Hayuynas cratbs
VK [551.46.09:504.61](262.5-751)
EDN SIPACH

Conepxanue yrijieBoJaopoioB
U MHAMKATOPHBIX I'PyIn 0aKkTepuii
B Mopckoii cpene 0yxthbl Jlacnn (FO:xkublii 0eper Kpbima)

E. A. TuxonoBa, O. B. CoioBbeBa, 0. C. TkaueHnko *,
H. B. Bypausns, 0. B. lopomienko, E. B. I'yceBa, C. B. Aiémosn

DI'BYH @UL] Hnucmumym 6uonocuu roichvix mopeu umenu A. O. Kosaneeckoeo PAH,
Cesacmononwv, Poccus

* e-mail: yulechkatkachenko.90@mail.ru

AHHOTAUA

OrneHEeHO Ka4ecTBO MOPCKO# cpensl OyxThl Jlacu B paiione ypouwnina barnimman mo oc-
HOBHBIM XMMHKO-MHKPOOHOJIOTHYECKUM ITapaMeTpaM B IEPHOIBI Pa3INIHON peKpearioH-
HOW Harpy3KH Ha akBaTopuio. MarepuanaoMm A UCCIEAOBAaHUS IOCIYKUIA MPOOBI BOJBI
" o0pacTaHuii, 0TOOpaHHEIE B Mae, mioje U okTsaope 2023 r. KauecTBeHHBIH M KOIHYe-
CTBCHHBII cOCTaB yrieBoJoponoB onpexaessuicst Ha 6aze HOLIKIT «CnekrpoMeTpus 1 Xpo-
marorpadpus» OULl MuBIOM meronom razoBoit xpomatorpaduu Ha xpomarorpade «Kpu-
crayut 5000.2» ¢ mIaMeHHO-MOHM3AIIHOHHBIM JeTeKTOpoM. [ mueHTH(hUKAUN BeposT-
HBIX UCTOYHUKOB NOCTYIUICHHS OPraHUYECKHX BELIECTB HCIOJIB30BAIU JUArHOCTUYECKUE
MapKepsl IPONUCXOXKICHUS YIIIEBOIOPOIOB. YHUCIEHHOCTD Tpymn OakTepuii (canpoduTHBIX
TeTepOTPOQHBIX, YTIEBOIOPOIOKUCIISIONINX, IUOINTHIECKUX U (DEHOIOKHCIIAIONINX) OTpe-
JIETSUTA METOJOM MpENENbHBIX JECATUKPATHBIX Pa3BEIEHHH C UCTIONb30BAaHUEM JJIEKTUB-
HBIX NATATeNbHBIX cpel. KoHIeHTpanys yrieBoAopoaoB B MPUOPEKHBIX BOJAX YPOUHINIA
Batunuman ¢ Mas 110 okTs6ps 2023 1. cocrapisna 0.013-0.304 mr-1t. CocTap H-alNKaHOB
yKa3bIBaJl HA OTCYTCTBHE HE(TSIHOTO 3arpsisHEHUs B McCieqyeMoi akBaTopuu. [IpeBbimie-
nue ITJIK 1715 yrneBogopoaoB, OTMEUEHHOE B MIOJIE HA OJHOM U3 CTAaHLMN, HOCUT IPUPOI-
HBIH XapakTep M CBSI3aHO C aKTHBHBIM ITOCTYIUICHHEM AJUNIOXTOHHBIX coequHeHni. Kommue-
CTBEHHAs OLlEHKa 00O3HAYEHHBIX TPYHIl OaKTepuil B BOJE U MUKPOIEpU(PUTOHE MAKPO-
oOpacTaHMii yKa3pIBaeT Ha BO3pacTaHWE YUCICHHOCTH WHIMKATOPHBIX I'pyINI OakTepuit
BO BCeX NMpobax, 0TOOPaHHBIX B Hioyie. TeM He MeHee pe3yNIbTaThl HCCIeTOBAHUS YTIIEBO-
JOPOJHOTO (POHA M KOJINYECTBEHHOH OLEHKH OCHOBHBIX MHUKPOOHMOJIOTMYECKHX IOKa3a-
TeJIeH B BOJE M MUKPONEPU(PHUTOHE MAaKpOOOpacTaHMH YKa3bIBalOT HAa TO, B aKBaTOPUH
ypouniia baTuinmMaH akTHBHO NMPOUCXOIAT MPOIECCH 0aKTePHATIFHOTO CAMOOYHNIICHNS.
ITo MUKpPOOHOIOTHYIECKNM MTOKA3aTENAM HUCCIETYyEMbIil y9aCTOK MOKHO OTHECTH K yCJIOB-
HO-YHCTBIM aKBaTOPHUSIM.
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Abstract

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

BeperoBas nuaus ypouuina batunnman (mpuOpeXHO-aKBalbHBIH KOMIUIEKC
mexay M. Capera u 6. Jlacnu), ¢ KoToporo HaunHaroTcs ropsl KOxHOTo Oepera
Kprima, TsiHETCSt OT ocHOBanus Topel Kym-Kast no 6. Jlacu. AkBaropust ydacTka
XapaKTepu3yeTcsi MHTEHCUBHBIM BOJIOOOMEHOM C OTKPBITBIM MOPEM M BBICOKOI
aspauuell. CroHHO-HaroHHbIE SIBJICHUS, XapakTepHble a1t FOxxHoro Gepera Kpbima,
MIPUBOJIAT K KOJIEOAHUAM COJICHOCTH BoAbI OoT 17.70 mo 18.47 [1].

Ot ype3a Boxbl 10 HeOospmnx rryOuH (10 M) JHO NpeAcTaBIEHO BaTyHAMHU
¥ ripi0amu (TI16100BbIH OeHY) (CT. 1) ¢ peIKuMH y4acTKaMH MecyaHoro aHa (CT. 2).
I'panynomerpudeckuii COCTaB JOHHBIX OTJIOXKEHUH M OCOOEHHOCTH MOp(OIUHA-
MHUUYECKUX YCIOBUH cpelibl (CHOC METKOUCIIEPCHBIX (ppakiuii B MpUriIyOble 30HbI)
00yCJIOBIMBAaET OTCYTCTBHE HAKOIUICHHS OPraHMYECKOro Yriiepoja B Mpenenax
3TOro OeperoBoro yvacrka [2].

C 3TUM KOppenupyroT coolieHus [3] o HEBBICOKOH YHCIECHHOCTH MHUKPOO-
HOTO HAcelleHWsI B PBIXJIBIX JIOHHBIX OTJIOXKEHHUAX Onmznexamnieit 6. Jlacou, rae
YUCIEHHOCTh CANpPOQUTHBIX TeTepOTPOPHBIX OAKTEPHIl B CPEJHEM COCTABIISET
2500 k1.7, a yriueBomopoJOKHCIISIOUX He HPEBBIIAeT 2 K-+, U3 Makpodu-
TOB KPYIJIOTOJJMYHO JIOMHHHUPYIOT 1o BcTpedaemoctn Cystoseira crinita (Dyby,
1830) u Ceramium diaphanum (Roth, 1806), mo ¢uromacce — C. crinita u C. barbata
(C. Agardh, 1820) [4]. Cystoseira Spp. sBiseTCs TIIaBHBIM KOMIOHEHTOM HPHOPEIK-
HOTrO (UTOIICHO32 U OJHUM M3 OCHOBHBIX UCTOYHHUKOB OPTraHHMYECKOTO BEIECTBA
[5], x Tomy xe Cystoseira spp. cunraercs Hanboee MOAXOMAIINM 0OBEKTOM ajlb-
TOMOHUTOPHHTA MPH OIIEHKE KayecTBa CPe/ibl MOPCKUX MPHOPENKHBIX aKBATOPHH,
B TOM YHCJIE ¥ aKBaTOpHUH ypouuina batunnman [6].

OrpannuuBaromui ypounuie batwinMan ¢ 3anana M. Ailst ABisieTca rocyaap-
CTBEHHBIM TPUPOIHBIM JAHAIIAQTHBIM 3aKa3HUKOM PETHOHANBHOrO 3HaueHus V)
u Brirouaet 208 ra akBatopun YUepHoro mops. Teppuropus 10 ciaeayromero 3a-
MOBETHOTO OOBEKTa, THAPOJOTHYECKOTr0 NaMsTHHKa mpuponabl «[IpubpexHbiit
aKBaJIbHBIN KOMILIEKC y MbIca Capblu», HE MUMEEeT NPHUPOJOOXPAHHOIO CTATycCa,
XOTsl paboOTHl B 3TOM HAampaBlIeHUU BenyTca. ABTOPHI paboThHl [7] mpeanoxunm

D O BHecenuu usmMeHeHuit B nocranosnenue [Ipasutenscrea CepacTonons ot 29.04.2016 Ne 409-T111
«O06 ytBepxaeHuu lloyoxeHUs 0 rocyrapcTBEHHOM NPUPOAHOM JaHAMA(QTHOM 3aKa3HUKE
peruoHanabHOTO 3HaueHus ,,Mpic Alis“» : mocranosnenue IlpaButenscTBa CeBacTomois
ot 25.04.2022 Ne 178-I1I1. URL: http://publication.pravo.gov.ru/Document/View/9200202204270012

(mata oOpamenus: 27.02.2024).
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CO311aTh HAIMOHATBHBIN mapk «HOxHOOepexkHBI» OT 0. bamaknaBckoit mo M. Capera
C TpwIeraroniell akBaToprel M HaXOAALIMMUCS B HEM 0c000 OXpaHsIEeMBIMHU TpH-
poausiMu Tepputopusimu (OOIIT) pernoHaIbHOTO 3HAYCHUS.

Typuctudeckas NpHUBIEKaTeILHOCTD JAaHHOTO Y4acTKa OUCHb BBICOKA, HO M3-3a €€
HEeOOITBIION PEKPEalIOHHON €MKOCTH €CTh OMIACHOCTh HETaTUBHOTO BIIMSIHUSI Mac-
COBOI'0 HEPErIaMEHTUPOBAHHOIO TOCEIIEHUSI Ha COCTOSHHE 3KOCHCTEMBl aKBaToO-
puu. 3a MOCIeIHHE AECATHICTUS HaOII0JaeTCs yXYAIIEHHE 3KOJIOTHYECKOTo
COCTOSIHHSI PaccCMaTpHBaeMOl aKBaTOPHM. JTO CBS3aHO C YBEIMYCHHEM IOTOKa
OT/IBIXAIOIIMX U HAYaBIICHCsI 3aCTPOMKON MPUOPEIKHOM 30HBI, a TAKIKE C pa3Mellle-
HUEM MHUIUAHBIX QepM 1oOIm30ocTH (C BBIXOJ0M 10 83 T (Ha CyXyr Maccy) Owo-
OTIIOKEHUH B TOM, BKiItovas 3 T Oenka u o 1 T yrieBogos u nunuaoB [8]). CoBpe-
MEHHBIE HCCIIEOBAHUS MMOKA3ad, YTO KOJUYECTBO BHJIOB IMOJHUXET YMEHBIIUIOCH
¢ 64 (1983 1.) no 45 (2019 r.) [9], 3amacel MakpopUTOOEHTOCA CPeaO0OPa3yIOIINX
YEepHOMOPCKHUX BHJIOB CHU3WIMCH NpUMEpHO B 1.5 pa3a, a HEKOTOPHIE YYaCTKU
JIHa U BOBce NuIIMiIHCh pactutenabHocTd [10]. [lo manHeM aBTOpOB padotsr [11],
B 2017-2018 rr. comepxkanue HedTsIHBIX yrieBomopogaoB (HY) B Bome 6. Jlacrm
HaxoQWJIOCh Ha YPOBHSX, OJM3KHX K MpeneibHO HomycTuMbM. [lpu stom metom
2018 r. 3aUKCHUPOBAHO MPEBBINICHHE NPEACTHFHO JOMYCTUMON KOHIEHTpAITUH
(ITAK) B 3—4 paza. Coxepkanre HY B 6. Jlactin Ob110 BBINIE, YeM CpEHEE COICP-
xanue B CeBacTononbckux OyxTax, a B 2016 r. yactora 3aMKCUPOBAaHHBIX CIIy4a-
eB npesbimieaus [1/IK B npunonHoM ropusonte akBatopuu 0. Jlacmu coctaBmia
25 % [12, 13]. Takum 00pa3oM, aBTOPHI YKa3bIBAIOT, YTO MCCICAYEMbIH y4acCTOK,
paHee OTHOCUBUIMICS K KaTeTOPUH ITAJIOHHO YHCTHIX, UCIIBITHIBAET CYIIECTBEHHOE
AHTPOIIOTEHHOE BO3AEHCTBUE. BO3MOMXKHO, MOTyUEHHBIE pe3yabTaThl CBA3aHBI C aK-
TUBHOH 3aCTpOKON Oeperopoii jsuauu 0. Jlactu B ocneauaue rojsr [11].

Crnemyer OTMETHTh, YTO Ha JAHHOM Y4YacTKe Oepera 4acTo OBIBAIOT OOBAJIBI,
OTIOJI3HM, CEJH, IOCTOSHHO HaOmonaercs abpasust OeperoB [14]. 3actpoiika 3Toi
MECTHOCTH JIMIIIb YXYALIAET CUTYALHIO.

st coxpanenust mpuOpeXHOro akBaJIbHOTO KOMITIEKca ypounina batnnnvan
HEOOXOAMM KOMIUIEKCHBIA MOAXOJ K M3YYEHHIO NMPUOPEKHON aKBaTOPHUH, YTOOBI
paccunTaTh COBPEMEHHBIM YPOBEHb aHTPOIIOTEHHOI'O INpecca, YCTONYMBOCTh KOM-
TUIeKCa K HEMY U TIPEJIOKHUTh MEPOTIPUATHS 10 MUHUMH3AINN HETATUBHBIX TTOCTIE -
CTBHIA OT BO3PACTAOIICH peKpealMOHHON Harpy3KH 0e3 yiepoa JUis CII0KUBIIErOCs
KpYrOBOpOTA BEILLIECTBA M SHEPTUH, A TAKKE ICTETUKH YHUKAJIBHOTO MECTa.

B paMkax KOMIJIEKCHOTO MOAXOAAa K M3YyYEHHUIO SKOJIOTMUECKOTO COCTOSHHS
aKBaTOpWH IUIsDKa baTunnMan paHee MMOYTH HE MCCIIEI0BAIOCH COAEepKaHNUE YTIIe-
BozoponoB (YB) B Mopckoli BoZie M XapaKTepUCTUKU €€ OaKTepuallbHOrO Hacelle-
HUS1, KOTOPOE SIBJISETCS TIEPBBIM 3BEHOM B Ipolecce OMOJIOrHIECKOTO CaMOOYHIIIe-
HUSI MOPCKOH Cpebl.

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

B 3agaun nccienoBaHus BXOAUT ONPEEIECHUE:

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

— YHCJIEHHOCTH CanpO(UTHBIX reTepoTPOPHBIX OaKTeprUil — OCHOBHBIX JECTPYK-
TOPOB JIETKOAOCTYIIHbIX OPTaHUYECKUX COECAMHEHWH B BOJE U MHUKPONEPU(UTOHE
MaKpooOpacTaHuii;
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— YHCJIICHHOCTH WHAWKATOPHBIX TPyNn OaKTepHil — NECTPYKTOPOB HE(TH,
(heHONA M KUPOB B BOJIE U MUKPOTIEpUPUTOHE MaKpOOpPaACTaHHH.

MarepuaJ 1 MeTOAbI

[TpoOsr Boab! IS aHANW3a HA comepkanue YB oTOupamu B Mae, HUioie U OK-
Ts0pe 2023 1. Ha AByX craHmusax. Ctanmus 1 — GMOCTaHIMS, MaJIOdKCILTyaTHPYe-
MBI Y4acTOK ¢ HM3KOW aHTPOMOTeHHOH Harpy3koi. CraHimsa 2 — bk TaBpuna,
paiioH ¢ BBICOKOH aHTPONOreHHON Harpy3koil B JetHuit nepuoa. Kak Ha cT. 1, Tak
1 Ha CT. 2 BOJIy OTOHMpaiy Bo3ie ypesa (puc. 1).

[IpoOb1 Boabl 0TOMpaNy B CTEKIISTHHBIE OYTHUIH C IPUTEPTHIMUA IPOOKaMHU BMe-
CTHMOCTBIO 1 M3, TIpeBAPUTENBLHO BBIMBITBIE XPOMOBOM CMECBIO, BOIOIIPOBOHOM
1 JUCTWIIMPOBAHHOM BOJIOH M OIOJOCHYThIe rekcaHoM. Ilepen mpo6ooTOopom OyThI-
JI1 IPEeIBAPUTEIIEHO POMBIBAJIM H-TEKCAHOM U OIOJIACKUBAIN OTOMPAaeMOM BOJIOM.

[TpoGOMOArOTOBKA OCYIIECTBIANACH B COOTBETCTBUU ¢ MeToAuKOii 2. TIpoby
BoAbI (250 mi1), mogkuciennyo cepHoit kucioroit (1:1) (1.5 mi), akcTparupoBaiu
JBXIbI H-TEKCaHOM (110 25 mir). I'ekcaHOBBIN SKCTPaKT MPOIYCKaIH Yepe3 CTeKIISH-
HYIO KOJIOHKY, 3aII0JIHEHHYIO OKCHIOM aJFOMHUHUS, U KOHIEHTPUPOBAIH JI0 00beMa
1 MJI IpY KOMHATHOH TeMIIEpaType B BBITSHKHOM HIKady.

KadecTBeHHbIH U Kon4ecTBeHHBINH cocTaB Y B onpenensim Ha 6aze HOLIKIT
«Crnexkrpomerpus u xpomarorpadus» GULl MablOM meTonom ra3zoBoit xpomaro-
rpadun Ha xpomatorpade «Kpucramn 5000.2» ¢ riaMeHHO-WOHU3AIMOHHBIM Jie-
texkropom (ITH]T).

ANVKBOTHYIO 9aCcTh CKOHIIEHTPHUPOBAHHOTO 3KCTPAKTa BBOIMIM MUKPOIIIPH-
1eM B HarpeTbii 10 250 °C ucnaputens razoBoro xpomarorpada. Pasaenenne YB

Puc. 1. Kapra-cxema or6opa mpo0d MOPCKO¥ BOJIBI I MaK-
pooOpactanuii B akBaTopuu ypoummia batmmuman, 2023 T.
Cuumok Google Maps (URL.: https://www.google.ru/maps)

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

2 Jipyeoe FO. C., Pooun A. A. DKoNnorvueckne aHatu3bl NP pasiuBax HedTH U He(TENPOayKTOB :
MpaKkTH4ecKoe pyKoBoACTBO. MockBa : JlabopaTopwust 3nanwmii, 2020. 273 c.
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OCYIIECTBISUIA Ha KammuisipHod komoHke TR-1MS mmmaoit 30 M, mmamerpom
0.32 MM u ToNmmuHOM HemomBrKHON (aser 0.25 mxm (Thermo Scientific). Temre-
patypa xoyoHku nporpammupoBaiiack oT 70 go 280 °C (ckopocTh moabemMa TeM-
neparypbl 8 °C-mun ). TloTok raza-HocuTens (a30T) B KOJOHKE — 2.5 MIJI'MHUH
0e3 menenns nmoroka. Temmneparypa nerekropa — 320 °C.

KonudecTBeHHOE OnpesiesieHne CyMMapHOTo cojiepanusi YB mpoBoaunu my-
TeM abcomoTHOH KanubpoBku [IN]] ¢ ucmons3oBaHWEM CTaHAAPTHOW cMecu YB
(C10-Cu0) B qmanazone 0.01-0.5 mr-a!. B kauectBe cMecu YB HCHONB30BaIM CTaH-
naptHbiii o6pazenr ASTM D2887 Reference Gas Oil (dpupma SUPELCO, CILA).
Obmiee conepxkanne YB onpenensiy o cymMme IUIomanei MMKOB ITFOUPOBAHHBIX
H-aJIKaHOB U HepasnenaenHoro ¢oua (unresolved complex mixture, UCM). st o6pa-
OOTKH pe3yIbTAaTOB HCIIOJIB30BAIN MPOTrpaMMHOE obecrieueHne «XpomaTdk AHa-
auTHK 3.0», MeTo/1 a0COIOTHOM KaJTMOPOBKH M MPOLICHTHON HOpMaTH3aI[1H.

st uaenTuuKauy reaesruca Y B Ucnonbp30BaHbl CIICAYIONUE JUarHOCTHYC-
CKHME MHICKCHI: COOTHOILICHHE aJUIOXTOHHOTO BEIECTBA K ABTOXTOHHBIM COCIHMHE-
ausiM (terrigenous/aquatic ratio, TAR) [15], cpeaHss IyIMHA YTIIEBOIOPOIHOM HEITH
(average chain length, ACL) [16] u oTHOIIEHME COAEPIKaHUS HU3KOMOJIEKYIISIPHBIX
H-aJIKaHOB K COJIEpKaHHI0 BhICOKOMoJeKysapHbiX (low-molecular weight to
high-molecular weight homologies ratio, LWH/HWH) [17]. TToka3arens Paq [18]
(aquatic to terrestrial plant index) mo3Bonser ompeneanTh, KaKOW THII PacTH-
TEJBHOCTH NpeodiiafaeT B mpouecce GOPMUPOBAHUS OPraHHYECKOTO BEIIECTBA.
Jns BeIABICHUST HE(TIHOTO M OMOTCHHOTO MPOHMCXOXJIeHHs YB mcmomesyrorcs
Takue MHACKCHI, Kak uHAekc HeuetHoct CPly [19] (Carbon Preference Index),
paccunTaHHbIi it OoJiee erkux H-ankaHoB, U CPl, [16], paccuntanHblil sl BbI-
COKOMOJIEKYJISIPHOI "yacTH criekTpa. Mapkepsl reHesnca ¥YB onpenensii o coot-
HOUICHHSM, IIPE/ICTaBICHHBIM B Ta0. 1.

IpoObI MOPCKO#t BOABI 111 MUKPOOHOJIOTMYECKOTO aHAIN3a OTOUPAIIH B CTEPHUITh-
Hble POOUpKH 00beMoM 50 cM®, IpoOBI 06pacTanuii — B CTEpUIILHBIE O6aHKU. B HacTo-
SIIEM MCCIIEI0BaHUH OLICHUBAIM COOOIIECTBO MaKpOOOpacTaHusi, C KOTOPOTO 3aTeM
JIeNIalId CMBIB MUKpOTIepr(UTOHA JIJIs ONpe/ieNieHns] OaKTepHaIbHOW YUCICHHOCTH.

Tabnuma 1. OcHOBHBIE AMATHOCTHYECKHE MHIEKCHI JJIS OIIpeeNieHHs reHe3nca Y B

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

Wnpaexc / dopmyna /
Index Formula
TAR > (Ca7 + Co9 + C31)/Y(C15 + Ci7 + Cig)
LWH/HWH > (C13—C21)/Y(C22—Car)

(27C27 + 29Cy + 31C3; + 33C33 + 35C35 + 37C37)/

ACL (Co7 + Cy9 + Ca1 + C33 + C35 + Ca7)
CPI Y, {(C15 + C17 + C19 + C1)/(Cas + Cy + Cis + Coo) +
! + (Ci5 + C17 + Cig + C21)/(Ci6 + C1g + Coo + C22)}
CPI, Yo{(Cos + Ca7+ Cag + Ca1 + Cag + Cas)/(Cas + Co6+ Cog + C30 + Caz + Cas) +
+ (Cos + Co7 + Cog + Ca1 + Caz + Cs5)/(Cos + Cog + C3p + Ca2 + Cas + Ca6) }
Paq (Cas + Cy5)/(Cas + Cos5 + Cyg + Ca1)
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Bo Bce nepuonbsr mpobooTdopa MakpooOpacTaHue OBUIO MPEACTABICHO MCKITIOYH-
TEJIBHO LUCTO3UPOH. Ee KOMM4ecTBO 3aKOHOMEPHO YMEHBILIANOCh C Mas IO OK-
T0pb, a OMoMacca BO BCE MEPHOBI MPOO00TOOpa ObliIa HECKOJIBKO BhIIIC HA CT. 1.
B xaxmoit mpobe ompenensii 4ucIeHHOCTs canpoduTHEIX reteporpodHbx (I'b),
yraeBogoponokucisonux (YOB), nmunomurnyeckux (JIB) m deHomokucmsrommx
(®OB) rpymn Gaktepuii. YUCIEHHOCTh yKa3aHHBIX TPYIN OaKTepuil ONpeesisuIh
METOJIOM TpENIeNBHBIX ASCATUKPATHBIX Pa3BEICHUI C HCIIOIb30BaHUEM DIIEKTHBHBIX
mutaTenbHBIX cpen. Jns ['b ucmonmszoBanm cpexy ¢ mentonom [20]. YOb u JIb
KyJIbTUBHPOBAIH Ha cpene Bopommmosoit — Jlnanosoii [21], B KoTOpy!O B KadecTBe
€IMHCTBEHHOT'0 MCTOYHHKA YTJIEpOJa M DHEPTUH J00aBISUIM CTEPUIBHYI0O HE(Th
nnu pacturenbHbid xup (1 % ot o0bema). st GpeHonokucsonmx 6akTepuid mpu-
MeH:ITH MomuduIpoBaHHyto cpeny Kamabunoit — Porosekoit [22]. Ilpu mpuroTtos-
JICHWW CpeJl YYUTHIBAIM COJICHOCTh MOPCKOH Bonbl. Hambornee BeposTHOE 4YMCIIO
MHKpPOOPTaHU3MOB B €JJMHUIIE 00beMa paccunTaHo 1o tabnune MakKpenu (B Tpex
MOBTOPHOCTSX), COCTABICHHOM Ha OCHOBE METO/Ia BAPMAILIMOHHON CTATHCTHKH .

Pe3yabTaThl M 00cy:KIEHHE

Obmee conepxanne YB B Bojie Ha HMcClIeyeMbIX CTaHIUSAX B MEPUOJ] C Mast
1o okTs6ps 2023 r. konebanock B npeaenax 0.013-0.304 mr-m? (puc. 2). B urone
Ha cT. 1 6bu10 3adpukcupoBano npebienue /K mmns perdoxo3siicTBEHHBIX BOJIO-
emoB (0.05 mr/m)® B 6 pa3 (puc. 2), Ha cT. 2 B HCCleAyeMblil epuo/ 3HaYeHUE
KoHIeHTparuu ¥YB 6b110 goctarouno au3kuM u [1/1K He npessimiano.

Ecnu cpaBHUBaTH MoOKa3aTeld MallOdKCILTyaTHPYEMOTO y4acTKa MOOEpekbs
Y TUISDKA, TO CIOKHO TOBOPHUTH 00 yBENWYEHHH coAepaHus YB Ha mishke B JeT-
HUIl TIeproJI, KOr/la aHTPOIIOTeHHAsl Harpy3ka Ha 1moOepekbe CHIIBHO BO3PACTaeT.
BepositHO, Benymiyo poib B (OPMHPOBaHUH YTIIEBOJOPOJHOrO (hoHa mpuoOpex-
HBIX BOJI B IaHHOM pailOHe UTpatoT Apyrue GpakTOpHl.

JlocToBepHee uaeHTHGUIHPOBAT, UCTOYHUKU MOCTYIICHUS Y B mo3Bosier
HU3Y4YEHUE MHJIMBUIYAJIbHOIO COCTaBa H-aJIKAHOB, a TAaKXKE pacyeT MapKepoB, Xa-
PaKTEepU3YIOIUX UCTOYHUKH NTPOUCXO0XKIECHUS OPraHNYECKHUX BEILIECTB B BOJIE.

= 03 = Mait
E - u Uions
o 0 OkTI6ph
% 02-
=
g
= Puc. 2. Kounenrpamus YB B Boje B mpu-
E 0.1+ OpeXKHON aKBATOPUH ypouMIna bartrnman, Maii —
E OKT6ps 2023 T.
0 _ Wl Fig. 2. Hydrocarbon concentrations in the coas-
1 2 tal waters of the Batiliman Stow, May—October
HO]{C]’) CTaHIIHH 2023

3 IpaxTuxym no mukpo6uonoruu / Ilox pea. A. V. Hetpycosa. Mocksa : Akanemus, 2005. 608 c.

4 O6 yTBep/IeHNN HOPMATHBOB KA4eCTBA BOJIbI BOAHBIX 0OBEKTOB PHIGOXO3IHCTBEHHOTO 3HAYEHNS,
B TOM 4YHCJIe HOPMAaTHUBOB MPEAEIIHHO JIOIyCTUMBIX KOHIIEHTPAINH BPEJHBIX BEIIECTB B BOJAX BOIHBIX
00BEKTOB PHIOOXO3SMCTBEHHOIO 3HAYeHHUS : MpHuka3 MuHncenbxo3a PO ot 13.12.2016 Ne 552.
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B mpobax Boje, 0TOOpaHHBIX ¢ Mast IO OKTAOpb 2023 r., HIeHTHUDHUITIPOBAHBI
H-ankaHbl B tuana3one H-C17—Cay (puc. 3), H-ankaH Czy ObUT 3aUKCHPOBAH TOJIBKO
ennHOX bl Ha cT. 1 B mroje (puc. 3, b). F'omonoru Cy u Cso He ObUTH 0OHAPYKEHBI
B Mae Ha 00enx cTaHImsx (puc. 3, &), OCTaNbHbIE H-aJIKAHBI OBLTN IPEICTABICHBI
ITIOBCEMECTHO.

Pacnipenenenue H-amkaHOB, MOJXYYEHHOE B Mae Ha OOEUX CTaHIHUAX, UMEJIO
OJIHOMOJIAJIbHBIN XapakTep. B mpobax MOBEpXHOCTHBIX BOJ, OTOOPaHHBIX B Mac
2023 1., AOMUHUPYIOT HU3KOMOJIEKYJSIPHBIE TOMOIOTH (pHC. 3, &), B 4YaCTHOCTH
renragekad (H-Ci7), KOTOPBIA SIBISETCS OCHOBHBIM aKaHOM, MPOAYIHPYEMBIM
¢uTo- 1 3001UTaHKTOHOM [23, 24], 1 ankaH H-Cig, TaKKe (PUTOILIAHKTOHHOTO TCHE-
3uca. Xopomo BeipaxkeHbl MUKU Cig 1 C20, KOTOPBIE CBA3aHO C Pa3BUTHEM OaKTe-
puansHoro coobmectsa [25]. Mapkepsl TAR u CPI; (Tabun. 2) nokasbiBaroT mpeo0-
JaJlaHie B BOJIE aBTOXTOHHOTO BEIECTBa, 0OPa30BaHHOTO B Pe3yJIbTATE MHUKPO-
OMOJIOTHYECKON JECTPYKIIUK OPraHUIECKUX BemecTs [26].
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Puc. 3. PacnpenencHue H-aJIKaHOB B MPHOPEKHBIX BOJAX
ypouwnia barumuman: maii (a), mos (b), okts6ps (C), 2023 T.

Fig. 3. Distribution of n-alkanes in the coastal waters of
the Batiliman Stow: May (a), July (b), October (c), 2023
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Tabnuma 2. ConepxaHHe W COCTaB H-aJIKaHOB (MapKepbl) B BOAE MPHOPEKHON akBa-
Topun ypouuma batunmman, mait — oxTsi0ps 2023 T.

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

Howmep
CTaHIUH / LWH/
Station D C HWH Pag TAR ACL CPI4 CPl;
number
Maii / May
1 C17—Car 0.013 1.59 1.00 0.23  26.17 1.78 1.50
C17—Cas 0.020 2.66 1.00 0.12  26.00 1.79 1.23
Hionw / July
1 C17—Ca1 0.304 0.21 0.34 13,57  28.00 1.08 2.50
C16—Cso 0.024 0.34 0.52 450 2740 048 0.92
Oxmsbps / October
1 C17—Cso 0.040 0.65 0.65 127 2700 0.73 0.93
C1—Cs0 0.020 0.34 0.65 333 2690 0.60 1.32

[pumeuanue: D — nuanazoH naeHTU(UIMPOBAHHBIX H-aikaHoOB; C — cymMMapHas KOH-

LHCHTpaus I/II[CHTI/I(bI/IHI/IpOBaHHLIX H-aJIKaHOB, MF'J'Iil.

Note: D — the range of identified n-alkanes; C — total concentration of identified
n-alkanes, mg-L2.

Takum 00pa3oM, H-aJKaHbI, IPUCYTCTBYIOLIME B MpoOax BOJIbI, OTOOPaHHBIX
B Mae 2023 r., IMEIOT NMPENMYIIECTBEHHO aBTOXTOHHYIO MIPUPOJLY ¥ CBSI3aHHI ¢ (hu-
TOIUTAHKTOHHOW M OakTepuaabHOW mpomykmuen. s yKa3aHHOTO Ce30Ha Xapak-
TEPHO aKTUBHOE pa3BUTHE PUTOIIAHKTOHA [27].

B wurone Ha ct. 1, re otmeueno npessimenne [1/IK, 3agukcupoBaHo oTHOCH-
TEJILHO PaBHOMEPHOE pacrpejielieHie H-alikaHoB. Ha cr. 2 pacrnpezeneHue OTd-
4aJ0Ch, NPOSBIISIA MPU3HAKK OMMOJaIbHOCTH (puc. 3, D): MepBbIil MK — YETHBIC
H-ankaHbl B 1uanazoHe Cig—Cz4 — MOXeET OBITH CBSI3aH C PabOTON OaKTepHaIbLHOTO
coobmiectBa, Bropoil — C27—C3g — 0OBIYHO acCOIMUPYETCS C BBICIIEH pacTUTEIHHO-
CTBIO KaK BOAHOI0, TAaK U HA3€MHOI'0 MIPOUCXOXKIeHuUs [25].

Ha ct. 1 romonor H-Ci7 Obul HACHTU(PUIMPOBAH B MajbIX KOJIMYECTBAX,
a Ha CcT. 2 He oOHapyKeH BoBce (puc. 3, b). Munexkc TAR Ha 00enx cTaHIMIX 3HA-
YUTENHHO TPEBBIMNAN eAMHUITY (Tabd. 2), 9TO CBHICTEIHCTBYET O IMpeo0IamaHuu
AJJIOXTOHHOTO BEIECTBA, NOCTYMAIOLIETO C CYIIH.

HecmoTtpst Ha To uro Ha cT. 1 B mrome 2023 T. 3aUKCHPOBAHO TPEBBIMICHUE
IIJK B 6 pa3, 3naueHue unaekca CPIl; Obuto 2.5 (Tabi. 2), 4TO CBHACTEILCTBYET
0 OMOTEHHOM HPOUCXOXKICHUU OPraHMYECKOTO BEIIECTBA, K TOMY € OTHOIIEHHE
C17/C2s coctaBuno 0.08 (Tabim. 2), yTo yKa3bplBaeT Ha NpeodiajaHue aluIOXTOHHBIX
romosioroB [28]. 3nadenne mHaekca TAR CYITIECTBEHHO MPEBBICHIIO €AMHUITY H CO-
craBuiio 13.57 (Tabin. 2), yTo Taxke yKa3bplBaeT Ha mpeobiajaHue alJOXTOHHOTO
BEIIECTBAa B aKBaTOPHH.
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Takum 0o0pa3oMm, HECMOTpPS. Ha OTHOCHTEJIBHO PABHOMEPHOE pacIipelesicHue
H-aJIKAaHOB, KOTOPOE MOXKET OBITh NMPH3HAKOM CBEXEro HE(PTSHOro 3arps3HEHus,
MapKepbl TIOCJIEAHEr0 OTCYTCTBYIOT. /IMarHOCTHYECKHE WHIEKCHI YETKO yKa3bIBa-
0T Ha Mpeoliiajanre OMOTEHHOTO aJUTOXTOHHOTO (oHA. MOKHO 3aKIFOYHThH, UTO
B HCCJIETyeMbIX NMpo0ax He 0OHapyx)eHO He(TAHOe 3arpsA3HeHHe, a MOBBIIICHHBIE
3Ha4YEHUs] KOHIEHTpauuii Y B 00yciioBeHbl TPUPOTHBIME MTPOIIECCAMH.

B mpo6ax moBepXHOCTHOW BOJIBI, 0TOOpaHHBIX B OKTsOpe 2023 T. pacnpenaene-
HUE H-aJIKaHOB OBLIO OTHOCHUTEIHHO MOHOTOHHBIM (puc. 3, C). Ha cr. 2 momuHMpO-
Ban romonor H-Cz, BMecTe co 3HadeHneM uHaekca CPIl (tabm. 2) 3to roBopuT
O MIPUCYTCTBHU B OTKPBITHIX MOBEPXHOCTHBIX BOJAX TNMPOJYKTOB MHUKPOOHOH Ie-
crpykuuu YB [25, 29]. B BEICOKOMOJIEKYIAPHOI 4acTH CIIEKTpa Ha CT. 2 ObUI BbI-
PaKEH MUK, CBA3aHHBIA ¢ H-aIKaHOM Cps5, KOTOpPBIH MMEET aUIOXTOHHOE IMpOHC-
xoxneHue. 'omonor Ci7, SIBISIOMINNACST MapKkepoM (UTO- B 300IUTAHKTOHA, Ha CT. 2
orcyrcTBoBal (puc. 3, ¢). 3uauenus uaaekcoB TAR u LWH/HWH (ta6in. 2) Ha wc-
CIIEAyeMbIX CTaHLMIX YKa3blBalOT Ha JOMHWHHPOBAHHE AJJIOXTOHHOTO BEIIECTBA,
NOCTyHNaroIero ¢ cymu. [Ipu3HakoB HEQTIHOTO 3arps3HEHUS HE BBISBICHO, HA YTO
yka3biBaeT 3HaueHue Mapkepa CPI, (tabm. 2).

Mapkep ACL wucmnonb3yeTcss Ais BBISIBICHUS M3MEHEHHH B JKOCHUCTEME.
OH ocTaeTcs cTaOMIBHBIM Ha MPOTSDKEHUH MPOAOJDKUTEIEHOIO BPEMEHH U PE3KO
CHIDKAeTCs B clydae MoCTyIUIeHus1 HeTsHoro 3arpsisHeHus [30]. Beicokue 3Haue-
Hus Mapkepa ACL cBuaETenbCTBYIOT O MpeoliajaHuy BKJada TPaBsHUCTON pac-
TUTENBHOCTU B hopmupoBanue Y B, a auskue 3Hauenuss ACL xapakrepusl 1is YB
JPEBECHOTO TMPOUCXOKACHUs. JlaHHBI WHIEKC Ha BCEX CTaHIMAX BapbHPOBAI
ot 26 1o 28 (cpemuee 26.9 £0.7) (tabia. 2), 4TO rOBOPUT 00 OTCYTCTBHH CBEKHUX
He(TSIHBIX NOCTYIUIEHHH W OTpa)kaeT HMpUOJIM3UTENBHO OAMHAKOBBIM BKIIAA JIpe-
BECHBIX M TPABSIHUCTHIX pacTeHH B (GOPMUPOBAHUE OPraHMYECKOTO BEIIECTBA I10-
BEPXHOCTHBIX OTKPBITHIX BOJ akBaTopuu. [1okazateinn Paq [18] (Tabi. 2) no3BossieT
OTIPEICNINTh, KAKOH THUI PaCTUTENILHOCTH MpeobiagaeT B mpouecce GOopMUPOBaHUS
OpPraHUYECKOTO BElleCcTBa: TeppUreHHbIN MU BoaHbIN [18]. IlokasaTens yka3biBa-
€T Ha TO, 4YTO B Mae npeobnamanu Y B BoAHOTO MpoOHUCXOXAEHNUS, B UIOJIE Ha CT. 1
JOMHHHMPOBAJIO TEPPUTCHHOE BELIECTBO, HA CT. 2 aBTOXTOHHOE U aJUIOXTOHHOE
BEIIECTBO OBUIM MIPUMEPHO B PaBHBIX JOJSIX. B okTsa0pe Ha 00enx cTaHLUusIX OTMe-
YeHO HEOOJIBIIOE MpeobiiaaHie aBTOXTOHHBIX COSIUHECHHH.

Ilo pe3ynpTaram mccieoBaHus MpoO BOIABI B aKBATOPHH ypouuina batmmm-
MaH, OTOOpaHHBIX ¢ Masi 0 OKTAOpb 2023 r., B TOM YHUCIIE B MUK PEKPEALIMOHHOTO
C€30Ha, YCTAHOBUTH HalnW4yue HE(TSIHOro 3arpsi3HeHUs BoA OyXThl HE yIajoCh.
OCHOBHBIMHM HMCTOYHHKaMH (YOPMHUPOBAHUS YIIEBOJAOPOJHOTO (poHA aKBaTOpUH
B Mac ObUTM aBTOXTOHHBIE MPOLECCHI, CBA3AHHBIE C MPOAYKIHEH (UTOIUIAHKTOHA
u OakTepHalbHON JecTpyKLIMEH OpraHnyecKux BeulecTB. B mocneayromiue me-
PHOABI 3HAYUMOCTh (PUTOIUIAHKTOHHOW IPOAYKLMM CHW)KAJach, Ha IEPBbIN IUIaH
BBIXOJWIN OaKTepHaJIbHbBIE IPOLECCH U MOCTYIJICHUE aJUIOXTOHHBIX COCIMHEHUI.
Ipesbiuenue canutapubix HopmMatisos (IIK = 0.05 mr-t), oTmMeuenHOE B HIoIe
(0.304 mr-mt) Ha oHOM M3 CTAHIMIA, HOCHT MPUPOIHBIN XapaKTep M CBA3AHO C aK-
TUBHBIM [IOCTYIIJICHUEM AJJIOXTOHHBIX COEIMHEHUI.

BaxkHbIM TIOKa3aTeseM KauyecTBa MOPCKOW CpeJbl SIBISIETCS] COCTOSIHUE Oak-
TEPUAIIBHOTO COOOIIECTBA, IJIs1 KOTOPOro MOCTYMAIOLIUEe B aKBATOPUIO OpTaHH-
YeCcKHe BeIeCTBa, B TOM uHcle YB, SABIAIOTCS NUTATENbHBIM CyOCTpaToOM.
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Ilony4yeHHble HAMU pe3yNbTaThl O MNPOUCXOKACHUH YB yKa3plBalOT Ha aKTHBHOE
ydacThe OaKkTepwii B IpoIleccax uX CHHTE3a U TpaHC(OpMAIIHH.

PesynbpTaThl MpOBEACHHBIX MHKPOOMOJIOIMYECKUX HMCCIENOBaHUI TOKa3bIBa-
IOT, YTO MaKCHMaJIbHAsI YUCIECHHOCTD (2.5-103 xi.-m1 1) I'B B Boge oTMedeHa of-
HOKpaTHO B Maiickoii mpobe ct. 1 (puc. 4, a), B ocTanbHbIX Mpodax cT. 1 uncnen-
HocTh I'B m3mensnack ot 95 1o 950 kir.-mir k. B akBaTopum mwishka (cT. 2) YHCIIEH-
HocTh I'B koneGanack B npenenax 150—950 xim.-mut (puc. 4, a). Yncnennocts I'b
Ha 00euX CTaHLMSIX B Mae W MIOJNE TMpeBbllana nokazarenu ['b B OKTAOphCKUX
npobax, 4To, M0 Bceld BUAMMOCTH, CBSI3aHO C L[BETCHHEM (DUTOTUIAHKTOHA, Xapak-
TEPHBIM 17151 BECEHHETO ce30HA [31], 1 MOBBILLIEHUEM TEMIIEPATYPHI BOJBI B JIETHUN
nepuod. Yuciaennocts ['b B Bojie UcCCieyeMbIX yUaCTKOB aHAJIOTMYHA JaHHBIM [32],
MOJTy4YEHHBIM paHee B YCIOBHO YHCTOMH aKBaTOPHH.

VOB Ha cT. 1 BBISBJIEHBI BO Beex Mpobax, MakcumyM (95 Ki.-mirt) oTMedeH
B MIOJIbCKOW mpoOe, B ocTaBmIKMXCS mpobax uuciaeHHocTh YODB He mpeBblmana
10 k..Mt (puc. 4, b). B maiickoit mpo6e ct. 2 YOB He 0GHapyKeHbl, a B OKTAOpe
OHHU OBUIM MPEACTaBJICHBl €AMHUYHBIMU KJIETKaMHU B MIUIMJIMTPE MOPCKOW BOJIBI
(puc. 4, b). Makcumym YOB Ha cT. 2 BBIIENEH B HIOJE W COCTABMI 95 KII.-MJT
[Ipouent YOb ot uucnennoctu I'b B mpo6ax Boabl Ha cT. 1 B Mae He MpeBbIIIAT
OJTHOTO IIPOIIeHTA, B UIoJIe U OKTs10pe coctaBun 10 %. Ha cr. 2 B urone nonst YObB
B uncienHoct I'b coctaBuna 10 %, a B okTs10pbcKoit pobe cauunack 1o 1.6 %.
Cunraercs, YTO B YMUCTHIX BOAAX Ha JOJIO YIJICBOJOPOAOKHUCISIOMINX MUKPOOpra-
HU3MOB IpUX0auTcs 10 7 % canpodurHoi reTepoTpodHoit Mukpoduopsr [33].

JIvnomutrueckue Gakrepun Ha CT. 1 B MalCKoO# 1mpoOe He BhICESUINCH (pHc. 4, C).
Makcumym uuciersoctd JIb ormeden B uroe (200 ki1.-Ma ), Ha TOPAIOK MEHbILE
JIb 3adukcupoBano B oktsi0pe. YncnenHocts JIb B Boxe cT. 2 koznebanach ot 2
10 150 xi.-mit (puc. 4, ¢). Makcumym JIB onpezeneH B Mrone, Kak 1 Ha cT. 1.
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Fig. 4. Dynamics of the abundance (cells-mL™) of hetero-
trophic (a), hydrocarbon-oxidizing (b), lipolytic (c), phenol-
oxidizing (d) bacteria in the water
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®OB Ha ct. 1 BEIsBIEHBI BO Beex nmpobax (puc. 4, d). Makcumym (10 k. -mr?)
oOHapyXeH Ha CcT. 1 B uioJe, B OCTaNbHBIX MIPo0ax cT. 1 manHas rpynma OakTepuit
npejcTaBieHa eIMHUYHBIMA KJIETKaMHd B MWIUIHIUTPE MOPCKOHW Boabl. Ha cT. 2
®OB Takxke oOHapykeHbl BO Beex mpobax (puc. 4, d). Makcumym (95 ki.-mot)
BBISIBJICH HA CT. 2 B Hrolie. B octanbHbIX ipobax uncienHocts @Ob He mpeBrImiana
10 KoMt .

[TonyuyeHHbIe pe3yabTaThl (puc. 5, a) olieHKH YucieHHocTH ['B B Mukpore-
puduTOHEe MaKpooOpacTaHWW MOKa3ald, YTO HA CT. 1 MakCUMyM YHCICHHOCTH
(2.5-10° kn.-rY) T'B, CBUAETENBLCTBYIOMIMI O JOCTATOYHOM KOJIMYECTBE JIETKOYCBO-
sIeMOM OpraHWKH, OTMEYEH B Maiickoil mpoOe. B mocnenyromux omnpeneneHUIX
uncnennocts I'B cocrapsna 9.5-10° kin.-v 2. Ha cr. 2 uncnennocts I'B B maiickoii
¥ OKTAOPBLCKOM mpobax Kosebanack B npenenax 2.5-10* — 4.5.10* kn.-r't, B urone
yucino ['b yMeHbmminochk Ha mopsinok. Hanbonpmmii mokaszarens ynciaeHHoCcTH ['b
Ha CT. 2, KaK ¥ Ha CT. 1, onpesiesien B Maiickoii mpo6e (4.5-10% k.-t 1),

YOB BwicessHBI U3 Bcex NpoO oOpacTtanuii ¢ 0003HAYEHHBIX CTAHIIHHA
(puc. 5, b). Ha o6eux cranumsx nuana3oH uncieHnoctd YOB BapbupoBan ot 95
1o 2.5-10% k.-t OnHako Ha cT. 1 HauMeHbIIMiA noka3arens (95 ki.-rt) YOBb
OTMEYEeH B MaiCKoi mpobe, B ocTanbHbIX Ipobax cT. 1 uncno YObB konebanoch
B mpegenax 1.5-10% — 2.5-10% ki.-r . B o6pacranusx misbka (CT. 2) MakCUMyM
(2.5-10% k.-t 1) nonyuen B mrone, murumyM (95 ki1.-rt) — B okta6pe. Jlons YOB
ot I'b B mronbckux mpobax cT. 1 cocrasmna 1.6 %, ct. 2 — 2.6 %, B ocTambHBIE Me-
canpl gonst YOb Ha obGenx cranmusax Obuia meHbine 1 %. [lomyueHnsple kommde-
cTBeHHbIe TIokazaTenu YOb B akBaTopun ypounina batunuman 3HAaYUTENEHO HIXKE
AHAJIOTMYHBIX 3HAYEHWH B MHKpOIEpU(pUTOHE MOJOB akBatopuu CeBacTorods,
HCTIBITHIBAIOIINX CYIIECTBEHHYIO aHTPOIIOI'C€HHYIO HAarpy3Ky [34].
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Fig. 5. Dynamics of the abundance (cells-g?) of hetero-
trophic (a), hydrocarbon-oxidizing (b), lipolytic (c), phenol-
oxidizing (d) bacteria in the fouling
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JIB BoisiBnensl B 100 % npod obpactanuii co ct. 1 u 2 (puc. 5 ¢). Ha ct. 1 umc-
0 JIb xonebanock B npenenax 45-95 kin.-r?, Ha cr. 2 muanason uucnennoctyu JIb
cocrapisn 25-450 k-1l HauGonbime mokasarenu uuciennoctu JIB Ha oGenx
CTaHIMSIX TONMY4YeHB B pa3rap KypopTHOro ce3oHa. B maiickoil mpobe Ha cT. 2
onpejiesieHa MUHUMaJbHAs uuciaeHHocts JIB (25 xim.-rt). B ocrambHbx mpobax
ct. 1 u 2 uncno JIB BapeupoBaio ot 45 10 95 kir.-r L.

@®OBb Ha ct. 1 B Mailickoil ipobe He BBICESITUCH, PE3YNbTATHI TOCIEIYIOIINX
HaOJIroIeHM Ha cT. 1 mokaszanu Bo3pactaHue yrcieHHOCTH DOB B UIOIBCKUX U OK-
TAOPLCKUX MPO0ax, COOTBETCTBEHHO 75 m 95 k.-t (puc. 5, d). Ha cr. 2 uncnen-
Hocts ®OB Bapeuposana ot 1 10 250 k.1t (puc. 5, d). Makcumym (250 k.1 1)
Ha CT. 2 OTMEYEH B HIOJBbCKOI MpoOe, MUHUMYM — B Mae, a B OKTSI0pe YMCICHHOCTb
®OBb B oOpacTaHMsIX TUISHKA CHA3HUIACH JI0 45 KIL-T L.

AHanu3 NaHHBIX MOKAa3al, YTO OTCYTCTBHE SIPKO BBIPRKCHHOTO IHKa YHC-
JIEHHOCTH Y CarpoQUTHBIX reTepoTpodHbIX OakTepuii (puc. 4, a) © OTMEUESHHOE
MOBBIIICHUE YTIEBOAOPOAHOrO (hoHa B UI0JIe HA C¢T. 1 (puc. 2) ¢ y4eTOM cOCTaBa
H-aJIKAHOB MOXKET OBITH CBS3aHO C MOCTYIUICHHEM BBICOKOMOJICKYJISPHBIX all-
JIOXTOHHBIX COEIMHEHHUH, KOTOPbIE B MEHBIICH CTEIEHH MOABEPKEHBI OaKTepu-
anpHOM aecTpykiuu [35]. [TocTyIieHre alNIOXTOHHOTO MaTepHaia MOKET ObITh
CBA3aHO C mporreAmumMu HakanyHe (21-23 wronst 2023 r.) ocaakamu (URL:
https://goodmeteo.ru/pogoda-batiliman-orlinoe-sevastopol/23-7/) u ocobennoCTSIME
pacIoyIo)KeHHsT CTaHIMK (BO3MOXKHOCTH CXOJ]a CEJIEBBIX MOTOKOB). [IporieHTHas
nonst YObB B uncnennoct I'b B oOpactannsx Ha o0enx cTaHIUsAX Oblla JOBOIHHO
HU3KOM W He mpesbimana 2.6 %, 4To COOTBETCTBYET IOKA3aTENsAM I YHCTHIX
akBatopuii V. IloyueHHbIe KoandecTBeHHbIe XapakTepucTuku YOB u JIB B o6pac-
TaHHUAX aKBaTOPHH ypouuina bartmimman Ha MccieayeMbIX y4acTKaX HAMHOTO HU-
YK€ aHAJIOTWYHBIX TOKazaTene mupka [omybas Oyxrta (akBaropusi CeBacTormons),
B TO ke BpeMs coaepxanue @POb HaMHOTrO BbILIE, YeM B nepuduToHe Tisbka 1 omy-
Oas Oyxra [32]. YBenuueHune YMCIEHHOCTH MHIUKATOPHBIX rpymmn 6akrepuit (YOBD,
JIb 1 ®OBb) Ha cT. 1 1 2 B ntone kKak B mpodax BoJbl, TaK ¥ B MUKpPOIIEpHU(UTOHE SIB-
JsIeTCS OTKIIMKOM MUKPOOHOTO COOOIIEeCTBa HA CE30HHBIE U3MEHEHHS B 9KOCUCTEME,
BKJIIOYAIOIIHE B ce0s1 M YBEIIMUYCHNE aHTPOTIOTeHHOI Harpy3ku Ha akBaTtopuro FOBK.

3akaoueHue

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

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

S Muwycmuna U. E., H]eenosa U. K., Muyxesuu Y. H. Mopckas MUKpoGHONOrus. BnaausocTok :
JIBI'Y, 1985. 184 c.
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C y4eToM yBEJIMYHUBAIOLICHCS aHTPONOr€HHOM HAarpy3Ku Ha 3TOT YYacTOK IO-

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

CIIUCOK JUTEPATVYPHI

1.

10.

11.

126

Kygmapxosa E. A., Kospueuna H. I1., booxo H. . OueHka ruipOXMMUYECKUX YCIIO-
Buit OyxThl Jlacnu — paiioHa KyJbTHBUpOBaHUs Muaunii // Dxonorust mopsi. Kues : Hay-
koBa aymka, 1990. Bein. 36. C. 1-7. EDN XWPRJN.

Opexosa H. A., Oscanvui E. M. Opranndeckuil yriepoa U rpaHyJIoMeTpUYECKUd co-
CTaB JINTOPAJIbHBIX MOHHBIX OTIOXeHUH OyxTel Jlactu (Yepnoe mope) // Mopckoit
ruapodusnueckuii xyprar. 2020. T. 36, Ne 3. C. 287-299. doi:10.22449/0233-7584-
2020-3-287-299

Skuratovskaya E., Doroshenko Yu. Complex application of microbiological characte-
ristics in bottom sediments and biochemical parameters of mussel Mytilus galloprovin-
cialis (Lam.) for assessing the ecological state of marine coastal areas // Pollution.
2022. Vol. 8, iss. 3. P. 1038-1048. d0i:10.22059/poll.2022.337948.1341

Escmueneesa U. K., Tankosckas U. H. MakpopurodeHTOC prOpekHON 30HBI baTimi-
Mana (YepHoe Mope, 3aka3HUK «MpIc Afis») // BectHEK TBEpCKOro rocyaapcTBEHHOTO
yauBepcureta. Cepust: bruonorus n sxomorus. 2018. Ne 4. C. 100-117. EDN YXEMJF.
doi:10.26456/vthio31

THooxopvimosa A. B., Baguna JI. X. Xumudeckunii coctaB OypbeIX Bogopocieir YepHoro
Mmopsi: poa Cystoseira, nepcriektusa ux ucronb3oBanus // Tpyast BHUPO. 2013. T. 150.
C. 100-107. EDN TFSJQH.

Kpasyosa A. B., Munvuaxosa H. A., @poumacveéa M. B. OCOOEHHOCTH HAKOTUICHUS
MHKPODJIEMEHTOB MakpoBojopociisiMi poaa Cystoseira w3 MPUOPEKHBIX aKBATOPHI
Kpsima (UepHOoe Mope) // DKOCHCTEMBI, HX ONTUMH3anusa U oxpaHa. Cumdepornons :
THY, 2014. Bem. 10. C. 146-158. EDN VKCZAB.

ITepciekTuBBl GopMupoBaHus 0c000 OXpaHIEMBIX NPUPOJHBIX TEppUTOpUi (dene-
panbpHOTO 3HaueHus B ropojae Cesactomnosie / H. A. Munbuakosa [u ap.] // 3anoBenHu-
ku — 2019: OGuonoruueckoe u JaHIMAaPTHOE pasHOOOpa3ue, OXpaHa W YIpPaBICHUE :
Marepwuans! IX Beepoccuiickoit HaydHO-TIpakTHIeckoil KoHpepenun, Cumpeponons,
09-11 oxtst6pst 2019 rona. Cumdepomnons : UT «Apuany, 2019. C. 68—74.

Hexopowee M. B., Ycc IO. A., Hlaranun B. K. XuMudeckuii coctaB OMOOTIOXKEHUH U
CKOPOCTb MX BBIJICIEHUS KyJIbTHBHPYEMBIMU MUIUAMHE // Dxosorus Mops. 1990. T. 36.
C. 37-41. EDN XWPROD.

Konuii B. I XapakTepucTUuKa TaKCOHOMUYECKOTO COCTaBa IMOJUXET B aKBATOPUHU
oyxtel Jlacu (Kpeim, UepHoe mope) // Becthuk MI'TVY. 2023. T. 26, Ne 1. C. 69-77.
EDN KABUJT. doi:10.21443/1560-9278-2023-26-1-69-77

Muponosa H. B., Ilanxeesa T. B. JlonroBpeMeHHblEe U3MEHEHHUs MPOCTPAHCTBEHHOTO
pacnpezenenus 3anacoB Makpo¢puros B Oyxre Jlacriu (UepHoe Mope) // DKOCHUCTEMBL.
2018. Ne 16. C. 33-46. EDN YTUSBF.

CaHnTapHO-O0MOIOTHYeCKask XapaKTePUCTHKA TPUOPEIKHON aKBATOPHH JAaHAMAPTHOTO
3akazHuka «Jlacnm» (UepHoe mope) / E. A. TuxonoBa [u np.] / Dxonoruueckas Oe3omnac-
HOCTh TIPHOPEKHON U 1Iesib(oBoii 30H Mopst. 2020. Ne 3. C. 95-106. EDN KLCMWN.
doi:10.22449/2413-5577-2020-3-95-106

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


https://doi.org/10.22449/2413-5577-2020-3-95-106

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Conosvesa O. B., Tuxonosa E. A., Muponog O. A. ConepxaHnue HEPTIHBIX YTIEBOIO-
poznoB B mpuOpexHbIX Bogax KpeiMckoro nomyoctpoBa // Y4ensie 3anmucku KpbmMcko-
ro ¢enepanpHOro yHHBepcuteTa mMeHu B. U. Bepranckoro. buonormsa. Xumus. T. 3,
Ne 3. C. 147-155. EDN ZWNBXF.

MOHHUTOPUHT KOHI[CHTpPAMK HE(TSIHBIX yTJIEBOJOPOJOB B MPUOPEKHBIX BOJAX
Kpsma / O. B. ConobeBa [u np.] / Boga: xumus u sxonorus. 2018. Ne 4—6. C. 19-24.
EDN XZUEOT.

Hoesuros A. A., Kawupuna E. C., Beroxous B. B. I'eonoro-reomMopdosorndeckue onac-
HBbIE TIpOLIECCHl KaK (aKToOpbl Yyrpo3 Ajsi 0c000 OXpaHsSEMbBIX MPUPOJHBIX TEPPUTOPUI
r. CeBactonosist / Dkosornueckas 6e30MacHOCTb MPUOPEIKHON U 111eNb(POBOI 30H U KOM-
IUIEKCHOE HCIOJB30BaHUE pecypcoB mmenbda. CeBactomons : DKOCU-T'unpodusnka,
2014. Bemm. 29. C. 61-69. EDN UXWYQT.

Meyers P. A. Organic geochemical proxies of palaeoceanographic, paleclimnologic, and
paleoclimatic processes // Organic Geochemistry. 1997. Vol. 27, iss. 5-6. P. 213-250.
d0i:10.1016/S0146-6380(97)00049-1

An analysis of organic matter sources for surface sediments in the central South
Yellow Sea, China: evidence based on macroelements and n-alkanes / S. Zhang
[et al.] // Marine Pollution Bulletin. 2014. Vol. 88, iss. 1-2. P. 389-397.
doi:10.1016/j.marpolbul.2014.07.064

Blumer M., Guillard R. R. L., Chase T. Hydrocarbons of marine phytoplankton // Ma-
rine Biology. 1971. Vol. 8, iss. 3. P. 183-189. d0i:10.1007/BF00355214

An n-alkane proxy for the sedimentary input of submerged/floating freshwater aquatic
macrophytes / K. J. Ficken [et al.] // Organic Geochemistry. 2000. Vol. 31, iss. 7-8.
P. 745-749. doi:10.1016/S0146-6380(00)00081-4

L(U) X., Zhai S. The distribution and environmental significance of n-alkanes in the Chang-
jiang river estuary sediments // Acta Scientiae Circumstantiae. 2008. Vol. 28, iss. 6.
P.1221-1226.

buonormyeckre acmekThl HEQTIHOTO 3arps3HeHUs Mopckol cpenwsl / Ilom pen.
O. T'. MuponoBa. Kues : HaykoBa mymka, 1988. 247 c.

Bopowunosa A. A., /luanoea E. B. Oxucnsroniye HeTh OGakTepuu — IoKa3aTesn HH-
TEHCUBHOCTH OMOJIOTUYECKOTO OKUCIICHHSI HE(TH B NMPHUPOAHBIX YCIOBUsX // Mukpo-
ouonorus. 1952. T. 21, Ne 4. C. 408-415.

Epmonaes K. K., Muponog O. I'. Ponb ¢eHonpa3pymanux MUKPOOPTaHIU3MOB B TIPO-
necce nectpykunu denosna B UepHom mope // Mukpobuonorus. 1975. T. 44, Ne 5.
C. 928-932. EDN KWMELJ.

Tawnvikosa H. A., Kyxkaun A. I1., bazaposa b. b. TlepBudaHast IpoXyKIust GUTOIUIAHK-
TOHA, AMHU(UTHBIX BOAOPOCIEH M BBICIINX BOAHBIX PACTEHHH B MPOTOKAX AEIBTHI PEKU

Cenenru // Bectauk Kpacl’AY. 2009. Ne 9. C. 106-112. EDN KYFJHT.

Yadnez-Arancibia A., Day J. Ecological characterization of Terminos Lagoon, a tropical
lagoon-estuarine system in the Southern Gulf of Mexico // Oceanologica Acta. 1982.
Vol. 5, iss. 4. P. 431-440.

Hemuposckas U. A. HedTb B OKkeaHe (3arpsi3HEHUE W MPUPOJIHBIC MOTOKU). MOCKBa :
Hayunsrit mup, 2013. 432 c.

Nishimura M., Baker E. W. Possible origin of n-alkanes with a remarkable even-to-odd

predominance in recent marine sediments // Geochimica et Cosmochimica Acta. 1986.
Vol. 50, iss. 2. P. 299-305. doi:10.1016/0016-7037(86)90178-X

Dxonorudeckas 6€30macHOCTh MPHOPEKHON U Menb(hoBoi 30H Mopst. Ne 1. 2024 127



27. Ce30HHAs U MHOTOJICTHSISI M3MEHYHMBOCTh (DUTOMIAHKTOHA B HepHOM MOpeE Mo JaH-
HBIM JJUCTAHIIMOHHOTO 30HANPOBAHUS U KOHTAKTHBIM U3MEpEeHHEM Xiopoduiuia A /
C. B. Bocrokos [u ap.] // Jokmager Akamemun Hayk. 2019. T. 485, Ne 1. C. 99-103.
EDN RKUJZH. doi:10.31857/S0869-5652485199-103

28. Hemupoeckasi . A. PactipeneneHie u NpOUCXOXKACHNE YIIIEBOJIOPOIOB Ha TPAHCAPKTH-
geckoM paspese depe3 Mops Cubupu // Oxeanonmorms. 2021. T. 61, Ne 2. C. 209-219.
EDN SIQDEG. d0i:10.31857/S0030157421020155

29. Bieger T., Abrajano T. A., Hellou J. Generation of biogenic hydrocarbons during a spring
bloom in Newfoundland coastal (NW Atlantic) waters // Organic Geochemistry. 1997.
Vol. 26, iss. 3-4. P. 207-218. doi:10.1016/S0146-6380(96)00159-3

30. Signicance of long chain iso and anteiso monomethyl alkanes in the Lamiaceae (mint
family) / X. Huang [et al.] // Organic Geochemistry. 2011. Vol. 42, iss. 2. P. 156-165.
doi:10.1016/j.orggeochem.2010.11.008

31. @unenxo 3. 3., Mancyposa U. M., Cycaun B. B. BpeMeHHas nuHaMuKa OHOMAacCHI
(UTOMIAHKTOHA B TIOBEPXHOCTHOM ciioe UepHOro Mops MO AaHHBIM CITyTHUKOBBIX
HaOmronenuit // Oxeanonorusa. 2022. T. 62, Ne 3. C. 416-427. EDN NEKDHS.
d0i:10.31857/S0030157422030042

32. Jlopowenxo FO. B. Ouenka coctossHUS ['0my00ii OyXTHl B JICTHHIA MEPHO IO MUKPO-
OHMOJIOTHYECKUM TTOKa3aTelsiM // AKTyallbHbIE BOIPOCHI OHOJIOTUIECKON (DU3UKU U XH-
mun. 2018. T. 3, Ne 4. C. 892-896. EDN YLQROX.

33. Cmyoenuxuna E. H., Toroxounuxoea JI. U., Bonosux C. II. MukpoOuoiIornieckue
nporecchl B A30BCKOM MOpE B YCJOBHSIX aHTPOIOI€HHOTO BO3JeHcTBHA. MOCKBa :
OI'VII «Hanperdopecypebn», 2002. 168 c.

34. Jopowenko 0. B. MUKpoOHOJIOrHYECKasi XapaKTePUCTHKA THIPOTEXHUIECKUX COOpYKe-
HHUH HEKOTOphIX OyxT T. CeBacTomnois // AKTyabHbIE BOIPOCH OHOJOTHIECKON (PH3MKH
u xumun. 2022. T. 7, Ne 4. C. 645-649. EDN DLWWQQ. doi:10.29039/rusjbpc.2022.0576

35. Corner E. D. S. Pollution studies with marine plankton: Part 1. Petroleum Hydrocarbons
and Related Compounds // Advances in Marine Biology. 1979. Vol. 15. P. 289-380.
doi:10.1016/S0065-2881(08)60407-1

Mocrynmna 30.11.2023 r.; ono6pena mocine penensupopanus 10.12.2023 r.;
npuHATa K myomukamun 27.12.2023 r.; omy6nukoBaHa 25.03.2024 r.

06 asmopax:

TuxonoBa Enena AngpeeBHa, Benymuii Hayunslil cotpynnuk, ®T'BYH OULL «HCTUTYT
ouosorun 10kHBIX Moper umern A. O. Kosanerckoro PAH» (299011, Poccus, r. Cea-
cromonib, np. Haxumosa, 2), kangugat Ouonornueckux Hayk, ORCID ID: 0000-
0002-9137-087X; Scopus Author I1D: 57208495804; ResearcherID: X-8524-2019; SPIN-
Koy 3786-7334, tihonoval@mail.ru

ConoBbéBa Oabra BuxkropoBHa, Beaymuii HayuHslit cotpyanuk, ®I'bBYH OUILL «ucTuTyT
ouonorun roxHeIx Moperr umenn A. O. Kosaneckoro PAH» (299011, Poccus, r. CeBacrto-
moJib, mp. Haxumoga, 2), kanauaar ononoruueckux Hayk, ORCID ID: 0000-0002-1283-4593;
Scopus Author ID: 57208499211; ResearcherID: X-4793-2019; SPIN- koxa: 3114-7955,
kozl_ya_oly@mail.ru

Bypmusin Haraausi BuraiabeBHa, ctapmmii HayuHslid coTpyaauk, , ®IT'BYH OULL «nctu-
TYT Ouosiorun 1xHbIXx Mopeit umenu A. O. Kosanesckoro PAH» (299011, Poccusi, 1. CeBacro-
ok, ip. Haxmmoga, 2), karauaar omonormdeckux Hayk, ORCID ID: 0000-0001-8030-1556;
Scopus Author ID: 57208497483; ResearcherlD: AAD-1704-2022; SPIN-koxa:

5663-1151; burdiyan@mail.ru

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


mailto:kozl_ya_oly@mail.ru
https://www.scopus.com/authid/detail.uri?authorId=57208497483
https://publons.com/researcher/AAD-1704-2022

Trkavenko FOuusa CepreeBna, mnaamuii Hayunslii cotpynanuk, ®I'bYH OULL «MuctutyT
ouonoruu rxHEIX Mopel umenn A. O. Kosanesckoro PAH» (299011, Poccus, r. Ceacro-
nonb, np. Haxumoma, 2), ORCID ID: 0009-0001-1752-1043; Scopus Author ID:

58714919700; SPIN-kon: 9716-311, yulechkatkachenko.90@mail.ru

Jopomenko KOst BanepbeBHa, Hayunsiii cotpyanuk, ®T'BYH ®UILL «Mucturyt 6nomo-
run 10xHbIX Mopeit umenn A. O. KosaneBckoro PAH» (299011, Poccus, r. CeBacTomnoss,
mp. Haxumosa, 2), kangumat Omonorudecknx Hayk, ORCID ID: 0000-0003-0498-3369;
Scopus Author ID: 57211643141, ResearcherID: AAD-1706-2022, SPIN-koa: 3643-9300,
Author ID: 1020468, julia_doroshenko@mail.ru

I'yceBa Ejena BiiaamMupoBHa, Miaamuil Hayusslil corpynauk, ®I'bYH OUILL «HCTH-
TyT 6monoruu 10xHbIX Mopeit mmenu A.O. Kosanesckoro PAH» (299011, Poccus, r. Cea-
cromounb, np. Haxumosa, 2), Author ID: 963363; Scopus Author ID: 57208488324;
SPIN-code: 9270-4789, guseva_ev@ibss-ras.ru

Anémos Cepreii BukTopony, Benymuii Hayusslii corpyanuk, ®TBYH OUL «acTHTYT
ononornu 10>kHBIX Mopeit umenu A.O. Kosanesckoro PAH» (299011, Poccus, r. CeBacTomnons,
np. Haxumona, 2), kauaunar ouonorudeckux Hayk, ORCID ID: 0000-0002-3374-0027;
Scopus Author ID: 24070027300; Author ID: 658344; SPIN- kox: 3372-5637,
alyomov_sv@ibss-ras.ru

3asenennviil 6x1a0 asmopos.

Tuxonosa EjleHa AHIpeeBHa — IOCTaHOBKA IIeJIEH U 3a71a4 KOMIIJIEKCHOTO UCCIIEIOBAaHUS,
0160p 1Mpob BoAbI, 00pacTaHKUi, HATMCAHNE PYKOIIHCH

CogoBbéBa Obra BUKTOpPOBHA — aHAIN3 MOJYYEHHBIX PE3YNIbTATOB M0 YIIIEBOAOPOIHO-
MY COCTaBY BOJIbl, 00CYKACHHE Pe3yIbTaTOB, HAIIMCAHUE CTAThH

Travenko FOausa CepreeBHa — mpo0OoIoaroToBka npod BOAbL, ONpeesieHne B Hell Kaue-
CTBEHHOT'O M KOJINUECTBEHHOT'0 COCTaBa YIJI€BOIOPOIOB, HAIMCAHHE U OPOPMIIEHHE CTaTbU

Bypausn Haraaus ButanbeBHa — MOCTaHOBKA 3a7]a4 MUKPOOHMOIOTHYECKOTO HCCIIEI0-
BaHWS, aHAJIN3 IIOJYYCHHBIX PE3yJbTaTOB MO MHUKPOOHOJIOTHYECKOMY HCCIEJOBAHHMIO,
o0CyXZieHHe Pe3yJIbTaTOB, HAIlMCAaHHE CTAaThH, MHUKPOOHOJIOTHYECKHe paboThl MO Orpese-
JICHUIO YMCIIEHHOCTH MHANKATOPHBIX TPYIIT OaKTepHii B Iepu(pUTOHE

Hopouenko FOuusa BanepseBHa — aHAIN3 TNOITYYEHHBIX PE3YJIBTATOB [0 MHUKPOOHOJIOTH-
YECKOMY MCCIIEIOBAHHIO, 00CYKJIEHUE PE3YIbTATOB, HAIMCAHUE CTAThH, MUKPOOHOJIOTHYE-
ckue paboThI 10 OTMPEAETICHUIO YHCIEHHOCTH HHANKATOPHBIX TPy OaKTepuii B BOJE

I'yceBa Enena BiragmmupoBHa — 000CHOBaHHUE HCCIIEOBAHMS, [TOJITOTOBKA JTUTEPATypPHO-
ro 0630pa, oToop nMpob odpacTtaHui, MOCTpOEHUE rPaPUIECKOro MaTepraa

Anémos Cepreii BuxktopoBnu — oT00p 1po0, omucanue cooOiiecTBa MakpooOpacTaHui
1 €r0 U3MEHEHUI B pa3In4HbIe IepHUobI MPoO0oTOOpa

Bce aemopul npouumanu u 0006puiu 0OKOHYAMENbHYIN 8APUAHT PYKONUCU.
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