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KPAWMHE HEOBBIYHOE BEPTUKAJIBHOE PACNPEJEJEHUE TEMIIEPATYPHI U IPYTHUX
ABHOTHUYECKUX U BUOTHYECKUX XAPAKTEPUCTHUK B HEFOJIBIIIOM MEJIKOBOJHOM
03. BOJIOITPOBO/THOE B OKPECTHOCTSX BEJTOMOPCKOM BUOJIOT MUECKOM
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Honuwyk Jleonapd Bnadumuposuy', Hanmwonun Anamonuii Huxonaesuu’, Kpacnosa Enena
JImumpuesna’, Boponoe JImumpuii Anamonvesuy™, Kacnapcon Anna Anopeegna®*
1 — Mockosckuii cocyoapcmeennulit yHueepcumem um. M.B. Jlomonocosa, buonocuueckuii paxynvmem,
Kagedpa obweil sxon02uu
2 — Mockoeckuii cocyoapcmeennuiii ynusepcumem um. M.B. Jlomonocosa, eeoepagpuueckuii paxyiomem,
Kagedpa oxeanonocuu
3 — Mocxrosckuii eocyoapcmeennviii ynugepcumem um. M.B. Jlomonocosa, buonoeuueckuil gpaxynvmem,
benomopcras buonocuvecxkan cmanyus um. H.A. Ilepyosa
4 — Hncmumym npobnem nepedauu ungpopmayuu um. A.A. Xapkesuua PAH
5 — Mocxosckuii eocyoapcmeennwiii ynugepcumem um. M.B. Jlomonocosa, HUH @uzuxo-xumuuecxoii

buonozuu um. A.H. benoszepckoeo

Benomopckas Guonoruveckas ctanmms uMm. H.A. IleprioBa mMoxeT ObITh 0a30i HE TOJIBKO MOPCKOH, HO H
MIPECHOBOAHOM cTymeHdYeckor mpakTuku (M3sexoBa D.M., JIkBoBa A.A., CumueB A.IO. Bemomopckas
6uosornueckas craHmust MI'Y kak 0a3za A NMPECHOBOAHBIX HCCIECJOBAHMI M IIOJEBBIX CTYACHYECKHX
npakTuk // Matepuansl HaydyHOW KOHQepeHIMHu «Mopckasi OHOJOTHS, TEONOTHs, OKEAHONOTHS —
MEXAMCLHUIIIMHAPHBIE KCCIEN0BAaHUS HAa MOPCKUX CTAallMOHApax», MOCBALICHHOH 75-nmetuto benomopckoit
6uonornueckoii cranuuu um. H.A. Tleprosa (MockBa, MI'Y um. M.B. JlomonocoBa, 27 ¢espans — 1 mapra
2013 r.). M.: ToBapumiectBo Hayuynbix u3ganuii KMK, 2013. C. 101-104). CoOuparth 300JI0THYECKUIT
MaTrepuall M OCBaWBaTh THIPOOHONIOTMYECKHE METOABl MPOINE BCEr0 Ha o03epax, HaxXOASIMIMXCS B
HenocpeacTBeHHoH 6nmu3octh oT BBC. DTH 03epa, BogonpoBogHoe 1 BepxHee, 1aBHO W XOpOIIO U3Y4YCHEI, H,
Kazanoch OBI, 3/leChb BpAA JIM MOXKHO OKHIAaTh HOBBIX HaXoJOK. TeM He MEHee HEOXXHAAHHOCTH WHOTIA
cirygatorcst. 23 wmioHs 2013 roma B HeGompmioMm (miomans npumepHo 0.6 ra) HeriayOOKoM (MakcHMaibHas
riny6una 2.7 m) ozepe Bogonposoanoe (66° 33' N, 33° 06' E) 65u10 00HApYKEHO KpaliHE HEOOBITHOE IS CTOJIb
MEJIKOBOJIHOT'O BOJJ0O€Ma BEPTHUKAJIBHOE PACIpENeNICHHE TEMIIEPaTypsl M 3JICKTPOIPOBOAHOCTH (IOCTETHSSA
SBIseTCS OO0OOIICHHOI Mepol KOHIEHTpallMM pacTBOPEHHBIX MHHEPaJdbHBIX coueil). I3mepeHns,
simonuennbie CTJI 3ommom YSI CastAway' ™ (YSI Inc. / Xylem Inc., CIIA), mokasami, 4To mepemas
TeMIepaTypbl MeXJy TEIUIOW MOANOBEPXHOCTHOM M, KaK OKa3aJoch, ropasfo 0Oojiee XOIOAHOM MpUIOHHOMN
ool cocrapisier 11.3°C — or 18.9°C na 15 cM Hmxke mosepxHocTu m0 7.6°C Ha riyGune 2.7 m. Kpaiine
pe3kuM, Oosiee yeM IBYKPATHBIM, OBUI M Iepenaj yIelbHOM 31eKTponpoBogHocTd — 28.9 MkCM/cM npoTHB
62.0 MmxCM/cM Ha TeX k€ TOPH30HTaX; B OTIMYHE OT TEMIICPATyphl, 3JIEKTPOIPOBOJHOCTh YBEININBAIACH C
riryouHoH. Kak TemmepaTtypa, Tak ¥ 3JIeKTPOIPOBOIHOCT M3MEHSIINCH C TIIyOMHOM COBEPIICHHO MOHOTOHHO,
0e3 DONOJIHHUTENBHBIX BCIUIECKOB M CIangoB. [IpoBemeHHBIE B Ty XK€ JaTy TEM XXE 30HIOM H3MEpEHHs Ha
HaxXoJAMeMcsl MOOIM30CTH CTOJIb K€ MEJKOBOJHOM, XOTS M HECKOJBKO OONbIIeM IO pa3sMmepaM, oO3epe
BepxHee, koTOpoe 37ech UCHOIB3YETCS AN CpaBHEHUs C BOMOMPOBOAHBIM, HE BBIBUIM CKOJNBKO-HHOYIb

3aMETHOI'0 I'paIMCHTAa YKa3aHHBIX MoKa3aTejeH. Hepena,u TEMIIEPATYPLI B 3TOM 03€PEC COCTABJIAT MEHEE IOC —
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or 18.5°C na 15 cm umxke nosepxuoctr 10 17.6°C Ha 2.1 M (MakcuManbHas TIyOMHA M3MEPEHUS B OTY JaTy).
s cpaBHeHus: B BonmompoBomHoMm Ha ropm3oHTe 2.0 M, Ommkaifmem mo riayOmHE K Topu3oHTY 2.1 M B
Bepxnewm, Temneparypa 6bua Ha 8°C Hmke — Tonbpko 9.5°C; mpu 5TOM MOBEPXHOCTHAsI TEMIIEPATypa B 000MX
o3epax OblIa MpakTUYECKH OAMHAKOBOH. [lepeman siexTponpoBoaHOCTH B BepxHem o3epe coctapisii ot 22.4
10 24.2 mxCwm/cM, To ecTh He mpeBbiman 10% (M3MeHeHHe 3JIeKTPONPOBOJHOCTH HE OBLIIO MOHOTOHHBIM C
rIyOUHOM, MO3TOMY 37€Ch MPEACTaBICHbl MUHIUMAIbHOE U MaKCHMaJIbHOE 3HaueHHs). VIHTepecHo, uTo Jaxe
MUHUMaNbHbIE (MIOANOBEPXHOCTHHIE) 3HAUEHUS AJIEKTPONIPOBOJHOCTH B BoAOMPOBOAHOM 03epe MPEBOCXOIUIH
MaKCHUMalbHBIC 3HAYCHHs OSTOr0 IoKa3aTtelds B BepxHeM o3epe, 4YTO CBHICTENBCTBYET O OoJblueit
KOHLEHTpauuu cojeil B BogompoBogHoM o3epe. Bropas cepus u3MepeHMl TeMmmepatypbl H
AIIEKTPONPOBOIHOCTH, BBHIITONHEHHAs TEM JkKe IMpHOopoM Ha obomx o3epax 5 aBrycrta 2013 roma, momHOCTBIO
MOJATBEpAMIIa pe3yabTaThl IMepBoil cepun. Kak W B mepBoil cepuu, B o3epe BomompoBomHoe mepeman
TEMIIEPATYPBI MEKILY TIOBEPXHOCTHIO M JHOM cocTaBui Ooinee 11°C — ot 21.6°C Ha 15 cM HUKE OBEPXHOCTH
10 9.9°C ma ryOune 2.3 M (Ha MakCUManbHOM riyOuHe 2.7 M TemIepaTypa Oblla HE3HAYMTENIHHO BBIIIE,
10.3°C). Ilepenan yeabHO# 3J1€KTPONPOBOAHOCTH B 3TOM 03€pe CHOBA ObuUI ABYKpaTHBIM — 0T 30.3 MkCM/cM y
noBepxHoctH 10 61.1 MxCm/cM Ha ry6une 2.7 M. Kak 1 B epBoil cepuu, TeMIrepaTypa oT IOBEPXHOCTH KO
JIHy MOHOTOHHO YMEHbLIaJlach (3a HMCKIIOUEHHWEM YKa3aHHOrO Bbllle HeOoJbLIOro moaseMa Ha 2.7 M), a
3JEKTPOIPOBOAHOCT, MOHOTOHHO YBeJauuMBasiack. B ozepe BepxHee mepenan TemmepaTypbl COCTaBUI BCETO
2°C — ot 22.0°C na 15 cm Hmxe nosepxHocTH g0 20.0°C Ha ry6une 2.3 M u 20.1°C Ha rny6une 2.6 m;
mepenaja 3JIeKTPOIPOBOIHOCTH cHOBa He mpeBbman 10% - ot 24.0 MxCm/cM (MHHUMalIbHOE 3HAYEHHUE) IO
26.3 MxCwm/cM (MakcuMalbHOE 3HAa4YeHHE). B IpoMmexyTke Mexay AByMs YyKa3aHHBIMH JaTaMH ObLTH
MPOBEACHBl MHOTOYHCICHHBIE (IPUMEPHO KaXKAble TPH [JHSA) H3MEPEHHA BEPTHKAIBHOTO MPOQHIL
TeMmIeparypel mpu 3abope Boael OatomerpoM. OHHM TOKa3zajdW, YTO OOHAapyXEHHAas BepTUKAIbHAs
HEOJHOPOAHOCTh IOCTOSHHO HMPUCYTCTBYeT B BomompoBomHOM o3epe U OTCYTCTIBYyeT B Bepxnem o3epe. B
JIOTIOJTHEHHE K 3TUM JAHHBIM Ha Ka)KIOM U3 03ep Ha IATH ropu3oHTax rayouns (0, 0.5, 1.0, 1.5, 2.0 M) 6butn
WU3MEPEHBl 3HAYCHHS CICIYIOIMUX a0HOTHYSCKUX M OMOTHYECKUX ITOKa3aTeleil: KOHIECHTpAIMs KPEeMHHUS U
obmiero »eye3a (IBe cepud JaHHBIX OT 9 wions W 4 aBrycra 2013 roma; ompeaencHHs BBINIOJIHCHBI B
AHaTUTHYECKOM IeHTpe XuMHu4deckoro ¢akynprera MI'Y METOJOM aTOMHO-3MUCCHOHHOW CIICKTPOMETPHUH),
KOHIIEHTpAIMs KHCIopona (IBe cepu m3MepeHuit ot 25 wmrons m 21 aBrycrta 2013 ropma; m3MmepeHHs Ha
BomonpoBogHoM B IIepBO cepuu M Ha 000MX 03epax BO BTOPOH CEPHH JOTOIHUTEIBHO BKIOYAIN TOPU3OHT
2.5 M; U3MepeHHs BBINOJHEHbI aHAIH3aTOPOM pacTBOpeHHoro kuciopoma "MAPK-3022" (mpousBogureis
HIIIT «B3op», Huwxuuit HoBropon, Poccust) myTem morpyskeHust jaTdvka mpubopa Ha 3aJaHHYIO TNIyOHHY),
YICIIEHHOCTD 300IJIaHKTOHA (PEryJIsIpHO C KOHIIA HIOHS IO Hayaua aBrycra Ha BogomnpoBogHoM u ¢ 9 uroins 1o
HayaJsia aBrycra Ha Bepxuem; Ha BogonpoBoagHom ¢ unrepBanom 4-10 anei, Bcero 10 cepuit usmepeHuid, Ha
BepxHewm ¢ uHTepBanioM 3-6 THEH, Bcero 7 cepuii uaMepeHuii) u oonire GpuroruiankToHa (Ha Bogonpoogaom
TPH cepuu M3MepeHuid, Ha BepxHeMm aBe cepun mM3MepeHHit). 3a UCKIIIOYCHNEM JaHHBIX 10 (PUTOIIAHKTOHY,
KOTOpBIE TOKa He o00paboTaHBl, M MaHHBIX IO 300IUIAHKTOHY B BepxHeM o3epe (Iieé YHCIEHHOCTH
300IJTAHKTOHAa ObUTa KpaWHEe HH3Ka, TaK YTO O €ro BEPTHKAIBFHOM pAacIpeAeleHHH TPYOHO CYAWTH), BCe
OCTaJIbHBIC JTaHHBIE CBHJICTEILCTBYIOT O BBICOKMX BEPTHKAIBHBIX TPAJUECHTaX B PACHpENeNCHUH yKa3aHHBIX
mokasarenei B BopmompoBomHOM o3epe M 00 OTCYTCTBUH TaKMX TPaJHEHTOB U BOOOIIE OTCYTCTBUU
3HAUUTENbHON BEPTUKAIbHOM HEOAHOPOAHOCTH B Bepxnem o3epe. Tak, 9 utons B BogonmpoBogHoMm o3epe OT

MMOBEPXHOCTH KO JHY KOHIICHTpAIHsi KpeMHus Bo3pactaia ¢ 1.5+0.2 mr/x mgo 5.7+0.9 mr/n, To ecTh B 3.8 pasa,
n P=-
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IPUYEM BECh IIPUPOCT MMENT MECTO B HIDKHEH dYacTH CTOn0a BOJIBI, MEXAY TOpH3OHTAaMH | m 2 M.
KonnenTparus xene3a B 3ToM o3epe Bozpactana ¢ 0.22+0.03 mr/n go 2.9+0.4 mr/mn, To ecth B 13 (!) pa3; Bech
IPUPOCT UMENI MEeCTO Mexay ropusoHramu 0.5 m 2 M. B BepxHeM o3epe KOHLIEHTpalMsl 3TUX 3JIE€MEHTOB
kojebanack B ropasfo Oosiee y3kux mpexpenax. s kpemHus u sxenesa (ans mocienHero — B cioe 0-1.5 m)
MaKCHUMaJIbHBII pa3dpoc coctasisn Beero jaumb 0.03 mr/m u 0.002 Mr/i1, cOOTBETCTBEHHO, TaK YTO C yUETOM
OmMOKYA M3MEPEHHUsT KOHIICHTpAIsl Obllla OJUHAKOBOW Ha BCEX TOpU30HTaxX u coctaBisuia 0.7+0.1 mr/m mis
kpemuus u 0.04+0.01 mr/n s sxenesa. Ha rmyOune 2 M KOHIIGHTpanus jkene3a B BepxHem o3epe Bo3pocia 1o
0.09+£0.01 mr/n. 3To B 2 pa3a BHIIIE, YeM B BBIIICIEKALNINX CIOSIX, OHAKO JAIEKO HE AOCTHTaeT 13-KpaTHOro
yBenn4yeHus, oOHapyxeHHOro B BonompoBonHoMm. Bno0aBok K CTONB pe3KUM Pa3IHUYMsIM B BEPTUKAILHOM
pacrpezneneHny aOCONIOTHBIE 3HAYCHUSI KOHLICHTPAI[MK KPEMHHUS 1 jkelle3a B BogompoBogHoM ObLIH ropasno
BhIIIe, yeM B Bepxaem. CpenHee 3HaUeHNE KOHIICHTPAMN KPEMHHUS BO BCeM cToiIOe Boabl B BomompoBogHOM
Obii0 B 4 pasa Bbime, yem B BepxHem (2.8 mportuB 0.7 wmr/m, cooTBeTcTBeHHO). CpenHee 3Ha4YeHHE
KOHIIEHTpaluu xene3a B Bogonposognom 6w110 B 20 (!) pa3 Boime, uem B Bepxuem (1.0 mpotus 0.05 mr/m,
COOTBETCTBEHHO). [lo pe3ynpraTam BTOpOH cepuu M3MepeHUN OT 4 aBrycTa pa3sUTENbHBIN KOHTpAcT MEXIy
03epaMu coxpaHuics. BepTukanpHoe pacnpeseneHue KpeMHHUS M )kene3a B BomompoBoaHOM 03epe 0CTaiIoch
KpaifHe HepaBHOMEPHBIM, C PE3KUM BO3pAcTaHHEM KOHIICHTPAIMH ¢ TIIyOnHOH — ¢ 1.5+0.2 Mr/n (MOBepXHOCTS)
no 10.3+1.6 mr/n (2 M), To ecTb B 7 pa3, i kpemuus, u ¢ 0.29+0.04 mr/n (moBepxHOCTh) 10 3.2+0.5 mr/m (2
M), To ecTb B 11 pa3, amst xxenesa. BeprukanbHoe pacnpesieneHne 3TUX JIEMEHTOB B BepxHeM o3epe ocTanoch
CTOJIb JK€ PaBHOMEPHBIM, a0COTIOTHBIEC 3HAYCHUS KOoeOamich B y3kux mpenenax — ot 0.5+0.1 mo 0.6+0.1 mr/x
U KpeMHUS BO BceM cTonbe Boxsl 1 oT 0.06+0.01 mo 0.08+0.01 mr/m mms xenesa B cimoe 0.5-2.0 M. B6mm3u
ITOBEPXHOCTH KOHIICHTPANXS JKeJIe3a oKa3anach Heckonbko Beime, 0.11+0.02 mr/n. Takum oOpas3om, Bo BTOpOit
Cepuu U3MEpeHHH HeOOIbIIOE YBENWYCHHWE KOHIICHTPALUH >KeJe3a IPUIIIOCh HE Ha HPUIOHHBIN, a Ha
IIOBEPXHOCTHBIH ropu3oHT. [lo-BuIMMOMy, 3TO 03Ha4YaeT, YTo OOHapyKeHHas HeOOJIbIIas HEOHOPOIHOCTD MO
xKeJe3y HOCUT B BepxHeM o3epe ciryuaiHbIi XapakTep, Toraa kak B BogonpoBogHoM o3epe, Ha000poT, UMeeT
MECTO CHCTEMaTHYECKOE HapacTaHHWEe COJepXKaHHs »XKeie3a ¢ IyOuHoi. Bo BTOpoil cepum H3MepeHUi
KOHTPAcT CPEeJHHMX 3HAadeHUH MexIy BopmompoBomHeiM o3epoM m BepxHum o3epom 1o kpemHHIO ObUT 9-
KpaTHBIM (4.8 Mr/i B mepBoM TipoTuB 0.55 MTI/11 BO BTOPOM), TO €CTh JTa)Ke YCHIIWICS 110 CPAaBHEHHIO C MEPBOM
cepueil. KonTpact mo xenesy cran 15-kpatabim (1.2 mr/m B nmepBoM mpotuB 0.08 Mr/m Bo BTOpOM), TO €CTh
HEMHOTO yMEHBIIWICA, XOTS, OYEBHIHO, OCTAJICI OYEeHb OOJBIINM. BepTukanbHOe pacnpeneneHue Kuciopoaa
B BomomposogHom u BepxHem o3epax OOHapyXHJIO T€ K€ XapaKTepHBIE YepThl, YTO M paclpeleleHue
KpeMHHUs U xkele3a. B o6enx cepusx nusMepeHuil oHo ObLI0 KpaliHe HepaBHOMEPHBIM B BogonpoBogHoM o3epe
n ropa3no Ooiee paBHOMEpPHBIM B BepxHem o3epe, npuuem B BomompoBogHOM o03epe KOHLEHTPALMS
KHCJIOpOAa pe3Ko yObIBana ¢ riuyOouHoi. Tak, B epBoil cepuy KOHLEHTpalMs Kuciopoaa B BoponposoaHom
BOJIM3M MTOBEPXHOCTH ObUIA NMOYTH B 4 pa3a, a BO BTOPOH cepuu — B 5 pa3 BhIIIe, 4eM Ha IryOuHe 2.5 M; ee
a0COJIOTHBIC 3HAYEHUS COCTABHIU 8.5 Mr/i (mMoBepxHOCTH) W 2.2 Mr/i (2.5 M) B mepBoil cepur u 7.65 Mmr/in
(moBepxuOCTH) M 1.4 Mr/m (2.5 M) Bo BTropo#i cepun. B Bepxaem o3epe, HATPOTHB, KOHIIEHTPAIHS KHUCIOPOa
OblTa MO0 OMMHAKOBOW BO BceM CTOJOe Boabwl (mepBast cepus: 8.9-9.0 mr/m B cioe 0-2 M, u3MepeHHus Ha
ropu3oHTe 2.5 M He ObUIM NMPOBEICHBI), THO0 HE3HAUYNUTENIFHO YMEHbIIANACh ¢ TIyOnHOH (BTOpas cepus: §8.9-
9.0 mr/xn B cioe 0-1.5 M, 8.5 mr/n Ha ropuszonTte 2 M U 7.3 Mr/i1 Ha TOpu3oHTE 2.5 M, TO €CTh yMeHbIIeHHE B 1.2
pa3a). Kak BugHO U3 npuBeaeHHbIX 1P, BOJU3HM MOBEPXHOCTH 3HAYCHUSI KOHIIEHTPAIIMU KUCIOpoia B 000MX

03¢epax ObLIH JOBOJIBHO OIU3KH (XOTH B BOZ[OHpOBOZ[HOM BCC )K€ HEMHOI'O HMXKE, YEM B BerHeM), OAHaKoO
n ?=<
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OKOJIO THA CoziepXaHue Kuciopoaa B BomonpoBognom 6bu10 B 3-5 pa3 Huxke, yeM B Bepxuem. Ilo cpexnum
3HaYEHUSIM BO BCeM CTOJI0€ BOJBI KOHIIEHTpalus Kuciaopojga B BomompoBomHoM o3epe Obiia B 1.7 pasa
(mepBast cepusi) wiau B 2.2 pasa (BTopas cepusi) HIKe, 4eM B BepxHeM o3epe. B ycloBUSAX 3HAYNTENBHBIX
BEePTUKAIBHBIX TPAAMEHTOB II0 TEMIIEPaType, 3JIEKTPONPOBOJHOCTH H, CIEIOBATENBHO, COACPKAHHIO
MHUHEpaJIbHBIX COJIell, KOHIIEHTpallul KpeMHHs, *kKeje3a M KHclIopoia B BomompoBomHOM o3epe, mpudeM
yCIIOBHS OOUTaHMS 110 TeMIIEpaType U KUCIOPOAY Ha IIyOuHe ObLIM SBHO Xy’Ke, YeM B BepXHeH uacTu cronda
BOJIbl, HEYAUBUTENIBHO, YTO 300IUIAHKTOH B 3TOM 03epe ObUI B OCHOBHOM CKOHLIEHTpHpOBaH B cioe 0-1 m. B
BepxHem o3epe, HaIPOTHB, MAKCUMYM PacIpeeseHUs 300IUIaHKTOHA He ObIII OTYETIINBO BBIPAXKEH U B pa3HbIC
JIaThl IPUXOJHUIICS Ha pa3Hble TOPU30HTHI NIyOHHBI. OTCYTCTBHE BEPTHKAIBLHOM HEOAHOPOAHOCTH €CTECTBEHHO
JUISL HETITyOOKHX, TTOJBEP)KEHHBIX BETPOBOMY IIEPEMENINBAaHUIO BOJO0eMOB. [109TOMY 3aMeTHBINH BEpTHKAIBHBIN
TpPaIWeHT TeMIepaTypbl W JApPYrux aOWOTHYECKHX ITOoKas3aTelel, OOHAPYXKCHHBIH B MEIKOBOIHOM
BomonpoBogHoM o03epe, HyXIaercs B CICHHAIFHOM OOBSCHEHHH. XapakTepHOH 0COOEHHOCTHIO
BonmonpoBogHoro o3epa sBusercss HeOOJBIIOE M PAaBHOMEPHOE YBEIWYECHHE IUIOTHOCTH C TIIyOMHOM,
CBS3aHHOE, OUYEBUAHO, CO CTOJb >K€ PABHOMEPHBIM, MOYTH JUHEHHBIM YMEHBIICHHEM TeMIepaTypbl
(MI0THOCTH paccunThiBazach 30HAOM YSI CastAway'™ OJHOBPEMEHHO C H3MEPCHHEM TEMIIEpPATyphl H
3JICKTPOIIPOBOHOCTH). DTO O3HA4YaeT, 4TO OOHAapy)KEHHbIE BEPTUKAJIBHBIC TPAANCHTHI HE MOTYT OBITH
BBI3BAHBI HEJIOCTATOYHBIM IIEPEMENIMBAHIEM XOJIOJHBIX INIyOMHHBIX BOJ M OOJiee TEIIbIX MOBEPXHOCTHBIX. B
YCIIOBUSIX OTCYTCTBHS CIIONCTOM CTPYKTYPBHI BOJHOH TOJIIM (TO €CTh OTCYTCTBHUS IMUKHOKJINHA) HET HUKAKHX
(GU3NIeCKNX MPUYIHMH, KOTOpPBIE OBl MEIIaNn ITOJIHOMY BEPTHKAJIFHOMY HEPEMEIINBAHNIO, OCOOCHHO C YIeTOM
MaJIoi TIyOMHBI HamMX o3ep. TeM He MeHee 3TO MepeMeIlMBaHhe He yCTpaHSAeT yKa3aHHBIX I'DAIHeHTOB B
BogompoBogHoMm o3epe. BoamMoxkHOE 00BSICHEHHE STOTO HEOOBITHOTO SIBJICHHSI COCTOMT, Ha HAIIl B3TJIS, B TOM,
9TO 3TO 03€pO B CBOCH JOHHOI YaCTH HCHBITHIBAECT MPUTOK XOJOAHOH, CHIBHO MHHEPAIHM30BaHHOU, OoraToit
KpEeMHHEM U JKele3oM U OelHOW KHCIOPOAOM BOJBI, MOCTyMAaloMed M3 IOA3EMHBIX HCTOYHUKOB.
CKOHIIEHTPUPOBAHO JH 3TO MNOCTYIUIEHHE B OTJAECIBHONH TOUKE MM, BO3MOXKHO, HECKOJIBKUX TOUKAX IHA, TO
€CTh TPEJCTaBIsAeT cOOOH IOABOINHBIA POAHUK (MM HECKOJIBKO POJHHMKOB), WM K€ OHO MMEET XapaKTep
OoJiee WM MEHEE PaBHOMEPHOT'O IIPOCAYMBAHMS IO BCEH MOBEPXHOCTH JIHA, — OCTAETCS HEN3BECTHBIM. ABTOPHI
BBIPAXAIOT  OJIArOJAapHOCTE  PYKOBOACTBY benmomopckoit Omoctanmmm MIY  3a  mpemocTaBieHHYIO
BO3MOYKHOCTb BEITIOJIHEHHSI HCCIIEAOBAaHUN Ha Oa3e OMOCTaHIINH.

Msr mpusHatenbHel A.A. IlopoMoOBYy, KOTOpBIM II€pBBIM BBEICKa3al HACH, 4TO BomompoBomHoe 03epo,
BO3MOXXHO, HCHBITBIBAET MPHUTOK BOIBI W3 IMOA3EMHBIX HCTOYHHMKOB, a Takxke M.A. I[upokoBo#t, H.B.
[Mabanuny, A.B. MakapoBy u A.A. CeMeHOBY 3a MOMOIIb NP BBIIOJTHEHUH HacTosmed paboTsl. Pabora

BBITIOJHEHa NpH puHaHcoBoi nmoanepxkke PODU (rpant Ne 13-04-01122-a).
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A VERY UNUSUAL VERTICAL DISTRIBUTION OF TEMPERATURE AND OTHER BIOTIC AND
ABIOTIC CHARACTERISTICS IN THE VODOPROVODNOYE LAKE, A SMALL SHALLOW
LAKE IN THE VICINITY OF THE WHITE SEE BIOLOGICAL STATION OF THE M.V.
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The Nikolai Pertsov White Sea Biological Station can be a convenient place not only for marine education
programs but also for freshwater ones (Izvekova et al. 2013). There are a number of small lakes in the vicinity
of the station. Some of them are often visited and apparently well studied, so it was quite a surprise to find at
one of them something new. On 23 June 2013, in a small (surface area approximately 0.6 ha) shallow
(maximum depth 2.7 m) lake, called Vodoprovodnoye (66° 33' N, 33° 06' E), we found a very unusual, given
such a small depth, vertical distribution of temperature and specific conductance (the latter is a general
measure of the concentration of inorganic dissolved solids). Measurements made with the YSI CastAway'™
CTD instrument (YSI Inc. / Xylem Inc., USA), showed that the temperature difference between warm
subsurface water and cold, as it was found, near-bottom water was 11.3°C — from 18.9°C at 15 cm below the
surface to 7.6°C at 2.7 m depth. Likewise, we observed a more that 2-fold difference in specific conductance —
28.9 uS-em™ vs. 62.0 uS-cm™ at the same depths; as different from temperature, specific conductance
increased with depth. Measurements conducted on the same date with the same instrument at another lake,
called Verkhnee, only 300 m away from Vodoprovodnoye though a bit larger one, which is used here as a
reference, did not reveal any noticeable gradient in the above characteristics. The temperature difference in this
lake was less than 1°C — from 18.5°C at the subsurface to 17.6°C at 2.1 m depth (maximum depth examined in
this lake on that date). The range of specific conductance was no greater than 10% — from 22.4 to 24.2 puS-cm’
'. The second series of measurements made on 5 August 2013 at both lakes using the same instrument, fully
corroborated the results obtained in the first series. In between the two dates indicated above, we performed
multiple (about every 3 days) measurements of the vertical profile of temperature at both lakes, taking water
samples with a sampling bottle. The pattern described above — a big contrast between warm water near the
surface and cold water at 2-2.5 m depth in the Vodoprovodnoye Lake and a uniform temperature distribution in

the Verkhnee Lake — was invariably observed. In addition to the above data, at five depths (0, 0.5, 1.0, 1.5, 2.0
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m and additionally 2.5 m for oxygen) in each of the lakes, we measured the following abiotic and biotic

characteristics: concentration of Si and total Fe (two series of measurements on 9 July and 4 August 2013),
concentration of oxygen (two series of measurements on 25 July and 21 August 2013), zooplankton population
density (sampled regularly from the end of June till the beginning of August at the Vodoprovodnoye Lake and
from 9 July till the beginning of August at the Verkhnee Lake, 10 series of samples at the former and 7 series
at the latter) and phytoplankton abundance (3 series at the Vodoprovodnoye Lake and 2 series at the Verkhnee
Lake). Except for phytoplankton (the samples are not counted yet) and zooplankton in the Verkhnee Lake
(whose population density was extremely low), all the data indicate the presence of strong vertical gradients in
the above variables in the Vodoprovodnoye Lake and the absence of such gradients, that is a generally uniform
distribution of the same variables, in the Verkhnee Lake. To summarize, we observed that the near-bottom
water in the Vodoprovodnoe Lake was rich in silica and iron, poor in dissolved oxygen and, not surprisingly,
poor in zooplankton. The values near the bottom were many times higher or, correspondingly, lower than those
near the surface. Thus, in two series of measurements, the vertical difference for silica was 3.8- and 7-fold, that
for iron was 13- and 11-fold, and that for oxygen was 4- and 5-fold. Zooplankton in the Vodoprovodnoye Lake
mostly inhabited a 0-1 m layer. The absence of vertical gradients is common to shallow, subject to wind
mixing lakes. Hence, a marked vertical gradient of temperature and other abiotic characteristics found in the
shallow Vodoprovodnoye Lake requires an explanation. A characteristic feature of the Vodoprovodnoye Lake
is a small and uniform increase in water density with depth, most likely caused by a uniform, almost linear
decrease in temperature (density was automatically calculated by the YSI CastAway ™ simultaneously with
temperature and conductivity measurements). This means that the observed vertical gradients can hardly be
due to an insufficient mixing of the cold “deep” (only 2.7 m in depth!) waters and warm surface waters. In the
absence of the layered structure of a body of water (that is, the absence of pycnocline), there is no physical
force that would hinder wind-induced vertical mixing, especially given the small depth of our lakes.
Nonetheless, this mixing does not eliminate the gradients in the Vodoprovodnoye Lake. The most likely
mechanism of this phenomenon is that the lake has, at the bottom, an inflow of cold, highly mineralized water
rich in silica and iron and poor in dissolved oxygen. This water may come from the underground sources.
Whether it flows in at one or a few sites, that is, represents an underwater spring (or a number of springs), or
percolates through the bed of the lake more or less uniformly over the surface, — remains unknown. The
authors are grateful to the administration of the White Sea Biological Station of MSU for the opportunity to
carry out this work at the WSBS.

Our thanks go to Artem Poromov who was the first to suggest that the Vodoprovodnoye Lake may have an
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