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= BopgHas ©e3onacHoOCTb . Relevance of the topic _ | |
BaXKHE LN BbI3OB " Water'safety Is the most _|mportar_1t chaI[enge of our time. For the natlon_al safety
COBPEMEHHOCTM. Ona Of Russia, the Water_factor is associated, first of all, with such sources of rlsk_s as
HaLMOHATbHOM 6esonacHocTn  accidents at hydraulic structures and floods caused by dangerous hydrological

Poccuu BoaHbI pakTop cesizaH ¢ Phenomenon. | | |
TaKUMW  UCTOYHMKAMW PUCKOB Kak In Russia, the damage from all possible hydrometeorological phenomena is 80-
aBapum  Ha  MOPOTEXHUYECKUX 90% of the total damage of a natural environment. Floods caused by high water,
COOPYXXEHUAX n HaBOOHEHMS ice jam or ice hanging dam are among the "three leaders* , which have a

BbI3BaHHbIE OMacHLIMM rmagponorn-  damaging effect on people, economic sectors and the environment”

yeckumu asneHuamm (Or'A). =
= B Poccunm yuwepb ot Bcex
BO3MOXHbIX
rMMOPOMETEOPONOrMYECKNX SABMEHUN
coctaBnaer 80-90% o1 obuwero
ywepba npupoaHoro xapakrepa.

HaBogHeHus, Bbl3BadHHbIE
nonoBoabemMm, naBogKaMu,
3a>XOPHbIMA 7 3aTOPHbIMUA

SBMEHUSIMU, BXOOAT B  «TPOWMKY
nugepoB» OlA, okasbiBalOLNX
«nopaxatllee BO3OENCTBME Ha
niogen, oTpacnn  3KOHOMUKM W

OKpY>KatoLLyto NPUPOAHYIO cpeay». z ‘
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B 2020 roay Pocruppomet
3acpukcmpoBan B Poccun
1000 OonacHbIX
rMapomMeTeoposiorm4ecKkmnx

ABneHUU (Ha 97 AaBreHun
bonble, 4yem B 2019 roay), n3

KOTOPbIX 372 ABNeHns
HaHecnu 3Ha4YUTENbHbIN
ywep6 obbeKkTam
XU3HeLeATeNbHOCTM.

3a nocnegHue 25 netr B
Poccun 3aperncrtpupoBaHoO

oonee 130 3aTOPHbIX
HaBOAHEHUA C
3adonKCUpPOBaAHHbLIM

MaTepuanbHbIM yiepoom.
MacwTtabbl ywepo6oB
pasfinyHbl. OT MaKCMMalb-

HbIX BecHon 2001 roga Ha p.
JleHe 0O He3Ha4YuTenbHbIX - B
ManoHaceneHHbIX baccenHax
pek KpanHero Cesepa.

= |n 2020, The Russian Federal Service for Hydrometeorology and Environmental
Monitoring recorded 1,000 dangerous hydrometeorological phenomena in
Russia (97 phenomena more than in 2019), of which 372 phenomena caused
significant damage to objects of vital activity

= QOver the past 25 years, more than 130 ice-clogging floods with recorded
material damage have been registered in Russia. The scale of damage varies: from
In sparsely

the maximum in the spring of 2001 on the Lena River to the insignificant -
populated river basins of the Far North.
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@ oM BBegeHue: akTyanbHOCTb TeMbl - relevance 4

YHWBEPCUTET

TexXHONMoOrM4eCKMM  KOMMJIEKC  MHXEHepHoMn
rmgpornormn (The technological complex of
engineering hydrology):

( MOHUTOPUHI MNOBEPXHOCTHbIX W MOA3EMHbIX
BOA, BKNtoYasi HabntogeHust (cuctemy cbopa u
nepegayn nHdgopmMmaummn) n n3amepeHna Pusnko-
reorpadpmuyecknx xapakrepmuctuk (monitoring of
surface and groundwater, including the
observations and the measurements of physical
and geographical characteristics);

O TexHoOMnornm ynpasreHns BOAHLIMU pecypcamu
(water resources management technologies);

U ctaTuctMyeckKMM aHanu3 rmaporiormnyeckmx
OaHHbIX (statistical analysis of hydrological
data);

0 mopmenupoBaHue ruaporiormdecknx (B ToMm
yucne rugpaesnuyeckmnx) cuctem (modeling of
hydrological (and hydraulic) systems);

O rmgponorndeckne  nporHo3sbl  (hydrological
forecasts)

®oT0 "ToMmckreoMoHUTOPUHr« (2010-2011 rT.)
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HALHOHANGHL A HOCNEMOBATENLOKIAF
MOCKOBCKMIA
rOCYQAPCTBEHHbIM
CTPOMTENLHBIM
YHWBEPCMHTET

3apgaum uccrnepgoBaHusa - Research objectives 5

1. TlouMcK CTaTUCTUYECKU 3HAYUMbIX TPEHOOB B
NCTOPUYECKMX CpoKax OpPMUPOBAHUSA JfiegoctaBa WU
BCKPbITUA OTO Nbaa (Ha OCHOBE CTaTUCTUYECKOro
aHanumsa XapakTepuUCTUK JedoBOro peXxuma YCTbEBOro
yyqactka p. CesepHon [BWHbI B pPETPOCNEKTUBHOM
nepuoge) - The search for statistically significant
trends in the historical timing of the ice formation and the
ice break-up (based on a statistical analysis of the
characteristics of the ice regime of the mouth section of
the Northern Dvina River in the retrospective period);

2. Knaccudumkauma cyobektoB Poccum no cnekrpy
onacHbIX rMAPOSIOrMYecKnx (B T.4. N1eJOBbIX) ABMEHUN
C  3a(uKcuMpoBaHHbIM  MartepuasribHbiM  yLiepbom,
cTaTucTuyeckas oOueHKa MHOrFOfeTHENn OUMHaAMWUKU 3TUX
SIBIIEHUN 1 3abr1aroBpeMEHHOCTU X MPOrHO30B B KaXX0M
n3 pernoHoB - The classification of the subjects of the
Russia by the spectrum of hazardous hydrological
and ice phenomena with recorded material damage,
statistical assessment of the long-term dynamics of these
phenomena and the advance nature of their forecasts in
each of the regions;

3. KayectBeHHass M KOnM4YeCTBEHHass  oOLEHKa
c¢hakTOpOB, MOBMMABLUMX Ha BO3HWKHOBEHWE J1€00BOrO

3atopa W  pasBUTUE 3UMHEro HaBOAHEHUS  Ha
3aperynupoBaHHOM  y4acTke peksn (Ha  ocHoBe
pe3ynsLTatoB  MOHUTOPWHIa  MMOPOMETEOPONIOrMYECKOW

0OCTaHOBKMN 1 rMAOpOrorM4yeckon cutyauum B baccenHe p.
Bonrn Huxe PbibnHCKOro rugpoysna) - The qualitative
and quantitative assessment of the factors that
influenced the occurrence of ice jam and the
development of winter flooding in the regulated section of
the river (based on the results of monitoring the
hydrometeorological and hydrological situation in the
Volga River basin below the Rybinsk hydroelectric
complex);

4. MaTtemaTuyeckoe MoaenUMpoBaHWEe  pPeyvyHoro
NOTOKa B panMOHe MOCTOBOrO nepexoga, B TOM 4yucrne B
YyCnoBusaX popmMmpoBaHmAa 3atopa nbaa (Ha y4acTke peku
Bonrm Ona oOueHKM CKOPOCTEN TeYeHUs W YKITOHOB
BOoAHOW noBepxHocTn) - The mathematical modeling of
the river flow in the area of the bridge crossing in the
conditions of ice jam formation (on a section of the Volga
River to assess the flow velocities and slopes of the
water surface) followed by an assessment of ice impacts
on the temporary transport structure.



A\ METOQOMOMMs - METHODOLOGY

O6uwass memodosio2usi U MemoObI uccsiedo8aHUs

= MEeTOoAOoSIoOrMYeckne noaxodbl, OCHOBaHHble Ha yHOAMEHTalbHbIX
MNONOXEHUAX MHXEHEPHOW rMAPONiorMn N MEeTodax  HayyHo-
No3HaBaTENbHOW  OEATENbHOCTU.  3AMMNUPUYECKOM  (NAcCUMBHOM
9KCMNEPUMEHTE) W YHMBEpPCanbHbIX OOLWENOrMyecknx MeTtoagax
(aHanuse, cuHTe3e, o0000WeHMn U T.M.), a Takke MeTodax
MaTeMaTU4ecKoro MOAENMPOBaHNA rMOposIormyeckmnx 7
rmopaBfiMyeckux  MpPOLIECCOB, MaTeMaTU4eckom  CTaTUCTUKW,
MHOIOMEPHOro aHanm3a n 3KCNepTHbIX OLIEHOK

Methodology

The solution of the tasks was established on the methodological
approaches based on the fundamental provisions of engineering
hydrology and methods of scientific and cognitive activity: empirical
(passive experiment) and universal general logical methods
(analysis, synthesis, generalization, etc.), as well as methods of
mathematical modeling of hydrological and hydraulic processes,
mathematical statistics, multidimensional analysis and expert
assessments
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Ob6nacTtb uccnegosaHua 1. lleaosbin pexum pek CeBepa eBpoOnNeuCKon 4yactu
Poccumn - Ice regime of the rivers of the North of the European part of Russia

= JlepoBbin pexum pek Poccum, kak 4acTb rmgponorndeckoro pexmnma peku, nogseprca B XX-XXI Bekax
CyLLECTBEHHOMY W3MEHEHWI0, B TOM 4KUCIe W3-3a WMHTEHCUBHOIO aHTpororeHesa W KrinmMaTU4ecKux
nameHeHnn. [[Ons Toro 4TOObLI OLEHUTH MOCNEOHME COBPEMEHHLIE W3MEHEHUSI J1I€QO0BOro pPexuma,
HeobXxoaMMOo NPOBECTU peTpaHcdopMaLnio UHpopMaLMn 0 NeaOBOM PEXUME BOAOTOKOB B MPOLLSIOM.

» HenpepbiBHLIE AaHHbIE O JIEOBOM PEXUME POCCUNCKNUX PEK UMEKOTCH, Ha4YMHaa ¢ nepson nonosuHbl XVIII
Beka. Tak, Hanpumep, nHpopmaumnsa o cpokax YCTaHOBNEHUS fnegocTaBa M NONMHOro ovnweHns CesepHom
[B1HbI OTO NbAa n3secTtHa ¢ 1734 roaa.

= BnepBble aHann3 MHOroOMETHUX HabNOeHMn 3a CpoKaMW HacTynSfeHUs NegoBbiX SIBIEHUMN B BGaccenHe
aton pekn BbinonHun K.C. Becenosckun B 1857 rogy, a B 1868-69 rm C.®. OropoaHukoB
cuctemaTmanpoBarn 3TN CBedeHnd, ykasaB Ha pakTopbl, BNUSOLLME Ha BbICOTY NO4bEMOB BOAbl, CBA3bIBAA
BbICOTY BECEHHEIO pasnumBa pPeKku «...C ObICTPOTOM TasiHUA CHera, TOMWMHOW N MPOYHOCTLIO NbAa, CUoun
NN HanpasfeHMEM BETPa BO BPEMSA BCKPbITUS HXKHEN YacTu pekny (Tpyabl ApxaHrenbckoro 'ybepHckoro
CTaTUCTMYECKoro komurteTa 3a 1867 n 1868 r., 1868).

= CerogHst ato obwlenpuHATbIe NPEaUKTOPbI B MOAENSX MPOrHo3a BbICOTbl 3aTOPHbLIX MOOLEMOB YPOBHSA
Boabl (byauH B.A., 2015).

= B aTon xe paboTe caenaHo nNpeanosioKeHne 0 BO3MOXHOCTM NPOrHo3a CPOKOB 3aMep3aHnsa U BCKPbITUS:
«BCKpbITME U 3aMep3aHMe peK HaxoOAaTCd B HepaspbiBHOWM CBA3M C Temnepatypou BO3gyxa ...».
NccneposaHua C.®. OropogHukoBa nonyymnu ceoe passutme B pabotax (PeikadeB M.A., 1886), (Opnos
M.H., 1915).

* WUHdopmMaLUMOHHOM OCHOBOM AONA MOUCKA CTAaTUCTUYECKU 3HAYUMbIX TPEHOOB B UCTOPUYECKUX
cpokax copmMupoBaHMA negoctaBa M BCKPbITUA Ha YCTbeBOM ydacTke CeBepHOM  [ABMHbI
nocny>xunu apxueHbole ceegeHna M.A. PeikayeBa, gonosiHeHHbIe gaHHbIMK [1.H. Oprnosa.



@ MeToAabl uccnegoBaHUA - oornacTb uccnegoBaHus 1 8

= [nAa cTatMcTUYeCKUM [OOCTOBEPHbIX BbLIBOAOB O BO3MOXHOW HECTaUMOHAPHOCTU JefoBbIX
ABMEHUN Ha peKe 3a PEeTPOCnEeKTUBHbLIN nepuoa HabnaeHu NpoaosKUTENLHOCTEIO Boree 180 net
(1734-1915) psagbl Ha CesepHon [IBMHE Oblni NPOTECTUPOBAHbLI HA MMAPONOrNMYECcKyt0 OQHOPOLAHOCTb
N3yvyaeMblX XapakTEPUCTUK B COOTBETCTBUM C pekomeHaaumamMmmn [ocyoapCTBEHHOrO rmaposiorm4eckoro
MHCTUTYTa. MeTogam4yeckas OCHOBa - MHOIOMEPHbLIM aHanu3 faHHbIX U METoAbl MaTteMaTU4eCcKoWm
ctatuctukn - For statistically reliable conclusions about the possible non-stationarity of ice
phenomena on the river over a retrospective observation period of more than 180 years (1734-1915),
the Northern Dvina was tested for the hydrological homogeneity of the studied characteristics in
accordance with the current methodological guidelines of the State Hydrological Institute

1 I

BORPBITIE 2 QAMEPIARIE

P'BEKH
Chrepnoii IBunm

Bs . Apxaurensérh

{ oo gasasEiME 3a 17346—1915 ..
|
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Pe3ynbtatbl U obcyxaeHue. CTaTUCTUYECKUNA aHarnu3 XapakTepuUCTUK 5ieaoBOro
pexuma B peTpoCneKTUBHOM nepuopge - Statistical analysis of characteristics

9

TpeHa pat BCeKpbITUA (C 15 anpena no 14 moHA) Ha nepuoae
1734-1859 rr. cTaTUCTUYECKN He 3Ha4YUM, TpeHa Ha nepuoae 1860-
1915 rr. cTaTUCTUYECKN 3HAYUM.

TpeHa pat 3amep3aHua (C 12 oktabps no 21 gekabpsi) Ha
nepuoae 1734-1859 rr. cTaTUCTUYECKM 3HAYMM Ha ypoBHe 5%, a
Ha ypoBHe 1% yXe He 3HauMMm. TpeHO OaT 3amMep3aHusa Ha
nepuoge 1860-1915 rr. ctTaTUCTUYECKN He 3HaAYMNM.

[loka3aH caBuUr cpokKoB BCKpbITUA Ha nepuoge 1860-1915 rr. B
CTOpoHy 6oriee paHHMX OaT U cABUN CPOKOB 3amMep3aHusa Ha
nepuoae 1734-1859 rr. B cTOpoHYy 6oree no3gHux Aar.

AHanus peTpocnekTUBHbIX AaHHbIX 3a 182 roga (¢ 1734 no 1915
IT.) MO3BOMNM UCKITIOYUTD BINSIHUE TEXHOIEHHbIX N aHTPOMOreHHbIX
aKTOpOB Ha OLEHKY W3MEHYMBOCTM §edoBOro pexumma Ha
yCTbeBOM y4yacTke pekn CeepHasa [BnHa. BbisiBneHHble
TeHAEeHUUN CBUAETENIbCTBYHOT O BO3MOXHOM MOTENnsfieHUn
KNnMMmaTa B ceBepHbIX wWwmnpoTtax - Analysis of retrospective data
for 182 years (from 1734 to 1915) made it possible to exclude the
influence of anthropogenic factors on the assessment of the
variability of the ice regime on the mouth section of the Northern
Dvina River. The identified trends have indicated a possible
warming of the climate in the northern latitudes.
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ABreHusa Ha Tepputopumn Poccun - Dangerous hydrological phenomena

Ocob6eHHOCTU pacnpepeneHusa OlA, B Tom 4Yncne n negoBoro reHesuca, Ha Tepputopun Poccumn 3aBUCAT B NEPBYIO
oyepenb OT MPUPOLHO-KITMMATUYECKUX YCIOBUN U XapaKTepUCTUK aHTPOMNOreHHon gedatenbHocTu - The features of
the distribution of DHP, including ice genesis, on the territory of Russia depend primarily on the natural and climatic
conditions and characteristics of anthropogenic activity.

UcxoaHbIM MaTepuanom uccrieqoBaHMU MHOroneTHeM AWHAMMKM OMACHbLIX FMAPONOrMYecKUX U refoBbIX
AABNIEHNM cTanu gaHHble Pocrngpometa o HebnaronpusTHbIX YCIIOBUAX NOrodbl M OracHbIX rmapoMeTeoporniormyecknx
SABMEHNAX, HaHeCLLUNX counanbHO-9KOHOMUYEeCKue rnotepu Ha Tepputopumn Poccum 3a 29-netHnn nepuog ¢ 1991 no
2019 rog (OdumumanbHbin cant Pocrmgpometa, 2020) - The starting material for studies of the long-term
dynamics of dangerous hydrological and ice phenomena was Roshydromet data on adverse weather conditions
and dangerous hydrometeorological phenomena that caused socio-economic losses in Russia for a 29-year period
from 1991 to 2019.

Oowmn mMaccuB AgaHHbIX 0060 O'A Bknroyan noutn 1900 cobbiTUM - The total data set of DHP has included
almost 1900 events.
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MeTtoabl nccnegoBaHUsA - obnactb uccrnegoBaHusa 2 11

Knaccudmkauma cyobektoB Poccun no Buagam, YMCny UM 4acToTe BO3HUKHOBEHUSA JedoBbIX
Oor4a B passutumn pabotel (Kosnos [.B. n gp., 2021) 6bina BbINOMHEHA C UCMNOMb30BaHMEM MeToAa
MHOFOMEPHOro aHanu3a [QaHHblX — KracTepHoro adanmsa. [Ons npoBepku cTaumoHapHOCTH
MHoroneTtHux pagos OlM'A no knactepam, permoHam 1 Tunam UCNosb30BanuCcb METOAbLlI PErPECCUOHHOIO
aHanu3a - The classification of the subjects of Russia by type, number and frequency of
occurrence of ice DHP in the development of work of [1] was carried out using the method of
multidimensional data analysis - cluster analysis. The regression analysis methods were used to verify
the stationarity of long-term DHP series by cluster, region, and type

Ha Tepputopun P® n3 100% cobbitn Or4
yawie BCero MaTepuanbHbIN ywepb
npuHocunu nasoaku (33,3%) v nornoBoAbS
(29,8%), cnyyan 3adukcupoBaHHOro yuepba
OT 3aTOPOB U 3aXOpoB nbaa coctasunm 7,2%
n 0,5% cooTreBeTcTBeHHO. OnucaTenbHas
cTaTUCTUKa OaHHbIX nokasana, 4YTO
MaKCcuMarbHoOe 4yncno BUOB Ol4,
BCTpeYaloLwmnxcsa B otaenibHOM pervoHe (B 2%
cybbekToB (hegepauum), MOXET OOXOAUTb A0 6
(3aTOp M 3axop, HM3KAA MeXeHb, NaBOOOK U
nonosoabe, cesb).
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Pe3ynbTratbl U 06cyxaeHune. Knaccundumkauma cyoektoB Poccum no cnekTpy onacHbIX 12
rmgporiorndyeckux u neposbix ABneHnn - Classification of the subjects of Russia

Mo «kaxpomy Buay OFA B npepenax
Tepputopum Poccum Oobinu NOCTPOEHbLI
NMUHEeUHbIe TPpeHAabl. Pesynsrarhbl OLIEHKU

3Ha4YMMocCTn TpeHaoB no Bcem sngam O'A, B ToOM
yucrne negoBbIM 3aTopaM, NMpuBedEHbl B Tabnuue.
3a nepuoa 1991-2019 rr. BCe aHanu3upyemble
Or{d c¢ 3sadgukcupoBaHHbIM MaTepuaribHbIM
ywepoom nmenun TeHAeHUMUM K pOCTy, HO TPEHAbI
OblNM NPU3HaHbI CTAaTUCTUYECKN HE3HAYUMbIMU KakK

Ha 5%, Tak 1 Ha 1% ypOBHAX 3HAYNMOCTMW.

Table - 3HaunMocTD JHHEHHBIX TPEHI0B OMACHBIX
THAPOJIOTHYECKUX U JIeA0BBIX siBJeHuid 3a 1991-2019 rr.

Bugbl Ol YpaBHeHue TpeHAaa
DHP types Trend equation r/c,

3aTtop nbga
[LNET y = 0,0546x + 4,4507 0,13 0,19 071

Bce Buabl
OnacHbIX

3% ONNOTNYeCKux
AP y =1,0128x + 50,015 034 = 017

asnexwuii / All
types of DHP 2,03

* Floods (33.3%) and high waters (29.8%) caused the most

material damage on the territory of Russia out of 100% of the
events of the DHP, and cases of recorded damage from ice
jams and ice hanging dams amounted to 7.2% and 0.5%,
respectively. Descriptive data statistics showed that the
maximum number of DHP types found in a particular region
(in 2% of the subjects of the Russia) can reach up to six (ice
jam and ice hanging dam, low baseflow, high water and
flood, mudflow).

The results of assessing the significance of trends for all
types of DHP, including ice jams, shown in Table. For the
period 1991-2019, all DHP analyzed with recorded material
damage had upward trends, but trends were recognized as
statistically insignificant at both 5% and 1% significance
levels.

Using cluster analysis, the DHP were grouped into 4 typical
groups: ice difficulties (ice jam, ice hanging dam, early ice
formation), high waters and floods, mudflows, low base flow.
The combination of these phenomena is special for each
subject of the Russian Federation. Each of the 85 subjects of
Russia was assigned to one of nine clusters, depending on
the combination of DHP types, which in different years
caused material damage to the region
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1.

Pe3ynbTaTtbl 1 o6cyxaeHne. Knaccudukaumsa cyoektoB Poccum no cnekTpy onacHbIX 13
rmapornormyeckux n nenosBbix aBneHunn - Classification of the subjects of Russia

Ncnonbays KracTepHbIn aHanms, ord Obinun
o6bbeauHeHbI B 4 TUMWU4YHbIE T[pPyMNnbl. JleoBble
3aTpyaHeHUs (3axopbil, 3artopbl, paHHee

nepoobpasoBaHMe), BbICOKMe Boabl (NofioBoabst WU
naBodku), cenu, Huskaa wMexeHb. Kaxagbim wu3s 85
cybbektoB Poccum 6bin1 OTHECEH K OAHOMY M3 OEBATU
KNnacTtepoB B 3aBUCUMMOCTM OT komMOuHauum Tunoe OIA,
KOTOpble B pasfnuyHble rodbl HaAHOCUNKM  PEruoHYy
MaTepuanbHbIn yuepb.
NMepeyeHb KnactepoB, B KoMOuHauum Tunos OIA
KOTOpPbLIX BXOAAT  JeAoBble  3aTPyAHEHUS, B
paHXNpPoOBaHHOM nopsaake:

KnacTtep Ne3 (nenosble 3aTpyaHeHUSA, BbICOKME BOAbI) -

13 cybbekToB (16% mn3 100% Bcex cybbekToB henepaumm),

2.

Knactep Ne4 (neposble 3aTpygHEHMA, BbICOKME BOAbI,

HU3Kast MexeHb) - 8 cybbektoB (9,9% un3 100% Bcex
cybbekToB heaepaunn),

3.

Knactep Nel (neposble 3aTpygHEHMA, BbICOKME BOAbI,

cenu, Hu3skasa mexeHb) - 3 cybbekta (3,7% un3 100% Bcex
cybbekToB heaepaunn),

4.

Knactep Ne2 (neposble 3aTpygHEHMA, BbICOKME BOAbI,

cenu) - 2 cybbekTa (2,5% n3 100% Bcex cybbektoB PO)

“

Homepa knacrepos: | — Jie/loBble 3aTpPy/AHEHHs, BLICOKHE BOJIbI, CEJH, HU3Kas mekenn; 11 — nenosbie
3aTpyaHeHHs, Bbicokue Bojabl, cenu; III — menoBele 3arpynHenus, Beicokue Boawl; I'V— nenosbie
3aTPYAHEHHS, BLICOKHE BOIBI, HU3KaA MEKEHBb; V — BBICOKHE BOJBI, CE/IH, HH3KasA MexkeHb; VI — BeicokHe
Bobl, cenu; VII — Beicokue Boabl, HH3KaA MexeHb, VIII — Hu3kas mekens; IX — BeICOKHE BOBI
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Pesynbtatbl UM obGcyxaeHue. Tunusauma cybbektoB Poccumnckon Pepepauumn 14
@ BHYTPU KITacTepoOB MO YacToTe ONacCHbIX FMAPOSIOrM4eCKMX KaXXaoro tuna

%-Hoe e = B pervoHax, Ha Tepputopumn
Cy6beKTtbl Poccuiickon ®egepanum BHYTPU KaXK[0ro BblAeNeHHOro Kaactepa
COOTHOLIEHMe KOTOpbIX 3adMKCUPOBAHO ABa

cnyyaes Orf unn o6onee tuna OlA, nHorga
3HA4YUTENBHO oTnn4yaetcs
yacTtoTa ux BO3HUMKHOBeHUs. 3a

nepuvog 1991-2019 . ogHwu
30% / 70% NeHunHrpaackaa obnactb, MypmaHckasa obnactb, HeHeuKnit aBTOHOMHbIN OKpyr, OpeHbyprckas Cy6'beKTbI cbep,epau,mm MO B

Knactep N3 (neaosbie 3aTpyaHeHus / BbICOKUe Boabl)

10% / 90% Omckasn obnactb, NeH3eHcKana o6nactb, MpUMOPCKUA Kpait, YabaHOBCKaA 061acTb

obnactb, MNcKkoBcKasa obnactb, pecnybsnka TatapcTaH oonbLUen cTeneHu HecTu
47% / 53% ApxaHrenbckasa obnacTb, MiBaHOBCKaa 061acTb, pecrnybamnka Xakacus MaTepualnbHble notepu oT
BbICOKMX BOAO, Apyrme - OT
nenoBbIX 3aTpyaHeHun u T.4.

[To9TOMY BHYTpM KracTepoB
10% / 40% / 50% HoBocnbupckaa obnactb, Tomckas obnactb Ne 1.2.34 BbINOMHEeHa

Knactep N24 (neaosbie 3aTpyaHeHuUs / BbiICOKUe Boabl / HU3Kaa MeXKeHb)

42% [ 57% [ 1% KpacHoapckuit kpait, Pecnybnunka Caxa (Akytua)

10% / 75% / 15% AmypcKasa obnactb, KemepoBsckas obnactb, TomeHcKkasa o6n1actb, XabapoBCKuiA Kpait pgeTanbHas TMNn3auusa
cyobektoB no pgone OrA

Knactep N2l (neaosbie 3aTpyaHeHus / BbiIcOKue Boabl / cenun / HU3Kaa MeXeHb)
Kagoro Tuna B uMX ooOuwem

20% / 75% 2%/ 3% Pecnybnunka Antait

Yyucrne.
AR /\"7271ck 1 pal = PasbueHne Ccy6bLekToB  Ha
RALARA A KpacHoapckni kpai rpynnbl  BHYTPU  YKa3aHHbIX
Knactep Ne2 (neposble 3aTpyaHeHus / BbiIcOKue Bogbl / cenn) KnacrtepoB  BbINOMHANOCL C
25% / 70% / 5% 3abaiikanbckuii Kpaii nPMMEHEHNEM KnactepHoro

aHanusa B nporpamme
10% / 70% / 20% Pecny6nuka [larectaH STATISTICA
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Pesynbtatbl #n ob6cyxaeHue. Knaccudgpukauma cybbektoB Poccumnckon 15
Penepauum No CNEKTPy OonacHbIX rMAPOSIOrM4YeCKMX U NefoBbIX ABIEHUN

BHyTpn Kaxpgoro knacrtepa B 3aBucumoctu ot gonu OIA kaxpgoro Tuna
cyobekTbl P® 6b1nn pa3butbl Ha rpynnbl. Knactep Ne3 ob6beguMHAET pernoHol,
0N KOTOpbIX MatepuarnbHbin yulepb HaHocaT Takue Tunbl OFA, kak negosble
3aTpyaHeHusa u Bbicokne Bogbl. B Omckon, NeH3eHckon u YnbaHOBCKOW obnacTw,
[MpumopckoM Kpae B cpefHeM Tonbko 10% un3 Bcex cnydaeB 3addMKCUPOBAHHOIO
MatepuansHoro yuepba Bbi3biBanuM regoBble 3aTpyaHeHud, ocTtanbHble 90%
clfiydaeB npuxogunucb Ha naBogkMm U nonosogbs. B knactepe Ne4,
obbeauHsowem gpyrve cybbekTbl dpemepaunun, matepmanbHbii ywepdb HaHoCAT
Takne Tunol OA, Kak negoBble 3aTpyaHEHNSA, BbICOKME BOAbl N HU3Kas MeXeHb. B
HoBocunbupckon un Tomckonm obnactax B cpegHem 10% un3 Bcex cCriyydaeB
3apukcnpoBaHHOro mMartepuanbHoro yuiepba Bbi3blBanu negoBble 3aTpyaHEeHus,
40% cnyyaeB npuxoaunucb Ha nasoakM W nofsioBoabs, a 50% cnyyaes
NpUXoaunnMcb Ha HU3KYK MexeHb. B KpacHosipckom kpae u Pecnybnuke Caxa B
cpegHeM 42% wn3 Bcex cny4vaeB 3aUKCUMPOBAHHOIO MaTepuanbHoro yulepba
BbI3blBanM fieaoBble 3aTtpyoHeHus, 57% crnydaeB MpuXogusniCb Ha MaBOOKU U
NoSsI0BOAbA, a ocTanbHble 1% criydaeB NpUXoguUIiMCb Ha HU3KYH MEXEHb.

NpoBeaeHo panoHupoBaHuMe TepputTopun Poccum no npeobGnagarowmm
Buaam OlA (B T.4. flenoBbiX) N OLEHeHa CTeneHb NOABEPKEHHOCTU CyObeKToB
doenepaumn nx BO30ENCTBULO. NHdpopmauums no3Bonsier OLIEHUTb
TepputopuanbHble pucku, obycnosneHHble OlA, M CBOEBPEMEHHO BbISIBUTb
HeraTMBHbIE MPOLIECCbl, BO3MOXHOE MpPOsBNeHNe KOTOPbIX MOXET MOBSINATbL Ha
BO3HMKHOBEHNE YC Ha BOAHbIX 0ObEKTaxX N Npunerarwmx TeppuTopusix

* The use of cluster analysis methods
made it possible to zoning the
territory of Russia according to the
predominant types of DHP and to
assess the degree of exposure of the
subjects of the Russia to their impact.
The information obtained makes it
possible to assess the territorial risks
caused by DHP and to timely identify
negative processes. The possible
manifestation of that may affect the
occurrence and development of
emergency situations in water bodies
and adjacent territories; floods,
freshets and ice difficulties cause
material damage in a significant part
of the subjects of the Russia
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+- Obnactb uccrnefosaHus 3. PakTopbl, BnUsioMe Ha BO3HUKHOBEHUE FNeAOBOrO 4.
3aTopa u pa3BuTMe 3MMHero HaBoAHeHMS Ha 3aperyfiupoBaHHOM y4yacTKe pPeKu

PopMupoBaHMe KaTacTpopuyeCKMx HaBOAHEHUM Ha peKax MOoXeT
ObITb 00yCnoBMeHO NeaoBbIMU ABJIEHUSIMU.

Pa3BuTne 3aXopHbIX SIBIEHUMA Npu obpasoBaHUM NeasiHOro nokpoBa U
3aTOPHbIX SIBIEHMA TMPW  €ro paspyleHnn oByCrioBNeHO Hannynem
nepenoMoB MNPOAOSIbHOrO Npouna peku, MNOBbIWEHHbIX YKIOHOB U
CKOPOCTEN TEYEHUSI HA PEYHOM Yy4vacTKe B COYETaHUM C KonebaHuaMu
pexunma nornyckoB Ha 'QC.

Ycnosusa obpasoBaHMsA 3aTOpPOB Ha 3aperynMpoBaHHOM Y4yacTKe pPeku
OTNM4alTCa OT ObITOBbIX YCMNOBUMW  3aTOpOOOpa3oBaHUA  Hannynem
npeanaBogo4vHON CpaboTKN YPOBHS BOAbI.

MmaBHbIN pakTOp 3aTopooOpaszoBaHUA - HegocTaTodHad nbAo- U
BOOOMPOMNYCKHas CNOCOBHOCTb pycna, cBsi3aHHad C ero
MOPdONoOrM4eckMMm 0COBEHHOCTAMMN.

OueHka cpakTopoB, MOBMAUSBLUMX HA BO3HMKHOBEHME Ne40BOro 3aropa u
pasBuUTUE 3UMHEro HaBogHEHUS Ha p. Bonre HMxe PbiBuHcKoro rmgpoyana
(. Apocnaenb) B (peBpane 2020 r. B CpaBHEHMM C  3aTOPOONACHOW
cutyaumnen (3mumon 2007 r.), Bbis1a BbINOSTHEHA HA OCHOBAHUM pPe3ynbTaToB
MOHUTOPUHIOBbLIX HabnogeHun (no onepatnBHbiM cBogkam MYC Poccun,
MAO «Pyclmgpo», Pocrngpometa, PocBogpecypcos).

PakTop Hea4oCTaTOYHOM MPOMNYCKHOM CMNOCOOHOCTU pycria SBISETCS
MNOCTOAHHbLIM, HO B cuTyauun c cnydaem 2020 roga Ha peyYHOM ydacTke
Hwxkeropoackoro BogoxpaHunuuwa p. Bonrm B Apocnasckon obnactu
Cbirpan peLuarLLyro porb B OpMUPOBaHNN NedoBOro 3atopa

The factor of insufficient throughput of
the channel is relatively constant, but in
the situation with the considered case
(2020) on the river section of the Nizhny
Novgorod reservoir of the Volga River in
the Yaroslavl region played a decisive
role in the formation of an ice jam
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» [laccuBHbIN 3MMNUPUYECKNN 3KCMEePUMEHT, NCMOSb3YOLLNN
CUCTEMATM3NPOBAHHbIE METEOPONIOrMyeckue, rmagporormyeckme (0 pacxogax u
YPOBHSIX BOAbl) [OaHHble W CBeOEHUS O 5nefoBblX SBEHUAX Ha peke,
NpUMeEHeHne yHuBepcarnbHoro (obLenornyeckoro) Metoga (aHanm3 U CUHTE3,
obobLieHne) no3BonuUNU  onpegennutb OCOOBEHHOCTU  MnpoueccoB
3aTopoobpa3oBaHUA Ha 3aperyniMpoBaHHbIX y4yacTKax pekK, OUEHUTb
rMMOPOSIOMMYECKYD CUTYaUUIO U NegoByrd OBCTAHOBKY C aHanmM3oM MNpUYuH U
nocneacTemMm  3atopoobpasoBaHMs Ha peyHOM  y4vacTke [opbkOBCKOro
BOAOXpaHUNuLuLa Hmxe PblbuHcKkoro rmgpoyana.

= [lpoekt [paBun wucnonb3oBaHUA BOAHbLIX pecypcoB PbIOMHCKOrO U
[OpbKOBCKOro BogoxpaHunuiy, Ha p. Bonre

» The generalization of the features of ice jam processes in overregulated
sections of rivers, as well as assessment of the hydrological situation and ice
conditions with an analysis of the causes and consequences of ice jams on the
river section of the Gorky reservoir below the Rybinsk hydroelectric complex
were carried out as a result of a passive empirical experiment using
meteorological, hydrological (on water flows and levels) data and information
on ice phenomena on the river, as well as the use of a universal (logical)
method - analysis and synthesis, induction and deduction, generalization.

= The draft Rules for the Use of Water Resources of the Rybinsk and Gorky
Reservoirs on the Volga River were useful to provide the study.




"R Pesynbratbl M o6cyxaeHue. OueHka pakTopoB, NOBMUABLUMX HAa BO3HUKHOBEHUe 18
@ negoBOro 3atopa U pasBuTUe 3MMHEro HaBOAHEHUS Ha 3aperysiupoBaHHOM y4acTKe pPeKu

Ha npogonbHoM npodune (pucyHOK) HWXeropoackoro BOAOXPAHWMWLLA (- rws
BUOEH 50-KMNOMETPOBLILIA  «TMOPOXUCTBIN» C OBpaTHbIM YKIOHOM [Ha | i
y4acToK pycna B paitioHe nocenka HekpacoBckoe Ha yyacTke peku oT
Apocnaenga p[o KocTtpombl, Ha KOTOPOM  pacnonoXeHbl  KpyrHble
MopdomMeTpmuyeckme nperpagbl:  HECKONbKO  OCTPOBOB, CYXEHUW U : _, | | I
NOBOPOTOB pycna. iy o8 0+ & ¥ & @l 8
MopdomeTpuyeckme nperpagbl NPUBENN K CTECHEHMIO XMBOMO CEYEHUs U o R 3
3alLyroBaHHOCTWN €e OTAENbHbIX Y4aCTKOB B 3TOM YacTW BOAOXPaHUNULLA.

» CoyeTaHne HebnaronpuATHbIX MOPJOSOrMYEeCcKNX YCroBUW, YepenoBaHue ,
CUNbHbIX OTTenenem u 3HaduTeSIbHbIX MOXOSI04aHUN, HEeYCTOWNYMBLIN - r
NefocTtaB M KPaTKOBPEMEHHbIN 3UMHUIA  NeJoX04 Ha 3aTopoOornacHOM LRINVTV PV
ydacTke B 30He BbIKMNUMHMBAHWSA noanopa YpoBHA BoAbl Hwkeropoackoro Bl .|
BOOOXpaHuUNMwa B panoHe ocTtpoBa MUWHMHCKMA U npuBenn K

BOEEC

doopMMpOBaHMIO F1ed0BOro 3aTopa Bbllle rnocesika HekpacoBcKoe. PacueTHble KpuBble CBO60AHOM NOBEPXHOCTM

= (OO6pas3oBaHne 3atopa BbI3BANIO 3HAYUTENBLHOE CYXEHWE XUBOMO CeYeHus Huxkeropopackoro BogoxpaHuamiLa Ha
NOTOKA, HO TMpPU 3TOM CHWKEHWE NPOMYCKHOM CrNOCOBHOCTU Ha 3aTopoonacHom yuactke peku Bonra; 1, 2, 3, 4, 5 -
3aTOPOOMNACHOM y4acTKe pycrna He npesbicuno 30-40%. YPOBHY BOAb! (M) AnA NeT pasHoi obecneueHHOCTH

= Bpemsa obpasoBaHunA nenosbix 3aTopoB Kak B doeBpane 2020 r., Tak U B Calculated curves of the free surface
AHBape 2007 r., coBnano ¢ nepuogamu 3Ha4UTeNbHbIX KonebdaHun cOPOCHbIX of the Nizhny Novgorod Reservoir on
pacxonoB Ha PeibnHckoMm rugpoyarne npu obuwem nx cywecTtBeHHOM pocTe. a congestion-prone section of the

= CpaboTka BOAbl Yy NIIOTUHBI rMApoy3na Hukeropodckoro BOAOXpaHUNULA Volga River 1, 2, 3, 4, 5 - water levels
bonee 4yem Ha 0,3-0,35 M 3a cyeT COOTBETCTBYILLETO YBENUYEHUS (m) for years of different SAFETY

COPOCHbIX pacxofoB Ha Hukeropoackom ruapoysne.



¥

\lﬂic "

Pe3ynbTraTthbl

n obcyxpeHue. OueHka daKkTopoB,
neaoBOro 3aTtopa v pasBuUTUe 3MMHEro HaBogHEeHUA Ha 3aperyniMmpoBaHHOM y4YacTKe peku

noBnunABLWLMNX Ha BO3HUKHOBEHUe

19

HeratuBHOoe BnusHue npeanonosogHon cpaboTkn

B BOAOXpaHUIIUWE Ha YycJlioBnd wn g

YPOBHS1 BOAbI

BO3MOXHOCTb 06pa3soBaHUs NEAOoBbIX 3aToOpoB Ha

3aperynmpoBaHHOM y4acTKe peKku Bbille rugpoysna.
BennumnHa mMakcumanbHOro nogbemMa 3aTOPHbIX
ypoBHeu B Bonre B panoHe Apocnaens B 2020 r. Ha
1 ™ npeBbicuna makcumym 2007 . npu [Jaxe
HEeCKOSIbKO  MeHbLUMX KonebaHusx cbpocoB U3
PbIOMHCKOro BOgoOXpaHunuLua.

OCHOBHOE OTNnYMe - KMOHWXKEHHbLIN (POH» YPOBHEN
BOObl B BepxHeM bbedre y nnoTuHblI Hukeroponckoro
rmgpoy3na (B 2020 r. B ssHBape-eBpane oHu 6binu
Ha 0,8 M HMXe, Yem B 2007 1.).

[Mpn ycTaHOBNEHUN peXnUmMoB paboTbl BOOOXPaHUNLL,

cregyetr  yyuTbiBaTb BOOOXO3ANCTBEHHYIO U
rMOPOMETEOPOSIONMYECKYD 0OOCTAHOBKY C  Yy4eTOM
aHanusa HabnogeHnn 3a OMacHbIMU
rMAOPONOrMYEeCKUMU SBNEHNAMMN.

Pe3ynbraTthl Obinu MCMNONb30BaHbI npv
ob6ocHOoBaHUU peXxumoB dYHKLUNOHUPOBaHUSA
BOLOXPaAHUNNLL, Bomxkcko-Kamckoro Kackana

rMAPOY3noB U pa3paboTke HOBOW pedakuny npaswurl
MCMOMb30BaHUSA BOAHBLIX PECYPCOB BOAOXPaHMNMLIA.
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PacueTHble KpuBble cBO60AHOI NnoBepXHOCTU HMXKEeropoacKoro BOAOXpaHMIMULLA
Ha 3aTOPOONACHOM y4yacTKe peku Bonara
The magnitude of the maximum rise in ice dam levels in the Volga River
near Yaroslavl in 2020 exceeded the maximum of 2007 by almost 1 m with
even slightly smaller fluctuations in discharges from the Rybinsk reservoir.
Therefore, when establishing the operating modes of reservoirs, special
account should be taken of the emerging water management and hydro
meteorological situation, taking into account the analysis of observations of
hazardous hydrological phenomena on the water body



-x+ ObnacTb uccnegosaHusa 4. ®akTopbl 1 MeToAbl MOAENUPOBAHUA PEUHbIX MOTOKOB 5
@ B paiOHe MOCTOBOIO Nnepexoaa B ycnoBusix hopmMmpoBaHMA 3aTopa nbAaa

= BaxHy posnib B (popMMpOBaHMN KaTaCTPOPUYECKUX HaBOOAHEHU Ha peKkax urpatT JiegoBble 3aTopbl.
OcobeHHOCTH, NPUYMHBI 1 nocneacTeMst obpasoBaHUA NedoBbIX 3aTOPOB Kak Ha €CTECTBEHHbLIX, TaKk U Ha
3aperynupoBaHHbIX ydacTKax peK UCCRenytTCca Ha MPOTSKEHUU HecKornbknx gecatuneTtun (JoHdeHko P.B.,
1987, lotnnbé AJl. v gp., 1983, Ashton, G.D. (ed.), 1986), B TOM 4ucrie Ha 3aperysiMpoBaHHbIX pekax u
BbIMONHeHHble B nocnegHue rogbl (bysnH B.A., 3nHoBbeB A.T., 2009, Kosnos A.B., Kynewos C.J1, 2019)
nokasarnu, YTO pasBuUTUE 3aXXOPHbIX SABMEHUM Npn obpasoBaHUN NEeASHOro NOKPOBa M 3aTOPHbLIX SIBIEHWIA NpU
ero paspyweHun obyCcrnoBrieHo, rnaBHbIM 00Opa3oM, HanmMuMem NeperioMoB MPOAONbHOMO MNPOUNS PEKMU,
MNOBbLILWEHHbIX YKIOHOB U CKOPOCTEN TEYEeHUA Ha PEYHOM y4yacTKe B COYETAHUM C KonebaHusaMKU pexunma
nonyckoB Ha ['OC. YcnoBua obpasoBaHWs 3aTOPOB Ha 3aperyrmMpoBaHHOM Yy4dacTKe PEeKU OTnnvaroTcsl OT
ObITOBbIX YCNOBMI 3aTopoobpaszoBaHMA Hanuunem npeanaBogovHOW cpaboTkm ypoBHA BoAdbl. OgHMM U3
rmaBHbIX (PaKTOpOB 3aTopoobpasoBaHMA SBMAAETCS HedocTaTouHasl fib4o- M BOAOMNPOMYCKHasi cnocobHOCTb
pycra, cBaA3aHHada ¢ ero MopgoniornyeckuMmmn ocobeHHOCTAMN.

= [1nA BbINONMHEHUA OLEHKM (0aKTOpPOB, MOBINABLLMX HA BO3HUKHOBEHMWE JI€40BOr0 3aTtopa U pa3BUTUE 3UMHETO
HaBogHeHUs Ha p. Bonre Hmwxke PbibuHcKkoro rugpoyana B paunoHe I Apocnaenb B desparne 2020 roga B
CpaBHEHUM C aHanorM4yHoOW 3aTopoornacHom cutyaumen, cnoxusewienca smmon 2007 roga, 6eim cobpaHbl U
NpoaHanmn3anpoBaHbl pes3yrnbTatbl MOHUTOPWUHIOBbLIX HaGNIOOEHWW, MNOMYYEHHbLIX Ha OCHOBE OrepaTuMBHbLIX
cBogok MuHuctepcTBa no YpesBbld4anHbIM cuTyaumnam Poccuu, NAO «Pyclnapo» n Pocrmgpometa, a Takke
cBegeHnn PocBoapecypcoB O BOOOXO3SIMCTBEHHOM OOCTaHOBKE Ha Tepputopun BepxHe-Bosmxckoro
BaccenHOBOro BOAHOMO ynpasrfeHust U pexmnmax paboTtbl BogoxpaHunuw, Bomkcko-Kamckoro kackaga.

= dakTop HeOocTaTouHOM MPOMYCKHOWM CrnocOBHOCTM pycna SBMAETCS OTHOCUTENbHO MOCTOAHHbLIM, HO B
CUTyauum c paccmartpusaemMbiMm cnydaem 2020 roga Ha pevyHoM yyacTke Huxkeropoackoro BogoxpaHunuuia p.
Bonrn B Apocnasckon obnactu cbirpasn pewatoLyo ponb B GopMUpoBaHUKM 1ieqoBOro 3atopa.
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= OueHKa nefoBbIX BO3OEUCTBUM Ha MPONYCKHYHO
CNOoCcoOOHOCTb pycna p. Bonrm n BpeMeHHbIN MOCTOBOWM
nepexop B CTPOUTESNbHbLIN NEPUOL BbIMNOSIHANACb METOAOM
MaTeMaTU4eCKoro mMoaenMpoBaHUSl pPe4yHOro MnoToKa B
panioHe MOCTOBOIO rnepexoaa B YCroBusX NeJ0oBOro 3atopa ¢
Ucrnonb3oBaHUEM pPOCCUNCKOro nporpamMmmMHoOro
komnnekca STREAM 2D CUDA (benukos B.B., 2017),
OCHOBAHHOIO0 Ha YMCIIEHHOM pPELUEHUMN YypaBHEHUN MENKOU
BOAbl B ABYMEPHON (NSIaHOBOW) NMOCTAHOBKE U MNPOCTENLLEN
MOAenun, He yYnTbiBatoLen ynpyrme CBomMcTBea nbaa.

» The assessment of ice impacts on the capacity of the
Volga River bed and the temporary bridge crossing
during the construction period was carried out by the
method of mathematical modeling of the river flow in the area
of the bridge crossing in the conditions of ice jam using the
Russian software package - STREAM 2D CUDA, based on
the numerical solution of the equations of shallow water in a
two-dimensional (planned) formulation and the simplest B =
model (with no consideration of the elastic properties ofice) % .o .. ... s 2t

%= 26267951 m Y= 2 305 045,04 m M 12096 1:25000 oo (ChvenTon ;17 285)
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Pe3ynbratbl 1 obcyxaeHme. MogennpoBaHne pe4yHoro rnotoka B paMoHe MocCTa B 22
ycnoBusix dopmMmupoBaHua 3atopa nbga - Modeling of river flow in the bridge area

NmaopoaMHamMuka TeYeHUMM YyuYuTbIiBanacb AOMOSIHUTESIbHbIM TPeHuem O
BHYTPEHHIOI MOBEPXHOCTb NeAAHOro NokKposa. [1na KacaTenbHbIX HanpshkKeHUn Ha
cBODOOHOW MOBEPXHOCTM MPUHMMAaNacb KBagpaTuyHasi 3aBMCUMOCTb OT CpeaHeEW no
rnyobuHe CKOpOCTU TeYEHUS C KOdadhUUMEHTaMU WepoxoBaTocTn no MaHHuHry n. [Npwu
9TOM BIIMAHME BETpPaA HEe Y4YUTbIBaANoCb, MOCKONbLKY CBOOOAHAA MNOBEPXHOCTbL BOAbI
9KpaHupoBanacb nbgoM. Bornpoc o npodune cKOpoCTU Mo BeEPTUKaNM B nognegHom
TeYeHUn He paccmaTpusarncs.

HaTypHble u3MepeHUs pearibHbIX TeYEeHUM MnOoKasanu, 4TO [JOMNOSHUTESbHbIE
KOO (PULUMEHTLI LLEPOXOBATOCTU OT HanUyma nbAda Ha MOBEPXHOCTWU MOTOKA UMERT
3HayeHusa ot 0.02-0.03 gnsa cpefHectaTucTtnyeckoro ammHero nepuoga go 0.03-0.06
n donee npu HanuyuMm 3atopa nbha B nepuopn nonosogbs. B pacyetax cymmapHbIN
KOSpPULMEHT LLIEPOXOBATOCTU AN1d y4dacTka C Jie4OoBbiM 3aToOpoOM MNPUHUMASICS
paBHbIM 0.05.

NMocTtpoeHa uncpoBas moaenb penbeda (LIMP) yyacTtka pycna peku Bosnru Bbie u
HUXXe CTBOpa MOCTOBOro nepexoga. Pacyetbl ypoBHEN BOObI U CKOPOCTEN TEeYeHUs B
YCNoBuAX COpPMMPOBAaBLLEroCH MO BCEW LUMPUHE pycria negoBoro 3artopa npu
TonwmHe nbga, pasHom 0,73 m (obecnedyeHHoCTblo 10% M NoNyyYeHHOM NO AaHHbIM
HaTYpHbIX M3MepeHun B Hadane mapta 2021 r.), BbINOMHEHblI B MPOrpPamMMHOM
komnnekce STREAM 2D CUDA.

B pacuyeTtax negoBbin 3aTOp pacnosiararncsd Bbille CTBOpa MOCTa Mo BCEWN LLUMPUHE PEKN
Ha pacCTosIHUM 6 KM BBEPX MO TeYeHuto. 1o AaHHbIM r’MAPONOrMyecknX N3biCKaHn Npu
pacxogax soabl 29800 m3/c n 30200 m3/c ypoBHM BOAbLI B CTBOPE MOCTa Oblfin paBHbI
54.16 m n 54.34 m (B nepuop negoxona) COOTBETCTBEHHO

The hydrodynamics of the
streams was taken into
account by additional
friction on the inner surface
of the ice cover.

A digital elevation model
(DEM) of the Volga River bed
above and below the gate of
the bridge crossing was
constructed .

In the calculations, the ice
jam was located above the
gate of the bridge crossing
the entire width of the river at
a distance of 6 km upstream.
According to hydrological
surveys, at water flows of
29800 m3 /s and 30200 m3/
s, the water levels in the gate
of the bridge crossing were
equal to 54.16 m and 54.34 m
(during the ice age),
respectively
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PacyeTtbl C y4eToM 1edoBbiX SBAEHUW AN
ycroBun BecHbl 2021 . nokasanu, 4To
cyLlecTBOBaBLUNE K aTOMYy MOMEHTY
BPEMEHHbLIE  COOPYXXEHUSA MpPaKTUYEeCKU He
OKasblBalOT BMUAHME Ha rMOpoAVMHAMUYECKME
XapakTEPUCTUKN MNOTOKA W caM Jedoxon He
MOXET  OKasblBaTb Ha  HUX  CUJIbHOrO
HeraTMBHOIro BO34eNCTBUS.

[MpOrHo3Hble pacyeTbl NiefOBbIX ABIEHUA ONS
ycnoBun BecHbl 2022 roga, Korga BPeEMEHHbIN
MOCT Oyger yHKUMOHMPOBATbL B  MOSIHOM
obbemMe, MOXET MPUBECTU K MPOTAKEHHOMY
neposomy 3atopy (gnuHon o 10 km). OgHako
NpesyCMOTPEHHble aOf19  BPEMEHHOro MocTa
nepopesbl, N0 NPOBELEHHOW OLEHKe, OOMMKHbI
CnpaBUTbCA C HOPMAaTUMBHOW Harpyskou. [lpu
AnnHe 3atopa 7.5 KM OHM [OOMKHbl HayaTb
paspesarb JibAVHbI.

JlepoBasgs Harpyska Ha onopbl MNOCTOAHHOIO
MOCTa B Mepuon COXpaHEeHUA BpPeMeHHOro
MOCTa MoXeT gocturatb 60 Tc Ha onopy 3a cyet
BO3OENCTBUSA NedoBOro 3atopa

Y POBCHB BOIEL, M)

[V poBenb BOBI CO TIBAOM |

Pacuer co abaom
Z na Brixoae 54 m

ConocraBsneHue ypoBHeW BoAbl paccumMTaHHbIX npyu Q=30000 m3/c (a - 6e3 nbga, 6 — ¢
NbAOM) C YpOBHEM BOAbI Ha BbIXOAHOM rpaHuue 54 m (LUTPUXOBaA IMHUA — FPaHULA
NbAa, CNIOWHAA IMHUA — CTBOP MOCTOBOrO nepexopaa)

Comparison of water levels calculated at Q=30000 m3/s (a - without ice, b - with ice)
with the water level at the output boundary of 54 m (dash line - ice boundary, solid
line - gate of the bridge crossing)
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MeToabl NporHo3a neaoBbIX ABIEHUNA TpaHCOpPMUPYHOTCA
" asunpyroTcs Ha  CTaTUCTUYECKUX  3aBUCUMOCTSX,
YCTAHOBMNEHHbIX MO  AaHHbIM  TMAPOMETEOPONIOrMYECKMX
HabnogeHun.

Pe3ynbratbl HeNpepbIBHOrO MOHWUTOPUHra negoBOro W
rMAOPOSIOrM4YecKoro PeXxXMMmoB BaXHbl /1S CBOEBPEMEHHOIo
MPOrHO3a, TMpPUHATUS NpedoTBpallaloWwmMX Mep W OUEHKM
nocneacTBUM BANAHUSA ONaCHbIX ABMEHUNA.

BbinonHeHa knactepu3auua Tepputopuu Poccum no
reHesucy neaoBbix aABneHun n tTunam OI'A. PaspaboTtaHHbin
NH(POPMALMOHHBLIN pecypC MOXET OblTb WCNONb30BaH _Npu
onpeferneHnn pervoHarnbHbIX nepedHen u kputepmeB OFA,
cbope cBegeHun 06 yrpo3e, BO3MOXHbIX MOCMEACTBUSAX U
MOHUTOPUHIe Taknx sBfieHnn. Pe3ynsraTbl MOTYT MPUMEHATLCS
npn cbope cBegeHUW O MOCHEACTBMAX BO3OEWUCTBUA U
MOHUTOPUHIre onacHbIX ABIIEHWI, a Takke ANnA npeaocTaBeHuns
opraHam rocygapCTBEHHOW Bnactu W OpYruM opraHusaumam
dakTU4YeCcKnx U NporHocTndecknx aaHHblx 06 OI'A B uenom no
cTpaHe N Ha Tepputopumn cybbekToB deaepaunn. PesynbraThl
nccrnenoBaHust MoryT 6biTb MCNOMb30BaHbl MpU 060CHOBaHUK
PEXUMOB (PYHKLUMOHUPOBaAHNSA BOOOXPAHUNMULL, TMOPOY3NoB U
paspaboTke npaBus NCMONbL30BaHNSA BOOHLIX PECYPCOB.

TeHAeHUMN B pa3BUTUM MaTeMaTU4YeCKOro moaesrimpoBaHuaA
npoLieccoB 3aTopo- 7 3akopoobpasoBaHus,
TpaHCNopTMPYlOLWeEN CrnocobHOCTM noaneaHblX MOTOKOB Ha
yyacTkax pek C WHXEHEPHbIMU COOPYXEHUAMMU CBA3aHbl C
COYETaAHMEM rMapoaANHaMMUYECKUX MoAdenewn, mMogenemn
doopMnpoBaHNA PEeYHOro cToka U PyHKUMOHMUpoBaHUS BX

* In the context of climate change and the ice regime

of water bodies as a result of human economic
activity, the methods of forecasting ice phenomena
are being transformed, which are mainly based on
statistical dependencies established according to
hydro meteorological observations.

The results of continuous monitoring of ice and
hydrological regimes are important for timely
forecasting, taking preventive measures and
assessing the consequences of the impact of ice
hazards on water bodies.

Clustering of the territory of Russia by the
enesis of ice phenomena and types of
angerous hydrological processes with recorded

material damage, obtained using the cluster analysis
method, was carried out. Ensuring counteraction to
technogenic and natural threats on water bodies, the
developed information resource can be used in
determining regional lists and criteria for dangerous
ice hydrological phenomena, collecting information
about the " threat, possible consequences and
monitoring of such processes.

Modern trends in the development _of
mathematical modeling of the processes of ice jam
formation, transporting ability of sub glacial flows in
sections of rivers with engineering structures are
associated with a combination of hydrodynamic
models, models of river flow formation and the
functioning of water management systems.
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