51I0PA3HOOBPASHE
N YCTONYMBOE PA3BUTWE

[lepBble AaHHblE 0 6UOMOPDHBIX 00BLEKTAX
(NpeANOAOKHTEABHO «TPUXOMaX» Ha3eMHbIX COCYAUCTbIX paCTEHWH)
B AOHHbIX 0CaAKax 30HbI NpUMOpLA (AnoOHCKOE Mope)

CEPFEEBA H. I'., MAPOHIOK 0. A. T0M 8
BbINYCK 1
2023




BAOPA3ZHOOBPA3BHUE Y YCTOMYHUBOE PABBUTHE

2Kypuan pegpepupyemcsi Becepoccutickum uncmumymom HayuHo-mexruueckoti unghopmayuu (BUHHTH),
a makice Poccutickum undexcom Hayunozo yumuposarust (PUHL]) na 6aze Hayuroii anekmponnoti ouoauomexu elibrary.ru.

Bce Mmamepuansl npoxoz)ﬂm 080LIHOE HE3ABUCUMOE AHOHUMHOE peueH3uposarue.

PEJAKIIMOHHA S KOJIJIErUA

I'naBublii pegaxkrop: ['opoyHoB Poman BsiyecnaBosuy, a.r.1., ULl UuiBIOM
3amecTuTeJib IIaBHOTO penaktopa: losrans Mrops BacunbeBud, 1.0.H., npodeccop, PUL] MHBIOM
OtBeTcTBeHHbIH cekpeTapb: [opOyHoBa Tarbsina FOpbeBHa, k.r.H., PUL] MnBIOM

AneknepoB Miabxam XaisiM OIJIBI, wi.-kopp. HAH Asep-
Oaiikana, 1.0.H., nmpog., Uucruryt 3oonorun HAH Asep6aiimxkana,
AsepOaitxaH
Bacuios Pamb Tl'aszHoBMY, 1.6.1., npod., HULL «Kypuatos-
CKUIA MHCTUTYT»
Bockpecenckass Egena HuxoJiaeBHa, arm., npod.,
UITC
HaBugoBuu Hukxonaii AjekcaHjapoBu4, n.6.u.,
OUILL MuBIOM
Jmutpenok IlaBen CepreeBnd, a.x.1., TUBOX
EropoB Buxkrop HmukomaeBud4, akazemux PAH, n.6.H.,
npod., PUL] UuBIOM
Nmomuna Tartbsana BaagumMupoBHaA, arn., npod.,
MUUT'AuK
Kepumos oparum Axme0BuY, 1.d-m.u., npod., TTHTY
uM. akaja. M. JI. MuutmoHImmkoBa
Kunpusinosa Jlaypa MunraaueBHa, j.6.1., WB3II
CO PAH
Ky3nenoB Anpapeii HuxogaeBu4, 1.6.1., CoBmecTHbiit
Poccuiicko-BbetHamckuii Tponudeckuil Hay4YHO-UCCIIEA0BATEbCKUI
M TEXHOJIOTMYECKUIA HEHTp
Haiinenko Cepreii BasepbeBud, ur.-xopp. PAH, 1.6.1.,
npod., UTID3 PAH
Hesposa Enena JleonnoBHa, 1.6.1., @Y1 UnBIOM
OabueB AJuiekcanap BajeHTMHOBHY, 1.6.H., npod.,
MI'Y um. M. B. JlomoHocoBa
Ilnyraraps IOpmit BaagumupoBud4, un.-xopp. PAH,
n.c-x.H., HBC — HHII PAH
IMononckuii Anexkcanap BopucoBuY, un-xopp. PAH,
I.T.H., npod., UTITC
Anpec yupeaureJisi, U3aTeJs H PeJaKIun:
deniepanbHOE TOCYIAPCTBEHHOE OIOKETHOE YUpEKICHHUE HAYKH
DeepaibHbIil HCCIIEA0BATELCKUI EHTP «HCTHTYT OHOTOrin
10kHBIX Mopeit umenn A. O. KosaneBckoro PAH»

299011, r. CeBacromnons, np-ktT Haxumosa, a. 2.
Tenedon +7 (8692) 54-41-10

IlonomapeBa Enena HuxojaeBHa, 16.1., npod.,
IOHII PAH

Po:xxnoB BsiuecaaB BiaagummpoBuu, axagemux PAH,
1.60.1., UTI9D PAH

Pemane Anekceit BiaaguvmmpoBuWd, axamemmx PAH,
n.c-x.H., PUL| CHL] PAH

Paoymko Buramanii UBaHOBHY, 1.6.1., UL UHBIOM
Cepreesa Hesumn I'puropneBHa, 1.6.1., UL UnBIOM
CoanaroB AsiekcaHap AJieKCaHAPOBHY, 1.6.H., pod.,
®ULI UBIOM

Yepupix [dmurpuii BiaauMupoBHY, nr.u., pouent,
VB3IT CO PAH

IIInpoxoBa Bepa AJiekcaHApPOBHA, a.r.H. npod., UMET
PAH

Avnkas Hatanbs AjnekcaHAPOBHA, k.r.u., OUI[ CHII
PAH

Cosenza Carlos Alberto Nunes, Dr. Sc., Federal University
of Rio de Janeiro, Brazil

Krykhtine Fabio Luiz Peres, Dr. Sc., Federal University of
Rio de Janeiro, Brazil

Mayén-Estrada Rosaura, PhD, National Autonomous
University of Mexico, Mexico

Pesié Vladimir, PhD, University of Montenegro, Montenegro
Ranasinghe Dona Marina Sherine Hemanthi
Kariyawasam, PhD, University of Sri Jayewardenepura,
Sri Lanka

Tapas Chatter jee, PhD, Dr. Sc., Indian School of Learning, ISM

Annexe, India

Couzpareib sKypHaIa:

PegepanbHOE rOCYIAaPCTBEHHOE OIOIKETHOE YUpEKIeHUE HayKI
«®PeziepasbHBIN HccieqoBaTenbeKuil eHTp «CyOTponuuecKuit
Hay4HbII LeHTp Poccuiickoil akageMun Hayk»

354002, Poccust, KpacHonapekuii kpaid, r. Coun,
yiL. SIna ®abpuruyca, 2/28

E-mail: biodiversity_journal @ibss-ras.ru | Caiir sxypHaJa: https://eco-ibss.ru

© depepanbHOE TOCYJApPCTBEHHOE OIOMKETHOE yupexaeHne Hayku delepalbHbI HCCIENOBATENbCKUI LEHTp «MHCTUTYT

6uosiornu wxHbIX Mopeit uMenn A.O. Kosasnesckoro PAH», 2023

© denepasibHOE TOCYIAPCTBEHHOE OIOJKETHOE YUpekaeHue Hayku «PeiepasbHblil HcceoBaTebekuid 1ieHTp «CyOTponu-

YEeCKHil HayuHbIi LieHTp Poccuiickoit akagemMun Hayk», 2023


mailto:biodiversity_journal@ibss-ras.ru
https://eco-ibss.ru

®PeepaabHOE TOCYJAPCTBEHHOE OI0OPKETHOE YUPeK/IeHAEe HAYKA
®deepalbHbBIN HCCIEI0BATEbCKIH EHTP
«AHCTUTYT BUOJIOTUU I0KHBIX MOPEM umenn A.O. KOBAJIEBCKOI'O PAH»

PeepanbHOE TOCYIAPCTBEHHOE OI0/I2KETHOE YUPeXK/IeHine HAyKu
«®enepabHbIil HCCaEI0BATENbCKHI HEHTP
«CYBTPOIIMYECKUN HAYYHBIN HEHTP POCCUHCKOM AKAJTEMHN HAVK»

BN OPA3HOOBPA3UE
N YCTONYUBOE PAZBUTHUE

Beinyck 1(25)
2023

OcnoBan B mae 2016 r. HayuHbl1ii xKypHaJI Broixoaur 4 pa3za B roj

COJIEPKAHUE

Buopa3HooOpa3ne 3KOCHCTEM H €ro COXpaHeHue

Cepeeesa H. T'., Muponiox O. A. IlepBbie JaHHbIe 0 0HOMOP(PHBIX 00beKTaX (MPeAN0J0KUTETLHO
«TPUXOMaX» HA3eMHbIX COCYIMCTBIX PACTeHNi1) B JOHHBIX 0CAJKaX 30HbI NPUMOPbs (AnoHckoe
LY 107 013 3-13

Tepewenko H. H., Ilapackue A. A., [Ipockyprun B. FO. PeTpocneKTHBHbII MOHUTOPHUHT MOCTYIJIEHNS
1 OIEHKA CaMOOYHIIEeHHS BOJ OT PAJANON30TONOB ILIYyTOHNSI B Y€PHOMOPCKHX MPHOP eKHBIX
B ) s 1] 1) 6 ). G AU PRPRPt 14-26

l'y6aros B. B. UIXTHONJIAHKTOH U ’KeJieTeJbli IVIAHKTOH aKBaTOPHUH 3anoBeHuKa «Mbic
MapTtbsin» B JeTHHI Ce30H 2021 . ... ... 27-38

Ctpykrypa, PyHKIHOHUPOBAHNE U TMHAMHKA SKOCUCTEM

Phung Thai Duong, Pham Cam Nhung, Ngo Thi Ngoc Tu, Huynh Thi Sanh, Nguyen Quoc Hau,
Nguyen Van Dung Changes of the mangrove forest area in Thanh Phu district, Ben Tre province
(Vietnam) during 19902020 ... ... . i e 39-59

Xponuka u nuH(popmanus

Bukrtopy Hukonaesuuy EropoBy BpydyeHna meajb opjaeHa «3a 3acjyru nepej ore4ecTBoM»
L 1 ) 1 P 60



Federal State Budget Scientific Institution
Federal Research Center
«A.O0. KOVALEVSKY INSTITUTE OF BIOLOGY OF THE SOUTHERN SEAS OF RAS»

Federal State Budget Scientific Institution
Federal Research Center
«THE SUBTROPICAL SCIENTIFIC CENTRE OF RUSSIAN ACADEMY OF SCIENCES»

BIODIVERSITY
AND SUSTAINABLE DEVELOPMENT

Issue 1(25)
2023

Established in May 2016 Periodical Issued 4 times a year

CONTENT

Biodiversity of ecosystems and its couservation

Sergeeva N. G., Mironyuk O. A. First data on Biomorphic Objects (Presumably «Trichomes»
of Terrestrial Vascular Plants) in bottom sediments Primorye zones (Sea of Japan) .............. 3-13

Tereshchenko N. N., Paraskiv A. A., Proskurnin V. Yu. Retrospective monitoring of input
and evaluation of self-purification of waters from plutonium radioisotopes in the Black sea
Coastal Areas ... ... ... 14-26

Gubanov V. V. Ichthyoplankton and gelatinous plankton of the «Cape Martyan» nature reserve
water area in the summer season of 2021 ................... ... ... 27-38

Structure, functioning and dynamics of ecosystems

Phung Thai Duong, Pham Cam Nhung, Ngo Thi Ngoc Tu, Huynh Thi Sanh, Nguyen Quoc Hau,
Nguyen Van Dung Changes of the mangrove forest area in Thanh Phu district, Ben Tre province
(Vietnam) during 1990-2020 . ... .. e 39-59

Chronicles and information

Viktor Nikolaevich Yegorov was awarded the medal of the Order of Merit for the Fatherland
DL ChaSS ..o 60



BUOPA3HOOBPA3HUE H YCTOUYHBOE PA3BUTHE 2023 Buinyck 1 (25) C. 3—13

BNOPA3HOOBPA3UE D9KOCUCTEM
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ITEPBBIE IAHHBIE O BUOMOP®HbBIX OB BEKTAX (ITPEAITOJIOZKUTEJIBHO
«TPUXOMAX» HABEMHBIX COCYAUCTBIX PACTEHI/Iﬁ) B TOHHbBIX OCAAKAX
30HbI IPUMOPHA (AITIOHCKOE MOPE) *

Cepreesa H. I'., Muponmok O. A.

DI'BYH QUL «Hncmumym duonozuu iodxcroix mopeit umernu A. O. Kosanesckoeo PAH»,

2. Cesacmonons, Poccuiickas @edepayus,
e-mail: nserg05@mail.ru

AnnoTtanus: [IpuBeneHs cBeieHNs1 0 MOPGOTOrMYECKOM Pa3HOOOpa3ui GUOMOP(MHBIX OOBEKTOB MM «TPUXOM»
Ha3eMHbIX COCYJMCTBIX PACTEHHH (TIPEATONOKUTENBHO), BIIEPBble OOHAPYKEHHBIX B JIOHHBIX OTJIOKEHHSIX TIPH U3Y-
YeHUHU MerdoOeHTOo A Ies1b(hoBoi 30HbI [Tpumopbs (SInoHckoe Mope, auana3zon riyoun 0.3—86.0 m). O6cy:xaaeTcs
MOP(OJIOTUIECKOE CXOACTBO «TPHXOM» M3YYEHHOUM akBaTOpuH SMOHCKOro MOps C HEKOTOPBIMH IPOOIEMHBI-
MU TTyOOKOBOTHBIMU Mopdotunamu YépHoro Mopsi. BrickazaHo TpenonoxeHue 0 BO3MOXKHOM 3HAYUTETLHOM
BKJIaZIe «TPUXOM» B HEKOTOpPBIE CYMMAapHble XMMHUYECKHE MOKa3aTeId BEPTHUKAIbHBIX IMOTOKOB OPraHUYeCKOro
BEIIIECTBA B BOJHOM TOJIIIE U B IOHHBIX OCAJKaX 3THX MOPE, KOTOPBII B HACTOsIIEE BPEMsI €Ille HE OIIEHEH.
KioueBrblie ciioBa: 6uomMopdHbie 0ObEKThI, «TPUXOMbI», MOP(OJIOTHsI, JOHHBIE OCAJIKU, pacrpeesieHue, SAnoH-
CKO€ Mope.

BBenenne

Nzyuenne meriobenToca menbda [Ipumopss (AnoHckoe Mope, riyounsl 0.3—86.0 M) HEOXUIaHHO
MpUBEJIO K HEOpAMHAPHBIM pe3yibTaTaM. B WcclieloBaHHOM JiMana3oHe TIIyOMH B JOHHBIX OCaIKax
0oOHapyXeHbI OMOJIOTMYeCKHe OOBEKTHI HEOIIPeIeIEHHON CHCTEMATHIeCKOM MPUHAIJICKHOCTH, TIPY STOM
HEKOTOpBIE U3 HUX MOP(OJIOTMIYECKH UIEHTUYHBI paHee OIMMCAHHBIM MPOOIeMHBIM MOPOTHUIIAM U3 TTy-
OOKOBOIHBIX CEPOBOIOPOIHBIX MJIOB KOHTUHEHTAILHOTO Iesb(ha U KOTIoBrHBI Y€pHOTo mMopst [Cepre-
eBa, 2000; Cepreea, 2001; Cepreesa, 2018; CepreeBa, CmupHoBa, 2019; Sergeeva, 2003; Sergeeva,
Smyrnova, 2020; Sergeeva, Burkatsky, 2021].

HoHHbIe oTIoXkeHUs Imenbga SMOHCKOro Mopsi BCECTOPOHHE W3y4deHbl (OMOJIOTHS, TMIPOJIOTHs,
XMMMS BOJAHBIX MacC ¥ IOHHBIX OCAKOB, TAJIMHOJIOTHSI, MUKPOMAJICOHTOJIOTUsI, CEAMMEHTOJIOTUS U JIp. ),
pe3yJIbTaThl MCCIIEOBAHMI TTPeCTaBIeHbl B MHOTOYHCIICHHBIX IyOmKkanusax [Benoryposa, MacieHHH-
kOB, 2016; ITaBmiok, [TpeoOpaxenckasi, Tapacosa, 2001; [Tuskun u ap., 2005; [Tonoxun, 2015; Tapaco-
Ba M J1p., 2016; Matsuzaki et al., 2021]. Tem He MeHee aBTOpaM JIAaHHOTO COOOINEHHS He YIaJI0Ch HAUTH
B HAay4YHOM JIUTepaType YIOMUHAHUI O MOJOOHBIX 00OBbEKTaX B JIOHHBIX OCAJIKaX He TOJBKO SMOHCKOro
Mopsi, HO 1 Apyrux mopen [dainbaero Bocroka Poccuu [Cepreesa, 2022].

Llenb JaHHOTO COOOIIEHUS: OOpaTUTh BHUMAaHUE KCCIIeIOBaTeNIell Ha paHee HEM3BECTHOE IMPUCYT-
CTBHUE B JOHHBIX OcaJKax SMoHCKOro Mopsi 0MOMOP(HBIX 00bEKTOB — (TIPEAIONIOKUTENBHO) «TPUXOM»
Ha3eMHBIX COCYAMCTBIX PacTeHHI; IOKa3aTh pasHOOOpazue MOP(OTUTIOB, TIPEIOCTABUTh KPATKYIO MOP-
(ponormyeckyio XxapakTepuCTUKy HEKOTOPBIX U3 HUX; aKIIEHTUPYS BHUMaHKUE Ha OOMITUM «TPUXOM» U X

“Pabora BBIOJHEHA B paMKax rocymapcrBeHHoro saganus ®UILL MHBIOM no teme «®PyHaaMeHTaIbHbIE UCCIENOBA-
HUSI TIOMYJISIIIMOHHON OMOJIOTMH MOPCKHUX KHUBOTHBIX, UX MOP(OIOrHYECKOr0 U FEHETUUECKOro pa3HooOpasus», HOMEp
roc3agannda 121040500247-0.
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UPOKOM ITPOCTPAHCTBEHHOM U 63.TI/IMeTpI/IquKOM paciipoCTpaHECHUN B BOJOEME, TTOKa3aTh BO3MOX-
HYIO pOJIb 3TUX OMOJIOTMYECKUX OOBEKTOB B nponeccax CCAMMEHTALIMU U KPYTOBOPOTE OPraHu4eCKOro
BEHICCTBA B MOPCKHX 3KOCUCTEMAX.

HCO6XOIII/IMO 3aMETUTD, YTO ABTOPBI HE CTABUJIM 3aJa4Yl Ha OCHOBE MOp(l)OJIOFI/I‘IeCKI/IX IIPpU3HAKOB
«TPUXOM» I/II[CHTI/Iq)I/ILII/IpOBaTb Ha3€MHYI0 PACTUTCJIBHOCTDb 4O KAKOI'0-TO CUCTEMATUYCCKOI'O TAKCOHA.

MaTepI/laJII)I M ME€TOAbI

Marepuasiom i u3ydeHus: MeiiodeHtoca Ilpumopckoro menbga SnoHCKOro Mopsi MOCITYKUIN
cOOpbI TOHHBIX OCAKOB, MOTy4YeHHble B TeueHne 64-ro peiica HUC «Akagemuk Onapun» (¢ 17 uioHs
no 08 utons 2021 r.). OT6Op JAOHHBIX OCAIKOB BhINONMHEH Ha 17 cranumsax (34 mpoObl) B AuMaria3oHe
rryouH 0.3-86.0 m (puc. 1, Tadm. 1). g uzydeHnst MeHoOeHTOCa Ha MEJTKOBOIHBIX CTAHIISIX KOJIOHKH
JIOHHBIX OCAJIKOB BBICOTO# 5 CM BOJI0JIa3bI BHIPE3AIIU B IBYX IOBTOPHOCTAX TPyOKaMu riomazsio 10 cm?;
Ha 3HAYUTEJIbHBIX [IyOMHAX TaKue ke oOpaslibl IPyHTa MOMTyYall C OBEPXHOCTH MOHOJMTOB JOHHBIX
OTJIOKEHUH, PUHECEHHBIX JHOUepnaTeneM Ban Buna na 6opt HUC.

[ToydeHHbBIe KOJOHKM JOHHBIX ocankoB Ha 6opty HUC dukcupoBamm 75%-abiM crimptoM. [Ipen-
BapHTesbHast 00padoTKa 0Opa3LOB IPYHTA [Isi MUKPOCKOIMYECKOrO aHaIM3a MeHoOeHToca IpoBejeHa
B s1aboparopuun GPUL] MHBIOM (r. CeBactonoss). [Ipoosl nepoii cepuu (17) npoMbiBaiu yepes reoso-
T'MUYECKUE CUTA, BEPXHEE U3 KOTOPBIX UMENO AUameTp suen 1 MM, HuxkHee — 63 MkM. ljig npoMbiBa-
HUS BTOPOU cepuu Ipo0d MCIOJIb30BaHO HUKHEE CUTO C AuameTpoM siuer 32 MkM. Kak rokasanu qaHHsie,
UCTIOIb30BAHUE CUT C siuessiMU 32 1 63 MKM He IPUHECIO 3aMETHBIX M IOCTOBEPHBIX Pa3/IMUMi B COCTaBe
MeioOeHTOCA.

[Tony4yeHHbII CKOHLIEHTPUPOBAHHBII OCAJOK Ha CHUTaxX OKpALIMBAJIM bBeHrajbCKuM pO30BBIM.
WpenTudukanys TakCOHOMUYECKOTO cocTaBa MelodayHbl JO BBICOKOTO YpPOBHs (THI, KJacc, OTpsij)
Y yCJIOBHAsI KJIaCCU(DUKAIMS BCTPEUSHHBIX OMOMOP(HBIX 0OBEKTOB B JOHHBIX OCA/IKaX, a TaKXkKe yU4ET
MX KOJIMYECTBA BHITOIHEHHI ¢ romorpio OnHoKymsipa MCII-2. [leranbHbiil Mopdonornueckuii aHamms
U u3MepeHus 3Tx o0bekToB mpH yBeaudeHur 1000—1300 BbINOIHEHBI C MOMOIIBI0 MUKPOCKOIIOB
Olympus CX41 u Nikon, ocHai€HHbsM (poTokameport E200, conpsxennoii ¢ TIK.

Puc. 1. Crannmu orbopa meiiobenroca B 64-m peiice HUC «Akagemuk Onapun» (¢ 17 wioHs
o 08 mronsa 2021 1.)



HEPBBIE /IAHHBIE O bBHOMOP®PHbBIX O BEKTAX (IIPEAIIOJIO?KUTE/IBHO « TPUXOMAX» HABEMHDBIX
COCYIHCTBIX PACTEHHH) B JIOHHBIX OCAJJKAX 30HbI IPUMOPBA (ATTOHCKOE MOPE)

Taoauua 1

KoopaunaTel 0T00pa Meiio0€HTOCA U XapPaKTePHCTHKA JOHHBIX ocaakoB Ha cranmuax (HUC «AkageMuk
Omnapun», ¢ 17 urons no 08 urous 2021 r.)

Crannus Koopaunarel | Tinyouna, m JloHHbIE OcaaKH
1 042°43.865'N 13 3anIeHHbI MEJIKO3EPHUCTHIN IECOK
131°30.445"E
7 042°50.5' N 22.1 TIenTOBBIN IUIOTHBIA W CO CITIONSHBIMA IUIACTUHKAMMU,
131°26.4'E HA MOBEPXHOCTH MYIIUCTbIA AETPUT
8 042°50.077'N 8 CpeHe3epHUCTBIN MIeCOK, PAKOBUHBI MEPTBBIX (hopamu-
131°26.355'E Hupep
11 042°52.471'N 6 ITnoTHBIN 11, NECOK MEJIKO3EPHUCTBII
131°39.202" E
12 042°49.981’N 22 ITnoTHBIM 11, IECOK MEJTKO3EPHUCTBI, PAKOBUHBI MEPT-
131°36.779" E BBIX (popamuHUbED, KENTHIE KPUCTAIUIBI MUHEPAJIOB
16 042°53.065' N 10 Merkas rajgbka, IeCOK CpeqHE3ePHUCTHIN
131°48.688" E
18 042°45.193'N 16 Merkas rajabka, NECOK MEIKO3EPHHUCTBII
33°17.302"E
25 042°49.50° N 9 ITnOTHBIV NEIUTOBBINA UJI, HIECOK MEJIKO3EPHUCTBII
133°34.835"E
33 043°04.971’N 10 KpynHas ranbka, Iecok MeaKO3epHUCTbIN
134°14.283'E
36 043°19.259’N 10 ITnoTHBINA MEIKO3epHUCTHIN NECOK, MEPTBbIE PAKOBHHBI
134°47.081" E MOJLIIOCKOB U (hopaMUHUpEp
39 043°36.191’N 10 KpynHas ranbka, MenKkuid ecok, TEpPUTeHHBII AeTPUT
135°10.897'E
40 043°42.7 N 86 IlenuToBBI U1, TECOK MEJIKO3EPHUCTBIN C MPO3payuHbl-
135°25.6'E MU KpUCTaJUIaMU
42 043°42.7 N 24 UEpHBIiA MEJUTOBBIN W, AETPUT PaCTUTENbHbINA, AUATO-
135°25.6'E MOBBIE
43 043°53.904’'N 10 CpeHe3epHUCTHI NECOK, paKyllla, IPO3PaYHbId ECOK
135°30.401" E
43A 043°53.904’'N 0.3 CpeHe3epHUCTHIN NECOK, paKyllla, IPO3PaYHbIi ECOK
135°30.401" E
62 044°46.77 N 23 [T10THBIA NETUTOBBII 1T, IECOK METKO3EPHUCTBIM, CITI0-
136°24.05' E JSIHBIE IIACTUHKU
72 043°45.28' N 18 MesKOo3epHUCTHIN NECOK, MPO3PAYHBII MECOK
135°24.38' E

O6pasipl 0OHAPYKEHHBIX OUOMOP(HBIX OOBEKTOB («TPUXOM») B IIeib(oBor 30HE [Ipumopbs
(sImoHCcKOE MOpe) COCTaBIAIT KoJuleKiuio MHeTtutyTa 6uonorun 0xHbBIX Mopeir um. A. O. Koases-
ckoro PAH (Cesacrormonb). [TockonbKy uX BUIOBas MJICHTU(DUKAIMSA BO3MOXKHA TOJBKO B OyIyIleM,
KaXJJOMYy KOJUIEKITMIOHHOMY OOBEKTY MPUCBOEH HOMep ¢ cUMBOJIOM «J» («Form 5J» — «Form 11J»),
YKa3bIBAIIIIMM Ha TO, YTO AaHHas (popMa HaieHa UMEeHHO B AlnoHckoM Mope (Sea of Japan).
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PesyabTaThl

[Tpu n3yuyenun meitobeHTOCa B0 11esb(pa [IpuMopbst B JOHHBIX OCafKax NOCTOSIHHO PEruCTpUpoO-
BaJIM B 3HAUYMTE/IbHBIX KOJIMUECTBAX HEM3BECTHBIE 11 UCCIIEJOBAHHON aKBATOPUM Pa3HOOOpa3Hble O1O-
MopdHbIe 00BeKTHI (puc. 2, a—(]). HekoTopele U3 HUX MPEACTaBIISIOT COOON OAMHOYHBIE HUTEBUIHBIC
CTPYKTYPHI, 00J1aJatoliye Mpo3pavHoi 000J0UKOM M BHYTPEHHUM CTEpXKHEM (TIPOTOILIa3MOM ?) C TOMO-
TeHHBIM WJIA TETEPOreHHbIM COIEPKUMBIM (pHC. 2, a—T; puc. 3, a—x). OOmmM 1 BCceX Takux Mopd
SIBJISICTCS] HAJIMYME Y HUX OJHOIO KOHLa OoJIblero auameTpa («06a3albHOro») Mo CPaBHEHUIO C allMKallb-
HBIM 320CTPEHHBIM KOHIIOM («BEPXYILIKOW»). [IBET BHyTpeHHETO CTePKHS 0OBEKTOB, YETKO OTAETIEHHOTO
OT €ro MPO3pPaYHON 0OOJIOUKH, BAPBUPYET OT OJIMBKOBO-3€JIEHOTO 10 MHTEHCUBHO-KOPUYHEBOTO.

BOJBIIMHCTBO TpeCTaBIeHHBIX OMOMOP(HBIX OOBEKTOB CJIOKHO YCTPOEHBI: OHM MMEIOT OT JBYX
10 BOCbMH JIy4Yei OTHOTUITHOM CTPYKTYpPbl, COUJIEHEHHBIX B «Oa3abHOM» KOHIIe. Bee yun athx 00bek-
TOB, TaK e KaK OIMHOYHbIE, OIMCAHHBIE BBIIIIE, UMEIOT OJMH KOHEI[ OOJIBIIEro AuaMeTpa, Ipyroi 3a0cT-
péunbiid. [1InpoKue KOHIIBI COUWIECHSIOTCS JPYT C IPYTOM B OIHOM TOYKe, 00pa3yst OOIIyI0 «Oa3aibHyI0»
cTpyKTypy. IIpy 3TOM JIyur KOHUEHTPUPYIOTCS B JaHHOM TOYKE, HO OHU M30JMPOBAHBI IPYT OT JIpyra.
IIBETHOCTE MHOTOJIyYEBBIX Y OAMHOYHBIX MOP(OTHUIIOB aHAJIOTMYHA (puUC. 2, 3), €CIi UX BHYTPEHHUE
CTEpKHM JIy4yell 3alloIHeHbl COIEP)KUMbIM. B NMPOTHBHOM cilydyae B Jiydax HaOMIOAAIOTCS JIOKAJIbHbIE
CKOIUICHUS] KOPUYHEBbIX BKJIIOUEHUI UM OHU MPO3pauHbl (puc. 2, H—M, ).

Heo0xoanmo OTMETHUTB, YTO AJ1s1 paiioHa MCCIIEOBAaHNS pa3HOOOpas3ye STHX OObEKTOB ITPE/ICTABICHO
HE MEHEE YeM JECAThI0 MOP(OTUIIAMHU M YUCJIEHHOCTb UX BECbMa 3HAYMTEIIbHA.

Ha 13 craHnusx B IOHHBIX ocakax SIMOHCKOTO MOpsi OOHApYKeHbl 00BEKTHI, TOJOOHBIE HEKOTOPBIM
MopoTumnam, XapakTepHbIM 11 ITyOOKOBOAHBIX IEPMAHEHTHBIX CEPOBOIOPOAHBIX YCJIOBUI Ha Mate-
PHMKOBBIX CKJIOHaX M B KoTIoBuHe YépHoro mops [Cepreesa, 2022, puc. 1, 2]. IIpu atom B AnoHckom
MOpe He OTMeUeHa UX MIPUYPOUYEHHOCTb K SKCTPEMAILHBIM YCJIOBHAM, ONpe/Ie/IEHHBIM [TyOMHaM U THITY
rpyHTa. B nporiecce HacTOAIMMX UCCIEOBAaHUI MPOBEIEH KOJTMYECTBEHHbIN YUET OMOMOP(HBIX 00bEK-
TOB $IMOHCKOTO MOps1, TONBKO OJHOTHITHBIX C YEPHOMOPCKMMH MpodieMHbIME MopdoTtunamu. [anee,
TIOCKOJIBKY 3TH OOBEKThl OTHECEHbl HAMHU TPEANONIOKUTENFHO K «TPUXOMaM» HAa3eMHBIX COCYIUCTBIX
pacTeHuil, oHU Oy4yT YIOMHMHATLCS B TEKCTE KaK TPUXOMBI YCJIOBHO OINPEAEIEHHON (DOPMBI.

B uactHocTH, «Tpuxomb» «Form 5J» u «Form 11J» Anoxckoro mMopst u3oMophHbl Y4EPHOMOPCKUM
Mopdorunam «Form 5» u «Form 11» (IByX- U 4eThIpEXiTyyeBasi), 9TO BBIpAKAETCS B OOIIHOCTH WX
MOP(]OIOrNUecKor CTPYKTYphl M OTAEIBHBIX JIEMEHTOB. DTH OMOJIOTMYecKrue OOBEKTH Ha Inenbde
SINOHCKOrO MOpsl 3apervucTpUpOBaHbl BO BCEM [MAIa30HE MCCJEAOBAHHBIX TIIYOMH C JIOCTaTOYHBIM
cofiepKaHUeM KUCI0poJa KaK B WIIMCTBIX, TAK ¥ TIECYaHBIX IPYHTAX (KPYIHO3EPHUCTBII MIECOK Y TPABU).
KonuuecTBeHHOE MX pa3BUTHE B UCCJIEJOBAaHHON aKkBaTOpUM HepaBHOMepHO. CyMMapHasi YUCJIEHHOCTb
TOJLKO 3THX “TPMXOM” MO CTaHIMAM BapbupoBaia oT 6.0 10 80.0 Teic 9k3./M>. He oOHapy:keHbl OHU
TOJNBKO Ha cTaHnusx 11, 16, 33 u 36. MoXHO TIPeaNONOXUTh, YTO ITO CIYYaHOCTh, @ HE 3aKOHOMep-
HOCTb.

«Form 5J» — onpuHOYHass HUTEBUIHAS «TprxoMa» JIUHON 820-880 MM m Oonee. «Tpuxomar
TOHKasl, HeXHasl, e€ Oa3albHBII Kpaill 3aKpyIVIEH, alMKaJIbHBIA — KOHMYecknil. O00M0UKa JaHHOTO
00beKTa IIajKasl, Mpo3payHasi, BHYTPU MPOCMATPUBAECTCS YETKO BBIPAKEHHAS! CTEPXKHEBAsl CTPYKTY-
pa (mpororuiazma?), oTaeNEHHas OT 0OOJOUKM U 3alOJHEHHAsl OJMBKOBO-OYPbIMU WJIM MHTEHCHUBHO-
KOPUYHEBBIMU BKJIIOUEHUSIMM, CO3JAIIMMU T'OMOTEHHOCTb WJIM TI'€TEPOreHHOCTh €€ BHYTPEHHETO
COIEPAKUMOro (pHC. 2, a—T; puC. 3, a—k). KjierouHoe cTpoeHre 1 HaJlmyure siApa He MMPOCMATPUBAETCS.

«Form 11J» — camblil MHOTOYMCJIEHHBIM U IIMPOKO PACIIPOCTPAHEHHBIN MPEICTABUTEND B JOHHBIX
OTI0keHUAX 30HHI [Ipumopbs. B uccnenoBaHHON akBaTOpUM 3aperuCTPUPOBAHBI «TPUXOMBD», HE TOJIBKO
noio0HbIe YepHOMOpcKkUM MopdotuniaMm «Form 11», Hecymmum JBa WK YeThIpe Jyda, a Takxke Oosee
CJIO)KHBIE MHOTOJTyueBbIe 0coOu (3—8 nydeit). Ha maHHOM Tare n3ydyeHus Mbl YCJIOBHO BCEX X OTHOCHM
K «Form 11J».
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JIByX- 1 YETBIPEXITyUeBbIe «TPUXOMBI» SIMOHCKOro MOpsi, HOJOOHBIE YEPHOMOPCKUM MOpdoTUiaMm
«Form 11», oOpa3oBaHbl JTy4aMu, COWIEHEHHBIMU Yy «Oa3ajibHOrO» Kpas ocoou (puc. 2, n—¢; puc. 3,
n—H). Pazmepsr 500-1110 mxm u 6ornee. OOosI09Ka JTydel IagKas, mpo3pavynas. SIpkoe KOpuIHEBOe
COJIEP)KMMOE TIJIOTHO YIAaKOBaHO B 0a3aJIbHOW YacTH, a B CTEPIKHEBBIX CTPYKTYypaxX pa3HBIX BETBEW OHO
MOET ObITh TOMOT€HHBIM M TeTeporeHHbIM. HeoOXomumMo OTMETUTh YAMBUTENbHBINA (DaKT: B 3aJIMBE
Ierpa Benukoro, Ha riyouHe 13 M, MHOrosiyuyeBasi TPMXOMa CIYXUT Oa3MOMOHTOM J/Jisi MHOXECTBa
SMUOUOHTHBIX MH(Y30puii (puc. 2, P—11).

Puc. 2. PazHooOpasue «tpuxom» IIpumopbsa: a-r — «Form 5J» (cr. 18), a — obumi Bup,
0 — «anuKaIbHBII» KOHEL, B—T — BHYTPEHHsIsI CTPYKTypa cpequHHon yacty; 1 — «Form 11J» nByxmydye-
Bas (CT. 72), o0mmii Buj; e—x — «Form 11J» uetbipéxirydeBast (cT. 25), € — 0OOIIUI BUI, K — COUICHEHNE
Jydeii B «0a3aJbHOM» KOHIIE ¥ €r0 BHYTPEHHSIs1 CTPYKTypa; 3—1 — «Form 11J» yerbipéxiyueBas (ct. 18),
3 — o0mmit Bua, U — «Oa3ayibHbI» KOHell; K—-M — «Form 11J» TpéxiydeBas (cT. 62), K — 0oOuMi
BUJI, 1 — «0a3albHBI» KOHEl, M — Cpe/iHss YacTh MopdoTtuna; H—y — MHoronydeBble «Form 11J»,
H—0 — BOcbMMITy4eBas (cT.7), H — OOmMIA BUJ, O — COWICHEHUE JNyuyel B «0a3aibHOM» KOHIIE;
n — nsatwiydeBast (cr. 25), oOmmil BuI; p—y — 00pasibl MHOTony4eBbix MopdoTurioB (cr. 25, 42
u 72); ¢—11 — «Form 11J» cemminyueBas (6a3uOMOHT) C SMMOMOHTHBIMU MH(Y30pUsAMH Ha Jydax (cT. 1),
¢ — oOmuii By 6a3uOUOHTA, X—11 — SMUOMOHTHI Ha JIyJax.
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Puc. 3. IIpumepst Tpuxom SIMOHCKOTO MOpsI, aHAJIOTUYHBIX YepHOMOPCKUM MopdoTunam «Form 5»
u «Form 11»: a-r — «Form 5J» (c1. 40), a — oOmmii Buj 1-ro sx3emMruisipa, 6 — «Oa3aJIbHBII» KOHEII,
B-T — CTPYKTypa OOOJOYKM M BHYTPEHHee COAEpXMMOe IMpoToruiasmel; A—3 — «Form 5J» (ct. 42),
1 — «0azabHBIi» KOHEI[ 2-TO 3K3eMIUIspa, e—3 — CTPYKTypa OOOJOUKM M CTEpXKHS IMPOTOILIa3MBl;
u—n1 — «Form 11J» gByxmyueBast (cT. 42), 1 — OOIIMA BUI, K—J1 — CTPYKTypa OOOJIOYKH U IMPOTOILIA3-
MbI B Jiy4yax; M—I1 — «Form 11J» gerbipéxnyueBas (ct. 42), M — OOIIMA BU, H — COYJIEHEHUE BETBEH
B «0a3abHOM» KOHIIE, O—I1 — CTPYKTypa 0OOJIOUKH U MPOTOILIa3MBI JIydel B CpeJHel yacTi MopdoTuIa

Oo6cyxaeHne

[Tpupona «Tpuxom» FNOHCKOro MOpsl, KaK U HEU3BECTHBIX MOAOOHBIX MOpdOTUIIOB YEPHOTO MODH,
TpeOyeT JajbHEeWIero M3y4yeHus, HO, OEeCCIIOpHO, OHM He SIBJISIOTCS OTMEPUIMMH IUIAHKTOHHBIMU
OpraHM3MaMy WIM UX HEpPa3JIOKUBIIMMUCH (PparMeHTaMmy, MOMNAaBIIMMHM M3 NejJarvaid B [IOHHbIE
omiokeHHs. PaHee oTMeueHHble B MEPMAaHEHTHBIX CEPOBOAOPOIHBIX JOHHBIX OTIOXKEHHsAX YEpHOro
MOps 3arajlouHble ¥ HbIHE M3BECTHBIE HAyKe OJHOKJIETOYHBbIE U MHOTOKJIETOUHbIe opraHu3msl [Cepre-
eBa, 2000; Cepreesa, 2001; Cepreena, 2004; Cepreesa, 3auka, 2008; Sergeeva et al., 2012; Sergeeva
et al., 2014; Sergeeva, Dovgal, 2016], kak npaBujo, B HAyYHbIX MYOIMKAIMAX IPUHITO CUATATh KOM-
MOHEHTaMH «J10 /151 TPYNoB». OCHOBAHMEM TOMY aBTOPbI BUAAT B TOKCUYHOCTH CEPOBOAOPOA U MPUCY-

MM €My KOHCEPBUPYIOIUM CBOWCTBOM, JTUMUTHUPYIOIIUM Pa3iokeHHUEe OTMEPIITNX OPraHU3MOB in Sifu
[3anneB u ap., 2008; [Nonukapnos, 2012].
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DTOT MyTh MPOHUKHOBEHUS («I0X/Ib TPYIOB») B CEPOBOAOPOIHBIE Ocaaku UEpHOro Mopsi paHee
HEOJHOKPATHO OIIPOBEprajicsl IOJYyYEHHBIMM cOoBpeMeHHbIMU JaHHbIMU [CepreeBa, 3auka, 2008;
Korovchinsky, Sergeeva, 2008; Sergeyeva, 2002; Sergeeva, Zaika, Lichtschlag, 2008; Sergeeva et al.,
2014].

O mpoucxoxaeHnH TMPOOJEMHBIX TTyOOKOBOJHBIX YEPHOMOPCKHX «MOP(OTHUIIOB» paHee ObLI
BbICKa3aH psj runotes [Cepreea, CmupHoBa, 2019; Sergeeva, Burkatsky, 2021; Sergeeva, Smyrnova,
2020].

Hacrosime wnccnemnoBanust merioOeHToca SIMOHCKOrO MOpsi MPHUBEIM aBTOPOB K 3aKJIIOYEHHIO
O chpaBeyIMBOCTA HemaBHO [Sergeeva, Burkatsky, 2021] BbICKa3aHHOrO MNPEANONOXKEHUS O TOM,
YTO MPOOJIEMHBIE ITTyOOKOBOIHBIE «MOP(OTUITB» YEPHOrO MOpsi MOTYT OBITH JIEMEHTaMHU HAa3eMHOU
PACTUTENIBHOCTH, @ UMEHHO — TpuxoMaMu. OHM HE CO3AAIOT BIIEYATIEHUs (PpParMEHTOB OTMEPILMX
TUIAHKTOHHBIX OPTaHW3MOB B BEPXHMX F'OPU30HTAX M CO BPEMEHEM OITyCTUBILIMXCA B OaTuasb. B monb3y
3TOrO MPETONI0KEeHUs] MOTYT CITYKUTh AaHHbIE, Toy4yeHHble paHee [Cepreesa, 2000; Sergeyeva, 2002]
0 cTpatudUKaluyd MOp(OTUIIOB, COXPAHUBIIMX CBOI0 MOP(OJIOTMYECKYI0 CTPYKTYPY B TOJILE KOJIOHKH
rpyHTa (8.5 cM) KOTJIOBUHBI YE€pHOTO MOpH.

Ha Bo3MOXHY10 OOIITHOCTb TeHE3MCa PACCMOTPEHHBIX 00beKTOB SInoHCcKoro 1 Y€pHOTrO Mopei yKasbl-
BaeT UX Moponoruyeckas UICHTUYHOCTb U Pa3MEpHBIN cIeKTp. MOKHO MPeIoNoKUTh, YTO B IOHHbIE
ocaiku SIMOHCKOro MOpsl «TPUXOMbI» MOCTYIAIOT B COCTaBe aTMOC(EpHBIX U TEPPUTEHHBIX a3pO30JieH
C MaTepHKa.

[TocTymuienne «TpuxoM» Ha MOBEPXHOCTb MOPSI BOBMOXHO B BHUJIE MUKPOCKOIUYECKUX KOMIIOHEH-
TOB B COCTaBe aTMOC(EPHBIX BBHINAJICHUN, 3aTeM OHU OIMYCKAITCs Ha TTyOuHbL. M3BecTHO [Smirnova,
Riabinin, 2013], 4yTo a3p030/1, YaCTUIBI MUKPOHHOTO Pa3Mepa, ABJSITCSA MOCTOSSHHBIM KOMIIOHEHTOM
IIPUBOJHBIX U MPU3EMHBIX CJIOEB aTMOcdepbl. OHM Pa3/IMYaIOTCs MO COCTaBy M MUTPUPYIOT B BO3IYIII-
HBIX TIOTOKaxX B pe3y/bTare aTMOC(EpPHOU HUPKYIAIMA. MopcKkre U TeppUreHHble a3po30Jii OCEeJal0T
B IIPOLIECCE CEJUMEHTALMH UM BBIMBIBAIOTCS U3 aTMOCQEPBI C JOKAEBbIMU BbINAJAEHUSIMU HA MOPCKOM
nooepexbe.

Verubie coodimenus kowter u13 HHIIMB JIBO PAH noarBep:kaaoT, 4yTo B MPUOPEKHBIX BOIAX
SAnoHckoro Mopst (0COOEHHO B TUIAHKTOHE) YaCTO BCTPEYAIOTCS pa3MvHble BOJIOCKUA HA3€MHBIX pacTe-
HUI, KOTOpBIE JIETKO MIEHTU(HULIUPYIOTCS Oarofapsi TOICTOM HEJUTIONIO3HOH 000I0uKe. DTH BOJIOCKH
MOpP(OJIOrMYECKN HAIIOMMHAIOT pa3jIMYHbIe TPUXOMBI HA3€MHOM BBICIIEN pacTUTENbHOCTH [labHero
Bocroka.

Creryer oTMeTuTh, uTo HepaBHue (2018—2021 1T.) HaIKM MccieIoBaHUs MEHOOEHTOCA B YCTIOBUSIX
TUIIOKCUU Ha OTHOCUTEJIbHO HeOoubInuX rmyorHax (80—150 m) Uépnoro mops (paiion KaBkasa) B koorne-
pauuu ¢ yuénsimu 1O PAH (B pamkax rpanta PO®U Ne 19-45-230012p_a) nokazanu, 4To paccMaTpy-
BaeMble «TPUXOMbI» (MOP(OTHUIIBI) OTMEYAJIMCH TAM YaCTO U B 3HAUUTEJIbHBIX KonuyecTBax. EnuHuyuHbIe
HaXOJIKK ObLIIM ClIeJIaHbI Takke B 3aymBe Jlacru (parion KpbiMa), B mpuOpeskHOM 30He, B MeCTax BBIXO/Ia
MeTaHa U3 JJHa, a TaKXkKe B IOJIOCTU MPUPOTHOTO YEPHOMOPCKOIo rpota (MbIC Afis).

Cpeau «TpUxom», XapakTepHBIX Ui 1uenbga [Ipumopbs, 0TMEUEHO yIMBUTEIBHOE SIBJIEHUE U30-
Mopdu3ma AByX mnpencraputenieit dmnoHckoro mMopsi, «Form 5J» u «Form 11J», ¢ paHee onucaHHBIMU
«Form 5» u «Form 11» u3 11yOOKOBOIHBIX JIOHHBIX OCAIKOB CEPOBOJOPOIHOM 30HBI YEpPHOrO MOps
[Cepreesa, 2000; Cepreesa, 2001; Cepreea, 2018; Cepreesa, 2022; CepreeBa, CmupHoBa, 2019;
Sergeeva, Burkatsky, 2021; Sergeeva, Smyrnova, 2020].

B usydenHoii akBaropuu SAIMOHCKOTO MOPSI BCE «TPUXOMBbI», AaHAJIOTUYHBIE YEPHOMOPCKUM (puc. 3),
OOHapy’XeHbl Ha ITyOMHAX, T/Ie YCIOBUS OTIIMYHBI OT CEPOBOIOPOIHON 30HB YEPHOTO MOPAI.

Jlo HacTosIIEero BpeMEH! aBTOpaM He YJaBaJloCh YePHOMOPCKHE MOP(OTUIIBI OTHECTH K KAaKOMY-TO
OTpEe/IEIEHHOMY CHUCTEMAaTUYeCKOMY TakCOHY. [IpM MHMKpPOCKOIMYECKOM aHajim3e 3THX OOBEKTOB
HE BBIABJICHBI KJIETOYHAsl CTPYKTypa W SApO, pa3Mepsl MX JOCTATOYHO BEJIMKU, B TO XKE BpeMs
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MPOCJIEKUBACTCS COXpaHEHUE MOP(OIOTMYECKUX XAPaKTEPUCTUK B pa3HbIX peruoHax YEpHOro mo-
P4, YTO MO3BOJISIET UX UACHTH(DUIIMPOBATh HA YPOBHE OMNpeAeIeHHBIX «OMOMOP(pHBIX» 00BEKTOB HJIH
«MopdoTurop». [Ipr 3TOM MOXKHO MPEANONOKUTb, YTO COXPAHHOCTh UX MOP(OJIOTMUECKUX CTPYKTYP
Ha TIPOTSKEHUH THICSYETIETHI B TITyOOKOBOIHBIX IOHHBIX OCAIKaX 0OECTIeUunBaeT IEeJUTI0NI03Hast 000JI09-
Ka, KOTopasi, Kak U3BECTHO, HE PacTBOPSIETCS B BOJHOU CpeJie.

[MonydeHHbIe TaHHBIE O KOHLIEHTPALIUU «TPUXOM» HA3eMHOMW COCYAUCTON PACTUTEIFHOCTH B JOHHBIX
ocajikax SMoHCKOro Mopsi, H30MOP(MHBIX TITyOOKOBOAHBIM MopdoTHnam YEpHOro Mopsi, Jal0T OCHOBA-
HUsI C/IeJIaTh BBIBOJ, O BOZMOKHOM CXOJICTBE MX T€HEe3Hca.

B TO %€ BpeMsi MX IIMPOKOE paclpOCTpaHEHHE B OIPOMHOM KOJMYECTBE Ha BCEM MPOCTPAHCTBE
6atram YEpHOro MOpsl ¥ B JOHHBIX OCAKaX MCCIIEOBAHHOIO AMana3oHa riyouH SImoHCKOro Mops mo3-
BOJISIET MPEINOJIOKUTh HEYUYTEHHBI UCTOUHUK OPraHUYECKOrO BEUIECTBA «TPUXOM» B BEPTUKAJIbHBIX
MOTOKAX PAcCesTHHOTO OCAJI0YHOIr0 MaTepraia B TOJIIIE BOJ U TITyOOKOBOIHBIX JJOHHBIX OCAIKaX.

HecoMHEHHO, «TpUXOMBl» WIpalOT B KPYrOBOPOTE OPraHWYECKOr0 BeIIeCTBA B MOPCKUX
9KOCHCTEMax 3HauuMmylo poib. OIHAKo [0S MX BKJIaJa B HEKOTOpble CyMMAapHble XUMHYECKUE
MOKAa3aTesld OpPraHMYecKOro BelecTBa BOMHBIX MAacC U JIOHHBIX OCAJKOB K HACTOSIIEMY BpeMeHU
He OIIeHEeHa, TaK KaKk BHUMAaHHWe HCClieoBaTesiell aKIIeHTUPOBAHO Ha (PUTOMJIAHKTOHHBIX, MUK pOMase-
OHTOJIOTMYECKUX U MAJTMHOJIOTnYecKux oobekTax [Kmosutku u jip., 2018].

VIuBUTEBHO IHUPOKOE Teorpauyeckoe paclpoCTpaHEHHEe PACCMOTPEHHBIX HM30MOP(HBIX
«TpUXOM» (MOP(OTHUIIOB) MTOKA OCTAETCS 3araIKOM.

Kak ormeuan JI. I1. Jlucunpie [JIucuiisia, 1974], «BeliecTBEHHBI COCTaB JOHHBIX OCAJIKOB OIpe-
AensieTcs uX reHe3ucoM. B To ke Bpems cocTaB M pacripee/ieHue B3BECH B MOPSIX M OKeaHax TECHO
CBSI3aHBI ¢ OMOJIOTHE, TeOXUMHUEH, THIPOJIOrUel, KIIMMATOIOrHel, OOIMMU 3aKOHOMEPHOCTSIMU 1TUP-
KYJISIIIUHA BOTHOUM M BO3AYIIHOW 000ouek 3eMim». Ha Hai B3Isi1, paCCMOTPEHHBIE BBIIIIE PE3YJIbTAThI
COOTBETCTBYIOT JaHHOMY yTBep:xaeHuio JI. I1. Jlucunpina.

BeccriopHo, 1aibHeIIme uccieioBaHks MeHoOEHTOCa U JIOHHBIX 0CaJKOB SIMOHCKOTO MOpsi, 0COOEH-
HO ero rTyOOKOBOJHOM 30HBI, IPUHECYT MHOTO MHTEPECHOW M BaXHOW MH(MOPMAIMK O pa3HOOOpa3uu
1 00w 3TiX OMoMopdHBIX 00BEKTOB. Vcronbp30BaHke B OyayIllieM pa3TUYHBIX COBPEMEHHBIX METO-
JIOB aHaJM3a TMpeArosaraeT: 0ObeKTUBHOE TOATBEPKICHUE, YTO PACCMOTPEHHBIE OOBEKTHI SIBJISIIOTCS
JEUCTBUTEIHFHO TPUXOMAMK HA3€MHBIX PACTEHUM, ONpee/IeHNe NX CUCTEMATUUECKOTO ITOJIOKEHUsI, OITH-
CaHue IMyTeill MPOHUKHOBEHUSI B JIOHHBIE OTJIOKEHUsI M BEPTUKAJIBLHOTO pacrpeiesieHusl TeX WM MHBIX
(hopm B TOIIIE TPYHTOB HA pa3HBIX ITTyOMHAX, a TaKKe OLIEHKY POIM TPUXOM B MOPCKHX SKOCHUCTEMaX
B KaueCTBEe MAapKEPOB NaICOKIMMATUYECKUX MTPOLIECCOB.

ABTOpHI HaJICIOTCSI, YTO UH(pOPMAILIUs, PUBEJCHHAS B JAHHOM COOOITIEHUH, OyJieT UHTepecHa CIie-
[IMAJIMCTaM COOTBETCTBYIOIIMX HAYyUHBIX HAlpaBjieHU# B uzydyeHuu Ye€pHoro mops u mopent [lambHero
Bocroka mpu onucaHuu ceUMEHTAMOHHBIX MPOLIECCOB, paciin(ppOBKe MAICOKIMMATUYECKUX U3Me-
HEeHU#, MPOTHO3UPOBAHUU U PEKOHCTPYKIUH MPOILIBIX COOBITUI C UCTIONb30BaHUEM OyAyIIUuX 3HAHUM
0 BUJIOBOM TIPUHAJIJIEKHOCTU «TPUXOM» B KAUECTBE MapKepOB.

baarogapHocTu. ABTOophl IyOoKo mpusHateabHbl pykoBoactBsy TMBOX IIBO PAH 3a mpeno-
CTaBJICHHYI0O BO3MOXXHOCTb BHITIONHUTH cO0op MarepuanioB B 64-m peiice HUC «Akanemuk Omnapun»
(c 17.06.2021 mo 08.07.2021 r.), kartany HUC, komeram otena sxkonorun 6enroca PUL NaBIOM
Tpodumosy C. A. u Jluteuny 0. 1. 3a 0TOOp JOHHBIX OCA/IKOB, a TAKXkKe BCEM YUACTHUKAM IKCIICIH-
UM 32 TIOJZIEPAKKY 3TOU padoThl. CioBa 60BIION OJIaroqapHOCTH 32 LIEHHBIE COBETHI ABTOPHI BHIPAKAIOT
HOKTOpY Ononornveckux Hayk Yepusimery A. B. — corpyauuky HHIIMB [IBO PAH.

KongaukT nHTEpecoB. ABTOPHI 3a5BJISIIOT 00 OTCYTCTBUM KOH(IMKTA HHTEPECOB.

Coburonenne 3THdecKux HopM. Hacrosmas craTbsl He COIEPKUT OINMMCAHUsT KAKUX-TTMOO UCClie-
JOBaHUM C UCTIONb30BAHUEM JIIOJICH U JKUBOTHBIX B KAUeCTBE OOBEKTOB.
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FIRST DATA ON BIOMORPHIC OBJECTS (PRESUMABLY «TRICHOMES»
OF TERRESTRIAL VASCULAR PLANTS) IN BOTTOM SEDIMENTS PRIMORYE
ZONES (SEA OF JAPAN)

Sergeeva N. G., Mironyuk O. A.

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
e-mail: nserg05@mail.ru

Abstract: Information is given on the morphological diversity of «trichomes» of terrestrial vascular plants, first
discovered during the study of meiobenthos in bottom sediments of the shelf zone of Primorye in the Sea of Japan
(depth range 0.3—86.0 m). The morphological similarity of «trichomes» from the studied area of the Sea of Japan
with some problematic deep-sea morphotypes of the Black Sea is discussed, which suggests their same genesis.
A possible significant contribution of «trichomes» to some of the total chemical indices of vertical fluxes of organic
matter in the water column and in bottom sediments has been suggested, which has not yet been estimated.
Keywords: «trichomes», morphology, bottom sediments, distribution, Sea of Japan.
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PETPOCIHEKTUBHBIA MOHUTOPHUHI NOCTYILJIEHUS 1 OIEHKA
CAMOOYHMIIEHMA BO/I OT PAANON3O0TOIIOB IVIYTOHUA B YEPHOMOPCKHX
INPUBPEZKHBIX AKBATOPUAX *

Tepemenko H. H., Ilapackus A. A., IIpockypuun B. 10.

DI'BYH QUL «Hncmumym buonozuu 1odictovix mopeii umernu A. O. Kosanesckoeo PAH»,

2. Cesacmononw, Poccuiickas Dedepauus,
e-mail: ntereshchenko@yandex.ru

Annortanus: IlpoBen€H peTpOCHEeKTHUBHBIA MHOTOJETHUI MOHHMTOPUHT TOCTYIUIEHHS B JIOHHBIE OTJIOXEHUS
npubpexHoit akBatopun (CeBacrononbckas Oyxta, YEpHOoe MOpe) aHTPONOTEHHBIX PaJUOU30TOIOB TUTYTOHHS
Ha OCHOBE U3YUYEHUs] BEPTUKAJIBHOTO PACIpENE/IEHNs ITYTOHUS B JOHHBIX OTIOKEHUSIX B BEPUIMHE U YCTHEBOM
paiioHe O6yxThl. [lokazaHa MPUMEHUMOCTb METOA PAAMOAKTUBHBIX TPACCEPOB C UCIIONIB30BAHMUEM aHTPOIIOTeHHBIX

239+240py 11 238Pu f7191 reOXPOHONOT MM IOHHBIX OTIOKEHHUIA B IPUOPEKHBIX MOPCKHX aKBATOPHSX.

PaaroON30TONOB
Io pesynbraTtam paguoTpacCcepHON I€OXPOHOJIOIUM OIPEAEIEHB! CPEAHETONOBbE CKOPOCTH OCAJKOHAKOILIEHUS
1 aOCOMIOTHBIE MACChl JOHHBIX OCAJIKOB B JJO- ¥ IOCTYEPHOOBUILCKUI NIEPUOJIBI B UCCIICIOBAHHBIX paiOHaX OYXTHI.
ITpoBenena KoMMYeCTBEHHAs! OLIEHKA CAMOOYMCTUTENBHON CIOCOOHOCTH BOJL OT COAEPKAIIMXCS B HUX PAMOHU30-
TOIOB IUTYTOHUS B ABYX paiioHax OyxTel B iepuoa ¢ 1962 no 2016-2019 rr. mocpencTBOM ONpeaeieH!s TOTOKOB
OUOreOXMMHUYECKON CEeNMEHTALMH TTyTOHHSI CO B3BELLIEHHBIM BEILIECTBOM B IOHHBIE OTIOKEHUSI.

KuroueBbie caosa: Cepacrononbckas Oyxta (U€pHoe Mope), NOHHBIE OTJIOKEHHS, BEPTUKAIbHBIA NPOdUIb
PaAMON30TONOB IUIYTOHUS, PAJUON30TOIHAS TEOXPOHOJIOTHS JOHHBIX OT/IOKEHUH, CKOPOCTh OCAIKOHAKOILICHNU S,
CaMOOYMCTHUTENbHASI CIIOCOOHOCTH BOJI.

BBenenne

KonnyectBeHHast orieHKa OMOreOXMMHUYECKOW CeJMMEHTAIIMH B3BECH U ISTIOHMPOBAHUS OCAI0YHOTO
BEINECTBA B JOHHBIE OTJIOKEHHS TO3BOJISIET OMpeesIsaTh 3HAYMMOCTh BKJIaa TPoIecca 0CaKooOpa3o-
BaHHUS JUIs1 CAMOOUYMCTUTENBHOM clTocOOHOCTH MOpcKUX Bog [Eropos u ap., 2013; Tepewenko, ['yauH,
ITpockypuun, 2016; Tepemenko, Ilpockypuun, Ilapackus, 2019]. B coBpeMeHHbIN NepUo[, yCUIIEH-
HOTO MHIYCTPUAJIBHOTO Pa3BUTHS U ypOaHU3ALMU MPUMOPCKUX PETMOHOB MpoOieMa U3yueHHUsl CaMo-
OYKCTUTEJIBHON CIIOCOOHOCTH BOJA M MEXAHM3MOB €€ peasM3allii OTIMYAeTCsl 0COO0N aKTyaIbHOCTBIO
IJIs1 IPUOPEKHBIX AKBATOPUH, B YaCTHOCTH /ISl OyXT M 3JIMBOB, INIyOOKO Bpe3amuxcs B cymry. OHu
MMEIOT OrpaHMYEHHbI BOJOOOMEH C BOIAMHU OTKPBITBIX PalilOHOB MOPs, BCJIEACTBHE YEro CHHKACTCS
pOJIb BOOOOOMEHHBIX TPOIIECCOB B YMEHBIIEHNH KOHLEHTPALMKA TEXHOTEHHBIX BEIECTB B MX BOJAX.
K takomy tuny akBaropuii orHocutcst CeBacTomnosbekast Oyxta [[MAponoro-ruJpoOXUMUYEcKui ... ,
2006], xoropas MoaBepkeHa YCUIEHHOMY TEXHOT€HHOMY BIIMSHUIO U CIYKUT Ba)KHBIM IPUPOAHBIM
(XO3SICTBEHHBIM U PEKpPEalMOHHBIM) PECYpCOM Kak MpUPOIHasi MpUOpekHask MOpPCKasi SKOCHCTEMA.
Yucrora BOTHOHM Cpelpl BaKHA IS HOPMAJIbHOTO Pa3BUTHUSI IMIPOOMOHTOB M COXPAHEHUsI KayecTBa
NPUPOIHBIX PECYPCOB OYXTHI, MOITOMY M3YUEHHE IPOLIECCOB, 0OECHEUMBAIONINX CAMOOUYMIIIEHUE BO
npuOpekKHBIX aKBaTOpUi, U (HaKTOPOB, € (hOPMUPYIOILMX, — aKTyalbHash HayyHasl U MpaKTUYecKas
3a7a4a MPUKJIAJAHON IMIPOOHOIOTHH.

Jl1s1 OLIEHKM MHTEHCUBHOCTM CaMOOYMILEHUM BOJ 3a CUET MPOLIECCOB OCA/JKOHAKOILJIEHUsI Hapsdy
C JpYyrMMH METOJAAMM HCIIOJBb3YETCS METOJ PaAUOaKTHBHBIX TpaccepoB [EropoB u np., 2013;
Egorov et al., 2018; Tepemenko, [IpockypuuH, [Tapackus, 2019]. B uepHOMOpCKOM peruone, KOTOpbii
BCJIE[ICTBME AaHTPOIIOTEHHOHN AEATEbHOCTU MOJBEPrajcsl 3arpsA3HEHUI0 PaJlOaKTUBHBIMU HU30TONAMU

*Pabora BHIIONHEHA TIPU (PUHAHCOBOM noanepxkke rpanta POOU «Acnupantbi» Ne 20-35-900041 1 B paMKax TeMbI roc3a-
nauus PUL MabIOM «MomnrcMonornieckie M OHOreoXuMIYeCKIe OCHOBB TOMEOCTa3a MOPCKUX 9KOCHUCTEM», HOMEP TOC.
peructparmu 121031500515-8.
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PETPOCIIEKTUBHBIH MOHUTOPUHI IIOCTYIIJIEHUA H OLIEHKA CAMOOYHIIJEHU A BOJ
OT PAJJHOU3OTOIIOB IIV1YTOHHUA B YEPHOMOPCKUX TTPUBPE>KHBIX AKBATOPUAX

(B pe3ynbTaTe UCHBITAHUS SAEPHOTO OpyXkHUs M aBapuu Ha YepHOObUIbCKOM ADC), cTario BO3MOKHBIM
WCMOJIb30BaHUE ISl ITUX 1IeJIel TeXHOreHHbIX paauousorornoB [Buesseler, Benitez, 1994; Paguosko-
Joruyeckuid oTkimk ... , 2008; Isotopes in Hydrology ... , 2013; Gulin, Egorov, 2016]. Ogaum
U3 cambiX MH(OPMATUBHBIX METOAOB B TOC/EIHUE NECSTUIETHSI CUUTAETCS METON PaJUOaKTUBHBIX
TPAaCcCepoB HA OCHOBE aJIb(ha-U3TyYaIoNMX TEXHOTEHHBIX PaJMOU30TONOB ITyToHus 238Pu u 23%+240py
[Yiiecel et al., 2012; Tepemenko, I'ymun, Ipockypuun, 2016; Tepemenko, IIpockypuun, Ilapackus,
2019]. 3amava m3y4YeHUs PaJMOIKOJIOTUU PAJAMOU30TONOB TUTYTOHUS akTyaJlbHA cama 1o cede, Tak
KaK paJItOM30TOITHI TUTyTOHUSI UMEIOT BHICOKYIO PATMOTOKCUYHOCTD M IIIMPOKO MCTIOB3YIOTCS B SIIEPHBIX
TEXHOJIOTUSIX. DTO yBEJIMUMBAET BEPOSITHOCTh MX IONAJAaHUsI B IPUPOHBIE SKOCUCTEMBI B pe3ysbTare
TJIAHOBBIX HOPMUPYEMBIX COPOCOB, MPH padboTe OOBEKTOB C SIIEPHBIMU TEXHOJOTUSMU U PaIUAIIMOHHBIX
aBapusix [[lnytonwmii ... , 2003; Worldwide Marine ... , 2005; Pagroskonoruueckui OTKJIMK ... ,
2008; Bossew, 2013]. B uepHOMOpPCKUX aKBaTOPUSAX YAeNbHBIE aKTUBHOCTH 2>SPu m 239+240Py mus-
KVe W He OKa3bIBAIOT HETaTUBHOTO BO3/ICHCTBUS HA OMOTY M (DYHKITMOHMPOBAHUE MOPCKHMX IKOCUCTEM
B 1iesioM [Panmoskomormuecknii oTKIHK ... , 2008; Tereshchenko, Gulin, Proskurnin, 2018], HO oHH,
BCTPaMBasChb B MAJIbIX KOJMMYECTBAX B OMOr€OXMMUYECKHE LIMKJIBI BEIIECTB B IKOCHCTEME, YCIIEIIHO
UCTIONb3YIOTCS] B KQUECTBE PaJMOTPACCEPOB MPUPOIHBIX MPOIECCOB B MOPCKUX dKOocHcTeMax UYEpHOro
Mopsi. B panee npoBea€HHBIX nccenoBaHusax B CeBacTOIONbCKOM OyXTe ObliIa U3yueHa yre/ibHas aKTHB-
HOCTh JIOHHBIX OTJIOKEHUN OTHOCHUTEJIbHO PAAMOM30TONOB IUTyTOHHUSI B BepXHEM ciioe ocagka 0-5 cm
[Eropos u ap., 2013; Tepemenko u ap., 2013; Tepemenko, ['ynun, [Tpockypuun, 2016]. Ha ocHoBe
9TUX UCCIIEIOBAaHUI OBbLJIO TIOKA3aHO, YTO TUTYTOHUI B YEPHOMOPCKHX BOJIAX MPOSIBJISET MEIOTPOITHBIN
tun noBeseHus [Tepemenko, ['yaun, [TpockypauH, 2016] 1 OCHOBHBIM MOTOKOM CAMOOYMIIICHUST BOJ
OT PaAMOU30TONOB TUTYTOHUS CIYXHUT MOTOK €ro OMOTeOXUMHUYECKON CEeIMMEHTAIIMH CO B3BEIIEHHBIM
BEIECTBOM B JJOHHBIE ocajiku [Eropos u ap., 2013; Egorov et al., 2018; Tepemenko, [Tpockypuun, I1a-
packuB, 2019]. IToaToMy CKOPOCTh OCaJKOHAKOIUIEHUSI — BasKHAsI XapaKTEPUCTHKA BOIHOW KOCUCTE-
MBI, B 3HAUUTEJIbHOM CTETIeHH OTpeesionas CKOPOCTh CAMOOUUITIEHUSI BOJ OT COPOLIMOHHO-aKTUBHBIX
METAJUIOB, K KOTOPBIM MPUHAJIEKUT PATUOAKTUBHBIA METAILT — LTy TOHUU.

Llenp naHHOW PabOTHI COCTOSIIA B PETPOCIEKTHBHOM MHOTOJIETHEM MOHHMTOPUHTE TOCTYILICHHS
PaJMOU30TOIIOB TUTYTOHHSI B aKBaTOPUIO OYXThl HA OCHOBE M3YUEHHUsI BEPTHKAIBHOTO paclpeie/ieHusI
Pagron30TONOB TUTYTOHUS B cinoe 0—31 cM JOHHBIX OTJIOKEHWM, POBEJCHUU PAJUOTPACCEPHOM Teo-
XPOHOJIOTUH JIOHHBIX OCAJKOB B JI0- U TIOCTUYEPHOOBUTLCKUI MEPUOABI U OIIEHKE CKOPOCTU OCAJAKOHA-
KOIUICHUSI U CAMOOYMCTUTENILHON CIIOCOOHOCTH BOJ OT COAEPKALIMXCS B HUX PaJAMOU30TONOB IUTYTO-
HUSI B 9T MIEPUOJIBI 32 CUET MPOLIECCa OCATKOHAKOIUIEHUS U IEIOHUPOBAHUS PAIUOU30TOIOB B JOHHBIE
OTJIOXKEHHS B IBYX parioHax CeBaCTOMOIBCKON OYXTHI.

MarepuaJjbl 1 METOIbI

KepHbl TOHHBIX OTIOXKEHMI BbICOTOW 31 cM ObUIM OTOOpaHBI HA JBYX CTAaHIMSX, B BEPXOBbE
u yctbeBoM paifone Cepacrornonbckoit OyxThl: 1. 1 B 2019 1. (ryouna 9 m) u cr. 2 B 2016 1. (I1y-
O6uHa 15 M) cooTBeTCTBEHHO (puc. 1). DT pailoHbl OyXThl ObLIM BHIOPAHBI AJIS1 UCCIEAOBAHUNA Kak €€
KpaeBble YYaCTKHU, TPaHUYAIIHE CO CMEKHBIMU BOJHBIMU S9KOCHCTEMAMHU: YCThEBOM PAiOH — C OTKPBITON
aKBaTOpHEHN MOpsi, BEpXOBbe OYXTHl — C ycTheM pekn YépHoi. KepHbl 0TOMpanu akpuaoBoi TpyoKou
C BaKyyMHbIM 3aTBOPOM U C MOCJIEAYIOIEN UX HAPE3KOH ¢ NMOMOIIBI0 BUHTOBOIO SKCTPYAEpa Ha CIIOU
c maroM 2 cMm. ITomydeHHble TpoOBI-CJION B3BELIMBAIM, 3aT€M CYIIWIU JJO COCTOSIHUS IOCTOSTHHOTO Beca
CYXOH Macchl POOBI U MO 3TUM JJAHHBIM OIPE/IEIIsIIM OBOJHEHHOCTh KaXJJOro ciiosi ocajka. Ilocie 030-
nennsa o6pasnoB npu 550 °C B MydebHOl neun K mpodam Ao6asasam paauonsoton 2+*?Pu (tpaccep
XAMHUYECKOTO BBIXOZIA TUTYTOHMSI) U MPOBOIMIM XMMHUYECKOE pas3siokeHue MpoObl Kucinotamu. [anee
cJIeJoBaJla OYMCTKA U BbIIEIEHHE TUTyTOHUS C TIOMOILbI0 MOHOOOMEHHOM XpoMaTtorpaguu 1o U3BECTHON
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Metonvke [Paguoskonornueckuid oTkIuK ... , 2008; Tereshchenko et al., 2018]. Beigenennbiii 1ty-
TOHUI OCaXJalIu MEKTPOIUTUYECKUM METOJOM Ha CTaJbHBIE AWCKU JAJIsl TOTyYeHHs] CBEPXTOHKHUX
00pasIioB, MO KOTOPHIM MPOBOIWIN U3MEPEHUsI AKTUBHOCTU aJTb(ha-U3JTydaloluX paJuou30TONOB TUTY-
Tonus 242 Pu, 239+240py, 238Py cnekrpomerpruecknM MeToioM Ha anbga-crniekrpomerpe ORTEC ¢ nony-
MTPOBOIHMKOBBIMH JIeTeKTOpamu. V3MepuTesbHble paOboThl ObLTH BBITIOIHEHBI B LIeHTpe KOJIEKTUBHOTO
nonb3oBaHus MHcTutyTa reosoruu u MmuHepasiornu um. B. C. CoboneBa Cudupckoro otaenenust PAH.

Kpbim

Yeépuoe

Mmope CeBacTononb

KoHcTaHTVHOBCKIiA
pasenuH

14

o g
Cr.2 Cegacmononsckas Gyxma

MaBnosckuii
MbIC

Puc. 1. Cxema pacriosioxeHHsI CTaHIIUN 0TOOpa KEPHOB TOHHBIX OTIIOKeHUH B CeBacTOIMOMBCKOM OyXTe

Ha ocHoBe W3BECTHBIX sIEpPHO-(PU3UUYECKUX CBOWCTB PaJMOU30TONOB IUTYTOHUSI U UCTOPUU
uX moctyruieHns B U€pHoe Mope paHee ONMMCAHHBIM METOJIOM ObUIa BBIMIOJHEHA paJuoTpaccepHas
T€OXPOHOJIOTUS 3arpsA3HEHUS JIOHHBIX OCAJIKOB IUTyTOHMEM [Pannoskonornyeckuid OTKMK ... , 2008;
Tereshchenko, Parkhomenko, 2021] u paccumTanbl cKOpocTh ocagkoHakorieHus: (SR, mm/rom),
aOCOMIOTHBIE Macchl JOHHBIX omiokeHuii (MAR, r/(M?+rom)), ceIMMEeHTAMOHHbIE TOTOKH TUTYyTOHUS
B JJIOHHbIE OTIOXEHUA B mpolecce ocagkoHakorueHusa (Ilp,, Bk/(M?+rof)) B BEpLIMHE U YCTHEBOM
paitoHe CeBacTOIONbCKON OyXTHI.

PesyabTartsl 1 00Cy:K1eHIE

[TonyyeHHble pe3yabTaThl MO BEPTUKAJIBHOMY pAacClpeleieHHI0 YAEeJIbHON aKTMBHOCTH JIOHHBIX
omoxkenuii o 23°*240Pu B kepue u3 BepxoBba CeBACTONONLCKON OYXTHI MPE/ICTABIEHB! HA PUCYHKE 2a.
BeprukaiabHbiii npoduis 237240Pu xapakrepusyercsi JByMsI XOpPOIIO BHIPAKEHHBIMUA MAKCHUMyMaMHM,
a podpusIb OTHONIEHKs aKkTUBHOCTel 238 Pu/?39+240Py — yérTko BHIPaXKEHHBIM OTHUM MAaKCUMYMOM, COB-
NaJalMIKUM C BEPXHUM MakcumyMoM 2>2+240Pu (puc. 26). 1o pacrnonoxkeHue Ha MpoduIsax MaKCUMY-
MoB 239+249Py i oTHOMIEHN A aKTHBHOCTEl M30TONOB MTyTOHKsA 238 Pu/?3+249Py 06bsACHAeTCA HaMYKEM
JBYX OCHOBHBIX MCTOUYHHMKOB MOCTYIUIEHUSI M30TOMOB IUTyTOHMSI, KOTOPbIE HA MaciiTade AecsATUIeTHIA
paccMaTpyBalOTCs Kak 3aJIIOBbIE MOCTYIUIEHUS. TaKMX OCHOBHBIX HUCTOYHMKOB PaAMOAKTHUBHBIX BbIIA-
IeHnH Ha akBaTopmio YE€pHOro Mops ObLJIO [Ba: TI0OAIBHBIE PAJNOAKTUBHBIE BBINAJCHNS 1 BHITAJCHUS
nocsie apapur Ha YepHOObUIbCKOI aroMHOM 3ekTpocTanimu (YADC). Huxuuil Makcumym (puc. 2a)
COOTBETCTBYET BPEMEHU MaKCUMaJbHbIX IIOOAJIbHBIX PaJMOAKTHBHBIX BbimajgeHuil (1962 r.), a Bepx-
HU — MaKCUMYMY PaJMOAKTUBHBIX BBIAJCHUI PaJIMOHYKIUIOB Y€PHOOBUIHCKOTO MPOUCXOKICHUS
B 1986 r. D10 MOATBEpKAAET IPOHIIbL OTHOLIEHHs aKTUBHOCTel 238 Pu/>3%*240Py (puc. 26).
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Puc. 2. BeprukansHoe pacnpenenenue >>°+240Pu (a) n otHomenus aktusHocteit 238Pu/23%+240pPy (6)
B JIOHHBIX OTIOKEHHAX BEPXOBbs OYXThl B 2019 T., TaTMPOBKA JOHHBIX OTJIOKEHMIl (IIpaBasi OCh OPIMHAT

Ha puC. 2a); OTHOCHUTEJIbHAs OIMOKa onpeeseHus >0 >40Py B TOHHBIX OT/IOXKEHUAX He mpeBbimana 13 %,
a s 233Pu — 30 % (m1g aktrBHOCTEN Boillie 15 MBK/KT)

MakchMaJIbHble 3HAYeHWs] OTHOIIEHHWsS] aKTHBHOCTel 2 SPu/?3°+240Pu ormeuensl B TIeprONT
PaMOAKTUBHBIX BBINAJICHUN YePHOOBUTLCKOTO MTPOUCXOXKICHHUS, UTO CBSI3aHO C Pa3HUIIEH W30TOITHOTO
COCTaBa IUIyTOHMS B paJMOAKTMBHBIX BbINAJEHUAX mocie aBapuu Ha YAIC (1986 r.) m mocne
UCTIBITaHUs TepMosiiepHoro opyxus (1962 r.) Tak, B m10o0ajbHBIX BBINAAEHUSIX OTHOLIEHUE OBLIO
nopszka 0,03, a B uepHoObUTbcKUX — (0,45 [Pagroskonornyeckuii OTKINK ... , 2008]. B uepHOoMOpcKux
AKBATOPMAX OTHOMIEHMe akTuBHOCTei 2°8Pu/?**240Pu B mepuon nmocne aBapuu Ha YADC, cornacHo
BBITIOJTHEHHBIM MOHUTOPWHIOBBIM HAOJIOICHUSM, M3MEHSUIOCh B IMUPOKUX mpeaeiax or 0,1 mo 0,5
B 3aBUCHMOCTH OT [IOJIM TUTYTOHMS IMIOOATBHOTO U YE€PHOOBUILCKOTO MPOUCXOXKAEHHS B MPUPOAHBIX
oobektax [Polikarpov et al., 1991; Buesseler, Benitez, 1994; Tereshchenko, Gulin, Proskurnin, 2018;
Tereshchenko, Parkhomenko, 2021]. ITosToMy coBMecTHbII aHaIN3 npoduieit 239+240py 1 oTHOIIEHHS
akTuBHOCTel 238Pu/?39+240Py nosponser ogHO3HAUHO MAEHTU(DUIMPOBATH UCTOUHUK MOCTYIUIEHHS Ty~
ToHUs B CeBacTONONLCKYI0 OYXTY U rof (popMHpOBaHUS HAOTIONABIINXCS MAKCUMYMOB PaJIOaK THBHBIX
seimazenuit 238Pu u 239+240Pu B ocajkax or 3THX MCTOUHMKOB. Ha OCHOBaHMHM 3TUX JBYX JaT U Tofia oT-
6opa mpoO MpoBeIeHbl TEOXPOHOJIOTUS 3arPS3SHEHN S JOHHBIX OTJIOKEHUHN PaJrioN30TONaMU TUTy TOHUS
Y JJaTUPOBKA OCA/IKOB (pHcC. 2a — MpaBasi OCb Ha rpacuke). BeilosHeHHast JaTUpoBKa OCaIKOB Ha CT. 1
MO3BOJIWJIA PACCUMTaTh CPEIHErOOBYI0 CKOpPOCTb OcCalKOHakoruieHus (SR) B akBaropuu, KoTtopas
COCTaBWJIa B CpellHEM 3a Bech mepuop AatupoBku (¢ 1962 mo 2019 r.) 5,1 + 0,8 mm/ron. Cpeanss
abcomoTHas mMacca AoHHBIX omiioxeHnid (MAR) 3a satoT nepuon cocraBuia 0,264 r/(M? «TO). AHAMTK3
HAKOIUIEHWS] KYyMYJISITUBHOTO Beca JOHHBIX OTJIOKEHUW 3a KaXIbl M3 MCCIEJOBAHHBIX TEPUOIOB
nokasai, uto MAR B MOCT4epHOOBUILCKHI NEPUO yMEHBIIUIACH 10 1,7 Kr/(M?+Tof) 1O CpaBHEHHIO
¢ 0uepHOOBUILCKMM nepuoioM (3,9 kr/(m? «rof)). Takxke, COOTBETCTBEHHO, YMEHBIIMIACh U CKOPOCT
ocagkoHakoruieHusi. Cpemnerogosast SR cocrapnsiia 5,2 + 0,5 MM/ron B pacué€re Ha pa3yIuIOTHEHHBIN
0CaJoK (0CaAOK C UCXOAHOM BJIAXKHOCTBIO TIOBEPXHOCTHOIO ¢J1os1) B nepuoz ¢ 1986 no 2019 r., a B ne-
puon ¢ 1962 no 1986 r. ona Obina paBna 11,8 + 1,2 mm/ron. CpeanerogoBast SR B pacuére Ha ocafgok
HATUBHOM MI0THOCTH aocturana 3,6 £ 0,4 u 7,5 £ 0,7 mm/ron cooTBEeTCTBEHHO. Takyio pa3HUIly B CKO-
POCTH OCAJIKOHAKOIUICHUsI B TH JBa MEPUOAa MOXHO OOBSCHUTh W3MEHEHUSIMH, POU3OIICAITNMHU
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B BomocOOpHOM OacceilHe peku YEpHOM, yCThe KOTOpPOM BIAJaeT B BEpXOBbE OYXTHl M CTOK PEKH
CJIy’KUT OCHOBHBIM MCTOYHMKOM IOCTYIIJIEHUs B3BELIEHHOTO BEIIECTBA B TOT paiioH CeBacTONOIbCKON
oyxtol. B mepBoii nonoBuHe 80-x rogoB XX Beka (K 1984 r.) 3aBepmioch HapalyvBaHUE BBICOTHI
aaMObl YepHOpPEUeHCKOrO BOJIOXPAaHWIMINA, YTO TPUBEJIO K YBEJIMYCHUIO O00bEMa BOJOXPAHWIIMIIA
W ero Iuiomaay nout ¢ 2,5 no 6 km? [Manaxosa u ap., 2019]. EcrectBeHHO mojaraTh, 4ToO 3TU
M3MEHEHHUsI TIOBJIEKJIM 3a COOOW yBennueHue OypepHOM EMKOCTM BONOXPAHWIIUINA KaK OTCTOMHHKA
JUIs1 B3BEIIEHHOI'O BEILECTBA PEUHBIX BOJ. DTO MPUBEJIO K YMEHBIIEHUI0 KOHLIEHTPAIIMKY B3BEIIEHHOTO
BEIIIECTBAa B PEYHBIX BOJAX M YMEHBIIIEHUIO TBEPIOro CcToKa pekr YEpHoi B CeBacTONONIbCKYI0 OyXTY.
CHWKeHUe TIOCTYIIJICHUsT B3BECH B OYXTY TOBJICKJIO 32 COOOUM CHMKEHHUE CKOPOCTH OCATKOHAKOTLICHUS
B BEpXOBbe OYXTHl. B TONB3y 3TOro MpeAronokeHHsl TaKke CBHUICTEIbCTBYIOT pe3yJbTaThl paHee
MPOBEIEHHOTO UCCIIE0BAHUs IO OIIEHKE A0JMM OMOreHHOM 4YacTh OCaJI0YHOIO BEIeCTBA B JOHHBIX
omoxeHusix Cesacrononbekord OyxThl [Gulin et al.,, 2014]. Bbiio ycraHOBIEHO, YTO OUOreHHOE
0CaJIcYHOE BEUIECTBO COCTABJISLIO Mopsiaka 32 % oT oOIeld Macchl 0CaI0YHOTO BEIIECTBA B BEPXOBbE
OyxTol. CrnemoBaresbHO, OOJbIIAsl YacTh OCAJOYHOro BemiectBa (68 %) cocrosiia U3 TEpPPUreHHOU
B3BECH M YMEHBIIICHUE KOJIMYECTBA TEPPUTEHHOTO B3BEIIEHHOTO BEIECTBA, IPUBHOCUMOTO B BEPIITHUHY
OyxThl BomamMH peku YUEpHOIA, 3HAUMMO BIIMSET HA CyMMapHOE€ KOJIMYECTBO B3BEIIEHHOIO BellecTBa
U CKOPOCTh OCAJIKOHAKOIUIEHUSI B 9TOI YacTu OyXThl. B pesysnbTate 3TUX MpPOIeCCOB, Kak MoKa3al pe-
TPOCHEKTUBHBIN aHAJIN3 BEPTUKAIBHOTO MPOMUIs 3arps3HEHUs] JOHHBIX OTJIOKEHUI PalMOU30TONaAMU
IUTYyTOHUSI U TEOXPOHOJIOTUM OCAJKOB, Ipou3ouuio u3MeHenue SR (ymeHsiuenve Ha 44 %) B nepuos
¢ 1986 mo 2019 r. o cpaBHEeHMIO € TaKOBOH B niepuo] ¢ 60-x 10 nepBoi nosoBuHbl 80-X rogoB XX Beka
B BepimHe CeBacToIoJIbCKOW OYXThl. DTO TMOBJICKJIO 3a COOOM M aHaJorMyHOe M3MeHeHHe MAR.
Ha ocnose 3nauennsi MAR Oblid paccuuTaHbl MOTOKM OMOTEOXUMUYECKOW CeMMEHTAIMH TUTyTOHUS
B JIOHHBIE OCAJKU B pe3y/ibTare Ipolecca ocagkoHakorieHus (Ilp,) kak KoIMuecTBEHHbIN MT0Ka3aTeb
CaMOOYKCTHUTENILHOM CIMOCOOHOCTH BOJ MO OTHOIIEHHWIO K COAepKAIUMCS B HHUX PagHOM30TOINAM
TUTYyTOHUSI B BEPXOBbE OyXTBHl. DT TOTOKU KOJTMUYECTBEHHO XapaKTePH3YIOT OMOTCOXUMUICCKHUN Cer-
MEHTALMOHHBIM BBIHOC IITYTOHUSI CO B3BELIEHHBIM BEIIECTBOM U3 BOJHBIX MACC B JOHHBIE OTVIOKEHUS
C €ro TOCJIeAYIONIMM JISTIOHNPOBaHUEM B ocajikax. [IyTOHuiA, KaKk U3BECTHO, COPOIIMIOHHO-aKTUBHBIN
TsokEnblid Metain [Buesseler, Benitez, 1994; [1nytonuit ... , 2003], n03TOMY OH IPOYHO CBSA3BIBAETCS
C YaCTUIIAMU U BBIHOCUTCSI CO B3BEChIO B OCAJOYHOE BEIIECTBO JOHHBIX OTIOKeHU. ClieloBaTebHO,
KOJIMYECTBO B3BEIIIEHHOTO BEIIeCTBA, HAPSAY C KOHIIEHTPALMEN TUIyTOHUS B BOJE, BIIMSET Ha BBHIHOC
IUTyTOHUS U3 BOAHOM cpeabl. B nepuon ¢ 1962 no 1986 r. makcumasbHbiil [1p, cOCTaBIsI BETMUUHBI
nopsiaka 2,1 Bk/(M? +TO) 11 GBI 3a(pMKCUPOBAH B MEPUOJ] YCHIIEHHBIX IIOOAJIbHBIX BhIMafieHuil B 1962 .,
a MHUHUMaJIbHbIE 3HaueHUs] HaOMogamuch B npenyepHoObUIbckuil nepuon (0,4 Bk/(m?«Ton)). Tocne
aTMOC(EpHBIX paMOaKTUBHBIX BBIMIAAEHUN YepHOOBUILCKOTO MPOMCXOXKIEHHUS B Mae — HioHe 1986 T.
TNOTOK TUTyTOHUA yBenuuuica 10 0,9 Bk/(M?+rof) 3a cuéT yBeaudeHus yedbHON aKTUBHOCTU Pajio-
n30TOMOB B Bozie. B manpneiiniem Ilp, B Oyxte cHm3mics o 0,4 Bk/(M?+TOp), T. €. 10 YPOBHSI ITOTOKOB
B MpeJuepHOObUTbCKUI Tiepuoa. V3MeHeHne MOToKa OMOTeOXMMHUYECKON CEAMMEHTAIIMH TLTYTOHUS
KOJTMYECTBEHHO XapaKTepu3yeT U3MEHEeHUe CaMOOYMCTUTEIbHON CIOCOOHOCTH BOJ aKBATOPUM OTHOCH-
TEJIbHO €r0 PaJuOM30TONOB KaK BEIYIIEro Mpolecca peain3alii CaMOOUUCTUTEBHON CIIOCOOHOCTH
BOJI 110 OTHOILLIEHMIO K COIEpXKaIMMCcA B HUX paauousorornam IuryroHus [Tepemenko, IIpockyphuH,
[Tapackus, 2019].

CoryacHoO 3HAUEHUAM OTHOMIEHUS aKTHBHOCTH 2>3Pu/?3*+240Py B BepxHMX ClOAX OCajIKa HA BEpTH-
KaJibHOM rpocpuie (puc. 20), B HACTOSIINY MIEPUOJT B JIOHHBIE OTJIOXKEHHS OyXThI ITPOJIOJIKAET MOCTYIATh
MPEUMYIIECTBEHHO TUTYTOHUN TJIOOAJIBHOTO MPOMCXOXKCHHS, PACCESTHHBIA B BOJOCOOPHOM OacceiiHe
OyxThl 1 peku YépHoi. B nesnom 3a nepuoa ¢ 1962 no 1986 r. U3 BoaHBIX Macc OyXThbl B JIOHHbIE
OTJIOKeHHs B 3TOM paiioHe nepepacnpesenuiocs o 27,1, a ¢ 1986 no 2019 r. — 17,5 Bk***240Pu/m?,
YTO yKa3bIBaeT Ha II00AIbHOE IPOUCXOKICHUE OOJMBINEN YacTh paJIMOU30TONOB TUTYTOHUS, 3a/IeTIOHH-
POBaHHBIX B OCaJKaX OyXTHI.
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VienpHass aKTUBHOCTh JOHHBIX OTJIOXKEHHII B OTHOIIEHHH 2°°Pu Obuta B 10-20 pa3 Huxke,
yem 239+240Py, 11 ero motoku coctapisum 5—10 % ot nmotokoB 23°*240Pu. O6wmmit 3anac 23°*2*°Pu B 10H-
HBIX OTJIOXeHUsIX BepiuHbl CeBactornonbekor OyxTol B 2019 r., B cioe goHHBIX omioxeHwid 0-31 cm,
ouenéH B 47,1 Br/M?, a ¢ yuérom 238Pu ( 2,4 Bx/m?) — 49,5 238+239+240py Br/m2.

3HauuMoOe BIIMSAHUE HA BEJIWYMHY IIOTOKA IUIYTOHMS CO B3BEIICHHBIM BEIIECTBOM B OCaIKHU
OKa3bIBaeT aKKyMYJISIIMOHHAsI CIIOCOOHOCTh B3BEIIEHHOIO BEIECTBA, KOTOpasi 3aBHCHT OT T'PaHyJIo-
METPUYECKOTIO COCTaBa B3BEIIEHHOIO BEILECTBA — MCTOYHMKA (DOPMUPOBAHUS OCAJOYHOIO BEIIECTBA
JOHHBIX OTJIOXeHU. Kak M3BecTHO, BOJIM3M BNA/IEHNsI PEKM B MOPE BHAYasle OCEJAI0T KPYIHbIE YaCTH-
IIbl, 2 MEJIKHME YaCTUIIBI B3BECH MUTPUPYIOT C BOJHBIMU MaccaMu Ha OoJsiee 3HAYUTEIIbHbIE PACCTOSHUS
[JIncumpiz, 2003]. DT0 BIMsET Ha BEJIMUYMHY aKKYMYJISIIMOHHON CIIOCOOHOCTH OCAJJKOB B OTHOIIICHUU
PaZIMOM30TOIIOB TUTyTOHMS. Panee ObUI0 MoKazaHo, 4To K03 duireHTs HakorieHus rryTonus (Kup,)
B [IECYAHBbIX OTJIOKEHUAX Ha MOPAJOK BEJMYMH HUXKE, YEM Y WIOBBIX JOHHBIX ocaakos [Tereshchenko,
Gulin, Proskurnin, 2018]. 910 nogTBepkIaeTt, 4To rpaHyJIOMETPUUECKUI COCTAB OCAI0UHOIO BEILIECTBA
OKa3bIBa€eT BJIMSIHUE HA BEJIMYMHY NIOTOKA IUTYTOHUS B JOHHBIE OTJIOKEHUS U €ro IENOHUPOBAHUE B HUX,
TaK KaK KOJMYECTBO BBIHOCHMOI'O CO B3BECHIO TUTYTOHUSI TEM MEHbIIe, YeM OOJIbIlle pa3Mep YacTHil,
0 YEM CBUIETENLCTBYET BeanunHa KHp,. [ TOHHBIX OTIOKEHUH OJHOTO M TOTO XK€ COCTaBa IIPU KOH-
LIEHTpAlKAX IUTyTOHHUA B Bojie Hike N X 107~ Monb/1 Kn octatores nocrosHubiMu [ Tpanesnukos, Tpares-
HUKOBa, 2006], mo3TOMY MpU HU3KMX KOHLEHTPALMSX IUTyTOHUS, HaOmonaBImxcst B CeBacTONOIBCKON
OyxTe, IpY U3MEHEHUH Y/IeTbHON aKTUBHOCTH PAAMOMU30TOIOB ILTYTOHUS B TOHHBIX OTIOKEHHUSIX MOKHO
MMeTh TpeJicTaBieHre 00 N3MEHEHUH MX Y/IeJbHOW aKTUBHOCTH B BoAe. Kak ObUIO MOKa3aHO IS TTy-
OOKOBOIHOTO paitoHa YEPHOTro MOps1, MHTEHCUBHOCTD BBIHOCA TUTYTOHMS U3 TIOBEPXHOCTHBIX BOJL ITPSIMO
ITPONOPLMOHAJIbHA YAEIbHOM aKTMBHOCTH BOJ, 1O IUTYTOHHUIO. [103TOMY C €€ yMEHBIIEHHEM CHUKAETCS
MHTEHCUBHOCTb BbIBE/IEHU S TUTYTOHUS U3 BOABI M BpeMs MTPpeObIBaHU s IUTyTOHUSI B IOBEPXHOCTHOM CJIO€
Bonbl yBenumuuBaercs [Tereshchenko, Gulin, Proskurnin, 2018].

[MoTtoku camoouMIlieHUsT BOJ 3a CYET Mpollecca OCaaKOOOpa3oOBaHUsI B BEpIIMHE OYXTHI OIpe-
JeJsUTUCh, C OOHOM CTOPOHBI, YPOBHEM YIEJbHON AKTUBHOCTH PAJAMOM3OTONOB IUTYyTOHHS B BOjE,
T. €. UICTOPUEH TIOCTYIICH!sI TEXHOTEHHOT'O TUTyTOHUS B OyXTY, C IPYrOl — BBHICOKON COPOIMOHHOM CITO-
COOHOCTBIO TUTYTOHHMSI Ha YaCTHULIAX B3BECH M KOHIIEHTpAIIMEel B3BEUIEHHOTO BEIIEeCTBa B BOjIax OyXThl,
CKOPOCTBIO OCAJJKOHAKOIUIEHHSI B aKBATOPUU U BETMUYMHON aKKYMYJISIIIMOHHOW CHOCOOHOCTH JIOHHBIX
omnoxenuit (Kup, ). OnpenenéHHoe BiausgHUE HA CKOPOCTb OCAIKOHAKOILIEHUS OKA3bIBAET U IIPOAYKTUB-
HOCTh BOJ] B BEpXOBbE OYXTHI, TaKk Kak 32 % 0CaJI0YHOTO BENIeCTBA COCTABJISIIO OMOTeHHOE B3BEIICH-
Hoe BemiecTBO [Gulin et al., 2014], KoTopoe, TOMUMO MUHEPAIM30BAaHHOW COCTABJISAIONICH OUOTeHHOM
B3BECH, COCTOUT U3 OMOTUYECKOW YacTh — B3BEIIEHHOro opranndeckoro Bemecta (BOB). B nenom
BoIbI CeBacTOMONBLCKON OYyXThI OTHOCATCS K 3BTPO(HBIM BOJAM, TaK KaK YpOBEHb MEPBUYHON MPOIYK-
mu ipesbimaet 100 mr C/(v? - cyT) [Tepernenko, 2017], 1 nostomy BOB BHOCHT CBOii BKJTaj B Ipoliecc
camoouuIlieHusi Bod. Bce 3Tu XxapakTepuCTUKHM ONpeaesisiioT BEJIMYMHY KOHIIEHTPAIlMU B3BECH B BOJIE
¥ B KOHEUHOM MTOTe BEJMUYMHY MOTOKA TTyTOHUS B TOHHBIE OTJIOKEHHS M €ro JCTIOHUPOBAHUE B HUX,
a Tak’Ke JaI0T MpecTaBIeHre 00 MHMBUIYAIbHBIX OCOOCHHOCTSIX M KOJIMYECTBEHHBIX MTOKA3aTeNsIX TPO-

ecca CaMOOYUIIICHU A BOI B AKBATOPUU B 3aBUCUMOCTH OT KOHKPETHBIX yCJIOBI/II'/JI B 9TOM YacTH BOJIOEMA.

Pe3y/bTaThl onpefesieHds BepTUKajibHOro pacnpeneienus >0 24Pu u 28Pu B kepHe JOHHBIX

OTJIOXKEHUA ¥ OTHOIeHue akTupHOCTel 233Pu/?*+?%'Pu B ycTheBoit yactu CeBacTOMONBCKOHA GyXThI
IIPEJCTaBJICHbl Ha puC. 3.

[TonmyyeHHbIe pe3ysbTaThl MOKA3aJM, YTO 3a BeCh M3y4YeHHbIN mnepuof, ¢ 1962 mo 2019 r., cambie
BBICOKHE yJIe/bHble akTHBHOCTH 2>7+?%0Pu kak B BepxoBbe OyXThl (pHC. 2), TAK M B YCTbEBOM paii-
oHe Obu paBHbl 0,52 m 1,1 BK/KI COOTBETCTBEHHO M HE NPEJCTaBJSIA IKOJIOTMUYECKOW Orac-
HOCTU jj1s1 O6uoThl OyxThl. COINIACHO pEeKOMEHIATeNbHBIM JIOKyMeHTaM P® KOHTpOJIbHBIE YPOBHU
s 23%7240Py (KYp,) IOHHBIX OTIOKeHMiA BOIOEMOB cocTaBisior 6,9 kBk/kr. C ucronb30BaHueM
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PEe3yJIbTAaTOB HATYPHBIX HAOMIOAEHUI U COITIACHO OTEYEeCTBEHHBIM U MEKIyHAPOIHBIM PEKOMEHAaTe b-
HbIM JOKymeHTam [Environmental protection ... , 2008; Strand et al., 2009; Ouenka ... , 2015]
HaMM ObUIM pacCUUTaHbl TaKke pernoHaibHble KYp, A7 JoHHBIX omiokeHni CeBacTONOMbCKOI OyXTHI,
oHu coctaBwi 5 KBk/kr. Takum oOpa3oM, n3MepeHHbIe MaKCUMaJIbHbIe 3HAUEHUsT YPOBHEW yIeTbHBIX
akTuBHOCTel 237+240Py Ha Tpu nopsAaKa BeIMYMH HITKE KV p, A1 JOHHBIX OTJIOKEHUM, 9TU paJOU30TO-
Tbl HE OKA3bIBAIOT OTPUIIATEILHOTO BIMSHUS HA OMOTUYECKHEe KOMIIOHEHTBI 9KOCUCTEMBbI OYXThI 1 MOTYT
UCTIONIb30BaThCsl B KAYECTBE PAJAUOTPACCEPOB ISl U3YUSHUS] PA3HBIX MPOLIECCOB B OyXTE B MPUPOAHBIX
YCIIOBUSIX.
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Puc. 3. BeprukansHoe pacnipenenenne 2Py (a), 23Pu (6) m orHomenms akTmBHOCTENR
238py/239+240Py (B) B JOHHBIX OTJIOKEHHAX YCThEBOI YacTH OyxThl B 2016 I.; OTHOCHTENIbHAS OMIMOKA OMpe-

JeJIeH s YIeIbHOM aKTUBHOCTH 239+240pyy B OHHBIX OTVIOKEHUSX HE npebimana 13 %, a ais 28py — 30 %
(m1s akTMBHOCTEN Boilie 15 MBK/KT)

Bepruxansusiii ipoduis 2>2240Pu B yctheBoM paiioHe OyXThl MeHee CTPYKTypupoBaH (puc. 3)
0 CPaBHEHWIO C TAKOBBLIM B BEpXOBbe (puc. 2) M Makcumymbl >>2+240Pu umeior pasmbityio opmy.
3T0, OYEBUAHO, CBSI3aHO ¢ OoJiee CHMJIbHBIM M YacThIM BOJIHOBBIM IEpeMeIIMBaHMEM B JaHHOM paii-
OHEe, a TaKKEe AHTPOMNOIre€HHbIM BJUSHUEM — TIOCTAHOBKOW CYJOB Ha SIKOPHbIE CTOSIHKH, UTO MpH-
BOOUT KO B3MYYHMBAHUIO JIOHHBIX OCAQJIKOB, UX MOCJIEAYOIIEMY TMepPEOCakKICHUI0 U OOyC/IaBIMBaeT
cTereHb pa3MblBaHKs MakcuMyMoB. Ho Ha BepTukasbHOM Tpoduie >Pu 1 OTHOLIEHNS aKTUBHOCTEH
238py/239+240Py MOKHO OIHO3HAYHO OMPEJIENUTh ITYOUHY 3aeraHns MAKCUMAJbHBIX 4epPHOOBIIBCKIX
BBINAJIEHUI, TaK Kak 101 >3¥Pu B cMecu H30TONOB ILTyTOHMSA YePHOOBUTLCKOTO TIPOMCXOKIEHNS Oblia
Ha TOPSIOK BHIIIE, YeM B ITI00ATbHBIX BbIMaAeHUsX. [10 EHTpaJbHON TOYKE Pa3MBITOrO HUKHETO
mika 23%*240Py Gbi1a onpejieNieHa TOUKAa MAKCUMAJBHBIX TIOOATBHBIX BBIIAJEHUH, UTO A0 BO3MOXK-
HOCTb IPOBECTU F€OXPOHOJIOTHIO JOHHBIX OCaJIKOB, a 3aTeM paccuutath SR 1 MAR B ycTheBO# yacTu
Oyxtel. Ha HaTtuBHBIA ocaliok cpemHeromoBas SR 3a 54 roga cocraBuia 4,1 £ 0,4 mm/ron, npu 3ToM
B I04epHOOBLIbCKUIA TTeprof oHa Oblia paBHa 2,50 + 0,05, a B noctuepHOObUTbCKMI — 5,3 + 0,9 Mmm/rof.
B s111 e nepuoap! 3HaueHuss MAR cocrasisimm 2,2 u 3,9 kr/ (M2 +TOJI) COOTBETCTBEHHO.

CnenoBatesibHO, B YCTBEBOM paliOHE MPOM3OLLIO W3MEHEHHE CKOPOCTH OCaJKOHAKOIUIEHUS,
HO B IPOTUBOIIOJIOKHOM HAIPABJIEHUH MO CPABHEHUIO C BEPIIMHOM OYXThI: CKOPOCTh OCAIKOHAKOILICHHU I
B MOCTYEPHOOBLIHCKHIA TIEPUO]] YBEIMUMIach Oojiee 4eM B 2 paza. ITO U3MEHEHUE MOKHO OOBSICHUTD
AQHTPOIIOreHHBIM BMEINATeIhCTBOM Ha JIMHUM Bbixofga OyxThl B Mope. K 1986 1. Tam ObuIO 3aBepiieHo
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CTPOUTEJIbCTBO 3arpaJUTeIbHOTO MOJIa, KOTOPBIM COCTOUT U3 ABYX 4acTeld. Kaxaas u3 vacreii TaHeTCs
oT Oepera K cepeJuHe BbIXOda U3 OyXThI, Cy3HMB BbIXOH OyxThl ¢ 1235 1o 415 M, 4TO MOBJIEKJIO
3a coOOl yMeHbIlleHHe BOAOOOMeHa OyXThl C OTKPHITOM 4acThio Mops Ha 40-70 % [[mmpomoro-
THIPOXUMHYECKUI . .. , 2006]. Takum oOpa3om, 1o oOerM CTOpoHaM OYXTHI B yCTLEBOM €€ paiioHe 00pa-
30BaJlach 3aCTOWHAs 30HA, IJie MMPOUCXOIUT YCUJIEHHOE OCEaHue B3BEIIEHHOIO BEILECTBA, U CKOPOCTb
0CaIKOHAKOIUIEHUSI YBEJIMYUIIACH B 9TOM 30He Ha 2,8 MM/rof1. 3HaueHre SR B 104epHOOBLTHCKUIA MEPUOTL
B 9TUX 30HAaX YCTbEBOTO paiioHa OyXThI (2,5 MM/TOT) COBMAJAET C OMyOIMKOBAHHBIMU IAHHBIMU T10 OTTpe-
nenenuto SR B MPOTHBOMOIOKHOM KOHIIE YCTheBOro paiioHa CeBacTornobckoi OyxThl, y T1aBIoBCKOro
Mmbica (puc. 1). Tam e€ 3HaueHue cocraBisino 2,4 mm/roa B KoHue 90-X ToI0B MPOILIOro BeKa, U BJIH-
SIHAE TOCTPOMKHU MOJIOB, OYEBUHO, MaJ0 U3MEHMJIO YCIIOBHS Ipoliecca OCaJKOHAKOIUIeHUs. [JaHHbIe
OBbLIH MOTyYeHbl PAJUOTPACCEPHBIM METOJOM IO KOJIOHKAM JIOHHBIX OTJIOKEHUIl, HO BbicoTOM 7—12 cMm,
B KAuecTBE PaJUOTPACCEPOB HCHONB30BATN MPUPOIHbIA paguonsoron 2'°Pb u TeXHOreHHbIA pajuo-
moron 37Cs [Pamnoskonorndeckuii OTKIK ... , 2008]. TanHHble, MOJIyYEHHBIE C ITOMOILLBIO 239+240py
u 2%¥Pu B 2016 1. (SR = 5,3 + 0,9 Mm/ron) o mocTuepHOOLLTLCKOMY Hepuony (1986-2016 rr.),
C Y4ETOM OIIMOKY OIpe/e/ieHHs] BEJIMIMH COOTBETCTBYIOT JIAHHBIM Y KOHCTaHTMHOBCKOTO paBesiHa
no pe3yabraraMm onpenesnenuss B 2009 r. ¢ nmpumMeHeHHEM 210pp  137Cs (SR = 4,6 + 1,0 mm/ron)
[EropoB u gp., 2013] u pesyasraram, nomydeHHeiM B 2013 1. (SR = 4,1 = 0,8 mwm/rox). Takxe
U TI0 JOYEePHOOBUTLCKOMY MEPUOAY — HOBBIE Pe3y/bTaThl MO BelMW4YrHe SR MIEHTHUYHBI paHee Omyo-
JMKoBaHHBIM AaHHbIM (SR = 2,50 + 0,05 mm/ron) [TTapackus u np., 2021].

TakvM 00pa3oM, BEJIMYMHBI CKOPOCTH OCAJKOHAKOIUICHHS, TIONyUYeHHbIE C HMCTIOJb30BAHUEM Pa3-
HBIX W30TOMOB B KAUeCTBE PaaUOTPACCEPOB M B Pa3HOE BPEeMsl, COBMAJAIOT CO BHOBb IMMONyUYEHHBIMHU
JaHHBIMM C YYETOM OIIMOKH ONpe/iesicHUs], KoTopas it SR yka3aHHBIX BpeMEHHBIX IIEPUOIOB He Ipe-
oimaia 20 %.

Pesynbrathl, cBuuetenbcTByomue 00 u3MeHeHMM SR B ycTheBOW 4YacTu OyXThl B TEpUOL
nocsie 1986 r., yka3blBalOT Ha BIMSIHUE I'MIPOTEXHUYECKUX COOPYKEHUH HAa CKOPOCTh OCAJKOHAKOII-
JIeHUsI B aKBaTOPHU, a CJIeOBATEIbHO, U HA CKOPOCTh CAMOOYMCTUTESIBHOW CIOCOOHOCTH BOJ 3TOTO
paiioHa OyxTel. Tak, paccuMTaHHBIE TIOTOKW TIOCTYIUICHUsI TUTYTOHHS B IMPOIECCe OCAJAKOHAKOIUICHUS
B JIOHHBIE OTJIOXEHHsI OyXThI TIOKa3aJik, YTO OHM ObLIM OoJiee 3HAYMTEILHBIMA B YCTHEBOM padoHe
110 CPaBHEHHIO C BEPXOBbEM OyXThl M BapbUpOBaIu B npeseiax ot 2,0 no 2,8 Bk 23+240Pu/(m?«ron),
a B JIouepHOObUIbcKMIA Tieprion — oT 0,1 Bk 239’rz“OPu/(MZ-rozl) panee 1962 r. 10 MakCUMaJIbHBIX
notokoB B 1962 r., kotopsle coctaBasm 3,1 Bk 23°*24°Pu/(m?+Tom) ¢ mocneqyomyuM yMeHbIIeHN-
eM 10 2,4 Bk 2*?40Py/(m? -ron) B MpeaYepHOOBUTLCKUE TO/Ibl. Takue BEJIMIMHBI TIOTOKOB LTy TOHHS
3a CYET ero OMOreOXUMHUYECKOW CeJMMEHTAIIMM M3 BOIBI CO B3BECHIO B JIOHHBIE OTJIOKEHUS MPHUBEJIH
K (DOPMHUPOBAHUIO B JOHHBIX OTJIOKEHUsX OoJiee 3HAYMTENIbHBIX 3aMacoB ILUTYTOHHS B YCTHEBOM paii-
OHe. 3a Bech MCCIIeIOBAaHHbIN MEPUO 3arackl TUTyTOHUSI B 9TOM paiioHe OyXThl, B croe ocaaka 0-31 cm,
coctasumi 193,3 Bx?**240Pu/m? u 9,7 Bk**®Pu/m?> umn cymmapso mopszka 203 Bx38+239+240py 2,
D10 CBSI3aHO Kak ¢ yBequyeHHeM MAR B MoOCTYepHOOBIIBCKUI TIEPHOJ, TaK U C OOjiee BHICOKUMM
KOHLIEHTPALMAMU PAIMOU3OTOIOB IUTYyTOHUSI B JIOHHBIX OTIOKEHUSX B YCTbEBOM parioHe (puc. 3),
KOTOpbIE SIBJISIIOTCA OTPAKEHUEM YAEIbHON KOHLIEHTPALMU PaJIvMOU30TOIOB IUIYyTOHUS B Boje. bonee
BBICOKME KOHIIEHTPALIMU PaJAUOU30TONOB TUIyTOHUSI B BOME YCThEBOTO paiioHa OyXThl MOTYT YKa3bl-
BaTh Ha MPEUMYIIIECTBEHHOE IMOCTYIUIEHHE TUTYyTOHUSI B OyXTy ¢ MOPCKMMH BoAaMu. B depHOMOp-
CKMe BOJIbl CEBACTOMOJIbCKOM MOPCKOM aKBAaTOPUM TUIYTOHUW MOXET MOCTYINaTh C BOAHBIMH MacCamMu
13 ceBepo-3amagHod 4JactT YEpHOro Mops, BKJOYas KapkKMHWTCKWN 3a1MB, TIPU OIpPEesIEHHON
pose BerpoB [MBaHOB, benokornbiToB, 2011]. A MMEHHO B 3TOT 3ajMB IOCJE MPEKPAIIEHUs] MOAAYN
Bonbl uepe3 CeBepo-KpeiMckuii kaHanm B KpeiM cTamm cOpachiBaTh BOAbl peku [lHemp, B KOTOpbIE
u3 peku [Ipunsary nmoctynaiym B MOCIEAHUE TOOB YePHOOBUTLCKIE PAAMOHYKIUIBI B pe3yabrare cOpo-
ca Bon u3 npyga-oxiagurenss YAIC [3akon Ykpainu ... , 2018]. KocBeHHBIM MOATBEPKICHUEM TOTO,
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YTO YacTh NOCTyHawouiero B Bogbsl CeBacTONoIbCKOW OyXThl IUIyTOHMS ObUla YEPHOOBUILCKOTO MPO-
UCXOXJEHUS, MOTYT CIIyX)UTb Kak OoJiee BBICOKME y/eJbHblE aKTUBHOCTU PAMOU30TOIOB ILTYTOHUS
B MOBEPXHOCTHBIX CJIOSIX JIOHHBIX OTJIOKEHWI, TaK M HEKOTOPOE IPEBBIIEHUE B HUX 3HAYEHUsI OTHO-
menusa akTuHocTer 233Pu/?3%+240Py ga 0,01-0,03 1o cpaBHEHMIO C TAKOBBIM, XapaKTEPHBIM IS KOM-
MO3UIUH PaJHOU30TOIOB TUTYTOHHS TJIOOAIBHOTO MPOUCXOkaeHHsl. Broprunoe 3arpsisnenne Ye€pHoro
mopst paarorykgamu (P0Sr u 137Cs) 4epHOOBLILCKOTO TIPOUCXOKIEHUSA ObUIO 3a(PUKCHPOBAHO TIOCIE
2010 r., korga HavyaJM CIycKaTh BOAy C paguoHyKIuaamu u3 npynpa-oxnaaurens YAIC B p. [punsrs,
OTKyZa oHa nocrynana B p. Jaenp u CeBepo-Kpeimckuit kanai (go 2014 r.), a 3atem B UépHoe mope
[Gulin et al., 2013]. Takum 00pa3oM, Mpy MOBBINIEHUH YIEIbHON aKTUBHOCTH PAMOU30TOIOB TLITYTO-
HUS B BOJIe OYXTHI M C YBEJIMTUYEHNEM CKOPOCTH OCAJKOHAKOIUICHHS YBEJININBAETCSI CKOPOCTh CAMOOYH-
IIEHHUs BOJ, OT IIyTOHUS, HO IIPY 9TOM IPOUCXOOUT YBEJIMUEHUE MX 3aMacoB B JOHHBIX OTJIOKEHMX,
KOTOpBIE CJTy’KaT MHOTOJIETHUM [IETIO TUTyTOHUS B OyxTe. B cBfA3M C JUIMTE/IbHBIMU NIEpPHOJAMU MOy pac-
naga 23% 240Py (Teicstuu JieT) Ha MacIuTade COTEH JIET X aKTHMBHOCTb 3HAUMMO HE YMEHBILIAETCS 32 CYET
PaguoaKTUBHOIO pachaja.

3akarueHue

IIpoBeNéH pPeTPOCTIEKTUBHbIA MOHMTOPUHI YPOBHEH TEXHOTEHHBIX H30TONOB ILTyTOHUA 2>Pu
u 23%+2490py B noHHBIX OTIOKeHMAX CeBacTONONLCKON OyXThi, B BEpLIMHE OyXThl U €& YCTHEBOM paii-
OHe, M0 BePTUKAJILHBIM MPOUISM pacrpeesieHrs] yAeIbHON aKTUBHOCTU PAJOM30TOIOB TUTYTOHUS
Y TEOXPOHOJIOTMM JOHHBIX OCAJKOB.

PaccunTaHbl pErHOHAJIbHbIE KOHTPOJIbHBIE ypoBHH 22*+240Pu 1151 IoHHBIX 0TIOKeHMin CeBacTomOb-
CKON OyXTbl, OHU cOCTaBUJIM 5 KBK/KI. V3MepeHHble MakCMMasbHble 3HAYEHUS YPOBHEH YaeJbHOU
akTuBHOCTH >***240PU B COBpeMeHHbIi1 IepHOoJI Ha TPU NOPAIKA BETMUMH HUKE PErHOHAJIBHBIX KOHTPOIb-
HbIX yposHeit 2°*240Pu nna noHHBIX omIoKenuii. Clie10BaTeIbHO, ST PAJMOU30TOMNBl HE OKA3BIBAIOT
OTpPUIIATEIFHOTO BIIMSIHUSL HA OMOTHYECKHE KOMIIOHEHTHI 9KOCHCTEMBI OYXThI 1 MOTYT UCIIOJIB30BATHCS
B KAQUEeCTBE paMOTPACCEPOB ISl U3yUEHUsl Pa3HBIX MPOLIECCOB B OyXTe B IPUPOJHBIX YCIOBUSX.

HOJIyLIeHHbIe PE3YIbTAThI TOCITYKUJIN OCHOBOIL/'I IJIA TIPOBEACHU S TEOXPOHOJIOTUH 3arpA3HCHUS LTy~
TOHHEM JIOHHBIX OTIOKEHUH PaJMOTPACCEPHBIM METOIOM C UCTIONb30BAHUEM B KauecTBe PajHoTpacce-
poB 238Pu u 2*240Py 1 nocnenyommero pacyéra CKOPOCTH OCAJKOHAKOILIEHUS B 9THX PailoHaX OyXTHI,
aBCOMIOTHBIX MACC JOHHBIX OCAJKOB U TIOTOKOB TLTyTOHUSA U3 BOJBI B JIOHHBIE OTIOKEHHS B PE3y/IbTaTe
TIPOIIECCa OCAAKOHAKOILIEHHUS.

V3MeHeHre TIOTOKOB OMOreOXUMUIEeCKOW CeTMMEHTAIIMY TUTyTOHUST CO B3BECHIO M3 BOJBI B JIOHHBIC
OTJIOKEHHUSI OTpakaeT U3MEHEHUE CKOPOCTH CaMOOYMIIEHUWSI BOJ OT IUTYTOHHUS, KOTOpas U3MEHsJIach
B TIOCJIEIHUE JIECATWIETUs] B 3aBUCMMOCTH OT psija YCJIOBUHM B M3yyaeMblX paiioHax OyxTel. K HUM
B MIEPBYIO OYEPEAb OTHOCUTCS, C OIHOW CTOPOHBI, YPOBEHD YIEIbHOM aKTUBHOCTHU PaIMOU30TOIOB LTy TO-
HUS B BOJIE, T. €. HCTOPUs TIOCTYIICHUsI TEXHOTEHHOTO ITyTOHHS B OyXTY, TIEPHO/BI JEUCTBUSI UCTOYHH-
KOB PaIMOAKTUBHOTO 3arpsi3HEHUS U BEeJIMUMHA aKKyMYJISIIUOHHOM CIIOCOOHOCTH JIOHHBIX OTJIOKECHUM,
KOTOpasl KOJIMYECTBEHHO XapaKTepu3yeTcsl KO3 pULMEHTaMU HAKOIUIEHH TuTyToHuA KHp, ocagkamu.
KHp, , B CBOIO 04€epepb, CBA3aHBI C TPAHYJIOMETPUYECKAM COCTABOM OCaJOYHOrO BenlecTa. C Ipyrou cTo-
POHBI, IOTOKHU TUTyTOHUS ONPEAESISLTUCH KOJTMYECTBOM U pa3MEPHBIM COCTAaBOM B3BEILIEHHOTO BELIECTBA,
YAAJIEHHOCTBIO UICTOYHUKOB B3BECH OT U3y4aeMOM aKBaTOpUH, KOTOpble (hPOPMHUPYIOT CKOPOCTb OCAJIKO-
HAKOIUICHUS] B aKBAaTOPUM, OKa3blBas PEIAIOIIEe BIUSHUE HA CKOPOCTb CAMOOYMILEHUS BOI U TEpe-
pacnpeesieHue TUIyTOHUS B IOHHbIE ocaiku. Onpenes€éHHOe BIMSHYE Ha CKOPOCTh OCAKOHAKOILIEHU ST
OKa3blBaeT U MPOAYKTUBHOCTH BOJ, OTOMY YTO YacTh OCAJOYHOTO BEIIECTBA COCTABJISIO OMOreHHOE
B3BEIIIEHHOE BEILECTBO — B3BellIeHHOe opraHnyeckoe BenlectBo (BOB). B cBa3u ¢ stum BOB BHO-
CUT CBOI BKJIaJ] B MPOLIECC CAMOOYMILEHUS BOM, SIBJISISICh COCTABHOM YaCThi0 B3BELIEHHOTO BEIIECTBA,
a 3HAYUT, ¥ OMOTEOXUMHUYECKOTO CEIMMEHTAIIMOHHOTO TIOTOKA IUTYTOHKS U3 BOIBI B IOHHBIE OTJIOKECHUS.
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Komruieke mepeurcieHHbIX XapaKTepUCTHK pas3iiMyalics B BEPIIMHE U YCTHEBOM paidoHe OyXThl. DTO
pazinvue MPUBEJIO K Pa3sHbIM BeJMYMHAM MOTOKA TUIYTOHUS B JOHHBIC OTJIOKEHUS U €ro JIeTIOHNPOBa-
HUS B HUX. BelmunHa 1 n3MeHeHue MOTOKOB TUIYTOHMSI CBSI3aHbl C MHAMBUIYaTbHBIMUA OCOOEHHOCTSIMU
(PyHKIIMOHMPOBAHUSI MOPCKOM 9KOCHUCTEMBI B KaXIOM paiioHe OyXTHl M KOJIMYECTBEHHO OMNpenesisiiv
CKOPOCTb ITpOLIEcCa CAMOOYHMINIEHHS BOJL B JIBYX MCCIIEIOBAHHBIX PAaliOHAX, YTO CKa3aJoCh HA BEJIMYMHE
3ar1acoB IUTyTOHUSI B BEPXOBbE M YCTHEBOM pailOHe OYyXTHI.

[Moka3aHo, 4TO TUIPOTEXHUYECKHE COOPYKEHHsI B BOIOCOOPHOM OacceiiHe OyXThl MM Ha T'PaHMIIC
OYXTbI ¥ OTKPBITOTO paiiloHa MOPSI BIUSIIOT HE TOJILKO Ha BOAOOOMEH, HO M 3aTParuBaioT Jpyrye Mporecchl
(DyHKIIMOHMPOBAHUSI IKOCUCTEMBI OYXThl. B 4acTHOCTM, OHM BJIMSIIOT Ha KOJMYECTBO B3BEIIEHHOTO
BEIIIECTBA B aKBATOPUH, CKOPOCTh OCA/IKOHAKOIUICHHS], B KOHEYHOM MTOTe Ha CKOPOCTh CAMOOUHIICHHSI
BOJ1 OyXThI OT TEXHOT€HHBIX BEIIIECTB M BEJIMYMHY 3aI1ACOB TEXHOTEHHBIX BELIECTB B JIOHHBIX OTJIOKEHHUSIX
OyXTHI.
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RETROSPECTIVE MONITORING OF INPUT AND EVALUATION
OF SELF-PURIFICATION OF WATERS FROM PLUTONIUM RADIOISOTOPES
IN THE BLACK SEA COASTAL AREAS
Tereshchenko N. N., Paraskiv A. A., Proskurnin V. Yu.
A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
e-mail: ntereshchenko@yandex.ru

Abstract: A retrospective long-term monitoring of input to bottom sediments in the coastal areas (Sevastopol
Bay, the Black Sea) with anthropogenic plutonium radioisotopes was carried out, which was based on the study
of the vertical distribution of plutonium in bottom sediments in the top and mouth area of the bay. The applicability
of the radioactive tracer method using anthropogenic radioisotopes 23**>*°Pu and 2*8Pu for the geochronology
of bottom sediments in coastal marine areas was shown. Based on the results of radiotracer geochronology,
the average annual sedimentation rates and the mass accumulation rate of bottom sediments in the pre- and post-
Chernobyl periods in the studied areas of the bay were determined. A quantitative assessment of the self-
purification ability of the waters from plutonium radioisotopes in two areas of the bay in the period from 1962
to 2016-2019 was fulfilled by determining the fluxes of biogeochemical sedimentation of plutonium with sus-
pended matter into bottom sediments.

Keywords: Sevastopol Bay (the Black Sea), bottom sediments, vertical profile of plutonium radioisotopes,
radioisotope geochronology of bottom sediments, sedimentation rate, self-purification ability of waters.
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UXTUOILIAHKTOH M KEJIETEJIBIN INIAHKTOH AKBATOPUU 3AINIOBE/IHUKA
«MBIC MAPTBbSIH» B JIETHUM CE30H 2021 r. °
I'y6anos B. B.
DI'BYH UL «Hncmumym buonozuu iodctvix mopeit umernu A. O. Kosanesckoeo PAH»,
2. Cesacmononw, Poccuiickas Dedepauus,
e-mail: gubanov76@mail.ru

AHHoTanmms: B craTbe M30XKEHB! pe3y/IbTaThl UCCIIEJOBAHNS MXTUOIUIAHKTOHA M KeJIETEIOr0 IUIAHKTOHA aKBa-
TOpUHM 3anoBeHUKa «Mbic MapTbsiH» M HENOCPEICTBEHHO INpUJIeraionieil mpuopexHOi akBaTOpuu BO BTOPOM
nojioBuHe JietHero ce3oHa 2021 r. OTMeueHsl Kpa U TUYUHKY 10 BUAOB U HAJBUIOBBIX TAKCOHOMUUYECKUX €/IU-
Hu1 pri6. CpesiHee OOMIME UKPHI COCTABUIO 65,4 3Kk3/M> + 23,3 aK3/M2, mrumHOK 3,9 9k3/M> + 2.5 9K3/M2, mons
JKUBOM MKPBI OblJIa 3HAYMTEIBHON UM cocTaBmwia 76,2 %, OOQHAKO CTPYKTYpa MXTHOIUIAHKTOHA XapaKTepU3yeTcsl
3HAYUTEJIBHBIM TOMUHUPOBAaHUEM MAaCCOBBIX BUJIOB M HU3KOW BBIPOBHEHHOCTBIO IPH HEBBICOKOM BHJIOBOM Pa3HO-
o0pasuy B 1esioM. JKeseTesblid IIAHKTOH MPeICTaB/IeH IPEUMYILECTBEHHO Beroe ovata Bruguiere, 1789 co cpen-
HuM o6umueM 10,0 9K3/M? + 8,2 9k3/M2, pu 3ToM pasmep 83,7 % OTMEUEHHBIX SK3EMILIAPOB He MPEBBIIAT 5 MM.
[onyyeHHsle JaHHBIE COMIOCTABJIEHBI C PE3yJIbTaTaMH UCCIIENOBAHN, BHIITOJITHEHHBIX aBTOPOM B TOH K€ aKBaTOPHUU
B JieTHUii ce30H 2019 1., a Takxke ¢ OnmyOJIMKOBAaHHBIMU JaHHBIMU, XapaKTePU3YIONIUMH JIETHUN MXTHOIIAHKTOH
npubpexpst KpbiMa.

KuroueBble cJ0Ba: UXTUOIIAHKTOH, JKeJIeTeNIbIi TUIAaHKTOH, YEpHOEe Mope, 3aroBeAHUK «Mbic MapThsiH».

BBenenne

AxBaropus 3anoBegHuKa «Mpic MapTbsiH», €r0 MOABOAHBIE W Ha3eMHble JaHAIA(DTH TUIMHMYHBI
1J151 10)kHOOepexbst KppIMa 1 MpH 9TOM XapaKkTepU3YIOTCsl HE3HAYUTEIbHOM aHTPONOTeHHOM TpaHcgop-
Maryen. I1o aToil npuumHe pe3ysibTaThl UCCIIEI0BAHUN aKBATOPUU 3alIOBEIHUKA BaKHBbI 17151 IOHUMAaHUS
SIBJICHUA U TPOLIECCOB, CBSI3aHHBIX C OWOTOWM YEepHOMOPCKOro mpuoOpexbs KpeiMa B 1e1oMm.
VIXTHOIIaHKTOH aKBaTOpUH 3amoBeJHUKA «Mbic MapTbsiH» U3y4eH HeJOCTATOYHO, UMEIOLIHECS OIy0-
JIMKOBaHHBIE JIaHHBIE, XapaKTEPU3YIOLIME €ro MXTHO(payHY, OTHOCATCA KO B3POCIBIM OpraHU3MaM.
Bcero B akBaTopuM 3aloBeAHMKA W MpWIETalOLIeld akBaTOpUM 3aperucTpupoaH 71 Bua pwio
[Bonraues, KaprioBa, [lanumiok, 2014], Ho ipu 3TOM OTCYTCTBYET MH(GOpMAIHs O TOM, KakKue BUAbI (pak-
TUYECKHU PA3MHOKAIOTCS B BBIIIEHA3BAHHOW aKBAaTOPUU M HACKOJIBKO 3(P(PEKTUBEH UX HEPECT.

Llenpio HACTOSIIETO MCC/IENOBaHMsI ObUIO M3yYeHHE Pa3sMHOKEHUs PhIO B aKBaTOPUH 3aIlOBEIHUKA
«MpbIic MapTbsiH» 1 HETOCPEJCTBEHHO MPUJIETAIOILEH aKBaTOPUU B JIETHUI MIEPUO, ONIPE/IeIeHUE CTPYK-
TYPbl ¥ COCTOSIHUS MXTHOIUIAHKTOHHOI'O KOMIUIEKCA, a TAKXKE MOTy4YEHUE JAHHBIX, XapaKTEPU3YIOIINX
KeJIeTeJTbIH MIAHKTOH MO MPUYMHE €ro CHOCOOHOCTH OKa3bIBaTh HA UXTHUOIIAHKTOH KaK KOCBEHHOE, TaK
Y IIPAMOE BO3JIEUCTBUE.

MarepuaJjibl 1 MeTObI

3anoseaHuk Mbic MaptbsiH opranusoBad B 1973 r. u pacnonoxkeH mexay teppuropueid Hukut-
CKOTro OOTaHMYECKOro caia u Nrr JJaHuaoBKa. AKBATOpUs 3alOBEJHUKA OKaWMIIsieT MbIchl HUKUTHH
1 MaprthsH, e€ miomans coctapiser 120 reKTapoB, NPOTSKEHHOCTh BIOJL Oepera nopsaka 2200 m
[[TyGnruHas kagactposas ... ; 3anoBeaHuK «Mbic MapThsn»].

“Pabora BBITIOJIHEHA B paMKax rocyaapcreertoro 3aganus ®UI MuBIOM no teme HAP 121030100028-0 «3akoHOMEPHO-
ctu (hOPMHUPOBAHUS M aHTPOIIOTeHHast TpaHcopmalus OHopazHooOpasus 1 GuopecypcoB A30Bo-YepHOMOPCKOro dacceii-
Ha U PYruX padoHOB MUPOBOTO OKeaHa».
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I'YBAHOB B. B.

B nponecce BeimonHenus padot 23.08.2021 r. B akBatopuu 3anoBeiHuKa «Mbic MapTbsH» U Hemo-
CpPEJICTBEHHO MpHJIeramlneil npuopexHor akBatopur Ha 10 craHiusax (puc. 1) B cepeiHe — BTOPOM
TMIOJIOBUHE CBETOBOTO JHSI C OpPTa MAJIOTO TJIABCPE/ICTBA BHITIOTHEHBI BEPTUKAJIbHbIE JIOBBI TUNITAHKTOHHOW
cetbio IKC-80 ¢ stuedii 400 MKM u mutomapio BxogHoro orepetus 0,5 M2, Oto6paHo 10 MIaHKTOH-
HBIX MIPOO, U3 KOTOPHIX U3BIMAJIM MXTHUOIUIAHKTOH M JKeJIeTesblid IJIAaHKTOH, 3a(pUKCUpOBaHbI (DaKTH-
YecKue KOOPIMHAThl TOYeK OTOOpa Marepuasa, 3aMepeHa TeMIlepaTypa MOBEPXHOCTHOIO CJIOSl BOBI.
[Tpu BBIMIOHEHUN PAOOT CYTHO JIeXkaso B Iperice.
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Puc. 1. ['panuiipl akBaTopuy 3anoBefHUKa «Mbic MapThsiH» M TOUKM 0TOOpa IUIAHKTOHHBIX ITPO0

Temneparypa HOBEpXHOCTHOTO CJIOsi BOIBI BO BpeMmsl oTOopa mpob cocraBuwia 26,0-28,0 °C.
Bo Bpemsi BhIMOMHEHMsT paOOT OTMeueH cialblii BETEp HEONPEAENEHHOTO HaIlpaBJIeHHs, CKOPOCTh
KOTOpOro He rnpebimaia 0,5 M/c, He3HAYUTEJILHOE BOJIHEHUE MOPS Mopsiaka 1 6ayia, He3HAYUTe TbHAS
00JIaYHOCTD, TIepeKpbiBaBIas nopsiaka 20 % HeOa, HaJ HOBEPXHOCTHIO MOPsI JbIMKA. [1py BBIIOTHEHNA
paboT Ha cTaHUMAX 3—6, OMMKaWIIMX K OKOHEUHOCTSIM MBICOB B Ipejiesiax 3aloBeJHUKA, OTMEYEHO
MHTEHCHBHOE BJI0JIbOEPErOBOE CEBEPO-BOCTOUHOE TeueHue. Hanumuue TedeHus NMposBISIIOCh B TOM,
YTO MPH TOCTHKEHUH OPYAMEM JIOBA JHA MO0 TIyOUHBI 12 M Ha MOPHUCTBIX CTAHITUSIX MOSIBIISIICS MHTEH-
CHBHBII CHOC TUIABCPEJCTBA OTHOCUTENILHO Opyausi JioBa. [1py BeImomHeHNH padoT Ha CTaHIMSX 6 U 7
Ha IOBEPXHOCTU MOPS OTMEUEHbl HE3HAUUTEJIbHBIE CKOIUIEHUsI Mycopa ObITOBOTO U IPUPOIHOTO TPOUC-
XOXKJEHU S, BKJIOYABILETO B cesl IUIACTUK, PE3UHY, BETBU I€PEBbEB, TOMY 0100HOE. TaM ke OTMeueHbl
CKOIUIeHHs Meny3. B 1enom HeoOX0aMMo OTMETHTh BBICOKYIO MPO3PAYHOCTh BOMBI, ITPY BBIIOJTHEHUH
padoT TUIAaHKTOHHASI CeTh ObLIA BU/IHA B ICTANISIX TPH HAXOXKJICHUH Ha ITyOnHe 10 7—8 M.

[TpubpexkHble cTaHIMMU yaalleHsl oT ypesa BoApl Ha 130—160 m, Mmopucteie — Ha 300-500 m. Ha cran-
uusax 1-3 JI0BbI BBINOJIHEHBI OT JHA O MOBEPXHOCTH. Ha OCTalbHBIX CTaHLMAX JIOBBI BBINOJIHEHBI
0e3 KacaHus JHA OPYJHEM JIOBa C MAKCUMaJIbHO BO3MOKHBIM OXBAaTOM TOJIIIM BOJIBI ITPH YUETE TTyOHHBI
B TOUKE BBINIOJIHEHHS padOT U CHOca opyaus JioBa. [7yOrHa MOrpyKeHHs CETH MPU STOM COCTaBJIsLIa
ot 5,5 1o 16 M, yron oTKJIOHEHHS Tpoca OT BepTukaau coctasist ot 0 go 30°.

[Mpy BU3yasIbHOM HaOMIOACHNH U B PE3YJIbTAaTe KaCaHHs AHA OPYHMEM JIOBA B TOUKAX 0TOOpa MaTepH-
aJia OTMEYeHBI CyOCTpaThl Pa3JIMIHOrO CBOWCTBA: TIECOK, KaK MEJIKUM, TaK U KPYITHBIN, CO 3HAYMTEIILHOM
J0JIEW CTBOPOK MOJUTIOCKOB, BaJTyHbl pa3IMYHOIO pa3Mepa.

HenocpenctBenHo mocnie or6opa MmpoObl XkeaeTelblX, MUHUMAJIbHBIA pa3Mep KOTOPBIX MPEBBIIIAT
3 MM, OTAEJSUM JUTS OTpeie/IeHUs] BUIOBOTO COCTAaBa M BHITIOJHEHUSI TPOMEPOB, & OCTABIIYIOCS MTPOOY
(pykcrpoBaIy HEWTPAIM30BaHHBIM (POPMAIMHOM JJO UTOTOBOW KOHLIEHTpauuu ¢pukcaropa 4 %.
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OO0wmuii 00bEM coOpaHHOrO Marepuana cocTaBuil 324 UKpUHKU U 19 nuuuHOK pbiO. lanbHeimasn
00paboTKa MpoO BHIMOHEHA B TAOOPATOPHBIX YCIOBUSIX C TPUMEHEHUeM OMHOKYJIsIpa.

BuoBy1o npuHaAaekKHOCTb M 3Tallbl Pa3BUTHS MXTHOIJIAHKTOHA onpezesiu no [[dexuuk, 1973;
Kanmunauna, 1976; Rodriguez, Alemany, Garcia, 2017]. JlaTuHCKMe Ha3BaHUsI BCEX BUJIOB MPUBEIEHBI
cornacHo World Register of Marine Species [WoRMS]. Bce ¢opMynbl ucuucieHus: npuBoAsATCA
o [Oaym, 1986].

PesyabTaThl

[Moruo6meit 11md0 aHOMaJIbHO pa3BUBAIOLIEWCS MKpPbI ObL1O 23,8 %, TakuM 00pa3oM, XkuBasi, HOp-
MaJIbHO pa3BUBAIOIIASCST UKpa pbiO coctaBmia 76,2 %.

TakcoHoMuYecKasi IPUHAIEKHOCTH orpeneneHa st 97,7 % odiiero o0béMa 0TOOpaHHOTO Mare-
puaa, mpyu 3TOM OTMEUeHbI UKPa 1 INYMHKYA BOCBMU BUAOB pbIO. [Torudiiyio uKpy onpeaensm 10 BUaa
MIPY AOCTATOYHOM COXpaHHOCTH e€ Mopdonorun. He onpenensieMasi B paMKax NpUMEHsIEMOTO METoAa
JI0 BUJIOBOW MPUHAITIEKHOCTH MKpa BUIOB popaa [leckapku onpenenena no pona Callionymus sp., Takxe
B rpynny Gobiidae gen. sp. CBeJIeHbl Te MEJIKUE JIMYUHKU ObIYKOB, ONpe/ieIeHIe CUCTEMAaTHIECKOM TPH-
HAJIJIEKHOCTH KOTOPBIX BBI3BIBAJIO 3aTPYAHEHUS] U HE MOIJIO ObITh TAPAHTUPOBAHHO BEPHBIM.

Takum 00pa3oM, MKpa M JIMYMHKH PO, OTMEUCHHBIE B aKBATOPUU 3allOBEJHUKA W HETOCpe/-
CTBEHHO MpuJIeraolieil npuOpekHOM akBaTOPUX B paMKax HACTOSIIETO MCCIIEI0BaHUsI, IPUHAIEKAIN
k 10 BUgaM 1 HaJBUIOBBIM TAKCOHOMHYECKUM €IUHUIIAM. AHAJIOTMYHBIN MOAX0A ObLT MPUHSAT MPH 00-
padoTKe U aHaTM3e MATEepUaioB, OTOOpAaHHBIX B TOM ke akBaTopuu B uiosie 2019 r. (6blIM OTMEUEHbI
VKpa W JIMYUHKY 16 BUJOB U HAJIBUJJOBBIX TAKCOHOMUUYECKUX SJUHUIL PbIO), Pe3y/IbTAThl HCCIIEIOBAHMUM
npezcTaBieHsl (tadm. 1, puc. 1).

CpenHee 0OUIME UKPBI COCTABIIIO 65,4 3k3/M° + 23,3 9K3/M%, muumHOK 3,9 9k3/M° + 2,5 9K3/M2.

Taoauna 1

Bui0Boii coCTaB NXTHOIJIAHKTOHA AKBATOPUH 3anoBeqHuKa «Mbic MapThsiH» M HeOCPeJACTBEHHO MpHJie-
raiouieil npuope:KHOIl AKBaTOPHH N0 pe3yJbTaTaM cOOPOB, BHINOJIHEHHBIX B JeTHHI ce30H 2019 n 2021 rr.

n/n Buabl 1 HaABHIOBbIE € TUHHIIbI Hroan 2019 Asrycrt 2021
1 Engraulis encrasicolus (Linnaeus, 1758), xamca + +
2 Chelon auratus (Risso, 1810) (Liza aurata (Risso, 1810)), cuHrmib + -
3 Serranus scriba (Linnaeus, 1758), KaMeHHBII OKYHb + +
4 Pomatomus saltatrix (Linnaeus, 1766), nygapb + -
5 Trachurus mediterraneus (Steindachner, 1868) + +

(Trachurus mediterraneus ponticus Aleev, 1956), craBpuza
6 Diplodus annularis (Linnaeus, 1758), Mopckoii kapach + -
7 Sparidae gen. sp. + -
8 Sciaena umbra Linnaeus, 1758, TEMHBIN TOpOBLTH + +
9 Mullus barbatus ponticus Essipov, 1927, cyntanka + -
10 Symphodus cinereus (Bonnaterre, 1788), psaounk + -
11 Trachinus draco Linnaeus, 1758, Mopckoii npakoH + +
12 Uranoscopus scaber Linnaeus, 1758, 3Be3004€T + -
13 Salaria pavo (Risso, 1810), Mopckas cobauka-maBIuH - +
14 Callionymus sp., MOpPCKasi MbIIIIb - +
15 Pomatoschistus minutus (Pallas, 1770), Masblii JIbICyH + -
16 Gobius niger Linnaeus, 1758, GbI40K 4EpHBIT + +
17 Gobiidae gen. sp. + +
18 Arnoglossus kessleri Schmidt, 1915, aprornocc Keccnepa + +

Bcero 16 10
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AxBaTopuA 3anoBenHKka "Meic MapTead” W HENDCPEACTEEHHO NPUABTAKLLAR NPWOPEKHAR AKBATOPUA

Mionk 2019 1., nonv BMOOE ¥ HAOEKMOOBLIX royNn & obwem ofUNUM NXTHONNaHKTOHA

W G2.4 % Engraulis encrasicolus [Linnaeus, 1758)
® 209 % Trachurus meditesraneus (Steindachner, 1868)
5.0 % Mullus barbatus ponticus Essipov, 1927
B 4.5 % MNoBpesadqHee Nubo Heonpanen e Le
B 43 % Diplodus annulafis (Linnasus, 1758)
< 1 % Trachinus draco Linnaess, 1758
B= 1 % Uranoscopus scaber Linnacus, 1758
< 1 % Goblus niger Linnaeus, 1758
B= 1 %W Amoglossus Kessler Schmidt, 1915
< 1 % Chelon auratus (Risso, 1810)

®< 1 % Semanus scriba (Linnaeus, 1758)
B < 1 % Pomatomus saltatrix (Linnasus, 1766)
B < 1 % Sparidas Gen. sp

< 1 % Symphodus cinereus (Bonnaterre, 1788)
% Pomatoschistus minutus (Pallas, 1770)

% Gobiidae Gen. sp

B <

1
1
1
B < 1 % Sciaena umbra Linnaeus, 1758
1
1
m: 1

AKBATOPKA 3anoeeiHnka "Meic MapTesaH” ¥ HENODCPEAC TESHHD NPWNEMEHLWEA NpYDpeKHan akBaropra

Aeryet 2021 r, AonK BWAOE W HAAEWAOBLIX FPYNN B 0Biem 0BHNMK MXTHONNAHKTOHA

B 34.0 % Engrauls encrasicolus (Linnasus, 1758)

B 10.8 % Trachurus mediterraneus (Steindachner, 1868)
< 1 % Gobidae Gen. sp

B < 1 % Amoglossus kessler Schmidi, 1915

= 1 % Moapesnéitee 160 HEONDEIENASMuE

L
=]

¥ Calllonymus sp.
W= 1 % Semanus scnba (Linnaeus, 1758)

W Trachines draco Linnaeus, 1758

M
(=]

[ |
n
=

% Salara pavo (Risso, 1810)

M
(=]

Yo GOobIUS niger Unnaeus, 1758

B = 1 % Sciaena wmbia Linnaeus, 1758

Puc. 2. CTpykTypa MXTHOIUIAHKTOHA aKBAaTOPUH 3armoBeqHUKA «Mbic MapThsiH» U HEMOCPeCTBEH-
HO TIpWJIETaloliel MPUOPEKHON aKBATOPHHU IO pe3yJbTaTaM cOOpOB, BHITIOJIHEHHBIX B JIeTHUH ce30H 2019
u 2021 rr.

JKenetenblii TUIAHKTOH MCCIIeAyeMOW aKBaTOPUM TpeACTaBieH rpeOHeBUKaMU-BceleHIlaMu Beroe
ovata Bruguiere, 1789 u Mnemiopsis leidyi A. Agassiz, 1865, HaTuBHbBIM rpeOHeBUKOM Pleurobrachia
pileus (O. F. Miiller, 1776), cuudounnasimu Meny3zamu Aurelia aurita (Linnaeus, 1758) u Rhizostoma
pulmo (Macri, 1778), MenKuMu ruipoMe1y3amu.

B. ovata otMedeH B mpoOax Ha OOJBIIMHCTBE CTAHIMNA, €ro OOWJINe B CPEAHEM COCTAaBUIIO
10,0 sx3/M? * 8,2 3K3/M%. DTOT BUL MIPeCTaBJIeH KaK JIMUMHKAMH, TaK ¥ B3POCIBIMU 0COOsIMHU 110 21 MM
JUIMHOWU, TIpU 3TOM pa3mep 83,7 % OTMEUEHHBIX SK3EMIUISIPOB HE MPEBBIIIAT 5 MM.
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Tao6auma 2

HNupaexcsl BUIOBOro pa3Hoo0pa3usi HXTHOILIAHKTOHA aKBaTOPUHU 3anoBeannka «Mpic MapThsin» U HeNo-
Cpe/JCTBEHHO NPIJerawileil NPUuOpeKHO AKBATOPUH 0 Pe3yJIbTATaM COOPOB, BHINOJIHEHHBIX B JIETHHIl CE30H
2019 u 2021 rr.

3HaueHue
Nnpexc ®opmysia HCUHCICHNAS
Hroan 2019 Asrycet 2021
WHpekc BUIOBOTO pa3sHOOOpasus H=-2p, * log,p;, 1,56 0,88
Ilennona, H p; — yIenbHOE OOMIIe Braa
Wupexc BuaoBoro 6orarcrea D=(S-1)/1ogN,
Mapraneda, D S — yucno BUIOB; 550 3,56
N — oOriee 9rco SK3eMITISIPOB.
Jlorapugm 1o ocropanwmo 10.
WNupexc noMuHUpOBaHUS C=2(n;/ N)?,
Cumrncona, C 1n; — 3HAYUMOCTh KaXJO0ro BUJa, 0,48 0,73
9K3EMILISIPOB;
N — of1iee YrcIo SK3eMIUISPOB.
WNupekc BHIpOBHEHHOCTH E=H/logS,
[Mueny, E H — unpexc IllenHoHa; 0,39 0,26
S — 4ymcno BUAOB.
Jlorapudm o ocHosanmio 10.

M. leidyi oTMeueH Ha €IUHCTBEHHOW CTAaHUMM W MPEJCTaBJIEH JIMLIb JBYMs JIMYMHKAMU JUIMHON
1o 4 MM.

Xo0noxHOBOAHBIN P. pileus OTMEUEH Ha JBYX MOPUCTBIX CTaHLUAX NPH (PAKTUUECKOM NOTpykKeHUN
TUIAHKTOHHOM ceTu Ha r1youny 7,0 u 14,0 m, Bcero 8 Menkux 3K3eMIUIsIpoB pazMepom 1o 1,0 M.

I'uapounneie Menyssl auamerpom 0,4—0,5 MM, He orpenesnsieMble HAaMH 0 BUJA, TPUCYTCTBOBAIU
BO BCEX MP0O0ax, X KOJMYECTBEHHBIN YUET ObUI HEBOBMOXKEH B CBSI3U C MAJIBIMU pa3MepamMH OOBEeKTa,
COMNOCTABUMBIMHU C Pa3MEPOM SUeH TUIAHKTOHHOM CETH.

A. aurita v R. pulmo otrcyTcTBOBaIM B OTOOpaHHBIX Mpobax. [Ipy 3TOM B akBaTOpUM 3aloBEIHUKA
BU3YyaJIbHO OTMEYEHBl OIUH 3IK3eMIUIAp R. pulmo, a Takke CKOIJIEHWE W €JVUHUYHbIE IK3EMILIAPbI
A. aurita tnamerpoM 50-200 mm.

Ob6cyxaenne

AxBaropus 3amnoBelHUKa «Mpbic MapThsiH» OXBaThIBaeT OOpAIIEHHBI K OTKPHITOMY MOpPIO yya-
CTOK I0)kHOOepexbss KpbiMa, Mpu 3TOM TeppUTOpPHsS CBOOOIHA OT 3acCTPOMKH, a Oeperomasi Iojoca
HE TPaHC(POPMHUPOBaAHA U HE COAEPKUT I'MIPOTEXHUUECKMX COOPYKEHU. B OTHOIIEHNMM aHTPOIIOTEHHBIX
3arpsi3HEHUI COCTOSTHME aKBAaTOPUM XapaKTepU3yeTcsl KaK YIOBJIETBOPUTENIbHOE MO0 O1aromnoayvyHoe
[EropoB u ap., 2018; Manaxoa, 2018; Egorov et al., 2021]. MbicoBoe pacrnoyiokeHue 3aroBeJHUKA
Y €ro aKBaTOPHH MPUBEJIO K TOMY, YTO BaKHBIM (paKTOpoM, (hOPMUPYIOIIUM YCIIOBHUSI OOUTAHUS TH/I-
POOHMOHTOB, MOTYT BBICTYIIATh TIEPEHOCHI BOJIBI M CBSI3aHHBIE C STMM U3MEHEHWsT 3HAaUeHWI BaXKHBIX 9KO-
Joruueckux (paktopoB. VIHTEHCHBHBIE T€UEHHS] OTMEUCHBI HAMU TIPH BBIMOJIHEHUU padoT Kak B 2021,
Tak ¥ B 2019 rT., OHM OXBaThIBAJIM 110 MEHBIIIEW MEpe BEPXHUII 10 BO/bI 3HAYMTEIBHOW YaCTH aKBATO-
puu 3anoBeAHMKa. PaKT UX HATMYMS U HAalIpaBJieHue 3a(bMKCUPOBaHbI, B YACTHOCTH, B apXMBE JAHHbBIX
o Y€pHomy mopio [Mopckoii noptai]. BiusHue nepeHoca UKphl U TMUYUHOK PHIO HA CYIIECTBOBAHUE
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MOMYJISIIUA MPUOPEKHBIX BUIOB PHIO CIIy kU0 00beKTOM psiia uccnenoBanuii [Faillettaz et al., 2015;
Cowen, Paris, Srinivasan, 2006]. IIpumeHuMO K HccienyeMol akBaTOpPUM HAJIMYME TEYEHUH MOXET
O3HAYaTh MOCTOSIHHBIN MPUTOK PACCENUTENbHBIX CTAJNI U3BHE, CIIOCOOCTBYS MOJIEPKAHUIO BUIOBOTO
pazHoo6pasus. C qpyroi CTOPOHBI, YHOC TPAH3UTHBIM TOKOM BOJIBI UKPHI U IMUUHOK PHIO, HEPECT KOTO-
PBIX TIPOMCXOIMJI B OIAronprsATHBIX YCIOBHUSX 3aIIOBETHUKA, O0OeJHSIET MXTUOIIAHKTOH €r0 aKBaTOPHH,
HO TIpH 3TOM, O€3yCJIOBHO, CIOCOOCTBYET COXPaHEHUI0 MXTHO(AyHBl 105KHOOEepexkbsi KppiMa B 1esom.
Heo6xonumo oTMEeTUTh enié OMH BaXKHbIA MOMEHT: MEPEHOCHl BOA MOTYT CO3[aBaTh TeMIepaTypHbIe
AQHOMAJIMU, PETry/ISIPHO OTMeYaeMsble B I0:kHOOepekHON akBaropuu KpbiMa B TEIUIOE BpeMs rojia U, oue-
BUJIHO, CIIOCOOHBIE BHICTYIUTH (PAKTOPOM CTpecca Jyisl JIETHEHEPECTYIOIIHMX BUIOB PhIO.

Bce orMeueHHbIE B MXTHOIUIAHKTOHE 3aIIOBEJHMKA BBl XapAKTEPHBI AJ11 YEPHOMOPCKOTO JIETHETO
MXTHUOIUIAHKTOHA U He BKJoueHbl B KpacHylo kaury Pecriyommku Kpbiv [Kpachas knura ... , 2015].

Cpennee UIsi akBaTOpPUM 3ariOBeTHUKA OOWIME WKPBI, OTMEYEHHOE B HACTOSIIEM KCCIIeIOBAHUH
U coctaBuBiiee 65,4 3x3/M2 £ 23,3 5K3/M%, HECKOJIBKO HMKE TAKOBOTO, OTMEUYEHHOTO MIPU BBINOJIHE-
Huu pador B 2019 roay (76,3 ak3/M? £ 11,4 3k3/M?), HO COMOCTABUMO C HUM U MOXET OBITh MIPU3HAHO
JO0CTAaTOYHO BbICOKMM. OOWIne ke JIMYMHOK U MPEVINYMHOK, B HAIIIMX WCCEJOBAHUSIX YUUTHIBAEMBIX
BMecTe 1 cocTaBuBIIee 3,9 3k3/M° * 2,5 9k3/M2, ObIIO HEBBICOKMM M 3HAYUTEILHO YCTYTAJIO TAKOBOMY,
ormedyenHoMy Hamu B 2019 1. (18,8 3k3/M? + 4,6 9K3/M2). JIjis CpaBHEHUS: COIVIACHO OMYOIMKOBAHHBIM
JaHHBIM MXTHUOIUIAHKTOHHAsI ChbEMKa, BhITIONTHEHHas B aBrycte 2011 r., mokaszana B puOpekHBIX BOIaX
Kpbima (oT KapkuHuTckoro 3aimsa 1o KepueHckoro mponusa) cpefHee oOuame UKphl peid 80 3k3/M2,
MuMHOK 11 9K3/M?, P 9TOM OTMeYeHbl UKpa U IMYMHKK 16 BUIoB phi6 [Klimova, Podrezova, 2018],
a B Havasie uionns 2010 r. B mpudpexnoit 3oHe Kpeima (ot M. TapxankyT no Kapanara) cpennee oouiue
WKPBI ¥ JIMIUHOK phIO coctaBmiio 46,2 u 10,1 9K3/M? cooTBeTcTBeHHO [KimmMosa n ap., 2014]. Oanaxko,
IO HallleMy MHEHHUIO, CTOUT C OCTOPOKHOCTBIO OTHOCHTBLCS K OIICHKe OOWIIUS IMYMHOK PHIO B UCCIIeTye-
Mol akBatopud B 2019 T., HOCKOJIBKY 3HAYMTENIBbHYIO H0JTI0 (Gostee 20 % ux 00IIero yncia, OTMEYeHHOTO
HaMHU I1pY BBINOJIHEHUH padoT B 2019 r.) cocTaBMIIM MeJIKKE U Mebyaiiiiye, ¢ O0IbIION BEPOSATHOCTHIO
HEKU3HECTIOCOOHbIe, He OMpe/ielisieMble 0 BU/Ia SK3EMILTAPHI, BBIKJIEB KOTOPBIX MTPOU3OIIET 10 CPOKa U,
T0 HaIlleMy MHEHUI0, ObUT BBI3BAH CTPECCOM, CITPOBOIIUPOBAHHBIM PE3KUMU KOJIEOaHUSIMU TEMIIePATY PhI
BOJIBI BO BpeMsI BBITIOJIHEHUSI Pa0OT B aKBAaTOPHUH 3aITOBEJHUKA M HETTOCPECTBEHHO B IPEIIECTBY IO
aToMy miepuoa. BpemenHoe (opMupoBaHue 0OYCIOBIEHHOTO BO3/ICHCTBUEM TEUEHHUI yJacTKa aKBaTo-
pUU C TIOHWKEHHOHN TeMIepaTypoi, OXBaThIBAIOILIETO PAiOH BBHIMOJTHEHHST PaOOT, OTMEUYEHO B apXuBe
AaHHBIX MO0 YEpHOMY MOPIO 32 COOTBETCTBYIOIIMIA nepuos [Mopckoi nmoptan]. Takum o6pa3oM, OTHO-
CHUTEJIbHOE OOWJIME JIMYMHOK PO, OTMEYEHHOE HAMU B aKBAaTOPHHM 3aroBeHUKa B 2019 1., MOKET roBO-
pPHTH He 00 YCTIEIITHOCTH HepecTa B TIEPHO]], BHITOJTHEHUS KCCIIEIOBAHUI, HO O HETraTUBHOM BO3/ICHCTBUM
Ha HEpPECT KPAaTKOBPEMEHHO JICMCTBYIOIIETO CTpecca.

Hons KuBOM, HOpPMAJIbHO pa3BUBaolieiicss UKpbl B aBrycre 2021 r. cocraBuna 76,2 % oOiero
KOJIMYECTBA, UTO SIBJISIETCS] OUeHb BBICOKMM ToKa3aTesieM. Tak, B utosie 2019 r. B TOM ke akBaTOpuu A0JsI
KHUBOW UKPbI COCTaBUJIA JiUIh 28,6 %, 4TO, B CBOIO OU€pe/lb, 3HAUUTEJILHO HUXE CPETHUX JIJIs1 Ce30Ha
Y akBaTopuM nokaszateseil. CornacHo onyOIMKOBaHHBIM JaHHBIM, B viojie — aBrycte 2019 r. B paiioHe
mebga 1 rTyooKoBOAHBIX yyacTkoB Y€pHoro mopsi y KpeiMckoro momyoctpoBa u 6eperoB KaBkaza
J0J1s1 JKMBOW MKpPBI cocTaBuia B cpegHeM 55,5 % [Knumosa u ap., 2020]. Takke BaXHO OTMETUTh TO,
YTO OCHOBHasl JI0Jisl IOTMOIIEH U aHOMaJIbHO pa3BUBAIOIIEICSA UKpPHI (laHHBIE OOBEAMHEHBI, Jajiee —
noru6mmas ukpa) B asrycre 2021 r. npunuiack Ha xamcy. [lons XK1UBOW, HOPMAJIBHO Pa3BUBAIOIIEHCS
WKpHI 3TOr0 Buja coctaBmwia 73,1 % oOImero yucia MKPUHOK, YTO CYIIECTBEHHO IPEBBIIIAET COOT-
BETCTBYIOIIYIO JI0JTI0, OTMEUYEHHYI0O HaMU /ISl XaMChl B TOM ke akBaTopuu B uioe 2019 r., korna oHa
cocraBuwia uib 16,8 %. g npyrux ke BUJOB, OTMEUEHHBIX B aBrycre 2021 r., cyMMapHO 10715 KH-
BOIi, HOPMaJIbHO pa3BHUBAIOIIEICs MKPbI OblIa UCKJIIOYUTEIHHO BBICOKOW M cocTaBuia 95,6 % (paktuye-
CKO€ COOTHOIIIEHUE COCTABWIIO 45 9K3. )KUBbIX UKPUHOK, U3 HUX 41 9K3. Ha cpenHux U no3aHux (IV-VI)
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Tanax pa3BUTHUS, 2 9K3. MOrHOIIMX). OObSICHEHHE STOMY MOKET 3aKJII0YaThCSl B TOM, YTO OOJIBIIIMHCTBO
pbi0 Y€pHOro Mopsi BRIMETHIBAIOT UKPY BO BpPEMsI BEUEPHUX CyMepeK 1 B HOUHble yachl [[lexHuk, 1973].
[Tpu 3TOM 3HauUMTENBHAS AOJIS, HAPUMEDP HEOIUIOAOTBOPEHHAS MKpa, norudaer Ha paHHux (I-1II) arta-
rax pa3BUTH, 00IIast JJIMTEILHOCTh KOTOPBIX TP JIETHUX TeMIIepaTypax BOIBI COCTABIISET Yachl, Ha-
TIpUMeD, JIUIS1 CTABPHUIBI — B TIpejieniax nonycyTok [dexuuk, 1973]. CrempoBarelibHO, K MOMEHTY OTOOpa
npo0 B cepeHe — BTOPOM MOJIOBUHE CBETOBOTO JIHS Pa3pyIIAoOMascs U HECIOCOOHAs peryJIupoBaTh
TUIaBy4YeCTh MOruoIasi MKpa MpexkHUX CYTOK HEpecTa TeM WJIM WHBIM MyTEM B Macce MOTIJIa MOKUHYTh
TOJIIILY BOJIbl, BBKMBIIIASl — TOCTHUIJIA TPOABUHYTHIX ITANIOB PA3BUTHS, B TO BpeMsl KaK MAaCCOBBIN BHIMET
HACTOSIIIIUX CYTOK €IIé He HavyaJICs.

PazHooOpaszHbie cyocTparsl, (hOpMHUPYIOIIUE THO MCCIIeTyeMON aKBaTOPHUH, a TaKKe MUHUMAJIbHAS
AQHTPONOreHHas TpaHcopMalKs U HEBBICOKMI YPOBEHb 3arpsI3HEHUI Cpellbl JOKHBI CO3/1aBATh OITH-
MaJibHbIE YCJIOBUSI /17151 HepecTa Kak neaarouibHbIX PhiO, TaK U BUIIOB C JeMepCalbHON UKPOi, odecre-
YMBaTh pa3HOOOpa3ue 1 OOWIMEe NXTUOTTAHKTOHA. OHAKO CpaBHEHUE JAHHBIX, TIOMYyUEHHBIX B aBIyCTe
2021 1., c paHee NOJYyYEHHBIMUA MaTepUaaMi M aHAIN3 3HAaY€HUH WHIEKCOB BHJOBOTO Pa3HOOOpasus
(Tab. 2) yKa3plBalOT HA BBHICOKOE JTOMWHHPOBAHUE W HU3KYIO BBIPOBHEHHOCTD 32 CUET 3HAYMTETLHOTO
npeo0aganus JBYX MACCOBBIX BUAOB MTPU HEBHICOKOM BUJJOBOM Pa3HOOOPa3UU B LIEJIOM, ITPU STOM A0S
’KHMBOU, HOPMAJIBbHO Pa3BUBAIOIIENCS UKPBI OblIa BHICOKOM, a ISl psila BUJIOB — MCKJIIOYUTENBHO BbI-
cokoil. IIposenénnnie B utone 2019 r. B ToW ke aKBaTOPUM MCCIIEJOBAHUSA NOKA3aJIM MHYI0 KapTUHY:
WHJIEKCHI BUJIOBOTO Pa3HOOOPa3Hsl YKa3bIBAJIM HA HECKOJIBKO OOJIBIIYI0 TAPMOHUYHOCTh CTPYKTYPBI UX-
THOIUIAHKTOHA, OJIHAKO IMPH 3HAYMTEJILHO OOJIBbIIIEH J1ojie Mmoruoiieil ukpbl. [lomydyeHHble pe3yibTaThl
YKa3blBAOT Ha CYILECTBOBAHME HEKUX NMPUPOIHBIX MPOLECCOB, BMEIIMBAIOIIMXCA B XOJ BOCHPOU3BO/I-
CTBa PbIO U CIIOCOOHBIX OKa3bIBATh BIMSIHME HA BHKMBAHHUE MXTHOIUIAHKTOHA U (DOPMUPOBAHUE CTPYK-
TYpPbI €ro COOOITEeCTBa, OTIMYHON OT OOOCHOBAHHO OKHMIAEMOI.

B or6opax wmxrtomankTona B aprycre 2021 r. xamca E. encrasicolus Obuia mpeo0saaaommm
BUIOM (puc. 2). D10 HanboJIee MaCCOBBIM TEIUIOMOOUBBIN BUJI PbIO B akBaToprH YEPHOTO MOpS, Bax-
HEUIINI MPOMBICIIOBBIA BUJ JJIsl puYepHOMOpckuX crpad [JIym m ap., 2005]. doiv UKpel ¥ JTM4H-
HOK/TIpe/ITMYMHOK XaMChl B 00IleM KoJMuyecTBe UXTUOIUIaHKToHa B 2021 r. cocraBmwim 86,1 u 47,4 %
COOTBETCTBEHHO. [Ipr 3TOM OTMeueHHbIe HaMU B TOM ke akBaTopuu B utosie 2019 r. aHajloruuHbIe 10711
coctaBumu 64,0 u 56,3 % coorBercTBeHHO. COrIacHO OMYOJIMKOBAaHHBIM JTAHHBIM, B 1I€JIOM B HMIOJIe —
asrycre 2019 r. B menbgoBoi 30He y 6eperoB KpbiMa u poccuiickoit yactu KaBkaza J107151 MKPbI XaMChl
B npoOax coctaBuia 85 %, nomns muauHok — 77 % [Knumosa u ap., 2020].

Wkpa xamcel, Kak KuBasi, Tak M MOruOIIasi, HAXOAWIACh HA MPOMEKYTOUHOM U mozaHeM (II1-V)
9Tanax pa3BUTHUSI, YTO COOTBETCTBYET HOpPME [UIsl MaTepuasia, OTOOpPAaHHOTO B CepeluHe W BTOPOM
MOJIOBUHE CBETOBOTO [HSI, U OMPENEJISIeTCsl YETKO BBIPAKEHHBIM CYTOUHBIM PUTMOM Pa3MHOKEHUSI
aroro Bujaa [[exnuk, 1973]. TotasbHasa AjivMHA JUYMHOK/TIPEMJIMYMHOK XaMChl HAXOIWJIACh B JIuarna-
3o0He 2,00-3,40 MM, TakuM 00pa30M, BO3pacT BceX OTMEUSHHBIX 9K3eMILISIPOB OBUT B Ipe/esiax MepBbiX
CYTOK nocJie BoikJieBa [[lexHuk, 1973]. OTHOCUTENbHAS PEAKOCTh B3POCIBIX JIMYMHOK U MAJIbKOB XaMChl
B MXTHOIUTAHKTOHHBIX JIOBaX TaKXke MOXKET CUUTAThCs HOPMOM, OOYCIOBIEHHOM OMONIOTMYECKUMH OCO-
6enHocTsaMu storo Buga [Hamomuuckui, Hapomuackuii, 2020].

Crnenyoieil Mo TMpeacTaBIeHHOCTH B MXTHUOIUIAHKTOHE 3allOBEJHUKA HAa MOMEHT IPOBE/ICHUs
uccienoBaauid B 2021 r., kak u B 2019 1., Obi1a craBpuna 1. mediterraneus, ikpa v JAIMHKA KOTOPOU
cocrasui 10,2 u 21,1 % o0mei ynciaeHHocTH cooTBeTcTBeHHO (B 2019 1. — 23,7 1 9,8 % cooTBeT-
CTBEHHO).

OdeHp MaJbIMK AOJISIMU, HE TIpeBbIIAIMMU | % 00IIell YUCIeHHOCTH, B MXTUOIIAHKTOHE UCCIIe-
ayeMoii akBaTopuu B aBrycte 2021 r. mpeacraBiieHbl Oceiiible TpUOpeKHbIE BUIBI CeMeUCTB Blenniidae,
Callionymidae, Gobiidae, Trachinidae, Bothidae, a Takke TATOTEIONINE K KAMEHUCTHIM U CKIbHBIM MPH-
OpexHBIM cyOcTpaTaM KaMeHHBIN OKYHbB S. scriba v TEMHBIA TOpObUTH S. umbra.
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OG0partuaer Ha ce0s1 BHUMaHUE MOJIHOE OTCYTCTBUE B OTOOPAX, BHIMOAHEHHBIX B 2021 T., UKpPHI U JIU-
yuHOK Oapadymu M. barbatus ponticus 1 Mopckoro Kapacst D. annularis. 9To MaccoBble BU/Ibl, Hanbosee
XapaKTepHbIe [Is JIETHEr0 MXTHOIIaHKTOHA NproOpexbs Kpeiva. B mone 2019 r. B uccnenyemMoit akBa-
TOPUU JIOJIA STUX BUJIOB B OOIEM OOWJIMU MXTUOIUIAHKTOHA cocTaBmii 5,0 u 4,3 % COOTBETCTBEHHO,
IIpY 9TOM OBUTM OTMEUYEHBI KaK MKpPa, TaK U JIMYMHKH, YTO TOBOPUT O PE3YyJIbTATUBHOM HEpecTe.

[TpuToM YTO WMKpa M JIMYMHKK 0apaOyid OTMEUYeHbl B IUIaHKTOHe YEpPHOro Mopsi ¢ masi 10 CeH-
TSA0Pb, MACCOBBII HEpeCT MPUXOAUTCS Ha cepenuny Jjeta [[lexuuk, 1973] u ko BTOpoy MOJIOBUHE aBrycTa
B NMPUOPEXHOIN aKBAaTOPUU MKpa M JIMUMHKM TOTO BUA MOTYT OTCyTcTBOBath [KitmmoBa u ap., 2019;
Hanomuckuit, Hanomuckuii, 2018]. HepecToBslil ke neproJ MOPCKOro Kapacsl, TAK)Ke UMEIOIUH MUK
B CepelIrHe JieTa, Ooyiee pacTIHYT U (haKTHYECKH OXBaThIBAaeT aBIyCT U CeHTsA0ph [Kimmmosa u ap., 2019;
Hangommucknit, Hagommucknii, 2018].

Hab6nmonaeMyto 1peacTaBieHHOCTb BU/IOB MOKHO OOBSICHUTH BO3JICHCTBUEM Ha MCCIIEyeMYIO aKBa-
TOPUIO TEUYEHHIA, & UMEHHO IMPUTOKOM BOJIbI U3 YIAIEHHOM OT MPUOpexkbs akBaTopuu. Tak, Mpu COrmocTa-
JICHUU JIETHETO MXTUOIUIAHKTOHA TEPPUTOPUAIBHOTO MOPSI M UCKJIIOUUTETbHONM SKOHOMUYECKOW 30HBI
Poccutiickoit ®enepaniuu B YEpHOM MOpe Xxamca MaccoBO MpeJCTaB/ieHa Kak MKPOW, TaK U JIMYMHKAMU
Y B OTHOCUTEJILHO IPUOPEKHOM, U B MOPUCTON akBatopusix. OOWIMe UKPbI CTABPUIbI B MOPHCTOM aKBa-
TOPUM HUKE, YeM B MPUOPEKHOM, OIHAKO JTMYMHKHU MPEJICTABIICHB B 000UX CITyYasix, IPUYEM B MOPH-
CTOI1 aKBaTOPHHU UX 0OUJIHE Bhillie. Bbicokoe B puOpekHOM 30He 0OuIe MKPUHOK Oapalyiiu CHUkKaeTCs
B MOPHUCTOI aKBAaTOPUM 3HAYMUTENIbHEE, TMUMHKU ke MePEecTaloT BCcTpeuaTbcsi BoBce. MopcKoil Kapach,
MKpa ¥ OCOOCHHO JIMYMHKUA KOTOPOTO XOPOIIO MpPEACTaBIeHbl B MXTHUOIUIAHKTOHE TEPPUTOPUATHLHOTO
MOpsI, B MOPUCTOM akBaTopuur He oTMeuaetcst Boce [Hanommuckwid, [Natiok, Edanos, 2021].

Oc060 HEOOXOOMMO OTMETHTH IPUCYTCTBUE B UCCIIEyeMOM akBaTOpUM MKPHI apHOrIocca Keccnepa
A. kessleri. HecMOTpsi HA OTHOCUTEJIBHO IIMPOKUI apeas, 3TOT BUJ BKIIIOUEH B KpacHbiil ciucok Mex-
AayHaponHoro coro3a oxpanbl npuponsl (MCOII) (kareropus data deficient) [The IUCN Red List ...].
B yactHOCTH, OH OTHOCHUTCS K YMCILy BUJIOB, O Pa3MHOKEHUH KOTOPbIX B UEpHOM MOpe nMeeTcsl HelocTa-
TouHo uHpopManmu [Bilgin, Onay, 2020]. Manbie pa3Mepbl U CKPBITHBIN 00pa3 KM3HU B3POCIBIX PHIO
3aTpyAHSIOT n3ydeHue onorornu apHorocca Keccnepa, Tem 3HaunMee IaHHbIE, TTOTyYEHHBIE B PE3YITb-
TaTe U3yYeHUs] MXTUOIUIAHKTOHA. ApHoroce Kecciepa oTcyTCTBYeT B CITUCKE BUAOB PhIO IPUPOJHOTO
3anoBeHUKa «Mbic MapThsin» [bontaues, Kapriosa, [lanumiok, 2014 ], mpu 3T0M JI0Bb MXTHOILIAHKTOHA,
BBITIOJTHEHHBIE JIETOM B aKBAaTOPHH 3AIIOBEHMKA U HETIOCPEICTBEHHO MpHJIETalolieil MpuOpekHON aKkBa-
TtopuM Kak B 2019, tak u B 2021 r., NOKa3bIBAIOT IPUCYTCTBUE UKPBI TOrO BUJA, XOTh U IIPU HEBBICO-
koM oowmmn. Tak, B 2019 r. HAMU €IMHUYHO OTMEUeHa MKpa, rmoruoimas Ha HadaabHbX (I-1I) sTamax
pa3Butus, a B 2021 r. — Tpu KMBble, HOPMAJIPHO PAa3BUBAOLIMECS UKPUHKU Ha no3gHeM (V) stare.
Cnenyet 0OpaTUTh BHUMaHUE Ha TO, 4TO B aBrycte 2020 r. oqHa ocoOb IaHHOTO BH/A BIiepBbIe 3a 35 ner
Ob1a OTMeueHa B akBaropun Kapanarckoit GMoctaniyu, Tam xe B viose — asrycte 2021 r. perysaspHo
BCTpeuasiach ukpa apHoriocca Kecciepa [Masbiies u nip., 2021]. Ucxons u3 nonyueHHON uHpopmalmu,
Ha JJAHHBII MOMEHT MOXHO IPEATONOKUTh, YTO TIOMYJISIMs apHoriocca Kecciepa B Bogax 10kHOOe-
pexbs KppiMa HaxomuTcsi B CTAOMIJIBHOM COCTOSIHMM M, YYWUTHIBAsl HAIMYME B aKBATOPUM TPUPOJHOTO
3anoBegHrKa «MpIlc MapThsiH» y4aCTKOB IIECYAHOIO JIHA, NPENNOYATAEMOTrO JAHHBIM BUIOM, MOXHO
PEKOMEH/IOBaTh BKJIIOUeHUe apHoriocca Kecciiepa B ClUCOK BUIIOB PbIO 3alIOBETHUKA.

Bce ormeueHHble HaMM BUABl KEJIETEJOrO IUIAHKTOHA XapakTepHsl Uil YEpHoOro mops
Y MIOBCEMECTHO BCTPEYAIOTCS B €I0 aKBATOPUU.

[pucyTcTBHEe BO BpeMs BBINOIHEHUs padoT B aBrycrte 2021 r. B McciexyeMoil akBaTOPHUU JIMUH-
HOK 1 MOJIO[BIX 9K3EMIUISIPOB B. ovata Npy NPaKTUYECKU ITOJTHOM OTCYTCTBUU M. leidyi cOOTBETCTBYET
CYILIECTBYIOILMM ITPEACTABJIECHUAM O CE30HHOU JIMHAMUKE YMCJIEHHOCTU 3TUX BUIOB B akBaTopuu Yep-
HOro mops. Tak, YMCIEHHOCTh MAaCCOBO Pa3MHOXKAIOIIErocsi ¢ Havasia Temioro cezona M. leidyi pe3ko
CHUKAETCs], @ OCTABIIIMECsS OCOOU MpeCTaBIeHbI IPEUMYIIECTBEHHO MEJIKOPa3MEPHBIMH SK3eMIUISIpaMU
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K MOMEHTY MNOSIBJIEHUS CIELMAIM3UPOBAHHOIO XUIIHUKA B. ovata, 4TO NPOUCXOOUT B CEpeluHE —
BTOpO# nosoBuHe Jyieta [Jlynmnosa, 2017]. B 2019 r. B akBaTOpuu 3all0BeJHUKA aHAJIOTUYHBIE OTOOPBI
MaTeprasia BBIIIOJIHEHbI HECKOJIBKO paHee, B MI0Je, U B MOJYYEHHBIX Marepuasiax otmeueH M. leidyi
IIpY TIOJIHOM OTCYTCTBUU B. ovata.

O6wime B. ovata, coctapusinee 10,0 sx3/m? + 8,2 3k3/M2, Takke COOTBETCTBYET OXHUIAEMOMY
B HayaJle Ce30HHOIO0 BO3pAaCTaHMs €ro YHUCJIEHHOCTU. B Oonee mo3aHuMii, OCEHHUH, Nepuo B aKBaTo-
pumn BHyTpeHHero mesbga KpbiMa ero ooume MoxeT coCTaBisATh, HAIPUMEDP, JECATKU IK3EMIUISPOB
Ha KBaJpaTHbIN MeTp [ AHHUHCKUU U 11p., 2019].

[MpucytctBue B coOpaHHOM Matepuasie P. pileus MOXET TOBOPUTH O TOM, YTO B MOPUCTOM YacTH
MCCIIelyeMOW aKBaTOPUH C HAPACTAIOIMMY TTyOUHAMM, TIO]] TEMIBIM COTJIACHO CE30HY TIOBEPXHOCTHBIM
CJI0EM, Y JJHA, BO BpeMsI BBHITIOJIHEHHSI OTOOpa MaTepHaa HaXOOUJICS CJIOH XOIOHOM Bozbl. [TocKobKy
temneparypa Boiiie 14 °C Gnu3ka K NMpeAenbHo JomycTUMOM 71 3Toro Buaa [3auka, Tokapes, Marry-
KOBa, 2014], B IeTHUI Ce30H OH OOBIYHO HE BCTPEYaeTCsl B POrPEThIX MOBEPXHOCTHBIX BOJAX.

3akjroueHne

BoimonHennsie B arycre 2021 r. MXTHOIJIAHKTOHHBIE MCCJIEIOBAHUSI B aKBAaTOPUM 3allOBEAHMKA
«MBpbIc MapTbsiH» 1 HETOCPEICTBEHHO MPUJIETAIOIIel TPHOPEKHON aKBaTOPUU PACIIUPSIOT NIPeICTaBIIe-
HUS O COCTaBE MXTUOJIOTMYECKOTO KOMILIEKCa, YCJIOBUSIX €r0 OOMTaHHsl, BIUSIONIMX Ha HEro (hakTopax.

AHanM3 MONYYEHHBIX JAHHBIX MOKA3bIBAET JIOCTATOYHO BBICOKOE OOWJIME WKPBI, TIPH TOM OIS
’KUBOM, HOPMAJIbHO Pa3BUBAIOIIEICS MKPBI BO BPEMsI BBHITIOIHEHU I CCIIEIOBAaHUI OblTa HEOOBIYHO BBICO-
koi. OHaKO MaJloe KOJIMYECTBO JIMYMHOK PHIO MTPY HU3KOM BHJOBOM Pa3sHOOOpa3My MXTHUOIJIAHKTOHA
B 1I€JIOM ¥ 3HAYMTEILHOM JIOMMHUPOBAHUH JBYX MAacCCOBBIX BHJOB HE COOTBETCTBYET KapTHUHE, OKMIae-
MO U151 aKBaTOPUH C HU3KMM YPOBHEM aHTPOIIOT€HHOTO BO3JCHUCTBHUS, TAK ke KaK M pe3y/IbTaT UCCIIe0-
BaHMI1, paHee BBIIIOJIHEHHBIX aBTOPOM B TOM ke akBaTopuu B uiosie 2019 r., korjaa nokasaresb BUI0BOTO
pa3HO00Opa3ust ObLT BBIIIIE, HO JIOJISI KMBOUW MKPHI OblTa OYE€Hb MaJia.

C HamOosnblell BepOSITHOCTBIO HAOMOZAeMyl0 HaMU KapTHHY (OpMHUpPYEeT KOMIUIEKC (haKTOpOB,
CBSI3aHHBIX C MHTEHCHBHBIM NEPEHOCOM BOJIBl Yepe3 aKBATOPHIO 3alOBEJHUKA B MOPHCTON €€ YacTH.
C y4€roM 3TOro HeoOXOIMMO IPOBE/ICHNE AaTbHEHIINX MccieaoBanuii. [Ipy ToM noyueHue JaHHbBIX,
OTPAXAIOIIHX X0/ HepecTa, OOMIKE ¥ BUAOBOI COCTAB MKPbI U TIMYMHOK, HETTOCPEICTBEHHO HACEISIIOIINX
AKBATOPHIO 3AIIOBEHMKA, TAKKe JOJDKHO BKJTIOUATh OTOOP MaTepraa B y3KONpUOPeKHON YaCTh aKBaToO-
pUM 3aMOBETHUKA 1 ero aHaimm3. [IoMuMo Toro, 111 oXBarta UCCIIeJOBAaHUIMU BUJIOB PBIO, TUIAHKTOHHBIN
Tar B pa3BUTUH KOTOPBIX AJIUTCS KOPOTKOE BPEMs, & IMYMHKY AEPKaTCs Y JHA BHE 30HBI BO3/ICHCTBHS
TEUYEHMH TOJ 3aIUTON IEMEHTOB cyOcTpara, B MPUOPEkHOH aKBATOPHHU, HETIOCPEACTBEHHO TpHJIera-
IOIEN K aKBaTOPHMHM 3allOBE/IHKKA, 11eJIecO00pa3HO BPEMEHHOE pa3MelleHUe NCKYCCTBEHHbIX OMOTOIIOB.
Hanpumep, cornacHo [MckyccTBeHHBIT OUOTOIT ], ¢ MpriMeHeHreM 110 criocody [ Crioco0 jioBa KpUMToOeH-
THYECKHUX ... |, C CO3[]aHMEM JIETKO M3bIMAEMBIX JJIsI I3YUYEHHSI COIEP)KUMOTO KOMIIAKTHBIX UCKYCCTBEH-
HBIX HEPECTWJIMI ¥ yOeKUII 11 UXTHO(ayHBbI, YTO MO3BOJIUT OOJIABIMBATh JMYMHOK M MOJIOOb PHIO,
NepexofsX K OOUTaHMIO Y JHA HA CAaMBbIX PAHHHX 3Talax pa3BHUTHS, a TAKKE KPUNTOOEHTHUECKUE
BUJIBL.

Kak MOXHO MNpeanoyokuTh MUCXOAs M3 TOMYYEHHBIX AAHHBIX, aKBaTOpUs 3amoBeIHHMKa «MbIC
MapTbsiH» BBICTYIIA€T B KAUECTBE HICTOUYHHUKA PACCETUTEIBHBIX CTa 1A THAPOOUOHTOB, BAXKHOTO IS TTOA-
AepkaHus OOWIHS U pa3sHOOOpasus MpUOpeKHOH NXTHO(hAYHBI 105kHOOepexbs KpbiMa.

BuoBoii coctaB 1 0OuIIHE JKEeNeTesIoro MIAaHKTOHA UCCIIeyeMOi aKBaTOPHH COOTBETCTBOBAJIM OXKH-
naeMbiM. COIJIaCHO MOTyYEHHBIM JaHHBIM, HA MOMEHT BBITIOJTHEHU S MCCIIEJOBAHUI JIETHUI UK OOVJIHSI
M. leidyi, HeTaTUBHO BIIUSIOIETO Ha MXTUOIUIAHKTOH B KaYeCTBE XMIIHUKA U IMUILEBOrO0 KOHKYPEHTA,
ObLT (paKTUYECKH TOTallleH MHTEHCUBHO pa3MHOXalommMcs B. ovata.
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ICHTHYOPLANKTON AND GELATINOUS PLANKTON OF THE «CAPE MARTYAN»
NATURE RESERVE WATER AREA IN THE SUMMER SEASON OF 2021
Gubanov V. V.

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
e-mail: gubanov76@mail.ru

Abstract: The article presents the results of a study of ichthyoplankton and gelatinous plankton in the waters
of the «Cape Martyan» nature reserve and the immediately adjacent coastal waters in the second half of the sum-
mer season of 2021. Eggs and larvae of 10 species and supraspecific taxonomic units of fish were noted.
The average abundance of eggs was 65.4 ind/m? + 23.3 ind/m?, of larvae 3.9 ind/m” + 2.5 ind/m?, the share
of alive eggs was significant and amounted to 76.2 %, however, the structure of ichthyoplankton is character-
ized by the significant dominance of mass species and low evenness with the low species diversity in general.
The gelatinous plankton is predominantly represented by Beroe ovata Bruguiere, 1789 with the average abundance
of 10.0 ind/m? % 8.2 ind/m?2, while the size of 83.7 % of the noted individuals did not exceed 5 mm. The data
obtained are compared with the results of studies carried out in the same water area in the summer season of 2019,
as well as with the literature data characterizing the summer ichthyoplankton of the Crimean coastal waters.
Keywords: ichthyoplankton, gelatinous plankton, the Black Sea, the «Cape Martyan» nature reserve.
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CHANGES OF THE MANGROVE FOREST AREA IN THANH PHU DISTRICT,
BEN TRE PROVINCE DURING 1990-2020 °
Phung Thai Duong!, Pham Cam Nhung?, Ngo Thi Ngoc Tu®, Huynh Thi Sanh*,
Nguyen Quoc Hau’, Nguyen Van Dung®
!Dong Thap University, province Dong Thap, Viet Nam,
2A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
3My Hiep junior high school, province Dong Thap, Viet Nam,
*Tan Hoi Trung junior high school, province Dong Thap, Viet Nam,
>Mien Tay Construction University, province Vinh Long, Viet Nam,
6Pe0ple’s Police University, Ho Chi Minh City, Viet Nam,
e-mail: ptduong@dthu.edu.vn

Abstract: The complex ecosystem of mangrove forests holds great ecological and economic significance.
Unfortunately, in the last half-century, numerous mangrove forests have been lost due to high population growth,
rapid urbanization, aquaculture expansion, and other human activities. Asia, in particular, has experienced the most
significant decline of mangrove forests, Including Vietnam. However, recent studies indicate that mangroves
in Vietnam are either expanding or fragmenting. The objective of the study is to evaluate changes in the area
of coastal mangroves in Thanh Phu district, Ben Tre province in the period 1990-2020 by applying remote sens-
ing technology. To plan for management and to improve the role of mangroves in providing ecosystem services
and resources, local livelihoods, and global benefits. Based on the research and analysis results, the authors have
established a map of changes in mangrove area in Thanh Phu district, Ben Tre province. In general, the area of man-
grove forests in Thanh Phu distric has decreased over 30 years. Despite the fact that after 2000 there has been
an increase in the area of mangrove forests in the study area. The spatial transformation of coastal mangroves
in Thanh Phu district, Ben Tre province over a span of 30 years and the factors responsible for their reduction
are investigated in the study. The research also reveals the recovery process of mangroves through various stages,
offering valuable insights to government for proposing solutions to regenerate and enhance mangrove ecosystems.
This could ultimately aid in the restoration and enrichment of varied coastal ecosystems.

Keywords: mangrove, forest area, remote sensing, Landsat, Vietnam.

Introduction

Vietnam has a rich coastal mangrove vegetation, stretching from Quang Ninh to Ha Tien. However,
its area of mangroves has been significantly diminished. Mangrove forests are a complex ecosystem
of ecological and economic importance [Huan, Lan, 2019]. They are able to prevent the washing away
of soil and the destruction of coastlines by the ebb and flow. The root systems of mangrove forests
delay rainfall runoff and strengthen the soil, thereby reducing soil erosion. Mangrove forests weaken
the destructive effects of hurricanes and tsunamis, constant erosion. It has been established that such
forests protect the soil from natural disasters more effectively than artificial structures [®an u gp., 2021].

Mangrove ecosystems can act as highly efficient carbon sinks in tropical climates [Donato et al., 2011]
because they can sequester carbon in both aboveground biomass [Pham et al., 2018] and below-ground
biomass [Pham, Yoshino, 2017; Pham, Yoshino, Bui, 2017], as well as in sediments [Alongi, 2012;

“The work is carried out within the framework of the Research Work of A. O Kovalevsky Institute of Biology
of the Southern Seas of RAS — «Study of the spatial and temporal organization of water and land ecosystems in order
to develop an operational monitoring system based on remote sensing data and GIS technologies» registration number:
121040100327-3.
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Kauffman et al., 2014]. Despite such benefits, many mangrove forests have been lost in the past 50 years
worldwide due to high population growth, rapid urbanization, aquaculture expansion and the impact
of other human activities [Alongi, 2002; Chen et al., 2017; Giri et al., 2015]. Among the regions
of the world, Asia has suffered the greatest loss (1.9 million hectares) of mangroves [The world’s man-
groves ... , 2007], with more than 100 000 ha being lost from 2000 to 2012 [Richards, Friess, 2015].

Mangroves in Vietnam have either been expanding or fragmenting, according to several recent
research papers. Hauser et al. (2017) conducted a study of mangroves in Ca Mau province
(Ngoc Hien region) during 2004-2013, and they discovered that the mangrove area was decreased
between 2004 and 2009 before stopping in 2009 [Hauser et al., 2017]. An increase in mangrove area
due to afforestation was also observed in the Can Gio region from 2000 to 2011 [Pham, Brabyn, 2017].
Pham and Brabin (2017) found that this increase in mangrove area was due to rhizophora colonization,
while changes in aboveground biomass caused by avicennia marina and mangrove apples were not con-
sistent in terms of space surface.

Landsat remote sensing imagery provides information about the Earth’s surface with its broad cov-
erage, objective and cyclical information. Therefore, this photographic material is widely used in many
fields, including monitoring of forest cover changes. Several studies have evaluated changes in forest
areas using satellite images, and their conclusions are reasonably accurate and objective [Nardin, Wood-
cock, Fagherazzi, 2016; Van et al., 2015; Manh et al., 2015; Son et al., 2015; Pham, Yoshino, 2015;
Nguyen et al., 2013; Pham et al., 2013; Thu, Populus, 2007; Seto, Fragkias, 2007; Béland et al., 2006;
Binh et al., 2005; Thu, Demaine, 1996; Phung, Ton, Pé4nh gi4 bién ... Tién Giang ... , 2021; Phing,
Ton, Pénh gid bién ... CaMau ... , 2021; Ton, Phung, 2020; Quyen, Brunner, 201 1; Hauser et al., 2017;
Pham, Brabyn, 2017; Vo, Kuenzer, Oppelt, 2015; Kuenzer, Tuan, 2013]. Ton and Phung (2020) used
Landsat satellite images and GIS technology to assess changes in mangrove area in Bac Lieu province
through the periods 1988-1998, 1998-2013, 2013-2018 and 1988-2018 [Phung, Ton, 2020]. Tran
and Vien Ngoc Nam (2017) used Landsat remote sensing images, calculated NDVI, RVI, DVI, LAI
indexes combined with natural color combinations to conduct image classification over the years 2001,
2004, 2007, 2010, 2013 and 2016. Then they analyzed the formation process of the alluvial flat Con
Ngang and mangroves from 2001 to 2016 [Tran, Vién, 2017]. Nguyen and Nguyen (2017) successfully
created maps of the state of mangrove areas in 2001, 2008 and 2015 in two buffer zone communes
of Xuan Son National Park, Phu Tho province. Based on the results of forest land area, they built maps
of changes in forest land area in the period 2001-2008 and 2008-2015 [Mai, Nguyen, 2017].

Stemming from the above facts, using multi-temporal Landsat remote sensing images and GIS
technology in assessing changes in coastal mangrove area in Thanh Phu district, Ben Tre province
in the period 1990-2020 is an urgent and scientifically meaningful work.

The objective of the study is to evaluate changes in the area of coastal mangroves in Thanh Phu
district, Ben Tre province in the period 1990-2020 by applying remote sensing technology. To plan
for management and to improve the role of mangroves in providing ecosystem services and resources,
local livelihoods, and global benefits.

Materials and methods

Study area

Thanh Phu district is located in the south of Ben Tre province [Tran, 2009] (Figure 1). Thanh Phu’s
coastal communes, including An Nhon, Giao Thanh, Thanh Phong, and Thanh Hai, specialize in shrimp
farming. Notably, there is a wetland nature reserve in Thanh Phu.

Thanh Phu Wetland Nature Reserve has a total natural area of 8825 ha, of which forest land
1s 4307.1 ha, accounting for 48 %; plantation forest is 3329.9 ha, accounting for 37 % of the total natural
area; and natural forest reaches 977.2 ha, accounting for 11 %, with coordinates 9°57°40”-9°50°05”N
and 106°32°58”-106°32’56”E [Pham, 1997].
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Fig. 1. Administrative map of Ben Tre province

Data sources

The study used Landsat image data for the years 1990, 2000, 2010 and 2020. The data was down-
loaded from the website of the United States Geological Survey [USGS] 30 m resolution for conventional
channels and 15 m for panchromatic channels.

In the study, Landsat 5-TM and Landsat 8-OLI images are used because these are two generations
of satellites with stable quality and provide data during the research period (1990-2020). Meanwhile,
Landsat 7-ETM satellite has many limitations in data quality due to the error of the Scan Line Corrector
(SLC) since 2003.

In order to minimize the influence of clouds, it is preferable to use photos taken in the dry season
(November — April), the time when the photos were taken is suitable for the time to be evaluated,
but due to the limited number of photos, using photos with not much difference in time is completely
acceptable.

Image Processing and Classification: The first stage is pre-processing of the image which includes
atmospheric and radiometric correction to remove noise from the image and improve its clarity.
In the second stage, Maximum Likelihood classifier was used to classify the satellite image into dif-
ferent categories including forest, water bodies, and urban areas. The training samples were selected
for each class using visual interpretation of the image. For the forest class, different forest types, such
as mangroves, natural and plantation forests, were used for training. For urban areas and water bodies,
characteristic features such as color, texture, and shape were used for training. Visual interpretation
of the classified images was conducted to assess accuracy using field data collected from the study area.

Mapping and Analysis: Maps of forest status in 1990 and 2020 were established using the Maximum
Likelihood Classifier (MCL) approximation method, which was applied to classify the Landsat
images.The CMRI threshold calculation was based on the NDVI and NDWI indexes, combined
with the MNDWI index to improve contrast between mangrove areas and other objects. The Kappa
index (K) was used for accuracy assessment, and the reliability rating scale of Kappa index [McHugh,
2012] was used to evaluate the accuracy of the interpretation results relative to the field test results.
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In the study, the characteristics between forest and other subjects in the study area are distinguished
based on the key to interpreting remote sensing images (Table 2) by the criteria of shape, size, color,

structure, brightness.

Keys to deciphering remote sensing images

Table 1

Other subjects (Ex: water surface,

(N-R-G* Infrared
Color Combination)

The key Forest (new plantation
to deciphering forest, thick forest) construction site, agricultural land)
Object Pattern

in clusters

Color, Brightness Red, bright Dark, Black Green Bright

Structure Rough Rough Smooth Rough

Distribution shape Centralized Cluster distribution Long and narrow Plot format
distribution (canal, river)

Size/area

Large array

Large

Small

Small, adjacent
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The training sample areas in Table 1 consist of pixel collections representing forest and non-forest
objects. These sample areas are used for image analysis and interpretation on Google Earth Engine (GEE)
to recognize and classify similar pixels and correct objects according to the trained sample area. The ran-
dom split method is employed to reduce bias in the final classification results. The scores derived from this
process are fed into GEE for automatic programming and calculation using both the vegetation indices
method and the random forest method. During the referencing process, GEE carries out resampling
based on the nearest neighbor algorithm (Nearest Neighbor — NN) by default to minimize errors.

At the same time, based on the different reflectance characteristics of the objects in the image
through the vegetation difference index (NDVI), water difference (NDWI), mangrove identification
index (MMRI) and combined forest identification index (CMRI). Indicators and typical values are shown
in Table 2.

Table 2
Summary of indicators to determine the current status of forests in the study area
Index Symbol Formula References
Normalized NDVI (NIR — RED) / (NIR + RED) Tucker C. J. (1979)
Difference
Vegetation Index
Normalized NDWI (GREEN - NIR) / (GREEN + NIR) Gao B. C. (1996)
Difference Water
Index
Modified. Normalized MNDWI (GREEN - SWIR) / (GREEN + SWIR) Xu H. Q. (2005)
Difference Water
Index
Modular Mangrove MMRI (IMNDWII — INDVII) / IMNDWII + INDVII) Diniz C. et al.
Recognition Index (2019)
(Combine Mangrove CMRI NDVI - NDWI Gupta K. et al.
Recognition Index) (2018)

The calculation of the CMRI threshold is based on the NDVI and NDWI indexes, but intermediate
values are required to improve the contrast between mangrove areas and other objects, hence the need
for the MNDWI index. The CMRI index is computed by subtracting NDWI from NDVI, but its range
is not restricted to —1 to 1. Moreover, NDWI may not effectively eliminate signals from built-up land,
causing extracted water features to be mixed with built-up land noise. Therefore, this study adopts
MNDWI to extract the water features. The MMRI consists of a combination of two classic indices —
vegetation and water indices — that enhance mangrove contrast.

The classification using the CMRI Index yields the Combined Mangrove Recognition Index,
with NDVI referring to Normalized Difference Vegetation Index, IM to Mangrove Index, MMRI to Mod-
ular Mangrove Recognition Index, NIR to Near Infrared (Band 4 at LS (Landsat 5) and L7, Band 5 at L8),
SWIR to Shortwave Infrared (Band 5 at L5 and L7, Band 6 at LL8), and Red to Red (Band 3 at L5 and L7,
Band 4 at L8).

For statistical purposes and to assess the agreement between different data sources or when various
algorithms are used, this study employs two indicators: the global accuracy (T) and the Kappa index
(K). The Kappa index (K) is used to evaluate the accuracy of interpretation results compared to field
test results. The reliability rating scale of Kappa index [McHugh, 2012] is used to evaluate the accuracy
of the interpretation results relative to the field test results.
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To calculate the K-factor, T represents the global precision (computed from the number of pixels
in the diagonal cell in the matrix table divided by the total number of pixels in the sample area), while
E is calculated similarly to T but the data are drawn from the product matrix of rows and columns
of the classification error matrix.

With T and E, the K-coefficient can be calculated. With this coefficient, it is possible to publish
the accuracy of the forest maps interpreted on the basis of the field-tested sample areas.

The way to determine the global precision (T) is shown in the following formula:

K .
B 253:1 Oii
B n

T -100 % , (1)

in there T' = Zg - Oii — total number of correctly classified pixels;
7=1
n — total number of pixels classified.

The way to determine the Kappa index is shown in the formula:

T—-E

K
1—-FE’

(2)

in there K — Kappa index;

T — global precision given by error matrix;

E — a quantity that represents a predictable (expected) accurate classification, that is, E contributes
to an estimate of the likelihood of an accurate classification in the actual classification process.

Table 3
Reliability rating scale of Kappa index [McHugh, 2012]
Value of Kappa Level of Agreement
K<0.2 None
02<K<04 Minimal
04<K<0.6 Weak
0.6<K<0.8 Moderate
0.8<K<1.0 Strong
K=1 Almost Perfect

When the Kappa coefficient = 1, the classification accuracy is absolute. In addition to the Kappa
coefficient, the classification accuracy is also evaluated based on the error matrix, or confusion matrix.
This matrix compares on a one-to-one basis.

The error matrix obtained from comparing random points on Google Earth images with the classifi-
cation results in 1990 and 2020 is used to perform reliability assessment. Google Earth is utilized to col-
lect a representative sample area of objects that need to be interpreted in the past but cannot be accessed
in the field. The study also employs data from the current status monitoring system of SERVIR-Mekong
organization to verify and assess accuracy. The global accuracy and Kappa index aid in evaluating
the results of the image classification and highlight confusion among objects during the classification
process.
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The results of object decoding yield discrete regions that are not connected to each other in the same
object. Therefore, regions of the same object require connection or grouping to facilitate overlap
and analysis of fluctuations in analytical algorithms. This makes the process of switching back and forth
between the three main subjects that the study aims to track feasible. Before conducting statistics
on the current status of mangroves, it is essential to group targets into three main categories to enable
the statistics and analysis of changes. These categories are coastal mangroves, rivers/lakes/canals,
and other subjects (including all remaining targets). The area of each group is then calculated at two
levels (district and commune) for each year.

To analyze changes in coastal mangrove areas and determine the primary drivers of change in man-
groves, overlapping maps of the mangrove state grouped by 10-year periods are created using the union
method. This method aids in overlapping and comparing data to identify areas of change while keeping
the general and individual regions intact for each year.

Determine changes in mangrove status by analyzing data attributes at two time points, for example:
mangroves (1990) — mangroves (2000) unchanged mangroves; mangroves (1990) — other lands
(2000) mangroves lost due to farming change; mangroves (1990) — water surface (2000) mangroves
lost due to coastal erosion. Then proceed to calculate the area for each type of change for each 10-year
period.

Research results

I. The state of coastal mangrove forest in Thanh Phu district, Ben Tre province in 1990.

Based on the results of image interpretation Landsat 4.5 TM, the authors have created a map
of the current state of coastal mangroves in 1990 with a confidence level of 97.7 % and a Kappa coeflicient
of 0.96. The map of the current state of coastal mangrove forest in Thanh Phu district, Ben Tre province
in 1990 is shown in Figure 3.

The results of Table 4 show that the total area of mangroves in Thanh Phu district, Ben Tre province
in 1990 was 3061.112 ha, of which Thanh Hai commune was the highest with 1701.71 ha (55.6 %),
followed by Thanh Phong commune with 944.12 ha (30.8 %), finally An Dien commune was the lowest
distributed mainly on the narrow coastal strip with only 1.1 thousand ha (13 %).
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Fig. 3. Map of the current state of coastal mangrove forest in Thanh Phu district, Ben Tre
province in 1990
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Table 4
Mangrove area in Thanh Phu district, Ben Tre province in 1990
Ne Distric Commune Acreage (ha) Ratio (%)
1 An Dien 415.282 13.6
2 Thanh Phu Thanh Hai 1701.710 55.6
3 Thanh Phong 944.120 30.8
Total 3061.112

I1. The state of coastal mangrove forest in Thanh Phu district, Ben Tre province in 2000

Based on the results of image interpretation Landsat 7 TM, the authors have built a map of the current
state of coastal mangroves in Thanh Phu district in 2000 with a confidence level of 96.7 % and a Kappa
coeflicient of 0.95. The map of the current state of coastal mangroves in Thanh Phu district, Ben Tre
province in 2000 is shown in Figure 4.

The results of Table 5 and Figure 4 show that the total area of mangroves in Thanh Phu dis-
trict, Ben Tre province in 2000 was 2162.969 ha, of which Thanh Hai commune was the highest
with 1128.2 ha (52.2 %), followed by Thanh Phong commune with 661.899 ha (30.6 %), finally An Dien
commune the lowest distributed mainly on the narrow coastal strip with only 372.87 ha (17.2 %).
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Fig. 4. Map of the current state of coastal mangroves in Thanh Phu district, Ben Tre
province in 2000
Table 5
Mangrove area in Thanh Phu district, Ben Tre province in 2000
Ne Distric Commune Acreage (ha) Ratio (%)
1 An Dien 372.87 17.2
2 Thanh Phu Thanh Hai 1128.2 52.2
3 Thanh Phong 661.899 30.6
Total 2162.969
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ITI. The current state of coastal mangroves in Thanh Phu district, Ben Tre province in 2010

Based on the results of image interpretation Landsat 7 TM, the authors have established a map
of the current status of coastal mangroves in 2010 with a confidence level of 96.7 % and a Kappa coeffi-
cient of 0.95. The map of the current state of coastal mangroves in Thanh Phu district, Ben Tre province
in 2010 is shown in Figure 5.

The results of Table 6 show that the total area of mangroves in Thanh Phu district, Ben Tre province
in 2010 was 2537.909 ha, of which Thanh Hai commune is the highest with 1087.5 ha (42.9 %), fol-
lowed by Thanh Phong commune with 1033.42 ha (40.7 %), finally An Dien commune was the lowest
distributed mainly on the narrow coastal strip with only 416.979 ha (16.4 %).
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Fig. 5. Map of the current state of coastal mangroves in Thanh Phu district, Ben Tre
province in 2010
Table 6
Mangrove forest area in Thanh Phu district, Ben Tre province in 2010
Ne Distric Commune Acreage (ha) Ratio (%)
1 An Dien 416.979 16.4
2 Thanh Phu Thanh Hai 1087.51 429
3 Thanh Phong 1033.42 40.7
Total 2537.909

IV. The state of coastal mangroves in Thanh Phu district, Ben Tre province in 2020

Based on the results of image interpretation Landsat 8 TM, the authors have established a map
of the current state of coastal mangroves in 2020 with a confidence level of 95.3 % and a Kappa coeffi-
cient of 0.93. The map of the current state of coastal mangroves in Thanh Phu district, Ben Tre province
in 2020 is shown in Figure 6.

Results of Table 7 show that mangrove area in Thanh Phu district, Ben Tre province in 2020
was 2420 ha, of which Thanh Phong commune was the highest with 1050.4 ha (43.4 %), followed
by Thanh Hai commune with 966.676 ha (39.95 %), and finally An Dien commune, the lowest dis-
tributed mainly on the narrow coastal strip of only 402.924 ha (16.65 %).

47



PHUNG THAI DUONG, PHAM CAM NHUNG, NGO THI NGOC TU, HUYNH THI SANH,
NGUYEN QUOC HAU, NGUYEN VAN DUNG

BEN TRE PROVINCE

LEGEND
=| WM Mangrove forest

Non mangrove forest

0 Water
[ District boundary line
B Research areas

660000 666000

Fig. 6. Map of the current state of coastal mangroves in Thanh Phu district, Ben Tre
province in 2020

Table 7
Mangrove area in Thanh Phu district, Ben Tre province in 2020
Ne Distric Commune Acreage (ha) Ratio (%)
1 An Dien 402.924 16.65
2 Thanh Phu Thanh Hai 966.676 39.95
3 Thanh Phong 1050.4 43.40
Total 2420

V. Period 1990-2000

This is a period with many changes in the mangrove area of Thanh Phu district. There have been
898.143 ha of mangroves degraded, mainly in Thanh Hai commune (573.71 ha). Figure 7 shows
the change in mangrove area in Thach Phu district in the period 1990-2000.
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Fig. 7. Chart of changes in mangrove area in Thanh Phu district, Ben Tre province in the period
1990-2000
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Fig. 8. Map of changes in mangrove area in Thanh Phu district, Ben Tre province in the period
1990-2000

Figure 8 shows that almost all mangrove areas are reduced in communes. The largest decrease
in area is Thanh Hai commune, followed by Thanh Phong commune. While An Dien commune is al-
most unchanged. In Thach Hai commune, the forest area decreased by 573.51 ha, accounted to 33.7 %
of the forest area. Meanwhile, in Thach Phong commune, the reduced forest area is 282.221 ha (29.9 %).

Based on the above research and analysis results, the authors have established a map of changes
in mangrove area in Thanh Phu district, Ben Tre province in the period 1990-2000 (Figure 8).

Table 8
Mangrove area in Thanh Phu district, Ben Tre province in 2020
1990-2000 Other objects Mangroves Rivers, lakes,
canals
Other objects 6844.7 4554 193.6
Mangroves 1804.7 1214.1 42.8
Rivers, lakes, 960.0 493.5 5301.0
canals

Figure 8 and Table 8 show that the area of mangroves in Thanh Phu district is mainly lost and concen-
trated in 02 communes — Thanh Phong and Thanh Hai. The forest area lost during this period is quite
large: 1804.7 ha has been converted to other uses, 42.8 ha has been converted to rivers, lakes, canals.
However, the forest area is increased due to accumulation is also quite large (948.9 ha), concentrated
mainly in the coastal area of Thanh Phong commune and part of the periphery of An Dien commune.
In general, during this period, Thach Phu district lost about 1000 ha of mangrove forest.

VI. Period 2000-2010

This is the period when the mangrove area in Thanh Phu district increased again. While the man-
groves in Thanh Hai commune continued to be reduced slightly, the mangrove area in Thanh Phong
commune significantly increased (371.5 ha).
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Figure 9 shows that almost all areas tend to increase in communes of Thanh Phu district. The largest
increase in area is Thanh Phong commune. While An Dien and Thanh Hai communes are almost un-
changed. Compared with the period 1990-2000 we can see that the area of mangroves that was not
affected in the period 2000-2010 has increased significantly, from 1214.1 ha to 1739.8 ha.
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ThanhHii
Fig. 9. Chart of changes in mangrove area in Thanh Phu district, Ben Tre province in the period
2000-2010
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Fig. 10. Map of changes in mangrove area in Thanh Phu district,

Ben Tre province
in the period 2000-2010

Table 9
Table of rotation of mangrove areas in Thanh Phu district in the period 2000-2010
2000-2010 Other objects Mangroves Rivers, lakes,
canals
Other objects 8339.3 716.0 554.0
Mangroves 3514 1739.8 71.8
Rivers, lakes, 116.5 82.4 5338.5
canals
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Figure 10 and Table 9 show that the area of mangroves in Thanh Phu district was in the recovery
stage. It can be clearly seen that the forest area unchanged during this period was quite large (1739.8 ha)
and the additional forest area due to accretion was also quite large (798.4 ha), mainly concentrated
in the coastal zones of Thanh Phong beach. The area of mangroves converted to other purposes has
decreased significantly compared to the period 1990-2000. During this period, only 351.4 hectares were
converted to other purposes (1804.7 ha in the 1990-2000 period). However, the forest area converted
into rivers, lakes and canals tends to increase (71.8 ha). Based on the above research and analysis results,
the authors have established a map of changes in mangrove area in Thanh Phu district, Ben Tre province
in the period 2000-2010 (Figure 9).

VII. Period 2010-2020

This is a period with very little fluctuation and the trend of forest area has been saturated due to ap-
propriate protection policies. Only Thanh Hai commune has the forest area continues to decrease with
120.8 ha while Thanh Phong commune has an increase of 16 ha.
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Fig. 11. Chart of changes in mangrove area in Thanh Phu district, Ben Tre province
in the period 2010-2020
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Fig. 12. Map of changes in mangrove area in Thanh Phu district, Ben Tre province
in the period 2010-2020
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Figure 12 and Table 10 show that the area of mangroves in Thanh Phu district is in a relatively
stable stage. It can be clearly seen that the forest area unchanged during this period is quite large
(2115.2 ha) in which the forest area increased by accretion is also quite large (305.7 ha), mainly con-
centrated in the coastal area of Thanh Phong commune. Forest area converted to other uses continued
to decrease compared to previous periods (291.6 ha). During this period, the area of mangroves turned
into rivers, lakes and canals continuously increased (131.5 ha).

Table 10

Table of rotation of mangrove areas in Thanh Phu district in the period 2010-2020

2010-2020 Other objects Mangroves Rivers, lakes,
canals
Other objects 8312.3 261.4 233.5
Mangroves 291.6 2115.2 131.5
Rivers, lakes, 372.2 44.3 5547.9
canals

Based on the above research and analysis results, the authors have established a map of changes
in mangrove area in Thanh Phu district, Ben Tre province in the period 2000-2010 (Figure 12).

Figure 13 shows the variation of mangrove area in Thanh Phu district, Ben Tre province in the period
1990-2020. Through Figure 12, we see that the area of mangroves in Thanh Phu district in the period
1990-2020 has fluctuated, from 3061.6 ha, it decreased to 2163.0 ha in 1990, then increased to 2538.3
ha in 1990, and recently reduced to only 2420.8 ha. The reason for the decrease is due to the movement
of encroaching on forests for shrimp farming in the 2000s and in recent times due to deforestation to build
houses, especially in An Dien and Thanh Hai communes. Though, Thanh Phong commune has recently
increased in terms of mangrove area due to alluvial accretion.

To see more clearly the variation of mangrove area in Thanh Phu district, the authors studied
the change of forest area in each commune through each period during the research period from 1990
to the year (Figure 14). From Figure 14, we can see that in the period 1990-2020, the area of man-
groves in An Dien commune was relatively unchanged, while Thanh Phong commune fluctuated a lot
in the period 1990-2000, then increased and stabilized. Particularly in Thanh Hai commune, the area
of mangroves has tended to decrease continuously over the years, from 1701.7 ha (1990) to 966.7 ha
(2020). This is alarming and needs deep attention.
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Fig. 13. Area of mangroves in Thanh Phu district in the period 1990-2020 (ha)
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Fig. 14. Area of mangroves by commune over the years

Coastal erosion and the conversion of mangroves to aquaculture are the main factors contributing
to the loss of mangrove habitat. Not much mangrove habitat has been converted to agricultural land
or other uses. Mangrove erosion is occurring in Thanh Phu district, Ben Tre province, as it is in other
districts and provinces across the Mekong Delta. Plate erosion impacts the top layer of the soil, which
can lead to the exposure of tree roots, soil loosening, a decrease in mangrove soil level, and widening
of the river mouth. Estuary erosion, on the other hand, is caused by tides and can result in the destruction
of riverbanks and the depletion of forest cover. Mangrove soil erosion happens quickly and is widespread
in many regions as a result of sea level rise. Mangrove erosion is caused by: Because of human-caused
logging, the forest belt is too thin, there is no longer a regenerating tree belt, and as a result, the number
of canopy layers, ability to absorb wave energy, and wave resistance of the forest all decrease. poor,
effortlessly swept away by waves. Sand washed up on the shore by the high tide, covering the sub-
merged tree stump and the mangrove trees’ breathing roots, rendering them unable of breathing and ulti-
mately killing them. Currently, mangroves are buried and several sites have been alluvialized, including
Thanh Phu in the province of Ben Tre.

Discussion

In general, the area of mangrove forests in Thanh Phu district has decreased over 30 years. Despite
the fact that after 2000y. there has been an increase in the area of mangrove forests in the study area.
Deforestation and replacement with aquaculture ponds has been the main contributor to the reduction
of mangroves [Son, Ye, Stive, 2017]. Changes in mangrove forests covers were affected by two activi-
ties: deforestation and replanting, but planting capacity was slower than deforestation. Recent mangrove
changes are due mainly to shrimp farming expansion, which is developing in an unplanned way. Shrimp
farm development and degradation also caused environmental and natural resource problems with socio-
economic consequences such as land degradation, environmental pollution, the conflicts among natural
resource users and the gap between the rich and poor.

For example, according to our data and according to the literature, these processes have had
the largest scale in the provinces of Ca Mau and Tra Vinh [ Binh et al., 2005; Van et al., 2015].
The decline in the popularity of aquaculture has been associated with a decrease in the economic ef-
ficiency of mariculture and changes in management measures [Vo, Kuenzer, Oppelt, 2015]. In recent
decades, «clean» aquaculture in the form of open ponds has been gradually replaced by mixed mangrove-
shrimp farms [Truong, Do, 2018]. In the total balance of the area covered by mangroves, these farms
have a positive effect. Their ecological efficiency and the extent to which these artificial plantings
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correspond to natural mangrove forests require a separate discussion. The second direction of anthro-
pogenic impact on the mangroves of the delta provinces is the artificial planting of mangroves. Tradition-
ally, such landings are arranged to protect coasts from wave abrasion. These activities have been carried
out in all provinces in recent decades and are gaining momentum. The natural process behind mangrove
dynamics in the Mekong Delta is the redistribution of sediment along the coast. On the eastern coasts,
abrasion processes predominate, on the western coasts — accumulation of bottom sediments. This pro-
cess can be called completely natural with some stretch, since many researchers associate the observed
changes in the dynamics of bottom sediments with an increase in the number of dams in the middle
and upper reaches of the Mekong [Li et al., 2017], as well as with the development of a canal system
in the southern part of the delta [Nguyen et al., 2016]. Both on the abrasion and on the accumula-
tive, newly formed sections of the coast, intensive work is underway on the cultivation of mangroves.
As a result, the current dynamics of mangrove vegetation is a reflection of oppositely directed natu-
ral and anthropogenic processes occurring at different rates. The turnover rates of artificial mangroves
in the southern provinces of Vietnam is about 20 years. At this age, plantings of Rhizophora apicu-
lata, the main mangrove species in shrimp-mangrove farms, go to felling [Alongi et al., 2000]. Thus,
during the studied period of time in the areas occupied by mangrove-shrimp aquaculture, a complete
cycle of vegetation transformation could have occurred, which remained unnoticed, since it fell between
the survey periods. The average rate of loss of mangrove area in the study area is about 0.7 %/year,
close to the average rate of loss of mangrove area in the Mekong Delta, which is about 1 % per year.
Over a thirty-year period, the total area of mangroves has decreased by about 20 %. This estimate does
not take into account the transformation of mangrove forests and their redistribution in space. The aver-
age mangrove extinction rate (0.7 % per year) obtained by us is close to the minimum estimates given
for Vietnam, and less than the average values for Southeast Asia and the world — 1-2 % [Duke et al.,
2007].

The reduction of mangrove resource causes the loss of coastal fisheries. Breeding areas of economi-
cally important fish and shrimp species have been lost. Habitat of biological species is degraded, leading
to a decrease in biodiversity. The number of birds in the protected forest belt has decreased significantly
and many mammal species have disappeared. The complete absence of a mature coastal protective
mangrove belt is a major obstacle to sustainability and resource values in the coastal belt.

Conclusion

Using multi-temporal satellite images allows researchers to assess the fluctuations of large spatially
distributed elements quickly and relatively accurately. In which, the change in vegetation cover, especially
in mangrove forests.

Through analysis of satellite images, it was found that over a period of 30 years (1990-2020), the total
area of mangroves in Thanh Phu district, Ben Tre province has decreased by more than 20 % (equivalent
to 640.8 ha) compared to the original (from 3061.6 ha in 1990 reduced to 2420.8 ha in 2020). Thanh Hai
commune has the most mangrove area but is also the experienced the largest reduction in mangrove area
(from 1701.7 ha in 1990 to 996.7 ha). An Dien commune had the least mangrove area and its the area
of mangroves decreased in a small amount (from 415.3 in 1990 to 402.9 ha in 2020). Thanh Phong
commune’s area of mangroves fluctuated between 1990 and 2000; it decreased from 944.1 ha to 661.9
but then increased to 1033.4 ha in 2010 and continued to increase to 1050,4 in 2020. The recovery
rate of mangroves was low, the mangrove restoration took place mainly in Thanh Phong commune.
Specifically, from 1990 to 2020, a mangrove area of 640.8 ha disappeared but then appeared on a new
area of 3061.6 ha. The decrease in mangrove area in Thanh Phu district, Ben Tre province is closely
related to the process of deforestation of mangroves to dig shrimp ponds and landslides in the eastern
coastal areas. The process of mangrove restoration mainly takes place on newly accreted coastal areas,
estuaries and reforestation in inefficient shrimp ponds.
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The research results determine the spatial change of coastal mangroves in Thanh Phu district, Ben Tre

province after 30 years, the causes leading to the decline in mangrove area, along with their recovery pro-
cess through the different stages, thereby helping policymakers propose solutions to restore and develop
mangrove ecosystems, contributing to the restoration and enrichment of diverse coastal ecosystems.
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AnHoTamusa: CioxHas 5KOCHCTEMa MaHIPOBBIX JIECOB UMEET OOJIbIIOE SKOJIOTMIECKOe U SKOHOMUUECKOE 3Haue-
Hue. K coxanenmo, 3a mociieiHie 1ojiBeKka oOMMpHBIE TUIOMA MaHTPOBBIX JIECOB OBUIH yTpadeHbl U3-3a CTpe-
MHTEJIBHOIO POCTA HACEJIEHU s, ObICTPON ypOaHU3aLMK, PACIIMPEHNS aKBaKY/IbTYPHBIX XO3SMCTB U APYIUX BUIOB
JeATEeNbHOCTH YenoBeKa. B wyacTHocTH, B A3Mu Mpou301uIo Hanbosee 3HAUMTEIbHOE COKpALIEHUE MAHIPOBBIX
JIecoB, BKJI0Yast BoeTHam. OqHaKo HeaBHYE MCCIIeI0BAHNSI TOKA3BIBAIOT, YTO TEPPUTOPHS MaHTPOB BO BreTHame
oo pacimpsiercs, Jndo gpparmenTupyercs. Llensio nccnenoBanus siBAsSETCS OLEHKA U3MEHEHU s IUIOIa 1 Ipy-
OpeXHBIX MaHTPOBHIX JiecoB B paiioHe TxaHbdy npoBunimK bende B nepuon 1990-2020 rr. ¢ npuMeHEHUEM TeX-
HOJIOTMY JTUCTaHIIMOHHOTO 30HAMpoBaHM. [InaHMpoBaHye 1 TOBBIIIEHHE PO MaHIPOBBIX JIECOB MOXKET CTaTb
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BaXHBIM (PaKTOPOM B 0OECIEUYEHUH SKOCHCTEMHBIX YCIYT, PECYpCOM IS MECTHBIX OIOKETOB M TIIOOATBHBIX
Boirof1. [lo pesynbratam MccieOBaHUSI aBTOPBI COCTABWIIM KapTy W3MEHEHH s IUIOIIAAN MAHTPOBBIX JIECOB B paii-
one Txanb(y (mpoBuHLMs berue). B niesom mioiaas MaHrpoB B okpyre Txanbdy 3a 30 jieT cokpaTuiach, HECMOT-
ps Ha 1o uTo mociie 2000 r. B palioHe UCCIeIoBaHUN HAOMIONAeTCsl YBeMUeHHe UX IUIomany. B uccienoBaniu
MOKa3aHa MPOCTPaHCTBEHHAs1 TpaHc(opManys TPUOPEKHBIX MaHTPOBBIX 3apociiell B paiioHe TxaHb(y MpOBHH-
mn Bende 3a 30 niet 1 (pakTOpbl, OTBETCTBEHHBIE 32 MX COKpalneHue. MccnenoBanne Takke pacKpbIBaeT MpoIece
BOCCTAaHOBJICHVSI MAHTPOBBIX 3apOC/ell Ha pa3jIM4YHBIX 3Tarax, MMPedocTaBiiss LeHHYyI0 nHpopManuo s dop-
MUPOBaHUS IPABUTENILCTBOM PEIIEHHI IO BOCCTAHOBJICHUIO U YITYUIIIEHUI0 MaHTPOBBIX SKOCKHCTEM. B KoHeUHOM
UTOTE 9TO MOXKET MOMOYb B BOCCTAHOBJIEHMH U OOOTAIlIEHUY Pa3HOOOPA3HBIX MPUOPEKHBIX IKOCUCTEM.

KioueBrble ciioBa: MaHI'POBBIC JIECA, TJIOINAAb JIECOB, JMCTAHIIMOHHOE 30HIUPOBAHUE, Landsat, BoeTHam.
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BUOPA3HOOBPA3HUE H YCTOUYHUBOE PA3BUTHE 2023 Buinyck 1 (25) C. 60

BUKTOPY HUKOJIAEBUYY EI'OPOBY BPYYEHA MEJAJIb OPJAEHA
«3A 3ACJIYI'M IIEPE/l OTEYECTBOM» I1 CTEIIEHHA

3a BKJIaJl B pa3BUTHE HAYKHM U MHOTOJIETHIOIO IOOPOCOBECTHYIO paboTy MeJaliblo opAieHa «3a 3aCIyru
nepen OrteuectBom» Il crerneHn Harpaxa€H Hay4yHBI PYKOBOOMTENb VIHCTUTYTa OMOJIOTMM I0KHBIX
mMopeit umern A. O. Koanesckoro PAH akamemux PAH, noktop Guosnormdeckux Hayk, mpodeccop
BukTop Hukonaesuu Eropos.

Bricokyio rocynapctBenHyto Harpaay 14 uions 2023 roga Buktopy Hukonaesuuy Bpyuunn rydepHa-
top CeBacrononss Muxaun BragumupoBuu Pa3BokaeB Bo Bpemsi TOPKECTBEHHOM 1IEPEMOHUU, MOCBSI-
HIEHHOM Npa3aHoBaHuI0 240-i1 TOAOBILMHBI CO JHS OCHOBaHUS rOpoJa-reposl.

Vka3 o HarpaxjeHUHM TOCyIapcTBeHHbBIMU Harpajamu Poccuiickoit ®enepanmu ObUT TIOAITUCAH
npe3ugeHToM Brnagumupom Brnaguvuposuuem [Tytunsiv 26 ssuBapst 2023 ropa.

['myGokoyBaxaemblii Buktop HukonaeBud, npumuTte camble cepleuHble MO3JIpaBJIeHUs OT BCEro
koutektuBa GULL MUHBIOM! Ot nymm sxemaem Bam Kpenmkoro 3/10poBbsi, C4aCTbsl, OIAronoinydus, Heuc-
CsIKaeMOW TBOPUYECKOUM SHEPTrUU U AATbHEUINNX MoOe1 Ha Oyaro HayKu!

Puc. 1. ®oro: INpecc-ciyxoda [IpaButenscrea CeBactoronst
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®PerepasbHOE TOCYIAPCTBEHHOE OI0/IKETHOE YUPeKIeHHe HAYKH
®denepabHBIH HCCIET0BATENbCKAN EHTP
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