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Bsedenue

MsHoronetHsst 00pp0a ¢ XUMHYECKUM 3arpsI3HEHHEM OKpY’Karomien
Cpenbl TpHUBETa K TOMY, YTO €0 YPOBEHb CHH3MIICS, HO HE HACTOJBKO,
YTOOBI MBI TIOYYBCTBOBANN ceOs B OezomacHOoCcTH. OUeBUIHO, 9TO OOPHOY
HaJ0 MPOJOJDKATh, HO YK€ OTpabOTaHHBIE YHHBEPCAIbHBIC MPUEMBI HE
npuHOCAT ycnexa. CremoBaTesnbHO, HAO MEHATh TaKTHKY, Aenas ee 00-
Jee pa3HOOOpa3HOM, MPUCHIOCOOICHHON K N3MEHEHHSM COCTOSHHSA OKpY-
JKarollel cpeibl B MPOCTPAHCTBE M BPEMEHHU.

B Hacrosiiiee BpeMst AJ1sl OCHKH U HOPMHUPOBAHHSI 3arpsI3HEHUS OK-
pyXxaromeil cpeapl UCIONb3YIOTCS XMMUYEeCKHe U OHOJOrMYecKHe MoKa-
3aTed, HeIOCTATKU KOTOPBIX BCEM M3BECTHBI. XUMHYECKUE ITOKa3aTeNln
HETIOJIHBI, TaK KaK HE MOTYT OXBaTHTh BECh CHEKTP BEIECTB, IIPOU3BOIM-
MBIX XMMHYECKOH MPOMBIIIICHHOCTBIO, @ OWOJIOTHYECKHE IOKa3aTelH
Hecnenn(pUIHbI, TaK KaK HE MTO3BOJIIOT YBEPEHHO ONPENEIUTh XapaKkTep
XMMHUYECKOT'O 3arpsi3HEHUSL.

Ho 3T10 nonGessl, ocHOBHAs TpobiemMa COCTOUT B TOM, YTO XUMHYE-
CKHH CHTHaJ W OMOJIOTMYECKMH OTKJIMK Ha Hero (Ha30BeM HX 0a30BBIMHU
TOKCHKOMETPHUYECKAMH TOKa3aTensiMu, cokpameHHo bTII) He Bcernma
a/IeKBaTHBI IpyT Apyry. Kpome Toro, 3aBHCHMOCTh MEXly HUMH (KpHBast
«103a-3(eKT»), ycTaHOBIEHHAS B TabopaTopHbIX ycmoBusx (in vitro), B
neiicteurenbHOCTH (iN SitU) MOXeET He HAONIOATHCS WITH MCKAKATHCS MO
TOW MPOCTOW MPHUYMHE, YTO B PEANIbHBIX YCIOBUSIX 3arpsi3HUTENb U Opra-
HH3M BBICTYIAIOT HE OMH Ha OMHY, & K&Kl CO CBOMM OKPY)KEHHEM.

B3aumopeiictBue mpupoasl U o0IIecTBa Ha JaHAMA(THOM YpOBHE
ABJISIETCS TIPEJMETOM T'€03KOJIOTHH, TO3TOMY IapaMeTphbl, XapakTepH-
3YIOIIME COCTOSHHUE, pacrpefelieHne W JAWHAMUKY 3arps3HSIOIUX Be-
IIECTB B KOHKPETHBIX I'€OCHCTEMAX, NpeasIaraeTcss IMEHOBATh T'€09KO0JI0-
THYECKUMHU MTOKa3aTelsIMU 3arps3HeHNs OKpYyKaroleil cpenbl. B kauectse
KaHJIM/IaTOB Ha 3TY «POJIb» PACCMATPUBAIHCH TaK)Ke TEPMHUHBI «3KOJIOTO-
XMMHUYECKHE [MOKa3aTelIn» U «IKOJIOTEOXUMHYECKHE MOKazaTelIn», HO
OHH IUTOXO aCCOLMHUPYIOTCA C JIAHAMA(PTHBIM MOIX0I0M H TO3TOMY OBLIH
OTBEPTrHYTHI.



Jpyras cropoHa mapsl «3arpsi3HeHUE-0MO0Tay TaKXKe HE OCTalach 0e3
BHUMAaHHUA — TIapaMeTpbl KOHKPETHBIX 3KOCHCTEM, OIPECIIIONINe HX
PEaKIHio Ha XUMHYECKOE 3arpsA3HeHHE, NMpeiaraeTcsi IMCHOBATh ITOKa-
3aTeJIMHA BOCIIPHAMYHUBOCTH YKOCHUCTEM K 3aTPS3HCHHIO.

PaccmarpuBaeMbie BMecTe B JaHAMAGTHOM 0OpaMIICHUH ITOKa3aTe-
T 3arps3HEHUs Cpelsl M Peaknud Ha Hero OWOTHI MOYKHO HMEHOBATh
TE0IKOTOKCHKOMETPUIECKAMH ToKazaTensimu (cokpamenHo ['DTII). Ilo
Hamemy MHeHuto, ['OTII MoryT 4acTbhiO0 MOTECHUTH, YaCTbIO JAOMOJHUTH
BTII, caenate OophOy ¢ 3arps3HCHHUEM OKpYKalolIel cpeabl Oonee 3¢-
(heKTUBHOM.

B HacrosIieM ovepke ONMUCAHBI METOJIbI ONPEACICHUS U MPUMCHE-
HUS TCOIKOJIOTHUYESCKUX MOKa3aTelei 3arps3HeHus mopeid. Hexkoropeie u3
HUX MOKHO HEMOCPEICTBEHHO HCIIOIB30BATH MPUMEHHUTEIBHO K APYTHM
BOJHBIM O0BEKTaM, B MHBIX CIIydasX MOXET OBITh IIOJIe3eH OOIIHUil Mmo-
xoj. Creyer OTMETHTD, YTO B Psijie HAIIUX MPEABIAYINAX padOT METOIBI
OTIpeNeNIeHUs] TEOIKOJIOTHIESCKUX MOoKa3aTeileld MMEHOBAINCh METOJaMH
JIMarHO3a 3aTrPsI3HCHIS MOPEH, a CaMH 3TH TOKa3aTelld, COOTBETCTBEHHO,
HA3BIBAJIUCH TUATHOCTHYCCKUMH MIPU3HAKAMHU.

Mopst B kKauecTBe 00BEKTa MCCIICOBAHUI ObLTH BRIOPAHBI 0€3 KaKo-
ro-1mb0 yMBICIIA, TPOCTO MOTOMY, YTO M3YYCHUEM 3arpsA3HCHHS OHOTO
Hux — Kacnuiickoro — Mbl 3aHUMaeMcs yxke B TeueHue 15 ner. Marepua-
JIBI, UCIIOJIb30BaHHBIC B pabOTEe, B OCHOBHOM XapaKTePH3yeT 3arps3HCHHE
CesepHoro Kacnus — MeNKOBOJHON 4acTH MOpPS, KOTOPYIO MOXHO pac-
cMaTpHUBaTh Kak dcTyapuii peku Boaru (puc. 1).

Puc. 1 ®usuxo-reorpaduueckas kapra Kacrmiickoro mopst (A) 1 KocMudecknit
canmok Ceseproro Kacrus (B)
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Perynspuele HaOmoieHus1 3a 3arpsis3HeHnEM MOPCKo# cpenbl Cesep-
Horo Kacmust B 3TO BpeMs NIPOBOAWINCH B paMKax IOCYJapCTBEHHOI'O
MOHHUTOPHHTA: &) COCTOSIHHS M 3arpA3HEHUS MOPCKOI cpensl; ) BOIHBIX
O6mopecypcoB B 4acTu cpenbl ux oburtanms. OmHako OOIBINAs 4acTh MC-
TMIOJIL30BaHHBIX JTAaHHBIX ObLIA MOJNy4YeHa IPH MPOBEACHUH HHXECHEPHBIX
9KOJIOTHYECKUX M3BICKAHWI M MPOHM3BOJCTBEHHOIO KOJIOTHYECKOr0 MO-
HHTOPUHTA B pallOHaX IIOMCKA, PAa3BEIKH M Pa3paOOTKH MECTOPOKICHHUN
YIIIEBOJJOPOIHOTO CHIPBSL.

1. METOJIbI PACYETA TEOSKOJIOTMYECKHUX TIOKA3ATEJIEH
3ATPA3HEHHUA MOPCKOH CPEJJbI

1.1 @onosoe 3azpazuenue MopcKotl cpedsi

OnHUM U3 OCHOBHBIX I'€03KOJIOTHYECKUX IOKa3aTeseil 3arpsa3HeHUs
MOPCKOH cpenbl siBiseTcs (OHOBAs KOHIEHTpAIWs 3arps3HSIOIIETO Be-
mectBa. Ho 3T0 mosioskeHue crpaBeAIMBO TONBKO JUISL OJHOTO U3 3Haue-
HUHA TOHATUS (OHOBOrO 3arpsi3HEHHUs,, KOTOPOE€ HOCHT MHOT'O3HAuHBII
xapakrep. Tak, poH MOXKET BBICTYNaTh KaK BPEMEHHas MJIM NPOCTPAHCT-
BEHHasl KaTeropHs pa3nuuHOro macuiraba (tabn. 1). Kpome Toro, kak
SIBJICHHE JIOKAJIbHOTO Maciutaba, GOHOBOE 3arpsi3HEHHE MOXET paccMmart-
puBaThCs JIMOO KaK HOPMATHBHAs, JIMOO Kak peaibHas (poHOBas KOHICH-
Tparys.

Tab6muma 1
®DoHOBOE 3arpsi3HEHNE KaK SIBIICHUE PA3IMIHON KaTETOPUH U MacITada
Kareropus
Macirtab
epemenu npocmpancmea

KoHneHTpanust 3arps3HsIIommx

BEIIECTB B 5KOCHCTEMAX, MEHee
BCETO0 MOJIBEP)KEHHBIX aHTPOIIO-
TE€HHOMY BO3/eHCTBUIO **

Konuentpanus 3arpss-
T'noGanpHbIH HSIOIIHMX BEIIECTB JI0 TOSB-
nexust Homo sapiens*

KoHuenTparus 3arpsa3- KOHIEHTpauus 3arps3HsOHX
HSFOIIMX BEIIECTB B OKPY- BEHIECTB B JaHHOW MECTHOCTH,

JIoKaNbHBIH XKAIOIEeH Cpefie HaKaHyHe OOYCIOBIEHHAs MX IOCTYIUIEe-
MOSIBJIGHHSI HOBOTO MCTOY- HHMEM M3 BHEIIHHMX MO OTHOIIE-
HHKA 3aTrPs3HEHUS HHIO K HEil HICTOYHHKOB

*MHorue M3 3arps3HSIONMX BENIECTB, TAaKHe KaK YIJIEBOAOPOIBI M TSDKENbIe METaJUIBI,
CYIIECTBOBAJIM JI0 MOSIBJICHHS YeIOBEKa Pa3yMHOro, Oarojapsi KOTOpOMY MX HOCTYIUICHHE
B OKPYKAIOUIYIO Cpery pe3Ko ycunmiock. O JOMCTOPUYECKOM TI00abHOM (OHE CYIST 110
KOHIIGHTPALlMK 3arps3HSIOMINX BEIIECTB B KOHCEPBATUBHBIX 00BEKTaX (0CaJOYHBIX MOPO-
Jlax, JEMOBBIX KPEHaX M T.IL), JUI TSOKEIBIX METAUIOB HEPEIKO HCHONB3YeTCs KIapK —
CpEHsisl KOHLCHTPALHsl XUMHYECKUX 3JIEMCHTOB B 36MHOM KOpe WM APYrux reorpadude-
CKHX obonoukax 3emun (ruapocdepe, aTmochepe)

**B Poccrn MOHUTOPHHT (DOHOBOTO 3arpsi3HEHHsI OKPY)KAIOLICH Cpebl OCYIIECTBISETCS B
TOCYAapCTBEHHBIX OMOC(EPHBIX 3aMOBEAHUKAX
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HopmatuBHOW (hOHOBOW KOHIIGHTpAIMel HA3bIBACTCS KOHIICHTpA-
Ul 3arpsi3Hsromero BemectBa (3B) BOMM3M «Modamiero» MCTOYHHUKA
3arpsA3HEHUs, PACCUWTAaHHAS 10 CIEIUAFHON METOIMKE W HMEIoIIas
ocoboe mpenHazHaueHue. HopmaTuBHEINA (DOH HCIONB3yeTCs HpPU ycTa-
HOBJICHHUH TIPEIENIFHO TOIMyCTUMBIX BRIOPOCOB (COPOCOB) 3arpA3HAIONIETO
BEIIECTBA I «3arOBOPHBIIETO» MCTOYHUKA C YCIOBHEM, YTO KOHIICH-
Tpanus 3B B paccesHHOM BHIE B CyMMe C (OHOM HE JOJDKHA TPEBBI-
HIaTh NpeAeTbHO JOMYCTHUMYIO KOHIEHTPAIMIO, YCTAaHOBJIEHHYIO B COOT-
BETCTBHH C CAHUTAPHBIMU W/WIIN IPYTUMH TPEOOBaHHUAMHU.

B nmoBepxHocTHBIX Bojax cymu P® pacyer HOopMaTHBHOI (OHOBOH
KOHIEHTpaLuu MpoBoauTcst B cooTBeTcTBHM ¢ P/ 52.24.622-2001 «IIpo-
Be/ICHHE pacyeToB (DOHOBBIX KOHIIEHTPALNI XMMHUYECKHX BEIIECTB B BOJIE
BOo0TOKOBY. CornacHo nanHoMy PJl 3a (hOHOBYIO KOHIIEHTpAIMIO TIPHU-
HUMAeTCsl CTAaTHCTHYeCKH 00OCHOBaHHas (¢ BepositHOocThio P = 0,95)
BEpXH:A JOBEpUTENbHAS TPAHUIA CPEIHEH aprpMeTHIeCKO KOHIIEHTpa-
min 3B, paccumraHHO# mns Hambonee HEONMArONMPUATHBIX THAPOIOTHYE-
CKUX YCIIOBHH C TOYKHU 3PECHUS KAUeCTBA BOJBL.

CrieunanbHbId pyKOBOIALIMI TOKYMEHT AJIsl pacueTa HOPMAaTUBHOM
(dhoHOBOM KOHIICHTpanuu 3B B MOpcKkoiil Bose moka He pa3paboraH. B co-
OTBETCTBMM C MNpuHATEIMH B P® B 2010 r. caHuTapHO-3IHAEMHO-
JIOTHYECKUMHU TpeOOBaHMSIMHU K OXpaHe NpuOpexHbix Box Mopei (Can-
ITuH 2.1.5282-10) 3a (HhOHOBYIO KOHIICHTPAIIUIO HOPMHPYEMBIX BEICCTB
NPUHAMAETCS CpeAHee apu(MeTHYeCKoe 3HaueHHE KOHLEHTPALUH s
HauMeHee OJIaronpHsSTHOTO NepHo/a.

B Hacrosimee Bpems ['ocymapcTBeHHBI OKeaHOTpapHUUECKUA WH-
cturyt (TOUH) — metogmdeckuii nieHTp PO B oOxactH MOHHUTOpHHTA
3arpsi3HEHUsI MOpel — pekoMeHayeT 1o aHamoruu ¢ PJ[ 52.24.622-2001
UCIIONBE30BaTh B KauecTBe (POHOBOW KOHIICHTpAIMU HE cpeqHee apudme-
TUYECKOE 3HAUCHHE, a €r0 BEPXHIOI JOBEPHUTENBHYIO TpaHHIly. Kpome
toro, TONH pekomenayer npu pacuere POHOBOI KOHIIEHTPAIIMHA YUUTHI-
BaTh TpeOOBaHUs OQHUIUATLHON «MeToAuKU pa3paboTKH HOPMAaTHBOB
JIOITyCTUMBIX COPOCOB BELIECTB U MUKPOOPTaHU3MOB B BOJHBIE OOBEKTHI
JUId BOJOTMOJb30BaTeneil» (yTBepaeHa IpuKa3oM MUHHCTEpCTBA MpH-
ponubix pecypcoB P® Ne 333 ot 17.12. 2007 1.). B wacTHOCTH, COTIACHO
3TOH METOAMKE [UIss pacuera (DOHOBOW KOHIICHTPAIMU TOJIKHBI OBITH
BBIOpaHbl JaHHbIE HAOJIOJEHUH Ha CTAHIMAX, PAcIlOJI0KEHHBIX Ha pac-
CTOSIHUM 0OoJiee 5 KM OT BBIITyCKa CTOYHBIX BOJI.

W3 cka3aHHOTO ClieayeT, YTO B MOHSATHHM HOPMAaTHBHOTO ()OHOBOTO
3arpsi3HEHUs. €CTh JBa CYOBEKTUBHBIX MOMEHTA, OOYCIIOBJICHHBIE €Tro
IpeJHa3HauYeHUEeM, a UMEHHO, MpPUBA3KA K ONPEAEICHHOMY HCTOUHHUKY
3arpsizHeHus (pacueT (oHa MPOBOTUTCS IJIs 30HBI €0 BO3ACUCTBHS) U
OTpaHMYEHHE TI0 HEeOIarompHsTHBIM YCIOBHSM paccenBaHus 3B. Dtnx
CyOBEKTHBHBIX MOMEHTOB JIMIIEHO MOHATHE ()OHA, KaK KOHIIEHTPAIUH
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3B, cdopmupoBaBIeics HA TOW WM WHON TEPPUTOPHUH (AKBAaTOPHUH) 3a
CYET BHEIIHHX, PACIOI0KEHHBIX 3a €€ Mpe/ielaMi HCTOYHUKOB 3arps3He-
HUA. Takyro «O9HIIEHHYI0» OT CyOBeKTHBH3Ma ()OHOBYIO KOHILCHTPAIHIO
CJlelyeT MMEHOBaTh peasbHBIM (oHOM. Ho ee wamie Ha3bIBarOT MpUPOA-
HBIM (€CTECTBEHHBIM) (JOHOM, YTO Ha HAII B3TJII HEMPABHUIBHO, TAaK KaK
3arpsA3HEHUE 10 ONPEEICHUIO HOCUT aHTPOIIOTCHHBIN XapakTep (XOTh U
MOXET UMETh IPUPOIHBIC aHAJIOTH).

KomnpomuccoMm B JaHHOM ciydae SIBISETCS UCIOIb30BAHUE IS
0003HaueHUs1 pealbHOTO (POHA TepMHHA «reoXxuMmuyeckas (POHOBasI KOH-
HEeHTpalusD («reoXUMHIEeCKUi GOH»), NCXOSIIEe U3 TOTO OOCTOSATEINb-
CTBa, 4TO 3a pacIpelesieHHe 3arpsA3HAIONINX BELECTB B OKPYXKaroLIeH
cpele B OCHOBHOM OTBEYAIOT I'€OXUMHUECKHe Ipolecchl. 1 XoTs 3ToT
TEpPMHUH TOXE HE O4YEHb YHAadeH, TaK KaK OH OOJbBIIE MOJXOTUT IS Xa-
PaKTEpUCTHUKN TIOOAIBHOTO, a HE JIOKAIFHOTO (JOHOBOTO 3arpsi3HEHHS,
MBI OyJIeM TI0JIb30BaThCA UM Jajee.

Kak BHgHO, M3 BCeX NEPEUYHCICHHBIX BbINIE «()OHOB» IEOXUMHIE-
cKast ()OHOBasI KOHIIEHTPAIXS JIydIlle BCETO IMOIXOAUT HA POJIb T€0IKOIIO-
THYECKOTO IOKa3aTelsl 3arpsA3HEHHMs], IIOTOMY YTO TOJBKO OHAa XapakTe-
pHU3yeT €ro COCTOSIHHE B KOHKPETHBIX YCIOBHUSAX (B JAaHHOM MecTe U B
naHHoe Bpemsi). IlocienHee 0OCTOSATENBCTBO HAILIO OTPAXKEHHE B MPE-
JIO)KEHHOM HaMM TePMHUHE «IaHMa(THBINA (OH», HO 311eCh MBI OTOIBH-
HYJIA €r0 B CTOPOHY M PEIIWJIN BBIOpATh JydIllee U3 TOro, YTO €CTh, a He
npejyaraTh 4To-TO HOBOE.

TepMuH «reoXMMHUYECKUH ()OH» HCIOJIB3YETCSI B KIIACCUYECKON
TeOXUMHH (M3ydarolleil pacrpelieleHHe W MOBEJCHNE XUMHUIECKUX dJIe-
MEHTOB Treoc(epax 3eMiin) U B HKOJOTHIECKOH TeOXUMHH (3aHNMaIOIIeH-
Csl TeM K€ CaMbIM, HO TOJIBKO B OTHOIICHHUH TEXHO(PHIIBHBIX HJIEMEHTOB)
NPUMEPHO B OJHOM CMBICIIE, O3HAYAIOIIEM CPEAHIOI KOHIIEHTPALHIo,
CBONCTBEHHYIO JaHHOMY OOBEKTY B HOPMaJIbHBIX yCIOBUsIX. [Ipr 3TOM B
KJIaCCHYECKOH I'€OXUMHHU 332 HOPMAJIbHBIE YCIIOBUS IPUHUMAETCS OTCYT-
CTBHE B IpejesiaX JaHHOH MECTHOCTH MECTOPOXKICHHUH MOJE3HBIX HCKO-
MaeMbIX, a B 3KOJOTMYECKOH T'€OXHMHH — OTCYTCTBHE JIOKAJBHOTO 3a-
TPSA3HEHHs, KOTJa YPOBEHb COACPIKaHUS 3arpA3HAIONINX BEIIECTB B KOM-
MOHEHTAX CPeAbl ONPEeNAeTCS UCKIIOUUTENBHO UX MOCTYIJICHUEM U3-
BHE.

VYka3zaHHOE CXOJCTBO MO3BOJSET UCIONIB30BaTh Ul pacdyera reoxu-
MHYECKOro (hOHa 3arpsA3HSIOIIMX BEIIECTB METOABI, YK€ HCIIOJIb3yeMble
JUISL pacdyeTa TeOXMMHUUYECKOro (poHa XMMHYECKHX 3JIeMEeHTOB. B ciydae
HOPMAJIBHOTO pachpeseneHus 3a (oH NpUHHMaeTcst Moja (Jalle BCero
BCTpeyarolieecsl 3Ha4eHHE KOHIICHTpPAIMW) WK cpelHee apudmernue-
ckoe 3HadeHHe. [Ipy acuMMeTpUIHOM pacrpeneneHnn (Hampumep, Jor-
HOpMAaJIbHOM) ()OHOM CUMTAIOT CpefHee reoMeTpuieckoe 3HadeHue. Ile-
pen MpoBeAEHHEM pacueTOB PSAABI PEKOMEHIYETCS OYHCTUTh OT aHOo-
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MAJIbHBIX 3HAYCHUM, KPUTCPUEM JJIsl BBIJCICHHUS KOTOPBIX OOBIYHO CITY-
JKUT CpellHee KBaJpaTUIHOE OTKIOHEHHWE (CHMrMa), yMHOXeHHoe Ha 1, 2
i 3.

Jus ompenemenust GoHa O4YeHb BaKHA IMCKPETHOCTH H3MEpPEHUH
KOHIICHTPAIMH TOTO WJIM MHOTO BEIIECTBA B MPOCTpaHcTBe. Ecnm Toukw,
B KOTOPBIX MIPOBOJTUTCS OTOOP Mpo0, JalleKo yJAalleHBl IpYT OT IpyTa, TO
MOJKHO HE pasriIsifeTh aHOManmio. Ecim e 3TH TOYKH COWINCh B Kydy,
T0 ()OH OKa3bIBaCTCS HCKAKCHHBIM. [IpH NpaBUIIEHO OpPraHU30BAHHOM
oTOOpe Mpod U MOCIEIYIONIEM PaH)KAPOBAHUH PSJIOB M3MEPCHHBIX 3HA-
YCHUN aHOMAJIMU 3aHUMAIOT «KpaifHhe MecTay, pHuaaBas BCeMy pacripe-
JICTICHUI0 aCHMMETPHYHBIN Xapakrep. C y4eToM 3TOro 00CTOSATEIbCTBA HAa
poib (oHa OONBIIE BCEro MOIXOMUT CTATUCTUYCCKHU MapaMeTp: a)
00001Iatonii BCIO COBOKYITHOCTh JaHHBIX; 0) JIeKalIuid B IICHTPE pac-
MpeeTICHNS; B) HE3aBUCUMBIN OT KpalfHUX 3HAYCHHM.

W3 MareMaTn4ecKoi CTaTUCTHKH U3BECTHO, YTO CTPYKTYPHBIC CPEJI-
HHUE BEIMYMHBI (MOJa W MEIWaHa) MEHBIIE 3aBHCAT OT KpaWHUX 3Ha4e-
HUM, 9eM CTENCHHBIC CPEJHWE BEIWYHMHBI (CpeaHee apupMeTHIecKoe,
KBaJpaTHUECKoe, KyOMueckoe, TapMOHHYECKOe, reoMeTpuieckoe). Ecim
HUCXOAUTH U3 3TOI'0 U YUUTBIBATH, YTO JAaHHBIC, MOJTYUYCHHBIC IIPU I'€OXU-
MHUYECKUX ChEMKaX, KaK IMPaBUIIO, HIMEIOT aCHMMETPUYHOE pacipesernie-
HHE, TO pOJIb TEOXUMHYECKOro ()oHa JIOJDKHA OBITh OTJaHA MEJUaHe
(ueHTpy pamxupoBaHHOTO psifa). CrnenyeT TakKe MPUHITH BO BHUMaHUE,
YTO MPH HOPMAIBHOM paclpeNe/iCHUH cpelHee apu(MeTHIeckoe 3Haye-
HUE, MOJa U MEIMaHa PaBHBI APYT OPYTY.

WuTynnms, Kak ¥ MaTeMaTH9eCKre BBIKIAAKH, ITOJICKA3BIBACT, YTO
Me/InaHa MEHBIIEC BCETO 3aBHCHUT OT €ro KpailHWX 3Ha4eHWi. B cBs3m c
9THM, MBI PEKOMEHIyeM HCIIONB30BaTh UMEHHO €€ U  OIpPEIeIICHUs
(hOHOBOW KOHIIGHTPAITUH 3arps3HIIOIINX BEUICCTB B BOAE U JOHHBIX OT-
JOXCHUAX Moped. HamoMHUM, 9TO B JaHHOM Ciiydae pedb HAeT o (poHe
KaK IPOCTPAHCTBEHHOW KaTETOPWH JIOKAFHOTO MacmTaba (CM. BBIIIE
Tabs. 1). Ho MbI Bce paBHO MPOBENH CIICIHAIBHOE HCCIICOBAHUE, YTOORI
J0Ka3aTh NPaBUJIIBHOCTb HAICTO BI)I60pa. B kauectBe HUCXOOHBIX JAaHHBIX
IIpyU 3TOM HCHOJIB30BAJIM PAJibl KOHOECHTpAlMU MEAU B BOJIC HA IBYX II0-
nuronax B Kacrnuiickom Mope, Ha TIEpBOM U3 KOTOPBIX ISl €€ pacipesie-
JieHUs1 ObUTa XapakTepHa IMOJIOKUTENIbHAsE aCHMMETPHsl, & Ha BTOPOM —
OTpHIIATEIIbHAS.

Psimel maHHBIX TPEIBApUTENFHO PAHXUPOBAIKCH IO BO3PACTAHUIO.
IIpu mepBoii cxeMe YHCICHHOTO JKCIEPUMEHTA W3 PSAOB IOCIEAOBA-
TEJNBHO WCKIIIOYAJIOCh MO OJHOMY MaKCHMAallbHOMY (B IIEPBOM CIIydac)
WIA 10 OJHOMY MHHHUMAIbHOMY (BO BTOpOM cllydyae) 3HaueHHto. [Ipu
BTOPOW CXeMe IKCIEPUMEHTa B 00OMX CITydasX W3 PAaHKUPOBAHHBIX Psi-
JIOB HCKJTIOYAIKNCh MOOYCPEIHO CHAYaja MAKCHMAajlbHOE, 3aTeM MHHH-
MallbHOE 3HaueHHE, 3aTeM CHOBA MaKCUMaJIbHOE U T.[I.
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[ocne kaxaoro mara Juiss yKOPOUSHHBIX PSJIOB ONPEAEIsUIICE Me-
JMaHa, cpefHee apu(pMeTHIecKoe, CpeJHee TeOMETPUIECKOE 3HAUCHUE U
ko3 dummenT acummerpun. Pe3ymbTaThl SKCIEpHMEHTa NPUBEICHBI Ha
puc. 2, OHM OZHO3HAYHO YKa3bIBAIOT, YTO MEAMAHA MEHEE, YEM CPEIHHE
3HAYEHMS, MOJBEPKEHA BIMSHHUIO COOBITHH, MPOUCXOMIIIUX Ha KOHIAX
PSIIOB TaHHBIX.

Cu, MKr/n 1a As
g 1,0
46 M\\ 0,6
4,4 - 0,2
4,2 - -0,2
4,0 . . . . . . . . -0,6
1 2 3 4 5 6 7 8 9
Cu, mkr/n 1 As
7 I / 4b//\/‘ L0
4,6 LN 0,8
4,5 4 0,6
4,4 04
O e Oy st Oy st Oy O
43 0,2
0= Mg =—@— (g —¥—C(Cm =—o—As
4,2 T T T T T T T T 0,0
1 2 3 4 5 6 7 8 9
Cu, mkr/n As
51 Y / 2a 08
5,0 - 05
49 -+ - 0,2
48 - - 01
47 -0,4
4,6 % — Vi -0,7
4,5 T T T T T T T T -1,0
1 2 3 4 5 6 7 8 9
Cu, mKkr/n As
. / 2b 05
4,8 7 N N ) -0,7
47 - - 09
4,6 4 - o-1,1
45 -1,3
Qe V@ e CG e M b= A
4,4 T T T T T T T T -1,5
1 2 3 4 5 6 7 8 9

Puc. 2 PesynapraThl unc-
JIHHOTO AKCHEPHMEHTa II0
OLICHKE BIIMSIHUSI COOBITHH
Ha KOHIAX PSNOB IaHHBIX
Ha IapaMeTpsl pacrpene-
JICHUS

Me — menuana

Cm — cpennee apudmeTH-
YEeCKOe 3HAUCHHUE

Cg — cpennee reoMerpude-
CKOE 3HauCHHE

As — koadumment acum-
MeTpHU

1 — UCXOAHBIN P C MOJIO-
JKUTENILHOW — acUMMeTpHei
2 — WCXOIHBIH sl C OTPH-
LaTenbHON acuMMeTrpueit

a — repBast cxema
b — Bropas cxema.

Ha ropusoHTansHOi ocu
OTJIOKEHBI HOMepa IIaroBs
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Wrak, reoxumuueckas (oHoBasi koHuenrtpanus (F), BeicTynaromas
B POJIM T€O3KOJIOTMYECKOTO ITOKA3aTeNsl 3arPsI3HEHUS CPEJIbl, pacCMaTpu-
BaeTCSd HaMHM KaK IPOCTPAHCTBEHHAs KaTeropus, 00O3HAdaromas KOH-
LEHTPALHIO 3arps3HAIOIINX BEIIECTB B JAHHOW MECTHOCTH, 00YCIIOBIICH-
HYIO0 UX MOCTYIICHHEM U3 BHEITHUX HCTOYHUKOB.

W3 storo cmenmyer, uro F momkHa OBITH MOABEp)KeHa BPEMEHHOM
MU3MEHYHMBOCTH, TaK KaK 3TO IOCTYIUICHHE BapbUpyeT Bo BpeMeHu. B Ce-
BepHOM Kacnuu BpemeHHble n3MeHeHHs: F 0OBIUHO CienyroT 3a n3MeHe-
HUSMH cpeqHel KOHIEeHTpaluu (puc. 3), TO OTKIIOHSSICH, TO IPHOJIMKA-
SCh K HEH.

KoHueHTpauma HedpTenpoayKTOB B NOBEPXHOCTHOM C/10€ BOAbl
MKr/n

150 ~
125
100
75
50

25

2001‘2002‘2003‘2004‘2005‘2006‘2007‘2008‘2009

2010‘2011‘2012

Puc. 3 Usmenenns cpeaneit (Cm) u ¢ponosoii (F) koHIEHTpanuK HeTENPOIyK-
TOB (MKI/JT) B TIOBEPXHOCTHOM CJIO€ BOJIbI MEJIKOBOJHOW 30HBI B3MOpbsi Bonru B
2001-2012 rr.

Jlnist XxapakTepuCTHKH BPEMEHHOW M3MeHuMBOCTH F mpemsaraercs
UCIIOJIb30BaTh CIIEAYIOLINE TTapaMeTPhl:

- MOMeHTaJbHas (poHOBas KOHIEHTparus (3HaueHwe F B maHHBIH
MOMEHT BPEMEHH);

- UHTepBaJIbHAsl (OHOBast KOHIEHTpauus (cpeaHee 3HadeHue F s
J1r000r0 MHTEpBaa BpeMeHHoro psja F);

— croiikas (oHOBas KOHLEHTpanys (3HaYeHHe BpeMeHHoro psija F,
nmetoree 90% o6ecried4eHHOCTD);

— Texymias (OHOBasi KOHIEHTpanus (IociieHee BO BPEMEHHOM psily
3Hauenue F).

14



Ha npumepe psina F, npuBenenHoM Ha puc. 3, XOpOIIO BHUAHO, YTO
MOMEHTalbHasl (POHOBas KOHIEHTpanus HEQTEIPOAYKTOB B BOJAX MEI-
KOBOZHOH 30HBI B3MOpbsI Bosry moaBepKeHa CE30HHBIM U MEXTOIOBBIM
komebannsaM. Croiikas (GoHOBas KOHIEHTpAIWs Ui PaccMaTPHBAEMOTO
mepuoa BpeMeHH CoCcTaBmiIa 1 MKr/i, a Tekymiast - 60 Mxr/n. Bropas mo-
JIOBHHA JAHHOTO TEpHOJa MO CPABHEHHIO C NIEPBOH ObLIa MaJOBOIHOHM,
IPU 3TOM YMEHBLIMJICSA Pa3Max MPOCTPAaHCTBCHHO-BPEMEHHOW M3MEHYH-
BOCTH KOHLEHTpauuu (puc. 3), CHU3MIACH CPEIHSS, HO MOBBICHIACH MH-
TepBaJibHasl (POHOBAsT KOHLEHTPALMs HE(PTEIPOIYKTOB B BOAAX B3MOPHS
(Tabm. 2).

Tabmnuma 2
®DoHOBOE 3arpsI3HCHUE KaK SIBIICHUE PA3JIMYHON KATCTOPUU U MaciTaba
Cpennuii 06eM KonnenTtpanus HedTenmpoIykToB
Tomsr TOZOBOTO CTOKA P. B BOZI€, MKI/JI
Bounrn, KM®
Cpennsist WnrepBanbHast (oHOBas
2001-2006 251,6 43,2 26,1
2007-2012 2252 32,7 32,6

Jns ompenenenus F HeoOXommMmo mHpoBeAeHHE TaK Ha3bIBAEMOM
CHEMKH — KBAa3UCHHXPOHHBIX HAOJIONCHUN Ha CETKE CTaHILUH, paBHOMED-
HO pacHpe/eNICHHBIX 110 aKBaTOPHH. Takne ChbeMKH MOTYT IPOBOJIHUTHCS
perymsipHo. [Ipy 3TOM MHTEpBaJ BPEMEHH MEXIY IBYMsl CheMKaMH J0JI-
JKeH OBITh, KaK MHHHMYM, Ha TOPSIOK OONbIlle WHTEpBaJa BPEMEHH (B
CyTKax), B CpeAHEeM HeoOXOIUMOTO Ha MPOBEJAEHHE KaXIO0W W3 HUX. B
clly4ae peryJsipHOro IPOBEACHHS CheMOK U HEM3MEHHOT'O PACTIONIOKEHUSI
cTaHIMi Kpome psifa F (4 apyrux mapameTpoB, XapakTepU3YIOIIUX M-
HaMUKy TPOCTPAHCTBEHHBIX II0JIEH), MOTYT OBITH C(HOPMHUPOBAHBI PSIBI
JIAHHBIX, XapaKTepU3YIOIIME BPEMEHHbIC M3MEHEHMS KOHILEHTPAIMH Ha
Ka)X1oi cTaHnuu — Pj, e j — HomMep W/WiM JInTep CTaHIHUH.

Jns XapaKkTepUCTHKH BPEMEHHOM nm3MeH4YMBoCcTH Pj mpeanaraercs
HCIIOJIb30BaTh CJICAYIONIHE TTApaMeTphl:

- MOMEHTallbHas TOYEYHasl KOHLEHTpalus (3HadeHue P; B JaHHBIHA
MOMEHT BPEMEHN);

- WHTEpBabHAsg TOYEYHAs KOHIEHTpauus (cpeaHee 3HaueHue Pj
JUTst TF000TO MHTEpBaia BpeMeHHOTo psina F);

— LeHTpalbHas TOUYeYHasl KOHLEHTpalus (MeIMaHa BPEMEHHOTO psi-
na Py);

— cToliKas ToueyHas KOHLEHTpalus (3HaueHue BpeMeHHoro psja Pj,
nmetoree 90% o6ecriedeHHOCTD);

— TeKyIlas TOYeYHasi KOHLEHTpaLus (IOCIeHee BO BpEMEHHOM psi-
Iy 3Ha4yeHue Pj).
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Ha puc. 4 B kauecTBe mpUMepa MPUBEICHBI TUATPAMMBIL, XapaKTepH-
3YIOIME W3MEHEHUS MHTEPBAJIBHOM M LIEHTPAJBbHOM TOYEUHOI KOHLIECH-
Tpanuu He()TEIPOIYyKTOB B BOJIC B PA3IMIHBIX TOUYKAX B3MOPHS Boiru mo
marabM 2001-2012 rr. Ha amarpammax XOopomro BHIHO, YTO TOYEYHAs
KOHIICHTpaIMs (KaK WHTEepBANbHAs, TaK W IICHTPajbHAsA) CHIKAIOTCS B
HAIpaBJICHUH C 3aIajia Ha BOCTOK. DTO 00YCIIOBIEHO TE€M, 9TO OCHOBHOM
CTOK BOZBI M 3arPS3HSIONINX BEIIECTB COCPEIOTOYCH B 3alagHBIX pyKa-
Bax JeNbTh Boru.

HedbTenpoaykTbi Puc. 4 l3meHeHus uHTEp-

ey 33 704 MOBEPXHOCTHBII CIIOM BallbHOM (cTONOYaTass naua-
: rpaMma) W LEHTPaJbHOMI
43,0 (crumomHas JMarpaMma)

36,3 36, M
36,0 34,8 34,2 267 29,1 TOYEYHOM  KOHILEHTpaLluu

HeTepoAyKTOB B  BOAE
(MKT/JT) B pa3mM4YHbIX TOYKAX
B3MOpbs BoJird 10 HaHHBIM

1 12 2 3 304050 6 7 12 2001-2012 rr.

MpWACHHBII crioi Ha ropusonTanpHOl ocu B
MOpSJIKE BO3pacTaHUsl OT-
JIOXKEHbl HOMepa CTaHIUH,
YTO COOTBETCTBYET IMOPSJIKY
HMX CIIEJOBaHUS C 3amaja Ha
BOCTOK

30,5

262 273 263 26,7 301

22,3

1 12 2 3 304050 6 7 12

B cuily mpocTpaHCTBEHHO-BPEMEHHOTO H30MOpGHU3Ma, CBOHCTBEH-
HOT'O IPOLIECCaM M ABJIEHMSAM B OKDYXKalOLIEH cpejie, U3MEHYMBOCTh Pj
MOJKET OTpakaTh HM3MEHEHHs (POHOBOTO 3arpsi3HEHHS aKBaTOpUH, 00Y-
CJIOBJIICHHOTO TOCTYIUICHHEM 3arps3HSIONINX BEIIECTB M3 BHEIIHUX HC-
TouHHKOB. O4eBHIHO, 0fHaKO, 4To F 310 nenaer nydme, yeM Pj(xors B
psijie HalTuX MPEABIAYIINX PadOT MBI HE JAeJalli pa3Indis MeXIy HUMH).
3mech ymecTHa aHaorus ¢ (yTOOIBHON KOMaHIOH, YpOBEHb KOTOPOWM
OOBIYHO COTOCTABHM C YPOBHEM OTAEIBHBIX MIPOKOB, BXOAAIINX B €€
COCTaB, HO KaK IMOKa3bIBa€T MpPUMEP POCCHiicKoro (GpyTOOIpHOrO Kiryda
«AHKH»', 3TO COBCEM He 00s3aTEIBHO.

1 . . o

Poccuiickmii GyrOONbHBIA  KIy0 «AHXH», BHE3AIHO pa3dorarteB Onmarogaps IEIpoOMy
CIIOHCOPY, KYIHJI HECKOJIBKO UTPOKOB MHPOBOTO YPOBHSI, HO 3TO HE MOMOIJIO €My BBIHTH B
THACPHI
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Jlaneko He Bce M3 Ha3BaHHBIX BHILIE MAPAMETPOB, XapaKTEPH3YIO-
mux (GoHOBOE 3arpsi3HeHHEe, OyIyT UCTOIB30BaHBI B JaHHOU paboTte, HO
MBI MOCYUTAIM HEOOXOAMMBIM TMPHUBECTH HX CIHCOK, YTOOBI MMOKAa3aTh,
KaK MHOTO MMEETCSI PeabHbIX KaHIUJATOB HA POJIb HOPMATUBHOTO (OHA,
B HACTOSIIIEE BPEMs 3aHUMACMYIO «BBICKOUYKAMM», BBIOPAHHBIMH, UCXOIS
n3 6Jarux, Ho CyObEKTUBHBIX COOOpakKeHHI.

1.2 Bknao 10KanibHbIX RPOYECcco8 8 3a2psi3HeHHOCHb MOPCKOU Cpedbl

[IpencraBuM, 4TO Ha MOPCKOW AKBATOPHUH, PABHOMEPHO MOKPBITOM
CEThI0 CTAHLMM, MOSBWICS HMCTOYHMK 3arpsi3HEHHUs, 30Ha BO3AECHUCTBUSA
KOTOpPOTO OrpaHUYMBAETCSI HECKOJNBKUMHU K3 HHUX. [IpocTpaHCTBEHHBIH
PsA 3HAYEHUI KOHLEHTPALMHU 3arpsA3HSIOIIMX BEILECTB B BOJE, MOJyYEH-
HBII TIPY TIPOBEICHUH CHEMKH Ha 3TOW aKBaTOPHH, OyIeT XapaKTephu3o-
BaThCs TOJIOKUTENILHON acUMMETpHUeEHl, IPH 3TOM cpellHee 3HaUYCHUE KOH-
HOCHTpAIUN «KOTOPBCTCA» OT MEAHUAHBI U «YIUIBIBET» B CTOPOHY 6OJ'II)I_HI/IX
3HAYEHUM.

A Temepp HpeACTaBUM, YTO Ha TOM )K€ caMoil akBaTOpHH, B3aMEH
COOPYKEHHSI, 3aTrPsI3HSIOIIEI0 MOPCKYIO Cpey, YCTaHOBICH UCKYCCTBEH-
HBII pr(, MOTJIOMAIONMIA 3arpsA3HSIONIIE BEIeCTBA U3 BOJBI, 30HA BO3-
JICUCTBUSL KOTOPOrO TaKXe OrPaHUYMBAECTCS HECKOJBKUMH CTaHLUSMHU.
IIpocTpaHCTBEHHBIN P 3HAYEHMM KOHLEHTpAaLMM 3arpsA3HSIONINX Be-
LIECTB B BOJE, MOJYYEHHBIH MPU MPOBEIECHUU CHEMKH Ha 3TOM aKkBaTo-
pum, Takxke OyIeT XapaKTepH30BaThCS aCHMMETpPHCH, HO yKe OTpHIa-
TEJIbHOW, TNPHU 3TOM CPEIHEE 3HAUCHUE KOHLEHTPALMH TAKXKE «OTOPBET-
Cs1» OT MEJIMaHBl, HO «YTLJIBIBET» B CTOPOHY MEHBILNX 3HAUEHUH.

JIBa 3TUX yMO3PUTEIBbHBIX IKCIEPUMEHTA, KOTOPBIE JIETKO BOCIIPO-
W3BECTH B HAType, IOKA3bIBAIOT, YTO KOJMYECTBEHHON Mepod BKIajaa
MECTHBIX aHOMAJIMI B 3arpsi3HEHHOCTb MOPCKOW CPENBI MOKET CILYXKHTb
Kak Kod(pUIHEHT acCHMMETpUH, TaK U Pa3HOCTb MEXIy CPEIHHM 3Hade-
HUEM M MeIHaHOUW MPOCTPaHCTBEHHOTO psiga. KoadduumeHnt acummer-
pun ynoOeH MoToMy, 4TO HE 3aBUCHUT OT Pa3MepHOCTH KOoHIeHTpauuu. Ho
Pa3HOCTh MEXAY CPEIHUM 3HAUYCHHEM U MeIHaHOH HeceT OONBIIYI0 CMBI-
CJIOBYIO Harpy3Ky, €cili paccMaTpuBaTh, KaK MbI CIEJIaJd 3TO BBIIIE, Me-
JTMaHy Kak GOHOBYIO KOHIICHTPAIIHIO.

TpynHO OOBSACHUTH TIOYEMY, HO B OTKJIOHCHHH CPETHETO 3HAYCHHUS
oT ¢oHa omrymaercst Oojplie cMbIcia, 4YeM B KoddduimeHre acummer-
PHH, TTO3TOMY 3TO OTKJIOHEHHE TPENIaraeTcsi CYHTATh €Il OJHHM Ieo-
AKOJIOTHYECKUM TIOKa3aTelleM 3arps3HeHHs] MOpCKol cpensl. Tem Ooee,
YTO OHO JIETKO NEepeBOIUTCA B Oe3pa3sMepHBIN BHJ - IS 3TOTO JOCTaTOY-
HO COOTHECTH ero co cpenueil konueHrpamnueii (Cp) U BBIPa3sHTh B MPO-
neHTax. Torma uig pacdera BKiIaga MecTHbIX aHomanuil (Eg) B 3arpss-
HEHHOCTh MOPCKOH CpeJIbl MOKHO HCIIONIB30BaTh MPocTyio hopmyy (1):

Es = 100(C, - F)/C, Q)
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Teneps mnpencTaBUM, YTO HA CTAHIMH, ITOTIABIICH B 30HY BO3ICHCT-
BUsI HOBOT'O MCTOYHUKA 3arpsA3HEHHs MOPCKOH Cpelbl, 10 3TOr0 BPeMEHH
PEryisipHO IPOBOAWINCE HAOJIIONCHHUS 32 COICPIKAHUEM 3arps3HSIONINX
BELIECTB B BoJe. Torna BpeMEHHOM psll KOHLEHTPALUH, JOTIOJIHEHHBIN
HOBBIMH JIQaHHBIMH, Taroke OYyHeT XapaKTepH30BaThCS IOJIOKUTEIHHON
ACHMMETpPHEH, U CpellHee 3HAYCHHE «OTOPBETCS OT MEIHMAHBI M «YILIbI-
BeT» B CTOPOHY OOJBIIMX 3HaueHWH. Kak M3MEHATCS CTaTHCTHYECKHE
XapaKTEPUCTUKU BPEMEHHOIO psJa IOoCie IMOMNaJaHus CTAHIMU B 30HY
BO3JICHCTBHSI MCKYCCTBEHHOTO pHU(a, IOTIOMIAONIET0 3arps3HsIIoIue
BEILIECTBA, MBI YK€ OIHMCBHIBATh HE OyaeM, 4TOOBI 3TUM He OOMAETh YuTa-
TeJsl, KOTOPBIN, KOHEUHO, YK€ JI0TalaliCsl.

Takum 00pa3oM, BPEMEHHOH psifi pearupyer Ha KpaTKOCPOYHBIE
AQHOMAJIMM TaK)XKe, KaK IPOCTPAHCTBEHHBIH Psll pearnpyeT Ha MECTHBIC
anoManuu. He OyneM BaBaThcsi B OHTOJIOTMYECKHIT CMBICI 3TOTO IMOJIO-
xeHus1. M3 Hero ciemyeT (C MPakTUYECKOW TOYKU 3PEHHS 3TO BaXKHEE),
yro (opmy:y (1) MOXXHO HCIOJIB30BATh JUIS OLCHKH BKJIaJa KPaTKOCPOU-
HBIX aHOMaJIM{ B 3arpsA3HEHHOCTh MOpCKoil cpensl (E|) mocne mposene-
HUS B Hell 3aMeHBI F Ha P — IIeHTpaIbHYI0 TOUeUHYIO KOHIIEHTpauo (2):

E, = 100(Cyy — P)/Ch 2

Ob6parum BHHMaHue, 4to Cp B ¢opmyne (1) o3HadaeT cpemHIOn
KOHIICHTPAIMIO MIPOCTPAaHCTBEHHOTO PAAa, a B Gopmyne (2) — cpenHioro
KOHIICHTPAINIO BPEMEHHOTO psiza. Kpome Toro, JI€rko 3aMeTuTb, 4TO H
BKJIaJl MeCTHBIX aHoManuit (Eg), u Bkiag kpatkocpounbix anomanuii (E|) B
3arpsA3HEHHOCTh MOPCKO# Cpe/ibl MOTYT IIPUHUMATH KaK MOJIOKHUTENbHbIE,
Tak M OTPULATENbHBIC 3HAYEHHUS, IIPU 3TOM IIEPBBIE COOTBETCTBYIOT 3a-
Ips3HEHHIO (00OTaIeHHI0), BTOPHIE - OYMIIEHHUIO (OOETHEHWIO) Cpenbl
3arpsI3HSIONIMMHE BEIIECTBAMHU.

B coBokymHOCTH MecTHBIE (OTpaHHYEHHBIE 10 CBOEMY PacIpoOCTpa-
HEHHUI0) M KPaTKOCPOUHbIE (OrpaHHYEHHBIE MO CBOEH MPOJOIKHTENIBLHO-
CTH) aHOMAaJIMM Jajee MMEHYIOTCS JIOKaJIbHBIMHU Iponeccamu. K HacTos-
IIeMy BPEMEHH MBI pacriojlaraeM OOJBIIMM OINBITOM omnpeneneHus Eq u
E|, KOTOPBIH NOCITY>KHIT OCHOBOH JUTs pa3pabOTKH €MHON IIKAIbI OIIEHKH
BKJIaJIa JIOKAJIbHBIX IIPOILIECCOB B 3arpsI3HEHHOCTh MOPCKOM CPEebl, KOTO-
pas npuBeneHa B Tabmune 3. Ciieayer TOJIBKO OTMETHTh, YTO IJISL ITOH
OIICHKH HMCTIOJIB3YIOTCS a0COMOTHBIE 3HaueHus1 Equ E).

B mocrnenHue rosbl Mpy aHaIKM3e JaHHBIX PErYJSIPHBIX HaOI0IeHUN
3a 3arpsA3HEHHOCTHI0O MOPCKOH Cpeasl B paiOHE CTPOUTENECTBA pa3Be-
JIOYHBIX CKBRXUH WJIM PACIIOJIOKEHUS CTAIMOHAPHBIX HE(TSIHBIX IJIaT-
(hopM MBI 0053aTEIFHO TPOBOAMM pacyeT BKJIaJa JIOKAIBHBIX MPOIIECCOB
B 3arpsI3HEHHOCTb MOPCKOI cpelbl. DTO MO3BOJISIET ¢ OoJblIed 000CHO-
BAaHHOCTBIO CYIMTh 00 MX BO3/EHCTBUM Ha MOPCKYIO CpelLy WM OTCYT-
CTBHHM TakoBoro. [Ipu 3TOM y4WTBIBaeTCs, YTO JIOKAJbHBIE TPOLECCH HE
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00s13aTeIbHO HOCAT aHTponoreHHslit xapakrep. st CeBeprnoro Kacrms ¢
IpUCYLIEH eMy aKTUBHON JNMHAaMUKON BOJHBIX MAacC U JOHHBIX HaHOCOB
OHH BIIOJIHE €CTECTBCHHBI.

Tabmuma 3

Ennnas mrkama ais OICHKH BKIIAAA JIOKAIBHBIX IIPOIECCOB

B 3arpsI3HEHHOCTb MOPCKOM CpelIbl

BepbanbHas oLeHKa BK1aga

|Es| wan | E], %

OyeHb HU3KUl

Hu3skuli
CpeoHuli

Bobicokuli

OyYeHb 8bICOKUL

0<EZLS

5<E<10
10<E<25
25<E<50

> 50

Pucynku 5 m 6 WLIFOCTPHPYIOT pe3yibTaThl aHaIM3a BKJIAma JIO-
KaJIbHBIX MPOIECCOB B 3arpsi3HEHHOCTb IIMHKOM BOJI MEIKOBOJIHOM 30HBI
B3Mopbs Bonru B 2001-2012 rr.

Cnoii Boapl
LnHk, Eg, %

nos OHO
CpegHee 10,14 9,64
Makcumym 28,98 24,23
MuHUMyM 0,48 0,65
MeganaHa 8,31 6,24
KsapTtunb 0,25 3,42 2,62
KeapTtunb 0,75 15,21 15,40

LnHk, E,, %

25
20
15
10

Onos

® 1HO

Puc. 5 Bxuag io-
KaJIbHBIX TPOIIECCOB B
3arps3HEHHOCTh IIUH-
KOM BOJlT MEJKOBO/I-
HOM 30HBI B3MOpPbS
Bomru B 2001-2012

IT.

Tabnuua: BKIag Me-

CTHBIX aHOMaINi
(E51%)
Huarpamma:  Bkiajg

KpPaTKOCPOYHBIX aHO-
vamit (E,,%) B pas-
JINYHBIX TOYKaX aKBa-
TOpUH (CM. TIOAMHKCH K
puc. 4)
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E % Haro Onos Puc. 6 Mexronosele (BBepXy) u
12 2 CE30HHBIC (CJIeBa) U3MCHEHUS BKJIa-
na MecTHbIX aHoMaimmit (Es, %) B

] 3arpsA3HEHHOCTh IIMHKOM BOJI Medl-

KOBOJIHOH 30HBI B3MOpbs Boaru na
A JUIEeH3noOHHOM ydacTke «Ceepo-
Kacnmiickas mnomane» B 2001-
2012 rr.
0 —
BECHa-/1eTo oceHb

Briag mectrbix anomanuii (Eg) momsepikeH BpeMeHHOU (Ce30HHOM
Y MEXKTrOJI0BOH) U3MEHYMBOCTH M B OOJIBIIMHCTBE CIy4acB OLCHUBACTCS
KaK HHM3KHMH, a B CBOEM MAaKCHMAJIbHOM BBIP&KCHHH — KaK BBICOKHM.
Bxnan xpatkocpounsix anomanmit (E;,%) moaBepskeH npocTpaHCTBEHHOM
M3MEHYMBOCTH, B OOJIBIITMHCTBE CITyYaeB OLEHUBAETCS KaK OUeHb HU3KHH,
a B CBOEM MaKCHMAJIbHOM BBIPaKEHNH — KaK CPEAHUH.

1.3 Pacnpeoenenue 3a2pasHAIOWUX Gewecms 6 Qusuueckom u napamem-
PUHECKOM NPOCMPAHCIMBAX

AHanu3 pacmnpesaeneHus 3arps3Hsomux BemecTs (3B) B geTkipex-
MepHOM (u3ndeckoM npoctpanctse (X, Y, Z - npocTpaHCTBEHHBIE KOOP-
quHAThl, T - BpeMs) MO3BOJIHII YCTAaHOBUTH JIBA I'€OIKOJIOTHUECKUX MOKa-
3aressi 3arps3HeHus ((POHOBYIO KOHIIEHTPALWIO U BKJIAJ JIOKAJIBHBIX MPO-
HCCCOB), 0 KOTOPBIX pC€Yb MIJIa BBINIC, HO UMH CIIMCOK TaKOT'O poJaa IMoKa-
3aTenield, HaBepHO, He OoTrpaHWuYuTCsA. Eme 0oiblle BO3MOXHOCTEH st
MOUCKA F€0IKOJIOTHUECKUX MOKa3aTeNel 3arps3HeHNs IPEeICTaBIIseT aHa-
3 pachpenencHus 3B B N-MepHOM mMapaMeTpUYECKOM IPOCTPAHCTBE,
TIO3BOJISIOIIMH MPOCIIEIUTD CBA3b MX TPaHC(HOpPMAIMHU B MIPUPOIHOM 3KO-
CHUCTEME C U3MEHEHUSIMU €€ COCTOSHUSI.

WHorpa oxassiBaeTCs MOJE3€H COBMECTHBIN aHAIN3 pacHpeeneHus
3B B ¢u3n4ecKOM M MapaMeTPHYECKOM ITPOCTPAHCTBAX, OJIaroaapst KOTo-
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POMy MepeueHb re0IKOJIOTHUECKUX MOoKa3aTeaeH 3arpsi3HeHHs TOMOJIHUI-
Csl MHAEKCOM TpPaJHWeHTa WM, KaK Mbl €TO 4allle Ha3bIBaeM, MHICKCOM
MPONCXOXKACHHS 3arPA3HAIOIINX BEIIECTB.

I'pagrenToM Ha3pBaroT Bo3pacTanue (yObIBaHHE) KOHIICHTPAINH
BEIIECTBA BJOJIb CIECNHAIBHO BHIOPAHHOTO HANPABICHUS (PU3MIECKOTO
npocTpaHcTBa. [ palyeHT yKas3blBaeT Ha NCTOYHHK ITOCTYIUICHHS W ITyTh
pacmpocTpaHeHHs 3TOro BemecTBa. Hampumep, yObIBaHNE KOHIICHTPAIIUU
He(TEeNPOAYKTOB B HANIPABJICHUU OT PEKH B MOPE CBHIETEIBCTBYET 00 MX
MOCTYIIJICHUH C PEYHBIMH BOJAMU.

OnHako AMHaMUKa BOJ HA B3MOpPbE (OCOOECHHO NMPH HAJMYUH BJOJIb-
OeperoBbIX TEUCHMI) HE Bcerza IMO3BOJSAET, HCIOJB3YS TOJIBKO Kapry,
OJIHO3HAYHO YCTaHOBUTb HMCTOYHHK M IIyTH PaclpOCTpaHEHUs 3arpss-
HSIOIIETO BelecTBa. PEmuTh 3Ty 3agady MOMOTaeT aHalHu3 paclpenene-
HUS 3arpSA3HAIONIETO BEUIECTBA B MPOCTPAHCTBE COJCHOCTH, MUHHMAIb-
HOE 3Ha4YeHHE KOTOPOil CBOWCTBEHHO PEYHOM BOJE, a MaKCHMalbHOE —
MOPCKOH.

[IpocTpaHCTBO CONCHOCTH TAK)KE HE ABISIETCS MACATBHON «Cpeon»
JUISL OTIPEJICNICHNS TPOMCXOXKICHUS 3arpsI3HUTEINCH, KOTOPBIE U 31eCh Be-
IyT ce0sl HelMMHEHHO, ncye3as B OJHUX U MOSIBISAACH B APYTUX «OKHAX»
cosieHoctH. Ho coBMecTHBIN aHanu3 noseneHus 3B B ¢pusnyeckoM u ma-
PaMETPUUECKOM NIPOCTPAHCTBAX MO3BOJIAET ¢ OOJIBIIEH JOCTOBEPHOCTHIO
CYAMTH 00 MX MPOUCXOKACHHUH, YEM aHAIN3 UX ITOBEJCHUS B KAKOM-THO0
OJTHOM M3 3TUX IMPOCTPAHCTB.

IIpocrneanTs B3aMMOCBA3b COJIEHOCTH BOJBI U COJACP)KaHHUS B He
3B MOXHO C NMOMOIIBIO KOPPEISIIHOHHOTO M PErpecCHOHHOTO aHaJIn3a,
HO M3-32 «HEJIMHEWHOro» mosejeHus 3B 310 Toke He Bceraa BO3ZMOXKHO.
B cBs3u ¢ 3TUM HaMM TIPEUIOKEH METO]| JUarHo3a IpajneHTa 3arpsis-
HSIOIIETO BEUIECTBA B MIPOCTPAHCTBE COJIEHOCTH C MOMOIIbI0 nHaekca K,
Jlajiee IMEHYeMOT0 MHJIEKCOM ITpOoHucXokaeHus 3B.

IIpouenypa Berumciennss K mpocra. Psn paHHBIX, XapakTepusylo-
IIUX COJIEPXKaHME 3arpsI3HUTEIS B CMEUIAHHBIX PEUHBIX U MOPCKHX BO-
JlaX, PaHXXUPYETCS 1O COIEHOCTH U CIIIaXHUBAETCS CKOJIB3AIMINM CPEIHHUM.
3ateM KpaiiHee cpellHee 3HaueHHE, PAcIOI0KEHHOE Ha «MOPCKOM KOH-
1e» MOJTU(GUIMPOBAHHOTO Psila ACIUTCS Ha KpaliHee cpellHee 3HaueHue,
PACIONIOKEHHOE HA «PEUHOM KOHIIe». DTO OTHOIIICHHE U ecTh nHekc K.

B Ceseprnom Kacnuu, xoTopslii MOKHO paccMaTpuUBaTh Kak 3CTya-
puii p. Bonry, 3Hauenue K, npesrsimaromee 1,1, ykas3sIBaeT Ha MOpCKOE
npoucxoxaenue 3B, a npu 3nauenuu K mensme 0,9 npoucxoxaenue 3B
ckopee Bcero sBnsgercs pedHbiM. [Ipu 3nauenuu K ot 0,9 no 1,1 Mel cun-
TaeM 3TO IPOUCXO0XKIECHHE HEONPEIEICHHBIM.

[IpuBenem KoHKpeTHBIN puMep. MHIEKe mponcxoskaeHus ObuT pac-
CYHMTaH HaMHU JUIL 18 CHEMOK, BHITTOJIHEHHBIX B MEITKOBOJHON 30HE B3MO-
pest Boxrm B 2001-2009 rr. B OTHOIIEHWH TPYMITEI IPUOPUTETHBIX 3a-
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rpsisusironux Bemects (i). Bpemennsie psaapl K moaBepranuch cratu-
CTHYECKOMY aHalu3y, UI1 BHU3yalHM3allMd PE3YJbTaTOB KOTOPOTO OBLIH
BBIOpaHBI AMAarpaMMbl, OOBIYHO Ha3bIBAEMBIC (SIIIUKAMHU C ycamm». Kax
BUJIHO Ha pHc. 7, cpenHee 3HadeHue K, paccumTaHHOE 3a BECh NMEPHOA
HaOJIOIeHU, yKa3plBaeT MO0 Ha pedHoe, JHO0 Ha HEOIpeAeTICHHOE
npoucxoxaeHue 3B. VckiroueHneM SBISIETCS TONBKO CBHUHEII, KOTOPHIH,
MO-BUAMMOMY, IMEET MOPCKOE IPOUCXOXKICHHE.

OnHako JUIMHHBIE «yChD» (pa3Mmax KojeOaHWil), U IIMPOKOE IpPO-
CTPAHCTBO MEXAY «KPBIIIKOW» (KBapTUIIEM ¥4) U «IHOM» (KBapTHIEM Y4)
«CIIIMKOBY», U300paKEHHBIX Ha PUC. 7, yKa3bIBAIOT HA TO, YTO B KaXKIBIHA
KOHKPETHBIII MOMEHT BpeMeHH (roj, ce3oH) 3B, kak mpaBWiO, UMEIOT
OIIpeIeTIEHHOE PEYHOE UIIU MOPCKOE NTPOHCXOKACHHE.

K 5 -
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Puc. 7 [unamuka kod¢pduimenta K, XapakTepU3YIOIIET0 MPOUCXOXKICHHS 3a-
TPSI3HAIONIMX BEIECTB B MEJIKOBOAHOM 30HE B3MOpbs Bosiru B 2001-2009 rr.

HII — medrenponykrsr; [TAY — momunmukIngeckne apoMaTHIECKUE YIIIEBOAOPO-
ner; AT, XD — xnmopopranndyeckue NeCTULUIbI
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Wunekc rpaanenTta (MPOMCXOKACHUS) 3arps3HSIONIMX BELIECTB HE
HepBBIH T'OJ HCIONB3YETCS HAMH UL  XapaKTePHCTUKH 3KOJIOTHYECKOH
obcranoBku Ha CeBepHoM Kacrmm. [Ipu 3TOM Ha y9acTkax ero akBaro-
PHH, Yepe3 KOTOpBIe MPOXOAAT PasTpaHUUYHUTEIbHBIC JIMHUH, PE3YIbTaThl
JHarHo3a NpoucXokaeHus 3B McHonp3yoTes Ui ONpeeNieHUs Halpas-
JIeHUs UX TPaHCTPAHUYHOTO IIepeHoca.

1.4 Omxknonenue om pona: mesxcgpasnovii u 6HeWHUL MACCOOOMEH

Pa3MbIIIIeHUs 0 TOM, Y€M BBI3BAaHO OTKJIOHEHHE TOYEYHOH KOHIICH-
Tpauu oT GOHOBOI, MPUBEIH HAC K €Il HECKOJIKUM I'€03K0JIOTHYECKAM
MOKa3aTessiM 3arpsi3HEHUs] MOPCKOH cpenpl. Jlerko moranmarbesi, 4To 01-
HUM W3 HUX SBJSIETCS CaMO 3TO OTKJIOHEHHE, KOTOpOe Ipeljiaraercs
MMEHOBaTh JICBUAHTHOCTHIO W 0003Ha4yaTh OykBoil D (paHee Mbl MHOIIA
HUMEHOBAJIU €T0 JaOUIFHOCTHIO U 0003HaYanu 6yKBo# L).

B cooTBeTcTBHM € TpEIUIOKEHHBIM OTPEEICHUEM AEBHAaHTHOCTh
paccumuThIBaeTcs 1Mo nmpocToit popmye (3):

ij = Pj - F, (3)

rie ij — (axTHyeckas JEeBUAHTHOCTb B JAHHOH TOuUKe akBaTopuu; Pj —
MOMEHTAaJIbHAsl TOUCYHAsi KOHIICHTPAIUs 3arpsi3HSIONIETO BEleCTBa (CM.
BhIlIe); F — MOMeHTanbHast ()OHOBAs KOHLIEHTPALWsS 3TOTO BEIIECTBA B
mpezenax JaHHOW aKBaTOPHU (CM. BBIIIIE).

B cBoem uncnenHoM BeIpakeHnH Dfj 3aBHCHT OT pa3sMepHOCTH KOH-
neHTpanud. YToObl M30ekaTh 3TOH 3aBUCUMOCTH, TaM, TJe OHAa Mpe.-
CTaBIIETCS TIOMEXOMW (HampuMep, P CPaBHEHUH JICBHAHTHOCTH pa3jind-
HBIX BEIIECTB, KOHIICHTPALHUS KOTOPHIX BEIpA)KEHA B PAa3IUYHBIX CIUHU-
IIax), NpeIJIaraeTcsl MCHOJIb30BaTh HOPMAaJbHYIO JeBHAaHTHOCTE (Dnj),
paccuuThiBaeMyto 1o gopmyie (4):

Dn; = Df;/C,, 4)

rae Dnj — HOpMaJibHast J€BUAHTHOCTb B ,Z[aHHOfI TOYKEC aKBATOPUH; Cm -
CpCaHAsl KOHLUCHTPpAUUA 3arpA3HAIOMICTO BCHICCTBA B IIPCACiax ,Z[aHHOﬁ
aAKBATOPHUH.

Bwmecto HOpMaJ’ILHOﬁ JCBUAHTHOCTHU B TCX XK€ INECIAX MOXHO HC-
MOJb30BATh CTAHAAPTHYHKO JACBUAHTHOCTH (DSJ'), pacCYUTbIBAEMYH0 110

dbopmye (5):

DS] = Dfl /S, (5)
rac DSJ — CTaHJapTHasd ACBUAHTHOCTH B HaHHOﬁ TOYKE aKBaTOpHU, S —
CTaHAAPTHOC OTKIIOHCHHUC KOHIICHTPAIIUN 3arpsA3HAIOIICTO BCIIECTBA B

penenax JaHHOM aKBaTOPUHU.
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OCHOBHBIMU IIPUYMHAMH OTKJIOHEHHSI TOYCYHOM KOHIEHTpPALMU OT
(hoHOBOH, MO HaIIEMy MHEHUIO, SBISIFOTCS MeX(a3HbIH 1 BHENTHUA Mac-
cooOMeH.

IMox Mexpa3HEIM 0OMEHOM MMOHUMAETCs OOMEH 3arps3HSIONINX Be-
IIECTB MEXIY Pa3INIHBIMA KOMIIOHEHTaMH MOPCKOW CpPEAbl: BOAOH H
IUITAHKTOHOM, BOJOW M B3BECHIO, B3BECHIO M JOHHBIMU OTJIOXKCHUSIMH U
T.1. THOIMYHBIM TpEMEpOM MeK(a3HOTO MaccooOMeHa sIBISIeTCs ancopo-
LUS-AeCOpOIMsl 3arps3HIOIUX BEIIeCTB Ha B3BecH. CIOCOOHOCTH 3a-
TPA3HSIONINX BEIIECTB K MeX(azHOMY 0OMEHY IpeJyiaraeTcs HIMEHOBATh
OMOreOXNMHYECKOH aKTUBHOCTBIO MJIM TPOCTO aKTHBHOCTBIO W 0003HA-
4aTh OyKBOW A (B HpenbIAyIInMX MyOJIMKaIUsIX WHOTJA HCIIOJIb30BAINCH
Jpyrue 0003HaYeHUs).

BremHM MaccooOMEH BKIIIOYAET B CEOsl MIPOLECCHl MOCTYIUICHUS
3arpsA3HSIONINX BEIIECTB Ha JAHHYIO aKBAaTOPHIO M MX BBIHOC 3a €€ Ipe-
JIeTIBI, BKIIIOYAs pa3lioKeHNUE W OE3BO3BPATHOE 3aXOPOHEHHE 3arpsI3HAIO-
IIAX BEIIECTB. BOBICYCHHOCTH 3arpsA3HSIONINX BELICCTB BO BHELIHMH
MaccooOMEH TpeylaraeTcss MMEHOBaTh MOOWIBHOCTBIO M 0003HAYaTh
OykBoit M.

B coorBeTcTBUYU C BBICKa3aHHBIM IMOJIOKCHUCM, NICBUAHTHOCTh CJIC-
JyeT pacCMaTpHBaTh KaK CyMMY aKTUBHOCTH M MOOWJIBHOCTH (6):

Dfi = Afl + Mfiy (6)

rae Afj — dakTudeckas akTHBHOCTD 3aTpS3HSIONIETO BELIECTBA B JAaHHOH
Touke akBatopun; Mf; — dbakTHueckas MOOMIBHOCTD 3arps3HSIIONIETO Be-
IIECTBA B JAHHOW TOYKE aKBaTOPHHU.

Juis Toro, 4To0OBI peluTh ypaBHEHUE (6) B YHCICHHOM BHIE, HEOO-
XOAMMO 3HaTh 3HAUEHMs KaK MHHHMYM JIBYX €rO 4JICHOB, & YYUTHIBasi,
uto 3HauyeHue Dfj MoxHO paccumrats 1o Qopmyne (3) - Kak MHHUMYM
onHoro wiena. Ha 3Ty ponb Gouibllie TTOAXOAUT aKTUBHOCTh, KOTOPYIO B
COOTBETCTBHHM C TPHBEJCHHBIM BBILIE ONPENENICHUEM CIIeyeT paccMmart-
pHBaTh KaK aHTHIIOJ, KOHCEPBATUBHOT'O TOBEIEHHMS 3arps3HSIONINX Be-
IIECTB, KOTAAa WX KOHIIEHTpAIUs ONpPEAessieTcs HCKIIOYHTEIHFHO TOMO-
TeHHBIMH TPOLIECCaMK, IIPHMEPOM KOTOPBIX SIBIISAETCS MEXaHHYECKOe
HepeMeIIuBaHue BOI.

W3 cka3aHHOTO cieIyeT, YTO aKTHBHOCTH 3arps3HSIONIET0 BEUIECT-
Ba TPOSBJISIETCS B OTKJIOHEHWH OT KOHCEPBATMBHOI'O MOBEACHHSA. DTO
OTKJIOHEHHE MOXKHO OIIPEACINTh ITyTEeM CPaBHEHHs JIUHAMHUKH 3arps3-
HSOIIETO BEIeCcTBa C JIMHAMHUKON KOHCEPBAaTHBHOTO BEIECTBA B Mpele-
Jlax paccMaTpuUBaeMoil akBaTOpHUHU.

Janee ommceiBaeTcs mporenypa (MOpsI0OK pacueToB), MPEII0KeH-
Has HaAMH JUIs PEUICHHs STOM 3a/ayuu, NPeJyCMaTpUBAIOIIas BBEICHHUE
HECKOJIbKMX HOBBIX MapameTpoB u o0o3HaueHuid. KoHueHTpamus 3arpss-
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HSIOLIEro (aKTHBHOI'O) BEIIECTBAa Ha JAHHOW CTAHIMU B JAHHBI MOMEHT
BPEMEHH IIO-TIPEKHEMY 00O3HauaeTcs Kak Pj, a u3MepeHHas OJHOBpe-
MEHHO Ha TOW JXe CTaHIMU KOHIEHTPAlLMs KOHCEPBATHBHOI'O BEIECTBA
ob6o3Hauaercs kak C;.

Ha nepBoii cranuu pacueros 3HaueHus Pj pamxupyercs no C; B Ha-
IpaBJIeHNH Bo3pacTaHus 3HaueHHi Cj. B KauecTBe MCXOMHBIX TaHHBIX
HCTIONB3YIOTCS PE3yNbTaThl IapaiebHbIX n3Mepenns Py, n Cj Ha omHuX
M TEX K€ CTAHIMAX MPH IPOBEACHUN KBa3UCUHXPOHHON CHEMKH aKBaTO-
pun.

Ha BTopoit craguu As Kaska0i TOYKH paH:KMpOBaHHOTO psja Pj (3a
UCKIIIOYEHHEM JIBYX KpallHHX) PacCUMTHIBAIOTCSI OXKHAAEMble 3HAYCHUS
(Pjw), HCXOIsL U3 IPEATIONOKEHHUS, YTO TIOBEIEHUE 3arpA3HAIOLIETO Belle-
CTBa HOCHT KOHCEPBAaTHBHBIH XapakTep. Pacyer mpoBOIHTCA 1O ClIemylo-
et popmye (7):

Piw = Pia + [(Ci — Ci)/( Cisa— Ci-))IX(Pis1 — Pia), (7)

rae Py, — QakThdeckas KOHIGHTpAIMS AKTUBHOTO BEIIECTBA B IPEIIbI-
TyIel To9Ke paHKUPOBAHHOTO psina; Pj.1 — dakTudeckas KOHIEHTpaIHs
aKTHBHOTO BEIIECTBa B IOCIEYIONIEH TOUKe paHKHPOBaHHOTO psna; C;
— (axkTHyecKas KOHIIEHTpalusi KOHCEPBAaTUBHOTO BELIECTBA B JIAHHOW
TOuKe pamXupoBaHHOTo psna; Cj, — dakTHueckas KOHIEHTpanus KOH-
CEpBAaTUBHOTO BEIIECTBA B MPEABIAYIICH TOYKE PAH)XKUPOBAHHOI'O Psija;
Cj+1 — dakTuueckas KOHIEHTpalus KOHCEPBATUBHOTO BEIIECTBA B IMO-
CIIEYIOIIEeH TOYKE PAHKHPOBAHHOTO psia.

Ha Tpetbeil cramuu Ui KaXI0H TOYKH paH)XUPOBAHHOTO psijia (Ha-
NOMHHM, YTO €l COOTBETCTBYET ONpENeNICHHAs CTAHIMS Ha aKBaTOPHH)
paccunThiBaeTCsl (haKTHUECKash aKTHBHOCTh 3arps3HSIOIIECTO BEIISCTBa
(Af;) mo dopmyue (8):

Afj = Pj - PjW, (8)

rae Pj, — oxunnaemMast KOHIEHTPAINS 3arPsI3HSIOMIET0 BENIECTBA HA JaH-
HO cTaHIMU (Touke akBaTopuu); Pj — (daxTHyeckas KOHUEHTpauus 3a-
TPA3HSIONIETO BEIIECTBA HA JaHHOM CTAHIHU.

B cBoem uncrnennom BeipaxeHun Af; (taioke kax Df)) 3aBumcur or
pa3MepHOCTH KOHIeHTpanuu. YToObl M30ekaTh 3TOW 3aBUCUMOCTH, TaK-
e TIPe/IaraeTcsl MCroyb30BaTh HOPMAIbHYIO aKTHBHOCTB (AN;), paccuu-
ThIBaeMyto 1o dopmyie (9):

Ani = Af| /Cm, (9)

rae AN — HOpMaibHas aKTUBHOCTb B JIAHHOW Touke akBaTopuu; Cp —
CpelHssl KOHLEHTpALUs 3arpsi3HAIOLIErO BellecTBa B IPEJesax JaHHOM
AKBATOPUH.
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Bmecto  HOpManmbHON aKTUBHOCTH TaK)KE€ MOXKHO HCIIOJIB30BATh
CTaHJapTHYIO aKTUBHOCTb (AS;), paccuuTsiBaeMyto 1o popmyie (10):

ASi = Af| /S, (10)

rae ASj — cTanjapTHas AaKTHBHOCTb B JAHHOM TOYKE aKBaTOPHHU; S —
CTaHJApTHOE OTKJIOHEHHWE KOHIICHTPAIlMU 3arps3HSIOIIETO BEIIEeCTBAa B
Ipenenax JaHHOM aKBaTOPUHU.

B mpuHINTIE, aKTUBHOCTH 3arps3HSAIONIETO BEUIECTBA MOXET OBITH
BBISIBIICHA B JII000H (pase (KOMIIOHEHTE) MOPCKOM Cpelbl, HO LIS €€ OIl-
pEleNeHus C HCIOJb30BAaHUEM MPE/JIOKCHHOTO BBIIIC METOJa HE00XO-
JIUMO TMapajuIeIbHOC U3MEPEHUE KOHIICHTPAI[MH KOHCEPBATUBHOTO BEIlle-
ctBa. Jlns BomHOM (ha3bl TAaKOBBIM BELICCTBOM, OE3YCIIOBHO, SIBIISCTCS
COJICHOCTh (MHHEpaiu3alus). BeiOpaTh KOHCEpBATHBHOE BEUICCTBO IS
apyrux a3 (B3Becw, IUIAHKTOHA, OHHBIX OTJIOXKEHHUI) HE Tak HPOCTO.
[TosTomy B HacTosIee BpeMs MBI, KaKk MPaBUIIO, OTPAHUIUBAEMCS OIpe-
JISIICHIEeM aKTHBHOCTH 3aTrPS3HAIONINX BEUICCTB B BOJIE, HO HapabaThIBa-
€M OIIBIT TI0 €€ ONPECTICHUIO B IOHHBIX OTIOKEHUIX, UCTIONB3Ys B Kade-
CTBE KOHCEPBATHBHBIX BEIIECTB MIMPOKO PACIPOCTPAHCHHEIE B IIUTOCHE-
pe XUMHYCCKHE dIIEMEHTHI (3KeJIe30, aTFOMIHNHN, KaITbITHIA).

Hmest Ha pyKax 4HCIIEHHOE 3HAYCHHUE JICBHAHTHOCTH, PACCUUTAHHOE
mo ¢opmyiie (3) U YUCICHHOS 3HAYCHUE aKTHBHOCTH, PACCUYHTAHHOE IO
tdhopmyse (8), MbI JIETKO MOXKEM PAaCCUUTATh YUCICHHOE 3HAYCHUE (haKTH-
4eCKOW MOOWJIBHOCTH B JJaHHOM TOYKE aKBaTOpHH, peodpazoBas hopmy-
ny (6) B cnenyrommii Bup (11):

ij = DfJ - AfJ (11)

B cBoem uncneHHoM Beipaxkenun Mfj (taxoxe kak Df; u Af)) 3aBucut
OT Pa3MEPHOCTH KOHIEHTpanuu. YToObl n30ekaTh STOW 3aBHUCHUMOCTH,
TaKKe IPeJJIaraeTcs HCIONb30BaTh HOPMallbHYI0O MOOMIbHOCTH (M),
paccunTeiBaeMyro 1o popmyie (12):

Mn; = Mf;/Cy,, 12)

rae Mn; — HopmasbHas MOOMILHOCTE B JJAHHOM TOUKE aKBaTOPHH; Cn—
CPEeIHsIsI KOHIICHTPAIMS 3arpsI3HSIOICIO BEIIECTBA B IpeaesiaX AaHHOM
aKBaTOpHUH.

Bwmecto HOpMaJ'[LHOﬁ MO6I/IJ'IBHOCTI/I TAKXXE€ MOXHO HCIIOJIb30BAaTh
cTaHAapTHY0 MOOMILHOCTE (MS;)), paccunThiBaemy:o 1o GopmyJe (13):

MSi = Mfl /S, (13)

rac MSj — CTaHaapTHas MOOMJIBHOCTE B )IaHHOI\/’I TOYKEC aKBAaTOPUH, S —
CTaHAAPTHOC OTKIIOHCHHUC KOHIICHTPAIIUN 3arpsA3HAIOIICTO BCIIECTBA B
penenax JaHHOM aKBaTOPUHU.
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Konuenrpamuo, akTHBHOCTh U MOOWJIBHOCTH MBI 3arpsi3HSIOIINX
BEILIECTB MBI pacCMaTpPUBacM Kak 0a30BBIC TC€O’KOJIOTHUECKHE TTOKa3aTe-
JM 3arpsA3HEHMs] OKPYKAaIoWeH cpensl 1Mo ABYM NpHYMHAM. Bo-TIepBBIX,
9TH TIOKa3aTeNN XapaKTEPH3YIOT COCTOSHHE 3arpsi3HSIONINX BEIIECTB
NPUMEHHUTENBHO K Ka)KIOM TOYKE aKBaTOPHH, a HE K €€ IUIOMAAHN B Iie-
noM. brarozapst 3ToMy ¢ aKTUBHOCTBIO H MOOMIJIBHOCTBIO MOXKHO TIPOBO-
JUTh T€ XK€ ONEpaIl, 4TO M C KOHILEHTPAIMe — CTPOUTH KapThl MPO-
CTPAHCTBEHHOT'O pacrpezeeHus], rpauki BPEMEHHOTO XOJAa, BBIYHC-
JSITH CpelHUe 3HaYeHus U T.1. [IpuMepoM ToMy SBIISIIOTCS Tpaduky, mpu-
BE/ICHHBIE HA PHC. 8, N3 KOTOPBIX CIIEAYET, YTO CTAaHIAPTHAsl aKTUBHOCTh
He(TEenpOAYKTOB B BOIaX MEJIKOBOJHON 30HBI B3MOPbs Bonrn Huxe, uem
UX CTaHAapTHas MOOWIIBHOCTB, CIIC[IOBATEJIbHO, BHEIIHUA MaccOOOMEH
npeobiagaet Hax MeK(pa3HBIM.

Bropast npuuMHa COCTOUT B TOM, YTO 3TH I'€O’KOJIOTHYECKHE TTOKa-
3aTeT MOXKHO HCIOJIb30BaTh HE TOJBKO UIS OLIEHKH COCTOSTHHMS 3arpsis-
HSIOIINX BEIECTB BO BPEMs MX IyTEIIECTBUS IO OKpYXaromlel cperne,
HO TaKXe Ul OIIGHKHM M HOPMHPOBAHUS BO3ACHCTBHUS 3arpsi3HEHUS Ha
OMOJIOTUIECKHE CUCTEMBI (CM. HUXKE).

B 3aBepiiieHny mepBoi 4acTH OYepKa YMECTHO O0OCYIHUThH (pritocod-
ckue Borpockl. [I0BOJOM it 3TOrO SIBNISIETCS TO OOCTOSITENBCTBO, YTO
BCE IPEUIOKCHHBIE BBIIIE T'€03KOJIOTHYECKHE TOKA3aTeNIn 3arpsi3HeHUs
MOPCKO#1 cpeibl W/HIM METOABI UX OINpEeICHUs] OCHOBBIBAIOTCS HA aHa-
JIM3€ paclpeielieHUs] 3arps3HSIONINX BEIIECTB B IPOCTpaHcTBe (pusnue-
CKOM W/WJIA TApaMETPHICCKOM).

Ortciona aBa Bompoca: 1) KaKOBO COOTHOIIEHHE PealIbHBIX Pa3Ininit
U TIOTPEITHOCTEH M3MEPEeHUH B TAaHHOM paclpe/ieieHuu? 2) KaKoBO CO-
OTBETCTBHE MEXIY BBIOODOYHBIM M TEHEPAIbHBIM pacHpenesieHueM?
MBpI nonaraem, 4To B F€03KOJIOTHYECKUX ITOKa3aTeNsIX 3arpsisHEHUsT MOp-
CKOH cpenbl 00BEKTUBHOTO OOJIbIIe, YeM CyOBEKTHBHOTO, HO BCE PABHO
CTPEMHUMCSI YMEHBILIUTD POJIb MOCIEIHET0 33 CYET YBEIHUSHUSI Pa3MEpOB
BBIOOPOK M YaJI€HUsI N3 HUX SIBHBIX OMINOOK H3MEpEHUH.

OT0 006CTOSTENBCTBO SBIAETCS OJHON W3 MPUYHH TOTO, YTO OLIEHKY
3arpsi3HEHUS] MOPCKOM Cpellbl TI0 I'€03KOJIOTMYECKUM IOKa3aTelsIM Mbl
HayMHaeM C aHajiuM3a BapHaOeIbHOCTH KOHLEHTPAIMM, aKTHBHOCTH M
MOOMJIBHOCTH 3arps3HSIOIIMX BEUIECTB C HCIOJIb30BAaHHUEM IIMPOKOTO
Kpyra CTaTHCTHYEeCKUX napaMeTpoB. B Tabmuue 4 B KauecTBe mpumepa
NPUBEJICHBl PE3yJbTaThl aHajIW3a BapUaOelbHOCTH KOHIIEHTpAalWH, aK-
TUBHOCTH U MOOMJIBHOCTH HE(TETIPOIYKTOB B BOJIaX MEJIIKOBOJAHOW 30HBI
B3MOpbst Bosrn BecHo#t 2006 roga. Ouenka BapnaOeNbHOCTH BajkHA He
TOJIBKO JUISL pelIeHus] «(pHUI0co(CKUX» BOIPOCOB, BTOpas MPUYMHA Iep-
BOOUEPEIHOTO OOpaIeHNs] K HEH COCTOWT B TOM, YTO BapuabEIIbHOCTHh
OTpa)aeT «IHEPreTHKY», MHTEHCHBHOCTH MPOILIECCOB, MPOMCXOJSIIUX C
3arps3HAIONIMMHY BEIIECTBAMH B OKpY’KaroIei cpere.
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Puc. 8 M3menenus cpenneit mo akBaTopuu cranaaptHoit MmoownsHocTH (M) m
CTaHJAPTHON aKTHBHOCTH (Ag) He(TENpOIyKTOB B BOJAX MEJIKOBOIHOIl 30HBI
B3MOpbs Bonru B 2001-2012 rr.
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Tabnuua 4
Pesynbrarhl aHaIN3a BapuadeIbHOCTH KOHIICHTPAITUH, aKTHBHOCTH
1 MOOUIIBHOCTH HE(PTEPOIYKTOB B BOAAX MEIIKOBOIHOMN 30HbBI
B3MOpbs Boiru BecHoit 2006 rona

CraTHCTHUCCKHE Konuentpa- AKTUBHOCTb, MOOHUIBHOCTD,

napameTpbl, 0003HaueHNe 1HsL, MKI/JT MK/ MKT/JT

u popmyina pacuera* nos OHO nos OHO noe OHO
Cpennee 3HaueHue, X, 50,2 15,0 4,5 2,2 20,5 3,8
Menunana, Me 26,0 9,0 -12,1 -2,0 10,7 2,4
o T 1,83 197 08 144 117 1,39
acuMMmeTpuu, As
Maxkcumym, Max 230 62,0 191 53,6 117 26,4
Munumym, Min 0,0 0,0 -85,2 -30,1 -15,5 -7,8
Ksaptuis 0,25; ql 12,5 5,5 -48,9 9,4 -8,0 -3,0
Ksaptune 0,75; g3 88,0 21,0 66,0 6,0 32,9 7,1
Pasmax aOCOIOTHBIH,
R = Max — Min 230 62,0 276 83,8 133 34,2
Pa3max xBapTUIbHBIN,
Rq=q3—ql 75,5 15,5 115 15,4 40,9 10,1

CpenHee muHEHHOE
oTKIOHEeHuE, d
CrangapTHoe
OTKJIOHEHHE, G
Koadpdurment
OCIUJUISLINH, 4,6 4,1 60,9 38,7 6,5 9,0
Vr=R/Xcp

OTHOCHUTENBHOE

JIMHEHHOE OTKIOHEHHE, 0,8 0,7 11,9 5,8 1,3 1,6
Vd=d/ Xcp
Koaddurment Bapuarium,
Vo = o/ Xcp
OTHOCHUTENBHOE
KBapTUJIILHOE OTKJIOHE- 1,5 1,0 25,4 7,1 2,0 2,7
aue, Vq = Rq/ Xcp

41,9 11,3 53,8 12,5 26,0 6,0

54,1 15,9 73,5 19,6 35,7 9,1

1,1 1,1 16,2 9,0 1,7 2,4

*®opMyIibl pacyeTa MPUBEICHBI TOJIBKO A T€X MapaMeTpoB, KOTOPbIE OTHOCH-
TEJIbHO PEIKO UCIOJBb3YIOTCS B ONMCATENIBHOM CTaTUCTUKE

Ha sToM MBI 3aBepiiaeM NepByIO 4acTh HAIIEro OYepKa, MOCBSIIEH-
HYI0 MeETOJaM pacueTa Ie0dKOJOTMYECKHX IOKa3aTenel 3arps3HeHUs
MOPCKO# Cpezibl, U TIEPEX0ANM KO BTOPOH €ro 4acTu, Ije pedb noiaer oo
UX MPAaKTUIECKOM HCIIOJIH30BAHNH.
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2. IPUMEHEHUE F'EO3KOJIOTMYECKHUX ITOKA3ATEJIEH JIJIA
OLIEHKH 3ATPAI3HEHHUA MOPCKOH CPE/[TbI

2.1 Ancambnesasn oyenka 3az2pasHeHUss MOPCKOU Cpeobl

CrpeMyicHHE K YMCHBIICHHIO 3arps3HEHUS OKPYXKArOIIeH Cpebl
MPEJIIoJIaraeT, YTo BpeMsl OT BPEMEHH JI0JDKHA TPOBOAMUTHCS €ro OLCHKA,
HeoOXxomumast Jisi 00OOCHOBaHUS HaMeuaeMbIX U ompexnencHus 3ddek-
TUBHOCTH YK€ IPUHSITHIX Mep.

Jlist OLIEHKH 3arpsi3HEHHST MOPCKOW Cpelibl 0 XUMUYECKUM TI0Ka3a-
TENsIM, KaK IPaBWIIO, MCHONB3YETCSl OJUH M3 CIEAYIOIMX KPHUTEPUCB:
npenenbHo gomyctumasn kornentpanust (C)); porosas korunenrtpanus (F);
npenensHo gomyctuMasi Harpyska (Cp). Ilpum stom mis pacdera mpe-
JIENBHO JOMYCTHMOM Harpy3Ku Hcmonbs3yercs popmymna (14):

Cp=C-F (14)

[TepeueHp 3arps3HSIONIMX BEIIECTB, UCIIOJIB3YEMBIX JUIS OLCHKU 3a-
IPSIBHEHUsI MOPCKOI Ccpefibl, OOBIYHO OTPAaHWYEH HECKOJBKHMH MapameT-
pamu. Hanpumep, B 0QHIHaTIHEHOM METO/IE OLIEHKH 3arpsI3HEHUSI MOPCKHX
BOJ, mpuHATOM B Poccuu, B kauecTBe kputepusi ucrnonsdyercs Cp, a B
MepeueHb XUMUYECKHUX MTapaMeTPOB BXOAAT 4 BELIECTBA, OJHUM U3 KOTO-
PBIX SIBIISICTCS] PACTBOPECHHBI KUCIOPO/I.

[peanoxeHHbI# HAMH METOJ KOMIUICKCHOW OLEHKH 3arpsi3HEHHs
MOPCKO#l Cpelbl SBISIETCS MHOTOKPHUTEPUAIIBHBIM (HCIIOJIB3YIOTCSI BCE
Ha3BaHHbIE KPUTEPUH) U MHOTOIApaMETPHIYECKUM (B KayecTBE MapameT-
POB BBICTYIIAIOT BCE OIpEEIsieMble 3arps3HSIOLINE BEIIeCTBa, sl KOTO-
PBIX YCTaHOBJICHA MPEACIBHO JOMyCTUMAsT KOHIIEHTPAIHS).

OOBbEIMHEHHYI0 MHOTOKPUTEPHAIIBHYIO ¥ MHOTOIIApaMETPUUECKYIO
OIICHKH 3arps3HEHMs MpeJiaraeTcsi MMEHOBATh aHCaMOJIEBOW OIEHKOM,
TaK KaK OHa MPEJCTABISAET COO0H eNMHBIH KOMIUIEKC (aHCaMOIIb) U3 TpeX
OIICHOK: OIICHKH KadecTBa (kpurepuil — C)); OICHKH aKKyMYJISIIHU (KpH-
Tepuii — F); onenku Harpy3ku (kputepuit — Cp).

Texuonorus ancamb6ieBoii oneHku (E) BkIrouaeT HECKOJIBKO 3Ta-
noB. Ha mepBoM 3Tare pacCUMThIBASTCS YUCICHHOE 3HAYEHHE OLICHKH JIJIsI
Ka)KJJ0H U3 TOYEK MPOCTPAHCTBEHHOIO Psijia, MOJYYEHHOTO B PE3yNIbTATe
KBa3UCHHXPOHHOM cheMKH. UHCIIeHHOE 3HaueHHe OleHKH KauectBa (E)),
KpUTEpHEM KOTOPOH SIBISIETCSl MPEIETIbHO NOIMYyCTHMasi KOHLIEHTPALHSI
(C)) paccuutsiBaercs mo popmyie (15):

Ei = Pi/Cy, (15)

rae P; — KOHIIGHTpanusl 3arps3HSONIEr0 BEmecTBa | B JAHHON TOUYKe
MPOCTPAHCTBEHHOT'O Psijia.

YuncneHHoe 3HaYeHUE OLEHKH akkymyssauu (Ef, xputepuii - GpoHo-
Bast koHueHTpauus (F)), paccuntrbiBaetest o popmyse (16):
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Eﬁ = P,/F (16)

YucneHHoe 3HaueHUe OoLEHKH Harpysku (Ep), kpuTepuem KoTopoit
ABJISIETCS MpeAesbHO JomycTuMas Harpyska (Cp) paccuuThIBaeTcst IO

dhopmyne (17):
Epi = Pi -F/ Cp (17)

Ha crexyromem sTame pacCUMTBIBACTCSA CPEOHSA MO aKBaTOPHU
(pOCTpaHCTBEHHOMY psy) OLIEHKA 3arpsi3HEHUs Ul KaKAOro 3arpsiz-
HsfOIIEro BeriecTBa i. [Ipu 3TOM OICHKA 3arpsA3HEHHs PACCUMTHIBACTCS
Kak cpeaHee apudmernyeckoe psna Ej, oleHKa akKyMymsmuH — Kak
cpenHee apudmernyeckoe psiia Eg, oleHka Harpy3sku — Kak cpenHee
apudmeruyeckoe psna E;.

Jns toro, urtobel omneHku (Ej), momyueHHBIe ¢ HCMONB30BAHHEM
Pa3IMYHBIX KpUTEpHUEB (), OBUIM COMOCTABUMEI APYT C APYTOM, OHH Iie-
peBoasTCS B OayUIBl € MTOMOIIBIO €AMHOM IIKANbI, MPUBEICHHON B TAaOIH-
e 5 u Ha pucyHke 9.

Cnenyromeil onepanueil sBiseTcs pacdyeT OAHONAPAMETPUYECKON
MHOTOKpHUTEpUaNbHON oreHkn 3arpsisHeHust (Ey) KaxzmelM n3 3arpss-
HSFOIIMX BEUIECTB | B OTACIBHOCTH, B X0JIe KOTOPOTO Pa3INYHbIC OLCHKU
(xauecTBa, aKKyMYJISILIMK M Harpy3KH), BhIpaKEHHbIE B Oajuiax, CKIIa/bl-
BAIOTCS U AETATCA Ha YHCIIO UCTIOJIb30BaHHBIX KPUTEPHUEB, PABHOE TPEM.

Ha 3aBepmaromeil craguu OAHONAPAMETPUYECKUE MHOIOKPUTEPU-
anbHbIe OleHKU Eyj mpeoOpasyercst myTeM ycpeqHEeHUs] B MHOTOIapaMeT-
PHUECKYI0 MHOTOKPHTEpHAIbHYIO (WM aHCaMOJIEeBYIO) OIEHKY. Pesynb-
TaThl pacyeToB WCIIOJIB3YIOTCS VIS KIacCH(UKAIUU M ONMCAHUS 3arpsi3-
HEHUS] MOPCKHX aKBAaTOPHUIl B COOTBETCTBUU C TabiuIek 6.

Tabmuma 5
Enwnnast mrkana ju1s mepeBo/ia CpeJHNX YMCICHHBIX 3HAaUCHUH
OJIHOKpHUTEPHATIEHBIX OUEHOK (E;) B 6ambl

OueHka OueHka OueHka OueHKa Harpysku Ey;
B KavecTsa, aKKyMy ALK,

6annax Ej; Eg Npn C,>F Mpu C,<F
0 E;<1,0 Eq<2,0 Eyi< O E,21,0
1 1,0<E<20 20<E<30  0<E,<10 0<E,<1,0
2 20<E;€30 30<E<40 1,0<E;<20  -1,0<E,<0
3 30<E;<50 40<E<50  20<E;<30 -2,0<Ey<-1,0
4 E;;>5,0 E;>5,0 Ey>3,0 Epi<-2,0
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Puc. 9 Unmioctpanus eAnHON MIKaJIbl A NEpeBOAA YUCICHHBIX 3HAYCHUH OTHO-
KPUTEpHATLHBIX OleHOK (Ej) B Gamnbl. Iocnennne o6o3HadeHsl nudpaMu B OK-
HaxX, PAacHOJIOKEHHBIX CIIpaBa OT OcCel, pa30MTBIX HA XapaKTepHBIE OTPE3KH B
3aBUCHMOCTH OT KPUTEPHUS OLICHKU

Tabmuma 6
Knaccugukarms 3arpsa3HeHNST MOPCKHUX aKBaTOPHUi
B COOTBETCTBUH C aHCAMOJIEBOM OLIEHKOM

Knacc 3arpAasHeHus BepbanbHas oueHKa YucneHHasa oueHKa
MepBbl Yucras meHee 1 pasHo 0,50
BTopoi YMepeHHO 3arpasHeHHan ot 0,51 go 1,50

TpeTui 3arpa3HeHHan ot 1,51 go 2,50
YeTBepTbiin [pAsHan ot 2,51 po 3,50

MAaTbIn OyeHb rpAsHas 6onee u paBHo 3,51

3aBepluaeTcsi TEXHOJIOTHSI aHCaMOJICBOI OLICHKH IOCTPOCHHEM Mart-
PHILBI, CTONOLAMHI KOTOPOH SIBISIOTCS KPUTEPHUH OLICHKH, a CTPOKAMH —
napaMeTpsl 3arpsisHeHus (Tadn. 7). OTo Mo3BOJsIeT OOBEAMHUTH WHTE-
rpayibHbIi U TUddepeHHanbHbIi T0JX0bl K OLEHKE 3arps3HeHHsT MOP-
CKUX aKBaTOPHM: MHTETrpajbHasl MOJXOJ BOIUIOLIAETCS B HUTOTOBOIl aH-
cam6iieBoit orenke (W), a quddepeHmansHplil — B pe3yabTaTax aHaIu3a
WTOTOBOM MaTpHUILBI 10 CTONIONaM (Y) U CTpOKaM (Z).

MHoromnapaMeTpruuecKyro OICHKY, B TOM YHcIie aHcaMmOJIeByIo (T.e.

KaXIbIif U3 CTOJIOIIOB UTOTOBOW MATPHIBI, CM. TaOl. 7) peKOMEHIyeTCs
NpeCTaBIsATh B TpeX BUIax: 1) kak o06obwennyio ouenky (E; = E/n); 2)
Kak npuopumemuyio oyenxy (E; = E/IN); 3) kak akcmpemansHyto oyeHxy
(Es = Ema). 31ech N — oblee Yuciao mapamMerpoB 3arpsisHeHus; N —
YHCIIO TapaMeTpoB 3arps3HeHus, y KoTopsix E > 0; Enax — MakcuMansHoe
3HaueHue E.
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Tabnuua 7
MaTtpuyHoe TIpe/IcTaBICHIE aHCaMOJIEBOI OIIEHKH 3arpsi3HEHHS

OueHKa 3arpasHeHus, E

OueHKa OueHKa OueHKa
Mokasarenb AHcambnesas
KayecTBa, AKKYMYNsLMK, Harpysku,
oueHKa Ey
E, E¢ Ep
iy X X X z
ip X X X z
i3 X X X z
in X X X z
E; y y y w
E; y y y w
Es y y y w
Ipumeuanue: | — 3arpsA3HAIONIEE BEMIECTBO, X — OJHOIAPAMETPUYECKAS U OJHO-

KpUTEpHalIbHAas OLIEHKA; Y — MHOTONapaMeTpH4eckas U OJHOKPUTCpHAIIbHAs
OLICHKA; Z — O/THOTIapaMeTPHYECKasi U MHOTOKpUTEpHAJIbHAs OLICHKa; W — MHOTO-
KpHTepUaIbHas MHOTOIIapaMeTpruecKas (aHcaMOIieBast) OLCHKa

Jnst anpobanuy JaHHOTO METO/A HCIOJIb30BAIHCH JaHHBIE, MONY-
YeHHBIE B XOJI€ UCCIIEIOBAaHUI pa3NUYHbIX paifoHoB Kacmuiickoro mops.
Hwxe npuBeieHa aHcaMOJieBas OLiCHKA 3arps3HCHHUS MOPCKUX BOJ B paii-
one «X» ocenbto 2012 roxa (tabm. 8).

Tabmmma 8
PesynbraTel aHcaMOJIEBOH OIIEHKH 3arps3HEHUS] MOPCKUX BOJ
B paiione «X» ocennto 2012 roga

OueHka OueHKa OLeHKa
Mokasartenb KauecTBa aKKyMynaLumm Harpy3Ku AHcambneBasn
oueHKa Ey
E| Es E,

BIMKs 0 0 0 0
N-NH, 0 0 0 0

A ! 0 1 0,67
eneso 2 0 1 1
LIMHK 0 0 0 0
Hukenb 3 0 1 133
Meap 1 0 1 0,67
CeuHeL, 0 0 0 0
Kagmuit 0 0 0 0

E1 038 0,0 0,4 0,41

E; 1,8 = 1,0 0,92

E; 3,0 0,0 1,0 1,33
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Kak cnenyer n3 naHHbIX, IPUBEICHHBIX B Ta0Jd. §, MOpCKHE BOJbI B
patione «X» oceHblo 2012 r. B COOTBETCTBUH C 0000weHHOU ancamoe-
601 oyenkoti (10 KOMIUIEKCY ITOKa3aTeJel, B COCTaB KOTOPOTO BXOIAT 9
3arps3HAIONINX BEIIECTB) OLEHUBANUCH Kak umcThle (En=0,41). Kpure-
pUsIM, YCTaHOBIICHHBIM JJISI OLIEHKH 3arpsS3HEHHs, HE COOTBETCTBOBAJIO
conepxaHne 4 3arpsA3HSAIOMINX BEIIECTB, MPH 3TOM COTJIACHO HpUOpU-
memuol aHcamob1esoll oyeHKe MOPCKUE BOJBI OLIEHUBAIIICH KaK YMEpPEH-
HO 3arpszHeHHbIe (Ey=0,92). U3 Bcex 3B, camblil BHICOKHIT ypOBEHb 3a-
rpsi3HeHust  Obul ycraHoBieH y uukens (Eys=1,33), B cooTBeTCTBUM C
IKCMPEMATLHOU aHcambne8ol oyenKou BOJA TAKKe OICHUBAACh Kak
YMEPEHHO 3arps3HeHHasl.

B cooTBeTcTBHY C 0600WeHHOU OYeHKOU Haspy3KU MOPCKHE BOJIBI B
paifone «X» ocennto 2012 r. onenuBanach kak yuctsle (Ep;=0,4). Kpure-
pUsIM, YCTaHOBIICHHBIM U OLIEHKH Harpy3Kd, HE COOTBETCTBOBAJIO CO-
nepxaHne 4 3arpsA3HAIONIAX BEIIECTB, IPH TOM COTJIACHO Mpuopumen-
HOU U SKCMPeMAaNbHOU OYeHKe Ha2py3Ku MOPCKHE BOJBI OIICHUBAIACh KaK
yMepeHHO 3arpsasHeHHsle (Egp =Ep3=1,0). B cootBeTcTBUM € 0600w eHHOl
OYEHKOU aKKyMYAsyuu MOPCKHE BOABI B pailoHe «X» oceHbo 2012 r.
oneHuBanuch Kak uncras (Ex=0). CormacHo axcmpemanvHoll oyenke ax-
KyMYIAyuyr MOPCKUE BOJIA TAK)KE OIIEHUBAIHCH Kak yrcThie (Ef=0).

B cootBeTcTBUU C 0600WenHOU OyenKol Kauecmea MOPCKUE BO-
Il B paiioHe «X» oceHpio 2012 T. oleHMBAIUCh KaK YMEPEHHO 3arps3-
HeHHble (E;;=0,8). KpurepusmM, ycTaHOBICHHBIM Ui OLIGHKH KadyecTBa,
HE COOTBETCTBOBAJIO COAEpKaHHE 4 3arpA3HSIONUX BEILIECTB, IPH 3TOM
COTJIACHO NpUOPUMEmMHOl OYeHKe Kayecmeda BOJBI OLCHUBAINCH KaK 3a-
rpsizaenHble (E;p;=1,8). U3 Bcex 3B, caMbIM XyIIIINM KauecTBO BOJBI OBLIO
o coxepxkanuro Hukens (E;3=3,0), B COOTBETCTBUU ¢ 9KCMPEeMAnbHOU
OYeHKOU Kauecmea BOIIBI OIICHUBAIIUCH KaK TPS3HAS.

CpaBHeHHEe 00O0OIICHHBIX OIIEHOK Ka4ecTBA M aKKyMYIDIIUH IMOKa-
3BIBACT, YTO OCHOBHOW BKJIAJ] B 3arps3HEHIE TaHHON aKBAaTOPHH BHOCHIIH
WCTOYHUKH, PACIOJIOKEHHBIE 3a €ro mpejenaMu, Tak kak E;; > Eg. Ha
9TO K€ YKa3bIBaeT CPAaBHEHME 3KCTPEMAJIbHBIX OIEHOK KauecTBa U aKKy-
myssian (Eq3 > Egs).

K HacrosmeMy Bpemsi HaM HaKOILIEH OOJIBIIOI OMBIT IO UCIOJIB30-
BaHHUIO aHCAMOJIEBOTO METOJA ISl OLIEHKHU 3arpSI3HEHUS MOPCKOM Cpeabl.
DTOT OMBIT MOKa3bIBAET, YTO OTIMYHEM M IPEHMYLIECTBOM JIAHHOTO Me-
TOJia ABJSIETCS. COBMEIEHUE MHTErPaIbHOTO U TuddepeHInantbHOro moa-
XO/IOB K OIIEHKE 3arpsi3HEHHs MOPCKOH cpelibl, MepBbId M3 KOTOPBIX Xa-
paKTepu3yeT CyMMapHOE 3arpsi3HEHHUE, a BTOPOI — pOJIb OTAEIbHBIX (aK-
TOPOB, B T.4. BHEIIHUX M MECTHBIX MCTOYHHKOB, TEX MM MHBIX 3arpsis-
HSIOIIMX BellecTB U T.J. JleficTBUTENbHO, B caMOM 00IIeM BHJie aHcamO-
JieBasi OIIEHKA MOXeT OBITh CBEJeHA K OJHOW IU(pe HIU OTHOU CIOBEC-
HOU (hopmyne. B To ke Bpems, MATpUIHOE MPEACTaBICHUE PE3YIbTATOB
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aHCaMOJICBOW OIICHKHM JacT BO3MOXXHOCTH aup(epeHIUpoBaTh e¢ He
TOJIBKO MO OTICNbHBIM MapamMerpamM U KPUTEPHSM, HO U 10 OTACIbHBIM
BUJIAM.

B J1aHHOM BBIIIIE ONMUCAHUM aHCAMOJIEBBI METO UCIOIB30BaH IS
OLICHKH 3arpsi3HCHUSI aKBATOPHHU 10 PE3yJbTaTaM OJHOIN KBa3HMCHHXPOH-
Hoi cbheMku. CooTBercTBeHHO, F B popmynax (14), (16) u (17) mpen-
CTaBJIsIeT CO00I MOMEHTANIBHYIO (OHOBYIO KOHLIEHTpaluoo. J{Jst aHamu3a
JMIUHAMUKHU 3arps3HEHUS MOPCKOW Cpelbl MO NAaHHBIM psga ChEMOK, pas-
JICIICHHBIX MEXAy COO0OW 10 BPEMCHH, PEKOMCHIYETCS HCIIOJIb30BaTh
BMECTO MOMCHTAJILHOW WHTEPBAIBHYIO W/HIM YCTOWYUBYIO (DOHOBYIO
KOHIICHTPAITHUIO.

AHcam0I1eBO#1 OIICHKON MBI OOBIYHO 3aBEpIIaCM aHAIN3 3arpsi3He-
HUSI TOW WITM MHOW aKBaTOPHUH, B COCTaB KOTOPOTO TAKXKE BXOJST OLIEHKA
BapuabebHOCTH U JMArHO3 3arpsA3HEHUS] MOPCKOM CPebl MO Te€03K0II0-
THYECKUM MOKa3aTesssM. Pe3ynabTaThl 3TOTO aHAN3a JOCTATOYHO MOJTHO
OTPaXKalOT KaK OOIIne, TaK U CHeHU(pUUSCKUE YePThl 3arps3HEHUS JTaH-
HOM aKBaTOPHH, B CBSI3H C YEM UX COBOKYITHOCTD Il KDATKOCTH HMEHY-
€TCsl KIOPTPETOM 3arpsA3HCHUS.

2.2 Buisgnenue u OYEHKA JIOKANbHO20 3ACPA3ZHEHUs

HcToyHnKy 3arpsA3HEHHS OKpYXKAIOIEH cpebl KOHTPOIUPYIOTCS Ha
IByX pyoOexax. IlepBblii pyOesk MPOXOIUT Yepe3 YCThs CAMUX MCTOYHH-
KOB. OOBIYHO KOHTPOJIb 3€Ch MPOBOJUTCA CAMUM 3arps3HUTENEM (JIUIIb
B HCKJIIOUUTENBHBIX CIy4asX OH BBIMOJNHAETCS HAI30pHBIM OpPIaHOM),
MO3TOMY €r0 PEe3yNbTaThl HEPEIKO MOJBeprarmTcs coMHeHuto. Ilostomy
BaXEH BTOPOH pyOex, MPOXOIAIIUNA Yepe3 30Hy BO3JCHCTBUS NCTOUHHKA
3arps3HEHUs, TJe KOHTPOJIb, KaK MPaBHJIO, OCYIIECTBIIIETCS HE3aBHCH-
Moii oprau3anueil. OCHOBHOII 3aadeil Ha 3TOM pyOeske SBISETCS BBISB-
JIEHHE U OLICHKA JIOKAJIBHOTO 3arps3HEHUsL.

Pemmenue 37011 3a1a4n MBI OOBIYHO HAYMHAEM C OIIEHKH BKJIaJa JIO-
KaJbHBIX MPOIECCOB B 3arPS3HEHHOCTh MOPCKOM Cpellbl, KOTOpas MIPOBO-
JUTCA C UCTOJB30BAaHUEM OMNMCAHHOTO BBIIIE METOJA, OCNE Yero mepe-
XOANM K MaTeMaTHKO-CTaTHCTHYECKMM M TpadOoaHATUTHYECKHM METO-
JlaM, TIpUMepBI UCIOIb30BAHUSL KOTOPBIX NpUBEAEHBI HIbke. Ecau ucxon-
HBbIE JaHHBIE OTPAHWYMBAIOTCS TOJBKO NMPOCTPAHCTBEHHBIMHU PAJAMH, TO
JUTS BBISIBIICHUS U OLICHKH TEXHOTEHHBIX N3MEHEHHH B KaUeCTBE KPUTEPHS
pEeKOMEeHAyeTCs CTaHAapTHOE (CpeaHee KBaJpaTHUeCKoe) OTKIOHEHHUE
BCETO psAAa JaHHBIX.

MeTox OIEHKHU JIOKAJIIFHOTO 3arpsi3HEHUS MOIUGBHUIMPYETCS B 3aBU-
CHUMOCTH OT PACIIOJIOKEHHS CTAHIMHA, KOTOPOE MOXKET OBITH pajnaTbHBIM
(BHYTpeHHMH paauyc — B 30HE BO3JEHCTBHS; BHEIIHUN paguyc — 3a Ipe-
JieTlaMi 30HbI BO3/ICHCTBUS) WIIM UPPAAHAIIBHBIM (TIPH 3TOM 4acTh ITyHK-
TOB BCE PAaBHO JOJDKHA HAXOJAUTHCS B 30HE BO3JEHCTBUS, a OCTAJIbHBIE 3a
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ee npenenamu). [ BBISBICHHS M OLIGHKH TEXHOT'€HHBIX W3MEHEHUH HC-
HOJIB3YeTCs] MHAEKC H, KOTOpBIH IPH MCIIOIb30BAHMH B KaUeCTBE KpHUTE-
pHs CTAaHOAPTHOTO OTKJIOHEHHMs o0o3Havaercst Hs. Ilpu paguansHOM pac-
HOJIOXKEHHU ITyHKTOB I pacuera Hs wmcmonb3yercs nBa cnocoba. B
MIEPBOM CJIydae HCIonbp3yercs ¢popmymna (18):

Hs1 = [Xrn — Xrol/S, (18)

rae Xgn— CpenHee apupMeTHIeckoe 3HaUCHHE mapaMeTpa X B MMyHKTaxX
ommkHero pagmyca (He Ooyee 5-TH IMyHKTOB); Xgrp — CpeAHEe apupMeT-
YecKoe 3HaueHue mapamerpa X B IMyHKTaxX JAJIbHETO pajguyca; S — CTaH-
JIapTHOE OTKJIOHEHHUE psjia X.

Bmecro Xgrp B popmysne (18) MokHO mcnonb30BaTh GpoHOBOE 3HA-
yenue (F) psna X, o6o3nagaemoe kak Fy, B 9TOM ciryyae:

Hs; = [Xen —Fx IS (19)

IIpn uppanuanbHOM paCIOJOKEHUU IIYHKTOB IPOCTPAHCTBEHHBIN
pAA JaHHBIX PAHKUPYETCS IO PACCTOSHUIO MEKAY CTAaHUMAMH M UCTOY-
HUKOM BO3JICHCTBUSI, a 3aT€M CIVIAXKUBAETCS CKOJIB3SIIIUM CpelHuM (C
HMIMPUHOI OKHa, 00BIYHOI paBHOH 3). B aTOM cityuae:

Hss = X — X.|/S, (20)

rne Xg— nepBoe 3HaUEHHE PaHKUPOBAHHOTO M CIIIAXKEHHOTO psijia; X| —
HoCIe/IHee 3HAUCHUE PAH)KUPOBAHHOTO M CIVIAKEHHOTO psija; S — cTaH-
JapTHOE OTKJIOHEHHUE UCXOAHOTO0 psija X.

Bmecto X B popmyie (20) MOXKHO HCTIONB30BaTh (POHOBOE 3HAUE-
aue (F) psana X, obo3nagaemoe kak Fy, B 3TOM cirydae:

Hsa = | X¢ —FxIIS (21)

O HanMUMM ¥ XapaKTepe TEXHOTCHHBIX U3MEHEHUH CyIAT MO 3Hade-
HUt0 Hs. CumnTaercs, 4To TEXHOT€HHbIE U3MEHEHUS MOPCKOHM Cpellbl uMe-
toT Mmecto ipu Hg> 1. [lpu 1 < Hg < 2 maHHBIC N3MEHEHUS OIICHUBAIOTCS
Kak cnadbie, mpu 2 < Hg < 3 OHHU OLIEHUBAIOTCA KaK YMEPEHHBIC, IpH 3 <
Hs < 5 oHH OlleHMBAIOTCS KaK CHIBHBIC, IpH Hgs> 5 kKak OYeHb CHIIbHBIE.

Hamr ombIT mokaseiBaet, uro mHACKCH Hsp 1 Hgy, amst pacdera xo-
TOPBIX UCHONB3yeTcsl (POHOBas KOHIEHTpaIus (B JAHHOM Cllydae pedb
UAET 0 MOMEHTAILHON (OHOBOW KOHIIEHTpAIIMH), JIy4Ile pearupyroT Ha
TeXHOTeHHbIE W3MEHEHHs, 4eM WHAeKChl Hs; u Hss. Tak mpu Oypenun
OJTHOW M3 MOMCKOBHIX ckBakKWH Ha CeBepHoM Kacmmm OBUIO yCTaHOBJIEHO
¢ momoniplo mHAeKca Hs, cmaboe BozmeiicTBue OypoBBIX paboT Ha co-
JIep’KaHue KPYIMTHOTO TIeCKa B JIOHHBIX OTJIOKEHHUSAX, KOHIIEHTpanuto (he-
HoNoB B Boje, CITAB u cBHHIIAa B JOHHBIX OTJOXEHUSX, a TaKXKe yMe-
PEHHOE BO3ICUCTBUE HA COCPIKaHUE Oapus B IPUIOHHOM CJIOC BOJEL.
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JUis WIITIoCTpalvu TEXHOT€HHBIX U3MEHEHHH B Cllydae paAuaibHOro

PAaCIOJIOKEHUS CTAaHIIMM BOKPYT MCTOYHMKA BO3AECUCTBHS PEKOMEHAYETCS
WCIIONB30BaTh Kpyroseie nuarpammsl (puc.10). Ilpn uppagmaasHOM pac-
TIOJIOKECHUHN JISL ATOTO OOJNBIIE MOAXOIST rpaduKd psia JaHHBIX, paH-
JKUPOBAHHBIX TI0 PACCTOSHHUIO OT UCTOYHMKA Bo3neicTsus (puc. 11). dus
OoJpIIe HATISAHOCTU 3TH TpaUKH MOXHO ammpoOKCHMHUPOBATH JIMHEH-
HBIM TPEHIIOM.
Puc. 10 IIpocTpaHCTBEeHHOE pacmpererne-
mue CIIAB B JOHHEIX OTJIOKEHHSIX
(mr/kr) B mpemenax Ommkaero (R1) m
JIaJIbHETO (R2) pammycoB k TOHUKe
OypeHust

Puc. 11 PanxupoBaHHBIN ¥ anNpOKCUMHU-
POBaHHBIH JIMHEHHBIM TPEHIOM DS 3Ha-
yennii koHueHTpauun CIIAB B moHHBIX
OTJIIOKEHUSIX B palOHE CTPOHUTENBCTBA
CKBaXMHBI X IOCNE 3aBepHIeHHs Oypo-

BBIX paboT
5 Mr/Kr CMNAB
A y=-0,0179x + 1,4625
2
VAW AN A
1 -
o+ T —T"TT T 77T

JUis BBISIBJICHUS M OLIEHKH JIOKAJIIBHOTO 3arpsi3HEHMS U3 U3BECTHOTO
MCTOYHMKA HapsAy C ONMUCAHHBIMHU BBILIE METOAAMH B 00S3aTENbHOM MO-
psilike JOJDKEH HCIIONb30BaThCsl OAlaHCOBBIM METOJ, CYyTh KOTOPOTO CO-
CTOMT B CPaBHEHHH AWHAMUKH MAacChl 3arps3HSIOIIMX BEIIECTB B 30HE
BO3JICHCTBHS C JAMHAMHUKOW €ro MOCTYIUICHHS B OKDPYKAalOIIYI0 Cpery
(TIpH 3TOM JOJDKHBI YUHTBIBATHCS HE TOJIBKO (pAaKTHUECKHE, HO U BCE BO3-
MO>KHBIE JUTS TJAHHOTO NPOHM3BOJICTBA COPOCHI 3arpsA3HSIIOINX BEIIECTB).

2.3 Paspabomxa 10KAIbHbIX HOPMAMUBOE KAYeCMEa MOPCKOU Cpedbl

JKuBas mpupona M 4eNOBEK MPEACTABISAIOT B3aHUMHYIO OIACHOCTH,
HO TIPH 3TOM CTaparoTCsl HE MEePEeXOIUTh CMEPTENbHON YepTHl, TaKk Kak
OJIHOBPEMEHHO HYXAAIOTCS ApYr B Apyre. Takol 4epToil NpUMEHUTEIBHO
K 3arps3HEHHIO OKPYXKAIOMIEH Cpensl SBIAETCS MPENeNbHO IOITyCTUMAs
KoHneHTparws 3arpssusommx Bemects (ITK). TTIJIK moxer ycranapmu-
BaTbCSl B LIEJIAX OXpaHbl 370pOBbs udesoBeka (canutapHas [1/IK), mpwu-
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pomHbIX pecypcoB (xo3siictBenHast [1JIK) wim mpupomHBIX SKOCHCTEM
(axomorndeckas I1/IK). B orcyrctBue skonormueckoit I[1/IK ee mpenna-
snauenne de facto mcmonmstfor canmrapHas w/wian xossiictBernas [TJK
(KoTOpBIC MHOTIA BIIOJTHE CIIPABIIAIOTCS C ATOI 3amadeii).

VYcranosnenne I1JIK sto pyHKINS rocymapcTBa, KOTOpoe, Kak Ipa-
BUJIO, PACHPOCTPAHAET ACHCTBUE 3TOM HOPMBI HAa BCIO CBOIO TEPPUTOPHIO
6e3 ydera pazHooOpa3ust 3kocucTeM. Ho 3TO mpaBMIIO KacaeTcsl TOJIBKO
canutapHoil u xo3siictBenHoi IT/IK. IIpn ycTaHOBIEHNN YKOJIOTMUYECKUX
[AK pazHooOpasue NOHKHO yYUTHIBATHCS B 003aTEILHOM MOPSIIKE, TaK
KaK pa3Hble SKOCHUCTEMbI pearupyroT Ha 3arps3HEHHE pa3IM4HbIM 0o0pa-
30M, @ arpecCUBHOCTD 3arpsI3HSAIOIIMX BELIECTB 3aBUCUT OT OKPYKEHHUs, B
KOTOPOM OHH OKa3aJIUCh.

Jus paspabotku skomormdeckux [1/IK MOXHO HCIIONB30BaTh TPHU
MOAX0Aa. 3aMETHM, UTO Hy’KAa B 3TOW pa3paboTKe BO3HHKAET TOTIa, KO-
I7la caHWTapHas W/WIM XO3SMCTBEHHas HE O0CCIICUMBAIOT 3AINUTY IIPH-
POJHBIX DKOCUCTEM.

[epBBIif TOAXOA COCTOUT B BBISBICHUN OMOJIOTHYECKOTO BHIIA, HAHU-
GoJiee TyBCTBUTEIILHOTO K 3arpsI3HEHUIO (M3 YHCIIA TEX, KOTOPBIE UTPAIOT
BOXHYIO pOjb B (DyHKLIMOHAIBHOW OpraHu3alMy COOOIIECTBa), Onpesae-
neaun [IJAK myig opraHu3MOB JaHHOTO BUJAA M €€ PACHpPOCTPaHEHUH Ha
BCIO DKOCUCTEMY.

Bropoit moaxon mpenmnosiaraeT U3ydeHUE U OIpPEIEIICHUE 3aBUCH-
MOCTH «103a-3(exT» Ha HaJOpraHM3MEHHOM YPOBHE, UTO C TEOpEeTH4e-
CKOM TOYKH 3peHus Hauboee NpaBUIIbHO, HO IPAKTHYECKU OCYIIECTBUMO
TOJIBKO B HCKIIIOYMTENBHBIX CIy4asX, TaK KaK KaXKAbI TakoW cirydaid
TpebyeT MOOMIIN3aIMN BCeX UMEIOIINXCS JUIs 3TOTO PECYPCOB.

B TperbeM monaxozde skonormdeckas MUCCHs BO3JIAraeTCs Ha CaHU-
TapHYI0 Wik Xo3sicTBeHHyIo [1/IK, KoTopas moiexuT MoTU(pUKAIINA C
NPUMEHEHNEM MONPaBOK, YYUTHIBAIOUINX, BO-TIEPBBIX, OCOOCHHOCTH 3a-
TPA3HEHUS] KOHKPETHOIO Yy4acTKa 3E€MHOM MOBEPXHOCTH, BO-BTOPBIX,
BOCIIPUMMYHUBOCTD 3arpsA3HSIOIIMX BEUIECTB YKOCUCTEMOM, 3aHUMAIOLICH
JIaHHBINA y4acToK. [Ipu 3TOM 0COOEHHOCTH 3arpsi3HEHUS XapaKTePU3YIOT-
CSl TEOIKOJIOTHUECKUMHY TOKA3aTeIIMHU, a BOCOPUUMYNUBOCTE — CTPYKTYp-
HBIMH ¥ (YHKIHOHAJIBHBIMU NapaMeTPaMH YKOCHCTEMBI, ONPEIEIISIOIIH-
MU €€ PeaKIHI0 Ha 3arpsA3HEHNE U YCTOHYUBOCTD K HEMY.

Crenyet OTMETHUTD, YTO JIIOOOH U3 NIEPEUNCICHHBIX BBIIIE MOX00B
MOJKET MPHUBECTH K TOMY, UTO 3HaueHue 3konorndeckoil I1JIK oxaxkercs
HE TOJIbKO HWXKE, HO W BBIIIE, YeM 3HAUE€HHE CAHUTAPHOU W/MIM XO3SHCT-
Bennoi I1JIK. Kak mpaBmito, B ciydae pacxoxkJIeHHSI MEXIy co00il 3Ha-
yenuil [IJK, umerommx pazauyHoe NpeAaHa3HAueHHEe, MpaKkTUUYEeCKOoe
MPUMEHEHNE HaXOIUT Ta U3 HUX, KOTOpas UMeeT HaNMEHbIIIee 3HauCHHE.

Mopckue akBaTOpHUH HCTIONB3YIOTCS KaK Ul KyJIbTypHO-OBITOBBIX,
Tak Uil PHIOOXO3SHCTBEHHBIX IIETIEH, MOITOMY JUIS 3arpsA3HSIONINX Be-

38



LIECTB, IPUCYTCTBYIOIIKX B MOPCKOIl BOAE, MOTYT YCTaHABIUBATbCS Kak
caHUTapHbIe, Tak u peiooxo3siictBeHHble [1JIK. Tlpu 3TOM, Kak mpaBmio,
peidoxossaiicteennsle IIJIK (ITJIK,x) mo cBoeMy 3HAa4eHHIO HIKE, YeM
CaHUTapHBIC.

ITo sT0#1 MmpHuMHE, a TaKKe MOTOMY, YTO PHIOBI, B OTJIMYUE OT YeJIO-
BEKa, ABJAIOTCSA MOCTOSHHBIMM oOuTtatensamu Mopel, ITJK,, mocmysxunn
OCHOBOHU g pa3paborku skonornueckux ITJK myrem skoormdeckoit
moupukaunu. [lockonbky skonormueckue I1JIK, momydeHHBlE Takum
criocoboM (nanee cokparieHHo nMenyemsie I1/1K,,), npuMeHuMEI Kk orpa-
HUYEHHOMY IO IJIOMIAJN YYacTKy aKBaTOPUH, OHM TaKXKe Ha3bIBAIOTCS
JIOKaJbHBIMY HOpMaTHBaMH KauecTBa MOPCKOM Cpebl.

Ecnun, kak 310 OBUIO NOKA3aHO BHIIIE, COCTOSHHUE 3arps3HEHUS Kax-
JIOM KOHKPETHOH aKBaTOPUHM MOJKET OBITH ONHCAHO C TOMOIIBIO TE€0IKO-
JIOTMYECKUX ITOKa3aTeNel 3arpsa3HeHHs], TO, OUYCBHIHO, CpPEIU HUX HIH B
Pa3IMYHBIX UX KOMOWHAIUAX U CIEAyeT MCKaTh IONPABOYHBIA KOd(QU-
LMEHT JIs SKoslorudeckoil Mmogudpuxamun TTAK,,.

Hcxonst n3 TEOpeTHYECKHX COOOpa)KeHHH, MOXKHO IIpEIonararh,
YTO C aKTHBHOCTBIO — CIOCOOHOCTBIO 3arpsA3HSIONINX BEIIECTB K MEX-
(hasHOMY OOMEHY, BKIIFOYast OOMEH C «OKHBBIM BEIIECTBOM) - HAIIPSMYIO
CBS3aHO MX TOKCHYECKOoe Bo3aelcTBHe Ha OmoTy. CrnemoBaTenbHO, YeM
BBILIE AKTHBHOCTh O aOCOJIIOTHOMY 3HaKy, TeM HMXKE JOJDKHA OBITh
ITJIK. C npyroii CTOpOHBI, MOKHO MPEIOJararh, 4T0 ¢ MOOMIBHOCTBIO —
CIOCOOHOCTBIO 3arpsI3HSIONIMX BELIECTB K BHELIHEMY OOMEHY - Hamps-
MYIO CBSI3aHO YMCHBIICHHE UX HAarpy3kd Ha Ouoty. CremoBaTensHO, 4eM
BBIIIE MOOWJIBHOCTE 110 aOCOJIOTHOMY 3HAKy, TEM BBIIIE JOJDKHA OBITH
[AK. Takum 00pa3oM, aKTHBHOCTb W MOOMJIEHOCTH TPOTHBOIIOIOKHEI
JpyT OPYTY - aKTUBHOCTH 3arpsi3HUTENICH BpeaHa JUis OMOTHI, a MOOMIb-
HOCTb, HA00OPOT, MOJIE3HA.

Hcxoast U3 BBINIEH3IIOKEHHOT0, HAaMK OblIa TpeiokeHa Gopmyiia
(22) mns moaudukanuu peiooxossiicteeHubix [11IK ¢ yderom reoskoso-
TMYECKHX TT0Ka3aTeNel 3arpsi3HeHNS MOPCKOH CpeJibl:

TJIK,, = IAK, (m/a) *" (22)

B dopmyne (22): a — cpenHss N0 aKBaTOPUH CTaHAAPTHAsI aKTHB-
HOCTB 3arpsI3HSIONIETO BEIECTBA, pacCUMTaHHas Mo Gpopmyre (23):

a=YA's;/n-2, (23)

rae A'S;— B3ATas M0 MOJYJIO CTaHAAPTHAs aKTMBHOCTh B KaXJOH TOYke
aKBaTOpUM, paccuuTaHHas 1o ¢opmyine (10); N — KOIMYECTBO TOYEK
(cTaHIMif), BEIIOTHEHHBIX [TPH MPOBEICHIH CHEMKH.

Taxxe B dopmyne (22): M — cpedHss O aKBaTOPUHU CTaHIApTHAS
MOOMJIBHOCTD 3arpsi3HSIOLICIO BELIECTBA, PACCUMTaHHAs MO (opmyie
(24):
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m=YM’s; /In-2, (24)
rae M's;— B3sTas 1o MOyIII0 CTaHAAPTHAS MOOMIIBHOCTD B KaXI0M TOUKE
aKBaTOpUM, paccuuTaHHas 1o ¢opmyine (13); N — KOIMYECTBO TOYEK
(craHuit), BEIMOIHEHHBIX IIPH NPOBEACHUH CHEMKH.

MoOHWIBHOCTh M aKTUBHOCTBH 3arpsi3HSIONIMX BEIIECTB B MOPCKOW
cpene MeHseTcsl co BpeMeHeM (CM. puc. §). DTO 03HAYaeT, YTO IKOJIOTHU-
yeckast [1JIK, paccuntanHas ¢ MCIOJIB30BaHUEM JAHHBIX T€0IKOJIOTHYE-
CKHUX TIOKa3areneil, Takke Oy/IeT MoABepKeHa BpEMEHHOH H3MEHYMBOCTH.
OT0 XOpoIo BUIHO Ha TpaduKax, MpUBEICHHHIX Ha puc. 12, rae I1JIK,,,
paccuntanHas mo gopmyie (22), criaakeHa CKONB3SIIUME TPEXJICTHIMH.

0 C, mKkr/n LMHK, gHO
60 g \
ol TN
20
BecHa Jleto naK
0 t t t i n
0 2 4 6 8
C, MKr/n HN, aHo

80

60

—-—é

40

20

—— BecHa

—=— JleTo

0 T
2

4

Puc. 12 CraaxxeHHBIe CKONMB3AIMME Tpexuetusmu psnsl [11K,, nuaka 1 HEdTe-
TIPOAYKTOB B MOPCKOH BOJe TITyOOKOBOIHOI 30HBI B3MOpBs Bonru, paccunraH-
Hble 1o nauHeiM 1998-2010 rr. lNopusonranbHas senenas aunus — [IK,, B Mop-
ckoit Boge (50 MKr/1 B 060uX Ciydasix); N — [ar CriaXHBaHHsI

Urak, skonoruueckas 1K, paccurTaHHas 1Mo reosKOJIOrMYECKUM
MOKAa3aTeysiM 3arps3HEeHUs], 0Ka3ajlach «IUIaBaIomel». DTO 00CTOSITEb-
CTBO HUKAaK HE 3aTPYAHSET €€ MCII0JIb30BAHME ISl OLIEHKH 3arps3HEeHUs
(«kagecTBa») MOPCKOH CpeMbl, B T.4. C UCIOIB30BAHUECM IPHUBEICHHOTO
BBIIIIE aHCAMOJIEBOTO METO/IA.
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IIAK sBnsiercss 6a30BBIM HapamMeTpoOM JUIs pacdeTa MPeIeibHO JI0-
myctumoro copoca (ITJIC) 3arps3HSAIONIMX BEIIECTB B BOLY W MPEJCIHHO
nmorryctumoro Bosaeiictus (I1[IB) Ha Bomuble 00BekTHI. [Ipu aToMm ITIC
YCTaHABJIMBAETCS [UIsl UCTOYHMKOB 3arpsi3HeHus, a I[1[IB g BOOHBIX
00BEKTOB B LIEJIOM H/HJIH IS OT/ACIBHBIX yYacTKOB akBaTOpHH. Vcmomb-
30BaTh «mwiaBatomuey [1JIK s pemreHus 3THX 3a1a4 HEe OYCHb yIO0HO,
HO BO03MOHO. C10XHOCTh cocTouT B ToM, uto [1JIC u I1JIB umerot or-
PaHMYCHHBIA MO BPEMECHU CPOK JCUCTBHS M JOJDKHBI PETYJSIPHO Tepe-
CMaTPHUBATHCS.

Crnenyer OTMETUTh, YTO HCIIOJNB30BAaHHE TEPMHHA «IPEACIHHO J10-
MyCTUMOE BO3/ICHCTBHE» MPUMEHHUTEIBHO K BOJHBIM O0BEKTaM B IIETIOM,
KaK 3TO CIICNIaHO ceiYac B POCCHICKHX HOPMATUBHO-METOJAMYCCKHX JIO-
KYMEHTaX, BHECIIO HEKOTOPYIO IyTaHUITY B YK€ yCTOSBIIUICA KPYT ITO-
HSTHIA, B COOTBETCTBHH C KOTOPBIM IPHPOIOOXPAHHBIC HOPMATUBHI TOI-
pa3mernsIuch Ha HOPMATHBHI KadecTBa (YCTaHABIMBAEMBIC UL OTHEIb-
HBIX KOMIIOHCHTOB CpEJbI), HOPMATHBEI BO3ACHUCTBUS (yCTaHABIUBACMEIC
JUT OTIENBHBIX MCTOYHUKOB BO3JCHCTBHUS) M HOPMATHBHI HAarpy3ku (yc-
TAHABIIMBACMEBIC U OTACIBHBIX TEPPUTOPHI U MPUPOTHBIX OOBEKTOB).
W3 Tpex BUAOB IPUPONOOXPAHHBIX HOPMAaTHUBOB HOPMATHBBI KaduecTBa
ABJIAKOTCA 6a3OBLIMI/I, a OCTaJIbHBIC HOpMaTI/IBI:-I JINIIb O6eCHe‘II/IBaIOT nux
COOJIIO/ICHHE BO BPEMECHH, B TCUCHUE KOTOPOI'O COXPAHSICTCS BO3ACUCT-
BHE Ha OKpPYXKalomIyio cpefay. Korma 3Tum Bo3meiicTBHEM SBIISCTCS 3a-
FpH3HeHI/IC, MOKXHO FOBOpI/ITI:- O HEKOEM €OAUHOM HOpMaTI/IBe, BI:-Ipa)KeH-
HOM B €IMHHUIIAX MACCHI (HOpMaTI/IB Ka‘leCTBa) HIIN eAWHUIaX IIOTOKa
(HOpMaTHBBI BO3IEHCTBHA W Harpy3ku). Torma 3amgady HOpPMUPOBAHHS
BO3ACUCTBHS M HArpy3KH MOXKHO TPEICTAaBUTh KaK 3ajady Iepexoja OT
€MHUI] MacCHl K eIMHUIaM ToToka. O crmocobax pemieHus 3Toi 3a1adn
peub TOHIET B 3aKIIOYUTEIBHOM pa3zieliec HaIllero OYepKa.

2.4 Oyenka accumMunissyuoHHOU eMKOCmu

[onsTHE MpenenbHO NOMYCTHMON Harpy3KH IIO CBOEMY COZEpiKa-
HHIO TIOJIHOCTBIO COOTBETCTBYET IOHATHIO AaCCHMMISIMOHHOW EMKOCTH
(Am), KOTOpOW Ha3bIBAaIOT MPEICIBbHYIO CKOPOCTh ITOTOKA 3arpsi3HAIONIe-
TO BEIECTBa, MPOXOAAIIEr0 Yepe3 MOPCKYI0 IKocucTeMy 0e3 ymepoa st
ee LIEJIOCTHOCTH, B3ATYIO0 B pacueTe Ha €AMHUIlY IUIOIAJUd MOPCKOH I10-
BEPXHOCTH.

Ornenka A, Bcerja Ha4WHAETCA C OIEHKH (aKTHYECKOW CKOPOCTH
notoka 3B, mpoxopsimero epes 3KocucTeMy. Mexay TeM UMEIONIHecs
JaHHBIE O 3arpA3HEHUU MOPCKHUX BOJI, KaK IMpaBHUJI0, UMCIOT PasMEPHOCTH
Macchl (KOHIIEHTpAIMN), a He MOToKa. J[JIs mepexoia OT eMHMIT MacChl K
€/IMHHUL[AM TIOTOKAa (M3MEHEHHE Macchl B €IMHUIYY BPEMEHH) OOBIYHO HC-
MOJIB3YeTCsl OalaHCOBBIM METOJI, YCIIOBUEM NMPUMEHEHHSI KOTOPOTO SIBJIS-
eTCsl HAJIMYKE JUTUTENBHBIX PEryIsipHBIX HAOII0ACHHH.
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OreHKa acCUMMWISILIMOHHONH €MKOCTH aKBaTOPHM BKIIOYAET B ceOs
HECKOJIbKO cTaauidi. Ha mepBoil cTaanu OCylIecTBIsIETCsl OATOTOBKA HC-
XONHBIX JAHHBIX HaOMIONEHMI 32 KOHLEHTpALMEH 3arps3HAIOMNX Be-
IIECTB B MOPCKOH BOZE. JTa CTagus BKIIOYACT B ceOf TPYyNIHPOBKY
JAaHHBIX 10 JaTe HAOMIONEHWH ¢ y4eTOM MPHPOAHOW IUKIMIHOCTH ITIPO-
LIECCOB, NPOUCXOIAINX B MOpCKoW cpene. Hampumep, Iist yCTbEBOTO
B3MOpPbS Boirn Hamu ObUTH BRIOpaHBI IaHHBIE HAONIOIACHUHN 3a ampeib
(xoHel 3UMHEH MEXEHH — HayaJlo I10JIOBOJIbS), HIOHB (KOHEII IT0JIOBOJIBS
— HayaJjo JIeTHEH MEXEHH), aBrycT (KOHeI| JIETHEH — Hadalo OCeHHeU
MEKEHHU) U CEHTSOpH (KOHEIl OCEHHEH — HadaJlo 3MMHEN MEXEHH).

Ha BTOpOI#i cTamuu NpOBOAWTCS pacyeT MIHOBEHHOM Harpys3ku 3a-
IPSI3HSAIONICTO BELIECTBa | Ha HCCIeayeMyro akpatoputo. [Ipu pacyere
MacChl 3arpsI3HSIIONINX BemecTB B MenkoBonHoM CeBepHoMm Kacrum y4an-
TBHIBAINCH U3MEHEHUsI 00beMa BOJIbI, 00YCIIOBIEHHbBIE CE30HHBIMH M MHO-
TOJIETHAMH KOJI€OaHMSAMH ypPOBHS MOps.. Pacder MrHOBEHHOH Harpysku
1o 3arps3HstoneMy BeniectBy (L) mpoBogures mo dpopmyie (25):

L ==C, (25)

rzae S — mIomans paccMaTpuBaeMoii akBaTopud, V — 00beM HaXOIAIIEero-
cs o, Hell cTonba Boapl, Ci — cpenHsst KOHLCHTpPALHS 3arpsI3HAIONIETO
BEIIECTBA i B CTOJIOE BOJBI B JAHHBI MOMCHT BPEMEHH.

Ha Tperwell craguu NpoBOJUTCS pacdeT CKOPOCTH M3MEHEHHUS Ha-
rpy3ku (Rj) ¢ ucrionb3oBanuem Qopmynsr (26):

Lit - L
-1
R, = =D (26)
T
rae LiI — MI'HOBCHHAas HarpyskKa B }IaHHLIf/’I MOMEHT BPEMCHU, Li(t-l) -

MT'HOBEHHAsl Harpy3ka B MPEbIAYIIHI MOMEHT BpeMeHH; | — IPOJOIIKHU-
TENBHOCTh MHTEPBAJla BpEMEHH MEXIY ABYMS 3TUMH MOMEHTaMH B CyT-
Kax.

[Janee U1 KaXkaoro ce30Ha M3 MOJMYYEHHBIX psiioB R; BEIOMpatoTCs
MaKCHMaJIbHbIe 1 MHHIUMAJIbHBIC 3HAYEHUSI, IEPBOE U3 KOTOPBIX SIBIISIETCS
HOTEHIMAIoM 3arpa3HeHus Boj (Pyi), a BTopoe (B34TO€ 10 MOJYJIIO) CO-
OTBETCTBYET NOTCHUHUATY O4YHIIeHUS BOT (Pr;).

Ha ugerBepTOli, 3aKIIOUUTEIBHON CTaJUU PACCUUTHIBAETCA aCCUMMU-
JSIIMOHHASL €MKOCTh aKkBaTOPHHU (Apj) B OTHOIIEHHH 3arps3HAIONIETO Be-
IIECTBA i, JUIS Yero MCIoIb3yeTcs cieaymomas popmyina (27):

Ani = i Pmi, (27)
rae Py — moTeHuan ounnieHus Boj, i — kodddumueHT 3amnaca.
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KoaddunueHT 3amaca (j B CBOO 0uepe/ib pacCYUTHIBACTCS 1Mo (op-
Mmyie (28):

Ly

qi = , (28)

Lmaxi
rae Ly — npenenbHO pomycTUMasi Harpyska; Lma j — MakcumasibHas Ha-
rpy3Ka.

[Ipu sToM 3HaueHME L,y BEIOMpaeTcs u3 psnoB L 3a Mecsiupl, npu-
XOJSIIIHecs] Ha Ha4Yallo Ce30HOB, UII KOTOPHIX paccunThiBaeTcs Ap,;. Ha-
mpuMep, UIA pacueTa acCHMWIALMHUOHHOW €MKOCTH YCTHEBOTO B3MODBS
Bonru B mepros 0I0BOIBS 3HAYCHUE L a4 OBLTO BEIOpaHO U3 psima Ly 3a
anpens. [IpenensHO momyctuMast Harpyska Ly paccumrteiBaeTcst mo ¢op-
MmyIe (25), B koTopyto BMecTo Cj MOJCTaBIsAeTCS 3HAYCHNUE IKOJIOTHICCKH
moaudumposanuoit ITJIK (ITJIK,,,).

Bwmecro T1JIK,, ans pacdera mpeaenbHO TOMYCTUMON Harpy3ku Mo-
KeT ucnons3obathes IJ1K,,, unu GpoHoBast KOHLIEHTpanus (MHTEpBaIbHASL
WK yCTOWYMBAs), UM HHOH IIeJIeBOI MOKa3aTeNb KayecTBa BOJ.

Britie, B pasfiene, MOCBALIEHHOM aHCaMOJIEBOWM OIICGHKE, MBI YXkKe
UCIIOJIb30BAJIM TEPMHH «IIPEAEIBHO JOMyCTUMasi Harpy3ka» jajst 0003Ha-
yeHns pasHunbl Mexnay [1/IK u ¢poHOBON KOHIIEHTpaIie, 0003HAYCHHOMI
kak Cp B popmyre (14). B cBs3u ¢ 3THM clexyeT OTMETUTh, YTO B OTJIH-
ugne oT L, BRIpakeHHOH B equHMIAX MoTOKa, Cp BBIpakaeTcs B eAHHU-
[[ax Macchl (KOHIICHTPAIINH), I KPOME TOTO, KaK 3TO CIEeAYyeT U3 (POpPMYIIBI
(14) xapakTepu3yeT Harpy3Ky TOJIBKO U3 MECTHBIX HCTOYHHKOB.

U3 storo cnenyer, uto Cp Tarke kak 11K, MOXeT OBITH UCIIONB-
30BaHa Juis pacuera Ly mo ¢opmyne (25). PesyiapraTtom 3TOro pacuera
SIBUTCSI BBIP@XXCHHAS B EIMHHUIAX IIOTOKAa MPEAENbHO IOIycTHMas Ha-
Tpy3Ka U3 MECTHBIX UCTOYHUKOB. J{JIs1 CpaBHEHHS YKa)KeM, 4TO pe3yJIbTa-
TOM aHAJOTUYHOTO pacuera ¢ ucmnoip3zoBanuem [IJIK,, craner mpe-
JISNBHO JOIYCTHMasi Harpy3ka M3 BCEX MCTOYHHMKOB (BHEUTHHX U MECT-
HBIX).

W3 onmcanms 6amaHCOBOTO METOMA CIEIYET, YTO €r0 TOYHOCTh 3a-
BHCHUT OT JJIUHBI psifa HAOMIOACHWI, TPU STOM KeIaTeiabHO, YTOOHI B
STOT Psif MOTATH TOABI, OTIMYABIIAECS BRICOKHMM YPOBHEM 3arps3HEHHS.
Ho Ttakme psapl moctaToyHOo peakd. B OONBIIMHCTBE CiTydaeB JJIS BBI-
OpaHHOW aKBaTOPUM MBI MMEEM JIaHHBIE OJJHOM MJIM HECKOJIBKHX ChEMOK,
pa3JieNIeHHbIX MKy CO00¥ OONBIIMM MHTEPBAJIOM BpeMeHH. Jliis Tako-
TO POJa JAHHBIX OATAHCOBBIA METO/ HEIPUMEHUM.

B Takux cimydasx BMECTO HEro MpeJiaraeTcsl NCIIONb30BaTh CHHOTI-
TUYECKUH METOJ], OCHOBOI KOTOPOTO SBJIIETCS NPEIIOJIO0KEHUE, UTO He-
OJTHOPOJHOE pacIpeleNiCHIe 3arps3HSIOIEro BEIIeCTBA B OJHOPOIHOM
Mo (GpU3MYEeCKNM TapaMeTpaM BOJHOM Macce SIBISIETCS CIIEICTBHEM IpO-
TEKaIOIMX B HEM MPOLECCOB CaMOOYUILEHHs], TOUKOH OTCYeTa BPEeMEHU
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JUTSL KOTOPBIX SIBISICTCS MIPOXOKACHUE TIOCICIHETO ITOpPMa Ha aKBaTOPHH
(TI03TOMY TaHHBINA METOJ Ha3BaH «CHHOIITHYECKHUM» MECTOIOM).

B maHHOM MeETOJIe MOTOK 3arps3HSONIErO BEIIECTBA |, TIPOXOISIIAA
4epe3 enUHUIy 00bheMa BoIbl (0003HawaeMblil O6ykBoii U), paccunthiBa-
etcs o hopmyie (29):

U= (Cmax - Cmin)/T, (29)

rne Cpax — MakcumanbHasi, a Cpjp — MHHAMAaJbHAsT KOHIICHTPAIUS 3a-
TPA3HSIONIETO BEHIECTBA | B Mpejeiax pacCMaTpUBAEMON aKBaTOPUH, T
— BpeMsl B CYTKax, MPOILIEAIIee CO JHs MOCIEeIHEro MTopMa.

Kak ObUIO yCTaHOBJIGHO paHee, IUIS TOTO, YTOOBI OTMPEACIUTh CKO-
POCTh TIOTOKA 3arps3HSIONICTO BEUIECTBA, KOTOpas HE MPHHOCUT Bpena
9KOCUCTEME (ITO 3HAYCHHE, COOCTBEHHO, M SIBJISCTCS acCCHMIUIAITUOHHON
emkocTbio) U nomkHo ObiTh yMHOKEHO Ha [TJIK,\/Crax, U miepecunTaHo
Ha eAWHUILY IUIomanu akBatopur. COOTBETCTBEHHO, AJISI pacyeTa acCH-
MIBIMUOHHONW eMKOCTH (Ap;) B TaHHOM CIIydae CIIEAYeT IT0Jb30BaThCA
thopmyoit (30):

Api = U% 1000h (30)
max
rae h — TonmmHa ciost BOJABI B METpaxX, Al KOTOPOIO PACCUMTHIBACTCS
ACCHMUJISIIMOHHAS €MKOCTh, WJIH TIIyOMHA MOPSI, €CJIM JaHHBINA CJIO0H Tpo-
ctupaercs oT nosepxHoctd 10 nHa. ITJIK,, u Cpax JOKHBI OBITH BBIpa-
JeHbl B MI/aM°. Bmecto TIJIK,,, Takke MOKET UCIIOJIb30BaThCS K00
HMHOM 1IeJIeBO# MOKa3aTellb KauecTBa BOJI.

OcHOBHasi TPYJHOCTh B MPUMEHEHUN CHHONTHYECKOTO METO/a CO-
CTOUT B BBHIJICJICHUN BOJHON MACCHI, OJHOPOJHOW B THUAPOIOTHYECKOM
otHOomeHnd. OCOOCHHO TPYIHO 3TO CAETAaTh B paiioHaX, Ilie HECKOJIBKO
BOJIHBIX MacC KOHTAKTHPYIOT JAPYT ¢ ApyroM. Takum pallOHOM, B YaCTHO-
ctu, sBisiercs CeBepHbrii Kacruit. CHHONITHYECKUIT MeTO ] OBLT BIICPBEIC
anpoOupoBaH HAMH TPUMEHHUTEIFHO K aKBATOPUHU JHUIICH3MOHHOTO yd4a-
ctka OO0 «Kacnwmiickass HedTsIHAS KOMIAHUS», T/ MO JAHHBIM JBYX
cpeMoK (oceHpro 2005 r. u BecHoit 2006 r.) OBUIM BBIAETCHBI OTHOCH-
TEJIHHO OJHOPOJIHBIE BOJAHBIE MacChl. Pe3ynbTaThl pacueTOB aCCUMIISIIH-
OHHOM €MKOCTH B OTHOIICHUH HE(TEIPOIYKTOB C HCIOIb30BAHUEM «CHU-
HOTNITHYECKOTO» METO/1a TIoKa3aju, 4To oHa paBHa 20-25 MF/MZ*CyTKI/I.

Panee st 3amagHoi yactu CeBepHoro Kacnus mo JaHHBIM MHOTO-
JIETHUX HAONIONCHUN ObUTM PACCUMTaHbl 3HAYCHHS ACCHUMIUIITMOHHON
E€MKOCTH B OTHOIICHUH YTICBOJOPOIOB C HCIOIh30BAHUEM OAIIAHCOBOTO
Metozaa. Jlunensuonnsii yuactok OO0 «Kacnwuiickass HeTsIHAsS KOMIa-
HUS» HAXOJWUTCS B CEBEPHOW CEKTOpE JAHHOW aKBaTOPUH, aCCHUMUIISALIU-
OHHAsl EMKOCTb KOTOPOI'O COCTaBJISIET B 3aBUCUMOCTH OT ce30Ha roja 0,5-
5,0 MI/M<CyTKH.
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Takum 00pa3oM, OIEHKA aCCUMMJIALMOHHOW €MKOCTH, MOJIyYeHHas
C MOMOIIBI0 CHHONTHYECKOTO METOJA, Ha MOPSIOK MPEBBINIAET OLECHKY,
MOTYYCHHYIO C MOMOIIBI0 0aJaHCOBOTO METOAA, KOTOPBIH MBI CUHTAEM
6osiee TOCTOBEPHBIM. 3aBBIIICHHBIE PE3YIbTaThl CHHOITHYECKOTO METOA
MBI OOBSCHAEM TEM, YTO B XOJE€ HCCIICIOBAHUH HE YIAJIOCh BBIACIHTH
MOJHOCTBIO OJHOPOIHYIO BOJHYIO Maccy.

Ecmu mpenenbHO OOMYCTHMMOE 3arpsa3HEHHE MOPCKHUX DKOCHCTEM
pa3zeNuTh Ha JIBE€ KaTeropuy — IpelelibHO JONMYCTHMYIO CpeoHiol Ha-
rpy3ky (ITJCH) u npenensHo pomyctumyto pazogyio Harpysky (ITIPH),
To 1 yctaHosieHus IIJICH MoHO HCIONIB30BaTh OLEHKY aCCUMMIIS-
IIIOHHOW €MKOCTH, MOJYYCHHYI0 0aJaHCOBBIM METOJOM, a IJIsl YCTaHOB-
nenus 1IJIPH, aHanoru4nyro OLEHKY, NOIYYCHHYI0 CHHONTHYECKHM MeE-
TOIOM. JIOCTOMHCTBOM IOCJIEIHETO SABIAETCS CYILECTBEHHOE COKpAILEHHE
BPEMEHU M 3aTpaT Ha HOPMHPOBAHUE aHTPOIIOTE€HHOM Harpy3Kd Ha MOp-
CKHE aKBaTOPHH, a HEJOCTATKOB MOXKHO M30€XaTh 3a CUET MPaBHIBHOTO
IITAHUPOBAHUS UCCIIETOBAHHMI.

3axnoueHue

«Mpblcu TI00aNbHO, NEHCTBYH JIOKAJIBHO» — MPHHLMIL, KOTODPBIN
3BYYHT XOpPOIIO, HO paboTaeT IUIOXO, TaK KaK Ha II00albHOM YpPOBHE
OTCYTCTBYET €IMHOMBICIIHE, a HA JJOKAIBHOM — HHCTPYMEHTBI JUIs JEHCT-
Bus. Bee cymecTByromue HHCTUTYTBI OXpPaHbl OKPYXKArOIEH Cpelbl, Kak
BO3/YILIHBIE NIAPHKH, ITOJBEHICHBI MEXKIY «IIOTOJIKOM» U «IIOJIOM», TOTAa
Kak OoJIbIIIast MX 4acTh IOJDKHA OBITH paclpeesieHa MKy HUMH.

ITpuctynuB k pa3paboTKe I'e0’KOJOTHMUYECKUX ITOKa3aTeneil 3arpss-
HEHUSI MOPEH, Mbl HE IIPEJIIOJIArajiy, YTO B PE3YJIbTATE MIOJyUUM IOJIHBII
HabOp MHCTPYMEHTOB JUIsi YIPAaBJCHHUS KaueCTBOM MOPCKOI cpenbl Ha
JIOKaJbHOM YpoOBHE. [/lefCTBUTENBHO, KOJIOTHIECKOe 000CHOBAaHHE MOP-
CKUX IIPOEKTOB MOYET OBITh PACIIMPEHO 3a CYET AMArHo3a M OICHKH
3arpsI3HEHUS] MOPCKOM CPEJllbl C MCIIOJIB30BAHUEM I'€03KOJIOIMUECKUX I10-
Kasarenen.

Ha cragumm mnnanmpoBanus Oyner BocTpeOoBaHa paspaboTka Jo-
KaJbHBIX HOPMAaTHBOB KaueCTBAa MOPCKOH cpelsl M pacdeT MpeaeNbHO
JIOITyCTUMOM HAarpy3KH 3arpsi3HSIOIIMX BEIIECTB IS BHEIIHUX M MECT-
HBIX HICTOYHHUKOB 3aTrPSI3HEHHUS.

Ha craguu peanusanuu u B TeUEHUE BCETO BPEMEHM JECICTBUS MIPO-
€KTa MPUTOAATCS METObl BBISBICHUS M OLEHKHU JIOKAJIBHOIO 3arpsi3He-
HUS, a Takke aHcaMmOieBas OIEHKAa 3arps3HEHHS C HCIOJIb30BaHHUEM
YTOYHEHHBIX 3HAUYEHUH (POHOBOTO 3arpsi3HEHHS W JIOKAIBHBIX HOPMATH-
BOB Ka4ecTBa, JUIS 4ero MoTpedyeTcsl MPOBEACHNE JTOKATHHOTO MOHHTO-
pUHIa MOPCKOM Cpefbl.
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Ilepuonuveckn B TEYCHHME BCErO BPEMCHHM NICHCTBHS IMPOCKTA, a
TaKkXe B ClTydae ero pacimpeHus (PEeKOHCTPYKIINH), TOJDKHBI OOHOBIISATH-
cs (C yueToM NaHHBIX MOHHTOPHWHTA) JIOKAJBHBIC HOPMATHBBI KadyecTBa
MOPCKOW cpenbl M HOPMBI TPENEIbHO JOIYCTUMOW Harpy3Kd 3arpss-
HSIOIIMX BEIIECTB Ha pacCMaTpUBaeMYIO aKBaTOPHIO.

Mser BuznmM, 49to, OJarofgaps T€OSKOJOTHUECKHM MOKa3aTelsM 3a-
TPA3HEHUS, MOXKET OBITh 3aIyIIEHO «KOJECO» YIPaBICHHUS KadeCTBOM
MOPCKOI1 Cpe/ibl Ha JIOKaJbHOM ypoBHE. OHO CHOCOOHO CaMOCTOSITENHHO
MPOJOJIKHUTE CBOM IMyTh, MPH 3TOM €ro 00OPOTHI JIETKO PEryIUPOBATh C
MOMOIIIBIO TIETICBBIX MOKa3aTeIeH KauecTRa.

BuuMaTenpHBINH YHTATENh, BO3MOXKHO, OOpaTHi BHUMAaHHE, YTO B
JTOM «KOJIECE» MOKA HE XBaTaeT OJHOM «CIHIBD — MOKa3aTeleil Bocpu-
WMYHBOCTH 3arps3HEHUS MOPCKOW SKOCHCTEMOH, KOTOpbIE HapaBHE C
TEOIKOJIOTHYSCKUMH ITOKA3aTeISIMH JTOJDKHBI UCTIOIB30BaTHCS TIPH OIpe-
JICIICHIH JIOKATBHBIX HOPMaTHBOB Ka4eCTBa.

Mser HageeMcss B Onmpkaiiiiee BpeMsl BOCIIOJNHHTH 3TOT IpoOer, HO
u 0e3 Hero, KaKk TIOKa3bIBA€T ONBIT TPUMECHEHHUS TI'€0dKOIOTHICCKUX
moKaszarejeld 3arpsa3HeHHs Ul 3aIIUTHl MOPCKOH cpembl CeBepHOTro
Kacnus, oHM TOTOBBI B34Th Ha ce0sl 3Ty MUCCHUIO U PaCIpOCTPAHUTH €€
Ha Jpyrue Mops.
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Introduction

The long-term struggle with chemical environmental pollution has
led to a reduction in pollution level. However this reduction is not enough
for us to feel completely safe. The struggle is still on-going, but the
adopted common approaches have failed to succeed. As a result we have
to change our tactics and make them more adjustable to environmental
changes in time and space.

Currently, chemical and biological indices are being used for as-
sessment and standard-setting in the field of environmental pollution. The
drawbacks of these indices are well-known. Chemical indices are incom-
plete, as they cannot cover all the range of substances produced by the
chemical industry, while biological indices are non-specific, as they can-
not directly indicate the nature of chemical pollution.

However, this is not the main problem, but rather that the chemical
signal and the biological response (let us refer to them as to basic toxico-
metric indices, BTI) do not always correspond to each other. In addition,
the dependence between them (“exposure- effect” curve) established in
laboratory conditions (in vitro) may not occur in reality (in situ) or may
be distorted, as the pollutant and the organism do not interact directly in
real conditions, each of them having its own environment.

Geoecology focuses on the interaction of man and society at the
landscape level, and therefore, the parameters describing the state, distri-
bution, and dynamics of pollutants in specific ecosystems should be re-
ferred to as geoenvironmental parameters of environmental pollution. We
have also considered the terms "ecochemical indices" and "ecogeochemi-
cal indices," but they are not associated with the landscape approach, and
therefore, we have rejected them.

Special attention has also been paid to the pair "pollution — biota,"
and we offer to refer to the parameters of specific ecosystems determining
their response to chemical pollution as the parameters of ecosystems' res-
ponsiveness to pollution. The indices of environmental pollution and the
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response of the biota to it can be called geoecotoxicometric indices (GE-
TI). In our opinion, the GETI can partly compete with or partly complete
the BTI and make the struggle against environmental pollution more effi-
cient.

The present review describes the methods used to determine and ap-
ply geoenvironmental indices of marine pollution, some of which can be
directly applied to other water bodies. In some cases, the common ap-
proach can be helpful. It should be noted that in some of our previous
papers the methods used to determine geoenvironmental indices were
referred to as methods of sea pollution diagnosis. The indices themselves
were referred to as diagnostic features.

Sea as the object of study was selected unintentionally, because we
have been studying the pollution of the Caspian Sea for 15 years. The
material used in the paper mainly describes the pollution of the North
Caspian, the shallow sea part, which can be considered the Volga estuary

(Fig. 1).

Fig. 1 Physical and geographical map of the Caspian Sea (A) and a satellite image
of the North Caspian (B)

Regular observations of marine environmental pollution in the North
Caspian have been held within the framework of state monitoring of: a)
state and pollution of the marine environment; b) water biological re-
sources, as concerns their habitat. However, most of the data used were
obtained through engineering and environmental surveys and industrial
environmental monitoring in the areas of search, prospecting, and devel-
opment of hydrocarbon resources.
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1. CALCULATION OF THE GEOENVIRONMENTAL INDICES OF
MARINE ENVIRONMENTAL POLLUTION

1.1 Background marine environmental pollution

One of the main geoenvironmental indices of marine environmental
pollution is the background pollutant concentration. This is true only for
one of the meanings of the "background concentration," which can have
numerous meanings. Thus, background can serve as the temporal or spa-
tial category of different scale (Table 1). As a local phenomenon, the
background concentration can be considered either as normative or actual
background concentration.

Table 1 Background concentration as a phenomenon of different scale
and category

Category of
Scale time space
Pollutants concentration Pollutants concentration in eco-
Global before Homo Sapiens* systems, which are less exposed
appeared to anthropogenic impact**
Concentration of the pollu- Concentration of pollutant sub-
Local tant substances in the envi- stances in the specific location

ronment before new pollu- conditioned by pollutants entry
tant source emerged from external sources

*Many of the pollutants, such as hydrocarbons and heavy metals, existed before Homo
sapiens appeared, although afterwards the entry of these pollutants to the environment great-
ly increased. The pre-historic global background can be estimated by the concentration of
pollutant substances in conservative objects (sedimentary rock, etc.), and clarkes (average
content of the chemical elements in the Earth’s crust and other Earth mantles (hydrosphere,
atmosphere) is often used for heavy metals

**In Russia monitoring of background pollution of the environment is carried out by state
biosphere reserves

The standard background concentration in the surface waters of the
RF inland water bodies is calculated in accordance with RD 52.24.622-
2001 "Calculating background concentration of chemical substances in
water streams.” According to these guidelines, background concentration
is the statistically valid (with probability p=0.95) upper confidence con-
tour of the mean arithmetic concentration of a PS calculated for the least
favourable hydrological conditions as far as water quality is concerned.

The guidelines for estimation of background PS concentration in sea
water have not been developed yet. In accordance with the sanitary and
epidemiological requirements for the protection of coastal sea water
adopted in the RF in 2010 (SanPiN 2.1.5282-10), the background concen-
tration of standardized substances is the mean arithmetic value of sub-
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stance concentration for the least favourable period. Currently, the State
Oceanographic Institute (SOI), an RF methodical centre in the field of
marine pollution monitoring, recommends using the upper confidence
contour of the pollutant concentration instead of its mean arithmetic value
upon the analogy with RD 52.24.622-2001.

Alongside this, SOI recommends taking into account the require-
ments of the official "Technique for development of standards on per-
missible discharges of substances and micro-organisms in the water bo-
dies by water consumers" (adopted by Order of Ministry of Natural Re-
sources No. 333 from 17/12/2007) when estimating the background con-
centration. In particular, according to this technique, background concen-
tration must be estimated with the help of observation data collected at
the stations located at a distance of more than 5 km from waste water dis-
charge spots.

It follows that the concept of standard background pollution com-
prises two subjective aspects, conditioned by its purpose, i.e., its reference
to a certain pollution source (background values are calculated only for its
impact area) and the least favourable conditions of PS distribution.

The concept of background concentration is not affected by such
subjective aspects, as it is the concentration of pollutants formed within a
certain natural object (or part of it) by external pollution sources. This
background concentration free from subjectivism should be referred to as
the actual background. It is often referred to as natural background, which
we consider incorrect, as pollution is inherently of anthropogenic nature
(though it can have natural analogies).

As a compromise, one can use the term "geochemical background
concentration" (geochemical background) to denote the actual back-
ground, as the distribution of pollutants in the environment is mainly de-
termined by geochemical processes. Although this term is also not very
precise, as it is more suitable for describing global pollution than local
background pollution, we will use it below.

It is obvious that only the geochemical background concentration
can serve as a geoenvironmental pollution index, as only it describes its
state under specific conditions (at a given time and place). The latter cir-
cumstance is reflected in the offered term "landscape background"; still,
we have decided to select the best existing term instead of offering some-
thing new.

The term "geochemical background"” is used in classical geochemi-
stry (studying the distribution and behaviour of chemical elements in the
Earth's geospheres) and in environmental geochemistry (which does the
same, but for technophile elements) in almost the same meaning, which
means the mean concentration typical of the specific object under specific
conditions. Classical geochemistry considers normal conditions as the
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lack of mineral deposits within the area, while environmental geochemi-
stry regards them as the absence of local pollution, when the level of pol-
lutants content in environmental components is determined exclusively by
their entry from outside.

The indicated property makes it possible to estimate geochemical
background of pollutants with the help of methods already used to esti-
mate geochemical background of chemical elements. In the case of nor-
mal distribution, the background is assumed to be the mode (the most
commonly encountered concentration value) or mean arithmetic value. In
the case of asymmetric distribution (e.g., lognormal), background is as-
sumed as a geometric mean. Before carrying out calculations, series
should be freed from anomalous values, which can be determined by
mean square deviation (sigma) multiplied by 1, 2, or 3.

The discreetness of measurements of any substance concentration in
space is very important to determine the background. If sampling points
are located far from each other, one may not trace the anomaly. If all
these points are flocked, the background can get distorted. If sampling is
properly organized and the measured data series are properly ranged, the
anomalies occupy "extreme points," making the entire distribution asym-
metric. Therefore, background can be expressed best by a statistical pa-
rameter. a) summarizing all the data; b) lying in the distribution centre; c)
independent of extreme values.

Mathematical statistics shows that structural mean values (mode and
median) are less dependent on extreme values than exponential mean val-
ues (arithmetic, geometric, square, cubic, and harmonic means). If we
assume this and take into account that the data obtained through geo-
chemical surveys are asymmetrically distributed, then the median should
serve as the geochemical background as a centre of the ranged series. We
should also take into consideration that the mode, median, and arithmetic
mean are equal in case of normal distribution.

Intuition as well as calculations suggests that the median is least de-
pendent on extreme values. In this regard, we recommend using it to de-
termine the background concentration of pollutants in sea water and bot-
tom sediments. In this case, we refer to background as to local-scale spa-
tial category (see Table 1). However, we performed a special research
study to prove the correctness of our choice. We used data series of cop-
per concentration at two polygons in the Caspian Sea as source data. The
first polygon was described by positive asymmetry, and the second one
by negative asymmetry.

Data series were ranged in ascending order. In the first scheme of
the numerical experiment, maximum (in the first case) or minimum (in
the second case) values were consequently excluded from data series one
by one. In the second scheme of the experiment, maximum and minimum

51



values were alternately excluded from the ranged data series: first maxi-
mum value, then minimum, then maximum, etc. The median, arithmetic
mean, geometric mean, and asymmetry coefficient were estimated for the
shortened data series after every step. The experiment results are pre-
sented in Fig. 2. They show that the median is less dependent on the im-
pact of events occurring at the edges of data series than are mean values.
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Fig. 2 The results of the
numerical experiment on
assessment of the impact of
events at the edges of data
series on distribution para-
meters

Me — median

Cm — arithmetic mean
Cg—geometric mean

As — asymmetry coefficient

1 - source data series with
positive asymmetry
2 - source data series with
negative asymmetry

a - first scheme
b - second scheme

Step numbers are marked
on the horizontal axis



Geochemical background concentration (F), serving as a geoenvi-
ronmental index of environmental pollution, is considered a spatial cate-
gory denoting pollutants concentration within the area that is conditioned
by their entry from external sources. It follows that F is subject to tem-
poral variability, as the pollutants entry varies in time. F temporal changes
in the North Caspian usually follow the changes in average concentration
(Fig. 3), either deviating from or getting closer to it.
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Fig. 3 Changes in the mean (Cm) and background (F) concentration of oil prod-
ucts (mcg/l) in the surface layer of the shallow area of the VVolga estuary in 2001 -
2012

We suggest using the following parameters to describe F temporal
variability:

— instant background concentration (F value at a given moment of
time);

— interval background concentration (mean F value for any interval
of F temporal series);

— persistent background concentration (value of F temporal series
having 90% exceedance probability);

— current background concentration (last F value in a temporal se-
ries).

The F series in Fig. 3 shows that instant background concentration
of oil products in the shallow Volga estuarine area is subject to seasonal
and inter-annual fluctuations. Persistent background concentration for the
period under consideration reached 1 mcg/l, and the current background
concentration reached 60 mcg/l. The second half of this period in contrast
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to the first one was poor in terms of water content, and the spatial and
temporal variability of concentration was reduced (Fig. 3). The mean
concentration fell, but the interval background concentration of oil prod-
ucts in coastal waters increased (Table 2).

Table 2 Background concentration as a phenomenon of different scale
and category

Mean volume of Concentration of oil products

Years annual discharge of the in water, meg/|
Volga River, km? Mean Interval background
2001-2006 251.6 43.2 26.1
2007-2012 225.2 32.7 32.6

To determine the F value, it is necessary to carry out the so-called
survey of quasi-synchronous observations within the network of stations
evenly distributed across the water area. Such surveys can be held on a
regular basis. The time interval between two surveys should be at least by
one order more than the time interval (in days) commonly required for
holding each of the surveys.

If the surveys are held regularly and the stations' location is constant,
with the exception of F series (and other parameters describing the dy-
namics of spatial fields), data series can be formed that describe the tem-
poral changes of concentration at every station, P;, where j is the number
and/or character of the station (concentration at a specified point or point
concentration).

To describe P; temporal variability we suggest using the following
parameters;

- instant point concentration (P; value at a given moment of time);

— interval point concentration (mean P; value for any interval of F
temporal series);

— central point concentration (median of temporal P; series);

— persistent point concentration (value of P; temporal series having
90% exceedance probability);

— current point concentration (last Pj value in a temporal series).

Fig. 4 presents diagrams describing the changes in interval and cen-
tral point concentration of oil products in water at different points of the
Volga estuary according to the data of 2001 - 2012. The diagrams clearly
show that point concentration (both interval and central) is decreasing in
the west to east direction. It is conditioned by the fact the main discharge
of water and pollutants is concentrated in western branches of the Volga
delta.
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Fig. 4 Changes in interval
(bar graph) and central (area
chart) point concentration of
43,0 363 360 348 342 oil pr_oducts in water (mcg/l)

T 967 291 at different points of the
Volga estuary according to
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As a result of the spatial and temporal isomorphism typical of envi-
ronmental processes and phenomena, P; variability can reflect the changes
in background pollution of the water area conditioned by the entry of pol-
lutants from external sources. However, it is obvious that F does this bet-
ter than P; (though in some of our previous papers we did not differentiate
between them). Here, we can draw an analogy with a football team,
whose level can be usually compared with the level of individual players
of this team, but the example of a Russian football club "Anji" shows?,
that this is not always necessary.

Not all the above mentioned parameters describing background pol-
lution will be used in this paper, but we suppose it is necessary to list
them (not all of them, though) to show that there are many parameters
that can be used as normative background, which is currently represented
by some parameters selected with good intentions but on a subjective
basis.

1.2 Contribution of local processes to marine environmental pollution

Let us assume that a pollution source appeared in the sea water area
evenly covered with a network of stations and its impact is restricted to
several stations only. The spatial series of pollutant concentration values

2Russian football club "Anji* received sufficient funds from a generous sponsor and bought
several world class players, but that did not help the club to come to the fore
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received through the survey in this water area will be characterized by
positive asymmetry. The average concentration value will drift far from
the median and shift to larger values.

Let us assume that within the same water area an artificial reef has
been installed instead of the pollution source. The reef absorbs the pollu-
tants from the water and its impact area is also restricted to several sta-
tions. The spatial series of pollutant concentration values obtained
through the survey in this water area will also be characterized by asym-
metry, but a negative one. The average concentration value will also drift
far from the median and shift to smaller values.

These two theoretical experiments, which can easily be reproduced
in nature, show that the quantitative merit of the impact of local anoma-
lies on marine environmental pollution can be represented by both the
asymmetry coefficient and the difference between the mean value and
median of the spatial data series. The asymmetry coefficient is convenient
because it does not depend on concentration measurement units. Howev-
er, the difference between the mean value and the median has more mean-
ing if we consider the median as background concentration.

It is difficult to explain why, but the deviations of the mean value
from background make more sense than the asymmetry coefficient, which
is why it (deviation) can be regarded as another geoenvironmental coeffi-
cient of marine environmental pollution. Moreover, it is more easily con-
verted to a non-dimensional form. To do this, one should correlate it with
mean concentration (C,,) and express it in per cent. To estimate the im-
pact of local anomalies (Es) in marine environmental pollution a simple
formula can be used (1):

E, = 100(Cy, — F)/Cpn 1)

Now, let us assume that regular observations of pollutants content in
sea water had been held before the station was affected by a new pollution
source. Then, the temporal concentration series completed with new data
will also be characterized by positive asymmetry and the mean concentra-
tion value will drift from the median and shift to larger values. We are not
going to describe the changes in the statistical characteristics of the tem-
poral data series after the stations become affected by the artificial reef, as
the reader has already guessed what is going to happen.

The temporal data series reacts to short-term anomalies in the same
way as the spatial series reacts to local anomalies. It follows that formula
(1) can be used to estimate the impact of short-term anomalies on marine
environmental pollution (E,) after P is replaced with F — central point
concentration (2):

E, = 100(Cn - P)/Ch @)
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Let us note that Cy, in formula (1) refers to the mean concentration
of the spatial series, and in formula (2) to the mean concentration of the
temporal series. In addition, it is easy to see that both the impact of local
anomalies (E;), and the impact of short-term anomalies (E;) on marine
environmental pollution can take either positive or negative values, since
the former corresponds to pollution (enrichment), and the latter corres-
ponds to purification (depletion of the environment with pollutant sub-
stances).

The aggregate local (limited by their distribution) and short-term
(limited by their duration) anomalies are hereinafter referred to as local
processes. We have now had enough experience to determine E and E,,
which have formed the basis for the development of the unified scale used
to estimate the contribution of local processes to marine environmental
pollution, which is presented in Table 3. It should be noted that only abso-
lute values of E;u E, are used for this estimation.

Table 3 The unified scale used to estimate the contribution of local
processes to marine environmental pollution

Verbal contribution assessment |EsJor | E |, %
Very low 0<E<S5
Low 5<E<10
Middle 10<E<25
High 25<E<50
Very high >50

We have estimated the impact of local processes on marine envi-
ronmental pollution while analysing the data of regular observations of
marine environmental pollution in the areas of an exploratory well con-
struction and stationary oil platform location for the several past years. It
gives more ground for assessing their impact on the marine environment
or to detect the absence of any impact. We also account for the fact that
local processes are not necessarily of anthropogenic origin, and they are
quite typical of the North Caspian with its active dynamics of water
masses and bed silts.

Figs. 5 and 6 show the results of the analysis of local processes con-
tribution to zinc pollution of the shallow Volga estuarine area in 2001-
2012. The impact of local anomalies (E) is subject to temporal (seasonal
and inter-annual) variability and in most cases is estimated as low, al-
though its maximum impact is estimated as high. The contribution of
short-term anomalies (E;,%) is subject to spatial variability. In most cas-
es, it is estimated as very low, though in its maximum as average.
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1.3 The distribution of pollutants in physical and parametric spaces

The analysis of pollutants distribution in the four-dimensional phys-
ical space (X, Y, Z are spatial coordinates and T is time) made it possible
to establish two geoenvironmental pollution indices (background concen-
tration and the contribution of local processes), which were discussed
above. However, the list of the indices of the same kind is not restricted to
them. The analysis of pollutants distribution in an n-dimensional parame-
tric space gives more opportunities to search for geoenvironmental pollu-
tion indices, as it helps trace the connection of their transformation in a
natural ecosystem with the changes in its state.

Sometimes, the joint analysis of pollutants distribution in physical
and parametric spaces can be helpful. Therefore, the list of geoenviron-
mental pollution indices has been completed with the gradient index, or,
as we more often refer to it, the index of pollution origin.

Gradient is the increase (decrease) in a substance concentration
along the specially selected direction of physical space. Gradient points to
the source of the substance entry and distribution. For instance, the de-
crease in concentration of oil products in the direction from the river to
the sea points to their entry with the river runoff.

However, the water dynamics in the estuarine area (especially if
alongshore currents are present) does not always make it possible to iden-
tify the specific pollution source and the ways of pollutant distribution
using the map only. This task can be solved with help of the analysis of
the pollutant distribution in a salinity field, the minimum value of which
is the property of the riverine water, and maximum value of water.

The salinity space is not an ideal environment to determine pollu-
tants origin, the behaviour of which is non-linear, as they disappear in one
salinity "window" and reappear in others. However, the joint analysis of
pollutants behaviour in physical and parametric spaces makes it possible
to judge with more certainty the pollutants origin than does the analysis of
their behaviour in any of these spaces.

The interrelation of water salinity and the pollutants content can be
traced by means of correlation and regression analysis, but this is not al-
ways possible because of the non-linear behaviour of pollutants. In this
connection, we have offered a method for the diagnosis of pollutant gra-
dient in a salinity space with the help of the K index, further referred to as
the index of pollutants origin.

K estimation is quite simple. The data series describing the pollutant
content in mixed riverine and sea waters is ranged by salinity and
smoothed by a moving average. Then, the extreme mean value located at
the "marine" edge of the modified series is divided by the extreme mean
value located at the "riverine" edge. This ratio is the K index. In the North
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Caspian, which can be considered the Volga estuary, a K value exceeding
1.1 points to the marine pollutant origin. If K is less than 0.9, the origin of
pollutants is more likely to be riverine. If the K value ranges from 0.9 to
1.1, the pollutant origin cannot be identified.

Let us set a specific example. The origin index was calculated for 18
surveys carried out in the shallow area of the Volga estuarine zone in
2001-2009 for a group of priority pollutants (i). Temporal K; series were
statistically analysed, and the results were represented by means of dia-
grams, which are commonly called box-and-whiskers diagrams. Fig. 7
shows that the mean K value calculated for the whole observation period
points either to riverine or identified origin of pollutants. The exception is
lead, which is obviously of marine origin.

However, a big peak-to-peak value and a wide space between the
"top" (quartile ¥4) and the "bottom" (quartile 4) of the "boxes" displayed
in Fig.7 show that at any specific moment of time (year, season), pollu-
tants as a rule have a certain origin - marine or riverine.
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Fig. 7 The dynamics of K coefficient describing the origin of pollutants in the
shallow water of the Volga estuary in 2001 - 2009. OP - oil products; PAH- poly-
cyclic aromatic hydrocarbons; DDT, HCCH - organochlorine pesticides
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We have used the index of pollutants gradient (origin) for several
years to describe the environmental conditions in the North Caspian. The
results of pollutants origin diagnosis are used to determine the direction of
the trans-boundary transfer of pollutants in the water areas crossed by
delimitation lines.

1.4 Deviation from background: inter-phase and external mass exchange

Speculations on what has caused the deviation of point concentration
from background concentration have brought forward some other geoen-
vironmental indices of marine environmental pollution. One might guess
that one of these indices is the deviation itself, which we denote by D
(earlier we referred to it as lability and denoted it by L).

In accordance with the suggested definition, deviation can be calcu-
lated by a simple formula (3):

ij = Pj - F, (3)

where Dfj is the actual deviation at a given point of the water area, P; is
the instant point concentration of the pollutant (see above), and F is the
instant background concentration of this substance within the specified
water area (see above).

The numerical expression of Dfj depends on concentration mea-
surement units. To avoid this dependence where it is an obstacle (e.g., if
we compare the deviation of different substances, whose concentration is
expressed in different units), we suggest using normal deviation (Dnj),
calculated by (4):

Dn; = Df;/C,, 4)

where Dny; is the normal deviation at a given point of the water area, and
Cn is the mean concentration of the pollutant within the specified water
area.

For this purpose we can use the standard deviation (Ds;) instead of
normal deviation. It is calculated by (5):

DS] = Dfl /S, (5)

where Ds; is the standard deviation at a given point of the water area, and
s is the standard deviation of the pollutant concentration within the speci-
fied water area.

In our opinion, the deviations of point concentration from back-
ground are caused mainly by inter-phase and external mass exchange.

The inter-phase exchange is the exchange of pollutants between
different components of the marine environment: water and plankton,
water and suspended matter, suspended matter and bottom sediments, etc.
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A typical example of the inter-phase mass exchange is the adsorption and
desorption of pollutants by suspended matter. We offer to refer to the
ability of pollutants for inter-phase exchange as to biogeochemical activi-
ty and to denote it by A (in previous publications other symbols were
used).

The external mass exchange includes the processes of pollutants' en-
try to the specific water area and their outflow beyond its borders, includ-
ing decomposition and irreversible disposal of pollutants. We offer to
refer to the pollutants' involvement in the external mass exchange as mo-
bility and denote it by M.

In accordance with the statement presented above, deviation should
be considered the sum of activity and mobility (6):

Dfi = Afl + Mfiy (6)

where Af; is the actual activity of the pollutant at a given point of the wa-
ter area, and Mf; is the actual mobility of the pollutant at a given point of
the water area.

To solve equation (6) in terms of numbers one must know the values
of at least two of its members. Taking into account the fact that Df; can be
calculated by formula (3), only one equation member must be known.
Activity is more suitable for this, as it can be considered as an opposite of
conservative behaviour of pollutants, when their concentration is deter-
mined by homogeneous processes exclusively, an example of which is
mechanical water mixing.

It follows that a pollutant activity is expressed in the deviation from
its conservative behaviour. This deviation can be determined by the com-
parison of the pollutant dynamics with the dynamics of the conservative
substance within the considered water area.

We now describe the procedure (calculation) we use to solve this
task. The procedure involves the introduction of some new parameters
and symbols. The concentration of the pollutant (active) substance at the
specified station at a given moment of time is denoted by P;, and the con-
centration of the conservative substance measured at the same time and at
the same station is denoted by C;.

At the first calculation stage, P; values are ranged by C; in the direc-
tion of increasing C; values. The results of simultaneous measurements of
P; and C; at the same stations during the quasi-synchronous survey of the
water area are used as source data. At the second stage, the expected val-
ues (P;w) are calculated for every point of the ranged P; series (with the
exception of two extreme points) on the basis of the assumption that the
pollutant behaviour is of conservative nature. The calculation is carried
out by (7):

Piw = P + [(Cj — Ci)/( Cirr — Cid) IX(Pjer — Pia), (7
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where Pj, is the actual concentration of the active substance at a previous
point of the ranged series, Pj.; is the actual concentration of the active
substance at a following point of the ranged series, C; is the actual con-
centration of the conservative substance at a given point of the ranged
series; Cj. is the actual concentration of the conservative substance at a
previous point of the ranged series, and Cj., is the actual concentration of
the conservative substance at a following point of the ranged series.

At the third stage, the actual activity of pollutants (Af;) is calculated
for every point of the ranged series (it corresponds to the specified station
within the water area). It is calculated by (8):

Afj = Pj - ij, (8)

where Pj, is the expected pollutant concentration at the specified station
(water area point), and P; is the actual concentration of the pollutant at
this station.

In its numerical expression, Af; (as well as Df;) depends on the con-
centration dimension. To avoid this dependence, we suggest using normal
activity (An;), calculated by (9):

An; = Af;/Cp, €)

where An; is the normal activity at a given point of the water area, and C,
is the mean concentration of the pollutant within the specified water area.

Standard activity (As;) can also be used instead of normal activity. It
is calculated by (10):

AS]‘ = Afj /S, (10)

where As; is the standard activity at a given point of the water area, and s
is the standard deviation of pollutant concentration within the specified
water area.

In principle, the activity of the pollutant can be identified in any
component of the marine environment, but if we want to identify it using
the method suggested above we require simultaneous measurements of
the concentration of the conservative substance. For water, this substance
is definitely the content of dissolved salts, which is expressed in water
salinity (mineralization). It is not equally simple to choose the conserva-
tive substance for other components (suspended matter, plankton, and
bottom sediments). Therefore, at the moment, we restrict our activities to
determining the activity of pollutants in water. We also gain experience in
determining the activity of pollutants in bottom sediments, using the
chemical elements widely spread in the lithosphere (iron, aluminium, cal-
cium) as conservative substances.

Having the numerical value of deviation calculated by formula (3)
and the numerical value of activity calculated by formula (8), we can easi-
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ly calculate the numerical value of actual mobility at a given point of the
water area, converting formula (11):

Mfi = Dfl = Afl (11)

In its numerical expression Mf; (as well as Df; and Afj) depends on
the concentration dimension. To avoid this dependence, we suggest using
normal mobility (Mn;), calculated by (12):

Mn; = Mf;/Cyp, (12)

where Mnj; is the normal mobility at a given point of the water area, and
Cn is the mean concentration of the pollutant within the specified water
area.

Standard mobility (Ms;) can also be used instead of normal mobility.
Itis calculated by (13):

MSi = Mfl /s, (13)

where Ms; is the standard mobility at a given point of the water area, and
s is the standard deviation of pollutant concentration within the specified
water area.

We regard concentration, activity and mobility of pollutants as basic
geoenvironmental indices of environmental pollution for two reasons.
First, these indices characterize the state of pollutants for every point of
the water area and not for its area as a whole. Due to this fact, activity and
mobility can be dealt with as the concentration itself; one can make maps
of spatial distribution, draw seasonal graphs, calculate the mean value,
etc. This is illustrated by the graphs presented in Fig. 8, which show that
the standard activity of oil products in the shallow area of the Volga estu-
ary is lower than their standard mobility. Consequently, external ex-
change dominated over inter-phase mass exchange. The second reason is
that geoenvironmental indices can be used not only to assess the state of
pollutants and their movements in the environment, but also to assess and
standardize the pollution impact on biological systems (see below).

In conclusion of the first chapter, it is time to discuss philosophical
issues. The understatement is that all the suggested geoenvironmental
indices of marine environmental pollution and/or methods of their identi-
fication are based on the analysis of pollutants distribution in space (phys-
ical and parametric). Therefore, two questions arise: 1) what is the corre-
lation of actual differences and measurement errors in this distribution? 2)
what is the correspondence between sampling and general distribution?
We suppose that geoenvironmental indices of marine environmental pol-
lution are objective enough, as we are trying to reduce subjectivity by
increasing sampling series and eliminating obvious measurement errors.
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Fig. 8 Changes of mean standard mobility (M) and standard activity (A;) of oil
products in the shallow area of the Volga estuary in 2001 - 2012
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Table 4 The results of the analysis of the variability in the concentration,
activity, and mobility of oil products in water of the VVolga estuary

Concentration Activity Mobility
Statistical parameters mcg/l mcg/l mcg/l

S B S B S B
Mean value, X, 50.2 15.0 4.5 2.2 20.5 3.8
Median, Me 26.0 9.0 -121 2.0 10.7 2.4
Asymmetry coefficient, As  1.83 197 0.86 1.44 1.17 1.39
Maximum, Max 230 62.0 191 53.6 117 26.4
Minimum, Min 0.0 00 -8.2 -30.1 -155 -7.8
Quartile 0,25; g1 12.5 5.5 -48.9 -9.4 -8.0 -3.0
Quartile 0,75; g3 88.0 21.0 66.0 6.0 32.9 7.1

Absolute peak-to-peak
value, R = Max — Min
Quartile peak-to-peak
value, Rq=0g3-ql

230 62.0 276 83.8 133 34.2

75.5 15.5 115 15.4 40.9 10.1

Mean linear deviation, d 41.9 11.3 53.8 12.5 26.0 6.0
Standard deviation, ¢ 54.1 15.9 73.5 19.6 35.7 9.1
Oscillation coefficient,

Vr =R/ Xcp 4.6 4.1 60.9 38.7 6.5 9.0
Relative linear deviation,

vd = d/ Xep 0.8 0.7 11.9 5.8 1.3 1.6
Variation coefficient, 11 11 162 90 17 24
Vo = of Xcp

Relative quartile deviation,

Vq = Rg/ Xcp 1.5 1.0 25.4 7.1 2.0 2.7

Note: S — surface layer of water, B — near-bottom layer

This is the reason why we start the assessment of marine environ-
mental pollution with the analysis of the variability in the concentration,
activity, and mobility of pollutants using a wide range of statistical para-
meters. Table 4 shows the results of the analysis of variability of concen-
tration, activity, and mobility of pollutants in the shallow area of the Vol-
ga estuary in the spring of 2006. The assessment variability is important
not only to answer "philosophical™ questions. Variability also reflects the
energy and intensity of processes occurring with the pollutants in the en-
vironment.

At this point we complete the first part of our overview, devoted to
the methods of calculation of geoenvironmental indices of marine envi-
ronmental pollution and shift to the second part where we shall describe
their practical application.
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2. PRACTICAL APPLICATION OF THE GEOENVIRONMENTAL
INDICES FOR MARINE ENVIRONMENT POLLUTION ASSESSMENT

2.1 Ensemble assessment of marine environmental pollution

The strive for the reduction of environmental pollution means that
regular environmental assessment must be carried out to lay the basis for
the planned activities and to assess the efficiency of the implemented ac-
tivities.

To assess marine environmental pollution by chemical parameters,
one of the following criteria is normally used: maximum permissible con-
centration (C,); background concentration (F); and maximum permissible
load (Cp). The following formula is applied to calculate the maximum
permissible load (14):

Cp=C—F (14)

The list of the pollutants used to assess marine environmental pollu-
tion is normally restricted to several parameters. For instance, the official
method of sea water pollution assessment adopted in Russia uses C, as a
criterion, and the list of chemical parameters comprises 4 substances, in-
cluding dissolved oxygen.

The suggested method of the integrated assessment of marine envi-
ronmental pollution is multi-criterial (all the mentioned criteria are used)
and multi-parametric (all the identified pollutants, which maximum per-
missible concentration is standardized, serve as the parameters).

We suggest referring to the multi-criterial and multi-parametric pol-
lution assessment as the ensemble assessment, which is a complex (en-
semble) of three estimates: quality estimate (C, criterion); accumulation
estimate (F criterion); load estimate (Cp criterion).

The ensemble assessment (E) technique comprises several stages. At
the first stage the numerical estimate for every point of the spatial series
resulting from quasi-synchronous survey is calculated.

The numerical value of quality estimate (E,), which criterion is max-
imum permissible concentration (C)) is calculated by (15):

Eii = Pi/C,, (15)

where P; — is the concentration of pollutant i at a specified point of the
spatial series.

The numerical value of accumulation estimate (Ez), which criterion
is background concentration (F) is calculated as follows (16):

Eﬁ = p,/F (16)
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The numerical value of load estimate (Ep), which criterion is maxi-
mum permissible load (C,) is calculated by (17):

Epi = Pi— F/ Cp (17)

The mean estimate for every pollutant i is calculated at the following
stage for the whole water area (spatial series). Pollution estimate is calcu-
lated as an arithmetic mean of E;; series, accumulation estimate - as an
arithmetic mean of Ej; series, and load estimate - as an arithmetic mean of
E,i series. To make the estimates (E;), obtained through different criteria
(j), comparable with each other they are converted into scores with help
of the unified scale presented in Table 5 and Figure 9.

Table 5 The unified scale for the conversion of mean numerical values of
single-criterion estimates (E;;) into scores

Score Quality Accumulation Load estimate, Ej;
estimate estimate, E;; estimate, Ey ifC>F ifC<F
0 E;<1.0 Ef<2.0 Ei< O E,i21.0
1 1.0<E;<2.0 2.0<E;<3.0 0<E,<1.0 0<E,<1.0
2 2.0<E;<3.0 3.0<E;24.0 1.0<E;<20 -1.0<E,;<0
3 3.0<E;<5.0 40<E;<50 20<Ey;<3.0 -2.0<E,<-1.0
4 E;i>5.0 E;>5.0 Eyi>3.0 Ey<-2.0
| Load estimate |
Quality estimate Accy
e ‘ ‘ oecr ‘
E Ef E, E,

1

0

Fig. 9 The illustration of the unified scale for the conversion of mean numerical
values of single-criterion estimates (E;j) into scores The latter are denoted with
figures located to the right of the concentration axes, split into segments depend-
ing on the estimate criterion
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The following operation is to calculate the single-parametric esti-
mate of the water area pollution with every pollutant i in particular (Ey;).
Different estimates (of quality, accumulation and load) expressed in
scores are summed up and divided by the number of the criteria used. At
the final stage single — parametric and multi-criteria estimates E,; are av-
eraged into the multi-parametric and multi-criteria (or ensemble) estimate.
The calculation results are used to classify and describe marine pollution
in accordance with Table 6.

Table 6 Classification of marine water area pollution in accordance with
the ensemble assessment

Class of pollution Verbal assessment Numerical estimation
First Clean less or equal 0.50

Second Moderately polluted ranging from 0.51 to 1.50
Third Polluted ranging from 1.51 to 2.50
Fourth Dirty ranging from 2.51 to 3.50
Fifth Very dirty more or equal 3.51

The ensemble assessment technique is completed with the construc-
tion of a matrix which columns are estimation criteria and rows are pollu-
tion parameters (Table 7). It helps combine the integral and differential
approaches to the assessment of marine environmental pollution. The
integral approach is reflected in the final ensemble estimate (w), and the
differential approach - in the analysis of the final matrix by columns (y)
and rows ().

Table 7 Matrix representation of the ensemble pollution estimation

Pollution estimate, E

Index Estimate of Estimate of Estimate of Multi-criterial

quality, E, accumulation, E¢ load, E, estimate, Ey

in

E,

E,

E;
Note: i — pollutant, x — single-parametric and single-criterion estimate; y — multi-
parametric and single-criterion estimate; z — single-parametric and multi-criterial
estimate; w — multi-criterial and multi-parametric (ensemble) estimate

N N X X X X
N X X X X
N X X X X

ST NNNN

<
<
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We recommend presenting multi-parametric estimation, including
ensemble estimate (i.e. each of the matrix columns, see Table 6) as fol-
lows: 1) as a generalized estimate (E; = E/n); 2) as s priority estimate (E,
= E/N); 3) as an extreme estimate (Es = Eg). Here n is the total num-
ber of pollution parameters; N is the number of parameters which E > 0;
Enax — IS the maximum E value.

The data obtained in the course of surveys in different parts of the
Caspian Sea were used to test this method. The ensemble assessment of
marine water pollution in "X" area in the autumn of 2012 is presented
below (Table 8).

Table 8 The results of the ensemble assessment of marine water pollution
in "X" area in the autumn of 2012

Estimate Estimate of Estimate L
. . Multi-criterial
Index of quality, accumulation, of load, )
estimate, Ey
E, E; E,
BOC:* 0 0 0 0
N-NH,4 0 0 0 0
Oil products 1 0 1 0.67
Fe 2 0 1 1
Zn 0 0 0 0
Ni 3 0 1 1.33
Cu 1 0 1 0.67
Pb 0 0 0 0
Cd 0 0 0 0
E, 0.8 0.0 0.4 0.41
E, 1.8 1.0 0.92
Es 3.0 0.0 1.0 1.33

*BOCs: 5-Day biochemical oxygen consumption

As it follows from the data presented in Table 8, sea water in area
"X" in the autumn of 2012 was assessed as "clean" (Ey ;= 0.41) in accor-
dance with the generalized ensemble estimate (by the complex of parame-
ters comprising 9 pollutants). The content of 4 pollutants didn't corres-
pond to the criteria set for pollution assessment. According to ensemble
priority estimation the water was also assessed as moderately polluted
(Exo= 0.92). Nickel showed the highest pollution level (Ey;=1.33), but in
accordance with the extreme ensemble estimation the water was assessed
as moderately polluted.

In accordance with generalized load estimation, sea water in "X"
area in the autumn of 2012 was assessed as clean (Ep;= 0.4). The content
of 4 pollutants did not meet the criteria set for pollution assessment. Ac-
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cording to priority and extreme load estimates the sea water was assessed
as moderately polluted (Ep, = Ep3= 1.0)

In accordance with the generalized accumulation estimate, sea water
in "X" area in the autumn of 2012 was assessed as clean (Ey;= 0). Accord-
ing to the extreme accumulation estimate, sea water was also characte-
rized as clean (E¢; = 0).

In accordance with the generalized quality estimate, sea water in "X"
area in the autumn of 2012 was assessed as moderately polluted (E;;=
0.8). The content of 4 pollutants did not meet the criteria set for pollution
assessment. According to priority quality estimate the water was assessed
as polluted (E,=1,8). Nickel showed the maximum concentration in wa-
ter among all the pollutants (E;3=3.0). Thus, in accordance with the ex-
treme quality estimate, the water was assessed as dirty.

The comparison of generalized estimates of quality and accumula-
tion shows that the main contribution to the pollution of the water area
was made by sources located outside its borders, as E;; > Ef. The same
fact becomes obvious when we compare extreme estimates of quality and
accumulation (Eq3 > Eg3).

By the moment we have a sufficient experience of using the en-
semble method to assess marine environmental pollution. This expe-
rience shows that the benefit of this method is the combination of the
integral and differential approaches to the assessment of marine environ-
mental pollution, where the first approach describes total pollution, and
the second approach describes the contribution of separate factors, includ-
ing local and external sources, different pollutants etc. Virtually, the gene-
ralized ensemble assessment can be expressed in one figure or verbal ex-
pression. Alongside with this, matrix representation of the ensemble as-
sessment results makes it possible to differentiate it not only by separate
parameters and criteria, but also by different types.

In the description presented above the ensemble method is used to
assess the pollution of the water area on the basis of the results of a single
quasi-synchronous survey. Consequently, F in formulae 14, 16 and 17 is
the instant background concentration. To analyse the dynamics of marine
environmental pollution according to the data of a number of surveys se-
parated by certain time periods we recommend using the interval and/or
stable background concentration instead of the instant one.

The ensemble assessment usually completes the analysis of water
pollution, which also comprises variability assessment and the diagnosis
of marine environmental pollution by geoenvironmental indices. This
analysis results give a complete coverage of both general and specific
features of the water area pollution. Therefore we refer to it as the "image
of pollution”.
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2.2 Identification and assessment of local pollution

The control of environmental pollution sources can be implemented
in two ways. The first case implies monitoring of the sources directly,
which is not always efficient. The second case implies monitoring of the
pollution-affected area. This type of control is focused on identification
and assessment of local pollution.

We normally start solving this problem with the assessment of the
contribution of local processes to marine environmental pollution, which
is carried out with help of the method described above. After it we turn to
mathematical, statistical and graphic-analytical methods, which applica-
tion is described below.

If the source data are limited to spatial series only, then we recom-
mend using standard deviation (quadratic mean deviation) of the whole
data series as a criterion to identify and assess anthropogenic changes.

This method can have two modifications depending on the location
of the stations, which can be either radial (inside radius in the impact area,
and outside radius beyond the borders of the impact area) or non-radial
(some of the points are to be located within the impact area, the others are
located outside its borders).

To identify and assess the anthropogenic changes H index is used. If
it is used to denote the standard deviation criterion, it will be referred to
as Hs. In the case of radial location two ways are used to calculate Hg
value. In the first case the following formula is used (18):

Hs1 = [Xrn — Xrol/S, (18)

where Xgy is the arithmetic mean of the X parameter at the short range
points; Xgp is the arithmetic mean of the X parameter at the long range
points; S is the standard deviation of X series.

Instead of Xrp in formula (18) one can use the background value
(F) of X series, denoted as Fy. In this case (19):

Hs, = [Xen — Fx IS (19)

If the points are located non-radially, the spatial data series is ranged
by the distance between the stations, and the smoothed by the moving
average (with the window width normally equal to 3). In this case:

Hss = X — XIS, (20)

where X is the first value of the ranged and smoothed series; X is the
last value of the ranged and smoothed series; S is the standard deviation
of X series.

Instead of X, in formula (20) one can use the background value (F)
of X series, denoted as Fx. In this case:
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Hs, = | Xg —FxI/S (21)

Hs value points to the presence and the nature of anthropogenic
changes. Hs > 1 points to the presence of anthropogenic changes in the
marine environment. If 1 < Hg < 2, the changes are assessed as slight, if
2 < Hs < 3, then the changes are moderate, if 3 < Hg < 5 they are big and
if Hs> 5 the changes are very big.

Our experience shows that Hs, u Hs, indices, which are calculated
with the help of background concentration (instant background concentra-
tion), better react to anthropogenic changes than Hs; u Hss indices. Thus,
in the course of drilling of an exploratory well in the North Caspian, Hsg,
index helped identify the slight impact of drilling operations on the con-
tent of coarse sand in the bottom sediments, the concentration of phenols
in the water, synthetic surfactants and lead in the bottom sediments and
the moderate impact on barium content in the near-bottom water layer.

To illustrate anthropogenic changes in the case of radial location of
the stations around the impact source we recommend using pie charts
(Fig. 10). If the stations are not located radially, we should use the data
curve ranged by the distance from the impact source (Fig. 11). For better
visualization, these graphs can be approximated by a linear trend.

Fig. 10 (left) Spatial distribution of syn-
thetic surfactants in the bottom sediments
(mg/kg) within the short (RN) and long
(RD) ranges from the drilling point

Fig. 11 (down) The ranged and approx-
imated by a linear trend series of synthetic
surfactants concentration values in the
bottom sediments (mg/kg) in the area of X

S well construction after the drilling opera-
—+—R1 —e—R2 ti
ions
mg/kg Synthetic surfactants

A A y=-0,0179x + 1,4625
2
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To identify and assess local pollution from a known source, the
balance method should be used alongside with the methods described
above. This method implies the comparison of the pollutant mass dynam-
ics in the impact area with the dynamics of its entry to the environment
(both actual and probable discharges of pollutants should be taken into
account).

2.3 Elaboration of the local standards of marine environment quality

Man and wildlife pose a threat to each other, though they try not to
cross the borderline, as they need each other as well. For environmental
protection, this borderline is the maximum permissible concentration of
pollutants (MPC). MPC can be set to protect human health (sanitary
MPC), natural resources (economic MPC) or natural ecosystems (envi-
ronmental MPC). In case there is no environmental MPC, it is de facto
substituted for by sanitary and/or economic MPC (which can sometimes
completely cope with this task).

It is the state which is responsible for setting MPCs, and the stan-
dard, as a rule, covers all the area without regard of ecosystem biodiversi-
ty. This rule refers to sanitary and economic MPCs only. In setting of the
MPCs, the diversity must be accounted for, as different ecosystems re-
spond to pollution in different ways, and the aggressiveness of pollutants
depends on their environment.

Three approaches can be used to develop environmental MPCs. We
should note that an environmental MPC becomes a must when sanitary
and/or economic standards can no longer protect natural ecosystems.

The first approach consists in the identification of the biological
species which is the most sensitive to pollution (among those playing an
important role in the functional organization of the population), determi-
nation of the MPC for the species and its application to the whole ecosys-
tem.

The second approach presupposes the study and identification of the
"dose - effect” dependence at the supra-organism level, which is more
correct from the theoretical viewpoint, but can be implemented practically
in exceptional cases, as every such case requires the mobilization of all
the available resources.

In the third approach, the environmental mission goes to the sanitary
or economic MPC, which is to be modified by means of amendments,
which take into account the characteristic features of pollution of a specif-
ic area and the ecosystem responsiveness to pollutants. The pollution
peculiarities are characterized by geoenvironmental indices, and the res-
ponsiveness - by structural and functional ecosystem parameters, which
determine its response and resilience to pollution.
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It should be noted, that any of the above mentioned approaches can
result in the value of environmental MPC being not only lower, but also
sufficiently higher than the value of the sanitary and/or economic MPC.
As a rule, if there is a discrepancy between the values of MPCs having
different designation, the one which has the least value is applied.

Sea water areas are used both for cultural and fishery purposes, so
fishery MPC can be set for marine pollutants alongside with the sanitary
MPC. As a rule, the values of the fishery MPC (MPCgg,) are lower than
those of sanitary ones.

For this reason and for the reason that fish are constant marine inha-
bitants, MPCyg, formed the basis for the elaboration of environmental
MPC. As environmentally modified MPCs (hereinafter referred to as
MPC.,,) can be applied to a limited water area, they are also called local
standards of marine water quality.

If the pollution of a certain water area could be described by means
of geoenvironmental pollution indices, then the correction factor for the
environmental modification of the MPC should be identified among them
or their combinations.

As it follows from theoretical background, we can suppose that— the
ability of pollutants for inter-phase exchange, including the exchange
with the "living matter" is directly linked to their toxic impact on the bi-
ota. Thus, the higher is the absolute activity value, the lower must be the
MPC. On the other hand, one can suppose that the mobility — which is
the ability of pollutants for external exchange is directly linked to the de-
crease of pollutants impact on the biota. Thus, the higher is the absolute
mobility value, the higher should be the MPC. Therefore, the activity and
mobility are opposite to each other: the activity of pollutants is hazardous
for the biota, while their mobility is beneficial.

Thus we have offered the following formula to modify fishery
MPCs taking into account geoenvironmental indices of marine environ-
mental pollution (22):

MPC,n, = MPCgg, (m/a) ™ (22)

In formula (22), a — is the mean standard activity of the pollutant for
the whole water area calculated by (23):

a=YA's;/n-2, (23)

where A's; _ is the absolute value of the standard activity at every point of
the water area calculated by formula (10); n — is the number of points
(stations) where samples were taken throughout the survey.
In formula (22) m — is the mean standard mobility of the pollutant
for the whole water area calculated by (24):
m=YM'’s; /In-2, (24)
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where M's; is the absolute value of the standard mobility at every point of
the water area calculated by formula (13); n — is the number of points
(stations) where samples were taken throughout the survey.

The mobility and activity of pollutants in sea water varies through-
out time (Fig. 8). It means that the environmental MPCs calculated by
means of the data of geoenvironmental indices will also be subject to
temporal variability. It can be clearly seen on the graphs presented in Fig.
12, where MPC,,,, calculated by formula (22) is smoothed by moving
three-year periods.
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Fig. 12 Smoothed by moving average series of MPC,, of zinc and oil products
(OP) in the sea water of the deep Volga estuarine zone, calculated by data of
1998-2010. The green horizontal line is the — MPCyg, of zinc and oil products in
the sea water (which equals to 50 mcg/l for both substances); n —smoothing step

Thus the environmental MPC calculated by geoenvironmental pollu-
tion indices is a "floating" value. However, it doesn't prevent us from
using it to assess the pollution ("quality") of the marine environment, in-
cluding the use of the ensemble method presented above.

MPC is a basic parameter to calculate the maximum permissible dis-
charges (MPD) of pollutants to water and the maximum permissible im-
pact (MPI) on water bodies. MPCs are set for pollution sources, and MPIs
- for water bodies as a whole and/or for separate sectors of the water area.

76



It is not always convenient to use the "floating" MPCs to solve these
tasks, though it is possible. The application of these standards is facili-
tated by the fact that both MPIs and MPIs have a limited validity term and
must be regularly revised.

It should be noted, that the use of the "maximum permissible im-
pact"” term as applied to water bodies in general, as defined by the existing
regulatory documents in Russia, has introduced some confusion in the
accepted range of terms. In accordance with it, nature protection standards
were subdivided into quality standards (set for separate environmental
components), impact standards (set for separate pollution sources) and
load standards (set for certain areas and natural sites).

Of all the three types of nature protection standards, quality stan-
dards are the basic ones, and the other standards ensure the compliance
with these standards throughout the period of environmental impact.
When this impact is the pollution, we can speak about a unified standard,
expressed in units of mass (quality standard) or units of flow (load and
impact standards). Thus, the task of impact and load standard-setting can
be presented as the task of transition from units of mass to units of flow.
The ways to solve this task will be described in the following section of
our review.

2.4 The assessment of the assimilation capacity

The concept of maximum permissible load almost completely cor-
responds to the concept of assimilation capacity (A), which refers to the
maximum speed of pollutants flow, which passes through the marine eco-
system without damaging its integrity, which is calculated for the unit of
the sea area.

A, estimation always starts with the estimation of the actual speed
of the pollutants flow, passing through the ecosystem. The available data
on marine water pollution as a rule are measured in units of mass (con-
centration) in contrast to flow. A balance method is usually used to shift
from units of mass to units of flow (the change of mass in a unit of time).
A pre-requisite for the use of this method is the availability of long-term
regular observations.

The assessment of the assimilation capacity of the water area con-
sists of several stages. The first stage implies the preparation of the source
data of observations of the pollutants concentration in sea water. This
stage includes data grouping by the date of observations taking into ac-
count natural cyclicity of the processes, ongoing in the marine environ-
ment. For instance, we chose observation data for April (the end of winter
low-water period - the start of spring flood), June (the end of flooding
period - the start of summer low-water period), August (the end of sum-
mer and the beginning of autumn low-water period) and September (the
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end of autumn and the beginning of winter low-water period) for the Vol-
ga estuary.

At the second stage, we estimate the instant load of the pollutant i on
the water area under study. Changes of the water volumes conditioned by
seasonal and long-term fluctuations of the sea level were accounted for in
the course of the estimation of the pollutants mass in the shallow-water
North Caspian. The instant load of the pollutant substance (L) is calcu-
lated by formula (25):

\Y
Li = § Ci' (25)
where S is the area of the water area under consideration, V is the vo-
lume of the underlying water column, C; — is the mean concentration of
pollutant i in the water column at a certain moment of time.
The speed of load change (R;) is calculated at the third stage by (26):

Lit — Lj—
Ri - it Tl(t 1)’ (26)

where Lj is the instant load at a certain moment of time; L.y is the in-
stant load at a previous moment of time; T is the time interval between
these two moments in days.

Further on, maximum and minimum values are selected from the ob-
tained R; series for every season. The former is the water pollution poten-
tial (Ppi), and the latter (its absolute value) corresponds to water purifica-
tion potential (P.y).

At the fourth stage, the assimilation capacity of the water area (Ami)
is calculated for substance i by means of the following formula (27):

Ani = i P, (27)

where P, is the water purification potential, g; is the assurance factor.
The assurance factor g; in its turn is calculated by (28):

_ L
4= — (28)
maxi1

where L,; is the maximum permissible load; L.y is the maximum load.
Lmaxi Value is selected from L;, series for the months, which come in

the beginning of the seasons, and for which A is calculated. For in-

stance, to estimate the assimilation capacity of the Volga estuary in the

flood season L. value was selected from L;; April series. The maximum

permissible load Lj; is calculated by formula (25), which uses the envi-

ronmentally modified MPC value instead of C; (MPC,,).
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MPCssn, Or background concentration (either interval or stable), or
another target water quality index can be used to calculate maximum
permissible load instead of MPC,,,.

In the section devoted to the ensemble assessment, we used the term
"maximum permissible concentration” to denote the difference between
the MPC and background concentration denoted as Cp in formula (14).
In this respect it should be noted that in contrast to L;; expressed in units
of flow, Cp is expressed in units of mass (concentration), and, as it fol-
lows from formula (14), it describes the load from local sources only.

Consequently, Cp as well as MPC,, can be used to calculate L;; by
formula (25). The outcome of this calculation is the maximum permissi-
ble load from local sources expressed in units of flow. The analogous
calculation using MPC,,, will result in obtaining maximum permissible
load from all the sources (local and external).

The accuracy of the balance method depends on the length of the
observation data series. It is advisable for these data to cover the years
with the highest pollution level. Such data series can be encountered quite
rarely. In most cases, we have the data of one or several surveys for one
water area, separated by a big time period. The balance method cannot be
applied for this type of data.

In these cases we suggest using the synoptic method, which is based
on the assumption that uneven distribution of a pollutant in the water
mass homogeneous in its physical parameters results from the ongoing
self-purification processes, which reference point is the last storm in the
water area (that is why the method is called a synoptic method).

In this method the flow of pollutants i passing through a unit of wa-
ter volume (denoted by U) is calculated by (29):

U= (Cmax - Cmin)/Ta (29)

where Cpax — is the maximum, and C,, — is the minimum concentration
of the pollutant i within the water area under consideration, T is the time
in days which passed from the last storm in the water area.

As it has been established before, to determine the speed of pollu-
tants flow which does not cause harm to the ecosystem (this value is the
assimilation capacity), U value must be multiplied by MPC,,,/Cyax, and
calculated per units of area. Correspondingly, to calculate the assimilation
capacity (An;) the following formula should be used (30):

MPC
A = U—=Y1000h (30)

max

where h — is the thickness of the water layer in metres, for which the as-
similation capacity is calculated, or the sea depth if this layer covers the
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water column from the bottom to the surface. MPC,,, and C. must be
expressed in mg/dm®. Any other target water quality index can be used
instead of MPCq,.

The main challenge in the application of the synoptic method is to
identify a hydrologically homogeneous water body. It is especially chal-
lenging in the areas where water masses interact. Such area is the North
Caspian Sea. We first tested the synoptic method for the license area of
"Caspian Oil Company" Ltd., where relevantly homogeneous water
masses were identified according to the data of two surveys (in the au-
tumn of 2005 and in the spring of 2006). The results of assimilation ca-
pacity calculation for oil products by means of the synoptic method re-
vealed that it amounted to 20-25 mg/m? a day.

The assimilation capacity for hydrocarbons had been calculated be-
fore by means of the balance method for the western part of the North
Caspian according to the data of long-term observations. The license area
of the "Caspian Oil Company" Ltd. is located in the northern sector of this
water area, which assimilation capacity makes 0.5-5.0 mg/m? per day
depending on the season.

Thus, the estimate of the assimilation capacity obtained with help of
the synoptic method exceeds the estimate obtained with help of the bal-
ance method, which we consider as more valid. The higher estimates of
the synoptic method can be explained by the fact that no homogeneous
water mass could be identified throughout the research.

If we could subdivide maximum permissible pollution of marine
ecosystems into two categories - maximum permissible mean load
(MPML) and maximum permissible one-time load (MPOL), we could use
the estimate of the assimilation capacity obtained by the balance method
to establish MPML, and a similar estimate obtained with help of the syn-
optic method to establish MPOL. The benefit of the latter is a sufficient
reduction of time and costs for standardizing of the anthropogenic load on
the sea water areas, while drawbacks can be avoided through careful
planning of the research.
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Conclusion

"Think globally, and act locally"— is the principle which sounds
good, but fails to work, as the global level lacks consensus, and the local
level lacks the required tools.

All the existing environmental protection institutions are like bal-
loons hanging somewhere between the "floor" and the "ceiling”, while
most of them should be either here or there.

When we started the elaboration of geoenvironmental indices of the
marine pollution, we had no idea that as a result we would get a complete
set of tools to manage the quality of the marine environment at the local
level.

Environmental feasibility studies for offshore projects can be ex-
panded through the diagnosis and assessment of marine environmental
pollution by means of geoenvironmental indices.

The planning stage should require the development of local stan-
dards of marine environmental quality and the calculation of maximum
permissible load of pollutants on external and local pollution sources.

The implementation stage shall involve the methods of identification
and assessment of the local pollution, and the ensemble assessment using
the specified values of background pollution and local quality standards,
which will require local monitoring of the marine environment.

Throughout the whole project, and in case of the project extension
(reconstruction), the local standards of marine environmental quality and
the standards of maximum permissible load of pollutants on the water
area must be revised and updated taking into account the monitoring data.

Thus, geoenvironmental pollution indices can launch the process of
marine environmental quality management at the local level. Once
launched, this process can continue on its own and it can easily be ma-
naged with help of target quality indices.

An attentive reader might have noticed that there is one thing lack-
ing in the process —the indices of the marine ecosystem responsiveness to
pollution, which should be used to determine the local quality standards
alongside with the geoenvironmental indices.

We hope to fill in this gap in the nearest future, but the experience of
the application of geoenvironmental indices for the protection of the
North Caspian Sea ecosystem proves that they can cope with this task on
their own and can be applied for other seas.
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