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'gghlZpb@Z\h~"g_gby \uau\Z_ Abstract. Floods caused by rain floods
A \ufb iz\h~rdZfb \ iZ\h~dhhiz flood-hazardous regions, which include 1
gZo d dhlhjuf hlghkblky b / Trans-Baikal Territory, lead to significal
djZc ijb\h~yl d agZgbl_evgu socio-economic and environmental con
wdhghfbg_kdbf b wdheh]bq_ quences, especially for settlements loce
kiI\byf hkh[_ggh 7~ey gZk_ e _infloodplains. Inthe Trans-Baikal Territor
gZoh”ysboky \ ihcfZo j_d < , its administrative center, the city of Chit
djZz_ gZb[hevr_fm wdhghfbq_ located on the banks of the Chita River,
ih”"\ _j]Z_Iky _]1h zZ~fbgbkljzZIlb\ suffering the greatest economic dama
] QblZz jzZkiheh  _gguc gZ [_j_ Therefore, the identification of the patter
Ilhwlhfm \uyle_gb_ azZdhghf_jc of formation of floods on this river dete
jh\Zgby iZz\h~dh\ gZ wlhc j_d_ mines the relevance of this work, the task
ImZevghklv ~"Zgghc jZ[hlu \ ¢ which is to analyze the rain floods on t
\oh”bl ZgZeba "h "~ _\uo iZQbMA Chita River £the city Chita for the perio

Noskova E.V., Rakhmanova W, Vakhnina I.L. Formation of summer rain floods on the Chita Rivear{3-
baikalia) Hydrosphere. Hazard processes and phenon20i9, vol. 1, iss. 3, pp. 31328 (In Russian; abstrac
314 in English). DOI:10.34753/HS.2019.1.3.001
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] Qblz \ ]Th”u wdklj_fZevgh \u from 1988 to 2017 during years of extrem:
\h~Au Z 1Zd _ dhebq_klI\Z ZIfh high water consumption, as well as t
dh\ dhlhjufb hgb [ueb h[mkeh amount of precipitation due to which thi
< jZ[hl_ bkihevamxlky "~Zggu were caused.
AZ[ZcdZevkdh]h mijzZ\e gby il The work uses the observational data of
eh]l]bb b fhgblhjbg]lm hdjm Zxs Trans-Baikal Administration for Hydrome
]b~rjheh]bg_kdhf ihklim] | Q@ b4 Zb teorology and Environmental Monitoring
| hklZgpbb QblZz the hydrological post of the Chita Rivethe
< j_amevlzZl_ijh\_~ _ggh]h Zg: city Chita and the Chita weather station.
glh gZb[he__ agZqgbl_evgu_ i As aresult of the analysis, it was revea
ebkv \ ihke_"gxx fgh]Jh\h”~gmx that the most significant floods were 1
i_jbh”" k ih 11 corded in the last high-water phase of the
JZkoh” \h~u ] hdzZazZeky cle from 1988 to 1998. Water consumpti
gZ[ex™"Z\rboky bo fZzdkbfZevgu in 1991 was the first among the obsen
] QblZg £Qblz az \_kv i_jbh” ( maximum values on the ChitaChita River
] 4 _lvbf liybuf b ] for the entire observation period, 198&he
k _~vfuf Hkgh\guf nzZdlhjhf h third, 1990 +the fifth and 1998+the sev-
iZ\h~dh\uo \heg \ wlb ]Jh”u y\ enth. The main factor in the formation
kn_jgu_ hkz~db dhlhjuo \ f_ flood waves during these years was prec
kljbjh\Zggh]h fZdkbfZevgh]h tation, which inthe months of recorded m:
[ueh hIf _q _gh gZ[hevr_ ghjfu imum water discharge was 50-165% m
wlhf kmlhggh_ dhebqg_klI\h \ i than normal, while the daily amount in tl
i_jbh” hkz~dh\ "hklb]fZeh period before the flood reached 30-62 mr
Ozjzdl_jghc hkh[_gghklvx nhj- A characteristic feature of the formation
\hrdh\ \ AZ[ZcdZevkdhf djZ_ floods in the Trans-Baikal Territory, in pa
j Qblz y\eyxlky \uoh”ysb _gZ ticular, onthe Chita River, is the deep soL
jbx ]Jem[hdb_ x gu_-bB&bZ%ylu__ ern or south-western cyclones emerging
ehgu >ebl_evgZy Zdlb\gZy pb its territory. Long-term active cyclonic a
yl _evghklv gZ® AZ[ZcdZevkdb" tivity over the Trans-Baikal Territory in th
i _jbh”~ ijb\h”~bl d eb\g_\uf hkZ” summer leads to rainfall, which cause
\uau\zxl j_adh_ m\_ebqg_gb_ jz sharpincrease in water discharge to extre
wdklj _fZevguo agZq_gbc values.

Ghkdh\Z ? < JZofZgh\Z @ ENhifbdgbZgb e Igbo ~h A \uo iz\h~Adh\
[ZcdZev_ =bAjhkn_jZ HiZkeukkwb y\e gbpol9. L <uB K 314328 .
DOI: 10.34753HS.2019.1.3.001 31t
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Dexg \u_ kepAEoh”~u \h~u iz Keywords: water consumption; high we

]b~jh]ljZn  fghlh\h~guc i_jbh” ter; hydrograph; high water period; preci
gu_ hkz~db AZ[ZcdZevkdbc tation; Transbaikal Territory; Amur basil
fmjz j _dzZ Qblz Chita River.

<\_"_gb_

lh mkeh\byf nhjfbjh\Zgby klhdZ j_db AZ[ZcdZevy hlghkylky
Ibim dhlhjuc oZzZjzdl_jbam_Iky g \ukhdbf \_k_ggbf iheh\h”~v_f b
Ah™A \ufb iz\h~rdzZfb >AZcdh\ @ Eb\g_\u_ hkz~db \ hl”~_evg
\hagbdgh\_gbx wdklj fZevgh \ukhdbo jZkoh”h\ \h”"u gZ \h~hlhdZ
gZ\h*g_gby kh agzZgbl_evguf wdhghfbqg_kdbf ms_e[lhdhxbdbmd]bgZ

RZebdh\kdbc @ mkm]m[eyxsboky _s_ b I_f qglh [heMrZp qZklI\
h{t_dlh\ wdhghfbdb AZ[ZcdZevkdh]h djZy jZkiheh  _gu \ ihcfZo j_
Njheh\Zz JZamfh\ JZamfh\Z 1Ig_edbg JZamfh\ b 7] €

Fghlhe_lgb_ baf_g_gby \h”gh]h j_"bfzZz j_d AZ[ZcdZevy pbde
>H[yah\ KfZolbg Hlyah\ @ ihdZaZeb qlh k gZqgZeZz \
pbdeh\ \h~rghklb \ kj_~g_f khklzZ\ey | e | ijb wlhf gz fgh]lh\h~g
ijboh”~blky hl ~h e | Z gzZhfizemMih~gwe £ >Zggu_ dhe_[Zgby h[m
pbdebg_kdbf ozjzdl_jhf \ j_"bf_ \uiz”_gby Zlfhkn_jguo hkz~"dl

dhjj_eypbb f_"~m jyrZfb klhdZ [hevrbgkI\Z j d AZ[Zdthkevydukj "g
hkz~dh\ bf_ x| klZlbklbg_kdb agzZgbfmx ~hklh\_jghklviugZb[hevrb_

ihemq_gu “ey [Zkk_cgZ j :fmj >H[yah\ KfZolbg @b ¢ odklezZm dh
< dhgfX £tgzZzg2& \\ \ f_"]1h~h\uo baf_g_gbyo Zlfhkn_jguo hkZz”

\ur_eblv h*gm \eZz'gmx]] >H[yah\ @ b h*gm kmipmxGhkdh\Z

<ZogbgzZ DmjlJZgh\bqg @ nZau K ] 9ZqZezZkv hqg_j_"¢

m\eZ g _gghklb HIf _qZ Iky qglh \ ihke_"gxx ijhr_~rmx fgh]l]h\h~gm
80-0 "*h dhgyoz]] OO \ gZ fgh]bo j_dZo AZ[ZcdZevy m\_ebgbeZkv c
wdklj _fZevguo fzZdkbfzZevguo jZkoh”h\ \h~u glh \_jhylgh k\yi
bgl _gkb\ghklb eb\g \uo hkzZ~dh\ >H[yah\ @ Ihwlhfm \ gZqgZ\rn
\hafh gh nhjfbjh\zZgb_ iZz\h~dh\ j_~dhc ih\lhjy_fhklb dhlhju_ fh]lm
agZgbl_evguc wdheh]bq_kdWwdhg khipd Zzkedtgch ms _j [
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<h \j_fy \hagbdgh\_gby dzZlzZkljhnbq_kdbo izZz\h~dh\ \ AZ
gZb[hevr_fm wdhghfbqg_kdhfm ms_j[m ih*\_j]Z_Iky _1h]Z"®bdBkljZ]
jZkiheh  _gguc gZ [_j_]Zo j Qblz

J _dZ Qblz highkblky d [Zkk_hc"ggrhfm bfanjljto djmiguo [Zkk _c¢
| _jjblhjbb AZ[ZcdZevy [Zkk_cg Lboh]h hd_ZgZz : _j_l gZqZeh gz
mjh\g fhjy \ f_kl_ kh_~bg_gby oj_[lh\ Y[ehgh\luc b Q_jkdh]h Qb
i_j_fuqdz >ebgzZ j_db khklz\ey | df Z iehdEél _ 2\dDhExghjZz +
ij_bfms_kI\_ggh “h "~ _\h_ >HJ[yah\ @ GZ[ex™_gby gZ ]b”jheh]b
] Qblz \_~mlky kK ] ih gzZklhys__ \j_fy

P_evx gZklhys _]h bkke_ _"h\Zgby y\ey Iky \uy\le_gb_ aZdhghf_
iZ\h~"dh\ gz j QblZz dhlhju_ ijb\h~yl d agZqgbl_evguf wdhghfbq_ kdtf

< aZ”Zqb bkke_ _"h\Zgbc \oh”beZ hp_gdzZ f_"]h~ h\eoldgte [Zg
i_jbh”~ jZkoh”~h\ \h”u b \uyle_gb_ e_| k fZzdkbfZevgufb _{h kdjydq_gb
ihklm j QBblIDQwIZ aZ i_jbh”™ k ih 11 Z1zd _ ZgZeba “h"~_\u
\'\u[jZggu_ ]h”u b dhebqg_kI\Z ZIfhkn_jguo hkzZ~dh\ bo h[mkeh\b\r

FZI _jbZeu

< jZ[hl_ Dbkihevamxlky ~Zggu_ gZ[ex”_gbc AZ[ZcdZevkdh
]b”rjhf_1I _hjheh]lbb b fhgblhjbg]lm hdjm Zxs_c kj_~u gZ ]b”jheh]lbqg_
] Qblz kj_~g_f _kyqgu_ b fzZdkbfZevgh_jZkoh”u \h”u kj_~g_kmll
bkke_ _"m_fu_ ]h”u b f_I_hklZgpbb QblZz kmffu ZIfhkbojgmbhlylgh” dh
dhebqg_kI\h Kj_"gb_agZq_gby ZghfZebc hldehg_gbcknejdalmo f_ Kk
hkz~rdh\ jZzkkgblZgu dzZd hildehg_gby hl debfZlheh]bg_kdhc klzg~”
1981- 11 \u[jZggh]lh \ dZzqg_ki\_ [Zah\h]h

J amevlZliu b h[km ™~ _gb __

AZ bkke_ _"m_fuc i_jbh”™ k ih 11 gZb[hevrb_ jZkoh”u
hif gZebkv \ b 11 JZkqg_lgZy h[_ki_q_gghkdv fZdk
jZkoh~h\ \h~u azZ \_kv i_jbh” gZ[exy_ddblfhyZkj QblJZz + 3* k_d b

11 3k _d [uez f_g__ Z\3®k]d b f ]13k_d g_ij \urzZzez
10%.

I <FHc« Jmdh\h~ysb_ mdZaZgby <FH ih jZkqg_Im deBfZlbl§ _kdbo ghijf
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Lzd \ e_Igbc i_jbh~ ] 9Z j Qblz wdklj_fZevgZy \he:
nhjfbjh\ZIlvky bxey ?_ ibd [ue aZnbdkbjh\Zg bxey |Z[ebpZ
jZaghklv kj_~g_kmlhgguo jZkoh”~h\ \h~u \ gZgqZe_ iZ\h*dZ &k gZ _]|
Kmffz ZIfhkn_jguo hkz~dh\ \' ] QblzZ e_Ihf Ih]h ijhdld igZ\ukbeZ \gh
bxe_ dh]~Z [ue hilf_q_g fZdkbfZevguxZjzZkomh" KinkILZ\ e Z ff ijb
ghjf_ ff Ijb wihf bo gZb[hevr__ kmlhggh_ dhebqg_klI\h ff |

bxey Hgh yley Iky \lhjuf \ jy*m gZ[ex"Z\rboky gZb[hevrbo kn
f I _hklZgpbb QblzZz azZz \_kv i_jbh” gZ[ex™ _gbc

LZ[ebpZzOZzjzdl_jbkibdbdhzdh\
Table 1. Flood haracterization

>71Z fZzdkbf FZdkbfzZevg HlIdehg _gb_ kmffu ZIfhkn_jgl
=h4 gh]h jZzkolf jZkoh” \h” f_kyp_ \ dhlhjhf hif_q_g ibd
\h”u 2 k_d ghjfu jZau
1988 25.07 532 2,6
1990 17.06 480 1,4
1991 14.07 976 1,8
1998 17.07 448 1,9
900 - - 70

800 -
- 60

700 ~

- 50
600 -

500 - 40

400 1 - 30

300 A
r 20
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Jbkmghdb”jh]jZzn "h™~_\uo igZh{d@Bb]ZQ@blZ djb\Zy b kmlhgguc o
dhebq_klI\Z Zlfhkn_jguo hkz~dh\ \'] Qblz ~*bz]jzffz azZ e_Ilgb._
Figure 1. Hydrographs of rain floods on the river Chit€hita (curve) and daily variation in the
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< ] iZ\h~hd \ hlebgb_ hl hklZevguo jZkkfhlj_gguo e_| ijhr,
gZb[he__ \ujZ _ggmx iZ\h"hggmx \hegm dh]”*"Z jZaghklv kj_"g_Kk
f_"~Am gZqZeh izZz\h"dZ b bxgy ibd iZ\h"dZ KEkéDYZEZ
jbkmghd E_Ihf Ih]h 1h~Z kmffz ZIfhkn_jguo hkz~dh\ gz f_I_hklZgp
ghjfm ihglb gZ Z \ bxg_ dh]”"Z [ue aZnbdkbjh\ZgjEZkdhifXReMVguc
khklZ\b\rbc 3 k fgZ ff ijb ghjf_ ff Ibdm iZ\h~dZ ij_"r_K
g_kdhevdh ~g_c dh]”Z j_]bkljbjh\Zebkv Zlfhkn_jgu_ hkzZ"db ijk
hif g _gh bo gZb[hevr__ kmlhggh_ dhebqg_kl\h ff \Ihf ]h"m
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Jbkmghd=b”jh]jZzn “h"~ \uo iZ\h"dh\]gRhlZQWjdb\&ZYy b kmlhqguc @
dhebq_klI\Z Zlfhkn_jguo hkz~dh\ \' ] Qblz ~bz]jzffz azZ e_Ilgb_
Figure 2. Hydrographs of rain floods on the river Chié€hita (curve) and daily variation in the

amount of precipitation in Chita (diagram) for the summer months in 1990 year

IZ\h~"dh\Zy \hegadxey ]h~Z k wdklj _fZevguf fZzdkbfZevguf
\h”~u 5k I1Z[ebpZ jbkmghd yley |ky bklhjbg_kdb fZdkbfZev
]brjheh]bg_kdbo gZ[ex® _gbc gZ j QblzZz AZ wlb kmlhd jZkoh”" \|
gbeky gZ 3% k filh h[mkeh\e _gh \uiz®_gb_f \ wilb ~gb ijZzdlbg* kdb f_
dh\ < p_ehf azZ wlhl f_kyp hkZ~dh\ [ueh hlIf_qg_gh ihqlb gZ [he\
aZ e _lgb_f_#g¥pu &£ gvr_ AgZq_gb_gZb[hevr_]h kmlhggh]h dhebqg._
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ff aZnbdkbjh\Zgghlh bxey yley_ Iky g_I\_jluf \ jy*m gZ[ex”Z\rtk
lhgguo hkzZz~dh\ \ Qbl_
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Jbkmghdb”rjh]jZn ~h A \uo iZ\h~dh\ ]gZQjpIQbtdbtZy b kmlhgguc o
dhebq_kI\Z ZIfhkn_jguo hkZAdh\ \' ] Qblz ~bZ]jzffz azZ e _lgb.

Figure 3. Hydrographs of rain floods on the river Chie&€hita (curve) and daily variation in the

amount of precipitation in Chita (diagram) for the summer months in 1991 year

< e_lgbc i_jbh~ ] 9gZb[he__ bgl_gkb\gZy \hegZ iZ\h~dZz
k ih bxey |Z[ebpZ jbkmghd Kj_"g_kmlhgguc jZkoh?"
m\_ebgbeky g2 k FzZfdkbfZevguc kmlhgguc jZkoh” \h”u® KkhkuB\b\rb
aZnbdkbjh\zg bxey DZzZd b \ ij_~u“msb_ ]h”u wlhfm agZq_
gZb[hevr__ kmlhggh_ dhebqg_klI\h hkz~Adh\ \ Th m hiIf_q_gftfh_ b x
dhlhjh_ y\ey Iky |Ij_Ivbf agZq_gb_f \ jy"m gZ[ex"Z\rboky gZb[hevr
] Qblz Kmffz °_ ZlIfhkn_jguo hkz~"dh\ \'] QblZ e_Ihf Ih]h JTh*Z ij_\
9Z Z \ bxe_ dh]™"Z [ue hIf_q_g fZdkbfZepyguc jZkoh”™ \h"u #
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Jbkmghdb”~jh]jZn "h"" _\uo iZ\h~dh\ JgZQjbI@btddbktZy b kmlhqguc @
dhebqg_kI\Z ZlIfhkn_jguo hkz~dh\ \' ] Qblz ~"bz]jzffu azZ e_lgb_
Figure 4. Hydrographs of rain floods on the river Chit&€hita (curve) and daily variation in the

amount of precipitation in Chita (diagrams) for the summer months in 1998 year

IZ\h~db gZ j QblzZz \ bkke_"m_fu_ ]h”u ijb\_eb d gZ\h”~g_gb
khpbzZewglihghfbg_kdbf ms_j[hf “ey ] Qblz Lzd gzZijbf_j \ ]
kZfh_ h[rbjgh_ ih ho\ZIm gzZ\h~g_gb_ \ ahgm aZlhie bgb ilhifZeb |
gbke _ h[t_dlZ \h~"hkgZ[ _gby kd\Z bgu ij_"ijbylby khlgb "be
N h luk gZk_e _gby ]JhjhrZ >JZamfh\ b 7] @ < “jm]b_ ]Jh”u
[ue f_g__ agZqbl_evguc q_f \ ] h~rgzdh IZzd _ azZlhie_gbx ih”
ahgz ] Qblu b _]h jZchgu ih~fulZebkv b jZajmrZebkv ~hjh]b h
we_dljhk_I_c b 7]

AZ bkke_"m_fuc i_jbh” gz j Qblz iz\h~rdb ijb\_~rb_ d
agZgbl_evguf khphhghdbg_kdbf ms_j[hf “ey ] QblZ nhjfbjh\Zebl
ih\ur_gghc \eZ ghklb jbkmghd :ghfZebb ZIfhkn_jguo hkzZ~dh\
kj ~g f aZ e _Igb_ f_kypu dh]*Z jZkoh”u \h?u gZ |j QblZ [ueb ¢
kj_"g__ agZq_gb_ bo iheh bl _evguo -hldehl]g lglbc agzaz \ ] A
25jzZaz \ Bkdexq_gb_ khklz\ey_ | ] VN dhlhjhf kj_~gyy ZghfZe
hkz~dh\ az-zZhkmgul [ueZ kms_klI\_ggh gb _ kj_"~g_]Jh agZqg_gby
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hldehg _gbc azZ bkke_~m_fuc i_jbh” H~”rgZdh g_kfhljy gZ wlh
azZznbdkbjh\Zg bklhjbq_kdbc fZdkbfmf jZkoh”"Z \h*unglkzeh\®bdhA | ]Jf Q
glh \ ij_~r_kl\mxsb_ ]h?u wlh]h fgh]h\hrgh]lh i ]jbh*dizZz*Zeh
agZgbl _evgh_ dhebqg_klI\h ZIfhkn_jguo hkz~dh\ ij -\urZXp_gZghjfn

b khhi\_IkI\_ggh < 1h ~_ \j_fy\ ] ZghfZeby ZIlfhkn_jguo
aZ e _lgbc i_jbh” [ueZ |1Zd _ \ur_ kj_"g_]h agZqg_gby iheh bl_evgl
jZkoh”~Z \h”~u j_~dhc ih\lhjy_fhklb azZnbdkbjh\Zgh g_ [ueh \\b”"m
ij_"~r_klI\h\Ze Igbc fZeh\h”~guc i_jbh”
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dijb\Zy ihj QbQdi b ZghfZebc kmff ZIfhkn_jguo hkzZ~dh\
"bzljzffu V'] QblZz az]]
Figure 5. Long-term changes in the average summer water values (curve) for the rivet-thbita
city of Chita and anomalies in the amount of precipitation (diagrams)
in the city of Chita for 1988-2017

H[ahj ]b”jheh]bgq_kdh]h j_"bfz j QblZ ihdZaZe qlh ih\ur_gc
\_k _ggbc i_jbh® azZz kg_| mf_j gguo b agZgbl _evguoglZdfhkm jgu
Zdlb\ghc pbdehgbqgq_kdhc ~_yl _evghklb gZs_ \k_]h ijb\h”~ylIx\ e _Ighb
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fzdkbfZzevguo jZkoh”~h\ \h”u b khhI\_IklI\_ggh fzZdkbfZewvguo m
hif _Ihd

:gZeba kbghilbg_kdbo ijhp_kkh\ \ ]Jh”u klbobcguo iZ\h”"c
k\bA | _evkl\m_|I h Ihf qlh \hagbdgh\ _gb_ iZ\h~dhh[jZamxsbo ~
hkgh\ghf ijb \uoh”_ gZ | _jjblhjbx AZ[ZcdZevy Jem{adbd gu@uo
pbdehgh\ Bo h[jZzah\Zgb_ ijhbkoh”bl \ p_gljZevghc bleb &2izZ~gh
i _j_"g_c qZklvx ljhihkn_jghc eh [bgu K¥Yhislhykwht §Z\|4keZ bl
\hklhggu_ b p_gljZevgu_ jZchgu AZ[ZcdZevkdh]h djZy pbdéhgu m]
"hklZlhqgh 7ebl_evgh_ \j_fy \ ihke_"mxs_f aZihegyykv gzZ”" |_]
[ehdbjmxs_]h ZglbpbdehgZ \ wlhf kemqgZ_ ©b]jZ_12 Ijhihkfin_jguc
<hklhdhf \ Ih \j_ fy dzZzd gz~ Kb[bjvx jZa\b\Z_Iky Jem[hdZy Ijhi
Mklhcgb\hklv ZIfhkn_jguo ijhp_kkh\ ijb\h~bl d ”~ebl_evghc Zdlb\
N yl_evghklb gz~ AZ[ZcdZev_f dhlhjZy h[mkeZ\eb\Z_ | kbevgu_
hizkgu_ iz\h~db \ Ihf gbke_ gZ j Qblz

LzZzd gZijbf_j \ ] dh]~Z [ue hif_q_g bklhjhgkatdb YEHUKkbfZ
\ i_jbh” nhjfbjh\Zgby iZ\h"hqghc \hegu gZ | _jjblhjbx AZ[ZcdZe\
]Jem[hdbc pbdehg k x]Z jbkmghd ?]h jZza\blb_ ijhbkfohtbeth izh de
x ' ghlh pbdehgzZ Ljz_dlhjby _]h "\b " _gby ijhoh”"bezZ g_ihkQBIKI\_gg

18 bnaroseiu

Ynta @ 17

VIpKYTCK

Ynau-batop

15 MekuH

Jbkmghtjz _dihjbl" _gby pbdehgh\ \ jZchg_ bkke_~m_fhc
|_jjblhjbb bxey ]

Figure 6. Trajectories of cyclones in the area of the study area July 15-18, 1991
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?]lh h[jZah\Zgb_ ijhbahreh bxegZigzZZgukb\ jpch@EIfby
>Zevg_cr__ kf_s_gb_ pbdehgZ ijhbkoh”beh kh]lezZkah jihldgadk\ \ kj_ ~
gZ X gu_ p_gljZevgu-\hklkhg\gyh jZchgu AZ[ZcdZevkdh]h djzy JZk
h[eZzqgh]h fZkkb\Z pbdehgZ gZqZehkv bxey ~g_f qglh h[mkeh
bgl _gkb\ghklb ih aziz~guf x guf b p_gljZevguf jZchgZzf djby b
fZzdkbfZzevghc bgl_gkb\ghklb \ Ihf gbke_ \ [Zkk_cg_j QblZz

<u\h”u

Ozjzdl_jghc hkh[_gghklvx nhjfbjh\Zgby "h™~ \uo iZ\h~dh\ \ A
\ qZklghklb gZ j Qblz y\eyxlky \uoh”ysb_gZ _]h | _jjblhjbx ]Jem]
aZiZ"gu_ pbdehgu >ebl_evgZy Zdlb\gZy pbdehgbqg_kdhkedBf yl ev
djz_f \ e_lIgbc i_jbh” ijb\h”~bl d eb\g_\uf hkz~rdzZf dhlhgbhgq \gau\Zx
jZkoh”~h\ \h”u ~h wdklj_fZevguo aga@ddhjhf <hlgbf_gby iZz\h~rdZ
dzlzZzkljhnbg_kdh]h oZzZjzdl_jZz \uklmizZz_| gZebgb_ kms_klI\ \gguo Z
ij_~iZ\h~hqguc i_jbh™ kmlhqgqgh_ dhebq_kl\h-dhthjuo khklZ\ey |

;eZlh”™Zjghklb

Ozjzdl_jbklbdz ~h "~ _\uo iz\h~dh\ \uiheg_gZ \ jZzfdZo [Zah\h]l
ZgZeba Zlfhkn_jguo hkz~dh\ ijh\_~_g ijb nbgzZgkh\hc ihA*_j 'd_ J
nhg”~Z ijh_d#14-00028).

Ebl _jZImjZz References

=zeZ”~d _\bg = B L _j Gladkevich G.l., Terskiy P.N., Frolova N.L. Otsenka of
Njheh\Z GlfE_gdZ hiZk nosti navodnenii na territorii Rossiiskoi Federatsii [Ass
gZ\h~g_gbc gZ 1_jjbl ment of Inundation Hazard on the Territory of the Rus:
kbckdhc N_" jZpbb Federation]. Vodnoe khozyaistvo Rossii: problen
ohayckl\h Jhkkbb i tekhnologii, upravilenie [Water sector of Russia: proble
| _ogheh]bb mijzZ\e _( technologies, managemen#012, no. 2, pp. 29-46. (In Ru
< &29-46. sian).

Kichigina, N.V. Flood Hazard on the Rivers of the Bai
Region.Geography and Natural Resour¢eX18, vol. 39,

324



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C LhflL <ui|l201¢

AZcdh\ Kp *gbc klhd iss. 2, pp. 120-129. (Russ. ed.: Kichigina N.V. Opasnost
jZkij_"~_e_gb_ \ ]1h~m vodnenii na rekakh Baikal'skogo regior@eografiya i pri-
lhjbb KKKJ E =b”jl rodnye resursy, 2018, no. 2, pp. 41-51
NZI| k DOI: 10.1134/S187537281802004X

Dbgb]bgZHGZkghklv g Razumov V.V., Kachanov S.A., Razumova N.V., Ch
g_gbc gZ j_dZo ;Zcdz kovA.G.,, Shagin S.l., Bekkiev M.Yu., Glushko A.Y:
]bhgZz = h]jZnby b PchelkinV.l., Frolko S.VMasshtaby i opasnost’' navodne
j _kmijku <« -5K v regionakh Rossii [The extent and danger of flooding in
JZamfh\ < < Dzqzg! regions of Russial.Moscow, Publ. FC VNIl GOCh¢
mfh\z G < Qbjbdh\ Emercom of Russia, 2018. 364 p. (In Russian; abstra

JbK B . ddb_\ English).
=emrdhy g _edbg Noskova E.V., Vakhnina I.L., Kurganovich K.A. Kharakie
Njhedh KFZKkrlZ[u b h istika uslovii uvlazhnennosti territorii besstochnykh o
ghklv gZ\h”~g_gbc \ Toreiskoi ravniny s ispol'zovaniem meteorologichesk
Jhkkbb N=M <GBB = dannykh [Characteristic of humidity conditions of the te
NP k tory of the flourless lakes of the Torey Plain with the us
Ghkdh\z 2 < <Zog meteorological dataVestnik Zabaikal'skogo gosudarstve
DmjlZzgh\bg ©Zjzdl_ nogo universiteta [Transbaikal State University Journi
kKibdZ mkeh\bc mleZz 2019, vol. 25, no 3, pp. 22-30. (In Russian; abstract in |

| _jjblhjbb [_kklhgguo lish). DOI: 10.21209/2227-9245-2019-25-3-22-30

j_ckdhc jZ\gbgu k bk Obyazov V.A. Chita [Chita]. In R.F. Geniatulin (edMa-
gb_f f | _hjheh]bqg_k: laya entsiklopediya Zabaikal'ya: Prirodnoe nasledie [Sn

guo < _klgbd AZ[Z Encyclopedia of Transbaikalia: Natural HeritagéJlovosi-
]hkm~ZjklI\_ggh]h magl birsk, Publ. Science, 2009, p. 641. (In Russian).
L < 22130.

Obyazov V.A. Tendentsii mnogoletnikh izmenenii rechnc
DOI: 10.21209/2227-9245-2019-

25-3-22-30

stoka v Zabaikal'e v mnogovodnye i malovodnye peri
[Trends in long-term changes in river runoff in Transbaik
H[yah\ <B:af_g_gby k andin dry periods]Doklady Akademii nauk [Reports of tl
f ggh]lh debfZlZ b h Academy of Sciences2013, vol. 450, no. 6, pp. 713-71€
ihke_"kl\bc ~ey 1ijbjl (In Russian). DOI10.7868/S0869565213180205
ijbjh~rghBgljhih]_gguo

kl f AZ[ZcdZevy :\lh

32t


https://doi.org/10.21209/2227-9245-2019-25-3-22-30
https://doi.org/10.21209/2227-9245-2019-25-3-22-30
https://doi.org/10.1134/S187537281802004X
https://doi.org/10.21209/2227-9245-2019-25-3-22-30
https://doi.org/10.7868/S0869565213180205

2019/ Vol.1, 1ss.3

Ahdl
k

1_hlj

HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

gZm

H[lyah\ <L: g™ gpbb f
e lgbo baf_g_gbc j_q
\ AZ[ZcdZev_ \ fghbt
fZeh\h”"gu_i_jbh”u

.dZ”_fb

<

b gZmd

K713-716.
DOI: 10.7868/S08695652131802(

H[yah\

<Qblz

FZe.

pbdehi_"by AZ[ZcdZ

jhrgh_ gZke_ _"b_

J N= _gbZimebg Gh\t
GZmdZz 641.K
Hlyah\ < : KfZolbgh:-
]Jhe Igbc j_"bf klhdZz
[ZcdZevy ZgZeba
ijhlgha <h”~gh_ ¢
Jhkkbb ijh[e_fu 1I_o
mijZ\e _gb _ <-72.

JZamfh\ < < JZam
lg_edkgBFZkrlZ[u b h
ghklv gZ\h~g_gbc \ ¥

j_Ibhg_
\Zpbb
K 103-144.

Jhkkbb

GZ

L ogheh]bb

RZebdh\kdb&Z\d*g_g

AZ[ZcdZevkdhf

ihke_ "k
lghaz

326

djzZ_
IN\by \hafh gt
<h”rgu_ j_km

Obyazov V.Alzmeneniya sovremennogo klimata i ocenk
posledstvij dlya prirodnyh i prirodno-antropogennyh sist
Zabajkal'ya: Avtoref. diss. doct. geogr. nauk. [Changes ir
modern climate and assessment of their consequences 1
natural and natural-anthropogenic systems of Transbaik
Dr. Sci. (Geography) thesisKazan, 2014. 38 p. (In Ru:

sian).

Obyazov V.A., Smakhtin V.K. Mnogoletnii rezhim stoka r
Zabaikal'ya: analiz i fonovyi prognoz [Long-term flow r
gime of the Transbaikalia rivers: analysis and backgrc
forecast].Vodnoe khozyaistvo Rossii: problemy, tekhnolc
upravlenie[Water sector of Russia: problems, technolog
managemeth, 2012, no. 1, pp. 63-72. (In Russian; absti
in English).

Razumov V.V., Razumova N.V., Pchelkin V.I. Masshtal
opasnost' havodnenii v Sibirskom regione Rossii [The n
nitude and the risk of flooding in the Siberian region of k
sia]. Nauka. Innovatsii. Tekhnologii [Science. Innovatio
Technologies] 2015, no. 4, pp. 103-144. (In Russian;
stract in English).

Shalikovskii A.V. Navodneniya v Zabaikal'skom Kkre
prichiny, posledstviya, vozmozhnosti prognoza [Floods
the Trans-Baikal Territory: Causes, Consequences, Fore
ing Opportunities]. In V.N. Zaslonovskii (ed.Yodnye
resursy i vodopol'zovanie [Water Resources and Water. L
Chita, Publ. TbSU, 2019, pp. 11-18. (In Russian).

Shalikovskii A.V. Spetsificheskie osobennosti formil
vaniya navodnenii v verkhnei chasti basseina reki A
[Specific features of the formation of floods in the upper |
of the basin Amur River].Materialy Chetyrnadtsato
Mezhdunarodnoi nauchnGUDNWLFKHVNRL

laginskie chteniya: tekhnika i tekhnologii proizvodstvenn


https://doi.org/10.7868/S0869565213180205

=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C LhflL <ui|l201¢

ihevah\zZgb_j MHIx &Z SURWVHVVR Y28 néy&bcy&/ D14 g.): v 3 chastya
kehgh\kdbc <ui [Materials of the Fourteenth International Scientific a
AZ[=M -18. SUDFWLFDO &RQIHUHQFH 3.XODJL
RZebdh\kdbcKi_ bnb 7THFKQRORJLHV RI 3URGXFWLRQ =
26-28, 2014): in 3 parts]Chita, Publ. TbSU, 2014, vol. .
p. 240-244. (In Russian).

kdb_ hkh[_gghklb n
gby gzZz\h~g_gbc \ \_j« P
[Zkk _cgZ |j :fmj F Zaikov B.D. Srednii stok i ego raspredelenie v godu na -
9 F_""mgZjh~ghc - ritorii SSSR [The average runoff and its distribution in
ijZdlbqg_kdhc d hgn year on the territory of the USSR]eningrad, Publ. Gidro
©DmeZ]bgkdb_ gl_gb meteoizdat, 1946. 148 p. (In Russian).

| _ogheh]lbb ijhba\h”

ijhp_kkh\2 ] Q@blZgh

yliy 1 \' g Qblz

Q K-244.



2019| Vol.1, Iss.3 HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

M > B51.578.48 DOI: 10.347534S.2019.1.3.006
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K:O:EBG B DMJBEVKDBOOF SAKHALIN ISLAND AND

HKLIJH<H< KURIL ISLANDS
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gghlZpbyJdzajz[hlzgZz |Zdkhg Abstract. The taxonomic scale of cla
rdZeZ dezZkkbnbdZpbb eZ\bgguc sification of avalanche geosystems ¢
]hjblf jZkqgzlZ dhebqg_kI\ _gguo algorithm of calculation of quantitativ
eZ\bgguo ijhp_kkh\ b bo j_ "bfZ characteristics of avalanche proces
fhjnheh]l]bg_kdhc ]_heh]bqg_kdh and their mode on the basis of geom
gb\Zevghc b debfZlbg_kdhc o0Zj. phological, geological, landscape, ni
jblhjbb Bgl_gkb\ghklv ijhy\e g and climatic characteristics of the ter
ijhp_kkih\bo oZjzdl _jbklbdb hihk tory are developed. The intensity of a\
gh\gufb ]jmiiZzfb nzZdlhjh\ Qahel lanche processes and their characteris
]bg_kdb_hfhjnheh]bg_kdb_ eZg aredetermined by the main groups of f.
eblheh]bg_kdb_ kg _"gZy |lhe8H tors of avalanche processes. Geologi
fbgbjmxsb_ Z ]b”~jhf_| _hjhelvbjgpbh geomorphological, landscape and litr
pbbjmxshdexgZxsb_ Ijb]]_jguc f logical (snow pack) factors are domina
eZ\bggh]h ijhp_kkzZ F _Ih”~heh] and hydrometeorological factors is ini
pbiu ihkljh_gby dZjlu ©EZ\bggu ating: including the trigger mechanism
hKZoZebg b Dmjbevkdbo hkljh\l the avalanche process. Methodologi

Kazakov N.A, Zhiruev S.P., Drevilo M.S. Calculation of the morphometridl&iity of snowstorm avalanchin
in the Khibiny MountainsHydrosphere. Hazard processes and phenom2dt9, vol. 1, iss. 3, pp. 328-380 (
328 Russian; abstract in Englisi)Ol: 10.34753/HS.2019.1.3.006
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eh]bg_kdhc ihke_~h\Zl _evghklk principles of construction of the me
jhrgdebfzZlbg_kdbo mkeh\bc nh ©$YDODQFKH JHRV\VWt
wlhexpbb kg_"gh]lh ihdjh\Z \ ijh ODQG DQG .XULO ,VOD(
\j_ f gb hp_gd_ bgl _gkb\ghklb logical sequence of analysis of natu
\bgguo ijhp_kkh\ b o0Zjzdl_jZ eZ and climatic conditions of formation ar
kh\ gZ bkke_"m_fhc |_jjblhjbb evolution of snow pack in space and tin
kdhc hkgh\hc Ze]hjblfZ ZgZebaZ assessment of the intensity of avalan
guo ijhp_kkh\ b hij_~ e _gby bo processes and the nature of avalan
yley |ky b_jZjobq_kdZy rdZeZ processes in the study area. The mett
guo ijhp_kkh\ jZa\b\Zxsboky \ e ological basis of the algorithm for analy
kl_f_ WIlhc p_eb hlI\_qZ_1| b_jZjc ingthe factors of avalanche processes
kdbo mjh\g_c deZkkbnbdZpbb determining their characteristics is a hi
kl _f dezZkkrdeZklbiz#h”lbi W~ ( archical scale of factors of avalanche p
hkljh\_ KZoZebg_ b Dmjbevkdb cesses developing in an avalanche
e _gudeZkkzZ ]hjguc [_j_]lh\hc osystem. The hierarchy of taxonomic le

thrdeZkkh)\ Ibih\ ih~lbih els of avalanche geosystems classifi
eZ\bgguo ] _hkbkl_f 1Ilhkljh_ggZy tion meets this goal: class-subclass-ty
jZ[hlZzgghc f _Ih~bdb dZjlZ eZ\b ¢ subtype-species. Sakhalin Island and
hkljh\Z KZoZebg_ b Dmjbevkdbc¢ Kuril Islands have 3 classes (mounta
riz[_ 000 kh™ _j bl gZb[he__ i coastal, plain), 16 subclasses, 76 tyf
k _l]h~rgyrgbc ~_gv k\_" _gby h e:.: 99 subtypes, 114 species of avalanche
kZzo b h[ bo j_"bf_gZ bkke_ "~m_ osystems. On the basis of the develo
lj_~ezZ]Z fu_ f_Ih~"heh]bqg_kdb_ technique, a map of avalanche geos
kljh_gby f-ked#dh_~g_fZkrlZ[guo dz tems of Sakhalin Island and Kuril Islan
guo ] _hkbkl_f ~ey g _bamqg _ggu on a scale of 1:1 000 000 was creat
guo | _jjblhjbc ihalheyxl| jZajZ[Z The map contains the most complete
"Zgb_ dzjl "ey hp_gdb eZ\bggh date information about avalanche pi
Ney j_r_gby gZmqguo aZ”~Zqg |Z cesses and theirregime in the study a
\Zgby gZ jZggbo klZ~byaukldZd Methodological principles of constru
kdbo jZ[hl DZjlZ iha\hey | hp_ tion of small - and medium-scale maps
kl _i_gv \ha”_ckl\by eZ\bgguo ijl avalanche geosystems for unexplo
_dlu b khhjm™ _gby \ aZ\bkbfhklb and poorly studied areas allow to deve

Dzazdh\ G : @bjm_\ KFIKEZ\bggh_ ] _hkbkl fu hkijh\Z KZoZebg b [ .
/'=b~jhkn_jZ Hizkgu_ ijhp_kku b y\e<gBy K328380LDOI: 10.347534S.2019.1.3.006 32¢
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b j_"bfz wdkiemZlZpbb Ihemc the content of such maps for the asse
NZxl \hafh ghklv m _ gZ jZggbo ment of avalanche danger both for sa
Ibjh\Zgby hij_"~_eylv g_h[oh”bf ing scientific problems and at the ea
gby b h[tzf baukdZl_evkdbo jZ[I stages of design and survey work.
oh”bfuo azljzl gZ baukdZgby b
ijh\_~_gb_ aZsblguo f_jhijbylbc Keywords: avalanche, avalanche pr
Dexq_\u_ kebX¥XbgZ eZ\bgguc cess, avalanche geosystems, litholo
eZ\bggZy ] _hkbkl_fz-klgdllh]lg B hH stratigraphic complex of snow cove
kdbc dhfie_dk kg_"gh]h ihdjh\Z syngenetic avalanche, epigenetic a
kdZy eZ\bgZ wib]_g_Ibqg_kdZy € lanche

<\_~ _gb

Hij_ ~ e gb_dhebqg_kI\ _gguo o0Zjzdl _jbklbd eZ\bgguo ijhp_kl
jZggbo klzZ"byo {dpraukldyhl _evkdbo jzZ[hl ijb jzZajzZ[hld_ ijh]jzff
| _jjblhjbc hl eZ\bg gZmqgguo bkke_~h\Zgbyo b ijhg__ Ij_[m_I ij
ithe \uo baukdzZgbc qlh g_ \k_]J*"Z p_e_khh[jZagh b \_kvfzZ azZljzlgt

< |Zdbo kemgZyo p_e_khh[jZagh hij_~ eylv ozZjzZdl_jbklbdb
ZgZeblbq_kdb khklzZbeky fgedBkriZ[gu_dZjlu ijhyle_gby eZ\bgguo
b jZzajz[Zlu\Zy bo kh”_j Zgb_

LjiZ*"bpbhgguc ih”oh” d hp_gd_ eZ\bgghc hizZkghklb [I_jjbl
\u”_e _gbb Ibih\ eZ\bghhiZzkgh]h j_ev_nZ oZjZdl_jguo ey bkke _ "n

< hI®” _evguo kemqgZyo \ky |_jeblhjhykidEdA ]t | [ulv ij _~klZ\e
hrgbf Ibihf eZ\bghhiZzkgh]l]h j_ev_nZ LZd g_dhlhju_ bkke_~h!
hKZoZebg_ b Dmjbevkdbo hkljh\Zo ebrv Ijb |Ibiz eZhélhthgZkgh]h

= h]jZnby eZ\bg LihrdbgZz @

Hkgh\ghc mijzd d kms_klI\mxsbf f _Ih*heh]byf kha”“Zgby dZjl «
| jjblhjbb f_edh]h b kj_~g_]h fZkrlZ[Z aZdexqgZ _Iky \ hlkmlkl\bb |
hp_gd_ bgl_gkb\ghklb ijhy\e _gby eZ\bgguo ijhp_kkh\ qglh fjb\h~bl
ijb hij_~ e _gbb ]jZgbp eZ\bghhiZkguo jZchgh\ b hp_gdWo o0ZjZ
ijhp_kkh\

G_kfhljy gZ Ih qglh \ Jhkkbckdbo b Yihgkdbo bkihdgghddo >E
Kh\_Ikdh]h KhxaZz B\Zgh\ B\Zgh\ <Zkbev_\ DzIZz
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= _h]jZnby eZ\bg LihrdbgZz -erléAkudkg] _kgmjkh\ fbjz
DZazdh\zZ Eh[dbBgaolskiyet al @ kh~_j zZlky fghlhgbke_ggu_ k\
eZ\bgZo gZ h KZoZebg_ b gZ Dmjbevkt®bd HKIjMZb\& bahgzle£vg!
dZjlu eZ\bgguo ijhp_kkh\ gZ wlhc | _jjblhjbb g _|

J Jmeyjgu_ bkke_"h\Zgby eZ\bgguo ijhp_kkh\ gZ kdbkZoZe
hkljh\Zo ijh\h”~ylky k ] KZoZebgkdh\ZMwv &Ky pmibghKZozZebgk
hi*" e gby ><@> KZoZebgkdh_ hl* e gb_ F:GIH GBP ©=_ h”"bg
eZ\bgguo b k_e \uo ijhp_kkh\ KN ><=B ><H J:G eZ\bggZy klzZgp
wdah]_gguo ]_h”bgZfbq_kdbo ijhp_kkh\ b kg_"gh]lh ihdjh\Z KD; K:I

>h gZqZe& |h"XKX \_dZ bkke_"h\Zgby eZ\bgguo ijhp_kkh\ ijh
hkgh\ghf gZ x]_ h KZoZebgzZ ]*"_ KZoZebgkdbf M=FK d\bgglio[ueh
klZzgpbc < ] [ueZ khanZgZ kg _]JhezZ\bggZy klZgpby gZ Dnm
hlZjZfmrb] < gZq@dh™ X \_dZ [ueb kha”Zgh kg_]lheZ\bgguo klZgp
gZklb h KZoZebg

< ] G : DzZazZdh\uf KZoZebgkdh_M=FK J[ueZ hpZgbah
wdki_"bpby gZ QZzZflbgkdhf i_j -\K£2oZeblgklidbgghlhju Kj _"gbc KZc
A_ckI\h\Z\rZy "h dahgpZX \_dz

< - 9- ]hAXX \_dZ KZoZebgkdh_ M=FK Z azl_ f KH

GBPO=_ h”"bgzZfbdzZz2 b eZ[hjZlhjby eZ\bgguo b k_e \uo ijhp_kkh\ |
j_]Imeyjgh hjl]Zgbah\u\Zeb wdki_~bpbb ih bkke_ ~h\ZgbKZeoZ\@lguo i
b gZ Dmjbevkdbo hkljh\Zo

LZdbf h[jZzahf [ue kh[jZg h[rbjguc ihe_\hc fZl _jbZe h eZ\bg
hKZoZebg_ b gZ Dmjbevkdbo hkljh\Zo H~MggdklHYs jhzeéj wilhlb 7
kbkl _fZlbabjh\Zg g_[ue Z iheghp_gguo dZjl eZ\bgguo bbophkkh\ g
kha"Zgh g_ [ueh

KharzZgb_ DZ~ZkljZ eZ\bg KKKJ >DZ~Zklj eZ\bg KKKJ (
kl _i_gb ihal\hebeh kbkl_fZlbabjh\ZIlv *"Zggu_ h eZ\bgZo

Djhf_ Ihl]h \h fgh]lbo jZ[hlZo kh” _j Zlky hrb[hggu_ "~Zggu
ij_~klZ\e _gby h eZ\bgguo ijhp_kkZo gZ h KZoZebgljh\wZogZ
[EZ\bghhiZkgu_ Khdhgkudh]h KhxaZz <heh”bqg_\Z = h]jZnb
LihrdbgzZ :leZk kg-eghh\uo j_kmjkh\ flbjz
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IhklZgh\dZ ijh[e_fu

Ex[hc keh guc nbabg_kdbc h[t_dl beb kh\hdmighklv h[t_dlh)
kms_ kl\mxl| nbabg_kdb_ k\yab fh gh hibkzZlv §Zk]nbjaPq ehdkigph kbkl
] _hliZnbqg_KkdhblhjbZevgh_ h[jZah\Zgb_  h[t_~bgzggh_ ihlhdzZfb \_s
bgnhjfZpbb h[ezZz”"Zxs__ kljmdImjhc nhjfbjmxs_cky ba we_f_glh\ h
b bo klya_c k \g_rg_c kj_~hc fh'gh hibk2lKkhdzuz [@hkb&EZ\guofb
k\hckI\Zfb ] _hkbkl_f y\leyxlky p_ehklghklv wf_ j~" glghklv kljmdl
kha~rz\zZIlv b ihA™_j"b\Zlv \ukhdmx kl_i_gv \gmlj_gg_c mghjydhg _gg
wgljhib_c \aZbfhk\yazZzgghklv kbkl_fu b kj_"u b _jZjobqgghk
mklhcgb\hklv fgh  _kI\_gghklv hibkZgbc | _jjblhjbZevghklv "bgZfb

Ihkdhevdm eZ\bggu_ ijhp_kku dZd b ex[u_ “jm]b_ ijbjh”*gu_
eb[h | _jjblhjbb ~he gu jzZzkkfzZljb\zZlvky \ k\yab kh \k_fb ijbjh”"g
ijhl_dzZxsbfb gZ g_c¢ fu bf__f \k_ hkgh\Zgby hibkZlv h[hEh[e_gc
dhlhjhc jZa\b\zZxlky eZ\bggu_ ielZzpbgkhmx dEchkbrl"He I\hjyxsmx
\ur_i_j_gbke_gguf mkeh\byf

F lhAbdZ

;hevrbgkl\h bkke_"h\Zl_e_c¢c bamqgZxl ezZ\bggu_ ijhp_kku |
bkke_ "h\Zgby jZkijhkljZzg_gby eZ\bg ih I_jjblhjbb bkoh”y bh mijhs
eZ\bgghf ijhp_kk_ dzZd h n_ghf_g_ \uaulzZ _fhf ij_bfmsdkfldh ggh
nZdlhjzfb

HrgZdh [_a h[tykg _gby nbabg_kdhc kmsghklb eZ\bgguo ijl
\u\_klb aZzdhghf_jghklb jZkijhkljZg_gby b j_"bfZ eZ\bg

>ey jZkqgzlZ ozjzZd!| _jbklbd ezZ\bgguo ijhp_kkh\ ZgZeblbg_kdbf1
jZajzZ[hlzgu f_lh”"heh]bq_kdb_ ijbgpbiu -itbklklh_ddyfzZfkrddhguo dZjl
eZ\bgguo ] _hkbkl_f "ey fZehbamqg_gguo jZchgh\ kj_~g_Jhjvy b gba

F Ih"heh]bq_kdb_ ijbgpbiu iheh™ _ggu_ \ hkgh\m ij_"eZ]
ihkljh_gby b jZajzZ[hldb kh”_jZgby dZjl eZ\bgguo ]_hkbkl_& hkgh)
kbg_jl_Ibg_kdhf \ha”_ckl\bb nzZdlhjh\ eZ\bghh[jZzah\Zgby gzZ
] _hkbkl_fu

lj_~klzZ\e_gb_ h ezZ\bgghc ]_hkbkl_f_dzZd h Ijb]]_jghc ]_hkbl
DZazZdh\ [@ \ dhlhjhc ijhbkoh”yl ijhp_kku kZfhhj]ZgbajZzpbb m
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[W[_ebg] Ozd_g @ iha\hey_ | mI\_j " ~ZIv qlh \_~"msmx jhev \
bljzxl nbabq_kdb_ ijhp_kku ijhbkoh”ysb_\gmljb kg_"ghchlhesb
iheh™ _gb_ ihalhey | \u”_eblv ~hfbgbjmxsb_ ]jmiiu nZdlhjh\ ez
eblheh]bqg_kdb _ kg "9gZy IhesZ b ijhp_kku _z ~bZ] g_aZz
] _hfhjnheh]lbqg_kdb_

Dhebqg_kI\_ggh hibkzZlv kljh_gb_ kg_"ghc Ilhesb \ ezZg”rZnlz
hij_ ~ eylv _z ~ey g_bamqg_gguo | _jjblhjbc gZ hkgh\_ bo khihklZ

ZgZeh]zfb ihal\hey | I _hjby w\hexpbb djbklZeehfhjnheh]bqg_kdhc ki
>Lmrbgkdbc Dhehfup >j \beh DZazZdh\
Kazakovetal., 2012; Sokratov, Kazakov, 201 hehfup DZaZdh\ @ Bkihev

f _Ih~ h\ djbklZeehfhjnheh]bg_kdh]lh ZgZebaZ kg_*-dlg¢btdZ€pbhpgeug”
k\hckI\ kg_"gh]lh ihdjh\Z ihalhey_ | ih*“hclb d hibkZgbx kg_"ghc lhe
[DZaZdh\ DZazZdh\ @ |Ih _klv jZzkkfzZljb\Zlv kg_"gmx lhesm \ e
dZzd eblheh]bq_kdbc dhfie_dk

Ih~"h[guc ih”oh” ihalhey | ihkljhblv mgbnbpbjh\Zggdixe hZdkh
deZkkbnbdzZpbb ezZ\bgguo ] _hkbkl_f hldjul\Zxsmx \hafhlghxkllw dhfi
kh~ j"Zgb_ dzZjl eZz\bgguo ]_hkbkl_f dzd Ijb]]_jguo ]J_hkbkl_f jZa
bg\Zjbzglzf

Dzd ih"kbkl_fgzZy _"bgbpZabdgeéewvgmighkbkl fu eZ\bggZy ]_Hh
fh™ I [ulv hibkzZgz \ khhlI\_Ikl\bb k h[sbfb ijbgpbiZfb hibkZgby
>Q_j_rdbg Dhghgh\ Lbs_gdh @

ljbgpbi deZkkbnbdZpbb mklzZzgZ\eb\Zxsbc g_h[oh”bfhkl
agZq_gbc izjzf_Iljh\ kbkl_fu < khhiI\_Ikl\bb k wlbf ijbgpbil
|Zdkhghfbg_kdZy rdZeZ eZ\bgguo ]_hkbkl_ f [ZabjmxsZyky gZ
eZg”rZnlguo deZkkbnbdZpbc >DZazdh\ >j \beh @
ljbgpbi fgh]lhmjh\_ggh]h hibkZgby kh]JeZkgh dhlhjhfm h[t_d

hibkZgbb ~he” g [ulv hibkZg dzZd we_ f gl [he__ rbjhdhcglbkl_ fu
dZzd keh'gZy kljmdImjz \gmlj_gg__ kljh_gb_ dhlhjhc gm gh ij_*»
kl i _gvx " |ZebaZpbb

< khhil\_Ikl\bb k wlbfb ijbgpbizZfb b k bkihevah\Zgjghflhijbgpl
ZgZebaz jZajZ[hlZgu ijbgpbiu hibkZgby eZ\bgghc J\Ih&tklolkIfufu Zd f

HArgZ ba hkgh\hiheZ]Zxsbo b~ ¢ e_"Zsbo \ hkgh\_ ij_"e.
ihkljh _gby dZjl eZ\bgguo ] _hkbkl _f aZdexqZ_Iky \ Ihf ql
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] _hfhjnheh]l]bgq_kdh_ b eZg”rZnlgh_ kljh_gb_ b debfZl |I_jjblhjbb «c
ijhp_kkh\ \ jZaebqguo _]h nZaZo jZkkfzZljb\zZxlky dzZd we_f_gl
jZa\b\Zxs_]lhky \ Ijb]]_jghc JehAWbkdht Jthkbkl_f_

:e]lhjblf kha~Zgby dZjl eZ\bgguo ] _hkbkl_f hkgh\Zg gZ Kk
] _heh]bg_kdbo |]_hfhjnheh]bg_kdbo eZg”rZnlguo gb\Zevguo b ]
mkeh\bc nhjfbjh\Zgby b w\hexpbb eZ\bghk[hjh\ b kg_"gh]h ihdjh\
eZ\bgguo ijhp_kkh\ gZ bkke_"m_fhc | _jjblhjbb

Dhfie_dkguc ih&=dh”™ ] d hp_gd_ bgl _gkb\ghklb ijhy\le_gby e
ijhp_kkh\ mgblu\Zxsbc hkh[_gghklb ] _heh]bg_kdh]h ] _hfhj
eZg”rZnlghlh kljh_gby | _jjblhjbb iha\hey_ | \u~_eblv |I_jjblhjbb k
eZ\bghh[jZah\Zgby b o0zZjzdl_jbklbdzf ezZAEgguo IhhxekkdZ + keb
gZoh”ylky \ jZaguo ] _h]jZnbg_kdbo hdjm]Zo

<ur_baeh  _ggu_ \aley™u gZ eZ\bgguc ijhp_kk ihalheyx!| \uJ[jZ
] _hfhjnheh]bgq_kdb_ eZg”rZnlgu_ b eblheh]bg_kdb_ nZdlhju eZ\bg
hkgh\guo djbl_jb_\ \u®_e _gby |IZdkhghfbg_kdbo _"bgbpguojZjobqg
] _hkbkl_f

lj_"~eZ]Z _fu_ ih”oh”u iha\hebeb jZajzZ[hlZlv ke_"mxsb_ f
ijbgpbiu hp_gdb ezZ\bgghc hizkghklb I_jjblhjbb dzZd f_Ilhghdb ihklj
] hkbkl_f ey fZehbamq _gguo | _jjblhjbc >DZazZdh\ >j \beh

AZ\bkbfhklv 0Zjzdl_jZ b kdhjhklb f_IZfhjnbafZ kg_"ghc lhe:

\f_sZxs_]h ezZg”~rzZnlZz

Ki_dlj Ibih\ kljzZIb]jZznbg_kdbo dhehghd ~ey ex[hc |_jjblhjbb [
ihebfhjnghklvx z eZg”rZnlgh]l]h kljh_gby kl i _gvx ]b~jhfhjr
lZdkhghfbq_kdbo mjh\g_c eZg”~rzZnlz b ki_dljhf Ibih\ f_I_hjjtheh]bqg_
k ahgzZ EZg”bgnbghZzpbhggu_ k\hcklI\Z kg _"gh]h ihdjh\Z iha\heyxl '
Z™_d\Zlgmx dZjlbgm khklhygby b jZa\blby kg_"ghc lhesbthgZ ex[hc
eZg”™rZnlguo b debfzZlbqgq_kdbo o0ZzZjzdl_jbklbd F _Ih~"bdz djbklZe
ZgZebazZ kljmdImju kg_"ghc lhesb >DhehfupSokratov, Kazakoe, 2012
Dhehfup DZaZzZdh\ @ ihal\hey | jZkkqgblZlv \j _fy ihy\e gby
kg "ghc lhes_ b hij_~ eblv \j fy gZklmie_gby gZb[he__ \ _jhylgh]h
wib]_g_Ilbq_kdbo b iheb]_g_Ibg_kdbo ezZz\bg Z 1Zzd _ hp_gblv bo \_
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K_~bf_glzpby b ~bZ] g _a kg_"ghc Ilhesb \_"msb_ d nhjf
eZ\bghhiZzkguo kehz\ ijhbkoh”~yl \ hij_~ ezgguoeZibpZlo[hjZev r
yleyxsboky gZklvx eZ\bgghc ] _hkbkl_fu

HibkZgb_ eZ\bggh]lh ijhp_kkzZ dzd g_ij_julgh]h ijhp_kkZ
ljb]]_jghc ]1_hkkilelz\fbgghc ]_hkbikla\they | ZgZeblbqg_kdb hij_~_eblv
o0ZjzZd!l_jbklbdb eZ\bgguo ijhp_kkh\ gZ g_bamq_gghc |_jjblhjbb

Fhinhf_ljbgq_kdb_ o0zZjzdl_jbklbdb ezZ\bghk[hjh\ b dzZd ke_*
b kl i _gv bo \ha”_ckl\by gZ hdjm Zxsb_ kbkl_fu jZREglwdzZklky
] _heh]lbg_kdhf kljh_gbb b ozZjzdl_jbklbdZo j_ev_nZ

LZdkhghfbgq_kdZy rdZeZ eZ\bgguo ]_hkbkl_f jZajzZ[hlZgZ ¢
ihkljh_gby IZdkhdghhlhbbtdeZkkbnbdZpbb b kbkl_fZlbazZpbb keh gh
h[fezZzkl ¢ ~ _ckl\bl _evghklb

< hkgh\m \u~_e_gby kZfhc djmighc IZdkhghfbgq_kdbb _“bg
eZ\bgguo ]_hkblelzKkkiheh” gu fhjnhkljmdIimju j_ev_nZ >Smdbg (

NZdlhju eZ\bgguo ijhBgkkdkRb\ghklv ijhyle gbyjleZ\kgibo
0ZjzZdl_jbklbdb hij_"hlgkVgufb ]jmiiZfb nzZdlhjh\ ba dhlhjuo i_j
yleyxlky “hfbgbjmxsbfb

| _j\Zy ]jmiiz nzZdlhjhy_heh]lbqg_k&&Z\bghk[hju nhjfbjmxIlky
] _heh]lbg_kdbfb ijhp_kkzZfb '\ qgzZklghklb ijhp_kkzZfb dmjh&abb b
h[jZzah\Zgby fhjnheh]bg_kdbc Ibi b iehsz”v eZ\bghk[hjh\klbbZkmffZ
k_Ib hij_~_eyxlky kdhjhklvx mdzZazZgguo ijhp_kkh\ dhlhjzy \ k\h
khklz\zZ ]lhjguo ihjh”~ b \hajzZklZz ]_heh]bg_kdbo ihkljhZglbqgKkEbz\ |
ihdzazl_eb ihjdhwanbpb_gl dj_ihklb [Zee mklhcqgb\hklb b Kk
jZa”~"Z\eb\Zgbx iha\lheyxl hij_~ _eblv kdhjhklv \u\_Iljb\Zgby ihjh”
jZkqe_gzgghklb kdehgh\ b jzZkkqgblzlv 1Zdb_ o0Zjzdl_jbklbdb
ij_h[ez"Zxsbc fhjnheh]bq_kdbc Ibi kj_~gyy iehsZ”v b ImklhlzZ k_IEk

GZzZijbf_j ]hju EZfZghg aziz”gh_ ih[_j_"v_ h KZoZebg keh"
ihjhr"Zfbzg”™_ablzfb b ~ZpblZfb [Zee mklh¢qgbdhwibnbipjth”rgl dj_ihkl
ihjhn~ ! khijhlb\e _gb_ jZarzZ\®@b\zZ fthkRf+g kfhljy gZ Ih qglh djmlbz
kdehgh\ ij \ur?Z _hqg_gv keZ[h jZkge_g_gu ~_gm~Zpbhggufb ijhp_kk
iehszZ”b eZ\bghk[hjh\ ij_\urzZxl 12 iehsz”v ihjZz zgghklb | _jjbll
ijhp_kkzZfb ~hklb]Z_I ]mklihlZ k_IB-ezyZgdkA{tfz¥uteZ\bg fh]ml
ij \urzZlv 000f* h~rgzZdh \ke_ ~kl\b_ djmlbagu kdehgh\ \ ahgZo hlj
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kms_kl\h\Zgby ]J]hfh]_gghc kg_"ghc lhesb g_ “hklZlhggh ~ey Ih]h
I_j_djbklZeebazZpbb ij_\ukbe agZq_gb_ < j_amevlZlh\&@thkv ij_
kg _]1Z h[tzfhf fO@p f3

GZijhlb\ gz ih[_j_"v_ LzZlzZjkdh]h ijheb\zZz f_""m ]hjh~Zfb
G _\ _evkd djmluz kdehgu keh _ggu_i_kgZgbdZfb b Ze_\jheblZfb
[Zee mklhcqgb\hklb lihjhdhwnnbpb gl dj_ihklb2-ihjkhijhlble_gb _
jZa"Z\eb\zZ _fBGA-b +d] kf jZkge g _gu ]Jmklhc k_lvx ~_eh[h\ i¢hsZ"vX
aZeh  _gguo ih wjhabhgguf \j_azf \ dhlhjuo nhjfbjmxlky eZ\kL
g _[hevrh]lh h[tzfZ000f® ;hevrZy djmlbagZ kdehgh\ \ ahgZo hlju\
ihal\hey | gZzdzZieb\ZIvky kg_"ghfm ihdjh\m ~hlalZldglgh & [ltlzés begd\ b b
g \ _ebdb lehsz”rgZy ihjZz zgghklv | _jjblhjbb ezZ\bggufb ijhp_kkZ
]mklihlZ k_Ib eZ\b gk [ hg &\

GZ ijbfudzZzxs_f k k_\_jZ mqgzZkld_ k ZgZeh]lbqgufb ]_hff
0ZjzZdl_jbklbdzfb ] G_\_evkd iehsz”gZy ihjz zgghklv |I_jjblhjbb e
khklz\ey | kj_~gyy iehsz"v ®&bl\bgHE[hjmkthlZ k_Ib eZ\bghk[h
10- gZ dfEZ\bghk[hju aZeh  _gu ih ~_gm~Zpbhgguf \hjhgdzZf b hil
Kdehgu \ ahgZo hlju\Z eZ\bg f_g__ djmlu_ q_f gZ iz_NeZmhs"Zjymq:
g_fm \ kg_"gu_ abfu IlhesbgzZz kg_"gh]lh ihdjh\Z ~hklzZlhqgh \_
dhwnnbpb _glZ i _j djbklZeebaZpbb kg_"ghc lhesb fh | "hKIb]Zlv
h[tzfu eZ\bg a”_kv ~hklb]Zx\ kj_~g_hdheh £ 1IjbgbgZ jZaebqgby
aZzdexqgZ _ |ky \ Ihf qglh \ wlhf jZchg_ eZ\bghk[hju nhjfbjmxlky gZ
ihjhrzfb f_g__ mklhcgb\ufb d ijhp_kkzf \u\_Ijb\Zgby bpblhhl\_1k
Ze _\jheblzZfb b ZjlbeeblzZfb [Zee mkllhcdbhWwrkibpithjlg? dj_ihklb ihjh
2- khijhlb\e_gb_ jZa~rZ\ehQ0®& fh#]bkt [he__ ih~\_j° _ggufb \ha”_ckl
wjhabhgguo ijhp_kkh\

< <hklhggdozZebgkdbo ]hjZo Kj_"gbc KZoZebg b \ KmkmgZck
KZoZebg keh _gguo mklhcgb\ufb d jZajmr_gbx f_ahlaffockdbfb
h[jZzah\Zgbyfb \ djmiguo ~_gm”"Zpbhgguo \hjhgdZo knhjfbjh\Zgu
eZ\bghk[hju [hevrhc iehsZ”Db b [he__ ]Z gZklh h[t_"bgzggu_
A”N kv kha”"Zgu mkeh\by ey gZdhie_gby fhsghc kg_"ghc Idteysb =z
eZ\bghhiZkguo kehz\ b azZjh ~_gby dZIZkljhnbqg_k®bd®d eZAbg h[tzfhf

<lhjZy ]jmiiZ nZdlhjhhfEjnheh]bqg \kdjhZ j ev_nZ b ]Jem[bgZ
jZkge _g_gby kem Zl hkgh\hc 7ey jZkqzlZ mdehgh\ eZ\bghk[hj
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"bgzZfbg_kdbo ozZjzdl_jbklbd eZ\bg \ qzZklghklb fozdkpjikedtgchc "Z
_klv hij_~ _eblv iheh _gb_ gb'g_c ]jZgbpu eZ\bghk[hjZ b eZ\bgghc

Fhjnheh]by eZ\bghk[hjh\ hdZaulZ | \Z'gh_ \ebygb_ gZ kljh_
eZ\bg < eZ\bgguo ] _hkbkl _fZo Kj_"~g _]h KZoZebgZ eZ\bghkyfhju efr
]Jem[hdh \J _aZggufb eZ\bggufb ehldZfb < j_amevlZl_ \ ahlhd Zddn
g_ jZkieZklu\Zz _Iky b dhgmku \ughkzZ eZ\bg ~Z _ fZeuo nh{tzfh\
lhesbgm < <hKlhggébgkdbo ]hjZo dhgmk \ughkZ eZ\bgu gh\h]h |
100- ffh _| ~hkib]ZIlv lhesbgu ~h f

< jZchgZo jZa\blby \medZgbqg_kdh]h j_ev_nZ ]hju EZfZghg |
0ZjzZdl_j ezZ\bghh[jZzah\Zgby j_]Imebjm_Ilky \hajZklhf \dlegZligib\q_ k¢
kljZlh\medZgh\ GZ ~ _ckl\mxsbo Jhehp_gh\uo \medZgZo ij_"klzZ\ey
\medZgbq_kdb_ dhgmku keZ[hjZzkge _gzggu_ wjhab_c¢c eZ\bghk
knhjfbjh\Zgu Bgl _gkb\gh_ \_Ijh\h_ \ha”_ckl\b_ nhjfbjm_1 lhe
ihebw”~jbq_kdh]h f_I e \h]h kg_]Z \ dhlhjhc azf_"e_gu ighp_kku
j_amevlZl_ bgl_gkb\ghklv ijhy\e _gby eZ\bgguo ijhp_kkh\ a”_k\
agZgbl _evghc djmlbagu kdehgh\ g_ihal\heyxsbo gZdZieb\BE¢tvky kg
fhsghklb eZ\bgu [hevrbo h[tzfh\ a”_kv nhjfbjmxlky hg_gv j_"~dh

GZ klZjuo \medZgbq_kdbo ihkljhcdZo [ZjjZgdhku jZ"bZevq
\_jrbgu “h ih~gh by kdehgh\ wjhabhggu_ [hjha”u aZjhkrb_ d_~
dzf _gghc [_jzahc ij_"klZ\eyxl kh[hc jZa\blu_ eZ\bghk[hju ehldh)
kg_"gZy lhesZ Zdlb\gh gzZdzZieb\Z_Ilky b ijhoh”bl iheguxh pkde i_
j_amevlzl_ a”_kv bf_xlky \k_ mkeh\by ~ey nhjfbjh\Zgby eZ\bg [}
1000 £.

Li_lvy ]jmiiZz nZdbhghidg~rZnlgu_ b eblheh]®gdjxdhb jbkibdb
kg _"ghlh ihdjh\zZz \ eZ\bghk[hjZo b hkh[_gghklb _]h w\hexpbb
eZ\bgguo ijhp_kkh\ b bo j_"bf < k\hx hg_j_~v aZ\bkkgfhlkdbohl e.
k\hckl\ kg_"gh]lh ihdjh\Z b kdhjhklb _]Jh w\hexpbb iha\hey | hp
eZ\bgguo ijhp_kkh\

< hlebqgb_ hl zZ\IhjDZjdghkezZ\bghhiZkguo jZchgh\ Kh\_Ikdh]h K
=_h]jZnby eZ\bg LihrdblgZzk kg -eghh\uo j_kmjkh\ fbjZz
mgbnbpbjmxsbo nZdlhju eZ\bghh[jZah\Zgby b hibku\Zxsbo ®Z\bgg!
]hjghc kljZzg_ dZd h~ghlbigu_ fu “bnn_j _gpbjm_f | _jjblhjbx \
]_hkbkl_fu g_ lhevdh \ aZ\bkbfhklb hl Ibih\ f_I_hjheh]imgekilbo b d
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gh b \ azZ\bkbfhklb hl Ibih\ \f_sZxsbo ezZg”rZnlh\ o0ZjZdl_jguo
eZg™rZnlh\ Ih _klv \u”*_ekyj2&ibllhhbg_kdb_ dhfie_dku kg_"gh]h ihc

Q_I\_jlZy 1jmiiZz nzdlibjhiht |_hjheh]bqykey Ikgbpbbjmxsbfb
nZdlhjzfb \dexqgZxsbfb Ijb]]_jguc f_ozZgbaf ezZ\bggh]h ijhp_
hij_~ eyxsbfb eZ\bgguc j_ "bf

AZdhghf_jghklb ijhyle_gby eZ\bgguo ijhp_kkh\ \ eZ\bgguo ]_I
hp_gblv bgl _gkb\ghklv ijhyle _gby eZ\bgguo ijhp_kkig\ gaZmfq edhdhaam
| jjblhjbb jZkkgblzZlv agZq_gby o0ZjzZdl _jbklbd eZ\bgguo ijhp_
kh~ j"Zgb_ eZ\bgguo dZzZjl JZkkgblZggu_ oZjzdl_jbklitha\lheyz\lbggu
hij_~ eblv oZjzdl_j bo \ha”_ckl\by gZ h[t_dlu khhjm  _gby b k_e
hp_gblv bo mya\bfhklv

>ey hp_gdb bgl_gkb\ghklb ijhy\e_gby eZ\bgguo ijhp_kkh\
dhfie_dkguc ih"oh” mqgblu\Zxsbc dZd hkh[_gghklb jm&ehihZyb |&Zeb f
b aZzdhghf_jghklb w\hexpbb kg _ "gh]h ihdjh\zZ \h \j_ f gb b _ijhkljZ
ijbjhrguo mkeh\b&ZgazZzenbg b gZ Dmjbevkdbo hkljh\Zo hij_* ey | |
eZ\bgguo ijhp_kkh\ qglh gZoh”bl hljz" _gb_\ fgh]hh[jZabb eZ\bggu

DzZjlz ezZ\bgguo ]_hkbkl _f h KZoZebg b gZ Dmjbevkdbo
1:1 000000 {bkmghd ihkljh _gZ dzZd dzZjlZz jZchgbjh\Zgby | _jjblhjbb
ijhyle _gby eZ\bgguo ijhp_kkh\

F_Ih~"heh]bq_kdb_ ijbgpbiu ihkljh_gby dZjlu ©EZ\bggu_ ]_hkk
Dmjbevkdbo hkljh\h\2 hkgh\Zgu gZ eh]bg_kdhc ihke_"~h\ZIl_evgh
debfZlbg_kdbo mkeh\bc nhjfbjh\Zgby b w\hexpbb kg_"gh]h ihdjh\
\j f gb hp_gd_ bgl _gkb\ghklb ijhyle _gby eZ\bgguo ijhgpu&kh\ b
ijhp_kkh\ gZ bkke_~m_fhc I_jjblhjbb

F Ih"heh]bqg_kdhc hkgh\hc Ze]hjblfZz ZgZebazZ nzZdlhjh\ eZz\
hij_~ e _gby bo ozZjzdl_jbklibd y\ey Iky b_jZjobq_kdZy rdké&X nzdlt
jZa\b\Zxsboky \ eZ\bgghc ]_hkbkl_f_

Wlhc p_eb hiI\_qZ | b_jZjoby IZdkhghfbq_kdbo mjh\g_c deZz
] _hkbkl_f delzkkeZKbitih~lbi db"

, DeZkgzZb[he_ _ djmigZy lZdkhghfbq_kdZy _“bgbpZ h[t_"b
] _ hkbkl _fu knhjfbjh\Z\rb_ky \ h”ghlbiguo fhjnhkljmdImjZo j_ev_
mjh\_gv deZkkZ ezZ\bggupZ¢hlgkbkdhfihghf Jjmiiu nZdlhjh\ eZ\bghh[jz
aZ\bkysbo hl fZzdjhp”egylldggu J _adh jZkgqe _gzgguc Zevibghlbiguc
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oj_[Ih\ k jZza\bluf jZzklbl_evguf ihdjh\hf kharZz|l mkeh\by *"ey gZb[h¢
eZ\bgguo ijhp_kkh\

., Ih~rdeZkk eZ\bgguo Juhkékllky ih b glbqghklb ] _hfhjnheh
kljmdImj >:leZk KZoZebgkdhc h[eZKklb ce_dkzZg”jh\ @
hij_~ ezggufb fhjnhf_Ijbg_kdbfb b fhjnheh]bgq_kdbfb hkh[_gghkly
] heh]l]bg_kdbo ihjh”r >:leZk KZoZebgkdhc h[eZklb =_he
DZjlégblheh]lbg_kdbo dhfie_dkh\« @ B_jZjobqgq_kdbc mjh\_gv
] _hkbkltfjmiiz ez\bghk[hjh\ bf_xsbo [ebadb_ fhjnhf_Ijbg_kdb_ ¢
=jZgbpu ih*"deZkkh\ ezZ\bggua”] elyletbkiv f\ \ukhlghf ~bZiZahg_ \
gZoh”~blky “ZggZy ]_hkbkl_fZ < jogyy bo ]ljZgbpZ hij_~_eygezZkv \u
gb gyy]iZgbp _c¢ ij_~ evghc ~Zevghklb \u[jhkZha&Zdbg > D hld br
Gb ' gyy ]ljZgbpZ ezZ\bggua ] MWkbKIl hfij ~ ezgghc \ukhlghc ijb\yadb
dhe_[ZIlvky \ rbjhdhf ~bzizahg_ azZ\bkys_f hl ~Zevghklb \u[
ij_"hij_~ ey |lky i_j k_gq_gb_ bah]bik j_ev_nZ ]jZgbpzhihkbih*rde Zkk
Fhjnheh]lby b fhjnhf_Ijby ]_hfhjnheh]bq_kdbo kljmdImj ihalheyx!| h
agZqg_gbc izjzf_ljh\ ezZ\bghk[hjh\ hij_~ eblv bo fhjnheh]bqg_kd
;eZ]lh\_s_gkdbc @ b ]mklhlm bo k_Ib 0OZzZjzdl_jbklibdb &Z\bghk
wlhf IZdkhghfbq_kdhf mjh\g_ ij _h[eZ”"Zxsbc fhjnheh]bqg_kdbc Ibi
iehsZ~v dhebqg_klI\h eZ\bghk[hjh\ gZ ih]Jhgguc dbehf 1]

LbeZ\bgguo ] _hkbkllZztdkhghfbq_ _kdzZy _~bgbpZ \ur_e_
debfZlbq_kdbf nzdlhjzf eZz\bghh[jZzah\Zgby kj_~g_fghlhe_&& c km
k_ahg ijh*he bl_evghklb aze_]lzZgby kg_"gh]lh ihdjh\Z gZb[hev
kg_"ghlh ihdjh\z ih ihkljhygdghec gZ f I _hjheh]bq_kdhc ieh
]Jb~rjhf_I _hjheh]lbg_kdhc klZgpbb b \_Ijh\hfm i_j_ jZkij_~_e_gbx Kk
f I _evx =jZgbpu Ibih\ eZ\bggubij]*hkbkglu fgZ hkgh\_ debfZlbq
hkh[_gghkl_c | _jjblhjbc qlh kh]JeZkm_Iky k debfzZlbg_kdbffb ijbjh
hKZoZebg b gZ Dmjbevkdbo hkljh\h\ >:leZk KZoZebgkdhck\m A
\aylu fZIl_jbZeu gZ[ex”_gbc hihjguo ”"ey debfZlbg_kdbo jZch
ihemg_ggu_ ba him[ebdh\Zgguo bklhgqgbdh\ >KijZ\hq3a88, ih d¢
GZmgqgighdezZ~ghc kijZ\hggbd« FZIl_jbZeu gZ[ex”_gbc aZ hkz"d

, 9 Ih~lbi ezZ\bgguo ]_hkbiglz frZgghf IZdkhghfbq_kdhf m
o0ZjZdl _jbamxlky ]jmiiu eZ\bgguo ]_hkbkl_f k [ebadbfb mkeh\byfl
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hkz~dh\ b koh~gufb ozZjzdl_jbklbdzfb kg_"gh]lh ihdjh\Z \ ahg_
eZ\bggh]lh j_"bfZz

GZ wlhf IZzdkhghfbgq_kdhf mjh\g_ ZgZebabjmxlky f | _hjheh]b
gZb[hevr_c kl_i_gb \ebyxsb_ gZ “bgzZfbdm eZ\bgewgZiyhpmKka\
IN\zjruo hkz~dh\ aZ k_ahg kmffu hkz*dh\ azZ kg_JiZ”hb la X rkfihatb
hkz~rdh\ [he_ ff b fZdkbfZevgZy \ukhlZ kg_"gh]lh ihdjh\Z \ ahg_
hibkzZgby ih”lbih\ gz "~Zgghf 1Zzdkhghfbg_kdhf mjh\g_ Jhjgh]h ¢
fZl _jbZeu gZ[ex™_gbc zZ\lhjh\ ~Zggu_ hkzZ~dhf_jguo kg_]hf_jguo
lzd"_ k\_"~_gby ebl_jZlmjguo bklhggbdh\ >:leZk KZoZebgkdhc h[eZ
debfZlm KKKJ FZl_jbZeu gZ[ex”_gbc aZ hkzZ"dZfb« @

9 <b”™ eZ\bgguo ] WwWwhokdyflky gZ hkgh\_eblheh]bg_kdbo kg_
b eZg”rZnlguo >Ebl_gdh @ nZdlhjh\ ezZ\bghh[jZah\Zgby h[mk
kljmdImjguo ij_h[jZah\Zgbc kg_"gh]h ihdjh\Z \ eZ\bghk[h]_ a&zZjzdl
kg_"ghc lhesb b ijhkljzgkl\_ggmx baf_gqgb\hklv _z kljmdlm@dju qlh
\j fy gZklmie_gby i_jbh”~h\ gZb[hevr_c \ _jhylghklb nhjfbjh\Zgb:
hizkgh]l]h ]1_g_Ibg_kdh]hwibdZgkZbgt kdbo b iheb]_g_Ibg_kdbo Kk
i_j_djbklZzeebazZpb_c kg_"ghc lhesb Ih _klv \j_fy gbkkmveghgby i
eZ\bgghc hiZkghklb bo fZdkbfZevgu_ h[tzfu b %blgdibbgGXdwl|hfoZ
mjh\g_ hij_ " eyxlky hkh[_gghklb kljh_gby kg _"ghc Ilhesb o0&d;Zdl_j¢
]_hkbkl_f ijb\h~ylky dhebq_kI\_ggu_ iZjzZf_lju hibku\lZxsb_ kljh_g

Kg_"guc ihdjh\ \ hrghlbiguo eZg”rzZnlZo ijzZ\dZdgdphhe@hBku\ZIl\
kljZlb]ljZnbqg_kdbc dhfie_dk kg_ gjhdohtMydpc\zk_~bf_glZpbx b *"bzZ]_
koh”"guo ]Jb~jhf_| _hjheh]bq_kdbo b ] _hnbabq_kdbo mkeh\byo b nhj
abfu ki_dlju kljZIb]jZznbg_kdbo dhehglkflebgdbyftbcklihpmsbmjhc |_dklm
kljZlbnbdZpbdhebq_kI\h b IlhesbgZ kg _bgnumalkgehkiibfb ozZjzdl_jbklbc
[Kazakov N : etal DZazdh\ @ Kg_"guc kehc il pdxa ik ZlynmixZ d
lhesmdZdhjfZpbx

EblhehRhzZIb]jZznbg_kdbc dhfie_dk kg_"ghlh ihdjh\Z nhji
wlhexpbhgbjm_ | \ dhgdj_Ighf eZg~rZnl_ih” \ha”_ckl\b_f \k_c kh\h¢
\ gzf nbabq_kdbo ] _heh]l]bg_kdbo b ]_h]jZn®Bph kob\dexiploy Kl
A | _jfbgbjh\zgz \ _z oh”_ nhjfbjm_|ky kg_"gZ¥y dhlesjgu kljpndl
nbabq_kdb_ o0zZjzdl_jbklbdb dhlhjhc az~Zxlky ]b~jhf_I_hjheth]bq_Kk
mkeh\byfb \f sZxs_]h eZg”rZnlZ b fh]lml [ulv aZjZg__ jZkkgblZgu
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< h~”ghlbiguo eZg”rZnlZo jZkiheh  _gguo \ jZaguo j_]bhg:
[ebadb_ ih k\hbf izZzjzf |jZkle¢dlhlgdEhhbg_kdb_ dhfie_dku kg. <gh]lh it
jZaguo eZg”rZnlzZo ~Z _ \ h*ghlbigu_ abfu kg_"gZy lhedZplbfx | jZ
kKljmdImjm b | _dkImjm

IlhdzZzazl_ewykbhcqgb\hklib kg_"ghc Ilhesb \ eZ\bdghlelhg_kile gxlky
iZjZf_lju hibku\Zxsb_ kljh_gb_ b kl_i_gv ij_h[jZah\Zgby KkljmdIm
e _"yguo djbklZeeh\ b | _dklimju \azZbfgh_jZkiheh _gb_djbklZeeh)
hjb_glbjh\dZ hilbg_kdbo hk_c djbklZeeh\ \ kg_"ghf keh _

< dZq_KkI\_ [Zdbo iZjZf_1jh\ Z\lhju ki e kb b bZ gb u
i_j _djbklZeebddpbihjbggh]h jZkkehjgbhehfup bl @klmju3x)
>>j \beh DZazdh\ @ :kg_"ghc lhesb
D=H4/H, Q)
DcFr ™MZFH2 ™, (2)
D=H JH, 3)

1"~ HzxkmffZjglhyesbgzZ kg_"gh]lh ihdjh\Zz
Hi tkmffZjgZy IlhesbgzZ kehzB\dhfbgmgdh]h kg_]Z
Ho tkmffZjgZy |lhesbgZ kehz\ \uiheg_gguo djbklZeezZfb kd_e_|I
H<tkmffZjgZy lhesbgZ kehz\ k \hehdgbklhc I_dkImjhc
™ad+kmffZjgh_ kh~_j Zgb_ djbklZeeh\ kd_e_Igh]h dezZzkkzZ nhijf
™id+kmffZjgh_ kh*_gdjbgbZeeh\ \IRhpdpdlihjnghlh kg_]2z

Khg_lZzgb_ dhwnnbpb_glh\ iha\hey_| dhebq_klI\_ggh hibkzZl
lhesb |Z[ebp&x[hc i_jbh”.abfu
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LZ[ebpzZDhebq_kI\_ggu_ djbl_jbb \u~_ekljBybE&Ieh]kdbo dhfie dk
kg_“ghlh ihdjh\z

Table 1.Quantitative criteria for the allocation of lithological-stratigraphic complexes of snow pack

Dhwnnbphblhg| KI_i_dy h[jZah\Z Dhwnnbpb| KI_i_dgy h[jZah
jbggh]BEkkeh | kKljmdImfag_"ghc| | _dkimkg_"| gby_dkimkg_ g
kg "ghltesb lhesb ghdheshb lhesb
Coefficient of snow | Degree of snow pack stru¢ Coefficient of Degree of snow pack
pack secondary stra] ture (microstructure) trang snow pack tex- texture (structure)
ification formation ture (structure) transformation
Kbevgh i_j_djbkl
Kbevgh jZajuoé
>0,5 \ZggZy >0,3 _ anjeal
Highly loosened
Highly recrystallized
Mf_j _ggh i_j _djb Mf_j_ggh jZajl
>03-" 5 ah\ZggZzZy >0,2-" ,3 gzZy
Moderately recrystallized Moderately loosened
Kj_» i _j_djbkl]
-9 114 Kj_*g_ jZajuoe
>0,1-" ,3 \ZggZy >0,1-" ,2 _
. _ Medium loosened
Medium recrystallized
KezZ[h i_j_djbklZ . .
KeZ[h jZajuoe |
_ Weakly loosened
Weakly recrystallized

ljb ijhgbo jZ\guo mkeh\byo koh” ezZ\bg |I_f [he__ \_jhyl_g
\ur_ijb\_"zgguo dhwnnbpb_glh\ Ijb m\_ebq_ghbhj_ "gi#dhagZqg_gbc
Z px"h ijhbkoh2kh\uc koh” eZ\bg >>j_\beh @

< Ihf kemqZ_ dh]*"Z eZ\bghhiZkguc kehc jZkiheh  Idpashb g _ c
\_ jhyl _g koh” ezZ\bg fZzdkbfZevguo h[tzfh\ dhlhju_ fh]lml koh”blv d
1Zd b \'i_jbh”u kg_]hlZygby < Ihf kemqZ_ dh]*"ZyeZ\bgl
\ kj_"g_c beb \_jog_c gZklb kg_"ghc Ilhesb koh”yl eZXbgHi[tedu\_jo

b f | e c

lZdbo ez\bg f_gvr_ qg_f \ ij_ru"ms_f kemqgqZ_ gh koHhh bjo fyhafh _
f I e ¢ 1Zd b \ i_jbh~u hll_i_e ¢ < jZ[hlZo >EZ\bghhiZkgu _
KhxaZz <heh”bqg_\Z DzZjlz eZ\bghhizkguo jZchgh\ Kh\_Ilkd
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Dz”r"Zklj eZ\bg KKKJ = _h]jZnby eZ\bg LihrdbgZz @ "I
eZ\bghh[jZzah\Zgbb gZ Dmjbevkdbo hkljh\Zo kehz\ i_j _djbkd¥Zeebah
eb[h g_hijz\"Zggh h]jZgbgb\ZeZkv iehsz”v Zj Zeh\ \ dhlhjuo eZ
k\yaZgu k i_j djbklZeebaZpb_c¢c kg_"ghc Ilhesb LZdhcx\&]ey”gigb\h~
eZ\bgghc hiZzkghklb Dmjbevkdbo hkljh\h\

ljb j_r_gbb azZ”~Zgb ijh]Jghaz ezZ\bg b jZkqzlZ bo "~bgZfbqg_|
\Z'g_crbf klzgh\blky \hijhk h[ bo deZkkbnbdZpbb EZ\bgh\jZaguc
h[ez”"Zxl| jZagufb agZq_gbyfb "bgZfbg_kdbo oZjzdl_jbklbd 1Z[ebp.

GZb[he__ ijh"mdlb\guf “ey j_rbgigbdezzfigguoaz”Zq eZ\bgh\_~*
gZb[he__ ihegh hljz Zxsbf n_ghf_gheh]bx eZ\bggh]h ijhp_kkzZ ij_’
deZkkbnbdzZpbb ezZ\bg ij_"eh _gguc < < >ax[hc >>ax[Z @
] _ g _Ibg_kdbo dezZzkkzZ ezZ\bg kbg]l_g_Ibg_kdb_ wdgbkdd Ibg_kdb_ b

Hr"gZdh "ey fh”_ebjh\Zgby eZ\bg b jZkqzlZ bo o0ZjzZdl_jbklbc
mya\bfhklb h[t_dlIh\ khhjm _gbc b k_ebl_[guo |_jjblhjbc ijb \l
g _h[oh”bfzZz [he__ ~jh[gZy deZkkbnbdZpby wib] g Ibg_kdbo
i_j_djbklZeebazZpb_c¢c kg_"ghc Ilhesb Z eZ\bgu fhdjh]h kg _]Z
kbg] g _Ibg_kdbf

>hfbgbjmxsbfb ijhp_kkzZfb \ h[jZah\Zgbb wib]_g_Ibdkdbdbo b
eZ\bg yl\eyxlky ijhp_kku i_j djbklZeebaZpbb kg_"ghc Ihesb Ijl
eZ\bghh[jZah\Zgby
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2. lhkljh_ggZy 9gZ hkgh\_ jzZajzZ[hlZgghc f_I|h*"bdb dZjlZz eZ
hKZoZebg b Dmjbevkdbo hkljh\h\000fZkKZFf_j bl gZb[he__ ihegu_
k_Thrgyrgbc ~_gv k\_"~ gby h eZ\bgguo ijhpofkkZgaz bbkikle Baon_fh
| _jjblhjbb

3. lj_"rezZlz_ fu_ f ITh~"heh]lbqg_kdb_ ijbgpbiu iRkljlih_gby
kKj_~g_fZkrlZ[guo dZjl eZ\bgguo ]_hkbkl_f ey g_bamigjgdbhpbb fZe
iha\heyxl jZzajz[Zlu\Zlv kh™ _jZgb_ dZzZjl "ey hp_gdb eZ4Z\lbgghyg hiZk
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Abstract. In practice, forecasting of av:
lanche occurrences in a single avalanche |
is usually subjective based on backgrot
avalanche and weather forecasts, data or
location and topography of the avalanc
starting zone, as well as available data on
snowpack in it. Moreover, forecasters sor
times identify avalanche starting zones,
which, according to their opinion, avalanc
formation is similar. It is generally believe
that avalanche formation occurs similarly
avalanche starting zones similar in morph
ogy and morphometry, as well as having s
ilar exposure. The aim of the work was to
tablish a quantitative relationship in the a
lanche formation of snowstorm avalanche:
22 avalanche starting zones located in an .
of about 25 krflocated in the southern pe

Zah\Zgbb f_|_e_\ud eBXplgkh

381




2019/ Vol.1, 1ss.3

\ x ghgzZklb Ob[bg
AN gh gZ hkgh\_ fghlhe _|Ig
eZ\bgZfb \ “"Zgghf j_]bhg_

Bkke ~h\,

bo

<

[ebahklb eZ\bghh[jZah\Zgby \

hqzZ]B@)) [ueZ bkihevah\Zg

Z m

jhylghklv h[jZah\Zgby eZ\bgt
hgZil__keb eZ\bgZ h[jZah\ZeZ}

hqZj] _DZd ihdZaZeh bkke _
g_kdb_ k\yab eZ\bghh[jZa
eZ\bgguo hgZ]Zo y\eyxlky
ijZ\beh ~h\hevgh keZ[ufb
h[jZah\zZgb_ f_|
hqzZ]Zo bf _xsbo koh”gmx
fbfh wih]h \ebyxl *_nhjfz
ihlhdZ \ Jhjghc kbkl_f_
e _\h]lh kghkzZ kg_1Z zZ 1zZd
baf _ggb\hklv fhbaZdiqg_ kd
jbklbd f_I_e_\h]h kg_]Z \
lj_"eh  _gzZ f_|Ih*bdZ \_jhy
klbdb b
bkihevah\zZgb f eZ\bggugp"
jh\

e \uo ez

Ah\
h\Z
agZ
Gz
\bg
wdl
pbb

b jZzaf

T
bo «
ezZ\
lghk

ijhj]ghabjh\Zgby f_ I _e

bz

Dexg_\u_ keh\iZe \u_ eZ\bg
kh\uc koh” \ _jhylghklb eZXlyg
eh]b ~bZzZ]ghklbdzZ ezZ\bg ijh]¢

2kl _kI\_ggh

ij_ Aiheh Dblv

HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

of the Khibiny Mountains. The study wz
based on long-term observations of a
lanches in this area. As a measure of
proximity of avalanche formation in two a'
alanche starting zonds (i / j), we used the
conditional probability of avalanche fo
mation in avalanche starting zonef an av-
alanche formed in avalanche starting zgn
As the study showed, correlations betwe
avalanche formation in various avalanc
starting zones are statistically significa
but, as a rule, rather weak. The most sim
formation of snow avalanches occurs in -
starting zones having a similar exposure.
addition, the deformations of the air flow
the mountain system and the size of the si
drift zones, as well as the spatial variabil
of the physical and mechanical characte
tics of snowpack in avalanche starting zor
also affect. A methodology for probabilist
diagnosis and forecasting of snowstorm a
lanches using avalanche starting zones-ii
cators is proposed.
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fh gh kgblzZlv ihklhygguf ~ey dZ "h]h ezZ\bghk[hjZ Koh”kl\h 0ZjZ
eZ\bghk[hjZo hij_~_ey_| koh”kl\h '\ hij_~_e_gbb wdklj_fZevi
o0ZjZd!l_jbklbd \hafh'guo eZ\bg :gZeh]bqghklv \ j_ ev_n_ fh _|I
gZijbf_j ijb ijh\_"~_gbb baukdzZgbc ”"ey kljhbl_evkI\Z \ofZehbe
Dhebqg_kI\_ggh_ hibkzZgb_ j_ev_nzZ eZ\bghk[hjh\ b \u[hj khh
ZgZeh]bgghklb eZz\bghk[hjh\ ih hlghr_gbx d wdklj_fZevghfm eZ\bgh
azZ™"Zq_c gZklhys_c jZ[hlu

P_evx jZ[hlu y\ey Iky bkke_ _"~h\Zgb_ ZgZeh]bqghklb ebrv \ \h
jZaebgguo eZ\bgguo hqZ]Zo Dhebq_kI\ _ggZy hp_gdZ [l'&ldhc Zg
ihe _agzZz "ey \uyle gty bhgzZltmj\h\ eZ\bgghc hizZkghklb ijhkljZc
Abnn_j_gpbZpbb ~bZ]ghklbdb eZ\bghhiZkguo kblomZpbkchrgZrindkgh)
eZ\bgZo Z |IzZzd _ "ey ijhlJghabjh\Zgby \hagbdgh\_gby eZ}lbyg <u”_
ZgZeh]lh\ |Ih _klv I1Zdbo \ dhlhjuo ijhp_kk eZ\bghh[jZah\Zgby ijhl_

kohrgh fh | bkihevah\ZIvky ijb nhjfbjh\Zgbb [he__ beb f_g_
ijb_fe_fuo jZaf_jh\ bkihevam_fuo ~ey ihkljh_gby ijZ\be jZa”_e_gl
kbimzZpbc gz ~\Z deZzZklkghhiZkgu_ b g_eZ\bghhiZkgu_ GZijl

"bkdjbfbgzZglghf ZgZeba_ beb f |Ih”"Zo jZzkihagzZ\Zgbyhk[jZah\ldbey
k\yva_c¢c f_""m \hagbdgh\_gb_f eZ\bg \ jZaebgguo eZljdghtblhqgdidZo
ZgZeba ey eZ\bg h”"gh]l]h ] g _Ibqg_kdh]h IbizZz < gZRkklyy$Shighjz[hl_
\_jhylghklghc k\yab b hij_~ e gby kl_i_gb ZgZeh]bqgghklb h[jZah
>:ddmjZlh\ @ \ jZaebgguo eZ\bgguo hgZ]Zo

F Ih*u b fZl _jbZeu

< k\yab k ihklZ\e _gghc azZz”~Zq_c \hagbdzZ | \hijhk h \a«[hj_ f_
dZqg_kI\_1zZdh\hc ij_"eZ]Z |ky bkihevah\ZIw(nklehYenhx2\ghlyyeghkgw
\ eZ\bgghf hqZkeb eZ\bgZ h[jZah\ZeZkv j[&dAddngghf@qZ] h[oh~bfh
ijb wlhf hij_~_eblv i_jbh”~ \j_f gb d dhlhjhfm hRiil)kbMybhujHEylgh
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lhgghklv hij_~ e _gby \j_ f gb koh”Z [hevrbgklI\Z eZ\bg wlhl i_jbl
dZe_g”Zjgufb kmldZfb >ey eZ\bg g_dhlhjuo ]_g_Ilbg_kdbg Ibih\
kK\_ " \uiz\r_]h kg_]Z b f I _e \uo ezZ\bg fh | [ulv bkihevah¥zZgZ "e
beb f | eb gh g f g _ kmlhd < gZklhys ¢ jZ[hl_7"ey wLiZdhb¥aylu
h[jZahf _keb eZ\bgu khrép\\lhqZgdbo dZe_g”~Zjguo kmlhd agZqbl
kh\f_klgh_ khAG@®M < dzZq_kI\_ hp_gdb mkeh\gR®@) \b kilyéylakhz g h
highr_gb_ qgbkeZ 1Zdbo kh\f_kINau@vdk M[[tslbfon gbkem kohNap\\ eZ\bg
eZ\bgghf hoalyluo azZ hij_"_e gdr(ig) £ Abd@ M().

>ey ZgZebazZ \_jhRlfghklued \u[jZgu Ob[bgkdb_ eZ\bggu_
dhgljhebjm_fu_ ijhlb\heZ\bgghc kem ' [hc H:H ©:izZlbl®2 gZ mqZklt
25df jbkmghd <k _]1h gZ wlhf mgzZkld_ [ueh \u”_e_gh eZ\bgguo
1 ] ih ] koh”beZ ohly [u h*gZ eZ\bgZ

< gZklhys_c jZ[hl_ bkihevah\Zgu gmf_jZpby b ]jZgbphh eZ\bg
hif_g_gu \ dz~zZklj_ ezZ\bghk[hjh\ ijhlb\heZ\bgghc kem [u H:H
\ur_mihfygmluc i_jbh” \ wlbo hqZ]Zo khr&8m dzZ"Z&kdj\bg eZ\bg
ijhilb\hezZ\bgghc kem [u H:H ©:izZlbl2 hl[bjZebkv ebrv |_kemqgZb
dhlhjuo *"ZIZ koh”~Z [ueZ |Ilhggh ba\_klgZ LZdbo eZ\bg [ueh [l
hi*" _evguo eZ\bgguo hqZ]Zo koh”beh ih g_kdhevdheeZAblgg h? kegiz) | _
koh"beh g _kdhevdh eZ\bg wlh mgblu\Zehkv dzZd h”gh kh[ulb_ <
eZ\bgzfb az e | Jueh

ljb hp_gd_ \_jhyRfifpk\hc\gbfzZzgb_ ijbgbfZebkv ebrv |I_ eZ\bggl
dhlhju_ g_ [ueb ~_nhjfbjh\ZpA[ih4§luflz |Zd _ gZ[ex”_gby aZ dhlhju;

\' Ihl °_ i_jbh” qlh b aZ “"jm]bfb hgzZ]zZfb WIb *"Zggu_ddlelgbkilhleva
hrgh\j _f ggh]h \hagbdgh\ _gby eZ\bg \ jZaghf gbke_ eZ\bgguo
] g Ibg_kdbo Ibih\ = g Ibqg_kdbc Ibi eZ\bgu mdhathZzeky \hHZ"Z

lhwlihfm hp_gdb \_jhP@fgh&y It | _e_\uo eZ\bg \uiheg_gu ih *Zgguf ih
“h wlh]h 1h?"Z < g_dhlhjuo eZ\bgguo hqZ]Zo gZ[ex”"Zehkv \k_]F
h[jZzah\Zgby f | e \uo eZ\bg |Zdb_ eZ\bggu_ hqgZ]b [ueb bkdex
:gZebam ih”\ _jlebkv ebrv | _ eZ\bggu_ hqZ]b \ dhlhjuo WKf\qZehl
"g_c koh”Z ez\bg <k_]h [ueh mqgl_gh kemqgZ_\ \hagbagh\_gb
eZ\bgguo hgZ]Zo jbkmghd
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Jbkmgh#&o fZ eZ\bggdbh\ \ jZchg_ gZ[ex™ _gbc \ Ob[bgZo
Figure 1. Schema of avalanche starting zones in the avalanche

monitoring area in the Khibiny Mountains
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H[km "~ gb_j _amevlZlh\

Koh” eZ\bg \ h*bg b Ihl °_ ~ gv \h fgh]bo eZ\bgguo hqZ]Zo y\
GZb[hevr__ dhebqg_klI\h hqgz]h\ azZz \k_ \j fy gZ[ex”_gbc \\jZkkfz
dhlhjuo khreb eZ\bgu \ h*bg b Ihl °_ ~ gv [ueh aZnbdkbjh\Zgh

beb \k_0 eZ\bgguo hqgzZ]h\ dhgljhebjm_fuo \ Ih \j_fy Lgb jZaZ
[ueb ZdIb\gufb eZ\bgguo hqgzZ]h\ edtbggjima hgzZéZ\htgguo hqZ]
2jZaZ b\ eZ\bgguo hf4a]z<o = \k_o "g_c k eZ\bgZfb [ue ZdIb\ _g
eZ\bgguc hqzZ] FZkkh\uo koh”h\ eZz\bg dh]~Z gZ[ex”Z_|ky \hagbd¢
\k_o0 eZ\bgguo hqzZzlh\\ Qb]bwgo g_ azj ]bkljbjh\zZgh

lhoh b_j amevlZlu [ueb ihemq_gu \ KdZebkluo ]hjZzo \ rlZl_
gZ[ex”™ _gby gZ | _jjblhfbihdZadeb qglh Ihevdh ~"\Z ~u \ Jh” gZ[ex"Z
koh”"u eZz\bg dh]*Z ~_ckl\mxI| [he__ Judgdonbggu@ hlgzije\Z®¥bg ijb wlk
\h \gbfZgb_ g_ ijbgbfzZeky

Qlh dzkz |ky f I _e \uo eZ\bg I|h bo h*rgh\j_f gguc koh” \h fg
l1zd"_ y\e _gb_ ~h\hevgh j_~dh_ b \ _jhylghklv _]lh j_adh mf_gvrZ_
Zdlb\guo eZ\bgguo hgzZ]h\ d bo h[s_fm dhebqg_klI\m \kaohg'&zhéZXlcdpg _
\ jZchg_ Ob[bg dhgljhebjm_fhf ijhib\heZ\bgy:hZ|Kklem’ijhdkcZz&zE qlfF
"hey kemqgzZ_\ dh]*Z \ h*bg b Ihl ~_ ~ gv koh”beb f | _e\kuo eZ\b
hqz]h\ khklz\ey | g_[he_ _ \k_ 0o "r"g ckf | e \ufbeKkdhdgzdd\bxke
hilghkblv g_d dZe_g”~Zjguf "gyf Z dh \k_fm i _jbh~m f_| _e_\bbh y\e
eZ\bg \ [he__ q_f eZ\bgguo hqgz]h\ gZ[ex”Z _|ky ihqgdihlhjuo\k_o
gZlex*"Zebkv f_| e \u_ eZ\bgu WIh h[tykgy_ |ky |I_f qglh ~“hklZlhqg
©eZ\bgguo?® f | e ¢ bf__1 ijh~rhe bl _evghklv [he_ _ kmlhd b g_d
jZaebgbyfb \ f | e \hf kg_]JhgZdhie_gbb \ jZaebqlyfuwd Exf\fbfg@eyp hc
\hagbdgh\_gby f_ | _e _\hc eZ\bgu

ljh\_jdzZ \_jhylghklguo k\ya_c f_"~m \hagbdgh\_gb_f eZ\bg
eZ\bgguo hqzZ]lh\ k ihfhsvx?2dphdZaiyezs qlh ijb mjh\g_ agZq
[hevrbgkl\h k\lya ¢ y\leyxlky agZgbfufb HpP@ibij\"kh¥lgehklu c\
|Z[ebp.

'!F_lh*bgq_kdb_ mdZazZgby ih kg_]lheZ\bgghfm h[_ki_qZgbxgyZjh~gkh]lh ohayckl\Z
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< p_ehf \_jhylRitkMh\hevgh fZeu qlh hljz Z_| [hevrmx g_h*~g
mkeh\bc eZ\bghh[jZah\Zgby b mdZau\Z_| gZ gbadmx wnrn_dlb\gl

dhlhju_ ih kmlb ~ _eZ meZ\eb\Zxl ebrv h[h[s_ggmx | _g” _gpbx
dhgdj _Igu_ ijhy\e_gby dhlhjhc y\eyxlky \ jZfdZo 1Zdbo ijh]Jghah\
GZb[hevr__ addf=@eal (/) ihemqg_gh ~eiy hdiZ]lh\jbkmghd

Jbkmgh#&o_fZ eZ\bgguo hgZth\ (hju Xdkihj

Figure 2. Schema of avalanche starting zored3 +< 19 of the Yukspor Mountain

;hevrb_ agZRB(/jybxd  _ ihemqg_gu “ey iZj hgZ]h\ \oh”ysbo \ ]jm
ih jbkmghd Z 1zd _ ey iZj jy*hf jZzkiheh  _gguo hqZ]h\
jbkmghd GZijbf_j hdheh \k_o f_ I _e_\uo eZ\bg \ eZ\bgghf hc
koh”bl \h \j fy f | e ¢ ijb dhlhjuo h[jZamxlky eZ\bgu \ eZ\bgghf
;hevrb_agZqg_gby \ _jhylghkl _c¢c h[tykgyxlky koh”~ghc ithjoh gld@ipbf c b
hgz]lh\ ijbgZ~e_"ghklvx d hrghfm fZdjhkdehgm b h[s_c h[eZklvx Kk
ljbg_f koh Zy hjb_glZpby eZ\bgguo hqgzZ]h\ y\ey |Iky g_h[oh”bfuf
mkeh\b_f ZgZeh]lbgghklb eZ\bghh[jZah\Zgby ®&i&)ijbf(ji) *eprylghk
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hA"bgzZdh\h hjb_glbjh\Zgguo hqgZzZ]z b H&4hh\Vhb-a JKpZiighk evgh
g_[hevrb_ Lh "~ kzZfh_ fh gh hif_Iblv “ey hqzZ]zZ -]t higZzdh\ ba ]jm
Hg \b”gh gqglh kbgojhgghklv \hagbdgh\_gby eZ\bgjrabé&ddbl b |
eZ\bgguo hgzZ]h\ GZ djmluo kdehgZo f | _e \u_ eZ\bgu nhjglgmxlky
itheh]bo <ebygby jZaebgbc \ iehsZ”b eZ\bgguo hgZ]h\hgZgblkghlIm
f I _e \uo ezZ\bg hif_q_gh g_ [ueh DZd m _ ]h\hjbehkv mkeh\by

eZ\bg \ eZ\bgguo hqgZ]Zo Kk ih jbkmghd h[fez”~zZx| gZlI
ZgZeh]bgghklb EZ\bgu koh”ysb_\ wlbo hgZ]Zo mPBhagkikc hhghim |
jbkmgdb b Wlhl nzZdl [ue bkihevah\Zg ijb kha”Z\gplphfc Ih*b

hizkghklb ey wlh]h h[t_dIZ ;ueb knhjfbjh\Zgu ~“hklZlhqggh [hevrb_
eZ\bgguo b g_ eZ\bgguo kblmzZpbc hibku\zZ_ fuog@Zhlkjhh\ o ZdH&Ichljujd |
[ueb ihkljh_gu ijZ\beZ jZa™_e _gby kblmZpbc \ wlbo éef\DdlgZgou gZ e

>Q_jghmk @ Bkihevamy jZkq_Ilgmx \_jhylgrkvbppZfaPgZdby eZ
ihemqg_ggmx-daiZ[dhbth[jZahf gzZijbf_j k ihfhsvx klzZlbklbg_kdh]h fh
>Q _jghmk 1 _jebdh\ Fhdjh\ @ fh gh k ihfhsvx nhjfmeu iheghc

\_jhylghklv h[jZzah\Zgby eZ\bgu \ hqZzZ]_

P(i) = P()P() + P(i/j 9[1 P()] (1)

1" P(/9 £\ _jhylghklv h[jZah\Zgby eZ\bgu \i eZklehpgdZ\lb@Z]\ eZ\bgg
hqZjjg_khreZz

LZ[ebpzZ \_jhyl®fkl _a”_kv g_ ijb\h~*blky gh bo agZqg_gby ¢
f_gvr_ ®&@WUp) b \jzZzkq_IlZo bo fh'gh g_ mqgblu\zZlv

AZdexgbl_evgu_ aZf_qZgby

LZdbf h[jZzahf ihemqg_ggu_ ~Zggu_ dhebq_klI\_ggh ih~I\_j*~
ijhkljzgkl\_ggmx baf_ggb\hklv eZ\bghh[jZah\Zgby k\yaZggh]h k f
wlhl Ibi eZ\bghh[jZah\Zgby y\ey |ky hkgh\guf Ijb h[jZah\Zgbb f_1|_
jhev bljzxl g_ lhevdh fhjnheh]by b fhjnhf_Ijby eZ\bgguo hgzZ]h\ g
ih hlghr_gbx d bklhqgbdzf kghkz f | e \h]h kg _]Z hW2dgpqglzafl gq
h[jZzah\Zgb_f | e \uo eZ\bg hl eZ\bg k\_~ \uizZ\r_]h kg_]Z Qlh \
d \ul\hm h [hevr_c keh ghklb ijh]lJghabjh\Zgby f_|_e_\uo eZ\bg
ijhlghabjh\zgb_f eZ\bg k\_"_\uizZ\r_]h kg_]Z
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Nhjfmebjh\db nhgh\uo ijh]Jghah\ ezZ\bg \ jZchgZo k bgl_g

Nyl _evghklvx “~he gu hlebgZlvky [hevrbf

AbzZiZahghf hibkZgby

f kIl ]~_ f I e c g_| beb hgb j_ ~db >ey ~ |IZevguo eZ\bgguo ij

jZchgzo?2 fhgblhjbg] ij_~bdlhjh\ "~he g hkms_ kl\eylvky

ijhkljzgkl\_gguf b \j_f gguf jZaj_r_gb_f qg_f \ jZchgZo hlv f_|_ e

kezZ[Zy "ey “hklb" _gby h”bgzZdh\h]l]h dzZq_kI\Z ijh]lghah\
IhdZazZl _ev ZgZeh]bqgghklb eRi\jp grgand dnygZd]hXa[blv hqgZ]lb gZ ]jr

\ dhlhjuo ijhp_kk ezZ\bghh[jZah\Zgby ijhl_dzZ_| koh”gh
j_ij_a_glZlb\gu_ eZ\bggu_ hqgzZ]b < k\hx hgqg_j_"*v ~Zggu_

j_ij_a_glZlb\guo hgZ]Zo

eZ\bggmx hiZkghklv \ ~jm]bo hqgZ]Zo

k

Z
h Kk

ihemqg_ggu_ hi_jZlb\gh iha\heyxlv[he_ _

LZd _ "ey wlbo peef[lkcfh |

gZ” _"guc f_Ih® hp_gdb \hafh ' ghklb h[jZah\Zgby eZ\bgu g\hf_ij_a_
hqz]_ < Ihf gbke_ b wdki_jlgu_ hp_gdb
lj_~klZ\e_ggzZy fR@fppki_rgh bkihevah\Zezkv \ jZ[hl_ P_gljz

[ _ahiZzkghklb H:H ©:iZIbl2 "ey hp_gdb eZ\bgghc hiZkghklb \h \j_fy

Ebl_jZImjZ

ddmjzZlh\ < @ _Ibqg_kdz
kbnbdZpby eZ\bg Lim
kdhc \ukhdh]hjghc dh
wdki_"bpbb L Kg
ijbf _g _gb_ kg _]1Z \ gZj
ayckI\ FZl _jbZeu ,,
f_"\_~ dhgn_j_gpbb it
ijhkzf kg_"gh]h ihdjh\Zz
= D KmeZd\_eb”™a_ b
kdhlh GZevqgbd;ZeH2Zjj"
baAh K -232.

Q_jghmk I : | _jebdh\
jh\ ? A\IhfZlbabjh\Zggh_
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BAF?G?GBY KDHJHKLINARIABLITY OF VELOCITIES OF

<?JLBD:EVGUO JMKENH<IVERTICAL WATERCOURSE DE-
>?NHJF:PBC J:<GBGGWUMD FORMATIONS OF PLAIN RIVERS
< MKEH<BYO IJBBEVF?GKUNDER CONDITIONS OF PRIIL-
GBAF?GGHKLB G: IJBF?MEN LOWLAND (BY THE EXAM-

J?DB IHIMKVY PLE OF PORUSIA RIVER)
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gghlZpbBa\_klgu_ aZdhghf_ Abstract. The well-known patterns of re
]li_kkb\ghc wjhabb hl mklvy d gressive erosion from the mouth to t
dh\ gZ j_dZo Ijbbewitheypgwxlky sources of watercourses on the rivers of P
dj Igh ihkdhevdm [Zab\lg2mgjz men'ya are performed discretely, since
mjh\ _gv KJEh§Zph]h Ijb\Ze”Z basis of erosion (first the level of Sredr
ijbe_n~gbdh\h]h ha_jZ Z aZzZl_1 Lovatsy (Privaldaysky) glacial lake, and th
tkgb Zeky \ I_q_gb_ luk  Lake limen) is decreased over 12.5 thous
hdheh f ~h kh\j_f_gguo f years from elevations of about 85 m to m¢
jmykv gZ ijh"he bl _evgh_ \j_ 1 ern18 m, stabilizing for a long time at ele\

f KjZ\g_gb_ ihkljh_g tions of 60, 40, 30 m. Comparison of the Ic
Ih]jZznbqg_kdbf fzZl_jbzZezf i gitudinal profile of the Porusia River coi
ijhnbey j_db IThjmkvb k jZkk structed from cartographic materials with ¢

Vinogradov A.Yu., ObyazoW.A., KadatskayaVl.M. Variablity of velocities of vertical watercourse defc

mations of plain rivers under conditions of Priilmen lowlandt{igyexample of Porusia Rivetydrosphere.

Hazard processes and phenomer2819, vol. 1, iss. 3, pp. 39®7 (In Russian; abstract in Englist
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nhjfme_ G&G&BddZ\_ij\Z2> _evguf preme erosion cut profile calculated acco
nbe f wjhabhggh]h \j _aZ ihd. ing to the formula N.l. Makkaveev showt
nbev bkke_ _"m_fhc j_db _s_ thatthe profile of this river has not yet be

\ujzZ[hlZg ohly ij_\ur_gb_ [jh sufficiently developed, although the exce

gzZ™ "ghf j_db \ __ kj_~g_f |_ ofthe edge of the valley above the bottorr
ey |- f Dhjj_dlghklv jZkqg_ 1 theriverinits middle courseis 10-15m. T
ghc djb\hc ih”~I\_j"~Z |ky __ k correctness of the calculation of the eros

ijh~"hevguf ijhnbe f j db Eh)\ curve is confirmed by its coincidence wi
kiI\mxsmx agZqgbl_evgh [he__ the longitudinal profile of the river Lovat
bf xsmx gZb[hevrmx \h~ghkl| which exists for a longer time and has i

ljbbevf_gkdhc gbaf_gghklblhl greatestwater content among the rivers of

ihljZnbg_kdbo dZzZjl b Priilmen lowland. According to topograph
I1Zzd " kh[kI\_gguo baf_ 4 gbg¢h maps of 1932 and 1984, as well as our ¢
A"h\ mklZgh\e _gh qglh h[s__ i measurements of 2016-2019 it was fol

j_db \ jZchg_ ~_j_\gb Fbgp_\I that the total lowering of the river botto
lhdzaz e_| - ]h”~u  ~Ahklk nearthe village of Mintsevo (71 km from tl
35f Ih ~jm]bf kihkh[Zf hp_gd source) over 90 years (1930-2019) reac
hijhkd _klguo bl _e_c¢c J]Jem[bg 3.5 m. Using other assessment methods
gh]l]h \j_aZ gZ wlhf mqgzZkld_ ij cluding surveys of local residents, the de

ijhf_"mlhd \j_f_gb khklIZ\t of the erosion cut in this locality is appro»
1,6- f GZ “jm]hf mqgzZkld_ j_ mately the same period of time ranged fr
bklhdzZz azZ khihklz\bfuc i_jbh 1to1.6-1.8 m. On a different locality of tt
nbq_kdbf fZI_jbzZezf [ueb ihe river (53 km from the source) for a compa
]bggu_ kdhjhklb \' _jlbdZevguc ble period, similar rates of vertical chanr
nhjfZpbc Bamqg_gb_ ~“hihegb deformations were obtained from cari
jbZzez ihal\hebeh \u”\bgmlv graphic materials. Studying of additional
lezkgh dhlhjhc aZz e | hlf_ make a hypothesis according to which o
kgbablvky gZ f GZ hkgh\Zg 300 years the bottom marks could decre
guo ihgq\_gghlh jZaj_aZ k”_e by 10 m. An analysis of the soil section d:
kdhjhklv \_jlbdZevgh]h jZafu allowed us to conclude that the rate of ve
\ujZ"  _gguc "bkdj_lguc oZjzZdl cal erosion had strongly marked discr

character. On hard washable areas, vern

<bghl]jz~h\ : X H[yah\ < : .FDBa&ZpgdZyb¥ kdhjhklb \_jlbdZevguo jmk:
jZ\gbgguo j_d \ mkeh\byo Ijbbevf_gkdhc gbaf_gdhkmkvgzbjihkn_jz_d -
gu_ ijhp_kKku b y\e gby <uB K392407 DOI: 10.34753/HS.2019.1.3.002 39¢
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ghjzafu\Zz _fuo mqgzZkldZo \_jl erosion slowed sharply and was some th
aby j_adh azf _"eyeZkv b kh sands years, but for thick layers of sar
e | Z fhsgu_ kehb kmi_k_c loam eroded for centuries.

| _g_gb_ klhe _Ibc

Dexg \u_ kephmEeh\u_ "~ _nhj Keywords: deformations of the watel
wjhabhgguc \j_a \h” hmihj il courseerosive incision; waterproof soil; sc
j_a j_dZ lhjmkvy Iljbbevf_g sectionPorusia RiverPrilmen lowland.
ghklv

<\_"_gb_

ljh[e_fu w\hexpbb jZ\gbgguo ijb mdehgZo f_g__ A j _qguc
lhevdh | _hj_Ibg_kdh_ gh b ijZzdlbg_kdh_ agZq_gbjhlijlogbog_ kit \thij
f ebhjzZlb\gh]h b “hjh gh]h kljhbl_evklI\Z

K] _heh]hhfhjnheh]bq_kdhc Ihgdb aj_gby ex[Zy j_dZ ijhoh”Db
fheh”~hklb ~h aj_ehklb gzZijbf_j >A_fph\ ] Raphghlkgbalh gz
jZgg_c klzZbdalb \ j_d_ ij_h[ez”Z_I| ~hggZy wjhaby j_dzZ ij_"klZ\q
g_jZajzZ[hlzggmx “helgzadghct nhjfu h\jZz guc |Ibi >Dhjhgh\kdbc
NZevg _cr_f "hebgZ jZkrbjy Iky aZ kq_| [hdh\hc wjhabb b \ke_ ~
hljZgbq _ggh]h dhj_ggufb [_j_]Zfb ~hebgu “~hebgZ ijbh[j_1Z_ | ysl
nhjfbjm_Iky ihcfZ h[jZajjxkky ijh~hevguc ijhnbev j_db \ gb'g_
\ujz\gb\Z_Iky fZdkbfZevguc mdehg ih~rgbfZ_I|ky \\_jo ih d_q_gb
ihke _~g _c¢ klz~"bb k\h_c¢c "bag_”"_yl _evghklb “hebgZ j _db jZkrbjy_
f gy _Iky Ibi jmkeh\h]h ijhp_kkzZ j dZ g _h]jZgbqg_ggh fgdg”bjbjr
klZjbp mdehgu iZz~Zx|l kdhjhklv | _q_gby azf_~ey |ky <kghlgp_d
azZjzklz |

ljhp _kk nhjfbjh\Zgby jmk_e j_d \dexqZy jZajZ[hldm bo ijh’
bgl_j _kgh jzkkfhlj_Iv gZ ijbf_j_ j_d \hagbdrbo ihke_ ~_]jZottypbb <
gZ | _jjblhjbb Ijbbevf gkdhc gbaf_ ¢g\whlklbwlhklh ijhp_kk ijhbkoh”b
kjz\gbl_evgh dhjhldbc ijhf_"mlhd Ypkf_gbl aZzZ dhlhjuc "hklZlhqggh
ba\_klgZz bklhjby jzZa\blby j_ev_nZ b j_qghc k_Ib >+XJKHV HW
Kalm, 2017; Rinterknecht et al., 2018& bgh]jZ~h\ H[yah\ DZ*ZpdXhhjuo @ -
jmkeh\hc ijhp_kk wlbo j_ d jZa\b\Z Iky \ e _~gbdh\uo hleh"
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ij_bfms_kI\_ggh ba Ijm~ghjZzaful\Z_fuo km]ebgdh\ qlh \uklmiZ_
nZdlhjhf \ jZza\blbb bo jmk_e

P _evx bkke_"h\Zgby vy\ey |Iky hp_gdZ kdhjhklb \j aZgby
ljbbevf_gkdhc gbaf_gghklb \ ih*klbeZxsb_]Jjmglu

H[t _dl bkke ~h\Zgby

< dZqg_kI\_ hpkkkléZ~"h\Zgby \u[jZgZ kj_~gyy ih jzZaf_ jZf ba
haBevf_gv x 'guo ijblhdh\ j_ dZ Ilhjmkvy lehsZ”v \h "HR[HjjZ 1gymkvb
rbjbgz \h~"hk[hjZ \' \_joh\vyo khklZ\ey | df \ddfj_Ytbfd dqdfgbb =+
>ebgZ \h*"hkhdEeh df

Ihkdhevdm aZeh _gb_ kh\j_f gghc j_gghc k_Ib X 'gh]h ljbbev
ijhp_kk_ " _1jz"Zpbb <Ze~Zckdh]h he_~ g _gby \j_fy kms_Kkl\h\Z
ij_\urz | luk e | ijbg_f gZklv j_db \ gb g f | _q_glhbggBdbh"blk
[Zabk_ wjhabb \k_]Jh hdheh Iuk e _| ><bgh]jZz®*h\ H[yah\ DZzZ"Zpd

J amevlZliu b h[km ™~ _gb __

Ba\_klgu_ azZzdhghf_jghklb j_]j_kkb\ghc wjhabb hl mklvy d &
j_dZo Iljbbevflgiyegyxlky “~bkdj _Igh ihkdhevdm ihke_ " _1jZ"Zpb
he_~_g_gby [Zabknjphi\hagbhbK§EN§Zph]lh Ijb\Ze~rZckdh]h ijbe_~gbdh\l
tkgbabeky k hif_Ihd f >D\Zkh\ @ hdheh luk e g A h
"hklzZzlhggh ”"ebl_evguc i_jbh”™ [he__ e | Cm[jZ[bebab@Zek
<ke_ "klI\b_ wlh]h j_]j_kkb\gZy wjhdBwnwbkZgqbgZezZkvhéh]by KKKJ
bf ggh gZ wlbo \ukhlZo j_dzZ bf_ | fZzdkbfZevfgbc[hje a " Hedigaih £\
lukyg e 500-11 e g mjh\_gv dhe _[Zeky \ jZchg_ hilf_Idb f

< N"Zevg_cr_f luk e g ijhbahrez j_]j_kkby ha Bevf_gv
[Cm[_IIh @ b ihke_"~gb_ luk e_| mjh\_gv dhef [;&ZellkycKkdihc™
kbkl fu ~ZeK >=% heh]by KKKJ <bghl]jzZz”"h\ H[yah\ DZzZ"~ZpdZy

lhkdhevdm hif_Idb e_~gbdh\h]h ha_jZz ~hklZlhqgh "eb
ihke _~h\Zl _evgh jZkiheZ]Zebkv gZ mjh\gyo b f Ih gZ wlbo |
\b”™ _Iv \ujZ _ggu_ Z[jZabhggu_ mkiImiu\hk b gdltc bgxkhyo gbaf_ggt
>= _heh]by KKKJ @ _"gmadhyl_ hleh _gby \_jog_]lh a\_gz <.
gZ”lhjbahglz bf_xI f_klh ~h hif_gid xYhklhd_ b f gazigdh_

39¢



2019| Vol.1, Iss.3 HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

gbaf_gghklb Aziz~"g__ wlb hleh _gby ih]j_[_gu ih® keh_f [he__
hleh® _gbc >=_heh]by KKKJ @

lh "ZgguhHih]jZnbqg_kdbo dZzjl b 11 Z 1lzd _ fZl_jbzZeZzZ:
kt fdb ] [ueb ihkljh_gu ijh*hevgu_ ijhnbeb j IThjmkvb aZ wlb

ijhnbev dhj_ggh]lh [_j_1Z jbkmghd GZ ijh~*hevghf ijhnbe_ dhj_g
\bArgu ih\ur_ggu_ mdehgu gZ- \ubhlZo f qlh ih?I\_j"*Z | nzdl
"helh\j _f ggh]l]h gZebgby mj_aZ \h~u gZ hilf_IdZo b f
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Jbkmghdjh~hevguc ijhnbevhjmklyy
Figure 1. Longitudinal profile of the Porusia River
GZ jbkmgd_  1Zd" _ ij_"klzZ\eipghnjbev ewjhabhgghlh \j_azZ j I|hj
jZkkgblZzgguc ih nhjfme_ >FZddzZ\_ _\ @
‘] KOQZ/Sl (1)

1. DBzihklhyggay¥\bkysZy hl r_jhoh\Zlhklb b nhjfu "b\h]h k_q_ghb
Qtfjmkehh[jZamxsbc\hZbohth\lhjy fhklb ih "ebg_ jmkeZ
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< hlebgb_ hl h[s_ijbgylh]lh >Fzddz\__\ ;_jdh\bqg
Dih~h[jZg ba khh[jZ _gbc jzZ\_gklI\Z \ _jog c jZkg_lghc Ihgduv\j_aZz
G BFZddZ_ \Ro £t dhwnnbpb_gl azZ\bkysbc hl j_"bfZz klhdZ r_jhoh\
dimighklb gZghkh\ b nhjfu ihi_j ggh]Jdtkwonigply ai ghkhipbhgZevgh

J dZ Eh\ZIv dZd kms_kl\mxsZy agZqgbl _evgh [he__ ~he]lh_ \j_
\h~rghklv kjzZ[hlZeZ jmkeh \ ij_" eZo Ijbbevf_gkdhd&dgbah ggh
ij_~ _evgh]lh agZqg_gby ijb[eb  _ggh]h d [Zabkm wjhabth ;ebahkl
ij_~ evguo agZq_gbc wjhabhgghc djb\hc |j Ihjmkvy kms_kl\mx
j Eh\ZIv ]1h\hjbl h ijZ\bevghklb \uiheg_gguo gZfb jZkq_Ih\

Kdhjhklv \j_aZgby jZ\gbgguo j_d ih >Gbdhgh\ - @]~ ij_\u
<j_aZgb_ jmkezZ j Ihjmkvy \ kdehg gbaf_gghklb bko¥he gtha wlk
khklz\b4v f aZz e | beb hdheh f az \j_fy kms_klI\h\Zgby j_db
kKhhi\_IklI\m_| ~ _ckl\bl_evghklb

J dZ lhjmkvy bf_ | guiglgmogBlf IdZo hdheh f ;K :eex\b.
hleh™ _gb¥qgbgZxkknwlf Ihd ~gZ f ;K A\ \_joh\vyo bo fhsghklv g_
0,1- f >=_heh]by KKKJ @ b \hajzklz_I ih f_j_ijb[eb _gby d ml

x\ kIVhj_ ~ Gb\db bkdh)d# f hif_IdZ_ggh]lh mj_aZzft
hif _1dz ~rgzZ

x\ kI\hj_ ~ Fbgp_\h df idhpkilhdgfu gZ[ex”_gby \]]
hif 1dZ \h*hmihjz f+;K fbgbfZevgZy hif _I1dZ ~"gZ aZ i_jbh”™ gZ[ex"
578f fZdkbfZevguc kehc Zeex\bZevguo hleh  _gbc \dexgZxsbc
[ j_1h\mx | _jjZkm KkhklZ\ey | f

X\ kI\hj_ mjhgbsZ ;Z[Zgh\h df hf bklifhd@Z =mj _afZ Hhif IdZ
"gZ £+ f jbkmghd Z

X\ kI\hj_ ~ Ehkulbdfthl bklhdz & hif _|dzZ nmp,0dZ hdf IdzZ #gZ

f jbkmghd [

Blzd ih ]_heh]lbg_kdbf dzZjlzf ih"jmkeh\hc kehc Zeex\bZev
mgzZkld_ fzZdkbfgzeafgd o(M0- df hl bklhdzZ khklzZ\ey | g_f g _
g_ihkj_"kI\_gguf gZ[ex”_gbyf hg g_ij_\urz_| f b ijmkdJulgkbRkguo
iheghklvx qglh ijb\h”bl d \ha”~_ckl\bx ihlhdZ g_ihkj_~kI\_ggh gZ \h’

' DZjlz g_I\_jlbgguo hleB6;gb&I1ZJZy IJmkZ =hkm~ZjklI\_ggZy ]_heh]lbq_kdZy d.
N_~_jZpbb DZzjlz g_I\_jlbgguo h[jZzah\Zgbc Bevf_gkdzZy k_jiby B2kfligkdzZy
j_"Zdlhj D W Ydh[kAgiZ dhjihijhba\h~kI\_ggh_ ] _heh]lbq_kdh_ h[t_~bg_gb_
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JbkmghdzZaj_a q_I\_jlibleguogbc "hebgu j IThjmkvy
gZ df f_"~m Exlhc b J_~v_c Z b g2z df [ hl bklhc
Figure 2. Section of the Quaternary sediments of the Porusia River valley
for 81 km (between Lyuta and Redya) (a) and 130 Rnfr¢m the headwaters

<hA“hmihjhf j_d_ kem Zl e_"gbdh\u_ hleh _gby <Ze”Zckdh]h
fhj _gul,,,Y] GZ \k _jgblhjbgbaf gghklb hg y\ey Iky gZb[he_ _ jZkijhl
hlghkbl_evgh g_ijhgbpzZ_fuf Jhjbahglhf kj_"*g_c fhsghklvx f

ljh~*hevguc ijhnbev j_db \' \ _joh\vyo iheh]bc < _jlbdZevguc |
\h~hjza”_eVgbhighflhkkbfbgbfZevguc J_dZ bgl_gkb\gh f_Zg”~jbjm_
dhwnnbpb_ gl bal\bebklhki®b ™ ih I _g_gbx \j_a j_db hlghkbl_evgh
[ j_1Z jZkl_1I b ~hklbfzd!l hif_Idzf f_° gguo mj_&h\Bgl_gkb\guc
\_jlbdZevguc jZafu\ ijhbkoh”~b¥5gZ thif_IdZo

< ihke_"pb*rwZ "\mo mqgzZkldZo j lhjmkvy kbeZfb HHH GIH ©=
\_ "mlky gZ[ex™ _gby azZ \ _jlbdZevghc b [_j ]h\hc wjhabgtfb gG\b gb
jZchg_ "~ Fbgp_\Wfthl bklhdZ jbkmghd Hluggh \k_ hp_gdb
kihkh[ghklb ihlhdzZ kljhylky gZ _]1h kihkh[ghklb jZafulZlgub i_j f
hleh”_gby j_db H”gZdh \ jZchg_ "~ Fbgp_\h fhsghklv *hgguo Zeex
ij_\urz_|I f Z ihke_ "h 7~eb\h]h k_ahgZz ]h~Z gZ jZkkfzZljb\Z _
[ue kful iheghklvx HIf _IdZ \h*hmihjzZz \ jmkeh\hc qZklb 1y _eu_
mqgzZkld_ khklz\ey_| f b \ azly'gu_ iZz\h~db j_dz lzdh_\\j_azZ._
\h~"hmihj

2Lzf
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Jbkmgh& klhiheh™ gtb'g ]h mgzB6édz dzjlz ]hrz fZ6004Qq
Figure 3. The location of the lower locality. O-36-87, map of 1988, scale 1: 100 000

HIf Idb f_° gguo mj_ah\ \h~u \ jZchg_j_ i _jZ jbkmghd ih

fZI_jbZem ]h~z f hlebgzxlky hl khhI\_lkl\mxsbo hIf_lhd ¢
f bgkljmf_glZevgu_ baf_j_gby ] gZ f \ klhjhgm ih
baf_j _gbyfb- 11 "ZggzZy |_g”_gpby ih~I\_j ~ _gZ f ;K F_" ¢

0,4- f HIf _Idb k dzZjl gZ jzkkfzljb\zZ_fuc klI\hj i_j_g_k_gu bgl_jihe
h[jZzahf h[s__ ihgb _gb_ ~gZ j_db gZ mqzZklf_ aihklzZ\bleh f GZf
jZg__ k\b~_1_evklI\ 1Zdbo h”"ghklhjhggbo bgl_jlafudhd § ZjjZdFlegguo
j_dZo g_ hlf_gZehkyv

>im]bf kihkh[hf hp_gdb kdhjhklb \_jlbdZevguo *_nhjfZpbc gZ
yley |ky kjZ\g_gb_ hilf_Ihd klZjbpu b kh\j_ f gghPphghmkle&dbpjbkm
jZ[hlzZxs_c ih dzjlzf ]h~z ij_\urZ_| hif_Idb kms_klI\mxs_]h ~gZ
ijb jZzkg_lghf ih~t_f_ mjh\gy gZ f ey ijhimkdZ jZko®tZ Idzh[_Kki
\h~*hmihjz ~gzZ klZjbpu \ur_ hilf_Idb \h*hmihjZ kms_kl\mxsklh jmke
fh gh ij_~iheh blv qglh \_jlbdZevguc jZafu\ \ jZchg_ "~ Fbgp _\I
(1940-_+2010-_ ]] khklz\be hdheh f
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Jbkmgh#&lZjbpzZ j IThjmkvy \ jZchg_ ~ Fbgp_\h MqZklhd «
Kgbfhd ba ijh]jZzffu 6$6 3ODQHW 5HOHDVH
Figure 4. Oxbow of Porusia River near the village of Mintsevo. Locality number 2.

Snapshot from SAS.Planet.Release.160707

lhemq_ggu_ j_amevlZlu kh\iz~zZxl k "Zggufb

"bl_e_c¢ ih k\b~ | _evkl\m dhlhjuo azZ ihke_"~gb_
kj ~g f

ihemqg_ggufb i

e |\ ij_"
__ggu_ mjh\gb mizébgh h"ghagZqggh k\yazgh k ijhkz~dhc

< _jogbc mgZklhd gZ[ex”_gbc jZkiheh _g m ~ | _Ibobgh jbkr
j Thjmkvy \ gZklhys_  \j fy gb\_ebjh\dZz ] gZ ~“Zgghf mqgZkl
hlighkbl_evgh hif_Idb dhj_ggh]lh [_j_]Z ; K df hl bklhdz HIf,
\ wihf f_klI_\ ] = ] £ f ] £ f KhhI\_IkI\_ggh h[s_

ihgb  _gb_ gZ wihf mgkhkdkZ\jetbhdheh f

400



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C LhflL <ui|l201¢

Klhev J[ukljuc jZafu\ azZ kjzZ\gbl_evgh g_[hevrhc i_jbh” \j_
h[hkgh\Zggu_ khfg_gby IhemqgZ_I|ky qlh az \jJ_fy dh]*Z ha_jh hl
121luk e _W[s_\ jlbdZevigths gb_ khklZ\beh f Z aZ ihkef"gbf e
[he_ _ qlh ~Zggu_ "~Z _ djmighfzZkrlZ[guo dZjlh]jZnbg_kdbo fZI
hrb[dZfb b g_lhgghklyfb

Nhjfbjh\Zgb_jmk_e j_db b __ ijblhdh\ gZ wlhf mygZkhdeh ih g
ijhbkoh”blv ih ke _“mxs_c ]bihl_a_ jmkeh \ gZqZevghc klZ”"bb
jZkihezZ]lZehRKv-jwziz*"g _  _]1h gug_rg_]h iheh  _gby ih ebgbb jm]

\iz"Zxsbo \ gZklhys__ \j_fy \ ' j_dm \ur_ ~ lhloldhghhbhghbkmghd
<ihke_ _"klI\bb h[jZzah\Zehkv kh\j_f ggh_ jmkeh Z klZjh_ ij_\jZlbeh

]h~Z \ jZchg_ hif_Ildb gZoh”"bezkv ~ Q_jlh\Z dhlhjZy hlkr
Rm[_jlZ k_j_"bgu \ dZ Hkgh\gh_ jmkeh j db I-ApmkkvyggZoh”
ke_~h\zl_evgh fh gh k~*_ezZlv \u\h” qlh klZjbpzZ \ dhgp_ \_dZ m"

lj_~"iheh bl _evgh j_d@hmredmkeh \ i _j\hc g_I\_jlb \_dz lzdt
kjhd hifbjZzgby klZjbpu khklZ\ey | hdheh e | Klzjzy hlf_IdzZ \h
ihemqg _glgoybg _kdhc gb\ _ebjh\dhc b [mjh\ufb jZ[hlZfb \ jmke_ ¢
755f ;K kms_klI\mxsZy hilf_1dZ *"gZ \ jmke_ j_db \ Ihfgdlhkdheyd&pb
dZd [ueh ihdZazZgh jZg__ j_dZ gZ wlhf mqzkld_ azZ fh géa_ | \j
ij_~iheh blv qlh az e | hif _Idb "gZ fh]leb kgbabflZdkbdZevgfu L f
mdehgu b ke ~h\zZl _evgh kdhjhklv jzZaful\Z \ gZklhys_ _Z\j fy
jZkkfzZljb\z _fhf mG@BkIK]|~Z ihemqgZ _|ky qlh aZ ij_“u”“msb _ luk €
\k_]1h hdheh f"

HIf IdzZ ~gZ klZjbpu \ jZchg_ \lhjh]hbkmg&Zd+ \h*hmihjz Ily".
N \hgkdb_ km]ebgdbf xeex\bZevgu_ hleh  _gby \ jmke_ klZjbpu
gZ[ex™Z|l _evgh]lhhkkwnljZl\mxdimg_c¢ ijhl_dZxsbc \ gZklhys_ _ \j _fy ih
\j_aZeky \ \h*hmihj gz k f

< jlbdZevguZaj_ _ahj gghlh [_j_1Z ij_"~klzZz\e_g \ 1Z[ebp_
ih\_joghklb ihqg\u f ;K
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Jbkmgh&_klhiheh  _gb_ \ nmgdkl]dzZz MijzZ\e_gb_ \h_ggd®-BTith]jZnh\
dzjlz Jh~rz fzZkrlZ] \ gZal\Zgbyo »~_j_ \ _gv “hims_gZ t
©FboZceh\zZ?2 kgblZmv I©1 _Ibobgz2 b gZh[hjhl
Figure 5. The location of the upper locality. Management of military topographers O-36-87-B,
map of 1932, scale 1:50 000 (a mistake was made in the names of the villages: instead of
SOLNKDLORY” \RX VKRXOG UHDG 333HWLNKLQD " DQ
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LZ[ebpZ<_jlbdZevigwd gguc jZaj_a ih ijZ\hfm [_j_]m klZjbpu j Ihjm

L Z [ e b @ X ertical soil section along the right bank of the old Porusia River

. iehlghklv| iehl ihjb
) . fhs \eZ ihjb
jZaj_a _kl_kI\_gg ghklv | klhklv
ghklv| ghkl) kKlhkl
aZe_]Zgtk oh]h oh]h
ihg\_gguc k| 0-0,65 - - - - -
km]ebghd 4]
, 0,65-
dhjbgg_\uc 105 0,24 2,08 0,23 1,84 0,32
sbgh\Zluc ’
kmi_kv djzZk 1,05-1,6] 0,24 1,91 0,29 1,67 0,38
km]ebghd dj] 1,6-1,8| 0,48 2,12 0,22 1,64 0,39
kmi_kv k_jZy
1,8-20| 0,43 2,05 0,23 1,62 0,39
ghkgZy
kmi_kv k ijh
2,0-3,3| 0,38 1,80 0,33 1,52 0,43
dZfb km]ebg
kmi_kv dhjbg 3,3-4,45| 0,51 1,82 0,32 1,32 0,51
| 4,45-
kmlebghd dj! 0,37 2,11 0,22 1,73 0,36
4,55
kmi_kv k_jZy
_ 4,55-4,6| 0,45 2,10 0,21 1,65 0,38
ghkguc ]hjbg
iylgbkluc km
_ 4,6-5,0| 0,36 2,20 0,19 1,84 0,32
ghd iehlgu
djZkguc km]e
_ 5,0-5,45| 0,38 2,22 0,18 1,84 0,32
iehlguc
kmi_kv k_jZy 5,45-
, 0,47 2,10 0,21 1,63 0,39
dha_jgbklZ 5,65
k_fhhem[hc
, 5,65-5,9| 0,43 2,31 0,15 1,88 0,31
]Jebghd iehl
djZkguc km]e
_ 59-74 | 0,37 2,20 0,19 1,83 0,32
iehlguc
i_khd “_elu
_ _ 7,4-10,0| 0,36 2,04 0,24 1,68 0,37
kj_"g_a_jgb
i_kgzZgbd k_| 10,0-
_ 0,38 2,14 0,20 1,76 0,34
iehlguc 10,7
kmi_kv 10,7- 0,38 2,07 0,22 1,69 0,37
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Kehb Ijm~rghjzZafulZ_fuo nex\bh]JeypbZevguo km]ebgdh\ bt

fhsghklv \k_1h f Gb _ azZe_ 1zZxl| e_]dhjzafu\Zz_fu_ kmif kb h[s_
>Ze _ ih~" f keh_f iehlguo km]ebgdh\ hiylv gZoh”blky fo\
]Jhem[hc f_edha_ kaghikldid  dhlhjh]h Iy _eu_ Ijm~ghjZafulZ_fu_ Jhe
djZkgu_ km]ebgdb h[s_c fhsghklvx hdheh f ?s_ gbb_ kj_"¢

ih~"klbezZ fu_ iehlguf i_kgzZgbdhf fhsghklvx “h f k hif_Idhc ih~hr\

gZebabjmy ~Zggu_ jZaj_az ffu\gh kgl zZHdhjhklv \_jlbdZev:
jZafu\Z bf _eZ yjdh \ujZ _gguc ~bkdj lguc oZjzdl_j GZklgZdghjZz
\_jIlbdZevgZy wjhaby j _adh azZf_"eyeZkv b khklZ\eyeZ lukkqglt e |
jZaful\Zebkv \' | _gq_gb_ klhe_Ibc \ughkbfuc fZI_jbZe ~Z\Ze j_d_ \ha
ih 1 _g_gbx ihcf_ggu_ b gzZ”~ihcf_ggu_ | _jjZku

lhkejZaful\km]ebgdh\ ijb "hklb _gbb hif_Ihd f kdhjhklv j.
\hajhkezZ b gz jzZzkkfzljb\Zz_fhf mqzZkld_ aZ g_kdhgvahh&bltyefhbhez\ _
Ahklb]Jgmlv  f

< khhI\_IklI\bb k *jm]hc ]bihl_ahc jmkeh \' I _q_gb_ \k_pb\j f g

jZkihez]Zejbdvjgh gz |Ihf “~_ f_kl_ ihkl_i_ggh \j_aZykv \ ih”*klbe.
E_\h[_j_"gu_ ijblhdb 1zZzd _ \iz~Zeb \ wlbo "~_ f_klZo H~*gZdh
\izr"Zxs_1h \ur_ ~ 1_Ibobgh jmqg |_Ibobgkdbc \ ijhrehf ijbgz~"

\iz"Zxs_fm gb _ ~ IlhelhjZgh\h jmq IlhelhjZzgh\kdbc jbkmgt
jmg _Ibobgkdbc jZkihez]Z |ky ijzdlbq_kdb i_ji_g~bdmeyjgh "hebg.
himkdzZgby [ZabkZ wjhabb mdehgu _]h jmkeZ kms_klkl\ggmghm\_el
\hajzZzklZe _]1h wjhabhgguc ihl_gpbzZe < j_amevlZl_ iylys_cky wjl
"hklblezZ jmkeZ jmq IlhelhjZgh\kdh]h b ijhbahr_e i_j_o\Zl \_joh
ihemqzZy ijblhdzZz _]1h jmkeh \ wlhf f_kl_ ~_]jZ”"bjh\Zeh b\ ijZdlb
gZklhys _\j _fy \' j _ev_n_

\lhjuieZgbjmibjh~*he blv ihe_\u_ bkke_"h\Zgby gZ j Ihjmkv_
\uihegblv ijh\_jdm \u”\bgmluo ]bihl_a

<u\h”u

Kdhjhklv \_jlbdZevguo ~_nhjfZpbc j Ihjmkvy \ jZchg_ ~ FlI
hp _gdzZf khklZ\beZeakhl ~h f

< hlghr_gbb jZa\blby j Ihjmkvy \ jZchg_~ |1 _Ibobgh \u”\bg
khljeZkgh h~ghc ba dhlhjuo \ _ebgbgzZ \} _aZ jmkeZ fh]leZ "hklb]Zlv
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F?LH>HEH=BY B F?LH>BD: BKKE?>H<:GBC
METHODOLOGY AND RESEARCH METHODS

M>D DOI: 10.34753/HS.2019.1.3.003
FBGBF:EVGUC KLHD J?IMINIMUM FLOW OF RIVERS OF
Q?IJGHFHJKDH=H IH;?J?(HE BLACK SEA COAST OF THE
JHKKBB RUSSIA

FE FzZjdh? < =mj_\YbX<bgh]jZ* hMikhail L. Markov!, Elena V. Gurevich
Alexey Yu. Vinogrado¥

l=hkm~Zjkl\_gguc ]b”rjheh]bq_ !State Hydrological Institute, St. Peters.
Iml ] Kzg¢gdl _j[mj] Jhkkby burg, Russia?Scientific and Industrial Re

2HHH GIH ©=b”jhl_oijh_dI search Association Gidrotehproekt,
] <Ze”"Zc Jhkkby Valday, Russia
2014mml@gmail.com 2014mml@gmail.com

'gghlZpb&Z j_dZo Q_jghfhjkdh Abstract. There are currently only 8 hy
vy Jhkkbb \ gZklhys _ \j_fy n drological posts on the rivers of the Bla
\k_Th ]b~rjheh]bg_kdbo ihklh' Sea coast of Russia. Dozens of rivers in
j_]bhgZ g_ hk\_s gu ~Zggufb region are not covered by observatiol
glh hkeh gy _ | jZzkq_lu fbgbfZz data, making it difficult to calculate the mil
j_d ~ey j_r_gby \hijhkh\ hojZg imum flow of rivers to address the prote
\Zgby \h”guo j_kmjkh\ P _ev j. tionand use of water resources. The ain
_Iky \ hij_~ e _gb_ oZzZjzdl_jbk the work is to determine the characterist
gh]h klhdZ g_bamqg_gguo j_d ofthe minimum flow of unexplored river
ih[_j_"vy b \uy\le _gbb _]h ijhk oftheBlack Sea coastand toidentifyitss
g_h~rghjh”~ghklb tial heterogeneity.
< bkke_ "h\bgblymvah\Zgu ~Zgg!' The studies use observation data at 24 p
N gbc gZ ihklzo Jhk]b~jhf_ of Roshydromet (active and closed in the
sbo b aZdjuluo aZ i-jbh?] b riod 1926-2011) and results of summer
amevlZlu e Igbo f_° _gguo ]b” tergenerational hydrometric surveys carr
out in 2007 and 2008 by the State Hydrolc

ical Institute on 44 rivers.

Markov M.L., Gurevich E.V., Vinogrado®.Yu. Minimum flow of rivers of the black sea coast of the Rus
Hydrosphere. Hazard processes and phenom20&9, vol. 1, iss. 3, pp. 408-425 (In Russian; abstraeng:
408 |ish). DOI: 10.347534S.2019.1.3.003
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kt fhd \uiheg_g

guo \

b

AZjikI\_gguf ]b”jheh]bqg_kdbf b

4471 dZo

< dzZq_kI\_ hkgh\guo jZkg_lguc
Ney jZchgZ ijbgylu fbgbfZevgb

kmlhgguc b kmlhgguc

jZkoh”nt

fobgbfZevgh]h klhdZ g_bamqg_g
g_9g gZ hkgh\_ ~Zgguo wibah?”
lh\ gZ[ex"_gl

gbc b j_amevlZz
Jhk]b”jhf_1Zz
MklZgh\le_gh ql

h ~h Kj_

k[hjZ hdheh f fobogbfZevgulb
kmlhqgu_ jZkoh”~u \h”u baf_gy
rhf "bzZiZahg e %hdf K ih\ur_g

\ukhlu f_klghklb

\ur _

f\j_

k_cgZo gZ[ex™Z_|ky azZf_lguc

ghlh j_gghlh kihdZ

<uiheg]hbgt

jheh]bg_kdh_ jZchgbjh\Zgb_

fbgbfZevghfib kmlhgqghfm klhdi
jZchgbjh\Zgbb \u®_e_gu
2ih"jZchgz k jzZagufb]_rmjpdbrdld
kdbfb b ]b”jh]_heh]bg_kdbfb n
fbjh\Zzgby fbgbfZevgh]h klhdz

Hp_g_gZ ih\lhjy

_fhklv

hkgt

fZeh\h

gbkeZ kemqgzZ_\ fbgbfZevgh]h k

ghklvix _\ur_gby -

GZb]

\lhjyxsZyky dZIl_]lhjby fZ
8 kemqgzZ_\
ylgZy Jb~jheh]bg_kdZy kblmZp

©h~bghgguc ]hna

dh]*Z fZeh\h”gu

e lgb_

he
eh\h

i_jb

xlky g_j-—alh”*Z bedjd\Zh"Z ih"j

Fzjdh\' F E =mj_\bqg ? < :

kbb// =bAjhkn_jZ
DOI: 10.347534S.2019.1.3.003

A minimum of 10 daily and daily water cot
sumption per year has been adopted as
main design characteristics for the area. "
calculation of the minimum drain of une
plored rivers is made on the basis of the ¢
of occasional measurements and the res
of observations at the posts of Roshydron
It has been found that up to an aver:
catchment height of about 700 m, the mi
mum average 10-daily water flow rates v
in a small range (up to ® V?)NWith the
elevation of the terrain rising above 700
there is a marked increase in minimal riy
runoff in river basins. Geographical and t
drological zoning of the territory by the mii
imum 10-day river flow was performe
During zoning 4 main areas and 2 sub-c
tricts with different physical-geographic
and hydrogeological conditions of fo
mation of minimum river flow have bee
identified.

The repeatability of shallow years - numb
of cases of the minimum drain of the rive
the probability d H[FHVV RI -
mated. The most often repeating categor
shallow yearst VLQJOH \HDU
cases). An unfavourable hydrological sitt
tion occurs when low-water summer peric
are repeated after 1-2 years or two-th
years in a row. These years tend to see
winter intergenerational and spring floc

age.

XbghgjgZre\wguc klhd j_d Q_jghfhjkdh]h
HiZzkgu_ ijhp_kku b yle_gby<uB Ki08425.
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wlb Jh~u dzZd ijZ\beh gZ[ex’

abfgyy f_"_gv b \_k_gg__ iheh Keywords: rivers of the Black sea coast
Dexq_\u_ keh\d@b Q_jghfhjkdh Russia; unexplored rivers, minimum riv
j_v_ Jhkkbb fbgbfZevguc kIt flow; statistical calculations; measured w

klbg_kdb_ jZkgq_lu baf_j_ggu_ ter consumption; zoning; repeatability
jZchgbjh\Zgb_ ih\lhjy_fhklv fz |ow water

<\_"_gb_

FbgbfZzevgu_ jZkoh”u \h”u hij_~ _eyxsb_ kh[hc \h*gu_ j_kn
fZeh\h~gh_\j _fy Th~Z ij_~klZ\eyxl [hevrhc ijZzdlbg_kdbc bgl_j_ k |
j_r_gbb jZaghh[jZaguo \h”hohayckl\_gguo azZ”~Zq \h”"hKgX[ _gb_
ijhfure _gguo b k_evkdhohaycklI\ _gguo ij_"ijbylbc Z 1Zgbylbjd jZaj
ih hojZzg_\h”guo j_kmjkh\ < gzZklhys_ _\j_ fy i_j\uglZkehggd | mazeNga
"ey Q_jghfhjkdh]lh ih[_j_"vy Jhkkbb A" kv \ ihke_~gb_ ~\Z "~ _ kylt
kljhbl_evkl\h j_dj_Zpbhgguo kihjlbhgdbtjb\lel_ev[gho h[t_dlh\ IThwl
m\_ebgb\Z_Iky \h~hihlj_[e_gb_ b khhI\_IklI\_ggh Zgljhih]_ggZy
fZeu_ jldkf_kl_ k |I_f bamg_gghklv fbgbfZevgh]h klhdZ fgh]lbo j
ihalhey | ihemqgblv gZz~_"gu_ jZkq_lgu_ ]b”jheh]bg_kdb_ b¥jzdl_j
mklhcgb\h]h \h~hihevah\Zgby b jzZajzZ[hldb f_jhijbylbc ih hojzZg_
[hevrbgkl\_ dhlhjuo g _| ]b”jheh]bq_kdKbZpgheXxfgwybcgZ[ex™ _gby

]b~rjheh]bg_kdbf j_ "bfhf j_d ijh\h~"bebkv g _j_ ]meyjgh \ jZagu_
dhebqg_kl\h ihklh\ b hgb g_jz\ghf_jgh jzZkij_~_e_gu ih I_jjblhjbb

A _ckl\h\Zeh ithklz gzZ[ex”_gbc \oh”ysbo \ Jhkm~ZjklI\_ggmx |
gZklhys  \j_fy nmgdpbhgbjm_|I ihklh\ gZ[ex”_gbc IThwlhfm y\

\hijhku jZzkg_1Z fbgbfZevgh]h klhdZ j_d ijb hlkmlkl\bb "Zgdwo gZ[e
ijhkljZzgkl\_ggu_ hkh[_gghklb _]1h nhjfbjh\Zgby \ JhjZo

lh 1_jjblhjbb Q_jghfhjkdh]lh ih[_j_"vy ihke_~gb_ h[h[s_gby fbc
[ueb \uiheg_gu ijb jZzajzZ[hld_ >lhkh[b_ « @ k bkihevdlgwzgb f
1970-0 1h”~h\ 1jb\_~ ggu_ \ mdZaZgghc jZ[hl_ ~Zggu_ g_ ihal\heyeb
agZq_gby fbgbfZevgh]h klhdZ fgh]lhgbke_gguo fZdbbph g Zithmsg g

1Hp_gdZ \ha”~_ckl\by gZ hdjm Zxsmx kj_"m ih |_f_©JZaZX[kl|dghijh_dIQ _K®HHBH -
fhjy2 Djzkgh~"Zj k
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Ilhwlhfm hkgh\gZy p_ev ”"Zgghc jZ[hlu aZdexqZeZkv \ hij_"_
fbgbfZevgh]lh klhdzZz j_d Q_jghfhjkdh]h ih[_j_"vy b \uy\le_gbb ]
g_h~rghjh~rghklb gZ hkgh\_ijb\e_q_gby ~hihegbl_evguo %®Zgdguo d
ihklzo Jhk]b”jhf_IZ " _Hgguo ]Jb~jhf_Ijbg_kdbo kt_fhd \uiheg_
=hkm~ZjklI\_gghf ]Jbrjheh]bqg_kdhf bdkliiMn@==BZe _

FZl _jbZeu b f_Ih~u bkke ~h\Zghy

>ey "~hklb ' _gby p_eb j rZebkv ke _"mxsb_  azZ”Zgb ] Z Kk
o0ZjzZdl_jbklbd fbgbfZevgh]h klhdZ j_d \ imgdlZo gZ[ex™hagbc \i
]b~jhf_Ijbgq_kdhc kt_fdb gZ fZeuo g_bamqg_gguo j_dZo hp_gd
jZKij_~_e_gby o0zZjzdl_jbklbd fbgbfZevgh]h klhdZ b ZgZeb@uoh\lhj
jZkoh”~h\ \h~u j_~dhc \_jhylghklb ij_\ur_gby

lhklu Jhk]b~jhf _1Z jZkiheh  _gu gZ jZ\gbgguo beb ij_"]hj
kjz\gbl_evgh [hevrbo j_d Q_jghfhjkdh]h ih[_j_ vy Jhkkbb GZ
ijh\h*"bebkv g _j Jmeyjgh \ jZagu_ i_jbh”u f_gyehkv dhebqg_kl\h
baf g _gbc fghlhe Ig _]h j_"bfzZ fbgbfZevgh]h kihdZ jgd[ékx?*hgbah\Z
gZ ihklZzo Jhk]b”jhf _|Z jZkiheh  _gguo \ jZaguo jZchgZo Q_jgt
ljh~"he bl _evghklv i_jbh~Z gZ[ex™_gbc baf_gy_Iky hl N h e | a
1926- 11 9z ihklZo gZ[ex”_gby \_ebkv [he__ e_|

< dzZq_kI\_ hkgh\guo jZkq _lguo o0ZjzZdl_jbklbd ~ey jdechgZ ijb
]h~ m-Ib kmlhgguc b kmlhgqguc jZkoh”u \h”u 1Zd dZd gZ bkke_"m
[u\Zxl i_jbh”u [héb kmlhd [_a \uiZz®_gby hkzZ~dh\ beb bgl_gkb\gh]h
ihdjh\Z b e_"gbdh\ \ ]hjZo ><ezZ”bfbjh\ @ Bkihevah\zZgb _
h[h[s_gbb o0Zjzdl_jbklbdb fbgbKhékgohih klhdZ g_ bkdexqz_|I| '
iZ\h~dh\ glh g_ Ihevdh azZ\urz_ | wlm \_ebgqbgm gh Imxh[mke
g_h”ghjhrghklv fbgbfZevgh]h klhdZ jZaguo ih \h*"ghklb eguo Ih _k
\dezZz”~h\ ih~"a_fguo b ih\_joghklguo \h™ \ nhjfbjh\Zgb_ fbgbfZevgh]h

Ih j_amevlzlZf gZ[ex™ _gbc gZ ihklZo Jhk]b~jhf_1Z \uiheg_g j-
\ ]Th*mIb kmlhggh]h b kmlhggh]h klhdZ j_d k i_jbh~hf gZ[ex"_gb
17 ihklh\ Hij_ ~ e _gb_ jZkg_lguo fbgbfZevguo jZkoh”~h\ \h”u j_d i
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lj_ [h\Zgbyf K101-2003 < ijhp_kk_ klzZlbklbg_kdhc h[jZ[hldb jy~h\ fE
klhdZ \uihegyeZkv ijh\_jdZ ~Zgguo gZ h~ghjhAghklv hp_dHZ wdk
kIZIbkibg_kdbf djbl_jbyf >bdkhgZzZf[KZbjghkEZZgpbhgZjghklv ih djb

Klvx® _glZ b Nbr_jZ Ba ithklh\ k i_jbh~hf gZ[ex™ _gbc [hE&__ €
klZlbklbg_kdb g_h”ghjh”rgu_ jy*u >ey fbgbfZevgh]lh klhdz j_d \I
jy*h\ gZ[ex™_gbc g_ bf__I kms_KklI\_ggh]h agZq_gb¥y_ lhhlkdBevdr

hij_ ~ e _gby fbgbfZevgh]h i _jbh~Z ij_ ~mkfzZljb\Z_| \u”_eggb_ ] _g.
\_ebgbg klhdz ?keb \ ijh~he  _gb_ \k_]h k_ahgZ gz j_dlh ijhoh
kh[exklb mdZazZgguc ijbgpbi \u”_e _gby i_jbh”~h\ fbgbfZelagh]h Kk
hrghjh~rghklv jy*"Z gZ[ex”_gbc gZjmrZ_Ilky FbgbfZevguc klhd \ 1Z
gZb[hevrbc ?]h wfibjbqgq_kdzZy h[_ki_qg_gghklv \_kvfzZ fZé&ZgzZ khh
de Iqzld_ \ _jhylghkl_c¢ hldehgyxlky j_adh \\_jo hl h[s_]h gZijz\
gZ\_~_gbb wfibjbg_kdbo djb\uo jzZkij_~_e_gby \_jhylghklbckhZdb _
lhgdb mqgblu\Zlv g_p_e_khh[jZagh |_f [he__ qlh ijb jZkqg_y%o fbgkt
gZklv djb\hc h[_ki_q_gghklb g_ ij_"klzZ\ey_ | ijZzdlbgmkdhja Dgl_ j_
gZb[he_ _ [eZ]hijbylgu_  kemqZb \ hilghr_gbb \h”hh[_ki_q_gby
hldehgyxsb_ky Ihgdb \ gb"'g_c qzZklb djb\hc h[_ki_q_g6hkdbkilke i
b k mq_Ihf “ebl_evghklb jy*Z gZ[ex®_gbc g_h[oh”bfh iheghklvx
jZkq _Ih\ ij_~klZ\e_gu \ |Z[ebpZo b

J_"bfgu_ ]1b”jheh]lbg_kdb_ ihklu gZ j_dZo Q_jghfhjkdh]lh ih[_]
djZzcg_ g_jzZ\ghf_jgh b [_a mq_IlZ ]b”*jheh]bqg_kdbo hkh\[_gomiklfne ba
"ey ihemqg_gby ~hihegbl_evghc bgnhjfZpbb ih g_bamqagguiyfZetr
ijhkljZgkl\_gghc g_h”~ghjh~ghklb fbgbfZevgh]lh klhdZ ih jZkkfzZljt
[ueb \uiheg_gu \ b 11 N=;M ©==B2 ~\_ f_ " ggu_ ]b”jhf_Ijb
44imgdlZo gZ j_dZo jZkihehgZgwab:he¢ 1jZ 1 j q_gv j_d k hij_~_ e g
iehsz”ryfb b kj_~gbfb \ukhlzfb \h~hk[hjh\ Z 1Zzd _ j_amevlZlu baf_
ijb\_~_gu \ 1Z[ebp_

2KI -101- Hij ~ e gb_ hkgh\guo jZkq_lguo ]b*jheh]bq_kdkhklphzcZadN {zklibd F
e__kd -101-2003
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LZ[ebpzZBaf_ j ggdkoh”u \h~u \ f_° ggu_ i_jbh”u b ]h”~h\
Table 3 Measured water consumption in the 2007 and 2008 interannual periods
<h~hlhd Kj_"gyy .\u Ieth.’\v 1hA lh~
\h~hk[hjz| ~hk[hjz?| >ZI| f3 k| >ZI| f3 Kk
E_\uc ijblhd ;_r_gdb =WK 1534 3,64 19.10, 0,13
,_r_gdzZ m fhklz 1393 4,89 19.10/ 0,005
E_\uc ijblhd ;_r_gdZ Z fhkl 1381 6,3 19.10, 0,19 [20.10, 0,42
ljZ\uc ijblhd ;_r_gd®f hl e_\H 6 20.10, 0,088
,_r_gdzglk _ fhklz f 1327 13,7 19.10, 0,34 [20.10, 0,56
,_r_gdZmt\h~haz[hjZ 1293 14,8 19.10, 0,27
‘qbik_ntklv_ 141,2 20.10, 9,49
:qbik_dhj*hg EZngj3f jhklzZ 1520 135,17 [19.10 3,74
OhklZ ®hklZ 410 94,85 [20.10/ 1,11 [20.10] 3,9
KhgbiHezZklmgdZz 840 249,9 [20.10| 3,17 [20.10] 11,4
DmA_iklZ m klZjhlh Z ~ fhkl 372 86,1 20.10| 0,23 [21.10, 0,96
FZp_klZ m Z f fhklZ 344 68,7 20.10| 0,22 [21.10, 0,76
Oh[aZ m Z f fhklZ 253 21,42 |20.100 0,06 |21.10] 0,37
[ g mt_arZ Kkehgbdb m Z f 367 1,9 20.10f 0,005
Qmomol m Z f fhklz 389 14,4 20.10| 0,061 [21.10 0,17
Pmko\_~" m Z f fhklZz 474 28,1 20.10| 0,096 [21.10| 0,28
G_h"b”"ZggzZy m Z f fhklz 9,36 21.10, 0,04
FZdhik_ m Z f fhklZ 372 39 21.10 0,054 [21.10] 0,24
<h”hiz*guc m Z f fhklZ 225 2,3 21.10/0,0002[21.100 ©
<brg_\Zy m Z f fhklZz 3,5 21.10| 0,0035
Rmxd m Z f fhklz 342 10,9 21.10 0,019 [21.10| 0,037
FZljb m zZ f fhklZ 191 4,33 21.10/ 0,0001]21.10| 0,0035
LmZikBg”xd 386 78,2 22,10 1,66
LmZiki Bgrxd m fhklZz 386 111,5 [21.10/ 0,095
LmZikijht_a” ih”r > A~ gb _ IP 240,5 22,100 3,10
LmZik _d&t hl =WK \\_jo ih I_g 398 313,7 |21.10 0,38
DZ[Zd m Z f fhklZ 267 21,9 22.10 0,06
Lm m Z f fhklZ 282 18,2 22.10 0,079
;"bA m Z f fhklz 213 7,35 21.10 0,007 [22.10/ 0,020
L_r_[km2Zffhklz 233 13,47  [21.10/ 0,004 |[22.10 0,0035
L_dhkjabihHkbih\dZ 224 86,8 21.10| 0,043 [22.10 0,23
;_11Z m Z f fhklZ 23,8 22100 O
[_j*ZixK\_leuc 59,7 22100 O
Ohl_pZic>Zgohl 219 11,7 22.10| 0,002 [22.10| 0,007
> Zgohh tjZzkdh\__\dZ 283 34,1 22.10 0,011 [22.10| 0,021
> Zgohimklv_ 49,3 22.10 0,013
RbjhdZy ;ZedZ m Z f fhklZz 205 15,3 23.100 0 [22.10/ 0,0025
Ha_j_cdZ m Z f fhklZ 70,2 22.10| 0,005 [22.10/ 0,006
>xjkh m zZ f fhklz 194 51,9 22.10| 0,031(22.10 0,003
Kmddh m z f fhklz 189 87,6 22.10| 0,037 [22.10/ 0,020
> [_jdZc m Z f fhklZ 413 17,2 22.10 0,013
R_ikb f\ur_ Z f fhklZz 365 54,5 21.10 0,039 [22.10 0,14
> A _jdZ m Z f fhklZz 413 17,2 21.10[ 0,013
RZo_khehdme 423 22,100 10,0
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HAgh\j_f _ggh k baf_j _gbyfb klhdZ gZ g_bamqg_gfuoghbylZo \
jZkoh”~h\ \h~u gZ ihklZo JhKJbBjhévbauf i _jbh~hf gZ[ex”®_gbc jZkihe
gZ j_dZo Ohklz Khgb >xjkh WIh iha\hebeh hij_~_eblv \h~ghkl
]b”rjhf_ljbg_kdhc kt_fdb ih hlghr_gbx d _z fghlhe_Ig_&lbdf_ggb\
ijb\h~Adm wibah”bqg_kdbo baf_j_gbc klhdzZ d jZzkdklgud & dgZ gh "gdbdytfc\ k
baeh' _gghc \3jE[Hl hjheh]bgq_kdb_ mkeh\by ijh\_~ gby f_ ~ gghc ]b
kt fdb [he__ [eZ]hijbylgu_ [ueb \ ] dh]”*Z \ I _g_gb_ k_gly]Jjy
\uizr"Zeb hkz~db azZ bkdexqg_gPBatufluyohiv_\ j] ~h ~b \ i_jbh" f_"_
ijhoh”"beb i_jbh~*bq_kdb b gZ jZaguo \h”hk[hjZo Ihwlhfikdboijb\_
"Zgguo baf_j _gbc jZkoh~h\ \h~u d fgh]lhe _Igbf oZjzd!|_jbklibfdZf bki
j_amevlZlu ] Zj_amevlZlu kt_fdb ] bkihevah\Zgu “ey dhjj
j_d ijb jZchgbjh\Zgbb

J _amevlZliu b h[km ~_gby

Ih ~"Zgguf fgh]lhe Igbo gZ[ex” _gbc gZ ihklZo Jhk]b”jhf_|Z
fbgbfZevgll®]lbh kmlihggh]lh b kmlhqggh]kjkt*gdZhjfglhthe Ig_1]h
95%-ghc \_jhylghkl_c¢ ij \ur_gby JZkqg_| klhdZ g_bamqg_ggufo j_d \i
k\yab baf_j_gguo jZzkoh”h\ \h”u kh kj_"gbfb fghlhec Ngbhlylghkli
ij_\ur_gby fbgbfZevgudbkmlhqgufb jZkoh”~Zfb \hZwpAehliZdZohklZo
Jhk]b~jhf _1Z k dhwnnbpb_glhf dhjj_eypbb J amevlZlu jzZlI
fbgbfZevghi]lbb kmlhggh]h klhdZ ijb\_~ gu \ IZ[ebp_

S F _|h*"bg_kdb_ j_dhf_g~Zpbb ih hij_~ e gbx jZkqg_lgulo jptkdprdetijb qh kkdiblk | 'olidj Z:
NZgguo ]brjhf_ljbg_kdbo gZ[ex" gBkIKKHy G_klhj k
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LZ[ebpZFbgbfZevgub kmlhgguc jZkoh” \h”u
Table 4. Minimum 10-day water consumption

X

< —
>S5 N L 4 O v
— =70 S5 JZkoh”™ \h* i Fh mev e?) k d
< | >° o<
> < N <
<h”~hlhd ~ | N—= 1= 9
P52 =7 | ki_rgy ?5./‘;]9?" Ki_AgH 95%ghc \_j
s =% <& fghth| '=)"Y'91 fghih| yighklb ij
A S o e _Igb kib ij_\y g lgb \ur_gby
m - r_gbhy - -
S PN T_C ysas | 364 | 013 | 0133 | 0,064 36,4 17,7
[jZ\uc ijbihd :_r_{
fhK1Z Kihygdy 77§ 1381| 63 | 019 0,194 0,094 30,8 14,9
" r _gdak _ fhkiz
f hkg jmkeh ih| 1327 | 13,65 0,34 0,347 0,168 254 12,3
\iz~ gby ijblhdh\
. r_gdZnt\h~haz[H 1293 | 14,7 | 0,27 0,275 0,134 18,6 9,0
qbik_dhj"hg EZm 10501 1351 | 374 3,81 1,85 28,2 137
Fg ]f ihklz
Dm~ iklz m z f ]| 372 | 86,1 | 0,23 0,235 0,114 2,7 1,3
FZp klZz m z f fhi 344 | 687 | 0,22 0,224 0,109 3,3 1,6
Oh[az m Z f fhklZ 253 | 21,42| 0,06 0,061 0,030 2.9 1,4
Omomol m Z f fhk| 389 | 14,41| 0061 | 0,062 0,030 43 2,1
N
Engsz\t—a ZNVKKE 3621 19 | 0005 | 0005 0,002 2,7 1,3
Pmko\_~  m Zz f fH 474 | 280 | 0,096 | 0,098 0,048 3,5 1,7
ijz]%h tk_\ur_ 211 525 | 39 | 0054 | 0,055 0,027 1.4 07
Rmxd m Z f fhklz| 342 | 109 | 0019 | 0,019 0,009 1,8 0,9
<h~hiz~Aguc m Z f| 225 | 2,3 | 0,0002 0 0 0.1 0
FZ]jb m ihklz =:8 191 | 4,33 | 0,0001 0 0 0 0
R_ikb T \ur_ Z| 455 | 544 | 0039 | 0040 0,019 07 04
fhklz
> A jdzm Z f thk| 413 | 172 | 0013 | 0,013 0,006 0,8 0,4
Dz[zd m Z f fhkiz] 267 | 218 0 0 0 0
Lmm Z f fhklzZ 282 | 18,2 0 0 0 0
“bAm Z f fhklz | 213 | 7,35 | 0,007 | 0,007 0,003 1,0 0,5
L r_ [k 233 | 13,4 | 0,004 | 0,004 0,002 0,3 0,1
L_dhk gZ \u_a”_ |
BT, 224 | 86,7 | 0,043 | 0,044 0,021 0,5 0,2
Ohl_pZic> Zfohl m
A 219 | 11,7 | 0,002 | 0,002 0,001 0,2 0.1
;big ohb #jZkdh\_§ 593 | 341 | 0011 | 0,011 0,005 0,3 0,2
Ha_j cdz=¢ [h\dZ 165 | 32,4 | 0,005 | 0,005 0,002 0,2 0.1
>xjkh 194 | 51,9 | 0,031 | 0,032 0,015 0,6 0,2
I‘flr;d dh kmddh m 2,49 | 576 | 0037 | 0038 0,018 04 0.2
RbjhdZy ;Zewk v | 205 | 153 0 0 0 0 0
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< jZkij_~_e_gbb \_ebgbg fbgbfZzevgh]h klhdz j_d ih I_jjblhj
ih[_j_"vy hlf _g_gu aZdhghf_jghklb bf_xsb_ h[sbc ozZjzdl_j \ul_d
ahgZevghklb Hkh[_gghklvx nhjfbjh\Zgby fbgbfZevgh]h klhdZz
ih[ _j_"vy Jhkkbb y\ey Iky m\_ebqg_gb_ f_ ' ggh]\hklhdZgkhak\yaZgh
k baf_g _gb_f h[s_c h[\h~*g_gghklb | _jjblhjbb \ wlhf gZijZ\e
]Jbrjh] _heh]bq_kdh]l]h b debfzZlbg_kdh]h nzZdlhjh\ ijhy\ey Iky ijb
0Zjzdl_jz baf_g_gby gbadh]h klhdZ j_d k \ukhlhc f_klghklllo Mklz
\h~"hk[hjZ hdheh f fbogbfZevgub kmhWgdgu jZkoh”u \h”u baf_gy
g _[hevrhf ~bZiZahg k #h K ih\ur_gb_f \ukhlu f_klghklb \ur_ wlhc h
j_qguo [Zkk_cgZo gZ[ex"Z_|ky aZzZf_lguc jhkl fbgbfzZevigth]jgmh _ggh
h[mkeh\e _gguc jhklhf Jem[bgu wjhabhggh]h \j_aZ jmkeZ b Kkhhl\
h[{t_fh\ ~j_gbjh\Zgby j_dzfb [Zkk_cgh\ ih”a_fguo \h~ iblZgb_ d
bgnbevljZpbb ZIfhkn_jguo hkz~dh\ jZklmsbo k \ukhlhc

lhemqg_ggZy aZ\bkbfhklv j_qgh]h klhdZ \ fZeh\h”~guc i_jbh”*
\h~*hk[hjZz jbkmghd b m\_ebq_gb_ j_qgh]lh klhdZ k aB\B"WZ gZ
]_hljZgb”jheh]bqg_kdh]h jZchgbjh\Zgby | _jjblhjbb ihb fhobhzZegthdmfm
klhdm j_dghc \_jhylghklb ij \ur_gby

JbkmghdjZnbdkbyab fh"mey fbgbfZéelwdmbhqgh]h klhdz j_d
80%-ghc \_jhylghklb ij_\ufexghby kB kj_~g_c \ukhlhc \h{)hk[hjzZ G
Figure 1. Graphs of the connection module of the minimum 10-day river flow 80% probability

of exceeding (Mo-day 8029 With an average catchment height of{H
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< j_amevlzl_k_jbc jZkg_Ilh\ ih hij_~ e _gbx iehszZz”_c¢ b kj_"g
gZ baf_j_gguo j_dZo jzZkq_lh\ h[_ki_q_ggud amgklqogblkkkbrdzfjla |
baf _j gguo j_dZo ih f_Ih~"dduebahphifly gZ[hj *Zgguo ih imgdlZf

GZ i_j\hf wlZi_ jZchgbjh\Zgby J[ueh \uiheg_gh \u”_e gkt
hrghlbighklb Abdbdainbg_kdbo b debfzZlbg_kdbo mkeh\bc nhjfbjh\.
<lhjhc wlzZi \dexqZe \ k_[y dhjj_dlbjh\dm ]jZgbp jZchgh\d \aft_e_ g
ijhkljzgkl\_ggh]lh baf_g _gby \ _ebgbgu fh*me_c¢c j_qgqgh]h kihwdz L
| _jjblhjbb g_ [ueZ ho\Zq_gZ ihe_\ufb jZ[hlIZfbisihemlqGp §ZegZk\yav
bkihevah\ZgzZz ~ey hp_ghd ijhkljZgkl\_ggh]h baf_g_gby \_e¢bdibg kIl
iml_f hij_~ e _gby bo kj_"g_c \ukhlu \h~hk[hjZ G _h~ghjh~ghklv
debfZlbq _kdZy ahgZevghklv yl\eyxlky ijbgbgZfb kms_klI\ _gguo
nhjfbjh\Zgby klhdzZ j_d Q_jghfhjkdh]h ih[_j_“vy Rbjhdbc "bZiZahc
fbgbfZevgh]h klhdZzj kletbaghklb ]1b”jh]_heHRprghkdmdd kdbo mkeh\
]hjguo jZchgh\ b bo keZ[Zy ]b"jheh]bq_kdZy bamq_gghklv g _iha\tl
jZchgbjh\zZgb_ [|_jjblhjbb kihkh[hf bahebgbc JIhwlhfm jZchgbjh'
kihkh[hf dhebq_kI\ _ggh]lh nhgZ >Lhigbeh\ JhfZrh\Z Gbdhez \Z
jZchgh\ hkms_kl\eyehkv k mq_Ihf ]JjZgbp \h*hjZza”_eh\ b \ukhlu f_
ba |]br"jheh]bq_kdhc bamqg_gghklb I _jjblhjbb

Khl]ezkgh k i\ KI -101-2003©\ ]hjguo jZchgZo fbgbfZevguc klhd
hij_~ _eylv ih ]jZnbq_kdhc aZ\bkbfhklb fh*rkenHgpgbFEZ &igdFhhl kj_ "
\ukhlu \h~*hk[hjZ >hihegbl_evguf izjzf_Ijhf ~ey \h~*hk[hjh\ kh kj
2500f fh™ _| kem blv iehsZ”v \h~hk[hjz2 DZd ihdZaZe ZgZeba bkot
bamg_gguf j_dzZf m~h\e_I\hjbl _evgZy k\yav fbgbfZevgh]h klhdZz

hikmlkI\m_| Kjz\g_gb_ j_amevlZlh\ jZkqg-llZ Kingbhdggevyighkhhdz "¢
g _bamqg_gguo j_d \uiheg_ggh]lh ih _]1h k\yab kh kj_~gna_ gghkitolhc
j_dZo jbkmghd k jZzkq_I1Zfb \ dhlhjuo mql_gu wibahhgup kdb

jZkoh~h\ \h~u ithdZzaZeh gzZ kms_klI\ \ggh_ jd&l¥qg ogZgZdl_jbklbc
fbgbfZevgh]h klhdZ gZ g _bamq_gguo j_dZo

lhemqg _ggu_ j_ameviZlu jZkq_Ih\ ih *"Zgguf ]Jb”rjheh]bqg_kdbo ¢
Jhk]b”jhf_1Z b f_"_gguo ]b”*jhf_ljbgq_kdbo kt_fhd ihalhebeb \uihe

4F_lh~bg_kdb_ j_dhf_g~Zpbb ih hij_~_e_gbx jZkq_lguojhkMjkeijbbhlkkallkd\bBEjZdg
guo ]b*jhf _ljbg_kdbo gzZ[ex”_ gb-8kKH[bYs klhj k
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| _jjblhjbb ih \_ebgbg_ fh*me_c fbgbfZldvd&imihgglhhmklhdZhcd
\_jhylghklb ij_\ur_gby jbkmghd

JbkmghdlZchgbjh\ZgjblhjbbfilhgbfZevymh Jh~*mlIb kmlhfong h
kihmj _d -ghc \_jhylghklb ij_\wer ko
Figure 2. Zoning of the territory by the minimum annual 10-day river
flow of 80% probability of exceeding (I&n?)

<k _l1h gz | _jjblhjbb [ueh \u®_e_gh jZchgZ jZa™_e_ggu_ gZ
\ukhl_f_klghklb ~h f b\ur_ ;hevrb_\ _ebgbgu fbgbfZExbkylh klh
\ \ukhdh]hjguo jZchgZo Gb _ ijb\h”blky djZldh_ hibkZgb_ ]b”jhe
hp_gdZ bo \h*"hh[bevghklb ba jZ[hl >=b”jh]_heh]by KKKJ De
<bghl]jzZ"h\ @

JZchg azZgbfzZ | madmx ihehkm \"heyK@didg]hhfhjy*mj qvy |
G [m] b :]Thec JZchg hlebgZ |Iky gbadbfb \ _ebgbgzZfbgbfh&wnguduo
bkizj_gb_f =h~h\h_ dhebqg_kl\h hkz~rdh\ baf_gy_Iky hl “h |
\ur_ey_|ky abfgbc fZdkbfmf AN kv oA ZgldypgZf_e _dg_ Fh” me
fbgbfZevgh]lh klhdz j_d \ fZeh\h~gu_ ]h”u khklZ\ey | Huqgh
Dhwnnbpb_gl \Z{hzZdgbgbfZevgh]b kmlhqggh]h klhdzZ baf_gy_Iky \ |
"bZiZahg_ glh k\b~_1_evkl\m_I h g_jzZ\ghf_jghf iblZgbb j_d
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JZchg aZglgfiadh]lhjgmx qZklv jzZkkfzljb\Z_fhc 1_jjblhjbk
hlebqz_Iky ~hklZlhqgh gbadhc h[\h~*g_gghklvx ih kjZ\g_glbhx k \uk
>hey f_"_ggh]h klhdzZ hl h[s_]h j_qgh]h khklzZ\ey_ | hdhehC) Dhwn
fbgbfZevgh]lh kmlhggh]h klhdzZ baf_gy_Iky hl “h L_jjblhjby
ihljzgbgqghc f_""m ~"\mfy debfZlbg_kdbfb ahgzfb akrhdhhhjpkg hqjdhh]h
Ibiz b km[ljhibg_kdh]h \eZ gh]h

ljbgbghc nhjfbjh\Zgby wibo "\mo jZaebqguo Ibih\ debfZIlZ y\e\
t\ukhlzZ Thj >h ]hjh*rZ LmZzZik_ bo \ukhlZ g_ ih~gbfzZ_Ilky \ur_ f
k_jv_aguf hjh]jZnbq_kdbf [Zjv_jhf "ey \eZ]hg_kmsbo ihlhkh\ \ha
azZiZz™"Z Ilhke_ LmZzZik_ \ukhlZ ]hj “hklb]z _I b [he__ f_Ijh\ Gz
kdehgZo ]hj wlh]l]h jZzchgzZ \_kv ]h” \uiZz”®"Z | [hevrh_ dhebqg_klI\h h
=mj_\bqgq <bgh]jzZz~h\ @ H~”rgZdh ijbgbghc fZehc \h~ghklb j_d
yleyxlky g_ lhevdh \ukhlguc nzZdlhj gh b \ebygb_ bgl_gkb\ghc v
ithra_fguo \h® gZ LmZikbgkdhf b Khgbgkdhf \h*"haZ[hjZYo gguoame\
f jhijbylbc k k_j 2bglh”h\ ijhreh]h \_dZ a”_kv gZ[ex"Zehkv kgb™
ihra_fguo \h” \ke_ 7~klI\b_ g_]h \ e _Ig__ \j_fy ijhbkoh”bgio kh_ "b
\hjhghd h[hbo \h*haZzZ[hjh\ b h[jZzah\Zgb_ h[s_c ~_ij_kkbhgdlc \hjh
klhd >Debf_gdh @

JZchg fx"mj_gvR _jikb bKhgb WIZ qgzZklv ih[_j vy yl\ey Ik
m\eZ g_gghc =h”h\h_ dhebq_kl\h hkZz~dh\ dhe_kehkikygdp!| Lnthik _
"bzZiZzahg \ukhl [hevr_ ihwlhfm \ jZchg_ \u®_e_gu ij_"]lhjgZy ah
jZchg Z b ]lhjgZy ahgu kh kj_~g_c \ukhlhc \h*hk[hjZ [he gZo f |z

b j_db jZchgz bf_xI kf_rzZggh_ iblzZgb_ ijb ij_h[ez~Zgbb ZIf
fbgbfZevghilb kmlhqgh]lh ktigthZ \_jhylghklb ij_\ur_gby \ ij_~]lhjghf j
ktklZ\ey- | e AR dk=0,3- < lhjghf jZchg_ gZ[ex"Z |ky _]Jhenk\débqg_ gb

JZchg jZa™_e_gguc gZ "\_ hkgh\gu_ \ukhlgu_ ahgu \ p_
ith\ur_gguf ih*a_fguf iblZzgb_f j_d Ohjhrh jZa\blZy ~j_gbjmxsZy ]
k Iv b bgl _gkb\gZy |j _sbgh\zZlhklv kharzZx|l a_kv gZb[he__ [eZ]hi]j
j_d ih~*a_fgufb \h~Zfb \ fZeh\h”guc i_jbh” Dhwnnbpb_glIhAjbZpbb
j_d a”_kv gb#&@®bc i baf_gy_Ilky \ g_[hevrhifBaazZiZalaghh[jZaby
debfZlbg_kdbo b]niblgddbqg_kdbo mkeh\bc kjhdb gZklmie_gby b ijh
f ° ggh]h i_jbh~Z gZ j _dZo jZaebqggu
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< gbadhkj_"g_]hjghc qzZklbfiZzchgZ gvKhjgb bkhm ij_h[ez”Z |
e _lghk_ggyy f_~ @gwmk - eAkR dk ij_~_eZo ;hevrh]lh Khgb \ f_Ar
FZp _kOhklz jZzkiheZzZ]Z |Iky :omgkdbc dZjklh\uc fZkkb\ TlThwlhfm j_
klhdz f_klguo j_d gZoh”blky ih”~ \ebygb f dZjklh\uo y\e _gbc
bgl _gkb\ghf ih]Jehs _gbb ih\_joghklguo \h® ahgzZfb |_ddhgadbkoybo
dzjklz Djhf_Ih]l]h hI* _evgu_ \h~*hk[hjgu_ [Zkk_cgu hlebqZxlky ki_
kharzZxsbf g_jz\ghf_jghklv \ jZkij_~_e_gbb hkz~dh\ ih |_jjblhjb
jZaebgby \ m\ezZz g _gbb ih hI®_evguf mqzZkldzf j_d >e&y c\awkhdh]
j FauflzZz jZchgZz oZjzdl_jgHlEfgly dg  _gv GZ oj_[l_ :gbroh \ui
gZb[hevr__ dhebg_klI\Whthkz*"dh\ 4h” |lhesbgZ kg_]Z "Kiglb]l@ud f
ihdjh\ h[uggh mklzZgzZ\eb\Z_|ky \ dEq@ge k hdly[jy » € _klyp_\ Kj_"b
[Zkk _cgh\ g_jghfhjkdbo j d "Zgguc jZchg hlebqgqZ |ky agZgbl_evgu

Kihdb fZeh\h~guo i_jbh”h\ gZ j_dZo hq_gv jZaghh[jZagu

:UJHVL VNL @ >ey ZgZebaZzZ \hafh ghklb gzZkimie_gblydfZeh\h
ieZgbjh\Zgby bkihevah\Zgby \h”guo j_kmjkh\ fhlml \hagbdzZIlv \hi
hg_gv fZeh\h~guo i_jbh~h\ >RbdehfzZgh\ OHGHLURYVY O0DLD O

bkke_~h\Zgbc \uiheg_g ZgZeba ih\lhjy_ fhkbbkiblhhfgeo gaaohrh\ \h:
\_jhylghklb ij _\ur_gby Kljhlhc ih\lhjy_fhklb wdklj_fmfh\ fbgbfz

g_ ijhy\ley_Iky gh _klv h[sb_ |I_g”~_gpbb < p_ehf ih |I_jjblhjbb h
gZ[ex"Zeky "h ]h~Z gh hI®" _evgu_ j_db \uiz”Zxl ba h[s_]h ij
j RZo_ ihqglb kemqgZ_\ gbadhc f_" _gb ijhoh”beb ihkdZau\zZz]l Jb

ih\lhjy fhklv dhebq_klI\Z kemqgzZ_\ fZeh\h”guo e | \ k jZkoh"Zf
ij_\ur_gby - dhlhju_gZ[ex"Zebkv gZ j dZo \ hI®_evguc ]h™ qg_]j
]h”rZ ih~jyn

lhemq _ggZy \_ebgbgZ ij_~klzZ\ey_ | kh[hc hlghr_gb_ kewAfZjgh]
kemqgZ_ \ fbgbfZevgh]h klhdzZ j_d \_jhylghklv ij _\ur_gby ¢]h™ \ ~"Zg
21h™~Z b I~ d h[s_fm gbkem kemqgZ_\ gbadh]h klhdZ gjkto \
ih\lhjyxsZyky dZl _]hjby fZeh\@hghghegglue Jh 2 § kemgzZ_ \ Hqg_
gZ[ex"Zxlky JTh”~u k gbadhc \h*ghklvx]h"dZIihMjybyloemqgz \
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Jbkmghdh\lhjy fhKbwgbfZevghiltb kmlhggh]h klhdz j_d
\_jhylghklvx ij \ur_gby !
Figure 3. Repeatability of minimum 10-day river flow probability of exceeding P>80%

G [eZ]hijbylgZy ]b~jheh]bqg_kdZy kbImZpby kdezZ”~u\Z _Iky dh
i_jbh”~u ih\lhjyxlky q_]haz bebljb\4dh*Z ih*jy® < wlb ]h*u dzd ij
gZ[ex"Zxlky gbadb_ abfgyy f ~ gv b \_k gg__ iheh\h”v_

AZdexq_gb _

GZ j_dzZo Q _jghfhjkdh]lh ih[_j_"vy \ gZklhys_ _ \j_fy nmgc
8]b"rjheh]lbqg_kdbo ihklh\ > kyldb j_d wlh]h j_]bhgZ g_ hk\_s_gu
F _Ih™ ZgZeh]bb ~ey hij_~ e _gby jZkg_Ilguo ]b”jheh]bqg _Ikkdbm o0ZjZc
NZgguo gZ[ex™ _gbc a”_kv bkihevah\Zlv keh gh 1Zd dzd ijpjh~gu_
klhdZ hkh[_ggh fbgbfZevgh]h kms_klI\_ggh jZaebqZxlky \ Jhjguo j

Hlebgbl _evgu_ qgq_jlu \ nhjfbjh\Zgbb fbgbfZevgh]h klhdzZ gZz
\uy\le_gu gZ hkgh\_ ]Jb~jhf_Iljbg_kdhc kt _fdb \uiheg_gghcgbi_jbh~
Bkihevah\Zgb_wlbo ~Zgguo ihal\hebeh agZqgbbwy jfblgdflgedgh]h
kmlhgghlh klhdZ hkgh\guo g_bamqg_gguo j_d Q_jghfhjkdh]lh ih[_j_~

GZ hkgh\_ ~Zgguo ]b”~jheh]bg_kdbo gZ[ex”_gbc gZ ihklZz
j_amevlZlh\ f_~ gguo ]b”jhf_ljbg_kdbo kt _fhd \uiheg_gh jZchgbjh
\ _ ebgbg_ fh"me_c fbgbfZevghlh Kkmlhtmh]h 8R%hglc \ jhylghklb
ij_\ur_gby

WlhjZchgbjh\Zgb_ iha\hey_ | hp_gblv ijhkljZzgkl\_ggh_ jZa:
g bamg_gguo j_d b ihemgblv hp_gdb khklhygby \h”"giugbh”kmjkh
J amevlZlu bkkeflmME§blor bkihevah\Zgu ijb hp_gd_g_lhevdh fbghb
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g_bamqg_gguo j_d gh b “ey ]Jb”jheh]bg_kdh]h h[hkgh\Zglly\ hp_ gt
thra_fguo \h” hlI®*_evguo j_qguo [Zkk_cgh\ Ijbg_jghfhjvy
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Abstract. Development of the long-ranc
inflow forecast system to the Bureyska
reservoir, carried out in 2008-2010 at t
request of the RusHydro Company, is p
sented. Estimations were performed ba
on terms of statistical probabilities wi
about month-quarter lead-time. Consid
ing features of extreme flow formatic
processes and wetness of territory, the
cus was warm period (June-Septemb
which is known for its heavy rainfa
events.

During the investigations there were ¢
amined the dynamic-stochastic approa
based on the deterministic hydrologic
model with using of meteorological che

acteristics ensemble by weather gener:
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426

reservoir.Hydrosphere. Hazard processes and phenom2@a9, vol. 1, iss. 3, pp. 426-449 (In Russian;
stract in English)DOI: 10.34753HS.2019.1.3.004



=B>JHKN?J:

ijblhdZ d \h~hojZgbebsm \ \bA_

g_gghklb
ghklghf fh~_ebjh\Zgbb
wlziz
lJghaz hkz”~dh\ b |
klvx hi

hkgh\Zgguc gZ Ygjhph
JZ[hlZ
jZajz[hldz f_Ih~Z KklIZIbk
_fi_jZImju aZz

Ah f_kyp \ Z 1zd

Ih~AZ \_jhylghklgh]h ijh]ghaz ijb

d\Zjlze gz hkgh\_

h"br"Z fuo ¢

kn_jguo hkz~dh\ b I _fi_jZImju \

lj_"\Zjbl_evgh _
gh\_

|_kibjh\Zgb_ f

fgh]l]he_Igbo ~Zgguo ihdZa

Au\Z _fhklv ijhlghaZ ijblhdZ d \I

khklZ\beZz
hldehg _gb _

ihjyrdz Z kj_"g_
h"brZ fh]lh agZg_«

nZdlbg_kdh]h hl ghjfu
GZ hkgh\_ ij_~eh  _gghlh f_Ilh~

]h~u [ue ~"Zg

ijh]gha kmff hkz~»

\h~u d \h*hojZgbebsm \ hi_jZIkt
ljb kjZ\g_gbb nZdlbg_kdbo ~Zg

abjh\Zgguo

[hlu
gh_

[ue k"_eZg \u\hANZ:
ijhl]ghklbgq_kdhc ko _fu m~F
Hijz\~u\Z _fhklv kj_"~gbo

hkz~dh\ khklZ\bezKijh]ghabjh\Z
ijblhd aZ hI®*_evgu_ i_jbh”~u \
hp g g dZd “hklzZlhgqgh [ebadbc

Dexq_\u_
fh”_ebjh\Zgb_
N ebjh\zZgb _
hkzZ”dh\

=ZjpfZg ,KBhdheh\ H <
j_ckdh_\h~"hojZgbebs _

kehbfyzfbdhhoZklbq_
fghlhf_jgh_ \_jh
ZgZeh]h\uc f_Ih~
ijhlgha ijblhdZz

DOI: 10.34753HS.2019.1.3.004

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

<ui |201¢
as input, and inflow forecast to the res
voir in terms of probability curve based «
multidimensional stochastic modelin
The project included two main stages: «
velopment of precipitation and tempel
ture forecast method with month-<
months lead-time; development of inflc
probabilistic forecast method with mont
guarter lead-time based on expected va
of precipitation and temperature.

Methods pretesting demonstrated reasc
ble inflow forecast reliability (about 90%
mean absolute deviation of expected
flow volume from observed is 23-28% r¢
ative to mean value. Driven by the dev
oped framework, it was forecasted prec
itation sums and reservoir inflow at the i
dividual seasons. By comparing of mei
ured and forecasted values, it was mac
conclusion, that accuracy of the forec
scheme is satisfactory. The mean value
the precipitation forecast reliability i
75-80%.

2009 and 2010 is assessed as close

Forecasted reservoir inflow

measured one.

Keywords: dynamicsstochastic model
ing; multidimensional stochastic mode
ing; analog method; Bureya; precipitati

forecast; inflow forecast

EmiztafhK ghklb ~helhkjhgghlh ijh]ghaz ij
= b j h kjrh pj Zk Kidyi ek gg8919. L

<uB. K426-449
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<\_" gb

Hg \b~”gh qglh ijb mijz\e_gbb djmigufb \h*"hohayckl\ ggufb Kk
bkihevah\zZlvky ijh]lghau ijblhdZ \h”u jZaebqghdlag[&dhtelydb oy § MK hi
"h g_kdhevdbo f_kyp_\ ijbg_f wdhghfbgq_kdZy wnn_dlbYghklivijh]g
f j_ m\_ebg_gby _]Jh aZ[eZ]h\j_f_gghklb Djmigu_ \h”*hojZgbebsZ ¥k
hkh[_ggh gm ~Zxlky \ ijh]JghaZo f_kyggh]h b d\ZjlZevgh]h ijb
aZlezZ]lh\j_f _gghklb qglh g_h[oh”bfh g_Ilhevdh “ey h[_kZldpbby [_:
khhjm™ _gbc =WK gh b ey "hklb  _gby fZdkbfZevghc _]J®hZemhkv dlb\
gZfb jZg__ >=ZjpfzZg b 7] @ ij_~ _evgh \hafh ' guc wnn_dlIl Ihq
\ujz Z _Iky \ujZ[hldhc ~“hihegbl_evghc we_dljhwghlj]lbb dhjekgzkI\z
ijb hjb_glbjh\d_ gZ ghjfm Djhf_ wlh]h iheh bl _evguc wnn_dl ijh]
kgb™ _gbb \_jhylghklb Z\Zjbcguo kbImZpbc b ms_j[h\ hbbgbo
ieZzgbjh\zZgby jZ[hlu =WK \hafhglgh&lvtieZgbjh\Zgby dhgtxgdImju j

Hkh[_gghklyfb ij_"ez]zZ_fh]lh \ klZlv_ f-ilht&Zo y\ekihlkyah\Zghb _
©wdkl_gkb\gh]lha& ZelhjblfZz klhozZklbg_kdh]h ijhlghabjh\Zgby LZ
\uihegblv iheguc i_j [hj \k_o “hklmiguo ij_~bdlhjh\ ij_~kdzZaZl_e
fZdkbfZzevgh]h dhebqg_kI\Z hI*_evguo ijh]l]ghklbg_kdbo f elhbRbd <
ijhlJghau ijbagZggu_ gZb[he__ wnn_dlb\gufb gZ hkgh\Zgbb dhlh
dhfie_dkguc ijh]lghBhjuoh \ ijhp_kk_ bkke_~h\Zgbc dhjj_dlbjh\Z
"bgZfbdhhozZklbg_kdh]h fhr _ebjh\Zgby ;ueh \uyle _gh glh
AN | _jfbgbjh\Zgghc fh” _eb klhdZ \ khq_IZgbb kh klhozZklbqg_kdhc f
agZgbl_evguo mkbebc b j_kmjkh\ gh 7~ey bo wnn_dlb\gh]h ij
"helhkjhgghlh ijhlJghabjh\Zgby hkz~dh\ b |_fi_jZImju ihdZ g_~hklZzZlI
Ihwlhfm 7~ey ihkljh_gby \ _jhylghklgh]h ijhljghazZz bkihevah\Zgu mi
ZgZeh]lh\uc b ]Jjmiih\h]h fh”_ebjh\Zgby

FZl_jbZeu b f_Ih”u

>helhkjhqguc ijhjgha we _f _glh\ ih]h”u

>ey ijhlJghaz kmffu hkz~dh\ b kj_~g_c | _fi_jZImju \ha”“m
f | _hklZgpbyo bkihevah\Zeky fzZIl_fZlbg_kdbc Ziizjz!l fgh kkihbggh
>>j ci_J Kfbl @ b j_]lj_kkbhgghc g_cjhgghc k_Ib >F_~"\_~_
Fgh  _kI\_ggZy ebg _cgZy | _]lj_kkby b dhjj_ eypbhgguc ZgZeba
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bkihevam_Iky \ ijZzdlbd_ ]b~jhf_|_hjheh]bK\kgimohjh]gh&h\\ Ih \j_ fy
bkihevah\Zgb_ g_cjhgghc k_Ib y\behkv bggh\Zpb_c Ijh]gtklbq_}
jZagbpz f_""m f_kipad_\Mhlhjh]lh ~Z Iky ijh]ljgha b ijh]Jghabjm_f
khklzZ\be hl h f_ kyp_\ >ey djZldhklb [mMmr_f ~"Ze_ _ g0Z
azZlez]h\j_f_gghklvx ijhljghaz Djhf_ f_kygguo kmff hkzZ~dh\ bkiuli
hkz~dh\ ih kbghilbg_kdbf k_atgdZfv "ndX¥j4dedv Zij-felc bxbxev
Z\Imkl gly[jv hdbhyVjv

\IhfZlbabjh\ZggZy | _ogheh]by ijh]lJghaz ”"ey hlI~ _evghc Kkl
]_g_jbjm_I| g_kdhevdh ijh]Jghklbg_kdbo \_ebgbg dhlhju_kylebqgz
fzl _fZlbq_kdbf Zziizjzlhf kihkh[hf hl[hjZ ij_~bdlhjh\ b kihkh[hf
g_aZ\bkbfhc \u[hjdb Ijb wlhf dzZ ~"h_ ijh]lghklbg_kdh hpagdlqn gb _
ihemqg_ggmx gZ g_aZ\bkbfhc \u[hjd_ >ey ijbgylby j Zgghgpbh
ijhlghabjm_fhc \_ebgbgu bkihevamxlky ijZ\beZ dhfie_dkbjh\Zgby
ijhlghau h[t_~bgyxlky \h kj_~g_\a\_r_gguc ijh]Jgha k \_kzZfb dhlhju
dZg_kI\Z gZklguo ijh]lghah\

ljhlJghabjm_fufb \_ebqgbgzZfb ij_"bdlzZglzfb \ ~Zgghf bkke_~
kmffu hkz~dh\ b | _fi_jZImju gZ iylb klZgpbyo FZebgh\dZ Khnbc
Q_dmg”~rz Mjfb WIhl \u[hj hij_"~_eyeky gZebqgb_f Zjob\h\ "Zgc
gZ[ex™ _gbc >ey \k_o iylb klZgpbc bf_ebkv jy*u gZ[ex”™ _gbc k
ihA"n j"Zgby [Zau 7~Zgguo \ ZdImZevghf khklhygbb J[ueZ jZaj.
hi_jzlb\gh]lh ihihegglygu_ h f_kyqguo kmffZo hkz~dh\ b kj_~
| fi_jZImjZo ihklmizxl \-]lzam-k gqbkeh f_kypZ ke _“mxs_]h aZz
gZ[ex™ _gbc

< dzZq_kI\_ g _aZ\bkbfuo \ _ebgbg ij_~bdlhjh\ \ "~Zggh
bkihevah\Zebkv ke_"mxsb_ ]Jjmiiu ]Jb”jhf_| _hjheh]bq_kdbo izZjzf _IjF

NZggu_ gZ[ex™_gbc azZz |_fi_jZIlmjhc \ha”moZ b hkz~dzZfb gz

ANZggu_  ijhba\h”gu_ hl Zjob\h\ ih\lhjgh]l]h ZgZebaz |_z
NCEP/NCAR [Kalnay E. et al, @ b yleyxsb_ _ky jZaebggufb bg”_
0ZjZdl _jbamxsbfb izZjzZf _lju h[s_c pbjdmeypbb ZIfhkn_ju-\h \lhj
kbghilbgq_kdhf jZchg _ jbkmghd \j f _ggu_ dhwnnbpb

YJIJmdh\h~kI\h ih f_kyqguf ijh]lgh.aZbipih lu h BEIYZ.1365k
2 NCEP/NCAR Reanalysis Proje¢iCDAS. >We dljhgguc PRknhiths@ivww.cpc.ncep.noaa.gov/prod-
ucts/wesley/reanalysis.htmi* Z1Z h[jZ s1l1dB.2019)
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]b~jhf_I_hjheh]bg_kdbo ihe_c ih _kl_KkI\_gguf hjlh]hgZe¥dNf nmgc
>=jmaZz F_s _jkdZy b 7j =jmaZz Khdheh\ >jmav

debfzZlbq_kdb_ bg”_dku oZjZdl _jbamxsb_ djmighfZkrlZ][
khklhygby kbkl_f@lthknZgZz b rbjhdh bkihevam_fu_ \ ]b2jhf_I_hjh
gZmqghf khhfss XP\jl\ _ebr\bebBarnston, Livezey, 1987];

\j_ f_ ggu_ dhwnnbpb-jglasePHNgby kj_~gbo f_kyqguo ihe_c |_f
ih\_joghklb \h~u k_\_jghc qZklb Lboh]lh hd_ZgZ gZ hkdBau Zjob
~nZgguo j_Zevghlh \j_f _gb ijh_dlZ 1HDU*226 Yihgkdh]h F 4 _hjhet
[Ishii etal., 2005].

Djhf_ wlh]h ijb\e_dZebkv ~“hihegbl_evgu_ ij_“bdlhju dhlhju
kj_~gb_ \ _ebgbgu ih ]Jeh[Zevguf iheyf ] hihl _gpbzZeZz b
]_hljZnbqg_kdb_ IjZi_pbb kh klhjipghkmgh]ldZ~*mkh\

>ey kjzZ\g_gby b dhfie_dkbjh\Zgby ijh]Jghah\ bkihevah\Zc
GZklzZ\e _gbc ih kem'[° ij@ZdhApn\ba @hdijjgd~u\Z_fhklv ijh]lghaz [
dezkkzf ghjfz \ur_ ghjfu b gb™_ ghjfu

< j_amevlzl_ fgh]lJ]hgbke _gguo fh”" _evguo wdki_jbf_glh\ [
hij_ ~ e ggu_ lj _[h\Zgby d kbkl_f_~he]lhkjhggh]lh ijhljghaz Z~Zilb\
f_ Ih~Z |h _klv bkihevah\Zgb_ ~Zgguo gZb[he__ [ebadihjJakihzh" _
ijb nhjfbjh\Zgbb ijh]jghklbg_kdbo mjz\gZghclfhhpeghd dzq_Kkl
dhfie_dkghlh f_Ih~Z ijh]jghaz gZ g_aZ\bkbfhc \u[hjd_ bbgbfbe
hlkmlkl\by ijh]jJghaz gZ hl*_evgu_ f_kypu “ey hI*_evguo klZgpbc

J ZebaZpby ijh]lghklbq_kdh]h Ze]hjblfZ \uihegy |ky gZ hkgh\_
ihroh~Z >Khdheh\ >jmav @ \ \b~_ijh]jzffgh]lh dhfie_dkZ IJH=
dhlhjh]lh hljZ" _gZ gZ jbkmgd _ Bkoh”"gu_ ~Zggu_ dhfie_dkzZ _]h
jZkq _Ih\ ojZgylky \ ki_pbZebabjh\Zgguo [ZaZo "Zgguo KM;> 06
ijh]jzff gZibkkXgbhkihevah\Zgb_ f yaudh\ 06 & -DYD 6XQ lhkljF
fgh™ _kI\_gghc j_]j_kkbb b h[mqg_gb_ j_]j_kkbhgghc lgeyxjhigyghc
ijh]jzffgufb kj_~kI\Zfb dhfie _dkZ 0$7/%3% gZeba j_amevlZlh\

SDebfZlbg_kdb_ bg”_dku Zlfhkn_jgu_ b hd_Zgbg_kdbhjby foamma_gdbybb fER[HYj_i
1zf_gl Nbabqg_kdbo gZmd 12%$$% 86% >We_dljhgguc

URL: KWWSV ZZZ HVUO QRDD JRY SVG GDWD I6OAPRPDOBWHLQGLFHYV OLVW "Z|:
4J _]bhgZevgZy [ZaZ ~“Zgguo j_Zevghlh \j_f gb 5HJLRIZDOHDRD D28 L PGI$' DYWIDg %

kdh_ F | _hjheh]lbq_kdh_ :]_glkl\h >We _dljhgguc

URL: https://ds.data.jma.go.jp/gmd/goos/data/rrtdb/[@&) R KW PO "Z|22M[.Z619)g by

5GZklz\e_gb_ ih kem [_ ijh]lghah\ \ jZa”_eZo JZa’kdbo KéaijghZhf\ I\ I6jhelQDbklv
F =b7”jhf_I_hbanZl k

430



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C LhflL <ui|l201¢

bkihevah\Zgb _f 06 ([FHO \ Ihf gbke_ _]h \hafh ghkl_c dbgZfbq_Kk
KM:;> b ihkljh_gby k\hAguo IZ[ebp b ~"bZ]jZff

JbkmghdzZkiheh ™ _gb_ \lhjh]h -kbd&hillgghkdh]lh jZchgzZ \u”_e_g jZf
lJeh[Zevghc k_Id_ ] _h]jZnbg_kdbo IjZi_pbc kh klhjhghc 1
Figure 1. Location of the second natural synoptic region (frame) in the global grid of geographical

trapezoids with 20 degrees side resolution

JbkmghdimgdpbhgZevgkoy fEhigh]jzffgh]lh dhfie _dkzZ I1JH=GHAB
Figure 2. Functional structure of the software package PROGNOZ_2009
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ljb \uiheg_gbb Z\lhjkdbo bkiulZzgbc dhfie_dkz ~ey i_jbh*Z k
kjz\gb\Zebkv \ZjbZglu ijh]lJghagh]h Ze]lhjblfZ hlebgZxsb_ky kihkh[t
"ey qZklguo ijhlJghah\ Z |IZd _ iheghlhc djbl_jbyfb\dexuokegby\ZI|
gZklguo ijh]Jghah\ \ j amevibjmxsbc dhfie_dkguc ijh]Jgha

HI[hj ij_~bdlhjh\ hkms_kl\eyeky k bkihevah\Zgb f ebg_cguct
k\ya ¢ f_""m ij_"~bdlhjzfb b ij_~bdlzZglzfb Ijb wlhf gZdeZ”u\Ze
hljZgbq_gby gZ \ _ebgbgm dhwnnbpb _glZ dhjj_eypbb b dhelbly kli\h
ebg cghc j ]j_kkbb beb \ g cjhgghc k_Ib \ j ameviZbfug _ ]h d
I _j_f_gguo \ hi*_evghf mjzZ\g_gbb g_ ij_\urZeh k_fb ;hevkh\h ihjy’
ij_~bdlhjh\ b bkihevah\Zgb_ jZzaebgguo k*\b]h\ ih \j_f_gb Zxl| \ha
g _kdhevdbo mjzZ\g _gbc k jZaebqgufb ij_~bdlhjzfb ~ey h~gh]lh \
Zelhjblfz LzZdb_ mjz\g_glklgdtheygwdZ ~h]h \ZjbzglzZz Z ijh]lghklb
agZq_gby ihemqg_ggu_ k bo biidlkelgatbZigh]dghddbkdjh_gb_ mjzZ\g_gb
\uihegyehkvaZhbkbfhc \u[hfdguo Zfob\guf ~Zgguf azZ "ebl_evguc
ij_~r_kl\mxsbo e | >ebgzZ aZ\bkbfhc \u[hjdb khklZ\eyeZ hl A h
1996 1 h " >\g aZ\bkbfu_ \u[bjbevam_ fu_"“ey hp_gdb dzZq_ klI\Z
dhfie_dkgh]lh ijh]Jghah\ nhjfbjh\Zebkv ba "Zgguo ihke_"gbo hdhel

Ke _"mxsbf wlZihf Ze]lhjblfZ yl\eyeZkv hp_gdZ qZklguo ijh]gh:
i_j\hc g_azZ\bkbfhc \u[hjd_ GZ hkgh\_ ihemqg_gguo hp_ghd ijh\h
ijhlghah\ "ey ihke_"mxs_]h dhfie_dkbjh\Zgby Djbl_jbyfb hil[hjZ [u
gZklgh]lh ijhpgha& hlghr_gb_ hklZlhqghc “bki_jkbb ijh]Jghaz d ~bki_
jy*Z Dhfie_dkguc ijh]jgha ih hl®*_evghc klZgpbb gZ hi~rd&dguc f
kj_~g_\a\_r_ggZy ih  hklzZzlhgghc “bki_jkbb \_ebgbgZ qgZklguo
dhfie_dkgh]lh ijh]lJghaz \uihegyezZkv ih \lhjhc g_aZ\bkbfhc]Rulhphjd _
ijhbal\h~beky kjZ\gbl_evguc ZgZeba dhfie_dkguo ijh]ghklbq_kdbo -z

<k _]1h | _klbjh\Zebkv jZaebgguo \ZjbZglh\ dhfie_dkguo a.
ij_"\Zjbl _evgh]h ZgZebaz gZ hkgh\Zgbb knhjfmebjh\Zgguo \ur
hih[jZgu q_luj_ gZb[he__ i _jki_dlb\guo \ZjbZglZ hibkzZggu_\ IZ]e
ghf_jzZfb WIilb \ZjbZglu *Zxl gZb[hevrmx \_jhylgh-RBO%)ihemq _
"ey dzZ ~hlh f_kypZ b dzZ *"hc klzZgpbb b ijb wlhf h[_ki_qgb\:
hijz\~u\zZ _fhklv ijh]lghaZz
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LZ[ebpzHIh[jZggu_ \ZjbZglu ijhlghklbq_kdh]h Ze]lhjblfZz
Table 1.Chosen variants of the predictive algorithm

¢ HibkZgb_

Ilheguc \ZjbzZgl az~Zgb bkihevah\zZgb_ f_Ih~h\ fgh" _kI\_
0| g _cjhgghc k_Ib k i_j_kqg_lhf b [_a i_j_kqg_lZ dhwraZhphkhb|
\u[hjd_ b k mg_Ihf b [_a mq_I1Z kbkl_fZlbg_kdhc hrb[db
G _cjhggZy k_Iv [_a i_j_kq_IZ dhwnnbpb_glh\ gZ i_j\Ha&n
\ZjbzglZo k mq_Ilhf b [_a mq_I1Z kbkl_fZlbq_kdhc hrb[dk
G_cjhggzZy k_Iv k i_j_kqg_Ihf b [_a i_j_kqg_IZ dhwn\bikplh
\u[hjd_ [_a mqg_IlZ kbkl_fZlbg_kdhc hrb[db ijh]ghaZz
F_Ih~r fgh  _kI\_gghc ebg_cghc j_]j_kkbb [_a i_j_kq_IlZ
8| g_azZ\bkbfhc \u[hjd_ \ "\mo \ZjbZglZo k mq_Ilhf bhd_ha

ijhlghaz
<lZ[ebp_ ijb\h~ylky k\h*gu_ ~Zggu_ ih hijz\"u\Z_fhklb ijh]
dzZl_Jhjbyf ghjfZ \ur_ b gb _ ghjfu >Zggu_ k\_*_gu ih \ZjbzglZz
Zelhjblfz f_I_hjheh]lbqg_kdbf klZgpbyf \ [Zkk_cg_ ;mj_Db \de

f ""mgZjh~gh]h h[f _gZ b f_kypzZf k fZy ih k_gly[jv < dZ ~"hf kemq.
"Zlv gb h~ghlh ijh]ljghaz ijhqg_jd eb[h ~Zlv h"bg beb g_kdhevd
aZ[ezZ]h\j_f_gghklb < |Z[ebp_ ~Zgu kj_"gb_ agZq_gby b \_
hijz\"u\zZ_fhklb |_klbjm_fh]lh f_Ih”~Z ijh]lghazZz gzZ”~ hijz\dhh fhkly
ijhlghaz Ih _klv gz~ ijh]lghabjh\zZgb_f \k_]~Z dZl_]lhjbb ghjfz

Kj_~gyy hijz\~u\zZ_fhklv ijh]Jghah\ \ [Zkk_cg_ ;mhkb gd& fhkyp
i_jbh”~Z bkggly[jv khklZAbeZ ih hI~_evguf klZgpbyf wlZ ozZjzdl_
baf_gyeZkv hl Ah FZdkbfzZevgZy hijz\ru\zZ _-fthiklggh]lh kyjpaf* 2
khklzZ\beZ Z ih hi*_evguf kiZzgpkkyfZ_ b hdly[j_ dZq_klI\h ijh]Jghah
lj_\ur_gb_ hijz\~u\Z_fhklb gz~ debfzZlbg_kdbf ijh]Jghahf \ kj_"g_1
kj_~g__ ba fzdkbf@®evwmgor+t_ dZq_kl\h ijh]Jghabjh\Zgby [ueh ~hklb]
WIib hp_gdb ihemqgq_gu ”"ey dhfie_dkgh]lh f_Ih*Z \ ijhp_kk_
bfblZpbhggh]lh ijh]Jghabjh\Zgby Hgb oZjZdl _jbamxl| j_Zevgh ~hkl
ijZzdlbd_ mjh\_gv gZ”_ "ghklb ijh]ljghazZz :gZeh]bggu_ bkiulZgby
ijhlghah\ kj_~g_f _kyqghc | _fi_jZImju \ha"moZ
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LZ[ebpZ Hijz\"u\Z_fhklv ijh]lghabhaebqgiyZjbzglzf ijh]jghklbg_kdh]
Zelhjblflk]j b ij_\ur_gb_ gzZ” hijz\~u\Z_fhklvx debfZlh%®) kdh]h
Table 2. Accuracy of forecast using different versions of predictive algorithik,j06) and its excess

over climate forecast reliability+(J, %)

F_kyp .
Ki_"g_.
<ZjbZg FZc Bxgv Bxev Almkl| K_gly[j
Jkij J | Jkj J | Jkj J | Jkj J Jkij J Jkij J
KlZgpby FZebgh\dZz
0 65 | 12 | 63| 12 | 74 | 12 | 80 | 12 69 12 70 12
4 62 8 61 8 76 8 78 8 67 8 69 8
6 60 | 6 61 | 6 74 | 6 79| 6 72 6 69 6
8 62 | 8 62 | 8 71| 8 82| 8 69 8 69 8
KIZgpby Q_dmg~"Z
0 - - 82 - 79 - 76 - - - 79 -
4 62 1 81 1 78 1 75 1 - 1 74 1
6 64 5 82 5 80 5 75 5 - 5 75 5
8 65 4 83 4 80 4 76 4 80 4 77 4

lih]gha ijblhdZ \ \_jhylghklghc nhjf_

>ey hp_gdb \hafh ghkl_c ijh]ghaz ijblhdZ-khh&@kFbq kdEFbc

fhr _ebjh\Zgby [ueb \uiheg_gu bfblZpbhggu_ ijhkg_lu k bkihev
]Jbrjheh]bqgq_kdhc fhr_eb jZajZ[hlZgghc jZg__ ~ey j_d >Zevg_\hklh
=m[Zj_\Z @ :~“ZilZpby b bkihevah\zZgb_  7ey h[]Higmagfiby dj-z

;mj_ckdh]h \h*hojZgbebsZ ih~*jh[gh hibkZgu \ jZ[hl_ >=ZjpfZg b '
jZkkgblu\Zebkv h[t_fu k_ahgghk]hlyfjZ bigvhdzZz d \h"hojZgbebsn
jZaebgguo kp_gZjbyo ih]h?~u < dZqg_kI\_ kp_gZjb \hbkihegahdiZeb
hkz~"dZo ijbq_f \k_ k_ahgu [ueb ij_"\Zjbl_evgh dezZkkbnbpbjh\Z¢
kmffu hkz~dghjtz - kj ~"g _fghlhe Ig_]h agZqg_gby \ur_ b gb
1ZjZf _lju b ]jZgbggu_ mk¢t\bghtefh® eb hp_gb\Zebkv \ ijhp_Kkk_ |
f Ih~rZ djzldhkjhqgh]h ijh]jghazZ ijblhdZz \ ]h~*m

>ey \h*hk[hjZ ;mj_b kljhbebkv ih Ijb djb\u_ h[_ki_qg_gghklb k
aZ bxkgvglyl[jv ijhlJghagZy ijb h ' b~rZ fuo hkzZ"dZo dh”™_ eglyjZy IFf
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djb\Zy jzZkkqblZggZy ih *Zgguf k_ahgh\ k hkz~rdzZfbbgh b~ghjfuo ijh
hkzr"dZo hdheh ghjfu ijh]JghagzZy ijb h ' br"Z_fuo hkz”~dZo Ifur_ gt
dZ "hc djb\hc hij_"~ eyebkv Kkj_"gb_ agZq_gby k_ahggl]lh kel
h[ _ki_g_gghklvx b Ilh  _klv hij_"~ eyeky bgl _j\Ze agZq_gbc
h[]_ki_gq_gghklb GZ ]jZnbd_ \b”gh gZzijbf_j qglh kj_~gjblhdzo"zZ f
h]_ki_g_gghklvx khklZ\eyxl hdheh b ff "ey k_ah
kj_~gbfb b fZeufb hkz~dzfb khhlI\_IklI\_ggh K “~jm]hc klhjhgu
ijblhdz \ ff ijb hkz~"dZo hdheh ghjfu khklz\ey | Hohlehhevrbc
Z ijb fZeuk _4h hdheh

Jbkmgh&h” _evgu_ djb\u_ h[_ki_gq_gghklb kehy ijblhdZ d \h~hc
aZ e-hk _ggbc k_ahg ijb hkz"dZo gb"_ ghjfu ghjfz b \ur
Figure 3. Simulated probability curves of runoff depth inflow to the water storage reservoir
within aestivo-autumnal period with sum of rainfall

lower than mean (1), with mean (2) and higher than mean value (3)

DZq_klI\h ijhljghaZz ijblhdZ hp_gb\Zehkv iml_f kjZ\g_gby jZkk
90%-guo bgl_j\Zeh\ "ey jZaguo k_ahgh\ k iheguf bgl_j\Zehf *Zgguo ¢
ljh]ghklbg_kdbc bgl_j\Ze "ey k_ahgZ k fZeufb hkzZz~dzZfb k&EZklZ\be
"ey k_ahgh\ kh kj_~gbfb b [hevrbflb hkZRHAEKb IkKI\ _ggh LZdh_ dZqg

43t



2019| Vol.1, Iss.3 HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

ijhlghaz ~hklb]JzZ _Iky -ighf ijh]lJgha_ hkz~dh\ ih ]jZz*"Zpbyf WIb
AN fhgkljbjmxl ijbgpbibZevgu _ \hafh ghklb k& | HfoZkl|bgg Xifdod]
ijhlghabjh\Zgby

< ijhp_kk_ bkiulZgbc \uy\e_gZ hlghkbl_evgh gbadZy lhqggh
"helhkjhggh]h ijh]lJghaz hkz~dh\ b I _fi_jZImju NZzZdlbg_kdb ~hklZIh
\_ebgbgzf y\ley |ky Ihevdh ijh]ghha_dgAhjfuhjbghjtZz b gb"_ ghjfu Ijb 1Z
h]jm[e_gghc nhjf_ bkoh”ghc f_| _hjheh]bg_kdhc bgnhjfZpbb bk
]b~rjheh]bg_kdhc fh”_eb k kmlhqguf jZkq_lguf rZ]hf "ey ihemqg_gby
h brzZ fhlhlhdZ y\ey Iky baJulhgguf Ihwlhfm \ ]h"m jZajZ[hlZq
hkgh\u mijhs_ggh]lh \_jhylghkligh]h ijh]Jghaz f_kyqgh]h ijblhdZz
"helhkjhggh]lh ijh]lghaz hkz~dh\ b | _fi_jZImju gZ wlhl f_kyp

H[sbc ijbgpbi I1Zdh]h ijh]lJghaz hklZihkyjhj ggbfmkeh\guo djb\
h[ _ki_gq_gghklb ijb jZaebqguo h ' b”"Z fuo agZghgBE¢dhi_ ky§pguag kar
| fi_jZImju \ha”“moZ Iljb mlhqgg_gbb ijh]jghaz k aZzZ[eZ]h\j_f_
"hihegbl _evgh mqgblu\Z |ky \_ebgbgZ nzZdlbq_kdh]h ijblhdZ aZzZ i
Ihkljh _gb_ mkeh\guo djb\uo jZkij_~ e gby klhdzZ "e¥djhakkbdglguo
dzZIl_]hjbyf ©\ur_ ghghyfz+ ¢b"_ ghjfu2 \uihegy Iky gZ hkgh\_ ]jm
\_jhylghklgh]l]h fh~_ebjh\Zgby dhlhjh_\ ~Zgghf kemqgZzZ_ ithalhey_
mq_klv \kx bf _xsmxky wfibjbg_kdmx b ijh]jghklbg_kdmx bgnhjfZpbx

AZ~rZqZ fh”_ebjh\zZgby fgh]lhf_jgh]lh ihlhdZ kdhjj_ebjh\Zggu
kh[ulbc j_rzZ_Iky gZ hkgh\zZgbb j_dhf_g”~Zpbc ijb\_~_gguo \ >D
<bgh]jZ”h\ @ KgzZqZezZ dZ ~uc ba bkoh”guo Zkkbf_ Iljbggu
]b~rjheh]bg_kdbo jy~h\ ij _h[jZam_Iky \ ghjfZevgh jZkij_~ e _ggu
hilbfZevgh]h nmgdpbhgZevgh]h ij_h[jZah\Zgby azl_f kh\hdmigt
kdhjj_ebjh\Zgguo jy~h\ iml_f azZf gu kbkl _fu dhhj*bgzIl ij_hJ[jZz
g_aZ\bkbfuo ghjfZevgh jZkij_~_e _gguo kemqZcguoeVIZbgbwl|bGZ |
ij_h[jzah\zZgbc \hafh ' gh ijbf_gyy ~Zlgbd g_azZ\bkbfuo ghjfZevcg
kemqgZcguo gbk_e iml_f h[jZlguo ij_h[jZah\Zgbc ihemqghhgbtl” _ebj
0ZjZdl_jbklbd ex[hc ijh"he bl_evghklb

Imklv aZ” Mgy~h\ gZ[ex~VvgbdZ ~uc jy» ~ebl_evgmkkeux ih
lj_"\Zjbl _evgh jy*u gZ[ex” _gbc p_gljbjh\Zgu b ghjfbjh\Zgu gZ "bKki

m

(Vi)T XVi : VikVik 11 (1)
k1
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1" i,ktbg”_dku dhhlajgpzZzqgzx| ghf_jzZ jy*Z b 1h~Z khhI\_IklI\_ggh
virZggu_
L+tagZd ljZzgkihgbjfdldgpy

m~_f ij_~klZ\eylv wlb ~Zggu_ \ GbAN~ fZhbjhjbahglZeb ~Zgc
mihjy~hq_gu ih ghf_jZf jy~h\ Z ih )h{bidZeb +

a N (o]
< >
(j >
G= > (2)
< >
< >
9 }
Dh\ZjbzZpbhggZyKZ\W@gZ_ggZy q_j_aGfimbplmz\gZz
a, . m . .oa _ N . .o a _ N
K=GTG= « y < y < 3)
N »Xm » &N

« » « » «
<« » « » «

< v < 2

WV vV VvV VY VY 0

;m~_f bkdZlv ebg_cgh_ ij_h[jZah\Zgb_ bkoh~guw \\ \dPhjh\ g:
fZljbpuA 1Zdh_ glhfu ij_h[jZzah\Zggu_ \_dlhjz klZeb g_dhjj
lj_h[jZah\Zggu_ ~“Zggu_ \ujZ Zxlky gq_j_a bkoh”gu_ ke_"mxsbf h[jZ

G1=GA (4)

Bs f IZzdmx fZljbpm ij_h[PMajiz\a&zfg N glhfu dh\ZjbZpbhggZ
fZljbpZ ij_h[jZah\Zgguo jy~h\ [ueZ "~bZ]lhgZevghc beb mqgblu
dh\ZjbZpbhgghc fZIljbpu

G1TGi=diag( Q, )

1~ diag(@ +t"bZ]lhgZevgZy N™NjbgpZ JeZ\ghc "bZ]hgZeb dhlhjhc klhyl
Abki_jkbc bkohAgu@ jy~h\
Mgblu\Zy ijZ\beh ljZgkihgbjh\Zgby ijhba\_~ _gby fZljbp
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G1T=(GA)T=ATGT, (6)
ihemqgbf
ATGTGA= diag( Q. 7)
Mqgblu\Zy themqgbf mjzZz\g_gh: "ey fZljbpu
ATKA=diag( Q. (8)
AN kv \k_ fZljbpu bf_xI jAN&N_jygwnkivmjz\g gb_ bf_ | j r_gb_

fZljbpAZmMm~h\le _I\hjy | mjZ\g_gbx gZ kh[kI\_gguK:agZq_gby fZljbpu
K*A= diag( g*A. 9)

< wlhf kemqgZ Ogb&kedky kh[klI\_ggufb agZqg_glyfiklhzljbywu
fZljbp& y\eyxlky kh[kI\_ggufb \_dlhjzZKb ZZbb\pklgh qglh kh[KkI\_gc
\_dlhjzZ kbff_Iljbgghc ~_ckl\bl_evghc fZljbpu hjlh]hgZevgu b fh]iml [
_klv

ATA=1, (10)
1. 1%+ ~bgbqgZy fZljbpZz

> ckl\bl_evgh ij_7~iheh b\ qkh nfZhjepZ\hjy | mjZz(lg), gbx
inAkIZ\G\\(8 ihemqgbf

AT diag( @*A=diag( Q*ATA=diag( @*1=diag( Q. (11)

LZdbf h[jZzahf ebg_cgh_ ij A[jzah\Aghs = bkoh”~gu_ \_dlh,
g _dhj _eebjh\Zgghfm \b~m vy\ey Iky fZljbp_c¢c \ klhe[pZo dhlhjhc kI
dh\ZjbzZpbhgghc fZljbpu bkoh”guo jy~h\ 1Ijb wlhf bkoh”~gu_ jy
p_gljbjh\Zgu b ghjfbjh\Zgu gZ ~bki_jkbx < ij_h[jZah\Zgphh\ZIjbj
[m~ 1 jZ\gZ dhjgx d\Z"jZlghfm ba khhl\_IklI\mxs_]h kh[kI\_ggh]h ag

< hJ[jzZlghf ihjyrd_ _keb Ij_[m_Ilky fh”_ebjh\ZIv ]jmiim jy
dh\ZjbzZpbhgghc fZIljbp_c IGEGMAYh>@eFcwdh]h g _h[oh”bfh

438



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C LhflL <ui|l201¢

k] g _jbjhNZgvdhj eebjh\Zgguo gZjKidevgh gguo kemqgZcguo c
azZ”"Zgghc "ebgu j_ZebazZpbb k gme_ \uf kj_"~gbf b "bki_jkbac jZ\g
khhi\_Tkl\mxs_]Jh kh[kI\_ggh]h agZq_gby dh\ZjbZpbhgghc fZljbpu |
fZ1jbp@y;

Ahfgh blv fZI@apd fZljbpm h[jZlgmx fZljbp_ kh[kI\A'gguo \_
lj_[m_fhc dh\ZjbZpbhgghc fZljbpu Hhénmgbe[pZobgdimhjhc klihyl ihizZj
dhjj_ebjh\Zggu_ ghjfbjh\Zggu_ b p_gljbjh\Zggu_ fh*_evgu_ jy~u

ijhba\_klb N _ghjfZebaZpbx b NZevg_crmx h[jZ[hldm
bkdmkkI\_gguo jy*h\ ijb\h*ysmx bo izZjzZf_lju d iZjzf_|jZf bkoh”guc

Ih~lhlh\dZ bkoh”~guo ~Zgguo \dexqZ_ | \ k_[y \ugbke gb_ Kj
f kyqguo hkz~dh\ b |I_fi_jZImj aZ dZ ~uc ]h”" jy*"Z gZ2q”gfbhc \
nZdlbg_kdb ij_~klz\eyxl kh[hc bg”_dku m\eZ g_gby[adkK_ cglZh]|\_ ki
hij " e ggucflkkyp 1Zd dZd hgb \ugbkeyxlky ih "Zgguf lhevdh g_ki
kh™ j°ZI' \ k_[_ agZgbl_evgu_ ih]j_rghklb hlghkbl _evgh bklbgguo a

Azl _f "ey dZ ~h]lh f_kypZ | _ieh]lh i_jbh~Z Jhlh\blky gZ[hj ba
jy*h\ kbgojhgguo 7~Zgguo hkZyigguol_fi_jZImju jZkoh~h\ b jZ
ij_~u"ms_]h f_kypZ >ebgZ IZdbo jy*h\ \ [Zkk_cg_ j_db Zwg]_d khk
y\ley |Iky ihemq_gb_ 7~ey dZ ~h]h f_kypZ g9gZ[hjZz ba qg_luj_o fh~"
1ZjZf_ljh\ [hevrhc 7ebl_evghklb k khojZg_gb_f hkgh\guo klIZIb
bkoh”guo jy™Ml #Zlbg_kdh]h h b”rZgby ~"bki_jkbb Zkbff_ Ijbb jZI
\azZbfguo dhjj_eypbc

WIlZ az~ZqzZ j_rZeZkv hibkZgguf Jumiih¥h]Jh~Rfjhylghklgh]t
fh _ebjh\Zgby azZ”~ZggZy ”"ebgZ fhO0@vgud |y mM\ibk ]jmiih\h]h
\_jhylghklgh]l]h fh” _ebjh\Zgby j _Zebah\Zg k ihfhsvx ijbdezZ”gh]h i.
\ugbke §IHNITAB Release Hg hkgh\Zg gZ klZg”~Zjlguo ijhp_~mjZo b
[hevrbgklI\ _izd _Ih\ fzZl _fZlbq_kdbo \ugbke_ _gbc b IZ[ebggllhd h[jZ
g b k &S Excel.

>ey dhgljhey |j_amevlZlh\ \uiheg_gh kjzZ\g_gb_ fzZl_fZlbq
"bki_jkbc dhwnnbpb_glh\ Zkbff_Ijbb b \aZzbfghc dhjj_eypbl bkoh”
jy*h\ f_kyqggh]h ijblhdzZ ijbf_j hp_gdb ”ey bxey ijb\_~ g \ IZ]
ihkljh_gguo ih gbf djb\uo h[_ki_q_gghklb >Zevg_crbk_[4dgZeba
hij_~_ e _gb_ ]jZz"Zpbc b khq_lzZgbc ]jz*Zpbt_hiZgZhjh¥ 2 hjka’fob gb _
fhr _ebjh\Zgguo jy*h\ gZ khhl\_Ikl\mxsb_ ih™\u[hjdb ihkljh_gb_ i
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h[_ki_q_gghklb ih ihM\u[hjdZf b h"'b”"Z_fuo kj_"gbo igbblyd Zj\Zeyh\ a
dZz ~"h]lh f_kypZ ijb az*Zgghf khg_lZgbb nzZdlhjh\

Ilh \_ebgbg_ kj_"~gbo f_kyqguo hkz~dh\jyweZ gakih™ eenghiky ih
lj_f ih™\u[hjdAur. ghjfu ghjfZ b gb _ ghjfu < dZI_]hjbx ghjfzZ \de
kh kj_~gbfb ih [Zkk_cgm k hkzZz~dzZfb jZ\gufbekkfBgmkm aqgaMlZgb x
\_ebgbgZ hij_~_e_gZ bkoh”y ba j_dhf_g~h\Zgguo ]jZgbp @jZ*Zpbc
klZgpbc ghjfZzfbhbgxkk °© <ugbke_gb_ kj_"~gbo ih [Zkk_cgm ;mj_b
"Zgguf g _kdhevdbo klZgpbc k mg_Ihf bo dhjj_¢éywikih gjkibo \ywgdhthkg
\_ebgbgu b " _eZ | g_h[oh”bfuf ijhihjpbhgZevgh_ mf_g®Qrblgeh bgl
e | ihizrZxsbo \ ihM\u[hjdb ih ]Jjz*"Zpbyf hkz~dh\ ijb[eihlabljghvgh h’
ih \''dZ "hc

LZ[ebpZKjzZ\g _gb_ izZjzf _Ijh\ gZ[ex™ _gguo baf_j ]h~Z b fh" _e
e | ]b”jhf_I_hjheh]bqg_kdbo d&yjzZudeybklbd

Table 3. Comparison of observed (64 years) and simulated (9000 synthetic years) statistical

SDUDPHWHUV RI -XO\fV K\GURPHWHRURORJLFDO FKDUDFWHU

OZjzZdl_jbklbdz Hkz~dbl L_fi_jZIm Klhd bxg Klhd bxe
1Zjzf_1j Baf_| Fh~| Baf_| Fh~| Baf_| Fh”~| Baf_| Fh"
Kj_~g__ 139,3 | 140,8) 19,1 | 19,1 | 1600 | 1610| 1740 | 1760
>bki_jkby 49,8 | 50,0 11 11 672 634 980 935

:kbff_ljby 0,63 | 0,48 | -0,29 | 0,01 | 0,71 | 0,59 | 2,17 | 1,63
Dhjj _eypby kh klIh

bxey 0,74 | 0,72 | -0,38 | -0,41| 0,24 | 0,22 1,0 1,0

Azl f ih \_ebgbg_ kj_~g_f kyqgghc | _fi_jZImju ge_gu dZ
jZa[b\zZxlky 1zd"_ ih |j_f d2lufhjgkffe ghjfZz b gb _ ghjfu < dzl_]
ghjfZz \dexqz_f ]h~u kI _fi_jZImjhc jZ\ghc kj_fdpgfmkagz2q =gbgbipuk
gZagZq_gu k mqgq_Ilhf ijb[ebabl_evgh ghjfZevgh]h jZkikk* cegngby
| _fi_jzIlmj 1zdbf h[jzZzahf qlh[u bgl_]jZe iehlghklb \_jhylghklb \

khklZ\eye Khhi\_IklI\ _ggh jzZkij_~ e _gb_qge_gh\ dZ ~hc ba |lj_aq
6 GZklZ\e_gb_ ih kem [_ ijh]jghah\ \ jZa"_eZo JZa”_ leo ijKpghdE\f \l tjheh]bq_
QzZklv F =b7jhf_l_hbarzl k
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ih gh\uf dzZl_]hjbyf [ebadh d b <k_]h ihemqgZzZ _Iky ih~\u
ZgZebabjm_fhlh f_kypZ h[t_fhf ijbf_jgh hl A h ge_gh\

Ih ihemq_gguf ih™Mu[djdzZzkljhylky mkeh\gu_ wfibjbg_kdb _
h[_ki_q_gghklb kj_~g_f_kyqgh]h jZzkoh”~Z ijblhdZ “ey dZ ~h]h khq_l
©hkzrdb_f& _jZImjz2a K djb\uo h[_ki_q_gghklb kgbfzZxlky agZq_gb
h]_ki_gq_gghklb o0zZjzZdl_jbamxsb_ gZb[he__ \_jhylgu_ h'b*Z fu_
h[ _ki_g_gghklvx b 0ZjZdl_jbamxsb_ ]jZgbpu bgl p&ZekZ h'b
Ah\_jbl_evghc \_jhylghklvx Nhjfz ijjj amkehddhgbh¥kqg_ Ih\ ijb\_"_
|Z[ebp_< g_c h[hag@’qk_rgﬁy_lkl\mxl agZq_gbyf h'brzZ _fuo jZkoh”h
h[_ki_gq_ggPkligb dhgdj_lguo khqg_lZgbyo ijh]Jghabjm_fuo- nZdlhj
|_fi_jzIlmjza LZf "_ ijb\_*_oqf BZmaggby lhevdh h~rgh]lhkZZdhhjz +

Ih"h[gZy nhjfZ aZihegy_Ilky ~ey \k_o f_kyp_\ k bxgy ih k_gly][]
ijhlghabjh\Zzgby ijblhdZ gZ hkgh\_ ijh]ljghaz hkz~dh\ b | _fi_jzZI
"helhkjhqguc ijh]Jgha hkz~dh\ b | _fi_jZImju fh  _| [ulv ihemq_g ba €
lhevdh gZ hkgh\Zgbb f_Ih~Z hibkZgghJa™ ej "WZhseZifh\j f ggh
ijhlghaZz ijblhdZ ijb wlhf hij_~ ey Iky aZ[eZ]h\j_f gghklvx f_| _hjhe
lh _klv IZdhc ijh]Jgha fh™ | [ulv \u~rZg gZijbf_j \ fZ_gZ \_kv ij_"k

lj_"\Zjbl _evguc ZgZeba dZqg_kI\Z ijh]Jghabjh\Zgby \uiheg_g g
"Zgguohp gdb ijbiheélhqgZebkv ih nzZdlbg_kdbf agZq_gbyf hkzZ”dh\
\f_klh ijhljghaguo azl_f hgb kjz\gb\Zebkv k nZzdlbg_kdbfb agZq_gt

GZ jbkmgd_  ij_"~klz\e_gh kjz\g_gb_ j _amevlZIh\ ijhlghabjh\
agZg_gbyfb ijblhdZ azZ bxev < _jhylghklv ihiZz~Zgby ]JpAadbjpwgh]t
hp_ghqgghlh bgl_j\ZeZ khklZ\b&gZ "g_ _ Z[khexlgh_ hldehg_gb_ h"
agZq_gby ijblhdZ hl nzdlbghkdhjhu WIb hp_gdb ih~I\_j " rzZxl Zz~_d\
ijbgylhlh ~h\_jbl_evgh]h bgl_j\ZeZ b m~h\le I\hjbl_evgmx Kk
aZlez]lh\j_f _gghklb Ilhgghklv ijh]jghaZz
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LZ[ebpZHp_gdZ h b”rZ _fhlh kj_~g_f _kydggh]hhjZjKdaghamfkj ~g_c km
hkz~dh\ b kj_~g_c |_fi_jZImju \ha”moZ ih [Zkk_cgm j_db ;mj_y
Table 4. Expected mean monthly discharge(sh evaluation using forecast of mean precipitation

sum and mean air temperature in Bureya river basin

DZI_Jhjbb  Hp_gb\z fz| Ih '\ZrdZ'—]hjbyf 'aft)irjz

hkz~dh\ \_ebqgbgZz hkZ"d Z ghjf_u ghjfi ghjfa
Qr_15% a S 07 O
\ur_ ghjfu Qr_150% a;° Chy Oy Chs
Qr_195% % Chy Chy Chs
Qr_15% q; a5, a3, U35
ghjfz Qr_150% a5’ Oz Oz Oz
Qr_195% a5’ Oy Oz Oz
Qr_15% % Us1 U5, Uss
gb_ ghjfu Qr_150% g3’ Oaz Uz Uz
Qr_195% gs° Oaz U3 Us;

JbkmghtlzZzdlbg_kdibjgZy ebgby b ijh]Jghagu_ agZq_gby ijblhdzZ azZ t
agZq_gb_ IhgdZy kiehrgZy b ]jZgbpu hp_ghggh]h bgl_j\ZeZ i
Figure 4. Measured (bold line) and forecasted values of inflow in July: expected value (neat line)

and boundaries of estimated interval (dotted line)
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<hafh gh mlhqgg_gb_ ijh]lJghaz k mq_lhf nzZdlbq_kdh]h ij
ij_~r_kl\mxsbc ijh]Jghabjm_fhfm LZdhc mlhgg_gguc ijh]Jgha \uih
ZgZeh]bgghc baeh”™ _gghc \ur_ >ey wlh]h ijb khklZ\e_gbb hp_ghc
]h~u jZa[b\Zxlky kgZgZeZ gZ ih™\u[hjdb kh agZg_gbyfbcifbkiypZz az
©\ur_ ghjfua ©ghjfza b ©gb _ ghjfu@d >Ze_ _ khklZ\eyxley hp_g
dZ ~h]lh \ZjbzglZz dhlhju_ bkihevamxlky ijb hp_gd_ ijblddi*"gz ij_
ijblhgghklv aZz "Zgguc f_kyp m _ fh™ | Julv hp_g_gZ ih nZgHm >ey
ko _fu ijhJghabjh\Zgby \ugbke _gu \ _jhylghklb ihiZz"Zgby nZdlbq
ijhlghabjm_fuc bgl_j\Ze hijz\~u\zZ_fhklv b kj_~g__ Z[khex
nZdlbg_kdh]lh hl h"brZ_fh]lh agZq_gby IZ[ebpZz

LZ[ebpZ < _jhylghklv ihiz*"Zgby nzZdlbq_kdh]h agZqg_gby \ ijh]jgha
hijz\~ b kj_~g__ Z[khexlgh_ hldehg_gb_ _]1h hl h'b”"Z_fh]lh agZq.
Table 5. Falling of measured value within the forecasted interval probability and mean absolute
deviation from the expected value, (%)

F_kyp Bxgv Bxev \]mkl K_gly[jv
IlhdzZzazl_¢ Hijz\7 Hrb[| HijZ\ ] Hrb[| HijZ\ ] Hrb[| HijZ\ ] Hrb[
Hkgh\ghg

87,5 26 89,1 28 90,6 26 93,8 23
ijhlgha
MIhag_gg

90,6 25 87,5 27 92,2 25 89,1 21
ijhlgha

<b”rgh qlh mlhqg_gb_ ijh]jghazZz ih ~Zgguf h ijblhd_ azZ ij_"r_
hi[s f g agZgbl _evgh b ~Z | aZf_Iguc iheh bl _evguc wnalydjylhevdtl
>ey wlbo ~_ f_kyp_\ \ebygb_ | _fi jZImju \ha"moZ gZ klhd hdZau\Z_
mdZaulZ | gZ baf_g_gb_agzZgBtHkhjbh\\kMmidsbb | g-hkb gg _Jo k _ahgZz
glh fh™ | klZlv ij_~f _|hf "Zevg_crfclhZ2ZjZzjh]gtaZz

ljhlJghau h[t_fZ ijblhdZ aZ \_k _gg__ iheh\h~v_f g  agZqk
\h~"hojZgbebs&Z blakh[_gghkl_c ]b”jheh]bq_kdh]h j_"bfzZz j_db ;m
hlebgzZxlky [hevr_c lhqghklvx b gZ~ "ghklvx ih kjzZ\g-hglbxgg ifjin]jgh
ijblhdz ~h "~ _\h]h ijhbkoh ™ gby WIh h[mkeh\le_gh gZebgb_ f ~
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bgnhjfZpbb h azZizkZo \h~u \ kg_[Zdkk_ibdjhd gZfizem iheh\h*vy G _
agZgbl_evgmx jhev ~jm]bo nzdlhjh\ nhjfbjh\Zgby |1Zeh]h klhdZ

hkgh\ghf hij_~_ ey | h[t_f ijblhdZz az iheh\h”v_ qlh iha\hey_|I
dhebqg_kI\_gghc Z g_\\_jhylghklghc nhjf_

Mg _I| “he]lhkjhqgh]h ijh]lJghaz hkz~dh\ b |_fi_jZImju ijb ijh]gh
aZ iheh\h”~v_\uihegy Iky gZ hkgh\_ ZgZeh]h\h]h ih*oh~Z :gZeh]h\
f j_ y\ley |ky wdki_jlghc hp_gdhc 1Zd dZd g_ bf__| Z[khexlgh kljh]
kemqZ_hg aZdexqZ _ |ky \ ihbkdZgg&blemaribd ejgiMrkygZ[ex” _gbc
dhlhju_ fhlml [ulv koh”rgufb k I _dmsbf Jh~ hf ih mkeh\byf b h[t_fm it
e -ZgZeh]h\ kjzZ\gb\zZxlky h[t_fu kg_]hazZziZzkh\ gzZ [Zkk_tgjlZz gBdhie
[ebahklv nZdlbg_kdbo f_kygguo kmff hkzZz~dh\ b kjaZgZifi_lewgufZ¢_:
d ijhljJghabjm_fuf agZzq_gbyf gz |l -~ f kypul_dms _]h ]h*ZZjllh]gha
\' \bAr_ h b~rZ _fh]lh ijblhd#zZ\ Zij_e _

J _amevlZlu hi_jZlb\guo bkiulZgbc ijh]jghah\

1ZjZee _evgh k jZajz[hldhc f_Ih~Z b ih f_j_ Jhlh\ghklb hl*_evglt
khklZz\eyebkv hiulgu_ hi_jZlb\gu_ ijh]Jghau *ey ;mj_ckdhc =WK <
AZgu ijhlghau f_kygguo kmff hkzZz"dh\ ‘' hdAdgle ijfZWihdg $Zkh k_ahgZz
klZzgpbyf GZ jbkmgd_ ijb\h”ylky “Zggu_ h koh”bfhiblthkidbabz k
\ kj_"g fih [Zkk _cgm akh”u

Kj_"~gb_hrb[db f_kyqghc kmffu-RkgMNd[hV &B kflZd ey x|
khhi\_Ikl\_ggh "ey b 11 9Zb[hevrb_ hlighkbl_evgu_ hrb
gZlex"Zebkv \ bxg_azZ Ijb h[km ~Z fuo Jh”~Z Hijz\~*u\Z_fhklv ijl
dhe [e_Iky \ rbjhdbo ij_~ eZo azZ |_i«kuagly[jbht bxdwh
Hijz\~u\Z_fhklv kj_"~gbo ih [Zkk_cgm hiBA%dh\ khklZ\beZ

KmffZjgu_ hrb[db ijh]ghklbq_kdhc kmffu hkzZz~"dh\ aB]Exahg ih

ff gh kmffZz hkz"dh\ aZ k_ahg \ kj_~g_f ihHZkkh\&Zmd \mj_ b]kikt

hrb[dhc hdheh \hdheh Z \ hdheh DZq_klI\h ijhlghaz \ p
m”~h\e I\hjbl _evgh_ Ba j_amevlZlh\ ZgZebaZ ke_"m_| qglh gZb[h
kj_~gb_ ih [Zkk_cgm hkz~db GZb[hevr__ \ebyghb_wdB&f hpf_gdm i
ijhlghau hkz~dh\ k bxgy ih k_gly[jv 1Zd dzZd \ hdly[jh hheVZ eBqbc
klhd fZy \ [hevr_c kl _i_gb hij_" ey |ky \eZ]haZizZkhf [Zkk_cgZ gZ
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Figure 5. Comparison of forecasted (solid lines) and measured (dotted line) mean precipitation

values in Bureya basin for May-October #i2008; [). 2009;\) 2010

< _ebqgbgZ h b~z _fh]h ijblhdZ hij_~ eyeZkv gZ hkgh\Zgbb Z
KgZgZeZ gZ hkgh\Zgbb h bz _fih&kArdh\ & | fi_jZImj \u[bjZeZkv ]
8- e | k [ebadbfb nZdlbg_kdbfb agZq _gbyfb wlibha gdj dll[ bh K Eddk v £

gZb[he_ _ gZ”™_ "guo ZgZeh]Z gZ hkgh\_ kjZ\g_gby \ ¢gdbqbhg aZiZl
fZzjlz ezZfZeh]lh\ b ijh]lJghabjm_fhl]h ]h”"Z GZ hkgh\Zgbb wdki_]
"hihegbl _evguo nZdlhjh\ \\h*beZkv ihijz\dZ gZ h bdZatwuevh]itu f i
ijb\_~ gu \ IZ[ebp_

ljh]lgha ijblhdZzZ gZfZ¢j _ev]h~Z ih h[t_fm iheghklvx hijzZ\"Zeky |
lhgghklvx jZkij_~ e _gb_ \h~rghklb ih f_kypzZf khhl\_Ikl\h\Zeh \lhjt
ljh]lgha ijblhdz gZfZ¢j_ev]h~Z ih h[t_fm aZ\ur_g gZ
ih f_kypZf khhI\_IlklI\h\Zeh i_j\hfm]ZgZeh]m

JZkij_~_e_g

44z



2019/ Vol.1, 1ss.3

HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

LZ[ebpZH b~rZ _fbbcnZdlbg_kdbc ijblhdfg@z Af _ev
Table 6.Expected and measured reservoir inflow for April-May2km

| _jbh” =h”dZgZeh]b ljblhd
Ih» 1985 1963 H brZ_ fuc Nzdlbqg_kdb
j_ev 1,9 1,3 1,5 1,2
FzZc 4,9 53 5,5-6,0 5,9
<k _1h 6,8 6,6 7,0-7,5 7.1
lh~ 1978 1970 H brZ_ fuc Nzdlbqg_kdb
ij_ev 0,9 1,2 1,0 0,8
FZc 50 4,7 5,0 4,0
<k _]h 59 5,9 6,0 4,8
AZdexq_gb _
< j_amevlZl_ \uiheg_gguo jZ[hl ih kha”Zgbx f_Ih*Z “hel]lh

ijblhdZ \h~u \ ;mj_ckdh_ \h*hojZgbebs_hp_g _gZ zZ~_d\B|ghkZv b \\
ko _fu "bgzZkbdbzklbg_kdh]h fh”r_ebjh\Zgby JZajzZ[hlZgu b ij_"\Zjb
f_Ih™ klZlbklbg_kdh]lh ijhlghaz hkz~dh\ b |_fi_jZImju 8Z4eZ]lh\p_f_
f Ih~ \ _jhylghklgh]lh ijh]lJghaz ijblhdZ gZ hkgh\_ h'b~Z fuo ag
| fi_jZImju Ijh]lghklbq_kdb_ Ze]hjblfu j_Zebah\Zgu \ \b”~_ ijh]jZffc
kj_~"g_c f_kygghc | _fi_jZImju b kmffu hkzZz~rdh\ az fjk\@fbgup”rZ hl
dhfihg_gl Ih”~Jhlh\e_gh g_kdhevdh hi_jZlb\guo ijh]ghah\ hkzZ~dh\
d \h*hojZgbebsm [hevrhc aZ[eZ]h\]j_f_gghklb

GZ hkgh\_ Z\lhjkdbo bkke_ _~h\Zgbc b h]jZgbq_ggh]lh h[t_fZ hi
f Th~h\ ihdZazZgZ \hafh ' ghklv “hklb” ™ _gby ~h\hevgh \ukhd&bm agZq_
lhgghklb ijhlJghah\ ijblhdZ azZ[ezZ]h\j_f _gghklvx "h f_kyp \uAZ"Zq
yleyxlky kh\ _jr_gkl\h\zZzgb_ f |Ih~Z klZlbklbg_kdh]h ijh]lJghad@_hkzZ~dh
hi[hjz ij_~bdlhjh\ gZ hkgh\_ bo nbabq_kdhc bgl_jij IZpbb
ijhlghaz ijblhdZz "hihegbl _evguo nzZdlhjh\ klhdhnhjf
hg j_~v ij_"r_kl\mxs_]h m\eZ g gby [Zkk _cgZ AhjZ[hldZ b
ijhljZzffguo dhfihg_glh\ kbkl_fu ijh]lghabjh\Zgby ijh\_~_gb_ Kk
hi_jZlb\guo bkiulzgbc f_Ih~h\ \ujzZ[hldZ w\jbklbq_kdbo ijZ\be
ihal\heyxsbo "h[b\ZIlvky fZdkbfZevghc wnn_dlb\ghklb f_Ih~h\ \ hi_j.

mlhq

iml_f mq_IlZ
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IJ:<BE: >EY :<LHJH<

<gZmgguc mjgZe ©=b"jhkn_jZ HbZkbe gohpijkgbfzZxlky klZlvb
jmkkdhf b Zglebckdhf yaudZo \ khhiI\_IklI\bb k hkgh\gufb I _fZlbqg_k
Nmg~rzZf _glZevgu_ ijh[e_fu PoANjehtkn_ju
HiZkgu_ ijhp_kku b y\e _gbyA Jebhkn_j_
W\hexpby ]b”jhkn_ju A _feb
Wdheh]bg_kdb_ ijh[e_fu b hirdhghkjb A_ feb
F_Ih*heh]lby b f_Ih*"bdZ hkke_"~h\Zgbc
GZmqggu_ “"bkdmkkbb
. Ojhgbdz
leZlZ aZ im[ebdZpbb klIZl_c¢c g_ \aufZ_I|ky =hghjzj Z\IhjzZf g_ \t
Ivb ihke_ nhjfbjh\Zgby \uimkdzgizz&azcdzZxlkwygZezZ \ k\h[h~ghf “hklIm]
Hisb_1j [h\Zdblynhjfe gbx klZlvb
-nhjfZtdoc belocx \k _ ihey kljZgilhpu ks
- ribnITimes New RomanjZaf_#12 pt;
-f_"~mkljhgguc bglihedelhtjguc i_j ghku \ keh\Zo g_ “himkdzZxll
-Z[aZpguc hlklmkft \ujZ\gb\zZgb_ilh dbkljbgt aZ bkdexqg_gb_f Ibl
ghc kljZgbpu nhjfme kghkhd jbkmgdh\ b I1Z[ebp
LbimevgZy kljZ2gepgdZ kh™_j ZIv ke_"mxsb_ we_f glu
-M>D\ujzZ\gb\Zgb_ih e _\hfm djZx
-gZa\ZgbZlvb j_]1bklj dzZd \ ij_"~eh” _gbb \ujzZ\gb\4gb__ih pkegl}m
-bgbpbZeu b nZfbeb¥\EA]h}Z \ujzZ\gb\Zgb_ ih p_gljm
-ihegh gZa\Zgb_hjlJ]ZgbazZpbb \ dhlhjhc jZ[hlZx] Z\lhjw k mdZ
dmjkb\ \ujzZ\gb\Zgb_ih p_gljm
-e-PDLO dhglZdlghNMujz\dh¥zZgb_ ih p_gljm
-ZaghlzZppty fhf - keh\ dhlhjZzy "he gZ \dexqZlv ZdimZevghkl
"h\Zgby ihklZgHedrmu p_eb bkke_~h\Zgby f Ih”"u bkke_~h\Zgby |
g_\u_ \u\h™u
-dexq \u_ k#sh\Zkeh\ ij_"_evgh hljg Zx¥sbkke_~h\Zgby
Hkgh\ghc |_dkl klZlvb
ljb ih~Thlh\d_ klZlvb j_~Zdpby gZklhyl _evgh j _dhf_g”m_1I ijb"™
IMRAD ih”~jZamf \Zxs ]h kljmdImjbjh\Zgb_ klZlvb gZ ke _"mxsb_ we
-\\ A gbQWURGXFWLRIQZdKkmZevghklv bkke "~h\Zgby h[ahj ebl.
klZgh\dm ijh[e_fu nhjfmebjbbZaghZg bekke ~h\Zgby
-f I " (MHWKRGV kh~ j"Zsbc hibkzgb_f _Ih~*bdb f_Ih~h\ b
lh\ gzZ[ex”_gbc fZl_jbzZeh\ ijb[hjh\ h[hjm~h\Zgby b mkeh\bc wdki_
-j_ameviResults)tnZdlbq_kdb_ j _amevlZlu bkke_~h\Zgby b bo bgl
-h[km ™~ (@iscussion)tdjZldb_ blh]b jZza”_eh\ klZlvb [_a “hkeh\gh]h
LZ[ebpu b jbkmghlljfeyxlky [ _a Z[aZpgh]h hlkImizZz k \ujZ\gb\Zghb
hi" eyxlky imklufb kljhdZfb hl hkgkh\gjhkmgdklIZhe gu [ulv fZdkbfZe
dzZzq_klI\Z < 1Z[ebpZo “himkdZ |ky bkihevah\Zgb_ h~bgZjgh]h f_
ribnlz f _gvr_lh jzaf_ jzZz qgpt f @Z ~"Zy |Z[ebpZ b jbkmghd “he gu bf
bkihevamxlky ZjzZ[kdb_ pbnju b gZa\Zgb_ <k_ ihZibkie dglZ kenbp Z
AN j7ZIv bklhggbdb bgnhjfZpbb aZ bkdexg_ghhbak29wZ\KHgdhp*Z hgt
?"bgbpu baf_jigbydklim klZIvb mdzZau\Zxlky \ f_""mgZjh~ghc kb
> kylbggu qbkegdzZxlky g j a aZiylmx gZijbf |
Jli_\bZImju b khdjZzghgbgu [ulv jZkrbnjh\Zgu ijb i_j\hf mihlj_[e€
?keb 1Zdbo we_f_glh\ fghTghktBEikegblv kibkdhf khdjZs_gbc k jZkrb

NouokrwhE
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Nhjfmeahe gu [ulv \klZ\e _gu dZd h[t_dl OLFURVRIW (TXDWLR:!
lhj_ nhjfme_ :RUG jZkiheZzZ]Zlvky ih[paggmzZpghdbphulklmizZz khijh
NZIvky kd\haghc gmf_jzZpb_c ih ijZ\hfm djzZzx Z 1Z&%krbmfihiwdmwdKki
h[hagZqg_gbc ijb i_j\hf bo kimbbhzezZgghb f _~“bgbp baf_j_gby

<dhgp_ klZIvb[GHymiljb\_* ;eZ]h”*Zjghklbdhlhjihd_~m_| mihfbgZlv
ex" ¢ dhlhju_ ihfh]zZeb ijb jZz[hl_gz”™ klzZlv_c bklhggbdb nbgzZgkhb

HikuedZ gZ azl_dklh\u_ [b[ebh]jZnbqjbddBblkkuiedhdb dklim klZlvk
d\zZz~jZlguo kdh[dZo iml_f mihfbgZgby \k_o Z\Ihjh\ 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 1h~Z bar"Zgby Kkuedb gZ g_kdhevdh im[ebdzpbhblfhggr]lkyZ\I
"h[zZz\e_gb_f [md\u d ]Th m ba~Zgby < kemgZ_ hlkldhe\dbhgZ igbkildhe:
Aylky \ ojhgheh]bqg_kdhf ihjy*d_ b jZza”_eyxlky Ilhgqdhc k aZiylhc

NhjfZlu hnhjfe_gby hkgh\guo \b"h\ aZl_dklh\uo [b[ebh]jZnbqg_k
KkuedZ gZ dNgdfbreby BAH]eZ\b_ dgb]lb K\_~_gby hlghkysb_ky d aZz

K\_~ gby h[ hI\_IkI\ _gghklb gZzZijbf_j j ~Zdlhj F_klh ba”Zgby ]hj
Dhebq_ klI\h kljZgbpQl:dgb] _
Kkuedb gZ "bkk jlZpbx bebNzZ¥lkhe by BZHezZ\b_ ~bkk Ljpzpbkk jlZ

pbb F_klh barZgby ]hjh~ ]h~ Dhebq kI\hDaljZgbp \ ~bkk_jlZpbb
Kkuedb gZ klZIvx NZfpeby B\Zez\b_ klZIvb AZ]ezZ\b_ dgblb K\_

kysb_ky d az]eZ\bx dgb]b K\ _~ _gby h[ hI\_IkI\_gghklb F_klh ba
ki\h ]h” barZgby KIljZ®®pu klZIvb
Kkuedb gZ klZlvx \ i_jbh”bq: N@ZHb by ByEpeZ\b_ klZIlvb  AZ]eZ\b_

gZeZ =h”" Lhf < KIjZgbQlu klZlvb
Kkuedb gZ fZl jbZeu \ k[hjgbd N&lipeby 8&YvHlEZ\b_ klZlvb AZ]e.
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k\_~ gby hlghkysb_ky d azZ]ezZ\bx -bAKiheghdz bgh”jkhlarZgby j_
85/ Z"j_k klzZlvb ~Zl1Z h[jZs_gby

< azZl_dklh\u_ [b[ebh]jZznbqg_kdb_ kkuedb \dexqgzZxlky lhevdh j
gbdb klZlvb ba gZmgguo mjgZeh\ fZl jbZeu dhgn_jbgpB&ebhza"
g_h[oh”bfh khkeZlvky gZ ghjfZlb\guc "hdmf_gl eb[h gZ kb&albvx \ ]Z
\ [eh]_ ke_"m_1| ihf_klblv bgnhjfZpbx h[ bklhggbd_ \ kglZzkdim ih hl
Kghkdimhjfeyxlky kd\haghc gmf_jZpb_c¢c ih \k_fm "hdmf_gkgh&Z[kd}
dZo ihfbfh bklhggbdh\ fh™ | Julv ~“jm]Zy ~hihegbl_evgZy bagnhjfZp
hnhjfey |ky [_a Z[aZpgh]lh hlklmizZ \ujzZ\gb\Z Iky ihl0lpibg_ jZaf_ |

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

GZZglebckdhf yahpyazZl evghf ihjyrd_ ijlib\imeMgyy bkgjiggalz
gby 1Z[ebp b jbkeng)dihZjghikbb gZeb;gblbl _jZImkBE~ _j ZszZy dzd ljZgke
| _jZpbx 1Zd b i_j \h" gZ Zg]e&hldkkld@y &ujd\dZ

ljb wihf Zglehyauqguc \ZjbZdbs#acy hrhgbbg [ulv bgnhjfZlb\guf ¢
kh” j Zlv h[sbo keh\ hjb]l]bgZevguf g_J[ulv dZevdhc jmkkdhyauqg
| evguf hljz Zlv hkgh\gh_ kh” _jZgb_ klZlvb b j_amevlZlu bkke 7t
guf ke _"h\Zlv eh]bd_ hibkzZgby j_amevlZlh\ \ klZIlv _ ©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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