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[IpencrariieHsl pe3ynabTaThl MHOTONETHUX HccaenoBanuid (2010, 2012, 2015 u 2016 rr.)
IN(aTHIECKUX YIIICBOJOPOIOB 1 B3BEIICHHOTO BEIIECTBA B CHE)XHO-JIEISTHOM OKPOBE JIBYX paii-
oHoB benoro mopsi: Ty6sl Pyrozepckoii (paiion duonorndeckoii crannuu MI'Y — BBC, nepudepus
Kannanakmckoro 3anmuBa) u yctbsi CeBepHoii [IBuHBI (paiioH I. ApxaHreinbcka). B cHere, u3-3a
3arpsi3HEHHs] aTMOC(Epbl B OTONHUTENBHBIN CE30H, KOHI[EHTPAIUH YIIIEBOAOPOIOB MOBBIMIAINCE OT
(eBpaist kK MapTy, ocodeHHO B ycThe CeBepHoi JIBuHBI (10 616 MKr/1). Bo 111y B 3aBHCHMOCTH OT
YCIIOBHH JIbJ000pa30BaHMsI KOHIICHTPHPOBAHNUE YIIICBOJOPOIOB MPONUCXOANUT B Pa3HBIX YACTIX Kep-
Ha. B BepxHeli yacT 1bJ1a Ha cofepKaHKe yIIIeBOAOPOIOB OKa3bIBACT BIHSIHHIE UX IIOCTYIUICHUE CO
CHErOM, a B HI)KHEH — W3 TIO/UISTHOM BOJIBI, ITPY 3TOM OOJIBIIIOE 3HAUYSHUE IIPHOOPETAIOT TPOLIECCHI
Ha TpaHHIe Jiel-Boja. [IpoBesieHo corocTaBieHue MOTyYeHHbBIX JaHHBIX C Pe3yIbTaTaMy H3y4eHUs
YIJIEBOZOPOIOB B CHETE | BO JIby B (DOHOBBIX paifoHax APKTUKH U AHTApKTHKH.

Kniouesvie cnosa: benoe mope, cHer, neq, anudarndeckue yriIeBOAOPOAbI, B3BECh, OpPraHH-
YeCcKOe BEIECTBO.

BBEJIEHUE

Hutepec k uccrenoanuio yriieBoaopoaos (Y B) B 3HaunTeIbHOM cTerneHu 00yClIOBICH
He(TSHBIM 3arpsi3HEHHEM MOPCKHMX aKBaTOPUH, TAK KaK Ha X JIOJIIO MPUXOAUTCS 10 95 %
Hedtu u Heprenponykros (Hemuposckas, 2013; PykoBoactso..., 1993; AMAP, 2007).
CoBpeMeHHas cHcTeMa YKOJIOTMYECKOr0 MOHUTOPUHTA M3-32 CIIOKHOCTH aHajn3a HeTH
OCHOBaHa Ha ompeneneHun conepxkanuss YB (PykoBoactso..., 1993). Cuexxno-nensHoi
MOKPOB MEHSIET KapTHHY ITOBEJCHUS HETHU IIPU pa3iiMBax, TaK Kak CO3aeT JABa JOMOIHH-
TeNbHBIX Oapbepa cHer—ies u jtea—Bona (AMAP, 2007). Mzydenue nocnenctBuii HeQTsSHBIX
pa3inuBOB B APKTHKE 110Ka3aJlo, YTO JUIsl TAKMX CUTYalUi XapaKTepHO 3aMeJIEHHE CKOPOCTH
UCrapeHus JIerkux (ppaxiuii; MoBbIIEHNE IUIOTHOCTH ChIPOI HE(TH, CHUIKEHHE €€ TEeKY-
YeCTH, OTPAHUYCHHUE MTOJBIXKHOCTH HE(TH 3a cueT ee abCOpOIMU Ha TIOBEPXHOCTH JIbJIa U
HaKOIUIEHHs B MOPUCTHIX HACIOCHHSX, KaHAJIaX M MyCTOTax Jie[sHoro mokposa (AMAP,
2007; Fingas, Hollebone, 2003; Prince, Bragg, 1997). [1o HekotopsiM orieakam (Glover,
Dickins, 1999), B apkTH4eCKUX YCIOBHSX JIe]] CIIOCOOEH aKKyMYJIMPOBATh U y/IEPKUBATh
1o 1 mutH Gappeneit Hed T Ha 1 KBaapaTHYO MU0 Jbaa. OOpa3oBaHUE JICITHOTO TOKPO-
Ba MPUMEPHO B JIBa pa3a COKpalaet mioimaap pasiusa (Hemuposckas, TpyOkun, 2013).
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Puc. 1. OcHoBHBIE paiioHEI 0TOOPA MPOO CHEKHO-TEASTHOTO TTOKpoBa B bermom mope.

Pacnpenenenne YB B cHexHO-TIeITHOM MTOKpoBe benoro Mops 65110 paccMOTPEHO B
monorpadun Hemuposckoii u JIeoHosa (2012). 3nech NpUBOAATCS NaHHbBIC, TOJYUYCHHBIC
B 2010-2016 rT. B CpaBHEHUHU C MPEIBIAYIIMMU pe3ynbTaramu. Llens uccnemoBanus —
OTIpeIeNINTh 0COOCHHOCTH pacrpeneneHus: YB Bo B3BECH CHEXHO-IIESTHOIO MOKpPOBa
nepudepun Kannamakiickoro 3anuBa (pailon beroMOpckoil OHOIOrHUECKON CTaHIIMK
MI'Y — BBC, ryba Pyrosepckasi), B yctbe CeBepHoii J[BUHBI U Ha 03epax B paiioHe Ap-
xanrenbcka (puc. 1). Mzyuanu YB B conmocTaBieHnu ¢ cofiepyKaHueM IPYTuX KOMIIOHEHTOB
OpraHuyYecKoro BelecTBa — COp » JIMIHI0B, XJI0poduiia «a» 1 camoil B3secH. Pafionb
MCCJICZIOBAHUS OTIMYAIOTCS] HE TOJIBKO KPHOOMOIOTHUECKUMH MIPOIieccaMy 00pa30BaHUs
CHE)KHO-JIEISTHOTO MTOKPOBA, HO M aHTPOMOT€HHON HAarpy3Koil Ha 9KOCUCTEMBI.

ITo xknaccudukarmu H.H. 3ydoBa benoe Mope OTHOCHTCS K 3aMep3aroIuM MOPSM
Gonbioi enoButocTH (3y0oB, 1944), ¢ ce30HHBIM Jie/ITHBIM TOKpOBOM. B deBpae—mapre
3[1eCh HAOIOMACTCs YCTONYMBRIN npumnail Tonmuaoit ot 40 no 80 cM, B cpeanem 57 cm
(Hdymanckas, 2012). Ce30HHBIE PHUMAHbIC BBl B CPABHEHHH C aPKTHUECKUMH MOPCKUMHU
MHOTOJISTHUMH 00pa3yIoTCsi M3 BOJJHO-CHEKHOTO JIb/Ia, KOTOPBIN XapaKTepH3yeTCsl BBICOKOM
MOPHUCTOCTHIO, U30TPOITHOM CTPYKTYPOU U, KaK CIICACTBHE, 3HAYUTCIBHOM 00BOIHCHHOCTHIO
(ITanTromuH, 2012; Caxxun, PatskoBa , 2012; UepenanoB u ap., 1997). B oTaenbHbIX caydasx
HYDKHSISL 4acTh JIBJOB OKpallieHa B Oypblii IIBET U3-3a Pa3BUTHsI AMATOMOBBIX BOJIOPOCIICH.
B nmpubpexxHoii 30HE JieJ MOXKET 3aXBaThlBaTh OCAJOYHBIH MaTepuan dpo3uu Oeperos,
PEYHOTO CTOKA U IOHHBIX OTJIOKEHHI.

METOJUKA NCCJIETOBAHMI

Bce obopymoBanwme 1t 0TOOpa U TasTHUS CHETa U JIbJa (CKPEOKH, MEIIKH, TIONMUATHTIC-
HOBBIE (IISTH U OaKH) OBUIO PEABAPUTENBHO TIATEIEHO MMPOTEPTO KAIIUIICH 13 TUTHEBOM
COJIBI JUISA yNAJICHUS JKHPOBBIX 3arpsA3HEHUN C MOBEPXHOCTH IOJMATUIICHOBOW MOCYIbI.
3areM nocyna Obuia OIIOJIOCHYTA pa30aBICHHBIM PACTBOPOM COJISTHOW KUCIIOTHI IS yalie-
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HUSI METAJNTHYECKUX 3arpsI3HEHUH U IIOTOM ITPOMBITa HECKOJIBKO pa3 JUCTUIIIMPOBAHHON
Bozoii. Ilpu orGope mpobd Tarxke coONIONAIN MEPhI M0 MPEIOTBPAIICHHIO 3arPSI3HEHHUSL.
CHer coOHpalti ¢ MOBEPXHOCTH JIbJIA TNIACTUKOBBIM COBKOM. [1po0bI J1b1a 0TOMpany ¢ mo-
MOII[BIO PYYHOTO KOJIBIIEBOTO Oypa (d = 14,5 cm). Jlex pacnuiuBaiy Ha YaCTH C TOMOIIBIO
TUTAHOBOM IHJIBI, YUUTBIBAS €0 CTPOCHHUE, U TIOMEIIAIHN B CTIeHaIbHbIC OAKH JUIS TasTHUSL.
Jaist mostyueHnst He0OOX0AMMOTO KOJIMUECTBA TAJIOH BO/IbI OHOBPEMEHHO PACcTaIIMBaIIN 5—8
KepHOB. Bpewmst maBnenus kepHoB — 2—2,5 CyTOK.

B3Bech BbIIeNsUIN U3 BOJBI METOAOM MEMOPaHHOH (DUIBTPAIMY Ha TIPEIBAPUTEIEHO
OTMBITBIE (4 % 0C000 YMCTOMN COJISTHOM KHUCIIOTOMH) NONMKapOOHATHBIE SiAEPHBIE (PHUIBTPBI
(muametp mop 0,45 mxMm) mox Bakyymom 0,4 aTM. U ONIpeIeNsiyiv KOHIIEHTPALKIO TpaBUMe-
tpuuecku. J{ns onpenenenus konuentpauuii OB B3Bech BbIICISUTH QUIBTPALMEi U3 BOIBI
nox BakyymoM 0,2 aTM. Ha Tipe/iBapUTEIbHO NpokaneHHble pu 450 °C CTeKI0BOIOKHUCTHIE
¢unerpel GF/F Gupmbr Whatman (3¢ ¢dextuBnbiii pazmep nop 0,7-1,2 mxm). Jlnnuast
(cymmapHnas ppakiusi) SKCTparupoBaiyi METHICHXJIOPHIOM U3 MOJCYILICHHBIX Ha BO3/LyXe
¢buneTpoB Ha ynbTpasBykoBoii 0ane «Candup» npu 30 °C.

VB u3 nunuaHol Gpakiny BeIACSUIN C TIOMOIIBI0 KOJIOHOYHOM XpoMarorpapuu Ha
CHJTHKaJIC TeKcaHoM. KOHIIEHTpaInO JTUITHIOB (10 KOJIOHOYHOU XpoMarorpadun) u anuda-
tuueckux ¥YB (mociie koioHouHO# xpomatorpadun) onpeessiin MK-metomom Ha ipudope
IR Affinity-1, pupmsr Shimadzu. B kauecTBe craHmapTa UCIOIB30BAIH CMECH (110 00BEMY):
37,5 % n3ookraHa, 37,5 % rekcazekana u 25 % OeH301a, HCIIOIb3yEeMYO TIPH aHAIN3E HEe-
TsHBIX Y B (PykoBozacTBO. .., 1993). UyBCTBUTENBHOCTH METOAA — 3 MKI/MII 9KCTPAKTA.

C,, . BO B3BECH OTPEAEIANN METOAOM cyxoro coxokenus npu 800 °C na npubope
AH-7529M c Kys0HOMETpUYCCKIM OKOHUaHHEM. DUIBTP TIoMerany B papPpopoBblii THIEIb
Y MCTIOJIb30BaJIM OOBIYHBIC MIPOLIEAYPHI, IIPUMEHSIEMBbIE TIPH OTPEIeICHUN C,, B IOHHBIX
ocazaxkax (Jlrorapes, 1986). UyBcTBUTEIHHOCTH METONIA 6 MKT yIliepoja B MPoOe, TOUHOCTh
3—6 OTHOCHUTENIBHBIX MPOIIEHTOB. J1Jis mepecueTa KoHIeHTpaluid Y B B KOHIIeHTpaluu COpr
ucnosb3oBasin kodapdunueHt 0,5 (PykoBoactso..., 2004).

Muxkpodororpaduun B3BecH, COOpaHHON Ha SACPHBIX (HUIBTPAX, BBIIOIHEHBI MTPU
MOMOIIY CKaHUpyomero aMekTpoHHoro Mukpockona TESCAN VEGA-3.

PE3VYJIBTATbBI

B rybe Pyrosepckoii nccinenoBaHus IPOBOAWIN B pa3HbIe TOABI, HO B OCHOBHOM B
OZIHO M TO K€ BpeMsI B KOHIIE STHBapsi — Havase (eBpasisi U B OHUX M TEX )K€ palioHax —
o3epo Kucno-Crnankoe u mpugan BBC (puc. 2).

B cHere o3epa Kucmo-Crnaakoe (cT. 1), pacrionokeHHOTO B yaJIeHHH OT CTaHIIWH,
KOHIIEHTparu Y B ObuTi HIDKe, 9eM Ha CT. 2, pacnonokeHHo# y npryana BBC (puc. 2).
Tepputopus BBC 0THOCHTCS K 30HE MOBBIIIEHHOTO YBIAKHEHUS U XapaKTePH3yeTCs TIPo-
TOJDKUTEITFHON, OTHOCHUTENTFHO TETUIOH 3UMOH, JUTATIEHCS TPUOMU3NTETHHO 4—4,5 Mecsma
C cepeIrHbI HosIOps 1o MapT. [1epBrIit CHET 3/1eCh OOBITHO BBITIAIACT B CEPEIITHE OKTSIOPSL.
CHexHbIi ToKpoB cymectByeT 170-190 nueit B romy BbicoTO# 40—50 cM, HoCTHTas MaK-
cuMmyMa B Mapte. OcaJIkoB BEITIaaeT 37ech 0Koso 450550 MM B rom, KomebaHus OT roaa
K TOIy 9acTO COCTAaBIIAIOT OONBINNE BETMYMHBI, HO HE TpeBbImaT 650 MM. B Teuenue
rofa mpeodasaroT BETPHI FOT0-3aMa{HOTO U 3aIlaJHOTO HANpaBJICHHUH, 3aXBaTHIBAIOIIIE
asposomn u3 Espormer (Ilesuenxo u ap., 2012).

B ¢espane B cHere 3a Bech nmepuop HabmroneHuit B paitone bBC comepxanne VB
M3MEHSUIOCH B CPABHUTEIIEHO Y3KOM MHTEpBaIe U HE MpeBbIcHio 42 MKT/1 (Tadm. 1). [pu
sToM YB He SBIsIHCh TOMUHHUpPYIONIEH (ppaknuneii B coctaBe OB 1 B pa3HbIe TObBI HCCITe-
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Puc. 2. Pacnpenenenne amiparnaecknx YB B cHexHo-nmeqstHOM 1okpose paitona bEC: a — 2010,
6 —2012,6—2015,2— 2016 rr.; I — o3epo Kucno-Cnankoe, 2 — npuuan BbC MI'Y.

JIOBaHUs He MpeBbImany 8 % ot Copr. OOycI10BIEHO ATO, CKOpEE BCETO, TEM, UTO B 00IICH
CTPYKTYpe BBIOPOCOB B arMocdepy 3arps3Hsiomux Beniects (3B) nag benasiv mopem YB
cocTaBisioT B cpeaaeM 16 % (IlIBapuman, TpyOuisiaa, 2007).

3arpsA3HEHHOCTh apPKTHUECKOM aTMOC(Ephl M3-32 OTOIUICHUS SKMIIHI JOJDKHA T10-
BBIIIATHCS OT HOSOPSI K MapTy ¥ 3HAYUTEILHO MPEBBIIIATh X KOHIEHTPALNH B ()OHOBBIX
akBaropwsixX. [IefCTBUTEIIFHO, MCCIICIOBAHUS CHEra, poBeaeHHbIe B MapTe 2015 1. B ryOe
Pyrosepckoii, ycranoBmim Oosee Beicokoe cozepxkanne YB (tadm. 1): 40-92, B cpennem
60 Mxr/n (n="7, 6= 17). OgHaKo X KOHICHTPAIMH OBUTH HIKE, YeM B JIpyroM paiione Kan-
JTANTAKIICKOTo 3aBa — B Ty0e Uyna B mapte 2004 1.: 80—239 Mkr/n (Tabm. 1). B To ke Bpemst
Jaxe B (heBpajie B COCTaBE B3BECH CHera I'yObl Pyrosepckoii Hapsiy ¢ JMaTOMOBBIMHI BOZIO-
POCIISIMU 1 MUHEpaJlaMK OOHapy»KeHa okainHa, 301a TOL, 30mma ot cxxuranus yrist (puc. 3).

B ycrre CeBepHoii JIBUHBI TaKXKe yCTaHOBIICHBI O0JIee BRICOKHE KOHIIEHTpanuu Y B B
CHere B MapTe M0 CpaBHEHHIO ¢ Iry0oii Pyrozepckoii: 83—583 mkr/n (2007 ), 27-616 Mxr/n
(2015 ) mo cpaBHenuto ¢ heBpanieM — 5—83 Mkr/i (2008 1) (Tadm. 1). Coneprkanne B3BecH
B CHETE B 3TOM paliOHE Pe3KO yOBIBAJIO C YIaJICHHEM OT HCTOUYHHUKOB amuccuH (LlleBuenko
u 1p., 2012). TToatromy B Mapte 2015 . KOHIICHTpaIUK B3BECH B CHETe . ApXaHTelIbCcKa
MeXay paiioHoM SIXTkiyOa u 1. DkoHOMHUS paznudainuck B 158 pas (0,74-116,79 mr/n), a
YB — B 23 paza (27-616 mxr/m) (cM. puc. 4). B paiione . OxoHomust copepxkanue YB
nmocturio 120 MKr/MT B3BeCH . 3HAUNTEIFHO HIDKE OBUTH KOHIICHTpaIu Y B B cHere okoIto
nobepexbs 0. Myzasior B hespaie 2008 . — 5,7 MKr/Mr B3BecH.
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Tabnuya

Copep:xxanue aaupaTnyecKux yrieBogopoaoB (MKI/JI) BO B3BeCH CHEKHO-JIeISIHOT0 TOKPOBa
BeJsioro Mopsi B conmocTaB/ieHHH ¢ IPyruMu paiionamu MupoBoOro okeana

OOBeEKT

Pation/
auoH/TONL Crer Jlen (Bepx) Jlen (Hu3) Tloanennas Bomga

I'y6a Pyrozepckas, 820 23-38 17-18 25-32
2010 r., dpeBpann
I'y6a Pyrozepckas, 23-34 18-69 33-80 19-25
2012 r., peBpaib
I'y6a Pyrozepckas, 15 17-33 23-84 31-81
2015 ., peBpannb
I'y6a Pyrosepckas, 40-92 He onpenensiiu | He onpenesnsinu He onpenensiin
2015 r., mapt
I'y6a Pyrozepckas, 1046 11-36 12-33 15-26
2016 1., peBpaib
I'y6a Uyma, 80-239 60-271 264-471 6-46
2004 r.,, mapt
Veree Ce. [IBunbI, 83-583 50-300 78-420 130-249
2007 ., mapt
VYerbe Ces. [IBunbI, 5-83 2-39 340 0-17
2008 r., peBpaip
Yerbe Ces. JIBUHBI, 27-616 46-55 73-103 98-1604
2015 r, mapt
Osepa B paiione 98-1064 He onpenemnsnu | He onpeneinsinu He onpenensnu
ApxaHresbcka,
2016 ., mapt
CJIO, nogusiTHE 0-39 2-8 28-132 18-38
Menneneena,
2000 r., ceHTsI0pb
AHTapKTH]A, 8-16 1640 116-162 7-9
mope ConpyKecTsa,
3anuB [Iprozc,

2010 r., mapt
AHTapKTH]A, 1 4 14 2
Mmope ConpyxecTsa,
3ainuB Taa,

2014 r, mapt

B GonbIIMHCTBE PacTOIIEHHBIX CHETOBBIX P00 B ycThe CeBepHOI J[BUHBI 3HAYSHUS
pH ObuTH C1a0OKKMCIBIMU, TaK KaK BApbUPOBAIIU B MHTEpBasie oT 4,36 10 6,85 (IlleBueHko
u ap., 2012), ato xapakTepHO /I CHEXKHOTO IMMOKpPOBa MHOTHX pailOHOB ceBepa Pycckoit
pasuuHbI (TpyOursiHa, 2010). B Toxke Bpems 3HadeHns pH oka3anuch Bblllle yCTaHOBJICH-
HBIX B CHE)XHOM IOKpOBe 3anaaHoil yactu Konbckoro m-oBa M MpUiIETaromUX paiioHOB
Ounnsaauu u Hopseruu (4,53—4,96) (Caritat et al., 1998), rae cymiecTBEHHO BIUSHHE
BBIOPOCOB MEHO-HUKEJIEBBIX KOMOMHATOB. J{11s1 ApXaHre/ibCKol arioMepanyy XapakTepHbI
BBICOKHE HArpy3KH BbINaaeHui cyiabdaros. Ha craniusx monntopunra Cesepaoro YI'MC
armocdepnsbie ocaaku ¢ pH > 7,2 8 1990-2003 rr. ormMedeHs! He Obutd. B TO ke Bpems pH
OBbLT BBIIIE HA CTAHIIMK OKOJIO MecTa BbIOpoca cTouHbIX BoA Apxanreibckoro [[BK u Ha
CTaHIIMHU OKOJIO JKEJIE3HOIOPOXKHOTO MocTa B ApxaHrenscke (IlleBuenko u np., 2012). Otu
PpaifoHbI XapaKTepU30BAIMCH MTOBBIIICHHBIMU KOHLIEHTpALUsIMU B3BecH (0T 11 10 83 mr/i),
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Puc. 3. Cocras B3Becu cHera (Z[aHHBIe CKaHHPYIOLICTO SJIEKTPOHHOI'O MI/IKpOCKOHa)S a — OKaJInHa 1
€€ CoCTaB, HOJ'Iy‘ICHHLIﬁ C IIOMOILBIO [IPUCTABKU-MHUKPOAHAJIN3aTOPA K CKAHUPYIOLIEMY 3JIEKTPOHHOMY
MHUKPOCKOITY; 6— JAUATOMOBBLIC U MUHEPAJIbHBIC YaCTULIBI; 6 — AUATOMOBBIC U OpraHNYC€CKasl TKaHb.

Cuer Cuer

Jlen
Jlex 023 cm

0-17 cm

[Bzsecs [Bzsecs

Jex

e OvB 2340 em OvB
17-30 c:-l( W M Jlen W Jlunuas
40-48 cm
Jlexn Jlen
3041 cM 48-56 cm
0 200 400 600 wkr/n 0 200 400 600 800 r/a

Puc. 4. Pacnpenenenue B3Becu (Mkr/n/100), VB u nunumoB (MKI/1) B CHEXXHO-JCASHOM MOKPOBE
B paiione Apxanresibcka B Mapte 2015 r.: @ — paiion SIxTkiy6a, 6 — mopt DKOHOMHSI.
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Puc. 5. Cocras B3Becu cHera o3epa [InkaneBo (1aHHbIE CKAaHUPYIOMIETO AIEKTPOHHOTO MHKPOCKOMA):
a — cdepa cropaHust KHUAKOTO TOIUIMBA C PHIXJION HO3APEBATON MTOBEPXHOCTHIO U ATFOMOCHITHKAT-
Hast KaMeHHOyToIbHas 30sa TOI] ¢ miagkoi cheprueckoii MOBEPXHOCTEIO; 6 — PBIXJIBIA arperar
OKPYIVIBIX YaCTHUL] CAXKH.

KOTOpas croco0CTBOBAIA HEUTpAIU3AIMK KUCIIOTHBIX BBINIafeHuA. boree BrIcOKoe comep-
JKaHWME B3BECH YCTAHOBICHO HA CTAHIUAX OKojo I. HoBonBuHCKa, B 30He BiusaHus ALIBK,
oKoJ10 29-T0 J1eco3aBofa, B | KM OT YCThs MPOTOKK XaTOPHIIA, Yepe3 KOTOPYIO B MIPOTOKY
Ky3neunxa nocrymnaior crounsie Bogasl Comombansekoro LIBK.

B 2016 r. 661 0TOOpaHbI IPOOBI CHETA Ha 03epax BOKPYT ApxaHreinbcka — [Iu-
kaneBo, CBemiioe u 3agHee (puc. 1, BcTaBka, pailoH ApXaHTenbcka). MI3MeHYNBOCTh KOH-
meHTpanuii YB Oblia CToJIb BEICOKAS, UTO CpeaHee X comepikanne (542 MKI/J) oka3aioch
COTOCTAaBUMBIM CO CTaHJAPTHBIM OTKJIIOHEHHEM (536 MKT/ir). MakcuMaabHOE KOITHYECTBO
VB (1605 MKr/m) ycTaHOBIEHO B CHETe 0. 3amHee, Hanbonee MpuOMmKeHHOTo K ApXaH-
TeIBCKY, @ MUHIMaJIbHOE (98 MKr/11) — B cHere 0. CBeTI0€, HaXOSIIET0Cs B YIAJICHHN OT
ApxaHTenbcKa Ha CeBepO-BOCTOK. B3Bech, BRIICTICHHAS U3 CHETA, IMEJIa YSPHBIN [[BET, TAK
Kak cocTosiia u3 cdep cropanusi, 30561 TOI, caxku (puc. 5) v 1p. aHTPOMOTEHHBIX YACTHII.

Bo abay, otobpanHoM B ryde Pyrozepckoii, ¥YB KOHIIEHTpHPOBaIHCH B pa3HBIX YaCTIX
KepHa B pa3HbIe TOJIbI cciaeqoBanus (puc. 2), u He npessimainy 30 % B cocTaBe JIMIHUIOB,
YTO XapakTepHO UII CBEKEOOPA30BAHHBIX OpraHWYecKuXx coennHeHmi (Hemmposckasd,
2013). [TocnemHee MOXKET CBUIETEILCTBOBATH O HE3HAUNTEITFHOM HE()TSIHOM 3arpsi3sHEHUN
BOJI 3TOTO paiioHa.

[TpumeuarensHo, 4To 3uMoit 2010 . B HIDKHEM CJIO€ JIbJIa KOHIIEHTpanuu Y B Oblmn
B 3,4 pasa BbIllle, YeM B MOUIETHON Bone, a B 2012 1. pa3HHIa B UX CONEp)KaHWU ObLTa
MenbIne (Tabm. 1). Ckopee Bcero, 3TH pa3indus ONPEACISUTNCH YCIOBUSAMH U, KaK CIe/-
CTBUE, 0cOOeHHOCTAMU (hopMupoBaHus Jibaa. OTmmuuTensHas yepra bemoro Mopst cocTouT
B TOM, YTO TOJIIIMHA CHETa W MPHITAHBIX JIBJOB COM3MEpUMBI. [103TOMY BepXHSAA 4acTh
JIeITHBIX KePHOB MPHOPEKHBIX pailoHoB bermoro Mopsi, Kak mpaBuio, 00pa3oBaHa MyTHBIM
MAaTOBBIM JIbJIOM CHEKHOTO TeHE3MCa, a HIKHSAA — 00BOJHEHHBIM KPUCTAITMYECCKUM JIBIOM
(IManTtronmuH, 2012; Caxxun, PatbkoBa, 2012). Jlekabps 2011 1. u saBaps 2012 1. ObuTH 3HA-
YUTEIHHO TeIIee, YeM B IpeAbIIyie roapl. OTHAKO B KOHIIE SSHBAPS HAOIIOTAIICS PE3KUHA
TeMIeparypHsIi criaa, mexay —25 u —30 °C, u 1p1000pa3oBaHne IPOUCXOANIO B 5—6 pa3
WHTeHCHBHee, yeM B fekadpe (Ilartiommn, 2012). Kpome Toro, He0OXOANMO YUHTHIBATH,
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YTO B UCCIIENyEMOM paiioHe besroro Mops IpUIMBHOM X0/ UMEET IOy CYTOUHBIA XapaKkTep
C IByMs MOJHBIMH U MaJIBIMHU BoiaMu. [103TOMy BO3MOXKHBI CIy9dand COBMAACHUS PE3KOT0o
MTOHMKEHUS TEMIIEPATYPHI C BBIXOJIOM BOJIBI HA TOBEPXHOCTH Yepe3 TPELIUHBI (IPHU OUHA-
KOBO¥ TOJIINHE CHETa M JIb/1a), KOTOpasi, IEpeMEIHBasiCh CO CHETOM, OBICTPO IpeBpaIaeTcst
CHauaJla B CHE)KHBIM, a IOTOM U B MaTOBBIH Jie/. B pe3ynbrare koHLeHTpauus Y B B HUKHEN
yactu JibJa B 2012 1. oka3anach HE3HAYUTEIILHO BBIIIC, YEM B MOICAHON Boje (Tadu. 1).
B nporuomnonoxHocTh 3TOMY B Ty0e Uyna Kanpanakiickoro 3annBa HaOmonancs poct
KOHIICHTpalui Copr, JUNUA0B, ¥YB B HIDKHUX CJ1051X J1bA0B (Ta0. 1). [Tpu 3T0M mpoucxomiio
CHHXPOHHOE M3MCHCHHE KOHUEHTpamii 5Tux coepunenuit: r(C —— mm) = 0,83; n(C —
YB)=0,67; r(iun — YB) = 0,88. Ha HI>KHEH TOBEPXHOCTH BCEX MUCCIETOBAHHBIX JIETHBIX
KEpHOB ObLIIH 00HAPYIKEHBI YIIIEBOIOPOIOKUCIISIOIINE MUKpooprannimbl (CaxuH, Parbko-
Ba, 2012). MIx cpeausis YucIeHHOCTh OblIa MaKCUMaTbHOM Tipu pubmkeHnu k 6epery. [To
HAITPaBJICHHIO K IEHTPaJIbHON YacTH ryobl Uyra YnclIeHHOCTD YIIEBOJOPOJOKUCIISIOIINX
OakTepHii CHIKAIACh 10 MUHUMaIbHBIX BennduH (0,06 ThIC KJ1/MJT).

B yctee CeBepHoil J[BUHBI IpH Mepexose OT CHera Ko JIbAy cofaepxanue YB Bo
B3BECH PE3K0 yMeHbInanock (tabn. 1). MccnenoBanust HaceaeHus Ce30HHOTO Jiba bemoro
MOpsI yCTaHOBHWJIW, YTO B Ha4ajie 3MMbl HauOoblee 00uiIie OakTepuil yalle CBOHCTBEHHO
BEPXHHUM U CPETHUM CJIOSIM JIbJIa, a BECHON — HIDKHUM ciosaM (CaxuH, Patekosa, 2012).
B xoH1e Mapra nuk 0akTepHasbHOro OOMIIUS TPUXOAUTCS HA CaMbli HIDKHHUHN CJI0H JIb/a,
TOJIIMHON HECKOJIBKO CaHTHUMETpoB. IloaTomMy konmmuyectBo YB, nMeroniux OMOTCHHBIH
COCTaB, TaK ke, Kak caMOi B3BECH, B HIJKHEM CJIO€ JIbJIa 3a4aCTYIO BBIIIE, UYeM B BEPXHEM
(tabn. 1). B akBatopun 0. Mynetor B 2008 1. oprannueckue CoeTuHEHUs KOHIICHTPUPOBa-
JIUCh B HUKHEH YaCTH JIbJIA, TAK KaK JIeJl BO BpeMs OTJIMBA KOCHYJICS AHA. [103TOMY HY>KHUN
cioit npna (40—-52 cM) U3-3a OUYeHb BBICOKOM KOHIIEHTpaIuu B3Becu (80,7 Mr/in) mprodpent
TtemHO-cepbli 11BeT (IlleBuenko u np., 2012). B coctase B3BecH npeodiaaain MUHEPaIbHBIC
YaCTHILIBI NTeCYaHOH (PpaKLuK ¢ MPUMECHI0O MUKPOBOIOpOCIiIe. B BepxHeM MyTHOM ciioe
apaa (0-25 cM) CHE)KHOTO I'eHe3Hca KOHIICHTPAIUS B3BECH OblIa 3HAYUTECILHO HHUKE —
9,8 MI/1 ¥ paxe HWKe CpeJHeH MHOTOJIETHEH KOHIIEHTPALUH BO JbJax ycThst CeBepHOi
JBunbr — 10,3 mr/m.

VYBenuueHue KOHLCHTPAUN OPraHU4eCKUX COCIMHEHUM U B3BECU B HHXKHEM CJIOE
KEpHa JIbIa XapaKTEepHO He TOJNBKO JJIS MPUIMANHBIX JIBJOB besoro Mopsi, HO U MaKOBBIX
ap10B B CJIO (nonusaTie MeHeneesa), TOIIMHA KOTOPBIX JOCTHrana 3 M, U MPUIMaiHBIX
aHTapkTueckux Jp10B. B CJIO coneprkanre YB Bo B3BecH B HIDKHEH 4aCTH JIbJIa B CPETHEM
0bLT0 B 8 pa3 BhIIe (10 64 MKI/JT), YeM B MOUICAHON BOJIC, B TO BPEMs KaK KOHIICHTPAIHK
B pacTBOpeHHOi Gopme Obutn Onm3ku (610 mxr/n) (Hemuposckas, 2013). B Oyxre Jle-
HUHTpaJicKoit Mopst JIazapeBa (AHTapKTHIA) MO TOJICTHIM CJI0eM (pUpHA B HIKHEH 4acTH
JIEIOBOTO KEepHA MPH aHOMAJIbHO BBICOKMX KOHIIGHTPALUAX OPTaHUYECKUX COCIUHEHUIT
(COp » Xnopoduna «a», YB) ycraHoBiIeHO Jiaxke cepoBojiopoiHoe 3apakenue (Hemupos-
ckasi, KpaBunmmna, 2015). B 3anuse Ipronc mopst CoapyskecTBa KOHIEHTpaiuu YB B
HIDKHEH 9acTH JIbJ1a, TONIIHA KOTOPOTo COCTaBisia 2,5 M, TakKe ObIITH BEBICOKUMH — 110
116 Mkr/11 (cM. Tabm. 1). DyHKIIMOHNPOBAHKE SKOCUCTEMBI JIbJIa IPUBOAUT K UHTCHCHBHOMY
HaKOIUICHUIO OpPraHMYeCKUX COSIMHEHU, B TOM urciie 1 Y B, 3a cuer GporocuHTe3a 1e10Boi
(opel Ha Tpanulie nea—Boaa (MenbHuKOB, [oropes, 2008). BkiroucHre BOIHOM B3BECH B
COCTaB JIbJIa IPOUCXOJIMT B pe3yJIbTare MoAbeMa K TOBEPXHOCTH HOBOOOPA30BAHHBIX €U~
HUYHBIX KPUCTAJIIOB JIbJIa C COPOMPOBAHHBIMH UMH YaCTHLIAMH JIEAOBBIX MUKPOBOJOPOCIIECH
(Yepemnanos u 11p., 1997). DToT nporecc cnoco0CTBYET aKKyMYJIHPOBAHUIO OPTraHUYECKUX
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COC/IMHEHUI BO JIbJly B KOHIICHTPAIMSX, COMOCTABUMBIX C BOJIAMHU BBICOKOIIPOTYKTUBHBIX
paiionoB Muposoro okeana (MensHukoB, CemeHnona, 2013).

Takum 00pa3oM, OosbIIIast IIIOMIA/IL TOBEPXHOCTH JIeNIaeT CHEr | Jiel Y()(PEeKTUBHBIMU
JIOBYIIKaMH JUISl TIEPEHOCHMBIX BO3/IyXOM COEIIMHEHHH, B TOM uKcie 3B, nocrynaronmx u3
armoc(epbl 1 U3 BOJIbI BO BpeMsi jienioctaa. HecMoTpst Ha HU3KUE 3MMHHIE TEMITEPaTyphbl, B MO-
TPaHUYHBIX CIIOSX CHEr—JIe/] U JIe—BOJIa MHTEHCUBHO ITPOUCXOAAT KaK MPOLIECChI Pa3IoKeHHU,
TaK U CUHTE3a OpraHMYeCKUX COCAUHEHUI, B TOM uKcie 1 Y B. B BepxHeii yacTu kepHa jipja,
KaK 1 B CHere, MUHEpajlbHas 4acTh Ipeoliiajaia Ha i Onosiorniyeckoil. BugoBoe pasnoodpasue
BOZIOPOCIIEH MOCIEIOBATEIFHO MOBBIIIATIOCH OT CHETa K HIDKHEH 4acTH JIb/1a, TJIe MUHEPaIbHbIE
YaCTHIIbI IPAKTUYECKH HE BCTpedannch. [IpoyKTe! cropanus Taxke He oOHapyskeHbL. [ToiBon-
HO-TIOUIE/THBIE UCCIIEI0BAHUS TOKA3aJIH, YTO OCHOBHOE pacIipe/ie]IeHIe OPraHN3MOB CBSI3aHO C
MOBEPXHOCTHIO OCHOBaHws Jiba (Melnikov, 1998). JIbbl Ierko aKKyMyIUPYIOT B3BeCh. BbLI1O
OTMEYEHO, YTO HOBOOOPA30BaHHBIM Jie/] B paiioHe ocTpoBa Hoast 3emiist compepikut B 23 paza
B3gecn M B 5 pasC 0oJIbILIe TIO CPaBHEHHUIO ¢ MOpcKoii BostoH (Komuna u nip., 2007). 3a cuer
HAKOIUICHHs! Ha TPAHULIE JIe/I-BOJIA [TUTATENIbHBIX BELIIECTB CO3/IAI0TCSI OJIarONpHsTHBIC YCIIOBHS
JUTS pa3BUTHSI 31IECH AMATOMOBBIX BOJIOpOCIiel. B To jke BpeMst pH BBICOKMX KOHIICHTPALIMSIX
VB B 3arpsi3HeHHOH HeTENPOIYKTaMH MOIECIHON BOJE MOYKET IPOUCXOUTH UX ITIOIIIOLIE-
HHE JIbJIOM, KaK 3T0 HaOmonanock B yethbe CeBepHoit J[Bunbt B 2007 . (Hemuporckasi, 2013).
Bonbiioe KomM4YecTBO B3BECH BO JibJIaX, a Takke ruapodoOHbie cBoiicTBa Y B o0ycnaBiuBaeT
NPEUMYIIECTBEHHOE COJIEPKaHNE UX BO B3BELIIEHHOH (hopMme fake B (POHOBBIX aPKTUUESCKUX U
AHTApPKTHYECKMX palioHax. Boia mpy BOJIHEHHH Ha TOBEPXHOCTH Pa3MsTiacT JIe/ U OKa3bIBaeT
Ha ero CTPYKTYpy JBOMHOE EHCTBUE: YBEIMIHUBACT YHCIIO KAHAJIOB U KaMJIISIPOB BO JIBAY, a
Taxke pacumpsier ux quamerp (Iepurynu, XKyxosuiikuid, 1972). O1o nHTEeHCHpUIMPYET TPO-
1ecchl 00MeHa MeX/Ty BOJOH U JIbI0OM.

DKCIEPUMEHTBI 10 UCTIAPEHUIO HE(DTSHBIX IUICHOK C BOIHOW OBEPXHOCTH YCTaHOBH-
JIM, YTO B BOZIaX, CBOOOHBIX OTO JIbJIA, [IOTEPH OT UCIIAPEHHMS ISl JIETKUX HehTel ToCcTHramn
40 %, a mpu Hanu4uu 6uToro Jibaa — Beero 20-25 % (Hemuposckast, 2013). Otu naHHbIe
MOATBEPAMIIMCH TIPU M3YyYCHUH pasiinBa M3 TaHkepa «OkcoH Bannes» B mope bodopra,
rae ucraprioch b 20 % ot obiero konudyectsa Hedhru (AMAIL, 1998; Prince, Bragg,
1997). TlosTOMy B BBICOKOIIIMPOTHON APKTHKE M 0COOEHHO B BOJIaX C HAJTMYUEM JIbJIA HC-
napeHue B LEeJIOM HIeT MeaieHHee. [lortomenne pa3nuron «cBexein» He(TH JIbIOM He
npesbimaer 5-10 % (Fingas, Hollebone, 2003). Bo Bcex curyanusx HeTh He HaaHIana
Ha JIe/I, a HaXOIUIach JIn0o B BoJE, KO0 B JieasHOU Kare. OIHAKO PHIXJION HIDKHEH IMo-
BEPXHOCTBIO JIb/Ia OHA COPOMPOBANIACH 3HAYUTETHHO JIeTye, 4eM raakoil Bepxueit (AMAP,
2007). Tlostomy KoHUeHTpanuy Y B B 3arpsi3HEeHHBIX HEPTHIO pailoHaX yBEIMYHBAINCH B
MOTPAaHUYHOM CJIO€ JIE—BOJA.

3AK/IIOYEHUE

Pacnpenenenune YB B cHexHO-neastHOM MokpoBe benoro mopst otnuvaercst mpo-
CTPAHCTBEHHOH M BPEMEHHOW N3MEHUYNBOCTBIO X KOHIIEHTPALUH OT Toja K TOIy JAaXe B
OZIHOM M TOM ke paifoHe. OOyCIOBICHO 3TO, IPEKAE BCETO, COCTOSTHUEM CAMOTO CHEXHO-
JEJSTHOTO TTOKPOBA.

CHer CTaHOBHTCS HAaKOITUTEIIEM adpO30JbHBIX 3B, mocTymaronmix n3 arMocdeps! U ¢
TTOBEPXHOCTH MOPs, — 3 ekt «mpomoramkmy (JIucumpr, 2014). [ToaToMy KOHIIEHTpa-
uuu YB B cHere benoro mops Beie, yem B pOHOBBIX palfoHaX APKTHKH U AHTapKTHKH.
Huzkas nons VB cpenn npyrux OC o0ycioBieHa cOCTaBOM BEIOPOCOB HX B aTMochepy.
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OnHoneTHHUE b1l benoro Mopst GUKCHPYIOT COCTOSIHIE TTOBEPXHOCTHOTO CJIOSI BOJT
B iepuo/] 3amep3anust. OcoOeHHOCTH (POPMUPOBAHUS NIPUIIAs IPUBOST K M3MEHUHUBOCTH
KOHLIEHTpauuid ¥YB B pa3HbIX ci104X JIbJ1a. BepXHuil C10il JibJja aKKyMyJIUPYET COEAUHEHUS,
MOCTYHAIOLIUE CO CHETOM, a [P IIOIPY>KEHUU JIbJIAa B BOJLY — U3 IOBEPXHOCTHBIX BOJI.

Conepxanue u coctaB YB B HUKHEM CIIO€ JIbJIa 3aBUCSIT HE TOJILKO OT WX KOHIIEH-
TpaLyii B NOJICAHON BOJIE, HO M OT MHTEHCHBHOCTH OMOT€OXMMHUECKHUX MPOLIECCOB B I110-
rpaHu4HoOM ciioe Bopa—ied. [loatomy Bo npaax benoro mops koHuenrpauuu YB moryr
OBITh HMXKE, YeM B MakoBbIX Jibaax CJIO u nmpunaiiHeIxX jbaax AHTapKTHKH (Ta0. 1).

Paboma evinonnena npu ¢unancosou noodepicke PODU (npoexmor 14-05-00223,
15-05-08374 u 14-05-31512-mon.) u eoczadanusn 0149-2014-0038 «Ieonozo-eeoxumuye-
cKue UCCie008anUs NPUPOOHLIX U AHMPONOSEHHBIX NPOYECCO8 8 800€, B36ECAX U OOHHBIX
0CAOKAX MOPCKUX AK8AMOPULL, 6 MOM YUCe 8 OKPAUHHBIX pationax Mupogozo okeanay.
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1.A. NEMIROVSKAYA, V.P. SHEVCHENKO, A.M. TITOVA, A.G. BOEYV,
A.V. TRAVKINA, I.P. TRUBKIN

ALTPHATIC HYDROCARBONS IN SUSPENDED MATTER
OF SNOW-ICE COVER OF DIFFERENT REGIONS OF THE WHITE SEA

There are presented the results of multiyear research (2010, 2012 and 2015 and 2016) of
aliphatic hydrocarbons and suspended matter in snow-ice cover of two regions of the White Sea:
the Rugozerskaya bay (near the biological station of Moscow state University, the periphery of the
Kandalaksha Bay) and the mouth of the Northern Dvina (near Archangelsk). Due to the atmospheric
pollution in the heating season, hydrocarbon concentration increases, especially in the mouth of
the Northern Dvina (up to 616 mg/l). In the ice, according to the conditions of ice formation, the
concentration of the studied substances occurs in different parts of the core. In the top part of the ice
the inflow of hydrocarbons with snow influence hydrocarbon concentration and in the bottom part the
main role plays the inflow with under-ice water, in particular, a big role goes to the processes on the
border ice-water. A comparison of the obtained data with the results of the research of hydrocarbons
was produced in snow and ice in the background areas of the Arctic.

Keywords: White Sea, snow, ice, aliphatic hydrocarbons, suspended matter, organic matter.
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