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AHHOTANHSA

[NoBbIieHUEe YpOBHS TPOMHOCTH aKBATOPHH SBISACTCA ONHUM M3 HEONArONPUATHBIX IT0-
CJIC/ICTBUI aHTPOIIOT€HHOTO BO3/ICHCTBUSI HA HKOJIOTHYECKOE COCTOSTHUE MOPCKOH CpEIlbl.
[MpruunHO# 3BTpOoUpOBaHUS BOZOEMOB YacTO SIBISIETCS W30BITOYHOE TTOCTYIUIEHHE B HUX
OMOTCHHBIX BEIICCTB U JICTKOOKUCIIIEMOW OPTaHUKH, TJIABHBIM HCTOYHHKOM KOTOPBIX SIB-
JISIFOTCSL PEYHOM CTOK M CTOYHBIE BOJBI. OCHOBHas 1e7Ib pabOThl — OMNPENENNTh CE30HHbIC
N3MEHEHHsI TPO(YUUECKOr0 COCTOSHHS BOJ B paiioHe JIMMEHCKOro 3airBa Ha OCHOBE JaH-
HBIX, TTOJy4E€HHBIX C TIOMOIIBIO YHCIEHHOr0 MojienrpoBanus. HeoOxomumMele st pacuera
nHJIeKca TPO(HOCTH JaHHbIE BBIYHCIISUIUCH 10 OJJHOMEPHOMY BapHaHTy MOJENH KadecTBa
BONBI U e¢e Onoky 3BTpodukanuu. IlomydeH rogoBoil X0oa KOHIEHTpAIWu XJiopodria a,
a3oTa HUTPATOB M HHUTPUTOB, aMMOHUS, (pocdopa docdaToB, Kucaoposa it aKBaTOPUU
Jlumenckoro 3amuBa. Ha ocHOBe 3THX OMOreOXMMHYECKHX ITOKa3aTellell paccunTaH WH-
nekc TpodHocTH. Mccnenyemas akBaTopusi 00J1aIaeT XOpOIIUM Ka4ueCTBOM MOPCKHX BOJ
CO cpeHUM ypoBHEM TpodHOCTH. JIUIb B X0MoaHbBIH nepuon ¢ 1-ro mo 104-i u ¢ 356-To
1o 365-i pacueTHble THU MHIEKC HIDKE 4, YTO COOTBETCTBYET HU3KOMY YPOBHIO TpOdHO-
cti. MakcumanbHoe 3HaueHue uHpaekca (4.39) npuxoautcs Ha 247-i pacyeTHBIH JEHb,
MuHUMabHOE (3.82) — Ha 365-#1. Haubospimas koppensinus uHaekca TpoHOCTH HaOIr01a-
ercsi ¢ KoHIeHTpaiuei xinopopumna a (r = 0.84), munepassHoro azora (r = 0.80) u obiiero
¢docdopa (r =0.78). PacueT OTHOCHTEIBHOTO BKJIaJla KOMIIOHCHTOB, BXOJSINUX B pacdeT-
Hyo ¢Gopmyny uHaekca E-TRIX, moka3an, 4To OCHOBHBIM (DaKTOPOM, OIPEACIISIOIINM
YpPOBEHb IBTpOUKaNUK BOJ JIMMEHCKOro 3aJIMBa, SIBIISETCS KOHIEHTpAIUs MHHEPaIbHbBIX
¢dopm azora. JlaHHOE MCCiIEIOBaHHE MOXET MCIIOJIB30BATHCS IPU MOHUTOPHHIE 30H, B KO-
TOPBIX OTOOP MPOO HA MECTE TPYIHO OCYIICCTBUTH.

KuaroueBsie ciioBa: tpoduocts, E-TRIX, JIumeHckuii 3a1uB, OMOreoXMMHUYECKOE MO/ICITH-
poBanue, xnopoduin a, oomuit pocdop, MuUHEpaNBHBII a30T
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© Crnemnuyk K. A., Xmapa T. B., 2024

Konrent nocrymen o suuensun Creative Commons Attribution-Non Commercial 4.0
International (CC BY-NC 4.0)
This work is licensed under a Creative Commons Attribution-Non Commercial 4.0
International (CC BY-NC 4.0) License

106 Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2024



Jas nutupoBanusi. Crenuyxk K. A., Xmapa T. B. YpoBeHb Tpo(pHOCTH aKBaTOpHUHU
JInmenckoro 3anmBa (FOxusrit 6eper Kpeima, Yepaoe Mope) // Dkomnorudeckast 6e301MacHOCTb
npudpexHoi u menbdosoit 308 Mops. 2024. Ne 4. C. 106-116. EDN OSAFQO.

Trophic State of the Limensky Bay Water Area
(Southern Coast of Crimea, Black Sea)

K. A. Slepchuk *, T. V. Khmara

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

Abstract

Increase in the water area trophic state is one of the unfavourable consequences of anthro-
pogenic impact on the ecological state of the marine environment. The cause of water
body eutrophication is often an excessive input of nutrients and easily oxidisable organics,
the main source being river runoff and sewage. The main aim of the work is to determine
seasonal changes in the trophic state of the Limensky Bay water area based on numerical
modelling data. The data required to calculate the trophic state index were derived using
a one-dimensional version of the water quality model and its eutrophication block. The an-
nual course of chlorophyll a concentration, nitrate and nitrite nitrogen, ammonium, phos-
phate phosphorus and oxygen was obtained for the Limensky Bay water area. The trophic
state index was calculated from these biogeochemical indicators. The sea water in the study
area is of good qualitx and its state was mesotrophic. Only in the cold period on the 1%
104™ and 356"-365" model days, the index was below 4, which corresponds to
an oligotrophic state. The maximum index value (4.39) was on the 247" model day and
the minimum value (3.82) was on the 365" model day. The best correlation of the trophic
state index was observed for the concentration of chlorophyll a (» = 0.84), mineral nitrogen
(r = 0.80) and total phosphorus (r = 0.78). The calculated relative contribution of the com-
ponents, included in the calculated formula of the E-TRIX index, showed that the main
factor determining the eutrophication level of Limensky Bay waters was the concentration
of mineral forms of nitrogen. This study can be used for monitoring the areas where in situ
sampling is difficult.

Keywords: trophic state, E-TRIX, Limensky Bay, biogeochemical modelling, chlorophyll «,
total phosphorus, mineral nitrogen
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Beenenue

IOxubIit Oeper KpeiMa sBiseTcs TeppuTOpHEH, obmanaromeid YHHKaIbHBIM
peKpeannoHHbIM MoTeHIInaioM. OHaKO TypuCTHYeCcKas IeSTeNTbHOCTh OKa3bIBaET
BITUSHIE Ha DKOJIOTHYECKYI0 cuTyanuio B peruone. B Kpbimy, ocoO0eHHO Ha r0k-
HOM M00epexbe, IKOJIOTHIECKIE PUCKA B CBOE BpEMs BO3HUKIHN H3-3a Oeccuc-
TEMHOH IJIAHUPOBKH TOPOAOB, B KOTOPOW HE OBUIM YUYTEHBI HamOoJee Ba)KHBIE
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JUTSL 9KOJIOTHYECKOT'0 COCTOSIHUSI TEPPUTOPHI BOMPOCH, BKITIOYasl ONMTHMHU3AIHIO
CHCTEMBI BOJOOTBEJICHNS, B TIEPBYIO OYepe/h JTUBHEBOW, TPAHCHOPTHYIO HH(]pa-
cTpyKTypy [1]. OCHOBHBIM UCTOYHUKOM 3arps3HEHUS MOPCKUX BOJI FOKHOTO TI00€-
pexbs KpeiMa siBisieTcs cOpOC CTOUHBIX BOJ OT KaHAJIM3AIMOHHBIX OYUCTHBIX CO-
OpPYXKEHHH M PeKpearlMOHHBIX KOMIUIEKCOB, TAKMX KaK CAHATOPHH, IOMa OTAbIXA U
MaHcUoHATHI [2]. B pasrap TypuCTHYECKHX CE30HOB BO3PACTAET PUCK IepeHacerne-
HUS IOOEPEXbsl, YTO HEN30SKHO MPUBEACT K 3arpsA3HEHUIO IUISHKHOM 30HBI U TIPU-
JIETAIONINX K HEell MOPCKHX aKBaTOPHH.

Pexpearmonnbie pecypchl TpUOPEKHON 30HBI MOPS 3aBUCST B OCHOBHOM OT Ka-
YecTBa MPUPOTHOHN cpefibl. B CBs3M ¢ 3THM Ha Fo)KHOM nodepexbe KpriMckoro m-osa
MIPOBOJIUTCS. MOHUTOPUHT aKBATOPUH C IIEIBIO OMPENEIICHUS COCTOSHUS SKOCHUCTEM,
TEHJCHIIUHA WX M3MECHYMBOCTH M BBIPAOOTKH PEKOMEHJIAIMH 10 PalMOHATHLHOMY
UCIIOJIb30BAHHUIO IPUPOIHBIX pecypcoB [2, 3].

OnHuM U3 HEONArONPUATHBIX MOCJICICTBUN aHTPOIOTCHHOTO BO3JCHCTBUS
Ha SKOJIOTHYECKOE COCTOSIHHE MOPCKOW Cpelbl MOXKET OBITh MOBBIIICHHE YPOBHS
TpoHOCTH akBaTopuu. [IpuumHON >BTpO(UPOBaHUS BOJXOEMOB YaCTO SIBJISCTCS
M30BITOYHOE MOCTYIUICHUE B HUX OMOTCHHBIX BEIIECTB U JISTKOOKHUCIIIEMOH Opra-
HUKH, TJIABHBIM UCTOYHUKOM KOTOPBIX SIBJISIFOTCS PEYHON CTOK U CTOYHBIC BOJIBI,
Ybe BIMSHHUE HOCUT JIOKAJIbHBIN XapakTep. HeBo3MOKHO mogo0paTh 00LIHid METO
OLIGHKH YPOBHSI TPO(HOCTH JUIS pa3HbIX MOPCKUX akBaTopuid. B kaxkaom mcciesno-
BaHUM BBIOMPAETCS MOJX0/, 00YCIOBIEHHBIH BEIOOPOM TOKa3aTeleld U UX KoJInde-
CTBa MpPH pacueTax pPa3InYHbIX SKOJIOTHUUYECKHX WHAEKCOB C Y4ETOM OrpaHHUYEH-
HOro Habopa MU3MepseMbIX apaMEeTPOB M MOKa3aTeield MOPCKOU cpepl. Muaekc
TpoHOCTH dKOCcHCTeMbl £-TRIX OoCHOBaH Ha MOKa3aTelisax KOHIICHTPAIMH OCHOB-
HBIX OMOTEHHBIX 3JeMeHTOB (a30Ta M (ocopa), cTENEHH HACBHIIICHUSI BOIBI KH-
CJIOPOJIOM U KOHIIeHTpaluu xjnopodmia a. [Ipeumymectro E-TRIX 3akmouaercs
B UCIIOJIb30BAHUYU CTAaHJAPTHBIX XapPaKTEPUCTUK MOHUTOPHHTA, YTO MO3BOJISAET MPO-
BOJIUTh CPaBHUTENIbHBIN aHAJM3 TPOMHOCTU BOJ| PA3IMUHBIX MOPCKUX aKBaTOPHUI
W TIPH 9TOM J]aBaTh HE TOJNBKO KaueCTBEHHYIO, HO M KOJIMYECTBEHHYIO OLIEHKY CO-
CTOSTHUS BOJIOEMA.

B pasnuunbix nccnenoBanusax (Hampumep, [4]) unnexc E-TRIX paccuutsiBa-
ercs Ha OCHOBE JaHHBIX MOHUTOpHUHTAa. OIHAKO HE BCEr/a JOCTYIMHO JOCTaTOYHOE
KOJIMYECTBO HAOIIOAEHUH B Pa3HBIX TOUKaX MpocTpaHcTBa. C MOMOIIBI0 MaTeMa-
TUYECKOTO MOJCIUPOBAHUS MOXHO 3alOJHUTH MPOOENBl B JaHHBIX M OLICHUTH
COCTOSTHUE 9KOCHCTEMBI, YUUTHIBAsi H3MEHUUBOCTh €€ KOMIIOHEHTOB. Kpome Toro,
MaTeMaTH4YecKoe MOJAEIHPOBAHUE MO3BOJISIET MPOTHO3UPOBATH IBOJIOIUIO 3KOCH-
CTEMBI TIPY BO3ICHCTBUH MPUPOIAHO-KIMMATHICCKUX M aHTPOIIOICHHBIX (DAKTOPOB.

OOBbeKkTOM HCCliefoBaHUs Oblila BhIOpaHa aKBATOPHS, HAXOMSINASCSA TOX MHU-
HUMAaJIbHBIM TEXHOTE€HHBIM BO3JIEMCTBHEM U yAalleHHAs OT KPYMHBIX MPOMBIILICH-
HBIX CTOKOB, — JInMeHcKui 3aauB BOau3u nrr Kanusemnu.

Jlumenckuii (I'onmy0oit) 3a1uB pacnoioxker Ha FOxHoM Oepery KpeiMa Mexmy
mbicoM Kukuuenus u ropoil Komika. B roro-zamajgHoil yactu 3ajivBa HaXOAUTCS
cTalnMoHapHas okeaHorpaduueckas miardopma (puc. 1). OCHOBHBIMH HCTOYHHKA-
MU 3arps3HEHUs B 3aJIMBE SIBIITIOTCS CTOYHBIE BOABI mrT KarmmBenw m cOpocHast
TpyOa MCITONF30BAaHHBIX BOJ akBamapka «l omy0oit 3amuBy.

IMupponornueckast cTpykrypa Boza JIMMEHCKOTo 3aiiiBa B OCHOBHOM 3aBHCHUT
OT IPUOPEKHBIX TEUCHHH M WX HM3MEHUYMBOCTH. AHallN3 HATYPHBIX JaHHBIX
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33.98° 813399°  JIONHBIX BOJ, OOOTaIlleHHBIX OMOTE€HHBIMU
3NIEMEHTaMH, OKa3bIBaeT HanOONbIIee BIH-
SIHUE Ha CoAep)KaHWEe THAPOXUMHUYECKHX
KOMIIOHEHTOB B BECEHHE-JIETHUI MEPHOI,
B pesynbpTare BO3MOKHO YaCTHUHOE 3arpsi3HEHUE MPUOPEKHON 30HBI.

BOZ[I)I JInMeHCcKOoro 3anuBa SBJISIOTCS YHUKAJIbHBIMU IO XUMHUYECKOMY COCTa-
By. CozepkaHue pacTBOPEHHOT'O KUCIOpOJa HANpsIMyIO 3aBUCHT OT TeMIlepaTyp-
HBIX HOKa3aTeﬂ€I7[, IIpu IpPOABJICHUUN CTOHHBIX SIBJIGHUU €ro KOHICHTpard pPE3KO
BospactaeT (10 115 %) [6]. [uapoxuMHUUYecKre MCCIeIOBAHUS TOKA3aH HATHYIHNE
ABYX He6ﬂaFOHpI/IﬂTHbIX Y4aCTKOB C IMOHWXKXCHHBIM COACP)KAHUEM PAaCTBOPCHHOI'O
kucnopona (97 %) [7].

[TpuOpekHbIe BOABI B IIEIOM XapaKTEPU3YIOTCS YMEPEHHBIMU KOHIICHTPAITHS-
MU OMOTE€HHBIX dJIeMeHTOB. [IJis1 3TOro paiioHa XapakTepHO OTCYTCTBHE AeUINTA
docharoB (~ 0.1 MkM), maxke B MepHOA POCTa U Pa3BUTHs (PHUTOIUIAHKTOHA [8],
4TO, B CBOIO O4E€pPCIb, CBUACTCIILCTBYCT 00 aKTHMBHBIX JAVMHaAMHUYCCKUX IIpoIeccax,
CITOCOOCTBYIOIIMX MOCTYIUICHNIO (pocaToB M3 HIKEIEkKAIMX CIoeB Mops. KoHIieH-
Tpanusd q)OpM a30Ta, MO JaHHBIM BBIIIOJJTHCHHBIX I/ICCHC[IOBaHI/Iﬁ B PCKpPCALIMOHHBIX
3oHax FOBK, xapaxreprsoBaiach CpaBHUTENbHO HU3KUMU 3HadeHUAMH (0.2 MKM).

C mapta 2010 r. mo mapt 2012 r. B JIMMEHCKOM 3aJMBE BBITOIHSUIICH KOM-
TUTEKCHBIE DKOJOTUYECKUE MCCIEOBaHMS B pailoHe MUIMIHO-YCTPUIHOW (PepMBl,
KOTOpas pacroiiokeHa Ha TpaBep3e M. Kukunens (puc. 1). AHanu3 MOIydeHHBIX
JTaHHBIX Tokaszan [9-11], yTo B mepuo/ uccieoBaHuid B pailoHe (hepMbl THAPOXU-
MUYECKAN PEeKUM XapaKTePH30BAJICS XOpOIIeH al’paleid TONIIM BOJ, OTHOCH-
TCJIIbHO HU3KHUM COACPKAHUEM OMOreHHBIX BCHICCTB U HC3HAYUTCIILHBIM aHTPO-
ITOTCHHBIM TTPECCOM. DKCTpeMaIbHO BRICOKas Temmeparypa Boabl (6omee 26 °C)
B ntojie — aBrycre 2010 r. onpenenuia HU3KME KOJIUYECTBCHHBIC MOKa3aTeIN (u-
TortankToHa (20 mr/m). 3a mcciaeayeMblii IEPUOS HE OTMEUEHO XapaKTePHBIX
JUTSE TIPUOPEXKHBIX BOJI TIEPHOJIOB IBETEHUS BOJBI, BHI3LIBAEMOTO pPa3BUTHEM
OTJENBbHBIX BUJIOB (DUTOIUTAHKTOHA. BhIcOKOE coJiepkaHre aMMOHUHHOTO a30Ta
(mo 30.3 MKr/i) B TeIUIbI MEPUOA rofa, 0 CPABHEHUIO C JAPYTMMH MHHEPATbHBIMU
(hopMamu a30Ta, 00YCIOBIEHO TPOIECCAMH IECTPYKIIMK OPTaHIMYECKOrO BEIIECTBA.

OcHoOBHas 11eNTb TAHHON pabOTHI — ONPEICITUTh CE30HHBIC M3MEHEHUS Tpodu-
YeCKOT'0 COCTOSIHHSI BOZ B paiioHe JInMeHCKoro 3ainmBa ¢ NCIOIb30BaHNEM WHIEKCA
E-TRIX Ha ocHOBe TaHHBIX, MOyYEHHBIX C TIOMOIIHI0 YUCIEHHOTO MOJIEITPOBAHNSI.

Puc. 1. Palion uccienoBanus

Fig. 1. Studyarea
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MatepuaJjbl 1 METOABI

Ouenka ypoBHS TpodHOCTH JINMEHCKOTO 3aIMBa MPOBOJUTCS C IIOMOLIBIO WH-
nekca E-TRIX. On npencrasnsier co0oil QyHKIHMIO, COAEPKALIYIO0 PACTBOPEHHBIN
KHCIIOpPOJ, MUHEPANbHBINA a30T, o0muii Gpocdop u xsopodumr a. CornacHo pabdote
[12], uanexc TpodHOCTH onpeaessiercs no Gopmyse

E-TRIX = (Ig[Ch-D%O-N-P] + 1.5) / 1.2,

rae Ch — xournentpanus xiaopodumia a, Mxr/im; D%O — oTkIoOHEHHE B aOCOMIOT-
HBIX 3HAYCHUSIX COAEPKAHUS pacTBOpeHHOro kuciopoaa oT 100%-Horo Hackliie-
Hust; N — KOHIIEHTpaIsl pacTBOPEHHOH (HhOpMBI MHHEPAIBHOIO a30Ta, MKI/i; P —
KOHIIeHTpaIws odmero gocdopa, MKI/II.

3nauenus unaexca E-TRIX moryt BapeupoBatbes ot 0 mo 10. B 3aBucumoctu
OT ATHX 3HAYCHUH CYIIECTBYET YEThIPE YPOBHS TpoQHOCTH: HU3KHH (< 4), cpemHuit
(4-5), BeIcOKMiT (5—-6) 1 04eHb BbIcOKH (6—10).

Ecnu nokazatens ypoBHS Tpo(HOCTH TPEBHIMIACT 6, TO UCCIIeayeMas aKBaTo-
pUsl COICPKUT BBHICOKHE KOHIICHTPAllUM OMOTCHHBIX BEIIECTB, 00JIalaeT HU3KOM
MPO3PavYHOCTHIO0, YTO MOXKET NMPUBECTH K TUIIOKCUU B MPHJOHHBIX CIIOSX €€ BOJI.
Ecnu nokazatens He Oonblie 4, To HAOMIOJAIOTCS HE3HAUYNTEIBHbBIC KOHIIEHTPAIN
OMOTCHHBIX 3JIEMEHTOB, XOPOIINH BO3JyX000MEH IO BCEH TOJNIIE U BBICOKAs MPO-
3pauHoCTh [13].

HeobOxoaumelie ajis pacuera unzaekca E-TRIX maHHBIC 0 KOHIIGHTpaIu XJio0-
poduiuta @, pacTBOPEHHOrO KUCIIOPOJAa, MUHEPAIBHOTO a3oTa, odmiero Gocdopa
BBIYHCIISUTMCH 110 OJIHOMEPHOMY BapUAHTy MOJISJIM Ka4eCcTBa BOJBI U €€ OJIOKY
sBTpodukanuu [14]. I[lepen pacuerom npoBoAMIach KATUOPOBKA MOJENTHU C HCIIOINb-
30BaHMeM JaHHbIX 32 2010-2012 rr. 0 KOHIIEHTpalul OMOMacchl (PUTOMIAHKTOHA
u3 pabor [9, 10] u KOHIEHTpAIIUU OMOrCHHBIX 3JEMEHTOB M KHUCJIOPOAa M3 Oa3bl
OKeaHOrpahUIeCKUX JaHHBIX MOPCKOTO THAPOPU3NICCKOrO HHCTUTYTA.

B kauecTBe BXOJHBIX MapaMeTPOB MOJIEIN UCIIOIb30BAIUCH METCOAaHHBIC:
CKOPOCTh W HAIPaBJICHHE BETpa C UHTEPBAJIOM B 4 4, TemIlepaTypa Bo3ayxa
C MHTEPBAJIOM B 3 4, (JOTOCMHTETUYECKU aKTUBHAS pajuallis 3a CYTKH, BIaKHOCTh
1 0aut o0avyHOCTH ¢ UHTEpBasoM 6 4. Taxke UCIONB30BATUCH TOJJOBOH X0/ TIPO-
3pavHOCTH, 3HAYCHHUS TEMIIEPATYPhl MOPCKOM BOJIbI, COJIEHOCTH, KOHI[CHTPAI[UU
(UTOIIAHKTOHA, OMOTEHHBIX 3JIEMEHTOB, KHCIIOpPOJa, oprannyeckoro gocdopa
W OPTaHHYECKOTO a30Ta, KOTOPHIE 3aJIaI0TCs Ha | STHBapsl pacyeTHOro roja.

Pe3yabTarnl

B tedenue pacuerHoro roma uaaekce E-TRIX usmensuics ot 3.82 mo 4.39
(cpenuee 4.09), 91O SABISIETCS MEPEXOTHBIM YPOBHEM TPOPHOCTH HCCIIECITYEMOMH
aKBaTOPHH OT HU3KOTO K CPEAHEMY M IOKa3aTeleM XOpOIIEro KadyecTBa BOJBI.
HaunGonbuiee 3HaueHue B 247-i pacyerHblil 1eHb (5 CEHTAOPS) COBIAMaeT ¢ OCEH-
HUM THKOM «IIBETCHHUs» (PUTOIUTAHKTOHA, HAaUMeHbliee — B 365-i1 (31 mexaoOps).
Co 105-ro mo 355-# pacueTHbId JIeHh TOKA3aTeIh OOMbIe 4, B OCTAbHBIC THH —
MeHbIe. ECIT TOBOPUTE O C€30HAaX, TO HAMOOIBIIHA CPEAHII MTOKa3aTeIh OCCHBIO
(4.22), naumenspIuii — 3umoit (3.96) (tabm. 1).

B pabote [15] paccumtbiBanca WHAEKC TPOGHOCTH MO HATYPHBIM JaHHBIM
B paiioHe JIMMEHCKOro 3aimiBa ¢ HCIONB30BaHUEM MOAU(PHUIIPOBAHHON (HOPMYIIBL.
ABTOpPBI BMECTO MHHEPAIHLHOTO a30Ta MCIIOIb30BaIM OOIIHI a30T W JOO0ABHIN
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Taomnuma 1. H3menenme mumekca E-TRIX
B 3aBHCHUMOCTH OT CE30Ha

Table 1. Change in E-TRIX index depending
on the season

Ceson / I[I/Iar[azovH Cpennee
3HAYCHMIA / 3HaueHue /
Season
Value range Average
3uma /
Winter 3.82...4.17 3.96
Becna /
Spring 3.82...4.20 3.98
Jleto /
Summer 3.91...4.36 4.19
Ocens /
Autumn 4.07...4.39 4.22

KOHIIEHTPAIMIO KPEMHUS B KaUECTBE MHOXKUTENS O]l 3HAKOM JIECATHUYHOTO JIOTa-
pudma. OOmmii a30T OBUT B3AT MO PeKOMeHaauu U3 padoTsl [16]. Konnentpaiwro
KpEMHHS aBTOPBI HccienoBaHus [15] Brirounnu B o0y (Gopmyny mis Oonee
TOYHOH OIIEHKM KauecTBa BOJbI, TAK KaK KPEMHHU SIBJISIETCS] BaXKHBIM OMOTE€HHBIM
anemenToM. [lostomy cpennee 3nauenune E-TRIX B Beimeykazannoit paborte He-
MHOTO BbIIIe (4.42), yeM B TIOJMy4YeHHBIX HAMH pe3ynbTarax. M3-3a oTCyTcTBUS
KpPEMHHS B UCIIOIB3YEMOM HAMH XUMHKO-OHMOJIOTHYECKOM OJIOKE MOJIETH KauecTBa
BOJI YHCIICHHO TIPOBEPHUTH PE3YINIBTAT, MOTY4YeHHBIH B padore [15] st JIumenckoro
3aJiBa, HE TPEICTABISCTCS BO3MOKHBIM.

Ha puc. 2 npezncrasieH rogoBoil X0/ moka3aTenst SBTPOPHUPOBAHUS C XJIOPO-
¢woM a, oomumM GochopoM, MUHEPaJIbHBIM a30TOM U OTKIOHEHHEM B abCONIOT-
HBIX 3HAYEHHSX COJIEpIKaHMs PacTBOPEHHOro kuciopoaa oT 100%-Horo Hackle-
Husa. HyxHO otmernuts, uto ¢ocdatsl, opranndeckuii ¢pochop, aMMOHUI HE UMe-
10T SPKO BBIPAKEHHOT'O CE30HHOTO X0/a. Y HUTPATOB K€ MaKCHMaJbHbIC KOHIICH-
TpaLuyu — B XOJOJHBIN HEpHOJ C AeKaOps M0 MapT, MUHUMAJbHbIE — B TEIUIBIN Te-
pHoA roaa, 4yTo OTpakeHo Ha pHc. 2, ¢. IlogoOHBIH pe3yibTaT OMUCaH aBTOPAMU
pabothl [9]. 3uMHEe MOCTYIUICHHE HUTPATOB OOYCIOBICHO KOHBEKTHBHBIM IEpe-
MEIINBAaHUEM BOJI, ICTHEE — AlIBEJUIMHTaMH. Y HUTPUTOB MaKCUMaIIbHBIC 3HAUCHUS —
B IIEPHO/I TOBBIIICHHON JMHAMHUYIECKON aKTHBHOCTH BOJI C ICKa0ps 1o MapT. B akBa-
Topuu JIMMEHCKOro 3ajiBa HET MPSMOTO BIHUSIHHS PEYHOTO CTOKA Ha 0Opa3oBaHUE
THIPOXUMHYECKOM CTPYKTYpBI, 94TO OTMeueHo B pabote [10].

Beut paccunTaH OTHOCHTENBHBIN BKJIaJ KOMIIOHEHTOB, BXOSIIUX B pacuer-
Hyto ¢hopmyny E-TRIX. Haunbonpmmii OTHOCHTEIHHBIA MTPOIIEHTHBIN BKIA B pac-
4eTHyIo (hopMyiry BHeC MUHEpainbHBIA a30T (44.48...51.88 %, cpeanee 3HaueHue
48.17 %), 3atreM Moxyib xiopoduia a (—38.71...—24.02 %, cpenHee 3HaUCHHE
—31.19 %), obmwuii dhochop (26.59...30.12 %, cpennee 3uauenue 28.32 %)
Y HAaMEHBIINA BKJIAJ C OTKIIOHEHHEM B a0CONIOTHBIX 3HAYEHHSX COAEPIKAHUS
pactBopenHoro kuciopona ot 100%-noro Haceimenus (19.44...28.49 %, cpennee
snauenue 24.09 %).
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Puc. 2. T'omoBoit xon unaexca E-TRIX (crutortas kprBast)
Y KOHIIEHTpaluy (IITPUXITYHKTHPHAS KpHUBas) xjopoduiuia a
(@), oburero docthopa (b), MmurepasbpHOrO a30Ta (C), HACHIIIE-
Hust Bog kuciopoaoM (d) B Bogax JIumeHckoro 3aiusa

Fig. 2. Annual variations of E-TRIX index (solid curve)
and concentrations (dashed-dotted curve) of chlorophyll a (a),

total phosphorus (b), mineral nitrogen (c), water oxygenation
(d) in the Limensky Bay waters
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Tabnaunma 2. OtHocurenbHbI BKIAA (%) KOMMO-
HEHTOB B pacueTHyto ¢popmyry E-TRIX

Table 2. Relative contribution (%) of the compo-
nents to the E-TRIX calculation formula

E-TRIX | D%O \ Ch \ N \ P
Max 2427  -2466 4463  27.18
Min 2386 -3836 51.88  29.86

B Tabn. 2 yka3aHBl OTHOCHUTENBHBIN BKJIAJ B MPOIEHTAX KOMIIOHEHTOB B pe-
3yJbTaTe pacyera mo QopMmysie Npd MHUHUMAIHLHOM M MaKCUMaJlbHOM 3HAYCHUU
rmokasarenst 3BTpodupoBanus. [Ipy MakCUMMaTbHOM 3HAYCHUM TOKA3aTellsl OTHOCHU-
TEJbHBIC BKJIQJbl MUHEPAIHLHOTO a30Ta W MOIYJS XJIOpohWla ¢ MUHUMAJBHBI,
a Mpy MUHUMATEHOM 3HadeHuH F-TRIX BKIAJBI 3THX KOMIIOHEHTOB MaKCHMAIbHEIL
[Momo6nsIit dakt ObuT onvicaH B crathe [17] mis CeBacromonbekoi u KOxHOM OyXT.

Ecnu B ucxonHo# opmyiie 3aMEHUTh THAPOXUMUYECKHIA mapamerp Ha 1 (T. €.
WCKJIIOYHUTH €ro u3 (DOPMYJIBI), TO UHACKC TPOPHOCTH MOXKET MO0 YBETUUHTHCS
(ecy MCKIIIOUUTh KOHIICHTPALUIO XJI0poduilia a), 1M00 YMEHBIIUThHCS (€CIH UC-
KJIFOUMTh KOHIIEHTpPAIUIO 001ero gpocdopa, MUHEPAILHOrO a30Ta, OTKJIOHEHUE B a0-
COJIOTHBIX 3HAYEHUSIX COMIEPKaHUsS pacTBOpeHHOro Kuciaoposa oT 100%-Horo Hackl-
menus) (puc. 3). M3 mpencraBiieHHOrO pUCYHKa BUIHO, 4TO 3HadeHue E-TRIX
OoJIblIe BCEro yMeHbInaeTcst (IIOYTH B JIBa pasa) MPU UCKIOUYCHUH MHUHEPAIHLHOTO
a30Ta, 4TO OYepeJHON pa3 MOKa3bIBaeT, YTO €ro BKIAJ] B pacyeTHYIO (hopMmyiy
B JJAHHOM PErMOHE MaKCUMaJIbHBIH.

0 30 60 90 120 150 180 210 240 270 300 330 360
Jlens roma

— E-TRIX 6e3 D%0O E-TRIX6e3 Ch —LE-TRIX06e3 N =— E-TRIX Ge3 P. E-TRIX

Puc. 3. Briax oTAENBHBIX THAPOXMMHYECKUX XapaKTEPUCTHK
B BenmuuHy E-TRIX

Fig. 3. Contribution of individual hydrochemical characteristics
to E-TRIX quantity
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Paccuutansl k03¢ uIHEHTH KOppensuuu Mexay mnokasatenem E-TRIX u ot-
KJIOHEHHEM B aOCOJIIOTHBIX 3HAYCHHAX COACPIKAaHUSI PACTBOPEHHOrO KHCIOPOJa
ot 100%-noro HackITeHNs, KOHIIEHTparuel oomero ¢pochopa, MUHEPATLHOTO a30Ta
u xjopodumna a. Hanbonpime 3HaueHns k03hHUIUEHTa KOPPEISLIUN TOTYydEHBI
¢ KoHIeHTpanuei xnopodpmmuia a (r = 0.84), munepansHoro azora (r = 0.80) u 00-
miero ocgopa (r = 0.78). C oTkiioHEeHHUEM B aOCONIOTHBIX 3HAUCHUSX COJCPKAHMS
pacTtBopeHHOro kucimopoaa ot 100%-Horo HackIeHus Koppensnus cnabas (r = 0.47).

3aki0uenne

MogenupoBanue OMOTeOXUMUYECKIX TTOKa3aTeneld JIMMEeHCKOro 3aimBa 1 Jajib-
HEWIMH pacuer MHAEKca TPOYHOCTH MOKA3ald, YTO KaYeCTBO MOPCKUX BOJI aKBa-
TOPHUH XOpoIllee C MEePEXOAHBIM OT HH3KOTO K CpelHEMY YPOBHEM TPOQHOCTH.
B xononusrit nepuon ¢ 1-ro mo 104-it u ¢ 356-ro mo 365-ii pacuernsie gau E-TRIX
HWXKe 4, 4TO COOTBETCTBYET HU3KOMY YPOBHIO TPO(GHOCTH, B OCTaJbHBIC pacyeT-
HBbIC THU — BBIIIe. MaKkcuMallbHOE 3HAUYEHHE MHJIEKCa MPpUXoAuTcs Ha 247-i pac-
4yeTHbIN aeHb (4.39), MunnManbsHoe — Ha 365-i1 (3.82). Hanbonbmas xoppensius
uHJIIeKca TpodHOCTH Habmogaercs ¢ KoHueHTpauuend xnopopmwmuia a (r = 0.84),
MuHepanbHOro aszora (r = 0.80) u obuero dgocdopa (r = 0.78). Pacuer orHOCH-
TEIBHOTO BKJIaJla KOMIIOHEHTOB, BXOJSIIMX B pacueTHyto ¢popmyny E-TRIX, mo-
Ka3all, YTO OCHOBHBIM (DaKTOPOM, OIPEIEISIOINM YPOBEHb 3BTPOMUKAIMH BOJ
JluMeHCKoOro 3a/IMBa, SIBISIETCS KOHIEHTPALUsl MAUHEpANbHBIX QopM a3ora. Takum
00pa3oM, MOJICIMPOBAHKUE IKOCUCTEM M JaibHermuii pacuer E-TRIX moxer mo-
MOYb B TIPOBEJCHUH OLIEHKH YKOJOTMYECKOTO COCTOSHUS B JAPYTUX BOJOEMaX, I'ie
JeATeIbHOCTh 110 0TOOPY MPOO HA MECTE TPYAHO OCYIIECTBUTh.

CIIMCOK JTUTEPATVPHI

1. TIpobGiaembl 30H IKOJOTHMYECKOrO pUCKA Ha MPUMOPCKUX Tepputopusx Kpeima /
H. M. Berpoga [u 1p.] / BuocepHas COBMECTUMOCTB: YEIOBEK, PErHOH, TEXHOIOTHH.
2019. Ne 2(26). C. 59-73. https://doi.org/10.21869/23-11-1518-2019-26-2-59-73

2. TlpobGseMbl cocTOsIHUS MOPCKOI OKpysKaromel cpeasl KpsiMckoro monyoctposa /
B. M. I'py3unos [u ap.] / Tpyasl ['ocynapcTBeHHOro okeaHOrpaUIeCKOro HHCTHUTY-
ta. 2018. Bem. 219. C. 124-151. EDN XSEMCL.

3. T'maponoro-rugpoXxMMHYECKUE XapaKTePUCTUKH NMpUOpexHbIX Boa KpriMa u HeoO-
XOJMMBbIE MEPOIPHITHS TI0 CHUKEHHUIO YPOBHS 3arpsi3HEHHs] PEKPEaLMOHHBIX 30H /
H. H. IpsixoB [u ap.] // Tpynsr ['ocynapcTBeHHOT0 OKkeaHOrpa(UIeCKOro WHCTUTYTA.
2020. Bem. 221. C. 163-194. EDN ZERYSO.

4. Cxypamosa I1. H., Xacanosa JI. H., Mycuna C. A. Ananu3 Tpoh)UuecKoro COCTOSHHS
BoJ r'yObl Ypa MotoBckoro 3anuBa, ryosl Jloneiinas Konbckoro 3amuBa u Kunbanh-
cKoro nponuBa MypmaHcKoit ooiactu ¢ momoinsto naaekca E-TRIX // PeiOHoe x0351ii-
ctBO. 2024. Ne 2. C. 26-34. EDN CDPEJR. https://doi.org/10.36038/0131-6184-2024-
2-26-34

5. Kysneyog A. C. CperHEMHOTOJIETHSISI CE30HHASI N3MEHYMBOCTh MTPUOPEKHOTO TEUCHUS
y lOxnoro 6epera Kpsima B 20022020 rogax // Mopckoit runpodu3ndeckuii sxypHas.
2022. T. 38, Ne 2. C. 151-164. EDN VKOPIF. https://doi.org/10.22449/0233-7584-
2022-2-151-164

114 Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2024


https://elibrary.ru/contents.asp?id=35196949
https://elibrary.ru/contents.asp?id=35196949
https://elibrary.ru/contents.asp?id=35196949&selid=35196962
https://elibrary.ru/contents.asp?id=35196949
https://elibrary.ru/contents.asp?id=35196949&selid=35196962

10.

11.

12.

13.

14.

15.

16.

17.

Eecmueneesa /]. C., Konopamves C. H., Memuxk-/[uronoéa B. B. JIluraMuka Kuciopona
B IIOBEPXHOCTHBIX BOJaxX NpHOpexxHOH 30HHI ['oy0oro 3a/MBa B BECEHHE-OCCHHUN
nieproz // Dxonorndeckasi 6€30macHOCTh MPUOPEKHON U METb(OBOI 30H U KOMITIEKC-
HOE HCToNb30BaHue pecypcos menbda. CeBacronons : IKOCU-T'napoduzuka, 2012.
Bem. 26, 1. 1. C. 310-316. EDN VUYZEZ.

I'maponoro-ruapoxuMudeckne W THUIPOONTHYECKHE XapakKTepHcTHKH Boj ['omyboro
3anmBa (moc. Kamusenw, centsiops 2002 r.) / C. Y. Konapatees [u np.] // Dxomornae-
cKkasi 6e30MacHOCTh NPUOPEXHOW M Menb(POBOH 30H U KOMITIEKCHOE HCIIOIb30BAHHE
pecypcos menbda. CeBacronons : DKOCU-T'mapopusuka, 2003. Ne 8. C. 119-131.
EDN ZAQMTJ.

I'omy6oit 3a7MB KaK MOJCITYTHUKOBBIHN ITOJTUTOH JUTSL OLIEHKH THAPOXUMHUYIECKUX XapaK-
TepucTuK B menbpoBeix obmactax Kpema / C. U. KonnpateeB [u mp.] // Mopckoii
ruapodusngeckuii xxypaai. 2016. Ne 1. C. 49-61. EDN VTPCZR.

Ilocnenosa H. B., Tpowenxo O. A., Cybb6omun A. A. VI3MEeHUHBOCTh KOPMOBOI 0a3bl
JIBYCTBOPYATHIX MOJUTIOCKOB B JIBYXJICTHEM IIMKIIC BBIPAIIMBAHHUS HA MUAUNAHO-YCTPHY-
Hoit pepme (UepHoe mope, ["omy0oii 3anuB) / Yuensie 3amucku KpbmMckoro denepalib-
Horo yHuBepcurera nmeHun B. U. Bepuanckoro buomorms. Xumus. 2018. T. 4 (70),
Ne 4. C. 148-164. EDN YTABKX.

Ctpykrypa (UTO- ¥ MEpPOIUIAHKTOHA B aKBATOPHHM MUJAUNHHO-YCTPUUHON (HepMbI
Ha (OHE pa3TMYHBIX THIPOJIOrO-THAPOXUMHUYUECKHX ycinoBuil (UepHoe mMope, HOxHbIi
oeper Kpema, [Nomy6oii 3amuB) / O. A. Tpormrenko [u np.] // Bompock! peiboigoBCTRa.
2019. T. 20, Ne 1. C. 93-106. EDN KREVAD.

Pe3ynbpTaThl KOMIUIEKCHBIX 3KOJOIMYECKHX HCCIEIOBaHMH Ha aKBaTOPHUHM MUIUIHO-
yerpuanoit pepmsl (omy6oii 3anuB, Kpeim, Uéproe mope) / O. A. Tporenko [u np.] /
Dxonornyeckasi 0e30MacHOCTh MPUOPEXKHOW M Menb(HOBOH 30H M KOMILIEKCHOE
ucnojias3oBanue pecypco meibda. CeBacronons : IKOCU-T'uapodusuka, 2012,
Bem. 26, 1. 1. C. 291-309. EDN VUY ZEP.

Characterization of the trophic conditions of marine coastal waters with special refer-
ence to the NW Adriatic Sea: proposal for a trophic scale, turbidity and generalized
water quality index / R. A. Vollenweider [et al.] // Environmetrics. 1998. Vol. 9, iss. 3.
P. 329-357. https://doi.org/10.1002/(SIC1)1099-095X(199805/06)9:33.0.CO;2-9

Moncheva S., Doncheva V. Eutrophication index ((E) TRIX) — an operational tool for
the Black Sea coastal water ecological quality assessment and monitoring // Interna-
tional Symposium “The Black Sea ecological problems”. Odessa : SCSEIO, 2000.
P. 178-185.

Hsanoe B. A., Tyuxosenxo IO. C. IlpuknagHoe MaTeMaTHYe€CKOE MOJICTUPOBAHUE
KayecTBa BOJI IIeIb(POBBIX MOpCKUX 3kocucteM. CeBacromnois, 2006. 368 c.

I'ybanos B. U., Poouonosa H. FO. [Ilnaruos TpopHOCTH BOI B paiOHE PaCIIOIOKCHHUS
MuauitHO-ycTpruHO# Gepmbl (Ueproe mope, Kpbim, [onyboii 3amuB) // CoBpeMeHHbIE
PBIOOX O3SIMCTBEHHBIE M AKOJIOTHYECKHE MPobieMbl A30B0-UepHOMOPCKOrO PErtoHa :
marepuanbl VIII Mexnynaponnoi kondepenuunn. Kepub, 23-26 urons 2013 r.
C. 146-151. EDN YRGBND.

Saroglia M., Cecchini S., Saroglia-Terova G. Review of regulations and monitor-
ing of Italian marine aquaculture // Journal of Applied Ichthyology. 2000. Vol. 16.
P. 182-186. https://doi.org/10.1046/j.1439-0426.2000.00271.x

Cnenuyk K. A., Xmapa T. B., Manvkosckasa E. B. CpaBHUTENbHas OICHKAa YPOBHSI
tpotdHOcTH CeBacromonbckoit u KOxHO# 6yxT ¢ ncnonb3oBanueM uuaekca E-TRIX //
Mopckoii ruapodusndeckuit xxypnan. 2017. Ne 5. C. 67-78. EDN ZQKYZT.
https://doi.org/10.22449/0233-7584-2017-5-67-78

Dkonoruveckas 6€30MacHOCTb TPUOPEKHON 1 11eNb(oBOI 30H Mopst. Ne 4. 2024 115



Iocrymuna 12.06.2024 r.; omobpena mocne peuensuposanus 30.07.2024 r.;
npuHsaTa K myonmukanun 18.09.2024 r.; omy6nukoBana 20.12.2024 r.

06 asmopax:

Craenuyk Kupa AnekcanapoBHa, MilaJinii HayIHBIH COTPYIHUK, Mopckoil ruapodpu-
suueckuii mHCTHTYT PAH (299011, Poccus, r. Cesacromons, yi. Kanuranckas, 1. 2),
ORCID ID: 0000-0001-5437-4866, ResearcherID: H-9366-2017, skira@mhi-ras.ru

Xmapa TatesiHa BukTopoBHa, Hay4HBIH COTpYyIHUK, MOpPCKOH THAPOPHU3NIECKUIl HHCTH-
tyr PAH (299011, Poccus, 1. Ceacromons, yiu. Kamuranckas, x. 2), Scopus Author ID:
6506060413, ResearcherID: C-2358-2016, xmara@mhi-ras.ru

3anenennviii 6Kk1a0 A8MOPo8:

C.]IEH‘-IyK Knpa AJIeKCﬂH}IpOBHa — IIOCTaHOBKa HpO6J’I€MLI, OPOBCACHUC YHNCIICHHBIX
OKCIICPUMCHTOB, 06pa60TKa 1 UHTCpHpETalusa pEe3yJIbTaTOB MOIACIUPOBAHUA, TOATOTOBKA
TCKCTA U rpaq)nqecmlx MaTCpuaJIoB CTaTbU

XMapa Tarbsana BHKTOpOBHa — aHaJIM3 U ONMCAaHUC PE3YJIbTATOB MCCICA0OBAHUA, IIOAT O-
TOBKa TCKCTa

Bce asmopwi npouumanu u 0000punu oKoHuamenbHbIl 8aAPUAHM PYKONUCH.

116 Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2024


http://www.researcherid.com/rid/H-9366-2017
https://www.scopus.com/authid/detail.uri?authorId=6506060413

	Аннотация
	Материалы и методы
	Результаты
	Заключение
	СПИСОК ЛИТЕРАТУРЫ
	Об авторах



