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transition is from a solid state (potential ¢
bris-flows massif-conditionally homogen
ous solid having an internal structure) tc
debris-flow and mudflow (quasi-liquir
state). The transition of a potential debr
flow massif to another phase state is due
only to external factors (the inflow of fre
water into the debris-flow site), but also i
ternal: the mineralogical composition

rocks of the potential debris-flow mas:
(the content of hydrophilic minerals). Tt
most important parameter that determit

both the connectivity of the soils of the p

- tential debris-flow massif and the conditio

of its transition to the liquid phase are t
electric forces at the contacts between the
ements of the mineral skeleton (soil pa
cles). Electrical forces provide a connect|
between the ground particles. The liqt
component of the mudflow is traditional
described as a "debris-flow suspension”,
a coherent debris-flow and mudflow is no
suspension. A suspension is a dispersed
tem consisting of a solid dispersed phi
and a liquid dispersion medium in which t
solid is uniformly distributed as minute pe
ticles in a liquid substance in suspensi
Such a medium is not able to carry over Ic
distances block-boulder material having
higher density than the suspension. Ne\
theless, a coherent debris-flow and mudfl

is a conditionally single-phase system

Flihpj hiklow J & _ dgAR.C
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kh[hc mkeh\gh h*ghnZagmx kb whichwateris predominantly in a molecul
\h~"Z gZoh”blky ij_bfms_klI\_ g bound state. The physical analogue of a
eyjgh k\yaZgghf khklhygbb G2 herent debris-flow and mudflow is a collc
nbabqg_kdbc ZgZeh] k\yagete]inbk dal system, since in a connected village fi
kbkl _fz ihkdhevdm \ k\yaghf earth particles are distributed in a contir
f edhazfzZz jZkij_~_e_gu \ g_ij ous dispersion medium and do not prec
i_jkbhgghc kj_~_ b \ hkZ~hd g tate. Thiscircumstance is key in the physi
hlklhyl _evkl\h y\ey |ky dexq_ modeling of connected debris-flows a
g_kdhf fh _ebjh\Zgbb k\yaguo mudflows.

Dexg_\u_ kelhAREZ gpbZevguc | Keywords: coherent Debris-Flow; debri
fZkkb\ k\lyaguc k_ev k_e_\hc flow; debris flow geosystems; phase trar
] hkbkl _fzZ k_e \Zy kmki_gab tions; suspension; colloidal system; pote
\uc i_j_ohn tial debris-flow massif
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keh b\rboky \ k_e \ ~ gbb gZijbf_j k n_ghf_ghf \haghedgtk\ _gby
aZzdhghf_jghklyfb IjZgknhjfZpbb fZkkb\Z juoehh[ehfhqguo ]hjguo il

G_| m[_~bl_evguo h[tykg_gbc n_ghf_gm i_j_ghkZ gZ {hevrb_
Jeu[h\h]h fZl_jbZeZ g_k\yadbhMudEf eydghfb

Ilh gZr_fm fg _gbx h~”ghc ba ijh[e_f y\ey Iky b Ih qglh gZ k_
kms_klI\m_I m~h\e_I\hjbl_evguo nbabqg_kdbo fh”_e_c¢c k_e _\h]h i
Z™_d\Zlgh hibkzlv dzd "\b msbcky k_ev 1Zd b k_e_VYhmxighp_ kk
fzl _fZlbgq_kdb_ fh” _eb dzZd ijZ\beh hkgh\Zgu gZ b”" ebdtiguo
wfibjbg_kdbo ij_~klZ\e _gbyo kbevgh mijhsZxsbo j_ ZevdkmkX diZjlbg
hibku\Zxl _]Jhcellhewrhc kl_i_gvx ijb[eb zgghklb

ljb wlihf ~bguc ijhp_kk w\hexpbb k_e \hc ] _hkbkl_fu nhjfbj
ihl _gpbzZevgh]l]h k_e \h]h fZkkb\zZ azjh '~ _gb_ b ~\b" _gb_ k_ey
hleh™ _gbc hibku\Z Iky “bkdj_Igh dzZd y\e _gby keZ[h kfya¥ggu _
kh[hc
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LZdhc ihroh” g_ iha\hey_ | ihkljhblv _*“bgmx fh”_ev kge \h]h
\hafh ' gZ jZajz[hldzZz f_Ih~"heh]bb ijh]Jghabjh\Zgby k_e_c¢ k hhj_*_ ez
kharzgb_ gh\uo f_Ih”h\ ijhlb\hk_e _\hc aZsblu

IhklZgh\dZ az~Zqb

Ex[hc keh guc nbabq_kdbc h[t_dIl \ Ihf gbke_ ijbjh*guc b
hit_dlh\ f_dtihhjufb kms_kl\mxl nbabq_kdb_ k\yab fh 'gh hibkZlv
kbkl_fm

LZdhc ih"oh” iha\hetezk ;kha”Zlv mqg_gb_ h ]_hk®B]_&o >KI
|Zdhf kemqgZ_ mqzZklhd a_fghc ih\_joghklb eZg”rzZnl oBb "dhlhjhf
hibkzZlv dZd k_e_\mx ]_hkbkl_fm \ dhlhjhc k_e_\hce[2\ic_tgk kit _g
k_ev k_e \u_ hleh  _gby ke_"m_I| jzkkfzljb\ZIlv b hitkjh\Blly dZd
k_e_\hc ]_hkbkl_f_

W\lhexpby k_e_\hc ]J_hkbkl_fu \ gzrrflihtbgEjgBEgguc ijhp_kk
h[mkeh\eb\Zxsbc k_"~bf _glZpbx b ~bZ] _g_a J]hjguo ihjh™ \ | an
\ha”_ckl\by ]_heh]bq_kdbo ]b”rjhf_1I _hjheh]l]bg_kdbo b ]_hnb
\hagbdgh\_gb_ "\b" _gb_ jZa]l]jmadm k_ey b nhjfbjh\Zgb_k_e _\uo

GZ jZaguo wlzZiZzo w\hexpbb k_e_\hc ]_hkbkl_fu ihke_"h\Z]
ihl_gpbZevguc k_e_\hc fZkkb\ k_ev k_e \u_ hleh  _gby

LZzdbf h[jzZzahf k_e \hc ijhp_kk fh gh hibkzlv dzd ~_I
mihjy*hq-kdgbZklbg_kdbc ijhp_kk dhlhjhfm ijbkmsZ \gmlj_ggyy k\y

H[eZklb kms_klI\h\Zgby “bkkbizZzlb\guo kljmdImj \ eblheh]bc
ihl_gpbzZevguc k_e _\hc fzZkkb)\ k_e \hc ] _hkbkl_fu blb]ljZzgbp!
fZzl_fZlbg_kdb fhlml Julv hibkZgu dzZd kljZggu_ ZlljZzdlhjphd_Ih~Zf
>:jghev”™ ]

LjiZ"bpbhggh k_ev b ihl_gpbZevguc hkblu\axlkyZkkdd jZagu
hit_dlu H”gZdh bo ijZz\hf_jgh hibku\Zlv dZd jZagu_ klZ~bb w\hex
h[t_dlZzklheh]l]bg_kdhc dhfihg_glu k_e_\hc ]_hkhkl_fu >DZazZdh\

Lh]~Z nhjfbjh\ihdbgpbZevgh]h k_e _\h]h fZkkb\Z \hagbdgh\_g
jZaljmadm k_ey fh'gh jzkkfzljb\Zlv dzZd jZagu_ klZ~bb kRBgh]h
w\hexpbb eblheh]l]bg_kdhc dhfihg_glu kije i\lpcoln’‘hkbkl bfaug_mklhcql
khklhygby \ mklhcgb\h_ }DB&adih\d
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Jbkmgh#&Zfhhj]l]ZgbazZpby mihjy*hg_gguo kljmdImj \ oh®”_ w\hexpbb
KlZz*"bb k_e_\h]h ijhp_kkz
| +nhjfbjh\Zgb_ fZkkb\Z juoehh[ehfhqguo ihjh” \ k_e_\hf hqz]_
Il tnhjfbjh\Zgb_ ihl_gpbZevgh]h k_e_\h]lh fZkkb\Z ~bZ]_g_a b
M +g_jZ\gh\_kgZzZy 1jb]]_jgZy klZ~"by w\hexpbb ihl _gpbZevgh]h |
IV £tnhjfbjh\Zgb_ b "\b" _gb_ k_ey ~bgzZfbqg_kdbc ozZhk
V £lhjfh” _gb_ k_ey b nhjfbjh\Zgb_ dhgmkZzZ \ughkZ k_ey
VI £nhjfbjh\Zgb_re_cnZ Ilhgdh”bki_jkguo k_e \uo hleh  _gbc i_kq.
]Jebgbkluo
VII +"\b" _gb_ \h~ghc khklZ\eyxs_c¢c k_ey ihke_k_e \hc iZ\h
Figure 1. The self-organization of ordered structures on evolution of debris-flow geosistem.

Stages of debris-flow process:

+formation of an massif of loose rocks in a debris-flow site (sedimentation);

II £formation of a potential debris-flow massif (diagenesis and morphogenesis);
[l £nonequilibrium (trigger) stage of evolution of a potential debris-flow massif;
IV zformation and movement of a debris-flow (dynamic chaos);

V zbraking of a debris-flow and formation of a debris-flow deposits;
VI zformation of a plume of fine debris-flow sediments (sandy, sandy loam, clay);
VIl £tmovement the water component of the debris-flow (post- debris-flow flood)

< oh”_ w\hexpbb k_e \hc ] _hkbkl fu \ g_c¢c ihke_"~h\ZIl_
kZzfhhjlZgbazZpby ~bkkbizlb\dEbeling, i97b] maken, 1983JijhkljZgkl\-ggh
g_h”ghjhrgnuld[jZz Z _fuo \ kljmdImj_ ihl_gpbZevgh]h k_e_\h]h fzZkl
i_jbh~"bg_kdbo hlh[jZz Z fuo \ kbkl_f_ Z\lh\heg ihl_gpbZXevghl]h
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ijhkljZzgkl\-gglh_gguo i_jbh~bgkkdbo Dz ~Zy klzZz"by jZa\blby ih”"
©eblheh]l]bg_kdZzZy dhfihg_glzZz2 hibku\Z_|ky dzd ih koKl Hilbikl nfih\_
Z kf_gz klz~dzd tnZah\u_ i_j_oh”u k h”gh]lh ih”kbkl_fgh]lh mjh
> D Z a Z20m8).

ljhp_kku \_"msb_ d h[jZah\Zgbx mihjy*hgq_gguo kljmdIimj gZ
kbkl_fu ba ozZhlbg_kdh]h khklhygby \ mihjy*hq_ggh_ babjdp\k@iplod b
0Zjzdl_jbklbd

Kf_gm klZa¥he xpbbe \hc ]_hkbkl_fu fh gh hibkzZlv dzZd i_j_oh
ih~“kbkl_fghlh mjh\gy ]_hkbkl_fuwZgBl\d|milhjcath”u >D4.azZdh\

F Ih™*u bkke ~h\Zgby

< hkgh\m gZklhys ¢ klZlvb iheh  _gu j_amevlZlu ihe_\uo bk
ijhp_kkh\ ijh\h~b\rboky Z\IhpPOI9)\] gZ hkljh\Zo KZoZebg I1ZjZf
RbdhlZzg DmgZrbj Blmjmi gZ AZiz*"ghf b K_\_jgh§D D\esvekdhf A
ihemhkljh\_ \ <hklhqghc Kb[bjb \ AZ[ZcdZev_ KZygZo b \
liZgmehf_Iljbg_kdbc fbg_jZeh]bg_kdbc b obfbg_kdboblklkI B\ k_
ihl _gpbZevguo k_e \uo fzZkkb\h\ ] hfhjnheh]bq_kdb_gBdfJ_h[hl
ijhy\e_gby k_e_\uo ighpZ[lkhkh\k jZaebgghc kl_i_gvx iheghlu bkiheval
bkke_ _"h\Zgbc khr_"~rbo k_e_c rmjnh\ b jZaj_ah\ \ k_e_
ihl _gpbZevguo k_e \uo fZkkb\Zo

:gZeba "bgzZfbdbukheggeky dzZd gZ hkgh\_ijyfuo gZ[ex”™ _gb
\b" _hfzl _jbzZezf nbevf h Q_fhe]l]Zgkdhf k_e \hf wtkl_ jjbZewul
\b" _hktzfdb k_e_c \ jZaguo jZchgZo fbjZz jzZaf_szggu_ \ k_Ib Bgl_j

J amevlZliu b bo h[km ™ gb_ K _e \Zy kf _kv dZd dheehb

H~rgbf ba \Z'g_crbo \hijhkh\ \hagbdZxsbo ijb bkke_"h\Zghbt
\hijhk h ijbjh~_ b nbabqg_kdbo k\hckl\Zo k_e_\hc kf_kb

@b~rdZy khklzZ\eyxsZy k_ey \ Ihf gbke_ k J¢yaZdzZKf gigklh =+
hibku\Z_Iky dzZd ©k_e_\Zy kmki_gaby? >Jmdh\h”kl\h« . Kl _iz
I _jh\ | ,j2012].

HrgzZdh k Ihqdb aj_gby nbabdb kmki_gab_c k\lyagucmk_ev ¢
kmki_gabwlh \a\_kv ~\monZagZy ]jm[h”~bki_jkgZy kbkl_fzZ khkl
"bki_jkghc nZau b "b~rdhc ~bki_jkbhgghc kj_~u \ dhlhjhc I\zj*h_
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jZkij_~_e_gh \ \b”~_ f_evqgZcrbo gqzZklbp \ "bArdhf \_s_kI\_bhkha\_r_
\j_f_g_f\uiz~rz_1 \[®ObZBbhdkdbc wgpbdehi_"bq_kdlbc keh\Zjv

LZdzZkj_ "8 _ kihkh[gZ i_j_ghkblv gZ [hevrb_ jZkkémygdwyc Jeu
fZzl _jbZe bf_xsbc [he__ \ukhdmx iehlghklv q_f kmki_gaby

K Ihgdb aj_gby nbabdb “b~ArdZy kj_"Z iehdg¥iglvxfh' |
i_j_ghkblv gZ [hevrh_ jZkklhygb_\Zemgu b Jeuib {@klghklvx d]

K_ev i_j_ghkysbc [hevrb_ h[ehfdb Jhjguo ihjh™ ih k\h_c kn
g_k\yaguf b[h ljZgkihjlbjmxsZy kj_~Z ~he gZ eb[h bf_Iv iehlghk
iehlghklvx i_j_ghkbfh]lh fzZébjthzebd Iv [hevrmx \yadhklv iha\he
i_j_ghkblv djmighh[ehfhqguc fZl _jbZe \gmljb kZfhc kj_"u

| j_ghk gZ “hklzZlhggh [hevrb_ jZkkdhygyhZA&mghbBEezZ \h” gu
ihlhdhf k_ev dzZd "\monZagZy kbkl fZz g_ ij_"klZ\ey |ky \hafh gt
i_ j_ f s gb_djmighh[ehfhqggh]h fZl _jbZezZ dzZd kju\ kXdbhlemMdgdb jr
dhjhldh_ jzZkklhygb_ b ij_bfms_kI\_ggh \ ijbrhgghc efZKlbmhlhd:
hibku\zZlvky dZd g_k\yagu_ gZghkh\h”gu _

Ih wlhc ijbgbgjfbgsh~dZf _gguc kj_eklzZ\ey | kh[hc g_ [he_ _
hdkxfhjhg Bkihevah\Zgb_\ deZkkbnbdZpbhg\dudd Zfo gfgauoc [k | fdng Z
ij_"klzZz\ey |Iky baJulhgguf b g_ khhlI\_IklI\mxsbf n_ghf_gheh]bb k_e

LZzdh_ °~  fg_gb_ h ijz\hf_jghklb™MadiZ2f egggboy Rukd@ZaulZeb b
Aim]lb_ bkke_ _"h\Zl _eb >Ne _crfZg .<bgh]l]jzZz”~h\ @

< hleh _gbyo k_e_c hij_AhéyWwAuogdddzd ijZ\beh h[gZjm b\Zx
k e \u_ h[fZzadb k\b”~ | _evkli\mxsb_ h Ihf qlh © brdZy khklZ\eyx:
gZkus _gZ ]Jebgbklufb gZklbpzZfb b ij _"~klZ\eyeZ kh[hc klyagmx kj_*

Djhf_ Ihl]h azZqzZklmx ihke_k_e_\ufb iz\h~dZfb ba djmighh]
hleh™ _gbc \ufulZ |ky [hevrZy qZklv f _edhazfZz glh ijbdh”bl |
hrb[hqghfm \u\h"m h Ihf QlhepequdbtchfzZl jbZe i_j ghkbeky \h~guf it

J Zevguc klyaguc k_ev Jjya_\hc b ]jya_dzZf_gguc ij_~klz\
hr"ghnZagmx kbkl_fm \ dhlhjhc \h*"Z gZoh”blky ij_bfms_kIRhf ggh \
khklhygbdjm[hh[ehfhqguc fZl_jbZe jZkij_"_ezg \gmljb kZfhc kbkl_f

GZb[he__ [ebadbc nbabq_kdbc Zgaételek\oyaggy ik likkleyfZ ihkdh
\ k\yaghf k_e_gZklbpu f_edhazfzZ jzZzkij_~_e _gu \ gcikjju\ghoc \"bk
hkz~"hd g_ \uiz"zZx| LXxaleyyz gZ ijbjh m k\lyagbd_ KbéZeky
K FNe crfZg >Ne _crfZg @
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Dheehb~gZy kbkl_fzZ ijb f_gvr_c iehlghklb kihkh[gZ m~”_j b\z
khklhygbb \gmljb kf_kb Jeu[u b \Zemgu [hevr_c iehlghklb q_f \f_s

Lzdh_ Z]j_1Zlgh_ khklhygb_ k_e_\hc kf_kb g_h[ohXkkfthf imgqblu
fZzl_fZlbq_kdhf fh _ebjh\Zgbb kl\yaguo k_e _c

KZfhhj]l]ZgbaZpby ijhkl{ggkMNghlgjdhhtghc mihjy*hg_gghc Kljr
ihl_gpbzZevgh]h k_e _\h]h fZkkb\Z gZdhie_gby b dheehbbdgu_ k)
h[mkeh\eb\Zxlky nbabg_kdbfb k\hckl\Zfb f _edhazfzZ ihl_§pbZevgl
h[jZamxs \]hlbdZevgwe f glu _]h | _dkdmepgkl fju Jebgbkluo Z]j_]ZI
jbkmd@hd

Jbkmghdjhkljzgkl\ -ggh”®*ghjh~gZy mihjy*hq_ggZy kljmdImjZ ihl_g
k_e_\h]h fZkkb\Z gZdhilkljomblymjiz Jebgu >Pulh\bg\_jlb@Zdvdut
we f gl |l _dklmju ihl_gpbZevgh]h kdeZkh]h ffekgibkkfuae Z]j _]1Z1h\
>Hkbikk\hdheh\ @e \dijbqg_kdb_ aZjy®u gZ qZklbpZo ]Jebgbkluo
Figure 2. Spatially heterogeneous self-organized structure of potential debris-flow massif of
accumulation: a] tstructure of clay [Cytovich, 1983, ” xvertical texture element of potential
debris-flow massiftcluster of clay aggregates [Osipov, Sokolov, 2023}electric charges on

particles of clay minerals

H[jZah\Zgb_nZah\uo dhglzdlh\ f_ "~m ]Jebgbklufb gZkibpZzZfb
we_dljhklZlbg_kdbfb kbeZfb jbkmghd NZah\u_ dhglZdlu h[eZ"Z
bgh]*Z ij_\hkoh”ys_c ijhgghklv kzZfbo dhglzZd]bjkbxkeB2]fbbjbjZzeh\
iehlghf dhglzZzdl_ ]Jebgbkluo gZklbp k fhe_dmeyjgh JeZ*dbflb [Zabk
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\aZbfghf i_j _djulbb qzZklbp gZ agZqgbl_evghc iehszZ”b \hafh gh h
dhglzZzdlZ aZ kgwlebdgjdhiklZIbg_kdbo k\lya_c

Jbkmgh#&beu we _dljbg_kdh]h \azZzbfh”_ckl\by \ ihl _gpbZevghf k_e
k_e _\hc kf_kb Ko_fzZ we_dljhklZlbg_kdh]lh \azbfh”_cki\by ]Jebghb
we_dljhklzZlbg_kdh_ \azbfh”~_ckl\b_ ]JeBgbgbkdZyzgtkphwaZggZy
\h~"Z dzZlbhgu nhjfbjmxsbwe hdjghnklZIbqg_kdiHk kiy2ab2]
Figure 3. Forces of electrical interaction in a potential debris-flow massif and in a debris-flow
mixture. Scheme of electrostatic interaction of clay particles (ion-electrostatic interaction):

1 zclay particle; 2+bound water; 3tcations forming ion-electrostatic bonds. [Osipov, 2012]

LZdbf h[jzahf \ k_e _\hc kf_kb kh” _j"Zs ¢ ~hklZlhqgh_ dh
]b~rjhnbeviup jZehhagbdzZxl mkeh\by "ey h[jZah\Zgby dheehb”ghc
fh gh hibkzZlv dZd mkeh\gh h”ghnZagmx kbkl_fm h[eZ"Zxsmx

kljmdImjgh h~ghjhkgmobh[amx i_j_ghkblv \gmljb k_[y h[ehfdb ]hj¢
iehlghklv dhlhjuo ij_\urZ_1| iehlghklv kZfh]h dheehb”Z
Ih fg_gbX F Ne_crfZgZ >Ne_crfzZg @ "ey]jppdihdby \hA

kbkl f  h[eZ"Zxs_c¢c dhZ]meypbhgghc kljmdIimjhc dheehb”guo k\
ijbrZgby ]jmglh\hc fZzkk_ k\yaghklb b-ffjmZlgb okl kmbdomkghckI\ ijbkm
kljmdImjbjh\Zgguf dhZ]meypbhgguf kbkl_fzZf ~hklZIhqgH0¥%h" | Z¢
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lhgdh”bki_jkguo njzZdpbc ih hlghr_gbx d ]jm[h”~bki_jkguf ]b”jhn
dimighh[ehfhqguf njZdpbyf

< - 11 gZfb ijh\h~*bebkv bkke_ "~h\Zgby ]jZgmehf
fbg_jZeh]l]bg_kdh]lh b obfbg_kdh]lh khklz\zZ f_edh”bki_jkghac \njZdpt
k_e_\uo [Zkk_cgZo gZ \hklhgghf ih[_j_"v_ X 'gh]h KZozZéebgdy_gZ h
j Fauflz AZizZz~"guc DzZz\dZa b \ [ZkKmg K|\ gguchDZZgodZa Bkke_
ihdZzazZeb qlh \ khklz\_ f_edh”bki_jkghc njZdpbb hlech™hg®dc\hjpha_d.
]_g_abkz ih\k_f_klgh \u~_ey_Ilky [hevrh_ kh”_j Zgb_ \ khklBp_ f_ec

g_ f_g__ njZdpbc f£ agZqbl_evgh]h kh~_j Zgby Z]j_]b
lhgdh]ebgbkluo njZdpbc ff ]b”jhkex”™ b fhglfhjbeehgblzZ >D
LZ[ebpZ

<Z gh hif_Iblv glh \ hlgjya gbdfo gguo k e _c ih\k_f_klgh \
] _hljiZnbq_kdbo jZchgZo gZ[ex"Z |lky 1Zdh_ \ukhdh_ kh”"_j Zgt
Z]j_]lbjh\Zgguo Ihgdh]Jebgbkluo njZdpbc ]Jb”jhkex”® b fhglfhjbeel
kemqgZyo dh]~Z ]JjZgmehf _ljbg_kdbc khklZ\ k_e \uokmlie.kkv. gbc hibl

Ilh gZr _fm fg_gbx bf_ggh wlbf h[klhyl _evklI\hf b h[tykgyx|
khklhygb_  k_lef \hidZd dheehb”ghc kbkl_fu b khhlI\_IkI\_ggh
nhjfbjh\Zgby k\yaguo ]jya_dZf_gguo k_e_c

AZlI_f ijb bkkegb¥h k_e _\uo hleh  _gbc bkke_"h\Zl_eb dzd ijZz
ba \br"Zhfkhhyl evkb\hhij_~ eb\ ]jZgmehf Ijbg_kdbc khklZ\ k_e _\uo
kmi_kyooh”yl d hrb[hgghfm \u\h”m h Ihf qlh ijhr_"rbc k\hehh [ue g
dzf_gguf

Bf _ggh wibfb ozZjzdl_jbklibdzZfb ihjh” h[mkeZ\jemh&k]byg _ kKidimdIr
oZjZdl_jbklb\dlmguko e ¢ \ qZklghklb kihkh[ghklv k\lyaguo k_e _c
[hevrh_ jZkklhygb-]ézé¢maghfZl jbZe nhjfbjmy ]Jjya _dZf _ggu_ ihlhd
h[tzfZ b \hagbdgh\ _gb_ i_jbhiyjbg*\lodbghleg ey

<ukhdh_ kh”_j Zgb_ iue_\Zluo qzZklbp b lhgdh]lebgbklhc njzd
]brjhnbevgue jZeth\mkeZ\eb\Z | ij_bfms_kI\ _ggh k\yagh_khklhygb_
kf kb < wlhf khklhygbb k_e \Zy kf_kv fh™_| hibku\Zlvky dZd h~gh

LzZzdZy kbkl_fz h[ez”~Z_ | \ukhdhc iehlghklvx b khhi\_ 1k
ljZgkihjlbjmxskitkh[ghklvg _f b h[_ki_gb\Z_Iky i_j-¢&dk[h\B¢mggh
fZl _jbzZeZ gZ [hevrb_ jZkklhygby \gmljb k_e \hc kf_kb b kh[kl
ljya_dZf _gguo k_e_c
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NZah\u_i_j oh”u \ k_e _\hc ]_hkbkl_f_

JZkkfZljbwWaynwexplkkx e _\hc ] _hkbkl giuijdddguc ijhp_kk >DZaZd
@ \dexqgZxsbc \ k_[y ihke_~h\ZIl _evghklv klZ"bc _z w\hexpbb

juoehh[ehfhgguo ]Jhjguo ihjhc \ k_e_\hf hqz]_ \ j_amevlZl_ ] _he
ljZgknhjfZpby _]Jh \ ihl_gpbZevguc k_e_\hc fZkkb\ \ke_"kl\lZ ]h ~
\hagbdgh\_gb_ b "\b"_gb_ k_ey jZaljmadZ djmidglyketokigghdgh]b ¢
fZl _jbzZezZ b ijhoh ™ _gb_ k_e_\h]h izZz\h~dZ fh gh hibkzlv dzZ *n
k_e \hc ]_hkbkl_fu dzZd i_j_oh” k hrgh]h ih*kbkl_fgh]JkRhkjhygywgzZ *
kbkl_fu h[mkeh\e_ggmx nbabq_kdbfb ijhp_kkzZfb ijhfoukoZddsbfb \
nZah\u_i_j oh”"u

NzZzaz ij_"klz\ey_| kh[hc |_jfh~"bgzZfbqg_kdb jZ\gh\_kgh_ khi
nZah\h_ khk(hlylglgpbZewkgec \hc fZkkbdvkte \u_ hleh _gby

| j_oh”\_s kI\Z ba h*gh]Jh nZah\h]h khEKhhAgileyi\ j2 jgiHZ  +
k\yvaZzg k dzZqg_kI\_gguf baf_g gb_f kjibckl) dhg kIREkl fu ba h~"gl
Z]lj_1Zlghlh khklhygblp khijhYh ~Z |ky kdZqdhh[jZaguf baf_g gb_f
k\hcklI\ iehlghklb | _iehzfdhklb \gmlj_ gg _c wg_jJWbabwggkjhblb
wgpbdehi_"bqg_kdbc kleh\Zjv

ljb i _j_oh”Zo k_e _\hc ]_hkbkl_fu k h*gh]h mjh\gy gZ “jm]hc
khklhygb_ kbkl_fu I\zj*h_ dhsekldh b£dzy kj_MNXzjfh_ \_s_kl\h
jbkmgihd

ljb wlhbaf_gyxllkynbabqg_kdb_ oZzZjzdl_jbklbdb kbkl_fu \ i_j\
iehlghklv ihl_gpbZevguc k_ek \bbekkt2kkb\ hleh” gby

<hijhk h[ baf_g gbb | _iehzfdhklb \gmlj _ gg ¢ wg dbmb b 7
iZjZf_ljh\ ijb ljZzgknhjfZpbb ihl_gpbZevgh]lh k_e_\h]h fZkkb\Z \ k
hklzZzlky hldjuluf

ljb i_j _oh”~Zo k_e _\hc ]_hkbkl_fu k h”gh]l]h mjh\gy gZ "jm]
k e \hc fZkkb\let kt e \u_ hleh  _gby baf gy Iky 1Zd _ wgljhiby
iZjZf 1] hibkul\Zxsbc z dZd bgnhjfZpbakeggmx k@ klbdm gy Iky kI _i_
mihjy*hq_gghklb kbkl_fu b Ibi _z kljmdImju >DZazZdh\ @

GZb[haZ gufbj_~klzZ\eyxlky i_j_oh”u ba I\zj*h]h khklhygby ih
k e \hc fZkkb\ dZd mkeh\gh h~ghjhrgh_ I\zj*h_ | _eh h[eZ"Zxs_ _
k\yaguc k_e _\hc ihlhd d\Zab b~rdh_ khklhygb_  b\aidv A\ bezjd\zZab"
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ijb hklZgh\d_ k_ey b nhjfbjh\Zgbb k_e _\uo hleh  _gbc ijb wlhf ijl
I\zjAh]h b “bAdh]h \_s_kI\Z b m~Ze_gb_ ihke_~g_]h aZ ij_~_eu k_e

Jbkmgh#tlZzah\u j oh”u \ k_e _\hc ] _hkbkl_f_
Figure 4. Phase transitions in the debris flow geosystems

W\hexpblyl _gpbZev&heh \h]h fzZkkb\zZ b _]h i_j oh” \ ~jm]h
khklhygb_ h[mkeh\eb\Zxlky g_ lhevdh \g _rgbfb ihklmie_gb_\ k_
\h~u gh b \gmlj_ggbfb nzZdlhjzfb ij_"~_\k_]h fbg_jZeh]bqg_kdbf k
ihl _gpbzZevgh]h k_e \h]h fZkkb\Z gZb[he__ \Z guf ba dhlhjuo y\e
ihjhthgdh”~bki_jkglbigbkluo gZklbp b ]b”jhnbevguo fbg_jZeh\

K wlhc Ihgdb aj_gby \Z g _crbf izjzf _Ijhf h[mkeh\eb\Zxshb
]Jimglh\ ihl_gpbZevgh]l]h k_e_\h]h fZkkb\Z 1Zd b kihkh[ghklv
dheehb”gmx kbkl_fm b ihalheyxsbf ihkljhblv nbabg_kdmzx fh” _e
yleyxlky we_dljbg_kdb_ kbeu gZ dhglzdlZo f_""m we_f_glZfb
]imglh\ufb qZklbpZfb h] _ki_gb\Zxsb_ wg_j]lbx k\lyafh f_""m gbf
Hohlbg Hkbih\ Hkbih\ Khdheh\ @
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<u\h”u

1. W\lhexpby eblheh]bg_kdhc dhfihg_glu k_eg \hcjd\dpkokl f
ijhp_kk kzZfhhjl]ZgbazZpbb mihjy*hq_gguo kljmdImj khijh\hg@dxsbck
b g_mklhcgb\uo khklhygbc kbkl_fu h[mkeh\e_gghc bnbabq_
ijhbkoh”rysbfb \gmljb kbkl_fu I _j_oh”u kbkl_fu k h~gh]lh ih”*"kbkl
Aimlhc y\eyxlky nZah\ufb i_j _oh”~Zfb , jh"rZ

2. ljb nZah\uo i_j _oh”Zo \ eblheh]bg_kdhc dhfihg_gl_k_¢e
baf_gy |ky _z Z]j_1Zlgh_ khklhygb_ dhzajéhb™bad ZkI\kj N\Zjxrh
\_s_kl\h ljhkhkkh\h"~Z |ky kdZqgqdhh[jZaguf baf_g_gb_f kljmdIm
kbkl _fu b baf_ g gb f _z nbabg_kdbo oZjzZdl_jbklbdehNghklhmx
(ihl_gpbZevguc k_e \hk Zkkb\\t hleh  gby

3. GZb[he__ [ebadbc nbabg_kdbc ZgZedhelk\Wwaygddn kbkly fZ
Bf ggh wilh Z]j_]Zlgh_ khklhygbhijk e eWwhcl kflhk® b gZ§b difno hd lthf h
mqgblu\Zlv ijb nbabq_kdhf fh”_ebjh\Zgbk_ &\wZgukf kkve \ck\yaghf k
yley |Iky g_ kmki_gab_c¢ Z dheehb”ghc kbkl _fhc dhlhjzZlykkbhkh|[g
m”~ _j b\Zlv \h \a\_r_gghf khklhygbb \gmljb kf_kb Jeu[u b \Zemgu [h
\f_sZxsZy kbkl_fz

4. Bkihevah\Zgb_ NhjfWl@Z gguc K_eékwlZ\ey_ |ky ba[ulhqguf b
khhi\_lkl\mxsbf n_ghf _gheh]bb k_e ¢ ihkdhevdm “bAdZy &j3f*Z ieh
g_fh 1 i _j ghkblv gZ [hevrh_ jZkklhygb_\Zemgu b Jem[théehlghkl
K _ev i_j_ghkysbc [hevrb_ h[ehfdb ]hjguo ihjhr g_ fh _| Julv
ljZgkihjlbjmxsZy kj_~Z "“he 'gZ eb[h bf_Iv iehlghklv khbaf_ jbfr
i _j_ghkbfh]l]h fzl jedbéx bf Iv [hevrmx \yadhklv ihal\heyxsmx
djmighh[ehfhgguc fZl _jbZe \gmljb kZfhc kj_"u

5. <Z'g_crbfizjzf_lIjhf h[mkeh\eb\Zxsbf k\yaghklv Jjmglh\ il
k e \hlh fZkkb\Z b kihkh[ghklv _Th IljZzgknhjfZpbb \ dheehb”gm
we dljbg_kdb_ kbeu gZ dhglzdlZzo f ""m we f glZfbgfhhufiZevgh
gZklbpzfb

6. W\hexpby ihl _gpbZevgh]h k_e \h]h fZkkb\Z b _]h i_j_oh-
khklhygb_ h[mkeh\eb\Zxlky g_ lhevdh \g_rgbfb ihklmie_gb_\ k_
\h”~u gh b \gmlj_ggbfb nzdlhjzfb fbg_jZeh]lbg_kdbf khklZ\t

18&
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_\Z guf ba dhlhjuo y\e

ithjh” Thgdh”~bki_jkguo Jebgbkluo qZklbp b |b*jhnbevguo fbg_jZeh\
7. < hleh  _gby

njZdpbc

liya_dzZf _gguo k_e_c¢c \ jZaguo ]_h]jZnb

gZ[ex"Z |Iky \ukhdh_ kh”_j Zgb_ iue_\Zluo qZklbp Z]j_]bjh\Zg
]Jbrjhkex”™ b fhglfhjbeehgblz 7~z  \ I _o kemgZyo dh]”"
khklZ\ k_e _\uo hleh  _gbc hibkmhZkWhk fdBftykgy |ky ij_bfms_kI\_

nbabqg_kdh_

nhjfbjh\Zgby k\yaguo

k_e \uo hleh' _gkei ddioh”yl d hrb[hgghfm \u\h”~m h Ihf

[ue g_k\yabgw¥dzf gguf
8. HibkzZgb_ k_e_\h]h ijhp_kkZ dzZd p_ib nZah\uo i_dgZah”h\

dheehb”ghc kbkl_
ijhib\hk_e_\hc azZsblu

bkdmkklI\ _ggufb we dljbg_kdbfb iheyfb
kKhhi\_IkI\_ggh

‘jghev”

F

Ebl_jZImjZ

GZmdZz

khklhygb_ k_e \hc kf_kb dzd dheehb~ghcreypkl fu

lJiya_dZf _gguo k_e_c ljb bkke_ _~h\Zgbb
bkke_ "~h\Zl_eb mimkdzx| ba \b”Z wlh h[klhyl_evkl\h b tihktZeb\ ]

glh

ijhr_”

fu hldju\Zz_I gh\u_ ijbgpbibZevgu_ ihfoh”"m

<LBhjby dzlzl

k

<bgh]jZz"h\ WIx~u h k

\uo
NZ

ihlhdZo E
Kk

:b/\j

DZazZdh\Kz e _\hc ijhp_
p_ivnZah\uo i_j oh”h
"hdeZMNh\<k jhkkbckdh
n_j gpbb k f_""mgZjh
kilb_f ©=_h”bgZfbqg_Kk

p_kku b

]
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X'gKZoZebgkd

ijbjh~gu _

dzl
fZ»

<ha”_ckl\my gZ ihl_gpbZevguc k_ev\hc f
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of the Pchevsky and Veletsky rapids in 1
downstream.

During the Holocene, the marks of the Pch
sky and Veletsky rapids were decreasing,
cause they been eroded by the Volkhov Riy
An approximate reconstruction of the char
in rapids marks has been carried out, depe
ing on the humidity of the climate in previol
centuries. Evaluation of a varying degree |
midification over a century / millennium is ri
ther arbitrary and was taken as the ratio of
number of rainy years to years with droug
based on annals data. By the beginning of
era, the minimum water level of the lake w
not less than 19.5 m. The maximum wa
level most likely did not exceeding the me
of 24.5 m, considering the similarity of clima
to the last centuries, that is, the amplitude
the water levels was less than modern. C
climatic features determined the water le
regime of the lake starting from the secc
half of the first millennium to the present de¢
On the grounds of the fact that the minimt
bottom marks of some rivers, flowing into la
,OPHQ LQ SDUWLFXODU
6KHORQY DU H tkaRtAd-huini@ur!
water level of the lake, but also than the mi
mum marks of its bottom, we can do a preli
inary conclusion that the water level of La
llImen in the past was rather lower than at |
sent and was at modern mark of 16-17 m E

tic system.

DzAzZpdZy F MjhibghijZFhtbs
<ubk K190218
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Dexg _\u_ kehhZh\ _ggyc bf Keywords: level mode; Lake Ilimen
ha_jh Bevf_gv j_dZ <heoh\ Volkhov River; Pchevsky rapids; Veletsl
jhlb < _e_pdb_ ihjh]lb [Zab! rapids; erosion basis; erosion rate
jhklv jZzafu\Zz

<\_"_gb_

JZa\blb_ j_qghc k_Ib [Zkk_cgZ ha Bevf_gv \h fghlhyf aphbkbl
\h~ yleyxsbfky “ey ijblhdh\ [Zabkhf wjhabb Ihkdhevdm wlb j_db
<Ze”"Zckdh]l]h he_~ g gbylhidhehg ><bgh]jZz~h\ H[yah\ DZ"Zpd2Zy
ijh~he zZxl zdlb\gh jZzajzZ[ZliyghZhe k§luc ijhnbev < k\yab k wlbf ij_~kl
\Z guf \uihegblv hp_gdm baf_g_gby mjh\gy ha_jZ ¥y lgh\gbf Yrgaicp _
i_jbh~

H[t _dl bkke ~h\Zgby

Ha jh Bevf_gv jZkiheh' _gh \ Gh\lhjh~kdhc h[eZklb Jhkkbb b
hirbjguc \h~h_f iehszZ”v dhlhjh]h ijb gZb\ukrbo mjh\gyo § f .z
AnZe Kt khklZ\ey | [he 2 1jb wfhf fzdkbfZevgZy _]h Jem[bgZ i
hif 1dZo g_ ij_\urZ_| f ijb kj_~gbo mihégyo hd higze[ebadz f

Mjh\ _gguc j_"bf ha_jZ Bevf _gv

Mjh\_gguc j_"bf ha_jz hij_~_ey_Ilky g_ lhevdh ihklmie_gb_f \
j_Imebjm_Iky klhdhf \ul_dZxs_c<beaob\ JHWhlhjzc ~h kljhbl_evklI\z
<heoh\kdhc ]b”jhwe_dljhklZgghbK ~Zdmebih\Zeky hif_ldzfb Iq_\k
< e _pdbo ihjhlh\ \ gbah\vyo j_db

lhjh]lb h[jZzah\Zebkv \ f_kl_i_j k_qgq_gby k j _dhc Kbemjbckdh]tl
aZlhie _gu \ j_amevlzIl_ih”ihjZ hl iehlbgu <heoh\kdhc =WkKhjZkihe
\ df hl _z \iz* _gby \ EZ"h_kdhhgZhpAeyguc ghjfZevguc ih”ihjguc n

"NZe GHBM <heoh\kdh]h \h*"hojZgbefbsB d#ihke_ j dhgkljmdpbb %
nhjkbjh\Zgguc +*f mjh\_gv f_jl\h]lh h[t_f24,7MFK =*ljb mjh\gyo m

! <heoh\kdh_ \h”hojZgbebs_ >We_Hljhgdut_jZekwmghk Z]_glkl\h \h~guo j_kn
URL: http://voda.mnr.gov.ru/reservoirs/detail.php?ID=7330
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iehlbgu \ur_ ih#fihj jzkijhkljZzgy _|ky “h ha_jZ Bevf_gv fbgbfZevgl
dhlhjh]lh khklzZ\eyxl f ;K

H[sZy “ebgZ j_db <hedth\MIg \Z -c df hl EZ*h kdh]h ha_jz |j
jbkmghd \j_aZ_|ky \ Jebgbklu_ ba\_klgydb » \hgkdh]khédahXklZz
\ wihf f_klI_ ~hklb]Zz_ 1 F_""mogk \Z bitk*khiv_-c df gZoh”ylky Iq_\kdb
ihjhlb dhlhju_ khklhyl ba dzf_gbkluo ]jy® F_gvrZdh\kdzy ;jzZlZz
>\hjph\Zy Dgyavdh\kdZy < _jogyy b Gb gyy Gbdhevkdb_ jbkmghc
13df GZbf_gvrb_ ]Jem[bgu "h f gZ[ex"Zebkv "h kljhbl_ewkl\Z =W
1y”_

Gb _ %®hklbghihev-c df jmkeh ijhoh”bl qgq_j_a Ijm~ghjzZaf
kbemjbckdb_ ba\_klgydb _]h rbjbgZ gZ wlhf mqgzkld_ -KhdizZhey |
k< evppZgbgzZxlky <_e_pdb_ ihjh]@dh]jbkimghdyZklhys__ \j_fy i_j_dj
ih~ihjhf hl <heoh\kdhc =WK FbgbfZevgZy Jem[bgZ ijb MFH \h”ho

f

H[sbc \b” jZzkiheh  _gby ihjhgihegk\jihdiZaZgu gZ jbkmgd _

Baf _g _gb_ hif _Ihd ~gZ ihjh]h\ ih *Zgguf ijhf_jh\ aZ jZaebqgu_
\ IZ[ebp_

LZ[ebpZBaf_g_dbf Ihd ~gZ ihjh]Rh\ f :K

Table 1.Changes of bottom marks of thresholds, m of the Baltic system

KIVhj 1886 | 1924 | 1959 1975] jZafu\ az
F _gvrZzdh\kdZy ]jy~Z 1q_\kd 13,91| 13,87| 14,60 13,80 0,11
KmoZy ]jy~"Z i Lbohjbpu |13,76| 13,68] 14,11] 13,70 0,08
<_e_pdb_ ihjh]b 13,50| 13,55 12,46| 13,50 0,00

2DZjlZ ha_jzZ BewrkldhydZhjeoh\Z k mkFkld jmklIveshjZIb khjebklvx b mkRvyehgb
bkke_"~h\Zgguo Bevf_gkdh¥kbbdgkdityhhibkgufb iZjlbyfb Fbgbkl_jkI\Z Iml_c Kh
KI[L Ibi Bevbg&86 e

H[{sbc | _ogbqgq_kdbc hlg_| HI*" eZ BaukdZgbc <heoh\kdt}hj KljhblFevkh¥Z \bqgz
E Ba”Zgb_ Kljhbl_evkI\Z =hkm~ZjkI\_gghc <heoh\kded\hlz"MintEgthidg kdhc Kk
Ehpby j db <hé¢t\ barZgb_ E _gbgljz” k

Ehpby j db <lEeat\g]jz” k
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Jbkmghtg_\kdb_ ihjh]b df hl EZ*h kdhih ha_jZz
Figure 1. Pchevsky rapids, 62-74 km from Lake Ladoga

SEhpby j_db <Wéphm\ barzZgb_ E_gbgljz» Kk

194



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u?2|201¢

Jbkmghd _e_pdb_ ihjh]lbdf hl EZ*h kdhih ha_jZ
Figure 2. Veletsky rapids, 29-38 km from Lake Ladoga

4Lz
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Jbkmgh& _klhiheh™ _gb_ 1g_\kdbo b <_e_pdbo ihjh]h\ gZ j_d_
Figure 3. Location of the Pchevsky and Veletsky rapids on the Volkhov River

lh "Zgguf ] gZ[ex™Z |Iky m\_ebqg_gb_ hlf_Ihd *"gZ gZ F_qg\
liv 2o qlh kdhj__ \k_]h k\yazZgh k azZg_k_gb_f ihjh]lh\ gBdghkzZft
yle_gbc hl <heoh\kdhc =WK Ba h[s_c dZjlbgu \uiz~Z_| hif_IdzZ <_e
]h~  qglh fh _1 [ulv \ual\zZgh ijh\_~_gb_f ~ghm]em[bl_evguo jZ[h
aZbe _gb_f km”~h\h]h oh”Z

>ey ijb[ebabl_evghc hp_gdb baf_g _gby hilf_Ihd ebfblbjmxs_
kmffZjgmx kdhjhklv jZzafulZ b wg”h]_ggh]hf RiklkdeZdby \

SLhih]jZnbg_kdZy dZi3& ebkakxl|Z] = g _jZevguc rlzZ]
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JZkkfhljbf jZzafu\Z_fuc mqzklhd ~gZ _~bgbqgghchiehzZgdb]thsc
A ckl\mxl kA\b]Zxsb_ gZijy _gby ><bgh]jZ~h\ @
x hl lhesb \h~Aghc fZkku

LH sin L:

x hl fZkku ihjh”~u keZ]Zxs_c¢c "~gh Zeex\bZevgu_ hleh _gkt
\h*hmihj

(4 Ya Ahsing

x dZkzZl_evgh_ "\b " ms_]hky Imj[me_glgh]h ihlhdZz

g
o
1~ Vzkj_~gyy kdhjhklv ihlhdz
Ktdhwnnbpb gl R_ab >;Zjurgbdh\ [Ihih\ @
K ERL&/H’

n

1. nzxzdhwnnbpb_gl r_jhoh\ZIlhklb
Rt]b”jZ\ebg_kdbc jZ"bmk f

x hl \e_dhfuo b \a\_r _gguo gZghkh\ \ ijbrhgghk k¢h*glem[b
iehlghklvx gakbBdpljh\ ThlZih\ @

hk 4gsin L
] kzxdhgp_gljZpby gZghkh\' \ “~bgbp_ h[t_fZ

x f_ oZgbq_kdh_ \ha”_ckl\b_ ihlhdZ gZ g_jh\ghklb ~gZz
\ha” _ckl\mxsbc gZ g_jh\ghklv

F BV,

hldm”~Z kM\b]Zxs__ gZijy _gb_ gZ ij_ig[lWNh\ielhsZ”*vx
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W Vs W

] S*njhglZevgZy iehsZ”v ij_iylkl\by gZ dhlhjmx 3ha”_ckl\m _| i
V tijbrhggZy kdhjhklv ihlhdz f k

| Ig(167 “m' 1)
YTk 9615

1. yzxhj*bgzZIlZ ih hkb i_ji_g”bdmeyjghc ih\_joghklb ~gZ ihlhdZz
" #\ukhlZ \uklmih\ r_jhoh\Zlhklb f >=jbrZgbg @

GZijy _gb_ ij_iylkl\mxs__ k™\b]m \ujZ Zxlky ke_"mxs_c aZ\l
W. (Y @ AghTosDWgM c,

1™ MEm]lhe \gmlj_gg_]h Ij_gby
ktm”_evgh_ kp_ie_gb_ “~hggh]h ]jmglZz
Ftihjbklhklv

KMb] kful jZkkfzljb\Zz_fh]l]h mqzkldZ ijhbahc™ _| \ Ihl fhf_gl
gZijy _gby ij _\ukyl m”~_j b\Zxsb _

WH sn DS (Y Qa Argh”sinD%Q(/Z hkigsinD Wt

t(y QA AghTosDIgM c @

1ZjZf_lju kbemjbckdbo ba\_klgydh\

x iehlghklv \ _kl_kI\ _gghf 22d fZgbb =+

X h[t _fgZy \eZ ghklv m\eZ g _ggu®&3&\_ klgydh\ %

X ij_"~_e ijhgghklb gZ h~ghhkgh_ k'ZIb_ i_j_m\eZ g_gg
ijbgbfZ _Iky jZz\guf © ifFl’"@zgguf 29,22

X ij_™ e ijhgghklb gZ jzZzkly Flgb>@Gm\Zj*"bgkdbc @

6 =HKL -98 F_"lhkm~Zjkl\_gguc keéAddZpla ]Jhjguo ihjh” ~ey ijhba\h”~kl\Z hl[ebp
Zjobl _dlrklighbl _evguo f _fhjbZevguo b “"jm]bo ba” nelbehh\b yolygbs kd

“"IZebpug ? : Ha_jh Bevf_gv b j_dZ <heoh\ \ k\yab k ijh_dlhf reﬂhb\ZZg’b_ygbybklm
\h~u KI[ Lbih]jZnby Fbgbkl jkINZ iml-\& Bkieh[®nmgrgy ] _\ b Df
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x ij_~ e ijhgghklb gZ k~\b] jzkkgblZg ih az:RKrfhgdh F

Imklh\hcl_gdh K?*\b dh\z @
R 05/R-.Rj;, 38FIZ
Xx bgl_gkb\ghklv kbe kp_ie_gby >G_kdhjhfguo @ jzI

aZ\bkbfhklyf

R, @ sin /iy c Rz sin Ay R,
2sin M 2sin M Rizui

11

< j_amevlzIl_jzZkq_Ih\ ijb mkeh\bb qlh "ey g_f_jaeuo ba\_ kIl

lj _gby [ebahd d liz» kp_ie_gb_FkhkbzZ\®y | €] kighr_gb_
m~ _j b\Zxs _]h gZijy' _gby d k*\b]Zxs frkekhnkiZAkeygXagtu\Z [ulv g _
fh™ I L _f g_f g _ Z[jZaby bf__lijf %klbvgZy kdhjhklv fh™ | ~hklk

"Zgguf >Rmckdbc Kbf_hgh\Zz f1h@ "thitykg_gb_ wlhfm ke_"m
i _j_m\eZ g _gguc ba\ _klgyd ih” f oZgbq_kdbf Ibbobfilhdh&ddb¥hMua?® «
\ jog_f keh_j_adh | _jy | ijhgghklgu_ k\hcklI\Z 1h\ _joghklghc kehc
fobeebf_Ijh\ bf__| m”~_evgh_ kp_ie_gt] kf Mrlhf kemqgZ_ ijb kdhjh
ihlhdZz gz hi~"_evguo mqzZkldzo \ fk b [he__ [md _Iwifhibhkkahplv
lh~ h[gu_ kdhjhklb gZ[ex~Zebkv gZ ihjh]Zo \ i_jbh” iZ\h~dh\ b iheh

< h[s_f kemqgZ_ kdhjhklv jzZaful\Z [m”_1| ijhihjpbhgZevgZ |
jZkoh”m b hilghr_gbx k~\b]Zxs_]lh gZijy _gby d m”_j b\Zxs_fm ¢
[hevr_ | _f [hevr_ jZafu)\

ah W

o " ®)

1" hzxjZafulZz_fuc kehc f
ktdhwnnbpbjhghjpbhgZev.ghklb

lj_~theZ]zZzy qglh ijb \ukhdbo [_j_]Zo \uoh” \h~u gZ ihcfm
aZ\bkbfhklv f_""m mjh\g_f b jZkoh”~hf d\Zabebg_cgZy m\jZXbd_gb_

dh . BHL W dh . H W
LS & beb oy g
dt t W, © a T ®)
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]~ <zxkj_~gyy rbjbgZ jmkez f
G+mjh\_gv \h~u ijb @Zkfoh” _
L +"ebgZ ihjh]z f

t+\j _fy ijhoh ~_gby flgh\_ggh]h jmkehnhjfbjmuasqg |h aZkojh?lZk h
ki=kBL.

<\_ A f i_j_f_ ggmx K h[hagZgZxsmx dhebq_kl\h ijhoh "
jmkehnhjfbjmxsbf jZkoh”~hf azZ ]h"

] Lztdhebq_Kk\dmg” \ ]Th*"m

< j_amevlzZl_ihemqghbf

W\
hope K H In( K =2

GZ hkgh\zZgbb 1Zdh]h dZqg_kI\_ggh]lh ih*oh”~Z fh gh ijh\_KklIt
j_dhgkljmdpbx baf_g_gby hif_Ihd ihjh]l]h\ \ azZ\bkbfhklb Al \m\ez"
ij_~u“msb_ klhe_ Iby M\ _ebg_gb_ m\eZ g gby aZ bkltjbtqgfkdbc i
mjh\gy \ ha_j_ Bevf gv m\_ebqg_gbx jZkoh”~Z \h~u \ jZdfu\zheoh\
Hp _gdZ Ihc beb bghc kl_i_gb m\eZ g gby debfZlZzbaz kbhmé Igb
"hklZlhggh mkeh\gZ b ijbgbfZzeZkv gZfb dZd highr_gb_ dhebqg_kI\Z
k aZzkmozZfb gZ hkgh\Zgbb e_lhibkguo *"Zgguo >;hjbk_gdh\ 1Zk_pd|

ljb jZkq_1Zo agZgq_gby mdehgh\ \h~ghc ih\_joghklb ijjfgylu ~Z
dhwnnbpb _glZ r_jhoh\Zlhklb ih®*Zwdwfu mqXZkldZz F_gvrZdh\kdhc ]
rZgguf 0]

8DZjlZ ha_jz BewkldydZhjeoh\Z k mkFkld jmkIveth)Zlb khjebklvx b mkRvyehgb
bkke_"~h\Zgguo Bevf_gkdh¥kbbdgkdtdhhibkgufb iZjlbyfb Fbgbkl_jkI\Z Iml_c Kh
KI[ Ibi Bevbd&36 e

H[sbc | _ogbqgq_kdbc hlg_I| HI*"_ezZ BaukdzZgbc <heoh\kdt}hj KljhdlFevkh¥Z \bqgZz
E Ba”Zgb_ Kljhbl_evkI\Z =hkm~Zjkl\_gghc <heoh\kdheh¥bMwleZ ghljolg_kdhc K k
® H[sbc | _ogbg_kdbc hlg_I| HI*" _eZ BaukdZgbc <heoh\kidimhj RIjhbIF evVhirZ\bgZ
E Ba”zZgb_ Kljhbl_evkI\Z =hkm~Zjkl\_gghc <heoh\kded\hz "Minggthljdg_kdhc Kk
WY Ehpby j_db <hephd]ljz” k

200



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u?2|201¢

JZkq_lgu_ agZq_gby dhwnnbpb_glZ R_ab kdhjhklb |I_qg_gby
192711

JZkg_Ilgu_ fbgbfZevgZy b fzZdkbfZevgzZy hif_Idb mjhigh ha_
i _jbh~"Z gZ hkgh\Zgbb wdkljZiheypbb ~Z%%guo ba hiqg_|IZ ]

>ey hp_gdb kdhjhkl_c¢ jZzafulZ Iq_\kdbo b <_e_pdbo ihjh]h\
\b"m ke_"mxsb_ ] _heh]bg_kdb_ b ] _hfhjnheh]bg_kdb_ hkh[_gghklk

1. 200-f _ljh\uc kehc kbemjbckdbo b "~ \hgkdbo ba\_klgyd
300-f _Ijh\uc kehc ]Jebg k i_kqZgbdzZfb <Ze~Zckdhc k_jbb \_jdg_]h ijl
k_jby gb'g_]lh hi*_ez d_f[jbckdhe_hkklbyfu KKKJ @ < et
bahklZlbq_kdh]h ih~rgylby ><bgh]jZ~"h\ H[yah\ @ "~ey ih~“h[gh]h
AN nhjfZpbb fhleh khklZ\blv

2. FzZzdkbfZevgu_ hlf_Idb \ _jog_c ih\_joghklb ba\_klgydh\ ¢
]Jebgh\ZjZzchg_ Iqg_\kdbo ihjhlh\ gzZqgZ&adz\yz hkff IIJAE\ Ijb wlhf fu
bf__f "\_ klZjbpu <heoh\Z m Iqg_\kdbehiflgjh |H\E jadBg dZhgghc k
hif_Idzfb klZjh]lh ~gZ j_db ih ebgbb F_gvrZdH\XkdZdj]jgZu by =+
j_dZbldZzjtdZdhkhg B jgZymg c [_a gZfa\Zgby i Q_jldh\h b E_]hldl
t[he Qbkluc fhoEZpmkugy k hif_ldzfld ;K Djhf_ITh]Jh KklZjbpm m <_e
ihjhlh\ ;jZlh\bg_dZ@d m[dZ] "dAFZeuc jZat_a” dbehf Ij k hif_IldZ
18- f ;K

3. Kj_"gyy kdhjhklv jZzafulZ ba\ jKlkgydightuaZ kq | fgh _klI\ _g
ijhkeh_d ]Jebgu b JebgbKiuo kezZgp \

lh\ur_gb_ hif_Ihd \h~u \ Bevf_g_ aZ kq_I| kljhbl_evkI\Z iehl|
ijbgpbibZevghfm baf_ g gbx mjh\_ggh]h j "bfzZz ha_jzZ Ik{ébpZz
ihjhlh\ “hklib]JZeb \ukhlu ]j_[gy iehlbgu dikh€éoh\kdmhgcwWke \"h\Z|_ev
gZqbgZy kh \lhjhc iheh\bgu i_j\h]h lukyq_e _Iby “h gZrbo 4 _c¢c m
hij_ ~ eyeky lhevdh debfZlbq_kdbfb hkh[_gghklyfb

L' H[sbc | _ogbg_kdbc hlg_| HI* eZ BaukdZgbc <heoh\kidhhh KljkbF evkNZ\bgZz
E Ba”zZgb_ Kljhbl_evkI\Z =hkm~Zjkl\_gghc <heoh\kded\hle "Minggthljdng_kdhc Kk
L 4 B

BLzf
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D 9gZqZem gZr_c wju mjh\_gv ihjh]h\ [ue \ur_ gZ foly_[
hljZgbgb\Zeh fbgbfZevguc mjh\_gv ha_jZ gZ hif_lIdZoeygugb _
mjh\ _gv mqgblu\Zy koh  _klv debfzZlZ k ihke_~gbfb klhedbbyfb >@hjb!
kdhj__ \k_]h g_ ij_\urzZe hilf_Ildb \ f Ih _klv ZfiebIlm”~Z mjt
kh\j f _gghc

< [he__ jZggbc i_jbh” mjh\_gv ha_jZ ij_~iheh bl_evgh f_gye
k\yvaZgh k m\eZ g_glo-f ldkbf&lg b agzZqbl_evguf mjh\g _f ]j_[gy ihjl
Ilhlh ~bkdj_lgh_ baf_g_gb_ mjh\gy ha_jZ ijhbkoh”"gey d e 4 hegetvidith a Z
debfzlz gh b ih ijbgbg_ hkh[_gghkl_c kljh_gby kbemjbckdbo b
kKljmdlntjz

lhiulz_fky ijh\_klb ZgZeba mjh\_ggh]h j_"bfZ ha_jZ ih nzZdlb
bf y \'\b m qglh <heoh\kdZy =WK gZqZeZ k\hx jZ[hIm \ ]

H[t_dlb\gu_ "Zggu_ ih mjh\gyf

FzZzdkbfZevgu_ b fbgbfZevgu_ baf_j ggu_ mjh\gb abc\_kv i
>Fghlhe _Igb_ "Zggu_ « @ ih mjh\_gguf ihklzf 2~ _ckI\h\Z\rbf \
ha Bevf gv b gZ j dZo <heoh\ ] Gh\]hjh Eh\ZIv ihk <a\zZ”™ b
ij_"klZz\e_gu \ IZ[ebp_

LZ[ebpZ>Zgguh wdklj_fZevguf mjh\gyf gZ ihklZo ha Bevf_gv \ f_I
fhjy ;K F_klhihehhkdgt\ib\_"~_glEbkmagd_
Table 3.Data of extreme water levels on the observation network of Lake llmen (in meters above the

sea level of the Baltic system). The location of the observation network is shown on Figure 4

< hK] FZdkbfZevguc m| FbgbfZevguc mj
i ]hA ]hA

1 ha Bevfl gagZgh] 22,70 (1966) 16,17 (1940)

2 ha BeviDfyhklug 22,73 (1966) 16,26 (1945)

3 ha BeviMghg 22,79 (1966) 16,17 (1940)

4 ha Bevi<lgepu 22,72 (1966) 16,17 (1940)

5 j_dZ <he®h\]lhjh" 22,66 (1966) 15,71 (1940)

6 j_dZ Eh\Zdvz~" 22,93 (1922) 16,30 (1882)

7 j_dZ lhebKllzjzy Ji 22,93 (1922) 16,79 (1882)

“1Zebpug Ha_jh Bevf_gv b j_dZ <heoh\ \ k\yab k ijh_dlhf rexah\Zighg ™ @lkyheval
\h~u KI[ Lbih]jZnby Fbgbkl jkINZ iml-\& Bkieh[®nmgrgy ] _ \ b Df
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Jbkmgh#d#la _jh Bevf _gv b f_klhiheh  _gb_ mjh\ _gguo ih¥lh\ gZ g _f
Figure 4. Lake llmen and the location of water level observation network on it (table 3)

lh "Zgguf Fhé&k]Jbgkdhc hibkghc iZjlbb ] ijb khklzZ\e gt
j_dkheoh\ mjh\_gv \ukhdboheAGh\dhjh” \ ] khklzZ\be f ql
3f\ur_ ~Zgguo >J_kmjku ih\_joghklguo \h~ @ Ih wibhfiM\Zgouf fZ
% Lhih]jZnbg_kdZy dzZj3& eBEkHZ] =_g_jZevguc rlZ]
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j_ dkxheol®h\lhjh~ khklZ\be \ ] glh khhi\_Ikl\m_| ~Zgguf
KIZjZy JmkkZ az lhl °_ ]h~ 1Z[ebpZ

Ilh ~Zgguf hlg_1Z ® fbgbfZzevguc mjh\_gv gZ ihGhh]hsh2&oh\
khklZ\be f b 11 Z\ha_ j az i _jbhn gZ[ex” fghydh
ijhib\hj_qgbl ~Zgguf ij_~klzZ\e_ dgaf \ ] FzdkbfZevgu
mjh\_gv ihkl <@BkYmjh~ + ] beb f rey-kI\Vhjz
Ibkdhi®p

DZjlh]jZnbq_kdb_ ~Zggu_

Khlezkgh miI\_j "~ _ggulhkhjggihg_kdbf mijZz\e_gb_f =_g_jZevgl
mkeh\guf a§hadfzZfidb mj_ah\ khhl\_IklI\mx| ebgbb mj_az \h~u \ f__
GIM \h~"hojZgbebs

Hp_gdZ mjh\g_c gZ bklhjbg_kdbo dzZjlZzo fh™ | [ulv ijhbd&\_" g
hij_ ~ e gguf nbdkbjh\Zgguf Ip[tjd\Waf ©ZjzZdl_jguf lhgdzZf j_ev_n.
]b~jh]ljZnbg_kdhc k_Ib b bo hlghr_gbx d mj_am ha_jZ ipb"Za\ klgh
ijb jz[hl_ k dZzZjlh]ljZnbqg_kdbf fzZl_jbZehf ihke_~g_]h klhe_Ilby f
ba\_klgufb Ijm~ghklyfb < dZq_kI\_ beexkljZpbb ijb\h~df \uj_adl
f _klghklb ba dzjl b 11 ba”zZgbc jbkmghd Gha kjizfggZgbc
\lhjhc dzZjl_ \ur_ IThemhkljha _§ZTbml_kgZgh_ b Dheh”_ “kdh_ klZe
h[\h~"g _ggZy iehszZz”v j_adh \ujhkezZz H~”gZdh hif_Idb mj_ax \ i_j\
\Ihjhf % f < kemqgZ_ k dZjlhc ] ba”“Zgby \_jblv A~ _devbjh\Zgq
Mj_a \h”u ijb 1Zdhc ebgbb [_j_]lh\ ha_jZ [ebahd d hIf_Id_ bbf Ihwl
mjh\g_c¢ ha_jZ gZ klZjuo dZjlZo fu ihevah\Zebkw eb[h] *"Zaphfb d
"Zggufb dhkfhkgbfdh\ gZ ~ZIm k ba\_klguf mjh\g _f ha_jZ

% H[sbc | _ogbg_kdbc hlg_| HI*" _eZ BaukdZgbc <heoh\kidhhh _KljbF evkNZ\bqZ
E Ba”Zgb_ Kljhbl_evkI\Z =hkm~Zjkl\_gghc <heoh\kdled\he "MZgthjdg_kdhc Kk
71Zebpug ? : Ha_jh Bevf_gv b j_dZ <heoh\ \ klyab k ijhadl\zghex g\ Zgbly iz bdkgtb
\h~u KI[ Lbih]jZnby Fbgbkl_jkI\Z iml-\& Bkich[®nmgrtgy j_\ b Df k
®|1Zebpug ? : Ha_jh Bevf_gv b j_dZ <heoh\ \ klyab k ijh hdmgbr;ewagh\JZgbylZ)"bgbm
\h~u KI[ Lbih]jZnby Fbgbkl jkINZ iml-\& Bkieh[®nmgrgy ] _\ b Df

H[sbc |_ogbqgq_kdbc hlg_I| HI*_ezZ BaukdzZgbc <heoh\kdﬂm’]hjK"IJthEevkrhY‘Z_\bqZ
E Ba"Zgb_ Kljhbl_evkl\Zz :hkm"ijI\_gghc <heoh\kddh\hiz" Mkt Z gtihjblg _kdhc Khk
9 Mkeh\gu_ agZdb 7~ey I|hih]jZnbg_kdbo dZjl fZkrlZ[h\ F <h-_ggh
lhih]jZznbgq_kdh_ mijzZz\e_gb_ =_g_jZevghlh rlZ[Z k
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a b
Jbkmgh& \ j&zZiz~gZy qZklv ha_jZ Bevf_d¢¥%agsd dZj(Zo]]

Figure 5. The northwestern part of Lake llmen on maps of 1937(a) and 1987 (b)

Mjh\gb ihke Kkha”~Zgby <heoh\kdhc =WK
DZjlZ mijzZ\e_gby \h_gguo lhih]jZnH\ ] +
DzZjlz =M =hkm~ZjklI\_gghc kt_fdb b dZjlh]jZnbbm@ De<i aK KK J

DZjlZ =_grlZ[Z JDD: f 4GIM f
DZjlu =_grlZ[Z KKKJ ] khklhygb_ f_klglog3mo82- ]] +
f GIM f

>h kha”~Zgby <heoh\kdhc =WK

DZjlZ \h-Idhgh]jZnbg_kdh]h mijZ\e_gby mj] abhé&Zgby + f

Dzjlz 11 khklZz\e _ggZy ih bkke_"h\Zgbyf Bevf_gkdh
Fklbgkdhc hibkguo iZjlbc ih® im#&r@hNZgIAhd W <bevd_ ¢z =

HIf Idb mj_ah\ \h~u [he__ jZggbo dZjl hp_g_gu ih dhk\_gguf

DZjlz ] khklZ\e _ggZy ih j_amevIZIZf Ihih]jZnbd_tdhc k
Jb”jh]jZznbg_kdhc kt_fdb b f ]] #
DZjlz ] jbkmghdf =+

? bgklI\_ggZy dzZjlZz 9gZ dhlhjhc j_db Lme_[ey b Q_jgZy Q_
Eh\ZIv ij_"klZ\e_gZ 9gZ GHAkmgdo hklzdZglZo h[_ j_db \izZz~rZxl
Lme_ [_evkdbc aZeb\ H”"gZdh ZgZeba dhkfhkgbfdhbdadkihmjhgg k~_
\h~u \ ha_j_ jbkmghd ih~\ _j°~Z 1 Thl nzdl qlh j_dZLme _J[ey ¢
Eh\Zlv < gzZklhys \j fy gb g __ | q _gb_j _db Lme_ [y hklZehkv \

2pzjlz JDD: e3BI-H fZkrlZ]
22Lhih]jZnbqg_&@djdy eb36 2 fZkrlZ] =_g_jZevguc rlZ]
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J dZ Q_jg_p \hafh gh bf_eZ ijhrhe  _gb_ \ \bA_ ijhlhdBZPHiizg _p

jmkeZ | @bjg_p \ Lme_[evkdhf aZeb\_ ih ~Zgguf ijhf_jh\
16,0-16,2f ;K KlZju_ aZlhie_ggu 1l64- j ]1Z HIf _Idb ~gZ j_db Lme_[¢
16,2- [_)_]B,616,71

JbkmghBZjlZ e_kh\ b kiez\guo j_d KlZjhjmkkdhgh]m[ g4Bb3R\]hjh k.

Figure 6. Map of forests and rafting rivers of the Starorussky district of Novgorod province in 1732

2pzjlz KIZjhjmkkdh]h m_a~rz 1h~"zZ >We_dljhgguc j_kmjk@ WIhF_klh

URL: http://www.etomesto.ru/karta4038" Z1Z h[jZs _gby
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Jbkmghdme [ _evkdbc aZeb\ hk_gvx ] ijb mjh\gyo hdheh
B k | h g g http://search.kosmosnimki.ru/?link=P9DRJ
Figure 7. Tulebelsky Bay in autumn 2016 at water levels about 16.8 m

GZ dzZjl _ ] jbkmghd ijb h[hagZg_gguo hlf_IdZo
aZeb\ \ rbjbgm g_ ij_\urz_|I f Jmkeh Lme _[eb m _ b”_| fbfh
jbkmghd < f_klI_\izZ®_pdypj_ad kgbfd_ ] ijb hif_IdZo hdheh
aZeb\z \ wlkif_ [the__ df Ihg_fm °~_ ijb [ebadbo hiIf_IdZo ha_j
hiklmibeh \ dhgp_ \_dz" >Zggh_ ijhlb\hj_qb_[[4alhkmy_¢ly b khk
hi[b\Zeb ijb kharZgbb Ihih]jZnbg_kdhcdh@gB\&é_\Y_ ggulc ¢ _Igbc mjh\
\h~u [ue [ebahd d hiIf_Id_ f >J_kmjku ih\_joghklguo \h”" @
ijb\yadhc d mj_am f ijh\h~"beb \ ihke_“mxsb_ ]h”u
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Jbkmghtda Bevf gv Lme [ _evkdbc aze$®\ gz dzjl_ ]
Figure 8. Tulebel Bay Lake llmen on the map of 1886

GZ hkgb@lbo khh[jZ  _gbc fh gh ij_~iheh blv qlh mjh\_gv he

kt_fdb dZjlu ] khklzZz\eye hdheh f
Dzjlz mjh\_gv- f
DZjlz Rm[_jlZz_1] =+ f
DZzjlz ] =f
DZjlZz ]_g_jZevguc |]_hf_ljbg_kdbc iefZg ] %
Dzjlz 15,8 f

J amevlZlu mjh\g _c¢c ha_jZ Bevf_gv k\_"* gu \ IZ[ebpm klj
mjh\g_c¢ ~"ZgZ k mg_Ilhf jZafulZ Iq_\kdbo ihjh]h\ b bahkl\dildbwy kdh
ha_jZ ><bgh]jZz~h\ H[yah\ @

H[sbc \u\h”? kj_"gbc mjii8\gw+ azZ f

BDZjlZ ha_jzZ BewklgydZhjeoh\Z k mkiEkld jmkIvish}ZIb khjebklvx b mkRvyetigb
bkke ~h\Zgguo Bevf_ gkdh¥kbbdgkdthhhibkgufb iZjlbyfb Fbgbkl_jkI\Z Iml_c Kh
KIL Ibi Bevbd886 e
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LZ[ebpzHIf_Idimjh\g_c ha_jZ Bevf_gv k mqg_Ilhf bahklZlbg_kdh]h ih*
hif _Ihd Ig_\kdbo ihjh]lh\ f ;K
Table 4. Marks of the water levels of Lake limen, taking into account the isostatic rise and changes

in the marks of the Pchevsky rapids, m of the Baltic system

— < AN (e 0] o ™M o g AN (e} N~ — AN (@) O ©
Ihu g IRIRIRIRIBIBIB|IB|IB|IBIS |6 |3 |8 |8
— i — — — — i a — i i — — i — AN
hif_IdZ 17,2 |20,016,718,017,418,716,916,515,816,017,115,923,216,222,7/16,8
k mqg_|
bahklZl
Kdh] 16,8 |19,816,517,917,318,616,816,415,816,017,115,923,216,222,716,8
q_
ih~rgylb

= heh]bgq_kdb_ b Ihih]jZnbg_kdb_ ~Zggu_ h[ mjh\_gghf |

GZrZ \j_f_ggZy hp_gdZ hlklmie_gby djZy HklIZrdh\kdh]h e_"
Eh\ZIv- luk eHgghesetal, 2016; Gorlach, Hang, Kalm, 2017; Rinterknehal., 2018;
Subetto etal, 2018; <bgh]jZ~h\ H{yah\ DzZ"ZpdZy @ ih™M\_j"nrZ_
>FZeZoh\kdbc @ dhlhjuc \uge_gbdb\lurEmdb og&zh\gZld_g_
\ujZz" _ggmx \ j_ev_a glhdke\m¥jZzkm \hajzZkl dhlhjhc khkllzkeye |
kh\j_f_ggu_ hif_Idb hdiBeH £7rZfe__ ihem bjguf \ kdk[ddb #*K gZ
kKhhi\_IklI\mxsbc i_jb¥FzZeadM\h | _jjZku \ukhlhc b f hl hif_Idb f
mj_aZz f beb b f khhi\_I183Y_gghzZenzddhe\lkdbc @
NE _hgh\Z h& jggbdh\u_ hleh  _gby fhsf§hEkikhkljZg _gu ih\k _f_klgh
hif_1dZo hdhehf_Ijh\ hdadeh;K Ke_~h\ZIl_evgh luk e€&h\glaz" |
\izrZeZ \ ljZbeyfkdlevdh \ur_ mkbyzj db>mgz_\h | _ bklhdb j_d
R_ehgv Ilhjmkvy [ueb _s_ aZlhie_gu >Km[_IIlh @

lhke_ " _]jZ"Zpbb <Ze”"Zckdh]h e_~gbHE\Zmhhh_dybKierd@ckdh]l
ijbe_~gbdh\h]lh ha_jzZ >D\Zkh\ @ kgbabeky k hlf_Ihd hl >D\Z

@ f Zz¢&f hdheh luk e g ~h hif_Ihd40t & _ hghemklZlhqggt

"ebl _evguc i_jbh” klZ[bebabjh\Zek§orakhnHard,Halm, 2017

lhglb ih \k_c “hebgh\ZIlbb> ; FZeZoh\kdbc b ? G ;uebgkdbc
jZkkfzZljb\z _fZy | IyjZkZuebgkdbc FZeZoh\kdbc @ ijhke_"b)
k hif _lIdzZfomgZkldZo mkla>m@Zk\h £t >mgZOhkef + f Ohd&f j ggbpu

210



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u?2|201¢

+ f “ f K mqg_Ilhf gZr_c j_dhgkljmdpbb jZagbpangZh@Qbeglfbb mqZ

OhefQ_j gqbpu khklz\ey | f qglh iha\hey_ | ij_~iheh blv qglh j_qv
mjh\g_ :[jZabhggu_ ke _"u ih \k_c x'ghc hdhg_qghKib ha Bev
jZagbpz \ ih*gylbb k mgQkldigigohefkhklZ\ey | f Th\hjyl h Ihf

| jjZkZ khhiI\_IklI\m_|I mjh\gx ha Bevf_gv ihke_ hlklmiZgby e_"g
40 f ; K).

HIf Idb e_~gbdh\h]h ha_jzZ ~hklzZlhqgh ”"ebl_evguc i_jbh~"
jZkihezZ]Zebkv gZ mjh\gyo k kh\j f ggufb hilf_IdZfb b f qglh
\ujzZ' _gguf Z[jZabhgguf mkimizf \\kkghggh x]dhzklyo gBafHgg@klib
\kdhj_ihke_ hlklmie_gby e _~gbdzZ kh\j_f ggZy hilf_IdzZ \ f [ueZ
i _jbh™ mjh\ _gv ha_jZ 940 fj;KurHAa -pghtgbdh\u_ hleh  _gby \ _jog_]h
<Ze™Zckdh]lh gzZ~]lhjbahglz bf_xI f_klhfrgzhkfjhikichd b f gZ x]h
azZiZz™_gbaf_gghklb AZiz~g__ wlb hleh” _gby ih]j_[_ddeilh™ géhkh f [I
E _~gbdh\u_ hleh  _gby ij_"klZ\e_gu ]JebgZfb b ly  _eufb \Zenbggufb |
km]ebgdzZfb ihdju\zZxfsbhfb\uf keh_ f \kx Ijbbevf_gkdmx gbaf_gghklv
Eh\ZIv wib hleh  _gby gZgbgzZxl ijhke_ "b\ZIvkyhil\mikhVvy 42fb ;ebag
M ~ ;hjhd gZ Eh\ZIb jzZa\blu i_j\Zy b \lhjZzy gZ”ihcf_ggu_ |
khhi\_1kI\_ggh \ukhlu b60ff hdheh

<ur_ ~ Khidb \u”_eyxlky s ~\_ phdhevgu_ | _jjZku hlghk
13- b - f :[khexlgu_ hif_Idb hdhzk + b 42 1655f < >;uebgkdbc

@ \u™_ey_ Iky g_I\_jlmx | _jjZkm hl ihk FZeuo Dmgbp "h ihk ;Z
\k_f ijhly" _gbb khklzZ\ey | B®ihehM iKk JZoebp \_jogyy phdhevgZ

>FZeZoh\kdbc @ “hklb]Z_1 \u&hiu Z fh wdhehgkdbc @ __
g_ ij_\urz_ | 31B2f < jZchg_ 7~ JZfmr_\h \udebgb\Z Iky i_j\Zy g
| _jjzkzZz __ jZaj_a [ue bamqgq_g >FZeZoh\kdbc @ ImuUkhQmjhdbglep:
25- f20-22f - luk e g Wlhl mjh\_gv ihA* _j"b\Zeky \ ha_j_ ~hklz
i _jbh” dZd m ' _ mdZau\Zehkv \ur_ hilf_Idb Z[jZabhggudkh\ioimlih\ h
mjh\gx ha_jZ \f - luk e g < hibkzZgbb j_db hif_IdZ-22f f |_
4- luk e g

% DzZjlz g_I\_jlbgguo hleh36-gbc KIZjZy JmkZ Bevf_gkdZy Kk_jby fzkrlz]
k_jbBevf_gkdzZy j_~zdlhj D W YAB{khgh Kij\ngba\h~kI\_ggh_ ]_heh]bg_kdh_ h]|
1988.
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Hkh[mx Ijm~ghklv \ kbem gZebgby "hihegbl_evghc bgnh
j_dhgkljmdpby mjh\g_c ha_jZ Bevf_gv ihke_7~gb_ klhe_lby ;Zab
\iz"Zxsbo \ hawhh2 ]1h kj_"gbc mjh\_gv Ke_~h\ZI_ewm@¢hhlf]lhdEjh\
gb”_ dhlhjhc \iz*"Zxsb_ \ ha_jh j_db g_ fimkelhmngdbdh khhiz Idb ~gZ
\izr"Zxsbo \ ha Bevf_gv gb _ g_ lhevdh kj_~g_]h mjh\gppoggh b hif
fbgbfZevgzZy hif _IdZ ~gZ ht_Z fbgbfZevgu_ hif_Idb ~gzZz j_d \iz~"
Bevf gv ke_"mxsb_ j db EhSzd#b IZ[ébp&ZhgpZ mklv_\h]h mqZzZkldZ
dzjlzf Jh @ j_dFAklu + df jRdehgb * df GZ hkgh\zZghb
wlh]lh fh gh k~_eZlv ij_"\Zjbl_evguc \u\h® glh mjh\_gv ha_jZ Be:
gb”_ g_"_eb \ gzklhys__ \j_fy b khklZ‘eyé kb\j gfadufZzZlibg_kdhc
kblmzZpbb \'\_dZo ]Jh\hjbl h kiehrghc q_j_ ~_ oheh”guo abf b e _Igb:
ih~AI\N_j~Z _Iky jhklhf ijbmklv_\h]h [ZjZ aZ ihke_"gb_ e | gz
]Jem[bgZo f

LZ[ebpZFbgbfZevduf Idb "gZBhiblv ih *Zgguf jZaebgguo ]b*jh]jZn]
kt _fhd f ;K
Table 5.The minimum bottom marks of the river Lovat' according to various hydrographic surveys,

m of Baltic system

hif_1djZ hif 1dz ~gz \ f_k hif_Idz ~§zZkl_ hif _1dz g
]h~ry mj_aZ[bnmjdZpbb KlZjhclkebygby KlZjhc ijbmklv_\h
ha_jz Eh\ZIb Eh\ZIb [Z)jZ
1823 18,70 12,10 8,20 15,65
1886 17,07 10,51 7,25 16,01
1887| 17,07 10,43 7,08 16,62
1990| 18,00 16,80
HIf Idb mjh\gy ha_jZ gZ ] jZkkgblul\Zebkv gZ hkgh\Zg
1819- 11 iml_f h[jZlgh]h i_j _kq_|Z ba kj_~gbo ]Jem[bg ha_jZ g.

kiI\hjzf Lhqgghklv i roo6dq I1Z
J dzZ FklZ Ihke_ kh_~bg_ghbyol\j Kdh\c jkh\uf dZgZehf ]Jem
khklZ\beb f fZdkbfZevgZy zlhke_ [bnmjdZpbbhkviihcdhegbedhc =

% DZjl1Z ha_jzZ BewklgydZhjeoh\Z k mkiEkld jmkIvish}ZIb khjebklvx b mkRvyetigb
bkke ~h\Zgguo Bevf_ gkdh¥kbbdgkdthhhibkgufb iZjlbyfb Fbgbkl_jkI\Z Iml_c Kh
KIL Ibi Bevbd886 e
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]Jem[bgu jEklu - f j db =gbedb £ fGZ ] hif_ldb [ZjZf£ gZ
1886 + f gz t f
J dZ R_ehgv GZ ] i_j_"~ mklv_\hc [bnmjdZpb_c Jem|[b¢
hkgh\gh]lh ijZ\h]h 2fmdZ\G # ] lem[bgu ijZ\h]h jmdz\Z "GKIb]et
] hif_Idb [ZjZ &% gZ +f gz t f

J dZ <heoh\ >Zggu_ h[ hif_IdZo ~gZ i§b\HNM ddZ\ EZPebdh]h
| _Ijhiz\eh\kdh]h ihjh]Z #HIf _1dZ M<< mjh\gy \ukhdbo \h~] iheh\h
9gZ ihjh]_ = Kj_~gb_ Jem[bgu j_db \ ij hdézd Jhfhrz =

LZ[ebpZFbgbfZevduf Idb *"gZ4hdbh\ ih "Zgguf jZaebqguo ]b”*jh]jZn
kt fhd f ;K
Table 6. The minimum bottom marks of the river Volkhov according to various hydrographic

surveys, m of Baltic system

hif _Idz hif _Idz \ klI\
hif _Idz _ _ _
hif_Id . hif _1dz \ kI kI\hj_ p_j fhgZklujy
<heo _ ki\hj _ .
ha jZ . FZe<heoh\ | ;hjbkZ b :glhgby
LihbpZ
ze [Z JbfeygbgZ
1823 18,70 15,45 13,35 14,55 14,55
1862 18,60 - 14,70 14,70 14,40
1887 17,07 15,53 14,17 12,80 13,44
1975 18,75 16,05 15,45 14,35 14,55

lh~t_f hif_lhd ihjh]Z ijb \oh”_ \ <heoh\ aZz e | gz f ih"NI\
glh jZzg__ mjh\_gv ha_jZ Bevf_gv [ue gb _ GZdhg_p Jeg@bhguc |_:
mjh\gy ha_jZ \ ihke_n~gb_ klhe_Ilby < fhjkdBh$ hjbk§ydljb\ZxIky
jmkeh\u_ \j_au j_d R_ehgv b Eh\ZIv | _ [Zjhf hgb _s_ g_ iheghkl

<u\h”u

Kj_~gbc mjh\_gv ha_jZ Bevf_gv ihke-"~gh\ kljbhe_¢bkdhevdh
f_gvrbf ih~ihjgh]lh kh\j_f_ggh]lh g_kfhljy gZ ij_\ur_gb_ hif_Ihd <h
gZ” kh\j_f gguf mjh\g_f gZz

HIf _Idb Iq_\kdbo b <_e_pdbo ihjh]lh\ \ ihke_"~gb_ luk e_|
jZafulZ hjb_glbjh\hggh gZ f
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Ihke_"~gb_  luk e_I| kj_~gbc mjh\_gv ha Bevf_gv “hklZlhggh
\'ij_ " eZo f ;K

Ebl _jZImjZ Refererces

;Zjurgbdh\ G ; I hik\b &z Baryshnikov N.B., Popov |.V.Dinamika ruslovykh
fbdZ jmkeh\uo ihlhdh\ I potokoviruslovye protsessy: uchebnoe posfyaam-
ijhp_kku mqg_[gh_ ihkh]ics of streams and fluviomorphological processes in
jhf I _hbanzl k ers: text-book] Leningrad, Publ. Gidrometeoizdat, 19¢
‘hibk_gdh\ ? | 1Zk_hat 454 p. (In Russian; abstract in English).

kyg_e_leyyhibkv g_h[ucBorisenkov E.P., Pasetskii V.Mysyacheletnyaya letoy
y\le gbc ijbjh~ru F F u k is' neobychainykh yavlenii prirody [The thousand-y:
k chronicle of extraordinary natural phenoménavos-

‘uebgkdbc 2eBygb_ kgb cow, Publ. Mysl', 1988. 522 p. (In Russian).

mjh\g_c Bevf_gkdh]h b Bylinskii E.N. Vliyanie snizheniya urovnei II'mensko¢
ha jZ gZ jZa\blb_ ijh~hi Ladozhskogo ozera na razvitie prodol'nykh prof
nbe c ijblhdh\ ha Bevf pritokovoz. II'men'iVolkhova [The impact of lower le
oh\Z < _klg FhK& mgj els of Lake llmensky and Ladoga on the developmet
eh]bb ihg\h\_~ _gby ]_ longitudinal profiles of tributaries of Lake Illmen ai
liZnbb < 831 Volkhova].Vestnik Moskovskogo universiteta: Seriya
<Zkbev \Z G < Km[_Il ologii, pochvovedeniya, geologii, geografii [Mosct
[bpdbc < J Dimgp University Bulletin: Series of Biology, Soil Science, (

f gwheoh\kdh]h [Zkk_ci S@n):
klby Jhkkbckdh]h ]Jhkm?” Chuvardinskii V.GO lednikovoi teorii. Proiskhozhden
i_"~Z]lh]l]bg_kdh]h m g obrazovanii lednikovoi formatsii [About glacial theor

bf: B =_jp_9gZ -130. The origin of the formations of the glacial formadiol
<bgh]jZ~h\ : X Hlyaky Apatity, 1998. 303 p. (In Russian).

pbhbahklZlbg_kdh_ ih” Geologiya SSSR/ 48 tomakh. Tom 1. Leningradskay
bevf _gkdhc gbaf_gghklk Pskovskaya i Novgorodskaya oblasti. Geologiches

K[hjgbd gZmqguo [jr opisanie. Severo-Zapadnoe territorial'nGedlogy of the
USSR In 48 volumes. Volume 1. Leningrad, Pskov ¢

214



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u?2|201¢

F_""mgZjh~ghc -@jZn bxd
kdhc dhgn_j gpbb ©GZ:
"h\Zgby dexqg_\u_ ijh[e
kyg_ e Iby2 Fhkd\ZZij_ ¢

] F Ijh[e_fu @Z8n
K -102.

<bgh]jz~h\ : X Hlyah\
NZpdZy BIFIhjby nhjfbjh!
j_d X gh]h Iljbbevf_gvy
p_g_ =b~jhkn_jzZ Hi
p_kku b y\e gby <uflL
K 90-113.

DOI: 10.34753A4S.2019.1.1.001

<bgh]jZ~"h\ WIEx~u h k_e
ihilhdZo E =b7jhf_|_ht
k

= heh]by KKKJIhfZo L
E _gbgljz"kdZy Ikdh\kd

jh~"kdZy h[eZklb =_h
hibkzgb_ KAXirHgh_ |
jbZevgh _ —e KB "hj<g
F G_"jz k

=jbrZgbg DbgzZfbdZ jmk
ihlhdh\ E =b7~jhf_I_hb
k

Am[hd =F_oZgbdz F
k

D\Zkh\ dha~g_q_I\_jlbq

Ilhjby djmiguo ha_j b \

fhj_c <hklhgghc ?\jhiu
k

Novgorod regions. Geological description. Northw
Territorial] / A.V. Sidorenko (ed.). Moscow, Publ. Ned
1971. 504 p. (In Russian).

Gorlach A., Hang T., Kalm V. GIS-based reconstruci
of Late Weichselian proglacial lakes in northwest
Russia and BelarusBoreas 2017, vol.46, iss.3
pp. 486-502. DOI10.1111/bor.12223

Grishanin K.V.Dinamika ruslovykh potokojThe dy-
namics of channel flowd]eningrad, Gidrometeoizd:
Publ., 1969. 428 p. (In Russian).

+XJKHV $/ & *\OOHQFUHXW] 5
J., Svendsen J.l. The last Eurasian ice sheatshrono-
logical database and time-slice reconstruction, DATI
1. Boreas 2016, vol.45, iss.l, pp. 14
DOI: 10.1111/bor.12142

Kvasov D.D.Pozdnechetvertichnaya istoriya krupny
ozer i vnutrennikh morei Vostochnoi Evropy [Late Q
ternary history of large lakes and inland seas of Eas
Europq. Leningrad, Publ. Nauka, 1975. 279 p. (In R

—- sian).

Malakhovskii D.B. Geomorfologicheskie i geologiche
kie nablyudeniya v doline r. Lovat' [Geomorphologi
and geological observations in the valley of the Lc
river]. lzvestiya Russkogo Geograficheskogo

shchestva [lzvestiya Russkogo geograficheskogo
shestva) 2001, vol. 133, iss. 2, pp. 32-38. (In Russiar

Mnogoletnie dannye o rezhime i resursakh pove
nostnykh vod sushi: v15t. T. 1. RSFSR: v 26 vyp. \\
Basseiny rek Baltiiskogo morya, Ladozhskogo i On
skogo ozer [Long-term data on the regime and resou
of land surface water: in 15 volumes. Volume 1. RSF

21¢



2019| Vol.1, Iss.2 HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

FZeZoh\kdhe_hfhjnheh] in 26 issue. Issue 5. River basins of the Baltic Sea,

kdb_ b ] _heh]bqg_kdb_ ¢dogaandOnega Lakedleningrad, Publ. Gidrometeoi:

"hebg_ |JEkWZIv Ba\_ kIl dat, 1986. 689 p. (In Russian).

kdhlh =_h]jZnbqg_kdh]h
L <ui 32-3K

Neskoromnykh V.V.Razrushenie gornykh porod g
provedenii geologorazvedochnykh rabot: ucheb
Fghlhe IgBggi _j "bf_ b posobie [Destruction of rocks during exploration:
kmjkzZo ih\_joghkfMgumrk training manua). Foscow, Publ. SPC INFRA-M, 201t
| L JKNKJ \ \ui 392 p. (In Russian). DOL0.12737/11719

Zkk_cgu j_d ;Zelbckdh]
"h kdh]h b Hg_ “kd&]k
jhf_1I _hbanzl k

Petrov A.G., Potapov |.I. Sediment transport under |
mal and tangential bottom stresses with the bottom <
taken into accountJournal of Applied Mechanics ar
G _kdhjhfguoJZaymr__gbj Technical Physics2014, vol. 55, iss. 5, pp. 812-81
guo ihjh” ijb ijh\_~_gbb DOI: 10.1134/S0021894414050101
jZa\_"~hgguo jZ[hl mq_
[b_  F GBP BGNJ:
392 kDOI: 10.12737/11719

Resursy poverkhnostnykh vod SSSR: v 20 vol. Vol.2

reliya i Severo-Zapad: v 2 ch. Chast' 2. Prilozheni

[Surface water resources of the USSR: in 20 vol. Vo
I _Ijh\ : = Ih1Zih\IBjBgl Karelia and North-West: in Two parts. Part 2. Applic
gZghkh\ ih~ A~ _ckl\b_f g tions].Ed.Vodogretskiy V.E. Leningrad, Publ. Gidrom
b dzZkzZl _evguo ijb”~hggu teoizdat, 1972. 278 p. (In Russian).

gbc k mq_Ihf mdehgZ "¢ pinterknecht V., Hang T., Gorlach A., Kohv M., Kal
gZy f_oZgbdZ b l_ogbd. =~ pop 9 EXEHWWR /pDBRXUO
| ¢ 100KLOS.y/ The Last Glacial Maximum extent of the Scandinav

J _kmjku ih\_joghklgwo ‘Ice Sheet in the Valday Heights, western Russia:

L DZj belKy \-AlZiZz” \ dence from cosmogenic surface exposure dating L
Q2.ljbeh™ _gbyh” j_ ~ <h%1%e. Quaternary Science Reviewg018, vol. 200,
Ah]lj_pdh]h E =b~jhf pp.106-113. DOI10.1016/j.quascirev.2018.09.032

k

Shashenko O.M., Pustovoitenko V.P., Sdvizhkova C
Km[_IIh >Bklhjby nhjfbj Geomekhanika: uchebnikGeomechanics: textbook
gb¥eZr"h kdh]h ha_jZ b _ Kiev, Publ. State Higher Educational Institution Natio
gby k ;Zelbckdbf fhj_f Mining University, 2015. 563 p. (In Russian).

ki\h Kj_ "~z JZa\blb

216



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u?2|201¢

+XPDQD < -120K Shuiskii Yu.D., Simeonova G.A. O vliyanii geolo
Qm\Zj*bgkdbcH € =Agbdh icheskogo stroeniya morskikh beregov na protsessy :
|_hjbb ljhbkoh" ,\_ gb zii [On the influence of the geological structure of :

gbc e _A~gbdh\hc nhjfzy coasts on the processes of abrasiDoklady Bolgarskoi

Iblu K Akademii NauReports of the Bulgarian Academy
Sciencef 1976, vol. 29, no 2, pp. 57-79. (In Russian)

RZr_gdh H F Imklh\

<1 KMb dh\Z=HhH 0Zg Subetto D.A. Istoriya formirovaniya Ladozhskogo oz

mq_[gbd ={MA GZpbhg | ego soedineniya s Baltiiskim morem [The history of

Jhjguc mgb\_jkbl I formation of Lake Ladoga and its connection with
- - Baltic Sea].Obshchestvo. Sreda. Razvitie (Terra

Rmckdbc X > Kbf thghal , ,
mana) [Society. Environment. Development (Terra |

bb heh]bg_kdh]h ki
yg I_hehlbq_ ] mana), 2007, no 1 (2), pp. 111-120. (In Russian).
kdbo [_j_lh\ gZ ijhp_kk
>hde ;heG 1976. L <

K 57-79.

Subetto D.A., Shvarev S.V., Nikonov A.A. Z
retskaya N.E., Poleshchuk A.V., Potakhin M.S. New

idence of the Vuoksi River origin by geodynamic ce
Gorlach A., Hang T., Kalm VGIS-

based reconstruction of Late Weic

clysm. Bulletin of the Geological Society of Finlan
2018, vol. 90, pp 275-289. DO10.17741/bgsf/90.2.01(

selian proglacial lakes in northweste

Russia and Belarus // Boreas. 20. Vasilieva N.V., Subetto D.A., Verbitsky V.R., Krotov.

Vol. 46. Iss. 3. P 486-50: Putintseva A.E. Istoriya formirovaniya IlI'mer

DOl 10.1111/bor. 12223 Volkhovskogo basseina [History of the lImen-Volkh

Basin Development].lzvestiya Rossiiskogo gosude
Hughes A.L.C., Gyllencreutz F

Lohne* 6 ODQJHUXG -

The last Eurasian ice sheets chron-

stvennogo pedagogicheskogo universiteta in
A.l. Gertsendlzvestia: Herzen University Journal of Hi
manities & Sciencgs2012, no. 153(2), pp. 141-150. (

ological database and time-slice rect , , ,
Russian; abstract in English).

struction, DATED-1 // Boreas. 201
Vol. 45. Iss. 1. P 1-45 Vinogradov A.Yu., Obyazov V.A. Glyatsioizostatic!

DOI: 10.1111/bor. 12142 eskoe podnyatie Priil'menskoi nizmennosti v golots

[Glacio-isostatic uplift of the Priilmen lowland in tf
Rinterknecht V., Hang T., Gorlach #

Kohv M., Kalla K., Kam V.
Subetto’ %RXUOQGYDQQI
Guillou V. The Last Glacial Maximun

Holocene]. Sbornik nauchnykh trudov chetyrnadtsa
Mezhdunarodnoi nauchno-prakticheskoi konferer
©1DXFKQ\H LVVOHGRYDQL\D NC



2019| Vol.1, Iss.2 HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

extent of the Scandinavian Ice Shee W\V\DFKHOHW L\{D2 afdiye ROLECollec-
the Valday Heights, western Russ tion of scientific papers of the fourteenth Internatio
Evidence from cosmogenic surface ¢ scientific-practical conference "Scientific research: |
posure dating usinBe // Quaternary problems of the third millennium" (Moscow, April 01-(
Science Reviews. 2018. Vol. 20 2018), Moscow, Problems of science Publ., 20
P.106-113. DOI10.1016/j.quasci- pp. 99-102. (In Russian).

rev.2018.09.032

Vinogradov A.Yu., Obyazov V.A., Kadatskaya M.M. |
Subetto D.A., Shvarev S.V., Nikor toriya formirovaniya rek Yuzhnogo Prii'men'ya
A.A., Zaretskaya N.E., Poleshch golotsene [History of formation of the rivers of sot
A.V., Potakhin M.SNew evidence o Prilimenium in holotsen]Gidrosfera. Opasnye protses
the Vuoksi River origin by geodynam i yavleniya [Hydrosphere. Hazard processes and |
cataclysm // Bulletin of the Geologici nomena] 2019, vol. 1, iss. 1, pp. 90-113 (In Russian;
Society of Finland. 2018. Vol. 9( stract in English). DOI10.34753/HS.2019.1.1.001
P.275-289.

DOI: 10.17741/bgsf/90.2.010

Vinogradov Yu.B.Etyudy o selevykh potokakh [Etud

about mud stream]Leningrad, Gidrometeoizdat Pub
1980. 144 p. (In Russian).

Zubov V.G. Mekhanika [Mechanics] Moscow,
Publ. Nauka, 1978. 352 p. (In Russian).

218






2019| Vol.1, Iss.2 HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

* kh[jZzgZ b ijhZgZebabjh\Zgz | every provided issues,;
]b”rjheh]bg_kdhfm mjh\_gghfm « the main factors of the reverse flc
kdhfm j_"bfm j_db Kmohgu b _z have been revealed and the hydrolog
dh\ £ d <heh]”u b E_"b computations have been carried out;
* \uy\le_gu hkgh\gu_ nZdlhju h[ < the statistical evaluation for the me
gby \'\_joh\vyo j_db Kmohgu \ i indexes of solid and liquid flow durin
itheh\h~vy b \uiheg_gu ]b”jheh thereverse course has been provided
gzlu » the hydrodynamic calculation for th
e NZgZ klZIbklbg_kdZy hp_gdZ distance of ingress of polluted wate
dhlh b I\zj~h]lh klhdZ \h \j_fy ijl into Lake Kubenskoye has been elal
e \uiheg_g ]b”"jh"bgZfbq_kdbc j rated,

klb ijhgbdgh\ _gby aZ]jyagzgguc < thehydrochemical indexes of thew
klhdZ \ ha_jh Dm[_gkdh _ ter quality have been provided;

e NZgZ hp_gdZ ]b”~jhobfbg_kdk e the possible changes of water qua
dZq_kI\Z \h™ < jog_c Kmohgu I of Lake Kubenskoye and the risks of
jbb ha_jZ Dm[_gkdh_ \ i_jbh” h[ pollution were considered.

. hp_g _gu \hafh gu_ baf_g_ ¢ The unique hydrological informatio
\h~ ha_jZ Dm[_gkdh_ b jbkdb from newly established water-measuri
kfzljb\z_fuf y\e_gb_f points enabled the valid estimation 1
J r_gbx wlbo az~Zq kihkh[kI\h\ the hydrological and hydraulic charactt
]Jb~rjheh]lbg_kdhc bgnhjfZpbb g isticsofthe reverse course. The settin
ihklZo gZ <_jog_c Kmohg_ qlh observation sequences to the multi-y
gblv jZkgzlu ]b”rjheh]bg_kdbo o:z period have been made by statistical r
jZlgh]lh klhdzZz F_Ih~Zfb fzI_fZIt thodics and correlation analyze. The ¢
klbdb \uiheg_gh ijb\_~ _gb_ jy~I tained empirical relationships can set
d fghlhe Ig _fm i_jbh”m gqglh ~Z the prerequisites of a comprehens
ihemqgblv ke_"“mxsb_ ihdzZazl_ forecast model for consequences of
klhdz ijh~he bl_evghklb jZkot reverse flow. The basic factors for poll
\h~u kdhjhkl_c¢ | _gq_gby h[tz tion of waters of Sukhona have been
gZghkh\ az~Zgghc ih\lhjy fhklb vealedand the probability of pollution

Lake Kubenskoye, used for the wa

Bely A.V. Hydroecological features of the reverse flow on the Suchorer Riwing the spring fluidHydro-
sphere. Hazard processes and phenom@04a9, vol. 1, iss. 2, pp. 21844 (in Russian; abstract in English
220 DOI: 10.34753HS.2019.1.2.003




=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u?2|201¢

LZd _ hp_g_gZ \ _jhylghklv aZ]j supplying of the regional center Vi
\h~ bkihevam_fuo ~ey \h"hkgZ logda, was estimated too. Under that,
ghl]h p_gljZjE*Z <heh]”u knhjfnr conclusions and recommendations
\u\h?*u b j_dhf_g”~Zpbb ih kgb risk reducing of the negative hydro-ec
g_J]Zlb\guo ihke_ "kl\bc h[jZlgh logical after-effects of the reverse flo
Kmohgu \ i_jbh”~ \_k _gg_]h iheh have been formulated.

Dexq_ \u_ keh\@dzZ KmohgZ ha_ Keywords: Sukhona River; Lake Ku
kdh_ klhd hJ[jzZlgh_|_qg_gb_ a: benskoye; river flow; reverse flow; po
wdhkbkl_fZ Jb”jhobfby ]Jb”jheh lution; hydroecologicalhydrochemistry;
| _jbklibdb hydrological characteristics

< i_jbh”\_k gg_]h iheh\h~vy ijbdZjikimbhdXlhdZ ~h ~_ } \gb M
<heh]h~kdjzZ g dhlhjh_ \j _fy f_gy_| k\hz I_g_gb_ gZ ijhlb\hiheh gh
beb f_gvr_c kl_i_gb ijhbkoh”bl ijZzdlbg_kdb _"_]h”gh

<_kghc \ gZqZe_ ih*tzfZ mjh\g_c \h?u b \ gZqZe_odgvhoh"Z
\"im] hklZgz\eb\Z _|ky b j_dzZ \' I _g_gb_ kmlhd ih\lyjlzgb\Aaal jkKi\hz
Dm[_gkdh_  HJ[jZlguc oh” j _db fh | ijh*he Zlvky g _"_ex b [he
aj_ebs_ dh]*rz \afmg_ggu_ \h”u Kmohgu “h\hevgh Jjyagu_
[ ehkg_"guc e_"h\uc ihdjh\ ha_jZ Z gZ \oh”_\ ha khjwZelwgBgul]jh
\ug_k_ggu_ k ijhfure_gghc ahgu ]J]hjh*Z KhdheZz

H[jZlgh_ | _q_gb_ j_ db Kmohgu \ ha_jh Dm[_gkdh_ fh gh
bgl j _kguf ijbjhrguf yl\e _gb_f _keb [u g_ g _dhlhju_ _]h g_]Zlb\gu,

=eZ\guf jbkdhf mom”r_gby dzZq_klI\Z \h*guo j_kmjkh\ y\ley |
|Zeufb \h~Zfb \ ha_jh Dm[_gkdh_ fh]lml ihiz~Zlv aZ]jyagzggu_
ijhfure_gguo ij_"ijbylbc Jhjh~h\ <heh]”u b KhdheZ

< dhgl_dkl_ jzkkfzljb\zZz_fhc |_fZlbdb ke_~m_I| hilf_Iblv qlh
\h~*guo j_kmjkh\ g_h[oh~bfuo "ey kgZ[ _gby ]hjh~Z <heh]”u ha_
]Jez\guf bklhqgbdhf iblv_\h]l]h b | _ogbqg_kdh]h \h*hkgZ[  _gby h]|
fZeh\h~gu_ djblbg_kdb_i_jbh~u ]h~Z D2ZzZq_klI\h \h® mdZaZggh]h
gb™_ mjh\gy Ij _[h\Zgbc *ey h[t_dlh\ \h*hkgZ[ _gby ju[hohayckl\_gc
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< wlhc k\yab p_evx gZklhys_]h bkke_"h\Zgby y\ey_Iky *_1Z
hp_gdZz b ijhlgha hkgh\guo ]b”jheh]bqg_kdbo ]b”rjhobfbqg_k¢
ijhib\hl_q_gby j _db Kmohgu \h \j _fy \ _k gg_]h iheh\h”vy

>eyhklb™ _gby p_eb ihklZ\e _gu b j_ r_gu ke_"mxsb_ aZ”Zqgb

. ijh\_klb k[hj b ZgZeba bgnhjfZzpbb ih ]b”jheh]bg_kdhfn
]Jbrjhobfbqgq_kdhfm j_"bfm j_db Kmohgu b _g U gdheghdNgbtbhBh\bt\h \k_
bf xsboky bklhggbdZo

. \uy\blv hkgh\gu_ niZ[dEHgdh]h | _q _gby \ \ _joh\vyo j db K
i_jbh~ \_k_gg_lh iheh\h”~vy b \uihegblv ]b*jheh]bg_kdb_ jZkqzlu

. NZIv klZIbklbg_kdmx hp_gdm hkgh\guo ihdZazZl_e_c "b~dh
\j_fy ijhlb\hl_q_gby

. \uihegblv ]b*"jh~bgzZfbq_kdbc jZzkqzl "Zevghklb ijugbdgh\_
\h”~ h[jZlgh]h klhdZ \ ha_jh Dm[_gkdh _

. "ZIv hp_gdm ]b”jhobfbg_kdbo ihdZazZl_e_c¢ dzZq_klI\Z \h~"
x'ghc Zd\Zlhjbb ha_jZ Dm[_gkdh_ \ i_jbh” h[jZlgh]h |_qg_gby

. hp_gblv \hafh'gu_ baf_g_gby dzZq_kI\Z \h® ha_jZ Dm[_g
jbkdb \ k\yab k jZzkkfzljb\z_fuf y\e_gb_f

H[t_dl bkke ~h\Zgby

Hkh[_gghklvx ha_jZ Dm[_gkdh]h y\ey_ Iky rbjhdh ba\_klguc
h[jzlghlh 1_q_gby j_db Kmohgu \h \j_fy \_k_gg_]lh iheh\h”~vy D
hibkZgb_ijhp_kkZ ijhlidhllhgrgbynsbo nZdlhjh\ hif_qzZ_Iky th fgh]b
>Bevbgkdbc Nbe gdh J_kmjku ih\_joghklguo \h~"
BevbgZ =jZoh)\ @

F_klhjzkiheh  _gb_ bkke_~m_fh]l]h j_]bhgzZ ihdzZazZgh gZ Kkl
jbkmdhd

YF_jhijbylby ih khojZg_gbx b \hkklZgh\e_gbx dZq_ kI\ZZ\D’hg[uch;dhﬂrth'\a _[iZk kH laogz
GB hI\ bki : < ;_euc <heh]”Z <heh]~Zbg ijh_dl
F_jhijbylby ih khOng gbx b \hkklZzgh\e_gbx dZq_ kl\Z]ZhDgll[IOgjkd(hﬂhkhhlZZ(kquz
GBJ hI\ bki : < ;_euc <heh]®Z <heh]”*Zbg ijh_dl
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Jobkmgh&blmZpbhgguc ieZg f_klhjZkjjbdhjbhby bkke_~m_fh]h h[t_
Figure 1. Situational plan for the location (1) of the investigated object

H[t_dIhf bkke_"h\Zgby y\ey_Ilky ]b”jheh]bq_kdbc j_"bf \h~h
]b”rjh]jZznbg_kdhc k_Ib < jog_c¢c Kmohgu jbkmghd \ i_jbh” hj
ijbmjhgq_ggh]h d \_k_gg_fm iheh\h”~vx

:\lhju hif_qgzZxl qglh hkgh\ghc ijbgbghc h[jZIgh]lh klhdZ y\eyxl}

hkh[_gghklb j_ev_nzZ bkke_"m_fhc |_jjblhjbb knhjfbjh\zZ\
iha”“g_q_I\_jlbggh]lh ihke_e_~gbdh\h]h i_jbh"Z

kms_klI\_ggZy Zkbgojhgghklv \ ijhoh ~_gbb \_k_gg_]h ihe
\h~*hlhdZo iblZxsbo Dm[_gkdh_ ha_jh

=b~jhljZnbq_kdZy k_Ilv jzZkkfzljb\zZ_fhc |_jjblhjbb ij_I_ji_eZz
bklhjbb kbevgu_ baf_g_gby \h \j_fy fhkdh\kdhc b \Ze~ZlIzxkdhc
ihke _"mxs_c ~_]jZ"Zpbb e_"gbdh\

2= _hl]jZnbg_kdbc ZleZk fbjz F MevljZz WDKL?GL nbjfz :J;:E?L k
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Jbkmgh®hkfhkgb§lZklb \h~ hk[hjZ j db < _jogyy KmohgZ x ghc Zd\
Dm[_gkdh_ b mklv_\hc qZBK hjq glatgs:/\W&w.google.com/maps
Figure 2. Satellite photo of the uppermost part of the Sukhona River and its watershed, the southern
part of LakeKubenskoyeand the estuary of the Lezha River.

Source of informationhttps://www.google.com/maps

Dzd hif _gZ | J B Nbe _gdh >Nbe _gdh @ ©«glh dzkz Ik
j_db Kmohgu 1Ih hgzZ \ ihke_e _"~gbdh\uc i_jbh” g_ hklZ\ZeZkv i
] _ heh]lh\ \ ihke_e_~gbdh\uc i_jbh” [ueb ~\_ Kmohgu AZizZ"gZy
Dm[_gkdh_ ha_jh \_joh\vyfb dhlhjhc kem'beZ j_dZ MnlIx]gh& g_[h
Kmohgu gb _ MnliIx]b [ueZ ebrv _z ijblhdhf b <hklhqgZy Km&@hgzZ i
\hklhd WIb ~\_ j _db jZza”™ -elyaVbkv gglikdkleZ[h”j_gbjh\Zgguf ijhkljZg
< ijhp_kk_ jza\blby ]b”jh]jZnbq_kdhc k_Ib \j_aZgby bhhylkZmizghb
KmohkgiZ _"bgbezZkv k ijblhdhf ~j \g _]h DnmdhkglhdhgdyhlimjZhgzZ bf_ \r
[he gbadbc [Zabk wjhabb ; _eh_fhj_i_j_o\Zlu\ZeZ[hBVyradZxrZ]hf
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gZklv AZiZ*"ghc Kmohgu b kimklbeZ ha_jfKmahghktimx_ gbRmgmghH e
kh\j_f ggh_ Dm[_gkdh_ hklZehkv ebrv \ _z gZb[he__ Jem[hdhc
e_"gbdh\h]h \h~hzfz?a

GZ kh\j_f _gguo dhkfhkgbfdZo ih\_joghklb bkke_~m_fh]h j
ijhkfzljb\Z _Iky hkmrzggh_ eh _ \ x'ghc qZklb ha_jZ hihykZggh_
\Zehf <b”gh qlh <_jogyy KmohgZ [hevr_c qZklvx ijhl_dzZ_1 il
ljbdm[_gkdhc gbabgu IjhlhdZ ;hevrhc Imgdzk ijhl_dzZ_ | ih ~gm
p_gljZevghc _z qZklb jbkmghd

Bf _ggh wlh h[klhyl_evkl\h h[mkeZ\eb\Z_| djZcg_ gbadb_
khhi\_IkI\_ggh k\h[h~ghc ih\_joghklb jmkeh\h]h ihlhdZ j_db < _jog
g_ ij_\urzxl - \'f_ " _gguc i_jbh~

H[ wihf mihfbgZ_Iky b \ jZ[hl_ >BevbgZ =jZoh\ @ ©«hq_]
gZ wlhf mqzkld_ jzZkieulgZlu b g_ykgu f_klghklv \hdjm] ighkidZy
hl bklhdZ “h mklvy j db <heh]”u khklzZ\ey | \k_]1h g_kdhevdh kZglb
I1Z" gb_ Kj_~g_c¢c Kmohgu ijbf_jgh gZ ihjy*hd \ur_ -dbéhifZZzg\n]fkd h c
mqgZkld_ hl mklvy j _db BoZebpu ~h ]Jhjh~Z Lhlvfu hgh khklZ\ey_
ijhly” _gbb df <_jog_c KRkogu« BaaZ fZeh]l]h mdehgZ jmkeZ \ ]h~"
<heh]”Z b E_"Z \kdju\Zxlky jZgvr_ Dm[_gkdh]h ha_jZ KmohgZ ih?
ih\hjzgb\z _I \kiylv Ih g_~_e_ Z bgh]*Z b ih "\ _ |_qzlkbebgzgd §nf[_
ijh~he Z | khojzZzgylvky gbadbc f_~ _gguc mjh\_gv \h”u® b\dhju bf
f_"_gguc mjh\_gv h[uggh mklzZzgzZ\eb\Zxsbcky gZ ha_j_d dhgpm fZ

lhke kI\hjZZpPzZgv]b j_dZ KmohgZ ijhl_dzZ _ | ih Ijbkmohgkdhc g
kiI\hjz Mklv<heh]h”rkdh_ ijbgbfz_| kijz\z ~\Z djmjgdo istlétd]Z m+
g _kmsmx k\hb \h2uhklhd®& b j dm E_"Z | _dmsmx \ f _jbrbhgZevg
gZijZ\e_gbb <h”hk[hju wlbo ijblhdh\ e_"ZlI gZ k_\_jghf ijb\h~h
[hevrh]lh \h~*hjZza”_eZ ;_eh]h b DZkibckdh]h fhj_c¢ Kg_]hlZygb_ b\
wlbo [he__ x'guo \h*hk[hRjZo gZ*"hedpmZgvr_ q_f gZ hkgh\ghf ijblh
j_d_Dm[_g_ <h”hk[hj j_db Dm[_gu jZkiheh  _g agZghbdiheedgh gk _\_|j
\ :joZg] _evkdhc h[eZklb

JZkkfhljbf [he__ "~ _1Zevgh k bkihevah\zZgb_f hkgh\guo
ihdZzazZl e _c¢ ijhp_kk h[jZlgh]l]h | _qg_gby gZ mqzZkld_ Jbo"Kmohmgug k
hl mklvy j_db <heh]”u b j_db E_"Z ~h x'ghc Zd\Zlhjbb Dm[_gkdh]h
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Khklhygb_ijh[e_fu b bkihevah\ZggZy bgnhjfZpby

Hkgh\ghc ijh[e_fhc \ua\zZ\r_c g_h[oh”bfhklv ijh\_"* gby bkke._
hikmlklI\b_ bgnhjfZpbb h \_ebqgbg_ b ihjy*d_ ]b*jheh]bgfkidhd b ]b~
bkke_"m_fh]h y\e_gby ijb_fe_fhc IThgghklb "hklZlhgghec 7Me
h[hkgh\Zgguo \u\h”~h\ b ijbgylby mijZ\e_gq_kdbo j_r_ghbc

D ijh[e_f_ fh gh hlg_klb b hlkmlkl\b_ agZgbc h j_Ddegvghklb
dZzq_kI\Z \h” ]1b*jhwdhkbkl_fu x ghc Zd\Zlhjbb Dm[_gkdh]h ha_jZ
| g_gby Z 1zZzd _ h[ hlkmlklI\bb “hklZlhqgh]h bgnhjfZpbhggh]h h[hk
m]jhau

lhkdhevdm ha_jh Dm[_gkdh_ ihke_ kljhbl_evkI\Z dhfie_dk
\h~hazZ[hjguo khhjm  _gbc y\ey Iky h~”rgbf ba bklhgqgbdh\ iblv_\
\h~*hkgZ[  _gby ]hjh~Z <heh]”u 1Ih wlh [_amkeh\gh h[mkeZ\eb\z
agZq_gb_ ha_jzZz 7ey h[eZklgh]h p_gljZz b Ij_[m_I ~_1Zevgh
]b~rjhwdheh]bg_kdbo b \h*hohayckl\_gguo hkh[_gghkl_c jbkmghd

Jbkmgh&bImzZpbhggag f_klhjZkiheh™ _gby ihA\h”"ys ]h dZgZe.
gZkhkghc klzgpbb \h"hih~Zgb \ J]hjh® <heh]"m
Figure 3. Plan for the location of the inlet channel of the water supply

pumping station in the city of Vologda
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=b~jhf_| _hjheh]bqg_kdZy bgnhjfZpby bkihevah\ZggzZy \ gZklt

kdez”u\Z _|ky ba "Zgguo gZ[ex™_gbc ih k_Ib f_|I_hjheh]bfigklbidbo b ]
\_ jgh]lh mijz\e_gby ]b”jhf_Ikem [u KM=DK NZgguo gZ[ex”™ gk

ihklZz®J _kmjku ih\_joghklguo \h” @ b j amevizZlh\ ihaoldlo baf_
jZfdZo gzZimkighh ~h\Zl _evkdbo jZ[hl ijb 3mngZklbb Z\IhjZ

< gZklghklb khhI\_Ilkl\mxsb_ jZkqzlu b ZgZeba hkgh\guo
]b”rjZ\ebq_kdbo o0zZjzdl_jbklbd ijhp_kkzZ h[jzZlgh]l]h 1_q_gby j_db
bkihevah\zgb_f ffH "fiXlbg_kdhc KklZlbklbdb klZeb [eBRfhZgwfb
\uiheg_gguf ijh-blgkdZl_evkdbf bgklblmlhf ©<heh]~Zbg ijh_dl?a
1981- ] mgbdzZevguf ihe_\uf ]Jb”Ajhf_Iljbg_kdbf baf_j gbyf \ kl\hjZ
NlhgbghdM#&lv<heh]h”rkdh_ j_dZEB[dBA\hR WIb ihklu [ueb hldjulu \ jz
hirbjguo ijh_-dgbhkdzl_evkdbo jZ[hl *ey jZajZyhlkdhfbgoghddhh
h[hkgh\Zgby ©ljh_dlZ i_j [jhkdb gZklb klhdZ k_\ _jguo j_d \ [Zkk_c

Bkihevah\Zgu fZl_jbZeu gZ[ex"_gbc KM=DKIGZgvdZ KZmlzhdg
"Zggu_ ih mjh\gyf \h?*u gZ \h~hf_jghf ihdedxajAdZfKgwlugZ<heh]h~kd]|
jZchgzZ \h~*guo iml_c WIh ihkl k kZfhc [hevrhc [he_ _ e | ijh~
gZ[ex”"zgguo \_ebgbg mjh\g_c \h?u >J_k¥h%ku ih\@joghklguo

JZkiheh” _gb_ hihjguo \h~hf_jguo ihklh\ ~Zggu_ ih dhlhjuf
bkoh~ghc bgnhjfZpbb ijb bkke_ _~h\Zgbb ihdZaZgh gZ jbkmgd_

SF_jhijbylby ih khojZg_gbx b \hkklZgh\e_gbx dZq_ kI\ZZ\I’hlg[U(gI;dht]rhldha _[jZk kH loogz
GBJ hI\ bki : < ;_euc <heh]®Z <heh]”*Zbg'ijh_dl
F_jhijbylby ih khOng gbx b \hkklZgh\e_gbx dZq_ kI\ZZ\D’hg[uch;dhﬂrthwa _[iZk kH looz |
GBJ hI\ bki : < ;_euc <heh]®Z <heh]”*Zbg'ijh_dl
Hij_~ _e_gb_ \hafh ghklb ihkimie_gby klhdh\ ‘b\hlgrp\m'[gh_\lkcdim]_ha dh\fhé hdotk’Z BBm [ _ ¢
kdh<heh]§Zj_a ]Jimglh\u_ \h~u hiqgzl h GBJ hI\ bki : < ; euc <hé&h]*Z Fl OWI
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Jbkmgh®ZjtKo_fldb"*jheh]bqg_kdbo ihklh\ gZ j_d_ Kmohg_ bgnhjfZp
[ueZ bkihevah\ZgZ ijb ZgZeba_ “h[jZlgh]lh | _q_gby
Figure 4. Map of hydrological posts on the Sukhona River, information on which was used in the

analysis of the reverse flow

J amevlZlu bkke_"h\Zgby hkgh\guo ]b”jheh]bqg_kdbo
h[jZlgh]h klhdZz

=b”jZ\ebqgq_kdmx kmsghklv nhjfbjh\Zgby ijhlb\hl_q_gby fh
dhfie _dkghf ]JjZnbd_ oh”Z mjh\g_c \_k _gg_]h iheh\h”vy gZ hihjguo
jbkmgd _ ihdzZzazZzgzZ ~bgzZfbdZ mjh\g_c \h~u b thdfghdhgbukHhhghjhf
iheh” _gby mjh\g_c baf_gyxsbokyjXlgjhp _KkkhdZz GZ mdzZazgghf
ihdzazZgh khhlghr_gb_ hlf_Ihd mjh\g_c \h”u ijb\_~zgguokhdl ;Zelb
baf_j_gguo gZ \h~hf_jgubhgbgEdI?Z[Zgv]ZMklv<heh]h?~kdh_ \ i_jbh~
\_ k _gg_]h iheh\h”vy ]h”Z

4= _hl]jZnbqg_kdbc ZleZk fbjZz F MevljZ WDKL?GL nbjfz :J;:E?L k
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JbkmghdjZnbd oh”Z mjh\g_c KimawhgZ Jy i_jbh” ih~tzfZ \_k_gg_]h ih«
1h~Z gZ \h~"hf_jguo JZkEfHyw ]2 Ihqbghd b Mkliv<heh]h”kdh _
Figure 5. Plot of water level curves on the Sukhona River during the spring flood raised in 1983

at Rabanga (1), Pochinok (2), and Ustye-Vologodskoye (3) water gauging stations

J_amevlZlu jZkqgzlZz mdehgh\ k\h[h”*ghc ih\_joghklb jmk
bkihevah\Zgb_f wlbo ]JjZznbdh\ ihdZau\zZxl qlh gZ dbkégZmZéuo
gZ[ex"Zxlky iheh bl _evgu_ mdehgu \ khhl\_Ikl\bb k dZghglhy kdbf
j_db Kmohgu GZ \u”_ey _fuo mqgzZkldZo jmkeZ mdehg khklEZ\be ij
Ilhgbghdh#®hf_jguc ihkl JZ[Zgv]Ah*hf _jguc ihkl Ihghghdjguc ihkl
Mklv<heh]h”~kdh_ + \h~hf_jguc ihkl JZ[ZQg¥hZ _jguc ihkl -Mklv_
<heh]h” kd®05.

K jZa\blb_f iheh\h~vy gZ "\mo gb gbo klI\hjZo \h”~hf_jgu_ ihkl
<heh]h~kdh_ kdhjhklv ih~tzfZ mjh\g_c hi_j_"Z_1| kdhjhklv ih~tzfz
ihklZz Thgqbghd qglh ijb\h”~bl d \hagbdgh\_gbx ]b”jZ\ebqg_kdh]h ih”i
mdehghf jZ\guf ijhfbee_ Q_j_a “\h_ kmlhd hljbpZl_evguc mde
knhjfbjh\Zeky b gZ mqgzZkld_ \h~hf_jguc\himkil_jjga{Z gihlkd thgbghd &
khklzZ\be ijhfbee_ jbkmghd
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GZ "Zlm Zij_ey ] ih”ihj \ke_~klI\b_ aZiheg_gby ha_jZ
\h~zZfb hkgh\gh]lh ijplldzZDin[_gu b h[tzfZfb h[jZlgh]h klhdZ hJjz
hklZgh\beky b j dZ KmohgZ ihreZ \ h[uqghf gZijZ\e_gbb

GZ hkgh\_ ZgZebaz \k_o fzZl_jbzZeh\ ]b”jhf_Ijbg_kdbo ba
©<heh]”Z]bijh\h*oha? aZzZ]] mklZgh\e_gh qlh h[jZlgh_ I_q_gb_ j
\k_]"Z gZqbgZ_|ky gXhmlmgrkdd2zZ{Zzgv]Z \_jhylg__ \k_]h hl Jhjh~Z Kt
j_dZ KmohgZ ijbgbfzZz | e _\h[_j_jgdm ijlbdhdlmtb j dm =emrbpm

>Zggu_ djzZldhkjhgguo gZ[ex™_gbc gZ ]b”~jheh]lthqblkgdibdo ihl
(1981- 11 b “ebl_evguc jy" gZ[eXZ[gdhe]dn ihalhebeb ~ZIlv hp
]Jbrjheh]bgq_kdbo ozjzdl_jbklbd h[jZlgh]lh klhdZ j_db Kmohgu \ fgh]

>ey wlh]h ~Zggu_ gZ[ex™_gbc ih \h~hf_jghf ihklm JZ[ZgvVv]Z
klzg”~Zjlgufb f_Ih~Zfb fZI_fZlbg_kdhc klZlbklbdb

Djb\u_ h[_ki_q_gghklb ihkljh_gu ”"“ey ke _"mxsbo jy~h\ ijl
h[jZlgh]lh kimdZ kjL *gb_ jZkoh”u aZzZ i_jbh” hQpzZlgh[tre fkulthdgZzZlgh]h
klhd®Wn QZklv hj~bgZl wlbo djb\uo “ey d\Zglbe_c azZz~Zgghc jZI
ij_\ur_gby ij_"klzZz\e_gu \ IZ[ebpZo b

LZ[ebpZ<_ebqbgu ijh*he bl_pNdhkhbh |_g_gby b kmffZjguo h[tzfh)\
i_jbh”™ h[jzZlgh]lh klhdZ j_db Kmohgu \ ha_jh Dm[_gkdh_ glZchkgh\_
ij_\ur_gby

Table 1. The values of duratioof the reverse flow and total water volumes for the period of the
return flow of the Sukhona River to Lake Kubenskoye of the estimated probabilities of exceeding
[jhrhe bl _evghklv h[jZ| H[tzfu h[jZIlgh]h | _d
KI\hj | _g_gby kmlidb Wo feg?® f

1% | 10% | 25% | 50% Lej ~ | 1% | 10% | 25% | 50% | W A
J dZ Kmoh

18 | 13,7 | 11,0 | 8.3 8,0 |132]96,0| 70,0 | 49,0| 53,5
NJZ[Zgv]i
J dZ Kmoh

18 | 13,7 | 11,0 | 8,3 8,0 |292| 182|126,0| 76,0| 78,0
"lhgbghd

SF_jhijbylby ih khojZg_gbx b \hkklZgh\e_gbx dzZq_ kI\ZZ\D’hg[uch;dhﬂrthwa\jZkkHbgz
GBJ hi\' bki : < ;_euc <heh]*Z <heh]”*Zbg ijh_dl
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LZ[ebpzZlZkqzlgdkoh”u \h~u b kj_~gb_ kdhjhklb I_qgq_gby j_db Kmotft

| _g_gbb

Table 2. Estimated wateflow rates and average flow rates of the Sukhona River in the reverse flow
JZkoh”u \h™ ik Kdhjhklb | _qgq_gby

1% | 10% | 25% | 50% | Qkj_~ 1% | 10% | 25% | 50% | V kj_

J _dZ KmohgZ[Zg\ 146| 108 | 87,0/ 66 | 68,8 |0,21| 0,16| 0,14 | 0,11| 0,11

J dZ Kmohytzgtkgh 188| 152 | 132 | 110 | 114 | 0,33| 0,27| 0,23| 0,2 | 0,21

KI\hj

<uy\e _gb_ wfibjbg_kdhc dhjj_eypbhgghc k\yab jZkoh”h\ h[jZ
\h~hf_jgh]h ihklZ JZ[Zgv]Z k khijy 'zggufb k gbfb jZkohmabftbg¥hau \
\h~"hf_jguc ihkl Thgbghd mkeh\gh ijbgbfzZz_ fh]lh gzZfb azZ\ hekléd | c
hp_gblv 0zZjzdl _jbklbdb IZdhc ~_ h[_ki_ghglgdtkdb j\bkihlyjhd»

Jbkmgh@wfibjbg_kdZy aZ\bkbfhklv jZkoh”h\ \h”u j_db Kmohgu ih ~:

ihklZ Thgbghd hl khhI\_Ikl\mxsbo jZkoh”h\ j_db Kmohgu gZ \h”~hf_
Figure 6. The empirical dependence of the Sukhona River water discharge according to the
Pochinok water metering station from the corresponding the Sukhona River water discharge

at the Rabanga water metering station
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KiZlbklbg_kdb_ o0Zzjzdl_jbklibdb ijh*he bl_evghklb b h[tzfh)\
ithemqg_ggu_ mdZazgguf kihkh[hf “ey h[hbo mqgzlguo klI\hjh\ ij_~kl.

MklZgh\e _gh qlh \ kj_~g _fgh]lhe |Ig_f jZaj_a_ h[jZlguc klhd ¢
ijb gZb[he__ jZgg_cZtZley+ ] b ihatrg fZyzl_ ] H[tzfu klhdZ
jZaebgghc h[_ki_q_gghklb \ klhjhgm ha_jZ \hajzZklzZxl glh F
ijblhqghklvx b jmkeh\ufb azZzizkzfb kzZfhc j_db Kj_"gbjblfigh]he _lgtk
mqZkldJZ{Zgv]dEkthd j db Kmohgu \ \b”_ kj_~g_]h jZkoh”"Z azZ \j_f
h[jzlghlh I_q_gby jZ\kg f

Mgblu\Zy qglh \ hp_gzgguo \ur_ h[tzfZo klhdZ agZgbl_evgt
g_"hklzlhggh hgbs_ggu_ klhdb ]Jhjh*h\ <heh]”u b Khdhez fh gh
\h~u fh]lml y\blvky nzZdlhjhf mom”"r_gby dZq_kI\Z hazjguo \h"
ijhlib\hl_qg_gby

lhwihfm \gZgZe_ke_"m_1| hI\_Iblv gZ \Z guc \hijhk mki_\Zxl ¢
Ahklbl]gmlv ha_jz ij_"~_ qg_f j_dzZ KmohgZ ihl_qzl h[ugguf h[jZahf"

HI\ Iblv gZ wlh \hafh'gh jZzkqzlzZfb \j_f gguo b ]Jb”"jZ\ebq_ kc
h[_ki_qb\Zxsbo “\b"_gb_ \h~guo fZkk ijb h[jZlghf klhd_jbKhghc be
yley Iky \j fy jmkeh\h]h ~h[_]Zgby <j_fy jmkehtd Bay_ kEghy
hij_ ~ ey |ky ih nhjfme _

t =I/v 1)

1" | £t”*ebgZkgzlgmldgzkldz j_db df
vzkj “gkdhjhklv | _@Zgpdkqgzlghf mqgzkld _

Gb\_ebjh\Zzgb_ \h~rghc ih\_joghklb \ khklz\_ ]b”jhf_Iljbg_kdbo
\uiheg_gguo ijhbdukldzl_evkdbf bgklblmlhf ©<heh]*Zbg ijh_dla |
agZq_gby ijh*hevguo mdehgh\ k\h[h~ghc ih\_joghklb j_db Kmoh¢
| g _gby ~“hklb]Zxl ijhfbee_ m\_ebqgb\Zykv ih oh”m \ klhjhgm ha
Kj_~gb_ kdhjhklb ih "b\hfm k_q_gbx ihlhdz Izd _ z~_W\Zkgthjhg ki ml
ha_jZz jbkmghd
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Jbkmghdaf_g_&ihp_"g _c kdhjhklb I _g_gby ih "b\hfm k_qgq_gbx ihl
fZdkbfZevguo jZkoh”Zo h[jZlgh]h klhdZ \_jhylghklb ij_\u
Figure 7. Thechange in average flow of velocity over the living cross section of the flow at

maximum flow rates of the return flow 10% probability of exceeding

JbkmghdjZnbd aZ\bkbfhklb kj_~gbo ih "b\hfm k_q_gbx kdhjhkl_c t
(V. fk hljzZzkoh~h\ h[jZlghThkklhdz 4 f
1 +\h~hf_jgukklZ[Zg\]Z\h "hf_jgukkllhgbghd
Figure 8. Graphof the dependence of the mean cross-sectional velocity of the reverse flow (V, m/s)
on the flow rate of the return flow (Q,3f). 1 +water post Rabanga, #water post Pochinok
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WIlh ohjhrh ijhkfZljb\Z _1ky gZ kh\f_szgghf ]jZnbd_ aZ\bkbfh

jZkoh”~h\ \h~u ij_"klZ\e_gghf gZ jbkmgd_ Kdhjhklb I_q_gby \ Kkl
Nlhgbghd jzZkiheh™ _ggh]h [eb” _ d ha_jm kms_kI\_ggh]h [hevr_ kd
ihklm JZ[Zgv]Z _keb kjz\gb\Zlv bo ijb h*gbo bl o " jZkoh”Zo \h:

Ki_*g__ \j_fy jmkeh\h]h ~h[_]Zgby j_db Kmohgu jZkkqgblZggt
kdhjhklyo khhI\_IklI\mxsbo jZkoh"Zf h[_ki_gq_gghklbMkhklZ\beh
<heh]h”kdhJzfZgv]Z = kml 0Z mqaXXldgvIZ lhgbghd + kml gZ
mqgZkldihdbghdtat jh Dm[_gkdhkmt KmffzZjgh_ \j_fy khklzZ\ey_| 1Zdb:

kmi

?keb h[sZy ijh~he bl _evghklv h[jZlgh]h klhdZz h[_ki_q_g

Mklv<heh]h*kdh lhffbghd khklZ\beZ kmil Z[ebpZz lh jbkd |

aZljyagzgghlh IZeh]lh klhdZ k [Zkk_cgZ j_db <heh]”uhjwbhhiakghqzZ
Dm[_gkdh]h \iheg_ \_jhyl g

< wlhf kemqZ_ \hagbdZ_1 ijZzdlbg_kdbc bgl_j_&kbddip\_gdy *Ze\
Zd\Zlhjbb ha_jZ Dm[_gkdh]h \h” j db Kmohgu ij_"“iheh bl _evgh g
k _ebl [guo b ijhfure_gguo ahg ]Jhjh*"h\ <heh]”u b KhdheZ

lhoh zZy az~zZqz j_rzZezZkv Bgklblmlhf ha_jh\_~_gby :G KKK.
hij_ ~ e _gby \_jhylghc ahgu jZkijhkljZzg _gby \ ha_jh klhdzZ kzZfh]h
ijblhdZ hajjdbtDm[_gu >Ha_jh Dm[_gkdh _ @

JZkqzlgzy fzI_fZlbg_kdZy fh™_ev [ueZ ij_"~klZ\e_gZ \ ke_"mx

Gl GAP (2)

1~ UL»E%;
8stkj _"gyy kdhjhklv I _gq_gby \ j_gghc kijm ggdqZz&kdkhhly gdbhjZz
gata$tkj_"gb_ kdhjhklv Jem[bgZ b rbjbgZ \ gZqZevghf kl\hj_
H+kj_~gyy ]Jem[bgZ gZ mqgZkld_ jZkl_dzZgby kljmb
Gtwfibjbg_kdbc dhwnnbpb_ gl bgl_]jZevgh mgblu\Zxsbc ihl_jl

kljm_ gZ Ij_gb_ h ~gh b [hdh\u_ iB\LjigBkib jmkeZ

ljb bkihevah\Zgbb wlh]h ih”oh”Z ijbf_gbl_evgh d bkke_*
h[jZlgh]lh klhdZ j_db Kmohgu ihemq_gh qglh ijb jZkoh”~Zo \ i
jbkmgh¥o f k ahgzZ \ebygby h[jZlgh]lh |_q_gby khkld\eijbl hdh
kj_~gbo jZkoh”Zo df
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Wlh]lh \iheg_ ~hklZlhggh ”ey Ih]lh qglh[u ij_"~iheh blv qlh b
dZgZezZ ey \h~haZzZ[hjZ ]hjh~Z <heh]”u ba ha_jh Dm[_gkdh_
\_jhylghklvx hdz  Iky \ ahg_ \ebygby \h” h[jZlgh]l]h klhdZz
aZljyagyxsb_ \_s_kI\Z klhdh\ Jhjh~h\ <heh]”u b KhdheZ

< wlhf kfuke_ dhebqg_kI\_ggZy hp_gdZ ozjzdl_jbklbd I\zjrh]
ij_~klz\ey_| dzZd mihfbgZehkv \ur_ ijZdlbq_kdbc bgdvgZy qlZikdwne
\a\_r_gguo gZghkh\ \ _joh\v_\ j db Kmohgu ihihegy_ Iky mihfygmlt
\h~

>Ze__ jZkkfhlj_g ljZgkihjl \e_dhfuo b \a\_r_gguo jmkeh\uo g2
\ "Zevg_cr_f ©I\zjruf klhdhf?2

>ey j_r_gby wlhc azZz~Zgb \hkihevam_ fky ihemqg_ggufb \ur
0ZjzZdl_jbklbdzfb h[tzfh\ ©h[jZlgh]lh "bAdh]h klhdz?2 1Z[ebpZ

K bkihevah\Zgb_ ~Zgguo ]b”jheh]bq_kdbo baf_j gbc mklzZg
aZ\bkbfhklv h[tzfh\ I\zj*h]h klhdZ ey klIAhjhzgpghd Kjiokmgh d-

JbkmghdjzZnbd k\yab h[tzfh\ I\zjA*h]h klhdZ hl jZkoh”~h\ h[jZlgh]h
Kmohg_ \ kl\hj_ \h~hf_jgh]h ihklZ Ihgbghd
Figure 9. Plot of relationship between volumes of solid runoff and the costs of the return flow on

the Sukhona River in the alignment of water post Pochinok
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K ijb\e_q_gb_f kj_"~g_fgh]he_Igbo agZqg_gbc jZkoh”~h\ 1Z[eb
liZnbdz az\bkbfhklb jbkmghd \uiheg_gu jZkgzlu h[tzfz I\zj*h
h[_ki_g_gghklb b khhlI\_IklI\mxsb_ bf \_ebgbgu kj_~g_cbbmlghkl
hp_ghqgguo jZkgzlh\ ij_~klzZ\e _gu \ 1Z[ebp _

LZ[eb®zZOZjzdl_jbklbaiBbh]lh klhdZ \ ha_jh Dm[_gkdh_ ijb h[jZlghf |
Kmohgu
Table 3.Characteristic®f solid runoff into Lake Kubenskoye in the reverse course of the Sukhona

River

H[tzfu \a\_r_gguo g~
KI\hj luk Thgg

10% | 25% | 50% | ghjfZ 10% ]| 25% [ 50% | ghjf2
J dZ KmohyglZgkgh| 1,62 | 1,45 | 1,18 1,44 8,87 12,2| 15,6 | 185

Kji_~gyy fmlgHhKI

<b”rgh qlh k m\_ebg_gb_f h[tzfZ h[jZlgh]h | _q_gby \hajZkl.
kihkh[ghklv j_db hi_j_~Zy ijbjhkl h[tzfz I\zj*h]h klhdZ wzf k\b~
Ij_"klZ\e_ggu_ \ I1Z[ebp_ <b”rgh qlh dhgp_gljZpby \a\_r_gguc
kgb Z Iky k m\_ebqg_gb_f h[tzfh\ "bArdh]h b I\zj*h]h klhdZ

< p_ehf fh 'gh k" _eZlv \u\h™ qlh IjZgkihjl gZghkh\ \ hag jh Dm
b khklz\éykjl g _fghlhe Ig_f jZaj_a_ lukyg lhgg \ ]Th™ 1ljhp_kku
gZghkh\ b ozZjzdl_j bo jzZkijhkljZg_gby)hklhdghdjoZkxbhha jz [j_ |
"hihegbl_evgh]l]h bamg_gby Hkh[h_ agZq_gb_ a”_kwhblfZ\Z24 wjreb
gZghkh\ b bo \ha” _ckl\by gZ dZg_klI\h \h® ha_jzZ \ fZeh\h”*guc i_jb

J amevlZlu ]Jb”jhobfbq_kdbo bkke_ "~h\Zgbc j db Kmol
h[jZlgh]lh klhdZ

Mgblu\Zy [hevrh_ ohayckl\_ggh_agZg_gb_ha_jZ Dm[_gkdh]l
]hjh~rZ <heh]”"Z b <heh]h”kdhc h[eZklb \ p_ehf hkljh \klZe \hi,
\dexq_gby \ dhfie_dkgu_ bkke_"h\Zgby ha_jZ wdheh]bq_kdlto b ]b-

< wlhc k\yab kh[jZgu b h[h[s_gu fZl_jbZeu ]Jb”jhobfbq_kdbo g
j_amevlZlu ieZgh\h]l]h dhgljhey dhfbl_1Z ih wdheh]bb h[eZklgh]t
kZgwib” _fgZ”ahjz PKWG LZd"_ [ueb bkihevah\Zgu j_amevlZlu
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baukdZl _evkdh]h bgklblmlZ ©<h®m "Bp@dpraZpbb ©WIBJ2 Wdhe
ijh_dlghaukdZzl_evkdb ’ jZihheg _gguo jZg__ "ey hp_gdb g _dhlhjuc
ijhp_kkh\ azZ]jyag_gby \h~ \ x 'ghc qZklb ha_jZ b j_d Ijbdm[_gkdhc

>ey hij_~ e _gby ihdzZazZl e _c¢c dZqg_kI\Z \h™» ha_jZ Dm[_gkdh]h
\ i_jbh~ _z h[jZlghlh |1 _qg_gby ijb mqgzZklbb Z\lhjZz [ueb ijh\_~
]Jbrjhobfbgq_kdb_ baf_j_gby b h[ke_~h\Zgby

< i_jbh” \_k_gg_]h iheh\h”vy ] ijhba\_~zg hi[hj ijh]
eZ[hjZlhjguc ]b~jhobfbg_kdbc ZgZeba \h®” gZ mqgzZkld_ j_db Kmoh
gZqZeZ ih~"\h”ys ]h dZgZezZ \h”"h\h”~Z IjhJu \h”u gZ ]Jbghhobfbqg
[ZdI_jbheh]bg_kdbc ZgZebau hlh[jZzgu \ jy®»_imgdlh\ jbkmghd

| j\u_ g_luj_ imgdlzZ oZzZjzZzdl_jbamxl baf_g gb_ dhebqg_KkI\_
dZg_kI\Z \h~u \h \j_fy h[jZlgh]h | _gq_gby gZ mqgzZkld_j _db KZmohgu
\h~*haz[hjzZz ~ey ]hjh"Z <heh]”u 1lylZy lhqdZ hil[hjZ oZjZdl_jbam_
klhjhguDkm[_gkdh_ b \hafh 'gh_ baf_g_gb_ ihdzZazl_e_c diZljg_kI\Z \
kemqgZ_ nhjfbjh\Zgby h[jZlgh]h | _gq_gby \ ha_jh ih ijhlhd_ ;hevrhc

HIi[hju ijh[ \h”u [ueb ijh\_~ _gu \ i_jbh”" k ih Zij_ey 1t
~_gq_gb_ j_db Kmohgu \ Ihl ]h? gZgZehkyv Zij_ey b ijh~hgehZehk\
\ur_ kj_"g__ jZkqgzlgh_ \j_fy “h[_]Zgby \h~ghc fZkku gZ mqgZzZkld_
<heh]h”~kdha_ ph Dm[_gkdh_ khklzZ\ey | [he__ kmlhd IZdbf h[jZah
\ "Zgghf kemqgZ_ h[jZlguc klhd ~hklb]Jg_| bklhdZ j_db HKaglgu |
Dm[_gkdh]h

=b~jZ\ebqg_kdb_ oZjzdl_jbklbdb h[jZlgh]h klhdZ azZnbdkbjh\z
ihe_\h]h h[ke_"h\Zgby ] \ kl\hj_ rexaz Afgif_ngjhh\uagvO\h”u
\'\_jog_f [v_n_ f ;K %4k [ebddb d kj_~gbf

J dh]ghkpbjh\hggh_ h[ke_~h\Zgb_ ijhlhdb ;hevrhc ImgdZk ihd
g_c g_ gZ[ex"Zehkv \ klhjhgm j_db Kmohgu *Z"_ \ i_jbh” lyldb[he __
| _gq_gby ihke_-"g_c ]

5F_jhijbylby ih khojZg_gbx b \hkklZgh\e_gbx dzZq_ kI\ZZ\D’hg[uch;dhﬂrth'\a _[iZk kH laogz
GBJ hI\ bki : < ;_euc <heh]®Z <heh]”*Zbg'ijh_dl

7Hij_~_e_gb_\hafh ghklb ihkimie_gby klhdh\ ‘b\hIgh\h"q_kgﬁ]\h\Uhlﬁl\é\_"dDm[@ng[
kdh<heh]~Z q_j_a ]Jjmglh\u_ \h~u hquI h GBJ hi\' bki : <2; euc kheh]*"Z FI ¢
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JbkmghdKo_fZ jZkihehimgHdy¥h\ hi[hjZ ijh[ gZ ]b”jhobfbq_kdbc ZgZ
j_db Kmohgu \h \j _fy \_k _gg_]h fheh\h~vy ]
J dZ KméHygg & \h~hazZ[hj ]hjh*Z KhdheZz
J_dZ KmahRZjZ \ kl\hj_ rexaZ AgZf_gbluc
J dZ KméHglzemdb \oh~ghc kl\hj \ ha_jh
Ha_jh Dm[_gkd&iZehlr ih"\h”"ys ]h dZgZeZ df hl [_j_]Z
Bklhd ijhlhdb ;hevrhc Imgqdzk \ kl\hj_ gZkhkghc klZgpbb \
Figure 10. The map of theamplingpoints for hydrochemical analysis of the Sukhona River during
the 1994 spring flood: 1. R. Sukhoraillage Kogash (water intake of the city Sokol);
2. R. Sukhonatp. Shera (in the site of the gateway Znamenity);
3. R. Sukhonatvillage Priluki (entrance target to the lake);
4. Oz. Kubenskoyetthe beginning of the supply channel (0.5 km from the coast);

5. Source of the river Bolshoy Puchkas at the site of the pumping station of the water intake)

8= h]jzZznbqg_kdbc ZleZk fbjZz F MevIjZJWBKL?GL nbjfk
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K p_evx ZgZebaZz

Kmohgu b ha_jZ Dm[_gkdh]h g_h[oh”bfu_
i _jbh™ hlI*" _evguo nZa \_k _gg_J]h iheh\h”~vy

HI:KGU? IJHP?KKU B Y<E?C Lhfl

<ul|201¢

Abgzfbdb ]b~jhobfbq_kdhc Kbhj@Zgbbbih m

Z "h gZqZeZ h[jZlgh]h | _gq_gby

[ \h \j_fy h[jZlgh]lh |_q_gby
\ ih hdhggzZgbb h[jZIghlh | _q_gby

MklZgh\e gh

glh "h gZqzZeZ h[jZlgh]h

]brjhobfbg_kdb\ ihdZ

| g _gby ihdZaZl _eb

Dm[_gkdh]h ijZzdlbg_kdb ih \k_f bg]j_"~b_glzZf g_%uoh”yl azZ ij_~_el

Gb'_ ]1hjh~Z Khdhredg *ph\h
glh fh gh k\yazZlv k

\hajzklzxl
ij_~klZz\e_gu \ IZ[ebp _

LZ[ebpzZBaf_g_gb_
| jjblhjbb JThjh~rZ KhdheZ

ihdZzazl _e _c¢ dZg_kI\ \h”™u

dhgp_gljZpbb aZ]jyagyxsbo \_s_|
[Zeuf klhdhf k

| _jjblhjbb ]hjh~Z

j_db Kmohgu \ i_jlt

Table 4. Change in water quality indicators of the Sukhona River during melt runoff from territory

of the city Sokol

IlhdZaZzZl _eb AgZq _gby ihdZaZl e c gZ
<ur_ lhjh~Z Khg Gb"_ ]1hjh~Z Kh
;bhobfbqg_kdh_ ihlj_[{ 3,6 6,8
dbkehjh”Zingy D]AHe
<a\_r_ggu_ \_s_KklI\z 0,4 1,4
Dhebg”_dk wda 2400 24000
Oehjbru f] e 7,5 12,5
H[sZy fbg_jZebaZphby 319,2 342,8
iG 7,5 7,6
Gbljzlu f] e 2,6 2,9
KmevnZlu f] e 40 40

Ilhke gZqgZeZ h[jZlgh]h
ih\lhjgu_ ijh[u \h~u \ wlbo " _

imgdlZo

| g _gby Khdhevkdhc eZ[hjZIhjb_c |
>Z9ggu_ eZ[hjZlhjguo ZgZeb

9<ebygb_ ~_yl _evghklb LHH ©N_lbgbgh? gz dZzq_kI\h[\hykgithd hj _Krgkh\h h@Bjz CHI
k

bki : < ;_euc <heh]*Zz

<heh]~"Zbg ijh_dlI
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k\bA |1 _evkl\mxl h[ mom~r_gbb dZq_kI\Z \h” u j_db Kmol
Dm[_gkdh]h
M “Dmag_ph\h \ur_ ]hjh~Z ijb h[jZlghf |_qgq_gbb \a\_r_ g
ij_ \ukbeb I>D \ jZa dbljbjdaz dhgp_gljZpby k\bgpZ mf_gvrbeZk
fl e Z \ kl\hj_ \h*hazZ[hjZ gb _ 1hjh”*Z ijb h[jZlghf I_q_gbb ¢
\hajhkeZ ~h f] e I>D Ihyleyxlky n_gheu \ dhgp_gljZpbb
:gZeh]lbqgu_ eb[h J[ebadb_ j amevlZlu ZgZeblbg_kdh]h ¢
eZ[hjZlhjb_c fmgbpbiZevgh]h ij_7ijbylby ©=hj\h~*hdZgZe? ]hjh*Z <kt
KmohgZDth]Zr Ih bo "Zgguf ihemqg_gh \a\_ij ggu_g\b s_ klI\.
hdheh ~“\mo I1>D k\bg_p g_ h[gZjm _g gh aZnbdkbjh\Zdu g_nl_
401>D
?kl_kI\_ggh jZaebgby pbnjh\uo ihdZazl e ¢ dzZq_kI\Z \h”u
"bkdj_lghklvx gZ[ex”~_gbc 9gZ nhg_ \ukhdhc Imj[me_glghklb jmkeh\
L fg_ f g _ fh gh ]Jh\hjblv h[ mklhcgb\hc |I_g~ _gpbb aZ]jyag
Kmohgu bf _ggh \ j _amevlzZl_ih\hjhlZz _z ihlhdZ \kiylv Jhamevl:
]b~rjhobfbb aZz 11 k\b”_ 1 _evkl\mxIl \ ihevam wlh]h ij_~iheh  _gby

LZ[ebpZlhdZaZl_eb dzZq_klI\Z \h”u \ “heyo I>D j_dbhK&rohjbu \ k
ijyfhf I|_g_gbb qgbkebl_ev b ijb h[jZlghf I_#_gbb agzf_gzZl_ev
Table 5. Water quality indicators (in fractions of MPC) of the Sukhona River in the alignment of the

village Kogash with a direct flow (numerator) and with a reverse flow (denominator)

IlhdZazl_eb >heb I1>D
] ] ]
<a\_r_ggu_ \_s klI\z 0.0 0,0 0,35
1,4 1,45 3,1
;bhobfbg_kdh_ ihlj_[e_gb_ dbklgh]j 1,13 0,26 0.9
0,5 1,28 1,12
cahl Zffhgbcguc 0,0 0,0 0,0
1,24 1,06 0,8
EZdlhahiheh bl _evgu_dbr_qgu_ iZ 15 1.1 0,0
1,4 1,4 0,0

Ke_~m_1| hif_Iblv qlh i_j f s gb_ gZghkh\ ih jmkem\h_db Kr
\a\_r _gghf khklhygbb kZevlZpb_c¢c b \e g _gb_f ih ~gm “4pgb wlhf

VE jhijbylby ih khojZg_gbx b \hkklZgh\e_gbx dZq_kI\zz\®Dnglua kdkijkha _[jZk kH g
h GBJ hI\ bki :< ; euc <heh]*Z <heh]"Xbg'ijh_dlI
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h[jZamxlky jZaebqgu_ jmkejb\nu_ebhjlfjiyu JZaf_ju IZdbo nhjf baf_g:
g_kdhev&izaglbf_Ijh\ ~h g_kdhevdbo f_Ijh\ lh ih\_joghklb ]jy~
i _j_"™\Db]Zxlky nhjfu ~ebghd¢ hh kZfuo f_edbo jbn_e ¢ "ebgZ dh
ij_\urzZ I - kf < h[s_f jmkeh\u_ nhjfu ijbgylh " -ebivalphz fzZdj
fbdjhnhjfu >>_~dh\ Fha .jbg @

Nhjfbjh\zZzgb_ jmkeh\uo nhjf hij_~ ey Iky hkgh\gufb ]b’
0ZjzZdl_jbklbdzfb ikdihdiZzkbkyx gZijzZ\e_gb_f |I_q_gby bgl_gkb\ghklv
ljb mklzZgh\b\r_fky j_"bf_ ihlhdZ gz "~g_ j_db h[jZam_lky gZ[hj
fZl _jbZeZ "hgguobitleh™  _g

ljb “hklZlhggh [ukljhc kf_g_ gZijZ\e_gby |_q_gby j_db gZ ijkh
wlh bf_ I f klh gZ j_d_ Kmohg_ \hafh'gh gZqZeh ~hklzdibggh b
jmkeh\uo -fbalibdjhnhjf WIhl ijhp_kk ~hihegbl_evgh \h\e_dz_|I| \
agzZqbl_evgh_ dhebqg_klI\h \a\_r_gguo gZghkh\ dhlhju_ [eZ]h"Zjy h
jZkklhygbx “h ha_jzZ \iheg_ _]1h “hklb]Zxl

Baf _g _gb_ dhgp_gljZpbb \a\_r _gguo gZghkh\ ih ~ebg_ j_d
ih~ M\ _j°~Z | wlih ij_~iheh  _gb_ < ebqgbgu dhgp_gljZpbcfbeaf gizyxlky
mgzZkld_ hl ]JhjhrZ KhdhezZ “~h \h”haZzZ[hjZ "ey ]hjh~Z <heh]?u
Z khj[pbhggmx kihkh[ghklv \a\_r_gguo gZklbp fh gh jhihptlkzb h|
kh_~"bg _gbc Iy zeuo f IZeeh\ \ ha_jh ~h wlh]h dhgkheb”bjh\Zg
hleh™ _gbc 1j_"~iheh bl _evgh fu bf__f ~ eh k nzdlhf \lhjbggh]h aZzZ]j
Kmohgu bglj_"b_glzZfb \ufulZ_fufb ba “hgguo hleh  _gbc ijb h[jZIlg

< dzZg_kI\_ ih”?I\_j°~ gby wlh]h ij_~iheh ™ _gby fh gh ijb\_klb j_
dhgp_gljZpbb fZjl]ZgpZ ijb h[jZzkghf kiINhd_ = f] e A~ _kv dhg_qgh
]h\hjblv h kh\iz®"_gbb ~\mo ijhpe kkhdby \ jmkeh\luc ihlhd \a'
Z™ khj[bjh\zZ\rbo fZj]Zg_p b mkbe_gbhkikidigkébl_ _evgh]h ijhp_Kk
hij_ ~ ey fh]lh \ukhdbf kh”_j"Zgb _f jZkl\hj_ggh]h dbkehjh”Z \ IZeuc

D ijbjhrguf bklhggbdzf fZj]ZgpZ djhf_ mihfygmluo &b gh hlg._
aZ[hehq_ggu_ ihcf_ggu_ | _jjblhjbb o0ZjZdl_jgu_ dbkehc j Zdpb_c
ijhl_dzZx!l ijhp_kku fbdjh[bheh]bg_kdh]h \hkklZgh\e _gby fZjl]ZgpZ
j_amevlzZl_ qg_lh ih"\b ghklv fZj]ZgpZ ih\urZ_Iky hkh[_ggh \ \b”"
dhfie_dkh\

H[jZsZ | gZ k_[y nzZdl h[gZjm  _gby \ \h~_ ~h\hfdvegj_@gdh]h f_
imgdl_Dh]Zr _]h dhgp_gljZpby khklZ\beZ f] e |>D \ gZc
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dZgzZez += f] e I>D NZdlu h[gZjm _gby fheb[*_gZ \ \h~_ il
hgbklgu_ khhjm ™ _gby kbkl_fu \h*"hkgZ[ _gby Jhjh*Z <heh]”u hlf
ijh[Zo eZ[hjzZlhjbb fmgbpbiZevgh]h ij_"ijbylby ©=hj\h*"hdZgze?
0,005- fl] e IThkdhevdm ih agZq _gbx dezjdzZ \ a_fghc dijhgphizeb["_
gZ k_~vfhf f_kl_ ihke_ ahehlzZ Ijm~gh ij_"~iheh blv ijbjh~rgh_ ij
fbdjhwe_f_glZ

Ilh \k_fm IjZgablghfm mqgzZkldm j _db Kmohgu ijhke_"b\Zxlky
dhgp_gljZpbb hdheh I>D aZ bkdexqg_gb_f Ilhqdb hl[hZ2z2n ghzqZe
f j_ ijb[eb  _gby d ha_jm kgb Z Iky dhgp_gljZpby kdjhgldIib\qgukedb o
\ s _kI\ k fl e m ]hjh”"Z KhdheZ "h fl e m bklhdZ ih*"\h~*ys
g_dhlhjh_ ih\ur_gb_ ZffhgbWHsheéh\h]hl12D inl@ baf_gy_Iky hl s
54f]AHe

KZgblzZjghd!l_jbheh]l]bg_kdh_ bkke_~h\Zgb_ ijh[ \h”u j_db K
Dm[_gkdh]h k\b~ | _evkl\m_| h “himklbfhf eb[h mf_j gghf aZz
ihdZzaZzl el eZdlhahiheh bl cklvmugu_  iZelbadbgy I|ky hl A h
23000~ fe HFQ h[s_fbdjh[gh_ qgbkeh hl A h N fe ohly 7
"Dmag_ph\h kbIimzZpby g_kdhevdh om?_ fek Ddge’b dk N e
;hevrbgkl\h ihdZazl_e_c¢ dZq_kI\Z \h~u hlghkbl_evgh ju[hohayckl\
ihdzZzaZzZl_ey \j_~ghklb gZoh”ylky \ ij_~ eZo baf_g_gbc nhgh\uo agZ

DZq_kl\h \h~u \ bklhd_ ijhlhdb ;hevrhc ImqdzZk \ kl\hj_ gZk
[hevrbgkl\m ihdZazZl _e_c¢c g_ \uoh”bl azZ ij_~ _eu lj_[h\Zgbc =HK
<bamZevgh_ gZ[ex”_gb_azZ Zj_Zehf jZkijhkljZg_gby h[jZ]gtdbh klho
Kmohgu g_ "hklIb]ZxIl wlih]h imgdlZ b g_ \ebyxl| gZthdZadl gb cdhd uk

gZeba ijh[ \h*u j_db Kmohgu ih hdhgqgZgbb h[jZlgh]h | _q_
eZ[hjZlhjb_c Khdhevkdh]l]h PKWG \ kI\hj_ \h*haZzZ[hjZ b g
ADmag_ph\h ihdZau\Z_| qlh dZq_kl\h \h” j_db Kmohgu\R*umsghkl
\ur_ ]hjh*Z KhdheZ ih [hevrbgkl\m ihdZaZl e ¢ g_ \uoh”bl aZz
agZq_gbc HIf _gZ_Iky g_dhlhjh_ ij \ur_gb_ ih gflhk iphkihbdy@i
0,04f] e J_dZ KmohgZ \ ij_~ eZo q_jlu ]hjh*Z KhdheZ bkiulu\Z | g2
ihwlhfm hilf_gZ |Iky m\_ebq_gb_ dhgp_gljZpbb g _nl_ijh~mdlh\ At
AD,071f] e
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<u\h?u b j_dhf_g”*"Zpbb

1. <uiheg_g dhebqg_kI\_gguc ZgZeba ijbgbg b ke_ _"kl\bc hJ[
\_joh\vyo j_db Kmohgu \h \j fy \ k gg_]h iheh\h~vy b \uqgbl
]brjheh]bgq_kdb_ o0zZjzdl_jbklibdb wlih]h y\e_gby

2. Hp_g_g9Z "Zevghklv ijhgbdgh\_gby \h” j_db Kmohgt \ ha_j
\hafh ' ghklv hp_gblv bo \ebygb_gZ dZqg_klI\h \h*guo j_kmmjkh\ ha_j
jZchg \h~haz[hjZ 1hjh*"Zjxthgqhguhf | _gq_gbb j_db Kmohgu \h \j_fy '
iheh\h~vy \h~"gu_ fZkku "hklb]zZxl| gZgZeZ ih"\h~ys_]h dZgZeZ \h"h
\ df hl bklhdzZ j_db

3. Nzdl “\b" _gby \h” j_db Kmohgu ih ijhlhd_ ;hevrhc Img
\h~"haz[hjZ g_ mklzZgh\e_g J_dh]Jghkpbjh\hggh_ h[ke_~h\Zgb_\
"bl_e_c¢ k\b”_ | _evkl\m_1 h ihklhygghf gZijZ\e_gbb klhdZ ;hevrh]h |

4. <uiheg_9gZ hp_gdzZ oZzjzdl_jbklbd I\zj*h]h klhdZ ihklmiZz
\j _fy h[jZlgh]h | _gq_gby j db Kmohgu

5. <h”u ijhgbdZxsb_\ ha_jh kh klhjhgu j_db Kmohgu b ~h
\h~"haz[hjZ o0ZzZjzZd!| _jbamxlky dZd aZ]jyagzggu_ b ihddaBf Jdy¥jlgob f
hi\_qzxl 1j_[h\Zgbyf d ha_jm Dm[_gkdhfm dzZd \h~ hzfm \ukr_c
dzZl_]lhjbb

6. Ih hdhgqgZgbb h[jZlgh]h | _g_gby j_ db Kmohgu ihdZazl el
Dm[_gkdh]h \ha\jZsZxlky d bkoh~guf

7. >ey ba[_"Zgb_ ihiz"Zgby aZzZ]jyagzgguo \h” \ \h~haZ[h]
j_dhf_g"m_Ilky jZajzZ[hlZIv khhlI\_Ikl\mxsbc j_]JezZf gl jZ[hlu \h*"haZ
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M>D DOI: 10.34753/HS.2019.1.2.004
IJH=GHA WDKLJ?F:EVGH=HFORECASTING OF THE

ABFG?=H F:EH<H>VY J?DBEXTREME WINTER LOW
GHJBEDB >EY H;?KI?Q?GBFLOW FOR THE NORILKA
MKLHCQB<H=H <H>HKG:;@?GBY RIVER

K:@mjZ\bg FZEdh\ Sergey A. Zhuravin, Mikhail L. Markov
=hkm~”Zjkl\_gguc ]b*jheh]bq_kd State Hydrological Institute,
] KZzgdl_|_j[mj] Jhkkby St. Petersburg, Russia
2014mmi@gmail.com 2014mml@gmail.com

gghlZpbi[t_dlhf bkke_ _~h\Zgby Abstract. The object of the study is th
j GhjbedzZGhjbevkdZy jZkiheh _ Norilka River, located in the North ¢
\ j_ DjzZkghyjkdh]h djzZzy JZ[hlZ the Krasnoyarsk territory. Only 45%
ihevah\zZgb f fgh]lhe _Igbo ~Zgg! thenorm of precipitation fell in the bas
jheh]bg_kdbo gZ[ex”_gbc gZ k_ ofthe Norilka River for the period fror
b ©LZcfujkdhc ]b”jhf_I_hjheh]b October 2012 to May 2013, that rest
"bpbb?a < [ZkkGdhgbedb dZd b \ inginanextremelylow spring flood foi
j_]Jbhg_LZcfujzZz \i_jbh” k hdly[ mation. The feeding of the large lak

]h~Z \uiZzeh \k_]h hl ghjfu thatform the river flow was also limitec
j_amevlZl_ qg_]lh knhjfbjh\Zehk asdryweathersetin during the summr
gbadh_ \_k _gg__ iheh\h”v_ |kt This caused great concern regarding
ha j dhlhju_ nhjfbjmxl klhd j_d water availability of water intakes
hl]jZgbgq_gh ihkdhevdm \ e_Ilgbc mining and processing plant in the c
eZkv kmoZy "ZjdZy ih]lh~zZ WIlh of Norilsk for the winter of 2014. Th
h[ _kihdh_gghklv \ hlighr_gbb \h‘ situation required the solution of a col
klb \h~haz[hjh\ djmig_cr_]h \ -{ plex of hydrological tasks, the main
h[h]zZlbl_evgh]lh dhf[bgzZlZ \ ]hjh which is the development of a forec:
abfgbc i_jbh~ ]h~Z <hagbd of minimum water consumption for tr
ihlj _[h\ZeZ j_ r_gby dhfie_dkZ winter of 2014. The forecast was dev
kdbo azZz~Zq hkgh\gZy b&adh]h oped using relationship between ai
ijhljghaz fbgbfZevguo jZkoh”h\ \ pre-winter moistening with intensity ¢
i_jbh~ ]h~rZ ljh]lgha jZajZ[h

@mjzZ\bg K : Fzjdjn]g¢hB wdklj_fZevgh]lh abfg_]h fZeh\h~vy j_db
gby mklhcgb\h]h \hAhkgZpb2jhkyn jZ HiZkgu_ ijhp_kku b yle<gby 245
K 245261 DOI: 10.34753/HS.2019.1.2.004




2019| Vol.1, Iss.2 HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

ZgZebazZ k\yab ij_~abfg_]h m\e: the winterrunoff depletion. Since the ¢
jbb k bgl_gkb\cgkhgklvxgby abfg_ ]I pacity of the ice cover can significant
LZd dZd fhsghklv e_~ygh]h ihdjl affect to decrease of the river flow, tl
kiI\_ggh \ebylv \ wlhf j_]bhg_ ¢ hydrological forecast takes into accot
kihkh[ghklv jmk _e j_d I|h \ ijh]g the long-term air temperatures forec
]Jghabjm_fu_ I _fi_jZImju \ha’ for 2013-2014 winter period. It was ol
2013- ]h~h\ < j_amevlZl_ jZkq tained the forecast that the minimu
e_gh qlh fbgbfZevguc f_kyqguc monthlydischarge for April would be :
khklZ\bl3 kf kmlhggu® ¥k ijb ih]j about 22 rM¥s, meanwhile daily dis
ghklb hdhehk* Ihemqg_ggu_ j_am charge 20 rfis. The received resull
ebkv hkgh\hc 7ey 1ijh\_~ _gby were a basis for carrying out tt
gZijZ\e_gguo gZ h[_ki_q_gb_ m measures directed on maintenance
kgZ[  _gby k ihlj _[ghRIkx Gb f \h steady water supply with need dischal
[hjh\ \ Z\]-RK@Qly[j_ ]h~Z [ueZ in 7 ms. The low ground dam belo
~0Z ]jmglh\Zy i_j_fugqdZ kha”Z waterintakes was arranged at backw:
mqgZkld_ \h*haZ[hjh\ NZdIbqg_k on a site of water intakes for Augus
j_e_ ]h~Z khklZ\be 3hkihejib r September 2013. The actual flow d
jbg_j_db ihqlb f nhjfbjh\Zgb charge for Aprii 2014 was abol
b evrZ fhsghklvx ~hwlhl jZkoh” 14 m¥s. Therefore, the construction
fh] g_ h[_ki_qgblv ijblhd \ \h*haZ the dam was justified and interruptio
Ilhwlhfm kljhbl_evkl\h i_j fugdb ofwater supply of the plant did not ha
NZgguf b i _j [h_\ \h"hkgZ[ _gby pen. The methodological approaches
ijhbahreh F_Ih"bg_kdb_ ih”oh’ plied to the solution of this problem ct
gu_ d j_r_gbx ~Zgghc azZ”~Zqgb be useful in case of similar situations
e_agu ijb \hagbdgh\_gbb ZgZeh the Northern regions of Russia.

\ kK _\ _jguo j_]bhgZo Jhkkbb Keywords: North of Krasnoyarsk re
Dexq_\u_ keRkR\X_j DjzZzkghyjkdh gion; extreme low flow; ice regime
wdklj _fZzevgh_ fZeh\h~v_ e _"h\ forecast; winter river flow; sustainab

Jgha abfgbc klhd j_d mklhcqgb\l water supply

Zhuravin S.A., Markov M.L. Forecasting of the extreme winter flow for the Norilka River Hydrosphere.
Hazard processes and phenomerZ®19, vol. 1, iss. 2, pR45261 (in Russian; abstract in English
246 Dol: 10.34753/HS.2019.1.2.004
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<\ _" gb

Abfgyy f_~ gv gqZklh y\ey |ky ebfblbjmxsbf nzZdlhjhf ~ey nr
\h*hohayckl\_gguo dhfie_dkh\ 1jb bo ijh_dlbjh\Zgbb kh]leZkgh ij
f ITh*bq_kdbf “hdmf_glzf jzZajz[Zlu\Zxlky klZlbklbqg_kdb _| ijk]l]ghau
| _f "~ey iezZgbjh\Zgby \h*hkgZ[ _gby hklZ_Iky ZdimZevguf hkh[_ggdg
\h~ghklv ijh]Jgha gZ dhgdj_lguc kjhd LZdZy hkljzZy ihlj_[ghklv \
I:H ©=FDBEGhjbevkdbc §bdak¥gbc i_jbh2 ]h~rh\ < ij_~r_kl\mxsbc

i_jbh” k hdly[jy ih fzc ]h~rz ih "Zgguf ©LZegZokdhc Jb"jt
wdki_~bpbb?2 \uiZeh \k_]h hl ghjfu hkz~dh\ \ j_amevlZl_qg_]h
gbadh_\_k gg__ iheh\h”v_ IblZgb_ha_j F_edh_ EZf&hIDjulZz =e
nhjfbjmx!l klhd j_db Ghjbedb \ I_gq_gb_ | _ieh]h i_jbh~zZ ]Jh~zZ 1zd

ihkdhevdm \ e _Igbc i_jbh” mklZgh\beZkv kmoZzZy "ZjdZy iBE]lh"Z
\_jhylgh]h abfg_]h fbgbfZevgh]h kmlhggh]h J[pZEohhERghhZggZy g
j_ljhki_dlb\ghf ZgZeba_ ~Zgguo ]b"jheh]bq_kdbo gZ[exébgbgZihd.
fh> | dhe [ZIvky \ if _~feKo;ue k~ _eZg ij_"\Zjbl_evguc \u\h” qlh
f ° _gguc abfgbc jZkoh”™ \ Zij_e _ ]h~rzZ fh™ | “hklbqgv Z[kb&érIgh]h
]Jbrjheh]bg_kdbo gZ[ex”_gbc dhlhju_ Gjh\he'dlky §RAhgZeid Kk
19371h~Z LZdhc gbadbc klhd g_ kfh] [u h[_ki_qgqblv ghjfZevgh_
ij_~ijbylbc Ghjbevkdh]h ijhfure_ggh]lh jZchgZ k fbgbfZevghc
\h~hkgZ[  _gby ba j3db \MhwFhfm [ueh ijbgylh j_r_gb_ h ijh_dlbj
kljhbl _evklI\_ gZ j_d_ Ghjbed_ \j_f gghc aZgb"  _gghc ihjj_fuqdb
g_[hevrh_ \h~hojZgbebs_ gZ mqgzZkld_ \h*haZ[hjh\ 1jh_dlbjh\Zgb_
dhfie_dkZ ]b”jheh]bg_kdbo azZz*"Zq h”gZ ba dhlhjuo [ueZ k\yaZg
ijhlghahf fbgbfZevgh]lh klhdzZ \ dhgp_ abfgzZc f_Wlgb ijhijgea [ue
jZajzZ[hlzg \ =hkm~ZjklI\_gghf ]b”jheh]bg_kdhf bgklbIml_ N=;M ©=
klZIvbijg ~"klZ\blv _]1h f_Ih"bdm ihkdhevdm fghlhebflgllz ibafkigelgb
hiZzkghklv \hagbdgh\ _gby ih?h[guo kbImZpbc \ Zjdblbqg>&Odd OWIk
Change, :gbkbfh\ @bevph@& b hiul ih“h[guo ijh]Jghah\ fh" |
\hklj_[h\Zg b \ *"jm]bo kemqgZyo
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H[t_dl bkke_"h\Zgbc b bkoh~gZy bgnhjfZpby

H[t_dlhf bkke_"h\Zgbc ydéybéklZ j GhjbevkdZy lehszZ”~v \h*
j Ghjbedb \ kl\kjZeid khklZ\ey > ;hedfZy _]h qZklv jZkiheh  _gzZ
ieZlh ImlhjZg bf xsbo \ukhlu ~hf b [he__ WIZ qZklv \h”hk
oZjzZdl_jbam_Ilky jy~hf hl~_evguo ih”gylbc [ehdh\ b \halur_ggtl
]Jem[hdbfb jZaehfzZfb azZgylufb j _qggufb “hebgzZfb b ]Jem[hdbfb ha
gZklghklb bf_ | Jem[bgm [he_ _ f

GZ k_Yaphiz®_ d 1hjzf ImlhjzgZ ijbfudzZ_I | _dlhgbqg_kdzZy ™ _ij_
©Ghjbevkdhc ~hebghc? ih ~“gm dhlighjbeadyl d&XKolhgefe_ggh_ ~gh
N ij_kkbb keh _gh e_"gbdh\ufb hleh  _gbyfb \ukhlgu_ hif_Idb dh
100f ih\urZzykv d djzZyf ~h f b [he__ >ey wlhc qgZklb \h?
jZkijhkljZzg_gb_ fgh]hgbke_gguo g_[hevrbo [_kklhgguo ha_]
dhleh\bghh[jZaghc qZklb ~_ij_kkbb jZkiheh  _gh h[rbjgh_ ha F_ed
a_jdzez 2 df

Fhsghklv fgh]lhe_ Ilg_f_jaeuo ihjh” jzZkkfzljb\Z_fhc |_jjblhjt
200- f lJem[bgZ kladlglhh kehy-]Jijmgdhh\ dhe_ [e_Iky hl g_kdhevdbo
kZzglbf_Iljh\ -~*hf < jZchg_ jZ\gbgu b gZ kdehgZo ]hj bf__Ilky \uo
g_dhlhju_ ba dhlhjuo o0zZjzdl_jbamxlky \ukhdbf ~_[blhf ~h e k

QZklv ih\_joghklb "hebgu b kdehgu ijbfudZxsbo d g_c ]hj ihdj
ebkl\_ggbgguf e_khf dhlhjuc f_klzfb ih~gbfzZz Iky ~h hlf_Ihd f
fhohdabrZcgbdh\Zy Img”jZ <_jrbgu \halur_gghkl_c b ]hj azZgylu ]h

=b~jhljZnbq_kdZy kbkl_fzG[izjbleddg4j j*klz\ey_| kh[hc ~\_ kb
ha j < i_j\mx ba gbo \oh”yl ha_jZ g _ihkjGYjhedghztkdk| f&ZfzZ
zem[hdh_ Kh[Zgv_ b jy® [he__ f _edbo ha_j \h~hk[hju dhlhjuo
[Zkk_cgZ j_db Klhd ba gbo g_j_a kbkl_fm ijhlihdahddihijhA]h \thladE _
kh[kI\_gglGhjbedzZz <IlhjZzy kbkl_fzZ \dexqZ_ | ha_jh D_1Z b \ul_d
j Ju[gmx lkkgh\ghc e_\uc ijBlhjdbejdb LZdbf h[j@hhdfediZz nZdlbqg_kdtk
yley I|ky ijhlhdhc hl ha F_edh_d ha IlykbgZ b __ klhd fgxkfhljy
lhevdh hdheh iehsZ”b \h*hk[hjZ b y\eyxlky keZ[h ijhlhggufb it
ha jgh]lh j_]Imebjh\Zgby >J kmjku ih\_joghklguo \h® KKKJ @

Bkoh”"ghc ]b”jheh]bg_kdhc bgnhjfZpb _c¢c ihkem ' beb fZl jbZe
klhdhf b mjh\g_f \h~u e_"~h\ufb y\e_gbyfb gZ ]b”jheh]bqg_kdhf ihklr
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\ df gb <Ze_d \ f gb_ fhklZz GZ[ex”_gby ijh\h~"bebk}] \ i_jbh

1988- 11 -ih gZklhys__ \j_fy
>ey ZgZebaz Jb~jhf_| _hjheh]bq_kdhc h[klZgh\db bkihevah\Zg
©LZegZokdhc ]b2jhf_I_hjheh]bg_kdhc wdki_"bpbb? jZzg__ \

=bAjhf_lkem [u aZ i_-38h949-58, 1962-1995, 2000- [h~u
:gZeba bkoh~ghc bgnhjfZpbb b f IhAbdZ ijh]ghaZz

:gZeba nhjfbjh\Zgby klhdahjterdb jihdZaZe qlh hij_~ eyxsb_
\_k_gg_Ilg_]h iheh\h”~vy b [Zkk_cgh\uo aZiZkh\ \eZ]b hkz”~db \uizZ”":
ih bxev \dexgbl_evgh Bf_ggh wlb hkzZ”~db hij_~_eyxl|l \ "Zgvg_cr_f
f ° gb ke _"mxs_]h ]h~Z

KmffZ hkz~rdh\ azZ i_jbh” k hdly[jy ih bxev ]h*ZAaXhklZ\|
i _jbh” gZ[ex™ _gbc \_ebqbfgdm;ebadb_ ih \_ebqgqbg_ hkzZ~db azZ wl
gZlex"Zebkv Ilhevdh]b”jheh]bg_kdhf J]h*m b khklZ\beb ff <k_]h |
aZ mdZaZgguc i_jbhM \uiz”r"Zeb hkz~db kmffhc f_g ba-b ffjygmex”
gZ[ex™ _gbc b \k_ hgb khijh\h " ~Zebkv ihke_ "mxs_x dbadhldfabfg
"\mo kemqgZyo 1Zdb_ J1h”ru \uizZz*"Zeb k_jbyflb ih-l1jbjihaZz

Djb\Zy h[_ki_qgq_gghklb kmffu hkXAMh\LZfebpgBh” ihdZau\lZ _| ¢
wlZ \_ebgbgZ ~ey ]h~Z bf__| bkdexgbl_evgh j_~dmx h_jhylghkly
\ _jhylghklb ij \ur_gby

LZ[ebpZ<_ebqgqbgu Km#ZZ*dh\ nhjfbjmxsbo hkgh\gu_ [Zkk_cgh\u_ a
(X-vil jZaebqgghc \_jhylghklvx ij_\ur_ghby
Table 1. Precipitation sums forming the main basin moisture resources (X-VII) with different
probability of exceeding
J % 1 5 10 50 75 80 90 95 98
J ff | 503 464 442 357 308 295 260 230 196
Jk ffCv=0,2, Gev=-1,5

Nhjfbjh\Zgb_ klhdZ \h~u jZkkfzZljb\Z _Iky aZ ]b”jheh]bqg_kdbc
[ueh hif _q _gh \ur_ ijh~he Z _Iky k hdly[jy ih k_gly[jv ke_"mxs_]h
K gZqZeZ hdly[jy \ j_]lbhg_ ijzZdlbg_kdb \k_]"Z mkkigZzZ\eb\
| fi_jZImjZ \ha”moZ dZd gZ \halur_gghklyo 1Zd b gkjZijdpbgjguwo |
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ih\_joghklgufb hkz~dzfb \ wlh \j_ fy ij_djZszZ _Iky b j_"bf klhdZz
[Zkk_cgh\ufb azZzizkzfb \ezZ]b dhlhjzZy [ueZ gZdhie_gzZfduoa\fhZo b ]

Ilh~a_fgu_ \h~u \ [Zkk_cg_gZoh”ylky \ hkgh\ghf \ I\ _j~hc nZa_
\\b"m [hevrhc ]Jem[bgu aZe ]Zgby fghlhe Ig _f jaeuo ihjh® Ilhwlhf
j_d hkms_kl\ey_Ilky ij_bfms_kI\_ggh \ | _ieuc i_jbh” ]h~Z ba fZeh
]hjbahglh\ gz~f_jaehlguo \h® b g_agZgbl_evgh ih \_ebgbg_ 1IblZghb
ba [he__ ]Jem[hdbo ]Jhjbahglh\ hkms_ kl\ey Iky \ ahgZo jZaju\lguo
IZebdh\uo ahgZo djmiguo Jem[hdbo \h~h_fh\ H~”gZdh IZdb b ahgu |
l1Zzd"_ g_ hdZaulzZxl kms_klI\_ggh]lh \ebygby gZ j_"bf f_~ _ggh]h klh
f g__ hij_~_ e _gguc fbgbfmf klhdZz

Hkgh\guf bklhgqgbdhf iGliZipleyWlh) \ oheh”guc i_jbh” ]h~Z y\eyxlk
\h~u gZdhie_ggu_ \ ha_jguo kbkl _fZo WIb aZiZku \ | _gh gb_ a
wdkihg_gpbZevghc djb\hc kiZz*"Z gZjmrZ_fhc e_"hkdbb Viehlgb¥Hb b
Zij_ey dhlhjuc yl\ey_ I|ky ebfblbjmxsbf ihlj_[e_gb_ \h~u f_kyp_
hkezZ[e _gb_f fhjhah\ klhd klZ[bebabjm_Iky gZ fbgbfZ&kypwo ct4d\gy
ijZ\beh gZqbgzZ |Iky _]Jh f_"e _gguc jhkl ohly ih\_joghklgh]h
]b”rjh]jZznbg_kdmx kbkl_fm j_db _s_ g_ ijhbkoh”bl < fzZ_h klhd i
ith\urzZzlvky b \ dhgp_ f_kypZ h[uqgh gZgbgZ_I|ky iheh\h”v_

DzZd [ueh hif _g_gh \ur_ hkgh\guf bklhg@bphddbb\Zglhe hi*guc
i _jbh”r 1h~rZ 1h _klv k hdly[jy ih Zij_ev \dexgbl_evgh y\eyxlky \h”u
kbkl fZo \' I _g_gb_\k_]Jh I _ieh]lh i_jbh~zZ ij_ "~ -éklgh]h iihjbhVhAvk_
b gZezZ]lZxsboky gZ g_]lh "h "~ _\ubdx&yh»ndhwbkigy jbh” \ nhjfbjh\Zgbt
mqgZkIi\m _| hl ~h kmffu Jh~h\uo hkzZ~"dh\ < kemgHBEkzZVWdEW"“ \gby
Z\ImkK _gly[j_ fhlml nhjfbjh\ZIvky “h\hevgh agZgbl_evgu_ ~h "~ _\u_
hrgzdh [ukljh kjzZ[Zlu\Zxlky \ |I_q_gdbj\hk_ghelhybgu hdly[jy \\b~"
g_agZqgbl_evghc j_]mebjmxs_c _fdhklb ha_jguo kbklhfg_lgv hdZz
h]jZgbq_ggh_ \ebygb_ gZ abfgbc f_"_gguc klhd eb[h g_ hdZau\Zx

LZdbf h[jZzahf \_ebqbgZ ij_"abfgbo [Zkk_cgh\luo aZiZkh\ \h
jZkoh”~hf \h~u \ gZqZe_ ]b”jheh]ibdglk[dh]hdhR*Z kjZ[Zlu\Zxlky ehdZ
ih\ur_gby klhdz \ual\Zggu_ k_gly[jvkdbfb hkz~dzZfb Baf_j _gby j
i_jbh® azZljm~g_gu b \hafh guf ij_~bdlhjhf [Zkk_cgh\uo jZRbAKh\ fh
\h~u baf_j gguc \ dhgp_ k_gly[jy \ kemqgZ_ hlkmlkl\bylydgZqgbl_ e\
eb[h ihemqg _gguc ih Ibih\hc kiZ*h\hc djb\hc H~”"gZdh gZbemqrbf \Zj
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\k-1Zdb mklZgh\b\rbcky jZkoh”™ \h~u ihke_ h[jZah\Zgby e _"hklZ\Z |
r_jhoh\zZlhklb gZ _]1]h gb'g_c ih\_joghklb

=b~jhf_ljbq_kdb_ gZ[ex"GhjtyedyZ \j| kI\kgeid ihdZau\zxl qlh *
fZeh\h”"guo e_| k ihke_"mxs_c gbadhc abfg_c f_~ gwxhgZklghg”™ \h
\Zjvbjm _ | hl JThrZ d ]h~ m \ ij3~rkeho RIK ihfgb Zykv \ | _q_gb_ f _ky,

100- £ k Baf_j gguc jZkoh” \ kl\hj_ df \ur_ Z\Ilh~hjh gh]h f}i
khklz\be \k_Jhk I _klv gZbf_gvrmx aZ \_kv i_jbh” gZ[ex” _gbc \_
fZeh\h”gu _ b ]h~*u jZkoh” \h~u gZ wim ~ZPmk[uwer ijbf_jgh gZ

< ~"Zevg_cr_f \'' Il _q_gb_ abfu ijhbkoh”~bl bklhs_gb_ [Zkk_cagtl
Djb\u_ bklhs_gby \ kemqzZ_ \uizZz™_gby g_agZqgbl_evghilwn[jdhebqg_|
gZgbgzxl ~hklzZlhqgh milgjfbgh\BEIvky m" _ \ wlhf f_kyp_ ij_"u’
]b~rjheh]bg_kdh]h Jh~Z G [hevrb_ hldehg _gby \hafh gu Ihevc
kms_kI\_gguo hkzZz~dh\ beb ehdZevguo ihoheh”Zgbyo IKlkZ”dah\l hlf
\uizr"Zxsbo \ wlh \j_fy gZ dZf_ggu_ hkuib ijhkzZqgb\zZykvofjem[¥ a.
nZam ]Jhevph\uo ev”~h\

< i_j\hdhjhc ~_ dzZ~Zo hdly[jy gZ j_dZo b ha_jZo gZgqbgZ | h]
dhlhjzZzy gZ j_dZo m\_ebqgb\Z _| khijhlb\e_gb_ ihlhdm r_jhoh\Zlhklv
mjh\g_c \h~u ijb Ihf ~_ jZkoh”_ \h”u

<h \lhjhc iheh\bg_ hdly[jy nhjfbjm_lky e_"h\uc ihdjh\ gZ j_dZ
evrZ m\ _ebqgb\Z Iky \' I _q_gb_\k_c abfu \iehlv *h fZghjbed hAgh ~
klj_"g_ jmkezZ \ kj-~g Kf GzZb[he__ bgl_gkb\guc jhkl lThesbgu ev~Z
ij_bfms_kI\_ggh \ i_j\u_ abfghdIy[fwpdZffv < ~Zevg_cr_f jhkl lhes
evrZ azZf ey |ky Z \ hi*_evgu_ Jh*n \\jEey ghh yomkEjyh™ | ~Z°
ijbhklZgzZ\eb\ZIvky Ijb wlhf fZdkbfZevgZy lhesbgZ ev*Emdghi aZ\bk
hljbpzZl _evguo | _fi_jZImj \ha~moZ aZ oheh”guc i_jbh” ihkdhevd
hdZau\zZxl \ebygb_ \ukhlZ kg_]Z gZ ev™m \_ebqgbgZ klhdzZ \h”"vL
g_j_"h\zZgb_ i_jbh~h\ k hq_gv gbadbfb b highkbl_evgh \vkhdbfb |_°

KzfzZy [hevrZy fZzdkbfZevgZy |lhesbgZ ev”rZ Ghjlmezdex\"Ze.
dhgp_ abfu \ ]h*m dh]*Z kmffZ hljbpZl _evguo kj_ApbhonfoKyqg
aZ i_jbh™ k ghy[jy ih fZjl khklZ\beZ fK ohly \ ]h m ijb
| fi_jZImj hgZ khklZ\beZ \k_]h kf < Jh~m ijbfxAfHtc_jZiehc ab
khklZz\beZ fK gZ[ex"ZeZkv |lhesbgZ ev"rZ kf Ke_"m_1| hif_Iblv
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gZ Ghjbed_ y\ey_I|ky g_ \iheg_ dhjj_dlguf ihdZaZl_e_f ihkdhevdm
evrgZ klhd ijhbkoh”bl gZ \uoh”_ j_d ba ha_j b gZ kzZfbo ha_jZo
F_"~m | _f abfgb_ | _fi_jZImju hdZau\Zxl hqg_\b~gh_ dBk\ _gg
nhjfbjh\Zzgb_ abfg_]h f_"_ggh]lh klhdZ >=mj_\étq al, 20126 KUHYV
Schnorbus, Werner, Bennett, 20@ i_j\u_ oheh”gu_ f_kypu djb\u_ bklhs_g
hkgh\ghf ke_~"mx| deZzkkbq_kdhc ko_f_ H~gzZdh \ ib jfthij Mk ayHf\ Zjghih
hldehgylvky hl deZkkbqg_kdhc djb\hc bklhs_gby jbkmghd
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JbkmghdDjb\u_ bklhs gbyGHhdezdp aZ \u[hjhggu_ Jh”u
k gZb[he__ gbadhc abfg _c f_~ _gvx
Figure 1. Recession curves of the Norilka River for the selected years

with the lowest winter base flow

WIlh ijhbkoh”~bl \ke_~klI\b_ jy~Z ijbgbg ihfbfh ijyfh]h \ha”"_
ihdjh\Z gzZ klhd \ j_amevlzZIl_ hilt_fZ \h~u gZ e_"hh[jZah\Zgb_ b _
j_amevlzZzl_ baf_g_gby ]b”jZ\ebg_kdbo o0ZzZjzZdl_jbklbd ihlh&z e_»
j_"bf ihklmie_gby \ ]b”jh]jZnbg_kdmx k_Iv ih*a_fguo \h” JIThwlhfr
ijhlJgha_f_ " _ggh]lh abfg _]h klhdzZ g_h[oh”~bfh \\h”blv bkpglgZjgmx
mkeh\by jzZzkkfzZljb\Zy \hafh ghklv oheh”ghc ghjfZevghc Kkj_"g_
j_"bfm b | _iehc abfu

Abfgbc klhd j_d hkms_kl\ey Iky ij_bfms_kI\ _ggh agukh | bo
\h~rZfb >eFhjjbedb "hihegbl_evguf bklhggbdhf iblZgby y\eyxlky \h"
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d dhgpm |_ieh]h i_jbh?Z Zddmfmebjm_Ilky agZgbl_evguc hh_f \h"
klhdz fh | hdZau\Zlv \ebygb_ 1Zd _ e_"~yghc ihdjm\bjdhdsjuc jbat_g
]b~jh]ljZnbg_kdhc k_Ib azZ kqg_I| kl_kg_gby iehsz”~b "b\h]h k_qgq_g
>=mj_\bq @ Kgb  _gb_ jZzkoh”~Z \h”~u abfhc \ j_dh”aihfgfhljh mf
iblzgby b kjz[hldb _fdhklb ha_j “hklzZlhggh Ihggh hibku\zZ_
ij_"klZ\eyxs_c gZklguc kemqgZc ba\_klgumkkphgkayhbc FZc _

Q Qexp(ayr 'q, (1)

1. QxjZkoAh~u gkuc fhf_gl \j_t_gb

Q tgZqgZevguc jZkoh” \h”u

azx[_ajZaf_jguc izZjzZf_1j

txihjy*dh\uc ghf_j f_kypZ hl gZqZeZ abfu

g + baf_g_gb_ klhdz j_db ih hlghr_gbx d kj_"gbf abfgbf
mkeh\byf k\yvaZggh_ k baf_g _gb_f ijhimkdghc kihkh[gjbklb jm
nhjfbjh\Zgbb e_"ygh]lh ihdjh\Zz

MjZ\g_gb_ Ijbgylh ~ey jZajZ[hldb ijh]lJghaZ fbgbfZawvgh]h &
2013- ]h*h\Ghjbedb

Ih ~Zgguf gZ[ex™ _gbc gZ ]b”~jheh]bqg_kdhf ihklm \ A~ <Ze
1939- ]h”Ah\ hij_~ e _gu iZjZf_lju mjZ\g_gby ih kj_~gbf f_kyqggu:
j Ghjbed_ I1Z[ebpZz

GZgZevguc abfgbc jZk@haz\bWRbil hl ij ~r_kl\mxs_]h m\eZ g
[Zkk _cgZ Ihdzazl_ e fij_~abfg_]h m\eZ g _gby ijbgyy Xh20g\bjc 6 Ky
\ k_glyQki k dhlhjuf mklZgh\&) gjd krygdnd

1Zjzf_1j bgl_gkb\ghklb bklhsZgpy &klbdZ gguo ]b”*jh]_heh]lbqg_
mkeh\byo k\yaZg k gZqZevgujo jAZkofhPhdWwh” m\eZ g _gghklv [Zkk _cqg:
Zddmfmebjh\Zgghc \h”u \ ha_jZo | _f bgl_gkb\g__ b~ 1 _pbwh%jzZ[hl
jbkmghd
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LZ[ebRrZdzjzf _IjmjZ\g_@dby
Table 2. Parameters of equation (1)

=hA Qo Z =hA Qo Z
1940 1385 -0,474 1972 743 -0,368
1941 777 -0,472 1973 465 -0,336
1942 1333 -0,416 1974 1175 -0,428
1943 874 -0,374 1975 851 -0,425
1944 806 -0,333 1976 590 -0,347
1945 1256 -0,414 1977 768 -0,386
1946 741 -0,359 1978 653 -0,330
1947 749 -0,396 1979 427 -0,336
1948 958 -0,354 1980 511 -0,323
1949 671 -0,332 1981 713 -0,346
1950 756 -0,358 1982 533 -0,335
1951 691 -0,337 1989 1325 -0,347
1952 1077 -0,404 1990 1419 -0,452
1953 1200 -0,411 1991 655 -0,376
1954 1013 -0,369 1992 871 -0,358
1955 1086 -0,39 1993 807 -0,358
1956 586 -0,361 1994 588 -0,336
1957 450 -0,326 1995 865 -0,343
1958 539 -0,336 1996 825 -0,371
1959 637 -0,375 1997 426 -0,274
1960 450 -0,351 1998 653 -0,350
1962 819 -0,392 1999 497 -0,357
1963 778 -0,389 2000 705 -0,342
1964 769,9 -0,431 2001 776 -0,380
1965 1184 -0,434 2003 781 -0,397
1966 791 -0,439 2004 976 -0,362
1967 900 -0,382 2005 470 -0,285
1968 910 -0,338 2009 563 -0,288
1969 1004 -0,52 2010 1020 -0,342
1970 573 -0,339 2011 859 -0,359
1971 627 -0,374 2012 834 -0,283
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lh ijhlgham =b”jhf_Ip_glj2\_Jh¥kdklkx ~h ij_"klhyszZy al
(2013- ]h~h\ \ jZcleghjblevkdZ h brZeZkv hdheh debfzZlbq_kdhc gh
ke _"m_1I hif_Iblv glh \hafh ghklb k_ahggh]lh ijh]lghaz \_kvfZ
hijz\~u\zZz_fhklv azZ ihke_"gb_ e | g- ij_BemZeZg \ukhdhc
hijz\~u\zZz_fhklb “he]lhkjhggh]lh ijh]lghaz | _fi_jZImju \ha”moZ ijh]gha
"ey "\mo kp_gZjb_\ debfZlbg_kdhc kbImZpbb akbibtbgghfiy_|h bk¢§Z
oheh~gh]lh ih I _fi_jZImj_\ha“moZ

?keb abfz ih |_fi_jZImjghfm j_"bfm [ebadZ d kj_"dlyf fgih]lhe _
©e_"h\mx?2 khklzZ\eyxsmx fh'gh g_ mgblu\zZlv b ijbgylv dhwhAinbpb_
ith mjz\g_gbx ijb\_~ gghfm gZ jbkmgd_LZdBfighffjZzahf fbgbfZevg
kj_~gbc f_kygguc klhd \ j_d_Ghjbed_\ mkeh\byo ©kma'g adffuh\|_f
Zij_e_ih ijhlgham ~he’ g [uelkkklZ\blv f

?keb h"b”"ZezZkv oheh”gZy abfz I|h kmffz |_fi_jZlmj \ha"moZ
- R ijb \_jhylghklb ij \ur_gby Z kj_"gbc f_kyqguc Zij_evlk
khhi\_Ikl\bb k ijb\_~ gguf gZ jbkmgd_ ]jZnbdhf k\yab ff]k*hklb]c
glh \ dhg_qgqghf blh]_ b hijzZ\"Zehkv

>ey hij_~_e_gby fbgbfZevgh]lh kmlhqgh]h jZkoh”Z \h”u [uez
ijb\_~_ggZy 9gZ jbkmgd_ < khhI\_Ilkl\bb k ijb\_~_ggwf_gl&_ilhf
fbgbfZevguc kmlhqggucGhljibeed j khklZ\bl \ oheh” g’mkx abkKm ~gxfx =+
20f3 k LZdhc jZzkoh” \h~u jZkij_~_e_gguc ih rbjbg_j _db k Mb" _gb_
liy» b f_ahrehjglhqguo ]jy® abfhc fh _| g_ h[_ki_qgblv g_h[oh”bfuc
AMmf \h~"haz[hjzf ih h[_ klhjhgu j_db

Ih ~Zgguf fgh]he Igbo ]Jb”jheh]bg_kdbo gZ[ex”_gbc hij_~_
agZg_gby fbgbfZevgh]lh f_kyqgh]h b Ghmjbregdgh]hZkélbgZ | < khhi\_Il
k wibfb "Zggufb h"br"Zeky fbgbfZevguc klhd \ kj_“Ngxx[elbddhbic jihl m
\_ebgbg_ d Z \ oheh”pmx abhifn ki _qg_gghklb IThwlhfm g_h[oh:
ijbgylby j_r_gby :H ©Ghpcdukiddhzy wg_j]l_Ibq_kdzZy dhfizgby?2 kh
=FDOGhjbevkdbc gbd_ev? h kljhbl_evkl\_ ~hjh]hklhys ¢ i_j _fuqgdb
[ueZ h[hkgh\ZgZ Jb”*jheh]bq_kdbfb mkeh\byfb
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>ey m\_ebqg_gby Ihqghklb ijh]lJghah\ b hilbfZevgh]h mijZ\e_g
j Ghjbedb \ i_jki_dIb\_ p_e_khh[jZagh jZkrbjblv k_Ilv imgdlh\ ]b"]j
gZ[ex” _gbc Hkh[_ggh wlh dZkzZ |ky j_ "bfZ ha_|j b Zijdhgep gabyf kg
\ Thjghc qzZklb [Zk&h¢lg&dh WIb \hijhku fh]lml [ulv j_r_gu \ Ihf
bkihevah\zZgb_f “"bklZgpbhgguo f_Ih*"h\ ahg”bjh\Zgby a_kedbfkh\j_f
kimlgbdzZfb
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hij_~ ey |Iky gZ hkgh\_ ijyfu
fzdkbfZzevghc b kj_~g_c kdhjh
ihlhdZ J]Jem[bgu b mdehgZ \h"¢
gZ dhgdj_Ighf mqgzZkld_ JZ
ihemq_ggh]h agZq_gby gZ
ijb\_~_1 d hrb[dzf

<h \lhjhf kemqzZ_ izZjzf_1j hij_
nmgdpby dhwnnbpb_glZ ]b"jz)\
gby :\lhjzhdZazZgh qlh iEJj2EZ]
fZgZ y\ey_|ky nmgdpb_c dmym
e_glgh]lh h[f\ygaZzdhklb b hihkj_
yley |Iky nmgdpb_c ]Jem[bguairmh
1ZI_ jZkqg_Ih\ ihdZazgh qglh \ i
agZq_gby iZzjzDZxjjizlgz fZzdkbfZz
>hihegbl_evgh \ klZlv_ ij_"eh’
jbZgl jZkq_1Z iZjzZDZIifZ&Z q_j
gbgm dzZkzl_evgh]lh gZijy _gby
ghlh ihlhdz

K" _ezZg \u\h”® qglh ihkdhevdm
<1f k ijb baf_g_gbb agZq_gb
LDZjfZzgZ hl N h baf_ g
fZevghc kdhjhklb g_ ij_\urZxl
Aul\Z _Tky \ ih]j_rghklv baf_j g
\_jlmrdhc Ih ijZzdlbgq_kdb hp_«
iZjzf_ljzDzjfZzgZ gZ hkgh\zZghb
guo kdhjhkl_c¢c ~ey jZ\gbgguo
fgh _klI\_gguo baf_j _gbyo klZg
jhf _ljbg_kdbf h[hjm~h\Zgb_ f g_
Dexq_\u_ kehAzf |j DzjfzgZz
nbpb_gl Imj[me_glgh]l]h h[f_g

case, determination of the von Karman c
stant is on the grounds of direct meast
ments of the maximum and average fl

velocities, depth and slope of the water <

- face in a particular area. Propagation of

obtained value to other objects will lead
errors.

In the second case, the parameter is def
as a function of the coefficient of hydrau
friction. The authors showed that the v
Karman constant is a function of the coe
cient of turbulent exchange (viscosity) a
indirectly is a function of the depth. As
result of the calculations, it was shown ti
the maximum values of the von Karm
constant observed on the bottom.
Additionally, the authors propose a ne
version of the calculation of the von Ke
man constant through the tension shift fc
turbulent flow.

It is concluded that since for velocitit
<1 meter per second the changes in the
Karman constant values from 0.27 to O
the maximum velocity with variation do ni
exceed 3%, which fits into the accuracy
the velocity measurements, it is practice
impossible to estimate the value of v
Karman constant by first method for fl
rivers even with multiple measuremer
with standard hydrometric equipment.
Keywords: the von Karman constant; c

efficient of turbulent exchange (viscosity

<bgh]jZ~h\ : X Dz ZpdHy Fo& kdbc jZkq | agZq_gby iZJZfbAjBKn .
Hizkgu_ ijhp_kku b y\e gbyui K®2-279 DOI: 10.34753/HS.2019.1.2.005 263
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gbkeh J cghev”"kZ dhwnnbpb Reynolds number; coefficient of hydraul

kdh]lh |Ij_gby wixjZ jZkij_"_e _ friction; velocity distribution diagram, tur
Imj[me_glguc j_"bf bulent mode
<\_"_gb_

H[t _dlhf bkke_"h\Zgby ~Zgghc jZ[hlu y\ey DkyfZgZjzf |
0ZjZdl_jbampzkij_~_e_gb_ kdhjhklb ihlhdZ ih \_jlbdZeb

=bihl_azZ h ehdzZevghf dbg_fZlbg_kdhf ih~"h[bb ihey Imj[me
kdhjhkl _c¢ ij_"eh’  _ggZy \ DzZjflhgimf Lihal\hey | \h \k_o kemqgZyo r
k\yav f_""m "elbghdk) ~g _gguf ihe_ f kdhjhklb Kh]JezZzkgh ~Zgghc
Imj[me_glguo imevkZpbc \ hdj_klghklb dZ ~hc lhqdb jZzéylalh Imj
bkdexq_gb_f Ihqg_d ih]jZgbggh]h kehy ih”*h[gu *jm] *jm]m b hlebq.

"ebgu b \} f gb beb "“ebgu b kdhjhklb >Fhgbg Y]ehf @
>ebgZ imlb i_j_f_ty\2gbyky hrgbf ba fZkrlZ[h\ ih*h[by b kh]eZ
LDZjfZzgZ nmgdpb_cnrRledpblbg] @ OZzjzdl_jlaRybkhhisklb
\b~_ ijbgyl jZ\guf >;Zjurgbdh\ [Ihih\ @
% (1)

1~ N+izjzf_1ljDzjfzgz
mz=izZjZf_Ij hlugdplbfZ_|ky gbke_ggh jZ\guf >=jbrzgbg
OZje_fZg @

Hij ~ e _gby h[t _dlZ bkke_ "~h\Zgby

< ebl_jZImjguo bklhggbdZo \klj_qzZxlky jZaebqgu_ hij_~_e _gb
nhjfmeu ey hp_gdb izpzffxjgzL Gb"_ ijb\_"~_gu g_dhlhju_ ba gbo

1Zjzf |} DZjfZzgZ ihklhyggZy-Dig§2bezy _kilv \ _ebgbgZ hJ[jz
hilghkbl _evghfm ~ nbpblm kj_ g _c¢ kdhghkilbjm\Zdghbmddeb*bgzZfbq_ ki
kdhjhklb >@ e _agydh\ @

Vm ax V

1
N oV

()
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lzjzf |} DzZjfzgZ ij_"klZ\ey_| kh[hc mgb\_jkZevgmx [_ajZaf_
h"bgZdh\mx “ey \k_o Imj[me_glguo |_q_gbc ijb mkelh\bbe qggb_hkj
kdhjhkl ¢ wlbo | _g_gbc y\ey Iky ihklhygguf >Rebolbg] @

lzjzf 1] DzjfzZzgzZz [tajZaf_jgZy \ _ebqgbgZz dhlhjzy vy\ey |
Imj[me_glghklb \ ihlhd_Halb2eiklb >

V2 V2 V72
N \/ (0] 3\/1‘7; z

l1Zjzf_1j DZzZjfzgzZ y\ey_ |ky oZjzdl_jbklbdhc hkj_~g_gghlh ijhi
lh” bgl_]jZzevguf izjaAfDIiZhfzgEgbfZz_|ky hiulgZy \_ebgbgzZz ozjzdl_j
\ mgb\_jkZevguo dhhj*bgZlZo m]he gZdehgZ ijhnbey kdhjhklb i
lhes Imj[me _glgh]h y?ja iddEZdgZgb_g_ azZ\bkbl hl nhjfu ihlhdZ b r_
kKl _gkdKdj_[dh\ N_2hjh\ @

lzjzf |j DZzZjfzgzZz y\ey |ky \Z ghc khklzZ\ghc qZklvx kh\j_ f_
Imj[me_glghklb dhlhjuf fh'gh o0zZjzdl_jbah\zZlv ahgm jZa\blhc |
h[klhyl _evkl\h mdZau\lZ | gZ \hafh 'gmx nmg""Zf_glZevgmx jhev w
Imj[me _glghklb

Qbke _ggu_ agZg_gby h[t_dlZ bkke_"~h\Zgby

DzZkzZl _evgh gbke _ggh]lh agzZq ©owmjf2giZzf\ lgblLjZImj_ 1Zd _
_"bgh]h fg_gby H~gb Z\lhju mlI\_j " ~Zxl qlh gbke _ggh_ &ugZd _gb_
[ulv hij_~_e_gh lhevdh ba hiulZ >Rebolbg] @ G_dhlhju_ bkke_
jZkoh ~ _gbwgZqg_gbyo ~Zgghlh izjzf_ljZh]h[trgkdyxfb hij_~_e_gby
"bgZfbg_kdhc kdhjhklb >=hev~rlbd DmlZl eZ"a_ Kdj_[dh\ N

>jm]b_ ki_pbZebklu kqgblzxl _]l]h g_ ihklhygguf ReaxZ\bkysl
f_gyxsbfky \ ij_~_eZo "b\h]h k_q_gby >RIl_j_gebol @ gZ
ij_"eZ]lZ_lky ke_"mxsZy nhjfmezZ "ey hp DyajhzgzZzjz*; hjggvrddh)\
DhgklzZglbgh\ Ihih\ @

N 0337/d°% (3)

1 KZ[*_gh\ D H ?jaz™"Z F IhklhyggZym@®ZfzglZzewgzZzy" >We dljhgguc |
URL: http://www.enu.kz/ru/info/novosti-enu/29405r Z1Z h[jZs _gby
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1" dxrbZf_Ij Ijm[u

=jbrzgbg kgblz_I| qlhLiR4fZlgZz keZ[h f_gy_Iky k baReg_gb_f
<ebygb_gbkezZ J _cghev”~klk yzjfizgzZf\lj kl_kI\ _gguo ihlhdZo [ueh
= <@ _e_agydh\uf >=jbrZgbgim]b_@Z\lhju >=hev”rlbd DmlzZl_ezZ":
hif_qzxl qlh ijb “"hklZlhggh [hevrbo gbkeZo J_cghelEZjfZgZq_gb
klZgh\blky ihklhygguf

K m\_ebgq_gb_f dhgp_gljZpbb gzZghkh\ b \hamozZ \ b
khijhlb\e _gb_ ~\b" _gbx b ke_~h\Zl_evgh mf_gvrZxitkw nglokpeb gpld
]b”rjZ\ebq_kdh]h djp gEyZf 1/Z>RI_j gebol WI® h[tykgy Iky |I_f ql
ithkdhevdm mdZazZggu_ iZjZf_Ilju kl\yaZgu kCdywhlghpgbag\bkbRh kb x
lh A "he gh m[uVBhv \ebygb f iehlghklguo |I_g_gbc >@ _ e _agydh)\
iZzjzf_ljz DZzjfzgz ijb mq_l_ gZghkh\ ij_"eZzZ]Z_Iky ijh\h”blv i
wfibjbg_kdhc azZ\bkbfhklb

T

N 0,385 |
1 254,

(4)

1~ Y xiehlghklv gZghkh\
L tiehlghklv \h”u
Y +kj_"gyy gZ \_jlbdZeb hlghkbl_evgZy h[t_fgZy dhgp_gljZz
Y. thlghkbl_evgZy h[t_fgZy dEgphkpgljhpbgZz

HI" evghJkm '~ _gby aZkem 'b\Z | ~bZiZahg bdfD@jtbg¥izjzf |
ih jZaebgguf ebl_jZImjguf bklhqgbdzf

LZd @ _e_agydh\ iBm[u\@h! hi ~Ah k \hajzklzgb f dhwr
R _alK beb °~_ \hajzZklZ_| k m\_ebqg_gb_f dhwnhpd ad¥dh¥jkb
Mf _gvr_gb_ Imj[me_glghkibIhdZ \glhwy\Z | mf_gvr_gbL DZjZZgl4Z

> > ceb bOZje fzZzg \ k\h_f Ijm~_ hilf_qgqzZxl qglh “ey \gmlj_ ¢
ih]l]jZzgbggh]h kehy 1zZpZjtgg¥ "ey \g_rg_c >> ceb O0OZje fZg
1971].

< h[s_f kemqZ_ q_f [hevr_ hlghr_gb_ kj_"g_c kdhijhtkdb ihlh
| f f_gvr_izjzf OgjfzZgZz >=jbrZgbg @
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?keb jZkij_"~_e_gb_ kdhjhkl_c ih \_jlbdZeb khhI\_Ikl\m_|I
aZdhgm |h ihemqZ_fu_ hiulguf iml_f agZ®ZgbZgdzjdZzaya\Zxlky

f gyxsbfbky \ rbjhdbo .ijIh_elZiwlguf ~"Zgguf IB\&\kdhpZ
ijyfhebg _cguo mqgzZkldZo jmkezZ kh kihdhcguf j_ev_nhfh "¢z ]"
jZ\ghf_jghf\inbaf_gy_Iky hl Ah IZ¥Z4fZgjZzLh[uqggh ijbgbfzZ 1k
jZ\guf "ey Imj[me_glguo ihlhdh\ \ Ijm[Zo >RI_j_gebol h@ ohl
dhlhjuf ke_~h\Zeh [u mf_gvrblv wih agZq_gb_ >Fhgbg Y]ehf @
Ilh ~Zgguf hiulh\GBb®dmjz~a_ ijb\_"~ gguf \ >=jbrZgbg @

iZjzf _1jzDzjfZgZ e bl \ "bZiZahg_
>ey jZ\ghf_jghlh Imj[me_glghlh |_qg_gby ijb hikmlki\bb r_jl

iZzjzf_|j DzjfzgzZ ijbgbfz_Iky jzZ\guf >Fhgbg Y]ehf @
;. EDbjbeeh\zZ iZzjzD 1ZjjflzgZ baf_gyeky \ *"bZiZalmg > beleZbZiZahg _
0,1- >H~brZjby Lhqgb]lbg @ m >_ceb OZje_fZgZ khklZ\eye
1971].

Lzdbf h[jZzahf jZaebgby \ \_ebqgbg_ klhev \Z'ghlh izjzf_Ijz
jZkij_~_e_gb_ kdhjhklb ihlhdZ ih \_jlbdZeb m jZaebgqguo bkke At
ihjy~rdh\

JZkkfhljbf hkgh\gu_ kihkh[u hp_gdb ~Zgghlh izjzf ljz

Hp gdZ agZd gbnwkgh\Zgbb baf_ j gguo agZq _gbc kdhjhk

Highkbl _evguc g "hkdoihad kdhjhklb gZ \ _jlbdZeb >=jbrzZgt

@ _e_agydh)\ @ _klv nmgdpby hlghkbl_evghc Jem[bgu
Vmax V llnh 5
\A N y’ ®)
Wlz aZ\bkbfhklv hkgh\ZgzZz gz |_hjbb i_j_ghkZ dhebc
> @ _e _aghpdd].\

Ba ijb\_" gghc aZ\bkbfhklb \ujZabf bkdhfuc iZjzf_lj

In DV*

N —7 (5%
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< kemqgzZ_ dh]*"Z kj_"gyy kdhjhklv gz V)iwdZeW, baf_j_g
aZ\bkbfhklv ijbgbfz_1| ke_~"mxsbc \b”"
In 04 V. (5+%)
Vmax VO,4
ljbf_qzl h lh aZ\bkbfhkl N v nj bl Kkl g\h bb
ev a % m r
jbr_q4li_evg q WJ_ g\inr_g
y/h glh khhI\_IkI\m_1 \u\h~zZf =jbrzZgbgZz h Jem[bg_ g9gZ
eh]Zjbnfbg_kdhc nmgdpbb nbdkbjm_Ilky kj_~gyy kdhjhklv >=jbr.

ihke _~gbc \b” aZ\bkbfhklb [he__ Ihqg_g

>ey hp_gdb fzZdkbfZevghc kdhjhklb fh gh \hkihevah\Zlv

aZ\bkbfhklyfb

< G=hgqzjh\z >:Zjurgbdh\ Thih\ @
967" 1)
Vmax ij h ;
g 615

O WZa [o0@ e _agydh)\

\Y/

F9
max \ -~
Y 3/g

iZjZ[hebg_kdhc nhjfm2aclgZjwrgbdh\ Ihih\]:

weebilbg_kdhc nhjfme&hZmr<\Z

2
v, vkj\/l bs7 2§ ¥
©

max

Z 1zd _ aZ\bkbfhklyfb \ dhlhjuo ijbkmlPIXjfZigzjzf 1j L
EljZg”ley >Rebolbg] @
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(7)

(8)

9)

(10)



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u2‘201€

L DZjfzgZ >Rebolbg] @
\Y; —In@@ [—) J=. V. 11
max N©( hrsI hy (D)
>@ e _agydh)\ @
e i 3
V ~Th@a 1 =) 1 2.,V 12
max N©( hrsl h i k| ( )
8 : .
v - b Y ,
v YLy o Y.y (13)
N. y s h :
S Y« A, .
©© h 1 1
\/ ﬂ.§<";1rcsin/1 J \/§1/1 I, (14)
N © h h h 1 ’
1 .
v Yo 80h (15)
Ny 'F
h 30h
V* y
Vmax _/\/Inﬁ ij (16)
\Y;
Vinax T (17)
<
Jo =)
Jo

1. V. £~bgZfbqg_kdZy kdhjhklv kd,h‘jlkk/*lv@gby

Vkitkj_"*gyy kdhjhklv ihlhdz f k0,dZ Jem[bg_

" +\ukhlZ \uklmih\ r_jhoh)ZIlhklb f

h+t]lem[bgZ ihlhdzZ f

F + jZaf_jguc dhwnnbpb_gl agZg_gb_ dhl20ph]h PokkklZ\ey
[@_e_agydtg\;Zjurgbdh\ IThih\ @DMNZnxr_\m "Zgguc iZjZf _|j azZ\
hl dhwnnbpb_glZ R_ab >@ ]J;e_agydh\

Ktdhwnnbpb_ gl R lab f

Ihkdhevdm hiulgu_ agZqg_gbw A€yzZfieljkdh]h b ijhkljZgkI\ _gg
ihlhdh\ jZaebggu >@ e _agydh\ @ |h "ey mijhs_gby azZ”*Zqgb
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jZ\ghf_jguf

"Zgghc klZlvb
jZaf_jhf qzédbpf

ijbgylh

glh

“hggu_

HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

Ih]~Zz [_ajzaf_jguc dhwnbih/gghreR_aB& ~hc \_jlbdZeb
kgblz f jZz\guf IZdh\hfm ~ey ijhkljZgkl\_gghc azZ~Zqb
hleh™ _gby

JZkq_| fzZdkbfZevguo kdhjhkl_c ih jzZkkfhlj_gguf

|Z[ebp._

LZ[ebpZ FZdkbfZevgZy kdhjhklv ihlhdZ gz \_jlbdZeb

aZ\bkbfhklyf

Table 1.Maximum vertical flow velocity that calculated from various dependencies

Vii f K 0,1 0,5 1 2
V. f Kk 0,004 0,019 0,038 0,077
i [] 0,0000003 0,0000075 0,0000302 0,0001206
Vmax f k 0,11 0,55 1,09 2,19
Vmax f k 0,11 0,55 1,10 2,20
Vmax f Kk 0,11 0,55 1,10 2,20
Vmax f k 0,11 0,57 1,13 2,26
N (5%) 0,33 0,32 0,32 0,32

Vimax f k 0,11 0,55 1,11 2,23
Vimax f k 0,11 0,52 1,05 2,10
Vimax f k 0,11 0,54 1,09 2,18
Vimax f k 0,11 0,53 1,07 2,13
Vimax (14), f K 0,11 0,53 1,07 2,14
Vimax f k 0,11 0,55 1,12 2,24
Vmax f k 0,11 0,55 1,12 2,24
Vimax f k 0,11 0,56 1,12 2,24
Kji_~"g__ agZh_dgikoh”y ba jZkkgblZgghc fZdkbfZevghc kdhjh

\_jlbdZeb ih nhptmeZA

Bkoh”y ba aZ\bkbfhklb >Fhgbg Y]J]ehf

270

@

lh _blv "ey
ij_"klz\eyxl
khhi\_IkI\ 'g@h3d 0,00067f b K 278, Jem[bgZ ihlhdZ

khklz\eyf laZ bkdexqg_gb _f ki_pbZevgh h]l]h\hj _gguo kemqgZzZ _\
aZ\bkbfhl

JZkkgblzg
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23,y
gt 18
T (18)

v
\A
Ney gZr_lh kemqZzZy iZg4fZjzLgZ \ukhl_ \ukImih\ r_jhoh\ZIhkl_c jZ\_
AZ\bkbfhklb djhf_ i_j\uo q_luj_o bf_xI \ dzZqg_klI\IglZjlmf_g
agzZq_gb_ iZjzDxjjdzlgZz qlh g_ ihal\hey | bo bkihevah\zZIv \ i_j\bqgg
hp_gdb ihke_~g_]h KjZ\g_gb_ ihemqg_gguo hkijbf¥ge vggdwcokadZiyk Idbih
nhjfmeZf)-( NZ | gZbemqgr__ kh\iZz™_gb_ k IZdh\hc ihem® _gghc
ijbagzZq_ 449DI80.

Mlhqgbf agZqg_gb_ izZPZjfggZLih nhjfme_ =< @ _e _agydh\Z
Max /Min
— = in 19
1 KiJg N (19)
Beb ih nhjfme_ >@_e_agydh\ =b~jhl_ogbg_kdb_ khhjm" _
2J 0
N ———= 03 (20)
Jg Jo

/Max\/i_ /Min\/ﬁ
N R @

1~_  Fr +gbkeh Njm~Z gz \_jlbdZeb

2
gh

Ih ~Zgguf ebl_jZImjguo bklhggbdh\ jZa[jhk gbke_gguo ag
LDZjfZzgZ \Zjvbjm_Ilky \ ke_"mxsbo ij_"_eZo

>@ e _agydh\ @ N., 03 N, 23;
>:Zjurgbdh\ Thih\ @ N. 026 N, 054
>H”brzZjby Lhgb]bg @ N, 0L N, 04.

LZdbf h[jZahf fZdkbfZevguc jZa[jhk ih jZaebqgguf ebl_jZImjguf
/Min 0']“ /Max 2'3
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Bkoh”y ba I|Z[ebpu fh gh k~_eZlv \u\h” qlh azZ\bkbfhklt
>@ _e_agydh)\ =b”jhl_ogbqg_kdb_ khhjm  _gby @ fh]lml Jul
"ey hp_gdb izjzb4dj¥zgZ gZ hkgh\_k _jbb baf_j gbc gZ dhgdj_Ighf

LZ[ebpZHp _gdZ \ _ebqgbgu iZ[XZZ|fl484 ih jZaebqguf ebl_jZImjguf bklt
Table 2.The estimate of von Karman constant on various sources

aZ\bkbfhklv
(29) | (20) | (21)
"Zggu_
Niw 03 Na 23 >@_e_agydh) 0,37 | 0,33 | 0,37
N, 026 N, 054[;Zjurgbdh\ 1hih\] 0,27 | 0,29 | 0,27
N, OL N, O4[H~brzZjby Lhqgblbg 0,11 | 0,13 | 0,11
H[h[s_ggu_ "ZMguOL N. 23 0,15 | 0,10 | 0,15

Hp gdZ agZd oggbnhkgh\Zgbb khijhlb\e _gbc "\b" _gbx ihlhd

Ihkdhevdlmwnnbpb_ gl ]b”jZ\ebg_kdh]h khijhlb\e _gby k\yazZg |
kdhjhkl_c \ ihldimghez et al., 2010@ |Ih \iheg_ _klI_kI\_ggh ij_"iheh't
nmgdpbhgZevgrhkxdkwrarvbpb_glhf Imj[md_gkgb]lhzjzf_Ijhf L DZjfZgZz

Dhwnnbpblngjilme_glgh[lffhhgZ\yadhklbgZ ]Jem[bwg\ jZaebqguo
ebl _jZImjguo bklhggbdZo ij_"eZ]Z |ky hp_gb\ZIlv ih ke_"mxsbf nhj

>;Zjurgbdh\ Tlhih\ =jbrzgbg @

M. ni (22)
>EZil_\ NZjZoh\ @

~ C

vaj E (23)
>EZil_\ NZjZoh\ @

375V, ;" (24)

Dhwnnbpb _glu ijb aZ\bkbfhklyo b I _j_kqgblZgu "ey

iehkdh]h jz\ghf_jgh]h ihlhdZ \ ><bgh]jZ~h\ b #j @
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15V Uy

25
V,; O (25)

1~ Cxtdhwnnbpb_ gl ]b”*jZ\ebg_kdh]h Ij_gby
L tiehlghklv “b~rdhklb 3 d] f
ljb kjZ\g_gbb nhjfme b themqgz _f

A MW" @2 375V U
N g2 3750

§ N’

5751 003556 ke ~h\Zl _evgh
) 1

N o (26)
0,03556

Ba aZ\bkbfhkl_c A bW. "nU 375V "ni/(

HIkx"D

N

N 31 C (27)
V.
4 ~
B gZdhg _p ba nhjfme bA NVLh“enml V*s t
\VANO,
15v,°
VEle (28)

>ey jZkqclBkihevah\ZezZkv nhjfmmgz?ru | dZzd ~ZxsZy hkj_"g_
agZg_gb_dhwnnbpb _glZ ]b”"jZ\ebq_kdh]h |Ij_gby ><bgh]jZ~h\ b *]
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ljh\_~_f kjzZ\gbl_evgu_ jZkq_lu dhwnnbpb_glZ ]b”jZ\ebqg_Kk
ijbgylub =10°K £=0,0013d] fAK =0,0000013f2 K >=jbrZgbg @
jZkq_lh\ dhwnnbpb_glZ ]b”*jZ\eb@ijktkla\é_gby |2[ebp_

J amevl

LZ[ebpZZkqg_ | \ _ebgbgu iZjZZiflh4 "ey g_k\yaguo ]jmglh\ {BL)nhjfme.:
Table3. aDOFXODWLRQ RI YRQ .DUPDRQ T \byFdRnQUMANDBR BLYRU LQFRKFE

d ff 2 1 0,5 0,2 0,1
C 0,0029 0,0026 0,0023 0,0020 0,0018
N(26) 0,29 0,27 0,25 0,24 0,22
N27) 0,29 0,26 0,23 0,20 0,18
N(28) 0,21 0,24 0,27 0,31 0,34
v f‘f K] 0,36 0,32 0,28 0,25 0,22
N31) 0,27 0,29 0,30 0,33 0,34
<lhjhc \Zjbzgl jZzkq _1Z iDjZffAgZ l>=jbrZgbg @
dv, 1V. 30
dm Ny (30)
av, u W 1V. v
dm F P Ny
n Y (31)
Yy N

1"V, tkdhjhklv ihlhdZ gZn]lem[bg_

<_ebqbgzZz dzkzl_evgh]lh gZijy _gby “ey linj[he_gbyhék kinh |ihd
aZ\bkbfhklb >;Zjurgbdh\ Ihih\ @

V2
Z UQZL” (32)

2F _Ih~"bq_kdb_ j_dhf_g~Zpbb ih jZkq_Im f_klgh]h2{Z&fanZFm IKKihxahkjgbb

274



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u?2|201¢

DZd \b”gh ba I1Z[ebpu DZjZEgZ & _gy_Iky hl
hl ijbf_gy_fh]lh ihA"oh”Z b bkihevam_fhc nhjfmeu

\ aZ\bkbfhklb

LZ[ebpZlzZkq | iZjzf _DZjiZzgZ ih jZaebgguf ih*"oh"Zf

Table 4. Calculation of von Karmafi donstant by various approaches

aZ\bkbfhkl| 5* 5** 26 27 28 31 kj_"~g_|
agZq_db_ | 0,32 0,30 0,27 0,26 0,30 0,29 0,28

Baf_g_gdbyZq _gbc iZjZfDdfZg¥ih Jem[bg_ bkoh”y ba azZ\bkb
b ijhr _fhgkljbjh\Zgu \ 1Z[ebp_ >ey jZkq_1Z ijbgylu ke

AbgZfbq_kdZy kWhjBeI¥ f k kj _~gyy kdhjhklv ihlhdZ g@.4em[bg._
Vkg0,53f k  fZdkbfZevgZy kdhjhkly ihlhdzk kdhjhklv ihlhdZ gZ \u
\ukImih\ r_jhoh\ZIhklb ijbgylZ jZ\ghc fk

Kj_~g__ agZhihgbhZ\bkbfhklb
[ebadh d agZq_gbx

bkoh”y ba "Zgguo IZ[ebpu
ihemg _gghfm ba.baf_j gby kdhjhkl_c

LZ[ebpZBaf_g_gb_ iZjZfDBZAgZ \ az\bkbfhklb hl Jem[bgu ihlhdZ

Table 5.Change of von Karman constant depending on the depth of the stream

y Y N(5%) \(28) A(31)
0,00067 0,163 0,409 9,137 9,110
0,5 0,469 0,404 0,384 0,384

2 0,533 0,394 0,261 0,262
2,5 0,543 0,389 0,247 0,247

4 0,565 0,349 0,219 0,220
4,9995 0,575 0,001 0,208 0,208

Ki_"g__ 0,324 0,264 (1,74) 0,264 (1,74)

*JZkq_lgh_ agZq_gb_  X4¥ffZdjZZ dZ 1jZgbp_ \uklmih\ r_jhoh\Zlhklb
kj_~g_]h bkdexqg_gh

H[hkgh\Zgb_ bkdexq_gby ba gZlgkfihj @§bjyzD2jZZlgZ gZ ]jZgbp_
\ukImih\ r_jhoh\Zlhklb >Zgguc ih?*oh” k\yaZ§ K _| bf gbiepbzZ_Ilky
d eZfbgZjghfmklZgh\blky [hevrbf >Zgguc |_abk fh gh
gZijbf_j ijh\_~y jZkq_I /MichZgh pflorye _ j_amevlZlu dhlhjhlh ij_"k
[Z[ebp_

ijhbeex
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LZ[ebpZ JZkqgq_lgu_
ih]jZgbqgh]h kehy

Table 6. The calculated values of von Karman constant at the upper of the boundary layer

agZq_gby i4QZjtdpzZ lgZ \ukhl_ \_jog_c 1jZ

Vikj T K 0,1 0,5 1 2
V. f Kk 0,004 0,019 0,038 0,077
mf 0,001287 0,000257 0,000129 0,000064
Vimax k 0,11 0,55 1,12 2,24
N (10) 3,31 3,41 3,35 3,61
<u\h”u

1. Kgblz _|ky qlh izjzf_|j L DZzZjfZzgZ y\ey_ |ky nmg”~Zf_glZe
kfuke_ k&h\Wweb dzd fbgbfmf mgb\_jkZevguf b g_ aZ\bkykdf hl
[Akinlade, Bergstrom, 200 GZfb gZ hkgh\Zgbb baeh _ggh]h ih*oh”Z \ jZ
glhA yley Iky nmgdpb_c dhwmplmed gliggh]h h{yagdhklbBkoh”y ba
nhjfme - iZjZf_Ij hibku\l\zZ _Iky ebg_cghc aZ\bkbfhklvy. ih Je
Ke_"h\Zl_evgh izA|fl4gZ hihkj_~h\Zggh y\ey_ |ky nmgdpb._c hl Jet

2. J_ameviZlu jzZzkqg_Ih\ ih azZ\bkbfhklyf b ijZzdlbq_
Bkoh”y ba ~Zgguo >> ceb OZje fZg @ \ ijb~rhgfghjZ qZkltk
LDzjfzgZ fZzdkbfZevgu

3. Baf_g _gby agZq_gbc fZdkbfZevghc kdhjhQPF d NdO3Bjvbjh\z
ith nhjfme Zf g_ "ey kdihhkdZcf k qlh mdezZ”u\Z_Ilky
ih]j _rghklv baf_j gbc kdhjhklb \_jimrdhc Ke_ _"~h\Zl _evgly_gjkzdlbqg_
iZjzZf _ljzDzjfZzgZ ~ey jZ\gbgguo j_d ~Z  _ ijb fgh _klI\_gguo baf_j g
]Jb~rjhf_ljbg_kdbf h[hjm~h\Zgb_f g_\hafh gh

1j_\urzxl
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M > B56 DOI: 10.34753/HS.2019.1.2.006
J:KQ?L FHINHF?LJBQ?KDBOCALCULATION OF THE
O0:J:DL?JBKLBD IJHJ:G: B MORPHOMETRIC

F:DKBF:EVGUO J:KOH>HKB CHARACTERISTICS OF T HE

IJHIJU<:0 =JMGLH<UO |EHICB@GURE CHANNEL AND THE
EXTREME DISCHARGE DURING
BREAKTHROUGHS OF GRO UND

DAMS
L : <bgh]j2~h\Z FZdm%bg Tatiana:. Vinogradova, Firon :. Makushin,
B : <bghl]jZ®h% :1Zjn_g%h\ Ivan :. Vinogrado¥, geni :. Parfenoy,

FEDZAZ F?,C“Z yBK Zah g2h \Z Mariya M. Kadatskafa Svetland. Sazonova

'KZgdl_|_j[mjlkdbc Jhkm~Zjkl ISt Petersburg State University, St. Pete

mgb\_jkbl_ | ]-KZgdimj] Jhk burg, Russia?Scientific and Industrial Re-
HHH GIH ©=b”jhl_oijh_dlal ] search Association Gidrotehproekt, St. P
I j[mj] 1 <Ze”~Zc Jhkk tersburg, Valday, Russia
mk@npogtpru mk@npogtp.ru

'gghlZpbyzZ[hlZ ihk\ys_gZ \hij Abstract. The work is devoted to the calc
g |z jzaf_jh\ ijhjZgZ \ ]jmglh lation of the size of the closure channel in
ijb i_j_eb\_ \h”u ba \h*"h@jZ4g ground dams when water is poured from
li_[_gv b fZzdkbfZevgh]h jZkol waterreservoir through peak and the extre
ju\z discharge of the dam break wave.

;ueb ijhZzgZebabjh\Zgu f_Ih”~u The authors analyzed the methods of ca
ibkZggu_\ ghjfZlb\guo ~hdndf lation prescribed in regulations and reco
f_ g”"h\Zggu_ dhgljhebjmxsbfb mended by regulatory authorities. The cal
<uiheg_g jZkg_Il fhjnhf_Iljbq_k Ilation was made of the morphometric char
jbklbd ijhjZgZz b fZdkbfZevg teristics of the closure channel and extre
ijhjulghc \hegu jZaebqggufb f_ discharge of the dam break wave by varic
dhgdj_lguo h[t_dlh\ kjZ\g_g! methods for specific objects, the comparis
gub hp_gdzZfb wlbo iZjzZf_Ijh\ with expert estimates of these parameter:

is noted that the method, described in t

Vinogradoval : ODNXVKLQ F : 9L QR JU D G Rédatskaya3ND.M.| Badhdva?S.i. Calc

lation of the morphometric characteristics of the closure channel and tieenexdischarge during brea

throughs of ground damblydrosphere. Hazard processes and phenom2@#9, vol. 1, iss. 2, p280-295 (in
280 Russian; abstract in Englisi)Ol: 10.34753/HS.2019.1.2.006
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glhbaeh™ _ggzZy \ "\mo ghjfZlb\i
[Zo f_Ih~"bdzZ g_ bf__ I ih™ kh[l
h[hkgh\Zgby ihkdhevdmjZdhénj
ijhjzgz b izjzf_lju \hegu ijhju
kyl hl i_j\hgZqZevgh]h h[t_fZ
ojZgbebs_ < k\hx hq_j_"v jZ
Ajm]lh]lh ghjfZzlb\gh]l]h ~“hdmf_g

\Z | 1Zdhc nZdlhj

dzd \j_fy

amevlZl jZzkq_|Z hlebgqzZ_Iky \

ghf az~Zgghf rz]

lem[bgu j

"Zgghlh "hdmf_qglZ ozZjzdl_jgt
wfibjbg_kdbo khhlghr_gbc di

"h\hevgh madbc

"bzZiZahg bl

I1Zzd”_ g_"hmqg_Il k\yab f_""m r

ijhjzgZ b \_ebqgbg

he k[jhkZ \h

BaaZ g_"~hklZlhgqghc h[hkgh\zZz
f g"h\Zgguo f_Ih~bd b [hevrb
kil\bc k wdki_jlgufb hp_gdzf
g_h[oh”~bfhklv kha”~Zgby gh\u
guo f_Ih~h\ jZkq_ 1Z < ~Zggt

kfhlj_gh 1Zdbo

f IhAzZ jza]

jZaebqgguo hj]J]ZgbazZpbyo | _j\
\_ggh mqgblu\Z | fZl_jbge jied |
g_ | g_jZafulZxs_c kdhjhklb =«

jihlh f_1h~"Z e _ bl

nbabg_kdbc

ful\Z qlh \u]h~gh hlebqgz_| _]h
< dzZq_KkI\_ ijh\_jdb jZkqg_lg!
[ueb bkihevah\Zgu “Zggu_ h g

bahr_~rbo \ ihke _

fg__ \i_fy d

kdbo ijhjulZo ]Jjmglh\uo iehlbc¢
kjZz\g_gby iha\heyxl| k™ _eZlv \i

<bghljzr"h\zZz L : FZdmrbg F :

regulations, has no physical justification, k
cause according to it the size of closure cf
nel and the parameters of breakthrough w
do not depend on the initial volume of wa
in the reservoir. The calculation method
the third regulation, does not take into
count such factor as the time of erosion
the results are different at times with diffe
ent specified step of erosion depth. This r
ulation is characterized by the use of emg
cal relations, which have a rather narr
range of use, and a lack of account of the
lationship between the formation of the ¢
sure channel and the value of water ¢
charge.

Due to the lack of validity of the recon
mended calculation methods and large va
tion with expert estimates prescribed in f
regulations, there is a need to create new
ternative methods of calculation. This artic
discusses 2 such methods developed in \
ous organizations. The first of them inc
rectly takes into account the material of 1
dam through calculated non-eroding vel
ity. The second one is based on the phys
process of erosion, that is distinguishe it fr(
others.

As a test of the calculated values, there w
used data on several recent catastro|

breakthroughs of groundwater dams.

<bghl]jz~"h\ B : yZHnF ghKRZ%ahghDZK

q_I| fhjnhf_ljbg_kdbo 0zjZdl_jbkibd ijhjZgz b fZdlbbigeguyto kgl

iehlbg/ =bAjhkn_jz
DOI: 10.347534S.2019.1.2.006

HiZzkgu_ ijhp_kku b yle gbyui  K80-R95
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Zevl _jgZlbXguh”u ~Zx| [hevrm The comparison results allow us to conclt
ghklv that alternative methods give greater ac
GZ hkghur_kdzZazggh]lh fh gh racy.

ij_™"\Zjbl _evguc \u\h” h g_h[o Basedon the previous, can be done a pre
j_kfhljZz kms_kl\mxsbo ghjfZll inary conclusion about the need to revise
f_glh\ isting regulations.

Dexq_\u_ keihhhZu\u ]jmglh\uo Keywords: breakthroughs of ground dam
Ibg ijhjZg \ ]jmglh\hc iehlbg_ closure channel in the ground dam; d
ju\z fZdkbfZevguc jZkoh” break wave; the extreme discharge of
\hegu bgl_gkb\ghklv jZafu\lZ dam break wave; erosion rate; safety of w:
]b”rjhl_ogbqg_kdbo khhjm ™ _gbc works facilities

<h”"hojZgbebsZz ith~ijm™ _ggu_  ]jmglh\ufb iehlbgzfb bf_
jZkijhkljZzg_gb_ ih \k_fm fbjm 1Zd dZd bo kljhbl_evkl\h h[oh”blky
GZzZijbf_j \ e_khkl_ighc b kl_ighc ahgZo Jhkkbb M&jZbogu fZ edva Z:
j_dm [ueh khhjm ™ _gh hl “h \h~"hojZgbeBshgBAk{lZjgtuc iehsiA”b
HrgZdh J[hevrbgkl\h 1Zdbo iehlbg ihkljh _Jgg'weo \\ gZklhys_ _ \j_1
gZoh~ylky \ Z\Zjbcghf khklhygbb Wlihl nzdl vy\ey Iky ijbql
dZlZzkljhnbq_kdbo gzZz\h~rg_gbc \ j_amevliZl_ijhju\Z iZ\h~dh\uo \h”

HArghc ba hkgh\guo hkh[_gghkl_c i_j_eb\Z q_j_a ]jmglh\m>
nhjfbjh\zZgby ijhjzZgighfkebgu ijb ijhju\_ \h~guf ihlhdhf gZihjg
]b”rjhl_ogbqg_kdh]h khhjm _gby gZzZijbf_j ~Zf[u beb a_feyghc iehlb
m\_ebqg_gb_ jzaf_jh\ ijhjzgz \e_q_lI azZ kh[hc k[jhk \h”u ba \I
ihke _"mxs__ hihjh g _gb _

P _ev "Zgghc jZNAlw rBp _gdm kms_kl\mxsbf f Ih*Zf jZkq_|1Z o
ijhjzgz b fZzdkbfZevguo jZkoh”h\ ijb ijhju\_ ]jmglh\hc iehiggdw < j.
p_eb [ueb hij_~ e gu ke_"mxsb_ azZ”Zqb

X jZkg_Il fhjnhf_Ijbgq_kdbo o0zZjzdl_jbklbd ijhjZzgZ b fZdkbfZ
ijhjulghc \hegu ih \u[jZgguf f_Ih~"bdZf "ey dhgdj_lguo h[t_dlIh\

Vinogradova T:., Makushin F.:., Vinogradov l.., Parfenov 2 :., Sazonova S.l., Kadatskaya M.!

Calculation of the morphometric characteristics of the closure channel and theeegtisetmarge during

breakthroughs of ground darflydrosphere. Hazard processes and phenom20&9, vol. 1, iss. 2, pp. 28:
282 296 (in Russian; abstract in Englisi)Ol: 10.34753/HS.2019.1.2.006
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X hp _gdzZ j_amevlZlh\ jZkg_|h\ ih jZaebqggpd\gf dbbdbdkzf
wdki_jlgufb hp _jgd&fbguo kemqgZ_ \ ijhjulZ \h™*hojZgbebs ijb jZafu\.
iehlbg

x \ dzZq_kI\_ \hafh'gh]lh \ZjbzZglz jzkqgq_lZ ijhju\Z ]jmg!
jZkkfhlj_gu Zevl_jgzZlb\gu_ ih*oh”u \ |Ihf gbke_ hkgh\Z&gdbo gZ
ijbgpbih\ ijhp_kkzZ jzafu\z

<hijhk jZzkq_1Z ijhju\Z ]Jjmglh\tl\heklghg kieh guc b |j _[mxsbc n
[hevrh]lh qbkeZ jZaebgguo nzdlhjh\ Djhf_ h[t_fh\ \h”u \ \h”hojz
ijhjul\Z b \_ebqgbgu gZihjZ g_h[oh”bfh -mig&dbg\Zddb\h’/bghjhqghklg
oZjZdl_jbklbdb ]JjmglZ iehlbgu gz fhf_gl jZzafu\Zz

1ZjZf_lju ihlhdZ izj\mx hq_j_"v kdHphkimM hdZau\Zlv \ebygb_
bgl_gkb\ghklv jZzaful\Z | _eZ iehlbgu b m\_ebqg_gb_ ijhj@\g2_Qlh \ k
NZevg_cr_fm \hajzZklZgbx kdhjhklb bkl_q_gby q_j_a g_1]h

ljbf_gy_fu_ f_Ih”~bdb

< Jhkkbckdhc N_”_jZpbb 7ey jzZzkq_Ilz izjzf_ljh\ ijhjZgZ b
j_dhf_g~mxlky ke_~mxsb_ ghjfZlb\gu -81Ahdif1-9%°Iu JF 3607-03.
Ke_~m_Il hif_Iblv qlh f_Ih~bdb jZkq_lz ij_"~klzZz\e_ggu_ \ khhl\_
IFI- b F81,g_ bf_ | jZaebgbc

<u[hj bf_ggh wlbo j_]JezZf glbjmxsbo ~hdmf_glh\ \ ~Zgghc j.
jy~"hf ijbgbg-i_dhuo hlkmlklI\m_| ZgzZeba ijbf_gbfhklb j_dhf_g~m_1
f _Ih~"bd bkihevam_fuo ‘\IJhjlukobbkjZhg_gb_ jZkkgblZgguo b wdki_jlc
agZg_gbc izZjzf_ljh\ ijhjZzgZ b ijhjulghc \hegu "ey jZaklhgpgudblk[t_d
kbevgu_ b keZ[u_ klhjhgu ijbf_gy_ fuo f_|Ih”"bd

Djhf_ Ih]h kms_kl\m_I jy» gZmgguo jZ[hl \ dhlhjuo |
Zevl_jgZlb\gu_ ih*oh”u d jZkg_Im ijhju\Z ]Jjmglh\uo iehtbg g®@ijbf_]

1F_Ih*"bg_kdb_ j _dhf_g~Zpbb ih hij_~_e_gbx jZkoh h\i\h*whh\ijh_jdlédjbiZylhkd b \
ahg_\ha”_ckl\by g_dZiblZévgue& BBlKg k FO&9. =+

2 lhkh[b_ d KGbI - ©Fhklu b Ijm[u? ih baukdZgbyf b ijh_dlbjh\Zgbx "~_e_ag
Z\lh~hjh guo fhklh\uo i_j_oh”~h\ g_j_a \h”"hlhdI2.1B0 c L j"Zgk kH j 21).

3J> -607- F_lh”"bg_kdb_ j_dhf_g~Zpbb ih jZkqg_Im jZa\blh¥jbl” pi" ygafibidl kdpo
"b~rdbo ijhfure_gguo hloh”h\ K_jby GhjfZlb\guZkeéhdmjih_ghf fg lglgy ih \hijhkZ
ijhfure_gghc [_ahiZkghklb b hojZgu g_*"j <ui F xgMy [GRRizIghkie g k

NZe J>t -607-03)
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JZkq_l baf_g_gby h[t_fZ \h~u \ \h~hojZgbebs_ ijb ijhju\_ \ gb
J> -607- ijh\h~blky ih mjzZ\g_gbx \h~Agh]h [ZeZgkZ

W W, :{Qbaeb\Qijblh()dt, (1)

tig

]A_ Wi+h[t_f \hAu \ \h"hojZgbabsZ]gZjZkq:1Z f
QijbihdQ baeshkhhlI\_IkI\ _ggh jZkoh”u ijblhdZ b baeb\z f

FZdkbfZevguc jZkoh” \h~u \ klI\hj_ iehlb&hligBkgh iijhjuRJ
i IFBljZkkgblu\Z Iky ih nhjfme _

Q KBH 3/2 bH 3/21 (2)

] < x7”ebgZ iehlbgu ih mj_am \h”u \ \_jog f [v_n_ ijb ij_"_ev
\h~"hojZgbebsz f

G+gZihj \h~u jZagbpzZ hilf_Ihd \h~u \_jog_]lh b gb'g_]h [v
iehlbgu f

Dxtdhwnnbpb_gl mgblu\Zxsbc hlghr_gb_ \hafh ghc rbjbgu ij
iehlbgu jZzkgq _Igh_agZqg_gb_ hij_~ ey |ky khAeZkgh |Z[ebp _

b KB *jZkq_IlgZy rbjbgZ ijhjzgz f

JZkq_lguc jZkoh” \h~u \ kI\hj_ iehlbgu ijb jZkg607-08h f Ih~bd_

Q mbh**|2g, (3)

1. bixrbjbgZ ijhjzghfgez]_ f
hi t]em[bgZ kehy \h”u ijhoh”ys_Jh gq_j_a ijhjzg f
m+dhwnnbpb_gl \h*hkeb\Z ijbgyl jZ\guf
gtmkdhj_gb_ k\hjE~gbbply 2. f k

Qbke _ggh_ agZq_gb_ ijbgylh]h \ur_ dhwnmbmb] g Zey\hl*hke
ke "mxsb_ iZjzZf_lju ijhjzZzgZz ijyfhm]J]hevguc \h”"hkeb\ k rbjhd
gkdjm]e _gguf \oh”guf JhjbahglZevguf j [jhf b AhGB_\uf=&mq by Z
ihlhdZ gZ ihjh]_ \h~hkeb\Z hij_~_e_gZ ih kihkh[m ;_eZg _ >Qm]Z_

ljbjZs_gb_ rbjbgu ijhjZgZzZ
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(4)

AZ gZqZevgu_ mkeh\by jZkqg_|Z jzaful\Zz we_ f glZjghlh ij
jZ\ _gklyoh= bo = ho f IjbjZs_gb_ ]Jem[bgu ijhjZzgZ gZ dZ ~“hf jZkq
az™Z_|ky ihklhygguf'ly dg\guf

H[t dlu b j_ameviZlu jZkqg_lh\

< dzZq_kI\_ h[t_dIh\ bkke_"~h\Zgby [ueb \u[jZgu Ijb \h*"hojZg!
ijhbkoh”beb dzlzkljhnbg_kdb_ ijhjulu k\lyaZggu_ k i_ijelelb\drh q_j_
|Z[ebpZ

LZ[ebpZ>Zggu_ ih jzkkfzZljb\zZ_ fuf h[t_dIzZf >;h[dh\ b *] Dzl
XX\ _dz FZebd Njheh\ <hehkmobg @

Table 1.Data of considered objects by different literary sources

_ lehsz”| <ukhlZ >ebgZ
<h”hojZg ) H[t_f \h~ho ] _ ]
=h1 KljZgi a_jdZe iehlbgt( ]j_[gx
ebs_ gbebsz fég
feg 2f f f
. DZaz
Dhdi_dlbg| 2014 2,7 0,4 11 940
klZg
Lbjeygkd| 1994 Jhkkb 7,0 1,293 9,85 400
Dbk_e_\k|1993| Jhkkb 37,0 200 18 1920

< k\yab k g _iheghlhc bgnhjfZpbb h dhgdj Iguo h[t_dlZo "e
jZkq_lh\ [ue ijbgyl jy® *hims_gbc

X lj_ ~ evgZy Jem[bgZ ijhjZzgZ dhlhjuc h[jZah\u\l\Zeky \ oh”_
ba kemqz_\ ijbgylZ jZ\ghc \ukhl_ iehlbgu

X AZeh  _gb_\gmlj_gg_Jh b \g_rg _]h hildhkh\ ~"Zf[u "ey dZ ™
azZz"Z\Zehkv h"bmZdh\uf

X =jmgl | _eZ iehlbg hij_~ e _g dZd km]Jebgdb kj_~gpta\_r_g

f

>Zggu_ Ih Dhdi_dlbgkdhfm \h”hojZgbebsm b ilehlbg_
: X <bgh]jZzr"h\uf h[ke_~h\Z\rbf bo ihke_ ijhjmmEmghd >Zggu_ i
Lbjeygkdhfm \h*hojZgbebsm b Dbk_e_\kdhc iehlbg_ \aylu ba >Njhe

28t
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Jbkmghdjhjzg Dhdi_dlbgkdhc a_feyghc iehlbg-31.@B20Z41jhnZ
Nhlh <bgh]jz~h\z : X
Figure 1. Breach inthe Kokpekty earthen dam. Accident of March 30-31, 2014.
Photo by Alexey Yu. Vinogradov

>Zggu_ ih Lbjeygkdhfm \h"hopgZgedlogdm \ hp_g _gguo h[t.

Zddmfmebjh\Zgghc \ \h~hojZgbebs_  fhMNjheh\ felgehkmobg @
70fegf®>FZebd @ gZi_jbhnr dzlzZkljhnu \b~Abfh khhiI\_IklI\m _ | hJt
gZiheg_gbb \h~hojZgbebsZ ijb mjh\gyo \_jog_]h [v_nZ "hoh”ysb
H[t _f \ feg 3f>;h[dh\ b *] @ k mqg_Ilhf iplhdzfegruf +f k \

| g_gb_ fogml k[jhkZ \h”~u ijb ijhju\_ \_jhylgh g_kdhevdh aZ\ur
h[jZzah\Z\r_]1hky \ j_amevlzZIl_dZlZkljhnu Z\lmklZ ]h~rz 1zd
ihjZzaghfm ~BOf >Njheh\ <hehkmobg @

>Zggu_ ih Dbk _e \kdhc i&aljopgr _gb_ Dbk_e_ _\kdhc ]jmglh\hc
j Dzd\z K\_jreh\kdZy h[eZklv -ajhbaghretklzZdaqghc \h”~hijhimk
kihkh[ghklb \h~hk[jhkh\ jZkkqgblZgguo gZ ijhimkd iZ\h~dZ ih\lhjy f
jZ\ghlh 2 kf >Njheh\ <hehkmobg @ Iljblhd \ \h"hojZgbebs_ i
azf_jzf \ gZkh\ fbogml NkkPNjheh\f <hehkmobg @
ij_ \ukbe ij_~ _evgh “himklbfuc ihglb \ jZaZ <h”hojZgbebds J[ueh
ihem~gy ijhbahr_e ijhju\ "Zf[u jbkmgdb
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Jbkmghdjhju\ ]jmglh\hc ieDliblgue \kdh]h \h"hojZgbebsZ
Nhih < Km\hjbgZ Btiptgrglovkdru/istoriya/navodnenie-na-reke-kakva
Figure 2. Breach of the earthen dam of the Kiselevsky reservoir. 06/14/1993.
Photo by V. Suvorin. URL: https://uraloved.ru/istoriya/navodnenie-na-reke-kakva

Jbkmgh®) ie ghbldhkZ \ _jog_]Jh [v_nZ iehlbgu Nhlh < Km\hjl
Bklhggbd KWWSV XUD O R Yobl/Gertv¥kakva-0ps-v.jjgH VWD VY
Figure 3. Fastening slope of the upstream dam. Photo by V. Suvorin.
URL: https://uraloved.ru/images/mesta/sv-obl/serov/kakva-1993-9.jpg
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lhke_ g_ihkj_~kI\_ggh]h jZkq_I1Z ih-f_Ib"BdZ607163 [ueZ
khklz\e_gZ k\h~gZy IZ[ebpZ I1Z[ebpZ

LZ[ebpZK\h"gZy 1Z[ebpZ jZkkgblZgguo b gZ[ex” _gguo fZdkibfZevg
rbjbgu ijhjzgZz
Table 2. Summary table of calculated and observed maximum water discharge and width of closure

channel
JZkoh”u "k RbjbgZ ijhjzgz
<h”hojzZgb¢ 'h Wdki_jl¢IFI-| J> -] GZ[eX
IFI-91| J> -607-03
hp_gd] 91 607-03| ~_ggu
0,01 1550 29
Dhdi_dlbgl 0,1 | 8570 2075 1000r200 | 235 29 60
0,5 4910 30
0,01 8430 55
Lbjeygkdl 0,1 | 3160 10700 1800r300 | 112 55 75
0,5 24000 56,5
0,01 42200 92
Dbk_e \k{ 0,1 | 36660 50900 4800r1000| 480 92 70
0,5 101400 94
>bkdmkkby
F Ih"bdZ baeh’  _ggZy b\ IFJ3 g_ bf_ I ih™ kh[hc nbabqg_k
h[hkgh\zZgby JzZkq_lu izjzf_Ijh\ ijhjzgzZz b fzZdkbfZevguo jZkoh’
hlebgzZxlky hl wdki_jlguo hp_ghd \ jZau 1j_"~iheh  _gb_fhkhimgdpb

jZaf _jzZ ijhjzgz b fZzdkbfZevgh]h jZkoh”~Z \hegu ijhju\Z |Z[ebpZ
ij_"klz\ey Iky Z[kmj~rguf

ljb\_~ ggu_ agZq_gby Zijbhjb ij_2~hij_~_eyxl g_\hafh ghklv
ij_"ezZ]lZ _fhc f_Ih~*bdb "ey ijZdlbqg_lkdbaz\jakxfhlkhb hlikmlkI\r
hij ~ eyxsbc izZjzh[tjft\h*hojZgbebsZ gZ fhf_gl ijhju\Zz : bf_ggh hl
aZ\bk_Iv fZzdkbfZevguc jZkoh” ijhjulghc \hegu b hdhggiZdaétvjau ]

ijhjzgz
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LZ[ebpZlZkqg_lwgZq _gby fZdkbfZevgh]lh jZkoh~Z b aBjbghbfhkljZ dhZ
"ebgu iehlbgu
Table 3. Calculated maximum discharge and width of closure channel depending on dam length
< f 20 50 100 | 200 | 300 | 500 | 1000 | 2000 | 5000
b f 9,6 22 40 70 93 | 125 | 250 500 | 1250
Q G f 3fk | 152 | 349 | 63,5 | 111 | 148 | 198 | 397 794 | 1984
Q G f 3fk | 281 | 643 | 117 | 205 | 272 | 366 | 731 | 1462 | 3655

;he_ z~ _d\Zlghc y\ey _|ky ihrZ]lh\Zy jZkq_lgZy ke&07-D3.ijhibk:
<f_kl_k I_f hgz bf__I ijbgpbibZevgu_ g_"hklZldblbldhemjdgjggd_o
aZ\bkyl hl ozjzdl_jbklbd ]JjmglZ b jZafulZxs_c¢ kihkh[ghk]JbaHFddZ h
gZaulZ _fmx ljZgkihjlbjmxsmx kihkh[ghklv ihlhdzZ  <607-0%gl_dkl
ljZgkihjlbjmxsZy kihkh[ghklv ihlhdzZ hij_~ ey Iky [_ajzZaf_jgh
aZ\bkbfhklvx

4 1/6
p oo1Ye Vo 4

oW, 1@ 1

1"_ VvV, 263/ fk
Vo £tg_jZaful\ZxsZy kdhjhklv >DZ"ZpdZy b *j @ jZkkgblZq
P ?FbjpomeZ\Z ey k\yaguo ]jmglh\ mqgblu\Zxs_c kp_ie_gb_ ]jmgl:

2
W, ngg t]b”rjZz\ebq_kdZy djmighklv jzafulZ_fh]lh ]jmglz f k

C+dbg_fZlbg_kdZy \yadhkI¥ Kb~rdhklb f
Rt]b”jZ\ebg_kdbc jZ*"bmk ijhjzgz f
d+kj_~g_\a\_r_gguc “bzf_Ij qzZklbp ]jmglz ff

JZkg_| ebg_cguo jzZaf_jh\ ijhjZzgzZz Yl aZAakbghgkid \ZjbZglh

ijbjZzs _gbc Jem[bgu jzaful\Zz gZ dzZ ~hf jzZkg_lghf rzZ]_ijb\_" ¢
lj_~eh” _ggZy ko _fz g_ fh _I [ulv jZ[hlhkihkh[ghc _keb \ aZz\l
ijbjZzs_gby ]Jem[bgu ijb h~ghf b Ihf ~_ jzZzkq_lghf agZqg_gblgZlem|[b:

ijhjZgZ hlebqZ Iky \ jZau Djhf_Ih]h \ ko_f_ hikmlkI\m_1 nZdlhj \j
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LZ[ebpZJZkq_lgu_ agZq_gby rbjbgu ijhjzgz \ az\bkbfhklb hl bl_
ijbjZs_gby ]Jem[bgu
Table 4. The calculated values of the width of breakthroughs depending on the iterative step of the

depth increment

jZkq_lgZy Jlem

irjzb]st_g m 05| 1 2 3 5 7 9 10 | 12
]Jem[bgu f
'm 05 b|o5|/ 08| 13| 18| 28| 38| 48| 53| 63
"m 01 b|05|/ 09| 18| 26| 43| 59| 76 | 84 | 10,1
"m 001 b|05|099|197|295| 491|687 883| 9,81 | 11,77

cevl_jgZlb\gu_ f _Ih~bdb

JZkkfhljbf j_amevlZlu jZkq_lh\ ih jZajz[Zlu\Z_fhc \ GIH ©
nbabg_kdhc fh”_eb jzZafu¥Zlh”~"ZelLl zx*hkgh\Zgghc gZ ke _“mxsbo
Kdhjhklv jZzafu\l\Z ijyfh ijhihjpbhgZevgZ wg _j]lbb kljmb ihlhdZ b h[jZ
m”_j b\Zxs_fm gzZijy _gbx jzZafulZ_fh]h ]jmglZz |_eZ iehlthbgu el
\j f gb aZzZljZzg_ggh]h gZ jzZzafu\

< j_amevlzZl_ ihemq_gZ ke _"mxsZy aZ\bkbfhklv

o E i
dt WSt ®)
]~ h+fhsghklv jZzafu\Zkéhyhaz jzkq_lguc rz] \j_f_gb f
t£\j _fy; k
S+iehszZ”v jZzafulZ_fh]lh ngzZkldz f
E+wg jlby kljmb ihffhkz d]
W +m~ _jb\Zxs__ gZijy _&b_ d] f
W. YL AohtgMc (6)

1~ M tm]lhe \gmlj_gg_]h Ij_gby ]JjmglZ ]jZ"
ktkp_ie_gb_ ]jmgfz d] f Ak
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2
lihbgl _]jbjm _f aZ\bkbfhklv Kk mE_Iph;—/f—:lh]h qlh

mV?

c h 1 Hgmlh —MMdt
“$ J 2B 2H, Lt
mV?
3c h 1 HagMh dt
‘o J 2B 2H, Lt
h? mV?
ch — 1 HOM ———  Int
;B IS8 2H, L

=jZgbggukeh\by
V Oh 0o K O
HdhgqgzZghev

h? mV?
ch — 1 HOM ——— Int
;B M5B 21, L

J_amevlZlu jzkq_IZ ih ij_"~klZ\e_gghc f_Ih”*bd_ ijb\_"*_gu \ 1Z
k wdki_jlgufb hp_gdzZfb b gZ[ex” _gguflisZiggxf _gghb \j fy jZa\blk
ijhjzgz \ "Zf[_ Dbk_e_\kdh]h \h*hojZgbebsZ ijb\_~_gh ih dhk\_ggu

LZ[ebpZLZ[ebpZ jZkkqgbiZgfgulb™"m DHwdki_jlguo hp_ghd b gZ[ex”"_
iZjZf_ljh\ ijhjulghc \hegu b rbjbgu ijhjzZzgZz
Table 5. The table calculated by the method of Gidrotehproekt and the expert estimates and observed

parameters of the dam break wave and the width of the breakthroughs

JZkoh”ru h*bk | RbjbgZ ijhjzg <j_fy fbg
<h”~hojZghb¢ c 1hA = Wdki_jld F_Ih]1 GZ[ex" ] F_lh{ GZ[ex" |
- hp_gdZ =LI gu_ =LI gu_
Dhdi_dlbg 1800 1000r 200 51 60 43 45
Lbjeygkd 1980 1800r 300 72 75 85 80
Dbk_e \k 5000 4800r1000 | 116 70 130 180(?)
Ke "mxsbc f_Ih” jZkq_|Z hibkZg \ >lhghfZjgmd @ >e)
ijhjzgR ij_"eh _gZ aZ\bkbfhklv ] ihdzZazl_eb kl_i_gb ijb a

dhwnnbpiKydgeyxlky wfibjbg_kdbfb
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03

. dt 7)

1

t )
B cJE’%éi“i
0 m"©

==

JZkoh” q_j_a ijhjzg jzkkgblu\Z Iky ih nhjfme_ \h~Ahkeb\Z ijz
>Qm]Z_\ @

dw,
t 3/2
Ppae Wt mOVnBt\/ah‘ (8)

1"~ hxgZihj f
hg +gZihj khhl\_IklI\mxsbc g_jZafulZxs_c kdhjhklb f
W +h[t_f \h~"u \ \h~*hojZgbebs_ gz fhf¥gl \j_f _gb
WmeiehsZ”v ihi_j _qgh]h k_q_gBy iehlbgu f
m+dhwnnbpb_gl \h”*hk§h3d;
(tdhwnnbpb_gl [hdh\h]h k™ Zlby
% tdhwnnbpb_ gl ih”lhie_gby >Qm]zZ _\ @

J amevlZlu jZzkq_|Z ih ij_"klZ\e_gghfm \f>IhgmfZjlgmé&é gu @
|Z[ebp_ \ kjz\g_gbb k wdki_jlgufb hp_gdZfb b gZ[ex™_ggufb iZjZ{

LZ[ebpZ LZ[ebpZ jZkkgblZgguo ih >lhghfZjgmd @ b wdki_
gZ[ex™ _ggajZf _Ijh\ ijhjulghc \hegu b rbjbgu ijhjZgZ
Table 6. The table calculated by the model and the expert estimates and observed parameters of the

dam break wave and the width of the breakthroughs

_ JZkoh~u th ik RbjbgZ ijhjzg <j_fy fbg
<h”hojZg : —
) [ThghfZj Wdki_jlI{ [IhghfZ] GZex |[IhghfZ] GZex
eps
B gmd ] hp_gdi gmd ]| ~_ggu gmd ]| ~_ggu
Dhdi_dlIb
1400 1000T 200 58 60 50 45
kdh _
Lbjeygkd 1640 180071300 83 75 150 80
Dbk_e \K 6150 480071 1000 131 70 80 180(?)
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<u\h”u

1. F_Ih~*bdb j_dhf_g”*h\Zggu_ d ijBf_ ¢FBgdixJ>F I3607-03)g _
bf xI ih” kh[hc nbabqg_kdh]h h[hkgh\dgelhy hkBh\Zgu gZ hrb[hqc

ihklmeZzZlZo -&G0¥- Hrb[db \ jZzkqg_1Zo ijh\_~ _gguo ih wlbf f_Ih~"t
khklz\eylv glh ijZzdgbd hkohiklbfh F_Ih~bdb g_ mgblu\zxl
\h~"hojZgbebszZ gz fhf_gl ijRju\ZihkFjlh_gu gZ wfibjbg_kdbo g_ hl\_
dhgdj_lguf mkeh\byf khh[]jZ-_ glbyd>0T- J amevlZlu jZzkq_1Z \ j

hlebgzxlky ~jm] hl ~jm]zZz \ azZ\bkbfhklb hl \u[jZggh]lh rZ]Z ijb
J> -607-03).

2. JZajzZ[Zlu\z_fzy \ GIH ©=b”jhl_oijh_dl2 f_|h~"bdZ hkgh\Z
nbabdb ijhp_kkzZ jzaful\Zz JZkqg_lgu_ izZjZf_lju ohjhrh «kftbje\ZkmxlI}
j_Zevguo mkeh\byo

3. F_Ih"bdZ hibkZggZy \ >lhghfZjgmd @ lzd_ ~Z_1 oh
1ZjZf _lju \hegu ijhju\Z b ijhjZzgZ fZeuo \h"hojZgbebs ih wlhc f_Ih"|
kohrghklv k baf_j ggufb ;yevrmx ih]j_rghklv f_Ih*bdZ I2Z | Ih

Dbk_e _\kdhc dzZlzZkljhnu

4. < kemqZ_ Dbk_e_\kdhc dzZlZkljhnu aZ\ur_ggh_ agZq_gb.
ijhjzgZz ih kjzZ\g_gbx k baf[tykpyhdky dj_ie _gb_f \_joh\h]h I
" e_ah[_lhggufb ieblzZfb
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i_jbh”~ ih~lhlh\db juoehh[ehfhq
ZeZ \ k_e _\uo hgZ]Zo gZdhie_
h[{tzfZ juoehh[ehfhqgh]h fZIl_jb
" gb_ bf hij_~_ezgghc kl_i_gl
ihjh~ b iz\h~"hd \ua\Z\rbc nt
k_ey ih k\hbf izjzf Ijzf fh™ _| |
iZ\h~"dZ jzZ\gh]lh ih h[_ki_qgq_g¢
k_e_\hfm ihlhdm Ijb khhI\_IkI\
e _gbb juoehh[ehfhggh]lh fZIl_jb
hgzZz]Zo b kbevgh]lh m\eZ g_gby
pbZevguo k_e \uo fZkkb\Zo nt
e_c \uvuaulZ_Ilky kjzZ\gbl_evgh
hkz~rdzfb |h wibf ijbgbgzZf jZk¢

ghklb iZjzf_Ijh\ k_e_\h]h

lhevdh ]b”~jheh]bg_kdbo jZkqzl
ihkdhevdm ijb hij_~ e _gbb h
fzdkbfZevguo iZjzZf _Ijh\ k_e_
g _evay f _oZgbq_kdb hi_jbjh\Zz
i_q_gghklvx k_e_\h]h b \h~gh]
hkgh\_ dhlhjh]lh b ij _"*eZ]Z Iky
F_Ih~h\ jZzkqzl:

e _\hc jZkoh”
klb | _o izjzf_ljh\ k_e_\uo

hij_~_eyxl \_ebgbgm k_e_\h]h
zfZ _"~bgh\j_f gguo k_e _\uo \i
gh\_ ]_heh]bq_kdbo nzdlhjh\ k
g_ kms_kI\m_1I Ijb ijh_dlbjh\Zc
khhjm™ _gbc beb ijb j_r_gbb g
bkihevah\Zgb_ ozZjzdl_jbklbdb
oh™,1 b I "~ h[_ki_g_gghklb?
_|lky g_"himklbfuf ihkdhevdm

h[hkgh\Zgghfm azZgb _gbx

hiZzkghklb ~ey h[t_dIZ b d \ dl

of the debris-flows process is played by
ological factors of debris-flows formatiol
The occurrence of a debris-flow is precec
by a period of preparation of loose-rocks
debris-flows site (accumulation of a critic
volume of loose-rocks and its achievem:
of a certain degree of moisture of loos
rocks) and the flood that caused the f
mation of a debris-flows in its paramete
may be less than the flood. Equal in repe
ability to with the corresponding accumul
tion of loose-rocks in debris-flows bas
and strong soil moisture in potential debr
flows massif, the formation of debris-flow
is caused by relatively small precipitatic
For these reasons, the calculation of the
guency of debris-flows volumes and d
charge on the basis of hydrological calcL
tions only is unacceptable. When deterrr
ing the frequency of the debris-flows ma:
mum volumes and discharge, it is canno
operate mechanically to compare the 1
guency of debris-flows and water dischar
There are no methods for calculating on
basis of geological factors the frequency
those parameters of debris-flow that det
PLQH WKH LWV YROXPH
jects and structures or when solving sci
tific problems, the use of the characteris
"5%, 1% of the debris-flows frequency"”
unacceptable, since it leads to an unjusti

underestimation of the degree of debi

DZazdh\ 5 ‘hijhkm h jZzkgzl_ k_e_\uo jZkoh”h\ b \ukrbo k_ehjubi_

g_gghkl/ c=b"jhkn_jZz HiZkgu _
DOI: 10.34753AS.2019.1.2.007

ijhp_kku b y\e_gbyui  K296301.
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ij_~klz\e _gbx h k_e _\uo ijhp_ flows hazard and to a wrong idea about
r baeh” _ggh_\iheghc f_j_ hlg bris-flows processes. All of the above fu
N e_gbx h[_ki_q_gghklb ezZ\bg applies to the provision of avalanches
fh\ large volumes.

Dexq_\u_ keh}Zki_q_gghklv } Keywords: debris-flows; debris-flows fre
jZkoh”~Z ih\lhjy fhklv k_e_c quency; debris-flows discharge; potent
k_e \hc fZkkbk_k_&Wwc ijhp_kk debris-flow massif; debris-flow proces
k_e \hc ]hjbahgl higher debris-flow level.

ljb hp_gd_ k_e _\hc hizZzkghklb \h \j_fy \uiheg_gby bg _g_ |
kljhbl_evkI\_ ijh\h”~blky hp_gdZ b jZkqzl oZzjzdl_jbklbd k_e_\uo
j_"bfZz h[mkeh\eb\Zxsbo ijbgbgjlgbdlmm_jflizf h[t_dIZf b khhjm™_gby

Hrghc ba \Z'g_crbo o0ZzZjzdl_jbklbd k_e_\h]h j_"bfz y\ey_I
h[_ki_g_gghklv k_e_c¢ jZaguo h[tzfh)\

IhklZgh\dZ azZz”~Zqgb

Ghjfzlb\gufb ~hdmf_glzZfb j_JezZf_glbjmxsbfb khklzZ\ jZ[hl
baukdzgbyf \ kljhbl_evkl\_ jZkgzl \_ebgbgu k_e_\uo \jikoh”h\
]Jhjbahglh\ b h]_ki_qgq_gghklb g_ ij_~"mkfhlj_g ihkdliZzehvbdom f_|I
jZkq_Ih\ g_ kms_kl\m _|I

< gZmqghc ebl_jZImj_agZq_gby k_e \uo jZkoh”~h\ \ b
\ukhdh]lhjv_ b kj_"~g_]lhjv_ "~ey k_e_\uo [Zkk_cgh\ \ dhlhjuo ih
fZkkb\u ij_~klz\e_gu fhj_ggufb hleh  _gbyfb Z f_oZgbjhfabhEglgu'c gb
wjhabhigg@lgkihjlguc Ibi k_e_\h]h ijhp_kkZ ihjhc j_dhf_g"m_Ilky |
agZq_gby b h[_ki_g_gghkl_c¢c g_j_a jZkgzlu jZkoAVh\db\ mjh\g
k_e_ghkguo \h~"hlhdZo b h[ _ki_qgq_gghklb

LZdb_ jzZkgzlu \ k\hx hqg_j_"v \uihegyxlky gZ hkgh\_ jZk
h[ _ki_g_gghklb hkz~rdh\ \uizZ*Zxsbo \ k_e_ \hf [Zkk_cg _
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HrgZdh h[_ki_qgjggbki™Z k_e \h]h ihlhdZ ~Ze_dh g_ \k_]"Z
h[ _ki_gq_gghklb jZzkoh”Z \h~gh]lh ihhidgbjihksmevjhrev \ k_e \hf ijhp
bljzxl 1_heh]bgq_kdb_ nzZdlhju k_e_h[jZah\Zgby >DZazZdh\ @

Ihkdhevdm \hagbdgh\ _gbx k_ey dzZd ijZ\beh ij_~r_kl\m_|I
juoehh[ehfhgqgh]h fZl_jbZzez \ k_e_\uo hqZ]Zo gZdhie_gb_ o
juoehh[ehfhgqgh]h fzZl _jbZezZ b ~hklb" _gb_ bf hij_~ _ezgghc kl_i_gl
iZ\h~hd \ua\Z\rbc nhjfbjh\Zgb_ k_e_\h]h ihlhdZ ih k\hbf izjzf_ 1jzf
iZ\h~"dzZ jz\gh]lh ih h[_ki_q_gghklb *Zgghfm k_e_\hfm ihlhdm

GZijbf_j h[tzfu b jZkoh”u k_e_c knh03.09&\rbokky e \uo
[Zkk _cgZo K_\_jgh]lh Dz\dzZzaz khhI\_IklI\h\Z\rb _ h[_ki_qgq_ggh
jZkoh~zZfb \h~u khhlI\_IkI\h\ZAfbkb g _gghklb >Ne crfZg @ L
kemqgqZb g _h”~ghdjZlgh gZ[&¥Z'oZZedhtky lgX djm]bo j J]bhgZo Jhkkbckdhc

< Ih"_ \j_fy ijb khhI\_Ikl\mxs_ f gZdhie_gbb juoehh[ehfhqgt
k e \uo hqZ]Zo b kbevghf m\eZ g _gbb ]jmglh\ \ ihlkly\pwmnZevgu
nhjfbjh\Zgb_k_e ¢ \ Ihf gbke_ [hevrh]h h[tzfZ \uaulZ _Iky kjZ\g
hkz~rdzfb ijb \uiz™_gbb dhlhjuo ihjh”u ihl_gpbZevgh]lh k_kklwvh]h fZ
bi_j_oh”yl \ "\b"_gb_ nhjfbjmy k\ya@Q00lk_eb >DZazdh\

lh wlhc ijbgbg_ jZkqgzl h[_ki_q_gghklly k a j\bhkigziulfdRoh”h\
mjh\g_c¢ \h~guo iZ\h~"dh\ g_ \ iheghc f_j_ ijbf_gbf ~Z"  del jZkq
j_"bfzZz k_e \uo ihlhdh\ \' | o0 jZchgZo \ukhdh]hjvy b kj_~g_]lhjvy \ c
k e \u_ fzZkkb\u ij_"~klz\e_gu fhj_gzZfb ihl_gpbZevgu__gbge \&Z fZ
Ibi k_e _\h]h ijkpvjkladbhgguc beb wljZagkhlgidguc

< |l o k_e \uo [Zkk_cgZo \ dhlhjuo ihl_gpbZevgu_ kgw \u_ f
dheex\bzZevgehk\bZevgufb hleh  _gbyfb ihl_gpbZevgu_k_e \u_ fZkk
Zlbi k_e_\h]h ijhpgk™bZh¥uc beb wjtkabbgolic ijyfZzy azZ\bkbfhklv f_
o0ZjZdl_jbklbdzfb ]b~jhf | _hjheh]l]bgq_kdh]h j_"bfZ I _jjblhjbb b 0ZjZoc
ijhp_kkh\ hlkmlkl\m _|I

lh wlibf ijbgbgzf jZzkqzl h[_ki_qg_gghklb izZjzf_Ijh\ kh'¥e \h]h
lhevdh ]Jb~jheh]bg_kdbo jZkqgzlihkdheékdmkliplh hij_~ e gbb h[_ki_q,
fZzdkbfZevguo izZjzf _Ijh\ k_e _\uo ihlhdh\ g _evay f_oZ\ghag kdb
h[ _ki_gq_gghklvx k_e _\h]h b \h~gh]h jZkoh”~h\ gZ hkgh\_dhlhjh]h b
k e \hc jZkoh?"
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GZijbf_j ijb nhjfbjh\Zgbb J]jya_dZf_gguo k_e_c \h \j_fy
X ; <bghljZz~h\Z \ mjhgbs_ Q_fhe]Zg \h”guc ihPFfnhk jZjkad‘tbehf
liya_dZf _gguc k_ev k jAk&h®dlhgh]jZz~h\ @

F_Ihrh\ jzZkqzlz h[_ki_g_gghklb 1_o izjzf_ljh\ k_e_\uo il
hij_~ eyxl \_ebgbgm k_e_\h]h jZzkoh”Z b h[tzfZ _"bgh\j Hkglguo k_e
] _heh]bg_kdbo nzZdlhjh\ k_e_h[jZah\Zgby g_ kms_kl\m_|I

Fg_gb_

Bkoh/hy \ur_baeh”  _gghlh ijb ijh_dlbjh\Zgbb h[t_dlh\ b khhjr
j_r_gbb ex[uo *jm]bo azZz”~"Zq \ Ihf gbke_ gZmgguo hilCekv aeh\¥gh
jZkohn b I~ h[_ki_q_gghklb2 ij_2~klzZ\ey_Iky g_"himMblbtuf ih
g _h[hkgh\Zgghfm aZgb  _gbx kl_i_gb k_e_\hc hiZkghllb\ Neyhfmit dl
ij_"klZz\e_gbx h k_e_\uo ijhp_kkZo

ljb hp_gd_ \ha”_ckl\by k_e_\uo ijhp_kkh\ gZ h[t_dlu b kh
mqgblu\Zlv qlh jZkqgzl kj_"~g_klZlbklbg_kdhc ih\lhjy fhkjlbh*"¢ue c d
y\le gbc ij_~klz\ey | kh[hc [he__ fzl fZlbq_kdh_ mijZ g _gb_
ijZdlbg_kdhc az”~zZqb ihkdhevdm jZkij_~ e _gb_ qZklhtdgghidhjy
iZzjzf_ljh\ dhlhju_ az\bkyl hl fgh  _kI\Z dzd ~ _| _jfbgbjh\Zgguo Iz
nZdlhjh\ \gmljb fZI_fZlbg_kdh]h bgl_j\ZezZ j Zevgh jZkkgblZlv g_\

Ilh wlhc ijbgbg_ ijb hp_gd_ kl_i _gb \ _jhylgh]h \ha”_ckl\by
dZiblZevgh]h kljhbl_evklI\Z g_h[oh”bfh ijbgbfZlv \h \ghfZgbgubhevc
h[tzfh\ k fzZdkbfzZevgufb ~Zevghklyfb \u[jhkZ b k fZdkbfZevght
kKihkh[gu_ ijbgbgblv ijh_dlbjm_fuf h[t_dIZf b khhjm _gbyf fZdkbfZe

LZdbf h[jZzahf 7~ey j r _gby ijbdeZ”guo azZ”~"Zq aZsblz h[t_dlI
\ha”_ckl\by k_e_\uo ijhp_kkh\ jZkqgzl h[_ki_q_gghKkdbfZeh\ithjlp fhk
kj_~gbfb agZq _gbyfb jZkoh”Z elbr hJtzK¥ZukeZz ihkdhevdm h[_Ki_
ijhilb\hk_e _\hc aZsblu hkh[_ggh h[t_dlh\ dZiblZevgh]h kljhbl _e
| jjblhjbc ~he gZ h[_ki_qgb\Zlvky k mgzlhf fZdkbfZevguo k_e _\uo
\ha” _ckl\by k_e ¢ k fZzdkbfZevgufb agZqg_gbyfb bo izZjzf_Ijh\

<u\h”u

ljb hp_gd_\ha” _ckl\by k e ¢ gZ h[t_dlu khhjm  _gby b k_eb
\j fy \uiheg_gby bg _g _jguo baukdZzZgbc \ kljhbl_evkl\_  “he’'g

300



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u?2|201¢

fZzdkbfZevguc k_e_\hc jZkoh”™ b fZdkbfZevguc h[tAf[ kkiey dfd Klve
dhlhjuo "he"gZ ijbgbfzlivky g_f_g__ q_f

<kz \ur_baeh  _ggh_\iheghc f_j_ hlghkblky b d eZ\bghguf ijhp
hij_~ e gbb h[_ki_g_gghklb eZ\bg [hevrbo h[tzfh\ b fZdkbfZevghc
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Nhjfmeahe gu [ulv \klZ\e _gu dZd h[t_dl OLFURVRIW (TXDWLR:
lhj_ nhjfme_ :RUG jZkihezZ]zZlvky ih[pagfpazZgghdbphulkimiz khijh
NZIvky kd\haghc gmf_jzZpb_c ih ijZz\hfm djzZzx Z 1Z&%krbmfihiwdmwdKki
h[hagZqg_gbc ijb i_j\hf bo kimbwgeZggtb f ~bgbp baf_j_gby

<dhgp_ klZIvb[OHymijb\_* ;@eZ]h”*Zjghklbdhlhjhf ke_~m_| mihfbg
ex"_ ¢ dhlhju_ ihfh]zZeb ijb jZz[hl_gz”™ klzZlv_c bklhggbdb nbgzZgkhb

HlkuedZ gZ azZl_dklh\u_ [b[ebh]jZnbqjbddBblkkuiedhdb dklim KklZIvk
d\Zz~jZlguo kdh[dZo imlI_f mihfbgZgby \k_o Z\lhjh\ ijb hZkued_ d
jZfb eb[h i_j\h]lh Z\IhjZ b ketdi\2©bijb] RlIk@ed_ d bklhggbdm k b [h
jZfb b ]h~Z ba"Zgby Kkuedb gZ g_kdhevdhjhebtZphclh™ghihqgZx
"h[z\e_gb_f [md\u d ]Th m ba”rZgby < kemgZ_ hlkhhedbhglZz ighkdhe:
Aylky \ ojhgheh]bqg_kdhf ihjy*d_ b jZza”_eyxlky lhqdhc k aZiylhc

NhjfZlu hnhjfe_gby hkgh\guo \b”"h\ aZl_dklh\uo [b[ebh]jZnbqg_k
KkuedZ gZ &Ngdpbmeby BAH]eZ\b_ dgb]b K\_~ gby hlghkysb_ky d aZz

K\_~ _gby h[ hI\_IkI\_gghklb gZzZijbf_j j_"~zZdlhj F_klh ba”~zZgby ]hj
Dhebqg_klI\h kljZgbpQl:dgb]_
Kkuedb gZ "bkk jlZpbx bebNzZ¥lhg by BZHez\b_ ~bkk_jlZpbb Lbi bk

pbb F_klh ba”Zgby ]hjh~ ]h~ Dhebq_kI\hDAljZgbp \ “bkk_jlZpbb

Kkuedb gZ klZIvx NZfpeby B\ZezZ\b_ klZIvb AZ]ezZ\b_ dgblb K\_
kysb _ky d aZz]ez\bx dgb]b K\ _~ _gby h[ hI\_IkI\_gghklb F_klh ba
ki\h ]h” barZgby KIljZ®®pu kI1ZIvb

Kkuedb gZ klZlvx \ i jbh”bq: N&ibémy ByEpeZ\b_ klZlvb  AZ]eZ\b.

gZeZ =h”" Lhf < KIjZgbQlu klZlvb
Kkuedb gZ fZl jbZeu \ k[hjgbd N&lipeby 8&YH]lEZ\b_ klZlvb AZ]e.

k[hjgbdZ dhgn_j gpbb K\ _~ gby hlghkysb_ky d azZ]az\ihhXx K[hjgbd
gby dhgn_j _gpbb F_klh barzZgby ]hjhr Ba”zZl_evkI\IDOlLh™ Lhf |
Kkuedb gZ we dljhggutbdabgb®Hez\b_ fZIl _jbZezZz >We dljhgguc

k\_~ gby hlghkysb_ky d azZz]lezZ\bx -bAheghdz bgh”jkhlarZgby j_
85/ zZ"j_k klzZlvb 7~Zl1Z h[jZs_gby

< azZl_dklh\u_ [b[ebh]jZznbqg_kdb_ kkuedb \dexqgzZxlky lhevdh j
gbdb klZlvb ba gZmgguo mjgZeh\ fZl jbZeu dhgn bjJbgpb?kepzan
g_h[oh”~bfh khkeZlvky gZ ghjfZzlb\guc "hdmf_gl eb[h gZ kb&albvx \ ]Z
\ [eh]_ ke_"m_I| ihf_klblv bgnhjfZpbx h[ bklhggbd_ \ kglZzkdim ih hl
Kohkdbnhjfeyxlky kd\haghc gmf_jZpb_c¢ ih \k_fm "hdmf_gkgh&zZ[kd}
dZo ihfbfh bklhggbdh\ fh™ | Julv ~jm]Zy ~hihegbl_evgZy bagnhjfZp
hnhjfey |ky [_a Z[aZpgh]h hlklmiZ \ujzZ\gb\Z Iky ihl@ppibg_jzZaf_j

Djhf_Ih]h h[yazl _evgB\ihpdakykijz\kilz® _j"ZsZy bgnhhfihpbx
\k_o zZ\lhnzdbeby bfy hlq_kl\h imgglgkivx!| _i_gv b_&VAgZyhlu k
mdZazZgb_f "hediggkddliguc |_e-maihgd\Ihjkdibg”_ dku

GZZglebckdhf yabhpyaZl_evghf ihjy*d_ ijlib\imeMgyy kgiigdgalz
gby IZ[ebp b jbkeng)dhhZjghiybb gZebgbdldl _jZImkBE~ _j ZsZy dzZd ljzZzgke
| _jZpbx 1Zd b i_j_\h" gZ Zg]e&hldkkdy &kujdz\dZ

ljb wihf Zglehyauqguc \ZjbZdbstagcy hthebbg [ulv bgnhjfZlb\guf ¢
kh” j Zlv h[sbo keh\ hjb]l]bgZevguf g_J[ulv dZevdhc jmkkdhyauqg
| evguf hljz Zlv hkgh\gh_ kh” _j"Zgb_ klZlvb b j_amevlZlu bkke 7t
guf ke _"~h\Zlv eh]bd_ hibkzZgby j_amevlZlh\ \ klZIv_ ©Zglehyau
kI\_gguf Zg]ebckdbf yaudhf dhfizdlguf mdezZ”~u\zZlvky \ h[t_f ~h

Ih~jh[gu_ ijZ\beZ hnhjfe_gby klZlv_c ijb\_~ gu gZ kZcl_ "mjg
HiZzkgu_ ijhp_kku b ktie/hgdrg-8phere.ru/index.php/hydrosphere/requirements
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For equationsuse a Microsoft Equation object or Word equation editor, they should be located
in the center of the page without indentation and accompanied by continuous numbering (on the right
edge). All equations must have an explication (defining of symbols at the first mention of them with
units measurements).

If it necessaryAcknowledgmentsof people, grants, funds, etc. should be placed in a separate
section before the reference list. The names of funding organizations should be written in full.

Footnotes can be used to give additional information, which may include the citation of a
reference included in the reference list. Footnotes to the text are numbered consecutively.

Cite referencesin the text by last name and year in square brackets. If reference consist not
more than three authors, you should place in text all author. If there are more than four authors - place
in brackets the first author and words "et al." and not forget about year of publishing. If you need
several reference cite in one place of text - please separate each refersgroecbions. If you use
several references of one author in the same published year - you must separate itri@atette
year in reference list and in text.

Referencedist should only include works that are cited in the text and that have been published
or accepted for publication. Personal communications and unpublished works should be mentioned
in the footnotes. Reference list should be alphabetized by the last names of the first author. If you use
several references of author

Some formats for references list:

Book reference: Author A.ATitle of book City, Publisher, year. 100 p. DOI:

Book chapter referencéuthor A.A. Title of chapter. In Editor E.E. (ed.]Jjtle of book.City,
Publisher, year, pp. 1-20. DOI:

Dissertation referencé&uthor A.A. Title of thesis. Thesis typ€ity, year. 100 p. DOI:

Jornal article referenc@uthor A.A., Author B.B., Author C.C., Author D.D. Title of articlEitle of
Journal, 2005, vol. 10, no. 2, pp. 49-53. DOI:

Conference Proceedings referendethor A.A., Author B.B., Author C.C., Author D.D. Title of
article. Title of Conference Proceedings (date and place of the cowmfyedity, Publisher, 2005,
vol. 1, pp. 49-53. DOI:

Online document reference: Author A.A., Author B.B., Author C.C., Author D.D. Title of article.
Title of Journa) 2005, vol.10, no. 2, pp. 49-53. Available at: http://example.com/example.

For the detailed information about the author(s), please at the end of article give us some
additional information:

full names of author(s);

academic degree and title;

organization affiliation with full address (including Post Code);

position in organization;

contact telefon (for all authors);

contact e-mail (for all authors);

scientific indexes (scopus, orcid, web of science etc.).

Detailed rules for articles will be given on the website of the journal "Hydrosphere. Hazard
SURFHVVHV DQ GttB/KytRdhet&)/IDdex.php/hydrosphere/requirements
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