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Pe3stome: AKTyanbHOCTb paboTbl. Pycnosblie BogoxpaHunmwa Kra Poccum Ha BCemM NPOTSHXKEHUM CBOErO
CYLLLECTBOBAHNA NMOJBEPratoTCH 3HAYUTENbHBIM U3MEHEHUAM 32 CYET MHTEHCUBHOW nepepaboTku 6eperos, 3a-
UIIeHUs W 3apacTaHus. BoinonHeHne CBOEBPEMEHHOM OLEHKN CTEMeHW NPOMCXOLALLNUX U3MEHEHWA B YCNOBUAX
MacLITabHON aHTPOMNOTEHHOI HArpy3Ku PeruoHa, KNMaTu4ecKo HeCTabubHOCTI 1 JedULmMTa PErynspHbIX Ha-
3eMHbIX HabMAEHUI ABNAETCH BXHOW U aKTyanbHOM 3agaden. K yucny Haunbonee AMHaAMUYHbIX y4aCTKOB 6e-
peroB BOAOXPAHWUIIULL OTHOCATCS 3a/IBbl, 06pa30BaBLUNECS B Pe3ynbTaTe 3aTOMNEHUs pyces 1 JOSIMH 60KOBbIX
MPUTOKOB MAaBHON PeKM NOLNOPOM CO3[aHHOr0 BOAOXpaHMANLWA. TpaHcopmaumus Taknx 3anBoB 3aBUCUT OT
CYMMApHOTro BISHUSA TMAPOSOrMYECKIUX, U3NYECKIUX, MOPONOrMYECKMX, GUOOrMYECKUX U APYrNX JOMUHN-
pytoLwmx thaktopos. Lienb paboTbl 3aKnto4aeTcs B 060CHOBaHWUM 1 pa3paboTke CTPYKTYPbl KOMMNIEKCHOr0 MOHU-
TOPWHIa COBPEMEHHOMO re03KO00rNYeCKOro COCTOSHUSA KPYMHbIX 3an1BOB 3a nocneaHee aecatunetue. Merogbl
uccnefoBaHus. B ocHOBY pa3pabaTbiBaeMblX METOA0B MONOXeHa 6acceliHoBas KOHLENLMs Nprupoaonob3oBa-
HUS, KOTOpas NpuU3HaHa Hanbomnee BaXXHbIM U 3PEKTUBHbIM METOLOM TEpPUTOPMANbHO OpraHu3auum Mo-
HUTOPUHTA. [IPUMEHUTENBHO K 3an1BaM BOLOXPAHWUIIULL UCMOMNb30BaHWNE 3TON KOHLENLUM NO3BOJISET BbISBUTH
B3aMMOCBA3M U B3aUMO3aBUCUMOCTU 4aCTeil eAMHON reoCUCTeMbI «BOJ0COOP—BOLOTOK—YCTbe—3aNIMB—TPUEM-
HbI Bofoem». 0co60e BNUsHNE Ha (DOPMIPOBAHME 3KOMOrMYECKOr0 COCTOSIHNA 3a/IMBOB 0Ka3bIBAKOT HE TOMbKO
pa3HOBPEMEHHbIE 1 Pa3HOHANPABNEHHbIE KOIeOaHN: YPOBHA BOLAOXPAHWITULLA, HO U PEXIUM 1 KQ4eCTBO PEYHOr0
CTOKA, XapaKTep ¥ NHTEHCMBHOCTb aHTPOMNOreHHON Harpy3ki Ha BOA0cO0p. Pa3paboTka coaepxaHus MHopma-
LIMOHHBIX 6JI0KOB MOHUTOPUHTA OCYLLECTBAANACH C NPUMEHEHUEM ANCTAHLMOHHbIX 1 KapTOrpacpuyeckux MeTo-
0B Ha ocHoBe MC-TexHonoruii. Pesynbtatbl. Pa3paboTaHa cTpyKTypa 6710KOB KOMMMEKCHOrO MOHUTOPMHIA
3a7IMBOB PYCIOBbIX BOJOXPAHWALL U anpobupoBaHa METOANKA UX MHCDOPMALIMOHHOIO HANOMHEHNS Ha NpUMepe
3annBoB LIMMNsHCKOro BOAOXpaHUNMLLIA. B aaHHOI cTaTbe NPUBOAATCS Pe3ynbTaTbl MCCNEA0BAHMNA, BbINOSTHSB-
mxes ans HoBoUMMASIHCKOrO 3anuBa M BOAOCOOPOB BrafalolWmx B Hero pek Liumna n Poccowb 3a nepuop
2015-2025 rr. Ha 0CHOBE COBMECTHOIO WCMOMb30BAHMA CMYTHUKOBOW MHADOPMaLMK, KapTorpaduyecknx ma-
Tepuanos, MNC-TexHoNOrMiA, AaHHbIX [JOHCKOro 6acCenHoBOro BOLHOMO ynpasneHus (BBY) u akcnepTHbIX oLe-
HOK. OCHOBHbIM UCTOYHUKOM UH(OPMALMK ABAANUCH MHOTONETHIE JAHHbIE UCKYCCTBEHHBIX CYTHUKOB 3eMAN
(NC3) Sentinel-2A, Sentinel-2B, Landsat-8,9. C noMOLLbt0 pacyeTHbIX CMEKTPO30HANbHbBIX WHLEKCOB (BOLHbIX 1
BEreTauyOHHbIX) MOMYyYeHbl JaHHbIE 0 MHOTONIETHUX U3MEHEHUAX NOLAAN 3epkana Bofbl 3aMBa U AUHAMUKE
ero 3apacrtaHus. o pa3HOBPEMEHHbIM CHUMKAM MPOCEXEeHO N3MEHEHNEe rPaHuL, 30H NepemMeHHOro noanopa
3a71Ba Npy MaKCUMarbHbIX U MUHUMATTbHBIX TOJ0BbIX U3MEHEHUAX YPOBHA BOAOXPAHUIIMLLA.
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Abstract: Relevance. Channel-type reservoirs of Southern Russia have undergone substantial transformations
throughout their existence as a result of intensive shoreline reworking, sedimentation, and overgrowth by
aquatic and semi-aquatic vegetation. Timely assessment of the magnitude and direction of these changes under
conditions of strong anthropogenic pressure, climatic instability, and a lack of regular in situ observations is a
critical and highly relevant task. Among the most dynamic shoreline segments of reservoirs are bays formed by
the inundation of channels and valleys of lateral tributaries of the main river due to backwater effects caused by
reservoir impoundment. The transformation of such bays is governed by the combined influence of hydrological,
physical, morphological, biological, and other dominant factors. Objective. The objective of this study is to
substantiate and develop the structure of an integrated monitoring system for assessing the current geoecological
condition of large reservoir bays over the past decade. Methods. The proposed methodology is based on the
basin-oriented concept of nature management, which is recognized as one of the most effective approaches
to the territorial organization of environmental monitoring. When applied to reservoir bays, this concept makes
it possible to identify interconnections and interdependencies between components of the unified geosystem
“catchment-main river-estuaries-reservoir”. The ecological condition of reservoir bays is strongly influenced not
only by asynchronous and multidirectional water—level fluctuations of the reservoir, but also by the regime and
quality of river runoff, as well as the nature and intensity of anthropogenic pressure within the catchment area.
The development of the monitoring information blocks was carried out using remote sensing and cartographic
methods based on GIS technologies. Results. A structured system of integrated monitoring blocks for bays of
channel-type reservoirs was developed, and the methodology for their informational content was tested using
the bays of the Tsimlyansk Reservoir as a case study. This paper presents the results of studies conducted for
the Novotsimlyansky Bay and the catchments of the Tsimla and Rossosh rivers discharging into it over the
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period 2015-2025. The analysis was based on the combined use of satellite imagery, cartographic materials,
GIS technologies, data from the Don Basin Water Authority, and expert assessments. The primary data sources
were long-term satellite observations from Sentinel-2A, Sentinel-2B, and Landsat-8/9. Calculated multispectral
indices (water and vegetation indices) were used to quantify long-term changes in the bay’s water surface area
and the dynamics of its overgrowth. Multitemporal imagery enabled tracing changes in the boundaries of zones
subject to variable backwater influence under conditions of maximum and minimum annual reservoir water—level
fluctuations.

Keywords: geosystem “catchment-main river-reservoir”, reservoir, satellite monitoring, water level
fluctuations, lateral inflows, anthropogenic load, climate change, variable backwater area, cartographic method,
GIS technologies.
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BeepeHme

Ha Bcem mpoTskeHUM MHOTOJIETHETO CYIIECTBOBAHUS PYCIOBBIX BOAOXPAHMIIUIL MPO-
UCXOAUT TepeopMupoBaHue OEperoBol 30HBI, CEUU(pUKA KOTOPOTO ONpEAesieTcss KOH-
KPETHBIMU T'€OJIOTHUECKUMHU M T€OMOP(OIOrHYECKUMH OCOOCHHOCTSMHU CTPOCHHUS JIOXKA U
0eperoB MCKYCCTBEHHOTO BOAOEMa, BHYTPHUIOJOBBIMH M3MEHEHHUSIMHU YPOBHS BOZIBI 32 CUET
Cpa0OTKH/3aMOTHEHUS BOJOXPAHIIIUIIA U MHOTOJIETHUMH KJIMMAaTHIECKUMU (DIYKTyalusMu,
ONpeJeISIIOUIMMIA MHOITOBO/IHBIE U MaJIOBOJIHbIE JUTUTENbHbBIE epruobl [ABaksiH, 2002; Bo-
JoXpaHuwiuia..., 1986; Bona Poccum..., 2001; unkapenko u ap., 2021]. PazHble yuacTku
OeperoBoii 30Hbl BOJOXPAaHWIHIL OTIIMYALOTCS 110 CTETIEHU IPOCTPAHCTBEHHOM U BPEMEHHOM
M3MEHYMBOCTH B 3aBHCHUMOCTH OT JIOMUHUPOBAHUS TOTO WK HHOTO (pakropa. Hanbonee uys-
CTBHUTEJBHBI K TPe0Opa30BaHMSIM 3aJIMBBI, KOTOPBIE HA MPOTSKEHUH JECATUICTHH HCIIBITHI-
BAaIOT CHJILHOE BIIMSHUE HE TOJIBKO CO CTOPOHBI BOJJOEMa, HO U CO CTOPOHBI MMPUTOKA (B HIK-
HEM TEYCHHH KOTOPOTO 3JIUB C(OPMHUPOBAJICS) U €ro BoJIocOopa.

[TorpebHOCTH B MOHUTOPHHTE OEPETrOBOI 30HBI BOAOXPAHUIIUINA, BKJIOYAast 3aIMBBI, OTIpe-
JeJIAETCs YCIOBUSIMH BOJIONOIB30BAHMS, 3€MJIEIONIb30BAHUSA, PHIOOBOJCTBA, MIPEIOTBpAIlIE-
HUS ONACHBIX NMpUponHbIX siBneHui (IIpaBuia ncnonab3oBaHMs BOAHBIX pecypcoB LlumiisaH-
ckoro Bomoxpanmnuiia. dexepanbHoe ATEHCTBO BOIHBIX pecypcoB. 02 utons 2016. 125 c.)
[Marumos, Ixentok, 2006; Ckpunka u ap., 2017]. B ycnoBusix geduimra cTaimoHapHBIX
U 3TM30IMYHOCTHU TIOJEBBIX HAOMIOCHNN HCIIONIb30BaHNE CITyTHUKOBBIX JaHHBIX BBICOKOTO
MPOCTPAHCTBEHHOT'O Pa3pelieHUs] U UX PacUeTHBIX MpeoOpa3oBaHUM SIBISAETCS UCTOUHUKOM
aKTyaJbHOU MH(OpMaLUu JUIs OCYIIECTBICHUSI MOHUTOPUHTA epeOpMUPOBAHUS 3aJIUBOB
(KaK CE30HHBIX, TaK U MEXIOJI0BbIX), U BOJOOXPAHHBIX 30H Ul HAKOIUIEHUS, CUCTEMATU3a-
MM, aHaJIM3a U KapTorpadupoBaHus MmoydeHHo nHpopmarmu Ha 6aze I'MIC-rexHomornit
[['y6anos, 2022; Kyp6arosa, Mynun, 2024].

HccnenoBanust mpoBoAwINCh Ha npuMmepe HoBonmmisiackoro 3anuBa [{lumiistackoro Bo-
JoxpaHuwinia. Becero B BonoxpaHuinile BrnajgaeT 24 npuToka, cyMMapHasi IUIoIa s uxX BO-
10c60poB cocTasiseT 46 Thic. KM? — 16% ot 06miel miommaau Bogocoopa Jlona (puc. 2a), a
CyMMapHbIi 00beM GOKOBOTO CTOKA MOXKET JocTHraTh 1,1 kM (0ko10 6% Beex MOCTYIIICHN)
[Tunpomereoponoruveckuii. .., 1977; Hayano-npuknaaHoii..., 2020]. HoBorumisiHckuii 3a-
JIVB SIBJISIETCS CAMBIM OOJIBIIIAM TIO TUTOMIAINA CPEAH OCTATBHBIX 3aJIUBOB.

Hens nanHo#t paboThl — pa3paboTaTh CTPYKTYPY KOMILJIEKCHOTO CITyTHUKOBOTO MOHHUTO-
pUHTa 3aJMBOB KakK IVIABHOTO 3BE€HA €IMHOM re0CHCTEMBI «BOJOCOOP — BOAOTOK — 3aJIUB —
MIPUEMHBII BOZOEM», BBIIBUTH 30HY IIEPEMEHHOTO MOJIOpa IPU Pa3HbIX MOJIMKEHUAX YPOB-
HSl BOJIOXPAHWJIMIIA M OLEHUTb MEKIO0BbIE U CE30HHBIE U3MEHEHMs 3apacTaHMsl 3aJuBa
BJIATOJIIOOMBOM pacTUTENBHOCTRIO 32 2015-2025 1T
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MaTepUaAbl U METOAbBI MICCASAOBOHMS

Pa3paboTka cTpyKTYpHBIX HAIlPaBIEHHH KOMIUIEKCHOTO T'€03KOJIOTMYECKOT0 MOHUTOPHH-
ra 6azupoBaack Ha 6acCEIHOBOM MOIXO/IE, MPU KOTOPOM BOJOXPAHUIIHIIE PACCMATPUBACTCS
KaK COCTaBHAsl 4acTh €IMHON T€0CHCTEMBI «BOIOCOOP — BOAOTOK — YCThE — 3aJIMB — IPUEM-
HBII BOZOEM», & TIIABHBIM 3BEHOM CHCTEMBI SIBIISIICS 3AJIMB.

MmuorodakropHbie 3aKOHOMEPHOCTH TpaHC(HOPMAIUH 3aJIMBOB TPEOYIOT 0COO0T0 MOIX0-
71a K BBISIBIICHHIO BHELIHUX M BHYTPEHHHUX B3aUMO3aBHCUMOCTEH, CBI3aHHBIX KaK C BKIIAIOM
OOKOBOT'0 CTOKA B 3aMJICHHE U 3arpsA3HEHUE BOJ 3aJIMBa, TaK U ¢ IepeopMUpOBaHNEM TTOBO-
JTHOHM M HAJIBOTHOW YacTel ero OEperoB B pe3ynbTare BOJTHOBOW aOpa3uH, OMOI3HEBBIX, IPO-
3MOHHBIX U JIPYTHX IPOLIECCOB B 30HE U3MEHEHUI YpOBHS Bozbl. Takoil moxxo B yCIOBUAX
MHOTOJIETHETO Ae(UInTa Ha3eMHBIX HAOJIOEHUI peann3oBaH Ha OCHOBE pa3pabOTaHHBIX
METOIMYECKUX PEKOMEHJAIMH 10 COBMECTHOMY MCIIOJIb30BAaHUI0 KOCMHYECKHX CHHUMKOB
(KC), ronorpadpuueckux kapt u [ MC-rexnonoruii [Kyp6arosa, Mynun, 2023, 2024].

30Ha MEpeMEHHOIo IMOANOpa 3aluBa SABIAETCS HambOojee UyBCTBUTEIbHOW K BO3ICH-
CTBHIO M3MEHEHHH, IPOUCXOAAIINX KaK Ha BomocOope, Tak U B Bogoxpanuiniie. OCHOBHbIC
B3aMMOCBSI3M T€OCHUCTEMBI «BOJOCOOP — peKa — 30Ha MEPEMEHHOTO MOAIOPa — MPUEMHBIH
BOJOE€M» B anana3oHe usmeneHus ot HIIY no yposus meptBoro oosema (YMO) npencras-
JICHBI Ha PUCYHKE 1.

Bnusxue Bopoc6opa 60koBOro nputoka Influence of the lateral tributary catchment
3aronnexune OpO3OHHast aKTUBHOCTb Floodin Erosional activity .
(nonosopve, (saunetue, 06pazosarite é’;?‘:";z‘:::ae’)‘ Harpyska (high wat%r, (siltation, formation Anthropl?ggmc load
NaBoAOK) KOHYCOB BbIHOCA, OTMeneH) P freshets) of alluvial fans and shoals) (pollution)

30Ha nepeMeHHOro noanopa 3anuea Variable backwater zone of the bay

3po3noHHan ; 7 i s
gg;‘ﬁ';:ﬂ,z MHoroneTHWe ManoBoaHble P Seasonal drying Multi-year low-water Erosional activity

bt i igh- i bank erosion
saTonneHme 1 MHOTOBO/HbIE NEepUoAbI (pasbia Geperos) and flooding and high-water periods ( )

N N

BnusHue BoaoxpaHunmwa Influence of the reservoir

!

Puc. 1. OcHosnvle paxmopyl, erusiowue Ha MPaHcGHOPMayuro i IK0L02UECKOe COCTNOSAHUE 30HbL
nepemMeHHo20 NOONoOpa 3a1U808 8000XPAHUIUULA /
Fig. 1. The main factors influencing the transformation and ecological state of the variable
backwater zone of the reservoir bays

K skonornuecku 3HauuMbIM (DAaKTOpaM B 30HE MEPEMEHHOTO MOANOpa OTHOCATCS pas-
HOHAIpaBJIEHHbIE KOJIe0aHUsl yPOBHS, JUINTEIbHOCTh OCYILIEHHS/3aTOIICHNUS, 3aJIEHHE WU
pa3MbIB MEJIKOBOJIHBIX YYaCTKOB, 3arps3HEHUE (IIOCTYAIOIEE CO CTOKOM PEKH U BOJOXPAHU-
numa). Hempezacka3zyeMoCTh NPOOIKUTENBHOCTH M HHTEHCUBHOCTH MPOSIBIEHHS 3TUX (aK-
TOPOB, 3aBUCSIIUX OT BOJHOCTHU r0Jia, YCUJIEHHs aHTPOIIOTEHHOM HAarpy3ku Ha BogocOop u/
WX BOZ0EM TpeOyeT peryisapHbIX HaONI0AEeHUH /Ul BBISABICHNS HETaTUBHBIX ITOCIIE/ICTBUI.

Nndopmanmonnoe obecrniedeHne ncCiIeJ0BaHuN BKITIOYAET:

— 1ox00p CIYTHUKOBOM MH(OpMaLMU BBICOKOTO Pa3pelleHMsl 32 UCCIIeLyEeMblii IEpUOJ
JUISL: @) 3aJIMBA, BKJIIOYAIOLINH CE30HHBIE M MEXKTOJ0BbIE YPOBHU HAIOJIHEHHsI/CPaOOTKU BO-
JOXPaHWJINIIA; 0) yCThsl IPUTOKA HA MEPUOJ MOJOBOAbS M MEXKEHHU B pa3HbIE 110 BOAHOCTU
TOJIbI;

— obecrieueHue 1aT CIyTHUKOBOW cheMKH naHHbIME JloHCKOro BBY 006 ypoBHE Bomoxpa-
HUJINILA;
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— pe3ynbTaThl MPeo0pa30BaHus MYJIbTHCIIEKTPANBHEIX J[33 ¢ MOMOMIBIO CIIETYIOMUX pac-
YETHBIX Pa3HOCTHBIX MHJEKCOB —MoaupuImpoBanHoro BogHoro nuaekca MNDWI (Modified
Normalized Difference Water Index) asist onpezesieHust AMHAMUKH TUTOIIAIM BOJHOMN MOBEPX-
Hoctu U Beretarmonnoro uujekca NDVI (Normalized Difference Vegetation Index) mist u3-
YYCHUS COCTOSIHHSI U PACTIPEICIICHUS KU3HEHHBIX ()OPM PaCTHTEIHHOCTH.

OTH WHACKCHI JaBHO 3apEKOMEHI0BAJIM CBOIO HAJICKHOCTh MPH U3yUECHUH 30H TIEPUOIH-
YECKOTO 3aTOIJICHHSI/OCYIICHUs TIPH KOJIeOaHUSX YPOBHS BOIAHBIX OOBEKTOB W BEHISBICHUU
CBSI3M PACTUTENBHOTO MOKPOBA C YacTOTOW 3atoruieHus [Baigaliyeva et al., 2024; Li et al.,
2024; Tolepbayeva et al., 2025].

Pa3zpaboranHas aBTOpamMu KOHIIEIIUS CTPYKTYPBI U COICPIKaHUS OJIOKOB MOHUTOPHHTA,
UCXOAHAsT MHPOPMAIIHS IS PelIeHUs] 0a30BbIX 3a7a4 M BU3yaJU3allds Pe3yJIbTaToB IMPEJ-
CTaBJICHBI B Ta0muIe 1.

Tabnuya 1/ Table 1

Pa3paboTka conep:kanus 0J10KOB KOMIIIEKCHOTO MOHHTOPHUHTA 30H ITePeMEHHOT0
NMOANOPA KPYNMHBIX 32JIMBOB BOJAOXPAHMINLL /
Development of the content of integrated monitoring units for variable back-up
zones of large reservoir bays

baoxu / 3anauu/ Hcxonnas PacueTHble Busyanuzauus
Object name Tasks uHpopmanus/ JaHHbIe/ pe3yabTaToB/
(Blocks) Initial information Calculation Data | Visualization of
results
1 2 3 4 5
Bomnocbop: Beinenenue rpanui Bo- | Tororpadudeckue, ITromans Bogocbo- | Kapter Bomocbo-
®usnko-reo- | gocdopa; MIOYBCHHBIE, JTaH]I- pa; IIMHBI [aBHOW | pa: ruaporpadu-
rpaduueckue | [loctpoenue ruaporpa- |madTHBIE KapThl; PEKH U ee IPUTOKOB; | 4eCKasl CeTh, HII-
ycnoBusi/ ¢uueckoii cern (pexu, | Hanusie /133 mis Pacnipenenenue BbI- | comeTpuieckas,
Catchment: TIpyJIbI, 03epa); OOGHOBIICHUSI TOTIO- COT, YIVIOB HAKJIOHA; | YIJIOB HAKJIOHA
Physical and | Onenka penbeda u co- | rpaduuecKux KapT; JlecuctocTb, 03ep- | TOBEPXHOCTH,
geographic char- | cTosiHIS TOYBEHHO-pac- | HuQpoBas MOIeNb HOCTB, 3200JI04€H- | PACTUTEIHEHOCTH,
acteristic. TUTEIBHOTO MOKPOBa/ penbeda (LIMP) 1 ee | HOCTh, OBpAXKHOCTB/ | IOUYBCHHAs/
Selection of catchment | npousBogHbIE/ Catchment area Catchment area
area boundary; Topographic, soil, and | boundary; length of | maps: hydro-

Construction of a hydro- | landscape maps; Re- | the main river and | graphic network,
graphic network (rivers, | mote sensing data for |its tributaries; distri- | hypsometric data,

ponds, lakes); updating topographic | bution of elevations | surface slopes,
Assessment of the relief | maps; digital elevation | and slopes; forest vegetation, and
and condition of the soil | model (DEM) and its | cover, lake cover, soil data.

and vegetation cover. derivatives. swampiness, and

gully coverage.

AmnTtponorenHas | BeusiBnenue Hacenen- Tonorpaduueckue Ouenka gemorpadu- | Kapter coBpemen-
Harpyska/ HBIX IIYHKTOB, IIPOMBIII- | KAPTHI, MAaTEPHAIIBI YEeCKOTO JaBJIE€HHs, | HOTO COCTOSHHUS
Anthropogenic |JICHHBIX U CEIILCKOXO- BH3YaJIbHOTO U aB- TYCTOTBI TPAHCIIOPT- | BOZ0COOpa ¢
load. 3SIHCTBEHHBIX OOBEKTOB, | TOMAaTH3UPOBAHHOIO | HOM ceTH (C 30HOH | OLICHKOH CeNbXo-
TPAHCIIOPTHOI ceTn/ JemndprpoBaHus 3arps3HEHUs), 10 | 3yTOUiA 1o cTe-
Identification of settle- | KC, crarucTrdeckue 1 | mameH (C BOXHOI HIEHU Pa3BUTUSL
ments, industrial and SKCIEPTHBIC JaHHBIC/ |3po3ueH, 6e3 Hee U | 9PO3UOHHBIX MPO-
agricultural facilities, Topographic maps, 3apacTaronux) / 1eccon/
and the transportation materials on visual Assessment of Current watershed
network. and automated inter- | population pressure, | maps with assess-
pretation of satellite | transport network ment of agricul-
images, statistical and |density, and the tural lands based
expert data. proportion of arable |on the degree of

land (with and with- | erosion.
out water erosion,
and overgrown).
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1

2

3

4

5

YeTbst IpUTOKOB/
Estuaries of
tributaries.

BeisiBricHHE CcTEICHH
3aTOIUICHUSI, 3aMJICHHS
1 3apacTaHusl yCThEB
IpHU BBICOKUX U HU3KHUX
MaBOJIKaX, HAMTOJHCHUH
WIH cpaboOTKe BOOXpa-
Huma/
Determination of the
degree of flooding, silt-
ation, and plantgrowing
of estuaries during high
and low floods, filling
or decrease of storage
TeServoir.

Kommnexr KC 3a uc-
CJIeTyeMBbIi TTePHO/
MOJIOBOJIMM ¥ MEKEHH,
DKCIIepPTHBIE JaHHbIE
0 BBIHOCAX TBEP/IBIX
B3BECEN PEUYHBIM CTO-
KOM ¢ TalicH/

A set of satellite im-
ages for the studied
period of floods and
low water.

Expert data on the
outwash of suspended
solid materials by
river runoff from ar-
able land.

O1reHKa wIomaaen
MIaXOTHBIX 3€MeJb
IO CTETIEHH BOCTpe-
OOBaHHOCTH, pa3-
BUTHUIO 9PO3HOHHBIX
MIPOLIECCOB, BBIHO-
COB TBEpJIbIX B3Be-
ceit u iupdy3HbIX
3arpsi3HEHUH 10 K-
HEePTHBIM JaHHBIM/
Estimation of arable
land area by de-
mand, development
of erosion processes,
removal of suspend-
ed solids, and diffuse
pollution based on
expert data.

Kapts! nuHaMuKH
JIeNIbT000pa3oBa-
HUS TIPH Pa3HBIX
OTMETKAX YPOBHS
BOJIOXPaHMITHINA,
Pacuer BeposiTHO-
TO MOCTYIUICHHUS
TBEP/BIX B3BECEH
¢ BozocOopa B
3B/

Maps of delta for-
mation dynamics
at different reser-
voir elevations;
Calculation of the
probable influx of
suspended solids
materials and dif-
fuse pollutants
from the catch-
ment into the bay.

3amus/
Bay.

YeraHoBeHHE 30HBI
MIEPEMEHHOTO TIOANIOpA.
KonTposns u cnexenue
3a U3MEHEHHEM I10JI0-
JKEHHs ype3a BOJIbI IPH
Pa3JINYHBIX CTOSHHSIX
YpOBHsI Bojjoema /
Determination of a vari-
able backwater area.
Monitoring and tracking
changes in the waterline
at different reservoir
levels.

Apxus KC 3a BeiOpan-
HBIA TEPHOI.

JlaHHbBIE TTOCTOB Ha-
omonenust BBY 00
YPOBHE BOJOXPAHMIIU-
I1a Ha JIaThl CheMKH/
Archive of satellite
images for the select-
ed period.

Data from BWM
observation posts on
reservoir levels as of
the survey dates.

Pacuernrle nannbie
HMHIEKCOB — BOAHOI'O
MNDVI, Berera-
uronHoro NDVI,
MYTBEBOTO BHIHOCA
NDTI. Onpenenenue
TIJIOMIA/IeH 3epKaia
BO/IbI, 3apacTaHusl U
3aWJICHUS 3aJIMBa Ha
pasHbie natbl/
Calculated indices
—aquatic MNDVI,
vegetation NDVI,
and turbidity re-
moval NDTI. De-
termination of the
water surface area,
overgrowth, and silt-
ation of the bay on
various dates.

VYcranosnenue
30H MEepPEeMEH-
HOTO TOAOpa B
YCTBSIX MIPUTOKOB
u OeperoB 3aJKBa;
Ornenka nocry-
rieHust Tuddys-
HBIX 3arpsS3HEHNN
¢ BojiocOopa;
IIporuosnas kap-
Ta 3aTOIICHMS/
OCYIIICHUSI 3a-
nuBa/
Determination of
a variable back-
water area at the
estuaries of tribu-
taries; Distribu-
tion of suspended
solid materials
across the bay.
Predictive flood-
ing/drainage map.

Pe3yAbTATbI

HoBormmMistHCKHiA 3a71MB 00pa30BaH Ha MPaBOM Oepery ITyOOKOBOAHOTO MPHUILTIOTHHHOTO
ydJacTKa BOJOXPAHWIMINA B PE3ylbTaTe 3aTOIUICHUs HIDKHEro TedeHus pek Llumma u Poc-
comb (puc. 26), COBMECTHAs IUIOMIAIL BOIOCOOPOB KOTOPHIX cocTasiseT 2730 km?. Meto-
nvka (popmupoBaHusi 6J10Kka MOHUTOPUHTA «BOIOCOOpP» paccMoTpeHa B ctathe [Kurbatova
et al., 2024], rae ¢ momoursio J[33 nana oneHKa COBpeMEHHON aHTPOMOTEHHON HAarpy3Ku Ha
BOJOCOOp U OTpe/IesIeHbI B IIEPBOM MPUOIIKEHUN 00BbeMbI IOCTYIUICHUH B 3aimuB auddys-
HBIX 3arpsi3HEHUH M TBEP/BIX B3BECEH ¢ paclaxaHHBIX TEPPUTOPUH, TTIOIBEPIKEHHBIX BOIHOM

SPO3UH.
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Fig. 2. Tsimlyansk reservoir:
a — is the structure of the catchments of the lateral tributaries,
b — is the Novotsimlyansky Bay and the catchments of the Tsimla and Rossosh rivers

KoMmmiekCHBIE MOHUTOPUHT 3aJIMBa MPOBOIMIICS COTIIACHO pa3pabOTaHHON aBTOpaMu
METOJIMKE U 0XBaTbhIBaeT nepuo| HaOmoaenus ¢ 2015 r. mo 2025 1. Bei6op aToro BpemeH-
HOTO Jhana3oHa 00yCJIOBIEH HECTaOMIBHOCTHIO YPOBEHHOTO pEeXUMa BOJOXPAaHMUIIUIIA
3a cYeT 4epeaoBaHus MHOTOBOAHBIX (2018, 2023, 2024 rT.) 1 manoBonubix (2015, 2020,
2021 rr.) nepuogoB KJIMMAaTH4YeCKUX (uyKTyaunuii. BelOop cyTHUKOBBIX M300pakeHU
OTIpeNIeIIsICS OTCYTCTBUEM OOJIAYHOCTH, MOJHOTOM OXBaTa TEPPUTOPUU U OOecIedeH-
HOCThIO HaHHBIMU JloHCKOTO BBY 00 ypoBHE BOIBI B BOAOXPAHUIIUIIE HA ATy ChEMKH.
Bcero 610 BbIOpaHo 25 cnektpo3oHanbHbIX cHUMKOB ¢ MC3 Landsat—8/9, Sentinel—
2A, Sentinel-2B. Onpezenenue miomaan BoJHON MOBEPXHOCTH 3aJMBa BBIIOIHIOCH
¢ momotibio pacdetHoro mHaekca MNDWI B mporpamme ArcGis Pro. Jlist moctpoe-
HUs TaOJMII U TPOBEICHUS UHTEPIOJSAIHNH MMOJTYYEHHBIX JaHHBIX MCIOJIb30BaNIach MPO-
rpamma Microsoft Excel. Uagexc MNDWI cuurtaercs Hanbonaee TOUHBIM MPH OTNpe/e-
JICHUH TIOJIOKEHUs OeperoBod JIMHUHU BOAHBIX 00bekTOB [Tokapes, 2019; Tolepbayeva
et al., 2025], mockoapky obecrneunBaeT HanbOJee KOPPEKTHOE BbIJEICHUE BOJHOMU IO-
BEPXHOCTH 3a CYET MOJABJICHHS CIEKTPAJIbHOTO BKJAJa PACTUTEIBHOCTH W TO3BOJSET
JOCTATOYHO JIETKO BBIIENATh T'PAHMILy BOJBI M CYLIM IO CHUMKAaM B aBTOMAaTH4YECKOM
pexume.

B crarse mpuBOAsSTCS MpUMEPHI TOIHKO OCHOBHBIX 3TAallOB MHOTOJIETHUX U CE30HHBIX
KosieOaHuii ypoBHS Bogoxpanwmiuiia B nuanazone ot HITY (36,0 m) go 6iuskoro k YMO
(31,0 m). [Inana3zon xose0aHUN YpOBHS BOJOXpAHMJIMINA HAXOJIUTCS B Mpenesax 5 M,
YTO Ja€T BO3MOXKHOCTH MPOTHO3a TUIOMIAIN 3€pKajia BOJBI U OCYIIa€MbIX MEJIKOBOIUN
MIPY pa3IMIHBIX KosiebaHusax ypoHsa Mexay HITY u YMO. B kauecTBe nmpumMepa npuse-
NeHbl n300paxkenus uuaekca MNDWI s miecTu nat, oToopa)karolux MUHUMaIbHbIE,
MaKCHMaJIbHbIE M TPOMEXYTOUHBIC TOJIOKEHHUS YPOBHS BOJBI 32 BBIOpAHHBIN MEPHOI

(puc. 3).
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Puc. 3. Hsmenenus niowaou 600Hou nogepxnocmu 3aausa 3a 2015-2025 ze. /

Fig. 3. Changes in the area of the bay’s water surface 2015-2025

B Tabnuie 2 npuBeneHsl 3HAUYCHUS TUTOIIAIN 3aJIMBA MIPH PAa3HBIX TOJIOKEHUAX YPOBHSL.
3a stanoH pasmepa 3anusa (100%) Obu10 IPUHATO ero n300paXxkeHne Ha Tornorpaduyeckoi
kapte macmrada 1:200000 (1999 1), KOTOpOE COOTBETCTBYET MOJIOKEHNIO OEPETOBOM JIMHUT
npu ormetke ypoBus HITY u cocrasmser 132 km?. Tak, Ipu HM3KOM YPOBHE, OJHM3KOM K
YMO, momiaib BOJHOW MOBEPXHOCTH cOKparaeTcst 10 66% ot miomaau npu HITY, a npu
CaMOM BBICOKOM YpOBHE HarojHeHusl Bogoxpanwimnia B 2018 r. — cocrasisger 91%. [lpu
MIPOMEKYTOYHBIX YPOBHSIX OKOJIO 34 M a0cC. TUIONIAh aKBATOPUH 32 CUET ITyOOKOBOIHOCTH
LIEHTPaJIbHON U 3araiHOi yacTel u3MeHseTCsl He3HAUUTeIbHO, B rpeaenax 80—-86%, uto Ha-
IJISITHO TIOKA3bIBACT COTIOCTABJICHHE TPa(UKOB KOJIeOAHUS YPOBHS U M3MEHEHUS ILIOIIAIN
BOJIHOM MTOBEPXHOCTH 3anuBa (puc. 4).

intermediate positions of the reservoir level

Tabnuya 2 / Table 2

H3mMeHeHue NJIOMA/IN BOJHOI MOBEPXHOCTH 32J1MBA PH MAKCMMAJIBLHOM, MUHHUMAJIHHOM
U MPOMEKYTOUYHBIX MOJIOKEHUSIX YPOBHS BOJAOXPAHUIUINA /
Changes in the area of the water surface of the bay at maximum, minimum and

Jara cuumka/

Land area, %

atellite image date | 05092015 | 10.12.2015 | 02.06.2018 | 08.09.2024 | 01.05.2025 | 08.09.2025

wazgflfgviiﬂl‘;’ M/ 31,50 31,34 35,91 34,10 34,06 32,97
Pacuerst mo MNDWI / Calculations by MNDWI

Waomans pots, % 65,2 66,3 914 86,1 86.0 79.8

ITnomwanp ocymku, %/ 34.8 33,7 8,6 13,9 14,0 20,2
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Fig. 4. The ratio of the share of the water surface of the bay (%) with the level
of the Tsimlyansk reservoir (m)

Haunbonee monBepkeH M3MEHEHHSM MEJIKOBOAHBIM BOCTOUHBIA a0pa3nOHHO-aKKyMYJIs-
THBHBII Oeper 3aJIMBa ¥ ero BEePIINHHBIA aKKYMYJISITUBHBIA y4aCTOK B MECTaX BIAJICHHS PEK
Humna u Poccoms. Bronms mpurmyboro 3amamHoro abpasnmoHHO-00BabHOTO Oepera mepe-

MCIUICHUSA I'PAHULIBI «BOAa—CYyIIa» IMPpU KOJIC6aHI/ISIX YPOBHA BOAOXPaHWIMIIA HC3HAYUTCIIbHBI
(puc. 5a, 0).
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Puc. 5. Kapmoepaguueckas oyenxa usmenenuss 600HOU NOBEPXHOCIU 3AIUBA NPU PAZHBIX NOLOINCEHUSIX

yposHs sodoxpanunuwia: a — npu HITY; 6 — npu YMO (cunum yeemom);

8 — NPOSHO3HAS KAPMA 30Hbl 3AMONJIEHUS/OCYULeHUs NPU USMEHEHUU YPOBHsl Yepe3 1 m 6 duanazone
31,0-36,0 m (3enenvim 31,0-32,0; scenmuvim 32,0-33,0; cupenesvim 33,0-34,0;
rkopuunesvim 34,0-35,0, ¢uonemosoim 35,0-36,0) /

Fig. 5. Cartographic assessment of changes in the water surface of the bay at different reservoir levels:
a—at RDSL; b— at RWLL (blue), ¢ — forecast map of flooding/drying zones with water-level changes
at 1 m intervals within the range of 31.0-36.0 m (green 31.0-32.0; yellow 32.0-33.0; lilac 33.0-34.0;
brown 34.0-35.0; purple 35.0-36.0)

Ha 3aBepiuaromiem srare 3Toro 010ka MOHMTOPHHIAa HOCTPOSHA KapTorpaduueckas Mo-
IeJb TUHAMUKH IITONIA 1 3epKajia BOIbI 3aIMBa IPH H3MEHEHUH YPOBHS BOZOXPAHIIIHIIA Ha
1 M 17151 TPOTHO3a 3aTOIJICHUS HITH OCYIIEHUs1 OeperoBoii 30HbI (pUc. 5SB). YCTAaHOBIIEHO, YTO
IpY U3MEHEHUH ypoBHA BoAbI Ha 0,1 M IUIomaas BOAHOIO 3epKajia yBeianuuBaeTcs Ha 1%.
[To nanubIM «CripaBOUYHMKA OCHOBHBIX THIPOJIIOTUYECKUX XapaKTEPUCTUK BOIHBIX 0OBEKTOB
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Oacceiina pexku lon» [Hayuno-npuknannoii..., 2020] Takas ke 3aBUCUMOCTb HaOIrOmaeTCs
B cpenHeM s Beero Llumiisickoro Bonoxpanunuima. MHTeprnonsius noiaydeHHbIX TaHHBIX
Ha KOHKPETHBIE 1aThl ChEMKHU MO3BOJIMIIA OTIPEACTUTh U3MEHEHUSI TUIOIIA 1M BOIHOTO 3epKaJia
MIPH BCEX BO3MOXKHBIX BapuaHTax 3HaueHHui ypoBHs Boas! 0T 31,0 M (YMO) o 36,0 m (HITY)
c maroM 1 M (puc. 5B). K mpumepy, npu YMO nons muiommaau BoaHon nopepxHoctu ot HITY
cocraBisieT 56,9%, To ecth npu oOmeneHuu 3anmBa ¢ 36,0 M g0 31,0 M TUIOIAME BOJHOTO
3epkasia cokpamraercs Ha 43,1%. [Ipu nmpomexxyTounoit ormeTke B 33,0 M jIomajps 3epkaa
BOJIbI COKpATUTCS Ha 25,6%.

N3menenue ypoBHS BOIBI OTHOCUTCS K DKOJIOIMUYECKH 3HAYMMBIM (akTopam. B mepByio
oyepeb OCYIICHHUE WM 3aTOIUIEHHE MEIKOBOJAWI BIMSET Ha CTENEHb 3apacTaHus 3aJlvBa,
COCTOSIHUE HEPECTHIIUIL H U3MEHEHUEe KOPMOBOW 0a3bl pb10. OHAKO MOTy4YEeHHE HATypHOU
nHPOPMAIUK O MPOCTPAHCTBEHHOM 3apacTaHUU 3aJIMBa SBISIETCS TPYIOSMKHM U BpeMsi3a-
TpaTtHbIM TIporieccoM. COBpeMeHHBIE CITyTHUKOBBIE CHUMKH MTO3BOJISIOT TUCTAHITMOHHO OCY-
HIECTBIISATh MOHUTOPUHT aKBATOPUI HAa KaYECTBEHHO MHOM YPOBHE, JOIOJHSS U YaCTUYHO
3aMEHsIs HEMOCPEACTBEHHbIC ToNieBble uccienoBanus [Kyrssuna u np., 2024; Kouerkosa,
2019, 2018; IMoropenos u ap., 2017; Li et al., 2024]. YuacTku 3apacTanusi, 0COOCHHO Kyp-
THUHBI TPOCTHHKA, XOPOIIO OTMO3HAIOTCS MPU BU3YaIbHOM eI ()PUPOBAHIUH CHUMKOB B BH-
JIMMOM JHMana3oHe, HO MCIIOJIb30BaHUE BereTalinoHHOro naaekca NDVI, orpaxkaromero ko-
IM9ecTBO (POTOCHHTETUIECKU aKTUBHOM OMOMACCHI Ha UCCIICIYEMOU TEPPUTOPHUH, SBIISIETCS
6osee 3¢ eKTUBHBIM U HAZIEKHBIM cIIOCOO0OM. J[J1s1 ompeieneHust COCTOSIHUSL paCTUTEIIBHOTO
MOKPOBA CPABHUBAIOT 3HAYCHUS TOMIOMIECHUS U OTPAXKEHUSI KPACHBIX U MH(PPAKPACHBIX JTy-
yeil. NDVI nomoraer oTIM4YuTh NOTPYKEHHYIO BOAHYIO PACTHTEIBHOCTH OT YMCTOM BOABI
(<1). ng BOmHOW PacTUTEIHLHOCTH 3HAUYCHUsI OOBIYHO TosiokuTenbHbl (0,2—0,5), npuyem
4eM BBITIC 3HAYCHUE UHJICKCA, TeM OOJIbIIE 3eJIeHON (hUuTOMAcChl Ha ydacTke (puc. 6).

e

02.06.2018

05.09.2015 10.12.2015

01.05.2025

Puc. 6. [Ipocmpancmeenno-epemennas uzmenyusocms sapacmanus Hosoyumianckoeo 3anuea 3a
2015-2025 ze. (<0 — uucmas 6o0Has nosepxnocmo, 00,2 — 600opocau, packa;
0,2—-0,3 — paspeoscennas BBP; 0,3—0,4 — cniownas BBP; >0,4 — okonosoonas pacmumenvHocmy) /

Fig.6. Spatiotemporal variability of overgrowth of the Novotsimlyansky Bay 2015-2025.
(<0 — clean water surface; 0-0.2 — algae, duckweed, 0.2—0.3 — sparse water surface;
0.3—0.4 — continuous water surface; >0.4 — semi—aquatic vegetation)
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AHanu3 pa3HOBpPEMEHHBIX CHUMKOB IOKa3all, YTO 3apacTaHue MelnkoBojui 3annBa BBP
HNPOMCXOJUT NPH MOCTEIIEHHOM MOHMKEHUH YPOBHS Ha MPOTSIKEHUU ABYX WM HECKOJIBKUX
aet (MasloBozHbIN nepuof). [Ipu HacTyIuIeHMM MHOTOBOJIHOTO NEPUOAA U YBEJINYECHUU TIIy-
OMH MpU MOCTOSHHOM MOBBIILIEHUH YPOBHS HAOIIOJAeTCsl OTMUPAHUE BBICIIEH BOAHON pacTu-
tenbHOCTH (BBP) B 3aBHMCHMMOCTH OT JUIMTENBHOCTH M BEJIMYMHBI 3aTOIUICHUA. [TomyueHHbie
JTaHHbIE MTO3BOJISAIOT IPOTrHO3MPOBATH T€ UM MHBIE U3MEHEHUS 3apacTaHus 3ajuBa i pas-
JUYHBIX 110 BOAHOCTH NepuooB. COBMECTHBIN aHAIN3 PE3yIbTAaTOB BU3YAIbHOTO JemIud-
pupoBaHus CHUMKOB ¢ cepuca Google Earth Pro u nzo06paxenuii BeretalinoHHOr0 MHIEKCA
NDVI 1103BoiauI1 BIACINUT apealibl paclpoCTPaHEHUsI IOTPYKEHHOM, OKOJIOBOJHOM pacTH-
TeIbHOCTH, CIUIOIIHBIX U pa3pekeHHbIX KypTuH BBP. Haubonbiee 3apacranue ormedaercs
B BEpXHEH 4acTu 3aJIMBa U BOJb €r0 BOCTOYHOTO Oepera, 0COOEHHO B KOHIIE JIETa M OCEHBIO.
Curyanus nexadps 2015 . otoOpaxaer 3adukcupoBanHyto uHIekcoM NDVI exunyio 00-
JacTh PAaCIpPOCTPAHEHUS PACTUTENILHOCTHU B IIEPHUOJ] IIPEKPALIICHUS BETETalllH.
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Puc. 7. I[Tnowaos u cmpykmypa 3apacmanus 3amuea 6 2015-2025 ze. /
Fig. 7. Area and structure of overgrowing of the bay 2015-2025

Ha pucynke 7 npezacrasieHa AuarpaMMa pacrnpeaeieHus IUIomaaeii u CTpyKTypsl BO-
JTHOM pacTHTENBHOCTHU JJISl Pa3HBIX JIET M ce30HOB. Camasi OoJbIlasi TIomaahb 3apacTaHus
3amuBa (80%) ormeuanacs B centsiope 2015 . mpu yposae Boie YMO numib va 0,5 M, camas
Hes3HaunTenbHas (14%) — B monmHoBogHOM 2018 1. Ce30HHAS TEHACHINS K YBEIMYCHHIO T1JI0-
majel 3apacTaHus IPOCIEKUBACTCS €KETOIHO, HO UX J0JIs OyAeT 3aBUCETh OT KIMMaTHye-
CKUX (PIyKTyalMii U XapakTepa BOAHBIX IEPHOIOB.

BbiBOADI

— Pa3paborannblii MeTOAMYECKUI MOIXOA K CTPYKTYPUPOBAHUIO OJIOKOB CITyTHHKOBOTO
MOHUTOPUHIA HA OCHOBE OacceHOBOI KOHLIEMIMM MO3BOJISIET CHUCTEMATU3UPOBATH 0a30-
BbI€ 331a41, UH(OPMALIMOHHOE 00ecIiedeHne, ero 00padoTKy U BU3YalIU3alUI0 Pe3yIbTaToB.
Takoil noxxon MokeT OBITH UCIIOIB30BAH Ul JI0OOH re0CHuCcTEMbI «BOJOCOOP — BOJOTOK —
YCTb€ — 3aJIMB — IPUEMHBIN BOLOEM;

— Hcnonb30BaHne CHEKTPO30HAIBHBIX CITyTHUKOBBIX JAHHBIX U PAaCUYETHBIX HHIEKCOB
MNDWI u NDVI B ycioBusix neduuura Ha3eMHBbIX HaOMIOACHUN U TPYIHOMOCTYIMHOCTH
MECTHOCTH SIBJISICTCS LIEHHBIM UCTOYHUKOM MH(DOPMAIMU [T U3yUSHUs] JUHAMUKU BOAHOTO
3epKaJla 3aJIBa U yCIOBUH €ro 3apacTaHus;

— BrInosHeHa oneHka U3MEHEHUs IUIOIAAH BOJAHOW MOBEPXHOCTH 3aJIMBa Ul YPOBHEH
BOJIbI HA JaThl CITlyTHUKOBOH CBhEMKH. 3a UCCIEIyEeMBbIi EPHOJ IJIOIIAb 3a1Ba MEHAIACh
oT 65 110 91% ot mromaau npu HITY. Takoe n3meHenne oOwsicHsIETCS TITyOMHAMHU 3aJHBa
8—10 M B cpeaHeil u 3amaiHON €ro 4acTax;
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— Pa3paboTana mporHo3Hasi KapTa 30H 3aTOIUICHHUS/OCYIIICHHs 3aJIMBa, HA KOTOPOH IO-
Ka3aHbl TPAHUIIBI €0 BOJHOM TTOBEPXHOCTH MIPU Pa3HOHANPABICHHOM H3MEHEHHH YPOBHS Ha
1 M B nuamnazone 31,0-36,0 m (YMO-HITY);

— Tlony4eHbl KOJTMUYECTBEHHBIC W KaueCTBEHHBIC OIICHKU 3apacTaHus OCpPEroB M YCThEB
MIPUTOKOB 3aJIMBa BOJHON M OKOJOBOTHOW PAaCTUTEIBHOCTHIO B 3aBHCHMOCTH OT CE30HA W
BOJHOCTH TOfa.

[Tono6HbIe MccaeqoBanus 111 HOBOIMMIITHCKOTO 3aJIMBa MPOBOIMINCH BIiepBhie. Pa3pa-
0OTaHHasi METOAMKA CITyTHUKOBOT'O MOHMTOPHHIA MOXKET OBITh MCIIOJIb30BaHa ISl U3YUCHUS
MHOTOJICTHEH TpaHC(HOPMALIMK aHAJIOTUYHBIX 3aJIMBOB JIPYTHUX PYCIOBBIX BOJOXPAHHUIIHIIL.
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