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AOPOTUE APY3bS!

[TpuBeTcTBYeM Bac, y4acTHHKOB V MexXIyHapOTHOH KOH(EpeHIUH
MOJIOZIBIX YUEHBIX «BosHbIE pecypehl: H3ydeHue U yrpaBieHue (JUMHO-
JIOrHYecKas MIKOJa-MPaKTHKA)».

Poccust — oqHa 3 cambIX OOraTeix MOBEPXHOCTHBIMU MPECHBIMH BO-
JlaMH, B TOM 4HUCJIe 03epaMu, cTpaH Mupa. CBblle 2,5 MUIITHOHA 03€p
HACUMTBIBAETCS] Ha TEPPUTOPUU HAIlEH CTPaHbl, CPEAN KOTOPBIX U KPyI-
Helllee MpecHOBOJHOE 03epo 3emiu — baiikan, u aBa KpynHeHmmx B
EBporme o3epa — Jlanoxckoe n Onesxckoe. Ha Gepery Onesxckoro o3epa,
B cronuue Pecyonuku Kapenus 1. [leTpo3aBoncke 1 mpoBOIUTCS KOH-
¢depenuus. Ciaenyer oTMETUTh, uTo PecryOnuka Kapenus — pervon B Ha-
ureii crpane, Haubosnee 6oraTslil BOMHBIME 00beKTaMu, — 60 ThICSY 03ep
Y BOJOXPaHWIUI U 27 ThIcsY pek!

Kondepenuus sBnsieTcst mpoaoHKEHHEM CEpUU MOJIOACKHBIX KOH(e-
PEeHIMI U COoBELaHMUH, KOTOPbIE OPTaHU3yeT U MPOBOAUT VHCTUTYT BO-
nubIx ipobniem Cesepa Kapenbckoro nayunoro nientpa PAH ¢ 2010 .

B 2010 r. 6p1a oprannzoBana | MexmyHaponHasi SKCIIEAMLIMOHHAS
HIKosa-npakTuka «Bennkue ozepa EBponsl — 03epo Onexckoe». [Ipose-
JIeHHE MEPONPUATHUS NTOKA3aJI0 aKTyaJIbHOCTh MPUMEHEHUS HHTEPaKTHB-
HBIX METO/IOB OOMeHa MH(OpMalue B MPaKTUYECKUX IOJIEBBIX YCIIO-
Busix. B 2012 1. Obuta opraHu3oBaHa B TECHOM COTPYJIHUYECTBE C OTe-
YECTBEHHBIMH M 3apyOe:KHBIMH YUPEKICHUSAMHU BBICIIETO 00pa30BaHMs
u Hayku [T MexnyHapoaHast 3KCeIMIIUOHHAs IIKONA-IIpaKkTuka «Beu-
kue o3epa EBpomnsl — 03epo OnHexckoe». MeponpusiTue cTaio mpojo-
JKCHUEM LieNieHanpaBieHHol pabotel MHcTuTyTa BoAgHbIX mpobiem Ce-
Bepa KapHI] PAH no moaroroBke TaiaHTIMBON MOJOACKH JIJIsi PabOThI
B cepe Hayku u oOpasoBanus. B 2013 . ycnemno nposezeH 111 Mex-
JyHapOAHBII CEMUHap C MOJEBBIM BbIE3IOM « TpaHCrpaHHUYHBIE BOJO-
cOopsl: Gunnsaus U Poccust — Bogocoop benoro Mopsi» ¢ sxcnenuimeit
Ha benoe Mope 1 ceccrell B MONEBBIX YCIOBUAX JUISI MOJIOJIBIX YUEHBIX.
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B 2014 r. Hayuno-o0pazoBatenbHbli ieHTp MIHCTHTYTa BOAHBIX TPOOIeM
Cesepa KapHII PAH coBmectno ¢ CoBerom monoabix yueHsix UBIIC
KapHIl PAH u Otnenenuem PI'O B PecriyOnuke Kapenusi opranmzo-
BaJ1 1 mpoBen [V MexayHapoaHy0 MOJIOJEKHYIO IIKOTY-KOH(EpEHIIHIO
«Mopsi, 03epa U TpaHCrpaHUUHBIE BoAocOOpbl Poccun, OUHISIHINMA U
DCTOHUN.

Ha npinennel, natoi KoHpepeHInN 00CyKAaeTCs LIMPOKUN KPYT aK-
TyaJbHBIX JUMHOJIOTUYECKHX BOMPOCOB, BKIt04as (1) mpoOnemsl TpaHc-
TPaHUYHBIX BOJHBIX OOBEKTOB; (2) OIIEHKY BOAHBIX pecypcoB CeBepa
EBpaszuy; (3) ocobeHHOCTH (HOPMUPOBAHUSI BOAHBIX PECYPCOB CYIIN B
YCIIOBUSIX aHTPOTIOTCHHBIX BO3ACUCTBHIA; (4) OLIEHKY PEaKIHUH BOAHBIX
00BEKTOB U THAPOOMOHTOB Ha M3MEHEHHUs KIUMara; (5) BOMPOCHI paiu-
OHAJILHOTO MPHUPOJIOIIONB30BaHMsI, OXPaHbl U YIPaBIE€HUS BOJAHBIMU pe-
Cypcamu, MOJIETMPOBAHUS THIPOIOTMUECKUX M 3KOCUCTEMHBIX MpOIeC-
COB, ()OPMHPOBAHUS U COBPEMEHHOTO COCTOSTHUS OHopecypcoB; (6) me-
TOABI OMOMHIUKAIIMK ¥ OMOMOHHMTOPHHTA; (7) OLEHKY SKOTOKCHKOJIO-
THYECKOTO COCTOSTHHS BOAHBIX 00BEKTOB; (§) COBpeMEHHbIE MalCONnM-
HOJIOTHYECKHE METOJbl U JOCTHUKEHHUS B M3yUYEHUU CTPOECHMS M Belle-
CTBEHHOTO COCTaBa JOHHBIX OTIOKEHUH 03ep; (9) 0COOCHHOCTH TeOXU-
MHYECKHUX, MaJICOIKOJOTHUECKUX U NaJICOKINMAaTHUECKUX PEKOHCTPYK-
U UCTOPHH PA3BUTHSI 03P U MPHUPOAHO-KIMMATUIECKUX 0OCTaHOBOK
B IIPOILIJIOM.

V MexayHnaponnas koHpepeHuus «BoaHbie pecypcehbl: U3yYeHHE H
yIpaBieHHE», B pad0Te KOTOPOH MpUHMMAeT ydyactue cBbie 150 mo-
JIOABIX YYEHBIX M3 Pa3HbIX HAYYHBIX U 00pa30BaTelbHBIX YUPEKACHUI
Poccuu 1 cTpaH OIMKHETO U IAIBbHETO 3apyOexKbsl, MPOBOAUTCS B FOOU-
neiineid 25-# rog Muctutyta BonHbix npodinem Cesepa KapHL[ PAH u
70-i1 ron Kapenbsckoro HayuHoro nientpa PAH.

Kondepenuus nognepxkana PODU (Ne 16-35-10327), ®AHO nu
OH3 PAH.

. A. Cybemmo, H. H. @unamos,
T. U. Pecepano, JI. A. beruuesa



TEOTPADUS U TUAPODUIUKA

MN3YYEHUE BOAHbBIX OFBbEKTOB B PAMKAX
IHOATOTOBKHU BAKAJIABPOB 11O HAITPABJIEHHUIO
«NIEJATOI'MYECKOE OBPA3OBAHUE. 'EOI'PA®US»

P. ®. AuTonoBa, U. B. lllekonanna

Tlempo3zasoockuii eocyoapcmeeniviil yHugepcumem

B nepuon o0yuennst 6akanaBpoB npodwrst «['eorpadus» nlydenue Bo-
THBIX OOBEKTOB MPOMCXOAUT BO BpeMs ay[UTOPHBIX 3aHITHH, y4eO-
HBIX TIOJIEBBIX MPAKTHK M ASKCMEANIHNHA. B mporecce n3ydenus quciu-
muH «Obmee 3emieBenenuey, «du3ndeckas reorpaduss MaTeprUKOB
u okeaHoBy, «Dm3udeckas reorpadus Poccum», «[eorpadms Kape-
muny, « OCHOBBI JTaHAMAPTOBENCHU», « DKOHOMUYECKAs M COIHAIb-
Has reorpadus Poccuny», « DkoHOMHYECKAss U COITMANIbHAS Teorpadus
3apyOex)HBIX CTpam», «PexpearnrionHas reorpadus» U ap. CTYACHTHI
MOJTy4ar0T 3HaHUA O CTPYKType, COCTOSHHUH, (PYHKIIMOHUPOBAHHH, UC-
MOJI30BAHUH THAPOTpadUIeCKUX 0O0BEKTOB Pa3HOTO paHTa W T€HE3H-
ca. DopMupyeTcs KOMITIEKCHOE reorpapuiecKoe IpecTaBIeHUe O TH-
IporpadudecKoi CeTH pa3sHBIX PETHOHOB U TUApochepe 3emMiin Kak Ja-
ctu reorpaduaeckoit 000I0IKH.

Kadenpa reorpaduu Ilerpl’yY ¢ 2012 r. ocymiecTBisieT MOArOTOB-
Ky OakamaBpoB mo HanpasieHuto 44.03.01 «Ilegarornyeckoe obOpa-
30BaHUE» M0 JIBYM NpPOQHISIM OfHOBpeMeHHO «leorpadusi U 3KOHO-
Mmuka», «[eorpadus n anrmmiickuii a3b1K», «leorpadust U OUOTOTHD».
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['eorpaduueckoe oOpazoBaHue BKIIIOYAECT B ce0sl MOATOTOBKY CIHELHAIHN-
CTOB B o0nactsix (hpu3nveckoid, CONMaIbHON M SKOHOMHUYECKOH reorpa-
¢un. [lenarornueckas cnennanuzanus GopMupyer OakanaBpa Kak Oymy-
IETO CIIeHUaINCTa-yuuTeNs npeaMeTHoro Onoka «reorpadusy». B teue-
HUE TIATH JIeT OaKaJaBpbl U3y4arOT OCHOBBI TeorpauuecKoil HayKu ye-
pe3 O10KM Y4eOHBIX JUCLHUILTHH — 00s13aTeNbHBIX U BApHATUBHBIX. M3y-
YeHHUE BOAHBIX 0OBEKTOB B TEUCHHE YUEOHOTO ro/ia MPOUCXOIUT OCPE-
CTBOM ayAMTOPHBIX 3aHSATHH, JEKIMOHHBIX, J1a00PATOPHBIX U CEMUHAP-
CKHUX, Y4eOHBIX TOJIEBBIX MPAKTUK U SKCIICIULINH.

Wzyuenne BOAHBIX OOBEKTOB PAa3HOTO paHra W reHe3uca HaunHaeT-
Csl Ha TIEPBOM Kypce oOydeHHs B paMKkax npeamera «OoOriee 3emiieBe-
nenney. B pazmene «OOmas Mopdonorust 3eMian» NpencTaBIeHbl s
M3y4YCeHHUs] MaTEPUKU U OKEaHbl 3eMJIM; KOIUYECTBO MOCIIEAHUX HEOOX0-
JUMO YTOYHATH COOTBETCTBEHHO CONEPKAHUIO LIKOJIBHBIX M BY30BCKHX
nporpamm. B paznene «I'napocdepa» paccMaTpuBaroTCsi BOIIPOCH MPO-
UCXOXKICHUS, CTPYKTYPBI, QYHKIMOHUPOBAHUS U JTUHAMUKH MHPOBOTO
okeaHa 1 Box cywu. [Ipu u3ydyenun aucuuminnabl «Pusndeckas reorpa-
¢Gust MaTEepUKOB M OKEAHOB)» CTYIEHTHI MOJIy4aroT MH(OPMALUIO O pe-
THOHAJIBHBIX 0COOCHHOCTSIX MOPEH M OKEaHOB, OMBIBAIOIMX COOCTBEH-
HO MaTepHKH, a TaK’Ke O BHYTPEHHHUX BoJax cymn. GopMUpyeTcs: KOM-
TUIEKCHOE MPEACTaBIEHHE O THAPOrpaduIeckoi ceTH MaTepuKOB, O IPH-
YMHAX U 3aKOHOMEPHOCTAX €€ PYHKIIMOHUPOBAHHSL.

Kypce ¢usnyeckoii reorpagun Poccun naer menocTHoe mpencTas-
JIeHHE O MPHUPOAE Halllel POJMHBI M pacKphIBaeT pazHooOpas3ue ee npu-
POAHBIX KOMILIEKCOB. B paznene «O6mmii 0630p npupoasl. Buyrpennue
BOJIBbI» MPHBOJUTCS OILICHKA BOJHOCTH TEPPUTOPHH, CTPYKTypa BOAHOTO
OanaHca, ruaporpaduyeckas u THAPOIOrHUecKasi XapaKTepUCTUKa BO-
JHBIX 00BEKTOB FOCYAapCTBa: PEK, 03€P, BOAOXPAHMIIHIL, IPYAOB, pac-
CMaTpHUBAIOTCSI OCOOCHHOCTH 00JIOTHOTO (OHJA, MHOTOJIETHEH Mep3-
JIOTBI, COBPEMEHHOTO OJIeACHEHHS U MoA3eMHBIX Box. Ocoboe BHUMa-
HHUE YIENsIeTCs COBPEMEHHOMY COCTOSHHIO, XO3SHCTBEHHOMY 3Hade-
HUIO BHYTPEHHHX BOJ, XapaKTEPUCTUKE M HANPABICHHUSIM HCIIOIb30Ba-
HUS BOJHBIX pecypcoB. B pasnene «PernonanbHbIil 0030p» NPUBOIST-
Csl KOMIUJICKCHBIE XapaKTEPUCTHKH KPYMHBIX PEYHBIX CHCTEM, 03ep M
BOJOXPaHWINLL Pa3HbIX (pu3uKo-reorpaduyeckux cTpaH U oOiacTei.
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Jig camocTosTenbHON paboThI CTyIeHTaM IpejiaraeTes Ha BEIOop co-
CTaBJICHUE MTOJPOOHBIX XapaKTEPUCTUK PEK M 03€p C 0053aTEIbHBIM OT-
060poM HHPOpPMALIMU O COBPEMEHHOM IKOJIOTHYECKOM COCTOSHUU 00b-
eKTa ¢ nocienyrouleil npeseHTanueil ans aynuropuu. Takxe cTyaeH-
THI CHAIOT TUAporpaduyYecKyro HOMEHKIaTypy mo Poccun B TeueHue
3—4 kypcoB oOy4eHwus (OOIIMIT ¥ PErHOHANBHBIN OJOKHU, IPHYEM I10-
CJIETHHI BIIMCAH B CUCTEMY JIaHAAPTHOTO paiioHupoBanus EBpasun).
XoueTcsi OTMETUTH, YTO MIMEHHO U3yUYeHHE U cAada THAporpaduiecKoit
HOMEHKJIaTyphl 10 Poccuu BBI3BIBA€T y CTYAEGHTOB HAaMOOJbLIME 3a-
TPYIHEHHSI: TPOOIEMBI Pa0OTHI ¢ pa3HOMACIITAOHBIMU KapTaMu, 00Jb-
110€ KOJUYECTBO THAPOHUMOB, OTCYTCTBHE KOMIUIEKCHOIO BOCIpPHS-
THS TEPPUTOPHUH.

B pernonansaom kypce «l'eorpadus Kapenun» npumeHstoTcs panee
MOJIyYeHHbIE 3HaHUA 0 BHyTpeHHUX Bogax denHockanauu u BoctouHo-
EBpomneiickoit (Pycckoii) paBHUHBI, BBIACIAIOTCS OTIIMYUTENBHBIE 0CO-
O6enHocTH pek u o3ep Kapenunu, coOupaeTcst KpaeBeAUeCKU Marepuan
JUISL KyPCOBBIX U IUTUIOMHBIX PaOoT.

B kypce «OcHOBBI JTaHAMAPTOBEACHUS» TPUOPUTETHBIM SIBIISETCS
M3y4YeHUE B3aUMHBIX CBSI3€H U B3aUMHON 00YyCIOBIEHHOCTH PUPOTHBIX
KOMIIOHEHTOB, COCTABJISIFOIIUX HapyKHbIe cepbl Hamel miaHeTsl. Ta-
KAM 00pa3oM, MPEeAMETOM H3YUEHHUs SBISIOTCS] IPUPOIHBIC KOMIUIEKCHI
PasHBIX PAHrOB — OT I00AJIBHOTO 0 JOKAIBHOTO, OT reorpauyecKoi
0007104KkK U TuApochepbl 10 MOPPOIOTUUESCKUX SIMHMI JaHamadTa.
[Ipu xapakTeprcTuKe CTPYKTYpBI JaHAmadTa odpamaercss BHUMaHue Ha
THJIPOMACCHI KaK Pa3HOBHIHOCTh ['€OMAcC, NPU M3y4eHUH (PyHKIHNOHU-
pOBaHHA — HAa 0COOCHHOCTH BIaroo0opoTa B JaHamagre.

XoueTcs OTMETUTb, YTO MPH U3YYSHUH AMCUUILIMH OJ0Ka COLUAlb-
HOU M 5KOHOMHUYECKOH MM 00ILEeCTBEHHOH reorpaduu Takxke yaensercs
BHUMaHHE BHYTPEHHUM BO/IaM MOJIUTHKO-aIMUHUCTPATUBHBIX EUHUIL U
MOPCKHM OOBEKTaM B CBSI3U C X UCTIOJIb30BAHUEM B XO3HCTBEHHOH Jie-
ATEIbHOCTH Y€JIOBEKa.

B Xonme m3yueHus Bcex MEpPEUMCIIEHHBIX AUCHUIUINH CTYACHTHI U3Y-
YaloT M CAAIOT TUAPOrpaguUIecKyt0 HOMEHKIATYpY (IlepedueHb Ha3BaHUH
rugporpadguyecknx 0ObEKTOB: OKEaHOB M MX YacTel, a Takke THIpo-
cdepsl cymn — THAPOHUMOB). ['Uaponornueckue 00bEeKThI COCTABIISIOT
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NPaKTHYECKH MOJIOBUHY BCEX U3yYaeMbIX 0OBEKTOB. 3y4eHUIO BOTHBIX
00BEKTOB, MPOMCXOXKACHUIO MX HA3BaHUW W ONPENETICHHIO MECTOIO-
JIO)KEHHSI B IPOCTPAHCTBE U Ha KapTe yaensercs OoJbllioe BHUMAHHE B
Kypce BY30BCKOM MOATOTOBKH yuuTenei reorpadun. OObeKThl THAPOIIO-
THH SIBIISIIOTCS COCTABHOM 4YacTblo reorpauyeckoil HOMEHKIATYphl, U
UX U3y4YCHUE — BaKHEUIIas 3a/1a4a CTyIeHTOB-reorpados.

[TonyueHHble Ha ayAUTOPHBIX 3AHATHIX 3HAHUS UCIIONB3YIOTCS BO
BpeMsI IPAKTUK M DKCIIETUIIMOHHBIX UccliefoBaHmii. [[porpaMmMbl mpak-
THK COOTBETCTBYIOT TPEOOBAaHHUSIM rOCyJapCTBEHHOIO CTaHapTa oopa-
3oBanus. Conepxanue yueOHO-MOJEBBIX MPAKTUK HECKOJIBKO pacIlu-
PSIET M KOHKPETH3UPYET COJACPKAHUE COOTBETCTBYIOLINX YUEOHBIX TUC-
LUIUINH, TIOCKOJIbKY IJIaHBI TOJEBBIX MPAKTHK COCTABJICHBI C YYETOM
KOHKPETHBIX (PU3HKO-reorpauueckux yciaoBuid peruona. [Iporpammer
NPaKTUK NPEAyCMaTpUBalOT MPEIIONIEeBYI0 MOArOTOBKY, OJEBBIE pa-
0O0TBI M KaMepaIbHYI0 00pabOTKy MaTepuaoB, Hanmucanue otuera. [lo-
CcJie OBIIAZICHHUS METOAUKOM OpUrabl MOMy4YaloT 3aAaHus AJIsl CaMOCTO-
ATEIBHBIX UCCIIEJOBaHUHN. Pe3ynbTarsl 3T0M pabOThl BXOAAT B IPYTIIO-
BOH OTYET O MOJIEBOI MPAKTHKE U OLIEHUBAIOTCS PYKOBOAMUTEIEM IIPaK-
THKH, a TAK)K€ MOTYT OBITh UCIOJIB30BaHbl B KAYECTBE HAYYHOTO MaTe-
pHaa ajs HaucaHHs KypCOBBIX M JUIIOMHBIX paboT. YcrenHas aes-
TEJIBHOCTH IIKOJIBHOTO yUuTels reorpaduu HeMbiciuMa 0e3 aKTHBHOM
KpaeBendeckod paboThl ¢ yuamuMmucs. KpaeBeneHnue Kk ToMy ke — 9TO
XOPOIIMK CTUMYII ISl IPUBUTHS yYaIIUMCSl HHTepeca K reorpaduu, K
MO3HaHMIO ponHOTO Kpas. Cpear MHOrOOOpa3HON AesTeNbHOCTH YUH-
TeJst Teorpauu Ba)KHOE MECTO 3aHMMAIOT SKCKYPCHHU CO MIKOJbHUKA-
MU B IIPUPOLY, a TAK)KE BHEKJIACCHAs1 paboTa — MOXOABI M KCIECIUIINH
M0 POAHOMY Kparo, y4acTHe B TYPUCTCKHX CJIETaX U COPEBHOBAHUSX.
OCHOBBI 7151 ATUX BUAOB NMPO(ECCHOHATBLHON ACSITEILHOCTH OyayIne
YUUTENS TOTY4aroT BO BpeMs MTOJIEBBIX MPAKTUK. TakuMm 00pa3oM, Leib
MOJIEBBIX MPAKTUK — MOATOTOBUTH CTYACHTOB, OYIyIUX yUUTENIEH Teo-
rpaduu, K paboTe ¢ yJaliuMHUcs B IPUPOAHON 00CTaHOBKE, T. €. BOOPY-
JKUTH CTY/JICHTOB HaBbIKaMH M3Y4Y€HHUsI CBOCH MECTHOCTH.

[Ipu 5TOM BCE MPAKTUKHU PEILIAIOT HEKOTOPBIE OOIIHE 3a0auH:

1. 3akpemieHne TEOPETHYECKUX 3HAHWH, MOTYYEHHBIX CTYJCHTAMH
Ha ayJUTOPHBIX 3aHATHSAX;
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2. OOy4eHHe CTYJCHTOB HaBbIKaM reorpauueckux HaOIrOCHUH B
MPUPOJHON OOCTAaHOBKE, a TaKXKe MPUBUTHE UM HABBIKOB HCCIIEIOBA-
TEIbCKOH paboThI;

3. OBsiageHHE METOJAMHU M METOAUKAMH IIOJIEBBIX MCCIICAOBAHMI U
MIPOBEAEHUS DKCKYPCHUI B IPUPOAY C YUALTUMUCS;

4. Pa3BuTHE yMEHUS BBISBIISATH U AaHATTU3UPOBATH B3AUMOCBSI3U MEXK-
JTy KOMITOHEHTaMH TIPUPOJIBI, Pa3BUTHE reorpauyecKoro MBIIILICHHS.

OTH 00IIKe 331241 TIOJICBBIX MMPAKTHK PEATM3YIOTCS uepe3 crenudu-
Ky COJIepkaHHUs TOM WJIM MHOW NPEIMETHOM MojaeBoM npakTuku. Ilone-
BbIC TIPAKTUKHU MIPEIOCTABIISIOT OOIBINNE BO3ZMOXHOCTH IS IIPOBEICHHSI
CO CTY/ICHTAMH U BOCIIUTATEIBHOMN pabOTHI.

BopgHble 00BEKTHI M3Yy4arOTCsS BO BPEMs HPOBEICHUS CICIYFOIINUX
MPAKTHK: MO OOIIeMYy 3eMJICBEICHUIO (pa3liei «TUAPOJIOTHS), PEru-
OHaJbHOW (u3nveckold reorpaduu (MaHAMAPTOBEACHUIO), CE30HHON
MPAaKTHKK 10 (PU3UYECKON reorpaduu, 3KOHOMHUYECKOW reorpaduw,
JTaIbHEH KOMIUICKCHOW MPAKTUKE TI0 TeoTrpagui.

Jlst ipoBeNieHUsT TIONIEBBIX TPAKTUK BBIOMPAIOTCS Pa3IMYHbIC 03€pa,
PEKH, UCKYCCTBEHHBIE BooeMbl Kapenuu. Y4eOHbIMU MOJTUTOHAMH TMPaK-
THUK Y dKcnie i Obin akBaropuu Jlagoxckoro u OHEKCKOTO 03ep, KpPyIi-
HbIe 03epa — Bomnoszepo, Cerozepo, IIs03epo, Konuesepo, Ykuiesepo, Cs-
Mo3epo, [Taanasipeu, TonBosipBy, a Tarke HeOONbIINE 03epa-iaMObl. Kom-
TUICKCHBIE MCCIICIOBAHUS BKITFOYAIN COCTABJICHUE THAPOTPA(UUSCKHX Xa-
PaKTEPUCTHK, H3yYCHUE TUIPOJIOTMIECKOTO PEKUMA, OMMCAHUS KaK y4eO-
HOTO 00beKTa, 00OCHOBAHME YHHKAIBHOCTH OOBEKTAa W IMPUIAHUS CTaTy-
ca MPUPOFOOXPAHHOM TEPPUTOPUH, pa3pabOTKy IKCKYPCHOHHBIX U JKOJIO-
TMYeCcKUX MapupyToB. Hanprumep, pe3yabsrarsl UCCIAEI0BaHNs BHYTPEHHUX
BOJIHBIX 00BEKTOB Banaamckoro apxwurenara ObLIH TOJIOXKEHBI B OCHOBY
(DYHKIMOHAITLHOTO 30HUPOBAHKS TEPPUTOPUH OCTPOBOB U co3ianus TOO
JU1sl iepeaydu ee Pycckoil mpaBociaBHOM LEpKBU. B HacTosiee BpeMsi Bbl-
00p 00BEKTOB yueOHBIX MPAKTHK OTPAaHUYEH B CBS3U C MEPEXOJIOM Ha Oa-
KaJIaBpHUAT, COKPAIIICHHEM 4YacoB U (PMHAHCHPOBAHUS, Yallle BCEro TUAPO-
JIOTUMECKHUE HCCIENOBaHUs MPOBOAATCA B npenenax L. llerposaBoacka u
ero okpectHocteil. J[pyrue BoiHble 00BbEKTHI, Harpumep, o3epa CsiMo3epo,
IIpsoxunckoe, [snozepo, p. CyHa u p., TOCEIIAIOTCS CTYIEHTaMHU BO Bpe-
Mst 0030PHBIX SKCKYPCHOHHBIX YY€OHBIX MapILPyTOB.
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STUDY OF WATER BODIES AS PART OF TRAINING BACHELORS
MAJORING IN GEOGRAPHY (TEACHER EDUCATION)

R. F. Antonova, I. V. Shchekoldina
Petrozavodsk State University

Bachelors majoring in Geography study water bodies during classroom ses-
sions, field practice training and expeditions. As taking courses in different
subjects, students learn about the structure, status, functioning, and use of hy-
drographic objects of different types and origin. During the courses a complex
idea of geographical representation of the hydrographic network typical of
different regions and Earth's hydrosphere as part of the geographical envelope
is developed.

«MY3E HCTOPUYECKHUX BOJAHBIX ITYTEMN»:
CO3JAHME U PEAJIM3ALIUSI

B. A. lllupoxosa', B. A. CubiTk0', A. B. Co6uceBuy’,
H. A. O3eposa’, B. M. Uecnos', O. C. Pomanosa', H. M. Dpman’,
P. C. lllupoxor?, B. A. Hu3oBues®

'Unemumym ucmopuu ecmecmeo3HaHus U MexXHUKU
um. C. U. Basunosa PAH
2 Hnemumym xpuocghepol 3emnu Cubupcrkozo omoenenus PAH
3 Mockosckuil 2ocyoapemeennoiil ynueepcumem um. M. B. Jlomonocosa

Coznaane wH(pOpPMAIMOHHOTO pecypca «My3ell HCTOPHYECKHX BO-
THBIX TMyTei» OyleT crmocoO0CTBOBAaTh COXPAaHEHHUIO TTAMSITHUKOB IIPUPO-
IIBI, KYJIBTYPBl U THAPOTEXHUKH BJIOJIb CTAPHMHHBIX BOIHBIX MyTEH €B-
ponelickoit yactu Poccun. B Xxome 3KCIEIUIIMOHHBIX HCCIEAOBaHUMN
coOpaHHBIE THAPOJOTO-TUAPOXUMHUYECKHE W JaHMmadTHBIE IaHHBIC
OBUIM JOTIOTHEHBI apXWBHBIMH, JINTEPATYPHBIMH U KapTorpadudecKu-
MU MarepuanamMu. B Buzyanusupyemoii hopme mpencTaBieHHbIE B BUP-
TyaJTbHOM My3€€ JTaHHBIE MOTYT OBITh HCIIOJIB30BAHBI CIIEIHAIHCTA-
MH HCTOPUYECKOTO W TeoTrpaduaecKkoro mpouirs IS aHATHTHIECKOTO
M3yYEHUS] ICTOPUH BOTHBIX ITyTE€H M OIIEHKH UX COBPEMEHHOTO YKOJIOTO-
TMaHAMaGTHOTO COCTOSHUS.
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3aceneHue u X03siCcTBeHHOEe ocBoeHue Tepputopun Pycckoro Ce-
BEpa B 3HAYUTEJILHOU CTEIIEHU CBA3aHO C OCBOCHUEM BOJHBIX IIYTEH.
B pannue BpemeHa 3TO ObUIM €CTECTBEHHBIC BOJHBIE ITyTH U CBS3Y-
IOIME UX BOJIOKH, @ IO3[HEE — PYKOTBOPHBIE BOJHbBIE CUCTEMBI. Xa-
paKTepHBIMU IPUMEpPAMHU TakuX MmyTei sapisitoTca CeBepo-/{BUHCKH,
Mapuuncknii, TuxBuHCKHM U BBIIIHEBONOLKUN UCTOPUUECKUE BO-
JIHbIE IIYTU — O3€PHO-PEUYHBIE CUCTEMBI, COEJJUHEHHbIE PYKOTBOPHBI-
MH KaHaJaMH, ¢ COXPAaHUBIIMMUCS NaMITHUKAMU THAPOTEXHUYECKO-
ro cTpoutesbCcTBa. McToprueckue BOJHbBIE IIyTU SBISIOTCS YHUKAIb-
HBIMH NIPUPOAHBIMU 00BEKTaMH He TObKO 1151 Pycckoro Cesepa, HO
u s Beeit Poccun B nienoM. Co3nanne «Myses HCTOPUYECKUX BO-
JHBIX MyTei» MMeeT Leib cAeliaTh WHGOPMaLnio 00 UCTOPUIECKUX
BOJHBIX MyTSIX JOCTOSHHEM CIECIHAINCTOB U HMIMPOKOW OOIIECTBEH-
HOCTH.

Jl1s HanmoJHEHHUsl CO34aBaeMOro AIEKTPOHHOTO pecypca ObuIN Uc-
MOJIb30BaHbl MaTepuaibl, cooOpanHble KOMIUIEKCHOH 3Kcneannuei mo
M3yYeHHUI0 HcTopuuecknx BoAHbIX myTed Poccum (KOUBII) UncTu-
TyTa UCTOpUM ecTecTBO3HaHU U TexHuku um. C. . Basunosa PAH.
OHM BKJIIOYAIOT TUAPOJIOTO-THAPOXUMHUUECKHE U JaHAma(THRIEe JaH-
HBIE, COOpaHHbIe B Xoze 13 JeT mojeBbIX HAOMIOAEHNH Ha PeKax U UC-
KYCCTBEHHBIX BOJHBIX IIYTSAX €BPONEHCKON yactu Poccuu, xoropsle
JOTIONTHSIOTCSl apXMBHBIMH, JINTEPATYPHBIMH W KapTOrpaduyecKuMH
MarepuagaMy [0 UCTOPUU BOJHBIX CUCTEM. BbBUIM YyTOUHEHBI reorpa-
¢dudeckre KOOpAUHATHI TAMATHUKOB THAPOTEXHUKH, TOAPOOHO H3yde-
Ha HBOJIONMS JaHAAdTOB B 30HE BoAOcOOpa MoJ BIUSIHUEM a0HOTH-
4ecKuX (PaKTOPOB M aHTPOIOICHHOM Harpy3ku. /laHHbBIE, TONTy4YeHHBIE
B XOJI¢ 9KCIIEANLIMOHHBIX paboT, CTAHYT OCHOBOM JJIsl CO3aHUs TeMa-
THYECKUX KapT.

st Toro 4utoObl coOpaHHbIe W 000OIIEHHBIE MaTEpHAJIbl, a TaK-
K€ JIpyrue JOKYMEHTBI, OTPaKalollue UCTOPUI0 CO3NAHUSA U PA3BU-
THSI UCTOPUYECKUX BOAHBIX IIyTEH, CTAIN JOCTYIHBI IIUPOKOMY KpYy-
Ty JInl, OBUIO peIIeHO COo3laTh BUPTyalbHBIH pecypc «Myseil ucro-
pUYECKUX BOAHBIX MyTei» ¢ 1ocTynom uepe3 cetb MHTepHET. CTpyK-
Typa HMH(OPMAIIMOHHOTO HAMOJHEHHS My3esl CTPOMTCS Ha OCHOBE
UCTOPHKO-HAayYHOH reonHpopmannonuoit 6azet KOUBII, kotopas co-
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CTOUT U3 OJIOKOB, OCBANICHHBIX Jlagoxkckomy n OHEKCKOMY KaHaIaM,
03epHO-KaHaIbHOU cucteme bonbmoro ConoBekoro ocTpoBa, 3aBo-
nouyHoMy benozepcko-OHexckomy BogHOMY IyTH, CeBepo-/|BUHCKOH,
BrimneBosionkoit, TUXBUHCKOW BOJHBIM CUCTEMAM, BOOZHOMY IYTH «H3
BapSAT B TPEKI».

CBA3yIOIKUM 3BEHOM METO0JIOTUYECKOTO U TEXHUYECKOTO HaIMOoMI-
HeHust 0a3bl CIYKIIH KapTorpaduyeckue maTepuansl. Gukcarus co-
BPEMEHHOT'O COCTOSIHUSI BOJHBIX MyTed Poccuu m oOpaMisioImmux ux
KYJIBTYPHO-UCTOPUYECKUX JIAHAMA(TOB C TOMOII[HI0 KOCMOCHUMKOB,
tonorpadudeckux kapt, PoTo- U BUAEOCHEMKH MECTHOCTH JOTOIHS-
Jach aHAJIU30M CTapUHHBIX KapT 3Toro peruoHa. [IpoBoaunoce como-
CTaBJICHHUE NAHHBIX CTaphIX KapT C COBPEMEHHBIMU U KOCMOCHHMKa-
MU 7151 BBISIBICHUS U3MEHEHUN PEKUMA BOJHON CUCTEMBI U MOCIE-
CTBUU ATUX HU3MEHEHUM, U3y4aJoCh BIUSHHUE CTAPUHHBIX U HOBEHU-
IIMX KaHAJOB M BOJHBIX 00OBEKTOB Ha MPUPONHYIO cpeay. OaHUM U3
UTOTOB HMCCJICIOBAHUI CTadU JeTallbHbIe U(PPOBBIC KAPThl UCTOPH-
YECKUX BOJHBIX MyTEH, COCTABICHHBIC HA OCHOBAHUU JAaHHBIX a’3po-
KOCMHUYECKOTO 30HAUPOBAHUS U T€OMO3UITUOHHON MPUBSI3KU U3YUCH-
HBIX 00BEKTOB.

T'eoskonoruyueckas 4acTh UCCIICAOBAHUM BKIIOUAia: BEIIBICHUE U3-
MEHEHUH B IPUPOHON Cpejie IO ¥ TOCIIe MOCTPOUKH ((HYyHKIIMOHUPO-
BaHMS1) CUCTEMBI; UCCIEIOBAHUE TUIPOIOTO-TUAPOXUMUYECKOTO PEIKU-
Ma U3y4aeMOl TepPUTOPUH; CO3IaHHUE MPOCTPAHCTBEHHO-BPEMEHHOIO
pacmpeneneHuss TUIPOJIOTO-THAPOXUMUYECKUX HaHHBIX B COOTBET-
CTBUU C JaHAIMA(QTHONH CTPYKTYpOH TEPPUTOPUHU, YTOUHCHHE reorpa-
(UYeCKUX KOOPJUHAT BOJHBIX OOBEKTOB, BBHISBICHHEC U HAJIOXKCHUE
KapT pa3IUYHbIX UCTOPUUYECKUX TIEPUOIOB.

JlanpmadTHas dYacTh BKIIOYANia MapHIPyTHOE OIMCAaHUE JIAH]I-
mapTHOW CTPYKTYPBl TEPPUTOPUU U JIOKAIBHBIX JIAHAIIA(QTHBIX KOM-
MJICKCOB Ha KIJIIOUEBBIX ydacTkax. [IpenioikeHHass METOIUKA WICHTHU-
(duKanuu pa3IUYHBIX TPUPOJHBIX OOBEKTOB Ha CTaphIX KapTax U CO-
BPEMEHHOUW MECTHOCTH C YYETOM €€ JaHAIAa(QTHOH CTPYKTYPHI IT03BO-
JS€T BBISIBUTH HE TOJBKO PETPOCHEKTUBHBIC U3MEHEHUS MPUPOTHOU
CUTyallud B palioHe BopocOOpa, HO U HEU3BECTHHIC paHee JaHHBIC IO
HCTOPUHU OCBOCHUS M M3yUYeHUs 3TOH Tepputopuu. JlanamadTHeie Ha-

19



OmoneHust nanyd OoraTblii MaTepual MO MCTOPUU OCBOCHHS JOJIUH H
BOJIOpA3ZENIOB B pailoHe NCTOPUUYECKUX BOAHBIX myTel. OLeHKa Hapy-
HIEHHOCTH NPUPOAHBIX TEPPUTOPHUI B X0JIe MPOBEACHHUS IKCIICAUIINOH-
HBIX pa0oT 3aKI0vajach B BU3yaJbHOM ACIU(GPUPOBAHUH, COMIOCTAB-
neHnu QoToMarepuasoB U 00pabOTKe KOCMHUUYECKHX CHHUMKOB ydacT-
KOB TEPPUTOPHUH 10 MapuipyTy B nepuox 2003—-2015 rr.

Wtorom paboThl 1O CO3AaHUI0 My3€sl HCTOPUUECKUX BOIHBIX ITyTEH
cTa”er obmenocTynHas uyepe3 MIHTepHET reonHpOpMaLnOHHAS CUCTE-
Ma — HHTepaKTUBHAS KapTa UCTOPUUYECKUX BOIHBIX MyTel C HAaHECEH-
HBIMU Ha Hee 00BEKTaMU: IPUPOJHBIMHU U THAPOTEXHUICCKUMH MaMSIT-
HUKaMH, UCTOPUKO-KYJIbTYPHBIMH OOBEKTAMH, NaMSITHBIMH MECTaMH.
Byner coctaBnena nonHas 6a3a JaHHBIX MaMATHUKOB MPHUPOIBI U T'HU-
JPOTEXHHUKH 110 UCTOPHUYECKUM BOIHBIM IIYyTSM C OMMCAHHUEM M OLEH-
KOW MX COCTOSIHUSI, IPUBSI3KOW Ha MECTHOCTU. DTO MO3BOJIUT yCOBEP-
HICHCTBOBATH MEPHI 110 YUETY, COXPAaHEHHIO U I'PaMOTHOMY HCIOJIb30-
BAaHUIO HALIETO KyJIbTYPHO-UCTOPHUYECKOTO HACTEAUS U OYAET CIYKHUTh
Pa3BUTHUIO TYPHUCTUYECKOTO MOTEHLMATA COOTBETCTBYIOIIETO PErHOHA.

Paboma evinonnena npu gurancosoti noodepocke PIH® (npoexm Ne 15-
03-00749).

«MUSEUM OF HISTORIC WATERWAYS»: ESTABLISHMENT
AND THE IDEAS FOR THE PROJECT IMPLEMENTATION

V. A. Shirokova!, V. A. Snytko', A. V. Sobisevich', N. A. Ozerova',
V. M. Chesnov!, O. S. Romanova!, N. M. Erman!, R. S. Shirokov?,
V. A. Nizovtsev®

IS. L. Vavilov Institute for the history of science and technology RAS
2 Institute of the Earth Cryosphere of the Siberian Branch of the RAS
3 Lomonosov Moscow State University

The Museum of Historic Waterways project is aimed at the preservation of the
monuments of nature, culture and hydraulic engineering found along the ancient
waterways of the European part of Russia. Archival, literary and cartographic
materials were added to the hydrological and hydro-chemical and landscape
data collected during expeditions. The visualized data available at the virtual
museum can be used by experts dealing with history and geography for the
analytical study of historic waterways and the research of ecological and land-
scape situation in their area.
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MOP®OJIOT'UsI, INHAMUKA U 3ALIUTA
BEPEI'OB OHEKCKOI'O O3EPA

E. 1. Urnaros!, !. B. 3emasnos!, A. ¥O. Canunn!, I1. H. Tepckmuii®:?

I Tocyoapemeennwiil okearnozpaguueckuii uncmumym um. H. H. 3ybosa
? Mockosckuil 2ocyoapemeennviil yuusepcumem um. M. B. Jlovonocosa

B Hacrosiiiiee Bpemst B CBsI3M ¢ M3MEHEHHEM YpoBHsI OHEXCKOTo o3epa U
BO3pacTaHWEM WHTCHCHBHOCTH BOJIOTIONB30BAHKS M XO3SIUCTBEHHOM, B
YaCTHOCTH PEKpPEallMOHHOM, IESTEeNbHOCTH BO3pacTaeT aKTyallbHOCTb U3Y-
YeHHs PUPOAHON TUHAMHUKM OEperoB M BIMSHHS Ha Hee XO3sHCTBEHHOM
JesTeNnbHOCTH YenoBeka. OcOOCHHOCTH MPUOPEKHON TEPPUTOPHU M UCTO-
pyst hopMHUpOBaHHs OEPETOB OMPEACIISIOT MX PHHAJICKHOCTH K MOpQore-
HETHYECKUM THIIaM, KOTOPBIM CBOMCTBEHHBI ONPEACICHHBIN penbed 1 Iu-
HaMHYECKHUE TIPOIIECCHI, YTO HEOOXOIMMO YUUTHIBATh B XO3SICTBEHHOM Jie-
SITEITBHOCTH, 0COOCHHO ITPU OeperoyKpeNnuTeIbHBIX padoTax.

I'eosiornyeckoe crpoenue Ilpuonesxbs. bonpiias yacts Oeperos
o3epa CIOKEHa JTOKeMOPHUHCKMMH KPHUCTAJUIMYECKMMHU mHopopamu. B
I0KHOM 4aCTH KPUCTAIMYECKUH (PyHIaMEHT UMEET MaJIC030MCKUH BO3-
pacT U CKPBIT YEXJIOM YETBEPTHUUHBIX OTIOKEHUN. JJoueTBepTHUHBIE TTIO-
POZBI IPEACTaBICHB! Pa3IMUHBIMUA TPAHUTAMHU U JTUOPHUTaMH, Tadb0po,
quoput-nopduputamu u ap. [bucks u np., 1971]. C nerporpaduueckoit
TOYKH 3PEHHSI OHU HEOAHOPOJHbIE, HO YCTOHUMBEI K aOpa3uu.

YerepTHuHble OTJI0KeHMA. Cpeau YETBEPTHUHBIX OTIOKEHHI
npeo0aAatoT JIGAHUKOBBIC, B TOM YUCIIC BOJHO-JICTHUKOBBIC U 03E€PHO-
JIEIHUKOBBIE. BeTpedaroTes Takke aJulFoBUAJIBHBIE, 03€PHBIE U D0JIOBBIE.
Bolgenstor rpaBuiiHO-TIECUaHbIE, AJIEBPUTOBBIE U IIIMHUCTHIE MOPEHBI,
XOPOIIO COPTHPOBAHHBIE MECKU IUISKEH M AIOH, MHOTOKHWJIOMETPOBBIE
JICHTBI 030B, 0COOEHHO B BOCTOYHOH 4acTH 03epHOro nodepesxns [bucks
u ap., 1971].

g n3yueHust HOBEMINX OTJIOKEHUH Ha KITIOUYEBBIX y4acTKax, pe/-
CTaBJISIOIIMX Bce pailoHbl OHEKCKOTO 03epa U pa3Hble TUIIBI OEperos, B
2014-2015 rr. cunamu ®I'bY «I'OMH» no 3akazy Hescko-Jlagoxckoro
OacceifHoBOro BoxHOrO ynpasieHus PocBonpecypcoB Obuio mpoBene-
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HO reopajapHoe 30HIUpPOBaHHE OEpPeropOpPMUPYIOIIUX OTIOKEHHN 0
m1younst 4-5 M [MccnenoBanne. .., 2015]. Ipodunuposanue BHIIONHS-
JIOCh KaK JUIsl CYILH, TaK U JJIsl TOABOTHOTO OeperoBoro ckioHa. B 6oinb-
HIMHCTBE CJIyYaeB 0 YKa3aHHOW ITyOMHBI (PUKCHPOBAIHCH 2—3 (MHOTAA
Oosiblile) THIIA OTJIOKEHUH, YacTO Pa3UUHBIX 10 TeHe3ucy. [lonoxenne
TPaHULl MEXKIY PAa3HBIMU OTIOKEHUAMU U MX MOIIHOCTh BapbUPYIOTCS
Kak B TIpeliesiax OTIENbHO B3STOT0 NpoduIIs, Tak U OT NpoduiIs K mpo-
¢buTio, 1ake eciiu OHHU PacloiokeHbl OIM3K0 IpyT K Apyry. Pasnoobpa-
3He OTIAOKEHHH OOBSICHACTCS CIOKHON NCTOpUEH pa3BUTHS pebeda pe-
THOHA. MOIIHOCTbG IUISKHBIX OTIOKEHUH, KaK ITPaBUIIO, HEBEIHKA, PeJl-
ko Oornee 0,5 M, UTO YKa3bIBaeT Ha YI3BUMOCTD IUISKEH.

B Cesepnom Ilpronesxbe BepxHsisi paHUIa KOPEHHBIX JOYETBEPTHY-
HBIX TOPOJ YacTO PacHoyioKeHa Ha HeOoJblol rmyOuHe, 2—4 M, TOr-
Ja KaK B OCTaJbHBIX palloHaX OHa, KaK MpaBWIIO, He (PUKCHPOBAIIACH JI0
DIyOuHBI 5 M 1100 BCTpeyanach SMU30ANYECKH. DTO BIIOJIHE COTTIacyerT-
csl ¢ QOHIOBBIMH JaHHBIMH, YKa3bIBAIOIIMMHU Ha TO, YTO B CPEIHEM, 32
uckiroueHneMm CesepHoro [IproHeXbs, MOIIIHOCTh YETBEPTUYHBIX OTIIO-
skenwuii coctapisieT 10-20 M u 6onee [DxMmaH u 1p., 1964]. ImenHo pas-
JUYMS B MOIIHOCTH YETBEPTUUYHBIX OTJIOKEHMH, KOTOpPBIE B LIEJIOM Ha-
MHOTO0 OoJee moBepKeHbl abpa3uu UM pa3MbIBY, 00YCIOBIUBAIOT Mpe-
obnamanue cnabonzmeHeHHbIX OeperoB B CeBepHoM [Ipronexne.

Hcropus passurus penbeda Ilpuonexnps. Beiaeisrorcs yeTsipe
sTana GOpPMUPOBAHHUSI COBPEMEHHOTO penbeda:

1. JlnuTenbHON KOHTHHEHTAJIBHOM JeHydaluu. DTal MPOXOAWI C
KOHILIA 11ajie030s 0 KOHIla HeoreHa. MoaenpoBaHKe INIaBHBIX JIEMEH-
TOB MOBEPXHOCTHU U JIPEBHUX PEUHBIX AOJIHH;

2. WMHTEeHCHBHOTO IITyOOKOT0 PO3MOHHOTO Bpe3a B Hauase aHTPOIo-
rena. GopMupoBaHue B 0OUIMX YepTax APEBHEH SPO3UOHHON CETH;

3. JlenHUKOBOW M BOAHO-JIEAHUKOBON aKKyMYJIALIUY;

4. TlocnenenHukoBbId 3Tan. GOPMHUPOBAHNE COBPEMEHHOIO pelibe-
¢a [bucks u np., 1971].

CoBpemenHbIe GOPMEI penbeda cHOPMUPOBAINCH B XOJE TPETHETO U
YeTBEPTOro ATaroB. BaxkHyro posb B JOPMUPOBAHUHN COBPEMEHHOTO pe-
nbeda ChIrpaio TEKTOHUYECKOE MOTHITHE TEPPUTOPUH, KOTOpPOE Hada-
JIOCh MTOCJIE YXO/1a JIEJHUKA U IPOIOJIKAETCSA U B HACTOSALIEE BpEMs.
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Tunsl coBpemenHoro peiabega Ilpuonexnsi. B Hactosmee Bpe-
Msi B [IpruoHEXbe BBIIENSIOTCS CEMb THIIOB COBPEMEHHOTO pelbeda:
JIEHYJIallIMOHHO-TEKTOHUYECKUM, JIETHUKOBBIM 3K3apallMOHHBIN U aKKy-
MYJISITUBHBIN, BOJHO-JIEAHUKOBBIN aKKyMYJISITUBHBIN, MOPCKOM U 03€p-
HBIH aOpa3sHMOHHBIA U aKKyMYJSTHBHBIN, OMOT€HHBIN, J0JIOBBIH, aJlIio-
BUaJbHBIN [Bucks, 1959]. JleHynainOHHO-TEKTOHHMYECKUN pelibe() Hau-
Gonbiee pacnpocTpaneHne umeeT B CeBepHoM [Ipuonexne, MOpCKoOi 1
03EpHBIN abpa3nOHHBIN U aKKYMYJISITUBHBIN, HanmpoTuBs, B FOxxHOM. BTO-
pOM U TPeTHU TUIBI BCTPEYAIOTCS TIOBCEMECTHO, OCOOEHHO B 3aragHoM
u Bocrounom Ilpuonexne. buoreHnsrii (60m0Ta) ¥ 3070BbIH (TUISIKH,
MAJICOMIOHBI U T. JI.) TUIBI peibeda BCTPEUaroTcs MOBCEMECTHO (3a HC-
kimoueHuemM Ceseproro IIproHexbs), HO GpparMeHTapHO. AJUTIOBHAIIb-
HBIH TUT penbeda MPUYPOUYCH K YCTHEBBIM YacTsIM PeK.

Kaprta mopdorenernyecknx TUNOB 0eperoB U UX XapaKTepUCTH-
Kka. Ha ocHOBaHMHU M3y4eHHS T€0JIOTHYECKOTO CTPOEHUS, YETBEPTUUHBIX
OTJIIOKEHUH, pesibe)a TePPUTOPUH U COBPEMEHHOM TUHAMHMKH OBLITH BbI-
JICJICHBI CeMb THITOB OeperoB OHEXCKOro o3epa (puc.).

Kaxxnprit Tvn Gepera xapakrepusyeTcs peoliagarommuM TuHaMuye-
CKHM TIPOLIECCOM, YTO YaCTO OKa3bIBAET BIUSHHE (JIMOO MOXKET OKa3aTh B
OymyiieM) Ha HH)KEHEpPHBIC COOPYKEHUS, PACIIONIOKEHHBIE B OEpeToBOM
30He. J[nHamMuKa OeperoB BO MHOTOM OOYCIJIOBIMBAET U MOCTYIIJICHHE 3a-
TPSA3HAIONINX BEUIECTB, B YACTHOCTH, TSDKEJIBIX METAJIIOB.

CrneioBaresibHO, MOXKHO TOBOPUTH 00 a0pa3HOHHOM Tpoliecce Ha Oe-
perax Kak 00 WrparoiieM BaKHYIO POJib IPUPOJHOM HCTOYHUKE 3arpsi3-
HSIOLTNX BelecTB JUIst Boa OHEXCKOro o3epa 1 TIOHHBIX OTIIoKeHH. Ta-
KAM 00pa3oM, OHH MOTYT IOCTYIIHTh MPAKTHYESCKH B JTFOOYIO 4acTh 03€-
pa, 3a UCKIIFOUEHHEM, BO3MOXKHO, B HaHOOJIBIIIEH CTENIEHN BPE3aHHBIX B
cyury u HauOoJee y3KuX I'yd co cmabom3mMeHeHHbIMH Oeperamu. besy-
CJIOBHO, 3Ha4YMTENbHAsA 4acTh OeperoB B HACTOSIIEE BpeMsl HE TO/BEp-
JKeHa aKTUBHBIM IpolieccaM aOpasuy UM pa3MbIBa, HO MOCTYMAIOIINE
TakUM 00pa3oM BelIeCTBa MOTYT PaCIpOCTPAHATHCS MO aKBATOPHH 03€-
pa Tpu MOMOIIY MOBEPXHOCTHBIX M TIyOMHHBIX TeueHuid. bosee Toro,
Oepera, KOTOpbIE B HACTOSIIEE BPEMsI OTHOCATCA K aKKyMYJISITHUBHBIM,
eIlle THICSYM WM JIa)Ke COTHH JIET Ha3aJl ABJSUTUCH a0pa3sMOHHBIMU WITH
a0pa3MoOHHO-aKKYMYJIS TABHBIMH.
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CKopoCTH OTCTymaHus OeperoB B Xoae aOpa3MOHHBIX MPOLECCOB
MOTYT IOCTHraTh JAECITKOB CAHTUMETPOB B roj U OoJiee, OHU ompee-
JSIIOTCS TapaMeTpaMy BOJH (BBICOTOM, HAIIpaBIE€HUEM H T. [.), COCTa-
BOM Oeperoo0pa3yoiux mopoa, Mopdoaorueii moaBogHOro OeperoBo-
IO CKJIOHA, HAJIMYMEM WM OTCYTCTBUEM IUISDKEH M MX IMIMPUHOH, BBHI-
coToii knuda.

Pexomenanuu no ynpasJjieHHIO NPHPOIONOJIb30BAHUEM B MPH-
OpeskHOii 30He U N0 Oeperoykperniennio. Pekomenganuu, paBHO Kak 1
XapaKTepUCTHKA JUHAMUUECKUX MPOILECCOB I OEperoB pa3HOro THIIA,
MOKa3aHbl B Ta0I.

Haunbonbieit JUHAMUYHOCTBIO oOnamaroT abpa3noHHEIE,
a0pa3rMoOHHO-aKKyMYJISITHBHBIE, aKKyMYJIATUBHBIE U JEJIBTOBBIE Oepera.
[Ipu GonpmX CKOPOCTSX adpa3uu UM pa3MbIBa Oepera B cilyyae Haslu-
4Msl MH)KEHEPHBIX COOPYKEeHUI BOIM3M ype3a o3epa HeoOXoauMbl Oepe-
TOyKpenuTeIbHbIe paboThl: MPUMEp — paiioH AHIOMCKOH ropsbl, rae Oe-
pera oTcTymnaroT co ckopocteio 1,5-2 m B rog [Mccnenosanue. .., 2015].
YroOBl 0CTAaHOBUTH MPOLIECC pa3pylieHHs OEPETrOB U YHUUTOXKEHUS ITO-
ro NaMsATHUKA TPUPOJBI U HACEJEHHBIX MYHKTOB, PACHOJIOKEHHBIX Ha
BepLIMHE AHIOMCKOH TOpbl, HEOOXOOUMO COOPYKaTh BIOIbOEPETrOBbIC
KaMeHHbIe HaOpOChI WK MOABOAHBIE (QUIBTPYIOIIKECs BOTHOMIOMBL. Ho
OCYILIECTBIICHHE BBIOOpa CIIOCOO0B YKperieHHs: OeperoB TpedyeT Aajib-
HEWIINX UCCIEAOBaHUM.

Crnenyet nmoxyMarb 0 O€peroyKperuieHul Ha IPUOPUTETHBIX [T HC-
MOJIb30BaHMS B PEKPEAMOHHBIX LIEJSIX Y9acTKax Oepera, eCiid OHU MO~
BEPKEHBI aKTHMBHBIM a0pa3HOHHBIM MpoleccaM. MoKeT BO3HUKHYTh He-
00XOIMMOCTh B OEpEroyKpernuTeIbHbIX padoTax AJisi Tex aOpa3HMoHHO-
AKKyMYJISITUBHBIX M OCOOGHHO a0pa3MOHHBIX Y4acTKOB Oeperos, Ha KO-
TOPBIX PACHOJIOKEHBI OOBEKTHl TPAHCHOPTHOW M CeMUTEeOHOM HHpa-
CTPYKTYPBI HETIOCPEICTBEHHO OKOJIO ype3a, B YACTHOCTH, HACEJICHHBIC
nyHkThl. K HEM oTHOCSTCA Tocenku Kackec-pyueit, KBapuutHbiii B Oyx-
te [llokma, [lepeBsnHoe B Yiickoit ryoe, Exxunbl, Kropmeso, Kiumos-
ckoe (ams Oepera y mocenka XxapakTepHa akThBHas abpasusi). Ho vare
00BEKTHI TPAHCIIOPTHOM M CENMTEOHON HHPPACTPYKTYPBI PACTIONOKEHBI
Ha PacCTOSIHUM JIECATKOB METPOB M OoJjiee OT Oepera, uTo JesiaeT MajgoBe-
POSITHBIM B OiKaiilee BpeMs UX MOBPEXICHNE U pa3pyLICHHUE.
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I[nHaanecmle nmpoueccsl 1Mo TUNam ﬁeperon U peKOMEHIallud 110 HX
HCIIOJb30BAHUIO

Tun Gepera

IIponeccr! u ux reorpaguieckoe
pacnpocTpaHeHne

Pexomenparuu

Cnabousme-
HEHHBIE

Ouenp cnabas abpasus, penko —
oueHb cnabas axkkymymsiims. Pac-
npocTpaHeHbl B ocHOBHOM B CeBep-
HoM [Ipuonexne

Jlunamuka OeperoB B JTAHHOM
Cllyyae He HeCeT yrpo3y HEHKe-
HEPHBIM COOPYKEHHAM

AOGpa3noHHBIE

AOpasus Wi pa3MbIB OeperoB pas-
HOI CTETICHN HHTEHCUBHOCTH, BJIOJIb-
0eperoBoii epeHoC NOCTYNAOLINX B
XOJIe 9TOTO Mpolecca (a Takke ¢ pe-
KaMH) HaHocoB. Bcerpeuatrorcs mo-
BCEMECTHO

MOHUTOPUHT TaM, TAE OKOJIO
ype3a ecTb WH)XEHEpPHBIE CO-
OpY>KEHHsI: pacyeT CKOpOCTeH
OTCTyNaHusi Oepera ¥ MpH He-
00X0MMOCTH  Oeperoykper-
TEJbHBIC PAOOTHI

AOpa3noHHO-
AKKyMYJIsi-
THBHbIE

AOpasust Wi pa3MbIB OeperoB pas-
HOH CTETIeHN HHTEHCHBHOCTH, BIOJTb-
0eperoBoii MepeHoc MOCTYMAOMNX B
XOZIe 9TOTO Tporiecca (a Takke C pe-
KaMM) HaHOCOB, AaKKyMYISTHBHEIE
TIPOIIECCHl, Bemymme K (GopMUpoBa-
HUIO TUISDKEH, KakK TPaBUIIo, HE IIHpPe
10—-15 M. Yame Bcero BcTpeyaroTcs
Ha 3aIaHOM MT00epexbe

MOHUTOPHHT IJIsT TEX ydacT-
KOB, TJe B HENOCPEICTBCH-
HOM ONM30CTH OT ypes3a ume-
I0TCS MH)XCHEPHBIE COOpYXKe-
HUSL: pacdeT CKOpPOCTeH OTCTy-
naHus Oepera u Ipu HeOOXOH-
MOCTH OeperoykpenuTeabHbIe
paboTEI, B 9aCTHOCTH, MOACHITI-
Ka IUISDKeH

AKKyMy-
JISITHBHBIE

AKKyMYJISITHBHBIE TPOIIECCHI, BEMY-
e K GOpMHUPOBAHUIO TULSDKEH pas-
JUYHON IIMPHUHBI, BIOIBEOECPETOBOM
TIEPEHOC HAHOCOB C COCEAHUX y4acT-
KOB, TOCTYMAIOIIUX C pPeKaMH H B
xozme abpasum u pasmbiBa. Kak mpa-
BMJIO, XapaKTePHa UX TTOJIHAS WIIH Ja-
CTUYHAsg akkymymsnus. Yame Bcero
BCTPEYAIOTCS HA BOCTOYHOM THobepe-
JKb€, PA3BUTHI U Ha I0XKHOM

C 0ompmIOil  BEPOSTHOCTHIO
HMeeT MecTo OBICTpoe oOMe-
JIEHUEe, YTO HYXXHO YYUTHIBATh
IIPU  CYAOXOJACTBE; IUIDKH —
ecTeCTBEHHas 3alura Oepera
oT abpa3uu u pa3MbIBa, B CIIy-
yae HaJIW4usl OKOJIO ype3a HH-
JKEHEPHBIX COOPYKEHUH HE pe-
KOMEH/TyeTCsl U3bATHE TPYHTA B
HX TIpeaenax

JlaryHnslie

JlaryHBI OTHENEHBI OT O3epa Iepe-
CBIMISIMH, JTAHAMUYCCKUE IMPOIIeC-
CBI IIOYTH OTCYTCTBYIOT. BeTpeuaror-
Csl OHM MECTaMH Ha FOXKHBIX, BOCTOY-
HBIX Oeperax

Bepera sBisiroTcst cTaOMIIBHBI-
MM, YTO II03BOJIIET HE CUNTATh-
csl ¢ ONM30CTRIO ype3a B XOJe
XO3SMCTBEHHOM JIEITCIHLHOCTH
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OxoH4aHue Ta0J1.

Tun Gepera

IMpouecch! u ux reorpaduyeckoe
pacrpocTpaHeHue

Pexomenganmmu

TexnoreHHnie

B uenom nuHamuueckue rmpouec-
CBl «HAXOISTCSA B PyKax UYEIOBCKa»;
MMeeT MeCTO BO3ZeiicTBHE 03epa Ha
OeperoyKpemuTeIbHBIC COOPYKEHHUS,
WHOI/Ia — aKKYMYJISITHBHBIC MPOIIEC-
cel. PacmpocTtpaHeHsl ¢parMeHTap-
HO B ry0ax B OKPECTHOCTSX FOPOJIOB

HeoOxoaumM MOHUTOpPHHI 32
COCTOSIHMEM  Oeperoykpemnu-
TEJBHBIX COOPY)KEHUH U 0COo-
OCHHO MpPU HAJIWYUU TaM HH-
JKEHEPHBIX COOPY)KEHUH — 3a
CMEKHBIMH ydacTKaMu Oepera

JlensroBBIE

Kak mms Gepera, Tak u Ui TOIBO-
JTHOTO OeperoBOro CKIIOHA XapaKTep-
HBI TIOTOKM HAHOCOB PA3IN9IHON WH-
TEHCHUBHOCTH; TAKNE yYaCTKH SIBIIS-
I0TCS MCTOYHMKAMM HX TIOCTYILIe-
HUsI. XapaKTepHBl aKKyMYISTHBHbIC

JlanHbIil THII OeperoB oTHYa-
eTcst 0c000i AMHAMHUYHOCTHIO,
YTO HEOOXOTMMO YUHTHIBATH B
XO034WCTBEHHOMN J1€ATEIILHOCTH.
J1s cMEXHOM ¢ TAKMMM yuacT-
KaMM aKBaTOPUH MOXKET UMETh

nporeccel. PacmpocTpaHeHsl ¢par- | MecTo oOMeneHune
MEHTapHO, HO TOBCEMECTHO B YCTBSIX

KPYTIHBIX PeK

Tunuzanus GeperoB Mo aKTyaJbHOCTH OeperoyKpenuTeabHBIX
pa6oT. B pe3ynbTare BRIOTHEHHBIX PA0OT OBLIN BBIICICHBI IISITh TUIIOB
OeperoB 1o cTerneHy HeoOXOTMMOCTH TIPOBEIEHUS OepPEeTOYKpEeIUIeHHUS:

1. Bepera, npakTndyecku He MojBep:KeHHbIC abpa3nu. K HUM OTHO-
catcst bepera Cereproro [IpruoHexbs (3a UCKIFOUCHUEM YacTH Oeperos
IToBenenkoro u 3a0HEKCKOTO 3aJIMBa);

2. bepera, umeromiye MoJHy TPUPOTHYIO 3alIUTY OT Pa3pyIICHUs.
K HMM OTHeceHbl akKyMyJSTHBHBIC Oepera, 4acTh JCTIBTOBBIX, 4 TAKKe
JIaryHHBIE B CHITY TOTO, YTO OHHU HAXOJSITCS B 3aMKHYTHIX Bojloemax. Pac-
MPOCTPaHEHBI OHU, TIIABHBIM 00pa30M, Ha BOCTOYHOM H IO’KHOM Oeperax
(0COOEHHO BEJIMK UX MPOICHT Ha F0XKHOM), a TAK)KE Ha BOCTOYHOM I00e-
pexbe 3aoHexckoro u [ToBeHenkoro 3anusa;

3. bepera, uMerolIye YacTUIHYIO 3alUTY OT MPOIECCOB a0pa3nu U pas-
MbIBa. JTO a0pa3MOHHO-aKKyMYJSITUBHBIE Oepera. OHU 4acTo BCTPEUArOTCS
B 3anaanom [Ipuonexne, pexe B FOxxHOM 11 Boctounom Ipronexne;

4. Bepera, MCKyCCTBEHHO 3all[MII[EHHbIC OT adpa3uu U pa3MbiBa Oe-
TOHHBIMH BOJTHOOTOOMHBIMH CTEHKaMH JMOO APYTUMH Oeperoykpenu-
TEJILHBIMU cOoOpy)eHUsIMH. CIolla OTHOCSITCSI TEXHOTEHHBIE Oepera B Ky-
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TOoBBIX 4acTsx llerpo3aBojckoii 1 Konmomnoxckod ry0, Ha OTICIBHBIX
yuacTtkax [loBeHeukoro 3annBa;

5. bepera, noaBepxeHHbIE Tporieccam adpa3uu U Pa3MbIBY B Hau-
Oonbielt cTerneHu. JTo, IIaBHBIM 00pa3oM, abpa3uoHHbIE Oepera, Ko-
TOPBIX JOCTATOYHO MHOTO B 3amagHoM [Ipuonexbe. OHU mpeodianaroT
B pailoHe AHIOMCKOTO MbIca, BCTpeyatoTcs B Bocrounom [Ipuonexse,
B npenenax [loBenenkoro 3anuBa. K abpa3noHHBIM, HO CIa0OU3MEHEH-
HBIM OTHOCHTCSI IIOYTH BECh 3araHbIi Oeper 3a0HEKCKOTO 3a/IMBa.

[TorennmanpHO B Oepero3aiiure HyKIarTces: Oepera TpeThero H IsTo-
IO THIIOB.

Asmopel npusHamenvrvl compyonurkam 2eozpaguieckozo gaxyiemema MI'Y
um. M. B. Jlomonocosa u omoena unghopmayuorHHo2o obecnedeHus MOpCKotl U 8000-
xossicmeennou oesmenvrnocmu PI'BY « OUH», komopvle npunumanu akmusHoe
yuacmue 6 peanuzayuu HUP no Onesicckomy ozepy. bonee noopobro ¢ pesynoma-
mamu uccaedosarnuti no HUP moocho osnaxomumocst 8 OTAHY «[JHTuCy.

Jlureparypa

bucks I C. YerBeprnunble oTiIOXeHUS W Teomopdonorus Kapemnu.
ITerpozaBonck: T'ocusa-Bo Kapensckoit ACCP, 1959.

bucks I C., JIykawos A. /1., Jlax I 1. u 0p. CTpoeHne n uCTopusi KOTJIOBHU-
Hbl OHexckoro o3epa. I[lerposasoack, 1971. C. 74.
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pa: Oruer o HUP (3akmrountensubiif) mo 'K Ne 31/14 ot 16.09.2014 / ®I'BY
«"O1H». PykoBonurens 3emmsinoB U. B. M., 2015. 622 c.

Okman M. M. u Op. OT4eT O Teosoro-chbeMOYHBIX paborax Maciirada
1 : 200 000, nposenennsix IIpsoxkunckont naprueil B [Ipuonexckom u Konno-
noxkckoM parioHax KACCP B 1962—-1964 rr. ®ouast C3TIY. 1964.

MORPHOLOGY, DYNAMICS AND PROTECTION
OF LAKE ONEGO WATERSIDES

E. L. Ignatov!, I. V. Zemlianov', A. Yu. Sanin!, P. N. Tersky"?

! Zubov State Oceanographic Institute
2 Lomonosov Moscow State University

Currently, the study of natural dynamics of the Lake Onego watersides and of
anthropogenic influence on them are becoming more and more relevant due to the
changes of lake’s level and increased intensity of various human activities includ-
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ing the recreational one. The natural features of the waterside area and the history
of their development determine their morphogenetic type characterized by its own
relief and the dynamic processes that should be considered in land-using and dur-
ing works dealing with watersides protection.

HPUMEHEHHUE METOAOB MATEMATHYECKOI'O
MOJAEJUPOBAHUSA JJ1S1 U3YUYEHUA JMWHAMUKU BEPEI'OB
OHEKCKOI'O O3EPA U UX PABBUTUA

E. !1. Urnaros!, H. B. 3emasinos’, A. 1O. Cauun’,
E. B. Bopmenko', IT. H. Tepckuii':2

! Tocyoapemeennviti okearnocpagpuueckuti uncmumym um. H. H. 3y6osa
2 Mockosckuil 2ocyoapemeennviil ynugepcumem um. M. B. Jlomonocosa

Wzy4enune coBpeMeHHON AMHAMUKH OeperoB JII000ro peruoHa, Jaxe cpas-
HHUTENIBHO cJ1a00 OCBOEGHHOTO, TAKOT0, Kak [IproHesxpe, 1 MporHo3 ux pas-
BUTHSI BCETIa UMEIM Ba)KHOE TEOPETUYECKOE M MPAKTUUECKOE 3HAYEHHE.
IIporuos pa3BuUTHsI BOBMOXKEH TOJILKO HA OCHOBE 3HaHUI O COBPEMEHHOMN
JMHAMHUKE, a Takxke 00 NCTOpuH pa3BUTHsl OeperoB. B mocnennee Bpemst
JUISL U3yYEHUs AMHAMUKHY OEPEroB ¥ NPOrHO3MPOBAHUS UX Pa3BUTHs Ya-
CTO MPUMEHSIOTCSI METO/Ibl MaTEMaTUUECKOI0 MOJETUPOBAHUS, B YaCTHO-
CTH, BETPOIHEPIreTHYECKUHA, BOTHOIHEPTETUUECKHI, a TaK)Ke TOCTPOEHHUE
npoduieil JMHaMu4ecKoro paBHoBecus. OHM HAMHOTO Oo0Jiee IeIICBhIC B
CPaBHEHHH C TOJIEBBIMU UCCIICA0BAaHUAMH U TPEOYIOT MEHBIINX BPEMEH-
HBIX 3aTpar. B crarbe mokaszaHbl pe3ysibrarTbl IPUMEHEHHUS TaHHBIX METO-
JIOB JJIs pa3JInYHBIX pailoHoB OHEXCKOro o3epa.

CymecTByIoT J1Ba criocoba M3ydeHHs AMHAMHKH OEperoB: OpraHu-
3a1usi KOMIUICKCHBIX HATYPHBIX HAOIIONEHUH, B TOM YHUCIIE CTaIl[MOHApa
WM JJaXKe CETU CTAIlMOHAPOB, U MATEMAaTHIECKOEC MOJICTTUPOBAHNE TUHA-
MHYECKHUX IIPOIIECCOB, IPOHCXONALINX Ha Oeperax. [locnennee B HacTo-
s1iee BpeMsi MpUoOpPeso JOCTATOYHO OONBIIYIO MOMYISPHOCTD B HCCIIe-
JIOBAaHUSX OEPETOBOM 30HBI.

[IpumeHeHUEe pacdyeTHBIX METOAOB IMO3BOJIIECT MOMYYUTh HAmpaBe-
HUE, OTHOCUTEIFHYIO NHTEHCUBHOCTh M TIPUMEPHOE PACTIPEICIICHHUE TI0
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MOJIBOJTHOMY OEpPEroBOMY CKJIOHY JBMIKYIIUXCS BJIOJIb Oepera HaHOCOB
Y MOIIHOCTb BJIOJILOEPErOBOTO IMOTOKA HAHOCOB [ PykoBoacTRO. .., 1975].

Bakneiiiiee 7OCTOMHCTBO pacueTHBIX METOAOB — UX JICLICBU3HA I10
CPaBHCHHUIO C HATYPHBIMH HaOIONCHUSAMU. J[pyroe mpeumyuiecTBo —
BO3MOXKHOCTD OTPEACNICHUS MapaMeTPOB IMOTOKOB HAHOCOB U Pa3BUTHUS
OeperoBoli 30HBI 332 MHOTOJICTHUW TMEPUOJl BPEMEHU, YTO YacTO HEBO3-
MOKHO OIPEAETUTH 33 OAUH MOJIEBOU CE€30H, KOTOPBIA K TOMY YK€ MOXKET
XapaKTePU30BaThCsl OONBIIUMHU MM MEHBIIIMMH 3HAUCHUSIMH KIIMMATH-
YECKUX MOKa3aTesiell B CPABHEHUH C MHOTOJICTHUMH 3HaYeHUsIMU. Tpe-
ThE MPEUMYIIECTBO PACUETHBIX METOIOB — UX CPABHUTEIHHO MaJiasi TPY-
J103aTPATHOCTb.

CyIlIeCTBEHHBI HEIOCTATOK PACUETHBIX METOJOB — MPUOIIMIKEH-
HBIC PE3yJIbTaThl, TAK KaK HAYYHBIC TIOJOKCHHS O JTUTOAMHAMUYCCKUX
mpolieccax eile HeJJOCTaTOuHO pa3paboTaHbl. B naeane nenecoodpas-
HO YTOUHSATh WM IMOATBEPXKAATh MOJCIBHBIC TOCTPOCHUS HATYPHBIMH
HaOmoneHusIMU. bojee Toro, UMerIuecs: MeTObl TUCKYCCUOHHBIE U
MIPUMEHSIIOTCSI HE BceMu cnenuanuctamu. OHU coaepikar, Kak mpaBU-
710, TEOPETUUECKYIO U AIMIUPUUECCKYIO COCTABIAIONINE, KOTOPBIC aJie-
KO HE BCErJa YYUTHIBAIOT pErMOHalbHbIE 0coOeHHOCTH. [pyras mpo-
OsieMa 3aKIJII0YaeTCss B TOM, YTO OOJIBIIMHCTBO MOP(OIUTOIUHAMU-
YECKHUX MOJIENIei 0a3upyeTcsl Ha MOCTYJaTe YUYCHUS O Pa3BUTHH MOP-
CKHX OEpEeroB O CyIIECTBOBAHUU TaK Ha3bIBAEMOTO KIIPOQUIIS JTUHAMU-
YyecKkoro paBHoBecus», onucanHoro B. Il. 3enkoBuuem u KopHanbeit
[BenkoBuu, 1962]. OnHako AN 3HAUUTEIBHOW YaCTU MPOTSXKEHHOCTH
OeperoB BOJHBIX 00BEKTOB MUpa B 1esioM 1 OHEXKCKOTo 03epa B 4acT-
HOCTH 3TO JIOCTaTOYHO a0CTPaKTHOE MOHSATHE.

Pe3yabTaTrhl npuMeHeHHs1 BeTpOIHepreTudeckoro meroaa. Ilpu-
MEHEHHE BETPOIHEPIeTUYECKOTO METOJa TO3BOJUIO MOJYyYUTh Kade-
CTBEHHOE COOTHOIICHHE BJIOJHOCPETOBOrO U IMOMEPEYHOrO MOTOKA Ha-
HOCOB, KOTOpPOE€ MPUBEACHO Ha puc. 1.

Pacuetst npoBogunuce 11st Becero [lpuonexss, 3a uckiouenuem Ce-
BepHOTro IIproHexbs. BoHOBast akTHBHOCTh TaM, KaK IMPaBUIIO, HE3HA-
YUTEIbHASI, BAOJIBOCPErOBbIC TOTOKH HAHOCOB BECbMa MaJIOMOIIIHBI WK
OTCYTCTBYIOT, Ipeo0IaatoT ciiabou3MeHeHHbIC Oepera, JUHAMUYECKHUE
MIPOIECCHI HA KOTOPBIX BBIPAXKEHBI ¢1a00 MM OTCYTCTBYIOT.
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Puc. 1. CooTHOLIEHUE BI0JIL0EPEroBoii U NMONMepPeYHOil KOMIOHEHT HAHO-
COABMAKYIIEH CHJIBI ISl I05KHOTO, 3alaIHOT0 U BOCTOYHOIO MoGepexuii
OHe:kckoro o3epa

[Ipeobnaganue BIOIKOESPETOBOM COCTABISIONICH OOECIIEYMBACT I10-
BBIIICHHYI0 MOIIHOCTh TPAHCIIOPTa HAHOCOB, YTO CTUMYIHPYET abpa-
3ur0. COnocTaBiIeHUE MOTYYCHHBIX PE3yJIbTaTOB C KapTOW THUIIOB Oepe-
roB, oTpaxkeHHbIX B otuere o HUP [Uccnenosanue..., 2015], aTo moa-
TBEPXKJACT: B Mpe/esiaX yJ4acTKOB C MpeodIaiarolieil BIoib0eperoBoi
COCTABIISIIOLICH MTPAKTUYECKU BCE Oepera sBISIFOTCS a0pa3uOHHBIMU WK
a0pa3MOHHO-aKKyMYJISITUBHBIMU. TaM, rlie MMeeT MecTo npeoliaaHue
HOpPMAaJILHO HAIPaBICHHON K Oepery COCTaBIISIONICH, MpeodiaiaeT aK-
KyMYJISLIHS.
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Ha Boctounom Gepery nomnepeunas CocTaBIIsIoLIast pe3Ko npeodaaa-
€T B CEBEpHOM YacTH PEerHoHa, U TaM Takke npeobnagarot abpa3noHHO-
aKKyMyJsITUBHBIE Oepera. FOskHoMy IIpHOHEXKBIO B CHIIy HU3MEHHOTO
xapaxTepa 0eperoB CBOMCTBEH aKKyMYJISSTUBHBIN THII, HECMOTPSI Ha pas-
JMYHOE COOTHOIICHUE BAOJIBOEPETrOBON M MOMEPEUYHON COCTABIISIONINX
HAHOCOJIBHXKYIIEH CHIIBI.

PesyabraTrhl npuMeHeHUsI BOJIHOIHePreTH4eckoro Merona. Boi-
HOSHEPIreTHUECKUI METO]] MO3BOJIWII TIOACUUTATh TOIOBBIE 0OBEMBI TM0-
TOKa HAHOCOB Ha KIIIOYEBBIX y4acTKaxX, OHU MPHUBEICHBI B TaOMI. (KITtO-
YeBbIe YYaCTKU OBbUIM BBIAEJTICHBI AJs Beeil akBaropuu OHEXKCKOTO 03e-
pa, TOTOKM HAHOCOB OBLIM MOACUYMTAHBI IS BCEX HUX, KPOME TeX, KOTO-
poie otHOCcsATCS K CeBepHoMy [IproHexkbio). [lst pa3HbIX y4acTKOB ro-
JIOBbIE 00BbEMBI CYIIECTBEHHO OTIMYAIOTCS, STH OTIWYHS MOATBEPXKIa-
IOTCSl M CHJIBHO Pa3IMYHBIMK TEMIIaMU a0pa3uy U aKKyMYJSILHH, OTMe-
YEHHBIMH IIPH TIOJIEBBIX HAOIIOACHHUSX.

Pe3y.]'leaTl>l nmojacyera eMKOCTH IIOTOKA HAHOCOB

Bennunna BomHO-
VYyacTok (B CKOOKaxX MPUBOIAMUTCS Ha- o O6BeM MoTO-
Howmep . BOI1 SHEPTHUH 32
3BaHMe OJIKaiIero myHKTa HalIoIe- Ka HaHOCOB,
y4acTKa . CEKyHIy Ha TIOTOH-
HUI 32 BOJTHAMH) . TBIC. T B TOJ
HBII MeTp Oepera
2 Paiion noc. [lepessunoe (Lllenro3zepo) 0,1284 1013,9
3 Byxra [llokma — Oyxrta 3asabst 0357 2819
(Iento3epo)
4 I'mmopenxkast Oyxra (ILlento3epo) 0,1284 1131,98
5 Caupckas ryba (roc. Boznecenne) 0,274 1452
6 Paiion yctbst Anziombl (AHI0MA) 1,0389 10614
7 VYerwe p. Pynanku — Mpic Mypomckuit 10389 5007
(Angoma)
8 Msic BecoB Hoc — mbic KpecToBslit 0.908 15527
Hagonok (0. Bacummcun)

ComnocrapJjienne npogueil paBHoBecHs U peaJIbHBIX MpoduJiei
MOABOJHOIO 0EPeroBoro CKJAOHA. 3/eCh IPUMEHSIIUCH IBE METOAUKU!
Huna-bpyyna, onncannas B [Jleontses, 2001], 1 MeToanka, onrucaHHsI
B HOpMaruBe [Yuer..., 1985]. Bce moctpoennsie o meroauke JnHa-
bpyyHa npoduiu paBHOBeCHs, 3a UCKJIIOUEHUEM OIHOTO, OKa3aJluCh Me-
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Hee NPUIITYObIMH B CPAaBHEHUH C PEAIbHBIMU NPOGUIIIMU, HO 3Ta pa3HU-
11a BapbHUPYET OT y4acTKa K y4acTKy. DTO MO3BOJISIET TOBOPUTH O MaJloH
CTETIEHH BBIPa0OTaHHOCTHU MPOQUIIEH, 4TO 0OBICHSIETCS OTHOCHTENBHON
MOJIOOCTBIO OEPEroB, a TAKKE CI1a00CTHIO BOJIHOBOTO BO3JIEHCTBUSI.

W3 Bcex mpodueit MUIb 01nuH, MOCTPOSHHBIN yepe3 Mbic Kapuikue
Hoce! (mpuBonuTcs Ha puc. 2), IPUMEPHO COBHAIAET C MPOQHIEM paB-
HOBecHsl. DTO 00BSCHsIETCS peodiaiaHeM aKKyMY ISITUBHBIX H JIEJIBTO-
BBIX OEperoB Ha 3TOM Y4acTKe, KOTOPbIM CBOMCTBEHHO JOCTATOYHOE KO-
T4YecTBO HaHOCOB. 1o Bcelt BumumMocTH, Takue npoduinn Obutn Obl Xa-
PaKTepHBI ISt FO’)KHOTO Oepera OHEKCKOTO 03epa, a TaKkKe AT MHOTHX
YYacTKOB BOCTOYHOTO Oepera, KOTOpbIe OCTaIUCh 3a TIpe/ieiaMu KITtoue-
BBIX Y4acCTKOB. il HUX TUIIMYHBI aKKyMYJISITUBHBIE Oepera.

B 3amagnom Ilpnonexwse npeoOnamaioT abpa3snOHHO-aKKyMYJISITHB-
HblEe ¥ a0pa3voHHBIE Oepera, Il KOTOPBIX, KaK M3BECTHO, XapaKTECPHBI
npuryosie npodunu. Kak npaBuio, OHM CHIBHO OTIMYAIOTCS OT POQH-
JIei paBHOBECHS], BIIPOUEM, BEJIMUMHA Pa3HULIBI BAPbUPYET B 3aBUCUMOCTH
OT MECTOTOJIOKEHUS MPOQUIIs.

e — : : ‘
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== npodunb NoABOAHOIO BEPeroBoro cKAoHa —#—podunb paBHoBeECHSA
M

Puc. 2. lIpoduas ot mbica Kapunkue Hocbl

3HaynTeNbHAS PA3HHULA B TOJOKEHHN OOJBITMHCTBA POpUIICH paB-
HOBeCHsI U TPO(HIIeH TIOABOTHOTO OEPETOBOTO CKIIOHA MOJKET OBITH 00B-
SICHEHA «MOJIOIOCTBIO» OEperoB M MPOYHOCTHIO OOJBIIMHCTBA Oepero-
bopmupyromux mopoxu, ocobenHo B CeeproM [Ipronexse. 910 IpHBO-
JIMT K TOMY, YTO BO MHOTHX paifoHaX MOBOIHBIN OeperoBoii CKIIOH clla-
00 M3MEHEH IOJ BIMSIHUEM o3epa. [lpyrumu cioBaMu, ero KoHdurypa-
IMs HE TTPOCTO HE NMPHOIM3WIACH K KOH(OUTYparuy MpoQHIs paBHOBE-
CHs, HO M HE Havyajia NpUOIMKaThCs K Hel.

B pesynbrare comocraBieHus pe3yIbTaTOB MOACTUPOBAHUS C PE3YJTb-
TaTaMH TTOJIEBBIX UCCIIEA0BAHUM,  TAKXKE C JINTEPATYPHBIMH TAHHBIMH U
(OHIOBBEIMU MaTepHaaMu MPOCISKUBAIOTCS CISTYIOMINE TeHICHIINN:
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1. Jlng y4acTtkoB OeperoB ¢ mpeoOiafaHueM BIOIBOSPEroBoi co-
CTaBJSIIOIICH BOJTHOBOM SHEPTrUM, KaK TMPABUIO, THUIMUYHBI aKTUB-
Hble a0pa3WOHHBIC TPOIECCH WM, 10 MEHBIICH Mepe, aOpa3uOHHO-
aKKyMYJIATUBHBIC Oepera. Ho naHHas TeHIEHIIMSI HE HOCUT a0COIFOTHO-
TO Xapakrepa.

2. i yyacTkoB OeperoB ¢ mpeodiaiaHueM HOMEePeYHON COCTaBIs-
IOIICH BOJIHOBOW DHEPTUHU XapaKTEPHBI CPABHUTEIHHO CTaOWUIIbHBIE Oe-
pera, Kak npaBuiio, a0pa3uoOHHO-aKKYMYJISITUBHBIC U aKKYMYJISITUBHBIC.

Ho »>Tu nBe 3aKOHOMEpPHOCTH HE BCET/AA MPOSBISIOTCS H3-3a MOCTY-
TUICHUST HAHOCOB C PEKaMH, aHTPOINOTSHHOTO W3bSITUS TPYHTOB JHOO
OCYILIECTBIICHUS UX CBaJla HA HEKOTOPBIX y4acTKaX.

MOo’KHO MPUBECTU HECKOJIBKO KOHKPETHBIX MPUMEPOB, MOATBEPKIA-
IOIMX B3aUMOCBSI3b PE3YIBTATOB, TOJYUCHHBIX B X0/1€ IPUMEHEHHUS Pac-
YETHBIX METOJIOB, U PE3yJabTaTOB 0000IIcHHS (DOHIOBBIX H JIUTEPATYP-
HBIX, @ TAKXKE TOJICBBIX JIAHHBIX, B YACTHOCTH, pacnpeelicHusl Oeperos
no turnam. Tak, Ha 3amagHoMm OGepery OHeru Mexy octpoBaMu bpycHo
u [0IOMSIHHBIM TTpeo0iaiaoT abpa3uoHHbBIC U aKKyMYJIATUBHBIC Oepe-
ra. [IpuMeHeHne BETPOIHEPreTHUECKOrO METO/Ia TI0Ka3allo Mmpeodiaa-
HUE Ha 3TOM YyYacTKe MONEPEYHOU COCTABISIONIEH BOJTHOBOM SHEPTHUU.
Brons0eperoBoii moTOk HAHOCOB HAMPABJICH 3/IeCh B CTOpoHy [leTpo3a-
BoJIcKOH TyOBbI. CeBepHee 0. [0IOMSHHOTO, TIO BCEH BUAMMOCTH, ITPOUC-
XOJIUT €ro «pasrpy3ka». Marepua, MOCTynarwIuil B xoae adbpa3uu Oe-
PEroB FOXKHEE U BBIHOCHUMBIN pEeKaMU, OTKJIJbIBACTCS. 3/1eCh Mpeodiia-
JIAIOT y’Ke aKKYMYJISITUBHBIC U JICNITOBbIC Oepera. YMEHbBIICHHE MOIITHO-
CTH BJIOJIbOEPErOBOTO MOTOKA HAHOCOB 3/1€Ch IMOITBEPKIACTCS U PE3Yiib-
TaTaMy MPUMEHEHUS] BOTHOIHEPIeTHUECKOTO METOAA.

Jls BocTouHOTO Oepera o3epa XapakTepHO YepeIoBaHke aOpa3uoOHHO-
AKKyMYJIITUBHBIX (peKe a0pa3rOHHBIX) U a0pa3uOHHBIX y4acTKOB. [Ipu-
MEHEHHE BETPOIHEPIrETUUECKOIO METO/Ia TAKKE TT0KAa3aJI0 YepeioBaHue
YYacTKOB C MPeo0iialaHueM BOIL0CPEroBOM U MOMEPEYHON COCTABIIS-
IOIIMX BOJHOBO# sHeprun. Kak mpasuiio, npeoOnaganue BAOIbOEpEro-
BOW WJIM MOINEPEYHON COCTABIIAOIIEN HE3HAYUTEIBHOE, YTO CBOMCTBEH-
HO a0pa3uOHHO-aKKYMYJISITHBHBIM Oeperam (To ke MOXKHO CKa3aTh U TSI
3anaaHoro Oepera). J{is 10KHOTO Oepera XxapakTepHo npeodiaiaHue ak-
KyMYJISTUBHBIX O€PEroB, YTO XOPOIIIO COMOCTABISETCS C pe3yabTaTaMu
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MIPUMEHEHUS BOJIHOSHEPIETUUECKOTO MeToAa. VICKIIIOUEeHUE COCTABIISIET
y4acTOK Oepera Mexy yCThsiMH AHIOMBI U BeITerpsl u paiiona mbica
Hogsrii Hoc (paiion 03. Merpckoro), Ha KOTOPOM Mpeo0iiaiaeT momneped-
Hasi COCTaBIISAIOLIAs.

PesynpraTel pacyeToB € HCHOJB30BAaHUEM BOIHOIHEPIETUYECKOTO
METO/Ia TIO3BOJISIFOT BBIICIUTh YYaCTKU OEpPeroB ¢ HauOOJbIleH BOIHO-
Boii sHeprueil. Kak BuaHO U3 Tabm., 3T0 BOCTOUHBIA Oeper OHEKCKO-
ro o3epa, 0COOCHHO ero y4acTok ceBepHee Mmbica becoB Hoc. Bemuun-
Ha BOJIHOBOW DHEPTUM 3[€Ch MOYTH HA MOPANOK IMPEBBIIAET 3TOT I0-
Ka3aTeJib JIJIS 3aMajHbIX U FOXKHBIX OeperoB. ITO OOBSCHSIETCS 3aMETHO
0OoJIbIIIEH CpeHEeH CUIION BETPOB U MOBTOPSIEMOCTBHIO IKCTPEMATIbHBIX
BeTpoB. [Ipu mpounx paBHBIX YCIOBUAX (IPOYHOCTH OeperohopMupyro-
HIMX TIOPOJ, YKJIOH MOABOIHOTO OEPEroBOro CKIOHA, BEICOTAa OeperoBo-
IO YCTyIa U T. JI.) pa3JIn4Ke B BEJIMYMHE BOJIHOBOW YHEPTUU IPUBOJIUT K
pa3IMyYHBIM CKOPOCTSM a0pa3uu WU pa3MbIBa Oepera, a Takxke K Ooliee
BBICOKOMY TEMITY aKKYMYJISTUBHBIX IIPOLIECCOB.

Aemopul  npusnamenvHul COMPYOHUKAM  2eozpaguueckozo akyivmema
MY um. M. B. Jlomorocosa u omoena uH@opmayuoHHo2o obecneyenus mop-
ckoll u sodoxossicmeennou oesmenvhocmu PI'BY « OMHy, komopwie npu-
Humanu axmusnoe yyacmue 8 pearusayuu HUP no Ouesicckomy osepy. bonee

noodpobHo ¢ pesyromamamu ucciedoganuii no HUP ModcHO 03HaKoMumucs
6 PIAHY «[JUTuCy.
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MATHEMATICAL MODELING METHOD TO STUDY ONEGO LAKE
WATERSIDES DYNAMICS AND DEVELOPMENT

E. L. Ignatov', I. V. Zemlianov', A. Yu. Sanin',
E. V. Borshchenko', P. N. Tersky"*

! Zubov State Oceanographic Institute
2 Lomonosov Moscow State University

The studying of the dynamics of lake watersides in any region including the
Onego region not strongly affected by the man’s activity and the assessment of
their future development has always been an important theoretical and practical
matter. The forecast for their further development can be only given using in-
formation on their current dynamics, as well as on the history of watersides’ de-
velopment. Methods of mathematical modeling have been used for the study of
the watersides’ dynamicsand the forecast for their behavior quite often recently.
The wind energy’s and wave energy’s methods are the most popular ones along
with so-called equilibrium coastal profile method. They are much cheaper than
field studies and take less time.The article presents the results of using all these
methods to study different areas of Lake Onego.

TEPMAJIBHBIE ITPOSIBJIEHUSI KPATEPHBIX O3EP
KYPWIBCKUX OCTPOBOB

P. B. Kapkos, /I. H. Ko3;10B
Hucmumym mopcxou eeonoeuu u 2eogpuzuxu J{BO PAH

B pabote npuBoasTCS pe3ynbTaThl KOMIUIEKCHBIX HCCIICIOBAHUH KpaTep-
HBIX 03ep [opsuee 1 Kumsimee (xanpaepa [onmoBuuna, 0. Kynammp) u
bupro3oBoe (kampaepa 3aBapuirkoro, o. Cumymmp). [lano kparkoe omm-
CaHHMe KaJbJiep, MOCICAHNX ITAOB UX JPYNTHBHON JNEATCIHHOCTH H
OTIMCAaHO COBPEMEHHOE COCTOSTHUE THIPOTEPMATbHON aKTUBHOCTH.

Ha KypuibCkux 0CTpoBax pacroJIOKEHO CeMb KPaTepHBIX 03ep, IpH-
YPOUCHHBLIX K CJIOKHBIM KaJIbJICPHBIM KOMIUICKCAM AKTHUBHBIX BYJIKAHOB
(puc.). B Hacrosiiiee Bpems B npejiesiax OeperoBoii MoJIOCk U CO JIHA TIATH
03€ep BBIXOIAT TepMaJlbHbIC BOIbI U (hymaponbHble ra3el. Hanbomnee kpym-
HbIC TePMAJILHBIC MPOSIBIICHUS XapaKTepHbI st 03ep [opsiuee u Kursiiee
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(k. T'onoBHuHa, 0. Kynammp), bupro3oBoe (Bik. 3aBapuiikoro, o. Cumy-
ump). [IpakTiyecku He N3y4eHHBIMHU SIBIISTFOTCSI HEOOMBIINE TEPMOIIPOSB-
JIeHHs1 TPYAHOMOCTYMHBIX o3ep BIK. Kertoit (03. ManaxuroBoe u 03. [a-
30K). B nepron n3zsepskenus ik. [1uk Kpenuibina (0. Onexoran) B 1952 1.
Ha Oepery 03. KonblieBoe Habmonanmich BEIXOAbI TEPMAIBHBIX BOJ, B HACTO-
sAuiee BpeMsl oHu He oTMevarotcs [[opmikos, 1967; Mapxunun, Crparyina,
1977]. IlpoBenenusie B 2007 1. Ha 03. UepHoe (Bik. [Tuk Hemo, 0. Onexo-
TaH) UCCIISAOBAHMS C TIOMOIIBIO HU(POBOTO X0I0Ta OKA3aJIH, YTO KOTIO-
BHHA 03epa HE OCIIOKHEHA KAKUMU-TTHOO SKCIUIO3UBHBIMH MU SKCTPY3UB-
HBIMU (DOpMaMH U He IMeeT THAPOTEPMaIIbHBIX BBIX0A0B [Kozmnos, 2015].
B 2002-2015 rr. aBropamMy IpOBOIWIINCH KOMIUIEKCHBIE pabOThl Ha
BynkaHax Kypuibckux ocTpoBoB. OHOM U3 3a]a4 McCIe10BaHUN SBIIS-
JIOCh BBISIBIEHHE COBPEMEHHOH BYJIKaHMYECKOW M Ta30rMapoTepMallb-
HOW aKTMBHOCTH KpaTepHBIX 03€p perruoHa. B xoze nosnessIx uccnenona-
HUH MPOBOJMIINCH OTIPENIEICHHSI OCHOBHBIX (DPU3UKO-XMMUYECKHX Tapa-
MeTpoB razoruaporepM (pH, remneparypa), npousBonuiicst oToop mpod
TepMaJbHBIX BOJ AJI MOCIEIYIOEro aHajln3a XUMHUYECKOro COCTaBa.
3amMepbl TeMIeparypbl TepPMalbHbIX HICTOYHUKOB U BBIXOJOB (hyMapoiib-
HBIX Ta30B IPOBOJMIUCH MEKTPOHHBIM TepMoMeTpoM Digitron-T200KC
u ¢ nomouipio TertoBuzopa SAT SDS Hotfind-LXS. Ananus nonyuen-
HBIX TEPMOTPaMM IO3BOJISET JIENIaTh BBIBOJBI O XapaKTepe pachpesene-
HUSI TEMIIEpaTyp Ha MOBEPXHOCTH 03€pa U B IPUOPEKHOHN 30HE, B KOTO-
pOM, Kak MpaBUJIO, PACIONATraloTCs TPYIIbl TEPMATIbHBIX MCTOYHHUKOB.
OCHOBHOI MeTOJ MCCIEIOBaHUM KpAaTEpHBIX 03€p — HXOJIOTHBIH MpoMep
C CHHXpOHHOW HaBuUrauMoHHOH (GPS) mpuBS3KOH 3XOJIOTHBIX Mpodu-
el ¥ MX moclnenyoomuei oopadoTkoii B mporpammax Sonar Viewer 2.1.1,
Excel 2010 u Surfer 10. Mcnons3zoBanuck sxonotel Lowrance: «Eagle
SeaCharter 320DX» u «LMS-527cDF iGPS». Cucrema npoduneii BbI-
Oupaercsi TaKMM 00pa3oM, YTOOBI IJIOTHOCTH MMOKPHITUSI KIMHU 03€p ObLiIa
MaKCHUMaJIbHO paBHOMeEpHOM. [logyyeHHbIe ¢ TOMOIIBIO 3X0JIOTOB JIaH-
HbI€ TIO3BOJIMJIM YCTAaHOBUTH [IIyOWHBI KPaTepHBIX 03€p, COCTaBUTh MX
0aTUMEeTPUYECKHE CXEMBI, & TAKXKE ONPENEIUTh MECTa OCHOBHBIX T'a30-
THIIPOTEPMANIbHBIX BBIXOJO0B. Hike paccMOTpeHbl 0COOEHHOCTH COBpe-
MEHHOH ra3oruapoTepMaIbHON NIEATEIBHOCTH B Ipelenax KpaTepHbIX
03€p KaJbJAEepPHBIX KOMIIJIEKCOB BYJIKAHOB | 0JI0BHMHA U 3aBapUILIKOTO.
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Kanpaepnsiii kommiekc BynakaHa I'onoBuuna. Kansnepa Bik. ['onos-
HUHA HaXoIuTcs Ha fore 0. KyHammp u umeet auamerp 1o rpe0HIo OKo-
7o 4,5 xM. /lHO Kanmbaepbl B OCHOBHOM POBHOE C HEOOJBIINM YKJIO-
HOM Ha CE€BEpO-BOCTOK. B LIeHTpe KasibJiepbl HAXOAATCS BA DKCTPY3HUB-
HBIX KYITI0JIa aHJIe3UJalluTOBOro coctaBa — LlenTpanbHbiil Boctounstit u
LenTpanpHblii 3ananHelil. B npenenax kambaeps! ra3orupoTepMaibHas
JIesITeNIbHOCTh cocpeioToueHa B o3epax Kunsmee u ['opsiuee n Ha msatu
HAa3eMHBIX CONIb(aTapHbIX MOJISX BHYTPH KaJIbIEPHI.

Osepo Kunsuwee. BopoHka (hypeaTHuecKoro B3pbiBa, 3alI0JTHEHHAS 03.
Kunsiee, Bpe3aHa B 03epHbIE OTIO0KEHHUS M I0T0-3aMlaJHYI0 4acTh KC-
Tpy3uBHOIO Kynoua [{enTpanbusiii BocTounslil. Beicota kpoMku Kpare-
pa 1o 195 M Hag ypoBHEM Mopsi, cpenusis nryouna kpartepa 30 m. [y-
OuHa o3epa — 16 M, nuamerp — okosio 235 M, IUIOLIAAb 3epKajia 03e-
pa— 66 000 M>. B neHTpe 03epa HAXOAUTCS BOPOHKA IIyOUHOI 10 16 M,
CO JIHa KOTOPOIl MOJJHUMAIOTCS Ta30BbI€ CTPYH, XOPOIIO BUUMBIE HA T10-
BEPXHOCTH B TUXYIO Oe3BeTpeHHYI0 noroay. CIIONIHON MOTOK ra30B CO
JTHa 03€pa OTYETIIMBO BUICH Ha 3XOJOTHBIX MPOPHUIISLX, MOTYUECHHBIX IPH
npoBenenuu B 2005 r. baruMerprueckor cheMkH Ha 03. Kumsiee [Kos-
noB, benoycos, 2007; Kosnos, XKapkos, 2010]. Kucasie (pH okomno 2,5),
XJIOpUIHO-CYNb(aTHbIe HaTpUEeBbIEe BOAbI 03. Kumsiee HarpeTsl B Me-
CTax BBIXOZIa Ta30THAPOTEPM B MpHOpexHbIX yacTsax Ao 90 °C. B uen-
TpaJIbHOM "acTu o3epa, o AaHHbIM [MapxunuH, Crparyna, 1977], xu-
MHYECKHUI COCTaB BOJbI MPEUMYIIIECTBEHHO XJIOPUAHBIN HaTpueBsli, pH
3,7, temneparypa Ha noepxHocTH okono 30 °C. Ilpu nndpakpacHoit
cheMke ¢ BepumuHbl LleHTpansHoro BoctouHoro kymnosia mOBEpXHOCTb
03epa HaxoAuIach NPUMEPHO B OJJHOM TEMIIEpaTypHOM Juarna3oHe 30—
35 °C, u nuiIb B CEBEPHON U IOr0-BOCTOUHOM HacTsIX 03epa TeMIepary-
pa CyIIECTBEHHO BBIIIIE, TaK KaK HA 3THX YYacTKaX BBIXOAAT Ia30rHIpo-
TepMbl ¢ Temneparypoit 1o 95 °C [XKapxkos, 2014; Koznos, 2015]. L]en-
mpanvhoe Bocmounoe convgpamaproe none pacroiaokeHo Mo Oeperam
03. Kumsiiee, 31ech MOXKHO BBIIETNTD YETHIPE yUacTKa C BEIXOAAMH Tep-
MaJIbHBIX BOJ M cONb(arapHbIX ra3oB. OCOOEHHOCTBIO IOTO-BOCTOYHOTO
y4acTKa SIBISETCS HAMW4YHe OOJBIIOro KOTiIa AUaMeTpoM 110 4 M (UCTou-
HuK «bonpimoii» mo E. K. Mapxununy u . C. Crparyne [1977]), ps-
JIOM C KOTOpPBIM 4epe3 0OBOJHEHHBIE MeCYaHble OTIOKEHUSI MpoOuBa-
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eTCs MHOXKECTBO Maporas3oBbIX cTpyek. Ha ceBepHOM ydacTke Takxke
PAacIoIOKEHO MHOKECTBO Pa3HOOOPA3HBIX KUIISIIUX KOTIOB U CONb(a-
tap. Ha ceBepo-3amasHOM M 3amaJiHOM y4acTKaxX BBIXOJOB coibdarap-
HBIX Fa30B HEMHOTO, B OCHOBHOM 3/1€Ch BCTPEUAIOTCA TepMalIbHbIE UC-
TOYHUKH U HEOOJbIINE XOJNOoAHbIe pyueliku. Temmeparypa conbdarap-
HBIX Tra3oB gocturaer 90-100 °C, Temneparypa HUCTOYHHUKOB Bapbupy-
et ot 60 10 100 °C. Xumuueckuii cocTaB TepMalbHBIX BOJ PE3KO pa3iiu-
YaeTcs Jake BHYTPH ydacTKa: OT CyOHEHTpanbHBIX M CIa0O0IIETOuHbIX
(pH 6,0-8,5), runpokapOOHATHO-CYNIb(aTHBIX HATPUEBO-KAIBIUEBBIX 10
kucneix (pH 2,0-2,5), cynbdaraeix HarpueBbix [Mapxunun, Ctparyna,
1977]. Cpenu onpoboBanHbix Hamu B 2013—2014 rT. TepManbHBIX HCTOY-
HHUKOB OOJBLIIMHCTBO OTHOCHJIOCH K XJIOPHIHO-CYIb(aTHBIM HaTPHEBO-
KaJbIeBbIM TuapoTepmam ¢ pH 1,5-2,1. M3otonHelil cocTaB Bogopoaa
M KUCIIOPOJa TUAPOTEPM BapbUPYET B IIUPOKOM AHANa30He, HO MPAKTH-
YeCKH HaXOIUTCA B Mpejesiax JIMHUKA METEOPHBIX BOJI, YTO YKa3bIBaeT Ha
NPEUMYIIECTBEHHO aTMoc(epHOe MPOUCXOKICHNUE BOAHOW KOMITOHEH-
ThI rupoTepM [XKapkos, 2014]. B razoBom cocTaBe TepMaIbHBIX UCTOU-
HHUKOB, 10 1aHHbIM [Mapxunun, Crparyna, 1977], npeobnanatror CO, u
H,S (obmas cymma 55 %), 42 % ra30B NpUXOAMTCS Ha a30T U PEAKUE
raspl. Conbgarapel 3TOro mojs MMET WHOHM ra3osbli cocras (CO, —
52 %, H,S — 45 %), KoHA€eHCaThl CONMb(ATapHBIX ra30B 0 XMMUYECKO-
My COCTaBy XJOPHUIHO-Cynb(daTHbIe KanbpuueBble [Mapxunun, Ctpary-
na, 1977].

Osepo [opauee. CeBepHas 4acThb KajbJephl ByJlKkaHa [ 0l0BHIHA 3aHsI-
Ta 03. [opsyee, koTopoe coobmaercst ¢ OxoTckuM MopeM p. O3epHoii. B
HACTOsAIIIEE BPEMS 03€PO 3aHUMAET 3,1 KM?, 4TO COCTABIISET OKOJIO OTHOM
TPETH Bcel IUIOMIAIN AHA KaiubAepbl. C MOMOIIBIO 3XOJIOTHOW CHEMKHU
yIaJIOCh I€TalbHO 3aKapTUPOBATh B 3aMaAHON U BOCTOYHOM HacTsAx 03e-
pa ase Bopouku [Koznos, benoycos, 2007; Koznos, 2015]. Pa3mep 3a-
MaJHOM BOPOHKH — 0K0JI0 250%200 M, riryOuHa — 62,3 M, pa3mep BOCTOY-
HOH BOpoHKH — 0Ko10 200%150 M, imy6una — 60 M. OGe BOPOHKH UMEIOT
MOLIHbIE Ta30rHAPOTEPMaAIIbHBIE BBIXOJbI, KOTOPBIE XOPOIIO BUIHBI Ha
9XOJIOTHBIX MPOQUISLX U Ha MOABOAHON BUAeocheMKke. DopMupoBaHue
BOPOHOK CBSI3aHO ¢ ()peaTHUECKUMHU U3BEPKEHUSIMH, TOAOOHBIMU TOMY,
B pe3ysibTaTe KOToporo odpasoBaicst kparep o3. Kumsimiee. [lpu mpose-
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neanu B 2015 . MOBTOPHOM X0NOTHOW CheMKH OBbLITH OOHApY>KEHbI pa-
Hee He OTMEYEHHBIE MOIIIHbIE TTapOra30BbIe BHIXO/IbI B I0T0-3aM1aJHON ya-
ctu 03. [opstuee, mpuypoyeHHsie K HeOombIoi BopoHke [Kosnos, 2015].
Boner o3epa xucnsie (pH 2,5-3,0), cyiabdaTHO-XIOpUAHBIE HATPUEBO-
KanpLueBble. [TaBHAass 0COOEHHOCTh XMMHUYECKOTO COCTaBa BOJIBI 03. [ 0-
psiuee — pe3kasi cTpaTudukanus ¢ 000co0ICeHUEM TOBEPXHOCTHOTO CIIOS
MotHocThi0 10—12 M. BepxHnuiil cioi xapakTepusyercsi CpaBHUTENBHO
BbICOKOW Temmeparypoil 17—18 °C, HukHuUll cllo#, BIJIOTH 10 JIHA, Xa-
pakTepusyercs NOoCTOsTHHOM TeMneparypoi 8—9 °C [3oToB u ap., 1988].
Ha Geperax 03. ['opsiuee pacnonokeHbl HECKOIBKO CONMb(aTapHbIX MO-
neit: LlenrpanbHoe 3anannoe, bespimsaaoe, HabokoBckoe u Uepenaxo-
Boe. B ceBepo-3amagHoii npuOpekHON YacTH 03epa Ha TIOABOJHOM CKJIO-
He [lonymeynoro kynosna BeiaensitoT [lomgBogHoe conbgarapHoe more.
Tlodsoonoe convpamaproe none 3aHUMaeT womaab npumepro 400 m?,
C KOTOpPOH MOAHMMAIOTCSI MHOTOUHCIIEHHbIE CTPYHKH Tra3a. ['a30BbIe BbI-
xonsl [Mapxunus, Ctpatyna, 1977] comepxat cpeau mpeoOaaronmnx
MapoB BOABI M YIJIEKHUCIIOT0 ra3a 3HaYUTENbHOE KOJTMUECTBO XJIOPHUIHBIX
U CepHMCTBIX ra3oB. Ilo Hammm 3aMepam Temmeparypa BOJbI 03€pa B
npenenax [logBoanoro consgaraproro noist nossimaercs 10 20-21 °C,
pH Boxsl cocrasnsier 3,6. L{enmpanvroe 3anaonoe conbgpamaphoe none
pacIojokeHo Ha 3amajgHoM Oepery o3. [opsdee u uMeeT pa3Mepsl OKO-
70 200x80 m. CoBpemeHHast coib(aTapHO-TUAPOTEPMAITIbHAS ACSATEIb-
HOCTb IIPOSIBIIETCS B BUJIE BBIXOJIOB [TAPOTa30BbIX CTPYH U TEPMaIbHBIX
BOJ. B HIKHEN yacTu mossd, B HECKOJBKUX JAECITKaX METPOB OT O3e-
pa, U3 HeOONBUION TPEUIMHBI BHITEKACT PydeeK ¢ TeMIepaTypou 10 98
°C. Bopa pyueiika npencTapisieT €CTECTBEHHBIH KOHAEHCAT coibdarap
u oTHOcHTCs K kucabM (pH 1,2), cynbgaTrHbiM KaableBO-HATPHEBBIM
TepMaM. 30TonHbIN cocTaB BOJOPOAa U KMCIOPOAa YKa3bIBaeT Ha Ipe-
MMYIIECTBEHHO aTMOC(EepHOE MPOUCXOKACHUE BOIHOW KOMIIOHEHTBI
runporepm [Kapkos, 2014]. Bezvimannoe convghamaproe none Haxo-
JIUTCS Ha ceBepHOM Oepery o3epa. s atoro conbdarapHoro mosis xa-
PaKTEepHO pa3BUTHE TPSA3EBBIX KOTIOB. Bnoib HeOOMbIIOro pydss pac-
MOJIOKEHO HECKOJIBKO I'PSI3EBBIX KOTIOB ¢ Temneparypoit 1o 89 °C u pH
3,4. B pycne pyubs 1 Ha BO3BBILIEHHBIX Yy4aCTKaX MHOTOYUCIIEHHBI BbI-
xofbl Ta30B ¢ Temneparypoit 100101 °C. Habokosckoe convghamaproe

41



noje PacrloNoKeHO Ha CEBEPO-BOCTOYHOM Oepery o3epa. 31ech MMeeT-
Csl HeCKOJIbKO MaJloJIcOUTHBIX UCTOYHUKOB C Temrmeparypoit 38—52 °C
u pH 6,0. ITopozs! B mpeaenax mosmst THAPOTEpMalIbHO H3MEHEHBI, COBpe-
MEHHBIX COJIb()aTapHBIX BBIXOAOB HE HaOmonaercs. Yepenaxogoe none
HaXOJIUTCS B CEBEPO-BOCTOUHON YacTH 03epa. 3/1€Ch e MOKHO BBLAETUTh
HeOOoJIbIIIoe MOABOIHOE cosb(harapHoe moje, rae ¢ ryounsl 50-60 cm
BBIXOJIUT Ta3, JIOKaJIbHO Harpesarouit Boay o3zepa 1o 30 °C. Temnepa-
Typa nctounukoB fgocturaet 80 °C, pH 2,3. Ilo xumuueckoMy cocTaBy
[Mapxunun, Ctparyna, 1977] 1o cynbgarHeie KalblUeBO-HATPUEBBIC
TepMBI co cpenHeit Munepanuzanueil. Conbharapsl UepenaxoBoro moJst
HarpeTsl 10 98 °C u sBnsroTCs yriekucisivu (conepxanue CO, — 94 %),
KOH/ICHCAThl UMCIOT CYIab(aTHBIN KaJblneBbIli cocTas 1 pH 3,4.
Kanbaepuslii komiuieke ByiakaHa 3aBapunkoro. Ozepo bupro-
30BOE PACIIONIOKEHO B KalbJepe ByJKaHa 3aBapHUKOTo (abc. oTMETKa
624 M), HaxoAsIIeTOCA B IIeHTpajdbHON yactu 0. Cumymup. Kanbnep-
HBIA KOMIUIEKC IMpEICTaBiIsIeT co0OW TPH BIOXKEHHBIE JIPYyr B JIpyra
KaJIbJIEphI, pa3Mep caMoi MOJIOJOH KajbAepbl OKOJIO 2,5 KM B Juame-
Tpe, OHa 3amojHeHa BogamMu bupro3osoro o3epa. Pasmep o3epa cocTas-
JsieT okoso 1,5%2 KM, ero miomaab paBHa MPUMEPHO 3 KM?, YPOBCHb
03epa IpeBbIIIacT ypoBeHb okeana Ha 50 M. B ceBepHOil yacTu Kab-
Jepbl pacronaratorcs CeBepHbI SKCTPy3UBHBIA 1 BocTounbli 2 dy-
3UBHBIN Kymona. 12 HosiOpst 1957 1. mpou3011I0 CHIIbHOE U3BEPIKEHHE,
B pesyJbraTe KoToporo obpazosaiicsi CeBepHBIH 3KCTPY3UBHBIN KyTOJ
[Mapxunun, 1960]. [locne u3BepxkeHUs, B pailoHe Kymoja, JIUTENb-
HOE BpeMsl MPOsIBIsIach pymMaposbHasi akTUBHOCTb. B 1oro-3amagHoi
YacTH KaJibJephl Ha Oepery o3epa HaxXOAWINCh TepMallbHbIe HCTOYHH-
ku ¢ Temneparypoit 90-100 °C [3enenos, Kanakuna, 1962]. B 2007 r.
HamMH ObUla MpOBeAcHAa OaTMMETpHUYEcKas ChEeMKa BHYTPUKAJIbACP-
Horo o3epa buprozosoe [Koznos, XKapkos, 2010]. Ha ocHoBanuu mo-
JYYEHHBIX JaHHBIX BIIEPBBIC COCTaBJeHa MOApoOHas OaTMMeTpHue-
CKasl cxeMa 03epa, Ha KOTOPOH OTYETIMBO MOKa3zaHa MOP(OJIOTHs 03e-
pa ¥ ero CTpyKTypHbIe 31eMeHThl. [loaTBepaunoch Haau4Me Ha JIHe
CyOMepuAMOHAIIBHOW BHaIWHBI, MPOCTUPAIOLICHCS C [Oro-3amaja Ha
ceBepo-BocTOK, kKoTopyto I. C. IopuikoB [1967] Ha3bIBaN «IKCIIIO3UB-
HBIM PBOM MEPUIMOHAIBHOTO MPOCTUPAHUS», 33 cdeT 00pa30BaHUs U
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YaCTUYHOTO OOpYILIEHHsI KOTOPOTrO M BO3HMKIJIA BHYTPEHHSISI KalbJe-
pa BynkaHa 3aBapuukoro. Kpome toro, Ha nHe o3epa Obuin 0OHapy-
JKeHBbI TpU BOpPOHKHU. O/IHa BOPOHKA HAaXOJIUTCA B I0XKHOW 4acTH 03e-
pa 1 UMeeT MaKCUMallbHY10 TIyouny 87 M. Bropas BopoHKa HaxonuT-
cs 10KHee Kyrosia BocTouHslii, B ceBepo-BOCTOUHOM yacTu o3epa. Ee
MakcuManbHas r1youHa 81 M. TpeThsi BOpOHKA, ¢ MAKCUMAJIbHOM TITyOH-
Hol 42 M, oOHapy>KeHa B CeBEpO-3aMagHoN 4acTH o3epa. BopoHku nme-
10T SKCIIO3UBHBIN TeHe3uc. [1o cBouM Mopdonornueckum xapakTepu-
CTHKaM OHM CXOXM C BOPOHKaMH, U3yUYEHHBIMH BO BHYTPUKAJIbAEPHBIX
o3epax lopauee u Kumnsmee. Crnegyer oTMETHTb, YTO B Npenesax BO-
POHOK BHYTpHKaJIbAepHBIX 03ep [opauee n Kumsimee cymecTByoT HH-
TEHCUBHBIE BBIXO/IbI ITOJIBOJHBIX Ta30TUAPOTEPM, @ B MPEIENaX BOPOHOK
03. bupro3oBoe Takux BBIXOJOB HE OOHapykeHo. ToT (akT, 4To BOpPOH-
KU He OBbUIN 3aChINaHbl MPOIYKTaMHU U3BEPKEHUH U JOHHBIMU OCa/IKaMH,
MOKET TOBOPHUTH O TOM, YTO OHH 00pa30BaINCh CPABHUTEIHLHO HEABHO.
Ilo cpaBHEeHMIO ¢ JaHHBIMM ITpOMepOB, BbIMONHEHHBIX K. K. 3eneHoBbim
u M. A. Kanakunoti [1962] B 1958 1., 3a 49 5ieT riyOnHa BHY TPUKAJIbACP-
HBIX 03€p o3epa yBenuuwiack Ha 12 M. OfHaKo, O TaHHBIM [3esIeHOB,
Kanakuna, 1962], mocne uzBepskenust 1957 1. ypoBeHb 03epa MOHUBUIICS
Ha 6—8 M, ak 1959 1. — emie Ha 2 M. Ha 3X0n0THBIX TpoduIIsx, MoayyeH-
HBIX B I0I0-3aI1aTHOM YacTH 03epa, XOPOIIO BUAEH YUaCTOK C «Ta30BbI-
MU (pakenammu», Ha KOTOPOM pacroiarajiich TepMajibHble HCTOYHHKH,
onucanHble uccaenoBarexsiMi B 1940-1950-x rr. 3aech Obln 3auk-
CUpPOBaHbI BBIXOIBI 1IeNouHbIX (pH 8,4), XJ10pUIHBIX HATPUEBBIX TEP-
MaJbHBIX BoJ ¢ Temneparypoil 90-100 °C u muHepanuzaunuei okoso
4 r/n [3enenos, Kanakuna, 1962]. B HacTosimiee BpeMs B 3TOM MECTe
Bona mporpera 10 40—65 °C (3aMepsl TEPMOMETPOM U TEILZIOBU30POM),
IIpH cpefHel Temneparype Box o3epa okono 14 °C, a Ha ee MOBEPXHO-
CTH BUJHBI ITy3bIPbKHU T'a30B U napeHue. [lo Hammm u3mMepeHusm, npo-
n3BeJeHHbIM opTatuBHbIM pH-MeTpom HANNA-Hi19025 u anexrpon-
HeIM TepmomeTpoM Digitron T200KC, necok Ha Gepery o3zepa B 3TOM
paiione mporpetr 1o Temneparypsl 20-91,2 °C, pH Boasl coctaBuser
7,5. 3a mpoueamee nocie uzBepxkeHus 1957 r. Bpems ypoBeHs 03. bu-
pr030BO€ MOAHSUIICS MpUMepPHO Ha 10 M, B pe3ysbTaTe 4ero TepMajibHbIe
MCTOYHUKH OBUIH MOJHOCTBIO 3aTOMJICHBI.
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Takum 00pa3oMm, TepMalbHBIE MPOSBICHUS KpaTepHbIX o3ep Ky-
PHIIBCKHX OCTPOBOB Pa3HOOOPA3HBI MO CBOEH aKTUBHOCTU M (PHU3HMKO-
XUMHUYECKUM cBoMcTBaM. Ha nmpumepe akTUBHBIX BylIKaHOB [010BHHU-
Ha 1 3aBapHIKOrO BBISABIEHO M3MEHEHHE MHTEHCHBHOCTH TEPMOIPO-
SBJIEHUH B rojoueHe. 3a nociuennue 70 jgeT Ha o3epax ByikaHa [ 010B-
HUHA HE OTMEYaJIOCh CYIECTBEHHBIX U3MEHEHHN (PU3UKO-XUMUYECKUX
CBOWCTB Ta30THAPOTEPMAIIBHBIX IIPOSBICHMM, TOrJa Kak B Ipenaesax
o3epa buprozoBoe u B Kanpaepe 3aBapUIKOTO MPOUCXOAMIN 3HAYH-
TEJIbHbIE U3MEHEHUS NMCIIOKALUU, Pa3MEPOB U COCTaBa TEPMallbHBIX
IIPOSIBICHUM.
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THERMAL FIELDS CRATER LAKES OF THE KURIL ISLANDS
R. V. Zharkov, D. N. Kozlov
Institute of Marine Geology and Geophysics FEB RAS
The paper presents the results of a survey aimed at the study of crater lakes
Goryachee and Kipyashee (Golovnin Caldera, Kunashir Island) and Biryuzo-
voye Lake (Zavaritskiy Caldera, Simushir Island). The work contains the over-

view of the calderas, their last stages of eruptive activity as well as their present
state of hydrothermal activity.

BJIUAHUE TN APOTEPMOANHAMUKHU
NPUIOHHOI'O CJIOSA MAJIOT'O O3EPA
HA XUMHUKO-BUOJIOI'MYECKHUE IMPOLHECCHI

I. 3. 3nopoBennoBa, P. 3. 3nopoBennon, C. FO. Boikos,
C. P. bornanos, I. I'. 'aBpujienko

Hncmumym eoonwix npoonem Cesepa KapHI] PAH

B cratse MOPpUBOAATCA PE3YJIbTAThl aHAJIM3a NJAHHBIX ITOJIEBBIX U3MCEPE-
HUH TEMIICPATYpPbl U COACPIKAHUA PACTBOPECHHOTO KUCIOPOJAa B MaJIOM
03€p€ B TCUCHUC 3UMBI. HOKa3aHO, YTO HAMOOIBIINN POCT TEMIICPATY-
Pbl 1 YMCHBIUICHUEC COACPIKAHNA PACTBOPCHHOT'O KHUCJIOPOJa OTMCUAKOT-
Cs B IICPBBIC HEMICIN JIEAOCTAaBa B IIPUAOHHBIX CJIOAX I‘J'Iy6OKOBO)1HOI\/'I qa-
CTH 03¢€pa. Peskue ckauku KHCJiopoJa B HpH}IOHHOP'I 001aCTH B TEUCHHE
3UMBbI MOT'YT OBITH CBSI3aHBI C HHTeHCH(bPIKaIIPIefI TUAPOJAUHAMUKU TIPU-
JOHHOI'O CJI04.

TepMoarHaMUKa IPUIOHHOTO CJIOSI MAJIOTO 03€pa MOXKET OKa3bIBATh
3aMETHOE BIIMSHHE HAa XMMUKO-OMOJIOIMYECKUE MPOLECChI, TAKME KaK
MOTOKH I'a30B Uepe3 IOBEPXHOCTh JIHA, Pa3BUTHE Ae(ULIUTa KUCIOPOAA
B IPUAOHHBIX CJIOSIX, YTO 0COOEHHO 3aMETHO B IIEPUO JIe10CTaBa, KOTI-
Ja ra3oo0MeH ¢ aTMoc(epoil U BETPOBOE IEPEMEIINBAHUE ITPaKTHYe-
CKU OTCYTCTBYIOT. Posb TEIJI0BOTO MOTOKA Yepe3 rpaHuily BoJa — JHO
B TEIUIOBOM Oro/KeTe HEOOJIBLINX BOJOEMOB, HE CTOJIb CYLIECTBEHHAs
B IIEPHOJL OTKPBITON BOJbI, 3aMETHO BO3pPACTAET NPU HAJIWYMU CILJIOLI-
HOTO CHEKHO-JICASHOTO IOKPOBA, MPEISTCTBYIOIIETO aKTUBHOMY Te-
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IJIOBOMY B3aUMOJIEHCTBHIO ¢ atMoc(epoii. BenmnuuHa TemmioBoro mo-
TOKa BOJHM3U TPaHUIBI BOJA — JHO B MPEAJICJOCTABHBIA MIEPUOA U B
Hayaye 3uMbl gocturaet 5—10 BT'M?2, 3aTeM B TeueHHE MEPBOTO Me-
csilla JISIOCTaBa PE3KO YMEHBIIIACTCS U K €ro KOHIY PEAKO IPEeBbIIIa-
et 1 Br-m? [Bengtsson, Svensson, 1996; Kirillin et al., 2009]. Crox-
HOCTh TIapaMeTpU3aliy TEIIOBOTO TIOTOKA Yepe3 TPaHuIly BoAa — THO
00yCIIOBJICHA €T0 3aBUCUMOCTBIO OT TEPMO(PU3NUYECKIX CBOHCTB I'PyH-
ta [Malm et al., 1996; Ryanzhin, 1997]. IloBblmieHre Temmeparypsl
OPHUIOHHBIX CIOEB MaibiX o3ep 10 4-5 °C B TeueHHe 3UMBbl CIOCO0-
CTBYET aKTUBHOMY OaKTEpUAILHOMY Pa3JIOKCHUIO OPraHUYEeCKOrO Be-
IIECTBA, YTO MOXET MPUBOAWTH K PA3BUTHUIO aHA3POOHBIX YCJIOBHH U
HAKOTUICHHUIO MTAPHUKOBBIX Ta30B, TAKUX, KaK YIJICKUCIBINA ra3 U METaH
[Golosov et al., 2007]. [110THOCTHBIC TEUYCHHUS, HATIPABICHHBIC BJIOJIb
CKJIOHOB C MEJIKOBOJIU B 00JIaCTH OOIBIINX TIIYOHH U 00YCIOBIICHHBIC
HEPaBHOMEPHBIM MPOTPEBOM JIOHHBIX OTJIIOKCHUI BOJIOEMOB Ha HTarle
OTKpBbITOM BOMBI [Malm et al., 1998], MoryT urparb 3aMeTHYIO pPOJIb
B aKTUBU3AIMH XUMHKO-OHOJIOTHYECKUX TIPOIECCOB B IPHUIOHHOW 00-
JIACTU W BHOCSAT CYIIECTBCHHBIN BKJIAJ B Iepepacipe/ieiiCHIe M0 BO-
JTHOM Macce TeIula U BellecTBa B TeueHue 3uMbl [ Zdorovennova, 2009].
Pe3kue ckauku TemMneparyphl, JOXOASIINE A0 ASCATHIX A0JICH rpamyca,
OTMEUYEHHBIC B MPHUJIOHHBIX CIIOSIX MEIKOBOIHBIX 03€p 3UMoit [310po-
BEHHOB U Jip., 2011], MOTYT OBITH TPOSIBIEHUEM CEHII U BHYTPEHHUX
BOJIH. B HacTosmIeil paboTe nmpuBEeHBI Pe3yIbTaThl aHATU3a JaHHBIX
WU3MEpPEHUH TEeMIIEPaTyphl U COJEPIKAHUS PACTBOPSHHOTO KHCIOPO/Ia B
MPUIOHHBIX CJIOSX HEOOJIBIIOTO 03. BEeHII0OPCKOTO, PACIIONIOKEHHOTO B
1okHOH yactu Kapenuu (62°10'—62°20" N, 33°10'-33°20" E) B mepu-
0] Ie0CTaBA.

O3zepo BeHmiopckoe NMpuHAICKUT K OacceliHy BOJAHOW CHUCTEMBI
p. Cynsl, Bnagatomnieit B OHexckoe o3epo. KotnoBuna o3epa nenHu-
KOBOTO TpoucxoxaeHus (amuuHa ~7,0, mmpuna ~1,5-2,0 km). B o3e-
po Bmanaet p. PuHgo3epka u HECKOJIBKO HEOONBIIIUX PYyYbeB, BHITEKACT
p. Kymannern, oqHako o0bem ux ctoka HeBesuk. [Iomaas 3epkana ozepa
10,4 xm?, o6beM Boa ~5,5-107 M%, cpenHsas miyouna 5,3, MakCUMalb-
Has 13,4 M. Ctok ¢ BomocOopa o3epa u aTMoc(epHbIe 0CaIKN OKa3bl-
BalOT ONPE/EIISIIONICe BIMSHAC HA U3MEHEHHUS 00beMa O3EPHBIX BOJ
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B TeueHHe rojaa. JloHHbIE OTIOXKEHHS MPEACTABISIOT COOOW MECOK Ha
MENKOBOAbE (Ha rTyOMHax He Oojiee 2—3 M) U KOPUYHEBBIE U TEMHO-
KOPUYHEBbIE MJIBI B ITyOOKOBOIHOM yacTu o3epa [Jlutunckas, [loms-
k0B, 1975]. Knumar palioHa uccienoBaHuil xapaKTepu3yeTcs Mpoa0i-
JKUTEIBHOW MATKOM 3UMOM U MPOXJaAHbIM JeToM. HaunmHaercs neno-
CTaB CO BTOPOW MOJIOBUHBI HOSIOPS 10 CEpeAMHBI 1eKa0psl, 3aKaHYNBa-
eTcs B IepBOK-BTOPOH nekanax mas [Zdorovennov et al., 2013]. Axas-
poOHBIE ycnoBHs GOPMHUPYIOTCS B IPUAOHHBIX CIIOSIX YK€ B CEpeIuHE
3UMBI, U K €€ KOHILy TOJILIMHA aHa POOHOH 30HbI B HEHTPAIbHON KOTIIO-
BHHE MOXKET JOCTUraTh MeTpa [ TepxeBuk u ap., 2010].

W3mepenust Temneparypsl BOAbI U COAEpKaHUA pACTBOPEHHOIO KHUC-
nopona npoBogwinch B 2007-2013 rr. Mcnonap30Baauch BBICOKOUYB-
CTBHUTENbHBIC JAaTYMKH TPOU3BOICTBa KaHaackol ¢gupmbl «RBR Ltdy,
KOTOpbIe Kpenuiauch Ha kocbl. Koca mpencrasinsuia coboit dan ¢ mpu-
KpeIUIeHHbIMU K HeMy uepe3 0,5-2 M B BogHOH Tosie u uepe3 2—20 cm
B MIPUIOHHOM CJIO€ AaTYMKaMH. B 1ensx coxpaHHOCTH MpUOOPOB BEpX-
HUH JaT4MK, pacrojoKeHHbIH moj OyeM, 0ObIYHO HaXOAWICS Ha TIIyOH-
He 1,5-2,5 m. Kocbl Haxoquince B 03epe HENIPEPHIBHO B TeueHHe roja. B
MIOHE ¥ OKTSI0pE OHU M3BJIEKATMCh U3 03epa Ha 2—4 JTHS AJIsl CHATHS J1aH-
HBIX, KATHOPOBKHU M TIepe3apsAKH, MOCIIe Yero MOMEIIAINCh Ha MPeKHEe
MecTo. Bece narunku uMenu JIorrepbl, MO3BOMISIIOLINE 3aHChIBaTh 00Jb-
110i1 00beM HHPOPMALMHK: 32 3MMHIOI0 TOCTaHOBKY — Ooiee 350 ThIc., 3a
neTtHIo0 — 170—190 ThIc. 3HaYeHM. MeCcTOmoN0KEeHNE CTAaHIINM ONpe/ie-
nsi10¢h ¢ nomotsio GPS ¢ TounocThio £20 M 10 TOPU30HTATH.

Ilo naHHBIM TEPMOJATYMKOB, PACIIOIIOKEHHBIX B MPUIOHHBIX CIIOSIX,
OBUIN OLICHEHBI IOTOKM TEIUIa Yepe3 IpaHMIly BoJa — THO, KOTOpBIE pac-
CUMTHIBAJIUCH IPAJAUEHTHBIM METOZOM 110 hopMyIe:

o7
wa - aZ >
rae O, — TEMIONOTOK BOJIM3H MPAaHUIIBI BOa — IHO, BT-M?; A — koaddu-
IIUEHT MOJIEKYJISIPHOH TerutonpoBogHocTH Bofbl (ipu 0 °C u atmocdep-
HoMm gaieHuu 0,56 Br-m! °C); dT/dz — rpagueHT TeMieparypsi.
Kak Ob110 MOKazaHo paHee, BeyIias pojib B YMEHBIICHHH COJIEpIKa-
HUS paCTBOPEHHOTO KUCIIOPO/Ia B BOAAX 03epa 3UMON MPUHAIIEKHT €TO0

onoxnmuaeckomy norpedienuto [TepxeBuk u np., 2010]. Ouenku cym-

47



MapHOH CKOPOCTH Mpolecca NOTPedICHUsI PACTBOPEHHOTO KHCIOPOAa Y
OBUIN BBITIOJHEHBI 10 YPaBHEHHIO:

oC
— =—vC,
ot Y

rae C — KOHIEHTpaLKs paCTBOPEHHOTO KUCIOPO/a, Y — CyMMapHasi CKO-
pocTh ero norpebnenus; [y] = ¢!, ¢ — Bpemsa. ITOMy ypaBHEHHUIO COOT-
BETCTBYET aHAIUTHUYECKOE PEIICHHE:

C,=C, e,
riae C, — KOHIEHTpaIKs KMCIO0POJa B MOMEHT yCTAHOBIICHHUS JIEN0BOTO
MOKPOBA.

B rozawl ucciaenoBanuil B npeasieJoCTaBHbIA MEPUOJ TEIIOBOM MO-
TOK, HaIpaBJICHHBIH U3 JJOHHBIX OTIOKEHUH B BOAY, ObLI MakcHMaleH
B TEUCHUE HECKOIBKUX JHEU mepell 3aMep3aHrueM 03epa M JOCTUTAI B
rryookoBoaHOM YacTu 7—10 B1'M2. C mosIBICHHEM CIUIONIHOTO JIEI0-
BOTO IIOKPOBA 3HAYCHUS TEIIJIONOTOKA BOJIM3U I'PaHUIIBI BOJIA — JIHO Pe3-
KO YMEHBIIATKCH /10 2—4 BT'M?, 3aTeM B TeueHHe MecsIa MPOI0DKaIH
MOCTENEeHHO YMeHbIaThes 10 1-2 B1-m2. Ha puc. 1 B kauecTBe mnpu-
Mepa MPUBEACHBI TeMIlepaTypa IPUIOHHBIX CI0EB M TEIUIONOTOK, Ha-
MIpaBJICHHBIN U3 TOHHBIX OTJIIOXKEHUU B BOAY B HOsOpe-nexadpe 2011 r.
CIJIonIHON CHEXHO-JIEJITHOW MOKPOB MPEMSITCTBYET TETUIONOTEPSIM B
armMocdepy, BCIIEJICTBHE YETO C €ro MOSBICHIEM HAaYWHAETCS TOBBIIIE-
HHUE TeMIIepaTypbl BOJHOW TONIIM o3epa. Kak ObuIO MOKa3aHo paHee,
MaKCHUMYM IPUPOCTA TEMIIEPATYPBl IPUXOIUTCS HA TIEPBBIN MeCsII Jie-
noctasa [IleTpoB u mp., 2006]. HanbGonee 6vicTpHIif ee pocT HabrONa-
eTCsl B NMPHUJIOHHBIX CJIOSAX TIIyOOKOBOJHOW YacTH, TAE K KOHILY 3UMBI
temrieparypa gocruraet 5,0-5,5 °C. Ha my6bunax nopsiaka 7,0-7,5 m
TeMIepaTypa pacTeT 3aMeTHO ME/UICHHEEe W K KOHILY 3UMbI TIOJIHUMA-
ercst 1o 2,0-2,5 °C. B TOBEpXHOCTHBIX CIOSIX BOAHOU TOJIIIN TEMITEpa-
Typa pacTeT CyIIeCTBEHHO MEJICHHEe, YeM B IPUOHHBIX, U K HaYary
BECEHHEH MOIeTHON KOHBEKITMY yBenuuuBaercs Bcero Ha 0,5—1,0 °C.

Ha srane oceHHEro OXJaKJAeHus IPOUCXOIUT HACBIIIEHUE KHUCIOPO-
JIOM MIPUZOHHBIX CJIOEB 03epa, pacrpe/ielieHue KUCIOPO/Ia 10 BEPTHKAIH
XapaKkTepHU3yeTcst OJJHOPOTHOCTHIO. MakcHMallbHbIe KOHIIEHTPAIIUU KHC-
nopoxa (6onee 13,5 mrr! npu Haceiennn 95-100 %) HabmonaroTcs B
cepennHe-KOHIIe HOSIOps pu Temmeparype Boast 0,5-3,5 °C.
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Puc. 1. TeMnepaTrypa BepXHero c¢Jiosi IOHHbIX OTJI0:KeHHH B ITy0OKOBO/I-
HOM yacTu o3epa (a); cpeHUIl TeNIONOTOK BOJIM3M I'PAHULBI BOJAA — IHO
(B caoe 1oHHBIX oTJjoxkeHui 0,05-0,21 cm) (6) B HosiOpe-nexadpe 2011 1.
Ha pucyHke npusesieHbl IJIyOUHBI TOPH30HTOB HaO0deHUsl. CTpeakaMu
OTMe4eHbl MOMEHTBI HAYaJIa JIeJIOBBIX sIBJIEeHUI H HAYAJIA JIelocTaBa

ITocne nosiBIEHNS CILIONIHOTO CHEXHO-JIEITHOTO TIOKPOBA PE3KO YMEHb-
IIAIOTCS. ICTOYHHUKH PACTBOPEHHOTO KUCIIOPOZA B BOJAX 03€pa, a UMEHHO,
(1)0TOCI/IHT€TI/I‘-I€CK3$I aKTUBHOCThH IUIAHKTOHA M ra3000MeH BOHHOﬁ MaccChlI
o3epa ¢ armochepoit. OTHOBPEMEHHO pacTBOPEHHBIA KHCIOPOI PACcCXOmy-
eTcsl Ha JIbIXaHWe OPTaHU3MOB U JIECTPYKIIMIO OPraHMYECKOro BelecTa. B
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CBSI3U C 3THM IIPOMCXOIIUT CHUKEHHUE OOILET0 COAEpKaHMs KUCIOPO/ia B BO-
Jax o3epa, HanboJsiee BBIpaKeHHOE B MPUIOHHBIX CIIOSX BogoeMa (pHc. 2).
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Puc. 2. DBoaouusi KOHUEHTPALMii PACTBOPEHHOI0 KHUCJIOPOAA B LeH-

TPaJibHOH I1y00KOBOAHOM YacTu 03. Benaropckoro:

a—c 15 Hos0ps 2011 1. mo 20 mast 2012 1; 6 — ¢ 15 Hos6pst 2012 1. o 20 mas 2013 1. [y-
6una cranuuu 11,1 M. Ctpenkamu 0603HaYeHbl Ha4ajI0 ¥ KOHEIl JIeA0CTaBa
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OneHKH CyMMapHOW CKOPOCTH TOTpPeOJeHUs] PacTBOPEHHOTO KHC-
JIOpozia Yy MoKa3ajiv, YTO HauOoJbIINe ee 3HaYCeHHsI OTMEUaJINCh B Teue-
Hue nepBoix 10 cyTok memoctaBa u gocturand 3,5-107 ¢!, yto Herio-
X0 COMIacyeTcsl ¢ JaHHBIMU MPEbIYIINX JIET ucciaenaoBanuii [ TepxeBuk
u ap., 2010]. 3arem 3HaueHHs Y OYEHBb OBICTPO YMEHBIIAINUCH U C KOH-
Ia MepPBOro Mecsla J0 KoHIa 3uMbl He mpessimany 5-10°% ¢!, OtHocu-
TEJILHO OJIM3KHE OLIEHKH Y, OTy4YCHHBIE [0 JaHHBIX PAa3HbIX JIET, CBUIE-
TEJICTBYIOT O IOCTaTOUYHO CTAOMJIBHOM PEKHME U3MEHEHHS KHCIopoaa
B 03€p€ B 3UMHUU [IEPUOL.

B tonkom mpumonHom cnoe (mryounsr 10,83—-10,89 M) B Teuenue
3UMBI IEPUOJUYECKH OTMEUYAIHNCh KPAaTKOBPEMEHHBIE (0T OJTHOTO JI0 TPeX
YacoB) Pe3KHe MOBBIIICHHS PACTBOPEHHOTO KHciIopoaa 10 2—4 mrr! ¢
nocieayomuM 0ojee TIaBHBIM MOHMKEHUEM JI0 3HaUCHHM, XapakTep-
HBIX Ul TpeALIeCTBYIOUIEro nepuona (puc. 2). OTH BBIOPOCH (PUKCH-
POBAIMCH OHOBPEMEHHO Ha BCEX MPHUIOHHBIX JaTYMKax W ObUTM CHH-
XPOHHBI C YMEHBUIEHUAMHU Temreparypsl Boasl Ha 0,2—0,5 °C B npuaoH-
HOM cioe. HaubGonpiine o aMImiuTyae ¥ NPOAOKUTENBHBIE TIO Bpe-
MEHH CKayKd OTMEYaJUCh B Hayasie 3UMbl. [IpuunHa 3THUX M3MEHEHUH
KHCJIOpPOAA ¥ TEMIIEpaTypbl BOJbI IIOKA HE YCTaHOBJIEHA. MOYKHO CBSI3aTh
ONMCAHHOE SIBIEHUE CO CTEKAaHHEM I10 CKIOHAM O3€pHON KOTIIOBUHBI U3
paiioHOB ¢ MEHBIINMH TITyOMHAMH OTHOCHUTEIILHO XOJIOAHBIX, HO Oolee
MUHEPaTN30BaHHBIX BOA, 00Jiee HACHIILIEHHBIX KUCIOPOAOM.
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IMPACT OF HYDROTHERMODYNAMICS OF THE BOTTOM
LAYER OF A SMALL LAKE ON CHEMICAL AND BIOLOGICAL
PROCESSES

G. E. Zdorovennova, R. E. Zdorovennoyv, S. Yu. Volkov,
S. R. Bogdanov, G. G. Gavrilenko

Northern Water Problems Institute KarRC of RAS

The article presents an analysis of data received during field measurements of
temperature and dissolved oxygen in a small lake in winter. It shows that the
greatest increase in temperature and decrease in dissolved oxygen are observed
over the first weeks of freeze-up at the bottom layers of the deep part of the lake.
A spike in oxygen level at the bottom area of the lake during the winter period
might be caused by the intensification of the hydrodynamics at the bottom layer.
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®OPMHPOBAHUE AHADPOBHBIX YCJIOBHI
B IIPUIOHHOM CJIOE MEJIKOBOJITHOT'O O3EPA
B JIETHUH NIEPUOJI

I. I. 'aBpusenko, I. 3. 3n0poBennoBa, P. J. 3n0poBeHHoOB,
A. 1O. Tep:keBuk, H. U. ITaabmun, T. B. E¢ppemona

HUncmumym eoonwix npoonem Cesepa KapHIL] PAH

[TpuBonsTCS pe3yabTaThl HOJIEBBIX U3MEPEHUH TEMIIEpaTypbl BOABI U CO-
JeprKaHMsl PACTBOPEHHOIO KUCIOpOoAa B HEOONBIIOM ME30TPO(QHOM Ka-
PETBbCKOM 03€epe B JIETHUH mepuon. PaccmarpuBaroTcst Takke 0COOEHHO-
CTH pacnpenencHus (OTOCHHTETHYECKH aKTUBHOM COJTHEYHOH paauaiin
B Tonuie o3epa. [lokazaHo, uTo onpenensroniee BAUIHIE HAa KUCIOPOJHbIN
PEXKHMM 03epa OKa3bIBAaeT TEPMUUECKasl CTPYKTYpa, HOPMUPYIOLIASCS MO
BIIMSTHUEM CHHOINITHYECKUX YCIOBHH.

B mepron OTKpEITOM BOIBI ASPHUIAT KUCTIOPOIa HAOIIONASTC s B TPUIOH-
HBIX CJIOAX BOJOCMOB IIPH 3aTPYAHCHUHN HUX aspaluu. BepTI/IKaHI)HaH TEP-
MHYecKas CTPYKTYpa BOJHOM TONIIM 03epa MOKET OKa3bIBATh OIpeleIcH-
HOC BJIIMSIHUEC HaA KPICJ'IOpOZIHBIﬁ PEXUM, B HaCTHOCTU, PEIKO BBIpa)KeHHBIfI
TCPMOKIIUH NPEIATCTBYCT NIEPEMCIINBAHUIO, U B IIPUIOHHBIX CJIOAX CO3a-
F0TCS YCTIOBHSI Ut pa3BuTHs Aedurmra xkuciaopoaa [Hutchinson, 1957]. B
OOJTBIIMHCTBE CITydaeB aHadpPOOHBIE YCIOBUS B HETyOOKHX O3epax B JIET-
HHH TIEPHUOJT CYIIECTBYIOT OTHOCHUTEIHLHO HEIOJTO 32 CYET TIePUOIIYECKO-
TO BETPO-BONTHOBOTO TepemeniBanus [ CadbimHa, bacos, 2003]. OnHaxo B
clTy4yae TPOIOIDKUTENFHON «3alHparoIiei cTpaTnuKaIiy adparys y-
OMHHBIX CIIOEB BO}IHOi/‘I TOJIIIIN CTAHOBHUTCSA HeBO3MO)KHOfI, U IpUJa0OHHAasA I'-
TIOKCHST MOYKET TOCTHYh YyTpokaronux Macmtados [Edpemona u ap., 2015].

B nepuoz oTKpBITON BOIBI OCHOBHBIM (PaKTOPOM (hOPMHUPOBAHHS TEP-
MHUYECKOTO, a CIIeJIOBATEIIbHO, U KUCIOPOJHOTO PEKUMa BOJIOCMA BbI-
cTynaet armocepHoe BozzeiicTBre. KpoMe Toro, B psijie UcciaeJ0BaHIH
[Snucins, Gunn, 2000; Kirk, 2003; Arst et al., 2008] moguepkuBaeTcs
3HaUYEHHE TAKOTO MapameTpa, Kak MPO3pavHOCTb BOJIbI, B POPMUPOBAHUH
TEPMHUUYECKOTO PEIKIUMA BOJTOEMOB.

[pemnaraemoe wcciienoBaHue 0a3upyerTcs Ha JaHHBIX MHOTOJETHHX
HAaTYpHBIX W3MEpPEHHi, TMPOBEICHHBIX COTPYIHUKAMHU JTaOOPaTOpUH TH-

53



npodusuxu MBIIC KapHL PAH na me3orpodnoM o3epe Benaropckom,
pacronoxeHHOM B IokHOM wactu Kapemn (62°10—-62°20" N, 33°10'—
33°20" E). O3epo xapakrepusyercs HEOOIbIIUME pa3MepaMu (IUIOIIAb
3epkana o3epa 10,4 km?, 00beM Box ~5,5-107 M3, cpennss rmybuna 5,3,
MakcumanbHas 13,4 M, miomaas BogocbopHoro 6acceiina 82,8 km?). Oze-
po Benatopckoe BXOIUT B cOCTaB OIHOMMEHHOM IpyIIIbI 03€p, pUHAIe-
Katiel k 6acceiiy p. CyHbI, 1 OTHOCUTCS K ME30TpOHOMY TUITy. 3HAYH-
MYIO POJIb B BOZIHOM 0ajlaHCe 03epa UTPaloT aTMoc(epHbIe 0CaAKH U CTOK
¢ BonocOopa. Ilpo3pauHocTs Bobl 1o qucky CEKKH cocTaBisieT ~3—4 M
[JIutunckas, [Tonsxos, 1975].

C 2007 mo 2015 r. Ha o3epe MPOBOAWIUCH KPYIJIOTOAUYHBIE U3MEpe-
HUSI TEMIIEpaTypbl BOJBI U COAEPIKaHNsl pACTBOPEHHOTO KMCIOPOAA Ha pas-
HBIX TOPU30HTaX BOIHOH Tomu. B mpouecce nuamepenuii NCMoNb30BaINCh
aBTOHOMHEBIE OyiikoBbie ctaHimu (ABC), npencrapnsromnme co0oi 3asko-
PEHHBIE KOCBI, OCHAIICHHBIC AAaTYMKaMH IaBIICHUs, PACTBOPEHHOTO KHC-
Jopoia M TeMIeparypbl NpOW3BOACTBa KaHaiackoi ¢upmbl «RBRLtd».
ABC ObutH pa3MmelieHbl B HEHTPAIbHON [TyOOKOBOAHOH YacTh o3epa, Ha
BOCTOYHOM CKJIOHE W B JIOKQJbHOM YDIYOJIEHHH JIHA Y CEBEpHOro Oepera
(puc. 1). Kpome toro, B 20122015 1. mpoBoanch n3mMepeHust HoTocuHTe-
THYECKU akTUBHOHW paamauyn (PAP) B BomHOId Tomie o3epa 10 TIyOUHEI
7 M. ®AP-naruuky kpermutuck k jecke yepes 0,5-1 M. Cxema pacrnonoxe-
HHSl CTaHIMU W CBEAEHMS 00 HCIIONB3yeMOM OOOpYIOBaHWH MPHBEICHBI
Ha puc. 1 u B Tabn. s aHanmM3a CHHONTHYECKUX YCJIOBHH HMCIIOIb30Ba-
JIMCh TaHHbIE OHOHN M3 Hanbosee OM3KO PacToNIoKEHHBIX K BeHmopcko-
My o3epy Meteoctanimii denepanbHoit ciryx0b1 PO o rugpomereoposo-
MU 1 MOHUTOPUHTY TipupoaHoi cperpl — MC IlerpozaBoack (Www.rp5.ru).
JI71st OLICHKH CpeIHEMECSIYHBIX KIMMATHUECKUX 3HAYEHUH B pa3HbIE TOMIbI
ObLM HUCTIONB30BaHbI JaHHble CeBepo-EBpa3niickoro KIIMMaTuyeckoro HeH-
Tpa (penepusiii neproxn 1961-1990 rr.) — http://seakc.meteoinfo.ru/actuals.

Bsnom neasiHOro mokposa 03. BeHmIOpCKOro OOBIMHO MPUXOOMTCS Ha
niepByto MojioBuHY Masi [Zdorovennov et al., 2013]. Cpennsisi Temneparypa
BOJHOM TOJIIIIM B MOMEHT B3JI0Ma JIbJia 00bIYHO cocTasisteT 3,0-3,5 °C. B
TEYEHUE HEKOTOPOIO BPEMEHH MOCIIE BCKPBITHUS JIbJIa — 10 TOCTHKEHUSI TEM-
neparypbl MAKCUMaJIbHOW IJIOTHOCTH — IPOTPEB 03€pa MPOTEKAET B yCIIO-
BUSIX KOHBEKTHBHO-BETPOBOTO MEPEMELIMBAHKS, BOJHASI TOJIIA HAXOJUTCS
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Puc. 1. BatumeTpus 03. Benaopckoro u pacnoso:kenue CTaHUMIl n3MepeHnii

MIPU 3TOM B COCTOSHMM romotepmuu. llepruosa nepexona o3epa OT moyies-
HOTO COCTOSIHMSI K paHHEJIeTHeMy (OT B3JIOMa JibJia JI0 Iepexofa 4epes
4 °C) cocTaBIsUT B TOABI I3MEPEHUH OT 2 110 6 CYTOK, T. €. IPOTPEB 03epa Mpo-
MCXOJIUT CTPEMUTENBHO. 3aTeM CO3Ia0TCs MPEIIOCHUTKH st (POPMHPOBa-
HHSI TEPMUYECKON CTpaTU(UKALIUK, TaK KaK TPH MOBBIIICHAN TEMIIEpary-
PBI IOBEPXHOCTHOT'O CII0S1 BOJHOM TOMIIH BhIlIe 4 °C ee IIIOTHOCTh YMEHb-
mraetcs. opmupyeTcs yCcTOHYMBOE INTIOTHOCTHOE PACcCIOEHNE BOJHOMN TOJI-
u. JlanpHekinee GopMUPOBaHKE BEPTUKAIBHON TEPMUUYCCKON CTPYKTY-
b1 03€p HIPOUCXOAMT MO IEHCTBUEM CUHONTHYECKUX ycaoBHU. [Tpu xap-
KOH O€3BEeTPEHHOH MOT0/Ie MPOMCXOANT OBICTPOE MOBHILICHUE TEMIIEPATY-
PBI IOBEPXHOCTHBIX CIIOEB, TIPH 3TOM cTpatudukanus ycuinsaercs. [1o-
BEPXHOCTHBIN TEPMOKJIMH pa3pyliaeTcs MpH yCUIEHUH BETPa U B HOYHbIE
Yachl, KOT/a MOBEPXHOCTHOE OXJIAXAECHHE aKTHBU3UPYET IJIOTHOCTHYIO
KOHBEKLUIO. TakuM 00pa3zoM, MOCTENEHHO MPOUCXOIUT (opMUpOBaHHE

XapakTepuCTHKH HCHOJbB3YeMbIX /sl MOJIYyYEeHHs HATYPHBIX JAaHHBIX
npudopos

IIpudop [Tapamerp Junanaszon Tounocts Paspemienne
TR-1060 Temmeparypa —5...#35°C +0,002 °C | <0,00005 °C
TDR-2050 JlaBnenue 100 nb +0,05 % <0,001 %

Temneparypa -5...435°C +0,002 °C <0,00005 °C
DO-1050 Conepxanme PK | 0...150 % 1% -
DAP, «Alecy, DAP, 0. 5000 1% 0.1
Snonus UMOJIb M-2-c-1
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MOBEPXHOCTHOTO KBA3MOAHOPOIHOIO MEPEMEIIAHHOTO CIIOs, HIKE KOTO-
poro dopmupyeTcs ce30HHbIH TepMoKinH. [1o Mepe pocTa Temmeparypbl
MOBEPXHOCTHOTO CJIOSI CE30HHBII TEPMOKIMH 000CTPSIETCS, YTO 3aTPyAHsI-
€T adpalyio MPUIOHHBIX CIIOEB M B UTOTE MOKET MMPUBECTU K (POPMHUPOBa-
HHIO IPUJIOHHOH OECKUCTIOPOIHON 30HBL.

CoBMECTHBIN aHaIM3 MIPOMETEOPOJIOTMYECKUX JaHHBIX M JaHHBIX
M3MEpEHHI B TOJILE 03€pa JaeT OCHOBAHMUS TOBOPUTH O CHHONTHYECKUX
YCIIOBHSIX KaK O BakHeHIIeM (hakTope, OnpenesnsromeM ero TepMUIecKuit
Y KUCJIOPOAHBIA PEXUMBI. MI3MEHUMBOCTh TEMIEPATyphl U CONEPIKaHHS
pacTBOpeHHOTO KHcaoposa jgerom 2010 . B BogHOI Tosiie 03. Benmtop-
CKOrO (puc. 2), KorJa Ha TepPUTOPUH eBporieiickoil wactu Poccuu Habmro-
Janach aHOMaJIbHasl )Kapa, MOXKET CIY>KUTh MCUEPIIBIBAIOIIEH HILTIOCTpa-
LUed BIUSIHUSL METEOPOIOTHUECKUX YCIOBUH HAa TEPMOAWHAMHUKY U pe-
JKMM PacTBOPEHHOI'O KHCJIOPOAa B MaJloM 03€pe.
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Puc. 2. ®opmupoBanue «3anupamwunein» crpatugukannu (A) U NpHI0H-
HoIi 6eckucaopoanoii 30161 (b) B 03. Benaopckom Jjetom 2010 1.

[Mpranaoii xapst 2010 T. OBUT AKCTPEMAaTBHBINA TIO CBOEH MPOIOIIKH-
TEIbHOCTH ¥ MHTEHCUBHOCTU KBAa3MCTALMOHAPHBIA aHTHLUKIIOH, 3a0J10-
KHUPOBAaBIINI MPOLIECCHI 3alaJHOIO IepeHoca. B Teuenue urons u aBry-

56



cta 2010 . B 03. BenmropckoM HaOirOaach HeXapakTepHasi sl BoJoe-
Ma [UIOTHOCTHAs YCTOHYMBOCTb, HCKIIIOUABIIAs BETPO-BOIHOBOE IIEpeMe-
HIMBaHUE, KOTOPasi B COYETAHUM C BHICOKMMH 3HAYCHHUSIMH TeMIEPaTyphl
BOJHOMW TOJILY ONpe/enia HHTEHCUBHOCTh M MPOJOJIKUTEIBHOCTD Jie-
¢uLuTa PpacTBOPEHHOro KHCIopona B o3epe. KoHleHTpauus Kucioposaa
B TITYOOKOBOIHBIX CJIOSIX 03€pa B Hadase MIOJs CHU3WIACh 0 3HaYeHHH
4-5 Mrur', a Kk cepeaMHe aBrycra MOIIHOCTb MPUIOHHOW 30HBI C BBIpa-
YKEHHBIM JIeuIMTOM KHciopona (MeHee 2 mr-r') mocrurana 5 m [Edpe-
MoBa 1 fp., 2015].

B otnnune ot xapkoro nera 2010 . cuHONTHYECKHE YCIOBHS MPO-
xnaagaeix geTHux Mecsaues 2008, 2009, 2012 u 2015 rr. cmocobcTBOBA-
JIM TOMY, YTO BOJHAsI TOJIIIA 03€pa HECKOJIBKO pa3 MepeMerBaiach 10
JIHA, TIPH 3TOM MPOUCXOANIIO HACBIIIEHHE KUCIOPOAOM PUAOHHBIX CJIO-
eB. lepumut xucnopoaa orMeyancs B KpaTKOBPEMEHHBIE MOMEHTBI 000-
CTpeHHs CTpaTu(UKalMU UL B TOHKOM MpHAOHHOM cioe (30-50 cm
TOJIMHON) EHTPaJIbHOHN ITyOOKOBOAHOW KOTJIOBUHBI.

[ToMuMO BIHSHUS METEOPOJIOTHUECKUX YCIOBUH, CIEAYeT YUUTbI-
BaTh POJIb MPO3PAYHOCTH BOJBI B (POPMHUPOBAHIH TEPMHUUECKON CTpaTH-
¢dukannu. Psn yrcIeHHBIX SKCIEPUMEHTOB [310poBeHHOBA 1 1Ip., 2015],
OCYILECTBICHHBIX JUISl MOJICJIbHBIX 03€P C N3MEHSIIOIUMHUCS [TyOUHOU 1
MPO3PavyHOCTBIO BOJIBI, TPOIEMOHCTPUPOBAJ, YTO Hanbosee MoaABepKe-
HBI aTMOC(epHBIM BO31eHCTBUSAM OyayT HerTyOOKHe o3epa (C IIyOHHON
OKOJIO 5 M): B clly4yae MOHMKEHUS TIPO3PAYHOCTH TEPMOKIIMH B HUX Oy-
net (GopMHUPOBAaTHCS B CAMOM Hayalle JieTa U CyLIecTBOBATh JI0 Havaa
oceHu. B Takoli cuTyanmu noBbIAeTCs MOTEHIHAIBHBIN PUCK Pa3BUTHS
JeuuuTa KHCIopoa B IPUIOHHBIX CIIOAX 03€p.

ITotox ®AP B OBEepXHOCTHOM CJI0€ 03. BEeHAI0pCKOro B KOHILIE IEPHO-
Ja JIEIOCTaBa ¥ Ha paHHEJIETHEM 3Talle XapaKTepU30BaJICs Pe3KUMH CKad-
KaMU HMHTEHCHBHOCTH, M3MEHssICh B mpenenax 250-1500 pmons-c'-m?
(puc. 3, A). UnTencuBHOCTH 0OMyUeHUsT OBICTPO yOBIBaJIAa C TyOWHOM:
mryoke 3 M motok GAP 611 Onu3ok k Hymro. [IponsBenenHas Ha OCHOBe
JaHHBIX HATYPHBIX U3MepeHuii motokoB @AP onenka koaddpunmenra sxe-
TUHKUMH (OcaOeHusT) COTHEYHON paJualuy B 03. BeHAIOpCKOM B KOHIIE
neproja JIeI0CTaBa U Ha paHHEJIeTHEM dTarle MoKa3aia 3HaYeHUsl, T0CTH-
ratorrue 2,0-2,5 M B moBepxHOCTHBIX cinosix (puc. 3, B). C yBenuueHnem
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1yOMHBI 3HAYSHUS K0P PHULIUEHTa OBICTPO YMEHBIIAIUCH U TITYOXe 2—3 M
00b14HO He mpeBbiamy 0,5-1,0 M.

DAP, pmormb-c1-m2 Koaduigent skerunkipm, M-t

0 500 100 1500 2000 0 0.5 1 1.5 2 2.5 3

Al 1 b

Tnybuna, m
NN AW N~

= 18.04.2012 == 21.04.2013 - 8.05.2013 - 17.06.2013

Puc. 3. Beprukaabubie npopuau pacnpenenenuss ®AP (A) n kodppunu-
eHTa 3kcTUHKNNU (B) B KOHIe epuo/a JeI0ocTaBa (anpeJb) U Ha dTame
paHHero jera (Maii, UIOHBb)

PG3YJII)T3TI)I IMPOBCACHHOI'O UCCIICAOBAHMS ITOKA3bIBAIOT, YTO B HACTO-
Anee BpEM B YCJIIOBUAX MCHAIOIICTOCH KJIMMara TCpMI/IIIeCKI/Iﬁ Hn KHUC-
JIOPOAHBIN PEKUMBI HCCIEyEMOro 03epa XapaKTepU3yloTCs 3aMETHON
MEKI0JJOBOM U3MEHUYMBOCTBIO B IEPUOJ] OTKPHITOM BOAbL. B mocnennue
roJIbl OTMEYAETCsl COKpAIeHNE TTepHo/ia JIeI0CcTaBa 3a cueT bomnee mo3i-
HEro YCTaHOBIICHHS U OoJiee paHHEro B3JioMma JbJa. Takum oopaszom, me-
puon OTKpI)ITOI\/'I BOAbI YAJIMHACTCA, YTO YBCINYUBACT HOTCHHI/IaHI)HI:Jﬁ
PHCK Pa3BUTHs aHOKCHH B MPUAOHHBIX cosx ozepa. Ha done npomon-
JKUTEIBHOTO TIEPHO/Ia J)KapKOi Oe3BETPEHHON MOTO/[bl MOTYT pa3BUBATh-
csl KaTacTpopuuecKue U3MEHEHHsI KUCIOPOAHBIX YCIOBHUI, 4TO HAOMIIO-
Jlaoch aHOMaJIbHO kapkuMm jetoM 2010 1. B To ke Bpems cienyer otMe-
TUTb, YTO B NOCJICAHUEC T'OJbI CHHOIITUYCCKUEC YyCJIOBHA BECCHHE-JICTHUX
Mecs1eB pailoHa UCCIeI0BaHUM OTIINYAIOTCS BBIPAKEHHON HECTaOWIIb-
HOCTBIO. B 4acTHOCTH, MO3/IHEN BECHON U JIETOM HaOJIOAAI0TCS PE3KHe
nepenaabsl TeMIeparypsbl, IpOAOLKUTCIIBHBIC ITOX0JI0AaH s, CBI3aHHbIC
C MPOXOXKJEHHEM IMKIOHOB. B Takme mepuoasl BoaHas TONIA O3epa
MIOJTHOCTBIO TEPEMEIINBAETCS 3a CUET COBMECTHOIO JeHCTBUS BeTpa U
MIOTHOCTHOM KOHBCKIUHU, IIPU 3TOM IMPUAOHHBIC aH33p06HI)Ie 30HBI pas3-
pyHmarTcsa U IMPOUCXOAUT HACBIIICHUEC KUCIOPOAOM MPUAOHHBIX CJIOCB.
Bapuanuu BepTuKaibHOTO pacrpeseneHns Npo3payHOCTH BOJHON Mac-
CBl 03epa ONPEAETAIOTCS Ce30HHBIM pPa3BUTHUEM IUIAHKTOHA M KOJIHMYe-
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CTBOM U NEPCPaCpeACIICHUEM B3BCHICHHOIO W PACTBOPCHHOTO BEIIIC-
CTBa, NOCTyHnaromiero ¢ Bonoc6opa. AXTHBHOE CE30HHOEC pa3BuTHUC (1)1/1—
TOIUTAHKTOHA, KOTOPOC HAYUHACTCS CIIC B KOHLEC 3UMBI, KOrIa 03€PO 10~
KPBITO JIbAOM, U MPOAOJIKACTCA HA PAHHCJICTHEM J3TaIle, MOXKET CYyIIC-
CTBCHHO CHMIKATh MPO3PAYHOCTh HNPHUIIOBEPXHOCTHOTO CJIOSA BOJAbI, U3-
MCHAA €T0 pal[HaLIHOHHLIfI mporpes U, TAKUM 06p330M, OKa3hbIBas BJIMs-
HUC HAa TCPMUYCCKYIO CTPYKTYpPY BOJOEMA U €TO KHCHOpO,[[HLIfI PEKUM.
ﬂaﬂbHeﬁHIHe HUCCICa0BaHUsA 6y,ZLYT HallpaBJICHbI HAa YCTAHOBJICHUC
B3aHMMOCBS3CH MCKAY OINTUYCCKHUMU CBOMCTBaMH BOI[HOﬁ TOJIIIH (HpO—
3pa4YHOCTBIO BOI[LI), TEPMUUYCCKHUM U KUCIIOPOAHBIM PCIKUMaAMU.
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FORMATION OF ANAEROBIC CONDITIONS IN THE BOTTOM
LAYER OF SHALLOW LAKE IN SUMMER-TIME

G. G. Gavrilenko, G. E. Zdorovennova, R. E. Zdorovennov,
A. Yu. Terzhevik, N. L. Palshin, T. V. Efremova

Northern Water Problems Institute KarRC of RAS

The article deals with the results of field measurements of water temperature
and dissolved oxygen in a small Karelian mesotrophic lake during the summer
period. The features of photosynthetically active solar radiation distribution in
the water column are considered in the article as well. The article shows that a
thermal structure formed under the influence of synoptic conditions affects the
oxygen regime of the lake most of all.

BBISIBJIEHUE CE30HHBIX 1 MHOT OJIETHUX BAPUAIIUI
INVIOIIAAU O3EP HO’KHOI'O 3AYPAJIBS
HA OCHOBE CITYTHUKOBBIX HU305PAKEHUI LANDSAT
(IIPEJABAPUTEJIBHBIE PE3YJIBTATBI UCCJIEJOBAHUS)

IO. A. Ilapanko, B. M. IlaBjeiiuuk

HUncmumym cmenu YpO PAH

Paccmotpenst mopdoMeTprueckne ocoOeHHOCTH BogocOopa o3ep HOx-
HOTO 3aypaiibs, 3aHUMAIOIIEro 000Co0IeHHOE TTONIOKEHHE MEeXIy Oac-
ceifHoM p. Ypam u 6eccrounoit oomacteio Typraiickux ozep. Ha ocHo-
B€ JIaHHBIX apXUBa CITyTHUKOBBIX M300pakeHwii Landsat moarorosneHa
0a3a maHHBIX ¢ THAporpadudeckoil nHpopmanmenn. PaccMoTpeHsl MHO-
TOJICTHHEC BapHaIllUy IUTomaseit o3ep ¢ 1985 1., BEIIBICHBI Hanbomee Cy-
IIIECTBEHHBIC MHOTOBOJHBIC M MAJIOBOIHEIE TIeproabl. OOCYKICHBI Te0-
IKOJIOTUYECKHE M CONMAILHO-DKOHOMUYECKHE TIOCIE/ICTBUSI BBISBICH-
HBIX TUAPOJOTHICCKUX H3MEHEHHH.

HOCHGI[CTBI/ISI KIIMMaTHYECKUX U3MEHEHUI Hanbosee HarIsiAHO IIpo-
SABJIAIOTCS Ha BOAHBIX o0nekTax. [100anbHbIE KIMMATHYECKIE TCHACH-
IUH HAXOIAT OTPAKCHUC KaK B MUPOBOM BH&FOOGOpOTe, TaK U B peru-
OHAJIbHBIX W 30HAJIBHBIX U3MCHCHMUAX BOI[HOﬁ HUPKYJIIALANA. B stoMm ot-
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HOLICHUH 03€pa U UX BOJOCOOPHI SIBISIOTCS HanOosee ysI3BUMON CHCTe-
MOH, TaKUM 00pa3oM MOTYT CIYKHTh MHAMKATOPOM BO3JEHCTBUS KIIH-
MaTU4ecKuX M3MeHeHui. ClenyeT y4uThIBaTh, YTO YCTOHYUBOCTH BO-
JTHBIX O0BEKTOB (OTKIMK Ha M3MEHEHHS) B PAa3JIMUHBIX MPHPOAHBIX 30-
Hax cyuiecTBeHHO oTnnyaetcs [[IInutHukos, 1957].

OOBEKTOM HCCIIENOBAHUS SABJSUIACH TPYIIA KPYMHBIX IUIOCKOJOH-
HBIX 03€p, PAacIOJIOKEHHBIX B 000CO0JIEHHON OeccTOYHOM 001acTH Ha
BOCTOYHOM OKpanHe 3aypajbCKOro MEeHEeIIeHa U COOTBETCTBYIONIEH eMy
OOIINPHOM HEOTeH-YETBEPTHYHON aKKyMYJISITUBHOM paBHHHE. B perno-
HAJIBHBIX reorpa(uyecKux OMUCAHUAX IPYIIY UCCIEIyeMBIX 03ep 000-
3Ha4aloT Kak CBEeTIMHCKHE 03epa (HaxoasITCs B TPaHULAX OAHOMMEHHO-
ro paiiona OpenOyprckoit obnactu). I1o pasmepam o3zepa nuddepenun-
PYIOTCS Ha CIIEyIOIINE TPYIIIBL:

1. Kpynubie o3epa miorniaasio 6omee 50 km? — o3epa Illankap-Era-
Kapa (96,6 km?), XKetbikonb (50,26 km?);

2. Cpennue o3epa (ot 1 mo 10 xm?) — Kaiipankons, Kapakons, O6a-
nbikonb, Cpennuii Obanbikons, Jlasienkons, Kynaiikons (Cyxonomn), Ka-
pamaxons (Kamennoe), 3amagusiii 1 Bocrounsiit Kockons, Mansrii Kaid-
PaHKOJIb;

3. Maseie o3epa (ot 0,5 10 1 km?) — barmaktel, Manbiit XKeTsikonb
(T'openoe), Kapamona (Cyxoe), Bocrounsiii u 3anaanblii (3anoBeHbIN)
Kypmankons, Tanasima, buxrac, Mansiit Kapakons, Ectekona, TacTsi-
KoJIb (puc.).

Uccnenosanuii ruaporpaduu 1 ocobeHHOCTeH AuHAMUKH CBETIHH-
CKHX 03€p paHee He MPOBOJMIOCH M3-3a OTCYTCTBHUSI KAKUX-THOO pery-
JSIPHBIX HA3€MHBIX THAPOJIOTHYECKUX HAOMIOACHUH 1 CBEICHUI 0 MOp-
domeTprueckuM XapakTepucTukam BogocOopa. Ilostomy Hambosee
NpUEMIIEMBIM CIOCOOOM M3Yy4eHHsI JMHAMHKH MOP(POMETPHUYECKUX Xa-
PaKTEPUCTHK 03€p SBISIETCS HCIONb30BaHUE MHOTOJIETHUX AAHHBIX JAWC-
TaHIIMOHHOTO 30HAMpoBanus 3emiu (/133) u conmocraBieHue mapame-
TPOB BapHalllyi CO CBEACHUSIMU 10 CTOKY ONMKalIINX BOJOTOKOB.

s cucteMaTuzanuy MMeroleics nHpopMauuu 1 IpOBEACHUS HC-
ciefoBaHus Obliia MOAroTOBIEHA reOMH(pOpPMaIIMOHHAs 0a3a JaHHBIX MO
03epaM U BOJOCOOPHOM IIIOIAAN, KOTOpask BKIIOYAET CIeAYIOLIHe Mpo-
CTpaHCTBEHHbIE JaHHBIC ¥ aTPUOYTUBHYIO HH()OPMALIUIO:
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1. brok «Penbed»: a) runcomerpudeckuil TonorpaguUECcKuil ciaoi
(Tonorpaduueckas ocHoa macimrada 1 : 25 000 o COCTOSIHUIO MECTHO-
ctu 2001 r; 6) udposast mozenb penbeda (Ha ocHoBe SRTM) u ee uH-
TepIpeTays B BUIE CXEM SKCIO3ULUH U KPYTU3HBI CKIIOHOB;

2. brox «l'maporpadus» mo Tomorpaduueckoil oCHOBe MaciuTada
1 : 25 000 no cocrostauto mectHoctu 2001 . — 03epa, BOTOTOKH U ype-
361 BOJBI;

3. bnox «Ce30HHBIE 1 MHOTOJIETHHE BapHallUH 03€p»: a) apXHUBHBIE
CIIyTHHKOBBIE CHUMKH cpeHero paspemenus ¢ 1985 mo 2015 r. Landsat
(MSS, TM, ETM+, OLI); 6) KOHTypHI 03ep B Pa3IHIHBIE CE30HBI pac-
CMaTpHUBAEMOTO MEPUOAA.

QL‘;KpaCHOﬂPCK
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03, [Jaenekonb

" J
03. Oﬁanblxonb¢
‘ 03. Kapakor

03, Katipaskors o
Bypykman paut-.,
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Ionoxenue BopocoopHoii TeppuTopun CBeTIIMHCKHX 03€p
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Jluaum ype3oB BOIbI OBUIM TONYYEHBI MyTEeM Jelu(pupoBaHHUs
CHHMKOB C HCHOJb30BAaHUEM MHOTOKAHAILHEIX BOJHBIX HHJIEKCOB
[Feyisa et al., 2014; Ke Zhai et al., 2015; Kypranosuu, HockoBa, 2015]
NDWI, MNDWI, AWEI:

NDWI = b2 — b4/b2 + b4, (1)
rae b2, b4 — cnexrpanbHble kKaHabl Landsat (MSS, TM, ETM+).

MNDWI =b2 —b5/b2 + b5, 2)
rae b2, b4 — cnekrpanbubie kanansl Landsat (TM, ETM+).

AWEI  =4,0(b2 —b5) —(0,25b4 + 2,75b7). 3)

AWEI = (bl +2,5b2) — 1,5(b4 + b5) - 0,25b7, 4)

rae b2, b4 — cnekrpanbhble kanansl Landsat (TM, ETM+, OLI).

Bb100p BOIHBIX MHICKCOB MPU MPOBEIACHUU JCIITH(PPUPOBAHUS 03P
UCHoJb30BaNC TUP(PEPSHIMPOBAHHO, UCXOJ M3 COCTaBa CHEKTPAllb-
HBIX KaHAJIOB B pa3nuuHbIX ciieHax Landsat (MSS, TM, ETM+, OLI) u
COCTOSIHHSI BOJTHOTO 3epKajia 03ep (3apacTaHue MOBEPXHOCTH 03ep U Oe-
PEroB), HAIMYKSI ILIMKH OT CTEITHBIX [TOYKapOB, HE3HAYUTEILHOU 00J1au-
HOCTH U TeHel ot oOmakoB (MeHee 10 % Ha cHumKke). Ha ocHOBe moro-
TOBJICHHOW 0a3bl JaHHBIX ObUIA MOJy4YeHa aTpuOyTHBHAs HMH(OpMAIUs
o0 MOp(HOMETPUIECKHUM MapaMeTpaM 03ep U UX JUHAMUKH.

T'unponornyeckast nHGOPMAIUS BKIIFOYAIa CBEICHUS O CPEIHEMHO-
TOJICTHEH HOpME MOyl CTOKA Ha TEPPUTOPHUH U MHOTOJICTHUE PSIbI
JAaHHBIX pacxo/10B BoabI 1o p. XKapnsl ¢ 1942 no 2008 r. y moc. AnamoB-
ka. BogocOopHas momans p. XKapiel pacrionokeHa Ha 3anaIHbIX CKJIO-
HaxX Ypano-ToOoabCKOro IaTto B CXOXKUX ¢ BoAocOopoM CBETIMHCKUX
03ep reorpapuuecKux yCIOBHUSX.

B pesynbrare nepBHYHOrO aHAIM3a JJAHHBIX KOCMHUYECKUX U300paske-
HUI MOXKHO CJISJIaTh Psifl IPEIBAPUTEIIBHBIX BBIBOJIOB.

1. CBeTIMHCKHE 03epa UMCIOT OTYETIMBO BBIPAXKCHHYIO B pelibe-
(e BOmOCOOPHYIO ILJIONIAh U 3aHUMAIOT MTEPEXOHOC TOJI0KEHUE MEXK-
Jy OTHOCHUTEIILHO BO3BBIIICHHBIMH U JPESHUPOBAHHBIMU IIOKOJIHHBIMHU
paBHuHaMu FOxHOTO 3aypalibs U aKKyMYJISITHUBHBIMU paBHUHaMu Typ-
raiickoro mporuba. [To ype3zam Bojibl ¢ ceBepa Ha 0T MPOCISIKUBACTCS
CTYIIEHYATOCTh B PACIIOJIOKEHUH O3EPHBIX BaHH — CPETHEMHOTOJICTHUE
ype3bl Bozibl KpyIHBIX 03ep XKetbikounb u [llankap-Era-Kapa cocrasinsitor
305 1 298 M COOTBETCTBEHHO.
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C Oacceiinamu pek Ypan u To6on u ¢ ozepamu Typraiickoro nporu-
0a BomocOOp B MHOTOBOJHBIE MEPHOIBI HE UMEET KaKOH-THOO0 THAPOIIO-
ruyecKkoil cBsizu. O0mas BogocOOpHast IIIOLIa b BMECTE C KOTIIOBUHAMHU
03€ep MO MPOBEICHHBIM MOICYETaM COCTaBIseT 3753 KM,

2. MHoroneTHelH U CE30HHOHM JWHAMUKE ILIOMAACH 03ep CIOCO0-
CTByeT OJrofeo0pasHass MOPQOIOTHsS O3€PHBIX Yalll U OCOOCHHOCTH
MUTaHUSL 03€p, OrPAaHMYCHHOTO MPEUMYIIECTBEHHO BECEHHUMH Talbl-
MU Bojamu. Pe3kuii KOHTUHEHTaIbHBIN KJIMMAT C TIOHUKEHHBIM YBIIaX-
HEHHEM TEPPHUTOPHU OOYCIOBIMBACT HEOOJBIINE CPEIHEMHOTONETHHE
HOPMBI MOZYJIsI CTOKA 10 0,5 11/cxKM?.

TekToHWYECKHi (OCTATOYHBIN) T€HE3WC 03P B COBOKYITHOCTH C
JUTUTEIIbHOCTBI0O WX CYIISCTBOBAHUS B aKKyMYJISTHBHBIX YCIOBUSIX
OTIPEJICIIMIIN OKPYIJIYI0 (popMy B IUTaHE OOJIBIIMHCTBA U3 HUX. Yarwm
03€p ¢ TIIyOHHO MOBTOPSIOT OYEPTaHUsI YPE30B, UTO MPOCIEKUBACTCS
M0 CHUMKaM B MaJIOBOJHbBIE IEPHOABL. YPOBHU Hanbosee ATUTEIbHOTO
Y TIOCTOSIHHOTO TTOJIOKEHHSI 3epKajia 03ep 00pa3yloT KOHIIEHTPHUECKHE
nosica, pOPMHUPYIOLINECS U3-3a PA3IMYUI B yCIOBHSIX 0CaIKOHAKOILIE-
HUS ¥ JKU3HEACSITEIBbHOCTH 3apociieil BOAHOH pactutenbHocTu. [Ipo-
CTPaHCTBEHHOE PACHPOCTPAHEHUE ITHX MOSICOB AOCTATOUHO OTYETIH-
BO IPOSIBIICHO, YTO MO3BOJIUJIO BBISIBUTH MOp(OMETpPHUECKHE Mapame-
TPBI 03ep Yepe3 MOCTPOCHUE BBICOTHOTO (B MEPUOABI MOJHOTO BHICHI-
XaHUs) TU00 TITYOMHHOTO (B TIEPHUOIBI MHOTOBO/IBSI) TOTIEPEYHOTO TIPO-
¢unsa. Kak pa3 BO MHOTOM HM3-32 OTCYTCTBUS 3JIEMEHTApHbBIX (haKTH-
YECKUX CBEACHUHU MO IIyOMHaM o3ep Ha JaHHBIH MOMEHT HEBO3MOXK-
HO TIOJIYYHTb JIOCTOBEPHBIE Pe3yJbTaThl 0 BOAHOMY OamaHcy o3ep. K
TOMY € B IIEJIOM Ha TaKOH OOLIMPHOHN TEPPUTOPUU OTCYTCTBYIOT T'H-
JIPOIOCTBI, COOTBETCTBEHHO HE MPOBOAMIOCH KaKUX-THOO0 THAPOIOTH-
YECKUX HCCIEOBaHUH.

Bosee BbIcOKME ypOBHM Yalid MMEIOT CJIebl SPO3MOHHON AEsTelNb-
HOCTH, CBUJICTENLCTBYIOLIEH 00 OTHOCHTEIHHOM BPEMEHHOM IOCTOSH-
cTBe KoseOanus ypoBHsl. [IpuOpeskHble CKIIOHBI YaCTH KPYIHBIX U Cpe-
HHUX 03€p UMEIOT TePPACOBUIHBIEC YCTYIIBI.

3. UepenoBaHue MEPHOIOB MAaJOBOJHOCTH M MHOTOBOAHOCTH MO-
JKET CIyKUTh CBOEOOPa3HBIM MHIUKATOPOM TONOBBIX M MHOTOJIETHHX
TEHJICHIIUN B KIIMMaTHYECKHUX YCIOBHSIX. 32 pacCMaTpUBACMBbIi TIEpUOT
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(19852015 rr.) OTYETIMBO MPOCIIEKUBACTCS MHOTOJICTHSISI TIEPUOANY-
HOCTbH B BOJTHOW HAIOJHAEMOCTH O3€PHBIX Yalll.

Brinensiercs aBa nepuona manoBoguit — 1984-1992 u 2012-2015 rr.
3a anuTensHbelid 20-1eTHUH Tepro]] MOJHOTO HAMOJHEHHs 03€p OTMe-
YalOTCs ABYXJIETHUE MEPUOABI 3HAUNTEIHHO 00Jee BHICOKOTO YPOBHS —
1993—-1995 (cpasy 3a manoBoaHbiM nepuopom) u 2005-2006 rr. B Be-
cennuit nepuoxa 1995 u 2005 rr. ypoBeHb 03€p MPEBBICHI CPETHEMHO-
rojieTHee 3HauYeHHe Ha 2 M, B pe3y/bTaTe 3TOro MpOU30IILI0 3aTOIUIEHHE
NPUOPEKHBIX TEPPUTOPHIA.

[lomyuenHsble peBapUTEIbHBIE PE3YJIBTAThI IO YEPEJOBAHUIO MHO-
TOBOJHBIX 1 MAJIOBOJHBIX MEPUOAOB B LIEJIOM COOTHOCSTCS C JaHHBIMU
1o cToky p. JKapisl.

4. B MHOTOBOIHBIE IEPUO/BI (CE30HBI) CHCTEMA 03ep PYHKIIHOHHUPY-
€T KaK e/INHOE IIeJI0e, CBSI3b MEKAY 03€paMM OCYIIECTBIISETCSI CUCTEMOM
JIO)KOMH CTOKa, 00ECIIeUMBAIOIINX TIEPEIUB U3 YaCTH CEBEPHBIX 03€p B
03. [Hankap-Era-Kapa. CooTBeTCTBEHHO, CE30HHO U3MEHSETCS CTPYKTY-
pa 4acTHBIX BOAOCOOPOB OTACIBHBIX 03€P.

[lo cmyTHHKOBBIM CHHMKaM M ype3aM BOJbl YCTaHOBIEHA aOCOMIOT-
Hasi OTMETKA BBICOTHI, TPpH (POPCUPOBAHUH KOTOPOI B BECEHHHI NIEPUOJ
IIPOUCXOAUT CIIUSHUE 03€p B enuHblid BonoeM. g o3epa [llankap-Era-
Kapa nannas ormetka nexxuT Ha ypoBHe 301 M B bantuiickoil cucreme
BBICOT.

5. @nykryauus CBETIMHCKUX 03€p B MHOTOJIETHEM U CE30HHOM pa3-
pese sBNsIeTCs 3HaUMMBIM HKOJIOTMYECKUM H COIIMATIbHO-O)KOHOMUYECKUM
(baxTopom.

[lepecbixanue o3ep He HECET MPSAMOro yuiepoa HaCeleHUIO U SKOHO-
MUKE PErHOHA, TaK KaK BOJHBIE PeCypChl BOJOEMOB HE UCIOIb3YIOTCS AT
XO3SIHCTBEHHO-MTUTHEBOTO BOJOCHAOKEHUS M3-32 BBICOKOW MHHEpaIn3a-
K. Bmecre ¢ Tem B pe3ynbTare nepechixaHus BOJOEMOB U3MEHSETCs TH-
JPOJIOTHYECKHUI PEKUM BOAHBIX M MPUOPEKHBIX JTaHIIAPTOB, N3-3a YETO,
B YaCTHOCTH, BO3PACTAE€T PUCK BOZHUKHOBEHHSI U PaclpOCTPaHEHHUs IO-
’KapoB Ha MPUJIETalOIUX TEPPUTOPUSIX. B cBA3M ¢ BhICBIXaHUEM 03€p, MO-
BUAMMOMY, U3MEHAETCS MUKPOKINMATHUECKUH PEKUM pETHOHA.

B penkxue MHOTOBOAHBIEC EPHOIBI HAHOCHUTCS YIIepO MPHOPEKHBIM
CeNIMTEOHBIM TEPPUTOPHSIM U COIMYTCTBYIOLIEH XO3sICTBEHHOW MH(]pa-
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CTPYKType. 3aroIuieHHe MNPUOPEKHBIX TEPPUTOPUN 03€p OTIHYACTCS
NIPOAOJDKUTENBHOCTBIO U UMEET JJIMTEIIbHBIE HETATUBHBIC TTOCIIEICTBUS
JUISL CENTbCKOXO3SIMICTBEHHBIX YTOJIUM.

6. Pacnonoxenue o3ep Ha BaKHEHIIEM TPAHCKOHTUHEHTAIHLHOM MU-
TPALIMOHHOM IIYTH IITUL] CO31AET YCIAOBUS I THE30BAHUS PA3JINYHBIX
BUJIOB BOJTHOW M OKOJIOBOJHOW OpHUTO(AYHBI yMEpPEHHOro mosica EB-
pasuu. [losToMy CylIECTBEHHBIE BapualMM IUIOLIAANA BOJHO-O3EPHBIX
YIroauil SBASOTCS (DAKTOPOM, OIPEICIISIONIUM CTEICHh PErHOHATBHO-
ro OuMopa3zHoOoOpa3vs U COXPAHHOCTh TOMYJISIIIUA MUTPUPYIOIINX BHU-
noB opHUTO(ayHbl. ClienyeT OTMETHUTh, YTO 4acTh CBETIIMHCKUX 03€p
OXPAaHSETCSl B COCTaBE OMOJIOTMYECKOTO 3aKa3HHMKA OOJACTHOTO 3Haue-
Hust «CBeTIMHCKHI» 001el miomaaso 9262.6 ra.

B nmanpHeHNMX HCCIEIOBaHUSAX OYAYT pENIaThCsi BOMPOCHI BBISB-
neHusi MOp(OMETPHUECKHUX MapaMeTPOB O3EpPHBIX 4Yarl. BakHbIM 3Ta-
IIOM CTaHET COMOCTABICHUE MHOTOJIETHUX NAaHHBIX ypoBHEH CBeTIMH-
CKHX 03€p C JaHHBIMU I10 CTOKY p. JKapIbl, a TakKe C aHAJTOTUYHBIMU HC-
CJIEJIOBaHUSIMU T10 IPyTruM OeccToYHbIM oOnactsam [LIIHuTHUKOB, 1957;
3onpHUKOB U Ap., 2011; Kypranosuu, Hockosa, 2015], 4yTo mo3BoauT
OTIpENeNuTh XapakTep (perHoHadbHBIN 1100 ToOaNbHBIN) Halmonae-
MBIX BapUalUi.

Paboma svinonnena 6 pamxax Komnnexcroil npoepammel Ypansckoeo omoe-
nenust PAH Ne 15-12-5-50 no meme «Ananus anmponocenHuix 6030elicmeutl Ha
NPUPOOHBIE 2e0CUCIEMbl 3AB0NNCCKO-YPATbCKO20 PeUOHA U paspabomKa me-
Mo008 COXPAHEeHUs! IAHOULAPMHOO0 U OUOLOUYECKO20 PAZHO0OPA3Us 8 Npoyec-
ce npupPoOONONIb3I08AHUNY.
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IDENTIFICATION OF SEASONAL AND PERENNIAL WATER
SURFACE VARIATIONS OF LAKES IN THE SOUTH URAL USING
REMOTE SENSING LANDSAT (PRELIMINARY RESULTS)

Yu. A. Padalko, V. M. Pavleichik
Institute of Steppe of the Ural Branch RAS

The article deals with the description of the morphometric features of the lakes
and their watersheds in the South Ural that take a special position between the
watershed of the Ural River and the internal-drainage area of Turgai lakes. The
data base of the hydrographic information on the lakes using archive satellite
imagery of Landsat was prepared. The long-term lake water surface variations
during the period of 1985-2015 were considered and the most significant high-
water and low-water periods were identified. The article also includes informa-
tion on the geo-ecological and socio-economic consequences of the identified
hydrological changes.

CO3JIAHME OCHOBBI JJI51 TIOCTPOEHUSA
KAPTOI'PAOMYECKOM MOJEJIA PACITPEJIEJIEHUS
MAKCHUMAJIBHBIX CHETO3AITACOB B BACCEMHE
PEKH KACMAUJIBI (AJITAMCKHAM KPAI)

. K. Iepurun® 2, P. ¥O. Bupiokos!

' Huemumym 6o0nvix u sxonocuueckux npoorem CO PAH
2Anmatickuil 20Cy0apCcmeennblll YHugepcumen

PaccmarpuBatoTcsi BOpOCHl CO3/1aHUSI OCHOBBI JUJISl TOCTPOCHUS KapThl
pacrpeeneHusl MakCUMalIbHbIX CHerosamacos B Oacceitne p. Kacmaisl.
OCHOBHBIMH UCXOJHBIMH MaTepUallaMH CIyXat: HUPPOBasi MOJIEIIb pe-
nbeda, nanubie [133 1 MapIpyTHBIX CHETOChEMOK.
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B ycnoBusx yMepeHHBIX IUPOT JaHAMAPTHI JJIUTSIBHOE BpeMs Ha-
XOZSITCS TIOJT BIUSIHUEM CHEKHOTO MOKPOBA, KOTOPBIA BO MHOIOM OIIpe-
nesieT ux (PyHKIIMOHUPOBaHKUE B 3UMHUE niepuoz. Kpome Toro, maHHbIe
0 COZIepKaHUU BJIard B CHE)KHOM MOKPOBE OUEHb BaXKHBI JJIsI IPOTHO30B
CTOKA B MIEPUOJT BECCHHETO MOJIOBO/IbS.

BBuay HeomHOPOAHOCTH MOACTUIIAIONICH MOBEPXHOCTH, KOTOPAasl B
3HAYUTEIBHON CTENEHH OIpPENeNsieT IPOCTPAHCTBEHHYIO nuddepeHin-
aIUI0 CHEXXHOTO MOKPOBa BHYTPU PEUYHBIX 0acCEHHOB, OUCHb Ba)KHBIM
WHCTPYMEHTOM aHaju3a SBISICTCS KapTorpaupOBaHUE €r0 OCHOBHBIX
XapaKTePUCTUK. 3HAHUE O MPOCTPAHCTBEHHOM PACHpPOCTPAHCHUU ITHUX
XapaKTEPUCTHUK 110 PA3TUYHBIM THUIIOJIOTHYSCKUAM TPpyIaM JaHmadToB
MO3BOJISIET OLIEHUBATH BKJIAJ TOTO WM MHOTO MPUPOTHOTO KOMILIEKCA B
o0l1iee CHEroHaKOIUIEHUE B 0acceiHe M MPOU3BOAUTH HEOOXOAUMEIE THU-
Ipojorudeckue pacdeTsl. [1og 0CHOBHBIMU XapaKTEPUCTUKAMH CHEXKHO-
r0 TOKPOBA TPAAULKUOHHO MOHUMAIOTCS TONIIKHA, INIOTHOCTD U CHETO-
3anac. [locnenusis BenuurHa BBUY UHTETPAIBLHOTO XapaKTepa sIBISICT-
cs1 HanOonee BaxHOU. B 3apyOesxHoit mureparype (a B MOCIEIHES BpeMst
U B POCCHICKOW) KaK CHHOHUM HCIIOJIb3YETCS TEPMUH «BOJHBIN SKBUBA-
JICHT CHEKHOTO MTOKpOBa» (snow water equivalent, SWE).

TpaIuIMOHHO KapThl MAKCUMAJIbHBIX CHET03aacoB (U JAPYTUX Xapakx-
TEPUCTHK CHEKHOTO ITOKPOBA) CTPOSITCS Ha OCHOBE JIaHHBIX CTAIMOHAP-
HBIX HAOJIOICHUI U CHETOMEPHBIX CheMOK Ha METEOCTAHIUSIX, MapPIIPYT-
HBIX CHETOMEPHBIX HAOIOJCHUH, TUCTAHIIMOHHBIX JaHHBIX, Pa3IHYHO-
ro poxa Moieneit u ap. Beidop criocoba Bu3yanusanuu, Kak mpaBuiio, 3a-
BHUCUT OT UCXOAHBIX JAHHBIX U MPHUHLHUIA MOCTpoeHusl. O4eHb 4acTo Ha
JIOKaJIbHO-PETHOHAIILHOM YPOBHE MO)KHO BCTPETUTHh OTOOpaKCHHE JaH-
HBIX C momolibio n3onuHuii [Pessikun, Kpasuosa, 1977; Ilomnos, Ilon-
koBHUKOBa, 2009; Mrnosckas, Hapoxwnsrii, 2010]. Haubonee npaBomep-
HO MPUMEHEHHE TOTO CII0C00a 0TOOPAXKEHHUS Ha KapTaX PerHOHAIBLHOTO
1 I100aJIbHOTO MACIITa00B, OJJHAKO B JTFOOOM CITy4ae MPH UCIIOJIb30BAHUHI
U30JIMHUHN TEPSETCS «CBSI3bY C XapaKTePOM MOJACTUIIAIOIICH TOBEPXHOCTH,
HUBEIHUPYIOTCS MHOTHE KOHTPACTHI B paCOpeeICHUN CHEKHOTO TIOKPOBA,
KOTOPBIE MOTYT MPOSIBIISATHCS HA OYCHD HEOOJIBIIINX PACCTOSHUSIX.

Btopoit rpynmoit SBASIOTCS KapThl, MOCTPOCHHBIC HA MPUHIUIAX
nmaHIa@THON ¥ re000TaHUYECKON WHIIUKAIIMU, C HCIOIB30BAaHUEM KaK
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OCHOBBI COOTBETCTBYIOLIETO pofa kapTel [Camoiinosa, 1980; I'pynunum,
1981; beikos, 2001; ITomos, Ko63eBa, 2006]. DT METOIUMKH TPETbSIBIS-
10T cepbe3Hble TpeOOBaHMs K HA0OPY MCXOAHBIX JaHHBIX. TpedyeTcs 3Ha-
YUTETbHBINA (CTaTUCTUYECKH JTOCTOBEPHBIN) OXBAaT HAONIONECHUSMH BCEX
THUIIOB MPUPOIHBIX KOMILJIEKCOB, KOTOpbIe OepyTCs 32 KOHTYPHYIO OCHO-
By KapTbl. Baxkna u cama rcnonbs3yemasi kaprorpaguyeckas ocHoBa. He-
00XOMMO MOHMMAaTh, YTO B YCJIOBHUSX COBPEMEHHOTO YPOBHSI aHTPOIIO-
TeHHOH Harpy3KH aeKBaTHOCTb OTOOpa)KeHHs! TeX WM MHBIX THIIOB pac-
TUTEJIBFHOTO TIOKPOBa MO0 JIAaHIAPTHBIX BBLAETIOB MOKET CYILIECTBEHHO
CHIDKAThCS. YUeT TOJBKO XapaKTEPUCTHK PACTUTENBHOCTH BJIEYET 3a CO-
0011 UTHOpHUpOBaHKE LETIOTo Psifa GaKTopoB, OOYCIOBICHHBIX peibedom,
KOTOpPbIE MOTYT JISHICTBOBAThH JaKe MPU CXOKEM €€ XapaKTepe.

Haubonee nporpeccuBHbIe METOAUKN KapTOrpadUpOBaHUS CHEKHO-
ro TOKpPOBa Ha CyOpernoHajbHO-JIOKaJIbHOM YPOBHE Yallle BCErO OIH-
paroTcs Ha CBA3b MEXKAY YETKUMH MOP(HOMETPHUECKUMHE MTOKa3aTeNIMH
MOJICTUJIAIOIIEN MOBEPXHOCTH M JJAHHBIMH O CHETOHAKOIUIEHWU B TOY-
Kax HaOmoneHuid, 00ecnedeHHbIX Takoi WHQpopMameid. ITOT MOAX0x
OTKPBIBAET IIMPOKHE BO3MOXKHOCTH JJISI MOJEIMPOBAHUS paclpesene-
HUS CHE)KHOTO TIOKPOBA, UCIOJIBb3Ys pa3iMyHble HCXOIHbIC JaHHbIE: Ha-
3eMHbIe HaOmroneHus [Meromy et al., 2013; JIBoprukoB u ap., 2015;
Wetlaufer et al., 2016], cnmyrHukoBbie nannblie [Dietz et al., 2014; Hong
et al., 2015], pe3ynbrarsl nazepHoro ckanupoBanus [[loropenos u ap.,
2009; Hopkinson et al., 2012; Prokop et al., 2013] u coueTanue pazHo-
ponnoii nadopmauuu [Biihler et al., 2015]. Jns momygernst mophome-
TPUYECKUX XaPaKTEPUCTUK TEPPUTOPHH HIMPOKO NPUMEHSIOTCS IH(pO-
Bble Mozenu penbeda (DEM). Ha ux ocHoBe MOXXKHO MOTy4aTh LIS
PSAA BaXKHBIX C TOUKH 3pEHUS] CHETOHAKOIUIEHUS XapaKTePUCTHUK U pac-
CUUTHIBATH OTpEEJICHHBI Ha0Op WHAEKCOB, HAPUMED, UHIIEKCHI KPH-
BU3HBI TOBEPXHOCTH. [LIMpOKO MPUMEHSIOTCSI TaKKe NaHHbIe Aer(ppH-
POBaHMA KOCMOCHUMKOB — KapThl Ha3eMHbIX MokpoBoB (land cover). Ha
OCHOBE ATHUX MaTepUaJIOB BBIIENSETCS HAOOp XapaKTEPUCTHK, KOTOpPhIE
BBIOMPAIOTCS OTHOCHTEJIFHO CHENU(UKN TEPPUTOPUN UCCICIOBAHUS U
CBSI3U C 0OCOOCHHOCTSIMH CHETOHAKOIUICHHS (HAapruMep, Ha paBHUHAX Ya-
CTO HET CMBICJIAa YUYUTHIBATH aOCOIIOTHYIO BBICOTY). [Ipou3Boasrcs rpa-
JAIK 3TUX XapakTepucTHK. Ha ocHOBe CBs3M ¢ peajbHBIMU MTOKa3are-
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JSIMM CHETOHAKOIIJICHUSI BOBMOYKHO MOCTPOCHHUE Pa3IMUHBIX pErpeccu-
OHHBIX MOJICIIEH.

W3 Bcero ckazaHHOTO cIeoyeT, YTO PsA TPaIUIMOHHBIX METOAOB TO-
CTPOCHUS KapT OCHOBHBIX XapPaKTEPUCTHUK CHEXKHOTO TIOKPOBA COACPIKHUT
B ce0e cylecTBeHHbIE HerocTaTKi. OTHUM M3 BO3MOYKHBIX ITyTeH pelie-
HUSI BUOUTCS KOPPEKTHAsI MHTErpalys JaHHBIX O HEOIHOPOIHOCTH 3€M-
HOW TIOBEPXHOCTH (TaHAMIAa()THOH CTPYKTYpE) M JaHHBIX MOJIEBBIX MC-
cienoBaHui. Mcxoast 3 3TOTo 1eIb HCCIIEA0BaHUS — ITOATOTOBKA OCHO-
BBl JJIS1 CO3MaHMsl KapTorpaduueckoil MOIENIN paclpelesieHnsT MaKCH-
MaJIbHBIX CHero3amnacoB B Oacceiine p. Kacmanbl.

OpnHoli U3 mpu4MH BbIOOpa JaHHOTO OacceliHa U anmpoOanuu Me-
TOAMKH MOCIYKHJIIO TO, YTO PaBHUHHBIE BOAOCOOPHI tora 3ananHoi Cu-
Oupu KpaifHe cna0o M3ydeHbl B Ha3BaHHOM aciiekTe. BrlOpaHHBIN BO-
nocbopubiit Oacceitn (S — 1768,48 kM?) pacrmoniokeH MOJHOCTHIO B
MOA30HE IOKHOH JiecocTenu Ha [IprnoOckoM TuiaTo M sIBIsIETCS pernpe-
3EHTaTUBHBIM ISl JaHHOU Tepputopuu [3o10toB, YepHsbix, 2014]. 3a-
MBIKAIOIIMK CTBOpP pacrojyiokeH B cesne Porosuxa, rae ¢ 1940 r. nment-
ctByeT rugponoct. JlanamadrHas cTpykTypa OacceiiHa O4YeHb HEOI-
HopoznHa. OCHOBHBIMH dJeMEHTaMH JIaHAWA(THON CTPYKTYpBI TEpBO-
ro Mopsiika B Mpeaesiax paccMaTpruBaeMoro dacceifHa (ero CTpyKTypHO-
(YHKIMOHAIBHBIMH YacTsIMU) SIBJISIFOTCSI FOTO-BOCTOUHBIM MaKpOCKIIOH
Kynynanncko-Kacmanunckoro (JieBblii 00pT), ceBepo-3amaaHblii Makpo-
cknon Kacmanuucko-bapHaynbckoro (npaBblii 00pT) yBaJoB U pa3aenso-
miee ux Auuie KacmannHckol T0KOMHBI IPEBHETO CTOKA, JIUIIb HEOOIb-
LIYIO YaCTh KOTOPOW 3aHUMaeT coBpeMeHHast fonuna p. Kacmarsr. Teppu-
TOpHS MOZIBEPKEHA 3HAUYUTEIbHON aHTPOIIOTeHHON HarpysKe, IIOBEpXHO-
CTH yBaJoOB (paKTHUYECKH MOJHOCTBIO paclaxaHbl, B Mpeeiaax COCHOBO-
ro 6opa Ha THHIIE JOKOUHBI APEBHETO CTOKa COMKHYTBIE COCHOBEBIE Jieca
BCe OOJIbIIE 3aMEIIAIOTCS Pa3TUYHBIMU MOAU(UKALUSIMH (Pa3perKeHHbI-
MH, MEJIKOJIMCTBEHHO-COCHOBBIMU | Jp.) [YepHbIX 1 ap., 2014].

OCHOBHBIMH UCXOIHBIMH JAHHBIMU IS aHAJIM3a CTPYKTYPBI TOJCTH-
JAIOLIeH MOBEPXHOCTH MOCITYXHIN HU(PPOBast MOAETb penbeda (suei-
Ka rpuja 5 M) ¥ KapTa Ha3eMHbIX oKpoBoB (land cover), cogepikaras
16 TUMOB BBIIEIOB. ANTOPUTM CO3/aHHS OCHOBBI IPUBEICH B padoOTe
[Buprokos, 2013].
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W3yueHnne CHEXHOTO IOKpOBa MPOBOAWIOCH  JaHIMmA(THO-
MapUIpyTHBIM METOAOM B NEPUOJ MaKCHUMaJIbHOTO CHETOHAKOIIJIEHMS
(Bropas nexana mapta) B Teuenue 4 set (2011-2014 rr.). O0mas amuna
MapHIpyToB cocTaBuia okojio 12 kM (6onee 700 n3MepeHHd TONIIMHBI
cHera u Oonee 70 M3MepeHUH IUIOTHOCTH B KXbIH U3 TO0B HAOIIOIe-
Huit). [lepexos OT TONIIMHBI K BOTHOMY SKBUBAJICHTY CHEKHOTO MOKPO-
Ba BO3MOXEH I10 Pe3yJbTaTaM MOJEBBIX U3MEPEHUH IUIOTHOCTH CHETa.
ConocraBieHne JaHHBIX O TOJIIMHE U 3HAYEHUI BOJHOTO SKBUBAJIEHTA
NO3BOJIMJIO TIOJTYYHTh YpaBHEHHUE JIHEiHOW 3aBucumMocTH (R? = 0,9), ko-
TOpPOE€ MPUMEHAJIOCH NP pacueTe CHEro3arnacos.

Ucxona u3 cieuupuky TEPPUTOPUH, ATl CO3AAHUSI OCHOBBI KapThI
MaKCHMaJIbHBIX CHET03anacoB ObLIM BHIOPAHBI CIEIYIOLIHE TOKA3aTeIH:
YTOJI HAKJIOHA MTOBEPXHOCTH, IKCIIO3ULIHUS CKIIOHA, 0000ILIECHHBIE TPYTIIIbI
TUIIOB Ha3€MHBIX MOKPOBOB. [ pafaliny KIIFOUEBHIX XapaKTEPUCTHUK BOJO-
cOopHoro OacceiiHa ObUTH BHIOpAHBI HCXOAS U3 BCETO Uana3oHa 3Haye-
HUH ¥ CcIeUU(UKH BIMSHUS HA CHETOHAKOIUICHHUE, BBISIBICHHBIX B X0/
TMIOJIEBBIX MCCIIEIOBAHUM.

MaxkcuManbHbIe YKIIOHBI B TIpeaenax 0acceiiHa orpaHnunBaroTcs 9°,
OoJblIast JK€ 4YacTh SBISIETCS MOYTH IUIOCKOW TOBEPXHOCTBIO C YKIIO-
Hamu A0 3°. Takum oOpa3om, ObUIM BBIJENICHBI YCIOBHO J1Ba THMA I10-
BEPXHOCTEH — BBIPOBHEHHBIE 1 CKJIOHOBBIE. DKCIIO3UIIMS OIpeessaach
TOJIBKO JUIsl BTOPOM TPYIIBI BBIAEIOB. DKCHO3ULIMOHHBIE MapaMeTphl
Obun 00BenuHeHsl B ueThipe rpynmbl — «C-CBy, «B-HOB», «HO-FH03y,
«3-C3». BpiO0Op mogo0HO# rpafaiy CBsI3aH ¢ pacloiokKeHueM dacceii-
Ha 110 iponoibHoi ocn KO3-CB 1 1oro-3ana HbiM HarpaBieHUEM IPeoo-
JIa/Iat0LUX BETPOB.

W3 obmiero yncia TUIIOB Ha3eMHBIX IOKPOBOB OBUIM BBIICICHBI Ye-
ThIpe TPYMIbI, CXOJHBIE M0 XapakTepy cHeroHaxomieHus. Cpenu pas-
JIMYHBIX JIECHBIX THIOB PE3KO KOHTPACTUPYIOT COCHOBBIE COMKHYTHIE U
MEJIKOIMCTBEHHBIE (Oepe30Bble, OCHHOBBIE, TOMOJIEBbIC, UBOBBIC) Jieca.
COMKHYTBIE COCHAKM MOTYT mepexBarbiBaTh 10 30 % BhImagaromumx
0CaJKkoB, OoMbIIasi 4acTh M3 KOTOpBIX Hcmapsercs [[pynunumz, 1981;
Pomeroy et al., 1998], B 1MCTBEHHBIX XK€ Jecax nepexBar GaKTHYCCKH
orcyTcTByeT. Kpome TOro, mpoMeKyTouHbIE THITBI (COCHOBBIE Pa3pekeH-
HbIE, MEJIKOJIMCTBEHHO-COCHOBBIE, COCHOBO-MEJIKOJMCTBEHHBIE, MEJKO-
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JIUCTBCHHBIC 38.6OJ'IOLICHHLIC) B CUlly ocobeHHOCTEH nepexsara CHEra
OBLIM OTHECEHBI B OHY I'pynity € COOCTBEHHO MEJIKOJUCTBEHHLIMU JIe-
CaMH. Eme ABC T'pyIIbl COCTAaBWJIN CTCIIH, JIyIa U UX MMPOU3BOAHBIC, a
TAaK¥XC TPOCTHUKOBBIC 3alMUIIIA.

YKnoH

1.<3
2.>3

Akcno3uumnsa

1. C-CB (337.5°-67.5°)
2. B-IOB (67.5°-157.5)

3. 10103 (157.5°-247.5)
4.3-C3 (247.5°-337 5

HazeMHble NoKkpoBbI S

1. TpOCTHUKOBbIE 3anMuLLa e

2. C/x yrogbsi, ctenu, nyra ‘ g //% I
3. Jleca MenKonuCTBEHHbIE U UX MPOU3BOAHbIE |~ = nf —~—

]
4. Jleca COCHOBbIE COMKHYTbIE ) 2 &ol \// i

®parMeHT Kaprorpaduyeckoil 0CHOBBI M Ipafialius HCIOJb3yeMbIX Xa-
PAKTEPUCTHK MOACTHIAIONICH OBEPXHOCTH

B pesynbrare kKOMOMHHPOBaHUS BHIOPAHHBIX MapaMeTpoB OBLIO TTO-
nmy4deHo 16 THITOB sUeeK, Ui KOTOPBIX XapaKTePHBI OMPEIeIeHHBIE 0CO-
OCHHOCTH CHETOHaKoIUieHHs. PparMeHT MONy4YeHHOW Kaprorpadmde-
CKOW OCHOBBI NPENCTABICH Ha puc. TakuM 00pa3oM, MOATOTOBIECHHAS
OCHOBa C HEKOTOPBIMHU JTOPA0OTKAMHU MOXKET CIYXHThb 0a30i MpH Io-
CTPOEHUH KapT OCHOBHBIX XapaKTEPUCTHUK CHEKHOTO MOKPOBA M BBISB-
JICHUH 3aBUCUMOCTEH CHETOHAKOIIJICHHS OT XapaKTEPUCTHK ITOJICTHIIAI0-
e MOBEPXHOCTH paccMaTpruBaeMoro dacceiHa.

Hccneoosanue svinonneno npu unancogou nooodepoicke PODU, npoexm
No 16-35-00203 mon_a.
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PROVIDING THE BASIS FOR THE CONSTRUCTION
OF A CARTOGRAPHIC MODEL FOR DISTRIBUTION
OF MAXIMUM SNOW WATER EQUIVALENT
IN THE KASMALA RIVER BASIN (ALTAI KRAI)

D. K. Pershin"2, R. Yu. Biryukov'

nstitute for Water and Environmental Problems SB RAS
’Altai State University

The paper describes the issues of the development of the basis for the construc-
tion of a maximum snow water equivalent distribution map of the Kasmala
River basin. The digital elevation model, remote sensing data and route snow
surveys were used as the main basic materials.



TUAPOAOTUS U MOLEAUPOBAHUE

YUCJIEHHASA MOJIEJIb JJIs1 UCCIIEJOBAHUA KAYECTBA
BO/IbI B KPYITHOM O3EPE

B. O. lpinenoB

Tomckuil 2ocydapcmeeHHblLil YHugepcumem

Pabora nocssiiieHa ONMCaHUIO YUCIACHHON MOJIEIIH, YUUTBIBAIOIIEH Cy-
TOYHYIO JUHAMUKY KOPOTKOBOJHOBOHM M JUIMHHOBOJHOBOM pajanalu,
MOTOKOB CKPBITOTO M YyBCTBUTEJIBHOI'O TEIUIA, JUUIsl HCCIIEIOBAHUS Ka-
yecTBa BOJbI HA mpuMepe o3epa Kamurynic (bpuranckas Komymous, Ka-
Hazaa). [IpencraBiensl pe3ysbTaThl MaTEMaTHYECKOIO MOACIUPOBAHUS
pacnpeneraeHus MyTHOCTH BOZBI B IEPUOJ] BECEHHETO IPOIPEBaHUS BO-
Joema.

Ilo oneHkam y4eHBIX 4epe3 HECKOJBKO JECATHIIETHH uucTas npe-
CHasl BOJA CTAaHET BA)XKHEWIIUM PECYPCOM, IIOCKOJIbKY OHA HE3aMEHHU-
Ma B OTJIMYHUE OT APYTruX NpupoaHbIX OorarctB 3emiuu. CoracHo mpo-
ruHo3am aupekropa Uuctutyra Boausix npobnem PAH B. U. Jlanunosa-
Janunbsna rmoOanbHbI BOTHBIN KPU3UC OXKHUIAETCS B MHTEpBAJIE OT
2025 no 2035-2040 rr. [[1anmnos-anunbss, 2009]. K ucromieHuro Bo-
JTHBIX PECYPCOB BEAET HE POCT PacXolyeMOl BOABI, a €€ 3arpsi3HEHHE.

Llenpio naHHO# paboOTHI sIBIsiCTCA pa3pabOTKa HErHAPOCTATHYECKOH
2.5D MaTtemMaTuuecKoi MOJIeNu JUIsl HCCIIE0BaHUS MPOLIECCOB 3arpsi3He-
HUSI B [IPECHOM BOZOEME C YUETOM CYyTOUYHOH M3MEHUYMBOCTHU armocdep-
HBIX XapaKTepPUCTHUK.
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ﬂﬂﬂ OLECHKU KadyeCTBa BOAbI yZ[O6H0 HCIOJIb30BATh OKA3aTCJIb MYT-
HOCTH, XapaKTepH3yIOU.lHI>i 3aBUCUMOCTDL MPO3Pa4YHOCTH BOJAbLI OT HaJIU-
Yus B HEU MCJIKOAUCIICPCHBIX B3BCIICHHBIX HpI/IMeceP'I Pa3JIMYHOIO Mpo-
HUCXOXKIACHUHA. III/IHEIMI/ILIGCKOC HN3MCEHCHUC MYTHOCTU BOJbLI B 25D HCTHU-
,I[pOCTaTI/ILICCKOI\/’I MaTeMaTuyecKon MOACIN OIIUCHIBACTCA C HOMOIIBHO
KOHBEKTUBHO-IU(P(Y3HOHHOTO YpaBHEHHUS BUIA

oD auCD E)w(I) 0 0D\ 9 oD

= D, [+ p. 22|

ox 0z

at 8x 9z ox 0z

riae ®© — myTHOCTb Bojbl, JTU.

Hermapocratudeckass Moneiab AJi1 BOCIPOU3BEICHUS TEPMOTHAPO-
JUHAMHYCCKUX TPOIECCOB B NIYOOKOM 03€pe, yUUTHIBAIOLIAS BIIMSI-
Hue cuwibl Kopuomnuca, CBI3aHHON C BpalmleHueM 3eMIId, U 3almucanHas
B npuOmkennu byccuHecka, BKIItOUYaeT B ce0sl CIICIYIOIINE YPaBHEHHUSI
[Tsydenov, Starchenko, 2015]:
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IJ€ U, V — TOPU30HTAJIbHBIE KOMIIOHEHTBI CKOPOCTH; W — BEPTHUKAJIbHAS
KOMIIOHEHTa CKOPOCTH; £2, Qy ¥ {2 — KOMIIOHEHTBI BEKTOpa YIJIOBOH
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CKOPOCTH BpAlICHUs 3eMIIH; g — YCKOPEHHE CBOOOIHOIO NaJCHUs; ¢, —
yZeNbHas TEINIOEMKOCTh; 1 — TeMmeparypa; S — COJICHOCTb; p — AaBlie-
HUE; p,— MIIOTHOCTb BOJIbI IPU CTAHIAPTHOM aTMOC(HEPHOM JIaBJICHUH,
temneparype T, u conenoctu S, (7, u S, — XxapakrepHas Temneparypa u
COJICHOCTB 03€pa COOTBETCTBEHHO). KOPOTKOBOIHOBAS COJTHEUHAs paiu-
aIys, MPOHHUKAIOIIAs B BOJY, pPaCCUMTHIBACTCS 1O 3aKOHY byrepa—Jlam-
Oepra—bapa:

Hsol = HSsol,O “CXp (_gabsd) 5

e HSSUI, , — TOTOK COJTHEUHOUW paJiualiii Ha CBOOOJIHOW MOBEPXHOCTH,
€, — Kodhdunment normomenus, d = |L_ - z| — nybuna.

3aMbIKaHHE CUCTEMbl ypaBHEHHH OCYHIECTBISIETCS C TOMOIIBIO
JIByXTapaMeTpuiaeckoil k—m momenn Yuikokca WM ke anreOpauue-
CKHX COOTHOWICHWH i KOA(PPHUIHEHTOB TypOyleHTHOH muddys3un
[prnenoB, Crapuenko, 2014]. YpaBuenue cocrosiaust [Chen, Millero,
1986] cBs3BIBACT IIOTHOCTH BOJBI C TEMIIEPATYPOU, COICHOCTHIO, J1aB-
JICHUEM M cripaBeiiuBo B auamnazone 0 < 7< 30 °C, 0 < §<0,6 e/xe,
0<p <180 6ap.

Penrenune 3aaun 0CHOBaHO Ha METOJIe KOHEYHOTO 00beMa, corliac-
HO KOTOPOMY CKaJISIpHBbIC BEJIMYHMHBI (TeMIieparypa, MUHEepaIu3alus,
MYTHOCTH BOJBI U T. JI.) ONPEIEISIOTCS B IEHTPE CETOYHON SUYCiKH, B
TO BpeMs KaK KOMIIOHCHTBHI BEKTOPa CKOPOCTH — B CPEIHUX TOUKax Ha
rpaHunax sueek. YNCICHHBIH alropuT™M HaXOXKICHHS TOJSI TCUCHHS U
TeMIepaTypbl OMUpaeTcst Ha pa3HOCTHYIO cxeMy Kpanka — HukoscoH.
KoHBeKTHBHBIE cllaraeMble B ypaBHEHUSX alllMPOKCUMUPYIOTCS IO TIPO-
tuBonorokoBoii cxeme QUICK [Leonard, 1979] Broporo nopsaka. Cu-
CTEMBI Pa3HOCTHBIX YPaBHEHUH Ha KaXKJIOM HIare 10 BpEMEHH PeIIaroT-
CSl METOJIOM PElIaKCaINH.

B kauecTBe mcciieayeMoit 00JacTH BBIOPAHO BEPTHUKAIBHOE Ceye-
Hue ozepa Kamnymnc [John et al., 1976], cooTBeTCTBYIOIIEE HAIpaB-
JICHUIO BINAACHUs pekr TOMIICOH, Hayaio CUCTEMBbl KOOPJIUHAT COBIIA-
naet ¢ yctbeM peku (puc. 1, a). Ozepo Kammyrnc Haxomutcest Ha 10rT0-
3anane Kananas! (mposunnus bputanckas KomymOus) B 340 km ceBepo-
BocToyHee BankyBepa u pacmomoxkeHo mexay 50°26'-50°45" c. m.
u 120°03'-120°32" 3. n. PacdyetHas o0macTh MMEET MPOTHKECHHOCTH
10 km u tyouny 138 M (puc. 1, 0).
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B BBIUMCINTENTFHOM DKCIIEPUMEHTE HadallbHOE PacIpeielieHUue TeM-
neparypsl B o3epe Kamiync mmeeT MOCTOSHHOE 3HAYeHHE, PaBHOE
2,4 °C, B TO BpeMs Kak TemIieparypa BoJbl B peke cooTBeTCTBYyeT 3,6 °C
n HarpeBaercs Ha 0,2 °C B cytku [Holland et al., 2003]. Pexa Tomncon
BIIaJIaeT B 03epo co ckopocThio 0,01 m/c, MuHepanu3amus BoJbl B 03epe
u B peke paBHa 0,1 1/kr. HauanbHoe 3HaueHrEe MYTHOCTH O3€PHOM BOJIBI
cocrasisieT 2,0 JTU, usMeHeHHe MyTHOCTH B YCThE PEKH MTPEACTABICHO
Ha puc. 2 [John et al., 1976]. Pacuernas obnacts (puc. 1, 0) mokprIBaeT-
Csl PABHOMEPHON OPTOTOHANBHON CETKOH ¢ maramu i =25 m u h =3 m.
Iar no Bpemenu — 60 c.

N
Wk
S

p- Tomnicon

130 %
0 %000 2000 3000 4000 5000 6000 7000 8000 9000 10000

(6) JnuHa, M

Puc. 1. Mop¢pomerpus o3. Kamayne:

a— Garumerpust 03. Kamiyric; 6 — BerauciutenbHast 001acTh (IPOAOIBLHOE CEUCHHE)

Pa3pa60TaHHa>1 MaTreMaTuvdeCKass MOJACIIb MO3BOJIACT YUUTBHIBATH CY-
TOYHYKO U3MCHYMBOCTb MCTCOPOJIOTMYCCKUX (I)aKTOPOB, BOSHCﬁCTBym—
X Ha BOAHYIO MOBCPXHOCTH 03€pa. B xauectBe aTMOC(i)epHLIX JaH-
HBIX BBICTYHACT I/IH(I)OpMaI_II/Iﬂ 0 TeMIeparype BO3yXad, OTHOCHUTCIIb-
HOH BJIAXKHOCTH, aTMOC(bepHOM JaBJICHUU, 00JIaYHOCTH U3 apxuBa 1o-
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TOAHBIX ycioBul mereoctanuuu I. Kammync B nepuon ¢ 01.04.2015 mo
10.05.2015 r. (http://climate.weather.gc.ca). Ha ocHOBe 3THX cBeneHuit
paccunTaHbl 3HAYCHUS KOPOTKOBOJIHOBOW W JJTHHHOBOJHOBOHM paana-
[[H, TOTOKOB CKPBITOTO W YYBCTBHUTEIHLHOTO Teria (puc. 3) Mo Moaenu
Ne 3 u3 [Tsydenov, Starchenko, 2015].

21 4

-
o o

MyTHOCTb, JTU
]

o W

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
BpemsA, cyTku

Puc. 2. MyTtHocTh BoAbI B yeThe pekn Tommcon [John et al., 1976]
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Puc. 3. KoMnoOHEeHTHI TeIJIOBHIX MOTOKOB, PACCUYUTAHHbIE HA OCHOBE aT-

Moc(epHBIX AAaHHBIX MeTeoposornyeckoii cranuuu r. Kamaynce B nepuog
¢ 01.04.2015 mo 10.05.2015 r. (MecTHOE CTAaHAAPTHOE BpeMsl)

[TpocTpaHCTBEHHO-BPEMEHHOE pacipe/elieHHe MYTHOCTH BOIbI B
o3epe Kammyric (puc. 4) nmokaspIBaeT, YTO B HauajJbHOM CTaJUN MOJIe-
JMPOBaHMsI MPUMECh, TIOCTyHaromas 13 peku TOMIICOH, pacrnpocTpa-
HSeTCS B IIYOOKOBOAHYIO YacTh O3€pa 3a CYET BO3HUKAIOUIETO TIOJ
JIEHCTBUEM CHJIBI TSHKECTH BIOJBCKIOHOBOTO TeueHus (puc. 4, a—0).
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my6buHa, m

ny6uHa, m

my6uHa, m

my6uHa, m

-130+ 2
0 2000 4000 6000 8000 10000

PaccToaHuna oT ycTbs p. TOMMCOH, M

Puc. 4. Pacnpenesnenue MyTHOCTH BOABI B 03epe Kamuync na 3
(a), 10 (0), 20 (B), 40 (r) cyTKH MO/IETUPOBAHUS

3areM 0 Mepe YCHJICHHWSI TEMITOB TEIUTOHAKOTUICHUSI M MPOTrpeBa ped-
HOTO TPUTOKA, MEHEE TIOTHAS BOJIHAS Macca PAacIpOCTPAHSIETCS 110 MO0-
BEPXHOCTH 03epa, 4TO CHOCOOCTBYET KOHIICHTPAIIMH MaKCHMAallbHBIX
3HaUEHUH MYTHOCTH B BEpXHHUX CJI0AX Bomoema (puc. 4, B—T). [lomyden-
HBIC PE3YJIbTAThl YUCICHHOTO KCIIEPUMEHTA KaY€CTBEHHO COOTBETCTBY-
0T U3MEpPEHUsIM HaTypHBIX HabmroneHuii [John et al., 1976].

Hccnedosanue svinonneno npu gounancosoil noodepaicke epanma Ilpesuoen-
ma P® (MK-4790.2016.5).
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A NUMERICAL MODEL FOR INVESTIGATION
OF WATER QUALITY IN A LARGE LAKE

B. O. Tsydenov
Tomsk State University

The numerical 2.5D model developed for the investigation of water quality in
a large lake takes into account the diurnal variability of the heat fluxes on the
surface of the water body. The water turbidity dynamics during spring heating
show that the river water first moves along the slope to the deeper parts and then
spreads over the lake’s surface. The results obtained are consistent with field
observations in Kamloops Lake, British Columbia, Canada.
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HHPOBJIEMbI YITPABJIEHUS BOJAHBIMU PECYPCAMUA
HA NIPUMEPE HBITBEHCKOI'O BOJAOXPAHUJINILA

O. A. Bepesuna?, C. A. JIBuHCKHX,
H. I. Makcumosu4?, H. H. ITanbkoB!

! [Tepmcruti 20cyoapcmeennbiil HAYUOHALbHBIL
uccne0o8amenbCKull yHusepcumen
? Ecmecmeennonayunviii uncmumym ITTHAY

PaccmarpuBaercst mpobieMa 3BTpouKanui HeITBEHCKOTO BOIOXpaHU-
JIMINA KaK yrposa JJis MUThEBOTO BojocHaOkeHus T. HeiTeel. [IpuBene-
HBI OCHOBHBIE XapaKTepUCTUKH p. HBITBBI U pe3ynbTarhl THAPOXUMHYE-
CKOTO M THUAPOOHOJIOTHYECKOTO MCCIIE0BAaHUH, JOKa3bIBAIOIINE BHICO-
KWK ypoBeHb TpoHOCTH Bogoema. Takke laHa XapaKTepuCTHKa (QyHK-
LU yIPaBIICHUSI.

OBTpOPHPOBAHNE BOIOEMOB SBISETCS MPHUPOAHBIM TIPOIIECCOM, U €T0
pa3BUTHE OIIEHWBAETCS B paMKaX I'€OJIOTHYECKHUX MaciiTaboB BpEeMEHH,
OJTHAKO 32 HECKOJIBKO ITOCIIETHUX BEKOB YEIIOBEK CYIIIECTBEHHO YBEITNYNIT
WCTIONTb30BaHUE OMOTEHHBIX BEIIECTB, 0COOCHHO B CEJIHCKOM XO3SIHICTBE B
KauecTBe yIOOPEHUH 1 JIETePreHTOB. DTO MOCITYKIIIO IPHYMHOM BO3pac-
TaHUsA TPo(HUH HEOOBITIX BOIOXPAHMIHI. Bo MHOTHX BooeMax Ha0IIo-
JTAeTCsl pe3Koe yBelndeHrne o0mms (PUTOIIAaHKTOHA, 3apacTaHie BOTHON
PacTUTETHHOCTRIO TPUOPEKHBIX MENKOBOIMI M W3MEHEHHE KadecTBa
BOJIbI. MIHa4Ye TOBOPS, B TeUEHHE HECKOIBKUX TIOCIEAHNX JIECITUICTHIA Ha
BOJIOEMaX, PACIIOJIOKEHHBIX B IIpeeiax HACeNeHHBIX ITyHKTOB, aKTHBHO
pa3BUBAETCs aHTPONOreHHoe ABTpodupoBanue. OIHUM U3 IPUMEPOB Ta-
koro BomoeMa B [lepmckom kpae siBisieTcs HpITBEHCKOE BOIOXpaHIUTHIIIE.

Pexa HerTBa, Ha KOTOpO# CO3mMaHO BOJOXpAHIIIUINE, OEpeT CBOE Ha-
yajo B paiioHe I. Bepemaruno [lepmckoro kpas, repecekast TeppuTOprun
Tpex paiioHoB — Bepemarunckoro, Ouepckoro u HeITBeHCKOTO, 1 Briaia-
eT B BoTkuncKoe Bomoxpanmuiie. Tepputopus Bomocoopa p. HeITBEI Ha-
XOIUTCS Ha BOCTOYHOW OkpamHe Pycckoit mutaropmbr B paiione Bepxae-
KaMCKOM BO3BBIIIEHHOCTH M XapaKTEPU3YeTCsl XOJIMUCTO-YBAIUCTBIM pe-
THEPOM ¢ OOLUUUM KOTULECHBOM NAXOMHBIX Y2oOouti. J1o cTBOpa TITOTHHBI
HebITBEHCKOTO THAPOY3.Ia IUIomaap Bogocoopa — 802 KM?, JTeCHCTOCTh —
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26 %, 03epHOCTh U 3a00104eHHOCTh — MeHee 1 %. CtBop mioTuHbl HbIT-
BEHCKOTO THAPOY3Ja, KaK M akBaropusi HBITBEHCKOTO BOMOXPaHMIIHIIA,
PAacroyioXKeHbl Ha TEPPUTOPUKM HBITBEHCKOTO TOPOACKOTO MOCEIICHUS U
HerrBeHCKOTO MyHUIIMTIANILHOTO paiiona [lepmckoro kpas (puc. 1).

e Y ——

- |

Puc. 1. Cxema pPacnojokeHus HpbiTBeHCKOTO BOAOXPaHUJIMIIA

HrpITBEeHCKOE BOIOXPAaHUITHUILE SBISIETCS] €MHCTBEHHBIM HCTOYHUKOM
MUTHEBOI0 BoMOCHAOKeHUs T. HBITBBI, ¢ HaceneHueMm 18 878 uenmosek,
TakuM 00pa3oM, aKTUBHBIN MPoIecC 3BTPOGUPOBAHUS BOJOECMA TPEII-
CTaBIIsIET COOOH CephEe3HYIO COIMATILHO-DKOHOMHYECKYIO MTpolieMy.

B cBs3u ¢ atum B 2012-2014 rr. IITHUY coBmecTHO ¢ Jpe3nen-
ckuM TeXHUYeCKHUM YHHBEPCUTETOM IPOBEIH MTOJIEBbIC UCCIICTOBAHMS.
Ha puc. 2 moka3zaHbl TOYKM MOHUTOPHHTA Ha BOJ0cOOpe U Ha aKBaro-
puu npyna.

Touku oTOopa mpoO OBLTM pacmpeeNieHbl TaKUM 00pa3oM, UTo-
OBl y4ecTh MOCTYIUICHUE 3arps3HSIONIMX BEIIECTB C MPUTOKAMH U Ha-
ONrofaTh 3a COCTOSIHMEM BOJIOXpaHHiuma. VccrnemoBaHusl BKITIOYAIH:
1) exxemMecsuHBIN OTOOP TIPOO BOJBI U3 IPUTOKOB (Mai — aBrycr); 2) exe-
nHeBHOE Habmonenue 3a pH, pactBopennbiM O, v TeMIIEpaTypoi; 3) mo-
JIeBOH BBIE3/I HA aKBaTOPHIO HBITBEHCKOTO BOAOXpaHUIIUINA sl 0TOOpa
npo0O BOJIbI (CMEIIAHHBIX M Ha pa3HBIX TOPU30HTAX ) HA XUMUYECKHUI aHa-
nu3, a Take u3mepenure pH, remneparypst u O, (110 rryOuHe).
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Puc. 2. Toukn MOHMTOPHHIA HAa TEPPUTOPHH BoAoCcOOpa U AKBATOPHH
HeITBeHCKOr0 Npyaa

E>xeqrHeBHOE M3MEHEHHE pacTBOPEHHOTO Kucinopona, pH u Temnepa-
Typbl TECHO CBsi3aHbl. CyIECTBEHHBIC 3HAYECHHUS KOppensaul Mexy O,
u Temneparypoit Boasl (0,68), O, n pH (0,76) 10Ka3pIBalOT MHTEHCHUB-
HOCTH OMOJIOTHYECKHX ITPOIIECCOB U TOBOPST O BEICOKOH aKTUBHOCTH BO-
Jlopociieli B Bogoxpanuiuine (puc. 3).

35 T | T 7T 9,8
| 2 t= (== pH L
30 ... : il 9,6
.-' - { o 1o | - 94
= 25 \ r= T 9,2
E o N I \ [ | - 9 pH
g T | ! MA LT 1T 88
o515 T T | 7
(5 [\ - 86
= | il 'A“ || 4
10 \V \ 1 -84
i 1 L INSAL [ ] 82
| ‘ - 8
o T - — — 78
206 256 306 57 107 157 207 257 307 48 98 148 198 248 298
350% 25 e
® =
-3 300% 20 y=9,9083x-75,976 .
2 =
= 250% s = R*=0,6914
i 200% - EE
4 E
3 150% s q10
2 100% .. @ V=0,1231x-1,5352 5
O s50% . — R3=0,4905
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20
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Temneparypa [°C)

30

pH

Puc. 3. CBs13pb exkeqHeBHBIX KOHIeHTpauuu pH, TemnepaTypsl u pacTBo-
penHoro kucjopona B HeITBeHCKOM BOJOXpPaHUJIUINE B MIOHE — aBrycTe
2012 r. (Touka B)
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Wzmepenue Temiieparypbl, paCTBOPEHHOTO KUCIOpoa U 3HaueHue pH
Ha aKBaTOPHHU BOIOXPAaHWIHUIIA (TOYKHA OTOOpa MPOO yKa3aHbI JTATUHCKHU-
MH OyKBaMH Ha puC. 2) MoKazanud (OpMUpPOBAHUE CTPATU(HUKALMU Pac-
npesesieHns] pacTBOPEHHOTO KUCIOPOa, HECMOTPSl Ha CPaBHUTEIBHO He-
Oonbime cpeanue rayounsl, okoao 3 M. ComepkaHue KHCIOpoaa Ha To-
BEPXHOCTH BBICOKO, B MPHUIOHHON YacTW 3HAYUTEIBHO HIKE, YTO IIO[-
TBEPXKIAET aKTUBHYIO JEATEILHOCTh BOJOPOCIEH U sIBIsieTCsl abnoTHye-
CKUM II0Ka3aTesieM aHTPOINOreHHOTro 3BTpodupoBanus. Bomgopocnu, mo-
Tpebss erko goctynubii CO,, IPOM3BOAAT KMCIOPOJ M HOBBILIAIOT 3Ha-
yenus pH Bo Bcem Bonoeme (pH 8-9 B BepxHeM METPOBOM cJ10€).

Bricokuii ypoBeHb TPOPHOCTH BOJOEMa TAKKE TOATBEPKIAIOT OTO-
OpanHble TPoObI JOHHBIX OTJIOKEHUH Ha 3000eHTOC. B cocraBe 3000eH-
Toca HeiTBeHCKOTO Mpy/a 3apeructpupoBano 7 Buaos. Haubosee pasHo-
00pa3HO TpeCcTaBlIeHbl MaJIOIIeTUHKOBBIE YepBH (kinacc Oligochaeta),
Cpean KOTOPBIX OOHapykeHO 4 BHIa, OTHOCSAILIMXCS K CAMHCTBEHHOMY
cemeiictBy TpyoounukoB (Tubificidae): Tubifex tubifex (O. F. Mueller
1773), Tubifex newaensis (Michaelsen 1902), Limnodrilus claparedea-
nus (Ratzel 1868), Limnodrilus hoffmeisteri (Claparede 1862). JInuun-
KA KOMapoB-3BOHLOB (cemeiicTtBo Chironomidae) HacuMTHIBalOT IBa
Buna. 910 Chironomus plumosus (Linne 1758) u Glyptotendipes glaucus
(Meigen 1818). Cpenu 1ByCcTBOpYATHIX MOJUTIOCKOB (Kiacc Bivalvia) BEI-
sBJeH Tonbko 1 Bun Dreissena polymorpha (Pallas 1771). YncneHHOCTD
3000€HTOCA B TIEPUOJ MccieaoBanuii coctaBmna 1600 sk3./M?, Gromac-
ca— 16,9 r/m>

Takum 00pa3zoM, 3000eHTOLIEHO3bI HBITBEHCKOTO Mpy/Aa XapakTepu-
3yIOTCS KpaifHe HU3KUM TaKCOHOMHYECKHM pazHooOpa3ueM, yrnpolieH-
HOU CTPYKTYPOH U JIOBOJIGHO BBHICOKMMH IOKA3aTeNISIMU YUCIIEHHOCTH U
OrOMacchl, MO3BOJISIOLIMMH OXapaKTEPH30BaTh €ro Kak BOAOEM 3BTPOd-
HOro TUma. KoMruiekc OMOIOTHYECKHX TOKa3aTeiel EeMOHCTPHpPYET,
YTO MY UCTIBITHIBAET TSHKEJI0E OPraHUYEeCcKOe 3arpsi3HeHHE:

ONIMroXeTHBINA HHIIEKC 3500

Wunexc Kunra-bonna 0,71

Wnpexc I'ynnaiita-Buties 85,7

3oHa carpoOHOCTH IMonucanpoOHas
KauectBO BOfIBI 5-6 (rpsi3Hast)
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B Boanom konekce P® roBoputcsi 0 3HAYMMOCTH BOJHBIX OOBEKTOB
B KQueCTBE OCHOBBI JKU3HHU U JIEATEILHOCTH YeJI0BeKa, a B BogHoli cTpa-
teruu P® na nepuog no 2020 r. — o npuopuTeTe odecreueHus Hacee-
Hust PO kayecTBeHHOU nmuTheBOW BOmOH. [Ipu mcmonbp30BaHum 3BTPOdh-
HOTO BOZi0€Ma KaK MCTOYHHMKA MUTHEBOTO BOJOCHOOKEHHS BO3HUKAIOT
pa3iIMyYHbIE PUCKU:

— TeXHUYecKHe: 3a0MBKa OrOJIOBKOB BOJ103a00Da;

— TEXHOJIOTUYECKHE: HEOOXOAUMOCTh U3MEHEHHSI TEXHOJIOTHU BOJIO-
MOJITOTOBKH;

— TOKCHUKOJIOTHYECKHE: TIPU JIe3UH(EKIINN BOABI XJIOPOM TPH BOIO-
MOJITOTOBKE OCHOBHBIM JICHCTBYIOIIMM BEIIECTBOM SBISETCS XJIOpa-
MUH, a MPH BBICOKMX MOKa3zaTensix pH, 4To xapakTepHo IJisi 3BTpodH-
POBaHHBIX BOJOEMOB, €T0 JE€HCTBHE 3HAYUTENBHO CHMIKAETCS, BCIE-
CTBHE 4ero yMmeHbluaercs dp¢pexTuBHOCTh Ae3uHpekunu. Taxke mpo-
JYKTOM JKHU3HEAESITETbHOCTH CHHE3ENIEHBIX BOJOPOCIIEH ABIISIIOTCS 1IHa-
HUJIBI, KOTOPbIE BOOOILE HE YAAJSIOTCS U3 BOJBI CYIIECTBYIOMINMH CIIO-
co0aMM OYHCTKH BOJIBI.

Krnaccuueckum meponpusituem o 60ps0e ¢ 3BTpodupoBanuem sB-
JIIeTCS BbIEMKA TOHHBIX OTIIOKEHHUH, KOTOPAasl OCYIIECTBIISIIACh B paM-
kax LleneBoil ¢penepanbHOI MPOrpaMMbl IO THAPOMEXaHU3UPOBAHHON
OYHCTKE JIo)ka HbITBeHCKOro BojoxpaHuiauiia. Pa®oTbl mo ovucTke
noxka (BepXHel yacTu) BogoxpaHuiriia 3asepuinck B 2015 . besy-
CJIOBHO, IaHHOE MEPOIPUATHE JTOJIKHO CHU3UTH KaK KOJIMYECTBO Opra-
HOTEHOB, HEOOXOAMMBIX IS PA3BUTHUSI CHHE3EJICHBIX BOAOPOCIIEH, TaK
Y TUIOIIAAHN MEJKOBOAMH U YBEIUUUTh TIyOuHy Bonoema. OmHako cie-
JIyeT OTMETUTh, UTO BbIEMKA IOHHBIX OTJIOKEHUH ABIIAETCS JIUILIb Kypa-
THBHON MEpOH U IOJI’KHA MPOBOJUTHCA C ONPEIEIEHHON MEPUOJUIHO-
cThio0. [loCKOIBKY OHA AAaeT TONBKO KPaTKOBPEMEHHBIH d(PQEKT U BbI-
coko3arpatta (Ha @I 6110 motpaueno 305 muH pyo.), AN noanep-
xaHust 3dexra, JOCTUTHYTOTO €10, HEOOXOAUMBI pa3padoTKa U BHe-
JIpeHME JOTOIHUTEIbHBIX MEPOIIPUATHH, HAIIPABICHHBIX HA CHUYKEHUE
MPUTOKA OPTaHOTEHOB C PYCJIOBBIM M CKJIOHOBBIM CTOKOM KaK B CAMOM
BOJIOEME, TaK U Ha ero 0acceifne. DTH MEPONPHUATHUS SBISAIOTCSA YaCThHIO
npo0JeM yrpaBlieHUs] BOIHBIMU pecypcamu OacceiiHa p. Herrbl. s
uX BbIOOpa W 000CHOBaHUS B BeceHHe-neTHui nepuon 2016 . moe-
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BbIe pa0OoThI OyayT NpO0OJKEHBI. [10CTOSHHBIN MOHUTOPUHT ITO3BOJIUT
OLICHUTDH PE3YJIbTaThl BBIEMKH JOHHBIX OTJIO0KEHUW M YMEHbUIEHHUE B
CBSI3U C 3THM MHTCHCHBHOCTH 3BTPO(UKAIIUU BOJIOEMA, & TAKKE OIpe-
JISTUTh OCHOBHOE HaMpaBlieHUE padoT 10 00CCIICUSHUIO HACEICHUS IO~
poia KaueCTBEHHON NUTHEBOM BOJIOM, T. €. IO YIIPABICHUIO ITpoLecca-
MH, ONPEAEISAIOIMIMMHU 3TO KaueCTBO.

W3yueHue nporiecca yrnpapieHHs BOJOSMOM JOKHO OBITh OCHOBAHO
HA U3YYCHUU BBITIOJIHIEMBIX UM (YHKIIUN, YTO ITO3BOJIUT C(HOPMUPOBATH
CTPYKTYpPY M OpraHM3alui0 CUCTEMBI yrpaBieHus. OyHKuuu yrpasie-
HUS BeChMa pa3HooOpa3Hbl. OCHOBHBIMH JUIS YIIPABICHUS BOIHBIMU pe-
Cypcamu SIBJISIFOTCS: OpPTaHU3alusl BOJIOIOJIB30BAHUS U BOJOMOTpeOIIe-
HUS, INIAHUPOBAHUE IOMYCTUMOTO UCTIOIB30BaHUS BOABI (€€ KOTHUUECTBO
Y Kau4€CTBO), PACHOPSAUTENbCKAS JEATENbHOCTD (aAMUHUCTPUPOBAHHUE),
BKITIOYAOIIAs] KOOPIMHAIIUIO BCEX BOJOIOJIB30BATEIICH H BOIOTIOTPEOU-
TeJel, 1 MOHUTOPUHT 32 COCTOSTHEM BOJIHBIX pecypcoB (puc. 4).

DYHKIMH YIIpaBIeHHA

OpPraHH3aIHA ILUIaHHPOBAaHHE AAMHHHCTPHPOBAHHE MOHHTOPHHT

Puc. 4. ®ynkuum ynpasJjieHus

TakuMm 00pa3oM, GYHKIMH YIPABICHUS OMPECISIOT ACATEILHOCTD,
HAINpPaBJICHHYIO HA OPTraHU3aIUIO0 BBITIOJHEHHS MEPOTIPHATHI O yIpaB-
JICHUIO BOIHBIM OOBEKTOM (PEUHBIM OacCeHOM), a JTOTHYIecKas MoCIe-
JIOBaTeJIbHOCTD BBITIONHEHHS paboT, ompenensemMas (yHKIIHOHATHHOM
CTPYKTYpOH YIPaBICHYECKOTO TPOIIECCa, COCTABISET CYIIHOCTh TEXHO-
JIOTHHU YIIPaBJICHUSI.

OcHOBHasl 1IeJb YIPaBICHYCCKOH (PYHKIIMU COCTOUT U3 JIBYX KOMIIO-
HCHTOB:

1) amanm3a COCTOSHHUS CHCTEMBI (pedHoro OacceliHa), KOHTPOJIA e
OCHOBHBIX MapaMeTPOB (BEJTMYMHA CTOKA, KOHI[CHTPAIIUS AIEMEHTOB XH-
MHUYECKOTO COCTaBa M IIp.), KOJIWICCTBEHHOTO OTPE/ICICHUs TeX PaKTo-
POB, KOTOPBIE BBIBOJISIT CUCTEMY M3 COCTOSIHUSI PABHOBECHS (TEXHOTCH-
HBIC HaTPY3KH);
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2) ompeneneHusi COCTaBa MEPOIPUSTUH, HANPABICHHBIX HA OMNTH-
MU3AIHUIO MPOIEcca YIpaBlIeHUs (COXPaHEHUsI KOJIMUSCTBA U KauecTBa
BOJIbI).

[Ipu npriMeHEHUN Ha KOHKPETHOM PEYHOM OacCeiHe TOAXO/ JOJDKeH
OBITh JIETATM30BaH B 3aBUCUMOCTU OT MECTHBIX ycioBuil. Hamu Oymet
HCIIOJIb30BaH MOATAMHBINA MOIXO0 CHUXKEHUS KOMIUIEKCHOCTH ITyTEM TI0-
1aroBoit qudpepeHIuay peJIeBaHTHBIX HArPy30K U 3aTPOHYTHIX MO~
cucteM. Mcnonap3zyemble METOABI TO3BOJIAT BBIMTH HA PALIMOHATIBEHOE HC-
MOJIb30BAHKE BOAHBIX PECYPCOB.

Paboma evinonnena 6 pamxax npoexkma Ne 269 3adanus Ne 2014/153.

PROBLEMS OF WATER RESOURCE MANAGEMENT
IN THE CASE STUDY OF THE NYTVA RESERVOIR

0. A. Berezina?, S. A. Dvinshikh!, N. G. Maximovich?, N. N. Pankov!

'Perm University
2 The Institute of Natural Science of Perm State National Research University

We consider the problem of eutrophication of the Nytva reservior that causes a
threat to drinking water supply in Nytva town. The main characteristics of the
Nytva river as well as the results of hydrochemical and hydrological studies are
provided. The results prove a high level of reservoir trophic status. The paper
also provides management functions features.

MOJEJIMPOBAHUE CTOKA PEK POCCUMCKOM APKTUKH
B YCJIOBUAX HEJOCTATOYHOT'O TH®OPMAIIMOHHOTI'O
OBECIIEYHEHUA

I'. B. AiizeJb

Hnemumym 600nvix npobnem PAH

HccnenoBanbl BO3MOKHOCTH IIPUMEHEHHSI COBPEMEHHBIX METOOB Ma-
HIMHHOTO OO0y4YeHHUS AJIs1 MOJEIHPOBAHUS CTOKA PEK POCCHHCKOM ApPKTH-
KA B YCJOBHSX HHU3KOM I'MAPOMETEOpPOIOrHueckoi muzyudeHHocTH. Ilo-
Ka3aHO, YTO HCIIOJb30BaHME [AHHBIX KIMMATHYECKOTO peaHaan3a Io
OCHOBHBIM METEOPOJIOTHYECKUM XapaKTEPUCTUKaM B KauyeCTBE EAWH-
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CTBEHHOT'O MCTOYHHMKA BXOIHON MH(pOpMaUH JUis aHcaMOIeBoi (puzuko-
CTaTUCTUYECKON MOJIENH, OCHOBAaHHOM Ha paHJOMHU3UPOBAHHBIX perpec-
CHOHHBIX PEIIAOIIHX JAEPEBbsIX (Jiecax), MO3BOMSET C YAOBIETBOPHUTEIb-
HOH 3((EKTUBHOCTHIO BOCHPOU3BOAUTH CYTOUHYIO JWHAMHKY PEYHO-
ro CTOKa Ha MCCIeqyeMbIX BomocOopax. OTMEYeHbl JOCTOMHCTBA U He-
JIOCTaTKH MPEATI0KEHHOTO0 METo/Ia MOJIETMPOBAHUS PEYHOTO CTOKA, TIPe/i-
JIOKEHBI HaTpaBJIEHHs pa3BUTHS ONTMCAHHON METO/I0JIOT MU TPUMEHUTENb-
HO K PEILICHHUIO 331a4 OLIEHKH BOI000ECIICYEHHOCTH TEPPUTOPUH TIPH pa3-
JIMYHBIX CLEHAPHSIX IPOTHO3UPYEMBIX KIMMAaTHUECKHX W3MEHEHUH.

Du3nKo-MareMaTndecKoe MOACITUPOBAHIE MTPOIECCOB THIPOIOTHYE-
CKOTO IIMKJIAa CYIIH TpeOyeT OONBIINX 00BEMOB JIETaJIhHBIX HATYPHBIX
HaAOJIONICHNH — 32 TapaMeTpaMy TOYBEHHOTO U PACTHTEIHHOTO MTOKPOBA,
METEOPOJIOTHYECKAMHU YCIOBHSIMA Ha BOIOCOOpE, a TaKkKe MOTYUYSHHS
CHenM(pUIECKUX IS KaXI0H MOJETH IMITMPUIECKUX KOHCTAaHT. MHO-
THe OTPaHWYCHHS B JTOCTYMHOCTH HEOOXOAMMOTO WH(GOPMAIIMOHHOTO
oOecrieueHust MOJKHO CHSTb, /IalITHPOBAB MOJIENb pacdyeTa peqHOTro CTO-
Ka K yCBOGHUIO JTaHIITA(THBIX MTApaMeTPOB U3 ITIO0ANBHBIX 0a3 TaHHBIX,
a TIOJTy4YeHrne HEOOXOIMMBIX KOHCTaHT CBECTH K PEIISHHIO 0OpaTHOMH 3a-
Jla9¥, IyTEM UX KaJIMOPOBKH O M3MEPEHHBIM 3HAYEHUSIM PEYHOTO CTO-
Ka 3a MpoJoJKUTENIbHBIN niepuon [['yces u np., 2015].

Bomoc6opsl, Ha KOTOPBIX OTCYTCTBYIOT JaHHBIE TTOCTOSHHBIX THIPO-
METPUYECKUX U3MEPEHUH, B KOHTEKCTE TAHHOW pabOTHI Ha3hIBAIOTCS He-
W3yYEHHBIMHU (C HEAOCTATOUYHBIM WH()OPMAIIMOHHBIM 00eCIieueHueM) —
MIPH WX WCCIIEIOBaHUU HEBO3MOXKHO OCYIIIECTBUTH 3aITyCK PEIICHUS 3a-
JTa9¥ HaXOXKICHHUS MOJIEITFHBIX ITapaMeTPOB MO0 M3MEPEHHBIM 3HAYCHUSIM
pacxooB BobI (KaTHMOPOBKY), a 3HAUUT, HEOOX0IuMa pa3paboTKa HHBIX
METOJIOB U TTOJIXO/IOB K PEIICHHUIO 3a/1a91 HCCIIEIOBAHUS CyTOUYHOM TNHA-
MUKH TIPOTIeCCOB (HOPMUPOBAHHS PEYHOTO CTOKA.

B mpensinymee rupponormueckoe necstunetne («Predictions in
ungauged basins», 2004-2013), mocsimeHHOe 3a/1auaM HCCIICAOBAHUS
PEYHOTO CTOKA Ha HEM3yUEHHBIX BOJI0COOPax, MUPOBBIM HaydYHBIM CO00-
IIECTBOM OBLIO Pa3padOTaHO U IITyOOKO UCCIIEIOBAHO MHOYKECTBO METO-
JTIOB HaXOXKACHUS TTApaMeTPOB THIPOIIOTHIECKUX MOJIENIEH TIPH YCIOBUU
HEIOCTAaTOYHOTO WH(POPMAIMOHHOTO O0ECIIeYeHHs, BCe pa3HooOpas3me
KOTOPBIX MOYKHO BBIJICIUTDH B TPHU TPYTIIBI: PETPECCHOHHBIC METOIBI; Me-
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TOZBI, OCHOBaHHBIE Ha MPOCTPAHCTBEHHON OJIM30CTH BOTOCOOPOB; U Me-
TOZABI, OCHOBaHHbIE Ha (u3uKo-reorpaduueckor (manamadTHOH) Onu-
3octu BogocOopos [Hrachowitz et al., 2013]. B padorax [Aiizens, 2014;
Aiizens, ['yces, 2015; Haconosa u sip., 2015] ObLT OTMEYEH BBICOKHI TIO-
TEHIIMAT METOJI0B MALIMHHOTO 00y4YeHus (B YACTHOCTHU, UCKYCCTBEHHBIX
HEHPOHHBIX CETeH) K PEUICHUIO 3a7a4 MOJCITUPOBAHUS PEYHOTO CTOKA
JUTs1 BOOCOOPOB, HEAOCTATOYHO 00ECTICUEHHBIX TAHHBIMH HAOMIOICHHH.

I'mppomereoponornieckas H3y4eHHOCTb PEK POCCHICKON YaCcTH MaH-
ApkTrdeckoro 6acceiina siBusieTcs HelocTaTouHol (puc. 1) — Ha ceBepe
Poccuu mnoTHOCTH cTaHIMid HaOMOnEeHUs KpaiiHe HU3Kasl, JOCTYH K CO-
BpPEMEHHBIM HAOIIOACHUSIM TaKKe OrpaHHYCH.

s uccnenoBanus 3QpPEeKTUBHOCTH MIPUMEHEHUSI METOAO0B MallIHH-
HOTO 00YYEHUS K PELLICHHUIO 3a/1a4 MOJICIIMPOBAHUS PEYHOTO CTOKa OBbLIH
BbIOpaHbl BogocOopsl pek Hanpim, [lyp u Ta3, Haxonsmuecs: Ha ceBe-
pe 3amagnoit Cubupu (puc. 2). JlaHHbII BEIOOp ObUT 00YCIIOBIICH BBICO-
KOH CIIO)KHOCTBIO (DPU3UKO-MATEMaTH4YE€CKOr0 MOJECITUPOBAHUS MPOLEC-
coB (hopmupoBaHus cToka Ha HUX [['yces u ap., 2015], a Takke BRICOKOM
NPaKTHYECKOH 3HAYMMOCTBIO UCCIIEJOBAHMSI CTOKA ATUX PEK LIS XO3STi-
CTBEHHOTO KOMIUIEKca SImMano-HeHnenkoro aBTOHOMHOTO OKpyTa.

B kadecTBe OCHOBHOTO alropuTMa MAalIMHHOTO OOY4eHHs, Halpas-
JICHHOTO Ha pelleHre TOCTaBIeHHOH 3a1a4n, Obula BeIOpaHa aHcamOie-
Basi (PU3MKO-CTaTHCTHUECKAs MOJICb, OCHOBaHHAsI HA PaHIOMH3UPOBAH-
HBIX PErpecCHOHHBIX PEHIAlOUIMX AepeBbix (Jecax) — Random Forest
Model (RFM). RFM B o0uiem Buze npeacTasisieT codoil HemapaMeTpu-
YeCKYI0 MOJeNIb MAIIMHHOTO OOy4eHHsI, B aHCAaMOJb MMPOCTOTO TOJI0CO-
BaHHUs KOTOPOH OOBEAMHEHBI Ciadble MOJIENN OJUHOYHBIX PEIIAIOIINX
JIEPEBBLEB, KOTOPBIE SIBISIOTCS «OENBIMU SIIMKAMI» U aJlTOPUTM IIPHUHS-
THS PELICHUI KOTOPBIX MOKET OBITH OMTUCaH HAOOPOM MPOCTHIX OYJIEBBIX
¢bynkumii (puc. 3).

JlocTonHcTBaMH BHIOPAaHHOM MOJIENIM MAIIUHHOTO 00YYEHUS SBIISIOT-
Cs: SMIIMPUYECKHU MOATBEPKACHHAsE HA MHOTHX MPAaKTHUECKUX 3a/a4ax
3¢ PEKTUBHOCTh aNrOPUTMa, YCTOHUUBOCTh NTOPUTMa K LIymMam, Obl-
cTpoTa 00y4eHus! (BO3MOKHOCTh OpTaHU3alMy apalljieIbHbIX BEIUUCIIE-
HUI1), MaJoe YMCIIO THUIEePIapaMeTpoB U OTCYTCTBHE dPQeKTa nepeody-
YEHUS IPU POCTE YKCIIa OJMHOYHBIX PEHIAIONINX JePEBLEB B aHCaMOIIe.
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Puc. 1. 'uapomeTreoponornyeckass H3y4eHHOCTh POCCHIiCKOil YacTn
ApKTHYECKOro 0acceiina
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Puc. 3. Baok-cxema Mojejm MAalIMHHOTO O0y4eHMsl,
OCHOBAaHHOH Ha ()YHKIMOHAJIE PErPEeCCHOHHBIX pela-
IOIIHX /I€EPEBbEB
B kauectBe HegocTarkoB RFM MOXXHO OTMETUTH CPAaBHUTEIBHO JIOJI-
roe BpeMsl BBIUHUCICHUS LIEJICBOM XapaKTePUCTUKU HA HOBBIX TAHHBIX, a
TaKKe TPYAHOCTh HACTPOMKHU aJropuT™Ma Ha (DYHKIIMOHAII Ka4eCTBa, OT-

JUYHBIA OT CyMMBI KBaIpaTOB OTKJIOHEHUH.
B kauecTBe BXOIHBIX JaHHBIX 7151 MOIEIH OblIa HCIIOIL30BaHa 0a3a JaH-

HBIX MeTeopoorudeckoro peanaimza WFDEI [Weedon et al., 2014] ¢ cyrou-
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HBIM BPEMEHHBIM II1aroM U MPOCTPAaHCTBEHHBIM pazperieHueM 0,5%0,5 rpa-
nyca. [IpeumyiiecTBaMu JaHHOTO peaHain3a SIBJISIOTCS €r0 TIOOATbHBIN
OXBaT, a TAKXKE HMCIIOJIb30BAHUE COBPEMEHHBIX JIUHAMHYECKHX CXeM THOpH-
JIM3aLUY OCAKOB.

Js wannuanu3anyu M oOydyeHust mojenu RFM ucnonb3oBanuch
JIaHHbBIC HAOJIOJICHUH 32 CPEIHECYTOYHBIM CTOKOM BOJIBI HCCIIETYyEMbIX
pek 3a nepuona ¢ 1967 mo 1991 r.

IIpoussenennsie ¢ nomoupro Moaeau RFM pacuersl pedyHOro CTo-
Ka MOKa3bIBAIOT, YTO OHA 00JaJaeT BBICOKO 0000Iaromeli crmocoOHo-
CTBhIO U MOXET C yJOBJICTBOPUTEIBHON 3PPEKTUBHOCTHIO BOCCTAHABIIH-
BaTh CYTOUHYIO AMHAMHKY CTOKa PEeK BOJOCOOPOB, HEAOCTATOUYHO 00e-
CIICUCHHBIX JTAHHBIMU HAOIFOICHUH.

B cuny toro yro naHHele knumarudeckoro peananusa WEDEI no-
ctynsbl 10 2014 1., ¢ momompio Moaenu RFM M0KHO BOCCTaHOBUTD U~
HaMUKy pedHoro croka pexk HanwiM, ITyp u Ta3 3a coBpeMeHHBIH Ie-
pHo, He 00ECIICUCHHBIN JAHHBIMU HATYPHBIX HAOTIONCHUH. YKa3aHHOE
HaIpPaBICHUE UCCIECIOBAHUMN MO3BONUT OLICHUTH ACHCTBUTEIBHBIN Mac-
mTad U3MEHEHUN COBPEMEHHOTO COCTOSIHUS KPYITHEHIITUX PEK pEerHoHa,
a TaK)Ke CJIeJIaTh OIICHOYHBIN MPOTHO3 U3MEHEHHSI BOJI000ECIIEYCHHOCTH
HCCIIEAYEMON TEPPUTOPUU TMPU PA3IUUHBIX CLIEHAPUSAX MPOTHO3UPYE-
MBIX KIIUMAaTUYECKUX U3MEHEHUH.

Hccnedosanue svinonuerno npu gunarcosoti noodepicke PODU 6 pamkax
Hayynozo npoekma Ne 16-35-00159 mon_a. Ilpoepammmsiii ananus OGHHBIX Kau-

MAmMuyecKo2o peananusa 8binoaHeH npu QuHancogou noodepicke PH® 6 paw-
xax epanma Ne 16-17-10039.
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MODELLING OF RUSSIAN ARCTIC RIVERS RUNOFF
UNDER UNSUFFICIENT INFORMATION CONDITIONS

G. V. Ayzel
Institute of Water Problems of RAS

The research deals with the implementation possibilities of modern machine
learning techniques for runoff modeling and predictions for Russian Arctic riv-
ers under conditions of insufficient hydro-meteorological scrutiny. Climatic re-
analysis data using basic meteorological variables and characteristics as the only
source of input information for physically-statistical ensemble model based on
randomized regression decision trees (forests) allows modeling daily river run-
off dynamics efficiently enough. Strengths and weaknesses of the proposed river
runoff modeling technique were found. Directions for the proposed technique
further improvement on condition of water availability problem solution under
various climatic change scenarios of researched area were suggested.

PEAKIIHMSI YPOBHS MOPSI HA BETPOBBIE BO3JIEMCTBUS

H. A. MukaaieBckas

Mopcrou eudpogusuuecxuti uncmumym PAH, 2. Cesacmonons

Ha npumepe Kapkunutckoro 3anuBa UepHOro Mopsi M3ydajauch ycio-
BUSI, [IPY KOTOPBIX PABHOMEPHO JIBIKYILIMICS HaJ 0acCEHOM B 30HAJIb-
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HOM HampaBlieHUH aTMOC(hEepHBIH PPOHT KOHEUHON LIMPHUHBI U CBS3aH-
HbIE C HUM KacaTeJlbHbIe HAIPsDKEHUsSI BETpa BHI3BIBAIOT Hanbosee WH-
TEHCHUBHBIC KOJICOaHUs KUAKOCTH. Il YUCICHHOTO PELICHUs 3alayu
HCIOJIb30BATIACh JIByMEpHAs MOJIENIb MOBEPXHOCTHBIX JUIMHHBIX BOJIH,
YUUTBIBAIOIIAs BpALlEHHE 3EMJIU U ITPUIOHHOE TPEHHE.

B pamkax nuHEHHONM TeOopun IIIMHHBIX BOJH PaccMOTpEHa ByMep-
Has 3ajada O reHepauuu 0apOTPOIHBIX KoJIeOaHHH >KUAKOCTH B TOJTY-
OrpaHMYEHHOM BpallarouieMcsi 0acceliHe, HaJ KOTOPBIM B 30HAJIbHOM
HalpaBJICHNH C 3a1a/ia Ha BOCTOK C MOCTOSIHHOM ckopocThio U > 0 nBu-
xeTtcst arMochepHblit GpoHT. [TpoTsKEeHHOCTh 30HbBI CYLIIECTBEHHOTO U3-
MEHEHHs aTMOC(EPHOTO J1aBJIeHHs paBHa W U B3siTa B KAUeCTBE LIMPH-
HBI Oapuueckoro ¢ponra. Pactnpenenenue Bo3myiieHuit armocdepHoro
JaBJICHHS BO ()POHTE 3a/1aBAJIOCHh B BUAE IIIAAKON CTyIIEHU

p=a,pgF (), &=x-Ut, (0
rjIe a,— nepenaj atMoc(hepHoro JaBlIeHHus Monepek GpoHTa (B METpax
BOJSIHOTO CTOJI0A); p — INIOTHOCTH JKUJIKOCTH; g — YCKOPEHHE CBOOOAHO-
ro nagenust; F(&) — OezpasmepHas QyHKIH:

F=1 (<-W), F=sin’[rE/2W)] (-W <&<0), F=0 (£>0).

YpaBHEHHS IBIKSHHS )KUIKOCTH B OacceiiHe B paMKax JIMHEHHOH Te-
OpHWH TIOBEPXHOCTHBIX JIJTMHHBIX BOJIH C Y9€TOM BpallleHus1 3eMJITH, KBa-
JPaTUIHOTO TPUJOHHOTO TPEHUS W KacaTelbHBIX HANpsHKEHUW BETpa,
CBSI3aHHBIX C aHOMAJIMSIMH aTMOC(EpPHOTO AaBICHUS, UMEIOT BH]T

a_u_ﬁz_g%_g%_ku\/uz+vz N 1 o

ot o “ox  H(xy) pH(xy) " )
@_’_fu:_g%_g%_k\)\/u2+vz+ 1 o

ot dy " H(xy) pH(xy) " 3)
%4_@4_@:0

ot ox dy 4)

C HYJIEBBIMH HaYaJIbHBIMH ycoBusiMi u =v=_,=0 (#=0).3nech {u, v}
(x, y, t) — IPOEKIIMHU HA OCH X U Y OCPEIHEHHOH 10 ITyOMHE TOPU30HTAIb-
HOW CKOpOCTH TedeHuUs; ((x, V, {) — CMeIleHHEe CBOOOAHOMN TOBEPXHOCTH
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OT FOPU30HTANLHOTO Monoxkenus z = 0; {T,,T, }(x, y,f) — mpoexuuy Ha
OCH X U1 Y CBSI3aHHBIX C 0apHUYECKUM (PPOHTOM KacaTelbHBIX HAPSHKCHUH
Betpa; k = 2,6:10° — ko>pdULMEHT NPUIOHHOTO TpeHus; §=a,F (§)—
aHoMalisi arMOc(EepHOTo JIABJICHUS B MeETpax BOJSHOIO CTONOA;
H = H(x, y) > 0 — pactpenenenne TIIyOHMHBI 3aJTUBa B HEBO3MYIIIEHHOM
COCTOSTHUM; f — IOCTOSTHHBIN TTapameTp Kopronmca.

IIpssmonuueiinast meBas OokoBas rpanmma x = ( TpeamosaracTcs
cBoOomHOU (kmmkoif). Ha et 3amaercss ycimoBHe CBOOOTHOTO BBIXOIA
BOJTHOBBIX BO3MYIIICHUH Ha 3aIaj U3 pacueTHOW o0JIacTh TOCie BXoja
(dbpoHTa B 00JIaCTh 3aJTMBA Yepe3 KUIKYIO TPAHUITY

du_ du gl _

——c = 0
ot ox c ot

b

rae ¢ =+/gH (0, y) — ckopoCTh pacripoCTpaHeHHUS JUTHHHBIX BOJTH Ha JKHUI-
Koii rpaHuIle OacceiiHa. Ha TBepIbIX yuacTKax IpaHUIIBI pacdeTHOH 00-
JIacTH, SIBJISIOUIMXCS BEPTUKAIBHBIMU CTEHKaMHU, IPUHATO yCJIOBHE He-
IPOTEKAHUS KUAKOCTH (u, v) = 0.

IIpoexkunn kacarenbHBIX HaNpsDKEHUH BeTpa T,,T, B CHCTEME KOOp-
JMHAT, CBA3aHHOHN C ABIKYLIMMCS (POHTOM, Ul PACHPEACICHUS J1aB-
nenus (1) HaxonsaTcst o popMysam, sIBISIOMINXCS aHATIOTOM M3BECTHBIX
dbopmyn Axepoiioma [Koueprun, 1978], B KOTOpOM yUUTBHIBAETCS paBHO-
MEPHBIH 30HAJIBHBIN MEPEHOC BO3MYIIECHUH OapHUECKOTO MOJIS:

A n G +G,
=—Taq,
v [T 4P G 4, 5)
rae
{2} = ?%[(Q* —Q ) cosm(E+W/2)F(QF + Q7 )sinm(E+W/2)ldm , m, = %
G,| “fcos(mW/2), . . . . 2v
{Gj} = V{W(Q +O)[cosm(E+W /2)Fsinm(E+W /2)|dm , 0 = \mTiiﬂ’ ,
V, — ko3 duimeHT TypOyIeHTHOH BSI3KOCTH IOTPAHHMYHOTO CJIOS aT-
Mocdepsbl.

®Dopmynsl (5) pencTaBisioT cOO0H YTOYHEHHBIH BapuaHT 000011IeH-
HBIX popmyit AkepOIiioMa, TIOJTyYeHHBIX B COaBTOPCTBE B padore [/loteH-
k0, MuknameBckast, 2011].
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3ajiaua pemanach YUCICHHO C IPUMEHEHNEM SIBHO-HESIBHOW KOHEUHO-
Pa3HOCTHOH OHOIIArOBOM MO BPEMEHHU CXEMBI Ha pa3HECEHHBIX MPSIMO-
yroJbpHbIX ceTkax [Bonbuunrep, [lackoBckuii, 1968].

B kauectBe MonenbHOro 6acceiina paccMorpeH KapkuHUTCKu 3ammB
Yepnoro mops (puc. 1). Ero MoXHO yCIIOBHO pa3iesuTh Ha JBE HEPABHbIC
no mwionaan oonacty. [ 1y00oKOoBoAHAs YacTh 3ajMBa OrpaHUYCHA C 3aria-
Jla YKHJIKOHM TpaHHUIIeH, ¢ BOCTOKA — bakanbckoi OaHKOM, ¢ ceBepa — OCTPO-
BoM J[kapbiirad u MMeeT B LIEHTpajbHON yacTH rryounsl 28—30 M. Men-
KOBOJIHAsI 4acTh C TITyOMHaMHU MeHee 6 M OrpaHHYeHa ¢ CeBepa, BOCTOKA
tora OeperoBoii JIMHKEH, ¢ 3araaa — bakaibCkoil OaHKOM.

C.II.
46.1

46

459

45.8

45.7

45.6

455 ' -
1 ] 1 ] | ] 1 ]
326 334 33.6 B

| |
32.8 33 332
Puc. 1. barumerpusi Kapkunurckoro 3anusa YepHoro
Mop (B MeTpax):

1 — JIxapsutradckuit 3anus; 2 —o. Jxapsuiray; 3 — Kananuakckui 3a-
nuB; 4 — Kapabaiickas koca; 5 — [lepexonickuii 3amuB; 6 — bakanbckast
6anka. B Toukax Gacceiina A—F BBIIOIHEHBI pacuyeThl MapeorpaMm

B uncieHHBIX SKCIIEPUMEHTAX BapbUPOBAINCH OCHOBHBIC Mapame-
Tpbl arMocdepHOil aHoManuu — mWupuHa GponTa W 1 CKOPOCTh €ro Ie-
peHoca U, Tak Kak KacaTeJbHbIC HANpPsDKCHHUS BETpa B 0OOOLICHHBIX
dopmymax AxepoOioma (5) CyImIECTBEHHO 3aBUCAT UMEHHO OT JTHX II0-
KazareJen.
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Ha puc. 2 npeacraBieHa 3aBUCHMOCTD KOJIeOaHUI YPOBHS U CKOPO-
CTell TeUeHUH OT INPHUHBI PPOHTA.

m/c
T T T T T T T T T
L N A i
S N i
= -
M\\“\\\\l\ : \ N

Reference Vectors

= 0.5 =

Reference Vectors

= 0.5 -

—3

Reference Vectors

- 0.5 =5

—=3

1 | | 1 1 1 | 1 1 Il Il 1 1 1
32.6° 32.8° 33° 33.2° 33.4° 33.6° B.A.32.6° 32.8° 33° 33.2° 334° 33.6° B.O.
G e
Puc. 2. 3aBucumocTs BO3MylIeHU YPOBHSI MOpsi (a—B) (M) U CKOPO-
creii Tedenuii (r—e) (M-c!) or mupunnbl armochepHoro ppouHTa npu
MOCTOSIHHO# cKopocTH ero nepememenus U= 5 m-c':

a,r— W=50xwm; 6, 1 — W=100 xm; B, e — W= 150 xm. [lonst mpuBeaeHs! 111 MO-
MeHTa BpeMeHH ¢ = 135 MuH, Korza nepeanss Kpomka arMocdepHoro ¢ppoHTa Ha-
xonutcs B nenTpe Kapkunurckoro 3anusa B Touke x = 0,5/ (I, — nnuna Gaccelina)
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Kak BugHO, caMblii y3kuii (DpOHT B paccMaTpuBacMblii MOMEHT Bpe-
MEHU BBI3bIBACT IMOBBIIICHHE YPOBHS B IIEHTPE TIyOOKOBOTHOW YACTH
OacceiiHa U MEIKOBOJHBIX 3anuBax (Jkapeuiradckom u [lepexorickom),
TOrJa Kak Ha ceBepo-3amajie Bo3ie OeperoB o. Jlkapbuirad 1 B MEJIKO-
BOJIHOW YacTy KapKUHUTCKOTO 3a1vBa HAONIOAAeTCs MOHUKEHUE YPOB-
Hs1. C pocTOM MIMPHUHBI PPOHTA ITPU OHOU U TOM K€ CKOPOCTHU MepeHoca
Oapuyeckoil aHoManuu KapTuHa MeHsieTcs. [lnomaas akBaropuu, B Ko-
TOpPOH YPOBEHB MOBBIIIEH OTHOCUTEIBFHO HEBO3MYIIIEHHOTO COCTOSHUS,
CYILIECTBEHHO yBeauuuBaeTcs. [Ipu 3ToM aMIIuTyna BO3BBIILICHUS CBO-
0onHOI TTOBEPXHOCTH B LIGHTPAIBHOM YacTH OacceiiHa Bo3pacTaeT ¢ po-
cTtoM W, a B JI>KapbUIrauckoM 3auBe yMEeHbIIaeTcs. B To jxe Bpems croxn
YpOBHSI, HAOMFOACMBIN B MEITKOBOJIHOW YacTH OacceiiHa, yMEHbBIIASTCS
B 2 paza. C pocTOM LIMPHHBI Gapuueckoro (poHTa yMEHBIIAETCS CKO-
pPOCTb TEUEHUS U HECYILIECTBEHHO MEHSIETCS €ro HallpaBiIeHHE.

Biusinue ckopoctu nepenprmkeHust hponta U Ha BOITHOBBIE XapaKTe-
PUCTUKU WILTIOCTpUpPYET puc. 3. Ha Hem npuBeaeHsl MapeorpaMMBbl KO-
neGanuii ypoBHS MOpsi ¢ M MPOEKUMHU Ha OcH X (1) 1 y (V) OCpeaHEHHO
1o nIyOMHE TOPU30HTAIBHOM cKOpocTH TeueHus. Konebanus npencras-
JICHBI B TISITH TOYKax akBatopuu. OfHa U3 HUX PACHOIOKEHA B OTKPHITON
YaCcTH 3aJIMBa, OCTAJILHBIC — B MEJIKOBOJIHBIX YacTsAX OacceliHa, rie mpu
pacueTax Moyield ypoBHA U CKOPOCTEH TEUEHMH OTMEUEHBI SKCTpeMallb-
HbIC 3HaueHUs: Ha bakanbckoli Oanke, B [lepekorickom 3anuBe, B J[xka-
PBUITAYCKOM 3aJIMBE U MPH BBIXOZAE U3 HETO.

Kak BuaHO U3 pucyHKa, HanOonee MHTEHCHBHBIE CMELICHHUS] CBOOOI-
HOW TIOBEPXHOCTH IPH BCEX CKOPOCTSX HaOiromaroTcs B Jlkapbuiray-
cKoM 3anuBe, B Toukax C u D. B riry0okoBogHO#M yacTy 3anuBa u Ha ba-
KaJbCKOH OaHKe (TOUKH 4 ¥ B) OCHWUISIIIMKA YPOBHS HAUMEHEE SIPKO BbI-
paXkeHbl 10 CPaBHEHUIO C APYTHMHU paccMaTpUBaeMbIMU palioHamu. B
TO € BpeMs B paiioHe oTMenu bakanbckoii 0aHKK HAaOIOMa0TCs MaKCH-
MaJbHBIE CKOPOCTH TEUCHU, TOTJa KaK /sl KyTOBOU yacTu Jxapbuirad-
ckoro 3anuBa (Touka (), Te aMIUTUTYAbl YPOBHS HAUOOJIBIINE, CKOPOCTH
TEUCHHUI MeHbIIE, yeM B Toukax 4, B, D, E. C poCTOM CKOPOCTH Tepe-
HOCca ()pOHTA B TPHU pa3a aMILTUTYIBI KOJeOaHUH CBOOOIHON MTOBEPXHO-
CTH BO BCEX pacCMaTpUBAEMbIX TOUKAaX yMeHbIIatoTcs B 1,25-2,16 pasa,
a Te4eHUsI 0CJIabeBaloT.
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Puc. 3. Kosiedbanust ypoBHs1 (a—B) U npoexkuun u (r—e) u v (;k—H) ocpen-
HEHHOW O TJyONHE TOPH3OHTAJILHON CKOPOCTH TeYeHHsl B TOUKax A—E
(cm. puc. 1) npu aBu:keHuu ¢poHTa mUpuHOil 100 KM co cKOpPOCTHIO
U=3mc'(a,rxk), U=6mc'(0,a,3)ulU=9mc!(s,e, n)

Pe3toMuUpys BbIlIECKa3aHHOE, OTMETHM, YTO 0 PE3yIbTaTaM YHCIICH-
HBIX DKCIEPUMEHTOB HaubOonee 3()(HEKTHBHBIM TEHEPATOPOM TOBEPX-
HOCTHBIX BOJIH SIBJISICTCSI CaMbIil Y3KHH M3 PacCMaTpUBACMbIX (POHTOB
(W = 50 kM), ABMXKYIIUHCS C OTHOCHUTEIILHO HEOOJBIION CKOPOCTHIO
(U=3-6 m'c™"). PocT cropocTr nepemertenus GppoHTa, paBHO Kak M yBe-
JIMYCHHE €0 MIUPUHBI, BICUET 3a COO0I CHMKEHHUE NMHTCHCHBHOCTH KO-
nebaHuil YpOBHS U ociablieHHe TCUCHUA.
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RESPONSE OF SEA LEVEL TO WIND EFFECTS
N. A. Miklashevskaya
Marine Hydrophysical Institute of RAS, Sevastopol

The paper deals with the study of the generation conditions of more intensive
fluid oscillations caused by combined effect of finite width atmospheric front
and tangential wind stresses. The front uniformly moves into zonal direction.
The Karkinitsky Bay of the Black Sea was taken as an example. Two-dimen-
sional model of surface long waves was applied for numerical analysis with
regard to the Earth’s rotation and the bottom friction.

CEMIIU U CEMIIEOBPA3ZHBIE KOJIEBAHUS
B JIAZJO’KCKOM O3EPE

1O. B. Manuiok, JI. B. YUepkecos

Mopcrou eudpogusuuecxuti uncmumym PAH, 2. Cesacmonons

C Hcnonb30BaHUEM PE3YJIBTATOB aHAIUTHUECKOTO PELIEHUS CHCTEMBI
YpaBHEHHUH [UIMHHBIX BOJH HCCIEAYIOTCSl CellieBble H ceifmeolpas-
HbIE KoJieOaHusI B MOJIEJIbHOM Oacceline, MMEIOIEM XapaKTepHble pa3-
Mmepsl Jlanoxkckoro o3epa. BeimosnHeH pacueT neproaoB YeThIpHaIIATH
nepBbIX MoJ ceiim. [IpoananusnpoBaHa NpOCTPAaHCTBEHHASI CTPYKTY-
pa KosiebaHuii ypoBHS M OCOOCHHOCTH BOJIHOBBIX TedeHHH. aHo omnu-
caHue BUI0B ceiil B JIaz0kCKOM 03epe M COOTBETCTBYIOIIMX UM BOJI-
HOBBIX TeueHHH. [lomydeHbl OlleHKH BO3MOKHBIX CKOPOCTEH TeUeHU B
3aBHCHMOCTH OT aMIUIMTY/AbI KojeOaHuil ypoBHs. McciaenoBanbl HEKo-
TOpBIE TUIIBI CEHIIe00pa3HbIX KoJIeOaHUI 1 1aHO ONMUCAHHE UX Xapak-
TepHbIX ocobeHHocTel. [IpoBeneHo conocTaBieHne pe3yabTaToB pac-
YEeTOB C JaHHBIMU HATYypHBIX HAOIIOACHUH.
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Jlanoxxckoe 03epo sBIAETCS CaMbIM KpPYNHBIM B CHCTEME BeEJH-
Kux o3ep EBpormbl, Bkmouaromeil B ceds ciemyromue ozepa: Caiima
(4400 wm?), Omexckoe (9890 km?), Unbmens (1100 km?), Jlamox-
ckoe (18 135 km?) [Kanecuuk, 1968]. Dra cuctema mogoOHA ceBepo-
amepukanckod. Haumbonpmast anmna Jlamoxckoro oszepa 219 kwm,
cpennsiss mmpuHa 80 KM, cpeaHss miyOuHa 51 M, miomanb 3epkaia
17 878 xkm? [KanecHuk, 1968]. O3epo CymnoXOAHO M BXOIUT B COCTaB
Boaro-bantuiickoro BogHoro mytu u benomopcko-banruiickoro kana-
na. Taxke OHO IINPOKO UCTIONB3YETCS B pEKPEAllMOHHBIX LIENSX.

OnHUM M3 BaXKHEHIIUX 3JIEMEHTOB, (DOPMHUPYIOLIMX THIPOJIOTHYE-
CKUU peXuM 03epa, sBisitoTcst ceiiim. [1o manHbiM HaOmonenuit [Ka-
necHuk, 1968], na Jlagore oTMe4aroTcs celieBbie KojeOaHus ypOBHS C
nepuogamu 5 4 40 muH, 2 9y 11 mun, 90 mun, 60 mun, 16—18 mun. Ux am-
TUTUTY/IBI JIEXKAT B TUano30He oT 3 10 28 cM. Ceily BhI3BIBAIOTCS KOJIE-
OaHusIMH aTMOC(EPHOTO JAaBICHUS, MPOXOKICHUEM IIUKIOHOB, BO3/IEH-
CTBHEM BETpa Ha MOBEPXHOCTH 03€pa.

Hapsiny c celilneBbiMU B 03epe MOTYT CYLIECTBOBATh U ceiieodpas-
Hble KOJIeOaHMs, BOSHUKAIOIIME MOCIEe MPEeKpalleHus ACHCTBHS BO3MY-
MIAIOUIMX CHJI, KOTOPBIE MPEACTABISIIOT COO0H CYNEepHO3HUILIUI0 HECKOIb-
KHUX MOJI CEHIII.

Bonboii Bkaa B McciaenoBaHUE CEMII BHOCUT MCITIOJIb30BaHUE Ma-
TeMaTHYecKoro Moaenuposanusi. CeiieBble KoeOaHUs SIBISIOTCSA CO0-
CTBEHHBIMH KOJICOAHHUSIMH KUJIKOCTH B BOZOEME, 00yCIOBICHHBIMH I'€0-
MeTpHeil ero OeperoBoii uepTsl U TTyOnHOM. [TosTOMY 0fMH M3 pacmpo-
CTPAHEHHBIX MOJXOJ0B K UX TEOPETUYECKOMY HCCIIEI0OBAHUIO OCHOBBI-
BaeTCs Ha PELICHUH 3a/la4yl Ha cOOCTBEHHBbIC 3Ha4yeHus. [Ipu >ToM Ha-
XOIATCSI COOCTBEHHBIE YaCTOTHI U COOTBETCTBYIOIINE MM COOCTBEHHBIE
GyHKIOMH, ONpEAessIIoIe MPOCTPAHCTBEHHYIO CTPYKTYpY KoJeOaHHi
YPOBHSI M BOJIHOBBIE TE€UEHHUsA. 3aJady MOXKHO pelllaTh KakK YHMCIEHHO,
TaKk ¥ aHaJIUTHYECKHU. [|JI1 YNCIEHHOro pelIeHMs 3aJa4ll UCIIOIb3YeTCs
IIMPOKHUM CHEKTP METOAOB: KOHEUHbIe pa3HOCTH [VIBaHOB, SIHKOBCKUIA,
1992], xoneunsie neMenTh [Manuitok, Yepkecos, 1994] u npouue. Ho
aHAJIUTUYECKOE pelIeHHE 3aJaud oOlieryaeT MpoBeIeHHE HCCIIeaoBa-
HUI 1 NTO3BOJISIET BHITNIOJIHUTS €ro AeTanbHee. HenocTarkoM renonb3oBa-
HUS aHAJTMTUYECKUX METOJIOB SIBIISIETCSI TO, YTO € MX IMTOMOIIBIO PELlIEHUE
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MOYKHO TIOJTYYHUTh TOJIBKO JIsl 0acCEHHOB CPaBHUTEIBHO MPOCTOH reome-
TpUYECKOH (HOPMBI.

Hanpasum och x Ha BOCTOK, OCb ¥ — Ha ceBep. Jlagoxkckoe 03epo Oy-
JIeM aIpOKCHUMHUPOBATh MPSMOYTOJIBHBIM 0aCCEHHOM MOCTOSIHHOW ITy-
OuHbI 1 = 51 M, BRITSHYTBIM B CEBEPHOM HarpasieHuu. J{innHa Oacceiina
(Bmomb ocu ) b =210 xm, mupuHa (BI0Ab ocH ) a = 84 kM. B nuneiitnom
NpUOTMKEHUH, IPUHSB, YTO KUAKOCTH OHOPOAHAS, BOJIHBI AJMHHBIC, a
arMocQepHoe JaBlIeHNE HaJl aKBaTOpHUEl OacceiiHa MoCTOSHHOE, JIBIKe-
HHE OyleT ONHUCHIBATHCA CUCTEMON YpaBHEHHI ATMHHBIX BOJH [CpereH-
ckuit, 1977]:

u, =gl v, = gC, & = ~(hu) ~(hv), (1)
7€ X, Y — JeKapTOBBI KOOPAMHATEI, U, V — MPOEKIUH BEKTOPA CKOPOCTH
JIBIDKEHHS )KUIKOCTH HA OCH X, ) COOTBETCTBEHHO, {— OTKJIOHEHHE CBO-
0omHOI TOBepXHOCTH, & — ITyOMHAa OacceifHa, ¢ — Bpemsl, g — yCKOpeHHe
CBOOOAHOTO MaCHHUS.

Ha TtBepapix OOKOBBIX CTEHKax OacceliHa OJDKHO BBITONHSATHCS
yCJIOBHE HEMPOTEKAHHS:

u(0,y)=0, u(a,y)=0; v(x, 0)=0, v(x, b)=0, )

Bbynem uckarp pemenue cuctemsl (1) B Buge gpyHKunii nepuonuye-
CKHUX 10 BPEMEHHU U YIOBJIECTBOPSIIOLIMM IPAaHUYHBIM yCIOBUAM (2):

u(x, y,t)=u(x,y)sinor
v(x,y,8) =V(x,y)sinot | )

C(x, y,t)=C(x,y)cosot .

31ech 6 — yacTora KoineOaHui KUJIKOCTH.

[oncrasnsas Bup pemenus (5) B cucremy (1) u ygoBieTBopsis rpa-
HUYHBIM YCIOBHSIM (2), BBIITOJIHUM BBIKJIAJKH, KaK MPOJeaHo B padboTe
[Uepkecos, Manwitok, 2015]. B pe3ynprare noiny4uM pelieHue JaHHON
3ajaun. Mcnone3ys ero, 3anuuiem

mmy

k
G (x,3,0) =G, cOS Tﬂ-x cos cos Oy, ! , (6)

. kmx  mmy .
sin ——cos—=sinG,, ¢
a

S
km \72 > Okm h m ’ (7)
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kmx . mmy
cos —sm S sinc, ¢

km ’t 0km
Vi 7:1) =G (m , (8)

o =5 9)

2 ab
T, =
\gh \/kzb2+m2b2 . (10)
3nech (, — aMIUTUTYa OTKJIOHEHHUs CBOOOIHOMN MOBEPXHOCTH; T, —
nieprost Koebanwuii xuakoct, k=0, 1,2,... ;m=0,1,2,.....

Taxum 00paszom, 3a/1aBasi HAYAIBHYIO aMIUTUTYLy OTKIOHEHHA CBO-
0O0IHOM MOBEPXHOCTH (|, , & TAKXKE 3HAYEHUS TTyOUHBI /1, ITTMHBI @ W I1IH-
puHBI b OacceifHa, MOXKHO PAacCYMTATh YAaCTOTHI CEHIIEBBIX KoJIeOaHUi
o hopmye (9), OTKIIOHEHUSI CBOOOIHO MTOBEPXHOCTH Ha OCHOBE COOT-
HomeHUs (6) 1 ¢ TOMOIIBIO BhIpaxkeHuH (7), (8) BOJTHOBBIE CKOPOCTH CO-
OTBETCTBYIOIIUX MO,

CeiimeBbie kojedanus. Aranms hopmyn (6)—(8) mo3BomseT pasze-
JUTH CEHIN Ha TPU BUJA, OIpeIeIsieMble 3HAYCHUSIMH HHJIEKCOB &, m.
VY nepBoro Buaa k# 0, m =0, a u, v, { He 3aBUCAT OT KOOPAMHATHI V, IS
BToporo Buna k=0, m # 0, a u, v, { He 3aBHCAT OT x. TpeTwii BUII MMeeT
k#0, m+#0, npu 3TOM u, v, { 3aBUCSIT OT KOOPJIUHAT X U ).

KonnyecTBo y37M0BBIX JUHUN YPOBHS Y KaKIOM MOABI CEUII PaBHO
CyMMe MHJIEKCOB k + m. Uncno y31moBBIX JIHHUHN, MapauIeTbHBIX OCH ),
paBHO k, a TapayuIeIbHBIX OCH X, PABHO 1.

PaccmoTpuM 0cOOEHHOCTH BOJTHOBBIX JTBWKEHUH, NMEIOIINX MECTO
JUTSL BCEX YKa3aHHBIX BBIIIE BUIOB CEHII. PacdeTs mpoBeaeHb! s Tpsi-
MOYTOJILHOTO OacceifHa ¢ yKa3aHHBIMU BBIIIE 3HAYSHUSIMH d, b, /i, KOTO-
PBIN ABISIETCS MPUOMMKEHHOM Moielbio JIamoxKeKoTo 03epa, IMerotei
€ro XapakTepHbIe pa3Mephbl.

B Tabn. npuBeeHb! U IEPBHIX YeTHIPHAANIATH MOJ] 3HAYCHHUS TIEpH-
OJIOB ¥ MaKCHMaJIbHbIE 3HAYEHHSI MOJTYJIsl CKOPOCTH BOJTHOBBIX TE€UEHUH,
paccuuTaHHbIe TT0 (popmyIe:

|Vkm|: \]ulim +V1§m

JUTST aMIUTATYABI OTKJIOHEHHUST CBOOOTHON MTOBEPXHOCTH, paBHOI 0,25 M.
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Kak BunHO 13 Ta0., HanOonn- Ilepuoanl ceiill M1 MakcHMAaJbHbIE
0007071 IEPUOI, paBHLIﬁ 5’22 Yy, iMe- 3HAYEHHST MOAYJsi CKOPOCTH BOJIHO-
€T TPOJIONIbHAS OJTHOY3JI0Bast cefi-  BPIX TEIEHUH

mia. [Tepuoasl cnenyromux 3a Heil | Homep | Tlepu- i | m max
MO/ 3HAYUTEIBLHO MEHbIIE: 2,61 4 | MOAB | oOn, 4 |Vkm , /¢
(mByxy3moBasi TPOJOJIbHAS CEM- L 522 10 |1 0,11
ma), 2,09 4 (omHOy370Bas TO- 2 261 102 0,11
nepeyHas ceima), 1,94 4 (aByx- : 209 | 110 0.1l
> 4 194 [ 1]1 0,10
y37I0Basi MPOJAOJIbHO-TIONEPEUHas 5 174 |03 0.11
ceriira). [lepuonsl pasHBIX MOJ 6 163 |12 0,09
MOTYT OBITh JOCTAaTOYHO OJIK3- 7 134 |13 0,08
KHUMU WIHA JaKe COBIAaTh, KaK 8 1,30 [ 0| 4 0,11
3TO MMEET MECTO I JCCITOU U 9 1,11 1|4 0,09
OIMHHAAIATON MOJ,. 10 1,04 105 0,11
Paccmorpum nospoGHee B 1’8‘2‘ ; (1) 8’1(1)
CTPYKT KoJIcOaHUN ypPOBHS. : :
BCP;y I/IS}(I)IJ)'I}I]/IHI/II/I YPOBH: zpceﬁm 13 097 1212 010
14 0,93 1|5 0,10

nepsoro Buaa (k # 0, m = 0) ma-
payienbHBl OCH y, a 'y ceimr Broporo Buna (kK = 0, m # 0) — ocu x.
VY ceilil TpeTbero BUAa napajuieabHbl OCSIM KOOPAWHAT TOJBKO Yy3J10-
BbIC JIMHHUH, OCTAJIbHBIC 30JIMHUH MPEICTABISIIOT cO00# KpUBEIE, pac-
MOJIOKEHHBIE B MPSIMOYTOJIbHUKAX, 00Pa30BaHHBIX MEPECEKAIOMUMHU-
Csl y3JIOBBIMH JMHHUSAMH. Pa3mepsl obnacteld, B KOTOPBIX OTKJIOHEHHS
YPOBHSI MakCHMaJbHbI, IJIsl CEHII TPEThero BHJA 3HAYUTECIBHO MEHbB-
11e, 4YeM y CeHIll MepBOro U BTOPOro BUAOB. [l Kakqoro u3 Tpex BU-
JIOB PACCMOTPEHHBIX CEHII B OKPECTHOCTH BCEX YIVIOBBIX TOYEK Oac-
CeiiHa CYIIECTBYIOT OOJIaCTH, B KOTOPBIX OTKJIIOHEHHS YPOBHS MaK-
cuMaibHbl. [lo maHHbIM HaOmopeHuit [[WapoioruvecKuil pexkum...,
1966] B JlamoxkckoM o3epe HaMOOJEe YacTO BBIACISETCS OJHOY3JIO-
Bas ceiima ¢ mepuogoM 5 4 40 muH. OHa XOpOIIO BUAHA NPHU CPaB-
HEHHUH 3anucell U3MEHEHHUH ypOBHS, MOJYYEHHBIX B MyHKTax [IUTKs-
pante u Kobone. Ee y3noBas nunus pacrnonoxena B 112 kM oT ceBep-
HOTO KOHIIa 03epa, a ammuintyaa He npessimaet 0,3 M. C 3TuM Xopo-
IO COIMIACYIOTCS pe3yabpTaThl TeOpeTHYecKuX pacyeToB. llepuon ox-
HOY3JI0BOM Mpo1ofibHOM celitu (k= 0, m = 1) coctaBmsier 5 u 13 MuH
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(cM. Tabn.). Drta ceifma OTHOCUTCS KO BTOpoMmy BHUay. Ee y3moBas mu-
HUS JEJIUT 03€pO MOMNOJIaM M MPOXOAMUT Yepe3 TOYKU ¢ KOOpAMHATAMH
(0, b/2); (a, b/2). MakcuMyMbl KoneOaHUH YPOBHSI HAXOISATCS Ha ce-
BEPHOH M IOKHOU cTOpoHax o3epa. B pabore [['maponoruueckuii pe-
KUM..., 1966] moka3aHO CyIIECTBOBAHHME MPOJOJBbHOU NBYXY3JIOBOU
ceifmu ¢ neproaoM 2 4 11 MuH. DTO XOPOIIO COIIacyeTcs C pacueTaMu
o ¢opmyne (2) aus moasl (k= 0, m = 2), koTopble narT 2 4 36 MUH.
Jannas ceiflia Takke OTHOCUTCS KO BTOPOMY BHUIY, U €€ HU30JMHUH
YPOBHS mapaienbHbl ocu x. OfHa y310Bas JIMHUS 3TOW CeHIIM mpo-
XOAMT uepe3 Touku ¢ koopauHaramu (0, b/4); (a, b/4), BTOpas — yepe3
Touku ¢ koopauHaramu (0, 3b/4); (a, 3b/4). ObnacTu, B KOTOPBIX KoOJIe-
0aHMs YPOBHSI MaKCHUMalIbHBI, HAXOISATCS HA I00KHOM M CeBEepHOU rpa-
HHUIaX BOJOEMa, a TaKXe Ha JIMHUHU, MPOXOAALIEH uepe3 TOUKH C KO-
opnunaramu (0, b/2); (a, b/2). B [Tugponorndeckuii pexum..., 1966]
OTMEYaeTCs, YTO Ha 03€pe BhIpakeHbl celu ¢ nepuogamu 90 u 60
MUH H JeJIaeTCs MPEANOJIOKEHHE, YTO OHU SIBIISIOTCS TPEXy3JI0BOH M
4yeTbIpexy3noBoil. M3 Tabn. BUIHO, YTO TepuoJ, Haubonee OMU3KHiA
K 90 MUH, UMEIOT ABE MOBI: TPEXy3JI0Basi mponoipHas ceima (k = 0,
m = 3) ¢ mepuogoM, paBHbIM 104 MUH, U Tpexy3ioBas MPOAOIbHO-
nonepeynas ceima (k= 1, m = 2) ¢ nepuogom, paBHbIM 98 MuH. Ye-
THIPE MOJIBI UMEIOT TIEpHO, OMM3KUK K 60 MUH: ISTHY3710Bast IPO0Ib-
Has (k =0, m = 5), 7, = 62 MuH; AByXy3y10Bas nonepeunas (k =2, m =
0), 7,, = 62 MuH; Tpexy310Bas NPONOJILHO-TIONEPeuHas (k = 2, m = 1),
7,, = 61 MUH; YeThIpeXy3/10Bas NPOAOIbHO-NIoNepeuHas (k =2, m = 2),
t,, = 58 muH. [losTomy s uX MaeHTHOUKALMKM HEOOXOAUMO IPOBO-
JIUTH HaOMIONEHUS 110 BCEMY MEPUMETPY 03epa.

AMIuHTYABI ceiim B JIagokckoM 03epe U3MEHSIIOTCS B IIpeienax OT
3 no 28 cm [KanecHuk, 1968]. OHU BBI3BIBAIOT TEUCHHUS, OXBAThIBAIO-
mMe Becb 00beM JKUAKOCTH B OacceliHe. B Tabn. mpuBeneHbl MakcH-
MaJbHbIC 3HAYEHHsI CKOPOCTH BOJTHOBBIX T€UEHHUH AJISl EPBBIX YETHIP-
HAALATH MOJ, PacCYUTAHHbIC IJSl aMIUIUTYIbl OTKIOHEHHsI CBOOOA-
HOU MoBepxHOCTH, paBHOU 0,25 M. Ouu nexat B quanaszone 0,09-0,11
Mm/c. HanGonpmme ckopoctu, pasusie 0,11 M/c, UMEIOT ceiiin mepBoro
(k# 0, m = 0) u Broporo (k= 0, m # 0) BugoB. TeueHne KUAKOCTU IS
CeHII IePBOTO BHJIA TPOUCXOIUT MAPaIJIeIbHO OCH Y, @ TSl CEHI BTO-
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poro Buaa — mapajuiebHo ocH x. [l ceiil TpeThero Buaa Hampasiie-
HUSI TCUCHUHN COCTABISIOT PA3IUYHBIC YIJIBI C OCAMH KOOPJIUHAT B 3aBU-
CUMOCTH OT HOMepa MOoJibl. J[Js ceifin mepBoro U BTOPOro BUJIOB 00JIa-
CTH HauOOJBIIUX CKOPOCTEH TEUCHHUU PACIIONATaloTCs B OKPECTHOCTSIX
Y3JI0BBIX JTUHHNA. Y CEHIIl TPEThEro BUJIa N30JIMHUS CKOPOCTH (s KakK-
JIO MOJIbI OHa UMEET CBOI BEJIIMYMHY) pasfeiisieT aKBaTOPUIO Oacceii-
Ha Ha sYCHKU. BBIAENroTcs s4eiiku, B KOTOPBIX CKOPOCTh MHUHUMAJIb-
Hasl, U SYCHKH, B KOTOPBIX TCUCHHs HanOoJiee MHTCHCUBHBIC. J[s Kax-
JIOM MOJIBI MIMEIOT MECTO STYCHKH, IPUMBIKAIOIINE K yIiiaM OacceiiHa, B
KOTOPBIX TEUCHUS UMECIOT MUHUMAIbHYIO UHTEHCUBHOCTb.

HampaBnenust BOMTHOBBIX TEUCHUIN HM3MEHSIIOTCS HA TMPOTHUBOMOIOXK-
HbIC KaXKJbI€ MOJTMEPUOAa COOTBETCTRYIOICH MOABI. MOIyIb CKOPOCTH
MIepPBBIC MOINEPUOIa BO3PACTACT OT HYJS 10 MAKCUMAJIBHOTO 3HAUCHUS,
a 3aTeM CJICIYIOIIUE MOJIIIEPHO/ia YObIBACT JI0 HYJIS.

Ceiimeo0Opa3nble KoedaHuss. Bo3MOXHBI CUTYyaIllH, KOTAa MOCIE
MpPEKpaIleHNs] BO3ACUCTBUS BO3MYIIAIOIIUX CUJI HA MOBEPXHOCThH BO-
JloeMa B HEM BO3HUKAIOT CBOOOJIHBIE Ceie00pa3HbIe KOIeOaHUsT KU I~
KOCTH, TPEJCTABJISAIONINEe COO0N CyMMy HECKOJIBKUX Moj cewir. Pac-
YeThl MMOKA3aJId, YTO BO3MOXHBI TPU THIA PE3YIbTHPYIOIINX KoJieha-
Hui. IIepBbIil COOTBETCTBYET Cilydaro, KOIJla B3aUMOJEUCTBYIOT IIPO-
nonbHasE U momnepeuHas ceifmu. [Ipu 3TOM pe3ynbTHpyIOlee KoJie-
OaHMe WMEET OJIHY Y3JIOBYIO JIMHUIO, KOTOpas MOBOPAYUBAETCS C Te-
YeHHEM BpPEMEHH BOKpYI LIEHTpa OacceiiHa. Btopoil ciydwail coot-
BETCTBYET B3aUMOJACHCTBUIO JIBYX MPOJOJbHBIX WJIU NIBYX IOIEpEU-
HBIX ceiml. [Ipu 3TOM y3JI0BBIX JTUHUH MOXET ObITh HECKOJBKO, MPH-
YeM HX KOJMYECTBO HEMOCTOSIHHOE M M3MEHSETCS C TCUCHHEM Bpe-
MeHH. Takxke ¢ TeueHHeM BPEMEHHU W3MEHSETCS UX MojoxkeHue. Jis
MPOIONBHBIX celin JlamoKcKoro o3epa y3J0BbIC JIMHUM IEpEeMela-
IOTCSl BAOJL OCH ), a JUISl TIOTEPEYHBIX — BIOJb OCH X. YIJIBI, KOTO-
pbIe COCTaBJISIOT Y3JOBBIC JUHUU C OCAMH KOOPJWHAT, CO BPEMEHEM
HE M3MEHAITCS. TpeTui cilydyail COOTBETCTBYET B3aUMOAEHCTBUIO
MPOIOJIBHON U TMOMEPEYHOM CEeHI, MMEIOUIUX OJMHAKOBBIC MEPHO-
npl. st JlagoxKcKoro o3epa 3TO MOABI ¢ MEPHOAOM, paBHBIM 1,04 u:
(k=0,m=5)u (k=2, m=0). Barom ciiy4ae NOJIO)KECHUE U KOJINYE-
CTBO y3JIOBBIX JIMHUI OCTOSHHOE.
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BasxHoii 0COOEHHOCTBIO Pe3yAbTUPYIOLICH BOTHBI SBISIETCS TO, YTO
€e aMIUIMTYyJa paBHa CyMMe aMIUIMTY/] B3aUMOAEHCTBYIONIUX MOJ.
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SEICHES AND SEICHELIKE OSCILLATIONS
IN LAKE LADOGA

Yu. V. Manilyuk, L. V. Cherkesov
Marine Hydrophysical Institute of RAS, Sevastopol

The paper deals with the study of seiches (single-period) and seichelike oscil-
lations (combination of different seiche modes) available in the model basin
having Lake Ladoga’s characteristic dimensions using the results provided
by the solving of long wave equations system. The periods of the first four-
teen modes of seiches were calculated. The spatial structure of the level and
characteristics of the wave flows was analyzed. The types of seiches and their
corresponding wave flows typical of the Ladoga were described. The possible
speeds of seiche flows depending on the oscillation amplitude level were esti-
mated. Different types of seichelike oscillations were studied and their charac-
teristic features were described. The comparison of the calculation results with
observation data was carried out.
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T'OI0BOM XO/J TPEXMEPHBIX ITOJIEN
TEMIIEPATYPbBI, COJJEHOCTHU Y TEYUEHUI
HA CEBEPO-3AIIAJTHOM HIEJIb®E YEPHOI'O MOPS
KAK PE3YJIBTAT YUCJIEHHOT'O MOJAEJIMPOBAHUS

H. B. MapkoBa

Mopckoii eudpogusuueckuii uncmumym PAH, 2. Cesacmonons

Jns MenkoBomHOW ceBepo-3anaanHoi menbhoBoil obmactu YepHoro
MOpsl aHAJIN3UPYETCS TOJJOBOI XOA TPEXMEPHBIX MO MPOCTPAHCTBY IO-
Jel Temreparypsl, COIEHOCTH M T€UEHHUH, paCCUMTAHHBIX B pe3ysbTa-
T€ YMCIIEHHOTO KCIIEPUMEHTA HA OCHOBE HEJIMHEWHON TEPMOTUIPOIH-
HaMHUYECKOM MOJIeNM C YCBOEGHUEM JIaHHBIX MHOTOJIETHUX KOHTAKTHBIX
nzMepenuid. [lomydeHbl OCHOBHBIE KIMMaTH4YeCKHe Tuapodusndeckue
MOJISt Ha Kaxable CyTKH roja. IIpoBeneH monpoOHBIN aHAIU3 IUPKYIIS-
UM 1 TEPMOXAIMHHOHN CTPYKTYpPBI BOJl Ha IIeNb(e, MOKa3aHbl UX ME30-
MacmTaOHbIe 0COOCHHOCTH.

Obwvexm. CeBepo-3ananHas yactb YepHoro Mops (puc. 1) okpyxeHa
CTETTHBIMH PallOHAMH CYIIH, XapaKTEPHBIMU OCOOEHHOCTSIMH KOTOPBIX
SIBIISTIOTCS] HU3KUE TEMIIePaTyphl BO3AyXa 3MMOU U OOJBIIIOE KOTMIECTBO
JKapKUX THEH (ITPH OTHOCHUTETHHO HEOOIBIITOM KOJTHIESCTBE OCATKOB) JIe-
ToM. Baxkneimum (akTopom, BIUSIONIMM Ha TWHAMHUKY B ATOM oOma-
CTH, SIBJISICTCSI BETPOBOU peskuM. Kpome Toro, ceBepo-3aIaHblii meinbg
(C3I1) siBrsteTcst HanboJIee METKOBOAHBIM M PACTIPECHEHHBIM paiiOHOM
UYepHOro MOps BCIEACTBHE OONBIIOTO MOCTYIICHHUS CIO/Ia PEYHBIX BOJ
(Hywnait, {nenp, uectp, FOxnsb1it byr), cocrasmstomiero ~80 % obmero
CTOKa peK, npuxojsiierocs: Ha Bce YepHoe mope [['uaponorus..., 1991].
Takol 3HAUATETLHBI 00BEM MPECHON BOABI BIHUSIECT HAa (POPMUPOBAHUE
Y DBOJIIOIHAIO TPEXMEPHOU IMUPKYISAINN, OCOOEHHO B MPUOPEXKHBIX 00-
JIACTAX MOPSL.

YkazaHHble (paKTOPBI OMPEAEISIIOT 3HAYUTENbHYI0 BHYTPUTOIOBYIO H
MIPOCTPAHCTBEHHYIO M3MEHYMBOCTH THUAPOIOTUYECKHUX TTOJIeH Ha IIelb-
(e, B 9acTHOCTH, OOIBIION TIepernaa MeXIy JIETHUMH ¥ 3UMHAMH 3Ha-
YEHUSIMU TEMITePaTyPbl BOABI M OCOOBIM, OTIMYHBIA OT OCTaJIbHOW Ya-
CTH MOps, PeXKUM TeueHWH. BnmsHue TUHAMUKN TITyOOKOBOTHOW YacTH
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Oacceiina Ha nupkyisinuto C3L nposiBisieTcst Ha 0XKHOM «MOPCKOI» Ipa-
Hue menb(a. OHO COCTOUT B BO3MYILEHHUSX, BHOCUMBIX B PErHOHAIb-
Hoe none Tedenuiit C31 meanapamu ceBepHoii BeTBU OCHOBHOTO YEpPHO-
mopckoro TeueHust (OUT) u BuxpsiMu Tak Ha3biBaeMOro «CeBacTomnoib-
CKOT'0 aHTHLUKIOHa». CeBaCTOMOJIILCKUI aHTULMKIOH — YacTO HE OJIMH,
a TIOCIIeIOBATENIbHOCTD U3 ABYX, PeXe — TpeX Me3oMacIiTaOHbIX (Iuame-
TPOM TOPsAKA HECKOJIBKUX JIECSITKOB KMJIOMETPOB) BUXpell. OHU reHepH-
pytotest y 6epero KpbiMa k roro-3anaay or CeBacTomnossi, pa3BUBAOTCS U
CMEMIAI0TCs 3aTeM Ha 3a1aj] COINIaCHO 00LIeMy IUKIOHNYECKOMY Harpas-
JICHUIO 0AaCCEHHOBOM IMPKYIIALUM BIOJIb CEBEPO-3alaJHOTO yyacTKa Ma-
TEPUKOBOTO CKJIOHA Ha tokHOM rpanuue C3LI. Otu Buxpu npencrasmis-
10T CO0O0H BayKHBIM MEXaHU3M TpaHC(HOPMALIMK U YTUIN3ALUH 3arpsI3HEH-
Hbix Bog C3II B Tomme Box OTKphITOM YacT Mopst [Shapiro et al., 2010].
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Puc. 1. Paiion C31II (o0BeneH :kupHO¥i JUHUEI)

Memoo. B cuny 3amHTepecoBaHHOCTH cTpaH [IprmuepHOMOpPBS B XO-
3stiicTBeHHOM Hmcmonb3oBanuu pecypcoB C3III, nccnemoBanus rumpo-
JIOTHYECKUX M MPOYUX MPOIECCOB MPOBOIUIUCH 37IeCh JIOCTATOYHO Ya-
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CTO, OJJHAKO TO OOJbILIEH YacTH HECOMIAacOBAaHHO M pa3HOHAMpaBIICH-
HO. MeToapl HCCIEeNOBaHUS HCIONB30BAINCH TAKKE pa3lIUyHbIE: OT
MPOCTEUIINX KOHTAKTHBIX M3MEPEHUI M0 aHajdu3a CIYTHUKOBBIX JaH-
HBIX U COBPEMEHHBIX YHCIEHHBIX Mojesell. OHaKo B CBSI3U B BBICOKOM
NPOCTPAHCTBEHHO-BPEMEHHON M3MEHYMBOCTBIO THAPOPUIUIECKUX T10-
neit C3L nepuonuvecky NOsBIAIOTCA HOBbIE YTOUHEHHBIE MTPeICTaBIIe-
HUs 00 UX cTpoeHuu u quHamuke [Banos, benokomnsitos, 2011]. Heko-
TOPBIE 0COOEHHOCTH CTPYKTYPBI THAPO(U3NIECKUX TIOJIeH JaHHOTO pe-
THOHA OTMEYAIOTCA MCCIEeIOBATENSIMU SMTN30/INYECKH, B YACTHOCTH, CH-
CTeMa MOJANOBEPXHOCTHBIX MPOTUBOTEUEHHH BOCHPOM3BOJIMIACH IPU
MOMOLIM MaTeMaTH4eCKOro MOICTTMPOBaHMS TOIBKO B padoTax [Klimok
et al., 1990; demsrmes u ap., 2007]. UHCTpyMEHTaNBHO TaKylO CHCTe-
My B LEJIOM ONpPEETUTh JOBOJBHO CIOXKHO, YUUTBIBasi OOBIYHYIO JIO-
KaJbHOCTh U3MEPEHUI BO BPEMEHHU M MPOCTpaHCTBE. MeTonbl YUCIIeH-
HOTO MOJIETUPOBAHMS MO3BOJIIIOT BOCIIPOU3BECTH TPEXMEPHYIO CTPYK-
Typy KIUMAaTHYCCKUX TUAPOPUINISCKUX TIOJICH U OMUCATh UX U3MEHYHU-
BOCTh Ha TpeOyeMbix macmTabax. [log «kiuMaTHUeCKUM» B TAKOM pa-
Kypce NOHUMAIOT 10JIe TUAPO(YU3NIECKON BETMUUHEI, TIOJTyYeHHOE B pe-
3yJbTaTe YUCIEHHOTO PEIIeHUs] CUCTEMbl YPaBHEHUH MOJAEIH ¢ KIMMa-
TUYECKUMH TPAHUYHBIMUA YCIOBUSMU: aTMOC(EpPHBIMU MOTOKAMH TETI-
Jla U BJIard, KacaTeIbHBIMU HANPSHKEHUSIMU TPEHUsI TPUBOJHOTO BETPA,
CTOKOM peK, BOJOOOMEHOM 4epe3 MPOJIUBHL U T. 1. TakuM 00pas3om, ru-
OpodH3nYeCcKre KITMMaTHYECKUE MOIS SBISIFOTCS HEKOTOPOH BEPOSITHOM
OILIEHKOM COCTOSIHMSI BOJTHOW CpPEfibl, COIIACOBAHHOM ¢ KIMMAaTHYECKUM
dbopcuHTOM.

B nanHo# paGoTe mpoBeaeHbI pacuyeT U aHaJIM3 KIMMAaTHYeCKUX THU-
apodmsnyeckux noneit C3IL Ha kaxxaple cyTku rona. MoaenupoBaHue
BBITIOJIHEHO Ha OCHOBE aCCUMIIALIUU apXUBHBIX CPEIHEMECAYHBIX JIaH-
HBIX HaTypHBIX HaOmroaeHuil [benokomnkiTo, 2004] mo TeMmeparype u
COJIGHOCTU B UYHCJICHHOU HenuHeiHou mozenu [Jemblnes, Koporaes,
1992]. Vka3anHast MeTOAMKA CHUHTE3a THAPOIMHAMUYCCKON MOAenu U
TS-nanHbBIX OBUTAa IPIMEHEHA B CBS3U C TEM, YTO Aa)ke HanOoJee mo-
Hbll [benokoneiToB, 2004] apXUBHBIN MAacCUB HaTypHBIX U3MEpPEHUH B
YepHOM MOpE HE MO3BOJISET B CHITY KOJMMYECTBA UMEIOIIMXCSI B HEM J1aH-
HBIX TOJIBKO Ha €r0 OCHOBE BOCCTAHOBUTH T'HAPO(U3NIECKUE MO C Tpe-
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OyeMoii TOYHOCTBIO, KOTOpast T03BOJIHIIA OBl OTPA3HUTh X ME30MACIITA0-
HYIO0 IPOCTPAHCTBEHHYIO CTPYKTYpPY M MCCIIeI0BaTh To0BOM XoA. B pe-
3yJbTaTe MPOBEJCHHOIO CONIACHO YKa3aHHOW CXeMe YMCIEHHOIO dKCIIe-
pPUMEHTa OBUIH MOJYYEHBI TPEXMEPHBIE 110 TPOCTPAHCTBY OISl HA CETKE
5 KM B 30HAJILHOM M MEPHIMOHAIILHOM HanpasieHusax. Pacdyer ObL1 po-
BeJIeH /17151 Bcero OacceiiHa, YTo MO3BOJIIII0 W30eKaTh IOrPEITHOCTH 3a-
JaHWsI KPaeBOTO YCIOBHSI HA «KHUKOI» TpaHUIIEe U IPH HEOOXOTUMOCTH
MMETh BO3MO)KHOCTB OIICHUBATh BIMSAHUE OCTAIBHOM yacTu OacceiiHa Ha
Boabl C3LI. ITo BepTHKamM BBIYMCICHUS IJIsl BCETO MOPS MMPOBOIAMIIMCEH
Ha 45 ropuzonTtax ¢ nyouHamu ot 2,5 1o 2100 m, anst C3IL takum 06-
pasoM B CHIIy €ro MEJIKOBOAHOCTH OBbLIM MOJyYeHbI 3HAYEHUsI HA TOpU-
30HTax 2,5, 5,0, 7,5, 10, 12,5, 15, 20, 25, 30, 40, 50, ..., 100 M (oGmacts
mrenbda orpannyumM u3obatoit 100 m). B mpubpexHoii 30He Mops yaa-
JIOCh BOCCTaHOBUTH CTPYKTYpY IOJIE€H TeMIepaTypbl U COIEHOCTH Ha ro-
PHU30HTAIBHBIX MacIiTabax HECKOJIbKUX KHIIOMETPOB, OTCYTCTBYIOILYIO
B UCXOJIHBIX YCBaMBAEMbIX apXMBHBIX MOJSX, a TAKKE TAKUE 0COOCHHO-
CTH UUPKYJISILUH, KaKk Me3oMaciuTaOHble BUXpU U cTpyH. bonee neranb-
HOE BOCCTAHOBJIEHHE KJIMMaTa IMpPEICTaBIIsETCS BO3MOKHBIM IO3]HEE,
NpU yCJIOBUHU HAKOIJICHUS! JOCTAaTOYHOro 00beMa U3MEpPEHNH ISl Kade-
CTBEHHOTO YIIy4IIEHHs aCCUMUIMPYEMOTO B MOZIETI MAacCHBa U 3a/1aBa-
eMbIX KJIMMaTHYECKUX aTMOC(HEPHBIX YCIOBHI Ha TOBEPXHOCTH MOPSI.

Pezynomamer. Ha TOCTPOEHHBIX MO pe3yibTaTaM YHUCIEHHOTO JKCIIe-
pPHMEHTa KIMMaTHYECKUX KapTaX MUHUMYM COJICHOCTH JIOCTHTaeTCsl B Ha-
Yajie JISTHETo ce30Ha (Maii — MI0Hb) U JIOKaJIM30BaH B paiioHe ycThs p. y-
Haii (B cpegaeM 12 %o). MakcuMasbHBIX 3HAUCHUH COJIEHOCTh JIOCTUTAET B
suBape — Gespade (B cpegueM 18 %o). st C3LL xapakrepen HanOombIINi
M0 MOPIO BHYTPHIOJJOBOH Nepera i COIeHOCTH (0COOCHHO B ycThe JlyHas),
IJie UI3MEHEHHsI XaJIMHHBIX 3HAYeHUH B oBepXHOCTHOM cioe 0—20 M 10-
cturarot 2,5-3 %o. B nenrpansHoit yactu C311 aMmnTyia MeKCe30HHBIX
KoJIeOaHUH COMEHOCTH Ha MoBepXHOCTH He mpesbimaet 0,2 %o. Cpenusia
o Bcemy C3III ammutyna romooro xoaa coctapisiet 0,5-0,6 %o B 0T1H-
gue ot 0,2-0,3 %o 419 0CTaabHOM YacTH OacceiHa.

CornacHO MOIENBHBIM pacueTaM IMOoJisl TeMIeparyphl, pa3HOCTb Be-
JMYUH MEKAY CPEAHUMHU ee 3HaYCHUSIMH B (DeBpajie 1 Urojie Ha TOPU30H-
Te 2,5 M paBna 14,5 °C. C yOuHO# niepenaj TeMneparypbl MEXIy ce-
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30HaMu yMeHbaeTcs. Tak, Ha ropuzonTe 20 M pa3HOCTb MEX/Ly TeMIIe-
parypamu QeBpais u utons cocrapisier 8,59 °C. B Huznexamux cio-
sx (ropu3oHTBI 40—-50 M) mpeoOaaaoT BOABI XOJIOAHOTO MTPOMEKYTOU-
HOTI'O CJI0si, 00pa30BaBILIETOCS B 3UMHEE BPeMsl, U COXPAHSIOLINE CPel-
HIOIO Temmneparypy 7—8 °C. AHanu3 nmojst TeMIepaTypsl 10 Bcel akBaTo-
puu YepHoro Mops MOKa3bIBAeT, UTO B IesIoM 3a rof paiion C3II sBs-
eTCsl caMOM XOJIOAHOM YacTbio YepHOTro MOpsi, UYTO COOTBETCTBYET JIaH-
HBIM JPYTHX HCTOYHHMKOB. [IpuMep KapT MpOCTpaHCTBEHHOTO pacrpe-
JeJICHHUs TeMIIEpaTyphbl U COJICHOCTH Ha TOPU3OHTE 2,5 M NpUBEIEH Ha
puc. 2. IIpocnexuBaeTrcs pacnpoCTpaHEHUE OTHOCUTEIBHO XOJIOIHBIX
NPECHBIX PEYHBIX BOJ M3 KPYHMHEWIIMX PEeK PEerHoHa, a Takke MUHH-
MYM COJICHOCTHU B ycThe JlyHas 1 MUHHUMYM TEMIIEPaTyphl y BBIXOAA U3
Juenpo-byrckoro nuMana.

Puc. 2. Ilosie moBepXHOCTHOI COJIEHOCTH (c/JIeBa) U TeMIlepaTypsl (cnpa-
Ba) 10 anpens

OcoOb1if MHTEpEC MPEeACTaBIseT cO00M BOCCTAHOBICHHOE MOJEIh-
HOE I10JIe TeUCHMH, OCKOJIBKY HMEHHO 3TOT IapaMeTp HauMeHee ole-
CIIeueH NpsMbIMU m3MepeHnsaMH. Camast crabast 3a Tojl BUXpeBasi aKTHB-
HOCTH B TIOBepXHOCTHOM citoe (oT 0 10 20 M) oTMeuaeTcs B UIOJIe — aB-
rycre, oJie CKOpocCTeil B 3T0 BpeMs HanboJee miaakoe. Bromns Beero 3a-
MaJHOTO Oepera menb(oBoii 30HBI TPe0dIaIaeT FT0-3aMaHOe HaIlpaB-
JICHWE BMKEHUS TTOBEpXHOCTHHIX BOK (0T Onmecchl k Koncranme). Han-
oonee 3amerHpiMU TeueHusMU C3LI sBrsitorcst TeueHne y Mbica Tap-
XaHKYT (70 25 cM/c) u TeueHue, HalpaBIIEHHOE Ha IOT OT yCThs JlyHas
co ckopocThio 15-20 cm/c. Ha rmybunax arke 20 M Ha menbde B 3TOT
ce30H c(hopMHUPOBBIBACTCS AHTUIMKIOHMYECKAs] CHCTEMa TEYECHHUH CO
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cpenHel ckopocThio 3—5 cm/c. OHa HaYMHAETCS TakKe OT yCThs JyHas,
HO paclpocCTpaHseTcs Ha CEBEPO-BOCTOK BJIOJIb BCErO 3arajHoro u ce-
BEPHOTO MOOEPeXkbsi IeTb(POBON 30HBI U 3aTEM BCETO 3alaJHOro Oepera
Kpeima. B paitone Bnagenus [lyHas B MOpe HaXOIUTCS aHTULUKIOHUYE-
ckuil Buxpb. PopMHUpOBaHKME U 3BOJIIOLNSA JAHHOTO BUXPS UCCIEAYIOT-
cs B [MIBaHOB 1 ap., 1995]. K 3anany ot Kpsimckoro n-oBa Xopouio BbI-
paken CeBacTONONBCKUN aHTUIMKIIOH, I0’KHast (PpOHTaIbHAs 30HA KO-
TOporo oxBarbiBaeT ceBepHyto BeTBb OUT. B cepenune ceHTIOps BIOIbL
3anaaHoro nodepexbsi C3L mpeobnanaeT ceBepo-BOCTOUHOE HAIpaB-
nenue teueHus. OHO CTaHOBHTCS 0oJiee IUPOKUM, 3aXBaTbIBast HE TOJb-
KO MPUOPEXKHYIO MOJIOCY, HO M BOBJIEKAs B aHTUIUKJIIOHUYECKHUI KPYTO-
BOPOT MPAKTUYECKH BECh BEPXHUI CIIOM MOps. YCUIMBAETCs TEUEHUE U
BOJb 3ananHbIX OeperoB Kpbima B Kanamurckom 3anuse (1o 15 cm/c).
B okTs10pe HanpaBieHne MOBEPXHOCTHBIX TEYSHUH BJOJb 3amagHoro oe-
pera C3IL cHoBa MeHsieTcs Ha IOTO-3amagHoe, 00pa3yroTcs HECKOIBKO
NpUOPEKHBIX BUXPEH, KOTOPBIE YBEITMYMBAIOTCS K cepennHe Hosiopst. Ha
m1youHe 20 M coxXpaHsieTcs TOAINOBEPXHOCTHOE TPOTHBOTEUCHHE.

Puc. 3. Ilosie Teuennii YepHoro mops (cm/c) 10 anpesist Ha ropu3onTe 20 M

OTO MpOTUBOTEUCHHE, TAKUM 00pa3zoM, Habmomaercss Ha 20-meTpo-
BOI MTyOWHE ¢ OKTSOps 1o Mai, OepeT Hauauo B paiioHe ycThs JlyHas u
clieyeT BBepX K ceBepHOMy nodepexbro C3I11I n ganee Ha BOCTOK K Oe-
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peram Kprima. [TogoOHbIe ciion B Tosie Te4eHUi 00yCIOBIMBAIOTCS, KaK
nokaszaHo B [MBaHOB u n1p., 1994], TepMOXaIMHHBIMUA (PPOHTAMHU, COOT-
BETCTBYIOLIMMHU BBICOKMM TPalMeHTaM IJIOTHOCTH. B 1ekabpe — stHBape
CeBacTONONBCKUI aHTULMKIIOH OciadeBaeT. B TeueHune Bcell 3uMbl Ha
MOBEPXHOCTH MOPsI MpeoliaaeT 10ro-3anafHoe HarpaBieHue TEUeHUs,
YTO COOTBETCTBYET BETPOBOMY PEKUMY B JaHHBIM NEpHOJ Toja.

B ampene ¢ mocTymieHreM NaBOIKOBBIX BOJ MHTEHCU(DUIMPYIOTCS
JBIKEHHS B IOBEPXHOCTHOM ciioe. Bromnb ceBeproro Oepera C3L u B
KapkuauTckoMm 3anuBe HaOmomaeTcs 1elb ME30MacIITaOHBIX BUXPEH.
CeBacTonoNbCKUN aHTULMKIOHUYECKUH BUXPh HA BEPXHUX TOPU30HTAX
3HAUNTEIILHO YMEHbIIAeTCs, a Ha rTyOnHe 20 M HECKOJNBKO BBHITSATHBA-
eTCsl BAOJIb MaTepUKOBOIo ckioHa. Ha puc. 3 mpuBeneHo mnosne TeueHui
[uts1 Becero YepHoro Mops Ha aaty 10 anpesns mis rmyounst 20 M (oTpuco-
BaH Kax/plil 2-i1 BekTop; coorBercTBytomue T, S-moms qa C3II moxka-
3aHbl Ha pHC. 2). B HIOHE moie ckopocTel yCIoKHSIET CBOW BHII: B BEPX-
HEM CJI0€ MOpsl YCUJIMBAETCs IIUKJIOH B pailioHe ycThs J{HecTpa, mosBis-
I0TCSl BUXPH K IOTY U [oro-3amafay oT ycrbd JyHas, ycunusaercs Cesa-
CTOIOJILCKUIM aHTHLMKIOH. Buxpesas akTuBHOCTH B KapkuHUTCKOM 3a-
JIMBE K ATOMY BPEMEHH, HAIPOTHUB, 3HAYUTEIBEHO OcllabeBaeT.

Takum 00pa3oMm, NMpU MOMOIIM YUCICHHOTO MOJEIUPOBAHUS OBbLIH
PEKOHCTPYHPOBaHBl TpEXMEpHbIE THUAPOPUIUUECKUE IO CEeBEpO-
3anaaHoro menbda YepHoro mops. [IpoananuzupoBan psi KpynHoOMac-
MITaOHBIX U ME30MACIITA0OHBIX 0COOCHHOCTEH MOMYyYEHHBIX KITUMaTHYe-
CKHX TOJIeH M UX W3MEHYMBOCThH B TedeHue roga. OmnpeneneHsl OCHOB-
HBIE€ YepThl TEPMOXAJIMHHON U AMHaMu4eckoil ctpykTtyp Box C3I, mo-
Ka3aHbl 3HAUUTENbHAs aMIUIUTY/Ia TOJI0OBOTO X0Jla TeMIIepaTypsl U coJie-
HOCTH M JIOKaJHM3alus 9KCTPEMYMOB, HAIMYHE BUXPEBBIX 00pa30BaHUH,
TEUYEHUH U MOJIOBEPXHOCTHBIX MPOTUBOTEUEHUI.
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ANNUAL VARIABILITY OF TEMPERATURE, SALINITY
AND CURRENTS IN THE BLACK SEA NORTH-WESTERN SHELF
AS THE RESULT OF NUMERICAL MODELLING

N. V. Markova
Marine Hydrophysical Institute of RAS, Sevastopol

The paper deals with the analysis of daily 3D-hydrophysical fields of tempera-
ture, salinity and currents (“climatic” fields) at the Black Sea north-western
shelf calculated using nonlinear thermo-hydrodynamic model including ar-
chive in-situ measurements data. The annual variability of temperature, salin-
ity and circulation was analyzed. A detailed analysis of shelf water mesoscale
field structure was carried out.
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MOJIEJIMPOBAHUE CYBME3OMACHITABHBIX
JAUHAMMUYECKUX TPOLIECCOB
B ITIPUBPEXHBIX 30HAX YEPHOI'O MOPS1

0. A. /IpimoBa

Mopcxoii euopogpusuueckuii uncmumym PAH

C momombl0 BUXpepa3peliaed YUCIeHHOW MOoIean MOpPCKOro TH-
JpOQH3UYECKOTO MHCTUTYTA MCCIEJOBAINCH Me3oMaclTadHble 1 CyO-
Me3oMacITabHble 0COOCHHOCTH IHUPKYIsinuu YepHoro mops. Pacuers
BBITIOJIHEHBI C MPOCTPAHCTBEHHBIM pazpelnieHueM 1,6 kM U yueTom pe-
anpHOro arMocepHoro BozaelcTBus. [lokazaHO, YTO MOJENBHBIE Kap-
Tl TCUEHHUH COOTBETCTBYIOT CITYTHUKOBBIM Ha6ﬂ}OI[CHI/I$[M. Amnanus mo-
Jiel TeYeHUH TI0Ka3aJll, YTO PEKOHCTPYHPOBAaHHbIE BUXPHU MMENN Xapak-
TepHBIE CyOMe30MaclITaOHbIe MPOCTPAHCTBEHHO-BPEMEHHBIE Mapame-
Tpbl. Hanbosee naTeHcMBHOE 00pa3oBaHue CyOMe30MacIITaOHbIX BUX-
peit HaGmonanock Mexy oeperoMm 1 OCHOBHBIM YEPHOMOPCKUM Tede-
HUEM B OKPECTHOCTSIX KphIMCKOTO 1-0Ba, B CEBEpO-BOCTOYHOM M BOC-
TOYHOM Y4acCTsIX MOPS, a TAK)KE Ha CEBepO-3amafHOM Lelbde.

MHOro4YHCIeHHBIE COBPEMEHHBIE CITyTHUKOBBIE M KOHTAKTHbBIE [Ha-
npumep, Kapumosa, 2012; Klein et al., 2015] rHaOmtoneHns 70Ka3bIBAIOT
CYILIECTBOBAaHUE B OKEAHAX M MOPSAX KPYTOBBIX AMHAMHYECKHX CTPYK-
TYp € XapaKTEepPHbIMU IPOCTPAHCTBEHHBIMHU MaciTabamMu MeHee 10 kM u
BPEMEHHBIMH — JI0 HECKOJIBKUX CyTOK. COITIaCHO ONpEAETICHUI0 BUXpe-
BbIe 00pa30BaHMsl, 15l KOTOPBIX YKciao PoccOu mopsiika equHULBL, a TU-
aMeTp Topasao MeHbIne paguyca aegopmanuu Poccou [Thomas et al.,
2008], Ha3siBatoT cyomMe3oMacmTaOHbIMU. O0anas OOJIBIIMMU 3araca-
MU 3HEPrHH, TAaKUe BUXPU UTPAIOT JOMUHUPYIOIIYIO POJb B MpoLeccax
TpaHcpopManuu TUAPOPUINIECKUX TMOJIEH, 0COOCHHO B TPUOPEKHON
30HE, IOATOMY MX HM3y4YeHHE MpencTaBisieT Oosbiioil uarepec. B Uep-
HOM MOpE TaKXe aKTHMBHO BEIETCs UCCIeJOBaHHE CyOMe30MacIuTabHOM
M3MEHUYUBOCTH [3auenuH u ap., 2011; Jlusunckuit u ap., 2015].

OnHuM 13 Hanbosnee BOCTPEOOBAaHHBIX MHCTPYMEHTOB U3YUEHUS 11~
HaMHKH XUAKOCTH SIBJISIETCS KOMIBIOTEpHOE MojenupoBaHue. B Ha-
el pabore Me3oMacmTaOHbIe U cCyOMe3oMacTabHbIE OCOOEHHOCTH
LHUPKYISIUN YepHOTo MOPSI aHATM3UPOBAIHCH C IIOMOLIBIO BUXPEPa3-
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pelIaronei Moaeny JMHaMUKH MOpCKOTro rHIpOopU3NUECKOro HHCTUTY-
ta (MI') [demsbrie, Koporaes, 1992]. UuciieHHbIE SKCIIEPUMEHTHI 110
PEKOHCTPYKIHMH TUAPOPU3UUECKUX TTOJICH BBIITOTHEHBI HA PABHOMEPHOI
CEeTKE C IIaroM 10 TOPU30HTAJIBHBIM KOOpAMHATaM 1,6 KM, YTO TI03BO-
JIMJIO BOCTIPOU3BECTH TMHAMUYECKHE CTPYKTYPHI C MaclITabaMu, MEHb-
MU paguyca aedopmanun PoccOu, koTopslii aist YepHoro Mopsi co-
crapisieT B cpenHeM 8 kM. [ToqpoOHO MareMarndeckast MOCTaHOBKA 3a-
Ja4M, HadyaJbHbIe U TPaHUYHbIE YCIOBUS onucansl B [[lembimes, pmMo-
Ba, 2013]. ATmoc¢epHoe Bo3aelicTBHE 3a1aBaIOCh 110 JaHHBIM peaHalu-
3a ALADIN 3a 2006 r. u peananuza ERA-Interim 3a 2013 1.

[lo pesynbraTaM pacyeToB OBUTH MMOCTPOECHBI KApThl TCUCHUH. AHAIH3
nojiel CKOPOCTH MOKazal, YyTo B IIeJ0M it YepHOro Mopsi BOCIIPOMU3BO-
JSITCSl M3BECTHBIC M3 JIUTEPaTyphbl U JAHHBIX HAOMIONEHUI 0COOEHHOCTH
mipKysinui. Ha puc. 1 mpeacrapieHbl MOETbHbIE OIS TEUEHUH 3UMOM
2006 1. u netom 2013 1. BuaHo, 4T0 TIIyOOKOBOIHYIO YacTh OXBaThIBACT
OcnoBHoe yepHomopckoe Tedenue (OUT), koropoe nHTeHCUUIUpPYyeTCs
B XOJIOIHBIH repuoz rofa (puc. 1, a) u ociaadbeBaeT B J1eTHUH ce30H (puc. 1,
0). Ilo nepudepun OUT kBazunepuogudecku (GopMuUpyrOTCSI Me30Mac-
mrabHble BUXPH, Bocnpou3BoasTces CeBacTononbekuii M barymckuii an-
TULUKIOHBL. Hambonee nmHTEHCHBHOE 0OOpa3oBaHue cyOMe3omaciiTad-
HBIX BUXpEl MPOUCXOOHUT Ha ceBepo-3amaanoM mmensde (C31) u B npu-
OpE’KHBIX 30HaX B OKPECTHOCTSAX KPBIMCKOTrO 1m-0Ba, B CEBEPO-BOCTOYHON
¥ BOCTOYHOM 4acTax Mopsl. [IpernMyiiecTBeHHO KpyroBOpOTHI, (POPMHPY-
IOIINECS B ATUX palOHax, UMEIOT aHTHLHUKIOHHYECKUH 3HAK 3aBUXPEH-
HOCTH, OHM BO3HMKAIOT KBaszunepuoandecku u nepenocsrcst OUYT mo Ha-
NPaBJICHUIO IBIKCHUs. Bpems >ku3HM Takux BUXpEH COCTaBisIeT OT Jie-
CSITKOB YacoB JI0 HECKOJIBKUX CYTOK, OpOUTAJIbHBIE CKOPOCTH B CPEAHEM
PaBHBI MPUMEPHO 5 cM/c ¢ ycunenneM a0 10—15 cm/c B obnacTtsix B3aumo-
nelictBus ¢ Oosee KpynHbIMU BUXpsiMu nimn OYT.

CpaBHeHHE KapT TEUCHUH C KapTaMH I0Jel BeTpa MOKa3auo, 4To
BUXPEBBIE CTPYKTYPBI HaJl KPOMKOH 11e1b(a GopMUpoBaich BO BCE Ce-
30HBI TO/la MpH clalbbIX BETpax JIloOOro HampapieHUs, KOTJa BeIMYnHA
BEKTOpA KacaTeIbHOTO HAaNPsDKeHUS TpeHUs He nipeBbiiana 0,6 TuH/cm?,
[Ipu ycunenun Berpa ctpys OUT Obuta mpmkara K Oepery U BUXPH B
MPEACTaBICHHBIX IKCIIEPUMEHTAX HE Pa3BUBAJIKCE.
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Puc. 1. KapTsl Tedyenuii (cM/c) Ha BepXHeM pac4eTHOM I'OPHU30HTeE:

a—23.12.06; 6 — 17.07.13

Jnist Bamumanyuy pe3yinbTaToB PacueToB OBLIO MPOBEACHO COMOCTAB-
JICHWE CO CIYTHMKOBBIMH JAHHBIMH. PaccmarpuBaiuch M300pakeHUsI
noJiel KOHLEHTpAIMU XJIOpoduiia, OIydYeHHbBIE C TOMOIIBIO BBICOKO-
TOYHBIX HUPPOBBIX ckanepoB MODIS, u nonelt Temreparypbl moBepx-
HOCTH MODs 10 JaHHBIM ciyTHHKOB NOAA [Mopckoii...]. ObpaboTka
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CIYTHHKOBOH MH(OpPMAalUK BBITOJHEHA OTAEIOM JUCTAHIMOHHBIX Me-
TOOB HcciaenoBanus MI'M. BrisgBieHo, 4To MoJeabHAs TUHAMUKA J0-
CTaTOYHO TOYHO BOCIIPOM3BOJIUT peajbHYI0 M3MEHUHMBOCTbH BOJ MOPpS.
B xauecTBe mpumepa Ha puc. 2 MoKa3aHbl PEKOHCTPYMPOBAHHBIE Kap-
Thl TEUEHUI M COOTBETCTBYIOIIME UM CHUMKH MOBEPXHOCTH YepHOro
Mopsi. BuaHo, uTo HeOonbIIMe KPyroBOPOTHl M CTPYHHOE TEUeHHeE, I0-
Jy4eHHBIE TI0 JaHHBIM pacyeTa, COOTBETCTBYIOT PacloiioKeHUIo U (hop-
Me (pOHTAIBLHOW 30HBI B 10JIe KOHLEHTPALXU XJI0poQHiuIa, HaOII0aaB-
mreticst Ha C3LI B xonne Becusl 2006 1. (puc. 2, a). Ha puc. 2, 6 xoHTy-
PpBI o0nacTeil TOBBILICHHOTO CoslepKaHus XJaopodpuiuia y Meica Tapxan-
kyT (Kpsim) 1 B Kepuenckom nponuse B urone 2013 I. MOBTOPSIOT JIMHAK
TOKa, MOCTPOEHHBIE 110 pe3yabTaTaM YUCIEHHOTO SKCIIEPUMEHTA.
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19:18 GMT

T TRy

3

HODIS-AQUA
25 Jun 2013
11:00 GMT

;- == =2
I T T T A A A T

[ .
4 6 8 12 14 16 20 22 24 28 30 32

Puc. 2. KapTbl Teyenuii (cM/c) Ha BepXHEeM pacyeTHOM FOPHU30HTE H CHUM-
KM MoJieii KOHIEeHTPauuu xJopopuiia no sanusim MODIS:

a—13.05.06; 6 —25.06.13
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PaccmoTtpum  neranpHO cyOMe3omaciTaOHYl0 HM3MEHYMBOCTBH IPHU-
OpEeKHBIX ITUHAMHYECKUX CTPYKTYp Ha TpHMEpe BHUXpEH, PEKOHCTpY-
MPOBAaHHBIX y IOT0-BOCTOYHOTrO mobepexbsi Kpeima B centsope 2006 r.
Ha 11 cents6pst 10xHee DeoJoCHiiCKOro 3aJIMBa B IIoJie CKOpOCTH chopmu-
pOBaKCh LUKIOHUYECKHN (BUXPh L) 1 aHTHLIMKIOHHYECKHH (BUXPh A)
KPYTOBOPOTBI, CYILIECTBOBAHHE KOTOPBIX TIOTBEPKIACTCS JaHHBIMH CITYT-
Huka NOAA [Mopckoii...]. Ha puc. 3, a npencrasineHo nosie temnepary-
pbl oBepxHocTH Mopst 11.09.06, e k BocToKy OT Mbica MeraHom Ha-
OJromanach 30Ha BOJ TIOBBIIICHHOW TeMIepaTypsl, a tokHee deonocuii-
CKOTO 3aJIMBa — MATHO XOJIOAHOW BOJBI, KOTOPBIE pa3ielieHbl (PPOHTAIb-
HOH 30H0M. Ha puc. 3, 6 mpuseneno none ckopoctu Ha 11.09.06, moctpo-
€HHOE 10 JaHHBIM MoenupoBanus. [Ipu cpaBHeHuu puc. 3, a u puc. 3, 6
BUJIHO, YTO XOJIONHON aHOMAaJIMM COOTBETCTBYET LIMKJIOHUYECKOE 00pa3o-
BaHMeE, TEIJION — aHTULMKIIOHNYeCcKoe. Takoe pacipeeneHne TemMnepary-
pBI, @ CJIEZI0BATENBHO, U TUIOTHOCTH OTBEUAET TEOPETUYECKUM IPECTaB-
JIEHUSIM M JIUTepaTypHbIM HcTouHnKaM [ Kamenkosuu u ap., 1987].

e nonn-12 AN~
" a 7 ) &
T N | o

Sea Surface Temperature

E3 o E3 W S 35 EQ

Puc. 3. llosie Temnepatypsl noBepxHoctu Mops (°C) Mo JaHHBIM CIIYTHH-
ka NOAA (a) u kapTa TedyeHHUil (cM/c) Ha BepXHEM pPacyeTHOM IrOPU30H-
Te (0) Ha 11.09.06

B Ta6n. npuBeneHo n3MEHEHNE KUHEMAaTUISCKUX XapaKTEPUCTHK BUX-
peit Aullc 11 mo 13 centsops 2006 r. 3 Tabi1. BUIHO, YTO B TCUCHUE U3Y-
yaeMmoro repuosa auamerp L Bo3pacrai, mpu 3TOM OpOHTalIBHBIE CKO-
pOCTH B BUXPE U3MECHSUIUCH HE3HAUNUTENbHO. [t BUXpsi A HaOIromanuch
MyJIbCalMU TUaMeTpa U opouTanbHoi ckopocth. [Tonoxenue L u A npak-
TUYECKU HE U3MEHSIIOCh, U Yepe3 Tpoe cyTok LI pacnanica. YBenuueHue
pa3mepa u opouTtaibHOi ckopoctd A Kk 13.09.06 siBisieTCsl ClaeACTBUEM
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Biusiaus crpyr OUT. B nanpheiimem A Obin 3axBauern OUT u Havan me-
peMelarscs B 3amagHoM HampasieHud. Takum oOpa3om, BUXpb Ll Mox-
HO CUMTaTh CyOMe30MacIITaOHbIM, TaK KaK €ro pa3Mep OCTaBaJICsl COM3-
MEPUM C pasiycoM fedopmanuu R, a BpeMst )KU3HH COCTABUIIO 3 CYTOK.
Buxpb A Ha MOMEHT 3apOKAeHHS ObUT CyOMe30MacIiTaOHBIM, HO BCIIE/I-
crBue BiusiHUS OUT ero xapakTepuCTHKU MPUOOpENH MPHU3HAKH ME30-
MacmtabHOro BUXpsi. Takum 00pa3om, 3BOJTIOLUS MPUOPEKHBIX BUXPEil B
paiioHe cBana rryOuH onpenessiercst B3aumoaencreuem ¢ OUT.

Kunemarnueckue u JMHAMHMYeCKHe XapaKTepUCTUKHU BUxpeid A u 11

Junamerp Buxps OpOuranabHast CKOPOCTh

Buxpb Jata D. IIZM P P Vgp@ om/c P R,/D
11 11.09.06 6,5 16 1,15

12.09.06 7,5 17 1

13.09.06 8,4 15 0,9
A 11.09.06 10 12 0,75
12.09.06 8,5 10 0,88
13.09.06 16 18 0,46

B pesynbrare paboThl ObUTM pacCYMTaHBI TUAPOPUIUUCCKUE IO
UepHOro MOps ¢ BHICOKUM MPOCTPAHCTBEHHBIM pa3pelieHueM. AHaAIU3
MOJIEM CKOPOCTH TEUEHMH MokKa3zall, uro mojenbr MI'M ¢ gocratouHoit
CTETICHBIO TOYHOCTH BOCIIPOU3BOIUT Me30MacIITaOHbIe U CyOMe30Mac-
mTabHbIe 0COOCHHOCTH AMHAMUKH ¢ pazmepamu MeHee 10 kM. Haubonee
WHTCHCHBHOE 00pa3oBaHKe CyOMe30MacITa0OHbIX BUXPEl HAOIIOIAeTCsI
B IPUOPEKHBIX 30HAX Mexk Ty OeperoMm u OCHOBHBIM YEPHOMOPCKHM Te-
YEHUEM B OKPECTHOCTAX KPBIMCKOTO M-0Ba, B CEBEPO-BOCTOUHOM U BOC-
TOYHOM YacTAX MOPs, & TAKIKE HA CEBEPO-3araTHOM Mienbde mpu ciaadbix
Y YMEPEHHBIX BeTpax JitoOOro HampamieHus. Pe3ynbraTel MojeIupoBa-
HUSl TIOAITBEPIKIAOTCS TAHHBIMU CITy THHKOBBIX HAOIFOICHUH.

Paboma evinonnena npu ghurarcosoii noodepicxke PODH 6 pamkax nayuro-
20 npoexma Ne 15-05-05423 «A».
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SIMULATION OF THE SUBMESOSCALE DYNAMICAL PROCESSES
IN THE BLACK SEA COASTAL ZONES

0. A. Dymova
Marine Hydrophysical Institute of RAS

Mesoscale and submesoscale features of the Black Sea circulation were studied
by eddy-resolving numerical model developed by the Marine Hydrophysical
Institute. Calculations were carried out with a spatial resolution of 1.6 km with
regard to the real atmospheric forcing. It is shown that the modeling current
maps correspond to satellite observations. Analysis of the velocity fields showed
that reconstructed eddies had typical submesoscale space-time parameters. The
most intensive generation of submesoscale eddies was observed between the
Black Sea coast and the Rim Current near the Crimean peninsula, in the North-
ern-Eastern and Eastern areas and in the North-Western shelf as well.
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YUCJIEHHOE UCCJIEJIOBAHUE CBOBOJIHBIX KOJJEBAHUI
YPOBHS 1 TEUEHUH A30BCKOI'O MOPSI,
BO3HUKAIOHIUX ITOCJIE ITIPEKPALIIEHUSA

JIJINTEJBHOI'O JIEVCTBUS BETPA

JI. B. Uepkecos, T. 51. llyabra
Mopcrotui euopogpusuuecxuii uncmumym PAH, 2. Cesacmonons

AHaMM3UPYyIOTCS (PU3NUICCKIE 3aKOHOMEPHOCTH CBOOOTHBIX KOJIeOaHUN
JKUKOCTH M TEUEHHH B A30BCKOM MOpE, BO3HUKAIOIINX MOCIIe MpeKpa-
IICHNA JeMCTBUS MOCTOSIHHOTO BeTpa. [l pacyera mpuMeHseTcs: Helu-
HellHasi TpexXMepHas CUTMa-KOOpJAMHATHAS MOJEIb, C MCIOJIb30BaHUEM
KOTOPOW OMpPEIENsIoTCs MPOCTPAHCTBEHHBIE XapaKTEPUCTUKH Ceiie-
00pa3HbIX KoJIeOaHM, PACTIONOKEHNE Y3IOBBIX JMHUN U CKOPOCTH BO3-
HUKAIONIMX TPY 3TOM Te4eHHUH. B pesynbrare BBHINOIHEHHBIX HCCIENO-
BaHUIl YCTAHOBJIEHO, YTO MAaKCHMaJIbHbIE BEIMYMHBI Pa3MaxoB ceifiie-
00pa3HbIX KoeOaHnu| B MPUOPEKHON 30HE COMOCTABUMBI C pa3MepamMu
IITOPMOBBIX CTOHOB M HATOHOB. YCTAHOBJIEHO, YTO CEHIIIM BHOCSAT CyIIle-
CTBEHHBII BKJIaJ B U3MEHYMBOCTh CKOPOCTEH TEUECHMIA.

B Oacceiine A30BCKOTO MOpsi CBOOOIHBIE BOIHOBBIE (ceifmeoOpas-
HbIE) KOJIeOaHMsl yPOBHSI, IPOUCXOAIINE MTOCTIe IPEKPAICHUs ASHCTBUS
arMoc(epHbIX BO3MYLICHUH, HaOmomarorcs nocrosHHo. [Ipu stom B
paiioHax Cy>KeHHs1 OEperoBbIX TPaHUL] CKOPOCTH TEUEHUH MOTYT 1OCTHU-
rarb 1,5 M/c, a BeicoThI BoaH — 0,8 M [['mapomereopornorus..., 1991]. B
3THX CIIydasi CO3AeTCs peajbHasl yrpo3a BOSHUKHOBEHUS SKCTPEMalb-
HBIX TEUECHHUH, 3aTOIUICHUS IPUOPEKHBIX PAalOHOB MOPS U pa3pyLICHUs
0EpEeTOBBIX COOPYKECHHH.

Nzydenue celinmeoOpa3HbIX KoineOaHUH B A30BCKOM MOpPE C Y4ETOM
aHaJM3a JaHHBIX HaTYpHBIX HaOMIoAeHUH mpoBeneHo B padore [['epman,
1970]. B [Marumos, 2009] ceiimeBsie KoneOaHus YpOoBHSI A30BCKOTO
MOpsI U TEUCHHUS, BO3HUKAIOLINE B PE3yJbTaTe HATOHOB BEIWYMHONW 1 M
Ha OTKPBITOM IpaHULE, UCCIECAOBaHbl B paMKaxX JIMHEHHON AByMEpHOU
MareMaTH4eCKON MOJIEIH.

B nmanHOW paboTe ¢ WCIONB30BaHWEM HEITWHEHHOW TpEeXMEpHOM
YUCIEHHOW MOJAEIH AHAIM3UPYIOTCA (U3NUECKUE 3aKOHOMEPHOCTH
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TEUYEeHUH U CBOOOIHBIX KOJICOAHUH KUAKOCTH B A30BCKOM Mope. M3y-
YEeHBI NMPOCTPAHCTBEHHBIE XapaKTEPUCTHKH CeHIIeoOpa3HbIX Koseha-
HUH, PacMoNOKEHNE Y3JIOBBIX JIMHUA U CKOPOCTH BO3HUKAIOIIMX MPU
3TOM TEYECHUH.

IocranoBka 3axaun. I'paHnyHbIe U HAYa/IbHbIE YC10BHsA. Mare-
MaTH4ecKasi MOJIeJIb OCHOBBIBAETCA Ha CUCTEME YpaBHEHUH JBHKEHMS
Bsi3KO# sxuakoctu [Blumberg, Mellor, 1987; Uepkecos u mp., 1992; ®o-
muH, 2002]. [Tapamerpuzanus k03(pHUIHEHTOB BEPTUKAILHON BI3KOCTH
K, IpOM3BOMTCSA B COOTBETCTBHH C MOJTyIMIMPHUECKOH U depeHiu-
anpHON Mojenbo Memiopa — SImaner [Mellor, Yamada, 1982]. Koad-
(ULMEHT rOPU30HTANIBHOM BA3KOCTH A, BBIYMCIIAETCS C UCIIONb30BaHH-
€M MOJICJIH TOJICETOYHOM BsizkocTH [ Smagorinsky, 1963] B 3aBucuMocCTH
OT TOPU3OHTAIBHBIX TPaJUEHTOB CKOPOCTH. Ha GOKOBBIX IpaHMIaX BbI-
TIOJTHSIOTCS YCIOBUS IPHINIaHUs. B KauecTBe HauyaIbHBIX PUHUMAIOT-
Cs1 YCJIOBHUS OTCYTCTBUS IBUKEHMS KHUIKOCTH U TOPU30HTAIBHOCTH CBO-
OonHOI MOBEPXHOCTH 10 Havyaja AeUCTBHS aTMOC(EPHBIX BO3ZMYLICHHUH.

Jng mocTpoeHus YUCIEHHOIO ajlropuTMa npuMeHeHa moaens POM
(Princeton Ocean Model) [Blumberg, Mellor, 1987], agantupoBanHast
K ycnoBusiM Oacceiina AzoBckoro mMopsi [@omuH, 2002]. Beibop maros
MHTETPUPOBAHUS 110 BPEMEHHBIM M MPOCTPAHCTBEHHBIM KOOpAWHATaM
OCYILIECTBIISIETCA B COOTBETCTBUH C KPUTEPUEM yCTOWYMBOCTH AJsl Oa-
porponHubix BonH [Courant, 1967]. Tonorpadus 1Ha UHTEPIOIMPOBaHA
Ha MOZIEJIBHYIO CETKY C MCIOIb30BaHHEM MaccuBa [TyOWH, TIPUBEICHHO-
IO Ha HABUT'AlIMOHHBIX KapTax.

C ucnonb30BaHUEM PE3YIbTaTOB UUCIEHHBIX SKCIIEPUMEHTOB, IIPOBE-
JICHHBIX HA OCHOBE YKa3aHHOW I'MIPOAMHAMHUYECKON MOJENH, U3ydaeT-
s IBUYKEHHE KHUIKOCTH B OacceiiHe A30BCKOr0 MOps TIOCJIe MpeKparie-
HUS AEWCTBUSA CTallMOHapHOTro BeTpa. Ha nmepBoHayabHO HEBO3MYILIEH-
HYIO TOBEPXHOCTH JIEHCTBYET BOCTOUHBIN BETEP, CKOPOCTH KOTOPOTO Ha-
pacraet 3a nepBble 3 4 1o nmocrossHHOro 3HadeHus 20 m/c. Ilocne ycra-
HOBJIEHHS T€4EHUH (£ = 48 1) CKOPOCTh BETPA IMHEHHO yMEHBLIAETCS 3a
3 4 1o uyinst (¢, = 51 4). YcnoBue BbIXO/a IBUKEHHS KUIKOCTU HA yCTa-
HOBHBILIUICS PEKUM ONPEAETAETCS TEM, YTO MEXY ABYMs COCETHUMHU
3HAYEHHUSMU BPEMEHU HE NMPOUCXOJUT 3aMETHBIX U3MEHEHHH OTKIIOHE-
HUH ypOBHS M CKOpPOCTeH TeueHul (He Oonee ueM Ha 5 %).
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AHAaJU3 pe3yJIbTaTOB YNCJIEHHBIX dKkcnepuMenToB. Ha puc. 1 noka-
3aHbI U30JIMHUM YPOBHS MOps B pa3ln4Hble MOMEHTHI BpeMeHHu. B ycra-
HOBUBILEMCS] pekuMe (pHc. 1, ¢) BO3HUKAET MOHMKEHUE YPOBHS BIOJb
BOCTOYHOT'0 TOOEPEsKbs (CTOHBI) U MOBBIIIEHUE — BJOJIb 318 JHOTO (HAro-
HBI). ¥3710Bast (IUTPUXOBAst) JIUHUA MEpeceKaeT HEHTPAIBHYIO YacTb MOpS,
OHa OPMEHTHPOBaHA NEPIEHIUKYISPHO HANPABIEHUIO BETpa.

45
0 50 100 150 200 250 300 350k O 50 100 150 200 250 300 3BOKMO 50 100 150 200 250 300 350 Km

Puc. 1. U301uHnu ypoBHsi (M) A30BCKOI0 MOpPSi PU YCTAHOBUBIIEMCS
ABM:KeHHMHU (2), B MOMEHT IpeKpalleHus aeiicrBusi Berpa (0), yepe3 3 u
(B), yepe3 6 4 (1), uepe3 9 u (1), yepe3 12 4 (e)

OTmMeTuM, 4TO caMble HHTEHCHBHBIC TTOHM)KEHHS TIPOUCXO/IAT Ha BOC-
ToKe, B TaraHporckom 3aiiBe, a HAHOOJBIINE TOBBIIICHNUS — B 3aIlaji-
HOW yacTh Mopsa. HammeHbIme aMIumdTyasl KoieOaHW ypOBHS HMMe-
FOT MECTO B €ro IeHTpanbHoi yacTu. C mpeKpalieHneM AeHCTBHSI BeTpa
(puc. 1, 6—e) BO3HHKAET CYNICCTBCHHOE N3MEHEHHE C TCUCHUEM BPEMEHU
PaCHONIOKEHUS TMHUIA paBHOTO YPOBHS U y3J10BOM JIMHNU. B MOMEHT Ipe-
KpareHus neicTBus BeTpa (puc. 1, 0) y3moBas JIMHHUS HE CMECTHIIACH, a
00JIaCTH CrOHa W HaroHa COXPAHSAIOTCS B TEX jK€ 00IaCTAX MOps, UTO U B
yCTaHOBUBLIEMCS pesxnuMe. M3 puc. 1, 6 BUIHO, UTO y3710Basi TMHUS Yepe3
3 4 moce mpeKparieHus JeCTBIS BeTpa pa3BepHyTa OTHOCHTENIBHO IIeH-
TpaJIbHOM 00JacTH MOpS M OPUEHTHPOBaHA B 30HAJIHHOM HAIPaBICHUU.
30HBI CTOHA ¥ HArOHA TAK)KEe CMECTHIIMCH Ha 3ariaji, B CTOPOHY JeHCTBYIO-
niero Berpa. B Taranporckom 3aiuBe NMpekpaleHue AeHCTBUS BETpa de-
pe3 3 9 MaJio CKa3bIBAETCS HA M3MEHEHHSAX YPOBHSI.

126



Yepes 6 4 (puc. 1, &) NpOUCXOIUT NanbHEHIIee epeMerieHe y3io-
BOIi JIMHUY B BOCTOYHOM HarpasieHud. O0JacTH HArOHOB M CTOHOB Tie-
pEeMeIaTcsi COOTBETCTBEHHO B IOKHOM W CEBEPHOM HaIPaBICHUSIX,
NpY 3TOM UX BEJWYHMHBI CYHIECTBEHHO yMeHblIatoTcs. Ha puc. 1, 9, e
NpUBEICHBI N30JIMHUN YPOBHS MOps uepe3 9 u 12 1 mociie mpekparieHus
JeiicTBUs BeTpa. BumHo, 4To cBOOOIHBIC KONeOaHMs B yKa3aHHBIE MO-
MEHTBHI BpEMEHH UMEIOT BUJI ABYXY3JIOBBIX CEHIIL

W3menenus co BpeMeHeM KojieOaHui YpOBHS B TF0OOM IyHKTE A30B-
CKOTO MOpS MPEACTaBIAIOT COOOM CYNMEepHoO3HULHUI0 CEHII pPa3THYHBIX
Mo, Ha (JOPMUPOBAHUE KOTOPBIX BIHsIeT MHOTO (pakTopoB. Vcrmonbsys
Pe3yNbTaThl YUCICHHOTO MOJCIUPOBAHUS, BBHIIIOJIHAM aHaU3 W3MEHEe-
HUSI aMIUTATY U IEPUOJIOB CEHIe00pa3HbIX KoeOaHuil B MyHKTaX IMO-
OepeKbsl U B LIGHTPAIBHON YacTH OacceiiHa.

KM 1 1 1 1 1 1 1
250- o~ -
N
200+ Eiick L
oV
150- \ _
MM OpPCRO-AXTapcK

1004 -

504 -
0-

0 50 100 150 200 250 300 350 KM

Puc. 2. Peabed aua (M) u pacnoioxkeHue nynkros B —-B, B uen-
TPaJbHOIH YaCTH A30BCKOI0 MOpsI

B Tabm. 1 mpuBemeHBI dKCTpEeMyMBI CEHIIE0Opa3HBIX KolleOaHWi
({;> k= 1.4) B paiioHe GEPETrOBBIX CTAHIMK A30BCKOIO MOPS U BPEMS UX
nocTwkenus (7).
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Ta6auua 1. CrauuoHapHbie CrOHBI H HATOHDI ({_, €M), 00YC/IOBIEHHbIE /1€~
CTBHEM IOCTOSIHHOTO BOCTOYHOI0 BETPa €O CKOpocThio 20 M/c, BpeMsi 10-
CTHKEHHSI M IKCTPEMYMBI Ceiillleo0pPa3HbIX KOJ1e0aHN i, BOSHUKAKIIUX M0-
cJie mpeKpalieHus elicTBUSI BeTpa, B MPUOPEKHOI 30He A30BCKOI0 MOpsI

Cranuus Z, g £, G t G Z &, Z
T'ennueck 202 27 9,5 33 16,5 | —12 | 24,7 | 12 | 32,7
BepusHck 25 =57 | 25 46 7,7 -8 | 17,6 | 10 | 25,6
Mapuymons —153 -1 12,3 | =20 | 20,2 17 27,1 2 | 392
Taraupor -158 | -89 | 243 | 30 | 31,5 | -8 | 41,3 | 8 | 50,4
Eiick 244 | -6 | 183 | 21 | 285 | =2 | 389 | 7 | 55,7
I1.-AxTapck -175 | 92 53 | =10 | 13,9 | 34 | 21,3 | -3 | 26,7
Temprok -18 | 103 | 2,7 | -14 | 13,5 | 25 | 185 | -5 | 28,5
OmnacHoe 32 93 1,7 -8 13,0 | 23 18 | 4| 27,9
MpeicoBoe 98 20 | 8,7 26 | 154 | -6 | 242 | 3 | 373

W3 ananm3a npeacTaBICHHBIX JAHHBIX CIEAYET, YTO HAaUOOIBIINA Ha-
T'OH, TCHEPUPYEMBIi BOCTOUHBIM BETPOM, HIMEET MECTO Ha CT. [ eHn4yeck
(2 m). [Tocne mosHOTO OCAbMEHUs ASHCTBUSA BETpa MPOUCXOIUT MOHO-
TOHHOE MOHWKEHUE YPOBHS J10 HAaUMEHbLIETo 3Hauenust (§, =—0,27 m; 1=
9,5 u). [Ipu 3TOM pazmax KoyiebaHus OT CTAIIHOHAPHOTO HATOHA COCTAaB-
nset 2,3 m. pu ¢ = 16,5 9 ormMedaercs moBsiieHne ypoBHs 10 0,33 M.
Pa3max Broporo kosiedanus (0,6 M) B 3,8 pasa meHbline ieporo (Ha 1,63 m).
DKcTpeMalibHOE 3HAUCHHUE TIpHU crienyrolneM koiebanuu (—0,12 M) nme-
eT mecTo uepes 8,2 4 (24,7 1), ero pazmax 0,45 M Man0 OTIIMYAETCS OT
npeapirymero (Ha 0,15 m). MakcuMyM 4eTBepToro cBoOOIHOTO Kojeha-
nust G, = 0,12 M Hactynaer uepes 7, = 32,7 4, ero pasmax 0,24 m BaBoe
MeHbIIIe TPEIBIAYIIEero U B 9,6 pa3a MEHbIIIE ITEpPBOTO.

Hcnomnb3ys pe3yibTarhl Tabi. 1, BBITOJHUM aHAIU3 CBOOOIHBIX KO-
nebanuii Ha cT. Ejick, rme ormeuaercs HauOoibimid croH (—2,44 w;
t = t,). llpexpaiienne JEHCTBUS BETPA BBI3BIBAET MOBBINIEHHE YPOBHS
(¢, =—0,06 m; = 18,3 u). [Tpx 5TOM pasmax MEpBOro KoNeOaHHs COCTaB-
nset 2,38 M. B nanpHeiiemM ypoBeHb MPOA0IKAET MOBHIIIATHCS U Yepe3
10,2 4 gocturaet HanOobiero 3Hadenus 0,21 M, pazMax BTOpPOro KoJie-
6anus (0,27 m) B 8,8 pa3a mensie nepsoro. Emie gepes 10,4 1 umeet me-
cro nonmwkenue yposrs Ha 0,23 m ({; = -0,02 m; £ = 38,9 1), pazmax Ko-
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nebanus oTnyaercs ot npeasiayniero Ha 0,04 M. Pasmax crnexytorero
xosebanus ({, = 0,07 m), koTopoe npoucxoaut uepes 16,9 u (¢, = 55,7 1),
coctasinseT 0,1 M, 4To B 23,8 pa3a MEHbIIIE IEPBOTO.

Ha puc. 3 npuBeieHbI MOJIs TEYSHUH B TOBEPXHOCTHOM cioe A30B-
CKOT'0 MOPSI B pa3JINYHbIE MOMEHTHI BpeMEeHU. BHUHO, YTO B yCTaHOBHB-
IeMCsI IBMKEHUH (1 = 48 1) BEKTOPBI CKOPOCTH TEUEHHH BJIOJIb CEBEPO-
BOCTOYHOW 4acTu NoOepexbst U B TaraHpOrckoM 3aliiBe UMEIOT Ipe-
UMYIIIECTBEHHOE HAIIPABIICHUE B OJIHY CTOPOHY C JICHCTBYIOIIIM BETPOM
(puc. 3, a). B neHTpasibHON YacCTH MOpS OTMEUAIOTCSI JIBA BUXPEBBIX
00pa3oBaHus MPOTHUBOMOIOKHBIX 3HAKOB C MPOCTPAHCTBEHHBIM Mac-
mradom 100 KM, MEXJy KOTOPBIMH BBIJCTSIOTCS Y3KHE MEaHIPUPYHO-
U CTPYH.

350 KM 0

Puc. 3. ITonst TeueHuii A30BCKOr0 MOpPsi NPH YCTAHOBUBILIEMCSI IBUKEHUH
(a), B MOMEHT MpeKpaleHusi JeicTBus BeTpa (0), uepes 3 4 (B), uepe3 6 u
(r), yepe3 9 u (1), yepe3 12 u (e)

Ilpu yMeHbIIEHUI CKOPOCTU BETPA JI0 HyJs ({ = #) IPOLIECC BUXPE-
00pa3oBaHus MPOIOIKACT Pa3BUBATHCS, a M0JI€ TEUCHUH TPEICTaBISET
co0oii 11erouku BUXpei (puc. 3, 06). B nanpHelilem kapTuHa TSUYSHHUI Cy-
niecTBEHHO MeHsietcs (puc. 3, 6). Tenepb Bo Bceld akBaTOPHUH MOPST BEK-
TOpBI CKOPOCTU TEUEHWH HalpaBlIeHbl B CTOPOHY, MPOTHBOMOIOKHYIO
JEUCTBYIOIEMY BETPY, CKOPOCTH OOJIbIIE, YEM TIPH £, U IPUCYTCTBYET
OIIMH BUXPb Bo3MyIIeHuH. Uepes 6 u 9 1 mociie mpekpaiieHus JeHCTBUS
BETpa TEUEHHUs] OCTAIOTCS JOCTATOYHO WHTEHCHBHBIMHM U HalpaBJIEHBI
B CTOpPOHY, IPOTUBOIOJIOKHYIO CTallMOHApHOMY BeTpy (puc. 3, 2, 0).
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[Ipu 3TOM BIIOTIH ceBepHOTrO MOOEPeKbs HAYMHAET (POPMUPOBATHCS aH-
TUIMKIOHNYECKUH BUXpb. Yepes 12 u (puc. 3, e) B Taranporckom 3a-
JIMBE COXpaHseTCs HalpaBlIeHUe TEYCHUH C 3amaja Ha BOCTOK, Y BXOJa
B HETO HAOMIOAAETCS] aHTUIMKIOHUYECKUH BUXPb, B ICHTPAIBHOH U 3a-
najHON YacTsIX MOPs TEUSHHMs HAallpaBJIEHbI B TPOTHBOIIOIIOKHYIO CTOPO-
HYy (C BOCTOKa Ha 3aman).

B Tabn. 2 mpuBomsATCS IKCTPEMYMBI CeHIIeo0pa3HBIX Koyeba-
HUH (CM), BOBHHMKAIOIIMX TOCJIE 3aTyXaHUsl BeTpa, U COOTBETCTBYIO-
e UM MOMEHTBI BpeMeHHU Ui 9 myHkTOB Mops (puc. 2). U3 ana-
JM3a NPEACTAaBICHHBIX JaHHBIX CIEAYyeT, YTO HaMMEHbIlee OTKIOHE-
HUE YPOBHS B ycTaHOBHUBILIeMcs pexxume nBikenus (0,04 m) — B Tou-
ke B (46,25° ¢. m1., 36,46° B. J.) — TEOMETPUYECKOM LIEHTPE Oacceii-
Ha. B myHKTax, pacrnoysio)keHHBIX Ha paccTossHUM 50 KM OT LEHTpa,
aMIUTUTYIbl YPOBHS 3HAUUTEIBHO BbIe. Tak, MAKCUMyMBbI OTKIIOHE-
HUI YPOBHA B 1. B, 1 B, COCTaBISIOT COOTBETCTBEHHO —1,25 u | M,
uto B 31,3 25,3 paza Gonbie, uem B Touke B (1 =¢_). U3 cpaBHeHns
HauOOJBIINX 3HAYCHUU — HAaroHa Ha cT. [eHnueck (2 M) W TOBBILIE-
Hust ypoBHs B 1. B, (1,01 m); crona na ct. Eiick (2,44 M) u nonunxe-
HUs ypoBHA B 1. B, (—1,25 M) — crenyer, 4To CTalMOHAPHBIE HATOHBI
U CTOHBI JABYKPAaTHO MPEBBIMIAIOT MAKCUMaJIbHbIC OTKJIOHEHHS YPOB-
HSl B OTKPBITOM YaCTH MOPSI.

Tabauna 2. IkecTpeMyMbl ceiileodpa3HbIX KoJie0aHuii, BOSHUKAIIHNX M0-
cJie IpeKpalleHus1 1eiicTBUS BeTPa, B OTKPBITOH YacTH A30BCKOI0 MOPs

[Tynkr Csl Cl 2 Cz ) Cs 2 é‘4 2
B, 4 33 | 77| 2 147 | 8 | 206 | 2 | 296
B, —46 59 | 56| -3 | 153 [ 18] 22,1 | 0 | 305
B, 5 37 | 1,9 | 43 74 | 3| 174 | 10 | 239
B, 48 2 |43 ] 16 88 | 2 | 194 | 2 | 223
B, 10 53 | 28 | 1 13,7 | 15| 185 | 0 | 286
B, —125 | 88 | 53 | -10 | 163 |30 | 21,5 | 2 | 27,0
B, 10 52 | 1,9 | 45 74 | -7 | 174 | 10 | 247
B, 100 | —14 | 57| 25 | 133 | 2| 203 | 7 | 288
B, 11 86 | 25| -8 | 133 | 22| 183 | -3 | 281

Ipumeyanue. Ob03HaueHHS CM. B Ta0M. 1.
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AHanu3 pe3yiabTaToB MaTeMaTHYECKOro MOEIHPOBAHHS MO3BO-
JUJI yCTAHOBUTH, YTO MAaKCHUMaJIbHbIE BEJIMYMHBI pa3MaxoB ceifie-
00pa3HbIX KoJeOaHul B IPUOPEKHON 30HE COMOCTABUMBI C BEIMYUHA-
MU HITOPMOBBIX CTOHOB W HaroHOB, MPU 3TOM aMIUIUTYIbI CBOOOIHBIX
Koje0aHuil B OTKPBITON YacTu MOpst cocTaBisitoT 50-89 % ot ux 3Ha-
YeHUH B IPUOPEKHOH 30He. B 1eHTpanbHOM 4acTH MOps MaKCHMAalb-
HBbIE CKOpOCTH TeueHui (84,8 cm/c) mpu ceiiimeoOpa3HbIX KojaeOaHUIX
Ha 21 % NpeBbIIaoT CKOPOCTH CTAlMOHAPHBIX TEUEHUH, BHI3BAaHHBIX
mropMoBbIM BeTpoM (70,4 cm/c). Takum 0Opazom, ceiium BHOCAT Cy-
LIECTBEHHBIN BKJIAJ B U3BMEHUYUBOCTb CKOPOCTEN TeueHull. beicTpee 3a-
TyXaroT cBOOOIHBIE KoeOaHust ypoBHS (60 1) Mo cpaBHEHHIO ¢ aMILIHU-
TyaMU CKOPOCTEH TE€UeHHUH, KOTOpble HaOMONAI0TCs B HHTEpBAJe Bpe-
menu 60-200 u.
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NUMERICAL ANALYSIS OF THE CURRENTS AND FLUCTUATIONS
LEVEL IN THE SEA OF AZOV AFTER A LONGSTANDING WIND

L. V. Cherkesov, T. Ya. Shul’ga
Marine Hydrophysical Institute of RAS, Sevastopol

The paper deals with the physical regularities of free fluctuations and currents
in the Sea of Azov arising after the cessation of a longstanding wind. Spatial
characteristics of the seiches oscillations, the arrangement of nodal lines and the
speed of the currents arising were studied using the nonlinear three-dimensional
sigma-coordinate model. The results of the research showed that the maximum
sizes of the seiche amplitudes fixed in the coastal zone were comparable to the
sizes of storm surge phenomena. It was established that seiches significantly
contribute to the currents’ speed variability.

INPUJIMBHBIE BOJIHBI B 9CTYAPUAX

B. H. 3pipsinoB, M. K. UebanoBa

Unemumym eoouvix npoonem PAH

Ha sBosmronio mpuIMBHON BOJTHBI B BOPOHKOOOPA3HOM 3aJIMBE JICHCTBY-
10T JIBa TIPOTHBOIIONIOKHBIX dpdekTa — addexr koHdy3opa, T. €. Cyxe-
HUsL OeperoB dcTyapus K ero BepruHe, u d3hdEeKT TypOyIeHTHOTO Tpe-
HUs. J{71s Ka4eCcTBEHHOTO MCCIeIOBaHNS BIUSHIS TaHHBIX 3(hdexToB Ha
aMIUTATYY BXOASIIEH MPHIIMBHOM BOIHBI PACCMOTPEH 3CTyapHii MOCTO-
STHHOM TiTyOnHBL. OOHApPYKEHO, YTO MPH CPEAHNUX TITyOMHAX, CYIIECTBEH-
HO OOJBIINX TOMIIMHEI 1051 CTOKCA, aMILTUTY/Ia TPUITUBHON BOJHBI ITPH
BXOJIC B BOPOHKOOOPA3HBIN ACTyapwil YBETUYHMBACTCS HM3-3a JICHCTBUS
addexra KoH(Y30pa, a TPH IIyOHHAX, MEHBITUX, YeM TOJIIIMHA CJOS
Crokca, TypOyJeHTHOEe TpPEeHHE CTAaHOBUTCS IMPEBATUPYIOMIMM HaJ -
¢exToMm KOH(DY30pa B aMIIUTYAa MPHINBHON BOJIHBI YMEHBIIIAETCS TIPU
MIPOJIBIKEHHUH K BepIIuHe 3cTyapus. [Ipu rmybnHax mopsiika TOMIIHHEL
ciost CToKca IMEET MECTO TIPOMEKYTOUHBIN CIydaid, MPH KOTOPOM IIPH
BXOJIC B ACTyapwil Oobie mposBiseTcs dPPeKT TpeHus U aMIUTHTYIa
MIPUJIMBHON BOJHBI HAYMHAET YMEHBINATHCS, a TI0 Mepe MPOABHIKEHHS
BOJIHBI BIUTYOb 3CTyapus HAaUWHAET MpeBanpoBath 3G ekt koHdysopa u
aMIUTATY/Ia TPUIIMBHON BOJHBI HAYMHAET BHOBD YBEIINYHBATHCS.
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IHocranoBka 3aga4u. PaccMOTpUM MOPCKOU 3aJIMB, B KOTOPBIA BXO-
JIUT MPUJIMBHAS BoJHA. Bosa mpeamnonaraeTcs oMHOPOAHON MO TIOTHO-
cti. CKOpOCTH TEUCHHMs B 3aJIMBE Oy[AEeM CUMTATh HEOOJBIINMH, TIOATO-
MY HEJTMHEHHOCTBIO B YPaBHEHHMSX ABHIKCHHUSI MOXKHO IpeHedpeds. Kpo-
Me TOro, OyzieM mpearnoaararb, YTo IyOuHBI B OyXTe COCTABIISIIOT HE 00-
Jiee HeCKOJIBKHX JIECSITKOB METPOB, B pe3ysbTare 4ero yckopenmem Ko-
pHoJInca MOJKHO TakXke MpeHeOpeyb. B pesynbrare vcxoaHas cucrema
YpaBHEHUH IPUHUMAET B
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TIE U, V — TOPU3OHTAIBHBIE COCTABIISIONINE CKOPOCTH TEUEHHUS COOTBET-
CTBEHHO T10 0CsiM X 11 Y, W — BepTUKaIbHAS COCTABIISIONIAs CKOPOCTH Te-
yeHwus, P — naBJIeHne B )KUIKOCTH, g — YCKOpEHHE CBOOOIHOTO TaIeHus,
P, — TWIOTHOCTb BOJIbI (MPUHUMAETCS TIOCTOSAHHON), A — KO3hdHUIMenT
BEPTUKAIHHOTO TYpOyIeHTHOTO oOMeHa (koHcTanTa). Och Z HampaBicHa
BEepTHUKaIbHO BHU3. Hauano xoopanHAT pacroiioKeHO Ha HEBO3MYIIIEH-
HOM MOBEPXHOCTH BOJOEMA.
I'panuuHbIe yciioBUS:

Ha TTIOBEPXHOCTHU Mopst z={(x,y,f) CTAaBUTCS YCIOBHE OTCYTCTBHSI BETpa U
KHHEMaTH4YeCKOe yCIOBHE
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Ha gHe z=H(x,y) CTaBATCS YCIOBUS IPHINATIAHHUS

4 +u

=V

ul_,

z=H =W

z=H = 0’ (5)
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Ha GeperoBoii rpaHmliie Bogoema L(x,)) — paBEHCTBO HYJIIO MHTErpalbHO-
ro pacxofa (IOJHOTO TOTOKa) IO HOPMaJlU 5 K TPaHUIle

—_— — Hﬁ —_
(S,m)=0,tne S = [Udz,. U = (u,v). (6)
g

Pemas nannyto cructeMy ypaBHEHHH, TIOTYYHM OCHOBHOE ypaBHEHHE
JUTSL aMIUTATY/IBI KOJIeOaHUH YPOBHSI BOZIBI B BOIOEME

S[(2) ] (sT) 7 Jr0T=0. Y

e
17=H—%th(7»]—1)_ (8)

ITapameTp B (8) — KOMIUIEKCHOE YHUCIIO

im 0]
‘/ ‘/ l+l 1+l , f_ 9
) e o= Y )

W3 ananu3a rpadukoB JIEHCTBUTEIHLHON U MHUMOMW 4acTel (pyHKITHH
peayLMpOBAHHON MyOMHBI H B 3aBUCUMOCTH OT pealbHOU H BHJHO,
4TO NelicTBuTENbHAs YacTh Real(H ) pu H > 15 m 3aBucut ot H mpak-
THYECKH JIMHEHHO, a MHAMAs 4acTh Im( H ) npu H > 15 M BEIXOHT Ha
MOCTOSIHHYIO acuMIITOTY. [ '1youna H ~ 15 M paBHa Tonuse ciost CTok-
ca JuIsl TI0JIyCyTOYHOU MPUIIMBHOM BOJHBI, M OHA (PaKTUYECKH PaszesseT
JIBa peKHMMa BOJIIOLIMHY NMPUWJIMBHOM BOJHBL: Tipu [ >> 15 M pexum J1BU-
JKCHUS BOJIHBI ClTa00BsI3Kuit, a ipu H < 15 M TypOyseHTHOe TpeHue cra-
HOBHTCS CYILIECTBEHHBIM.

Ceiilin M NMporpeccuBHbIE BOJHBI B 3CTyapusX. DCTyapuu UMe-
0T BOPOHKOOOPa3Hy0 OpPMY, TIOITOMY UMEET MPSIMON CMBICI alllpOK-
CUMHPOBATh UX B BHJIE CEKTOpa Kpyra. BBeaeM mnosspHble KOOpIUHATHI
(r,0)(puc.), rorna ypaBaenue (7) B OJSPHBIX KOOPAUHATAX OyJET UMETh
BUJ

19 aZ 0 o
=\ rH H — |+ — 10
ror g (r QD) or rago (r,go) ral + g C (10
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Cuuras, 4TO YpOBEHb { MajlO 3aBUCHT OT YIJIOBOM KOOPJAMHATHI O,
ocpenanM ypasHenue (10) o ¢. B pesynbrare momydum

3 , (11)

T7Ie YIIIOBbIe CKOOKH 03HAYAIOT OCPEJHEHHE TI0 YTy (.
UT0oOBI HE 3arpOMOXKIaTh (GOPMYIIBI, OyZIeM Jajiee OMyCKaTh YIIIOBEIE
cko0ku B (11), a Takxke yepry Haj {. OCHOBHOE ypaBHEHHUE IIPUMET BUJL

2
LA Py i) RO (12)
ror or | g
I'panuunbie yciaoBus:

B BepiuHe dctyapus (r = 0) 3a1aeM paBEHCTBO HYJIIO TIOJIHOTO TIOTOKA, a

Ha BHEIIHEH MOPUCTOH rpaHulie dcTyapus (r = R) — aMIITUTYIy PUXO-

JIALLIEN IPUIIMBHOW BOJIHBI, T. €.:

¢
Bl o
ar r=0 , C

r=R = CO (13)

Peka

K nocranoBKke 3a1a4u — BOPOHKOOOPA3HBIil 3cTyapHii:

1 — GpOHT NPHUIMBHOM BOJHEL, 2 — aNMpPOKCHMANUs (POHTA BOIHBI B MOJISIPHOIT CHCTe-
Me KOOpAWHAT
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PaccmoTpum cHayanma acTyapuil MOCTOSIHHOM —DIIyOMHBI, TOTIa
H@O)=H ,» BOJIHBI B OyXTax MOTYT OBITh CTOSMHE (CEHILM) U TIPOTPECCHB-
HBIE, KOTJIa TPEOCHB BOJIHBI IBUKETCS ¢ (Pa3oBOil CKOpoCThI0. CeHIeBbIe
KoJIe0aHusl SIBISIOTCS COOCTBEHHBIMH KOJICOAHUSIMHU OYXTHI, M €CIIH TIepH-
OJ1 IPUXOASAIICH TPIITMBHOIN BOJHBI Oy/IET COBIAIATh C MEPHUOJOM CEHIII,
TO BO3HMKHET PE30HAHC M aMIUINTY/a KOJeOaHusI yPOBEHHOH IMOBEPXHO-
cTH Mopsi OyJIeT CyIIeCTBEHHO BO3pacTarh. Haiinem rmepross! cein u mo-
JIY9HM, 4TO TIEPHOJ] TIEPBOI MOJIbI CEUIIIEBBIX KOIeOaHN B BOPOHKOOOpa3-
HOM 3aJIMBe [T TiTyOoKoii Bozib! OyzeT Mmenblie B 0,82 pasa nmepuona ceil-
IITH, BBIYHCIIEHHOM 110 (popmyrie Mepuana, Bropoii — B 0,89 paza, Tperseii —
B 0,93 paza. Ho mpu mryOmHax mopsaka 20 M HaYMHAIOT CYIIECTBEHHO
BIISITH CHJIBL TPCHHSI M ACHCTBUTENbHAs YacTh [ , OyACT COCTABIATH BCe-
ro ~13 m. B pesynerare neproa nepBoil MOIbl B KIMHOBHIHOM OyxTte Oy-
JeT MPAKTUYECKU TaKoW ke, KaK B MPSMOYTOJIbHON 00J1acTH, paccunTaH-
HOH 1o popmyse Mepuana. [lepuon Bropoit Mozb! OyaeT yxe Oonblie Ha
~10 % nepuoaa Bropoii Mozsl 1o hopmyine Mepuana.

B peanbHocT m1yOuHa B OyxTax He ObIBa€T MOCTOSIHHOW U YBEJNIH-
4UBaeTCsA B CTOPOHY Mops. B o6mmem ciydae hyHkumu F (r) ypaBHEHHE
(11) MOXHO PEeUIUTh TOIBKO YUCIEHHO, HO €CTh YaCTHBIN CITy4ai, Korja
pemenue ypaBHeHus (11) MOXKHO HaWTH TaK)Ke aHAJIMTUYECKU TIPH TIe-
pemenHoit Gpyukuuu F (r). Eciu 3aBucumocts Real(( H )(r)) ot » Moxk-
HO aIlMpOKCUMHUPOBATh CTETIEHHOH (QyHKIMEH, To Torna ypaBHeHue (11)
CBOAMTCS K ypaBHEHHUIO Jlommenst.

W3 ananmm3a rpadmMKoB MEpBBIX YETHIPEX MOJ| CEHIEBBIX KOJeOaHHI
B 3CTyapuu ¢ IyonHoi 30 M BUIHO, YTO NpH DIyOMHAX, OONBIINX CIIOS
Crokca, Ha (hopMy CEHIIEBBIX BOJIH OCHOBHOE BIIMSTHUE OKa3bIBacT 3(h(eKT
KOH(y30pHOCTH 3cTyapus. OIHAKO eciy ITyOuHa B 3CTyapun HEIOCTOSH-
Ha ¥ YMEHBIIACTCS B BEPIIMHE 3CTyapusi, TO aCUMMETPUYHOCTb CEHII MO-
JKET OKa3aThCs OOPATHOM — Ha BXOJIE B ACTyapHid aMITIUTY/Ia CEUTIT MOXKET
ObITH OOJIbIIIE, HEXKEITH B €TI0 BEPIINHE M3-3a ICHCTBUS TPEHUSL.

ITpu pacueTe MPOrpeccUBHBIX BOJIH, BXOASALIUX B 3CTyapuil pH IIy-
OMHaX, CPaBHUMBIX C TOMMMHON cyiog CTokca, Obl1 OOHAPY)KEH MHTe-
pecHbIi 3h(hexT — Ha BXOAIE B 3CTyapuil aMILIUTY/Aa BXOISIINX BOJIH CHA-
yaJjia yMEHBIIACTCS U3-3a ACHCTBUS CHJI TPEHHMS, HO 3aTeM OJIMKE K Bep-
LIMHE 3CTyapysl HAUMHAET NPEeBAIUPOBATh d3PPEKT KoHY30pa U aMILIH-
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TyZla BOJHBI BHOBb HAaUMHAET pacTH. B pesynbrare amminTyna xapakre-
pHU3yeTCsl yHaCTKOM JIEKPEMEHTA M y4aCTKOM MHKPEMEHTA.

AHaiu3 pe3ysbTaToB pacyeTa MPUIMBHBIX KOJNEOaHWH ypOBHS IS
TyOOKOBOAHOTO 3CTyapHsi ¢ yOnHaMu O0JbIle TOMIIUHEI cnost CTokca
MOKa3aJj, 4TO aMILIUTY/a KoJeOaHUH YPOBHS YBEITMUMBACTCS K BEPILIHE
9CTyapHsl BCIIEACTBUE MPOSBICHUS dPPeKTa KOHPY30PHOCTH ICTyapusl.
OpnHako ecny IIyOHHBI B 3CTyapud MEHbILIE TOMIIUHBI ciios CToKca, TO
3¢ exT TypOyIeHTHOTO TPEHHUS U3-32 MEJIKOBOJHOCTH CTaHOBUTCS TJia-
BEHCTBYIOLIMM M aMIUIMTY/AA BOJIH K BEPIINMHE 3CTyapHs CyIIECTBEHHO
YMEHBIIAETCS.

IIpu coBmageHun nepuoja MPUXOAALIEH BOJIHBI C MEPUOIOM CEHII
JIOJDKHO MPOUCXOANTH PE30HAHCHOE YCHUJIEHHE BOJH. Pe3ynbTarhl pac-
YeTa HBOJIOLMH TPOrPECCUBHOM BOJIHBI B 3CTyapUH € IEPUOJIOM EPBOI
MOZBI CEUIIEBBIX KOJIICOaHUH MMOKA3bIBAIOT, YTO KOJEOAHUS UMEIOT BUJ
KBa3HCTOSUYUX BOJH, T. €. MOYTH CEUIIEBHIX BOJH. AMIUIUTYIa KojeOa-
HUIl B BEpILIMHE ICTyapusl YBEIMUUBAETCs B 2,5 pa3a MO OTHOLIEHHIO K
AMILUTUTY/AE BXOASIICH BOJTHBI.

O0cyxxnenue pe3yabTaroB. Kak cieayeT nM3 MOIy4YEHHBIX pe3yiib-
TaTOB, MPH CPEIHUX ITyOHHAX, CYHIECTBEHHO OOJBIINX TOJIIUHBI CIIOS
Crokca, aMIUIMTya IPUJITUBHOM BOJIHBI P BXOZIE€ B BOPOHKOOOPA3HBIN
JCTyapuii yBennunBaeTcs. Ha mepBoe MecTo B 3TOM cityyae BBIXOJHT d(-
¢exr koH(y30pa, T. €. cy:KeHus1 OeperoB dcTyapus K ero Bepmune. Typ-
OyJIeHTHOE TPEHHE UMEET BTOPOCTENIEHHOE 3HaUeHHEe, HEMHOTO BCE-TaKH
YMEHbBIIAsi aMIUIUTYy NPUIUBA B BEPILIUHE 3CTyapusi M0 CPAaBHEHHUIO C
U/ieaIbHOM KHUIKOCTBIO O3 TPEHUSI.

[Ipu mybuHax, MEHbIINX, YeM ToimuHa ciost CTokca, TypOyJaeHT-
HOE€ TPEHUE CTaHOBUTCS MPEBATUPYIOMMM Haa 3 dexToM KoH]y30pa 1
aMIUTUTY/Aa IPUIMBHOM BOJHBI yMEHBIIAETCS IPU MPOIBHKEHHU K BEp-
IIMHE ACTyapusl.

Hmeer MecTo IpOMEXKYTOUHBIHN clydaid mpy DIyOMHax MOpsaKa ToJ-
muHbl cnos Ctokca. B 3ToM cimywyae BHauane MpH BXOJE B 3CTyapHid
Oosbire mposiBisieTcst 3PQPEKT TPeHUsT U aMIUTUTYAa TPUIMBHON BOJIHBI
HAYMHACT YMEHBLIATHCS, HO 3aTE€M 110 Mepe POABHIKCHNUS BOJTHBI BITYOb
9CTyapHsi Ha4YMHAaeT MpeBanupoBarh 3(dekt KoH]y30pa U aMIUTyaa
NPUIMBHOW BOJHBI HAYMHAET BHOBb YBEIUUUBATHCS.
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CeiimeBbie KoyieOaHusi B BOPOHKOOOPA3HBIX ICTyapUsX UMCIOT He-
CUMMETPUYHBIN XapaKTep — aMIUIUTYbl CEHIIEeBhIX KOJIieOaHUH B Bep-
IIMHE 3CTyapusi CYIISCTBEHHO OOJIbIIIEe aMILTUTY] CSHIII Ha BXOJIE B ACTY-
apwmii. J{nst cefin, Takum 00pa3oM, Takxke MposBiseTcst 3PPeKT KOHPY-
3opa. Ilpu coBnajieHny mepuoa MPUINBHON BOJHBI C TIEPUOJIOM CEHII
B 3CTyapyH BO3HHMKAET PE30HAHCHOE YCHJICHHE BXOJSIICH MPUINBHOM
BOJIHBI B BEPILIUHE 3CTYapHSL.
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TIDAL WAVES IN ESTUARIES
V. N. Zyryanov, M. K. Chebanova
Institute of Water Problems, RAS

The propagation of tides generated in estuaries of the ocean basin was examined.
The tidal wave transformation in a funnel-shaped estuary depends on two opposite
effects: the confusor effect and the turbulent friction effect. An estuary with constant
depth was taken as a study object. The tidal wave in the estuaries with depth exceed-
ing the value of Stokes layer thickness is amplified due to the confusor effect; in the
estuaries with depth less than the value of Stokes layer thickness the wave is damped
due to the turbulent friction. The tidal wave in the estuaries with the depth similar to
the values of Stokes layer thickness first is damped due to the turbulent friction at the
estuary inlet and afterwards amplifies along the estuary due to the confusor effect.
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MOJEJUPOBAHUE MEJATUYECKOM YKOCUCTEMBI
BEJIOI'O MOPs

A. B. Toactuxos!, M. A. UepHos?

! Unemumym eoonwix npobnem Cesepa KapHL] PAH
2 Unemumym npukiaonvix mamemamuyeckux uccieoosanuti KapHIL] PAH

Ha ocnoBe monenu Ceseproro Jlenosuroro okeana (FEMAO) npod.
H. I'. SIxomnesa [SlkoBnes, 2009] paspaborana moxenb bemoro mops
JASMINE. Beinonuaeno oobeaunenne monenu JASMINE ¢ 6iokom 3ko-
CHUCTEMbI MOpS, BKJIOYAIOIIMM HUTAIbSHCKYIO MOZCIb Melaru4ecKon
sxocuctembl BFM. IlepBbie pe3ynbraThl CBHIIETEILCTBYIOT 00 aJIeKBaT-
HOM MOJEJIMPOBAHUHU METAruueCcKoi 3KocucTeMbl benoro mops.

3uanust 0 berom Mope, HakOIUIEHHbBIE Pa3IMYHBIMU OPraHU3aIUsIMHU, B
tom uucie 3MH PAH, MMBU KHII PAH, MO PAH, UDIIC YpO PAH, b
u UBIIC KapHII PAH u 1p., OTKpBITEIEC 2IEKTPOHHBIE pecypch [Kmmmar
Mopeii...; Berger et al., 2003; Yepnos, Tonctuxo, 2014], HOBBIE aTiachl
[®@umaroB u np., 2014; bormanosa, Tonctukos, 2015] CBHAETENBCTBYIOT O
TOM, 4TO €CTh BCE BO3MOKHOCTH JJIsl Pa3pabOTKH KOMIUIEKCHOM MOJIEIH,
OIUCHIBAIOIICH TEPMOTHIPOIUHAMUYECKAE W OHMOr€OXMMHUYECKUE IPO-
1iecchl B besiom Mope U aroieiit BO3MOYKHOCTh CTaBUTh YHCIICHHBIE IKC-
MIEPUMEHTBI, OCHOBAHHBIC Ha KIIMMATHUYSCKUX CIICHAPHSIX.

C 2015 . B UTIMU u UBIIC KapHIL[ PAH B corpynnudecTse ¢ uta-
JIbTHCKUM VHCTHTYTOM OKeaHOTpauu M IKCIEPUMEHTAIBLHOU reodu-
suku [http://www.ogs.trieste.it/] u UBM PAH wnauanu paboty mo pas-
pabotke Green JASMINE — momenu auHamuku Bon u jibna JASMINE
[Chernov, Tolstikov, 2015] ¢ GioxoM skocucTeMBI MOps Ha 6a3ze BFM
[http://bfm-community.eu]. B 2016 r. ycusust cocpeioTOUEHbI Ha ajieK-
BAaTHOM BOCIIPOM3BEIACHUN KAYSCTBCHHBIX M KOJMUYECTBEHHBIX IOKa3a-
TeJIeH Melarn4ecKor AKOCUCTEMBI bestoro Mopsi, Takux Kak IMpPOCTPAH-
CTBEHHAsl U BPEMCHHAs JUHAMMKA IIJIAHKTOHA, IIEPBUYHAS HPOIYKIIHS,
PacTBOPEHHOE BELISCTBO U T. II.

Monens BFM akTUBHO pa3BUBAETCS: aHOHCHPOBAHBI OJIOKH MOIIE-
JIUPOBaHMS JUHAMUKKA OCHTOCA, yUeT B MeEJarMyecKux Ipolieccax He-
KTOHa, y)ke noctynHa moaenb BFM-SI [Tedesco, Vichi, 2010], omucel-
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BarolIas 3KocucTeMy Mopckoro Jibaa. B BFM ucnonb3yercss npuHIUn
CTEXMOMETPUUECKOT0 MOJCIUPOBAHUS, IPU KOTOPOM BBIYUCIISICTCS U-
HAMHUKAa TaKHX CKAJIIPHBIX BEJIMYWH, KaK, HAIpUMEp, YIJIEpPOJ, a3oT,
docdop, KpemMHHIT B COCTaBE TIPYIIbI OPraHU3MOB, PACTBOPEHHO-
IO OPraHUYECKOTO BELIECTBA U T. M. UHCIO TpaccepoB MOXKET MPEBBI-
IIaTh HECKOJBKO AeCATKOB. Takoil momxoj 00agaeT rmOKOCTBIO, I0-
3BOJISISL BBOJIUTH WM OOBEIUHATE TPYIIIbI OPTaHU3MOB, YYUTHIBATH HITU
UTHOPUPOBATh IUKJIBI OTACIBHBIX 3JIEMEHTOB, TOHKO HACTpauBaTh pe-
>KUM B3aUMOJICHCTBUS OPTaHU3MOB B MOJICTIH.

Monens ruaponunamuku [YepuoB, Tomctuxos, 2014] mocrais-
eT JUIsl PacyeToB (M3NYECKUE TapaMeTpPhl (TeMIepaTypy, COICHOCTh U
IJIOTHOCTH BOJIBI, OCBEILIEHHOCTh, CKOPOCTh BETPa, pa3Mephbl CETOUHOU
STYCHKU U T. 11.) U BBITOJIHSAET TPEXMEPHYIO aJIBEKIUI0, TUPPY3HIO U rpa-
BUTAIMOHHOE OCAXKJCHHE TpaccepoB. ECTh BOBMOXKHOCTH yueTa o0par-
HOTO BJIMSIHUSL OMOT€OXUMUYECKUX MapaMeTPOB Ha TEPMOJAMHAMUKY I10-
CPENCTBOM M3MEHEHHUS MPO3pauyHOCTH BOIbI. [IporpaMMHBIN KOMILIEKC
peann3oBaH Ha COBPEMEHHOM JHANEKTE S3bIKa MPOrpaMMHUPOBAHUS
®dopTpaH ¥ PyHKIIMOHUPYET Ha KiacTepax Kapenbckoro Hay4dHOTO IIeH-
tpa PAH [http://cluster.krc.karelia.ru] u UBM PAH [http://www.inm.ras.
ru/claster]. OTMeTHM, 9TO TpeXMEpHAas aIBEKIUS MPHU (BBIHYXKICHHOM)
MPUMEHEHUU MOHOTOHHBIX CXEM BBIYMCIUTEIBHO JA0POra, MO3TOMYy IO-
BBIIICHUE YHUCJIa IEPEHOCUMBIX CKAJIIPOB C TPEX-UETHIPEX 0 HECKOJb-
KHX JIECSITKOB JIETIACT UCIIOJIb30BaHNE MapaIeIbHBIX PACYETOB Ha BHICO-
KOTIPOU3BOJUTEIBHBIX KOMITBIOTEPaX HEOOXOMMBIM.

BXOmHBIME JaHHBIMH PaCcUYeTHOW MPOTPaMMBI SIBJISIOTCS TPAaHUYHBIC
YCIIOBUS Ha <OKUKOH rpaHuliey» Mexy benbiM u bapeHiieBbiM MOpsiMH,
meteonannsie peanannza NCEP [http://www.ncep.noaa.gov/], cTok pek
(CeBepnas JiBuna, Onera, Mesenb, Kemb, KoBna). BeixogHbIME TaHHBI-
MU MOJEIIH SIBJISIFOTCS] OCPEIHEHHEBIE 32 3aJaHHBIN IEpUO BPEMEHH OIS
CKOPOCTH TEUCHHH U Apeiida Jibla, TSPMOXaIWHHBIC TIOJsI, KapThl pac-
MIPEJICIICHUS JIbJIa C YYETOM CHEra, YPOBHS MOpSsi, a TaKKe OMOXUMHUe-
ckue Tpaccepsl. KauecTBeHHOE pacmpeneneHie CKOpoCTU TEUSHUM, Tep-
MOXAJIMHHBIX TIOJICH, TOJIIIMHEI JIbJ]A B IIEJIOM COTIIACYETCs ¢ OOIepH-
HATON KapTuHOM 1115t benoro mopst [benoe mope. CripaBovHuK. .., 1991;
Benoe mope u ero Bonocoop..., 2007].
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B Hacrosimiee BpeMsi BemyTcsi paOOTHI 1O MOJACIUPOBAHUIO (HUTO-,
300-, OaKTepHOIIaHKTOHA benoro Mopsi, MoJyueHbl TepBbIe pe3yibTa-
THI (puc. 1-3).
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Puc. 1. Pacnpenenenne ¢puroniankrona no akparopum besioro mops
(cpeaHMe MHOTOJIETHHE 3HAYeHHs VIS aBrycra) U no seprukaju (2006—
2014 rr.)

Puc. 2. Pacnipenesienue 3001IaHKTOHA 110 akBaTtopuu besioro mops (cpea-
HHe MHOT0JIeTHHE 3HAYEeHUsI )1 aBrycra) u no Beprukanu (2006-2014 rr.)

KadectBenHnoe pacmnpezeneHue (UTOIUIAHKTOHA B IIEJIOM COOTBET-
CTBYET pealibHOM KapTuHE ero pacnpenenenus [beprep, 2007; Kpapuu-
muHa, 2009]. Tak, HanOoIbITHEe KOHIIEHTPAITUN BRIPAKCHBI B BEPIIHHAX
3aJIMBOB, MUHUMAaJIbHBIE — B [Opie u ceBepHO "actu Oacceiina. Ecth
paccorracoBaHie W3MEPEHHBIX M MOJIENBHBIX 3HAUYE€HUH B OTIEIBbHBIX
paiioHax MOps — aKTyalbHas mpo0ieMa, KOTopasi B HaCcTosIIee BpeMs pe-
IIaeTCs ¢ TIOMOIIBI0 HAcTpoiiku ko3 dunrentoB BFM, mpu ucmoms3o-
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BaHUM KCIETUIIMOHHBIX M CIIyTHUKOBBIX JaHHBIX. BepTukanpHOe pac-
MIPEJeNIEHUE XOPOILIO COMIacyeTcsl ¢ JaHHbIMU u3MepeHui [Kpasuumu-
Ha, 2009], 1 MozenbHOE pacpocTpaHeHne PUTOIIAHKTOHA HaOIIoaeT-
cst 10 Topu3oHTOB 35—40 M, uto B besioM Mope coOoTBETCTBYeT oTHUe-
CKOM1 30HE.

3oomnankToH B berom mope (OopeasibHble BHIBI) aKTUBHO Pa3BH-
Baetcs B geTHee Bpems [beprep, 2007], 4To BUAHO U MO MOJEIbHBIM
JaHHBIM (pHC. 2, mpaBasi 4acTb). APKTHUECKHX BHJIOB B TEUCHHE BCe-
IO roJia MHOTO, HO 3UMOI OHU COCPEIOTOUEHBI TITy0)Ke TOpU30HTa 25 M
[Beprep, 2007]. Mozaenps moka 3TOT 3PQEKT HE BOCIPOU3BOAMT, IO-
CKOJIBKY HE COJEp>KHT YHCTO apKTHYECKHMX BHUJOB. B pacmpenenenun
300IJIAHKTOHA TI0 AKBAaTOPHH MOPS BBIPAKEHBI MAKCUMYMBI B YCTBSAX
pex (puc. 2, neBasi 4acTb), 4YTO CBA3aHO ¢ Ooyiee BHICOKOHM KOHIEHTpa-
el OMOTeHHBIX 3JIEMEHTOB Ha rpaHuLe peka — Mope. B yctee Cesep-
HOW JIBUHBI KOHIIEHTPALMH BBIIIE IO CPABHEHUIO C APYTUMH PEKaMH.

bakTepuoniaaHKTOH B TeUEHHE BCETO rojla MPUCYTCTBYET Ha BCEX TO-
PH30HTax OT MOBEPXHOCTH 110 AHA (puc. 3). [Tuk oTmMedaeTcs jgeTom.

Puc. 3. Pacnpenesienne 6akTepHoONJIAHKTOHA 110 akBaTtopuu besioro mops
(cpeaHMe MHOrOJIeTHHE 3HA4YeHUs IS aBrycra) U no seprukaju (2006—
2014 rr.)

Bxnan OakTepHOMIaHKTOHA B TIEPBUYHOE MPOAYLHPOBAHUE yCH-
nuBaercs B aOTHYECKON 30HE W TMEPHOIBI, Korjaa (UTOIUIAHKTOH
CHIDKAET CBOIO aKTHBHOCTH [beprep, 2007]. DTo X0opomio 3amMeTHO
MIpU CPaBHEHMH MPaBBIX yacTeil puc. 2 u 3. Ce30HHAsA MO/ICIbHAS AH-
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HaMHKa Pa3BUTHS NEPBUYHON MPOAYKIUU COTIACYETCS C JaHHBIMH
U3 JUTEepaTypHBIX HcTOYHUKOB [benoe mope. CnpaBouHuK..., 1991;
KpaBunmuna, 2009]. Tak, BecHOI MaKCHMalbHbIC 3HAUCHHS HAOIIO-
JIAI0TCS. B YCThSIX PEK, TJIe B 3TO BpeMs roja MaKCHMalbHOE COIep-
JKaHWE OMOTCHHBIX JICMEHTOB U BBIPAXKEH BECCHHUN MPOTPEB BOJIBI.
JleToM TPOSBIISICTCS CHIYKCHUE MTEPBUYHON MPOAYKIIUHU, CBI3aHHOE C
UCTOIICHUEM 3araca OMOTeHHbIX 31eMeHTOB [beprep, 2007], aTo Xo-
poiro 3amMeTHO B OHEKCKOM 3aiuBe. JIBUHCKHI 3aJUB OTJIMYACTCS
Ooubliel TPOAYKTUBHOCTHIO. OIHAKO CTOUT OTMETUTB, YTO IO MO-
JIETBHBIM JAaHHBIM CHWIKEHUE MEePBUYHONW MPOAYKIUU B OHEKCKOM
3aJMBE TPOSBIISICTCS CUJIbHEE MO0 CPAaBHCHHUIO C M3MEPCHHBIMU 3Ha-
YEHUSIMH. DTOT MPOIECC MBI CBSI3bIBAEM C OJIOKUPYIOIIHUM BIUSHHEM
BOJI0OOOMEHA MEXay paiioHamu Mopsi Bo3iie COJIOBEIIKMX OCTPOBOB,
KOTOpPOE MEPEOICHEHO B MOJEIN U3-3a HU3KOTO MPOCTPAHCTBEHHOTO
paspeuienusi. [IpeAnonoxKUTEeNIbHO, pacyeT MOBBINICHHOW TOYHOCTH
peuuT 3Ty npodieMmy. OCEeHbI0 MAKCUMYM MEPBUYHOMN MPOJAYKIIUU OT-
Me4aeTcs B IEHTPaJIbHOW YaCTU MOPSI.

Takum oOpazom, ¢ momoisio kommiekca GreenJASMINE moxHO
MOJIy4YaTh COIIACOBAHHBIC JAHHBIC TI0 TEPMOTHIPOIMHAMUKE U OHOTEO-
XUMHUYECKHUM IapaMerpaM bemoro Mopsi, KOMHYECTBEHHO BhIpaXaTh MO-
TOKH BEIIECTBA HA «KHUJIKOW TPAHMIIC» U MEXK/Y OTACIbHBIMU paioHa-
MU Mops. Mojiens 001a1aeT 3HaYUTEIbHON THOKOCTBIO ¥ MOII[HBIM T10-
TEHIUAJIOM JJIS PACHIUPEHUS: YIeT OMOXUMUYECKUX TPOIIECCOB BHYTPU
MOPCKOTO JIbJIa ¥ Ha JIHE, & TAKXKE Y4YeT apKTHUSCKHUX BUOB IJITAHKTOHA
Y TIPOYCH PEernoHaNbHON CcrelM(HUKYN He CBSA3aH CO CIIOKHOCTSMU IPUH-
[UITHAIIEHOTO XapakTepa.

Paboma svinonusemcs npunodoepoicke epanma PODUNel6-45-100162p _a.
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MODELLING OF THE PELAGIC ECOSYSTEM OF THE WHITE SEA
A. V. Tolstikov!, I. A. Chernov?

! Northern Water Problems Institute KarRC of RAS
2 Institute of Applied Math Research KarRC of RAS

The JASMINE model of the White Sea is based on the prof. N. G. Yakovlev's
model of the Arctic Ocean (FEMAO). The ecosystem block uses the Italian BFM
model coupled with JASMINE. Preliminary results prove the fact of reasonable
numerical modelling of the pelagic ecosystem of the White Sea. However, there
are still problems to be solved.

MODELING THE MARINE NUTRIENT LIMITATION WITH
A MEDIUM COMPLEXITY BIOGEOCHEMICAL MODEL

P. Lazzari, C. Solidoro, S. Salon, G. Bolzon

Istituto Nazionale di Oceanografia e di Geofisica Sperimentale,
Trieste, Italy

We present a numerical tool designed to simulate the dynamics of the
lower trophic levels of the marine ecosystem, that has been applied from
global ocean scale [Vichi et al., 2007] to regional model scale (e.g. Medi-
terranean Sea [Lazzari et al., 2012] and recently White Sea [Chernov et
al., 2016]) and applied to the weekly time scale of operational oceanog-
raphy to multi annual time scale for climate studies. The tool (Biogeo-
chemical Flux Model, BFM) is a free-software community model (http:
//bfm-community.eu). In the present communication we focus on the de-
scription of the primary producers module of the BFM, and in particular
on the resource limitation formulation.

The qualitative and quantitative dynamics of the biogeochemical
properties in the open ocean are subject to a growing awareness due to
their importance to ecosystem functioning and related goods and serv-
ices on a planetary scale.

The use of validated models to reconstruct and explore the spatial and
temporal dynamics of properties that cannot be readily measured at high
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frequency is already quite common in other fields, such as hydrology,
and is now being increasingly applied in global ocean studies as well
[Sarmiento, Gruber, 2006].

The BFM describes biogeochemical fluxes transforming dissolved
and particulate organic and inorganic components by processes influ-
enced by temperature, salinity, photosynthetic available radiance (PAR)
and interactions with other biogeochemical properties. The design of
this model allows energy and material fluxes to be described through
both “classical food chain” and “microbial food web” pathways. The
model can also take into account co-occurring effects of multi-nutrient
interactions [Baretta-Bekker et al., 1997], considering each nutrient
(phosphate, nitrate, silicate), and PAR, as essential resources [Lazzari
etal., 2016].

The BFM is modular and configurable in terms of the number of PFT
and biogeochemical elements considered [Vichi et al., 2013].

The standard formulation (Fig. 1) includes nine plankton functional
types (PFTs). Autotrophic PFTs are diatoms, flagellates, picophytoplank-
ton and dinoflagellates. Heterotrophic PFTs consist of carnivorous and
omnivorous mesozooplankton, bacteria, heterotrophic nanoflagellates
and microzooplankton. Each of these variables is expressed as a vector
of biogeochemical elements such as carbon, phosphorus, nitrogen, and
silicon (in the case of diatoms).

In the following we will focus on the formulation of the autotrophic
PFTs and in particular on the formulation of the dynamics of the nu-
trients intra-tissue concentration (quota) and on the kinetics describing
resource limitation.

In the standard configuration the four phytoplankton functional
types share the same functional formulations, differing only in the
parameter values, with the exception of diatoms that have silicon
limitation.

The core of the autotrophic compartment is based on the paradigm of
essential resources (schematized in Fig. 2, for the case of two limiting
resources): each element is necessary for the cell growth and duplica-
tion (carbon assimilation), and it is obtained by the cell from a separate
source.
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Fig. 1. The standard BFM comfiguration

Therefore different functions f(Rj) expressing the limitation to the
growth, according to the availability of the resource Rj, are combined in
agreement with the minimum, or Liebig, formulation Eq. 1,

dp/dt=[MIN_, {f(R)—-m;}]P, (1
where P, is the biomass, in carbon, of i-th PFT (in the following P, is
reported as P_). dP/dt is the net growth. f, can have, for example, the
shape of a Monod or Holling type I, II or III [Holling, 1959; Tilman,
1982], m, are the mortality rates that can be constant but also can depend
on the predatory dynamics of higher trophic level organisms, as it is in
the present BFM standard formulation.

Currently there are three entries (k = 3) in the Eq. 1 for the MIN
operator, one is related to PAR and the other two are related to phosphates
and [nitrates, ammonia] respectively.
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In this formulation nitrates and ammonia are substitutable resources
in the sense that, with different effectiveness depending on the
phytoplankton physiology, one resource can compensate the lack of
the other.

Carbon assimilation and nutrient uptake are decoupled [Baretta-
Bekker et al., 1997]. Photosynthesis (primary production) and the uptake
of dissolved inorganic carbon depend on PAR, temperature and on the
(intracellular) carbon to chlorophyll ratio.

PAR (Ir) limitation is expressed in terms of Platt formulation,
modulated by dynamically varying chlorophyll to carbon ratio

(9 = QChl:C):
£, (D P.=u .. f(T) (1-exp(a, Ir 0/ p_ ) P. 2)

p_. 1s the maximum growth rate in ideal conditions, f(T) is a
temperature dependent term, and o is the affinity for PAR and P is
the carbon contentin phytoplankton.

Strictly speaking, irradiance can be considered a resource only
when self-shading effects are relevant. In such a situation one PFT
can “consume” PAR by shading it, therefore reducing PAR availability
for other competitors. The limitation by PO, depends on the potential
uptake up,,, scaled on the ™"Q, . that is the minimal structural P : C
quota in the phytoplankton [Lazzari et al., 2016]:

f2 (PO4) PC = upPO‘l/mm(QP:C = MIN(upav’ upcar)/minQP:C (3)

Nitrates and ammonia dynamics have a similar formulation as
phosphate, with a selective mechanism that favours nitrogen or
ammonia uptake, e.g. picophytoplankton has a preference for ammonia.

The uptake of nutrients is computed as the amount of nutrient
required to sustain, according to what the environmental conditions
permit, the ‘balanced’ growth. It is actually itself a minimum between
two terms:

upPO4 = MIN(upav’ upcar) (4)
up, , is related to nutrient uptake of available resources and is based

on affinity (a,,,)

up, = a,,, % PO, xP_ (5)

148



aPO4

is the affinity for phosphates, and the other, the carbon-based

uptake up_, is based on the net assimilation of carbon, corrected by a
relaxation term to the internal quota balance,

up,, =2 x"FQ, . x dP/dt + MAX(0,1/1 x (2 x*FQ, .~ Q,..) x P_) (6)
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Fig. 2. Left panel: scheme of L-shaped Zero Net Growth Isocline (solid
orange lines), in the case of two essential resources (e.g. PO, — R *-and
NO, R;* -). R;* and R,;* are the lowest requirements for resource 1 and
2 respectively. The filled space of the plane is the resource region where
the PFT survives and the complementary area where the PFT goes extinct.
Right panel: same as in the left panel but in the case of substitutable
resources

The C : N : P elemental ratio, both for inorganic and organic bio-
geochemical properties, is an important quantity considered both by
experimentalist and modellers, that allows to understand the operating
principles of the primary producers, and to characterize the drivers that
controls the trophic state of the marine system.

Therefore we consider the quota dynamics both in term of the

formulation presented above and from a numerical simulation for the
Mediterranean Sea with similar formulation (for a detailed definition of
the modelling results and of the sub-areas reported in Fig. 3, see [Lazzari
et al., 2016]).
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In particular, we focus on two possible states: 1) limitation by one of
the nutrients, for example phosphate, and 2) limitation by light, taking
place, for example, near the deeper region of the euphotic zone.

In the first case we can assume PO, << 1, therefore dP/dt = a,, x
PO, x P/™Q, . and up,,, = a,,, x PO, x P_.If nitrates are abundant
we get

UPy,, =2 X REFQN:C X Oppyg X PO, x PC/meP:C + X (2% RF‘FQN:C_ QN:C) xPe ™)
and with a ™"Q, . equal to half of **"Q, . we get

upNOx/upPO4E 4 x REFQN:P+ 1/(1: X Opoy X PO4) x(2x REFQN:C_ QN:C) ®)

The N : P uptake ratio in this case is controlled by a term which is four
times the reference N : P ratio **"Q_ and a relaxation term forcing the
system which is twice the reference ratio.

Note that the MAX(O0, ...) appearing in Eq. 6 is dropped for the effec-
tive uptake to allow for negative relaxation.

Numerical results show that in the surface levels (coloured circles,
Fig. 3), the N : P ratio of the intracellular quota corresponds to a quota
twice the reference ratio, showing the so-called luxurious consumption
state and an accumulation of nitrogen with respect to an ideal reference
quota. This indicates that in the specific case study considered, the Medi-
terranean Sea, the dominant limiting condition is connected to phospho-
rus dynamics, with the exception of areas where inorganic N : P is low
(e.g. ALB, Fig. 3 left panel).

On the other hand, in the second case that is typical of the subsurface
layers with nutrient-replete conditions and light limitation, Fig. 3 right
panel, the intra-cellular quota corresponds to the reference ratio

upNOx/upPO4; 2 X REF(QN:C/(2 X REI:(QP:C) - REF()N:P

These results are principally based on the assumption that the
reference quota is the controlling condition, and in the case of the
present numerical results it is set to the Redfield quota. Geider and La
Roche [2002], by means of experimental studies, identified different
responses and behaviours in the phytoplankton cell according to nutrient
availability.
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Fig. 3. Left panel: vertical profiles of phosphate (abscissa) and nitrate
(ordinate) from the simulation averaged by sub-basins (see Fig. 1 [Lazzari
et al., 2016]) for the period 1999-2004. Each entry represents the spatial-
temporal average at a certain depth. Circles are in the upper 0-50 m layer,
and triangles are in the 50-bottom layer. Right panel: vertical profiles of
the average content of phosphorus (abscissa) and nitrate (ordinate) in
phytoplankton with the same temporal statistical aggregation of the inorganic
component; however, in this case, circles refer to levels in the 0—50 m layer,
and triangles, to levels in 50-200 m layer (image from [Lazzari et al., 2016])

Results, both from equations analyses and from numerical results,
show that under nutrient-limiting conditions, the plasticity of the
stoichiometry in the phytoplankton cell is high. Its internal N : P ratio
oscillates between values lower than 10 mmol N/mmol P to values
higher the 30 mmol N/mmol P, whereas in nutrient-replete conditions,
the plasticity is lower, and the internal quota assumes more stable values,
this findings are congruent with what observed in the experiments by
Geider and La Roche [2002].

The BFM model can be a useful tool to analyse PFT competition
according to resource abundance, taking advantage of its modular
structure and the possibility to design different plankton community
structures. In fact whilst on theoretical oriented applications, based on
simplified models, a number of studies regarding competition have been
carried out, in the present case we could apply theoretical tools, and
verify if they still hold, on an intermediate complexity model. A possible
technique to be applied for the interpretation of intermediate complexity
model could be based on the graphical approaches, as sketched in Fig. 2.
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MOIEJIMPOBAHME IMHAMUKU MOPCKOM YKOCUCTEMBbI
C IIOMOIIBIO MOAEJIX BFM STANDALONE
A. U. Enmn

Llempozasoockuil 20cyO0apcmeeHHblll yHUSepCUment

Monens BFM omucbhiBaeT 6MOT€0XMMHYECKYIO CHCTEMY MOPS TIO TIPHHITH-
Ty crexuomeTpudeckoro moaenupoBanus. Kondurypamms STANDALONE
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MO3BOJEICT U3YyUaThb JUHAMUKY 5KOCHUCTEMbBI B MaJIOM o0beMe pu pa3iny-
HBIX BHCIIHUX BO3Z[CI7[CTBI/I$IX. B YaCTHOCTH, BA’)KHBIM BOIIPOCOM SABJIACTCS
HaJIM4nue BHyTpCHHefI HU3MCHYMBOCTU Y CUCTEMBI. HOK.]'Ia}_'[ TIOCBSILCH HCKO-
TOPBIM YUCJICHHBIM 3KCIICPUMCHTAaM.

Mopnens BFM paspabareiBaercst  IOAIEPKABAETCS KOHCOPITUYMOM
BFM [Biogeochemical...]. Monens ocHOBaHa Ha MPHUHIIUIIE CTEXHO-
METPUUYECKOTO ONMMCAHMS, IPU KOTOPOM IEPEMEHHBIMH SIBJISIFOTCSI KOH-
LEHTPALUHU 3IEMEHTOB (2 TAaKXKe CIOKHBIX BEIIECTB, TAKHX, KaK XJIO-
podwiT) B cocTaBe paziM4HBIX I'PYII OPraHU3MOB M PACTBOPEHHBIX
B Boze BemectB [Vichi et al., 2015b]. Tak, BBIIEISAIOTCS YETHIpE IPYII-
bl (PUTOIUIAHKTOHA (KPYIHBIH (PUTOMIAHKTOH, AUATOMOBBIC BOZOPOC-
7, LTMaHOOAKTEpUH M HAaHO(IAreJUIATH), YEThIPE IPYIIIBI 300ILIaHKTO-
Ha (XUIIHBIN, BCESIHBIN, T€TEPOTPOPHBIE KIYTUKOHOCIBI 1 MUKPO300-
IUIAHKTOH), OaKkTepuu, AeTpUT U T. . CucTeMa ypaBHEHUI CBSI3bIBACT
BCE AT KOHLEHTPALUU MEXIY cOOOH, ONMUCHIBAsT TPOPUUECKYIO CETb.
Psin pusrueckux BeMTUUMH MCHONB3YETCs JUIS BBIYMCICHUS KO3(duim-
€HTOB: TEMIIEPATypa U COIEHOCTh BOJbI, CKOPOCTb BETPA, OCBEILICHHOCTh
u T. 1. [IporpammHuas peanuszanns HCIOJIB3YET CUCTEMY KOH(UTYpaLui
JUTSE TOHKOW HacTpOWKH mporpammHoro kofa [Vichi et al., 2015b]. Ona
MO3BOJISICT M3MEHSTh I'PYIIIBl OPTaHU3MOB, 100aBIATh MM OTKIIIOYATh
LUKJIBI TEX WM MHBIX 3JIEMEHTOB, HACTPAaUBaTh IIapaMeTPbl, OITUCHIBAIO-
HIME KHU3HEACATEIBHOCTD IPYII OPTaHU3MOB, AJIs1 KOHKPETHOTO PEruo-
Ha. MoJienb yCIenHoO MCTIoNIb30Baiach ist MupoBoro okeana [ Vichi et
al., 2007], Cpenuzemuoro mops [Cossarini et al., 2015] u psama apyrux
BOJIOEMOB; B 9aCTHOCTH, OHA HHTerpupoBaHa B komruiekc NEMO [Vichi
etal., 2015a].

Moyiesib aKTHBHO Pa3BUBAETCS: TOMUMO NENarn4ecKol 3KOCHCTEMBI,
pa3pabdaTbIBatOTCs 0JI0KHM OEHTOCHOTO COOOIIECTBA M SKOJIOTUH MOPCKO-
ro iapaa [Tedesco, Vichi, 2010].

[Ipenycmorpena korduryparwst STANDALONE, pu kotopoii dop-
MUPYETCsI He3aBUCHMasl IPOrpaMMa, MOACIHPYIOLIas JUHAMHUKY 9KOCH-
CTEeMBbI B MajioM o0beme. Pusnueckoe BO3AeHCTBHE MOXKET OBITh 3a/1aHO
aHanmuTH4IecKu ((popmymnoit) 16O TaOIUIHBIM CTIOCOOOM — BO BHEUITHEM
daiine. Takoil MHCTPYMEHT MO3BOJISIET U3y4daTh MOAEIBHYIO 3KOCHCTE-
My IIpM MUHHMaJIBHOM 4HCIIE Bo3AeHcTByromux (akropoB. B wacTtHo-
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CTH, UHTEPECHBI CIIEAYIOIINE BOMPOCHI: 00JaaeT J1 CUCTeMa BHYTPEH-
Hell U3MEHYMBOCTBIO, T. €. IEMOHCTPHUPYET JIU LUKIUYHOCTH IIPH MTOCTO-
SSHHOM BHEIIHEeM Bo3JeicTBHM? KakoBBI coueTaHusl mapaMeTpoB, MpU
KOTOPBIX CIIOCOOHBI BEDKUTH T€ MJIM MHBIE TPyMIbl opranu3MoB? Kaxo-
BO BJIMSTHUE T€X WJIM MHBIX BO3JEHCTBUI MIIM apaMeTPOB Ha COCTOSTHUE
cucteMbl? Bo3MOXKHO Takke cpaBHEHHME C HAaTypHBIMM SKCIIEpPHUMEHTa-
MU, IOCTABJICHHBIMH B JTA0OPATOPHBIX YCIOBHSX.

Jlokyiag MOCBSIEH HEKOTOPBIM YWCIEHHBIM 3KCIIEPUMEHTaM ISl
yCIIOBUH, OMU3KUX K yciaoBusiM benoro mopst.
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MODELLING THE SEA ECOSYSTEM USING THE BFM
STANDALONE MODEL

A. Enne
Petrozavodsk State University

The stoichiometric BFM model describes the biogeochemical system of a sea. The
STANDALONE configuration allows studying the ecosystem dynamics under var-
ious types of forcing. The matter is whether the system possesses any inner vari-
ability. The report deals with several numerical experiments that were carried out.
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T'IJIPOJIOTMYECKHUM PEKUM O3EPHO-PEUHBIX CHCTEM
3ATTAJTHON YACTH BACCEHHA BEJIOI'O MOPS

A. C. bynaBuna

Mypmanckuii apkmuueckuti 20Cy0apcmeerHblil YHUGepCUumem

benoe Mope — 3TO yHUKaJIBbHBIM MPUPONHBIA 00BEKT, KOTOPBINA XapakKTe-
pH3yeTcsi CBOUMU TUAPOrpadUueCcKUMH, THIPOOUOIOTHYECKUMH U TEK-
TOHWYECKUMHU OCOOCHHOCTSIMHU. B (popMupoBaHUM THIPOIOTHYECKOTO
pexxuma benoro Mopst yqacTByeT MHOKECTBO PEK, CTOK KOTOPBIX (POPMH-
pyercs 1moj| ACUCTBHEM COBOKYITHOCTH (DaKTOPOB, OTIHYAIOIIUXCS TIO-
CTOSTHHBIM M3MEHEHHEM BO BpEMEHH. XapakTep 3THUX MPpeoO0pa3oBaHUi
PaccMOTPEH B JAHHOM HCCIICIOBAaHUM.

Pa3nnuus B reoJOorn4eckoM CTPOCHHUHM 3alaJHON U BOCTOYHON Ya-
cTeil Oacceiina bemoro mMopsi mMo3BOJISIIOT BBIAEIHUTH JIBE OCHOBHBIC
NUTAOLIMEe NPOBUHLMHU: 3aNaHYI0 M BOCTOYHYIO. 3amajHas 4acTb
BoznocOopa mpezactaBieHa Koabcko-Kapeabckum reobiokom, B co-
CTaBe KOTOPOr0 TOMHMHHMPYIOT KPUCTAJNIMYECKHE MOPOABI apXeHCKO-
ro Bo3pacTa. BocTouHas nuraromas npoBUHLHUS MPeNCTaBIseT cO00i
nepudepruro Me3eHCKOI CHHEKITN3bl PyCCKOW MINTHI M CIOXKeHa Ipe-
MMYILECTBEHHO 0CAJ0YHBIMU 00pa30BaHUSIMU KapOOHa, IEPMH U Me-
30308 [Macnos, 2011].

O3epHO-peUHbIE CHUCTEMBI 3amajHoil 4acTh OacceiiHa berno-
rO MOpsI OKa3bIBalOT OOJbIIOE BIMSHUE HA (POPMUPOBAHUE IKOJIOTO-
THAPOJOTHYECKON CUTYallM YCThEBBIX 00JacTeild, MpuOpPEKHOM 30HEI
u benoro mops B nesnom. B otnnume ot BonocOOpoB BOCTOYHOH Ha-
CTH MOpsi, TI€ CTOK COCPEAOTOUEH B KpynHbIX pekax (CesepHoit [Bu-
He, Mesenu, Kynoe) u o3epHOCTh HE3HAUMTENIbHA, B 3alaJHOW 4acTH
OacceliHa peKu B TOH MM MHOW CTENEHH 3aperyIHpOBaHbl 03€paMu U
BOJOXPAaHWIMIIAMHU, YTO CKA3bIBACTCS HA PACHpPEACICHHH BOIHBIX 3a-
MacoB, PACIPOCTPAHCHUHU 3arpsA3HSIOINX BELIECTB U CAMOOYMIICHUN
BoJ. CBOIHOE HCCIIEIOBAaHUE O3EPHO-PEUHBIX CHCTEM, 00BbEINHEHHBIX
no 6acceifHOBOMY NMPUHLMITY U HEPABHOMEPHO HU3yUEHHBIX, TNIAHUPY-
€TCsl BIIEPBBIE.

JInst OLeHKH THAPOJIOTMUYECKOrO PeKMMa O3EPHO-PEYHBIX CHCTEM 3a-
naJHoi yacTu OacceiiHa benoro mops ncnons3oBansl Marepuaisl [ocynap-
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CTBEHHOTO BOJIHOTO KaJIaCTpa, POCCUHCKHE U MEXK TyHapOIHbIE 0a3bl THAPO-
METPHYECKUX U KIIMMATHYECKUX JaHHBIX. K aHA3y IPUHSITHI MaTepHAIIbI
o Bogocbopam pek: OHera, Boir, Kems, Kepets, YM0a, Bapayra, CtpenbHa,
Koena, HuBa, BEIOpaHHBIM B KaueCcTBE peripe3eHTAaTUBHBIX. PaccmarpuBa-
JIMCh JIaHHBIC TI0 U3MEHEHUIO XapaKTEPUCTHK TO0BOTO, MEXKEHHOTO U MH-
HUMAJILHOTO MECSIYHOTO CTOKA YKa3aHHBIX PEK 3a TIEPHOI] TIPOIOKUTEIb-
HocThiO 50 set (1955-2005 rr.). OtnensHOe BHUMAHUE YISIICHO TCHE3UCY
CTOKa JJIsl pa3HbIX BOJIOCOOPOB M OCHOBHBIM ITPUYMHAM COBPEMEHHBIX W3-
MEHEHHI CTOKOBBIX XapaKTepUCTUK. McciienoBaHue pacpocTpaHseTcs: He
TOJIEKO Ha MHOTOJICTHHE Psi/IbI, HO M Ha BHYTPUTOJIOBbIC KOJICOAHUS THIPO-
JIOTUYECKUX XapaKTEPUCTHK, (POPMUPOBAHIE KOTOPHIX HAXOIUTCS O] BIIH-
SIHUEM [I00ATbHOM ITUPKYJISAIIU aTMOC(HEPBL.

Bbu1 mpoBesieH aHAIM3 MHOTOJIETHUX W BHYTPHIOAOBBIX KOJeOaHMIA
TUIPOJIOTHYECKUX XapPaKTEPUCTHK. J[JIs1 OLIEHKU T'HIPOIOTHYECKUX pPe-
JKUMOB YKa3aHHBIX PEK ObUIM PACCMOTPEHBI IaHHBIC KaK 110 BceMy Oac-
CelHY, TaK U [0 €ro OTJCNIbHBIM YacTsM. PaCCMOTPEHO BIUSHUE KIIMMa-
TUYECKUX M3MEHECHUH Ha BEJIMYUHY TOJI0BOTO, CE30HHOTO U MUHUMAIIb-
HOTO CTOKa PeK 3arajHoi yactu Oacceitna bemoro mopsi.

Ha ¢one mporpeccupyroiiero noTericHus] KiMmara Ha OoJbIiei va-
CTH TePPUTOPHUU 3amaIHOM YacTu OacceitHa benoro mMopst ormeuaercst basa
TIOBBIIIICHHOM BOJHOCTH M 00IIeH yBlIaKHeHHOCTH [[0CynapcTBeHHbIH J0-
Knan..., 2010]. Xots cpeaHeroqoBoe KOMUYECTBO OCAAKOB BO3POCIO HE
CTOJIb CYIIIECTBEHHO, OOpalaeT Ha ce0si BHUMAaHUE TPYTIITHPOBKA JINBHEBBIX
BBINIAJICHUN B TIOCIICTHHE TO/IbI. B 3HAUMTENILHOM CTETIeHH 3TO 00yCIIOBIIe-
HO MHTEHCU(HUKAIIEH IUPKYJSIIIMOHHBIX MpolieccoB B CeBepHOM ATIaHTu-
Ke, BIUSIOIINX Ha TIEPEMEILICHUE [IUKIIOHOB B IICHTPAJIbHBIC PernoHbl Poc-
cun [Boansie pecypchr..., 2008].

OcHOBHast 0COOCHHOCTh COBPEMEHHBIX U3MEHEHHIA PEKUMa 03EPHO-
PEUHBIX CHCTEM 3amaJiHOM uacTu Oacceitna bemoro Mopst — mepepacmpe-
JICJICHUE CTOKA BHYTPH ToJla IPH OTHOCUTEIILHOM ITOCTOSTHCTBE CPEIHE-
TOJIOBBIX PAcXo/OB BOJbL. [IpakTHuecku Jisl BCEX MOCTOB (PUKCHPYETCS
COKpAII[CHHE JIOJHM CTOKA 3a MOJIOBOABE B CPEIHETOJOBOM CTOKE BOJBI.
CraTHCTUYECKUI aHAU3 PSJIOB MMOKAa3all, 4yToO JJIsS BCEX MOCTOB Xapak-
TEPEH CTaTHCTUYCCKU 3HAUMMBIN OTpUllaTeIbHbIN TpeH . CuibHee Bce-
TO CHIDKEHHE MaKCUMAaJIBHBIX MOJYJICH CTOKA MPOSBIseTCS B OacceitHax
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pex Beoir, Bapsyra, Crpenbna, Husa. CokpaliieHre MakCUMaJIbHOTO MO-
Iy7st cToka B cpenneM coctasisieT 40—60 % [Bonnbrit kanactp..., 2010].

IIpakTudeckn Ha BCcEX MOCTaX B BEPXOBBSIX KPYIHBIX M OacceiiHax
CPEIHUX PEK HAOJIOIAeTCs CJIBUT JaThl Ha4aja MOJOBOAbS U MaKCUMalb-
HOTO pacxojia BOIbI Ha Oojiee paHHUE CPOKU. B CBs3M ¢ 3THM MpojaoI-
JKUTEIBHOCTD TIOJIOBOJIbSI YBEIMUUBACTCS CO CTATHCTHUCCKU 3HAUUMbBIM
TPEHIOM IPAKTUYECKU Ha 6—8 JHEH B 3aBUCHUMOCTH OT pa3Mepa PeKH u
pacronokeHust BoA0cOOpa B 3aBUCUMOCTH OT mupoThl [[ocymapcTBeH-
HBIN oKJa..., 2010].

Takum 00pa3om, ObLIO ITOKA3aHO, YTO TMPOUCXOIAT U3MEHEHHSI YCIIO-
BUW (POPMUPOBAHUS TOJOBOTO CTOKA U €r0 PEKUMA B TIOCIIEIHUE TOJIBI,
COIMPOBOX/IAIOIINECS 3HAYUTEIBHBIM CHUKCHHUEM HEPaBHOMEPHOCTH
BHYTPHUTOJIOBOTO pacrpeieeHHsI, COKPAIIICHUEM JIOJIU CTOKA 32 MOJI0BO-
JIbe M YBEIIMYCHUEM MEKEHHOTO CTOKA.
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HYDROLOGICAL REGIME OF THE WESTERN WHITE SEA
BASIN LAKE-RIVER SYSTEMS

A. S. Bulavina
Murmansk Arctic State University
The White Sea is a unique natural object characterized by unique hydrographic,
hydrobiological and even tectonic features. The formation of the hydrological image
of the White Sea depends on many rivers having different river runoff. The hydro-

logical regime of such rivers is formed due to the combination of factors constantly
transformed through time. The research deals with the character of the changes.
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AHTPOIIOI'EHHOE 3BTPO®HUPOBAHUE
HA KYWBBIIIEBCKOM BOTOXPAHUJIMIIE IO/ BIUSIHUEM
W3MEHUYMBOCTH T'UJIPOJIOTMUECKHUX YCJIOBUI

E. B. Ilerpsixuna

Hncemumym sxonoeuu Bonocckozo 6accetina PAH, 2. Tonvammu

IlonHumaeTrca BOmpoc O 3aBHCHMOCTH IPOLECCA aHTPOINOTEHHOIO 3B-
TpO(UPOBAaHUS OT M3MEHEHUSI THIPOJIOTHUECKUX YCIoBHid Ha KyiObl-
LIEBCKOM BOJIOXpaHMiMLIe. B pesynbrare 0630pa JMTepaTypHbIX U M-
MUPUYECKUX JAHHBIX CJIENaH BBIBOJ O TOM, YTO U3MEHUHUBOCTH IT'HJIPOJIO-
THYECKUX YCIOBHUM (IIPOMCXOsIIas B OCHOBHOM I0J] BIMSIHUEM PETYIIH-
POBaHMS BOIHOTO CTOKA) B TOW WJIM MHOHM CTENCHM BIHMAET Ha aHTPOIO-
TeHHOE 3BTPO(GUPOBAHUE BOJOXPAHMUINIIA.

B kauecTBe OCHOBHOI TPUYMHBI aHTPOIIOTEHHOTO ABTPOPUPOBAHUS pac-
CMaTpHUBaeTCsl MPUBHOC OMOTEHHBIX AJIEMEHTOB B BOIHBIE 00BeKTHI [Poc-
commmo, 1975]. Ho nipu nccnenoBanun KyHOBIIIEBCKOTO BOIOXPAHIITHIIA
CIIeIlyeT YUUThIBaTh TOT (paKT, 4To pycio Bonru mpeBparieHo B 04eHb CIIOXK-
HyI0 TipuponHO-TexHrdeckyro cucteMy (IITC) ¢ ocobeHHBIM THApOTUHA-
MHYECKHM PEKAMOM. MHOTOJNETHSISI, CE30HHAsI, HeIeNbHAs U CyTOYHAS W3-
MEHYHMBOCThH THIPOJIOTHIECKUX YCIIOBHH, OTpesiessieMas B OCHOBHOM pe-
TYJIMPOBAaHMWEM BOJIHOTO CTOKA, OKA3bIBAeT, Ha HAIll B3NV, 3HAUUTEILHOE
BIIMSTHHE Ha TIPOIIECC SBTPO(HUPOBAHMS BOIOXPAHIIIHII. DTa THITOTe3a TOI-
TBEP)KIAETCS MHOTHIMH JIUTEPATYPHBIMH M AMITUPIYECKUMH JaHHBIMU.

PaccmoTpum 6oitee moapoOHO 0COOCHHOCTH THAPOINHAMHYECKOTO pe-
kuMma Ha KyiiObimeBckoM Bomoxpanwiniie. Bomoxpanuinie ocymect-
BJISIET OCHOBHOE peryaupoBaHue BonHOro ctoka Ha Cpenneid Bonre. Ha
BOJIOXPAHWIIAIIE PEATTU3yeTCsI CE30HHOE, HENIEIbHOE U CYTOYHOE PETYIH-
poBaHue.

MexaHHU3M CE30HHOTO W HEJENbHOTO PEryInpOBaHUs N300pakeH Ha
ruaporpade (puc. 1).

MaxkcumansHbIe 3HaU€HUSI PACXOJ0B NMPUXOJATCS Ha MEPHOJ BECEH-
HETO TOJIOBOABS. B ocTambHOE BpeMmsi (3UMHSISI W JIETHE-OCEHHSS Me-
JKeHb) THIPOJIOTHYECKUH pexuM (OpPMHUPYET HeAeTbHOE PETyIhpoBa-
HUE cToKa pekd. llpeamonaraercs, 94To HEMpaBUIBHOE CE30HHOE pery-
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JUPOBAHKUE B TEUCHUE 3UMHHUX MECSIEB MOXET MPHUBECTH K JIeHUITUTY
BOJIbI B IIEPHOJI JICTHE-OCEHHEH MEKEHHU U KaK CJICJCTBHE MHTCHCU(UKA-
1y 3BTpodupoBanus [Cenesnesa u np., 2014].
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Puc. 1. Ce30HHOE M HeleIbHOE PeryJiIMpoBaHHe BOJAHOI0 cToka Kn-
ryaeBckoii 'IC B 2002 r. (ruapojorudeckue JaHHbIE TPEI0CTaBICHbI
¢unmanom «Pycl'unpo» — XKurynesckas [9C)

Ecnn paccmarpuBaTh MEXaHU3M HEAEIBHOIO PETYIMPOBAHUSA, TO CY-
MIECTBYIOT CIIEAYIOIINE 0COOCHHOCTH: MUHUMAJbHbIE 3HAYCHUS Pacxo-
JI0B HaOJIONAIOTCS B BBIXOIHBIE THU, MakcuMasibHble — B OynHu. [lpu-
4eM aMIUTUTY/Ia KoJeOaHui BeTMUUHBI pacxonoB gocturaet 4000 m*/c u
Oosbiie (puc. 2).
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Puc. 2. XapakTepHoe koje0anue pacxonoB Boabl Ha 'IC B 3aBucH-
MOCTH OT AHsI Hegeau (uroib 1999 1)

Kak mokazann mabmonenus K. A. I'yceBoit u A. [I. Ilpuitmadenko,
pu HeOOIBIIIMX PacXo/iax CKOPOCTh TedeHns yMeHbIraercs 1o 0,05 m/c,
TOrJa Kak B OyIHM CKOPOCTh TeueHHs yBennuusaercs 1o 1 m/c. Cunese-
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JIeHbIe BOIOPOCIIH HE BBIACPKUBAIOT CKOpocTel TeueHus Boime 0,1 m/c
[['yceBa u mp., 1968]. Takum 00pa3oM, yMEHbLICHUE CKOPOCTH TEUCHUS
menee 0,1 m/c siBnsieTcst OMaronpusTHBIM YCIOBHEM JUISl TPOLIECCOB 3B-
TpodUpoBaHusl.

CornacHo «OcHOBHBIM TpaBuiiaMm...» [1983] BHyTpuHenensHOE pac-
npeneNieHne TOMyCKOB B HIDKHUHN Obed JKurymeBckoro ruzmpoysia moj-
YuHseTCsl TPeOOBaHHUSAM SHEPreTHUECKOW CHUCTEMBI. Pa3Mepsl MOMmycKoB
B HIDKHHUH Obed Bosrorpaackoro ruapoysna yCcTaHaBIHBAIOTCS B COOT-
BETCTBHHU C AWCIETYEPCKHUMH OTMETKaMHU HamosHeHusi KyHOblmeBckoro
BOJIOXPAHWIIMINA, TPUBOAUMBIMHU Ul XapaKTEpHBIX KaJeHIAPHBIX AaT
[OcHoBHBIE TpaBuia..., 1983]. B nokyMeHTe HUKaKk HE Y4YHUTBIBAaeTCs U
HE MIPOTHO3UPYETCS COCTOSIHUE BOJOXPAHMIINILA IPH JAHHOM PEKUME pe-
TYIUpoBaHus. MeXaHu3M CyTOYHOIO peryJaupoBaHMs TOKa3aH Ha puc. 3.

Pacxoz BOIBI

9500 w TIOTHHOMHATEHAs (PACXO BOIEL)
8500

6500 |

pacxoa Boabl, MY/¢

5500

4500 -
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
qac

Puc. 3. Cyrounoe peryaumpoBanue pacxogoB Ha I'9C 21.07.2015
(crmomrHas TUHUS — SMIUPUYECKHUE NaHHBIC, MYHKTHPHAS — alIpPOKCH-
MaIus JaHHBIX)

B HouHble yachl cyTOK U B BBIXOJHBIE THU Harpyska Ha ['OC muHu-
MaJIbHa, a B THEBHBIC M BEUEPHHUE YaChl OHA PE3KO YBEIMYMBAETCSI, TOPOM
JI0 MaKCUMaJIbHOM IPOEKTHOM MOILIHOCTH. BenencTBue 3Toro B TeueHne
CYTOK pacxof BoAs! uepe3 arperarsl JKurynesckoil '9C MoxKeT MEHAThCS
ot 9500 10 4000 M*/c [TuAPOMETEOPOTOTHUECKHIA PEKUM. .., 1978].

Kpome ce3oHHOI, HEENBHON U CyTOYHON M3MEHUYMBOCTU THJIPOJIO-
THYECKUX YCIOBHUH CYIIECTBYET U MEXKI0/]0Basi U3MEHYMBOCTb, KOTOpas
HE CBSI3aHa C MEXaHU3MOM PETYIMPOBAHUS BOJHOIO CTOKA, OJHAKO OKa-
3BIBACT ONpEJICIICHHOE BIMSHUE Ha Pa3BUTUE MPOLECCOB 3BTPOPHUPOBa-
HUSI HA BofoXpaHuiuiie (puc. 4).
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Puc. 4. MexrogoBasi H3MeHYHBOCTH PAcX0/10B BOJbI

Ha puc. 4 moka3zaHO U3MCHEHHME BEJIMYMHBI PACXOIOB 3a JITUTEIb-
HBIH iepuof] BpeMenu — 57 netT. Camble MaJoBOAgHBIC TOAbI — 1967, 1973,
1975, 1996. OpHako ecinu paccMaTpuBaTh BIMSTHAE MEKTOIOBON U3MEH-
YUBOCTH PACXOJIOB Ha IMPOIECC 3BTPO(GUPOBAHUS, TO OKAa3bIBACTCS, YTO
CpeIHerofoBas BEJIMYMHA PAcXo/a TUIOXO XapaKTepu3yeT HaIuuue Oma-
TONPUATHBIX YCJIOBHU I JAHHOTO mpoiiecca. Hampumep, eciu pac-
cMoTpeTh pacxozst 3a 2010 u 2011 rr., TO OHU TPAKTHIESCKU OJUHAKOBBI
(6187 u 6158 m*/c). Omnaxo u3BectHo, uro 2010 1., B oTmruue ot 2011,
OBLI SKCTPEMaJIbHO MaJIOBOAHBIM, U B aBTyCTe HAOIIOIAIaCh UHTCHCH-
(buKarus IpoIeccoB IBTPOGUPOBAHUSI.

Ecin aHanm3upoBaTh OCpPEIHEHHBIC PACXO/bI 32 TE€ MECSIIbI, Ha KO-
TOpBIC MPUXOJAUTCS BEreTaTUBHBINA MEPUOJ CHHE3EJICHBIX BOIOPOCIIEH
(u1071B, aBTYCT), TO MOKHO OTMETUTH HATMYUE OJarompUsTHBIX yCIOBUN
IUTs 3BTpOoUpoBanus (puc. 5).
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Puc. 5. I3MeHeHus! BeJHMYHHBI CPeIHEMECSIYHBIX PACX00B 32 aBIyCT
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Ha puc. 5 moxxHO Bbiienuth aBryct 1973, 1975 (3730 u 4970 m*/c) n
cambIii MasoBoaHbIH aBryct 2010 1. (2127 m¥/c). B aBrycre 2011 1. pac-
XOJT BOJIBI IOCTATOYHO BBICOK (5436 M%/¢).

B cBA3u ¢ HEOCTAaTOYHON M3y4YEHHOCTHIO BOIIPOCA, HEOJHO3HAYHO-
CTBIO MOJIXOJIOB pa3IMyHbIX aBTOPOB [[larenko, 2007], nosBunack HeOO-
XOIUMOCTb MPOBECTH IKCIEPUMEHT, 4TOOBI Oosiee MOAPOOHO H3YUHTh,
KakK IpoIecC HeEeIbHOIO peryarupoBaHus Bojsl B Bonre Biusier Ha 3B-
Tpoduposanue KyHObIeBCKOro BOZOXPaHUIHUILA.

DOKCIEepUMEHTAIbHOE HUCCIeOBaHHEe Mpo0 BOABl POBOIWIOCH
Ha CaparoBckoMm BopoxpaHwiuiie B 2 kM Huke JKurynesckoit I'OC.
Habnronenue B JaHHOW TOUYKE B OONBLICH CTEIEHU XapaKTEPU3yeT KO-
noruyeckoe coctosiare KyiOpimesckoro Bogoxpanunuina. Otéop npood
OCYILECTBIISICS B 0AHO 1 TO e BpeMs (12.00) ¢ 17 mo 27 urons 2015 &
B nanHOM cityyae 3KCIIEpUMEHT MPOBOAMJIICS MPU MPUMEPHO OJMHAKO-
BBIX METEOPOJIOTHYECKUX YCIOBUAX. IS onpeienennss MHTEHCUBHOCTH
NpOLEeCcCOB BTPO(UPOBAHUS ONMpPEAEsIach KOHIEHTPALHUS XI0poduI-
na a (puc. 6).
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Puc. 6. O0parHast ¢Bsi3b KOHIICHTPAUHH XJI10podu/LIa (CIUIOIIHAS JUHHAA) U
BeJIUYHMHBI PAcX010B BOAbI (IyHKTHPHAs JUHHSA) 32 niepuoz ¢ 17 no 27 uions
2015 r. OMNMpUYeCcKHe U ANNPOKCMMUPOBAHHbIE JaHHbIE)

W3 puc. 6 BUIHO, 4TO TIPU YMEHBIIEHHH PACX0Jia BOJBI KOHIICGHTPA-
st XJI0podHiia a MoBbIIaeTcs. TecHOTa CBS3H OIICHUBAJIACH BEITHYH-
HOM K02 dHUITHEHTA KOPPEIIAINHN, KOTOPBIH paBeH —0,62, 9TO XapaKTepH-
3yeT 00paTHYIO CBSI3b KOHIICHTPAIMU XJIOPOPHIUIA @ ¥ BEJIMIHHBI pac-
X0J1a BOJIBL.
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IIpoGHbIe pe3ynbraThl aHaM3a pexxuma peryaupoanus [DOC u nu-
HAMUKHU XJIOPOPWILIA @ TIOKAa3bIBAIOT, YTO CBSI3b MEKIY HEACIbHBIM pe-
TyJUPOBAaHUEM CTOKa U «LBETEHHWEM» BOJbI CYIIECTBYET, HO KOJIMYE-
CTBEHHBIN MMOKa3aTesb HYKJA€TCsl B YTOUHEHUH B CBSI3U C HEJOCTATOY-
HOW JUIMHOW psijia HAOTFOCHUIA.

AHanu3upys TUTEpaTypHbIC U SMIUPUYECKUE JAaHHBIC, MOXKHO CJIe-
JIaTh BBIBOJ O TOM, YTO U3MEHUYMBOCTH THJIPOJIOTHYECKUX YCIOBHUMI OKa-
3BIBACT 3HAYUTEIHLHOC BIUSHUE HA aHTPOIIOTEHHOE IBTPOPUPOBAHHEC HA
KyliOBIIIeBCKOM BOIOXPAHUIIHIIIE.
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ANTHROPOGENIC EUTROPHICATION AT THE KUIBYSHEV
RESERVOIR UNDER THE INFLUENCE OF THE VARIABILITY
OF HYDROLOGICAL CONDITIONS

E. V. Petryahina
Institute of Ecology of Volga Basin, RAS, Togliatti

The paper deals with the dependence of the process of anthropogenic eutrophi-
cation from the changes in hydrological conditions at the Kuibyshev reservoir.
A carried out literature review and the review of empirical data allowed making
a conclusion that the variability of hydrological conditions (mainly caused by
the water regulation) affects the anthropogenic eutrophication of the reservoir
in a varying degree.



TTANEOAUMHONOTUS.
AOHHBIE OTAOXKEHUS

PALAEORECONSTRUCTION OF LATE WEICHSELIAN
PROGLACIAL LAKES IN NORTHWESTERN RUSSIA
AND NORTHERN BELARUS

A. Gorlach" %, T. Hang', V. Kalm'

! Institute of Ecology and Earth Science, University of Tartu
? Northern Water Problems Institute KarRC of RAS

Late Weichselian proglacial lakes in southeastern flank of Scandinavian
Ice Sheet (SIS) have been reconstructed by using GIS. Modelling
approach considers high-resolution DEM, most detailed and latest studies
of SIS extent and chronology, glacioisostatic adjustment and it’s results
compared with the previous paleoreconstructions. Despite the sensitivity
of modelled meltwater reservoirs against various factors, characteristics
of major proglacial lakes are determined and well consistent with
previous investigations.

At southeastern flank of the Late Weichselian Scandinavian Ice Sheet
(SIS) topographical conditions predestined the formation of vast melt-
water bodies dammed by ice margin. Reconstructing ice lake histories in
that area has considerable importance for understanding deglacial melt-
water budget, the role of meltwater reservoirs on regional melting rate
and sedimentation processes and in general the contribution of ice sheets
to the sea-level rise in response to past climate warming.
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Glacier pressure on underlying rocks resulted in significant
glacioisostatic adjustment, which certainly displayed an important role
in the development of glacial lakes during deglaciation. To simulate
the glacioisostatic tilting our modelling approach used a simplified and
extrapolated geophysical model from Lambeck and Purcell [2003] as this
model has shown good results in areas with poor geological or geodetic
data and coincides well with the local tilting estimations made in the
study area [demunos, 2006; Rosentau et al., 2007].

The study area covers northwestern Russia and northern Belarus
where active ice streams of Karelian ice stream complex [Boulton et
al., 2001; Kalm, 2012] and a smaller Peipsi ice stream operated during
the Late Weichselian time (Fig. 1). We restricted the modelling area
considering the mapped ice limits to be isochronous. Proglacial ice-lake
configuration and bathymetry was modelled for 7 time slices between
19.0 and 13.8 ka BP.

32°E _ 36°E
Tpetrozavads A

Ladoga

Fig. 1. Ice marginal
positions of the last SIS
in study area [Kalm,
2012] and it’s chronology
[Stroeven et al., 2015]

Ice streams and their complexes
according nomenclature from
Boulton et al. 2001: Vortsjarv
ice stream (V); Peipsi—Pskovice
stream (D); Karelian ice stream
complex (E) with Ladoga—
[lmen-Lovat’ ice st stream (F)
and Lubana (F1), Velikaja (F2),
Kunja (F3) and Msta (F4) sub-
ice-streams; Onega (G1) ice
stream. Boundaries of selected
ice streams marked by dashed
lines. Names of major uplands
shown as underlined text




Characteristics of large (>1000 km?) proglacial lakes at southeastern flank
of Scandinavian Ice Sheet 19-13.8 ka BP. Location of lakes see Fig. 2

Threshold Range. of
. shoreline | Runoff
No Name Surface | Volume, | Mean altitude altitude | into sea
area, km?| km® |depth, m| on current .
topography on current | basin
topography
1 [Cna 1367 29 22 224 224-250 | Caspian
o | Upper 2259 | 23 10 236 230-248 | Caspian
Daugava
Al 3 |Orshat 3777 52 14 197 189-202 | Black
Dorogobuzh
4 |Upper-Viliya] 4182 79 19 183 164-206 Black
Total 12 725 197 16
B 5 |Polotsk 18 280 450 25 183 142-198 Baltic
Total 20 160 464 23
6 | Tihkvinka 1173 32 27 170 170-189 | Caspian
7 | Msta 1862 38 21 159 147-214 | Caspian
C| 8 |[Nevel 2299 41 18 189 152-195 Baltic
9 |Polotsk 12 660 169 13 155 122-176 Baltic
Total 19 331 313 16
10 | Svir 11 220 714 64 154 151-211 Baltic
D 11 | Msta 1175 31 26 131 113-131 Baltic
12 | Sorot 2594 30 12 104 86107 Baltic
Total 16718 799 48
13 | Svir 3181 174 55 120 115-139 Baltic
E | 14 | Privalday 46 880 | 1825 39 104 74-125 Baltic
Total 50 061 1999 40
15 | Svir 3181 174 55 120 115-139 Baltic
F | 16 | Privalday 30030 845 28 95 57-97 Baltic
Total 33211 1022 31
17 | Svir 3181 174 55 120 115-139 Baltic
G | 18 | Privalday 18 700 340 18 75 37-77 Baltic
Total 22 632 521 23
19 | Svir 3178 174 55 120 115-138 Baltic
H 20 | Novgorod 13 900 223 16 57 35-73 Baltic
21 | Peipsi 6427 143 22 78 54-92 Baltic
Total 24319 548 23
22 | South Onega| 6852 191 28 79 51-86 Baltic
I 23 | Ramsay 19 259 370 19 69 33-100 Baltic
24 | Peipsi 3518 50 14 35 2448 Baltic
Total 22777 420 19

Note. “Total” mean sum of surface area and water volume for all the potential proglacial
lakes determined during the modelling. Total mean depth calculated as ratio between
total surface area and total volume.

166



Topography at the time being modelled was reconstructed using GIS
techniques, where the interpolated surfaces indicating glacioisostatic
tilting were removed from the Shuttle Radar Topography Mission
(SRTM) and from GTOPO30 data. Relative spatial resolution (~30 m
for SRTM and ~900 m for GTOPO30) of the digital elevation model
(DEM) proved to be reasonable for mapping critical thresholds in
order to determine negative landforms, which could potentially hold a
glacial lake. We did not consider the impact of erosion and deposition
synchronously or subsequent to the time being modelled.

Where possible the lake ID follows Kvasov (1975) otherwise local ge-
ographical names have been used. In sum, our modelling results (Fig. 2;
Table) are consistent with previous ice-lake reconstructions [KBacos,
1975; Pavlovskaya, 1999; Rosentau et al., 2004; Jlemunos, 2004, 2005,
2006; Kapmyxuna, 2013] in the study area.

Modelling shows that the total ice lake volume in the study area was
lowest (300 km®) during the LGM when a series of small scale ice-lakes
was drained off the outermost glacial limit towards the basins of the Black
and the Caspian Seas (Fig. 2, A). Computed ice lake area and volume of ca
51000 km? and ca 2000 km’, respectively, was the biggest during the high
stand (110 m) of the Privalday Lake (Fig. 2, E). But it should be mentioned
that given characteristics rather underestimate the real lateral dimensions
and volume of ice lakes as the modeling was based on mapping critical
thresholds and filling the depressions potentially being able to hold melt-
water bodies and no erosion at the thresholds was considered.

Our modeling approach supports the conclusion about somewhat
earlier existence of Polotsk Ice Lake maximum phase in northern Belarus
and westward rerouting of glacier meltwater already around 17.5 ka BP
which is some 1.5 ka earlier than hitherto supposed.

Ensuing the LGM gradual degradation of the glacier released the low-
lands and promote the formation of ice-dammed lakes there. Inconsistent
opening of lower located thresholds in cases led to rapid decrease of lake
levels and discharge of huge volumes of meltwater. This was the reason
of intense erosion of drainage channels and the subsequent reduction of
the lake levels. Most prominent example of it is Privalday Ice Lake —
the biggest proglacial lake which existed in the study area (Fig. 2, E).
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Fig. 2. Time slice reconstruction of large (>1000 km?) proglacial
lakes at southeastern flank of Scandinavian Ice Sheet 19-13.8 ka BP.
Numbers indicate the lake in Table; lake characteristics shown in Table;

arrows indicate the drainage direction
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At 14.6-14.4 ka BP Privalday Lake drained to the west towards the early
Baltic Ice Lake (BIL). Released ca 1500 km?® of water roughly estimates
about 20 % of early BIL water volume. Such an amount of additional water
was likely to have drained through the Oresund threshold area between
BIL and the sea and as that was a part of the SIS meltwater contribution to
the corresponding Meltwater Pulse (MWP) 1A event.

Range of calculated ice recession rate in the study area is changing between
40 and 220 m/yr correlating well with earlier calculations [Boulton et al., 2001;
Lunkka et al., 2001; Lasberg, Kalm, 2013; Stroeven et al., 2015]. The lowest
ice recession rate as well as the rate of areal loss of the glacier correlate well
with the Heinrich Stadial 1 (HS1) cold event at around 17.5—-16 ka BP and the
max recession rate largely correlates with the onset of Bolling (GI 1e) warm-
ing. But caution must be exercised while drawing further correlations with
climate fluctuations because of destructive role of vast ice lakes as was dem-
onstrated by locally highly variegating rate of ice recession.

Multiple factors differently affected GIS-based palacoreconstructions.
Thus currently used glacioisostatic tilting effect shows insignificant chang-
es in lake parameters compared to modelling with horizontal water table.
At the same time our modeling approach demonstrates to be very sensi-
tive to the (local) ice margin location as small changes in its configura-
tion could open or close the critical drainage thresholds. It is difficult to
estimate the uncertainties in ice margin locations as reconstructions are
based on a range of geomorphological and chronological data with highly
different characteristics and potential errors. Another important factor is
simplification of glacier degradation process by considering ice limits as
time synchronous and by focusing on limits of active glacier and neglect-
ing the areas of dead ice distribution. Glacier retreat chronology and espe-
cially synchronicity of behaviour between different ice tongues could have
impact on order of transformation of fluvial network and related processes.

Overall, the modelling of deglacial events and palacohydrology of SIS has
been demonstrated to work on large reservoirs while the existence and dimen-
sions of smaller meltwater bodies need further local and regional studies.

Financial support for this investigation was received from ESF DoRa
Programme, Estonian Science Foundation Grant 9107 and Russian Science
Foundation Grant 14-07-00766.
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XOJIOJAHBIE 31IU301bl PAHHEI'O I'OJIOLIEHA
B CEBEPHOM EBPOIIE: AHAJIW3 SMITMPUYECKHAX
JAHHBIX U BO3SMOKHBIX ITPUYNH

N. U. bop3enkosal, O. K. bopucona?,
E. JI. Kuaenosa', T. B. Caneiko’

! Tocyoapemeennviil 2uOpPOLOUYECKUTL UHCTRUNTYM
2 Unemumym 2eoepagpuu PAH
3 Unemumym ozeposedenus PAH

[porecc menisnuanuy XxapakTepru30Baics HECTAOUIBHOCTBIO TII00aITh-
HOTO ¥ PETMOHAJILHOTO KJIMMaTa, Korja Ha (POHE MOJI0KUTEILHOTO TPEH-
Jla TeMIIepaTypbl OBICTPBIC U OTHOCUTEIBHO KPAaTKOBPEMEHHBIE TTOXO0JI0-
JlaHus yepenoBaiuck ¢ noremieHumsiMu. Mexay 14 000 u 8000 net Hazan
oTMe4aeTcsl 10 14 XOJOJHBIX SMU30/I0B Pa3IUYHON MPOIOIKUTEIBHO-
CTH Y aMILTUTY/IbI. XOJIOHBIC MU30/1bI B PAHHEM T'OJIOIICHE JTaTUPYHOTCSI
BpeMeHeM okoio 10,2, 9,2 u 8,2 Teic. Kanuop. JeT Ha3a; TOCISAHIE 1Ba
HauOoJiee 00eCIICYCHBI AIMITUPUUECKUMU JaHHBIMU. [ eHE3UC ITUX MOXO0-
JIOJIAHUY CBSI3aH C UHBEKIMSIMH MTPECHON BOjbI B CeBepHYIO ATIaHTHU-
Ky B pe3yabrare TasgHus JlaBpeHTHiickoro jgegHukoBoro mura. I1ogo6-
HBIC TIPOIIECCHI BO3MOKHBI H B COBPEMEHHYO 310Xy M3-32 OBICTPOrO CO-
KpalleHUs TUIOIIAIH MOPCKHX JIbJIOB B APKTHKE U YBEITUUCHHUS 0CAJIKOB
B OTBET Ha COBPEMEHHOE MOTEIUICHHUE.

AHann3 KOCBEHHBIX MAJICOKIIMMATHYECKUX JaHHBIX CBHJIETEIILCTBYET
0 TOM, YTO YBEJIMUYEHHUE B MPUXOJIC JISTHEW CONHEUHOW pajiualliil B paH-
HEM TOJIOLIEHE HanOoJee OTUETIMBO MPOSBUIOCH B OBICTPOM MOTEILIe-
HUU KIIMMaTa B BBICOKUX IUPOTaX. ITO OBLIO CBA3aHO KaK C yBeIHYe-
HUEM JTHEBHBIX CYMM COJTHEYHOH pajiialliy 3a CYET aCTPOHOMHYECKUX
(hakTOpOB, TaK U C YBEIHMYCHHEM IPOIOHKUTEIIPHOCTH COTHEUHOTO CHSI-
HUS B BBICOKUX IIMPOTAX U3-32 MOJSPHOTO JTHS.

B pesynbrare 3THX TpOIECCOB KOJIMYECTBO COTHEUHOW pajualiui,
MOJy4aeMOe BRICOKMMH IIUPOTaMH B Hadaje rojoneHa, oputo Ha 7—-10 %
0O0JIBIIIE TI0 CPAaBHEHHIO C CYMMaMH paJiialiui B HacTosiee Bpems. [1o-
BEIIIIEHUE TEMIIEpPaTyphl BO3IyXa MPHUBEJIO K yCHIICHHIO TIpoliecca pacra-
Jla OOIIMPHBIX JISTHUKOBBIX IIOKPOBOB, TIPEXKJIE BCEro, JIaBpeHTHHCKOTO
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IIKUTa, B pe3yibrare 4yero B CeBepHy0 ATIaHTUKY MTOCTYHAIO OIPOMHOE
KOJIMUECTBO TaJIOH BOABI. bosiee jierkast mpecHas Bojia OKa3bIBaeT BIUS-
HUE KaK Ha MPOIECCHI IePEMEIINBAHUS B TIOBEPXHOCTHOM CIIO€ OKEaHa,
TaK ¥ Ha IPOIECChl (JOPMHUPOBAHUS IIPOMEKYTOUHBIX U TITYOUHHBIX BOJI.
B otBer Ha 3TM M3MeHeHUs, Ha (OHE OOIIETO MOJOKHUTEIHLHOIO TPEH-
Jla TI00AJIbHOM M PErHOHAIBHBIX TEMIIEPATyp, OTMEUAIHUCh MTOX0JI0/1a-
HUS1, K&KI0E U3 KOTOPBIX OBLIO CBS3aHO C MOCTYILICHUEM OTIPEICTICHHO-
ro o0ObeMa MPEeCHOM BOJbI B ATIIaHTHKY. HEeKOTOpbIe nCCiie10BaTeNn BbI-
JEJSIOT 10 14 XOJOAHBIX MU30J0B B MPOMEXKYTKE MKy 14 u 8 ThIC.
net Hazan [Fleitmann et al., 2008]. [lo MHeHMIO MHOTHX HCClIenOBaTe-
JIeH, MEXaHHU3M 3TUX KPATKOBPEMEHHBIX TTOXOJIOJIaHHI CBsI3aH C HApYIIIe-
HUEM TEPMOXAIMHHON IUpKyJsiiun B CeBepHOU ATIaHTUKE M3-3a I10-
CTYIUICHHUSI TIPECHOM BOJIbI B PE3yJIbTATe TasHUS KOHTUHEHTAIBHBIX Jie-
JsHBIX uTOB B CeBepHO AMmepuke u EBpore.

B mocnennee BpeMst MoJeNibepbl 0OOpAaTHIIM BHUMAHHE HA U3ydYeHUE
3TOr0 MEXaHW3Ma M Ha OCHOBE AMITMPUYECKHUX MAJICOKIMMATHUYECKHX
JAHHBIX TPEANPUHSIIA Psifl TOMBITOK MOJEIHPOBAHUS MOMOOHBIX MPO-
neccos. Llens 3THX Mccneqo0BaHU — OLIEHUTh BO3MOXKHOCThH MOBTOpE-
HUS TIOJIOOHBIX CIICHAPUEB B OYyIIeM H3-32 OBICTPOTO TastHUSI MOPCKUX
JIBJIOB B APKTHKE U YCUJICHUS TUAPOIOTUIECKOTO IIUKIIA B BBICOKUX 11U~
poTax B pe3yJabTaTe COBPEMEHHOM TEIJIOW aHOMAJIMH ITI00AJIBHOTO KIIH-
Mmara [Stouffer et al., 2006; Carlson et al., 2009; Aaucumos u ap., 2015;
Bbopsenkosa, 2016].

AHaIN3 IMOUPUYECKUX JAHHBIX. Pa3BUTHE HM30TOMHBIX METOOB
MPUMEHUTENILHO K JISASHBIM KepHaM, CTajlarMuTaM, kapOoHaTam o3ep-
HBIX OTJIOXKCHHUU M JPYTUX HE3aBHCHUMBIX METOJOB MPHUMEHHUTEIBHO K
MOPCKHM OCaJIKaM M COCTaBy PaCTHTEIBHOCTH, OTPAYKEHHOMY B IbLIb-
LEBBIX CIEKTPax, MO3BOJIMIO MOJYYUTh HE3aBUCHUMBbIE IMAJICOKIUMATH-
YECKUE 3allUCH C BPEMEHHBIM pa3pelicHHEM B TEPBBIC JICCATKH JICT.
OTHOCHUTEIPHO TOYHO XOJIOJHBIE U TEIUIbIC SIU30JlbI PAHHETO ToJole-
Ha JaTUpOBaHbl B [ PEHJIAHICKUX KepHAX, B3STHIX M3 Pa3HBIX PaliOHOB
I'pernannckoro sneasHoro muTta [Kobashi et al., 2007; Rasmussen et al.,
2014]. D10 Mo3BOJINIO BOCCTAHOBUTH BPEMEHHYIO KAPTUHY KIMMaTH4e-
CKUX COOBITUH PaHHETO TOJIOIICHA, UCIIONb3Ysl JIETAIBHY XPOHOIOTHIO
I'pennanackux kepuoB GRIP, GISP2, NGRIP, ocHOoBaHHYI0 B TOM 4HCIIe
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U Ha MOJICYETE TOAUYHBIX CJIOEB JIbJa. XOJIOIHBIC SMU30/bI, JaTHPyEeMble
B KaJleHJapHbIX rogax okoso 8200 u 9300 (9200) ner Ha3zan, AeTAIBHO
uccliefioBaHbl B padborax [Alley, Agﬁstsd(')ttir, 2001; Veski et al., 2004;
Rohling, Palike, 2005; Kobashi et al., 2007; Seppé et al., 2007, Fleit-
mann et al., 2008; Morrill et al., 2013; Rasmussen et al., 2014; Borzen-
kova et al., 2015].

B aTux ke paboTax BBIICJICH €IIe OJMH XOJOJIHBIN 3IU30/, C AaTH-
poBkoii okono 11 400 kaneHnapHbBIX JIET Ha3aJl, KOTOPBIH MOXHO COIO-
CTaBUThH C U3BECTHOH YK€ paHee U3 aHaJu3a 03€PHBIX U KOHTUHEHTAJIb-
HBIX OTJIOKEHHUH X0JIOTHOH npebopeanbHoii ociuurinuei [Hoek, 2010].
IIpomomKuTeNbHOCTh STOM XOJIOAHOW OCHWJUISALIMM COCTaBISET OKOJIO
100—150 niet, 4To ONM3KO K MPOJOIDKUTEIBLHOCTU JBYX IOCIEITYFOIIAX
XOJIOJTHBIX 3MU30/10B, 0koj10 9300 (9200) u 8200 et Hazaxn. Koner npe-
0opeabHOrO MOXONOJaHUs AaTHpyeTcs BpeMeHeM okojio 11 320 xanen-
JIAPHBIX JIET Ha3aj, KOTJa TeMIlepaTypa BO3/1yXa B BRICOKUX IIUPOTaX B
TEUYCHHUE HECKOJIbKUX JiecaTuieTuit yeennumiach Ha 4 + 1,5 °C [Grachey,
Severinghaus, 2005].

TTocnenyromiee moxonogaHue paHHETO TOJIOIEHA MO JaHHBIM [ peH-
nanzackux kepHoB DYE 3, GRIP u NGRIP garupyercs Bpemenem 9,2 +
0,06 TeIcstd et Hazax (mo oTHoweHuIo K 1950 AD) B coBpeMeHHO# Bpe-
menHoU 1mkane GICCOS [Vinther et al., 2006]. 3To moxononaHue, BHISB-
JIEHHOE [0 MOPCKUM KepHaMm u3 CeBepHOU ATIAHTHUKH, IO U30TOMHBIM
JTAHHBIM M3 TICHIEPHBIX CIEICOTEM M KapOOHATOB O3EPHBIX OTIOKECHUH
U 1O CTIOPOBO-IBUIBLEBHIM TUATPaMMaM U3 Pa3HbIX PallOHOB CEBEPHOMU
EBporbl, CBUAETENBCTBYET O TOM, UTO Ha TEPPUTOPHUH, MPUIIETAIOIICH K
CeBepHOll ATIaHTHKE, CHUYKEHUE CPEAHUX TOIOBBIX TEMIIEPATyp BO3IY-
xa cocTaBisuio He MeHee 1-2 °C, a Ha ceBepe Kanazawl nocturano 3 °C
[Axford et al., 2006].

HaunGonee monHO HE3aBUCHMOU MalICOKIMMATUYCCKON WH(popMa-
1yel, BKIIOYas M KOJWYCCTBEHHBIC OIICHKH, 00ECIeYeH IOCIeIHNI
XOJIOHBIA 3MHU301 paHHero rojoueHa [von Grafenstein et al., 1998;
Alley, Agl’lstsd()ttir, 2001; Veski et al., 2004; Zillén, Snowball, 2009;
Snowball et al., 2010; Morrill et al., 2013; Borzenkova et al., 2015].
Ilo nanneiM I'penmanackoro kepHa NGRIP nawanmo mocneanero mo-
XoNloAaHusl paHHero rojonena patupyercs 8300+10/—40 ner nHazag,
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koHel — 8140+50/-10 ner Ha3ax ¢ MaKCUMAaIbHON OIIMOKONU B 45 ner.
Jannbie, nomydeHHble B paMkax Oypenus ['pennannckoro mura (GISP2)
C BPEMEHHBIM pa3perieHueM okoso 10 jeT, mo3BOJIMINd BIEpPBHIE yCTa-
HOBUTH CIOKHYIO CTPYKTYPY 3TOro noxonoaanus. [IpogomkuTensHOCTh
BCETO XOJIOAHOTO COOBITHS cOCTaBISIET okoo 160,5 + 5,5 roga, camoit
XO0JO0AHOU ero yactu — 69 £ 2 romga. OHa pa3aenser Ba OTHOCUTEINb-
HO YMEPEHHBIX 10 TeMIEPaType COOBITHS, JaTUPYEMbIE IO U30TOITHBIM
JaHHBIM OKoJ10 8,22 1 8,16 ThIC. et Hazax [Kobashi et al., 2007]. Ha ce-
Bepe llIBenuu u OUHISHINKA CHI)KEHUE JICTHUX TEMIIEpaTyp BO3TyXa
BO BpEMs ATOTO MOXOioaaHusi cocrapisuio He MeHee 1-2 °C [Rohling,
Palike, 2005; Seppa et al., 2007, 2008; Heikkild, Seppd, 2010; Snowball
et al., 2010; Borzenkova et al., 2015].

Benuunna cHUKEHUS TeMIepaTypbl YMEHBLIACTCS 110 Mepe MPOJBU-
JKeHHsI BITyOb MaTepHKa Ha BOCTOK, U Ha ceBepo-3amnajie Poccuu orme-
YaFTCSI TOJIBKO CJI/IbI HEOOIBIIIOTO MOHIKEHISI TEMIIEPATyPhI, B OCHOB-
HOM I10 JAaHHBIM CIIOPOBO-TIBUIBIICBOTO aHATU3A.

Takum 00pa3oM, MOKHO OTMETHTb, UTO BCE TPH TIOXOJIOJAHHS PaHHE-
'O TOJIOIIeHA OBLITN HanOOoJIee OTYCTIINBO BhIpaKeHbl B CeBepHOM ATiaH-
THKE U MpUIIeraroIux K Heil paitonax CeepHoil EBpomnbl. OnHako, He-
COMHEHHO, 3TH MOXOJOJaHUSI UMENIH OTKJIMK U B IPYTUX palloHax, HaXo-
JSALIUXCSA CPaBHUTENBHO Aaneko oT CeBepHoit ATnanTuku. OTMeueHO,
YTO BO BPEMsl BCEX TPEX IOXOJOAaHUN MMEJIO0 MECTO OclalleHue Myc-
COHHOM IUPKYJSIUK B TPOIMTUYESCKUX U CYyOTPOMUYESCKUX HMIUPOTAX, YTO
MIPHUBEJIO K 3HAYUTEIHLHOMY CHIDKCHHIO OCAJIKOB B 3TUX parioHax [Axford
et al., 2006; Fleitmann et al., 2008; Morrill et al., 2013].

Bo3MoxkHble MeXaHU3MBbI NOXO0JIOAAHUI paHHero rojgoueHa. Ilo
MHEHHIO OOJBIIMHCTBA MCCIIEAO0BATENeH, OXOMOaH s PAHHETO TOJIO-
1eHa ObutM 00YCJIOBICHBI U3MEHCHHUSIMH LIUPKYJISIAN TTOBEPXHOCTHBIX
U D1yOuHHBIX Boi CeBepHOU ATIIAaHTHUKHU B OTBET Ha MOCTYILUICHHUE Mpe-
CHOIl BOJBI B OKEaH B IMPOIIECCE PACMala U TASHUS KOHTUHEHTAJIbHBIX
JIEHUKOBBIX MUTOB. B cepenune 80-x rr. mpomuioro cronetusi bpoe-
kep u coaBTophl [Broecker et al., 1985], a mo3nuee Knapk ¢ xomnera-
mu [Clark et al., 2001] npenmnonoxuiu, 4To ONPECHEHUE BEPXHETO CIIOSI
OKE€aHa HE TOJIbKO HApyIIaeT MUPKYIISIUIO B TOBEPXHOCTHOM CJIO€, HO U
OKa3bIBaCT BIUSHHE HA MPOIecC (OPMHUPOBAHUS IIIyOUHHBIX BOA U TEM
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CaMbIM BIHSIET HA HHTEHCUBHOCTD U TIOJIOKEHNUE CAMOTO aTIaHTHYECKO-
IO «KOHBEHepay.

B pesynbrare pacnana JlaBpenTtuiickoro muta B CeBepHy0 ATIaHTH-
Ky MOIVIO TIOCTymnarh okoio 2-10' M? mpecHoii Boabl 3a IEPHOIBI MEHEe
100 net, 4TO, HECOMHEHHO, JOJDKHO OBLJIO OKa3aTh BIMSHHUE U HA MPO-
necc GOpMUPOBAHUS MOPCKUX JIbAOB, CYIIECTBEHHO U3MEHSISI CPOKU UX
o0pa3oBaHus B OCEHHUI IEPHOJ U TasiHUs B BeceHHuit [Marotzke, 2000;
Clarke et al., 2004]. bonee mUTENBHBIA TIEPUO C MOPCKHM JIHJIOM, UME-
10IMM 0OoJiee BBICOKOE allbOea0 MOBEPXHOCTH, B CHIy 0OpaTHON CBS3H
(feedback) BbI3BIBAaCT AOMOIHUTEIBHOE TIOXOIOJAHNE U YCUIIMBACT yXKe
cymectBytomiee [ Ganopolski, Rahmstorf, 2001].

Oxorno 8,47 + 0,3 TbIC. IeT Ha3a B pe3yJbTare CIycKa NIALNaTbHbBIX
03ep Araccus 1 OmxuoBdi B CeBepHYI0 ATIaHTHKY MOCTYIHIO OKOJIO
163 000 xm* mpecHoii Boasl [Fleitmann et al., 2008], uto sBUIOCH TIpH-
YMHOW Havaja MOXOJOAaHUs B pailoHaX, HEMOCPEACTBEHHO MPUJIETal0-
mmx Kk CeBepHON ATIaHTHKeE.

MoskHO monararb, YTO ONpPECHEHHE BEpXHeEro ciios Bonsl B CeBep-
HOU ATnaHTHKe HOPMHUPYET MPOLECCHI, MPUBOAAIINE K OCIA0ICHUIO WITH
JaKe BBIKIIOYCHUIO «KOHBeHepa», H, Ha000pOT, BOCCTAaHOBJIEHUE HOP-
MaJIbHOH COJICHOCTH B BEPXHEM CIIO€ OKeaHa MPHUBOJUT K BO30OHOB-
JICHUIO TEPMOXAJMHHOW LUPKYISMA M BKIIOYEHHUIO aTIaHTHYECKOTO
«xouseiiepay [Alley, Aqustsdottir, 2001].

Bce xomonnbple 3MM301bl MO3THENETHUKOBBSI U PAHHETO TOJIOLEHA
UMEIOT OJIM3KYIO 10 BPEMEHH MPOAOIKUTEIBHOCTD, 0Koto 100-200 ner,
XOTsl MPOCTPAHCTBEHHAsI CTPYKTYpa U aMIUTUTYAA 3TUX XOJOTHBIX JIIHU-
30[10B OTJIMYAETCSl B KAXKIOM OTAEIBHOM Cllydyae, 4To, IO-BHIMMOMY,
OTPENENsUIOCh KOMTUYECTBOM NPECHON BOJBI, MOCTYIMAIOMIEH B OKEaH.
AKTUBH3aLHUs TO0ATBHOTO THAPOJIOTHYECKOTO IIUKIIA, 00yCIOBICHHAs
YBEJIMYEHHEM OCAJKOB B BBICOKHX LIMPOTaX B OTBET Ha IIOOaIbHOE TO-
TeIICHHE KJIMMaTa, MOTJIa OKa3aTh HEKOTOPOE BIUSHHUE HA TEPMHUECKUHI
PEKUM paHHEro rojioleHa. Takue U3MEHEHUS! B THIPOJIOTHIECKOM L~
KJIE MOIJIM BBI3BaTh OINPEEIICHHbIC HAPYIICHHS TEPMOXAINHHON LIUPKY-
JSIIMU B OKeaHe, HO ObUIM HECTIOCOOHBI MPUBECTH K 3aMETHBIM MOX0JI0-
JaHMSM M3-32 CPAaBHHUTEJILHO HEOONBIINX 00BEMOB MPECHOW BOJBI, TO-
crynaronux B okeaH [Clark et al., 2001, 2004].
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COOL EPISODES OF THE EARLY HOLOCENE IN THE NORTHERN
EUROPE: EMPIRICAL DATA AND POSSIBILE CAUSES

L. 1. Borzenkova', O. K. Borisova?, E. L. Zhiltsova!, T. V. Sapelko®
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2 Institute of Geography RAS

3 Institute of Limnology RAS
The deglaciation process was characterized by the instability of the global and re-
gional climate, when rapid and relatively short-term temperature drops alternated
with warming episodes occurred against the background of the positive trend of
temperature. About 14 cold episodes were revealed between 14,000 and 8,000
calibrated years ago. Cold episodes of the Early Holocene occurred about 10.2,
9.2 and 8.2 thousand years ago, and the latter two are better documented by proxy
data. The genesis of these cool episodes is connected with the fluxes of melt water
into the North Atlantic caused by the Laurentide ice sheet melting. At present, the
similar processes are possible due to a rapid shrinking of the Arctic sea ice cover
and an increase of the precipitation in response to the recent global warming.

KAPTUPOBAHUE TPAHCTPECCHUBHBIX CTAIUI
T'OJIOIIEHA CEBEPO-3AITATHOM YACTH
JAZTOKCKOI'O O3EPA

A. B. Tepexos'?, T. B. Canejko'

! Unemumym ozepoeedenuss PAH, Canxm-Ilemep6ype
2 Canxm-Ilemepoypeckuil 20cy0apcmeeHHblil YHUGePCUmen

IIpennpuHsTa NONBITKA KAPTUPOBAHUS TPAHCTPECCUBHBIX cTaauil Jla-
JIO’)KCKOTO 03€pa B TOJIOLIEHE 10 AAHHBIM KOMIUIEKCHOTO AaHAJIM3a Ma-
TbIX 03ep. Ha manHOM 3Tare paboT ModydeHbl KapThl U JBYX KpYII-
HBIX OCTpOBOB — Banaam u I[lyTcaapu, a Takxe TEppUTOPUI HA CEBEPO-
3anasHoM robepeskbe Jlamokekoro o3epa. B pesynbrare aHamm3a HOBBIX
JAHHBIX ITOCTPOEHA CEPUS MaIeoreorpapuuecKux KapT, MOKA3bIBAIOIIHX
xox Jlagoxckol Tpancrpeccuu. Kaprel usmeHeHnuil ypoBHs Jlagoxkckoro
03epa ¢ Y4eTOM NIALMOU30CTaTUYECKOrO MOAHATUS pacCMaTpUBAEMON
TEPPUTOPHH MTOCTPOEHHI B pe3yabrare Monenuposanus B ' UC-cpene.
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HauGonee KxoppekTHbIe PEKOHCTPYKUMH HcTOpuH Jlamorn oObIMHO
MIPOBOJIAT 10 JOHHBIM OTJIOXKEHHUSIM MaJIbIX 03€p, KOTOpPhIE Ha pa3HbIX 3Ta-
Max CBOETO Pa3BUTHS SBJISUIUCH YacThio JIagoikcKkoro o3zepa. DTarsl pa3Bu-
THUSI COBPEMEHHOT0 JIa105KCKOT0 03epa HEMOCPEACTBEHHO CBSI3aHbI C HCTO-
pueil Takux BogoeMoB, kKak banrtuiickoe JlennukoBoe 03epo, AHIMIOBOE
03epo M HerocpencTBeHHo Jlagokckoe 03epo. OTHOCUTENBHBIN YPOBEHb
BCEX 9THX 03ep ObLI BhIlIe HhIHENIHEro ypoBHs Jlagoru. Jlagoxckoe o3e-
PO B €ro CEroAHSAIIHMX TI'paHMIAX SIBJSUIOCH BOCTOYHBIM 3alIMBOM bai-
Tuiickoro JlenHuKoBOro 1 AHIIMIIOBOTO 03ep. PEeKoHCTpyKIMAMH H3MEHe-
HUs ypoBHS JIagoKCKOro o3epa B M03/{HE-MOCIENETHUKOBbE 3aHUMAIIUCh
G. de Geer, J. Ailio, E. Hyyppa, K. K. Mapkos, 1. /1. Ksacos, /I. b. Mauia-
xoBckwuit, M. Ekman, I'. JIak, H. H. JlaBeinoBa, M. Saarnisto, /I. A. Cy0et-
TO U Ap. HoBBIE NaHHBIE MO KOMITJIEKCHOMY aHAJIN3y JOHHBIX OTIOKEHUI
03€ep, ABJISIFOIMXCS B Pa3HbIE ATAIBI CBOETO Pa3BUTHUSA YacTbio JIamokcko-
TO 03€pa, MOJYUYEHHBIE B MTOCIEIHUE TO/Ibl, MO3BOJIMIN TOCTPOUTH KapThl
PEKOHCTPYKIMH TPAHCTPECCUBHBIX 3TANOB pa3BuTHs Jlajoru B ronomnexe.

Ilenpro AaHHOTO MCCIENOBAaHUS SABISIETCA COCTABIEHUE CEPUU KapT,
0TOOpaKkaloUIMX U3MEHEeHNE YPoBHs JlamoxKcKkoro o3epa Ha pa3HbIX dTa-
nax ero pa3BUTHUs B rojoueHe. B mo3aHeM miielcTolieHe — rojoleHe B
nocyeaHue 12 TeIcsAY JIEeT akBaTopusl coBpeMeHHoH Jlagoru u teppuro-
pHsL ero BogocOopa npeTepresy caoKHble n3MeHeHus. [Ipuauner n3me-
HEHMH 3aKJIIOYaloTCsl B OOIIMX MpeoOpa3oBaHUSX Majneoreorpaduye-
ckoil oocraHoBkH CeBepo-3anana eBporneiickoi yactu Poccun, Hayas-
HIMXCS C OTCTYIUICHHSI TOKPOBHOTO OJIEICHEHHSI K 00pa30BaHUsI KPYITHO-
TO MPWIEAHUKOBOTO BOJOEMA U3 TAJIBIX BOA U Jjajiee MPOAOJIKUBIIMXCS C
DISIIMOU30CTAaTHUECKUM MOAHATHEM TEPPUTOPUH, TPOSBISIFOIINM ceOsl,
B YaCTHOCTH, B U3MEHEHUH HAIIPABJIECHHUS CTOKA PEYHBIX CUCTEM. Takum
00pa3oM, pa3BUTHE 03epa 00YCIOBICHO KIMMAaTHYECKHUMHU (OOLIMM To-
JIOLICHOBBIM TPEHJIOM Ha MOTEIJICHHE) U TeOJMHAMUUYECKUMHE (TIISLHO-
M30CTAaTUYECKUM MOAHATHEM ) TprunHamu [Kynepckuii u nip., 2013].

Jns ceBepo-3ananHoi yactu JIamokCKoro o3epa MOCTPOEHA Cepus
nayieoreorpauyeckux KapT, MMOKa3bIBAOIUX Xof Jlamoxckod TpaHc-
rpeccun 6000-2500 xain. net Hazan. KapTtel uamenenus yposHs Jlagoru
C Y4€TOM MISAHON30CTaTUYECKOTO MOJHATHSI paccMaTpuBaeMol Teppu-
TOpPHUH MOCTPOEHBI B pe3ynbTare Moaenuposanus B [ IC-cpene.
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Jlnga moctpoeHus kapT ceBepo-3anaaHoil yactu Jlagoxkckoro ozepa
OCHOBHBIMH HCTOYHHKAMHU AaHHBIX O peibede TeppUTOPHU MOCTYKUIH
Tonorpaguueckue kapthl [enepanpaoro mraba u l'ocl'ucllentpa pas-
JTUYHBIX MacTaboB. Mcnons3oBanue Tonorpaguyeckux KapT comnpsike-
HO C PSAAOM CIOKHOCTEH: ¢ JOBOJBHO OONBLION BBICOTOH CEUEeHUs pe-
nbeda (11 caMoro KpymHOTO U3 He SIBISIOIIMXCS CeKPEeTHBIMU MaCIITa-
0a 20 M), a TakKe C «IOTepei» HEKOTOPBIX HEMAJIOBAXKHBIX ISl UCCIie-
JOBaHMS AeTanel penbeda, HarpuMmep, HeOOIBIINX CEIOBHH, BO BPEMsI
BEKTOPHOW TPAaCCUPOBKHU TOPU30HTANIEH € MOCIEAYIONUM HU3BICUEHUEM
u3 HuX uugposoii Moaenu. [loaTomy 115t paboThI ObliIa IpUBIICUEHA TaK-
xe nudposas mozaens penbeda ASTER Global DEM, cBobomHO pactpo-
crpansiemasi NASA u uMmerorias B OpuruHaje mpoCcTpaHCTBEHHOE pa3pe-
IIIEHHE B OJIHY YIVIOBYIO CEKYH/y. YCTaHOBJIEHO, UTO B IIpe/esIax paccMa-
TPHUBAEMOr0 palioOHa BBHICOTHASI TOYHOCTH HU(PPOBOH MOAEIH COCTaBIIs-
€T [epBbIE METPBI, YTO MPUTOJHO JJIsI MOJCIMPOBAHUS B MEJIKOM U Cpel-
HEeM MaciuTadax.

B xome moaroroBuTenbHBIX paboT OTAENbHBIE (parMeHTHl LUQpOo-
BOI MofieTM pa3MepoM 1° Ha 1° coeqMHEHB! B MO3auKy, IeperpoeIipoBa-
HBI U3 reorpaMuecKuX TPaayCHBIX KOOPAMHAT Ha INIOCKOCTH M TOABEP-
THYTHI (QUIBTPALMHU 10 CHeUUaIbHBIM MeToaukam [Geomorphometry...,
2007], ¢ uenbio yMEHbIIEHHS CITyYailHbIX LIYMOB M UCKJIFOYEHUS CHCTe-
Mmarudeckux apredakToB. Jlanee mo mpuBS3aHHBIM TOHOTPa()UUECKUM
KapTaM ObUTH olM(POBaHBI TOPU30HTAIN HE BbIle 40 M (3aBEJOMO BBILIE
HanOONbILeH BeTMYMHBI TpaHcrpeccuu). Pembed nua Jlamoxkckoro ose-
pa ouudpoBan no u3odaraM HaBUTaLMOHHBIX KapT. [locie koMOMHaLMK
BCEX MMEIOIIMXCSl BBICOTHBIX JAHHBIX MONTy4YeHa YTOUYHEHHas HudpoBas
Mmozens penbeda ¢ paspemennem 100 M Ha mukcens. Ha Teppuropuio
ceBepo-3amnagHoi yacTH JIagokcKoro o3epa, Uit KOTOPOH NMEETCs 3HauH-
TEJIbHOE KOJIMYECTBO MaJICOJIMMHOIOTMYECKUX JAHHBIX C paJinoyIvIepos-
HBIMH JIJaTHPOBKaMHU, Harpumep, Ha ocTpos [lyrcaapu u Banaamckuii ap-
XHIIenar, ObUTH W3TOTOBIICHBI MofieNu penbeda ¢ pazpemeHneM 10 M Ha
MIUKCEJIb, IPUTOHbIE JIs1 KPYITHOMACIITaOHOTO MOJICTUPOBAHKSI.

IIpu MonmenupoBaHHMM HPOCTPAHCTBEHHOM BenuuuHbl Jlamoxkckon
TpaHCTPeCCHU HEOOXOANMO YUYHUTHIBATH INISILIMOM30CTAaTUIECKOE TOIHS-
THE TEPPUTOPUH B paccMaTpuUBaeMbli mepuoA. McTouHMKamMMu JAaHHBIX

180



0 MOAHATHH TeppuTopun BeIOpanbl cxembl [Ekman, Mékinen, 1996], B
(dbopmMe H30TMHHI TOKa3bIBAIOINE COBPEMEHHBIE CKOPOCTH MOTHSITHS Ha
teppuropun @ennockanauu (puc. 1). Ilo cxeme momyueHsl moss coBpe-
MEHHOM CKOPOCTH TISLMON30CTaTHYECKOTO MOTHITHS C paspelieHueM
100 M Ha MUKcenb, a 1711 IBYX (parMeHTOB — [Uis paifoHa o. [lyTcaapu u
Banaamckoro apxunenara — ¢ paspemenuem 10 M Ha nukcens. [lo yka-
3aHHBIM CXEMaM CKOPOCTH MOJHSTHUS COCTABISIOT oKoslo 1 MM/ron u 1,5
mm/rox uist Banaama u I[lyTcaapu cOOTBETCTBEHHO.

75. 0. AO 15’

100 200 30

70"

65

AR

$
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Al
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Puc. 1. Cxema coBpeMeHHBIX CKOPOCTeil IJISIHON30CTATHYe-
ckoro nogusTust (mo: Ekman, Miakinen, 1996). Ctpenxoit 060-
3HaueHbl ocTpoBa Banaam u Ilyrcaapn

ITo mmeromumcst matepuanam [Alenius et al., 2004; Dolukhanov et
al., 2009; Saarnisto, 2012; Camenxo u ap., 2014] BeIOpaHBI U CBefe-
HBI BOCJIMHO JIAHHBIC, KACAIOIIMECs OKOHYATESILHON H30JIAIHKA 03ep Ha
octpoBax [lyTcaapu u Bamaam, a Takke Ha CeBepo-3amaJHOM Oepery
Jlapoxckoro o3epa. [Ipu 3TOM JUIss MOMEHTOB BPEMEHH, COOTBETCTRY-
IONIMX HauOOoJiee BEPOSITHBIM JaTaM OKOHYATEILHOW H3ONSAIUH 03ep
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ot Jlagoxckoro o3epa (puc. 2), ¢ UCHONB30BaHUEM MOJTYYECHHBIX paHee
NoJeld COBPEMEHHBIX CKOPOCTEH MISHOM30CTATUYECKOrO MOTHSITUS U
mUQpOBBIX Mozenel penbeda, ObUIM PacCUUTaHBl MOAETH peibeda B
npouutoM. [Ipu NpoBeAEHHBIX pacueTax CKOPOCTh MOAHSATHS NPUHSTA
3a HEM3MEHHYIO BO BPEMEHH, YTO 32 pacCMaTpUBaeMblii TIEPHOJL BENET K
OLINOKe, OlleHNBaeMOM He Ooitee yueM 1,5 M.
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Puc. 2. I'padpux 000cob1eHNs MaJIBIX 03ep ocTpoBOB Banaam, Ilyrcaapu n
ceBepo-3ana Horo nodepexbs Jlagoxckoro ozepa ot Jlagorn

[Monyuennsie Monenu penbeda, COOTBETCTBYIONINE MOMEHTaM 000-
COOJIeHHsT 03€p, UCTIONB30BaHBI TSl MOJACITUPOBAHUS BETMYMHBI TPAHC-
rpeccur: KoTaoBrHa JIagoKCKOTO 03epa «3amoaHsIach» 10 BBICOTHI, He-
00XOIMMOH IS IPUCOEANHEHUST M IJISl M30JISIHH PAaccMaTpUBAcMOTO
o3epa. Takum oOpa3om, OBUIHM MOCTPOCHBI KapThl ISl BPEMEHHBIX cpe-
308 3100, 3020, 2730, 2820 xaJ. neT Ha3aj] Ha TEPPUTOPHH OCTPOBOB
[Tytcaapu u Bamaawm (puc. 3).

Jlnist BU3yalbHOTO CpaBHEHMS BEIMYMHBI TEPPUTOPUH, OXBauCHHOM
Jlamoxckolt TpaHcTrpeccrell B pa3Hble MPOMEKYTKH BPEMEHH, TTOTyYECHEI
BEKTOPHBIC CIIOM, TPEACTABISIOIINE KOHTYP COBPEMEHHOW OeperoBoi
nHuY Jlamokcekoro o3epa 1 Ipyrux BOAHBIX 0OBEKTOB Ha paccMaTpuBa-
emoit Tepputopun. KouTyp 6eperoBoii JIMHIM OBLUT TIOTyYEH MO CITyTHH-
KOBBIM CHUMKaM cucTeMbl Landsat-8 3a 24 aprycra 2015 r. [To mHOTO-
30HaJBHBIM CHUMKaM C paspenienueM 30 M Ha MUKCeNb pacCYUTaH HOp-
MaJIn30BaHHBIN pa3HocTHBIN BomHbIA mHACKC (Normalized Difference
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Water Index, NDWI) no metonuke, npeanoxennoi B [Rogers, Kearney,
2004], mociie 4ero mojyiyueHHOe MHJICKCUPOBAaHHOE H300paXKeHHE Kitac-
cuUIMPOBAHO HA J[BA KIlAcCa — «BOJIay» M «HE Boja». KOoHTypbI 00beK-
TOB, MOMABIINX B KJIACC «BOJIa», OBUIM aBTOMATUYECKU TPaHCHOPMUPO-
BaHbI B IOJUTOHAIBHBIA BEKTOPHBIN CIOH.

2730 kan. nem Hazad
YpoeeHsb 60061 5,4 m
Had cospemeHHbIM
yposHem
Banmutickozo mops

3020 kan. nem Hasad
Ypoeetb 80061 9,8 M
Had cospemeHHbIM
ypoeHem
Banmutickozo mopsa

2590 kan. nem Hazad
YpoeeHb 80061 5,2 m
Had cospemeHHbIM

2820 kan. nem
Hasad
YpoeeHsb 80061 7,8 M
Had cospemeHHbIM
ypoeHem
baamutickozo mops

bBanamuiickozo mops

Puc. 3. Ilpumep kapt 1is octpoBa Bajgaam:

1 — 03. AHTOHMEBCKOE, 2 — 03. 3UMHsIKOBOE, 3 — 03. Buransesckoe, 4 — 03. Kpectosoe,
5 — 03. HukonoBckoe, 6 — Bocrounoe u 3anannoe MrymeHckue ozepa

Ha puc. 3 nocienoBarenbHO H300paKeH XOJ1 JTaJJOKCKON TpaHcrpec-
cuu Ha 0. Banmaam 3a mocnegane Tpu Thicsun Jet. [1o maneonnmuonoru-
yeckuM JaHHbIM, 3020 j1eT Ha3a[ MPOUCXOAuT 000co0IeHne 03epa AH-
ToHHEBCKOTO (1), ypoBEeHBb BOIBI JIaI0KCKOTO 03€epa o pacdeTam (C ydae-
TOM TJISIITIOU30CTATHIECKOTO TIOTHSATHS ) COCTABIACT 9,8 M (OTHOCHUTEIb-
HO COBpeMeHHOro ypoBHs banruiickoro mops). [Ipu stoM npuGIn3u-
TEJIBHO B 3TO K€ BPEMsI IPOUCXOAUT 000CO0ICHHE 03. SUMHSIKOBOTO (2).
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2820 neT Ha3a MPOUCXOAUT OTJIeNieHne 03. Buranberckoro (3), ypoBeHb
BOJIbI TIPH 3TOM cocTasisieT 7,8 M. 2730 et Hazag ob6ocobmnsiercs 03. Kpe-
cToBoe (4), ypoBeHb BOJIbI 0 pacuetam 5,4 M. 2590 net Hazall ypoBeHb
BOJIbI Jlago)kckoro o3epa omyckaercs 10 OTMETKH B 5,2 M, IpakThye-
CKH{ JI0 COBPEMEHHBIX 3HAaYE€HUH, U MIPOUCXOAUT M30JsLus 03. HukoHos-
ckoro (5). B aTo Bpems o3epa Boctounoe u 3amagnoe Urymenckue (6)
MO-MIPEKHEMY OCTaroTCs YacTbio Jlajokckoro o3epa.

B pesynbrare aHanu3a HOBBIX JAHHBIX ITOCTPOEHA CEpHsl Majeoreo-
rpaduecKkux KapT, MMOKa3bIBarOIUX XoAa Jlagokckoil TpaHcrpeccuu B
rononene. Kaprsl moctpoens! B pesynsrare Monenuposanus B ['MC-
cpene n3MeHeHu ypoBHs Jlasokckoro o3epa ¢ yueToM MISIHONU30CTa-
TUYECKOTO MOAHATHSA paccMaTpuBaeMoi Tepputopuu. [Ipm BbimonHe-
HUM PadOT OBLIO 3a[eiCTBOBAHO ClieAyrollee MporpaMMHoe obecreye-
HHe: cBoOOAHas reorpaduyeckas HHPOPMALMOHHAS CUCTEMA C OTKPbI-
ThIM UcxoaHbIM KogoM QGIS Bepcun 2.10; otkpeitas TIC SAGA Bep-
cun 2,2 u uacrpymenrapuii 'IC GRASS Bepcun 7.0. BeicoTHas Tou-
HOCTh MOZIEJIM COCTAaBJISIET MepBbie METPhl. B HacTosimee Bpems padora
M0 COCTaBJICHHUIO KapT MPOAOIHKAETCS C MPUBJICYCHUEM OOJIBLIETO KOJH-
YeCTBa UCXOAHBIX MajeoreorpapuuecKux MaTepranoB AJisl pacIIMpeHHs
MPOCTPAHCTBEHHBIX U BPEMEHHBIX I'PAHUI] KAPTUPOBAHUSA. YBEIMUEHHE
KOJIMUECTBA TOYEK C JATUPOBKAMM TO3BOJISIET MPUMEHUTh METOJ| KpH-
THHTa JJ1 TOCTPOEHHS NMOBEPXHOCTEN YPOBHS BOJIBI HA pa3Hble MOMEH-
ThI BpeMeHu [Rosentau et al., 2013].
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MAPPNIG OF TRANSGRESSIVE STAGES
OF LAKE LADOGA DURING HOLOCENE

A. V. Terekhov"2, T. V. Sapelko'

! Institute of Limnology, RAS, Saint Petersburg
2 Petersburg State University

A series of maps showing the extent of Ladoga transgression during Holocene
and based on lake sediments multivariate analysis and a GIS-modelling was
created. Presently, these maps depict the territory of two large islands, which are
Valaam (Valamo) and Putsaari, and the region of north-western Ladoga coast.
The maps were constructed through GIS-based modelling using digital eleva-
tion models and considering the post-glacial rebound.

PABPABOTKA IMTAJIEOT EOT PAOMYECKOM BA3BI IAHHBIX
PALEOONEGO

B. A. I'ypouy, JI. A. Cyberrto, M. C. IloTaxun
Hucmumym éoonwix npoonem Cesepa KapHL] PAH

[Mpexncrariennas 6a3za JaHHBIX HEOOXOAMMA JJISl PEKOHCTPYKIIMU YPOB-
Hs1 BOJbI OHEXKCKOTO 03epa B IMOCIENICTHUKOBOE BpeMsi U pa3pabOTKu
pasnuaasix ' MC-monemneii.
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B npenenax Poccun na tepputopun Pecnyonuku Kapenus, Jlennn-
rpajackoii u Bonorozckoii o0nacTeil pacnonokeHo BTOpOe Mo BETUYUHE
npecHoBogHOE 03epo EBponsl — OnHexckoe. [lnomans 3epkana o3epa
cocrasisieT 9720 km?, u3 kotopsix 250 km? npuxoautes Ha 1500 ocTpo-
BOB. [IpoTshkeHHOCTB 03epa ¢ ceBepa Ha 1or — 248 kM, ¢ 3amaja Ha BOC-
TOK — 96 kM. baccelin o3epa pacnoyiokeH Ha JIByX KOHTPACTHPYIOIIHUX
4acTAX 36MHOU Kopsl — bantuiickoM mute u Pycckoi mure. bacceiln
CJIOKEH TPYJHOPACTBOPUMBIMU apXEHCKO-IPOTEPO30HCKUMH MOpOJa-
MU, 1 TO3TOMY MHUHEpaJIHU3alus BOj MPUTOKOB M CAMOI0 03€pa OYEHb
Hu3kas — 37 mr/a, uro B 1,5 Hike, ueM B Boje Jlajgoxkckoro osepa.
O0ObeM BOAHOI Macchl 03epa JocTuraet 295 Km®, cpenHsst ryOuHa —
30 m, makcuMaibHas — 120 M. B 03epo Bmanarot 52 pexu aiuHoM Oosiee
10 KM, B3 KOTOPBIX TOJNBKO § pek umeroT Jumny 6oiee 100 km. CTok u3
o3epa ocyuecTBisercs o pexe CBUpH, Hecyllel cBou Bozbl B JIagox-
ckoe o3epo. [Inomane BogocOopHoro 6acceitna OHEXCKOTO 03epa co-
craBisiet 53 100 km? (6e3 momaau o3epa) [OnHexckoe o3epo, 2010].

JlonHble oTnoxeHnss OHEXCKOTO o03epa MpeaCTaBIEHbl O03€pHO-
JIEIHUKOBBIMH JIEHTOYHBIMU TJIMHAMM IO3/IHEJIETHUKOBbS, MEPEKPBITHI-
MU 03€pHBIMH aJIEBpUTAMH U WJIaMHU TojioleHa. JIeHTOUHbIEe IITMHBI MOII-
HOCTBIO 710 8 M (JOPMHUPOBATUCH B MPHIICIHUKOBOM BOZOEME M OOBIYHO
3aJIeraloT Ha MOPEHE IMOCJIEIHEr0 MO3AHEBAIAANCKOTO OJIEICHEHUS Ha
OosiblIeli yacTy THA 03epHON KOTJIIOBHHBI, a TAKKe B MIPeAeIax Mmpujera-
OLIMX HU3MEHHOCTEN N0 a0CcomoTHBIX BhICOT 80—90 M. I nHBI 00BIYHO
CEeporo WM KOPUYHEBOTO 1IBETA, BCTPEUAIOTCS PO30BbIE U TOUTH YEPHBIE.
MoUIHOCTb TOMYHBIX CIOHKOB — BapB, OTpa)Kkarolasi CKOPOCTh 0CAKO-
HaKOIUIEHHUs, U3MEHSETCSI OT MEPBBIX CAHTUMETPOB B OCHOBAHMUU TOJI-
M 10 IEPBBIX MUJUITUMETPOB B €€ Kposie. Ha ocHOBaHMM MajeoHTOIO-
THYECKHX U T€OXPOHOJOTMUECKUX MCCIEIOBAaHUN B JIEHTOUHBIX INIMHAX
BBIJIEIISIOTCSI CJIOW, OTHOCHMBIE K OCJJIMHTY, CpeHEMY ApHacy, aniepé-
Iy ¥ MOJIOZIOMY Jpuacy, popMmuposasmmecs B uatepsaie 14 200-12 900
KaJIeHIapHbIX JeT Ha3aJ. B Hauane Monoforo apuaca, nocie oTcTyIie-
HUSI Kpasi JISAHUKA U3 BogocOopHoro Oacceitna OHEXCKOTO 03epa, B BO-
JI0eM€ Ha4aJloCh OTII0KEHNE TOMOTEHHBIX aJIEBPUTOB, & BO BPEMs aTjIaH-
TUYECKOT0 TMepuoja — KINMaTHYECKOro ONTUMYyMa roJIoIeHa OKoJIo 9—6
TBICSIY JIET Ha3aJ — Ha4aJIoCh Ocak/ieHue uioB. Ha npotskeHnu nosane-
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JIETHUKOBBS M TOJIOLEHA YpoBeHb OHEXKCKOTO 03epa HEOAHOKPATHO U3-
MEHSIICS TP O01LeH TeHASHIIMN K CHIKeHHIo. Hanbonee kpynHbie na-
JICHHs1 YPOBHS 03€pa BBI3BIBAIM OKHCIIEHHE JOHHBIX OTIOXKEHUH, (hop-
MUPOBaHHE KOPUYHEBATHIX MPOCIIOCB IVIMH U QJIEBPUTOB, a TAKXKE Bpe-
3aHUE PEK M, KaK CJIEICTBUE, MPUBHOC MECYAHBIX YACTHUI[ B BOZOEM H
(dbopMUpoBaHHE CIIONKOB TiecuaHbix oTiamkeHud [demumor, 2004; JlaB-
posa, 2005]. MccrnenoBanue AE€CSITKOB 03€p B paiioHaX, MPUMBIKAIOIINX
K OHEXCKOMY 03€epy, CBUIETEILCTBYET O Hayase uX popMUpOBaHUS B TO-
JIOLIEHE, MTOCIIE TastHNS MOILIHBIX MaCCHUBOB MOTPeOCHHOTO JbJa. JlaHHbIe
OBUIN MOJYYEHBI U3 KEPHOB JIOHHBIX OCAJKOB HEOONBIINX 03€p, pacio-
JararoIuxcsl B aHAJIOTHYHBIX T'€0JIOrO-reoMOP(OIIOTHYECKUX yCIOBHU-
AX. PEKOHCTPYKIMS M3MEHEHUH IPUPOIHON CPEAbl MO3JHETICTHUKOBDS 1
PaHHETO TOJOICHA SABJISIETCSl aKTyaJIbHBIM BOIPOCOM M3YyYEHHsI YeTBep-
TUYHOTO Meproja ¥ TpedyeT MHOXKeCTBa JaHHBIX U3 pa3HOOOPa3HbIX HC-
TOYHUKOB.

Jist M3ydeHusl JOHHBIX OTJIOXKCHHM, CUCTEMATH3allUU JaHHBIX U
co3aHus KapTorpapuuecKiux MaTepuaioB Obuia co3gana 6asza maieo-
reorpaguueckux nanubix «PaleoOnego». Ocoboe BHUMaHKE YAEIECHO
MarepuanaM, UMEIOIMIMM JAeTajJbHoe onucaHue paspe3a. OCHOBHBIMH
HMCTOYHUKAMU TaKOH MH(GOpPMAIUU SBISIOTCS YETBEPTUYHBIC OTIIONKE-
HUS: TOHHBIE OCAIKU 03€p, TOP(SIHBIE 3aJICHKH.

Crpyktypy nBymepnoit Ttabmunbl B/l «PaleoOnego» o06pasyror
CTONOIBI U CTPOKHU. X aHamoramu B CTpYyKType Oasbl JaHHBIX SBJIS-
10TCst Tonst 1 3anucH. CBOWCTBa mosiel B 0a3e JaHHBIX: KOOPAWHATHI,
3HaYCHHE 1O YMOJYaHHUIO, YCIOBHE HA 3Ha4eHWe W T. A. Tumbl naH-
HBIX: TEKCTOBOM, YUCIIOBOM, JaTa/BpeMs, CUETUHK, Mojie MeMo (00ib-
1ol 00beM TeKcTa), Joruueckuid, runepeceuika. Coznasas 0aszy naH-
HBIX, HEOOXOMMO YIIOPSIOUUTh HH(POPMAIUIO 110 Pa3IMYHBIM IIPHU3HA-
KaM, JIJIs1 TOTO YTOOBI IOTOM M3BIIEKaTh U3 Hee HEOOXOIUMbIEC HaM JaH-
HbIE B IIOOOM couetanuu. Caenarb 3TO BO3MOXKHO, TOJNBKO €CIH JaH-
HBIE CTPYKTYpHpOBaHbl. CTPYKTYpUPOBaHUE — 3TO HAOOP COINMALICHUN
0 croco0ax MpeaCTaBlIeHUs TaHHBIX.

C nenbio 06pabOTKH, CUCTEMATU3AMH U CTPYKTYpUpOBaHus HH(Op-
Maluu, HeoOXOAUMOMN [Tl PEKOHCTPYKIMH pa3BUTHA OHEXCKOTO 03epa
B MEPHO]] TTO3IHEJICIHUKOBBSI — PAaHHETO ToJoleHa, Obula co3aHa 0asa
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nanHbIx «PaleoOnegoy». Ona 000011aeT CBeACHHUS 10 KOJIOHKAM JTOHHBIX
omtoxeHnii OHEKCKOro 03epa U BOAOEMOB, PACIIOJIOKECHHBIX B Mpe[e-
Jlax ¥ HEMOCPEACTBEHHOH OJIM30CTH IPaHUL] MAKCUMAIBHON CTau1 pa3-
Butus OITO. baza nannbix BkitoyaeT nHGOpMaLuio o6 o3epax (Ha3Ba-
HHe, reorpaduyeckre KOOpAUHATHI, OCHOBHBIE MOP(POMETPHUYECKHUE Xa-
PaKTEpPUCTHKH) M 00pa3liax JOHHBIX OTIOXKEHUH: TyOnHa 0TOOpa, TUI
OTJIOKECHUH M X MOIIHOCTB, BUJIbI aHAJIIN30B (JMUTOJIOTMYECKHA, AUATO-
MOBBIH, TEOXUMHUYECKHUH, CIIOPOBO-TBUIBIIEBOM U p.), BUIBI 1aTHPOBa-
HUs (paguoyriepoaHbiit, AMS-crekTpoMeTpus u ap.).

baza «PaleoOnego» coznana B ¢opmare MS Excel, uro ynoOno
Ui JanbHedmeld o0paOOTKM JAaHHBIX M OTOOpaKeHUS B Pa3iIMYHBIX
I'MC-o60mnoukax. [nst HanomHeHus OGa3bl MCIIONB30BaHBI AAHHBIE W3
padot U. H. [lemunosa (2005, 2006), H. b. JlaBporoii (2005), T. C.
lenexosoii (2005, 2006) u np. baza naneoreorpaduyeckux JaHHBIX
«PaleoOnego» mpencraisieT co0OH OTKPHITYIO CTPYKTYpYy AJIS Xpa-
HEHUsI JaHHBIX 110 PETUOHY MCCIEJOBaHUs U yrpasieHus umu. K nei
NpUJIaraloTcs JUTepaTypHble HCTOYHUKH B (opmare *.pdf nim *.djvu.
basza maHHBIX MOXKET MPUMEHSATHCS IPU Najeoreorpapuueckux uccie-
noBaHusx OHexckoro ozepa. OHa o0ecneuynBaeT CTPYKTYPHPOBAHHOE
XpaHeHHe, CTATUCTHYECKYI0 00paboTKy, rpaduuecKkoe mpeacTaBleHUe
JaHHBIX, pa3paboOTKy CIIEHApUEB Pa3BUTHUS MAJICOIKOIOTHUECKON CUTY-
AUy, PEKOHCTPYKIUIO Nasieoreorpagpuueckux yCIoBUH OKpYsKaloLIen
Cpenbl B TOJNOLEHE, CO3JaHHe PErHOHAIBHBIX BPEMEHHBIX I'€OXPOHO-
noruueckux mkai. [lo comepkamumes B 6a3e JaHHBIM MOXKHO BOCCO-
31aTh AMHAMUKY BO3HHUKHOBEHHUSI OPraHMYECKUX YETBEPTHUHBIX OTIO-
eHni OHEKCKOTO 03epa HaunHas ¢ MO3/AHEICTHUKOBbs. B HacTosee
BpeMsl B pe3ysbTaTe aHajlu3a JUTEPaTypPHBIX U apXUBHBIX MaTepUaIOB
B 0a3e maHHBIX 00001eHbI cBeneHus o 50 pa3pes3ax ITOHHBIX OTIIOXKe-
HUll BonoemoB. Eme mo 8 o3epam nndopmarus Oblia mosryueHa B Xoze
NPOBEACHUS IKCIETUIIMOHHBIX padoT mo rpanty PH® Ne 14-17-00766
«OHE)CKOe 03ep0 U ero BoJocOOp: UCTOPUS I'EOIOTHUECKOro pas-
BUTHS, OCBOCHHE YEIIOBEKOM M COBPEMEHHOE COCTOSHHE» B TCUCHHE
2014-2015 rr. (puc.).

Hccnedosanue svinonneno 3a cuem epanma Poccutickoeo HayuHo2o ¢horOa
(npoexm Ne 14-17-00766).
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PALEOGEOGRAPHIC DATA BASE
PALEOONEGO DEVELOPMENT

V. A. Gurbich, D. A. Subetto, M. S. Potakhin
Northern Water Problems Institute KarRC of RAS

The paper presents the database required for the reconstruction of Lake Onego
water level in the post-glacial period and for the development of various GIS
models.

INPUMEHEHMUME I'IC JJIsd PEKOHCTPYKLIUN
BEPETOBOWM JIMHAU OHEKCKOT'O O3EPA
B PA3JIMYHBIE KIIMMATHYECKUE ITIEPUOAbI

M. B. 300ko08B', JI. A. CyGerTo’, A. FO. Tapacos’, M. C. Iloraxun’

! Unemumym 6oonvix npoonem Cesepa KapHI] PAH
2 Unemumym sizvika, aumepamypol u ucmopuu KapHI] PAH

[IpuBeneHo ommcaHue PEKOHCTPYKIMU OeperoBoil IHHUM OHEXKCKOTO
03epa B paszjM4Hble KIMMATUYECKHUE [IEPUOJIbl, HAYMHAS C KpallHel cTa-
JMU IOCJIEHEr0 OJICIEHEHUs 10 IO3[HEro Cy0aTIaHTUKyMa, [OJTy4eH-

190



HBIX IyTeM 00paboTKH mudpoBoit mogenu penbeda (LIMP) mosepxno-
cta 3emi 1 LIMP komioBunbsl OHexkckoro o3zepa. Kaprorpaduueckuii
Marepua NOATOTOBIIEH B BUE NIEKTPOHHBIX KapT, Pa3MEIEHHbBIX B 00-
IIeM JJocTyTe B ceTd MHTepHeT.

CoBpeMeHHBIE Te€OHH(OPMALIMOHHBIE CHUCTEMBI IO3BOJISIIOT IPO-
BOJWThH PacyeT MIMPOKOIO CIEKTPa XapaKTEPUCTHK MOBEPXHOCTH 3eM-
JIM, KOTOPbIE YaCTO HEOOXOIUMBI AJIsl IPOBEACHUS HAYUHBIX HCCIIe0Ba-
Hui. OnHako mudpoBoe KapTorpaduyeckoe MOKphITHE TEPPUTOPUN Ha-
nIell CTpaHbl, 0COOCHHO CEBEPHBIX €€ yYacTKOB, 3a4acTyl0 HEJOCTaTod-
HO JIJIs1 KPYTTHOMACIITaOHBIX peKOHCTpYyKIui. [lepBoii 3amaueii mpu pe-
KOHCTPYKLUH O3€PHOH KOTIOBHHBI OHEXCKOIO IMajeoBOAOEMA SIBIISII-
cs1 cOOp AOCTYMHOrO Kaprorpauueckoro mMarepuaia u paspaboTka Ha
ero ocHoBe mudposoit Monenn penbeda (LIMP). [Tockonpky mudposast
Mozesb penbeda npeacTaBisieT co00il MaTeMaTniecKkoe MpeACTaBICHHE
noBepxHocTu 3emiu, ¢ npuMmeHenreM ['MIC oHa MO3BONMUT HPOBOIUTH
BBICOKOTOYHBIE pacyeThl yPOBHEH 03epa B pa3IMyuHbIC HCTOPUUECKHUE TIe-
PHOJIBL, @ TAKXKE ONPEAEISITH OCHOBHBIE MOPGOMETPHUECKUE XapAKTEPH-
CTHMKH 03€pa KaK B COBPEMEHHOM COCTOSIHUM, TaK U B PETPOCIIEKTHUBE.

ITockonbKy B HEKOTOPbIE HCTOpUUECKUE Teproasl OHEXCKUI majeo-
BOJIOEM MMEJ MPOTSHKEHHOCTh ¢ ceBepa Ha tor Oosee 400 kM, uzyuae-
MBIl pailOH UMEET 3HAYUTENIBbHYIO NPOTSHKEHHOCTh: 570 KM ¢ ceBepa Ha
tor 1 502 kM ¢ 3amaja Ha BOCTOK. YeThIpeXyrolbHUK U3y4aeMoro paiio-
Ha MOXXHO 3a7aTh koopauHatamu 60° c. u1., 30° B. . u 65° ¢. 1., 39° B. 1.

OpnHoli U3 33134 JTaHHOTO MCCIIEI0BaHMS SIBISICTCS ONPEACICHUE Iep-
CIEKTUBHBIX YYaCTKOB Ul IOMCKA HOBBIX apXEOJIOTHYECKUX MaMATHH-
KOB, TIO3TOMY B KadecTBe 0a30Boi 1mudpoBoil Monenu penbeda Tpedy-
€TCsI MCII0JIb30BaTh JaHHBIE ¢ HAaHOOJBIINM IPOCTPAHCTBEHHBIM pa3pe-
HICHUEM.

B nacrosiee BpeMs IOCTYNHBI BE CBOOOTHO paclpoCTpaHsieMble
m100anbHble HU(POoBBIE Moxenu penbeda 3eMIu ¢ MPOCTPAHCTBEHHBIM
paspemeHreM MeHee 100 M, HMerOIIME TOKPBITHE B PACCMaTPUBACMOM
patione: USGS STRM DEM 3’ (Shuttle Radar Topography Mission Dig-
ital Elevation Model) n ASTER GDEM (Advanced Spaceborne Thermal
Emission and Reflection Radiometer Global Digital Elevation Model).
IlepBas mpeacrasiseT coOOl aHHbIE, MOMYYEHHBIC IyTEM 30HANPOBaA-
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HUS 3eMJIM C IOMOIIBIO pajguoTeneckona. [IpoctpancTBeHHoOe pa3perie-
HUE 3TOM MOJIENH COCTaBIAET 3 YIIOBblE MUHYTHI, MU 90 M, TOKPHITHE
HaxoauTcs Mexay 60°20" c. m1. u 54° 0. m. /laHHasg MoJeNb XapaKkTepu-
3yeTcsl BHICOKUM pa3pelieHneM 1 HU3KHM KOJTMYECTBOM apTe(aKkToB, Ofl-
HAaKO OHA HE MOXET OBbITh MPUMEHEHA JJISl PELICHHUS TOCTABICHHBIX 3a-
Ja4, MOCKOJIbKY 3aXBaThIBAET JIMILb HEOOIBIIYIO IOXKHYIO YacTh paccMa-
TPUBAEMOI'0 HAMHU y4acTKa.

Hudposas moznens penbeda ASTER GDEM npencrasmnser coboit pe-
3yAbTaThl JUCTAHIMOHHOTO 30HAMPOBAHMSA C TOMOILBIO PaAHOMETpA.
IIpocTpancTBEHHOE pa3peleHne ITOM MOJIENIN COCTaBIISAET | YIIIOBYIO MH-
HyTy, win 30 M, MOKpbITHE HaxoauTcs Mexay 83° c. m1. u 83° ro. m1. He-
CMOTpS Ha BBICOKOE€ pa3pelleHre U IIUPOKOE MOKPBITHE, B ITOH MOAEIH
NPUCYTCTBYET OONBIIOE KOJIMYECTBO BEICOTHBIX M apTe()akTOB BHICOTHBIX
JTAaHHBIX, YTO 3HAUUTEJIBHO YCIOXKHSAET €€ MPAKTUIEeCKOE UCTIOIb30BaHMHE.

AJBTEepHATUBON ABYM OMHMCAaHHBIM MOJAEISM penbeda sBIseTcs pas-
pabotka kymynaTuBHbIX [IMP, 00beaunsromux napopmarmo n3 ASTER
GDEM u USGS STRM DEM, a takxe npuBicueHUEC AAHHBIX U3 APY-
THX OTKPBITBIX HCTOYHUKOB, TAKUX KaK TOMorpaduuecKkue KapThl U Iuia-
Hbl. Takyto nopaOOTKy Asisi Gomnblneii yacTu 3eMHOTO mapa BBIOIHUI
Jonathan de Ferranti, moiy4yeHHble UM JaHHBIEC PEACTABICHBI B OTKPbI-
TOM JlocTyme Ha caifre http://www.viewfinderpanoramas.org/. Ota LIMP
1 ObLJIa UCIONB30BaHa ISl BHIIIONIHEHHS HAIIMX MajJeOPEeKOHCTPYKLHUH.
OtnenbHble QpeliMbl JaHHBIX, TOKPHIBAIOLINE H3Y4YaEMYIO TEPPUTOPHIO,
Obutn 00beaNHEHBI B 16-OUTHBIA pacTp U NpeoOpa3oBaHbl B MPOCKIMIO
UTM Merkator WGS84, 3ona 36 mis ceBepHoro monymapus. JlanHast
MPOEKLUs MCIIOIb30BaJIaCh HAMU NIPH BCEX JajbHEHMIINX pacueTrax, Mo-
CKOJIbKY XapaKTepu3yeTcs MUHUMAIbHBIM HCKa)KEHUEM YITIOB, pacCcTOs-
HUU U IUIOLIAZIEH, a U3y4aeMblil PaiiOH MPAKTUYECKH MOJHOCTBIO HAXO-
JIUTCS B TIpe/ieax OAHOM 30HBI 3TON MPOEKIUH.

Ha cnenyroriem stane 0bi1a co3nana [IMP coBpeMeHHOW KOTJIOBHUHBI
Omnesxckoro o3zepa. Mugpopmanus o penabede nHa ObUIa MONyYeHa ¢ Ha-
BUTAMOHHBIX KapT OHexckoro o3epa u p. CBupb [MunucrepctBo 060-
pousl CCCP, 1988] nmytem ounpoBKH TOUEUHBIX ITPOMEPOB INIyOUH B
CK IlynxoBo 1942 . OTMeTKH TiTyOMH Ha HAaBUTALIMOHHBIX KapTaxX yKa-
3aHbl 17151 cpenHero ypoBHs o3epa (HITY BepxuecBupckoro Bogjoxpanu-
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muma) — 33 M bantuiickoit cucremsl BeicoT (BC). Ilocne oumudposku
nanHele OpuH nepenpoenrpoBanbl B CK UTM Merkator WGS84, 30Ha
36 nuist ceBepHOTO Monymapus. JJaHHbIE 0 TIOJI0KEHUH COBPEMEHHOH Oe-
PEroBOii JINHUKM ¥ OCTPOBOB OIM(POBAHBI CO CIIYTHHUKOBBIX CHUMKOB C
MPOCTPAHCTBEHHBIM pazpemeHueM 50 M B Toil e 30He UTM mpoek-
uu Mepkaropa Ha amuuncoune WGS84, uro u apyrue kaprorpadude-
ckue cion. Pacuer LIMP xotnoBunsl npoussoguics B ['MC Serfer 10 ¢
ucronp30BanueM Merofa Kpurunra ¢ 6apbepamu, B Ka4ecTBE KOTOPBIX
BBICTYIAJIM OEpEroBbIe JINHUM 03€pa U OCTPOBOB, IIAT CETKH COCTABIISII
20 M. Sl4eiikn, HAXOAMBIIMECS 3a MpeaeraMu 0apbepoB, ObBUTM MTOMeYe-
HBI KaK IyCThIE.

Janee uudposas Momens KOTJIOBHHBI 03epa Oblia NMpHBeneHa K abco-
JIFOTHBIM OTMETKaM B baituiickoil cucreme BbICOT U coBMelleHa ¢ [IMP
0eperoBoil YacT TEPPUTOPUH MyTEM 3aMELICHHS sMEeEK M3 pacTpa CyLIH
sueiikamu pactpa rryouH. Pazpemenue nomyuennoi LIMP coctasuio 90 m.

3eMHas Kopa B pacCMaTpHUBAaEMOM paiioHe BO BpeMsl OJIe/IeHEHH 3Ha-
YUTENILHO MPOTrubdaack B pe3ybTare CTaTHUECKOH Harpy3KH MOIIHBIX
JIEIHUKOBBIX MOKPOBOB. Ilocie TastHMs IeTHUKOB TEPPUTOPUS UCTIBITHI-
Baja KOMIIEHCAIlMOHHbIE INISMON30CcTaTuYecKne noauaTus. OHu oTpa-
JKAIIMCh Ha CEHCMUYECKON aKTUBHOCTH TEPPUTOPHH, MOJIOKEHHH Oepe-
rOBbIX JIMHUH OHEKCKOTo 03epa, COOTHOIIEHUH €ro TPAHCTPeCcCuil U pe-
rpeccuii. HanbomnpIee ogHsITHE HCIBITAIN CEBEPHBIE MOOepexkbs OHExX-
CKOI'0 03epa, TaK KaK Ha ceBepe MOLIHOCTH JISTHUKOBOIO MOKPOBa ObLIa
Oornee 3HAUMTENILHOM 10 CPAaBHEHHIO C FOXKHBIMHU paiioHamu. Tak, rpanu-
eHT nepexoca komioBuHBI Ha 100 kM coctasmsut 13 300 kan. 1. H. OKo-
70 30 m, 12 300 1. H. — 25-27 ™, 11 ThIC. 1. H. — 18 M [[lemumos, 2006].
[losToMy nanHBIN (hakTOp HEOOXOMUMO YUHUTHIBATH MPH MPOBEJCHUH I1a-
JIEOpEeKOHCTpYKUUi. i1l perpeccuu, noryueHHon coppemeHHon [IMP k
BUJTy, IMEBILIEMY MECTO B OoJiee paHHUE HCTOPHUYECKUE TIEPUO/BL, TPEOY-
€TCsl ONPEAETUTD TPEXMEPHYIO MOZIETb BETMUMHBI NISIIIMOU30CTaTHUECKO-
TO MOJHSTHUS paccMaTpUBaeMOi TEPPUTOPHH, IIPECTABUTH €€ B BUJIE pac-
TPOBBIX JAHHBIX (OIPEAEIUTh PACTP MIALMON30CTaTHYECKOTO MOAHATHUS U
C €ro OMOILbI0 BEIMUCIUTH Najeo-LIMP). Hanpumep, Jakobsson ¢ coaBr.
[Jakobsson et al., 2007] yTBepKIar0T, YTO HAMIYYIIHNX PE3YIETATOB WH-
TepHosuy OEperoBoi JTMHUM UM YAaJI0Ch TOOUTHCS C HCIOJIB30BAaHUEM
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METOIa MUHUMAaIIbHOU KpUBU3HBL. OIHAKO B HAILIEM CITy4ae NaHHBINA TOA-
XOJI MIPUMEHUTH He yhaercs. M3yueHne BeTUYUH DISLHON30CTaTHUECKO-
r0 MOAHsTHS TeppuToprnr OHEIKCKOTO 03epa OCYIIECTBISIIOCH Ha HE0OIb-
IIMX KITFOUEBBIX YYaCTKaX, KOTOPBIX B OOIICH CIOKHOCTH HACUUTHIBACT-
sl BCero BoceMb: p-H 1. Ilerpemsl, m-oB OpHABONOK, p-H noc. [Tunmyrm,
p-H a. llenTo3epo, n-oB beco Hoc, p-H 03. MypoMckoro, 1oro-BocTouHast
U I0KHAsI 4aCTh 3a0HEKCKOTo M-0Ba. KpoMe Toro, 3Tu TOYKU pacroioxe-
HBI BOJIM3U COBPEMEHHOTO ToOepekbsi OHEKCKOro o3epa U pacrperelie-
HBI B TIPOCTPAHCTBE HepaBHOMEPHO. [TockonbKy OeperoBast THMHUS TaJeo-
BOJIOEMA B HEKOTOPBIEC UCTOPUUIECCKUE MEPUOABI HAXOAUIACH CEBEPHEE CO-
BpeMEHHOI Oosiee yeM Ha 150 kM, TO MPUMEHEHHE JIFOOBIX METOIOB HEJIU-
HEHHOW MHTEPIOJSIUH BBI3bIBACT 3HAYUTEIbHBIC BEPTUKAIbHBIC OTKIIO-
HeHus. EqMHCTBEHHBIM BapUAHTOM B JAHHOM CIIy4ae SBJSICTCS MPUMEHE-
HUE JIMHEUHOW MHTEPIOISALUH.

C yueToM 3TUX MOJOXKEHUH, pacyeT pacTpa IISIUOU30CTATHYECKO-
TO MOHSATHSI UCCIENYEMON TEPPUTOPUH B MEPHOJBI C Apraca a0 cydar-
JAHTUKyMa MPOU3BOIUIICS Ha OCHOBE AaHHBIX 3. M. JIeBATOBOI ¢ COABT.
[dersarosa, 1984, 1986, 1988; lesitoBa u np., 1987 | u I. A. Enunoii ¢
coast. [2000], a mo nanueiM W. H. lemunosa [2006] — ToNbKO 1S 11€-
pHUO/a TIO3THETO JITHUKOBBs. J[Jist IeproioB ¢ npuaca o cyOaTiaaHTh-
KyMa pacTp PacCUYUTHIBAIICA OTACIBHO IJIS1 MAKCUMAJIbHBIX 1 MUHUMAJIb-
HBIX YPOBHEH KaKJO0T0 BpEMEHHOT0 HHTepBaa. s nepuoja no3aHero
negaukoBbs 14 500—12 400 . H., KOTaa TpaHCTpeccus emle OblU1a He3Ha-
YUTENbHON, PAaCCUUTHIBAJICS TOJIBKO ONUH PACTP MOMHATUS 1O JAHHBIM
W. H. demunona [2006] ans nepuoaa 13 300 1. 1. Bee pacTpsl misiuo-
M30CTAaTUYECKOTO MOMHATHS PACCUUTHIBATIUCH ITyTEM MHTEPHOJSLUU TO-
YEUHBIX JAHHBIX TPEXMEPHBIM MOJUHOMOM 1-i CTENEHU C UCIOIb30Ba-
nuem ['MC Serfer 10. [Ipu 3TOM B KauecTBE BRICOTHBIX OTMETOK JIJISI pac-
YyeTa pacTpa UCMOJIb30BaNIaCh PA3HOCTh BHICOTHBIX OTMETOK Ype3a BOIbI
MajJcoBOAOEMAa U COBPEMEHHOTO YPOBHS 03€pa.

Ha cnenyromem 3Tane npou3BOIUIOCH BEIUUTAHUE PACTpa TIIALHO-
n30cTaTndeckoro nogusaTus u3 [IMP, 4To mo3BoiuIO MONYYUTh MaIeo-
IIMP nnst kaxaoro u3 u3ydaeMblx BPeMEHHBIX TEPUOIOB.

IIpu peanuzanuu AaHHOW METOAMKU YYUTHIBAJIUCH MOTPEIIHOCTH,
BBI3BAHHbBIC CIICAYIONIMMHE (DAKTOpaAMHU:
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1) morpemHocTb BEICOTHBIX OTMETOK MCXOIHOTO pacTpa,

2) MOTpelHOCTh B ONPEAEIEHUH OTMETOK N30CTaTHUYECKOTo MOIHS-
THS 36MHOW NTOBEPXHOCTH,

3) morpeurHocTh, BO3HUKAIOLIAsl P MHTEPIIONSALUN OTMETOK H30-
CTaTUYECKOT'0 MOIHATHUS 36MHON TOBEPXHOCTH.

ITockonbKy pacTpsl IISIIMOM30CTATUYECKOTO MOJHATHS paCCUUTHIBA-
JIUCh OTHOCUTEJILHO COBPEMEHHOI'O YPOBHS 03€pa, TO JUIsl yueTa BbISB-
JIEHHBIX TMOTPEIIHOCTEN CyMMapHbI€ JOBEPUTEIbHBIE HHTEPBAJIbI OTHU-
MAaJIMCh OT BEICOTHON OTMETKH COBPEMEHHOTO YpoBHsI 03epa (33 M) u Oe-
perosast JMHUA CTpOWIach Ha ocHoBe naneo-LIMP.

[loaroToBneHHbIH B pe3ynbrate 3Tol paboThl KapTorpaduiyeckuii Ma-
Tepua AOCTyIEH B 31eKTpoHHOH (opme [CyberTo 1 ap., 2016].

J1st mpoBepKH JOCTOBEPHOCTH BHIIIOJHEHHBIX HAMH HHTEPIIONSIIINIHA
OBUIO TIPOBENEHO UX CPaBHEHHE C JCTAJIbHBIMH MajJeOPEKOHCTPYKIIH-
smu 3. . [leBstooii [eBarosa, 1984, 1986, 1988; [essToBa u ap.,
1987], BBIMOTHEHHBIMH JJIS1 OTACIBHBIX YYacTKOB MoOepexbs OHex-
ckoro o3epa. CpaBHUBAIHMCh OYEpTaHUsl JTUHHKA OEPEeroB U OCTPOBOB,
n300pakeHHBIX HA KapTOCXeMax, a TaK¥Ke COMOCTABIUIUCH IMOJIOXKe-
HUS OeperoBol TMHUM M PACTIONIOKEHUE U AaTUPOBKA CEPHH apXeoiio-
THYECKHUX MaMATHUKOB. CpaBHEHHUE MOKA3aJI0, YTO TIOJI0KEHUS Oepero-
BOH JIMHUU U ee o0lee oYepTaHue Ha HAIIUX CXEMax COMOCTaBUMBI C
pexoHcTpykuusaMu O. W. J1eBAToBOM, OHAKO UMEIOTCA HEKOTOPBIE He-
TOYHOCTH, B YaCTHOCTHU, OTCYTCTBHE WIIM HCKaKEHHE MENKUX (hopM pe-
nbeda, BbI3BAHHBIE OOJbIIEH BETMYMHON MOTPEUIHOCTH, HMEIOLIeHCs
npu ucnons3zosanuu [IMP.

E1te onHuM crioco6oM sIBIIsIeTCS MPOBEPKa B3aUMHOT'O PaciioNOKEeHHsI
apXeOoJIOTMYECKUX MaMSITHUKOB OSperoBoil IMHUM B Pa3IMUHbIC MEPHO-
JIbl COTJIACHO Harled Moaenu. [l mpoBepKH UCIIOIb30BaHbl JAaHHBIE 110
130 apxeosioruueckuM NaMATHUKAM, OTy4YE€HHbIE U3 HAYYHBIX PadoOT U
TIOJIEBBIX OTYETOB KapeiabCcKux apxeosnoros [JKypasnes, 1991; Kocmenko,
1992; Kynbuukos, 1999, 2013; Tapacos u ap., 2007; Menbuukos, ['ep-
MaH, 2013; ['epman, 2014; MBanumesa u np., 2015; Jlobanosa, 2015; Ta-
pacos, 2015]. IlpakTudecku Bo Bcex ciaydasX HaMsITHUKH PacIioaraior-
csl B Ipezenax KosuebaHuii OeperoBoil IMHUK, PAaCCUUTAHHON Ha OCHOBE
Hallle MOJIENH, a eCIM ¥ OTKJIOHSIOTCS OT Hee, TO He Oosee uem Ha 50 M,
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YTO MOXXHO OOBSICHUTh TOPH3OHTAJIBHON IMOTPEIIHOCTHIO IU(DPOBOI
Mojenu penbeda, cocrarnsromnei nmopsaka 45 m. MckitoueHne cocras-
JSI0T TONbKO cTosiHKa Ilerpema I, okazaBiiascs Ha pacCTOSTHUU OKOJIO
100 M ot Oepera B CTOpOHY 0O3€pa, U JiBa aMSITHHUKA B paliOHE 3aliuBa
Boxmapuxa, HAIPOTUB, PACTIOTIOKHUBIIUECS CIUIIKOM JAJIEKO OT ypesa
BOJIbI B CTOPOHY Oepera. HecMoTpsi Ha yka3aHHBIC UCKITFOUCHHSI, B Iie-
JIOM MOKHO YTBEP:KIaTh, UTO MMOCTPOCHHASI HAMU MOJIEb OKa3a1ach J0-
CTaTOYHO TOYHOH U ajnekBaTHON. OHA MPOJEMOHCTPUPOBAIIA, UTO APEB-
HUE OeperoBbIC YPOBHU FOXKHOTO ITOOSPEkKbs 03epa, HAYMHAS C TO3]IHE-
aTJIAHTUYECKOTO MepPHoa, MPOXOAUIN HA 3HAYUTEIILHOM PACCTOSIHUH OT
COBPEMEHHOI0 Oepera o3epa, 10 HECKOJIbKUX COT METPOB, H B HACTOSI-
iee BpeMsl HaXOASATCS MO BOJOW. DTOT pe3yiabTaT TaKyKe BIIOJHE CO-
JIacyeTcs ¢ apXeoJOTHYECKUMHU JaHHBIMU. B HacTosee BpeMs Ha TIs-
JKaX FXKHOTO TTOOEPEXKbSI MOXKHO BCTPETHTD JIOBOJIBHO MHOTOUYHCIICHHBIS
apredakThl aTJIAHTHYECKOTO — CyOaTIaHTHYECKOTO TIEPUOIOB, TICPUO/IH-
YECKU BBIOPAChIBAEMBIC IITOPMAMK U TPOUCXOJISAIINE, HECOMHEHHO, U3
3aTOIUICHHBIX CTOSIHOK, HAXOMAAIINXCS HA 3HAYUTEILHOM PACCTOSIHUU OT
oepera [CaBBarees, 1984].

Paboma nposedena npu noodepoicke epanma PHD Ne 14-17-00766.
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GIS-BASED RECONSTRUCTION OF ONEGO LAKE SHORELINE
DURING DIFFERENT CLIMATIC PERIODS

M. B. Zobkov!, D. A. Subetto!, A. U. Tarasov?, M. S. Potakhin!

! Northern Water Problems Institute KarRC of RAS

2 Institute of Language, Literature and History KarRC of RAS
The article presents the description of shoreline reconstruction of Onego Lake
during different climatic periods starting from Pleistocene and ending with late
Subatlanticum. The position of shorelines was estimated by processing of com-
bined digital elevation model (DEM) that included digital terrain model and
digital lake depression model. The results of the reconstructions are available as
WEB-maps on the Internet.

OLIEHKA JOJITOBPEMEHHBIX N3MEHEHMI pH
B O3EPAX KABKA3A METOJIOM BUOMHIMKALINA
(IMATOMOBBII1 AHAJIN3)

B. JI. PazymoBcknii, JI. B. PasymoBcknii

Hucmumym 600uvix npoonem PAH

PaGora nocssinieHa aHanau3y IPOLIECCOB JOJTOBPEMEHHOIO H3MEHe-
Hus pH B manbix o3epax KaBkasa. beuin ncciie1oBaHbl 03€pHBIE 0CAl-
KM U3 TATH o3ep 3amanHoro u Llenrpansnoro Kaskasa. OcHOBOM Hc-
CJICI[OBaHI/Iﬁ CTaJIn JUaTOMOBBIC KOMIIJIEKChHI, U3YyUCHHBIC U3 KOJIOHOK
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noHHBIX oTinokeHu (JO). {15 peKOHCTPYKLIMHU YNCICHHBIX 3HAUYEHUH
pH Ob11 mprMeHeH NPUHINN YHU(PHUKAIMHA THAPOIOTHIECKUX apame-
TpoB. B paboTe ucnonp30BaHbl pe3ynbTaThl H30TOIHOTO JaTHPOBAHUSI.
Jig uccnenoBaHHBIX 03€p OBLIM MOCTPOESHBI PAIBI AOITOBPEMEHHOTO
U3MEHEHUsI YUClIeHHbIX 3HaueHut pH nnurensHocthio oT 2000 mo 120
neT. [TocTpoeHHbIe TpeHIbl YHCIeHHbIX 3HaueHuil pH cBUeTensCTBY-
10T 00 OTCYTCTBHM 3aMETHBIX M3MEHEHUH B o3epax 3amagHoro Kaska-
3a U O BBIPAKEHHBIX MpoOIleccax 3allleaunBaHus B o3epax LleHTpanb-
Horo KaBkaza. /I okoHYaTeNbHBIX BHIBOAOB TPeOYIOTCSl Oosiee mac-
mITaOHbIE UCCIIETOBAHMSL.

Beenenune. OnHoit n3 HamboIee 0OCYXKITAEMBIX T€OIKOIOTHUCCKUX
TEeM BO BTOpOi mojoBuHE 20-T0 cTONETHS OBLT BOTIPOC 00 aHTPOIIOTCH-
HOM 3aKHCJICHUH 03ep. B janpHeiIeM cTaio 04eBHIHBIM, YTO JIaHHAS
npoOiiemMaruka J0JKHA OOCYXKIAThCsli HA PETHOHAIBLHOM YPOBHE, I0-
CKOJIbKY COYCTaHWE MPUPOIHBIX H aHTPOTIOTCHHBIX (DaKTOPOB JUIsT Kax-
JIOTO PETHOHA PAa3UTEIHHO OTIINIAETCS.

Masbie 03epa, UMEIOIINE TIIOINIAb BOJAHOTO 3epKaia MeHee | Km?,
SIBJSIFOTCSL TPAJIUITMOHHBIMUA OOBEKTaMHU JUISI SKOJOTMYESCKHX U THJPO-
JIOTHYECKUX PEKOHCTPYKIMKA. DTO CBSA3aHO C TEM, YTO JOHHBIC OTIOXKE-
Hus ([O) Mansix o3ep OOBIYHO HE MMEIOT MEPEPHIBOB B OCAAKOHAKO-
mwieHnu. Bee o6cnenoBannsie o3epa: Kapakens, Jloary3opyH, bonsioe,
3epkanbHOoe 1 KapapiBad — OTBEYAIOT 3TOMY TPEOOBAHHIO.

IIpu omenke TpaHchopManmii, MPOUCXOIANINX B O3EPHBIX IKOCH-
CTeMaxX BO BPEMEHH, TPAJIUIIMOHHO HCIOJIB3YEeTCsS METOJ| TUaTOMOBO-
ro ananuza. JlmatomoBeie Bomopociu (kiacc Bacillariophyceae, otnen
Ochrophyta) — mmupoko pacmpocTpaHeHHas TpyIIa BOAOPOCIIEH, a HaJH-
YKe 3HAYUTEITHHOTO CIIEKTPa BUIOB-WHINKATOPOB MTO3BOJISIET JIOCTOBEP-
HO PEKOHCTPYHPOBATh H3MEHEHHUS YNCIICHHBIX 3HaYeHnH pH.

MartepuaJ u metoabl. Bo Bcex msatu o3epax ¢ 2006 mo 2012 1. 6putH
0TOOpaHbI KOJIOHKH JOHHBIX oTioxenni (J{O) B meHTpanbHoi yacTn ux
AKBaTOPHH, C MAKCHMAJIBHBIX [TyOUH.

CTpyKTypy ¥ 00b€M IEPBUYHOTO MaTepHalia CoOCTaBMIN KoMoHKH J1O
mmrHOU: 40 cM (03. bombmioe), 35 cm (03. 3epkanproe), 18 cMm (03. Kap-
nmeiBag), 48 cM (03. Kapakens) u 25 cm (03. loury3opyn). Komonku J1O
OB pa3pe3aHsl C HHTEPBAJIOM B 1 cM.
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OT100p 00pasuoB, 00padoTKa Mpod, N3rOTOBICHKUE OCTOSHHBIX Ipe-
naparoB, MOACYET U HICHTU(UKALNS CTBOPOK AMATOMEH OCYIIECTBIIs-
JIUCh 10 CTaHIapTHBIM MeToaukam [JlaBeioBa, 1985; Renberg, 1990].
[Tomumo kaccuueckux Gpopm AUATOMOBOTO aHAIN3a, s pacyeTa Yuc-
JICHHBIX 3HayeHud pH B paboTe ObUT MpUMEHEH MPUHIUI YHU(PHUKALUHI
OMOWHIMKAIIMOHHBIX MeTOJI0B [Mouceenko, Pasymosckuii, 2009]. Cre-
JyeT 0co00 TMOMYEPKHYTh, YTO OCHOBHOU IOJIOKUTEILHOW CTOPOHOMN
MPUMEHEHHON METOJUKHU SBISETCS JOCTOBEPHAs PEKOHCTPYKIUS TEM-
MIOB M HalpaBJIEHHOCTH n3MeHeHus pH, a He pacdeT YNCIIeHHBIX 3HaJe-
HUH Kak TakoBbIX. McxoqHoi nHpopMannoHHoi 062301 TaHHBIX IS pac-
YyeTa yhcieHHbIX 3HaueHnid pH nocmyxuina padora C. C. bapunoBoii ¢
coasT. [2006].

Omnpenenenue Bo3pacta JJO npoBeneHO METOIOM M30TOMHOTO AATH-
poBanust (*’Cs, 2!°Pb) B IHCTHTYTE T€OXUMHHU M aHATUTHYCCKONH XUMUH
um. B. . Bepuaackoro PAH no crangaptaeiM Metoaukam [Appleby,
1997] u B Uncturyre munepaiorud uMm. B. C. CoboneBa Cubupckoro
otaenenusi PAH [Kamyrun u np., 2009; Jdapeun, Kanyrun, 2012]. O6-
muii Bo3pact kostoHkH J{O u3 03. Kapakens onpeaeneH METOA0M paano-
yraepognoro  AMS-patupoBanus  (paguoyriiepogHas —Jaboparopust
r. [lo3nans, [lomemra) [http://www.radiocarbon.pl/].

Pe3ynbTarsl u 06cy:xaenue. B oopaszuax /1O u3 03. bonbuioro 66110
uaeHTHuIMpoBaHo 58 TakcoHOB-uHAMKaropoB pH. PexoncTpykums
YHUCICHHBIX 3HadYeHUH pH ¥ MOCTPOEHHBINH TPEH] 3TOT0 MOKa3aTens Mo-
3BOJISIET CAEJATh 3aKIIOUCHHE, YTO KATHOHHO-aHHUOHHBIH OajaHc B 03epe
3a aHAJIM3UPYEMBIH MPOMEXKYTOK BPEMEHM 3aMETHO He MeHsucs (6,05—
6,135) (puc. 1). Bo3pacT uccie0BaHHBIX 03€PHBIX OTJIOKCHHI B HHTEP-
Baje 39—40 cm ~150 ner.

B o6pasmax JIO u3 03. 3epkaibHOro ObLIO MASHTH()HUIIUPOBAHO 56
TaKkCOHOB-MHIUKaropoB pH. JluHHS TpeHaa, MOCTpoeHHas MO pac-
CUMTAHHBIM 3HAYCHMSIM, YKa3blBa€T Ha HE3HAYMTEIBHOE CMEILEHHE
KaTHOHHO-aHHMOHHOTO 0ajaHca B CTOpOHY 3amienadnBanus (0T 5,9 k 6,1)
(puc. 1). Bo3pact uccnenoBaHHBIX 03€pHBIX OTIOKeHHH ~150—180 neT.

B o0Opasuax JIO u3 03. KapasiBau Obuio uaeHtuduuposaso 173
TakcoHa-unaukaropa pH. Pacuer uncnennsix 3nauenuit pH cBuneTens-
CTBYET O BBICOKOM YpOBHE CTaOMIBHOCTH 03. KapapiBau Kak eauHON
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9KOCUCTEMBI. BOJBIIMHCTBO paccUMTaHHBIX 3Ha4eHui pH MeHsIoTCs B
O4YeHb He3HauuTeNbHOM uHTepBane (7,38-7,22) (puc. 1). Bo3pact uccie-
JIOBAaHHBIX O3€pHBIX OTJIOXKEHUH B uHTEepBane 15-16 cm ~120 ner.

03. bosbioe 03. 3epKaJbHOe 03. Kapabsay
pH5 55 6 65 7 75 pH 5557 596163 pH 70 72 74 78
0-2 | 0-1 0-2
24 | | 1-2 | 24
46 | 2-3 1
68 | ' 34] 45 ]
8-10 | | 4.5 56 |
1011 | 5.6 67
112 | g -
13-14 " |
15-16 . 89
] 8-9 |
17-18 1 9-10
15:50 9-10| |
| 10-11 10-11
2122 ] 1
2324 ] 11412 1112
25.26 | 1213 12413
2728 | 13-14] 1314
1415 1
2930 | 1 1415
3132 15-16 ]
3334 1617 1516 |
35-36 | 1718 1617
37-38 | 18-19 1718
3940 ' 201 1
1920 18-19
HHTEPBAJI (CM) HHTepPBAJI (CM)

HHTEePBAJI (cM)

Puc. 1. /loniroBpeMennble n3MeHeHHsI YNCIeHHbIX 3HaYeHnii pH
B Tpex o3epax 3anaaHoro Kapka3za

B oOpasuax JIO u3 o03. Kapakéns Obuto uneHTH(uImpoBano 20
TakCOHOB-MHAMKaTOpoB pH. YcTanoBneHo ABHOE cMemenne pH: oT kuc-
nbIX Box (5,0—5,5) B 3MOXY MOCTOSIHHBIX CEIEBBIX CXOA0B K BOJaM HEH-
TpaJbHBIM WU ciaboenounsm (7,0-7,5) Bo Bpemsi OKOHYATETbHOTO
MpeKpalieHus cejaeBoro Bo3ueicTus (puc. 2) [Pasymosckuii, Pazymos-
ckuit, 2013; PazymoBckuii, 2014]. CnexyeT OTMETUTh, UYTO MPOLIECCHI
YCHIICHUS CYIb(aTHOTO KOMIIOHEHTA XapaKTEPHBI B 3TOM PErHOHE JIJIs
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pa3HBIX TUIIOB BOJOEMOB (0OCOOCHHO ISl 03€P) U CBSI3aHBI C MTOBBIIICHU-
€M PacTBOPEHUS TUIICA M aHTUAPUTA B HUKHEM mosice Top [bartepou u
Ip., 1991]. Bo3pacT uccienoBaHHbIX 03epHbIX 0TIoKeHui ~2000 jneT.

B obpasuax 1O u3 03. Honry3opyn no pH-npuypoueHHOCTH OBLIO
UACHTU(UIUPOBAHO 65 TaKCOHOB-WHAMKATOPOB. JIMHHS TpeHIa, Io-
CTPOEHHAs M0 PACCUMTAHHBIM 3HAYCHUSIM, yKa3blBa€T Ha HEKOTOPOE
CMEIIICHUE KaTMOHHO-aHHMOHHOTO OajlaHca B CTOPOHY 3alllelladyuBaHHUSI
(ot 7,15 k 7,37) (puc. 2). Bo3pacTt ucciiejoBaHHBIX 03EPHBIX OTIOXKE-
Huii ~130 ner.

03. Kaparken 03. JIOHry30pyH

pHs 4 s 6 7 8 9 10 pH®676869 7 7,1 727374757677 78
0-1
1-2
2-3
3-4
a-s
5-6
6-7
7-8
8-9
9-10
1011
1112
1243
13-4 |
14-15 |
15-16
1617 |
17-18
18-19
19-20
2021
2122
223
2324
2425

0-2
2-4
4-6 |
6-8 |
8-10 |
10-12 |
12-14 |
14-16 |
16-18 1
18-20 |
2022 |
2224 |
2426 |
26-28 1
2830 |
232 |
32-34

34-36 :
36-38

38-40 |
a0-42 |
42-44 |
44-46 :
46-48

HHTEPBAJI (CM)

HHTePBAJI (CM)

Puc. 2. JlonroppeMeHHbIe H3MeHEHHs YHMCJICHHBIX 3HaYeHuil pH B nByx
o3epax llenTpaasHoro Kaskasa

Amnanms MNPpUYINH U3MCHCHUSA YUCIICHHBIX 3HAYCHHI pH B HCCJICOO-
BAHHBIX O03€pax MO3BOJISICT YTBCPIKAATh, YTO CTaOUIIBHOCTh ATOTO MOKa-
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3aresi 3aBHCHUT, B IEPBYIO0 04YepE/ib, OT PACTIONIOKEHUSI aKBATOPUU 03€-
pa K ONIM3IeKAIIIM TOpaM U THAPOAMHAMUYESCKOTO PEKUMA (IIPOTOYHOE
03epo win HenporouHoe). O3epa bonbmioe u 3epkanbHoe OECCTOYHEIE,
CKJIOHBI TOp HEMOCPEACTBEHHO K aKBAaTOPUH 03€p HE MPUMbIKatoT. ViMeH-
HO B 3THX O3epax mnokasaresnb pH HamOonee craOwieH u (aKTHYCCKH
He MeHsuics. O3epo KapapiBay npoTouyHOE M 00paMIICHO CKIIOHAMHU TOp.
AKTHBHOE MOCTYIUICHUE O0JIOMOYHOTO MaTepuasa MPUBEIO K He3HAYU-
TEIBHOMY CMEIICHHUIO YHCICHHBIX 3HaueHui pH u crabomy 3amenadn-
BaHUIO 03EPHBIX BOJ.

Oszepa Kapakens u JIoHTY30pyH pacriofioxkeHsl B paiione LeHTpans-
Horo KaBkasa, rjie cocTaB TOPHBIX IMOPOJI HHOM, YTO UCXOIHO MOIPa3y-
MeBaeT 0oJiee aKTMBHOE CMeEIIeHHe 1moKkasatelns pH B cTopoHy 3armena-
YHBAHUS O3EPHBIX U PEUHBIX BOJI.

[TomydeHHbIe pe3ynbTaThl CBUACTEIBCTBYFOT O TOM, YTO HUKAKUX
MIPOIIECCOB 3aKHCIICHMSI, B TOM YHCJIE aHTPOIIOTCHHOTO T'eHe3Hca, B pe-
THUOHE BBISIBUTH HE yranock. OJHAKO, IO MHEHUIO TIEPBOTO aBTOPA, 3TH
MPOIECCHl MOTYT MPHUCYTCTBOBATh, YTO B KOHEYHOM HTOT'E MPUBOJIUT K
AKTUBHU3AIIUU TIPOIIECCOB PAa3pPyIICHUS TOPHBIX MOPOJI U YCUIICHUIO TEM-
TIOB 3allleIaYMBaAHUS.

BriBoabi:

1. IIpoBenecHHBIC HCCICIOBAHUS MPOAESMOHCTPUPOBAIN J0CTOBEP-
HOCTh MPHMEHEHHOTO METOJla pacdeTa YMCIICHHBIX 3HaueHui pH s
JIOJITOBPEMEHHBIX PEKOHCTPYKITHH.

2. Jlyis o3ep, pacmoiioxKeHHBIX B palioHe 3amaaHoro KaBkasa, xapak-
TEPHO OTCYTCTBHUE 3aMETHBIX U3MEHEeHHMI TToka3aress pH.

3. Jlus o3ep, uccienoBaHHbIX B paiioHe LlenTpanbsnoro Kapkasa, o1-
MEUEHBI JIOJTOBPEMEHHBIE IPOIIECCHI 3allleIaYUBaHUs 03EPHBIX BOJL.

4. BwiBombI 00 OTCYTCTBUHU aTMOC(HEPHOT0 3aKUCIICHUS Ha TEPPUTO-
pun KaBkaza HOCSAT HEOKOHYATENBHBIN XapaKTep U TPEOYIOT NaibHEN-
IIMX UCCIISIOBAHU,
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ASSESSMENT OF LONG-TERM pH CHANGE IN CAUCASUS
LAKES USING BIOINDICATION METHOD (DIATOM ANALYSIS)

V. L. Razumovsky, L. V. Razumovsky
Water Problems Institute of RAS

The study deals with the analysis of long-term pH changes found in small Cauca-
sus lakes. The sediments from five lakes of Western and Central Caucasus were
examined. The diatom assemblages from those lake sediments (LS) were the main
object of the study. To estimate pH numerical value the hydrological parameter
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unification principle was used. Radiometric dating was used during the study pro-
cess. Long-term pH change scales ranged from 120 to 2000 years long were made
for all the investigated lakes. The pH scales showed no major changes in Western
Caucasus lakes but proved the fact of alkalization trend in the lakes of the Central
Caucasus. Making more detailed conclusion requires further research work.

TEOPAJIAPHOE OBCJIEJJOBAHME JJOHHBIX OTJIOXKEHUI
MAJIBIX O3EP KAPEJIMN

II. A. Pa3anues, 3. U. CaykoBckuii, A. . Poquonos

Hnemumym zeonocuu KapHIL] PAH

B crarbe mokazaHbl BOSMOKHOCTH T'€0pPaANOIOKAIIMN AJIST H3Y4EHHs Ma-
nbix o3ep Kapenmun. MccnenoBansl ocobeHHOCTH cOopa u 00pabOTKH
JAHHBIX JJIs1 ompesieNieHrss MOP(OIOrHH KOTIOBHHBI U CTPYKTYPBI JOH-
HBIX OTJIOKEHUW Ha IpuUMeEpe 03. YeTbIpexBEPCTHOTO. PaccMOTpEHbI BO-
NPOCHI UCTIOJIB30BAHUS T€OPAANOTIOKAIMH B KOMILIEKCE C TpPaJUIHOH-
HBIMU METOJIaMH U3yUYEeHHUs] BOZOEMOB.

Ha ceropnsmnuil 1eHb JOHHbBIE OTIOKEHHS PA3IMYHBIX BOJOEMOB C
YCIIEXOM UCCIIEeIYIOTCS AUCTAHIMOHHBIMU MeTogaMu reodusuku. Mx nc-
MOJIb30BaHKUE MO3BOJISICT MACHTU(DHUUINPOBATE MOP(OIOTHIO 1HA, Ompe-
JENUTh JIMTOJIOTMYECKHE PAa3HOCTH PBIXJIBIX HOPOJ, Clararoliux IHO,
BBISIBUTH JIOKQJIbHBIE OOBEKTHI U HEOIHOPOAHOCTH. OJJHUM U3 BEAYIINX
METOJIOB JIJIsI PELICHUs MOAOOHBIX 3a7a4 Ha aKBATOPHSX SIBIISETCS Teopa-
JnapHasi cbeMka (reopaguoniokanus). [lpunuun nefictBus npubdopa ais
reopagapHoil CbeMKH OCHOBAH Ha U3JIy4YE€HUH HAHOCEKYH/IHBIX UMITYJIb-
COB DJICKTPOMAarHUTHBIX BOJIH U MPHEME CUTHAJIOB, OTPaKCHHBIX OT I'pa-
HUII 30HANPYEMOM Cpelibl, UMCIOLINX Pa3IUuHbIe AeKTpodu3ndeckue
cBoiictBa [Bnanos, Craposoiitos, 2005]. HaOop 3amuceii oTpakeHHBIX
CUTHAJIOB (Tpacc) MpeACTaBIAeTCsl B BUE HENPEPHIBHOTO MPOdHis —
pazaporpaMmsbl.

Kak moka3pIBaloT MCCIeI0BaHUs pa3lInYHbIX aBTOpoB [Moorman et
al., 2001; Brmagos u np., 2007; Bobpos u ap., 2009], reopaaronoxariys
MO3BOJISICT MOJIYYUTh MIMPOKUHN CHEKTP MH(POPMALMK O CTPOCHUH JOH-
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HBIX OTJIO)KEHUH, MUCXOAd M3 HM3MEHEHHs CKOPOCTH paclpOCTPaHEHMs
JJIEKTPOMArHUTHOW BOJHBL. B psjie npaktudyeckux padot [OMenbsiHeH-
ko, Xpucrodopos, 2012; Sambuelli, Bava, 2012] nemoHcTpupyeTcs, 4To
Ha OCHOBE aHaJIN3a BOJTHOBOW KapTUHBI MOYKHO UJICHTH(DUIIMPOBATH Tpa-
HUIBI PHIXJIBIX OTIOXKEHUH U KOPEHHBIX IMTOPOJI BOJOEMOB C I0CTATOUHOM
CTENEHbIO JOCTOBEPHOCTH.

B npeacraieHHOi cTaThe paccMaTpUBaIOTCs BOIIPOCHI FreopaiapHoO-
ro o0clieIoBaHus IPU M3ydeHnu Mmaibix o3ep Kapenuu B paiione r. [le-
Tpo3aBojicka (03. YerkipexBepctHoe, 03. Kamennsiii bop, 03. Jlamba).
Lenb mpoBoauMBIX paboT 3aKiI04Yanach B COBEPIICHCTBOBAHUN METOIU-
KU TeopaJlapHOro 00cIeJ0BaHUs MaJIbIX BOJIOEMOB U €r0 IPUMEHEHHH B
KaueCcTBE BCIIOMOIaTENIbHOTO CIOCo0a MpHU FeOXMMHUYECKOM OMpoOoBa-
HUW JIOHHBIX OTIOKeHUi. Ha 0CHOBe mosydeHHol WHpOpMaIUK yTOY-
Hs1ach MOP(OJIOTHUS JTHA, BBIACISUIUCH OTACIbHBIC CTPYKTYpPHBIC dJie-
MEHTBI 0CaI0YHOH TONIIH, KOPPEKTUPOBAIUCH TOYKH 0TOOpPa Mpoo.

PaccMoTpum pesynbrarhl HCCeOBaHUN Ha mpumepe 03. YeTwipex-
BEPCTHOT0, pacloio;KeHHOTro B MUKpopaiione Kitouesas. O0ree cTpoe-
HUE ero KOTJIOBUHBI TIOKa3aHo B pabore [[loraxun, 2011], rae Takke BbI-
JieNIeHbI [TyOOKOBOIHBIC YYaCTKH B CEBEPHOM M IEHTPAIILHOM YacTH 03epa
W ompeneneHa cpeanss youna B 3,2 M. JIoHHBIE OTIOKEHHUS HCCIIeye-
MOTO BOZI0€MA MPEICTABIEHBI CAllPOINENeM U aJIEBPUTOBBIM CalpoIeneM
(MomHOCTB TIOpsiiKa 1 M), aneBpuTamu (MOmHOCTE 0,5 M) U JICHTOYHBI-
Mmu mirHaMu (MotrHocTh 0,4 M) [JIaBposa, 2006]. 'eopagapHoe oocineno-
BaHMe 03. YeThIpeXxBepCTHOTO BHITONHSUIOCH pubopom OKO-2 ¢ anTen-
HbIM O51okOM 150M (uieHTpanbpHas yacrora 150 MI't) B BecenHuit mepuon
0 MOBEPXHOCTH JibJa. Beero Obl1o0 BhIoNHEHO 9 ipoduiieit, koopanHa-
ThI KOTOPBIX MPUBSI3bIBATUCH Mpu oMoy GPS naBuraropa.

Ha puc. 1 nemoHcTpupyeTcs pagaporpamma Jist OTAEIBHOTO Mpodu-
JIs1, KOTOPBIM BBICTYMAN B Ka4€CTBE OMOPHOTO, TAK KaK B €ro mpeaeiax
ObUTM TIPOOYpPEHBI CKBaKUHBI py4HOTO OypeHus. CheMKa OCyIecTBIIs-
Jach ¢ pa3Hoil BpeMeHHoM pa3BepcTkoit 200, 400, 800 He, U, Kak MoKaza-
JIa IpaKkTHKa, HanOonee nHpopmaruBHa cbeMka 400 He. Ha pagaporpam-
M€ MPUCYTCTBYET MHOXKECTBO ITOMEX, KOTOPBIE 3aTPyAHSIOT 00paboTKy
u uHTepnperanuo. Hanmmune nomex oOyclIOBIEHO BIMSIHUEM CHEXHO-
JIEZIOBOTO TOKPOBA, OTHOCUTEIBHO MOHIKEHHBIM YIEIbHBIM JJIEKTPU-
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YCCKHUM CONPOTHUBJICHUCM BO/bI, HPUCYTCTBHUEM JICHTOYHLIX IJIMH B pas3-
pe3€, KpoME TOr0, JIYHKH CKBAXHMH CO3ar0T Ha6op ,[[I/I(I)paFI/IpOBaHHLIX
BOJIH — TaK Ha3bIBAEMBIM «3BOHY.

0 10 20 30 40 50 60 70 80 90 100
X, M

Puc. 1. OnopHelii reopagapusiii npo¢uib Ha 03. YeTbIpeXBepCTHOM:

1 — rpaHuIa TOHHBIX OCAJIKOB; 2 — rpaHUIla MUHEPAJIILHOTO OCHOBAHUS 03epa; 3 — CKBa-
JKUHBI PYYHOTO OypeHHUst

HecmoTpst Ha Hamuuue moMex, Mo OCsiM CHH(Aa3HOCTH OTPaKEHHO-
IO CUTHAJA Ha paZaporpaMMe JI0CTaTOYHO YBEPEHHO ONPEIEIISIOTCS BE
TpaHMLBI, TepBasi U3 KOTOPHIX MHTEPHPETHPYETCs Kak pasfen Boaa —
JTHO, a BTOpasi — KPOBJISl MUHEPaIbHOTo ocHoBaHusl. [lonokenne rpanuig
B OOIEM BHJIE COOTBETCTBYET HUMEIOIIUMCS JUTEPATyPHBIM JaHHBIM U
pesynsratam OypeHus. Kpome Toro, Ha paspe3e HaunHas ¢ nukera 40
NPEAToaraeTcs HaJuyhe TNIMHUCTBIX 0CAJKOB B TOJIIIE PBHIXJIBIX OTIIO-
JKEHUH THa. DTO 00yCIIOBICHO H3MEHEHHEM BOJIHOBOI KapTHHBI B CPaB-
HEHUH C MpuOpekHOoN yacThio B mHTEepBase 0—40. Ha nukerax 10—40 Ha-
OmrogaeTcst U3MEHEeHHE pelibea MUHEPaIbHOTO OCHOBAHUS 03epa.

Bce nony4ennsie reopanapHsie mpo i 00beIMHEHBI B 00U Mac-
CHB JaHHBIX, IOCTPOEHBI KapTa [ITyOUHBI 03. YeThIpEXBEPCTHOTO U KapTa
BEpXHEH KPOMKH MUHEPAJILHOTO OCHOBaHUS (puc. 2). AHanu3 uadopma-
LM TI03BOJISIET CAETATh BBIBOJABI O TOM, YTO MOP(OJIOTHs IHA COOTBET-
cTByeT (hopMe KOTIOBUHBI 03€pa, KOTOpasi, B CBOIO ouepeib, COPMHUPO-
BaHa 3a CUET TEKTOHMYECKUX HAPYILICHUN HIKEJICKAILETO KPUCTaJUTHye-
CKOTro (pyHIaMEHTa.

[TomyuyeHHble pagaporpaMmbl M CBOJHBIC KapTbl DIIyOMH HCIHOJb-
30BaJIMCh JJIsI KOPPEKTUPOBKHM T'€OXMMHUYECKOIO ONpPOOOBAHUS JIOH-
HBIX OTJIOKEHHH. McXoms M3 cxeMbl KOTJIOBHMHBI, Ha 03. YeThIpexBepcT-
HOM OTOMpPaINCh MPOOBI C Pa3HBIX YPOBHEH € y4deToM MOpQoIoruu.
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Puc. 2. Kaprtsl 03. UeThIpexBepCcTHOT0, MOJYUEHHbIE M0 JAHHBIM reopa-
JAHOJIOKAIUHU:

A- KapTa FJ'[y6I/IH BOJIHOT'O CJIO4, b- KapTa FJIy6I/IH I'paHulbl MEXIY PHIXJILIMH OTJIOKE-
HUAMU U MUHEPAJIbHBIM JHOM

OTO MO3BOJMIO MPOBOIUTH TEOXUMHUYECKHE KOPPEISILIMU B Ipenienax
OJTHOT'O CJIOSl C YYETOM CHOCA M NEPEOTIOKEHHsI 0Ca04YHOI0 Marepuaia.
Panee npoBeneHHBIE TEOXMMUYECKHE HCCIIETOBAHUS KOJIOHKH JOHHBIX OT-
JOKeHU# 03. YeThIpexBepCcTHOrO ITyOMHOM 10 1 M BBISIBUIIM ITPEBBILIC-
HUS B caMOM BEpXHEH 4acTH 0CaJ0YyHOIO pa3pe3a KOHIEHTPALUil Tshke-
JBIX METAJUIOB U JAPYTMX MHKPORJIEMEHTOB HaJ (DOHOBBHIMU 3HAYCHMS-
miu [CiykoBckuit, Mengenes, 2015]. HanGonbime npeBbIeHNs] OTMEUe-
HBI JUIS IEJIOYHBIX MeTaioB — Rb, Cs, Li ¥ TakuX OMacHbIX 3arpsi3HUTE-
Tt okpyxaroieii cpenbl, kak Pb, W, Cr, Ni, Cu, Co 1 Mo. YcraHoBIeHo,
YTO Ha FEOXMMHUYECKYIO CIIeHU(UKY BEPXHHUX CJIOEB M3yUCHHBIX OCAJKOB
CHJIbHOE BJIMSIHHE OKa3bIBACT TEXHOTCHHBIN (PaKTOp, TaK Kak 03. YeTbIpex-
BEPCTHOE PACIIONOXKEHO BOJIM3M OKUBJICHHOW aBTOMOOMIILHOM Tpacchl U
JKEJIE3HOIOPOXKHBIX IMyTeH, KpOME TOro, HEOOXOAMMO YUUTHIBATh OOIINI
(hoH 3arpsi3HEHUs KPYIHOTO ropoja, KakuM ssisercs [lerposasonck. Ilo-
JOOHBIE KOMIUIEKCHBIE paOOThl IPOBOAMIIMCH U HA JAPYTUX MaJbIX 03€pax
B nipezenax r. [lerpozaBoncka — 03. Kamennsiii bop u 03. Jlam6a. Ha ocno-
BE MOJIYYEHHBIX JaHHBIX YCTAHOBJICHO, YTO T€OPaANOIOKALIUs 00eCIIeun-
BacT MPOCTPAHCTBEHHYIO OPHEHTALMIO IPH 0TOOpE Mpo0.

BrinonHeHHbIe UccienoBaHUA Ao0Ka3adu 3PQEeKTHBHOCTL reopanapa
npu o0ClIeIOBAaHUU JOHHBIX OTIOXKEHHH MajblX BogoeMmoB. MHrepmpe-
Talysl PagaporpamMM I03BOJIHMIIA YCTAaHOBUTH MOP(OJIOTHIO 1HA HU3ydae-
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MBIX O0BEKTOB W BBIACIHUTH €r0 HeoqHOponHocTH. Co3nanue 00001maro-
IIUX KapT 00ECIEUUIO ONpE/ICICHUE KOTIIOBUHBI M TIIYOHHBI 3aJICTaHUsI
MUHEPAIBLHOrO OCHOBaHUS. J[0Ka3aHO, YTO reopaauoIOKalis MOKET BbI-
CTYIaTh B KQYECTBE JOMOIHUTEIBLHOTO CPEACTBA IS JTOKATU3AIUU MECT
0TOOpa TEOXUMUYECKHUX P00, M ¢ TOYKH 3PEHHS METOIUKU €€ HeoOXOo-
JTIUMO BBITIOJHSTH HA MEPBBIX 3Talax UCCIICIOBAHUIN TOHHBIX OTIIOKECHUH.
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GROUND PENETRATING RADAR SURVEY OF KARELIAN
SMALL LAKES SEDIMENTS

P. A. Ryazantsev, A. 1. Rodionov, Z. 1. Slukovskii
Institute of Geology KarRC of RAS

The article deals with the GPR method to explore Karelian small lakes. The
features of data collection and processing to determine the basin morphology
and sediments structure were investigated by the example of Chetyrekhverstnoe
Lake. The matter of using GPR method in combination with traditional methods
of studying water bodies was considered.

COBPEMEHHOE MUHEPAJIOOBPA30OBAHUE
B O3EPAX IIETYXOBO KYJIYHJIMHCKOM CTEITA

E. A. Omuna', B. /1. CrpaxoBenko', H. U. EpmoJiaeBa’,
E. 10. Bapyouna®, A. B. CainrbikoB’

!HUnemumym 2eonoeuu u munepanozuu CO PAH, e. Hosocubupck
2Unemumym 600mHwix u sxonocuyeckux npoonem CO PAH, e. Hosocubupck

Paccmotpenst aBe o3epubie cucteMsl (03. [letyxoBo y 1. [TeTyxoBo u 03.
ITeryxoBo y a. CeBepka), pacroiIOKeHHBIC HA PAcCTOSIHUH 14 KM ApyT
ot nipyra B Kynynaunckoit crenu. KoMrisiekcoM COBpEMEHHBIX T€OXUMU-
YECKHUX METOJI0B M3Y4EH DIIEMEHTHBIN COCTaB Pa3INIHBIX KOMITOHEHTOB
03EPHBIX CUCTEM. B BEepXHHMX TOPHU30HTAX JOHHBIX OTIOKEHHH 03€p J10-
MUHHUPYIOT KBapIl, TOJIOMUT, IUTarHOKIIa3, B BUIE MPUMECEH OTMEUaroT-
Cs1 TAJINT, TPOHA, KITII. B HIDKHUX TOpH30HTaX pe3Ko mpeodiajgaeTt J00-
MUT, BCE OCTAJIbHBIE HA3BaHHBIE MUHEPAIIBI IPUCYTCTBYIOT B BUE TPH-
Meceil. OcakJieHrne ayTUTeHHBIX MIHEPAJIOB PACCMOTPEHO C TOYKHU 3pe-
HUS TIPOIIECCOB KPHOTEHHOTO MUHEPAI000pa30BaHNUA.

B Kynynnunckoii crenu (Mexaypeuse p. Upteimn u O0b) Ha orpom-
HOM MpPOCTpaHCTBe pacnojoxeHo Oonee 3000 o3ep pa3zHOOOpa3HOI
Pa3sMEpPHOCTH M XUMHYECKOTO COCTaBa BOJ B YCJIOBHSX CYXOCTEITHOTO
u crenHoro janamadra. HeoOblHas mecTpoTa XUMHUECKOTO COCTaBa
BOJ B 03€pax, paclojOKEHHBIX Ha PAcCTOSHUU HECKOJIBKHUX IECATKOB
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METpPOB, Ha MPOTSKEHUM MHOTHX JIET NpPUBJIEKaeT BHUMaHHUE YUEHBIX
pasHbIX podeccuil.

Kynynaunckas genpeccust Haxonutcest Mmexay [lpuoockum u Ilasio-
JApCKUM IIJIaTO U MpeACTaBIseT co00H yAIMHEHHOE YalieoOpa3Hoe mo-
HIDKEHHE, OTKpBITOE Ha ceBepo-3anan [Kosanes, 1967]. Haubonee mo-
HIDKCHHBIE CEBEpHasi U CEBEpO-BOCTOYHASI YAaCTH €ro, UMerolre abco-
JOTHBIE BBICOTHI Mopsaka 100—115 M, npuypodens! k nmogHoxuro [pu-
o0ckoro maro. KOxHast ¥ 10ro-3anaHas 4acTH ACIPECCHH JiexKaT Ha 60-
nee BoICOKHX YpoBHsX (120—140 m). KynmyHnuHckast paBHHHA pacroso-
JKCHA Ha CTBIKE KIIMMAaTHYECKUX 00JacTeil U JOCTyIHA CaMbIM Pa3iiiy-
HBIM 10 MPOUCXOXkAECHUIO BO3AYIIHBIM MaccaM — IOKHBIM CpeJHea3u-
aTCKUM M CEBEPHBIM MOJSIPHBIM. DTO ONpenesieT KOHTUHEHTAIBHOCTb
M 3aCyLUUTMBOCTh KJIMMaTa, KOTOpPbIE BBIPAXKAIOTCS B OOJIBIIONH HM3MEH-
YUBOCTH aTMOC(EpPHOTO JaBJICHHS, TEMIIEPaTyphl, BIAXXHOCTH BO3IY-
Xa U JIPyT'HX METEOPOJIOTHYECKUX JIEMEHTOB KaK B UX CyTOYHOM, Tak
U B TOJI0OBOM Xojie. [l CTENHOM 30HBI XapaKTEpHO KapKOE CyXO€ JIETO
U XOJIOJHAs MaJloCHeXHas 3uMa. OcaJkoB Majio — 3a TOJ BBIMAJAeT
230-350 mM. OCHOBHBIMM MCTOYHHKaMH IHUTAHHA 03€p SABISAIOTCS Ta-
JIbl€, JOXKJIEBbIE M TPYHTOBBIE BOJBI, IPU 3TOM CHUJIbHBIE BETPHI yCKOPS-
10T MCTIapEHNE BJIAard ¢ MOBEPXHOCTH CHEXHOTO IIOKPOBA U aKBAaTOPUH.

[ToneBble pabOTHI MPOBOAMIMCH B COCTABE KOMIUICKCHOM JKCIEnu-
uuu UT'™M CO PAH u B3I CO PAH B aBrycre 2015 1. Kononku noH-
HBIX OTJIOKEHUH OTOMpaluch ¢ KaTamapaHa MpH MOMOIIM LMIHHAPH-
YeCKOro MpoOOOTOOPHUKA C BaKyyMHBIM 3aTBOpOoM KoHcTpyKuuu HITO
«Taiipyn» (mmametp 82 mM, anuna 120 cm). Kepn ompobosascst nous-
TEPBAJILHO € MIaroM 3 c¢M mwin 5 ¢M Ha mryouny ot 50 1o 120 cm. Ot6op
npo0 BOZIBI HA BCE aHAIM3BI TPOU3BOAMIICS TI0 CTAHIAPTHBHIM METOJHKAM
T'OCT 31861. HermocpeacTBeHHO B MOJIEBBIX YCIOBUSX ONPEIEIIAIN 3Ha-
yeHus nokaszareneil pH, Eh, o0meit MuHepanuzanuy Boabl, COAEpKaHUs
KHCJIOpOZa, a TaKKe MpoObl JOHHOTO OcajKa Cpa3y B3BEIIMBAINCH IS
JIaNbHEHNIIIEro pacyeTa BIaKHOCTH.

MeTtonom aTroMHO-a0COPOLMOHHON CHEKTPO(YOTOMETPUH C UCIIOIb-
30BaHUEM METOJIOB IJIAMEHHOM M 3JIEKTPOTEPMUYECKON aTOMH3aLuu
B Mpo0ax BOABI U JOHHBIX OCAIKOB ONPEICNSUINCh 3HAYCHUs] KOHLICH-
Tpauuil MUKPO- U MakKpodJIeMeHTOB (crekTpoMmeTp Solaar M6 ¢upMsl
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Thermo Electron, Aurius, cHaOXKEeHHBI 36€MaHOBCKUM W JIeHTepue-
BBIM KOppekTopoM (oHa). MeTonoM peHTIeHOBCKOH IU(ppPaKTOMETPHH
(XRD) ananusupoBajics MUHEpaIbHBII COCTaB MPOO JOHHBIX OTIOXKE-
HUH. PeHTreHoBCKHe MCcieqoBaHUs MPOBOAMINCH Ha JU(PPAKTOMETPE
ARLX’TRA (u3znyuenne CuKo). M3yyenue mopdonoruu, ¢pazoBoro u
XHUMHYECKOTO COCTaBa 00pa3loB MPOBOAMIIOCH C MCIOIb30BAaHUEM CKa-
HUpYIOLIETO 3JeKTpoHHOro Mukpockona LEO1430VP, cuaGxeHHOro
sHepreTuyeckuM crnekrpomerpom OXFORD.

Ozepa IletyxoBo pacnonoxkens! B KiroueBckom paiione Antaiicko-
ro Kpas Ha pacctosHuM 14 xm apyr ot apyra [['upporeonorus CCCP,
1972]. B reomopdornorndeckoM oTHomeHuu ozepo [leryxoso y a. Ilety-
XO0BO (TUI0IIamb 3epkaia o3epa 15 km?) pacmonaraercs B mpenenax Ky-
JYHAWHCKOH aJIIOBHAaIbHON paBHUHBI (CTEIb) HA aOCOIIOTHOW BBICOTE
125 M, npeAcTaBIeHHON aJUTIOBHAIBHBIMU U 03€pHO-aJITIOBUAIBHBIMU
OTJIOKEHUSIMH, TIEPEKPBITBIMU JIECCOBUAHBIMU CcyrIMHKaMu. O3epo Ile-
TyxoBo y a. CeBepka (ruroniajp 3epkaia o3epa 4,7 KM?) TeppUTOpHAIIb-
HO TIPUYPOUYEHO K JIO)KOMHAM JIPEBHETO CTOKA, BHIMOJIHEHHBIM OTIOXKE-
HusMu KacManuHCkol CBUTHI (30J10BbI€ OTJIOKEHMS, IPEACTABICHHbIE
TOHKO-MEJIKO3€PHUCTBIMH TBUIEBATBIMHU, PEIKE CPETHEZEPHUCTBIMU TI€-
CKaMHM), 1 HaXOAUTCSI BHYTPH JICHTOYHOTO O0pa Ha abCOMIOTHOM BBICOTE
146 M HexaneKko 0T BOCTOYHOTO ero Kpas (puc. 1).

CTpyKTypa MOYBEHHOTO IOKpPOBa B BOAOCOOPHBIX OacceiHax wc-
CIIEYEMBIX 03€p MpEACTaBIsIET CO00il KOHIIEHTPUYECKOE pacrpesesie-
HUE CMEHSIOIUX JIPYr JIpyra MOYBEHHBIX THUIIOB: MOA30J — JEPHOBO-
MOJ30J1 — TEMHO-KaIITaHOBasi — JIyTOBO-CTEMHasi — JyroBas — CO-
nonuvak. [lomzomsl GopMupyIOTCS Ha BOAOPA3ACTBHBIX YYacTKax BO-
JOCOOPHBIX OacceiHOB 03ep IMOJl COCHOBBIMH JIMIIAHHUKOBBIMH JIeCa-
mu. Ilon crenHbiMM OMOLIEHO3aMH TOYBEHHBIH MOKPOB MPEICTABICH
TEMHO-KallITAHOBBIMU NIOYBAMHM WJIM YEpHO3EMaMHU. binke k o3epy Biu-
SIHUE TOYBECHHO-TPYHTOBBIX BOJ CTAHOBUTCS 0O0Jiee OLIYyTHMBIM, HETO-
CPEACTBEHHO B MPUOPEKHON 30HE 03epa (POPMHUPYIOTCS COIOHYAKH JIy-
roBele U copoBble. Cpeau (pakuuii rpaHyIOMETPUYECKOTO COCTaBa BO
BCEX HCCIEOyeMbIX MOYBaxX MPeoOnafaloT CpeiHe- W MEJKOIeCYaHble
YaCTHIIbI, KOTOPbIE MpeACTaBICHb 00JIOMKAMHU TEPBUYHBIX MHHEPAJIOB
(xBapu, moJjeBble mMatkl U Ap.). OHU CIOCOOCTBYIOT BHICOKOH BOJOMPO-
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HHMIJAEMOCTH U HU3KOH BOIOMOABEMHON ciocoOHOCTH. [10UBEHHEBIN 10-
KpOB BOJI0COOpHO# Tuiomiamu 03. [leryxoso y a. CeBepka npeacTaBicH
CWJIBHOKHUCJIBIMU TIO/I30J1aMH, a BOJIU3U 03epa — PE3KOIIEIOYHBIMH CO-
JIOHYaKaMH C XapaKTEPHBIM IOSBJIEHUEM B COCTaBE BOJOPACTBOPHUMBIX
coJieil KapOOHATOB W XJIOPUJIOB, IPUYEM TOJBKO B CPEIHEH M HIKHEH
yactu npodwis. B conoHYakoBaThIX MOYBaxX K HUM JI0OABISIOTCS CIIE U
Cynb(]aThl, KOTOPHIE COBMECTHO C OCTAJIBHBIMU COJISIMH 3aHHUMAIOT BECh
noyBeHHbIN npoduis. O3epo [letyxoBo y a. [leTyxoBo pacnonaraercs B
Cynb(]aTHO-CONSHOMN CTETH.
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Kucnopognsiii pexxum B 03epax yaoBineTBoputenbHblil. O3epa Ilety-
x0B0 y 1. CeBepka u [leryxoBo y . [leryxoBo oTHOCSTCSI K Me30TpO(h-
HbIM 03epaM. [1o cTenenu 3apacranusi Makpo(uTaMu U BETHYUHE 00pa-
3yeMOil MU MEPBUYHON MPOTYKLUUU UCCIECTOBAHHBIE 03€pa MOXKHO OT-
HECTH K OoparopHOMY THITy 3apactaHus (03. [leryxoBo y a. CeBepka),
npeodaiaeT )KeCTKask BO3AYIIHO-BOHAS PACTUTEIBHOCTD, IPOYLIUPY-
forast ot 259 no 1127 r/m? B TOA OpraHUYecKoro BEHIECTBA MPU IUIO-
Iau 3apactanus akBaropuu He 6osee 30 %, 1 MaCCUBHO-3apPOCIICBOMY
tuny (03. [letyxoBo y 1. IleTyxoB0), rie TIOMUHUPYET MSITKast [IOTPYKEH-
Hasl paCTUTENIbHOCTB, TUIOMIaAb 3apacTtanus 10 90 %.

Boma o03. IleryxoBo y 4. CeBepka SBISIeTCS XJIOPHIHO-THIPO-
KapOOHATHBIM HATPUEBBIM PACcCOJIOM C OOIICH MHHEpaau3alueil BOIbI
52,3 /1, a Boga 03. IletyxoBo y 1. [leTyxoBo — XJIOpHIHBIA MarHUEBO-
HATPHEBBIN Paccoil CO 3HAUCHUEM OOIIeH MUHEpaIr3auu Boabl 56,3 1/1
(tabm. 1).

Taoauna 1. CoctaB Box H3yueHHBIX 03ep 1o ¢popmyJie Kypaosa

IIpussizka TDS, r/n Dopmyna CocraB BOZBI
ITeryxoBo M523 HCO,52C144 Boga xsopuaHO-ruapokap6o-
y 1. CeBepka ’ Na 99 HATHasl HATPUeBast, Paccoi
ITeryxoBo M 563 C174[S0O,24] Bopna xnopuinas maruueBo-
y 1. ITeryxoBo ’ Na 69 Mg 31 HaTpueBasi, paccoi

B BepxHMX TOpU30HTAX AOHHBIX OTIOXeHUH 03. [leryxoBo y 1. Ce-
Bepka (Tabi. 2) AOMUHHUPYIOT KBapll, JOJIOMHT, IUIarHOKIIa3, pa3ynopsi-
JOYCHHBIM CMEKTHT, B BHJIE IPUMECEH OTMEUAIOTCS TaJIUT, TPOHA, KIIII.
B HMXHHX TOPU30HTAX PE3KO MpeoliagaeT JOJIOMHUT, BCE OCTAIbHbIE
BbIILICHA3BaHHBIE MHUHEPAJbl IPUCYTCTBYIOT B BHJE npumeceid. JoH-
HBIA ocanok o03. [letyxoBo y a. IletyxoBo (tabm. 2) Ha rpanuue pas-
Jesa cpesl BoAa — OCaJoK MOKPHIT TOHKOW IJIEHKOH Oeyiecoro mBeTa
(conu?), OCHOBHBIMU MUHEpajJaMH BEpXHEW YacTH JOHHOTO WJia SIBJISI-
IOTCSl KBapll, IJIarMOKJIa3, a JOJOMHT, aHTUAPUT, TPOHA, KIIII MIPHCYT-
CTBYIOT B BUje npumeceid. C ryOMHOM JOJOMUT CTaHOBHUTCSI OCHOB-
HBIM MHUHEPAJIOM OCaJKa.

CornacHO BeJIMYMHAM PACTBOPHUMOCTH, XEMOT'€HHOE OCAXKICHHE TPO-
HBI U3 JJAHHBIX BOJ HEBO3MOXKHO, YTO M HAOIIOAAIIOCh HEITOCPEICTBEHHO
npu oTdope Mpod JOHHBIX OCAIKOB.
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JlaHHBIE PEHTIEHOCTPYK-
TYPHOTO aHaJM3a XOPOIIO
KOppENUpPYIOTCA € JAaHHBIMU
aTOMHO-a0COPOIIMOHHOTO
anammsa (puc. 2). B obomx
KEpHaX ITOHHBIX OTIOKEHUH
03ep C YBEIMYCHHUEM TIIyOH-
Hbl YMCHBIIACTCA KOHLCH-
Tpamus Al (komudecTBO mo-
JICBBIX IHHaTOB), a KOHIICH-
Tparusi Ca (KOJTHMYeCTBO JI0-
JIOMHTA) PE3KO BO3PACTACT,
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03. ITervxoBo v 1. CeBepka 03. [Teryxoro y a. ITetyxoBo
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Puc. 2. Pacnpenenenue Al u Ca no riiyOMHe B JOHHBIX 0CaJKaxX 03ep

ITockombky axkBaropuu o3ep B 3amamHoit CHOMpH ceMb MeEcSIeB B
TO/Y 3aKPBITHI JIBJIOM M CHETOM, CJIEAYeT paccMaTpuBaTh 00pa3oBaHUE
aAyTUTEHHBIX MUHEPAJIOB B JIOHHBIX OTJIOXKEHHAX, B TOM YHCJE C TOYKH
3peHusi KPHOTEHHOTO MUHEpPaIo00pa3oBaHusl.

Cpenu mocnenHux padoT, TOCBAMIEHHBIX THIPOT€OXUMHUH KPHOIUTO-
30HBI, CIeIyeT OTMETUTh oboOmarmue padorel C. B. AnekceeBa. Ha
OCHOBE MHOTOJIETHHX DKCTIEPUMEHTAIBHBIX U TOJEBBIX MCCIIEIOBAHUIMA
aBTOpa pa3paboTaHbl TEOPETHYECKHE OCHOBHI KPHOTEHHOW MeTaMop(u-
3aMd XUMHUYECKOTO cocTaBa Boi. [Ipm moHMWKeHWU Temmeparypbl KO-
JUYECTBO He3aMep3Iied BOJbI YMEHBIIIAETCs, a KOHIIEHTPAIUs Coel B
Hell Bo3pacTaet. [lo Mepe MOCTH)XKEHUSI PacTBOPOM IBTEKTHUECKHUX TO-
YeK HAYMHAETCS KPUCTAJLTU3aIus coyieil. B MHOTOKOMITOHEHTHBIX CH-
CTeMax, KaKOBBIMU SIBJISIFOTCS TIPUPOHBIE BOABI, SBTEKTHUECKHE TOUKH
MOTYT HECKOJIBKO CMEIAThCS B Ty WJIM HHYIO CTOPOHY OT SMITUPHUYECKUAX
JMAHHBIX I TPOCTBIX CHUCTEM, OIHAKO TOCIIENOBATEIHbHOCTh CalIKA CO-
JIed MpHU ATOM, Kak MpaBuiio, coxpaunsercs [Anekcees, 2005].

HoHHbI1 cocTaB BOA M3y4aeMbIX 03ep OTOOpaXkaeT MpoIecc KPHOTeH-
HOW MeTamMop(H3alluy BOJ M I3MEHEHHE €€ THIPOXUMHIYECKOTO COCTaBa B
3UMHUH 1epror. TakuM 00pa3oM, 0 paboTaM Pa3HBIX aBTOPOB, MPH IT0-
HIDKEHUH TEMIIEPaTypPhl IPOUCXOINUT U3MEHEHHE aHMOHHOTO U KAaTHOHHOTO
cocrasa 1o cxeme: HCO,—S0,*—Cl;; K—Na—Mg—Ca—lLi, uto crmo-
COOCTBYeT 00pa30BAHUIO COOTBETCTBYIOIIMX MHHEPATIOB Ha KaKIOH CTa-
mmn [Hukonbckas, 1961; Ad6pamos, 2015]. IociaenoBarensHOCTE 00pa3oBa-
HUSI Ay TUTEHHBIX MIHEPAJIOB B 0CAJKaX 03ep M UX COCTaB Takke, B 00IIEM,
COOTBETCTBYIOT OCXKJICHUIO MIUHEPAIIOB 3 BOJI, TIOIBEP)KEHHBIX BHIMODA-
>kuBaHuto [ Anekcees, 2005].
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B n3yuaembIx o3epax B iepByto ouepens Gpopmupyrorcs Ca-Mg kap-
OoHaTbl, BomHbIe KapOoHaThl M Na TuApoKapOOHaTHI, PH JanbHEHIIeM
IPOMEP3aHUU BOJ MPOUCXOAUT MU3MEHEHHE COCTaBa A0 CyIb(PaTHBIX C
o0Opa3oBaHHEM aHTHAPHUTA, U (B HAIIEM Cllydae) MPOLEcC 3aBepliacT-
cs1 oOpa3zoBanueM xiyopuqoB Na. PaccMoTpeHHas CTaguiHOCTH TOJ-
TBEPKIAETCS OCaXACHUEM J0JIOMHTA KaK OCHOBHOTO MUHEpaja ocaf-
KOB M Ha 3aBEPIIAIOIINX dTaax KPUCTATU3aluU 00pa30BaHUEM IICEB-
noMop(ho3 ranuTa 1o cojae, TpoHsI 1o cofe (puc. 3, 4), a Taxxke 3amod-
HEHHEM ITyCTOT FAJINTOM MEXKJY IUIACTUHKAMH TPOHBI (pHC. 5).

- 20um - : 200ym :
Puc. 3. IlceBnomopdo3a raaura no  Puc. 4. [ceBromopo3a TPOHBI 10
cone coxe

(1

Puc. 5. BorokHuCTBIe 00pa3oBaHusA
TPOHBI, TAJTUT f 200um 1
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Hcxons U3 noily4eHHbIX TaHHBIX, MOKHO CIEIaTh 3aKIOUEHUE!

— MuHepaioo0pa3oBaHUe B JJAaHHBIX 03€pax HEMOCPEACTBEHHO CBSI-
3aHO C MPOIIeCCaMU KPUOTEHHON MeTaMop(U3allii BOJ U BIIOCIIEICTBUU
CTAaIMMHON CaJIKOW COOTBETCTBYIOIMX MUHEPAIIOB.

— CoxpaHeHue TPOHBI U aHTUJIPUTA B TOHHOM OCAJKE CBSI3aHO C TI0-
CIEAYIOLIUM 3aXOPOHEHHUEM IOJT 0JIOBBIMU OTIIOKEHUSMH.

Paboma evinonnena npu noooepoicke epanma PODU Ne 16-05-00132.
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MODERN MINERALOGENESIS IN LAKES PETUKHOVO
OF KULUNDA STEPPE

E. A. Ovdinal, V. D. Strakhovenko', N. 1. Yermolaeva?,
E. Yu. Zarubina?, A. V. Saltykov?

! Institute of Geology and Mineralogy SB RAS, Novosibirsk
2 Institute of Water and Environmental Problems SSB RAS, Novosibirsk

The paper deals with two lake systems (Lake Petukhovo near Petukhovo and
Lake Petukhovo near Severka) located at the distance of 14 km from each
other in Kulunda Steppe. The element structure of various components of
the lake systems was studied using a complex of modern geochemical meth-
ods. Quartz, dolomite and plagioclase dominated in the top horizons of the
lake ground deposits with the inclusion of halite, throne, and kfsp. Dolomite
sharply prevails in the lower horizons and all the other above-named minerals
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were found as inclusions. The sedimentation of the autigenny minerals was
considered in the context of cryogenic mineralogenesis processes.

ITAJIEOI'EOI'PAONYECKHE UCCJIEJOBAHUSA
OHEXCKOI'O O3EPA Y ET'O BACCEMHA
C UCHTIOJIbB3OBAHUEM KOMIIJIEKCA METO10B

JI. B. ®uaumonosa’, H. b. JlapoBa*?

! Unemumym 6uonoeuu KapHI] PAH
2 Unemumym 2eonocuu KapHIL] PAH
3 Unemumym o0mnwix npobnem Cesepa KapHL] PAH

IIpoBenens! naneoreorpaduyeckre UCCIEOBAHNS HA PSAAEC MOAEIHHBIX
tepputopuii (MT), pacnionokeHHBIX B cpefHeTaexkHoi nmox3one Kape-
nvH, B 6acceiine OHEKCKOTO 03epa C UCIOb30BaHNEM KOMITIEKCa METO-
JIOB. BBINIOJIHEHBI PEKOHCTPYKIIUH IPOCTPAHCTBEHHO-BPEMEHHOM JHMHA-
MUKHU paCTUTCIIBHOCTU HA q)OHe HN3MCHCHUS KJIMMaTa, ACTIIAIuanuu 1€p-
PUTOPUU M TPAHCTPECCUBHO-PETPECCUBHOMN JeATeNbHOCTH OHEKCKOTO
03€epa B MO3JHENIeIHUKOBbE U rojioleHe. [Ipu 3ToM ydTeHbl JaHHbIE Teo-
MOP(OJIOTHHU TEPPUTOPHH, COCTABA YETBEPTUUHBIX OTIIOKCHUH U aHTPO-
IIOT'€HHOE BO3/CHUCTBHE.

[Taneoreorpaduueckue uccienoBanus B 6acceitne OHEXKCKOro o3e-
pa MpoBOIWIHCH COTpyaHUKaMu MHcTHTyTa Ononornu m MHCTHTYTA
reonorun KapHILl PAH na npoTs:kennn MHorux Jsiet. Ilomydenst naH-
HbIE TI0 WCTOpHH (HOPMUPOBaHMS pelibeda U YSTBEPTUUHBIX OTIONKE-
HUN, a TaKXe MPOCTPAHCTBEHHO-BPEMEHHOW MUHAMHUKHU PACTUTEIb-
HOCTH Ha (pOHE M3MCHCHHS KJIUMara, JCTVISIHAIMN TEPPUTOPHUH H
TPaHCTPECCUBHO-PETPECCUBHON AesiTeabHOCTY OHEXKCKOro o3epa B
MO3THENICAHUKOBbEE U TOJIOLeHE. PEKOHCTpYKIMHM CyXOHOJIBHOU pac-
TUTEJIBHOCTH BBITIOJHEHBI O cpennero apuaca (DR, ~12 000 . H.)
JI0 COBPEMEHHOCTU C YYETOM TeOMOP(OJIOTUN TEPPUTOPHH M aHTPO-
MOreHHOT0 Bo3AeHCcTBUSA. OHU onuparoTcs Ha 31 cCropoBO-MBUILIEBYIO
nmuarpamMmy (CII1/1) o3epHBIX 1 03epHO-00JIOTHBIX OTIOXKCHHM, PE3Yiib-
TaThl KapMOJOTUYECKOTO aHanmu3a (4 pa3pesa) U onmpeneacHusT MaKpo-
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OCTaTKOB pactenuii (82 paspesa). J{ns yBenudeHus JOCTOBEPHOCTH pe-
KOHCTYKIIMI HCIIOJIb30BaHbl JJAHHBIE O COCTaBE CYOpEIEHTHBIX Iaju-
HOCIIEKTPOB U3 paiioHa uccienoBanus (179) u qpyrux peruoHoOB, «I1o-
MPaBOYHBIC KOIPPUIIUSHTHD» ISl TBUIBIBI JPEBECHBIX TIopoJ [Dunu-
MoHOBa, 2007 u ap.], naneorkogoruueckuil ananus [no: ['puuyk u ap.,
1969] u ompeneneHus: KOHIIEHTPALUU MbUIBIBI B OTIOKEHUSIX METO-
JIOM «MapKHUPYIOLUX» crop. Bo3pacT oTioxkeHuil onpeaensiii ¢ npu-
MenenueM AMS naTupoBaHuUs, BapBOMETPUUYECKOTO, PaIAUOYTIEPO.-
HOTO U OMOCTpaTurpauIecKux METOJ0B. PEKOHCTPYKIINU CyKIleCCHit
BOJIHO-00JIOTHOM PACTUTEIBHOCTA OCHOBAHBI HA JJAHHBIX O COOTHOIIIE-
HUU UJICHTU(UIUPOBAHHBIX MAKpPOOCTATKOB PACTCHUI; BpeMs CMCEH
MajgeoCco00IEeCTB PACCUMTAHO C UCIOJIb30BAHUEM PaJAHOYTIIECPOIHBIX
JIAaTUPOBOK M OMpPEACICHUN OTHOCUTEIBHOTO BO3PACTa CIOEB OTIIOXKE-
Hult npu nepuoguzanun CIIJL.

HocTpoeHs! yTOUHEHHbIC NANCOKINMATHYCCKIE KPUBBIC t° AHBAP,
t,, Miond, t ° TOfa U CPEJHEroA0BOr0 KOIMYECTBA OCaIKOB 3a MOCe/-
Hue 11 000 ner no 4 CI1J] u3 3anoBennuka «Kupau» (62°18' ¢. ur., 33°55'
B. [I.); IPOBEJICHO UX COIMOCTABJICHUE C PEKOHCTPYKIHUSIMU, UMEBIIUMHU-
cs paHee s yeThipex Apyrux MT, pacnonoKeHHbIX B CPEeIHETACKHOU
non3one Kapenuu, B Oacceiine OHexckoro o3zepa [Dunmumonosa, Kiu-
MaHoB, 2005 u np.].

IIpu xapakTepucTHKe MaJeOTUAPOIOTHH TEPPUTOPUH U HUCTOPUHU
Pa3BUTHS KOHKPETHBIX BOJOEMOB HCIIOJB30BAHbI JAHHBIC TIO TEOMOP-
(GoNOTUN TEPPUTOPUHU, XPOHOCTPATUTPAPUH M CKOPOCTH HAKOIUICHUS
03EPHBIX U OOJIOTHBIX OTIOKEHHH, MBLIBIE, CIIOPAM M MaKpOOCTaTKaM
BOJIHBIX PAacTeHUH, TUATOMOBBIM U 3€JIeHBIM BogopocisiM. [lomydenst
PEKOHCTPYKIIUH KOJICOAHHUSI OTHOCUTEIILHOTO YPOBHS Psijia MaJIeoBOIO-
€MOB, MHTCHCHBHOCTH X 3apacTaHus ¥ 3aTOP(OBBIBAHUS, CYKIIECCUH U
M3MEHEHUI MHJIEKCa BIAXKHOCTH OOJIOTHBIX Maje0COO0IIeCTB B MECTax
oTOOpa KOJIOHOK OTIokeHu# [ Dunumonosa, 2010 u p.].

IIpoBenenHoe COMOCTABICHUE PEKOHCTPYKIMH NUHAMUKH PAaCTHU-
TEIBHOCTH C MAaJCOKIUMATHYCCKUMHU KpuBbIMH [DuimMonoBa, Kim-
MaHoB, 2005], HeoTekTOHUKON TeppuTopuu [Enuna u np., 1994], uzme-
HEHUEM ypoBHA Boabl B OHexckoMm o3zepe [essaroBa, 1986; Jlemunos,
2005, 2006] u npyrux naieoBogoemax [Dumumonosa, 2010 u ap.] mo-
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3BOJIMJIO MOJTYYHUTH OoJee MOJHYI0 KapTUHY majeoreorpaduueckoii 00-
CTaHOBKH B paiioHe HccieI0BaHUN B TIO3IHEJIEAHUKOBBLE U TOJIOLIEHE.

AHanu3 MOJIy4eHHBIX U JIMTEPATyPHBIX JAHHBIX CBUJETEJIBCTBYET
0 TOM, 4TO TEPPHUTOPHs OKHOU M BocTouyHOU Kapenun ocBobonunack
oT marepukoBoro abaa 13 000—14 000 1. H. BcieACTBUE PE3KOro IIIo-
0abHOTO MOTEIUICHUSI B MHTEpCcTanuane OSIuHr. [erauuanus KoT-
noBuHBI OHEKCKOro 03epa MPOUCXoAna 10BONIbHO ObicTpo (1-1,5 km/
ron). Ona Havanack ~12 400 n. H. u 3akoHunaack ~11 600 1. H., KOT-
Jla JIETHUK OTCTYIUJ OT CEBEpPHON yacTH 3a0HEKCKOro mn-osa [/lemu-
noB, 2005, 2006]. B xoge ero aerpamanuu B KOTIOBHUHE OHEXKCKOTO
03€pa M Ha MPWIETAIOIINX HU3MEHHOCTSIX C(HOPMHUPOBAJICS KPYMHBIH
MPUJIETHUKOBBIN BOAOEM, IJIOIIAb U YPOBEHb KOTOPOTO HEOAHOKPAT-
HO MEHSJINCh B 3aBUCHUMOCTH OT IOJIOKEHUS Kpasl JIEAHUKA, MIALNO-
M30CTAaTUYECKUX ABMKEHMH 3€MHOHW KOPBI M D3PO3UOHHOW JesTelb-
HOCTH B paiioHax moporoB ctoka. Bomoem Bxomun B cucrteMy Bepx-
HEBOJDKCKHUX 03€p, YPOBEHb BOJBI KOTOPBIX cocTaBimsul 120-130 M
[KBacoB, 1976]. OTkpbITHE CTOKa MO CKBO3HOM gonuHe pex Omra —
Tykma — Osate B 6acceiin bantuku ~12 500—-12 400 1. H. mpuBeJO K
CHUKEHHIO ypoBHsI OHEXKCKOTro NMpuiieIHuKoBoro ozepa 1o 106 m [e-
muaoB, 2006]. Ilpumepno 12 300 1. H. Kpail JeAHNKA OTCTYIHII U3 J10-
nuHbl p. CBUPH, U BOAOEM TOIYYHI HOBBIH, Oojiee HU3KUK OPOT CTO-
ka B bantuky [Saarnisto, Saarinen, 2001], a ypoBeHb BOJBI B €TI0 F0XK-
HOM "acTu cHM3MiICS A0 85—75 M. B pesynbprare oTCTynaHus JIeqHU-
Ka, 0CBOOOK/ICHHUSI HOBBIX TEPPUTOPUHN U MOCTYIUICHHUS TAJBIX JIETHH-
KOBBIX BoJ] OHEKCKOE MPUIIETHUKOBOE 03€po K KoHIy amnepéna (AL,
~11 400 1. H.) KOCTUITIO MAKCUMAaJIBHBIX Pa3MEPOB, a YPOBEHb BOJbI B
HeMm noansuics a0 115-130 m. Bo Bpemst perpeccuu 11 300 1. H. Bcaen-
CTBHE INISIIIMOU30CTATUYECKOTO MOJHATHS 36MHON KOPBI U OTKPBITHS
HOBOIO Iopora croka B bernoe mope, a 3arem B Jlagoxckoe 03epo oH
ynan Ha 20-25 M. Caenyrolee 3HauuTeIbHOE €ro CHuxkeHue (Ha 20 M)
npousonuio ~10 300 5. H. moce Bo300HOBIEHUS cTOKa uepe3 p. CBUpb
B Jlagory. B ronouene ypoBenb OHEKCKOT0O 03epa Mpu 00ILed TeHIeH-
UM K MOHIKEHHIO 3HAUYUTeNbHO Kosebascs. Hambonee kpymnHas pe-
rpeccust otMedeHa ~9500 1. H. mpu BO30OHOBJIEHUH CTOKA U3 03€pa B
bantuky uepes p. Csups [[leBarosa, 1986; lemunos, 2006].

221



ITo mepe cHmxenus ypoBHS OHEKCKOTO 03epa MPOUCXOIMIIO YBe-
JIMYEHUE TUIOIIAU CYXOJI0JIOB, OT/EICHUE U 000COOJICHNE B IEMIPECCH-
SIX MaJIBIX U CpeAHMX mayneoBonoemMoB [DPunumonona, 2010 u gp.]. Ilo-
MHUMO HHUX, B OCHOBHOM Ha OOJIBIIIUX BBICOTAX Pa3BHBAIUCH aBTOHOM-
HbIC 03epa. XapaKTePHBIM ISl TEPPUTOPUU UCCIICAOBAHUS OBLIO TAKKE
o0Opa3oBaHue 03ep B pe3y/IbTaTe TasHUS MEPTBBIX JIbJIOB. MacCUBbI UX
COXPaHSUIHCh JUTHTEIBHOE BPEeMsl, HEKOTOPhIC — BIUIOTH JI0 Oopeara, Cy-
IIECTBEHHO 3ajiepKKBasi (OPMUPOBAHUE JIAHIIIA(TOB, 03EPHO-PEUHOM
cetu u pacturenabHocTH [demunos, JlaBposa, 2001; JJemunos, 2006].

ViydieHue KIMMaTHYeCKUX YCIOBUN B TOJIOLIEHE U 0OMEJIeHHE Ma-
JIBIX BOJIOEMOB BBI3BaJI0O NHTCHCUBHOE Pa3BUTHE B HUX IUIAHKTOHA, OCH-
TOCa, TUTPO- U TUAPO(HUTOB, YTO CIOCOOCTBOBAIO OTIOKCHHUIO B HHX
canponens. Tak, B 03. Manoe be3simsnnoe (61°31' c. ., 33°39' B. 1.,
280 M H. y. M.) €r0 HaKOIICHHE OTMEUEHO C Hadaja mpedopeasbHOro Te-
puoxaa (PB: 10200+ 150 n. H., TA-1675), aB 03epax ['ypBuu (61°38' ¢. 111,
34°17" B. 1., 198 M H. y. M.) u Cyspnammu (61°30' c. m., 33°28' B. 1.,
147 M H. y. M.) C MEHBIIIMMH TUIICOMETPHUYECKUMHU OTMETKAMH — He-
ckosbko mo3xe (9600 =200 1. H., TA-1583, 1 9700 + 200 1. H., TA-1687,
cooTBeTCcTBeHHO) [JIaBpoBa, 2006].

JlanbHeliee CHIDKEHUE YPOBHS BOJIBI B HEKOTOPBIX BOJIOEMAaX CIIO-
cOOCTBOBAJI0O WX 3apacTaHHId BOJHO-OOJIOTHON pPAaCTUTEIILHOCTBIO, a
TaKKe TOoCenyrleMy ux 3aropdoBbeiBanuto. B HermyOokux nenpeccu-
SIX 3TH TPOIECCHl UMENIM MECTO YK€ B IMpeOOopeasibHOM Mepuoje. DTo
MOJTBEPKICHO JaTUPOBAHUEM JICKAIIUX HA MaJIOMOIIHOM Carporiese
OazanbHbIX cioeB Topda (9950 = 70 n. H., SU-3585; 9890 £+ 70 n. H.,
SU-3587), oroOpaHHBIX 1O OOJIOTHBIMHU JIeCAaMU Ha TEPPUTOPHH 3ario-
BeaHuka «KuBauy. 31ech ke OTIIOKEHHUE CaIpoINelis B MajIeoBO0SMax
YeukuHo (62°18' ¢. m1., 33°59' B. 1., 54 M H. y. M.) 1 MomikapHoe (62°17'
c. 1., 33°55' B. A., 57 M H. y. M.) Hauan0Ch ToJbKO B Oopeaine (BO: 8680
+ 60 1. 1., TA-1506; 8570 = 130 n. u., JIY-2228). B pa3zpeszax Iluuo3ze-
po (67°47' c. m., 37°25" B. 1., 118 M H. y. M.) u TonBocyo (62°16' c. 1.,
31°27" B. 1., 185 M H. y. M.) ¢ Oosiee BBICOKMMH THIICOMETPHUYECKUMHU
OTMETKaMu 0a3aibHbIE CIIOH carponelis C(hOPMUPOBAIUCH 3HAUUTEIILHO
panbie (9640 + 205 1. 1., Ua-14807, u 9260 £ 170 1. u., [MH-12150,
c00TBETCTBEHHO) [Dunumonosa, 2015 u ap.].
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TopoHakorieHue B MPUOPEIKHOM YacTH psijia NAJICOBOAOESMOB Hava-
nock ¢ BO-3 (8250 + 80 1. H., TA-890; 8130 £ 120 1. H., TA-1942) [®Du-
numoHoBa, 2010, 2015 u ap.]. i 3Toro BpeMeHu XapaKTepHbI OXOJI0-
JlaHWEe KJIMMAaTa U YMEHBIICHUE CPEIHEroJ0BOr0 KOJUYECTBA OCAIKOB,
HEOTEKTOHUYECKHUE MOJIBUKKH KPUCTAITMISCKOTO (DyHIaMEHTa, CHIKE-
HUE ypOoBHs BOJbI B OHEKCKOM 03epe U APYTUX MaJIeOBOAOEMAX, a TaK-
K€ MAaKCUMAaJIbHOE PACIIPOCTPAHEHNUE CPETHETACHKHBIX COCHOBBIX JIECOB.

B nauane atnmantuyeckoro nepuona (AT) oTmeueH moabeM YpOBHS
BOJIbI BO BCEX M3YUYEHHBIX 03epax. HekoTopoe ero yMeHbIIeHUE 3a(UK-
cupoBano ~6500 u 5900-5800 1. H., yBenuuenue — 6200 u 5750 n. H.
CymecrBenHoe ero camxkenue B AT-3 (mocie 5600 . H.) U B cybOope-
azne (SB: 4700-2500 . H.) BbI3BaJIO JasbHElIIee 0OMEICHNE U OKOHYA-
TeNbHOE 3aTOP(OBBIBAHKE MaJIC0BON0EMOB. [10yUeHHbIC PEKOHCTPYK-
WU CYKIECCUI BOITHO-00JOTHOW PACTUTEILHOCTH U IIPOCTPAHCTBEHHO-
BPEMEHHOI IMHAMHUKHU POCTa psifa 00JOT OmyOinKoBaHbl [ DUIMMOHO-
Ba, 2010 u ap.].

Ha uccnenoBannbix MT u3 Gacceitna OHEXCKOTO 03€pa BBITIOIHEHBI
TaKKe JIeTaTbHbIC PEKOHCTPYKIIMH TUHAMHUKH CYXOJ0JIbHON PaCcTUTEIb-
HOCTH cO cpennero apuaca (DR,) 1o coBpeMeHHOCTH. YCTaHOBIIEHO, YTO
paccesieHHe PacTeHUI MPOUCXOIIIIO M0 MEPEe OCBOOOXKICHUSI TEPPUTO-
pUH OT JIGTHUKOBOTO TIOKPOBa, IpuyeM pasbiine Ha MT, ynaineHHbIX OT
MPHUJICTHUKOBBIX BOJIOEMOB, 00pa30BaBIIUXCS TP ero TasHuu. Ha psiie
MT (manpumep, B 3a0HEXbe), 3aNUTHIX BoAaMu npa-OHEKCKOTo o3e-
pa, OTMEUEHO 3ama3AblBaHUE PA3BUTHsI PACTUTEIBHOTO MOKPOBA, KOTO-
pBIY MU3HAYATBHO MOT (DOPMHUPOBATHCS TOJIBKO Ha OTJEIIBHBIX OCTPOBAX,
MOJTHMMABIINXCS HAJl BOIHOM MOBEPXHOCTHIO. [1osiBIeHNE HOBBIX ydacT-
KOB CYIITH [0 MEPE CHIKCHHSI YPOBHSI BOJIbI B HEM CIIOCOOCTBOBAJIO MIPO-
JIOJDKUTEIBHOMY CYIIIECTBOBAHHUIO 3]I€Ch IMaje0COO00IIECTB, XapaKTep-
HBIX 751 HecOpMUPOBaHHBIX TouB [Dumumonosa, JlaBposa, 2015].
Kpowme toro, pazButue pacCTUTEILHOCTH 1O OTHOIICHUIO KO BPEMEHU Jie-
DISIUAINAY 33CPKUBAJIOCh U HA TEPPUTOPUSIX C JUIUTEIBHBIM COXpa-
HEHHEM MAaCCUBOB IMOTPEOCHHOTO MEPTBOTO JibJia, TIIABHBIM 00pa3oM B
I00KHO M roro-Boctounoit Kapemuu: MT [luuozepo [Wohlfarth et al.,
2004], Tambuuozepo [Wohlfarth et al., 2002] u psg MT Ha OHexcko-
Jlagoxckom Bomopasnene [JlaBposa, 2006]. B uenTpanbHoil U 3aman-
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HOH YacTsaX paiioHa MCCIEAOBAHUN OHO HAYMHAIOCH B OCHOBHOM Cpa3sy
JKe MoCcIie OTCTYIaHus JeJHUKa. PacnpocTpaHeHne u pa3BUTHE pacTu-
TEJILHOCTU KOHTPOJIMPOBAJIOCH KaK KIMMAaTHYECKUMH, TaK U T'€0JIOro-
reomopdonoruyeckumMu paxropamu. [lepBbie onpenenunm cocTas 1 1Ba
TPEHa pa3BUTHS 30HAILHON PACTUTENBHOCTHU C MEPEXOAHBIM JTAaloOM B
cyoOopeare. Penbed 1 cocTaB KOPEHHBIX KPUCTATUTMYECKUX OPOJ 00Y-
CIIOBHJIM CIIEIM(UIHOCTD PACTUTENBHOTO MOKPOBa U3yueHHBIX MT.

Jlns nmpuMepa mpuBeieHa cxeMa TUHAMHKA CYyXOAOJIbHOM pacTUTEINb-
HocTH, TonyveHHas At MT «KuBau»: mepunisinuanbHO-CTENHBIE U TYH-
nposele naneocoobectsa ([1C) B couerannu ¢ 0CTpOBHBIMH Oepe30BbI-
MU UM 0JIbXOBbIMH penkonecbsimu [AL: 11 500-11 000 1. H.] — TyHzApa
€PHHUKOBO-3€JICHOMOIIIHAS B COUETaHUHM C nepurisuuanbHeiMu [1C u npu-
CYTCTBUEM OCTPOBHBIX OEPE30BBIX U OJIbXOBBIX pekonecuii [DR,: 11 000~
10 300 1. H.] — necoTyHapa: Oepe3oBoe (C MPUMECHI0 COCHBI U OJIbXH)
peIKoJIeche B COUETAHUH C EPHUKOBO- U KYCTAPHUYKOBO-3€JICHOMOIITHBIMHU
TYHJIpaMH, a TaKKe C MPUCYTCTBUEM NEPUITILMAIbHO-pa3HOTpaBHbIX [1C
[PB-1, 2: 10 3009700 n. H.] — ceBepHas Tailira: peIKOCTONHbIC Oepe-
30BbI€ (C MPUMECHIO COCHBI U 0nbxH) Jeca [PB-2: 97009300 1. u.] —
peaKocToiHbIe Oepe30BO-COCHOBBIE M COCHOBO-Oepe3oBble Jieca [BO-1:
9300-8900 1. H.] — cpemHsis Taira: COCHOBBIE U OEpe30BO-COCHOBBIE
neca [BO-2, 3: 8900-8000 1. H.] — rOKHas Talra: COCHOBBIE, COCHOBO-
0epe30BbIe U YEPHOOIIBXOBBIE JIeca C IUPOKOIMCTBEHHBIMH TOPOAAMH U
nenHo# (Qm), a Taxke enpro [AT-1, 2: 8000-6500 1. H.] — cOCHOBO-
€JIOBbIE M COCHOBO-Oepe30BbIe Jieca ¢ Qm, eJI0BO-UYepHOOJILXOBBIC C BS-
3oM Jeca [AT-2, 3: 6500-4700 n. H.] — cpenHss Taira (F0XHbII Bapu-
aHT): eJIOBbIE U COCHOBO-EJIOBBIE Jieca ¢ Oepe30il u nmpuMeckio Qm, enb-
HUKH 4epHOOIBbX0BBIE (SB: 4700-2500 1. H.) — CpeHss Talra: eJI0BbIC 1
COCHOBO-EJIOBBIC Jieca ¢ Oepe3oii u onbxoit (SA-1, 2: 2500-800 1. H.) —
€JIOBBIC M COCHOBBIE Jieca ¢ Oepe3oit u ombxol (SA-3: 800 1. H. — HacTOs-
miee Bpemsi) [Punumonosa, 2010, 2015 u ap.].

Ha MT 3aoHexbe TOIBIHA U MapeBble UTPAU CYIIECTBEHHYIO POJb
B pacTUTEIbHOM NOKpoBe a0 koHua PB (~9300 n. H.), BcTpeuanuch B
BO u AT-1. Kak u na MT KuBau, yyactue enu B cocTaBe JIECOB yBe-
JUYUIIOCH BO BTopol monoBuHe AT-nepmoma. Ona mmena 3xech 00Ib-
Hiee pacrnpocTpaHeHHE, KOTOPOE YMEHBUIMIOCH B CyOaTIaHTHYECKOE
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BpeMs (SA), ocobenno B mocieanue 1000 ner [Punumonosa, JlaBpo-
Ba, 2015]. MakcumanbHOE y4acTue eu B pacCTUTEIbHOM ITOKPOBE OTMe-
yeno Ha MT [Iuuozepo. 3nech, a Takke B OTIIOKEHUSIX pa3pe3a TamOu-
403€po, HAYWHAas C TI03JHEJIEAHUKOBBS 0 COBPEMEHHOCTH, BCTPEYAJIUCh
NBIIbIA U YCThUIA JUCTBEHHUIBI, MPOU3pACTAIOIIEH Ha IOr0-BOCTOKE
Kapenuu u B nHactosimee Bpemst [Punumonosa, 2015 u ap.]. Ilupoko-
JMCTBEHHBIEC MTOPOBI U JICIIUHA HanOOJbIIee PACIPOCTPAHEHNUE UMEIH
B AT-niepuoze (ocodenno B AT-2 u AT-3). B cyOb0Oopeane ux yyactue B
COCTaBE JIECOB HECKOJILKO YMEHBIIMIOCH. J{o HacTosmero Bpemenu 7ilia
cordata v Ulmus laevis B HE3HAYNTETLHOM KOJIMYECTBE COXPAHUINCH B
[Tynoxckom ¢opuctuueckom paiione. B 3anosennuke «KuBau» mecra-
mu npouspactarot Tilia cordata w Ulmus scabra. Bee Tpu Buaa eme 60-
Jiee Ipe/CTaBlIeHbl B 3a0HEKbE, YTO B 3HAUUTEIIHHOM CTeTeH! 00yCI0B-
JICHO HaJIM4YMeM KapOOHATHBIX W IIYHIMTOBBIX mopox. s mocienHux
nByx MT xapakTepHbI Takke eI0BO-4epHOOJIbXOBbIe ToNU. KopeHHble
XBOHHBIE Jieca B 320HEKbE B OCHOBHOM BBIPYOJICHBI; POJIb TPOU3BOAHBIX
JIECOB, JTYTOB U CEIbX03YTOIUH, B TOM YHCIIe 32a0POLICHHBIX U 3aPOCHINX
OJIbXOM M APYTUMH KyCTapHUKaMH, BECbMa 3HaYUTeIbHa. DTO HAIILIO OT-
paxxenue B noiay4deHHbIX CIIJ] u paccMarpuBanock Kak MposBICHUE aH-
TpororeHHoro ¢akropa [Dumumonora, 2010, 2015; dunumonosa, Jlas-
posa, 2015 u ap.].

Paboma evinonnena 6 pamxax I'3 memor Ne 0221-2014-0007 u npoexma
PH® Ne 14-17-00766.
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PALEOGEOGRAPHIC STUDIES OF LAKE ONEGO
AND ITS DRAINAGE BASIN USING A SET OF METHODS

L. V. Filimonova', N. B. Lavrova*?

! Institute of Biology KarRC of RAS
2 Institute of Geology KarRC of RAS
? Northern Water Problems Institute KarRC of RAS

Paleogeographic studies were carried out on a number of model areas (MA)
located in the middle taiga subzone of Karelia in the Lake Onego basin us-
ing a set of methods. Reconstructions of the vegetation spatio-temporal dynam-
ics were made as related to climate changes, deglaciation of the territory and
transgressive-regressive activity of Lake Onego during the Late Glacial and the
Holocene. At the same time, the data on geomorphology of the territory, com-
position of Quaternary sediments and human impact were taken into account.

OCOBEHHOCTH COBPEMEHHOI'O OCAAKOHAKOIIJIEHUS
B IO’)KHOM KACIIMHA

H. B. Ko3una

Hncmumym oxeanonoeuu um. I1. 11. llupuwosa PAH

s n3ydenns noHHBIX ocankoB FOxuoro Kacmust Obut BriepBble Tpu-
MEHEH CHCTEMHBIN MOIXO0]I, BKIIOYAIONINI B ce0s1 KOMIUIEKC HOBBIX Me-
TOJIOB M MpHOOPOB. B cTarke mpeacTaBieHs! CBENEHUS IO MUHEPAIBHO-
My COCTaBy JIOHHBIX OCaJKOB  pacnpenenenuto CaCO, u Copt B TTOBEPX-
HOCTHBIX JOHHBIX ocaakax O»xuoro Kacmus.
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Kacnuiickoe Mope-03epo sIBISIETCS OTHUM M3 KPYMHEHIINX 6eccTou-
HBIX BOJOEMOB 3eMHOro mapa. BogocOop Mopsi pacmoniokeH 4acTbio
B TYMUJHOM, a TIaBHOW YacThIO B apUIHOW M CEMHAPHUIHOMN 00IacTsX.
1O>xnb1it Kacnuii, B oTiimune oT Apyrux paiioHOB MOps, OJTHOCTBIO pac-
MOJIOKEH B apHIHOM KinMaThuyeckoi 30He. [Ipolecc cenuMeHTanuu B
O>xxHOM Kacnuu naTepecen Tem, 4To B €ro mnpejenax nepepadarpiBaet-
Csl TEppPUTeHHBIA MaTepuall, MOCTYNAOUUI C PEYHBIM CTOKOM TOPHBIX
peK u B BUjE adposoiieit uepes armochepy. Kpome toro, B FOxnom Ka-
CIMM aKTUBHO MPOTEKAET XEMOI'€HHOE M OMOTeHHOE HAKOIUIEHUE OCa-
koB [Jlebenes u np., 1973; Kacnutickoe..., 1989].

B pabote ucnonbp30BaHbl MaTepHalbl, ONTyYCHHbIE aBTOPOM C KOJI-
neramu B 3kcnienniusax HUC «Pudt» u «Huxudop Llypexos» B 2010,
2012 n 2013 rr. B pamkax npoekra «Cucrema Kacnuiickoro Mops» noa
pykoBoacTtBoM akaaemuka A. I1. Jlucunpina. [IpoObl TOHHBIX OCaAKOB
ObuM 0TOOpaHbl AHOYepnareneM u MyibsTHKOpepoM (KUM, I'epmanus).
MynbsTuKOpep MpUMEHEH It JaHHOoTO OacceliHa BriepBbie. OH O3BOIS-
€T COXpaHUTh Oe3 HAPYyILICHHs TIOTPAHUYHBIN CIIOW (BEpXHHUN (IOKKYIH-
POBaHHBIN CJI0M HaJl 0CaAKAMU — HAWJIOK) MEX]Ty BOJHOM TOJILEH U JOH-
HBIMH OTJIOKeHUSIMH. YacTh MpoO JOHHBIX 0CAIKOB JIIOOE3HO MpeaocTa-
sun I H. barypus.

AHanuTH4YecKue ucciaeoBaHus (TpaHyJIOMETPUUECKUH aHaJInu3, MU-
HEepaJIOrN4eCcKre UCCIIeIOBaHMsI, OTIpeeIeHIe 00LIero, OPraHuYeCcKOro
M KapOOHATHOTO YIIepoJa, TeOXUMHUYECKUE HCCIIeIOBaHMs) ObUIN BbI-
noiHeHsl B JlabGoparopun (pU3MKO-TE€OTOTHYECKUX HCCIIEAOBAHUN U B
Amnanutnyeckoit nadoparopun MO PAH. Bce 3t mMetons! uccienosa-
HUSI ONHMCaHbl B MpouuIbIX padotax [Hapa u ap., 2015; Kozuna, 2015;
Jlykammus u ap., 2016].

HOsxubiit Kacnuii, otnenstomuiics ot Cpeanero Kacnus Anmepon-
CKUM TIOPOTOM, TIPEICTABIseT cOOO0H CIOKHO MOCTPOCHHYIO BIIAJANHY C
MakcuMasibHOU TiryOuHo# 1025 m. 3amagusiii 6opt HOxHO-Kacnuiickoit
KOTJIOBUHBI KPYTOH (IIPOMCXONWT pe3KHid mepenajn riyOWH), a BOCTOY-
HBI{ [IOJIOTO MOAHUMAETCS U MEPEXOANT B IMIMPOKYIO IIENb(OBYIO TUIO-
maaky [Kacnowmiickoe..., 1989]. duno FOxno-Kacnuiickoii Bmaausbl, a
TaKXe enb(oBas 30Ha 3TOTO PETUOHA OCIOKHSIIOTCS MHOTOYHCIICHHbI-
MU TPSI3€BBIMH ByJIKaHAMU.
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HOsxnb1ii Kacnuii HOTHOCTBIO MOKPBIT COBPEMEHHBIMHU (TOJIOLEHOBHI-
MH) OTIOKEHHUSIMHU, KOTOPbIE UMEIOT PAa3INYHYIO0 MOIIHOCTh OT IEPBBIX
MeTpoB (BocTouHasi yacTh FOsxHoro Kacnust) 10 HECKONIBKUX AECATKOB
metpoB (FOxxHo-Kacnuiickas komioBuHa). [ panynoMeTpruieckuii cocTan
HOsxHOTO Kacnus MOKHO 0XapaKTepru30BaTh CIEAYIOMINM 00pa3oM: IIy-
OOKOBOJIHASI BITaIWHA TIOYTH ITOJTHOCTBHIO 3aII0JTHEHA IETUTOBBIM MaTepH-
aJioM, aJIeBPUTOBBIN U MeCYaHbII MaTepua UCUUCISETCS JECATBIMU J10-
JSIMM TIPOLICHTA; TI0 Mepe YMEHbBILICHUS ITyOUHBI ¥ IPUOIMKEHUs K Oe-
pery ocaziok rpy0eeT 1 MPOUCXOAUT HAKOIUICHHE aJIeBPUTO-TIEIMTOBOTO,
aJIeBPUTOBOTI0, NECYaHO-aJIEBPUTOBOTO MaTepraa.

B omnuuue ot apyrux paiiono mopst FOxubiii Kacnnii xapakrepu-
3yeTcsl BBICOKOM KapOOHATHOM cocTrasisitoniel ocaakos [Jlebenes u ap.,
1973; Kacnwuiickoe..., 1989], a CaCO, sBisercs oaHUM M3 BEIyLIUX
KOMITOHEHTOB MOBEPXHOCTHBIX NOHHBIX ocajakoB lOxnoro Kacnus. B
O>xxHOM Kacninu BbicoKkokapOOHAaTHBIE OCAIKU CBSI3aHbI B MIEPBYIO Oue-
peab ¢ OMOTeHHBIMH M XEMOTCHHBIMH TPOLIECCAMH, POTEKAIOIUMHE B
nanHoM peruone. Llenbdossie oonactu KOxxHoro Kacnus Ha riryOuHax
OT MEepPBBIX METPOB A0 50 M MOKPBITHl OMOT€HHBIM KapOOHATHBIM Ma-
TepuanoM (MOLIHOM cCHCTEMON OMO(QHIBTPOB), KOTOpBIE MpEACTaBIIE-
HBl PAKOBHHAMH MOJUTIOCKOB M MX oOnmomkamu p. Didacna, Cardium u
np. [Kacnwmiickoe..., 1989]. C myOuHOl comepkaHue OMOTCHHOTO Ma-
Tepuaia yMEHBIIACTCS BIUIOTH A0 MOJHOTO MCYE3HOBEHHUS B IITyOOKO-
BonHo# BnaauHe. LlenTpanbHas yacts FOxHO-Kacnuiickoil KOTJIOBUHBI
3arojHeHa CJIa00M3BECTKOBO-TIEIUTOBBIMUA U W3BECTKOBO-TIETUTOBBIMH
wiamu, B KoTopbix KoHueHtpauus CaCO, nocruraer 50 %. B npouec-
c€ KOMIUIEKCHBIX MCCIJIEIOBAaHUH yad0Ch BBIACIUTD U IPOCIEAUTD TOJI-
Iy M3BECTKOBBIX OTIOKEHHH, MPOTATHBAIOLIYIOCS BIOJIb BOCTOYHOTO
oepera lOxHoro Kacnust Ha rimyounax ot 50 1o 200-300 M u npencTas-
JICHHYIO CBETJIBIM, TIOYTH OEJIBIM MEIOT0100HBIM TOHKO3EPHUCTHIM Ma-
Tepuainom, ¢ conepxanuem CaCO, 6onee 80 %. OONOMKM paKkOBUH B
3TOM TOJIIE BCTPEUEHBI B €AMHUYHBIX IK3eMIUIsIpax. MUHepalorndecku
3Ta TOJIIA MPEACTaBIeHa KaJIbIIUTOM, COAEpKaHHE KOTOPOTO JOCTUTAET
85 %, KOHLIEHTpaLUK TOJIOMHUTA U CUAEepUTa He peBbImatoT 5 %. Kpome
TOro, Ha BocTouHOM Henbde FOxnoro Kacnus na rmyoune 50 M npouc-
XOIUT aKTUBHOE 00pa30BaHUE OOJIMTOB, CIIEMEHTHPOBAHHBIX KapOoHaT-
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HBIX KOPOK M HAPOCIIMX Ha 3TU KOPKHU cheponuToB. OOIUTOBEIC TECKH,
MPOTATUBAIOLIUECS TOJI0CON BIOJIb BOCTOUHOU yacTu FOxHoro Kacnus
Ha miyOouHe S50 M, MPeNCTaBICHbI 00JIUTAMHU OCKEBO-KOPUYHEBOTO I[BE-
Ta, OKPyDIIoH (hOpMBI, KpyITHOIIECUaHOU pa3MepHOCTH. C TOYKHU 3peHust
MUHEPAJIOTHH OHU MOTHOCTHIO MPEACTABICHBI KATbIIUTOM.

[Ipu n3ydeHue TOHHBIX 0CAKOB, OTOOPAHHBIX MYJIBTHKOPEPOM, TIPO-
CJIEKHMBAETCS ONpPEJIEICHHAst 3aKOHOMEPHOCTh B pacnpenerenne CaCoO,
10 BEPTUKAJIHU, COACPKAHUE KOTOPOTO YBEIMUUBACTCA OT BEPXHUX TOPU-
30HTOB (TIepBhIe mpoteHThl — 20 %) k HwkHUM (10 40 %) (puc. 1).
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Puc. 1. Pacnipenenenue Copr u CaCO, B 10BEPXHOCTHLIX IOHHBIX 0CA/IKAX,
0TOOpPAHHBIX MYJIBTHKOPEPOM (2); KapTa cTaHUUHi 0T60pPa NMpod NOHHBIX
ocaaxos MyJabTHKOpepoM B FO:xxnom Kacnum (B)
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Boun  mccnenoBaHbl  KEpHBI  JOHHBIX — OCAJKOB, PaCIIOJIOXKEH-
Heie B HOxHo-Kacnuiickoit komnoBuHe Ha miyomHe 1000 m (cT. 3916)
(puc. 1, 0), Tae 3apUKCHPOBAHO CEPOBOAOPOAHOE 3apakeHue [BaHOB
u ap., 2013; AmOpocumoB u nip., 2014], u Ha ceBepHOM cKiloHE FOkHO-
Kacnwuiickoit koTnoBuHbI Ha rayoune 670 M (ct. 3917) (puc. 1, 6). Bepx-
HUH cinoil ocaaka (0—2 cM) npeacTaBieH HAUIKOM (BOCCTaHOBJICHHBIM),
OCTaJIbHOM 0Ca/IOK CIIOKEH CIIa00M3BECTKOBO-TIEIIMTOBBIM U H3BECTKOBO-
METUTOBBIM HJIOM CEpOT0, CEPO-3€JIEHOr0 LBETa C MUKPOMPOCIOSMH,
npyUMa3sKkaMi U MHKPOKOHKPEUHSMHU THAPOTPOMINTA M OKUCICHHBIMH
MHUKPONIPOCTIOSMH. MUHEpanorn4ecku 0cafoK MPEICTaBICH KBapLeM,
MOJIEBBIMH ILTIATAMH, KaApOOHATHBIMH MUHEPaJlaMH, TUTICOM, IUPUTOM H
IJIMHUCTBIMA MUHEPaJIaMH.

B camoii mmy6oxoii yactu FOxuo-Kacnuiickoit komioBuHs! (cT. 3916),
TJIe pa3BUTO CEPOBOAOPOJHOE 3apakeHHe, IPOTEKAIOT aKTUBHBIE MPOLiec-
CBl IMareHe3a, MPUBOAAIIME K HAKOTUICHUIO ayTUTCHHBIX MUHEPAJIOB, Ta-
KHX KaK KaJIBIUT, KyTHAaropuT, muput, runc 1 ap. Ha ct. 3916 B BepxHuX
ropu3oHTax kojoHkH (ot 0 10 3 cM), oborarienHoi Mn (puc. 2, a), Briep-
BbI€ B ocaakax Kacruiickoro Mopsi oOHapy»keH JBOWHOH KapOOHAT Kallb-
uus 1 mapranua — Kytnaroput (CaMn[CO,]), (puc. 2, 6) [dapa u ap.,
2015; Kosuna, 2015].

pyrue kapOoHaTHBIE MUHEPAIIBI (KalbUUT U Mg-KalbLUT) pacipo-
CTPaHEHBI 110 BCEMY pa3pe3y ¢ YBEIMYCHHEM KOHIICHTPAIMHi K HUKHUM
ropu3oHTaM. KanbuT B TOBEPXHOCTHBIX JOHHBIX OCaJKax ObLI BCTpe-
YeH B BHJE MapaljiesIbHO-IIECTOBAThIX arperaToB, CIUIOIIHBIX BOJOK-
HHUCTBIX MacC, arperaTHbIX CKOIUICHHH, CI'YCTKOB KaJblIUTa U KPUCTA-
JIOB KaJNbLIUTA C COBEPILICHHON CHAiHOCTBIO MO poMOo3apy. Bee atu
¢dbopMBI KanblUKTa, KPOME MOCIEIHEH, yKa3bIBAIOT HA €ro ayTUTeHHOE
obOpazoBaHue.

B naubonee ToHK03epHHUCTHIX ocankax FOxuoro Kacmust mpoucxo-
IUT aKTHBHOE 0Opa3oBaHue (HpaMOONIANBEHOTO MUPUTA (ayTUTEHHOTO).
MaxkcuManbHbIe €ro KOHIEHTPALUHU IPUYPOUEHBI K paiioHaM, B KOTOPBIX
Pa3BUTO CEPOBOIOPOAHOE 3apaxkeHue. Ero oOpa3oBaHue B OJHHX CITyda-
AX MPUYPOUYCHO K yyacTKaM CKOIJICHUS MaHIUpel auaTomelt (puc. 3, a),
B IPYTHUX CIIydasix €ro pa3BUTHE IPOUCXOAUT B MEK3EPHOBOM ITPOCTPaH-
cTBe ocanka (puc. 3, 6). ®pamOounasl nupuTa BcTpedarores: oT 3—4 1o
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10 MUKPOH B AMAMETPE U CIOKEHbI Pa3HbIMU MO (HOpMe KpHUCTaIIUTA-
MU (cyOcheprudeckoil, IpU3MaTHUECKOM, OKTadIpUIeCKOl, IEHTaroH/10-
JEKadIPUIECKOM, TIOJIMTOHATIBHON (POPMBI).
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Kpome Toro, B BepxHuX ropm3oHTax ocaika (mo 4 cm) HOxHo-
Kacrmiickoii KOTIIOBUHBI OOHAPYKEHO MIUPOKOE Pa3BUTUE Ay TUTEHHOTO
TUIICA, O YeM CBUICTEILCTBYIOT (DOPMBI M XOpOIIasi COXPAHHOCTh KPHU-
cTajuioB. B JOHHBIX Ocajkax TUIIC MPEACTaBJIEH B BUAC paauaibHO-
JYYUCTBIX arperaroB (po304eK), CPOCTKOB MPU3MATUYECKUX KPUCTAII-
JIOB, KPUCTAINIMYECKUX arperaroB, MPU3MATUYECKUX KPUCTAIOB C CO-
BEPIICHHON CMAHHOCTHIO U MapalIeIbHO-IIECTOBATHIX arperaroB. Pasz-
Mep KPHUCTAJUIUTOB THUIICA BapbuUpyeT OT 1—3 MUKpPOH (KpUCTaiIHye-
CKHE CIUIONIHBIE MacChl) 10 50 MUKPOH (pajnaibHO-IIyYHUCThIC arpera-
Th1) [Ko3una, 2015; Jlykamms u np., 2016].
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B Ttomkozepuuctoix ocankax HOxxno-Kacmuiickoii KOTJIOBHHBI Ha
mrybune 1000 M oOHapyKeH elle OAWH ayTHIeHHBIH MUHepas — OapuT,
MIPEJCTaBICHHBIN B BUC IJIACTUHYATHIX CPOCTKOB KpHCTaLioB. Ero o6-
pasoBaHme, a TakKe 00pa30BaHHUE BCEX BBINICTICPEUNCIICHHBIX MUHEPA-
JIOB CBSI3aHO C TUAT€HETHMYECKUMU MPOIECCaMU, MTPOXOIALIIUMU B AaH-
HOM Yy4acTKe MOpsl.

a 0

SEMHV:200kV | WD:15.06 mm
Viewfield:283ym |  DetBSE | View field: 28.3 um Det: SE | 5um

SEM MAG: 4.50 kx Vac: HiVac

Puc. 3. PazButue ppamMO0u1aIbHOT0 MUPUTA:

a — Ha NOBEPXHOCTHU HaHHHpeﬁ ,HHaTOMeﬁ; 0-B MCEK3CPHOBOM IIPOCTPAHCTBE OCa/iKa

CoBpemennbie noHHBIE ocanku HOxkHoro Kacmusi moBompHO Oora-
ThI OPraHUIECKUM BEIICCTBOM, M CpefHssi KoHuenTpauus C — cocTas-
asier okosto 3 %. B pacnpeneneHun opraHMYecKoro BellecTBa MO THU-
naM JOHHBIX OCAAKOB MPOSBISETCS TEHACHIMS YBEIUYCHUS KOHLIEHTpa-
Ui OT rpy0boro mMarepuaina K TOHKOMY IUCIIEPCHOMY Marepuaiy. s
MOBEPXHOCTHBIX AOHHBIX ocagkoB FOxxuoro Kacmus momydeHsl HOBbIE
JIAaHHBIE IO PACIPEACIICHUIO CopE, KOHIIEHTPALMKU KOTOpBIX B 2—3 pa3za
NPEBBILIAIOT 3HAYCHUS, YCTAHOBJICHHBIC NMPEIbIIYIINMH HCCIIE0BaTe-
nsmu [[laxomoBa, 1961; bopnosckuit, 1969; JleGenes u ap., 1973; Ka-
crimiickoe. .., 1989]. B Bepxuewm cnoe ocanka B FOxuH0-Kacnmiickoii KOT-
noBuHe (cT. 3916) u Ha ceBepHOM ckitoHE FO)xHO-Kacmuiickolt KoTiaoBH-
HbI (cT. 3917) conepxanue Copn cocrasisieT 8 %. Jlanee BHU3 0 pazpesy
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KOHLICHTPALIUU Copn pe3ko ymenbatotcs 10 4 % u menee. Takue BbIcO-
KHE COIEPKAHUL Copn CBS3aHBI B IIEPBYIO OUEPENb C OTCYTCTBUEM KHUC-
JI0pOJia B JAHHBIX y4acTKaX MOps. B 3TUX pailoHax OpraHUYECKU yIiie-
POJ HE yCIIeBAET pa3aararbCs U3-3a OTCYTCTBUS KUCIOPOJA, TEM CAMbBIM
IIPOUCXOIUT «KOHCEPBUPOBAHUE Copt Kpowme Toro, emie onaum ¢axro-
POM, MOBJIMSBIIMM HA MOBBILIECHHBIE COACPKAHUA Copr, B BEPXHHUX CJIO-
X JOHHBIX OCAJKOB, SBJSIETCS MPUMEHEHHWE HOBOTO MPOOOOTOOPHHUKA
(MynBTHKOpPEp) B JAHHOM pailoHe, KOTOPBIN TO3BOJISIET COXPAHUTH BEPX-
HUH (QIOKKYTHPOBaHHBIN CIION OcajKa.

OnucaHHbIe UCCIEOBaHUS COBPEMEHHBIX JOHHBIX OCaJIKOB IOKa-
3aJld OCHOBHBIE YE€PTHl U MHOT000pasue MpOLEecCOB 0CaJKOHAKOILIE-
Hus B OxxHom Kacnuu, koTopsie 3/1ech Ype3BbIYaiiHO CIOXKHBI. Paznu-
4yus B YCJIIOBUSX IIOCTABKHU OCAJOYHOTO BEIECTBA, & TAKKE TEKTOHHU-
yeckas o0cTaHOBKa M penbed nHa Kacnmiickoro Mopsi oTpaxarorcs B
pacIpefeneHuu JIMTOIOTHYECKUX TUIIOB JOHHBIX OCAJKOB I10 IIOIIA-
U MODs, B paclpeleeHny TPaHyJIOMETPHUECKUX (PpaKkLui, a TaKkKe
B pacnpeseieHH MUHEPAIbHBIX 1 OMOTeHHBIX KOMIIOHEHTOB. Ocoboe
BIIUSIHUE Ha MPOLECCHl cequMeHToreHe3a B Kacnuiickom Mope oka3bl-
BaeT KIMMaTH4YECKasl 30HaJIbHOCTh. B 1anHOM OacceiiHe 0coOeHHO Ha-
IJISITHO MIPOSIBIISIETCS apUIHOCTD KIIMMaTa (3T caMasi apuaHas o0nacTb
Poccun). B IOxxnom Kacrimm nponcxonuT akTHBHOE OMOTEHHOE U Xe-
MOTEHHOE 0CaJAKOOOpa30BaHUe, U B MEPBYIO OUepeb HIMPOKOE Pa3BH-
THE MONYYMIN KapOOHATHBIE OTIOKEHUS, NPEACTaBICHHbIE KaK OHO-
TeHHBIMH OCTaTKaMH, TaK U Pa3JIMYHBIMH MHUHEpaIbHBIMH 00pa3oBa-
HUSMH KapOOHATHOH MPpHUPOB! (00TUTAMH, CHEMEHTHPOBAHHBIMU KOP-
kamu u cheponuramu). Kpome toro, B FOxxno-Kacnuiickoir koTinoBu-
HE MPOUCXOAST aKTHBHBIC AHAareHeTH4YecKue oOpa3oBaHUs, MPUBOMS-
mue K o0pa3oBaHuI0 MUHepasoB. Takum oOpazom, Kacnmiickoe mope,
a B yactHocTH IOxHbIN Kacnuii, ABnsercs upe3Bbl4ailHO HHTEPECHBIM
00BEKTOM I UCCIIEOBAaHMS MPOLECCOB CEAMMEHTOTeHEe3a B HEM H
POIOJKAET N300MUIIOBATh 3araJKaMu.

Paboma evinonnena npu gurancosoii noodepoicke PODPH 16-35-60028,
14-05-00769; 14-05-00875.

Aemop npusnamenvna axademuxy A. I1. Jlucuyviy 3a no00epicky, sKuna-
acy HUC «Pugpm» A. A. Knrosumxuny, M. /[. Kpaguuwunoii u H. B. Ilonumosoti
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3a nomows 6 sxcneduyusx, J1. B. [lemunoii, B. A. Kapnosy 3a anarnumuuecxkue
UCCIe008aHUSL.
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FEATURES OF PRESENT SEDIMENTATION
IN THE SOUTHERN CASPIAN

N. V. Kozina

A systematic approach including a complex of new methods and apparatuses
was used for the first time to study the bottom sediments of the South Caspian.
The article presents data on the mineral composition of the bottom sediments
and distribution of CaCO, and organic carbon in the surface sediments of the
South Caspian.
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AHAJIM3 TETPOT'EHHOM COCTABJISIIOIIEN
COBPEMEHHBIX OCAJIOYHBIX ®OPMAIINI
(IOHHBIX OTJIO)KEHU) YPBAHU3UPOBAHHOM CPEJIbI

3. . CaykoBckuii, A. C. MenseneB

Uncmumym zeonoeuu KapHI] PAH

B noxirame paccMOTpeHBI 3aKOHOMEPHOCTH HAKOTUICHHSI OCHOBHBIX (T1€-
TpOFeHHI)IX) KOMITOHCHTOB B PCYHBIX W O3CPHBIX MOHHBLIX OTJIIOXCHH-
SIX aHTPOIIOTEHHO HapylIeHHOM cpeasl I. IleTpo3aBoacka. YcTaHOBIIEHA
reoXUMHUYecKasi CrernuduKa KaKI0ro JTUTOJIOTUYECKOTO THIA OTIOXKE-
HI/II7[, YTO IMO3BOJIACT OMUPATHCA HA OTU JAHHBIC B ,IIaJIBHeI;'IHIPIX 9KOJIOTO-
TeOJIOTMYECKUX HCCIIEOBAaHUAX Ha YPOAHW3MPOBAHHBIX TEPPUTOPHIX
PecrryOmuxu Kapenuu u npyrux pernonos Poccun u mupa.

BBenenune. O4eBUAHO, YTO MIPU IPOBEICHUH IKOIOTO-T€OIOTMUECKUX
HCCJEeIOBAaHUN aHalU3 TEOCPENbl U €€ COCTABJSIONIMX KaK OCHOBBI
JIOJKEH BKJIIOYATh MPUMEHEHUE BCEX BO3MOXKHBIX TSI 3TOTO METOIOB.
JIOHHBIE OTJIOXKEHHUS BOIHBIX 00BEKTOB, ABJISIOIIUECS 0CAJTOUHOMN reoI0-
TUYecKoil (hopmaripei, HeoOX0JUMO OIEHUBATh C TOYKH 3PEHUS COJEeP-
JKaHUSI B HUX OCHOBHBIX 3JICMEHTOB, CIIYXKAIMX «KIFOYOMY» K MX KJIac-
cuduKanuy, U aHanau3a 0oJiee CIOKHBIX MPOIECCOB, MPOUCXOMASIIUX B
BOJIHBIX 00BEKTaX W Ha WX BojocOopHoi mmomaau. [locnennuii gakt
KpaiiHe BaXXCH B CBETC aHTPOIIOTEHHOW TpaHC(hOpMAIMH T'eOCPeibl, B
TOM YHCJIE JIOHHBIX OTJIOKEHUH, Ha YpOAHU3UPOBAHHBIX TEPPUTOPHSIX,
IJIe U3MEHEHUS MOTYT MIPOUCXO/IUTh KaK Ha MHKPO-, TAaK U MaKpOYypPOB-
He [Suun, 2013].

Bonubie o0bekthl T [leTpo3aBojcka sIBISIOTCS OObEKTaMHU IPH-
CTaJIbHOTO BHUMaHUS CIEIUAIMCTOB Pa3IMuHbIX oOnactel 3HaHuit [Bo-
nuble. .., 2013]. [eoxumMuyeckre 0COOCHHOCTH JOHHBIX OTIIOXKEHUH BO-
JIOEMOB M BOJIOTOKOB T'OpOJia MPEJCTABJICHBI B padOTaX aBTOPOB U HMX
KOJUIET, TJIc OCHOBHOM aKIICHT JeacTCs Ha MCCIICIOBAaHUN HAKOILICHUS
U pacrtpe/IelICHUs TSHKEIbIX METAJUIOB B IIPECHOBOIHBIX 0CAJIKaX TEXHO-
TeHHO HapyieHHo cpeabl [CnykoBckuil, Byonosa, 2013; CnykoBckuid,
Mengsenes, 2015; CnyxoBckuii, CBetos, 2016].
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Llens nanHOW pabOTHI — OLEHUTH COJEPKAHUE U pacTpeiesieHHe T1e-
TPOTEHHBIX 3JIEMEHTOB M OPraHUYE€CKOIO BEUIECTBA B JIOHHBIX OTIOXKE-
HUSIX PEK U 03€p, PaCIOJIOKEHHBIX B uepre I. IleTpo3aBoacka.

O0beKkTHI M MeTOAbI HMccJenoBaHus. lcciempoBamuch 00pasUbl
npo0 PeYHBIX M O3E€PHBIX JOHHBIX OTIAOKEHHH M3 KOJIJIEKIHU COTPYA-
HHUKOB JIAOOpaTOpUH TEOXUMHU U MOJIEIIMPOBAHUS IPUPOJHBIX U TEXHO-
reHHbIx npoueccos Mucrtutyra reonornn KapHI[ PAH. M3yuens! ocan-
K4 (ayutroBUil) AByX MauibIx pek JlococuHku u HernmuHky, mpoTeKkaromumx
no Tepputopuu r. llerpo3zaBoncka, camponeneBble Wbl (CapoIen)
03. Jlam0a, a Tarxoke camnporeny, aJeBpUTOBBIE CAIPOIETH U JICHTOYHbIC
IJIMHBI U3 pa3pe3a JOHHBIX OTIOXKEeHUH 03. YeTsipexBepcTHOro (puc. 1).

r. Ilerpo3aBoack

03. Oneorccroe
(Ilempo3zasodckas 2yba)

03. ’Jemblpexge pCcmHoe

Puc. 1. Kapra-cxema pacnoJio:keHusi BOAHBIX 00bEKTOB
r. [lerpo3aBoacka

Conepxanue OCHOBHBIX (IIETPOreHHBIX) KommoneHToB (SiO,, ALO,,
Fe ., NaO, K,0, CaO, MgO, MnO, TiO,, P,O,) onucanueIx ocanoy-
HBIX (hopMarii ompenensyioch MpHU TIOMOIN PEHTTeHO(IIyOpECIeHT-
Horo cnekrpomerpa Mapku ARL ADVANT’X. Onpenenenue mnorepb
npu npoxanusanuu (ILILIL., nau LOI), xapakrepusyromux opranude-
CKO€ BEIIECTBO, MMPOBOJIMIIA BECOBBIM CIIOCOOOM ITOCII€ HarpeBaHUs HC-
cienyeMbix mpod mo Temreparypsl 1100 °C. CrarucTudecKkue pacyeTsl
TIPOBOAVIIMCE C HCIIONB30BaHUEM mporpamMmbl MicrosoftExcell 2007.
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CpaBHeHME COAEpKaHMS MAKPOKOMIIOHEHTOB B JIOHHBIX OTJIOKEHUSX
MPOBOAMIIOCH 110 CPETHUM 3HAUEHHSM ISl KaKI0H BBIOOpKH. [paduye-
CKOoe M300paKeHne pe3yJbTaToOB UCCIEIOBAHUI BBITOJHEHO MPU MTOMO-
i nporpamm Inkscape 0.48.4 u TriQuick 1.0.0.

SiO,. Hanbonbmas KOHIEHTpalUs OKCHIA KPEMHMS YCTaHOBJIEHA B
JICHTOYHBIX TNIMHAX 03. YeTsipexBepcTHOTO (67,5 %). B HECKOIbKO MEHB-
mwem o0beMe conepkanne SiO, BBISABIEHO B aJUIIOBUAJILHBIX OTI0KEHH-
sx pek Jlococunku (63,4 %) u Hermunku (63,3 %). 3a HUMU ClieayIoT ca-
nponenesbie (45,5 %) u aneBpuToBo-carporneneBbie (43,87%) ornoxe-
HUs 03. YeTbIpexBepcTHOro. B camponene 03. Jlamba (22,1%) obnapy-
JKEHbl HAMMEHBIIINE KOHLIEHTPALUU OKCUAA KPEMHUSL.

Al O,. HanGonbuiee conepxanne OKCH/Ia aTFOMUHHS XapaKTEPHO [Ts
mmH 03. Yetsipexsepetroro (13,34 %). B anmoBuanbHbIX OTIOKEHHUAX
pek Hermunku u JIococuHku copepxanue A1203 pasuo 11,20 u 10,92 %,
COOTBETCTBEHHO. B camnporneneBbix OTI0XKEHNAX 03. UeThIpeXBepCTHOTO
oHo cocrasiser 10,74 %, a B aneBpuTOBBIX canponensx — 6,92 %. Hau-
MEHbIIass KOHLIEHTPALHUs OKCHIa aJIOMUHUS OOHApy>XeHa B camporienie
03. Jlamb6a — 4,05 %.

Fe , HaunGonblee conepikanue CyMMapHOTO jKeie3a OOHapyKe-
HO B campornesneBbix npodax ozep Jlamb6a (14,0 %) u UersipexBepcTHO-
ro (7,2 %). B anmoBuaneHbx oTioxeHusx pexk Hermuuku u Jlococun-
KM €ro KOoHIeHTpauus coctasiget 6,1 u 5,9 %. nsa rmun 03. YeTsipex-
BEPCTHOTO OHA paBHa 4,8 %, a B aJIeBPUTOBBIX CaNpoMNemsX JaHHOTO BO-
Joema ObUIo OOHApyKeHO MUHUMAJIbHOE coaepkanue xeneza — 4,3 %.

Na,O. Haubonbluee comepixanne OKCUIa HATPHUs BCTPEYAETCS B all-
JIIOBUAJIBHBIX OTIOKEHUSAX p. HEMMHKM M TIIMHUCTBIX OTIOKEHUSIX 03.
UYetsipexBepcTHOTO — 2,3 U 2,28 %, coorBeTcTBeHHO. UyTh B MEHbIIIEM
oobeme — 2,2 % — Na,O mpucyTCTBYET B aIIOBUAJILHBIX OTJI0KEHHAX
p. Jlococunku. B camponeneBbIX U aJeBPUTOBBIX CAMPONENAX KOHIIEH-
Tpauusi okcunga Hatpust pasaa 0,5 u 0,3 %. B camponene o3. Jlamba
oOHapy»keHa ero HauMeHbIIast KoHueHTpaust — 0,2 %.

CaOQ. Hanbonpire KOHIEHTPALUN OKCU/IA KaJbLIUs XapaKTEePHBI IS
aJUTIOBUAJIBHBIX OTHOXKeHuH pek Hermuuku u Jlococunku — 3,2 u 2,7%.
B mMHHCTBIX OTIOXKEHUSAX 03. YeThIpeXBEPCTHOIO €ro KOHUEHTPALUsI
pasHa 2,3 %. B camponene o3. Jlam6a — 2,2 %. Haumenbine 3Ha4eHus
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COZIepKaHMs OKCHIa KallbLHs orpeelnieHsl B canponene (1,6 %) u anes-
putoBoM camnporene (1,5 %) 03. UeTbipexBepcTHOTO.

K,O. HanbGonbInee conepikanue OKCHIA Kajlus XapakTEPHO [ IIMH
03. YerkipexsepcTHOTro (2,5 %). B ayuiroBuanbHbIX oTIIOKeHUsIX pek Jlo-
cocuHkM U HermHku ero koHueHtpauus pasHa 1,7 u 1,7 %, coorsert-
CTBEHHO. B campomneneBbIx OTIO0KEHUAX 03. YeThIpeXBEPCTHOTO COAEp-
xanune K O cocrasnser 1,69 %, a B aneBputoBbIx canponessx — 0,9 %.
HawmmenbIas KOHIEHTpaIMs OKCHA aJIOMUHUS OOHapy)eHa B carpo-
neine o03. Jlamba — 0,5 %.

MgO. Hanbonbliee conepkanue OKCHIa MarHusi 0OHapY>KEHO B carpo-
TMEJIEBbIX M NIMHUCTBIX OTIOXKEHUSIX 03. YeTbipexBepcTHoro — 2,3 %. B an-
JIFOBHAJIbHBIX OTJIOXKEeHUX pek Hermuuku 1 JIococHHKY ero KOHIeHTpanus
cocrasisier 1,58 u 1,38 %. Jlns aneBpUTOBO-CAIIPOMNENEBBIX OTIOKEHUM
03. YetsIpexsepcTHOro koHueHrpams MgO pasHa 1,3 %. MunumanbsHoe
ee conepxanue — 0,6 % — BcTpeuaeTcs B mpobax carporens 03. Jlamoa.

MnO. Haunbonplas KOHIEHTpaIKsl OKCHAa MapraHia BCTPEYaeTcs B
ATIOBUATIBHBIX O0TIOKEHUAX p. Jlococunku — 0,3 % u canpomnese 03. Jlam-
6a— 0,26 %. B annroBuanbHbIX OTIOKEHUSIX P. HErNTMHKN KOHLEHTpaus
MnO pasna 0,13 %. 3a aumu criemyrot canporens (0,10 %) u aneBpuro-
BeIli campornens (0,09 %) o03. UersipexBepcTHOro. B TiiHe nanHOTO 03€-
pa (0,08 %) oObHapy»keHbI HAMMEHBIINE KOHLEHTPALMK OKCHAa MapraHIa.

TiO,. Han0Oonpmias KOHIEHTPALMU OKCU/Ia TUTaHA XapaKTepHa s
AJUTIOBHAJIbHBIX OTioXkeHuH p. Hermuuku — 0,9 %. i anroBus p. Jlo-
COCHHKHM €ro KoHIeHTpauus paBHa 0,7 %. B IMHMHNUCTBIX OTIOXKEHUAX 03.
YeTblpexBepCTHOTO OKCUJ TUTaHa MPUCYTCTBYET B konuuectse 0,7 %, B
CamnporneneBblX OVIOKeHUIX — 2,2 %. Haumenblne 3HadeHHs cofeprka-
HUS OKCHJA THUTAHA OIPEJIENIEHbl B aI€BPUTOBOM carmpornesne 03. YeTsl-
pexsepctHoro — 0,3 % u canporene 03. Jlamba — 0,2 %.

P,0O,. HaubGonbiuee comepxanue oxcuna pocpopa oOHapyxeHO B
canpornesneBbix npodax o3. Jlamoa (2,97 %). B aneBputoBom carporie-
ne 03. YeTsIpexBepcTHOTO 06110 00HapyskeHo 0,46 % maHHOTO dIeMeH-
ta. [lns canponeneit 03. YetsipexsepcTHoro koHuentpanus P,O, paBHa
0,33 %. B anmoBuanbHbIX OoTIOKeHUsAX pek JlococuHku u Hermmuuku
ona coctasiser 0,28 u 0,23 %. B mne 03. YeTbipexBepcTHOTO 0OHApY-
JKeHBI HAMMEHBIIIHE KOHIIeHTpanuu okcuaa Gochopa — 0,11 %.
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LOI. HaunbGonpmuii npoueHT opraHukd oOHAapyXeH B camporiele-
BBIX TpoOax 03. Jlamba (52,4 %). B aneBputoBoM campomnene 03. YeTbl-
pexBepcTHOrO OH cocTaBisieT 39,6 %. Jnsa campomneneit 03. UeTsipex-
BepctHoro 3Hauenue LOI paBHo 29,1 %. B anmnmoBHanbHBIX OTIOXKEHH-
sx pek Jlococunku u Hermuuku ono cocrasnsget 9,9 u 8,5 %. B rune
03. UeThIpexBepCTHOTO 0OHAPYKEHO MHUHUMAaIbHOE 3HAYCHHE OpTraHu-
yeckoro Bemiectna — 3.4 %.

CooTHolIeHre co/iep>KaHHusl OPraHUYECKOrO BEIIECTBA JIOHHBIX OTJIO-
JKEHMH M CyMMBI KpeMHe3eMa 1 IIHo3eMa (pHc. 2) mo3BoisieT auddepen-
LIMPOBaTh U3yUEHHBIE OCAJKH Ha TPU Ipymnnbl. B mepByro BXOAAT aymoBuU-
aJIbHbIE OTJIOKEHMS M JIEHTOYHbIE TIIMHBI, MMeroIue Hu3koe 3HaueHne LOI
M BBICOKOE CyMMBbI OKcHI0B Si 1 Al. IIpu 3TOM Tpu mpoObI peyHBIX Oca-
koB JlococHHKH, OTHOCSIIMECS K MOMMEHHBIM OTIOKECHHSAM, ONU3KH KO
BTOpOH TpyTIle, B KOTOPYIO BXOAAT CAIPOIIETN U aJI€BPUTOBBIE CAIIPOIIEITH
03. YetblpexBepcTHOro. TpeTbst rpymma BKIIOUaeT carpornenu o3. Jlamoa,
KOTOpbIe HMEIOT OJIM3KOe € ocafKaMH YeThIpexBepCTHOTO CoAepKaHue Op-
TaHUKH, HO 3HAYUTENILHO MEHBIIINI BEC TEPPUTEHHON COCTABIISIONIEN OTIIO-
skeHui. [IpuMeuarensbHO SIBHOE pasnuuue canpornenei AByx o3ep I. [lerpo-
3aBOZICKA, PACIIOIOKEHHBIX MPUMEPHO B 11,5 kM apyT ot npyra.

Canponenu 03. JlamGa pe3ko BBIAEISIOTCS OT IPYTHX MCCIEJOBAHHBIX
ocafouHbIX (hopManmii Ha APYTroi JuarpaMMe COOTHOLICHHUSI CYMMapHOTO
Fe, oxcuna P u LOI (puc. 3). D10 CBsI3aHO C TOBBIIICHHBIM COICPIKaHUEM
cymmapuoro Fe u P O B norHbIx omnoxenusx JlamObl, rie B BoccTaHo-
BUTENBHBIX yCIIOBHAX 00pasyercs munepan usuanut Fe (PO,),x8H,0.
[TosTomMy TOMNBKO B Ocankax JlamObl oTMe4YaeTcst OTCYTCTBUE 3HAYMMOM
KOPPEJSILMOHHOM CBS3U MeXIy (pochopoM M OpraHnvecKuM BELIECTBOM
03€pHBIX OTIOKEHUH. B TOHHBIX ocasikax 03. YeTbIpeXxBepCTHOTO U aJlTto-
Buu Mexy conepxkanuem P,O, u LOI ycranosien ko3¢ ¢uirent koppe-
msimmn R = 0,85 mpu p < 0,001 (RKP. = 0,50). IloBbIIeHHOE COmEpIKaHUE
JKeJe3a B ocankax JIaMObl CBsI3aHO € MX MPUPOAHON crien(HUKON, TaK KaK
MOIOOHBIE JKEJIE3UCThIE CANpOINeIn JOBOJILHO CHIBHO PaclpOCTPaHEHBI
Ha TeppuTopun 1oxkHoi yactu Kapennu [CunbkeBny, OxmaH, 1995], a BoT
aHOMAJILHO BBICOKOE cofiepkanue Gpochopa MOKET ObITh PE3yIBTATOM Jie-
ATEJIBHOCTH SITOIHO-TUIOJOBOTO TUTOMHHKA, KOTOPBI B COBETCKOE BpeMs
pacnonaraics BOJIM3u o3epa.
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Si0,+ALO;, %

35 1° sapropel; Lamba
o silt sapropel; Chetyrekhv
30 | a sapropel; Chetyrekhv ™. ®
25 1V alluvium; Lososinka ™.
20 1 ¢ alluvium; Neglinka o,
® clay; Chetyrekhv e ®

10 20 40 s0 oo

30
LOI, %
Puc. 2. JluarpaMMa COOTHOLIEHUSI KOHUEHTPAIMii
CYMMBbI OKCH/I0B AJTIOMUHHS U KPeMHHs U OpraHuye-
CKOT0 BellleCTBA B JOHHBIX OTJ105KeHHUS BOIHBIX 00b-
ekToB I. [leTpo3aBoacka

Fe,0;+FeO
10 15 20 25 30 35
40 V' Lososinka; alluvium

60 @ Neglinka; alluvium
55 v . 45 O Chetyrekhv; silt sapropel
50 ol \ 50 A Chetyrekhv; sapropel

ve ® 55 ® Chetyrekhv; clay
45 oV @ Lamba; sapropel
40 v 60
35 0’ 65

P,05%10 55 50 45 40 35 30 25 20 15 10 LOI

Puc. 3. Tpoiinasg aumarpaMMa COOTHOLICHHS 00IIero
:KeJie3a, ocopa U opraHM4YecKoOro BemecTBa B J0H-
HBIX 0TJIO;KEeHUSIX BOIHBIX 00beKkTOB I. [leTpo3aBojacka
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HpOBGI[eHHLIfI AHAJIN3 METPOTCHHBIX KOMIIOHCHTOB JOHHBIX OTJIOXKE-
HUH BOIHBIX OOBEKTOB T. HeTpo3aBozlc1<a TMO3BOJIUT OMUPATHCA HA MOJTY-
YCHHBIC JAHHBIC I[TPU TPOBCACHU N JadbHEHUIIINX PKOJIOr0-TEOXUMHYCSCKUX
HCCHCﬂOBaHHﬁ, B IICPBYIO O4YCPLCAb IPpHU ONIPEACIICHUN 32.KOHOMCpHOCTeI71
pacripeaciicHuss MUKPOIJIEMECHTOB B M3YUCHHBIX IMPECHOBOAHLIX OCal-
KaxX, B TOM YHUCJIC TSAXKCIIBIX METAJIJIOB U METAJTIJIOMIOB.
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ANALYSIS OF MAJOR COMPONENTS OF MODERN
SEDIMENTARY FORMATIONS (BOTTOM DEPOSITS)
OF THE URBAN ENVIRONMENT

Z. 1. Slukovskii, A. S. Medvedev
Institute of Geology KarRC of RAS

The report examines the main regularities of accumulation (petrogenic) compo-
nents found in river and lake sediments of anthropogenically disturbed environ-
ments in Petrozavodsk. The geochemical specifics of each lithological deposit
type was determined, which allows relying on the data while carrying out fur-
ther ecological and geological research in urban areas of the Republic of Karelia
and other Russian and world regions.
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PAIMOJIOT'MYECKHUE NUCCJIIEAOBAHUSA
JOHHBIX OCAAKOB BEJIOT'O MOPs1
B XOJE HAYUYHO-UCCJIEJIOBATEJILCKOM SKCITEIUIAN
«IJIABYYHUI YHUBEPCHUTET» B 2012 TOY

C. B. Ipyxkunun, C. b. 3bikoB, E. 10. SIkoBien

Hncmumym sxonoeuyeckux npoonem Cesepa YpO PAH, Apxaneenvck

OOBbeKTaMU HCCIEAOBAHUS SIBISINCH PAJHOAKTHBHBIC U30TOIBI B JOH-
HBIX ocaakax bemoro mops. Llenpio paGoThl BBICTYHANO MPOBEICHHE
CPABHUTEIBHON XapaKTEPUCTHKU PATUOAKTUBHOCTH JOHHBIX OCAJIKOB
benoro mops, mosmyuennoit B 2012 r, ¢ pe3ynsraTaMy HCCIIEJ0BAHUH, TIO-
JYYEHHBIMHU paHee. YCTaHOBJIEHO, YTO KOHLEHTPAIUsI UCKYCCTBEHHOTO
n3oTomna 1e3us-137 B JOHHBIX ocaakax cHU3MIack. [Ipn aToM Bo MHOTHX
npobax oOHapyKeH ObICTpOpacaaaloUIMKCs TEXHOTCHHBIH H30TOI — Iie-
3uii-134. D70 yka3pIBaeT Ha TO, YTO MOCTYIUIEHUE TEXHOTEHHOM paano-
AKTUBHOCTH B apKTHYECKHE MOps MpoJoKaeTcs. AKTUBHOCTH ecTe-
CTBEHHBIX PaJMOaKTUBHBIX M30TOIIOB B LIEJIOM IO JOHHBIM OCaJKaM aK-
BaTopuu beaoro Mopst HaxonATCs B IIpeenax KIapKOBBIX COJEPKaHHM.

AKTyaJTbHOCTB OLIEHKH 3arps3HEHUS PaIMOAKTHBHBIMHA JJIEMEHTaMH ap-
KTHYECKHAX YKOCHCTEM CBSI3aHA C HAJIMYHEM Ha3eMHBIX M MOPCKUX TIOJIUTO-
HOB HUCITBITAaHUS] COBPEMEHHOTO BOOPY)KEHHS, MECT 3aXOPOHEHHUS PaINOaK-
THUBHBIX OTXOJIOB, IEWCTBUEM CHIJIOBBIX M SHEPTETUUECKHUX SACPHBIX yCTa-
HOBOK M HAJTMYHEM aTOMHOTO (ioTa. Ha cocTostHIe OKpysKaroIiei Cpebl B
3aI1a/IHOM CEKTOPE POCCUHCKON APKTUKU HapsiAy C IPUPOIHBIMU U aHTPO-
TIOTEHHBIMHU (DAaKTOpaMH BITUSIOT TPAHCTPaHUIHBIE TIEPEHOCHI PAIHOAKTHB-
HBIX KOMITIOHEHTOB BO3/IYIIIHBIMHU U BOJHBIMH MacCaMH.

C 1 uronst o 10 mtomnst 2012 1. 6puTa OpraHU30BaHa MOPCKAst HAYYHO-
uccienoBareibekas skcnenuuus «IlnaByuunii ynusepcurer» B benoe u
BapentieBo mMopst Ha HUC «IIpodeccop MomaanoB». Opranuszaropa-
mu sxcneauimn BeicTymu GIAOY BIIO «CesepHbiii (ApKTHYECKHH)
¢benepanbubiii yauBepcuter nMern M. B. Jlomonocosa», ®I'BY «Ce-
BEpPHOE YIIPaBIIEHUE 110 THIPOMETEOPOJIOTHN U MOHUTOPUHTY OKpYKa-
foIe cpeanl», ApXaHTelIbCKui 1eHTp Beepoccniickoit 00mecTBeHHON
opraam3anuu «Pycckoe reorpadudaeckoe odmecTBo». B pamkax skcre-
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JULKW OBUTM BBIMOJHEHBI HCCIIEAOBAHUS €CTECTBEHHON U TEXHOTEHHOM
PaIuoOaKTUBHOCTH AOHHBIX OTIOKEHHH bemoro mopst ¢ nenbio cpaBHe-
HUSI TIOJTyYEHHBIX PE3yJIbTaToB C JaHHBIMH, MOJYYEHHBIMH 32 MPOIUIBIC
ronel. OnpeneneHue coepaHusi paAnloaKTUBHBIX U30TOMOB MPOBOAH-
Jach TaMMa-CIIeKTPOMETPHUECKUM METOIOM.

CyIIHOCTh METOMKY ONpeeNICHNs] aKTUBHOCTH IaMMa-H3TyqatonnX
PaJHOHYKIIUIOB B CYETHBIX 00pa3llax OCHOBAaHA Ha PErHCTpAaLUH CLMH-
TWUIIHOHHBIX CIIEKTPOB TaMMa-M3JIy4eHHs], UCITyCKaeMOro BELIECTBOM
CueTHOro 00pasia, ¢ mocienyomuei 0opadoTkol nx Ha KommbioTepe. Hc-
CIICIOBAaHMSl PAAMOHYKIMIOB B JOHHBIX OTJIOKEHHUSX MPOBOJWINCH Ha
OCHOBE METOAMKHU U3MEPEHHH, pa3paboTaHHoii B LleHTpe MeTpoIoruu Ho-
Husupyromux uznyyenni I ML « BHUU®TPU» [occrannapra PO.

OTtoOpaHHBIE B X0/I€ SKCTIEIUIIMOHHBIX paboT MpoOBI JOHHBIX OTIIOKE-
HHH JOCTaBIISUIM B CTAIIMOHAPHYIO JTaADOPATOPHIO, /1€ BHICYILIUBAJIN B CY-
nmnbHOM 1kady npu temneparype 40 °C. Ilocne moBeaeHus npoOsI 10
BO3/YIIHO-CYXOTO COCTOSIHUSI TTOJYYEHHYIO HABECKY B3BEILUBAIH U Iie-
peHocuin B cocy MapHHeIH [Tl H3MEPEHUsI Ha raMMa-CIIEeKTPOMETPE.

Perucrpanus raMMa-n3iydeHnd OT c4eTHOro oOpasia JOHHBIX OTJIO-
JKEHUH, a Takke 00pabOTKa CHEKTPOB MPOBOIUIUCH C HCHOJIB30BAHUEM
NporpaMMHO-aNMapaTypHoro komiuiekca «lIporpecc-raMmay, B KOTOPBIH
BXOJAT CUMHTHUIIMOHHBIN OJIOK JETeKTUPOBAHMS TaMMa-H3Ty4eHHs Ha
ocHoBe kpucrayuia Hoaucroro Harpusi Nal (T1), 6ok muTanus U ycuie-
HHS UMITYJIbCOB, TUIATa aHaJIo0roBo-IM(ppoBoro mpeodpaszosarens (AL,
CBHMHIIOBas 3alIUTa OJIOKa JETeKTUPOBAaHMS OT (POHOBOTO M3IMYUEHHs, Ka-
aOpoBouHbIi ncTouHKK V'Cs+K, nepcoHanbHbIi KOMIBIOTED.

KanubpoBka ramMmma-crieKTpoMeTpa 1o SHEPruu IJisi KOHTPOJIS 3a CO-
XPaHHOCTBIO TApaMETPOB YCTAaHOBKH MPOBOIWIIACH MOCTE KaKIOTrO U3-
MEpEHHs C UCIOIb30BaHNEM KOMOMHUPOBAHHOTO KOHTPOJIILHOTO UCTOY-
HUKa B cocyne Mapunem — 1 mutp. O6paboTKa CIIEKTPOB, pacyeT 3Ha-
YEeHUI aKTUBHOCTH U MOTPEIIHOCTH MPOU3BOJUIUCH C UCTIOIB30BaHUEM
nporpammuoro obdecrieuenuss [IPOI'PECC. MunnmansHoe BpeMst JKC-
MOHUPOBAHUS CYETHOTO 0Opasua coctanisiio 3600 cexyH.

[o pesynbraTam U3MEpEeHUH MOCTPOEHBI KAPThI MPOCTPAHCTBEHHOTO
pacrpenencuus aktuBHocTr P'Cs, “K, 2*Ra, 1 ?*>Th B TOHHBIX OTIOXE-
HUSIX benoro Mopsi, KoTopbie IEMOHCTPUPYIOTCS Ha PUC.
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B) Iy
PacnpeneseHne akTuBHOCTH u30TomoB **Ra, 'Th, “K, ¥Cs (Bk/kr) B
JAOHHBIX ocaakax besoro mops

OO01Me 3aKOHOMEPHOCTH PACHpPEICIICHUS PAaTUOAKTUBHBIX H30TO-
noB cieaytomue. Haunbdosee BhIcOKME 3HAUCHUS aKTUBHOCTH TIPUHAJIJIC-
)Kar Kanuio-40, 4TO OTMEYAJIOCh M PaHee MPOBEJCHHBIMY HCCIICIOBAHU-
SIMH. AKTUBHOCTH Kanus-40 3aBHCHUT OT COCTaBa OTJIOKEHUN M COCTaB-
JsieT st oto0paHHbIX 1mpob ot 147 1o 680 BK/KI, 4YTO COOTBETCTBYET
HOpPMaJILHOMY pacrpezeincHuio kanus-40 B MOpckux ocajakax benoro
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Mopsi. Beicokas aktuBHOCTH **K 00yCoBiIeHA HATHYNEM TIIHHO3EMHBIX
MUHEPAJIOB ¢ OOJBIINM COACPKAHUEM MTPUPOIHOTO KaJIHs, KOTOPBIC Tie-
PEXOIAT B PACTBOPBI U3 KOHTUHEHTAJIBHBIX IIMH U BHIHOCSITCS PEKaMU B
MOpe, TJIe HAKaIUIMBAIOTCS TIIABHBIM 00Pa30M B €ro NTyOOKOBOJHBIX Ya-
ctax. Pacnpocrpanenue aktuBHOCTH *“K B JOHHBIX OTIOKEHHIX COOT-
BETCTBYIOT HAMPABICHUIO OCHOBHOIO BEIHOCA INIMHO3EMHBIX MUHEPAJIOB
Bonamu JIBunckoro u Kannganakmickoro 3anuBoB [Kucesnes u np., 2000].

AKTUBHOCTH paaus-226 B JOHHBIX ocajakax benoro Mmops u3meHser-
cs ot 1 1o 28 br/kr. Haubonee Beicokue 3HaYeHUs 0OHapykeHbl y 0. Co-
caoBel B benom mope (28,1 Bk/kr). B Mopckoe npoctpancTBo **°Ra BbI-
HOCHUTCSL B COCTaBE€ MHUHEPAIbHBIX YACTHII, Pa3PYIICHHBIX TOPHBIX IO-
PO ¥ B PACTBOPEHHOM BHJIe. DTO OOBSICHICT YBEITUUYCHUE €TI0 KOHIICH-
TpalMy B MOHIKEHUX penbeda (JI0KOUHBI JISTHUKOBOTO BhITTAXUBAHUS,
MIOHM)KEHUSI HAa TIOBEPXHOCTHU JICAHUKOBBIX OTIOKEHUH, ATIEOPyCIOBBIC
TIOHIKCHHS | T. JI.) © YMCHBIIICHUE B TEX MECTaX, IJie MPOUCXOIUT pas-
MBIB JOHHBIX OTJIOXEHHUI M KOPEHHBIX MOPOA. YKa3aHHOE paclpeserie-
Hue paausi-226 B beaoM Mope COOTBETCTBYET MONYUYCHHBIM paHee JaH-
ubeiM [Kucenes u np., 2000].

AKTUBHOCTB TOpUsI-232 B pa3HBIX TOPU3OHTAX JOHHBIX OCAIKOB 3TUX
Mopeit u3mensiercs ot 3 10 54 bx/kr. MakcumainbHoe 3HaueHue 54 bk/kr
TOpHs-232 yCTaHOBIIEHO BO BTOpoM ciioe oT 1 g0 10 cm mpoObl Ha cTaH-
miu 108 B benmom mope y Kapenbckoro 6epera, re u paHee 0OTME4aIich
€r0 MOBBIIICHHBIC KOHIIEHTPAILIMU B BEPXHEM JIBYXCAHTUMETPOBOM CIIOE.
HcTrounukoM mOCTYIIEHUST TOpUsi-232 B TOHHBIE OCAAKHU 3TOTO pailoHa
MOTYT BBICTYIaTh 3K30T€HHBIC MPOIECCHI, Pa3pyIIAIOLIUe KUCIbIe Ipa-
HUTOUJIBI, CJIararolllie MHOTOYMCICHHbIE OCTpoBa W Kapenbckuii Oe-
per. Ha ocTanbHBIX TEpPUTOPHUSLX AKTUBHOCTH TOpUSI-232 HE MPEBLIIIACT
KJIAPKOBBIX 3HAYEHHI, UTO COINIACYETCsl C paHee MPOBEICHHBIMU UCCIIE-
noBanusimu [Kucenes u ap., 2000].

B oraenbHBIX TpoOax HAOTIONASTCS €CTECTBECHHBIN PalnOAKTUBHBIHN
M30TON OepUIUTHI-7 KOCMOT@HHOTO MPOUCXOXKICHUs. Ero MakcCuMallbHO
3aperuCTPUPOBAHHAS aKTUBHOCTH COCTaBIsIeT 28,5 BK/KT.

TexHoreHHble paAOaKTUBHBIE U30TOMBI Le3uil-134, ne3uii-137, ko-
0asbT-60 SBISIOTCS OCHOBHBIMH TTOKA3aTeIISIMU 3arpsS3HCHUS TEXHOTCH-
HOH paguoaKTUBHOCTBIO JOHHBIX O0CAJIKOB TEPPUTOPHUI U aKBATOPHIl.
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W3oton ko6anbT-60 B JOHHBIX Ocalkax HaMH He oOHapyxeH. Lle-
3uil-137, umeromuil nepuop nonypacnana oxkono 30 jer, BcTpeyaer-
Csl TIPaKTHYEeCKH Ha Kaxknou ctanuuu. [locrymnenue *’Cs B 10HHBIC
OCaJK{ MPOMUCXOAWIO B MOCIeNHUE AecATuieTus [Marumos u np.,
1995; Kucenes u np., 2000; Kucenesa, 2000]. Ero noctymnienue B Mop-
CKO€ MPOCTPAHCTBO MPOUCXOAHUT U3 PA3HBIX HCTOYHHKOB — aTMochep-
Hbl€ BBINAJICHUS PaIMOAKTUBHOCTH IIPH aBapHsIX Ha S/I€PHBIX LIEHTpax,
aTOMOXO/aX ¥ aTOMHBIX 3JIEKTPOCTAHIHAX, IPHU UCTIBITAHUSX SIAEPHOTO
OpYXKHUS M SIAEPHBIX B3pPbIBAX B MUPHBIX 1IEJIsAX, cOPOC B MOPCKOE MPO-
CTPaHCTBO TBEPJBIX M KUAKUX PATNOAKTUBHBIX OTXOJOB, yTeUka pa-
JUOAaKTUBHOCTH M3 XPaHWIHUI PaJHOaKTHUBHBIX OTXOAOB, COpOC Mpo-
MBIIIJIEHHBIX PAINOaKTUBHBIX OTXOJ0B B IPUPOJIHYIO CPEy, CMBIB pa-
Hee 0CaXJCHHON paJiMOaKTUBHOCTH U3 MOYBEHHOTO MOKPOBA, BTOPUY-
Hasl DMUCCHUS PAaJUOAKTUBHOCTH C 3arpsi3HEHHBIX TEPPUTOPUI MpH aH-
TPOTIOIE€HHOM BO3AEHCTBUU WJIM B pe3yibTaTe MPHUPOIHBIX SBICHUM.
OcHOBHasi TEXHOT'€HHAas PaJUOaKTUBHOCTb BOIBI benoro mops Obuia
chopMupoBaHa B CEMHUIECATHIE — BOCBMHIECATHIC TOJBI 33 CUET MPH-
BHOca u3 CesepHoro Mops [FOmaxun u ap., 1998]. B uenom mo ak-
BaTopuu benoro mMopsi KOHLEHTpalus 3TOT0 M30TONAa HU3Kask U COOT-
BETCTBYET pe3yJbTaTaM BBHIMOIHEHHBIX paHee pador [Kucernes u ap.,
2000].

Le3nit-134 umeeT nepuon nomypacnaga okono 2,5 roxa. B mpupon-
HBIX YCJIOBHSX OH MOMKET MOSIBIISITBCS OT PabOTaAIOMIMX B HACTOALIEE Bpe-
Mt ADC unn aBapuiiHbix, HanpuMep ®okycumsl. Panee Hamu 3TOT HU30-
TOIl HE PETUCTPUPOBAJICA B JOHHBIX OCAJIKaX IMPHU TEX ke METOAMYECKHUX
W anmnaparypHbIX ycJIoBHX. B 0ToOpaHHBIX Mpobax JOHHBIX OCAJKOB OH
oOHapyxeH B konmuuectse ot 0,7 mo 8,3 Br/kr. D10 yka3biBaer, 4to B be-
JI0€ MOpPE TIOCTyIaeT TEXHOTEHHAs paInOAKTUBHOCTb, YTO JAOJIKHO BBI3bI-
BaTb OIPEAETICHHYIO0 HACTOPO)KEHHOCTb.

Pesynprare! skcnenuunonnsix padot Ha HUC «IIpodeccop Momnua-
HOB» I10 HCCJIEJOBAHNIO €CTECTBEHHBIX U TEXHOTCHHBIX PaAHOaKTUBHBIX
M30TOIOB B JIOHHBIX Ocajkax bemoro Mops cBoadTCA K CleayOIEMy:

1. B JIOHHBIX OTJIOXKEHUSX HAOIIOAAIOTCS CPABHHUTEIHLHO BBICOKHE
aKTHBHOCTH Kajus-40, yTo ObUIO YCTaHOBIEHO U paHee. EcTecTBeHHBIC
M30TOMBI B IOHHBIX OCAJKaX UMEIOT aKTUBHOCTH YPOBHS KIAPKOBBIX.
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2. Jlns MOHHBIX OCAJIKOB XapaKTEPHO HAMYUE WCKYCCTBEHHOTO pa-
JIMOAKTUBHOro H3orona I1e3ui-137. OmHako aKTUBHOCTH Ilie3usa-137
Maja, YTO YKa3bIBaeT Ha OTCYTCTBHUE COBPEMEHHOIO MPHUBHOCA ATOrO
M30TOIa B JOHHbIE OTIOKEeHUsI benoro mopsi.

3. YCTaHOBIIGHO TMPHUCYTCTBHE TEXHOTEHHOTO OBICTPOpPACIIaIat0-
HIETOCSl PAIUOAKTUBHOTO M30TOma 11e3us-134 B MOHHBIX OCagKax, YTO
JIOJIKHO BBI3BIBATH TPEBOT'Y O HOBBIX MOCTYIUICHHUSIX PaJUOaKTUBHOCTU
B Poccuiickyro Apkruky. Llesmii-134 ycTaHoBIeH U B TPUOPEKHOM 30HE
Ha ocTpoBax Ky3osa B bermom mope. Ero nocryrienue BO3MOXKHO ¢ (huH-
cKoii ctopoHsl. [IpoBeieHHbIE UCCIeTOBAHUS ABIISIOTCS MAJIbIM BKIIAI0M
B M3YYCHUE paJiMOaKkTUBHOCTU B Poccuiickoit Apkruke. TpeOyroTcs uc-
CJIEJIOBAaHUS IOHHBIX OCAJKOB U MOPCKOM BOJbI Ha OOJIBIIMX TITyOHHAX,
pacmupenue uccienoBanuii Bokpyr Hosoit 3emiu, B Kapckom mope.
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RADIOLOGICAL RESEARCH OF BOTTOM SEDIMENTS
OF THE WHITE SEA DONE DURING
THE RESEARCH EXPEDITION FLOATING UNIVERSITY 2012

S. V. Druzhinin, S. B. Zykov, E. Yu. Yakovlev
Institute of Ecological Problems of the North of UB RAS

The objects of the research were radioactive isotopes in bottom sediments of the
White Sea. The work dealt with the comparative analysis between the radioactiv-
ity characteristics of bottom sediments of the White Sea obtained in 2012 and the
previously obtained research results. It was found that the concentration of the
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artificial isotope cesium-137 in sediments had decreased. In many fast-disinte-
grating samples man-made isotope cesium-134 was found. That proves the fact
of the lasting flow of technogenic radioactivity into the Arctic seas. On the whole,
the activity of natural radioactive isotopes in bottom sediments of the White Sea
remains within the clarke contents.

HCCJEIOBAHUE PAJIMOAKTUBHOCTH JOHHBIX
OTJIOKEHUM O3EPA KAMEHHOT' O (TOCYJIAPCTBEHHBIM
IPUPOIHBIN 3AIIOBEJTHUK «<KOCTOMYKIIICKHH»)

I. I1. Kuceaes, C. B. /Ipyxunun, U. M. Kucenesa, E. 10. SIkoBiieB

Dedepanvhblil UCCIE008AMENbCKULL YeHMDP
KomniekcHoeo usyuenus Apkmuxu PAH

B pabore mpencraBieHbl AaHHBIE HMCCIEAOBAHUN PaJNOAKTUBHOCTH
JIOHHBIX OTJIOKEeHUH 03. KaMeHHOro rocyaapCTBEHHOTO IMPHUPOJHOTO
3anoBenHuKa «Koctomykiickuity, noxydennsie ¢ 2012 no 2015 1. Ak-
TUBHOCTb €CTE€CTBEHHBIX PaJMOHYKIUAOB Kanus-40, paaus-226 u To-
pusi-232 Bapbupyer ot 27,9 no 624 Bx/kr, ot 2 1o 76 bx/kr u ot 1,2 1o
45 BK/Kr COOTBETCTBEHHO. AKTUBHOCTh MCKYCCTBEHHBIX pPaJMOHYKIIU-
1oB 1e3us-134 u nesus-137 usmensercs or 1 1o 12 bx/kr u ot 10 1o 251
BK/KT COOTBETCTBEHHO.

Oco0blil MHTEpeC K U3YyUYCHHIO paaualloHHONW 00cTaHOBKH 03. Ka-
MEHHOTO T'OCYapCTBEHHOIO MPUPOIHOro 3amoBenHuka «Koctomyki-
CKH» BO3HHUK 1ocie oOHapyxeHus B 2012 T. TIOBBINIEHHBIX 3HAYEHUHA
AKTUBHOCTH MCKYCCTBEHHOT'O PaJHOHYKJIHIA Le3usi-137, qocTuraBmmx
873 Br/kr, B Tpex nmpobax JOHHBIX OTIOKESHUH.

HccnenoBanne paaualMoHHOM oOcTaHoBKM 03. KamenHoro crano
B&KHO KaK JUISl OLCHKH pacHpeiesieHus] 3arps3HeHNs] NCKYCCTBECHHBIMU
PagHOHYKIIMIAMHU TIO TUIOLIAAN 03€pa, YCTAaHOBJICHHSI NPUYUH BO3HUKHO-
BEHHS 3arPSI3HEHUI 1 CTETICHN UX BO3IEHCTBHS HA IPUPOAHYIO CPELY, TaK
W 17151 aHAJI3a BIMSHUS paIHalliOHHBIX TI0OKa3aTesIed JOHHBIX OTIOKEHUN
Ha KauecTBO BOJBI 03€pa, TaK KaK OHO SBJIACTCS BOAOMCTOYHUKOM ITUThHE-
Boif Bozibl T. KocTomykim ¢ HaceneHueM Ooree 28,5 Thic.
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TocynapcTBeHHBII TPUPOAHBINA 3amoBeHUK «KOCTOMYKIICKHIDY OCHO-
BaH B 1983 ., pacnionoxxen B PecrryOnuke Kapenust Bnons rpanuip ¢ Ous-
JSHIUEH W TPEACTaBIeH €IMHBIM YYacTKOM Iuiomanpio 475,69 km?. 3a-
MOBETHUK TPOEKTHPOBAJICA KaK YacTb PErHOHAIBHOIO KOMIUIEKCA, U B
€ro 3a/1a4M MepBOHAYAIbHO BXOAMIIA HEUTpAIIM3aLUsl OTPUIIATENbHBIX TO-
CIIeCTBUI NPOMBILIJIEHHONW JEATeNbHOCTH OBICTpO pa3BuBaBLierocsi Ko-
CTOMYKILICKOTO TOPHO-000TaTUTENIbHOTO KoMOMHara. 3amoBenHuk «Ko-
CTOMYKILICKHI» TakXke SIBISITCS TpaHCTrpaHuuHbIM — B 1990 . Obu1 co3-
JaH poccuiicko-puHCKUA 3anoBeaHuK «lpyx0Oa». Ha teppuropun 3amo-
BEJIHMKA MHOTO 03ep, HO Hauboee KpymHoe — 03. Kamennoe. OHO nmeer
TEKTOHUYECKO-JIEIHUKOBOE MPOUCXOKICHUE U 3aHUMAET IATYIO YacTh BCel
TEPPUTOPHUH 3aTOBETHIKA, eT0 Tonaap — 105,5 km?, muHa — 23 KM, Hvpu-
Ha — 15 kM, cpennsis myOnHa — 8 M. beperoast TMHUS CUITBHO M3pe3aHa, ee
o01ast MpOTsHKEHHOCTD cocTaBisieT 193 kM. B akBaropuu o3epa pacrono-
skeHo 98 ocTpoBOB. B 03epe BoasTCs 11yKa, CUI, OKYHb, IUTOTBA, BCTPEYAIOT-
Cs1 XapuyC U 03€PHBIH JI0COCH, YMCIEHHOCTh KOTOPOTO COKPAILIAETCsl M Hy K-
naercst B ocoboii oxpane [benoycosa u nip., 1988; [lexkun, 1989].

[locne oOHapykeHHsT TOBBIIICHHBIX 3HAYEHUH AaKTUBHOCTH Lie-
3us-137 B NOHHBIX OTIOXKEHUsX 03. KameHHoro ObUIO MOAMUCAHO CO-
IJallleHHe O COTPYAHUYECTBE MEXIYy 3alOBEAHMKOM M MHcTUTyTOM, a
TaK)kK€ HaMEUYEHO IPOBEACHHE KOMIUIEKCA PAAHOJIOTHMYECKUX HCCIIe-
JOBaHWH Ha TEPPUTOPHM 3allOBEJHUKA, BKIIOYAIOIIUX B ceOs ramma-
CHEKTPOMETPUUECKYIO ChEMKY, U3MEpPEHHE aKTUBHOCTH pajioHa, OIpo-
OoBaHME MMOYB [0 TEHETHYECKUM FOPU30HTaM, OITPOOOBAHNE PACTCHUN 1
JOHHBIX OTJIOKEHHUH. B maHHO# paboTe mpeacTaBieHb! pe3ylbTaThl UC-
CJIeJIOBaHUI TOHHBIX OTIIOKEHUH 03. KamenHoro.

OcHoBHO# 00beM padoT 1o 0TOOPY NMPOO AOHHBIX OTIOKEHHH 03. Ka-
MeHHOTO BbITonHEeH B 2013 1 2014 1. (B TOM uHncie onpoOoBaIcs 3aiHB,
U3 KOTOPOTO MpOBOAMTCS BoponoTpednenue I. Koctomykmu), B 2015 .
MPOBOAMIIOCH JAOTOIHUTEIBHOE OPOOOBaHNE B MECTaX C MOBHIILICHHbI-
MH 3HAUE€HUSMHU aKTUBHOCTU PaJMOHYKIHIOB MCKYCCTBEHHOTO IMPOMC-
XOXKJICHHsI, BCEro ObUIO 0TOOpaHo U npoaHaiu3upoBano 99 npoo. [Ipo-
OBl JOHHBIX OTJIIOKEHUH OTOMPAIIUCH C JIOJKH KOBIIOM-AHOYEpIATesIeM,
MecTO 0TOOpa PUKCHPOBAIOCH CITyTHUKOBBIM HABUTATOPOM, MPOOKI 1M0-
MEIAINCH B IUIACTHUKOBBIC TAKEThl U MAPKHUPOBAINCH, JaHHBIE O MPOOe
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(UKCHPOBAIUCH B MIOJIEBOM KypHaje. B 1a00paTopHBIX YCIOBHSIX MPO-
OBl BBICYILIUBAIIUCH /10 BO3IYIIHO-CYXOTr'O COCTOSTHHS, HCCIIEAOBAJICS X
rpaHyJIOMETPUYECKUI COCTaB, Jjanee MPoObl BHICYIIIMBAIIUCH B CYIIUIIb-
HoM mKady npu Temieparype 105 °C 1o moCTOsSHHOM Macchl, 3aTeM I0-
cJie B3BEUIMBAHUS IOMELIANIKUCH B COCYA MapuHeIn sl U3MEPEHUS aK-
TUBHOCTU PAJAUOHYKIUAOB METOJOM raMMa-CIEKTPOMETPUHU Ha CIIMH-
TWUSIIIUOHHOM ramma-crekrpometpe «lIporpecc-rammay ¢ mporpaMmm-
HbIM oOecnieueHueM «lIporpecc 2000».

B o0Opasuax noHHBIX OTIOXKeHUH 03. KameHHoro Obutn oOHapysxe-
HBI PAJUOHYKIN/IBl KaK €CTECTBEHHOI'0, TaK U MCKYCCTBEHHOI'O IPOMC-
XOXKACHUS, CPeH KOTOPBIX Le3uii-134, o0pasyromuiics HCKITIOUNTENb-
HO B MPOILECCe IEMHON PeaKIMi B aTOMHBIX PEaKkTOpax U MPHU B3pbIBAX
SJIEPHOTO OpPYKUs, U 1e3ui-137 — oMH U3 MIABHBIX KOMIIOHEHTOB pa-
JUOAKTUBHOTO 3arpsi3HEHUS MPUPOIHON Cpe.bl, MOCTyNAOMNUNA U3 pa-
JIMOAKTUBHBIX BBITMAJICHUH, KOTOPBIA TaKKE COJCPIKUTCS B PATUOAKTHB-
HBIX OTXOJaX, cOpocax 3aBOJ0B, epepadaTHIBAIOIINX OTXObI aTOMHBIX
3JIEKTPOCTAHLUH. B BoJie 3TH NCKYCCTBEHHBIE PaJIMOHYKIINIbI HAXOAAT-
Csl MPEUMYLIECTBEHHO B BUJIE HOHOB, UMEIOT CBOMCTBO COPOMPOBATHCS
JIOHHBIMH OTJIO)KCHUSIMHU.

VnenvHas akTUBHOCTH He3usi-134 oOHapyxkeHa B 46 % o00pasLoB
JOHHBIX OTJIOKEHHH M M3MeHsieTcsl B mpefenax ot 1 1o 12 Br/kr cyxoit
Macchl (37IeCh U Jiajee yaeidbHas aKTUBHOCTh PaJHOHYKJIHIOB MPUBO-
JUTCS Ha Maccy cyxoro oopasua). Cpeanee 3Ha4eHUE aKTUBHOCTH Lie-
3usi-134 cocrasisiet 4,2 br/kr. Kakux-nmn0o 3akoHOMepHOCTEH B pacmpe-
JIeJIeHnH 11e3usi-134 B TOHHBIX OTJIOKEHHUAX HE OTMEUAeTCs, UMb UMe-
€TCsl TeHACHILIMSI K YBEIUUYCHUIO 3HAYCHUN €r0 aKTUBHOCTU TPU yBEJIH-
YeHWU aKTUBHOCTH 11e3usi-137. HemoBceMecTHOCTh €ro pacnpeaeneHus,
MPHUCYTCTBHE TOJBKO B 00pasliaxX IMEIUTOB B HE3HAYMTEIbHBIX BEIHYU-
Hax (0 12 BK/KT), ¢ y4eToM ero OTHOCHUTEIBHO KOPOTKOTO MEepHOo/a To-
nypacnana (~2 JeT), MOTYT CBUAETENLCTBOBATh 00 OTCYTCTBUH €ro CO-
BPEMEHHOTO TIOCTYIUICHHS B IOHHBIE OTJIOXKEHUS 03epa, a PUKCUPyEeMbIe
3HAYEHHUs1, CKOPEE BCET0, ABJSIOTCS OCTATKaMH MPOLUIBIX BBINAJEHUH.

3Ha4YeHue yJeIbHOW aKTUBHOCTH He3us-137 B JOHHBIX OTIOKEHUSIX
o3epa BapbupyeT oT 10 qo 251 BK/Kr, 32 MCKITIOUEHUEM MOBBIIICHHBIX
3Ha4YeHuH, 3aukcupoBanHbix B 2012 1., nocruraromux 873 br/kr. Cpen-
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Hee 3HaueHUe aKTUBHOCTHU 1e3usi-137 cocrapnset 63,5 br/kr 6e3 yuera
MOBBIILICHHBIX 3HaueHuH 4 npob, oroOpannbix B 2012 . Pactipenenenue
YAETbHOM aKTUBHOCTH 11€3Us-137 B TOHHBIX OTIOXKEHUAX 03. KameHHoro
MIPEACTABIEHO Ha PUC., A.

Ha ceBepe o3epa B ceBepo-3arialHOM 3aJIUBE, PACCEUEHHOM Y3KHUM Mbl-
COM Ha I0T0-3alaIHyI0 U CEBEPO-BOCTOUYHYIO YacTH, JOHHBIE OTIOKEHHS
HCCIIE/IOBAINCh B CEBEPO-BOCTOUHON YaCTH, JOHHBIE OCAAKH 3/1€Ch MpeI-
CTaBJIEHbI IIEJTUTOM CEPHIM U METUTOM KOPHUUYHEBBIM OT CBETIBIX JI0 TEM-
HBIX OTTEHKOB, COJIEpKalllM KeJle30MapraHleBble KOHKpelnu. B Bepiu-
HE CEeBepo-3aMaHol yacTy 3aJ1Ba OTMEUAETCd MAaKCUMaJIbHOE 3HAYEHUE
aKkTUBHOCTH 11e3usi-137 (251 Bk/Kr), BOCTOUHEE B BEPIIMHE HEOOJIBIIIOTO
ceBepHoro 3auBa — 208 bk/kr. JIoHHBIE OTI0KEHUsI CEBEPHOTO 3aJIMBa 00-
pa3oBaHbl B OCHOBHOM CEPHIM MEJIKO3EPHHCTHIM MECKOM, COAEPIKAINM B
yCTbE 3aJIMBa 7KEJI€30MapraHIleBble KOHKPELNH, U KPYITHO3EPHUCTBIM I1e-
CKOM C€pOBaTO-KOPUYHEBOI'O 1IBETA.

Oo6napy>xennsie B 2012 . B ycTbe CEeBEpPO-BOCTOUHOTO 3aJIUBA OTHOCH-
TEJIbHO aHOMAJIbHO BBICOKHE 3HAUEHUsI YAEIbHOW aKTUBHOCTH 11e3us-137,
cocrapystrouue 682, 199, 873, 795 Br/kr, oroOpaHHble HEMOAAIEKY APYT
OT Apyra, OblIM 3a()MKCUPOBAHBI B CEPOM, CBETIO-KOPUIHEBOM M KOPHY-
HEBOM IIEJIUTE.

IIpu npoBenenn noBTopHbIX HccaenoBanuii ¢ 2013 mo 2015 1. pagom
C aHOMaJIbHBIM YYaCTKOM M3MEpeHHasl yJelIbHas aKkTUBHOCTb 11e3usi-137 B
npobax coctaBuia ot 76 10 106 BK/KT, 4TO HEMHOT'O BBIIIIE CPETHETO 3HAYC-
HUSI aKTUBHOCTH PaJJMOHYKIIN/IA B IOHHBIX OTJIOKEHHSIX 03€pa, HO B TO JKe
BpeMsI 3HAYUTENILHO OTIMYAETCsl OT MepBOHAYAILHO OOHAPYKEHHBIX 3HA-
yeHni. PazHuIla B MOMyYeHHBIX 3HAUYEHUSIX, CKOPEE BCETo, CBA3aHa C pas-
JIMYHBIM CIIOCO00M 0TOOpa 1Mpod: B 2012 T. MPUMEHSIICS METO/I AParupoBa-
HUSL, @ B OCTaJIbHBIE TOJIbI UCIIONIB30BAIN KOBLI-IHOUepnaresb. [ [poosr ¢ o-
BBILICHHBIMU 3HAYEHUSIMU 11e3usi-137 ObUIH B3SITHI B IOHKEHUH pesibeda
JIHA, K TOMY e Jipara Moria coOMpaTh BEpXHHIA CJI0H TOHHBIX OTJIOKECHHH,
KOTOPBIH, KaK MPaBHJI0, COACPKUT HAMOOMbLINE 3HAYEHNSI aKTUBHOCTH Lie-
3usi-137, TakuM 00pa3oM, KOHLIEHTPHUPYs €ro B Ipode, OTCIOA U MOBBIILICH-
Hble 3HadeHus. [IoBTOpHBIE HCCIeOBaHUS HE MOATBEPIIIN BBIBICHHYIO
AQHOMAJINIO, ¥ aHOMAJIbHBIE 3HAYEHUsI HE YUUTBHIBAINCH B TOCTPOEHUH KapT
pacnpesieNieHus paJHOHYKIIU/IOB B JOHHBIX OTJIOKEHHUSX 03epa.
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Pacnpenesienue y1eabHO AKTUBHOCTH PAaAHOHYKJIUIO0B B IOHHBIX OTJIO-
skenusx o3. Kamennoro, Bk/kr:

A —1ne3uii-137; b — kanuii-40; B — paguii-226; I' — topuii-232

B 10r-[0ro-BOCTOYHOM 3aiMBe TPOOBI CEpPOro MeluTa W CBETIO-
KOPUYHEBOTO MEIKO3EPHHCTOrO MECKa OTOOPAHbI B €ro BEpIMHE, 3Have-
HUE yIeNnbHOM akTuBHOCTH 11e3usi-137 — 117 bx/kr (Haubonpiee st 3a-
JMBa) 3aMEpPeHO B MpoOe mennTa, OTOOpaHHON ONM3KO K 3amaJHOMY
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Oepery 3anmBa. JIoHHBIE OTJIOXKEHHs IOTO-BOCTOYHOIO 3aJIMBA, WMEIO-
IIEr0 3HAYUTEIbHYIO MPOTAKEHHOCTb, MPEICTABICHb B OCHOBHOM Ce-
PBIM U CEPO-KOPUYHEBBIM METUTOM, 3a UCKIIIOUEHNEM OTJIOKEHHH cepo-
TO Mecka B ycThe 3anBa. JKenesomapraHieBble KOHKPEIUH BCTPEUEHbI
OT YCThs 10 CEPEINHBI 3aJIMBA B €r0 pacllipeHnd. B ceBepo-BOCTOUHOM
3aJIuBe, U3 KOTOPOTO BhITeKaeT p. KameHHast, JOHHbIE OTJIOKEHUS CII0-
JKEHbl MOHOTOHHBIM CEpbIM MNEIUTOM. B palioHe pacmmpeHus 3anu-
Ba aKTUBHOCTH 1e3usi-137 B mpobe cocraBuia 140 Bk/kr, a akTUBHOCTH
nesus-134 — 12 br/kr. IIpoObl MOHHBIX OTIOKCHHIA FO)KHON YacTH 03e-
pa (6e3 3aIMBOB) MPEICTABICHBI CEPHIM, PEKE CEPO-KOPHUYHEBBIM TN~
TOM, HauOOJbIINE 3HAUCHHS YIACIbHON aKTHMBHOCTHU Le3usi-137 B 3TOi
yact o3epa coctaBisitoT 130 Bx/kr u 105 Bk/kr, mpoObI B3sIThI BOMH3H
OCTpOBa C CEBEPO-3aMagHON U I0T0-BOCTOYHONW CTOPOHBI COOTBETCTBEH-
Ho. IOXHee B JOHHBIX OTIOXKEHUSX CEPOro, CEpo-KOPUUHEBOIO TEIH-
Ta U CEeporo IMecka BBIAEIAETCS MOJ0Cca C JKeIe30MapraHIeBbIMU KOH-
KpeLysIMH, MPOTATUBAIOIIAsCS B HAIIPaBJIEHNUH C 3araja Ha BOCTOK 03e-
pa. AKTHBHOCTB Le3ud-137 B mposnnBe Mexay o3. KamMeHHBIM B ero
IOKHOW 4acTH M HEOONBIIMM IO TUIOLIaTd 03€POM, PACHOIOKEHHBIM
BOMM3M ['ocymapcTBeHHO# TpaHUIBI, B ABYX MpoOax cocraBuia 164 u
107 BK/KT COOTBETCTBEHHO, KPOME 3TOTO, B OAHOH Mpobde 3aduKcupoBa-
HO 3Ha4YeHHe aKTUBHOCTH ne3us-134 — 10 br/kr. B ycnoBHO BbineneH-
HOU CpenHel yacTu o3epa JOHHBIE OTIOKEHHS B OCHOBHOM 0Opa3oBa-
HBI MIEJIUTOM OT CBETJIIO-CEPOro, CEPOro 10 CepoBaTO-KOPUUHEBOTO, KO-
PUYHEBOTO I[BETA, PEIKE IIECKOM CEPO-KOPUYHEBOTO LIBETA, TPH ITOM I1e-
COK B JIOHHBIX OCaJIKax 3HAUMTEIbHO yalle BCTpedaeTcsi OJiKe K BOC-
TOYHOMY Oepery o3epa. JKenezoMapraHnieBble KOHKPELIUU B 9TOH 4acTH
03epa Kak B MECKe, TaK U B MEIUTaX BCTPEYAIOTCS JAOBOJIBHO PENKO U
oTrMedeHbl B 6 mpobax. [loBeilIeHHOE 3HAYEHUE aKTUBHOCTH 1e3usi-137
(241 Bx/Kkr) onpesieneHo B cepoM METUTE OKOJIO BOCTOYHOTO Oepera. Tak-
e OBIJIO OTMEUEHO, YTO OOJIBIIMHCTBO MOBBIIICHHBIX 3HAYCHUH YIeIb-
HOW aKTUBHOCTH 1e3us-137 Obuin 3adUKCUpOBaHBI B PoOaxX JOHHBIX
OTJIOKEHHUH, 0TOOPAaHHBIX B 3aJIUBaX 03€pa.

Pagronyking ecTecTBEHHOTO MPOUCXOKACHUS Kaauii-40 3aduxcu-
POBaH BO BceX Mpo0ax JTOHHBIX OTIOKEHHUH 03epa, Kpome 5 1po0, B KO-
TOPBIX 3HAYEHUs] HAXOAMIUCHh Ha IPaHMIE MX OOHApyKEHHUs. YIelbHas
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AKTUBHOCTbH Kaius-40 B TOHHBIX OTIOKEHUSIX O3epa MoKa3zaHa Ha puc.,
b u m3mensiercs ot 27,9 no 624 BK/KT, cpeqHee 3HAUYCHHE €ro aKTHB-
HOCcTH cocTtaBisieT 233,4 Bk/Kr, onpeneneHHONH 3aKOHOMEPHOCTH B pac-
npeieieHny akTUBHOCTH Kanua-40 He HaOmomaercs. Ha ceBepe o3e-
pa B ceBepo-3amagHOM 3aJMBE HAHOOJIbIINE U3 U3MEPSIEMbIX 3HAYCHUS
yaenbHOH akThBHOCTH Kanusa-40 cocraBunu 421 Bx/kr u 413 Br/kr B
CBETJIO-CEPOM M CEpOM IEIUTE COOTBETCTBEHHO. B BepInHe ceBepHOTo
3auBa B Ipo0ax, NPeICTaBICHHBIX IECKOM CEPO-KOPUYHEBBIM UIIUCTHIM
MEJIKO3E€PHUCTBIM U KPYITHO3EPHHUCTHIM, ONPEICTICHBI TOBBILIEHHbIE 3HA-
YeHUs yIeNbHOUW akTuBHOCTH Kanusi-40 — 398 u 364 Br/kr. B cesepo-
BOCTOYHOM 3aJIUBE MOJKHO BBIJICJIUTH OTPE30K OT YCThsl IO HAIpaBJie-
HUIO K BEpPIIUHE 3aJIUBA, T1I€ YeIbHAs aKTUBHOCTH Kanusi-40 cocTapisieT
339 Bx/kr, 416 Br/kr B cepom nenute U 347 BK/KT B KOpUYHEBOM TIEIH-
Te. Ha tore o3epa B HEOOIBLIOM 10 TPOTSHKEHHOCTH I0T-I0r0-BOCTOYHOM
3aJIUBE B CBETVIO-KOPUYHEBOM IIECKE 3aMepeHa y/eldbHas aKTHUBHOCTh
kanus-40 — 448 Bx/kr. B 1oxHOI YacTH 03epa MakCUMallbHasl yAeIbHas
AKTUBHOCTH Kanusi-40 B JOHHBIX OTJIOXKEHUSAX 03epa — 624 Bk/Kr 3ame-
peHa B mpoOe ceporo menmra, 0ToOpaHHON MeXIy OCTpOBOM U Oepe-
roM. 371ech ke B Ipo0e Ceporo MeJuTa C )KelIe30MapraHieBbIMU KOHKpe-
LUSIMH, PAaBHOYAAJICHHON OT Oepera W ONU3JIekaliX OCTPOBOB, AKTHB-
HocTh Kanusi-40 cocraBuia 460 bk/kr. Ha ceBepe cpeaneil yactu o3e-
pa B mpoOax JOHHBIX OTIOKEHUH KOPUYHEBOTO IEJIHNTA, CBETIO-CEPOro
TMeJINTA, CBETJIO-KOPUYHEBOIO MEIUTa U CEPO-KOPUUYHEBOTO IMecKa, pac-
MOJIOKEHHBIX PSJIOM B HE3HAUUTEJIHHOM YJAJIEHUU OT MBICOB, OCTPOBA
u Oepera, ynenbHasi akTUBHOCTh Kanusi-40 cocraenser 381, 448, 313 u
415 Bx/kr cooTBeTCTBEHHO. B cepenuHe o3epa B mpobe ceporo menu-
Ta C OPraHUKoW, OTOOPAHHOM BOMM3M BOCTOYHOTO Oepera, yaeiabHas ak-
TUBHOCTh Kanusi-40 — 345 Bx/kr, B mpobe ceporo menura, ymaaaeHHON
ot Oepera, ero aktuBHocTh 317 Br/kr. Ha rore or mecta otbopa 3THX
npo0 B poOe Cepo-KOPUYHEBOTO MecKa, OTOOPAHHOM MEXy OCTPOBa-
MU U MBICOM, U B IPOOE CEPO-KOPHUYHEBOTO MIIMCTOTO MENNTa, OTOOpaH-
HOU MEXAy 3amaJgHbIM OEperoM U 0CTPOBOM, aKTUBHOCTh Kanusi-40 585
u 416 Bx/kr coorBeTcTBeHHO. [lOBBIIIEHHBIC 3HAYCHMS YIESJIBHOU aK-
TUBHOCTH Kanusi-40 B mpo0ax IOHHBIX OTIOKEHHH 03epa, BEPOSITHO,
00yCIIOBIICHBI HHTEHCUBHOCTHIO KOHTUHEHTAIBHOTO CMBIBA.
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VnenbHas aKTUBHOCTh PaaMA-226 B TOHHBIX OTJIOKEHHUAX 03€pa U3-
MeHsieTcs oT 2 10 76 Br/Kr u moka3aHa Ha puc., B, cpenHee 3Ha9YeHUE eT0
aKTHBHOCTH cocTaBmio 16,3 Bk/kr. MakcumanbHOE 3HaYeHHUE aKTHBHO-
cTH pagusi-226 oOHapyXeHO B Mpo0e B CEBEpO-BOCTOYHOM 3ajuBe. Ha
ceBepe 03epa B CEBEPO-BOCTOUHOM 3aJIMBE OHA UMEET HauOObIIee Cpe-
Hee 3HAuUCHHE YJIeIbHON akTUBHOCTH — 24 BK/KT, B cpeaHel yacTu o3epa
M Ha 1ore o3epa B 3anuBax kojio 10 u 11 Bk/Kr cooTBeTCTBEHHO, B I0XKHOM
yacTH o3epa — 14 Br/kr.

Pacnpenenenue ynensHON akTHBHOCTH TOPHsI-232 MOKa3aHO Ha pHC.,
I"'wn Bapbupyer ot 1,2 1o 45 Br/kr co cpennuM 3HadenueM 16,4 brx/kr. Mak-
CHUMaJIbHOE 3HaueHHe akTUBHOCTHU 45 BK/Kr omnpeneneHo B mpode B cpen-
Hell yacTu o3epa. B neHTpanpHOl yacTu o3epa cpenHss yjelbHasi aKTUB-
HOCTH Topusi-232 Haubombmas — 23 BK/KT, B oCTalbHBIX paliloHaX OHA CO-
craBiseT oT 9 o 19 Br/kr. 3HaueHust akTHBHOCTH paausi-226 u Topusi-232
B JOHHBIX OTJIO)KEHUSX OOYCIIOBIECHBI AKTUBHOCTBIO PaJUOHYKIINI0B KO-
PEHHBIX MOPOJI, YPOBHEM KOHTHHEHTAJIBHOIO CMbIBA M BHIHOCOM M3 PEK C
00JIOMOYHBIM MaTEPHAaIOM C IOCIIEAYIOLUIMM OCaKACHUEM Ha JTHO.
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STUDY OF RADIOACTIVITY IN BOTTOM SEDIMENTS
OF KAMENNOE LAKE
(STATE NATURE RESERVE «KOSTOMUKSHSKY»)

G. P. Kiselev, S. V. Druzhinin, I. M. Kiseleva, E. J. Yakovlev
The Federal research Centre of complex study of the Arctic, RAS

The paper presents the results of the study of radioactivity in bottom sediments
of Kamennoe Lake belonging to the State Nature Reserve «Kostomukshsky».
The study was conducted from 2012 to 2015. Radioactivity of potassium-40
ranges from 27.9 to 624 Bq/kg, radium-226 does from 2 to 76 Bq/kg and thori-
um-232 does from 1.2 to 45 Bg/kg. Artificial radioactivity of cesium-134 ranges
from 1 to 12 Bg/kg and cesium-137 does from 10 to 251 Bg/kg.



TUAPOXUMMUS]

COBPEMEHHBIE TPOBJEMbBI KAYECTBA BO/{

E. B. Benuniuanon

Hucmumym eoouwix npoonem PAH

B BonHoit crpareruu PO orMmedaeTcs, 4TO «CIOKUBIIMKICS YPOBEHb aH-
TPOIOI€HHOIO 3arPsI3HEHUS SBIIIETCS ONHON U3 OCHOBHBIX IIPUYUH, BbI-
3BIBAIOIIMX JETPASALUI0 PEK, BOLJOXPAHWINL, O3€PHBIX CUCTEM, HAKO-
IUIEHHE B IOHHBIX OTJIOKEHUSX. .. ». 3a MMOCIEAHNUE TO/Ibl IPOU3OIILIO CY-
IIIECTBEHHOE M3MEHEHHE KOHLEMIUHN KauecTBa BoA. OCHOBHOI BKJIaJ B
3arpsiI3HEHKE BHOCAT HEKOHTPOIUPYEMble UCTOUHUKH. [IpeTepneBaer usz-
MEHEHHS COCTaB 3arpsi3HeHni. bonpIiioe 3HaueHnE MPHUOOPETAET MOCTY-
TUIEHHE B BOAHBIC 00BbEKTHI KCEHOOMOTHKOB Pa3HOro THIA: KaK OpTraHu-
YecKue, Tak U HeopraHudecknue. OCHOBHBIM HCTOYHHKOM HX MOCTYILIE-
HUSI B BOIHBIE OOBEKTHI SIBIISIOTCSI KOMMYHAIbHBIE CTOUHBIC BOABL. YPO-
BEHb UX OYUCTKH OT KCEHOOMOTHKOB 3aBUCHT OT MPUMEHSEMBIX TEXHO-
noruii. TpaauMOHHBIE TEXHOJIOTUNA HE OPUEHTUPOBAHBI HA OYUCTKY OT
KCEHOOMOTHKOB, UX 3PPEKTUBHOCTH HeBeNnKa. CMEHsIeTCs aHaInTHYe-
ckas 0a3a KOHTPOJA KauecTBa MPUPOIHBIX BoA. TpeOyeT pa3BUTHS CH-
cTeMa BOJOOXPAHBI.

Hcrounukm 3arpsizHenusi. OO0CHOBaHO, YTO OCHOBHBIM HCTOYHU-
KOM 3arps3HEHUs] BOIHBIX OOBEKTOB BO MHOTHX CIy4asX SIBISETCS He-
KOHTPOJMPYEMBIA, B OCHOBHOM TG Y3HBIN CTOK ¢ Tepputopuil. Tpyn-
HOCTH perynupoBaHus An((y3HOro CTOKa CBSI3aHbI ¢ OTCYTCTBHUEM IIPsi-
MOTO KOHTPOJISL €ro MOCTYIUIEHHUS! B BOIHBIC OOBEKTHI U anpoOMpOBaH-
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HBIX TEXHOJIOTUH OXpaHbl BOJ OT Auddy3Horo croka. OOHapykeHO 3Ha-
YUTEIbHOE BIHUSHNE BTOPUYHBIX 3arpsi3HEHUH B BogoeMax. CylecTBeH-
HYIO POJIb IJISl PsiZia BOJOXO3SIMCTBEHHBIX YYacTKOB UTpaeT armocdep-
HBII NIEPEHOC.

TpeOyetcst mepecTpoiika caMoi HHPOPMATOHHOM CHCTEMBI KOHTPO-
751 coctaBa U 00beMoB cOpocoB. JliIst cocpeoTOUeHHBIX cOPOCOB HMe-
eTCsl OJMH UCTOYHMK — rofoBasi popMa QeaeparbHOro CTaTUCTHYECKO-
ro Habmonenust Ne 2-TI1 (Boxxo3) «CBeneHust 00 UCIIOIB30BaHUH BOJBDY
B cooTBeTcTBUH ¢ llpukazom denepanbHOil CiTy:KOBI rOCYIapCTBEHHON
craructuku ot 19.10.2009 Ne 230 «O0 yTBEpKICHHH CTAaTHCTUYECKO-
ro MHCTPYMEHTapus AJsi opranuzauun PocBonpecypcamu denepaibHO-
IO CTaTUCTUYECKOro HaOoneH s 00 MCIOIb30BaHUK BOIbD». OIHAKO B
COIIPOBOANTENBHBIX TOKYMEHTAX HE YKa3aHbl TPEOOBaHHS K aHAIN3Y OT-
BOJHMMBIX B BOIHBIH 0O0OBbEKT KOMIIOHEHTOB, a TakXke TpeOoBaHUs K 000-
CHOBaHHOCTH JaHHBIX. HajgeskHOCTh 3TOM MH(pOpPMALUK BBI3BIBAET Ce-
pbE3HBIE COMHEHUS.

Jl51s1 HEeKOHTPONUPYEMBIX UCTOYHUKOB MOJOOHOM MH(MOPMALIUH HET.
EnuHCTBEHHBIM HMCTOYHHUKOM MOTYT OBITH TOJBKO AaHHBIE [ocymap-
CTBEHHOTO TUAPOXUMHUYECKOr0O MOHHTOPHUHTA U HAOMIONEHHS B 30HE Jie-
ATEJILHOCTH 0acCeHOBBIX BOAHBIX YIpaBlIeHHH (BMeCTe OKOJo 3,5 ThIC.
cTBOpOB). [IpocTpaHCTBEHHO-BPEMEHHON CTPYKTYpPHI 3TUX JaHHBIX He-
JOCTAaTOYHO JUIsI MOJYYEHUs] HaJe:KHONH MH(OPMALUKN O BIUSHUU AUQ-
(y3HBIX HICTOUHHKOB Ha Ka9€CTBO BOJBI.

OnHOBpPEMEHHO HEOOXOAMMO YUeCTb Ipyroil (akTop BIMSHUS HA Ka-
YeCTBO BOABI — MIPOLIECCH CAMOOUYHIICHUS B BOAHBIX 00bEKTax, KOTOPbIE
BKJIFOYAIOT HECKOJIBKO (PAKTOPOB: CHIKEHUE KOHIIEHTPALIUH 32 CUET BHY-
TPUBOAOEMHBIX MTPOLIECCOB, OCAKACHHS B3BECEH, HECYIINX COPOMPOBaH-
HBIE 3arps3HSIOUINE BEUIECTBA, pa30aBIeHUE HEKOHTPOJIMPYEMBIM Jia-
TEHTHBIM CTOKOM (HampuMmep, ¢ TPYHTOBBIM) ¢ TeppuTopuu U ap. Ecmu
YUYECTh BKJIAJ KOHTPOJIUPYEMOIO CTOKA Ha Ka9eCTBO BOIBI B BOTHOM 00b-
€KTe, TO Ha OCHOBE Pa3HOCTH MOKa3aTesiel KauecTBa B COCEAHUX CTBOPAX
MOYKHO OLIEHHTh HEKOHTPOJIUPYEMBIH CTOK TOJIBKO BMECTE C CAMOOUHILIE-
HueMm. OmnpezerneHne 3THX (HaKTOpOB B OTAEIBHOCTH HEBO3MOKHO. MHO-
12 UCIIOJB3YIOT OMyOIMKOBaHHbBIE KO (UIMEHTH HEKOHCEPBATHBHOCTH
HEKOTOPBIX KOMIIOHEHTOB MJIM MOIYJIH CTOKa ¢ Tepputopuil. OfaHako uc-
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MOJIb30BaTh 9TH JaHHbBIE JJIsl IPUPOIHBIX YCIOBHI HEKOPPEKTHO: YUECTh
BCIO COBOKYITHOCTH (DaKTOPOB B J1a00OPAaTOPHBIX YCIOBHAX HEBO3MOXKHO.

CymiecTByIOT METOAMKHU MPSMOTo onpeseneHus A Py3HOro cToka u
pacuera KOA(pPHULUNEHTOB HEKOHCEPBAaTUBHOCTH KOMIIOHEHTOB, OTHAKO
OHHU BECbMa TPYAOEMKH M MOTYT OBITH IPUMEHEHBI TOJIBKO K KOHKPET-
HBIM 00BbEeKTaM (CM. HarpumMep, padotsl [Kupnuunukosa, 1991; l'opaus,
Kupnuunnkosa, 1993]) B pe3ynbrare cepbe3HON Hccae10BaTENbCKOM pa-
OOTHL

KoppekTHast oLeHKa KOHIEHTpaLUil KOMIIOHEHTOB TaKKe OJDKHA
YUUTBIBATh X CTOXaCTHUYECKHUH XapakTep. K coxanenuto, eAMHCTBEHHAS
METO/IMKa, MMeEIoMas MpaBoBoi craryc [Meronuueckue yka3aHus...,
2007], umeeT cepbe3Hble METONUYECKUE HEJOCTATKH.

Cocras 3arpssHenuii. B mupe, u B ToMm uncne B Poccun, Bcien-
CTBHE TpaHC(QOPMAIMU CTPYKTYPbl SKOHOMHUKH Bce OOJblllee 3HAUYCHHE
npruoOpeTaeT MOCTYIUIEHHE B BOAHBIE OOBEKTHI KCEHOOHMOTHKOB Pa3HO-
ro tuna. [IpuBesemM TUIMYHBIE TPYIIIBI U TPYIIIBI HOBBIX 3arPs3HSIONIMX
BEIIeCTB: (hapMaleBTHYECKUE BEUIeCTBA (aHAIBIETUKU U MPOTUBOBOC-
NaJMTeIbHbIE Penaparsl, IPOTHBOCYIOPOKHBIC IPETIapaThl, TUIUAHbIC
PErynsaTopbl, aHTUOMOTUKH, OnokaTopkl, crumynsatopel HC), cpeacta
JIMYHON TUTUEHBI (CHHTETUYECKHUE MYCKYCBhI, aHTHOaKTepUaIbHbIE Cpel-
CTBa, PETEIUICHTHI, CTEPOUIHBIE TOPMOHBI, TOBEPXHOCTHO-aKTUBHBIC Be-
HIeCTBa), IPOMBILIICHHbIE XUMHUKATHI (TIACTU(HUKATOPHI, OTHECTOMKHE
JI00ABKH), MECTUIUABI (TePOUIINIBI, MHCEKTULIUABI, (PYHTUIIUIBI).

OmnacHocts M3 17151 OKpyKarollel cpebl 3aKII0YaeTcsl B CIIOCOOHO-
cTi OOJNBIIMHCTBA MpEACTaBUTENEH TIPYIIbl OKa3blBaTh Pa3HOPOIHOE
BO3eiicTBUE Ha OMonornueckrne o0beKThl. K TakuM BO3AEHCTBHAM OT-
HOCATCS: HapylLIeHue padOThl SHIOKPUHHON CHCTEMBI, HapylIeHue Gu-
3MOJIOTHYECKOTO PAa3BUTHUS U MOBEJCHYECKUX PEaKMii HACEKOMBIX, Ha-
pYLICHHE PENpPOAYKTHBHON (YHKIMH pHIO M aMPUOMii, CTUMYIHPOBA-
HHE WU 3aMeJJIEHUE POCTa BBICIIMX PACTEHUI 1 BOZOPOCIIEH, mproodpe-
TEHHE YCTOHYMBOCTH Y OaKTepHabHBIX BUAOB U MHOTHE JIpyTHE.

Haubonbiee pazHooOpaszue rpynn M3 conmepkar B CBOEM COCTaBe
KOMMYHaJIbHO-OBITOBBIE CTOYHBIE BOJbI, MOCTYMAIOLINE OT OCHOBHBIX
TUTIOB a0OHEHTOB CETeH KaHaJM3alWU — >KWINIIHO-KOMMYHaJIbHOTO
CeKTopa M OOBEKTOB HH(OPACTPYKTyphl. OHM SIBIAIOTCS OCHOBHBIM
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HUCTOYHHKOM TMOCTYIUICHHH M3 B MOBEPXHOCTHBIC BOJAHBIC OOBLEKTHI.
BBHy TOr0 4TO OCHOBHOW (DYHKIIHECH KOMMYHAJIBHBIX OYHUCTHBIX COO-
PY)KEHUI SBISICTCS TOBEICHUE KAueCTBa CTOYHOW BOJBI 0 HOPMAaTHB-
HBIX 3HAUCHUHU MyTeM yIaJCHUS TPAJUIMOHHBIX BHIOB 3arPS3HSIOIINX
BEIIECTB — OMOTEHHBIX DJIEMEHTOB, TSDKENBIX METAIIOB M T. J., MHO-
THE TPYIIBl KCEHOOMOTHKOB B XO7I€ TPATHUIIMOHHOTO TPOIIECCa OUUCTKH
CTOYHBIX BOJ] HE TOIICXKAT MOJTHOMY YIATICHHIO.

DdhexTUBHOCTH yaaneHus M3 CHIBHO BAPHUPYETCS B 3aBUCUMOCTH
OT METOJ]a OYUCTKU U OMPEACISIETCS KaK (BU3HUKO-XMMHUYIECKUMHU CBO¥-
CTBaMH BEIIECTB, TAK ¥ OCOOCHHOCTSIMU TEXHOJOTMU OuuCTKH. OaHH
NpPEACTABUTEIH TPyl M3 CKIOHHBI K OBICTPOW OMOJETpaaliui Wil
JIETKO COPOHPYIOTCS OCAJKOM CTOYHBIX BOA. Jpyrue (HampokceH, uOy-
npogeH) TpeOyroT OoJiee CHEIUPUUHBIX YCIOBUH Cpellbl AJisi OUOIOTH-
YEeCKOTO pacrmaja: 3pejioro akTHBHOTO MIIa, [UTUTEILHOTO BPEMEHH yep-
JKaHUST CTOYHOM BOABI U T. 1. P M3, Takue Kak TUKIO(pEHAK, BOBCE HE
VAAISIOTCS TPAAUITHOHHBIME TEXHOJIOTUSIMH OYMCTKH CTOYHBIX BOJI.

B xome mporecca OHOMOTHUYECKO# aerpaganud M3 mojaBeprarTcs
BO3/IEHCTBUIO OAKTEPUATBLHBIX COOOIECTB, YTO MPUBOINUT K M3MEHEHUIO
UX CTPYKTYPBI, ¢ 00pa30BaHHEM METa0OTHUTOB.

TpaIuIMOHHBIE METOAbI OMOJOTMUYECKON OYUCTKH KOMMYHAILHBIX
CTOYHBIX BOJ] IOTIOJHSIFOTCS HOBBIMU METO[AMH, CPETH KOTOPBIX 030HU-
poBaHue, XJTOPUPOBAHUE U XJIOPAMUHUPOBAHUE, YIETPAhHOIECTOBOE 00-
JydeHue, COpOIUsA Ha aKTUBUPOBAHHOM YIie, HAHOPHUIBTpAITUs, 00par-
HBII 0CMOC, MEMOpaHHbBIE OMOPEAKTOPBI.

IMpoueccrl. MccnemoBanust MOCIETHUX JIET TOKA3aIM, YTO BOTHBIH
OOBEKT TPEACTABIACT COO0N OHOXUMUUECKUI PEaKToOp, B KOTOPOM BaXK-
HYIO POJIb UTPAIOT (YUIUKO-XUMHUUICCKUE YCIOBHS U CIOKHBIIHUACS OHO-
1IeH03. BomHbIil 00BEKT clieMyeT paccMarpuBaTh Kak €IWHCTBO BOIHOM
MAacchl U JOHHBIX OCAJKOB MPHU CYIIECTBEHHOM ponu Bogocbopa. ['uapo-
OMOIIEHO3BI WIPAIOT OCHOBHYIO POJIb B TpaHC(HOpPMAIMH KauecTBa BOJI.
Ousnko-xumuueckue ycnosus (pH, Eh, Temneparypa, Munepanu3sanms)
BIIMSIFOT HA YKU3HEICATEIBHOCTh OMOTHI. B 4aCTHOCTH, OHU CITOCOOCTBYIOT
Pa3BUTHIO TEX WK MHBIX TPYIIT (PUTOTUIAHKTOHA. JIOHHBIE 0CAKU UTPAIOT
POJTb HE TOJIBKO KaK JCTIOHEHTHI 3arps3HEHUH, HO M KaK UCTOYHUKH BTO-
PUYHOTO 3arpsI3HEHHS BOMHBIX 00BEKTOB. B Mocie1H1e TObI BBITOTHEHEI
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paboThI, KOTOPBIE MO3BOJISIIOT BHIACIUTH MaKPOCKOIMHMYECKUE KPUTEPHH,
XapaKTePH3YIOLIHE CIOCOOHOCTh BOJHOTO 00BEKTa SIBIATHCS HCTOUHUKOM
BTOPUYHBIX 3arps3HeHnil. Cpeau HanOoliee BaKHBIX KPUTEPUEB — BEPTH-
KaJbHBIA PaJIneHT TEMIIEePaTypbl, BEPTUKAIBHBIN I'PaJIueHT COACPIKaHUS
KHUCIIOPOAA, BEPTUKAJIBHBII IPAaJUECHT HIEKTPOIPOBOJHOCTH.

Bosznukna HOBasi Hay4HO-TEXHOJIOTHYECKas TPOOIeMa — yIpaBIeHHsI
CaMOOYHLICHUEM, YEMY CIIOCOOCTBYET (OPMUPOBAHUE HCKYCCTBEHHOTO
OMOIIeHO3a PEKH ITyTEM COOTBETCTBYIOLIETO PEKUMA YIIPABICHUS PEKH-
MoM pabotsl OC, BAMSAIOUIMM HA COCTAB OYHMILEHHBIX KOMMYHAJIBHBIX
CTOYHBIX BOJ.

IIpobnembl ananu3a. BeneacTBre MHTEHCUBHOTO Pa3BUTHS aHAIU-
TUYECKOM XMMHM 3HAUUTEIbHO YBEJIUYWIACH YyBCTBUTEIBHOCTh U U3-
OMpaTeNbHOCTh METOZIOB, YTO TO3BOJISIET PACIIMPUTH IMEpeueHb MU3Me-
pseMbIX KOMIIOHEHTOB. Bo3HuKIIa HOBasi mpoOiieMa — WACHTH()UKALMS
KOMIIOHEHTOB CMECH, allpHOpy HEN3BECTHBIX. B X03sHicTBEHHOM 000pO-
T€ HAXOJUTCS IIEPEUYEHb U3 JECATKOB THICSY BEIECTB, II09TOMY UX UJICH-
TUPHUKALUS BO3MOXKHA TOJIBKO C UCTIOJIb30BAHUEM COBPEMEHHBIX Mare-
MaTUYECKUX METOJIOB U COOTBETCTBYIOIINX 0a3 TaHHBIX.

Onenka 0MOJOTHYECKONH AKTHBHOCTH 3arpsi3HAIOIINX BellecTB.
Opuenranus Ha cucteMbl HopMatnBoB KadectBa (II1K) He mosBonser
pewnTh 3Ty npobiemy. Paspadorka HoBeix 1K — Tpynoemkuii u miu-
TEJIbHBIN MpOLecc, KOTOPBIM B MPUHLIMIIE HE TIO3BOJISIET PEINTh po0iie-
My OLIEHKH Bo3zelcTBus 3B Ha xuBble opranusmel. Hauar nepexon Ha
HOBBIE METO/Ibl OLICHKHU JKOJOTMYECKUX PUCKOB, OCHOBAaHHBIEC Ha pellle-
HUM 00paTHBIX 3a1a4 (OLleHKA OMACHOCTH Ul OPraHU3MOB IO CTPYKTY-
pe BelecTBa) U MHPOPMAIMOHHBIX TEXHOJIOTHX. PazpaboTanbl coort-
BETCTBYIOLIUE IIPOrPAMMBI, IIO3BOJIIIOIIHAE OLEHUTh BEPOATHOCTD IIPO-
SBJICHUS] Y KOHKPETHBIX BELIECTB T€X WM MHBIX BUIOB OMOIOTHYECKOM
aktuBHOCTH [Avandeeva et al., 2014]. Kpome OIleHKM OTTaCHOCTH KOH-
TPOJIMPYEMOTO BELIECTBA, ITO MO3BOJISET BBECTH MOHSATHE 00 MHTErpa-
TUBHBIX PHCKaX KauecTBa BOJBI BOJHOTO OOBEKTA, YTO MOXKET CTaTh HO-
BOW METOJ0JIOTHEH OLIEHKH Pa3MepoB IUTPa(HBIX CAaHKIMK M HKOJIOTH-
YECKOI0 CTpaxOBaHUS.

HopMmaTuBHO-nipaBoBoe olecredeHne KadecTBa. PakTHUECKH B
Poccun npopomkaeT neficTBOBaTh MOAXOA K OIICHKE KayecTBa, pa3pado-
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taHHbIi 70 et Hazax (CtporaHoB, YepKUHCKHUIT), 0CHOBOW KOTOPOTO SIB-
nsercs konuenuus [1/IK. Beenenue »Toil KOHIENIIMA, OCHOBAaHHON Ha
enuHbIX obmmerocyaapctBeHHbIX [1/IK m1st oTnenbHBIX BUAOB BOIOIONb-
30Baresel, 3HaYUTENbHO YIPOCTHIIO MPOOIEMY periaMeHTalul TEXHO-
TEHHBIX BO3JICHCTBUMN, CBOZ €€ B 3HAYUTEIBHON MEpE K HHKEHEPHOU 3a-
ngade. OHaKo MOCIEAYIONMH IUPOKUNA OIBIT UCTIONIB30BAHUU KOHIIETI-
M eauHbIX obmmerocynaperBenHbix [1JIK mokasan ee cymiecTBeHHYIO
orpaHnueHHOCTh. Hanbonpmii 001mecTBeHHBIN pe30HaHC UMena Kpaii-
Hs1s1 Hed(PEKTUBHOCTH JAHHOW CUCTEMBI periaMeHTaunu ajist baiikanb-
CKOTO LEJUTIOJI03HO-0yMa)KHOTO KOMOMHATA.

Hamertunnace TeHaeHIMS PEryTUpOBaHUS KauyeCcTBa, UCXOTHBIM Oa3uc-
HBIM TIOJIOKCHUEM KOTOPOH SIBIIsIETCS 00eCIedeHNne YCTOMUMBOTO (PyHK-
UOHUPOBaHUs OMOIIeHO3a BOAHOTO 0OBbekTa. B Bomnom xomexce PD
2006 1. (ct. 3) ObLTO 3aUKCHPOBAHO, YTO «PErYAHMPOBAHHE BOIHBIX OT-
HOUICHUH OCYIIECTBISICTCS NCXOAS U3 NPEACTaBICHHUS O BOTHOM OOBEK-
TE KaK 0 BXKHEHUIIICH COCTaBHOM YaCcTH OKPYKAIOIIEH Cpelibl, cpelie 00u-
TaHHUsI 00BEKTOB JKUBOTHOTO M PACTUTEILHOTO Mupa (M. 1)» U «ucmosns-
30BaHKE BOJHBIX OOBEKTOB HE JOJKHO OKa3bIBaTh HETaTUBHOE BO3/CH-
CTBHE Ha OKPYXKAIOIIYI0 cpeay (Im. 2)».

Ecnu ucnons30BaTh 3TOT MOAXOA, TO HEOOXOAMMO, B MEPBYIO Oue-
penb, YCTAaHOBUTH JHAIA30HbI JOIYCTUMOIO W3MEHEHUS 3HJIOTE€HHBIX
MOJUTIOTAHTOB B PACCMaTPUBAEMBbIX BOJHBIX 00BEKTaX HA OCHOBE TEOPHHU
YCTOWYHBOTO (PYHKIIHOHUPOBAHHS THAPOOHOLICHO30B B YCIOBHUSX CyILIe-
CTBEHHOW M3MEHYMBOCTH €CTECTBEHHBIX a0MOTHYECKUX (PAKTOPOB. DTO
BBIBOJIUT Ha HEOOXOIUMOCTh BBEICHHS PETHOHAIBHBIX HOPMATHBOB Ka-
YecTBa BOABI, KOTOPBIE TOJDKHBI 0a3MpOBaThCsl HA OLEHKE (DOHOBBIX I10-
Kas3aresel KauecTBa.

VYipasiieHre 0XpaHOU BOJ BKJIFOUAET CJICAYIOIINE HAIIPABICHMUS:

— 3aKOHOJATEJIbHAs U HOPMAaTUBHO-IIPABOBAsl CUCTEMA,;

— OpraHU3allMOHHO-3KOHOMUYECKAs CUCTEMA;

— CHCTEMbl MOHUTOPUHIA U KOHTPOJISL.

Cucrema ynpasienus BXK sBisiercs MHOTOypoBHEBOM M COCTOMT
U3 HECKONIBKUX «BEpTUKanei» ynpasieHus: Munnpupoast PO, Mun-
cenbxo3 PO, MUC Poccun, Munctpoit Poccun, Pocpribonosctso,
Pocrpancnanzop u ap.
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OO0ure NpUHLIKIIBL YITPaBICHUS BOIOOXPaHOM:

— OaccelfHOBBII MOIX0A B ynpaBieHnr Haubomnee 3phekTuBeH u uc-
MOJIB3yeTCsl OONBIIMHCTBOM CTpaH;

— B OONBIIMHCTBE CTpPaH HCHONB3YETCS LEHTPAIU30BAHHBIN
npuHuun ynpasienus BXK u ynpaBinenue ocymiecTBiasieTcs Ha AByX
W yalle Ha TpeX YPOBHSIX — HALMOHAJIHHOM, PETHMOHAJIbHOM, MECT-
HOM. IIpenycMoTpeHO deTKoe pasieieHue MOJHOMOYHHA MO yPOBHSIM
YIPaBICHUS U MPOILEYPHI COTJIACOBAHUS PEILICHHI HA PAa3HBIX YPOB-
HSX YTIpaBJICHHUS;

— B HekoTopbix crpaHax (bpasunus, [epmanus) ncnonssyercs me-
pelada HEKOTOPBIX 3aKOHOJATEIbHBIX MOJTHOMOYHMHA Ha YPOBEHb 3eMeb
(TaTtoB), MpU YCIOBUU HEAOMYILEHHUS MPOTUBOPEUUH C MOJOKEHUSIMHU
(enepanbHBIX 3aKOHOB;

— TMepexoj K MHTEIrPUPOBAHHOMY YIPABICHHUIO OXPAaHOH BOA, YTO
03HayaeT KOMILJIEKCHYIO OXPaHy MOBEPXHOCTHBIX, MOA3EMHBIX M BO3-
BpaTHBIX BOJ B Ipeesax KaJI0ro BOAHOrO OacceiiHa, 00si3aTeabHyIo
KOOPJMHALMIO BCEX BUAOB BOJOIOIB30BaHMS U BCEX YUYACTBYIOIIUX B
YIPaBICHUH MUHHUCTEPCTB, BEJOMCTB W BOJOIOJIb30BaTeNei; o0s3a-
TeJbHOE y4acTHe NPeACTaBUTEICH HAyKH, O0IECTBEHHOCTH U CyObeK-
TOB BOZIOIIOJIB30BAHNUS B IUIAHUPOBAHUH M PEaI3alliy pEeLICHUH; Ipo-
3pauHOCTb [UTAHUPYEMBIX U PEai3yeMbIX Mep BOJOOXPaHbl; YKOHOMH-
YECKYI0 YCTOHYHUBOCTH CHCTEMBI BOJOOXPAHBI;

— peteHne npoOieMbl OXpaHbl BoA OT AU(Qy3HOro U HEKOHTPOIH-
PYEMOTO CTOKa 3arpsi3HEHUH — HOBas chepa BOIOOXPaHbl, TPAKTHYECKH
He nipopabarbiBaemast B Poccun. Mexanusm petieHus mpoOieMbl — U1eH-
TUPHUKALUS UCTOYHUKOB TUPPY3HOrO M HEKOHTPOIUPYEMOTO CTOKA M
pa3paboTka mporpaMm orpaHuueHus 3a cuer npuHuunos HAT u nau-
JYYIIUX NPaKTHK XO35SHCTBOBAHUSL.

[IpensoxeHus Mo COBEPIICHCTBOBAHUIO CUCTEMBI YIIPaBICHHS BOJO-
OXpaHOM:

— co3naHue cucteMbl 3(PpPEeKTUBHON KOOpAWHALMHU IEATEIbHOCTH
TOCYIapCTBEHHBIX OPraHoB (ellepalbHOrO U PErnOHaIbHOTO YPOBHEH,
OCYILECTBISIIOIINX TOCYIapPCTBEHHOE PEryJIMpOBaHHE B 00IAaCTH BOJO-
MOJIBb30BaHMS M BOAOOXPAHBI, PEIOTBPAICHUS] YPE3BBIYAHBIX CUTYa-
LU Ha BOTHBIX 00BEKTAX;

263



— pas3paboTKa periaMeHTa B3aHUMOJCHCTBHUS OPraHOB YIIPAaBICHUS
pasHoro ypoBHs (0acceiHOBOTO, CyObEKTHOTO M MyHHLIUTIAIBHOTIO);

— YKpeluleHHe 0acceiHOBOTO 3BEHa TOCYIApCTBEHHOTO YIIpaBie-
HUSI, TIepesiada peaabHbIX TOIHOMOYHH B cpepe BOJOOXPaHEbI;

— pa3paboTKa MpoLEeyp COIIACOBAHUS YIPABICHUYECKUX PEIICHUN
(benepanbHOTO ¥ CyOBEKTHOTO YPOBHEH;

— COBEpILEHCTBOBAHMWE HOPMAaTHBHO-METOAMYECKOTO OOECHeUeHUS
B cdepe 3alUThl BOJ OT 3arpsi3HEHHS, B TOM duciie 1uddy3Horo;

— pas3paboTKa pernamMeHTa (pUHAHCOBOTO OOeCIeUeHHs BOJOXO3SIH-
CTBEHHBIX MEPONPHUITUH Ha CyObEKTHOM M MYHUIIMIIATLHOM YPOBHE;

— yBenuueHHe (UHAHCHPOBAHHS BOJOXO3AWCTBEHHBIX U BOJIO-
OXPaHHBIX MEPONIPUATHH, IPEXKIE BCEro 3a CYET BOJHOTO HAJIOTa U IJia-
TeXEeH 3a UCIOIb30BaHNE BOABI U COPOCHI 3arpsI3HEHHBIX CTOYHBIX BOJ
(«Boma (hmHAHCUPYET BOLY»);

— CO3[aHHE CHCTEMBl BOAOXO3SICTBEHHOTO MOHHUTOPHUHIA IIyTEM
pacuMpeHusi MporpaMM HaONIOAEHUH B CYIIECTBYIOIIEH CHCTEME H
CO3JaHHMs1 HOBBIX ITOCTOB, 0COOEHHO B 30HaX BBICOKOTO PHCKA.

Paboma evinonnsanace npu noddepocke epanma Poccuiickozo nayunoeo
@onoa 6 pamkax npoexma «Hoevie chaxmopoel 3azpazuenus 600HbIX 00bEKMO8

U Mepbl NO CHUICEHUIO €20 He2amUBHO20 6030€UCMEUsL Ha KA1ecmeo 600y (npo-
exm Ne 14-17-00672).
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CURRENT WATER QUALITY ISSUES
E. V. Venizianov
Water Problem Institute, Moscow
According to the Water strategy of the Russian Federation, “the current level of
anthropogenic pollution is one of the main causes of degradation of rivers, reser-
voirs and lake systems and accumulation of contaminants in bottom sediments...”.
In recent years there has been a significant change in the concept of water qual-
ity mainly due to the pollution caused by uncontrolled sources. The inflow both of
organic and inorganic xenobiotics into water bodies affects the water quality in them.
Municipal waste water is considered to be the main source of water pollution. The
level of xenobiotics removal depends on water treatment technologies. Traditional
technologies are not focused on the removal of xenobiotics from water bodies and
their efficiency is low. The water protection system requires improvement as well.

PACITPEAEJIEHUE HAT'PY3KHN BUOT'EHHBIX 3JIEMEHTOB,
OBYCJIOBJIEHHBIX JTU®DY3HBIMU HCTOYHUKAMU
BO3JENCTBHA, HA BOIOCBOPAX
PECIIYBJIMKHU TATAPCTAH

E. A.Munakosa!, A. II. IIL1bruxoB?

! Kazanckuil (Tlpusoncckuil) pedepanviiviil ynugepcumen
2 Unemumym npobiem sxono2uu u neopononvsosanus AH PT

IIpuBeneHbl pe3ynnbTaThl OIIEHKM OMOTEHHOH Harpy3KH, 00YyCIOBICHHON
BHECEHHEM MHHEPAIBHBIX YI00peHH U (PyHKIIMOHUPOBAHUEM JKUBOTHO-
BOJIYECKMX KOMILIEKCOB Ha TeppuTopuu Pecryonuku TarapcTaH, kotopast
BbINOJIHEHA ¢ ucnonb3oBanueMm I UC-texnonoruit. Paccunrano pacnpeze-
JICHUE BEJIMYMHBI aHTPOIOI€HHON HArpy3KH, BHI3BAHHOW BHECEHUEM MHU-
HEPAIBHBIX YAOOPEHNUH W BIMSHUEM YKHMBOTHOBOIYECKUX KOMILIEKCOB, B
paspese usuko-reorpaduieckux paionoB Pecriyonuku Tatapcrah.

B Hacrosmee Bpemsi OMOTreoXMMHUYECKHE IHKIBI Gochopa U azo-
Ta — Ba)KHBIX OMOTEHHBIX 3JIEMEHTOB, ONPEICISIONIIX MPOIYKTHBHOCTD
U CTPYKTYPHO-(QYHKIIMOHATIBHYIO OPTaHH3AIINI0 YKOCUCTEM, TIO/IBEPIKe-
HBI 3HAYUTEIHHBIM OMochepHBIM TTpeodpa3oBaHusaM. [IpuMeHeHe Mu-
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HEPAITBHBIX YIOOPEHUI BHOCHT KOPPEKTHBBI B UCTOPUYESCKHU CIOKHUBIIIHU-
ecsl IUKJIIBI 3TUX 3J1eMeHTOB B Onocdepe. [Ipu aToM HanbombIIas yacTh
a30THbIX (34-60 %) u 3HauuTenbHas 4acTh pocopHbIx (9-25 %) ymo-
OpeHuil MoCTynaeT B BOJOEMBI C CEIIbCKOXO3sHCTBECHHBIX 3€MeEJIb, a Be-
JIMYMHA CTOKA OTPEACISETCS 3a1acoM OMOTCHHBIX 3JICMEHTOB B IOYBE
U (pu3HKO-reorpa)uIecKuM MOJOKCHUEM PETHOHOB [AHTPOIOIEHHOE
nepepacnpeneicHue. .., 1993]. M30bITOYHOE KOJIMYECTBO OMOTEHHBIX
9JIEMEHTOB 3aIlyCKAEeT MPOILIECChl HHTEHCUBHOTO POCTa BOJHOM pacTu-
TEIBbHOCTH, YTO B KOHEUHOM HTOI'€ HETaTUBHO CKA3bIBACTCS HA KAYECTBE
BOobl. OCHOBHBIMU AHTPONOTCHHBIMU HMCTOYHUKAMU, 3arpA3HSIIONIUMU
BOJIOEMBI OMOT€HHBIMHU 3JIEMEHTAMHU, SIBJISIFOTCS OPraHU30BaHHBIEC HCTOY-
HUKH (COPOCHI MPOMBINUICHHBIX 1 KOMMYHAIBHBIX ITPEIIIPUATHH ), @ TaK-
JKe HeopraHu3oBaHHbIe (IU((y3HBIC) UCTOUHUKU (KHUBOTHOBOIYECKUE
(epMBbI, CeIbCKOX03HCTBEHHBIE YTO/Ibsl, TIOBEPXHOCTHBINA CTOK C ypOa-
HU3UPOBaHHBIX TeppuTopuii) [JlaTsimosa u ap., 2005]. JIums yacts 61o-
TeHHBIX JJIEMEHTOB B COCTaBE MUHEPAIbHBIX yIOOPEHUI OCTaeTCs B Ha-
3€MHOM KPYTOBOPOTE, APYTasi 4acTh, MOMAIasi C TOBEPXHOCTHBIM CTOKOM
B MOBEPXHOCTHBIC BOABI, YCKOPSIET MPOIYKLHIO aBTOXTOHHOTO OPTaHU-
YECKOT0 BEIIECTBA B BOJOEMAaX U pa3BUTHUE II00AILHOTO Tpoliecca aH-
TPOIIOTEHHOTO ABTPOQHPOBAHUS BOIOSMOB, UTO BJICUET 3a 000l cyliie-
CTBEHHbIE HAPYIICHUS B (DYHKIITHOHUPOBAHHH THIPOIKOCHUCTEM.

B ecTecTBEHHBIX YCIOBUSX XHUMHYECKUN COCTaB MOBEPXHOCTHBIX
BOJI PETYJIUPYETCSI IPUPOTHBIMU TIPOIIECCAMU, OIaroaaps 4uemMy mojiep-
’KUBAETCS PABHOBECUE MEKIY MOCTYIJICHUEM XUMUYECKUX 2JIECMEHTOB B
BOJY U BBIBEICHHEM UX U3 Hee. B HacTosee BpeMs 3HAYUTEIBHOE BO3-
JIEHCTBHE, CYIIIECTBEHHO U3MEHSIIOIIEE COCTAB MPUPOIHBIX BO, 00YCIIOB-
JIEHO aHTPOIIOI€HHOM AesTenbHOCThI0. Ecnu 10 cepeaunbl XX B. BIuUs-
HUE 3TOr0 (haKTopa HE BBI3BIBAIIO CYIIECTBECHHBIX H3MEHEHUH COCTOSHUSI
MPHUPOJHBIX 00BEKTOB, TO B mocieanne 30—40 et B CBSI3U C HAYYHO-
TEXHUYECKON PEBONIOIUEH B MPOMBIIIICHHOCTH U CEITLCKOM XO35UCTBE
MOJIOKEHUE U3MEHUIIOCH KOPEHHBIM 00pa3oM. 3a 3TOT Mepuo 1 ObLTH CO3-
JIaHBI IOYTU BCE HanOOJIee 3HAYUTEIIBHBIC BOJOXPAaHWIUIIA, PE3KO BO3-
POCIIO TIPOMBIIIJICHHOE U XO3SHCTBEHHO-OBITOBOE BOAONOTPEOICHUE U
BOJIOOTBEICHUE, B OOJIBIIINX MacIITabax Havajaa OCYIIECTBIATLCS MEIHU-
opauus 3emenb. Bce 3T0 B COBOKYIMHOCTH HE 3aMEUIMIIO CKa3aThCs Ha
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M3MEHEHUH B MEPBYIO OUYEpeab PEKUMa H BOTHO-XUMHUYECKOTO OanaHca
PEUYHBIX BOJ, KOTOpPBIE CTAIM OJHUM M3 OCHOBHBIX HAKOIHUTENEH 3arps3-
HSAIOLINX BEIIECTB B MPUPOIAHOM cpefie.

OnHOM U3 OCHOBHBIX HKOJIIOTHUECKUX MPOOIEM MOBEPXHOCTHBIX BOA
ABJISIETCSl TIPOOieMa SBTPO(UKAILIMN PEUHBIX M 03EPHBIX SKOCHUCTEM, BbI-
3BaHHasl MOCTYIJICHHEM B HUX OMOTEHHBIX BEIEeCTB. JINMUTHPYIOIINMH
BEIIECTBAMH, YYacTBYIOLUIMMHU B Mpoleccax dBTPOPHKALUH BOIOCMOB,
ABJSIFOTCSL @30T U (hocdop, MOITOMY UMEHHO M3yUeHHE WX OanaHca Ha
0001 TEPPUTOPUM UMEET 0COOYI0 3HAYMMOCTD NP MOATOTOBKE MpH-
ponooxpaHHbIX pemieHnit [Oaym, 1986].

Ceroansi 3BTpoGHpOBaHUE BOIOEMOB SBISETCS OAHOM M3 HamOoiee
aKTyanbHbIX mpobnem noBepxHocTHBIX Box. Ha XXII Ceccun FOHEII B
1984 r. mpouecc 3BTpOGUPOBaHKS BOAOSMOB CYIIM ObUI MOCTAaBICH Ha
MepBOe MECTO MO CTENEHH OMAacHOCTH TI00aTbHOTO aHTPOIIOTEHHOTO BO3-
JIEHCTBUS Ha OKpyxkarollyto cpeny [XupcanoB, Ocumo, 1993]. OcHos-
Has JBIDKYILAs CHJia TIPOLIECCOB IBTPO(HUKALMK BOAOEMOB — TOCTYILIE-
HHEe OMOTeHHBIX AIIEMEHTOB (CoequHeHus a30Ta, hocdopa, ymepona) [Ha-
ymenko, 2007]. OTu 3MEeMEHTHI SBISIOTCS BAKHEHIIUMH KOMIIOHEHTAMU
TPUPOIHBIX BOA, KOTOPBIE ONPENEIAIOT OMOIOTHYECKYIO TPOAYKTUBHOCTb.

B nanHOM KOHTEKCTE 0C000€ BHHUMAHHUE 3aCITy)KHBACT CEJILCKOXO3SIH-
CTBEHHAs ACSATEIBHOCTH YeJIOBEKA, KOTOpasl 110 TITyOWHE M HHTEHCUBHOCTH
npeoOpa3oBaHusI FeOIOrMYECKOI Cpebl JIMIL HEMHOTUM YCTYTAeT TaKHUM
MOIIHBIM (haKTOpPaM TEXHOTE€HEe3a, KaK MPOMBIIIIIEHHOE H TOPOICKOE CTPO-
uTenbeTBO. Ouenka qud@ y3HbIX HCTOUHUKOB 3arpsi3HAIOLINX BELISCTB B
BOZIHBIE O0BEKTHI, BHI3BAHHAS CEIbCKOXO03SMCTBEHHON HArpy3KOH, sIBISIET-
Csl OIHOM M3 MEPBOOYEPEIHBIX 3a/1a4 [ Bomkckuii bacceii. .., 2011].

B npoBeneHHBIX HaMu paHee ucciae0BaHuAX [MuHakoBa, JlaTbInosa,
2003; MunakoBa u ap., 2004; nerakoB u ap., 2009] BeIsIBICH MPe0O-
nanaroIuil Bkiaaa Anpy3HbIX HCTOYHUKOB B 3aTrPsI3HEHUE TOBEPXHOCT-
HBIX BOJ OMOT€HHBIMH JIEMEHTAMH.

Lenbto HacTosmieild pabOTHI SBJISIETCS ONpeeNieHre BKIaaa KaKIoro
u3 paxropo auddys3Hoit Harpy3ku B obee onorennoe quddysHoe 3a-
rpsizHenue teppuropun Pecnyonuku Taraperan (PT). B kauectBe nud-
(by3HOI aHTPONOTEHHON HATPY3KH PACCMOTPEHBI CEAYIOMHNE (PaKTOPHI:
BHECCHHE MUHEPAJIbHBIX YI0OPEHH U )KHBOTHOBOACTBO.

267



C ucnonb3oBanueM [ IC-texHOIOTHI HaMu OBLITH IIOCTPOCHBI KAPTHI-
cXeMbI T0(haKTOPHOW aHTPOIIOTEHHOY OMOTEHHOW HArpy3Kd Ha PEYHBIC
BOAbI. OnpeseneHo pacupeeieHIe 3eMellb CENbCKOX03UCTBEHHOTO Ha-
3Ha4YeHUs B (u3nKo-reorpaduueckux paionax PT (puc.) mo ypoBHsito
AHTPOTIOTCHHOHN HArpy3KH, OOyCIIOBIICHHOW BHECEHHUEM MUHEPATbHBIX
YIOOPEHUH MO/ CENbCKOX03HCTBEHHBIE KYJIBTYPhI ¥ BO3ICHCTBUEM JKU-
BOTHOBOJ[YECKHX KOMIUIEKCOB (Tadm. 1-2).
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a MereocTanuun

Kapra-cxema Pecny6anku Tarapceran

Paccuntannas aHTpOTIOTeHHAs HAarpy3ka MHUHEPAIBHBIX yIOOpEHUIt
3HAUUTENbHO U depeHnrpoBana 1o (Gu3nko-reorpapuuecKuM paii-
ornam PT. Tak, HanGonpmas aHTPONOTeHHAsI HAarpy3Ka, BBIIIE CpelHe-
TO YPOBHSI, OTMEYAETCsl Ha TeppuTOpHH 3amaaHoro 3akaMbs (66,4 % 3e-
MeJTb CeJIbCKOX03HCTBEHHOTO Ha3HaueHus ). U, Hanporus, B Boctounom
IIpenkaMbe ypoBEeHb aHTPOTIOTEHHOW HArpy3KH OT BHECEHUSI MUHEPAIIb-
HBIX y10OpeHnii Hike cpeanero ormedaercs Ha 100 % 3emensb cerabeko-
XO3AWCTBEHHOTO Ha3HAYCHNS.
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Taéauua 1. YpoBeHb AHTPONOreHHO HArpy3kH, 0o0ycJIOBJIE€HHOIl BHece-
HHEeM MHHEPAJbHBIX YI00peHMil Mo cebCKOX03SIiCTBEHHbIEe KYJIbTYpPHI,
no ¢usnko-reorpaguyeckum paiionam Pecnyonuxu Taraperan

Om3uKo-reorpapuuecKue paioHbI VpOBEeHb aHTPOMOTEHHON HArpy3KH, %
Pecry6nuku Tarapcran HIDKE CPEJHETO|  CPEAHUH  |BBIILE CPEIHErO

[IpenBomkbe 9,1 34,6 56,3
3ananHoe [Ipenkambe 11,4 30,2 58,4
Bocrounoe [Ipenxambe 100 - -

3anajHoe 3aKamMbe 11,2 22,4 66,4
BocTounoe 3akambe 15,8 433 40,9
Pecny6nuka Tarapcran 14,1 32,2 53,7

Ta0nuna 2. PacnpeneneHue NIomaau NpUPOIHbIX pernoHoB Pecny6ankn
TarapcTaH 0 YPOBHIO AaHTPONOIeHHOI HATPY3KHU, 00YyCJI0BJIEHHOI BO3/1€ii-
CTBHEM ;KHBOTHOBOTYECKOT0 KOMILIEKCa

YpoBeHb aHTPONOI€HHOH Harpy3ku, %

IIpuponusie peruonst PT .
HIDKE CPETHETO cpeaHuit BBIIIIE CPEIHETO

Ipensomxbe 28,6 53,9 17,5
3anagnoe Ipeaxambe 3,7 46,1 50,2
Bocrounoe Ilpenkambe 100 - -
amagHoe 3aKkaMbe 31,5 52,2 16,3
Bocrounoe 3akambe 26,2 39,1 34,7
Pecny6mnmka Tarapcran 25,8 43,4 30,8

Pacuer pacripenenenus ypoBHS aHTPOIIOTEHHON HArpy3KH OT BITHS-
HUS JKHBOTHOBOYECKON I€ATEIBHOCTH (KPYIHBIN pOTaThlil CKOT, ITHIIA,
OBIIBI, KO3bI, CBUHBH) 10 MIPUPOIHBIM perronam PT mpusenen B Tabd. 2.
Amnanu3 Tabmn. 2 mokasbiBaeT, 4To 1o PT «cpeanmii» ypoBeHb aHTPOTIO-
TeHHOI Harpy3KH, 00yCIOBICHHON BIUSHHEM KHBOTHOBOTIECKOTO KOM-
TIeKca, XxapakrepeH st 43,4 % ee TeppuTOpUH, YPOBEHD «HIKE CPEII-
Hero» otMmedeH Ha 25,8 %, a ypoBEeHb aHTPOMOTEHHOHN «BBIIIIE CpeHE-
ro» ormeued Ha 30,8 %.

B cpennem no PT BkJiaj1 ’KUBOTHOBO/ICTBA B KOMILIEKCHYIO aHTPOIIO-
TeHHYIO Harpy3Ky coctaBisieT 38,2 %, BHECEHUs] MUHEPATbHBIX yI00pe-
onii — 11,8 %.

269



TakuM 00pazoM, TNpPH TMOATOTOBKE YNPABICHYECKUX DPEHICHUH 10
CHIDKCHHUIO aHTPOIIOTEHHOM Harpy3KH, 00yCIOBICHHONH BHECEHHEM MU-
HEepaIbHBIX yIOOpPEHUH, «CpeqHUH YPOBEHb)» AHTPOIIOTEHHOW HAarpys-
KM TIpeJyIaraeTcst MpuHATH 3a HopMy. Kpome Toro, 1aHHbIN ypOBEHb aH-
TPOIOI€HHON HAarpy3KH Ha MOBEPXHOCTHBIE BOJbI MOXKHO HUCIIOJIB30BAThH
B Ka4E€CTBE UHAMKATOPHOIO, HA OCHOBE KOTOPOIr0 BO3MOXKHO IPUHSTHE
YIPABJIEHYECKUX PELICHUN M0 PEryIupOBaHUI0 KaueCTBA PEUHBIX BOJ
MyTEeM HOATAITHOTO NPUOIMKEHNUS K 3aJaHHOMY YPOBHIO KaK HHTETPajib-
HOH, TaKk U MO(PaKTOPHOH aHTPOIOTEHHOH HATPY3KH.

Hcnonp3oBaHue JAaHHOTO IMOAXOAA IO3BOJSET BBIICIUTh MYHUIU-
najbHble 00pa30BaHMs PECMyOIUKH, B KOTOPBIX HEOOXOAMMO MpPOBEe-
HUE [1E€PBOOYEPEIHBIX IIPUPOJOOXPAHHBIX MEPOIPUATHH 110 CHUKEHUIO
Harpy3kd OMOTEHHBIX AJIEMEHTOB, YTO TO3BOJISIET BBHIOpPATh ONTHUMAJIb-
HYIO CTPaTETHIO BBIBO/IA TEPPUTOPUH U3 30HBI SKOJIOTHUECKOT0 Hebmaro-
MOJTy4Hsl, pallHOHATILHO PACXO0BAThH OIOMKETHBIE CPEICTBA U MOBBIIIA-
eT 3¢ PEeKTUBHOCTD YIIPABICHUS BOIHBIMHU PECYPCAMH.
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DISTRIBUTION OF BIOGENIC ELEMENTS
IN CATCHMENT AREA OF REPUBLIC OF TATARSTAN
CAUSED BY DIFFUSE SOURCES OF EXPOSURE

E. A. Minakova!, A. P. Shlychkov?

! Kazan Federal University
2 Institute of Ecology and natural resources

The paper deals with the results of the evaluation of the nutrient load result-
ing from application of mineral fertilizers and animal husbandry complexes on
the territory of the Republic of Tatarstan carried out using GIS technologies.
The distribution of the anthropogenic load resulting from application of mineral
fertilizers and the impact of livestock farms in the context of physical and geo-
graphical areas of the Republic of Tatarstan was calculated.

HNCCIIEAOBAHUE KAYECTBA BO/bI
W TOHHBIX OTJIOXKEHUI OHEKCKOI'O O3EPA

. B. 3emusinos!, A. A. Ctpokos!, U. FO. Muaoruna’,
M. O. ®darxu’? E. B. Tepckasn?

! Tocydapcmeennwlil okeanocpapuueckuii uncmumym um. H. H. 3y606a
2 Mockosckuii 2ocydapcmeennulii ynueepcumem um. M. B. Jlomonocosa

OHexcKoe 03epo MPEACTaBIAET CO00H YHUKAIbHBIM TPUPOAHBIN 00BEKT
C BBICOKUM PECYpPCHBIM MOTEHIHAIOM. JJI1 CHM)KEHUS! YPOBHSA 3arpsis-
HEHHOCTHU ¥ IOBBIIICHHUS KAueCTBa BOJ B YCJIOBHUSIX COBPEMEHHOTO aH-
TPOINOTEHHOTO JaBJICHUSI €r0 BCECTOPOHHEE M3y4eHHE OCOOCHHO BakK-
HO ¥ akTyanbHOo. B 2014-2015 rr. ®I'BY «I"'ONH» mpoBeneH KOMILIEKC
THIPOXMUMUYECKHX U TEOXUMHUECKUX paboT Ha akBaTopuu OHEKCKOTO
03€pa U ero NpUTOKax. B 11e110M KOHIIEHTpaIluH 3arpA3HSIOIINX BEIIECTB
HaAXOJSTCS B IUANa30He, XapaKTepHOM /I JaHHOW Fe0XUMUYECKOH po-
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BUHIIMK ceBepo-3anaaa Poccuu. OTkionenus ot HopmaruBoB I1JIK B
BoJle 3aukcupoBaHbl B oTHOIIeHnn Cu, Mn, Zn u Fe. B noHHBIX OT-
JIOXKEHUSIX MPEBBIIICHO COJlepKaHue OcH3(a)mupeHa u He()TEIPOYKTOB.

OHEKCKOE 03ep0 — YHUKAIBHBIN PUPOIHBIN 0OBEKT, OT COCTOSHUS KO-
TOPOTO 3aBHCUT BOAOCHAOKEHHNE OOJIBIITMHCTBA CEBEPO-3alaHBIX PETHO-
HOB Poccun: Pecniybmmku Kapenwst, Jlenunrpazckoii u Bomoropackoii 00-
nacteil. COBpeMEHHOE COCTOSIHME MPUPOHOM cpenibl OHEKCKOro o3epa
XapaKTepHU3yeTCsl KOMIDIEKCHBIM B3aUMOJIEHCTBUEM MTPUPOIHBIX W aHTPO-
MOTeHHBIX (PakTopoB. O3epo ABIAETCS OMUTOTPOPHBIM BOTOEMOM, 32 HC-
kroueHreM Konrmomoxckoit 1 [leTpo3aBonckoii ry0bl, KOTOPBIE MEPeInIH
B pas3psm Me30TpodHBIX [Tekanosa, Tumaxosa, 2007]. Ha done cmaboit
CaMOOYHCTHUTEIBHON CITOCOOHOCTH, TIPOSBIISIOIECHCS TIPEUMYIIIECTBEHHO
B BUJIe (paKkTopa pa3OaBIieHHs 3arpsi3HEHHBIX BOJl YUCTHIMHU, SKOCHCTEMA
OHEXCKOro 03epa J0CTAaTOUHO YsI3BUMA K BHEIIHEMY BO3IEHCTBUIO [ DKO-
cucrema. .., 1990]. [ToaToMmy HOpMUPOBAHUE U TOCTOSIHHBIIT MOHUTOPHHT
AHTPOITOTEHHBIX HATPY30K HAa BOIOEM CETO/IHS BEChMa aKTyasIbHBI.

B 2014-2015 rr. xomnektuB ®I'bY «I'OUH» no 3aka3zy Hescko-
Jlamoxkckoro GacceifHOBOTO BOAHOTO yIpaBieHus PocBompecypcoB BbI-
TIOJTHSUT HayYHO-HCCIeoBaTeNbeKyo padoty (HUP) mo uccnenoBanmto
COBPEMEHHOro COCTOsSIHMS M KadecTBa Boa OHexckoro osepa [Mccne-
nmoBaHHeE..., 2015]. B paMkax paboT mpoBeneHa OIeHKa COBPEMEHHOTO
YPOBHSI aHTPOIIOTEHHOTO BIMSAHUS Ha OHEXCKOE 03ep0 W BOTHBIE 00b-
eKTHI ero DacceiiHa B IpeJenax BOJOXO3SHCTBEHHBIX YIaCTKOB; MIPOBE-
JIeH KOMIUIEKC Te0I0r0-Te0(hM3MIeCKUX U THIPOTe€OXUMUIECKIX padboT B
HKOJIOTMYECKHU OJIaroroydyHbIX ¥ HAPSKEHHBIX pailoHax o3epa.

HccnenoBanuio SKOIOTHUECKOTO cOCTOsTHIS OHEKCKOTO 03epa U BO-
IHBIX OOBEKTOB €ro OacceliHa MOCBSIICHO OONBIIOE KOJIHMIECTBO padoT
[Atnac..., 2010; TumakoBa u ap., 2011]. Ha ux ocHoBaHHWM MOXXHO 3a-
KJIIOYUTB, uTO 3a nociennue 40-50 jer caM BOIOEM M BOJAHBIE OOBEK-
THI ero OacceifHa WCIBITHIBAIOT MOIIHYIO aHTPOIIOTEHHYIO Harpy3Ky,
0co0eHHO 10 (axTopy 3arps3HeHus. CeBepo-3anagHas U ceBepHas da-
cti OHEXCKOTO 03epa XapaKTepHU3YIOTCS MOBBIIICHHBIMH ITOKa3aTems-
MU cOpoca CTOYHBIX BOJ OT KPYIHBIX ITPOMBIIUICHHBIX IIEHTPOB PETH-
oHa: Ilerpo3zaBojckoro, Konjgonoxckoro u Measexxberopckoro. 1o co-
crossauio Ha 2013 1. B OacceitH OHEXKCKOTO 03epa OT yIPaBISIEMBIX TO-
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YEYHBIX UCTOYHUKOB MOCTYMUIO 67,5 THIC. T 3arpsi3HSIOIIUX BEIISCTB
(3B) ob6umm oobemom 160,8 mitH M*. Hanbombiiee aHTpONIOreHHOE BITU-
SIHAE OKa3bIBACTCSI B pallOHaX KPYITHBIX MPOMBINUICHHBIX Y3JI0B PETHOHA
Ha nobepexbe o03epa (87,28 % ot obiero oobema copoca). Ha Gacceitn
p. Berrerper npuxonutcs 11,54 %, 6acceiin p. llyu — 0,79 %, Gacceiin
p. Bomer — 0,35 %, 6acceiin p. Cynst — 0,04 %.

B Becenne-nernuii nepuon 2015 r. B JonoHEHNWE K HAONIOICHU-
SIM, TIPOBOJIMMBIM TEPPUTOPUATBHBIMU TIOJpa3eieHussMu Pocruapo-
Mmera, PocBoapecypcos u npoduibHbiMU nHCTUTYTaMu PAH, B pamkax
HUP OI'BY «'OUH» npoBeaeHbl KOMIUIEKCHBIE UCCICIOBAHUS Kaue-
CTBa BOJ M JOHHBIX OTJOXKeHUU B 20 Toukax o3epa u Ha 18 ero mpu-
Tokax (puc.). [To BO3MOKHOCTH TIPOOBI PEYHOH BOJIbI OTOMPAIUCH HA
YCTBEBBIX y4acTKaX.

IlepeueHp 3arpsA3HSIONIMX BEIIECTB COCTABJICH HAa OCHOBE TpeOOBa-
HUN TEXHUYECKOTO 3aJ[aHHs K TrOCYIapCTBEHHOMY KOHTPAKTY, aHAJIH3a
PETPOCIICKTUBHBIX MaTEPHUAJIOB, aKTyaJIbHBIX JaHHBIX THAPOXHUMHYECKO-
T0 ¥ TEOXUMHUYECKOT0 MOHUTOpUHTa OHEKCKOTO 03epa M €r0 MPUTOKOB,
COCTaBa CTOYHBIX BOJI.

B utore xumuueckuil aHanM3 BKJIHOUYAT OIPEICIICHUE BOJOPOIAHO-
ro noka3zarens (pH), B3Bemennsix BemectB (BB), Tsbkenbix meramion
(TM) (Zn, Pb, Cr, Co, Ni, Cu, Mn), sxene3a obwero (Fe ; ), Guoren-
HBIX BEIIeCTB (MOHOB aMMOHUS, HUTPATOB, HUTPUTOB, (ocdaroB), He-
¢renponykros (HII), monuxnopupoBannsix Oudennnon (I1Xb), 6enz(a)
nupena (bII), penona.

B pamkax pa®oT IpoOBOAMIUCH U3MEPEHUS TUAPOPUIUIESCKHIX MTOKa-
3aresel KayecTBa BOJIbI HEIOCPEIICTBEHHO Ha MECTE: DIIEKTPOIIPOBOHO-
CTH M TEMIIEPaTypBhI.

leoxuMuyeckuii aHanM3 BKIIOYAN ONpEACICHHE TPaHyJOMEeTpHYe-
CKOTO COCTaBa JOHHOTO rpyHTa, MetauioB (Zn, Pb, Cr, Co, Ni, Cu, Fe,
Mn), GroreHHbIX 21eMeHTOB (001ero azora u ¢pocdopa), HIL, ITXB, BIT
u QeHona.

Cnoxuble oprannueckue coeaunenus (penon, HII, BIT, TIXB) spns-
FOTCSl TIPOYKTaMU aHTPOIOTEHHOM JESITeIbHOCTH Ha aKBaTOPHH O3epa
WIN €ro BOJ0COOpe, U MX ONpe/eieHue HauboJee akTyalbHO B CBSI3U C
BBICOKOM BaYKHOCTBIO BOJHO-PECYpCHOTO noTeHnmana OHeXCKoro o3epa.
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ONEeKTPONPOBOAHOCTL BOJIbI B ITOBEPXHOCTHOM CJIO€ OTKPBITOW ya-
CTH aKBaTOPHH O3epa HaxoJuiachk B npeaenax 43,2—-60,3 mxCwm/cMm, co-
crasisis B cpegueM 51,7 MkCm/cM. MakcuManbHbIe 3HaY€HHS OTMEUEHBI
B [ToBenenkoM 3anuBe, MuHUMaIbHbIE — Kongomnoxckoii u Iletpo3aBon-
CKOH Ty0ax. DIeKTponpOBOIHOCTh BOABI NPUTOKOB KOJIEOIETCS B IIH-
pokom nuanazone (11-148 mxCwm/cm). MakcumansHOE 3HaYCHUE Xapak-
TepHO 17151 p. BeITerpsl, MuHMMansHoe — 1j1st p. HemuHsI.

3Ha4YeHUs1 TeMIlepaTypbl BOJbI 3aBUCAT OT CE€30HA roAa, CHHONTHYE-
CKUX yCIIOBUH M penbeda OeperoBoil muHun. B BeceHHUH mepuon Ha-
OnrofeHUi TemmepaTypa peyHol BoAbl Kojebanach B mpenenax 5,7—
14,6 °C, naumOonpluas TeMmeparypa BOAbI 3a(UKCHPOBaHAa B BOJE
p. Ilokmu, HaumeHsmass — B Boae p. IlsanbMmbl. JleTHuil nepuopn xa-
paxkTepu3oBaiicsi 0ojee BBICOKMMH 3HAYECHHSIMA TEMIepaTypbl BOJBI
(12,9-16,8 °C). Haubonee Temnasi Boma B pailoHe ycTbs p. AHIOMBI
(15-16 °C), xononnast — B paiione Ilosenenkoro 3anusa (13 °C).

Pesynbrarel MpOBEJCHHBIX XUMHUYECKUX UCCIIEJOBAaHHUN B BUAE Kpar-
HOCTH npeBbiieHnst HopMatuBoB [1JIK mist pprO0X03sHiCTBEHHBIX BOIOE-
MoB (nnu kod¢p¢punrenTa konueHTpanuu Kc) ceenenst B Tadn. 1 u 2. s
B3BEIICHHBIX BEIIECTB B Boje MpuTokoB OnHexxckoro o3epa [IJIK ompe-
JeNICHBI ¢ y4eToM perrnoHansHoro ¢ona (Ccd), npuBeneHHOTo B paboTe
[Hopmarussr..., 2010].

AHau3 JaHHBIX MOKa3all, YTO B IIEJIOM KOHLEHTPALMH 3arpsi3HsIO-
HIMX BEILECTB HAXOIATCS B JUANa30He, XapaKTepHOM JJIsl JAHHON Fe0XH-
MHYECKOI MPOBUHIINU — ceBepo-3anaga Poccun. [loBepxHOCTHBIE BOMIBI
00aaroT MOBBIICHHBIMY KOHIIeHTpanusimu Zn, Cu, Mn u Fe. Becen-
HUH TIePHOJ XapaKTepHU3yeTCsi HNHTCHCUBHBIM MOCTYIUIGHUEM METAJJIOB
u B3Beceil B OHexckoe 03epo ¢ peunbiM ctokoM (1-40 ITK). B nert-
HUI NepHoJ Ha aKBAaTOPUH 03€pa OTMEYAETCs PE3KOe CHIKEHHE COAep-
skanust metaiuioB (0—1 [T1K), kpome Cu (5-34 T1JIK). KonuenTpanuu
OMOTEHHBIX JIEMEHTOB M CJIOKHBIX OPraHUYECKHX MPUMECEeH HaXOmsIT-
Csl Ha HU3KOM YPOBHE, HEPE/IKO HIDKE mpejena ooHapyxkenus (taom. 1).

JlonHble oTnoxkeHus: OHEXKCKOTO 03epa B 3aBHCHMOCTH OT paiio-
Ha BechbMa pazHooOpa3Hbl. B 0ToOpaHHBIX Mpobax mpeodnafaroT KpyI-
HBIH MJI U MEJKO3EPHUCTBIA necok. OTMeueHa 3aBHCUMOCTh HaKOILIe-
Hus 3B B 1OHHBIX ocagkax OHEXCKOro o3epa OT MX TpaHyJIOMeTpHuye-
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ckoro coctasa. Kpynusie miisl Kongonoxckoi ryobl HaKaruimBaroT 00Jb-
nree konuuecTBOo TM, OMOTEHHBIX SJIEMEHTOB U OPraHUYECKUX MpUMe-
ceil M0 CPaBHEHHIO C MEJIIKO- H KPYITHO3EPHUCTBIMU MIECKaMu OyXT I0T0-
3arajHoi yacTu o3epa. Hanpumep, konnentpauus Mn B Kongomnosxkckoi
ryoe cocrapnser okono 76 800 mr/kr (51,2 I1JIK), npotus 179 wmr/kr
(0,12 TIJIK) B I'mmoperkoii Oyxre. B nenom konnentpanuu Fe u Mn B
JIOHHBIX OTJIOKeHUsIX OHEKCKOTo 03epa oueHb BbICOKH (n10°—10* mr/kr),
YTO XapakTepHO JUIsl MECTHOH reoxumuueckoil nposuHuuu. Conepika-
HHE OCTaJIbHBIX METAJIOB Ha mopsiakyu Hiwke (n10'-10% mr/kr). KoHuen-
Tpalun GMOTeHHBIX 1eMeHTOB (obuwero asora N o u docdopa P )
HAaxoMiITCs B IIMPOKMX mpenenax (227-5101 mr P /kr u 178
23370 mr N . /xr). Hanbosbuine KOHIEHTPALMH XapaKTePHBbI U paio-
HOB cOpOca CTOYHBIX BOA U BIAJCHUS KPYITHBIX MPUTOKOB.

Taoauna 1. KayecTBo Boasl OHe:kCKOro o3epa U ero npuTokoB B 2015 1.

VYeres mpuTo- | AKBaTOpHS VYeres mputo- | AKBaTOpHS
KOB (BecHa) (11ero) KOB (BecHa) (;rero)
IT it

mpo6 | mpob | mpob | mpob npo6 | mpod | mpob | mpod

Ke<1 | Ke>1 | Ke<1 | Ke>1 Ke<1 | Ke>1 | Ke<1 | Ke>1
pH - - 100 0 Fe .. 0 100 85 15
BB 0 100 - - NH,* - - 90 10
Zn 11 89 80 20 NO, - - 100 0
Pb 94 6 100 0 NO,” - - 100 0
Cr 100 0 100 0 PO~ - - 100 0
Co 100 0 100 0 HIT 100 0 100 0
Ni 100 0 100 0 BIT 100 0 100 0
Cu 0 100 0 100 Denon 100 0 100 0
Mn 0 100 85 15 ITXb 100 0 100 0

B Tabn. 2 mpuBeneHsb! pe3yibTaThl OIICHKN KadecTBa JOHHBIX U Oepe-
TOBBIX OTIIOKeHHH OHEXCKOTO 03epa M €ro MPHUTOKOB MO PSIIy KOMIIO-
HEHTOB. beperoBbie OTIIOKEHUS 03epa U JIOHHBIC OCAJIKUA YCTHEB TPUTO-
KOB cofieprKaT HeOoJbpIie KoHIeHTparui Metayios (mo 1,2 ITJIK mo Pb
u 10 4,2 I1JIK mo Mn), B TO BpeMs KaK JOHHBIE OTIIO)KCHHUS B OTKPBITON
YacTH aKBaTOPUU 03epa OTIMYAIOTCS 3HAYUTEILHO OOJNBIIUM COZepIKa-
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HueMm Metaiuios, npesbiatonmm [1JIK (no 6 I1JIK mo Pb u no 51 TTJIK
no Mn). 3HaunTenbHOE MOBBIMeHHe KoHIeHTpanui bI1 u HIT 3akono-
MEPHO OTMEYAeTCs B JIOHHBIX OTIOXeHUX [leTpo3aBockoli ryobl B paii-
one Hedrebdassr (1-2 ITJIK).

Taoauuna 2. KauecTBo 10HHBIX U 6eperoBbIX 0T/10:kKeHU OHEKCKOro 03epa
U ero NpuTokoB B 2015 1.

Beperossie oTIOKEHHS JIOHHBIE OTIIOKECHUS
Beper YeThs MPUTOKOB AxBaropus
Hoxasarens (B@(I:)Ha) (Be(I:)Ha) (J'I@TOI;
fadeetna % mpod | % mpod | % mpod | % mpod | % mpobd | % mpob

Ke<l1 Kce>1 Ke<1 Kc>1 Ke<1 Kce>1
Mn 87 13 89 11 42 58
Pb 93 7 72 28 68 32
BIT 100 0 72 28 100 0
HIT 100 0 78 22 87,5 12,5
X6 — — 100 0 100 0

[To pe3ynpraTaM MpOBEIECHHBIX PA0OT MPEIUIOKEHA CXeMa OpraHn3a-
U MOHUTOPHHTA JHA, OEPETOB, COCTOSHUS BOJI0OOXPaHHbIX 30H (B3) Bo-
JTHBIX OOBEKTOB, @ TAKIKE CXEMa OPraHU3alluU HAOJIOICHUS 33 PEKUMOM
UX UCIOJIb30BaHUS. YUaCcTKH 00CIENOBAHNUS BKIIOYAIOT KPYITHBIC HACEe-
JICHHBIC MTyHKTHI U MIPOMBIIICHHBIE 00beKThl pernoHa (Ilerpo3aBosck,
Konpmomora, MenBe:kberopck) U UX OKPECTHOCTH, FOTO-3aMaIHYI0 YaCTh
o3epa (moc. KBapuutHeiit — . Bo3HeceHbe), 10ro-BOCTOYHYIO U BOCTOU-
HYI0 4acTh o3epa (moc. Kropreso, ['onsiiu — yetbe p. Bomisr), Yenmysk-
CKy1o ry0y. O0masi mpoTsHKEHHOCTh YYacTKOB 00CTIeJOBAHHSI COCTABIIS-
et 744,2 kM, obceyemast TIonaab 3epkaia ozepa — 148,8 km?.

C 11enbI0 ONPE/ISIICHUST BIUSHUSI MaJOMEPHOTO (PJoTa U BOJHOTO
TpaHcIopTa Ha KauecTBO BoJl OHEKCKOTO 03epa, CHYKEHHS CYIECTBY-
IOIIE aHTPONIOr€HHOW HAarpy3Ku Ha akBaTOPUIO aJMUHHUCTpauusMm Pe-
cnyonuku Kapenusi, Jlennnrpanckoit u Bonoroackoii obnacteit, a Tak-
JKe TeppuTOpUalbHBIM ToApasfeneHussM MUC pexkomeH10BaHO OCy-
HICCTBIISATh KOHTPOJIb 3a PEKUMOM SKCIUTyaTallil MajoMepHOTo (hIio-
Ta U yCTAaHOBJICHUEM 30H €T0 BO3MOXKHBIX HEOPTaHHM30BAHHBIX CTOSHOK.

Aemopul  npusnamenvHel COMpYOHUKam 2eozpaguueckozo axyivmema
MIY um. M. B. Jlomorocosa u omoena uH@opmayuoHHo2o obecneyenus mop-
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cKoll u 800oxo3sicmeennol desmenvhocmu OI'BY « OUHy, komopote npunu-
manu akmuenoe yuacmue 6 peanuzayuu HUP no Onexcckomy ozepy. bonee noo-
PO6HO ¢ pezynemamamu ucciedosanuti no HUP mooicno osnakomumscst 6 @IA-
HY «[[UTuC».
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STUDY OF LAKE ONEGO SEDIMENTS AND WATER QUALITY

L. V. Zemlianov', A. A. Strokov', I. Yu. Milyutina’,
M. O. Fatkhi"?, E. V. Terskaya*

! Zubov State Oceanographic Institute
2 Lomonosov Moscow State University

Lake Onego is a unique natural object with high resource potential. Its compre-
hensive study is particularly important and relevant for reducing pollution and
improving water quality in the conditions of modern anthropogenic pressure.
In 2014-2015, the State Oceanographic Institute conducted a complex of hy-
drochemical and geochemical works in Lake Onego waters and its tributaries.
Concentrations of pollutants match geochemical province of north-west Russia.
Maximum permissible concentrations were exceeded for Cu, Mn, Zn and Fe. The
content of benzo(a)pyrene and petroleum products was exceeded in sediments.
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IKOJOTNYECKAS XAPAKTEPUCTUKA ITIPUTOKOB
CEBEPHOI'O BAMKAJIA
" AHTAPO-KMYEPCKOI'O MEJIKOBO/IbSI

JI. M. CopoxoBuxoBa, U. B. Tomoepr, B. H. CunioxoBuu,
N. U. Mapumnaiite, O. C. IlectynoBa, H. A. ’Ky4eHnko,
H. B. bamenxaena, H. I1. Ce3bko0

Jumnonoeuyeckuii uncmumym Cubupcrkozo omoenenus PAH

JmarensHoe MamoBoanse (1996-2015 1T.) B Oacceitne bailikama mpuBe-
JI0 K CHIDKEHHIO CYMMapHOTO TPHUTOKa BOABI B 03epo Ha 20-30 % ot-
HOCHTEJIIHFHO CPETHEMHOTOIETHUX 3HaueHu. [loTerienue kimmmara cro-
COOCTBOBAJIO YBEIIMYCHHUIO CTOKA B 3UMHHAN NIEPUOJ] M CHUIKEHUIO MUHE-
panu3anuy BOJbI B PeKax, BMAJAIONINX B CEBEPHYIO KOTJIOBHHY O3epa.
Conepxanue OMOTEHHBIX IeMEeHTOB, [IAY u HedTenpoaykToB B ped-
HBIX Bojax He mpeBbimaeT HopM I1JIK 11715 BOmoeMOoB MUTHEBOTO B PHIOO-
XO3AWCTBEHHOTO Ha3HaueHWs. B MpHUTOKaX perucTpupyroTcs OakTepuu
pona Enterococcus, 9T0 CBUIETEIHCTBYET O HU3KOM KauecTBE BOJBI 110
CaHUTAPHO-MHUKPOOHOJIOTHYECKIM MTOKA3aTeIIsIM.

BnusiHue 1r1o0anbHOrO TOTEIJIEHUST Ha THIPOJIIOTHYECKUE SIBICHHS B
Oacceitne baiikana, B TOM 4uClie ¥ CTOK OTJENBHBIX pek, pasnuyHo [[u-
MapaeB u 1p., 2002; CuntokoBud u np., 2010]. nst onenku mpoucxoms-
KX KosieOaHui peyHoro CToKa B OacceifHe o3epa mapaMeTphbl ero H3MeH-
YMBOCTH MPUBOAUIIICH K OJJHOMY pacyeTHOMY IEPUO/Y, B KaUeCTBE KOTO-
pOro MpUHAT IpoMexXyToK ¢ 1959 mo 2015 1., BKITtouaromuii 1Ba MOIMHBIX
1uKIa BogHocTH. CornocTaBieHle HEKOTOPBIX XapaKTepUCTHK CTOKa TJ1aB-
HBIX pEeK ¥ 00IIET0 PUTOKA BOABI B 03€PO MOKA3aJI0, YTO B PACUETHBIN ITe-
PHOJ IPOUCXOIHIIO 00IIIee CHIKEHHE MPUTOKA CO CKOPOCTBIO OKOJIO 1,7
KM®/Tof1, a ¢ Hauasa MoTeIUIeHNs] OH yMeHbIuics Ha 10 kv,

B mocnennue 19 met (1996-2015 rr.) mpuTtok B 03epo OBLT B CPEAHEM
Ha 11 % amxe HopMmel. [1pu aToMm cTok CeneHry, TIaBHOTO MPUTOKA 03€e-
pa, causmics Ha 24 %. Jlumb Onarogapsi pocTy CTOKa JAPYrux Oaikalib-
CKHX peK, B IepByIo ouepeas Bepxueit Auraps! u baprysuna, cHIKeHHe
CYMMAapHOTO TPUTOKA BOJBI B 03ep0O OBLIO HE CTONb MacTaOHbIM. Of1-
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HaKo B MOCJEAHNE TPU Tojla MPUTOK B CEBEPHYIO KOTIIOBUHY baiikana,
Kak ¥ B ABe Apyrue, Obi1 Ha 20—30 % HiKe CpeJHEMHOTOJICTHUX 3Haye-
HUI, CBUJETENLCTBYS O CHW)KEHUH CTOKa Bepxueit AHrapsl.

IIoMuMO MEXro0BOM U3MEHYMBOCTH IIPUTOKA BOABI B 03. baiikan u
CTOKa OTJENBHBIX PEK, NOTEIUIEHHE OTPAa3HJIOCh U Ha UX BHYTPHUIOAO-
BOM pacnpezeneHun. [loBblienne Temmneparypbl BO3AyXa U BBITAUBaHUE
JbA B AETPAJUPYIOINX MHOTOJIETHEMEP3IBIX OPOAAX BEAET K MOBBI-
HICHUIO 3aI1acOB MOJ3EMHBIX BOA U PEYHOTO CTOKA, 0COOCHHO B 3UMHHMI
nepuo. 3a MepuoA MOTEIUICHHUS CPEIHEMEKEHHbIH (HOSIOpb-MapT) CTOK
BepxHeit AHrapbl yBenuuuiicst npuOIu3uTensHo Ha 6 m/c (8 %). 3um-
Hue pacxonbl Bojibl p. Cenenru ¢ Hayana 1970-x IT. B cpeiHEM BO3pOCIH
ua 20 M*/c (13 %). OngHako B OCIEIHNE FOALI BOAHBINA CTOK OCHOBHBIX
MIPUTOKOB 03€pa 3aMETHO CHU3WJICS B CBSA3M CO CHI)KEHUEM BJIarOHACHI-
LICHUS AEATENBFHOTO CIIOSl U 3alacoB MOA3EMHBIX BOJA M3-32 OOLIEro ma-
JICHUsI YBIIaKHEHMsI B OacceiiHe balikana.

Bonge! uccnenosannbix npurokoB CesepHoro baiikana ManomuHepa-
JM30BaHHbIe, HauOoJIee HU3KWE 3HAYCHUS] KOHLCHTpAUUH IIaBHBIX HO-
HOB OTMeYeHbI B p. Penb, nosbimenHsle — B p. Bepxueit Anrape. Ce3on-
Hasl IMHAMHUKA CyMMapHOTO COJEP)KaHHs MOHOB B BOJIE MCCIIEIOBAHHBIX
pek (puc. 1, a) onpenensierca u3MeHeHreM BoaHocTH. [lo munHe p. Bepx-
Hell AHrapbl OoJsiee HU3KUE KOHLIEHTPALMK HOHOB 1 MUHEPAIN3aluH BOJIBI
XapakTepHbI I BepxHero yyactka. 3umoit 2013 u 2015 . cymma MOHOB
B Boze pek Bepxuss Anrapa m Toist paBustace 112-119 mr/a. B 1950—
1960-x 1. mo maHHbIM [BoTtuHLEB u ap., 1963] cyMMa HOHOB B 3THX peKax
cocraBisuia 124—134 mr/n. CHwKeHre coaepKaHusi HOHOB B PEYHBIX BOAAX
MOKET OBITh CBSI3aHO C YBEINYEHHUEM 3MMHETO BOIHOTO CTOKa, C(hOPMHPO-
BaHHOTO 32 CUET TassHUsI MHOTOJIETHEMEP3JIBIX TPYHTOB.

Bennunna pH Bozb! B pekax BapsupoBaia ot 6,99 no 7,68. Haubonee
HHU3KHE 3HAYCHUs] HAOIIOAAINCh BECHOW, YTO OOYCIIOBIEHO MOCTYIJICHHU-
€M BOJI TAIOIIUX CHEroB ¢ HU3KUMU 3HaueHussMu pH. U3 ncenenoBanHbIxX
pek HanboJiee HU3KOE CoflepKaHhe PACTBOPEHHOTO KUCIOPOIa 3UMOI OT-
MedeHo B Boze p. Bepxueit Anrapst — 6,8 mr/a (48 % naceimenus). Kuc-
JIOPOZIHBIN PEXKNM OCTAIBHBIX PEK KaK B 3MMHMM, TaK U B JIETHE-OCEHHUI
nepuoAsl OnaronpusiteH it THApoOHOoHTOB (77-102 % HaceieHus).
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Puc. 1. lunaMuKka cyMMbI MOHOB (2a) U KOHLIEH-
Tpauuii MuHepaJbHoro ¢gocdopa (0) B nputrokax
CeBepnoro baiikaga m Ha akBaTopuu AHrapo-
Kunuepckoro MejikoBoabst
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KoHnnenTpauuy OMOTeHHBIX JIEMEHTOB B BOJIE PEK B OCHOBHOM HM3KHE,
UCKJIIOYEHUE COCTaBISIIOT pekH Thist u Penb. TloBbIIEHHBIE KOHIIEHTpA-
M MuHepajibHoro ¢ocdopa (puc. 1, 6) U HUTPATHOTO a30Ta OTMEue-
HBI 3uMoi. [Ipu 3TOM MakcumanbHbIe 3HaUeHHs1 Pocdopa HabIOnATUCh
HE B peKax, Brnajaronux B baiikan, a Ha akBaropun AHrapo-Kuuepckoro
MEJIKOBO/Ibsl. B CeBEpHBIX NMPHUTOKAX OTMEUEHHI MOBBIIIEHHBIE KOHIIEH-
TpallMyd aMMOHMIHOTO a30Ta M OPraHWYeCcKOro BEIEeCTBA BO BpeMs MO-
JIOBOJIBSI, YTO CBSA3aHO C MOCTYIJIGHHUEM MX € 3a00JI0YEHHOTO BOIOCOOpa.
[loBbIIeHHBIE KOHIIEHTPALUU OMOTCHHBIX SJIEMEHTOB M OPraHHYeCKHX
BemecTB B p. Tbist 00yCIOBIIEHBI COPOCOM B PYCIIO PEKH XO3SIHCTBEHHO-
OBITOBBIX CTOYHBIX BOI.

K onacHbIM TOKCHKaHTaM, MOMaJAlOLIMM B pycia PeK B Pe3yssTrare Xo-
39HCTBEHHOW JEATENLHOCTH YeNIOBEKa, OTHOCSTCS Tshkenble Metasnl (Fe,
Cu, Zn u ap.). OqHUM U3 UCTOYHHUKOB MOCTYIJIEHUS] MUKPOKOMIIOHEHTOB
(Zn, Pb u mp.) B pexu CeBepHoro baiikana MoxeT sIBIATHCS XOJIOJHUHCKOE
MECTOPOKAECHHE MOTMMETAININIECKUX Py, KOTOPOE B HACTOALIEE BPEMS He
JKCIUTyaTUPYETCs M HAXOUTCSI B 3aKOHCEPBUPOBAHHOM cocTosHUH. Vcere-
JIOBaHUS MOKA3aJlv, YTO B BOAE peK XOJOmHON M ThIsl KOHLIIEHTpALUKU MH-
KpORJIEMEHTOB HE3HAYMTEbHBbIE U HE IMPEBBIIIAIOT MPEAEIBbHO TOMYCTHU-
MBIX KOHLIEHTPALWH 17151 BOZOEMOB PHIOOX03sIUCTBEHHOro Ha3HaueHus [1le-
pedens. .., 2010]. B Bomax Bepxneil AHrapsl copepaHue MeAn COCTaBH-
710 1,26 Mkr/71, yTo HeckonbKo mpesbiano [TJIK s Box ppiOoxo3sicTBeH-
HOTO Ha3HaveHus, cocrapisomed 1 Mxr/n. B Boge p. Penb koHUeHTpamms
mesu Obuta Ha ypoHe [TJIK — 1,05 mxr/in. B Boze 310it peku oTMedeHo 1o-
BBIICHHOE cofepkanue amoMuuus — 39 mMxr/n (mpu [TAK 40 mxr/m).

VYpOBHU KOHLEHTpaLUi He(YTEIIPOLYKTOB B MOBEPXHOCTHON BOZE HC-
CJIEyeMOTo palioHa HHU3KUEe — OT 7 10 18 MKr/i (puc. 2), mpeBbIICHUS
IAK [Ilepeuens..., 2010] mis BOTHBIX 0OBEKTOB PHIOOXO3SIHCTBEHHOTO
Ha3Ha4YeHUs He ycTaHoBleHo. Ha HuwxHeMm yuacTke p. Bepxueil AHrapsl
KOHIIEHTpaLUH HEPTEIPOAYKTOB MOCTEIIEHHO CHIKAIOTCS OT 1oc. Bepx-
Hsis 3aMMKa K YCTBIO. B mpo0ax BoAbI APYTrux CeBepHbIX NPUTOKOB balika-
Jla MUHMMAJbHbIE 3HaYE€HUs] OTMEUeHbI B BoJie pek XonoaHoi n Kuuepa.

Cymmapnble koHUeHTpauun 16 [TAY (mommumkimueckue apoMarmde-
CKHE yIIeBOIOpoabl) u3Mensmuch ot 10 go 156 ur/n. HaunGonee Beicokue
BEJIMUMHBI UHIMBUAYaIbHBIX COEUHEHUI M UX CyMMBI OTMEYEHHI B Be-

282



ceHHuil nepuof. [1oBeIIeHHbIE KOHIIEHTPALUK OTIpesieNieHbl B p. Kuuepa B
maprte (156 ur/m). B yctbe p. Bepxneit Anraps! konuentpamuu [1AY B ne-
puon HaOMIONeHNI N3MEHsIUCh OT 16 o 28 Hr/n. beHs(a)nupeH B peyHbIX
BOZIaX HEe OOHapy»eH, BOJA COOTBETCTBYET I'MI'MEHHMYECKUM HOpPMAaTHBAM
IUTS1 BOZIOEMOB PHIOOXO03SHCTBEHHOTO Ha3HauUeHUsI (110 HaTaHy 4 MKI/I).

MKr/n
20 q

16

12 A

8 -

: 10

0 -

p. Kmqepa p. TeR p. Teig p. Pent

>®r|ouHa>:| AHrapa
B MapT O utonb O okTA6pb

Puc. 2. Konuenrpanuu He)TenpoayKTOB B Bojie IPUTO-
koB CesepHoro baiikana

HccnenoBanne TUHAMHUKKA OaKTEPHOIDIAHKTOHA B TPUTOKAX TMOKA3aJio,
YTO B MOJICTHBIN TIEpHOA (MapT) YHCICHHOCTE TETEPOTPOPHBIX OaKTepHid
konebanace ot 37 no 3984 KOE/mi. MakcuMansHOe BX KonrdecTBo 3984
KOE/mi u 3976 KOE/Mn Habmronanoch B pekax Penb u Teit. Comeprkanme
OKB B Boze p. Penp mocturano 1120 KOE/100 M1, 9T0 TTPEBHIMIAIO TOITY-
CTHIMYTIO HOPMY ISl BOIOSMOB IUTHLEBOTO Ha3zHa4eHUs B 2 pasza [Boma...,
2004]. MakcumambHast YUCICHHOCTD UCCIICTYEMBIX MUKPOOPTaHN3MOB Ha-
Orromanach B JIETHHE MeECAIB! (MIOHB U WIONB), YTO CBSI3aHO C TTOBBIIICHH-
eM Temreparypsl Boabl. KommaecTBo rerepotpodoB B CpefHEM COCTABHIIO
750 x1/M1, TIpA 3TOM MaKCUMAaJTbHBIC TTOKA3aTeNId OTMEUYCHBI B P. XOJIO-
Hoti — 1511 xi/min. Conepskarne OKb B meTHHIA TIepron OBLTO BEICOKUM Ha
Bcex cranmsx (1180—4500 KOE/100 mi), 3HauntensHo mipeBbimast [TJK
JUIL BOZIOEMOB TMHUTHEBOTO Ha3HA4YCHUs. BakHBIM TOKa3aTeneM KadecTBa
BOJIBI SIBJISIETCS COZiep KaHke B Bozie OakTepuii pona Enterococcus, IpucyT-
CTBHE KOTOPBIX B BOJIC YKa3bIBaeT Ha (peKabHOE 3arpsA3HEHNE BOJOTOKOB.
3umoii 6akTepun Enterococcus otMedeHsl B yeTbe p. Torst (92 KOE/100 o)
1 B ycTbe p. Pens (126 KOE/100 mim). B sreTHe-oceHHMI TIEpHOIT MUKPOOP-
TaHU3MBI ATOW TPYIIIHI PETHCTPHUPOBAITUCH BO BCEX PEKax.
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Takum 00pa3oM, BHIMOJHEHHBIC UCCIISIOBAHUS YKA3bIBAIOT HA TO, YTO
W3MEHEHUE KIIMMaTa (MOTeIUICHHE) MOTJIO 00YCIIOBUTh YBEIIMYCHUE CTOKA
p. Bepxueit Anrapel, a Takke APYruX peK, BOAJAIONIUX B CEBEPHYIO KOT-
JIOBUHY, 0COOCHHO B 3UMHHIA IEPHO]I, U, OUEBUIHO, CTAJIO IPUYHHOMN CHH-
JKEHUsI MUHEpaJIU3aluu Boabl. Boabl ceBepHbIX npUTOKOB baiikana nme-
IOT HA3KOE KAUeCTBO 110 CAHUTAPHO-MUKPOOHOJIOTHUECKUM MTOKA3aTeIIsM,
B BOJIC pETUCTPUPYIOTCs OakTepuu pona Enterococcus. Conepxanue 01o-
TeHHBIX AJIEMEHTOB, [TAY 1 He)TenpPOIYKTOB B OCHOBHOM HE TIPEBBIIIIACT
TTAK m1st BOmoeMOB MUTHEBOTO M PHIOOXO3IUCTBEHHOTO Ha3HaueHus. He-
3HAUMTENbHbBIC MIPEBBILLIEHNUS PETUCTPUPYIOTCS AJI1 MEIU B pekax Bepx-
Hss1 AHrapa u Penb.
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ECOLOGICAL CHARACTERISTICS OF TRIBUTARIES
IN NORTHERN BAIKAL AND ANGARA-KICHERA SHOAL

L. M. Sorokovikova, I. V. Tomberg, V. N. Sinyukovich, I. I. Marinaite,
0. S. Pestunova, N. A. Zhuchenko, N. V. Bashenkhaeva, N. P. Sezko

Limnological Institute SB RAS

Long-duration low water level (1996-2015) in the basin of Lake Baikal caused a
decrease in the total inflow into the lake by 20-30 % in comparison with the aver-
age long-term values. Global warming contributed to the increase of water flow
in winter and decrease of water mineralization in the tributaries of the northern
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basin of the lake. Concentrations of nutrients, polycyclic aromatic hydrocarbons
and oil products in river waters did not exceed maximum permissible values
established for drinking and recreational waters. Bacteria of the genus Entero-
coccus were detected in the lake tributaries and due to that and with regard to
sanitary-microbiological parameters the water quality is considered to be poor.

OCOBEHHOCTHU I'MIPOXUMHNYECKOI'O COCTABA
TEPMOKAPCTOBBIX O3EP IIEHTPAJILHOUN AIKYTHUH

M. U. KcenoponrtoBa

Hayuno-uccnedosamenvckuti uncmumym npukiaonou sxonozuu Cesepa
Cegepo-Bocmounozo ¢hedepanvrozo ynusepcumema
um. M. K. Ammocosa, 2. Axymck

B crarbe mpuBeneHBI pe3yabTaThl WCCIENOBAHWN 3aMKHYTBIX W IIPO-
TOYHBIX O3epHBIX cucteM JleHo-AmruHckoro u Jleno-Bumoiickoro
MeXTypedbs. 3aMKHYThI€ 03€pPHBIE CHCTEMBI MPEICTABIAIOT CO00i Tep-
MOKApCTOBbIE, a TPOTOYHBIE CHUCTEMBI — 3PO3HOHHO-TEPMOKAPCTOBBIE
o3epa. B xoze cpaBHEHUS MCCIIEAOBAHHBIX 03€p JIBYX MEXKIypednii BbI-
SIBIIGHO, YTO OOJBIITMHCTBO HCCIEIOBAaHHBIX 03ep JleHo-Bumoiickoro
MeXTypedbs UMEIOT CPETHIOI MHHEpAIN3alnio, HEUTPaIbHYIO U Clia-
OOIIETOTHYIO Cpeay C MATKOH M YMEPEHHO-KECTKOU BOJIOH, IpenMyIIIe-
CTBEHHO T'HAPOKapOOHATHO-KAIBIIMEBO-MarHAEBBIM COCTaBOM. B uccie-
JIOBaHHBIX 03epax JIeHo-AMIHHCKOTO MEXAYypedbsl TOMUHUPYIOT BOIBI
cpeaHel U BBICOKOM MUHEpalu3alluu ¢ peakiuel cpeabl OT HEUTpasib-
HOW /10 TIEIOYHON, OT yMEPEHHO-KECTKUX J0 OY€HB JKECTKUX BOJI C TIpe-
oOmamaHuieM THAPOKapOOHATHO-HATPHUEBO-MarHueBbIX BoA. 1o kimaccy
KadecTBa B HCCIEIOBAHHBIX 03epax JIeHO-AMIHHCKOTO MEXTypedubs 10-
MUHHUPYIOT SKCTPEMaJIbHO 3arps3HeHHbIE (5 KiTacc) M yMEpeHHO 3arps3-
HeHHBIE (3 KJTacc) BOIBI, a B 03€pHBIX Boaax JIeHo-Buimolickoro Mexmy-
pedbsi — yMEepeHHO 3arps3HeHHbIE (3 Kiacc).

Kaxxp1if BooeM BO3HHMKAET U Pa3BUBACTCS B ONPEACICHHOMN reorpa-
¢duueckolt cpene n BzaumoneicTByeT ¢ Heil. Cnennduieckue npupo-
HBIE YCIIOBHSI CO3/IAlOT OTPEACIeHHBIN pexuM Bogoema. B pexnme o3e-
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pa CyLIeCTBEHHYIO pojb UrpaeT opma u pa3Mepsl ero KOTIOBHHBL KoT-
JIOBUHBI 03€p BO3HUKAIOT MOJ ACHCTBHEM psla pa3iUvHbIX (HaKTOPOB,
(dhopmupyromux penbed 3eMHoU moBepxHOCTH [Borocnosekuid, 1960].
ITo knaccudurarmu M. Y. Kupkosa [1983], na Teppuropun Llen-
TpalibHOH SIKyTHM pacmpoCTpaHeHbl TEPMOKAPCTOBBIE, 3PO3MOHHO-
TEPMOKapCTOBbIE, BOAHO-3PO3HOHHBIE U TyKyJIaHOBBIE 03epa (puc.).
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Tunosoruyeckoe paiionupopanue o3ep Llenrpanbnoii SAxkyruu (¢par-
MeHT kapThl . U. ’Kupkosa [Pexu u o3epa, 2007]

TepMokapcToBbIe 03€pa, B CBOIO ouepenb, o C. I1. Kauypuny [1961],
MOJIPa3ACIIAIOTCS HA CIACAYIOLIUE TOATUIIBL:

1. IlpoBanbHble, NIEPBUYHBIE HA JEIOBOM KOMILIEKCE — 3TO B CTa-
U «TBIBIMIIBIY, «IIOCIS», B CTAJUU 3PEIbIX TEPMOKAPCTOBBIX 03€p U
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MOBTOPHO-TIPOBAJIbHBIE (B 3pEIIbIX ajlacax, B MOWMaX KPYITHBIX PEK, Ha
OynryHHsXax, Ha TOp(AHBIX Oyrpax).

2. [pocamounsie (TepMOKapCTOBO-CY(H(HO3UOHHBIC U BO3HUKIIIIE HA
MECTE MOXKAPOB — «KYPYHI-KIOENbY», «KepJIOreH-Kioenby). [Ipocamou-
HBIC 03epa OTIIMYAIOTCSI OT MPOBAJBHBIX THUIIOB MEHBIITUMH TITyOUHAMM,
4TO 0OBSACHICTCS NAICOKITMMATHUECKUMHU YCIOBUSMHU PA3BUTHUS TAHHBIX
03€pHBIX KOTJIOBUH.

IIpoBanbHbIe 03epa JOMUHUPYIOT HA JIeHO-AMIMHCKOM, a IPOCaI0U-
HBI TUIl TEPMOKApPCTOBBIX 03€p — Ha JIeHO-Buirolickom Mexaypeube
[’Kupkos, 1983].

O3epa, OTHOCSIINECS K SPO3UOHHO-TEPMOKAPCTOBOMY THUILY, SIBJISIFOT-
csl, BUIIMMO, Hapsly C TYKyJaHHBIMH, Haubosee ApeBHUMHE B L{eHTpais-
HOH SIKyTuH, O 4eM CBUACTENIHLCTBYET MaKCHMajbHAasi MOUIHOCTH JOH-
HBIX OTIIOXKeHui (10 4,5-5,5m) [2Kupkos, 1983].

TloapasnenstoTcs Ha ABa MOATHUIIA:

1. Teppacoseie Ha II u III Teppacax cpemHux pek (Ipomep3aro-
IIUX BOJOTOKOB) — KOTJIOBUHBI HAXOJSITCS HAa MOBEPXHOCTU TEPpac pek,
CIIO’KEHHBIX BEPXHEUETBEPTUYHBIMU JICAHUKOBBIMU M MEXKJICAHUKOBBIMU
OTIOKEHUsIMU. BrIcoTa CKIIOHOB KOTI0BUHBI 2—4 M, penko a0 10 M. Oio-
SKEHUS — KOPUYHEBBIEC M TEMHOLIBETHBIC TNIMHUCTBIE, MOIITHOCTH 110 80 cM.

2. Teppacossle Ha Il u IV Teppacax KpymHBIX pek (IOCTOSHHBIX BO-
JIOTOKOB) — KOTJIOBUHBI 03€P HAXOASTCS Ha MOBEPXHOCTH PEYHBIX Teppac,
CIOKCHHBIX JICTHUKOBBIMU M MEKJICTHUKOBBIMU OTIOKEHUSIMU CPEIHE-
YETBEPTUYHOTO BO3pacTa. BricoTa CKIOHOB KOTIIOBUHEI 4—6 M, PEIKO A0
10 M u BoIIe. OTI0XKEHUS — PA3IMYHbIC TUIIBI CAIIPOIIENIECH B COUCTAHUU
C WJIaMU DIMHUCTBIMU U TIIMHAMU, 00Iasi MOITHOCTS JI0 4 M.

B oTnnuue oT TepMOKapCTOBBIX 03€P BOAOEMBI TAHHOTO TUIIA TIPOUC-
XOXKJICHUSI OTJMYAOTCS TITyOWHOM U TUIOIIAAbI0 BOAHOTO 3epKaJa.

B 2010-2014 rr. corpyaaukamMu HaydHo-HMcc1e10BaTENbCKOTO HH-
ctutyTa npukiaaHoi sxonorun Cesepa CBDY Obutu ncciie10BaHbI 3aM-
KHYTBIE U IIPOTOUYHBIE O3€pHbIE cucTeMBbI JIeHo-Buitolickoro u Jleno-
AMTHHCKOTO MeKAypeubs (n = 14).

3aMKHYTBIC aJIACHBIC CHCTEMBI COCPEIOTOUCHBI B ADaaxcKoi Teppa-
Ce U dPO3UOHHO-aKKYMYJSITUBHON paBHUHE TIOKSH-TIOHICKOTO amacHo-
ro paiioHa, MPEACTABISIFOT COO0H TepMOKapcTOBbIe o3epa. [Iporounbie
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aJlaCHbIE CHCTEMBbI 3aXBaThIBAIOT TIOHTIONIOHCKYIO Teppacy U ajlIIOBU-
aJbHYIO PaBHHUHY HW)KHErO YpOBHS TIOKSHCKOIO MeCUaHO-TPs0BOTO
paiioHa, UMEIOT 3PO3MOHHO-TEPMOKAPCTOBBIH THII.

I'mppoxumuueckoe omnpoboBanue npousBonmioch cornacio 'OCT
P 51592-2000. Xpanenue npoO ocymecTsisuiack cortacio ['OCT
17.1.5.05-85. TpancrnopTupoBKa Mpod OCYIIECTBIISIIACH B TUIACTUKOBOM
U CTEKJIIHHOM Tape, oOecreunBaromeil ux coxpanHocTs. llpu orGope
npoO BOABI U3MEPSUIMCH TEMIIepaTypa BOAbI, Ta30BbIi cocTaB. JJoHHBIE
omnoxenus: oroupanuck no 'OCT 17.1.5.01-80. Oxpana npuponst. ['u-
npocdepa. O6mume TpeOboBaHMs K 0OTOOPY P00 JTOHHBIX OTIOKEHUH BO-
JTHBIX OOBEKTOB JIJIsl aHAJIN3a Ha 3arPsI3HEHHOCTb.

[IpoObl 03epHBIX BOA AaHATM3MPOBAIM B JIA0OPAaTOpUH  (HU3UKO-
xumuueckux Metonos aHannsza HUUIIDOC CBDY ¢ noMous0 METOLOB
MNOTEeHIMOMETPUH, THTPHUMETPUHU, aTOMHOW abcopOLMM, KamMUIIPHO-
ro anekTpodopesa, GayopuMeTpuu U rpaBuMeTpun. Beero onpeneneHo
48 ruAPOXUMUYECKUX MTOKA3aTeIeH.

OCHOBHBIE XapaKTEPUCTUKN XMMHUYECKOTO COCTaBa MCCIEI0BaHHbBIX
03EPHBIX BOJI C YPOBHEM IPEBBILIEHUS HOPMATHBOB NPEAEIbHO JOMY-
CTUMBIX KOHLIEHTpaluil (HI[KBP) JaHbl B Ta0. VIOHHBIHM cocTaB 03epHBIX
BOJ IpezicTaBieH no knaccudukanuu O. A. Anekuna [1953].

B xone cpaBHeHMsI HCCIEI0BAHHBIX 03€p JBYX MEXypeunil BISIBIECHO,
4TO OOJIBIIMHCTBO HMCCIIEA0BAHHBIX 03ep JIeHO-BUiroicKoro Mexypeybs
MMEIOT CPEIHIOI0 MUHEPAIU3ALIIIO, HEUTPAJIbHYIO U CIa00IIENIOUHYIO Cpe-
Iy C MATKOH M yMEpEHHO-KeCTKoi Bomoi. OTiiyaercst 03. XamIia ¢ BbICO-
KO MHUHEpAJIM3alMe, O4EHb JKECTKOM BOJOW. B MOHHOM cocraBe ucciie-
JIOBaHHBIX 03ep JleHo-Bumoiickoro Mexypeubsi JOMUHUPYIOT THIPOKap-
OoHaThl, KAIbLMIA 1 MarHuid. KoHIeHTpauuyn XJI0pHaOB, HATPUS, Kaaus U
Cy/nb(haToB OYEHb HU3KHE U HE TIPEBBIIAIOT 5 % OT CyMMBI HOHOB.

B uccnenoBannbix o3epax JIeHO-AMIMHCKOTO MEXAypeubsl BCTpe-
YaroTcsl BOABI CPeIHEN M BBHICOKOW MHMHEpaJIM3allii, MPEeUMYIeCTBEH-
HO €O ILEJOYHOM peakiueil cpeabl 1 yMEPEHHO-KEeCTKOM U OYeHb JKeCT-
KO Bozoi. B MOHHOM cocTaBe npeodnagaroT TuApoKapOOHAThI, MarHUH
u Hatpui. Jlons xJI0punoB u Cynb(haToB BHICOKAs B 03€pax C TEPMOKap-
CTOBBIM THIIOM KOTJIOBHMHBI. KOHIIEHTpanus Kanblinsl B UCCIEAOBAHHBIX
03EPHBIX BOJaX HE3HAUUTEbHA.
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Pe3yJ'leaTbI CPAaBHUTECJIBHOI'0 aHAJIU3Aa 03€pP ABYX Me)lcz[ypelmﬁ

Jleno-Buuiolickoe Mextypeube

Jleno-AMruHckoe MexIypeube

Toxsin-Tioneckutl anacHolil

Twn KOTIOBHHBL:
— TepMOKApCTOBBII (n = 2)

XUMHUYECKHI COCTaB:

— CpeaHsIst MUHEPATH3aLus

— cnabomienodHas cpena

— YMEpEHHO-KECTKast BOJa

— TUIPOKAPOOHATHO-KAIBIINEBBIN
— TUIPOKAPOOHATHO-KAJIBIINEBO-
MarHueBBIA

[IpeBbleHnss HOPMAaTUBOB H}IKBP:
— Mezb

— Mapraser

— JKeJe30

Kitacc xauecTtBa BOx:
— YMEpEHHO 3arpsi3HeHHbIE 3 Kiace (n = 2)

Abanaxckas meppaca

Trn KOTIIOBHHBEL:
— TepPMOKapCTOBEIH (n = 2)

XUMHUYECKUH COCTaB:

— MOBBIIIEHHAS U BHICOKAS] MUHEPAIIH-
3arus

— crabomenouHas 1 meIouHas cpena
— YMEPEHHO-)KECTKasl ¥ OYEHb XKECTKast
BOZIA

— TUAPOKAPOOHATHO-MarHUEBO-
HaTpueBast

[IpeBbllIeHUst HOPMAaTUBOB HI[KBP:
— MarHui

— HaTpuil

— HUTPHTHI

— MHUHEpaIu3aLus
— KECTKOCTb

— HUKEJb

— Melb

— cynbgarst

— JKeJe30

— Maprasern

Tur KOTJIOBUHBI:
— 3PO3MOHHO-TEPMOKAPCTOBBIN (n = 4)

XUMHUYECKUI COCTaB:

— CpEaHssl MUHEpaTU3aIHs

— HelTpanbHas U IeNoYHas cpeaa
— YMEpeHHO-KeCTKasl BOjia

— TUAPOKAapOOHATHO-MAarHUEBO-
KanblueBas

[Ipesbimenus nHopmarusos 111K :
Bp

— HUTPHTHI

— Melb

— MOH-aMMOHHUS

— KpeMHUH

— JKeJe30

— Maprasern
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IIponoskenue Tadu.

Jleno-Buoiickoe Mexaypeube

Jleno-AMruHcKoe MexIypeube

Troxkanckuil necuano-eps008ulil

Tur KOTIOBUHBL:
— 3PO3UOHHO-TEPMOKAPCTOBBIH
(n=3)

XHUMHUYECKUI COCTaB:

— OT Cpe/iHEl /10 BBICOKOI MUHEpa-
TH3ALIN

— HeWTpanpHas 1 caaboIenouHas
cpena

— MSATKast ¥ O4EeHb XKECTKast BOAA

— rHAPOKapOOHATHO-KAIBIHEBBII
— rEAPOKapOOHATHO-MAarHUEBbIH

[Ipebimnenus nopmarusos 111K :
Bp

— MeIb

— Mapraser

— obuiee xkene3o

— MarHui

— MOH-aMMOHUS

— JKECTKOCTh

Kiacc kauectBa BoI:

— cimabo3arpsi3HEHHbIE 2 KI1ace
(n=1)

— YMEPEeHHO 3arpsi3HeHHbIe 3 Ki1acc
(n=1)

— rpsassble 4 xnace (n=1)

Knacc xagectsa Box:

— cnabo3arpsi3HeHHbIe 2 Kinace (n = 1)

— YMEpeHHO 3arpsi3HeHHbIe 3 knace (n = 3)

— 9KCTPEMalIbHO 3arps3HeHHbIe 5 Ki1acc (n = 2)

Tionzronionckas meppaca

Tun KOTIOBHHBI:
— TepPMOKapCTOBBIi (n = 2)

XUMHYECKHI COCTaB:

— OT CpeAHell 10 BBICOKON MHUHEpaIn3aluu
— OT HEHTpaJIbHOH [0 IEJI0YHOM Cpenbl

— OT YMEPEHHO-KECTKOM J10 0YEHb JKECTKOU
BOJbI

— TUIPOKapOOHATHO-MAarHUEBO-HATPHEBas

[IpeBsbieHns HOpMaTUBOB HIIKBP:
— Maraui

— HaTpHUi

— HUTPHTHI

— MUHEpann3anus
— JKECTKOCTh

— Melb

— cynbdarbr

— JKeJe30

— Mapraser|

— KaJui

Ty KOTJIOBHHBI:
— 9PO3MOHHO-TEPMOKAPCTOBBIH (n = 3)

XUMHYECKHI COCTaB:

— CpeHsIsl MUHEpATH3aLus

— HeHTpanbHas U IIEeI0YHas cpeaa

— YMEpEeHHO-KeCTKast BOJa

— TUIPOKApOOHATHO-MAarHUEBO-KaIbIIHEBast

[Ipesbienns Hopmarusos 11K :
Bp

— Mezb

— Mapraser

— JKeJe30
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OxoHyanue Ta0J1.

Jleno-Bunrolickoe Mexxypeuse JleHo-AMIUHCKOE MEXKypeube

Krnacce kauectBa Box:

— ycnoBHO yncThie 1 kimace (n = 2)

— cnabo3arpsi3HeHHbIe 2 kinace (n = 1)

— BKCTpEMaIbHO 3arpsa3HeHHbIe 5 kaace (n = 2)

[IpeBbllieHHs HOPMATHUBOB HI[KBp B HCCIICAOBAaHHBIX BOAAaX 03€p
Jleno-Buitroiickoro Mexypeubsi HaOMOMAOTCs B OCHOBHOM TIO JIUTO-
(bMIIBHBIM 3JIEMEHTaM: Mellb, Mapraseir, xkene3o0. Cojepxanue OUOTEH-
HBIX DJIEMECHTOB HE3HAYUTEIbHOE, JIMIIL B 03. MalIrbIK OTMEYACTCs He-
0O0JIBIIIOE MTPEBBIIIICHNE H,Z[KBp 110 MOHY-aMMOHHUSI.

B uccnenoBanubpix o3epax JIeHO-AMIMHCKOTO MEXKIYypeubsl MPEBBI-
LICHUS] HOPMAaTUBOB HI[KBp OTMEYAIOTCSA 110 BEJIMYMHE MUHEPATIU3ALUU U
JKECTKOCTH, a TAKXKe MO TNIABHBIM MOHAM (MarHui, Kajaui, HaTpUi, Cyib-
(harer). Kpome Toro, npeBbIIIIeHHsST HOPMATHBOB BCTPEUAOTCS 110 OUOTEH-
HBIM 3JIeMEHTaM (HUTPUTHI, KDEMHHUH ) U MUKPOJIEMEHTaM (HUKEIb, Map-
raHelr, kejae30, MeJib).

[lo kyaccy kauecTBa B MCCIEIOBAHHBIX O3epax JIeHO-AMIHHCKOTO
MEXKIypedbs MPeoONIaIaloT IKCTPEMAIIbHO 3arpsi3HEHHBbIE (5 Kiacc) u
YMEpEHHO 3arpsi3HeHHbIE (3 Ki1acc) BobL. B viccieioBaHHBIX 03€pHBIX BO-
nax Jleno-Bumroiickoro Mextypedbst peoOaiatoT BOJIbI 3 Kilacca — yMme-
PEHHO 3arpsi3HEHHBIC.

Bo3moxkHO, UTO paznuuusi B XUMHUUYECKOM COCTABE O3CPHBIX BOJ CBSI-
3aHbI C JIMTOJIOTHEH ClIAraroliyX MOpoJ, a TAKXKE TUIIOM O3€pHOM KOTIO-
BUHBL. [loaTOMYy HEOOXOAMMBI MATLHEUIIINE UCCICIOBAHUS ISl BBISBIIC-
HUS 0COOCHHOCTEH POPMUPOBAHUS XUMHUECKOTO cocTaBa Boj o3ep LleH-
TpasbHOH SKyTHH.
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FEATURES OF HYDROCHEMICAL COMPOSITION
OF THERMOKARST LAKES IN CENTRAL YAKUTIA

M. I. Ksenofontova
North-Eastern Federal University named after M. K. Ammosov

The article presents the findings of the research carried out at the closed and flow
lake systems of Lena-Amginsky and Leno-Vilyuisky interfluves. Closed lake sys-
tems are thermokarst lakes and flowing systems are erosion-thermokarst lakes. Dur-
ing the comparison of the two studied interfluvesit was found that the majority of the
studied lakes in the Leno-Vilyuisky interfluve have an average mineralization, neu-
tral and slightly alkaline pH with mild to moderately hard water mainly of bicarbon-
ate-calcium-magnesium composition. As for the studied lakes of the Lena-Amgin-
sky interfluve, medium and high water mineralization with a neutral to alkaline pH
with moderately hard to very hard water with predominance of bicarbonate-sodi-
um-magnesium waters are typical of them. According to the quality class, extreme-
contaminated (class 5) and moderately polluted (class 3) waters dominated in the
studied lakes of the Lena-Amginsky interfluve while moderately polluted (class 3)
waters dominated in the studied lakes of the Leno-Vilyuisky interfluve.

BJIMAHUE OPTAHUYECKUX U BUOI'EHHBIX BEHLIECTB
HA KAYECTBO BOJbI MAJIBIX PEK (HA IIPUMEPE
HHPUTOKOB NBAHBKOBCKOI'O BOJOXPAHUJIMNIIIA)

E. A. YekmapeBa
Hnemumym 600usix npoorem PAH

Brusinue oprannyeckrnx M OMOTEHHBIX BEIIECTB HA KaY€CTBO BOZBI Ma-
JIBIX PEK IIPENCTABIECHO HA IPUMEpE MPUTOKOB MIBaHBKOBCKOIO BOJOXPA-
Humma. puponnsie ycnoBus GopMUpPOBaHHUA PEYHOTO CTOKA MaJIbIX
PEK CIIOCOOCTBYIOT HACBIIIIEHHUIO TOBEPXHOCTHBIX BOJI MaJIbIX BOJJOTOKOB
COEIMHEHUSIMU OPraHU4eCKOrO IPOUCXOXKACHUS. BeneacTue aHTpono-
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TEHHOM NEeSTEIHHOCTH YEIOBEKA B PEUHBIC BOJBI MMOMAAACT 3HAYUTEIIb-
Hasl 4aCcTh OMOTEHHBIX BEUIECTB — a30Ta U Gocdopa.

Nzydenue mpocTpaHCTBEHHO-BPEMEHHOW M3MEHYMBOCTH OCHOBHBIX
THAPOXMMHYECKAX XapaKTePUCTUK MallbIX TPUTOKOB BaHBKOBCKOTO
BOJIOXpaHMIMILA NpoBeaeHo 3a nepuog ¢ 2009 o 2014 r. B paznuuHble
ce30Hbl. Ocob0e BHUMaHUE YIEIOCh TMHAMIKE OPTaHMYECKUX U OHO-
TFEeHHBIX BEIIECTB.

HUccnenyembie mputoku MBaHbKOBCKOTO BogoXpaHmmiia: J{oitOura,
Honxoska, Opmra, Co3b, Cy4ok (Tabm. 1).

[lepeuncnennpie peky BIaAar0T B VIBaHEKOBCKOE BOIOXPAHMIIAIIE —
MEJIKOBOJHOE BOAOXPAHMIIUINE PyCIIOBOTO THTA TuTomaapio (mpu HITY
124,0 m) 327 km?, qiuHo# 127 kM 1 iomaasio Bogocoopa 41 000 km?
(puc.). B 30He BIUSHUS TIOAIIOpPa, CO3/1aBAEMOTO BOIOXPAHMIIHIIEM, TH-
JPOJIOTUYECKUH U TUAPOXUMHUYECKAN PEKUMBI PEK aHAIOTUYHBI PEXKU-
MaM BozoxpaHunuia [Ipuropsesa u np., 2000].

Taoauna 1. OcHoBHBIe MOpoMeTPpHYEeCKHE XaPAKTEePUCTHKH MAJIBIX NPH-
TOKOB IBAaHBKOBCKOI'0 BOIOXPAHUJIMIIA

Jimna [Mnomane | CpenHeronoBoit
Pexa KL KM BOIOCOOpA, | pacxof BOIBL, Hctok/ycTre
pekH, KM? M3/c

Joiibuma 24 192 1.25 MockoBckas 0011., . 3axapoBo/
mp. O6eper UB. Baxp.

JlonxoKa 27 158 1,03 MockoBckast 0011., MoxoBoe 00-
noto/mp. 6eper UB. BIxp.

Opua 7 759 5.0 Teepckas 00:1., 03. OpiirHO/
neB. Geper UB. BIxp.

Cosn 34 575 3.7 Teepckas 00:1., 03. Bemukoe/
neB. Geper UB. BIxp
Teepckas 00:1., 6010TO 2-€

Cyuox 17 >8.3 0,38 MoxoBoe/mip. 6eper UB. BIxp.

XHUMHUYECKUI COCTaB PEYHBIX BOJ IEPEMEHYUB BO BPEMEHU U MPO-
CTPAHCTBE M OTJIMYAETCS PA3JIMUHBIM COJECPKAHUEM OPraHUYECKHX,
OMOTEeHHBIX BEIIECTB M (POPM MX HAXOXKACHUS (PACTBOPEHHBIX U B3BE-
IIEHHBIX, OPTaHWYECKNX M MHUHEpaJbHBIX). /laHHBIE HaOMIOACHUH 3a
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npoleccamMy, BeIyIIUMH K HAaKOTIJICHUIO MJIM OCBOOOXKACHUIO OpraHu-
YECKUX M OMOTeHHBIX BELIECTB B BOJOEMaX M BOJOTOKAX, IOMOTYT Cle-
JaTh 3aKJIIOYEHUE O COAEPKaHNU UX B BOJHBIX DKOCUCTEMAX, MOITHOTE
U XapakTepe LUUPKYJSALUH, 0JIe MOCTYIUICHNsI C BOOOCOOPHOH TeppH-
TOPUHU U € MOA3EMHBIM CTOKOM U T. A. Brianast B KpynHbIif BOgoeM Uiu
BOJIOTOK, CTOK MaJjlOl PEKH BIHIET Ha OOLIYyI0 KOHLUEHTPALHUIO Oopra-
HUYECKHX U OMOTEHHBIX BELIECTB B BOJOEME, B OCOOCHHOCTH B IPH-
YCTBEBBIX ydyacTKax. V3MeHeHHue colepaHHWs OPTaHUYEeCKUX U OHo-
TE€HHBIX KOMIIOHEHTOB IO TEUEHUIO PEKH CBSI3aHO C BIUSHUEM MPUPOJI-
HBIX YCJIOBHH, a TaKXe C aHTPOIOT€HHBIM BO3/IEHICTBHEM paccpesoTo-
YEHHBIX ¥ TOUEUHBIX UCTOUHHUKOB 3arpsi3HEHMUSL.
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KapTa-cxeMa MaJBbIX IPUTOKOB HNBaHbKOBCKOTrO BOAOXPaHU/JIHNIIA

IToxazarens BIIK (6moxmmudeckoe moTpediIeHne KUCIOpona) AaeT
KOJINYECTBEHHYIO OLICHKY COZIEPIKAaHHS JISTKOOKHCIISIOIINXCS OpraHuye-
ckux BeulecTB [Hukanopos, 2008]. Bricokue 3HaYeHUs] CPEAHETOJOBO-
ro BIIK, (Ta6n. 2) ormeuensl B pekax Opmua u Cosp B 2011 1., uTo cBsA3a-
HO C BBIMBIBAHHEM OPTaHWYECKOTO BEIECTBA C BOIXOCOOPHON TUIOMIAIH
(6omoto OpmruHCKHUit MOX). [loOBBIIIEHHBIE 3HAYEHUST OTMEUYAIOTCS TaKKe
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Ha yuactkax: p. Cy4dok — 1. ['opbackeBo, p. JlonxoBka — . KonakoBo, 4To
CBSI3aHO CO COPOCOM CTOYHBIX BOJI B HACEJICHHBIX ITyHKTAX.

CpenHeronoBast IIBETHOCTh BOJIBI (Ta0I. 2) B mpuTOKaxX MIBaHEKOBCKO-
r0 BOIOXpaHWIUIIA U3MEHseTCs B mpenenax ot 66 go 304 rpaxa. Pt-Co
nikauibl. Hanbonpmmu mokasartelisiMy IIBETHOCTH 00afaroT pexu Opiia
u Co3b, umerorniue 00JIOTHOE MUTaHUe. B eproji MHTCHCUBHBIX JIOK/ICH
BEJIMYMHA [IBETHOCTU PE3KO BO3PACTACT, U3-32 BHIMBIBAHUS TYMYCOBBIX
BEILIECTB U3 MOYB U OOJIOTHEIX MACCHBOB.

CpenHerooBbie 3HAYCHUS IEPMaHTaHATHOM OKUCIIIEMOCTH (Ta0II. 2)
B MpuUTOKax VBaHBKOBCKOTO BOJOXPAaHWJIMINA M3MEHsSOTCS OT 14,1 1o
44,0 mr O/n1 1 KOPPENUPYIOT C U3MEHEHNUEM LIBETHOCTH.

Tabauua 2. CpeaHerogoBble MOKAa3aTeJH COAEP:KAHHS OPraHHUYECKOro
BelleCTBAa B BOJle MAJILIX NPUTOKOB MBaHLKOBCKOI0 BOJOXPaHUJIHINA
B 2009-2014 rr.

Bomorok | 2009r | 2010 | 2011k | 2012 [ 2013k | 2014r
BIIK,, mr O/mm*
Joiibuna 6,7 1,2 2,0 1,8 2,9 3,3
JloHx0BKa 3,6 1,6 9,7 1,9 2.7 3,3
Opiira - 1,6 15,7 1,3 1,9 1,4
Co3p — 2,6 15,6 2,0 2.4 3,1
Cydox - 1,8 8,7 2,9 2,4 3,1
IO, mr O/nm?
Jotibuma 14,3 21,4 21,4 22,8 18,2 15,7
JlouxoBKa 15,4 18,2 19,0 21,9 28,8 15,5
Opia 27,7 37,3 26,8 44,0 44,0 25,9
Co3b 36,3 31,8 29,1 39,6 33,6 30,6
Cyuoxk 14,1 18,7 28,7 40,7 23,4 28,4
I{BetHOCTD, rpas, Pt-Co mikansl
Joibuma 129 188 156 124 151 89
JlouxoBka 75 111 104 104 181 66
Opia 175 304 158 244 250 133
Co3b 190 304 158 180 204 141
Cyuox 69 116 127 216 153 153

Coz[epxcaHHe OTACIIBHBIX (I)OpM a30Ta CHJIBHO MCHSCTCS IO CE30HaAM
roJia ¥ 3aBUCHUT OT pa3dBUTHU BOAHBIX OPraHU3MOB U paCTCHI/Iﬁ, ITOJTHOTBI
1 XapaKkTepa NUPKYIIALUA BOABI B BOAOCMC, ITOCTYIIJICHUA a30Ta U3 T'PYH-
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Ta, MPUTOKA €ro ¢ BogocOopHoro OacceliHa u T. 1. [Yexmapesa, 2012].
CpenHeronoBble KOHIEHTPALMU HOHOB aMMOHUS B PEYHBIX BOAAX U3Me-
garorea ot 0,26 no 4,41 mr/am?. MakcuMallbHble 3HAYEHUS OTMEUYEHBI
B 2013 . B p. [louxoBke. CpenHEerojoBble KOHIEHTPAIU HUTPUTOB B
MOBEPXHOCTHBIX BOIAX MaJIbIX MPUTOKOB HE3HAUYNUTEIBHBI U COCTABIISIIOT
0,013-0,096 mr/am?. CpeiHErofoBbIe KOHIIEHTPAIIMHA HUTPATOB U3MEHSI-
fotest ot 0,071 mo 13,08 mMr/aM?, ©x MakCHMabHbIE KOHIIEHTPAIUU 3a-
(ukcupoBansl B Bozie p. Joibums: B 2013 1. (Tadm. 3).

CymiecTBeHHas 4acTh NEPEHOCUMBIX peKaMH coennHeHui docdopa
MOCTYIAEeT CO CTOYHBIMU KaHaJM3alMOHHBIMU BOAaMu. BecenHue BobI
Ooratel coenuHeHusIMH (ocdopa, 4To OOYCIOBICHO CEIHCKOXO3SH-
CTBEHHOW OCBOEHHOCTBIO BOJOcOOpHOH miomanu. CoaepikaHue oo1e-
ro pacTBOpeHHOro Qochopa yBennuuBaeTcs B KapKUe U MaJlOBOJHbIC
ronel. Ocenblo conepkanue Gocdopa B peuHbIX BOJaX yMEHbILIAECTCS, a
3uMoii hocdop mocTymnaet, B OCHOBHOM, CO CTOYHBIMU BoaaMu [Yekma-
peBa, 2012].

Tabauna 3. JIlnHAMHKA CpPeIHEeroAoBbIX KOHLIEHTPANUHA MHHepPaJbHbIX
dopm azora (Mr/mm®) B MOBEPXHOCTHOM CJI0€ BOAbI MAJbBIX NMPUTOKOB
HNBanbkoBckoro Bogoxpanuiauma B 2009-2014 rr.

Bomorok | 2009t | 2010 | 2011 | 2012 | 2013r | 2014r
AMMOHUITHBIN a30T
Jloi6uiia 0,62 0,59 0,45 0,74 0,89 1,14
JloHxoBKa 0,26 0,48 0,41 0,57 441 1,06
Opua 0,71 0,37 0,54 0,84 1,8 0,71
Co3p 0,73 0,88 0,52 0,84 1,75 1,0
Cyuok 0,46 0,45 0,86 0,75 1,35 1,27
Hurparst

JloiiGuia 1,62 3,35 3,38 5,47 13,08 | 2,12
JIOHXOBKa 1,68 2,42 3,08 4,97 1,19 0,84
Opima 1,91 2,01 2,74 2,46 1,5 1,11
Co3p 5,39 0,95 4,18 2,43 0,71 1,06
Cyuox 2,04 1,66 1,37 2,59 1,35 0,98

CpenHeronoBble KOHIEHTpaluu obmero ¢ocdopa B mepuox Ha-
omonennii m3mensutuch ot 0,034 (p. Coss, 2009 1) mo 0,359 mr P/am?
(p. HonxoBka, 2013 r.). MuHuMasIbHbIE KOHLEHTPAIMH PACTBOPEHHOTO
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MUHEpaIsHOTo hocdopa oTMedeHbl B p. Co3b, MAKCHMATbHBIC — B PEKax
JouxoBka u [loiibuia (Tadmn. 4).

Hanuyrie BeecTB OPraHnIeCckoro MPOUCXOKICHUS B MAJIBIX MIPUTO-
kaX MBaHBKOBCKOTO BOJOXPAHWIIUIINA MOXXHO OOBSICHUTH TPHUPOIHBIMU
PETHOHATBHBIMU OCOOCHHOCTSIMH, & UMEHHO: HAJTUYHUEM OOJIBIIIOTO KO-
JYECTBa OOJIOT U JIECOB Ha BOAOCOOPHOM TUIOIIAIN PEK, AHTPOMOTCH-
HBIM BIUSIHHEM B pafOHe HACEICHHBIX MyHKTOB. [TOBBIICHHOE COAEP-
JKQHWE OPTaHWKU SIBJISCTCS MPEMATCTBHEM K HCIOIb30BAHHIO PEUHOM
BOJIbI B MUTHEBBIX U XO3IHCTBEHHO-OBITOBBIX IIETISIX.

BroreHHblie BellecTBa MOMANAIOT B BOAY B PE3yJIBTaTe BHIMBIBAHHSI
W3 MOYBEHHOTO TOKPOBa (a30T), BBINICTAYUBAHHS M3 OCAJTOYHBIX IO-
pox (docdop), mocrynaroT ¢ arMochEpHBIME OCaJKaMHu (a30T) U B pe-
3yJBTaTe JKU3HEICSITEIBHOCTH BOAHBIX OPraHU3MoB (a30T u dochop),
a TaKXKe C 3arps3HEHHBIMHU CTOYHBIMH BOJAMHU C TEPPUTOPUHU HACEIICH-
HBIX TYHKTOB, MPOMBIIUICHHBIX M CEIbCKOXO3SHCTBEHHBIX OOBEKTOB.

Tabauna 4. /IluHAMHKAa CpPeIHErofA0BbIX KOHIEHTPALMI PacTBOPEHHBIX
dopm pochopa (Mr P/am’) B MOBEPXHOCTHOM cJ10€ BOIbI MAJIBIX MIPUTOKOB
HNBanbkoBckoro Bogoxpanuiauma B 2009-2014 rr.

Bomorok | 2009r | 2010r | 2011 [ 2012k | 2013r | 2014¢
PactBopenHsbIi MUHEpanbHBIN Gochop
Jloii6uiia 0,027 | 0,046 | 0,047 | 0,072 | 0,061 | 0014
JloHxoBKa 0,022 | 0,050 | 0,047 | 0,073 | 0,075 | 0,032
Opua 0,035 | 0038 | 0044 | 0,048 | 0051 | 0,046
Co3b 0,014 | 0,006 | 0010 | 0012 | 0012 | 0,011
Cyuok 0,02 | 0021 | 0018 | 0,047 | 0,052 | 0,060
PacTBopennsIii 06muit hocdop

Jloii6uiia 0,049 | 0320 | 0,090 | 0,129 | 0,141 | 0280
JloHx0BKa 0,047 | 0285 | 0,080 | 0,108 | 0359 | 0,283
Opua 0,07 | 0234 | 0077 [ 0,105 | 0116 | 0228
Co3b 0,034 | 0,090 | 0034 | 0051 | 0,067 | 0,125
Cyuoxk 0,05 0,159 | 0054 | o116 [ 0,135 | 0312

OnHako coliepkaHnue OMOTEHHBIX BEIECTB B PEYHBIX BOAAX PETYIUPY-
€TCsl BBICILICH BOJIHOW PacTUTEIHHOCTHIO, QUTOTUIAHKTOHOM M OaKTepH-
SIMH, JJTI Pa3BUTHS M POCTa KOTOPBIX He0OX0mUMEI a30T u hocdop. [1po-
[ECC CAaMOOYHIIIEHUS] PEYHBIX BOJ| C MOMOIIBIO BBICIICH BOJHON pacTH-
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TEJILHOCTH OT BBICOKOTO COJep KaHuUs OMOTEHHBIX BEILIECTB 0COOCHHO 3a-
METEH Ha y4acTKaX MajbIX PeK C 3aMeUIEHHBIM BOZOOOMEHOM U BBICO-
KOW aHTPONOTr€HHOM Harpy3kol (Hanpumep, p. JlonxoBka B ycTbe, I. Ko-
HaKoBO). Hy)kHO OTMETUTh, UTO OpraHMYecKHe U OMOTEHHbIE COeANHE-
HUSI HECTAOWJIBbHBI, OJHU COCAMHEHHS MMOCTOSHHO TPaHC(HOPMUPYIOTCS
B Apyrue. BaxxHas 3ajaya B M3y4eHUH BIMSHUS OPraHUYECKHX M OHO-
TEHHBIX BEIIECTB HA KAYE€CTBO BOABI MAJIOH PEKU — 3TO OLIEHUTH CIOCO0-
HOCTb BOJIOTOKA K CAMOOUYHULICHUIO.
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THE INFLUENCE OF ORGANIC AND NUTRIENT LOADING
ON THE WATER QUALITY OF SMALL RIVERS (THE TRIBUTARIES
OF THE IVANKOVO RESERVOIR AS THE EXAMPLE)

E. A. Chekmareva
Water Problems Institute of RAS

The paper deals with the influence of organic and nutrient loading on the wa-
ter quality of small rivers with the tributaries of the Ivankovo reservoir as the
example. The natural conditions of small rivers runoff formation contribute to
the saturation of surface waters of small streams with compounds of organic
origin. Due to the anthropogenic activity, a significant portion of the biogenic
substances such as nitrogen and phosphorus get into the river water.
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BO3MOXHOCTHU OHEHKU COAEPXKAHUS ABTOXTOHHOI'O
N AJIVIOXTOHHOI'O OPTAHUYECKOI'O BEILIIECTBA
B ITIPUPOJHBIX BOJAX C UCITOJIB3OBAHUEM
X OTVIMYUTEJBHBIX IPU3HAKOB

M. B. 300koBa
Hnemumym 6oonvix npoonem Cesepa KapHIL] PAH

B pabote paccMOTpeHBI BO3MOXKHOCTH HCIIONB30BAHUS OTIUUNTEIHHBIX
MIPU3HAKOB aBTOXTOHHOT'O ¥ AJUIOXTOHHOTO OPTaHU4€CKOro BEIECTBA JISL KX
KOJIMYECTBEHHOM OLIEHKH. YCTAHOBJIEHO, UTO B CBSI3U C MOCTOSIHHOW TpaHC-
(dopMarireit OpraHMIeCKUX BEIIECTB B BOJAHBIX 00BEKTaX HEBO3MOKHO HC-
TOJIb30BaTh OTIIMYUTENIbHBIE PU3HAKK aBTOXTOHHOTO U aJUIOXTOHHOTO Op-
TaHUYECKOTO BEUIECTBA /ISl ATUX Lieeid. [0 HUM MOXKHO CYIUTh TOJIBKO O
Tpeo0IIaJaHuy TOM WM MHOM TPYIITIHI BEIECTB HA KAYECTBEHHOM YPOBHE.

Opranmnyeckoe BemectBo (OB) mpuponHbIX BoA, SBISSICH HEOThEMIIE-
MOH 4acThIO BOJHBIX OOBEKTOB, BOBJICUEHO B PA3JIMYHbIC BHYTPHUBOIOEM-
HBIE TIPOLIECCHI, K OHO TEM CaMbIM OTPaXKaeT (PYHKIMOHHUPOBAHUE BOIHBIX
aKocucTeM. OB mpupoaHbIX BOJ NPECTaBIsET COOOH CIOKHYIO CMECh M3
OTPOMHOTO YUCJIa UHVBHUYAIBbHBIX COETUHEHUM Pa3IU4HOIO MPOUCXO-
JKAEHUS. U CTPOEHMSI, KOJTMYECTBO KOTOPBIX B BOJAE MOXKET 3HAUUTEIBHO
pa3HUTHCS.

B 3aBucuMoctu oOT ucTouHMKa mpoucxoxkaeHus OB  npupomHbIx
BOJl MOZIPA3ZAENSAIOT Ha JIBE TPYMIIbl: aBTOXTOHHOE M ayutoxToHHoe. [lep-
Boe oOpasyeTcss B CaMOM BOJOEME 3a CYET MPOTEKAHWSI NPOLYKIIMOHHO-
JECTPYKLMOHHBIX MPOLIECCOB U MPEACTABICHO OMOXUMUYECKH JIETKOOKHC-
JSIEMBIMU COCIMHEHUSIMH (YIIIEBOAAMH, JIMIMAAMH, OEKaMy | Jp.), a BTO-
poe TOCTyIaeT B BOAOEM C BOIOCOOPHOI TEPPUTOPUHIHI U CO CTOYHBIMH BO-
nmamu. [Ipuponnoe annoxronHoe OB npezcTaBieHo COETMHEHUAMH TyMYy-
COBOI MpUpPOABI (TyMHUHOBBIMH U (DYJIbBOBBIMHU KHCJIOTAMH M HX COJISMH).
BoznHbie 00bEKTBI MOTYT 3HAYUTENIBHO PA3INYaThCs 110 COIEPIKAHUIO aBTO-
XTOHHOTO U ayutoxToHHoro OB. Hanpumep, OB mopeii 1 okeaHoB rpeicTas-
nieHo OoJblielt yacTero aBToxToHHBIM OB [PomankeBuy, Betpos, 2013], a B
MOBEPXHOCTHBIX BOAHBIX 00BEKTaX MpeodagacT alIOXTOHHOE 3a CUeT To-
CTYIUICHHUSI TYMYCOBBIX BEILECTB, €r0 COACPKaHUE MOKET COCTaBISITH 0O-
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nee 90 % [Thurman, 1985; McKnight, Aiken, 1998]. 3yuenne aBToXTOH-
HOTO ¥ aUI0XTOHHOTO OB B MPUPOIHBIX BOAAX MPEICTABISCT HAYYHBIA U
MPAKTUYECKUI UHTEPEC, XOTS U CBA3aHO C OOJIBIIIUMU TPYAHOCTSIMHU.

JIJ1s KOMMYECTBEHHOW OILIEHKU COJCPKAHHS ABTOXTOHHOTO W aJlio-
xroHHOro OB ObLIa pa3zpaborana GU3NKO-XUMUYECKAsT METOIMKA, OCHO-
BaHHas Ha paszaencHur OB nmpupomHbIX BOJ HA COCTABIISIOIINE a/ICOPO-
Uel Ha JUATUIAMHUHOATUINEIUTRoN03e (JIDAD-nemono3a) B AuHaMu-
gyeckoMm pexume [Jlozouk, Mycaroa, 2013]. CrneuuanbHO OA00paH-
HBIC YCJIOBUS U PEXKUM aJICOPOIIMU CIIOCOOCTBYIOT YCIICIIIHOMY paszelie-
HUIO M MOCJICYIONIEH KOJIMYSCTBEHHOW OIICHKE aBTOXTOHHOTO M aJlio-
xtoHHOTO OB, UTO MOATBEPKIACTCS IPU CPABHEHHH C PACUCTHBIMH JIaH-
HBIMU 110 SMnupuyeckoit popmyne [JlozoBuk u ap., 2007].

C nomotpro ganHo# Metonuku B 2012—2015 rr. ObLI0 MPOBEACHO HC-
CJIC/IOBAHKE COJICPIKAHUS aBTOXTOHHOTO U ayutoxTorHoro OB Ha 17 pasHo-
THUITHBIX BOITHBIX O0BEKTAaX T'yMHUIIHOM 30HBI. JlaHHBIE CTATUCTUYECKOH 00-
paboTku npecTaBiieHsl B Ta0i. Oo1iee conepkanne aBroxtoHHoro OB Ba-
pbupoBaio ot 1,5 1o 9,8 mr C/n (B cpeanem 3,6 + 0,3) (mo XIIK), a ammo-
xToHHOTO — 0T 0,9 10 22,3 Mr C/n (B cpermrem 6,2 £ 1,0 mr C/i). Coneprkanue
pacTBOpeHHOro aBroxToHHOro OB n3mensocs B y3kux npeaenax (1,7-4,4
mr C/n) u B cpenHeM cocrarisuio 3,0 = 0,2 mr C/I1, 3T0 CBS3aHO C TeM, YTO
BCE UCCIIC/IOBAHHBIC BOJIOEMbI HAXOATCS B OTHOM KIMMAaTU4YECKOU 30HE U
MPOAYKIIMOHO-IECTPYKIIMOHHBIE TPOIIECCHI MPOTEKAIOT HA OTHOM YPOBHE.
Uro kacaercsi B3BelIeHHOM (popmbl aBroxToHHOTO OB, TO OHa OKa3bIBaeT
3HAYHUTEIHHOE BIIMSHUE Ha 00I1ee cofiep:kanne aBToxToHHOro OB TobKO B
IBTPOQHBIX BOIOEMaX B MEPHOIbI IIBETCHUS BofbL. [lo3TOMYy OCHOBHOE OT-
JIMYKE TIPUPOHBIX BOTHBIX OOBEKTOB 3aKITFOUACTCS B PA3IMYHOM COICpIKaA-
HUU B HUX aJutoxToHHOTOo OB 1pH Majioi 13MEHYMBOCTH aBTOXTOHHOTO.

[llupokoe pacmpocTpaHEHHE M MPUMEHEHUE B THUIPOXUMHUYCCKOM
MPAKTHKE TIOTYYHJIU Ka4eCTBCHHBIC OTIIMYUTEIbHBbIC MPU3HAKH aBTO-
XTOHHOTO U ajutoxToHHoro OB [Ckonunues, ['onuaposa, 1987]:

1) no coorHomenuto nepmanranataoii (I110) u 6uxpomarnoit (XI1K)
okucisieMocTH (st aBToxToHHOTO OB OHM MEHbIIIEe, YeM /ISl AJUIOXTOH-
HOTO);

2) MO OTHOIICHHIO OOIIEro OPraHUYECKOTro yriaepoa u o0IIero azo-
ta (C : N) (st amtoxtorHoro OB Bbiliie, 4eM i aBTOXTOHHOTO);
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3) Mo cnocoOHOCTH K OMOXMMUYECKOMY OKHCICHHIO (aBTOXTOHHOE
OB — 51erkooKucIsieMoe, a aJFIOXTOHHOE — TPYAHOOKHCIIIEMOE);

4) 1Mo MHTEHCHBHOCTHU CBETONOIIOIIEHHS B BUAUMOM (JII1 aBTOXTOH-
HOTO 3HAUEHHs HIDKE, YeM Ul aJUIOXTOHHOTO) U Y@ o0nacTu crekTpa
(17151 aBTOXTOHHOTO 3HAYCHUS BBILIE, YEM ISl aJUIOXTOHHOTO).

CraTucTHYeCKHEe M0KA3aTeJU CO/epPKAHUS ABTOXTOHHOIO M AJIJIOXTOHHO-
ro OB

ABTOXTOH- | PacTBOpeHHOE | AIUTOXTOH-
IMapameTpbt Hoe OB |aBroxToHHOe OB| HOe OB P P,
mr O/n

MuHMMaNbHOE 3HAYCHUE 4,0 3,0 1,8 0,05 0,12
MakcumanbHOE 3HAYCHUE 26,1 13,6 69,0 0,88 0,95
CpenHee 3HaYCHHE 9,7 8,4 16,6 0,58 0,42
CrangapTHOE OTKJIOHEHUE 3,6 2,2 12,7 0,16 0,16
IlepBbiii kBapTHIL 7,4 6,7 9,9 0,51 0,34
TpeTuii KBapTUIIH 10,6 9,6 17,0 0,67 0,50
Menunana 8,8 7,8 12,8 0,59 | 0,41

Ipumeuanue. Yncino mpob — 94.

B ¢Bs13u ¢ 3THM BCTai BOIPOC O BO3MOXKHOCTH MIPUMEHEHHUS ITEpeUnc-
JICHHBIX OTJIUYMUTEIbHBIX MPU3HAKOB JIJIs1 KOMTUYCCTBEHHOM OLIEHKHU CO-
JIlep>KaHMsI aBTOXTOHHOTO U ajuioxtoHHoro OB B mpuponubix Bogax. C
MOMOIIIBI0 pa3paboTaHHOM MEeTOUKY pa3/iesieHnss OB Ha aBTOXTOHHYIO U
AJUIOXTOHHYIO COCTABIISIFOIINE YAAIOCh IPOBECTU TaKyto oleHKY. [1o mo-
JYYSHHBIM JAHHBIM OBLIM PACCUUTAHBI 3HAYCHUS OTIIMYUTEIBHBIX TIPU-
3HakoB. s cootHomenus [1O/XIIK aBTOXTOHHOTO M alJIOXTOHHOTO
OB onu cocraBuiu 0,16-0,32 u 0,40-0,63 COOTBETCTBEHHO, JIJII COOT-
nomienus C : N — Mmensine 15 nug aBroxtoaaoro OB, a [y aJI0XTOHHO-
ro — 6onbire 30, a BeIMYMHA OTHOIICHHUS MHTETPaIbHOH HHTEHCHBHOCTH
B Buumoii oonacty k XIIK (I /XTIK) xapakTepusyeTcs HU3KMMH BEIIH-
YUHAMH T aBTOXTOHHOTO (1—4) 1 GoJiee BBICOKUMMU TSI aJUTOXTOHHOTO
(6-9) OB. Kpome Toro, ObUT IPOBEJICH aHAIH3 3aBUCUMOCTEH MEKIY CO-
ornomenusamu [TO/XIIK, C : Nu I /XTIK u noneii aBroxronnoro OB.
OH nokasaj oTCyTCTBHE 3HaUMMO Koppessiuuu (1 — 0,46-0,54) (puc. 1).
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MHT

JUIs1 06pa3oB BOAbI OT 1011 aBTOXTOHHOTOo OB, MosTyyen-
HOIi 10 aicopouMu
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KpaeBbie 3Ha4eHUS IOTYYCHHBIX COOTHOIICHUH JOBOJIBHO TOYHO OT-
pakarT OTIIMYUTEIbHBIC IPU3HAKK aBTOXTOHHOTO U ajuioxToHHoro OB.
Taxk, ns aproxronnoro OB ITO/XIIK - 0,26, C : N 6,0,/ /XIIK-0,9,
a rs atoxTonHoro — 0,55, 30, 9,0 cooTBETCTBEHHO.

Crnenyer OTMETHTh, YTO NMPUMEHATH JIAHHBIC OTIMYUTEIbHBIC MPU-
3HAKH ISl KOJIMYECTBEHHOU OIICHKH aBTOXTOHHOTO M ajioxToHHoro OB
HE MPECTABIISETCS BO3MOMXHBIM, MOXHO JIUIIIb TOBOPUTH O TIpeodiiajia-
HUW TOW WJIK UHOU TPYIIIBI BEIIECTB HA KAYECTBEHHOM YPOBHE. JTO CBSI-
3aHO ¢ TeM, 4T0 OB NpUpOIHBIX BOJ, SBJISISICH BOBJICUCHHBIM B Pa3iIny-
Hble BHYTPHBOZOEMHBIC MPOLECCHI, TOCTOSHHO TpaHC(HOPMUPYETCS, B
pe3ysbTaTe 4ero MEHSIOTCS €r0 COCTaB M CBONCTBA.

Yro kacaercs ele OIHOr0 OTAMYUTEIBHOTO PU3HaKa, CIIOCOOHOCTH
K OMOXMMHYECKOMY OKHCJICHHUIO, TO Ul MPOBEPKH BO3MOXXHOCTH €TO
MPUMEHEHUS JUIsl KOJIMYECTBEHHOM OIICHKH COJIEPyKaHUSI aBTOXTOHHOTO
1 ayutoxToHHOro OB MCTONB30BaIiCch KOHCTAHTBI CKOPOCTU TpaHCop-
Maruu aBroxTonHoro (k ) u amoxronnoro OB (k, ), koTopele s me-
proma oTkpbIToi Boasl coctarmsiioT 0,0130 u 0,0013 cytku! coorBert-
ctBeHHo [Jlo3oBuk, 2013]. KoHcranTa ckopocTu TpancdopMmamuu aBTo-
xtonHoro OB B 10 pa3 Bble, 4eM aJJIOXTOHHOTO, 3TO MOATBEPIKAAET,
410 aBTOXTOHHOE OB — OMOXMMHUYECKHU JETKOOKHUCIIIEMOE, a alJIOXTOH-
HOE — TPYAHOOKHUCIISIEMOE.

C nomMouIbko MONTyYEeHHbIX PUKCUPOBAHHBIX 3HAYEHUA k, Wk Oblin
BBIYMCIICHBI 011 aBToxTOHHOTO OB (p ) coracHo GopmyIie, IpUBe-
neHHol B padote [Jlo3oBuk, 2013]:

_pK —ku
Ko — kum

rie p — noss BIIK ot XTIK, , K — KOHCTaHTa CKOPOCTH TOTPEOICHH S
KUCJI0pO/Ia. BHKMH u K 6b1m1 ycranoBiensl o kuHeTuke bITK.
O0paboTKa JJaHHBIX 110 BCEM 00BEKTaM UCCIICIOBAHMH MTOKa3aja, 4To
MPAKTUYECKU OTCYTCTBYET JIMHCHHAS KOPPEJSIUS MEXIy JIOJICH aBTO-
xToHHOro OB, yCTaHOBJICHHON 0 KMHETHUECKUM TapameTpam (p )
aBT KUH
¥ 1o ajacopOumu (p,, ), Ipu 3TOM Kod(GpuIMenT Koppensuuu (r) cocra-
Bui 0,42 (puc. 2).

aBT KUH

‘ aBT KHH =
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Puc. 2. 3aBucumocTsb 10711 aBTOXTOHHOT0 OB mo kmHeTHYE-
CKHM NapaMeTpaM OT p_ 110 ajcopouuu

Kak u B ciyyae ¢ ApyruMu OTIIMYATEIHHBIMU TTPU3HAKAMH, UCITIOIb-
30BaHME kW k _HE MO3BOJAET IaTh KOJUYECTBEHHYIO OLIEHKY COZEP-
JKaHWSI aBTOXTOHHOTO M aJuToXToHHOTo OB, TIOCKONBKY YKa3aHHBIE ITa-
paMeTpBI TakKe MEHSIOTCS B Xo7e 00pa3oBanus u Tpanchopmamnmu OB.

Jluteparypa

Jlozosuk I1. A. Ilpopykuus u AECTPyKUUSI OPraHUYECKOro BELIECTBA B BO-
JTHBIX 00BEKTaX 10 KHHETHYSCKONW MOJIENN €ro TpaHC(hOpMalry B IPUPOTHBIX
Bomax // Marepuansl Beepoc. Hayd. koH(]. «BomHas cTuxusi: OomacHOCTH, BO3-
MOYXHOCTH U MPOTHO3UPOBAHUS, YIIPABICHUS U MPEIOTBPAIICHUS yrpo3». Ho-
Bouepkacck, 2013. C. 348-355.

Jlozosuxk I1. A., Mycamoea M. B. MeTtoauka pa3eneHus OpraHuueckoro Be-
[IeCcTBa MPUPOTHBIX BOJ aACcOpOIHel Ha AUATHIAMHHOITHIILICIUTIONO03E HA aB-
TOXTOHHYIO M aJUIOXTOHHYIO cocrasisitomue // Bectank MI'OY, cep. «Ecre-
cTBeHHbIe Hayku». 2013. Ne 3. C. 63—-68.

Jlozosuk I1. A., Moposos A. K., 306koé M. B. u dp. AIIOXTOHHOE U aBTO-
XTOHHOE OPTaHUYECKOE BEIICCTBO B IIOBEPXHOCTHHIX Boax Kapennu // BogHbie
pecypesl. 2007. T. 34, Ne 26. C. 225-237.

Pomanresuu E. A., Bempos A. A. Macchl yriepona B THApochepe 3eMITH
// Teoxumust. 2013. Ne 6. C. 483-509.

Cronunyes b. A., Tonuaposa U. A. Vicnonb3oBaHWe 3HAYEHUN OTHOLUIEHUI
Pa3IMYHBIX TOKa3aTeIe OPraHMYeCKOTO BEIECTBA IPHUPOTHBIX BO IS €To Ka-
YECTBCHHOM o1leHKH // COBpEeMEHHBIC MTPOOIEMbI PETHOHAIBHOW U TPHUKIIATHON
ruapoxumuu. JI., 1987. C. 95-117.

304



McKnight D. M., Aiken G. R. Sources and Age of Aquatic Humus // Aquatic
humic substances: ecology and biogeochemistry / Eds. Hessen D. O., Tranvik
L.J. 1998. P. 9-40.

Thurman E. M.Organic Geochemistry of Natural Waters. Martinus Nijhoff/
Dr W. Junk Publishers, 1985, Dordrecht, 516 p.

POSSIBILITIES OF CONTENT ESTIMATE OF AUTOCHTHONOUS
AND ALLOCHTHONOUS ORGANIC MATTER IN NATURE WATER
USING THEIR DISTINCTIVE FEATURES

M. V. Zobkova
Northern Water Problems Institute KarRC of RAS

The publication deals with the possibilities of using autochthonous and alloch-
thonous organic matter distinctive features in order to carry out their quantita-
tive evaluation. It is found that due to the continous transformation of organic
matter in water bodies autochthonous and allochthonous organic matter distinc-
tive features cannot be used for this purpose. These characteristics only allow
judging on the domination of a group of matter at qualitative level.

OMNPEIEJEHUE KOHIEHTPALINH XJIOPODULIIA A
B YEPHOM MOPE HA OCHOBE ITOKA3ATEJIEN
®JIYOPECHEHIINNA

H. A. MouceeBa, T. 51. Yypuuosa, T. B. Epumona, O. B. Kpusenko

Hnemumym mopckux duonocuneckux ucciedo8anuil
um. A. O. Kosanesckozco PAH, Cesacmonoiw

[lo naHHBIM M3MEPEHUIM MHTEHCUBHOCTU (NTYOPECICHIMU XJIopodunia a
BBITIOJTHCHBI ONPE/ICIICHUsI KOHIICHTPAIIMK TIMTMEHTA B TITyOOKOBOJIHOM 4a-
ctu YepHoro Mopst B ceHTs10pe u iexadpe 2015 1. [IpoBeaeHo cpaBHeHMe HO-
JyYCHHBIX 3HAYCHHI C BETMYMHAMH KOHIICHTPAIMHU XJIOpohILIa @, H3Me-
PEHHBIMU CTaHIAPTHBIM CIIEKTPO(hOTOMETpUUeCKUM MeTonoM. [lokasaHo,
YTO OTHOLICHUE MEXKIY STUMH MapaMeTpaMu MEHSETCS B 3aBUCUMOCTHU OT
YCJIOBHH CyIIIECTBOBAaHMUS (PUTOIUIAHKTOHA, TI0ITOMY HCIIOIB30BaHUE (ITyo-
pecleHIMH XJI0poduiuia a Uis OLIEHKU €ro KOHIICHTPAIMK B MOpe TpedyeT
HEPUOIMYCCKOTO YTOUHCHHUSI KATMOPOBOYHBIX 3aBUCUMOCTEH MEXIy ITH-
MH napamerpamu. [lokasaHo, 4to /ist KOPPEKTHO# OIIEHKUA HHTEHCHBHOCTH

305



¢myopecuenmu xnopopumia ¢ B YepHom Mope HE0OX0AUMO 00si3aTelib-
HO YUYHTBIBATH (PITyOpPECLEHINIO PACTBOPEHHOTO OPraHUYECKOTO BEIIECTRA.

BBenenne. OUTOMIIAHKTOH WIpaeT BAXKHYIO POIb B BOJHBIX DKOCH-
cTeMax, B KayecTBE MEPBUYHOTO 3BEHa Bcex Tpodrueckux nemneit [Co-
pokuH, Benepuukos, 1983]. Hambomnee pacmpocTpaHeHHBIM WHIUKATO-
POM TPOQHOCTH SKOCHCTEMBI U KaueCTBAa BOIHON CpPEMbI SBISETCS KOH-
HEHTpAIHsl OCHOBHOTO ()OTOCHHTETHUECKH aKTHBHOTO MHUTMeHTa (QuTo-
TUTAHKTOHA — XJIopodmia a (Xi). B macrosiiee Bpemst B Poccrun ncmosnb-
3yeTcsl HECKOJIBKO YTBEPKACHHBIX METOIOB OIIPECNICHNs] KOHIICHTPAINU
Xa [IOCT 17.1.4.02-90, P/1 52.24.784-2013], kaXapIif U3 KOTOPHIX UMe-
eT CBOM MeTonuueckne ocodeHHocTH. CrnekrpodoToMeTpudeckuii Me-
TOJT OTIpEICTICHISI KOHTICHTpaItuu xjopodmmia a [Lorenzen, 1967; Jeftrey,
Humphrey, 1975] mmpoko ucrons3yercst B THAPOOHOIOTHIECKUAX HCCIIe-
JIOBAaHMSIX C MPOIIIOTro Beka. B mociennee BpeMsi B MPAKTHKY SKOJIOTH-
YECKHUX HCCIIEIOBAHUI aKTHUBHO BHEAPSAETCS SKCIPECCHBIN (ITyoprUMeTpH-
yeckuit meroz; [Maropus u ap., 2012], KOTOpPBIH MOXKET HCIOIH30BATHCS
B MOHUTOPHUHTE COCTOSIHUS BOTHBIX AKOCHCTEM. B oTimume oT crekTpo-
(hoTtoMeTpruecKoro, (IIyopeCIeHTHBIA METO 00JIagaeT PSIIOM MPEUMY-
IIECTB: BHICOKAs YyBCTBUTEIHLHOCTh, PA0OTa C MHTAKTHBIMU ITpobamu (hu-
TOTUTAHKTOHA MPAKTHYECKH B PEKUME PEaTbHOTO BPEMEHH.

Lens HAacTOsMICH PabOTHI COCTOUT B OMMMCAHUN METOIMYECKUX OCO-
OCHHOCTEH WCIONBb30BaHUS WHTEHCHBHOCTH (hiryopectieHnnn X IS
OIIEHKH €ro KOHIICHTPAINH B BojiaXx YepHOTro MOpSL.

Metoabl. VccmenoBanusi MpON3BOAWINCE B TTyOOKOBOTHON YacTH
Yepnoro mops B skcnequnusix HUC «lIpodeccop Bomsaumkwit» ¢ 25
ceHTs10ps mo 1 okTs10pst 2015 . 1 ¢ 5 mo 9 mexadpst 2015 1. [Ipo6s1 Mop-
CKO¥ BOZBI OTOMpay KacceTol baromeTpoB 30Ha SeaBird Ha ropu3oH-
Tax, KOTOpPBIE BEIOMPAIIH 110 TIOKa3aHHUSIM JIATYMKOB TEMITEPATYPhI, a TaK-
ke 110 n1yOoune Buaumoctu aucka Cekku (Z)). [myOuny 30HbI poTOCHH-
Te3a (Z,), Kyna npoHUKaeT 1 % OT majarmmen Ha TOBEPXHOCTh MOPS
paanaIum, orpeeNsii, UCTIONb3Ys 3aBUCUMOCTH TToKa3aress JudQy3n-
OHHOTO Ocnabnenus ceera ot Z [Benepuukos, 1989].

B xone pabot 6suti 0TOOpanb! 64 TipoOEI B ceHTsIOpe u 30 mpol B 1e-
KaOpe W3 pa3HbIX CIOEB: BepXHUH kBazuomgHopoausli cioi (BKC), cmoit
cezonnoro TepmokimHa (TK), HmkHAS 9acTh 30HBI (hoTocHHTE3a (IMOA
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TK) anst onpeneneHusi KOHIIGHTPAUK XJIOpohunia a (Ca) cnekrpodo-
ToMeTpuueckuM mMetoaoM B cootBetcTBuu ¢ [TOCT 17.1.4.02-90]. IIpo-
Oy BozibI 00beMoM | 11 puiIbTpOBaM Yepe3 CTEKIOBOIOKHUCTBIA (DHIBTP
GF/F (Whatman) nion Bakyymom (<0,2 atm.). [Tocne dunsrpaiuu Ghusib-
TPBI CKJIA/IBIBAJI COOPAHHOM B3BECHIO BHYTPh, 3aBOPAYUBAIIH B ()OJIBTY U
XpaHWIH B cocyze Jproapa ¢ xunkum azoroM (t=—-196 °C) no usmepeHuit
B naboparopuu Ha JaByiyueBoM crekrpodoromerpe Lambda 35 (Perkin
Elmer). C, paccuntbiBamu nio popmyne [Jeffrey, Humphrey, 1975]:
C,=[11,85D(664) — 1,54 D(647) — 0,08 D(630)] < [VaK/(VHp x L],
rae D(630), D(647), D(664) — onTiueckue INIOTHOCTH 3KCTPAKTa Ha UId-
Hax BOJH 630, 647 n 664 HM, COOTBETCTBEHHO; V. — 00bEM DKCTpaKTa,
oM’ Vi~ 00BeM mpoObl, M*; L — AIMHa ONTHYECKOTO My TH KIOBETHI, CM.
Bcero 6pm10 cobpano 6omee 200 mpod i M3MEpeHUs] HHTCHCHBHO-
ctu ¢yopecuenin X (F). s onpenenenust poroBoit (ryopectieHmm
pacTBOpeHHOTO opranmdeckoro Bemiectsa (POB), oTHocHTENTEHO KOTOpOI
PaCCUNTHIBAIM HHTEHCUBHOCTH (DIIyOPECIEHITNH TTMTMEHTA, TIPOOBI (PHITh-
TPOBAJIM Yepe3 HyKIeonopoBbild GpuiibTp (Sartorius) ¢ pasmepamu mop 0,2
MKM 1011 BakyyMoM (<0,2 at.). Mi3mepenus mpoBomimi Ha (ryoprMeTpe
AquaPen AP100 (Yexust), B KoTopoM (ITyOpECIeHIHS BO30YKIaeTCsI U3ITy-
4eHreM Ha JutiHe BOMHBI 450 uM. Jiist onpenesienust C| UCTIONb30BaIH [Ba
3Hauenus uryopecuenmuu: F)u F , cooTBeTCTBYIOMIME COCTOAHMAM, KOTTIa
BCE PEaKIMOHHBIE IEHTPhI (POTOCUCTEMBI 2 OTKPBITHI U 3aKPHITHI COOTBET-
ctBeHHO [Maropun u z1p., 2012]. smepenus F u F_ nipoBoauim Ha npobe,
MIPEIBAPUTENIBHO Al TUPOBAaHHON K TeMHOTe oT 20 10 60 MuH. JluTens-
HOCTb TIPEIBAPUTEIIHHON aJIaNTaIlH 3aBHCENIa OT YCIOBHH CYIIIECTBOBAHUS
(uUTOTIIAHKTOHA B TIPUPOJIE: BCE TPOOKI B Nlekadbpe u niryorHHbIe (1o TK)
IIPOOBI B CEHTSIOpE aIanTUpoBaI K TeMHOTEe ~2(0 MuH, a mpoosl m3 BKC B
CEHTSIOpE — B TEUCHHUE OOJIee INTEITLHOTO BpeMeHH (~60 MHH).
Pesyabrarpl. B mepuoasl paboT coil CyIecTBOBaHUS (PUTOTIAH-
KTOHA pasinyajcs Mo TUIPOIIOTUYECKUM YCIOBHAM. B ceHTsOpe Tom-
mHa BKC usmensinack ot 8 10 13 M, a Z_ Obina 40-45 M. B nexabpe
tonmuHa BKC naxoaunace B npenenax 27-51 M 1 B cpeiHEM COCTaBIIsA-
na 36 M, 4T0 OBLIO COn3MepuMo ¢ Z_ (32-35 m).
B centsabpe munumanbubie 3nadyenns C - Obum B BKC (0,22-
0,30 mr m”). Beicokue 3nauenus C nabmonamich B TK (0,60-2,9 mr m)
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u B cioe nox TK (0,76 no 2,1 mr m*). B nexadpe C, 8 BKC Bapbuposana
B y3KoM nuarnasone 3HadeHuit (0,84—1,1 mr m~), mpu 3TOM BepTHKaIBbHOES
pacnpezenenye TurMeHToB ObLTo oHOponHbIM. B cioe TK, koTopsiit B e-
kaOpe OorpaHu4MBaj CJIOH CyIIECTBOBaHUs (PUTOIIIAHKTOHA, HAOIIONAI0Ch
peskoe cHikenne Bemuund C 1o 0,2 Mr M.

B pesynbrare cpasuenue Benuund F u C B centsa6pe nposoauu mno
TPEM CIIOSIM, OTIIMYAIOLIMMCSI YCIOBHSMH CYIIECTBOBaHUS (PUTOILIAH-
ktoHa (BKC, TK u mon TK), a B nekadbpe — no asym (BKC u TK) (puc. 1).

35 A 34
| A 3 A
A A
2+ @] 1 @ 24
= =
= —
= o s
3 N
O 14 O 14
&
A A
0 — T 0 —T—
200 400 600 400 800 1200
F, oTH.ex. Fm, oTH.CoI.
1.2
1.2
_’+
AN + #++
4 R + 1 /_ﬁ'+
&/ ¥ +F
o 0.8 2 f’% 0.8 5
= 1 o 1
= = A
3 S
N
U 04 © 04+ 7
Jo 18
B T
0 — 7T 0 — T T T 1
Fo, oTH.cx. Fm, otn.en.

Puc. 1. CpaBHeHue H3MepPEeHHBIX BeJIMYUH KOHLIEHTPALMH XJ10-
popunia a (C) ¢ HHTEHCHBHOCTBIO (MIyOpeCUEHIIHH XJIOPO-
¢unnaa F u F_ st pasHbIX ¢/10€B 30HbI POTOCHHTE3A B CEH-
Ts0pe (A, B) n nexadpe (B, I') 2015 r.:

BEPXHUI MEePEeMELIaHHbIN CII0H (+, KOPPEISILHUOHHAS 3aBUCUMOCTh — JIH-
Hus 1), cnoit TemneparypHoit crpatudukaniy Box (A, A, KOPPEIALHOH-
Hast 3aBUCUMOCTD — JIMHUSA 2), CJIOI HIKHEH YacTH 30HbI (POTOCHHTE3a OT
25 10 50 M (0, ®, KOppEIALMOHHAS 3aBUCUMOCTb — JIMHUA 3)
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Jist KasKaoro ¢i10st ObUTH MOTy4YeHbI JIMHEWHBIE 3aBUCHMOCTH MEXKIY
senmunnamu C u F (F ) (Tabmn.).

st cenTsaOps 3HaueHUs KOd(pPUIMEHTa A 3HAYUTEIBHO PA3INYaIINCh
10 CJI0sIM 30HBI (hoTocuuTesa (B ~1,5), u mostomy npu pacuerax C, no Be-
JMYMHAM UHTEHCUBHOCTH (uryopecteHuu B cioe 0—50 M ncrons30Baimch
pasHble kKoapuLmeHTs. B nekabpe npakTuiecku Bech (UTOIIAHKTOH Cy-
mectoBan B BKC. [Ipuanmas Bo BHUMaHKe, YTO 3HaUeHUs Kod(dumeH-
ta A s BKC n TK ommiuaniics HecylecTBeHHO, B pacyeTax UCIOIb30Ba-
mm enunyto 3aBucuMocTh (111 BKC). CpaBHeHre BOoCCTaHOBIICHHBIX MPO-
uneii C, c u3MEpEHHBIMU 3HAYEHUSAMHM MOKA3aHO Ha puc. 2. B nemom npo-
(HIIb MMTMEHTOB BOCCTAHABIMBACTCSI JOCTATOYHO KOPPEKTHO.

3HaveHus ko3pPpunuenta A u kod3ppuuueHTa Koppeasinuu (r?) 3aBUCH-
MOCTH KOHIEHTpauuu xjuopopuiia (C) oT HHTEHCHBHOCTH (hryopecueH-
uuu xjaopopuinia a (F, F ), onucriBaemoii ypapuennem C = AXF(F )
AJ18 BepXHero KBazuoaHopoaHoro cjosi (BKC), ciios TeMnepaTypHoii cTpa-
Ttuuxkanmu Boa (TK) m Hmxueil yactu 30Hb1 porocunresa (nmog TK) B
Yepuom Mope B ceHTa0pe u nexadpe 2015 r.

Cenrs10ps 2015 1. Jexabps 2015 T.
Croit A (Mr M) r A (Mr M) r’
l:0 Fm l:0 l:m FO Fm FO Fm
BKC 0,0040 | 0,0021 | 0,76 | 0,87 | 0,0039 | 0,0018 | 0,96 | 0,98
TK 0,0054 | 0,0026 | 0,93 | 0,94 | 0,0048 | 0,0019 | 0,97 | 0,98
TTox TK 0,0063 | 0,0030 | 0,94 | 0,97
C,, Mr Mm-3 C,, Mr m-3 Ca, M M3 Cg, M M-3
0051152 0051152 0705 1 15 2 0051152
o —Lkl_‘_l_‘_l_l_l 0 _|_*_|_._|_._|_._| 0 __gl_gu_l_x_l 0 __I_l_l_&t_l_l_l
] A0 ] 10 10 oA
= 10 ] = 10 i ~ = i o = ]
s 20 <520— g 20 s 20— -
S| { =~ E @& S g oA g i AO
‘2. 30 ' 30 S 30 S 30
= = =y » S
= . e - — 1 & —
40 - 40 - 40 — 40 —
i A . b {a B . I
50 - 50 4 50 —& 50—

Puc. 2. BeprukajabHoe pacnpejejieHHe KOHIEHTpaAUUN XJopodpuiia a B
cjoe 0-50 m B cenTsiope (A, b) u nexadpe (B, I') 2015 r.:

H3MEPEHHBIC CIIEKTPO(OTOMETPHIECCKIM METOAOM (0) U pacCUMTaHHbIC HA OCHOBE HMH-
TEeHCUBHOCTH (piryopecrieHn (A ) 3HaUCHHS KOHIICHTpAIHn X1
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JUist KaK10ro paccuuTanHoro 3Hadenus C ONpeIeNnsii OTHOCUTENb-
HYIO TIOTPELTHOCTH (), 3aT€M BBIUMCIISUIA CPEIHIOIO BEIMYMHY O TI0 Mac-
CHBY JIaHHBIX /I pa3HbIx Auana3onos C . [ins snasennii C > 0,5 mr m™
NOrpemHocTh coctapuna 6 =21+ 14 % (F)n o =18+ 14 % (F ), ma C,
<0,5mMrmM?6=48+33% (F)ud=37+22% (F ). Takum o6pazom, oT-
HOCHTEIIbHAs TIOTPEIIHOCTh OleHKH Besmuunbl C 1o nokasarensm F u
F_ 3aBucena ot snauennii C . HeBbICOKast TOYHOCTH OLEHKH HU3KUX 3HA-
uennii C 1o F B Mope Obuia cBsasana ¢ Tem, uto Bknan POB B cymmap-
HYI0O WHTEHCHUBHOCTH (pIyopecleHIrnH TpoObl 3HAYUTENBHO MPEBbIIIA
BKJIaJ puroruiaHkToHa (puc. 3).
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0 0 13 13 25 25
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Puc. 3. UnTeHcHBHOCTL (iyopecleHIHMH XJopopuiia a

(W) ¥ PACTBOPEHHOTO OPTraHMYECKOT0 BEeMmecTBa (5:) Ha pas-

HBIX ITyOMHAX B MpejeJax 30HbI oTocHHTE3a

OTmeueHa 3HaUMTENbHAS BapruabenbHOCTh ¢uyopecueHiun POB B
TIEPUOJT HCcIeToBaHni: B 2,5 pasa (ot 146 1o 340 oTH. ex1.) B cCeHTAOpe U
B 3 paza (ot 121 o 360 oTH. ex.) B aexadpe. [Ipu C,<0,5wmr M BKJIAJ
POB B cymmapsslii curnan ¢uryopecuenunu gocturai 67-95 % (puc. 3),
a IIPU BBICOKUX KOHLICHTPALUAX Ca cocTtaBisi okoiro 30 %.

O0cy:xneHue pe3yabTaToB. BhIIOIHEHHbBIE HCCIEIOBAHUS MOKA3a-
JIM, YTO JAJIsl OTIPEICJICHUSI BEIMYUHBI ()ITyOPECIICHIINH, CBSI3aHHON TOJIb-
KO C IUTMEHTaMH (PUTOIIAHKTOHA, BO BCEX MPoOax He0OXOIUMO IPOBO-
JUTh U3MEPEHNE BEJIMUNH MHTCHCUBHOCTH (PIIyOpPECLEHIIMN PACTBOPEH-
HOT'0 OpraHn4eckoro Beuiectsa. OcCOOEHHO KPUTUYHO 3TO JIsI BOJ C Ma-
JBIMHM KOHLEHTPALUSIMH TUTMEHTOB, Korna ¢iayopecueHus POB noutu
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Ha TMOPSAJOK MPEBBIILAET CUTHAI CAMUX MUTMEHTOB. OYEeBHUIHO, YTO UC-
MOJIb30BaHUE YCPEIHEHHBIX (TI0 MPOCTPAHCTBY MJIM BO BPEMEHH) BEIH-
ynH ¢nyopecuenu POB npuBener K yBeIHMYeHNIO OLIMOKH METOAA.

[lony4eHnHble pe3yabTaThl MO3BOJSIOT CAeNaTh BBIBOM, YTO TOYHOCTD
ouenku C, 110 (hrryOpeCIEHINH BBIIIE, ECIH UCIIONB30BATh 3HAYEHUS F .

WnTencuBHOCTH (uiyopecleHIuH (UTOIIAHKTOHA (XJIopoduiuia a)
3aBHCHUT OT CIIOCOOHOCTH BCEr0 MUTMEHTHOTO KOMILJIEKCa KIETOK BOO-
pociel morIomarb KBaHThl CBETa M KBAHTOBOTO BbIXOna (IyopeciieH-
uu [Kiefer, Reynolds, 1992]. CnenoBarenbHO, U3MEHEHHE B MIPE/eiiax
30HBI ()OTOCHHTE3a M MEXIY Ce30HaMM YIENbHOH (B pacueTre Ha eau-
HUILY KOHLEHTPALMU XJIOpOpHIUIa @) MHTEHCUBHOCTH (IIyOpeCUeHINH
(1/A) onpenensieTcst 3PPEKTUBHOCTHIO MOTIOIICHUST KBAHTOB BO30Y K12~
foniero (GpayopecueHInIo U3IydeHus B mpudope (Ha ajauHe BoiHbI 450
HM) [Uypunosa u ap., 2014; Uypunosa u np., 2015; Edumosa u ap., B
neyaTH | ¥ KBAaHTOBBIM BBIXOJIOM (IIyOopeCUeHINH XJI0popuiLIa a.

BouiBoapbl. [Ipu onienke KOHIEHTpauy XJaopoduiiia a B Mope 1o WH-
TEHCHBHOCTH €ro (IyOpecleHIUH CIIeNyeT YUYUTHIBATh, YTO YIACJIbHAs
¢dyopecueHys xaopoduisia a MEHIETCS B 3aBUCUMOCTH OT YCJIOBHMH
CyIIeCTBOBaHUs (PUTOIJIAHKTOHA, TIOITOMY TPeOyeTcsl ONpenensiTh Ka-
TOPOBOYHBIC 3aBUCUMOCTH MEXKAY (uryopecleHIuel Xinopopuiia a u
€ro KOHIIEHTpalHel B MOpe, M3MEPEHHOW CTaHAapTHBIM CIEKTpodoTo-
METPUYECKUM METOIOM. {11 KOPPEKTHOM OLIEHKH HHTEHCUBHOCTH (ury-
OpECIEHINH XJIOpopHIIa @ B MOpe HEOOXOIUMO YUHUTHIBATh (hiyopec-
LEHILIMIO PACTBOPEHHOTO OPTaHUYECKOTO BEIIECTRA.
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ASSESSMENT OF CHLOROPHYLL 4 CONCENTRATION
IN THE BLACK SEA BASED ON FLUORESCENCE

N. A. Moiseeva, T. Ya. Churilova, T. V. Efimova, O. V. Kryvenko

The A. O. Kovalevsky Institute of Marine Biological Research of RAS,
Sevastopol

Chlorophyll @ concentrations were assessed based on chlorophyll a fluorescence
measured in the deep-waters region of the Black Sea in September and Decem-
ber 2015. The obtained results were compared with the data on chlorophyll a
concentration measured using a standard spectrophotometer method. It was
shown that the ratio between fluorescence and concentration of chlorophyll a
depends on phytoplankton environmental conditions. Consequently, the assess-
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ment of chlorophyll & concentration based on fluorescence requires a periodical
estimation of the correlation between these parameters. It was shown that fluo-
rescence of dissolved organic matter should be taken into account to estimate
fluorescence of chlorophyll a correctly.

W3MEHYUBOCTb COAEPKAHUSA XJIOPODPUJLIA A
B MOKAMCKOM BOJOXPAHUJIUIIE B JIETHUI ITEPUO]]

O. H. Epuna, JI. E. EpumoBa

Mockosckuii 2ocyoapcmeennblii yHugepcumem um. M. B. Jlomonocosa

B pabote paccMarpuBaeTcs M3MEHYMBOCTh XJjiopoduuia ¢ B Moxkaii-
CKOM BOJIOXPaHWIHILE B JIETHUM NIEPHUOJ, a TAK)KE 3aBUCUMOCTb UHTEH-
CHUBHOCTH TIPOJYKIIMOHHBIX TIPOILIECCOB OT KOMIUIEKCa aOMOTHYECKUX
(MeTeopoIOTHYECKUX U THIPOJIOTO-THAPOXuMHIUecKkuX) (akropos. [o-
JY4EHO, YTO MAaKCUMallbHbIC KOHIICHTpAIMM MTUTMEHTa B BOJE HAOIIO-
JIAI0TCS B TIOBEPXHOCTHBIX CJIOSX BOAOEMA B IIEPBOM MOJIOBHHE aBryCTa
IIPY yCTAHOBJIEHUH JKAPKOW MOTrOABI I10CIE KPAaTKOBPEMEHHOIO ITOX0JI0-
JIaHUs1, CONPOBOXKIAIOIIEIOCS HAPYILIEHUEM YCTOMYMBOCTH BOJHOM TOJI-
1 ¥ TIPUTOKOM OMOTE€HHBIX BEIIECTB B (POTUYECKUI CITOM.

MHTEeHCUBHOCTH MPOTEKaHUS MPOAYKIHOHHBIX IPOLIECCOB B BOJOE-
Max Ype3BbIUYaiiHO N3MEHYUBA BO BPEMEHHU U MIPOCTPAHCTBE U ONPEAEIs-
€TCsI KOMIUIEKCOM (DaKTOPOB — B TIEPBYIO OUEpe/Ib, HATMYUEM OMOT€HHBIX
9JIEMEHTOB, YCIOBHSIMU OCBEIICHHOCTH, TEMIIEPATYPHBIM PEXKUMOM.

Lenp Hacrosimedt paboThl — BBIABUTH BHYTPUCE30HHYIO JAWHAMUKY
cozaepkaHus GOTOCHHTETHUECKUX ITMTMEHTOB B 3aBUCMOCTH OT THIPO-
METEOPOJOTMIECKHUX YCIOBHM, BHIACTUTD YCIOBHS BOZHUKHOBEHHS PE3-
KHX BCIIBIIICK IIBETCHHS» M OXapaKTEepPHU30BaTh MHOTOJETHHE KojeOa-
HUSL XJI0poduiia a B JIETHUH NEPUOA B CTPaTH(GUIUPOBAHHOM BOJOEME
3aMEIJICHHOTO BOIOOOMEHa.

OOBEKTOM HCCIeqOBaHMs SBIsIETCS MoKaliCKoe BOAOXPaHHIIHILE,
Bxojsiiee B MOCKBOPEIKYIO CUCTEMY BOAOCHaOKeHHMs I. MOCKBBI. Bo-
JOXpaHwiIniie OblI0 3anonHeHo B 1961 1., umeeT none3uslii o6bem 220
wiH M’. Koaduument BomooOMeHa Bogoema cocrapisier 1,78 rom.
Tpoduueckoe COCTOsIHUE OLEHUBACTCA KaK 3BTPOoQHOE.
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JlaHHBIX O coIepX»aHUU MUTMEHTA B BoJax Moxkailckoro Bogoxpa-
HWJININA YPE3BBIYAIHO Majo, HAOIIOACHHS 3a ITOW XapaKTePUCTUKOM
MPOBOAMIINCH dnu30Audecku. Hanbomee ocBeleH JaHHBIMU TIEPUOJT C
1968 mo 1976 r. [lllupokosa, JleBmuHa, 1985], pa3oBelit oTOOp Mpoo
JUTSL OTIPEJICIICHHS KOHIICHTPAIUU XJIOPO(UIIa @ OCYIISCTBIIICS TaK-
ke B 2000 .

PerynspHbie 0TOOPBI IPOO [Tt ONIpeIeTICHUs COIePIKaHUs TUTMEHTA
B TEUCHHE BETreTallMOHHOTO nepuojaa, Hayareie B 2011 1., He UMEIOT aHa-
JIOTOB B mponuioM. HaOumroneHus: mpoBOIMIIMCE KaK 32 BEPTUKAJIbHBIM
pacnpenenacHreM XJI0po(uilia ¢ Ha PeiIoBOM BEPTUKAIH, TaK U 32 U3-
MEHEHHEM KOHIICHTPALlUU MUTMEHTA 0 JAJIMHE BOJoXpaHuiuia. B nan-
HOI paboTe BIepBBIC MyOIUKYIOTCS Pe3yJbTaThl HAOIIONECHUI 3a couep-
KaHueM xjopopwia a B etHuid nepuog 2011-2015 rr. Onpenenenue
MPOBOJWIIOCH CTAHJAPTHBIM CHEKTPOPOTOMETPUISCKUM METOAOM B CO-
orBerctBuu ¢ [[OCT 17.1.4.02-90. 3a 310 BpeMs ObUIO OTOOPaHO U MPO-
aHAIM3UPOBaHO 889 MPOO, YTO MO3BONISIET JICTATBHO PACCMOTPETh BHY-
TPUCE30HHYI0 M3MEHUYUBOCTh B 3aBUCUMOCTHU OT KOMILIEKCA a0UOTHYe-
CKUX (PaKTOPOB.

B Becennuit mepuon cpasy mocie cxoia JbJa COAepKaHUE MUTMEH-
Ta B BOJIC HEBEJIUKO, OMHOPOIHO MO TIyOWHE U cocTaBisieT 1-2 mr/m?.
Bo BTOpOii-TpeThelt nekane Masi B BOJOXPAHUIIUIIE PA3BUBAIOTCS TUATO-
MOBbIe Boopocau. B 2015 1. 3To npuBeno K yBEIUYEHUIO COACPIKAHUS
xnopoduiiaa a 1o 23 Mr/M® B cpefiHeM MO BOAOXpaHHIuUINy. Jnama3on
MPOCTPAHCTBEHHBIX U3MEHEHUH B 3TO BpEeMsI JOBOJIBHO IIUPOK — OT 10
110 40 Mr/m*, MaKCUMaJTbHBIMHU 3HAUCHUSIMH XapaKTEePU3yeTCs IEHTPaITb-
Hasl 9aCTh BOJAOXPAHMIIUIIA.

B koHIle Mas — mepBoii MOJOBUHE HMIOHS B BOJIOEME HAOIOIACTCS
TaK HA3bIBAEMbII MEPHUOJA «UYUCTOW BOJBDY — MPO3PAYHOCTH B ITO BpE-
Msl MIPEBBIIIACT 2 M, COJCpXKAHKUE XJIOPO(QUIIA HEBEIUKO U COCTABIIs-
et 5—10 mr/m>. Jlnamna3on koneGaHnil KOHIICHTPAIIUH TUTMEHTA 0 BOJIO-
XPaHWINLLY HE3HAUYUTEICH.

Bo BTOpOI#i MONOBUHE HIOHS, & TAKXKE B UIOJE MAKCUMaJIbHbIC 3HAUC-
HUS COEPKaHUS MUTMEHTa OTMEUAIOTCSI B BEPXOBbSIX BOJAOXPAHMIIHINA,
IJIe U3-32 MEHBIIUX TITYOMH TUIOTHOCTHAS CTPATU(UKAIIHS HAPYIIASTCS
Yarie, 4To CIOCOOCTBYeT 00JIee aKTUBHOMY TOCTYIUICHUIO OMOTEHHBIX
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3JIEMEHTOB M3 JIOHHBIX TOPU30HTOB B MOBEPXHOCTHBIE ciou. [Tomumo
9TOro OMOTEeHHBIE BEIIECTBA MOCTYMAIOT C BOJAMH OCHOBHBIX PUTOKOB
BOJOXpaHMIUIIA. MakcuMalibHble KOHIEHTPALMH XJIOpo(uIia a B HiojIe
B BepXHeil yactu Bogoema nocturanu 60 mr/m’. Huke mo TedeHuro Ha-
OJrofaeTcst IOCTENEHHOE CHIYKEHUE COZIEPYKaHUsl MUTMEHTA, CBA3aHHOE
C UCTOIICHNEM 3araca OMOTeHHBIX AJIEMEHTOB B SIHJIMMHUOHE U, COOT-
BETCTBEHHO, MEHbLICH aKTUBHOCTHIO (huTOorIaHKTOHA. ConlepKaHnue Mu-
HepanbHoro (ocdopa B BEPXHUX CIOSX LEHTPAILHOIO M MPUILIOTHH-
HOTO pailoHOB BomoeMa B 3T0 Bpems cocrtasiser 0,004—0,008 mr/am?.
[leproanuecku HaOMOnAETCS YBEIMUEHUE COlEpKaHUs XJIopoduiia a B
LHEeHTpaJbHOH yacTH B palione 1. Crapoe Ceno, 4YTo MOKET ObITh CBS3aHO
¢ mepekadkoi Bozibl n3 Koouckoro BogoxpaHuauia, 000raeHHOH M-
TaTebHBIMH BEIIECTBAMHU.

IIpu coxpaHeHMH LUKJIOHAJIBHOTO TUIA IOTOJIbl B HIOJIE-aBIyCTE CO-
JepkaHue XJopouiia @ B IOBEPXHOCTHOM CJIO€ HAXOIUTCS Ha YPOB-
He 5-10 mr/m’. Takue ke KOHIEHTPAIIMY MTUTMEHTa HAaOIIOATICh B IICH-
TpPaJIbHOM U MPUIIJIOTUHHOM paiioHax BojoxpaHuiauia u B 2014 r. npu
JUINTENTbHOM (Ha MPOTSKCHWH 2 HeJeNb) COXpaHeHHH Oe3BEeTPEeHHOM
yKapkoi moroabl. TakuM o0pa3zoM, POTOCHHTETHYECKAst AKTUBHOCTD (hu-
TOIJIAHKTOHA CHUKAeTCsA KaK IpPU BETPOBOJIHOBOM BO3AEHCTBUH, TaK U
MIPU NHTEHCHUBHBIX IOTOKAX COJIHEYHOM pajnaluu.

AxTuBHas BereTanus (QUTOINIAHKTOHA C MpeoOiIaJjaHueM cHuHe3ele-
HBIX Bojiopociieil B MorkaiickoM BOJOXpaHWIIMIIE HAaOIoAaIach 3a pac-
cMmarpuBaemblil epuo aBaxael — B 2011 u 2015 rr. B atu roxel otme-
4ajoch 0COOCHHOE COYeTaHUE THAPOMETEOPOIOTHIECKHX YCIoBUi. Taxk,
K npuMepy, B 2011 1. B mepuon ¢ 4 no 9 aBrycra npoucxoauio UHTEH-
CHUBHOE BEPTUKAJIbHOE NMEPEMELINBAHIE BEPXHUX CJIOEB BOJHOW TOJIIH
BOJIOEMA, CBSI3aHHOE C MOXOJOAAHUEM M CMEHOW THIMa MOTOoAbl C aHTH-
LIUKJIOHUYECKOTO Ha IUKJIOHUYECKHH. B CBS3M ¢ 3TUM NpOU30ILIO Ha-
pYILIEHHE TNIOTHOCTHOH cTparn(uKaluy U 3ariyOJeHre CiIosi TeMIepa-
TYPHOTO CKa4ka (puc.). DTo 00eCreunIo MpUuToK OMOTeHHBIX SJIEMEHTOB
13 TUIOJMMHUOHA B BBIIIEJIEKAIIE TOPU30OHTHL, YTO B COBOKYITHOCTH C
BOCCTaHOBUBIINMCS aHTULIMKJIOHUYECKUM TUIIOM ITOTOfbI BO BTOPOH Jie-
KaJie aBrycra croco0CTBOBAJIO POU3O0ILIEANIEMY B AajbHEHIIeM OypHO-
MY Pa3BUTHIO CHHE3EJIEHBIX BOJOpOcieil. AHAaIOTH4Has CUTyalusl Ha-
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omroganace 1 B 2015 1, Korna npeo0nagaBIInii B TCUCHHUE JIETHETO TIEpH-
0/1a UKJIOHUYECKHUI THUIT MOTro/bl Ha 7 THEH CMEHMJICS aHTHLIMKIOHOM,
COMPOBOXKJABIINMCS BBICOKOH TemIepaTrypoil Bo3nyXa U OTCYTCTBHEM
BeTpa. «L{BeTeHnem» ObLIIO OXBa4eHO BCE BOAOXPAHMIIUIIE, COACPIKAHHUE
xnopoduina a uamensuiock ot 60 o 150 Mr/m?. B Takue nepuop! spKo
BBIPKEH BHYTPUCYTOUHBIH XOJ M3MEHEHHS COICpPKaHUS XJIOpopuiLia
a B OTHUYECKOM CIIO€, a TaK)Ke MPOCTPAHCTBEHHAs! HEOAHOPOAHOCTD —
Jake cnaboro BeTpa MOXKET ObITh JOCTATOYHO JAJISl TOTO, YTOOBI y HaBe-
TpeHHOro Oepera 0OHapYKUBAIUCH 00JIee BBICOKHE KOHIIEHTPALIMH ITHT-
MEHTa, YeM y MO/IBETPEHHOTO.

K koHIy aBrycra B BOJOXpaHWIHIIE Yallle BCETO MPOUCXOIUT pazpy-
HIEHHE TUIOTHOCTHOM CTpaTH(UKALUK BCIECICTBHE aKTUBHOTO BETPOBOJI-
HOBOTO TEPEMELINBAHMUS, COACP)KaHUE XJIOPO(UIa B MOBEPXHOCTHOM
cioe ymenpaercs 10 3—10 mr/m?. OiHaKo NpH COXpaHSHUH TEIIoi Oe3-
BETPEHHOH MOTO/IBI U B CEPEANHE CEHTAOPS B LIEHTPAJILHOM paiiloHE BOIO-
XpaHWIHIIA XJIOPOPUILT ¢ 0OHAPYKHUBAJICS B KOHLICHTpALUsIX 10 30 Mr/m>.
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TPaabHOM paiioHe Moskaiickoro BoAOXpaHHIHIIA

B BepTHKanbHOM pacHpeneieHur COAEp)KaHHUs XJIopoduiuia a Mo-
T'YT OBITh YETKO BBIPAXKCHBI OAMH MJIM HECKOJIbKO MakcUMyMoB. Ilep-
BB MakCUMyM HaOmtoaeTcst B JOTHYECKOM Clloe Ha TOpu30HTe 1-3 M.

316



ComnocTaBneHne conuep)aHusi XJI0poQuula C BEIMYHMHOW NEPBUYHON
MPOAYKIUHU CBUAETENBCTBYET O TOM, UTO IPU BBICOKOM YPOBHE MHCOJIS-
LMY U BBICOKMX 3HAYEHUAX TEMIEepaTypbl BOJbI IPOUCXOTUT CHIKEHHUE
WHTEHCUBHOCTH Pa3BUTHsI BOJOPOCIEH B IOBEPXHOCTHOM T'OPU30HTE, a
MX MakcuMallbHasi aKTHBHOCTb HaOMI0aeTcst Ha ITyOouHe 2—3 M.

Bropoii MmakcuMyM KOHIEHTpaLu# Xjaopoduiia a HabmogaeTcst Haj
CJI0EM TeMIepaTypHoOro ckauka. Ha 3ToM ropuszoHTe MpOMCXOTUT CKO-
TUIEHHE KJIETOK (PUTOMIAHKTOHA, CBSI3aHHOE CO CKauKOM IUIOTHOCTH (3(-
GexT «oKunkoro gHay). [lo-BuauMoMy, 3TOT XJIOPOQHILT YACTUIHO SBIIS-
eTCsI JeTPUTHBIM, TaK KaK HaJl CKAYKOM TUIOTHOCTH CKAIUIMBAIOTCS U OT-
MepIIKe, HO elle He YCIEBIINE Pa3JIOKHUTHCS KIETKH (PUTOIIAHKTOHA,
KOTOpbIE B HEOOJIBIIOM KOJMUYECTBE TAKKE COEPKAT XIOPOPHILI a.

['MnonuMHUOH XapaKTepu3yeTcss HU3KUM COACpKaHUEM XJIOPOQuI-
Ja a, 3a UCKJIIOYEHHEM ITPUOHHOTO TOPU30HTA, I7Ie CKaIlJIMBAtOTCs 0ce-
JaroIe OTMEPIINE KIETKH (PUTOIUTAHKTOHA.

Conepxanue xnopopwia a, Oyoydu mokaszareieM, KOCBEHHO OTpa-
JKAIOIIUM COCTOsIHHE (PUTOIJIAHKTOHA, OOHAPYKUBAET CBSI3U U C IPYTH-
MU XapaKTepUCTUKaMH BOIHOH cpenbl. [1o pe3ynsraTtam HaOII0ACHUI OT-
MeueHa TEeCHasl CBSA3b MEXK/Y CO/Iep)KaHUEM TUTMEHTA U ITPO3PayHOCTHIO
BOJbl. B mepuoabl HU3KOH (POTOCHHTETHYECKOW aKTUBHOCTH BOAOPOC-
JIeil MpO3payHOCTh B MPUIJIOTUHHOM paiiOHE BOJOXPAHMWIMILA JOCTUTaA-
eT 2,2 M, TaM ke HaOIIOAI0TCsl U MUHUMAJIbHbIE KOHLIEHTPAIUU XJI0PO-
¢unna a. [Ipu Benblkax MBETEHHS BOABI €€ MPO3PauHOCTh YMEHBIIACT-
Csl M IOCTUTaeT CBOETO0 MUHUMYMa B CEpEAMHE aBrycTa, CHUXKAsICh HA OT-
JenbHbIX cTaHiusx 10 0,4 M. Ha 9TuX ke cTaHIMsAX OTMEYaroTCs 1 MakK-
CHMaJIbHbIE KOHIICHTPALUH XJIopoduILa.

Takke oOHapy)KeHa TeCHasl CBSI3b KOHIIEHTPALMH IMUTMEHTa B BOJE
¢ OMXPOMAaTHOHM OKHCISIEMOCTBIO, MyTHOCTBIO M COAEPIKaHHEM pacTBO-
PEHHOTO KHCIOpOJa.

CBsi3p M@Ky PacTBOPEHHBIM B BOZE KUCIOPOAOM H XJIOPO(QHILIIOM
OYEBH/IHA, TIOCKOJIbKY COJEpKAHUE KHUCIOpOJa B BOJHOW TOJIIE B Bere-
TAIIMOHHBII MEPUOl BO MHOTOM OTPENEIISIETCs Pa3BUTHEM (PUTOILIAHKTO-
Ha U, COOTBETCTBEHHO, KOHLIEHTpaIMeH (POTOCHHTETUUECKIX TUTMEHTOB.

IlomyuenHas nuHeNHas 3aBUCHMOCTb MEXJy MyTHOCTBIO U KOHLIEH-
Tpauuei Xxinopoduiia ¢ OOBSICHIETCS TEM, YTO B SIIMIMMHHUOHE, TIIe Tpe-
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MUMYIIECTBEHHO U MPOU3BOAMICS OTOOp MpoO IS OnpeeieHus! Coaep-
KaHus (OTOCHHTETUUECKUX MUTMEHTOB, W3MEHEHHE MYTHOCTH O0y-
CJIOBJIEHO U3MEHEHHSMHU €€ OpraHMYeCcKol COCTaBIsONIe. A B Berera-
LIMOHHBIN NepHO0J] OCHOBHBIM HCTOYHHMKOM B3BEIIEHHBIX YaCTHIl OPTaHU-
YEeCKOTO MPOUCXOKICHHUS B BOIOEME SIBIISICTCS (PUTOTIIAHKTOH.

buxpomarHas OKHCISEMOCTh XapaKTepU3yeT CyMMapHOE CojeprKa-
Hue opranuyeckoro BemiectBa (OB) B Boje M Takke MOXKET CIYXHUTb
KOCBEHHOH XapaKTepUCTUKON (UTOMIAHKTOHA, TaK KaK MMOMHUMO CTOM-
xoro OB orpaxaer u conepxanue nadmibHbIX (GopMm OB, HCTOUHHKOM
KOTOPBIX B BOJOEMAax Yallle BCEero sBIsitoTcs Bogopociu. [Toatomy ¢ po-
cToM BenuuuHbl bO HabmiomaeTcss ¥ yBeJMYeHUE KOHICHTPALMH XJIO-
podunna a. C BeIMYMHOM e epMaHTaHATHOW OKUCIISIEMOCTH, KOTOpast
XapaKkTepHu3yeT COIepKaHue B BOJE TONBKO cToiikoro OB, xiopodumn a
CBSI3U MPAKTUYECKH HE OOHAPYKUBACT.

M3MeHYMBOCTh KOHLEHTpAaMK XJIOpohuiia, HaOMIo#aBIIascs B
2011 ., B 1IeJIOM COBMAJAET C JAHHBIMH O €r0 CE30HHOM COJIEpKAHUU B
1968—1972 rr. [Ilupokosa, 1975], cormacHO KOTOPBIM B aBIyCTE€ MOXK-
HO BBIJICTTUTH XapaKTEPHbI MaKCUMYM, 00YyCIIOBJICHHBIH aKTUBHBIM pa3-
BUTHEM (PUTOIUIAHKTOHA. JTOT K€ aBTOP OTMEYAET, YTO B BEPTUKAILHOM
pacmpeneneHnu XJaopoduiia HanboJbLINE 3HAYCHUS HAOIIOAAI0TCA Y 10~
BEPXHOCTH JIMILB B IITHJIEBYIO TIOTOTY, a IPH BETPOBOM BO3/I€HCTBUN MaK-
CUMaJIbHbIE KOHIIEHTpPAIMK XapakTepHs! i ropu3oHToB 0,5-1 M. B me-
pHonbl cTpaTuUKALUKA B 0ONACTH TEMIIEPAaTypPHOTO CKayKa MPOUCXOHUT
pe3Koe YMEHBILICHNUE KOJTMYEeCTBA XJIOPO(DHUILIA, a B TUTIOIMMHHOHE €ro CO-
JeprKaHie CHOBA YBEJIMUHMBACTCS 32 CUET OTMEPILIMX KJIETOK (puTomiaH-
KTOHa. B mepuos oceHHel roMoTepMruu HaOIIOAASTCsl PABHOMEPHOE pac-
npeeNieHne KOHIIEHTPaUK XJI0poduiia a mo Bcemy BOAHOMY CTOJIOY.

Hpyroii aBrop [JIeBmiuna, 1973] moka3siBaeT, 4TO MaKCUMAaJbHBIC Ha-
OJIOZICHHBIC 3HAYCHUSI COACPIKAHMS MUTMEHTA Pa3lIM4aloTcsl OT roja K
TO/1y ¥ BO MHOTOM OTIPENIEISIFOTCS THAPOMETEOPOIOTHIECKUMHU YCIOBHUS-
MU BereTalroHHOro nepuoza. Tak, Harpumep, B 1976 1. u3-3a 601b1I0TO
KOJIMUECTBA NMACMYPHBIX JHEW M HU3KOW TeMIIEpaTypoil BOABI B JIETHUM
HepHO]] CollepKaHKe XJIOpopHIa a B BOJe HE MpeBbiiaino 15,8 mr/m?,
aB 1968 ., xapakTepu3oBaBLIeMCsl OypHBIM pa3BUTHEM (PUTOIIIAHKTOHA,
KOHIICHTpALWsi MTUrMeHTa qocturaia 210 mr/m®. B ropl ¢ MHTEHCUBHBIM

318



pa3BuTHEM (UTOIUIAHKTOHA pa3Max MMPOCTPAHCTBEHHBIX KoJjeOaHuil co-
crasisiet okosto 100 mr/m?. Benuuunel, monyuernsie 70-¢ u B 2000-¢ rr.,
COIMOCTaBUMBI APYT C IPYTOM.

B urone 2000 r. ¢ ropuszonTa 0,3 M Ha IATH CTAHIUAX B pa3HbIX pail-
oHax MorkaiicKOro BOZOXpaHHJIMINA OBUIM OTOOpaHbI MPOObI, B KOTO-
PBIX OIpeeNieHo coaepikanue xinopopwia a. CpaBHUBAS ATU JaHHbBIE
C OCpeIHEHHBIMH pe3ynabTaramu cbeMok 2011-2015 rr., MoXKHO caenarb
BBIBOJ] O TOM, YTO NMPOAYKIIMOHHBIE MPOLIECCHI B TocieaHue 15 ner npo-
TEKaroT MPUOIN3UTENHHO C OIMHAKOBON MHTEHCUBHOCTHIO. Takum oOpa-
30M, MO pe3yabTaTaM M3y4eHHUs MHOTOJIETHEH U3MEHUYHUBOCTH COMEpKa-
HUSI XJI0poduIUIa ¢ 3a nocaeqHue 15 JeT He MPOU30III0 H3MEHEHUS TPO-
¢duueckoro craryca MoxaiiCKoro BOAOXpaHWIHLIA.

[IpoBenennsie B netnuii nepuox 20112015 rr. naGnroxenus 3a coxep-
JKaHueM xJyopoduiuia a B Bore MoxalCKOro BOIOXpaHWIUILA JAlOT Mpes-
CTaBJIEHHE O MPOTEKAHUM MPOLYKIMOHHBIX MPOLIECCOB B BOJOEME, YTO B
MEPCIEKTHBE TO3BOJIUT OTCIIEKUBATh HHTEHCUBHOCTD [IBETEHHS! (PUTOTLIaH-
KTOHA 0€3 BBIOIHEHHS YaCThIX THAPOOHOIOTHUECKUX HCCIICTOBAHMH.

Paboma svinonnena npu noooeporcke epanma PODOH Nel5-05-06108 a.
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DISTRIBUTION OF CHLOROPHYLL-A IN THE MOZHAYSK
RESERVOIR DURING THE SUMMER PERIOD

O. N. Erina, L.E. Efimova
Lomonosov Moscow State University

The paper deals with the seasonal variability of chlorophyll-a level in the Mo-
zhaysk reservoir and the dependence of photosynthesis both on weather and hy-
drological and hydrochemical conditions during the summer period. Maximum
concentrations of pigment in the water were found in the surface layers of the
reservoir in the first half of August when it became hot after a brief cold snap.
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CE30HHBIE N3BMEHEHU S COAEPKAHUS METAHA
B BOJJHOM TOJIIIE MOKANCKOI'O BOJOXPAHUINIIA

M. I. T'peuymnuxosa’-2, JI. /1. Bagiokos',
A. C. CasBnues?, B. C. Kazanues*

! Mockosckuti 2ocyoapcmeennbiil yrusepcumem um. M. B. Jlomonocosa
2 Uncmumym 600mvix npoonem PAH
3 Unemumym mukpobuonocuu um. C. H. Buno2padckozo
@UI] Buomexnonocuu PAH
* Uncmumym ¢pusuxu ammocghepol um. A. M. Obyxoea PAH

B pabote npeacTaBieHbl pe3ynbTaThl HAOMIOICHUN 32 H3MEHEHUSIMH CO-
JIepKaHusg MeTaHa B BOJHOW Tojile MOKallCKOro BOJOXpPaHMIIMILA B
neTHU# ce30H 2015 . BeIsBIEHBI IPOCTPAHCTBEHHBIE Pa3INYUs U YBe-
JMYCHUE KOHIEHTPAIMH TIPU MPOIOJDKUTENBHBIX aHadpOOHBIX yCIOBH-
SX B IIPUJOHHOM CJIO€.

OrnpeneneHue copepkanusl MeTaHa B BOJOXPaHUJIUIIAX BeCbMa aK-
TyaJlbHO, OCHOBHBIC HampaBiieHHus padoT: ero amwuccus [Tremblay et
al., 2005], mHIUKaIKs KOIOTHYECKOTO coctosiHus [DemopoB u np.,
2004]. B teuenue nernero ce3zona 2015 r. na MoskaiickoM Bomoxpa-
HWJININE BIEPBBIC TPOU3ZBOAMIN OTOOP P00 BOIBI JIJIsl HCCIICAOBAHUS
MPOCTPAHCTBEHHO-BPEMEHHBIX U3MEHEHHUH COAEPKaHUSI METaHa B BO-
JTHOM TOJIIIIE ¥ HAJ[ BOJXHOH IMOBEPXHOCTHI0. OTOOP MPOO MPOU3BOIUICS
Ha CTaHIMAX, PACIIONIOKEHHBIX KaK HaJl 3aTOIJICHHBIM PYCJIOM (puC.),
TaK ¥ HAJ COCEIHEH 3aTOIJICHHON MOMMOM, KOTOPhIE OTIMYAIOTCS Xa-
paKkTepoM IpyHTa U CKOPOCThIO OTpeOieHus Kuciopoaa [ bpexoBckux
u ap., 2006].

‘Z p.bonns

/\J)Inaaono
ng/ /;\&E Toperceo XCTIUIDBO Kpacuowlow
K/

ol Tponua

v

.Mocksa
<

Puc. 1. Cxema Mokalickoro BOJOXPAHWJIMILA € HOMepPaMH CTaHUUIA
THAPOJIOTO-THAPOXUMHYECKHX ChEMOK

Crupoc Ccno p Kom%
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Ot60p mpo6 09.06 mpousBoamics B BEpXOBbsiX (CT. 1), B IEHTpaIh-
HoM (cT. IIT m ct. IV) m mpumnotuaHOM (CT. V) paiioHax. CHHONTH-
YECKHUE YCIIOBUS CIIOCOOCTBOBAIN (DOPMUPOBAHUIO YCTOHYMBOM cTpa-
TU(QUKAUN CO CIOEM TEMIIEpPaTypHOrO CKa4yKa, BHIPAKCHHBIM JaKe B
NPUYCTHEBBIX 3aJIMBaX MPUTOKOB peK MockBbl U JIyCIHKH HUXKE TOPH-
30HTOB 3 U 2 M COOTBETCTBEHHO. Pa3HOCTH MOBEPXHOCTHOM U MPUAOH-
HOM TeMneparypsl Boabl coctasuiia 4 u 4,3 °C cOOTBETCTBEHHO, COZEp-
JKaHHE KHCIOpOoAa B MPHUAOHHOM CJIOE€ COCTaBWIIO 3 U 2,7 MI/I COOT-
BETCTBEHHO (puc. 2). B BepxHem paiioHe B pyciioBoii noxoune k 09.06
y’ke chopMupoBanuch aHaspoOnsie ycnosus (7o = 11,7 °C, O,= 1,3
mr/11, 12 % HacelleHns), HO B IpeAeiaxX 3aTOIUIEHHOM TOWMBI YCIOBHUS
aspauuu 0w ynoBiaeTBoputenbHbivMu (70 = 18 °C, O,= 9,6 mr/n). B
LHEHTPaIbHOM paiioHe Hike ropu3onta 11 m npu 70 Boasr 11 °C co-
nepxanre O, COCTABIANO yKe MEHee 2 MI/JI. B IIPUIIOTHHHOM paioHe
conepkanure O, B npuIoHHBIX cosx K 09.06 cocraBuio He menee 4,7
MT/J1 Ipu OoJiee HU3KOi# Temmeparype Boxbl — okoio 10 °C, uto onpeze-
nuio OoJee MeasieHHOe ero notpednenue. Conep:kaHue MeTaHa B TOJI-
1I€ BOJBI HE MPEBHIIIAI0 § MKJI/JI, IPU 3TOM HAOIIOAAETCS 3aKOHOMEP-
HO€ yBEIMYEHUE €r0 ColepkKaHus B ciosax ¢ aeduuurom O, (Tadm. 1).
YBenuuenue conepxanus Merana Huxe cioss CTC ocoOeHHO BhIpake-
HO Ha CTaHLHUAX C yCIOBHIMHM, ONM3KUMH K aHaspoOHbIM. [lo cpaBHe-
HUIO C IOBEPXHOCTHBIM CJIOEM YBEIMUYEHHE COACPKAHUS B IPUIOHHBIX
ciosix cocTtapiset ot 2,3 1o 4,3 paza. Ha moiiMeHHBIX CTaHLIMIX C OJI-
HOPOJHBIMH YCIOBUSMH OJlarofapsi BETPOBOMY U KOHBEKTHBHOMY Iie-
PEMELIMBAHHIO COJEPKaHNE METaHa B MOBEPXHOCTHOM M MPHIOHHOM
CIIOSIX pa3inyacTcsl He3HAYUTEIbHO, 38 MCKIIOYEHUEM BEPXOBUH, Tie
BETPOBOE MEpPEMELINBAHNE 0CIA0ICHO U3-3a JIECUCTBIX OeperoB, y3Kon
JOJIMHBI ¥ MAJIOH AJMHBI pa3roHa BETpa.

B npomexxyTkax Mexay cheMKaMi epUOAnYecKuid 0TOop mpo0 mpo-
n3BoAMIM Ha cT. [V Ha peiinoBoii BepTukanu KpacHoBHI0BCKOTO mieca.
B Teuenue urons cofepkaHue MeTaHa B IPUIOHHOM CJIO€ YBEITHYMIOCH
¢ 8 10 284 MKJI/11, UTO CBSI3aHO C YCTOMYMBOM MPsIMOH cTpaTHdUKaen
Y OTCYTCTBHEM aKTHBHOTO OOMEHa C SMMIIMMHUOHOM. BepxHsisi rpanuna
OeckuCcIopoHOi 30HbI (¢ comepxkanneM O, MeHee 2 MI/IT) 3a 3TOT IEPH-
oJ moAHsyack ¢ 12 go 7 M npu o0uei rryOuHe cTanuuu 13 M.
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Cremka 25.05.2015 M abe Cpemka 01.07.2015
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Puc. 2. Pacnpenenenne temneparypsl Boabl (°C) 1 pacCTBOPEHHOI0 KHC-
Jiopofa (Mr/J1) mo JAaHHBIM I'HAPOJIOr0-THAPOXHMHYECKHX ChbeMOK

Bo Bpems cremku 1 ntonst Garomapsi IpeecTBYIONUM TTOTOTHBIM
YCIIOBUSM (QHTHIMKIIOHHYECKUN TIEPUOJ] C MAKCUMAaJIbHOW YCTOWYHBO-
CTBIO0 BOAHOU Tommmwm 1pu Tn — 70 6omee 10 °C) 30Ha ¢ aHA3POOHBIMU
YCIIOBUSIMH PacIpOCTPAHSIIACh B TUIIOIUMHHOHE /IO TOPU30HTOB 5 M B
BEPXOBBAX U 6 M y TUIOTHHBI. YCTOWYHBAst CTpAaTH()PUKALINS CO CPETHIM
3HaYCHWEM TPaJIieHTa TEMIIEPaTyphl Ha BEPTHUKAJAK, OMU3KUM K 1, 3a-
TPYIHSIOUINM TI€pEeMEIUBaHIe W BEPTUKAIBHBIA 0OMEH, 00YyCIOBHIN
POCT CofiepKaHus METaHa B IPHIOHHOM cioe 10 505—-613 MK/ B Bep-
XOBBSIX U 10 664—948 MK/ B TICHTPAIEHOM M TIPUILUIOTHHHOM palOHaX.
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Taéauua 1. Conep:kanne MeTaHa B mpodax BoAbI U Bo3ayxa Jjetom 2015 .
1O JAHHBIM THIPOJIOTO-THAPOXUMUYECKHX CheMOK

0 9,6 | 0,98 0 9,3 | 0,95
8 13,2 | 1,43 2,8 8,7 | 0,86
15,5 | 18,3 | 2,06
Coemka 01.07 2015

Topu- Topu-
Homep 3ol:n [CH,]| [CH,], 3o€n (et M | Howep | TP | 1cm, | [cH,),
CTaH- J MKJI 30HT OT- o
i oT00- | ppm |MKI ' | 0TOO- | ppm o | cTai- Gopa, M ppm | MK I
or60- pa, M pa, M uit oT-
pa HaJl 3aTOIIJICHHBIM pyC-[  HaJ 3aT(3nneiHHof/'I 0opa | Haj 3aTONJIEHHBIM pyc-
JI0M MOUMOM JIOM
Coemka 09.06 2015 Cremka 06.08 2015
I |Bosmyx| 2,3 Boznmyx| 2,02 3 0 189 | 23,05
I 0 22,6 | 2,57 0 22,51 2,59 3 1,5 193 | 23,54
I 3 239 | 2,73 2 22,8 | 2,6 2 0 112 13,5
I 4,5 64,1 | 7,75 3,5 | 53,6 6,42 2 2,5 115 | 13,87
I  |Bo3nyx| 2,33 Boznyx| 2,13 I Boznyx | 2,92
11 0 20,2 | 2,27 0 24 | 2,75 I 0 120 | 14,59
11 3 172 1,9 4 22,4 | 2,57 I 4,5 1636 |202,57
1T 6 20,9 | 2,36 Il |Bosmyx| 4,8
11 9 432 | 5,13 111 0 72 8,45
IV |Bo3nyx| 2,33 Bosnyx| 2,14 11 8,5 11718 |1452,55
v 0 13,7 | 1,48 0 134 1,44 V  |Bosayx| 4,85
v 7 18,9 | 2,12 29 | 143 | 1,55 \% 0 40,9 | 4,59
v 13,8 | 53,5 | 6,41 \Y 17 18794 |2329,98
V  |Bozayx| 2,08 Bosznmyx| 2,22
\%
\
\%

I 0 91,1 | 10,91 0 92,2 | 11,14
Bozmyx| 2,91 Bosnyx| 2,92

I 4,7 14076|505,03| 2 89,1 [ 10,76

1l |Bo3myx| 2,04 Boszmyx

111 0 25,7 2,98 0 38,2 | 4,26
111 8,7 |5511|683,16| 6 477 | 58,67

v — Bosnyx| 2,33

v — 0 40,6 | 4.8

v 13 |5366(664,99| 9,5 |1389(171,85
V  |Bo3myx| 3,2 Bosnyx| 2,25

\ 0 20,7 | 2,25 0 252 29

\Y 18 |5668|702,51| 9,7 |84,5]10,25
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Tabéauua 2. Coep:kaHue MeTaHa B IPo6ax BojAbI U BO3Ayxa Ha cT. [V jieTom
2015 r. o JaHHBIM peii1I0BbIX HAOIIOTEH Uit

Jara |TopusoHT [;I){n“l]’ E\JC;‘/‘J]I’ Hara | l'opusoHT [E;Igl]’ E\Acliz]l’
ITos. 10,6 1,11 ITos. 43,8 5,16
06.06.2015| JTao 66,7 8,07 |29.06.2015| Tno 2295 284,31
Bo3zz. 2,02 Bo3zn. 2.9
Tlos. 23,5 2,64 ITos. 54,5 6,37
24.06.2015| Tao 517,2 63,86 |23.08.2016| Irno 15409 | 1910,33
Bo3n. 2,75 Bo3n. 4,14
ITos. 24,7 2,79 I[Tos. 60,8 6,78
25.06.2015| Txo 98,1 11,89 [24.08.2016| Iro 20299 | 2516,32
Boszn. 2,7 Boszn. 7,55
ITos. 31,2 3,6 ITos. 25,2 2,73
26.06.2015| Txo 1709 211,65 (05.09.2016| dxo 46,7 5,4
Bo3zn. 2,6 Bo3zn. 2,73

HawuOonb1iee conepkanre MeTaHa BBISBICHO Ha CT. 31 B IIEHTpalIbHOM Ya-
CTH, TIOCKOJIbKY HamOoJiee paHHee BO3HHKHOBEHHE aHAadPOOHBIX YCIIOBHI
XapaKTepHO UMEHHO JJIs 3TOT0 pailoHa, 4To 3aKOHOMEpHO i1 Moskaiicko-
ro Bopoxpanuwmia. ConepkaHue MeTaHa B IOBEPXHOCTHOM CJIO€ Ha 2 T10-
psilika MeHbIIEe: OT 3—4 MKJI/JI B IIEHTPAILHOM U MPUTLIOTHHHOM paliOHaX 10
11 MK1/71 B BepXOBbsIX HaJ rorimoit (Tadu. 1). [Tocnennee MoxeT OBITH CBSI-
3aHO Kak ¢ 00Jiee HHTEHCHMBHBIM OOMEHOM C IPHIOHHBIMH CIIOSIMH B MEJIKO-
BOJTHOM BEpXHEM paliOHE, TaK U ¢ MEHBIIUM COZIepKaHueM Kucnopona. s
HAAMOWMEHHBIX CTAHIUM pa3nyiusi COAEPKaHUsI METaHa Y IOBEPXHOCTH U
y JIHA BBIPQKEHBI TOJILKO TaM, TJie TIIyOWHA CTaHIIUH MPEBBIIIAST TIIyOuHY
3aneranust CTC. Bo Bpemst ceemkn 06.08 B TOBEPXHOCTHOM CJIO€ TIEPECHI-
HIEHNEe KUCIOPOIOM JocTHIO 224 % (19,2 Mr/in) B LeHTpaibHOM paioHe
u 185 % (15,5 Mr/n) y TioTHHBI M3-32 aKTHBHOTO (DOTOCHHTE3A ITpy Oaro-
MIPUSATHBIX NOTOAHBIX ycaoBusX. Comep:kaHue MeTaHa y JHA B LEHTPaJb-
HOM | IIpUIuioTHHHOM parioHax (ct. Il u V) nmoctumio k atoit nare 1452 u
2330 MKJ/11, a B IIOBEPXHOCTHOM clioe — 8,5 U 4,6 MKJI/J1 COOTBETCTBEHHO.
Ha cr. | B mpumoHHOM ci10€ M3-32 pa3pyIIeHns CTpaTH(HUKAIIA U YMEHBIIIC-
HUs yCTOMYMBOCTH BOIHOM Tomw conepkanre O, MOBBICKIIOCH 110 4 MI/1
(puc. 2). Ha cTaHIMsX B IPUYCTHEBBIX 3aIMBaX COMACPIKAaHHUE METaHa Y TIO-
BEPXHOCTH U y JIHA U3-32 pa3pylICHUs CTPaTH(UKAIIUK OJIMHAKOBO.
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K xoHI1y aBrycra Ha pei10BOi BEpTHKAIIU COACPKAHUE METaHa B PU-
JIOHHOM TOPU30HTE IPH BCE MPOOKAIONIUXCS aHAIPOOHBIX YCIOBHSIX
nJocturio 2516 Mki/n, a 'y moBepxHoctu — 6,8 Mkii/i1. K 05.09 ycroiiun-
Bas MpsiMasi cTparuuKaius yKe He HaOllroaanach, u3-3a HEOOIBIIIOTO
rpagueHTa TeMIeparypbl (COOTBETCTBEHHO M IIIOTHOCTH BOJIBI) YCHITHII-
cs1 0OMEH MEXJIy CIOSMU BOJIbI, COACPKAHNUE METaHa B TIOBEPXHOCTHOM
Y TIPUJIOHHOM CJIOSIX UMEET OJIUH MOPSIOK: 5,4 MKII/J y JIHA U 2,7 MKJI/1
y MOBEPXHOCTH. JlOMOTHUTETHHBIM (PAKTOPOM MHTCHCU(DUKALIUU 0OMe-
Ha MEX]Ly CJIIOSIMH MOXKET OBITh CHHIKCHHUE YPOBHS BOJIbI 32 JICTHUH Tie-
puox Ha 1 m.

ITomuMo ormpesesieHus: CopepIkanus MeTaHa B Bone 25, 29 uioHs, a
takke 8,10 u 28 utons ObLIM BBITOJHEHBI IUHUYHBIC U3MEPEHUS TI0-
BEPXHOCTHOH IUIOTHOCTH ITOTOKA METaHAa B aTMOC(epy METOIOM ILJIaBYy-
YUX TEMHBIX Kamep. M3amepennsie 3Hauenus Bapbupytot ot —0,34 + 0,53
10 0,73 £ 0,16 mr C/m?-u.

[IpuBeneHHbIN BhIIE 0030p MOKA3bIBAET, YTO MPOAODKUTEILHOES
OTCYTCTBHE KHUCIIOPOJia B HIDKHUX CIIOSIX BOJHOM TOJIIU OTHOCHTEIb-
HO NITyOOKOBOJHOTO MaJIOIPOTOYHOTO BOJOXPAHHIIUIIA BBI3HIBACT YBeE-
JIUYCHUE COJCPKAHUS METaHA B MPUIAOHHBIX TOPU30HTAX, YCTOMUUBAsS
CTpaTU(UKAIMS U TIEPECHIIICHHE KUCIOPOIOM MTOBEPXHOCTHOTO CIIOS HE
CIOCOOCTBYIOT 3MUCCUHM MeTaHa B arMochepy. OnHako mpu paspyiie-
HUW YCTOMYUBOW CTparu(UKAlMU U MPOHUKHOBCHHU MEPEMEIIUBAHHS
JI0 JTHA BO3MOXKHBI 3aJIIIOBBIE BEIOPOCH! MeTaHa. [IpudeM npu acumme-
TPUYHOM TPO(UIIC BOJOXPAHWIUIIA ITOT MPOLECC MOXKET OBITh pacTsi-
HYT 10 BPEMEHU B 3aBUCHUMOCTH OT CHHONTHUYECKUX YCIOBUH (CKOpO-
CTH BETpa U YMEHBIIICHUS TEMIIEpPaTypPhl BO3/yXa), IOCKOIBbKY pa3pyiie-
HUe cTparu(uKaluu B pailoHaX ¢ pa3IUYHON ITyOMHON MPOUCXOIUT B
pasHoe Bpemsi. [{iist Gosiee neTabHOTO W3yYeHUs IaHHOTO Tpoliecca He-
00XOJIMIMO MPOBECTH Y4YAIICHHBIC HAOIIOICHUS B MEPHOM Pa3pyLICHHUS
CTpaTU(UKAINH C TIPUBICYCHHEM METO/Ia (IJIABYYHX KaMepy.

Tonegvie pabomoi svinontersl npu noooepocke PH® (npoexm Ne 14-17-00155).

Jlureparypa

bpexosckux B. @., Buwnesckasa I H., Kpemeneykas E. P, Jlomoea /. B. 06
OLICHKE TOTPEOIICHNs KNCIIOPO/a Pa3HBIMH THITAMU IPYHTOB JIOJIMHHBIX BOJOXpa-
HWJINII B JIeTHUH niepuon // Mereoposorust u ruaponorust. 2006. Ne 10. C. 82-91.
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SEASONAL CHANGES OF METHANE CONCENTRATION
IN THE MOZHAISK RESERVOIR

M. G. Grechushnikova'?, D. D. Badukov',
A. S. Savvichev3, V. S. Kazancev*

! Lomonosov Moscow State University
2 Water Problems Institute, RAS
? Research Center of Biotechnology, RAS
 Institute of Atmospheric Physics, RAS

The article presents the results of ethane observations in water body of Mozhaisk
reservoir during summer 2015. Authors revealed spatial differences and an in-
crease in methane concentration in the bottom layer during the period of anoxia.

KOJIMYECTBEHHAS OIIEHKA ITOCTYIIVIEHUSA
HE®TENPOAYKTOB C TOPOACKOI TEPPUTOPUU
B ITPUPOJHBIE BOJOTOKH

0. M. Jlagy3oBa'2, T. B. HockoBa?, M. C. JIbiceHKo0?,
E.TI. Hapunal, T. C. Ilanuna?

! Anmatickuii eocyoapemeennwiii ynugepcumemn, 2. bapuayn
2 Unemumym 600nwix u okonocuueckux npoonem CO PAH, 2. Bapuayn

HccnenoBanne cHEXXHOTO MOKpOBa B uepre I. bapHayna mokasasno mpe-
BBIIIEHHE B HEM CPEIHETO COAep)KaHWs HEePTENPOIYKTOB IO CpaBHE-
HUIO ¢ ()OHOBBIMHU 3HAYEHHUSIMH 10 5 pa3. Hanbosee BbICOKHME KOHIIEH-
Tpanuun Ha6.]'IIO}Ia.HI/ICI) B TOYKaXx, pacIioIOKCHHBIX BOJIM3H YaCTHOI'O CEK-
TOpa € NE€YHbIM OTOIVICHUEM U KPYITHBIX aBTOMaFHCTpaHeﬁ C HHTCHCHUB-
HBIM TPaHCIIOPTHBIM ABHKXCHUCM. PaCC‘II/ITaHO, YTO CXKCETOAHOC IOCTY-
TUIeHHE He(PTEPOAYKTOB C TeppUTOpUN I. bapHaymna B mpupoHbIe BOIO-
€MBI C TAJILIMH BOJIAaMH COCTABIISIET Ooee 6 T.
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Hedsiabie yrneBogopons! SIBASIOTCS HanOoJiee pacnpoCTpaHEHHbI-
MH TOJUTIOTAaHTaMU AHTPOIIOT€HHOIO TPOUCXOXKACHUS, TMPHUCYTCTBY-
IOIIMMU B OKpy»Karoiei cpeae [Bacunenko, 2010]. Onu npeacrasiis-
10T CO0O0H CIIOKHYIO CMECh MHOKECTBA Pa3HBIX COSIMHEHUH, HE HMEIO-
IIYI0 TIOCTOSHHOTO COCTaBa, U 3TUM OHM CYLIECTBEHHO OTIMYAIOTCSA OT
MHOTHUX JIpyT'MX opraHuyeckux 3arpssHurened [bpoackuii, 2002; Noyo
Edema, 2012]. K Tomy e O0MBIIMHCTBO HEDTAHBIX YIIIEBOIOPOAOB SIB-
JSIFOTCSL KaHLIEPOTeHaMU M 00J1a1al0T CIIOCOOHOCTHIO K OMOHAKOIUICHHIO
[CmonbHuKOBa U 11p., 2009]. [TosTOMy maxe HeOObILINE KOHLEHTPALIUT
Hedrenponykros (HII) mpu nnutensHOM BO3AEHCTBUM Ha KHUBBIE Opra-
HU3MBI PEICTABIISIIOT 3KOJOTHYECKYI0 OnacHOCTh. OCHOBHBIMM HCTOY-
HUKaMH UX aHTPOIIOT€HHON SMHUCCHU B OKPY’KAIOIIYIO CPENy SBISIFOTCS
BBIOPOCH IPOMBILIJICHHBIX MPEANPUATHH U BBIXJIONBI aBTOTPAHCIIOPTA
[HockoBa u nip., 2014]. [TockonbKy arMochepHbIe 0CaJAKH UTPAIOT OYEHb
BR)XHYIO pOJb B (JOPMUPOBAHUM XUMHUYECKOTO CTOKA MPUPOJHBIX BOJ,
UX UCCIIeIOBaHUE NIPECTABISAET MHTEPEC KaK JUIsl OLIEHKH KauecTBa pey-
HBIX BOJ|, TaK M JUIsl ONPEENICHUs] CTEIIEH! aHTPOIIOT€HHOW HarpysKu.
[Ipu 5TOM CHEKHBII TOKPOB MOYKHO HCIIOJIB30BATh B KAYECTBE 0OBEKTa
MOHHMTOpPHHTA KaK MHTETPAJIbHBIN MTOKa3aTeNb 3arpsI3HEHHOCTH BO3TY1I-
HOM cpefibl B X0JoAHbIN nepuoA roaa [Illymunosa u ap., 2012].

Lenp nHameilr paboThl — KOMMYECTBEHHAs OLICHKA MOCTYIUICHUS He-
¢dTenponykToB ¢ TeppuTopuu r. bapHayna BMecTe ¢ TaubIMU BOJAMH B
MIPUPOJHBIE BOAOTOKH.

[ 3Toro B neprnoj MakCMMalIbHOTO CHEroHaKkoIuieHus B mapte 2015
u 2016 TT. OBbUTM O0TOOpaHBI MPOOBI CHEIKHOTO MMOKPOBA B Pa3HBIX paiio-
Hax I. bapnayna, a Taxoke B (hoHOBOH Touke B ¢. [oHBOA, pacnonokeH-
HOW B CTOPOHE OT MPEUMYIIECTBEHHOTO HalpaBieHHs BETpoB (puc. 1).
CHer oTOMpanyu METOIOM KOHBEPTa B YHCTHIC MOJMITHICHOBBIC IMaKe-
Tel. B maboparopuu npoObI TasuIi B CTEKISIHHOW MOCYAE W ONPeASIISIIH
HEPTENMPOLYKTHl (IyOPUMETPHUECKUM METOJOM Ha aHaJIM3aTope KUI-
koctu «@moopar-02-3M». Ha puc. 2 npeacrasieHa rucrorpaMmma co-
JeprKaHusl HeTEPOIYKTOB B TAJIOH BOJE CHEXKHOTO MOKpoBa I. bapHay-
na B pasHble rozipl. Konnentpauus HIT B ropoackux Todkax mpeBbIIIaeT
(oHOBBIE 3HAYEHUS, YTO CBUICTEIBCTBYET O CYLIECTBYIOIIEM 3arpsizHe-
HUH TOPOACKOH aTMoc(epsl. Hanbomnee BicOKHE KOHLIEHTPAIMN HAOIO-
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JAar0TCs B TOYKE 5 5 HaXOISIIEHCS C HOHBCTpGHHOﬁ CTOPOHELI OT YaCTHOTO
CCKTOpa C MEYHBIM OTOIUICHHUEM, a TAKIKEC B TOUKAX lu 4, PacCIosIOoKEeH-
HEIX BOJIHM3U TOPOACKUX MaFI/ICTpaHef/i C OYCHb MHTCHCHBHBIM JIBHXCHU-
€M TpaHCIIOPTA.
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aa B 2015 n 2016 rr.
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Bo Bpewmst cHeroTasiHuA Tajble BOABI HAIPSIMYIO MONAJAl0T B BOAHBIE
00BEKTHI, IOATOMY ISl OLIEHKH MX KaueCcTBa HAMH OBLIH HCIIOJIb30BAHBI
HOPMAaTHBBI PBIOOXO3AHCTBEHHOTO Ha3HAUCHHS (IIAK ), ycraHoBIeH-
HBIE /Ui NpUpOAHBIX BoA. B 2015 . B Tanoil Bojie CHEKHOTO MOKpPOBa
. bapHayna npesslieHue HI[KP'X' no HII Obw10 B ipesenax morpemHo-
CTH MHCTPYMEHTAJILHOTO OIpeaeseHus, oqHako B 2016 r. ormeueHo cy-
IIIECTBEHHOE YBEINYEHHE KOHLIEHTpaluu B Toukax 1, 4 u 5. Kak usBecr-
HO M3 JIUTEPATYPHBIX UCTOYHHKOB, CHEKHBI MTOKPOB OCOOCHHO 3arpss-
HEeH BONMM3M aBTOMOOMIIBHBIX Jtopor [Pamyra u mp., 2010; Illymuiosa,
XKunenesa, 2010; Kirsi Kuoppamaki at al., 2014]. Congepxanue Hedre-
MPOIYKTOB AKCIIOHEHIIMOHAILHO YMEHbIIAeTCs B 3aBUCUMOCTH OT yja-
JIeHUs1 OT JOPOKHOTO TosioTHa. BOnm3u aBronoporu konuentpanus HIT
B 10 pa3 Bble, 4eM B TOPOICKOM CHEXHOM TOKPOBE, OTOOpDAaHHOM BHE
30HBI 3arpsI3HSIOLIETO BIUSHUS aBTOTpaHcnopra (puc. 3).

0,2

>

Conepaxkanue, Mr/am>

0 T T T T T 1
0 5 10 15 20 25 30

PaccrosHne ot AOpOTII, M

Puc. 3. 3aBucumocthb conep:xxkaHusi He(pTENMPOLYKTOB
OT PACCTOSIHUSI OT 1OPOTH

ITockonbKy CHET Ha AOpPOTre 0COOCHHO 3arpsi3HeH He(PTempoayKTaMH,
€T0 BBIBO3 M YTHJIN3AIHIO HEOOXOAMMO TTPOBOANUTH C COOIOICHUEM MEp,
MPEIOTBPAIAIOIINX 3arpsi3HEHUE OKPYXKAIOIIEeH Cpelibl, B TIEPBYIO Oue-
penb, MaJTbIX TOPOACKUX BOIOTOKOB M UX BOXOCOOPHBIX OacceiHoB. O-
HaKO B OOJIBIIIMHCTBE CIYYaeB CHETOBBIC CBAJIKH PACIIONIOKEHBI B BOJIO-
OXpPaHHBIX 30HaX peK. Tak, KOHIeHTpaIws HePTEPOIYKTOB B CHETOOT-
BaJjie, KyJa B TCUCHHUE 3UMHETO MEePHOIa CBO3UIICS 3arpsI3HCHHBIN CHET ¢
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TOPOJCKHUX Jopor u yiuil, B 2013 r. octurana 4—7 Mr/aM?, 4To cOCTaB-
nsiet 80—-140 HI[KP.X. [HockoBa u ap., 2015]. Conepxanue HII B uccne-
JyeMoM cHerooTtBasie B Mapte 2016 1. coctaBuio 4 mr/am?, uro B 67—-100
pa3 BbIIIE CPEIHEH KOHIIGHTPAIUU He(PTEPOIYKTOB B TAJIOH BOJE BCe-
IO TOPOJICKOTO CHEKHOTO nmokpoBa. [loaTomMy npu pacdere koauuecTBa
HII, nonmagaromiero B BOAOEMBI ¢ MOBEPXHOCTHBIM CTOKOM C TEPPHUTO-
pHUU TOPOAA, MBI YUYUTBIBAIIN IIOMIAAbL JOPOKHOTO MOJIOTHA CO CPETHUM
coziep:kaHreM HeTenpoayKTOB 4 MI/aM® U TUTONIAb BCEH ocTaBIIeHCs
TOpOAICKOM TeppuTopuu co cpeaHuM coaepkanuem HII B cHexxHOM mO-
KpOBE B pa3HbIe TObI 0TOOpa. JlaHHbIe mpencTaBieHsl B Tabn. Omnpene-
JICHUE CPEHETO0BOTO 00BheMa TaJIBIX BOJ POBOIIIIN, UCIIONb3Ys (hop-
myiny (1), mpuBeaennyto B [Pexomenganuu. .., 2014]:

W = 10xhx¥xF, (D)
rae F — momane croka, ra; h — cioit ocankos, MM; ¥ — koo dumment
CTOKa.

KonmuectBo HE(TENPOMYKTOB, MOCTYHNAIOMIUX C ITOBEPXHOCTHBIM
CTOKOM B BOJIHBIE OOBEKTHI, PACCUUTHIBAIH 110 hopmyre (2):

M = (Cx W)/1 000 000, 2)
rae W — cpenHeronoBoi 06beM Taimsix Boa, M*; C — KOHIIEHTpaus He-
(bTenpoayKTOB, MI/AM?.

Pacuer koimvecTBa HeTEeNPOAYKTOB, MOCTYNAIOUINX C MOBEPXHOCTHBIM
CTOKOM B peYHbIe BOJbI

PacyeTHbie mokazarenu 2015 2016t
I\C,If/i[i,ll{aﬂﬂ xoHueHTpanus HIT B roponckom CHEXXHOM TIOKPOBE, 0,04 0.06
KonudecTBo BBITIABIIMX OCAIKOB, MM 120 104
ITnomane 1OpOKHOTO MOKPBITHS, Ta 2000
[Inomane 1. baprayma, ra 32200
CpeiHero1oBoii 00beM TajIbIX BOJ ¢ TOPOACKOit Tepputopun, M® 21 744 000(18 844 800
CpeHerooBoii 00beM TAbIX BOJ C IOPOIKHOTO MOKPBITHS, M> 1 440 000 | 1 248 000
Komuuectso HII Ha Tepputopuu ropoaa, T 0,9 1,1
Komuecto HIT Ha TeppuTopru JOPOXKHOTO TOJOTHA, T 5.8 5,0
OO0ree KoMM4YecTBO HE(YTEPOTYKTOB, T 6,7 6,1
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[Ipu TassHUM CHEXHOTO MOKpPOBa C(HOPMUPOBAHHBIA Ha TOPOIACKOH
TEPPUTOPHH MOBEPXHOCTHBIH CTOK NMPHHOCHT B peYHBIE BOABI Oolee
6 T He(pTENPOAYKTOB, YTO MOXKET HETAaTUBHO CKa3bIBATHCS HA IKOJIOTHYe-
CKOM COCTOSIHUHM MPUPOIHBIX BOJJOEMOB.
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QUANTITATIVE EVALUATION OF PETROLEUM
PRODUCTS INFLOW FROM URBAN AREAS
INTO THE NATURAL WATERWAYS

O. M. Labuzova'% T. V. Noskova?, M. S. Lysenko?,
E. G. llina', T. S. Papina?

! Altay State University, Barnaul
2 Institute of Water and Ecological Problems SB of RAS, Barnaul

Fluorimetric study of urban snow showed a five-fold excess of oils content as
compared to background values. Its highest concentrations were registered in sites
located near the private sector with stove heating and near the roads with heavy
traffic. It was calculated that the annual flow of oil products from the territory of
the city of Barnaul into natural reservoirs with melt water is more than 6 tons.

YPOBEHb ITOJINXJIOPUPOBAHHBIX BUGPEHNJIOB
B O3EPE BAMKAJI M ETO OIIEHKA
HA COBPEMEHHOM 3TAIIE

O. B. KycroBa, A. I'. I'opmikoB

Jumnonoeuueckuii uncmumym Cubupcrkozo omoenenus PAH

KonTposb unctoTsl Boja baiikana — HCTOUHHMKA MTUTHEBOM BOJLI MUPOBOTO
3HAYEHUS — OTIINYAETCS aKTyaJbHOCTHIO U BEICOKOW MTPAKTHYECKON 3HA-
quMOCThI0. C TIeNTbI0 OIIEHKH YHCTOTHI €r0 BOJ MPOBEIECH MOHUTOPHHT
nonxJIopupoBaHHeIX Ondenmo (I1XB) ¢ mpuMeHEeHHEM «KIaccuye-
CKHX» METOJIOB H C MCTIOJIh30BaHNEM phIO balikana B kauecTBe OMOWHTHU-
karopoB. Haitneno, uto conepxanue [1Xb B OBEpXHOCTHBIX BOJIax 03e-
pa (Topu30HT 5 M) COOTBETCTBYET ypoBHsM: 1,4—0,1 (cymma 0OHapyKeH-
HBIX KOHTeHepoB, Y [1Xb) u 0,43-2,2 ar/a (cymMMa MHAWKATOPHBIX KOH-
renepos, Y [1Xb), B mybunnbix Bogax — 1,7-7,2 n 0,50-2,1 wr/n, coor-
BeTCTBEHHO. [Tokazano, uto Hakomienue ) I1Xb B TkaHsax GaiKkaabCKux
pw10 — Coregonus migratorius — M B pbl0ax 3 anbnuickux o3ep FOxHOM
u LenTtpanbHoit EBportel — Salmo trutta fario — cormocTaBuMO.
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Ozepo baiikan — camoe KpyrHOe IPECHOBOJHOE 03€PO, COAEPKUT OKO-
710 20 % MOBEpXHOCTHBIX NMPECHBIX BoA Mupa. [locTyruienne cToikux op-
ranndeckux 3arpsizauteset (CO3) B BofbI 03epa CBA3BIBAIOT ¢ aTMOC(hep-
HBIMH BBINTaACHUAMH (BIaKHBIMH U CYXHUMH) M SMHCCHEH W3 MCTOYHU-
KOB, pacnoJIoKEeHHbIX Ha nobepesxnbe o3epa. Cpean CO3, oOHapyKeHHBIX
B Ouote baiikana, nonmuxnopupoBanubie oudenmnsl ([1XbB) xapakrepusy-
I0TCS MaKCUMaJIbHBIM YpOBHEM akKyMmyssinuu [Nakata et al., 1995; Tanabe
etal., 2003]. ITpuuem quokcunononoousie I1Xb B peidax Batikana, kak ot-
MeueHo B pabote [Mamontov et al., 2000], BHOCST MaKCUMAaIIbHBIN BKJIA]
B CyMMAapHbIi TOKCHUECKHI HSKBUBAJIEHT XJIOPOPTaHUYECKHX COEIHMHE-
Huit. Ha atom ocHoBaruu [1XB MOryT OBITh OTHECEHBI K YUCITY IIPHOPH-
TETHBIX MOJUTIOTAHTOB B CUCTEME MOHUTOPHHIA BOJ 03€pa.

IIXb — kilacc OpraHMYecCKUX COEIUHEHUH, KOTOpPhIE B BHJE
TEXHUYECKUX cMeceid, Takux Kak «Apoxmiop» (CIHA), «Xaoden» (I'ep-
manus), «Xnopoden» (Ilompia) u «CoBom» (Poccust), mpousBoaumch
KaK KOMMEpYeCKHe MPOAYKTHI B OONBIIMHCTBE pa3BUTHIX cTpaH. [locie
0oOHapyKeHUs] TUOKCHHOMOAOOHOW TOKCHYHOCTH Yy psiia COCAMHEHHH
aToro kiacca mnpousBoactBo [IXB Obuto 3ampemieHo, W COMIacHO
Crokronemckoit kouBenuuu (2001 r.) IIXb Bxmouensr B uncino CO3.
Hecmortps Ha 3anper npoussoactsa, [IXb mpucyTcTByIOT B BOAHBIX 9KO-
CUCTEeMax MUpa, BKJIto4ast o3epo balika, BcieacTBue BBICOKOH ycToMUu-
BOCTH JJaHHBIX MOJUTIOTAHTOB M MPOAOJIKAIOIIETOCS UX MOCTYIJICHUS B
OKPYKAIOIIYIO Cpelly B pe3yJibTaTe IKCIUTyaTalluy ¥ YTHIIN3al 000py-
noBaHus, coneprkaiero [IXb B kauecTBe KOHCTPYKTUBHBIX MaTepHaJIOB.

B Bomax baiikana B 1995-1996 rr. xonuentpauuu [1Xb Obiin oOHa-
pyxensl B auanazone ot 0,02 mo 1,9 ur/n [Iwata et al., 1995; Kucklick et
al., 1996], u ux coxepkaHue OILICHEHO KaK ()OHOBBIN YPOBECHb 3arps3He-
Husi. CornmacHo manasM [Henry, 2015], poroBoe conepxanne [1XB B Bo-
JHBIX 9KOCHCTEMaX HE OKa3bIBaE€T HEraTHBHOTO BO3ACHCTBHS Ha OHOTY.
Tem He MeHee crtocoOHOCTh K Onoakkymyssiuuu [1Xb u ux nepenoc Ha
BBICIIME YPOBHHU TPO(YUUECKON CETH MOTYT MPEACTABIISTH PUCK BO3EH-
CTBHS Ha XKMBYIO pupony H denoBeka [Lazorchak et al., 2003; Acker-
man et al., 2006; Stahl et al., 2009]. Ha atom ocHOoBaHuM MexayHapo-
Hoe MccnenoBarensckoe ArenterBo Paka knaccudunuposaino [1XbB kak
MOTEHIAJIbHbIE KAHIEPOTEHBI.
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B Hacrosimieit pabote mpeactaBieHsl pe3ynsraTsl MOHUTOpHHTA [1XB
B MOBEPXHOCTHBIX M TIIyOMHHBIX BoAax o3epa baiikan, oTOOpaHHBIX B
xone Kpyrobaiikanbckoii axcrieauimu B Mae-urone 2015 . (puc. 1). [1Xb
B BOJIE ONpENEIeHbI IIyTeM IKCTPAKLMU aHAJINTOB H-TEKCAaHOM U aHaJH-
30M IKCTPAKTOB METOZOM XpOMaTo-Macc-crekrpoMeTpun. CyMMapHbIe
koHeHTpauun ooHapyxkeHHbIX [IXB (3 I1XDB), u3mMepeHHble Kak CyM-
MBI TPy romosoros no meroauke [Hukonosa, I'opuikos, 2012], u un-
nukatopHbix KoHrenepos (Ne 28, 52, 101, 118, 138, 153, 180; > I1Xb)
omnpezeneHbl ¢ mpuMeHeHneM 4,4'-muopomOndenna B KauecTBe Cyppo-
raTHOrO BHYTPEHHeETro craHaapra. B Oaiikanbckoil ppiOe KOHIGHTpALUH
> 1IXb onpenenenst o meronuke [[opikos u ap., 2015] ¢ npumene-
HUEM B Kau€CTBE CyppOraTHBIX BHYTPEHHUX CTaHIapTOB HHAMKATOPHBIX
KOHTEHEPOB, MEUCHHBIX M0 yrepoay C.
— ]

——
i

Typanu 17
Balikanuckoe-Typaau 16
Baiikanuckoe 15

Komuertpam EIT{E
————p{ B NOBEPXHOCTHOM CJIOE BOMEI
—— o3epa Bafan
-

Aaswa 14
Enoxun-Jaswa 13
Enoxun 12

ToHkui 11
Yxau-ToHkui 10

BaprysuHckuii 3aaus 9
YuBLIPKYHCKKI 3anuB 8
Manoemope 7

Tauxoi 6
NucreAnka-Tauxol 5
NucTeRHKa 4

Consan 3
MapuTyi-Conzan 2
Maputyii 1
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Puc. 1. Pacmojsoxkenne craHnuii or6opa mpod no akBaTopuu
03. baiikas n konuentpanun ) I1XB5 B noBepXHOCTHOM cJ10€ BObI
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B npobax 0aiikambCKod BOJBI HIESHTHPHUIIMPOBAHO OT 24 10 34 KOH-
renepoB [IXb. Konuentpanus Y 11XB B moBepxHOCTHOH Bome (ropu-
30HT 5 M) OlleHeHa auana3oHoM ot 1,4 1o 6,1 ur/x (puc. 1), KoHIEHTpa-
uus Y [1Xb — untepsanom or 0,43 no 2,2 ur/n. Cpennss KOHUIEHTpa-
uus Y I1Xb B psany o6napysxenubix [1Xb ouenena 31 % ¢ pasdbpocom ot
Cpe/HEl BEIMYMHBI B y3KOM MHTepBaie 3Hayenui (S = 8,0 %). Maxkcu-
MaJibHble KOHLeHTpauuu y [1Xb oOHapyKeHbI B I0)KHOM KOTJIOBUHE 03€-
pa, MUHMMaJIbHbIE — HA CTAaHIMK bapry3uHCKuil 3aJUB y BOCTOYHOTO T0-
Oepexbst cpelHelt KOoTI0BUHbI baiikana.

upoxuii maTepBas 0OHApy)eHHBIX 3HadeHuil ) IIXb cBs3aH, mo-
BUJMMOMY, C Pa3IM4YHbIMM HCTOYHMKaMH mnocTyruieHus: I[1Xb B Boxel
o3epa. Tem He MeHee COOTHOILIEHHE TOMOJIOTUYECKUX TPYII B Mpoodax,
COOpaHHBIX Ha aKBaTOPHH TPEX KOTIOBUH 03€pa, MOAOOHO U XapaKTepH-
3yeTcsl MaKCUMaJIbHBIM COJIEp’KaHUEM TeTpa- M MEHTAXJIOPUPOBAHHBIX
KOHT€HEpOB, MPHYEM B MPOOAX, OTIMYAIOIINXCS BBICOKOH KOHIIGHTPAIH-
eit [1Xb, nunentnduurpoBatbl KOHT€HEPHI, UMEIOLIHE ECTh U CEMb aTo-
MOB XJIOpa B CTpYyKType (pHc. 2). OueBUAHO, YTO JOMHUHUPOBAHUE KOH-
TEHEPOB C BBICOKOW CTENEHBIO XJIOPUPOBAHUS YKa3bIBAET HA ONpPEes-
IO BKJIQJ] B 3arpsiI3HEHUE 03€pa JOKAIBbHBIX HCTOYHHUKOB.

0, -
%o 40 OMaputyii-Conzax

30 B JIucTBsAHKa-TaHXOM
BVxan-TonKuit

20 OEnoxus-/laBma
OBaiikansckoe-Typamu

c3 cla cls cle cl7
I'pynmel romonoros ITXb

Puc. 2. OTHOcHTeJbHOE coAep:KaHHE TOMOJIOTHYe-
ckux rpynn IIXb B noBepXxHOCTHOI Bojie B TOUKAX pe-
nepHoro paspesa o3. baiikau

W3-3a rurantckoro oObeMa BOOHBIX Macc o03. baiikan (Oosee
23 000 km®), 0COOCHHOCTEH TOPU30HTAIBLHOIO M BEPTHKAJIBHOTO BOIO-
obmeHa pacnpenenenue IIXb mo BOXHBIM TOPH3OHTaM XapaKTepU3y-
ercsi 3HAYMMOW HEOIHOPOIHOCTBIO M, KaK CJIEACTBHE, Pa3dpocoM KOH-
HEHTpalyid onpezensieMblX nomnorantos: or 1,7 no 7,2 ur/n (O I1XB) u
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or 0,50 o 2,1 ar/n (3, ITXB). [Ipruem MUHMMATbHBIE KOHIIEHTPALMY Hak-
JCHBI B MP00aXx, B3SITHIX C BOAHBIX TOPH30HTOB Ha nryouHe 1200-1400 wm,
paspes Yxan — Tonkuit. Konmnuaectso [1XbB B mpo0ax Bopbl € 3THX ITyOHH He
npesbiiaer 1,8 Hr/. JJaHHBIA ypoBEHb KOHIEHTPALMI COMOCTaBUM C pe-
synsTraramu onpenenenus 11Xb B nmoBepxHoctHoll Boae baiikana B 1996 .
(puc. 3). HeobxomumMo oTMETUTB, UTO «BO3pacT» BoIbl B baiikane 3aBUCHT
OT BOJHOTO ropu3oHTa U Ha TiryouHe 1300—1500 M paBeH npumepHo 16 ro-
nmam [Weiss et al., 1991]. Coxpanenne ZI1Xb B m1yOuHHOMN «CTapoii» Bome
Ha YpOBHE 3arps3HEHNs TOBEPXHOCTHBIX BOJ 1996 1. omnpenensercs BbICO-
KOM yCTOMYMBOCTBIO MOJITFOTAHTOB ITOTO KJIacCa B BOJIHBIX IKOCHUCTEMAX
Y CBUJICTEIICTBYET, TAKMM 00pa3oM, 00 X HAKOIUICHHH B TOBEPXHOCTHOM
CJIO€ B MOCIIEAYIOIIHE TOJIBI.

Hr/m 8 .
OMin ®Max

6,6
6 4
4,8
4
1,9

2 1,6 1,4

0,020’6 0,13I |—| |_|
0 m . .

Iwata atal., Kucklick at HIIO Taiipyn, JIIH CO
1995 al., 1996 2014 PAH, 2015

Puc.3.Inanazonpl cyMMapHbIX KOHIEHTpaluii o0Ha-
pyxkeHHbIX kKoHreHepoB IIXB B noBepxHocTHOI Boae
03. baiikan B 1995-1996 u 2014-2015 rr.

Veenuuenue koHueHTpauuii [IXb B Bogax balikana Ha cOBpeMEHHOM
JTane MOATBEPHKACHO pe3ybTaTaMH HUCCIECAOBAHUS JIBYX SKCIICAULIMN: B
2014 . — HITO «Taitdyn», B 2015 . — JIMH CO PAH. Ilo nanuasM MO-
HUTOPHUHIA YBETMYUIIOCH HE TOJIBKO cojiepykanue [1Xb B MOBEpXHOCTHBIX
BOJax 03epa (pHc. 3), HO U COKPATUIICS MHTEPBAJI OOHAPYKEHHBIX KOHIICH-
Tpauuii, B 4aCTHOCTH, M3-3a yBenmdeHus: konudectBa [IXb B Bomax Ce-
BepHOro baiikana (puc. 1).

Bcenencrtue Bricokoit HeonHoponHocTH pacnpenenenus [IXb B baii-
KaJjie Ui ToJy4YeHHs oOIIeil HHTerpadbHOW KapTUHBI 3arPA3HEHUS BOJ
o3epa HEOOXOIUM MHOKECTBEHHBI OTOOp MpoO OONBIIMX OOBEMOB,
10 20 1. IToaromy s dexkruBHbiM criocobom koHTposst [IXB B Bomax
baiikama MoXeT ObITh OMOIIOTUYECKUIT MOHUTOPUHT C MCTIOJIb30BaHUEM
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pbI0 B KadecTBe OMOMHAMKATOPOB. B KadecTBe OMOMHAMKATOpa HAMH
Obu1 BBIOpaH Oalikanbckuil omynb Coregonus migratorius. Beioop Obu1
OCHOBaH Ha YMCJIEHOCTH ATOTO BHJA U DKOJOTMUECKOW HUILE, KOTOPYIO
OH 3aHUMAET B BOJIHOM skocucteme o3zepa. C. migratorius MUTPUPYET 1O
BCEll akBaTOpuHM 03epa B AuamnazoHe riyOouH a0 350 M, BKIIIOYasi 30HBI
pPEYHOTO CTOKa, OCEHbIO 3aXOAMT B peku Ha HepecT. Komnuectso I11XB,
aKKyMynupoBaHHBIX B C. migratorius, 1OCTaTOYHO JUI X U3MEPEHUS C
TpeOyeMOi TOUHOCTBIO, OTHOCUTEIBHO HU3KOE COAEPKaHHE JTUMUIOB B
TKaHSAX JlaeT BO3MOXKHOCTb MPOBOJUTH aHAJINU3 MO CTaHIaPTU30BaHHBIM
MeTtoaukaM. Tak kak C. migratorius OTHOCUTCS K IIPOMBICIIOBOMY BHJLY
PBIO, 9Ta XapaKTEPUCTHKA OTPENENSIET ero 3KOHOMUIECKYIO AP eKTHB-
HOCTB 0TOOpa 00pa3LoB IsI MOHUTOPUHTA.

Komuuectso ) I1Xb, akkymynuposanubix B C. migratorius, oueHe-
HO OTHOCHTENBbHO KoHueHTpauuit Y I1Xb B peibax Salmo trutta fario,
OOHTAIOIUX B BBICOKOTOpHBIX o3epax [Oxuoit m LlentpanbHoit EB-
porsl [Vives et al., 2004, 2005; Schmid et al., 2007]. 3tor Bux Hanbo-
nee Onmu3ok k C. migratorius IO TAKCOHOMUYECKUM TPH3HAKAM, a IPyII-
nbl 0coOei, BbIOpaHHBIC ISl CpaBHEHHs, cOoTBeTcTBOBaiu C. migra-
{orius MO BO3PACTy W COAEPIKAHHIO JUMUIO0B. YposeHb ) IIXB, oOHa-
pyxennbii B C. migratorius, conoctaBum ¢ conepxannem ) I1Xb B
S. trutta fario (Tabn.). Tak kak 3arpsi3HEHHE BOA BHICOKOTOpHBIX 03ep [1Xb
xapakrepuszyercst poHoBbIM ypoBHeM [Bogdal et al., 2010] u 3nayeHus
> 1IXb B C. migratorius n B S. trutta fario CONOCTaBUMBI, CONEPIKAHNE
IIXb B Bonax baiikana Ha COBpeMEHHOM JTarie OIIEHEHO Kak (hoHOBOE.

Cymmaphoe coaep:xkanue UHAUKATOPHBIX IIXB B pbide BBICOKOTOPHBIX
o3ep 3anagHoii EBponbI u B 6alikaabckoM oMyie

Paiion oTOopa |Ansrmiickue o3epal JlemaukoBble o3epa | O3epa [Tupenen, |O3epo baiika,
po0 [Isetiapun Bonrapun ®panus Poccust
Bun pp1ost Salmo trutta fario C'oregonys
migratorius
2,HXE, ur, 7,5-40 6,3-8,1 8,2 6,0-9.9
chIpasi Macca

Konnientpanus Y 11Xb, oGHapykeHHAs B TOBEPXHOCTHBIX U TITyOWH-
HBIX Bogax — 1,4—7,2 ur/m, ue npessimaet [1/IK, ycranoBieHHOM 1715 BO-
JTHBIX 00BEKTOB XO35ICTBEHHO-ITUTHEBOTO U KYJIETYPHO-OBITOBOTO BOJIO-
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nonb3oBanusd — 1000 wr/a (Can.IluH. Ne4630-88). Komnuectso I1XB,
akkymyaupoBaHHbIX B C. migratorius (0,01-0,04 mr/kr, ceipast macca),
Ha MOPAAOK HIKe, yeM ypoBeHb [IXbB, nomyckaemsiii B pbibax, HCIIOb-
3yeMbIX B KaueCTBE MHLICBBIX MPOXYKTOB (He Oomee 2,0 MI/KT, chipas
macca, TOCT P 31983-2012). Conepxanue ) I1Xb (4,7-17 ur/r, ceipas
Macca) He MPEeBbIAaeT HOPM, ycTaHOBIEHHBIX B EC st ppiO, BBUIOB-
JICHHBIX B PECHOBOJIHBIX BotoeMax (75 HI/T, cbipast macca, Commission
Regulation (EU) 2011).

Aemopwl 8bipasicarom UCKpeHHIO 01a200apHOCb 3 0OMOOp nPod 800bL CO-
mpyouuxam Jlumnonozuueckoeo uncmumyma CO PAH k.6.1., c.n.c. FO. P. 3axa-
posoii u k.0.H., c.H.c. C. M. [luwnannuxogy.

Paboma evinonnena ¢ BailkanbCckom aHAIumMuyeckom yeHmpe KOvleKmus-
Hozo noavsosanus CO PAH e pamxax npoexma.: Ne 0345-2014-0007 «Hzmene-
HUe abUOmMuYeckux U OUOMUYECKUX Xapakmepucmux skocucmemsl ozepa baii-
Kan noo 6IUAHUEM NPUPOOHBIX U AHMPONOSEHHBIX (PAKMOPOS).
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ASSESSMENT OF CURRENT LEVEL OF PCBs IN LAKE BAIKAL
0. V. Kustova, A. G. Gorshkov

Limnological Institute, Siberian Branch of RAS

Monitoring of water purity in Lake Baikal is of great significance and of high
practical value since Baikal is the source of drinking water of world importance.
PCB monitoring was conducted using “classical” methods and fish as bioindi-
cators in order to assess the lake water purity. PCBs concentrations in surface
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waters of the lake (within the 5 m depth) ranged from 1.4 to 6.1 ng L' (total de-
tected PCB congeners, > PCBs) and from 0.43 to 2.2 ng L' (total indicator PCB
congeners, y__PCBs), whereas in the deep waters they were 1.7-7.2 and 0.5-2.1
ng L, respectively. The level of }' PCBs accumulation in tissues of the Baikal
fish Coregonus migratorius was comparable with that in the fish Salmo trutta
fario from the alpine lakes of Southern and Central Europe.
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