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AHHOTAN U

Bgeoenue. 3arps3HeHHE TOYBBHI MMOWMBI HUKHEro JloHa MOTEHIWAJIBLHO TOKCHYHBIMH JJIEMEHTAMH
(IITD), kK KOTOPBIM OTHOCSTCS COCAUHEHHS TskKeNbIXx MeTauioB (TM), cBA3aHO ¢ NMPUBHECEHUEM DTHUX
BEIIECTB PEYHBIMU BOJAaMHU B IEPUOJBI IMOJOBOAWM, KOTJA JEIbTa 3aTaljnBacTCs MaBOJKOBHIMU BOJAMH
U Ha €€ TePPUTOPHHU HAKAILUTMBAIOTCS B3BEIICHHBIE HAHOCHl U MUTPHPYIOIHKE B X COCTaBE Pa3IUUYHBIE
XHUMHAYECKHE COENWHECHUsS. B COBpeMEHHBIH JJIUTEIbHBIA TEPHUOJ MallOBOALS BECEHHHE MaBOJKH
OTCYTCTBYIOT, a 3aTOIUICHHWE TMPOHMCXOIUT TNPEHMYNIECTBEHHO HArOHHBIMH MOPCKHMH BOJaMH U3
Taranporckoro 3anuBa. Axkmyansnocms. KOMIUIEKCHBIM MOAXOJ HAa OCHOBE JAHHBIX 3KCHEAUIIMOHHBIX
WCCIeNOBaHUN, HaOMIOMeHWH Ha THAPOJOTHYECKHUX IMOCTaX M  PEe3yJbTaTOB MaTeMaTHYECKOTO
MOJICJIUPOBAHUS TTO3BOJISIET MMOKa3aTh, kKak 11TD, MUTpupyloIue B COCTaBe B3BEIICHHBIX HAHOCOB, MOTYT
3arps3HATH IMOYBHI AeNbTHl JJoHA M Kak 3TO CBSI3aHO C HArOHHBIMU sABICHUSIMH. I[envro HacTOsAMEH paboThHI
SBISIETCSA OIMHUCAaHWEe YyCIOBWUM 3arps3HeHus nenbThl Jlona IITD, mpexnae Bcero coenumHeHUsIMH TM,
B YCIOBHUSX HHU3KOTO XHJIKOTO M COKpAIIEHUsS TBEPAOTO CTOKOB p. JIOH M BIMSHUSI HAarOHHBIX SIBICHHH.
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Memoowt. JIns onucanus mepeHoca W TpaHCHOpPMAIMU B3BEIICHHBIX BEMIECTB HCIIOJB30BAaH IOIXO,
0a3upymOIUcS Ha COBMECTHOM TPUMEHEHHHM JeTalbHOW ruaponorudeckod wmogenun HEC-RAS,
amanTHUPOBAaHHOW K ycioBHsAM ycTheBoi obOmactu p. o (DonDeltaHECRAS), m nmHamuueckoi
Monenu OajaHca BOJABI M BENIECTB, IepeHOoCHUMBIX BomaHbIMH Maccamu (DonDeltaBalanceModel).
Pesynomamul. [lonydeHsl olleHKH nocTymiaeHuss TM co CTOKOM B yCTheByIo obOsiacth JloHa M ee BKaaa B
«UIBTPANAIO» XUMHUUYECKUX COCIWHEHUNW HAa MYyTH UX MHUTPAHU C PEYHBIMH BOJAAaMH B A30BCKOE MOpE.
[IpoBeneHsl pacdeThl JUHAMHKH B3BEIICHHBIX HAHOCOB JJIs IIECTH THIIOB HAroHOB, IMOJYYEHBI OIEHKH
HaKOIIJICHHS B3BELICHHBIX BellecTB B JenbTe Jona. Takxke monyueHsl olleHKH noctymieHuss TM B BepxHuit
CIIOW mMoYBHl HedbThl JloHa mpu HaroHax. Bwtéoodw:. VicTtounwmkom 3arpsizHeHust neabThl [ITD sBasercs
WX aHTPOTOTEHHBIH cTOK. Ecim B mepwmon BHICOKOW BOIBI M MaBOAKOB HakomieHue IITD mpoumcxomuT 3a
cueT pedyHoro (akTopa, TO B TEpPHOJ MAaJOBOIbS W BIHUSHHS HAarOHOB aHTPOINOTEeHHBIE pednbie [ITD,
nocie OMOTEOXMMHYECKOW TpaHCPopMaIuu Ha YCThEBOM B3MOpbhE, B TaraHporckom 3aiuBe W A30BCKOM
MOp€, BO3BpAaIAIOTCS B JEJbTYy MPU HaroHax. Poyib JeNbThI M YCThEBOW 00JACTH B KadyeCTBE «PUIBTPa»
Ha MyTH MUTPAIIUA PACTBOPEHHBIX W B3BemeHHBIX popM [ITD u3 peku B Mmope TpanchopmMupoBaiace.
KawueBble cjioBa: TsDKeJIble MeTalUlbl, neabTa J[oHa, ManoBOIbe, HAarOHHBIC SIBICHHS, aHTPOIOTCHHOE
BO3JICHCTBHE
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POTENTIAL FOR HEAVY METAL COMPOUNDS ACCUMULATION IN
THE DON DELTA SOIL DURING THE LOW WATER PERIOD (2007-2020)

S. V. Berdnikov*, V. S. Gerasyuk, A. V. Kleshchenkoyv,
V. V. Kulygin, N. V. Likhtanskaya, 1. V. Sheverdyaev

Southern Scientific Centre of the Russian Academy of Sciences (SSC RAS), Rostov-on-Don 344006, Russia
*E-mail: berdnikovsv@yandex.ru

Abstract

Background. The contamination of the Lower Don floodplain soil by potentially toxic elements (PTE),
which include heavy metal (HM) compounds, is associated with the introduction of these substances
with river water during high water periods, when the delta is flooded by flood water and suspended sediments
and various chemical compounds migrating within them accumulate on its territory. During the current
prolonged period of low water, spring floods are absent, and flooding occurs mainly by surge sea water
from Taganrog Bay. Relevance. A multidisciplinary approach based on the data collected during field
studies and observations conducted at hydrological stations, as well as on the results of mathematical
modeling makes it possible to reveal how PTEs migrating as part of suspended sediments can contaminate
the Don Delta soils and how this is related to surge phenomena. The aim of this work is to describe
the conditions of the Don Delta pollution with PTEs, primarily HM compounds, in the context of low
water and decreasing solid runoff of the Don River and the surge phenomena influence. Methods. To
describe the transport and transformation of suspended solids, we used an approach based on the joint
application of the detailed hydrological model HEC-RAS adapted to the conditions of the Don River
estuary (DonDeltaHECRAS) and the dynamic model of the balance of water and substances transported
by water masses (DonDeltaBalanceModel). Results. Estimates of HM introduction with runoff to the
Don River estuary and its contribution to the “filtration” of chemical compounds on the paths of their
migration with river water to the Azov Sea have been obtained. Calculations of suspended sediment
dynamics for six types of surges have been carried out, and estimates of suspended sediment
accumulation in the Don Delta have been obtained. Estimates of HM input into the upper soil layer
of the Don Delta during surges have also been obtained. Conclusion. The source of pollution of the
delta with PTEs is their anthropogenic runoff. While during high water and floods the accumulation
of PTEs occurs due to the river contribution, during low water and surges, anthropogenic riverine
PTEs, after their biogeochemical transformation on the estuarial seashore, in Taganrog Bay, and the Azov
Sea, return to the delta via surges. The role of the delta and the estuary as a “filter” on the migration path
of dissolved and suspended forms of PTEs from the river to the sea has been transformed.

Keywords: heavy metals, Don Delta, low water, surge phenomena, anthropogenic impact
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BBEJIEHUE

s nensrhl JloHa u Onu3nexanux K Hell TeppuTo-
puil XapakTepHO COYETaHWE MPUPOAHBIX, CEITBCKOXO-
3SIMCTBEHHBIX M TOPOACKHX JaHmmadToB. braromaps
MPUPOTHOMY MAPKY «JIOHCKOW», KOTOPBIH OBLT OTKPHIT
B 2015 1., B menbre BBIOIHSIIOTCS MEPOIPHUATHS,
HamnpaBICHHBIE HAa COXpaHCHHE Owmopa3zHooOpa3us.
XoTs 3IKOHOMHUYECKAsl JIEATEIEHOCTh, CBS3aHHAS C
VM3MEHEHHEeM 3eMIICTIONB30BAHMS, B TAapKe B IEIOM
3ampereHa, pa3paldarhBalOTCs IUIAHBI PACIIHMPEHUS
PEKpeaMoOHHON MPUBIIEKATEILHOCTA JIeNbThl JloHa.
Hampumep, I'BY PO «Jlupekius 0co00 OXpaHSIEMBIX
MPUPOJHBIX TEPPUTOPHIA 0OITACTHOTO 3HAYCHUS pas-
paboTaH TYpUCTHYECCKUN MapmpyT «TalHBI MEIBTHI
JloHay mpoTsHKeHHOCTHIO 28 kM [1].

Kak u B ciiyqae MHOTHX JAPYTHMX KPYIHBIX JEIET
MHpa, POCT TOPOACKOTO HACEJICHNS SBIISETCS BAXKHBIM
(hakTOpOM, BIUSIONIMM Ha yNpaBI€HHE NeiIbTaMu. B
nepuon ¢ 1959 no 2010 r. HaceneHue yBEIUUUIOCH C
0,9 mo 1,5 mutH den. 3HAYUTEIBHBIA POCT HACEIICHUS
npomsomen B PoctoBe-Ha-/lony (¢ 600 ThIC. KuTe-
neit o 1,09 mun), baraticke (¢ 65 mo 111 ThIC. *XH-
teneit) m Azome (¢ 59 mo 83 Teic. xwmreneit) [2]. B
PocroBe-na-Jlony B 2010 1. Ha OKpawHE HEIBTH OBLIT
CO37aH HOBBIN XWJION paifoH JIeBeHIIOBKA C IUIaHU-
pyeMbIM HaceleHHeM 86 ThIC. JKuTene. Takum
obpa3oMm, PoctoB-Ha-/loHy B HacTosiee Bpems pac-
IIUPSIET CBOIO TUIOMIA/h B HAITPABICHUH JICIBTHI.

Panee ObUIO IOKa3aHO,
HUKHEro J[oHa 3HAUMTENBHO 3arpsi3HEHBI MOTCHIIHA-
JTEHO TOKCUYHBIME 3ieMeHTamu (I[1TJ), k koTOphHIM
OTHOCATCSI COCTUHEHHUS TSDKENBIX METALIOB [3—6].
XOTs TIpU OIIEHKE DKOJOTHYECKUX PUCKOB M PUCKOB
JUTS 3JIOPOBbsI HACEJICHUS OTMEYCHO, YTO HalItoiae-
MbIe ypoBHH coxepkanus [ITD B mouBax xapakre-
PU3YIOTCS HH3KHM COBOKYIHBIM  OKOJOTHYECKUM
puckom [7], Obutm OOHAPYKCHBI
Mopdoornieckne U (QyHKIIMOHAIbHBIC HapYyIICHUS
y omHoro Buma porosa Typha australis Schum. u
Thonn., mpouspacraromero B TPHOPESKHONW 30HE
MOPCKOTO Kpasi ACNBbTHI, MPH TOM, YTO JPYTrOoMl BUI
Typha laxmannii Lepech. nemoHCTpUpOBan BBEICOKUN
YpOBEHb aJanTalyd K JUIUTEIHbHOMY TEXHOT€HHOMY
BozaeiicTeuto [1TD [5].

3arpsi3HeHHe TMOWMEHHBIX yYacTKOB AENbThl J[oHa
COCMMHCHUSAMH TsDKENbIX MeTaiwoB (TM) cBszaHO
C TMPUBHECEHHEM JTHX BEIIECTB PEYHBIMH BOJAMH
B TICPUOJIBI TIOJOBOIWIA,
BaeTCsl MaBOIKOBHIMH BOJAMH M Ha €€ TEPPUTOPUHU
HAKaIUIMBalOTCSl B3BCIICHHBIE HAHOCHI U MUTPUPYIO-

YTO IIOYBBI ITOWMBEI

3HAYUTCIIBHBIC

Korga ACjbTa 3arariin-

Boouwvie buopecypcut u cpeda ooumanus. 2024. T. 7, Ne 4
Aquatic Bioresources & Environment. 2024. Vol. 7, no. 4

M€ B COCTAaBE B3BEIICHHBIX BEIECCTB PA3INIHBIC
XUMUYCCKHAE COeTMHCHMS [§].

Hauunas ¢ 2007 r. B Gacceitne p. Jlon HaOmro-
JlaeTCsl MaJIOBOJHBIN pexuM. PeduHOM CTOK COKpaTui-
cst 1o 13—16 km®/rox [9] mpu Hopme 22 km*/rox [10].
CrnencTBueM 3TOT0, C OJHOW CTOPOHBI, SIBISIETCS POCT
coieHocTu AzoBckoro mops [11, 12], a ¢ agpyroit —
OTCYTCTBHE TMaBOJKOB, NMPHUBOMSIINX K 3aTOIICHUIO
oMbl U JenbThl JloHa, U Ce30HHOE mepepacmpene-
JICHHE CTOKA B TIOJB3Y MOBBIIMICHHBIX PACXOIOB BOIBI
B JICTHUH M OCEHHE-3UMHUI neproxs [ 13].

BeceHHUX TaBOJKOB, MPHHOCAIIMX COCTUHCHHS
TM Ha mnolMeHHBIE ydacTKd B nenbTe JloHa, He
HaOmonanock yxe Oomee 30 ner, mocne 1994 r, a
3aTOIICHUE JENBTHI MPOUCXOIAUT MPEHMYIIIECTBEHHO
HaroHHBIMU MOPCKUMH Bopamu [14].

[TonpoOHEI aHATN3 THAPOIOTUIECKON U TEOMOP-
(omorudeckoit Tpancopmanuu AensThl JloHa B yC-
JIOBHSIX COKpAIeHHsI TBEPAOTo cToka p. JloH moutn
Ha 90 % c 1933 r. u3-3a 3aperynupoBaHus IUIOTHHA-
MH TTOKa3ai, 9To nociie 1990 1. nBmkeHne MOpPCKOTO
Kpasi JIENETHl CTaj0 IOJIOKUTESILHO KOPPEIUPOBATh
C MaKCHMAaJIbHBIM YPOBHEM BOJABI Ha THIPOIOCTY B
A3oBe (cepemuHa JENBTHI), a €r0 MEXIOIOBasi JUHA-
MHUKa HamnpsMYI0 CBsI3aHa C YaCTOTOM M MHTECHCHBHO-
CThIO IITOPMOBBIX HATOHOB MOPCKOM BOJbI M3 TaraH-
porckoro 3amuBa [14]. IlpenBaputenbHbIE OICHKH,
BBITIOJTHEHHBIE C TMPUMEHEHUEM aJalTUPOBAHHOW K
YCIIOBUSIM JeNbTHl JIOHA THIPOIOTUYSCKONH MOJIEIH
HEC-RAS wu commacoBaHHOW ¢ Hell OalaHCOBOM
MOJIENIA JMHAMUKH B3BEIICHHOTO BEINECTBA, IMOKa3a-
U BO3MOXHOCTBH TOCTYIUIEHUS! 3HAYUTEIBHBIX Macc
HaHocOoB U coenuHenuid TM B nensty JloHa U ux
HaKOTUICHHS Ha MMOMMEHHBIX ydacTkax [15].

Lenpro HacTosimel paOOTHI SBISETCSA OIUCAHUE
ycaoBmid 3arps3HeHus aenbTel Jona IITO, mpexne
BCETO COEAMHEHUSIMU TM, B YCIOBHSAX HU3KOTO KHJI-
KOTO ¥ COKpAIeHHsI TBEPAOTO CTOKOB p. JloH u Bimsi-
HMSI HArOHHBIX sIBJIEHUH. MBI MOKasbiBaeM, Kak I1T3,
MUTPUPYIOIIME B COCTaBE B3BCIICHHBIX HAHOCOB,
MOTYT 3arpsi3HATH MMOYBHI TIOHMEHHBIX YYaCTKOB JEIb-
ThI JIOHa ¥ KaK 3TO CBSA3aHO C HATOHHBIMH SIBJICHUSIMU.

MATEPUAIJIBI 1 METO/JbI

B kadectBe pernoHa ucciefoOBaHUS paccMarpu-
BaeTcs 4yacTh yCcTheBOW oOmactu p. [loH oT cTaHuIbl
Paznopckasi 10 ycJIOBHOM TpaHUIIBl aBaHJIEIBTHl B
TaranporckoM 3ajuBe (BKJIIOYAeT YacTh aKBATOPHU
3aJMBa OT MOPCKOTO Kpasl eJIbThI JI0 JMHUU IO Pa3-
pesy: koca [1aBno-OvakoBckas — cT. Mopckas) (puc. 1).



10 C.B. Beponuxos, B.C. I'epaciok, A.B. Knewjenrkos u 0p. OyeHKu 6usHus HA2OHHBIX 61eHULL HA ...

\, !"‘_
i, SR gty /
Tyarioe HosouepKkacck ® —;@}

e, O TR
;:;rr{@

"

Y 48%N-
BonrogoHxck

YpOBEHL 3EMNU, M

0510 20km
[N

500 0

s ‘2
e e & \ =t
e 127 | 0 - 1
e S L |2
—— B e
L |3
4
Puc. 1. T'mmpomormueckoe paioHHMpoBaHHE YCTheBOi obOmactu p. Hon: 1 — pycma um kaHamel p. [lom;
2 — moiiMeHHBIE y4yacTKu AenbTHl JloHa; 3 — moliMeHHBIe ydacTku p. JoH oT cT. Pa3mopckoil 1o BepLIHMHEI

TIeNbThI; 4 — paliOHBI aBaHACIBTHI

Fig. 1. Hydrological zoning of the Don River estuary: 1 — beds and channels of the Don River; 2 — floodplain
areas of the Don Delta; 3 — floodplain areas of the Don River from stanitsa Razdorskaya to the top of the delta;

4 — avandelta areas

Hcnonp3oBaHbl TaHHBIE SKCIENUITMOHHBIX HCCIIE-
noBanuit corpyanukoB FOHI] PAH na ywactke L{um-
JISHCKOE BOAOXpaHWIMIE — HWKHUM JIoH — genbTa
JloHa — BoCTOYHas 4yacTh TaraHporckoro 3ajivBa B
2006-2020 rr. [16].

JlaHHbIE O comepKaHUM COCTUHEHUN TAKEIBIX
MetauioB (TM) B BOJe M B3BEIICHHOM BEIIECTBE
nojay4eHsl U3 0a3bl maHHBIX mpoekta 13-05-41528
PT'O a «HMurerpanbHas OIEHKA 3SKOJIOTO-TCOXUMHU-
YECKOr0 COCTOSIHHS AaKBaJIbHBIX CHCTEM YCTHEBOM

obmactu [oHa» [17, 18], BBIMOIHEHHOTO 1O COBMECT-
Hol mporpamme Poccuiickoro ¢onna ¢pyHnameHTa b-
HBIX WCclienoBaHuid U Pycckoro reorpadudeckoro
obmrectsa B 2013-2017 rr.

Jannbeie o comepxkanuu coenuHeHuid TM B mou-
Bax AenbThl J[OHa TpPEeAOCTaBICHBI TPYMIION Tpod.
T.M. MUHKHHOM, BBITIOJHUBILIEH WX OINpEJEICHUE B
oOpasiax mo4ssI [3].

JInst OIleHKM WHTEHCUBHOCTH HArOHHBIX SBIICHUH
B genbre JloHa MCIOIB30BaHbl JAaHHBIE HAOIIONEHHI
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3a ypoBHeM Bozbl Ha ruaponocty (I'TI) FOHL] PAH,
pacrosiookeHHOM B XyTope JloHckom [19] B mepumon
2015-2020 rr.

Ouenku TBepaoro croka p. Jon B mepuon 2009—
2020 TT. BBITIOJIHEHBI HA OCHOBE NAHHBIX M3MEPCHHI
pacxoma U MYTHOCTU BOJbI, TIOTYYCHHBIX Ha THPO-
JIOTHYECKOM TIOCTY B cTaHuile Pa3mopckoit, 3 ABTO-
MaTH3UPOBAHHON HH()OPMAIMOHHOW CHUCTEMBI TOCY-
JApCTBEHHOTO MOHHUTOPWHTa BOIHBIX  OOBEKTOB
(AMC I'MBO) [20] ¢ mpumenenuem metoroB WRTDS
(Weighted Regressions on Time, Discharge, and
Season — B3BemeHHbIE perpeccud MO BpPEMEHH,
pacxony u cezony) u WRTDSKalman (WRTDS c
dbunsrpanuent Kammana) [21].

[IpennokeH MOAX0M K COBMECTHOMY PUMEHEHHIO
ruaposiorundeckoit Mmonenmm HEC-RAS u MynmsTHKOM-
MMapTMEHTATBHON OaTaHCOBON MOJENH ISl OTIMCAHMS
MepeHoca U TpaHC(HOPMAIUK B3BEIICHHBIX BEIISCTB
B ycTheBor obmactu Jona [22, 23]. Beimenens! rum-
pOJOTHYECKHE paliOHBI (KOMIIAPTMEHTHI): PYCIIOBBIC
pailoHbl, TTOMMEHHBIE pPalOHbI, 3aTallIUBaE€MbIE TPHU
BBICOKHMX MaBOJKaX WM IITOPMOBEIX HaroHaX CO CTO-
POHBI MOps, ¥ aBaHIenbTa. (s omMcaHus MOTOKOB
BOJBI MEXJIy palioHaMH, WX CKOPOCTEW, JIHUHAMH-
KM yPOBHS BOJBI M IPOIECCOB 3aTOIUICHHUS IOWMBI
MPUMEHSAETCS JeTalbHas THUAPOIOTHYECKas MOJAEIh
HEC-RAS, amantupoBaHHas K YCJIOBHAM YyCTbEBOH
obmactu p. Jlow — DonDeltaHECRAS. s ruapo-
JIOTUYECKUX  pPAalOHOB  CTPOUTCS  JUHAMHYECKAs
Mofenb OanaHca BOABI M BEIIECTB, IMEPEHOCHMBIX
BonHbIME Maccamu — DonDeltaBalanceModel. Bo-

JUTCS TapaMeTPHU3aIUs MPOIECCOB OCEIaHUSI B3Be-
IICHHBIX BEIIECTB U WX B3MYYHMBaHUS (PECyCIICH3UH)
B 3aBHUCHMOCTH OT CKOPOCTH JBYDKEHHS BOABI U
pasmepa dactuil. PaccmarpuBaercs Tpu Tpaaaryu
B3BECHU II0 pa3MepaM: menutoBas (pakius (TvHA),
aneBpuToBas (ppakiusa (WI) U MEJIKUN MEeCOK. AKIECHT
JICNIAeTCs Ha OICHKE BIMSHUS MOPCKUX INTOPMOBBIX
HArOHOB Ha IEPEHOC B3BEIICHHBIX BEIIECTB B PEUHYIO
JICNIETY ¥ UX OCEIaHue.

PE3VIJIBTATbBI 1 OBCYXAEHUE

Teepovuii cmok 6 nepuoo 2009-2020 za.

3aperynupoBanue p. [JJoH Oka3ano CyIiecTBEHHOE
BIUSHUE Ha IMOCTYIUICHUE B3BCIICHHBIX HAHOCOB B
yCTbeByI0 o0nacTh. Eciin cokpalenue TBEpAOTO CTO-
Ka B CTBOpe cT. Pa3gopckoll OTHOCHTENBHO TepHona
YCIIOBHO-€CTECTBEHHOTO CTOKa COCTaBWIJIO Oolee
45 % (c 3,94 no 2,16 muH 1/Ton) [24], TO IpUMEHH-
TEJIHbHO K MAJOBOAHBIM TOAaM COOTBETCTBYIOIIMX
MEPUONIOB TAKO€ K€ COKpalieHue coctaBisier 77 %
(c 2,41 mo 0,56 mMuTH T), @ K COBPEMEHHOMY ITEPHOTY —
91 % (c 2,41 o 0,20 muH 1) [21].

[MoMuMO aKKyMynsIMy B3BEUICHHBIX HAHOCOB B
qamie [[UMISHCKOTO BOMOXpaHMIIHING, COKpAIICHUIO
TBEPIOTO CTOKA p. JIoH cIocOOCTBOBAIO PE3KOE YMEHb-
IIICHUE PacXO/IOB BOJBI, a CIEAOBATEILHO, U TPAHCIIOP-
TUPYIOIIEH CIIOCOOHOCTH PEKM B BECCHHHUH IEPHOI
2009-2020 rr. OTO OTpaxkaeTcsi Ha CBA3M pacxoda
HAaHOCOB C PAacXOAOM BOJBI JJIsi MaJOBOJHBIX JIET pas-
HBIX TIepronoB (puc. 2). B paccmarpuBaeMblii iepros
MasoBombst 2009—2020 TT. cpemHeromoBas KOHIIEHTpa-
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Puc. 2. Cs3p MeXly CpEIHETOAOBBIM PACXOJJOM HAHOCOB U CPETHETOJOBBIM PACXOI0M BOAbBI
B cT. Pazfgopckast B MaJIoBOJHBIE TO/IbI PA3HBIX MEPHOAOB 1o [21]

Fig. 2. Relationship between the average annual sediment load and the average annual water discharge
in stanitsa Razdorskaya in low water years of different periods according to [21]
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mus TSS B otnensHble Tomer (2009-2010, 2012-2016)
HaXOAWJIaCh B MHTEpBaie 2—9 MI/J, a B APYrHe TObI
(2011, 2017-2020) — ot 14 10 30 Mr/1, IEMOHCTPUPYS
cnabyro CBSA3b CO CPEIHETOIOBBIM PACXOIOM BOIBI.

Ilocmynnenue coeounenuiit TM co cmokom /Jona
6 6epuIUHY OelbHbl

JlJis OLIEHKH TIOCTYIUICHUS COCIUHCHHI paccMa-
TpuBaeMblX TM C pPEYHBIM CTOKOM HCIIOJIb30BaHbI
3HAYCHUS WX COJICPKaHWS B JIOHCKOW BOAE B pac-
TBOPEHHOM M B3BELICHHOH (opMax, MPHUBEICHHBIC B
Taom. 1.

Ha ocnoBe BocctanoBieHHBIX MeTonoM WRTDS
Kalman 3HaueHMii CYTOYHBIX PACXOJ0B B3BEIICHHBIX
HaHocoB B 2009—2020 rT. ¥ TaHHBIX O CPETHECYTOU-
HOM pacxoflc BOABI PAacCYMTAHO MOCTYIUICHUE pac-
cMaTpuBaeMbIX coenuHeHnd TM B yCThEeBYIO 00IacTh
Homna (puc. 3).

B cpemnem B 2009-2020 rT. B yCTBEBYIO 001aCThH
exxerondHo noctynaio 49,7 T Ni (mpu Bapuauusx ot
33,9 no 78.,5), 146,8 T Cu (ot 1059 mo 230,8), 7.8 T
Pb (or 2,6 mo 17,0) u 2,2 T Cd (ot 1,6 no 3,4). Ecu
coequaerns Ni, Cu, Cd moctynmamm mnpenMymiecT-
BEHHO B PacTBOpEHHOH ¢opme, To coenuHeHus Pb Ha
44,0-90,6 % — B cocTaBe B3BEIICHHOIO BEIICCTRA.
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Puc. 3. J/luHamMuKa COCIMHECHHMH TSXKEIBIX METaJlJIOB,
A — rTomoBoi ctokK; b —

Tadauuna 1. OneHKH KOHIICHTpAIMH COeNUHEHUI
METaJIIOB B BOJIE, TOCTymalomei B aensty Jona [15]

Table 1. Estimates of metal compounds concentra-
tions in water entering the Don Delta [15]

PactBopennas B3Bemennas
Kommonent | dopma, MKr/mm3 dhopma, MKT/T
Component | Dissolved form, Suspended form,
pg/dm’ ng/s
Ni 2,8 38
Cu 9,4 29
Pb 0,10 31
Cd 0,14 0,3

B cBs13u ¢ yBenmdenueM TBepaoro croka B 2011 1.
u B miepuox 2017-2020 rT. BKJIaJ B3BEMICHHBIX (hopMm
paccmarpuBaeMbIX coenuHeHudt TM yBennuuBaeTcs
(puc. 3A), IpeUMyIIIECTBEHHO 3a CYET POCTa Pacxo-
J1a BOIBI M B3BEIIEHHBIX HAHOCOB B JIETHUH W OCEH-
Huit epuonas! (puc. 3b). Beigensercs taoke 2018 1,
KOTJ[a BECHOM HaOIIOmacs pacxom Boasl 10 1930 m/c
MIPH OTHOCHUTEIHHO HEOONBIINX 3HAYCHUSIX MYTHOCTH
5-7 mr/m.
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B — onmons B3BemieHHOHW (OpPMBI  MHTpAAN

paccmarpuBaeMbIx coequHenmnid TM mo romam; I' — mo mecsam (cpennee 3a mepuoa 2009-2020 rr.)

Fig. 3. Dynamics of heavy metal compounds entering the estuary with Don River water: A — annual runoff;
B — runoff seasonal dynamics; B — share of suspended form of migration of the investigated HM compounds
by year; I' — by month (average for the period 2009-2020)
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Hazounvie nenenus 6 nepuod manoeodvsa u
paitonuposanue oenvmol /Jona no npoooadcumens-
HOCmU 3amonjieHus

C mnpumenenuem wmoxaenu DonDeltaHECRAS
BBITIOJIHEHBI TUIPOJIOTHYECKUE PacueThl AJsl IIECTH
TUTIOB HaroHoB (Tabm. 2) [22, 23]. OnHUM U3 BaXKHBIX
PE3YIABTAaTOB ATHX BBIUMCIUTENBHBIX HKCIEPUMEHTOB
SIBIISIETCS] OIIEHKA IJIONIAN 3aTOIICHUS JIENBTHl U ee
pacnpezeneHre 1o TTyOWHE BOABI B 30HE 3aTOIUICHUS
(puc. 4).

Ilo pe3ynbrataMm 3THX Pacye€TOB U CTATUCTHYEC-
KHX XapaKTEPUCTUK HATOHOB B TIEPUOJ HAOIIONCHUN
2015-2020 rr. Ha rEaponormueckoM mocty HOHI]
PAH B x. Jlonckoit [21] BBITOJIHEHO paliOHHpPOBA-
HHUE TOMMEHHBIX paloHOB JenbThl JloHa Mo mone
IJIOIIAU, KOTOpash B TEUCHHUE ToJa HAXOJUTCS MOI
BoJoO# (Tabm. 3, puc. 5).

3aroruieHre MOWMBI NMPU HATOHHBIX SIBICHUSX U3-
MEHSET BOJHBIM peXuM JenbThl. [TomMumo Hacelme-
HUs NOYBBI BIAaroi, Boga u3 TaraHporckoro 3anuba
MIPUHOCUT PACTBOPEHHBIC M B3BEIICHHBIE BEIIECTBA,
B T. 4. u coeaunenuss TM. Kak mnpaBuio, HaroHel
CONPOBOXKJAIOTCS BOJHCHUEM IMPU IOT0-3alaJHbBIX

BETpax, B pe3ylbTaTe KOTOPOTO B3MYUHBAIOTCS JIOH-
HBbIC OTJIOKCHHS aBaHJENBTHI (YCTHEBOTO B3MOPHS).
Kpome TtOoro, Boma ¢ MOps WMeEET MOBBIIICHHOE
conepkaHue CoJiel, 0COOCHHO B COBPEMEHHBIN Tie-
PO, KOTJ]a COIEHOCTh A30BCKOTO MOPSI BBIpOCHa 10
AKCTpEeMabHBIX 3HaYeHuH 14—15 v/m [11, 25].

Huwxe cnenaH akileHT Ha MOCTYMJICHHWE B3BCIICH-
HBIX HaHOCOB U coenanHeHuil TM B aensry JloHa npu
HaroHax.

Ilomenyuan naxonnenus coedunenuii TM ¢
denvme /lona 6 pe3ynivbmame HAZOHHBIX AGIEHUIL

C npumenenueMm DonDeltaBalanceModel BwvI-
MOJTHEHBI PacYeThl TUHAMHKH B3BEIICHHBIX HAHOCOB
JUIL pacCMaTpUBACMbIX 6 THIIOB HArOHOB, TOJTYYCHBI
OIIEHKH HAaKOTIJICHWS B3BEUICHHBIX BEIIECTB B JENIBTE
Jona (tabm. 2) [22, 23]. C ydeTroMm comepKaHHSI BO
B3BEIICHHOM BEIIECTBE coeauHEHU TM moiy4eHbI
OLIEHKH MocTyIuleHuss TM B BepXHUH CIIOW IOYBBHI
nenbThl JloHa mpu HaroHax (Taon. 4).

Pe3ynbraTel MOAETMPOBAHUS IEMOHCTPUPYIOT, YTO
B COBPEMEHHBIH TMEPHOA MallOBOAbS, B OTCYTCTBHE
3aTOIJICHUS TTOMMBI JIEJIBTHI MPU MABOAKAX, MOPCKOM
(hakTop MOKET OBITH OCHOBHBIM MEXaHHU3MOM 3arpsiz-

Tabnnna 2. XapakTepUCTUKH PacUETHBIX CLIEHAPUEB HarOHOB B AeibTe JloHa

Table 2. Characteristics of calculated scenarios of surges in the Don Delta

O0beM B3BELIEHHBIX HAHOCOB,
OCEBIIIUX B PE3YJILTATE HATOHA,
TBIC. T

. = ps
3 = 2 o
g < 2oz g
= I E g g | = g
=0 S E Volume of suspended sediment 5 o5 g < g o
2 % 9 g deposited as a result of the surge, ~% g o E N % Eﬁ
; oE S thousand tons E g5 s g <8
Q — o = » =
JlaTel HaroHa g QE) % g 25352 é = % %
Dates of the surge EEL g S m e 2 E S
= 0 &8 3 S o E £ = s 8
_EQ [g § e B IIOMMEHHBIX § E_% = o é’o =g~
E zZE g B JICNIBTE paioHax JEJBTHI S E B '2 %5 :%
SZ£Z3Z | inthedelta in the delta 885 | 3 e
5 a'% floodplain areas 5 52 o g
2°2 5 z$ =
= © o) 5
23/09/2014-25/09/2014* 3,7 28,27 37,18 541 0,8 517
18/03/2018-21/03/2018 1,77 22,09 3,99 473 27 489
15/04/2020-18/04/2020 1,75 21,73 2,42 300 29 528
31/03/2016-03/04/2016 1,4 15,45 0,49 413 54 443
19/04/2018-22/04/2018 1,36 14,28 1,28 1440 59 434
22/02/2019-25/02/2019 1,06 10,23 0,28 517 85 403

[pumeuanue: * Ilpu HaroHe B STH JAaThl B MOWMEHHBIX paifOHAX MOENbTHI OCEJO B3BEIICHHBIX HAHOCOB OOJIbILIE,
YeM B LIEJIOM I10 JCNIBTE U3-3a HAINYHS SPO3HOHHBIX SIBICHHI B PYCIIOBBIX paifoHaX Ha JTale craja HaroHa

Note: * During the surge, on these dates, the volume of suspended sediment deposited in the delta floodplain areas was
greater than generally across the delta due to the erosion phenomena in the riverbed areas at the surge recession stage
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Fig. 4. Flooded area of the Don Delta depending on the maximum water level during surge at different water
discharges in stanitsa Razdorskaya and its distribution by water depth in the flood zone

Tabauna 3. Knaccupukamys THAPOIOTHIECKHX PaHOHOB yCTheBOH oOmacth [loHa 1O YPOBHIO W HPOIOIDKHU-
TEJILHOCTH 3aTOIUICHUsI IPY HAT'OHAX BOJIbI CO CTOPOHBI MOPSI

Table 3. Classification of the hydrological regions of the Don River estuary by the level and duration of

flooding during sea surges

Haxoaurest mox Jlomnst mrommanu
Twum paiiona Orncanne paiioHa Tlnomans, K2 BOHOFI/L BaTe:;eHHe nonMeIe{JII{:;in;a/I/IOHOB
Region type Region description Area, km? _ roaa, 7o A , %
Being under water Share of the delta
during the year, % | floodplain region area, %
Tloiima JIona u He3ararjMBaeMbie
palioHbI AETBTHI )
0 Don River floodplain and 1243.8 <1
non-flooded areas of the delta
Ilotima nenbThI
! Delta floodplain 204.7 1-10 38,0
Ilotima nenbThI
2 Delta floodplain 184,1 10-20 34,2
Ilotima nenbThI
3 Delta floodplain 68,5 20-30 12,7
Ilotima mebTEI
4 Delta floodplain 22,5 30-40 42
Ilotima nenbThI
: Delta floodplain 44,2 40-50 8,2
Ilotima nenbThI
6 Delta floodplain 147 >50 2,7
ABaHJIeTbTa U pyKaBa IEIbThI
! Avandelta and delta branches 502,2 100 -
Bcero
Total 1782,6 - —
B 1. u. nenvTa
Including delta 5388 - 100,0
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Puc. 5. PaitiornpoBanue aensThl JJoHa IO XapakTepy 3aTOILICHHS IPH HAaTOHHBIX SBJICHUAX (TIOSICHEHHUS cM. B Ta0II. 3)

Fig. 5. Don Delta zoning based on the nature of flooding during surge phenomena (see Table 3 for explanations)

Tadnauna 4. OueHka BIMSHMS HAroHOB Ha 3arps3HCHHE IMOYBHI AeNbTH JloHa coemumHenmsamMu TM mist Tuapo-
JOTMYECKNX PalOHOB C Pa3HON MPOAOIKUTENBHOCTBIO 3aTOIUICHNUS B TEUCHHUE Toa

Table 4. Assessment of the effect of surges on the Don Delta soil contamination by HM compounds for
hydrological regions with different duration of flooding during the year

W3meneHue conepkanus

Howmep pernona no CpenHee conepaHue Ioctynnenue TM B nensty
METaJuIoB B BepxHeM (1 cm)
MIPOJOIKUTENILHOCTH TM B BepxaeM (20 cm) B T€UEHUE roJla C HAaTOHAMH,
5 CJI0€ MOYBHI 32 TOJ M3-32
3aTOIUICHUS B TEUCHUE CJIOE MTOYBBI, MI/KT Mmr/mM*/Tox HAFOHOB. %
. . 0
roza Average HM content HM input to the delta with . ’ .
. . . . Change in metal content in
Region number by in the top (20 cm) soil surges during the year, .
. . ) the top (1 cm) soil layer per
duration of flooding layer, mg/kg mg/m?*/year

year due to surges, %

during the year Ni | Cu | Pb | Ni | Cu | Pb | Ca* | Ni Cu Pb
0 T | 21 | 16 | 18 | 033 | - - -
1 - T = | 55 | 42 | 45 | o83 | - - "
2 316 | 364 | 270 | 51 | 39 | 41 | 077 | oel 041 0.59
3 313 | 367 | 265 | 44 | 34 | 36 | 067 | 054 | 035 0.52
4 362 | 340 | 218 | 97 | 74 | 79 | 147 | 1.03 | o0s4 1.39
5 363 | 373 | 245 | 107 | 82 | 88 | 1.63 | 114 | 085 137
6 - — = o] 85 | o1 | 1e | - N N

Ipumeuanue: * Jlnst coenunenuit Cd y HaC HET IAaHHBIX [0 UX COACPIKAHMIO B MOYBAX JeIbThl JJoHA; ** HET qaHHBIX
Note: * For Cd compounds we have no data on their content in soils of the Don Delta; ** no data available

HeHUs TMouBbl JenbThl JloHa coeauHeHusmMu TM B JloHa B meproA MajoOBO/bS MO BIMSHUEM HAarOHA BOJIBI
pe3ynbTaTe MX MEepeHoca CO B3BEChIO M3 TaraHpor- €O CTOPOHBI MOpS MOJyYEHB! KOJIWYECTBEHHBIE OLIEHKH
CKOTO 3aJIMBA. BKJIaJa JienbThl JIoOHa M YCTBEBOTO B3MOPhSI B «(HITh-
B pesynerare 0000IIeHNsT BBIMOJHEHHBIX OIICGHOK  TPALMIO» XUMHYECKUX COSAMHEHHUI Ha ITyTH UX MUTPa-
JTUHAMHKH B3BEIICHHOTO BEILIECTBA B YCTHEBOM 00JaCTH  IIMU C PEYHBIMU BOIaMH B A30BCKoe Mope (Tabm. 5).

Boonwie 6uopecypcol u cpeoa ooumanus. 2024. T. 7, Ne 4
Aquatic Bioresources & Environment. 2024. Vol. 7, no. 4



16

C.B. beponuxkos, B.C. I'epaciok, A.B. Knewenkog u op. Oyenku @nusHus HA2OHHbIX S81eHUll HA ...

Tadmuma 5. Ponp ycreeBoit obnactu [loHa B KauecTBe «(GHIBTPa» HA MYTH MUTPALMM XUMHUYECKUX COEIMHEHUH
B A30BCKOE MOpe

Table 5. Role of the Don River estuary as a “filter”” on the migration path of chemical compounds to the Azov Sea

CTOK B3BEIICHHBIX
HAHOCOB, p. JloH,

Oceno B3BEIICHHBIX
HAHOCOB B YCThEBOH
001acTu, TeIC. T/Tog**
Deposition of
suspended sediment
in the estuary area,
thousand tons/year**

[Moctynuino coenuHeHnH
TM ¢ peuHBIMU BOAaMU BO
B3BEIIEHHOH (hopme, T/Tox
Supply of HM compounds

with river water in suspended
form, tons/year

Oceno coenunenuit TM B
yCThEBOM 00JI1acTH, T/TON
Deposition of HM compounds
in the estuary area, tons/year

Ton THIC. T/TOR*
Year | Suspended sediment 2
runoff, Don River, 58| 35 qc:n
thousand tons/year* 5%0 cga o~
Ew|2s| 82| N Cu Pb Cd Ni Cu Pb Cd
=S| 22|27
=HIEy
S
2015 65,2 2,85 | 10,0 | 12,81 | 2,5 1,9 2,0 | 0,020 [ 0,49 | 0,37 | 0,39 | 0,004
2016 72,9 4,77 | 10,7 | 1543 | 2,8 2,1 2,3 10,020 [ 0,5 | 0,44 | 0,49 | 0,004
2017 356,8 11,48 | 54,7 | 66,16 | 13,6 | 10,3 | 11,1 | 0,110 | 2,52 | 1,91 | 2,06 | 0,020
2018 331,6 341 | 54,5 | 57,93 | 12,6 | 9,6 10,3 | 0,100 | 2,20 | 1,68 | 1,80 | 0,017
2019 496,6 20,57 | 76,3 | 96,90 | 18,9 | 144 | 154 | 0,150 | 3,69 | 2,81 | 3,00 | 0,029
2020 318,3 832 | 51,3 | 59,62 | 12,1 9,3 9,9 0,100 [ 2,27 | 1,74 | 1,85 | 0,019

ITpumeuanue: * Ilo [21]; ** mo [22, 23]
Note: * Based on [21]; ** based on [22, 23]

BBIBOJbI

ITo pe3yjibTaTaM HJAaHHOTO HCCICAOBAHHUA MOKHO

CIeIaTh CJICTYIOIIE BHIBOIBI:

1. B ycnmoBusix Majoro o0bemMa rooBOro KHUIKOTO U
TBEPJIOTO CTOKOB p. JIOH ¥ OTCYTCTBUS BECEHHUX
MABOJIKOB TIOMMEHHBIE YY4aCTKU JEIbThI JoHa He
3aTaIuIMBAIOTCS U B3BEIICHHBIE HAHOCHI U acco-
nuupoBanHable ¢ HUMU [1TD npakTrdecku He To-
CTYMAIOT Ha TOYBY, & HAKAITMBAIOTCS B JOHHBIX
OTJIIOKEHUSX PYKABOB U BHIHOCATCS HAa YCTHEBOE
B3MOpBE.

2. "3-3a yMeHbIIEHHs] MYTHOCTH JOHCKHX BOJ
MU3MEHWIOCh COOTHOIIEHHE (OpM MHUTPaLUU
coequHeHMH TM B CTOpPOHY IpeBaJMpOBaHUS
PacTBOPEHHBIX B BOJE COEIWHEHUH (B MEHbLICH
CTENeHU — JUI COEAMHEHUN CBUHLIA).

3. B pe3ymbrare IITOPMOBLIX HAroHOB pa3HOM
00eCIeueHHOCTH, ¢ OJHOH CTOPOHBI, MPOUCXO-
IIUT TIOCTyIUIEHWE B3BeleHHBIX (opMm IITD nHa
MMOMMEHHBIC YYaCTKU NEIBTHl B a3y pa3BUTHA
HaroHa, riae IITO u ocemaloT BMECTE CO B3Be-
IICHHBIMA HAaHOCAMH, a C JPYrOi CTOPOHEI, Ha
(haze cnasia HaroHa m3-3a MOBBIMICHHBIX CKOPOC-

Teil TOTOKOB BOZBI IPOUCXOAAT PO3Usl TOHHBIX
OTJIOKEHUH B pyciax JebThl U BHIHOC B3BELICH-
HeIX [ITO Ha ycTheBOE B3MOpBE.

4. P HCKY 3arpA3HCHUS MPEKIAC BCCTrO MOABCPIKCHBL

paﬁOHBI JCIIBTHI C HaUOOIBIITUM BPCMCHCM 3aTOII-
JICHUS B TEYCHHUE roj/ia M3-3a HATOHHBIX SBICHUM.

5.B moboM ciydae, HCTOYHHKOM 3arps3HCHHS

nensTel [ITD  sBisieTcss WX aHTPOITOTCHHBIN
cTok. Ecim B mepuoa BBICOKOH BOIBI M IaBOA-
KOB, KOTJla PEYHAasl BOJa 3aTalIiBacT MOWMEH-
Hble yuyacTku, Hakoruienue IITO mpoucxonut 3a
CYET PEYHOTO (PAKTOPa, TO B MIEPHO MATIOBOABS U
BIVSIHMS HAaroHOB aHTPOIIOTEHHBIE PEYHBIC
[ITD, mocne OuoreoxuMHUYECKO TpaHchopma-
MMM Ha YCTbEBOM B3MOpbE, B TaraHporckom
3aJmMBe W A30OBCKOM MOpE, BO3BpAIIAlOTCA B
JIETIbTY TIpU HaroHax. Poyib JI€IbThl U yCTHEBOU
o0acTy B KadecTBE «(DHIbTpa» Ha IyTH MHTpPa-
LU PaCTBOPEHHBIX M B3BelleHHBIX (hopm I1TD
U3 PEKH B MOpe TpaHC(HOpMUPOBAIACH.

BMmecrte ¢ TeMm, ecTh psaa (aKTOpPOB W SIBICHHIA,

KOTOpBIC HC YYTCHBI B paMKaX AAHHOTO IIOAXOda U
Tp€6yIOT ,Z[aJ'H:;HefI].HHX I/ICCJ'IC,I[OBaHI/Iﬁ 1 OLICHKH.
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PactBopennsie ¢opmbl coenunenuit TM, mocty-
MAlofe B ACTbTYy B MEPHOI HArOHOB, MOTYT COpOH-
pOBaThCsl TIOYBCHHBIMHM YacCTHIIAMH, (HOPMHUPOBATH
YCTOWYHBBIE OPraHO-MUHEpAIbHBIE (YOPMBI, HAKaILIH-
BaTbCsl B PACTEHMAX (JHMCTBIX, CTEOMSIX W KOPHSX)
W BBI3BIBAThH pa3iHyHble QyHKIHOHAIBHBIE U MOpP(hO-
jJorudeckue n3MeHeHus. C Apyrod CTOpOHBI, COBpE-
MEHHBIM TEepUO/  XapaKTEPU3YEeTCS TOBBIIIEHHOMN
COJIEHOCTBIO BOABI B A30BCKOM Mope, Boaa TaraH-
POTCKOTO 3aJliBa TaKX€ BBICOKOMHHEpAJIN30BaHa WU
MPOHUKAET IIy0oko B Aensry [26]. Ilpu sTOM coie-
Has BOJA BIUSET HA PacTEHUs] U U3MEHSET CBOWCTBA
MHTpanyH HEKOTOphIX TM. OTMeUeHO, 9TO Jaxe MpH
HU3KOH COJICHOCTH MOBBIMIAIOTCA NOABWXHOCTh Cd 1
ero roromnieHue pacteHusmu [27]. Kpome Toro, moa-
BKHBIE popmbl TM MOTYT BO BpeMsl HaroHa MPOHU-
KaTh B TPYHTOBBIE BOZBI, 4 3aT€M IMOCTYIaTh B pPyKaBa
IIpU TPONODKUTENBHBIX CTOHHBIX SABICHUSIX [28].
[Ipu ™MomenupoBaHWW  JWHAMUKH
BEIIECTBA HE YYTEHBI MPOLECCH OMOr€OXMMUYECKON
Tpanchopmanuu coearHeHuit TM B TOHHBIX OTJIOXKE-
HUSAX PYKaBOB U YCTHEBOTO B3MODbsI, BIHUAHUS COJIE-
HOCTH Ha KOAryJBIUI0 W (IIOKYISINI0 B3BEIICHHOTO
BEIIECTBA, OCOOCHHO B MPHUCYTCTBUU OPraHHYECKUX
coenuHeHui [29].

PacTtuTensHOCTh AENBTHI MOXKET yCHJIMBATh CEIH-
MEHTAI[MOHHBIC TIPOIECChl KaK B pyKaBax, TaK W Ha
MOMMe JeNbTHl, YBEIHMYNBATh HIEPOXOBATOCTH CPEIbI
¥ TpaHC(HOPMHUPOBATH THAPOrpad HATOHHOW BOJHEL
Bonma moxeT 3amepKuBarbcs B JIOKAJBHBIX TTOHMKE-
HUSX penbeda, HO CHIIbHBIE HarOHBIL, B CBOIO OYepeab,
BIIHUSIIOT HA PACTUTEIBHOCTh. OCEHBIO, KOTAA PAaCTEHUS
HauMHAIOT OTMUPATh, HAKOIUICHHBIE B HUX COCIUHE-
HUsi TM JONOJHUTENBbHO MOCTYNAIOT Ha IIOYBY, a
94acTh BEIHOCHTCS] TEMU K€ HarOHaMH 00paTHO B PEKY
u B 3anuB. [lokapbl, MpUPOAHBIE W AHTPOIIOTEHHBIE,
XapaKTePHBI ISl ACTBTHI, UX YacTOTa, MO-BUAUMOMY,
TECHO CBs3aHa C MPOJOKUTENBHOCTBIO 3aTOIUICHUS
Y4YacTKOB TMOWMBI NpU HaroHax. B pesynbrare moxa-
POB HaKOIJIEHHBIE B pacTeHHAX coeauHeHus TM
MOTYT TIOCTYIaTh HE TONBKO B atMocdepy, HO ¥ Ha
TIOYBY, U BEIMBIBATHCS U3 HEE HATOHHBIMU BOJIAMU.

Bce a1i (hakTOophl B KOMIUIEKCE CYIIECTBEHHO H3-
MEHAIOT THAPOXUMHUYECKHM pexuM B aensre JloHa
1 TpeOyloT JaJlbHEHIIero KaueCTBEHHOTO W KOJHM4e-
CTBEHHOT'O aHaJM3a.

B3BCIICHHOTI'O
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AHHOTAIHUSA

Bgeoenue. B pabote, cocTosmei 3 AByX 4acTeil, pacCMaTPUBAIOTCS YKOJIOT0-PhIOOX03SIHCTBEHHBIC aCTICKTHI
AHTPONMOTCHHBIX M KIMMaTH4YECKHX IpeoOpa3oBaHUil T'MIPOJOTMYECKOTO pexuma B Oacceiine p. [loH,
periaMeHTUpyeMoe U (pakTUYEeCcKOe BBHINOJIHEHHE TPeOOBaHUI PHIOOX03HCTBEHHOIO KOMIUIEKCA K BOJHBIM
pecypcam Huxuero [dona (UacTe 1); B Hell Takke OCBEIIAIOTCS BOIPOCHI COOTBETCTBUS COBPEMCHHOTO
reo0OTaHMYECKOTO COCTOSIHMS NOMMeHHbIX Hepectuiaunm Hwuxuero JloHa pbiO0X035HCTBEHHBIM
TpeOOBaHMSIM, M3MEHEHUS YCJIOBHH cpelnbl oOMTaHMsI BOAHBIX OuopecypcoB Taranporckoro 3ainumBa Kak
NPUEMHONH EMKOCTH ISl ajalTallid MOJOIUM PhIO K MOPCKHM YCIOBHUSIM M 3(G(PEKTUBHOCTH pPabOThHI
VYeTb-MaHBIUCKHX PBIOOXOJNHBIX KaHajoB B HepecToBold mnepuox (Yacts 2). DyHKIMOHMpPOBAaHHE
BOJHOH M OKONOBOAHOHN skocucteM A30BO-J[OHCKOrO pailoHa, paBHO KaK M HPOLECCH €CTECTBEHHOrO
BOCHIPOM3BOACTBA pbIO, 3aBUCHUT OT THUAPOJIOTHYECKOTO pexuma p. JoH, cTeneHH BO3IAEHCTBUS
AHTPOTIOTCHHBIX W KIMMAaTHYECKHX (PAKTOPOB, a TaKKE METOJNOB YIPAaBICHHUS BOJHBIMH pecypcaMmu
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