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COBPEMEHHOE COCTOAHUE U 0ONYCTUMbIE BUOTEHHbIE
HANPY3KU HA NCKOBCKO-4YACKOE O3EPO

IN. A. Nozosuk|', I. T. DpymMun?2

" UHcTuTyT BOoAHbIX npobriem Cesepa KapHL PAH, ®UL| «Kapenbckuii Hay4HbIi LeHTP PAH»,
lNeTpo3aBosck, Poccusi
2 Poccuiickunii rocyaapCTBEHHbIV riapoMeTeoposiornieckuii yimsepcutet, CaHkT-lletepbypr, Poccus

MpenctaeneHo ka4yecTBO BOAbl 03. [1CKOBCKO-Yyackoe no marepuanaMm MHOMOJIETHUX
HabnoneHuin. O3epo TAroTeeT K 9BTPODHOMY TUMyY, XapakTepuayeTcss MyTHOM BOOOM
1 0ednLnToM KNCNopoaa B NPUOOHHbLIX CNOSX BOAbI B NEPUOA SUMHEN N NETHEN cTar-
Hauuu. NMpoBeaeHo HOpMUPOBaHWE BUOTreHHOM Harpy3kM Ha 03epo Mo ero aCCUMUNALN-
OHHOW crnocobHocTU. CoBpeMeHHbI ypoBeHb GOCHOPHON 1 a30THOWM HArpy30K NpeBbl-
LaeT AonyCTUMBIN, N TPeBYETCS CHUXEHME NOoCTyrneHns ocdopa 1 a30Ta OT TOHEUHbIX
1 PaCCESAHHbIX MICTOYHMKOB 3arpsi3HEHNS.

KntouyeBble cnoBa: kaiecTBO BoAbl; ckoBcko-Yyackoe 03epo; GUMOreHHble ane-
MEHTbI; 3BTPOdPMPOBaAHNE; aCCUMUNALMOHHAsA CMOCOBHOCTL; BMOreHHas Harpyska; Hop-
MMPOBaHNE aHTPOMOreHHO Harpy3Ku.

P. A. Lozovik|, G. T. Frumin. PRESENT-DAY STATE AND PERMISSIBLE
NUTRIENT LOADINGS ON LAKE PEIPUS

The quality of water in Lake Peipus (Pskov-Chudskoye) is described according to data
from long-term monitoring. The lake tends to be of the eutrophic type, with turbid water
and oxygen deficiency in near-bottom water layers during winter and summer stagnation.
Permissible nutrient loadings on the lake were defined according to its assimilating ca-
pacity. Current phosphorus and nitrogen loadings are above the permissible levels, and
P and N supply from point and non-point sources needs to be reduced.

Keywords: water quality; Lake Peipus; nutrients; eutrophication; assimilating capacity;
nutrient loading; normative regulation of human impact.

BeepeHune 7955 km?, cpenHsa rnyouHa — 7,1 M, 06bemM BoAbl —
25,07 km®, nnowanpb BogmocObopa — 44265 km?,

MckoBcko-Yyackoe 03epo — YeTBepThili MO Be-  yAesNbHbii Bogocbop — 5,6 [[ckoBcko-Yyackoe
nnymHe BogoeM EBponbl. Ero nnowanps coctaBnser  03epo..., 2012]. Cyas no yaenbHoMy Bogocoopy,
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Cxema Bogocbopa NckoBcko-4yackoro osepa:

1 — rpannubl Bogocbopa, 2 — rocyapcTBEHHas rpaHmLa

03€ep0 XxapakTepuadyeTcs BbICOKOM [ONEeNn aTMo-
CchepHOro nUTaHUs U HecyLLleCTBEHHbIM addek-
TOM BOAOCOOPHOV TEPPUTOPUM HA E€ro PexuMm.
OHO yCnoBHO OennTcs Ha Tpu YacTu: o3epa Nckos-
ckoe, Tennoe n Yyackoe (puc.).

Hanbonee kpynHoe — 03. Yyackoe (73 % nno-
waan), camoe maneHbkoe — Tennoe (7 % nnowa-
aun). Obbem peyHoro nputoka B 03epo B 2001-
2005 rr. coctaBngeT 9,23 km®/roa, ocaaku — 2,46,
ncnapeHne — 1,62, obbem ctoka — 10,07 km®/
rog. Mepuop BomooGMeHa MO CTOKY paBHSAET-
cqa 2,19 rog'. Mo nocnegHemy nokasaTtesilo 03e-
PO MOXHO OTHECTM K MasionpOTOYHOMY, U 3TO
OTpaxaeTcd Ha BHYTPUBOAOEMHbIX MPOLLECCAX,

crnocobcTBYs TpaHcopmMauum 1 00pa3oBaHUIO
BelLlecTBa B 03epe. Hambonee KpynHbIMW Mpu-
TokamMu saBnsTca p. Benvkasa (o6bem npuTto-
ka 5,77 km®/rog) Ha POCCUINCKON TeppuTopun
N p. OMambiry Ha 3CTOHCKOW (0ObEM npuTOoKa
2,39 km®/rop), KoTopble gatoT 88 % BCEro pevyHoro
npuTOKa B 03€pO0.

TeppuTtopransHo NckoBCko-Yyackoe 03epo ae-
JINTCA Ha POCCUIACKYIO YacTb (45 % ero nnowagu)
N 3CTOHCKYIO (55 %). OHO UCNbITLIBAET 3HAYNUTENb-
HYIO @HTPOMOrEeHHYIO Harpy3Ky OT TOYEYHbIX 1 pac-
CesIHHbIX UCTOYHUKOB 3arpsa3HeHus. lNepsBbie CBS-
3aHbl CO COPOCOM CTOYHbIX BOA, HA ero Bogocbope
(ropopa lNckos., oo, TapTy v Apyrne HaceneHHble
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NyHKTbI). BTOopble — ondoy3Hble 3a CYET CeJibCKO-
XO3ANCTBEHHbIX OOBLEKTOB. XOTS CeNbCKOXO35i-
CTBEHHOE MpPon3BoACTBO M B NCcKOBCKOM 06nacTu,
N B OCTOHUN CYLLECTBEHHO COKPATWUIOChb, BbIHOC
OGuoreHHbIXx anemeHToB (B3) co ctokom pek u3-
MEHUICA Mano, MOCKOMbKY AJiI1 BOCCTAHOBMEHUS
CeNbxo3yroamin TpebyeTcs 3HaUNTENTbHOE BPEMS.

[NckoBckoO-Yyackoe 03epo ABASETCS NorpaHmy-
HbIM, 1 BCerpa akTyasibHbl Npo6aeMbl UCMONb30-
BaHWMS 1 OxpaHbl ero Boa. Mimmn 3aHnmaetcsa Poc-
CUINCKO-JCTOHCKAs KOMUCCUS, B 3a4a4y KOTOPOM
BXOAUT PErynnmpoBaHMe BCEX BOMPOCOB, CBS3aAH-
HbIX C TPaHCrpaHW4YHbIM BOAHLIM 06bekToM. [lo-
3TOMY LeJblo HacToswel paboTbl ObIIO OLEHUTb
COBpPEMEHHOE COCTOsIHME 03. [lckoBcKo-Yyackoe
N YCTAHOBUTb AOMYCTMMYIO OGUOreHHyl Harpys-
Ky Ha 03epo. [pn NoAroToBKe CTaTby MpuUBMEKa-
NINCb OAaHHbIE COBMECTHbIX UCCNEeA0oBaHNi 03epa
Poccueli n 3cToHueit, a Takke onybanMKOBaHHbIE
maTtepunansl [Hazapos, 1984; KongpaTtbeB n ap.,
2010; Nckoscko-Yyackoe 03epo..., 2012].

OueHKa COBPEMEHHOIr0 COCTOSIHUS
03. lNckoBcko-Yyackoro no marepuanam
MHOroJieTHUX Mccnep,oaal-wlﬁ

Oco6EHHOCTUN reonormyeckoro CTPOeHUs BO-
[0COOpHOM TeppPUTOPUN BOLOEMA U aHTPOMOreH-
HOrO BJNSHUS OTPaXaloTCHA Ha XMMMUYECKUX MO-
KasaTenax ero Boabl. Tak, BEINYMHA MUHepann-
3aunu Boadpl 03epa gocturaeT 225 mr/n, a cpean
MOHOB CyLeCcTBeHHO momuHupytoT HCO,” n Ca*
(Tabn. 1). NocnegHee CBA3aHO C TEM, HYTO NPUTOKU
o3epa OPEeHUPYIOT OPEBHUIN re0sormyecknin crom
[eBoH, 6oraTbli kapOoHaTamMu KasbLmMs, MarHus.

Tabnvua 1. 2, ¥ WOHHbIA cocTaB BoAbl [lckoBCKO-
Yynckoro o3epa (cpegHue 3HavYeHuss Mo AaHHbIM
HabnoneHuin 2001-2005 rr.)

NoH C, Mmr/n C,, MOnb-3KB/ N
Ca? 37,9 1,893
Mg?* 10,5 0,867
Na* 5,1 0,220
K* 2,1 0,055
HCO,~ 140,9 2,313
S0,2- 20,2 0,423
Cl- 8,1 0,227
A~ - 0,069
NO,~ 0,2 0,003
z 225,0 3,035
dopmyna Kypnoea
Ca*"'62Mg>29Na+7 K*2

HCO,76S0,7 14CI7A 2

Mo copepxaHWio OpPraHMYeckoro BeELLECTBA
(OB) o083. lNckoBcko-Yyackoe OTHOCUTCA K Me30-
rYMYCHbIM, T. €. XapakTepu3yeTcsa CcpeoHuM ero

cooepxaHuem. Tak, UBETHOCTb BOAbI 03epa, Nno
cpeaHeMHOorofieTHMM gaHHbiMm (1950-2006 rr.), —
35 rpag., Xxumuyeckoe noTpebrieHne KUcno-
pooa (XMNK) — 29 wmrO/n [lckoBcko-Yyackoe
03epo..., 2012]. K coxaneHnuo, onpegeneHve
nepmaHraHatHon okucngemoctn (MO) He npw-
Boamnocb. Ecnn npuHate ee 3a 50 % ot XIK, 1O
MO coctasut 14,5 mrO/n. B Takom cnydae ry-
MYCHOCTb BOAbl 03epa OyaeT cneaytouweinn: Hum =
JUB-MO =22,5 ea. hum. C ncnonb3oBaHWemM aMm-

. 0,62XMK
NUPUYECKON POPMYNbL: P = —

aBT }Hum
30BMK 1 ap., 2007] MOXHO OLEHUTb coaepXaHune
ABTOXTOHHOrO 1 annoxtoHHoro OB B Boae o3epa:
p,.,=0,62-29/22,5-0,35=0,45, p, =0,55. Kak
BMOHO 13 pacyeToB, B BOgoeMe 61M3K1 0onn aB-
TOXTOHHOrO 1 annoxtoHHoro OB. CgsA3aHO 9T0
C TEM, 4YTO 03€epO0 XxapakTepmadyeTcss AOCTaTO4HO
3amMe/1IeHHbIM BOA00OMeHOM (T = 2,2 roga), HU3-
KUM yaenbHbIM BOAOCOOPOM (AFWl= 5,6) 1 noBbI-
LeHHon Tpoduen (3BTPodHOE). YKasaHHble dpak-
TOpbl CNOCOBCTBYIOT HaKanJMBaHUIO aBTOXTOHHO-
ro OB [JlozoBuk u ap., 2007].

BeccnopHo, 0cobbli  MHTEpec npeacTasns-
€T pacnpefenieHne n cogepxaHune B BOAE 03epa
OUOreHHbIX anemeHToB (coeguHeHnin N, P), oT ko-
TOPbIX BO MHOIOM 3aBUCUT YPOBEHb €ro Tpodun
M  MNPOAYKTUBHOCTb. Tak, CpeaHeMHOroneTHee
(2001-2005 rr.) copepxaHve P B BOOE O3e-
pa — 6 mMKr/n, Poow — 37 mkr/n. B 2015 r. nx KOH-
LeHTpaunmn Obin 6AM3KKM K CpeaHEeMHOroneTHUM
(6 1 38 mkr/n cooTBeTCTBEHHO). B 2015 1. 661510 ON-
pefeneHo copepxaHne pacTBopeHHoro P, , KOTo-
poe B cpegHem cocTtasuino 14 mkr/n. N3 yero cnepy-
€T, 4TO B BOAE 03epa O4eHb BENMKA 005 B3BELLEH-
Horo ¢ocoopa (P =38-14 =24 mkr/n), kotopas
pocturaet 63 % ot P . . Mo conepxxaHuto P g ¢ yye-
TOM r'yMYCHOCTU BOZbl 03€P0 OTHOCUTCS K 9BTPOGd-
Homy Tuny [JTo3osuk, 2013]. Takyto xe Tpoduto no-
KasbiBaeT 1 cogepxarune Chl A (15 mkr/n) cornacHo
knaccudukaumm C. . Kntaesa [2007].

Becbma WMHTEpPECHbIM M HeoObl4HbIM OKa3a-
Nocbk pacnpeneneHve n cogepxaHme Gopm asora
B BOZEe 03epa B Nepmno OTKPbITON BOAbI:

—0,35 [Jlo-

N > N, >> N-NHS > N-NOS~ >>

0,67 > 053 >> 0,085 > 0,05

N-NO,-
>> 0,003 mMrN/n.

M3 Bcex ¢popm asoTta npeobnagaet opraHu-
yeckas (79 %), Ha BTOPOM MECTE aMMOHUNHadA
(13 %) n Ha TpeTbeM — HuTpaTHaa (7 %). KoHueH-
Tpaumm HUTPUTOB BECbMA HNU3KNE, 1 OHWU HAMHOIO
MeHbLue MAK gns pbil6oxo3aMCcTBEHHbIX BOOOEMOB
no NO, (20 mkrN/n). Ha ¢oHe Gonblumx cTpatu-
durumMpoBaHHbIX 03ep OHEXCKOro n J1agoxckoro
B Mckoscko-Hyackom npeobnanaet N . Cesiza-
HO 3TO C TeM, 4To 03. lNckoBCcKkO-Yyackoe meHee

Q,



cTpatuduumpoBaHo. CpeaHsas rnybuHa B HEM —
7,1 m, a B OHero n Jlagore — 30 n 50 m cooTBeT-
ctBeHHO [CoBpemeHHoe cocTosHue..., 1998].
lMckoBcko-Yyackoe 03epo — 3BTPODHOE, Bce
HUTPATbl B Nepuon OTKPbITOW BOAbI MOYT Ha pas-
BUTME MNEepBMYHOW npoaykumu, Torga kak OHero
n Jlapora — onmrotTpodHble, HU3KOMPOAYKTUBHbIE.
N Tonbko B 3MMHMIK nepuon B [lckoBcko-Yya-
CKOM 03epe HabniogaeTcs HaKoMnaeHne HUTPaToB

M YMEHbLUEHNE 00N Nopr, N - NH,*
N, > N, > N-NO,j~ >> N-NH/ >> N-NO,
0,86 > 0,56 > 0,26 >> 0,04 >> 0,005 mrN/n.

B aTOT Cce30H pong NOpr coctaBnget 65 % or
Noém, NO,” - 30 %, NH,” — 5 %. N3meHeHne co-
oepxaHus dopM asoTa 3MMOM MO CPaBHEHWUIO
C ApyrMMun ce3oHamMm roga cBA3aHO C NpPOTEKaHU-
€M HUTpudMKaunMnM U OTCYTCTBUEM aKTMBHOIO MNO-
Tpebnernsa NO, .

BaXHbIM KOMMNOHEHTOM O3€pPHbIX 3KOCMUC-
TEM aBNAOTCA NUTOGUNbHbIE anemenTsl (Al, Fe,
Mn un Si), pacTBOPUMOCTb COEOVHEHUN KOTOPbIX
B BOJE HM3Kasi, HO OHW LLUNPOKO PacnpOCTPaHEHbI
B 3eMHOM kope. [na coeguHeHnn AnTopuibHbIX
3N1EMEHTOB XapakTepHa BbiCOKasi ceauMeHTaums
B 03€epax, U X KOHLeHTpaLums B BoAe 03ep HaMHO-
ro HUXe, YeM B MPUTOYHbIX Bogax. Tak, cpegHee
copepxanve Fe o - 0,03 mr/n (2015 r.), Mn -
2,4 mkr/n (2015 r.), Si — 1,0 mr/n (oTkpbITaa BOAA
1953-2006 rr.), 1,6 mr/n (3uma 1953-2006 rr.).
Mo SiO, nmeloTca Ce30HHbIE OTIMYNA: 3UMO €ro
OonbLUe, YEM B apyrue ce3oHbl roga. CBa3aHo aTo
C pereHepaumen Si n3 onaTtoMOBbIX BOOOPOCNEN,
3aXOPOHEHHbIX B JOHHbIX OTJIOXEHUSIX.

[asoBbIN cocTaB, BenuumHa pH mn coaepxa-
HMe B3BeLUEHHbIX BelwecTB B 03. [lckoBcko-Yya-
CKOM MMEIOT CBOW 0COOEHHOCTN, OOYCNOBEHHbIE
GYHKLUMOHMPOBAHNEM 3KOCUCTEMbI O3epa. Tak,
HacbILWEHNe BOAbl KMCNOPOA0M B Nepuoa OTKPbI-
TOM BOObl M3MeHsieTca B npepenax 44-189 %
(B cpeoHem 99 %), a 3umonm — 2-122 % (B cpea-
HeM Ha noBepxHocTn 95 %, y aHa — 33 %). Haum-
Oonee HeyooBNETBOPUTENbHBIM KUCIIOPOAHbLIN pe-
XMM B 3UMHWI Nepuoa, B NPUOOHHbIX C/OSX BOAbI
B pesynbrarte notpebneHus O, Ha okucneHne OB
B AOHHbIX OTJIOXXEHMUSX.

BennunHa pH 3nmoi nameHsieTca B npegenax
7,2-8,5 (B cpenoHem 8,0), a B apyrne Ce30Hbl —
7,0-9,4 (B cpeaoHem 8,2). B nepuopn, oTKpbITOWN
BOAbl pH BbIlLE, YEM 31MOW, 1N CBA3AHO 3TO C NO-
TpebneHnem yrnekmcnoro rasa nnaHktoHom. Cyas
no BenuyuHe pH 1 BbICOKOW LWENOYHOCTU BOAHI,
KoHueHTpauma CO, B Bofe 03epa HM3Kas uiim OH
BoOOLLEe oTCcyTCTBYET. BenuyumHa pH B Boae o3epa
COOTBETCTBYET 3MMOI 006/1aCTV CNadoLLENOYHbIX
HerTpaneHbIxX BoA (pH 7,0-8,2), a B opyrue ceso-
Hbl roga — 6onbLue cnadoulenoyHbix (8,2-9,4).

0O3epo lNckoBcko-4Hyackoe BbIAENAETCH O4EHb
BbICOKMM COAEPXaHMEM B3BELUEHHbIX BELLECTB,
cyns no gaHHbIM HabnogeHuin B 2015 r. Tak, mnx
KOHLEHTpaumMsa wu3MeHsnacb B npegenax 2,5-
31 mr/n (B cpenoHem 8,6 mr/n u3 19 onpepene-
Hui1). B cpaBHeHun ¢ OHero v Jlapgoron cogepxa-
Hue B3BecK B BoAe ckoBcKo-Hyackoro o3epa Ha
NOPSIAOK BbILLE, HTO CBA3AHO CO 3HAYUTENbHbIM €€
NOCTYMJIEHNEM C PEYHbIMW BOAAMM U, NO-BUANMO-
MY, B3My4MBaHMEM BETPOM AOHHbIX OT/IOXKEHU Ha
MEJNIKOBOAHbIX y4aCTKax o3epa.

M3 3zarpasHaiowmx BeLecTB B BOAE 03epa
B 2015 r. Obn mnccnenoBaHbl HEDTENPOAYKTHI,
deHonbl, Txenble metannel (Pb, Cu, Cd). KoH-
ueHTpauus HedTenpoayktoB B OONbLUMHCTBE
npo6 (17 n3 19) 6bina Huxe (< 0,04 mr/n) NAOK ons
pbI6OX03ANCTBEHHbLIX BOJOEMOB. Bo Bcex npo-
6ax congepxaHue Pb n Cd 6bino Takke Huxe MAK.
M Tonbko Cu 6b110 6osbLUE YacTblo Bbiwe. MNoc-
nefHee cKkopee He CBA3aHO C 3arpa3HeHneM o3e-
pa mMenblo, a 06yCNOBIEHO HanIMYnMemM OOJbLLIOro
KOnMyecTBa B3BECU B O3€epe.

C y4yeTOM CpeaHnx KOHLLEHTPALUUA 3arpsasHsIo-
LMX BELLECTB N NX pernoHanbHbix MNAK, yctaHoB-
JIEHHbIX AN BOOHbIX 06bekToB Kapenuun [J1030BMK,
KynakoBa, 2014], pernoHanbHbli MHOEKC 3arpsis-
HEHUs BOAbI (VIBBper) coctaBun 0,77, 4TO COOTBET-
CTBYET KaTeropmu 4YncTbIX BO4 (l/ISBper =0,2-1,0).

Taknm o6pa3om, NoABOAS UTOMM NPOBEOEHHO-
ro aHanm3a COBPEMEHHOr0 COCTOSAHNS 03. [1CKoB-
CcKO-Yyackoe, MOXHO BbIAENUTb  Cneaylolime
0COOEHHOCTU €ro ruapoxXMMNYECKOro pexmnma.
B yacTHOCTW, MO TyMYCHOCTM 03€p0O COOTBET-
CTBYET ME30ryMyCHOMY TUMy, MO LUENOYHOCTU
N pH — BbICOKOLLENOYHOCTHOMY CaboLLEeNOYHO-
MY HENTPasibHOMY (3UMOW) nn cnaboLeno4yHoMy
(BeCHOI, NIETOM U OCEHbIO), MO TPOPHOCTU (CO-
AepxaHuio P g ) — 9BTPOPHOMY, MO KOHLLEHTpaLUK
B3BELLEHHbIX BELLLECTB — BbICOKOMYTHOMY, MO KUC-
NIOPOAHOMY PEXMMY: B NEPUO, OTKPbITOM BOAbI —
C XOPOLUMM HacChbILLEHNEM BOAbl KNCTOPOAOM, 3U-
MOW — C yOOBNETBOPUTESNIbHLIM, MO COAEPXAHUIO
3arpsaA3HSIOLLMX BELLECTB — TUMY YC/IOBHO YUCThIX.

Ha OCHOBaHWUM MNOMYYEHHbIX KAYECTBEHHbIX
OT/INYUTENBHBIX MPU3HAKOB MOXHO AaTb WHTEr-
panbHYl0 OLIEHKY KayeCTBa BOAbl MyTeM pacyeTa
nHoekca kadectsa (MK) cornacHo pekomeHgaum-
am [Jlogouk, 2013]. MMockonbky B HalIEM ciy4ae
OOMOMHUTENBHO PacCMaTpUBAIOTCS B3BELUEHHbIE
N 3arpsi3HsoLLLMe BELLECTBA, MO KOTopbIM B pabo-
Te [JlosoBuk, 2013] HeT cBegeHu, NpuUMeM cne-
nytowme 6annbl ka4ecTsa BOAbl MO B3BECU:

< 1,25 Mr/n — BbICcOKoE (5)
1,25-2,5 — xopouuee (4)
2,5-5,0 — yooBnetBoputensHoe (3)
5,0-10,0 - Hn3koe (2)
< 10,0 — o4eHb HM3Koe (1);
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1 NO 3arpsA3HSIOLMM BELLECTBAM:
l/ISBper -< 0,2 - oueHb yncras (5)
0,2-1,0 — uncraga (4)
1,0-2,0 — ymMepeHHO 3arpa3HeHHas (3)
2,0-4,0 — 3arps3HeHHas (2)

2 4,0 — rpasHas — ype3BblHanHO rpsa3Has (1).

C y4yeToM ykadaHHbIX 62108 Mbl MOXEM pacCym-
Tatb K ona neprona oTkpbITOM BOAbI M 3UMHErO Ce-

30Ha: (3B, ), ouran soma = V4-4:3-2:4-4 = 3,4 Gan-
na, (U3B__),..=v4-5-3-4.3-4=3,8 6anna. Kak

per/auma
BUOHO U3 NPUBELEHHbIX PACYETOB, KAYECTBO BOAbI
[MckoBcko-Yyackoro o03epa  3MMON  HEeCKOJIbKO
BbllLle, YeM B Mepuon OTKPbITOW BOAbl, YTO CBS-
3aHO C MeHbLIVM COLepXaHMeM B3BECU B BOAE
o3epa 3umMon. B To xe BpeMs KNCNOpPOoaHbIn pe-
XUM XyXe 3UMOK, YeM B Apyrve Ces3OHbl roga.

B uenom 03. lNckoBcko-Yyackoe TaroteeT K no-
rpaHu4Hor obnacTn KadecTsa BoAbl (YyOOBNETBO-
pUTENbHO-XOPOLLEE), KOTOPOE HUXE MO CpaBHe-
HUIO C Jlagoxckmm 1 OHexXckum ozepamu (ans
HUX XapakTepHO XOpoLlee U BbICOKOE KayeCTBO
BOAbI).

JAonycTumble GUMOreHHble Harpy3Kku
Ha lNckoBcko-Yyackoe o3epo

M3 aHannsa ruapoxmMMmH4eckmx [OaHHbIX MO
[MckoBcko-Yyackomy 03epy B npebiayuiem pas-
hene cnenyert, YTO OCHOBHbIM MOCNEACTBUEM aH-
TPOMOrEHHOr0 BAUSIHUS HA 03Eep0 SABMSETCH €ro
3BTpOdUpPOBaHNE, CBSA3AHHOE C WN3ObITOYHbLIM
noctynaeHnem B3 OT TOYEYHBbIX U PACCESIHHbIX,
B OCHOBHOM CEJIbCKOXO3SMNCTBEHHbIX, UCTO4YHU-
KOB 3arpsA3HeHus.

B BogHbIXx 06bekTax akTMBHO MPOTEKAKT MNpPo-
Lecchl TpaHcdhopMauum BELLECTB, KOTOPbIE NpuU-
BOAAT K UX yOaneHui0 M3 BOAHOW cpefdbl, N TEM
caMbiM MPOUCXOOUT CaMOOYULLEHME BOLOEMOB
M BOOOTOKOB. OueHka aCCUMUASILMOHHOIO Mo-
TeHumana, uin caMoo4MCTUTENIbHOM CNOCOBHOC-
TN, BOOHbIX OOBLEKTOB MnpencTaBnseT OOosbLLON
NPaKkTUY4ECKUN WHTEPEC, MOCKOJIbKy Ha €ee OcC-
HOBE MOXET OblTb OCYLLECTBIEHO HOPMWpPOBAa-
HUE MOCTYM/EHNS BELLECTB OT aHTPOMOrEeHHbIX
NCTOYHNKOB.

AccMUNALMOHHas cnocobHOCTbL BOOAHOMO 00b-
€eKTa OLUEHMBAETCS N0 MCTUHHOM CKOPOCTU TPaHC-
dopmaumm BeLLecTBa B ero Boae 1 onpenensercs
KaKk npou3deegeHmne koHueHTpauuun sewecTtsa (C)
Ha KOHCTaHTY CKOPOCTM ero TpaHcdopmaumnm (k):

v=kC. (1)

Ona pek accumunauums (AspeK) OyneT Bblpa-
XaTbCA NPOU3BEOEHMEM CKOPOCTU Ha cpenHe-
rofoBoW CTOK pekn B gaHHom cteope (V_ ): (As)
o= KC - V- Insi 03ep HEOOXOAMMO y4nTbIBATH

p cTok"

accnmMunngaumnio selecTBsa Kak B 038pHOI7I KOTNOBU-
He (As_,), Tak 1 B CTOKe 13 03epa (As

CTOK) .

(AS) = kC03 ’ Vos’ (2)

03

(As)__ =kC_-V (3)

roe C_, — KOHUeHTpauus seulectsa B o3epe. Cym-
MapHasi aCCUMUIALMS BELLeCTBa B 03EepPHbIX CUC-
Temax OyneT paBHa:

As=kC_-(V +V

cTOK cTok’

=kC_V

03 CTOK

(T+1). (@)

CTOK)

MocnepHee ypaBHeHWEe ABNSETCs OOLWMM Kak
Ona 03ep, Tak 1 ANs pek, TONbKO AJ19 NOCieoHNX
t=0.

Mpwn pocTe Harpy3kn Ha Bogoem OyneTt yBenu-
4YMBaATbCHA U aCCUMUNALMSA BELLECTBA B HEM. JTO
MMeeT NPUHUUNMaNbHOE 3HayeHne Oas HopMnpo-
BaHWS aHTPOMOreHHOM Harpy3ky Ha Bogoem. Mebl
DOJDKHBI YYUTBIBATE 2CCUMUIISILLMOHHYIO Crnoco6-
HOCTb BOOHOIro 06bekTa TOJIbkO B €ero NpupoaHOM
COCTOSIHUWN, & HEe B U3MEHeHHOM. B npoTuBHOM
cnydae Harpysky MOXHO OyneT yBenuumBatb [0
6eckoHeyHoCcT. [loaToMy HeobxoamMmo 3anu-
caTb, YTO OONYCTUMAasa aHTPOMOreHHas Harpyska
He [OJKHa NpeBblaTb aCCUMUIIALMIO BellecTsa
B NPMPOOHOM COCTOSIHMM 00bEKTA:!

(L =As (5)

Mcxoga v3 9TOro NpuHUMMa BO3MOXHO OCy-
LWECTBATbL HOPMMPOBaAHME aHTPOMOreHHOW Ha-
rPY3K1 Ha BOAHbIE OOBEKTHI.

[ns Toro 4ToObl BbIMNOSIHUTL BCE 3TW pacyeThl,
noTpebyloTcs cBeaeHUs Nno XmMmniyeckomy danaH-
cy o3epa. K coxaneHuio, nonHoro 6anaHca ose-
pa HEeT, HO eCTb ero aNeMeHTbl, NpeacTaBleHHbIe
B MoOHorpadumn [lNckoBcko-Yyackoe 03epo...,
2012]. BOT HekoTOpble AAHHbIE MO XUMUYECKO-
My OanaHcy osepa: noctyriieHne b3 ¢ peyHbim
ctokom: P o - 712 1/rog, N - 15600 1/rog;
C atMocdepHbiMn ocapkamun: P, -~ — 63 T/rog,
NO6m — 720 T1/rog; co CTO4YHbIMM BOOAMM HA BOAO-
c6ope o3sepa (2001-2005 rr.): P, - 38,4 1/rop,
Ny, — 323 1/roa. K coxaneHuto, B pabote Het
OLLEHOK BGMOreHHOro CcToka CO CBasnok, cenuTteb-
HbIX TEPPUTOPUIA N CENIbCKOXO3AMNCTBEHHbLIX 00b-
€KTOB, HO MOCKOJIbKY BCE KPYMHble ropoga pac-
NnosioXeHbl B BaccerHe o3epa Ha pekax, TO B yye-
Teé X XUMUYECKOro CTOoKa HeT HeoOXoOuMOCTU,
OH BKJIIOYEH B CTOK peK. TO Xe caMoe OTHOCUTCS
M K CenbCKOX039MCTBEHHbIM oObekTam. [nsa pac-
yeTa yaepxmBaloLen cnocobHOCTM 03epa N KOH-
CTaHTbl CKOPOCTU TpaHcdopmMauum BELLECTB UC-
NoJib3yeM CpeaHEeB3BELLEHHbIE UX KOHLUEHTPaLUn
B MPUTOYHbIX BOAAx WU B Bode o3epa. B nputou-
HbIX BOOAX UX ONpenesmm rno XMMmn4eckomy CTo-
ky BO B 03epo M nNo BOOHOMY CTOKY M3 03epa

aHTp)J:LOI'I npup"*

(Tabn. 2).
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Tabsmuya 2. BUOreHHble 3feMeHTbl B MPUTO4HbIX (Cnp)
v osepHbix (C_,) Bogax 8 2001-2005 rr.

OnemeHT CTp Mr/n C.,,mr/n R k, rog"
Posu 0,077 0,037 0,52 0,354
®oH 0,051 0,031 - -

ot 1,38 0,65 0,53 0,364
®oH 0,65 0,31 - -

ObpallatoT Ha cebs BHMMaHne 6nnskue yoep-
Xu1BatoLmMe cnocobHOCTM No P 1 Nyg,, B [cKOB-
CKO-YyacKoM 03epe, XOTS A9 KapesibCKUX 03ep
Cc 6AM3KMM Nepnofom BogooOMeHa XxapakTepHbl
Oonee BbiCOKas Mo P 1 6onee HM3Kasa no Nos.,
[NosoBuk 1 ap., 2011]. Mo azoTty obuwemy 3710
MOXHO OOBSACHUTbL TEM, YTO B MPUTOYHbIX BOAAX
Kapenun npaktunyeckn Het NO,, a B mputokax
[MckoBckoO-Yyackoro osepa 1x MHOro 1, No-BUAN-
MOMY, OHU SIBASIIOTCS AOMNOSIHUTENbHBbIM NCTOYHU-
KoM a51s o6pa3oBaHus Nopr, KOTOPbIN B pe3y/ibTaTte
HUTpUdrKaumn nepexoamt cHoea B NO,". B aToit
e Tabnuue npueeneHbl GOHOBbLIE KOHLLEHTPALMN
P 1 N g, B BOLE O03€pa 1 B MPUTOUHbBIX BOAAX.

Pacyet ¢doHoBoro conepxarus N Obin Bbi-
MOJNIHEH MO AaHHbIM KOHUeHTpauni N, v dopm
a30Ta B PEeYHbIX BOOAX B COBPEMEHHbIN MEPUNOL
(Nyo, = 1,32 mr/n, NO,” - 0,72 mrN/n, NH,* — 0,09
mrN/n, NO,” - 0,005 mrN/n, No, — 0,51 wmr/n)
[Mckoscko-Yyackoe 03epo..., 2012]. 3Hauu-
TeNIbHOE MUCMNOSb30BaHNE MUHEPASbHbIX a30THbIX
yooOpeHnin B NPoLIOM M 0CTaTo4HO 6osbluoe
B HACTOSILLEM BPEMEHU NPUBENO K CYLLLECTBEHHO-
MY BbIHOCY C NOner HUTPaToB B BOAbI pek. CnenyeT
CcYMUTaTh, YTO ATO HNTPATbI AHTPOMOreHHOro NPOUC-
XOXOEHUS, a NPUPOAHAs UX KOHUEHTPaLUs OKOIo
0,05 mMrN/n, kak B BOOe 03epa B HacTosLlee Bpe-
ms. [MpupoaHoe copepxaHvne NH,™ B peyHbix BoAax
rymuaHon 30Hbl coctaensaet 0,03 mrN/n, NO, -
0,002 mrN/n [Jlo3osuk, 2006]. Mcxoosa m3 aTo-
ro nony4um ¢oHosoe copepxanve N B BOOE
pek - nputokoB [lckoBcKkO-Yyackoro o3epa:
1,32 -0,72-0,09 - 0,005 + 0,05+ 0,083 + 0,002 =
0,59 mrN/n. C yuetom aTMOCHEPHbBIX OCAZAKOB OHO
coctasuT 0,65 mr/n.

Y10 Kacaetcs Pom, TO B MOHorpaduu [lMckos-
cko-Yyackoe 03epo..., 2012] npuBoguTca BNOM-
He peanbHoe (HOHOBOE ero conepxaHue B BOAe
pek — 50,6 mkr/n. C y4eToM 0CankoB KOHLIEHT-
pauns (P,) pon B MPUTOYHBIX BOJAX OyneT paBHa
55,9 mkr/n. Mo N06m TaKke NnpmBogmTCcs ero GOoHo-
Basi KOHUEHTpauma B pekax (1,32 mr/n), kotopas,
Ha HaLl B3rnsa, SBNseTCs BECbMa 3aBbILLEHHON N0
PaCcCMOTPEHHbIM MPUYMHAM.

Mmelowmecs OaHHble MO3BONSIOT BbIMUCAUTb
aCCUMUNIALMOHHYIO CMOCOBHOCTbL BOAOEMA, MpU-
POLHYIO 1 AOMYCTUMYIO HArpy3ku Ha Hero no P
n N, @ TaKXKe YCTaHOBUTb UX AOMYCTUMYIO KOH-
LLEHTPAUMIO B 03epe 1 B MPUTOYHbIX BOAAX:

Posw: AS o = 31,3-0,354-10,07 =112 1/roa,

Lo =95,9-10,07 =563 1/rog,

L£LOH =563+112=675 T1/roga, LCOBp =775 T/rog,
(C,u,on)npm = 67’0’ (Coa )u,on = 44’1 i

Nogu! AS,,, = 0,310,364 - 10,07 = 1136 7/rog,
(Lo = 0,65-10,07 - 10® = 6546 T/roa,

L, =6546 + 1136 =7682 1/rog,

L.os = 15600 1/r0g, (C,,. )0, = 0,76.

coBp

HopmupoBaHne no acCcUMUAALMOHHOW Cho-
COOHOCTW MOYTW NOJSIHOCTLIO COBMaAaeT C HOPMU-
POBaHMEM MO MAPUHLNMY COXPAHEHUS FEOXMMMU-
4yeckoro knacca Bog, [JTozosuk, 2006]:

C.)...=(C.),., - 1,58
(C = -1,58.

(_Qa.)u,on
nput ,CLOI'I—( nput )¢0H

Tak, N0 yKa3aHHOMY MPUHUMIY AO0MyCTU-
Masi KOHUeHTpauusi P~ B 03epe COCTaBuT
49,5 mkr/n, NO6m - 0,50 mr/n.

[MonyyeHHble OaHHbIE CBUAETENLCTBYIOT, 4YTO
ons NckoBcko-Yyackoro o3epa xapakTepHo npe-
BblLLEHME COBPEMEHHOW BMOreHHOW Harpy3Kn Hag,
ponyctmmon (pocoopHoin B 1,15 pasa, a3oTHOM
B 2 pa3a) n TpebyeTcs ee CHUXeHNe Ons ynydile-
HUS1 BKOJIOrM4ECKOro cocTosiHust osepa. o P
3TO MOXHO CAenatb 3a CYET CHUXEHUS ero no-
CTyNJIEHNS CO CTOYHbIMW BOAAMU MyTEM [OOYUC-
TKM CTOYHbIX BOA, MULUEBLIX Mpeanpuatuin. Yto
kacaetcst N o 1 NO,, To pewmTb aTy npobnemy
[OCTaTo4yHO CnoxHo. Co BpeMeHeM ux MOCTyr-
neHune B rmaporpaduyeckyto CeTb 03epa AOMKHO
CHU3UTBCS 33 CYET YMEHbLLUEHUS UCMONb30BaHUSA
yooOpeHuin, HO 3TOT npouecc 6yaeT uaTn OYeHb
Me[J/IEHHO, @ BO3MOXHO, HAYHETCS HOBasi BOSHA
CEeJIbCKOXO3ANCTBEHHOIO UCMOMb30BaHNSA 3EMESb
B [ckoBcKoM o6nacTn Poccun n B 9CTOHMN.

3aknioyeHue

AHaNn3 MHOrONETHUX AaHHbIX N0 XMMUYECKOMY
cocTtaBy BoAbl [lckoBCKO-Yyackoro o3epa v ero
NPUTOKOB MOKa3asn, YTO 03epO0 MO COBOKYMHOCTU
XUMUYECKUX MOKasaTenien OTHOCUTCS K Me30ry-
MYCHOMY BbICOKOLLEIOYHOCTHOMY CciaboLLenoy-
HOMY (BECHOIA, NeTOM, OCeHblo) 1 cnaboulenoy-
HOMY HeWTpasibHOMY (3UMOIN) 3BTPOPHOMY Bbl-
COKOMYTHOMY C XOPOLUMM HacCbILEHNEM BOAbI
KMCNOPOAOM BECHOM, NETOM N OCEHbIO 1 YAOBNET-
BOPUTESNbHBIM 3MIMOW YCIOBHO YNCTOMY Fr€OXMMU-
yeckoMy knaccy Bog,. Mo natnbannbHom cucteme
Ka4yecTBa BOAbl 03epO MMEET WHAEKChbl KayecT-
Ba BoAbl 3umMon 3,8, a B Apyrme Ce30Hbl roga —
3,4, 4TO COOTBETCTBYET YOOBIETBOPUTENIBHOMY
N XOpOLUEMY KayeCTBY BOA. OTU XapakTepUCTUKN
HaMHOro Huxe, 4em Bog, OHeXcKoro n JIagoxcko-
ro 03ep (xopoLuee 1 BbICOKOE).

Mcnonb3yss [OaHHble MO 3NeMeHTaM  XUMU-
yeckoro 6GanaHca 03ep, YyOaNoCb YCTaHOBUTb
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yOepXMBaloLLylo COCOBHOCTb 03epa Mo OTHOLLEe-
HUIO K P06Lu (R=0,44) n Nom (R=0,53), a Takxe
KOHCTaHTbl CKOpPOCTU TpaHchopmaumm B 03epo
Psu (k=025 ron) u N, (k=0,33 roa). Otme-
yeHbl bonee HU3KKe BenndnHbl R, k ona P ¥ 60-
nee Bbicokne ans N MO CpaBHEHMIO C APYrMUA
o3epamun Ceepo-3anaga Poccun ¢ 6am3kmm
K [MckoBcko-Yyackomy 03epy nepuoaom BOAO-
obmeHa. CBfizaHO 3TO C OCOBEHHOCTAMWU rug-
poxumMmnyeckoro pexmma  [ckoBcko-Yyackoro
o3epa. [Insa aToro o3epa yCTaHOBEHbI GOHOBbLIE
KOHLUEeHTpaumn N06m B ero Boae (0,31 mr/n) n P,
(28,3 mKr/n), a TaKxe B NPUTOYHbIX Boaax (P g —
50,6 mkr/n, N o — 0,65 mr/n). Habniopaemble KOH-
LeHTpauum B HacTosiLLee BpeMs No4vTv B Aga n 60-
nee pas Bbilwe GOHOBbLIX, YTO NPUBESO K BonbLue-
My 9BTPOdMpoBaHmIO NckoBCKO-Yyackoro osepa.

1o ckopocTu TpaHchopMaLmn BELECTB B Npu-
POOHOM COCTOSIHMM BOOOEMA YAANOCh BblYMCANUTb
ACCUMUNISIUMOHHBIN  NOTeHuman o3epa (PO6m -
112 1/rop, N, — 1136 T/ron), KoTOpbIA NPUHK-
MaloT 3a A0MNYyCTUMYIO @HTPOMOreHHY BMOreHHy0
Harpysky. B uenom gonyctnmMble Harpy3km Ha o3e-
po coctasumn: P —6757/roa, N, —76827/rop,
M OHW COOTBETCTBEHHO B 1,15 1 2 pasa Hmxe, 4em
coBpemMeHHble. CornacHO AO0NyCTUMbIM Harpys-
KaMm KOHLeHTpauusi P, B BOAe 03epa JOJKHA CO-
craensaTb 49,5 mkr/n, N, — 0,50 mr/n. Hopmupo-
BaHMe GUOreHHOM Harpy3kun No aCCUMUIISILLMOHHOW
CNocoBHOCTM 03epa NoYTK B TOYHOCTM COBNagaeT
C HOPMMUPOBAHMEM MO COXPAHEHUIO FEOXMMUNYEC-
KOro knacca Boj.

B kayecTBe NPMPOAOOXPAHHBIX MEPONPUSATUI
Ons 03epa cnegyeT paccMaTpuBaTb CHUKEHUE MO-
cTynneHnsa B3 OT ToYEUHbIX U pacCesIHHbIX NCTOY-
HUKOB 3arpsi3HEHUSI N YMEHbLUEHVNE COLEPXAHMUS
B BOZE 03epa B3BELLEHHbIX BELLLECTB.

m

duHaHcoBoe obecrneyeHne uccaenoBaHui
OCYLLECTBJ/IANIOCL U3 CPEACTB ¢enepasibHoro
6fo,q»<era Ha BbIMNOJIHeHne rocynaapcrtBeHHOro
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MCMNOJIb3OBAHUE 3KCNEPUMEHTAJIbHbIX AAHHbIX
MO BUOXMMUYECKOMY NOTPEBJIEHUIO KUCJTOPOAOA
AN KOPPEKTHOW OLLEHKN COCTOAHUSA BOOHbIX
OBbEKTOB U KAHECTBA NMPUPOAHbIX BO

A. B. JleoHos',|M. A. Jlo30Buk?, 0. U. UkkO?

" UHcTuTyT okeaHonorvm um. I1. 1. LLnpwosa PAH, MockBa, Poccusi
2 UHcTuTyT BOoAHBIX Npobnem Cesepa KapHL| PAH, @UL| «Kapenbckuii Hay4HbIv LeHTp PAH»,
lNeTpo3aBosck, Poccusi

PelueHne BkIOYMTL onvcaHme MetonoB 06paboTku BrK-aaHHbIX, NONyYeHHbIX B An-
TeNbHbIX 9KCMEPUMEHTaXx, NOSBWUIOCH Nocne psaa ctaten A. B. FoToBueBa, B KOTOPbIX
npenJIoXeH pacyeT KMHETUYECKNX KOHCTAHT No ABYM cpokam namepernus bBIK (3a Bpe-
Msi akcnoanuum t n 2t) 6e3 yyeTa xapaktepHoro s BIMK mynbtuctaguitHoro passutms
npouecca. PaccMoTpeHbl OCHOBHblE CBEAEHUS O MEeXaHW3Me MpPOLLEeCcca, MNOJSyYEHHbIE
npu 0606LLLEHNM PE3YNLTATOB MNMAPOXMMUYECKUX 1 MUKPOBUONOrMYECKNX NCCenoBa-
Hu npouecca BIK. Moka3aHbl BO3MOXHOCTM OLLEHKM KMHETUYeCckux napametpos BIrK
Ha NprMepe aHann3a aKCNepPUMEHTOB ANTENbHOCTLIO 126 cyT ¢ npo6amu Boapl, 0TO6-
paHHbIMM N3 pa3HbiX BOA0EMOB Kapenuu B padHble CE30HbI roaa, U NPOBOAMMbIX MPU
10 n 20 °C. O6paboTka 33 aKCNepMMeHTOB BbiSiBUIA HaNMune YeTbipex TUMOB MY/bTU-
ctagninHbix BIMK-kpumBbix: EL — 3KCMOHEeHUManbHO-MHENHbIN, AL — aBTOKaTannMTUYeCKn-
NINHEeWHbIN, EAL —akcnoHeHumanbHO-aBToKaTaIMTUYECKN-NNHENHbIN 1 AAL — nonnaBTo-
KaTanuTnyeckn-nunHenHeli. Passutne | ctagum BIK npoxoguno 3a nepeble 14-25 cyT,
Il ctagms obHapyxeHa B TpeTu akcnepumeHToB Ha 30-60 cyT, a cTaumoHapHas (Unu
NMHenHas) ctagms dpukcupoBanacb BO BCEX aKCnepumeHTax. MpuBeaeHsl n obcyxaa-
I0TCS MONYYEHHbIE 3HAYEHUSA KMHETUYECKMX napameTpoB BI1K, oueHeHHbIE N0 pe3ynb-
TaTaM OTAENbHbIX 9KCMEPMMEHTOB N OCPELHEHHbIE MO BCEM cepun paboT No oTAeNb-
HbIM CTaamsiM, ce3oHaM oTbopa Npob BoAbl U pexmnmam Ux aKCnosnummn. 3aBMCUMOCTb
OT TEMMNepPaTypbl AKCNO31LMK NPOO BOAbl OOHAPYXMBAETCH B 3HAYEHUSAX KUHETUYECKMX
napametpos BINK - [O,]' (npeaentHblie BenmymnHbl BIK 1 ctagum), v, n @, (COOTBETCTBEH-
Ho ckopocTu BIMK Ha | n nuHenHom cTagmsx). NMokasaHbl BO3MOXHOCTU MCMONb30BaHMS
3HAYEHNI KNHETUYECKUX NapaMeTpoB A oueHkn ckopocTten BIK npu Temnepatypax
BOJb! in Situ B €CTECTBEHHbIX YCTOBUSIX.

Kniouyesble cnoBsa: BINK (MexaHn3Mm, kmHeTuka npowecca); Tunbl BIK-kpusbIx; Kn-
HeTuyeckue napameTpsl BIK; Bogoembl Kapenuu.

A. V. Leonov, P. A. Lozovik|, O. I. Ikko. USING EXPERIMENTAL DATA ON
BIOCHEMICAL OXYGEN DEMAND FOR CORRECT ASSESSMENT OF THE
STATUS OF WATER BODIES AND THE QUALITY OF NATURAL WATERS

The decision to include a description of the methods used for processing BOD data ob-

tained in long-term experiments appeared after some articles by Gotovtsev A. V., where
it was suggested to calculate kinetic constants from BOD measurements on two dates
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(over exposure time t and 2t) without taking into account the multistage development
(characteristic for the BOD process). The basic information is about the mechanism
of the process obtained by summarizing the results of hydrochemical and microbiologi-
cal studies of the BOD process is considered. The possibilities of estimating BOD kinetic
parameters are shown by analyzing 126 days long experiments with water samples taken
from different water bodies of Karelia in different seasons of the year at 10 and 20 °C.
Having processed 33 experiments we revealed four types of multistage BOD-curves:
EL - exponential-linear, AL — autocatalytic-linear, EAL — exponential-autocatalytic-lin-
ear, and AAL - poly-autocatalytic-linear. BOD stage | developed in the first 14-25 days
of the experiments, stage Il was observed in 1/3 of the experiments on the 30""-60™" days,
and the stationary (or linear) BOD stage was recorded in all the experiments. The obtained
values of the BOD kinetic parameters estimated using the results of individual experi-
ments and averaged over the entire set of activities for individual stages, water sampling
seasons and exposure modes are presented and discussed. A dependence on the expo-
sure temperature of water samples was found for the BOD kinetic parameters [O,]' (BOD
threshold values at stage ), v, and w_(BOD rates at stage | and linear stage, respectively).
The possibilities of using the values of kinetic parameter for estimating BOD rates at water
temperatures in situ under natural conditions are demonstrated.

Keywords: BOD (mechanism and kinetics of the process); types of BOD curves; ki-

netic parameters of BOD; water bodies of Karelia.

MpUMeHNTENBHO K CTaTbe O BMOXUMUYECKOM
notpebnenumn kucnopoga (BrK) [FoTosues, 2016]
YMECTHO BCMNOMHUTb MONYASPHbIA B HAYYHbIX KPY-
rax apopmam «HOBOE — 3TO XOPOLLO 3a0bIToe CcTa-
poe». OTMeTnMm norpelHocTu B [[oToBLEB, 2016]
B MHTeEprnpeTaumm n pekoMeHOOBaHHOM pacyeTe
napameTpos BI1K:

— npuBeaeH onepaTuBHbIA MeTo, OLEeHKU na-
pameTpoB npouecca BIK, nonHoro nnv npegenes-
Horo (BIK ), n KoHCTaHTbl CKOPOCTW npolecca
BrK (k,) Ha ocHoBe 3HayeHwit BIK 3a Bpems t n 2t
(vnn no 3HaveHuam BIK sa 5 (BIMK;) n 10 (BI1K, )
cyT). CnegyeT NOSICHUTb, 4YTO 3TO O3HAYaeT, yyn-
TbiBasi N3BECTHYIO 0 npouecce BIK nHpopmaumio
[NeoHoB, 1974a].

1. OpueHtup Ha BlK, o3HavaeT, 4to nccneny-
etca | ctagma npouecca BlK, koTtopas passuBa-
eTcs No 9KcnoHeHTe. OgHako pasBuTMe npolecca
Mo 3KCMNOHEHTE He gokasbiBaetcd. Hdanee, K 10-m
CYT MOXET HayaTbCH pa3BuUTUE Cneaylowen cra-
Onn npoLecca, a 9T0 03HaYaeT, YTO [ABa 3HA4YEeHUs
Br1K (3a Bpems t n 2t) xapakTepusyoT pasHble cTa-
AN N TakoM pacyeT AJis XxapakTepucTuUky nepsom
cTaomm npouecca HekoppekTeH. O4eBUAHO, 4TO
ABa 3Ha4veHus BINK gomkHbl «<nonagaTtb» B NepBble
8 cyT akcnepumeHTa, 4TOObl XapakTepu3oBaTb
Tonbko | ctagmio npouecca BIK, npn atom gonx-
Hbl ObITb MPMBEAEHbI A0Ka3aTe/bCTBa Pa3BUTUSA
BINK no akcnoHeHuuanbHOM 3aBUCUMOCTMU.

2. HeT cpaBHEHUS 3HAYEHUN KOHCTAHT CKOPO-
¢t k,npouecca blK, koTopble Bbl4MCIeHbl ABYMS
MeTo4aMUu — KJIaCCUYECKNUM KUHeTuYecknm [Jleo-
HoB, 1974a] 1 no TabanyYHbIM AaHHbIM [[OTOBLEB,
2016]. 310 MOXHO Oblno Obl coenatb, NpoBeas
00paboTKy  KOHKPETHOM  9KCrNepuMEeHTasbHOM

BlK-kprBOR (C y4eTOM OrpaHuyeHnn — 00 3Have-
Huin BIK =6 mr O,/n — npeaena, Bbille KOTOPOro
NOCTaHOBKa TEeCTOB He pekomeHaoBaHa). Ecnu
oba metoma Oanyt ONmM3kne 3HaAYeHUs KOHCTaHT
ckopocTu BIK, aTo MOXeT cnyxutb nokasaTelb-
CTBOM BO3MOXHOCTU MPUMEHEHUSA npeanarae-
MOro MeToza OLLeHKM KOHCTaHT CKOpPOCTM Mno Tab-
NNYHBIM 3Ha4YeHusMm [[oToBueB, 2016] v CHATL psa,
BOMPOCOB.

3. OueHnBaloTCA 3HAa4YEHUs KOHCTaHT K, oaHa-
KO 9TO HE MOAKPEMNEHO CBEAEHUSIMU, 4YTO MONy-
YEHHbIE OUEHKN OENCTBUTENIbHO XapakKTepusyloT
| ctagmio npouecca (OoMmKHbI ObiTb NPUBEOEHDI
pac4eTHble 3Ha4eHnsa BIK B cpokn t n 2t no oue-
HEeHHbIM 3Ha4YeHNAM K,,).

4. HeT pokasaTenbCTB, YTO CBEAEHHble B Tab-
nnuax B [FoTtoBueB, 2016] umdpoBble AaHHbIE Xa-
pakTepuayloT passutme npouecca bIK no akcno-
HEeHTe (aHanM3 No ABYM TOYKaM BO3MOXEH TONbKO
B ciiydae pa3sutua BINK no akcrnoHeHTe);

— B MPaKTUKE 3KCMEPUMEHTANIbHOIO Pa3BUTUS
BIK BcTpevatoTcs Takme S-obpasHble KpuBble, KO-
TOpble NOKa3bIBAOT 3a4ePXKY Pa3BUTUSA NPOLLEC-
ca B HavaslbHbIi nepuog, uHKybaumm npob BoAbl
[0 HECKOJIbKNX CYTOK (MSIN 3@ CYLLLEeCTBEHHO 60Jb-
wun nepuoq, Yyem 0,25 cyT — Takom nepmon ykasaH
Ha puc. 3 n 4 B [[oTtoBueB, 2016]). Nepuopg 0,25
CYT MOXeT BOOOLLE ObITb OMyLLEH, TaK Kak Xapak-
TepHbl ona BINK HavanbHbIN War Nno BpeMeHu Bbl-
NOSIHEHUS N3MEPEHUN, Kak NPaBuio, COCTaBnseT
1 cyT;

— NPY BbICOKOM COLEPXAHUN OPraHn4ecKoro
BewecTBa (OB) nccnenyemyto Boay pasbasnsioT,
4T0OLI MMetowerocs B Boae O, XBaTuIIO Ha OKUC-
nexHne OB. VMHaue oueHka passutus BIK B Takon

(=)



BO/Zle HEBO3MOXHa 13-3a NOJIHOro ncyepnaxus O,
B Npouecce oneiTa. ee Tabnuupl (13 Tpex) B [[o-
ToBUEB, 2016] copepxaT uUMPPOBLIE OaHHbIE,
KOTOpble BKoYaloT 3HadeHus BMNK>6 mrO,/n
(C y4eToM orpaHmM4eHmnin No MeToanke Takme 3Ha-
YeHUs HEe MOryT UCMNONb30BaTbLCA AJ19 PACHETOB);

— He SICHO, Kak NocTpoeHbl Tabnuukl B [FoTOB-
ueB, 2016], Ha OCHOBe KOTOPbIX MPOU3BOOATCA
BbIYNCIEHMNA KOHCTaHT ckopocTu | ctagmnun BIIK.
[TosscHeHN NO 3TOMY NOBOAY HET.

Ha npakTuke MCnosib3yeTcss MOXOXWUA MeTon,
pacyeTa KOHCTaHT | cTagum rno ABYM TOYKaM (Tak-
>X€ COOTBETCTBYIOLLIMM BPEMEHU OnpenesnieHnin 3a t
1 2t), HO 9TOT METO/, PacHeTa YYUTbIBAET 3HAYEHNE
npeaensHoro BMK | ctagum [O,]', koTOpoe oueHn-
BaeTcs Mo pesysibTaTtaM 3aKcrnepmmMmeHTa («CHUMa-
eTcs» C aKkcnoHeHuyanoHon BIK-kpuson). Ecnu
Takasa BlNK-kpmnBasa B onbITe He noJjiy4eHa, To pac-
YyeT KOHCTaHTbI BbINOJIHUTL HENb3s. B aToM cnyvae
[O,] oueHrBalOT «aKCMEepPTHLIM NyTem» (nepebo-
POM 3Ha4€HUIA, KOTOPbIE MOXHO NpuHATL 3a [O,]').

Nmetowmecs B [[oTtoBues, 2016] npoTtusope-
yus, kacawowmecsa nHoopmauym o BIK, dakTtu-
4YeCKM UCKJTIYAIOT BO3MOXHOCTb MPUMEHEHNS pe-
KOMEHyeMOro MeToaa OLEeHKM KNHETUYECKMX Na-
pameTpoB BI1K B npakTuke nccnegoBaHnin BOAHbIX
00beKToB, a TeM 00Jiee NP MOHUTOPUHIE COCTOS -
HUS BOgoeMoB. Mpur NnoaroToBke pykonucu ctatbu
[FoToBUEB, 2016] K NeyaTn OTBETOB Ha Takme BO-
NpoCbl OT aBTOPA NOJy4EHO He BbIIO.

HanomHum nssecTHble 0 BINK ¢akTbl Ha 0OCcHOBE
crieuuanbHbIX UccnenosaHu npouecca [J1eoHoB,
1974a] v HatypHbIx BMK-HabnopeHnin [J1o30BuUK,
2016], yTobbl bonee YeTKo OxapakTepm3oBaTb Te
norpewHocTn B npeactasneHnax o BIK, kotopble
nmetotcs B [FoToBues, 2016].

PacTtBopeHHbii O, 1 BIK — 06WenpuHATLIe UH-
TerpasibHble napamMmeTpbl, KOTOpble B psae cly4ya-
€B OLEeHMBAlOTCH MNPU UCCNeoBaHUM COCTOSAHUA
NPUPOLHbLIX BOA, U MX KadyecTBa. [10aTOMYy Henb34d
3abblBaTb 06 0COOEHHOCTAX AMHAMUKM, METOAAX
NX U3MepeHUin, 06paboTKK, NOJyHEHUS KOJINYECT-
BEHHbIX OAHHbIX U MHTepnpeTauum nMeloLLencs
nHdpopmaumm 06 aTux nokasatensx. Mog BMNK no-
HMMaeTca npouecc, B kotopom O, pacxoayeTcs 3a
onpeneneHHoe Bpems Ha okucneHve OB: BogHas
Mukpodnopa mcnonsdyetr OB B kavectse nuum
M 3HEPrvio Ans pa3suUTUa U3BNEKaeT B nNpouecce
BMNK. N3mMeHeHns KOHUEHTpaumn pacTBOPEHHOIO
O, B uccneayemoit Bofe OLeH1BatoTCs npuy nocra-
HoBke nabopatopHoro bBIMK-Tecta: Boga MHKyOuU-
pyeTcs B TeyeHue onpenesieHHoro nepuoga npu
cTaHaapTHbIX ycrnoBusx (20 °C, TeMHbIE CKNSHKN —
419 NpeoTBpaLleHns BO3MOXHOCTHW MOMOJSIHEHUS
sanacos O, B Boge npu ¢potocuHTese). B ocHose
BlK-tecta nexumnT npeanonoxeHme o NnponopLmo-
HanbHOoCcTM BIK B Boge 1 cooepxaHun B Hen OB:

npuv OGMOXMMUYECKOM OKUCIIEHUM MUKPODIOPOWA
OB pacxogyeTcsi BNOJHE onpegeneHHoe Konu-
yectBo O, u cyulecTByeT npsiMas 3aBVCKMMOCTb
Mexay 3HadeHnemMm GOpPMUPYIOLLErOoCs B BOAe
nedvumta O, oT copepxaHua B Bode OB (mnu
OT 3arpsasHeHuss Boabl komnoHeHTamu OB). 310
osHadvaeT, yto BIK (unm pacxog O, Ha okucne-
Hue/necTtpykumio OB) cnyXuT KOCBEHHOW MEpOoW
conepxaHusa B Boge OB [JleoHoB, 1974a]. Okcne-
pUMeHTanbHbIn MeTog, nccneposaHus bINK HazeaH
«METOO0M CKJISTHOK>.

Cravana BIIK-TecT npumeHsncs Ons OugHKW
3arpsaA3HeHns  MPOMbILLIEHHO-ObITOBbIX CTOYHbIX
BOZ, (pe3ynbTaTbl NCCNeLoBaHUn Bbipaxasan B KO-
nnyectee O,, koTopoe notpebosBanocb Obl As
€CTecTBEeHHOro okncneHns OB CTOYHbIX BOA, B a3-
poOHbIX ycnosusx). MNosaHee BrK-tecTt ctanu uc-
NofAb30BaTb U AN U3YY4EHUS PEYHbIX BOA, Xapak-
Tepu3yeMblX OTHOCUTESIbHO OeAHbIM B CPaBHEHUN
CO CTO4YHbIMU Bogamu copgepxaHmem OB [bassaku-
Ha, 1933; CkonunHues, 1933; Stones, 1970], a 3a-
TeM — 1 4Ns UCCnenoBaHns MOPCKMX BOA, B KOTO-
pbix cogepxaHme OB elle npumMmepHO Ha Nopsaok
Huxe [CkonuHues, 1948a, 1949, 1950a, 6].

EcTecTBEeHHO, 4TO CKOPOCTb yTUAM3auun pac-
TBOpeHHoro O, He ofvHaKoBa Npv UCCnefoBaHNm
npouecca B CTOYHbIX M MPUPOAHLIX BOAAX, Tak
Kak nepBble MMelT 6onee pa3HooOpasHbii Ka-
YeCTBEHHbI U KONMYecTBeHHbIn coctaB OB u ux
66nblUas YacTb CPABHUTEsIbHO NIerko noanaeTcs
BroxmmMmnyeckon aecTpykummn. IMeHHo aTn popmbl
OB onpegenstot Temn passutusa BINK Ha Havyanb-
HblX 3Tanax npouecca. YactuyHaa perpapaums
n panbHenwas TpaHchdopmauma OB Takxe ocy-
wecTBnseTca non OenCcTBMEM OpraHmM3mMoB. Ta-
KM 0O6pa3om, B 3aBMCMMOCTU OT CTENeHUN yCTOMN-
yneoctn OB K BNOXMMNYECKOMY Pa3/I0XKEHMIO Bbl-
OENSOT ero HECTOMKNE N CPaBHUTESIbHO CTOWKKNE
dopmbl [CkonuHueB, 1949, 1950a, 6].

Mpwn yoosneTBopuUTe/IbHOM pasbaBnieHnn cpe-
obl B oTHoweHnn OB (B xope BIK-tecTta cpena
ocTaetcs aspobHoii), npu pH 6-8, 20 °C 1 oTcyT-
CTBUM B BOLE TOKCUYHbIX BELLECTB 3a 5 CyT pas-
naraetca ~ 70 % nabunbHoro OB [AnekuH v gp.,
1973]. 3HayeHue BI1K, Ha NpakTnke — KOCBEHHbIN
nokasartesib cogepXaHus B Boae nadbunbHoro 6mo-
XuMmyeckmn nerko okmcngemoro OB, a 3HayeHune
BrK,, npn atom cocraensaet 0,9 BIK , pacxoaye-
MOro Ha oKucneHue Bcero nadbunbHoro OB. OagHa-
KO CrneayeT y4ecTb, 4To Ha ~7—10-e cyT BlK-TecTta
B MCCNneayemMon BOAE MOXET HaCTynuTb akTUBU-
3auus Il ctagun BINK — oKMCNeHns aMMOHUNMHOIO
N. Takum obpasom, npu oueHke 3HadeHuin BIK
Ha okucneHmne C-cogepxawero OB cnenyet yun-
TbiBaTb, YTO OObIYHbIE OMNpeaeneHns BrK, moryTt
He oTpaxaTb UCTUHHbIX 3Ha4YeHWU noTpebneHus
O, npu Hann4nm B Boae OB [JleoHos, 1974a].
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Mpwu okucneHun nabunsHoro OB, BxoasiLero
B COCTaB CTO4YHbIX BOA, a Takke OB nnaHKTOHHO-
ro NPOUCXOXAEHUA B NPUPOLHON BOAE B LLEJIOM
He [OCTUraeTcs ero KOHeyHas MuHepanusaumd
n obpagsyloTcsa CTolkme K BUoxmmmnyeckon gerpa-
Jaumn GOopMbl OpraHMYeckmx COeguiHEHWUIN, Tak
Ha3blBAa€MbIl «BOAHO-PACTBOPUMbINA FYMYC» WC-
cnenyemMbix BoA. OkucneHme 9Tmx BELLECTB Npo-
MCXOOUT C CYLLECTBEHHO MEHbLUMMU CKOPOCTS-
MU, 4eM nabunbHblix dpakumin OB [CkonuHLEB,
1950a].

YonvHeHne CpoOKOB WHKyOaumy npod BoAbl
C 4YaCTbIMWN aHaIMTUYECKNMU OnpenesieHUsiMn oC-
TaToYHbIX KOHueHTpauuii O, (nnu BIK) npun nay-
YeHUM KNUHETUKM npouecca nokadanu, 4to BIIK
pa3BMBaETCH B pPasHblXx BOOAX MO-pasHOMY (HO,
KakK npaBuio, B HECKOJIbKO CTaaui B 3aBUCUMOC-
TN OT XMMUKO-OMONOrMYECKUX CBOWCTB UCCNeay-
embix Boa). Tak kak npouecc BIK passuBaeTcd
rnaBHelM 00pa3oM 3a CYeT aKTMBHOCTU MUKPO-
dnopsbl, ytunusupytowen nmetowleecs B soge OB,
TO BaxHa MHPopMauus 006 U3MEHEHUN WHTEH-
CVBHOCTU [AbIXaHUS MUWUKPOOPraHM3MOB B CBHA3U
C Hann4yMem B BOOHOM cpefe cybcTparta nutaHus
(vnn OB) [BuHGepr, 1946]. BoigeneHo Tpu Tuna
ObIXaHNA MUKPOOPraHnM3MoB: 1) B YCNOBUAX KyJlb-
Typbl, 2) B CyCNeH3usx B NpUcyTCTBUM cybcTpaTa,
HO Mpu OTCYTCTBUWN B Cpefe UCTOYHUKOB a30THO-
ro nUTaHus (Npu 3TOM MOAABJIEHO Pa3MHOXEHUe
MukKpoopraHnamoB) n 3) B cpene 6e3 cybcTpaTa
(Ha3BaHO «3HOOreHHbIM AbIXxaHuem») [J1eOHOoB,
1974a).

Jlio6as BogHas XMMMKo-06umonormyeckas cucTe-
Ma, B KOTOPOW MeTabonmyeckme nNpoayKTbl KOHT-
PONMPYIOT CKOPOCTL NpoLecca 1 KoTopad nuueHa
BHYTPEHHUX MUCTOo4HMKOB N, HO nmeeT cybcTtpar
Ons abixaHus (nabunbHoe OB), 06HapyXmMBaeT UH-
TEHCUBHOE pa3BuTne MMkpodopsl. B Havyane vH-
KyOaLMOHHOro nepunoga notpebneHre mmukpodo-
poit O, NPONCXOAMT C NOCTENEHHOW CTabunmaaum-
el, a Npu ncyepnaHmm cybcTpaTta (To ecTb B dpase
«3HOOrEeHHOro AblXxaHus») — ¢ 3aMeJIeHMeM CKO-
poctu BIK. Pazsutne BINK ¢ Haykumen (Havasnb-
HbIM 3anasgblBaHMeM) MMeeT MeCTO B BOOHbIX
cucTtemax npu HMU3KoK Bruomacce MUKPOOPraHm3-
MOB UV NPU HAIMYNU B BOOHOW CPeLe peareHTos,
NnoaaBnsIoLWMX POCT BoMacchl, a Takxe npu oT-
HOCUTENbHO HU3KMX TemnepaTtypax Boabl. OTyeT-
nmBas apyctaguiiHocTb B BINK Habniopaetcs npu
JIMMUTUPOBAHUN UCTOYHMKOB MUTAHUSA: CHadana
OHO pPa3BMBAETCHA MHTEHCUBHO (UM C HEKOTOPOM
HavyasibHOWM 3a[ep>XKon), a No Mepe OOCTUXKEHUS
ONpenesieHHOro BpeMeHn — JNnHenHo. [Npu Ha-
amMuMn B CUCTEME HekoToporo konudectsa OB
MoxeT pasBuBatbcsa Il ctagmna BIK, npuyem 60-
Jle€ MHTEHCUBHO MO CPaBHEHUIO C $Ha30MN «3HAO-
FEHHOro AplXxaHus» (M He 00a3aTeNlbHO JIMHENHO).

YacTto | n cnenyowme ctagum BINK otaeneHsl opyr
OT Apyra — Ha rpadpukax MMetTCS YETKO BbIPaXeH-
Hbl€ MnaTo.

OcobeHHoCTU MynbTuUcTagmMnHocTu BIK n Ha-
amumns nnato Ha BIK-kpuBbIX 0ObACHSIOT cneay-
lome rmnoTesbl, KoTopble 060CHOBaHbI U Teope-
Tuyeckn, n akcnepumeHtanbHo [Bhatla, Gaudy,
1965; Gaudy et al., 1965; Bhide, 1967]:

l'mnotesa 1 — BO Bpems BlK-tecta npouncxo-
ONT N3MEHeHNe B BUOOBOM COCTaBe MUKPODIIOPbI
(nnun TpebyeTcst HEKOTOPOE BPeEMS OJ1s1 CMEHbI A0-
MWHUPYIOLLLEV NONyNSUMn, 4TO AaeT o6pa3oBaHue
nnato Ha BIIK-kpuBbIx). 1o okoHYaHuK | cTagun
BMNK 1 ncyepnaHum MCXOAHOro 3K30reHHOro cy6-
cTparta npoucXoauT U3MEHEeHWEe yKas3aHHOW Nno-
nynsumn. HoBble OOMUHMPYIOLLME KIETKN MOryT
ObITb B0 BakTepUaMU, MO0 KOHCYMEHTaMU (Ha-
npumep, NPOCTENLLUNMU).

lvmnotesa 2 — WU3MEHEHVE OOMUHUPYIOLLErO
BMAA MOXET N HE NPOUCXOANTb, HO YaCTb KNETOK,
BbIPOCLUMX Ha | cTagum, MOryT OTMUPaTb, U B Cpe-
Oy NOCTynarlT NPOAYyKTbl pacrnaga 3TUX KIEeTOK.
[Mocne COOTBETCTBYIOLLErO nepuoaa ajantauuu,
obHapyxvBaemMoro no nnato Ha BlK-kpuBbix,
XWN3HECNOCOOHbIE MONyNsauUMn ganee yTunmsupy-
10T 3TM NPOAYKTHI pacnana KieTok.

'mnotesa 3 — no okoH4yaHum | ctagum BINK n yc-
TpaHeHMM 3K30reHHOro cybcTparta yCnoBus MoryT
cTaTb HebGNaronpUATHLIMU A5 AafbHEALLEero poc-
Ta MUKPODNOPbI, HO KIETKN MNPOAOMXAT XUTb
M ApiwaTh. Onsg CMHTE3MPOBAHUS HOBbIX 3H3VMA-
TUYECKUX CUCTEM, HEOOXOAMMbIX OJii OCYLLECT-
BJIEHUS] 3HOOrMEHHOro MetabosiMama KJEeTOYHbIX
maTepuarnos (yrineBonoB, MMNuaos, 6enkos un ap.),
MoXeT TpeboBaTbCs afanTaLUMOHHLIN nepuog, oT-
paxaemblii nnato Ha BINK-kpuBbIX.

Takmm 06pa3om, HayasbHbIA ydyacTok BIK-
KPVBbIX nokasbiBaeT ytununsaumio O, npu cuHtese
OpraHn3mMamu KneTo4yHor NPoTomnia3mbl U3 NErkKo
pasnaratouweroca (C-cogepxawero) OB; nnato
Ha BMK-kpusoin ([O,]' unn BIK ) xapaktepuayeTt
nosHoe obpalleHne cybcTparta B KIETOYHYIO Mpo-
Tonnasmy; nNpuv UCTOLLEHUN SHEPreTUYeCKnx Mc-
TOYHMKOB MUTaHUS MUKpOdopa NepekyaeTcs
Ha MMeloLMecs BHYTPEHHME pecypchl, 00paso-
BaHHbIE Ha | CTaann pa3BuUTUS.

dnddepeHumpoBaHHOCTL CKOPOCTEN  AbiXa-
HUS MUKPOMIOPbl XapakTepusyet noapasnene-
Hrne OB Ha dpakumm — HECTOMKME N OTHOCUTENbHO
CTOMKME K Buoxmmmyeckon gerpagauum: | ctagmus
BIK (okucneHne nabunbHbix C-cogepxatlmx OB)
pa3BMBaETCS OOBOJIbHO ObLICTPO (CnenyeT akcno-
HEeHLMaNbHOMY YPaBHEHUIO) MNpu Temnepartypax
18-25°C; Il ctagua (okucneHusi ctonkoro OB)
pa3BuBaeTCcs B Npobax NPMpPOaHbIX BOO, MeAIeHHO
(kak npaBuno, NMMHENHO); MHTeHCUdMKauma Il cTa-
OnKn, 4YacTo OTMeYaeMon B Npobax uccriemyembix
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TunnyHaa mynetnctaguinHaga blrkK-kpueaga

Representative multistage BOD-curve

BOA, O3Ha4aeT akTmBm3auuio okmcnenmsa OB [Cko-
nuHueB, 19486, 1949, 1950a, 6]. Takum obpa-
30M, peructpupyemoe BIK B OnnTeNbHbIX Tec-
Tax — BaXHas WHTerpajsbHas XapakTepuctuka
OVIOXMMMNYECKOTO COCTOSIHUS MPUPOOHbIX U pas-
OaBfIEHHbIX CTOYHbIX BOA, OTpaxaeT MHoroobpa-
31e NpomncxoaaLmx B BOOHOW cpefe npoueccos
C nocnepoBaTeNlbHONM BUOXMMMYECKOM TpaHC-
dopmauymern OB npupogHOro m aHTPOMNOreHHOro
NPOUCXOXAEHUS, a Takke cTaguu TpaHchopma-
LM OMOreHHbIX BELLLECTB, B YaCTHOCTW, OKMCIe-
HUe ¢dopMm N (HUTpudukaumsa) [Pbixakos n ap.,
2010] u opraHuyeckoro P (wenoyHas n kucnas
docoarasbl NpeBpaLlaloT ero B MMHepasbHbin P,
noTpebnsiemMblin XXMBbIMK OpraHMamMamn) [J1eoHoB,
1974a).

XNMUKO-KUHEeTU4YeCcKne Mmetoabl 00padoTku
BMK-kpuBbix, yuuTtbiBalowme MHOroo6pasue
UX TUNOB

Mpy 0606WEHNN 3HAYNTENBHOIO KONn4ecTBa
AaHHbix no BIK BbisBNEHO 12 xapakTepHbIX TU-
nos BIMK-kpuBbIX, KaKk MOHOCTaAuMHbIX (A — aB-
TOoKatanuTuieckmin, E — SKCNOHEeHUMasbHbIN,
P - napabonunuyeckuit), Tak U MynbTUCTAANMHBIX
(L, — NnnHeRnHbI ¢ KOHe4YHoN akcenepauuen, EA —
3KCMNOHEHUManbHo-aBToKaTanutmniyeckmun, PL -
napadonn4yeckn-MHEenHbIN, AL, - aBTokaTanu-
TUYECKU-TIMHENHDBIN C KOHEYHOW akcenepauunemn,
EAL - 3KCMNOHeHUManbHO-aBTOKATAINTUYECKN -
NIMHENWHbIN, AL — aBTOKaTaIMTUYECKN-NIMHENHbIN,

~
da
Il
w
~
=N

EL, — 9KCnoHeHuManbHO-IMHENHbIA C KOHEYHOW
akcenepaumen, EL — 3kcnoHeHumanbHO-NUHEN-
HbI, A  — nonvaeTokatanutTuieckmnin). OHu nony-
YU CBOW HA3BAHMWS B COOTBETCTBUN C DYHKLUS-
MW, KOTOPbIE OMUCBLIBAOT KUHETUKY OTAENbHbIX
cTaauii npouecca [JleoHos, 19740].

O6paboTka pasHbix TMnoB BIMK-kpuebix [Jle-
oHoB, 1974a,6] ocHOBbIBaeTCcs Ha MeTo[0s0-
rn onpegeneHns no AaHHbIM 3KCMEPUMEHTOB
KUHETUYECKUX KOHCTAHT XUMUYECKUX peakLnii
1 npoueccoB [OmmaHyanb, KHoppe, 1984]. lMpwu
06paboTke 1 aHanMse akcnepumMeHTanbHbix BMK-
KPMBBIX C Yy4€TOM uX knaccudukauum cnepyet
cobniogatb  CreayoLllyo  MocnenoBaTefibHOCTb
[NeoHoB, 1974a, 6]: NOCTPOUTL MO 3KCHEPUMEH-
TaNbHbIM [aHHbIM KuHeTudyeckyio BIK-kpusyio;
nogobpatb KMHETUYEeCKOe ypaBHEHME, COOTBET-
cteyowtee Tuny BIK-kpmBo; paccymtarb KOHC-
TaHTbl YPaBHEHWS; NPOBEPUTbL COOTBETCTBME Bbl-
OpaHHOro ypaBHEHUSI 3KCNEPUMEHTasIbHbIM [aH-
HbIM MyTEM NOACTAHOBKM 3HAYEHWNI BbIHUCEHHbIX
KOHCTaHT B MHTErpanbHOE ypaBHEHME.

lMocnenoBaTenbHOCTb  BbIMUCIEHUA  KUHETU-
yeckunx KOHcTaHT BIK nokaxem Ha npumMepe aHa-
nn3a ycnosHor BIK-kpueon, BkovatoLwlen Tpw
BO3MOXHbIX cTaguu (I-Ill) pazsutna BIK (puc.).
Mpn 3TOM K NIOBOMY MOMEHTY BPEMEHN CyMMap-
Hoe 3HauyeHune BIK_ cocTaBut

BMK_=BMK(/) + BAK(M) + BAK(), (1)

roe BIIK(/), BMK((/), BIK(/l) — npepenbHble 3Ha-
yeHua BINK cooTtBetcTtBeHHO anga |, Il v Il ctagui,
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X KONMYECTBEHHbIN BKnaa B obuiee BIK cneayet
oueHMBaTb OTAE/bHO.

CHauvana aHann3mpyeTcs NIMHEMHbIA y4aCTOK
BrK-kpuson, wnn BIIK(/Il), npencrtasnsemblii
ypPaBHEHWEM MNPSIMO:

BMK(I) = wg - t, (2)

rae t — Bpems, o, — ckopocTb BIIK(//) Ha nuHeit-
Hom yyacTke BlK-kpusow, mr O,/ (n-cyT),

s~ (XG_Xs)/(te_ts)’ (3)

rae x, — CHuMaemble ¢ utorosoi bIr1K-kpveor npo-
MeXyTouHble 3HaveHus BIK B cooTBeTcTBylOWIME
3Ha4yeHua BpemeHn t (puc.).

Koroa w, n3BecTHo, Hafo paccymTaTb 3Have-
Hua BIIK(/I) ona momeHTOB BpemeHwn oT t; 0o t,
N UCKJIIOYMTb MOJyHEHHbIE 3HaYeHns (w t) n3 oT-
AenbHbiX 3HadeHwnin BI1K, no KoTopbiM MOCTPO-
eHa cymmapHasa Bl1K-kpmBas. 3TO ucCKIOYeHue
naet nnato mexay | n Il cragnamum BIK, koTto-
poe gaBnseTcd npenefibHbiM 3HadeHnem | ctagum
([0,]', mr O,/n). OAnga Il ctagun npenenbHoe 3Have-
HVe npeacTaBngeTcs PasHOCTbIO (puUC.):

[O,) =x, - x,. (4)

Obuiee BoipaxeHune ana Il ctagun BINK moxeT
ObITb 4AHO B BUAE YpaBHEHUS S-06pa3Hoii KpUBOIA

BITK (1) =By, (6% —1)]/(1+hepe®™),  (5)

w

rne Boz = k12/k22; (6)
w, =k, ([0,]"+B,,); (7)
hoz = Boz/ [Oz]”; (8)

roe K,, — KOHCTaHTa CkopocTy 1-ro nopsaka, cyT '
k,, — KOHCTaHTa CkopocTy 2-ro nopsaka, (mr O,/n) " -
(cyt"). Ckopoctb BMNK - v=k,-[0,]" mrO,/
(n-cyT). PaamepHocTs B, — mr/n, [O,]" - mr O,/n.

Beenem o6GosHadeHus h =x/[0,]" (roe x -
KOJIM4eCTBO noTpebneHHoro O, K MOMEHTY Bpe-
MEHM 1) 1 BblMMCNUM 3HaYeHus h, B nHTepsase
BpemeHu (t, ... t,), B koTopom paseueaetcs Il cTa-
ava BIK. Torpa Ha rpadwvke Igth /(1 - h)} -t
MO HaKJIOHY MOJIYYEHHOW MPAMON MOXHO Oorpe-
nenuntb 0,434 -k, [0,]" v, cnepgosartenbHo, 3Ha-
yeHuve K,,, a N0 BENNYNHE OTpe3ka, OTCeKaeMoro
Ha ocu opawvHart, — Igh , n, 3HauuT, h,, a 3artem
n By,=h,[0,]" n w,. 10T MeTon onpeneneHns
KOHCTaHT npumeHum, ecnm B, << [O,]".

Tenepb MO W3BECTHbIM 3HAYEHUSM KOHC-
TaHT MO ypaBHEHUIO (5) BbIMUCNAIOTCH 3HAYEHUS
BIK(/l). NckmoyeHue 3Hadvenunin BIK(/1) v BIK (/)
13 aKcrnepumeHTasbHbIx 3Ha4eHni BIK Ha obuen
BlNK-kprBOM NO3BOASET NONYYUTb TOYHbIE 3HAYe-
Hug Ha | ctagumn BIK(/).

Ecnn | ctagmna passBmBaeTcd MO 3KCMNOHEHTe
(kpmBas 1, puc.), To BI1K(/) onnceiBaeTcsa ypaBHe-
HMem 1-ro nopsgka:

BrK(/) =[0,]' (1 - e™), (9)

roe k — KOHcTaHTa ckopocTu 1-ro nopsiaka, cyTt ',

Ctpowum 3aeucumocTs Ig BINK - t B ananasoHe
BpemeHn (t; ... t,), korga passueaeTtca | cTagus,
N Moflyd4aeM npsiMylo AnHUIO. [lanee Bbl4MCASIEM
TaAHreHC ee HaknoHa u 3HadveHune k =1ga/0,434.
Boipaxenne ana ckopoctu BIIK(/) —v=k-[O,]
mr O,/ (n-cyT).

Ecnu | ctagms pasBmBaeTca S-o6pa3HoO (Kpu-
Bas 2, puc.), 1o BIK(/) onnuceiBaeTcs ypaBHEHNEM,
aHanornyHeiMm onga BrK(//):

BIIK (1)=[By, (6° —1)|/ (1+ ™), (10)

roe B, = k,,/ Ky, (11)

w, =k, - ([0,]'+B,,) (12)

hy, = B,, / [0,]' (13)

k,, — KOHCTaHTa ckopocTu 1-ro nopsaka,

CyT'; k,, — KOHCTaHTa CKOPOCTWU 2-ro Nopsaka,
(MrO,/n)"- (cyt'). OnpeneneHvne KOHCTaHT B,
k,, n h,, NPOBOJAT Tak Xe, Kak onMcaHo Bbile AJis
ypasHeHus (5) npu B, << [O,]. Ecnu nocneaHee
COOTHOLLEHMNE HE BbIMOJIHAETCS, PpacyeT KOHCTaHT
NMPOBOANTCS MHa4ve. [Inga aToro B amana3oHe Bpe-
MeHW, Koraa pasBuBaeTcs | ctagus, BblOMpatoT
[Ba 3Ha4YeHus BpeMeHn t, nt,, 4TOObI t,= 2t1, n ong
3TUX MOMEHTOB BPEMEHU OLEHUBAIOT 3HAYEHUS
h,=x,/[0,]' v h,=x,/[0,]' cooTBeTcTBEHHO. TOr-
Aa BblpaxeHusa onia h, n h, MoXHo 3anvcaTb B BUAE
CUCTEMbI OBYX YPaBHEHWN, KaXAoe N3 KOTOPbIX
npeacraenseT mogndukaumio ypasHeHui (10):

h = ho (eXp{km [0, ]I (1 + hy; >t1} B 1))
" 14 hy,(explk, [0, (14 hy, )t}
_ h01 (exp{k21[o2 ]I (1 + h01)t2} B 1))

= . (14

2 14 hy,(explky,[0,1 (14 by, )t} (14)
O603Havas 9KCNOHEHTY Yepes

y=exp ik, [O,] (1 +hg)t}, (15)

MOXHO NPUBECTU CUCTEMY YpaBHeHWUI (14) K BuAay:
hy=hy(y-1)/(1 +h, -y)
h,=hy,(y?2 = 1)/(1 + hy, - ).
OTtcloga cnepyert, 4To

h
h,=————=h 2_1—h,-y? 17
o1 y—1—h-y 2/()’ A Y) (17)
n 3HadeHune y onpependeTtcda M3 KBaapaTtHOro
ypaBHeHMs:

(16)
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(1-h,)-h -y?—(1=h)-h,-y—(h,—h)=0. (18)

3Haa y u3 ypaBHeHus (18), Haxoaum h
TOM U K,,,
3anucarb:

o @ no-
U151 KOTOPOro n3 ypasHeHud (15) MOXHO

kyy = In y/{IO,1 (1 + hy)t). (19)

Mpyn COOTBETCTBYIOLMX BENNYMHAX KOHCTAHT
ypaBHeHne (10) moxeT onmcatb 9KCMOHEHLM-
QNbHYIO KPUBYID. OTO BAXHO Y4E€CTb U MCMOSb-
30BaTb B Tex Cllydasx, Korga ofHa v Ta xe Boja
Npu pasHbIX 9KCNEPUMEHTasbHbIX YCAOBUSAX MO-
KasblBaeT N3MeHeHne kuHeTundeckmnx kpmsbix BIK
OT S-06pas3Ho 40 IKCMNOHEHLMaNbHON.

3HauveHna ckopoctenn BIIK [pasmepHOCTb
mr O,/ (n-cyT)] MOryT GbITb COMOCTaB/IEHbI HE3a-
BMCMMO OT TOr0, Ha KakoOM y4yacTke MO BPeMeHU
npouecc paccmatpmpaeTcs. CymMmMnpoBaHme aTmnx
cKopocTen gaet mHdpopmMaumio 0 CKOPOCTU Mpo-
LLecca B LesiIoOM.

Taknm obpasom, ypaBHeHue (1), BkovatoLliee
cymmy coctasnsowmx BrNK Heckonbknx ctagun,
MOXeT OblTb MPUMEHMMO NPakKTUYeCckn K Ntobomy
Habopy 3KCnepuMeHTasbHbIX AaHHbIX, HE3aBUCU-
MO OT TOr0, Ha KakOM Ture BOA 3TW AaHHbIE NOJy-
YeHbl, 4115 BbIIBNEHUS KNWHETUYECKNX 3aKOHOMEP-
HOCTen pasBuTmna npouecca. [pn KMHeTn4eckom
aHannse OaHHbIX OONrOCPOYHbLIX 3KCMEPUMEHTOB
no BIK oueHnBaloTCca napameTpsbl: | cTagun npo-
Llecca, C aKCnoHeHuuanbHo kpueoii (k,, [O,], v,)
nnv no Tuny asTokatanusa (w,, B,,, [0,]'), Il ctagun
npouecca — no Tuny astokatanusa (w,, B, [0,]")
n Il cTaumoHapHo cTagum — No JIMHENHOMY TUNY
(w,). BINK_ 3a Becb neproa akcrnepriMeHTa cocTas-
NseT cymMmmy npenenbHbix 3HadeHmin bINK Ha Bcex
BbifiBNIeHHbIX cTaguax ([O,]' +[0,]"+ w,_ - t). Kor-
[a npouecc udy4aeTcs 3a KOPOTKUI nepuog, (Ha-
npumep, <20 cyt), 10 3a BIK npuHumaetca
npegensHoe 3HaveHune [O,], koTopoe pocTur-
HyTO ana okucneHns C-cogepxawero OB 3a
20 cyr.

MpnBepgeHHas Bbile meTogvka aHanmaa BIlK-
KpUBbIX Oblfla Ncnosib3oBaHa Npu obpadoTke 3Ha-
yntenbHoro Habopa BlMNK-akcneprmeHToB, BbINO-
HEHHbIX 011 U3y4YeHnss 0COOEHHOCTE CEe30HHbIX
M3MEHeHUI ycnosui TpaHchopmaumm OB B Bogax
Ha pasHbIX yyacTkax Moxalnckoro BoaoxXpaHuam-
wa [JleoHoB, beppasuesa, 1986, 1990], a Takxe
npu 0606LWeHnn OaHHbIX pasHbix BrK-akcnepu-
MEHTOB, BbIMNOJIHEHHbLIX C MOPCKOW Bogon [Jleo-
HoB, 1977]. B 2012-2017 rr. 6bin1 NpoBeAEHbI
COBpPEMEHHbIE NCCNeA0BaHUSA KMHETUKM NpoLuec-
ca BlMK gna nayyeHns ycnosuin TpaHchopmaumn
OB B BOgax pasHbix BOAOEMOB Kapenun, n 4acTb
00OpaboTaHHbIX aKcnepumMmeHTanbHbix BIMK-gaH-
HbIX NpuBedeHa n obcyxpaeTcs ganee B 3TOWM
cTaTbe.

O0beKkTbl U MeToAbl UCCTief0BaHUs

Ona  BblISICHEHUS O0OLWMX 3aKOHOMEPHOCTEN
passutna BINK B npupoaHbix Bogax Kapenuu cta-
BUINCb 3KCMEPUMEHTbI MO KMHETUKE npoLecca
npu aeyx temnepatypax (10 n 20 °C) npogonxum-
TenbHocTbio 126 cyT. Mpobbl BoAbl OTOMpPanuchb
n3 pasHoTUnHbiX BogoemoB Kapenuu B 2012-
2017 rr. Bcero 3a yka3aHHbI nepuof, 6b110 Bbl-
nonHeHo 107 onbitoB no BMNK Ha 30 BoAHbIX 06b-
eKkTax B pasHble ce30Hbl roga. B atoii paboTte
npuBeneHbl pesynbTatel 06paboTKM MEePBUYHBLIX
BIMK-gaHHbIX B npobax BoAbl, 0TOOPaHHbIX U3 03ep
Anpomosepo, OHexckoe, Jlagoxckoe (Ha BbIXO-
ne n3 CoprtaBanbCKux Luxep, BOnM3n o. Banaam,
3an. XupgeHcenbks), lNeTtposaBoackon n CopTta-
BaNbCKoOl ryd, a Takxe m3 p. Lya (Bcero no 33
3KCNepnMeHTam).

Mocne poctaBku Npod B nabopaTtoputo NpPoBo-
Onnachb VX aspaumsa B TepMocTatax npm COOTBET-
CTBYIOLLMX TeMNepaTypax 415 AOCTUXEHUS PABHO-
BecHoro pacnpeaeneduns O,. lpensapuTesnbHas
aspauus BoAbl CNocobCcTBOBaNa TOMY, UYTO B KMC-
NOPOAHbIX CKISTHKax 3a BpeMs MX 9KCNo3numm
He o00pa3oBbiBaNMCL My3blpM rasa. 3aTem Boda
pasnmeanacb NO CKASIHKaAM, OHU TepMOCTaTupo-
Banncb B TemHoTe npu 10 u 20 °C. Mpu otbope
npo6 cTaBunack KNCNOPOAHAsa CKISHKA AN onpe-
nenexns BIK 3a Bpems TpaHCNoOpTUPOBKN NPOOkI
B nabopaTtopuio. B panbHeilwem aTta BenuymHa
pobaenanacb K OUEHEHHOMY 3HAYEHWUIO MOJSIHOrO
BrK . Onpenenexus O, nposoannun no Buxknepy
[PL 52.24.420..., 2006]. B ncxogHon Boge Takxe
oueHmBanucb 3HadeHuna XMK [PL 52.24.421...,
2012].

B onbiTHbIX cknsHkax O, dukcrposancs B Ha-
yanbHbI MOMEHT 1 cnycTta 3, 7, 14, 21, 35, 49, 70,
91 1 126 cyT nHkybaumm npob. B onbiTax, roe npo-
NCXOAMNO 3HaunTenbHoe cHuxeHve O,, MPoBO-
Aunacb NOBTOPHAs MX MOCTAHOBKA: s 9TOro uc-
NOSb30BaNU Ty MOPLMIO UCXOOHOW BOAbI, KOTOPAs
XpaHuIacb B TepMocTaTax napasnnenbHO C aKCne-
PUMEHTasIbHbIMU CKASIHKAMW. OTO YCOBEPLUEHCT-
BOBaHME METOAMKM MOCTAHOBKU 3KCMEPUMEHTOB
NO3BOINIO MOJIY4UTb MOJSIHYKD KAPTUHY KUHETUKU
BrK. NocTtaHoBKa ONbITOB NPUMEHsANachb 4N BO-
[OEMOB, B KOTOPbIX OTMEYaNoChb LIBETEHME BOAbI
(B HMX HEenb3s OUEHUTb KPATHOCTb Pa3BEeAeHUS
NcxonHol Npoobl).

XapakTepucTuKa nosly4eHHbIX TUMNOB
akcnepumeHTasbHbiX BITK-kKpuBbix

B okcnepumeHTax cC
MOW B pa3Hble Cce30Hbl n3 BogoemoB Ka-
penun wn Bbliaepxusaemon 126 cyt npu 10
n 20°C, nonyyeHbl yeTblpe Tuna BIK-kpuBbIX:

BogoOW, oTbupae-
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1) akcnoHeHumanbHO-NHENHbIN (EL); 2) aBTOKA-
TaNUTUYECKN-NTMHENHBIN (AL); 3) 9KCnoHEeHUManNb-
HO-aBTOKaTaNIUTU4ECKU-NUHenHbIN (EAL); 4) no-
NMaBToOKaTaAIMTUYECKN-NNHENHBIN (AAL). B Tabn. 1
npvBeAeHa CBOAKA KWUHETMYECKUX YPaBHEHUN,
ncnonb3yembix Npu 06paboTke NepBUYHbLIX OaH-
Hbix Mo BIK (Bcero no 33 akcnepumeHTam): AL-
T1n kpuson BINK B aHann3mnpoBaHHOM cepumn 3KC-
nepumeHToB BcTpedanca 10 pas (30,3 %), EAL-
™mn — 9 pas (27,3 %), Tunel AAL n EL — no 7 pas
(no 21,2 %). Passutue | ctagum BIK ocywecT-
BnsieTcs 3a nepeble 14-25 cyT, Il ctagms obHapy-
XMBanacb He BO BCEX 3KCMEPUMEHTAX, a Koraa ee
dukcuposanu (B 11 akcnepumeHTax n3 33) — ato
npouncxoamno Ha 30-60-e cyT. Bo Bcex akcnepu-
MEHTax OTMEYEHO Ham4yme CTauMOoHaPHOM (Mnun
nuHenHon) ctagun BIK.

PasnnyHble Tunbl akcnepuMeHTasnbHbIX BIIK-
KPUBbBIX — CBUOETENbCTBO BO3MOXHOIO BAUSHUS
TemMnepaTypHbiX YCNOBUA MNPOBEAEHUSA 3KCMe-
PVMEHTOB, MPUCYTCTBUSA B UCMbITbIBAEMOW BOAE
Pa3HbIX KOMMOHEHTOB B COCTABE OKUC/SIEMbIX BE-
LWEeCTB, a Takke XapakTepPHbIX TEHOAEHUNA U3Me-
HeHunsa cocTaBa OB B TeyeHme roga (Mnuv B pasHble
CEe30Hbl) B nccnenyembix sogax. lpn atom Mox-
HO BbIOENUTbL psg ocobeHHocTen pas3sutusa BIK
B [OJIFTOCPOYHbIX 9KCNEPUMEHTAX C BOAOW N3:

— AHpomo3zepo — npu 20 °C B npobax BoOAbl,
OTOOpaHHbIX B pasHble Ce30Hbl (3UMa, BecHa
n neto), bBIK passmBanocb ¢ GopMUpPOBaAHUEM
PasHbIX TUMOB KPUBbLIX: B 3MMHEN BOAE BbISIBNEH
EAL-tun BIK-kpuBon, B BeceHHen Boge — AAL-
TUMn, B NeTHen Boge — AL-Tun. | ctagmsa B SUMHEN
npo6e BoAbl pa3BMUBAETCSH MO 3KCMOHEHTE, a B Be-
CEHHel 1 NeTHel npobax — Nno TUMy aBTokaTannaa.
PassuTtume Il ctagmm obHapyXeHO B 3MMHUX U Be-
CeHHMX npobax Boabl;

— Jlapoxckoe 03. (MHTerpasbHas npoba) — B Npo-
6ax oceHHen Boabl npu 10 n 20 °C BIK Ha | ctagumn
pa3BMBaETCH NO-pasHOMY — C GOPMUPOBAHNEM CO-
0TBeTCTBEHHO EL- 1 AL-Tnnos BINK-kpuBbIX;

— Jlapoxckoe 03. (Banaam) — B Boge, oToOpaH-
Hol oceHbio (2015 1 2016 rr.) n BecHom (2016 r.),
npu 10 °C BINK paseuBaetcsa no AL-Tuny, a npwu
20 °C - no-pa3HoMy: B npobax OCeHHel BoObl —
no EL-tuny; B npobax BeceHHel Boabl — No AAL-
Tuny. Pazsutue Il ctagum BINK ¢dukcupyeTcs nuilb
npu 20 °C B BOAe, oTobpaHHoM BecHon 2016 T.;

— Jlapoxckoe 03. (3an. XmaeHcenbkd) — B Npo-
6ax BoAbl, 0TOOPaAHHbLIX BECHOM 1 oceHbto 2016 T.,
oOHapyxxeHbl pasHble Tunbl pa3sutns BIK: npu 10
n 20 °C B npobax BeceHHel BOAbl BbiiBNeH EAL-
TN, B npobax oceHHen Boabl — AL-Tun. PasButne
Il ctagumn BIK 3adukcmnpoBaHo B npobdax BeceH-
Hel Boabl npu 10 n 20 °C;

— MeTtposaBoackas rydba — B Boae, oToOpaH-
HOl 3umol n BecHon 2016 r., npu 10°C BIK

pa3BmBaeTCd COOTBEeTCTBEHHO no EL- u AL-
Tmny, npu 20 °C - no eguHomy EAL-Tuny. OpgHa-
KO B BOAe, oToOpaHHOM oceHbio 2016 r., 1 npwu
10, n npn 20 °C passutmne BINK cnepyet no egun-
HoMy EL-tuny. Il ctagma BIK obHapyxeHa npw
20°C B BOogax, OTOOpPaHHLIX 3MMOM U BECHOM
2016 r.;

— p. Wys — B BOAE, OTOBPaHHON 3UMOI 1 BEC-
Holt 2016 r., cootBeTcTBEeHHO npun 10 n 20 °C pas-
Butne BINK cneaoyet no EAL-Tuny, aTtoT TN CMe-
HseTcs Ha AAL-Tun — npu pexunmax 20 n 10 °C co-
OTBETCTBEHHO B OMbITaxX C 3UMHUMMW N BECEHHUMU
npobamu Boapbl. Bo Bcex aTux akcnepuMeHTax He-
3aBMCKMO OT ce30Ha oTbopa npob BoAbl U PeEXU-
Ma nx akcnosuuum pukcupyetcs Il ctagna BIIK;

— OHexckoe 03. — B npobax BoAbl, 0TOOpaH-
HbIx BecHon 2016 r., paszsutne BIMK npu 10 n 20 °C
npoucxoamt no AL-Tuny; B oceHHeln Boge npu 10
n 20 °C obHapyxeHa |l ctagus (no AAL-Tuny);

— CoprtaBanbckas ryba — passutue BlrNK B npo-
6ax BoApl, 0TOOpaHHbIX BecHor 2016 r., npu 10
n 20 °C cnepgyeT cOOTBETCTBEHHO no EL- n EAL-
Tunam; B npodax BoOAbl, OTOOPAHHbIX OCEHbIO
2016 r., npn 10°C BIK passuBaetca no AAL-
Tuny, a npu 20 °C — no EAL-tuny. Il ctagmnsa BMNK
He ¢puKcMpoBanach NMilb B BECEHHen Npode BoAbl
npu 10 °C.

B cepuu akcneprMMeHTOB C BOAOWN, OTOOPaHHOW
OCEHbIO M3 pa3HbIX parnoHOoB JlagoXcKoro o3epa
n MNMeTposaBoackoii rybwl, pazsutme bIMK obHapy-
>XKMBaso TOJbKO | 1 nnHEenHy10 cTagnn.

HeT coMHeHns B TOM, 4TO Tunbl ONbITHbIX BIK-
KPMBbIX B MEPBYIO 04epeap ONpeaensoTcs cocTa-
BOM MMetoLmxcs komnoHeHtos OB B uccnepye-
MbIX BoAax. Vix coctaB B BoAax padHbix 0OBHEKTOB
MOXET CYLLLECTBEHHO OTINYATLCS U NMpeTepneBaTb
B Te4YeHue roga TpaHchopmauuo. Ha pgaHHOM
aTane aHanm3aa rnoJjlydeHHom nHgopmauumm no BrK
MOXHO faTb OOLLYI0 XapakKTepUCTUKY MOJIyHeH-
HbIM TUNaMm BIIK-kKpuBbIX B 3aBUCUMOCTU OT OBYX
CYLLECTBEHHbIX HAKTOPOB — Temnepartypbl, Npu
KOTOPOW 3KCMOHMPOBanUChb Npobbl BOObl B Xo4e
3KCMepuMeHTa, a Takke OT ce3oHa oTtbopa npod
ncecnenyemMblx 06bLEKTOB. B ntore B 3aBUCMMOCTU
OT 311X GaKTOPOB MONYYUM MHPOPMALMIO O Hac-
TOTE BCTPEYAEMOCTU B 3KCMEPUMEHTAX Creayio-
wmx Tmnos BIK-kpuBbIX:

— npu 10 °C — AL-T1n oTMeueH 6 pas (40,0 %);
EL — 4 paza (26,7 %); AAL — 3 pa3za (20,0 %); EAL -
2 pa3a (13,3 %);

— npu 20 °C — EAL-Tun — 7 pa3s (38,9 %); AAL —
4 paza (22,2 %); AL — 4 paza (22,2 %); EL — 3 paza
(16,7 %).

Takum obpasom, B akcrnepumeHTax npu 10 °C
yawle pukcmpyetca passutue BINK ¢ popmuposa-
HMeM | n nnHenHonm ctagun (10 pas, nnn 66,7 %),
a npu 20 °C nNoMMMO ykKaldaHHbIX CTaauin 4alle
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Tabnvuya 1. Pedynbtatbl 06paboTkn BIK-gaHHbIX U KMHETUYeckue ypaBHEHMs, onucbiBalowme auHamuky BIK
B Npobax BoA, 0TOOpaHHbIX B pa3Hble Ce30Hbl N3 BogoemMoB Kapenumn

Table 1. Results of BOD-data processing and kinetic equations describing BOD dynamics in the water samples taken

from water bodies of Karelia at different seasons

Ce30H T °C KnHeTtunyeckoe ypaBHEHNE
Season ’ Kinetic equations
1 2 3
AHpomo3epo
Yandomozero
0.110(e*%®"" -1
09.X1.12 20°C BNK =1 .70(1fe*°-°872')+W+0.033t
064 0.267t _ 4 ) 0.0665¢ _ 4
15.111.113 20°C :006 8(e )+00335(e )+0.0167t
140.0162e%%™ 14 0.05240%5%
0.0229(e™%"* —1
18.VII.13 20°C BHK:W +0.0136t
JNapoxckoe 03epo (Ha Bbixoae n3 CopTaBanbCKuX LLXEP)
Lake Ladoga (at the way out of the Sortavala skerries)
Ocett 10°C BMK =0.54(1—e %) - +0.0026t
2015r. 0.142t
0.113(e -1
Autumn 20°C BMNK = W - +0.00539t
.142¢”
JNapoxckoe 03epo (B6an3un 0. Banaam)
Lake Ladoga (near Valaam island)
0.168(e*"*" —1)
Ocetb 2015 . 10°C ~ 031655 +0.0045¢
Autumn
20 °C BMK=0.9(1—e °**) - +0.00943t
0.0681(e%* —1
10°C :# - +0.0118t
BecHa 2016 . 1+0.159¢°*
Spring 1 238(60'468' 71> 1.895.10°° (eO.401t 71)
20°C S i .
BrK 14 0.159e%4%% * 141.047.10°g%4" +0.0162t
0.644 (" —1)
OceHb 2016 T. 10°C BIK = 111.08880 1 - +0.0131¢t
Autumn
20 °C BMK =0.88(1—e ***) - +0.0146t
Jlapoxckoe 03epo (3an. XuaeHcenbks)
Lake Ladoga (Khidenselkya Bay)
0.0271(e™%" _1
10°C BIMK =0.75(1—e °®*) +(—0m)+0.001431
Becha 2016 1. 1+0.0324e"™
Spring 9.92.10-¢ (e0.578t _1)
20 °C —0. _ p-0.102t . )
BIMK =0.75(1—e *'®) + 777810 7gosm +0-0105¢
0.134t
10°C - 0.0048(e*™" 1) - +0.00667t
OceHb 2016 . 1+0.0832e""*
Autumn 0.314t
0.0689(e -1
20°C EHK:W - +0.015¢
dukcmpyeTcs obpasoBanue Il ctagmm (11 pas, unu dopmMmMpoBaHMe  3KCMOHEHLUMaNbHOro  Tuna

61,1 %). lMNMpn atom paseuture | ctagmn BIK npu
10 °C vauie npoucxoauT Mo Tuny aeBTokaTanmaa
(9 pas, nnm 60,0 %), a npm 20 °C — N0 3KCMOHEH-
Te (10 pas, nnn 55,6 %). CnegoBaTenbHO, €CTb
OCHOBaHMWe npepgnonaratb, YTO TUM GUKCUPYEMBbIX
BlK-kpvBbIX B 3HAYUTENIbHOW CTENneHn 3aBUCUT
OT TeMnepaTypbl 9KCNO31LUN NPob BOAbI.

BlK-kpvBbIX 03Ha4aeT akTUBHOE OKWUCJeHne
M TpaHchopMaLmio UMEIOLWMXCA B BOOE KOMMO-
HeHTOB OB. Takue ycnoBus yauie OTMEeYeHbl npu
CTaHOAPTHbLIX YCNOBUSAX XpaHeHus npob BoAbl
(npu 20 °C). OKCNepuMEHTHbI MOKa3blBAKOT, 4TO
passutne BINK no akcnoHeHTe npu 10 °C npo-
NCXOOUT pexe, U B HayasibHble CPOKM B 3TOM
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lMpogomxeHne Tabn. 1
Table 1 (continued)
1 | 2 3
MeTposaBoackas ryba
Petrozavodsk Bay

10°C 5n|<:o.5(17e*°-°9") - +0.0142t
3uma 2016 . P
Wi 0.0349(e™ -1
inter 20°C BMK =3.4(1 76’0'156’)+W+0.02281
2.114(e%%™ _1
10°C _2114(e" ) - 40.0192¢
BecHa 2016 . 1+2.818e"%"
Spring 0.00206(&%%" _1
20°C EHK:1.00(1*670'0988{)+W+0.0254t
_ _ 0184t _
Ocett 2016 1. 10°C BMNK=1.044(1-e ) +0.013t
Autumn 20 °C BMK =1.514(1- e °) - 40.0279¢
P. LWys
Shuya River
0.000716(e%%* —1
10°C BIMK =0.68(1—e °'®)+ ( )+0.0201t
3uma 2016 T. 14 0.000955e%%4
Winter 0.352t 0.170t
0.0468(e*** —1) 0.00224 (%' —1
20°C = ( )+ ( )+0.0327t
1+0.0234€*%*  140.00112¢%"™
0.402(e”* —1) 0.0183(e”"** —1
10°C BINK = ( - )+ ( 012) +0.00714t
Becha 2016 . 1+0.447¢%%% * 140.00955¢* >
Spring 0.0146(e%"6 _1
20°C BlMNK = 2.75(1 — eio'oszgt) + Wﬂ’ 0.00657t
OHexXcKoe 03epo, LeHTpasibHas 4acTb
Lake Onego, central part
0.0403(e*%*" —1
10°C _ 0.0403(e” 1) +0.00751t
BecHa 2016 . 1+0.0575e™*"
Spring 0.071(e"%5t _1
20°C EHK:W - +0.0143¢
0.00229(e%?'"® —1)  1.612:107%(e*'** —1
10°C BMK = ( — )+ ( 5 )+0.00371t
Ocenb 2016 1. 14+0.00661€°%'® ~ 143.311-10 °%'*®
Autumn 0.469t 0.190¢
0.894(e —1) 0.00267(e -1
20°C Brik= 1+o.£s1se°-469'> * 1+0.00£501e°"9°’ !+ .c0s2s
CopTtaBarnbckas ryba
Sortavala Bay
10°C BMK =0.50(1—e °®™) - +0.012t
BecHa 2016 . Py
i 0.00362(e%*%" —1
Spring 20°C EI'IK:0.95(1—e’°'162’)+W+0.010t
0.0333(e**" 1) 4.099-107"*(e*** —1
10°C BIK — (e ), (e ) 1 0.0007a¢
Ocetb 2016 1. 1+0.0589¢%%" ~ 14+7.943.10 %%
Autumn —7 ( ,0.429¢
1.831-107 (&7 —1)
20°C BMK =0.87(1—e *'% .012
087(1—e " )+ eaargTaoee T 00125t
lMpumedanue. MNMpoyepk — ctagua BIK He BbigeneHa.
Note. Dash line indicates that BOD stage has not been determined.
pexnMe MMeeTcs HekoTopas 3ajepxka B aKkTuB- B 3aBncKMOCTM OT ce3oHa oTbopa npob BCTpe-
Hom BI1K (ero pazsutne nget ¢ ¢opmMmpoBaHmeM 4HaemMocTb TUNoB BIK-kpuBbIx cnepyoLas:
S-00pa3Hon KPUBOI, XapaKTepHON A5s aBToKaTa- — 3uma: ¢ akcnoauumen npm 10°C, 2 ot-
NINTUYECKNX PEAKLINIA). 6opa npob — passutme BINK no EL n EAL Tunam
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(no 50,0 %), ognH pas3 oTmeyeHo passutue Il cta-
anu;

— ¢ akcnosunumein npu 20 °C, 3 ot6bopa npobd —
EAL-tun — 2 pasa (66,7 %), AAL — 1 pas (33,3 %);
aBax bl pukcunpyetcs passutue |l ctagun;

— BecHa: ¢ akcnoauumen npu 10 °C, 6 oTbo-
poB npo6 — AL-tun — 3 paza (50,0 %); Tunbl EL,
AAL n EAL — no 1 pasy (no 16,7 %); oeaxapl duk-
cupyetcsd passuTtue Il ctagun;

— cakcnosuumeii npu 20 °C, 7 otbopoB Npobd —
T1un EAL — 4 pasa (57,1 %); AAL — 2 pasa (28,6 %)
n AL — 1 pas (14,3 %); wecTb pa3 dukcupyertcs
passutue Il ctagmu;

— neTo: akcnoamuusa 20 °C, 1 otbop Npobbl —
AL-tnn (100,0 %);

— oceHb: c akcnosuumen npu 10°C, 7 ort-
6opoB npo6 — AL-tun — 3 (42,8 %), EL n AAL -
no 2 pasa (no 28,6 %); apaxnabl hukcupyeTcs pas-
BuTKe Il ctagum;

— cakcnosuumei npu 20 °C, 7 otbopoB Npobd —
EL-tun — 3 pasa (42,9 %), AL — 2 pasa (28,6 %),
EAL n AAL — no 1 pasy (no 14,3 %); aBaxabl HuK-
cupyeTtcd passutue |l ctagun.

OnbITbl C 3UMHUMK 1 NETHUMK Npobamu (Bce-
ro 1-3 otbopa) ganu mano nHpopmaumm gis Bbl-
ABNEHNSA Kakux-1mbo 3aKOHOMEPHOCTEN Mo pas-
Butnio BIK, a pesynbtatbl ONbITOB C BECEHHUMU
N OCEHHUMM NpoBaMn XxapakTepPU3yTCsa Creayto-
LWMMWN OCODEHHOCTAMN:

— B BeCeHHux npobax Boapl passutne BIK
npu 10 °C npoucxoguT B OCHOBHOM Mo AL-Tuny
(50,0 %), a npmn 20°C - no EAL-tuny (57,1 %).
OueBupgHO, Npu 6Gonee BLICOKOW TemmnepaType
9KCMO3ULMM BOAbl B MPOLECC OKUCIIEHUSI MMEID-
LLUMXCS B BOLE UHIPEONEHTOB BOBJekaeTcs Gonee
pa3Ho0obpa3Hbli aCCOPTUMEHT BELLECTB, U NO3TO-
My BepodaTHa ¢pukcauus Il ctagnm;

— B 0CeHHux npobax Boael npy 10 n 20 °C yawe
BCTPEYaloTCsl COOTBETCTBEHHO AL-tun (42,8 %)
n EL-tun (42,9 %) BIK-kpusbix. Tunbl BINK-kprBbix
NoKa3bIBalOT, YTO OKUCIIEHNE NUMEIOLLMXCS B OCEH-
Heli Bofe OB akTuBHee ocyluectensetcs npu 20 °C.
JomunHupoBaHue cnydaes otcytcteua |l ctaguun
BINK — cBnaeTensCTBO TOro, YTO OCHOBHOM 3anac
oKMcnsieMblx BeLLecTB B Bogax Kapenun ncrowa-
eTcq 3a netHnin nepuog. MHole Tunbl BIK-kprBbIX
Ha | cTagum B OCEHHUIN NepUOL BCTPEYaoTCs penko,
a ll ctagma BMNK dukcrpyeTcsa nuulb B npobax Boapl
13 OHexckoro 03. n CopTaBanbCko rybbl, 4TO Tak-
Xe He0CTaTOYHO A4S Kakmx-n1nmbo 06006LLEHWIA.

XapakTepucTtuka 3Ha4eHN KNHEeTUYECKNX
napameTpoB npouecca BIK

MonyyeHne Kkakoh-nMbo KONMYECTBEHHOMW WH-
dopmaumm o BMNK no pesynbtatam 06paboTkum
3aKCNepnMeHTaslbHbIX JaHHbIX BOBCE HE O3HAYaeT,

4YTO OLEHEHHbIE KMHETUYECKME MnapameTpbl CO-
OTBETCTBYIOT yCcnosuam in situ. Meton, akcnepu-
MeHTasibHOM oueHku BIMK — 3To kavyeCTBEeHHbIN
MeTona; MHpopmMauus O ANHAMUKE U KUHETUKE
npowecca, KOTOPYI W3BJIEKAIOT MNPU aHanuTu-
yeckol o0bpaboTke 3KCNePUMEHTasbHBLIX AAHHbIX
no BIK, Becbma oTHOCUTENbHAA N XapakTepwu-
3yeT NUllb YCNOBUS PasBUTUS OKUCIUTENbHbIX
npoueccoB B KOHKpeTHOM bBl1K-akcnepumeHTe.
Mpwn konuyecTBeHHOM 06paboTke AaHHbIX No BIMK
NPYHUMAETCS BO BHMMAHME NOCNef0BaTENbHOCTb
cTaguii pacxonosaHus O, (M1 pasBUTUA OKUCTN-
TeJNIbHbIX NPOLLECCOB) B COOTBETCTBUWU C KJ1aCCU-
duvkaumen TMNos BIK-kpmBLIX 1 ypaBHEHUN, WX
onuceliBalowmx [JleoHos, 19746]. Pe3ynbTat Takol
00paboTkn — BblOogNeHne oTaeNbHbIX cTaamin BINK
B COOTBETCTBUM C HOPMOI KOHKPETHO paccmar-
puBaeMbIx 3KcnepumeHTasnbHblX  BIK-kpurBbIX
M nocnefoBaTesibHbI aHaNN3 KaxaoW BbloeNIeH-
HoI cTagmn. «PacumdppoBka» 0COOEHHOCTelr pas-
BuTnA BINK B akcneprMeHTax BO3MOXHA NLLb Npu
npoBefeHnM napasiefibHbiX MUKpobuonornyec-
KX 1N TMAPOXMMUYECKMX aHann30B BOoApl. Ha oc-
HOBE aHanm3a akcrnepumMeHTasibHbiX BI1K-kpurBbIx
OLIEHVBAIOTCS 3HAYEHUS] KMHETUYECKMX napameT-
POB KaXa0n Bblaensemon cragmu npouecca [Jle-
oHoB, 1974a, 06].

[MepeyeHb 3HaAYeHUI 3TUX NapamMeTpoB, oue-
HEeHHbIX Npu 00paboTke 3KCnepuMeHTasbHbIX
BMK-kpuBbIx (Tabn. 2), nokasdbiBaeT, YTO Hesb-
39 MOMY4UTb UCYEPMbIBAKOLWEN KapTUHbI pas-
Butns BIMK B kaxpgom o6cnenoBaHHOM BOAHOM
00beKTe MO OOHOW CEPUU 3KCMEPUMEHTOB ONs
OTAENbHbIX CEe30HOB. [lo3ToMy OblNO peLleHo
COCTaBUTb 0OO0OLLEHHYID CBOOKY WHMOpMaumm
NO BO3MOXHbIM 3HAYEHUSIM KMHETUYECKMX napa-
mMeTpoB npouecca BINK B npupoaHbix Bogax Kape-
JINN HA OCHOBE aHaNn3a HEKOTOPbIX AKCNEPUMEH-
TaNbHbIX JAHHbIX B 3aBUCMMOCTU OT BbISIBJIEHHbIX
ocobeHHocTel pa3suTtusa BINK 3a npogomxmtens-
Hblli (126 cyT) nepmopg, akcnosnunm Nnpob Boapbl.

Mpn atom ob6pawanocb BHMMaHWE Ha [fOBa
dakTopa (ces3oH oTbopa M YyCNOBUSA 3KCMO3MLUM
npo6 Boabl — 10 1 20 °C), koTOpbIE NOTEHUMAb-
HO MOrYT OKa3blBaTb BAUSHME HA KUHETUKY MPO-
uecca 1 Ha Tun permnctpmpyemblx BITK-kpuBbIX.
BbloeneHmne ctagnin B 3aBMCUMOCTM OT Xapakrepa
pa3BUTUS NpoLecca No3BosseT 6osee TOHHO oxa-
pakTepunsoBaTb €ro ocobeHHOCTU B npobax uc-
criefyeMblxX BOA, YTO HEMNOCPeACTBEHHO CBA3aHO
C COCTaBOM npucyTcTaylowmx B Boge OB, noasep-
XEHHbIX BUOXMMUYECKOMY OKUCTIEHUIO.

PasBuTre npouecca BIMK B 0To6paHHbIX 3MMOIA
npobax Boapl npu 10 °C BOCNPOU3BOAAT TUIMb
kpuBbIx EA (50,0 %) n EAL (50,0 %), a npn 20 °C -
EAL (66,7 %) n AAL (33,3 %). 3Ha4yeHns KOHCTaHT
ckopocTtu | ctaoum BIK, k,, npn 10 °C meHanuch
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B npegenax 0,091-0,189 (cpeoHee 0,140)
cyT', npegenbHbix BennumH [O,] - 0,50-0,68
(0,59) mrO,/n, ckopoctei npouecca Ha | cra-
avn, v,, — 0,0455-0,1285 (0,0870) mr O,/ (n-cyT)
n ckopoctenn BIK w, Ha nuHenHon (Mnn ctaum-
oHapHon) ctaguu — B npegenax 0,0142-0,0201
(0,0172) wmrO,/(n-cyt). 3Ha4yeHVs yKa3aHHbIX
napameTtpoB npu 20 °C MeHsnMCcb B npepenax:
k,- 0,0872-0,156 (0,122) cyt', [O,]'- 1,70-3,40
(2,367) mrO,/n, v, - 0,148-0,5304 (0,3392)
n 0,033 mr O,/ (n-cyT) COOTBETCTBEHHO NMpu pas-
BUTMM npouecca no EAL- 1 AAL-Tuny; 3Ha4eHnsa @,
HE3aBMCMMO OT YCJI0BUI pa3BuTua | ctagnm MeHs -
nmck B y3kux npegenax 0,0228-0,0300 (0,0264)
mr O,/ (n-cyT). ConocrtaeneHne CpenHux 3Have-
HUA KMHETUYECKMX MapamMeTpoB, OMUCHIBAIOLLNX
anHamuky BIK B akcnepnmeHTax ¢ 3MMHUMUK NPO-
6amMu BOAbl, MOKa3bIBAET, YTO CPeAHME 3HAYEHUS
k, 6binn ogHoro nopsiaka npu 10 1 20 °C (0,140
10,122 cyT'), 3HaveHns [O,] Gbinn Boilwe B 4 pasa
npu 20 °C, ckopocTtu BINK Ha | n Ha cTaumoHapHoi
cTagusx, v, n @ , npu 20 °C npesbiLlanm 3Ha4eHus,
nonyyeHHole npu 10°C, cooTBeTCcTBEHHO B 3,9
n 1,5 pasa.

BecHoi 6110 06¢cnegosaHo 60sbLle BOOOEMOB
n 6onblue BINK-onbIToB NpoBeaeHo ¢ npobamu Be-
ceHHel Boabl. COOTBETCTBEHHO, NMpu 0bpaboTke
OaHHbIX OMbITOB MOJlyd4eH OOJbLUMA aCCOPTUMEHT
3HaYeHUN KMHETUYEeCKMx napameTpos. Passutune
BIK B npo6ax c BeceHHel BOA0W NOKa3blBAET, HTO
npu 10 °C gnanal3oH 3HAYeHUn KOHCTaHT CKOpPO-
ct | ctaguu, k,, meHseTca B npeaenax 0,0876-
0,0993 (cpennss 0,0935) cyt ', w, — 0,341-0,527
(0,413) cyr', [O,] - 0,43-0,90 (0,67) mrO,/n,
B,, - 0,0403-2,114 (0,6561) mr/n. MNpwn pa3sntmm
BINK no akcnoHeHTe v aBTokaTannay CkopocTb V,
Ha | ctagmn cocTaBnana cootTseTcTBeHHO 0,0438—
0,0745 (0,0592) n 0,0096-0,8356 (0,2528) mr O,/
(n-cyT), a ckopocTb BINK Ha cTaumoHapHoM cTagnm
w, Obina B npenenax 0,00143-0,0192 (0,00985)
mr O,/ (n-cyT). OueHeHHble 3HaYeHNs KMHEeTUYeC-
kvx napameTpos Il ctagun BINK: w, - 0,0976-0,123
(0,110) cyt', B, - 0,0183-0,0271 (0,0227) mr/n;
[0,]"-0,837-1,920 (1,019) mr O,/ .

N3meHeHus KnHeTmndeckux napameTtpos BI1K
npwu 20 °C coctasnaioT: k, - 0,0829-0,162 (0,117),
w, - 0,267-1,405 (0,7133) cyt', B,, — 0,0648-
1,238 (0,4579) wmr/n; [O,]' - 0,31-2,75 (0,977)
mrO,/n.

CkopocTb Ha | ctagmm BIK, v, npn passutum
no akcrioHeHTe Obina B npenenax 0,00657-0,228
(0,0173) n npun aestokatanmsde — 0,0069-0,3940
(0,1439) mrO,/(n-cyT). Ha craumoHapHoi cTa-
amn  ckopoctb BINK w_  cocTtasnana 0,00657-
0,0254 (0,0132) mrO,/(n-cyT). OuanasoH 3Ha-
YeHUn KnHeTndeckux napametpos Il ctagum BIK
coctaenget: w, — 0,0665-0,578 (0,271) cyr,

B,, —9,92:10%-0,0335 (0,009) mr/n; [O,]" - 0,50~
4,508 (1,201) mr O,/ n.

Taknm 06pa3om, B OMbITax C BECEHHEN BOOOM
npu 10 n 20 °C cpenHve 3Ha4eHns K, npu aKcno-
HeHumanbHoM pa3sutum | ctagum BINK otnnyaioT-
Ccs Masio U COCTaBnsloT cooTBeTCTBEHHO 0,0935
10,1170 cyT™', a Npun aBTOKaTaNN3E — 3HAYEHUSA W,
B 1,7 paza Bbiwe npu 20 °C, yem npn 10 °C, a B, -
Bbilwe B 1,4 pasa npu 10 °C, yem npun 20 °C. 3Ha-
4eHuns [O,]'npn 20 °C npesbiwatoT B 1,5 pasa 3Ha-
4eHus npu 10 °C; cpegHue ckopocTu v, Ha | cTa-
onn BIK, passuBaloLLEenics no 3KCNoHeHTe, B 2,53
pa3sa Bbiwe npu 20 °C, a npu passutum BINK no as-
ToKaTannady oHu 6blau Beilwe B 1,8 pasa npu 10 °C.
CkopocTb BINK w_ Ha cTaumoHapHom yyacTke B 1,3
pasa Bbille npu 20 °C. CpeaHune 3HaYeHus KnHe-
Tyeckmx napametpos Il ctagum BIK w, n [O,]"
Bbie npu 20 °C cooTBeTCTBEHHO B 2,51 1,2 pa3a,
a B,— HanpoTus, Bhiwwe B 2,5 pasa npu 10 °C.

OceHblo Yncno obenenoBaHnini BOLOEMOB ObISIO
NOYTN TAKUM XK€, KaKk M BECHOW, MO3TOMY Takxe
B 9KCNepuMeHTax Obli noslydeH 60nbLlIniA CcnekTp
kuHeTndeckmx napametpoB BIK. OueHeHHble
B onbiTax npu 10 °C 3Ha4YeHnst KOHCTAHT CKOPOCTU
BNK I cragun, k,, mensnvce B npeaenax 0,0922-
0,1840 (cpenHee 0,138) cyt', aw, - 0,116-0,361
(0,193) cyt, B,, — 0,00229-0,644 (0,1885) mr/n;
3HaveHus [O,]' ans Bcex TMMNOB KpuBbIX Ha | cTa-
o meHanucb B npepenax 0,346-1,14 (0,667)
mr O,/n, ckopocTen v, | akcnoHeHumanbHon cra-
oun — 0,050-0,192 (0,121) u npun aBTOKaTANN3E —
0,0002-0,0373 (0,0143) mr O,/ (n-cyT), cKOpo-
ctei blK w Ha cTaumMoHapHoi cTaguy — B npene-
nax 0,00371-0,0131 (0,00762) mr O,/ (51-cyT).

3HayeHns1 KnHeTuyeckux napameTtpoB BIIK
npu 20 °C cocrtaensioT: k, B npenenax 0,0691-
0,203 (0,126) cyr', w, — 0,142-0,469 (0,308)
cytr'; B, — 0,0689-0,894 (0,359) mr/n; [O,] -
0,80-1,514 (0,991) mrO,/n, v, - 0,083-0,1786
(0,122) n 0,0125-0,4612 (0,164) mr O,/ (n-cyT)
npun passutnm BIMK COOTBETCTBEHHO MO 3KCMO-
HEHTe 1 Mo aBToKaTaNIM3y; CKOPOCTeN @ Ha cTaum-
oHapHo ctagum BINK — 0,00539-0,0279 (0,0135)
mr O,/ (n-cyT).

TakMm 006pa3oM, B 9KCMEPUMEHTaX C OCEHHEN
BOo4OW npwu pa3sutuu | ctagmm BIK no akcnoHeHTe
cpenHue sHaveHns k, npu 10 n 20 °C Gbinn 6113Kkm
1 cocTaBnsanm cootsetcteeHHo 0,138 n 0,126 cyT',
3HaveHusa w,, B, 1 [O,]’ Gbinn Bbile COOTBETCTBEH-
Ho B 1,6; 1,9 1 1,5 pasa npn 20 °C, yem npu 10 °C.
Mpn akcnoHeHumanbHOM pas3suTun | ctagmmn BIK
npv 10 1 20 °C cKOPOCTM Vv, OKa3bIBAKTCHA NPaKTU-
yecku oguHakosbimu (0,121 10,122 mr O,/ (51-cyT)),
a nNpuv pasBuUTUM 3TON CTaauMmM NO TUMy aBTOKaTa-
n3a cpefiHie CKOpoCTu v, Boilwe B 1,2 pasa npw
20 °C, yem npu 10 °C. Takxke Bbilwe B 1,8 pasa npwu
20 °C ckopocTb BINK Ha cTaumoHapHoi cTagnm @..
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Tabsmua 2. 3HaveHnss KoaPOULMEHTOB, ONMCbIBalOWMX kKuHeTudeckne BIMK-kpueble, nosyyYeHHble B pesysibTaTte
06paboTKN AaHHbIX 3KCNEPUMEHTOB C BOAOM U3 BOA0eMOB Kapenun

Table 2. Coefficients describing kinetic BOD-curves obtained as a result of processing the data of the experiments
with the water from water bodies of Karelia

Ce30H T°C | Tun | ctagusa Il ctapnsa JInHenHasa
Season Kpun- | stage Il stage cTtaguvs
BOM Linear stage
Sl k[ o) [ w, [ B, v, W, By, [0,1" o,
cyt" | mMrO,/n| cyt! mr/n | mMrO,/n-cyt| oyt Mr /0 mr O, /n-cyt | mMrO,/n-cyt
ciurve day' [ mg O,/ | day" mg/l | mgO,/I-day| day" mg/! mg O, /I-day | mg O,/I-day
ype
AHpomMo3epo
Yandomozero
09.X1.12 | 20 EAL |0,0872| 1,70 - - 0,148 0,0847 0,110 1,95 0,0330
15.111.113 | 20 AAL - 0,400 | 0,267 | 0,0648 0,0069 0,0665 0,0335 0,64 0,0167
18.VIL13 | 20 AL - 0,813 | 0,379 | 0,0229 0,0071 - - - 0,0136
JNlapoxckoe 03. (panoH 1)
Lake Ladoga (area 1)
Ocewo | 4o | E |0,0922| 0,540 | - - 0,0500 - - - 0,0026
Autumn
2015r. | 20 AL - 0,800 |0,142| 0,113 0,0125 - - - 0,00539
JNapoxckoe 03. (Banaam)
Lake Ladoga (Valaam)
Ocerb | 44 | AL - | 0,533 |0,140| 0,168 0,0125 - - - 0,00450
Autumn
2015r. | 20 EL |0,0922| 0,900 - - 0,0830 - - - 0,00943
Becha | 49 | AL - | 0,430 |0,352| 0,0681 | 0,0103 - - - 0,0118
Spring
2016r. | 20 AAL - 0,680 |0,468| 1,238 0,3940 0,401 | 1,895x 10°° 0,181 0,0162
OceHb | g | p - | 0500 |0,116| 0,644 | 0,0373 - - - 0,0131
Autumn
2016r. | 20 EL 0,203 | 0,880 - - 0,1786 - - - 0,0146
JNlapoxckoe 03. (3a1. XmaeHcenbKks)
Lake Ladoga (Khidenselkya)
ggﬁﬁg 10 EAL |0,0993| 0,750 - - 0,0745 0,0976 0,0271 0,837 0,00143
2016r. | 20 EAL | 0,102 | 0,750 - - 0,0765 0,578 9,92 x 10 0,562 0,0105
ocerb | g | AL - | 1,140 |0,134| 0,0948 | 10,0145 - - - 0,00667
Autumn
2016r. | 20 AL - 0,870 | 0,314 | 0,0689 0,0188 - - - 0,0151
MeTpo3aBoackas ryba
Petrozavodsk Bay
suma |y | EL | 0,091 | 0500 | - - 0,0455 - - - 0,0142
Winter
2016r. | 20 EAL | 0,156 | 3,400 - - 0,5304 0,0941 0,0349 1,560 0,0228
Becha | 49 | AL | - | 0750 |0527| 2,114 | 0,8356 - - - 0,0192
Spring
2016r. | 20 EAL |0,0988| 1,000 - - 0,0988 0,231 0,00206 0,820 0,0254
Ocere | 4o | gL | o0,184 | 1,044 | - - 0,1921 - - - 0,013
Autumn
2016r. | 20 EL |0,0691| 1,514 - - 0,1046 - - - 0,0279
Lysa
Shuya
3uma _
Wi 10 EAL | 0,189 | 0,680 - - 0,1285 0,224 | 7,16 x10* 0,750 0,0201
inter
2016r. | 20 AAL - 2,00 |0,352| 0,0468 0,0330 0,170 0,0024 3,90 0,0327
gsﬁﬁg 10 AAL - 0,90 |0,430| 0,4020 0,1556 0,1230 0,0183 1,920 0,00714
2016r. | 20 EAL |0,0829| 2,750 - - 0,2280 0,1160 0,0146 4,508 0,00657

(=)



OkoH4aHune 1absn. 2

Table 2 (continued)
Ce30H T°C | Tun | ctagusa Il ctagnsa JInHenHas
Season Kpn- | stage Il stage cTtaguvs
BOM Linear stage
Sl k[ o) [ w, [ B, v, W, By [0,1" o,
cyt" | mMrO,/n| cyt! mr/n | mrO,/n-cyt| oyt Mr /N mr O, /n-cyt | mMrO,/n-cyt
cturve day' [ mg O,/ | day" mg/l | mgO,/I-day| day" mg/! mg O, /I-day | mg O,/I-day
ype
OHexcKoe 03. (LeHTpasibHas 4acTb)
Lake Onego (central part)
Becha | 49 | AL - | 0,700 |0,341| 0,0403 | 0,0096 - - - 0,00751
Spring
2016r. | 20 AL - 0,310 | 1,405| 0,071 0,0309 - - - 0,00714
SJ?S:; 10 | AAL - 0,346 | 0,216 | 0,00229 0,0002 0,148 [11,612x10° 0,487 0,00371
2016r. | 20 AAL - 1,100 |0,469| 0,894 0,4612 0,190 0,00267 0,532 0,00928
CopTaBarnbckas ryba
Sortavala Bay
Becva | 45 | EL |0,0876| 0,500 | - - 0,0438 - - - 0,012
Spring
2016r. 20 EAL 0,162 | 0,950 - - 0,1539 0,232 0,0036 0,50 0,010
A?J?S;bn 10 | AAL - | 0,566 |0,361| 0,0333 | 0,0068 | 0,802 | 4,099x10-®| 0,516 0,00974
2016 . 20 EAL 0,138 | 0,870 - - 0,1201 0,429 | 1,831 x 107 0,635 0,0125

lMpumedarme. *Tunbl BINK-kpmBbIx: EL — 9KCNOHEHUManbLHO-NMHENHBIA; AL — aBTOKaTannTUieCckn-nmHeHbIn; EAL — akcnoHeHum-
anbHO-aBTOKATANINTUYECKM-NNHENHbIN; AAL — NoNInaBTOKATaANUTUHECKN-TMHENHBIN.

Note. *Types of BOD-curves: EL — exponential-linear, AL — autocatalytic-linear, EAL — exponential-autocatalytic-linear, and AAL —

poly-autocatalytic-linear.

PexomeHpgauuu no npumeHeHuto BINK-tecta
ANS XapaKTePUCTUKN COCTOSIHUS BOOHbIX
pecypcos

YTO [alT NOoJiydYeHHble pe3ynbTaTbl U3y4e-
HUs knHeTukn BIMK B npobax Boabl M3 BOAOEMOB
Kapenuu ong noHMMaHusa Toro, Kak crnegyeT Uc-
NnoJsib30BaTb 3TOT METO[, OLEHKU COCTOSIHUSA BOA-
HbIX PECYPCOB, y4yuUTbiBas 3aMedaHust no paboTe
[FoToBUEB, 2016], chOpPMYNMPOBaHHbIE B Havane
cTatbn? B HacTosILEee BpeMs Af1s OLLeHKM COCTOS -
HUS MPUPOLHbLIX BOO METO40JIOMNA MPUMEHEHNA
BlrK-tecta He CnyXut NpuUMeEpPoOM pernameHTu-
POBAHHOIO MCMNO/Ib30BAHUSA, a KMHETUYeckne na-
pameTpbl BINK He aBna0TCSA CTPOro GUKCMpoBaH-
HbIMW NMapamMeTpamu ans nogobHbix padoTt. Ecnn
Takve paboTbl MPOBOAATCHA, TO Halle BCEro OHU
dakynbTaTUBHLI N HE MpeanosaralT CTPOron oT-
4YEeTHOCTW MO NoJly4aemMbiM pedysbTaTtam, a Hambo-
JNlee pacnpoCTpPaHeHHbIM U3MepPAeMbIM NapameT-
poM anga xapakrepuctuku BIK cnyxaTt 3HayeHnd
BIIK,. OpnHako oTAeNbHble OLEHEHHblIe 3HAa4YeHUd
BIK, ManonHdopMaTnBHbl, MO CYTWU, OHU HUYEro
HEe XapakTepuaylT M 4acTo AAl0T NPOTUBOPEYn-
Bble CBEEeHNHA O COCTOAHUM BOOOEMOB 1 Ka4eCTBe
nccnenyemMblx BOOHbIX PECYPCOB.

[MpoBeneHHble 3KCNepuMeHTaslbHble UCChe-
[0BaHNSA MO O0JITOCPOYHOMY U3YYEHUIO KUHETUKN

BIMNK B npobax Boabl 13 BogoemoB Kapenuwn no-
Kasanu, 4YTO 3HA4YEeHUS KMHEeTUYEeCKUX napameT-
poB BIK onpepensioTcd MHOrMMu dakropamu,
13 KOTOPbIX MaBHbIM, O4EBUAHO, ABNAETCH COCTaB
komnoHeHToB OB, umelowmxcsa B BOOHOW cpeae.
HeCOMHEHHO, 1nx COCTaB MOXET CYLLLEeCTBEHHO U3-
MEHATLCHA B Te4YEeHue roga, U nodTomy oueHmeae-
Mble 3Ha4YeHUs KMHeTmdeckux napametpoB BIK
3aBUCAT OT Ce30Ha MOCTaHOBKM OnbITOB no BIK
(vnn oT BpeMeHn otbopa Npob BoAbl ANs Uccne-
poaHus). B 1abn. 3 npvBeaeHbl ocpenHeHHbIe
3HAYEHUS OUEHEHHbIX KNHETUYECKUX NapamMeTpoB
09 BblOENIEHHbIX OBYX W Tpex CcTagui npouecca
BMNK ons xapakTepucTtmkm M3SMeHeHUsa OUEeHEHHbIX
nokasaresner rno ce3aoHam.

CpenHne 3HayeHust KOHCTaHT CKOpOoCTu | 9kc-
noHeHumanbHown ctaaun briK, k,, nokasbiBatoT Ha-
VMEHbLUME OTINYMA NPU Pa3HbIX PeXnmMax xpaHe-
H1s Npo6 Boabl (10 1 20 °C). OHM xapakTepuayioT
HebO/blUVE OTNINYMA B 3HAYEHUSAX K, Npu nccne-
nosaHun BINK B npo6ax Boapbl, 0TOOpaHHLIX B pas-
Hble ce30Hbl. O6WWiA AMana3oH M3MEHYMBOCTU
3Ha4YeHun k, C y4eTOM pasHbiX PEeXMMOB 3KCrMO-
31K 1N Ce30HOB 0TOOPa NPob BOAbl COCTaBNAET
0,105-0,132 cyt ' (Tabn. 3).

PassuTtne | ctagum BINK no Tmny aBtokaranmaa,
XapakTepnsyemoe 3Ha4eHNUAMM KOHCTaHTbl CKOPO-
CTM w,, NOKa3blBaeT MNPEBbILEHNS ero 3HayYeHni
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B 2,1-2,3 pasa B 3MMHMX Npobax BoAbl B CPaBHe-
HUM C OCEHHMMUK U npeBbilweHne B 1,6—1,7 pasa
npu 20 °C B cpaBHeHun ¢ 10 °C.

Mpocneanm panee OTANYUS OLLEHEHHbIX 3Ha-
YEeHU [02]’. Ha | akcnoHeHuuansbHom ctagum bIK
B cpaBHeHuUM ¢ Temnepatyporr 10 °C 3HauyeHus
[O,] npn 20 °C Bo3pacTaloT B 3VMHIX, BECEHHUX
N OCEHHUX NMpobax BoAbl COOTBETCTBEHHO B 4,3;
2,2 n 1,8 pasa. ObpatHaa TeHOeHUUs obGHapy-
XMBAETCH NPU CPaBHEHUU U3MEHEHUA 3HAYEeHU
[O,]' B 3UMHMX, BECEHHMX 1 OCEHHUX NPoGax BoAbl
B pasHbix ycnoBusix: npu 10 °C oHu BO3pacTaloT
B ~1,1-1,3 pa3a COOTBETCTBEHHO MpW nepexone
OT 3MMHUX NPOO BOAbl K BECEHHUM U OT BECEH-
HUX K OCEHHMM, a npu 20 °C 0TMEYEHO CHUXEHNE
3HaveHuii [O,]' B 1,9 pasa npu nepexoae OT 31M-
HUX Npo6 BoAbl kK BeceHHuM 1 B 1,3 pasa npu ne-
pexofe OT BeCEHHUX NMpob BoAbl K OCEHHUM. Mpn
passutuun | ctagun BINK no tuny aeBTokaTanmaa
npu 10 °C B BECEHHUX N OCEHHMX Npobax BoAbl
OoTMeyeHbl 6nm3kve cpedHue 3Havenua [O,]
(0,695 1 0,625 mr O,/ n), npun 20 °C npu nepexoae
OT 3UMHUX NPOG K BeCEeHHUM 3Ha4eHus [O,] cHu-
xatoTcsa B 4,3 pasa (ot 2 no 0,463 mr O,/n), a ne-
TOM-OCeHbIO 0OHapyxmsaetcsa BospactaHue [O,]
B 1,8-1,9 pasa (80 0,813-0,923 mr O,/ n).

CymmapHble cpeaHve [O,]' 1 ctagum (passu-
BaeTCA W MO 3KCMOHEHTe, M MO aBToKaTannay)
npu nepexofe oT 3UMHUX NPo6 K BECEHHUM U Aa-
nee k oceHHmM nipu 10 °C BospacTatot ot 0,59 no
0,672-0,667 mrO,/n, n obpatHas KapTuHa Ha-
6nopaetcs npu 20 °C: 3HaveHns [O,] cHnxatoTca
B 2,4 pasa (ot 2,367 0o 0,997 mr O,/ n), a ans neta
1 oceHu — 3HaveHus [O,] mensatoTca mano (Tabn. 3).

YT0-TO NpUMeyaTenbHOE BbIAENUTbL B UBMEHE-
HUW KUHEeTN4YecKknx napameTpos Il ctagun (B YacT-
HOCTW, 3Ha4eHu w, n B,) B 3aBUCUMOCTU OT pe-
XMMa XpaHeHust 1 ce3oHa oTbopa Npod CAOXHO,
a napametp [0O,]" nameHseTca B 3aBUCHMOCTM
OT yKa3aHHbIX (GAKTOPOB NPAKTUYECKN TaK Xe, KaK
n napameTtp [O,]' Ha | cTagun, passuBaloLLENCS
no Tuny aBTokaTanmaa: B 3UMHUX U OCEHHMX NPOo-
Gax BOAbl OTMedeHbl Bo3dpacTaHus [O,]" npu yse-
nnyeHnn Temnepatypbl oT 10 go 20 °C, TONbKO
B BeceHHux npobax [0,]"6bino B 1,6 pasa Bbilwe
npu 10 °C, yem npwu 20 °C (Tabn. 3).

OueHeHHble napameTpbl ckopocTten BIK 3a-
BUCAT OT YCNIOBUI 3KCMEPUMEHTA, U B YACTHO-
CTU OT TemrnepaTtypbl 3KCNO3uumn Npobd BOAbI.
Ckopoctn BIK | akcnoHeHumanbHOM cTtagun v,
OLlEHEHHbIE MPW aHanu3e 3UMHUX N BECEHHUX
npo6 Boabl, npu 20 °C Bbille COOTBETCTBEHHO
B 3,9 n 2,4 pasa ckopocTtein npu 10 °C. B oceH-
HUX npobax Boabl ckopocTn BIMK v, 9TO cTagnn
npu 10 n 20 °C npakTnyeckn naeHTnyHbl (0,121—
0,122 mr O,/ (n-cyT)). Ckopoctun BINK npu passu-
TnM Npouecca Ha | ctTaguu No Tuny aBTokaranmaa

B BECEHHEel BoAe okazanuch B 1,8 pasa Bbile npu
10 °C, yem npu 20 °C, a B oceHHell Boge — Haobo-
poT, B 11,5 pa3a Bbiwe npu 20 °C.

HakoHeu, BNoONHe Npeackasyemble U3MEHEHUS
B 3aBUCUMOCTU OT peXmnmMa 9KCnosnLmm n CPokoB
otbopa npob BoAbl OOHAPYXMBAKOT UIMEHEHUS
ckopocTtn BIK w, Ha NMHenHon cTtagun: B 31M-
HWX, BECEHHUX U OCEHHMX Npobax BOAbl OHX BO3-
pacTaloT Npu YBENMYEHUU TemnepaTtypbl BOAb
ot 10 po 20 °C cooTtBetcTBeHHo B 1,7; 1,3 1 1,8
pasa. Mpu akcnosnumn npod npu 10 °C 3Haye-
Hus ckopoctn BIK @, cHuxatotes B 1,8 1 1,3
pasa COOTBETCTBEHHO Mpu Nepexone OT 3UMHUX
Npo0 K BECEHHUM 1 OT BECEHHUX NPO6 K OCEHHUM.
Mpn 20 °C nopgobHoe (HO 6onee cyLleCTBEHHOE)
N3MEHEHNE MNPOUCXOAUT TONBbKO MpWU Mnepexone
OT 3UMHUX NPO6 K BECEHHMM: MPU 3TOM 3Haye-
HMWe CKopoCcTM @, najaeT B 2,2 pasa (ot 0,0295
no 0,0132 mr O,/(n-cyT)), a Nnpy aHanM3e NIEeTHNUX
1 OCEHHMX NPOG BOAbI CPEAHME 3HAYEHNS 0 MPaK-
TUYECKM HE MEHSIIOTCS — COCTaBASIlOT COOTBET-
ctBeHHo 0,0136 10,0135 mr O,/ (n1-cyT) (Tabn. 3).

B ecTecTBeHHbIX yCnoBusXx nepenag Temne-
patyp in situ n vHky6aumnm Npob BOAbI [OMKEH
BNATb HA 3HAYEHUS KMHETUYECKMX NapamMeTpoB,
B YaCTHOCTWM CKOPOCTHbIX napameTtpoB BI1K. Kak
nokasan aHanM3 cpenHux 3Ha4eHu, MoryT usme-
HATBCS B MEPBYIO O4epeab NapamMeTpbl CKOPOCTEN
BMK. Ha npakTtuke y4yeT BAMAHUA Temrepartyp
0N KOppekTnpoBku ckopoctn BIK nposoguTt-
cs C NomoLlbio Nnbo koadpduumeHta BaH-Mod-
da (Q,,), MO0 SMNUPUHECKMX 3aBUCUMMOCTEN
[NeoHoB, 1977]. Mpu M3ydYyeHUM AOpixaHUa Opra-
HM3MOB B OWONOrMYECKUX MKCCenoBaHUSX OJ1s
TemMnepaTypHbIX MOMPaBOK WMCMOMb3YETCS «HOP-
ManbHas kpueas Kpora»: r, /r,=Q, " """ roe r,,
r, — 3Ha4eHus ckopocTtert bINK npu TemnepaTypax
T, v T2°C COOTBETCTBEHHO; O10 — AMMNUPUYECKUIA
koadpbnumeHT BaH-Iodda, BenmyYmMHbl KOTOPOro
pasnuyHbl U oueHeHbl . . BuHGeprom B pasHbix
AvanasoHax Temnepatyp [JleoHos, 19771]:
T°C 0-5 5-10 10-15 15-20 20-25
Q, 10,9 3,5 2,9 2,5 2,3

Ona TemnepaTypHOM KOpPPEeKUMM CKOPOCTEN

BMNK wncnonb3yetca Takxe MoauduumMpoBaHHOE
T
ypaBHeHvne AppeHuyca r, /r,=60 '° , roe Ttemne-

patypHbin ko3 buumeHt 6 =exp (E/RT,T,) =
exp (E/R-2932%); 3pecb E — aHeprus aktmeauuwu,
paBHas aona npouecca bIMK 17300 kan/mons;
R - rasoBasa nocTosiHHas, paBHaa 1,986 kan/
(Monb-rpan); T,, T, — 3Ha4eHusa Temnepatyp B °K.
YKasaHHbIM 3Ha4yeHusmM E n R npu nepecyete OT-
BeyaeT 3HaveHue 6 = 1,107 [JleoHos, 1974a].

Mo ponrocpoyHbiM akcnepumeHTam ¢ BIK mox-
HO KOPPEKTHO OLEHUTb HE TOMbKO TO KONUYECTBO
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Tabnmua 3. CeoaHasa Tabnuua cpegHux 3HadeHuin KuHetndecknx napameTtpos BIK, OLeHEeHHbIX Mo 3KCnepuMeH-
TasbHbIM AAaHHBLIM C NPoGamu BoAbl, 0TOOPaHHBLIMK B PpasHbie CE30HbI U3 BOA0EMOB Kapesnuu

Table 3. Summary table of average kinetic parameters of BOD estimated according to the experimental data

on the water samples taken from different water bodies in Karelia at different seasons

MapameTp PazmepHoCTb e 3uma BecHa Neto OceHb
Parameter Dimension ’ Winter Spring Summer Autumn
-1
o 10 0,140 0,0935 - 0,138
K, day
- 20 0,122 0,117 - 0,126
-1
eyt 10 - 0,413 - 0,193
w, day
—«- 20 0,352 0,713 0,379 0,308
mr/n 10 B B B B
B,, mg/I
- 20 0,0468 0,4579 0,229 0,3586
, mrO,/n _
[0,] na 022/| 10 0,59 0,625 0,792
okcnoneHrTa —- 20 2,55 1,363 - 1,041
exponent
; MrO,/n B B
[0,] g 022/| 10 0,695 0,621
asToKaranns - 20 2,00 0,463 0,813 0,923
autocatalysis
, MrO,/n _
[0,] ma 022/| 10 0,59 0,672 0,667
CyMMapHO - 20 2,367 0,997 0,813 0,991
sum
mrO, / (n-cyT) -

v, mg G/ (Hday) 10 0,087 0,0592 0,121

okcnoHenTa —«- 20 0,339 0,1393 - 0,122
exponent
mrO, / (n-cyT) _ -

v, mg G/ (Hday) 10 0,253 0,0143
aBTokarann3 e 20 0,033 0,1439 0,0071 0,1642
autocatalysis

—1
o 10 0,224 0,1103 - 0,475
w, day
—«- 20 0,088 0,2708 - 0,3095
mr/n 10 7,16 x 104 0,0227 - 8,06 x 10-6
B,, mg/I
- 20 0,0483 0,0134 - 1,32x 103
mr O, /n 10 0,75 1,92 - 0,5015
[0,1" mg O,/I
- 20 2,47 1,202 - 0,5835
mrO,/ (n-cyT) 10 0,0172 0,00985 - 0,00762

o, mg O,/ (I-day)

—«- 20 0,0295 0,0132 0,0136 0,0135

0,

KOTOPOE 3aTpavymBaeTCA Ha OKUC/IeEHME B nep-

yCTaHaB/MBaeMbl€ MO KMHETUYECKUM MnapamMeTpam

Bble ~20 cyT nabunbHoro OB, HO 1 KOTOPOE MOXET
pacxo4oBaTbCs 3a OJNTENbHbIA NPOMEXYTOK Bpe-
MeHu (Hanpumep, 3a ~100 cyT) Ha okucneHne apy-
rMX KOMMOHEHTOB Ha BCEX BbISIBASEMbIX CTaAUsIX
npouecca. 3TU OLEHEHHble 3Ha4yeHusi MpeacTaB-
Na0TCA CymMMOn 3HadeHun BIK Ha oTaoenbHbIX CcTa-
ansx (1. e. [0,]'+[0,]" + w_t) ana nepuona obuien
NPOOOMKUTENBHOCTBIO  OT Hayana 3KCNepuMEH-
Ta 40 BpeMeHu t. 3T cymmapHble 3HadeHus BIIK,

BrMK, mMoryT 6biTb B HECKOJIBKO pa3s (Kak MUHUMYM
B 2-3 pasa) Bbilwe 3HaveHuin BIIK,, koTopbie BO
MHOIVX Cily4asx yCinoBHO npuHumatoT 3a BrK . ns
00bACHEHUSA HabNgaeMbIX B 9KCMNEepMMEHTax 0COo-
6eHHocTel pa3BuTus BINK gonxHbl ObiTb NPOBEAEHbI
COOTBETCTBYIOLLIME XMMUYECKME U MUKPOOBMONorv-
yeckme aHanm3bl UCCneayemMon BOAObl, NO Pe3yib-
TaTam KOTOpPbIX OyayT MaEHTUPULUMPOBaHbI KOHLIEH-
Tpauun BELLECTB, MOOBEPralOLMXCA OKUCIEHMUIO,
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n 6uomacca MUKPodNopbl, ONPeaeNsoLLIE OCHOB-
Hble 3aKOHOMEPHOCTN KMHETUKN npouecca BriK.

BbiBOAbI

[MoctaHoBka BlIK-TtectoB Ona aHanm3da npwu-
POAOHbIX 1 3arpsi3HEHHbIX BOA, MO3BOASIET NOy4YnUTh
NoJSIE3HYI0 MHGOPMALMIO O COCTOSAHUX BOLHOM
cpenbl U Ka4eCTBe Uccnenyembix BoA. Takylo UH-
dopmMaumio 4acTo NbITAIOTCH MOJIY4UTb HA OCHOBE
oTaenbHbIX oueHok BIK (Hanpumep, 3a 5 nnu 20
cyT). OoHaKo BO3MOXHOCTb TakKMUX OLEHOK AOJIK-
Ha ObITb NoATBepXAeHa AeTalbHbiMK npeaBa-
PUTENBHLIMU  KMHETUYECKUMU UCCNEN0BAHUSMU
MexaHn3mMa pPasBUTUSA OKUCIIUTESbHbIX NPOLECCOB
B BOAHOW cpene. VMIHpopmauus 06 ocobeHHOCTAX
KWHETUKM OKUCIINTESIbHBIX MPOLECCOB MOXET OblTh
nosydyeHa nNpu aHanuae noapobHbix BIMK-kpuBbIX,
NMOCTPOEHHLIX MO Pe3ysibTaTaM MPOAOSIKUTESbHbIX
OMbITOB C AeTaslbHbIMU N3MEPEHUSIMUN MPOMEXY-
TOYHbIX OCTaTO4HbIX KOHUEHTpaumn O, B nccneny-
emoi Boae. Npumep aHanmaa 40/IrOCPOYHbIX 9KC-
nepmumeHToB no BIMK B npobax Boabl U3 BOAHbIX
o6bekToB Kapenuu npreeneH B AaHHOM paboTe.

B pmonrocpoyHbix akcnepmmMeHTax (MpoLosKum-
TenbHOCTb 126 cyT) ¢ npobamn BOAbl, OTOMpae-
MbIMU B pasHble Ce30Hbl N3 Pas3HbIX KapesibCKUX
BOJ0EMOB, ObINK NosyveHbl YeTeipe Tuna brNK-kpu-
BbIX C MyJIbTUCTaANMHbIM pa3suTtmem BI1K (¢ Bbipa-
XEHHbIMUY ABYMS UK TPEMS CTaAMSIMU NPOoLLEcca).
CornacHo knaccudukauum, Nojy4eHHbIE B 3KCMe-
pumMeHTax BINK-kpuBble nMeOT cBOM 0603HAYEHMS
(oBycTtagmiiHble: EL — 3KcnoHeHumanbHO-JIMHEN-
HbI N AL — aBTOKaATaNINTUYECKU-TIMHENHBINA; N TPEX-
cTaguinHble: EAL — aKCnoHeHUMansHo-aBToKaTanu-
TUYECKN-NIMHENHbIN, AAL — nonnasTokaTannTuyec-
KU-NHEeNHbIN). HasBaHbl 3Tn Tunbl BI1K-kpmBbIx
B COOTBETCTBUM C OYHKLMAMU, KOTOPbLIE UCMOJIB30-
BaHbl /151 ONMcaHus KMHeTuku npouecca bIK.

B akcnepumeHTax npu 10 °C vawe ¢ukcmpo-
Banucb AsyctaguinHele BIIK-kpuBblie (Tunbl Kpu-
Bbix AL n EL otmeyveHbl 10 pas (66,7 %)) n pexe
TpexctaguinHble kpusble (AAL n EAL Tunbl KpUBbIX
BcTpeyanucb 5 pas (33,3 %)). B akcnepumeHTax
npu 20 °C cutyauus obpartHas: yauie B pa3sutun
BrNK ¢wvkcuposanu Tpu ctagmm — TUMNbl KPUBbIX
EAL n AAL BcTpevanuck 11 pas (61,1 %), a oBe
ctagum BIK (Tunbl kpmebix AL 1 EL) ¢pukcuposa-
nmce 7 pas (38,9 %).

Passutne BI1K (I ctagus) Ha HavyanbHOM yyacT-
ke BIK-kpuBbIX (B NepBble HECKOJIbKO CYTOK WH-
kyGauum npob BOAbl) CNYXUT rnokasaTenem Wuc-
XOOHbIX ycnoBuii okncneHms OB B MHKyOupyemom
BOAE: 3KCrMoHeHumanbHoe passutme BIK o3Hava-
eT 6naronpusiTHLIE YCNOBUS €ro OKUCIEHNs (KOC-
BEHHbIA nokasdaTenb nabunsHocTn OB 1 cnocob-
HOCTW MUKPOMDNOPbI K €r0 aKTUBHOMY OKUCIEHNIO),

a3agepxka B akTMBHOM notpedneHum O, (nnm pas-
BuTme BIK no Tuny aBTokatannsa ¢ popmMmpoBa-
Hnem S-obpasHoii BrK-kpurBoit), HanpoTuB, cny-
XUT XapakTePUCTUKON HebnaronpuUaTHbIX UCXOL-
HbIX ycnoBuii okucneHus OB, koTopble SBNSIOTCS
cneacTenemM cBoMcTB camux OB mnuv npucyTcTemsa
B BOOE KOMMOHEHTOB, TOKCUYHbIX OS151 MUKPODII0-
pbl, @ TaKXe YC/OBUM BbINOJIHEHNS 3KCMEPUMEH-
Ta. HeckosbKO BbIpaXXEHHbIX CTaguii B pasBuUTUA
BINK cBa3aHO ¢ nocnenoBaTebHOCTbLIO OKUCNEHUS
MUKPOdNOPOI padHbix cybcTpaToB. Mexay aTumu
cTagmMsMu MOryT OblTb Y4aCTKM C O4E€Hb HU3KMMU
ckopocTtsamun BlK — Tak Ha3biBaemMble nNnaTo, a Ko-
HEYHbIN NNHENHbIN y4acToK Ha BIK-kpuBbIX (cTa-
LUMOHapHasa CcTagus) O3Ha4aeT B COOTBETCTBUU
C MUKPOOMONOrnyecknmMm oObACHEHMEM pas3BUTUE
«9HOOrEeHHOro AbIXaHns» MUKPOMNOPbI C NCMOSb-
30BaHMEM €10 BHYTPUKIIETOYHbIX PECYpPCOB 1A
CBOEro PasBuUTUS U XN3HELEATENbHOCTU.

Mo ¢popme akcnepumeHTanbHbix BIMK-kKpmBbIX
YCTaHaB/IMBAETCHA TUM ypPaBHEHUs, KOTOpPOe crie-
OyeT NCNonb30BaTb A5 OLEHKM KUHETUYECKMX Na-
pameTpoB npouecca BIK. PaccmoTpeH npumep
aHanma3a BbliBNEHHbIX TuUNoB BIIK-kpmBbix Ons
onpeaeneHns 3HaYeHN KNHETUYECKNX KOHCTaHT,
OMMCbIBAKOLLMX 0ONrOCPOYHYI0 anHamuky BIK, 3a-
GUKCMPOBAHHYIO B NPOBEAEHHON CEPUM IKCNEPU-
MEHTOB. BbINOSIHEH aHANN3 MONyYEHHbIX 3HAYEH U
KuHeTnyeckmx napameTpoB BIK gna obuwein xa-
PaKTeEPUCTUKN OKUCAUTENBHbLIX ycnosui OB B BO-
noemax Kapenum no gaHHoOm cepun aKCnepuMeH-
TOB B 3aBMCMMOCTU OT Ce30Ha 0TOopa 1 3KCMNo3u-
umm npo6 soapl (10 1 20 °C).

B npobGax BoAbl, OTOOPaHHbLIX 3UMOIA, cCpe-
HMEe 3HA4YeHUs KOHCTaHT ckopocTu | ctagun BIIK,
pas3BMBalOLLENCS MO SKCMOHeHTe, K,, Oblin 0OHO-
ro nopsigka npu 10 1 20 °C (0,140 n 0,122 cyT).
OueHeHHble npepenbHble 3HadeHus BIK | ake-
MOHEHUMANbHOW CTagmn, CKOPOCTEen npouecca
Ha | n ctaumoHapHon ctagusax ([0,], v, n w_) Obinn
BbllLe cooTBeTcTBeHHO B 4,0; 3,9 1 1,5 pasa npu
20°C, yem npn 10 °C.

B npo6ax BeceHHeli Boabl npu 10 n 20 °C cpep-
HWe 3Ha4eHns k, npu passuTum Br1K no akcnoHeHTe
otnnyanmcb mano (0,0935 1 0,117 cyTt'), a 3Have-
Hua [O,] 6binm B 1,5 pasa sbiwe npu 20 °C. 3Ha-
Y4EHWA KOHCTAHT cKopocTu w, npn passutun BIIK
no aBTokatanuay obinn B 1,7 pasa Bbiwe npu 20 °C,
4em npu 10 °C, a B, — HanpoTuB, Bbilwe B 1,4 pasa
npu 10 °C. 3Ha4eHns CKopocTel v, Ha | aKCMoHEeH-
umanbHon ctagmm BIMNK 6binm B 2,5 pasa Bbille nNpu
20 °C, a npu pa3ButuUK No aBTokatanmsy — B 1,8
pasa Bblwwe npu 10 °C. CkopocTk BIMK w_ Ha cTaum-
OHapHOM y4yacTke 6bina B 1,3 pasa Bbiwe npu 20 °C.
3HayeHus KuHeTundeckmx napameTpos Il cTtagum
BIMK (w, n [0,]") Bbiwe npu 20 °C cOOTBETCTBEHHO
B2,51 1,2 pasa, a B, ,— Bbiwe B 2,5 pasa npu 10 °C.
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B npo6ax Boakl, 0TO6paHHbIX OCEHbIO, Ha | aKe-
noHeHumansHon ctagunu BINK cpeaHne aHaveHns K,
npu 10 n 20 °C 6bim 6namnakm (0,138 1 0,126 cyt 1),
a 3HaveHus w,, B, n [O,]' Gbinn Bbille COOTBET-
ctBeHHo B 1,6; 1,9 n 1,5 pa3za npu 20 °C. 3Haue-
HVs ckopocTe v, | akcnoHeHumanbHon ctagum BIK
npu 10 n 20 °C okasanucb oguHakoBbiMu (0,121
n 0,122 mr O, /(n-cyT)), a Npn passBMTMN ITON CTa-
Oun Mo aBTOKaTanMady CpeaHue CKOpoCTU Vv, Obiin
Bhiwe B 1,2 pasda npu 20 °C. Ha ctaumoHapHoi cta-
A1n CKOPOCTb @ Gbina B 1,8 pasa seiwwe npu 20 °C.

Cepus npoBefeHHbIX NPOAOIIKUTENBbHBIX 9KC-
nepumeHToB no BIK ¢ Bogon ns sBogoemos Kape-
NN NokasbiBaeT MHOroobpasne BO3MOXHbIX Ba-
pPMaHTOB Pa3BUTUA NpoLecca B NPUPOLHbIX BOAAX.
Ero knHeTnyeckne ocobeHHOCTU Henb3si ncce-
[0BaTb Ha OCHOBE YMNPOLLEHHOro noaxoga (kpar-
KOBPEMEHHbIX 3KCMNEPUMEHTOB WM Ha OCHOBE
OVCKPeTHbIX 3HaveHmnin BIK, Hanprumep no BrIK;).
VIMEHHO NO3TOMY HeNb3s OPUEHTUPOBATLCHA
Ha pekomeHpaumn no maydeHuto BIIK Ha ocHo-
BEe YMPOLLEHHbLIX MPUEMOB OLEHKN KUHETUYECKMX
napamMeTpoB MnpoLecca: Takne npuemMsl aHanmaa
CJIOXHbIX NPUPOAHbIX NPOLECCOB MOTyT OaTb He-
BepHble KONMYECTBEHHbIE OAaHHbIE O BaXHeKLem
NPUPOOHOM npouecce 1 06 YCNOBUSAX OKUCTIEHUS
komnoHeHToB OB pa3nunyHOro coctaea v nNpouc-
xoxaeHuvs. Takve BewecTBa MMEKTCS B MPUPOL-
HbIX BOAAx, OHM CMocOOHblI pasnaratbCs, WU MNpu
y4acTum npupoLaHON MUKPOMdIIOpPbI OHU NoaBep-
XeHbl TpaHchopmaumn n okucneHuto. lNpouecc
9TOT, Kak NpaBwuJio, Pa3BMBAETCS B HECKOJIbKO CTa-
OV, KOTOPbIE MOXHO BbISIBUTb TOJIbKO NPU AONArO-
CPOYHbIX KUHETUYECKMX UCCIef0BaHUAX CBOMUCTB
BOAbl U pa3suTtud B Her npoueccos BINK. Ha ocHo-
BE MIMEHHO OJINTENbHbIX 9KCMEPUMEHTASIbHbIX UC-
CNnegoBaHNM MOXHO NONYYUTb 4OCTATOYHO MOJIHOE
npencraBsieHne O PasBUTUN N KUHETUYECKNX OCO-
OEHHOCTSX UCCNeyeMbIX BOL, KOrga nposiBnseTcs
MyJbTUCTaAMMHOCTL Npouecca BINK (xapakTepHas
yepTa 3TOro Npouecca, CBA3aHHaa C Nocnenosa-
TeNbHbIM BKJIIOYEHMEM MUKPOMIOPbLI B MPOLEC-
Cbl OKUCNUTESNIbHOW TpaHcdopMaLMm PasinNYHbIX
no npupoae W MNPOUCXOXAEHUIO KOMMOHEHTOB
OB). Llenecoo6pa3Ho coBMeLlaTb MOCTAHOBKY
onntenbHbix BIK-akcnepymMeHToB C aHanu3om
nccnegyembix Npod BoAbl HA CopepXaHne B HeW
pPas3nnyHbIX TPAHCHOPMUPYIOLLMXCA KOMMOHEHTOB
OB o9 BbISIBIEHNS 3aKOHOMEPHOCTEN NX OKUCHEe-
HUS C KOPPEKTHOM OLLEHKOW NMOTEPb PACTBOPEHHO-
ro O, Ha pa3BUTUE OKUCIIMTESIbHbIX MPOLIECCOB.

duHaHcoBoe obecrie4eHne unccaenoBaHui
OCYLLIEeCTB/ISI/I0Chb U3 CPEACTB penepasibHoro 61o-
XeTa Ha BbIMOJIHEHNE roCyAapCTBEHHOro 3a4aHus
N0 PAH (Tema N2 0149-2018-0004) n KapHL PAH
(VHcTuTyT BOogHbIX npobnem Cesepa KapHL] PAH).
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AKKYMYI9uUunda " MUrpPALNA XUMUYECKUX SJIEMEHTOB
B APKTUMECKUX HASEMHbIX U BOAHbIX 3KOCUCTEMAX
B SOHE BJINAHUA BbIBPOCOB KOMBUHATA «NMEYEHTAHUKEJ1b»

B. A. llayBanbTep, H. A. KawynuH

UHCTUTYT Npob6sieM npomsbiLLieHHOM akonorum Cesepa — 060cobs1eHHOE rnoapasaesieHme
denepanbHOro rocyaapcTBEHHOro OIOAXETHOMO YHPEeXAEHNsT HayKu

benepasibHOro nccaen0BaTesIbCkoro UeHTpa «Kosnbckuti HayqHbii LeHTp PAH»,

Anatutel MypmaHckou 06:1., Poccus

Mo pe3ynbTataMm MHOIrONETHUX NCCNEA0BaHNM NPOBEAEH aHANN3 pacnpeneneHns XumMm-
yeckunx anemeHToB (Ni, Cu, Co, Zn, Cd, Pb, Cr, As, Hg, Fe, Mn, Al, Na, K, Ca, Mg, Sr)
B PA3/IMYHbIX 3BEHbAX HA3EMHbIX 1 BOAHbLIX 9KOCUCTEM B 30HE BAUSHUSA BbIODPOCOB rOPHO-
MeTasyprmyeckoro komouHata «flevyeHraHmkesnb», KOTOPbIA ABASETCS JIOKalbHbIM UC-
TOYHNKOM MOBbILLEHHbIX KOHLUEHTPaLNI TSXEbIX METAIOB B BEPXHUX FOPUSOHTaX NoYy-
Bbl, MOBEPXHOCTHbIX BOAAX M OOHHbIX OT/IOXEHUSAX BOAOEMOB. [TpomncxoanT yBennyeHne
COOEPXaHMS LLENOYHbIX N LLENTOYHO3EMESbHBIX METANNIOB, YTO MPOSBUIOCHL B addekTe
noaLienadymBaHnsl, NO3TOMy 3HadyeHns pH BoAbl 03ep M BOAHLIX BbITSXEK MOACTUIIKMA
1 OPraHOreHHOro CJ10s1 MOYBbI MOBbILLEHHbIE Ha paccTosHUM Ao 20—-30 kv oT KoMbuHaTa.
[na 60nblIMHCTBA UCCNeayeMbIX XUMUYECKNX 3JIEMEHTOB OTMeYeHa 3aKOHOMEPHOCTb
YBENVNYEHUS COAEPXAHUSA B 3BEHbSAX BOOHbLIX M HA3EMHbIX 3KOCUCTEM B HamnpaBieHUN:
BOZa BOAOEMOB — MOACTUIIKA — OPraHOrEHHbIN CIOW NOYBbLI — AOHHbLIE OT/IOXEHMS BOLAO-
€eMOB. TaxXenble MeTanibl, HAKOMIEHHbIE B HA3EMHbIX 9KOCMCTEMAX (B MOYBax 1 pacrte-
HUSAX) TeppUTOpPUM BogocobopoB 3a 80-neTHUiA nepmon OesTeslbHOCTM FTOPHO-MeTanyp-
rMYeckoro komrnnekca, 6yaoyTt 3arps3HsaTb BOOAOEMbI €Lle He OOuH OeCATOK neT Bcnen-
CTBME OJINTENBHOIrO NEPMOAa CaMOOUMLLLEHUS NMOYB.

KnioyeBble CnoBa: BOAA; AOHHbIE OTNOXEHWS; 03epa; NOYBa; 3arpsi3HEHME; TaXe-
nble MeTabl.

V. A. Dauvalter, N. A. Kashulin. ACCUMULATION AND MIGRATION
OF CHEMICAL ELEMENTS IN THE ARCTIC TERRESTRIAL AND
AQUATIC ECOSYSTEMS IN THE IMPACT ZONE OF EMISSIONS FROM
PECHENGANICKEL COMPANY

The distribution of chemical elements (Ni, Cu, Co, Zn, Cd, Pb, Cr, As, Hg, Fe, Mn, Al, Na,
K, Ca, Mg, Sr) in various components of terrestrial and aquatic ecosystems was analyzed
based on the results of long-term investigations in the impact zone of the emissions from
the Mining and Metallurgical Plant Pechenganikel, which is the local source of elevated
heavy metal concentrations in the topsoil, surface waters and sediments of water bod-
ies. There is an increase in the content of alkaline and alkaline-earth metals, which is
manifested in the effect of alkalization, resulting in higher pH values of the lake water
and aqueous extracts from the litter and soil organic layer at a distance of up to 20-30 km
from the source. The content of a majority of the studied elements in aquatic and terres-
trial ecosystems demonstrated a regular increase along the gradient lake water — litter —
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soil organogenic layer — lake sediments. Heavy metals accumulated in terrestrial eco-
systems (in soils and plants) in the catchments over the 80 years of operation of the min-
ing and smelting company will continue contaminating the water bodies around it for
decades to come because self-purification of soils takes a long time.

Keywords: water; sediments; lakes; soil; pollution; heavy metals.

BBepeHune

PaspaboTka MeOHO-HMKENEBbIX MECTOpOXae-
HWI Ha NPUrPaHNYHON TeppuUTopun mexay Poccu-
eln, Hopservei n ®unnanguein Hayanacb B 1932 .
KaHaOcKo-PUHCKOM KomnaHuel (nocne OKTabpb-
CKOW peBOMoUMN TEPPUTOPUS HblHewHero [le-
YyeHrckoro parioHa MypmaHckor obnactn otoLuna
duHnaHomMn, a nocne coBeTCKO-(PUHCKON BOWHbI
1939-1940 rr. Bowna B coctaB CCCP). KombuHat
«[leyeHraHukenb» GyHKUMOHMpPYeT ¢ 1946 r., kor-
ha B noc. Hukenb Bo3oOHOBMNAck nepepaboTka
MECTHbIX CynbpuaHO-HUKENEBbIX pya. B 1959 r.
pasBepHynack Aobblya pyn XXoaHoBCKOro MecTo-
poxaeHus n nx nepepaboTka Ha 3aBofe B . 3a-
NOSISPHbIN.

MpurpaHuyHaa Tepputopmua mexny Poccunen,
Hopeervein n ®@uHASHOWEN MCNbITbIBAET MHOrO-
NeTHee Cepbe3HOEe aHTPOMOreHHoe BO3OENCT-
BME CO CTOPOHbI KOMOMHaTa «[leyeHraHukenb»
[KptoukoB, Makaposa, 1989]. HuxHee TeuyeHune
MorpaHnyHom pekun lMaceBmk NPUHUMAET CTOYHbIE
BOAbl METANIYPrmyecknx 1 CONyTCTBYIOLLMX MPO-
n3eoacte [Hayeanbtep, 1997; Rognerud et al.,
2013]. Bca cuctema p. MNMacBuk, a Takxke He BXOOs -
LWpe B Hee BOO0COOPLI 03ep U pek AaHHOro pano-
Ha NOABEpPralTCs 3arpsA3HEHMI0 MNOCPEeACTBOM
aTMoCcdepHbIX BblOpPocoB kombOuHata [Kptoykos,
Makaposa, 1989]. K rnaBHbIM 3arpsa3HsioLLMM
BELLECTBAM OTHOCATCS COeAMHEHUs cepbl (B OC-
HOBHOM cepHUCTbIN ra3d SO,), Taxesibie MeTasbl
(TM = Ni, Cu, Co, Zn, Cd, Cr, As, Hg n gp.) n nbinb.
BbiGpockl amMokcuaa cepbl NPUBOOAT K 3akucie-
HUMIO MOYB N MOBEPXHOCTHbIX BOA, NX 3arpsa3HEHUIO
BCNeACTBME MHTEHCUDUKALIMN NPOLECCOB BblLLE-
Na4MBaHUS XMMNYECKNX 3NIEMEHTOB N3 FOPHbIX MO-
pona [MawknHa, MonceeHko, 2016; basosa, 2017].
Ha npuneratouiein kK KomOGuHaTy TeppUTOpUM B Ha-
3EeMHbIX U BOOHbIX 9KOCUCTEMAX 3a AONrMe rogpl
GYHKLUMOHMPOBAHUS NPeanpuUATUS HAKOMIEHO Or-
pPOMHOE KoIn4yecTBO TM, a TakXKe LLEesIO4YHbIX U LLe-
JIOYHO3EMEJIbHbIX  METasyloB, BblOpacbiBaeMbIX
B COCTaBe NMpOM3BOACTBEHHOM NblNY KOMOUHaTA.

Llenblo ctatbn siBNsieTCqa aHanu3 pacnpegene-
HUS 9IEMEHTOB B 3BEHbSIX aAPKTUHYECKUX HA3EMHbIX
N BOAHbIX 9KOCUCTEM TEPPUTOPUU, OJUTENbHOE
BPEMS UCMbITbIBAIOLLEN CEPbe3HOE aHTPOMOreH-
HOE€ BO34ENCTBME TOPHO-METaYPrmyeckoro
KoMbuHaTa «levyeHraHuKenb».

MaTtepuanbl u meToAbI

JeTanbHble unccnenoBaHUs 3KOJI0MMYecKoro
COCTOSIHUS Ha3eMHbIX U BOOHbIX akocuctem Myp-
MaHCKol 061acTu 1M NPUrpaHUYHON TeppUTOPUN
Hopsernn n GuHnsaHamm, B TOM YMCIe B 30HE BNN-
AHUS BbIOPOCOB MPOMbILLIIEHHBIX MNPEONPUATAN,
npoeogatca  WMHcTuTyTOoOM npobnem nNpombiL-
nenHon akonormn Cesepa (UMM3C) Konbckoro
Hay4Horo ueHtpa PAH (KHL, PAH) nouytn 30 ner,
¢ MoMeHTa obpasoBaHusa uHcTUTyTa (1989 r.).
Havbonbluee KOMYeCcTBO Pe3ysbTaToB U3YYeHUS
XMMMYECKOro cocTaBa Mo4Bbl, BOAbl U [OOHHbLIX
otnoxenun (4O) BOOOEMOB CeBepoO-3anagHomn
yact MypmaHckon o6nactu v NpUrpaHnNYHoOM
TeppuTopum mexny Poccuein, Hopserveii n ®uH-
NaHAMeN ObINo MosyYeHO BO BpPeMS NpoBeneHus
COBMECTHbIX POCCUNCKO-HOPBEXCKUX N POCCUN-
CKO-DUHNAHACKUX — UCCNedoBaHUM  COCTOSIHUSA
oKpyxaroLen cpefbl MPUrpaHUYHOM TeppPUTO-
pun (puc. 1). DT mccnenoBaHUs MOXHO pas-
0ennTb Ha TpW nepuoga C pasHuULen NpUMEpPHO
B 10 neT:

1) B 1989-1993 rr. npoBoAMNNCE MEXANCLMMN-
JINHApPHbIE NCCNefoBaHNA B paMKax COBMECTHOIO
npoekTta «COCTOSIHME HA3EMHbIX WU BOOHbIX 3KO-
CUCTEM B NPUrPaHNYHOM palioHe Mexay PuHnsH-
anen, Hopeerven n Poccunein»;

2) B 2002-2004 rr. cogepxaHune 1 noBeaeHve
XUMMWNYECKNX 3NIEMEHTOB MCCNea0Banocb B paMm-
kax npoekta UHtepper IlIA KonapkTuk «Pazsutne
1 peanma3auns MOHUTOPUHIA OKpyXatoLLen cpeapl
M nporpamMma OUEHKU B MNPUrPaHUYHOM parioHe
mexay GuHnanamen, Hopseruei n Poccueins;

3) 8 2010-2014 rr. nccnegoBaHus XMMUYECKO-
ro cocTaBa Ha3eMHbIX U BOAHbIX 3KOCUCTEM MPO-
BOAMIUCb B paMKax COBMECTHOro npoekta Kon-
apKTuK «TpunarepasnbHOe 3KON0Ormyeckoe coTpya-
HMYECTBO B TPAHCIPaHNUYHOM PErVIOHE».

Mpobbl BOAbI C MOBEPXHOCTHOro cnosi (1 ™
OT MOBEPXHOCTM) 03ep OTOMpPaNUCb 2-IUTPO-
BbIM MiacTukoBbiM ©GatomeTpom. Kononku OO
Ha uccnenyemblix BOoAOemMax B3siTbl B Hambonee
rny6okmx Mectax oTOOPHMKOM OTKPLITOrO rpasu-
TaUMOHHOIO Tuna (BHYTPEHHUN guameTp 44 mMm)
C aBTOMATMYECKN 3aKpblBalOLLEnCca amadparmMom.
OT60OPHMK N3roTOBMEH N3 Niekcurinaca no obpas-
uy, paspabotaHHomMmy Ckorxeimom [Skogheim,
1979], n NO3BONASIET TPAHCMOPTUPOBATbL KOJIOHKM
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Puc. 1. KapTa-cxema pacnonoXeHuUss NCCNeaoBaHHbIX BOAHbIX OOBLEKTOB.
KombuHar «[MeyeHraHnkenb» B nocenke Hukenb pacnonaraercs mexny BO/-

HbiMU 06bekTamn 21 n 22

Fig. 1. Map-scheme of the studied lakes location. The Pechenganikel
Company in the village of Nickel is located between the lakes 21 and 22

HeHapyLleHHbIMU NS OafibHENLWEro MCMonb30-
BaHus. OnuHa konoHok O coctaenana ot 15 oo
30 cm, B 3aBMCMMOCTM OT ycnosuii GopmMmnpoBa-
HUs OO 1 OU3NKO-XMMUYECKUX OCOOBEHHOCTEN.
KonoHkn OO 6binn paszgeneHsl Ha cfion no 1 ¢cm,
NMOMELLLEHbI B MOJIM3TUNEHOBbLIE KOHTEMHEPLI 1 OT-
npaefieHbl B nabopaTopuio, FAe XpaHWInucb [0
aHanm3sa npu temnepatype 4 °C. lNepBuyHaa o6-
paboTtka npo6 OO (BbicyluMBaHue, onpeaeneHne
BJIQXHOCTW, MpOKanMBaHWe wn ornpeneneHne no-
Tepb NMpu NpPoKanuBaHUn) U onpeneneHne coaep-
XaHmsa xmmmndeckmx anemenToB (Ni, Cu, Co, Zn,
Cd, Pb, Cr, As, Hg, Fe, Mn, Al, Na, K, Ca, Mg, Sr)
npoeoamnmck B nabopatopusx UMM3C KHL, PAH.
CopepxaHue XMMUYECKMX 3NeMEHTOB B npobax
Boabl 1 OO onpepensnocs METOAOM aTOMHO-a6-
CcopOUMOHHON cnekTpodoTomeTpumn. KoHTponb
TOYHOCTW OnpeneneHnst ComepXaHus XMMUyec-
KUX 9JIEMEHTOB TMPOBOAWJICA aHaJM30M CTaH-
napTtHoro o6pasua L6M (npoba A0, LleHTp okpy-
xatouwen cpeaobl PuHnaHomn (SYKE) 06/2008),
a TaKkxke y4yaCTUeM B CPaBHUTESbHbBIX UCMbITAHUSAX
B paMKax MexXAyHapoaHOW uHTepkanmbpaumn
[Intercomparison..., 2016]. NMogpobHO MeToamka

onpeageneHna coagepxaHna XmMmn4eCckmnx aJieMeH-
TOB onucaHa paHee [daysanbtep, 2012].

PesynbTaTtbl U 06Ccy)XaeHue

Mo pesynbtatam wmccnegoBaHUin MpPUrpaHuy-
HOW Tepputopun mexay Poccuein, Hopseruen
n Gunnavonen [Oaysanbtep, 1997, 1999, 2012;
Current..., 2008; KawynuH n gp., 2009; Rognerud
et al., 2013; Oayeanbtep n ap., 2015] nposeneH
aHann3 pacnpeneneHns XUMUYECKUX IfeMeH-
TOB B Pa3/IMyHbIX 3BEHbSX HA3EMHbIX W BOOHbIX
aKocucteM. Bbinu onpeneneHsl perpecCuUoHHbIE
3aBUCMMOCTU TUMNA Y = KX? COAePXaHUA XMMUYEC-
KX 9N1EMEHTOB (Y) B BOAE U MOBEPXHOCTHOM CJloe
(0—-1 cm) OO mccnemoyembix 03ep, B MOACTUIIKE
M OPraHoreHHOM CJioe MoYBbl OT PACCTOAHUA (X)
OT KOMOUMHaTa «[leyeHraHukenb». Ha puc. 2 npu-
BefeHbl rpadukm 3TUX 3aBUCUMOCTEN A1 HEKO-
TOPbIX 3JIEMEHTOB, a B Tabnvue — pacyeTHble na-
pamMeTpbl.

Ha kombuHaTte «[leyeHraHukenb» nepepaba-
ThbIBAOTCA MELAHO-HUKEeNEeBbIE CyNbOUAHbBIE Pyabl,
NpPeacTaBfieHHble  TakUMU  MUHEpanamu, Kak
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Puc. 2. JlnHnn perpeccmoHHON 3aBUCMMOCTU pacrnpeneneHns KOHUEHTpaunm Xxm-
MWYECKUX BIEMEHTOB B NOBEpPxXHOCTHOM cnoe (0-1 cm) 40O mnccnenyembix o3ep (1),
B noacTtusnke (2), opraHnyeckom cnoe (3) no4usbl 1 Boae 03ep (4) OT paccTosaHUs OT
KOMOUHaTa «[leyeHraHuKenb»

Fig. 2. Regression dependences lines of the distribution of the chemical elements con-
centrations in the sediment surface layer (0—1 cm) of the studied lakes (7), in the litter
(2), the organic layer (3) of the soil (ug/g) and lake water (4, pug/l) from the distance
to the Pechenganikel Company
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Puc. 3. JlnHnn perpeccrmoHHOn 3aBUCUMOCTU pacnpeneneHmns KOHUEHTPaLMA OCHOBHbIX
3arpA3HaIOLWLNX 3N1IEMEHTOB (MKr/r) B noBepxHocTHOM cnoe (0-1 cm) OO nccnenyembix
03€ep OT paccTosiHMSA OT KoOMbUHaTa «[levyeHraHMkenb» B pasHble rogpl: 1 — 2010-2014 rr.,
2-2002-2004rr.,3-1989-1993 rr.

Fig. 3. Regression dependences lines of the concentration distribution of the main pollut-
ants (ug/g) in the sediment surface layer (0—1 cm) of the studied lakes from the distance
to the Pechenganikel Company in different years: 1 — 2010-2014, 2 - 2002-2004, 3 — 989—

1993
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MapameTpbl perpecCcuMoHHON CTEMEHHOW 3aBMCMMOCTU Tuna y = kx® cOoAepXXaHUsi XUMUYECKUX 3N1eMEHTOB (Y)
B 03epHOI BoAe, NoBepxHOCTHOM cioe (0—1 cm) O 03ep 1 NOYBEHHbIX C/OSX (MOACTUIIKE M OPraHNY4ecKoM Croe)

OT paccTosiHUA (X) OT KoOMBMHaTa «[leyeHraHuKenb»

Parameters of regression power-law dependence y = kx® of the chemical element content (y) in lake water, lake
sediment surface layer (0—1 cm) and soil layers (litter and organic layer) from distance (x) from the Pechenganikel

Company
XUMUNYECKNIA SNEMEHT MapameTp Bopa o Moactunka OpraHoreHHsbl cnow
Chemical element Parameter Water Sediments Litter Organic layer
k* 1471 31168 18664 15359
Ni a* -1,569 -1,534 -1,758 -1,558
R2* 0,716 0,682 0,844 0,885
k 82 7821 7270 12651
Cu a -1,020 -1,099 -1,558 -1,557
R? 0,738 0,634 0,834 0,873
11,8 237 240 170
Zn a -0,592 -0,274 -0,389 -0,346
R? 0,306 0,134 0,253 0,346
0,205 3,020 5,650 3,086
Cd a -0,682 -0,507 -0,964 -0,661
R? 0,446 0,288 0,714 0,669
13,7 198 65 151
As a -1,235 -0,903 -1,366 -1,212
R? 0,423 0,585 0,623 0,700
0,47 32 48 32
Pb a -0,56 -0,026 -0,721 -0,189
R? 0,238 0,002 0,487 0,141
0,181 245 69 367
Cr a -0,041 -0,487 -1,097 -1,182
R? 0,003 0,280 0,598 0,644
447 58764 31029 96466
Fe a -0,941 -0,147 -1,271 -1,068
R? 0,340 0,024 0,729 0,753

neHtnanaut (Fe, Ni),S,, xanbkonmput CuFeS,, ko-
6anbTuH (Co, Ni)AsS, HukenuH NiAs, raneHuT PbS,
chaneput ZnS, xpomut FeCr,0,, muHepanamm
NIaTUHOBOW rpynnbl (apceHuasl, Tennypuabl, ce-
neHungbl) n gpyrumm [Gregurek et al., 1999]. MNoa-
TOMy B BbliOpocax kKombuHaTa, NoOMMMO coeauHe-
HUA S, Ni 1 Cu, NpUCYTCTBYIOT 1 COMYTCTBYIOLLME
mum TM (Co, Zn, Pb, As, Cr, Cd, Hq), Fe, Se, Te,
a TakXe MEeTPOreHHble LWEeNoYHbIE U LLEN0YHO3e-
MeJlbHble METasbl U APYyrne 9N1eMeEHTbl B COCTaBe
NPOM3BOACTBEHHOM MblNn KOMOUHATA.

Bonbwasa yacte TM, BXxogsAwmx B COCTaB Bbl-
OpPOCOB 1 CTOKOB MPOMBbILLMEHHbIX NPEaNPUATUA,
cBA3bIBaETCS U 3akpennsetcs B noyse n 0. MNMpe-
OblaywmmMmn ncenegosaHmamMmn [dayesanbtep, 1997,
1999, 2012; Current..., 2008; KawynuH n gp.,
2009; Rognerud et al., 2013; OdayBanbTtep un ap.,
2015] ObINO yCTaAHOBMIEHO, 4TO aTMocdepHble
BbIOpOCLI kOMOUHaTa «[leyeHraHukenb» n CTO-
KM MNNaBWUibHbIX LIEXOB, LLAAMOOTBANOB, XBOC-
TOXpPaHUULW, N PYOHUKOB SBASOTCHA rNaBHbIMU

NCTOYHMKAMM MOBbILLEHHbIX KOHUeHTpaumii Ni, Cu,

Co, Cd, Zn, As n Hg B no4Be, BOAE 1 MOBEPXHOCT-
HbIX cnosix O o3ep lNMNevyeHrckoro panoHa n npu-
rpaHnyHbIX panoHoB Hopesernv n GuHnaHann.
lMoBepxHOCTHbIE cnov 1O BOAOEMOB OTpaxatoT
AKKYMYNUpyowuin apdekT aspoTexHOreHHOM Ha-
rpy3ku MeTasioB Ha BOAOCOOpLI, KOTOpblE 3a4ac-
TYIO MOTYT HE PErMCTPUPOBATBLCS MMAPOXUMUNYEC-
kuMmn metogamun [HdayesanbTtep, KawynuH, 2014;
CnykoBckuin u gp., 2017]. Beibpockl B aTMmochepy
MAaBUMbHBIX LLEXOB KOMOMHaTa «[leyeHraHukenb»
ABNSAIOTCA NaBHbIM WCTOYHUKOM MOBbILLEHHbIX
koHueHTpaumn Ni n Cu B BOAE, MOBEPXHOCTHbIX
cnosax O n noyBbl Ha paccTtosHun 0o 30-40 km
(puc. 2, 3). Hanbonblwmne koHueHTpaumn Ni n Cu,
npesbiwaowme GoHoBble 3HavYeHnsa B 10-25 pas,
OTMEYEeHbl B 03epax M MNOYBax Ha PaCCTOSHUMU
0o 10 kM oT kOMOUHaTa. 3HA4YNTENIbHOE YMEHb-
LIeHne KOHueHTpauuii o 3-7 pOHOBbIX 3Haye-
HUN HabnopaetTcs Ha pacctosaHun 0o 20-30 km
OT UCTOYHMKA 3arpsaA3HeHus. BbiCOkne BennymHbI
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lMpogosxkeHve Tabi.
Table (continued)

XUMUYECKNIA SNEMEHT MapameTp Bopa o Moactunka OpraHoreHHsbl cno
Chemical element Parameter Water Sediments Litter Organic layer
k 18,1 1212 1807 1243
Mn a -0,525 0,150 -0,479 -0,478
R? 0,124 0,003 0,274 0,310
55,5 20581 914 9555
Al a -0,400 -0,089 -0,250 -0,489
R? 0,116 0,013 0,207 0,478
3,42 628 66 527
Na a -0,124 -0,222 0,076 -0,393
R? 0,069 0,146 0,096 0,531
0,633 1646 916 576
K a -0,229 -0,039 -0,057 0,091
R? 0,154 0,003 0,032 0,063
20,5 6684 14698 7897
Ca a -0,710 -0,105 -0,352 -0,285
R? 0,464 0,137 0,421 0,437
3,66 15760 4486 10512
Mg a -0,482 -0,425 -0,547 -0,720
R? 0,318 0,221 0,492 0,665
- 326 1344 1343
P a - 0,339 -0,236 -0,148
R? - 0,171 0,272 0,367
7,28 - 4,90 5,12
pH a -0,025 - -0,056 -0,075
R? 0,286 - 0,419 0,490

lMpumeyarve. k — koaddUUMEHT, a — nokasaTtenb cTeneHu, R? — BennyYnHa JOCTOBEPHOCTM annpokcumaumu; 3HadeHuns R? go-
cToBepHbI Anis Boapl 1 10 o3ep npu R?> 0,24 (p < 0,001, Beibopka n = 43), ans NOoACTUIKA 1 OPraHOrEHHOr O CJI0s! MOYBbI — MPK

R?> 0,43 (p < 0,001, BuiGOpka n = 22).

Note. k — coefficient, a — exponent, R? — value of approximation reliability; the values of R? are reliable for water and sediments
of lakes at R?> 0,24 (p < 0,001, sample n = 43), for litter and organogenic soil layer at R?> 0,43 (p < 0,001, sample n = 22).

[OCTOBEPHOCTM  annpoKCUMauum  coaepXxaHus
Ni n Cu B BOge, 40O, noacTuike n opraHoreHHOM
CJl0e No4Bbl OT PACCTOsSHUSA OT KOMOBUHaTa roBo-
PAT O €ANHOM [TABHOM UCTOYHMKE MOCTYMAEeHUs
aTux TM B oKkpyxatoLlyto cpeny (tadn.)

MopobHas kapTuHaA pacnpeneneHns KOHUEHT-
pauuin Ni n Cu B BOAE 1 MOBEPXHOCTHLIX cnosx 0O
03ep OTMEYEeHa BOKPYr KPYMHENLLX B MUpe Mea-
HO-HUMKeNeBbIX KOMOGUHaTOB — Hopunbckoro B Cu-
6vipn n Capbepu B KaHage. KoHueHTpaumm Nin Cu
B NoBepxHOCTHbIX O 03ep BOKpyr Hopunbckoro
KOMOMHaTa HaxoOAaTCs B AnanasoHe ot 37 o 2142
n ot 63 po 5400 mkr/r cooTBeTCcTBEHHO [Blais
et al., 1998], Hanbonbluee cogepxaHne oTMmeve-
HO Ha paccTosHUKn 0o 20 kKM oT kKoMbBuHaTa. Takas
Xe kapTuHa Habnopgaetcs n Bokpyr Canbepu, roe
B/ISIHME BbIOPOCOB MEAHO-HUKEeNeBoro kKomoéu-
HaTa Ha KoHueHTpauun Nin Cu B NOBEPXHOCTHbIX
0O o3ep orpaHuumsaetca 30-40 km [Semkin,
Kramer, 1976; Palmer et al., 1989], B TO Bpems kak
MMMNakTHas 30Ha BOKpyr Hopuibckoro kombuHata

pacnpocTtpaHsaeTtca go 60 km [Blais et al., 1998].
MpocTtpaHcTBeHHOe pacnpegeneHne Nin Cu nme-
€T CeBepO-BOCTOYHbIA — KOro-3anagHbli 31enTu-
4yeckuin xapaktep ¢ ueHTpoM B Canbepu [Semkin,
Kramer, 1976]. AHanornynbii TpeHg, anga Ni n Cu
OTMEeYeH BOKpYr KombuHaTa «[leyeHraHukesnb»
Onsa atMocdepHbIX 0CagkoB M B TMAPOXMMUN
o03ep, Bkoyaa pH Bogpl [Reimann et al., 1999].
CnepoBatenbHo, pacnpegenerHne Ni u Cu B no-
BepXxHOCTHbIX O o03ep MypmaHckon obnacTtu,
Bokpyr Hopunbcka n Canbepu coBnagaet, Tak e
Kak 1 pacnpeneneHne aTmx XMMM4eCKUX 3y1eMeH-
TOB B aTMOC®depHbIx ocaakax [Kpio4ykos, Makapo-
Ba, 1989] n Boge o3ep [basosa, 2017].

B pacnpepenenun Co, Zn, Cd, Cr, As n Hg
BOKpPYr KombuHaTta «[leyeHraHukenb» Habnoga-
€TCS aHaNornMyHas 3akOHOMEPHOCTb (puc. 2 u 3).
Hanbonee WHTEHCUMBHO 3arpsi3HAeTcs 30Ha [0
10 kM. 3Oecb OTMEYEHO MNPEBbIWEHNE KOHLEH-
Tpaumin mMeTansioB Hazg (HOHOBbIMW 3HAYEHUSIMU
oT 2 oo 20 paa. Mo mepe yoaneHns oT komOunHaTa
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Ha 20-30 km HabnoaaeTcs YyMeHbLUEHNE KOHLEH-
Tpaumn meTtannoB A0 2-3 (GOHOBbIX 3HAYEHUN.
B no4BeHHbIX Cosax (NOACTUIIKE N OPraHoreHHOM
C/0€) BbllLUenepevyncneHHole MeTassibl 3aKpernsis-
loTCSl ropasfo nyylle, 0 YeM roBopsaT 66bLINE Be-
JNINYMHBI JOCTOBEPHOCTU anmnpokcumaumm coaep-
XaHns BbllenepevncneHHblix TM oT paccTtoaHus
OoT KoMOuHaTa, 4em B Boge 1 40 (1abn.).

B pacnpegenennn Pb no pesynbtatam wuc-
cnepoBaHmn 2010-2014 rr. BnepBble OTMeYe-
Ha TeHOeHUUS YBeNVUYeHUd COoAepXaHus B MNo-
BEPXHOCTHbIX cnosax O Ha paccTtosHun oo 20 Km
OT koMbOuHaTta (puc. 3). OTO CBUAOETENbCTBYET,
4YTO KOMOMHaT «llevyeHraHvkenb» Takxe ABNAET-
CA WUCTOYHMKOM 3arpsasHeHus Pb, 1. e. kapTuHa
pacnpegeneHns Pb ctana nogoOHoW Ons Bcex
NpUopuUTEeTHLIX 3arpasHaowmx TM. Panee [day-
Banbtep, 1997, 1999; Dauvalter, Rognerud, 2001]
B pervoHanbHOM pacnpenenedun Pb 6bina otme-
yeHa OT/In4Has ot Bcex TM kapTnHa — yBennyeHue
KOHLIEHTpaLumMin ¢ BOCTOKa Ha 3anaf. Hanbonblune
3HAYeHUss KOHUeHTpauuii Pb 6binn 3adumkcmpo-
BaHbl HA HOPBEXCKON TEPPUTOPUN, FAe cpenHue
KOHUEHTpaunmn paBHbl 40 MKr/r, 4To COCTaBiseT
okono 10 GoHOBbIX 3Ha4YeHU. B npoMbILLInEHHOM
paioHe 6bI/10 3aPUKCUPOBAHO YMEHbLUEHNE KOH-
LeHTpauui (CpefHue KOHLUEHTpauum 28 MKr/r).
B npownom ctonetun noctynneHne Pb B Okpy-
XawLyl cpeny CBA3blBa/IM B OCHOBHOM C aB-
TOMOOUNIbHBIMKU BbIXJIONAMU U CXUraHUeM Yris
Ha 9HepreTMYecKnx YCTaHOBKax. J3anpeLieHne
NCMNOb30BaHUSA 3TUAMPOBAHHOIO GEH3MHA U ne-
pexof Ha aKonornyeckn 6onee YMCTble BUAbLI TOM-
NIMBa MO CPaBHEHUIO C YriieM B nocfiegHne aecsa-
TUNETUS MPUBENN K YMEHBLUEHUIO MOCTYMJEHUS
CBUMHLA C BbIXJIOMHLIMW rasamu 1 Beibpocamu Ten-
NI03HEepreTnyecknx npeanpudatuii. Noatomy Kom-
OvHaT B nocnegHue rofbl BCe oT4eTIMBEE CTaHO-
BUTCHA TOYEYHbIM UCTOYHUKOM BbIOPOCOB Pb, 4TO
NPosIBNAETCS B LOBOJSIbHO BbICOKOM 3HaYE€HUU Be-
JNINYNHBI JOCTOBEPHOCTU annpokcumaumm coaep-
XaHnsa Pb B NOYBEHHOM NOACTUSIKE OT PaCCTOAHUS
oT kKoMOuHata (Tabn.).

B cocTtaB npon3BoACTBEHHOM Nblv KOMOUHaATA
BXOOAT TaKXke coeanHeHuns Fe, T. K. MHOrme pyao-
obpasytowme MruHepansl (Hanpumep, NeHTNaHanT
(Fe, Ni),S,, xanbkonuput CuFeS,) copepxat Fe,
a Takxke Mn, Kak conyTCTBYIOLWMIA METassI, O YeM
rOBOPAT BbICOKNE BENUNYMHbBI AOCTOBEPHOCTU an-
npokcuMaummn copgepxaHua Fe (M MeHblne 3Ha-
yeHUs ona Mn) B noacTuike v OpraHoreHHoOM
Cnoe Mno4yBbl OT PacCTOAHUSA OT kombuHaTta. B O
03€ep [OOCTOBEPHbIX 3aBUCUMOCTEN COofepXaHud
Fe n Mn oT paccTosHus OoT komMOuMHaTa He oTMe-
yaeTcH, T. K. cogepXaHne 3TUX MeTaslsioB 3aBu-
CUT OT PU3UKO-XUMUNYECKUX YCIIOBUIA (B MEpPBYIO
oyepenb OT OKUCIUTENIbHO-BOCCTAHOBUTENLHOM

00CTaHOBKWN U KMCJIOTHO-LLIEJIOYHOM peakumn cpe-
obl) B Boge n J0. MNpu geduunte kucnopoaa (T. €.
B BOCCTAHOBUTEJIbHOW Cpene) W BINAHUW Bblna-
[eHUs CUNbHbIX KACHOT (T. €. B KUCNOTHOW obcTa-
HOBKE) NpoucxoguT BoccTaHoBeHne Fe n Mn no
CTENEeHN OKMUCNEHUS +2, Mpu KOTOPOW Pe3Ko yBe-
JNIN4MBaAETCsd UX PacTBOPUMOCTb U YMEHbLUAETCH
ocaxaeHve atux metanmnoB B OO [Hdaysanbtep,
Mnbawyk, 2007; Oemuna n gp., 2017].

B uenom no pesynbratamMm uUcCnegoBaHuin
2010-2014 rr. OTMEYEHO YBENIMYEHNE KOHLEH-
Tpaumi npakTuyeckn BCex 3arpsasHaiowmx TM
B MOBEPXHOCTHbIX cnosx O 03ep npurpaHnyHoro
panoHa No CpaBHEHMIO C nccnegoBaHusamm 2002—
2004 n 1989-1993 rr. (puc. 3).

ATMOCdepHble BbiNageHUs alpo30sie  sB-
NAI0TCA NaBHOM MPUYNHON 3arpsi3HEHUS, B TOM
yucne v TM, Ha3eMHbIX U BOOHbIX 3KOCWUCTEM,
MOBEPXHOCTHbIX U NOA3EMHbIX BoA. B OHOBbIX
Tepputopusx, roe B 6anaHce atMocdepHbIX Bbl-
nageHnin 3HadmTesnbHasa pPoJsb NMpUHaANEexXuT pac-
TBOPMMbIM dOpMaM MeTaNIOB, C MOBEPXHOCTHbIM
CTOKOM BbIHOCUTCSI 00 5 % MOCTYM/EHUn CBUHLA
n okono 30 % nocTynneHnn uuHka n kagMmuns [Ka-
6ata-lMNengnac, Mengmnac, 1989; EnnatbeBckuii,
1993]. B ycnoBusix TEXHOMEHHOro 3arps3HeHus,
KOrga CyLeCTBEHHO YBEIMYMBAETCS POJib TBEPLO-
da3HbIX BbINageHWNn, NOBEPXHOCTHbLIN BbIHOC CO-
kpawaetca oo 1-3 % noctynnenuin Pb n oo 10 %
Zn n Cu [EnnateeBckuii, 1993]. OcTtanbHasa 4acTb
MeTa/IoOB HakanamBaeTca B noyee. Mwurpaumsa
MEeTaJI0OB N0 MNOYBEHHOMY NPOMUIII0 NPOUCXOONT
co ckopocTbio 0,1-0,4 cm/roa n xapakrepmayeTcs
ObICTPbLIM NaAeHMeM KOHLEHTPpaLni ¢ yBenmyeHn-
em rnybuHbl [EnnateeBckuin, 1993; Cernic et al.,
1994]. BO3MOXHOCTN CAMOOUMLLLEHNS MOYB OT aH-
TPOMNOreHHbIX HAKOMJEHNIA METassIOB MPU3HAaOT-
cs1 BecbMa orpaHmyeHHbiMu [Fridland et al., 1992;
Miller, Fridland, 1994; De Vries, Banker, 1996]. Co-
rfnacHO BbllleyKa3aHHbIM UCCNegoBaHusM, COBO-
KYMHbIA BbIHOC METasNIOB (MOBEPXHOCTHbLIN CTOK,
NOYBEHHbIE PACTBOPLI, OLOIOrn4eckme NPoLEcChl
1 Op.) Npu ycnoBum npekpawieHns HoOBbIX MOCTYM-
JIEHNI N3 aHTPOMOreHHbIX UCTOYHNKOB obecneynt
B 30HE YMEPEHHOro Kanmarta camoo4uLLeHne 3a-
rpsi8HeHHbIX noys oT Pb 3a nepuog ot 150-200 oo
400-500 ner, ot Zn, Cd — 3a 100-200 net [AXHUH
n ap., 1997]. Takum obpasom, nepnoa ecTecTBeH-
HOM0 CaMOOYMLLEHNS MOYB M HA3EMHbIX 3KOCUC-
TEM OT 3arpsA3HSAOLWMX METaNNIOB MOXHO OLLEHUTb
Benn4mMHol nopsaka n x 102 net (T. €. COTHM neT).

B coctae nbiun, BeibpackiBaemoli B atTMocde-
py MeTanayprmiyeckum npou3BOACTBOM, BXOOWUT
OonblUOe KOMIMYECTBO rJIaBHbIX NOpPOoA00Opasyo-
LUMX MaKPO3NEMEHTOB, TO €CTb BINAHNE BbIOPO-
COB KOMOUHaTa NPOSIBUSIOCb HE TOJIbKO B MOBbI-
WeHnn KoHueHTpaumin TM B BOOHbIX U HA3E€MHbIX
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akocuctemax B6aM3N KoMbUHaTa, HO U B yBENN-
YyeHUM B HUX cogepxaHna Al, wenoyHbix (Na, K)
M wenodyHosemenbHbix (Ca, Mg, Sr) metannos
(puc. 2; Tabn.). 3to noenekno adpdhekT nogLe-
NlayMBaHUa MO4YBbl M BOAbl BOLOEMOB, a Takxe
NOBbILLEHHble 3HaveHus pH Boabl o3ep [[awkn-
Ha, MounceeHko, 2016; basosa, 2017] 1 BOOHbIX
BbITSDKEK MOACTUIIKM M OPraHUYecKoro Crosi nou-
Bbl [EBOOKMMOBa 1 ap., 2011, 2014] Ha paccTo-
aHuUK po 20-30 kM oT koMmbuHaTa (puc. 1; Tabn.).
OTMe4YeHO, Y4TO B MOYBEHHbIX COSAX (MOACTUKE
M OPraHoreHHOM CJioe) LLEeNI0YHO3EMESIbHbIE Me-
Tannel (Ca n MQ) 3akpennaioTcs ropasno nyyile,
yem B 10 03ep, O 4EM rOBOPSAT BbICOKME BEANYN-
Hbl JOCTOBEPHOCTU annpokCcumMaLmnm cogepxaHmg
MEeTaJyIOB OT PaccTosiHUS A0 koMbuHaTta (Tabsn.).
Jl0BOJIbHO BbICOKME 3HAYEHUSA LOCTOBEPHOCTM an-
npoKcMMaLumn coaepXxaHus aTnx MeTaloB oTMe-
yeHbl 1 B BoAe 03ep. LLlenoyHble meTannbl obna-
batoT 6osblUeli NOABUXHOCTLIO M CNOCOOHOCTLIO
K BblLLEeNna4ynBaHniO U PacTBOPEHUIO MO CpaBHe-
HUIO C LWeNIo4HO3eMeNbHbIMU MeTaiaMmu, nos-
TOMY AN weno4vHbix metasnoB (Na n K) BbICOKMX
3HaYeHMn 3aBMCUMOCTU UX COLEPXaHUs OT pac-
CTOSIHUSI 0,0 KOMOMHaTa He OTMeYaeTcs, 3a UCKJTo-
yeHnem Na B opraHoreHHOM crioe rno4ysbl (Tabn.).
MopobHas kapTuHa pacnpeneneHns 3adpurkcmpo-
BaHa Takxke ang Al — 4OCTOBEpPHbIe 3aBUCMMOCTU
OT paccTosHUSA 00 KOMBUHATa OTMeYatoTCs B NOY-
BEHHbIX CNOSX (MOACTUNKE M OPraHOrEHHOM CIO€).
BeposTHO, 9TO CBA3aHO C MJOXOW Bbillenavymsae-
MOCTbIO 1 PaCTBOPUMOCTbIO coeanHeHui Al n ero
[OBOJILHO MPOYHOW 3aKPENJIEHHOCTLIO B MO4YBEH-
HbIX CNOSIX.

Ina scex nccnegyembix TM (Ni, Cu, Co, Cd, Zn,
As, Cr, Fe, Mn), a Takke anga Al, wenoyHbix (Na, K)
M wenoyHosemesnbHbix (Ca, Mg) metannos oTme-
yeHa 3aKOHOMEPHOCTb YBEJIMYEHUHA COLepXaHud
9N1EMEHTOB B 3BEHbSAX BOAHbIX U HA3EMHbIX 9KO-
CUCTEM MO HanpasfieHUD: BO4A — MOACTUIIKA —
OpraHnyecKnin CNom NoYBbl — JOHHbLIE OTIOXEHUA
(puc. 2). 310 cBAsaHo ¢ Tem, 4yto O BOOOEMOB
SABNSAOTCS KOHEYHbIM 3BEHOM MUMPALMU XMMUYEC-
KX 9NEMEHTOB U OEMNOHMPYIOLLEN Cpedon MHO-
rx 3arpssHaoLWmMx BewecTs. B 1o xe Bpemsa O
caMmy MOTyT SBAATbCA MCTOYHMKOM MOCTYMAEHUs
3arpsasHSAILWNX BELWECTB B OpraHnamMbl rmapobu-
OHTOB, a TaKXe B BOOHYIO TOJILLY NMPU U3MEHEHUN
B HEN (PU3UKO-XUMMNYECKUX YCNOBUIM (Hanpumep,
pH, Eh, cogepxaHna pacTBOpPEHHbIX ra3oB (KUC-
nopoga, yrnekucnoro rasa), 6akrepuanbHON ak-
TneHocTn) [daysanbtep, 2012].

BbiBOAbI

B pesynbrtate MpoOBEOEHHbIX UCCNemoBa-
HUA YCTaHOBNEHO, 4TO BbLIOPOCHI B armocdepy

nnaBUJIbHbIX LEX0B KOMOMHaTa «[leyeHraHukenb»
ABNAIOTCA [NTABHLBIM  UCTOYHWUKOM MOBbILLIEHHbIX
koHueHTpauuii TM (Ni, Cu, Zn, Co, Pb, Cd, As, Hg,
Cr) B BEPXHUX FOPU3OHTaX MOYBbI, MOBEPXHOCT-
HbiX Bogax n 0 BogoemMoB Ha paccTosHin go 30—
40 kM. B 3TOIM 30HE OTMEYEHO TaKXe yBeInyeHne
CoOepXaHmsa LLENOYHbIX U LWENOYHO3EMENbHbIX
MeTassI0B, 4TO NPOSIBUIOCH B addekTe nogLiena-
YMBaHUA U POCTE 3Ha4YeHU pH BOoAblI 03ep 1 BOA-
HbIX BbITSDKEK MOACTUKM N OPraHnUYeckoro cros
noysbl. [na Bcex nccnepyembix TM (Ni, Cu, Co,
Cd, Zn, As, Cr, Fe, Mn), a Takxe ons Al, LLenoYHbIX
(Na, K) n wenoyHozemenbHbix (Ca, Mg) meTtannos
OTMEeYeHa 3aKOHOMEPHOCTb YBENIMYEHUs1 coaep-
XKaHMSA 3NEMEHTOB B 3BEHbSIX BOAHbIX M HA3EMHbIX
3KOCWCTEM MO HanpaB/eHNIO: BOAA — NOACTUMKA —
OpraHnNyeckuin CoM NO4YBbl — OOHHbIE OT/IOXKEHUS.
Mo peaynbtatam nccnepgosaHuii 2000-x rogoBs OT-
MEYEHO YyBENMYEHME KOHLLEHTPaLUA NpakTUYecKkm
BCEX 3arpsi3HAIOLLMX METaNIOB B BOAHbIX 3KOCUC-
TeMax NpPUrpaHUyHoON Tepputopun mexny Poc-
cuenn, Hopeernen n @UHASHAMEN MO CPABHEHWUIO
¢ uccneposaHuaMm 1990-x rogoB, 4TO FOBOPUT
006 ycuneHnm aHTPOMNOreHHoM Harpy3km B 3TOM pe-
rmoHe. 3a noyTtn 80-neTHMIN Nnepmoa OeaTeNbHOCTHU
rOPHO-MEeTaNlyprmieckoro KOMraekca B 3BEHbSX
oKpy>KatoLLel cpefbl (rnaBHbIM 06pa3oM B HA3EM-
HbIX 9KOCUCTEMAax — B NOYBaX W pacTeHusx, a Tak-
e B 4O BOO0EMOB) HAKOMMNOCHL OFPOMHOE KOMK-
yecTBO TM, KOTOpPOE NOCe OTMUPAHUS PACTEHNI
1 PasnoXxXeHns OpraHM4eCcKmMx OCTaTkoB CO CKITOHO-
BbIM CTOKOM, MOYBEHHbLIMU 1 NOA3EMHbLIMY BOAAMM
B BMOE OPraHnMYeckux M HeopraHM4eckmx coenm-
HEHWI MNOCTEMNEHHO NOCTYNaeT B BOAOTOKM 1 BOAO-
emMbl. C y4eTOM OrpOMHOr0 KOJIM4ECTBA HAKOMJeH-
HbIX TM B Ha3eMHbIX 9KOCMCTEMAxX 1 MHOTrONIETHENO
nepruoga nx caMmoo4mLLEHNA UHTEHCUBHOE MOCTYM-
neHve TM B BOogoeMbl OyoeT NpoaoxkaTbCs eLle
HE OOVH OECATOK NeT, AaXe €CnM FrOpHO-MeTa-
JIyPruyeckmin KoMOmHaT pe3ko CHU3UT Ui BOoOLLE
NpPeKpaTuT Nx BbIOPOCHI B OKPY>KaIOLLLYO Cpeay.
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OonbIT UCMNOJIb3OBAHUA TOKCUKOJIOTMYECKUX
XAPAKTEPUCTUK B UHTErPAJIbHOW OLLEHKE
IKOJION'MYECKOro COCtodHnda BOAHOIrO OB bEKTA

H. B. 3yeBa, A. B. Kosnoea, A. 0. KynnyeHko

Poccuvicknii rocyaapCTBeHHbIV TAPOMETEOPOJSI0MNYECKUI YHUBEPCUTET,
CaHkrt-lleTepbypr, Poccus

PaccmatpuBaloTcs aTanbl NOCTPOEHWUSI MHTErpasbHOro nokasaTens 9KoJ0rm4yeckoro
COCTOSIHUSI BOOHbIX 9KOCUCTEM Ha OCHOBE Mogenen-knaccudukaunii. B kayectse of-
HOrO 13 NPUOPUTETHbLIX MPU3HAKOB Takol knaccudurkaumm NCnonb3yoTcs XapakTepuc-
TUKN OCTPOro TOKCUYECKOro AENCTBUS MOBEPXHOCTHbLIX BOA, AJ1S TECT-OObEKTOB pas-
JINYHOrO TaKCOHOMMYECKOro ypoBHs (Daphnia magna Straus, Chlorella vulgaris Beijer,
Paramecium caudatum Ehrenberg). OueHka 9KON0rm4eckoro COCTOSIHUS BbINOJTHAETCS
Ha OCHOBE METoAAa CBOAHbIX nokasarteneit. [MpuopmuTeETHbIMU MpU3HaKkamMu BbICTyMna-
0T YAEesNbHbIA KOMOMHATOPHLIM MHAEKC 3arpsdHeHHocTu Boabl (YKN3B), nHaekc ca-
npobHocTtu MaHTne — bykka B moamndukaumm Cnagedeka (Mo GUTONNAHKTOHY) U TOK-
CUKOJIOMMYECKNE XapakTepPUCTUKN. BroTecToBble nokasarenu, BKIIOYEHHbIE B PaboTy:
cmMmepTHOoCcTb Daphnia magna 3a 48 4acoB, UBMeHeHne onTuyeckon nnoTHocTu Chlorella
vulgaris 3a 22 4yaca; MHOeKC TOKCUYHOCTU ansa Paramecium caudatum. 3HavyeHns npu-
3HaKOB, BKJIIOYEHHBIX B MOLENb-KacCUdUKaLMIO, OTHECEHDI K MATU KaTErOPUSM 9KOJI0-
rMYEeCKOro COCTOSIHMSA: KaTacTpodmieckoe, KpU3MCHoOe, HEYOBIETBOPUTENBHOE, YAOB-
NIETBOPUTENBHOE 1 Bnaronosly4Hoe. Bo3MOXHOCTb MCMONb30BaHMS TOKCUKOIOMMYECKNX
XapakTePUCTUK B UHTErPasibHOM OLLEHKE 9KOJIOMMHYECKOro COCTOSAHMS BOAHbIX 3KOCUCTEM
Hapsay C MMAPOXMMUYECKUMU N TNAPOBUON0OrMYeckuMm nokasatensmm anpobupyeTcs
Ha npumepe o3ep lckoBckor obnactu n ByxTel MNeTpokpenocTs Jlagoxckoro o3epa.
B pe3ynbTaTe OLeHKM 9KOIOrMY4eCcKoro COCTOSHUSA Mo pa3paboTaHHOW Moaenn-knaccu-
dukaunm coctosiHme 03. BonbLuoi MBaH MNckoBckoi 061acTy NpU3HAHO 61aronoyyYHbIM,
OCTaslbHblE€ BOAHbIE OOBEKTbI OLEHEHbI KaK MMEIOLLME YA0BNETBOPUTENIBHOE COCTOSHME.
Okonormnyeckoe coctosiHme ByxTbl [eTpokpenocTb Jlapoxckoro o3epa B 2013 r. Haxoau-
JI0Cb Ha rpaHnLLE KaTEropuin «yfOBNETBOPUTENBHOE» — «HEYOBNIETBOPUTENBHOE».

KniouyeBble CN0Ba:03epo; 3KONOrm4eckoe COCTOAHNE; MHTEerpasnbHasa oueHka; 6mo-
TecTupoBaHue; canpobHocTk; YKN3B; ocTpoe Tokcmnyeckoe aencteune; Jlanoxckoe o3e-
po; 6yxTa MNeTpokpenocTsb; MNckoBckas 06nacTb.
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N. V. Zueva, A. V. Kozlova, A. Yu. Kulichenko. USE OF TOXICOLOGICAL
CHARACTERISTICS IN THE INTEGRATED ASSESSMENT OF THE WATER
BODIES ECOLOGICAL STATUS

This paper presents the stages of constructing the integral index of water bodies’ ecolog-
ical status. The characteristics of surface water acute toxic effects on test objects of diffe-
rent taxonomic levels (Daphnia magna Straus, Chlorella vulgaris Beijer, Paramecium cau-
datum Ehrenberg) are used as one of the priority indicators for the classification. The eco-
logical status assessment is based on the composite indices method. The specific com-
binatory water pollution index (SCWPI), the Pantle-Buck saprobity index in the Sladecek
modification (for phytoplankton) and toxicological characteristics are the priority fea-
tures. The biotest indices in this study were Daphnia magna death rate, Chlorella vul-
garis optical density, Paramecium caudatum toxicity index. Features in the classification
model received values belonging to five ecological status categories: catastrophic, cri-
sis, unsatisfactory, satisfactory, sound. The feasibility of using toxicological characte-
ristics for integral assessment of the ecological status of water ecosystems along with
hydrochemical and hydrobiological characteristics is tested for lakes in the Pskov Region
and Petrokrepost Bay of Lake Ladoga. As the result of an ecological status assessment,
the condition of Lake Bolshoy Ivan in Pskov Region was qualified as sound, and the rest
were assessed as having satisfactory conditions. The ecological status of Petrokrepost
Bay of Lake Ladoga (in 2013) was found to be marginal between “satisfactory” and “un-
satisfactory”.

Keywords: lake; ecological status; integral assessment; biological testing; saprobity;

SCWPI; acute toxic effects; Lake Ladoga; Petrokrepost Bay; Pskov Region.

BBepeHune

OueHka 3KONOrm4yeckoro COCTOSIHUST BOAHO-
ro o6bekTa AO0JKHA ObiTb BbINMOJHEHA C YYETOM
Kak abuOTMYECKOWN COCTaBNSIOLLEN 3KOCUCTEMBI,
Tak U XxapakTepucTuk 61oThl. Tak, aKosormieckas
oueHka (no B. B. AmuTpueBy) — napameTpuyec-
KOe onpeneneHne CoCTosIHUN NPUPOSHONM cpeapl,
obecrneymBalOLLMX CyLlECTBOBaHNE COOOLLECTB
XMBbIX OPraHM3MOB, XapakTepHbIX A9 3TUX CO-
CTOSIHMI B YCNOBUSIX ECTECTBEHHOI O UM AHTPOMO-
FEHHOrO PEXMMOB nX pasBuTus. MNMpu aTOM nccne-
OYIOTCS Kak CBOMCTBa abLUOTMYECKOW cpenbl, Tak
M napameTpbl CTPYKTYpbl U OYHKUVMOHUPOBAHMUS
39KOCUCTEM MPUPOLHOro 06bekTa B €CTECTBEHHbIX
1 U3MEHEHHbIX ycnosusax [Amutpues, 2000].

MHTerpaneHylo OuLEHKY, KOTOpas npegnona-
raet oObeguHEeHVe pPasHOPOAHLIX MHOroKpuTe-
puanbHbIX OLLEHOK B OOHO Lienoe, yoobHOo BbINos-
HATb HA OCHOBE MeToda CBOAHbIX MoKasaTesiei.
MepBbIM 3TANoOM Takol OLEHKM ABnsieTcs BbIOOp
MCXOLHOM KJlacCcudumkaumm 3KON0rM4eckoro co-
CTOSIHUS. B Hee [OMKHbI BXOAUTE PSg NPUOpUTET-
HbIX MPU3HAKOB, KOTOPbIE PENPE3EHTATUBHO OTpa-
XatT Kak abmMoTuyeckyto, Tak 1 GUOTUYECKYHO CO-
cTaBnsowme cuctemol [Amutpues v gp., 1997].

ABVOTMYECKYIO COCTaBNAIOLLYIO BOOHbIX 39KO-
CUCTEM MPUHATO OLEHMBATb C MOMOLLBIO MMAPO-
XUMUYECKUX MNOKasaTesieln: KOoHUeHTpauumin oT-
OEeNbHbIX 3/IEMEHTOB UMW COEANHEHUA U NHOEK-
COB, MNoOJlydaeMbIX Ha WX OCHOBe. B HacTtosllee
BpPeMs 04YeBUOHA HeLOCTaTOYHOCTb OrnpeaeneHnd

COCTOSIHUS BOAHbBIX 3KOCUCTEM C MOMOLLBIO OOHUX
Wb rmgpoxmmmyeckmnx metogos. Kpome ToOro,
OLEeHKA COCTOSHUS BOA, HA OCHOBE CUCTEMbI Npe-
AeNnbHO gonycTtumblx KoHueHTpaumin (MNAOK) Bpen-
HbIX (3arps3HSIOLLMX) BelecTB ynobHa, HO Heco-
BEPLUEHHA W PErynspHO MNOABEPraeTcs KPUTUKE
[AmuTtpres, 1994; Xmyp, 1999; HepkawumH, 2001;
Lwntnkos v ap., 2003; Jlo3osuk, MnatoHos, 2005].

B cBS13U C 3TUM HEOOXOAMMO COBMECTHO C rmf-
POXMMWYECKMMU UCMONb30BaTb Buonornyeckne
MeToAbl OUEHKW. [aHHble MeToAbl MO3BONSIOT
0xapakTepu3oBaTb BOAHbIA 0OLEKT MO COBOKYM-
HOCTU OENCTBUS BCEX BELLECTB 1 NpeackasbliBatb
N3MEHeHUs1, oxujalowme OUOTY MNpU  OAHHOM
ypoBHe 3arpssHeHus [KpanHiokosa, 2009]. Cto-
UT OTMETUTb, YTO NpuUHATasa B cTpaHax EBponei-
ckoro coobuiecTBa BogHas pamoyHas aupekTmea
[WFD..., 2000] onpegenseT npuoputeT Gronoru-
4EeCKMX KOMMOHEHTOB 9KOCUCTEMBbI MPU OLLEHKE €€
COCTOSIHUS.

BbrvovHaMKaumMoHHble MeToabl  TPaaULMOHHO
NPUMEHSIOTCS B 3KOJIOMTMYECKMX UCCNEO0BaHUNAX
BOOHbIX 0OBLEKTOB, NPMYEM OJ11 3TOr0 MUCMNOJb3Y-
loTCsi pa3dHooOpa3Hble rpynnbl opraHn3mos. Haum-
6ofiee 4acTo M YyCMNELWHO MPUMEHSIOTCS MeToabl
onpeaeneHnss COCTOSIHUS MO DUTOMNIAHKTOHY,
300MJIaHKTOHY M Makpo3000eHTocy [MakpyLuuvH,
1974; bakaHos, 2000; bapuHosa, 2006].

MeToabl 6GUMOTECTMPOBAHUS, HECMOTPS Ha LWN-
pOKOEe MCMOJIb30BaHWE MNPV KOHTPOJSIE KayecTBa
BOA, pas3nunyHoro reHesa [P 52.24.566..., 1994],
B KOMIJIEKCHbIX 3KOJIOFMYECKUX MCCNeaoBaHUsaX
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NPUMEHSAIOTCS noka pexe. XoTa ux pelynbTa-
Tbl OalOT 0O0OLIEHHYIO XapakTepPUCTUKY KayecT-
Ba cpenbl [BparnHckuin, 1985; YepkawwmH, 2001;
KparnHiokosa, 2009], ogHo3HayHas mHTepnpeTa-
uMs pe3ynbTaToB OMOTECTMPOBaHMSA ObiBaeT 3a-
TPyOHEHa B CBSI3W C OTCYTCTBUMEM CTaHOAPTU3U-
POBAHHbIX METOANYECKNX MPUEMOB.

TOKCMYHOCTb SBMSIETCA  UMHTErpajbHOM Xa-
pakTepuUCTUKOM KavecTBa BOAbl, OOYCNOBNEH-
HOW NpPOSIBIEHMEM HEeraTMBHbIX [J19 BOLHOMN
OMOTbl MOCNEeACTBUA CBOWCTB XMMMUYECKMX Be-
LEeCTB, MPUCYTCTBYIOLLMX B UCMbITbIBAEMONM BOAE
[P 52.24.566..., 1994; bakaeBa, HwukaHOpPOB,
2006]. MeTtogukn, Gasupylolmecs Ha Guonorun-
4YECKOM KPUTEPUN, Y4UTbIBAIOT OENCTBUE TOKCU-
4yeckux BellecTB Ha GU3MoNoro-bruoxmmuyeckme
NPOLECChl Y BOAHbIX XMBOTHbIX, NX YCTONYNBOCTb
K TOKCKaHTaM, BAUSHNE Ka4eCTBa BOAHOWN cpeapl
Ha pasnnyHble GopMbl NOBEAEHUS TMOPOOMOHTOB
[CtporaHoB, Konocosa, 1971; ®nepos, 1989].

Knaccuoukaums npecHOBOOHbLIX 3KOCUCTEM
MO YPOBHIO TOKCMYECKOro 3arpa3HeHuss no AaH-
HbIM OMOTECTUPOBaHMSA Ha gadHUAX Oblia npea-
noxeHa JI. M. bparnHckum  [1985].  Bkntoue-
HUE 9KOJIOrO-TOKCUKOMOrMYEeCKNX rnokasaTtenen
B KOMMIEKCHYIO 9KONMOMMYEeCKyo Kinaccudukalmio
KayecTBa MOBEPXHOCTHbIX BOA, Cyln ObliO Bbl-
nonHeHo O. . Okcuiokom un  B. H. XXyknHckmm
C COoaBTOpPaMu OgHUMU 13 nepBbix [OKCUIoK 1 ap.,
1993]. B 'mapoxvmMmyeckoM WHCTUTYTE paspa-
OoTaHbl pekoMeHpauuun [P 52.24.763..., 2012]
No MCMOJIb30BaHUIO XMMWUKO-BNONOrMYEeCcKnX Mno-
kazaTenemn, Bko4yas OMOTECTOBbIE, AN OLEHKU
COCTOSIHUSI MPECHOBOAHbIX 3KOCUCTEM. B cBOMX
paboTtax E. H. bakaeBa Takxe nogyepknBaeT, 4To
TOKCUKOJIOTMYECKME XapPaKTEPUCTUKN SABSIOTCS
MHAMKaTopamu O0OLLero COCTOSIHUS 3KOCUCTe-
Mbl, €e aKosormyeckoro 6naronony4mns [bakaera,
2015; bakaesa, UrHatosa, 2015]. Micnonb3oBaHue
TOKCUKOJIOTMYECKMNX XaPaKTEPUCTUK B Ka4vecTBe
OOHOro M3 MNpPU3HAKOB ©ONaronosly4yHoOM BOAHOM
akocucTembl npusoauTcs B pabote E. A. Mpumak
n H. B. 3yesoii [2016].

Ha ocHoBe komnnekca OU3NKO-XUMUYECKUX,
rmopobumonormyecknx n GUoTecToBbLIX nokaslaTe-
nemn paspaboTaH Noaxon A5 BbIABIEHUS COCTOSN-
HUS KpaWHeW CTerneHu 39KOoornmyeckoro Hebna-
ronofy4ms BogoxpaHunuuy, [Xopyxas, MuHuHa,
2017]. OueHka 39KONOrM4eckoro COCTOSHUS BOA-
HbIX OOBLEKTOB B BMOE COBMECTHOrO aHanmsa pe-
3yNbTaToB OMOTECTUPOBAHUSA N GUSNKO-XMMUYEC-
KVX AaHHbIX BbiNosHeHa ans pek CaHkT-MNeTepbyp-
ra [Kynanrunesa, Nanbuosa, 2002; ManbuoBa n ap.,
2010], npuTokoB PbIGMHCKOrO BOAOXPaHUIULLA
[TuxaHoBckas, MawwunxnHa, 2016], akBaTtopuun
MarHuToropckoro Bogoxpanunuwa [Fpnbosckuin
n ap., 2009] n opyrmx BOOOEMOB.

Takum 06pas3oM, NMpu UHTErpasbHOM OUEHKe
3KONIOrMY4EeCKOro COCTOAHUA BOOOEMa B KayecT-
BE OLHOro U3 NPUOPUTETHbLIX NPU3HAKOB Hapsay
C OOLLENPUHATBEIMU TMOPOXUMUYECKUMU U TUOPO-
BronormyeckMmMm nokasatensaMmn LLenecoobpasHo
MCMNO0JIb30BaTb TOKCMKOJIOMTMYECKME XapakTepuc-
TUKW.

Llenb paboTbl — co3gaHue Mmoaenm-knaccuoun-
Kauum Ois 1UCrnonb30BaHUA XapakTePUCTUK OCT-
PO TOKCUMYHOCTWM MOBEPXHOCTHbLIX BOL B WHTEr-
pasibHOM OLLEeHKE 3KONOrM4eCckoro COCTOSHUSA BOA -
HbIX 0OBbEKTOB.

MaTtepuanbi u meToAbI
MeTtoa cBoaHbIX nokasaresnen

MHTerpanbHas oueHka 3KOJIOrM4eCcKoro Cco-
CTOSIHUSI BOOHbIX OOBLEKTOB BhIMOJIHAMACH HA OC-
HOBE MeToda CBOAHbIX MnokasaTesien [XOBaHOB,
1996; Omuntpres n gp., 1997]. B ero ocHose ne-
XUT MNOCTPOEHME aBTOPCKOWM MOLENN-KNaCCU-
duvKaumMm 3KOJIOTMYECKOro COCTOSIHUS BOLHOMO
obbekTa.

BHavane 6b11v BblOpaHbl NPMOPUTETHLIE MPU-
3HaKu, No KOTOPbLIM NPOBOAMIACH Knaccudukaums
3KONOrM4eckoro coctoaHus. danee B knaccuou-
Kauum BBOAWMIVCH NEBbIE U MNpaBble rpaHuLbl s
BCEX WCXOOHbIX XapakTepucTuk M NpPOBOAMNACH
npowenypa HopMUPOBaHUA.

Kputepuu, Bxogsawme B UCXOLAHYIO kKnaccupu-
Kauuio, MOXHO pasnenntb Ha asa tuna. K nepso-
MY TUMY OTHOCSATCS XapakTepuUCTUKK, YBEIMYEHNE
3HAYEHUIN KOTOPbIX MOKa3blBAET yXyALIEeHNe 3KO-
JIOrMYeckoro COCTosHMA BoOoToKa. Ko BTOpomy
TUMY OTHECEHbI KPUTEPUN, YBENIMYEHNE 3HAYEHUI
KOTOPbLIX CBUAOETENLCTBYET 006 yiydlleHUn co-
CTOAHUSA. [1pn 3TOM Hamny4dwemy 3KOJI0rM4yeckomMy
COCTOSIHMIO MO KaXA0MY OLLEHOYHOMY KPUTEPUIO
COOTBETCTBYET 3HayeHue, pasHoe 0, a Hamxyn-
wemy — 1. Takoe npeobpa3oBaHMe BbINONHANOCH
no ¢gopmyne (1) ona kputepues NepBoro Tuna
1 no dopmyne (2) — ons BTOPOro tuna.

0, npy  x; <min,,
X; —min, .

Q= q,(x,)=1{|—————/|, pm (Min; <x; <max;), (1)
max,—min,
1, npy X, >max;
1, npy  x, <min,,
max, — X, .

g, =q,(x;)=1| ————=—|, npn (min, < x, <max;), (2)
max,—min,
0, npu X, >max;.

B ¢opmynax: g, — HOpMMpPOBaHHOE 3Ha4eHve
napameTpa; X, — TeKyllee 3HadeHue Kputepus,
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McecnepoBaHHble BOAHbIE OObEKTHI:

1 - 03. YepeTBuubl, 2 — 03. bonbluoii MBaH, 3 — 03. BanaaabiHb, 4 — 03. Ypuukoe, 5 — 6yxTa MNeTpokpenocTs J1lanoXkckoro o3epa

Studied water bodies:

1 - Lake Cheretvitsy, 2 — Lake Bolshoi lvan, 3 — Lake Balazdyn, 4 — Lake Uritskoe, 5 — Petrokrepost Bay of Lake Ladoga

max, (min,) — MakcMMasnbHoe (M1uHMMasbHoe) 3Ha-
YeHune KpuTepus.

Taknm 06pa3oM, UCXOAHbIE NapamMeTpbl B pas-
JINYHBIX LWKanax M3MepeHns NpuBoauINCh K egum-
HOl ©e3pa3MepHOl LWKane, Nnocse 4ero Hag ux
3HAYEHNSAMM CTaNo BO3MOXHO MPOU3BOAUTbL Ma-
TemMaTnyeckme OENCTBUSA C LENblO MOAYYEHUS VH-
TerpanbHOro nokasarens.

Ha cnenytowem atane no ¢opmyne (3) ana ne-
BOM M NpPaBON rpaHuLbl KaXX40ro Kjiacca paccyu-
TbiBAJIOCb 3HA4YEHME WHTErpasbHOro nokasare-
na Q.

Q=>_a,%p; (3)
i—1

rae n — HYYCno KPUTEPUEB OLIEHNBAHUS; g, — HOP-
MVPOBAHHOE 3Ha4YeHne napameTpos, p, — BeC na-

[Mpy nocTpoeHnn 3TOro nokasarensd MOXHO
y4MTbIBaTb HE TOJSIbKO MoKasartenn q, HO N UX 3Ha-
YMMOCTb, OMpenenssemMylo BeCOBbIMU KO3hdULU-
eHTamu p,. Torga cymma BecoBbix KO3 dUUMEHTOB
nonmxHa paBHATLCA 1(0 < p, < 1). B naHHom paboTe
cTpounacb Mopefb-kinaccndukaumuss Ha OCHOBe
npennosioXeHns, YTo Bce TpW BbIGpaHHbIX Napa-
MeTpa 3KOJIOMMYECKON OLLEHKN (TMAPOXUMUNYECKUNA,
rMapobmroNormMyecknin U TOKCMKONOrMYeCKniA) paB-
HOBEeCHbI. [109TOMY pacyeT MHTEerpasbHOro noka-
3arenyd CBOAWIICH K OCPEOHEHMI0O HOPMUPOBAHHbIX
3Ha4veHnin. B pedynbTarte BbIMNOSHEHNSA 3TOro aTana
Oblna nonyyeHa wkana MHTerpanbHOro nokasaresns.

Anpobaums Ha HaTypPHbIX AaHHbIX

B kayecTtBe WCXOOHbIX [daHHbIX BbICTYMNaloT
rmopoxuMuyeckue nokasartenu, rmapobuonoru-

pametpa.
()



yeckume, B TOM YUCIE TOKCUKONIOrM4eckme, xapak-
TepucTuKn psaa o3ep MNMckoBckon 061aCcTu U LEH-
TpanbHOW YacTu OyxTbl lMeTpokpenocTb Jlagox-
CKOro o3epa (puc.).

Osepa [lckoBckoi obnactm - banasgpbiHb,
Bonbwon WMeaH, Ypuukoe n YHeperBuubl — pac-
MOJIOXKEHbI B €€ t0XHOW YyacTu. [JaHHble BOOOEMbI
ABNAIOTCS MENKOBOAHbIMU N NPOTOYHbIMKU. O3epa
BbanasgbiHb, Bonbwon MeaH 1 Ypuukoe B OCHOB-
HOM MMEIOT pekpeaumoHHOe 3HadyeHue. B o3epo
YepeTBuuUpbl ocyLlecTBAsgeTcss cOpoc nocne 6mo-
JIOrMYECKOW OYUCTKM MPOM3BOACTBEHHbBIX U XO-
39MCTBEHHO-ObITOBbLIX CTOYHbIX BOA, KOTOpPble 006-
pas3ylTca B pedynbrtarte OeATesIbHOCTU 3aropoj-
HOro 0340POBUTENBHOIO Nareps.

BbyxTta lMeTpoKpenocTb — KPYMHbI MEJSIKOBOL-
Hbll 3a/IMB B IOXKHOM 4acTu JlagoXckoro o3epa.
OHa nozBepxeHa pa3HOMIaHOBOMY aHTPOMOreH-
HOMY BO3LENCTBMIO. 30eCb NPOXOAUT OCHOBHOM
cynoxoaHblin papsartep Bonro-bantuinckoro nyru,
BMAJaloT 3arpsi3HEHHbIE MPUTOKM 1 pacnonarawT-
CS TO4YeYHble MCTOYHUKWN 3arpsasHeHus, cbpachl-
BalOLLME CTOYHbIE BOAblI HEMOCPEACTBEHHO B Jla-
noxckoe o03epo [KoHgpatbes, MNMosgHakos, 2013].
MpunbpexxHasn 30Ha OyxTbl XapakTepusyeTtcs bonee
BbICOKMM TPODUYECKMM CTAaTyCOM 1 YPOBHEM 3a-
rpsa3HeHnsa [Uriateesa n ap., 2013].

Lns OueHKM 9KONOrm4eckoro COCTOAHNS LLEHT-
pasibHoM YacTun 6yxTbl MNeTpokpenocTb J1aaoXcKo-
ro o3epa MCNONb3YKTCS NUTEPATYPHbIE OAHHbIE
322012 1 2013 rr. [doknaga..., 2014]: YKU3B, nH-
[EeKC TOKCUYHOCTHU, MOJIYYEHHbI ON9 UHPY30puii
Paramecium caudatum Ehrenberg (Bpems Tect-
peakumn — 30 MUH.), @ Takke UHOEKC canpobHo-
CTU1, PaCcCYUTaHHbIN MO MHANKATOPHbLIM BUAamM du-
TOMMAHKTOHA.

JaHHble 0 kayecTBe BoA 03ep NckoBCKOM 00-
nactn B 2013 r. npegoctasneHbl [T MO «LeHTp
[EeTCKOro oTapixa M 0300pOoBAEHus». Ona komn-
JNIEKCHOW OUEHKM CTENEeHU 3arps3HEHHOCTU BOA-
HblX OOBLEKTOB MO NPeaoCTaBNEeHHbIM TMOPOXU-
MUYECKMM rnokazartensam nnsa o3ep [lckoBckon
obnactm Hamu Obln paccynTaH yaesbHbIA KOM-
OVHaATOPHLIN  UHOEKC 3arpsiBHEHHOCTU  BOAbI
(YKM3B). Ona pacyeta cornacHo metoauke [P/,
52.24.643..., 2003] ncnonb3oBanochk YeTbipe 3Ha-
YEHUS KOHLIEHTpaUMA MO KaxXOOMy 3arpsi3Hsio-
wemy BewecTBy 3a nepuog 2013 roga. B uncno
nokasaTenien BXoauan: 6UoxmmMmmyeckoe noTpeob-
neHune kmucnopoaa 3a 5 cytok (Br1K;), xumnyeckoe
notpebnenue kucnopoga (XMK), cyxoir ocrarok,
CoAepXaHne B3BELLEHHbIX BeLLeCcTB, HedTenpo-
OYKTOB, a30Ta aMMOHWUIHOro, asoTa HUTPUTOB,
asoTa HUTpaToB, pocdopa obLuiero, xenesza o0b6-
uero, cynbdar-moH, X10pna-noH, PacTBOPEHHbIN
KUCNOPOA, aHWOHHbIE MOBEPXHOCTHO-AKTMBHbIE
BewlecTsa (AlNAB).

M3 rugpobuonorvyeckux nokasarenen ass
OLEHKM 9KOJIOFMYEeCKOro COCTOSHUS uccneaye-
MbIX 03ep [lckoBckoi 061acTy Mcnosib30oBascs
nHaekc canpobHocTu MaHTne n bykka B Mognoun-
kaumn Cnageyeka, pacCynTaHHbIN MO UHANKATOP-
HbIM BuAam GUTOMNNAHKTOHA, MOJIyYEHHbIM B Me-
puoga ¢ Mas no ceHTtabpb 2013 r. Takke ncnosb-
30BaNnChb pe3ynbTaTbl BUOTECTMPOBAHUSA BOObI 3a
TOT Xe nepuopn. B kauyectBe TeCT-0OBLEKTOB ANS
OLEHKM TOKCUYECKOro AENCTBUS MNPUMEHSIUCH
pakoobpasHble padHus marHa (Daphnia magna
Straus), OOHOKNETOYHbIE 3€efieHble BOAOPOCU
M3 Kacca NpoTOKOKKOBbIX — xnopenna (Chlorella
vulgaris Beijer) [MHA..., 2014a, 6]. MNpogonxn-
TENbHOCTb TECT-Peakunn aas pakoobpasHblX CO-
cTasnana 48 yacos, ong Bogopocnen — 22 yaca.

M0 MHEHUIO MHOTMX aBTOPOB, HXN OOVH U3 OT-
OEeNbHO B3ATbIX OPraHM3MOB HE MOXET CAYXMUTb
YHUBEPCA/bHbIM TECT-00HLEKTOM, 4YYBCTBUTESb-
HbIM K BeLlecTBaM Pas/iN4yHOM XMMUYECKOW MNpu-
poabl. CnepoBatenbHO, A9 rapaHTUPOBAHHOIO
BbISIBJIEHNS TOKCUMYECKOro adpdekrta cpeapl 40I-
XEeH ucnonb3oBaTtbcad Habop OwuoTtectoB [bpa-
rMHCKUIA 1 ap., 1979; JlecHukos, 1983; duneHko,
1989; bakaea, 2015]. CornacHO HOPMATUBHbIM
[OKyMeHTaM, cocTaB OMOTECTOB (MEeTOAVK) Takxke
DOJDKEH BKJIOYaTh TECT-00bEKTbI pa3HOro Tpodu-
4eCKOro M CUCTEMATUHECKOrO YPOBHS. Peakums
TecT-00bekToB, 06nagaloWnX Pa3INYHOM YyBCT-
BUTENbHOCTbLIO K OOHOMY 1 TOMY Xe BO3AENCTBMIO,
NO3BONSET MONYy4YNTb 6onee 06LEKTUBHYIO OLLEH-
Ky ToKCcu4yeckoro 3zarpsisHeHus [P 52.24.690...,
2006].

B paHHOl paboTe pns NMOCTPOEHUS KNaccu-
dukaumm no TOKCUKONOrMYECKUM XapaKTepuc-
TMKam BblOpaHbl OpraHM3amMbl pPa3HbIX TakKCOHO-
MUYECKNX YPOBHEN: pakoobpasHble (Daphnia
magna), OOHOKJIETOYHbIE 3efieHble BOO0POCAU
(Chlorella vulgaris) n npoctenwme — nHdy3opun
(Paramecium caudatum). Yka3aHHble TeCT-00b-
eKTbl SIBASIOTCSA MNPeacTaBUTENsSMU  OCHOBHbIX
coo0LLecTB rmapoOUOHTOB U TPAAMLMOHHO Npu-
MEHSAIOTCA B MPUPOAOOXPAHHBLIX HOPMATMBHbIX
DOKYMEHTax 1 OOLLLENPUHATLIX METOAMKAX, BKJIIO-
4yeHHbIx B PepepanbHblii NHPOPMaLMOHHBIN HOHA,
no obecneyeHunto egnHcTBa namepenun [MHA,...,
2014a, 6; ®P..., 2015].

PesynbTaTtbl U 06CYy)XaeHue

OcyllecTBNeHNE  OLEHKM  3KONOrM4ecko-
ro COCTOSiHUSE BOAHOro ob6bekTa METOAOM
CBOOHbIX MokasaTenen TpebyeT BbiboOpa paga
NPUOPUTETHBLIX MpU3HakoB. 1o HUM MpPOBO-
anTcs  knaccudukauma  3KOJIOrMYeckoro  Co-
CTOsIHUS BOAHOro obbekTa. B naHHoM paboTe Bbl-
OpaHO TPM TakMX Mpu3HaKa: rMAPOXMMUYECKUN,
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Tabnmua 1. Moaens-knaccudurkauma aKoI0rM4eckoro CoCToAHMA BOAHOMO 00bekTa

Table 1. Classification scheme of water body ecological status

KaTeropuu akonornyeckoro CoOCTosiHUS!
Class of ecological status
Mpun3aHak KaTtacTtpoduyeckoe KpusncHoe Heynoenetsopu- | YooBnetBoputenb- | bnarononyyHoe
Index Very bad Bad TenbHoe Hoe Good
\ \% Unsatisfactory Satisfactory |
11l Il
YKN3B 16,0-11,1 11,0-4,1 4,0-2,1 2,0-1,1 1,0-0,0
SCWPI 3KCTPEMasIbHO rpsisHas 3arpsidHeHHas | cnabo3arpsi3HeH- | YCOBHO YMcTas
1 Knacc kavyecTtBa rpsidHas polluted contaminated Has conditionally
Class of quality extremely polluted moderately con- clean
taminated
S 6,00—-4,01 4,00-3,51 3,50-2,51 2,50-1,51 1,50-0,00
Knacc kavecTtsa OY€Hb rpsi3Hble rpsi3Hble 3arpsi3HEHHbIE | YMEPEHHO 3arpsi3- | OYEHb YNCTbIE
2 Class of quality heavily polluted polluted contaminated HEHHblE M YnCTble
moderately con- very clean
taminated and clean
A, % 100-91 90-50 49-11 10-6 5-0
Hanuune T. 4. O0.T. 4. 0.T. 4. T. O. He oKa3biBaeT He oKa3biBaeT
toxic effects a.t.e. a.t.e. t.e. 0.T..4. 0.T..4.
noa.t.e. noa.t.e.
J, % 100-91 90-71 70-30 29-16 15-0
3 Hanuune T. 4. -100-(-91) -90-(-61) -60—-(-20) -19—-(-11) -10-0
toxic effects T. 4. T. 4. T. 4. He OKa3blBaeT T. 4. | He oka3blBaeT
t.e. t.e. t.e. not.e. T. 4.
not.e.
T 1,00-0,91 0,90-0,71 0,70-0,41 0,40-0,21 0,20-0,00
CTeneHb TOKCUYHOCTU BblCOKas BbICOKasi yMepeHHas nonyctumas nonyctumas
toxicity level high high medium permissible permissible

lMpumedarme. 3peckb 1 B Tabn. 3: YKU3B - yaenbHbIi KOMOMHATOPHBIA MHAEKC 3arpsa3HeHHOCTU BOAbl; S — MHAEKC canpobHOCTM
MaHTne — bykka B moandukaumm Cnagedeka (No GpuUTonnaHkToHy); A — cMepTHOCTb Daphnia magna B 48-4yac. onbiTe, J — U3MeHe-
HWe onTuyeckon NnoTHocTu Chlorella vulgaris; T — HAEKC TOKCUYHOCTU Ans Paramecium caudatum; T. .. — TOKCUYECKoe AeNCTBUE;

0. T. 4. — OCTPOE TOKCUYECKOe AeNCTBME.

Note. Here and in Table 3: SCWPI — specific combinatory water pollution index, S — Pantle-Buck saprobity index in the Sladecek
modification (for phytoplankton); A — Daphnia magna death rate (24 h), J — Chlorella vulgaris optical density; T — Paramecium cau-
datum toxicity index; t. e. — toxic effects; a. t. e. — acute toxic effects.

rmopoburonormiyecknimn-6MONHANKALNOHHBIN
1 GUOTECTOBbIN (TOKCUKONOrMYECKWNIA).

370, BO-NEpPBbIX, YOeNbHbIA KOMOWHATOPHbIN
nHaekc 3arpsasHeHHocTn Boapl (YKN3B), BBeaeH-
HbIi B 2002 r. [P, 52.24.643..., 2003]. icnonbay-
eTCs AN KOMIMJIEKCHOM OLEHKN CTENeHn 3arpas-
HEHHOCTM NOBEPXHOCTHbLIX BOA MO rMAPOXUMUYEC-
KM rnokasaTensim.

Bo-BTOpLIX, WHAEKC canpobHocTn [laHTne
n bykka B mogmndukaumm Cnageveka (S) [Pyko-
BOACTBO..., 1992]. [laHHbIN METO, LWMPOKO Npu-
MEHSETCS B OLEHKe 3arpsa3HeHns NpMpoaHbIX BOL,
no ¢uTo-, 300MaHKTOHY KU 3006eHTOCY. B npepn-
JIOXKEHHOW Mopenun-knaccudumnkaumm Ncnosb3yeT-
cs canpobHOCTb, paccynTaHHas Nno MHAMKaTop-
HbIM BMaam puTonnaHkToHa.

TpeTnin NPU3HaK — TOKCUKOJSIOMMYECKUIN, B HEro
BKJIIOYEHbI: OCTpasi TOKCWYHOCTb, OnpegensemMas
Nno U3MEHEHWNI0 CMepPTHOCTU fadHuin Daphnia magna
B TeCcTMpyemoi npobe 3a 48 4acos (A), TOKCUYHOCTb,
onpegensemMas no U3MEHEHUD OMNTUYECKOW MoT-
HocTn TecT-obbekTa Chlorella vulgaris 3a 22 4yaca

(J), a Takke MHOEKC TOKCUYHOCTU ong Paramecium
caudatum (T) [MHA..., 2014a, 6; ©P..., 2015].

BbigeneHne guana3oHoB 3HaYE€HWM KaTeropu
B Mozesm-Kiaccugpukaumm

MpennoxeHHas knaccudurkaums (tabn. 1) npe-
oycMartpuBaeT NATb KaTeropuili COCTOSHUSA BOL-
HOW 3KOCUCTEMbI: KaTtacTpodpuyeckoe, Kpu3nc-
HOe, HeyO0BNEeTBOPUTENLHOE, YOOBETBOPUTESIb-
Hoe 1 6naronosnyyHoe.

Knaccudwukauma no 3HaveHuio YKU3B npo-
BOAMNACbL B COOTBETCTBUM C MeToaukon [P
52.24.643..., 2003]. Takum o006pasoMm, Kaxmno-
MY U3 MATU KJ1AaCCOB KayeCcTBa BOL, BblAESIEHHbIX
no 3HayeHnio YKM3B, cCOOTBETCTBYET CBOS KaTe-
ropusi 3KOJIOrMYECKOro COCTOSHUSE BOAHOIO 00b-
ekTa (Tabn. 1).

ABTOpbl pekomeHpauun [P 52.24.763...,
2012] Takxe OTHOCAT NATHIA KlACcC KayeCcTBa BOL,
no YKN3B k HauxyaLen kateropmum «3konormyec-
koro 6e4CcTBMS», @ YHeTBEPTLIN — K «<4PE3BbIHaNHON
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akonormnyeckonm cutyaumm». OgHakKo OTHOCUTENb-
HO YOOBNETBOPUTENbHLIM COCTOSIHUEM B PEKO-
MEeHOALMAX XapaKTepu3yoTCs N1LLb BOAbI NEPBO-
ro knacca.

PacnpepeneHne 3HayeHuin nHpoekca canpob-
HOCTU MO YKa3aHHbIM KaTeropusim npoBOAMIOCH
cnepylowmm obpasom. [pu oueHke Bogoema
no nHpekcy MNaHtne — bykka npegycmMmaTprBaeTcs
wecTb knaccoB kadectsa Bogpl [[OCT..., 1982;
PykosoacTteo..., 1992]. [ns Toro 4tobbl nony-
YNTb LUKANYy ANS NSTU KAaTEropuin 9KOI0rnyecko-
ro COCTOSIHUSI U3 3TOW LIeCTUOanIbHOW LWKasbl,
K «6naronosy4HoMy» COCTOSIHUIO OblfIi OTHECEHDI
BOObl C CanpobHOCTbIO, COOTBETCTBYIOLLEN KNnac-
CaM «Q4YEeHb YNCTbIE» U «YNUCTbIE», TO ECTb KCEHO-
1 onurocanpoOHble BOAbI.

OnuncaHHOEe pacnpegeneHne xopoLo corna-
cyetca € knaccudukauuen kadectsa MNOBEPX-
HOCTHbIX BoA, cywu no B. 1. PomaHeHKO C coaB-
Topamu [1990], korga kceHocanpoOHble U Onu-
rocanpobHble BOAbl OTHOCHATCH COOTBETCTBEHHO
K KnaccaMm npenenbHO 4YUCTbIX U YUCTbIX BOA,
B-Mme3ocanpobHble — YAOBNETBOPUTENBHOW YKC-
TOThl, 0-Me30canpobHble — 3arpsi3HEHHbIE, a Mo-
nmcanpobHble BXOAAT B KJIACC «IPSA3HbIE».

OTmeTumM, 4TO B pekomMeHpaumsx [mapoxum-
Muyeckoro wuHctutyta [P 52.24.763..., 2012]
JINWb KCEHO- W onuMrocanpobHble BOAObl OTHe-
CeHbl K Haunyyllen kateropum «OTHOCUTENbHO
YOOBNETBOPUTENIBHOE COCTOSIHME», B OTAN4ME
oT knaccuduvkaumm MwuHnpupoabl [MeTtoau-
Ka..., 1992], roe B Takylo Xe KaTeropuio BXxoauT
n B-me3ocanpobHas 3oHa. B npennoxeHHoM knac-
cudpukaumm (tabn. 1) B-mesocanpobHbie BOAbl
TakXe OTHECEHbl K KaTeropuv yaoBAeTBOPUTESNb-
HOro 9KONOrM4eCcKOro COCTOSIHUS, BCleacTeue
TOro, YTO Takne 3HavyeHus nHaekca lNMantne — byk-
Ka MOryT COOTBETCTBOBATb MPUPOAHLIM BOAAM,
HE MCMbITbIBAIOLWNM aHTPOMOreHHOro 3arpsisHe-
Hua. Tak, moHorpadwmsa J1. T1. PoepkkoBa [1999]
NO3BONIFET CyAUTb O XapakTepUCTUKax He3arpss-
HeHHbIX BogoemoB CeBepHoro MNpunagoxes. Can-
POOHOCTbL, OLEeHEeHHas No GUTOMIAHKTOHY, B OJnN-
rOTPOMHbLIX U ONUIOME30TPOMHBIX 03epax 3ToM
TepputTopun nameHsieTca B npeaenax 0,88-1,91.

TOKCUKONOrn4yeckne xapakTepucTukn, BKIIIO-
YeHHble B MOAeNb-kKnaccudounkaumio, — pesynbra-
Tbl COBMECTHbIX BUOTECTOB AJ11 OPraHM3MOB pas-
JINYHOrO TaKCOHOMUYECKOrO YPOBHS. 10 MHEHMIO
MHOIMX aBTOPOB, 3TO HeobxoauMo anst obecneye-
HUS Ba/IMOHOCTU pe3ynbTaToB [BparnHckui n ap.,
1979; NecHukos, 1983; duneHko, 1989; Bakaesa,
2015]. YuuTbiBasi, 4TO AaHHbIE TPEX NapaniesbHbIX
TOKCUKOJIOTMYECKMX OMbITOB HA Pa3fN4yHbIX TECT-
o0bekTax — peaKkocTb, NpU HepgocTaTke MHGOopP-
Mauum npenyioxXeHHasa knaccudukaumss MOXET
OblTb OrpaHMyeHa npuaHakamm, Moy4eHHbIMU

C UCMNOJIb30BaHNEM MEHbLLEro 4ucna TecT-o6b-
eKTOB. [Mpyn NOCTPOEHUN MHTErPAbHOIO MHAEKCA
ONs pacyeToB O0/KHA OblTb BblOpaHa ogHa TOK-
cuKonornyeckas xapakrepmuctuka. Micnonbsyetcsa
OMOoTEeCTOBbI nMokasdaTeslb, LAEMOHCTPUPYIOLLMIA
60/1bLUNIA YPOBEHL TOKCUYHOCTM.

B meToamke no onpeneneHumio TOKCUYHOCTU
C ucnosib3oBaHvem gadpHuin [IMHA..., 20146] Bbioe-
naT obnacTu, koraa tectmpyemas npoda B 48-ya-
COBOM OrbITE HE OKa3bIBaeT OCTPOro TOKCMYECKO-
ro nencteus (npu A < 10 %) n korga HabnogaeTcs
oCTpoe ToKcumyeckoe pencteme (npm A > 50 %).
Bonee noppobHan knaccudukauus npecHoBOs-
HbIX 9KOCUCTEM MO YPOBHIO TOKCUYECKOro 3arpsi3-
HEHWs1 NO AaHHbIM BUOTECTMPOBAHUSA Ha AadHUSX
6bina npennoxera J1. M. BparvHckum [1985]. Ons
NATW KIACCOB BOA, aBTOP BbIAENSET cneayolme
YPOBHU TOKCUYECKOr0 3arpsa3HEeHNs: ONIMrOTOKCUY-
HOCTb, [3-ME30TOKCMYHOCTb, O-ME30TOKCUYHOCTb,
NOSIUTOKCUYHOCTb N FT’MMEPTOKCUYHOCTb.

Ha ocHOBe yka3aHHbIX B MeToAMke Ananaso-
HOB U1 knaccudukaumum J1. . BparnHckoro npeg-
NIOXEHHas HamMu Mopjenb-knaccudurkaums ¢ uc-
Nnosib30BaHMeM [adHUiM CTPOUTCH CReayloumm
obpazomM. K kaTeropmsim aKosIormieckoro coctosi-
HUS «OnaronoslyyHoe» U «yO0BJIETBOPUTENIbHOE»
(Tabn. 1) OTHOCAT BOAWI, 4711 KOTOPbIX CMEPTHOCTb
nadHum coctaenseTt meHee 10 %. Mo wkane bpa-
FMHCKOr0 [OAaHHOMY [Amanas3oHy COOTBETCTBYET
ONIMFOTOKCUYHOCTbL. 'paHnua mexay 1-n n 2-n ka-
TEropusiMn BblAENEHA B 3HAYNTENBHON MeEpe yC-
JIOBHO, AeneHnemM o6n1acTy nornosnam.

Cnepywowada, 3-a kateropus «HeygoBneTBO-
puTeNbHOE cocTosfHue» (6onee 10, HO MeHee
50 % cmepTHOCTW) BblaefieHa C yd4eToM obnac-
T OTCYTCTBUS OCTPOr0 TOKCUMYECKOro [Aen-
CTBMA corfacHo mertoguke. o knaccudwukauum
[BparnHckuin, 1985] B Hee BxoaaT obnactn [-
N 0-ME30TOKCUYHOCTN.

[nga octanbHbIX ABYX KATeropmum — KPU3NCHOro
N KaTacTpodU4eCcKoro COCTOSIHUSA — CMEPTHOCTb
DadHui B TecTupyemoli npobe 6yaeT HaxoauTbCs
B AmnanasoHe ot 50 o 100 %, roe 50 % n 6onee —
KpuTepun octpor TokcmyHocTtu [MHA..., 2014a].
Mo knaccudukaumm BparMHCKoOro aTo 30HbI NOJN-
TOKCUYHOCTU U TUNEPTOKCUYHOCTU. BbioeneHne
YEeTKUX FpaHuL, B 9TON 061acTy 3aTpyaHUTENBHO.
OOHaKo MOXHO CYMTaTb, YTO «MFHOBEHHAs Wau
B TeyeHne 1-2 yacoB» [BparnHcknii, 1985] rubenb
DadHUI Npy r’MNepTokCUYHOCTU OyOeT COOTBET-
cteoBatb 100% CMEPTHOCTM B OCTPOM OMbITE.
Tak xe kak 1 100% CMepTHOCTb B TEHYEHNE MEHEE
1 yaca, oTHeceHHas no knaccudbukaumm [Okcuok
n ap., 1993] K ypOBHIO «4pe3BbIYANHO TOKCUYHAS».
MoaToMy AaHHbIn amana3oH (> 90 %) Obin OTHe-
CEH K NATOM KaTeropmum — katactpoduyeckoe 9Ko-
NIOrMY4ECKOE COCTOSIHUE.
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Tabnyuya 2. 3HadyeHus MHTEerpasbHOro unHekca 3KOJI0rm4eckoro cocTtodaHuna BOAHOIO obbekTa

(Q) npw

MCNOJIb30BAHMN PA3HbIX TOKCUKOJIOTMYECKNX XapakKTepncTmk

Table 2. Integral index of the ecological status of a water body (Q) when using different toxicological characteristics

NHpekc KaTactpoduyeckoe KpuancHoe Heynosne- YAoBNETBO- BnarononyyHoe
Index Very bad Bad TBOpPUTENBHOE puTenbHoe Good
Unsatisfactory Satisfactory
Q, 1-0,75 0,75-0,44 0,44-0,21 0,21-0,12 0,12-0
Q, 1-0,75 0,75-0,51 0,51-0,28 0,28-0,15 0,15-0
QJ, 1-0,75 0,75-0,48 0,48-0,24 0,24-0,14 0,14-0
Q. 1-0,75 0,75-0,51 0,51-0,31 0,31-0,17 0,17-0

lNpumeyanne. HnxHunin nnpekc Q: A — cmepTtHocTb Daphnia magna, J* — usmeHeHve ontudeckoi nnotHocTu Chlorella vulgaris (no-
NIOXUTENbHAsS YacTb AnanasoHa); J- — U3MeHeHne onTu4Yeckon nnoTHocTu Chlorella vulgaris (oTpuuaTenbHas 4acTb AmManasoHa);

T — MHOEKC TOKCMYHOCTW ans Paramecium caudatum.

Note. Subscript of Q: A — Daphnia magna death rate, J* — Chlorella vulgaris optical density (positive part of the value range); J--
Chlorella vulgaris optical density (negative part of the value range); T — Paramecium caudatum toxicity index.

B cnyyae onpegeneHus TOKCUYHOCTM MO U3-
MEHEHUMI0  OMTMYECKOM MJOTHOCTM TecT-00b-
exkta Chlorella vulgaris TeopeTUyeCckn BO3MOX-
HO W3MEHEHMEe XapaKTePUCTUKM B rpaHMLax
ot —100 mo 100 %. B metoamke [MMHA..., 2014a]
KpUTEpPMEM TOKCUYHOCTM MNpPoObl BOAbl SABNSA-
€TCS CHWXEHWe CcpeaHen BeNYUHbI OMNTUYEeC-
KOW MJOTHOCTM MO CPaBHEHUKD C KOHTPOJib-
HbiM BapuaHToM Ha 20% wn 6Gonee B cnydae
nogaBneHns pPocTa TECT-KYNbTypbl UM ee NOBbI-
weHme Ha 30 % 1 bonee NP CTUMYISALLMN POCTOBbIX
npoOLEeCcCcoB.

Takum o00pa3oM, BOOAM, He OKa3blBAKOLLVM
OCTPOro TOKCMYEecKoro pencTteusi, 6yneT cooT-
BEeTCTBOBaTb OTpPe30K OoT —19 mo 29 %, To ecTb
Hauny4ylee 9KONOrMYeckoe COCTOSIHME COOTBET-
CTBYET MPUMEPHO cepeauHe amanasoHa. [1oaTo-
My 0181 BKJIKOYEHUS B MoOAeNb-knaccudukaumio
BECb AManas3oH Obli pasgesieH Ha ABe 4yacTu: no-
JNIOXUTENbHYIO N oTpuuaTtenbHyto. K 6narononyy-
HOMY COCTOSIHUIO OTHeceHbl oTpe3km oT 0 0o 15 %
1 oT —-10 0o 0 %. OcTanbHasa 4aCcTb 3HA4YEHU B 00-
nacTn 6e3 OCTPOro TOKCMYEeCKOro AeNCTBUS BOLL-
nla B Kateropuio yaoBneTBOPUTENIBHOIO 3KO0rn-
4eCKOro COCTOSIHUS.

Tak xe kak B mMogenm-knaccuoukaumm ¢ wuc-
NnoJfib30BaHMeM AadHU, K KatacTpoduUYeCcKoMy
COCTOSIHMIO OblIM OTHECEHbI 3HayeHus, 6nnskue
K =100 % (c abcontoTHbIMK 3HadYeHuaMn > 90 %),
a OCTaBLUAsICA 4aCTb AMana3oHa NopPOBHY noaene-
Ha Mexay KaTeropusiMun «KpusmcHoe» U «HeyaoB-
NIeTBOPUTENbHOE>.

Mo BennunHe nHgekca TOKCUYHOCTMU, NOJTyHEH-
Horo anga Paramecium caudatum, Boapbl OeNATCH
MO CTEMNneHn X TOKCMYHOCTW Ha TPW rpynnbl: Oo-
nyctumas cteneHb TokcnyHocTtm (0,00 < T < 0,40),
ymepeHHas (0,41 < T < 0,70) n Beicokas (T > 0,71)
[DP..., 2015].

Mcxooa ns atoro, B pa3paboTaHHOK Moaenu-
knaccudukaumm npegnonaraeTcs, YTo OOonycTu-
Mas TokcuyHocTb (0-0,40) npucylia kateropmsam

«B6narononyyHoe» 1 «ygoBETBOPUTENBLHOE» 3KO-
Jlornyeckoe cocTtosHmne. YMepeHHasa TOKCUYHOCTb
OTHeceHa K HeyOOBJIETBOPUTESIbHOW rpajaunu,
a BbICOKas — K KPU3UCHOMY U KaTaCTPopUyeckomMy
3KOI0rM4eCKOMY COCTOSIHUIO.

B wutore nonydeHa mopenb-knaccupukaums,
B KOTOPYIO BOLLIN TPU TOKCUKOOrMYeckmne xapak-
TepucTukn. Janee, kak 6b1710 ONUCaHO BhILLE, MPO-
BOAWIACb npouenypa HOPMUPOBAHUA UCXOLHbIX
3HAYEHVA C MOMOLLBID HOPMUPYIOLWUX PYHKLUN
M pacyeT rpaHuL, Kateropmm MHTerpasbHOro rnoka-
3atens Q (tabn. 2).

VIHTerpasbHasi oLieHKa 3K0J10rn4eckoro
COCTOsIHMS BOOOEeMOoB

[MonyyeHHas HamMu kKnaccudukaunsa ons OLeHKN
9KOOrM4eckoro cocTosiHuA Gbina anpobrpoBaHa
B LUECTW BapuaHTax (Tabn. 3) — Ha YeTbipex o3epax
MNMckoBckon o6nacTu, a Takke B LeHTpasibHOM Yac-
Tn ByxTbl MeTpokpenocTb Jlagoxckoro o3epa, roe
npv anpob6aumm UCNonb30Bannck JaHHble 3a 2012
n2013rr.

Onsa o3ep lMckoBckor obnactn Gblan M3BECT-
Hbl [OBe TOKCMUKOJIOTMYEeCKMe XapakTepucTukn
(tabn. 3). I3 HMX B OuLEHKe, Hapsay C rmopoxu-
MUYECKUMWN U TMAPOBNONOrMYecKUMN nokasaTe-
N9MN, NCNOJSIb30BASIOCb U3MEHEHNE OMNTUYECKOWN
nnotHoctn Chlorella vulgaris, Tak Kak Mo 9T0-
MY TOKCUKOJIOTMYECKOMY rMnokasaTtesio nonyye-
Ha OLEHKa XyXe, 4eM MO BTOPOMY (CMEPTHOCTb
Daphnia magna). Takum 06pa3om, paccymTbiBa-
CA MHTerpasibHbIn nokasaresb Q,, (tabn. 4). Ana
OyxTbl MNeTpoKpPenocTb B OLLEHKE MCMOMb30BasCs
MHOEKC TOKCUYHOCTU ana Paramecium caudatum,
COOTBETCTBEHHO, pPacCyUTbIBaNICA WHTErpasb-
Hbl MHOeKC Q.. PaHxvpoBaHHble pesysibTaTbl
OLEHKM 3KOJIOTMYEeCKOro COCTOAHUA WUCCNeno-
BaHHbIX BOAHbIX OOBLEKTOB MO MNpenjoXKeHHOMY
VMHTEerpanbHOMY rokasaTesiio npeacras/ieHbl B
Tabnuue 4.
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Tabnvua 3. VicxooHble faHHbIe 4151 OLLEHKM 9KOJIOMMYeCKOro COCTOsIHMS Ha NprMepe 03ep ceBepo-3anaaa Poccun
Table 3. Initial data for assessing the ecological status of the lakes in the North-West of Russia

BopaHbIii 06bekT YKI3B SCWPI s A% 1% n
Water body
‘ii‘kiag?:'ii‘?;'ﬁ 0,55 2,05 0 15,0 -
“Jake Bolshoi lvan 0,27 2,10 0 6,0 ;
(ke Gheretitey 0,68 2.20 0 8.0 -
(ke itk 0,94 2,14 0 18,0 ;
6yl)°(ét[:§lfeop;(§setn§:; I(322001122) " 1,47 2,06 - - 0,26
6y;étnr§lfe0;§sin§:; l(322001133) " 1,52 1,95 - - 0,51

lMpumedaHue. (-) — OTCYTCTBUE AaHHbIX.
Note. (-) — no data.

Tabnmua 4. OueHka 3K0NI0rM4eckoro COCTOSIHUS MCCef0BaHHbIX BOAHbLIX 0ObEKTOB MO MHTErpanbHOMY rnokasaTesnio Q
Table 4. Assessment of the water bodies ecological status by the integral index Q

BopaHbIi 06bekT Q JKonornyeckoe CoCTosiHME
Water body Ecological status
03. bonbLion MieaH 0.14 Bnaronony4Hoe
Lake Bolshoi lvan ’ Good
03. YepeTBuLbl 0.16
Lake Cheretvitsy ’
03. banasgbiHb 0.18
Lake Balazdyn ’
03. Ypuukoe 0.20 YDoBNeTBOPUTENBHOE
Lake Uritskoe ’ Satisfactory
6yx. MeTpokpenocts 2012 . 0.23
Petrokrepost Bay (2012) ’
6yx. MeTpokpenocTtb 2013 . 0.31
Petrokrepost Bay (2013) ’

3aknioyeHue

B pesynbtate paboTbl MNOCTPOEHa MOAeSNb-
Knaccmdukauma ong OueHKM COCTOAHUS BOOHbIX
akocuctem. [lpenycmaTpmBaeTca  BblOeSIeHUEe
NATU KaTeropuin 3KOJIOMMYEeCKOro COCTOSAHUSA BO-
joema: katactpoduieckoe, KpUsnCcHoe, HeyooB-
JNIeTBOPUTENbLHOE, YOOBNETBOPUTENIbLHOE U Bnaro-
noJly4yHoe.

B kayecTBe NPUOPUTETHBLIX MPU3HAKOB B MO-
Oenn 1Cnonb30BaHbl YAEsNbHbIA KOMOMHATOPHbIN
WHAEKC 3arpsi3HEHHOCTU BOAbl, MHOEKC canpob-
HocTu lNaHTne — bykka B mogudukaumm Cnape-
yeka (MO PUTOMNMAHKTOHY) U TOKCUKOJIOTMYEeCKUe
XapakTepPUCTUKMU.

TOKCMKONOrM4eckuii NPu3Hak B MOAEIN-Knaccu-
durkauny BapnaTnBeH, TO eCTb AJ151 PACHETOB U3 BCEX
OMOTECTOBbIX PE3Yy/IbTaTOB A0JSXEeH ObiTb BblIOpaH
TOT, KOTOPbIA OEMOHCTPUPYET OONbLUNIA YPOBEHb
TOKCUYHOCTU. ITO MO3BONNUT rapaHTUPOBAHHO NOA-
TBEPAUTL HaNN4YME NN OTCYTCTBUE UHTErpasibHOro
TOKCUYECKOro AeNCTBUSA NPUPOLHbIX BOL.

Ctporoe BblAeneHne Kateropuii 9Konormyec-
KOr0 COCTOSIHMA BOLOEMOB MO Tpem nepedymnc-
JNIEHHbIM MOKa3aTensM TOKCUYHOCTU HECKOJbKO
3aTpygHuTEnsHO. MeTtoguyeckune pykoBOACTBA
npeaycMaTpuBaloT NuUllb  OnNpeaeneHne Hamum-
4Ynag TOKCUYECKOrO JAEeNCTBUS WM €ero OTCyT-
ctBus (ona Daphnia magna v Chlorella vulgaris)
nMB0O YCTaHOBJSIEHME CTENeHM TOKCUYHOCTWU (Ans
Paramecium caudatum). OpHako, 6a3upyscb
Ha [OEeNCTBYIOLWMX MeToamKax U knaccudukaum-
AX, WU3N0XeHHbIXx B pabdoTtax J1. 1. bparuHckoro,
0. M. Okcuioka, B. H. XyknHckoro ¢ coaBTopamum
[BparuHckuii, 1985; Okcuiok n ap., 1993], Obiin
Ha3HaYeHbl FPaHNLLbI 41151 BCEX NATU KaTEeropuii co-
cTosiHUSA. MNpuyemM kaTeropusiM «6narononyyHoe»
N  «yOOBNETBOPUTENIbBHOE» 3KOJIOMMYECKOe CO-
CTOsIHME COOTBETCTBYeT 06/11acTb C OTCYTCTBUEM
OCTPOro TOKCUYECKOrO AENCTBUSA UNN — OAS UH-
dy30puin — 061acTb AOMNYCTUMOWN CTEMNEHN TOKCUY -
HOCTU. KaTeropus «katacTtpopunyeckoe» 3KOI0rm-
yeckoe COCTOsiHME COOTBETCTBYET MNpPakTU4YecKu
100% cmeptHOCTM gadHun n 100% ctumynauum
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(M nopasneHnio) pocTa KyJbTypbl XJI0PESIb,
a Takxke BEpPXHEN NOSIOBUHE AMana3oHa «BblCOKas
CTENEHb TOKCMYHOCTW» Onga uHdysopuin. Ha ase
OCTaBLUMECS KaTeropmm — «HEeyaoBNETBOPUTESb-
HOE» N «KPU3NCHOE» 3KOJIOrMYECKOE COCTOSAHME —
NPUXOAMNTCHA OCTaBLUAsACA YacTb LUKasbl TOKCUKO-
JNIOrMYECKMX XapaKTepucTuK.

CnenyeTt OTMETUTb, YTO NOAOOHOE BblaeneHne
OManasoHOB W3MEHEeHUs1 BbIOPaHHbIX TOKCUKO-
JNIOrMYECKMNX XapakTEPUCTUK He SBASIETCS CTPOro
obsazatenbHbiM. Tak, B gAaHHOM paboTe npeno-
XXEHO BbIOENEHME NATU KaTeropuii 9KoNIornyec-
koro coctosiHus. OgHako BO3MOXHO BblAeNEHNE
M YeTbipex, 1 WecTu, 1 T. O. KaTeropun, B 3aBu-
CMMOCTM OT LUenn uccnegoBaHus. M3meHeHusa
B HOPMATMBHbIX AOKYMEHTax Takke MOryT Bbl3BaTb
HEeobX0AMMOCTb KOPPEKTUPOBKN MNPeasioKEeHHbIX
amnana3doHoB. Mogenb-knaccupunkaumsa  MOXeT
OblTb pacluMpeHa MyTemM BKJIIOYEHUS B Hee Mpu-
3HAKOB TOKCUKOJIOTMYECKUX XapaKTepuUcTuK Ois
Opyrnx TecT-00bEKTOB.

PesynbtaTt nHTErpanbHOmM OUEHKN 3KOOrnyec-
KOro COCTOSIHUSI 03ep C WCMNO0JIb30BAHMEM TPEX
NMPUOPUTETHLIX MPU3HAKOB (MMAOPOXUMUYECKOTO,
rnapoburoNniornyeckoro M TOKCUKOJIOTMYEeCKOro)
nokasas, 4TO COCTOSIHME NNLWb OOHOrO N3 nccne-
[0BaHHbIX 03ep — 03. bonbLion MeaH B [lCkoBCKOM
obnactu — aBnsetcsa 6narononyyHbiM. OcTasnbHble
BOAHbIE OOBLEKTbI XapakTepu3ylTcsa YOOBETBO-
pPUTENbHBIM 3KONOrMYECKUM COCTOSTHUEM.

O6paLlaeT Ha cebs BHUMaHMe yxyaLeHne aKo-
JIOFTMY4EeCKOro COCTOSHUS OyxTbl [1eTpokpenocTb
JlTapoxckoro o3epa. HecmMoTps Ha TO 4TO NO AAaH-
HbIM 060OMX NIET OHO MPU3HAHO «yO0BNETBOPUTESb-
HbIM», PACCYUTAHHLIA WMHTErpanbHbIi MHOEKC 3a
2013 r. HaxoOMTCs Ha rpaHvue KIaccoB. Takmm
obpa3om, cocTosiHne BOAHOro obbekTa npudnu-
3UJ10Cb K KAaTEropun «Heyg0B/IeTBOPUTENbHOE.

ABTOpbI 04eHb npusHatesnbHbl E. 0. Bosiku-
HOW 3a nNpenocTaB/ieHHbIe AaHHbIe O PUTOMIaHK-
TOHe B6yxTbi [NeTpokpenocTs Jlanoxckoro o3epa,
H. M. KanuHkuHOV — 3a npoAyKTUBHbBIE AUCKYC-
cum 0 mogenun-knaccugukaumm u A. B. babuHy —
3a reoH@OPMaLMOHHYIO MOALEPXKKY.

WccnenoBaHve BbINOJIHEHO MpPU (pUHAHCOBOM
noaaepxke POOU B pamkax Hay4HOro rnpoekra
N2 16-35-00382 moi_a.
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MODIS-AQUA AND SENTINEL-2 DATA FUSION: APPLICATION
TO OPTICALLY SHALLOW WATERS OF LAKE MICHIGAN
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" Nansen Environmental and Remote Sensing Centre, Norway
2 Scientific foundation “Nansen International Environmental and Remote Sensing Centre”, Russia
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Subsumed under the category of ocean colour (OC) data fusion tools, a new approach is
developed to efficiently use the merits of two OC satellite sensors differing in their spatial
and spectral resolution characteristics. The tool permits to combine high spectral but low-
er spatial resolution optical data from one satellite sensor with higher spatial resolution but
lower spectral resolution data from the other one into animage possessing simultaneously
both high spectral and high spatial resolution qualities. The developed algorithm employs
the artificial intelligence tool: emulated/artificial neuron networks (ANNs). The developed
ANN algorithm performance and efficiency are demonstrated for Lake Michigan. The fu-
sion was effected making use of multiband data from Sentinel-2 Multispectral Instrument
(MSI) and MODIS-Aqua Moderate Resolution Imaging Spectroradiometer (MODIS) sen-
sors. In this version MODIS-Aqua sensor is chosen as an analog of the Sentinel 3 OLCI,
whose spectrometric and atmospheric corrected data are yet unavailable. The multi-
sensor (MS) optical-optical fusion results have persuasively demonstrated the efficiency
of the approach and its applicability to studies of natural water bodies of different optical
complexity. It can be utilized in combination with any biogeochemical retrieval algorithms.
In the case of retrieving water quality parameters (WQP) in optically shallow aquatic en-
vironments, the employment of the fusion tool developed is particularly promising as
the bottom reflectance properties are frequently highly heterogeneous. Indeed, in such
cases, remote sensing optical data acquired at simultaneously high spatial and spectral
resolution are certainly more advantageous as compared to those acquired separately by
two different sensors operating either at high spatial (but low spectral) or high spectral
(but low spatial) resolution. For the retrieval of WQP in optically shallow waters (OSW)
a special algorithm called Biooptical Retrieval Algorithm (BOREALI) - OSW was applied
to study the eastern coastal zone of Lake Michigan. The application of both the OC fu-
sion tool and our BOREALI-OSW algorithm permitted to document both interannual dy-
namics in WQPs as well as bottom substrate spatial heterogeneity in the target OSW area
of Lake Michigan.

Keywords: fusion of multi-sensor ocean colour remote sensing data; optically shallow
waters; retrieval of water quality parameters; bottom cover identification; Lake Michigan.
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A. A. Kopocos, A. B. Moucees, P. WyxmaH, A. B. NMNo3gHakoB..
COBMELLEHUE OAHHbIX MODIS-AQUA U SENTINEL-2: NTPUMEHEHMUE
K ONTU4ECKU MEJTIKUM BOOAM O3EPA MUYUTAH

Pa3paboTaH MHCTPYMEHT AJ11 COBMELLEHNS OaHHbIX ABYX CMYTHMKOBbIX JATYMKOB LBeTa
okeaHa (LLO), oanH n3 KoTopbix MMeeT 6onee BbICOKOE NMPOCTPaHCTBEHHOE pa3peLle-
Hue, a apyroi — 6osiee BbICOKOE CreKTpasibHOe pa3peLlleHne. B peaynbtaTe co3paeTcs
n3obpaxeHune, nmeloLee 0AHOBPEMEHHO BbICOKOE MPOCTPaHCTBEHHOE U CriekTpaibHoe
paspelueHme. Pa3paboTaHHbI anropuTtM COBMELLEHUS OAaHHbIX MCMOJb3yeT annapat
WNCKYCCTBEHHbIX HEMpPOHHbIX ceTelr (MHC), noseonsowmini yctaHaBnmBatb OYHKLMNO-
HasIbHYIO 3aBUCUMOCTb MeXay BXOOHbIMU U BbIXOAHBIMWU OAaHHBIMU, B KQYECTBE KOTOPbIX
BbICTYMNatOT 3HAYEHUS PAANALMOHHOIO CUrHana, PermMcTpupyemMoro gatinkom BbICOKOrO
NPOCTPaHCTBEHHOIO pa3peLLeHns B ero CNekTpasibHbIX KaHanax, Co 3HaYeHUsMM paan-
aLMOHHOr0 cuUrHana, perMcTpMpyemMoro AaTtinkoM BbICOKOrO CMeKTpasibHOro paspelle-
HWS1 B CBOMX CNEKTPaJIbHbIX KaHanax. 9P pekTnBHOCTb paspaboTtaHHoro MHC-anroputma
[eMOoHCTpupyeTcs ans o3epa MuyunraH ¢ ICNoAb30BaHMEM CMEeKTPasbHbIX AaHHbIX MHO-
rocnekTpanbHoro npudopa (MSI) Sentinel-2 n cnekTpopaguomeTpa cpeaHero paspe-
weHns (MODIS) MODIS-Aqua. Pa3paboTaHHbI MIHCTPYMEHT COBMELLLEHUS AaHHbIX LLO
He 3aBMCUT OT KOHKPETHOro coyeTaHus gatyinkoB LLO 1 MoxeT coveTaTbCsl C pas3nyHbl-
MW anropuTMamMm BOCCTAHOBJIEHMSI UICKOMbIX O1MOreoxXrMmnyeckmx napameTpos. B cnyyae
BOCCTaHOBJIEHUSI NapameTpoB KadyecTtBa Boabl ([MKB) B onTnyeckn Menkux Bogax rnpui-
MeHeHMe pa3paboTaHHOro MHCTPYMeHTa coBMelleHns aaHHbix LIO ocobeHHO adpdek-
TUBHO, MOCKOJIbKY OTpa)xaTesibHble XapaKTePUCTUKN OOHHOrO MOKPLITUS MOTYyT UMETb
BbICOKYIO MPOCTPAHCTBEHHYIO M3MEHYMBOCTb. [/ BOCCTAHOBNEHUSI N3 COBMELLEHHbIX
naHHbIX LLO 3HaveHni MKB B onTuyecku Menkux Bogax Mcnonb3oBasncs pa3paboTaHHbIn
HamMu cneumanbHblii anroputv BOREALI-OSW, KOTOpbI NO3BONSET Ha KOIMYECTBEHHOM
YPOBHe nosnyyatb MHdopmaumio He Tosbko o MKB, HO 1 0 xapakTepe AOHHOro MOKPbI-
TNS. DTN BO3MOXHOCTM NPOAEMOHCTPMPOBaHbI Ha NpUMepe NCCNeaoBaHni BOCTOYHOIO
nobepexbs o3epa MuumraH, B Xofe KOTOpbIX Oblna AOKYMEHTUPOBaHA BHYTPUrogoBas
AvHamMmuka 3HadeHuin NMKB 1 BbisiBNeHa NpoCTpaHCTBEHHAsk HEOQHOPOOHOCTbL AOHHOIO
cybcTpaTa B 3TOM MeNKOBOAHOW YacTu Bog0eMaA.

KniouyeBble CNnoOBa: COBMELLEHNE OaHHbIX MHOrocrnekTpasbHbIX OATYMKOB LBETa
oKeaHa; ONTUYeCKU MeJsikme Bodbl; BOCCTAaHOBJIEHME NapaMeTPOoB KavyecTBa BOAbl; NAEH-
Tndurkaums Tmna AOHHOO NOKPbLITUSA; 03epo MuumraH.

1. Introduction

Known as a process of combining two or more
different images into a single one, image fusion is
intended to generate a new image carrying refined/
improved information sought for by researchers.

According to the needs of the latter, image fu-
sion is performed at three processing levels, viz.,
pixel, feature, and decision levels [Pohl and van
Genderen, 1998].

High-level fusion, i. e. feature level and decision
level fusion is a multi-source data fusion that em-
ploys certain combinations of data sources of vari-
ous nature being dictated by specific aims. Feature
level fusion extracts various features (e. g. texture
parameters) from different data sources to further
combine them into one or more feature maps.

Methods of decision level fusion encompass
voting, statistical and fuzzy logic-based me-
thods. In high-level fusion, optical, synthetic ap-
erture radar (SAR), and light detection and rang-
ing (LIDAR) data are often subjects to fusion, but

also geographic information systems (GIS) data,
and ground data [Pohl and van Genderen, 2015].

Fusion of spaceborne image data at pixel level
is intended to integrate the information yielded at
different spatial and spectral resolutions to the ef-
fect of including the data from high spatial but low
spectral resolution into a low spatial but higher spec-
tral resolution image while preserving in the latter its
high spectral resolution properties. Pixel-level fusion
can also aim at increasing the temporal resolution
of a sensor of low temporal resolution but high spa-
tial resolution through fusing its data with the data
of a sensor of lower spatial resolution but higher tem-
poral resolution [Zang, 2010; Boschetti et al., 2015].

Very often this process is called resolution
merging or pan-sharpening. The latter nickname
reflects that in great majority of fusion cases at
pixel level panchromatic (PAN) imagery is used as
a high spatial and low spectral resolution informa-
tion source [Amro et al., 2011].

Pan-sharpening is frequently applied to a sin-
gle optical sensor data containing both panchro-
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matic and multispectral data (MS), but sometimes
to multi-source data provided by two indepen-
dent optical sensors differing in spatial, spectral
and temporal resolution. Ideally, the outcome
of pan-sharpening is an artificial image identical
to the image that the MS sensor would yield provid-
ed it had the spatial resolution of the panchromatic
(such as Satellite Pour I'Observation de la Terre
(SPOT), Landsat 7, IKONOS, Quickbird, OrbView),
or a paired higher spatial resolution optical sensor
on board some other satellite.

Below we focus on the first of the abovemen-
tioned processing levels, i. e. pixel level, and more
specifically, on pan-sharpening procedures.

Pixel level fusion: techniques and algorithm
advancement

Due to a huge number of suggested and im-
plemented (over the last 30 years!) pixel-level
pan-sharpening fusion methods, it is a challenge
to overview and categorize them [Aiazzi and Apa-
rone, 2012].

Pohl and van Genderen [2015] suggested
the following categorization constituted by five
groups: (i) component substitution (CS); (ii) nu-
merical and statistical image fusion; (iii) modula-
tion-based techniques, (iv) multi-resolution ap-
proaches, and (v) hybrid techniques.

Prior to overviewing the pan-sharpening tech-
niques, it is noteworthy to explicitly emphasize that
in optical-optical data fusion the high spatial resolu-
tion data might be provided not solely by PAN imag-
es but also by multispectral and hyperspectral im-
ages with a lower spatial resolution in comparison
with a higher spatial resolution multispectral image
liable to fusion. Necessitated by many applications,
such as studies of fine features of surficial manifes-
tations of biogeochemical processes in aquatic en-
vironments, simultaneously high spectral resolution
and high spatial resolution images are mandatory.
However, at least presently, obtaining such data
from one and the same optical sensor is unattain-
able due to its hardware limitations. For instance,
data from the Sea-viewing Wide Field of-view Sen-
sor (SeaWiFS), Moderate Imaging Spectroradiom-
eter (MODIS), Medium Resolution Imaging Spec-
trometer (MERIS), and the recently put in orbit
Ocean and Land Colour Instrument (OLCI) on Sen-
tinel 3. OLCI has a reasonably good set of water
colour wavelengths but at a rather coarse (300 m)
spatial resolution. Contrarily, e. g. Landsat TM, ETM
(+), and the MultiSpectral Instrument (MSI) on Sen-
tinel 2 yield data at much higher spatial resolution
(several tens of meters), but a rather scarce number
of spectral channels in the visible range. Thus, fre-
quently, it implies a multi-sensor data fusion.

(i) Briefly, CS techniques (also called projection
techniques) convert a number of spectral bands
inherent in the original image into e. g., another
colour space where one of the resulting channels
is replaced by a new image; the reverse transform
yields the actual fused image accommodating in-
formation from both input data. Within this cat-
egory, the intensity hue saturation (IHS) [e. g. Ai-
azzi et al., 20071, principal component substitution
(PCS), and the Gram-Schmidt [Laben, and Brower,
2000] techniques are most frequently exploited
[Liu, and Liang, 2016]. In recent years IHS has un-
dergone numerous improvements to overcome
the deterioration of the spectral contentin the fused
image (inclusion of trade-off parameters, enhance-
ment of IHS image- and edge-adaptivity, combina-
tion of MS-induced and PAN-induced weights, ad-
justment of histograms of the input images to as-
sure equality of the mean and standard deviations,
for rfs. see Pohl and van Genderen [2015].

CS methods suffer from spectral distortion due
to the significant incompatibility of PAN (or any high
spatial resolution image) and substituted compo-
nent. To overcome, at least partially, this challenge,
many modified CS approaches have been suggest-
ed. Thus, there appeared a generalized IHS (GIHS),
a spectrally adjusted IHS (SAIHS) [Tu et al., 2004].
Based on the minimum mean square error criterion,
an adaptive Principal Component Analysis (PCA)
method [Aiazzi et al., 2007] calculates the optimal
weights with respect to a low pass filter version
of the Pan image. Capitalizing on the cross-correla-
tion coefficients, Shah et al. [2008] combined PCA
with the contourlets transform approach, but this
procedure should be rather ascribed to the family
of hybrid techniques (see below).

Based on the technique nicknamed a guided fil-
ter (GF), Liu and Liang [2016] developed two novel
methods, referred to as a band-dependent version
and a multispectral version. Operating with two
parameters (regularization parameter and window
size), thistechnique extracts the missing spatial de-
tails in the MS images by minimizing, with the help
of MS images, the difference between the PAN im-
age and its filtered output. The claimed advantage
of this approach is that it assures edge-preserving
and structure-transferring.

(if) Numerical and statistical approaches (NSA)
perform multiplicative operations, create subtrac-
tiveandratiosimages. Widely used Boverytransform
(BT) resides in spectral modeling intended to at-
tain a normalization of the input bands via addition,
subtraction and ratio. The colour normalized (CN)
colour sharpening and local modulation of the MS
image by the ratio of the new intensity and initial
intensity components is developed to avoid colour
distortion inherent in BT [Vrabel, 2000].
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The principal component analysis (PCA) is
also a very popular tool. It implies the replace-
ment of the first PC by a high-resolution (e. g.
a PAN or a low spatial MS) image. The other ver-
sion of this technique is the substitution of the last
PC in the course of which spatial detail is injected
instead of replacement by either a PAN or a low
spatial MS image [Cakir and Khorram, 2008].

Provided the geometry (i. e. spatial feature) is
encompassed by PAN or low spatial MS image,
variational model using filtering and subsampling
allows considering local relationships between
neighboring pixels bringing about a noising effect
[Duran et al., 2014].

A purely statistical approach (Fuze Go™) to fuse
PAN and high spectral resolution images seeks
a least square fit between the gray hues of the input
image, and estimates the output values with statis-
tical methods.

(#if) The so called indusion technique also known
as modulation-based approach (MBA) uses a ra-
tio between the PAN and its low-pass filtered im-
age with a further modulation of a lower spatial MS
image. The latter can be upscaled by nonlinear
interpolation to attain better results [Khan et al.,
2008]. If instead of PAN a low spectral resolution
MS image is used, a modulation of the MS channel
with spatial detail assures a robust implementation
of this approach. The typical modulation-based
fusion algorithms are composite and encompass
Brovery [Vrabel, 2000], Smoothing Filter-based
Intensity Modulation (SFIM) [Liu, 2000], High-Pass
spatial Filter (HPF) [Chavez et al., 1991; Gangkof-
ner etal., 2008; Rong, 2014] and Synthetic Variable
Ratio (SVR) [Zhang, 1999] fusion algorithms (see
below in hybrid algorithms paragraph).

If within NSA the spatial detail is injected into
MS from PAN with the interband structure moad-
el [Garzelli and Nencini, 2005], the application
of the modulation transfer function of the imaging
system might be desirable as this permits to a cer-
tain degree avoiding spectral distortion.

(iv) Employing wavelets, curvelets, contourlets
and similar transforms [Starck et al., 2003; Choi
etal., 2004; Zang, 2009; Metwalli et al., 2014], multi-
resolution analysis (MRA) techniques decompose
input images into multiple channel images and find
their application for revealing high frequency spa-
tial detail. Multi-scale models are layered as a pyra-
mid whose base is the original image. Layering is
performed using the above transforms. The fused
image is obtained by the inverse transform. Otazu
et al. [2005] have extended this technique so that it
can be applied to any number of MS bands.

(v) To overcome the spectral incompatibility
of PAN and MS images, instead of inserting gray hue
values into MS spectral components, several alter-

native ways were exploited. They are subsumed un-
der the category of hybrid techniques. For instance,
the IHS transform [Hong and Zhang, 2009] converts
the original MS bands into IHS space. Then the fast
Fourier transform (FFT) [Nussbaumer, 1982] is
applied to both the obtained intensity spectrum
and the PAN images [Ling et al., 2007]. Further,
the former is low spatial frequency pass filtered,
while the latter is high spatial frequency filtered.
With the inverse FFT the thus processed MS images
are converted back into the spatial domain. Called
the Ehler fusion, this method eliminates the limita-
tions inherent in other methods even for multi-sen-
sor or multi-temporal images [Klonus, 2008].

To facilitate the optimization of both spec-
tral and spatial content of fused images, the IHS
transform in combination with, e. g., wavelet trans-
form (WT) is suggested [e. g. Hong et al., 2009].
MS data are transformed by IHS and the intensity
component is further decomposed by WT to reach
the same pixel size as PAN. This is followed by re-
placing the intensity wavelet decompositions by
the PAN decompositions.

The idea of parameter optimization in conjunc-
tion with low spatial frequency filter (LF) and em-
pirical adjustment of intensity image by means
of regressing MS and histogram-matched PAN was
exploited to derive a general hybrid algorithm [Choi
etal., 2013].

The comparison of different methods in order
to identify the best fusion algorithm is a challeng-
ing and doubtful task as the authors report on their
own algorithm efficiency applied to the solution
of the tasks they had to tackle. Moreover, it is
hardly appropriate to compare the fusion algorithm
efficiency when it is applied to different sensors,
different covered area, etc. Even if the studies are
similar, different choices of individual parameters
should be of significant essence. The same refers
to fusion quality assessment as the criteria chosen
by different workers are so diverse [Palubinskas,
2013; Pohl and van Genderen, 2015]. Undoubtedly,
the most successful image fusion algorithms must
be sensor-specific and adaptive. This accentuates
the problem of exploitation of data from a continu-
ously extending number of new sensors such as,
e. g., the satellite sensors recently put in the orbit
and planned for the years to come under the CO-
PERNICUS Program.

Below we present our original approach
to the optical-optical MS fusion. In what follows we
show that in the present form the developed proce-
dure is of the hybrid family: belonging ideologically
to the CS cohort of fusion methods (radiometric
intensity values are substituted by RGB values), it
exploits artificial neural networks (ANNs) to inject
high spatial resolution features into a higher spec-
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Fig. 1. An example of the ANN architecture

tral resolution image. The performance of this ap-
proach is illustrated for Michigan.

The fusion option selected by us (fusion
of the MSI MS images with the MODIS RGB image
of one and the same area and time of data acqui-
sition) was purported to provide a visually easily
perceivable result of fusion. A statistical assess-
ment of correspondence between remote sens-
ing reflectance, R _values inferred from the MODIS
and fused data at three wavelengths used to gen-
erate the RGB images was intended to illustrate
the fusion procedure adequacy.

2. Methodology description
ANN approach

The ANN approach is veritably sensor-specific
and adaptive. It is known that in pattern recognition
tasks it proved to be more powerful and efficient
in comparison to, e. g., linear and simple nonlinear
analyses [Haykin, 1998].

In application to image fusion, the ANN-based
method employs a nonlinear response function that
iterates many times in a special network structure
(exempilified in Fig. 1) in order to learn the complex
functional relationship between input and output
training data.

The input layer has several neurons, which rep-
resent the feature factors extracted and normalized
from image A and image B. The function of each
neuron is a sigmoid function given by:

Fx) = —
1+e™™

(1)

Hidden Layer

Second
Hidden Layer

Output
Layer

MODIS-Aqua
data

The hidden Ilayer has several neurons
and the output layer has one neuron (or more neu-
rons). The jith neuron of the input layer connects
with the jth neuron of the hidden layer by weight
W,. The weight between the j-neuron of the hid-
den layer and the tth neuron of the output layer is
V/ (in the considered application of the ANN-based
algorithm t=1). The weighting function is used
to simulate and recognize the response relationship
between features of the fused image and the cor-
responding feature from the original images (image
A and image B).

The ANN fusion model can be presented
as follows:

Y= 1 (2)

1+exp[—(27:1fof - Y)}

where Y = pixel value of the fused image export-
ed from the neural network model, g =number
of nodes in the hidden layer (s) (we employed two
hidden layers with g = 14 + 2), Vj = weight between
the jth hidden node and the output node t (t=1),
y = threshold of the output node t, Hj = exported
values from the jth hidden node:

]
H:1+exp[—(2:1l/v,.ja,—6jﬂ ©

where W, as above is the weight between the ith
input node and the jth hidden node, a,=val-
ues of the ith input factor, n = number of nodes
in the input layer (n=13 in the ANN architecture
used in the present work), 9/.= threshold of the jth

hidden node.
Q.



In the first step of ANN-based data fusion, two
registered MS images are decomposed into sever-
al blocks/windows with the size of M and N. Then,
features of the corresponding blocks/win-
dows in the two original images are extracted,
and the normalized feature vector incident to neu-
ral networks can be constructed. The features used
here to evaluate the fusion effect are normally spa-
tial frequency, visibility, and edge. The next step
is to select some vector samples to train neural
networks. An ANN is a universal function-approx-
imator that adapts to any nonlinear function de-
fined by a representative set of training data. Once
trained, the ANN model can remember the learned
functional relationship and eventually be used for
further calculations. It is exactly because of these
reasons that the ANN concept has been adopted
to develop strongly nonlinear models for multiple
sensors data fusion.

The ANN-based fusion method exploits the pat-
tern recognition capabilities of artificial neural
networks. The learning capability of neural net-
works makes it feasible to customize the image fu-
sion process. Many of applications indicated that
the ANN-based fusion methods had more advan-
tages over traditional statistical methods, specifi-
cally, when input multiple sensor data were incom-
plete or noisy. It often serves as an efficient tool at
a decision fusion level for its self-learning capabil-
ity, especially in land use/land cover classification.
In addition, the multiple inputs — multiple outputs
framework makes it a useful approach to fusion
of high dimension data, such as long-term time-
series or hyperspectral data.

Fuzzy k-mean classification algorithm for
bottom type identification

The fuzzy k-means classification is based
on clusterization, i. e. the bringing together of ob-
jects into groups/clusters based on the likeli-
hood of features for the objects of one group
and unlikeness between other groups. An impor-
tant advantage of such algorithms is that they do
not rely on the traditional assumptions for statisti-
cal methods: they can be employed under condi-
tions of a near-complete absence of information
onthetype of data distribution. For such algorithms,
the input information for clusterization is the matrix
of observations (X) with the size M x N, where M is
the number of rows, corresponding to the number
of objects and N is the number of characteristics.
Fuzzy clusters are described by a matrix of fuzzy
partitioning/fragmentation [Pintore et al., 2003]:

Folw)  moclo]

4
k=1,....,.M i=1,...,¢c ()

where the kth line assigns the degrees/weights
with which the object (x,,, x,...x, ) be-
longs to clusters A, A,..., A,. The matrix F de-
scribes the degree of belonging to a cluster and,
in the case of fuzzy partitioning, the given object
belongs to the cluster and the degree to which this
belongingness can vary is assessed within the in-
terval [0,1]. The conditions of fuzzy partitioning are
formalized as follows:

Zf;”’ﬂ' =1

O<Ef:1,uk,<N, i=1,..,c

k=1,..,M
(5)

Fuzzy partitioning permits to easily solve
the problem related to objects located at the in-
terface of two clusters: it is done through attribut-
ing to them the degree of belonging equal to 0.5.
The intrinsic drawback of fuzzy partitioning stands
out when dealing with objects distanced from
the centers of all clusters. Distanced objects have
little in common with each of the cluster, so that
intuitively it seems reasonable to attribute to them
low degrees of belonging. However, according
to the condition stipulated by the equation (6),
the sum of their degrees of belonging is the same
as it is for the objects, located close to the cluster
centers, i. e. equal to 1. To overcome this draw-
back, it is possible to resort to partitioning based
on plausibility. It requires the fulfilment of a sole
condition: an arbitrary object from X must belong
to at least one cluster. Such partitioning is achieved
through setting a less rigorous condition (see
equation (5)).

For the assessment of the quality of fuzzy parti-
tioning the following criterion of departures is used:

SO (w)" V= X, (6)

i=1 k=1
N

N
where V= ()" x, /> (1,)" are the centers
k=1

k=1
of fuzzy clusters, me [1,o°) is the exponential
weight determining the “fuzziness”, overlapping
of clusters.

There is a considerable number of algorithms
of fuzzy clusterization based on the minimiza-
tion of the criterion in equation (3). Developing
matrix F of fuzzy partitioning with a minimal value
of the criterion in equation (5) is the task of a non-
linear optimization, which in turn can be resolved
making use of different methods. The frequently
used one is the algorithm of fuzzy k-means based
on the Lagrangian method of non-determined
factors/multiplies [Zimmermann, 2001, see also
Shahraiyni et al., 2009]. The assessment of the ac-
curacy of this algorithm dedicated to mapping
of L. chlorophorum is reported in [Morozov et al.,
2010].

@



3. Lake Michigan: a concise general
description

Due to the nature of its formation (initially a pris-
tine melt water body), and the resulting morphom-
etry, thermal regime, watershed soil and geochem-
istry of Lake Michigan (41°35’N — 46°N; 85°W —
88°W), this water body was originally oligotrophic
[Chapra et al., 1981; Gillespie et al., 2008].

It still remains mostly as such due to its gla-
cial heritage, although there are indications that
the lake’s trophic status should now be defined as
oligo-mesotrophic [Mida et al., 2010]. This is be-
cause Lake Michigan has been subjected to exter-
nal pressure produced by climate warming (water
temperature growth in upper layers), atmospheric
fallouts (phosphorus deposition) and human ac-
tivities (input of phosphorus and other pollutants,
including toxic ones, through sewages and atmo-
spheric deposition). At the same time, during
the second part of the previous century the lake
became an arena of ballast water mediated in-
troduction of invasive species such as quagga
and zebra mussels, which act as water filterers.
As a result, they damage the lake ecosystem via
disrupting some intrinsic trophic interactions but
also increase the water transparency (e. g. at
the Sleeping Bear Dunes the water bottom vis-
ibility depth has increased from ca 2.5 m in 1970
up to 20 m in 2010), let more solar light reach
the bottom in shallow coastal zones and stimulate
the growth and increase the areal extent of macro-
phytes [Nalera and Schloesser, 2014].

Location of the target shallow area in Lake
Michigan

The fusion methodology developed was ap-
plied to the lake’s eastern coast, and more
specifically, a colocation called “Sandy Bear
Dunes” (44°50’N, 88°W). It has a sandy beach,
and the bottom depths not exceeding (https://
www.ngdc.noaa.gov/mgg/greatlakes/michigan.
html). The bottom substrate is predominantly san-
dy with occasional inclusions of spots of macro-
phyte stands with Cladophora as the main species
[Mida et al., 2004]. Reportedly, the offshore extent
of macrophytes along the coastal zone generally
does not exceed 5-10 m, although along the north-
ernmost periphery of the lake the standing stocks
are found at depths nearing 20-25 m [Shuchman
etal., 2013].

Presently, the phytoplankton communi-
ty comprises four major groups: blue-green
and green algae, diatoms and flagellates
(http://www.glerl.noaa.gov/pubs/brochures/
foodweb/LMfoodweb. pdf).

4. Input and output data description

We employed the radiometric data from two
satellites, viz. Sentinel-2 and MODIS-Aqua. Sen-
tinel is the name for a family of environmental re-
mote sensing platforms launched and also waiting
for launching under the ESA COPERNICUS Pro-
gramme (www.copernicus.eu).

For our purposes, data from only one satellite
of this series, viz. Sentinel-2a, were available so far
(below referred to as S-2a). The S-2a platform ac-
commodates the Multispectral Imager (MSI), which
provides data at high spatial resolution (10-60 m)
in several spectral channels in the visible. However,
the number of spectral channels in the visible (only
four) and their placement (Table) are, respectively,
rather limited and not optimally suited. These defi-
ciencies preclude the use of this sensor for efficient
retrieval of water quality parameters in situations
of optically complex or shallow waters. Thus, in our
studies S2a acted in the capacity of a sensor with
high spatial butlow spectralresolution (Table), whose
data were to be fused with a sensor providing higher
spectral resolution although at a rather coarse spa-
tial resolution. S-2a was launched on June 23, 2016,
and its orbit was adjusted to assure the revisit time
of 10 days. In the case of Lake Michigan, the time
of this satellite overflight was close to 5 p. m. Satel-
lite S-2b was launched on 07.03.2017 and presently
the data from this satellite are yet unavailable.

MSI data were from the L1C level (https://
earth.esa.int/web/sentinel/user-guides/sentinel-
2-msi/processing-levels) [i. e. not atmospherically
corrected] in 13 spectral channels (Table, A). Fur-
ther on, these L1C data were atmospherically cor-
rected (see section Input Data Processing).

These data were fused with the data from MO-
DIS-Aqua available at a much higher spectral reso-
lution (6 bands in the visible and 1 band in the near
IR [865 nm]), but at a lower spatial resolution (with
1 km in the visible) (Table, B).

Satellite level 1 data processing

Atmospheric correction and image preparation
for the fusion procedure

a) S-2a data: we applied the ESA algo-
rithm of atmospheric correction Sen2cor
(http://step.esa.int/main/third-party-plugins-2/
sen2cor/). S-2a data are provided by ESA in gran-
ulessizing 100kmby 100 km) (https://earth.esa.int/
web/sentinel/user-guides/sentinel-2-msi/prod-
uct-types). The granules are to be further mosa-
icked, and latitudinally-longitudinally reprojected
(EPSG:4326 — WGS84). For fusion, S-2a data were
reduced to a 60 m spatial resolution per pixel.
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Spectral channels: location and spatial resolution for S-2a (A) and MODIS-Aqua (B)

A B
Band # Central Bandwidth, nm Band # Central Bandwidth, nm
wavelength, nm wavelength, nm
1 443 (60 m) 27 8 412 (1 km) 405-420
2 490 (10 m) 94 9 443 (1 km) 438-4428
3 560 (10 m) 45 10 488 (1 km) 483-493
4 665 (10 m) 38 1 531 (1 km) 526-536
5 705 (20 m) 19 1 645 (1 km) 620-670
6 740 (20 m) 18 14 678 (1 km) 673-683
7 783 (20 m) 28
8 842 (10 m) 145
8A 865 (20 m) 33
9 945 (60 m) 26
10 1375 (60 m) 75
1 1610 (20 m) 143
12 2190 (20 m) 242

b) MODIS-Aqua data

Our analysis of the spectral curvature of remote
sensing reflectance, R (A) [which is the upwelling
spectral radiance above the water-air interface,
L (0) normalized to the downwelling spectral irradi-
ance, E (0) at the same level [e. g. Jerome et al.,
1996] revealed that the MODIS-Aqua atmosphe-
ric correction frequently results in negative values
of R (A) in the blue part of the spectrum. It implies
that the standard atmospheric correction is very in-

accurate, and such data could not be used for fur-
ther processing.

To overcome this problem, we applied
the MUMM code based on the GW94 AC. https://
www.osapublishing.org/vjbo/fulltext.cfm?uri=oe-
21-18-21176&id=260880#g001). The applica-
tion of the MUMM correction procedure signifi-
cantly eased the problem with negative values
of R in the shortwave region of the visible spec-
trum. Performance of the MUMM procedure

Data accumulation

| sentinel-2aL10LCI || Atmospheric

correction (sen2cor)

[ MODIS-Aqua L1A.GEO |~ MODIS-Aqua L1A |

I
i
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Fig. 2. Flowchart of S-2 and MODIS imagery processing
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of atmospheric correction, is effected through
the employment of the SeaDAS processing
code (https://seadas.gsfc.nasa.gov/) extended
for working with ocean colour data (OCSSW),
i. e. images were downloaded from https://
oceancolor.gsfc.nasa.gov/ site and then subjected
to geolocation (L1B level). Thus, MODIS L2A level
spectrometric data were obtained.

5. S-2a and MODIS-Aqua data fusion
procedure

To prepare MODIS-Aqua L2A images to fusion
they were reprojected and synchronized (in terms
of geolocation) with the paired S-2a images.

ANN architecture

Our ANN consists of four layers of neurons
(Fig. 1). The first layer encompasses 13 neurons
accommodating R values from the S2a 13 spec-
tral channels (Table, A). Two hidden layers have
14 and 2 neurons. The third layer consists of only
1 neuron yielding the value of R at each of the
MODIS spectral channels, i. e. 412, 443, 488, 531,
645 and 678 nm (Table, B). Thatis, we develop sep-
arate NN for each MODIS spectral channel. The de-
velopment of NNs with only one output neuron could
be performed relatively fast: the computing time
required for training the NNs for the fusion of one
pair of MODIS-Aqua and S-2a images depends
on the computer power, but in our case, it took one
hour. Thus, it makes the developed method quite
practical. Training of each NN was conducted until
the RMSE reaches the value of 10-15 %.

Thus, the established values of S-2a R at
the MODIS 6 wavelengths permit to obtain the de-
sired information at the MODIS spectral resolution
and S-2a high spatial resolution, and hence attain
the aim of data fusion.

6. Results of S-2a and MODIS-Aqua data
fusion

RDG images

Visual analysis of paired SMI and MODIS data
has shown that for the entire 2016 growing season
only five pairs could be used for fusion. The dates
of overflights are 09.05; 05.076; 26.07; 15.08;
04.09. The time difference of the five overflights did
not exceed 2.5 hours. Figure 3 illustrates the spa-
tial distribution of RGB images generated from
MODIS-Aqua and fused MODIS-Aqua - S-2a data
for the above dates.

The RGB images developed from the fused S-2a
and MODIS-Aqua data exhibit a logical sequence

of phases of phytoplankton development in Lake
Michigan. Indeed, the green areas (corresponding
to enhanced concentrations of phytoplankton chlo-
rophyll) stand out twice in the year, viz., in spring
and early autumn (i. e. 09.05 and 15.08), which is
in complete conformance with vernal and autumnal
phytoplankton outbreaks in Lake Michigan [Shuch-
man et al., 2006; their Fig. 6].

Application of the BOLEALI-OSW algorithm

The BOLEALI-OSW algorithm is described in de-
tail elsewhere [Korosov et al., 2017]. It is based
on both the Levenberg-Marquardt multivariate pro-
cedure [Press et al., 1992] and the theory of light
transfer in semi-infinite media [Maritorena et al.,
1994]. Within our approach, the remote sensing
reflectance R, (A) is presented as a sum of two
components originating from the light interactions
within the water column, R_ .. and the bottom.
The optical influence of the latter is determined by
the bottom substrate spectral albedo, A (A). Thus,
the resultant (total) spectral remote sensing reflec-
tance, R, can be formalized as follows:

Rror (A+0) = R, pen[1— exp(—2KH)] + Aexp(—2KH)
Q

where +0 indicates the air-water interface,
K = spectral coefficient of upwelling and down-
welling light attenuation in the water column,
H = bottom depth, Q = ratio of the upwelling radi-
ance to downwelling irradiance at level +0.

The fused ocean color data were processed with
the BOREALI-OSW algorithm to retrieve the con-
centrations of phytoplankton chlorophyll, total sus-
pended matter and cdom.

Fig 4 illustrates the spatial distributions of phy-
toplankton chl concentrations for the above five
dates as obtained from the fused MODIS-Aqua
and S-2a data. The paired plates in Fig. 4 explicitly
show the advantage of the fusion procedure over
the results from solely MODIS-Aqua.

The adequacy of the retrieved concentrations
could only be assessed through a comparison
with in situ data, but the latter were unavailable for
us. Nevertheless, the retrieved chl and tsm con-
centrations comply well with the data reported for
this part of the lake and this time range [Korosov
etal., 2017].

(7)

Mapping of bottom type

Mapping of bottom type was performed for
an area called Pyramid Point within the afore-
mentioned Sandy Bear Dunes site. The k-means
technique concisely described above was applied
to bottom substrate classification. Spectra of R
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Fig. 3. RGB images generated from MODIS-Aqua data (a) and fused MODIS-Aqua-S-2a data (b)
for 09.05; 05.076; 26.07; 15.08; 04.09 (presented in the top to bottom sequence)
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Fig. 5. Spatial distribution of bottom types (classes 1-3) as obtained for the Pyramid Point
making use of the k-means and fusion techniques.

values from the fused data (at 60 m resolution)
were partitioned into three classes: sand, chara
stands (charais a genus of charophyte green algae
in the family Characeae known to be common for
the coastal area of Lake Michigan [Shuchman et al.,
2013]), and some sandy substrate either sparsely
covered by macrophytes (chara or cladophora)
or slightly silted. The area was confined to depths
not exceeding 15 m.

The clusterization thus performed permitted
to produce a map of bottom type heterogeneity at
a 60 m spatial resolution (Fig. 5).

The above-described bottom type classification
reveals that the area adjacent to the coast is sandy
(it is characterized by the highest bottom albedo).
Further off-coast, the areawith adepth of 10-15mis
covered by chara stands. The intermediate area be-
longs to the intermediate class, although it contains
sandy spots as well as spots covered by submerged
vegetation stands. These features explicitly indicate
that the spatial heterogeneity of the area ascribed
to class 2 is not due to depth changes, but is driven
by changes in the bottom albedo.

Concluding remarks

Thus, summing up, we have developed and re-
alized in a computer code our own method of ocean

color data fusion. The fused images were pro-
cessed with the BOREALI-OSW algorithm to yield
the CPA concentrations in the target optically shal-
low area of Lake Michigan. The retrieved concen-
trations comply well with the respective values typi-
cal of this lacustrine area.

We have investigated the possibility of employ-
ing the fused data for retrieving the bottom type.
This tentative bottom type classification is rather
rough as only three classes were presumed. In real-
ity the bottom cover might be more heterogeneous
if the respective mosaic elements are smaller than
the spatial resolution of the fused radiometric data.

The attained results strongly suggest that
the developed algorithm can be successfully
used for fusion of data from Sentinel-2 and Senti-
nel-3 because Sentinel-3 is highly akin to MODIS-
Aqua in terms of the spectral and spatial resolution
[Donlon et al., 2012].

Understandably, our fusion algorithm can be
applied to data of the above sensors not only
to generate RGB images of higher spatial resolu-
tion but also R values in the Sentinel-3 spectral
bands in the visible. It will require training of a larger
number of NNs (according to the number the Sen-
tinel-3 spectral bands in the visible). Because
of this, the approach proposed might appear at
first sight rather cumbersome. But the relative sim-
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plicity of the method (as compared to those we dis-
cussed in the review section) and reasonably man-
ageable computing time can successfully balance
this seeming drawback.

We envisage that employment of S-3 data will
also be very beneficial: sooner or later MODIS-
Aqua will cease its performance, while S-3 (with
nearly the same radiometric characteristics as
MODIS Aqua) will, supposedly, last at least for
the next decade.
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BIO-OPTICAL RETRIEVAL ALGORITHM
FOR THE OPTICALLY SHALLOW WATERS OF LAKE MICHIGAN.
Il. EFFICIENCY ASSESSMENT
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R. Sawtell®, A. V. Moiseev?

" Nansen Environmental and Remote Sensing Center, Bergen, Norway
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With the exception of a few areas, Lake Michigan (LM) is an oligotrophic clear water
body. It is predominantly in its littoral zone where ecology-relevant processes unfold due
to a variety of natural and anthropogenic forcings arising from the watershed. However,
the bottom influence there is strong enough to contaminate the at-satellite signal, thus
impeding the remote sensing of water quality parameters within the coastal zone. A new
bio-optical retrieval algorithm, based on a forward radiation transfer model, LM specific
hydro-optical model and the multivariate optimization technique is developed for ope-
rational retrieval from satellite data of water quality parameters in lake optically shallow
areas. Application of the developed operational tool to processing MODIS-Aqua data
(matching up the location and timing of in situ CPA and radiometric measurements) has
convincingly shown its advantage over the OC4 performance in lacustrine optically shal-
low waters at all sampling stations.

Keyword s: optical remote sensing; spectral reflectance; attenuation; surface albedo;
optically shallow waters; limnology; Lake Michigan.

A. A. Kopocoeg, . B. NMospHsakosB, P. llyxmaH, M. Caiiepc, P. Cotenn,
A. B. Moucees. BUO-OMTUYECKUA AJITOPUTM ANA OMNTUYECKU
MEJIKUX BO4, O3SEPA MUYUTAH. Il. OUEHKA ErO 99®dEKTUBHOCTU

3a ncknoYeHnemM Heckonbkmx obnactei o3epo Muumraxd (OM) sBnseTcs onmMroTpodHbIM
BOZOEMOM C YNCTOW 1 NPO3padvHon Bogon. Bcneacreme BO3AENCTBUSA MPUPOLHbLIX U aH-
TPOMOreHHbIX NMPOLECCOB, NPOMCXOAALLMX Ha BOOOCOOPHON TEPPUTOPUN, 3KOMOrMYe-
CKMn Hanbosiee cepbe3Hble NPOLECCHI Pa3BOPaAYNBAIOTCS NPEXAE BCEro B IMTOPASIbHOM
30He. B MenkoBOaHOM ee 4acTn ONTUHECKOE BAVSIHME AHA HA CUTHAJ, PErUCTPUPYEMbIN
CNYTHUKOBbIM AATYMKOM, OKa3blBAETCH AOCTATOYHO CUMIbHBIM, YTO 3aTPYOHAET ANCTaH-
LUMOHHOE 30HAMPOBaHNE NapaMeTPOB Ka4yecTBa BOAbI B 3TUX paloHax. PaspaboTaHHbIN
ONs ONepaTUBHOrO BOCCTAHOBIEHMSI MApPaMeTPOB KayeCTBa BOAbl B ONTUHECKM MENKUX
BOJaXx HOBbI BUO-0NTUYECKNIA aNrOPUTM OCHOBAH Ha MOLENN NEPEHOCA U3JTYYEHUS, MO-
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Oenuv ontudecknx cBolicTe Bog OM 1 MeToae MHOroOMepHOI onTuMmnaaumu. NpumMmeHeHne
paspaboTaHHOro anroputmMma afis obpaboTtkm aaHHbix MODIS-Aqua y6eamTenbHO noka-
3a/10 NPenMyLLECTBO HOBOMO afiropMTMa no CPaBHEHWUIO CO CTaHAAPTHLIM anrOpUTMOM

OC4 B cnyyae onTUYECKU MENKMX BOA,

KnioouyeBble CnoBa: ONTUYECKOE AMCTAHLMOHHOE 30HAMPOBAHME; CrekTpasibHoe
oTpaxeHune; anbbego MOBEPXHOCTU; OMNTUYECKM MeNKue BOAbl; JIMMHOJMOINS; 03epo

MwyuraH.

1. Introduction

In this study of Lake Michigan’s peripheral zone,
we developed a multiband Bio-Optical REtrieval
ALgorlthm for Optically Shallow Waters coined
BOREALI-OSW. A detailed description of the novel
algorithm is given in the first part of the present
publication [Korosov et al., 2016].

The algorithm retrieves CPA concentrations
from remote sensing reflectance in clear waters
for a variety of bottom depths and bottom types.
It is an extension of the BOREALI algorithm that
has been previously developed for optically deep
and turbid waters, went through thorough verifica-
tion campaigns [Korosov et al., 2009] and proved
its efficiency for a wide variety of water bodies in-
cluding the North European and North American
Great Lakes, among the latter — Lake Michigan
[Shuchman et al., 2006].

Importantly, the BOREALI algorithm permits si-
multaneous retrieval of the concentrations of three
ecologically important water quality constituents,
viz. phytoplankton chlorophyll, suspended mine-
rals and dissolved organic matter.

In the second part we are reporting on the as-
sessment of the developed algorithm efficiency.
This is done through a series of comparisons
of retrieval results of the chlorophyll concentration
(CHL) with concurrent in situ CHL measurements.
In the absence of in situ CHL determinations,
the algorithm efficiency is proved through radio-
metric analysis of the spectral features of remote
sensing reflectance, R _(A).

2. Description of field measurements
and station locations

Field campaigns were conducted in 2012
and 2013 employing one and the same set of in-
strumentation. Field measurements (for study lo-
cations see Fig. 1) of optical parameters included
spectral measurements in the visible of: (/) down-
welling irradiance (W m2) and (ii/) upwelling radi-
ance (W m=2 sr') immediately above (0+) and be-
low (0-) the water surface as well as at about
1 meter depth.

Field optical measurements were collected us-
ing an Analytical Spectral Devices, Inc., (ASD)
FieldSpec spectroradiometer operating within
the spectral range 350-2500 nm at a spectral
resolution not worse than 3 nm. The signal-to-
noise ratio within the visible is reportedly between
1000 and 10,000 at 400 nm and 500-700 nm,
respectively (http://www.asdi.com/products/
fieldspec-spectroradiometers). All measurements
were made using a 5 meter optical jumper cable
connecting the fore-optic to the spectrometer.
The downwelling irradiance measurements were
collected using a 180 degree Remote Cosine Re-
ceptor underwater fore-optic which collects 2n
diffuse irradiance. Upwelling radiance was mea-
sured using a 10B field-of-view fore-optic. Irradi-
ance and radiance measurements were collected
by connecting the optic to the end of a 3 meter
long sampling pole to ensure that optical measure-
ments be not affected by reflectance from the re-
search vessel.

Periodic spectro-radiometer calibration runs
were performed at the laboratory using a Spec-
tralon (100 runs if there was significant sensor
drift). The absence of significant differences be-
tween these measurements confirmed that the in-
strument remained in acceptable calibration state
during the entire 2012-2013 field campaign.

At each site the irradiance measurement was
made first. This measurement consists of 20 indivi-
dual spectra measured at 1 second intervals. Each
individual spectrum is an average of 10 radiometric
counts, which is applied within the ASD RSS3 soft-
ware at the time of date collection. The radiance
measurements were then made using the same
procedure. The total time for the radiometric mea-
surement sequence (irradiance followed by radi-
ance) at each site was approximately 5 minutes.
The days in which radiometric measurements oc-
curred were specifically chosen, in part, because
of the very stable atmospheric conditions exhibi-
ted, which helped to ensure minimal atmospheric
variation within the 5 minute radiometric measure-
ment sequence. Post-processing steps inclu-
ded averaging the 20 individual spectra for each
measurement to produce single average spectra
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Fig. 1. Lake Michigan bathymetry and study site locations

of irradiance and radiance at each site. Measured
values of downwelling irradiance and upwelling ra-
diance were corrected for the immersion factor (/),
which accounts for the difference between the in-
air and in-water absolute response of submer-
sible radiometers [Hooker, Zibordi, 2005; Zibordi,
2006].

Wave focusing was not taken into account
in our optical measurement protocol, however,
there were only very light winds (<2 m s') re-
ported in the vicinity of our sampling locations for
the dates when measurements were made. Thus
the overall effect of wave focusing on our spectra
was assumed negligible.

Bottom cover types were ascertained using
a Marcum underwater viewing system drop came-
ra (http://casanovasadventures.com/catalog/wa-
tersports/p41910.htm.UnycnJFeHwl).

Spectrometric measurements nearby the Kala-
mazoo River Plume in eastern Lake Michigan were
conducted in 2012 under mostly clear sky condi-
tions with only small cumulus clouds in the peri-
phery of the sky dome above the sampling stations
(Fig. 2). Wave conditions were 0.5 meters or less
for the mission. All instrumentation was deployed
aboard the 17 ft R/V Husky Traveler.

The CHL concentrations were estimated
in the field using a Turner Designs AquaFluor
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Table 1. Data collected at each sampling point for the August 28, 2012 data collection

Sr\}zt,:en Lat., °N Long., °E Sangg%'ﬂme Water Depth, m CHL, mgm? Bottom Type
S1 42.62658 86.23351 11:27 AM 4.9 ROC‘;‘{é sparse
S2 42.62559 86.23817 11:52 AM 8.5 Rock/algae
S3 42.62386 86.2464 12:10 PM 13.7 0.57 Optically deep
sS4 42.62663 86.22969 12:58 PM 2.1 Algae
S5 42.62676 86.2299 1:12PM 24 0.41 Sand
S6 42.6272 86.22839 1:33 PM 0.6 Sand
s7 42.62671 86.23252 1:47 PM 4.9 Sand
S8 42.62737 86.23708 2:10 PM 6.7 Sand
S9 42.64528 86.23238 2:36 PM 6.1 1.7 Sand
S10 42.66342 86.22227 3:05 PM 6.4 4.4 Sand
S 42.67293 86.21919 3:30 PM 4.9 12.4 Sand

Handheld Fluorometer. The Turner Designs re-
gression equation is 0.0764x assuring the value
of the coefficient of determination r? not less than
0.99. The sampling stations were designed to en-
compass several different bottom cover types (sand,
submerged aquatic vegetation, rock) over various
depth ranges. Fig. 2 is a map displaying the sam-
pling stations overlaid on Bing imagery. The data
collected at each station including sampling time,
bottom type, and depth are shown in Table 1.

In 2013 the field measurements were also per-
formed on September 25 from a 17 ft R/V Boston
Whaler anchored at each sampling station within

the coastal zone of the Sleeping Bear Dunes Na-
tional Lakeshore in the shallow waters just off Pyra-
mid Point (Fig. 3). The study area was chosen due
to the abundant availability of large sandy flats that
are within the optical depth of satellite sensors.
This area is also largely unaffected by river dis-
charge or anthropogenic influence ensuring simi-
lar water characteristics at most sampling stations.

Table 2 summarizes the respective characteri-
zation of this part of our activities. The phytoplank-
ton types identified at this station comprise green,
and blue-green alga, diatoms, and cryptophyta
with a significant prevalence of green algae, while

Fig. 2. Optical sampling locations and bathymetry for the August 28, 2012 Saugatuck, Ml
data collection. Note the background image is not coincident with the field collection
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Fig. 3. Bathymetric features of the coastal zone off Pyramid Point, Sleeping Bear Dunes
National Lakeshore, Ml and the locations of stations sampled on September 25, 2013

diatoms constituted second highest cell num-
bers of the phytoplankton community. Sites SB1
and SB8 are in close proximity to each other as
designed to test variable sun angle effects on bot-
tom reflectance and to check up the consistency
of measurement procedures. As Tables 1 and 2
indicate, the sampling period covered the time
of sufficiently high solar elevations.

Thus in 2013 the sampling period began at ap-
proximately 10:30 am and ended at about 4:00 pm
to ensure reasonable sunlight illumination condi-
tions for aquatic remote sensing. In the course
of both campaigns at each sampling station
the field measurements also included determina-
tions of Secchi depth, water temperature, cloud
cover percentage, wave height, bottom type,
and water depth.

At each station water samples were collected
using a standard 5 liter Niskin bottle just below
the water surface, therefore the collected water
samples represent approximately the top 1 me-
ter of the water column. Roughly 1 liter of water
from the Niskin bottle was reserved to be filtered
for chlorophyll-a pigment extraction, the remain-
ing water was discarded. The 1 liter water samples
were filtered in triplicate the day after collection
onto filter pads and then frozen. After the filter pads
had been frozen they were sent to Michigan Tech
University where the chlorophyll-a extraction was
completed using standard methods. These values

are associated with the laboratory chlorophyll-
a concentrations in the summary table. Although
laboratory measurements of total suspended
matter (TSM) would have been useful to establish
a baseline value for particulates, the sheer volu-
me of water necessary to provide a measureable
amount of TSM in oligotrophic Lake Michigan was
not feasible to obtain in the water craft used (17 ft
R/V Boston Whaler) in these sampling activities.

3. Verification of the BOREALI-OSW algorithm

Two sites in Lake Michigan were employed for
the algorithm validation. Both are in close vicinity
of the sandy beaches of the Sleeping Bear Dunes
and Saugatuck city (Figs. 1-3). In both locations,
the CHL concentration was measured at a num-
ber of spots/stations following the procedure de-
scribed in Section 2.

For validation purposes two approaches were
exploited. Firstly, we used our radiometric hydro-
optical measurements of the subsurface remote
sensing reflectance, R, (subscript TOT implies
the collective bottom and water column optical in-
fluence) in the spectral region 412-709 nm. How-
ever, because of fairly inaccurate radiometric num-
bers yielded by the employed instrumentation at
the wavelengths in both violet and red spectral re-
gions, in our verifications we only analyzed R ..
spectra between 443 and 620 nm.

(7)



Table 2. Characterization of the stations sampled on September 25, 2013 within the Sleeping Bear Dunes coastal

zone
) . Water | CHL, Secchi | Cloud

sStation Lat, °N Lon, °E $ampl|ng Depth, | mg Bottom Type Wave Disk | Cover, Yellow

Name Time (EDT) 3 Height, m Substance
m m Depth, m %
SB1 44.97061 | 85.92645 | 10:34-11:11 | 4.81.76 | Sand 0 On Bottom 10 0.07
SB2 |44.99574 | 85.91728 | 11:25-11:55 9.8 1.45 Sand 0 32 15 0.09
SB3 |45.00973 | 85.92043 | 12:05-12:34 15 1.48 | Sand + Detritus 0 47 15 0.05
SB4 | 45.00855 | 85.93399 | 01:20-01:48 | 20.4 | 1.38 |Sand + Cladophora 0.15 48 10 0.08
SB5 |45.00481 | 85.95665 | 01:52-02:11 56.8 | 1.39 N/A 0.15 47 10 0.09
SB6 |45.00484 | 85.91994 | 02:28-02:45| 12.6 | 1.28 Sand 0.15 37 10 0.08
SB7 |44.98955| 85.92131 | 02:50-03:07 7.4 1.34 Sand 0.23 15 0.08
SB8 |44.97091 | 85.92635 | 03:16-03:31 5.1 1.58 Sand 0.3 15 0.08
SBO |44.98681| 85.90990 | 0.3:48-04:03| 5.8 |1.77| CopblerFuzzy 0.2 10 0.1
Vegetation

Secondly, we used MODIS-Aqua multispectral
data at a resolution of 1 x 1 km within the spectral
region 412-678 nm. By the analogous reasons,
we spectrally truncated the MODIS-Aqua informa-
tion leaving the spectral interval extending from
443 and 636 nm (the signal at 636 nm was inter-
polated between the two neighboring channels).
The MODIS-Aqua satellite overpasses the region
of interest in the time window from 2 pm to 4 pm
local time (http://www-angler.larc.nasa.gov/cqgi-
bin/predict/predict.cqgi), and the time difference
between remote and in situ measurements (exact
sampling time is given in Tables 1 and 2) can be up
to 3-4 hours.

When retrieving the CHL concentration with
the BOREALI-OSW algorithm from both radiomet-
ric and satellite data, we applied one and the same
hydro-optical model developed specifically for
Lake Michigan [Shuchman et al., 2013].

As indicated above, we have chosen the sta-
tions characterized by a presumably homogenous
sandy bottom and clear waters rather essentially
void of suspended minerals and dissolved or-
ganic matter. Also, we included stations for which
the bottom depth varied between a few meters
and in access of 20 m i. e., with this choice we cov-
ered the bottom depth range within which the bot-
tom optical impact should vary between very dis-
tinct and close to infinitesimal [Korosov et al.,
2016]. At the same time, the locations of the cho-
sen stations should be far enough from the coast-
line to exclude the interference of adjacency effect
when applying MODIS-Aqua data.

Fig. 4 explicitly shows that at least for bot-
tom depths under about 10 m, the applica-
tion of the BOREALI-OSW algorithm account-
ing for the bottom optical influence yields CHL
values appreciably closer to those determined

in the laboratory as compared to the CHL retrievals
performed with the algorithms neglecting the bot-
tom effect. At sites with greater bottom depths,
the difference between the retrievals taking into
account and neglecting the bottom optical impact
progressively decreases, remaining however ap-
preciable, thus giving additional evidence in favor
of the application of the BOREALI-OSW algorithm.

Analyzing the algorithm performance in the case
of satellite data processing, there are several factors
that should be taken into account. First and fore-
most, the inaccuracy of atmospheric correction
is subject to uncontrollable changes in the atmo-
spheric aerosol composition over the target site.
Secondly, the spatial resolution of MODIS-Aqua
data is 1 x 1 km, which means that the heteroge-
neity of bottom depth and bottom cover as well as
the spatial distribution of CHL inevitably differ from
their counterparts inherent in the spot-like areas
of the individual stations, with the results of which
we straightforwardly compared the satellite data.

As should be expected, Fig. 4 also exhibits
an appreciably higher accuracy of CHL retrievals
from in situ radiometric measurements as com-
pared to the spaceborne data processed with
BOREALI-OSW. This is further illustrated in Fig. 5.
Indeed, in situ radiometric measurements are not
noised with imperfect atmospheric correction,
and the data on bottom depth and type are far
more accurate as they were directly determined
just beneath the radiometer viewing the target
spot. Besides, in the case of in situ radiometric
measurements we were not limited by the adjacen-
cy effects and performed our measurements also
close to the coastline including the points with low
CHL. We could also include the points from Sau-
gatuck with relatively high CHL concentrations.
In sum, these consolidated data permitted to draw

(1)
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Fig. 5. A comparison of CHL values restored in the laboratory from water
samples and retrieved from in situ radiometric, and MODIS-Aqua data with
and without accounting for the bottom optical influence

the correlation line nearly crossing the origin of co-
ordinates. This correlation line again shows very

eloquently the advantage of application of the BO-
REALI-OSW algorithm.
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Thus, notwithstanding all the aforementioned
uncertainties associated with spaceborne data,
the BOREALI-OSW generated CHL values are sen-
sibly more accurate than the retrievals neglect-
ing the bottom optical impact as compared for
instance with the retrieval results performed with
the standard OC4 algorithm.

4. Discussion

In the following discussion we are focusing
on the results intended to meet the original ob-
jectives set up in the present study: develop-
ment of a bio-optical retrieval algorithm for very
clear / optically shallow waters [part I: Korosov
et al., 2016], and assessment of its potentials as
an operative tool for satellite-based monitoring
of the coastal zone of Lake Michigan.

Correspondingly, such an algorithm, named
BOREALI-OSW, and the respective code were
elaborated. The BOREALI-OSW algorithm is based
on the Levenberg-Marquardt multivariate optimiza-
tion technique, a hydro-optical model established

specifically for Lake Michigan, and a few para-
meterizations relating (/) the bulk water column
inherent optical properties (absorption and scat-
tering) to the CPA concentration vector, C and (ii)
the subsurface remote sensing reflectance to C,
bottom type and depth as well as the sun illumina-
tion conditions.

Assessing in  general the performance
of the developed code it can be defended that at
least for bottom depths under ca. 10 m the appli-
cation of the BOREALI-OSW algorithm accounting
for bottom optical influence yields CHL values ap-
preciably closer to those determined in the labo-
ratory as compared to CHL retrievals performed
with the algorithms neglecting the bottom effect.
At sites with a greater bottom depth, the diffe-
rence between the retrievals taking into account
and neglecting the bottom optical impact progres-
sively decreases, however it persists, thus giv-
ing additional evidence in favor of the application
of the BOREALI-OSW algorithm.

When comparing in situ radiometric retrievals
with BOREALI-OSW and respective MODIS data
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450

500 550 600 650 700

wavelength, nm

Fig. 7. Spectral values of remote sensing reflectance R, measured by MODIS (right): 1 - shallow water with
low CHL, 2 - shallow water with enhanced CHL, 3 — deep water with enhanced CHL, 4 — shallow water with en-
hanced TSM. Location of pixels is marked by pins on the RGB composite (left)

based retrievals it can be seen that the MODIS data
processed with BOREALI-OSW exhibits an obvious
advantage over the results obtained with BOREALI
and especially with OC4 (see also the discussion
below).

At the same time, the in situ radiometric re-
trievals of CHL rather frequently prove to be infe-
rior to those provided from the MERIS data. This
is thought to be due to the integrating capability
of MODIS data (over 1 x 1 km) whereas the radio-
meter’s field of view is so narrow that in the course
of in situ radiometric measurements it can inadver-
tently (due to, e. g., even a slight boat displace-
ment) capture the bottom spot with the optical
properties other than recorded in the logbook.

As mentioned above, in the majority of cases
the OC4 data are the least accurate (especially at
SB stations) when compared to the retrievals by
BOREALI-OSW and even by BOREALI. This can
be further illustrated with the data from a few sites
within the Sleeping Bear (SB) Area (Fig. 6) that
have not been covered by in situ measurements,
and hence for which neither CPA concentrations
nor bottom properties were known.

The OC4 algorithm retrieved high CHL values at
the southern tip of North Manitou Island as well as
in the locations for which the optical signal is impact-
ed either by the bottom (north of the Pyramid Point)
or TSM (west of the SB site). Analysis of the spectral
features of MODIS remote sensing reflectance, R,
spectra (Fig. 7) used for CPA retrievals shows that
the BOREALI-OSW algorithm performs better than
BOREALI and especially than OCA4.

Indeed, at the site located north off the Pyra-
mid Point (Figs. 6 and 7, pin 1), R_in the red

(648-678 nm) is very low and the reflectance
in the green and blue (412-555 nm) is rather high,
indicating that most of the signal comes from
a highly reflective bottom and therefore is ab-
sorbed in the red by water per se. For the site indi-
cated as pin 2 (Figs. 6 and 7), R _in the red is rather
high, suggesting that the light signal comes from
the water column per se and not from the bottom.
At the same time, R __in the blue is rather low, which
can be attributed to a significant presence of CHL
in the water column. Therefore, it is indeed a case
with enhanced CHL and a moderate bottom optical
impact.

The site marked as pin 3 is located in deep wa-
ters. The R _ spectrum exhibits low values of reflec-
tion in the blue and some (although rather mode-
rate) enhancement at ~490 nm. These spectral
features are typical of waters rather rich in CHL
and nearly void of suspended minerals [Bukata
etal., 1995]

West of the SB site (Figs. 6 and 7, pin 4), R _
is high not solely in the red but also in the 450-
500 nm spectral region. It explicitly indicates that
the upwelling signal originates in the water col-
umn rich in suspended minerals. Since R _ values
in the blue are slightly lower than they are in the pin
1 case, it could be interpreted as a confident in-
dication of low amounts of CHL in the presence
of TSM.

Thus, returning to the results of MODIS data
retrievals discussed above with regard to Fig. 6, it
seems fully rightful to state that the retrieval results
provided by BOREALI-OSW reflect more faithfully
the hydro-optical situations inherent in the target
locations.

(@)



Thus, based on both the results of the forward
and inverse problem simulations performed in this
study it appears completely justified to state that
the developed BOREALI-OSW and respective ope-
rational code present a tool for monitoring optically
shallow/transparent waters. In the present paper
the faculties of the tool are exemplified for Lake
Michigan as we used the hydro-optical model in-
herent in this water body. However, the developed
tool is not specific in terms of the nature of waters.
Therefore, we see no essential impediments for ex-
tending the use of the developed tool also to other
inland and marine aquatic environments or their
specific areas for which the water clarity and bot-
tom reflection present a challenge to keep track
of changes in the trophy/ecological state employ-
ing the present and forthcoming satellite sensors.

5. Conclusions

In attacking the problem of remote sensing
of optically shallow waters with the purpose of re-
trieving concentrations of CPAs against the back-
ground of the light signal originating from bottom
reflections, we pursued two avenues. Firstly, by
means of forward simulations we analyzed through
the spectral signature variations of subsurface re-
mote sensing reflectance, R, the modifications
of the upwelling signal (controlled by the bottom
type and depth). Then we passed to inverse prob-
lem simulations in order to test the sensitivity of our
calculations of CPA concentrations to possible ex-
cursions of the input parameters such as bottom
depth, bottom type, and measured spectral values
of subsurface remote sensing reflectance, R, .-
To do that, we developed a retrieval algorithm (BO-
REALI-OSW) dedicated specifically to coping with
optically shallow waters.

Secondly, we applied the developed algorithm
to process both in situ radiometric and satellite data
from stations at which in situ measurements of CHL
were run concurrently with, respectively, in situ ra-
diometric measurements and satellite overflights.

To achieve the forward problem solution, we
employed the hydro-optical model inherent in Lake
Michigan water, and considered the bottom types
encountered in this water body, viz. silicon sand,
Cladophora/Chara, limestone rocks, and silt.

Our simulations have shown that even atvery low
CPA concentrations (less than 0.01 in respective
units) the optical influence of the bottom becomes
indiscernible if the bottom depth, H approaches
20 m. In waters containing total suspended mat-
ter (TSM) in quantities of about 0.5 g/m?3 (while
CHL and colored dissolved organic matter, CDOM
remain infinitesimal) the bottom optical influence
ceases at H slightly above 10 m. An analogous

critical value of Hwas found if a
CHL and TSM are infinitesimal.

The noise sensitivity analysis has shown that
the shallower water column and the higher bot-
tom albedo the more significant is the ensuing
error in CPA retrievals. However, even in the case
of a sandy bottom and a water column of 5 m,
a 10 % error in determining its albedo leads to a 18,
28 and 10 % error in retrieving, respectively, CHL,
TSM and CDOM. In the case of deeper waters
(H =10 m) the noise in all considered CPA retriev-
als becomes lower than 4, 10 and 4 % for CHL,
TSM and CDOM, respectively.

Our analysis of the dependence of normal-
ized root mean square error, E in CPA concentra-
tion determinations on the noise level in input val-
ues of bottom depth, H and bottom albedo, A has
shown that E values can reach 18, ~30 and 10 %
for CHL, TSM and CDOM, respectively, if the noise
in His 10 %, but they become much higher (55, 55
and 17 % for CHL, TSM and CDOM, respectively) if
the noise in Ais 10 %.

Our numerical assessment of the BOREALI-
OSW algorithm performance in real conditions
of Lake Michigan convincingly shows that at least
for bottom depths less than 10 m its application
to in situ radiometric data yields CHL values ap-
preciably closer to those determined in the labo-
ratory as compared to CHL retrievals performed
with the algorithms neglecting the bottom effect.
At sites with greater bottom depths, the difference
between the retrievals taking into account and ne-
glecting the bottom optical impact progressively
decreases, however, remains appreciable, thus
giving additional evidence in favor of the applica-
tion of the BOREALI-OSW algorithm.

The application of the BOREALI-OSW algorithm
to MODIS-Aqua data from Lake Michigan vyiel-
ded less accurate retrievals of CHL as compared
to those obtained from in situ radiometric measure-
ments. However, they prove to be appreciably clos-
er compared to the tested procedures that neglect
the bottom optical influence. The reasons for a less
accurate performance of the BOREALI-OSW algo-
rithm with space-borne data are at least threefold.
First and foremost, the reason resides in the inac-
curacy of atmospheric correction, which is sub-
ject to uncontrollable variations in the atmosphe-
ric aerosol composition over the target site. Sec-
ondly, the spatial resolution of MODIS-Aqua data is
1 x 1 km. It means that the heterogeneity of bottom
depth and bottom cover as well as the spatial dis-
tribution of CHL inevitably differ from their counter-
parts inherent in the spot-like areas of the indivi-
dual stations, with the results of which we straight-
forwardly compare the spaceborne data. Thirdly,
although diurnal variability of epilimnetic CHL under

. 3 .
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low wind conditions in summer generally remains
within 10 % [Fee, 1976; Fahnenstiel and Scavia,
1987], the given time difference between satellite
and in situ measurements (up to 3-4 hours) may
contribute to the observed discrepancy between
satellite and in situ measurements.

It can be foreseen that with the development
of more precise bathymetric and bottom type
maps within the coastal zone, the application
of the BOREALI-OSW algorithm will also yield more
accurate CPA retrievals. However, none of the im-
provements mentioned above will be able not only
to nullify but even to diminish the problem of cor-
rect assessment of the path radiance. Undoubted-
ly, the imprecision of the atmospheric correction
remains a stumbling-block, and the major efforts
need to be undertaken in this direction.

Nevertheless, notwithstanding the aforemen-
tioned uncertainties associated with space-borne
data, we have shown that the BOREALI-OSW gene-
rated CHL values are sensibly more accurate than
the retrievals neglecting the bottom optical impact,
and the developed ocean color data processing
tool solidly presents enhanced opportunities for
monitoring optically shallow aquatic environments.

Finally, with the availability of required input
data, and a judicious consideration of the limita-
tions revealed in our simulations, the BOREALI-
OSW algorithm is certainly applicable to remote
ecological inspections of a large variety of coastal
marine and lacustrine waters given the appropriate
hydro-optical models.

This investigation was supported by NASA
Roses Grant # NNX09AU88G and Michigan
Tech Research Institute Internal Research
and Development.
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NMPUMEHEHME PACHETHbIX METOAOB AJ19 NSYYEHUA
ANHAMUWKU BEPEIToB OHEXXCKOI'O O3EPA U UX PASBUTUA

E. U. UrnaToB'2, U. B. 3emnsaHoB', A. 0. CanuH', E. B. BopLieHko',
M. H. Tepckuin'?

" FocynapCcTBEHHbIV okeaHorpagudecknii nHctutyT um. H. H. 3yboBa, MockBa, Poccusi
2 MockoBcCkuii rocyaapCTBEeHHbIV yHuBepeuteT uM. M. B. JlomoHocoBa, Poccus

MprBOaATCA pesynbTaTbl NPUMEHEHUSI PaCHETHbIX METOLOB A/ BCEX TUMoB Geperos
pasnnyHbIX paroHoB OHeXCcKoro o3epa, 3a uckioveHnem CeBepHOro MprOoHEeXbS.
B uyacTHOCTH, GblIV MPUMEHEHbI Tak1ne MeTobl, Kak BETPOSHEPreTUYEeCKNii M BOJIHO3HEP-
reTmyeckuii. MNpeasapuTesisHO Ha OCHOBE MOP@OreHeTMYecKoro aHanmsa BblOeneHsb
cneayouime Tunbl 6eperos: NepenyHbie CnaGon3mMeHeHHble 9K3apaLUMOHHbIE TEKTOHM-
yeckue, abpasnoHHbIe, B TOM YMcie 1 abpasmoHHO-AeHYAALMOHHbIE, aBPa3nNOHHO-aKKy-
MYNATMBHbIE, aKKYMYNIATUBHbIE, NaryHHbIe, Ae/IbTOBbIE U aHTPOMNOreHHble. MNprMeHeHne
BETPOSHEPreTMYeckoro mMetoda Mo3BOJINIO PacCHUTaTb OTHOCUTESIbHYIO MOLLHOCTb
BA0JSIbOEPEroBbIX MOTOKOB HAHOCOB U UX HanpassieHne. BosHosHepreTnyeckmin MeTos,
obecneynsi BO3MOXHOCTb KOSIMYECTBEHHOW OLEHKN eMKOCTY BAOSIbOGEPEroBbIX NOTOKOB
HaHOCOB, KOTOPasi CUJIbHO — B HEKOTOPbIX CJly4asx Ha MOPSA0K — pasinyaeTcs oT y4acT-
Ka K y4acTKy. HanGonbLuve 3Ha4eHns xapakTepHbl A5t CpeAHen 4acTy BOCTOYHOro nobe-
pexbsi 03epa, YTO 0O bACHAETCA CUIbHLIMY BETPAMU, XapakTepHbIMU /151 3TOr0 panoHa.
Mpor3BeaeHO CoNoCcTaBieHMe PacYeTHbIX NPOodUen AMHaMUYeckoro paBHOBECHS C pe-
afilbHbIMK NonepeYHbIMK NpoduIsMN NoasoaHoOro 6eperosoro ckioxHa. Conocraenexve
rokasasio Manyto cTerneHb BblpaGoTkM Npoduneit, KOTopble, Kak NPaBuo, 3Ha4uTeNbHO
OT/INYAIOTCA OT NPOdUIen AMHAMUYECKOro PaBHOBECUS. DTO YKasblBAET HA IOHOCTb 3Ha-
4MTEsIbHOM YacTn 6eperos, HO BaXKHYIO POJib 30ECh UMPAET M CNOW OTMbITON U3 NegHu-
KOBbIX OTJIOXEHUI KPYMHOW rasbku 1 BaslyHOB. 19 60/blUMHCTBA Y4acTKOB Geperosoti
30HblI OHEXCKOro 03epa MMeeT MecTo OnpeaeNieHHbIn 4ePUUUT HAHOCOB, YTO aKTUBU3U-
pyeT pasBuThE abpasnoHHbIX Beperos.

KnioueBble cnoBa: MOpdOreHeTnyeckne Tunbl U auHamuka 6eperos; OHexckoe
03epo; pacyeTHbIe MeTOAbl; MOABOAHbIN GeperoBoi CKIIOH; BAOILOEPEeroBom NOTOK Ha-
HOCOB; abpasns; akKyMynsaLms.

E. 1. Ignatov, l. V. Zemlyanov, A. Yu. Sanin, E. V. Borshchenko,
P. N. Tersky. APPLICATION OF MATHEMATICAL MODELING METHODS
FOR STUDYING THE DYNAMICS OF LAKE ONEGO SHORES

The results of applying computational methods are reported for all types of Lake Onego
shores in different parts of the lake except for its northern part. In particular, the wind
energy and wave energy methods were applied. The shores were first typified based
on morphogenetic analysis and the following types were identified: primordial, abrasional,
abrasion-accumulative, accumulative, lagoon, deltaic, anthropogenic, etc. Application
of the wind energy method allowed to determine the relative capacity of longshore drift
and its direction. The wave energy method helped quantify the longshore drift, whose
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capacity varies extensively among sites, sometimes by an order of magnitude. The values
were the highestin the middle part of the lake’s eastern shore, due to strong winds, which
are common in this area. The calculated dynamic equilibrium profiles were compared
with the actual shoreface cross-section. This comparison showed a low degree of profile
erosion. The profiles typically differed significantly from the dynamic equilibrium profile.
This proves that a large part of the shore is not very old, but the layer of large pebbles
and boulders washed out of glacial deposits also plays an important role. There is a lack
of sediments in most of Lake Onego shore areas, which stimulates abrasion.

Keywords: shore morphogenetic types and dynamics; Lake Onego; computational
methods; shoreface; longshore drift; abrasion; accumulation.

BBepeHune

M3y4yeHne COBpPEMEHHON anHaMukn 6Geperos
KPYMHbIX 03€P 1 BOOOXPAHWNLL, 1 MPOrHO3 MX pas-
BUTUS UMEET BAXHOE TEOPETMYECKOE U MPaKTUYEC-
KOe 3HayeHme. Takon NPOrHo3 HEBO3SMOXHO MOA-
roToBuUTbL 6€3 yyeTa 3HaHU 06 NCTOpPUM pPas3BUTUS
6GeperoB 1 MX COBPEMEHHOM COCTOSIHUN, UX DU3N-
Ko-reorpaduyeckmx ocobeHHocTel, a Takke 6e3
NpPoBeAeHUs X MOPPOreHeTU4EeCKON TUnmusawumn.

CywecTByeT oBa Noaxona K U3y4eHWio AMHa-
MUK 6eperoB MOPEN 1 KPYMHbIX BHYTPEHHMX BO-
[OEeMOB: KOMIJIEKCHbIE HaTypHble HabnaeHus,
B TOM 4YMCne opraHn3aums ctaumMoHapa nam gaxe
CeTu CTauMOHAPOB, U MNPUMEHEHNE PACYETHbIX
METOLOB OJ1S1 U3YYEeHUs OVMHAMUYECKUX MpoLec-
COB, nMpoucxoasaLmx Ha Beperax. Bropoi cnoco6b
npuobpeTaeT Bce OOJbLUYIO MOMyASPHOCTL Gna-
rogaps CBOEWr CpaBHUTESIbHOW OEWEBU3HE U YHU-
BEpPCasIbHOCTMU.

[MprMeHeHne pacyeTHbIX MEeTOAOB MO3BONSET
OLEHUTb HanpaBfieHNE, OTHOCUTENbHYI0 WHTEH-
CUBHOCTb 1 MNPUMEPHOE pacnpeeneHve no nog-
BOOHOMY 6eperoBOMy CKJIOHY ABUXYLLMXCS BOOJb
6epera HAaHOCOB W MOLLHOCTb BOOJIbOEPEroBoro
noToka HaHocoB [PykoBoacTeo..., 1975].

BbINOMHEHHBIE C MCNONb30BaHNEM (HAKTOPHO-
ro aHanmsa 6eperoBo CUCTEMbI pacyeTbl MO3BO-
NN BbISBUTb 3aBUCUMOCTU MeXAY r’MapoOMeTeo-
POSIOrMYECKMMM YCNIOBUSIMI PErVIOHA 1 nokasaTte-
NAMN ANHAMUKM HAHOCOB BOOJSIbOEPEroBOiN 30HbI
o3epa. B 10 xe Bpems OHM MO3BOMSIOT U3YYUTb
M3MEHEHNST MonepeyHoro npoduna NoABOAHOro
OeperoBoro CKjioHa M NocneacTBust 3TOro npo-
uecca gns guHamunkn 6eperoB. KonnyecTeeHHas
N Ka4yeCTBEHHAs oLeHKka eMKOCTU Baosibbepero-
BOr0 MOTOKa HAHOCOB MOXET ObITb OCYyLLECTBIe-
Ha NPV NOMOLLM TakMX pacyeTHbIX METOO0B, Kak
BETPOJHEPreTUYeCcknin 1 BOJIHOGHEPreTU4YeCcKni.
na n3yvyeHns nsmeHeHuin nornepeyHoro npoowuns
NnoABOAHOro 6GeperoBoro CkjoHa W Mx NOocneacT-
BUM OCYLLECTBNAETCS COMOCTaBNEHUE MONyY€EH-
HbIX B X04e NoneBbiX paboT GakTUYeCKNX 3X0NoT-
HbIX MOMepeYHbIX Npoduen ¢ pacyeTHbIMU NPO-
drnamMm ANHaAMN4eCKOro paBHOBECUS.

Mcnonb30oBaHHbIE pacHeTHble MEeTOAbl HAMHO-
ro Aelwlesfie NnonesBbiX UCCNefoBaHUi 1 TpebyioT
MEHbLUMX BPEMEHHbIX 1 TPYAOBLIX 3aTpart. pyroe
MX MPENMYLLECTBO — BO3MOXHOCTb ONpeaeneHus
napamMeTpoB NOTOKOB HAHOCOB U pa3BuUTUS Gepe-
rOBOW 30Hbl 3@ MHOMOJIETHUA NEPUOL BPEMEHMU,
YTO YACTO HEBO3MOXHO OMpPenenuTb 3a OAMH MNo-
NIEBOW CE30H, KOTOPbIA MOXET XapakTepn3oBaTb-
CS1 CYLLECTBEHHbIMUN OTKJIOHEHUSIMW KIMMATUYEeC-
KMX nokasaTesieln OT MHOMOJIETHUX 3HaYeHuin. He-
[OCTaTKOM NPeacTaBnsieTcsd HECKOJIbKO MEHbLLAs
TOYHOCTb B CPaBHEHMW C pe3yfibTaTaMy NOSEBbLIX
nccnefoBaHNM U HeOOCTaTO4YHbIA YH4EeT MECTHbIX
ocobeHHOoCTEeN.

B teyeHne 2014-2015 ropga cotpyaHukamu lo-
CYOApPCTBEHHOrO OKeaHorpaduieckoro MHCTUTyTa
nMm. H. H. 3yboBa Obilin opraHM3oBaHbl MOJSIEBLIE
nccnepoBaHnsa OHeXCKOro o3epa n ero Bogocbop-
Horo 6acceliHa. Ha ocHoBaHuM aHanmaa cobpaHHo-
ro Marepuana, a Takke GOHAO0BbIX Y IUTEPATYPHbIX
OaHHbIX Oblfa OcyLecTBNeHa MopdoreHeTnyeckas
TMNM3aums 6eperos 1 BbINMOJSIHEHO PaOHMPOBaHNE
nobepexwnin. Kaxgomy Trny 6epera npucyLiy ceon
dusmko-reorpapunyeckmne, Mopdposiorm4eckme u
OMHaMmnyeckme OCOOEHHOCTU, YTO Y4YUTbIBANIOCH
npu NPUMEHEHUM pPacyeTHbIX METOA0B BNOCNes-
CTBUWN. 32 CHET UCMONBb30BAHMS MAJIOMEPHOIrO CyA-
Ha 1 cneumanbHoro obopyaoBaHus Gblan NocTpoe-
Hbl 0k0s10 30 NPOAONbHBIX NPpodunen NOABOAHOrO
6eperoBoro ckjioHa AJ1s pasHbIX YacTel akBaTopum
o3epa. OHW BblIM COMOCTaBfIEHbl C PaCHeTHbIMMU,
C Tak Ha3dbiBaeMbiMU NMPOOUAAMU UHAMNYECKOrO
paBHoBecusi. CocTaBneHne noasoaHbIX npodunen
OblIO OOMOJSIHEHO BOAOMA3HLIM UCCNef0BaHNEM
noaBoAHOro 6eperoBoro CkJIoHa 1 OCYLLECTBEHN-
eM otbopa npob AOHHLIX FPYHTOB. Brnocneacrteum
OHM OblIM NMOABEPrHYyTHl PAHYNOMETPUYECKOMY
aHannady, 4YTO MO3BOSIWIO UCMOMb30BaTb MOJyHEH-
Hbl€ MO WX KPYMHOCTU AaHHbIE OJis1 MOCTPOEHMS
npopwunen guHaMmmM4yeckoro paBHOBECUS O/ KIO-
YeBbIX YYaCTKOB.

CoBmelLeHne pe3ynbTaTtoB aHann3a ¢GoHOO-
BbIX WU NUTepaTypHbIX OaHHbIX, COOCTBEHHbIX MO-
NEBbIX UCCNEAOBaHNM U MNPOBEAEHHbBIX pPacyeToB
NO3BOMINO BbIOENNTL Y4acTku GeperoBoi 30HbI
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pasHbIXx panioHoB nobepexbss OHeXCKoro o3epa,
DN KOTOPbIX XapakTepHbl Hanbosbline Mopdo-
AOVHaMMyeckue U NUTOAVHAMUYECKNE USMEHEHUS
©6eperoBoi 30HbI.

Llenb wnccnepoBaHus: oueHka mMopdonormm
M AMHAMUKW pasnnyHbIX TUMOB 6eperoB OHEeXCcKo-
ro 03epa C NPUMEHEHVEM PACHETHbIX METOA0B.

3agayun nccnenoBaHus:

1. Tunmnsmposatb Gepera OHEXCKOro osepa
no MOPGPOreHeTU4ECKOMY MPUHLLAMNY.

2. OaTtb 0630p CYLLECTBYIOLIMM paCHETHbLIM
MeToAaM, KOTopble MOryT ObiTb MPUMEHEHbI ASIA
n3y4yeHns anHammnkm 6eperoB OHEXCKOro o3epa.

3. lNpon3BecTn Ka4YeCTBEHHYKD OLEHKY BO3-
nencteylollen Ha 6epera OHeXCcKoro osepa BOJI-
HOBOW 9HEpPrun 1 BbiSIBUTb COOTHOLLEHUS ee Npsi-
MOW (HanpaBfieHHOM No Hopmanu K 6eperoBo nn-
HUK) U BOONLOEPEroBoii COCTAB/ISIOLLINX.

4. PaccunTtatb eMKOCTb BAOSLOEPErOBbIX MO-
TOKOB HaHOCOB OHeXCKOro o3epa, KpoMe ero ce-
BEPHOM 4acTu, MO BOJIHOQHEPreTU4eCKOMY METO-
oy B. B. JIoHrnHosa.

5. Ha ocHoBaHuWK cOMnocTaBfieHUs pacyeTHbIX
npogwunen pasHosecus N GakTN4eCKUx N3MepeH-
HbIX Mpodwunen nogesogHoro 6eperoBoro CkjoHa
oLeHUTb MopdoaMHaMmnyeckoe cocTosiHne Gepe-
roBOV 30HbI 1 ONPefennTb npownbie 1 dyaywme
TpeHAbl B ee 3BOJIOLUN.

MaTtepuanbi u meToabl

OCHOBHOW ABUXYLLEN cunol gns abpasum 6e-
peros v BAONLOEPEroBOro nepemMeLLeHns HaHo-
COB fIBNSieTCs NOTOK BOSIHOBOW 3Hepruun. Pewato-
WwmM HakTOpPOM AJ19 HErO SABJISETCS BeTep, TakK Kak
WMEHHO OH, Byay4n HOCUTENEM 3HepPrumn, Bo30yx-
[aeT BosHeHne n TedeHus. OgHaKko BaXHYIO pPOsib
urpaeTt 1 pasmep BOLOEMA, ONnpenensiowmin anm-
Hy pasroHa BeTpOBbIX BOJSIH. BeTep onpepenser
WHTEHCMBHOCTb abpa3unm Mopckoro 6epera u noa-
BOOHOro OeperoBoro CkJIoHa, HanpasfieHue ne-
peMeLLeHnst U pacxon, BOONbLOEeperoBoro notoka
HaHocoB. OObeEMHbIE MOKasaTenn pacxoga HaHo-
COB, KaK Npasunso, NPOMNOPLMOHasbHbI BENNYMHAM
NnoToKa BOJIHOBOW aHepruu. Takum obpasom, ans
ONCTaHUMOHHOIO ornpeaeneHnsa nMtToguHamMmmn4yec-
KMX YCNoBuin 6eperoBoli 30Hbl B paMkax oTaeslbHO
B3ITOr0 pernoHa HeobxoAMM pacyeT BOJSIHOBbIX
3HEpPreTUYEeCKNX XapakTePUCTUK.

Onsa BbINOMHEHUA OaHHOW paboTbl UCMNOJb-
30Ba/INCb  FMOPOMETEOPOSIOrMyeckme MeToabl.
K HVMM OTHOCATCHA BETPO3IHEPreTnyeckmin n BOJI-
Ho3HepreTmnyeckun [PykosoacTtro..., 1975]. Tak-
Xe OblJI0 OCYLLECTBNEHO MOCTPOeHue npodunen
paBHOBecUs o1t NogBOAHOro 6eperoBoro CKjioHa
C nocfenylLwmmMm KX COMOCTaBJ/IEHNEM C peasib-
HbiMU npodunsamu. OCHOBHaAsA LEeNb NPUMEHEHUS

rmopoOMeTeopPOIOrMYEeCKMX METOA0B: KAYEeCTBEH-
Hasi U KONMYECTBEHHAs XxapakTepucTunka BoosLbe-
PEroBoro nNOTOKa HaAHOCOB, KOTOpas CTAHOBUTCS
BO3MOXHOI MNOcne npoBefeHUs pacyeToB C UC-
NOJSIb30BAHMEM AAHHbIX MO BETPY, BOJIHEHUIO, T1y-
6vHaM 1 KoHbUrypauum 6eperooii MMHUK. B Ha-
CcToslLLEee BPEMS CYLLECTBYET HECKOJIbKO METOLOB
pacyeTa BOJIHOBbIX 9HEPrETUHYECKUX XapakTepuc-
TUK, HE CYMTA MHOMOYUCIEHHBIX 3IMMNPUYECKUX
dopmyn. BONLLUMHCTBO U3 3TUX GOPMYN MNonyye-
Hbl B pe3yfbTaTte aHann3a AaHHbIX HabNOeHUM
NPW YacTHBIX YCIOBUSIX U HE MOTyT OblTb pacnpo-
CTpaHeHbl Ha Oonee obLiMe ciyyan, COMHUTENb-
HbIM MpPeACcTaBNsSeTCs U UX UCMNosb30BaHue 6e3
yyeTa permoHasibHbiXx 0COOEHHOCTEN.

B xome npuMEHeHus ruapomMeTeoponormye-
CKkMX MeToaoB Oeper pas3buBaeTcs Ha HEKOTOpPOoe
KONMYECTBO Y4aCTKOB, B 3aBUCUMOCTU OT €ro KOH-
duvrypaummn. B xone gaHHOro nccnegoBaHusa BeCb
O6eper OHexcKoro o3epa, 3a WCKIYEHUEM €ro
ceBepHOM YacTun, Obin pas3dbuT Ha 25 y4acTKOB.

BeTtposHepretunyeckunii metos

BeTpoaHepreTmnyeckmii MeToLn no3Bons-
€T Ha Ka4YeCTBEHHOM YPOBHE OLEHUTb €MKOCTb
BOOSIbOEPEroBoro noToka HaHoca, a Takxe ornpe-
[ennTb ero HanpasneHve. IcxogHbIMy JaHHbIMY,
HEeoOXOAMMBLIMU OJ1 €ro NPUMEHEHWUSs, ABNSI0TCS
rnaBHblIM 06pPa3oM XxapakTepucTuku BeTpa. Yuu-
TbIBAETCH TaKXe Ja/IbHOCTb pa3roHa BOJIH.

BeTpoaHepreTnyeckmnin MeTog, Lenecoobpas-
HO NPUMEHSTb A5 BbISIBNIEHNS 0OLLLEN TEHOEHLNN
pa3BuTusa 6eperos, oS NPOrHO3MPOBaHUS pPa3Bun-
TN 6eperoBbIX MPOLLECCOB, pa3paboTku [0Nro-
CPOYHbIX MeponpusaTuii no 3awmute 6eperos. Mpun-
MEHSETCS OH TakXe C Lesibl0 PEKOHCTPYKLNM 3TUX
NPOLLECCOB AJ19 BOCCO34aHNA UCTOPUU Pa3BUTUA
no6epexbsl. PacyeTbl N0 JaHHOMY MEeToAy NO3BO-
NAT CPaBHUTb WHTEHCUMBHOCTbL BAOSILOEPErOBOro
noToka HaHOCOB W AUHaAMUKN Beperos Ans Bbige-
JIeHHbIX PanoHOB. BnepBble BETPO3HepretTnyec-
K1 meTon, Obin npeanioxeH N. MyHx-INeTtepcoHom
[1933] u B. T. lywkosbim [1934], Hap HUM pa-
6otann B. B. JloHruHoe [1963, 1966], L. A. MNpa-
BoTopoB [1961] n mpyrue uccneposatenu [Py-
KOBOACTBO..., 1975]; oH no3BonseT noacuyMtaTb
BETPOBYIO COCTaBJIFIOLLYIO BOJIHOBOW 3HEpPruu
Ha OCHOBaHUN KIIMMATUYECKUX OAHHbLIX U1 MOPdO-
normn GacceriHa (rnybuHa, KoHdurypaumsa depe-
roenT. a.). Obwas popmyna ans pacyerta no BeT-
poaHepretTndyeckomy metony WM. A. lNMpasoTopoBa
[1961] nmeeT BUA;

E = pW" D" [PykoBoacTBO..., 1975],

roe p — NOBTOPSIEMOCTb BeTpa B npeaesnax gaHHo-
ro pymba nnu nonypymoa, B OONAX eaMHULLbI UK
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%; W — ocpemHeHHasi CKOPOCTb BeTpa, Mm/c; D —
npegenbHas ganbHOCTb.
dopmyna pacyeTta D nmeeT cnepyowmin Bua;:

D, =0,8W? rae W - ocpeaHeHHasi CKOPOCTb BET-

pa, m/c [PykoBoacTBO..., 1975].

[Mokasatenu cteneHn anga popmynel E = pWD™
npuHATbl  cornacHo Khancy [1968], n=3,
m = 0,33. B peanbHbIx pacyeTax nosyYyeHHbIN pe-
3y/bTaT TaKkKe YMHOXalOT Ha KO3pPUUMEHT K,
KOTOPbIN OTpaxaeT NoJSIHOTY PyMOOBOro cekTopa,
TO €CTb OTHOLUEHUE KO BCEMY CEKTOPY aKTUBHOWM
ero gonu [PykoBoacTeo..., 1975].

PesynbTaTthbl, NonyyYeHHble B XOOE€ pPaCyeTOB
Nno BETPOJHEPreTU4YeCKOMYy MeTony, MO3BOASIOT
COMOCTaBUTb BENYMHY BAONLOEPEroBoi 1 none-
PEYHOW COCTaBNSAOLLMX BOJSIHOBOW 3Heprun. [ns
Tex yyacTkoB Gepera, O/ KOTOpbIX nNpeobnagaet
BAOJIbOEPEroBasi COCTaBNSAOLLASA, XapakTepeH ae-
GVUMT HAHOCOB W, Kak cnencTeue, abpasuvs Uam
pa3mbIB. VIckntoueHnemM MoryT ObiTb yHacTkm bepe-
rOB CO 3HAYUTENbHBIM MPUXOA0M HAHOCOB, Hanpu-
Mep, CMEXHbIe C YCTbSIMU PeK MO0 y4aCTKK, Ha KO-
TOpPbIX MMEET MECTO WCKYCCTBEHHAs NOAChINKa
rpyHTa. Ons y4actkoB nobepexbs ¢ npeobnagaHn-
€M MOMnepeyHor COCTaB/IAIOLLEN BOHOBOW 3HEp-
rMn XxapakTepHbl OTHOCUTENbHAsA CTabuNbHOCTL Ge-
pera n GbICTPbIE TEMMbI U3BMEHEHWSI NMOMNEPEYHOIO
npogunsa NoasoaHOro 6eperoBoro CkoHa.

BosnHosHepretuyeckui MeTos

KonnyectBeHHasi oueHka, UM oueHka abco-
JIIOTHOW BEJINYMHLI BOJIHOBOW 3HEPrun, MOXET
ObITb MOSyYeHa C MOMOLLbID BOJIHOSHEpPreTmye-
CKOro MeToAa. JHeprusi BOSH pPacCyHMTbiBAeTCs
MCXo4st N3 CUibl M NOBTOPSEMOCTU BETPOB pas-
JINYHBIX HarMpasfIeHWA C UCMOJIb30BAHNEM 3MIMU-
prn4eckux KoapduumeHToB. B oTnnymne ot BeTpo-
3HEepPreTMYeCKOro MeToaa BOJIHO3HEPreTn4eckui
MeTO[, MO3BONSIET MOJly4UTb abCONOTHbIE 3Ha-
YeHUst BeINYMHbI BOJTHOBOW 3Heprun gns nobo-
ro yyacrtka, 4To BMNOCNeACcTBUM MNO3BONAET KOJN-
4YeCTBEHHO OLIEHUTb EMKOCTb BOOSLOEpPEeroBoro
notoka HaHocos. A. M. XXgaHoB [PykoBoACTBO...,
1975] npeaonoxunn paccymTbiBaTb 3HEPrmio BOJIH
Ons Bcex 6annoB 1 nofypyMOoB BOSIHEHUS Crefy-
loLWwrM 06pasom:

cph2

81%

roe X — cpegHss oavHa BOJHbl; h — BbicOTa BOJI-
Hbl; T°° — CpegHuA Nepuog, BoJHbl; E — aHeprua 3a
CEKyHAY Ha NOroHHbIN MeTP GPOHTA BOJIHbI.
BonHoBasi aHeprns nogcynTbiBaeTcsl B YCJ10B-
HbIX eguHuUax. Ona nepexoga K €MKOCTU MOTO-
Ka HaAHOCOB, KOTOpasi Bblpa)XaeTca B OObEMHbIX

E= [PykoBoacTBo, 1975],

BeNnyuHax, ucnonbadosaHa ¢opmyna B. B. JIoHrn-
HOBa, KOTOpasa MMeeT CreayloLnii BUa;:

Q =800007"2%[PykoBoOACTBO..., 1975],

roe T — HaHocogBuxywas cuna, OencTBylowas
BLOMb 6epera v BblpaXkeHHasi B YCNOBHbIX eUHNLLAX.

M3 nutepatypbl [PykoBoacTtBo..., 1975] uns-
BECTHO, 4To T=E sin a, roe a — yron mexay Ha-
npaeBfieHMEM BETPOB AaHHOro pymba u 3kcno-
3uumelt gaHHoro yyactka 6epera, E — BoJIHOBas
3Heprvs B YCJIOBHbIX eOuHMLAax, KOTopas paHee
Oblna nogcyMTaHa ¢ NpUMeHeHneM BETPO3Hepre-
TMYeckoro Metoga. Takum ob6pa3om, BOJIHO3HEP-
reTMYecKmin MeTom, MOXET ObITb ynoTpebieH NuLlb
«B CBA3KE» C BETPO3HEPreTn4eCKUM MeTOL0M.

Mopn emkocTblio BOONLOEPEroBOro noToka Ha-
HOCOB NMOHMMAIOT €ro NOTEHLMANIbHYIO MOLLHOCTb,
T. €. TOT 06beM HAaHOCOB, KOTOPbLI/ OH MOTEHLM-
anbHO cnocobeH nepemellatb 3a onpeaeneHHbll
nepuoa BpeEMEHU, HanpumMep 3a O4VH ro,.

Kak npaBuno, eMKocTb BAoSIb6eperoBbIx NoTo-
KOB Ha2HOCOB COCTaB/ISET AECATKM U COTHU ThICAY
TOHH B rof, B 3aBUCMMOCTU OT rMapoMeTeopo-
JIOTNYECKMX YCNOBWUIA, KOoHUrypaumm Oeperos,
a Takke matepuasnos, npeobnagaloLmx B niaske-
BbIX M JOHHbIX OT/OXeHUsX. OueHka obbema ne-
peHoca HaHOCOB OYeHb BaXKHa A1 peLleHus paaa
npUKIagHbIX 3afa4y: onpeaenieHnst ckopocTtel ab-
pas3un 1 akkymynsiuum 6epera, CKOpocTu 3aHOCU-
MOCTU CYOOXOOHbIX KaHaN0B U NOAX0O0B K MOPTO-
BbIM COOPY>XEHUAM N T. A,

lNocTpoeHuve nornepeyHsix npogune
rnoaBoaHOro 6eperoBoro CK/oHa v ux
corocTtaB/ieHne ¢ nPoduIsMy paBHOBECUS

JaHHblli MeTo, 6a3npyeTcs Ha nocTtynarte y4ye-
HWS O Pa3BUTUN MOPCKMX BEPErOB O CyLLEeCcTBOBa-
HUK NonepeyHoro Nnpoduna AMHaMmM4eckoro pas-
HOBecusi NoOBOOHOro 6eperoBoro CkjaoHa, onu-
CaHHoro, B 4yacTtHocTu, B. IN. 3eHkoBuyem [1962],
a TaKXke Ha CpaBHEHWUU OPYr C APYrOM.

Mpodunn nopBogHoro 6GeperoBoro CkjoHa
OblNN NONyYeHbl B pe3ynbTaTe NnoseBbiX Nccneno-
BaHWI Ha KJOYEBbIX yyacTkax. [locTpoeHune npo-
dunein paBHoBecus BbIIO BbIMNOJIHEHO MO METOOM -
ke dunHa — bpyyHa [JleoHTbes, 2001].

Mpodunb dnHa onnceiBaeTca Gopmynamm

h=Ax2/3; A=0,067W°* [JleoHTbes, 2001],

roe h — rnybuHa; x — pacctosHue ot Gepera; w, —
rmgpaBnuyeckasl KPpynHOCTb HAHOCOB, BbIPAXXEH-
Hasi B cm/c™.

Crnenyetr oOTMETUTb, 4TO MOA W, NMOHMMAIOT
VMMEHHO r1apaBiIHECKY0 KPYNMHOCTb HAHOCOB,
KOTOPYIO He cnegyeTr nyrtartb C TPaguLMOHHOM
rPaHy/IOMETPUYECKOM KPYMHOCTbIO, U3MEpPSeMon
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Puc. 1. OnpepenexHne wg No cpefHemy pasMepy TBEPAbIX YacTul, d,, Ha rpaduke
cneBa — s necka, cnpaea — ans rpasus [JleoHTbes, 2001]

Fig. 1. Determination of w, by the average size of solid particles d, on the left
in the diagram it is shown for sand, on the right — for gravel [Leontiev, 2001]

B Mepax AavHbl. lMoa rumapaBnnyeckom KPyrHo-
CTblO MOHUMAIOT CKOPOCTb MaAEeHUs 4HacTul, Ha-
HocoB B cTosiien Boge npu 10 rpagycax Llenbcus
[3eHkoBuy, 1962].

MapameTp A B cpegHeM MMEET BENNYMHY NO-
psgka 107!, HO MOXeT AOCTaTO4HO 3aMeTHO KO-
nebartbcs B 3aBUCUMOCTM OT KPYMHOCTW HAHOCOB.
Yem Gonbllue pasmMep HaHOCOB, TeM OoJiblle Tpe-
OyeTcsl BpEMEHUN Ha UX nepeMeLLeHne (npu npo-
4YMX PaBHbIX YCIIOBUSIX).

H4T106blI OnpeaenvTb w, Mo cCpeaHemy pasme-
py TBEPAbIX HYAaCTUL, dS, MOXHO BOCMOJ/Ib30BATLCS
3aBUCMMOCTbIO BaH PeilHa, KoTopas npuMBOguUT-
cqa B pabote UN. O. JleoHTbea [2001] n nokasaHa
Ha puc. 1.

PesynbTaTtbl M 06CyXaeHue

Pe3synbtartsl npyuMeHeHus
BEeTpoO3HepreTtn4eckoro merona

[MpMeHeHne BETPO3HEPreTUYeckoro MeTo-
[a MO3BOJINIO MOJIYYNTb KA4eCTBEHHOE COOTHO-
LueHve BOoSIbOeperoBoro 1 nonepevyHoro noToka
BOJIHOBOW 3Hepruu (puc. 2). Uudpamum obo3Ha-
YyeHbl y4acTKn, Ha KoTopble Obln pasgeneH beper,
nepneHankynsipHble Kk 6epery ctpenku ob603Ha-
YalT MOMEepeYHy COCTaBASOLWY MNOTOKa, na-
pannenbHble 6epery — npoaosibHylo, BOOSbLOEpe-
roBYIO COCTaB/SAIOLLYIO, a UX HarpasieHne oToo-
paxaeT npeobnagaiollee HarnpasiieHMe MnoToka
HaHOCOB.

PacyeTbl npoBoAMIUCL Os BCEW akBaTopun
OHexcKoro o3epa, 3a UCKJII0YEHNEM ee CEBEPHON
yactn. Boonbbeperosblie MOTOKM HAHOCOB 34€Cb
MaJIOMOLLHbI MM OTCYTCTBYIOT, npeobnagaioT

cnabon3meHeHHble 6epera, Ha KOTOpPbIX AMHAMU-
Yyeckune NPOLLECCHI BbipaXeHbl HE3HAYNTESBHO.

MpeobnagaHne BOOMLOEPEroBO COCTaBNSA-
towen obecneymBaeT MOBbLILEHHYIO MOLLHOCTb
TpaHCnopTa HaHOCOB, YTO CTUMYNPYET abpa3suio.
ConocTtaBneHne NoJlyd4eHHbIX pesdysibTaToB C kap-
Ton TMnoB 6eperoB [MccneposaHue..., 2015] aTo
noaTeepxaaeT. B npegenax y4actkoB ¢ npeobna-
Jatollen BoonLbeperoBoii COCTaBNSAOLWEN Mpak-
TMyeckn Bce Oepera sBNsOTCA abpasvoHHbIMU
nnn  abpasmoHHO-akKyMynaTUBHBIMU. Tam, rae
NMeeT MecTo NpeobnagaHne HopMasnbHO Harnpas-
NneHHol k BGepery cocTaensiouwen, npeobnagaet
akKyMynauus.

B npepenax BocTo4HOro Gepera rnonepeyHas
cocTaBnsiowas npeobnagaet B CEBEPHOM 4vac-
TN pervoHa, u Tam Takxe npeodnagalT adbpasu-
OHHO-aKKyMynsiTUBHble Gepera. B HOxHom [Mpu-
OHeXbe B CWUJly HU3BMEHHOIO xapakrtepa 6Geperos
npeobnagaeT akKyMyNsSTUBHbLIA TWUM, HECMOTPS
Ha pasfiMyHOe COOTHOLIEHNE BOONLOEPErOBOW
M NOnepeyHon COCTaBNSAIOLWEN HAHOCOABUXKYLLEN
CUnbl.

Pe3yfleaTbl rNpuMeHeHwus
BOJIHOGHepretn4Yeckoro mertoaa

BonHo3HepreTnyeckmin MeTon no3Bosn noa-
cumnTaTh rogoBble eMKOCTU BOONLOEPEroBoro no-
TOKa HAHOCOB Ha KJTI04EBbIX y4acTKax, [AJ1s1 HEKOTO-
PbIX N3 HUX pe3ynbTaTbl NpuBeaeHbl B Tabnuue.

M3 Tabnuubl BUAHO, YTO A/ pasHbIX Y4aCTKOB
OHU CYLIECTBEHHO OTNNYAIOTCA, 3TW OTNNYMSA Noa-
TBEPXOAt0TCs M 04YEeHb PasHbIMKU TEMNamMu abpasnn
N akKKyMynsiuyuy, OTMEYEeHHbIMU MPU NONEeBbIX Ha-
onogeHnsx. OgHako cnenyeT yTO4YHUTb, 4TO Obina
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Puc. 2. CooTHOLLEHME BAOLOEPEroBo 1 MNOMEPEYHON KOMMOHEHT HAHOCOABUXY-
e CUAbl A5 K0XKHOMO, 3anafHoro 1 BOCTOYHOro nobepexbs OHEXCKOro o3epa
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Fig. 2. Correlation of longshore and cross-section components of sediment-moving
power for southern, western, and eastern shores of Lake Onego

paccyMTaHa eMKOCTb MNOTOKa HaHOCOB, a He ero
dakTmnyeckas MOLLHOCTb. Ecnm nocnegHsass MeHb-
e, 4eM EMKOCTb, UMEET MECTO AeDULMT HAHOCOB,
4yTO ycunmeaeT abpasnio; ecanm MOLLHOCTb MpeBbl-
LIaeT eMKOCTb, HAYMHAKOTCS akKyMYNATUBHbIE MPO-
ueccol, abpa3uns cuibHO ocrnabesBaeT wunm npekpa-
waetcs. OgHako NPSMON 3aBUCUMOCTU MeXay Mno-
TeHUMaNlbHOM eMKOCTbIO BOONbOEperoBoro notoka
HaHOCOB U TUNoM BGepera Bce Xe He MoJly4YeHo.
BbISIBNIEHO HECKONbKO KOHKPETHbIX MPMYMEpPOB,
NOATBEPXAAIOLLMX B3aUMOCBSA3b Pe3ybTaTtos, No-
JIy4EHHbIX B XO4€e MPUMEHEHNS PaCYETHbIX METO-
0OB, 1 pe3dynbTaToB 0600LeHns GOHO0BbLIX U NTe-
paTypHbIX, @ TaKXe NOJSIEBbIX AaHHbIX, B YACTHOCTH,
pacnpepneneHns 6eperos no Tmnam. Tak, Ha 3anapg-
Hom Gepery OHeXCKOro o3epa Mexzay oCcTpoBammu
BpycHo 1 TonomsiHHLIN NpeobnapaloT abpa3noH-
HO-aKKyYMYNATUBHbIE N aKKyMYyNSTMBHble Oepera.
MpuMeHeHe BETPOIHEPreTMyeckoro Metoaa no-
kazano npeobsagaHne Ha 3TOM yd4acTke nonepey-
HOW COCTaBNSAOLLEN BOSIHOBOW 3Heprun. Boonbbe-
peroBon NOTOK HAHOCOB HampasieH 30eCb B CTO-
poHy [eTtpos3aBoackon rybol. CeBepHee ocTpoBa

[[0OnoMsiHHOro, NO BCEN BUOWMMOCTWU, MPOUCXOAUT
ero «pasrpyska». MaTtepwnan, noctynawoLwui B Xxoae
abpas3ny 6eperoB OXHEEe M BbIHOCMMBbIA pPekamu,
oTknagbiBaeTcs. 3pecb npeobnagatoT yxe akky-
MYJISTUBHbIE U OenbToBble Gepera. YMeHblleHne
MOLLLHOCTM BAONbOEPEeroBoro notoka HaHOCOB
NOATBEPXOAETCS U pe3ynbTaTtamMv MNpPUMEHEHUS
BOJIHO3HEPreTn4eckoro MeToaa.

Ona BocTo4YHOro u 3anagHoro Gepera o3epa
XapakTepHO 4epenoBaHve abpasnoHHO-akKymy-
NATUBHBIX (pexe abpa3uoHHbIX) 1 abpas3noHHbIX
y4acTkoB. [lpuMeHeHue BETPOIHEePreTnyeckoro
MeToa TakKxke rnokasasno 4yepeaoBaHMe y4acTKOB
C He3HauuTesnbHbIM NpeobnagaHnemM BoosLbepe-
rOBOW UJIN MOMEPEYHOM COCTaBNSIOLMX BOJTHOBOMN
aHeprun. B KOxHOM MproHeXbe WMPOKo pacnpo-
CTpaHeHbl akkyMyNsTUBHble 6epera, YTO XOpPOLUO
CONoOCTaBnsieTCa C pe3ynbTatamy MNpUMEHEHUS
BETPO3HEpPreTnyeckoro metoga. McknoveHve co-
CTaBnsieT yqacTtok 6epera mMexay ycTbsiMu AHOO-
Mbl 1 BbiTerpbl 1 panoHa mMbica HoBbI HOC (panoH
o3epa Merpckoro), Ha KOTopoM npeodbnagaeT no-
nepe4yHasd cCoCTaBgoLWas.
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PegynbTaThl nogcyeTa eMKOCTM NOTOKA HAHOCOB

Results of drift capacity calculation

BenunynHa BonHoBON
HasBaHue yyacTka (B ckobkax aHeprum
o o O6beM noToka
o nprBOANTCA Ha3BaHue bavxanero MpeobnapatoLmin 3a CeKyHZy Ha nor. m
N2 yyacTtka o HaHOCOB, T/roj,
; nyHKTa HabnoaeHWI 3a BOJIHAMK) Ha yyacTke Tun 6eperos 6epera ; .
Site No. . . . Sediment drift
Site name (the closest point for wave Prevalent type of shores Wave energy magnitude
ST . - volume, tpa
observing is given in brackets) per second per running
meter of the shore
Panon nocenka epeBsHHOE
1 (Lento3epo) AKKyMyJ‘IFITI/IB.HbIe 0,1284 1013,9
Derevyannoye settlement area Accumulative
(Shyoltozero)
Byxta UJ(?JIjLeIJnaT; Sg/ng);\ 3aaubs ABPA3NOHHO-
2 P aKKYMYNSATUBHbIE 0,357 2819
Shoksha Bay — Zayachya Bay ) .
Abrasion-accumulative
(Shyoltozero)
ABpasnoHHO-
3 rI/I.MOpeLI,KaFI GyxTa (LLlenTosepo) AKKYMYNATUBHbIE 0,1284 1131,98
Gimoretskaya Bay (Shyoltozero) ) .
Abrasion-accumulative
Csupckas ryba (nocenok BosHeceHbe) AKKYMVASTUBHbIE
4 Svirskaya Bay (the settlement yMy. . 0,274 1452
Accumulative
of Voznesenye)
ABpasnoHHbIe,
PainoH yctbs AHOOMbI (AHOOMA) abpasnoHHO-
5 The mouth of the Andoma River aKKyMyNaTUBHbIE 1,0389 10614
(Andoma) Abrasional, abrasion-
accumulative
ABGpPa3noHHO-
YcTbe pekun PygaHka — mbic Mypomckmia aKKyMYNSATUBHbIE,
(AHOooMa) aKKyMYNSATUBHbIE,
6 The mouth of the Rudanka River — Cape NEenbTOBblE 1,0389 5927
Muromsky (Andoma) Abrasion-accumulative,
accumulative, deltaic
Mbic BecoB Hoc — Mbic KpecToBbIii OT abpasdunoHHbIX A0
HaBOJ10K (0. BacunucuH) AKKYMYNSTUBHbIX
7 Cape Besov Nos - Cape Krestovy From abrasional 0,908 15527
Navolok (Vasilisin Island) to accumulative

PesysibTatel cornocTtasieHunst npoguiien
paBHoBecusi  pakTU4eCKuX npogunen
rnoaBoaHoro 6eperoBoro CKioOHa

CyLecTBYyeT HECKONBbKO knaccudukaumii dpaktm-
yeckux npoduneir 6eperoBoli 30Hbl, ONTUMabHOMN
M3 KOTOPbIX MPeacTaBnsieTcs knaccuounkaums, pas-
paboTtaHHaa B. B. JlIoHrMHoBbIM [PyKkOBOACTBO...,
1975]. OH BblAENSET TPU NX OCHOBHbIX TMNA:

1. Mpurnybble, ANs KOTOPbLIX XapakTepHO Henpe-
pbiIBHOE BO3pacTtaHne pgedopmaymn BOJIHbI
BMJIOTb 0O €€ pa3pyLUEHUNsa HENnocpeacTBEHHO
y ype3a. Cioga xe oTHocATcs 6epera, CroXeH-
Hble MPOYHbIMW KOPEHHbIMW MOPOAAMU, KO-
TOPbIM CBOWMCTBEHHA 3Ha4yMTEsIbHAa KPYTU3Ha
noaBoaHoro 6eperoBoro ckjioHa. BonHbl Ha Ta-
KMX ydacTkax obsagalT 3Ha4YMTENIbHOM paspy-
LnTenbHoOW cunoii. YknoH 6epera oo nsobarthl
5 ™M coctaBnset 6onee 0,02. nsa Takux npo-
dwunen xapakrepeH OeduunT HAaHOCOB U3-3a
MOACTUAAIOLMX KOPEHHLIX MOPOL4, YCTONYNBLIX
K pasmbiBY, 4YTO CYLWECTBEHHO COEpXMBaeT

abpas3noHHble npouecchl. MNpuMep — y4acTku
B OyxTe LUokiwa, B 6yxTte PbiOpeka, B palioHe
YesiMy>XCKOW KOCbl B €€ BEPXHEN YacTu U Ap.

. OT™Menble, ¢ NocTerneHHbIM 3abypyHUBaAHUEM

N paccbinaHnem BOJHbl, MeanieHHon aedop-
Maumen BOJIHbl U OTCYTCTBMEM rMpouecca ee
onpokuabiBaHud. [NpenensHbli ciyyain — BosiHa
He poxoauT fo 6epera BoBce. YKIIOH 6epera oo
n3obatel 5 M — meHee 0,01. Cioga oTHOCUTCS
dakTnyecknin npodunb B 6yxte Ys n ap.
[MpomMexyToyHble, CO CpeaHen KpPyTU3HOM,
C MHOroKpaTHbIM paspyLLUeH1eM BOJIHbI U C BO3-
pactaHmem ee gedopmMaumm Kaxabln pas ne-
pen paspyweHueM. lNMocne kaxaoro paspyue-
HWS BbICOTA BOJIHbI CTAHOBUTCS MEHbLLE. YKIIOH
6epera 0o 5 m — npumepHo 0,01-0,02. 3gecb
MOXeT ObITb Kak AedULNT HAHOCOB, Tak U UX U3-
ObITOK, HO BO BTOPOM CJly4ae Ux TOXe HeocTa-
TOYHO AJ19 GOPMMPOBaAHMUSA OTMESTOro Npodung.
K Takmum npodungmMm OTHOCUTCH PakTUYeCKuin
npodwuib B yCTbe pekn BoiTerpa, okono nocesn-
ka Kackecpy4yen, B panoHe MenBexberopcka.
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~—npodune nogsogHoro Geperogoro CKIoHa

~@— npodunb pABHOBE CHA

Puc. 3. DakTnyeckunii n pacyeTHbI npodunmn ot Mbica Kapuukme Hocbl
Fig. 3. Actual and calculated profiles from Cape Karitskie Nosy

PasymeeTcsa, Takoe pasgeneHue [OoCTaTo4HO
YCNOBHO, TEM He MeHee G0JIbLUIMHCTBO MOCTPOEH-
HbIX B XO4e uccfefoBaHns GakTn4eckux npodu-
nen nogBofHOro 6eperoBoro CkjloHa MOXHO OT-
HEeCTU K OQHOMY 13 BblAENEHHbIX TUMOB. B HEKOTO-
pbIX cnyyasix npodunn, NOCTPOEHHbIE B Npeaenax
OLHOW BYXThbl, MOI'YT OTHOCUTbLCS K pa3HbIM TUMNaM,
Hanpumep, NpodunbL B CEBEPHOM 4YacTu OyxThbl
PbiGpeka OTHOCUTCS K MPOMEXYTOYHOMY, a B ee
CpegHen 4acTu — K OTMESIoOMYy.

Lns oTMenbIX U NPOMEXYTOYHbIX PaAKTUHECKMNX
npodunen 4acTo xapakTepHbl OANH UM HECKOJIb-
KO MOABOAHbIX MeCcYaHbIX BasoB, PacMosiIOXeHne
KOTOPbIX 3aBUCUT OT BOJIHOBOIO pexumma, KOJn-
yecTBa HAHOCOB, YKJIOHA NPOGUIIS.

KoHdpurypauma MHormx gakrnyeckmx npopu-
Nlell CyWeCTBEHHO OCJIOXHeHa dopmMamMun pesbe-
¢da, 4aule BCero JsIeQHUKOBOrO MPOUCXOXOEHUA
(03bl 1 ap.). OcobeHHO XOPOLLO 3TO NPOSABNAETCS
Ha npodune B 6yxTe Ys, B [NoBEHeUKOM 3anvBe
n ap.

Ha 3anapgHom nobepexbe OHexXckoro osepa
B LesloM npeobnagatoT NPOMeEXyToYHble U Npu-
rnybble npodunn, 3HaunTenbHas 4acTb 6eperoB
30€eCb OTHOCATCS K abpa3moHHbIM. O4YeBUaEH Oe-
dUUNT HaHOCOB M npeobnagaHve abpasvn Hag,
akkymynsiumen. Ons BOCTOYHOro Oepera xapak-
TEePHO Hanmyme BCexX Tpex TUNnos npodunen noa-
BOAHOro 6GeperoBoro ckioHa. [ns xHoro 6epe-
ra npeobnagaloT nNpoduan NoaBOAHONO CKIOHA
OTMENOro 1 NpoMexyToyHoro Tuna. B CesepHom
MpuoHexbe Tunbl npodwunen pPasHoobpasHkbI.
YacTo BCcTpevalTcs ynomsiHyTble Bbille 6Gepera
C npuraybbiM NoABOAHbIM OEpPeroBbiM CKJIIOHOM,
CNOXEHHbIE MPOYHbIMU FOPHLIMU MOPOAAMU, YC-
TOoM4MBbIMU K abpadmm. OHW UCMbITLIBAIOT CUJlb-
HOoe BOJIHOBOE BO3AENCTBUE, HO akTUBHblE abpa-
3MOHHbIE NPOLLECCHI UM HECBOMCTBEHHDI.

B xome BbINoOSIHEHUSA PaboT Kpome dakTuyec-
KX npodunen noasogHoro GeperoBoro CkjioHa
OblIN MOCTPOEHBLI Takke Npodunn paBHOBECUS
no wmetoamke [uHa — BpyyHa. [podwunn pas-
HOBECUA 3aMETHO OTIMYAaKTCHA OT PaKTUYECKUX
npogunen npm conocTasiieHnn, HO 3Ta Pas3HU-
La M3MeHseTCa OT yyacTka K yyacTky. Bonblias
BbIMYKJIOCTb, XapakTepHasa Ans MHOrux ¢aktum-
yecknx nNpodunen B CpaBHEHUN C NPouasaMm
paBHOBECUS], yKka3blBaeT Ha cnabyto cTeneHb Bbl-
paboTaHHOCTM BONbLUMHCTBA M3 HUX. B HacTos-
wee BpemMs dakTmyeckne npodunm nogBoaHO-
ro 6eperoBoro CkjloHa Mo CBOEel KOHOUrypaumum
B GOJIbLUMHCTBE CBOEM OT/IMYAKOTCH OOCTATOYHO
CYLLECTBEHHO OT KOHdUrypauum npopunia paBHo-
Becus. 13 Bcex npodunen nub OAMH, NOCTPOEH-
Hblli Yepe3 MbiCc KapuLkne Hocbl, B 0OLLMX YepTax
coBnagaet ¢ npodwunem pasHoBecusa (puc. 3).
3710 0O6bsCHSAETCH NpeobnagaHneM akkyMynsaTUB-
HbIX 1 AenbTOBbIX 6eperoB Ha 3TOM yyacTke, AJis
KOTOPbIX XapakTEPHO OOCTaTOYHOE KOJIMYECTBO
HaHOCOB.

3HauuTenbHas pasHuLa B MOMOXeHUU 6osb-
WMHCTBA npodwuien paBHOBECUA U dakTuyec-
Kux npodunert nogsoaHoro 6eperoBoro CkjoHa
MOXET ObITb 00bSACHEHA «MOJIOAOCThIO» Beperos
N NPOYHOCTbIO BonbLUMHCTBA 6eperodopmupyto-
wmx nopopn, ocobeHHo B CeBepHoMm [puroHexbe.
BaxHylo ponb urpaet Ttakxe Hanmyve rase4vyHo-
BaJlyHHOI0O «4yexsia» Ha MHOrmx y4acTtkax, KOTO-
pbIi NPenaTcTByeT pa3MbiBY BOJSIHAMUW MOOBOA-
HOro 6eperoBoro ckjioHa. dTO NPUBOAUT K TOMY,
4YTO BO MHOIMX palioHax noaBoAHbI 6eperoBoi
CKJIOH cnabo M3MeHsIeTCs MpU LUTOPMOBBLIX BO3-
nencrenax. Apyrumum cnosamu, ero KOHdurypa-
LM He NPOCTO He Npubanaunack K MopdomMeTpu-
YeCKMM XapakTepucTukamMm npodung paBHOBECUS,
HO 1 He Havana NpPMeAMXaTbLCS K HE.
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BbiBOAbI

B pesynbTtate conocTaBneHus pe3ynbTaToB
pacyeToB C [OaHHbIMW MOJMIEBbIX NCCNENOBAHUN,
a TaKkxe ¢ nnTepaTypHbiMy U GOHAOBLIMU MaTeEPU-
anamu BbISIBAEHbI Cnefyoume TeEHAEHLNN:

1. Ona yyactkoB 6eperoB ¢ npeobnagaHnem
BOONILOEPEroBO COCTaBNSIOLLEN BOJIHOBOM
3HEeprumn xapakTepHbl akTUBHbIE abpa3noHHbIE
npouecchl. Ha HUX dopmupytoTcs abpas3mnoH-
Hble 1 abpa3noHHO-akKyMYNAaTUBHbIE Bepera.

2. [na yyacTtkoB 6eperos ¢ npeobnagaHmvem no-
nepeyvyHor COCTaBNAOLLENA BOJIHOBOW 3Heprum
XapakTepHbl CPaBHUTENBLHO CTabuibHble ab-
Pa3NOHHO-aKKYMYNATUBHBIE W aKKYMYNATUB-
Hble Oepera.

3. Pe3ynbTaTbl pacyeToB C WCMNOSIb30BAHUEM
BOJIHOSHEPreTMYeckoro MeToaa MOo3BONSIOT
BblAENUTL Yy4yacTku OGeperoB C HambonbLuen
BOJIHOBOV 3Hepruen. ITo BOCTO4YHLIN Geper
OHexckoro o3epa, 0COOEHHO €ero Yy4acTok,
pPacnonoXeHHbI ceBepHee Mbica becos Hoc.
BennunHa BOMHOBOW 3HEPrnun 34eCb MOYTU
Ha NOPSIAOK MPEBbILIAET 3TOT NokasaTesb ANs
3anagHbiX N 0XHbIX 6eperoB. 9To0 0ObLACHAET-
Csl 3aMeTHO OoJblUe cpeaHeil cunol BeTpoB
M MOBTOPSIEMOCTbLIO 9KCTPEMasbHbIX BETPOB.
Mpn NpoYMx paBHbIX YCNOBUSAX (MPOYHOCTL Be-
perodopMUpPYIOLLMX MOPOA, YKIIOH MOABOAHO-
ro 6eperoBoro CkJioHa, BblcOTa OeperoBoro
ycTyna v T. A.) pasnuymMe B BESMYMHE BOJIHO-
BOWM 3HEPrumM nNpuBOAUT K PasiMyHbIM CKOPO-
cTaMm abpa3uvn unn pasmbiBa 6epera, a Takxke
Kk 6osiee BbICOKOMY TEMMY akKyMYSTUBHbIX
NpOLLECCOB.

4. ConocTtaBneHne dakTnyeckux npodwunen no-
nepe4yHoro 6eperoBoro CkjloHa C PacYeTHbIMU
npodunaMn paBHOBECUS MOKa3biBAET Manyio
cTeneHb BbIpa®OTaHHOCTUM MHOMMX U3 HUX, YTO
yKa3blBaeT Ha IOHOCTb 3HAYMTENbHOM YacTn Be-
peroB o3epa. MepnsieHHas aponouns 6eperos
0OBACHAETCH NPOYHOCTLIO NMOPOA, ClararLmx
HEKOTOpblE N3 HUX, CUIbHOWN WN3PE3aHHOC-
Tblo ©GeperoBon NMHMN N cnabbiM BOJIHEHNEM
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NMPOCTPAHCTBEHHO-BPEMEHHAYA MOAEJ1b HASEMHbIX

9KOCUCTEM BOAOCBOPA OHEXCKOIO O3EPA

M. O. JIuTuHckumn

lNeTposaBosck, Poccusi

eovHpopmMaumMoHHas Moaenb CO34aeTcs A1 KOMMIIEKCHOrO aHann3da GyHKLMOHMPO-
BaHUS reTepoTpodHOM akocmcTeMbl OHEXCKOrO 03epa 1 OTpaxaeT CTPYKTYPY U AMHA-
MUKY Ha3eMHbIX akocuctem Bogocbopa ¢ 1950-x rogos. Mcnonb3yeTcst opurnHanbHas
MeToaMKa MOLENNPOBAHNS CNEKTPaIbHOro NpocTpaHcTBa cHMMKOB Landsat TM/ETM+.
CnexTpanbHas Mogenb npeacrtaBnseT cobor mateMaTuieckn GopMann3oBaHHbli 06b-
€KT, ONUCHIBAIOLLNIA KONIMYECTBEHHbIE Y KAYECTBEHHbIE XapakTepPUCTUKM BMOreoL,eHO308
Bopocbopa. bynyyun «pa3sepHyToii» B reorpadmyeckomM NpocTpaHCTBe, OHa NpeBpaLla-
€TCA B ONTMMaJIbHYIO CTPYKTYPHYIO OCHOBY AJ11 MHTErpaLmm pedynbTaToB AUCKPETHbIX
HaTypHbIX HAOMIOAEHN B € ANHBIA NMPOCTPAHCTBEHHO-BPEMEHHOM KOHTUHYYM.

Knwouyesble cnoba: OHexXckoe 03epo; reonHdopmMaLmoHHoe MOOEeNMPOBaHe; Ha-
3EeMHble 9KOCUCTEMbI; BOOOCOOP; OPraHnyecKuii yriepo.

P. Yu. Litinsky. SPATIAL-TEMPORAL MODEL OF
ECOSYSTEMS IN LAKE ONEGO CATCHMENT

TERRESTRIAL

The geographical information model of the catchment area of Lake Onega is created for
an integrated analysis of the functioning of the lake’s heterotrophic ecosystem and re-
flects the structure and dynamics of terrestrial ecosystems since the 1950s. The origi-
nal technique for modeling the spectral space of Landsat TM / ETM + images is used.
The spectral model is a mathematically formalized object that describes the quantitative
and qualitative characteristics of the biogeocoenoses of the catchment. Being deployed
in geographical space, it turns into an optimal structural frame for integrating the results
of discrete field observations into a single space-time continuum.

Keywords: Lake Onego; geoinformation modeling; terrestrial ecosystems; catchment;
organic carbon.

BBepeHune

PacnonoxeHne OHexckoro o3epa B 6opeasnb-
HOI 30HE B YCJIOBUSIX TYMUAHOrO KnvmaTta onpe-
DenseT retepoTpodHbIi TMN MeTabonnama ero
aKocucTeMbl. BcneacTeme MHTEHCMBHOMO NOCTYM-
JNIEHNS1 OPraHN4yecKoro pPacTBOPEHHOro yriepo-
na (DOC) ¢ BogocbopHOW nnowaan cogepxaHue
AINIOXTOHHOrO OPraHM4yeckoro BellecTBa B BOAE

o3epa CyLLeCTBEHHO Bbille, YeM aBTOXTOHHOIO
[CabbinuHa n gp., 2010; 3o6koBa 1 ap., 2017].
3HaHMe TO4YHOro obbema 3TOro MoCTYrJIEeHUs
HeobXoAMMO OJ1 MOHUMaHUS 3aKOHOMEPHOCTEN
DYHKLUMOHMPOBaHMSA akocucTeMbl o3epa. OueHka
Nno rnmapoxXMMmMyecknm gaHHbiM [CabbinnHa, 2016]
6a3upyeTcs Ha pacyeTax BOAHOro 6anaHca o3epa
neproga 1960-90-x rogos, HO B mocneaHee ae-
CATUNIETME TOAOBOE KOJINYECTBO aTMOCHEPHbIX
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0CcagkoB Ha TeppuTopum Bogocbopa BO3pOC-
no Ha 20-70 MM. BTU M3MEHEHMS CKa3blBalOTCS
Ha BENM4YMHE BOOHOMO CTOKA B 03epP0 U, KakK crnej-
ctBue, Ha BenudumHe noctynneHmsa DOC. Kpo-
Me TOro, rmapoxXMMmMYeckme OaHHble Hen3beXHOo
dparMeHTMpPOBaHbl N HE MOIYT AaTb MOJIHYIO UH-
dopmaumio o konmyectse DOC, nocTtynatoulero
C BOLOCOOPHOWN TEPPUTOPUN U, TNaBHOE, He pac-
KpbIBaIOT MEXaHN3M ero 06pa3oBaHus.

Bkcnopt DOC - yacTb rnobdanbHoro uykna yr-
nepopa. B 6opeanbHOl 30HE, B @aBTOMOP@HbIX
ycnosusix 1-2 % 4ncTol NpPoOAyKUMN SKOCUCTEM
(NEP) noctynaet B rugpocoepy, B rugpomopd-
HbIX MECTOOOMTaHUAX 3Ta BeNMYUHA OOCTUraeT
10-20 % [Canham et al., 2004]. OCHOBHOW UCTOY-
HUK o6pasoBaHus DOC B IeCHbIX 3KOCUCTEMAX —
OpraHMyeckoe BELLECTBO, HakanIMBaemMoe Ha no-
BEPXHOCTM No4YBbI — B noactuike [Hongve et al.,
2000; Lofts, 2001]; MeHbLUME NOTOKN OAIOT CMbIBbI
C KpoH [Mchalzik, Matzner, 2001]. O6pa3oBaHue,
nectpykuus n tpaHcnopT DOC B opraHOreHHbIx
rOpPU30HTax MO4YB 3aBUCAT OT TUMOB PACTUTESb-
HOCTWU, MO4B N r’MOPOTEPMUNYECKINX yCcroBuin [Berg,
2000; Neff, Asner, 2001]. Bce atn daxkTopbl onpe-
nensioTcs TMnom buoreoueHosa. Jkcrnopt DOC
13 6OJIOTHLIX 93KOCUCTEM 3aBUCUT OT MPOOYKTUB-
HOCTU PacCTUTENBHOCTU U YPOBHS FPYHTOBbLIX BOJ,
[Belyea, Clymo, 2001]. Takum o6pa3om, cymmap-
HbIr akcnopT DOC B 03ep0 — OYHKUMSA MPOCTPaH-
CTBEHHOro MpeACTaBfEHNs TUMNOB 3KOCUCTEM
B Npeaenax sogocbopa.

C [pyro CTOpOHbI, 3KocuUcTeMbl Bogocbopa
B/IMSIIOT M Ha NPUXOOHYI0 YaCcTb BOAHOro 6anaHca.
Bblpybka neca npnBOAUT K CHUXEHUIO NCMNapPEHUS
¢ Tepputopun Ha 50-60 % [KpecTtoBckuin, 1986;
Kapneuko, MsacHukoBa, 2014] 1, COOTBETCTBEH-
HO, K yBenmyeHuio ctoka oo 90 % [Bosch, Hewlett,
1982]. 3atem, nNo mMepe BO30OHOBNEHUSA Jeca,
CTOK YMEHbLLAETCS A0 ONpeaesieHHOro MMHMMymMa
B Nepuo HanbonbLuer TpaHCnmMpaumumn B MOMOLAOM
OPEBOCTOE U [anee HEeCKONbKO YBENNYMBAETCS
K Bo3pacTy cnenoctu [Kapneuko, 2016]. Takum
o6pa3zom, B TeHeHUne NpoaoIKUTENBHOrO BDEMEHM
Ha Bogocbope MeHsTcs ycnosus GopMupoBa-
HUS 9N1EMEHTOB BOAHOrO 6anaHca 1 XMMUYeckoro
cocTaBa cTekatowen soabl [Kapneyko, boHaoapuk,
2010; Ide et al., 2013].

[0 HacTosWwero BpeMeHn B Ka4yecTBe MHDOP-
MaLmm o necax Bogocbopa UCnonb30BaNnNCh reHe-
pPann30BaHHbIE A0 YPOBHS NECHUYECTB (Nnowaab
B HECKOJIbKO TbIC. ra) AaHHbIE yYeTa IeCHOro ¢ oH-
na [Kapneuko, 2016]. OgHako ata nHbopmMauus
npegHasHavyeHa Oy obecneyvyeHns XO039MCTBEH-
HOW OEeATeNbHOCTU, Lesib KOTOPOW — MOJTy4EHUE
OpPEeBECVHbI, MO3TOMY OHa COOTBETCTBYIOLLMM 00-
pa3oM CTpykTypupoBaHa. [Mpn aTom BaxHble 6mo-
reoueHOTUYECKME XapPaKTEPUCTUKN CTaHOBATCS

BECbMa Pa3MbITbIMW, YTO HE MO3BOJISET BbIABUTb
NPOCTPaHCTBEHHbIE 3aKOHOMEPHOCTM obpasoBa-
Hus DOC B pa3nnyHbIX TUNax 3KOCUCTEM.

Mpn n3ydyeHUn cCBA3EN MeXAy FYMYCHOCTbIO
BObl M XapakTepucTnkamm BogocbopHOM Teppu-
Topun B pabote M. Bb. 3o6koBa [2017] paccuu-
ThiBanacb 06LWas EeCUCTOCTb — Pa3HOCTb MeXay
naoLwaapto CyLum 1 nnowanbo 6010T, NOyHEeHHOM
nytem oundppoBkM TonokapT macwtada 1:200 000.
OueBNOHO, 4YTO 3TO KpanHe NPudn3nTeNbHas xa-
pakTeEPUCTMKA, MOCKOJIbKY NP 3TOM HE Y4uTbiBa-
eTCsa NPUHUMNMaNbHO BaXkHasi B AAaHHOM cllydae
nopoaHasi 1 BO3pacTHas CTPyKTypa Necos, a Tak-
Xe nnouwaab BeipyboK M APYrnx HeNecHbIX KaTero-
puin. Kpome Toro, 1 camm KOHTYpbl O0S1I0T Ha KapTe
Takoro macwTtaba HaHeceHbl BeECbMa HETOYHO —
B 9TOM J1erko y6eamTbCsi, CONoCcTaBUB UX C KOCMU-
4YeCKMMU CHUMKaMU ¢ Nto6oro reonHdopMaLMoH-
HOro camnra.

MpuHuMNUanbHO 60siee TOYHLIN U AeTaNbHbIN
pacuyet akcnopta DOC B 03ep0 MOXHO MPOBECTU
C UCMONb30BaHNEM TFE€ONHPOPMALMOHHON (reo-
MaTuMyeckon) Mopenn 3kocucTteM Bogocbopa,
CO30aHHOM Ha OCHOBE KOCMWYECKMX CHMMKOB
Landsat. Pa6oTbl 6611 Havatsel B 2016 1., No opu-
rMHanbHON MeToamKe, anpoOupoBaHHOM Ha Tep-
puTOpUK, NPpUMbIKaoLWEn K BoAocOopy C ceBepa
[JIntnHckni, 2012, 2013, 2016]. OHa paspaboTa-
Ha KaK anbTepHaTuea TPaAULMOHHOMN «Knaccuou-
Kauum ¢ obyyeHMeM» N OPUEHTUPOBAHA MMEHHO
Ha BbIIBJIEHNE ODNOreoLLeHOTUYECKNX KOMIMIEKCOB.
B ctatbe mpuBOAMTCHA KPATKOE OMNUCAHUE METO-
OVKM N NEPBbIX pPe3ynbTaTOB CO34aHUsa MOOENN,
HaMe4aloTCs NyTU ee UCMNOJSIb30BaHUS U Hanpas-
JIeHUs pa3BuUTUS.

O06beKkTbl U MeToauKa
lMpuposaHbie ycrioBus TeppUTopumn

Bopnocbop OHexckoro o3epa pacnosioxXeH
Ha rpaHuue BocTouHo deHHockaHamm n Pycckoi
paBHUHbI. OTMETKM BbICOT — OT 33 0o 240 m. Tep-
puTOpUS NpeacTaBnseT coboi TUMMYHbI obpaseL,
KOHTUHEHTa/IbHOrO OJiefeHeHnd. YeTBepTu4HbIN
MOKPOB CHOPMUPOBAH JIEOHNKOBbLIMU (MOPEHHbI-
MU), GIIOBUOMMALNANBHLIMU NECYaHbIMK U Necya-
HO-FIMHUCTBIMU O3EPHBIMU OTIOXKEHUAMU. 3Ha-
YUTENbHbI NoWwaam 06HaXeHN KOPEHHbIX MOPOL,
Bantuiickoro wuta. 9710 06YyCnoOBAMBaEeT ClOX-
HOCTb MMAPOJSIOrMYECKMX YCIIOBUIA U BbICOKYIO MO-
3aU4HOCTb PaCTUTENbHOro nokposa. CocTosHuE
3KOCUCTEM Takxe BeCbMa PassiniyHO — OT NPaKTu-
Yyeckn OEeBCTBEHHOro A0 rnyboKo aHTPOMoreHHo
TpaHCHOPMMPOBAHHOIO.

Mo necopacTnTesibHOMY ParOHVUPOBAHUIO Tep-
puTopus Bogocbopa OTHOCUTCS K cpefHeTaexHoM
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noa3oHe. CpepHeroooBas TemnepaTtypa OKOJo
3 °C, konunyecTtBO ocagkoB — 500-550 mm. Okono
65 % nnowaamn 3aHaTo necamu, npeobnagarowime
nopoabl — cocHa 0OblkHOBeHHas (Pinus silvestris
L.) n enb puHckasa (Picea x fennica (Regel) Kom.).
bepesa nywuctasa (Betula pubescens Ehrh.) po-
MWUHMPYET BO BTOPUYHBIX lIeCax Ha paHHUX CTa-
ausx BocctaHoBneHns. TopdsHble 6onoTa, 3aHuU-
MaroLwye A0 YeTBepTU Tepputopuun, npeacrasne-
Hbl ABYMSI OCHOBHbIMU TUMAMU: OIMFOTPOPHbBIMU
charHoBbIMMU N Me30TPOPHLIMU OCOKOBO-Ccdar-
HoBbIMU [Biotic..., 2003].

WcxonHble gaHHbIe

eomaTtnyeckas moaesnb Co34aeTcs Ha OCHOBe
TPexX OCHOBHbIX MAacCuBOB MHGOpMauun. lNMepsbi
npeacTaesnsier coboli Mo3anky pas3HOBPEMEHHbIX
CKaHEpPHbIX CHMMKOB, Ha OCHOBE KOTOPbIX CTPO-
WUTCS MOLENb PACTUTENbHOrO NOKPOBA, BTOPOM —
JAHHblIE HA3EeMHbIX WCCNEeaOoBaHUN  CTPYKTYPbI
N OMHaAMUKN OMOreoLeHO30B. dTK OBa MaccuBa
MOXHO Ha3BaTb OMOTUYECKOWM 4acTbio MOOEenNwu.
VX nHTerpaums — 1o ecTb AewndpupoBaHme cka-
HEepPHbIX CHMUMKOB — NPOBOAUTCS NO ONUCbIBAEMOM
HMXXE OPUrMHaNbHOM MeToOMKe.

TpeTtnin maccmB — gaHHble O penbede Teppu-
Topuu, undposas mopensb BolicoT (DEM). Ha ee
OCHOBE OMNpefensitoTca XapakTepuctukn n ¢op-
Mbl penbeda M NPOBOAUTCH TMAPONOrMyeckoe
MOLEeNMpPOBaHMEe — MNOCTPOEHME CeTU BOOOTOKOB
N CTPYKTYpbl BOgocGopoB. OTOT MaccueB SBns-
eTca abuoTuyeckon (Ppusnko-reorpaduryeckoin)
YacTbl0O MOLenu, U ee co3haHne MnpPoBOAUTCHA
C UCMNONb30BaHMEM CTaHAAPTHbIX Onepauuin, pe-
annsoBaHHbIx B nakete GRASS. NMocTpoeHmne reo-
MaTM4YeCKo MOJENN NpencTaBnseT cobol NHTer-
pauuio BCeX TPeX MacCMBOB B eAVHOE Lesioe.

Mpn cozmaHnn mMoaenu pacTUTENbHOro Mno-
KpOBa WUCMOJIb3YITCA CHUMKM MYNbTUCMEKTPasb-
HblX ckaHepoB Landsat TM n ETM+, paspelueHune
koTopbix (30 M) conocTaBUMO C MUHMMASbHbIMM
pasmMepamMu pacTtuTenbHoro coobuiectsa [Pig-
natti et al., 2002], a cnexkTpanbHble AMana3oHbI
CNPOEKTUPOBAHbl MMEHHO [ANS BblOENeHUs pas-
JNINYHBIX TUMOB pacTuTenbHocTu. Mcxoaosa 3 Tep-
pUTOpPMANbLHOrO OxBaTa W Hanmyius obnadvyHoc-
T nogobpaHbl cueHbl BUTKoB 180-185, psinoB
16-18, cHaTtble B 1987-2011 rogax. Bce cHuM-
KM HaxoOosTCs B OTKPbITOM [OOCTyne Ha canTe
GLCF ftp://ftp.glcf.umd.edu/glcf/Landsat/WRS2
(tabn. 1; puc. 1). Kaxgasa cueHa cocTouT 13 LWec-
TW pacTpoB, NO YMCIY KaHanoB ckaHepa — B, G, R,
NIR, SWIR1, SWIR2, B dopmaTte GeoTiff.

Lincdposaa mogens BbICOT Tepputopumn chop-
MUpOBaHa 13 pacTpoB padmMmepom 1xX1 rpagyc, Ao-
CTYMHbIX Ha canTe www.viewfinderpanoramas.org

Tabnuya 1. Cnucok cueH Landsat TM/ETM+
Table 1. List of the Landsat TM/ETM+ scenes
™ ETM+

p180r017_5dt19890728* p181r016_7dt20000607
p181r018_5dt19880529 p181r017_7dp20020528
p182r016_5dt19940708 p181r018_7dt20020528
p182r017_5dt19860718 p183r016_7dt20010624
p184r016_5dt19870719 p183r017_7dt19990907
p184r017_5dt19950607 p185r016_7dt20020711

p185r016_5dt20110610

lMpumedarme. *p (path) — BUTOK, r (row) — psg B cucteme WRS2,
nocnepgHue 8 undp — gata B dopmaTte rrrrMmaa,.

Note. *p — path, r — row in the WRS2 system, last 8 numbers —
date (yyyymmdd).

(6nokn P36 n P37 Ha Bpe3ke BHU3Y puc. 1). Mpo-
CTPaHCTBEHHOE paspeLlleHne — TPWU YrioBbiX ce-
KYHAbI, 4TO NMPUGIN3UTENBHO COOTBETCTBYET Ae-
TanbHOCTK TOonokapTel M 1:50000. Onsa 6noka P36
MMEIOTCS Takke AaHHble C pa3peLlueHnem 1 cexyH-
na. Pactpbl umnoptupytotca B GRASS moaynem
r.in.gdal n 3atem cobupaloTcs B LLeNOCTHOe Mo-
KpblTne moaynem r.patch.

HaseMHbie gaHHble — MmaTtepuansl naHgwadpT-
HbIX nccnepoBaHuin [Bonkos n ap., 1990] n HBEH-
Tapu3auum npupoaHbiX Komniaekcos [Matepua-
nbl..., 2007], oaHHble NecOoyCTPONCTBA, apXNBHbIE
a9p0dPOTOCHUMKN, CHUMKN CKaHEPOB CBEPXBbICO-
KOro paspeLueHns ¢ reonH@OopMaLVOHHbIX CanTOB
(GooglenT. o.).

lMporpammHoe obecrniedeqHne. CTaHOAPTHbIE
onepauun npe- 1 nocTrnpPoLLECCOpPHOM 00paboTkm
CKa@HEPHbIX CHMMKOB OCYLLLECTBASIIOTCS C UCMOSb-
3oBaHnem [MC-naketoB QGIS, GRASS, SAGA
(www.qgis.org). Co3gaHne moaenu cnekTpanbHoO-
roO NPOCTPAHCTBA CHUMKOB U MX knaccudukaums
NPOBOAUTCSH C UCMONb30BaHMEM MOANDULMPO-
BaHHOW BEpPCUN OPUTrMHANIBHOW nporpammsbl [Jln-
TuHCcKni, 2011b], no3eonsaowen ¢ MUHUMAasbHbIM
YPOBHEM HEONPEOENeHHOCTM U3BNeYb UHPOP-
Maumio cHuMka. Ona 3D-Budyanmzauum npume-
HaeTca nakeT gnuplot (www.gnuplot.info). Bce
NCNOJb3yEMblE€ OAHHbIE N MNPOrPaMMbl HAXOAATCS
B CBOOOOHOM [O0CTYne.

MeTtoanka o6paboTku CHUMKOB

TpaanUMOHHbLIA NOAXO0L4, K U3BJIEYHEHUID UHODOP-
Mauum U3 CKaHepHbIX CHUMKOB OCHOBaH Ha §op-
MaJIbHOM MaTteMaTu4ecKOM 3KCTpanonsauumn crek-
TpabHbIX XapakTepUCTUK Ha3EeMHbIX KIHO4YEBbIX
Y4aCTKOB Ha BCIO OXBA4Y€HHYIO CHUMKOM Teppwu-
TOpUIO — 3TO Tak Ha3blBaemMas kiaccmdukauus
«C 0by4eHnemM», Unn «ynpaensemas knaccuduka-
ums» [Richards, Xiuping, 1999]. KntoyeBbie y4acTku
3aknanblBaldTCHd B COOTBETCTBUN C HEKOEN anpuop-
HO TUNOJIOrMEN 3EMHON NOBEPXHOCTH, onpenens-
€MOW KOHKPETHbIMUY 3aa4aMun nccrnegosaTenen.
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Puc. 1. Jlokanndaumsi CLeH CKaHepHbIXx CHMMKOB B cucteme WRS2 (path/row),
MCMOMb3yeMbIX AN co3daHus mopenu. benas nvHma — rpaHuubl Booocbopa.
MpsiMoyronbHUK, 0603Ha4YEHHbIN ByKBO M, — MOAENbHbIN BOAOCOOP, NOKa3aHHbIN

Ha puc. 6

Fig. 1. Localization of the scenes of scanner images in the WRS2 system (path/row)
used for the model creation. The white line is the catchment boundary. The rect-
angle, denoted by the letter M, is the model catchment shown in Fig. 6

JdaHHbln nogxod yHMBeEpcasneH, OH  MOXeT
NPUMEHATLCA O NOObIX Kak OUOTMYECKUX, Tak
n abuoTtmyecknx o06bekToB. CHMMOK paccmart-
puBaeTcs Kak MHOrOMepHas martpuua, U gas ee
aHanm3a MpUMEHSIOTCS CTaHOapPTHblE CTATUCTU-
yeckne metodbl. [Mpy aTOM BUONOrMyeckass WH-
dopmMauma — ypoOBHU CUrHana B pasfinyHbIX gva-
rnasoHax crnekTpa, onpeaesnsieMble TUNOM U COCTO-
SSHNEM PaCTUTENIbHOrO MOKPOBa, — YYUTbIBAETCS
JIVWb B HESIBHOM BMAE, OMNoCpenoBaHHO, 4vepes
XapakTepUCTUKN KJTKOYEBbIX YHaCTKOB.

B akonorunyeckux wuccnemoBaHusx Oonee ue-
necoobpasHbiM MNPEeACcTaBASETCS MHOW  MOAXo[,
NMO3BONSAOWMA M3BJIEYb U3 CHMMKA 3HAYUTESIbHO
bonbluee konuyectso MHGopmauumn. MNpepnaraet-
CA MOTU K CO342aHMI0 MOLOENUN PacTUTESIbHOro no-
KpOBa He OT anpuopHON TUMNOMOrnM, a OT UHPOP-
Mauum CHMMKa — c0o34aTb BUAUMYIO TPEXMEPHYIO
MOZESIb  CNEeKTPasbHOro MNPOCTPaHCTBA, MOHATb
3aKOHOMEPHOCTW ero opraHu3aumm, a 3aTteM WH-
TErpupoBaTtb CMEKTpanbHyl0 MOAEsNb C OaHHbIMU

0 BMOreoLeHOTUYECKOM CTPYKTYPE TEPPUTOPUN, MO~
JIy4EHHbIMU B Pe3Yy/bTaTe HA3EMHbIX UCCIe40BAHNN.
OnucelBaeMbll noaxon  chopmmpoBascs

B Npouecce co3naHus reomMaTtm4eckor Moaenm

Ha3eMHbIX 3KOCUCTEM CEeBepOTaexHoOm noa3o-

Hbl BocTouHOI PeHHockaHaun. Mcnonb3oBanach

opurnHasnbHass MeETo4MKa MOOENNPOBAHUA CNEKT-

pasibHOro NPOCTPAHCTBA CKaHEePHOro cHumka [J1n-

TuHCKKni, 2011a]. BblNo yCTAaHOBMAEHO, YTO CNEKT-

pasbHask Mogesflb YETKO OTPaXaeT eCTECTBEHHYIO

CTPYKTYPY PacTUTESIbHOrO MoKpoBa, onpegense-

MYIO TUMOM YETBEPTUYHbBIX OT/IOXEHUIM N YCNOBU-

SIMU BOOHO-MUWHEPasIbHOrO nutaHus [JINTUHCKum,

2012].

KoMnnekcHbIn MeTon BKOYAET TPU OCHOBHbIX

COCTaBAOLLNX:

— TpaHchopmMaumsa UCXOOHOr0 MHOFOMEPHOro
CMNEeKTpasbHOro NPOCTPAHCTBA B BU3yannanpy-
eMoe TPEXMEPHOE;

— BbloeneHue obnacTteln (cermeHTaumsi) crnekT-
pasibHOro NPOCTPAHCTBA;

(o7)



HepacTuTerbHble KaTeropnu
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Puc. 2. Jlokanuzauusa CUrHatyp HEKOTOPbIX KaTeropuii 3eMHOM NOBEPXHOCTU B MPO-

ctpaHctBe LC1-LC2-MSI

Fig. 2. Signature clouds of some categories of the earth’s surface

in the LC1-LC2-MSI space

— COnoCTaBfeHMEe MOOENU CMeKTpasbHOro npo-
CTpaHCTBa C 3KOM0ro-6rMoreoLeHOTUYECKON
CXEMOW 3KOCUCTEM TEPPUTOPUN.

TpaHcpopmaLms crnekTpasibHoOro
rnpocTpaHcTBa

McxooHaa 6-mMepHasa maTpuua CHUMKa (kaHa-
nbl B, G, R, NIR, SWIR1, SWIR2) npeobpa3syetcst
B TpexmepHyto LC1-LC2-MSI, rae LC1 n LC2 - co-
OTBETCTBEHHO MepBas 1 BTOpas rnaBHbIE KOMMO-
HEHTbl JIOrapMPMMPOBAHHOMN MaTpULbl CHUMKA
(xaHanbl R, NIR, SWIR2), a MSI — nHgekc ctpecca
BNAXHOCTU (OTHOweHune kaHanoB SWIR1 n NIR).
Cnocob6 TpaHchopmaLmn Obin HANOEH 3IMNUPKU-
yeckmum nytemM [JlintuHckuin, 2011a]. Okasanocs,
4YTO MPU TakoW TpaHchOopMaUUN CreKTpasibHOe
NPOCTPaHCTBO BoJiee «KOMMakTHO» U MpoLle op-
raHnM30BaHO, YeM B knaccuyeckon Tasseled Cap
(brightness-greenness-wetness) n noatomy 60-
nee yno6HoO Ans BU3yasibHOMO 1 MaTeMaTU4eCcKkoro
aHanuaa [Litinsky, 2017, fig. 3]. Ocb LC1 xapakTe-
pu3yeT 00LLYIO APKOCTb, C yBennyeHnem LC2 ko-
nn4yecTBo GOTOCUHTE3UPYIOLWEH BroMacchl CHU-
xaetcs, MSI pactet ¢ yBennyeHnem geduuuta
BNIQXHOCTMU.

Ona cHumkos Landsat ETM+ ocu koopguHat
paccynTbIBaKOTCA MO GOpPMynam:

LC1 =0.2793*In (b3) + 0.7786*In (b4) + 0.5619%In (b7)

LC2 = 0.5887*In (b3) — 0.6012*In (b4) + 0.5404*In (b7)

MSI = b5/b4,

roe b3-b7 — nmeHa dannoB COOTBETCTBYIOLLMX
KaHanos Landsat; In — HaTypasibHbIN norapnomMm.

OO6Luas opraHu3almsi CrieKTpaabHOro
rpocTpaHcTBa

O6Gnaka To4ek (curHaTtypbl) OTHOCUTESIbHO Of-
HOPOAHbLIX MO OTpaxaTesibHbIM CBOMNCTBaM y4acT-
KOB 3EMHOI MOBEepXHOCTN 06pa3zylT B CNekT-
pasibHOM MNpocTpaHcTBe durypbl, 6am3kme K an-
nuncouay, UeHTpasibHas MJOCKOCTb KOTOPOro
pacrnonoxeHa nopg onpenesieHHbIM YriioM K rnjaoc-
koctn LC1-LC2 (puc. 2). O6nactb ¢ MUHMMASb-
HbIMK 3HadYeHMamn LC1 3aHMMalOT MOBEPXHOCTU
03ep. Hanbonee TemMHble M3 HA3EMHbIX 3KOCMKC-
TEM — BbICOKOCOMKHYThIE €/IbHUKN. DTO OOBbSCHS-
eTCH CTPYKTYPOW nonora (Hanuyve TeHen) n ma-
o NUCTOBOM NoBepPXHOCTbIO (LAI) enn. CocHsik
CKallbHbll HAXOOUTCS NpPaBee U Bbllle, NOCKOJIbKY
ero 6osiee POBHbI MOJIOr MOrOWAeT MeHbLuee
KONIMYECTBO W3JyYEHUS, @ B CyXMX MecTtoobuTa-
HUSIX BO3pacTaeT CTpecc BhAaxHocTu. Ob6nactb
C MakCUManbHbIMU 3Ha4YeHnsaMn LC1 n muHnmanes-
HbiMn LC2 3aHMMalOT nyra M CenbXO3KYNbTypbl,
BBUAY POBHOM (MO CPaBHEHUIO C JIECHbLIM MOJIO-
rom) oTpaxaroLLle NoBepXHOCTN 1 BOJbLLIOIo KO-
nnyecTBa 3efieHol Guomacchl. HepactutenbHble
KaTeropun (Kkapbepbl, CBeEXME BbIpyOKM) 3aHMMa-
0T 061aCTb C MakcMmasibHbIMW 3Ha4YeHusiMn LC2
n MSL.

CermeHTtaums CrieKTpasibHOro ripocTpaHcrTBa

Ona onpeneneHns NOJIOXEHUS U pPa3Mepos
3NIMNCONAHOI0 CErMEHTA KaX a0 kaTeropmm o6-
Jlako To4ek npoeumpyetcs Ha naockoctb LC1-LC2
(X n y COOTBETCTBEHHO), U HanpaBiIEHWE INTaBHOMN
OCK annunca paccHmMTbiBaeTCd No NMHUU perpec-
cum y = ax + b. «<FabapuTHble pa3mepsbl» anaunca
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Tabavua 2. NapamMeTpbl, onpeaensiowme nosioxeHue annuncouga B npoctpaHctee LC1-LC2-MSI (x-y-z)
Table 2. Parameters determining the position of the ellipsoid in the space LC1-LC2-MSI (x-y-z)

MonoxeHne annunca B NPOEKUUN Ha MIOCKOCTb X-Y
Position of the ellipse in the projection onto the x-y plane

[MonoxeHne To4Yek UeHTPanNbHOW MIOCKOCTH
annunconaa B pasMepHocTn z

Position of the points of the central plane
of the ellipsoid in dimension z

KoopanHatbl LeHTpa Hanpasnenue Pa3amep ocen KoadduumneHTsl  ypaBHeHUs  perpeccumn
Coordinates of the center rnaBHOM ocn™* Axes size z=cx+dy+e
Direction Coefficients of the regression equation
of the main axis* z=cx+dy+e
1 2 3 4 5 6 7 8
X y a 1 c d
lNpumeyarve. *KoaddULMEHT a B ypaBHEHUUN INHWUK perpeccum y = ax + b.
Note. *Coefficient a in the equation of the regression liney = ax + b.
2 MmsI /z=cx+dy+e
y=ax+b
1.5 /
y
. LC2
0.5
y
i a

X LC1

Puc. 3. CneBa — npoekumsa obnaka To4yek Ha nnockoctb LC1-LC2; cnpaBa — cxema BblYUCeHus napameTpos 1-5

B Tabn. 2

Fig. 3. The projection of the points cloud on the plane LC1-LC2 is shown on the left; the calculation scheme of the pa-

rameters 1-5 in Table 2 — on the right

onpenensdiTcd no KoopAuHaTaM MakCUMasibHO
yOaneHHbIX OT LeHTpa obnaka To4ek B CUCTEME
KoopAmMHaT, ocb abcumMcc KOTOPOW napasnesnbHa
NnHUKM perpeccum (puc. 3). NonoxeHne LeHTpanb-
HOW MJIOCKOCTM annunconga B padmepHoctn MSI
(z) paccumTbiBaeTCA NO YPaABHEHUIO peErpeccum
OT OBYyX NepemMeHHbIXx Z = cx + dy + e. Bce Bocemb
napamMeTpoB CerMeHTauum npueeneHsl B Tabn. 2.
CornacHo npuBegeHHbIM B Tabn. 2 napameT-
pam B npepenax asmnca 3aJaloTCsd HECKOJbKO
To4yek (Hanpumep, ABe B UeHTpax annmnca n 4-8
no ero nepuMmeTtpy), 3D-kKoopauHaTbl KOTOPbIX
CnyXaT ueHTpaMu KiaccoB Ais Kiaccudukaumm
CHMMKA METOLO0M MUHUMASIbHOIO PaCCTOSAHUS.
Takum 06pa3oM, B OTANYME OT TPAAULMOHHbIX
MeTOo4OB, rae AN OnpenesieHns MoJIOKEeHUs Ka-
Teropym B HekoeM abCTpPakTHOM MHOrOMEpPHOM
CNeKTpasibHOM MPOCTPAHCTBE UCMNOMb3YIOTCH JIMLLb
CTaTUCTUYECKME MnoKa3aTesnu — CpedHue, Makcu-
MaJibHble U MUHUMaJsibHbIe 3HA4YeHUS MO Kaxaomn
pPa3MepPHOCTU 1 (B HEKOTOPLIX CIy4asx) KoBapmaum-
OHHasa MaTpuua, B ONMCbiIBAEMOM MeTOoe 3aaeTcH
4eTKO OrpeneseHHoe roJlIoXeHue, gpopma v pas-
Mepbl KaXKO0M KaTteropyuv B BUOVMOM TPEXMEPHOM

NpocTpaHCcTBe. ATO KapauHanbHbIM 06pasoM ynyy-
waeT pasgenieHne kateropuin. Ona peanusauum
OaHHOro anroputma paspaboTaHa crneumasnbHas
nporpaMmma (exe-mogaysib), B HACTOSILLLEE BPEMS IO-
TOBUTCS 3asBKa /19 ee pernctpauunu.

Mogenb cnekTpasibHOro NPOCTPaHCTBA
aKocucTem BogocOopa

OKOCUCTEMBbI  CMefbiX f1eCOB  HOPMUPYIOT
V-00pa3Hylo CTPYKTYpy, B OCHOBaHWW KOTOPOW
pacrnonaratoTCcs 3eJIeHOMOLUHbIE COCHakM (1)
N enbHUKK (8) MOpeHHLIX rpsaa. 3aeck obecneyn-
BAIOTCS OMTMMAJlbHbIE YCNOBUS MO YBAAXHEHUIO
N HaNMMYMI0 MUHEPAJTbHbIX MUTATENbHbBIX BELLLECTB
(puc. 4).

Mo ocu aBTOMOP®HLIX MecToobuTaHun (1-
3-4-9) ¢ HemoCTaTOYHbLIM YBIQXHEHUEM N MU-
HepasibHbIM MUTAHMEM BbICTPAMBAKOTCS COCHSAKU
OpycHUYHbIE (3) dnioBUOrNSaUMaNbHBIX PaBHUH,
3aTeEM UAYT COCHAKN KaMeHUCTble/CKasbHble (4)
Ha BbIXOAAaX KPUCTAIIMYECKMX MOPOL C MOPEHHbBIM
4exJsIoOM PasnNYHOW MOLLHOCTU U Janee — ckalnb-
Hbl€ MYCTOLUM C PeaKowm COCHOM (9).
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Puc. 4. Mopgenb cnexkTpanbHOro NpocTpaHcTBa CHMMKa Landsat (Homepa k/1accoB 3KOCUCTEM
npVBEOEHbI B TEKCTE), A5 YINPOLEHNS NOKa3aHbl JINLWb LLeHTPbl 31AUNCOMO0B KaTeropui

Fig. 4. Model of the spectral space of the Landsat image (the numbers of ecosystem classes are
given in the text), only centers of category ellipsoids are shown for simplification

Ha ocu rugpomopdHbIx MectoobutaHuii (1-5—
7) C N3OBLITOYHBLIM 3aCTOMHBLIM YBI@QXHEHMEM pac-
nonaratoTcsa COCHAKM OarynbHUKOBbIE (5), 3aTem
COCHSKM cparHosble (7) N — HECKOJIbKO B CTOPO-
He — 0COKOBO-CdarHoBble (6). KpynHble maccusbl
Takux NlecoB 0ObIYHO pacnosnaralTCs Ha 03ePHbIX
paBHMHax, HebosbluMe GparMeHTbl — B JIOObIX He-
[OCTaTOYHO APEHMPOBAHHbIX AENPECCUSIX.

B BO3HMKawOLWMX Ha MecTax Bbipybok (10) ne-
Cax YeTKO BbIPUCOBbLIBAETCSH TPAEKTOPUA BOCCTA-
HOBUTENbHOW AMHAMUKN OT MOSIBAIEHUS pacTu-
TenbHocTn (11) oo monogHskos (12, 13), cpenHe-
BO3pacTHbIX (14) v npucnesatowmx (15) necos.

[na GONOTHbLIX 9KOCUCTEM MOJIOXKEHNE CNEKT-
panbHbIX CEFMEHTOB ONpeaensieTca TMnoM BOAHO-
MWUHEPanbHOro NUTaHUsS — ONMroTpodHoe (21-24)
nnn me3oTpodHoe (41-44) — n CTeNeHbIO yBax-
HEHMSA NOBEPXHOCTM (HOMEP KJlacca YMEHbLLAeTCH
C ee noBbllleHnem). YeTko 060cobneHHoe noo-
XEHWe OT JIECHbIX M BONOTHLIX 3KOCUCTEM 3aHU-
MalT CErMeHTbl TPaBAHUCTON PaCTUTENIbHOCTU
(51-55), poporun, kapbepbl U Apyrne nLeHHble
pactuTensHoCcTM kaTeropum (81-85).

Taknm 06pa3oM, BbIAENSAOTCA BCE OCHOBHbIE
TUNbl GMOreoLEeHO30B, Kaxabli U3 KOTOPbIX Xa-
pakTepu3yeTcsa OnpeaeneHHbIMU  BEAUYMHAMU
omnomaccskl, NEP, coctaBomM apeBocTost, TPOPHOC-
ThlO N BAQXKHOCTbIO MOYBbl, TUMOM HAaMO4YBEHHOIrO
NOKPOBA, MOLLHOCTbIO JIECHOM NOACTUSIKU — BCEX
¢dakTopoB, OMNpeaensiowmx BeNNYMHY 3JKcnopTa
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DOC, TpaHcnvpauum u gpyrme 9Konormyeckme na-
pameTpbl.

NeomaTunyeckasa mogesib 3KOCUCTEM

Mogenb crnekTpanbHOro nPOCTpaHcTBa rnpea-
cTaBnsaet coboi mMartematuyeckm ¢Gopmannso-
BaHHbIA 0OBbEKT, ONUCHLIBAIOLLMIA KONIMYECTBEHHbIE
N Ka4yeCTBEHHble XapakTepuUCTUKM OGuoreoLeHo-
30B. byaoy4n «pasBepHyTO» B reorpauyeckom
NPOCTPaHCTBE CTaHOAPTHbIM METOLOM MWHU-
MaJIbHOro PacCTOSiHUSA B €BKIIMOOBOM MPOCTPaH-
CTBE, CrekTpasbHas Mogenb npesBpaliaeTcd
B KapTy (puc. 5), KOTOopas BKJI0YAET BCE OCHOBHbIE
KJ1aCChbl MEePBUYHBbIX 3KOCUCTEM, a Takxe passivdy-
Hble BapuaHTbl N CTaauUnN UX €CTECTBEHHbIX U aH-
TPOMOreHHbIX HapyLLIEeHW, C geTannsaunen, npm-
MepHO cooTBeTCTByOWelr macwTady 1:25000.
C yyeToM TOro, 4TO B KaXAOM Kjacce, nokasaH-
HOM Ha puC. 4, BO3SMOXHO BbleNeHNe HECKObKUX
MnoAK/IACCOB B KaXAOM 3/IMNCOUOHOM CermMeH-
Te, B 0OLLEl CNOXHOCTU MOJy4aeTCs HECKOJIbKO
necaTtkoB karteropuii. OTMeTUM, 4TO CO34aHHbIE
TPaANLMNOHHBIMXA MEeTO4aMU Ha OCHOBE CHMMKOB
Landsat kapTbl JaHHOW TEPPUTOPUN CYLLECTBEH-
HO MeHee MHMOPMaTUBHBI, 0OLIYHO BKJIOYAIOT A0
10-15 kateropuin [Kobyakov, Jakovlev, 2013].

Mo peTanusaumm n CTPYKType NHpopmMaLmm reo-
MaTuyeckas Mmogesb 6,1M3ka K nnaHam fiecoHacax-
OEHVIN, KOTOpble SABASIOTCH MEPBUYHOM OCHOBOW




Puc. 5. ®parMeHT BEKTOPHOro Cl0s reoMaTuyeckon Moaenu B npegenax sogocbopa M Ha puc. 1. Homepa katero-
puvii COOTBETCTBYIOT puc. 4. PacTpoBas noanoxka — RGB-cuHTes 13 nHppakpacHsix kaHanos (NIR, SWIR1 n SWIR2)

Fig. 5. Fragment of the vector layer of the geomatic model within the catchment area M shown in Fig. 1. The category
numbers correspond to Fig. 4. Raster background — RGB-synthesis from NIR, SWIR1 and SWIR2 bands

019 AaHHbIX y4eTa necHoro ¢ooHaa, — To eCTb K TEM
OAHHbIM, KOTOpPble A0 HACTOALLIEr0 BPEMEHU UC-
nosib30Ba/ICbL AJI9 OMucaHus 1ecoB BogocOopa.
Taknm 0Opa3oM, B pacrnopsikeHun mnccnenoBare-
Jlei okasblBaeTCa He npoLlleilas HeCKoIbkO YPOB-
HEN reHepanM3aumnm Xo35SMCTBEHHO-OPUEHTUPO-
BaHHas, a ucxoaHas bmosiormyeckas MHGopmauus.
Kpome Toro, reomatuyeckas mogesb obecne4mBa-
€T 3HaunTeNnbHO OoJiee AeTasnbHyo, N0 CPABHEHUIO
C NyaHamMu necoHacaxaeHuin, nHpopmaumio o 60-
noTax, 3aHuMMaloWmx O0MblLUYD 4acTb BOAOCOO-
pa. N pasymeeTcsi, elle CyuleCTBEHHEE OTanYne
onucbiBaeMoin moaenn B 6M0NorM4eckom acrnekre
OT ToMnokapT Noboro macLuTabda.

Coa,anme 3JIeMeHTapPHbIX MOAeJIbHbIX
BOAOCOOPOB

C vcnonb3oBaHMEM reoMaTUy4eckon Moaenu
MOXHO paccuymTaTtb 06LWmMin 06bEM MOCTYNEHUS
DOC B 03epo, ecnn U3BECTHbl yaeslbHble 06beMBI
ero akcrnopTa M3 Kaxgoro Tuna akocuctem. o
HacTosILLero BpeMeHn B npegenax Bogocbopa

Taknx M3MEPEHUN He MPOBOAMAOCH, OMNpenens-
nacb nmwb KoHUeHTpaumsa DOC B pas3nuyHbIX BO-
noemax [3o6koB, 2017; 3o6koBa 1 ap., 2017].

Mmaopoxummyeckme [aHHble OTAENbHbIX MO-
OerbHbIX BOAOCOOPOB C WM3BECTHOW Niowanbio
BCEX NMPeACTaB/IEHHbIX HA HEM 3KOCUCTEM MO3BO-
NAT paccynTaTb BENMYMHBI 9KCMOPTa U3 KaXOoro
Tuna (puc. 6). MNpocTpaHCTBEHHAA MOoOeNb MNO3-
BOJIUT ONTUMasbHbIM 06pa3oM CrniaHMpoBaTb MNo-
JIOXeHne MoJesNbHbIX BOAOCOOPOB, NCXOAS U3 CO-
OTHOLLUEHUs niowanen 3KOCUCTEM U C Yy4eTOM
TPaAHCMOPTHOW [OO0CTYNHOCTM AN obecneyeHus
cbopa nNpob BOAbI B TEHEHME roaa.

PacTpbl HanpasneHuii dr 1 IMHUIA aKKyMyaLmm
CTOKa acC CO34al0TCH C MCNOSIb30BAaHMEM pacTpa
moaenu BeicoT dem komaHaon GRASS:

r.watershed elev=dem acc=acc drainage=dr

Mo pacTpy dr co3palTcs pacTpbl KOHTYPOB BO-
nocbopoB wirs ana nobon TOUKM Ha IMHUN akKy-
MynaUMM CToKa ¢ koopanHatamm E, N, komangon:

r.water.outlet input=dr output=wtrs coordinates=E, N
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Puc. 6. NMpumep MoAenbLHOro Boaocbopa: pacTp AMHUIA akKyMymsSiLMK CTOKa U NOAUIOH BOAOCO0-
pa Oonsa TOYKM C yKasaHHbIMKU KoopauHatamu E, N. MpsaMoyronbHMK COOTBETCTBYET PparMeHTy

Ha puc. 5.

Fig. 6. An example of a model catchment area: a raster of flow accumulation lines and a catch-
ment area for a point with the specified coordinates E, N. The rectangle corresponds to the frag-

mentin Fig. 5.

PeTtpocrniektnBHasi 3KCTparnosisiums
reomartny4yeckovi Moaesnn

Mopenb cnekTpanbHOro npocTpaHcTea naeTt
BO3MOXHOCTb CTPOroro mMaremMaTm4eckoro ornm-
CaHus TPaekTopuii Kak TUMOB MecToobuTaHui
(CTPYKTYpbI), TaK W Pa3NYHbIX CYKLECCUMOHHbIX
ctaguin (puc. 7). Jinnnsa B 3D-npocTpaHCcTBe Onn-
CblBaeTCs CUCTEMOMN ABYX YPaBHEHN BUAA:

y=1(x);
z=1,(x,y);

roex, ¥, z—LC1, LC2, MSI cooTBeTCTBEHHO; £, f, —
nonvHoMumanbHas perpeccus 1-3 creneHn.

MpuHUMN onNncaHua TPaekTopun TOT Xe, YTO
N ONs MOCTPOeHMs orubalower 3nanunconaoB
OTAENbHbIX KATEropwuii: MepBoe ypaBHEHME OMNu-
CbIBAET JIMHUIO MPOEKLUN TPAEKTOPUM HA MNOC-
kocTb LC1-LC2, BTOpOE — NONOXEHME TPAEKTOPUM
B TPETbEM M3MepeHun — MSI.

Ha cHMMKax 4eTko maeHTUdUUMpYLoTCsa eca,
BO3HMKLUME Ha Bblpybkax 40—50-neTHe [aBHOCTH.
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CoOTBETCTBEHHO, HA CaMbIX PAHHUX CHMMKax Land-
sat 1980-x rogoB MOXHO MpoOCNeauTb OMHAMUKY
€CTECTBEHHbIX 1 aHTPOMNOreHHbIX U3MEHEHNN (No-
XapoB, BETPOBAOB, BbIPYOOK) C MOMEHTA, Npea-
LIECTBYIOLLLEro Ha4asly MacCoBbIX 3aroTOBOK Jieca
B 1950-x rogax, n NposiBAEHNA USMEHEHNI KNMa-
Ta, TO €CTb YBUOETb Jleca B COCTOSHUMU, BIN3KOM
K ecTecTBeHHOMY, «DOHOBOMY». TakuM 06pas3om,
[aHHas Mofesb ABNISeTCH WCXOLHOW TOYKOW MO-
HUTOPUHra Ha Oyaywme BpemeHa. C opyron cto-
POHBI, ANns Bcero atoro nepuoga (¢ 1940-x rogos)
cyLecTBytoT 6a3bl faHHbIX (B) no mopdomeTpuu,
rMaposiorMm, rmapoxXMmMmum U rugpoduonornn ons
6onbLioro konuyectsa o3ep [MeHwyTkuH, Guna-
ToB, 2008]. ConocTaBneHne gaHHbIX O HAa3EeMHbIX
3KOCUCTEMAX MOXET MPUBECTU K Ny4LLIEMY MOHU-
MaHMI0 NPOLLECCOB ANHAMUKN O3EPHBIX CUCTEM.

3aknio4yeHue

MpuHUUNanbLHOE OTNMYME OMUCLIBAEMOW MO-
OEeNn 9KOCUCTEM OT CO34aHHbIX TPAONLMOHHbLIMM
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y = 72.44671 - 22.74490-x + 1.81187-x2
(5.990 < x < 6.870)

z=0.17972 - 0.03502:x + 0.50321-y

Puc. 7. TpaekTopusi NeCOBO30OHOBJIEHUS B CNEKTPalbHOM NPOCTPaHCTBE. HoMepa KaccoB Te Xe, 4TO 1 Ha puc. 4.
Fig. 7. Trajectory of reforestation in the spectral space. The class numbers are the same as in Fig. 4.

MeTogamMu B TOM, YTO pe3ynbTaT onpenensercd
He BbIOOPOM Ha3eMHbIX KJHOYEeBbIX Y4aCTKOB, KO-
TOPbIA B TOM WM WUHOWN CTENeHu CyObekKTUBEH,
a 00bEeKTUBHbIM, M3MepsieMbiM BUNODU3NYECKUM
napamMmeTpoM — NONOXEHNEM 3KOCUCTEMbI B CMEK-
TpasnbHOM MPOCTPaHCTBE CHMMKaA. CermeHtauus
CMEeKTpasbHOro NPOCTPaHCTBA METOAOM 3JINM-
compoB obecneumBaeT 6onee TO4yHOe, MO CpaB-
HEHNIO C TPaAMUMOHHbIMW METOAAMW, BbiSiBNE-
HVEe NPOCTPAHCTBEHHOM KOHOUrypaLnm KOHTYPOB
akocucTtemM. ITo MmeeT Oosblloe 3HavyeHne ans
obecrneyeHns MakCUMasibHO TOYHOro COBMeLle-
HUSA MOLENN PACTUTENBHOIO NOKPOBA C LMGPPOBON
Moaenbo penbeda, NPUHLUNUANLHO BaXKHOIO Npun
rMaposorMyeckoM MogenmpoBaHUMN.

Ha pmaHHOM aTane cnekTpanbHaa Mogesnb npea-
cTaBnsieT coboii OCHOBHOW «Kapkac», COCTOALMIA
M3 OTHOCWUTEsSIbHO HeOOoJbLIOro KonnyecTBa re-
HEepannM30BaHHbIX KJACCOB 9KOCUCTEM, [OO0CTO-
BEPHOCTb BbIAENEHMNSA KOTOPbIX NPaKTUYeCckn CTO-
npoueHTHas. Mo gaHHbIM Ha3eMHbIX HabNaEHNN
M CHMMKaM CBEPXBbICOKOIrO pas3peLlueHnus npo-
BOANTCS MOCTOSIHHAS KOPPEKTMPOBKA mMoaenn —
YTOYHEHNE KOJIMYECTBEHHbIX XapakTepucTuk (Ka-
nMOpoBKa) KU OeKOMMO3MUUSA reHepanM30BaHHbIX
KJ1aCCOB.

OHexcKkoe 03epo Kak OaMH N3 KPYNHENLUUX BO-
[0OEMOB I'YMUOHOW 30Hbl ABASETCA PELMNUEHTOM
3EeMHOro yrnepoga n urpaeT BaXHYK poJib B ero
rnobanbHom 6anaHce. 3HaHME MeXaHN3MOB (PYHK-
LMOHMPOBAHNSA 9KOCUCTEMbI 03epa Heobxoammo
[N191 OLLEHKW CTEMNEHM ee YCTOMHYMBOCTU K ENCTBUIO
BO3MyLLAKLLINX PaKTOPOB, onpeneneHms ee 6mo-
pecypcHoro noteHuuana. OgHako 3T MexaHnU3Mbl
OCTaloTCs OTHOCUTENTbHO Manon3y4€HHbIMU, B TOM

yncne n BcneacTene 60MbLON HeonpeaeneHHoC-
TN AaHHbIX 0 noctynneHnn DOC ¢ BogocOopHom
Tepputopumn. OcoBeHHO akTyanbHbIMK 3TU UCche-
[OBaHWS CTAHOBATCS B YC/IOBUSAX UBMEHEHUS KITN-
MaTa. [epBryHas NpoayKLUMs NEeCHbIX 1 6ONOTHBLIX
9KOCUCTEM SIBNSIETCA KAMMaTuyeckm 00OycnoB-
NIEHHOW, N, COOTBETCTBEHHO, MOBLILUEHVE TEMME-
paTypbl NpMBOAUT K yBenu4deHunio akcnopta DOC.
Kpome TOro, nccnenoBaHMsiMum yCTaHOBIIEHO yBe-
JIN4eHne 3MMHero ctoka ¢ 60JI0T B CBS3U C yBe-
nnyeHnem 6e3Mopo3HOro nepuopa [KantoxXHbil,
Naepos, 2017].

Henb3sa paccmMaTpmBaTb 3KOCUCTEMY 03€epa OT-
OenbHO OT ero Bogocbopa, HeoOX0ANMbI Kak KOMIM-
NIEKCHbIE UCCNeNOBaHUS BHYTPUBOOOEMHbIX MPO-
LLeCCOB, TaK 1 OLEHKa NOCTYMAEHUS TEPPUTEHHOIO
yrnepoga. OnTuManbHbIA MHCTPYMEHT 419 pelue-
HUS 3TOM 3aa4M — reoMaTn4eckasl MoAesb Ha3eM-
HbIX 9KOCUCTEM B KOMMJIEKCE C PErynsapHbIMU rma-
POXMMUYECKUMWN HABNOOEHNSMU HA MOLOENbHbIX
Bogocbopax. ATO MO3BOMUT HE TOJIbKO YTOYHUTb
Benn4ymHel noctynneHns DOC, HO v cmomenupo-
BaTb (PYHKLUMOHNPOBAHME CUCTEMbI «BOOOCOOP —
03epo» MpU Pa3AnNYHbIX CLEHAPUSIX WU3MEHEHUS
K/MmaTa U COCTOsIHUS 9KocUcTeM Bogocoopa.

BO3MOXHOCTM MOAENN Ha3eMHbIX 9KOCUCTEM
BbIXOOAT Kak 3a reorpadunyeckme rpaHuubl BO-
nocbopa OHexcKkoro 03epa, Tak 1 3a paMKu ee
nPUMEHeHUs nnwb ansa oueHku akcnopta DOC.
MOXHO MpPeanosioXuTb, YTO BKIIOYEHWE OaHHbIX
0 Ha3eMHbIX 3KocMcTeMax BoAoCOOPOB 03ep B Ka-
YeCTBE OOMOJIHUTENbHbBIX MapaMeTPOB B 3KCNEPT-
Hyl0o cuctemy «0O3zepa Kapenun» [MeHLWYTKUH,
®unatos, 2008] yny4ywunT ee NPOrHOCTUYECKME
kayectBa. [lockonbky MOAENb CMeKTPanbHOro
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NPOCTPAHCTBA MNPaKTUYECKM OAHO3HAYHO Bblae-
N{eT OCHOBHbIE TUMbl YETBEPTUYHbIX OTJIOXEHUN —
MOpeHy, @BMOrngunanbHble, O3epHbIE OTJO-
XEHMa 1 cKanbl, MHOPMaUMA FeoMaTnyeckom
MOZEeNn A0MNOSHAET kak BuoTmnyeckme, Tak n abumo-
TUYECKME XapaKTEPUCTUKN CUCTEMBI «BOAOCOOP —
03epo».

CylwecTBEeHHO Takxe, 4TO BCe Heobxoammble
0151 CO34aHNS reOMaTUYECKO MOAENN CKaHepPHbIe
CHUMKM, MOOENW BbICOT 1 NPOrpaMMHble CpeacT-
Ba 00LLEOOCTYNHbI 1 6ecnnatHbl. ATO MNO3BONS-
€T Y4eHbIM, acnnupaHTam 1 CTyAeHTaM He TOJSIbKO
NCMOMb30BaTb MOAENb B CBOUX MCCNEO0BAHUSX,
HO 1 cO34aBaTb CBOWM BEPCUN, OPUEHTUPOBAHHBIE
Ha KOHKPETHble 3adayun, U CnocobCTBOBATb TEM
CaMbIM MOBbILIEHNIO NHPOPMATUBHOCTU MOOENMN,
paclwmpeHnio obnacTu ee NPUMEHEeHUs U Kpyra
pellaembix Npobaem.

PaboTa BbINOJHEHA B paMkax roc3anaHuvsi
KapHL] PAH (VHcTuTyT BOoAHBIX npobaem CeBepa
KapHL] PAH).
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Tpyabl Kapenbckoro Hay4yHoro ueHTtpa PAH
N¢ 3.2018. C. 107-109

XPOHUKA

BCEPOCCUNCKASAA KOH®EPEHLUA C MEXXKAYHAPOAHbLIM
YYACTUEM «TMOPOMETEOPOJIOINNA N 3KOJ10I'N4:
HAYYHbBIE U OBPA30BATEJIbHbIE AOCTU)XEHUSA
U NEPCMNEKTUBbI PASBUTUA>»
(CankTt-lNeTepOypr, 19-20 pekabpa 2017 r.)

19-20 pekabps 2017 roga B CaHkT-INeTepbyp-
re npowna Bcepoccurickaa KoHdepeHUns C Mex-

OyHapoaHbIM  yyacTueM «[MapomMeTeoposiorus
N 9KONOrus: HayyHble 1 o6pa3oBaTtesibHble JOCTU-
XEHUS N NepcrnekTUBbl PasBuUTUS», MPUYPOYEHHAs

K 70-neTnio CO OHA POXAEHUS 3aCNy>XXEHHOrO Ae-
ATeNd Hayku, OoKTopa (U3NKO-MaTteMaTuyeckmx
Hayk, npodeccopa J1. H. KapnuHa.

JleB Hukonaeswny KapnuH — BbloaloWWINCA yye-
Hbin 1 neparor. OH BO3rNaBsiyl HECKONbKO Ha-
Y4HbIX HanpaefeHuin B obnactu Gpusnku okeaHa,
3KOMOrMN N OXPaHbl OKpyXaroLulen cpenbl, KOC-
MUWYECKMX METOLOB UCCNefoBaHUs 3eMHOWN Mo-
BepxHocTh. ABTop 6onee 300 HayyHbIX TPyAOB
N MoOHorpaduii, yHebHUKOB 1 y4ebHbIX Nocobui
ONs1 BbICLUEN WKosbl, Obll Y1eHOM penkKosnnermm
XypHanoB «OkeaHoNorus», «YyeHble 3arnucku
PITMY», «brnocdepa»; Bxoann B coctaB Mexse-
JOMCTBEHHOW HauMOHaNbHOW OKeaHorpaduyec-
ko komuccum KOHECKO (MOK HOHECKO); saB-
NANCH HauMoHasIbHbIM KOOPAMHATOPOM MNpoekTa
MOK-HOHECKO «TEMA», npeaocepatenem cneum-
aNnM3npPoOBaHHOIO OOKTOPCKOro COBeTa, BO3r/iaB-
nan YyebHo-meTtoguyeckoe obbeanHeHVEe BY30B
Poccum no obpazoBaHuio B 061acTn rmapoMeTeo-
ponorun. Ero Hegonras, HO HanNoOJIHEHHas Aenamu
N COOBLITUAMM XN3Hb CNOCOOCTBOBANA Pa3BUTUIO
M yOEep>XXaHUIO Ha BbICOKMX MO3ULUAX TMOPOMETe-
OpPOJIOrNM KakK Hay4yHOM U NPaKTUYEeCKOWN ANCLIAM-
JINHBI B CNIOXHbIX 9KOHOMUYECKUX YCIOBUSIX HOBOW
Poccun. KoHdepeHumnsa ctana HOBOW MioLLankomn
ONs NPOAOIIKEHNS N PA3BUTUS OEATENbHOCTU, Ha-
yator JieBoM Hukonaesmnyem KapnmHoim.

OpraHuzatopamu  kKOHOEpeHUMn BbICTYNKU-
nn: UHctutyT  okeaHonoruv  wum. T1. T, Wwnp-
wosa PAH, Apktnieckuin n AHTAPKTUYECKUM
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Hay4yHO-mnccnegoBartensckmn nHCTUTYT, CeBepo-
3anagHoe ynpasfeHne Mno rmapomMeTeoposiornv
M MOHUTOPUHIY OKpyxawLwen cpenbl, NHCTUTYT
BOOHbIX Npobnem CeBepa KapenbCkoro Hay4Horo
ueHTpa PAH, MexayHapoOHbIi LEeHTP MO OKpy-
xXawuwen cpege U ANCTaHUVMOHHOMY 30HAMPOBa-
HUIO M. HaHceHa, npu yyacTum focyaapCcTBEHHO-
ro rmaposiorM4eckoro MHCTUTYTa.

Meponpuatvue nony4nno WUPOKUIA  OTKIIMK
cpeayn POCCUMCKUX N 3apyBexHbIX CrneumanncToB
B 06n1acTy MeTeoposiorum, rmaponorum, okeaHo-
Nornmn, 3KONOrmn, yrnpasieHns MOPCKON AedTelb-
HOCTbiO 1 06pa3oBaHus B cdhepe rmapomMeTeopo-
norun. Ha koHdepeHumMn cobpanucb CTYAEHTbI,
acnumpaHTbl, VHXEHepbl, CheunanucTbl, HayyHble
COTPYOHUKN U pykoBOOUTENN M3 obpas3oBaTesib-
HbIX YY4PEXOEHWUN, HayYHO-UCCef0BaTeIbCKnX
MHCTUTYTOB, CMNeuMann3upoBaHHbIX  rocynap-
CTBEHHbIX 1 KOMMEPYECKNX OpraHn3auunii.

Mopnepxky KoHdepeHuun okazann depe-
panbHas cnyx6a no rMapomMeTeoposiormm n Mo-
HUTOPUHIY oKkpyxawuwen cpeobl PP, Komwuter
no NPMPOAONOJIb30BAHUIO, OXPaHe OKpyXKaloLlen
cpenpl 1 obecnevyeHno aKonornyeckor tesonac-
HOCTM 1 KoMUTET No Hayke U1 BbiCLLen wkone Mpa-
BuTenbctea CaHkT-lNeTepbypra, Mopckoin coBeT
npu Mpaeutensctee CaHkT-MeTepbypra.

B pamkax mMeponpuaTus COCTOANNCHL MieHap-
Has N BOCEMb Cneunanm3npoBaHHbIX CEKLUNI, NOC-
TOsIHHO paboTana AeMOHCTpaLMOoHHas niowanka,
ob10 npeactasneHo 90 NPOPUIbHBIX N CMEXHbIX
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opraHusaumin. B koHdepeHunn NpuHANM y4actume
6onee 250 yenosek n3 Poccumn, KazaxcraHa, 'ep-
MaHun, Wcnanun, MNoptyranum, Utanun, Kunpa,
Konymbuu. C nneHapHbIMN O0K1agamMimn BbICTYNNN
BenyLume yyeHble T. P. EpemuHa, L. Vesikko (PuH-
naHoms), H. A. 3ainuesa, E. B. WWanuHa, H. H. ®u-
natos, A. . Yrpiomos, B. A. PabueHko, A. 1. da-
HUIOB, A. M. Konecos, E. H. lNMennHoBCcKuUnA,
. K. Kopotaes, B.T.Tlaka, G.Zodiatis (Kunp).
Kpome Toro, Ha koHdepeHuun 6bi10 Npencras-
neHo 95 ycTHbIX 1 32 nocTepHbIX Aoknaga. Mare-
pvanbl NpeacTaBfeHHbIX J0K1aa0B OnyonnkoBaHbl
B COOpHMKE TPpyaoB o6bemom 520 cTpaHuL,.

B xope koHdepeHuMn MNocTosiHHO paboTana
OEMOHCTPAaLMOHHAsa Mniowaaka no cnenyowmm
TeMaTuyeckmmMm HanpasneHusim: KOHTPOSIbHO-n3-
MepuTenbHoe nabopaTopHoe obopynoBaHue, VH-
dOopMaLMOHHbIE CUCTEMBI M NMporpaMmMHoe obec-
neyenme. boinm npegcraeneHsl akcno3mumn 000
«HIMO «O3KO», OO0 «BunHeta», OO0 «Curma
MoTopc 'm6X», AO «ABpopa», OO0 «DepTonHr»,
000 «CEHC-OMNTUK», AO «ConeaHc-cepBuc»,
AO «HIMM MNT «OKEAHOC», OO0 «JTtomakc-mapKe-
TnHr», 000 «ApkTuk Lenbd KoHcanTuHr».

Mogsoos ntorm KoHepeHumm, oanH 13 uyne-
HOB MPOrpamMMHOro KkommTeTa, anpektTop Mexay-
HapPOOHOro LEHTPAa Mo OKpYyXaroLlen cpeae n anuc-
TaHUMOHHOMY 30HAMPOBAHUIO UM. HaHceHa Jleo-
Hua MNeTpoBny BobbineB ckasaint:

«Obwme BrevaTneHnss oT KOHpEepeHuMn uc-
KIIOYNTENBbHO  MONOXUTENbHbIE.  MeponpuaTtue
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ObI10 OTJINYHO OPraHM30BaHO M NPOLLJIO Ha BbICO-
KOM ypoBHe. KayecTBO U MHGOPMATUBHOE HACbI-
LeHe npencTaBAEeHHbIX A0KNaA0B AOCTATOYHO
BbicOKoe. VMHorga gaxke Obino Henerko BbliOpathb,
KaKyl CEeKLMIO MOCETUTb, Kaknue A0KIadbl Nocny-
wartb. BaxHbIM, Ha Haw B3rnsag, SBUAOCb Takxe
NPOBEeAEHNE HAa AEMOHCTPAUVOHHOW MnioLwaake
KOHdEepeHLUMM BbICTABKM COBPEMEHHOIO OTEYECT-
BEHHOr0 KOHTPOJIbHO-M3MepuTesbHoro nabopa-
TOpHOro obopynoBaHns, MHOOPMALMOHHBIX CUC-
TEM 1 NporpaMmMHoro obecneyvyeHms.

Yyactue B kKoHdepeHumn 6onee 250 penera-
TOB U 00beM MaTepuanoB goknagos B 520 ctpa-
HUL, 6e3yCc/IoBHO, Nokas3biBaeT 60JbLUYI0 3anHTe-
pPEeCOBaHHOCTb POCCUNCKUX YHYEHbIX B MOAOOGHbLIX
MepOonpuUATUSAX U TOBOPUT O HEOBXOOVMMOCTU WX
npoBefeHVs B JanbHenweM. B mupe, KOHKpeTHO
B CLLA, EBpocoto3e, Kutae, AnoHnn v gpyrux pas-
BUTbIX CTPaHax, NPOBOAUTCSH MHOIO Hay4HbIX KOH-
depeHUNn BbICOKOTO YPOBHSA MO rMApOMeTeopo-
niorum, oKpyxatoLen cpege, npobiemam n3MeHe-
HUS KNMMaTa 1 agantaumm K HUM. K coxanenuio,

B Poccun pena B aTOoM nnaHe ob6CTOAT ropasno
CKPOMHEee — KOJIMYECTBO KPYMHbIX, BbICOKOrO
YPOBHS KOHMEPEHLNI MO paccMaTpmsaemMomn nNpo-
6nemaTtmke MOXHO nepecynTaTth Mo nasbuam.

Mcxooa m3 3TOro, a Takke Y4uTbiBasl, 4YTO
CaHkT-lNeTepbypr SBNSETCSA KPYMHbIM Hay4HbIM
ueHTpoMm Poccuu, 6610 OGbl, HECOMHEHHO, Lene-
coobpasHbiM caenaTtb kKoHdepeHuuto «mapome-
TEOPOJIOrMs U 3KONOrns: HayyHble M obpazosa-
TeNbHble OOCTUXEHUST N NEePCNEKTUBbI Pa3BUTUS»
pPerynsapHoOn, exerogHom».

Bce matepuansl 0 KOHpepeHumn «'mgpomeTe-
0pOJIOrMs 1 9KOJIOMMS: Hay4Hble 1 obpa3oBaTesb-
Hble OOCTUXEHMS N MEePCNEKTUBbI Pas3BUTUS» AO-
CTYNHbI Ha canTe http://mgo-spb.ru.

Il Bcepoccumckyo koHdepeHuuio «'mapome-
TEOPOSIOrMst 1 3KONOrns» NAIaHNPYeTCsl MPOBECTU
18-19 pekabps 2018 ropa B CaHkT-leTepbypre
B KL, «[MeTpokoHrpecc».

A. B. SumuH,
UHcTuTyT OkeaHosioruv um. 1. T1. Lnpwosa PAH
(CaHkT-leTepbyprckunii punvai)



Tpyabl Kapenbckoro Hay4yHoro ueHTtpa PAH
Ne 3.2018.C. 110-114

PA3BUTUE POCCUNCKO-UHOUUCKOIro COTPYAHNYECTBA
B OBJIACTU UCCJIEAOBAHUNA BOAHBIX PECYPCOB

Mo npurnawennio npodeccopa P. MiopTu,
npeangeHta doHpa okpyxatouwen cpenpl Kap-
Hatakm (KERF, r. Banranop, WHaus), gokrtopa
A. B. AHnTa, CNONHSALWEro 00693aHHOCTM ANPEK-
TOopa LleHTpa passutmnd n ynpasiieHUs BOOHbIMU
pecypcamu (r. Koxukoge, Hamd), n no nopy4ye-
HUIO akagemuka-cekpetapa OH3 PAH akagemuka
A. O. Nuko 22-28 despansa 2018 roga coctosancs
BMU3UT B VIHOMIO foenerauyim POCCUMCKUX YYEHbIX
13 Tpex nHctutytos PAH: MBI PAH (Bpuo omnpek-
Topa Aa. d.-m. H. A. l'enbdaH), NBMNC KapHL, PAH
(un.-kopp. PAH H. ®dunatos, y4eHbIl cekpeTapb
K.6.H. T.PerepaHg) n MHO3 PAH (ampekTop
O.r.H. W. MNMosgHsakos). Lenb Bn3nta — nepero-
BOPbl O COTPYAHMYECTBE Hay4HbIX Yy4pexaeHuin
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Poccun v Mupum B obnactu nuccnenoBaHnsa BO4-
HbIX pecypcoB u nognucaHne MemopaHaoyma
0 B3aMMOMOHVMaHMK MO BOMPOCaM COTPYAHUYEC-
TBa, Pa3BUTUSA Hay4HbIX UCCNEeL0BaHU 1 0b6paso-
BaTeNbHOMN OEeATeNbHOCTM B 061acTV MHTErpMpo-
BAHHOrO yrNpaBfieHNs1 BOAHbIMY PeCypcamu.
22-23 deBpansa Obln NpoBeOeHbl CoBeLla-
HUA CO cneumanucTtom LleHTpa 3KOoIorn4yeckux
Hayk VHonnckoro vHctutyta Haykm (Indian Insti-
tute of Science/Centre for Ecological Sciences,
r. banranop) o-pom T. B. PamayaHgpa v npesu-
nenHtom KERF npod. P. MiopTtu. Mo mnHuupatn-
Be A-pa T.B. PamauvaHgpa 4nieHbl pOCCUINCKOMN
neneraumm nocetunn Konnepx Haykm 1 TEXHUKK
O6pasoBatenbHoOro ¢goxHaga Anbea (r. MaHranop,

0urce
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KapHaTtaka), roe npodmTtanu fiekumm O HayyHbIX
nccnenoBaHuax M obpasoBaTesibHOM aeaTenb-
HOCTM B 06GNaCTV OXpaHbl OKPYXatollen cpepsbl,
npobnemax BOAHbIX pecypcoB B MiHaouu 1 Poccun.
Ha nekumsax npucytcteoBano okosio 400 yenosek
C WHOWNCKOM CTOPOHbI, B TOM 4uCSie CTYOEHTHI,
acnvpaHTbl, npenogasatenu konnegxa. CTopo-
Hbl BbIPa3nM B3aMMHOE XeflaHne 0OMeHNBaTbCS
OMbITOM MOArOTOBKW CcrneuuannuctoB B obnactu
rmoponorumn, Hayk 06 okpyxatoLein cpese.

26-28 deBpansa B LleHTpe no passutuio 1 yn-
paBneHutio BoaHbIMn pecypcamm (CWRDM) npo-
wna KoHpepeHUmsa rno Bonpocam MHTErpnupoBaH-
HOroO yrnpasfieHUd BOLHbIMW pecypcamMn. YneHbl
POCCUINCKON aeneraummn BbICTYNMUAU C Pa3BepHy-
TbIMW LOKIa4aMK O HayYHbIX UCCIe00BaHNAX, NPO-
BOOMMbIX B UHCTUTYTax PAH, npeacraBuam OCHOB-
Hble pe3yfbTaTbl, MOJIlyYeHHble CcreumanncTamm
X MHCTUTYTOB 3a nocnegHue rogpl. C goknagamu
00 onbITe nccnenoBaHuin BOOHbIX PECYPCOB, OXpa-
Hbl BO, YNpasJfieHUs BOAHbIMW pecypcamMmn 1 nna-
HUPOBAHNSA X NCNONb30BaHUS B IHAMW BbICTYNKX-
nn y4eHole CWRDM v npurnalleHHbsle cneyuanmc-
Tbl U3 OPYrYX OpraHn3aLni.

27 ¢espana B CWRDM cocTosifiocb TOp-
XXeCTBEeHHoe noanucaHve MemopaHoyma O B3a-
nmonoHumanum (MOB) no Bonpocam coTpyn-
HMYEeCTBa, pPa3BUTUS HAyYHbIX UCCeaoBaHUM

1 obpazoBaTeNibHOM AeATENbHOCTM B 06/1aCTU UH-
TErPUPOBAHHOIO yNpasieHnss BOOHbLIMWU pecypca-
Mu. MemopaHaym nognucanu: oT umeHn Poccuii-
CKOW akageMuun Hayk — npencrasutenn MIHctutyTa
BOAHbIX npobnem PAH (Mocksa), MiHcTuTyTa BOA-
Hbix npobnem CeBepa depepanbLHOro mccneno-
BaTesIbCKOro ueHTpa «KapenbCknin Hay4HbI LEeHTP
PAH» (MeTpo3aBoack) n MHCcTUTyTa 03epoBegeHns
PAH (CaHkT-IeTepbypr), oT umeHn LieHTpa no pas-
BUTUIO W yNpaBJIEHUNIO BOOHbLIMWU pecypcamMn — UC-
NOJIHNTENbHBIN ANPEeKTOpP ueHTpa aA-p A. b. AHuta
n o-p M. C. Xapukymap, ot nmenn doHpa nccne-
noBaHuin okpyxxatoLen cpenbl KapHatakn (KERF) —
npe3ungeHT doHga npod. P. MiopTu.
O6cyxaanMcb BOMPOCbl O BO3MOXHOM CO-
TpyoHM4eCTBE Mexay opraHnsaumsamm PAH n vH-
ONACKUM LIeHTpOM No pasBuUTUO M yNpaBfieHUIO
BOAHbLIMW pecypcamMu, NpPOBeAeHUN COBMECTHbIX
Hay4HbIX WCCcenoBaHuii, 06 0OMeHe OmnbiTOM
nccnegoBaHMini M1 paspaboTok B 006/1aCTU CUC-
TeM ynpasJieHns BOOHbIMW pecypcamMu, MeToa0B
OXpaHbl BOA, CyLUN, PAa3BUTUA CUCTEM BOLOOYUCT-
KU ¥ BOOOOTBEAEHUS, oOecneyeHUs KkavecTBa
BOAb! A1 MUTLEBOI0 BOAOCHAGXEHWS HACENEHMS.
Mpu nognucanum MOB, a Takxe npu y4actun
B CeMuHapax 1 rneperosopax aesnerarbl MHCTUTY-
T0B PAH pyKoBOACTBOBa/IMCb COM1aCOBaHHbLIMM
paHee ¢ OH3 PAH, KapHL, PAH, NBIN n NHO3 PAH
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NPesyioXEeHUs MM, a Takke TakuMn OOKYMEHTaMu,
Kak «KomnnekcHasa nporpamMmma CcoTpyaHuM4ecTBa
B 0611aCTN Hayku, TEXHUKU U UHHOBALMA MexXny
npasutenscteamm P® n NHgum», «CornaweHuve
O Hay4YHOM COTpPyOHMYECTBE M OOMEHe y4eHbIMU
mexay PAH n IHguinckon akagemmen Hayk».

Hapno OTMEeTUTb BbICOKYIO CTerneHb 3auHTepe-
COBaHHOCTU opraHmndauuin iionv B cOTpygHuyec-
TBE C opraHmdaumamu PAH, B COBMECTHbIX Hay4-
HbIX CCNleLOBaHUAX N MOArOTOBKE CMNeumanncToB
Mo U3YYEHNIO BOOHbLIX PECYPCOB.

Ona peannzaumm ykasaHHblX B MeMOpaHayme
HanpasfieHN COBMECTHON OEATE/IbHOCTU CYMTaeM
LenecoobpasHbIM NPUrnacuTe C OTBETHLIM BU3U-
TOM generaumio npegcraButenem MHOUMCKON CTO-
poHbl (B cocTtaBe 3-5 yenosek) B aBrycte 2018 r.
B OH3 PAH u nHcTtuTtyThl PAH, nognucaswme MOB.
B xopne a1oro Bu3nTa npennonaraetcs KOHKPETU3u-
poBaTb NPOEKTbl COTPYAHNYECTBa, AeTann obmeHa
Hay4HbIMW COTPYLHMKAMMW, MOJIOAbIMU Y4EHBIMU.

Lna obecneyeHnst COBMeCTHOI paboThl B paMm-
kax noanucaHHoro MOB TpebyeTcs pewnTb
BOMPOCbLI (UHAHCUPOBAHMA YKa3aHHOIro BU3U-
Ta, a Takke MOoCneaylwmx HayyHbix OOMEHOB
Kak no nuHunm MuHobpHaykm, PAH n ®AHO, Tak
N N3 rpaHToB Hay4yHbiX GoHOoB (PH®, PODN).
MpenctaBnseTca uenecoobpadHbiIM  pPacCMOT-
peTb BO3MOXHOCTU TMPUBJIEYEHNA K PELUEHUIO

\
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BONPOCOB duHaHcmpoBaHusa CcTpykTyp BPUKC,
NPOPUIbHBLIX MUHUCTEPCTB U BeAoMCTB (MuHnpun-
poabl, PocBoapecypchl).

MHdopmauma o pesynbTatax Bu3mTa POCCUN-
ckoi peneraummn B UHomio OyneTt npencraBneHa
Ha Biopo OH3 PAH ans o6cyxaeHns BONpPOCoB pe-
anmsaumm Hay4HoOro coTpyaHuyecTsa ¢ MHOMNCKU-
MUV opraHu3auusiMum B 061acTu uccneoBaHus Bog-
HbIX PECYPCOB 1 OXPaHbl OKpYyXaloLLen cpepbl, BO3-
MOXHbIX MYTEN peLleHns OpraHnN3aunoHHbIX 3a4a4.

Bbipaxaem cBoto 6narogapHocTb Npodeccopy
P. C. Mioptn (npe3ungeHty doHaa okpyxatoLlel
cpenpl KapHaTaku), UCMOJHAOLWEMY 0093aHHOCTM
aupektopa LeHTpa pa3sutud 1 ynpasiieHUs BOA-
HbiMu pecypcamu (CWRDM) poktopy A. B. AHu-
Ta n Bepywemy cotpygHuky CWRDM pokTtopy
M. C. Xapukymapy, a Takxe goktopy T. B. Pama-
YaHapa (LeHTp akonormyecknx Hayk, HAnnckumn
WHCTUTYT Haykun) n rocnoguHy B. M. Anbsa (O6pa-
30BaTesibHbi GoHA, ANbBa) 3a NPeKpacHyo opra-
HU3aLMIo Hawero susuTta B iHgumio.

H. H. ®unatos, coBeTHuk PAH, 4.-kopp. PAH;
A. H. lenbgaH, A. ¢.-M. H., BPDUO ANpeKTopa
UBI PAH;

L. P. lMo3aHsIKOB, A. I. H., AnpekTop MHO3 PAH;
T. N. PerepaHa, k. 6. H., y4€HbIli cekpeTapb
UBIIC KapHL| PAH
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DEVELOPMENT OF INDO-RUSSIAN COOPERATION IN THE SPHERE OF WATER RESEARCH

At the invitation of Prof. C. R. Murthy, President
of the Karnataka Environment Research Founda-
tion (KERF, Bangalore, India) and Dr. A. B. Anitha,
Executive Director of the Centre for Water Resourc-
es Development and Management (Kozhikode,
India) and at the assignment of Academician-
Secretary of the Department of Earth Sciences
RAS A. O. Gliko a delegation of Russian scientists
from 3 RAS institutes: Water Problems Institute
RAS (Acting Director A. N. Gelfan, DSc), Northern
Water Problems Institute KarRC RAS (RAS Corr.
Academician N. N. Filatov, Secretary for Science
T. I. Regerand, PhD) and Institute of Limnology
RAS (Director Sh. R. Pozdnyakov, DSc) visited In-
dia on February 22-28, 2018. The aim of the visit
was to negotiate on cooperation between scien-
tific institutions of the Russian Academy of Sci-
ences and India in the sphere of water research
and to sign the Memorandum of Understanding
on cooperation, development of scientific research
and education in the sphere of integrated water
management.

On February 22-23 meetings were organized
with specialists from the Indian Institute of Sci-
ence/Centre for Ecological Sciences (Banga-
lore) Dr. T. V. Ramachandra and KERF President
Prof. C. R. Murthy. Following Dr. T. V. Ramach-
andra’s suggestion, the Russian delegation vis-
ited the Institute of Engineering and Technology
of the Alva’s Education Foundation (Mangalore,
Karnataka) and gave lectures on environmen-
tal research and education, issues related to wa-
ter resources in India and Russia. The audience
of the lectures was around 400 people, including
the Institute’s undergraduate and graduate stu-
dents, and faculty. The parties expressed mutual
willingness to exchange their experience of training
specialists in hydrology and environmental science.

On February 26-28 a conference on integrated
water management took place at the Centre for
Water Resources Development and Management
(CWRDM). Members of the Russian delegation
gave keynote lectures on the scientific research
implemented by RAS institutes and told about
the key results obtained lately by specialists from
their institutes. Presentations about the experi-
ence of studying water resources, water protec-
tion, water management and its planning in India
were made by scientists from CWRDM and invited
specialists from other organizations.

On February 27 the ceremony of signing
the Memorandum of Understanding (MoU) on co-
operation, development of scientific research
and education in the sphere of integrated water

management took place at CWRDM. The MoU was
signed by representatives of the Water Problems
Institute RAS (NPI RAS, Moscow), Northern Water
Problems Institute of the Karelian Research Cen-
tre RAS (NWPI KarRC RAS, Petrozavodsk) and In-
stitute of Limnology RAS (IL RAS, St. Petersburg)
on behalf of the Russian Academy of Sciences,
by CWRDM Executive Director Dr. A. B. Anitha
and Dr. P. S. Harikumar on behalf the Centre for
Water Resources Development and Management
(CWRDM), and by KERF President Prof. C. R. Mur-
thy on behalf of the Karnataka Environment Re-
search Foundation (KERF).

The possibilities of cooperation between RAS
organizations and the Indian Centre for Water Re-
sources Development and Management, imple-
menting joint research, exchanging the experi-
ence of research and developments in the sphere
of water management systems, inland water pro-
tection methods, development of water treatment
and sewage systems, securing potable water qual-
ity were discussed.

In signing the MoU and participating
in the workshops and meetings we — the delegation
of RAS institutes — were governed by the proposals
pre-approved by the Department of Earth Scien-
ces RAS, KarRC RAS, WPI RAS and IL RAS, as well
as by documents such as “Integrated Programme
of Cooperation in Science, Technology and Inno-
vation between the governments of the Russian
Federation and India”, “Agreement on scientific co-
operation and exchange of scientists between RAS
and Indian National Science Academy”.

Organizations in India have demonstrated much
interest in cooperating with RAS organizations,
in doing joint research and training specialists
in water resource studies.

To facilitate the implementation of the joint ac-
tivities outlined in the Memorandum we believe it
advisable to invite an Indian delegation (3-5 per-
sons) to pay a return visit to the Department
of Earth Sciences RAS and MoU signee institutes
of RAS in August 2018. This visit can be devoted
to specifying cooperation projects and details
of researcher and young scientist exchanges.

To arrange for cooperation under the MoU,
funding solutions need to be found for the said visit
and the following scientific exchanges, using both
the resources of the Russian Ministry of Education
and Science, RAS and FASO, and grants from sci-
entific foundations (Russian Science Foundation,
Russian Foundation for Basic Research). It would
be expedient to consider the possibilities of getting
funding from BRICS structures, relevant ministries



and agencies (Ministry of Natural Resources and En-
vironment, Federal Agency for Water Resources).

It is advisable to report the results of the vis-
it of the Russian delegation to India at the board
meeting of the Department of Earth Sciences RAS
and discuss the implementation of the scientific
cooperation with Indian organizations in the sphere
of research in water resources and environmental
protection, and the related possible technical ar-
rangements.

We extend our thanks to Prof. emeritus
C. R. Murthy (President, KERF), Drs. A. B. Anitha
(Executive Director) and P. S. Harikumar
(Leading Researcher) from the Centre for

Water Resources Development and Management,
as well as to Dr. T. V. Ramachandra (Indian Insti-
tute of Science/Centre for Ecological Sciences)
and Mr. V. M. Alva (Alva’s Education Foundation)
for the excellent organization of our visit to India.

N. N. Filatov, RAS Advisor, RAS Corr.
Academician;

A. N. Gelfan, DSc, Acting Director, Water
Problems Institute RAS;

Sh. R. Pozdnyakov, DSc, Director, Institute

of Limnology RAS;

T. I. Regerand, PhD, Secretary for Science,
Northern Water Problems Institute, KarRC RAS
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NMPABWUJIA OJ14 ABTOPOB

(TpeboBaHus Kk paboTam, NpeacTaBASEMbIM K MyOmMKaunm
B «Tpynax KapenbCkoro Hay4yHoro ueHTpa Poccmnimnckom akagemmm Hayk»)

«Tpyabl Kapenbckoro Hay4yHoro ueHTtpa Poccuiickon akapemumn Hayk» (oanee — Tpyasl KapHLU, PAH) ny6nuky-
0T pe3ynbTaThl 3aBEPLUEHHbLIX OPUIVMHAMIbHBLIX UCCNEA0BaHMI B Pa3/iMyHbIX 061aCTAX COBPEMEHHOM HayKun: Teope-
Tnyeckre n 0630pHbIe CTaTbW, COOOLLLEHNS, MaTepUaibl O Hay4YHbIX MEPONPUATUAX (CUMMNO3MYMaX, KOHDEPEHLMSX
1 op.), nepcoHanuu (1oéunen 1 gatbl, NOTEPU HAYKN), CTaTbM NO UCTOPUK Haykun. [peacTaBnsiemMble PaboTbl A0SKHbI
coaepxartb HOBblE, paHee He Ny6IMKOBaBLUMECS AaHHbIE.

CtaTtbu npoxonaTt oba3aTenbHOe peueH3npoBaHue. PeweHre o nybankaumm npuHMMaeTcs
penakLMOHHOM KONNernen cepmmn nnu tematndeckoro soinycka Tpynos KapHL, PAH nocne peueH3npoBaHus, € yye-
TOM Hay4HOW 3HAYMMOCTU M aKTyanbHOCTU NPEACTaBfEHHbIX MaTepuanos. Pegkonnernm cepuii U OTAENbHbIX Bbl-
nyckos Tpyaos KapHLL PAH octaBnsioT 3a coboii npaBo Bo3BpaLLaTbh 6€3 pernctpaumm pykonmcu, He oTeevaioLme
HACTOSLLMM NPaBuIaM.

Mpn nony4yeHnn penakumen pykonnucb PErMCcTpPUPYETCH (B Cy4ae BbIMOSHEHNS @aBTOPaMU OCHOBHbIX MPaBu ee
0dOpPMNEHNS) U HANPaBASETCS Ha OT3bIB peLeH3eHTaM. OT3blB COCTOUT M3 OTBETOB HA TUMOBbLIE BOMPOCHI aHKe-
Tbl 1 MOXET COAEepXaTb AOMONHUTENbHBIE PAaCLUMPEHHbIE KOMMEHTapum. Kpome Toro, peueH3eHT MOXeT BHOCUTb
3aMeyaHns 1 NPaBky B TEKCT PYKONUCKU. ABTOPaM BbIChIIAETCS 3/IEKTPOHHAS BEPCUS aHKETbl U1 KOMMEHTapun pe-
LeH3eHTOB. JlopaboTaHHbI 9K3eMMISP aBTOP AOJIKEH BEPHYTb B PeAAKUMI0 BMECTE C NepBOHAYasbHbIM 9K3EeMIM-
NISPOM 1 OTBETOM Ha BCE BOMPOCHI PELLEH3EHTA HE MO3HEee YeM Yepes MecsL, Nocne nonyvyeHns peueH3uu. MNepen
ony6ankoBaHMeEM aBTOpaM BbIChIIAETCS pacrnevyaTaHHas BEpCUs cTaTbl, KOTOpas BblYMTLIBAETCH, NOAMUCHLIBAETCA
aBTOpamMu 1 BO3BpaLLAETCs B pefakumio.

XypHan nmMeeT NONHOULEHHYIO 3N1eKTPOHHY Bepcuio Ha 6a3e Open Journal System
(OJS), no3BonstoLLYyO NEPEBECTM NPEOCTaBEHNE U PefaKTUPOBaHNE PyKONUCK, OBLLLEHWE aBTOPaA C PeaKonierm-
SIMU CEPUIA U PELLEH3EHTAMM B 9JIEKTPOHHBIM hopMaT 1 o6ecneymBatoLLyo NPOo3PaYHOCTb NPOLLECCa PELLEH3MPOBA-
HWS MPY COXPaHEHUM aHOHUMHOCTHY peueH3eHToB (http://journals.krc.karelia.ru/).

PepakunoHHbIN coBET xXypHana «Tpyabl Kapenbckoro Hay4yHoro ueHTtpa PAH» (Tpyabl KapHL PAH) onpenenun
nnst cebs B KQYeCTBE OJHOM0 13 NPUOPUTETOB MOJIHYIO OTKPLITOCTb U34aHUs. DTO O3HAYaeT, YTO MOJIb30BaTENSAM
Ha ycroBusiX CBOOOAHOr0 A0CTyna pa3peLlaeTcs: YuTaTb, CkaumBaTb, KONMMPOBATb, PACNpPOCTPaHsaTb, neyataTb, UC-
KaTb UM HAXOAMTb MOJIHbIE TEKCTbI CTATEN XypHana no ccbiike 6€3 NnpeasBapuTenbHOro pa3peLleHns oT usgartens
1 aBTopa. Yupeautenu xxypHana 6epyT Ha cebsa Bce pacxoibl N0 pefakLMOHHO-U34aTeNbCKoM NoArOTOBKE cTaTen
1 nx ony6nKoBaHuMIo.

CopepxaHne HomepoB TpynoB KapHL, PAH, aHHOTauMm 1 NONHOTEKCTOBbLIE 3NIEKTPOHHbLIE BapUaHTbl CTaTew,
a Takxe gpyras nosiesHas nHdopmauvs, Bkoyas Hactosawume MNpasuna, AOCTYMNHbI Ha canTax — http://transactions.
krc.karelia.ru; http://journals.krc.karelia.ru

MouToBkIl agpec pepakumm: 185000, r. MeTposasoack, yn. MywkuHekas, 11, KapHLU, PAH, pepakuns Tpynos
KapHLL PAH. TenedoH: (8142) 762018.

NPABUJIA ODOPMJIEHUSA PYKOMUCHU

CraTbun Ny6NMKYOTCS HA PYCCKOM UM @HTIMIACKOM $13blke. PyKONUCK A0MKHbI ObITh TLLATENBHO BbIBEPEHbBI U OT-
penakTMpoBaHbl aBTOPaAMMU.

O6bem pykonucu (Bkodas Tabnuupl, CIMCOK NUTepaTypsbl, NOAMNCU K PUCYHKAM, PUCYHKIN) HE J0JIKEH NPEBbI-
watb: onsa 0630pHbIX cTatent — 30 cTpaHuu, Ans OpUrnHasbHbIX — 25, Ans coobueHni — 15, ons XPoOHUKM 1 peueH-
3uin — 5-6. O6BbEM PUCYHKOB HE A0/MKEH npeBbiwaTh 1/4 o6bema ctatbn. Pykonucy 60nbluero o6bema (B MCKoYm-
TENbHbIX CJly4asix) NPUHUMAOTCS NPY 4,0CTAaTOYHOM 06OCHOBAHMM MO COM1aCOBaHMIO C OTBETCTBEHHBIM PEAAKTOPOM.

[Mpy odopmneHnn pykonmcu NPUMEHAETCS MOJIYTOPHbIA MEXCTPOYHbIN nHTepBas, wpndTt Times New Roman,
kernb 12, BolpaBHMBaHME N0 060MM kpasm. Pasdmep noner ctpaHuubl — 2,5 cM CO BCex CTOPOH. Bce cTpaHumupl,
BKJIOHAs CMUCOK NnuTepaTypbl U NOAMNUCU K PUCYHKAM, OO/MKHbI UMETh CIMJIOLUHYIO HYMEepPauMio B HUXKHEM MPaBOM
yray. CTpaHuubl C PUCYHKaAMU HE HYMEPYIOTCS.

Pykonucu nopatoTcsa B anekTpoHHOM Buae B dopmate MS Word Ha canTte http://journals.krc.karelia.ru nnéo Ha
e-mail: trudy@krc.karelia.ru, nnu xe npeactaBnaOTCa B pefakumio nnMyHo (r. NeTtposasoack, yn. MNywkuHekas, 11,
kab. 502). K pykonucu xenartenbHo npunaratb ABa OyMaXHbIX 3K3eMnaspa, HanevyaTtaHHbIX Ha OQHOW CTOPOHE NC-
Ta dopmaTa A4 B OOHY KOJTOHKY.
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OBLUUA NOPAAO0K PACIMOJIOXXEHUS YACTEW CTATbU

OnemeHTbl CTaTbM AOJKHbI pacnonaratbCa B cneaywowem nopsaake: YK KkypCuBOM Ha NepBOW CTpaHU-
ue, B JIEBOM BEPXHEM YrJly; 3arjiaBue CTaTby Ha PYCCKOM $3blke 3arfaBHbIMU OGyKBaMU MONYXUPHbBIM
wpunodTo M; nHmumansl, amMmanm BCeEX aBTOPOB Ha PYCCKOM A3bIKE MONTYXUPHBLIM WP KO TO M; NONHOE Ha-
3BaHWe opraHmM3aummn — MecTa paboTbl KaXk40ro aBTopa B UMEHUTENIbHOM MNaZlexXe Ha PYCCKOM Si3blke KYP CUBOM
(ecnn aBTOPOB HECKOMBKO 1 PaboTaldT OHM B Pa3HbIX YYPEXOEHUSX, CleayeT oTMeTUTb apabeckumu umudpamm co-
oTBeTCTBME haMunii aBTOPOB YYPEXAEHMSM, B KOTOPbLIX OHM paboTatoT; eciin BCe aBTOPbI CTaTby paboTaoT B 04-
HOM Y4YpPEXAEeHUN, MOXHO He ykasblBaTb MECTO PaboThl KaXA0ro aBTopa OTAEeSbHO); aHHOTaLMS HA PYCCKOM S3bIKE;
KJIIOYEBbIE CJI0BA HA PYCCKOM A3blKe; MHMUManbl, GaMmunmm BCex aBTOPOB Ha aHrIMNCKOM A3bIKe MO JTY XU PHbIM
W pundTOoM; Ha3BaHME CTaTbM Ha aHMINACKOM s3blke 3arfnaBHbIMU GyKBaMW MNONYXUPHBIM WpUo -
T O M; aHHOTaUMA Ha aHMIMNCKOM A3bIKE; KJTIOHYEBbLIE C/I0BA HA aHMIMCKOM A3blKe; TEKCT CTaTbM (CTaTbu IKCMeEpPU-
MeHTasIbHOro Xxapakrepa, kak npaswusio, LOJKHbI UMeTb pa3aensl: BBeaenne. MaTtepuanbl n metoabl. Pesynbtartbl
n o6cyxaeHue. BoiBoapbl 1160 3aknioueHue); 61arofgapHOCTU 1 yKa3aHNe MCTOYHUKOB GUHAHCUPOBAHKWS BbIMOJ-
HEHHbIX UCCNEL0BaHWIA; CMIUCKN NNTepaTypbl: ¢ 6GubnmnorpadryeckumMm onncaHnsMm Ha s3blke 1 andaBuTe opurmHa-
na (Jiureparypa) 1 TpaHCIUTEPUPOBAHHBIN B NATUHULY C NEPEBOLOM PYCCKOSA3bIYHbLIX NCTOYHMKOB HA aHMIMNCKNA
a3blk (References); Tabnuibl HA PYCCKOM M @aHINICKOM A3blkax (Ha OTAEeNbHbIX JIUCTax); PUCYHKN (HA OT -
LeNbHbIX JINCTaXx); NoANUCHU K PUCYHKAM Ha PYCCKOM WM @HITIMMCKOM si3blkax (Ha OTLEeNIbHOM JN1ucCTe).

Ha oTonenbHOM nucTe AONONHUTENbHbIE cBeaeHUa 06 aBTopax: damunnm, »MeHa, OTYeCTBa
BCEX aBTOPOB MOJSIHOCTbIO HA PYCCKOM W aHIJIMNCKOM A3bIKE; MOJIHbIN NOYTOBbLIN aApec KaxXaom opraHnsaumn (ctpa-
Ha, ropoj,) Ha PYCCKOM U aHIIMNCKOM A3bIKEe; AO/MKHOCTU, HayYHble 3BaHU4, Y4eHble CTeNneHn aBTOPOB; aapec aek-
TPOHHOW NOYTbI AS19 KXXA0ro aBTopa; TenedoH 4/ KOHTaKTOB C aBTOpamMu cTaTbM (MOXHO OAMH HAa BCEX aBTOPOB).

SATJIABNE CTATbW fomkHO TOYHO OTpaxaTb COAepXaHMe cTaTbn™ 1 cOCTOATb N3 8—10 3HAYMMBbIX CNOB.

AHHOTALUUA** ponmkHa 6bITb N1LLEHa BBOAHbLIX hpa3, co30aBaTbBO3MOXHO NMOJIHOE NpeacTaBieHne
O cooepxXaHUWN cTaTbu U KUMeTb 06beM He MeHee 200 cnoB. Pykonnuck ¢ HEA0CTAaTOYHO PackpbiBalOLLEN CO-
[epaHve aHHoTaumen MoXeT OblTb OTK/TIOHEHA.

OTtmenbHom cTpokon npusoantcs nepedeHb KITKOYEBDBIX CJIOB (He meHee 5). KnioyeBblie cnosa nny CIoBOCO-
yeTaHua OTAENATCA APYr OT Apyra TOYKOW C 3ansTou, B KOHUEe dpasbl cTaBuTca Touka. Cnosa, ¢purypmpyloime
B 3aroJIOBKe CTaTby, K/TIOYEBLIMU ABNATLCSH HE MOTYT.

Paspen «Matepuanbl 1 MeETOAbI» O0JIKEH coaepXaTb cBeaeHns 06 0O0bekTe UccnenoBaHus ¢ 06s3aTesbHbIM
yKasaHVeM NaTUHCKMX Ha3BaHUM 1 CBOOOK, MO KOTOPbLIM OHWU NPUBOAATCHA, aBTOPOB Kinaccudukauui u np. TpaHc-
Kpunuma reorpaduryeckrx HasBaHUM A0J/KHa COOTBETCTBOBATL aT/lacy nocnegHero roga nsgaHua. EanHuusl eu-
3UYECKUX BENUYMH NpuBoasTcs no MexayHapogHoi cucteme CU. XKenatenbHa ctatuctuyeckass o6paboTtka Bcex
KOJINYECTBEHHbIX AaHHbIX. HEOOX0AMMO BO3MOXHO TO4YHEE 0603HAYaTh MECTOHAXOXAEHMS (B Uaeane — C TOYHbIM
yKkadaHuem reorpadunyeckmnx KOopamHar).

M3noxeHre pe3ynbLTaToB AO/MKHO 3akKJl04aTbCs HE B Nepeckase cofepXaHus Tabnuuy, u rpadurkos, a B BbisiBie-
HUW CNenyoLWwmnx N3 HUX 3aKOHOMEPHOCTEN. ABTOP A0J/IKEH CPABHUTL MOJIYYEHHYIO M MHPOPMALMIO C UMEIOLLLENCA
B IMTEpaType 1 nokasaTtb, B 4HeM 3ak/toHaeTcs ee HoBU3Ha. CrnefyeT cebinatbCs Ha TabNNYHbIA U UNIOCTPATUBHBIN
MaTepwuan Tak: Ha pUCyHku, dotorpadun n Tabnuusl B TekcTe (puc. 1, puc. 2, Tabn. 1, 1abn. 2 T. O.), potorpadun,
nomMetaemble Ha Bkelikax (puc. |, puc. ll). ObcyxaeHune 3aBepluaeTcs GOPMYIMPOBKO B pasaene «3akovyeHme»
OCHOBHOI0O BblBOAA, KOTOpas LOJKHA coaepXaTb KOHKPETHbLIA OTBET Ha BOMPOC, NOCTaBJIEHHbIN BO «BBeneHnm».
Ccbinky Ha NnuTepaTypy B TekcTe pawoTtca damunmamu, Hanpumep: Kapxy, 1990 (oamH aBTOp); PameH-
ckas, AHaopeeBa, 1982 (nBa aBTopa); KpyTtoB u ap., 2008 (Tpu aBTopa nnm 6onee) nMbo HayvasbHbIM CTOBOM Onuca-
HUS UCTOYHWKA, NMPUBEAEHHOIO B CMIMCKE NUTEPATYPhI, U 3aK/o4atoTCs B KBaApaTHble Ckobku. Mpu nepedncneHnn
HECKOJIbKMX MCTOYHMKOB pPabOoThl pacrnosnaralTCs B XPOHOJIOMMYECKOM mnopsiake, Hanpumep: [MBaHoB, Tonopos,
1965; YcneHcknia, 1982; Erwin et al., 1989; Atnac..., 1994; Longman, 2001].

TABJINLLIBI HymepytoTCs B nopsiake YNOMUHAHMS UX B TEKCTE, kaxaas Tabnuua MMeeT CBOM 3arosoBoK. 3aro-
NIOBKW Tabnuu, 3arofioBKU 1 COAepXaHue CToNOLOB, CTPOK, a Takke NMpuMMedYaHus NMpYBOASATCS HA PYCCKOM U aHr-
NNMcKoM A3blkax. Ha nonsx 6yMmaxkHOro ak3emnnisapa pykonmcu (cnesa) kapaHaalloM yKa3blBaloTCsa MecTa pacnosio-
XEeHUst TabnuLL Npu N e pB O M YNOMUHAHUM UX B TEKCTE. lnarpaMmbl U rpad KM He JONXHb Ay6nu-
poBaTb Tabnwuuybl. Matepman Tabnuy, JONXKEH ObITb NOHATEH 6€3 A0MONHNUTENLHOrO 06paLleHns K TeKCTy. Bce
COKpaLLeHUsl, UICMoNb30BaHHbIE B TabnuvLe, NosicHA0TCs B [prMedaHnn, pacnonoxXeHHOM nof Hei. Mpu noBTope-
HUM uMdp B CTONBLAX HYXKHO X MOBTOPSATb, MPY MOBTOPEHWM C/IOB — B CTONIBLLAX CTABUTb KaBbl4kW. TabnuLbl MOryT
ObITb KHUXHOW 1M anbOOMHON opreHTaumn (Npu cob0AEHNN BhiLLEYKa3aHHbLIX NapamMeTpoB CTPaHULbI).

PNCYHKW npepctaBngaoTca otaenbHbiMn dannamu ¢ pacwmpenvnem TIFF (*.TIF) nnu JPG. MNpu nep-
BMYHOW Nnopade MaTtepuana B pefakumio pUCYHKM BCTaBASAIOTCS B 00WMiA TekcToBol dain. MNpu caoavye matepua-
na, NPUHATOrO B NeYatb, BCE PUCYHKN U3 TEKCTA CTaTbU AOJIXKHbI ObITb YOPaHbI 1 NPEeACTaBNEHbI B BUAE OTAESbHbIX
darinos B BbilLeykazaHHOM dopmaTe. paduryeckme maTepuansl JOKHbI ObITb CHAGXEHbI pacrneyaTkaMy ¢ ykasa-

HaseaHua B1MOoB npuBoasTcs Ha naTuHckom sdbike KYPCKYBOM, B ckobkax ykasblBalOTCS BbICLUME TaKCOHbl (CEMENCTBA),
K KOTOPbIM OTHOCSATCS! 0ObEKTbI UCCIeA0BaHNS.
" Ob6paLLaem BHMMaHMe aBTOPOB, YTO B CBA3M C NMOArOTOBKOW XypHasa K BKITIOYEHNIO B MEXAYHapoAHble 6a3bl AaHHbIX Gubanorpa-
durYecKmx onnucaHnii 1 Hay4HOro LIUTUPOBaHUS PacLUMPEHHAs aHHOTaLUMS Ha aHMIMICKOM $i3blKe, ABYSI3bl4HbIE TabnuLbl U MOANNCH
K pUCyHKaM, a Takke TPaHCIMTEPUPOBaHHbIV B NaTUHULLY CIMCOK UCMOJIb30BaHHOM NMTepaTypbl NpruobpeTaloT ocoboe 3HaYeHne.
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HMEM XenaTenbHOro padMepa PUCyHka, NoXenaHuin n TpeboBaHWii K KOHKPETHBIM UitlocTpaumsm. Ha kaxapiii pu-
CYHOK [0J/1XHa ObITb Kak MMHMMYM OfHa CCblika B TekcTe. UnniocTpaunm o6bekTOB, MCCNEeA0BaHHbIX
C NoMOLUWbio GOTOCBEMKN, MUKPOCKOMNAa (ONTUYECKOrO, 9NEKTPOHHOIO TPAHCMUCCMOHHOIO U CKaHMpPY-
IOLLLEr0), AOJIKHbI CONMPOBOXAATLCA MACLUTAOHBIMU NUHENKaMU, NPUYEM B MOAPUCYHOYHbIX MOAMUCSX HAA0 yKka3aTb
DJIMHY NMHENKN. MNpUBOANTL A@HHbIE O KPATHOCTU YBEIMYEHMS HE0OA3aTENbHO, MOCKOBbKY NPy NyGnnkaumum pucyH-
KOB pa3mepbl naMeHaTcs. KpynHomMacwTabHble KapTbl XenaTelbHO NPUBOAUNTL C KOOPONHATHOW CETKOW,
0003HaYEHUAMUN HACENEHHbIX MYHKTOB 1/WUAN Ha3BaHUAMU GU3NKO-reorpadnyecknx 06bEKTOB 1 pa3HoO dhakTypor
Onsi BoApbl 1 cylun. B yrny kapTbl XenatenbHa Bpeska C MefikoMacLuTabHoM kapToi, rae 6bin Obl ykadaH y4acTok, yBe-
JINYEHHbIN B KPYNHOM MacLuTabe B BUAE OCHOBHOW KapThbl.

noAannCcn K PUCYHKAM npuBoasTcst Ha pyCCKOM W @HTIMIMCKOM Ai3biKax, A0JKHbI COAepXKaTb JOCTaTOYHO MOoJI-
HYI0 MHpOpPMaLMIO, A1 TOro 4TOObI MPUBOAMMbIE AAHHbIE MOTNIM ObITh MOHATHBI 6€3 06paLLEHMS K TEKCTY (ecnv aTa
nHdopMaLMa yXxe He AaHa B Apyro nnoctpaumun). Abbpesranmm pacindpoBbiBaIOTCS B NOAPUCYHOUHbBIX MNOA-
nucsx, neTann Ha pucyHkax cnenyet ob6o3Hadvatb Lumdbpamm nnm 6ykBamm, 3Ha4eHNEe KOTOPbIX Takxke NpuBOaUTCS
B NOANUCSIX.

NATUHCKUE HABBAHNA. B paclumMpeHHbIX NaTUHCKUX Ha3BaHUSX TaKCOHOB He CTaBUTCS 3ansTtas mexay da-
MWIME aBTOPOB N rOA0M, YTOObI Oblila MOHATHA pa3HULA MEXY NOMHbIM Ha3BaHMEM TakCOHA M CCbINKON Ha ny6-
NMKaumIio B cnvcke nutepatypbl. Ha3dBaHMa TakCOHOB poja M Bupa neyartawTCcs KYPCUBOM.
BnuceiBaTh NaTMHCKME Ha3BaHWS B TEKCT OT PYKM HEAONyCcTUMO. [Ans pnopuctnyieckmx, GayHUCTUHECKMX N TaKCOo-
HOMMYeCKMX paboT rnpu NepPBOM YNoMMHAHUKN B TEKCTE U Tabnuuax NpuBOAUTCS PYCCKOe Ha3BaHue B1aa (ecnu Ta-
KOe Ha3BaHMe UMEETCS) U MOJIHOCTbIO — IATUHCKOE, C aBTOPOM U XENaTebHO C rOA0M, HanpMep: BOASIHON OCANK
(Asellus aquaticus (L. 1758)). B nanbHenwem MOXHO yrnoTpebnsTb TOJIbKO PyCCKOe Ha3BaHMe Ui cokpalleHHoe na-
TnHckoe 6e3 pamunnmm aBTopa 1 roga onybnnkoBaHus, HanNnpuMep, Ans 6ploxoHororo monncka Margarites groen-
landicits (Gmelin 1790) — M. groenlandicus vinv ana nogsupa M. g. umbilicalis.

COKPALLEHUA. PazpeluatoTcs nnb 0OLLENPUHATBIE COKPALLLEHNS — Ha3BaHUS Mep, PU3NYECKMX, XUMNYECKUX
N MaTemMaTuyeckux BeIMHUH 1 TEPMUHOB 1 T. M. Bce cokpalleHmsa AomxkHbl ObiTh paclumMdpoBaHbl, 3a UCKIIIOYEHNEM
HebO0JIbLLOro YMcna ooLLeynoTpebuTeNbHbIX.

BNNAFTOOAPHOCTW. B aToli pybpuke BblpaxaeTcsl Npu3HaTelbHOCTb YaCTHbIM inLaM, COTPYOHUKaM ydypexae-
HWUI 1 doHAAaM, OKa3aBLUNM COAENCTBME B NPOBEAEHUM NCCNEN0BAHNI U NOAFOTOBKE CTaTbM, @ TAKXe YKasblBalOTCS
NCTOYHMKM PUHAHCMPOBaHUS paboThl.

CNNCOK NMUTEPATYPbI. MpucTaTenHble CCbINKW U/UAKN CRNCKX MPpUCTaTenHol nutepaTtypbl cnenyet odpop-
Mnate no FOCT P 7.0.5-2008. Bubnuorpaduyeckas ccobinka. Obuwme TpeboBaHMst U MNpaBuia COCTaB/IEHUS
(http://www.bookchamber.ru/GOST_P_7.0.5.-2008). Cnncok paboT npeacTtasnseTcs B andaBnTHOM nopsake. Bece
CCbUIKM JAI0TCS Ha A3blke opurnHana (Ha3BaHWs Ha ANOHCKOM, KUTaCKOM 1 APYrnX Si3blkax, MCMONb3YIOLLMX Hena-
TUHCKWIA WPU®T, NULLYTCA B PYCCKOW TpaHckpunumm). CHavyana npuBoamMTCS CNUCOK PaboT Ha PYCCKOM si3bIKE U Ha
A3blkax ¢ 61n3kMM andaBmUToOM (YKpanHCKuiA, 6onarapckuii u op.), a 3atem — paboTbl Ha A3blkax C NaTUHCKMM anda-
BUTOM. B cnivcke nutepatypbl MeXAY MHULMANaMmn ctaButcs npoben.

TPAHCJIUTEPUPOBAHHbLIN CMMCOK JIMTEPATYPbI (REFERENCES). NprBOANTCS OTAENLHBIM CMIMCKOM, MOB-
TOpSiIs BCE NO3ULMM OCHOBHOIO crnvcka nurepatypbl. OnvucaHms pyccKos3blYHbIX paboT ykasblBalOTCS B TATUHCKOM
TpaHcnMTepauuu, psaoM B KBaApaTHbIX CKOOKax MOMELLLAETCS UX MEPEBO, HA aHT NMMACKUI S3bIK. BbiIxoaHblE faHHbIE
NPUBOASTCS HA aHIMIACKOM S3blKe (J0MycKaeTcs TpaHCAUTEpauus Has3BaHus nspartensctea). MNpu Hanmymm nepe-
BOJHOI BEPCUM UCTOYHMKA MOXHO yka3aTb ero 6ubnunorpaduyeckoe onvcaHme BMeCTO TPAHCIUTEPMPOBAHHOTO.
Bubnunorpaduyeckne onvcaHns npodmx paboT NpMBOAATCS Ha A3blke opurnHana. Jns coctaBneHus crnmcka peko-
MeHAyeTcst MCnoJib30BaHWe 6ecnnaTHOM NporpaMmmbl TpaHcAUTepauumn Ha canTte http://translit.ru/, BapmaHT BSI.

BHumaHue! C 2015 ropa kaxaoi ctatbe, nyénvkyemoi B «Tpynax Kapenbckoro Hay4Horo ueHtpa PAH», pepak-
uven npuceBamBaeTCs YHUKaSIbHbIA MAEHTUDUKAUNOHHBIN HOMepP umdpoBoro oobekTa (DOI) n ctaThs BkOYaeTCs
B 6a3y naHHbIx Crossref. O693aTenbHbIM YC/IOBUEM ABNISIEeTCH yKa3aHue B cnuckax nutepartypbl DOI gnsa tex
paboT, y KOTOPbIX OH €CTb.

OBPA3EL, O®DOPMJIEHUS 1-W CTPAHULLbI
Y/IK 631.53.027.32:635.63

BJIUAHUE PA3JINYHbIX PEXXMMOB NMPEAMNOCEBHOIO 3AKAJIMBAHUA CEMSH
HA XOJ1040YCTONYUBOCTb PACTEHUM OT'YPLIA

E.T. Wepyauno', M. U. Ceicoera’, I'. H. Anekceiiuyk?, E. ®. Mapkoeckas'

"WIHcTuTyT 6ronorun Kapesibckoro Hay4yHoro ueHTpa PAH

2NHCTUTYT akcnepumeHTaabHol 6otaHnkn HAH Pecnybnnku Benapyck um. B. ®. Kynpesuya
AHHOTaLMS Ha PYCCKOM 5i3blke

KniouyeBble cnoBa: Cucumis sativus L.; KpaTKOBPEMEHHOE CHUXEHME TEeMNepPaTypbl; YCTONYMBOCTb.
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E. G. Sherudilo, M. I. Sysoeva, G. N. Alekseichuk, E. F. Markovskaya. EFFECTS
OF DIFFERENT REGIMES OF SEED HARDENING ON COLD RESISTANCE IN CUCUMBER PLANTS

AHHOTaLMS HA aHTNIMNCKOM A3bIKe

Keywords: Cucumis sativus L.; temperature drop; resistance.

OBPA3EL, OPOPMJIEHUA TABJIULbI

Tabnvua 2. YnbTpacTpykTypa KIeTok mMe3odunna nucta B nocnegenctsum 10-MuHyTHOro oxnaxaeHus (2 °C)
NMPOPOCTKOB UM KOPHEW MLLIEHWNLIbI
Table 2. Ultrastructure of leaf mesophyll cells after the exposure of wheat seedlings or roots to 10 min of chilling at 2 °C

MokazaTenb KoHTponb Oxnaxnenme OXJ‘Ia)K.EI,el—! ne
Index Control NPOPOCTKOB KOpHen
Seedling chilling Root chilling
Mnowanpk cpesa xnoponnacTa, MKm? 10,0+0,7 13,5+1,1 12,7+0,5
Chloroplast cross-sectional area , um?
Mnowanb cpesa MUTOXOHAPUMU, MKM? 0,4+0,03 0,5+0,03 0,6 £0,04

Mitochondria cross-sectional area, um?

Mnowaab cpesa nepokCncoMbl, MKM? 0,5+0,1 0,5+0,1 0,7+0,1
Peroxisome cross-sectional area, um?

Yucno xnoponnacTtoB Ha Cpese KNeTku, LWT. 9+1 8+1 10+1
Number of chloroplasts in cell cross-section

Yncno MUTOXOHAPWUIA Ha cpe3e KNeTKM, LWT. 8+1 8+1 10£1
Number of mytochondria in cell cross-section

Yncno NnepokCMcoM Ha cpese KNeTKU, LWT. 2+0,3 2+0,3 3+x0,4
Number of peroxisomes in cell cross-section

lNpumeyaHvie. 3aecb 1 B Tabi. 3: Bce napamMeTphbl ylbTPaCTPYKTYPbl U3MEPSN Yepesd 24 4 NOCe OXNaXAEHNS.
Note. Here and in Tab. 3 all ultrastructure parameters were measured 24 h after chilling.

OBPA3EL, O®OPMJIEHUA NOANMUCU K PUCYHKY

Puc. 1. CeBepHbIi TounnblUMK (Hadrobregmus confuses Kraaz.)
Fig. 1. Woodboring beetle Hadrobregmus confuses Kraaz.

Puc. 5. Pe3ynbTaThl U3y4eHUs KpUCTaNIMTOB 1 AemndepHbix 30H B 06pa3sLe keapua ns dynsaypru:

(a) — anekTpoHHas MukpodoTorpadus keapua; (6) — kapTnuHa Mukpoaudpakuumm, NonydyeHHas ons ydactka 1 B 06nactu kpucran-
NINTOB; (B) — KapTMHa Mukpoaudpakumm, oTBevaioLas y4acTky 2 B o6nactn ageMndepHbIX 30H

Fig. 5. Results of the study of crystallites and damping zones in a quartz sample from Duldurga:

(a) — electron microphotograph of the quartz sample; (6) — microdiffraction image of site 1 in the crystallite area; (B) — microdiffrac-
tion image corresponding to site 2 in the damping area
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