHOBIEHO, YTO B XO-
noxHeIi epuoA rofa motok CO, OBLT HampaBiIeH U3 aTMOC(Eps! B TIOBEPXHOCTHBIA CIIOH
Box. Takum obpa3om, Boasl KpeiMckoro mobepexbs ciry)xaT CTOKOM aTMoc(hepHOro
CO,. JloxanpHBIE MUHIMYMBI IIOTOKa HAOIIOAINCH B IOTO-BOCTOYHON "acTH KpBIMCKOTO
nobepexns. [Ipn ananmse koppersuorHoN cBs3u notoka CO; ¢ TeMneparypoi, CKOPOCTHIO
Betpa 1 ApCO, Hanbosee CHUIIbHAS CBSI3b BBISIBIIEHA CO cKopocThio Betpa (—0.93), cnabas —
¢ ApCO; (0.22). CnenoBaTenbHO, HHTEHCUBHOCTH 1oToKa CO; Ha rpaHuie ¢ atMocgepon
ompenensnach CKOpocTelo BeTpa. OnHako HampaBiieHHe NMOToka 3aBuceno oT ApCOs.
Bxnag temnepatypsl IposiBisics B n3MeHeHun KoHueHTpanuyu CO; B BOAHOM TOMIIE.

Kurouesnie cioBa: notok CO,, UepHoe Mope, yIIeKUCIBINA ra3, MapuualbHOE JaBICHUE
YIAEKHCIIOro Ta3a, UK yrieposaa

BaarogapHocTH: paboTa BBIIIOJIHEHA C WCIIOJIB30BaHMEM CpeacTB rpaHTa Ne 169-15-2023-
002 ot 01.03.2023 ®enepanbHOH CIIy’KOBI IO THAPOMETEOPOTIOTHH 1 MOHUTOPHHTY OKPY-
JKarollei cpesibl.
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Abstract

Carbon dioxide is one of the green gases and its entry into the atmosphere and further
redistribution in the waters of the World Ocean not only plays a significant role in the climate
on the Earth, but also affects the characteristics of waters. The research of inland seas, e.g.
the Black Sea, makes it possible to study the influence ofatmospheric CO2 on the characteristics
of waters and to assess the contribution of regional ecosystems to the total budget of the CO
flux of the World Ocean. The paper presents numerical estimates of the sea—air CO; flux,
analyzes its direction and identifies factors that determine the values of the CO; flux in the
northeastern part of the Black Sea during a cold period. For the analysis, the data obtained
during the cruise of R/'V Professor Vodyanitsky in December 2022 were used. The values of
the sea—air flux of carbon dioxide were calculated taking into account the wind speed and pCO»
gradient between the sea surface and the near sea surface atmosphere.
According to the direct measurements of pCO>, the value of the CO> flux in December
2022 varied widely from —0.05 to —8.74 mmol-m2-day~!, the average value being —
2.11 £ 1.79 mmol-m2-day~'. It was established that during the cold season, the CO> flux was
directed from the atmosphere to the sea surface. Thus, the waters ofthe Crimean coast serve as
a stock of atmospheric COz. Local minima of flux values were observed in the southeastem
regions ofthe Crimean coast. When analyzing the correlation ofthe CO2 flux with temperature,
wind speed and ApCOz, the strongest relationship was found with wind speed (-0.93), while
the weakest one was with ApCO2 (0.22). Therefore, the intensity of the sea—air CO2 flux
was determined by wind speed, while the direction of the flux was determined by ApCO:s.
The temperature contribution manifested as change in the concentration of COz in the water
column.

Keywords: CO; flux, Black Sea, carbon dioxide, partial pressure of carbon dioxide, carbon
cycle
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BEIECTB B aTMO-, JIUTO-, TUapocdepe. OIHUM U3 TaKHX MPUPOJHBIX LUKIOB SIBIIS-
eTCsl UKJI YIJIepo/ia, BAKHEHIIUM KOMIOHEHTOM KOTOPOTO SIBIISICTCS YTIICKHCIIBIN

ra3 (CO,) Y [1-5].
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London, UK : The Royal Society, 2005. 57 p. URL: https://royalsociety.org/-
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CO; oTHOCHTCS K KIMMAaTOOOpa3yIoIiM BemecTBaM [1—6], ero moctyruieHue
B aTMoc(epy U nanbHeiiliee mepepacupezeneHne B Bogax MupoBoro okeaHa
HE TOJIBKO WTpaeT 3HAYUTENBHYI POJb B (DOPMUPOBAHUHW KIMMaTa Ha 3eMIe
[1], HO M BIMsIET Ha XapakTepucTuku Box [1, 6, 7].

Boxst MupoBoro okeana, HECMOTPSI Ha HETIPEPBIBHBIA POCT YPOBHS aTMocdep-
Horo CO; (okono 0.4 % B rox) U JOCTUTHYTOE K HACTOSIIEMY BPEMEHHU COAEpKa-
uue — 6osiee 420 mxatm (URL: https://gml.noaa.gov/ccgg/trends/mlo.html), Bce eme
SIBJIIIOTCS €T0 €CTECTBEHHBIM CTOKOM. OHH morjiomarwTt a0 25 % arMochepHOro
CO; aHTPONOIeHHOT'O MPOUCXOKICHHUS, TEM CaMBIM CIIOCOOCTBYS CHMDKECHHUIO KOH-
nentpanuu CO; B atmocdepe [7]. OnHako ero HakoIUIEHHE B BOJHOM TOJNIIE BEIET
K HETaTHBHBIM TIOCIIEACTBUSAM ISl SKOCHCTEM BCEro MHpPOBOTO OKeaHa, YTO MPOsIB-
TS€TCSl B HAPYIISHUH TPUPOIHBIX PABHOBECHH, B YaCTHOCTH KapOOHATHBIX, YMEHb-
menny pH, CHIKEHUN KOHIICHTPAITUH KHCIOPO/Ia U TOSBICHUH 30H ero Aeduiura.
Co BpeMeHeM CHWXXAEeTCsA CIIOCOOHOCTh OKEaHa IOTJIONIaTh YTIEKHUCIBIA Ta3
u3 arMocdeps! [8—10], a B KpallHUX cIydasx BOJBI MOTYT cTaTh UcTOUHHKOM CO,
it atMocdepst [7].

[epBuunbiM (akTopom, ompenensitomum BiusiHue CO, Ha COCTOSIHHE MOp-
CKUX CHCTEM, SIBJISIETCS €r0 MOTOK M3 aTMoc(epbl, KOTOPBIA 3aBUCHUT MPH MPOYUX
PaBHBIX YCIIOBHSIX OT COOTHOIIEHHUs mapuuanbHoro nasieHus CO, B IPUBOJHOM
cioe aTMocdepbl ¥ paBHOBECHOTO MapIuaisHoro gaBieHrs CO; B TOBEPXHOCTHOM
cJIoe BOJI. DTO COOTHOIICHHUE OIPE/IeNsIeT HarpaBieHne u BenuanHy motoka COs.

BaxxupimM acniektom uccinenoBanuil noroka CO; Ha rpaHuie ¢ arMochepoit
u BenuunHbl pCO; B MOBEPXHOCTHOM CJIO€ BOJ ABJIAETCA M3yUEHHUE XapaKTepa
HM3MEHEHHH Ha MaciTadax BpeMEHHU OT CE30HHOIO JI0 MEXT0I0BOTO, YTO CBsI3a-
HO CO 3HAYMTENLHOW MPOCTPAHCTBEHHO-BPEMEHHON U3MEHUYMBOCTBHIO OHOJIOTHYE-
CKUX U (PM3HYECKHX MPOIIECCOB, BIUSIONIMX HA 3TH XapaKTEePUCTHUKH.

BuyTpeHHue MOps, 110 CPaBHEHHIO C OTKPBITBIMHU palioHaMu MUPOBOro oKea-
Ha, XapakTepu3yroTcs 0oljiee MHTCHCUBHBIM MPOTEKAaHHEM (QHU3MUYECKUX U Ouoreo-
XUMHYECKHUX MpOIeccoB. BenepcTBue 3Toro mx skocucTeMa Ooliee JUHAMHYHA
Ha BPEMEHHOM M NPOCTPAHCTBEHHOM MacuiTabax u Jro0oe BHEIIHEee BO3JICHCTBHE
nposiBisieTcst ObicTpee. K TakuM MpOSsIBICHUSIM OTHOCUTCS HPEXKIIE BCEro M3MEHe-
HHUE XapaKTEPUCTUK CUCTEMBI: KOHIEHTpauuu kuciopona u CO,, Bennuunbl pH,
a TaKKe CKOPOCTH M HAampaBieHHs NPOLYKLUHOHHO-IECTPYKIMOHHBIX IMPOLECCOB
[10]. Kpome Toro, 3Tu 3KOCHCTEMBI XapaKTepHU3YIOTCs 0oJiee BHIPaKEHHBIM OTKIIH-
KOM Ha n3MeHeHne koHneHTpanuu CO, B atMocdepe, YTO MPOSIBISIETCS B TIEPBYIO
ouepesb B CMEIICHUN PaBHOBECHI KapOOHATHOW CHCTEMBI, a TaKKe U3MEHECHUH
OKHCJIUTENBHO-BOCCTAHOBUTENBHBIX yeioBuii D [5-7, 10].

UccnenoBanne BHyTPEHHUX MOPEH TIO3BOJISET HE TOJNBKO M3YUUThH BIIUSHUE
atmoceproro CO, Ha XapaKTEPUCTHUKH BOJ, HO M OIEHUTH BKJIAJ PETHOHAIHHBIX
9KocucTeM B o0muit Oromxer notoka CO2 Bog MupoBoro okeaHa.

OpxHUM U3 TaKuX BHYTPEHHHX Mopei siBisieTcs UepHoe Mope. XapaKTepucTH-
KM ek OBBIX BOJ CEBEPHON YaCTH MOPSI B 3HAUYUTEIBHOM CTENEHH ONpPeNeIIsoT-
Cs1 IPECHOBOJIHBIM PEYHBIM CTOKOM U aTMOC(EPHBIM BKJIAZOM, CEBEPO-BOCTOYHOM
4acTu — a30BOMOPCKUMH BOJIaMU, TITyOOKOBOAHOW YacTH — OCHOBHBIM YepHOMOp-
ckuM TedenneM [11]. g 3Toro Mopst oTMedaeTCs IMTUPOKUHA THAIa30H H3MEHEHUS
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COJIEHOCTH W TemmepaTypsl [11], BEICOKasi HHTEHCHBHOCTh U CE30HHBIE W3MEHEHUS
MIePBUYHO-TIPONYKIIMOHHBIX MPOIeccoB [12], BRICOKHE 3HAUECHUS MIETOYHOCTH,
coaepkaHus 0o0mero HeopraHmdeckoro yriepoza [13—15]. Bee 3To B 3HaunTEND-
HOH Mepe ompenessieT COCTOSHIUEe KapOOHATHOW CHCTEMBI BOJA MOPSI, COJIepKaHUe
CO; B OBEPXHOCTHOM CJIO€ BOJ MOps U (GopmupoBanue noroka CO, Ha rpaHuIe
c armocepoii. Ilepeuncnennsie Boile (HakTOpPbl MOABEPKEHBI CE30HHON HM3MEH-
YUBOCTH; COOTBETCTBEHHO, U KoHIeHTparus CO, u motok CO, TakKe MPOSBIIOT
BHYTPUT'OJIOBYIO U3MEHUHUBOCTb.

Mo>kHO NPEANOI0XKUTh, YTO B XOJIOAHBIN neproa KoHmeHTpaius CO, 1omkHa
OTIPEAEISATHCS MPEXKIE BCEro aOMOTHYECKUM (PAKTOpPOM — TeMIlepaTypol U BEPTHU-
KanbHBIM TiepeHocoM CO, TIIyOMHHBIMH BOJaMH, a TaKKe OOMEHHBIMH IPOIecca-
MU Ha rpaHule ¢ atMochepor. B metHuit mepuon mpeobnagaromuM (HakTopom
JIOJDKEH OBITh OMOTUYECKHUN BCIIEJCTBHE MPOTEKaHMsI OMOT€OXHMMUYECKIX TIPOIIec-
COB C yJacCTHEM OPTaHHYECKOTO BEIECTBA.

Llenpto maHHOW PabOTHI OBLIO MOJYYHUTh KOJHMUCCTBEHHBIC OIEHKH MOTOKA
CO; Ha rpanuie ¢ aTMOC(hEpoil U BBIABUTH €r0 HANPABICHHOCTh, a TAKIKE BbI-
JnenuTh (hakTopbl, onpenenstomue Benrnuuny noroka CO, B paiioHe KpbiMckoro
noOepekbss YepHOTOo MOpS B XOJIOJHBIA NEPHON, KOrjaa MpeodiiagaeT BKIaL
abuoTH4ecKoro (hakTopa.

Panee ouenku noroka CO; 1151 AaHHOU SKOcKUCTEMbl YepHOro MOPS BBIIOJIHS-
JIUCh N0 PacYeTHBIM AaHHBIM [ 13] wnu 1uist okansHOTo panoHa [14].

MartepuaJibl 1 METOABI

B pabote ncnonb30BaHbl JaHHBIE, TOTYYEHHbBIE B XO0J€ SKCIEAUINOHHBIX HC-
ciegoBanuii Ha HUC «IIpodeccop Bomsuunkuii» B nexadbpe 2022 r. (125-i peiic,
0227 nmexabpsa 2022 r.). B cootBercTBum ¢ [11] 3TOT mepro OTHOCHTCS K MO31-
HEOCEHHEMY.

Paiton uccrnegoBanuii 1 cxema CTaHIMA 0TOOpa PO MPECTaBIICHB Ha puc. 1.
WccnenoBanHblil MOMUIoH BKIO4YaeT 12-MuibHY0 30HY KpbIMCKOTO TOOEpexbs
B ceBEpHOI yacTu YepHOro Mopsi.
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Fig. 1. Sampling map
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[IpoOsr U3 IPUBOAHOTO CIOst aTMOcdepbl OTOMpaich Ha Beicote 10 M Ha ypoB-
HeM Mopsi. TpyOka mist 3a60opa Bo3ayxa Oblila paclooKeHa TakuM 00pa3oM, 4To-
OBl IO BO3MOXKHOCTH u30exaTh moctyrmieHnss COz oT padodnx MeXaHU3MOB
cyasa. [ npsamoro omnpeneneHus 00beMHON KOHILEHTPALUU U NapuuajbHOro
nasinenus CO, ucnonb3oBaics uHppakpacHeid ananusarop LI-7000 ¢ paboyum
nuanaszonoMm kounenrpamud COz 0-3000 mun ' 1 mapos Boasl 0—60 MMOJIB/MOJIb,
MOTPEIIHOCTh U3MEPEHUH cocTaBisieT MeHee 1 % oT u3mepsiemoro 3HadeHus [15].

[TpoObl Boabl OTOMpANKCEH U3 MOBEPXHOCTHOTO ciost (1-3 M) ¢ MOMOIIBIO CH-
CTEMBbI HEIMPEPBIBHOM MOAAYM MOPCKOM BOJbL. Jlajmee BoJa ¢ MOCTOSIHHOM CKOpPO-
CTBIO HANpaB/UIaCh B AKBHIMOPATOp, C MOMOIIBIO KOTOPOTO YCTaHABJIWBAJIOCH
paBHOBECHE C ONpeIEICHHBIM 00bEMOM aTMOC(HEPHOTO BO3/IyXa MPU TEMIIEPAType
3a00pTHOM BOJIBI TIO METOMKE, OMMUCAHHOW B paboTe [15]. Bo3ayx u3 sxBuimbOpa-
TOpa NPOKAYUBAJICS C OCTOSHHOM CKOPOCTBIO Uepe3 siuerKy MH(PaKpacHOro aHa-
muzaropa LI-7000, B koropoit onpezaensiiack koHieHTpanus CO, U mapoB BOJIBI
Ipu TeMmIeparype s4deiku. TemmepaTypa siUeHKH ONMpenensiach TepMOAATIHKOM,
YCTAHOBJICHHBIM B Hell, U OblIa ypaBHOBELIEHA C TeMIIEpaTypoll armocdepsl,
OKpy>Karolel skBuinOpatop. Jlajgee KOHIEHTpANUs YTIIEKUCIIOrO Ta3a MepeBoIH-
Jach B MaplIMANbHOE AAaBJICHUE YTICKHCIIOro ras3a:

pCO2=x(CO2) - parm,

rae pCO, — mapuuaigbHOE NaBleHHe yriekucioro ra3a, MkatM; x(CO») — KOHIIeH-
Tpanus yrjaeKUcIoro ra3a, MKMOJIb/MOJIb; pATM — aTMOC(EPHOE JaBIIEHUE, aTM.

TemnepaTypa 1 COJIEHOCTh MOBEPXHOCTHOTO CJIOSI BOJl M3MEPSUINCH 30HAUPY-
oM koMmiuiekcoM IDRONAUT OCEAN SEVEN 320PlusM, a Ha MEIKOBOIHBIX
craamuax (Menee 50 m) — ruaponorumgeckum CTD-3oH10M «I"ATT-AK-16».

MeTteopoornueckue mapaMeTpbl H3MEPSUINCH C TTOMOIIBIO PETHCTPUPYIOMIEH
anmapatypsl KOMIUIeKca cOopa THAPOMETEOpOJIOrHYeckux NaHHbIX [16]. HaTunk
U3MepeHNs CKOPOCTH M HalpaBJICHUs] BETpa yCTaHABIMBAJICS Ha OOKOBOM BBICTpE-
ne anuHOW 1.5 M B HampaBieHuu JeBoro Oopra Ha (OK-MauTe, HANPaBICHUEM
Ha ceBep MO Kypcy cyAHa. BelcoTa yCcTaHOBKM JaTyMKa OT YPOBHS MOpPS COCTaB-
nsuta okosio 8 M. JlaHHBIE IPONLTH KOHTPOJb KAa4ecTBa ¢ OTOPAKOBKOW HEHAJIEK-
HBIX (ParMEHTOB U MPUBEACHBI K CTAaHIAPTHOM BhicoTe HabmoaeHus (10 m) [17].
CornacHo pexoMeHaanusM BceMupHOH METEOpOIOrn4ecKoi OpraHu3anuy, u3-
MEepeHHbIE MapaMeTpbl ycpeaHsanuch 3a 10 MuH, 1 JadpHEHIINN aHAIN3 IPOU3-
BOJWJICS YK€ HJIsl OCpeTHEHHBIX 3HaueHW. [lophIBEI BeTpa MpPWBOAMIHNCH Kak
MTHOBEHHBIE 3HAUEHUSI CKOPOCTH BeTpa 3a S ¢ [17].

3HadeHne TOTOKa YTIJIEKUCIIOro Ta3a Ha TpaHHWIle Boja — atMocdepa paccuu-
THIBAJIOCH TI0 YPAaBHEHUAM M C IOMYIIEHUSIMHU, ONMCAaHHBEIMHU B pabote [18], ¢ yue-
TOM CKOpOCTH BeTpa U rpagueHta pCO; Mexay MOBEPXHOCTBIO MOPSA M IPUBOJ-
HBIM CJIOEM aTMOC(EPHI:

Feo, =k Ko ApCOy, (1)

rae F., — HOTOK yIJIEKMCIIOrO ra3a Ha rpaHule ¢ aTMocdepoi, MOJIb*M 2-CyT |;

Ko — pactBopumocts CO, Monb-M>-atM ; ApCO» — rpajMeHT Mexay Haplyalib-
HBIM JIABJICHUEM YTJIEKUCIIOrO ra3a B MOBEPXHOCTHOM CIIO€ BOJA U B IPHUBOHOM
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cioe atMocdepbl, aTM; k — CKOPOCTh ra3onepeHoca, M-CyT |, mapaMeTpU30BaHHas
KaK (YHKIHS CKOPOCTH BETpa:

k=0.251-U?(Sc/660) 5,

rae U — ckopocThb Betpa, M ¢ '; Sc — uncno Ilmuara; kospduuuenr 0.251 — smmu-
PHYECKH BBIBEIEHHBIN mapameTp, cM-4 !, mwim-(m-¢ )2 [19].

Veranosieno [18], uto npu ckopoctu BeTpa Gonee 15 M'c™! MHTEHCHBHOCTD
MOTOKA YTJIEKUCIIOTO ra3a ONpeessieTcss COCTOSIHUEM MOBEPXHOCTH MOPs (ITy3bIpb-
KM, IIEpoxoBaTocTh). CkopocTh Berpa Gonee 15 m ¢! B 125-M pelice 3adukcupo-
BaHa He OblIa, TAKUM 00Pa3oM, MPH OLEHKE MOTOKOB YYHUTBIBAIHCH TOJIBKO CKO-
poctb BeTpa u rpagueHT pCO;.

Pe3yabTaTsl

B nexabpe 2022 r. cpenHss CKOpPOCTb BeTpa cocraBuia 4.2 £3.8 Mm-c”
py MHEHMMAaIbHON ckopoctu 0.7 M-c™!, makcumansHol — 8.2 M-c™!. Temmeparypa
MMOBEPXHOCTHOTO CJIOS BOJ M3MEHsUTach B mpeaenax 9.6—14.1 °C npu cpegHem 3Ha-
genuu 13.04 £ 1.06 °C.

Cpennee 3Hauenue pCO, MOBEPXHOCTHOTO CJIOSI BOJA COCTaBWIO 388 + 9 MKaTMm,
B TO Bpems kak pCO, MPUBOIHOTO CIIOSI aTMOC(ephl H3MEHSIIOCh B O0Jiee y3KOM
WHTEpBaJie U cpenHee 3HaueHune Obuto 434 + 4 mxatM. ['paguent pCO, mexay mo-
BEPXHOCTHBIM CJIOEM BOJI U TPUBOAHBIM ciioeM atMochepsl (ApCO»), Takum obpa-
30M, MPEUMYIIECTBEHHO ONpeersuicss M3MeHYMBOCThI0 pCO; MOBEPXHOCTHOTO
cios BoA. 3Hauenus ApCO, m3mMeHsuHch B mipenenax ot —32.70 mo —70.90 mkatwM,
cpemHee 3Ha4YeHHE cocTaBuio —45.64 + 8.56 mxatM. MOXXHO OTMETHTH, YTO TIO-
BEPXHOCTHBIN CIIOH BOJ B MEPUOJ MCCIEIOBAHIM OBUT HETOHACKIIIEH YTIEKUCIIBIM
ra3oM II0 OTHOIIEHHUIO K aTMocdepe.

Ha ocHOBe moJiydeHHBIX NaHHBIX MO ypaBHeHHIO (1) OBUTM paccUUTaHBI
3HaueHus notoka CO,. UnTtencuBHOCTh moTOKa CO;2 M3MEHsAIACh B IIUPOKOM
nuanaszone ot —0.04 mo —8.74 MMOab M 2:CcyT ' mpu CpeiHEM 3HAaYEHUU
2.11 £ 1.79 monb M 2-cyr !, OTpuuarenbHble 3HAYEHUs TOTOKA YKAa3bIBAKOT, YTO
B HCCIIelyeMblii epuof Boabl YepHoro mopst mornomator CO, u3 atmocdepsl,
ABIISISICH €T0 CTOKOM. PaccuMTaHHBIe 3HAYEHHWS MOTOKA COTJIACYIOTCS C IOYy4eH-
HBIMU paHee JaHHBIMHU JIJIsI BOJ NMPHOPEXHBIX paiioHOB KpbIMCKOro mobGepexbs
[14] u ceBepo-3amanHOt 9acTH €BpoOIEcKOro membda [S].

[IpocTpancTBeHHAsS W3MEHUYMBOCTH 3HaUeHH motoka CO, xapakTepu3oBajach
HEOJHOPOIHOCTHIO (pHC. 2, a). JIoKalbHble MUHUMYMBI 3HAU€HHH U MaKCUMaJlbHas
WHTEHCUBHOCTh IIOTOKa OTMEYEHbI B pailoHe BOCTOYHOTO mNoOepexbs Kpeima,
a TaKKe B I0XKHOU ero yactu (puc. 2, a).

KauecTBeHHO TIpOCTpaHCTBEHHAs W3MEHYHBOCTH BeMHIUHBI ToToKa CO; cOB-
MmajgjaeT ¢ paclpeaesiecHneM TeMIlepaTyphl, ckopocTd Berpa u ApCO, B moBepx-
HOCTHOM cJjio¢ BoJ (puc. 2). MuauMyMsl TemriepaTypsl 1 ApCO, TOBEpXHOCTHOTO
CJIOSl BOJI, a TaK)Ke€ MaKCHMallbHasi CKOPOCTh BETpa HAOOJAINCh B 30HAX MaKCH-
MaJbHOW MHTEHCUBHOCTYA U MUHUMAJIBHOHN BEJIMYHMHEI MOTOKA (puc. 2).

1

62 Ecological Safety of Coastal and Shelf Zones of Sea. No. 1. 2024



C.1l.

45.0°H

44.5°

C.II.

45.0°H

44.5°H

C.II.

45.0°

44.5¢

C.III.

45.0°0 71 66 -61 -56 -51 -46 -41 -36

44.5°

33.52 34° 34.5°

1 1 1 | 1 1 1 1 1
e
F.,,» MOTB M 2-CyT"

Aﬁ‘ 0,, MKaT™M

1
3559 B.JL. 36°

T
35°

Puc. 2. IlpoctpaHcTBeHHas M3MEHUYMBOCTh BEIWYHHHEI MOTOKa CO»
(a), Temnepartypsl (b), ckopoctu BeTpa (c¢) u rpaguenta pCO; (d)
o nanHeIM 125-ro pefica HUC «IIpodeccop Boasaumxminy

Fig. 2. Spatial variability of the sea—air CO, flux (@), temperature

(b), wind speed (c¢) and gradient of pCO> (d) by data of 125 cruise
of R/V Professor Vodyanitsky
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O0cyxneHue pe3yabTaToB

H3BecTHO, uTo BennuyuHa mortoka CO; B HauOOdbIIEeH CTEIEHH 3aBUCHUT
oT ckopocTH BeTpa u ApCO; [18, 19].

AHanu3 HalnX JaHHBIX ITOKa3al, 4To B Jekadpe 2022 r. motok CO, ompene-
TSICS TIPEMMYIIIECTBEHHO CKOPOCTRIO BeTpa (puc. 3), KodhHUIUEHT KOPPEIIun
(—0.93, sgBnsercs CTaTUCTHYECKH 3HAUYUMBIM IIPH JTOBEPUTEIHHON BEPOATHOCTHU
p = 0.99) yka3biBaeT Ha CWIIbHYIO JIMHEHHYIO CBSI3b. XapaKTep CBA3M UMEET o0par-
Hy0 3aBHcuMocTh. Hampasnenne noroka onpeznessier ApCO; Mex1y OBEpXHOCT-
HBIM CIIOEM BOJI U TIPUBOAHBIM ciioeM aTMochepsl. B cBoro ouepens, ApCO, ompe-
JiesieTcsl COOTHOIIeHHeM napuuansHoro faasinenus CO; B aTMocdepe U paBHOBeC-
HOro napuuanbHoro gasieHus CO, B HOBEPXHOCTHOM CJIOE BOJ.

Bemnunna pCO; MOBEpXHOCTHOTO CIIOS BOJ NPONOPLIHOHATFHA KOHIIEHTPAUN
CO; B Boge. Konnenrparust CO> 3aBUCUT OT OMOTEOXMMUYECKOTO (paKkTopa, Koraa
BCJICZICTBUE TpaHCQOPMAIM OPraHUYECKOTO BEIECTBA M 00pa3oBaHUs KapOOHa-
TOB TPOUCXOIUT MpoAyKuus win u3bsitie CO;z, MPOTEKArOIUe MO CIEIYIOLIIM
YPaBHEHUSIM:

6CO; + 6H,0 < 6H' + 6HCO;™ «> CsH1206 + 60,
Ca?" + 2HCO; < CaCO; + CO, + H,0.

Kpowme toro, conepxanne CO, B TOBEPXHOCTHOM CJIO€ BOJ] 3aBUCHUT OT TeMIIE-
paTypsl, KOTOpasi BIMAET HE TOJbKO Ha pacTBOpUMOCTh CO;, HO U HA UHTCHCUB-
HOCTHh OMOJIOTHYECKUX IMPOLIECCOB, @ TAK)Ke Ha CMEIICHHE XMMHYECKUX paBHOBE-
cuil B kKapOoHaTHOU cucteme [19]:

COx(g) <> COx(aq) > COzaq) + HO - H" + HCO3™ <> 2H" + COs*.

N3menenne kornenaTpanuu CO, MOKET OBITh TAKKE BBI3BAHO JUHAMHUKOM BOJI,
B yacTHocTH noctyrmieHueM CO; ¢ BogaMu U3 HIKeNexKalux cioes [20].

[Ipu 3TOM HEOXKHIAHHBIM PE3YIHTATOM OKA3aJICS CIIA0BIA XapaKTep CBI3U BEIIU-
yuHbl 10ToKa CO, 1 ApCO, (kosdduitent koppesiiyu 0.22, sSBisieTcs CTaTHCTH-
YeCKH 3HAYMMBIM NIpH J0BepuTesibHON BepoaTtHocTH p = 0.95). CHmwxenune ApCO;
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Fig. 3. Dependence of CO> flux ( FCO2 ) on temperature, ApCO- and wind speed
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COTIPOBOX/IAETCs CHIDKEHHEM MOToKa (puc. 3). B cBoto ouepens, camkenne ApCO;
CBHUJIETENBCTBYET O CHW)KEHUM pa3zHHULbl Mexay pCO; MOBEPXHOCTHOTO CJIOSI BOA
U puBoAHOTO cinost atMocdepbl. Tak xak pCO, MPUBOAHOTO €IIOs aTMOC(EphI B HC-
CJIeZyeMBIil TIEpHO/I TTOYTH HE M3MEH:IoCh (uamna3oH konebanuit +1 % mpu cpen-
HeM 3HaueHnd pCO», paBHOM 434 MKaTM), CHIDKEHHE Pa3HUIBI OOYCIIOBICHO YBEJIH-
yenueM pCO» 1, COOTBETCTBEHHO, KOHIIEHTpauu CO> B MOBEPXHOCTHOM CJIO€ BOJ.

VBennuenne koHneHTpauuu CO> B MOBEPXHOCTHOM CJIO€ BOJ IMPH HU3KHUX
TeMmeparypax 3Toro ciosi (okono 13 °C) MoxeT ObITh 00yCIOBIIEHO JHOO YBEIH-
yeHueM pactsopumoctd CO; IpH CHUKEHUH TeMIepaTyphl, 1100 AMHAMHUKOHN BOJ,
obecneunBaromiei moctymwieHne CO, U3 HIKEISKANUX CIIOEB BOJ, a TAKXKE pas-
JIO’KEHUEM OPTaHMYECKOrO BEILECTBA, 00PAa30BaBILETOCS B MEPHOL OCEHHETO LBe-
Tenus [12, 21].

Cas3p BenmuuHb ToToka CO; ¢ TeMIepaTypoil TOBEPXHOCTHOTO CIIOST BOJ HO-
CuJIa YMEpeHHbIH xapakrep (koddhduunent koppensuuu 0.47, ABISETCS CTATHCTH-
YECKH 3HAYMMBIM TIPU JOBEpUTETLHOM BeposaTHOCTH p = 0.99). C pocToM Temriepa-
Typbl HHTEHCUBHOCTB 1oTOKa CO, Ha rpaHuie ¢ atMocdepoii cHmxkanach (puc. 3).
OpHako Tak Kak Ha MHTCHCHBHOCTH IOTOKAa, KPOME CKOPOCTH BETpa, BIHUSET
u ApCO;, TO B JaHHOM ClIydae LeJIeco00pa3HO paccMaTpuBaTh aOCONIOTHBIE 3HA-
YyeHus (110 MOAYIII0) MOTOKA, KOTOPBIE OMPENeNAioT €r0 HHTeHCUBHOCTh. TakuM 00-
pa3oM, HY’)KHO OTMETHTh, YTO B XOJIOJHBIN TEPUOJ] TO/Ia YBEITHUCHUE TEMIIEPATyPhI
NpUBOJIUT K cHIKEeHHIO ApCO; 1, COOTBETCTBEHHO, YMEHBIIEHHIO ITOTOKa CO».

CrnenmoBarenbHO, MOKHO 3aKJIIOYUTh, YTO B Aekadpe 2022 r. mpeoliagaronmii
BKJIaJl B MHTEHCHBHOCTh TIOTOKa BHOCHUT CKOPOCThH BETpa, PU 3TOM HaIpaBlICHHE
notoka CO; omnpenensierca pasHuned pCO; MeXAy MOBEPXHOCTHBIM CIIOEM BOJ
Y IPUBOJHBIM CJIOEM aTMOC(ephI.

BriBoabI

B xosonHbIli mepuox rona BOABI CEBEPO-BOCTOUHON uyacTH YepHoro mops
ciyxar ctokoM atMocgeproro COs.

[To ganHBIM mpamoro ompexaeneHus pCO; B MOBEPXHOCTHOM CJIO€ BOJ
U npuBOAHOM cioe atMmocdepsl, moTok CO, B nekabpe 2022 r. u3MeHsIICS
B Upokux npeaenax or —0.048 1o —8.74 MMonb M 2:CyT ' mpH cpenHeM 3Ha-
genun —2.11 £ 1.79 mmons M 2-cyt . [Ipn 5TOM BBIpaKEHHBIX OCOOEHHOCTEN MPO-
CTPAaHCTBEHHOH HW3MEHYMBOCTH HE BBISABICHO. JIOKanbHbIE MHHHMYMBI TIOTOKa
Ha0JI01aJIMCh B BOCTOYHOM M I0’KHOM paiioHax KpeiMckoro moiyoctposa.

KauectBeHHO TpocTpaHCTBEHHAs: M3MeHYMBOCTh oTtoka CO; coBnagana c pac-
MpeIeICHreM TeMIepaTypsl, ckopocTu Betpa u ApCOs.

[Ipu amanmze koppemsanuoHHOW cBs3u moTtoka CO; ¢ TeMIrepaTypoi, CKOpo-
cTei0 BeTpa U ApCO, Hambosee CHIIbHAsI CBS3b BBIABIIEHA CO CKOPOCTBHIO BETPa
(-0.93), cmabas — ¢ ApCO; (0.22). Ilpu yBeTu4IeHNHN CKOPOCTH BeTpa HabIroaeTcs
yBeNIM4eHNe WHTEHCHBHOCTH moToka COj, MpW 3TOM HANpaBIEHHOCTH MOTOKA
CO: onpenensiercs ApCOz u, cOOTBETCTBEHHO, BennunHON pCO2 U KOHILIEHTpa-
nueid CO2 B TOBEPXHOCTHOM CJIO€ BOJI.

W3mepenust nposenensl B LleHTpe xomnektuBHoro nois3oBanus «HUC Ilpo-
¢deccop Bomsaunxkuity denepanbHOro rocyaapcTBEHHOTO OIOJHKETHOTO yUpexKie-
Husi Hayku DenepanbHOro MccieqoBaTenbCKoro neHrpa «MHcTuTyT Ouosioruu
roxHBIX Mopeit mmern A.O. KoBanmeckoro PAH».
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AHHOTALMSA

Ha 6a3e manHBIX cepum skcreannuii, mpoBeaeHHBIX B 2008—2019 rr., mpoaHanmn3npoBaHbI
0COOCHHOCTH CTPYKTYPBI ITOJISI KOHIEHTPALMK OOIETr0 B3BEIIEHHOTO BEIIECTBA HA ydacT-
Kax MOJBOAHBIX BBIITyCKOB FOPOACKNX CTOKOB. OIICHEH JHHEHHBIH MacmTad MX BIHSHUSL.
PaccMOTpeHBI 3aKOHOMEPHOCTH PACIpOCTPAHEHHsI CTOYHBIX XO3IHCTBEHHO-OBITOBBIX BOJ
npu Tpex Tunax GpoHOBO# cTparuduKauy BOJHON TONIM. BhIsBiIeHO, 4TO Ha Uccleaye-
MBIX TPUOPEKHBIX yYacTKax IOJe aHaJU3UPYEeMOW BEIUYMHBI KpalilHe HEOJHOPOJHO.
Ha noBepxHocTr Mopst Ha (hOHE HU3KOH NPUPOIHON KOHIIEHTPALUH HAOIIOJATUCH OT/IEIb-
HBIE MSITHA C KOHIIEHTpaLMeH B AECSATKH pa3 BhIIIe OKpyxkatomero ¢pona. OcHOBHas macca
B3BECH B pailoHe BBHINYCKOB HakamuBayiack B cioe 0—7 M. B moAmoBepXHOCTHBIX BOAax
B CTPYKTYpE paccCMaTpHBacMOro MOJIsi OTMEYEHBI JIOKaJIbHBIE MAaKCUMYMBI, a TaKkke 000c00-
JICHHBIE JINH3bl C MOHMXEHHOI CONEHOCThIO. AHTPOIOIEHHAsl B3BECH PACIpPOCTPAHSIIACH
Ha paccrosane 0.4—1.5 Mumm oT MecT BhImycKa. [1oaTBep K IeHbI N3BECTHBIE 3aKOHOMEPHO-
CTH PACHpPOCTPAHEHHS CTOYHBIX BOJA M3 IIyOOKOBOJAHBIX BBIITYCKOB, OTpEJEIseMbIe CTpa-
TU(UKaIKEeH BOAHON TOJIIN: CBOOOJHOEC MPOHUKHOBEHNE K TIOBEPXHOCTH B YCIOBHAX Of-
HOPOAHOW CpeJibl, MPEUMYIECTBEHHO FOPU30HTAIBHBIN EPEHOC MPH HAJMYUK CE30HHOTO
TEPMOKJIMHA U BBIXOJ] HA MOBEPXHOCTh MOPSI B CUTYallMH BETPOBOTO aNBEJIMHIA Ha (OHE
Pa3BUTOrO CE30HHOTO TEPMOKJIIMHA.

KuaroueBble cjioBa: o01iee B3BEIICHHOE BELIECTBO, TEMIIEPATYPa, COJIEHOCTh, aHTPOIIOT€H-
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Field of Total Suspended Matter Concentration
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of the Heraclean Peninsula (Crimea)
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Abstract

Based on the data of a series of expeditions conducted in 2008-2019, the paper analyzes
features of the structure of the total suspended matter concentration field in the areas of
underwater discharge outlets of urban wastewaters. The linear scale of their influence was
estimated. The regularities of domestic wastewaters distribution were considered for three
types of background stratification of the water column. It was revealed that the field of
the analyzed value was extremely heterogeneous in the studied coastal areas. At the sea
surface, against the background of low natural concentration, individual spots were observed
with a concentration ten times higher than the surrounding background. The main mass of
suspended matter in the outlet area was accumulating in the 0—7 m layer. In the subsurface
waters, the structure of the field under consideration shows local maxima, as well as
isolated lenses with low salinity. The anthropogenic suspension spread to a distance of
0.4-1.5 miles from the discharge sites. The paper confirms the known regularities of
the distribution of wastewaters from deep-sea outlets. These regularities are determined
by the water column stratification and are as follows: free penetration to the surface
in a homogeneous environment, predominantly horizontal transport in the presence of
a seasonal thermocline, and penetrate to the sea surface in a situation of wind upwelling
against a developed seasonal thermocline.

Key words: total suspended matter, temperature, salinity, anthropogenic impact, Heraclean
Peninsula, Black Sea
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Beenenne

C 2016 r. B CeBacTONOILCKOM pErruoHe, BOJM3M MCTOUYHUKOB 3arps3HEHHUS
B OyXTax M Ha OTKPBHITHIX Y4YacTKaX B3MOPbs, HPOBOAUTCS THUAPOIOTO-THIPOXHU-
MUYECKH MOHHTOPHHT COCTOSHHSI MOPCKHX BOJ], KOTOPBIA BKITIOYAET MCCIIEI0Ba-
HUE THUIPOAMHAMHYECKHX (PaKTOPOB, OMNPEACIAIONINX TIEPEHOC W HAKOIUICHHUE
B3BECH U 3arpA3HSIOIINX BEIECTB.

[lepBpie pe3ymbTaThl 3TUX HCCIEOBAaHMN C KOMIUIEKCHOW OIEHKOHW pacxojia
HMCTOYHUKOB M YPOBHS 3arPsA3HEHUS MOPCKOH Cpellbl, aHATH30M THAPOPUIUIECKUX
MPOIIECCOB U THAPOXUMHUUCCKUX MapaMETPOB OIMyOJUKOBaHbI B ctaThe [1]. B uacrt-
HOCTH, OHU KacaroTCsl OCHOBHBIX JIByX HanOoJee 3arpsi3HEHHBIX OTKPHITHIX Y4aCTKOB

Dkosoruyeckasi 0€30MacHOCTh MPUOPENKHOI U Hienb(oBoii 30H Mopst. Ne 1. 2024 69



CeBacTonosbCKOro B3MOPbs: / — y Bxoaa B bamakmaBckyio OyxTy, 2 — y 10T0-
3amagHoOro ydacTka Oepera I'epakielickoro momyocTtpoBa (paiioH M. PromneHT),
Ky/ia BBIBE/ICHBI KOJUIEKTOPBI CTOYHBIX XO3HCTBEHHO-OBITOBBIX BOJ T. banakiaBbl
u r. CeBactomodis (puc. 1).

B cratbe paccmarpuBaeTcs CTpyKTypa MOJIsl COAEpKaHUs OOIIero B3BELICHHO-
ro BemectBa (OBB) Ha aHHBIX ydacTKax.

BriOpaHHBIl mapaMeTp OTHOCAT K HamOojiee MH(POPMATHBHBIM IOKa3aTeNsiM
3arpsi3HEHHs BOJ NPUOPEKHBIX aKBATOPHM, a CTPYKTYpa MoJisi KOHIEHTPALUU JaH-
HOTO BEIECTBA COJACPKUT MH(POPMALUIO 00 NCTOYHUKAX aHTPOIIOTEHHOH Harpys3Ky,
CTETICHH WX BIHMSIHUS Ha BOJHYIO CpPEly, TPACKTOPHUSIX PACHPOCTPAaHCHHS 3arpsi3-
HSIIOIIMX BEHIECTB, MECTAX UX aKKyMYJSALUH U paccesHus [2].

AXTHBHBIC OKEAHOJIOTHYECKUE HCCIIeIoBaHMs 1MoJst conepkannus OBB B okea-
HaX, MOPSX M MPECHOBOJIHBIX BOAOeMax ObutM HadaThl mpuMmepHO 30 yeT Hazaf.
Torna B psiie 3apyOeKHBIX CTpaH ObUIM M300PETEHBI OCHOBAHHBIC HA ONTHYECKOM
OpUHOMIE 30HAUpYomue KoMiuiekesl (Midas CTD+Valeport Ltd, Benukobpura-
Hus, EXO2 Multiparameter Sonde, YSI Incorporated, CIIA, CTD90M — Probe Sea
& Sun Technology GmbH, I'epmanust, Metrece XL AML Oceanographic, CANAD, A).
Onu onepaTuBHO in situ onpeAessitoT KoHuenTpanuo OBB ¢ xopomum npocTtpan-
CTBEHHBIM pasperieHreM. TOYHOCTh H3MEPEHHUs COAEPIKAHUS STOr0 BELIECTBA BO3-
pociia Ha MOPSJIOK 10 CPABHEHHIO C TIPUMEHSBIIMMCS paHEe METOJIOM BhINapHBa-
HUS 1 TIOCJICAYIOIIETO B3BEIIMBAHUS CyXOTO OCTaTKa B OTOOPaHHBIX MPOOax BOJIBI.

7
35 M.Xepconec, |

(6 Kasassk

Puc. 1. Hccrenyemple y9acTKH Ha KapTe F0XKHOTO Oepera ['epakieiickoro moiry-
octpoBa. KpacHsIMHI KpyKKaMu 0003Ha4EHBI KOJIJIEKTOPHI CTOYHBIX XO35HCTBEHHO-
OBITOBBIX BOJ

Fig. 1. The studied areas on the map of the southern coast of the Heraclean Pen-
insula. The red dots are for municipal waste-water sewers
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C Havaia TEKyIIero CTOJISTHSI aHAJIOTMYHBINA 30H]I CTaJl UCIIONB30BATHC B MPAK-
THUKE MPUOPEIKHBIX IKCIECTUITMOHHBIX UCCIECI0BaHUN MOPCKOTO THAPOPUINIECCKO-
0 MHCTHTYTa, B YaCTHOCTH IPU HCCICAOBAHHUH PACHPOCTPAHEHHS CTOYHBIX BOJI
13 [TOJIBOJAHBIX KaHAIM3AIIMOHHBIX BBIIYCKOB B CEBACTOIOIBCKOM PETHOHE.

Lenu crarbu:

— BBISIBUTH MPU3HAKK aHTPOIIOTEHHOTO BO3JICHCTBUS HA BOJHYIO CPEy B CTPYK-
Type noJisi KoHueHTpaiuu OBB 1 TepMoXaaMHHOTO MOJIA Ha ABYX y4acTKax CeBa-
CTOIOJICKOT'O B3MOPBS, I PACIIONIOKEHbBI MOABOIHBIC BBITYCKH CTOYHBIX XO3i-
CTBEHHO-OBITOBEIX BOJ I'. banaknaee! u r. CeBacTOmONIS;

— OLEHUTh TOPU3OHTAIBHBIA M BEPTUKAIBHBIA MAcCIITa0bl aHTPOIOTCHHOTO
BO3JCHCTBHSI KKOI0 U3 UCTOYHUKOB Ha OKPYIKAIOIIYIO CPELy;

— pacCMOTpPETh BIUSHHE (POHOBOU CTpaTH(HUKALKMK Ha XapakTep paclpocTpa-
HEHHS CTOYHBIX BOJ U3 TPUIOHHOTO CJIOSI K TOBEPXHOCTH MOPS;

— COIOCTaBUTh PE3yJIbTAT C TOJYYCHHBIMH PaHEe Ha OCHOBE JIPYTMX METOJOB
M3BECTHBIMU 3aKOHOMEPHOCTSIMH PacClpOCTPAHCHHS KaHAJIU3aIlMOHHBIX CTOKOB
13 [IyOOKOBOIHBIX BBIIIYCKOB B 3aBUCUMOCTH OT CTPATH(HUKAI[MH BOAHOMN TOJIIIH.

Hcxoanblie JaHHBIC U METOABI HCCJICAOBAHUSA

J1s aHanu3a MCNOJIb30BaHbl MAaTepUalbl CEMU KOMITJIEKCHBIX IKCIIEIUIIN,
npoBeneHHbIX MopckuMm ruapoduzndeckuM uHCTUTYTOM (MI'U) M MHCTHTYTOM
6uonoruu 10xHBIX Mopei (MEBIOM) B 20082019 rr.

Pacnipenenenne ncxomaHoi mHGOpPMAITAH 10 paifoOHaM M BO BPEMEHH TIOKa3aHO
B Tabnune. Jleranu u 0coOEHHOCTH KOHKPETHBIX ChbeMOK PHUBE/ICHBI B TEKCTE CTATHH.

JlaHHBIE SKCIETUIIMOHHBIX WCCIeNOBaHUN ¢ Qukcanueil comepxanuss OBB B
aHaIM3UPYEMBIX paiioHax CeBacTOMOIbLCKOTO B3MOPhS

Data from expeditions with recording the total suspended matter content in the
analyzed Sevastopol coastal areas

Patiion / Opranuzanus / JlaTa cheMKH, y4aCTOK aKBaTOPUH /
Area Organization Date of survey, site of water area
09.05.2008, banaknaBckas 0. + B3MoOpbe /
WUHBIOM / 9 May 2008, Balakalava Bay + coastal area
IBSS 14.04.2010, banmakmaBckas 6. + B3Mopbe/
14 April 2010, Balakalava Bay + coastal area
1
29.05.2012, bamakiaBckas 0. + B3Mopbe /
MTIH / 29 May 2012, Balakalava Bay + coastal area
MHI 06.06.2012, BanakiaBckast 6. + B3Mopbe /
6 June 2012, Balakalava Bay + coastal area
27-28.05.2016, B3mopswe * /
27-28 May 2016, coastal area *
MTIU / 12-13.09.2016, B3mopse * /
2 MHI 12—13 September 2016, coastal area *

23.08.2019, B3mopne /
23 August 2019, coastal area

* Ha xomy cymHa.

* The ship was underway.
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Bcest ananusupyemast nHGopManus MoJIy4eHa ¢ MOMOILBIO BYX HPUOOPOB.
[lorpyxHO¥# aBTOHOMHBIH THUAPOOHOPUIMIECKUI MYyJIbTHIAPAMETPHUYECKHN
ontuueckuit 30u1 «Konmop» P («HIIIT «AxkBactammapt», TY 431230-006-
00241904-2015; xox TH BB/ EADC 9027 50 000 0; Ceprudurar EADC N RU
J-RU.OMO03.A.00096/19) npumensuicss B X0[e CTaHAAPTHHIX MOJHUIOHHBIX OKea-
HOJIOTHYECKHX ChEeMOK. B chemMKax Ha XOXIy CyIHA HCIIOJIb30BajCs MyTHOMEp-
TypOUAUMETpP, KOTOPBII BXOJUT B IPOTOYHBIN KOMIUIEKC MO THBIX UCCICI0OBaHUHA
MI'U (Tabnuia).

B xome kaxmoro 30HIMPOBAHUS C TUCKPETHOCTHIO Mo riayousae 0.1 M cuH-
XpoHHO (in situ) ¢pukcupoBanuch KoHueHTpanus OBB, TemmnepaTypa u coleHOCTb.
TouHoCTh OmpeneneHusl yKa3aHHBIX BEJIMYMH PaBHA COOTBETCTBEHHO +0.2 Mr/i,
+0.01 °C, +£0.05 EIIC.

B 1970-1980-¢ rr. corpynauku UucTuTyTa 6MON0THH 10KHBIX Mopeit HAHY
Mo PyKOBOACTBOM HM3BECTHOTO OKeaHoJiora npogeccopa B. . 3ana nposenn
KOMIUIEKCHBIE JKCIEPUMEHTAJIbHBIE M TEOPETHUYECKUE HCCIIEJOBAHUSA NPOLIECCOB
CaMOOYMIICHUSI U PACIIPOCTPAHEHUS] CTOYHBIX BOJA M3 KaHAJIU3ALMOHHBIX BBIITYC-
koB B UepHoM Mope. Pe3ynbTarhl 3THX HCCieIoBaHui 0000IIeHbl B MOHOTpa(UsIX
[3, 4]. CornacHo 3TUM MCTOYHHMKAM, KOJJIEKTOPHI I'TyOOKOBOJHBIX BBITYCKOB ClIe-
IyeT pa3MellaTh oA MMKHOKINHOM (TEPMOKIMHOM). J[aHHBII CIIOW MpensTCTByeT
MOIBEMY pa30aBICHHBIX KaHAJIM3AIIMOHHBIX CTOKOB K TIOBEPXHOCTH MOpS M oOec-
MeYMBAET MPEUMYIIECTBEHHO TOPU30HTAIIEHOE UX PacIpOCTpaHEHHE.

B xnure [4] mokaszaHo, uro y 6eperos KpriMa momoOHas cxema XopoIro pado-
TaeT B TEIUIbIE MECAIBl I'OJa B YCIOBHAX PE3KO CTPATU(QHULIUPOBAHHOM BOIHOM
Tonmm. B XoloqHOE Moyroue, Koraa BepTUKaIbHas CTpaTH(UKALUS OTCYTCTBYET,
(bakesbl CTOYHBIX BOJ CBOOOAHO MOAHMMAIOTCA K MOBEPXHOCTH MOps. OTIENbHO
pPaccMOTPEHBl CUTYallMH allBEJUIMHIOB B TEIUIBIH CE30H I'0/1a, KOTOPhIE 0CIA0ISIOT
BEPTUKAIBHYIO CTPaTU(HUKALNIO BOAHOM TOJIIIM U IPU KOTOPBIX (haKesbl CTOUHBIX
BOJI IPOHUKAIOT CKBO3b CE30HHBII TEPMOKIIMH K MMOBEPXHOCTH € TIIyOuHBI 50—75 M.

VYKa3aHHBIM pe3ysbTaT ObUI MOJYYEH IyTEM OTCIEKHUBAHUS Ha IMOBEPXHOCTH
MOpSI IEPEMEIIEHHS] U TpaHC(POPMAIMK [ISTEH POAAMHUHA, KOTOPHIM OKPAIIUBAIUCh
CTOYHBIE BOJBI. PacmipocTpanenue 3arps3HUTENEN B TONIIE BOJ U3 TOYEYHOTO KOJ-
JIEKTOPa pacCCMOTPEHO Ha 06a3e METOIOB YHCICHHOTO MOAETUPOBAHUSL.

Jlist permeHust MoI0OHON 3a/1aud MBI HCIIOIB30BAIM JIPYTrOil METOJ, OCHOBaH-
HBIH Ha aHajHW3e CTPYKTYpHI Nois KoHueHTpauun OBB u cBenenmii o ¢oHOBOI
cTpaTu(UKAH TEPMOXATMHHOTO TOJISL.

Bricokass TOUHOCTh M JUCKPETHOCTh MO BEPTHKAIM HUMEIOIIMXCS B HalleM
PaCHOPSDKEHUH SMIMPUYECKUX NaHHBIX MTO3BOJIMIM IPOCIEIUTh PACIPOCTpaHe-
HUE KaHaJIU3alMOHHBIX CTOKOB U3 PacCMaTPUBAEMBIX TTTyOOKOBOAHBIX BBHIITYCKOB
B K&XIOM M3 OTMEUYCHHBIX BBIIIEC CUTYyallMil: MPH OTCYTCTBHU TEPMOKJIMHA,
[IpY HATMYUKM PA3BUTOI0 TEPMOKJIMHA U B YCIOBHUAX BETPOBOIO aIlBEJIJIMHIA
Ha (OHE Pa3BUTOTO TEPMOKIIMHA.

Jo Hactosmero BpemMenu He ycraHosneHa I1JIK conepxanns OBB kak umc-
JICHHOTO ITOKa3aTeNs 3arpsS3HeHus] BOOHOH cpeabl. [loaToMy Amst OLleHKH 3HAYUMO-
CTH aHTPOIIOT€HHOM COCTaBIISIONIEH B I0OJI€ KOHIIEHTPALUK 3TOTO BEIIECTBAa €ro

DURL: http://ecodevice.com.ru/ecodevice-catalogue/multiturbidimeter-kondor (mara oGpamenus:
12.02.2024).
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(akTHUeCcKOe coaeprKaHNe CPaBHUBAIN C KOHIEHTpalrel, CBONCTBEHHON MPUPOA-
HOM cpejie — BOJIaM C HE3HAUUTEJIbHOM aHTPOIOreHHOM coctapstomiet OBB.

[To pesynbratam aHagnW3a MaTepPHATIOB MHOTOUYHUCICHHBIX IKCIEIUIIHI MBI
yCTaHOBHIIY, 4TO B Bojax CeBacromonbckoro peruona B cinoe 0-30 M conmepikanue
OBB u3mensiercs B mmpokom auanazone 0.2—19.0 mr/n, a ctpykrype GpakTu4eckoro
OJIs1 TAaHHOTO BeUIecTBa B OyXTax M HA OTKPBITHIX YYacTKaX B3MOPBSI CBOHCTBEHHA
ISITHUCTOCTD, 00YCIIOBJIEHHAS HAJIMYNEM JIOKAJIbHBIX MAKCHMYMOB aHTPOIIOT€HHOI
npupoabl. OTHHUIBTPOBAB COOTBETCTBYIOIINE IKCTPEMYMBI KOHIICHTpAUU U3 (ak-
THUYECKHUX IT0JICH, MBI TIPUIIUTA K BBIBOJY, 4TO KOHLEeHTpauus B 0.8 Mr/m oTBeuaer
cpele ¢ MUHUMaJIbHOW aHTPONOTreHHOH coctapmstomieit OBB [5-7].

OTO 3HaYEHHE, YCIOBHO NMPHUHATOE B KAYECTBE MPUPOAHON HOPMBI COAEP KaHUS
JAHHOTO BemecTBa B Bogax CeBacTONOJIBCKOTO PEeruoHa, UCIOIb30BAaHO KaK KpUTE-
pUii U1 OTIpeAeTIeHNs] YYaCTKOB, HE UCTIBITHIBAIOIINX aHTPOIIOT€HHOTO BIMSHHUSL.

[IpusHaky NpUCyTCTBUS aHTPONOTeHHOH (M3 KaHAIM3allMOHHBIX CTOKOB) B3Be-
CH — HEOJIHOPOAHOCTH B Toje KoHleHTpauu OBB B Buie nsateH (Ha MIOCKOCTH)
unu auH3 (B mpoctpaHcTBe) ¢ koHueHtpauueid OBB Gonee 0.8 mr/n. MuHoraa stu
BOJIbI B BUJIE JIOKAJIbHBIX MHHUMYMOB IIPOSIBJISUIUCH B I10JIE COJICHOCTH.

[To pacnonoxxeHnto HeomHOpOoAHOCTEH ¢ KoHIeHTpalueir OBB 6oee 0.8 mr/n
U UX OCOOBIM XaJIMHHBIM MpPU3HAKaM OBUTM BBISABIICHBI YYaCTKH aKBaTOPHH, MOJ-
BEp)KEHHBIE aHTPOIIOTEHHOW Harpy3ke, M OLIEHEH JIMHEHHBIH MacIITal BIUSHUS
paccMaTpUBaEMBIX BBITYCKOB CTOYHBIX BOZ.

Jnst ananu3a atMocepHON CHHONTHYECKOH CUTyallMH U MOTOJHBIX yCIO-
BHl, CONMPOBOXKAABIINX IKCHEAUIINOHHBIE HCCIEAOBAaHUS, OBIIN MCIIOIb30Ba-
Hbl CUHONTHYECKHE KapThl caiita ['mppomeruentpa Wetterzentrale (URL:
http://old.wetterzentrale.de/topkarten/fsreaeur.html). /lanHbIie 0 Oro/IC B3ATHI C Caii-
Ta http://rp5.am/Ilorona_Ha XepcoHECCKOM Masike.

Pe3yabTathl u 00cy:xneHue

PaccmoTpumM cTpykTypy modsi kormentpanuun OBB B ycnoBusax pasmmaHoi
(oHOBOH cTpaTHdUKAINK HA TPUOPEIKHBIX YUACTKAX PACHOIOKEHHS KOJIIEKTOPOB
cTOouHBIX BOA . banaknase! u r. CeBacronons (puc. 1).

Paiion 1 — banakiaeckas 6yxma u npunecarouuil y4acmox 63mopbs

OCHOBHOI HCTOYHMK 3arps3HEHHs] 3TOTO palloHa — KOJUIEKTOpP CTOYHBIX BOJ
r. banmakmiaBel, pacronoXeHHBIA Ha MOAX0/IaX K OyXTe Y FOr0-BOCTOYHOTO Oepera
Ha pacCcTOSHUU 55 M OT ype3a Boabl Ha riayoune 9 m [1] (puc. 1).

BepxHsad rpaHuia ce30HHOTO MUKHOKINHA (TEPMOKJIMHA) B 3TOM paiioHe Mops
B CpeIHEM 3ayeraeT Ha riayoune okomno 15 M [8], uro co3maer OnaronmpusTHBIE
YCIIOBUS JUIsE CBOOOHOTO MObeMa 3arPsS3HEHHBIX BOJ M3 MPUIOHHBIX TOPU30HTOB
Y BBIXOJIa MIX Ha ITOBEPXHOCTh B TE€YCHHE BCETO TO/IA.

O10T 3DPEKT MOATBEPKIAAIOT PE3YIBTATH MATH OKEAHOJIOTHYECKUX CHEMOK
BanaknaBckoli OyXTbl M CMEXHOH aKBaTOPHHM MOPS, KOTOpPbIE OBLIM BBHITOJIHEHBI
corpyaaukamu UubIOM B 20002006 rr. B X076 MOHUTOPUHTOBBIX UCCIIETIOBAHUN
3TOM OYXTHI M IpUJIeraromiero 3anuBa Merano-5io [8].

AHanu3 MaTepuaioB JKCIEANNINN MMOKa3al, YTO CTPYKTypa MOl KOHIIEHTpa-
nuu OBB o6magaer xapakTepHBIMH CBOMCTBaMH, KOTOPbIEe KAYECTBEHHO HE M3Me-
HSJTMCH OT ChEMKH K ChbEMKE.
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B paiione Bbilmycka HaOIrOAancs JOKAIBHBIA MaKCUMYM COJEpIKaHHUS 3TOTO
BEIIECTBa, KOTOPBI n3MeHsIicst B uHTepBase 7.1-18.6 mr/n. [Ipu aToM mpuaoHHbIH
MaKCUMyM OBIT MEHee 3HAYMUTEIbHBIM W TpuUMepHO B 1.5-3 pasza mpeBwiman
MIPUPOIHYIO0 HOpMY. Bcesi Tomma Box comeprkana aHTPOIIOTEHHYIO B3BECh, KOTOPas
B OCHOBHOM KOHLIEHTPHpOBAajach B BEpPXHEM ciioe TonmuHoi 3—7 M. ['opusoH-
TaNbHBIA MacImiTad JMH3Bl 3aTPS3HEHHBIX BOJ HAa MOBEPXHOCTH MOPS PaBHSUIICS
0.4-0.6 M. CoryiacHO THIPOXMMHYECKHUM HCCIIEOBAHUAM, TPU BETPE FOXKHOM
YEeTBEPTH, TPAaHC(HOPMHUPOBAHHBIE CTOYHBIE BOABI M3 paiioHa BBIyCKa IIPOHHUKAIIH
B KyTOBYIO YaCTb OYXTEHI.

Ha puc. 2 npownmrocTpupoBaHa cUTyalsi MaKCHUMaJIbHOTO 3arpsA3HEHUs pac-
CMaTPUBAEMOTO y4acTka, oTMedeHHas B aBrycte 2006 r. B moBepXHOCTHOM ciioe
Mops koHneHTpaius OBB nocrurana 18.6 mr/n, y qHa — 2.8 Mr/1, a TOpH30HTAIIb-
HBIH MacIITad JMH3bI 3arps3HEHHBIX BOJ paBHsuIcs npuMepHO 0.6 muin. OcHOBHOE
KOJINYECTBO UCCIIEYEMOr0 BEIIECTBA OBLIO COCPEOTOYECHO B ciioe 0—5 M.
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Puc. 2. Konnenrpamus OBB B paiione banakmaBckoii OyXThl B aBrycre
2006 T.: @ — B IOBEPXHOCTHOM cJIoe; b — y ITHA; ¢ — Ha TIPOJIOTEHOM pa3pese
yepe3 OyxTy [8]

Fig. 2. TSM concentration in the area of Balaklava Bay in August 2006:
a — in the surface layer; b — near the bottom; ¢ — at the longitudinal transect
of the bay [8]
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AHanu3 NaHHBIX NOCIEAYIOIIUX IKCIEAUI, mpoBeaeHHbBIX B 2008—2012 rr.
(Tabnuia), moKasaa Te jKe camMble OCHOBHBIE CBOWCTBA CTPYKTYPHI IO COJIEpIKa-
HUSI UCCIIEyEMOI'0 BEILECTBA, KOTOpbIE ObLIN BBIABIEHBI PaHEE, a TAKXKE €ro 3Ha4U-
TENBHYI0 KOHIIEHTPALUIO, Ha MOPSIOK MPEBBIIAIONIYI0 IPUPOAHYIO HOpMY (puc. 3).
OTO yKa3bIBAaeT HA 3HAYMTEIBHBIM pacxo] W CTaOMIIBHOCTH MapaMeTpOB paccMaT-
pPHUBAEMOTr0 UCTOUHUKA 3arPA3HEHMS] U CTEIIEHb €T0 BIIMSHUSA Ha BOJHYIO Cpeay.

Paiion BeImycka CTOUHBIX BOJ T. banmakmaBbl BeIAETSAETCS MAaKCUMAaJIbHON KOH-
neHTpanueit OBB aHTponoreHHol mpupoabl IO CPaBHEHUIO C APYTUMHU OTKPHITHI-
MU ydacTKamu 1mobepexns 1 Oyxtamu CeBacTONOIBCKOTO PETHOHA.

OTKJIUK BOJHON Cpefibl Ha JIOKAJIbHOE aHTPOIIOI€HHOE BO3JEHCTBUE HA IIOIXO0-
nax k banakinaBckoil OyxTe Tak:ke OTMEUEH B 0Jie COJICHOCTH. B paiioHe Bbimycka,
B LICHTPE JIMH3bl C MaKCUMallbHOHN KoHLeHTpanued OBB, Habmromanocs 3aMeTHOE
pacipecHeHHEe IOBEPXHOCTHOIO CJI0S1 BOJA B BUAE JIOKAJIbHOIO MUHMMYMa COJICHO-
cru. ConeHocTh B Touke 3Toro 3kcrpemyma Obina Ha 0.2—0.5 EIIC Hmxe okpyka-
o11ero oHa.
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Puc. 3. Konuenrpaumss OBB B paitone banakmasc-
Ko# OyxTsI B anpene 2010 r.: @ — B MOBEPXHOCTHOM CJIOE;
b —y nHa; ¢ — Ha NPOJIOIBHOM pa3pese uepe3 OyxTy

Fig. 3. TSM concentration in the area of Balaklava Bay
in April 2010: a — in the surface layer; b — near the bottom;
c — at the longitudinal transect of the bay
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Jnst cpaBHEHHUs, B 00J1aCTH IPUPOJHOTO ['€OPrueBCKOro NCTOUHUKA CyOMapH-
HOHM pasrpy3KH, HAaXOJIIeTrocs y oro-3amagHoro Oepera bamakmaBckod OyXThI,
3¢ ekt pacripecHEHNs B AECATKH pa3 MEHbIIE (aHAJIOTHYHBIA SKCTpeMyM He Ooiiee
0.02 EIIC) [8], uTo CBUAETEAHCTBYET O 3HAYMMOCTH BBINYCKAa CTOUYHBIX BOJ]
r. banaknaBsl kak Qaxropa 3arpsi3HEHUs] BOTHOM CpEb.

Pation 2 — akeamopus y 1020-3anaonozo bepeea I epaxneiicko2o noiyocmposa,
20e pacnonodicervl oyucmuvie coopyicenus «FOxcnviey

OTMeTrM 0COOEHHOCTh CTPYKTYPHI BOJ JAHHOIH aKBaTOPWUU — 3]1€Ch Ha TIyOu-
Hax ot 50 mo 100 M pacmonoXeH MOCTOSHHBIN (OCHOBHOW) IMUKHOKJIMH, COOTBET-
CTBYIOIIMH OCHOBHOMY YEPHOMOPCKOMY TaJIOKJIMHY. I3BECTHBIN UCTOYHMK 3arpsis-
HEHHS 3TOTO Y4acTKa B3MOPbS — CTOYHBIC XO3SWCTBEHHO-OBITOBBIC BOIBI OYHCT-
HBIX coopyxeHuil «tOxHbIe», T. CeBacTomnoins [1]. OTomoBoK TpyOOIIpoBoOaa ITHX
COOPYKCHHUU PaCIOIOKEH Ha PacCTOSHUU ~ 3 KM OT Oepera Ha rryOmHE 88 M.
B 2014 r. B nogBogHoM TpyOoIpoBoae Ha pacctosiaud ~ 700 M oT OGepera Ha TiIy-
oune 34-37 M oOpaszoBajach MPOTEUKa, KOTOpasi MPEBpaTHUIIACh B 3HAYMMBIN HUC-
TOYHHUK aHTPOIOTeHHOM B3BecH [1].

PacnipocTpanenue CTOYHBIX BOJ MOBBIIIICHHOW MYTHOCTH M3 MPOTEUYKH XOPO-
10 TIPOCJICKUBACTCS HA CITyTHUKOBBIX CHUMKAaX B BUJMMOM Jauarna3oHe (puc. 4).

B mae u cents6pe 2016 1. B paiioHe 04HCTHBIX coOopykeHu# «tOxHbIe» ObLTH
MIPOBEICHEI JBE dKcTieaunnu ¢ ¢pukcanuen conepxxkanns OBB na xomy cymna (tab-
nuia). U3mepenus kouneHTpauy OBB BRINOTHSUIMCH B YCTAHOBJICHHOM Ha O0pTY
CyJIHa TIPOTOYHON CHCTeMe, Ky/ia ObLT TIOMeIlleH MyTHOMEP-TypOuauMeTp. B paiione
TPYOBI CyTHO TIEPEIBUTAIIOCH HEPETYIIPHEIMA TayicamMu. Ha Hanbosee 3arps3HEHHBIX
y4acTKaxX, KOTOpPbIE Ha MOBEPXHOCTU MOPSI BU3YAIHHO BBIJCISUINCH B BUJE IMSATEH
MOBBIIICHHON MYTHOCTH, PaccTo-
STHAE MEXILy COCEIHHMH TalicaMi
COKpAIIanoch.

B mae 2016 r. 6bumn ucciue-
JIOBaHBl YYaCTKH B OKPECTHOCTH
000X BHIITyCKOB (pHC. 1; puc. 5, a).
B cents6pe 3Toro rojma msydaics
TOJIEKO Y4acTOK OJIMKHEro K Oe-
pery BBIITYCKa, OT TUISIKHOM 30HBI
§ /10 TOJIOBUHBI JUIMHEI TPYOOIPOBO-
.| 71a cTouHBIX BOJ (pHC. 5, b).

B.A.3345° B mae 2016 r. paboTb! BenHCh
B KApKYI0 MAJIOBETPEHYIO IIOTO-
Iy, KOTOpasi OIpenessiiach aHTU-

44.57° UL S ras sl
cuw. 5
44.56°]

44.55°

44.54°

33.4°

Puc. 4. CnyrHukoBeii cauMok (URL:
http://dvs.net.ru/SWCrimea/stoki_ru.shtml)
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y4acTKa paccMaTpHBAaEMOH aKBaTOPUH C HaHeE-
CEHHOH CXeMOi TpyOONnpoBOJa OYHCTHBIX CO-
opyxxenuit «lOxubie». KpacHbIMU KpyKKkaMu
0003HaYEHBI BBIITYCKH CTOYHBIX BOJ

Fig. 4. Satellite image (URL:
http://dvs.net.ru/SWCrimea/stoki_ru.shtml)
of the studied water area with a scheme of
a pipeline of sewage facilities Yuzhnye.
The red dots are for discharge outlets

[UAKJIOHATBHBEIM MallOTPaJUeHT-
HBIM TIOJIEM MPU3EMHOT0 aTMO-
ceproro naeneHus. CbeMka Obl-
Jla BBINIOJIHEHA B Hayaje TeIUIOTo
Ce30Ha, KOTJa YEepHOMOPCKUU
TEPMOKJIHNH (MUKHOKJIHMH) eIle
He cpOpMUPOBAH U BEPTHKAILHBIHI
oOMeH He orpaHWuYeH 3TUM 3Ile-
MEHTOM CTpaTH(HUKAITIH.
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OBB,
[ mr/n

33.38° 33.39° 334° B4, 33.39° 33.4° BA.

Puc. 5. Konuenrpauus OBB B cioe 0—1 M B paiione 2 B mae (a) u centsiope (b)
2016 r. YepHoii nmuHuel 0003HaYeH TPYOONPOBO/L C BBIITYCKaMH (KPYKKH KPacHO-
0 [BETa) CTOYHBIX BOJ

Fig. 5. TSM Concentration in the 0—1 m layer in Area 2 in May (@) and Sep-
tember (b) 2016. The black line is for the pipeline with discharge outlets (red dots)

AHanu3 3KCIEpUMEHTANIbHBIX JAaHHBIX [10Ka3aJl NPUCYTCTBUE 3HAUUTEIHLHOIO
KOJINYECTBAa aHTPOTIOTEHHOH B3BecH B BepxHeM ciioe Box. Ha done Huskoi (0.2—
0.4 mr/m), THDMYHOHN 1A OTKpBITOW wacTh YepHoro mopst koHueHTtpaunu OBB
AHTPOIIOT€HHAs B3BECH OT ABYX BBIITYCKOB, KOHIIEHTpALUs KOTOPOH B pa3bl U Ha MOPS-
JIOK IpeBocXouiIa (JOHOBBIE 3HAYCHUS, HAOMIOAaIach Ha IMpeobIagaomeil yacTu
akBatopuu. Han o6onmu BbIyckamMu ObUTH OOHApY>KEHBI JTOKAIbHBIE MAaKCUMYMBI
KOHIEHTpaIuu rccuemxyemoro Bemectsa 4.0-4.2 mr/n. Ot OxmkHEro k Oepery BbI-
ITyCKa aHTPOTIOTEHHAs B3BECh B BUJIC MATEH auameTpoM okojo 100 M pacmpoctpa-
HSUTach Ha MEIKOBOABE. B paifoHe MOpHCTOro BhIITycka HAOMIONAINCH OOLIMPHEIC
natHa guamerpom 1o ~ 200 M ¢ xoHneHtpauueit OBB, B 3—5 pa3 npeBbliuaBiieit
IIPUPOAHYIO HOPMY.

Cwemka 12-13 cents6ps 2016 r. mpoBoAMIaACh MPHU SICHOH MaJOBETPEHOU
(BeTep MepeMEeHHBIX HANPABICHUH CKOPOCTBHIO 2—3 M/C) MOroje, KoTopasl ompese-
Js1aCh MAJIOTPAJUEHTHBIM TI0JIEM TNPU3EMHOro aTMocdepHoro nasneHus. CeH-
TSAOpbCKast ChbeMKa ObliIa TIPOBE/ICHA B YCIOBHSX PA3BUTON BEPTHKAIBHON CTpATH-
(uKanMy Mo IIOTHOCTH, KOTOpas TUNMYHA JUI1 YepHOro MOps B KOHLIE JIETHETO
ce30Ha. Pe3ynbraT 3TOH ChEMKH MOATBEPAMI 3HAYMMYIO 3KPAaHUPYIOUIYIO POJb
CE30HHOTO TEPMOKIIMHA, MPEMATCTBYIONIETO PAclpOCTPAaHEHHIO (haKeIa CTOYHBIX
BOJ{ U3 IPUJIOHHBIX TOPU30HTOB B BEPXHUH CJION MOPSI.

Ha npeoGnanatomedd yactu uccieayeMol akpaTtopuu conepxkanne OBB
(0.4—0.8 Mr/;m) cOOTBETCTBOBAJIO MPUPOAHOI HOpMe. Jlunis B mpuOpexkHOI 30HE,
Ha y4yacTKe OJIMKHETo BBHITYCKa CTOYHBIX BOJ, ObUTH OOHApY>KEHBI OTENIbHBIC He-
Oonpmme martHa pquamerpom 10-50 M ¢ konnentpamuern OBB 1.0-1.2 mr/m, uro
IIPUMEPHO B YETHIPE pa3a HIDKE KOHICHTpPaluH, 3aUKCUPOBAHHON MaiCKOi
CBEMKOH (pHc. 5, b).

B aBrycre 2019 r. Ha momMroHe, pacroiaraBIIeMcs B IOJyMHJIE K CEBEpO-
3amaay oT TpyOOIpoBOJa OUUCTHBIX cOOpyKeHUH «HOKHbBIe», B YCIOBHUIX CHIBHO-
0 CTOHHOTO CEBEPO-BOCTOYHOIO BeTpa coTpyaHuku MI'U npoBenn KOMILIEKCHYIO
OKEaHOJOTHYECKYI0 CheMKY (Tabimma, puc. 1). DTOT ymadHBId SKCIEPUMEHT
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ITO3BOJIWII TIOJyYUTh MPEACTaBICHHE 00 OCOOCHHOCTSX CTPYKTYPHI BOJ M PacIpo-
ctpaneHnn OBB oT peanpHBIX NCTOYHHUKOB 3arps3HEHHS B CUTYAIlMU alBeJUIHHTA
Y MaKCUMaJIbHO CTPAaTU(HUIIUPOBAHHON BOIHOW TOJIIIIH.

Ha uccnenyemMoM ydyacTke B3MOPbs HAOJIOJIANICS PAa3BUTHIN CE30HHBIA TEPMO-
kinuH. Ero BepxHss rpaHuia pacnonaraiach Ha riryoune 7—11 M u Obuta mpumon-
HATa y Oepera, BEpTUKAIBHEIN TPATUEHT B TEPMOKIMHE (TI0 MOJYJIFO) TIPEBEITIIAI
1 °C/wm.

Ouar anBeJUIMHTa Ha MOBEPXHOCTH MOPS XOPOIIO MPOCISKUBAICST B TOJIE
TemnepaTypsl U kKoHneHTpannu OBB B Buie BHITIHYTOTO BJOJH Oepera MUHAMYyMa
atux BenmuuuH: 21.6-22.1 °C u 0.4-0.8 mr/n (puc. 6, a, b).

HecmoTps Ha Hanu4ue XOpPOIIO BBIPaXXEHHOTO CE30HHOTO TEPMOKIIHMHA, Ipe-
MIATCTBOBABIIIETO0 BEPTHKAIBHOMY OOMEHY, aHTPONOTEHHAas B3BECh, NMPOHUKIIASL
CKBO3b 3TOT AKPAHMUPYIOIIMM CJIOW B CHUCTEME BOCXOISINEH IUPKYISUUU anBei-
JIUHTa, OblTa OOHApY’KEeHa B BEPXHEM CJIO€ BOJI IMOYTH HA BCEU aKBAaTOPHHU ITOJIUTO-
Ha. [loBceMecTHO B HccielyeMoM paiioHe, 3a UCKIIIoUEeHHEM HanboJee yaaleHHbIX
OT TpyOOIPOBOa OYNCTHEIX coopykeHHH «HOXHBIe» ceBepo-3amaHbIX YIaCTKOB,
koHneHntparuss OBB mpeBbiana npupogHy0 HOPMY M HU3MEHSJIACh B MHTEpBale
0.8-2.6 mr/m.

44.576° 44.576°

44 572°

44.572°

44.568°

44.564° 44 564°

44.56° 44.56°

3337° 33.374° 3.378°

33.387° 33.389° 33.391° 33.393° 33.395° B.4

Puc. 6. Pacmpenmenenue rumpodmsndeckux 3ieMeHToB B aBrycre 2019 r.:
temrepaTypsl (¢) 1 koHuentpauu OBB (b) B HOBEpXHOCTHOM CJI0€ MOpSi; KOH-
uenrpauu OBB (¢) u conenoctu (d) Ha pa3pe3ax, OpUEHTHPOBaHHBIX 110 HOpMa-
1 K Oepery

Fig. 6. Distribution of hydrophysical parameters in August 2019: temperature,
°C (a) and TSM concentration, mg/L (b); TSM concentration, mg/L. (c¢) and
salinity, PSU (d) at transects normal to the coast
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B 10)kHOIi YacTy MOJIMTOHA B HEMOCPEACTBEHHOM OJIM30CTH K TpyOe 3aduKcu-
poBaH (parMeHT JIMH3bI C BEPTHKAJIBHBIM MAcCIITa00OM 3—5 M U MaKCHMaJbHBIM
conepkanuem OBB 2.4-2.6 mr/n. AHTpONIOreHHAast B3BeCh HAOJI0AIach B BEpXHEM
CJI0€ BOJ Ha aKBATOPHUH C JIMNHEHHBIM pa3zmMepoM okouto 1.0—1.5 mmis (puc. 6, b, ¢).

OTKJIMK HA aHTPOMOTE€HHOE BMEUIATENIBCTBO B COCTOSIHUE BOJHOU CpPEbl Ha HC-
CJIEZlyeMOM Y4YacTKe B3MOPbS OTHETIMBO OTPAXXEH B CTPYKTYpE XAIMHHOTO IOJIS.
BeprukanbHasi CTpyKTypa BBIMIEANAX K TOBEPXHOCTH MOPS TpaHCHOPMUPOBAH-
HBIX CTOYHBIX BOJ UMEJIa TPU3HAKH aHTPOIIOTEHHOTO BO3/eicTBIsI. OHU OCOOCHHO
SIPKO TIPOSIBIUIACH B CTPAaTU(UKAIIUU TIOJIS COJICHOCTH B ITOJATIOBEPXHOCTHOM CIIOE
5-20 M B BHJe HEOJHOPOJHOCTEH, KOTOPHIX HE JOKHO OBITh B He3arpsi3HEHHOU
BOJIHOM cpeje.

Ha oxpyxaromem (oHe 3T oOpa3oBaHWsA OBLIN IPEICTaBIECHBI 000COOJICH-
HBIMH JIMH3aMH C BEPTUKAIBHBIM pa3mMepoM 3—10 M u noHmwkeHHod Ha 0.05-0.2 EIIC
COJICHOCTHIO (puc. 6, d).

OTmeTnM, 9TO cJeabl MPOSBICHUI cOpoca CTOYHBIX BOJ HA MTOBEPXHOCTH MOPS
B CeBacTOMOIILCKOM PETHOHE TaKkKe OOHApyKEHBI Ha OCHOBE aHAIIN3a JIaHHBIX BHICO-
KOT'O [IPOCTPAHCTBEHHOT'O Pa3pelleHusi co CcyTHUKOB Landsat8 n Sentinell [10, 11].

Pe3ynpTaThl HaCTOSAIIETO HCCIIEAOBAHMS, Kacaroluecss OCOOEHHOCTEH pacipo-
CTpaHEeHHs B3BEIICHHOTO BEIIECTBA W3 TOIBOJHBIX BBITYCKOB CTOYHBIX XO3SH-
CTBEHHO-OBITOBEIX BOJ T. banaknaBel u r. CeBacTONoNS pH pa3inyHON CTpaTugu-
Kalluy BOJHOM TOJILIHM, COOTBETCTBYIOT OCHOBHBIM 3aKOHOMEPHOCTSIM PacIpocTpa-
HEHUs KaHaJIW3alMOHHBIX CTOKOB M3 TOJBOJHBIX BBITYCKOB y OeperoB KpriMa,
KOTOpBIE OBLIN BBISBIICHBI aBTOpaMu MOHOTpadwuii [3, 4].

Crnenmyer OTMETUTh, YTO yKa3aHHbBIE aBTOPBI HCCIENOBAIN PACIPOCTPaHEHHE
HCKYCCTBEHHOT'O KpacHuTeNs, TorJa Kak B HallleM cilydae paccmaTpuBaercs OBB —
napamerp (paKkTHYECKOTO COCTOSIHUS BOJHON Cpefibl. JTO JIBa PAa3HBIX BEIIECTBA, U
KaXI0€ M3 HUX MOTJIO TIO-Pa3sHOMY PaclpOCTPAHATHCSA B YCIOBUSX OJHOTO U TOTO
e Tuna GoHoBoi cTpartudukanuu. OOHApYKEHHOE CXOACTBO PE3YJIBTaTOB OMpe-
JIeNIIeT BO3MOYKHOCTh MPUMEHEHHs] pACCMOTPEHHOTO B HACTOSILEH CTaTbe METoJa
JUT VICCTIEIOBAHUS PACTIPOCTPAHEHUS! KaHAJTU3AIMOHHBIX CTOKOB U3 TIIyOOKOBOJ-
HBIX BBITyCKOB. OH ONIEpPaTUBHBIA U MEHEE 3aTPaTHBIH.

Tak, BBITIOJHEHUE KOMIUIEKCHOW ChEMKH IpH rmoMoInu 30H1a «Konmop» ¢ duk-
canueit koHenTpanuu OBB Ha ydacTkax pacmonokeHus BBIITYCKOB CTOYHBIX BOJ
r. banaknase! u r. CeBacTonos MpU CKOPOCTH CyIHA 6—8 y37I0B U IITyOHUHE 30HAU-
poBanus 100 M 3aHMMaET HECKOJIBKO YacOB.

K TomMy e MeToi, OCHOBaHHBIIM Ha omnpeneneHun koHieHrpaiuun OBB, 6onee
nH(POPMATHBEH, TaK KaK JaeT MpPEeJCTaBIEHHE O TPEXMEPHOU CTPyKType (paxktuue-
CKOTO TIOJISI B3BECH, UTO TTO3BOJISIET MTPOCIIETUTH PACIPOCTPAHEHHE STOTO BEIIECTBA
B BoJHOU Toiie. Habmonenus 3a kpacureneM [3, 4] BEIUCh TOIBKO HA MIOBEPXHO-
CTH MOPS TIOCPEACTBOM a3pOoPOTOCHEMKU. B Tomiie BoJ pacnpocTpaHeHHe B3BECH
MOJIEITUPOBAJIOCh.

3akia0uenne

Ha ocHoBe naHHBIX cemMH dKcneauIiui, npoBeneHHbix B 2008-2019 rr., mnpo-
aHAIM3UPOBaHA CTPYKTypa moss KoHneHTpauun OBB u TepMoxammHHOTO moss
Ha y4acTKax y IokHoro Oepera ['epakiiefickoro moiyocTpoBa, Tlie PacloIOXKEHBI
TIOJIBOJTHBIE BBHITYCKH CTOYHBIX XO35HCTBEHHO-OBITOBBIX BOJ I'. banaknassl (paiioH /)
u 1. CeBacromons (paiton 2). OmnpeneneHbl NMPU3HAKHA TMPUCYTCTBUSA CTOYHBIX
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XO3AHCTBEHHO-OBITOBBIX BOJ. OleHeH MaciuTad aHTPONOreHHOTO BO3IACHCTBHS
Ka)XI0r0 M3 pacCMOTPEHHBIX MCTOYHMKOB Ha OKpYyXarollyto cpeny. Paccmorpeno
BIIUSTHHE (OHOBOW CTpaTU(UKALWK Ha PACIpPOCTPAHEHHWE CTOYHBIX BOJ W3 TIPH-
JOHHOTO €0 K MTOBEPXHOCTH MOPA.

[TokxazaHo, 4TO B Ka)XKJIOM U3 HCCIEIOBAaHHBIX PAOHOB B I0JI€ KOHLIEHTPALIUU
OBB crounble X035HCTBEHHO-OBITOBBIE BOJBI MPOSBIISIOTCS B BHUIC JIOKAJBHBIX
MaKCHMyMOB C KOHLEHTpalWeH, B pa3bl U B AECATKH Pa3 MPEBBIIAOMEN TPUPOI-
HyI0 HOpMy. MHOT/1a 3TH BOJBI OOHApPY>KMBAJHNCHh B TOJE COJEHOCTH B BHUE JIO-
KaJIbHBIX MUHUMYMOB.

B paitone / pacrnosnoxeHHe HaJ CE30HHBIM TEPMOKIMHOM KOJUIEKTOpa CTOY-
HBIX BOA I'. banakmaBel criocoOCTByeT cBOOOIHOMY MOIBEMY aHTPOIIOI€HHOH B3Be-
CH U3 IPUIOHHOTO TOPU30HTA K IIOBEPXHOCTH MOPS B TEUEHHE BCETO TOAA.

B atom paiione ctpykrypa mons koHueHTpaun OBB otnmmnuanaces ctabuisHO-
cteio 1 B TeueHue 2000—2018 rr. xapakTepru30Baiach CICAYIONIAMU CBOHCTBAMU.
B nosepxHocTHOM cioe TonuuHON 3—7 M HaOmroAancs JOKaJbHBIA MaKCUMyM
7.1-18.6 mr/n. Bes Tonmma BoA copeprkana aHTPOIIOTEHHYIO B3Bech. BiusHue Ko-
JIEKTOpa pacnpocTpansioch Ha paccrosiHue 0.4—0.6 Muau OT TOYKH BhIITycKa. Paii-
OH / BBIIEsIETCS MaKCUMaIbHOW KoHIeHTpanueld OBB anTpomorenHo# mpupo st
[0 CPABHEHHUIO C JIPYTHIMH OTKPBITHIMH ydacTKaMHu U OyxTtamu CeBacTOMOIBCKOTO
peruona.

B paiione 2 mpocnexkeHa KaueCTBEHHas 3aBUCUMOCTb pacnpocTpanenust OBB
AHTPONOI'€HHON IPUPOABI OT cTpaTH(duKauy BoA. B curyanuu, Korga ce30HHBIN
TepMOKINH HE chopmupoBan (Mait 2016 T.), B TOBEpXHOCTHOM ciioe ObLTa 0OHa-
py’XkeHa aHTpOIIOT€HHAs! B3BECh, KOHIIEHTPALMS KOTOPOW B pa3bl M Ha TOPSIOK
npeBocxouia GoHoBbe 3HaYeHUs. [IpH pa3BUTOM CE30HHOM TEPMOKIHUHE (CEH-
120ps 2016 r.) Ha mpeobnanaromeii yactu akBatopun coaepxkanne OBB cootsert-
CTBOBaJIO NpupoaHoil HopMme. B aBrycte 2019 r. B cuTyanuu anBeyuiMHIa U pa3Bu-
TOTO CE30HHOTO TEPMOKIIMHA aHTPOIIOT€HHAs B3BECh HAOII0/1a1ach B IIOBEPXHOCT-
HOM CJIO€ BOJI Ha BCEH aKBaTOPUU IIOJIUTOHA.

B paiione 2 BnusHIE CTOUHBIX BOJ] paclpocTpaHseTcs Ha pacctosHue 1-1.5 Muip
OT MECTa BBIIYCKa.

Pe3ynbTaTel HaCTOSAIIETO UCCIIEOBAHNS, OCHOBAHHBIE HA aHAJIMN3E CTPYKTYPHI
nossi koHeHTpauun OBB, moaTBepknaroT BBIABICHHYIO paHee Ha 0Oase Ipyrux
METOJIOB 3aBHCHMOCTh PACIpPOCTPAaHEHHS KaHAIM3AIMOHHBIX CTOKOB OT (hOHOBOIt
cTpatuuKay BOJ AJIsl TITyOOKOBOAHBIX BBITYCKOB B paiioHe KpeimMa. D10 m03BO-
JIeT IPUMEHATh UCTIOIb30BAHHBIM HAaMM METOA JJIsl UCCIIE0BAaHUs paclpocTpaHe-
HUSI KaHAIM3aLUOHHBIX CTOKOB U3 ITyOOKOBOJHBIX BBIITYCKOB.
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AHHOTaI Mg

KonnenTpanus OHOTeHHBIX BEIIECTB B BOJE MOPCKHX YCTHEB PEK SIBIICTCS JIMMUTHPYIO-
oM (aKTOPOM KU3HEIEATSIFHOCTH THAPOONOHTOB. [103TOMY HCCiIemoBaHNE ATOTO Mapa-
MeTpa BaXKHO U1 OLEHKU U IPOTHO3UPOBAHUSI COBPEMEHHOTO COCTOSIHUS YCThEBBIX 3KOCH-
creM. Jlo HacTosIIero BpeMeHH M3MEHUYMBOCTH KOHIICHTPAIIMH OMOTEHHBIX BEHIECTB aHa-
JU3UPOBAIIN TI0 CPETHUM 3HAUCHHSAM 332 HEOJTHOPOIHBIE WIH KOPOTKHE MEPHOIBI, IKCTpPE-
MyMaM WJIH JAaHHBIM OTHEIBHBIX CHEMOK, YTO HE OTPa)XkaJlo PeXKMMa ITHX DIEMEHTOB
B COBPEMCHHBIN KIMMaTHUeCcKui nepuoa. Llens paboThl — JaTh COBPEMEHHYIO XapaKTe-
PUCTHKY M3MEHUYMBOCTH COACpKAHHMSI OMOTEHHBIX BEIIECTB B BOJE YCTHEBOTO B3MOPBS
p. UepHOUl U OLIEHUTh KauyeCTBO BOJBI 110 3TUM KOMIIOHEHTaM 3KOcUCTeMBI. [[jisl aHanusa
WCIOJIb30BATINCH MaTEPUaIbl TUAPOXUMHUECKUX cheMok 3a 1991-2020 rr. KadecTBo BOJBI
OLICHUBAJIM IO MHACKCY 3arpA3HCHHOCTU BOJbI 6I/IOF6HH]>IMI/I BCUICCTBaAMH, a CaMOOYHIIIa-
IOIYI0 CIIOCOOHOCTh YCTHEBOI'O B3MOPbS — IO HHICKCY TpaHC(HOPMAI[MU OTIEIbHBIX
OMOTCHHBIX BEIIECTB. YCTAaHOBJICHO, YTO pPACIPECICHUS KOHICHTpAIMi OWOTEHHBIX
BEILECTB KpailHe acuMMeTpHuHble. B CBsI3U ¢ 3TUM BIiepBbI€ HCIIOJIB30BAHBI paclpeielie-
HUS MEJMAHHBIX KOHIICHTPAIMA HUTPATOB, HUTPUTOB, aMMOHUITHOTO a30Ta U pocdaron
B BOJIC YCTBEBOTO B3MOpPHBS p. UepHOil, KOTOpBEIE B pacCMaTpUBAEMOM paiOHE HE IMPEBEI-
[IaJy MPeAeNbHO TOMyCTUMBIX 3HAUCHUH. AHAIN3 BPEeMEHHOW M3MEHYMBOCTH CpPETHEH
TOJI0OBOH KOHI[EHTPAIlUN OMOTEHHBIX BEIIECTB IOKa3all OTCYTCTBHE 3HAYMMBIX TEHICH-
uuid. [loxydeHHBIE pe3yNbTaThl MOTYT HCIIONB30BAaTHCS B OATaHCOBBIX OIIEHKAaxX W pac-
yeTax aCCUMWIALIMOHHON EMKOCTH YCTBEBOTO B3MOpPBS p. UepHOM.
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OMOTEHHBIX BEILECTB, OMOTeHHbIC BEIIECTBA, HH/IEKC 3arps3HEHHOCTH BObI, KAYECTBO BOJIBI
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Variability of Nutrient Concentration in Waters
of the Chernaya River Estuarine Zone (Sevastopol Region)

S. V. Narivonchik

Marine Hydrophysical Institute of the Russian Academy of Sciences, Sevastopol, Russia
e-mail: Narivonchik s@mail.ru

Abstract

Nutrient concentration in the water of sea mouths of rivers is a limiting factor in the life
activity of hydrobionts. Therefore, studying this parameter is important for assessing the cur-
rent state of mouth ecosystems and its forecasting. Until now, the variability of nutrients
has been analysed by their average concentrations over heterogeneous or short-term peri-
ods, extremes or individual surveys, which do not reflect the regime of these elements
in the modern climatic period. The paper aims to give a modern description of the nutrient
concentration variability in the Chernaya River estuarine zone and to assess water quality
based on these components of the ecosystem. For the analysis, we used data from hydro-
chemical surveys for 1991-2020. Water quality was assessed by the nutrient water pollu-
tion index, whereas self-purifying capacity of the estuarine zone was assessed using a trans-
formation index of selected nutrients. The distributions of nutrient concentrations were
found to be extremely asymmetrical. In this regard, we obtained for the first time the distri-
butions of medians of nitrates, nitrites, ammonium nitrogen and phosphates in the water
of the Chernaya River estuarine zone. In the study area, these median concentrations
of nutrients did not exceed the maximum permissible values. Analysis of the temporal vari-
ability of average annual nutrient concentrations showed the absence of significant trends.
The obtained results can be used for balance estimates and calculations of the assimilation
capacity of the Chernaya River estuarine zone.

Keywords: Chernaya River, estuary, Sevastopol region, nutrient concentration variability,
nutrients, water pollution index, water quality
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Beenenune

OT cocTosTHUA MOPCKOTO yCThs p. UepHOW 3aBHUCHT pa3BUTHE NPUPOJHO-
X035IICTBEHHOTO KoMIuiekca CeBacTOMmoNbCKOTO pernoHa. B coBpeMeHHBIH KinMa-
traeckuit mepuoa 1991-2020 rr., mpuHITHIH BceMupHONH METEOPOIOTHYECKOMN Op-
ranuzanuei (BMO) ‘), OTMEYaeTCsl U3MEHEHHE KINMaTa U a0MOTHUYECKUX KOMIIO-
HEHTOB 9KOCHUCTEMHI [1], KpoMe TOro, aKTUBHO BEIETCS XO3AMCTBEHHAS JESATENb-
HOCTb. DTO MOJKET HETaTUBHO BJIMATH HA JKOJIOTMYECKOE COCTOSHUE YCThSl PEKH,
YTO TIOHU3UT Ka4eCTBO KU3HU HACETICHHS PETUOHA.

Baxueiimuii 11t THIpoONOHTOB abMOTHYECKUH (PaKTOp — copepKaHuE B BOJIE
JMMUTHPYIOLUIMX UX KU3HEJCATENbHOCTh U BIMSIONINX Ha KAueCTBO BOJBI OMOTEH-
HeIx BemecTB (bB). IlosTomy mccnenoBaHme M3MEHUMBOCTH KOHIEeHTpauuu bB,
BIMAIOIIMX Ha TPO(HOCTH BOJHOTO OOBEKTA, M BBIIBICHHE YYACTKOB JKOJIOTHYE-
CKHX PUCKOB SIBIISTIOTCS aKTyaJbHBIMHU.

Conepxxanne bB kak B oTHEeNbHBIX YacTax yCThs (B 0. CeBacTOMOIBCKOM, HU-
30BBAX p. UepHoit) [2-14], Tak u B ycThe p. UepHoii B 1ienoM (cM. paboty 2u [15, 16])
aKTHBHO M3y4YaeTcs yYeHBIMH MOpPCKOTO THAPOPHU3NYECKOT0 HHCTHTYTA.

OCHOBHBIMHM UCTOYHHKAMHM TOCTYIUIEHHA bB B nmpueMHbII BomoeM sBISETCS
cTok p. UepHoii, nHTerpupyrommii bB, KoTopbie BEIHOCSATCS CO BCETo BoxocObopa
peKH TpH BBIMAJCHUH OCAJKOB, a TaKXe COPOCHI CTOYHBIX BOJ, CMBIB C Oepera
u atMocdepHsie ocanaku [15, 17]. B pabore [15] mokazaHo, 9To ¢ peYHBIM CTOKOM
Ha YCThEBOE B3MOPbhE PEKHU B CpejiHeM rnoctynaet: 3 1/rox ¢ocdaros, 10 T/rox am-
MOHHUHHOTO a30t1a, | 1T/rog HuTpuTOB, 40 T/TOx HUTpaTOB. B CTpyKTYype pednoro
BeiHOCAa BB Hutpats! coctaBisror 80-90 % [4].

Tak kak panee mccrmenoBain (Hampumep, B pabortax [3, 4, 15]) npeumymre-
CTBEHHO M3MEHYMBOCTh KOHLIEHTpauuu bB B BepuimHe MOpPCKOro yctbs p. UepHoit
U Ha ee yCTb€BOM y4acTKe, a Takke BIHOC bB ¢ peyHbIM cTOKOM, OCHOBHOE BHHU-
MaHHE B JaHHOM cTaThe yAENdeTCs aHaJINu3y MU3MEHYMBOCTH KOHLEHTpauuu bB
B MTOBEPXHOCTHOM U TIPUIOHHOM CIIOSIX YCTHEBOTO B3MOPHBS p. UepHOIA.

CBsi3p MEXIy KOHLIEHTpAIlMell HEOpraHMYecKOro a30oTa M CyMMOM OCaiKOB,
yCTaHORBJICHHAs B paboTe [17], CBUIETENBCTBYET O 3HAYUTEILHOU PoJi aTMochep-
HBIX TOCTymJieHuid B Oamance BB mpuOpexHBIX BOI. YBeTWYEHHE KOJINYECTBA
0CaJKOB MPUBOIUT K YMEHBIICHUIO KOHIEHTPAIMH a30Ta B aTMOc(epe U yBEIH-
YEHUIO ero COJAep KaHMs Ha IUIOIMaay Boxocbopa, B Boxe p. UepHoil u ee ycThe.
[Tockonpky TUTOmAAB 3epKaiia BOA yCThs p. YepHoil mpumepHo B 16 pa3 mMeHbIIe
BOAOCOOPHOH muTomaan (TUIOIAAN CMbIBA), TO OCHOBHOM MPHXOIHOM COCTaBIISIO-
e 6ananca bB ycTheBOro B3MOphS peKH ABISETCS €€ CTOK.

AHanu3 MpoCTPaHCTBEHHONW M BPEMEHHOW M3MEHUMBOCTH KOHIeHTpauuu bB
B paccMaTpuBaeMoM ycTbe 3a 1980-2004, 1978-2016, 2007-2016 u 19762012 rr.
BBINONHsIICA paHee B [3—6, 15, 16]. [Ipu 3TOM cxembl pacrpeneneHust ITUX UHTPeau-
€HTOB OBUTH IIOCTPOEHBI IO CPETHUM apU(PMETHUECKUM 3HAYCHUSIM X KOHLIEHTPALHH.
Kpowme Toro, ykazano, 4ro xoHneHTpanuu bB 3HaunMbIX TeHAEHIUI B paccMaTpu-
BaeMbI€ TIEPHOJIBI HE UMENH [5], ObUIH pa3HOHANpPaBIEHHBIMH [15] — MOMOXKUTEND-

1) PyKkoBOJCTBO 110 KIMMATOJIOTMYeCKOH npakTuke. JKenesa : BMO, 2014. 156 ¢. (BMO-Ne 100).

2 Ueanoe B. A., Munvkosckas P. . Mopckue ycTha pek YKpPauHbl M YCThEBbIE MPOLECCHI.
Cesactonoins : DKOCHU-T'unpodusuka, 2008. Hacts 1. 448 c.
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HBIMU [6] mim otpunarensHeiMu [16]. [lepruoast ocpenHeHus B 3THX padoTax ObLIH
HEOJIMHAKOBBIMU W HE OXBATHIBAIH IICTMKOM COBPEMEHHBIN KIIMMATHUECKHN TTepH-
on, 1991-2020 rr. (BMO), He yuuTHIBaJICS Pa3TUYHBIA YPOBEHb XO3SHCTBEHHON Jie-
SITEIGHOCTH WJTH BBITOJTHSJICA aHAJM3 OTHETBbHBIX THAPOXUMHUYECKUX CHeMOK [7, 8].
Takol moaxon He fgaBan JOCTOBEPHOU OLIEHKHU COBPEMEHHOrO pexuma bB B ycTbe
p. YepHOl, MOATOMY B psiie UCCIIeNOBaHUN 000CHOBaHA HEOOXOIMMOCTh 3aMCHEI
CpemHero 3Ha4YeHUs KOHIEHTpAllMd Ha MEIMaHHOE W yuyera IPHUPOJIHO-
AHTPOTIOTEHHBIX M3MEHEHUH COCTOSHHS BOAHOTO 00bekTa (cM. paboty V' u [15]).

Buoreoxmmudeckoe paiiloHHpOBaHWE OBEPXHOCTH BOABl CeBacCTOMOIbCKOM
OyXTHI 10 KapTaM pacnpezeneHus bB u B3BemenHoro Bemectsa 3a 1998-2004 rr.
npuBoauTca B pabortax [7, 9, 11]. B atux paboTtax mokaszaHo, yTo Hambolee 3a-
rpsizHeHHoi BB sBisieTcst Boga KOxHO# OyXThl 1 LleHTpanbpHOTO paiiona CeBacTo-
MTOJIBCKOM OyXTHI.

BryTpuronoBas n3amMeHUMBOCTh WHAEKCA TpodHOCTH E-TRIX, XapakTepusyio-
LIEr0 Ka4eCTBO BOABI IO ColepkaHuio bB U IpyrMxX KOMIOHEHTOB 3KOCHUCTEMBI,
npencrarieHa B pabore [9]. Ho ara paborta He maeT mpeacTaBiICHHS O CPEIHEM
MHOTOJIETHEM cojiep>kaHnnu bB B Bojie O6yXTHI 1 TOATBEPKAaET BEIBOABI PaOOTHI [7]
o HauOonee cyuiecTBeHHOM 3arpsisHeHnH bB OxHo# OyxTol. [Ipu 3TOM, B OTIH-
4re OT Pe3yJIbTaToB, MPUBEACHHBIX B padore [7], B pabore [9] ycraHOBIEHO, 4TO
B 1998-2012 rr. nenTpanpHas 4acTh CeBacTOMOIBCKONW OyXThI ObLIa MEHEE BCETO
3arpsA3HeHa MUHEpalTbHBIMH (popMamu azora. K Takomy ke BBIBOAY MPUXOMIST
U aBTOpHI paboTsI [13].

B ¢ynnamenTanbHOM paboTe [2] aHAIM3UpPYeTCs M3MEHYMBOCTh KOHIEHTpA-
uuii BB B UepHoM Mope 0e3 eTanu3aliui X CoAepKaHus B BOJIE YCTHEBOTO B3MO-
PB4, TAe WX KOHIEHTPAIU OOBIYHO BBIIIE, YeM B MOPCKOH cpejie.

CrniocoGHOCTH pa3nuyHbIX yacTei CeBacTONOIBCKOM OyXThl K CAaMOOUYHUILIEHHIO
ot bB u ¢akropsl, Baustomye Ha Hee, paccMoTpeHbl B [10—14]. B kadecTBe npu-
YUH HU3KOW crocobHocTr HOXHOM OyXTHl K CAaMOOYHINEHHIO OT HEOPTaHUYECKHUX
(hopm a3oTa aBTOPHI HA3BAJIM 3aTPyIHEHHBIH BOI0OOMEH U COPOCHI CTOYHBIX BOJI.

JIns OlEHKH KayecTBa BOABI aBTOPHI paboThi? 1 [15] HCHONB30BaTN MHAEKC
3arpasHeHHocTd Boabl (MU3B), paccunThiBaeMBbli MO MOKa3aTeNsIM COAEPIKaHUS
XUMHYECKUX HHTPEIUEHTOB pasHbIX Tpymn (kucmopoxa, bB, deHomnsl, HeTsIHBIE
YTIeBOOPO/Ibl). PaHee MHTErpanbHON OIIEHKH 3arps3HEHHOCTH BOJBI IO CONEpIKa-
Huto bB He npoBoamiocs.

ONu30ANYHOCTs HAONIONEHWH 3a KOHLEHTpanueil bB mpu cymiecTBeHHOM
BPEMEHHON M3MEHUYMBOCTH 3TUX WHTPEAMEHTOB JeJaeT OICHKH CPeIHEH TOJ0BOM
KOHLICHTPALlMd HEAOCTATOYHO 0OOCHOBAaHHBIMH, IIO3TOMY B KauecTBE LIEHTpPA IPyII-
NUPOBaHUs JAHHBIX BMECTO CPEIHEro apM(METHUecKOro 3HaueHus B pabore
MIpeJI0KEHO UCIOB30BaTh MeAnany. B 1ol ke paboTe Ha OCHOBE aHaJHM3a 3aKO-
Ha pacrpenencHus KoHneHTpanuii bB npuBoauTcs 000CHOBaHME 3TOH METOIUKH.
B pa6ote ¥ Tosxe pekoMeHyeTcs HCMOJB30BaTh MeHaHy, Tak Kak cpeiHee apud-
METHYECKOE 3HAYCHHUE SIBIISICTCSI CMELICHHOW OLEHKOH IIEHTPa BEIOOPKH.

Takum 00pa3om, aHaNHU3 MPEIIECTBYIOMNX pa0OT BBISBII P HEOCTATKOB
METOJIOB HCCIIEJIOBAHHUSA: HCIIONB30BAHNE CPEAHEr0 apu(METHUECKOTO 3HAYEHUS

3 lazapuna O. B. ONeHKa ¥ HOPMUPOBAHUE KAUECTBA MPUPOIHBIX BOJ: KPUTEPUH, METOJIBI, CYIIECTBY-
FOIIME TIPOOIIEMBI : y4eOHO-MeToandecKoe ocodue. VkeBek : Y mMyprekuii yausepeurert, 2012. 199 c.
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KOHIIEHTpALMK U aHaIu3a MPOCTPAHCTBEHHON M3MEHYUBOCTH; BBIOOD ATl 0006-
LICHUS] PE3YJIbTATOB HCCIEIOBAHUS BPEMEHHON M3MEHUYMBOCTH KOPOTKHX DSIOB
HAOIOEHN WM HEOOOCHOBAaHHO UIMHHBIX, HE YUYMTHIBAIOIINX KIMMAaTHYECKHE
(axTopsl M ypOBEHb XO3SHCTBEHHOH NIESITENILHOCTH; HEKOPPEKTHOE MCIOIb30BaAHUE
CTATUCTUYECKUX METOJOB (OTCYTCTBUE CTATUCTUYECKUX OLIEHOK OAHOPOJHOCTH U CTa-
LMOHAPHOCTH PSAJOB, 3HAYMMOCTH TEHIEHIWH W 00ECIeUeHHOCTH TOyYeHHBIX 3a-
BHCUMOCTEMN). DTO 3aTpyJHSET JTOCTOBEPHYIO COBPEMEHHYIO OIICHKY KauecTBa BOJIBI.

Lens paboTel — naTh COBPEMEHHYIO XapaKTEPUCTHUKY HM3MEHYHMBOCTH CO-
nepxanusi bB B Boje ycTbeBoro B3MOpbhs p. UepHOH M OLIEHUTH Ka4eCTBO BOJIBI
10 3TUM KOMITOHEHTaM SKOCHCTEMBI. JIJIsT 3TOr0 CHCTeMaTH3upoBaHa 0a3a JaHHBIX,
MOJIyY€Hbl CTATUCTUYECKHE XapaKTePUCTUKM KoHLeHTpauuil bB, mpoanamusupo-
BaHa MX W3MEHYUBOCTH B IIPOCTPAHCTBE M BO BPEMEHH, a TAK)KE BBINIOJHEHA OLICH-
Ka KauecTBa M CAMOOYHIIAIOIIEH CTIOCOOHOCTH BOJIBI.

OOBEKT UCCIeNOBaHUS — MOJIBEPKCHHOE BIUSHHIO PEYHOTO CTOKA M CTOYHBIX
BOJI YCTHEBOE B3MOPhE, COCTABIIAIONIEE OOJIBIIYIO YaCTh MOPCKOTO yCThs p. YepHoii

(puc. 1).
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Puc. 1. Mopckoe yctee p. UepHOi (CTpenkaMu MOKa3aHbI
CTallMOHAPHbIE UCTOYHUKH 3arps3HEHUs BOJbBI U3 paboThl [4]).
HI'MVYP — HixHss rpaHuLa Mopckoro ycTbs peku; OYB — oTkpbI-
Tasi YacTh yCThEBOTO B3MOphs p. UepHoit; HI'YYP — HukHss rpa-
HUIIa YCTHEBOTO y4acTKa pekH; YYP — yCTbeBol y4acTOK peky;
BMYVYP — Bepmmna mopckoro yctbs peku; KOC-3 — kananu3a-
LIMOHHOE OYHUCTHOE coopyskeHue B 1. Caxapnas 'onoBka. Cuneit
JIMHMEN MOKa3aHbl FPaHULBI yCTBEBOIO B3MOPbS p. UepHoi

Fig. 1. Sea mouth of the Chernaya River (arrows show con-
stant sources of water pollution taken from paper [4]). HTMVYP
— lower boundary of the river’s sea mouth; OYB — open part of
the estuarine zone of the Chernaya River; HI'YYP — lower
boundary of the river mouth zone; YVP — river mouth; BMYP —
the top of the river’s sea mouth; KOC-3 — sewage treatment
plant in the village of Sakharnaya Golovka. The blue line shows
the boundaries of the Chernaya River estuarine zone
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Mopckoe yctbe p. UepHoii (puc. 1) BKtodaet:

— yCcTheBOM y4acTok peku (YYP);

— CII0)KHOE YCTBEBOE B3MOpKE, cocTosmiee n3 CeBacTOMONbCKOM OYXThI C KOM-
IUIeKcoM Oosiee MeNKuX OyXT, IHKepMaHCKOTro JIMMaHa, CO3AaHHOTO UCKYCCTBEH-
HO B cepenuHe 1950-x rT., ¥ OTKPBITON YacTH ycTheBoro B3Mopbs (OYB) [15].

U3-3a nemocrarka nanHeix 06 OYB p. UepHo#t 00BEKT HaIIETo UCCIEAOBAHUS
orpanndeH MHkepmaHckuM numanoM, CeBactononbeckod U FOkHON OyxTtamu.
[IpenmeToM HccnenoBaHus SIBIAETCS U3MEHUMBOCTh COJEPKaHMSI HEOPTaHUUECKHUX
dhopm azorta (HUTPATOB, HUTPUTOB, aMMOHHIHOTO a30Ta) U docdopa (pocdaros)
B BOJIE yCTHEBOTO B3MOpPHKs p. YepHoii B 1991-2020 rr.

[Tonmy4eHnHble pe3ynpTaThl MOTYT OBITH MCIIONB30BaHbI B JanbHeHmed padore
TSl 0AJTAHCOBBIX PACYETOB, MOJEIUPOBAHUS DBOIIOIUN IKOCHCTEMBI U OIEHKH Oy-
IOYIIETO COCTOSHUS a0MOTHYECKNX U OMOTHYECKINX KOMIIOHEHTOB yCThA p. YepHOIA.

MatepuaJbl 1 METOABI

Monutopunr CeBacTONONbCKON OyXTHI U MPUIIETAIONIEH YaCTH MOPSI IPOBO-
IWICS HAYYHBIMH W KOHTPOJWPYIOIIMMHU OpraHuzanusmu ¢ 1951 r., mpu sTom
¢ 1960-x rr. — Ha perymspuoii ocHoBe [15]. CeTp HaOMIOAEHUN HEOTHOKPATHO
onTUMH3KpoBanack. Ha puc. 2 moka3aHo ee COBpEMEHHOE COCTOSIHUE Ha YCThEBOM
B3MOpbeE p. UepHoii.

B kauectBe mcxomHOW WH(GOpPMAIMH HCIOIH30BAHBI PE3YJIbTaThl HATYPHBIX
HabmroneHnii PenepanbHOrO rOCyJapCTBEHHOTO OFOIKETHOTO yupekaenus «l oc-
yAapCTBEHHBIN okeaHorpaduyeckuit nHCTUTYT mMeHn H.H. 3y6osa» (CO I'OUH)
n PenepasbHOro TOCYIapPCTBEHHOTO OIOKETHOTO yupekaeHnsa Hayku Dexepaib-
HBIH HCClleioBaTelNbcKuil LeHTp «Mopckod rumpodusnueckiii nHCTUTYT PAH»
(MI'1 PAH) 3a 1991-2020 rr. HaGmrojeHus BBIMONHSIIN B IPaHUIIAX MOPCKOTO
ycThs p. UepHotii (puc. 1), BKITto4ast ee ycTheBoe B3MOphe (pHc. 2).

C.W. Yepuoe

Mope

44 82°

44.61°

44.8°

p. Yepnas

33.55¢ 33.6°8.4

Puc. 2. Cxema cranumii rugpoxumudeckux Hadmonennidi MI'1 PAH
u CO I'OHUH B yctbeBoM B3MoOpbe p. Uepnoii B 1991-2020 rr. Toukamu
OTMEYEHbI CTAaHIMM TUAPOJIOro-ruapoxuMudeckux cbemok MI'M PAH
¢ 1998 r., a 3Be3moukamu — CO 'OUH ¢ 1961 .

Fig. 2. Map of hydrochemical observational stations of MHI RAS and
SB SOI in the Chernaya River estuarine zone in 1991-2020. The dots are
for hydrological and hydrochemical surveys carried out by MHI RAS
from 1998; the stars are for those carried out by the SB of SOI from 1961
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OO0ecrneYyeHHOCTh MePBUYHBIMU THAPOXUMHUUYESCKUMHU JTAHHBIMU JIOCTATOYHA
JUIsl OIEHKA U3MEHYMBOCTH KOHLIeHTpauuu bB B npoctpaHcTBe u Bpemenu. [lepuon
06001eHHs BHIOPAH B COOTBETCTBHU C PEKOMEHIALMAMHU ) ¢ yueTOM H3MeHeHHit
B SKOHOMHKE pernoHa, mpomzomeamux B 1990-¢ rr. IIpaBMIIBHOCTS TaKOTO BBHIOO-
pa MOATBEPKIACTCS PAHEE BBHIMOJIHEHHBIM aHAJIU30M KIMMATUYECKUX U aHTPOIIO-
TeHHBIX U3MEHEHHH B paccMaTpuBaeMoM pervone [1].

OTt60p mpob BoABI Ha coaeprkanue bB mpom3Boauics Ha 33 CTaHIUAX YCThe-
BOTO B3MOpBS (puc. 2) u 1 cranuuu Ha HkHe# rpanune YYP (puc. 1). Uccreno-
BaJlach KOHI[EHTPALUsI B MOBEPXHOCTHOM WU MPHUAOHHOM CIOSIX BOABI HUTPATOB
(NO3), autputos (NO,), ammonuitaoro azora (NHs) u docdaro (PO4).

Br10op ucciaegyemMbIx 31€MEeHTOB 00YyCIIOBICH HEAOCTATKOM HH(POPMALHH
0 COZIEp’KaHUU 3arPS3HSIONINX BEIIECTB B BOJE YCTHEBOTO B3MOPhA. JlocTOBEpHYIO
CTaTUCTUYECKYIO OLIEHKY HAaTypHBIX NAHHBIX MOKa MOXXHO CIHENaTh TOJIBKO B Ipe-
nenax oosbmieit yact (90 %) ycTbeBoro B3mMopbs p. UepHoi, Brtovaromeii CeBa-
CTOTIONBCKYIO OyxTy M MHKepMaHckuil JinMaH. [loaToMy XapakTepucThka M3MEH-
ynBocTy bB manHa a1s 3To# yacTu yCTheBOTO B3MOPHA (puc. 2).

AHanu3 npo0 Ha cojiepkaHne OMOTEHHBIX AJIEMEHTOB OBLI BHITIOJTHEH B COOT-
BETCTBMH CO CTaHJAPTU3UPOBAHHBIMY METOMMKAMHU ¥ B cepTU(HIMPOBAHHBIX THJI-
poxummaeckux jgaboparopusx CO 'OMH u MI'U PAH.

B cpemnem Ha kaxmoit cranmuu B 1991-2020 rr. 66110 0TOOpaHO U MPOAHATH-
3upoBaHo Ha cozepxkanue bB 360 npo6 Boxk! (puc. 3). Bemonaeno mo 90 ananmzor
KaXXJIOTO MHTPEINEHTA, T. €. 0 45 Mpo0 U3 MOBEPXHOCTHOTO U MPHIOHHOTO CIIOCB
BOJIBI. DTOTO JOCTATOYHO JJIT 0O BEKTHBHOM CTATUCTHIECKOM orieHKH [ 18].

n
600

5001
4001

300+

200+

100 A
0

1 3 5 7 9 [I13151719 2] 23252729 3]33
Howmep crannuu

Puc. 3. KomnuectBo mpob Ha coxepkanue bB (n)
B BOJIE YCTBEBOrO B3MOphs p. UepHoii B 1991-2020 rr.
(mannapte CO 'OMH u MI' PAH)

Fig. 3. Number of samples for nutrient content
(n) in the water of the Chernaya River estuarine
zone in 1991-2020 (data from SB SOI and MHI RAS)

4) PyKkoBOZICTBO 0 XMMHYECKOMY aHAIM3y MOPCKUX Box : PIT 52.10.243-92 (B pen. PJI 52.10.735-2010,
PJ1 52.10.739-2010). Cankr-IlerepOypr : ['mapomereonsaat, 1993. 264 c.
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Konuentpaunu BB B mpobax Boasl onpenemsimuce CO T'OMH u MI'1 PAH
Ha eUHOW MeToandYeckoi ocHoBe. I103ToMy mocie MpoBEpKU AAHHBIX THAPOXH-
MHYECKHX ChEMOK Ha OJHOPOIHOCTH 1Mo Kputepuio Crpronenta [19] mist ypoBHs
3HauyuMocTH 0.95 psinpl 3HaUeHUH KOHIIEHTpauu BB ObuiH 00heTMHEHBI.

B oTnnume oT npeapiyniux paboT, CXeMbl pacrpeaesieHus KoHeHTpanuii bB
B TIOBEPXHOCTHOM U MIPHUIOHHOM CJIOSIX BOJIBI OBUIH ITOCTPOEHBI IO MeIHaHaM, TaK
KaK yCTaHOBJIEHO, YTO paclpe/ielIeHHe 3TUX XapaKTEepPHUCTUK KauecTBa BOJbI KpaiHe
acCMMMETPUYHOE Ha BCeX CTaHUUsAX. [IpuMep rucrorpaMmsbl pacrpenencHus ¢oc-
(hatoB Ha cT. 30 puBogUTCH Ha puc. 4. CremoBaTeNbHO, B 3TOM ClIy4ae CpeaHee
apumMerniyeckoe 3HaUeHHE HE SBISAETCS AOCTATOYHO IMPEACTABUTENBHBIM Tapa-
METpPOM IIEHTPa BBIOOPKH U 11eJecO00pa3HO MCIIONb30BaTh MEJNAHy, KaK yKa3aHO
B pabotax ¥ u [15, 18]. B paccMaTpuBaeMslii epHOJ M3-3a MPABOCTOPOHHEH achM-
MeTpuu (puc. 4) MenuaHbl KOHIIEHTPAIMK Ha BCEX CTAHIMSIX YCTHEBOTO B3MOPHS
p. YepHoii 6butn Ha 15-95 % MeHbIIe UX cpeaHUX apu(hMETUIECKUX 3HAUCHUH.

Jns pacdera CTaTUCTUYECKUX XapaKTEPUCTUK HUCIOJB30BAIM CTaHIAPTHbHIC
CTaTUCTHYECKHE MeTOabI 0000meHus [19], a misd mocTpoeHUs CXeM pacrpezeie-
HUS KOHIIeHTpanuii BB — ctannapTHbI nporpaMMHbIil KoMmIuieke Surfer 13.

[IpuMeHeHuEe UHTETPAIBHBIX U KOMIUIEKCHBIX MHJIEKCOB OIICHKH KauecTBa BO-
161 (K03 pHUIIMeHT 3arpsI3HEHHOCTH, WHAEKC KauyecTBa BOMABI, HHICKC 3arps3HEHUS
BOJBI, KOMOWHATOPHBIN WHAEKC 3arpsA3HEHHOCTH BOJBI, YACIbHBIH KOMOHHATOP-
HBII MHEKC 3arpsA3HEHHOCTH BOJBI H JIP.), paccMaTpHBaeMbIX B pabote V), 3aTpya-
HUTEJIBHO U3-3a HEJOCTATKA NAaHHBIX O MHOTHX MOKa3aTeNsX, IO3TOMY MPUMEHSII-
Csl YIPOIIEHHBI BapHaHT OIEHKM KadecTBa BOJIBI 1O WHAEKCY 3arpsI3HEHHOCTH
Bojsl bB (13Bs5gp) B creayromiei peaakiuu:

v+ G
I/IgBEB Zizl HIIK, 4 ’ (1)

rae C;— cpennsis MHorosieTHsst koHueHTpauus bB; IIJIK; — ero mpenensHo nomy-
CTHMast KOHIIEHTPAIHsL.
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Puc. 4. IloBropsiemocTh KOHIEHTpaImu (ocda-
TOB B 3anaaHol yacTu CeBacTONONBCKON OyXThI

Fig. 4. Repeatability of phosphate concentration
at the western Sevastopol Bay
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N3Bss xapaktepuszyer cymmapHoe BiusiHue bB Ha BogHyto cpemy Oe3 yuera
BIIMSIHUS JPYTUX MOKa3aTelled KauecTBa BOJbIL.

Jliis ipuOrbKeHHON OIIEHKH cpenHeil MHoroneTHel Tpancdopmaryim bB B Boe
YCTBEBOTO B3MOpPBs P. UepHoii moj BIMSHUEM THIPO(DU3MUECKUX, TUAPOXUMHUYC-
CKUX W THIPOOHONOTHYECKUX (PaKTOPOB HMCIIOIB30BAJICS WHAEKC TpaHC(HOpMAIHH
BemecTB (UTBgg, %/kM), MOKa3pIBAIOMINI, HA CKOJIBKO MPOIEHTOB B CPEIHEM
HU3MEHSUIACh KOHUEHTpauus OTAeabHOro bB Ha KaxkIplii KMJIIOMETpP MPOJ0IBHOTO
0CEBOT'0 paspe3a yCTheBOro B3MOphs. B pabote [4, c. 291] npeanoxeHa gopmyna
pacuera UTBgs

uTB =| —2|.100%, ©)
C..-L

Ha4

rae AC — pa3HOCTb MEKIYy CpEeIHENl MHOroJIeTHEN KOHLeHTpauuel bB B koHeuHOM
Y Ha4aJIbHOM CTBOPAX y4acTKa UCCIENOBAHNUS; L — pacCTOsIHIE MEXTy CTBOPaMHU.

3HAYMMOCTh TEHICHIIUI KOHIEHTPALMH HCCIEIYyEMbIX HHTPEIUCHTOB OLIEHHU-
Bajach 1o F-kputeputo (kpurepuro duriepa) Ui BEpOITHOCTH HEPABEHCTBA HYIIIO
yraoBoro ko3¢ dunuenta Ha yposae 95 % [20].

O6cyxaeHue pe3ybTaToB

Bpemennasn uzmenuusocmo. 3a 1991-2020 rr. cpemsisi TogoBasi KOHIIEHTpa-
uus bB, paccunranHas no 3—4 ruApPOXUMHUYECKUM ChEMKaM B I'OJl, Ha BCEX CTaH-
uusix He npesbimana [TJIK. XoTs B OTAenbHbIE ChEMKH 3KCTPEMATIbHbIE KOHIIEH-
Tpauuu snemenToB Obutn Beime [1JIK B 2-500 paz: 595 mkr/nm docdaror (ITAK
150 mxr/m) (27.04.2016), 10 471 mkr/a mutpuros (ITAK 20 mxr/m) (05.09.2016),
17 755 mxr/n autparos (ITJIK 9000 mxr/m) (04.02.2014). IlpuauHOM TaKMX aHOMA-
JIUH MOTYT OBITH aBapHifHBIE COPOCHI CTOYHBIX BOJ M INBHEBBIC OCAIKH.

AHanu3 U3MEHYMBOCTU KOHLIEHTpaluu bB B mpuaoHHOM M MOBEPXHOCTHOM
CJIOSIX BOJBI YCTHEBOTO B3MOPHKS p. UepHOI He BBIABIII 3HAYMMBIX TeHIASHIMHA. TH-
[IMYHOE paclupeleneHie KOHLEHTpanuuii bB B MOBEpXHOCTHOM ClO€ BOIBI LICH-
TPaJbHOW YacCTH YCTHEBOTO B3MOPHBs pekH (CeBacTomonbCKon OyXTHI), TA€ MPOUC-
XOJUT HamOoJiee MHTCHCUBHOE B3aWMOJICHCTBUE Pa3HOPOJIHBIX BOJ (PEKH, MOpH,
OyXTBI M CTOYHBIX BOJ), IPEACTABICHO Ha pHC. 5.

B 6Gonee pannux pabotax (Hampumep, B [16]) B 1989-2008 rr. oTmeuanocs
YMCHBIIICHNE KOHIICHTPAIlMd aMMOHHUIHOTO a3oTa (Ha 10 MKI//Tos) U HUTPUTOB
(Ha 2 MKT/11/TOJ), MOCTYNAIOIINAX B BOAY YCTHEBOTO B3MOPBS CO CTOKOM p. UepHOH,
a B paborte [6] B Boge CeBacrononbckol OyxThl B 2007—2016 TT. BBEIIBICHBI TCH-
JCHLUH K yBEITMUEHHIO coaepkanus pocdaros u uurpatos ¢ 2012 1.

OTtcyTcTBUE 3HAYMMBIX TeHACHIMH KoHueHTpauuid bB B 1991-2020 rr. noa-
TBEp)KJaeT BBIBOJBI, caenannHbie B [5, 15]. B aToT ke mepnon He HaOmI0OManoCh
3HAUYUMBIX TCHICHIUN IPYruX aOMOTHYECKUX KOMIIOHEHTOB DKOCHUCTEMBI, TaKHX
Kak: CTOK peK, CyMMa OCaJKOB U YpOBeHb BOJHI [1]. B cTOUHBIX BoAax B 3TOT me-
puol OBLTM BBISIBIICHBI pa3HOHANpAaBICHHBIE TEHIEHINH KOHIEeHTpanuu bB [4].
OueBHIHO, MHTETPAIBHOEC BIUSHHE BCEX YKa3aHHBIX (aKTOPOB (XO3AHCTBEHHAS
JIESATENLHOCTh U TOTEIJICHHE) U UCTOYHHMKOB MOCTyIUieHus BB (peuHol cTok u
CTOYHBIE BOJBI) B pacCMaTPUBAEMBIH TIEpHOJ CYIIECTBEHHO HE CKa3ajoCh Ha Bpe-
MEHHOH m3MeHInBOCTH bB.
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Puc. 5. Kouuenrpauus BB, Mkr/i, B Boge ycTheBOTO B3MOPhs p. UepHoii:
a — aMMOHMIHBIH a30T, b — pocdaTel, ¢ — HUTPUTHI, d — HUTPATEHI

Fig. 5. Nutrient concentrations, pg/L, in the water of the Chernaya River es-
tuarine zone: ¢ — ammonium nitrogen, b — phosphates, ¢ — nitrites, d — nitrates

Ilpocmpancmeennasn usmenuusocms. OOINN XapakTep paclpeeIeHUusT MEIH-
aH KoHIeHTpanui bB (puc. 6) cBUIETENBCTBYET O TOM, UTO BOCTOYHAS YACTh YCTh-
€BOT'0 B3MOPbsI MOJBEPKEHA BIMSIHUIO PEYHOTO CTOKA, BhIHOCsImero bB u3 Oac-
ceifHa peKH MPH CMBIBE BO BPEMSI OCaJIKOB, U CTOYHBIX BOI.

B mpumorHOM cioe BogeI conepkaHue Bcex bB MeHbIe, ueM B TOBEPXHOCT-
HOM, HCKJIIOYas KOHIEHTPAIMI0 aMMOHHUITHOTO a30Ta, 0COOEHHO B paiioHe cT. §
(cM. puc. 2). B rirybokoBoaHOM YacTH OyXTHl B aHAYPOOHBIX YCIOBHUSX yCHUIINBACT-
csl aMMOHH(DHKAIHS, TIOATOMY B TIPUIOHHOM CJIO€ BOJIBI OTMEYAETCS MOBBIMICHHAS
KOHIIEHTpaLUsl aMMOHHITHOTO a30Ta.

[To cpaBHeHUIO ¢ mpeaiiecTByOMMU pabdoTamu [5, 15], pacnpenencHue KoH-
neHTpaiuu bB mo riryOune MeHee ogHOpoaHOE (puUC. 6). OYEBUIHO, STO CBA3aHO
C WCTIOJIb30BaHUEM [T aHAJN3a MEJMaH, a He MeHee TOYHBIX CPeIHUX apudmern-
YECKUX 3HAUYCHMU KOHLEHTpauuu BB, Ha KOTOpblE CYHIECTBEHHO BIMSIOT IKCTpE-
MaJlbHBIC 3HAUCHUS HHIPEICHTOB.

HaubGonpmas xoHneHtpamnus Bcex bB ormeuanacs B Bome FOxkHOU OyxXThl,
MOJIBEPKCHHOW BIIMSHUIO JIMBHEBBIX CTOKOB, aBAPHMHBIX COPOCOB KaHATHM3aIUOH-
HBIX BOJ, MOJPYCIIOBOTO CTOKA U Ap. 3arps3HEHHUIO TOH YacTH YCTHEBOTO B3MOPbSI
BB criocobcTByeT 3aTpyaHeHHbII BogooOMeH ¢ CeBacTOmoIbCKOM OyXTOi n3-3a ee
reoMopdoJIOTHIECKHX 0COOeHHOCTEH (cM. puc. 2). Ounmiarontuii 3¢ dHeKT MOpcKoi
BOJBI ¢ Oosiee HU3KOHM KoHIeHTpaluel BB pacmnpocTpansercs Ha 3amajHyo 4acTb
YCTBEBOI'O B3MOPBsI, HO B TO e BpeMs OoJiee MIIOTHAas MOpPCKas BOJA, a TaKKe
peolIagarolee HalpaBlieHUEe BeTPOB (BIOJIb OCH YCTHEBOTO B3MOPbS) 3aTPyAHS-
et BogooomeH Mmexay HOkuoi nm CeBacTOmoNbCKONH OyXTaMu. DTO CIIOCOOCTBYET
AKKYMYJISIIUH 3arpsA3HSIONINX BEIISCTB B BEPIIUHE 3aCTOMHON FOKHOM OyXTHI.
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Puc. 6. PacnpeneneHue MenuaH KOHIIGHTpAaLMH aMMOHHIHOTO a3ora (NHi),
¢docharos (POs), uurpuros (NO;) u HuTpaToB (NO3) B TOBEPXHOCTHOM U IPUIOH-
HOM CJIOSIX BOJbl YCTBEBOI'O B3MOPbS p. UepHoH

Fig. 6. Distribution of median concentrations of ammonium nitrogen (NHa),
phosphates (POs), nitrites (NO.) and nitrates (NOs3) in the surface and bottom layers
of water in the Chernaya River estuarine zone

Menauansl 3HaueHU KOoHUEeHTpauuii bB Ha Bcex CTaHIMSIX HE MpEeBbIIIAIU
K (puc. 6). Ix Hanbonblue 3HAYECHHS BBISBICHBI Ha CT. /7 (cM. puc. 2)
B IOxHoii OyxTe: 18 MKr/n — anst pochaToB U HUTPUTOB, 2346 MKI/JI — HUTPATOB,
25 MKT/1 — aMMOHHITHOTO a30Ta.

Haubonpumit Bkiax B nocryrmuienue bB B Bogy BHocAT HuTpatel. OHU MOCTY-
MalT C PEUHBIM CTOKOM B KOJIMYECTBE, HA MOPSIOK HPEBBIIAIONIEM KOJIMYECTBO
octanbHbIX noctynawmux bB [4, 15], a Takxke ¢ atmocdepHbiMu ocaakamu [17],
CTOYHBIMH BOJaMH [4] ¥ MPH BHYTPHUBOJOEMHBIX THIPOXUMHUYECKUX U TUAPOOHO-
JIOTUYECKUX TIpoueccax [2].

AHanu3 pacupenelicHds] MeAuaH KoHIeHTpamuid bB B Boge ycTheBOTO
B3MODbs p. UepHoii (puc. 7) mokasai, 4To Mmoj IEeHCTBHEM Pa3iINYHBIX (aKTOPOB
camMoouHIIeHus (cMemeHue ¢ 6oiee YUCTONH MOPCKOHM BOAOH, ceAUMEHTAIHS,
OuoreoxuMuveckoe mpeoOpa3soBaHHWE BEMECTB M JApyrue TUIApPOPU3UUIECKUE,
TUAPOXMUMUYECKUE M THIPOOHONIOrHUYECKre Mpolecchl) KoHleHTpauun BB B oc-
HOBHOM yMEHBIIAINCH BAOIh OCH YCTHEBOTO B3MOPHS, 32 UCKIIOUEHUEM HUTPATOB.
CozepkaHue HUTPATOB YMEHBIIAJIOCh OT BEPUINHBI 10 CEPEIUHBI YCTHEBOTO B3MO-
pPBSl PEKH, a 3aT€M YBEIMYUBAIOCH (pUC. 7), 9TO OOYCIOBICHO MX MOCTYIUIEHHEM
CO CTOYHBIMHU BOJAMH B I0XKHYIO U 3aIIaJIHYIO0 YACTH YCTHEBOI'O B3MOPBSL.
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Fig. 7. Variability of the median concentration of the nutrients
in the surface water layer in the Chernaya River estuarine zone, pug/L

W3 puc. 7 BuaHO, 4T0 HanboJlee MHTCHCUBHO KOHIIGHTpaIus BceX bB cHmrka-
nmack B MHKepMaHCKOM JIUMaHe W TIPUJIETAIONICH K HEMY 4YacTH OyXThI, B 30HE
(bpOHTAILHOTO pa3sjiesia Pa3HOPOAHBIX BOJ, TJIE MPOIECChl CAMOOYHIICHHUS HAu0O0-
Jiee aKTUBHBL. BI0Jh OCH ycThEeBOTO B3MOPHBS p. UepHO#H KOHIIEHTpAIUs HUTPATOB
yMeHbITIAIach B 2.4, aMMOHMIMHOTO a30Ta — B 7.5, HUTPUTOB — B 2.0 1 docdaToB —
B 2.3 paza. [Ipu 3ToM 1o ocu CeBacTonoiIbCKOM OyXThl (OCHOBHOW YacTH YCTHEBO-
r'0 B3MOPbsI) KOHIICHTpanus (ocaToB U HUTPUTOB U3MEHSIIACH HECYIIIECTBESHHO.

[TomydeHHbIe CXEMBI MOTYT HCIIOJIB30BaTHCS ISl PAHOHHUPOBAHUS yCTHEBOTO
B3MOpBS p. UepHOW MO THAPOXMMHYECKHM ITOKA3aTelsIM, BBISIBICHHS HanOoliee
YS3BUMBIX SKOJIOTHUECKUX PAiOHOB, KOMIUIEKCHOW OIIEHKU Ka4eCTBa BOJIbI, & TAKIKE
pacdera Oananca bB u akkyMyIsSTHBHONH €MKOCTH 3TOTO IPUEMHOTO BOJIOEMA.

Oyenka kauecmsa u camooyuuyeruss 600vi. ONEHKa KauyecTBa BOJBI YCTHEBOTO
B3MOpbs p. UepHoii 1o cogepxanuto bB BeimonHeHa mo ¢opmyie (1) ¢ ucmob3o-
BaHUEM cpeqHuX (puc. 8, a) U MeIuaHHBIX (puc. 8, b) 3HAUCHUI KOHIICHTPAIIUH.
W3 puc. 8 BugHO, uTo U3BgR, pacCYNTaHHBINA IO CPETHUM apU(PMETHYECKUM KOH-
LueHTpauusm, B 2—6 pa3 6onbiie M3Bgp, paccunTaHHOrO 1O MeiMaHaM KOHIIEHTpa-
uuii. Hanboneinee 3Hauenue M3Bgs, paccyMTaHHOTO 1O MEWAHHBIM KOHIIEHTpPA-
uusMm (puc. 8, b), oTMedaeTcs B MOBEPXHOCTHOM cJioe BOojabl MHKepMaHCKOTO JH-
MaHa, TaK Kak OCHOBHBIM HCTOYHUKOM nocTyrieHust bB siBnsiercst ctok p. UepHOi.

B 1991-2020 rr. cpenuuiit MmuorosietHuii U3Bgg B nmpumoHHOM clioe ObLI
B 2.5 pa3a MeHbIIle, YeM B ITOBEPXHOCTHOM CIIO€ BOJIBI YCTHEBOTO B3MOPbS p. Uep-
HOM. DTO CBA3aHO C TE€M, YTO HUTPATHI B CTPYKTYpeE 3arps3HeHns Boasl bB BHOCAT
HanOOJNBINUI BKIAI: B aHA3POOHBIX YCIOBHAX B IPUIOHHOM CIIOE€ BOJBI aKTHBHEE
MIPOTEKAIOT MPOIECCHl NCHUTPU(PUKAINY, YMCHBIIAIONINE KOHIICHTPAIMIO HUTPA-
TOB, a B IOBEPXHOCTHBIN CIIOW MOCTYNAIOT HUTPATHI U3 PA3IMYHBIX HCTOYHUKOB,
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Puc. 8. Uupexc 3arpssHeHHoctu Bojasl BB (113Bsgg)
YCTBEBOTO B3MOpPbs . UepHOMW, paccunTaHHBIA O cpel-
HUM (a) ¥ MeauaHHbIM (b) 3HAUYEHHSM KOHIEHTpAIMH
3a 1991-2020 rr.

Fig. 8. Distribution of the index of water pollution
with nutrients (IWPx) in the Chernaya River estuarine zone
calculated using average (a) and median (b) concentration
values for 1991-2020

Y WX KOHIIEHTpAalUs YBEIMYMBAETCS BCIEACTBHE IPOLECCOB HUTPUPUKAIUH.
Conepxxanue bB B Boje 3amafHON M LIEHTpalIbHOW YacTel yCTHEBOTO B3MOPHS
ObUTO HAUMEHBIINM (pHC. 8), TaK KaK B 3alaJHYyI0 YacThb B3MOPHS IOCTyHaja oben-
HeHHast BB Mopckast Bosa, a B ero 1eHTpaibHON YacT (yHKIIMOHUPYET MEHbIIEe
KOJIMYECTBO KOJUIEKTOPOB CTOYHBIX M JIMBHEBHIX BOJ (CM. puc. 1).

[Tony4enHnast oneHka xkauectBa Boasl o M3Bsp coBmagaer ¢ BRIBOAaMU B pa-
oorax [7, 15], B koTopeix 3B ObuT paccunTan 1o oOmenpuHATOH MeToauke [18]
C YUYETOM HE TOJHKO OMOTEHHBIX, HO W 3arps3HSIONINX BEIIecTB. PacmpenencHue
N3Bss (puc. 8) COOTBETCTBYET HAIUYHUIO HMCTOUYHUKOB 3arpsi3HSIONINX BEIECTB
B ycThe p. UepHOii, yka3aHHBIX Ha puc. | ¥ paccMOTpeHHbIX B padote [15]. Cnemo-
BaTeNIbHO, HAUOOJIBIIEMY PUCKY BTPO(HKAINK MOXET MOABEPraThCs MOBEPXHOCT-
HBIA cnoit Boasl MHKepMaHckoro mumana 1 FOKHOH OyXThI, SBISIOIIMXCS YacTAMH
YCTBEBOI'O B3MODPBs p. UepHOI ¢ HaMMEHBIIEH CaMOOUYHILAIOIIEH COCOOHOCTHIO
BOJIHOM CpEJIBI.

Jns konmdecTBeHHOHN oneHkHu TpaHcopmannu BB Bons mpomonbHOM ocu
YCTBEBOT'O B3MOpPBSI PEKU HCIOJIB30BAJICSA YIPOIIEHHBIH METOJ pacdera CpeHEro
mHoronetHero U TBgs o popmyie (2). IToT mokazarenb xapakTepu3yeT crocod-
HOCTH BOJBI K CaMOOYHIICHUIO OT bB, yuuTsIBas KOMIUIEKCHOE BIUSHUE aOMOTH-
YeCKHUX U OMOTHYeCKUX (PaKTOPOB Ha KOHLIEHTPALUIO OTAEIbHBIX BB.

B nambonpiiedd cTeneHn BoJa YCTHEBOTO B3MODPBS p. UepHOH ouminaizach
OT aMMOHHIHOTO a30Ta: €0 KOHIIEHTPAITHs yMEHbINANach B cpeaaeM Ha 11.4 %/km.
KonuenTpauus HutpatoB ymeHbmanack Ha 7.7 %/xm, ¢ochatoB — Ha 7.3 %/kM
U HUTPUTOB — Ha 6.8 %/KM.
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B coBpeMeHHBIH meproll, M0 CPaBHEHHIO C paHee MOJTYYCHHBIMH pe3yibTaTa-
MU [15], camoounmienre Boasl oT ¢ocdaros yaydmminock (Ha 3.5 %/kM), a OT HUT-
patoB yXyamuiaoch (Ha 2.6 %/km).

NTBss MOXHO HMCHOJIB30BaTh Ui MPUOIMKEHHBIX OLCHOK M3MEHEHHS KOH-
LEHTPaLuH B JTIO0OH TOUKE YCTHEBOTO B3MOPBS B 3aBUCUMOCTH OT KOHLCHTPALIUH
Yy UCTOYHHKA NOCTyIIeHUs bB.

3akia0uenne

B MHOroumcieHHBIX NPEAIECTBYIOMUX HCCIEA0BAHUAX aHAIN3 M3MEHUYHMBO-
ctu cogepxxkanusd bB B Bozxe ycTbeBOro B3Mopbs p. UepHOU 3a BeCb COBPEMEHHBIN
nepuof (1991-2020 rr.) OBUT BBHIIOJIHEH HA OCHOBE CPEAHETO apu(METHIECKOTO
3HAYEHHUs, YTO SIBJIAECTCA HEAOCTATOUYHO KOPPEKTHOM CTATHCTHYECKON OLEHKOH
MEPBUYHON HHPOPMALIH.

BriepBrie ruapoxuMHUYecKrue aHHbIE HaOMIOJeHWH, HAKOIJICHHBIE B (hOHIax
MI'1 PAH u CO I'OUH 3a 1991-2020 rT., 65111 CHCTEMAaTU3UPOBAHBI, IPOBEPEHBI
Ha OJAHOPOJHOCTh U CTAallMOHAPHOCTHh U OOBEAUHEHbI B OJUH Psill, YTO IO3BOJIMIIO
MIOJTyYUTh COBPEMEHHYIO XapaKTEpUCTHKY N3MeHYHBOCTH bB.

VYcTaHOBIEHO, YTO KauyecTBO BOABI MO cojaepkaHuio (ochaToB, HUTPATOB,
HUTPUTOB M aMMOHHITHOTO azoTa B 1991-2020 IT. B OCHOBHOM COOTBETCTBOBAJIO
HOPMAaTUBHOMY. 3HAYMMBbIX TEHACHIMH CPeIHUX MHOTOJETHUX 3HAYEHUIN KOHIIECH-
Tpanuu bB He oOHapyxeHo.

Tak kak pacopelnencHuss CpOYHBIX 3HAYEHUN KOHLEHTpauuu bB kpaitnHe
ACMMMETPUYHBIE HA BCEX CTAHLUAX, ITOJYUYEHHBIE CXEMBbl PacCHpeneieHUusT MeIuaH
MX KOHIEHTPALWI B IOBEPXHOCTHOM M NPHIOHHOM CJIOSIX BOJABI YCTBEBOTO B3MOPbS
p. UepHoii Oosee NOCTOBEPHBI IO CPaBHEHHUIO C NPEAIISCTBYIOUIMMHU PabOTaMHy,
B KOTOPBIX MCIOJIb30BAINCH MEHEE TOUHBIE CPeJHHE apU(PMETUICCKUE 3HAYCHUSI.

sl OLlEHKM MHTETPAIBHOIO 3arpsi3HEHHs BOJHOM cpeasl KoMiuiekcoM bB
TIPEIITOKEHO MCIOB30BaTh WHIEKC 3arpsi3HeHHOCTH Boxbl (M3Bgg). Briepsrie mo-
KazaHbl pa3nuuust Mexxay W3Bgs, paccunTaHHBIMY 10 MEAHAHAM M CPETHUM apu-
METHYECKUM KOHIIEHTPAMsIM. Y CTAHOBJIEHO, YTO IIPH HCIIOIB30BaHUHM Ul pacueTa
N3Bgs Menuan koHIEHTpanuii HamOosblnee cojaepxkanue bB ompenensercs
JUTSI BOJIBI BOCTOYHOM YacTH yCThEBOTO B3MOphA. B nmampHeiimiem MoXHO Oynaer
YCTaHOBUTH KJIACCHI KadecTBa BoAbl 1o 3Bgp 1 paltoHMpOBaTh IO HUM aKBATOPHIO
YCTBEBOTO B3MOPBS.

Pacuer UTBsp (nHAEKca TpaHcopMaluy BEIECTB) MOKAa3aj, YTO BAOJb OCU
YCTBEBOTO B3MOpPB p. UepHON KOHLIEHTpALUs 3aKOHOMEPHO YMEHBIIAETCS OT PEKH
k mopio. Conepxanne bB B Hambonee oborameHHOM MMM TOBEPXHOCTHOM CIIOE
BOJBI yMeHbINaeTcsa B cpeqHeM Ha 8 %/km. UTBgg MOKHO MCTIONB30BaTh IS TIPH-
OMKEHHOM OLIEHKU M3MEHEHHSI COJIeP KaHusl Pa3IMIHbIX BEIECTB PU HEJOCTATKE
HaTYpHBIX JJAHHBIX.

[Tony4yeHHble pe3ysbTaThl NPUMEHHUMBI JJIsl YCOBEPIICHCTBOBAHUS CHCTEMBI
MOHUTOPHHIA, 0allaHCOBBIX M IPOTHO3HBIX OLIEHOK, MOJEIHPOBAHMS 3BOJIIOLUH
9KOCHUCTEMBI YCThsl, pa3pabOTKK Hay4YHOrO OOOCHOBAaHHUS XO3SIMCTBCHHOM AEsATEINb-
HOCTH B PETHOHE, a TaKXKE€ MEPONPHUITHM 10 COXPAHEHUIO U OXPAaHE INPUPOAHOMU
Cpebl MOPCKOTO YCThs p. UepHoil.
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AHHOTANNA

C uronst 2021 no asryct 2022 r. Ha okeaHorpaduueckoil mardopme B 11. Kannsenu Henpe-
PBIBHO IIPOBOJIMIINCH UCIIBITAHUS AKCIIEPUMEHTAIEHOW N3MEPUTENBLHON CUCTEMBI [ MOHU-
TOPHMHIa JMHAMUKH TEMIIepaTypHbIX U3MEHCHNH B IpUOpexxHoi 30He. CrcTeMa MoCTpoeHa
Ha TPeX WJICHTUYHBIX MO KOHCTPYKIHMH U INEKTPOHHBIM KOMIOHEHTAM PAaCHpEACICHHBIX
JaTYNKax TeMIepaTypsl (TepMorpoduiemMepax), BEpTUKAIHHO YCTAaHOBICHHBIX HA TIPO-
CTpPaHCTBEHHOM 0a3nce paBHOCTOPOHHETO TPEYTOIbHUKA cO cTopoHO# 18 M. [TomyueHsr
HEMpephIBHBIC IPOCTPAHCTBEHHO-BPEMEHHBIE TAHHBIE O BEPTHKAIBHBIX MPOQIIISIX TEMIIepa-
Typhl 0 TiryouHsl 19.5 M. Koppemsiius JaHHBIX OJHOBPEMEHHBIX M3MEPEHHN TaTIYAKAMHA
TIPY BBIPAKEHHOW TMHAMUKE TPAJUEHTOB TEMIIEpATyp M03BOIMIIA JOTIOTHUTEIBHO K AMILTH-
TyJlle U NEPUOJY KonebaTeabHbIX MPOIECCOB PACCUUTATh JUIMHY, CKOPOCTh M HAalpPaBIICHUE
pacnpocTpaHEeHHUsI BHYTPEHHNX BOJH. JlaHHBIE U3MEPEHUH C BBIPA)KEHHBIMU BPEMEHHBIMU
(¢poHTamMK M3MEeHeHHs1 npoduIieii TeMieparyp Mo3BOJIWIA PACCUUTATh HATIPABJICHHUE M CKO-
POCTB IepeHoca BOAHBIX Macc Ha rOpu30HTax. PazpaboTaHbl MporpaMMHBIE ajrOPUTMBI
ABTOMATHUYECKOI'0 pacyeTa yKa3aHHBIX MapaMeTpoOB JUIsl KOPPEIHPOBAaHHBIX IMOKa3aTelei
MIPOCTPAHCTBEHHO-BPEMEHHOI'0 CMELIEHUsI PACCUUTAHHBIX M30TepM. Pe3ynbTarsl akcnepu-
MEHTOB JI0Ka3aJl BO3MOKHOCTb HMCIIOJIb30BaHMUS MPEUIOKEHHON CUCTEMBI Ha 0a3e TepMo-
IpodHUIEMEPOB C 3aJaHHBIMHA TEXHUIECKUMHI XapaKTEPUCTHKAMH, YCTAHOBJICHHBIX HA Orpa-
HUYEHHOM rabapuTaMu OKeaHoTpapuiecKod Iu1aT(hOpMbl MPOCTPAaHCTBEHHOM Oasmce,
JUTSL OTIPENICNICHNS] TTapaMeTPOB BHYTPEHHHX BOJIH U TEMIIEPATYPHOH U3MEHUYNBOCTH C BBIpa-
JKEHHBIMH (PPOHTAMHU.
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Thermoprofilemeter-Based Stationary Measuring System
on the Oceanographic Platform
for Determining Internal Wave Parameters: Testing Results

P. V. Gaisky

Marine Hydrophysical Institute of the Russian Academy of Sciences, Sevastopol, Russia
e-mail: gaysky@inbox.ru

Abstract

An experimental system for monitoring the dynamics of temperature changes in the coastal
zone was tested at the oceanographic platform in the village of Katsiveli (Crimea) continu-
ously for more than a year from 2021 to 2022. The created system was based on three dis-
tributed temperature sensors (thermoprofilemeters) identical in design and electronics. (ther-
mal copolymer), vertically installed on the spatial basis of an equilateral triangle with a side
of 18 m. Continuous spatiotemporal data on vertical temperature profiles up to a depth of
19.5 m were obtained. Data correlation of simultaneous measurements of sensors with pro-
nounced dynamics of temperature gradients allowed to calculate, in addition to the amplitude
and period of oscillatory processes, the length, velocity and direction of internal wave prop-
agation. Measurement data with pronounced time fronts of temperature changes made it pos-
sible to calculate the direction and speed of transfer of water masses on horizons. Software
algorithms for automatic calculation of specified parameters for correlated indicators of
space-time displacement of calculating isotherms have been developed. The results of the ex-
periments proved the possibility of using a system with the specified technical characteristics
of thermal profiles installed on a spatial basis limited by the dimensions of the oceanographic
platform to measure the parameters of internal waves and temperature variability with pro-
nounced fronts.

Keywords: distributed temperature sensor, thermoprofilemeter, isotherm, heat storage, ther-
mocline, internal waves, temperature field, heat exchange, thermistor chain, oceanographic
platform, temperature gradient
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BBenenue

MOHHTOPWHT U H3yUeHHE THAPOTUHAMHYECKUX ITPOIIECCOB B IPUOPEKHON 30HE
C BBIPOXEHHBIMHU TPaJUeHTaMU TEMIIEpaTyphl BOIbI HEBO3MOXHBI 0€3 MpoCTpaH-
CTBEHHO-BPEMEHHO# NpuBs3KU. HenmpepbiBHBIC BO BpEMEHU N3MEPEHUS BEPTHKAIb-
HBIX TPOQUICH TeMIIepaTyphl MO3BOJIAIOT HAOIIOATh MEIKOMACIITA0HYI0 U3MEH-
YUBOCTbh TEMIEPATYPBI BOJBI U ONPEAENIATh AMIUIUTYAY U MEPUOJ MOAIOBEPXHOCT-
HBIX BOJTHOBBIX TiporteccoB [1—11]. Jlns onpenenenns HampaBieHUs pacIpOCTpaHe-
HUS, JUIUHBI U CKOPOCTH BHYTPEHHUX BOJIH, a TAKX€ HANPAaBICHUS U CKOPOCTHU
IepeHoca BOAHBIX MAcCC, CONPOBOXKIAIOIIMXCS BBIPAKEHHBIMU TEMIIEPATYPHBIMU
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¢poHTaMH, HE0OX0AMMAa U3MEPHUTENIbHAS CHCTEMA U3 TPOCTPAHCTBEHHO CKOOPANHH-
POBaHHBIX B TPEXMEPHOM I10JIE€ TaTYUKOB TEMIIEPATyphl. Takue AaTYUKU JOJIKHEI
MMETh UIEHTUYHBIE [T0 TOYHOCTH U WHEPIHMOHHOCTH METPOJIOTHYECKNE XapaKTepH-
CTHUKH C JOCTATOYHO BBICOKOH yacToToii onpoca (He menee 0.1 I'). [Ipu qonrocpou-
HOM MOHHUTOPHHI€ MEXaHMUYECKOE 30HANPOBAHUE MPELU3HOHHBIMU U3MEPUTEIIMU
WJIM CO3JaHME CETH aHAJIOTOBBIX TOYEYHBIX JTATYNKOB — CIOKHOE M JOPOTOCTOSIIEe
pelieHue, KOTopoe He MOXKET O0ecleyuTh CUHXPOHHOCTh u3MepeHui. Iloatomy
JUISL 3TUX LeJIeH 9acTO UCTIONB3YIOT THPJIHABI TOYEUHBIX HU(PPOBBIX AaTYUKOB [12,
13] u TepMokoc Ha 6a3e aHAJOTOBBIX AATUYMKOB [7, 14—19].

N3-3a BRICOKOW MHEPIIMOHHOCTH, MEIJIEHHOTO MOCIEAOBAaTEILHOTO HECHH-
XPOHHOTO OIpoca (0KoJo 3 ¢ Ha OIMH JAaTYHK B THPJISH/E) U OTPaHUYEHHONW TOYHO-
cti (MakcuMalibHOe mHdpoBoe 12-paspsmuoe paspermenne 0.0625 °C n morper-
HOCTH 0€3 IOMOJHUTENbHOW MHAMBHAyanbHOW rpaxyupoBku no 0.5 °C) [20] wuc-
noJnb3yemble udpoBsie AaTunku DS18B20 naneko He Bceraa yaOBIETBOPAIOT yKa-
3aHHBIM TpeOoBaHUAM. YacTo 3TH HEOCTATKH KOMIIEHCHPYIOT MPOCTPAHCTBEHHO-
BPEMEHHBIM OCPETHEHHEM M CIUIaXKHMBaHHEM U3MEPEHHOTO TEMIEPaTypHOTo MOJ,
YTO MPUBOJUT K TIOTEPE BBICOKOYACTOTHBIX COCTABIISIONINX B U3MEPEHUAX UCCIIEY-
emoro mporecca. [Ipu 3ToM B cucTeMax MOHHTOpPUHTa MPOCTPAHCTBEHHOTO TIepe-
HOCa BOJHBIX MacC M PaclpoCTPaHEHUS! BHYTPEHHHUX BOJIH IPUXOAUTCS yBEIHYH-
BaTh IPOCTPAHCTBEHHBIN 0a3uC (paccTOSHUE MEXIY THPISHIAMH) Ha TOPU30HTE.

UzroroBnenune TepMOKOC Ha 0a3e aHAIOTOBBIX IJIATUHOBBIX 1aTYMKOB COIMPO-
tusneHus [14-18] unu nenouxu TepMucTopoB [7, 17] ¢ UHAUBUAYaTbHBIMUA aHa-
J0TO-IU(PPOBEIMU TPe0oOpa3oBaTEISIMKA SIBISETCS TPYJOEMKHM U OTHOCHUTENIBHO
JOpOrocTosmuM mnporeccoM. OHAKO MIATHHOBBIE JATYUKH XapaKTEPHU3YIOTCS
OompImeit MeTposoruueckoi TouHocThio m3Mepenwuit (0.01 °C [14] m +£0.025 °C [17]
COOTBETCTBEHHO) M BBICOKOH CTaOMILHOCTHIO.

B psine cinyuaeB anbTepHAaTUBOM MOTYT OBITh paclpeneieHHble TepMopodu-
nemMepsl [21, 22], KOTopble U3TOTABIMBAIOTCSA Ha 0a3€ MEIHBIX MPOBOJIHUKOB, yIIO-
KEHHBIX [0 OPTOTOHAJBHBIM (DYHKLHUSAM HETPEPHIBHO MO BCEMY MPOQUIIIO JaTYHKA.
Paspemenne Kakaoro yyacTka AJMHOM OT HECKOJBKUX CAHTUMETPOB IO HECKOJIb-
KHX METPOB aJaNnTUPYETCs 0] KOHKPETHYIO 3a7ady. YK€ Ha allapaTHOM YPOBHE
3TO MMO3BOJISIET MOMYYaTh HEMPEPHIBHBIHN CTIaKeHHBIN MPO(UIIb ¢ BOCCTaHOBICHHOM
OCpPEIHEHHON TEeMIIepaTypol Ha KaXIOM ydacTke uaMepeHus. HarmsinHoe oTobpa-
KEHUE ITUHAMUKU TeMIICpaTyPHBIX U3MEHEHHH B BUJAE M30JMHUI B TeleMeTpHue-
CKOM pexkuMe ) 6e3 JIOTONHUTENBHOMH TpeXMepHOil HHTEpHONANME 06eceunBaeT
OIlIepaTHBHOE pELIeHHE 3aJ1a4 PErHCTPAaLi BHYTPEHHUX BOJIH U OINPENENeHUs X
napameTpoB. CucremMa TepMONPOPHUIEMEPOB ¢ UAECHTUYHBIMUA METPOJIOTHIECKUMH
XapaKTepUCTUKaMU (MHEPLMOHHOCTHIO U TOYHOCTHIO) MTO3BOJIET 00eceunTh Ooee
TOYHOE OTpe/IeTICHIE BPEMEHHOTO c/IBUTa (ha3 TeMIEpaTypHBIX KOJIeOaTeIbHbIX MPO-
1eccoB (KOPOTKOIIEPHOJHBIX BHYTPEHHHUX BOJIH) U ()POHTOB Ha MEHBLIEM IPOCTpaH-
CTBEHHOM 0a3nce yCTaHOBKU M3MepuTeseid. ManorabapuTHOCTh CUCTEMBI IT03BOJISET
pa3MemiaTh ee Ha CTAallMOHAPHBIX 00BEKTax (HampuMmep, Ha OKeaHorpaduueckon
mwiardopme), n3derast TEXHUIECKUX CJIOXKHOCTEH MPU YCTAHOBKE U COTPOBOKACHUH

DTIporpamma anst peructpanuu u 06pabOTKM M3MEPHUTENBHBIX AAHHBIX TEPMOMPOQHUIEMEPOB
«THERMOPROF» / I1. B. Taiickuii ; MI'H. Dnexrpon. nan. CeBactomnoib, 2022. Ne roc. perucrpa-
muu 2022611315.
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(OBepXHOCTHOE BOJTHEHUE, CHOC OyeB, aBTOHOMHOE SHEPTONUTaHNE U ChbeM HHPOP-
Mal|H1), OTCJICKHUBATh MEJIKOMACIITa0HbIE IPOLECCH B IPUOPEKHON 30HE CO CIIOXK-
HOH OeperoBoi JUHUEH, penbedoM AHA M C OTPAHUIEHHOIN MPOCTPAaHCTBEHHOM
JOKaJIM3aLuen.

Lenpio paboThl sBiIsETCS pa3padOTKa U UCHBITAHWE MAJIOrabapuTHON CTaluo-
HapHOW aBTOMAaTH3UPOBAaHHOI cHCTeMbl Ha 0a3e pacrlpeneneHHbIX TepMonpoduie-
MEpOB UIs ONpeNeNIeHHs [IPOCTPAHCTBEHHO-BPEMEHHBIX apaMeTpOB PaclpocTpa-
HEHMS TUAPOJIOTMYECKHUX MPOLECCOB, COMPOBOXKIAIOIINXCA U3MEHEHHEM TeMIIepa-
TYPHBIX TPaIUCHTOB, B IPUOPEKHON aKBaTOPHUHU U aHAJIN3 MTOYYSHHBIX Pe3yIbTAaTOB.

Anmnaparypa

B pamkax pa3paOOTKM M HCIBITaHUS TOINOOHOW MajnorabapUTHON CHUCTEMBI
B TpaHuIax NepuMerpa okeaHorpaduyeckoit mnardopmsel B n. Kanusenu (Kpbim)
OBUTM CO3JIaHBl M CTAlMOHAPHO YCTAHOBIICHBI pacHpeieieHHbIE TepMOIpodue-
Mepsl [21-22]. KoHCTpYKTHBHO TepMOonpoduiIeMepsl PEeACTaBISAIOT COO0 MEeHbIE
MIPOBOJHHKH, YIJIOKCHHBIE 110 OPTOrOHAJILHBIM (DYHKLHUSAM O BCeH JUIMHE pacmpee-
JIEHHOTO JaT4Mka. KolndecTBO NMPOBOJHHMKOB COOTBETCTBYET KOIMYECTBY y4acT-
koB. OcpeHeHHas! TeMIIepaTypa Ha KaKJOM y4acTKe PO BEIYUCISIETCS C O-
MOIIBI0 MAaTPUI] MHAWBUAYAIBHBIX I'PaAyHPOBOYHBIX KOA(Q(PHULINEHTOB, MOIy4EH-
HBIX P METPOJIOTHYECKOH MOBepKe. 3anmTHas 000JI0YKa CEHCOPHOM YacTH, BBI-
MIOJIHEHHASI CHAPYXXH B BUJE TPy30HECYIIEH NMOJMaMHUIHOW TPYOKH, M3TOTaBINBa-
Jach ¢ y4eToM TpeOOBaHMH OJMHAKOBON MHEPLUUOHHOCTH (TEIUIOEMKOCTb) JaTdH-
KOB. MeTposiornueckue XapakTepUCTUKH H3MEPHUTEIbHBIX KaHAJIOB C MHCTPYMEH-
tanbHbIM pazperienueM 0.0026 °C takxe ObUTH OAWHAKOBBEIMH. B pe3ynbrate ObU10
CO3JIaHO TPU TepMonpoduiemepa JIMHOK 1Mo 24 M ¢ MPOCTPAaHCTBEHHO-pacIpee-
JICHHBIMH y4aCcTKaMU ATUHOHN 1.5 M 1o 16 mIT. B KaXKIOM.

Crnenyer OTMETHUTD, 4TO O0Jiee paHHUE UCIBITAHUS TEPMONPO(UIEMEPOB ¢ TO-
BBILLICHHBIM Pa3peleHneM 1o Moo (¢ ATMHOM yyacTKoB 1o 20 cM), IPOBEACH-
HbIE Ha OKeaHorpaduyeckod miaardopme, HE MPOAEMOHCTPHPOBAIM KAKHX-THOO
3HAYUMBIX [TPEUMYIIECTB IPH PETUCTPAIIMH IEPBUYHBIX TAPAMETPOB UCCIEAYEMBIX
BHYTPEHHUX BOJIH. THEPIIMOHHOCTh U3MEPUTENEH B )KUJKOCTH U3-3a 3aL{UTHOU TPy~
30HECYIICH MOJUAMHUIHON 000I0UKH-TPYOKHU cocTaBmiia okoio 30 c. [TorpemrHocTs
M3MEpEeHUH OCpelHEeHHON Ha ydacTKe TeMIIEpaTypbl METPOJIOTUYECKH ONpesesieHa
kak +0.1 °C. [Iepuox onpoca Bcex 16 1aTINKOB — y4aCTKOB MPOGUIISI OTHOTO U3ME-
putens — coctaBimsul 0.5 c. M3MepurenbHble AaHHBIE MOCTYNAIW OJHOBPEMEHHO
CO BCEX TpeX M3MepuTesiel Ha OOPTOBOM KOMIBIOTEP C MPUBSA3KOM K eIMHOMY Taii-
Mepy U B TEIEMETPUUYECKOM PEXHUME O0TOOPa)Xaauch B BUAE IPATUEHTHOTO MO
U U30TEPM.

OOmast cxema YCTaHOBKHM CHUCTEMBI IIpefcTaBieHa Ha puc. 1. Ilockonbky pe-
need AHA B paiioHe PacIOIOKEeHHS IIaT()OPMBI XapaKTepU3yeTCs yBETHYCHHUEM
[TyOWHBI B I0T0-BOCTOYHOM HAlpaBJICHUH, TO TITyOWHA 3asIKOPUBAHUS PacIpeIesIeH-
HBIX JATYUKOB MeHsUTach OT 24 10 28 M (puc. 2). [lo nanHbIM 60J€e paHHUX PEeruo-
HaJBHBIX HaOroAeHu [11-13, 21-22], Hanbosee moaXOSAIINe YCIOBUS ISl UCITBI-
TaHHS CUCTEMbI COOTBETCTBOBAIIU CE30HY COPMUPOBABILETOCS TEPMOKJIIMHA U MTPO-
SIBJICHUS alBeJUIMHTa — JayHBEJUIMHTA (C Mas 1O aBrycCT).
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Kauusenu

-~ 30m 40
Tny6uHbI / / / M
P mc . 1 . CxemMa yCTaHOBKM CHCTEMBI M3 TpeX

TepMonpoguIeMepoB Y OKeaHOTpapUUeCKOH TmiaT-
¢dbopmbl. KpacHbIMH Kpy)KKaMH 00O03HA4YEHBI YCTaHOB-
nenHble qatauku. udper /-3 — HOMep npodunemepa

F ig . 1 . Location and layout of a system of three

thermoprofilemeters at the oceanographic platform.
The red dots denote the installed thermoprofilemeters (/-3)

24 m

Puc. 2. [Ipoduns riyouH B MecTe ycra-
HOBKH CHCTEMBI U BEPTHKAIBHOE PACIIOJIO-
JKeHue tepmonpoduiemepos (/—3)

Fig. 2. Depth profile at the installation
site of the system and vertical placement of
the thermoprofilemeters (/-3)

B pesynbraTe ucnbITaHUN CO3MaHHON CUCTEMBI U3 TPEX TEPMONPOPHIEMEPOB,
npopabotasieii 6onee roga — ¢ utoHsa 2021 r. mo asryct 2022 r., 6bUIH TPOAHAIN-
3MPOBAHBI JJAHHBIC 3a /IBA YKAa3aHHBIX CE30HHBIX mepuona. [lourn Bce 3aperucrpu-
pOBaHHBIE 3HAYNMBbIC U3MEHEHHS 3ariayOJIeHHs] BBIPaXXCHHOIO TEPMOKIMHA COIPO-
BOJK/IJIUCH BOJTHOBBIMH ITPOIIECCAMH, OTPAKEHHBIMU B BEPTHKAIBHBIX MPOPHIIIX
teMneparypsl. [1o HarmsIMHOCTH (C BBIPRXKCHHON NMEPHOANYHOCTHIO HE MEHEE IIATH
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MIOCIIEIOBATENEHBIX TAPMOHHUK) U BO3MOXXHOCTH MHTEPIPETAIIMU 32 CE30H MOXKHO
OBUIO BBLACTUTH 0KOJIO 10 MPOSBICHUH KOPOTKOMEPHOTHBIX BHYTPEHHUX BOJH
JIUTATENHHOCTRIO OT 1 10 4 4. CpenHuii meproa TakuX BOJH cocTaBisul 10—12 MuH,
a ammmutyaa — 2.5-3 M. [IpumMepbl oToOpakeHUs! JaHHBIX HAa SKpaHE MOHUTOPA
B Ipoliecce 00pabOTKU MPOTrPaMMOii B TEIEMETPUIECKOM PEXKUME U3MEPEHHI MTPe/I-
CTaBJICH Ha pHC. 3.
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Puc. 3. Ilpumepsl 3anmcy KOPOTKOIIEPHOIHBIX BHYTPEHHUX BOJIH OJJTHUM
13 TEPMONIPOPHIEMEPOB CUCTEMBI

Fig. 3. Examples of a record of short-period internal waves made by one
of the thermoprofilemeters
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Pe3yabTarhl

B kauecTBe mpuMepoB pabOTHI CHCTEMBI MTPUBEACHBI PE3yIbTaThl PACUETOB
IapamMeTpoB JJIsi HaOJIOJaeMbIX KOPOTKOIIEPHOAHBIX BHYTpPeHHUX BoOJH. llpwm wc-
MOJTb30BAHUH JAHHOW CHCTEMBI OIpeieNieHre HampaBieHUH (TOPU30HTAIbHBIX
Y BEPTUKAIBHBIX ) M CKOPOCTEH CMEIICHHUS WU PACTIPOCTPAHECHHUS BHYTPEHHUX BOJH
BO3MOYXHO TOJIBKO MpPU HAJIMYHW BBIPRKEHHBIX TEMIIEPaTypHBIX (PPOHTOB, Ha OC-
HOBE KOTOPBIX MBI MOKEM KOPPENUPOBATh AAHHBIEC JATYUKOB U PaCCUUTHIBATH BPE-
MeHHEIE 3aJ/iepKkd. [IpuBsi3ka k cucTeMe KOOpAMHAT U TeorpaduueckoMy MOJI0Ke-
HUIO MTO3BOJISIET JIajiee ONPE/ISIINTh UICKOMBIE THHAMHYECKHE TapaMeTpbl HaOmrona-
€MOT0 Ipolecca.

B kxauecTBe AaHHBIX AJI1 CHHXPOHHOM IPHBSI3KM MCIOJbB30BAJIMCH PACUETHBIE
MIPOCTPAaHCTBEHHO-BPEMEHHEIE CMEIICHHUS H30TEPM B MHUKHOKIWHE Ha TPOQPIIIIX
TEMIEepaTyphl, OTYYCHHBIX KOKIABIM U3 TepMonpodmieMepoB. Pacuer npoctpan-
CTBEHHBIX CMELEHUN U30TEPM PEANM30BaH AITOPUTMHUYECKU-IIPOTPAMMHO Ul KaX-
JIOTO PacHpeIeICHHOrO JaTYMKa KaK B TEIEMETPUUYECKOM PEXUME, TAK U IPHU MOCT-
06paboTKe 2. ATTOPHTMBI BEIYHCIICHHS HATIPABIEHHS M CKOPOCTH CMEIEeH s (hpOH-
TOB OBUIH PEaTM30BaHbI IMPOTPAMMHO C MOMOIIBI0 TPUTOHOMETPHUYSCKUX (POPMYIT
C PeAaKTUPYEMOM MPUBAZKON K MPOCTPAHCTBEHHOW OPUEHTAIIMU U PACTIOJIOKEHUIO
JaTuukoB. HemocpeAaCTBEHHBIM pacyeT 3TUX NapaMeTpoOB B PaMKax IPOBEICHHBIX
HCTBITAHUM CUCTEMBI OCYIIECTBIISIICS B PEKUME OMEPATOPHOrO BBOJA MEPBUUYHBIX
3a/IepKEK MEXIy JIaTdvMkaMu (B JIaHHOM cllydae JOCTATOYHO BBOJA 131 U 132,
CM. puc. 4) U1 3aJaHHBIX TeOMETPUYECKUX NTapaMeTpOB.

Puc. 4. OroOpaxeHue Ha 3KpaHEe MOHUTOPA PE3yJIbTaTOB 00PaOOTKHU JJAaHHBIX CHCTEMOIA:
HoJIe TEMIIEePATyphbl C TUHAMHUKON W30TEpM U rpaiueHToM mpoduiieil Temneparyp —a, d, g
(6expM pssMoyTONEHUKOM (a2, d) 1 cTpeikamu (g) 0003HaYeHa pacueTHas: 00JIacTh), CKOp-
peMpOBaHHbIE IPOCTPAHCTBEHHBIE CMEIIECHHS BHIOPAaHHON N30TEPMBI B PACUETHOM 00J1acTH
Ha IpaHMIe TeMIIEpaTypHOro GPOHTA U BHYTPEHHEW BOJIHBI ISl TPEX TepMonpoduieMepos
(1, 2, 3) - b, e, h, k (luTpUXOBBIE TMHUK OTMEYAIOT HA rpaUKax BEIOPAHHBIC I'PAHUILIBI ITPO-
CTPAHCTBEHHOI'O CMEIICHUS M30TEPMBI BO BPEMEHHOM JAMANa3oHe I KaKIOro NaT4yhKa);
PE3yJIbTaThI IPOIPAMMHOTO pacueTa JMHAMHYECKUX XapaKTePUCTHK BHYTPEHHUX BOJH (¢, f)
TI0 MOJTyYEHHBIM BPEMEHHBIM 3a/IepIKKaM (31, 32, 112) 1 CKOPOCTH M HAIIPABJICHUS CMEILICHUS
(hpoHTOB TIpH anBeuTHHTE (f) U qayHBeIDIHHTE (/)

Fig. 4. Display of the results of data processing by the system on the monitor screen:
temperature field with isotherm dynamics and temperature profile gradient—a, d, g
(the white rectangle (a, d) and arrows (g) indicate the calculation area); correlated spatial
displacements of the selected isotherm in the calculation area at the boundary of the temper-
ature front and internal wave for three thermoprofilemeters (7, 2, 3) — b, e, h, k (the dashed
lines mark on the graphs the selected boundaries of the isotherm spatial displacement in the time
range for each sensor); results of program calculation of the dynamic characteristics of inter-
nal waves (c, f) based on the obtained time delays (1, t32, t12) and the speed and direction of
front displacement during upwelling (j) and downwelling (/)

P TIporpamMMa [yisi PETHCTPALMU U OOPaGOTKM M3MEPHTENBHBIX TAaHHBIX TEPMOMPO(HIEMEPOB
«THERMOPROF» / I1. B. T'aiickuit ; MI'U. Dnekrpon. naH. Cepacrtomnoib, 2022. Ne roc. perucrpa-
muu 2022611315.
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[Tomydenue xapakTepUCTUK BHYTPEHHUX BOJIH (aMIUIUTYAbI, IEPHOAA, HAPaB-
JICHUS], CKOPOCTH U JJTMHBI BOJIHBI) B aBTOMATUYECKOM PEKUME 3aTPYIAHEHO PSIOM
(akTOpOB, CBA3aHHBIX C HECTALIMOHAPHOH MEPUOJUYHOCTHIO U CI0XKHOCTBIO aBTO-
MaTHYECKOI BBHIOOPKH CHHXPOHHM3HPOBAHHBIX (PPOHTOB KOJEOATEIBHOTO Tpolecca
B TeJIEMETPUYIEeCKOM pexume. [103ToMy Ha IaHHBIM MOMEHT 3Ta 3a/a4a PerIaeTcs
OTIepaToOpOM MPH BU3YAIbHOH OIIEHKE COOBITHI Ha SKpaHe MOHHUTOPA JIMOO MPH TIO0-
cieaytoeii 0opaboTke U3MEPUTENBHON HHPOPMALHH.

[Tpumepsl oTOOpaXkeHNs1 Ha IKpaHEe MOHUTOPA PE3YJIBTAaTOB 00pabOTKM Hpea-
cTaBJieHbI Ha puc. 4 (a — f) (mapaMeTpbl KOPOTKOMIEPUOTHBIX BHYTPEHHUX BOJH Ha
rpanuue TepMoknuHa). Ha puc. 4 (g — /) npeacraBneHs! pacueTsl i Oonee mac-
mTaOHOTO BO BPEMEHH TepeHoca TITyOMHHBIX XOJOAHBIX Macc, sl KOTOPOTo pac-
CUMTaHB! HAPaBJIEHUE U TOPU30HTAIIbHAS CKOPOCTb.

Crnemyer OTMETUTB, YTO TIPH TypOyJIeHTHOCTH [23—-25], KOTOpasi MOXKET BO3HU-
KaTh W3-3a TEUCHUH 1 OIU3IEKALIIMX CBAHHBIX HECYIIMX KOHCTPYKIUH TIIATQOPMBL,
Masasi MHEPLIUOHHOCTh AATYMKOB B CUCTEME OTPULIATENIEHO CKa3bIBAETCS HA COIO-
CTaBJICHUH KOPPEIUPYIOLIUX KOJeOaTeIbHbIX MPOLECCOB, CBSI3aHHBIX C MPOX0XKIe-
HUEM BHYTPEHHHUX BOJIH.
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Puc. 5. [Ipumep perucrpaniu HHTEHCHBHBIX BHYTPEHHHUX BOJIH TEPMONPOhuIIe-
MepaMH B paiioHe okeaHorpadrueckoil miatdopmsl

Fig. 5. Example of a record of intense internal waves with thermoprofilemeters
near the oceanographic platform

B mepuon ucnibITaHuit CHCTEMBI U3 TPEX TepMOTIpoduIeMepoB He HAOTIOAATOCh
MPOSIBJICHHSI TOCTATOYHO PEIKUX MHTCHCUBHBIX BHYTPEHHUX BOJIH, KOTOPBIC paHee
(hbuKCHPOBAIIHICH C TOMOIIBIO TEPMOITPOUIEMEPOB B paiioHe maT(opMsl 10 TpexX pas3
B IOl ¥ UMeJIK 00JIbIIy 0 aMIuTyay (0onee 10 M), mepuo okojo 12 MUH U BbIpa-
JKEHHBIN TeMIiepaTypHbIid GPOHT (CM. puc. 5).

3akiaiouenne

UcnpiTanus pa3paboTaHHOM cHCTEMBI Ha 0as3e pacrpeaeeHHbIX TepMOIpoQH-
JIeMEepOoB IMoKa3aly ee paboTococOOHOCTh B YCIOBUSIX BBIPAYKEHHBIX TEMIIEpaTyp-
HbIX (I)pOHTOB. O‘-IGBI/IILHO, 4TO B CpeAac 6onee HaMHHapHOﬁ (OTHOCI/ITGJ'II:HO apo-
CTPaHCTBEHHBIX I'PaHUL] yCTAaHOBKHU CHCTEMBI) KOppesiius Oy et Oonee 4eTKOH, 4To
IIOBBICUT I[OCTOBepHOCTI) ABTOMATHYECCKUX HpOFpaMMHI:-IX paC‘—ICTOB. B yCJ'IOBI/IHX
TEYEeHNH, N3PE3aHHOCTH OEperoBoil 30HBI M HEOJHOPOTHOCTH penbeda THA YBENH-
YCHUC paCCTOHHI/IH Memz[y JaTYUKaMH CUCTEMBI MOXKCT HpI/IBO,Z[I/ITB K HCKAXXCHUAM
CHHXPOHHOCTH BOJIHOBBIX IPOILIECCOB B M3MEPSEMBIX MPOMHIIIX TEMIIEPATyphI,
a CJICTOBATENBHO — K CJIOKHOCTSM TIPH MX COMOCTaBIICHUH (Koppesiuu). B atom
CJly4ae YCTaHOBKA MOJOOHON CUCTEMBI Ha CTAIIMOHAPHOM OOBEKTE SIBJIIETCS TPE/I-
MOYTHUTENbHOU C TOYKHU 3pCHUA CTOUMOCTU U TEXHUYCCKOI'O COIIPOBOXKIACHUA,
a TaKKC BBUAY OTCYTCTBUA TaKUX Q)aKTOPOB, KaK CHOC 6yeB " BJIMAHUC MTOBECPX-
HOCTHOI'O BOJIHCHUS Ha IPOCTPAHCTBCHHBIC KOOPAUHATHI I/I3MCpI/ITCJ'IbHOI71 CUCTCMBI.
I[J'ISI MaJIOI‘a6apI/ITHOI71 CUCTEMBI MOXET 6I>ITI> O6€CH€‘ICH3 OrpaHUYCHHAs MPOCTPaH-
CTBCHHAas JIOKAJIN3allusid B 6YXTC Nin HpOJ’II/IBe.
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HpeI/IMYIlIeCTBa 1 HEAOCTATKH! UCIIOJIb30BaHUA BCEX NPUMECHACMBIX TUIIOB AAaT-

YUKOB JJIs1 CO3/IaHUSl MOJOOHBIX CHCTEM OINpeieNeHHs MapaMeTpoB BHYTPEHHUX
BOJIH MOT'YT OBITH OIIEHEHBI HE TOJIBKO IO METPOJIOTHIECKOH TOUHOCTH H3MEPUTEIb-
HBIX KaHAJIOB, HO M II0 IOJTOBPEMEHHON CTa0MIBHOCTH, CTOUMOCTH U YAOOCTBY CO-
npoBoxaeHus (oOcmyxuBanus). OKOHYATENBHBIA BBIBOA MOMKHO CHENaTh IOCIe
MPOBEIEHHS COBMECTHBIX HATYPHBIX UCTBITAHUI Ha 00BEKTaX MOHUTOPHUHTA U WH-
TEePKaTNOPOBKH.
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AHHOTAUA

OrneHEeHO Ka4ecTBO MOPCKO# cpensl OyxThl Jlacu B paiione ypouwnina barnimman mo oc-
HOBHBIM XMMHUKO-MHKPOOHOJIOTHYECKUM ITapaMeTpaM B IEPHOIBI Pa3INIHON peKpearioH-
HOW Harpy3KH Ha akBaTopuio. MarepuanaoMm A UCCIEAOBAaHUS IOCIYKUIA MPOOBI BOJBI
" o0pacTaHuii, 0TOOpaHHEIE B Mae, mioje U okTsaope 2023 r. KauecTBeHHBIH M KOIHYe-
CTBCHHBII COCTaB yrieBoJoponoB onpexaessuicst Ha 6aze HOLIKIT «CnekrpoMeTpus 1 Xpo-
marorpadpus» OULl MuBIOM meronom razoBoit xpomatorpaduu Ha xpomarorpade «Kpu-
ctayut 5000.2» ¢ mIaMeHHO-MOHM3AIIMOHHBIM JeTeKTOpoM. [ mueHTH(hUKAUN BeposT-
HBIX UCTOYHUKOB NOCTYIUICHHS OPraHUYECKHX BELIECTB HCIOJIB30BAIU JUArHOCTUYECKUE
MapKepsl IPONUCXOXKICHUS YIIIEBOIOPOIOB. YHUCIEHHOCTD Tpymn OakTepuii (canpoduTHBIX
TeTepOTPOQHBIX, YTIEBOIOPOIOKUCIISIONINX, IUOINTHIECKUX U (DEHOIOKHCIIAIONINX) OTpe-
JIETSUTA METOJOM MpENENbHBIX JECATUKPATHBIX Pa3BEIEHHH C UCTIONb30BAaHUEM JJIEKTUB-
HBIX NATATeNbHBIX cpel. KoHIeHTpanys yrieBoAopoaoB B MPUOPEKHBIX BOJAX YPOUHINIA
Barunmuman ¢ mMas mo okt6ps 2023 1. cocrapimsuia 0.013-0.304 mr-r!. Cocras H-aqkaHOB
yKa3bIBaJl HA OTCYTCTBHE HE(TSIHOTO 3arpsisHEHUs B McCieqyeMoi akBaTopuu. [IpeBbimie-
nue ITJIK 1715 yrneBogopoaoB, OTMEUEHHOE B MIOJIE HA OJHOM U3 CTAaHLMN, HOCUT IPUPOI-
HBIH XapakTep M CBSI3aHO C aKTHBHBIM ITOCTYIUICHHEM AJUNIOXTOHHBIX coequHeHni. Kommue-
CTBEHHAs OLlEHKa 00O3HAYEHHBIX TPYHIl OaKTepuil B BOJE U MUKPOIEpU(PUTOHE MAKPO-
oOpacTaHMii yKa3pIBaeT Ha BO3pacTaHWE YUCICHHOCTH WHIMKATOPHBIX I'pyINI OakTepuit
BO BCeX NMpobax, 0TOOPaHHBIX B Hioyie. TeM He MeHee pe3yNIbTaThl HCCIeTOBAHUS YTIIEBO-
JOPOJHOTO (POHA M KOJINYECTBEHHOH OLEHKH OCHOBHBIX MHUKPOOHMOJIOTMYECKHX IOKa3a-
TeJIeH B BOJE M MUKPONEPU(PHUTOHE MAaKpOOOpacTaHMH YKa3bIBalOT HAa TO, B aKBaTOPUH
ypouniia baTuinmMaH akTHBHO NMPOUCXOIAT MPOIECCH 0aKTePHATIFHOTO CAMOOYHNIICHNS.
ITo MUKpPOOHOIOTHYIECKNM MTOKA3aTENAM HUCCIETYyEMbIil y9aCTOK MOKHO OTHECTH K yCJIOB-
HO-YHCTBIM aKBaTOPHSIM.
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The Content of Hydrocarbons and Indicator Groups of
Bacteria in the Marine Environment of Laspy Bay
(Southern Coast of Crimea)
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Abstract

The paper assesses the quality of the marine environment of Laspy Bay near the Batiliman
Stow according to main chemical and microbiological parameters under various recreation-
al impacts on the water area. The material for the study was water and fouling samples tak-
en in May, July and October 2023. The qualitative and quantitative composition of hydro-
carbons was determined by gas chromatography on a Crystal 5000.2 chromatograph with
a flame ionization detector in the Scientific and Educational Center for Collective Use
«Spectrometry and Chromatography» of A. O. Kovalevsky Institute of Biology of the South-
ern Seas of RAS. Diagnostic markers of the origin of hydrocarbons were used to identify
possible sources of organic substances. The abundance of bacteria groups (saprophytic hetero-
trophic, hydrocarbon-oxidizing, lipolytic and phenol-oxidizing) was determined by the method
of tenfold dilutions using elective nutrient media. From May to October 2023, the concen-
tration of hydrocarbons in the coastal waters of the Batiliman Stow was 0.013-0.304 mg-L™".
The composition of n-alkanes indicated the absence of oil pollution in the studied water
area. The exceedance of the maximum permissible concentration for hydrocarbons, noted
in July at one of the stations, is of natural origin and is associated with an active intake of
allochthonous compounds. The quantitative assessment of the mentioned bacteria groups
in the water and microperiphyton of macrofouling indicates an increase in the abundance
of indicator groups of bacteria in all samples taken in July. Nevertheless, the results
of the hydrocarbon content study and the quantitative assessment of the main microbiologi-
cal indicators in the water and microperiphyton of macrofouling suggest that there are ac-
tive bacterial self-purification processes in the water area of the Batiliman Stow. According
to microbiological indicators, the studied area can be classified as conditionally clean.
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Beenenue

BeperoBas nunus ypouuina batunnman (mpuOpeXHO-aKBalbHBIH KOMIUIEKC
mexay M. Capera u 6. Jlacnu), ¢ KoToporo HaunHaroTcs ropsl KOxHOTo Oepera
Kpeima, TsiHETCSt OT ocHOBanus Topel Kym-Kast no 6. Jlacu. AkBaropust y4acTka
XapaKTepU3yeTcs WHTEHCHBHBIM BOJOOOMEHOM C OTKPBITHIM MOpPEM U BBICOKOM
aspauuell. CroHHO-HaroHHbIE SIBICHUS, XapakTepHble a1 FOxxHoro Gepera Kpbima,
MIPUBOJIAT K KOJIEOAHUSAM COJICHOCTH BoAbl oT 17.70 mo 18.47 [1].

Ot ype3a Boxbl 10 HeOospmnx r1yOuH (10 M) JHO NpeAcTaBIEHO BalTyHAMHU
U ribi0amu (TT6I00BBIN OeHY) (CT. /) ¢ peAKUMH y4acTKaMH Iec4YaHoro JHa (CT. 2).
I'panynomerpudeckuii COCTaB JOHHBIX OTJIOXKEHUH M OCOOEHHOCTH MOp(OIUHA-
MHUUYECKUX YCIOBUH cpelibl (CHOC METKOUCIIEPCHBIX (ppakiuii B MpUriIyOble 30HbI)
00yCJIOBIMBAaET OTCYTCTBHE HAKOIUICHHS OPraHMYECKOro Yriiepoja B Mpenenax
3TOr0 OEeperoBoro yyacrtka [2].

C 3TUM KOppenupyroT coolieHus [3] o HEBBICOKOH YHCIEHHOCTH MHUKPOO-
HOTO HACEJIEHUS B PBIXJBIX JIOHHBIX OTJIOXKEHHSIX Onusnexamei 6. Jlactw, e
YUCIEHHOCTh CANPOQUTHBIX TeTepOTPOPHBIX OAKTEPHl B CPEJHEM COCTABIISET
2500 k1. T}, a yriieBoJOpOIOKUCIISIOMUX HEe MPEBBIIacT 2 Ki.-T ', Y3 Makpodu-
TOB KPYIJIOTOJMYHO TOMUHHPYIOT O BeTpeuaemoctu Cystoseira crinita (Dyby,
1830) u Ceramium diaphanum (Roth, 1806), mo ¢duromacce — C. crinita u C. barbata
(C. Agardh, 1820) [4]. Cystoseira spp. ABISETCS TTIaBHBIM KOMIIOHEHTOM MPHOPEK-
HOTro (UTOIICHO3a U OJHUM M3 OCHOBHBIX UCTOYHHUKOB OPTraHMYECKOTO BEIECTBA
[5], k Tomy xe Cystoseira spp. CIUTaeTCsI HanOOJee MOIXOIAIIIM OOBEKTOM ajlh-
TOMOHHUTOPHHTA TPU OIIEHKE KAa4eCTBa CPeIbl MOPCKUX MPUOPEKHBIX aKBATOPHH,
B TOM YHCJIE ¥ aKBaTOpHUH ypouuina batunnman [6].

OrpannunBaromui ypounuie batwinMan ¢ 3anana M. Ailst sBiseTca rocyaap-
CTBEHHBIM TIPUPOIHBIM JIAHAIMA(THBIM 3aKa3HUKOM PETHOHAIBLHOTO 3HadeHus !
u BrJrouaet 208 ra akBatopun YUepHoro mops. Teppuropus 10 ciaeayromero 3a-
MOBETHOTO OOBEKTa, THAPOJOTHYECKOTr0 NaMsTHHKa mpuponabl «[IpubpexHbiit
aKBaJIbHBIA KOMILIEKC y MbIca Capblu», HE MUMEET NPHUPOJOOXPAHHOIO CTaTyca,
XOTsl paboOTHl B 3TOM HAampaBlIeHUU BenyTca. ABTOPHI paboThHl [7] mpeanoxunm

) O BHecenun usmenennii B nocranosnenue Ipasurenscrea Cepactonons ot 29.04.2016 Ne 409-T11T
«O06 ytBepxaeHuu lloyoxeHUs 0 rocyrapcTBEHHOM NPUPOAHOM JaHAMA(QTHOM 3aKa3HUKE
peruoHanabHOTO 3HaueHus ,,Mpic Alis“» : mocranosnenue IlpaButenscTBa CeBacTomois
ot 25.04.2022 Ne 178-I1I1. URL: http://publication.pravo.gov.ru/Document/View/9200202204270012

(mata oOpamenus: 27.02.2024).
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CO3/1aTh HAIMOHATBHBIHN mapk «HOxHOOepexkHBI» OT 0. bamakmaBckoit mo M. Capera
C TpwIeraoniell akBaToprel M HaXOAALIMMUCS B HEM 0c000 OXpaHSIEeMBIMHU TpH-
poausiMu Tepputopusimu (OOIIT) pernoHaIbHOTO 3HAYCHUS.

Typuctrdeckas NpHUBIEKaTeILHOCTD JAaHHOTO Y4acTKa OUCHb BBICOKA, HO M3-3a €€
HEeOOITBIION PEKPEAIIOHHON €MKOCTH €CTh OMIACHOCTh HETaTUBHOTO BIIMSIHUSI Mac-
COBOT'0 HEPETJIaMEHTUPOBAHHOIO TOCEIIEHUSI HAa COCTOSHHE 3KOCHCTEMBl aKBaToO-
puu. 3a MOCleIHHE AECATHICTHS HaOIIoAaeTCs yXyAIIEHHE 3KOJIOTHYECKOTo
COCTOSIHHSI paccCMaTpHBaeMOl aKBaTOPHM. JTO CBS3aHO C YBEIMYCHHEM IOTOKa
OTJIBIXAIOIIMX U HAYaBIICHCsI 3aCTPOMKON MPUOPEIKHOM 30HBI, a TAKIKE C pa3Mellle-
HUEM MHUIUAHBIX QepM MoOIm30ocTH (C BBIXOJA0M 10 83 T (Ha CyxXyr Maccy) Owo-
OTIIOKEHUH B TOM, BKiItovas 3 T Oenka u o 1 T yrieBogos u nunuaoB [8]). CoBpe-
MEHHBIE HCCIIEOBAHUS MMOKa3aH, YTO KOJIUYECTBO BHJIOB MOJIHUXET YMEHBIIUIOCH
c 64 (1983 1.) no 45 (2019 r.) [9], 3amacel MakpopUTOOCHTOCA CPeaO0OPa3yIOIINX
YEepHOMOPCKHUX BHJIOB CHU3WIHMCH IpUMEpHO B 1.5 pa3a, a HEKOTOPbHIE Y4aCTKU
JIHa U BOBce NuIIMiInCch pactutenbHocTH [10]. [lo manHeiM aBTOpOB padotsr [11],
B2017-2018 rr. comepxkanue HedTsIHBIX yrieBomopomaoB (HY) B Bome 6. Jlacrm
HaxoJWJIOCh Ha YPOBHSX, OJMM3KHX K MpenesbHO HomycTuMbIM. [lpu 3tom metom
2018 r. 3aUKCHUPOBAHO MPEBBINICHHE NPEACTHFHO JOMYCTUMONW KOHIIEHTpPAITUH
(ITAK) B 3—4 paza. Coxepkanre HY B 6. Jlactin Ob110 BBINIE, YeM CpEHEE COJCP-
xanue B CeBacTononbckux OyxTax, a B 2016 r. yactora 3a)MKCUPOBAaHHBIX CIIy4a-
eB npesbimieans [1/IK B npunonHoM ropusonte akBatopuu 0. Jlacmu cocrtaBmia
25 % [12, 13]. Takum 00Opa3oM, aBTOPHI YKa3bIBAIOT, YTO MCCIICAYEMbIH Y4aCTOK,
paHee OTHOCUBUIMICS K KaTETOPUH ITAJIOHHO YHCTHIX, UCIIBITHIBAET CYIIECTBEHHOE
AHTPOIIOTEHHOE BO37AEHCTBUE. BO3MOMXKHO, MOTyUeHHBIE pe3yabTaThl CBA3aHBI C aK-
TUBHOH 3aCTpOiKoN Oeperopoii juauu 0. Jlactu B mocneauaue rosr [11].

Crnemyer OTMETHTh, YTO Ha JAHHOM YYacTKe Oepera 4acTo OBIBAIOT OOBAJIBI,
OTIOJI3HM, CEJH, IOCTOSHHO HaOmonaercs abpasust OeperoB [14]. 3actpoiika 3Toi
MECTHOCTH JIMIIIb YXYALIAET CUTYALHIO.

st coxpanenust mpuOpeXHOro akBaJIbHOTO KOMITIEKca ypounina batnnnvan
HEOOXOAMM KOMIUIEKCHBIA MOAXOZ K M3YYEHHIO NMPUOPEKHON aKBaTOPHUHM, YTOOBI
paccunTaTh COBPEMEHHBIM YPOBEHb aHTPOIIOTEHHOT'O Ipecca, YCTONYMBOCTh KOM-
TUIeKCa K HEMY U TIPEJIOKHUTh MEPOTIPUATHS 10 MUHUMH3AINN HETATUBHBIX ITOCIIE]I-
CTBHIA OT BO3PACTAOIICH peKpealMOHHON Harpy3KH 0e3 yiepoa JUIs CII0KUBIIErOCs
KpYrOBOpPOTA BEILLECTBA M SHEPTUH, A TAKKE ICTETUKH YHUKAJIHHOTO MECTa.

B paMkax KOMIJIEKCHOTO MOAXOAAa K M3YyYEHHUIO SKOJIOTHMYECKOTO0 COCTOSHHS
aKBaTOpWH IUIsDKa baTnnnMan paHee MMOYTH HE MCCIIEI0BAIOCH COAECPKaHNUE YTIIe-
BozoponoB (YB) B Mopckoli BoZie M XapaKTepUCTUKU €€ OaKTepuallbHOrO Hacelle-
HUS1, KOTOPOE SIBJISETCS TEPBBIM 3BEHOM B Ipolecce OMOJIOrHYECKOT0 CaMOOYHIIIe-
HUSI MOPCKOHM Cpebl.

ens paboThl — oIleHKa comepykanmsi YB ¥ WHIWKATOPHBIX TPy OakTepuit
B Mopckoi cpene 0. Jlacmu.

B 3agaun nccienoBaHus BXOAUT ONPEEIECHUE:

— Ka4eCTBEHHOT'O M KOJIMYECTBEHHOTO cOCTaBa YB B Boje MpHOpPEKHOM akBa-
topuu 0. Jlacmy;

— YHCJIEHHOCTH CalpO(UTHBIX reTepOTPOPHBIX OaKTepHUil — OCHOBHBIX JECTPYK-
TOPOB JIETKOAOCTYIIHbIX OPTaHUYECKUX COECAMHEHWH B BOJE U MHUKPONEPU(UTOHE
MaKpooOpacTaHuii;
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— YHCJIICHHOCTH WHAMKATOPHBIX TPyNn OaKTepHil — NECTPYKTOPOB HE(TH,
(heHONA M KUPOB B BOJIE M MUKPOTIEpUPUTOHE MaKpOOpPACTaHHH.

MarepuaJ 1 MeTOAbI

[TpoOsr Boab! s aHANW3a HA comepkanue YB oTOupany B Mae, HUiole U OK-
Ts0pe 2023 1. Ha AByX craHmusax. CtaHnws / — OMOCTaHIM, MaJIOdKCILTyaTHPye-
MBI y4acTOK C HU3KOW aHTpOINOreHHoi Harpy3koil. Ctanius 2 — mspk TaBpuna,
palioH ¢ BHICOKOM aHTPOINOIeHHON Harpy3koil B neTHuil nepuon. Kak Ha ct. /, Tak
1 Ha CT. 2 BOJy OTOHMpany Bo3ine ypesa (puc. 1).

[IpoObl Boabl 0TOMpany B CTEKIISTHHBIE OYTHUIH C IPUTEPTHIMU IPOOKaMHU BMe-
CTHMOCTBIO 1 JIM?, TIpEIBAPUTENBLHO BBIMBITBIE XPOMOBOM CMECBIO, BOIOIIPOBOHOM
1 JUCTWIIMPOBAHHOM BOJIOH M OIMOJOCHYThIe rekcaHoM. Ilepen mpo6ooTOopom OyThI-
71 IPEeIBAPUTEIIEHO POMBIBAJIM H-TEKCAHOM U OIOJIACKUBAIN OTOMPAaeMOM BOJIOM.

[IpoGOMOAroTOBKa OCYIECTBIIACH, B COOTBETCTBMU ¢ MeTOAMKOI 2. [Ipo0y
BoAbI (250 M), mogkuciennyo cepHoit kucioroit (1:1) (1.5 mi), axkcTparupoBanu
JBXIbI H-TeKCaHOM (110 25 mir). ['ekcaHOBBIN SKCTPaKT MPOIMYCKaIH Yepe3 CTeKIISH-
HYIO KOJIOHKY, 3aIIOJIHEHHYIO OKCHIOM aJIOMHUHUS, U KOHIIEHTPUPOBAIH JI0 00beMa
1 MJI IpY KOMHATHOM TeMIIEpaType B BBITSHKHOM HIKady.

KadecTBeHHbIH U Kon4ecTBeHHBINH cocTaB Y B onpenensim Ha 6aze HOLIKIT
«Crnexkrpomerpus u xpomarorpapus» GULl MablOM meTonom razoBoit xpomaro-
rpa¢un Ha xpomatorpade «Kpucramn 5000.2» ¢ riaMeHHO-MOHU3AIMOHHBIM Jie-
texkropom (ITH]T).

ANVKBOTHYIO 9aCTh CKOHIIEHTPHUPOBAHHOTO 3KCTPAKTa BBOAMIM MUKPOIINPH-
1eM B HarpeTbiii 10 250 °C ucnaputens razoBoro xpomarorpada. Pasaenenne YB

Puc. 1. Kapra-cxema or6opa mpo0d MOPCKO# BOJIBI H MaK-
pooOpactanuii B akBaTopuu ypounmia batmmuman, 2023 T.
Caumok Google Maps (URL: https://www.google.ru/maps)

Fig. 1. The map of seawater and macrofouling sampling
in the water area of the Batiliman Stow, 2023. Google Maps
image (available at https://www.google.ru/maps)

2 Jpyeos I0. C., Pooun A. A. Dxonorudeckue aHalusbl IIPU pasiuBax HeGTH U HEPTENPOAYKTOB :
MpaKkTH4ecKoe pyKoBoACTBO. Mocksa : JlabopaTopwust 3nanwmii, 2020. 273 c.
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OCYIIECTBISUIA Ha KamWUIsIpHOW KomoHke TR-1MS mmuaoit 30 M, mmamerpom
0.32 MM u TommuHON HemoaBxkHON (asel 0.25 mMxm (Thermo Scientific). Temme-
patypa koyoHku nporpammupoBaiiack oT 70 go 280 °C (ckopocTh moabemMa TeM-
neparypsl 8 °C-mun ). TloTok rasa-Hocutess (a3oT) B KOJOHKE — 2.5 MI-MHUH '
0e3 menenns nmoroka. Temmneparypa nerekropa — 320 °C.

KonudecTBeHHOE OnpesiesieHne CyMMapHOTo cojiepanusi YB mpoBoaunu my-
TeM abcomoTHOH KanubpoBku [IN]] ¢ ucmons3oBaHWEM CTaHAAPTHOW cMecu YB
(C10-Ca0) B muamazone 0.01-0.5 mr-n'. B xagectBe cmecu YB MCIons30Banm cTaH-
nmaptHeIil obpazeny ASTM D2887 Reference Gas Oil (pupma SUPELCO, CHIA).
Obmiee conepxkanne YB onpenensiy o cyMme IUIomanei MMKOB ITFOUPOBAHHBIX
H-aJIKaHOB U HepaszaesreHHoro ¢ona (unresolved complex mixture, UCM). dns obpa-
0OTKM pe3yNbTaTOB MCIOJNB30BAIM MPOrpaMMHOE oOecrieueHre «XpoMaTdK AHa-
auTHK 3.0», MeTo]1 a0COIIOTHOM KaJTMOPOBKH M MPOLICHTHON HOpMAaTH3aIiH.

st uaenTuguKauy reae3ruca Y B Ucnonbp30BaHbl ClIeAYIONUE JUarHOCTHYC-
CKHE MHAEKCHI: COOTHOLICHUE aJUIOXTOHHOTO BEIIECTBA K ABTOXTOHHBIM COEIMHE-
HusM (terrigenous/aquatic ratio, TAR) [15], cpeausis auHa yIrieBOIOPOIHOM Hemu
(average chain length, ACL) [16] u oTHOIIEHUE COACPIKAHUS HU3KOMOJICKYJISIPHBIX
H-aJKaHOB K COJIEPXKAHUIO BBICOKOMOJEKYISpHBIX (low-molecular weight to
high-molecular weight homologies ratio, LWH/HWH) [17]. [loka3atens P, [18]
(aquatic to terrestrial plant index) M03BOJIAET ONPENEINTh, KAKOW TUI PACTHU-
TeJIBHOCTHU mpeobianaeT B mpouecce GopMUPOBaHHS OPraHMYECKOIO BEIIECTBA.
s BeIsIBIIEHUS! HEPTSIHOrO M OMOTEHHOTO MPOMCXOXICHHA YB mncnosib3yrorcs
Takue WHACKCHI, kKak uHuekc HeuetHoctu CPIy [19] (Carbon Preference Index),
paccuuTaHHBIN U1 OoJiee JIETKUX H-ankaHoB, U CPL [16], paccyuTaHHBIN TS BBI-
COKOMOJIEKYJISIPHOI "acTu criekTpa. Mapkepsl reHe3nca ¥YB onpenensin o coot-
HOILEHHUSM, NTPEJCTABICHHBIM B Ta0. 1.

[poObI MOPCKO#t BOABI I MUKPOOHOJIOTMYECKOTO aHAIN3a OTOUPAIIH B CTEPHUITh-
Hble POOUPKH 00beMoM 50 cM?, TIpoGBI OOpacTanuii — B cTepriibHbIE Oanku. B HacTo-
SIIEM MCCIIEI0BaHUH OLICHUBAIHM COOOIIECTBO MaKpOOOpacTaHusi, C KOTOPOTO 3aTeM
JIeJIaJId CMBIB MUKpOTIepr(UTOHA JIJIs ONpe/ieNieHns] OaKTepHaIbHOW YUCICHHOCTH.

Tabnuma 1. OcHOBHBIE AMATHOCTHYECKHE MHJIEKCHI JIS OIIpeeNieHus rene3nca Y B

Table 1. Main diagnostic indices for identification of the hydrocarbon genesis

Wnpaexc / dopmyna /
Index Formula
TAR D (Ca7+ Coo+ C31)/2(Cis + Ci7 + Cro)
LWH/HWH Y (Ci3—Ca1)/Y(C—C37)

(27C27+29C29 + 31C31 + 33C33 + 35C35 + 37Cs7)/

ACL (C27+ Ca9+ C31 + C33+ G35+ Cs7)
CPI 3 {(Cis + C17+ Ci9 + C21)/(C14 + Ci6 + Cis + Cao) +
1 +(Ci5+ C17+ Cro+ Ca1)/(Cis + Cis + Coo + C2) }
cPI 12{(Cas + Ca7 + Ca9 + C31 + C33 + Cs5)/(Cas + Cag + Cag + C30 + C3z + C3a) +
: +(Cas + Ca7 + Coo + C31 + C33 + Cs35)/(Cas + Cog + C3p + C32 + Cz4 + Cs6)}
Py (Cx3 + C25)/(Caz + Cos + Coo + Ca1)
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Bo Bce nepuonbsr nmpobooTdopa MakpooOpacTaHue OBUIO MPEACTABIEHO MCKITIOYH-
TEJIBHO LUCTO3UPOH. Ee KOMM4ecTBO 3aKOHOMEPHO YMEHbBILIANOCh C Mas IO OK-
T0pb, a OMoMacca BO BCE MEPHOIBI TPOO00TOOpa ObliIa HECKOJIBKO BBIIIE HA CT. 1.
B xaxmoit mpobe ompenensii 4ucIeHHOCTs canpoduTHEIX reteporpodHbx (I'b),
yraeBogoponokucisonux (YOB), nmunomurnyeckux (JIB) m deHomokucmsrommx
(®OB) rpymn Gaktepuii. YUCIEHHOCTh yKa3aHHBIX TPYIN OaKTepuil ONpeesisuIh
METOJIOM TpENIeNBHBIX ASCATUKPATHBIX Pa3BEICHUI C HCIIOIb30BaHUEM DIIEKTHBHBIX
mutaTenbHeIX cpen. Jns ['b ucmomszoBanm cpeny c¢ mentonom [20]. YOb u JIb
KyJIbTUBUPOBAIH Ha cpene Bopommmosoit — JlnaHosoii [21], B KoTOpyIO B KadecTBe
€IMHCTBEHHOT'0 MCTOYHHKA YTJIEpOJa M DHEPTUH J00aBISUIM CTEPUIbHYI0O HE(Th
nnu pacturenbHbid xup (1 % ot o0bema). st GpeHonokucsonmx 6akTepuid mpu-
MeH:IM MoTudUIpoBaHHyto cpeny Kamabunoit — Porosekoit [22]. Ilpu mpuroTtos-
JICHUW CpeJl YYUTHIBAIM COJICHOCTh MOPCKOH Bonbl. Hambornee BeposTHOE 4YMCIIO
MHUKpPOOPTaHU3MOB B €JJMHUIIE 00beMa paccunTaHo 1o tabnune MakKpenu (B Tpex

HOBTOpHOCTHX), COCTaBJICHHOI HAa OCHOBE METOoAa BapHaLIHOHHOfI CTaTUCTUKHU 3).

Pe3yabTaThl M 00cy:KIEHHE

Obmee conepxanne YB B Bojie Ha HMcClIeyeMbIX CTaHIUSAX B MEPUOJ] C Mast
1o okts0ps 2023 1. xonebanocs B npenenax 0.013-0.304 mrr! (puc. 2). B urone
Ha cT. [ 0bU10 3adpukcupoBano npebienue /K mms peidoxo3siicTBEHHBIX BOJO-
emoB (0.05 mr/m)® B 6 pas (puc. 2), Ha CT. 2 B MCCJIELYEMBbIil NIEPHO 3HAYCHUE
KoHIeHTparuu ¥YB 6b110 goctarouno au3kuM u [1/1K He npessimiano.

Ecnu cpaBHUBaTh mokazaTelad MaJIOKCIUTYaTUPYEMOro Y4acTKa MOOepexbs
Y TUISDKA, TO CIIOKHO TOBOPHUTH 00 yBEeNWYEHHH coAepkaHus YB Ha mishke B JetT-
HUIl TIeproJI, KOT/la aHTPOIIOTeHHAsl Harpy3ka Ha 1moOepekbe CHIIBHO BO3PACTaeT.
BepositHO, Benymiyo poib B (OPMHPOBaHUH YTIIEBOJOPOJHOrO (hoHa mpuoOpex-
HBIX BOJI B IaHHOM pailOHe UTpatoT Apyrue GpakTOpHl.

JlocToBepHee uaeHTHGUIHPOBAT, UCTOYHUKU MOCTYIICHHS Y B mo3Boser
M3y4YE€HNE MHIUBUAYAJIBHOTO COCTaBa H-aJKaHOB, a TaKXKe PacyeT MapKepoB, Xa-
PaKTEepU3YIOIUX UCTOYHUKH NTPOUCXO0XKICHUS OPraHNYECKUX BEILECTB B BOJIE.

= 03 = Maii
B N m ions
gr 0 OkTI6ph
= 0.2+
=
g
E* Puc. 2. Konmenrpamus YB B Bome B mpu-
g 0.17 OpeXKHOM aKBATOPUH ypouMINa bartrnman, Maii —
E OKT6ps 2023 T.
0 Wl | Fig. 2. Hydrocarbon concentrations in the coas-
1 2 tal waters of the Batiliman Stow, May—October
HON‘[CP CTaHIIHH 2023

3 Ipakruxkym 1o mukpobuonoruu / Ilox pen. A. U. Herpycosa. Mocksa : Akagemus, 2005. 608 c.

4 00 yTBEpKIIEHUU HOPMATHBOB KAYECTBA BOJbI BOJHBIX 0OBEKTOB PHIOOXO3AWCTBEHHOTO 3HAUYEHHUS,
B TOM 4YHCJIe HOPMAaTHUBOB MPEAEIIHHO JIOIyCTUMBIX KOHIIEHTPAINH BPEJHBIX BEIIECTB B BOJAX BOIHBIX
00BEKTOB PHIOOXO3SMCTBEHHOIO 3HAYeHHUS : MpHuka3 MuHncenbxo3a PO ot 13.12.2016 Ne 552.
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B mpobax Boje, 0TOOpaHHBIX ¢ Mast IO OKTAOpb 2023 r., HIeHTHUDHUITIPOBAHBI
H-ankabl B tuana3one H-Ci7—Csz1 (puc. 3), H-ankan Cs; ObUT 3aUKCHPOBAH TOJIBKO
eAMHOXKIIBI Ha CT. I B urogie (puc. 3, b). l'omonoru Ca 1 C3p He ObUTH 0OHAPYIKECHBI
B Mae Ha 00enx cTaHimsx (puc. 3, a), OCTaNbHbIE H-aJIKAHBI OBLTH IPEICTABICHBI
ITIOBCEMECTHO.

Pacnipenenenue H-akaHOB, MOJXY4YEHHOE B Mae Ha OOEUX CTaHIHUAX, UMEJIO
OJIHOMOJIAJIbHBIN XapakTep. B mpobax MOBEpXHOCTHBIX BOJ, OTOOPaHHBIX B Mac
2023 1., AOMUHUPYIOT HU3KOMOJIEKYJSIPHBIE TOMOIOTH (pHC. 3, @), B 9aCTHOCTH
renragekad (H-Ci7), KOTOPBIA SBISETCS OCHOBHBIM aKaHOM, HPOAYIHPYEMBIM
¢uTo- 1 3001UTaHKTOHOM [23, 24], 1 ankaH H-Co, Takke (PUTOIUTAHKTOHHOTO TeHE-
3uca. Xopomo BeipaxkeHbl MUKU Cig 1 Cz, KOTOPBIE CBA3aHO C Pa3BUTHEM OaKTe-
puansHoro coodmectsa [25]. Mapkepsl TAR u CPI; (Tabi. 2) noka3bIBaloT Mpeoo-
JaJlaHie B BOJIE aBTOXTOHHOTO BEIECTBa, 0OPa30BaHHOTO B Pe3yJIbTATE MHUKPO-
OMOJIOTHYECKON JECTPYKIIUK OPraHUIECKUX BemecTs [26].
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Puc. 3. PacnpenencHue H-aJIKaHOB B TMPHOPEKHBIX BOJAX
ypountia batunmman: maii (a), utons (b), okT0ps (¢), 2023 1.

Fig. 3. Distribution of n-alkanes in the coastal waters of
the Batiliman Stow: May (a), July (b), October (c), 2023
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Tabnuma 2. CoaepxkaHHWe W COCTaB H-aJIKaHOB (MapKepbl) B BOAE MPHOPEKHON akBa-
Topun ypouuma batunmman, mait — oxTs10ps 2023 T.

Table 2. Content and composition of n-alkanes (markers) in the water of the coastal
water area of the Batiliman Stow, May—October 2023

Howmep
CTaHIUH / LWH/
Station D C HWH Py TAR ACL CPI, CPI,
number
Maii / May
1 Ci17—Co7 0.013 1.59 1.00 0.23 26.17 1.78 1.50
Ci7—Cas 0.020  2.66 1.00 0.12  26.00 1.79 1.23
Hionw / July
1 Ci—Cs 0.304 021 0.34 1357  28.00 1.08 2.50
2 Cis—Cso 0.024 034 0.52 450 2740 048 0.92
Oxmsbps / October
1 Ci17—Cso 0.040  0.65 0.65 1.27  27.00 0.73 0.93
2 Cis—Cso 0.020 0.34 0.65 3.33 26.90  0.60 1.32

[Ipumeuanue: D — auana3oH MACHTU(HUIMPOBAHHBIX H-ajkaHOB; C — cyMMapHast KOH-
LEHTPANHs HACHTU(GUIUPOBAHHEIX H-aJIKAHOB, MI™JT ',

Note: D — the range of identified n-alkanes; C — total concentration of identified
n-alkanes, mg-L.

Takum 00pa3oM, H-aJKaHbI, IPUCYTCTBYIOLIME B Mpo0Oax BOJIbI, OTOOPaHHBIX
B Mae 2023 r., IMEIOT NMPENMYIIECTBEHHO aBTOXTOHHYIO MIPUPOJY U CBSI3aHBI ¢ (hu-
TOIUTAHKTOHHOW M OakTepuaabHOW mpomyKmuen. s yKa3aHHOTO ce30Ha Xapak-
TEPHO aKTUBHOE pa3BUTHE (PUTOIIAHKTOHA [27].

B wurone Ha crt. 1, rne otmedeno npesbimenne [1/IK, 3agukcupoBaHo oTHOCH-
TETbHO PaBHOMEPHOE pacmpesesieHne H-ajdkaHoB. Ha cr. 2 pacmpeaeneHue oTim-
4aJock, NpOSIBISA NpU3HaKK OuMoAanbHOCTH (puc. 3, b): MEepBbIid MUK — YETHBIE
H-ankaHbl B 1uanazoHe Cis—Cz4 — MOXeET OBITH CBSI3aH C PabOTON OaKTepHaIbLHOTO
coobmiectBa, Bropoid — C27—C3p — 0OBIYHO acCONMUPYETCS C BBICIIEH pacTUTEIHHO-
CTBIO KaK BOAHOI0, TAK U HA3€MHOI'0 MIPOUCXOXKIeHuUs [25].

Ha ct. / romonor H-Ci7 Obul HACHTU(PUIUPOBAH B MajbIX KOJIHMYECTBAX,
a Ha cT. 2 He oOHapyxeH BoBce (puc. 3, b). Uanexke TAR Ha 00euX CTaHITUAX 3HA-
YUTENHHO TPEBBIMNAN eAMHUITY (Tabd. 2), 9TO CBHICTEIHCTBYET O IMpeo0IamaHuu
AJJIOXTOHHOTO BEIECTBA, NOCTYMAIOLIETO C CYIIH.

Hecmotpst Ha To uro Ha cT. / B mtone 2023 1. 3aUKCHPOBAHO TPEBBIMICHUE
ITJIK B 6 pas, 3nauenune uaaexca CPL Obuto 2.5 (Tabim. 2), 9YTO CBUAETEILCTBYET
0 OMOTEHHOM HPOUCXOXKICHUU OPraHMYECKOTO BEIIECTBA, K TOMY € OTHOIIEHHE
C17/Cys coctaBuno 0.08 (Tabi. 2), yTo yKa3bplBaeT Ha NpeodiaiaHue aluIOXTOHHBIX
romosioroB [28]. 3nadenne uHaekca TAR CYIECTBEHHO MPEBBICHIIO €AMHUITY H CO-
craBuiio 13.57 (Tabin. 2), 4To Takke yKa3bplBaeT Ha MpeobiaJaHue alJIOXTOHHOTO
BEIIECTBAa B aKBaTOPHH.
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Takum 0o0pa3oMm, HECMOTpPS. Ha OTHOCHTEJIBHO PABHOMEPHOE pacIipelesicHue
H-aJIKAaHOB, KOTOPOE MOXKET OBITh NMPH3HAKOM CBEXEro HE(PTSHOro 3arpsi3HEHus,
MapKepbl TOCIETHETO OTCYTCTBYIOT. J[MarHOCTHUECKHE MHAEKCHl YeTKO yKa3blBa-
0T Ha Mpeoliajanre OMOTEHHOTO aJUTOXTOHHOTO (oHA. MOXKHO 3aKIFOYHThH, YTO
B HCCJIETyeMBIX MMpo0ax He 0OHapyX eHO He(TAHOe 3arpsA3HeHHe, a MOBBIIICHHBIE
3Ha4YEHUS KOHIEHTpauuii Y B 00yciioBeHb TPUPOTHBIME MTPOIIECCAMH.

B mpo6ax moBepXHOCTHOW BOJIBI, 0TOOpaHHBIX B OKTsOpe 2023 T. pacnpenaene-
HUE H-aJIKaHOB OBLIO OTHOCHUTEIHHO MOHOTOHHBIM (puc. 3, ¢). Ha cr. 2 momuHMpO-
Ban romonor H-Cy, BMecTe co 3HadeHneM uHaekca CP/ (tabm. 2) 3To TOBOPUT
O MPUCYTCTBHU B OTKPBITHIX MOBEPXHOCTHBIX BOAAX NMPOJYKTOB MHUKPOOHOH Ie-
crpykuuu YB [25, 29]. B BEICOKOMOJEKYIAPHOI 4acTH CIIEKTpa Ha CT. 2 ObUI BbI-
PaKEH MUK, CBA3aHHBIA ¢ H-aIKaHOM Cjs, KOTOPBIH MMEET aNIOXTOHHOE IpOHC-
xoxnenue. 'omonor C7, SBISIOMINNACST MapKkepoM (UTO- B 300IUTAHKTOHA, HA CT. 2
otcyTcTBOBa (puc. 3, ¢). 3HaueHus unaekcos TAR v LWH/HWH (tab:. 2) Ha uc-
CIIEAyeMbIX CTaHLMIX YKa3blBalOT Ha JOMHUHHPOBAHHE AIJIOXTOHHOTO BEIIECTBA,
NOCTynaroIero ¢ cymu. [Ipu3HakoB HEQTIHOTO 3arpsi3HEHUS HE BBISBICHO, HA YTO
yKa3biBaeT 3HaueHue Mmapkepa CPl, (Tabi. 2).

Mapkep ACL wncnonbs3yercsl A BBISBICHUS M3MEHEHHMI B JKOCHCTEME.
OH ocTaeTcs cTaOMIBHBIM Ha MPOTSDKEHUH MPOAOJDKUTEIEHOIO BPEMEHH U PE3KO
CHIDKAeTCs B clydae MoCTyIUIeHus1 HeTsHoro 3arpsisHeHus [30]. Beicokue 3Haue-
Husi Mapkepa ACL cBUAETENbCTBYIOT O MpeoliaJaHuy BKJada TPaBsHUCTON pac-
TUTETBHOCTU B hopmupoBanue Y B, a auskue 3Hauenuss 4CL xapakTepHsl 111 YB
JIPEBECHOT0 MPOHCXOKACHUA. JIaHHBIM HMHIEKC Ha BCEX CTAHLHMAX BapbHpOBAJ
ot 26 1o 28 (cpemuee 26.9 £0.7) (tabia. 2), 4TO rOBOPUT 00 OTCYTCTBHH CBEKHUX
He(TSIHBIX NOCTYIUIEHHH W OTpa)kaeT HpUOJIM3UTENBHO OAMHAKOBBIM BKIIAA JIpe-
BECHBIX U TPaBSHUCTHIX PACTeHHUH B (POPMHUPOBAHNE OPTaHMYECKOTO BEIIECTBA IO~
BEPXHOCTHBIX OTKPBITHIX BOJ] akBatopuu. [Tokaszarens P, [18] (Tabu. 2) mo3somnser
OTIPEICNINTh, KAKOH THUI PaCTUTENILHOCTH MpeobiagaeT B mpouecce GOopMUPOBaHUS
OpPraHUYECKOTO BEllecTBa: TeppUreHHbIN Uiy BoaHbIN [18]. IlokasaTens yka3biBa-
€T Ha TO, YTO B Mae mpeobnananu YB BoAHOTO MPONCXOXKAEHUS, B UIOJE Ha CT. [
JOMUHUPOBAJIO TEPPUTE€HHOE BELIECTBO, HA CT. 2 aBTOXTOHHOE U AJTIOXTOHHOE
BEIIECTBO OBUIM MIPUMEPHO B PaBHBIX JOJSIX. B okTsa0pe Ha 00enx cTaHIusIX oTMe-
YeHO HEOOJIBIIOE MpeodiiaaHie aBTOXTOHHBIX COSAMHCHHH.

[To pe3ynpTaram mcciezoBaHus MpoO BOIABI B aKBATOPHH ypouuina batmmm-
MaH, OTOOpaHHBIX ¢ Masi 0 OKTAOpb 2023 T., B TOM YHUCIIE B MUK PEKPEALIIOHHOTO
C€30Ha, YCTAHOBUTH HalW4yue HE(TSIHOro 3arps3HEHUs BoA OyXThl HE yIajoCh.
OCHOBHBIMHM HMCTOYHHKaMH (OPMHUPOBAHUS YIIEBOJAOPOJHOTO0 (poHA aKBaTOpUH
B Mac ObUTM aBTOXTOHHBIE MPOLECCHI, CBA3AHHBIE C MPOAYKIHMEH (UTOIUIAHKTOHA
u OakTepHalbHON JecTpyKLIMEH OpraHnyecKux BeulecTB. B mocnexyromue me-
PHOABI 3HAYUMOCTh (PUTOIUIAHKTOHHOW IMPOAYKIMH CHW)KAJach, Ha IEPBbIN IUIaH
BBIXOJWIN OaKTepHaIbHbBIE IPOLECCH U MOCTYIJICHUE aJUIOXTOHHBIX COCIMHEHUI.
IIpesbiuenue canutapubix HopMatisos (IIK = 0.05 mr-n '), ormMeuenHoE B Hioe
(0.304 mr-n') Ha omHOM M3 CTAHIMI, HOCUT IPUPOIHBINA XapaKTep M CBA3aHO C aK-
TUBHBIM [IOCTYIIJICHUEM AJJIOXTOHHBIX COEIMHEHUI.

BaxkHpIM TIOKa3aTeeM KauyecTBa MOPCKOW CpeJbl SIBISIETCS] COCTOSIHUE Oak-
TEPHAIIBHOTO COOOIIECTBA, IJIs1 KOTOPOro MOCTYMAIOLIUEe B aKBATOPUIO OpTaHH-
YeCcKHe BeIecTBa, B TOM uHcle YB, SABIAIOTCS NUTATENbHBIM CyOCTpaTOM.
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Ilony4yeHHble HAMU pe3yNbTaThl O MNPOUCXOKACHUH YB yKa3plBalOT Ha aKTHBHOE
ydacThe OaKkTepwii B IpoIleccax uX CHHTE3a U TpaHC(OpMAIIHH.

Pe3ynbpTaThl MpOBEACHHBIX MHUKPOOMOJIOIMYECKUX HMCCIENOBaHUI TOKA3bIBa-
10T, YTO MaKCUMabHas YucieHHocTh (2.5-10° xin.-mu!) I'b B Boge oTMedeHa og-
HOKpaTHO B Maiickoii mpobe ct1. I (puc. 4, a), B OCTaNbHBIX MPodax CT. / YHCIIeH-
Hocth I'B usMensack ot 95 10 950 ki.-mir . B akBaTopuu miska (cr. 2) 4dciieH-
Hocth I'B konebanacek B penenax 150—950 kin.-mn! (puc. 4, a). Yucnennocts I'b
Ha 00euX CTaHLMSIX B Mae W MIOJNE TMpeBbllana nokazarenu ['b B OKTAOphCKUX
npobax, 4To, M0 Bceld BUAMMOCTH, CBSI3aHO C L[BETCHHEM (DUTOTUIAHKTOHA, Xapak-
TEPHBIM 17151 BECEHHETO ce30HA [31], 1 MOBBILLIEHUEM TEMIIEPATYPHI BOJBI B JIETHUN
nepuod. Yuciaennocts ['b B Bojie UCCieyeMbIX yUaCTKOB aHAJIOTMYHA JaHHBIM [32],
MOJTy4YEHHBIM paHee B YCIOBHO YHCTOM aKBaTOPHH.

VOB Ha cr. ] BBISBIEHBI BO BCeX Mpobax, MakcumyM (95 ki.-mir ') ormeden
B MIOJIbCKOW mpoOe, B ocTaBmIKMXCS mpobax uucieHHocTh YODB He mpeBblmana
10 k.Mt ! (puc. 4, b). B maiickoii mpoGe cr. 2 VOB He 06Hapy»KeHbI, a B OKTAOpe
OHHU OBUIM MPEACTaBJICHBl EAMHUYHBIMU KJIETKAMHU B MIUIMJIHTPE MOPCKOW BOJIBI
(puc. 4, b). Makcumym YOB Ha CT. 2 BBIIEJIEH B HIOJNE U COCTABMI 95 KIL-MIJT !
[Ipouent YOb ot uucnennoctu I'b B mpo6ax Boabl Ha cT. / B Mae HE MPEBHIIIAT
OJIHOTO TIPOIIeHTa, B Uiose u okTsa0pe coctaBmi 10 %. Ha ct. 2 B nrone nona YOb
B uncieHHocTH I'b coctaBuna 10 %, a B okTs10pbcKkoit pobe cauzunack 1o 1.6 %.
Cunraercs, YTO B YUCTHIX BOAAX Ha JONIO YIJICBOJOPOAOKHUCISIOMINX MUKPOOpra-
HU3MOB TpUX0auTcs 10 7 % canpodurHoi reTepoTpodHoit Mukpoduopsr [33].

Jlunonuruueckue OakTepuu Ha CT. / B MAHCKOM Mpo0e He BhICESUUCH (pUC. 4, ¢).
Maxkcumym guciennoctd JIB ormeuen B urose (200 kii.-MiI '), Ha TIOPSIOK MEHbIIIE
JIb 3adukcupoBano B oktsi0pe. YncnenHocts JIb B Boxe cT. 2 koznebanach ot 2
10 150 xki.-mi ! (puc. 4, ¢). Makcumym JIB onpeseneH B Mrolie, Kak M Ha CT. 1.
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Fig. 4. Dynamics of the abundance (cells'mL™") of hetero-
trophic (a), hydrocarbon-oxidizing (b), lipolytic (c), phenol-
oxidizing (d) bacteria in the water
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®OB Ha cT. I BBIABIEHBI BO Beex npobax (puc. 4, d). Makcumym (10 xi.-mm )
oOHapyXeH Ha CT. / B HIOJIe, B OCTABHBIX MIP0o0ax CT. / AaHHAs rpymnmna OakTepuit
npe/cTaBieHa eIUHUYHBIMHA KJIETKaMA B MWJIIMIUTPE MOpPCKO Boabel. Ha ct. 2
®OB Takxke 0OHapyKeHbI BO Beex mpobax (puc. 4, d). Makcumym (95 kir.-mir ')
BBISIBJICH HA CT. 2 B Hrolie. B octanbHbIX ipobax uncienHocts @Ob He npeBsimiana
10 KoM !

[TonyuyeHHbIe pe3yabTaThl (puc. 5, @) olieHKH YucieHHocTH ['B B Mukpore-
puduTOHE MaKpooOpacTaHWW MOKa3ald, YTO HA CT. /| MaKCUMyM YHCICHHOCTH
(2.5-10° k.-t 1) T'B, CBUAETENLCTBYIOMINK O JOCTATOYHOM KOJMYECTBE JIETKOYCBO-
sIeMOM OpraHWKH, OTMEYEeH B Malickod mpoOe. B mocnemyrommx ompemeneHmsx
uucnennocts I'B cocrapisna 9.5-10° kn.-r !, Ha cr. 2 uncnennocts I'B B maiickoii
¥ OKTAOPBLCKOM mpobax Kosebanack B npenenax 2.5-10% — 4.5-10* kn.-r'!, B nrone
yucino ['b yMeHbmminochk Ha mopsinok. Hanbonpmmii mokaszarens ynciaeHHoCcTH ['b
Ha CT. 2, KaK ¥ Ha CT. /, onpezienieH B Maiickoi mpo6e (4.5-10* k.- ).

YOB BwicessHBI U3 Bcex NpoO oOpacTtanuii ¢ 0003HAYEHHBIX CTAHIIHHA
(puc. 5, b). Ha obeux cranuumsx auanazoH yucieHHoctu YObB BapeupoBan ot 95
10 2.5-10% kn.-r!. Onnako Ha cT. / HamMmeHbIIWH nokaszarens (95 kin.-r') YOB
OTMEYEeH B MaiCKoi mpobe, B ocTadbHbIX Ipobax cr. / uncino YOb konebanoch
B mpenenax 1.5-10% — 2.5-10% kin.-r . B oOpactanusx miska (cT. 2) MaKCUMyM
(2.5-10% xi.-1!) monyuen B urone, muauMyMm (95 kin.-r!) — B okts6pe. Jons YOb
ot I'b B mronbckux mpobax ct. / cocrasmna 1.6 %, ct. 2 — 2.6 %, B ocTaibHBIC Me-
canpl gonst YOb Ha obenx cranmusax Owbuia meHbine 1 %. [lomyueHnsple kommde-
cTBeHHbIe TIokazaTenu YOb B akBaTopuu ypouniia batunuman 3HaYUTENEHO HIXKE
AHAJIOTMYHBIX 3HAYEHWH B MHKpOIEpU(pUTOHE MOJOB akBatopuu CeBacTorods,
HCTIBITHIBAIOIINX CYIIECTBEHHYIO aHTPOIIOI'C€HHYIO HAarpy3Kky [34].
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Puc. 5. Jlunammka ymcieHHocTH (Ki1.°r™') rereporpod-
HBIX (@), YIIIeBOZOPOAOKUCIIIIONTHX (D), TAMOIUTHYECKHX (C),
(dhenomoxucsromux (d) 6akrepuii B 00pacTaHHUIX

Fig. 5. Dynamics of the abundance (cells'g™!) of hetero-
trophic (a), hydrocarbon-oxidizing (b), lipolytic (c¢), phenol-
oxidizing (d) bacteria in the fouling
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JIb BoisiBiensl B 100 % npo6 obpactanuii co ct. / u 2 (puc. 5 ¢). Ha cr. / unc-
0 JIb xonebanock B npenenax 45-95 kin.-r!, Ha cr. 2 muanason uucinennoctu JIb
coctapisn 25-450 k-1, Haubonbime mokasarenu uuciennoctu JIB Ha oGenx
CTaHIWSIX TIONMY4YeHBI B pa3rap KypopTHOro ce3oHa. B maiickoil mpobe Ha ct. 2
onpejiesieHa MUHUMaJbHAs uuciaeHHocts JIB (25 .-t !). B ocrambHbix mpobax
ct. 1 u 2 uucno JIB BapeupoBaio ot 45 10 95 k.-,

@®OBb Ha ct. / B Malickoil Tipobe He BBICESITUCH, PE3YNbTATHI TOCIEIYIOIINX
HaOJIFOICHUI Ha CT. / TIoKa3ainu Bo3pactaHue yrciaeHHOCTH DObB B UIOIBCKUX U OK-
TAOPLCKUX TIPOOAX, COOTBETCTBEHHO 75 M 95 xi.-1! (puc. 5, d). Ha cr. 2 uncien-
Hocts ®OB Bapsuposana ot 1 1o 250 k.-t ! (puc. 5, d). Makcumym (250 kir.-r")
Ha CT. 2 OTMEYEH B HIOJBbCKOI MpoOe, MUHUMYM — B Mae, a B OKTS0pe YMCICHHOCTb
®OBb B oOpacTaHMsIX TUISHKA CHA3HUIACH JI0 45 KIL-T .

AHanu3 NaHHBIX MOKAa3al, YTO OTCYTCTBHE SIPKO BBIPRKCHHOTO IHKa YHC-
JIEHHOCTH Y CanpoQUTHBIX reTepoTpodHbIX OakTepuit (puc. 4, a) U OTMEUEHHOE
MOBBIIICHUE YTIEBOAOPOAHOrO (hOHA B UI0JIC HA CT. / (pHC. 2) C yUETOM COCTaBa
H-aJIKAHOB MOXKET OBITH CBA3aHO C MOCTYIUICHHEM BBICOKOMOJICKYIISPHBIX all-
JIOXTOHHBIX COEIMHEHHUH, KOTOPbIE B MEHBIICH CTEIEHH MOABEPKEHBI OaKTepu-
anpHOM aecTpykiuu [35]. [TocTyIieHHe alNIOXTOHHOTO MaTepHaia MOKeET ObITh
CBsI3aHO C mpomrenmuMu HakanyHe (21-23 wromst 2023 r.) ocankamu (URL:
https://goodmeteo.ru/pogoda-batiliman-orlinoe-sevastopol/23-7/) u ocoOeHHOCTIMHU
pachooXKeHHs] CTaHIMK (BO3MOXKHOCTh CXOJa CEeJleBBIX MOTOKOB). IIporentHas
nonst YObB B uncnennoct I'b B oOpactannsx Ha o0enx cTaHIUsAX Oblla JOBOIHHO
HU3KOM W He mpesbimana 2.6 %, 4To COOTBETCTBYET IOKA3aTeNsAM I YHCTHIX
akBaropuii °. TlonyueHnble KomuuecTBeHHbIe XapakTepuctku YOB u JIb B 06pac-
TaHHUAX aKBaTOPHH ypouuina bartmimman Ha MccieayeMbIX y4acTKaX HAMHOTO HU-
YK€ aHAJIOTWYHBIX TOKazaTene mupka [omybas Oyxrta (akBaropusi CeBacTormons),
B TO ke BpeMs coaepxkanue @POb HaMHOTrO BbILIE, YeM B nepuduToHe isbka 1 omy-
Oas Oyxra [32]. YBenuueHune YMCIEHHOCTH MHIUKATOpHBIX rpymm 6akrepuit (YOBD,
JIb 1 ®OBb) Ha ct. / 1 2 B Hioje KaK B Mpodax BOJbI, TaK ¥ B MUKpPOIIEpHU(UTOHE sIB-
JsIeTCS OTKIIMKOM MUKPOOHOTO COOOIIEeCTBa HA CE30HHBIE U3MEHEHHS B 9KOCUCTEME,
BKJTIOYAIOIIHE B ce0s1 ¥ YBEIMUYCHNE aHTPOTIOTeHHOI Harpy3ku Ha akBatopuro FOBK.

3akaoueHue

Konnentpamus YB B nepuoa ¢ mas mo okts10ps 2023 r. B MpHOPEKHBIX BOAX
ypouunnia barunuman cocraBnsuia 0.013-0.304 mr/n. CocraB u copepkanue YB
B MPUOPEKHBIX BOJAaX ypouuina batuinrmaH oOyCIIOBIEHBI PUPOIHBIMH TPOIIEC-
camu. Hedrsanoe 3arpssHenne He 3aUKCHPOBAHO.

KonuuectBeHHast onieHka 0003HAYEHHBIX TPYNN OaKTepuil B BOJIE U MHKPO-
nepuuToHEe MaKpOOOpaCTaHWUH W TOJYICHHBIE PE3YJIbTAThl UCCIICIOBAHUS YTIIe-
BOZIOPOJHOTO ()OHA CBUACTEIBCTBYIOT O TOM, YTO, HECMOTpPS Ha CYIICCTBCHHYIO
AHTPOIIOTCHHYIO HArpy3Ky B JETHHUM MEpHOJ, B aKkBaTOpUHU ypouuina barunuman
aKTHBHO TPOHCXOIST MPOIECCHl OaKTepHAIBHOTO caMoouunIieHus. [1lo Mukpoomo-
JIOTUYECKUM TOKA3aTEeJsIM HCCIEIYyEMbId Y4acTOK MOXKHO OTHECTH K YCIIOBHO-
YUCTHIM aKBATOPHSIM.

3 Muwycmuna U. E., U]eznosa U. K., Muyxesuu M. H. Mopckas MUKpoGHOIorys. BnaamBocTok :
JIBI'Y, 1985. 184 c.
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C y4eToM yBEJIMYHUBAIOLICHCS aHTPONOr€HHOM HAarpy3Ku Ha 3TOT YYacTOK IO-

Oepexbs, CBSI3aHHON CO CTPOUTEINHCTBOM TYPUCTHUECKUX OOBEKTOB, MOJTYUYCHHEIE
pe3yabTaThl (QOHOBBIX HCCIIENOBAHM MOTYT OBITh MCIIONB30BAaHBI B JalbHEHIIEM
JUIsl CPAaBHUTEJILHOTO aHAJIM3a COCTOSHUA BOJ ypOo4MIla baTuiuMaH IpH 5KOJIOTU-
YECKOM MOHHUTOPHUHTIE WM SKOJIOTHYECKON OLIEHKE MPY YPE3BbIYaiHBIX CUTYalUsX.
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