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Gm b dhg_qgh djZcg_ \Z'gZ |_fZ hiZzkguo ijbjh~gulo ijhp_
]b~rjhkn _jof xggh bamqg_gb_ wlbo ijhp_kkh\ azZdhghf_ jghla\bclkhy \hai
hqg gv ZdimZevgh dzZd ”"ey ijZdlbdb [Zd b “ey nmg" A% glZevght
\hijhku djzldhkjhggh]h ijh]jJghaz ~Zgguo ijhp_kkh\ b y\e_gbc

>mfzx qlh m "mjgZez k\_leh_ [m"ms__ GzZ~_xkvl qlh h
ihr"h[zZxs__ f _klh g_ lhevdh \ f_""mgZjh~guo gZmdhf_¢jibd kiddfd [Ze
]lez\gh_ \ ihgbfzZgbb gZr_]h fbjZ b \ jZkrbj_gbb djm]JhahjzZz gblzZl_e

=eZ\guc j_"Zdlhj mjgzZeZ
AN nf gijhn_kkhj
ZdzZ~ _fbd J:G = B>hel]bo
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HYDROSPHERE ! HAZARD'PROCESSES AND PHENOMENA

Dear colleagues!

We are starting a new scientific journal dedicated to the s
of the hydrosphere and hazard natural processes, anyway assc
with the impact of water in its various phase states.

The title of the journal contains all possible topics concern
water movement, mode, and phase state. Moreover, this relates &
those processes and phenomena that occur in the hydrosphere {
the border between the hydrosphere-lithosphere and the hydrosp
atmosphere.

It is extremely important that subjects of this journal is much wider than the standard topics
usually considered in classical scientific journals, because there are great results at the junction of
some outwardly unrelated disciplines can be obtainddHT FRQFHSW Rl 3SLQWH&®O FWLR(C
hydrosphereO LWKRVSKHUH V\V Wabhéut farty yearsayo UTRISORCEPEplayed a great
part not only in the study of linear and nonlinear processes in these geospheres, but also discovered
lot of new, related specifically with their interaction.

| believe that the concept of HYDROSPHERE is even more. Here everything starts from the
microworld and interaction at this level and ends with the macroworld with the study of linear and
nonlinear processes in it, with the introduction of the coMtepR|I SLQWHUDFWLRQ LQ W
hydrosphereOLWKRVSKHUH V\VWHP’

Well, and, of course, the topic of hazard natural processes and phenomena in the hydrosphere
is extremely important:the study of these processes, the laws of their occurrence and development
are very important both for practice and for fundamental science. The questions of short-term
forecasting of these processes and phenomena are especially important.

| think the magazine will have a bright future. | hope that it will confidently take its
appropriate place not only in scientific indexes, but also in understanding our world and outlooking

extension of readers that is most importantly.

Editor-In-Chief,

Academician of the Russian Academy of Sciences Grigoriy I. Dolgikh
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HppZsugbipeMgjoNimj@Z e Z

=em[hdhm\z Z_fu_ Z\lhju b gblZl_eb

GZmgighba\h”~kl\_ggh_ h[t_~"bg_gb_ ©=b"jhl_oijh_dl?
bkke_"~h\Zl_evkdbc p_glj ©=_h~"bgzfbdz2 Bgklblml \h~guo ijh[e_f
gh\uc "mjgZe

KjZam \hagbdzZ_ la\hgjhfk #Za\_fZeh k_]Jh”gy ki_pbZebabjh\Zgc
im[ebdmxsbo fZl_jbZeu h[ bkke_~h\Zgbb ijhp_kkh\ b y\e _gb't ijhbk
Wlh ©OF | _hjheh]by b =b”jheh]by® ©Mq_gu_ aZibkdb J=gRkRM?2 ©O<h
~“jmlb_

lhklzjz fky Zjlmf_glbjh\Zlv gZrm ihabpbx

Q_eh\ _d k g _dhlhjuo ihj ihez]Z_ | k_[y ohaybghf ijbjh”u oh
"hdzZau\z_| _fm h[jZIlgh_ ;md\Zevgh _"_"~g_\gh kh \k_bkldhdphifk\_]I
glh h gdhh jzZafulh jZajmr_gh aZlhie_gh dzZlZkljhnbq_kdb_ .
hiheagb b k_eb eZ\bgu BZnphlJZgth[t _dlb\gh mkbeb\Zxsboky wdkl
ijbjh~rguo dZlZdebafh\ [hevrbgkl\h i_gZevguo ihke_"kl\bc ijhbko
hrb[hd ~hims_gguo kzZfbf gq_eh\_dhf ijb ijh_dlbjh\Zgbb b jZaf_
khhjm™ _gbc \ ahgZo jZa\blby hiZkguo ijbjh”guo ijhlmhkkphh\Zg bbhmq
0ZjzZdl_jbklbd hizkguo ijhp_kkh\ b 1Zd ~"Ze__

GZijbf_j 1j\KHvo gj_a\ugZcguo kbImZpbc ijhbahr_"~rbo \ Jhkkk
g_I\_jlv \td¢yZz\h~*g_gby Ih ex”*kdbf b nbgzZgkh\uf ihl_jyf hgb m~_j
f _klh kj_"~b ijbjh*rguo dzZlzZkljhn GZ\h”~"g _gby \hagbdzZx!| \ khigab k g
jmk_e ih |I_f beb bguf ijbgbgzf ijhimklblv iZz\h~hd : ijhimkdgZy kih
\k_1h hljzgbq_gz \ f_klZo jmdhl\hjguo ikbhmjlgdpcggméed Ehklh\uf
i_j_oh~zZf beb k_ebl_[ghc aZkljhcg_ewxbglthdikhfak #jbgbg

Fu \u~r_ey f Ijb ijh[e_fu \_"msb_ \ gbke_ ijhgbo d gZjzZklZz
[ _ ahiZzkghklb kljZgu

| j\Zy &zZlZkljhnbq_kdZy ihl_jy d\Zebnbpbjh\Zgguo dzZ”jh\ \
A_fe_ dzd \ bkke_~h\zZl_evkdhc kn_j_ 1Zd b \ ijhba\h”klI\_gghc G
fZkkh\uc hijhk kj_~b klIm~_glh\ klZjrbo dmjkh\ h~gh]h Ib&dhVhkdh\
<hijhk [ue ke_~mxsbc kdhevdh ebljh\ \ dm[bg_kdhf f_Ij_ HI\_I1Z
kh Ze gbx qgzklv ij_ih~zZ\zZl_evkdh]h khklz\Z Ih"_ aZljm~gbeZkv \

<lhjZzy & _ \abjzZzy gZ \ukhdh_ dzZqg_klI\h kljhbl_evklI\Z bgnjZz
ijhfure_gguo h[t_dFh\ }h”ru ;; \_dzZ \j_fy bo wdkiemZIZpbb ih*oh”bl

Lji Ivy #lkmlkli\b_ ~he gh]h dhgljhey azZ wdkiemZlbjmxshb
| ogbg_kdb_ h[t_dlu hj]ZgbaZpbyfb
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HigZklb wilh ijhbkoh”bl ihlhfm qlh iheblbdm \_~hfkI\ mijZ\ey
evx klZeb hij_~ _eylv ex"b g_ bf _xsb_ij_"klZ\e_gby h Ih&h[eZkl
xlky K ~jm]hc klhjhgu km Z _|ky ijhkljzZylsl\kIY\ bdkghtk kdpbnigghc f_
AhfkI\_gghckieh b\r_cky kbimZpbb

< j_amevlzl_ \hagbd \Zdmmf dhlhjuc g_h[oh”bfh gsf e _gg
hklZebkv g_jZ\ghmrgu_ b ijhn_kkbhgZevgh ih*]hlh\e_ggu_ ex”b L
h \hafh ghklb kha"Zgby gh\hc ijhn_kkbhgZevghc "bkdmkkbkngghc ie
klhjhgg_ ih~" _jjZ%ebh” ggmx b”r _x LZdbf h[jZzahf b \hagbd ij_"eZ]:
\ghfZgbx "mjgzZe

Keh b\r__ky jZah[s_gb_ \ gZmqghf b ijhn_kkbhgZevghf k
ihiulZlvky i_j_ehfblv < ijhlb\ghf kemqzZz_ \ j_amevlIZl] fjlodgydby g_
hrb[hqgh]h mijZ\e_gby ijh_dIZfb \ [eb Zcrb_ ]h”u fu fh _f \kImibl
g_j_"m Z\Zjbc b dzlzZkljhn

<f_kl_ k I_f Kkbkl_fZ gZrbo agZgbc h ijhp_kkZo boy\le_gby
]b~rjhkn_j_ A _feb \kz sz ~"Ze_dh g_ihegZy Ih f_jzHbeihraghgby
[hevr_ \hijhkh\ hI\_Ih\ gZ dhlhju_ fubéabZ gwldbgBI\f bu g_ \ibku\Zx
\ ijbgylu_ gZmqqgu_ iZjZ"b]fu

< gZmdZo h A _fe_\k_ k_jvzagu_ gZmqggu_ hldjulbryggjudkoh’
"bkpbieblyih wlhc ijbgbg_ fu gzZz”~__fky gZ Ih qlh gZr "mjgZe klzZg_
guf

Fu gz~ _ fky 1Zd"_ gZ Ih glh gZr "mjgZe klZg_| g_ ijhklh hqg
kdbf gZzmqguf ba”rzZgb_f Z hldjuluf "bkdmkkbhgguf deidphadlv\kdhlz jh
fg_gb_ ih ZzdimZevguf \hijhkzZf Jb”jheh]bq_kdhc gZzhbkbbhikld dF »
klz Z jZ[hlu \ ]brjheh]bg_kdhc b kf_"guo gZmdZa bn\gzigdi & @Xzandoch f
khh[s_kI\_ ?7bgkl\_ggh_ h)\uigbdbgbjhm®_kkbhgZevguc mjh\_gv "k
ih~rn j°Zgb_ dhlhjh]h klZg_| h"ghc ba hkgh\guo azZz”~Zq Ba”ZIl_ey kb
‘mjgZezZ W\hldxXgblkn_ju A_feb b _z nmg”zZf_glZevgu_ ijh[e_fu hiZzZk
yle_gby \ 1b~jhkn_j_ f_Ih*heh]lby b f_Ih"bdZ ]Jb*jhehibgkgtbgubkke
| _fu gZmqgguo “"bkdmkkbc dhlhju_ dzZd fu gzZ”~__fkygZ4Zah jmaftiky g
gby <ijhq_f Ilhevdh bfb fu h]jZgbgb\ZIvky g_ kh[bjZ_fky

<ukdZaul\Zcl_k\hz fg_gb_ dZd [u gb dZaZehkv hghbkihpguf ~
Ibjmcl_ k hiihg_glZfb gZ gZrbd WkljiZzidnhp avl? IThevdh ijb\_IkI\h\ZIv b
kbezfb ih~™ _j b\zZIv < gZr_ f "mjgZe_ ex[h_ Zjimf _glbjpZXggz fg._
im[ebggh_ kms_kI\h\Zgb_ B fu gzZz~__fky qlh gZr dhjoggeodédhZg | _
fhgmf_glZzevghf “"\hjp_ gZmdb h*ghtjiblkan\4 gt crbo gZkl_c fbjha~zZg

>h \klj_gb gZ kljZzgbpZo mjgZeZ ©=bilhipkrk i\ eH gfokyg u _
: X <bgh]jz® : G=_evnZ( G :DZaZdh > :KmJ[_Illh < :H[yah\
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Message from/the Founders:of therjournal

Dear authors and readers!

The Scientific and Production Association Gidrotehproekt, the Research Center
Geodynamics, and the Institute of Water Problems of the Russian Academy of Sciences pesent yo
a new journal.

The question immediately arisasor what? Are there few specialized magazines today that
publish materials on the study of processes and phenomena occurring in the hydrosphere? These are
"Meteorology and Hydrology", "Proceedings of the Russian State Hydrometeorological University",
"Water resources" and many others ...

We will try to argue our position.

The human considers for some time himself as the owner of nature, although this world
always evidences otherwise to him. Practically every day, from all over the world, news come about
that somewhere something is blurred, destroyed, flooded: disastrous floods and precipitation,
landslides and mudflows, avalanches and hurricanes... Against the background of objectively
intensifying extreme natural disasters, most sad consequences occur as a result of mistakes made by
the people: while designing and placing objects and structures in the zones of development of hazard
natural processes, underestimating or ignoring the characteristics of hazard processes, etc.

For example, one third of all emergency situations that have occurred in Russia over the past
quarter century are floods. They hold first place among natural disasters by human and financial
losses. Floods occur due to the failure by watercourses to miss the high water for any reason. But the
camcity of the watercourses is most often limited in man-made narrowing places of the channel -
confined to bridge crossings or residential development. The faults of this is a whole complex of
reasons.

We distinguish three problems that lead, among others, to an increase in threats to the
country's water safety.

The first problem is the catastrophic loss of qualified personnel in earth sciences: both in the
research and industrial sphere. Recently, we conducted a mass interview among students of Moscow
University. The question wasd + RrAany liters are in cubic metgérWe did not receive amright
answer. Unfortunately, part of the lecturer staff also found it difficult to answer.

The second reasofithe life time of infrastructurial and industrial facilities which was high
quality constructed in the 50-70 years of the XX century is ending

The third reason is the lack of due control by organizations operating various technical

facilities.

10
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It is partly because the policies of departments controlling the water industry are currently
determined by people who have no concept about this area. Contrariwise, the space of discussion
(public, scientific, interagency) about the current situation is narrowing.

As a result, a vacuum has arisen. It must be filled immediately, while there are concerned
and professionalled people. As soon as we heard about the possibility of creating a new professional
discussion platform, we warmly and comprehensively supported the proposed idea. Thus, this journal
arose for your attention

The existing dissociation in the scientific and professional community should be tried to
break. Otherwise, as a result of making the wrong decisions, mistaken project management in the
coming years, we can enter into a continuous series of accidents and disasters.

At the same time, the system of our knowledge about the processes and phenomena
occurring in the hydrosphere is still far from complete. As they become known, more and more
guestions arise, the answers to which we do not yet know - or these answers do not fit into the accepted
scientific paradigms.

In earth sciences, all serious scientific discoveries occur at the intersections of scientific
disciplines - and for this reason, we hope that our journal will become interdisciplinary.

We also hope that our journal will become not just another periodocal scientific issue, but
an open discussion club in which everyone has the right to express their opinion on actual question
of hydrological science, no matter of work experience in hydrological and related sciences, academic
ranks, degrees and weights in the scientific community. The only limitation is the high professional
level of discussion, the maintenance of which will become one of the main tasks of the Publisher and
the Editorial Board of tis journal 7KH HYROXWLRQ RI WKH (DUWKTfV K\GUR
problems, hazard processes and phenomena in the hydrosphere, the methodology and methods ot
hydrological research are the main topics of scientific discussions that, we hope, will unfold on the
pages of our journal. However, we are not going to limit ourselves to them only.

We invite you to express your opinion, no matter how controversial it may seem, prove it,
discuss with opponents on our pages - we are ready to compliment and to support it. In our journal,
any argued opinion has the right to public existence. And we hope that our journal will become
another brick in the monumental palace of science Hydrosphere - one of the most important parts of
the universe.

See you on the pages of the journal "Hydrosphere. Hazard processes and phénomena

Alexey Yu. Vinogradov :OH[DQGHU Nikolay A. Kazakov Dmitriy A. Subetto  Viktor A. Objazov

11
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F:KKH<H? NHJFBJH<:xG B MASS FORMATION OF DEBRIS-

K?E?C < GBADH=HJVPELOWS IN THE LOW MOUNTAINS
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IH<KLHJY?FHKLV CONDITIONS AND
REPEATABILITY
G :DZaZ'dh\ Nikolay A. Kazakov?

IN=;MG Ki_pbzZevgh_ dhgklj !Special Research Bureau for Automation
[xjh kj_"~kI\ Z\IhfZlbaZpbb fh Marine Researches of the Far Eastern
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2GBP ©=_h~”bgZfbdza 5HVHDUFK &HQWHU ©*
X'ghKZoZebgkd Jhkkb Yuzhno-Sakhalinsk, Russia
cdsmd@yanderu cdsmd@yandex.ru

:gghlZpby gbadh]lhjv_ X gh]h Abstract. In the debris-flows basins of tr
g_]h KZozZebgZ Zdlb\gh jZa\b Southern and Middle part of Sakhalin isla
ijhp_kku NhjfbjmxIlky k_e_ \u_ are formed debris-flows, mudflows, slus
Ibih\ ]Jjya_dZf _ggu_ ]jya_\u flowandsuspended stream. Average volur
gu_ \h~hkg_"gu_ Kj_"~gb_ hJ[ of debris-flows: 500 - 10 000 fnmaximum-
f gguo k 500¢10000f* fZdkbfZe morethan 500 000 nin July-October, peri

t[he_ _ f.< bxe hdly[j_ k i_ ods of mass formation of debris-flows a
A"bgqghklvx hl jZaZz \l "h mudflows are repeated from 1 time
\ - e_| ih\lhjyxlky i_jbh”u 1 3-5yearsto 1timein 10-12 years. These
k_e _h[jZah\Zgby ijh~he k riods last from 1 to 3-5 days. These peri

hl ~h kmlhd k\yaZggu_ ]l md occurduringdeep cyclones (when more tl
dbo pbdehgh\ ff b [he__ 50 mm of precipitation falls per day). Durir

these periods some hundreds of debris-flc

Kazakov N.:. Mass formation of debris-flows in the low mountains of Sakhialeind: conditions anc
repeatability Hydrosphere. Hazard processes and phenom20a9, vol. 1, iss. 1, pA4-30 (in Russian;
14 abstract in English). DOE0.34753/HS.2019.1.1.002
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kmldb dh]”Z \ [hevrbgkl\_ k and mudflows form in most mud basins. F
gh\ nhjfbjmxlky khlgb ]Jjya_\ example, during the passage of typho
f_gguo b gZghkh\h”guo k_e_c¢ "Ojin" and "Phyllis" on August 3-5, 1981 ¢
\j_fy ijhoh ™~ _gby IZcnmgh\ the South-Western coast of Sakhalin Isla

©ONbeebk3a\Imklz ] -a@Zi X1y 154 debris-flows and mudflows with a vc
ih[_j_"v_KIZoZebg gZ mqzZkld_ume ofupto 12 thousand m3 descended
df khreh k_ey fZzdkbfZevgu section 55 km long. At the same time, 55

12 lukf® Z gz-Wklhqgghf ih[_j_ " bris-flows and mudflows with a volume of t
mqZkld_ ~ebghc df khreh to 35 thousand fndescended on the Sout
fZevguf h[tzfhf ~h 3.1ukjbh~ Eastern coast of Sakhalin Island (on a sec
fZkkh\h]h k_e_h[jZah\Zgby g: 30kmlong). Periods of mass formation of (

ebg_ hilf_gqZebkv \ bris-flows and mudflows on Southern Sakl
1970, 1972, 1978, 1981, 1992, 1993, 2000, 2( lin were noted in 1947, 1951, 1964, 19¢
2003, 2009, 1970, 1972, 1978, 1981, 1992, 1993, 20

<ukhdzZy bgl_gkb\ghklv ijhy]g 2002, 2003, 2009, 2010, 2011, 2013, 20
oZebg_ k_e_\uo ijhp_kkh\ h[n 2018. The high intensity of the manifestati
rhc ]Jem[bghc jZkge_g_gby j_ of debris-flows and mudflows processes
f [hevrbfb mdehgZfb k_ Sakhalin Island is due to the following fa

f f kbevgufb ZIfhkn_jgufl tors: a large depth of relief (5081000 m),
kmlhgguc fZdkbfmf 23021 dgX k large slopes of debris-flows and mudflo
\hc %he__ ff b ] _heh]l]bg_k FKDQQHOVf FWURQJ S
gb _f k_e \uo [Zkk_cgh\ fheh (daily maximum precipitation+ 230 mm,
jhru keZ[hkp_f_glbjh\Zggu_ hourly tmore than 50 mm), as well as the
\Z fu_ b jzafhdzZ_fu_ Ze _\jI ological structure of debris-flows and mu
eblu i_kgZgbdb gZkusZxshb flows basins: young rocks, weakly cement
Ilhd ]Jebgbklufb njZdpbyfb \ easily eroded and soaked (siltstones, Ir
ijhqgufb bgljmab\gufb \medZ stones, sandstones) saturating the del
f_1Zfhjnbg_kdbfb ihjh”~Zfb 7 flows with clay fractions; strong Intrusive
ihjnbjblu Zg”_ablu ~bhjblu volcanogenic and metamorphic rocks (diol
ghdzZf_ggu_ keZgpu k_ji_glb porphyrites, andesites, diorites, dacit
xsbfb \Zempegh\mx njZdpbx k Greenstone shales, serpentinites), forn

boulder-block fraction of mudflows.

DZazdh\ RZkkh\h_ nhjfbjh\Zgb_ k e _c \ gbadhlhjv_ h KZoZrelly =rbRj
kn jZ HiZkgu_ ijhp_kku b y\@. <gbi. K 14-30LDOI: 10.34753/HS.2019.1.1.002 15
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Dexg _\u_ kehljdph~ fZkkh\h]t Keywords: mass formation of debris-flows
h[jZzah\Zgby ]jya_dZf_gguc debris-flow; mudflow; suspended strea
k _ev gZghkh\h*"dzdcnkngv deep cyclones.

<\_" gb

K_e \u_ ijhprikihdh jZkijhkljZg_gu \ gb&dllhebgzh < k_e \L
[Zkk _cgZo X' 'gh]lh b Kj_"*g _]h KZoZebgZ nhjfbjmxlky k_e \u_
liva_dzf_ggu_ Jjya_\u_ gZghkh\h”gu_ \h”hkg_"gu_ Kj_"~gb_ h[t_
khklzZ\eyxl + ¥ fZdkbfZev@gju\uxZxl 000f>DZaZdh\ @mdh\Z
DZazZdh\ DzZzazdh\ @bjm_\ @

QZklhlzZz nhjfbjh\Zgby k_e ¢ fZdkbfZevguo h[tzfh\ aZ\bkbl
]hjguo ihjh” ihl_gpbZevguo k_e_\uo fZkkb\h\ b fhjnhf_Ijbgq_kdbo o
[Zkk _cgh\ b \ kj_~g_f khklZ\ey_ | hdheh e |

lhjz z_fhklv |_jjblhjkbdozebgzZz k_e_ \ufb ijhp_kkZfb ~hklb]z
>Zevghklv \u[jhkZ ]jya_dZf _gguo k_e_ odfhkdkhZZlk et \ub2fheg =+

j ImevdZ ]
K_e_hizkgZ |_jjblhjby gZk_e_gguo imgdlh\ KZoZebgkdhc
gZkqgblu\zZ Iky kZlkek \ugh\ [he_ _ df Z\Ihfh[bevguo b ~_e_aguc
df g _nl_JZahijh\h"Z-@KZoZebg
< k_e_hiZkguadjahm\zZol [he_ g_eh\ _d

Ms j[ hl k_e \uo ipZh&KnrdoZebg_ \ujz Z Iky \ hkgh\ghf \ a
jZajmr_gbb ljZgkihjlguo fZ]bkljZze ¢ k_e \ufb hVleith\jgbyfobb b _
jZajmr_gbb a~Zgbc b khhjm ' _gbc >DZazZdh\Zz @

Ih\lhjy fhklv ]jya \lypa dZf gguo k_e c¢c gZ X ghf b Kj_~g_f
khklz\ey | \ azZ\bkbfhklb hl ] _heh]bg_kdh]h kljh_gby k_e \h]h [Z
ihjh~ \ k_e \uo hgZ]Zo h”bg |Za \ %

Hr"gZdh \ jZaguo [jZKHgoZebdp \ azZ\bkbfhklb hl ] _heh]bqg.
]_hfhjnheh]lbg_kdh]h kljh_gby j_"bfzZz b bgl_gkb\ghklb ZIfhkn
i_jbh~bgghklvx hl -jZead \h jZazZ e _ | ih\lhjyxlky i_jbh?~u fZkkh\]
k e h[jZzah\Zgby \h \j fy dhlhjuo nhjfbjmxlky khilgb Jjya_\uo
gZghkh\h”"guo k_e _c
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Bf_ggh \ i_jbh~u fZkkh\h]h nhjfbjh\Zgbfy kueZ’c dby kbevguc
hkz~rdh\ gz X 'ghf b KjzZ6gebg_ ijhbkoh”yl fghlhgbke_ggu_ jz
ljZgkihjlguo fZ]bkljZze ¢ h[t_dlh\ b khhjm _gbc b gZk_ezgguo img:

ljb wlhf aZgzZklmx dhk\_gguc wdhghfbgq_kdbc ms_j[ hl k.
ij_djZs_gb_ ljzgkihjlgh]l]h khh[s_gby ih”"Zgb we_dljhwg_jlbb b 1z
ij_\urz_| klhbfhklv ijyfh]lh ms_j[Z hl ih\j_"~_gby b jZajmr_gby "t
k_e_\ufb ihlhdZzfb

< k\yab k wlbf bkke_~h\Zgb_ \hijhkzZ h ijbgbgZo b ih\lhj
fZkkh\h]h k_e_nhjfbjh\zZgby ij_"~klzZ\ey_Ilky hq_gv \Z guf

F Ih™*u bkke ~h\Zgby

Bkke "~h\Zgby k_e \uo ijhp_kkh\ gZ X ghf KZoZebg_ j_ ]Jme:
1978- 11 KZoZebgkdh_ M=FK G : DZaZdh\N] b KZoZebgkdZy
] heh]hjZza\_"hqgZy wdki_"bpby = < Ilhemgbg LY = JZkbfl
1996-2019] ]| KZoZebgkdh_ hi*_e _gb_ F:GIH GBP ©=_h~*bgZzZfbdz?2 e
b k_e \uo ijhp_kkh\ KN ><=B ><H J:G eZ[hjZlhjby wdah] _ggu
ijhp_kkh\ b kg_"gh]lh ihdjh\Z KD; K:FB ><H J:G

GZb[he__ ihegh k_e_\u_ ijhp_kku [ueb-bkkg ]l "h\MZgh”*Jhlh\d _
©DZ"ZKkIjZ k_e c KaZoKEDHgkdh_ M=BFEKaZ@h\ b \ ] ijb h[ke_"h\
k e ¢ khr_"rbo \h \j fy ijhoh ™ _gby IZcnmgZ ©Nbeebk? G : D:
>DZazZdh\ @mdh\Zz DZazdh\ Ilhemgbg lhemghbg

< - ]] G : DZzZazZdh\uf [ueb hj]l]Zgbah\Zgu klZpbhgZju
[Zkk_cgZo -zZidhghf b\lklhhgghf ih[_j_ "'W¥ozZebgZ \ dhlhjuo ijh\h”be
bkke "~h\Zgby ] _heh]bg_kdh]h kljh_gby k_e \uo [Zkk ggah\ kb ebau\
fZeh]lh h[t_fZ ~ey bkkleo "h\ggtbyg kdbo o0zZjzd!l_jbklbd >DZaZdh\ @

lhke_ i_jbh”~h\ fZkkh\h]h koh”Z k_e_c bkke_"h\Zebkv ke_"n
khr_~rbo k_e_c h[t_f rbjbgZ njhglZ b ahgu Zddmfmey\ddb k_e_
ihlhdZ b k_e \uo hleh” _gbc ]Jem[bgZ k_e \h]h ihlhdZ \ukrbc k_e
hij_ ~ eyeky ih hif_IdZf k_ey gZ ~j_\_kguo kl\heZo b [hjlZe k_e _\
j_heh]lbq_kdb_ b *jm]b_ ozZjzdl_jbklbdb k_e_\uo ihlhdh\Zkkilhlh\gpb Z

1Dz~Zklj k_e_c KKKJ Lhf >Zevgbc <hklhd_ KKgBedg<tuiDrkjidevEdb=b2~jhf_ | _ ht
1986.

Kadastr selegSSRtom 18 Dal'nij Vostok Sahalin i Kuril'skie ostrova/ypusk 4. LeningradGidrometeoizdat, 1986r(

Russiai.
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Dhebqg_klI\h \uizZ\rbo Zlfhkn_jguo hkz~dh\ hij_~_eyehkv ih ~Z
jZchgm k_e_h[jZah\Zgby ]b”jhf_I|I_hjheh]bg_kdbo klZgpbc boihklh\
hkz~dhf_jh\ mklZgh\e_gguo \ ]hjZo

J amevlZliu b bo h[km ™~ _gb _

<ukhdzZy bgl_gkb\ghklv ijhykogdlepagZkh e \uo ijhp_kkh\ h[mk
khg_ 1Zzgb_f ke_~"mxsbo nzZdlhjh\ k_e_h[jZah\Zgby

x[hevrZy ]Jem[bgZ jZkge_g_gby j_ev_nZ +

x[hevrb_ mdehgu k_e_\uo hgZ]h\ b-k_fe_\uo jmk_e f

xkbevgu_ hkz~db az Ijh_ kmlhdh%h "y \;Jkffddgguc fZdkbfmf
hkZ~dRB0#£f?2 qzZkh\lfilcet _ ff az gZkh\ g_ij_julghFh ~h "~y %

xX] _heh]lbg_kdbf kljh_gb_f k_e_\uo [Zkk_cgh\ fheh”u
keZ[hkp_f_glbjh\Zggu_ e_]Jdh jZaful\Z_fu_ b jZafhdZ_fu_ Ze_
i_kgZgbdb gZkusZxsb_k_e _\hc ihlhd ]Jebgbklufb njpdpdwfio \ kf
bgljmab\gufb \medZgh] _ggufb b f IZfhjnbqg_kdbfb ihjh~rZfb ~bhj
Zg™ _ablu ~bhjblu "*Zpblu a_e_ghdzZf_ggu_ keZgpu Kk _fjip_glbghb
\Zemg]elu[h\mx khklZ\eyxsmx k_e_\uo ihlBdh\ jbkmgdhb

x[hevrbf dhebqg_klI\hf k_e_\uo [Zkk_cgh\ 1Zd gZ [_j_]h\uo m
jZchgZo X gh]h KZoZebgZ gbkeh k_e_\uo [Zkk_cgh\ gz6-7 df ih]
jbkmgdb

KzfZy \ukhdZy qZklhlZz k_e_h[jRAbkedlygy ddIf iz _Iky \ k_e
] _hkbkl_fZo gz [_j_]lh\uo mkimiZo b gZ fhjkdbo Z80dmdmeylb
A gm~rZpbhgguo |_jjZkZo ]1*_ nhjfbjmxlky ]Jjya_dZf_ggu_ ]jya_'
\h~*hkg_"gu_ k_eb h[t_fhf hl "hDzdAHNY f@mdh\Z DZazdt
DZaZdh\ @bjm_\ Ju[Zevdg gdh Ju[Zevq_gdh < _joh\h\

lehlghklv ]Jjya_\uo b Jjya_dZf_gguo k_e_c kWkiZz\edhjhklv *

9- f k k_e_\u_ jZkoh”u fhlml i§ RurzZlv f

2GZmgighdeZ rkhigZ\hqgilhdebfZ IKKK KJIK _ be Fghlhe _Igb_ 7~Zggu_ KzwZmhkdkdZy
h[eZklv E =b7jhf_|_hba”Zl

Nauchno-prikladnoi spravochnqko klimatu SSSRSeriya 3. Mnogoletnie dannye. Vypusk 34. Sakhalinskaya oblast'.
[Scientific-applied reference on the climate of the US&Res 3. Perennial data. Issue 34. Sakhalin region.] Leningrad,
Publ. Gidrometeoizdat, 1990, 353 p. (In Rusgian
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w oy T >
L T

Jbkmgh#& e \hc [Zkk_d9]gkdg KmkmgZckdbc oj_[_ | Nhlh G
Figure 1. Debris-flow basin on the Rogatka River. Susunayskiy Ridge. Photo by N.A. Kazakov

Z — - " ! - - .
fr e 1 RUAY. TRt VG &, S v 8 S

Jbkmgh#& e \u_ hleh  JoHZIgb \ ] -K#&hZebgkd :. NH|h\Z

Figure 2. Debris-flow deposits of the Rogatka River in Yuzhno-Sakhalinsk. Photo by A. Petrov
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Jbkghd K_e_ \u_ Jeu[whgZid_ Nhlh ? G DZaZdh\hc
Figure 3. Debris-flow boulders on the Rogatka River. Photo by E.N. Kazakova

Jbkmgh#& e \u_ [Zkk_cgu gZ [_j_]h\hRYfhikkioqdgh Xhh_jKZoZebgZ
1-bgljmab\guc fZkkb\ K_e_\u_ hqgzZ]b/ bhjbjlulur§E[pjin\u_ ihjnbjblu
2-;_j_lh\hc mkimi AhgZ ljZgablZ k_e_c K_e_\u_ hqZ]b :e_\jh
i_kgqZgbdb Nhlh G : DZazdh\Zz
Figure 4. Debris-flow basins on a cliff. South-Eastern coast of Sakhalin Island. 1-Intrusive array.
Debris-flow sites. Diorites, gabbro-diorites, diorite porphyrites. 2 - Coastal ledge. Debris-flow

transit zone. Siltstones, mudstones, sandstones. Photo by N.A. Kazakov

20



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

Jbkmgh#&_e_\hc [Zkk_cg gZ [_j_]h\hfihkkhepgh_XhH_jKZoZebgz
Hleh  gby Jjya_dZf _ggh]l]h k_ey Nhlh G : DZaZdh\Zz
Figure 5. Debris-flow basin on a cliff. South-Eastern coast of Sakhalin Island. Debris-flow

deposits. Photo by N.A. Kazakov

K_e_ hl[jZamksdyhkzZ dhj\ \urz_%0 ff ijb bgl_gkb\ghkkB~dh\
30-50 ff/kmldibirgZdh \ kemqgZ_ ij_"~r_kl\mxs_]h m\ezZ g _gby ihjh~?
k_e_\uo fZzkkb\h\ k_e_\u_ ijhp_kku fhlml gZgbgzIvkf thkgbdhhiz” gl

<hh[s_ ij_"\Zjbl_evgh_ m\ezZ g_gb_ ]jmglh\ ihl_gpbZevguo k
j_amevlzZl_ kg _]hlZygby beb ijh*he bl _evguo "h"* ¢ \ i_jbh™ ij_-
pbdehgh\ y\ey |ky h*gbf ba h[yaZl _evguo mkeh\bc fZkkh\h]h nhjf

<ukhdzyl_gkb\ghklv ijhyle_gby k_e_\uo ijhp_kkh\ gz [_j_
h[mkeh\e_gZ [hevrbfb mdehgZfb k_e_\uo hqZ]hA bbkklek|Viid fj fikj ger o
ithjh~r \ k_e \uo hqgZ]Zo keZ[hkp_f glbjh\Zggu_ e _]Jdh jZafu\Z
Ze \jheblu Zj]lbeeblu i_kgZgbdb ke ]Zxsbo ~gbsZ b [hjlZ k_e _
jmk_e aZlh™Z jZaeZ]Zxlky “h km]ebgdh\eb Ndhgfbgimx!| ihl_gpbZevgi
k e \u_ fZkkb\u lhesbghfc +
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lihAmdlu jZaeh  _gby Ze \jheblh\ b Zjlbeeblh\ Kkj_~gb_ b I
gZkusZxl k_e_\hc ihlhd Jebgbklufb njZdpbyfb b nhjfbjmx| dheehb’¢

iehlghklb f B f
<ukhdzZy iehlghklv "bArdhc khklZ\eyxs ¢ k_ey ihalhey-1 _fm |
]Jeu[h\uc fZl _jbZe i_kgZgbdb Ze \jheblu bgljmab\gu _ \

f 1Zfhjnbq_kdb_ ihjh~u gZ jZzkklhygb_ ~h b [he__ df

<Z gh hilf_Iblv qlh "b~rdZy khklZ\eyxsZy [|jZ"bpbhggh gZa
kmki_gab_c2 k lhgdb aj_gby nbabdb y\ey |lkydgeekmkhfgdbbt g4l
ihlhfm b "hklb]Z_1 \ukhdhc iehlghklb b \yadhklb

FZkkh\h_ nhjfbjh\Zgb_ kK&oZedhf hijhbkoh” bl hdbx[g_ k
i_jbh~bgghklvx hl -j2aZ \ [_j_]h\uo ]_hkbkl_fZo- "k _IljZ\akhjghc
gZklb hkljh\Zz b azZ\bkbl dzd hl ih\lhjy_fhklb kbevguo hkz~dh\ 1Z
] hfhjnheh]bq_kdh]h kljh_gby k_e \uo [Zkk_cgh\

<h \j_fy ijhoh "~ _gby IZcnmgh\ ©H” bg2® b ONbeebk? =
azZizZz"ghf ih[_j_KZohebg G_\ _evkdbc b Ohefkdbc jZchgu gZ mqg
"ebghc df [ueh azZj ]Jbkljbjh\Zgh ]jydjyZflupguo k_ey h[tzfhf k_

12 luk 3f < wlhl °_ i_jbh”2\gkIkdghf ih[_j "v_ FZdZjh\kdbc jZchg g
"ebghc df [ueh azZj_]bkljbjh\Zgh k e _c3h[tzfhf ~h luk f
<k _]1]h °_ gZ X ghf b Kj_~g f KZoZebg_gZ ih[_j_ okdbd \ ]h

DZfurh\uc X-QAfurh\uo oj_[lu Z\lhjhf [ueh aZj_]bkljbjh\Zgl
500]jya_\uo J]jya_dZzZf_gguo b gZghkh\h~guo k_e_c¢c fZzdkbfzZevguf |
300 luk 3 f KmkmgZckdbo oj_[_|I fZkkb\ ] Fzdzjh\z

< j_amevlzl_fZkkh\h]h k_e_h[jZah\Zgby \ Z\]mkl _ ] V' x'g
k e \ufb ihlhdzZfb [ueh jZajmr_gh \ h[s_c¢c keh ghklb g_kdhevdh lu
Z\Ilhfh[bevguo b ~_e _aguo "hjh] jZajmr_gu ebgbb k\yab b we dljh
g_kdhevdbo lukyqg f_Ijh\ ih\j_ "~ _gh beb jZajmr_gh g_kdhevdh ~_
>DZazZdh\ @mdh\Zz Dizeard g b § @

< k_gly[j_ ] fzZkkh\h_ k_e_h[jZzam\dbglgghfgZihk]lh “v_
FzZzdZjh\kdbc jZchg \gh\v ijb\_eh d fgh]l]hgbke gguf jZajmrhcgbyf ih
b ~_e_aghc ~hjh] fhklh\ d ih\j_"~ _gbyf b jZajmr_gbyf ebgbc k\ya

SDZ"Zklj k_e_c KKK*Zehfbc <hklhd KZoZebg b Dmjbevkdb_ hkljh\Z <luimkd
1986.
Kadastr selej SSSR tob8 Dal'nij Vostok, Sahalin i Kuril'skie ostrova/ypusk 4. L.: Gidrometeoizdat, 198 (Russiai).
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\lhfh[bevgh_ b ~_e_agh”hjh 'gh_ khh[s_gb_f_""m p_gljZevghc b X
[ueh ij_j\Zgh gZ "\_ g_"_eb

FZkkh\uc koh” k_e _c¢ ijhbkoh”"be gZ X ghf KZoZebg_ \h \]j
I Zcnmgh\ ©QZlZZg?2 ] ©Jmkz?2 ] ijb ijhoh ™ _gbb
pbdehgh\ + ] ] 1ZcnmgZ ©>"_[bP

lhke _~gbc i_jbh” fZkkh\h]h nhjfbjh\Zgby k_e-cthklHggBieky
ih[_j_ v KZozZebgx glyl[jy ] jb-Bmgdb

Jbkmghdjya \hc k_ev \'] FzZdzjh\_ -\hklhqlghX]hh[_j_ “v_
hKZozZebgZz kNA¢h#ps:/sakh.com/
Figure 6. Mudflow in the Makarov Town 06.09.2018. South-Eastern coast of Sakhalin Island.
Photo from the site https://sakh.com/

Jbkmghdjya \hc k_ev \'] FzZdzjh\_ -\hklhqlghX]hh[_j_“v_
hKZoZebgz kNAthE&ps:/sakh.com/
Figure 7. Mudflow in the Makarov Town 06.09.2018. South-Eastern coast of Sakhalin Island.
Photo from the site https://sakh.com/
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Jbkmghdjya \hc k_ev \'] FzZdzjh\_ -\hklhgyhX]hth|[_jKZoZRrbgZz
Nhlh k kZclZ KWWSV VDNK FRP
Figure 8. Mudflow in the Makarov Town 06.09.2018. South-Eastern coast of Sakhalin Island.
Photo from the site https://sakh.com/

lhke fzZkkh\h]h koh”Z k_e ¢ k_e \u_ hqgzZ]b hk\h[h "ZxIlky
k_e_\uo fZkkb\h\ gzZdhie_gby b \ itkekd kimexwdpu_ "~h ~b g_ ijb\h”"\
h[jZah\Zgbx k_e_ ¢ LzZd \ Z\]mkl-\hklhqgghf§zihx]h WZohebgZz
FzdZjh\kdbc jZchg ijhbahrze fZkkh\uc koh” k_e ¢ E _Ihf ]
]Jem[hdbc pbdehg \h \j _fy dhlhjh]h kmffZ \uiZ\rbo hkz”~dh\ gZ ]b’
klZzgpbb ©FzZdzjh\2 ij_\ukbezZz kmffm hkzZ”~dh\ \uiZ\rbeelkdj\fy Iz
1981] L_fg_f_g__ \jZchg_ g_ khrzle gic h{bgbk_ewybh juoehh[ehfhc
]hjgu_ ihjh”u [ueb \ug_k _gu ba k_e \uo hqZ]h\ b k_e \uo jmk_e
ihl _gpbzZevgu_k_e \u_ fZkkb\u gZdhiblvky g_ mki_eb

ljh~"he bl _evghklv i_jbh”rh\ fZkkh\h]h k_e_ _h[jZah\Zgby khklZ\
Ah- kmlhd

FZkkh\h_ nhjfbjh\Zgb_ kdehgh\uo k_e_c ijhbkoh”bl 1Zd" _ \
] hkbkl _fZo \ k_j "9gdqzZfgy Bxgy ~Z  _ ijb \uizZz™» _gbb f_g__ ff "b” e
aZ kmldb beb \h \j_fy ijh~he bl_evguo kbevguo ImfZgh\

FZeZy \ _ebgbgZ k_e_h[jZamxs_c kmffu hkz~dh\ \ wlhl i_
hkh[_gghklyfb jZa\blby k_e_\uo ijhp_kkh\ gZ [_j_lh\ulojpZklZoiZo
Zdlb\bazZpby k_e \uo ijhp_kkh\ \uvuaulZ Iky i_j m\eZ gegbub ]jmg
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k e \uo fZkkb\Zo \ke_~klI\b_ \_k_gg_]lh kg _]hlZygby keZ[u_ hkZ
[he kmlhd ImfzZgu ijb\h”yl d i_j_m\eZ g _gbx ]jmglh\gth ij_ "

i_j_oh~yl \'1 _dmq__ khklhygb_ b nhjfbjmxl| Jjya_\u_ b ]Jjya_dZf _ggt

=jmglu i_j _oh”y \' | dmq__ khklhygb _ ljZgknhjfbjmxlky \ |
ijZ\beh \ wlhl i_jbh” nhjfbjmxlky \yadb_ ]jya_\u_ b J]jya_dZf_gc
iehlghklb ~h d]3f b fZeuo h[tzfh\ luk * f < klyab k \ukhdhc
iehlghklvx k_e \hc fZkku ”"ebgZ imlb k_e ¢ f_gvrk eqcf "e
knhjfbjh\Z\rboky \h \j fy kbevguo "h " *_ ¢

lhjhc fZkkh\uc koh” ]Jjya_\uo k_e_c ijhbkoh”bl gZ ihdx¢§_"vyo F
ih hdhgqgzZgbb i_jbh*Z \ _k _gg_]h kg _]lhlZygby ijb iHkmgftmxs f
ihl _gpbZevguo k_e \uo fZkkb\h\ azZ kg_| keZ[uo ~h ~ ol klynkluo
“bArdb_ ]Jjya_\u_ ihlhdb h[t_fhf A h luk f

| jbh~u fZkkh\h]h k_e_h[jZah\Zgby hlf _gZebkv gZ X ghf b K
1872, 1875, 1928, 1931, 1935, 1936,1932, 1942, 1944,1947, 1954, 1964, 1970, 1976, 1978, 1981,

] 1] LZ[ebpZ

LZ[ebpZG _dhlhju_ kemqgZb fZkkh\h]h nhjfbjhKZgBe kg e 201§ A h
Table 1.The mass of debris-flows formation on the Sakhalin Island in 1 8.

Dhebgd Hltzfk _e,_c
. . Kmffz :
KI\Kk_| Lbiu lukf? hkr;Adh >Z1Xuiz
e_c¢ k e | Debris-flows vol- N ghbhykZ
o >Z1Z . ff
i i Number | Debris- | ume, thousand #n dh\
Date Amount of
of de- flows _ . Date of pre-
. Kj_"~gl FZdk precipita- s
bris- types . cipitation
Average | Max. tion, mm
flows
;he Bxev &\
1. B 2\ kil =D ' ]
xev Z\]m 300,0 ImKl
;he | 07 -
2. 07-19.09.1875 =D 300,0 19.09.1875
3. 1944
;he_|
4, 1947 =D 100,0
5. 1954
6 11-13.09.1956 126,9 11-

' R ' 13.09.1956
7. 3-5.06.1964 42,2 06.06.1964
8. 17.07.1967 163,1 17.07.1967

18-

. 18-19.09.197 167,2

9 8-19.09.1970 67, 19.09.1970
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Dhebd Hltzfk _e,_c
kiI\lKk_| Lbiu lukfs thr;]:\deh >ZlXuizZ
5717 e_c¢ k e | Debris-flows vol- (t N ghbhwkZ
<< Number | Debris-| ume, thousand #n dh\
Date Amount of
of de- flows . . Date of pre-
. Kj_~gl FZdk precipita- S
bris- types . Cipitation
Average | Max. tion, mm
flows
10. 18-19.09.1970 335,5 18.09.1970
= =[ 13-
11. 20-21.07.1978 G < 163,4 17.07.1978
12. 3-4.08.1978 - . : . 1472 | 3-4.08.1978
[he | = =0 ;he |
13. 5-6.08.1981 500 G < 50 300.0 1277,0 3-6.08.1981
14. 6-7.04.1982 3 <KI 32,1 6 -7.04.1982
= =[
15. 2-5.09.1992 G < 142,3 2-3.09.1992
16 1993 = =0 329
) G<
17, 25-26.09.1996 23 = =0 2,0
G<
18, 21 - 22.07.2000 48 :G : 0 o3 18,0
= =[ 22-
19. 22-24.06.2009 50 G < 3,0 24.06.2009
20 28-30.07.2010 67 = =0 o5 4,0 157,0 26-
' T G< ' ' ' 30.07.2010
21. 10-11.08.2010 22 - e : B o1 1453 | 9-12.08.2010
= =
22. 2011 G <
= =[
23. 2013 G <
= =[
24. 4-9.09.2016
G<
= =
25. 21-22.07.2017
G<
= =[
26. 04 ©5.09.2018 G < 10,0 125,0 4 -5.09.2018
ljbf_gZgb_ Lbi kljeny_ ¥ht ¥Patrt dzZf_gguc

26

G< §Zghkh\h~*gKEt 4h”"hkg_ "guc

Note. Debris flows type= tmudflow, = Dxdebris flows,G < suspended streans, K | slushflow.
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<u\h”u

>hfbgbjmxsbfb nzZdlhjzfb k_e_\uo iKiZo &g gibhfzZkkh\hf
k e h[jZzah\Zgbb y\eyxlky ] heh]bg_kdb_ nZdlhju khklZ\ ]hjguo
k_e \uo fZkkb\h\ gZdhie_gby kl_i_gv bo m\eZ g _gby b djblbqg_kdt

Kbevgu_ Zlfhkn_jgu_ hkz”db ijb\h”ryl d fZkkh\hfm kb e h[]jZ
khhi\_Ikl\mxs_f khklhygbb ihl _gpbZevguo k_e \uo fZkkb\h\

Hrgbf ba h[yaZl _evguo mkeh\bc fZkkh\h]h nhjfbjh\Zgb
ij_"™"\Zjbl_evgh_ m\ezZ g_gb_ ]jmglh\ ihl _gpbZevguo k_EZNuo fZ
kg_]lhlZygby beb ijh”he bl_evguo "h *_c \ i_jbh”~ ij_~r_kl\mxsbc \

lhke_ fzZkkh\h]h koh”~Z k_e_c¢c k_e_\u_ hqgZ]lb hk\h[h *ZxIk
k_e \uo fZkkb\h\ gZdhie_gby b \5ikké Kmoexwsgu ~h b g_ ijb\h~y
h[jZah\Zgbx k_e_c

< k\yab k ij_ru”*msbf \u\h*hf jZkkgblu\Zlv agZq_gby k_e _\1
hl _ki_g_gghkl _c¢c gZ hkgh\_ jZkqgzlzZz jZkoh”h\ b mjh\g hkkghobéguo
\h~hlhdZo b h[_ki_g_gghklb b gZ hkgh\_ jZkqgghtk\b hixzZ"dh[\ ki
\uiZz"Zxsbo \ k_e \hf [Zkk_cg_ g_"himklbfh

| jbh~u fZkkh\h]h k_e_ h[jZah\Zgby hlf_qZebkv gZ X ghf b |
1872, 1875, 1928, 1931, 1935, 1936,1932, 1942, 1944, 1947, 1954, 1964, 1970, 1976, 1978, 1981,

11

< kj_"g_f i_jbh”u fZkkh\h]h nhjfbjh\Zgby k_e_c ih\lhjyxlI]

X'ghf KZoZebg_ dZ ™ | =
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M > B51.4.042

HP?GD: >BG:FBQ?KDBO EVALUATION OF DEBRIS

0:J:DL?JBKLBD K?E?<H=H IHLHDELOW DYNAMIC

IH <B>?HF:L?JB:.E:F CHARACTERISTICS BY
VIDEO MATERIALS
> | Khdheth\Z Dmjh\k3iZy HklZrh\ Dariia P. Sokolovg
G :DzZaZdh\ Viktoriia A. Kurovskaig,

AndreyA. Ostashoy;
Nikolay A. Kazakov*

HHH ©>"b >bgzZfkdZgdll | _j[mj] J!I G-Dynamic Ltd, Saint-Petersburg,
kbyFhkdh\kdbc J]hkm~Zjkl\_gguc | Russia’Lomonosov Moscow State
bf F < EhfhghlEmhizd\F Jh¥-kibybZ University, Moscow, RussiéSpecial

gh_

dhgkljmdlhjkdh_ [xjh kj_"kl\  Research Bureau for Automation o

pbb fhjkdbo bkke_ "h\Zgb&X>hHKZ: Marine Researches of the FEB RA:
0Zebgkd JXkkmmgmkke ~h\Zl_ evkdl Yuzhno-Sakhalinsk, RusstResearch

h"bgzfbdZ ghfKZoZebgkd Jh Center forthe Study of Geodynami

dariia.sokolova@yandext Processes "Geodynamics",

'gghlZpbyey ijh_dlbjh\Zgby khhjm Yuzhno-Sakhalinsk, Russia
Ib\hk_e_\hc aZsblu g_h[oh”bfh ag dariia.sokolova@yandex.ru
dbo o0zZjzdl_jbklbd k_ey dzd kdhj Abstract. For mud dams constructic

e _gb_k_e \hc fZzkku gZ ij_]jZ~m itis necessary to clarify characteristi
oZjZdl_jbklbd gqZklh \uau\Z _-lagnmhk of debris flow such as flow velocit
glh k_evhklZlhggh j_~dh_ kh[ulb_ and pressure on the barrier. Detern
gZ[ex™ _gby aZ gbfb \_~mlky gZ k ing these characteristics often cau

pbyo
\j_fy

dhlhjuo \h \k_f fbj_ g_fgh]l difficulties due to the fact that debr
\ bgl_jg_I_ ihy\behkv [hevr flow is rather rare event and const:

\bA _hkt_fhd gZ dhlhjuo aZi_qZle monitoring of them is carried out
ihlhdZz LzZdhc fZl _jbZe fh gh bkih mud flow observation station statior

emgq_

gby g_ lhevdh dzZqg_klI\_gguo which are few worldwide. Currentl

guo oZjzZdl_jbklbd k_e_\h]h ihlhd. large number of videos have appea
dh]~rzZ bf__Iky \hafh ghklv hij_”_ on the Internet that captures dek

Khdheh\Z > 1 Dmjh\kdZy < : HklZrh\Hp: gdzzakkgihtib@ kdbo oZjzdl _
ihlhdZ ih \b~_hfZl_jbZeZzf =bMjhkphpg Zk kdyX&k gu12919. L 1. <uil. K315],
DOI: 10.34753/HS.2019.1.1.003 31
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fZkrlZ[ b dhgdj_lgh_ f_klh koh*Z k
_]h kdhjhklb b "jm]bo oZjzdl_jbkll
ithegbhfmx azZz”~Zgm < klZIlv_ ij_"k
dhebqg_kI\_gghc hp_gdb kdhjhklb }
fZzl_jbzezf \b~_hkt_fdb k ihke_*r
gb_f ihemg_gguo j_ameviZlh\ kh
kgblZggufb ih jZaebqguf f_Ih”*bd:
hit _dlZ gZr_]h bkke_"h\Zgby [ue
ihlhd khr_~rbc \ :\kljbb ] Nbj].
]hrz Kt _fdzZ ijhba\h”"bezZkv k
dmjkh\ qlh ihal\hebeh \u[jZlv mqgZlI
Ilhjhf hdZaZehkv \hafh guf ijhba\_
kdhjhklb "\b" _gby k_jbb k_e_\uo
jhklb k_e \h]lh ihlhdZ b ~Z\e_gby
ijhba\h”*beky ih f_Ih~"bdZf jZaguo
Baf _j _ggu_ gZ \b”_hjhebd_ kdhjh!
gZ jZaguo mqZkldZo khklZ\beb
74f k fZzdkbfZevgZyk tJZaebqgby f_
kgblZggufb ih jZzaguf f_Ih~*bdzf b
ih \bA” _h agZq _gbyfb khklzZ\eyxl| hl
Djhf_ wlh]h Jueb ijh\_~ gu jZkqg_l
\hlh ihlhdZ b iehlghklb k_e \hc f
ihevah\Zezkv fh"_ev {k2gljhihgh
\hlh ijhp_kkZ jzZajZ[hlZggZy X ;
ljb kjZ\g_gbb ihemqg_gguo agZq_g
Z\kljbckdbo dhee_] [ueh \uy\e_gh
jZdl_jbklbd ihoh b gh jZa[jhk agZ
fhr _eb f_gvr_
Dexq_\u_ kek\Z \hc ihlhd kdhijt
\hlh ihlhdzZ \b”_hkt_fdidlkd& \HNZhe
k el e \Zy \kegZ\hc jZkoh"

flow descent. This material can be us
to obtain not only qualitative, but als
guantitative characteristics of the ¢
bris flow. In cases, when it is possit
to determine the scale and specific
cation of debris flow on a video, mee
uring its velocity and other character|
tics is a workable task. This reseat
present an attempt to quantify the «
bris flow velocity based on the vide
materials with the subsequent comp
ison of the results obtained using ve
ous methods. The object of our stu
was the debris flow that came down
Austria, in Firgen on August 4, 201
The survey was carried out from se
eral angles, which made it possible
select a section of the channel to me
ure the velocity of debris flow wav
train. Calculation of flow velocity an
pressure on the barrier was conduc
by several methods developed by v
ous researchers. Debris flow velociti
measured on the video are minimun
7,4 m/s, maximum - 10 m/s. Diffel
ences between calculated by varic
methods and measured on the vic
values range from 0,1 m/s to 4,8 m/:
Keywords: debris-flow; velocity of
debris-flow; video material of debris
flow; pressure of debris-flow; debrit

flow wave; debris-flow discharge.

Sokolova D.P., Kurovskaia V.A., Ostashov A.A., Kazakov N.A. Eatdun of debris flow dynamic characte
istics by video materialdHydrosphere. Hazard processes and phenom2@a9, vol. 1, iss. 1, pf31-51 (in
32 Russian; abstract in English) DQI0.34753/HS.2019.1.1.003




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

<\ _" gb

HA"bg ba \Z g _crbo \hijhkh\ \hagbdZxsbo ijb bamqgeghbob fh"_
ijhp_kkh\ dzZd ijb gZmqgqguo bkke_~h\Zgbybadkdzb_igbkdho difhlZo
wlh \hijhk h kdhjhklb "\b" _gby k_e_\h]h ihlhdZz

>Zgguo ijyfuo baf_j _gbc kdhjhkl_c k_e_\h]h ihlhdZ ihemqg_g¢
\h \j_fy _1h “\b" _gby >9LQRJUDGRYD 9LQRJUDGRY @ g_"
0ZjzZdl_jbklbd ihlhdzZ k\yazZzgh kh fgh]bfb Ijm~ghklyfb JezZ\gZy ba
Ilhf qglh ki_pbzZleb&klubdb g_ qgqzZklh fhiml \"b\mx gZ[ex"Zlv “Zggh_ y\

AgZg_gby kdhjhklb k_e _\h]lh ihlhdzZ jZkkgblZggu_ ih j_
bkke "~h\Zgbc ijh\_"~zgguo kjZam °~_ ihke_ koh”Z g_ ihm\heyxl
j_amevlZlu ihkdhevdm jZkqgzlgu_ f _Ih~bdb [Zabjmxlky \ [he\
fzl_fZlbgq_kdbo fh”_eyo bah[bemxsbo wfibjbg_kdbfb dhwnnbpb_gl

J_r_gb_ wlhc ijh[e_fu \hafh gh ebrv ijb bkihevah\Zgbb [h
gZlmjguo gZ[ex™ _gbc aZ k_e \ufb ihlhdzZfb b baf_j gbb bpo kdhjhk

IhklZgh\dZ ijh[e_fu

lhemg_gb_ gZlmjguo dhebqg_kI\_gguo ~Zgguo h dzZ ~hf k_e _\
\Z°'ghc b keh'ghc az*Zq_c k_e "hkiZgtbyghK] ed_ kh[ulb_ b hij_"_
"bgZfbg_kdb_o0zZjzZdl_jbklbdb aZgZklmx m~"Z |ky Ihafvdh ih dhk\_ g

HrgzZdh \ ihke_~g__ \j _fy \ bgl _jg_|_ihy\behkv [hevrh_ dheb
gZ dhlhjuo azi_qZle_g koh” k_e_\uo ihlhdh\ LZdhc fZl_ybZe fh
ithemqg_gby dzZq_klI\_gguo b dhebqg_klI\_gguo oZjZdl_jbklb&d k_e \
kljmdimjgheh]bg_kdbc Ibi o0zZjzdl_j "\b"_gby k_e_\h]h ihlhdZ nhj
kdhjhklv k_ey gZ jZaguo mqZkldZo k_e _\h]h jmkeZ

?keb \ dz~j_ _klv h[t_dlu dhlhju_ fh gh bkihevah\zZlv \ d
fzkrlz[Z kgbfdz fu fh _f hp_gb\Zlv g_dhlhju_ dhebq_kk\ egyqguZ o072
bf _ggh kdhjhklv ihlhdzZ Z ijb \hafh ghklb hij_~_ e _gby iepmKéB ihi_
tjZkoh”™ k_ey

P_evx gZr_]h bkke_"~h\Zgby y\ey_ |ky ihiuldzZ baf_j_gby kdhijt
ih fzl_jbzezf \b"_hkt_fdb b khihklZ\e_gb_ ihemqg_gguo j_ame\
agZq_gbyfb ih jZaebqguf f_Ih*"bdZf
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H[t _dl bkke_ ~h\Zgby

= _hl]jZnbg_kdb_ ]_heh]lbg_kdb_ b ]b”jheh]lbg_kdb_ mkeh)
hij "~ eyxl \hafh ghklv h[jZah\Zgby b \ukhdmx ih\lhjyfhklv k_e \u
h[tzfh\

Kmlhggu_ fZdkbfmfu hkz~dh\ fh]lml Mik3IB}KOLW]IN\ G @

Dhebqg_kl\h juoehh[ehfhqggh]lh fZl _jbzZezZz \ dhgmk_ \dghkZ
dZIZkljhnbg_kdbo k_e_c ~hklb]Z_| hl khl_H>$Xxdd WhNAbeeb i@y Z Kfe _
mihfygmlv qglh ihkdhevdm aZk_ezgghklv :evi q_eh\_dhkdbg gvelb ek
kjZam ihiz*"Zx| \ jZajy® gZpbhgZevguo [_~kl\bc ><bgh]jZ”~hh @
k_e _\hf ihlhd_ \ :\kljbb hlghkblky d ]h*m dh]~Z k_ev khr_e ba
BggZ m k_e_gby R\Zp ><khgh]jZz”~h\

Z\lmklz ] th jmqvx Nbjrgbp[Zo khr_e ]Jjya_dZf_gguc k
ihkljz~"Ze gZk_e_gguc imgdl Nbj]_g [ueb ih\j_"~_gu h[t_dlu bgnj:
ihkljhcdb K_ev [ue aZkgyl gZ \b”A_hdzZf_ju k g_kdhéVddpfhZdmjkh\
ihal\hebeh gzf hij_~ _eblv g _dhlhju_ dZq_klI\_ggu_ b dhebqg_kI\_ggu

Jmqg_c Nbjrgbp[Zo jbkmghd yley Iky e \h[_j_"guf ijblhd

fmgbpbiZebl | _Nbj] g lehszZ”v \h*hk[hjZ khklZ\ey | dfd "ebq
jZ\gy _lky df i_j_ iz~ \ukhl hl bklhdZ “h mklvy f KzfzZy \ukh
] Fbll _j_ Jriblp_ k f gZ” mjh\g_fjfiBjg_ewvk]Zkiheh  _gh gZ \ukhl_
gZ” mjh\g_f fhjy >+<EO @

<h~hk[hj [Zkk_cgZ jZzkihezZ]Z_lky gZ |_jjblhjbb I_ggbgkdbo :e
ke_"m_I| m~_eblv gZebgbx nbeeblh\uo keZgp_\ dhlhju_ h[ez"*Zxl
]Jebgbkluo gZklbp kihkh[guo k\yaulZlv \h"m \ ]JjmglZol iewvglZr fm

mkeh\b g _h[oh~bfh_ ey nhjfbjh\Zgby k\yaguo k_e_c Z
juoehh[ehfhgqgh]h fhj _ggh]h b hkuigh]h fZIl _jbzZezZ \ \_jog_c qZKklk
h[jZam_| ihl_gpbZevguc k_e _\hc fzZkkb\ Dhj_ggu_ ihjh™u ij_"k

kex"ygufb keZgpZfb f _IZ[ZablZfb b mevljZVingdgradavapVinogretidfb >
2017@ dhlhju_ gZkusZxl k_ev djmighh[ehfhgguf fZ| _jbZehf

Hdheh q_I\_jlb \h~hk[hjghc iehsZ”"b aZgylh o\hcguf e_khf
em]h\u_ iZkl[bsgu_ m]h”vy b ZevibckddZ"emhAZggux juoehh[ehfh
hleh™ gby HklIZevgu _ ih"\ _j° _gu aZkljhcd_ >+<EO @
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Jbkmgh#&o fZ [Zkk_cgZ jmgvy Nbjrgbp[Zo
Figure 1. The scheme of basin Firschnitzbach river
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Jbkmghdjh~hevguc ijhnbev jmgvy Nbjrgbp[Zo
Figure 2. The longitudinal profile of the Firschnitzbach stream

< \h”hk[hj_ jmgvy Nbjrgbp[Zo bf__Ilky jy~ ijhlb\hk_e_\u
jbkmghdK _e_m” _j ' b\ZxszZy "Zf[Z jZkiheZ]Z lky \ f hl mRIvy b a
azZ™ _j"Zgb_ ®k_d_\h]h fZl_jbZezZ Gb _ iehlbgu jZkiheh  _g k_e _ijl
jZkkgblZgguc gZ ijhimkd k_e _\h]h infitkdZ+ZkOh "hf@ f

=jya_dZf_gguc k_ev khr_"rbc ]

ljhoh ™~ gbx k_e_\h]h ihlhdzZ ij_~r_kl\h\Ze kbevguc eb\ _gv
2 ff fbg Ijh~he bl_evghklv i_j\h]lh félgwhgly + Z\ImklZ ] qg_j_a
ihke_gZqzZez “h 7~y \ ih f_klghfm \j_f_gb "bl_eb Nbj]l_gZ gZ]
k_e \h]h ihlhdZ <k_]h aZz fbgml [ueh azj_]bkljbjh\Zgh k_e._
h[jZah\Zgby i _j\hc k_e _\hc \hegu \uiZeh hdheh ff hkZz~dh\

GZ \lhjhf wlZhoh ™~ _gby k_e _\h]lh ihlhdZ \ |_q_gb_ fbgn
27 k_e_\uo \heg GZ wlhf wlzi_ k_ev Izd _ klzZe ke_"kl\b_f \uiz”
bgl_gkb\ghklb *“ebl_evghklvx fbgml D fhf_glm gZqgZeZzZk\l&ayh]h w

zfdhklv i_j ~ k_e_azZ”™ j ' b\Z{se& 1Zf[heeg _gZ b ihlhd r_e gq_j_a
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iehlbgu < h[s_c keh ghklb azZ i_jbh” ijhoh ™~ _gby “\mo k_jbc \heg
£fZl_jbzZez >++EQO @
>bgzZfbq_kdb_ ozZjzdl_jbklbdb ~Zggh]h k_e_\h]h ihlhdZ hdZzZa
agZg_gbc k_e _aZsblguo khhjm™ _gbc Nbj] _gZ ,fdh&lw iiehlbdghe a-
m"_ ihke_ i_j\hc k_jbb \heg aZihegbezZkv k Kk aufphim&tghgbdidg Z
hdZzaZeky g_ kihkh[_g ijhimklblv fZdkbfZevgu_ jZkoh”~u & ¥Wh]h
fZkkZ \uoh”beZ ba [_j_ ]h\ dZgZeZ b jZaeb\ZeZkv ih IljhimZzZjzf

FZl _jbZeu b f_lh~u

<b”_hfzl_jbZe h ijhoh ~_gbb ~Zggh]h k_e_\h]h ihlhdZ [ue ij_
Nb[b] jihgkmeviZgl ih \hijhkZf [hjv[u k wjhab_c k_e _\ufb ihlhc

e _kgh]h ohayckl\Z bkke_ ~h\Zl _evkdZy ]jmiiZz FKGBEH klbobcg
\kljby #4Bc f_""mgZjh”"ghc dhgn_j gpbb ©K_e \u_ ihlhdb dZIZkljl
azZsblz2 Bjdmjiikddg+ k_gly[jy . ]

Kt _fdzZ ijh\h~"bezZkv k jZaguo lhq_d Jhjh*rzZ ]~_ k_e_\hc i
[ IThgbjh\Zgghfm kimik gegZlimhimkdghfm dZgZem jbkmghd

GZfb [ueb \u[jZgu dZ”ju ba \b”_h gZ dhlhjuo ij_"klZ\eye
hij ~ eblv f_klh gZ kimlgbdh\hf kgbfd_ ]~_ijhr_e k_e_\hc ihlhd

ljb hij_~ e gbb kdhjhklb k_e \h]h ihlhdZ k ihfhsvx fzZl_jbZz
g _h[oh”~bfh agZlv jZkklhygb_ dhlhjh_ hg ijhc”_| b ijh*he bl _evgh

KgzZqzZez ijhba\h”*"bezZkvk_i¢b\ymibdkd dzZgzZezZ ]hjh~Z Nbj]_g
ijhljzffghf izd_|_ $UF* 6 Iljb\yadZ hkms_kl\eyeZkv ih dhgdjhevgu
kimlgbdh\hf kgbfd_ fhkl iZjdh\dZ kImi_gv gZ ih\hjhl_ jbkmghd

GZfb [ueb \u[jZgu Ijb mgzZkldZ gZ dhlhjuo gZ \b”_h hlg_lekt
njhglZ k_e _\hc \hegu

| j\uc mqgzZklhd gZ dhlhjhf [ueh aZnbdkbjh\Zgh fzZdkbfZevg
iZjdh\db "h fhklZz <lhjhc mgzZklhd gZqbgzZ _ Iky hl kimih gb g.
fhklZz Lj_Ibc mgzZklhd hl ih\hjhlZz "h iZjdh\db jbkmghd

=em[bgZ ihlhdZ hij_~ eyeZkv k ihfhsvx ijb\yadb fzZkrlZ[Z kgl
ba\_klgufb izjzf 1jzfb GZijbf_j bkihevah\Zebkv |Zdb rbgZ Hdlu dZ
Aim]lb < ijh]jzff_ $UF*,6 [ueb \uiheg _gu g_h[oh”bfu_ baf_j gby ~
dzZgZeZ ey "Zevg_crbo jZkg_Ih\ 1Z[ebpZ
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Jbkmgh#&o_fZ mqgzZkldh\ ijhoh ~_gby k_ekimlih ghlgdzih\hghl _
2 +xklmi_gv gZijhlb\ izjdfhklb +

Figure 3. The scheme of sections of the passage of the debrisflawstep on the turn,
2 zstep in front of the parking, 3bridge.

LZ[ebpzZHkgh\gu_ iZjzZf _lju dZgZeZ

Table 1.The main parameters of the channel

MgZklhd _

: Rbjbg4 =em[bd >ebgZ Mdeh| Dhebqg_K
N ikt md dZgZeZ4 dzZgzZe4 kimi R ]jz~ \ h

gZeZ gZeZ mi_g j eg

i ] Nbjrgbp[Zd
1 920-850 5,8 3,0 14,3 10,6 10
2 985-850 5,8 3,0 14,3 10,2 3
3 985-920 5,8 3,0 14,3 9,8 3

Hij ~ e _gb_ kdhjhklb hkms_kl\eyehkv ke _"mxsbf kihkh[hf

< ijh]ljzffghf izd_1I _ 6KRUWFXW nbdkbjh\Zehkv \j _fy ijhoh "
\hegu gZ dhgljhevguo IlhgdZo dhlhjuf khhiI\_IklI\h\Zeb klmi_gb
jZkkgblu\ZeZkv dZd jZkklhygb_ "~ e _ggh_ gZ \j_fy

Kdhjhklv k_e_\h]h ihlhdzZ ijhr_~r_]1h gq_j_a ] Nbjl_g J[ueZ j
jZaebqgguf f_|h*"bdZf

>ey JjZkg_l1Z bkihevah\Zebkv nrhjjmemebBaB =hem[ph\Z
F NKjb[gh]l]h DozZggz :dz”~_fbb =IK FQK Jhkkbb
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©Jmdh\h~kI\h k_e_klhdh\uf klZgpbyf b ]b”jh}jzrdhd_kdm Zjl
bkihevah\Zlv “ey jZkq_IZ kdhjhkl_c k_e_\h]h ihlhdZ ke_~mxsb_ nh

RL vauri®oE J&° (1)

] hzkj "~gyy Jem[bgZ ihlhdz f
. xkj_"*gbc m]he &kZeehlglh jmkeZ gZ mqzZkld_

NhjfmeZz ij_ "ethBg@ jo_meb”a_
>ey jZkq_Ilh\ kdhjhklb k_ey 1Zd _ bkihevidpb][gky hnbjKjpbggulE N
1960]:
RLAZET, @
S0
1. Rzx]b”jZ\ebqg_kdbc jZ*"bmk ihlhdZ \ f_IjZo
| tmdehg jmkeZ
Gtiehlghklv gzghkh\ | f
B+kj _~gyy iehlghklv k_e \Rc fzkku | f
LZd ~_ 7~ey hij_~_e_gby kdhjhklb k_e_\h]h ihlhdZ bkihevan
>=hem[ph\ @
RL zawpyE ©)

1~ hgjxkj_~gyy lem[bgZ ihlhdz f
i xijh"hevguc mdehg jmkeZ gZ mqgZzZkld _

lh ©Mqg-fghh”*bg_kdhfm ihkh[bx2 \uims_gghfm :dzZ~_f¥, c =1K
kdhjhklv k_e _\h]h ihlhdZ fh gh hij_~_eblv ih nhjfme _

RL s Vg$ 70FAI U @)
L J> 90. Jmdh\h~ki\h k_e_klhdh\uf klZgpbyf bf]b2jHyZnbq_kdbui
HilZgbazpby b ijh\_~ gb_ jZ[hl ih byt dbkba’zlc Fhkd\z
2Djxdh\ 2 < :ml_gdh < F Hizkgu_ ijmilgAidulhtjhihkdb  F  :dZA_fby =1t

FOK Jhkkbb
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1. U £ hlghkbl_evgzZy ]b”jZ\ebg_kdZy djmighklv \h\e_dZ_fuo \
fZl _jbzZeh\ ”"ey hi_jZlb\guo jZzkqg_Ilh\ ijbgbfz_Iky jzZ\guf « f k
ijbgylh agZqg_gb_ f k

LZd °_ =hem[pkBFEhem{ph)\ @ ij_"eh be nhjfmeu ey jZkq_
liva_\uo b ]Jjya_dzZf_gguo ihlhdh\

RL upvigife: (5)

Djhf_ hij_~_ e _gby kdhjhklb “"\b"_gby k_e_\h]h ihlhdZ gZfb [u
"Z\e gby k_ey gZ ij_iylkl\b_ ih ba\_klguf nhjfmezZf \ dhlhju_ \ hkg
k ey b iehlghklv k_e \hc fZkku >ey jZkq_1Z k_e _\h]h ~Z\e _gby
nhjfmeu

Nhjfmez ~ey jzkq_IlZ ~Z\e_gby k_e_\h]h ihlhdZ ij_"~eh’ _ggZy

Ak 1é5 0
2 L0 (6)
1~ D=4,5,
g+mkdhj _gb_ k\h[hAgh]h%Z~ gby f k
Gtiehlghklv k_e \hc fZkkbedd]blh\ @

NhjfmezZ ij_"eh’  _ggZy ; G J _\kdbf b G N G_qZ]:\uf >Fhe b
2 L tawgrR;°374 (7)

C Ohepbg j_ f b = Obm[e_f ij_~eh  _gu nhjfmeu jZkq_
dhf[bgbjh\Zgghc fh”_eb ]Jb2jhklZIbybkdrhpgzZzfbg_kdh]lh \ha”_cl
[Fhe b]blh\ I

2 L wR*ascd (8)
] hzxlem[bgZ ihlhdz f

Ih \hegh\hc fh” _eb ]Jb”jZ\ebg_kdh]h m~ZjZ [ueZ ij_"eh _gz
? =lbdlbgZdhf ke_"mxsZy nhjfmeZzZ jZzkq_IZ

2 L =R (9)
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1"~  kxkdhjhklv a\mdz \ kj_~_ f k
Zxijhp_glgh_ kh”_j Zgb_ \hamoZ \ \h*hgZkus_gghf Jjmgl_ f
0- >=hghj-Ibyd @

NhjfmeZ ij_"eh’ _ggZy B B O_jo_meb”a_ >Fhe b]blh\ @
2 Luévmwé%;:@é?“ag (10)
J amevlZliu b h[km ™~ _gb _

Djhf_ \ukhdhc gZkus_gghklb juoehh[ehfhqguf fZl_jbZehf
0Zjzdl_jbam_Ilky \hegh\uf "\b"_gb_f >DZazZdh\ @

F_oZgbaf h[jZzah\Zgby \heg _s_iheghklvx g_ bamaijqblg \ dzZ
g _dhlhju_ Z\lhju \u”_eyxl jZaebgb_\ kdhjhklyo i _j f s gby h[ehfd
HrgZdh gZ bf_xsboky dzZ”jZo k_e_\h]h ihlhdZ gZ[ex"Zxlky \hecg
Jeu[hAWZemgguf fZl_jbzZzehf 1Zd b ]Jebgbklufb gqzZklbpzZfb LzZd _ \
h[jZah\Zgby k_e \uo \heg ij_"klzZz\eyehkv h[jmr_gb_ihjpbc ]jmglZ

HrgZdh \hegu h[jZamxlky \ | _q_gb_ \k_]h \j_f gb ijhoh " _g
fh gh gZ[ex"Zlv gZ \b®"_h Z bo "bgZfbg_kdb_ oZjZdihjbkitimxh q
\hegzZf h[jZamxsbfky ijb h[jmr_gbb ]jmglZz K_e_\Zy \hegZ hleb
dimlhc i _j _~gbc njhgl kha”rz_t @dpheh\mskfleydb” hfzl _jbzezf hij_»
\ukhIm ©]heh\u k_ey? g_ij_"klZ\eyehkv \hafh guf

KhlezZzkgh < N 3lbgh\ize f_""m \hegzfb fh _| khklZ\eylv hl ¢
fobgml "h A~ _kyldh\ k_dmg”® m\_ebgb\Zykv \ dhg_qghc jk\NZghbgglh I
\br h G _kfhljy gZ Ih qglh \b~_hfZl jbZeu y\eyxlky kdhfihgh\Zg
gZex™ _gbc ih g_kdhevdbf \hegzZf k g _ij_julghc kt _fdhghébgbfZz
bgl_j\Ze khklZ\eye k_dmg”™ \ gZqZe_ ijhoh ™ _gby k_e_\h]lh ihl
m\_ebqgbeky ~h k_dmg”n

< "Zgghf bkke_ _"~h\Zgbb [ueb ithemq_gu agZqg_gby kdhjhkl_
k_e_\h]lh ihlhdZ ih \b~_hkt_fd_ ZgZebabjh\ZeZkv nhjfZ \hegu Z |
|Z[ebpZz

31_jhV' < N K_e_\u_ y\e_gby L_jfbgheh]lbg_kdbc kehkZjv F ba” F=M
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Dzd ba\_klgh kdhjhklv fZzdkbfmfzZz \hegu gzZfghlh ij_\urzZ_1 ag.
1"_ gZ[ex*Z_Ilky klZpbhgZjguc jZkoh” qlh b [ueh aZnbdkbjh\Zgh g.
LZd _ azZqzZklmx \h \j_fy ijhoh ™ _gby k_e_\h]h ihlhdZ ih [_Ilhghb
ijhbkoh”"beh jZajmr_gb_ njhglZ \hegu k ihke_~mxs_f j4kjldZgb f
dzZzgZezZ Djhf_ |Ih]l]h g_kdhevdh jZa gZ[ex"Zehkv aZoe_klu\Zgb_
kKhhi\_IkI\_ggh hleh _gb_ fzZl_jbzez

< k\yab k |I_f qglh m gzZk hlkmlkl\mx|l \b”~_hfZl _jbZeu beb
Mb'_gb_f k_e_\h]lh ihlhdZz gz iheh]hf [_lhgbjh\Zgghf dZgzZe_ h”¢
gZ[hj_ wg_jlbb gZ klmi_gyo Z 1zZd _ jzZkie_kdb\ZgbklfaldgbHBeZ
dZzgzZez g_ ij_"klz\ey_Ilky \hafh 'guf H”*gzZdh fh gh ij_~iheh blv
dZgZe [ue bagZqZevgh kdhgkljmbjh\Zg “ey g _[hevrbo knhkjfXuo ihl
khhjm™ _gby m\ _ebqgb\ZeZ [u dhwnnbpb_gl r_jhoh\ZIlhklb qglh \ k\l|
kdhjhklv \hegu Gh o0ZzZjzdl_jbklbdb bkke_"~m_fh]h ihlhdZ hdZaZeb
ijb\_eh d gZeh _gbx \heg b jhkim kdhjhklb ba k_e \uo \heg
hij_ " e gguo mkeh\byo kImi_gb kihkh[gu hdZau\Zlv ijhlb\hiheh"
wnn_dl LzZd _ klhbl hif_Iblv qlh \ukhlzZ azZie_kdh\ gZ "hfZo g_ihKk]
d \u[jZgghfm mqgZkldm \ dZgZe_ "~hoh”bezZ ~h f_Iljh\

Kdhjhklb "\b"_gby njhglZ k_e_\uo \heg f_gyebkv hl f k ~h
\b”A _hkt_fdb Bkoh”y ba ihemg_gguo j_amevlZlh\ \b~rgh dlH g_f [h
\ur_ kdhjhklv "\b"_gby GZzZijbf_j \hegZ & _ljZem\bdbeZkv kh kdhjhk

f k Z \hegzZ « Jem[bghkh kidhjhktvx f k Ljb \hegu <« n

h[gZjm blv gZ ljzo mqzZkldZo Kdhjhklb ~\b"_gby &xbloy khle _\ufbok\he
“h f k glh ]Jh\hjbl h g_ihklhygkl\_ kdhjhklb k_e_\h]lh ihlhdZz

Khlijm~rgbdzfb :\kljbckdh]h BgklbImlZ =hjguo HiZkghkl_c |

kdhjhklv ihlhdZ ih \b”_hfzZl_jbzezf \ klI\hj_ dZgZeZz f &l mklvy
jZa[jhk agZq_gbc khklZ\be hl ~h f Kk >+*EO @
< IZ[ebp_ b gZ jbkmgd_ ijb\_~_gu j_amevlZlu jZkq_Ilh\ |

k_e \hlh ihlhdZ ih jZaebqguf f_Ih"bdZf hibkZgguf \ Jez\_ ©fZIl_jb.
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Jbkmgh#&dhjhklb “"\b" _gby k_e_\h]h ihlhdz
Figure 4. The velocity of the debris flow

J _amevlZlu jzZzkq_IlZ kdhjhkl_c ~\b _gby k_e_\h]h ihlhdZzZ ih
ihdZzaZeb agZgbl_evguc jZa[jhk agZqg_gbc <k _ bkihegah\ZggL
wfibjbg_kdbf iml_f b \dexqZxl \ k_[y \ hkgh\ghf IZdbm[bgdZZidhIh&®EKIb
b mdehg jmkeZ

GZijbf_j O_jo_meb”a_ B B b =hem[ph\ < < \ulh”beb nhjfmi
"b® gby k_e _\h]h ihlhdZ hkgh\u\Zykv gZ fZl _jbZeZo ihemqg_g
dhgmkh\ \ughkZ k_e _\uo ihlhdh\ \ =jmabb b DZaZoklzZg_ khhI\_Ikl\

KzZfu_ \ukhdb_ agZq_gby kdhjhklb k_e_\h]lh ihlhdzZ ~Z_1 nh
dZ™ _fb_c =IK FQK Jhkkbb fkk £keb bkihevah\Zlv "Zggmx nhj
hij_ ~ e gby izZjzZf _Ijh\ aZsblguo khhjm ™ _gbc Ih k wdhgHfbY |lkdhc
g_p_e_khh[jZagh

Nhjfmeu =hem[ph\Z < < O jo_meb”a_ B B Kib[gh]h F N
agZq_gby kdhjhklb k_e _\h]h ihlhdzZ \ hlebgb_ hl hij_~ _egdguo ih
khklz\ey | f kf k Bkihevah\Zgb_ nhjfme dhlhju_ azZgb zZxl j_Z
b _gby k_e_\uo ihlhdh\ ijb kljhbl_evkl\_ aZsblguo khhgm _gbc
jZajmr_gbx k_e _aZsblguo bg g _jguo khhjm  _gbc b aZlhie_gbx | _|j
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GZ ]jZnbd_ ohjhrh \brgh qglh agZq_gby kdhjhkl_c ih nhjfm
agZq_gbyf hij_~_e_gguf ijb ihfhsb \b”_hktzfdb H”*gzZdh \hk\yab k
Ahkimi_ g_I bgnhjfZpbb h I_hj_Ibg_kdhf hibkZgbbjhgglyitzco f dJBE b
dhlhjuo ihkljh_gZ nhjfmezZ DozZggZ ijh\_jblv ij_~iheh _gby h Kk
agZq_gbc j_amevlzZlh\ g_ ij_"klzZ\ey_Ilky \hafh guf

ljb jZzkqg_1_ ~Z\e_gby k_e _\h]h ihlhdZ gZ ij_iylkl\b_ kjZ\gb\z
gZfb agZq_gby kdhjhklb k_ey ih jZaebqguf f_|h*"bdZfhgjbj4Zk&gz]_ i
b Ibdbgzdz ? = kdhjhklv a\mdzZ ijbgbfzezZkv jZ\ghc f k ijhp
\ha”mozZ \ \h*hgZkus_gghf ]jmgld kK _ ~g__ >Fhe b]blh\ @ Ijl

g_dhlhju_ j_amevlZlu jZkg_|Z "Z\e_gby k_ey gZ ij_]j&gblZ§glwazkd
ih kdhjhklb hij_~ e _gghc ih \b~_hkt_fd_ jbkmghd

JbkmghdaZ\e_gb_ k_e_\h]lh ihlhdZ gZ ij_]jZ"m
Figure 5. The impact load of mudflow on the obstacle

JZkq_ | "Z\e _gby k_ey gZ ij_iylkl\b_ ih jZaebqgguf f_Ih*"bdZf

jZa[jhk agZghbbc £ FIZ ~h FlZ

Adqgq_gby ihemqg_ggu_ ih nhjfme_ J  _\kdh]h ; G b G_qzZ _\Z
0,72F1Z ~h FIz \ |Ih \j_fy dZd agZgq_gby ihemqg_ggu_ ih nhjfme
dhe_[exlky hl “h FIlz G_kfhljy gZ Ih qglh nhjfmeu J°

G _qZGOAN O jo_meb”a_ B B b nhjfmeZ =jmaGBB=bF hlghl
]brjh~*bgZfbg_kdbo fhr _e ¢ j_ameviZlu jZkq_|Z ih *"Zgguf nhjfmeZ
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NhjfmeZ =hghjzZ :-Ebdzded? = >=hgthqZdbd @ hlghkblky d de
\hegh\hc fh”~_eb \ha”_ckl\bglkd2Z_ bhYZ_ | gbadb_ j_ameviZlu ~Z
kjZ\g_gbx k *jm]bfb f_Ih~bdZfb

Kj_"gb_\ ihemg_gghf “"bZiZzahg_j_amevlZlh\ @fZq |gBymgyZ]j
"ZeZ nhjfmeZ Ox[ey C b Ohepbg_jZ = ijbgzZz"e_"ZsZy d dbZkkm
]b”rjhklZlbqg_kdlbhhr"bgzfbg_kdh]h \ha”_ckl\by

Wfibjbqg_kdb_ dhwnnbpb _glu bkihevah\Zgguo nhjfme [
eZ[hjzZlhjguf iml_f Djhf_wlh]Jh \ gbo \ hkgh\ghf bkihevamxdky [Zd
iehlghklv k_e \hc fZkku b kdhjhklv ihlhdzZ |h gZr_fmdlbgggbx ~
hljz zZxl j_Zevgh]h ~Z\e _gby k_e \h]h ihlhdZ gZ ij_iylkl\b_ LZdt
ijh[e _fZ dZdmx nhjfmem emqr_ bkihevah\zZlv ”"ey ijh_dlbjh\Zz
khhjm™ _gby

AZdexqg_gb_

FZI _jbzZeu \b"_hktzfdb ]jya_dzZf_ggh]lh k_ey Jkhrh " "ympwvx
Nbjrgbp[Zo ihal\hebeb

x baf_jblv kdhjhklv ihlhdZ dhlhjZy gZ jZaguo mqgZKledZo k_
khklzZ\eyeZ hli f k ~h f k

X \u”_eblv gzldh \ujZ  _gguo k_e _\uo \heg

X hij_~ _eblv ozjzdl_j "\b" _gby \heg

X m [hevrbgklI\Z k_e_\uo \heg kdhjhklv njhglZ hdZau\ZeZz
NZgghc oZjzdl_jbklibdb ey hkgh\gh]h | _eZ \hegu gZ[ex"dlehkv |z
\“hev [hjlh\ [_Ihgbjh\Zggh]lh k_e_ijhimkdgh]h dZgZzZeZ

X m ba \heg [ue aZnbdkbjh\Zg jhkl kdhjhklb ijb "\b"_gbt
dZgZeZ h”rgZdh ”"ey ihemq_gby h”ghagZqgguo \u\h”h\ h ijbjZs
\ke_~kl\b_ kImi_gqgZlhc dhgkljmdpbb dZgzZeZ ijbkhbjdZ0o e yggo] ho.
y\e _gby g_h[oh”bfu "Zevg_crb_ bkke_"h\Zgby

gZeba bf _xsboky nhjfme ey jZkqg_|1Z kdhjhklb k_e _\h]h ihlhd
fZkku gZ ij_iylkl\b_ ihdZaZe qlh kZfu_ [hevrb_ agZlkygbpp kdhjl
jZkqgzl_ ih f_Ih~bd_ ij_"eh  _gghc :dZ” _fb_c =IK FQK Jhkkbb ij
kdhjhklyfb ih \b"_h khklZ\eyeZ hl A h f k JZkqgzl ih nhjfm
O _jo_meb”a_ B B b Kjb[gh]h F N ~Zzl|l agZq_gby kdhjhklbukwo e \h]
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ih fzZl_jbzezf \b”~_hktzfdb Ijb wlhf g_h[oh”bfh hlilf_Iblv qlh ac
jZkkgblZzggu_ ih mdzZzazgguf \ur_ nhjfmezf ~Zxl| [ebadb_ f_""m kh][
GZb[he__ [ebadb_ d agZzq_gbyf kdhjhklb ih \b”A_hkt_%d_ [ueb
ih nhjfme_ DoZggZ Gh ~ZggZy nhjfmeZ \dexqZ_ | \ k_[y gbkeh\u
o0ZjzZdl_jbklbdb ihlhdZ qlh b \ nhjfmeZo mihfygmluo \ur_

LZdbf h[jZahf ihemqg_ggu_ j_amevlZlu ih kdhjhklyf k h”ghc
mf_gvrZlv agZq_gby kdhjhklb k_e_\h]h ihlhdZ nhjfmeu =hem[ph\Z
Kib[gh]h F N l1Zd b az\urZzZlv bo nhjfmezZ :dz”_fbb =IK FQK

azZgb' ' _gby j_amevlZlh\ \hagbdZ | jbkd jZajmr_gby H[tkehmtZb Kkt
ij_m\_ebq_gbyhwagbdzxl g_hijz\"Zggu_ wdhghfbg_kdb_ aZzZljzlu g
ijhlb\hk_e \hc aZsblu

Ihkdhevdm \ f _Ih~bdZo jzZkq_ |Z ~Z\e _gby k_ey gZ ij_iylk
wfibjbg_kdb_ dhwnnbpb_glu dZdkxg)\IZ khd'bjchkodb k_ey ihemqg_gb_

j_amevlzlh\ g_ ij_"klzZ\ey_Iky \hafh 'guf JZagbpZ \ agZggamyo ~Z'
ijb jZzkgzl_ih jZaebqguf f_Ih~"bdzZf dhe_[e_Iky hl FIZ ~h
agZg_gby ~Z\e_gby [ueb jZkkgblZgu ih J \kdhfm Z&" "pl k@ gz _
ijhf_"mld_  hl FIZ "h FIZz J _amevliZlu ithemqg_ggu_ ih
IbdlbgZdm= b O _jo_meb”a_ B B [ebadb f_""m kh[hc

Baf_j gb_  j_Zevguo agZq_gbc kdhjhklb k_e \uo ihlhdh)
\b”r _hktzfdb jZaf_szgguo \ Bgl jg_|_ iha\hey_ | ihemqgbkdbfZkkh

agZgbfuc fZl_jbzZe h agZq_gbyo kdhjhklb \hegh\hc ~tby Xfbed \HoJlD Z]
ihlhdZz g_h[oh~bfuo "ey kha”Zgby nbabq_kdbo bk fély fHAklpd\Kdpa of
gZ j_Zevguo agZq_gbyo _]Jh ozjzdl_jbklbd LzZdb_ ifleN\helyl \ k
jZajz[zZlu\zlv f_Ih~*bdb jZkqgzlZ ~"bgZfbg_kdbo o0Zjzdl gjbdblydijinlhd
ijh_dlghaukdzl_evkdbo jZ[hlZo
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M>D
HP?GD: BAF?G?GBC J? @ BASSESSMENT OF THE USSURI

|:<H>DH<H=H KLHD: J?DB RIVER FLOOD REGIME
MKKMJB K MQ?LHF KH<J?F?GKANGES REGARDING TO
DEBF:LBQ?KDBO 1JH?DPBCCEIMATE PROJECTIONS TO

DHGP: ;;, <?D: THE END OF THE XXI
CENTURY
;' B =ZjpfZgk X EmitZdh\ Borisl. Gartsmah? Sergei Yu. LupakoV’
1 Bgklblml \h~guo ijh[g_f J:¢ 1 Water Problems Institute of RAS,
Fhkd\Z Jhkkby Moscow, Russia
2Lbohhd_Zgkdbc bgklbIml ]_h]jz ?2Pacific Geographical Institute ¢fEB
<eZ”b\hklhd Jhkkby RAS, Vladivostok, Russia
gartsman@inboxru gartsman@inbox.ru

'gghlZpbhij_~ e _gb_ j _Zdpbb  Abstract. Detecting reaction of river sys
kl _f gzZ debfZlbg_kdb_ baf_g_gb tems to climate changes is one of the |
ba dexqg_\uo ijh[e_f kh\j_f_ ggh problemsinmodern hydrology. Moreove
L f[he__ wlh dZkZ |ky >Zevg _] thisis the case of the Far East of Rus
j_"bf m\ezZ g _gby dhlhjh]h ba\_ where moisture regime variability is we
mklhcgb\hklvx < gZklhys_c kIl known. The presented article deals w
€ _gu j_ameviZlu hp_gdb baf_ g the assessment results of changes in
kilbd iZz\h~"dh\h]h klhdZ j_d [Zkk flood characteristics of the Ussuri riv
h"brZ fuo baf_g _gbyo debfZlZ and its tributaries under the expected
leh[Zevguf ihl_ie_gb _f mate changes, linked with global wari
Hp _gdb \uiheg _gu gZ hkgh\_ kcing. The estimates are based on dynar
klhoZklbg_kdh]h fh” _ebjh\Zgby stochastic modeling scheme, in which r
\oh”™ \ ]br"jheh]bqg_kdmx fh”_ev i merous synthetic precipitation series |
gbke _ggu_ jy™”u kbgl_Ibg_kdbo inputtothe hydrological model for searc
j_[hjZ \k_\hafh 'guo mkeh\bc m\e ing of all kinds of humidification condi
A"hk[hj_ >ey jZkq_lh\ klhdZ bkih tions at the investigated catchments. Th
hgZevgZy ]b”~jheh]bg_kdZy fh”_ was used a regional hydrological Flo
pbdezZ fZeh]h j_qgh]h [Zkk _cgZ

Gartsman B.l., Lupakov S.Yu. Assessment of the Ussuri river flegitdne changes regarding to climate p
jections to the end of the XXI centuflydrosphere. Hazard processes and phenom26a9, vol. 1, iss.,1
52 pp. 52-70 (in Russian; abstract in English). DQD.34753/HS.2019.1.1.006
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gZ hibkzgb_ ijhp_kkh\ nhjfbjt
e _lg_+thk_gg_lh izZz\h~dh\h]h i_j
gby debfzZlbg_kdh]lh kp_gZjby
hit _“"bg_gb_ j ]bhgZebabjh\Zgg
kdhc fh”_eb hkzZ~dh\ b “Zgguo
[Zevguf fhr_eyf d€BMZIGZ ihke -’
[j _IXXI'\_dz + 11
IlhdZazZzgh qlh m\_ebq_gb_ hkz"
ijhihjpbhgZevghfm hldebdm \ bl
jZzdl_jbklbdZo fzdkbfzZevgh]h ki
jbh~rzZ 1h~Z 1jb wlhf hlghkbl_ev
fZzZdkbfZevguo jZkoh”~h\ azZ k_&bh
jZa Z ghjf kmffZjgh]h KethyjXéh'
\bkbfhklb hl \ZjbzZglzZ jzZzkqg_1Z
jZaebgguo debfZlbg_kdbo fh”_e
lhemq_ggu_ j _amevlZlu kh]JeZkr
NZgguo gZ[ex™_gbc gZ hkgh\_ b
gZaul\Z_fh]lh ©dhwnnbpb_glZ w
lzd"_ k ijh\_~_ggufb jZg__ bkl
LZdbf h[jZzahf ijb debfzZlbqg_kdt
fh gh ij_~ihezZ]Zlv jhkl iZ\h”~dh\
\ bkke_"m_fhf j Jbhg_

Dexg \u_ kehMbgzfbdhoZklbqg._
fh~_ebjh\Zgb_ [Zkk_cg Mkkmjb
fzlz debfzlbg_kdb_ kp_gZjbb
fZlIbg_kdb_ fh”"_eb

Cycle Model of small river basin that f
cuses on the description of runoff fc
mation processes in the summsastumn
flood period. Climate changes input
based on the integration of the regiol
stochastic rainfall model and General C
culation Models (GCM) data to the end
XXI century (20712100).

It is shown that an increase in precipitati
sum leads to an unproportional respons
the evaluated flood flow characteristic
The relative increase in the mean value:
the maximum flow reaches# times and
2 8 times for the seasonal runoff depth «
pending on applied GCM and climate st
narios. The obtained results are consis
with the analysis of observational data |
LQJ WKH 3SHODVWLFLW\
ous investigations. Therefore, flood ris
could be expected at the investigated te

tory due to climate changes.

Keywords: dynamic-stochastic mode
ing; the Ussuri river; climate changes; ¢
mate projections General Circulatior
Models

—eh[Zevgu_ debfZlbg_kdb gadlklhys gbyj\fy jZkkfZljb\Zxlky dZc
g_ih”e "Zsbc khiBC@bx >@ qg_fm kihkh[klI\m_1| [hevrh_ dhebg_kl\h
ih I_fZlbd_ H~”gZdh ihke_ "kl\by [ukljhc kf_gu debfzlbghkdhbho mke

f gvr_f gZ dhlhjuc fh gh jZkkgblu\Zlv

=ZjpfZg ; B EmiZ#Hp_KdZ baf_g_gbc j_"bfz iz\h~dh\h]h klhdZ j_db

f gguo debfzZlbg_kdbo ijh_dpbc “h dbEdppghkn YZd Hijhlpg kku\e gR19.

L 1. <ui 1. K52-70.DOI: 10.34753/HS.2019.1.106

ijbgbfzy \h \gbfZgb_
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\hijhkZz < hlghr_gbb j_ggh]h klhdzZ ~ZggZy ijh[e_fZ g_dmg__
baf_g_gby \ debfzZlbg_kdhc kbkl_f_ \uau\Z_fu_ Jeh[ZgbghTbillvl_ie_
d agZgbl_evguf ljZgknhjfZpbyf j_ "bfZ m\eZl1gC@Qby | @jbMgbtu®zZy
\hafh 'ghklv mkbe_ gby f_edhfzZkrlZ[guo wnn_dlh\ gZ ehdZevgh
]Jbrjheh]bg_kdbo ihke_ _7kl\bc j_]bhgZevghlh o2zZjzdl_jz ijbh[j_IZ
p_gghklv

< dhgl_dkl_ h[km ~Z_fhc ijh[e_fu x] >Zevg_]h <hklhdzZ y\e
keh guf h[t_dlhf WIh h[mkeh\e_gh hkh[_gghklyfb ] _heh]bg_kdh]h
kljmdImjhc \h~hk[hjh\ keZ[uf bgnhjfZpbhgguf h[_ki_q_gb_f I_jjblt
ijhkljZzgkl\_gghc b \j_f gghc baf_gqgb\hklvx ijhp_kkh\ klhdhnhjfbjh\
mihfygmlv qglh \ _joh\vy djmiguo j_d gZ dhlhju_ \ gZkldhlys c j.
jZkkfZljb\Zxlky dZd gZb[he__ mya\bfu_ d debfBakkgetlat 2006af g g
Zhangetal., 2016,Wu etal., 2018].

JZg__ ijh\_~ _ggh_ bkk@artsinaz gupakow @ ihdZazZeh qglh i
fhr_ebjh\zZgbb iZz\h~dh\h]h klhdZ \ jZfdZo debfZlbg_kdéb ijhbhbipbc
fh gh hljZzgbgblvky mq_Ihf hkz~rdh\ b bkizZj_gby Ihwlhfm jzkq_I j_°
gZ hkgh\_ kp_gZjb_\ baf_g_gbc wlbo "\mo debfZlbg_kdbo i_j_f _gg

H[t_dlu bkke ~h\Zgby

H[t_dlhf bkke_"h\Zgby y\ey IMkK@kk _kgalZfudzZxsbf kl\hjhf
i Dbjh\kdbc \ ij_~ eZo dhlhjh]h \u”®_e _gu iylv fZeuo j_qguo [Zk
LZ[ebpZ jZkkfZljb\Z _fuo \ dZqg_KkI\_[Zkk_cgh\ztbdgrpdbl&Zjhd hicjZf
fh" _eb iZ\h~dh\h]@akdrhahZLupakov, 2017].

Debfzl j_JbHgkkthgguc hkh[_gghklvx dhlhjh]h y\ey |ky g_mkl
m\eZ g _gby Ghjfu ]h*h\uo hkzZ~dh\ e_ "ZI \ ij_~ eZo + ff
\uiz~rzZxI\b~_ ~h"~ ¢ \ | _ieuc i_jbh” Jh*Z Kmlhqgu_ fZdkbfmfu hk
100- ff IblzZzgb_ j_d khhI\_IklI\m_| ~Zevg_\hklhgghfm Ibim Kk ij_hJ[e
Hkgh\ghc nZahc ]b”jheh]bqgq_kdh]h j "bfzZ fh gh kgblZlv e _Igb_ i
hi®" evguo kemqgZyo ijboh”blky ~h b [he__ ]Th~h\h]h klhdZ |
klhdhnhjfbjmsb_ h[eZklb [Zkk _cgZ [hevr_c gZklvx gZoh”ylky gZ \u
= heh]bg_kdh_ kljh_gb_ jZaghh[jZzagh b k\yazZgh k ijhp-kkZzZfb
rebgvkdbc kdezZ”rqZlhc h[eZklb Ihqgq\_gghzjZklbl _evguc ihdjh\ ij_
kf rZggufb o\hcghzxzrbjhdhebklI\ _ggufb e_kZfb b e_kgufb [mjhazfzZfl
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Jbkmgh®Zjlhko fZ jZkiheh _gby Hkk& TtmhYuomgdlh\ gZ[ex”™ _gbc
bkihevah\Zgguo maeh\ jZkg_lghc k_Idb *&0
Figure 1. Schematic layout of the studied basins, rain gauge stations and used grid points of GCM
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LZ[ebdazOZjzZd!|_jbklbdZ h[t_dlh\ b b¥dgguam_fu_
Table 1.Characteristics of the studied objects and used data

=b"jheh]bq_kdb_ ihklu [Zkk_cgu
Mde h( =h”u
_ _ lehsz”™y <ukhlZ _ E_kb
<0 J dZimgdl . Kj - gZ[ex" |
df kj f Klhklv
f f gbc
Mkkmijk 40 19544995,
1 , 1160 836 0,25 91
gyy ;i__\dg 19992013
Bal\bebg®a 19554995,
2 1720 752 0,21 99
\bebgdZz 19982013
FmjzZ\ cd?Z
3 _ 2670 623 0,12 98 197022013
=jh"_dh\}
Djueh\dz
4 _ 761 592 0,18 99 19532013
Djueh\dz
IZ\eh\dZgz
5 1070 251 0,11 82 19482013
lhgh\dZz
Mkkmjb hh
6 24400 474 0,10 84 19532013
kdbc
F_I_hjheh]lbg_kdb_ klZgpbb b ihklu
< i F_I_himg¢ GhjfZz hkz~dh\ aZ <ukhlZz =h”~u gZ[ex”™_d
1 <bghl]jZ"h 655 110 19512014
2 | <_jogyy ;j_ 642 + 19472014
3 =jh" _dh\} 700 170 19522014
4 FhegzZgh\ 677 + 19512014
5 Ykgh _ 672 + 19402014
6 Dzf_gdZz 672 210 19472014
7 Qm]m_\d 694 257 19492014
8 Kzfzjdz 687 319 19812014
9 Dhdrzjh\d 629 170 19484996, 19982014
10 Bal\bebgd 691 338 19602014
11 <Zjnhehf_ | 675 129 19602014
12 :jbZrgh_ 731 124 19512014
13 DZ\Ze _jh 659 265 19362014
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F Ih"bdZ bkke ~h\Zgby

DzZd [ueh ihdZaZgh jZg__ ><bgh]jZ”h\ Gartsman, Lepak@/g2017],
"bgzZfbdhtklhozZklbg_kdh_ fh~_ebjh\zZgb_ ij_~klzZ\ey_| kh[hdmvnn_d
klhdh\uo ozZjzdl_jbklbd \ Ihf gbke_ \ mkeh\byo f_gyxs_]hky det
hit_~"bg_gbb "\mo ih*"kiho&ktbeg kdzZy fh”_ev ih]h?u ih"Z _| ihke_~"
f I _hwe f _glh\ gZ \oh”™ ]b~jheh]bg_kdhc fh”_eb \uoh” dhhhjhc aZ
\b”_ djb\uo h[_ki_g_gghklb klhdh\uo ozjzdl_jbklbd

< dZq_kI\_ ]b”jheh]bg_kdhc dhfihg_glu bkihevah\ZeZkv |_
iZ\h~hqgh]h pbdez fZeh]h j_qgh]h [Zkk_cgZ )ORRG &\FOH ORG
jZajzZ[hlZzggZy ~ey j_"bfzZ k ij_h[ez~Zgb_f "h "~ _\uo iZ\h~dh\ b fgh]h
dZd gZ jhkkbckdbo 1zZd b aZj@Hen, gaepGarisggn @068; Belyakova, Gartsman,

@ Fh”_ev \dexqZ_ | g_[hevrh_ dhebq_klI\h izjzf_Ijh\ [hevrZ:
hij_ ~ ey |ky gZ hkgh\_ ZgZebaz jy*h\ Jb”rjhf_| hjheh]bg_kdbo baf
ohjhr__ b m~h\e_I\hjbl _evgh_ dzZqdkihnppkhlgl-k&EZWd&bnnzZ ijb
bkiulZgbyo gZ zlb fZeuo j_dZo Ijbfhjkdh]h djzZMIighkliZ\beevgh gbadl
hp_gdb dZq_kI\Z \ hkgh\ghf kl\yazZgu k fZeh\h”rgufb i_JbhdBfb \ |
ithr*Z\eyxs_f dhebqg_kI\_ kemqgzZ_\ bfblbjmxlky k [hevrhc |lhgqghklv
br_heh]b_c fh”_eb

ljbf _g _gBCM h]ljZzgbgb\zZ Iky jzZzaf_ jZfb bkke "m bfauade[tzkk”w gh\
g_ ~he’gZ ij_\urZlv i_j\u_?lukegb\ldKkijhba\_~ gby b ijh]Jghabjh\Zg
[he__ djmiguo j_d bkihevam_lky ko_fz fh”_ebjh\Zdbjyzfb [Xkk_c
dZg_kI\_ dhlhjuo bkihevamxlky fZeu_ j_ij_a_glZlb\gu_ j_ggu_ [Z
hkh[_gghklb ijhp_kkh\ klhdhnhjfbjh\Zgby gZ hij_~_e_¢glgkc_jahsz"I
jZzaf_jzZ ljhp_kk "h[_]Zgby klhdZ ih j_qghc k_Ib k [Zkkmcbkw igbZg”b
hkgh\_ ko fu DZebgbgZ+tFbexdh\Z ihke_q_]h \k_ ]b?jh]jZnu kmffl
kiI\hj _ k khhI\_Ikl\mxsbfb \_kh\ufb dhwnnbpb_glZfb 1ZjzZf _Iju dzZd )
ko _fu hij_~_e_gu jZg__ \ ijhp_kk_ g_aZ\bkbfhakghXf_ djbealzZ[gbbd i
;he _ ih”jh[gh_ hibkZgb_ ijb\_~ gh \ >=ZjpfZg =ZjpfzZg
JZajZ[hlZggu_ gZ hkgh\_ hibkZgguo fh*_e ¢ f_Ih*bdb gy Ejl&imk\hqggt
j_d [Zkk_cgh\ Mkkmjb b ;mj_b bkihevamxlky ij\nyhébhbZeengduo \j
ihrjza”_e _gbyo Jhk]b”jhf_1Z b ihdZaul\Zxl m[_~bl_evgu_ j_am
g_"hklzZlhggh]h bgnhjfZpbhggh]h h[_ki_q_gby
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LZd dzZd gZ \uoh”_ ko_fu ~bgZfbdhzklhozZklbqg_kdh]h fh"_el
ithemqgblv djb\u_ h[_ki_q_gghklb klhdh\uo ozZjzdl_jbklbd_glwgbkeb
\uihegyebkv ih ke _ "mxs_fmGattsihanp Lupakov @ GZ \oh”™ \ klhdh\
fhr _ev ih~"zZ\Zebkv fgh]lhe Igb_ ihke_ _~h\Zl _evghklb fh”~_evguo
j_amevlZl_ q_]lh nhjfbjh\Zebkv “ebl_evgu_ jy®u kfh”_ebjh\Zgguo f
aZ k_ahg k bxgy ih kagliffjwml4d b kmffZjgh]lh kehy klhdzZ azZ Ihl
(Wwisx, ff  Ba IZdbo jy*h\ nhjfbjh\Zebkv ih \u[hjhd h[_bo ozjzdl.
"ebgu dhlhjZy bf _ezZkv "ey dZ ~h]h [Zkk_cgZ ih nZdlbq_kdalfy*Zgg
IZdh]h dhebg_kI\Z bgnhjfZpbb \uihegyeky j4KkghtdmkehRguo k_ahgt

bxgyz k_gly[jy GZqgZevgu_ mkeh\by ey jZkq_Ih\ ijlkddhf az’
AzZlI_f \k_ \u[hjdb klhdh\uo o0Zjzdl_jbklbd jZg bjh\Zebkv b hkj_
Fh” _evghc djb\hc ijb wihf kgblZeZkv hkj_~§ufdggBgd "Zglzébgbh ghkl\
ihkljh_gby ~h\_jbl_evguo bgl_j\Zeh\ djb\uo h[_ki_q_gghklb gZz
5+ b 9%%.

DebfZlbgq_kdbc \oh” \ ]b*jheh]bg_kdmx fh”* _ev

Kh\j f ggu_ Jeh[Zevgu_debfZIGCMdb_ fh”~ _eb

< dzZq_kI\_ hkgh\u "ey ij_"klzZ\e_gby [m”ms_]h khklhyghb
bkihevah\Zebkv ~Zggu_ jzZkqg_Ilh\ ih leh[Zevguf dé&6KzIbkg_kdb:
bkihevah\Zgb f debfZlbq_kdbo kpR@REp@a \jk 6l BMP\[XVarszawski
et al @ dhlhjuc ih?*jZamf_\Z | jZkq_| debfZlZ [m"ms_]h gZ
©bklhjbg_kdbc i_jbh~?2 + lh~jh[gh_ hibkzZgb_kljmdImju b .
fh gh gZclb gZ ihjlze_ KWWSV SFPGL O0OQO JRY beb \ khhiI\_Ilk
et al., 2011; Jones et al., 2011; Dunne et al., 2012; Dufredneefal., 2013; Bentsen et al., 2013].
< kp_gZjbyo 5&3 5&3 5&3 5&3 k\yapZgdybykbjZac
jZa\blby h[s_kI\Z qgbkezZz \ h[hagZq_gbyo khhI\_IlklI\mx| nb\gwebq_gt
jZ"bZpbhggh]h \ha~_cKI\dy \ &I fh kjZ\g_ gbxvan Vuurdretal., 2011].
JZkq_lgu_ "@&@Q@Muh hkz~rdzZf “"Zgu \ maeZo ijyfhm]Jhevghc k_I
05]jZ"mkZzZ ih ~he]lhl_ b rbjhl_Mkkhkmhk[@pjh\kdbc iheghklvx ihdju\Z _
lhgdzfb Jbkmghd < gZklhys_c jZ[hl_ bkihevah\ZebkY |I_ dh
ij_~_eZo h[km ~Z fuo fZeuo j_qguo \h~hk[hjh\ eb[h \ g_ihkj_~kI\_
h[jZzahf ijbf_g_gb_ "Zgguo ]Jeh[Z%®ayhilol jhh"gbey ZgkZf[e_\h]h ijh]gh
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gZr_f kemqgZ_ ih?jZamf_\Z | ijh\_" _gb_ jZkq_1Z4by Bhh” &dgc |
Zgkzf[e_\uc ”"ey dZ "h]lh \h~hlhdZz

>ey ijb\_~ gby "Zgguo d j ]J]bhgZevghfm fZkrlZ[m [ueZ ijh\_’
gZau\Z_f@Mmgkd _cebg]Z@owhgdaing+ Trzaska, Schnarr, 20@ < gZklhys c
jZ[hl_ Jue bkihevah\Zg \ZjbzZgl l|ldetag2am®@QI HhRHWKRG dhlhjuc k
nhjfbjh\Zgbb kbgl_Ibg_kdbo jy*h\ f_ | hjheh]bg_kdbo "Zgglo hkg
nZdlbg_kdb_ jy®u ki_pbZevguf h[jZahf hij_~ e _gghcewlkhygWhtt ih
[ueh \uiheg_gh ke_"mxsbf h[jZahf ;ueb jZkkqgblZgu ghjfu hkzZ~dh\

XXI'\_dZz + ih fh~_evguf ~Zgguf GCKijkZghp\ gZRERP b

hlg k _gu d jZkg_lguf ghjfzZfGeM bZ ©bklhjbg_kdbc i_jbh~a \ j_ ai
hij_~ e _gu ©" _evl2 Mihfygmluc \j_f _gghc bgl_j\Ze Jue \ul[jZ
ijhlghabjm_fuo 1jZ_dlhjbc kp_gZjRCP X ifbtkjlgd ~h ]h*Z bo

0ZjZdl_jbklbdb jZaebgzZxlky g_ kbevgh Z [he__ aZzZf_IlgZy jZagh
theh\b¥XlI \_dZ >bZiZahg baf_g_gby hlghkbl_evgh I_dms_]h debf
khklZ\be hl fhGFEDLV kp g ROR ~h fh~ NexESM kp_gZjbc

RCP kmffZjguo hkz~dh\ azZ k_ahg ih highr_gbx d k_&abkgihhc gh
bklhjbg_kdbf "Zgguf >Ze__ wlZ ihijz\dzZ ©”_evIZBq)\ kd hgxh ktbe Zekw
hkz~dh\ ijb jZzau]ljul\Zgbb kj_"~g_kmlhgghc ghjfu kbgl_Ibq_kdh]h jy~

Klhozklbg_kdZy fh”A_ev hkz~dh\

Fh~r_ebjh\Zgb_ hkz~dh\ \ jZfdZo hibkZgghc ijh_dpbb [ueh \ul
j_]bhgzZevgh zZ~Zilbjh\Zgghc \_jkbb ijhkljZzgkl\_ggh jZkiH]H"*we ggh
SFRWG (SpatiadFRagment Weather Generator=_evnZg Fhj_c”h @ >ZggZy |
kihkh[gZ g_ij_julgh fh”_ebjh\Zlv g_kdhevdh f_I_hjheh]bq_kdbo i_j
jZ[hl_ hgZ [ueZ mijhs_gZ ~h klhoZklbqg_kdhc fh”_eb Zledhdhl\f ih ]j
dhlhjhc \dexqZ_ | ke_"mxsb_ wlZiu 7ey gZ[hjZ f_|I _himgdlh\ kh)
g_h[oh”~bfhc iheghlhc ihdjulZz_| bkke_ _"m_fuc [Zkk_cg \iwkgblu\Zz
agZgq_gb_aZ dZ ~uc k_ahg >Ze__ dZ *"h_ kmlIndggh f dghghgdl h
N eblky gZ wlim ghjfm | _f kZfuf ihemqZ _Iky gZ[hj fh*mevguo dhwn
k 1Zdbf gzZ[hjhf jzZkkfzZljb\Z_Iky dzZd ©njz]f_gl®2 dhlhjuc nbdkbj
f I _hjheh]l]bg_kdmx h[klZgh\dm khklhygb_  ih]h”u Dhebqg_kl\h
khhi\_ITklI\m_|I gbkem e_| kh\f_klguo gZ[ex™ _gbc bkihevam_fuo
fhr _ebjh\Zgby kj_~g_kmlhqgh_ agZq_gb_ hkzZ~dh\ dZ ~h]h k_ahg:
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"ZlgbdZ kemqgZcgadl glbkemqZcguf h[jZahf \u[bjZ_Iky ©rZ[ehg? b fh
dZ ~h]h imgdlZ gZ[ex”_gbc \hkklZgzZ\eb\Z _ |ky ih fh*mevguf dhwnn

< jZfdZo ~Zgghc jZ[hlu [ueh \uiheg_gh mkh\_jr_gkl\h\Zghb_
fhr_eb hkz~dh\ iml_f mqg_I1Z Ihlh h[klhyl_evkI\Z qlh ozjzdl_j jZkij_
b m\eZ g_ggu_ k_ahgu “he _@gZamsqXIvVkgghGZb[he_ _ _klI_KkI\_ggu«
|Zdh]h mgbkihevah\Zgb_ deZkkbnbdzZpbb f_ | _hjheh]bg_kdbo kblIm.
i_jbh~rzZ H”gZdh ih~h[guo f_I_hjheh]bg_kdbo dezZkkbnbdZpbc klhe
"ey bkke_"m_fh]l]h j _]bhgZ g_ jZajZ[hlZgh ihwlhfm [ueZ bki
]brjheh]bgq_kdZy deZkkbnbdzZpby Ibih\ \gmljb]l]h~h\h]h jZkijlh_e_qgb
<hklhdZ >=ZjpfZg Eueh Q_jg_gdh @ \dexqZxsZy |Ibiz

Ibi : o0Zzjzdl_jbam_Ilky ij_h[ez~Zgb_f \_k_gg_]h klhdzZ hll

iZ\h~dh\ \ hklZevgmx qZklv 1|h*Z

Ibi ; dhlhjhfm khhiI\_Ikl\m _| ijb[ebabl_evgh_ jzZ\_gkl\h h[t_fZ

dhlhju_ jZza”~_e_gu nZahc ihgb _gghc \h”~ghklb

Ibi < ijb dhlhjhf hif _gZ Iky * kbevguo iZ\h"dZ e _Ig_xzhk_gc

Ibi = ihy\e_gb_ dhlhjh]h khijh\h"~Z 1ky iZ\h~hqgguf j_"bfhf

\k_]h I _ieh]h i_jbh~Zz

GZr_ ij_"~iheh  _gb_ khklhyeh \ Ihf qglh hij_~ e _gghfm ]Jb”jh
kKhhi\_Tkl\m_| hij_~ e _ggZy f_ | _hjheh]bg_kdZy kblmZpby hiI*_e:
\hafh ghklv ijbf_gblv d hkz~dzZf ]b”jheh]bg_kdmx deZkkblklbdZpb:
hkz~rdh\ baf_j ggh_gZ jZaebqguo klZgpbyo j_]bhgzZ Zd™\[h”*be wl
ijb dhlhjuo gZ[ex”"Zebkv Ibiu : b ; \uizZz*"Zeh hkz~dh\ kbfklijZlbqg |
IbiZo < b = KhhlI\_IkI\_ggh Ibiu : b ; [ueb h[t_“bg_gu \ h[sbc |
©fZeh\h”~guc? Ibi :; Z Ibiu < b = [Jueb h[t_"bg_gu \ h[sbc mk
©fgh]h\h~rguc?2 Ibi <= Kh\f_klguc jy® gZ[ex”_gbc ey \k_o f_I|_h
[Zkk _cgZ khklZ\be e | k_ahgh\ beb ©Onjz]f_glh\?epZkiggloe gk
]h~*"Zo khklZ\beh lbiz :; gZ Ibiz <= Mq_| “"ZgghHa™N_¢lbbb de
hkz~rdh\ [ue ijhba\_"_g ke "mxsbf h[jZahf ljb jZau]jul\Zgl
kj_~g_kmlhggh]h agZq_gby hkz~dh\ hgh kjZ\gb\Zehkv k ghjfhc n
fhr _evgZy ghjfZ hdzZaul\ZeZkv [hevr_ nZdlbg_kdhc \u[bjZeky ©
h[jZlghf kemgZ LAdZy dhjj_dlbjh\dZ ]_g_jZlhjZ hkz~dh\ ijZzdlbqg_kd
k _ahgghc ghjf_ hkzZ~dh\ h~rgZdh fZdkbfZevgu_ kmlhqggy Ith&g" db ki
\ hkgh\ghf \ ahg_fZeuo h[_ki_qgq_gghkl _¢c Jbkmghd Z |
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Jbkmghdjbf_ju fh _evguo djb\uo h[_ki_q_gghklbk bkzZkguahpXglb +f
mkh\_jr_gkl\h\Zgghc \_jkbb fh”"_eb hkzZtdkohRighpbc p\_| +
Z [fZdkbfZevguo kmlhgguo hkzZ”~dh\ ih imgdlZf Ykgh_ <_jogyy ;j_
\ #Qmax | Wiax ih kI\hjmnMkkmjb Bbjh\kdbc
Figure 2. Examples of calculated probability curves of (red colausing the upgraded rainfall
model, blue colourtusing initial version):
Z [ fmaximum daily precipitation for Yasnoe rain gauge station, the same for Verknyaya
Breyevka respectively;
\ £maximum daily runoff,] +total runoff depth for the Ussuri-Kirovskiy outlet.
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ljbf_j blh]l]h\uo ihemqgZ_fuo djb\uo h[_ki_qg_gghklb ey azZfud
©bklhjbg_kdhf2a deNMkXZmjlp Bbjh\kdbc ij_"klZ\e_g gZ Jbkmgd_ \ ]
glh [hevrZy qzZklv lhg_d \ Ihf gbke_ b \ ahg_ gblathbl&yh} iki *qg edph
"hklzZlhggh “zkldh]h “h\_jbl_evgh]lh bgl_j\ZeZz

NzZdl ih\ur_gby Ilhgghklb jZkq_1Z hkz~dh\ ih mkh\_jr_gkl
klhoZklbg_kdhc fh~r_eb kdzZazZeky b gz klhdh\dl" oehpZdIZgbblbaZ
©bklhjbg_kdbc i_jbh”2 < blh]_ ih \k_c kh\hdmighklb h@madlh\ ijb

liZgbpu hp_g _ggh]lh ~h\_jbl _evgh]h bgl_j\ZeZz h[_ki_qg_ggh
wfibjbg_kdbo Ihg_d Z ijb hl[jZzkulZgbb gb g_]h d\®ylbepbjzkij_»
fh" _ebjh\Z2Whik \ ]jZgbpu ~h\_jbl_evgh]h bgl_j\ZeZ h[_ki_q_ggh

wfibjbg_kdbo Ihg_d ijb hil[jZzku\l\Zgbb gb g_]h d\Zjlbey wfibjk

>hihegbl _evgh [ueh mqgl_gh \hafh'gh_ baf_g _gb_ bkiZj _gby ¢
;ue \ugbke_g lj_g™ \ jy*Zo ijba_fghc | _fi_jZImju ih \k_f bkihevam_
i_j_kgblzg \ jhkl ihl_gpbZevgh]lh bkizj_ g bidiOudmfaGO5a]. E
MklZgh\e _gh qglh gZ[ex~Z fuc jhkl | _fi_jZImj ~“ey e Ilg_x*hk_gg_ ]
bkizj gby [be  q_f gZ hilghkbl _evgh | _dmsbo mkeh\bc
gm\kl\bl _evghklv )&0 d baf_g _gbx bkiZj_gby\*"HkrZIldfggh gbadkzly -
h[s_c¢c gm\kl\bl_evghklb d baf_g_gbyf bkoh”guo "Zgjgka IhAdgqlEevg
i1ZjZf _1jh\ fh~Gatsnan, Lupakov @ P_euc jy» Ijm~rghkl_c g_ itha\hey |
bkizj _gby fzZdkbfZevgh 1Ilhqggh gZgbgZy k hlkmlkl\byqgl¥Xkkh\uo
kihkh[ghklvx fh”_e ¢ \ ijbgpbi_ mk\Zb\Zlv \g_"jy_fu20058.h~u jZkq_

< blh]_ ijh_dpbhgguc jZkg_| klhdZ gZIlihkeéZ NgxXihjedZyZ | jhkl
ghjfu hkzZ~dh\ hl A h b m\_ebqg_gb_ ghjfu ihl_gpbZevgh]h
hlghkbl _evgh | _dms_]h debfZlZz

J amevlZlu gbke _gguo wdki_jbf_glh\ ih jZkg_Im klhdZ

Bkihevamy fghlhe_Igb_ jy~u kbgl_Ibg_kdbo hkz~dh\ gZzZfb |
]b”rjh]jZznh\ klhdZ ih \k_f fZeuf j_dzZf b aZfudKkmjbnRkjhhkmehbjc ih
hibkZgghc \ur_ f_Ih*bd_ Mqblu\Zy jZg__ ijh\_Gartsgan, lupgdkev "h\Zg

@ h brZeky kms_klI\_ggh [hevrbc highjkbklledig\uwco joKfZd!l_jbklt
hlghkbl_evgh baf_g_gby \ ghjfZo hkz~dh\ < p_ehf ~Zggh_ ij_"ih
Jbkmghd Glhjbafd gyxlky \ ij_~_eZo hl ~h ih kjz\g_gbx
©bklhjbg_kdh]h i_jbh™M&ax gkhhd\_IkI\_ggh hl Ah Kp_gZjguc
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ghjf k_ahgguo hkz~dh\ kms_kI\_ggh f_gvr_ hlghr_gby jh&lzZ hld
oZjzZdl_jbklbd gZ jhkl \oh”gh]h \ha”_ckl\by \k_ \ \ g_dhlhjuo
Ahklb]z_ I jZza b [he_ _

10203 24 05 06

Jbkmgh#&\yav baf_g _gby ghjf hkZ~dh\ fh”_ebjh\Zggu_ GCbklhjbq_|
hkb Z[kpbkk k baf_g_gbyfb ozZjzdl_jbklbd klhdzZ fh~_ébjbhZgguc «
ih hkb hj*bgzl DZzZ ~hc lhqd_ khhiI\_IklI\m_1 \ZjbZgl jZkqcAM k jZae

bRCPgZ i_jbh~ k ih 11 Z1zZd _ ZgkzZf[e_\uc jZkqg_Il \k_]h
dZ ~h]lh h[t_dIZ hRhalhZqgjZmgyZkk _c¢cgwmf_jZphydLZ[ebh _
Figure3. 5 HODWLRQ EHWZHHQ FKDQJHV RI PHDQ %-bBxi$Fadn&flow DWLR
chDUDFWHULVWLFV P RG4DEREh pddrt kepvaRdnts EddcOlatian with applying of
different GCM and RCP for 2071-2100 and ensemble one (in total 21 for each objects). Different
color marks different objects with numbering as presented in Table 1.
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Nbabg_kdh_ h[tykg_gb_ wlh]l]h nzdlzZz ihz\bAbfhfm khklhbl \ It
\Zeh\h]lh dhebq_kI\Z hkz~dh\ ihl_jb jZaebggh]h jh~Z gZ aZiheg_g
ihehkl _c¢c \gmljb ihg\u b I i hlghkbl _evgh khdjZsZxlky Z dhwnnbp
\hajzklz_1 < bkihevam_fhc Jb*jheh]bg_kdhc fh”_eb wlh 7Nhbklb]zZ _I
A\mo jZaebgguo j_"bfh\ klhdhnhjfbjh\Zgby Ijb i_j\hf klhd hJj:
ih~"ih\_joghklgh]lh “\b" _gby \eZ]b Ih _klv “hklZlhggh f_"e_ggh b
ihl_jv ijb \lhjhfhifbjm_lky +c ih\_joghklguc klhd M\_ebqg_gb_
ijh~he bl_evghklb ~_ckl\by \lhjh]lh j_"bfz klhdhnhjfbjh\Zgby ijb
dhebqg_kI\_ hkz~dh\ j_adh mkbeb\Z_ | [Zkk_cgh\uc hldebd

K lThgdb aj_gby nhjfbjh\Zgby iZz\h~"dh\ b hiZzkghkl_c k\yaZggl
agZg_gby klhdh\uo o0ZjzZdl_jbklbd jZaebqghc h[_ki_qg ogyklb
d\Zglbe_c b h[_ki_q_gghklb fzZdkbfZengh]hhlhZkoh?Zd 4
A _fhgkljbjmxl azZf_lguc jhkl Jbkmghd hQvéx R6-h chllglhrkigly_gghklb
ihemq_gguo \ hl® _evguo \ZjbZglZo jZzkqg_Ih\ d jZkkKodliZglghtm aZ ¢
jy™ \ukljh_gu \ZjbzZgl jZkg_1Z khhlI\_IklI\mxsbo jZaebgguf khq
kp_gZjb GCMx 4RCP ZgkzZf[e _\uc

<b”rgh qglh ih \k_f \Zjbzglzf jZzkq_Ih\ kh[ulby ijhbkoh”*yshb
klZgh\ylky [he__ fZkripgklutdf+tgZ |ky gZ mjh\g_ hl Nh hlgh
©bklhjbg_kdh]lh i_jbh~rz2& < A~Ajm]hc nhjfmebjh\d_ ijb jZkkfZljb
kms_kI\_ggh \hajzklzx!l \_jhylghklb ijhoh ™~ _gby iZ\h~"dh\ k g_dhlhj
agZq_gbyfb fZzdkbfZevguo jZzkoh”~h\ < |Ih ~_ \j fy "bgdbbtdpg_ glzdjbf
Wi 4x h[ _ki_gq_gghklb hlebqz_ Iky hl 4PD[ \ klhjhgm hlghkbl_evg
[hevr_]lh jZa[jhkZ f_""m jZagufb [ZkkreyalbfjddXshhtk MRkkinjb +
i Dbjh\kdbc baf gweb :h[_ki_g_gghklb hlghkbl _evgh | _dms_]h
ijZdlbg_kdb hlkmlkI\m_|I

AZdexqg_gb _

Hq _\b~gh qglh kl_i_gv “h\_jby ihemqgZ_fuf hp_gdZf ]Jb”jheh]b
i _j\mx hq_j_"v hij_~ ey |ky dZg_klI\hf jZ[hlu debfZlbg_kdbglfh”"_e_
ijbf_g _ggu_ j_r_gby \ h[eZklb ihemq_gby fh” _evguo hkd~dh\ |
gZb[he__ ijz\"hih~h[gu_ k mq_Ihf \k_o h]jZgbg X8c gZ ihke_ "gx>
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e MkkrmijPbjh\kdbc==] Mkkrkb< ;j__\dZ=—|j Fmjz\ _-&kdZjh"_dt

j Ba\bebgdZa\bebegezZj DjuehikDjueh\dZ=—j IZ\eh\#&Z glhgh\d

Jbkmgh&af_ g gb_agZqg _gbc fZdkbfZevguo jZkoh”h\ h[_ ki_
hlghkbl _evgh | _dmsbo mkeh\bc ih jZaebgguf \ZjbzZglzf jz
gZ i_jbh~ + 11 9Z \k_o bkihevam_fuo kl\hjZo
Figure 4. Changes of the maximum daily runoff values of 1% occurrence probability against
present conditions with respect to the period of 2021-2100 at the studied objects

<uiheg_ggu_ jZkg_lu 7~ey \h~hk[hjh\ ~Zevg \hklhqguo j_d
jZaebgguo bklhggbdh\ debfzZlbg_kdh]h \oh”Z \ klhdh\mxmxkh”_ev
"bgzZfbdm \azZbfh”_ckl\by hkgh\guo we_f_glh\ \h”gh]h [ZeZgkz
bkke "m_fuo klhdh\uo oZjzdl_jbklbd jZzklml \_kvfZ agZgbghdvgh ij
ijhp_glghf \ujZ  _gbb h pREl_ fluikcZz*dh\ Themqgq _ggu_ hp_gdb mdZz
kms_kI\_ggh_m\_ebq_gby iZz\h~"dh\hc hiZzkghklb \ j_TbAg IkWIZ | _¢
ijb ZgZeba_ nzZdlbg_kdbo "Zgguo GZijbf_j \ azZjm[_"ghc ijZ
bgkljmf_glhf 7~ey wlh]h vy\ey |ky dhwnnbpb gl ©OweZklbgghklb:
[Sankarasubramanian, Vogel, Limbrunner, 2001]:

PS '
Qo "1

Ql

Q

*

* P, Q median

@

~0
ol

1" Q& xtkmffZjguc kehc klhdZ aZ dhgdj_lguc k_ahg
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Pitkmffz hkzadhhl ~_ i _jbh~?
S bP khhi\_IkI\mxsb_ fghlhe _Igb_ ghjfu

>Zgguc ihdzZazZl _ev hljz zZ | baf_g_gb_ \u[jZgghc oZjg4l _ jbkl
baf g _gby hkz~dh\ Ih j_amevlzZIZf _]h ijbf_g_gby “ewo g _kdh
[Zkk_cgh\ \ ij_"_ eZo Mkkm¢igEhjh\kddL i _jbh” hl gZqzZeZz ]xo ~h
wlhl dhwnnbpb_gl ipoghfZaglby hl Ah LZdbf h[jZzahf ihemqg_gg
bkihevah\zZgbb f_Ih~h\ fh”_ebjh\Zgby b ZgZebazZz nzZdlbq_kidh]h fz
fbgbfmf h~gh]h ihjy~rdZz
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cgghlZpby[t_dIhf gZklhys_]h b Abstractt $SFFRUGLQJ WR WE
gby y\eyxlky jZaghfzZkrlZ[gu_ v HJ\" DFFHSWHG E\ WKH *F
gby baf_g _gby debfzZIlZ gZ ]b”j Federation in 2009, risks of the negative
"bf Kms_klI\mxsb_ ih”oh”u d fluence of natural water on the environme
gby debfzlZ gZ \h~gu_ j_kmjku mostly are related with the peak flood runc
kdbc j_"bf hkgh\Zgu gZ ]eh[Z The water deficit is not in the list of risks.
beb "Zgguo ]b”"jhf_ | _hjheh]bq_ The water deficit has begun to increase c
jbg]Z j _]bhgZevgh]h mjh\gy < ing the past decades even in humid zo
lzdbf keh b\rbfky ih”oh”hf |z mainlydue to the climate change. Therefc
xlky b Z~ZilZpbhggu_ kljZI_]bl there is a necessity to assess reasons
jZevghf \ k_dlhjZo wdhghfbdb trends of water regimes and water resout
hgZevghf mjh\g_ <f_kl_ k |_f changes for different territories.
ghlh j_"bfz 1_jjblhjbc gZ ijhbk The twofold of the runoff distribution in th
f g_gb_debfzlZz b \ i_j\mx h different chains of the river network di
jZImju \ha”moZ g _h”ghagZqgz played for the modern decades. The |
_dlh\ jZaebqgguo fZkrlZ[h\ GZi flows in the lower river chains (so-calle
euo j dZo kaZXifZRZ Jhkkbckdh 3WKH ODUJH ULYHUV® L
pbb b \ [Zkk_cg_ \_jog_c < since 1987-1990. The same situation wa:
k - ] 9Z[ex"Z _Iky kgb _ 3WKH VPDOO ULYHUV™ XQ
fZevgh]h klhdzZz \ Ihf gbke _a there became decrease later (however,
oZxl jhrgbdb kgb zZxlky mjh\¢ still more than it was during 1950- §V
\h~ A~ 1jZ"bjm _ 1 i_j\bggZy ]b” The favorable conditions of the water le¢
age keeping for the long period had led to

@mjzZ\bg K : FZjdjbjti"gu_ jbkdb b kljZl_]by \hAhh[_ki_q_gghkNhki
Hizkgujhp klby\e gBYL9.L 1. <uil. K 71-89. DOI: 10.34753/HS.2019.1.1.007 71
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k _Iv H~”gh\j_ f vgldh §Z[ex”™Zxlk disturbance of the water balance com
gbl_evguc klhd \ f_~ _gv gZ d nents, when water leakage in rivers bece
br | ZdIb\bazZpby ijhp_kkh\ ih- exceed their feeding, and wate KDV
jblhjbc wdah] _gguo ijhp_kkh\ TORZ" IURP WKH EDVLQV
ojhggh_ baf_g_gb_ \h~ghklb \ Nonsynchronous changes of the water
]b~jh]ljZnbg_kdhc k_Ib j_gguo gimes of river net chains of different ord
fh™ | [ulv h[tykg hgdkglgZ h[sbo FDQIW EH H[SODLQHG E\
JjZ° _gbc \ebygby debfzZlZ gz | theclimate changes. Therefore, thereis a
kiI\_ggh g_ fh]lml [ulv jZajZ[h ferent suggested way to solve this proble
fZevgu_ Z~Zilb\gu_ f_jhijbylb\ related to nonlinear reaction of the river t
"ysbf baf_g_gbyf \ \h~Aghf j_ b sins water system to the climate long-te
jbc G _klzZpbhgZjghklv b g _ el variations, when one quasi-stationary cor
p_kkh\ nhjfbjh\Zgby klhdzZ \ i_ tions (definite relative stable period of c
fZIbg_kdbc i_jbh” \ghkyl [hevr mate conditions) change to another.
e _gghklv \ Jb~jheh]bg_kdh_ h[ ,W LV XVHIXO WR DGG W
_dlbjh\Zgby b wdkiemZIZpbb h more detailed hydrological basis. It shot
ayckl\_ggh]h dhfie_dkzZ k_evl include all aspects of the standard and spe
]b~rjhwg _j] _Ibdb b IEdowMden gr hydrological network development, pro
[he__ ~“bnn_j gpbjh\Zgguc ih” lems ofthe scientific study hydrological pr
baf _g _gbc \ \h~ghf j_"bf_ | _jj cesses, spatial-temporary nonuniformity
aZgguo k g _ebg_cghc j_Zdpb _ the different order river basins water turr
j_qguo [Zkk _cgh\ gZ debfZlbqg_ verreaction on the climate change.
ijb i_j_oh”_ hl h”*gh]h d\Zabl Keywords: kimate changes; water regim
khklhygby d “jm]hfm moistening of the territory; river runoff for
Dexq_\u_ kedhdEfZlbqg_kdb_ ba mation; adaptation to climate change; we
\h~guc j_"bf h[\h~g_gghklv strategy
nhjfbjh\Zgb_ j _ggh]lh klhdz 2z
f g gbx debfzZlZ \h~gZy kljzZI_

<\ " gb_

libjhrguc jbkd dzd \_jhylgZy f_jz ijbjh~rghc hiZzkghklb m!
h{t _dlh\ ohayckl\h\Zgby \ \b”A_ \hafh guo ihl_jv aZ hij_~_e _ggh_\
Zhuravin S.A., Markov M.L. Natural risks and strategy of the wataiavility research of territorie$dydro-

sphere Hazard processes and phenomegal9, vol. 1, iss. 1, pgl-89 (in Russian; abstract in English
72 DOI: 10.34753/HS.2019.1.1.007
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ihl_gpbzZevghc \hafh ghklb [Zdh]h ijhl_dZgby ijhp_kkh\ dhlhju_
\ebygb_ gZ "bag_"_yl _evghklv g_eh\_dZ h[s_kI\Z b J]hkm~ZjkI\zZ \

< jy™m ijbjh~rguo jbkdh\ hkh[h_ f_klh azZgbfzxl jbkdb k\ya
hkgh\guo ©klb\dbdfc+ G_ kemqgZcgh \ mihlj_[e_gb_ \hr_e | _jfbg ©\h
h[hagZgZxsbc keh gu_ \hijhku dzZkzZl_evgh m~h\e_I\hj_gby g_
ihlj _[ghkl_c \' \h~_ Z 1Zd _ jZaebggu_ khpbZevgu_ wdhghdbwy _ kdb
"bag_"_yl _evghklb k\yaZggu_k j_"bfhf \h~"guo h[t_dlh\ b ijbe_]Zx:
©<h”rgZy ijh[e_fz2 azljz]b\zZ_| jZza\blb_ ijZzdlbwydkdhb ftkg ok ¢ hp bkzhe \jg
ijhyley Iky \ dZq_kI\_ h~ghc ba kZfuo \Z'guo \ nmgdpbhgbjh\Zgt
dhfie_dkZ kljZzgu < ijbgylhc ijzZz\bl_evkl\hf Jhkkbckdhc N_" _jZpb
kljzl_1bb2 A~ nbpbl \h~rguo j_kmjkh\ h[hkgh\u\Z_Iky g_jZ\ghf_jghkl
ih | jjblhjbb hljZgbqgq_gghklvx j_]Imebjmxsbo \hafh ghkl _c
| ogheh]lbg_kdbfb ihl_jyfb b g_"hklZlhgghc dhfie_dkghklvx bki
j_kmjkh\ \ fzZeh\h~gu ! i Jbkdb g_]Zlb\gh]h \ha”_ckl\by ijbjh~gu
wdhghfbdm b mkeh\by ijh " b\Zgby gZk _e_gby \ i _jbh”u ih\ur_gghc
ij_bfms_kI\_ggh k azZlhie_gb_f b ih~lhie_gb_f |_jjblhjbc fZ[jZab
[ _j_1hV \h*hojZgbebs

Hkgh\gh_\gbfZgb_ m~ _ey Iky ihke_ ~kl\byf g JAIBYghkhd \ha"
j_amevlzZl_baf_g_gbc debfzZlZ b \ k\yab k jhklhf bgl* gibegigkiblio ha
hkljh ijhy\bezZkv ijh[e_fZ hp_gdb ijbgbg b gZijZ\e_woghkkinjk&at _lg_g
\h~"gh]lh j_"bfZ jZaebqguo | _jjblhjbc < jy~_ j _]bhgh\ baf_ g _gby ]Jb*
b k\yazZzggu_ k gbfb ijh[e_fu \h*"hohayckl\_ggh]lh h[_ki_qgq_gby \ i
"hklbleb djblbg_kdh]h khklhygby ~Z" ijb mkeh\bb khojZg_gby ~hk
m\eZ g _gby | _jjblhjbc >KmjbgZz @ Ilhwlhfm \_kvfzZ \Z'gh m
ke ~kI\ _ggu_ k\yab ijhbahr_~rbo baf_g _gbc khhlghr_gbhcipogh”~gh
khklZ\eyxsbo ithemqgblv g_h[oh?bfmx bgnhjfZpbx 7~ey jZajZ[h
f jhijbylbc ih Zz*ZilZpbb-whphphdbghkdh]h [ehdZ d |_dms_fm khklhy
j_kmjkh\

l<hnrgzy kljZl_]by JN gZ i_jbh~ ~h 1h A Z\b 1) ZRikINZ _ @bImk | Z -
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H[t _dl b f_ Ih"bdZ bkke ~h\Zgbc

—eZ\guf bklhggbdhf bkihevam _ fhc ij_kghc \h”™u yley
\hah[gh\ey fuc j_qgqghc klhd b ZzZdlb\gZy qgZklv ih”~a_fguo \h~"
| _jjblhjbc hij_~_ ey Iky j_kmjkzfb f_klgh]lh klhdZ nhjfbjmxs_]hky
lzd"_ j_kmjkzfb klhdzZ ijb\ghkbfh]h j _dzZfb kh kf_"guo | _jjblhjbc
klhdZ nhjfbjmxl JezZ\guf h[jZahf \h~"hlhdb \_jogbo a\_gv_\ ]b”jh]j
klzlv_ hkgh\gh_ \gbfZgb_ m”_e gh ZgZebam gZikidyeogdhkghuobal
j_kmjkh\ gZ nhg_ ijhbkoh”ysbo j ]bhgZevguo baf_g_gbc \h~gh]h j_

F_IhA"bdzZz bkke_"h\Zgbc khklhbl \ ZgZeba_ him[ebdh\Zz
hnbpbZevguo h[ahjh\ b \uy\e _gbb ijbgbg jZaebgby \ _fkghglloe blg c
j_]bhgZevguo \h*"guo j_kmjkh\

>h g _~Z\g_]h \j_f gb ihdZ h[t_f \h~hihlj _[e_gby [ue hlghkhb
baf_g_gby debfZlbqg_kdbo ozZjzZdl_jbklbd g_ ijhy\eyebXklynktgeghho \I
\ bkihevah\Zgbb \h”guo j_kmjkh\ \ kljZg_ g_ \hagbdZeh Iljh[e_
j_kmjkh\ \ aZkmreb\uo j_]bhgZo mki_rgh j rZebkv gk ipHfhsvxgbb
dhfie _dkzZ \h~hohayckl\ _gguo f _jhijbylbc 1Zdbo dzZd kljhbl_ev
dZgzZeh\ i_j_jZkij_~_e_gbylXxdhtZe\h™u b

HrgzZdh \ ihke_~g__ \j_fy g_"hklzZlhd \h~u klZe hsmsZlvky m"
b ihemZjbrguo jZchgZo ijbg_f \ mkeh\byo “hklzZlhgqgh]h dhbqg_kl\.
keh bezZkv djblbgq_kdZy kbImzZpby \k BhfthklgikzH\k @jgibf b =Zlgbgkdhf jZ.
E_gbg]jZz*kdhc h[eZklb <h”haZ[hju 7*ey=ihdbebpiu gv jyhK ~jm]b
gZk_e_gguo imgdlh\ hkms_kl\eyxlky ba azZdjuluo dzilz _fgbokd\zZ"
\h™~ \ wlbo jZchgZo himklbeky "h j _dhj*gh gbadbo hiholdhdl <« ZKkinaldz

k wlbf \h~m k ghyJ[jy ] ih”zZxl h]jZzgbg_ggh ih jZkibkZgbx
1972- 11 mjh\gb ]jmglh\uo \h” g_ himkdZebkv IZd gbadh
< \_jog_f b kj_"~g_f I _g_gbb j <he]lb \ ihke_"gb_ ]h”u 1Z

ijhfe_fu \ualZggu_ ZghfZevgh gbadhc \h*ghklvx fZeuo \h~hlhdh\
hoezZ”"bl _eyo DZebgbgkdhc :WK jZkiheh  _gguo \ ighé@}lthj\Zza”_ gvgh
ijb hkz"dZo [ebadbo d kj_"gbf fghlhe_Igbf gZ[ex"Zebkv dj_aluqZ
[ebadb_ d djblbqg_kdbf *ey jZ[hlu klZgpbb mjh\gb \h”u

< kh\}_f gguo mkeh\byo baf_gyxs_]J]hky debfZlZ gZ[ex"Z
baf_g _gbyo nhjfbjh\Zgby klhdZ \ jZaguo a\_gvyo ]Jb”jh]jZnbqg_kdh
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jZaghgZijZz\e_gghklv baf_g_gbc \h~philftz b _Vogdm]hb gb gbo a\_g
j_qghc k_Ib ijhyley_ Iky \ e _Igxx b abfgxx f_~ _gv KhleZkdh ~Zg
gb " gbo a\_gvyo j_qghc k_Ib dzZd ijZ\beh wlh |IZdw®%Zaw\ZqgbgZyoktr

1987- 11 b ih gzZklhys_ _ \j fy gbadbc klhd abfu b e _1Z \ujhk
ij_~u”“msbf i _jbh~hf < \_jogbo a\_gvyo j_gghc k_Ib fh  _gguc
m\_ebgb\Zeky hjb_glbjh\hggh ~h ] < ihke_"mxsbc i_jbh” klhd

j_dZo \_jogbo a\_gv_\ ]b”jh]jZnbg_kdhc k_Ib wlh dZd ijZ\beh ©
dhlhjuo ijhklbjzxlky gZ ijb\h~*hjZza” _evguo ijhkljZzgkl\Zo [hev
agZqbl_evgh kgbabekyijomhgyfmg\ih_q_f-1970- ]h”"u WIh y\e _gb_
k\yvazZzgh k |I_f qlh \ i_j\hgZqgZevguc i_jbh” iblZgb_ Zddb\guo
]hjbahglh\ ]Jjmglh\uo \h” ij \urZeh jZa]jmadm ba gbo KhojZg _gb_
jZal]jmadb \h"u \' I _g_gb_ “ebl_evgh]h \j_f gb ijb\_ehjohadgnkiZg&x
ij_\urZlv iblzgb_ b \h~*Z \ujZ Zykv ijhkluf yaudhf ©\ul_déz?2 < €
yle_gb_ hlf_qZehkv b jzZg__ >=K20WHWYLEgbODdNRYh[\h*g_ggh
ijb\h~"hjza” _evguo | _jjblhjbc ijb\h~bl d kgb  _gbx mjh\g_c ]jmglh\t
fZeuo j_d ha_j bkg_agh\_gbx jhrgbdh\ Ijhbkoh” bl azZimliglhlu ~h
jmkeh\hc k_Ib >B\Zgh\Z EZjbhgh\ @ I gdZggobfggZ[akpdihlac
\h~gh[ZeZgkh\hc klZgpbb “ebgZ jmkeZ ihklhyglghghdckl\nfxskflh jm
ih ] mf_gvrbeZkv gZ df Ihke 2~kl\b_f wlbo ijhp_kkh\ vy
\h~*hohayckl\_gghlh h[_ki_gq_gby |I_jjblhjbc Gb _ ijb\_~_gu ijbf
\ualZgguo wlbf jZa\b\Zxsbfky y\e_gb_f
Ilh "Zgguf j_ "bfguo gZ[ex” _gbc :HhXd\hpZ gjp\h~hjZa” _evguo
| jjblhjbyo [Zkk_cgZ j <he]lb \ij_~ eZo P_gljZevgh]h N2010]Zevgh]
gZb[hevr__ kgb  _gb_ mjh\g_c ]jmglh\uo \h” khklZ\beh hl Nh f_
hkmr_gbb dheh”p _\ b kd\Z'bg gZ q_I\_jlbgghf \h~"hghkghkHpjbahgl,
k[hb \h~hkgZ[ _gby hI*"_evguo gZk_e_gguo imgdlh\ ijZzdIPiNHdb ih
Kgb" _gb_ mjh\gy \h*u \'j Hd_ \ jZchg_] DZem]b ijb\_ehkdbhkmr_
\h~*hazZ[hjZ ih\_joghklguo \hr GZ azZiz”™_ L\ _jkdhc h[eZklb mjh\_gv
kj ~g _fgh]lhe Igbo agZq_gbc gZ f GZ ihebl]hg_ ©OFZEZw¢ZBKkljZ?2
BkljZz kgbabeky "h fbgbfZevguo agZg_gbc Z \ \_joh\w&liBede® j_d

2FZIl_jbZeu gZ[ex”_gbc Gb g_”~ _ \bpdhc \h*"ghDAejkgk hbht KWZFKo P QH k
S BgnhjfZpbhhgpxee | _gv h khklhygbb g_7j gZ |_jjblhjbb Jhkkbaokkdhc3™N_~_jZpb
F HHHO=_hbgnhjffzZjd®014. URL http://www.geomonitoring.ru/gmsn_sostoyanie_nedr.html
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Ih "Zgguf Dmjkdh]h dhfbl_IZ ijbjh”rguo j_kmjkh\ fZdkbfZevgh_ kgh
j K_cf \ jZchg_ ] Dmjkdz khiklghbeh\e _deh azZ kh[hc azZf_Igh_ ih
mjh\gy \h?u \ dheh”pZo 1Zd dZd kms_klI\m _| ijyfZzy ]Jb”*jZ\ebq_kdz
ih\_joghklgufb \h~Zfb DZd ihdZaZeb gZ[ex”_gby ipb figghbo \gbb\ mjl
fZeh\h~gu_ ]1h~u hilf_qZ_Iky baf_g gb_ bo obfbqgq_kdh]h khklZ\z
m\_ebqg_gbb dhgp_gljZpbc jZaebqguo obfbqg_kdbnghwg d¢ JghhdlhKgd "
\h~ \ ] \ Kfhe_gkdhc h[eZklb ~h f ijb\_eh d m\_ebq_gbx \
ihra_fguo \h~"Zo \ur_ nhgh\uo dhgp_gljZpbcdzZdbkaneékhihigu gllhj\beeb
kljhgpbc k_e_g b eldgibbéc gb_ kj ~gbo fghlhe Igbo mjh\g_c¢c ]jm
ijb\h~"hjza” _evgwollathggZ ba \hafh guo ijbgbg \ukuoZgby _eh\uo e_
N=M ©KAgdtlj[mjl]kdbc gBEkkegh h\Zl evkdbc bgklbIml e _kgh]h ohayc
ijhreh]lh klhe _Iby fZkkh\u_ mkuoZgby e _kh\ ijbgyeb i _jfZg _glguc o
hleZklyo K-AZijh"Z Jhkkbb \ gZklhysbc fhf_gl hgb ijbh[j_eb fZkrlZ]
dZl1Zkljhnu >:j_nv_\Z Fmobg Fbjfh\bg JZamfh\ JZRnbth\Z Fh
Dhazd KmjbgZz @ < _\jhi_ckdhc qzZklb Jhkkbb Zgdb[hev
mkuozZgb__evgbdh\ Ijb\e _drbf d k_[_ gZb[hevr__ \gbfZgb_ b
hirbjguf ih iehszZ”b \ Jhkkbb y\ey Iky fZkkh\h_ mkuozZgb_e_kh\ \ :
gZ[ex"Z _fh_ KB MkuoZgb_ bf__ | bgl_gkb\gmx ~"bgZfbdm jZa\blby |
dhgpm ] tehsZ”v mkuoZgby m\_ebqgbeZkv ijbf_jgh gZhe_ b hp_
g f \feg ]Z Ijb wilhf ijhp_kk ihjZz  _gby m _ i _j dbgmeky b gZ
J_kim[ebdb Dhfb Ih g_dhlhjuf hp_ghqguf ~Zgguf h[sZy iehsZ”"v
fh™_I ~hklb]lgmlv feg 1Z JZkk_yggu_ hqgZ]b mkuoZgby_ _eb \
\klj_gZxlky \ E_gbg]jZz*kdhc b Gh\]hjh*kdhc h[eZklyo hilf_qg_gu h
Ikdh\kdhc hfezklb

<h”guc j_"bf f_~ gguo i_jbh~h\ gb ' gbo a\_gv_\ ]b”jh]jZn
hij_ ~ ey |ky g_kdhevdh bgufb nzZdlhjzZfb

Dzd hif _gZehkv \ur_ \ ihke_"~gb_ "\Z ~ kylbe_ Iby "\Z”®pZlh]h
\_jogbo a\_gv_\ ]b”?jh]ljZnbg_kdhc k_Ib gZ[ex*"Zeky \ukkdhbh¢uklhd
\h~u gZ ©fZeuo j_dZo? hkh[_ggh \ abfgbc i_jbh” h[imkgehdeb\Zel
kj_~gbo b gb'gbo a\_gvyo ]b”jh]jZnbg_kdhc k_Ib Y Zoh\ihedop Zebb
abfg_]h klhdz \ jZaZ gZ jZ\gbgguo j_dZo k iehsZAyx\NAbhkihjZ

4=p~jhf_| _hjheh]lbg_kdbc [xee | _gv « hIN=;Wy\=zhyjhf Ip_glj Jhkkbb We dljhg |
URL: Meteoinfo.ru.
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m\_ebqg_gbx fbgbfZevgh]h mjh\gy \h”u \ kj_~g_f gZ f Z ijb
100 lukd® +[he_ _ ZHuravin, Markov, 201@®@ M\ _ebq_gb_ fbgbfZevgh]lh mjh\gy
d ih\ur_gbx [ZabkZ ~j _gbjh\Zgby b mf_gvr_gbx ~j_ ghkmXs\hc Klitndh [
\ gb ' gbo a\_gvyo ]b”jh]jZnbqg_kdhc k_Ib <ke_~kl\b_ wlh]Jh _ " ]
kgb Z_Iky jzZal]jmadzZ ih”~a_fguo \h” \ f_" gv \ gb gbolba\fbgvyo |
ijhbkoh”bl jhkl kj_~gbo ]h~h\uo mjh\g_c ]Jjmglh\uo \h”™ \ ijb[j_"guo
ih~lhie_gb_ ijb[j_"guo | _jjblhjbc Z Izd ' _ aZ[heZqgb\Zgb_bo “hebg

H fZzkrlZ[Zo m\_ebqg_gby klhdZ [hevrbo j_d fh gh km~blv g:
i_jbh~ ZghfzZevgh I_iehc abfly] Ih ~Zgguf Jhk]b~jhf_1Z Kklhd \ yg
j <hel]z b j Dzfz ij_\urZe ghjfm “ey wlh]h \j_jZad \|A*yoly_f |I_q_ghb
wlbo j_ d b\ jZaXgb g f GZ j Mn_ klhd [ue \ur_ kj_"~g_fgakhe Ig
ljblhd \ \h*hojZgbebsZo Gh\hkb{RjkdhgkdhkZygh ckdh_ b Dheufkdh
1,2- jZaZ [hevr_ ghjfu KhhI\_IklI\_ggh ijhbahreh b ZghfZevgh_ kg
kihkh[ghklb kj_"~g_]h b gb g_]h a\_gv_\ ]b”jh]jZnbg_kdhc k_Ib ql
mjh\g_c ]jmglh\uo \h” b ih~lhie _gbx | _jjblhjc gZ wibo mqgzZkldZo

< h[fahj_ \uiheg_gghf KkhljM~=gMdZibh<k jhkkbckdbe gZm
bkke_"~h\Zl_evkdbcitbigk[kelmEZf ]jZz ~"Zgkdhc h[hjhgu b gj_a\lugZcguo
FQK Jhkkbb?2 ih~lhie_gb_ jZzkkfzZljb\Z_lky dZd h*bgjeathkphdguo bl
kbimzZpbc \ Jhkkbb >JZamfh\ JZamfhdZqgzkheglyZlgph\\ im[@ dzZpbb kd
glh ih~lhie_gb_ ijb\h”"bl d m\eZ g _gbx b jZa b _gbxbdjmggkms dc kg
kihkh[ghklb aZlhie_gbx ihA"\Zevguo ihf_s_gbc b ib*dhfdluice ddptbfmg!
g_j_"dh \uvuaulzZ_| Zdlb\bazZpbxhibhfeaxggbokydZjklh\uo ijhp_kkh\ ijf
e _kkh\uo b gZ[mozZgb_Jebgbkluo ]Jjmglh\ Zdlb\baZpbx ijhp_kkh\ fl
baf_g _gby fbdjhk_ckfbgq_kdhc ozZjzdl_jbklbdb |[|_jjblhjbb Ms _j]
khklz\ey | &#h fej® jm[e_c \ ]h”"

ljhkz~rdb e_kkh\uo fZkkb\h\ \vau\zZxl *"_nhjfzpbb Z bgh]”*"Z b
arZgbc b khhjm  _gbc ih”a_fguo dhffmgbdzZpbc Ijm[hijlh\thAh\ |

ljhkZ"hqghklv e_kkh\uo ]jmglh\ \ j amevlZl_ ih~lhie_gby b bali
gZlex™Z_lky \ [he__ q_f ]hjhrZo Jhkkhhke]3Aigkd_j ih khklhygbx
] ba "beuo a”Zgbc g_bf _eb ]ZjZglbjh\ZgghcgWwklki-eomazZlZp

aZ "~ _nhjfzpbb nmg”Zf_glh\ \ j_amevlZl_ ijhkzZ~hd h[\h~g_gguo
g _dhlhjuo 1hjh~Zo K_\_jghlh Dz\dZaZ \_ebqbgZ ijhkZ~db ~hklb]Z I

SLZf
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M]jh ZxsZy “bgzZfbdZ ih~lhie_gby hljZz Z 1ky \ klZlbklbg_kdbc
\ ] ih~lhie_gb_f [ueh ho\Zg_gh Jhjh~rZ Jhkkbb qlh khklzZ\ey
m-_ \k_o ]hjh~h\ kljZgu Pmjolng_Wbjfh\b§

ljbf_jh\ jZaghgZijZz\e _gguo baf_g _gbc \ \h~ghf j_ "bf ujpod b m
\h~ fh gh ijb\_klb _s_ [hevr_ ijbg_f dzZkzZxlky hgb dzZd ihemZz
ljZ"bpbhggufb ijh[e_fzfb \ j_"bf_ m\eZ g_gby 1Zd b jZchgh\ dl
kgblZebkv [he__ [eZ]hihemqggufb WIh y\e _gb_ ijhy\ey Iky b \ \hk
Ih\ur_gb_ mjh\gy ]Jjmglh\uo \h™ b Zdlb\baZpby h[jZah\ZYbyY @gZe " <
gug_rg_Jh \_dZ ijhbahreb \ J_kim[ebdZo Lu\Z OZdZkbylkdHhgZkgh

hlezZklb \ AZ[ZcdZev_ Ih~lhie_gb_ | _jjblhjbc b nhjfbjh\Zgb_ gZe
\ha”_ckl\b_ gZ nmg~zZf_glu ~hfh\ fgh _klI\h ~hjh] b ~jm]bo h[t_d
>@b]Jmgh\ K _fZdh\Z RZ[mgbg @

Hkgh\guf nzZdlhjhf hij_~_eyxsbf |I_dmsmx kbImZpbx \ baf,
j_kmjkh\ yleyxlky “helhkjhqgu_ baf_g_gby debfzZlZ Kms blo\mxshb
\ebygby gZ \h~gu_ j _kmjku b ]b~jheh]bg_kdbc j_"bf hkgh\&€lgu gZ |
"Zgguo Jb~Njhf I _hjheh]bq_kdh]h fhgblhjbg]Z j_]bhgZevgh]h mjh\g
fzkrlZ[gh]lh ih~oh~Z \ qZklghklb \ fZl _jbZeZo ©<lhjh]lh hp_ghqgh]
h[ baf_g_gbyo debfzZlZ b bo ihke_~kl\byo gZ |_jjbpibjddh amkok bgotk d h ¢
ke "mxsb_ \u\h”u

©GZ |_jjblhjbb Jhkkbb « “hfbgbjmxs_c |_g” _gpb_c baf_g_ ¢
j_d y\ey Iky ]h m\_ebg_gb]] <dh hilghr_gbx d kj_"~g_fm mjh\gx az
1936- 11 hgh khklZ\beh hdheh < [eb Zcrb_ ~_kylbe_Iby g_I |
dZdled[h agZgbl_evguo baf_g _gbc ]Jh~*h\h]h klhdZ hkgh\guo j_d
baf_g _gby debfzZlZ >ey [hevr_c qZklb |_jjblhjbb kljZgu gZlh[he _ \
\ ij_~_eZo m\_ebqg_gb_ ]h~h\h]h klhdZ qlh gZoh”~blky \ ij_*"
baf_ggb\hklb DZzZd ihdZaul\zZxl fh”_evgu_ jZkq_lu ijhf_¢gggqu_ \
ij_"klz\e_gbc h [m"ms_f debfzl_\ \_d_ \h”guc j_"bf M\& Jhkk
N _kylbe _Iby ih k\hbf hkgh\guf izjzf_|jzf [m”~_| [ebadbf d*"gB[ex"Z
30- e | Hb~rZ fh_ ih\ur_gb_ | _fi_jZImju \ha”moZ abfhc iha\he
gZ[ex"Zxsbcky m\_ebg_gguc abfgbc klhd j_d khojZdblkyl boe \Ipeb Z
ljb wlihf hilghkbl_evgZy “hey \_k _gg_]h klhdZ \ ThAh\hf klhd_ [m~"_|

8 <lhjhc hp_ghgguc "hdeZ” Jhk]b”jhf_IZ h[ baf_g_gbpyodgifZlZjkhl hhjd b hiktek k¥kdk d h
n_"_jZpbbN=;M GBP ©leZg_I1zZ2% k
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< khhiI\_IklI\bb k 1Zdbf keh b\rbfky ih*oh~hf jZajZ[Zlu\Zxlky I
kljzl _1bb dzZd gZ k_dlhjzevghf \ k_dlhjZzo wdhghfbdb IZK b gZ
mq_Ilhf ]_h]jZnbqg_kdbo debjtghrgghkdbo hkh[_gghkl_c j_]bhgh\

<ur_ ihdZazgh gZ dhgdj_lguo ijbf_jZo qlh j_Zdpby \h*gh]h j_
ijhbkoh”ys  baf_g_gb_ debfZlZ g_h”ghagZqggZ "ey \lkKygaphh[t_dlIt
G_kbgojhggh_ baf_g_gb_ \h”ghklb \ jZaguo a\_gvyo pargh]jZnl
[Zkk _cgh\ g_ fh | [ulv h[tykg_gh gZ hkgh\_ h[sbo khh[jZXlhgbc \et
Khhi\_IkI\_ggh g_ fh]lml [ulv jZajZ[hlZgu b hilbfZevgu_ Z"~Zilb\
ijhbkoh”rysbf baf_g_gbyf \ \h~rghf j_ "bf_ | _jjblhjbc lhwihfm
Abnn_j _gpbjh\Zgguc ih*oh”~ d hp_gd_ baf_g _gbc \ \hAghf jc Kbf_ | _j
g _ebg _cghc j _Zdpb_c \h~*ghc kbkl _fu j _gguo [ZKk baghy gazbyl e bl ZI
i_j_oh”~_hl h~rgh]lh d\ZabklZpbhgZzZjgh]lh khklhygby d Ajm]Jhfm

D\ZabklZpbhgZjguc j_"bf \h~guo h[t_dIlh\ khhI\_IkI\m _1| hij_"
klZ[bevghfm i_jbh~m khklhygby debfzZlZ b oZzZjzZdl_jbam_Iky hij_
nhjfbjh\Zgby klhdzZ \h?*u b "jm]bo we f _glh\ \h~gh]h [ZeZgkZ Z |
nZdlhjh\ 1jbf_j \u”_e gby IZdbo i_jbh~h\ ih "Zgguf gZ[ex™_gbc aZz
gZ \h~"hlhdZo Ih~"fhkdh\ghc I<;K b Gb'g_”~ \bpdhc G><;K \h~gh
ijb\_~ g gZ jbkridgdZo
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WiWAY

Y M gl

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
8§( <

Jbkmgh&af_g_gby Jh*h\h]h klhdzZ juf_®™MZfyhddby j AZdau I<;K
Figure 1. Changes of annual runoff of Medvenka rivegibove confluence with river Zakzi

(water-balance station near Moscow)
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Figure 2. Changes in the annual runoff of the Devitsa River at Tovarnaya, Yasenok brook and

Dolgiy blind creek (Nizhnedevitskaya water-balance station)

Baf_g_gby ]h~h\h]h klhdZ \h~hlhdh\ \h~gh[ZeZgkh\uo KI.
gZ[ex™_gbc ihdZau\Zxl gZebqgb_ ~\mo d\ZabklZpbhgjpguo\ b i_
khhi\_Tkl\mxsbo baf_g_gbx debfZlbg_kdhc kbImZpbbkhd alkgK kf_
gZ[ex™"Z_|ky azZf_Ilguc jhkl JTh~h\h]lh klhdZ \h~u \ Ih \j_fy dZd \ e_Kk
ijhbahreh kgb™_gb_ klhdZ hkh[_ggh gZ \h~hlhdZo i_j\bqgghlth a\_g.
k g_iheguf ~j_gbjh\zgb_f ]jmglh\uo \hr DZzZ ~“hfm ba |1Zdbo i_jb
hij ~ e _ggZy ij_h[ez"ZxsZy kbkl_fZ \ezZ]lhh[hjhlZ dhlhjZy hij_»_
j_"bf ijhkljzgkl\_ggh_ b \j_f _ggh_ jZkij_~_e_gb_ \h”guo j_kmjkh\
NZ _ [hevrbo hkz~dZo fh]lml \hagbdzZIlv [he__ ijh~he bl _evgu_ i
ljh~"he bl _evghklv ijhp_kkzZ klZ[bebazZpbb |j "bfzZ \h”guo h[t_dlh
ij_h[ez~"Zgb f ih\_joghklgh]h-1%¥Ah]dZz b ~hfbgbjh\Zgb_f _]h ih”a_
khklZ\eyxs ¢ ihke_ ] aZf _Igh hlebgZ _Iky ih \j_f_gb \bb m [h
ijhp_kkh\ fb]jZpbb \ezZ]b \ ahg_ Zdlb\gh]h \h~hh[f_gZ B wjh "he’g
nhjfbjh\Zgbb j_]JbhgZevguo ijh]jzWMdklghiZe vigdhh]h jZa\blby ijb jZa]
b hkms_kl\e_gbb f_jhijbylbc h[_ki_gqb\Zxsbo jZpbhgZevgh _
\hkklZzgh\e _gb_ b hojZgm \h”guo h[t_dlh\ b bo \h”guo j_kmjl
g_J]Zlb\gh]lh \ha”_ckl\by \h®” b gZ \h”u
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H[km ~_gb_ ijbgbg jZaebgby \ fgh]lhe_Ig_c "bd&zZfbd_
j_lbhgZevguo \h~"guo j_kmjkh\

gZeba ijbgbg g_kbgojhgghklb j_Zdpbb \h~guo h[t_dlh\ ¢
baf_g_gb_ debfZlZ hkgh\Zg ij_bfms_kI\_ggh gZ bgke_"h\Zgb
N=;MO=hkm~"Zjkl\_gguc ]b”jheh]bg_kdbc bgBIbImla ~Ze %

ljhbahr_~r__ \ ihke_"gb_ Ijb » _kylbe_Iby ihl_ie_gb_ abf ijb’
jheb djbh] _gguo y\e _gbc b ijhp_kkh\ dhlhju_ \ ij_~r_kl\mxsbc
debfZlbq_kdbc i_jbh” kihkh[kI\h\Zeb mf_gvr_gbx fbgbdhevgh]t
[eZ]hijbylgh \ebyeb gZ ih\ur_gguc klhd \_k_gg_]h iheh\h”*vy

K hrghc klhjhgu mf_gvrbeZkv Jem[bgZ b ijh”*he bl _evghklv i
ihgvhjmglh\  WIlh ijb\_eh d m\_ebg_gbx bgnbevljZpbb ZIfhkn_jgu
i_j\uc \alJey™ ~he’'gh [ueh kihkh[kI\h\ZIv jhkIim iblZgby ih*a_fguo \I
azZf_lgh \hajhk klhd \gmljbihg\_gghc \_joh\h~db dhlhjdcj nd\_gbqgb\
ijb wihf ij_iylkl\m_1| ihklmie_gbx \h~u \' \_jogb_\h~hghkgu_ ]hjbahg

160

A

- . /\
3 N
[
v

% 100
60 \J V
o / \
20 N AN AY
VV Y \/
0
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

§( <

o0 |/
U

\

&1/, *(8

A#(

Jbkmgh&af _g _gby J]h*h\h]h kehy \gmljbihg\_gghc \_joh\h~db ih ~Z
gZ ihe_\hc \h~*gh[ZeZgkh\hc iehsz”~d_ I<;K
Figure 3. Changes in the annual depth of the top water according to observations at the field water

balance plot at water-balance station near Moscow

< mkeh\byo ihl_ie_gby debfZlZ b mklZgh\e _gby hll_i_evgt
Nj_gbjh\Zgb_ fZeufb j_dZfb \ _jog_c¢c ahgu Zdlb\gh]h \h*hh[f_gZ
baeh  _gguf gb"_ ijbgbgZzZf
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x KgbhabezZkv \_ebqbgZ Zddmfmeypbb ih*a_fguo \h”?ijbh ev”n
fbljZzpbb g_azf_jar_c \ezZ]b d njhglm ijhf_jaZgby Bkke_"byZgb_ r
azZiZkh\ \ezZ]b \ ihg\_ \ abfgbc i_jbh” \ [Zkk_cg_Zje"2ZyxlkddhbhgzblextZ d
==B ihdZaZeb qlh hgb fhlml m\_ebqgb\Zlvky d dhglpgmohreh”~dghc al
KhhiI\_IkI\_ggh ijb ihl_ie_gbb wlzZ \eZ]Z g_ Zddmfmebjmkllkg_b fh
j_d

x Mf_gvrbebkv ihl_jb ih”a_fgh]h iblZgby j_ d gZ nhjfbjh\.
h[jZah\Zgbc j_qgh]h ev®Z gZe_"_c¢c k_ahgguo ih*a_fgud gZ"h\ I
| jjblhjbb jzZkijhkljzg_gby fgh]lhe _Ig_c f_jaehlu A~_kv abfhc g
fhsguc e_"yghc ihdjh\ Ihesbglie "b jZaguo Ibih\ b k_ahggu_ ih"a_
aZ kg_IlI g_]h klhd \ j_dZo fh | kms_kI\ _ggh khdjZsZlvky beb ihegl

X ljb mf_gvr_bbedbsbgu ev~rZ \ j dZo \hajZklZ | ijhimkdgZy kihk
Mf gvr_gb_lhesbgu ev”rZ gZijbf_j \ [Zkk_cg_j K_kfjighth2bbgu \}
d m\_ebqg_gbx klhdZ \ dhgp_ abfu \ fZepydaymigv kpZilggldbXx k oheh”g
abfzZfb >ey [Zkk_cgZ j :e”Zg hldehg_gb_ kj_"g_coadbfg_kjl "t _¢ZI
fghlhe Ig_c | _fi_jZImjfuig®\h”~bl d hldehg_gbx kj_"~g_]h abfg_]h k
20- hl kj_~g_]h fgh]lhe_ Ig_]h agZgq_gby GZ j Ghjbevkdhc dhe_
dhgljhebjmxl-~h f_~ ggh]h klhdZ ijb jZz\guo ]b”jhf_|I_hjheh]bq_kdb
ij_~abfgbc i_jbh~

x ljb mf_gvr_gbb ijhf_jazgby]jmghm\h \hajzklz | bo
\ha“mohijhgbpzZ_fhklv |Ijb [he__ k\h[h”ghf ijhgbdgh\_gbhbgZha”mo
]imglh\ufb \h~"Zfb abfhc g_ kha”~Z |ky [he__ gbadh_ N&AYea dgu_q f
\h~u k\h[h~gh jZa]jm Zxlky \ j_ db < ==B ijh\h”"bebkv wdki_jbf ¢
\uy\le_gbx \ebygby dhe_[Zgby ~Z\e_gby \ha"moZ \ ahg dbZwjZp!
ihra fguo \h~ \ \hAgu_ h[t_dlu M _ i _j\u_ j_amevlZlu ihdzZaZeb ¢
Zlfhkn_j_ b \ g _gZkus_gghdjmibgh)\ iilhjg\hjhoh "~ _gbb ZIfhkn_jguo nj
fh™ | khklzZ\eylv ~hff \ wd\b\Ze_gl_ \h”ygh]h klih&hz Zfabffitet _
ijb nhjfbjh\Zgbb kfajjaeegjh kehy keZ[h ijhimkdZxs_]h \ha“mo g_t
aZiheg_gby imklhl ijb kgb™_gbb mjh\gy Jjmglh\uo \h™ 1jb ihl_ie_gt
ijhf _jazgby +ihjaqgiolh\ wlh nbabg_kdh_ y\e gb_ kms_kI\ _ggh kgl
ihca_fguo \h” ijb hlkmlkl\bb bgnbevljZpbb bkqg_aZzZ |

< j_amevlZl_i_j_gqbke_gguo ijhp_kkh\ ijb m\_zlmgug\tha ambgZ c
k hrghc klhjhgu fh™ | ijhbkoh”blv m\_ebqg_gb_ iblZgbyhkhZza_ fgu
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bgnbevljZpbb ZIfhkn_jguo hkZ~dim\e nZgk_g¢jm]mckeh\bc jZa]jmadb \h'
]Jhjbahglh\ \ k_Iv fZeuo \h*hlhdh\ dhlhju_ khklZ\eyx!| ihjy*rdZz \ k.
k Ib lThwlhfm dexq_\uf nzZdlhjhf kh\j_f ggh]h khklhygby ahgu Zdl
mjh\g_c ]jmglh\uo \h \ g ¢ \' \_jogbo a\_gvyo ]b”jh]jZnbq_kdhc k_
iblZzgby wlhc ahgu |h _klv qZklb hkz~dh\ ijhgbdZksabodgathg mhgwmjZz
b jZza]jmadb ba g_ _

< jZaguo j_]bhgZo kljZgu wlb ijhp_kkyzZegdglyfieyx&KZijbf _j \
Kk \ _ jguo b kb[bjkdbo j_]J]bhgZo agZgbl_evgh_ijwfhjgZglhdZakhZ \kk\
gZ m\_ebq_gbb iblzgby ih~a_fguo \h® Gh abifgblehiglh\dijZd lib g Zlod v
\_a”_ Dbf__ 11 _g”_gpbx jhklZz 1Zd dZd kgbabebkv ©ihlmemiqgdee kvh |
ijhimkdgZy kihkh[ghklv jmk_e j_d ijb mf_gvr_gbb lhesbgu ev”"Z

HibkZggu_ ijhp_kku memqgr_gby ”"j gbjmxs_c kihkh[ghklb
k_lvx j_gguo [Zkk_cgh\ ijb ih\ur_gbb | _fi_jZImju \hafymod& bjb\_e
©ih~kmrd_2 \jZy’hgHrigeriev, Frolova, 201& b kgb _gbx ij_"~_ \k_]h e_
fbgbfZevgh]h klhdZz Kgb" _gb_ fbgbfZevgh]h klhdZ \ mkeh\by
ihl _ie_gby abf khhiI\_IkI\ _ggh h[mkeh\e _gh kgb  _gb_f mjh\g_
ijb\h~"hjZza”_evghc ahg_ j_gguo [Zkk_cgh\ jbkmgdb

4 N\
<
X
—
Y}
vy
( <
. J

-1 —_— )
Jbkmgh&bgbfZevgutbh kmlhgguc abfgbc b e Igbc- klhd j E
kl LhefZq (P46350/302d f).
Figure 4. Minimum 30-day winter (1) and summer (2) runorr of the Luga River at Tolmachevo
(F=6350/302 k)
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Jbkmgh&bgbfZev@@th kmlhgguc abfgbc b e Igbc - klhd j K
N KjJZcdhkE573d#).
Figure 5. Minimum 30-day winter (1) and summer (2) runoff of the Siste River at Raikovo
(F=573 kn¥)

ljb khojZg _gbb kh\j _f gguo | _g” _gpbc jhklZ | _fi_jZImju \ha
leh[Zevguf ihl_ie_gb_f debfzZlZ hkh[_ggh ijhyleyxs ]Jhky & ijh]gh
k_ahg ke_"m_I| h'br"Zlv "Zevg_cr_]lh hkeZ[e_gby djbh]_ggh]h j_]m
| jjblhjbc WIh ijb\_~ 1 d ~Zevg_cr_fm ihkl_i_gghfm kgb \lWwbgaziz
\ _jogbo mqgzZkldZo j_qguo [Zkk_cgh\ " _]jZz"Zpbb fZeyodjba&d gz /i
dhlhjuo kh[kI\_ggh b nhjfbjm_Iky hkgh\gZy gZklv klhdzZ ijZdlbqg_
©<h”ghc kljzI_]bb2 gb ijb jZzajz[hld_ \h~"hohayckl\_gguo f_jhijbyll
j_"bfhf gz k_Ib Jhk]b”jhf_|Z nzdlbq_kdb ij_djZs_gu Z jag__ "
aZdjulu

Ke ~m_1| hif_Iblv 1Zzd" _ qglh kh\j_f gguc i_jbh” o0ZjZdl_jban
g_jzZ\ghf_jghklvx \gmljb]l]h~h\h]h b f_"]h”~h\h]h j_"bfZ m\eZ g _gby
ithemZjbrguo jZchgZo gh 1Zd"_ b \ x'ghc qZklb ahgu ~hklZlhqc
m\ _ebqgb\Z | jbkdb ~ey k_evkdh]h ohayckl\Z b \h"hkgZh"wty LZ
aZiZkZfb \eZ]b [ebadbfb d \eZ ghklb az\y*Zgby \ gZkjBkbhlhdj_fy
jZaiA e_| b~z _-jZema \ ijb Ihf qglh \ kj_"~g_f m\eZz g_gb_ \\_jog_ f f
ihgthjmglh\ \hajhkeh jbkmghd :gZeh]lbqgZy kblmzZpby gZ[ex”

b ]h~u
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Figure 6. Mean average soil moisture content in 1 m layer for the period of 1955-1977 and

1978-2008 at water-balance station near Moscow and their values for 2002
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Figure 7. Changes in the ground water table of the upper aquifer at the
Kamennaya Steppe water-balance station (steppe zone)
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< ihemZjb~guo jZchgZo ~Z _ g_ijh*he bl _evgu_ k_jbb fZeh
ijb\_klb d j_adhfm iZz®_gbx mjh\g_c Jjmglh\uo \h” \kddhelva H hfj blqtn\g |t
glh bf_ | [hevrh_ agZq_gb_ 7~ey f_klgh]h \h*"hkgZ[ " _gby jbkmghd

JZkkfhlj_ggu_ ijhp_kku ijhbkoh”ys ¢ i_j_kljhcdb \h”hh
ith\_joghklgufb b ih”a_fgufb \h~gufb h[t_dIZfb _s_ qj_ajuqZcgh
GZgbgzZy-& ]h~h\ ijhreh]h \_dZ wdki_jbf_glZevgu_ bkke_ _"~h\Zghby
k\_jgmlu AZdjulu fgh]lb_ \h~rgh[ZeZgkh\u_ klZgpbb Jhk]b”jhf_
\h~"gh[ZeZgkh\uo klZgpbyo djblbgq_kdb khdjZs g h[t_f ®#dj&és"ggbc
l1zd"_ b fhgblhjbg] ih*a_fguo \h® \ Jhkkbckdhc N_”~ jZpbb hkh[_g
ZdIlb\gh]h \h*hh[f_gZ AZ jm[_"hf ih*h[gu_ bkke_ "~h\Zgby lZd" _ ijZc

AZdexq_gb _

Baf_g_gby debfzlZz \ ihke_"gb_ ~ kylbe_ Iby ijb\_ebyd kms_ Kkl
ijhp_kk_ \ezZ]lhh[hjhlZ \ \_jogbo b gb ' gbo a\_gvyo ]b”jh]jZnbq_kdh¢
\hajzklzgb_ jbkdh\ A~ _nbpblZ \h”guo j_kmjkh\ \ Ihf gbke_ \ ahg
ba[ulhggh]h m\eZ g gby Kh\j_ f ggu_ mkeh\by \azZbfh”~ _ckldby ih\_
\h™ kihkh[klI\mx] ©bkkmr_gbx?2 ijb\h~*hjZza” _evguo \h*hk[hjh\ fZeuo
\ Ih \j_fy dzd ijbjmkeh\u_ qZklb [he__ djmiguo \h~hlhdh\ ih"\_j]Z
aZ[heZgb\Zgbx Djhf_ Ih]h gZ[ex~Z_|ky \hajzklzgb_ g_jzZ\ghft
| _jjblhjbc dzd gZ \gmljb]lh~h\hf 1Zd b gZ f_"]1h~h\hf mjh\g_

ljb jZajz[hld_ zZ~ZilZpbhgguo f_jhijbylbc \h*hohayckI\_ggh]t
ijhbkoh”ysbf baf_g_gbyf debfzlZz p_e_khh[jZagh \g_klb “hihe
kljzl_]1bx2 dzZkzZxsb_ky [he__ m]Jem[e_gghc ijhjz[hldb ]Jg~jheh]bqg
"he gu J[ulv \dexq_gu \k_ Zki_dlu jzZa\blby klzZg”~Zjlghc b ki
]b~rjheh]bg_kdhc k_Ib Z 1zZd _ \hijhku jZa\blby gZmqgh]h bam¢
ijhp_kkh\ ij_ "~ \k_]h ijhkhNjZzdkt\glmglyg _h~ghjh”~ghklb j_Zdpbb \eZ]
\ j_gguo [Zkk_cgZo jZagh]h ihjy*dZ gZ baf_g_gb_ #debfmzZl Mdikhelyl
ahgzf nhjfbjh\Zgby klhdzZ 1Ih _klv ©fZeuf j_dzZf2 dhlhju_ dlZklhy
bkdexq _gu ba kbkl _fu fhgblhjbg]Z \h~guo h[t_dlh\ Z 1Zd _ g_ |
ijh_dlbjh\Zgbb \h"hohayckl\_gguo f_jhijbylbc ohly bf_ oggghgZygbo
gZklv \h*guo j_kmjkh\ Djmigu_ j_db y\eyxlky ij_bfms _IKI\wblmdh h[t
j_kmjkh\
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Ihwlhfm keh b\rbcky ~_kylbe lbyfb ©]eh[Zevguc2 ih”"oh” d h

\h~rghlh j_"bfz djmiguo | _jjblhjbc g_ fh™ _|I [ulv f_Ih*bg_kdhc hkg
ehdZevguo b j_]bhgZevguo \h”"hohayckl\ _gguo ijh[e_f KIjZIl_]b\
ohayckl\Z ~he gZ J[ulv hljzZz[hlZzgZ gZ jy™»_ [Zkk_cgh\ bkiulu\Zxs

ijh[e_fu \ h[eZklb h[_ki_g_gby \h~"hohayckI\_ggh]h dhfie _dkZ b

y\le _gbc

k\yaZgguo k baf_g_gbyfb ]brjheh]bq_kdh]h j_"bfz |_jjblh

Ebl_jZImjzZ
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W<HEXPBEB>JHKN?AGFEB
THE EVOLUTION OF THE EARTH'S HYDROSPHERE

M > B56

BKLHIJBXNHJFBJH<:GBX?DHISTORY OF FORMATION OF THE

X@GH=HIJBBEVF?GVY
=HEHP?G?

. X <bgh]jZ¥h\< :H[yah\
F FDZ"ZpdZy
'HHH Gl®=b"jhl_oijh_ddZe]Z
JhkkBKZgdl | _j[mjlkdbc ]hk
kI\_gguc e_khl_ogbq_kdbc 1

] KZgdl 1 _j[mj] Jhkkby
gd@npogtp.ru
gghlZpby _ggh_ jmkeh \

k\h_c w\hexpbb ihA\_j " _gh ~
ijhyleyxsbfky \ \b~_jZafu\.
i _j_ghkZ b Zddmfme)
AgZgb_ bklhjbb jzZza\blby j_
mkeh\byo o0ZjZdl_jguo ey "
jbb

[mMAms _f

ihcfu

ithal\hey | ~ZIlv hp_gdm
P_evx bkke_ _~h\Zi
\uy\le _gb_ hkh[_gghkl_c nhj
wlhexpbb ]b”jh]jZnbg_kdhc
Wb
k\yaZgu Kk

ljbbevf_gvy \ ]hehp_g_
ij_bfms_kI\_ggh
<Ze"Zckdbf he_ ~ gigbud <l

\hagbdeb Ihevdh ihke_ hlkl
gbdz b bf_xI \hajzkl ijbf_jg
141luk e_| gZaXlhjwdh bo jZa

RIVERS OF SOUTH PRILIMENIUM
IN HOLOTSEN

Alexey Yu. Vinogrado¥?, Victor A. ObyazoV,
Mariya M. Kadatskays?

Scientific and Industrial Research Associt
tion Gidrotehproekt, Valday, Russia
2Saint Petersburg State Forest Technical U
versity, St. Petersburg, Russia
gd@npogtp.ru

Abstract. The riverbed in the course of i
evolution is subject to deformations, ma
fested in the form of erosion of the channel :
floodplain, sediment transport and accumt
tion. Knowledge of the history of the develc
ment of river channels in the conditions ch
acteristic of a given territory allows us to ass
their future evolution. The aim of the study w
to identify the features of the formation a
evolution of the hydrographic network «
Southern Priilmenye in the Holocene. The
features are mainly associated with the
Valdai glaciation. Firstly, rivers arose only ¢
ter the retreat of the glacier and are about 1
14 thousand years old. Secondly, their de

opment was controlled by a changing eros

Vinogradov A.Yu., Obyazov V.A., Kadatskaya M.M. History of formatidthe rivers of south Prilimeniun
in holotsenHydrosphere. Hazard processes and phenom2@#9, vol. 1, iss. 1, pf0-113 (in Russian; ab
stract in English). DOI10.34753/HS.2019.1.1.001
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dhgljhebjh\Zehkv f_gyxsbfk
wjhabb aZ\bkysbf hl
\hlh ha_jzZ knhjfbjh\Z\r_]hk
i_jbn_jbb e_~gbdzZ ijb _]h hd
lj_Ivbo w\hexpby \h~hlhdh\
\ mkeh\byo dhfi_gkZpbhggh
hgghlh ih~rgylby I _jjblhjbb

< j_amevlzZl_gZ |_jjblhjbb :
bevf _gvy knhjfbjh\Zebkv | c
ghc klZz~bb k\h_]h jZa\blby
Zg™jbjmxsb_ ih rbjhdhc b ihy
jZ\gbg_

mjh\gy

keh  _gghc nex\bh]¢
hleh™ _gbyfb AzlI_f ih f_j_
[ZabkZ wjhabb ijhbkoh”beh
\'\h*hmihjgu_ e_"gbdh\u_ hl
AZckdh]h JhjbahglZz < ihke_
Ib_\_jlbdZevguc jZafu\ j_a
glh k\yazZgh k ij_h”~he _gb _f
\Z fuo nex\bh]JeypbZevguo ¢
kmlebgbkluo ihjh” b g_ihk
\ha”~_ckl\b_f ihlhdZ gZ gb"_
\hgkdb_ hleh™ _gby b \ gzZklt
gZr_c hp_gd_ ~hklbKZz\I]h"

f j_ \j_aZgby jmk_e j_d ieZz
fZpbb kms_kI\_ggh azf_"el
jZa\b\zZxlky ohly b g_ ihecg

Ibim \ugm ™~ _ggh]h f_Zg”~jbjh
Dexqg_\u_ kew\EZexpby ]b”jh
g_kdhc ;k[Zébk wjhjabkdkeh\hc
p_kka_jh BevfHigMrdh\kdh_
g_gb_

<bghl]jz®mM H[y&h)
ehp_g_ =b"jhkn_jZ
DOI: 10.34753/HS.2019.1.1.001
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basis, depending on the level of the subgla
lake, which formed on the southern periph
of the glacier during its retreat. Thirdly, ti
evolution of watercourses occurred in con
tions of compensatory deformational elevat
of the territory.

As a result, rivers formed on the territory
Southern Priilmen’e, in the initial stage of th
development, meandering freely along a w
and almost flat plain composed of fluvioglac
deposits. Then, as the erosion basis decre:
the channels incised into the water-resist
glacial deposits of the Valdai horizon. In t
last millennium, vertical erosion sharply i
creased, which is associated with overcomr
difficult to wash out fluvioglacial Quaternat
loamy rocks and the direct impact of the flc
on the underlying Devonian sediments, anc
present, according to our estimates, it reac
1-3 cm per year. As the riverbeds cut in,
planned deformations slowed significant
The channels develop, although not to the

extent, by the type of forced meandering.

Keywords: hydrographic network evolutior
erosion basis; channel process; lake IIm

Ostashkovsky glaciation

Dz~ZpdZBkFhfby nhjfbjh\Zgby j_d x gh]h Ijbk

ijhp_kku b 1ly\eugby KO0113.
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<\_"_gb_

J qgh_ jmkeh \ ijhp_kk_ k\h_c w\hexpbb ih?\_j° gh ~ nhjfZpl
\ \b”r_ jzZzaful\Z jmkeZ b ihcfu i_j_ghkZ b Zddmfmelylpllvbijhzg kkz\
A nhjfZpbb hij_~_ ey |ky jZafulZxs_c b ljZgkihjlbjmxs_c kihkh]c
ihklhygklI\hf h[s_]h [ZabkZ wjhabb 1Ihlhd ijhl_dZxsbc \ jmke_ \ua
j_db h~rghklhjhggb_ ~ nhjfZpbb \ujZz Zxsb_ky \ kgb™ _gbb ijh*hevgt
[ZabkZ wjhabb
Bklhjby j_d b ha_j lIjbbevf_gkdhc gbaf_gghklb g_jZagulgh k
kzfhc gbaf_gghklb Ihkdhevdm bkke_ _"m_fzZy | _jjblhjby ih”\_j
he ~ g gbx kul]jzZ\r_fm j_ rZxsmx jhev \ nhjfbjh\Zgbb b w\hexpbb
k_ Ib \ihke_e_"gbdh\uc i_jbh” bkke_"h\Zgbx dhlhjhc b ihk\ys_gZ
>ey “hklb _gby ihklzZ\e_gghc p_eb j_rZebkv ke_"mxsb_ az"zZ
hp _gdzZ ih ebl_jZImjguf "Zgguf baf_g_gby mjh\gy hd_ZgzZ |
| _jjblhjbb K_\_jghc ?\jhiu \ Jhehp_g_
jZkq_ | \_ebgbgu »_nhjfZpbhgghc ijhkzZ”~db ]Jjmglh\ ih™ \ha”"_«c
fZkk b ihke_"mxs_]h dhfi_gkZpbhggh]h ih~gylby ihke_ kgylby gZ]j
hp_gdZ baf_g _gbc mjh\gy EZ*h kdh]h ha_jzZ hif_lhd \h”hj.
klhd baBeaf gv b <heoh\kdbo ihjh]l]h\ dzZd [ZabkZ wjhabb j_d Ijbt
ihke_~_1jZz"Zpbb HklZrdh\kdh]lh he_"_g_gby
0ZjzZdl_jbklbdzZ w\hexpbb j_d X gh]h Ijbbevf_gvy

H[t_dI bkke ~h\Zgby

J_db X 'ghlh Iljbbevf_gvy gZgbgzZxlky \' \_joh\hf [hehlghf fZkkl
tlhebklBh\ZlkdZy [hehlgZy kbkl_fzZ k Z[khexty0dftb Mfhl8zdb_ j_db
kb Z | j_ohrzZ Kg_"Z Oheugvy Ihjmkvy Ihebklv J ~vy R
khklz\eyxhpz k hif bklhdZ Eh¥Zlwv j bkhtaER\ZI_p k hlf f dhlhju
[_jml gZgZeh x'g__ \ ij_"~_eZo <Ze”Zckdhc \halur_gghHKibbxb i_j.
gbaf_gghklv k x]Z gZ k_\_j jbkmghd

Bevf_gkdZy dhleh\bgz ij_~klZ\eyxl kh[hc Zd-demfrgb dhd\ngxn x
jZ\gbgm <Ze”Zckdh]h ]JhjbahglZ iha”“g_e_ "gbdh\uoekélgbdhhaojgu
hleh™ _gbc >= _heh]by KKKJ @ AZeh _gb_ kh\j_f_gghc j_qg
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ijhp_kk_ " _1jZz"Zpbb \Ze~Zckdh]h he_"_g_gby H[s__ gZijZ\e_g
k_ \_jghc wdkihabpb_c ih\_joghklb 2~Zgghc |I_jjblhjbb

Jbkmghd_db X gh]h ljbbevf_gvy
Bklhggbd KWWS ZZZ Vg MwRvdkNowP1D25/

Figure 1. Rivers of Southern Priilmenye

Ha_jgh "gbdh\Zy jzZ\gbgzZz k aziz~Zz x]Z b \hklhdzZ hdZzZ«
Z[jZ"bjh\Zgguo fhj_gguo jzZz\gbg d dhlhjhfm ijbmjhgq_gu h[rbjgu
[hehlgu_ fZkkb\u

Mdehgu ih\ _joghklb Ijbbevf _gkdhc gbaf_gghklb khklZ\eyx| \
bf x| fZdkbfZevguc ]jZ~b_gl A gBfh|K Id¥® jlby \h~guo ihlhd
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g_\_ebdz \k_ “hebgu gZijZ\e_gu i-Hmktreddmdgnib]mjjhpby jmk_e j_
iIZjZee_evguc |lbi >>bgZfbq_kdZy ] _hfhjnheh]by @

Bkke _"m_fzZy | _jjblhjby ih~\_j]ZeZkv g_kdhevdbf he_ _~ g g
dhlhjuo [ueh <Ze”~Zckdh_ Hgh khklhyeh ba jZgg \Ze~Zdakdhghl beb
gZazZ” b iharg_\Ze~Zckdh]h beb-HklZkdR\kidgFaz”® he_~_g_gbc >=

KKKJ @ FzZdkbfzZevgh_ jzZkijhkljZzg_gb_ ev”~Z HklIZrdh\kdh]h h
hi luk >=_ heh]by KKKJ @ "™h luk e | gZaz”» >5LQWHUNQ
gZgqZehkv IZygb_ e _~gbdzZ dhlhjh_ \ ?\jhi_ aZdhggbebakVv gZlakx” e _
ij_djZlbehkv hdhgqgzZl_evgh b \ :f_jbd_ >=_ _heh]by KKKJ @
Kh\j f ggu_ j_db X 'gh]lh Ijbbevf_gvy nhjfbjh\Zgb_ dhlhjuo k
lhevdh ihke_ hk\h[h ~_gby |I_jjblhjbb hl ihdjh\gh]h he_~_g_gby \h;

lhgdb aj_gby kh\k_f gdR&khgh 2uk e_| gZaz”" >+ K JEoHach,HHahgD O
Kalm, 2017; Rinterknecht et al., 2018].

J amevlZlu bkke_"h\Zgby

Mjh\ _gv hd_ZgzZ \ i_jbh® HklZrdh\kdh]h he_~ g _gby J[ue gb

100f >Qbklydh\ Fzdzjh\Zz FZzZdZjh\ @ Z ihke_ gZqZeZ I1Zyghb
ih\urZzeky kh kdhjhklvx f az 1luk e_| b klZ[bebabjh\Zeky @l kh\j_

luk e | gZzaz™ >F_jg_| Zb@ _jg_wlh ~_ \j_fy ih ~Zgguf >R
?\jZabb« Dmag_ph\ @ ZfiebIm”~Z ihgb _gby b ihke “mx:

Fbjh\hlh hd \ZgZkkfzljb\Zz_fuc i_jbh” ij \dkbeZzZfaZc hp_gb\Z_I
fbgbfZevgmx hif _Idm mjh\gy hd_ZgzZ \h \j _fy fZzdkbfmfZ MklZrdh\kd
>5DPVD\ @ < ex[hf kemgzZ_ ih fg_gbx \k_o bkke_"h\ZyZe c
ihke _~gb_ lukyg_e _Iby hlghkbl _evgh klZ[be_g W\KkIZlIbg_kdh_ ih\t
hd ZgZ ihke- Mgk e | khklz\dyyh”® >Gbdhgh\ WgfZg Ne_cn_ev
hdheh f aZ mdZazZgguc i_jbh” < ij_~iheh  _gbb qglh ih*gylb_ m

ijhoh”beh ih nmgdpbhgZevghc azZ\bkbfhklb ij_"~kld\e_gdohkjmgdbdb
iheghc »_]1jZ2"Zpbb e_"~gbdh\h]h ihdjh\Z mdeZ~u\Zxlky \ luk e |
>S6WRNHYV @ ijh\_~ fdZqg_kI\ _ggmx j_dhgkljmdpbx ih\ur_gby r

N_gghkdzg”by \ |I_q_gb_-\kk_ilhkehargd¢gbdh\h]lh \j_f_gb g_ij_
bkiulul\ZeZ wg”"h]_ggh_ ih~gylb_ >Gbdhgh\ @ <ukhlzakh®&gylby
hp_gb\Z_Iky gZ k_\_j_ EZ~h]b \ \ -f fgZL xjblhkjby Ijbbevf_gkdh:
gbaf_gghklb aZ wlhl i_jbh” kh]JeZkgh : : Gbdhgh\m >Gbdhgh\ \

94



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

ih~rgylb_f g_ aZljhgmlz Djhf_lhlh gZ |I_o qzZklyo |_jjblhjbb dhlhj
hkZz"hgguo kmi_kgZguo km]ebgbkluo b ]Jebgbkluo hleh'h\dgc b it
gZ]jmad_ ihke_1Zygby e _~gbdZ ijhbkoh”beh dhfi_gkZpbhggh_ 7 i

(0 # =G B e NN (R - 1A% g= (1
%U ¥A===A ( &= % ,((((( & %U ¥A
110,0 /_.__?—-b—l—l 0
105,0
L - -50
95,0 /7 - -100
90,0
85,0 ~ - -150
80,0
- -200
75,0
70,0 + -250
-16000 -14000 -12000 -10000 -8000 -6000 -4000 -2000 0

&

Jbkmgh&af_g_gb_ mjh\gy fbjh\h]h hd_ZgZ b Z[khexlguo hlf
\h~rhjza”_eZ IheblXikidhce [hehlghc kbkl_fu
Figure 2. Changes in sea level and absolute elevations of the watershed

of the Polisto-Lovatskaya bog system

Ke_~h\zZl_evgh 7ey \k_c qZklb x 'gh]lh Iljbbevf_gvy g_h[oh”Db:
ihijzZ\dm gZ ih~gylb_ ijhbahr_~r__ ihke_ HklIZrdh\kdh]h he_*".
gug_rg_Jh EZ*h kdh]h ha_jzZ ih "Zgguf : : Gbdhgh\Z >Gbdhgh\ W
ij_1_ji_eh bahklzZlbg_kdh_ ih~rgylb_ gZ k_\_fh ~"hf Hfa_¢gz B¢vftgv
gZoh”blky \ h[ezZklb dhlhjZzy g_ ih"\_jl]ZezZzkv bahklZlbg_kdhfm ih:
Aim]lbo bklhgqgbdZo >Qbklydh\ FzZdzZjh\Zz FZzZdZjh\ @ \_ebgbg
gZrb Bevf_gy g_ ij_YukbheZ gme \Zy bahebgby ijhreZ g_kdhevdh
KIZjzy JmkkzZ

Bkoh”y ba ] _heh]bq_kdhc dZjlu g_I\_jlbgguo hleh  _gbc E_gbi
b Gh\]l]hjh~kdhc h[eZkl_c >=_heh]by KKKJ @ J]jZgbpZ HkIZ
ijhoh"bezZ x'g__ ebgbb ; Ohglip#zZe~"Zc ke ~h\Zl _evgh \ky | _jj
ljbbevf_gkdhc gbaf_gghklb bkiulul\Zzez \ha”_ckl\b_ e_¢ggbdh\uo
>=jhkk\Zev”" @ hkgh\Zgguf gZ j_dhgkljmdpbb L OvxaZ Ilhes
Rbfkd KIZjZy JmkkZ khklzZ\eyeZ f Z\ jZchg_ bklhdpg\ jZkkfZljb\
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f Ijb I1Zdbo mkeh\byo kj_"g__ "~Z\e_gb_ gz d\z~jZlguc f_I1j I
hdheh lhgg ke _"~h\Zl_evgh \ukhlgzZy klZ[bevghklv | _jjblhjb
hkgh\Zgbb mqg_I1Z h[s_]h ]jZz*"b_glZ bahklZlbq_kdh]h ih~rgylby >
ij_~iheh blv glh ihrt_f ijb\h*hjZza” _evguo [hehlguo fZkkb\h\ ih ¢
Ih~A~"hjv > tfygkd khklZ\bé& ijb wihf x'gZy gZklv ha_jzZ Bevf_gv ih eb
+KI1ZjZy IJmkkZ ih*gyeZkv g_-f_o__ q_f gZ

ljh\_~ f ijbdb”hqguc jZkq_|I \_ebgbgu ~ nhjfZpbhgghc
fzdkbfZzevghf jZkijhkljZzg_gbb e_~gbdh\hdjk iadihyZzaz” HkzrdZz |
]limglZ jZzkkgblu\Z _Iky ih >Pulh\bq @

g hmp )

] hzxkehc »~_\hgkdbo b g _I\_jlbgguo “he_"gbdh\uo hleh® _gbc f
j+m” _evgZy e_~gbdh\Zy ¥;Z]jmadz d] f
o0*gZqgZevguc dhwnnbpb gl ihjbklhklb ijbdyl jZ\guf [ ]
mtdhwnnbpb_ gl k’bfZ_fhklb kehy hkZ"hgqguo ihjh” ih~klbeZx

m B @
h#?
1" Znrxtfh”mev h[s_c ~_nhjfZpbb ijbgyl jZ\g¥¥ dlk f
E +\ _ebgbgz az\bkyszZy hl dhwnnbpb_glZ ihi_j_qghc ~_nt
jZkrbj_gby
E 1 25 3)
1 R

]~ B tdhwnnbpb_gl ihi_j_qghc ~_nhjfZpbb [hdh\h]h jZkrbj_gby
0,35.

1Kijz\hgqgh_ ihkh[b_ ~ey h[jZ[hldb fZ| _jpzesh]bg kdbjgbawkdZ2gbcH2=2?H
2Lzf

SLzf
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Kehc hkZ”"hqguo
ij_g_[i_1Z_f

x kh[kI\_gguf \_khf ]jmglZz

X hkz~rdzZfb b ojmidbf jZajmr_gb_f djbklZeebq_kdbo ihjh~

Xx \eZ ghklvx ]jmglh\

X f jaeufb k\hckI\Zfb ]Jjmglh\

K Zlb_ ijhbkoh”bl \ i_j\mx hq_j_"~v azZ kq_l
ithr*klbeZxsbo e_"gbd ]Jjmglh\ JZkq_lI
ke _"mxs_c aZ\bkbfhklb

ihjh" mkeh\gh ijbgbfz_f dzZd hAghjh~Aguc k

mf_gvib gby i
baf_g_gby dhwnnbpb_glZ ih]

e & (@ %)% 4)

JamevlZlu jZkq_IZ k\_*_gu \ I[Z[ebpm

LZ[ebpZIZkqg_ | ijhkZ~hd ]jmglZ ijb fZdkbfZevghf \ha”_ckl\bb e_~gb

Table 1. Calculation of subsidence of soil at the maximum impact of the glacier.

1ZjZ \_joh\v| haEh}Z \h~hjZ haBev| ihk=jm| x guc [_j_]
f _lju lheu Il p N e f _gv abgh Ah kdh]h ha
Gevnz f 900 900 1000 1300 1600 1600
j dJ?f 855000 855000 | 950000 | 1235000 | 1520000 1520000
K f 800 700 520 320 250 80
?
d1K2t 3071385 | 3071385 | 3071385| 3071385| 3071385 3071385
6 f 56,8 49,7 41,0 32,8 31,6 12,6
el 0,16 0,16 0,16 0,14 0,12 0,12
ljb kgylbb gZ]jmadb aZ kqg_l mijm]Jhc ~_nhjfZpbbhgjhtbkoh”k
ihrgylb_  Fh”mev mijm]hc MijnRjifApbbjpz & jmadb >;ZjzZp @ hp
khlezZzX®hj~ 2~><bgh]jZz~h\ H[yah\ @
>Ze _ ij_"iheh bf qlh lZygb_ e _"gbdZ ijhoh”beh ih d\Zabeb

mf_gvr_gb_ fhsghklb e_~gbdzZ khklZ\eyeh

\ kj_~g_f f e |

41jh_dlbjh\Zgb_ b mkljhckl\h hkgh\Zgbc b nmg”Zf_glhkla2lDgdc b FkhhNmMlIgbc

PIl

k
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lj_~ _evgh_ dhfi_gkZpbhggh_ ~ _nhjfZpbhggh_ ih”gylb_ jZkk:
>Pulh\bq @

h
5, T ©)
Y
1~ jxkgylZy m~ _evgZy gZ]jmadZ ijb 1Z%gbb e _~gbdz d] f

1xtmkj_~g_gguc dhwnnbpb_ gl ihjbklhklb k ZIh]h kehy azZ jZkq

< _ebqgbgZ ih*gylby aZ i_jbh~ W hij_~ _eyeZkv kh]JeZzkgh >Pul

mp S ﬁ N E 9N "’
5 2h—el% §% e™ )
Sc
N —2t
k(@
. ®

1"~ mzdhwnnbpb_gl gZ[mozZgby k Zlh]l]h kehy hlg_k_gguc d \_I\b
hgghc djb\hc

k+tdhwnnbpb gl nbevljZpbb hlg_k _gguc d \ _I\b jZd]phladb dhf

lhemqg_ggu_ j_ameviZlu kdhjhklb dhfi_gkZpbhggh]lh ~_nhjfz
|Z[ebpZz dhjj_dlbjh\Zebkv kh agZq_gb_f ifi b evighlfh \bAhdgylby
|_hj_Ibg_kdhc djb\hc ih”*gylby jbkmghd WIZ djb\Zzy AkhekgZ bf

g [hevrbf ]jZz"b_glhf \ mkeh\byo g _iheghc jZa]kmfZdkbfgegbufebgr
dhg_qggmx 1zZd _ k fbgbfzevguf kh agzZq_gbyfb “~Zkdliflhkdyqgd kdb
mkeh\gh fZdkbfZevghfm agZq_gbx mijm]h]h ih~gylby

GZ hkgh\Zgbb ijb\_* gguo ]jm[uo hp_ghgguo jZkqg_Ilh\ ihi

j_dhgkljmdpbx mjh\g_¢c ha_j b mdehgh\ hkgh\duef] gwedbegiih Eh\ZI
EZ"h kdh_ ha_jh
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LZ[ebpzHIf _Idb mkeh\guo mj_ah\ \h~u ijb\_~ ggu_ d ;K
Table 2. Conventional water level marks given to the Baltic System.
e_|I | \_joh\y haEh | halJ®_ckdlh haBev| j <heoh x  [_j_] E
gZaZ lheu \4 _p Aim]b _ f gv i =jmabg¢ "h kdh]h h
16000 249,7 166 92,6 12,3 12,5 2,9
15000 250,2 166,4 92,9 12,4 12,6 3,0
14000 251,0 166,9 93,2 12,5 12,6 3,0
13000 251,8 167,4 93,6 12,7 12,7 3,0
12000 252,6 168,1 94,1 13,0 12,9 3,1
11000 253,4 168,8 94,6 13,4 13,3 3,2
10000 254,3 169,5 95,2 13,9 13,6 3,4
9000 255,1 170,3 95,9 14,4 14,1 3,6
8000 256,0 1711 96,5 14,9 14,6 3,7
7000 256,8 1719 97,1 15,5 15,1 3,9
6000 257,5 172,6 97,8 16,0 15,5 4,1
5000 258,2 173,3 98,3 16,5 16,0 4,3
4000 258,8 173,9 98,9 17,0 16,4 4,5
3000 259,3 174,3 99,3 17,4 16,8 4,6
2000 259,6 174,6 99,7 17,7 17,1 4,8
1000 259,8 174,8 99,9 17,9 17,3 50
0 260 175 100 18 17,4 50
Zfieb
| m A7 10,3 9 7,4 57 4,9 2,1
< jlbdZevgu_ "~\b" _gby a_fghc dhju jzZkkfzljb\Zz _fhc 1| _jjbl
| _dlhgbg_kdbfb b ]JeypbhbahklZlbg_kdbfb >Gbdhgh\ @ GZ h

baf_j_gbc \_jlbdZevguo "\b"_gbc a_fghc dhju : :
"\b® _gbc >Gbdhgh\

| _jiblhjby X ghlh

Gbdhglo\gijb\h”bl
@ ZgZebabjmy dhlhjmx fh gh k” \pZWw \u\h

ljbbevf _gvy <hkeeb§zbjijbe ]ZxsZy d g_c x gZy

EZ"h]b gZoh”~blky \ ahg_ keZ[uo b mf_j gguo himkdZgh&lZd)eg_f kd
@ X' gZy R\_pby

0- ff Jh~

9z -

lh "Zgguf >FZjdh\

f Ijh\ aZ ihke_~gb_

e |

>Zgby \ jZchg_ i

¢l hfkiRrZ\bidhwlhf >Rblh\

«
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kgblz | qlh h[s__ himkdzZgb_ wg”h]_ggh_ x'gh]lh [_j_1Z EZ~h]b
khklzZz\beh
Fhsghklv kehy hkzZ~"hgguo ihjh m _ gZ x ghf ih[_j_"v_ EZ"

ij_\urz _| f Z gZ k_\_jghf bf_xI f_klh fgh]hgbke _ggu_o\uljim™u djb
t]jZgblh\ b ]Jg_ckh\ DjbklZeebg_kdb_ ihjh”u “hjbn_ckdh]h Zjo_c
\uoh”ysb_ gZ ~g_\gmx ih\_joghklv gZ k_\_j_ DZj_evkdhkin[ihg r_cc

g [hevrmx gZklv djmighc j_]bhgZevghc kINibbgéemgd ka&hklhiggtdebghj¢
ahgZ g9Z x]_ moh”ys ¢ ih™ Zd\Zlhjbx EZ"h kaahild”*"hag4Zl bjjoZh kb A _
Nbgeyg”bb Mijm]lh]lh k ZIby ]JjZgblh\ b ]g_ckh\ \ke_~kl\b_ \ha”_ckl
g_ fh _1I ke_"h\zZl_evgh \k_ ~\b " _gby wlhc qzZklb kmrb N_ggh
wg”™h]_ggufb \ Ihf gbke_ ijhbahr_~rbfb \ke_~klI\b_ ih”\b"_d
bgbpbbjh\Zgu jZa]l]jmadhc a_fghc dhju ihke_ 1Zygby e _bghdZ >6.
k\yaZggufb k mijm]bfb ih*gylbyfb \ j_amevlZl_ jZa]l]jmadlgdZye "gh
lhgdz aj_gby \i_j\u_ \ukdZazZgZ \ >Gbdhez_\ @ GZrZ gZdhgklj
wlhf ij_~ihehb_gb

Kdhjhklv ih”rgylby N_gghkdZzZg”bbB_ hiffhjn]héte]lbjdqr_kdbf ~Zggu
>Gbdhgh\ @ luk e_I| gZzaz” ~hklb]zez kf 1Th~ iezZ\gh ihy
8luke_| gzaz”™ b \ ihke_"~gb_ lukyq_e_ Iby fd ]hij_\LEddZ h[jZahf
fzdkbfZzevgh_ k\h~h\h_ ih”gylb_ k p_gljhf \ jZchg_ hkegbfgkdh]h

7luke | g_ ij_\ukbeh f \_ebgbgZ ih~rgylby gZ x]_ EZ"h kdh]h h
0O- f azZ wlhl °_ i _jbh” >Gbdhgh\ @ khlezZzkgh @dzZdkbfinfdhgk
dhfi_gkZpbhgghhhfZzpbhggh]lh ih~gylby \ wihf< [kl_ _+\j fy ihke_ ~gt

e | x'guc [_j_] EZ*h]b himK8ZhtkyQGbdhgh\ @ Ih _klv az wl
himklbek®- f 1j_"~ihezZ]Zy qlh kdhjhklv dhfi_gkZpbhggh]h ih”gy
ij_"g_f mjh\g_ ihiulz_fky mg_klv ij_"eZ]Z_ _fmx \ >Gbdhgh\ @

HAgZdh [m~”_f bf_Iv \ \b m qlh _keb \g_ aZ\bkbfhRigb&Z ibhygec gby
[ ] EZ*h]b himkdZeky k h*bgZdh\hc kdhjhklvx \_kv Jh&€lgZeg Ih

IZygby e _"*gbdZ fh]eZ [ulv _s_\ur_ hdheh f ;K
Dzd ba\_klgh >5DPVD\ FZjdh\ D\Zkh\ Km[_I
WgfzZg Ne _cn_ev @ j_dhgkljmdpbb ihke_e_"gbdh\h]h bah

EZ"h kdh]h haZgBkZ wjhabb Beviggkdkbdklijfu\ik*bezZkv g_h~rghdjZlg
WIlb j _dhgkljmdpbb hkgh\Zgu gZ ZgZeba_ \ukhlgh]h iheho _gby b
ebgbc \ujZ gguo dzZd \ Z[jZabyo | _jjzZzkZo b [_j_]o\llehZegmyolZd

100



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

[ _j_]h\uo ha_j b lhjnyguo hleh KgbwywdI[leevtglu _ agZqg_gby nbdkbjh
mkeh\ghc lhqdb kh\j_f _gghc hilf_Idb mj_azZz \h”u ijb\_~ _gu \ [Z]¢
ijb\h~ylky jZaebggu_ j_dhgkljmdpbb hif_Ihd EZ*"h kdh]h ha_jZzZ

LZ[ebpzZzBaf_g _gby hif _Ihd agZg_gby kh\j_f ggh]h mj_azZ x gh]h
ha_jZ ih jZaebqguf j_dhgkljmdpbyf
Table 3. Changes in the elevation values of the modern shoreline of the southern shore of Lake

Ladoga for various reconstructions

e | mjh\ _gv fk Khl]eZkgh >Gbdhgh\ 9zt gZrZ k mq_
gZaZ f ;K Ne _cn_ev @ himkdZghby
16000 -200 -33,5 2,9 14,1
15000 -195 -30 3,0 13,5
14000 -185 -26,5 3,0 12,8
13000 -175 -23 3,0 12,1
12000 -170 -19,5 3,1 11,6
11000 -160 -16 3,2 10,9
10000 -130 -12,5 3,4 10,4
9000 -100 -9 3,6 9,9
8000 -70 -5,5 3,7 9,3
7000 -40 -2 3,9 8,8
6000 -10 15 4,1 8,3
5000 -7 5 4,3 7,8
4000 -5 8,5 4,5 7,3
3000 -3 12 4,6 6,7
2000 -1 10 4,8 6,2
1000 0 8 5,0 57

0 0 5 5,0 5,0
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LZ[ebpzHIf_Idb mjh\gy EZ*h kdh]lh ha_jZ ih jZaebgguf j_dhgkljmdp

Table 4.Levels of Lake Ladoga for various reconstructions

gZ hkgh\_ >FZ
Kh]eZzZk Khl]ezkg Kh]ezZk| Kh]eZk
e | _ Km[_Ilh

>SKm[_Il >:fZglh\| >Rblh\| >FZjdh _

gZaZ ] :fZglh\ b 7j

2007] N « 2007] 1933] _

mqg_Ilhf himkd
12000 95-75 22 38-23 60
11000 45 10 13 32 40
10000 20 15 -3 13,5

9000 23 0 2,0 5
8000 17 15 9,5 5 11
7000 17 13 8 -1 11
6000 17 8 8 5 6
5000 20 7 7 7 4,5
4000 19 7 14,5 2 5
3000 19 20 16 14 11
2000 7 14 11 6 10
1000 55 7
0 5 5 5 5 5

HAgm ba i_j\uo ihiulhd k”_eZlv jZkg_I| \_ebgbgu Jeypbhbahkl
[ _j_1h\hc ebgbb k#_eZe D D FZjdh\ _s_\ >FZjdh\ @ Hg ij_"eh
ih"gylbyy _j_a jZaghklv \_ebgbg bahklZlbegb kI lilhdg gydithyh ih” gyl
mjh\gy fhjdgh+te d ?kélmzZ i _jbhA 2bgbgZ iheh bl _evgZhG ah fgky
dhjz ih~rgyezZ¥WW*duc [Zkk_cg j_]j_kkbjm_| ITh~h[guc jZkg_I| eh]bqg.
"bgZfbdb [_j_]h\uo ebgbc \h~"h_fh\ g _ihkj_"kI\_ggh k\yaZgguo
hp_gdb baf_g_gbc mjh\gy ha_j h[s _hllljhZ aylbk Z gw j h
jZ[hlz_1 Km~bl_ kzZfb ijb hlklmie_gbb e_"gbdZ aZzZ ij_~_eu gug
EZ"h kdh]h ha_jZ mjh\_gv Fbjh\h]h hd_ZgZ [ue gZfgh]h gb"_ kh\j_
dhfi_gkZpbhggh_ ih~gylb_ [_j_]1Bewvd _e@lvghE ha e _| khklZ\beh f_
mjh\_gv fhjy aZ kgq_I| I1Zygby e_~gbdh\ ih*jhk gZ f _ljh\ \IW~Z ihe
ebgthy=3 £t30 himklbeZkv gZ f _Jihkkby ha_jzZz" Hlghkbl_evgh ijbgyl

m~Ze_gguo hl
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;K [m~_| bf_Iv f_klh dzd ih”~t_f hif_Idb [_j_]h\hc ebgbb fltZgJdh b mjh
ha_ jZ kbimzZpby gbdzd g\ rf\fykllkyk £ j ]hf ih~rgbf_Iky b ~gh
AZ"ZqZ \k_h[t_fexs_]h ZgZebaz j _dhgkljmdpbb mjh\ _ggh]h
ha jZz i_j_~ gZfb g_ klhyez | _f g_f_g_ _ fu klZjZéb&ih mgagoklv |
bkke_ "~h\Zgbc ih wihfm ih\h*m >FZjdh\ D\Zkh\ Gbdhgh\
yZJZp ?enbfh\ Gbdhgh\ WgfZg Ne_cn_ev @ Gz
\_jog_]h h]jZgbqg_gby mjh\gy \h~u fu bkihevam _f hiIf_Idb &lZfe ]Zghb
hi e | gZzaz™ ~h e | gZzaz” gZ \ukhlZo ijbf_jgh hl ghc f ;K
"hebguGj_\Z Mjh\_gv \h?~u \ j G_\_ b EZ~h kdhf ha_j_ g_ fh] [
hrgh\hajzZzklguo Ihjnygbdh\ Ihkdhevdm kzZfb Ihjnygbdb ihf_gyeb
fbgbfmf gz f az wlhl i_jbh” Ih b mjh\_gv \h~u \ EZ2h]f fh] ih~gb
>Zggu_ jZaebgguo j_dhgkljmdpbc bklhjbg_kdboBéwaf _gv gbc
ij_~klz\e_¢a[&bp_ < klIh2gmu +ih baf_g_gbyf \ hif _IdZo EZ~h kd
] <heoh\ k mqg_Ihf wg”h]_gghc ijhkzZz~db b Z[jZabhggh]h jZafu\Z
@ Hgb ijb\_~ gu d f_klhiheh  _gbx kh\j_f _ggh]lh mgphagdnmxj_kq
hif Idm ~gZ k mqg_Ihf | _dms_]h aZbe _gby gZrb ha_ jZzvGZilp_ "KklZ\e
@ jbkmgdZo hif_Idb mjh\gy ha_jZ ijbgylu jZ\gufb fh;K gZ
Kez\_gkdbc b Xjv_\kdbc ohefu ] Gh\]hjh*Z bf_xsb_ hif_Idb khhlI\
f ;K -4 luk e_| gZaZ” [ueb aZlhie_gu K mqg_Ilhf Ih]h qglh Z[khexlI

lh \j_fy [ueb gZ f gb”_ fzZdkbfZevguc mjh\_gv kdhjf Ih& ]h
20- f

HaBevf gv bf_ | klhd<gejph\ \ EZ*h kdh_ ha_jh 1Ijb mjh\gyo E
ha jZ f_gvrbo q_f f ih”rihjguo y\e gBewZgklHdlvbwag hafh]eh

EZ"h kdb_ ihjh]b jzZkiheh  _ggu_ \ <Mkdéolhl\ m&kiIvyhke ~gb_ lukyq_
himkdZebkv kh kdhjhklvx g_f _gvr_c q_f ih[_j_"v_ >Gdod higjtn\] Z @
k mg_Ilhf jZaful\Z himklbeky g_ f_g__ q_f gZ f  lh&ldhegudm Kk
dijbklZeebq_kdbfb ihjh~rZfb 1Ih dhfi_gkZpbhggh_~ nhjfgaikhdggh_ i
gbglh gh ke ~h\zZIl _evgh hilf-lIdkukhja]lh\gZaz” khklzZ\efyek hdheh
;hevrbgkl\h bkke ~h\Zl e ¢ kdehgy |Iky d \ZjbBgMh _gglh k

ijhoh"be gq_jrRaehgv b ~Ze__ ih ebgbb j_d Maz 1 _|_gdZ Q_jzoZ
;Zelbckdh_ fhj_ ><Zkbev_\Z b 7] *RUODFK +DQJ .DOP
k _1h~rgyrgbc " _gv f GZ ] _heh]bg_kdbo dZjlZzo q_I\_jlbqgc

jZkkfzZljb\Z_fhc ebgbb ijhke “b\Zxlky dzZd eh'[bgu klhdZ e _~gk
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kh\j f _gghf

j_ev_n_

"j_\gb_

Table 5.Changes in elevations of Lake Iimen for various reconstructions

"hebgu

Hleh -gby

HIf Idb HIf ldb A HIf _Idb mj_¢ HIf _Idb| HIf _Idb I
e_|I| mjh\gy ih ha-}Z | ><Zkbev_\Z| mj_az f| "~h kdh]
gZai kbev_\Z Db R ;gu 4 @ ijb\_Y gZrZ bgl| ihjh]z

2012] - - gu_d ;K ij_1Zpby K

13000 110 -23 110,6 85 aZlhie_|

12000 85 -19 82 60 aZlhie |
11000 55 -14 56,6 40 37,0
10000 26 -10 31 40 35,6
9000 18 -8 2 38 29,9
8000 18 -5 51 32 27,0
7000 18 -3 8,1 30 25,0
6000 18 0 11 30 23,0
5000 18 2 13,6 23 21,0
4000 26-30 4 21,7 22 19,4
3000 26-30 7 24.8 21 18,2
2000 26-30 9 25,4 19 17,6
1000 18 11 17,8 17 15,9
0 18 13 18 18 13,9

ljbf _gZgb_ HIf _Idb *"gZ ha_jZ "Zgu k mg_I|hf aZbe_gby b ih~gylby
< I1Z[ebp_ NZgZ j_dhgkljmdpby ~\b" _gby ihjh]lh\ hij_"~_eyx:
bghc [Zkk Hlkgh\ul\Zykv gZ wlbo ”“Zgguo fh gh ij_"iheh blv C

ebfblbjmxs_c¢ mjh\ _gguc j_ "bf ha_ jZ Bevf gv ihke _bgk_cqZkuk
yleyxlky hif _|Idb EZ"h kdbo ihjkK]lhaoMdeley jZaebqguo mjh\g_c \h”"t
hp_gb\Zeky gZfb ih mjh\gx ijhoh ™~ _gby iheh\h”vy ]h~rzZ B ih f_°_

“h ihkljhcdb <heoh\kdhc =WK

SHa_jh Bevf_gv DZjlZ ha_jz b ijblhdh\ KhklZ\e_gZ ilncbhkike ghhc\Z2g plp8Bevf_gkd
]h~rZo ih” jmdh\h”~kI\hf bg ' _g_jZ K-Rk\Bgkdibhdhéethjbhc iZjlbb \ ]h~ m ih”® jmdh)\
bg'_9g_jzZz W <bevdhdgdKba?
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LZ[ebpzZ>\b _gby hilf_Ihd \h*hjZza”_eh\ azZfudBewvlhogklhd ba ha
Table 6. The movement of the marks of the watershed, closing the runoff from the Lake limen

Mjh\gb f
E_I | mjh\_gv f| hif_IdZ R_ehgk hif_Idz EZ"
gZaZz f ;K \h~hjza~_eZ kdhlh ihjh] Bev| E<
f_gv| ~h]Z
13000 -175 aZlhie g aZlhie g 85 e_ N
12000 -170 aZlhie g aZlhie g 60 60
11000 -160 aZlhie_g aZlhie_g 40 40
10000 -130 37,4 35,6 40 13,5
9000 -100 40,3 29,9 38 5
8000 -70 43 27,0 32 11
7000 -40 45,2 25,0 30 11
6000 -10 47,1 23,0 30 6
5000 -7 48,5 21,0 23 4,5
4000 -5 49,6 19,4 22 5
3000 -3 51,2 18,2 21 11
2000 -1 51,6 17,6 19 10
1000 0 51,8 15,9 17 7
0 0 53 13,9 18 5

Bkoh”y ba gZr_c j_dhgkljmdpbb klhd ih j< Rebedigehi)_kd hg higenk y
hdheh luk e | gZzaz™ Z g_iha _ dzZd h[uqgh kqgblZ _ Ilk)h]h<Zkbe
| g gbyxheoh\zZ \ Bevf _gv kdhj__ \k_]h g_ [uehBed¥Zfd ghZdkm]j/hZ ¢
ij_\urZe hif _Idm EZ~h kdbo ihjh]h\ Klhd gZ k_\_j qgDp[d dDhedgm j_
\ JEm]Z 1Zzd"_ g_\hafh ' _g ihkdhevdm hif_Idb \h*hjzZa" feZkahckv _
hkZz~hgguo ihjh™ f gvr_ ke _~h\Zl _evgh mijm]b_ "~ nhjfZpbb Ih" _
Zfieblm”~m b JezZ\gh_ \j fy koh”"Z e_~gbdZ b ihke_e_ "“gbdbh]h ih”

<hajZkl \_joh\v_\ gZb[he__ djmiguo \h*hlhdh\ XY gHhjéZljbevf
Eh\ZIv khklZ\ey Iuk e | Bo [Zabkhf wjhabb kem 'be mjh\ _gv ijbe_
h[jZah\Z\r_]Jhky gZ x ghc i_jbn_jbb hlkimiZxs_]h e _~gbdzZ dhlhj
dhgljhebjh\Zeky hlilf_Idzfb \h~hjZza”_eh\ q_j_a dhlhju_ ijhbkoh”b
| _j\uc [Zabk wjhabbkt <_ebdb_ Emdb \Mhkhc>=mgzZ_\h >hevr_ \k
ijbe_~gbdh\h_ ha_jh ~_ j"Zehkv gZ Z[khexlguo hlf_IdZo f mk
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5luke_| gZzaz” mjh\_gv klZ[bebabjh\Zekyfg:K hi_idgqgbpu ;hevrb
]Jem[bgu \ mklv_\uo h[eZklyo ijblhdh\ ha_jZ iha\heyxl ij_"~iheh blv
ha jZ [ueb g _kdhevdh gb _ kh\j_ f gguo h~”gZdh hgb lglf _fhfieb h
EZ*h kdbo ihjh]lh\ J_db ohly k J]_heh]bg_kdhc Ihgdb aj_gby ~hklZz
b gb g fl_qg_gbb bf_xI \ujzZ[hlZgguc ijh*hevguc ijhnbev

L _jjblhjby azgbfz_ fZy gug_ [Zkk_cgZfb j_d lhebklv IThjmkv
Kg_"4_j _oh~Z 1kb zZ \ i_jbh”~ ~_1]jZ"Zpbb e_~gbdZ gZoh”bebkv il
ijbe_~gbdh\h]lh ha_jz 1jbf_jgh luk e_| gZazZz” mjh\_gvihd_jZ ih
\h"hjza”_¢lZeklgh]lh fZkkb\Z DjzZkguc FhehWllkdbckIthehlghc kbkl _f
Kwlh]lh \j_f gb j _db gZqbgzZx!|l k\h_ kms_klI\h\Zgb _

< i_j\hgZgZevguc i_jbh” ihke_ hlklmie_gby e _~gbdZ \ky j db
| deb ih ihglb iehkdhfm “gm khklhys fm ba nex\bh]eyppZeygeb h
hfuqgh ijbmjhg_gu d “he_"gbdh\uf j_qguf "hebgZf |Ij_h[eZ”"ZXxsb
ijhp_kkZ y\eyehkv k\h[h~gh_f _Zg”~jbjh\Zgb_ ke_"~u dhlhjh]h fh gh
ih dhj_gguf [_j_1Zf \h~hlhdh\ gZ “hklZlhgghf m~Ze_gbb hl jm}
Zeex\bZevgu_ hleh  _gby jZaebgghc fhsghklb <hajzZkl wlbo jmk
dZg_kI\_gghc hp_gd_ luk e _| b [he__ Azl _f ih f_p ihgb’
ijhbkoh”beh \j_azZgb_jmk_e \ \h"hmihjgu_ e_"“gbdh\u_ hleh” _gby
;Zabk wjhagb\tgvBeaf gwklZ[bebabjh\Zeky hdheh luk e | gzaz®
lukyg_e Ib_ \ _jlbdZevguc jZaful j_adh mkbebeky glh k\yaZz
[jm~rghjzZafulZ_fuo nex\bh]J]eypbZevguo g_I\_jlbgguo km]ebghb
g_ihkj_"~kI\_gguf \ha”_ckl\b_f ihlhdZ gZ gb" _e_ "Zsb_ ~ \hgkdb_

@ b \ gzZklhys__ \j _fy ih gZr_c hp_lgfd\ "hRklb]Z _|I

Ih f_ j_ \j_aZgby jmk_e j_d ieZgh\u_ » nhjfZpbb kmmklelX _ggh
jZa\b\zZxlky ohly b g_iheghc f_j_ ih Ibim \ugm '~ _ggh]h f_Zg”"jb]j
e _glhqgh]jy*h\h]h b ih[hgg_\h]h IbiZz jmkeh\h]h ijhp_kkZ ih IbibaZ
]b~rjheh]bg_kdh]lh bgklbImlZz

<u\h”u

< j_amevlizZl_\ha~_ckl\by e_~gbdh\h]h ihdjh\Z bf_\r_]h fhsgt
| _jjblhjbb [he _ f \_ebgbgZ ~_nhjfZpbhgghc ijhkz~db ]jmglZ k

6J_dhf_g~Zpbb ih mg_Im ~_nhjfZpbc j_qguo jmk_'ed
;ZcdZefmjkdhe "_e_agh”hjh ghc fZ]lbkljZzeb E =b"j
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f gz x ghf [_j_Im EZ~h kdh]h ha_jzZ *h f \' \_joh\vyo j Ih¢
dhfi_gkzZpbhggh_ ~ nhjfZpbhggh_ ih”gylb_ hp_gb\Z_Iky \ jZagu
hl ~h f

Nhjfbjh\Zgb_ b w\hexpby j_qghc k_Ib X 'gh]h Ijbbevf _gvy \h fi
baf_g_gbc [ZabkzZz wjhabb \ dzZq_kI\_ dhlhjh]hZaXbgtrygXekbhifZehz
ijbe_~gbdh\h_ ha_jh azZl f EZ"h kdh_ ha_jh <heoh\kdb_ ihjh]b b

<hajzZkl \_joh\v_\ gZb[he__ djmiguo \h*hlhdh\ X ghlddjbbevf
Eh\Zlv khklz\ey_ luk e_| Nhjfbjh\Zgb_ j_d lhebklv IThjmkvy J_*
Kg "Z 1_j_oh”~Z 1kb"Z gZqZehkv ijbf_jgh luk e_| gZaz”®

< i_j\hgZqzZevguc i_jbh” ihke_ hlklmie_gby e_"~gbdZ \ky j_db
| deb ih ihqglb iehkdhfm ~gm khklhys fm ba nex\bh]eypbZ
lj_h[ez”"Zxsbf Ibihf jmkeh\h]h ijhp_kkZ y\eyehkv k\h[h~gh_ f_Zg"]
f j_ ihgb _gby [ZabkZ wjhabb ijhbkoh”beh \j_azZgb_ jhnkue \ \h
hleh® _gby <Ze”Zckdh]h ]hjbahglZz < ihke_"g__ lukyqg_e _Ib_ \_jlIl
mkbebeky glh k\yazgh k ij_h”he_gb_f Ijm~ghjzZzafu\Z _fuo |
g_ I\ _jlbgguo km]ebgbkluo ihjh b g _ihkj_~klI\_gguf \haé _ cks¥Wb f ihl
A \hgkdb_ hleh _gby b \ gzZklhys_ - \kffy YirkivézZglh\h_ jZa\blb_ j
j_dkms_klI\_ggh azZf_"ebehkyv Ibi jmkeh\h]h ijhp_kkZ kf_gbek
f _Zg”™jbjh\Zgb _
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F?LH>HEH=BY B F?LH>BD: BKKE?>H<:GBC
METHODOLOGY AND RESEARCH METHODS

M > B51.322
H J:PBHG:EBA:PBB BAF?J7?7GB\XRATIONALIZATION O F

O:J:DL?JBKLBD KG?=: >EME SNOW CHARACTERISTIC
HP?GDB ?=H MKLHCQB<HKLBEASUREMENTS FOR THE

KDEHG? ASSESSMENT OF SNOWPACK
STABILITY ON A SLOPE
Il © Q_jghmk Pavel A. Chernous

Ki_pbZevgh_ dhgkljmdlhjkdh_ [> Special Research Bureau for Automati
IhfZzlbaZpbb fhjkdbo bkke_"h\Z of Marine Researches, Far East Branc
klhggh]h hi~* _e gby Jhkkbckdhc of Russian Academy of Sciences,
X'ghKZoZebgkd Jhkkby Yuzhno-Sakhalinsk, Russia
pchernous48@gmail.com pchernous48@gmail.com
gghlZpbyjh]Jghabjh\Zgb_ \hagt Abstract. Interpretation of the physic:
eZ\bg \ hI* _evgh \aylhf eZ\bggh and mechanical characteristic meast
\beh hkgh\u\Z _Iky gZ bgl_jij-flZ ments of the snowpack is a base for a
0Zgbg_kdbo o0Zzjzdl_jbklbd kg_ lancherelease prediction. The spatial \
Hluggh wlh ~hklZlhggh ]jm[u_ iability of the measured characteristi
iheg _ggu_ \ hiI® _evguo lhgdZo k and measurement errors can affect
kiI\_ggZy baf_ggb\hklv baf_jy_ f quality of the initial data for assessing t
kilbd b hrb[db baf_j _gbc fh]ml snowpack stability on a slope and rest
\ebylv gZ dZq_klI\h bkoh”guo "Z of this assessment. The work descril
mklhcgb\hklb kg ]Z gZ kdehg _ Lk principles of rationalization for the mea
dhc hp_gdb Bkihevam_fu_ \ gZl urements of the characteristics that inf
kl_fu ijhkljZzgkl\_ggh]h fhgblhjb ence on snow stability on a slope. T
jbkibd kg _]Z hij_~_eyxsbo _]h 1 fields of these characteristics and err
kdehg_ g_ bf_xI ih” kh[hc jZp oftheir measurements were consideret
gh\u< jZ[hl_ jZkkfhlj_gu ijbgpbi random. A few quality criteria for ne

works measuring snow characteristics

ChernousP A. On rationalization of the snow characteristic measurements for the assesssmwpack
stability on a slopeHydrosphere. Hazard processes and phenom2a9, vol. 1, iss. 1, pfl4-142 (in
114  Russian; abstract in English). DAB.34753/HS.2019.1.1.005
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ebazZpbb baf_j gbc o0Zjzdl_jbklt aslope are used. The study includes ¢
djh\z hij_~ eyxsbo _]h mklh mates of the parameters of the spatial
kdehglijb wlhf ihey wlbo o0ZjzZd tistical structure (variances and autoc
hrb[db f_Ih”"h\ bo bajfZkkgdlgb\Ze relation functions) for the fields of thick
dZd kemqgZcgu_ Hij_~_e_gu dj ness, density, shear strength and tem
k_Ib baf_j gbc o0zZjzdl_jbklbd k ature of snowpack on slopes in varic
>Zgu hp_gdb izZjzf_Ijh\ ijhkljZg mountain regions. Errors of methods f
Ibklbg_kdhc kljnmdiknjykbc b Z\IlI measuring snow characteristics were
eypbhgguo nmgdplhe crélyesbgu timated. Itis shown that in different lan
ghklb | _fi_jZbmkp ie_gby kg_ " scapes, spatial patterns of the point me
djh\Z gZ kdehgZo \ jZaebgguo urements should be different. The infl
Hp_g_gu hrb[db f_Ih~h\ baf_j g ence of spatial measurement scheme:
kilbd kg _]Z \ Ihf gbke_ k ihfhsvx the quality of snowpack stability interpr:
wfibjbg_kdhc Z\lhdhjj_eypbhgg! tationisanalyzed for different paramete
ghev IhdZaZgh qlh \ jZaebqgg of spatial statistical structure of the sn
ijhkljZzgkl\_ggu_ ko _fu baf_j_ ¢ characteristics and accuracy their me
[ulv jZaebqggufb [IjhZgZebabjh' urements.

jZaebqgguo ko _f baf_j gbc gZ dZ The use of conventional determinis
[ Zpbb ihemqgZ_fuo k bo ihfhsvx 7 methods for interpretation of point mee
hp_gdb \hafh ghklb \hagbdgh\_c urements of snowpack characteristics
Bkihevah\Zgb_ kms_klI\mxsbo ” assess its stability on the slope can .
guo f_Ih~h\ bgl_jij _IZpbb Ihg_qgc¢ does lead to incorrect conclusions. T
o0ZjzZdl_jbklbd kg_]1Z \uiheg_gg way out of this situation can be the use
gufb f_Ih~"Zfb ey hp_gdb _]h m statistical simulation based on determ
kdehg_ ijb\h”bl d g_ijZ\bevguf istic models of mechanical stability «
eZ\bgghc hiZzkghklb >ey hp_gc snowpack, the input data for which ¢
kg _]1Z gZ kdehg_ ij_"eZ]Z _Iky b generated on the basis of point measi
Ilh~h\ klZIbklbg_kdh]h fh”_ebjh\ ments of snhow characteristics and pre
guo gZ ™ _| _jfbgbjh\Zgguo fh” _ ¢ ously obtained parameters of their spa
kdhc mklhcgb\hklb kg _]Z \oh~g! statistical structure. Probabilistic es
lhjuo ] _g_jbjmxlky gZ hkgh\_ |h mates obtained with statistical simulati

Q _jghmk I : H jZpbhgZebazZpbb baf_j gbc o0Zjzdl _jbkikbh dkgb\ik
kdehg_ =b”*jhkn_jz Hidkhgukkb yle_gbg019. L1. <uil K114-142. r
DOI: 10.34753/HS.2019.1.1.005 11t
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gbc oZjzdl_jbklbd kg _]Z b jzZzg__ reflect the uncertainty of the input info
JZf _|ljZo bo ijhkljzgkl\_gghc kI mation in the probabilistic conclusic
kljmdImju < _jhylghklgu_ hp_gd aboutthe snowpack stability.
ihfhsvx klZlbklbg_kdh]lh fh~_ebj
“Zx|l g_hij_~ e _gghklv \oh”ghc
\_jhylghklghf azZdexq_gbb h]
kg_]Z Keywords: avalanche starting zon
Dexqg_\u_ keb¥Xbgguc hqgZ] b: snowpack characteristics; spatial var
kilbdb kg _]1Z ijhkljZzgkl\_ggZy bz« bility; measurements; accuracy; sno
f_j_gby Ilhgghklv mklhcgb\hklv pack stability; avalanches.

<\_~ _gb

DZq_kl\h hp_gdb mklhcqgb\hklb kg_]Z gZ kdehg_ baAadp ghkl
aZ\bkbl hl IThl]h gZzkdhevdh ijZ\bevgh ijbf_gy fu_ ~ey xlbjdhmp lk c fh
\hagbdgh\_gby ezZ\bgu b hl Ih]h gZkdhevdh ihegh wdhiffhh_eb
o0ZjZdl_jbklbdZo kg_1Z hij_~_eyxsbo _]h mklhcgb\hklv gZ kdehc
h[km ~"Zxlky \hijhku ihemq_gby dZq_klI\_gguo "~Zgguo Hey fh~"
mklhcqgb\hklb kg ]1Z gZ kdehg_ < eZ\bgh\_~ gbb wlhliRkdjhévidnglb
hkh[h]h \u[hjzZz \ h[t_f_ b jZaghh[jZabb “"Zgguo g_ [ueh \ kbem ket
hizkghklb bo ihemqg_gby ba f_kl azZjh ' _gby emeyjgu fbaf jf gby
\ukhluH iehlghklb \j_f_ggh]h khijhlb\e_dhkp ke\bgy | _fi_jZImju
kg _]1Zt b g_dhlhjuo ~“jm]bo _]1h oZzZjzdl_jbklbd ijh\h*ylky "“ey "bZ]
hiZzkghklb Bo ijh\_~ _gb_ ij _"ibku\Zxlky jmdh\h~kI\Zfb i kigbh]heZ\t
wlhf g ~Z |ky ihykg_gbc dZdh\Z ~he gZ [ulv lhqghklvihwgtho baf_
bgl_jij_Ibjh\zZIv \ ijhkljZzgklI\_ QZklh Jh\hjblky h j_ij_a_glZlb\ghklb
kzZfh wlh ihgylb_ g _ dhgdj_Ibabjm_I|Iky b dhebqg_klI\ _gghh'gZghlp ghb\
|Zdbo ~Zgguo Ijm~gh h[tykgblv k q_f k\lyazZgu hrb[db \ j_amev
g_mklhcgb\uo khklhygbc kg_K g@ZdeZdghklvx fh”_e_c beb g_IFr
bkihevam_fuo ~Zgguo DX ijZdbghijh\h~ylky kh\k_f g_ \ I_o f_klZ
g _h[oh”bfu "ey fh™ _ebjh\Zgby Z k\hcklI\Z kg_]Z hq_gv baf \ggb\u \

1Jmdh\h~kI\h ih kg_]heZ\bgguf jZ[hlZf \j_f_ggh_ E =k~jhf_|I_hbarZzl
23mdh\h~kI\h ih kg_]heZ\bgguf jZ[hIZf KI; =bAjhf_|_hba~Zl k
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jZaebqgguo nbabjghnbg_kdbo mkeh\byo wlZz baf_ggb\hklv jZaebqg
\hagbdZx!l \hijitku x dZdhf dhebqg_kI\_ b k dZdhc IThgqghklvx gZ”~h ijh
dhlihju_ khhI\_IkI\h\Zeb [u Ij_[h\Zgbyf ij_~ty\ey fuf d \oh”guf

\hagbdgh\ _gby eZ\bg"

F _Ih*bqg_kdZy hkgh\Z jZpbhgZebaZpbb baf_j _gbc o0zZjzZdl

>ey hI\_Ih\ gZ ihklZ\e_ggu_ \ur_ \hijhku [ueZ bkiheve
jZpbhgZebazZpbb Ihg_qguo baf j gbc\okesadjZclghlbdbe k azZ”Zgc
iZzjzf_ljzfp>jha~h\ R _i_e \kdbcDZazZd _\bq @mdh\kdbc Db
FzZg”_evrnl4978. WIb iZjZf_lju ihemqZxlky gZ hkgh\_ Kki_pbZevgu
0ZjzZdl_jbklbd kg_]Z k \ukhdbf ijhkljZzgkl\_gguf jZaj_r_gb wlhdzZ guf
yley |Iky ihemqg_gb_ izZjzf _Ijh\ hljZz Zxsbo baf_ggb\hklv gZ hlgh
mqgqZkldZo kdehgh\ bf xsbo o0ZjzZdl_jguc ebg_cguc jZaf gZ&khbggh]
H[luggh ihjy~rdZ f Hgq_\b”gh qglh "Zggu_ h[ baf_ggb\hk¢glnoihemq
fZjryimlguo kg _]hktzfdZo ij_"gZagZq_gguo "“ey hp_ghb eaidkh\
| _jjblhjbyo g_ khhI\_Ikl\mxl Ij_[m_fhfm fZkrlZ[m hp_ghd WIb
"ebggu_ b mqgblu\zZxl \dezZ” gbadhgZklhlghc khklZ\eyxs ¢ \ baf_
0ZjZdl_jguo “ey eZ\bggh]h hgz]zZ jZzaf_jh\ hlkmZk[hravih]njtbofgl | p\|bhe z
f "~m baf_j gbyfb k bo ihfhsvx g _\hafh'gh hp_gblv jkdbexz” \
dhjhldhi_jbh~guo nemdIimZpbc mqzl dhlhjuo \Z g ijb klBlbklbq.
ijhkljZgkl\_gguo jZkij_~_e_gbc ozZjzdl_jbklbd kg_"gh]lh ihdjh\z ~
mklhcgb\hklb < dzq_kI\_ izjzf_Ijh\ ijhkljzZzgklI\_é&objmed nigdé kebq ke
0ZjZdl_jbklbd fgmiz bkihevah\Zlvky hp_gdB® ~bikhkjkBgkl\ gguo
Z\lhdh\ZjbZpbhddluo ghjfbjh\Zgguo Z\lhdhjj_eyflbhggudpmdImjguo
nmgdpB® ihemqg_ggu_ \ jZaebqgguo eZg”rZnlZo \ jZaebqguo ]hjgu
"bki_jk®€ o0zZjzdl _jbamxl ~bZiZahg jZa[jhkZ oZZZdjhjbkjb\Zmguo
Z\lhdhjj_eypbhgguorf@mogdybghklv agZq_gbc oZjXdihkdkZigdb\ _

< dzZqg_kI\_ djbl_jb_\ dzZqg_kI\Z k_Ib ijhkljZgkl\_ggh]lh fhgblhj
kg 1Z fhlml jZkkfzZljb\ZIvky hrb[db bgl_jiheypbb f_ "~ng _lcaytfhg¢ gby
bgl jiheypbb hrb[db aZf _gu kj_~g_c bgl_]jZevghc \_ebhgldb gZ |
kj_~gbf Zjbnf_Ibqg_kdbf baf_j gbc gZ wlhc iehszZ”b Blthgbkdh]azf_
h brZgby kj_~gbf Zjbnf_Ibg_kdbf baf_j _gbc Ijb\_" _ggu_gdlyzZklh
ihemq_gu \ ij_~iheh  _gbb Ih]h qlh ihey o0zZjzdl_jbklbd kg _]Z y\e
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bahljhigufb Z hrb[db baf_j gbc KyemgyycgujZIlbggZy hrb[dZ ebg
bgl _jiheygplpbgZ k_j _~bgm hljklad?gyxs_]h ~\_ Thqdb \ dhlhjuo ij
baf j gby ozZjzdl_jblkkpbdb\ZeZkv k ihfhsvx \ujZ" _gbc

'S'HL saRwE t4:rawHBrawHE rawA (1)

]~ Mirbki_jkby hrb[hd baf Ebgby

'6:H: B :rawHréws :HE rawA (2)
MjZ\g_gb _ fh gh i_j_ibkZlv \ [_ajZaf_jghf \b~_
Y:HL saw FtNMwBHrawNE rawn (3)

]~ Y:H;Lwé xf jZ hrb[db bgl_jiheypbb
RLAé +f jZ hrb[db baf_j _gby

QZklh ey hp_gdb kg _]JhgZdhie_gby \ eZ\bgghf hqzZhahd k\ya.
eZ\bgghc hizkghklb gm 'gZ bgnhjfZpby h oZzZjzhlighkksl¥d kykag_]Zzd
hir_evguf Ihgdzf Z dh \k_c S blebiegqps@hlthjhc __ qZklb LzZdbf h
g_h[oh”bfh hp_gblv kj_~g__ bgl_]jZevgh_ agZq_gb_

eL-i, 2T&@T@U 4)

]~ xy)tbklbggh_ agZq_gb_ oZzZjAdihgdkled&bbggh]lh hqz]Z beb g_
_1h qzXkbdhhjrbgZIdfm

Hluggh aZ hp_gdm kj_"~g_]h bgl_]JjZevgh]lh agZqg_gby ij
Zjbnf_Ibg_kdh_

&1 RS o (5)

1"_ & baf_j_ggh_ agaajzZg_jbkibdbqd_
n+tdhebg_kl\h Thg_d A\hkiih&ahjdogu baf j gby

AN _kv b "~Ze__ ]hjbahglZevgzZy q_jlZ gz~ kbf\hehf beb \t
hi_jzZpbx hkj_~g_gby < dZq_kI\_ hp_gdb Ihgqghklb azf gyu kgbyg_ 1t
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skj _~gbf Zjbnf_Ibokklihfevamxlky \_ebgbgu Z[khexlghc b highkbl
|Zdhc adf_g

(L s ©)

«$

PL— (7)

>ey kemqzZy dh]”*Z jzZkkfzZljb\Z_fh_ kemqgZcgh_ ihe_ y\ey
bahljhiguf Z ih]j_rghklb baf_j gbc kemgZcgu Z~"blb\gu b g_
baf _jy fhc \_ebgbghc fh gh jZkkqgblZlery \ijdtb@abhlgevghc dhgnb]mjZ
baf_jbl_evghc k_Ib >ey kemqzy jdajpbZzngEsghVv_ebdbo d\z~jzZIh\
p_gljZzo dhlhjuo ijh\h”*ylky baf_j _gby Z ihleiyba\zxlkybkilbidlgghc be
wdkihg _gpbZevghc dhjj_eypbhggufb ninddpbyfib r bdbylRey hij ~ e
[@mdh\kdbc Dbk _e \Z ,AZ9M ewiZXkXthys c jZ[hl_ijb\_" fgeiyhp_ gd
kemqZy ZiijhdklfljZpbib ggufb nmgdpbyfb \b”"Z

N:HL s F:H,H (8)

Hrb[dZhibku\Z Iky ke _~mxsbf khhighr_ghb _f

. - P
~ . ) 7 5
UlL ?E%.G,—g@\m_ 9)

AgZg_gby dhwneifipbBeglg dhlh{fZgu \ [Zpe.

LZ[ebAZAgZqg_gby nmgdipbb
Table 1. Function K(k) values

k 0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0
Cu(k) | 1,00 | 0,76 | 058 | 0,45 | 0,33 | 0,24 | 0,18 | 0,21 | 0,07 | 0,03 | 0,00

< jy~_azZ”™Zq g9gZijbf_j ijb klZlbklbg_kdhf fh”_ebjHhgglble g_m
kg_1[Zh bgkdbc Q_jghme&hernous, Fedorenko, 1998\f klh fZI|l_fzZlbqg_kdh]h
h brZgmyoZjZdl jbklibodkihevam |ky kj ~"g__ Zjbrd® lithenkghggh ih
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NZgguf baf_j _gbihbhalhevguo IhgdZo ihey < dZg_kI\_ oZzZjzdl_jbkll
IZdhc hp_gdb fh'gh bkihevah\zZlv kj_~gbc d\zZ~jZl hrb[db

KL S (10

ljb hlkmlkl\bb dhjj _eypbb f_""m baf_j gbyfb \ hl* _evguo Ihi
g_dhjj_ebjhin&@ggbaf_jy fhc \_ebgbghc ih]j_rghklﬁ%hbjgfug)g_bld(y
ke “mxsbf \ujz" _gb_f

ECT I (11)

a

Beb i_j oh”y d hlghkb\bghpgidf

S

PL—

(12)

a

ljb gZebqgbb dhjjfeyymybbaf j gbyfb \Uehigbyzey Iky ke _~mxsb
\ujZ"  _gb_f

UL 2 dsEAy v NUih (13)

AgzZgb_ wfibjbg_kdbo Z\lhdhjj_eypbhgguo nmgdpbcgirha\hey
khklZ\eyxsmx hrb[db baf:¢_dkc_\] dzd

AL &sFin:gt® (14)

]~_  &hp_gdZ kj_~g_]h d\Z"jathech gk dptiyn

N:r;agZq_gb_ wfibjbg_kdhc Z\lhdhijjgegpbhgwlkdjZiheldfd\Zggh _

<_ebqgbymh[mkeh\e_ggZy bkdexqgbl_evgh ijhkljZzgkl\_gghc be
hij_~_ ey |ky dzd

e Leé cNr:g (15)
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<ukhlzZz Ilhesbgz kg_]Z

>ey hp_gdb kg _JhgZdhie_ _gby \ eZ\bgguo hqZ]Zo bkihevamxlk
dzd \ukhlzZz kg_"gh]lh ihdjh\Z b lhesbgZ kg_"gh]lh ihdjh\Z <ukhl|
\_jlbdZeb Z lhesbgZ ih ghjfZeb d kdehgm WIh k\yaZglgdb fgh”"m I
ih jy"m ijbgbg ijb hp_gd_ mklhcqgb\hklb kg _]Z g4z dhehjgn] DK i kankerh.
kg ]1Z \ eZ\bgguo hgZ]Zo h[uggh baf_jy Iky k ihfhsvx kpgh ]hf_jg
dhlhjuf \uihegyxlky k ihfhsvx [bghdey beb ~jm]h]h hilbg_kdh]h
baf_j _gby \ukhlu b lhesbgu kg_]Z ijhba\h”?ylky k ihfhsvx *jm]bo ba
GZzZijbf_j k ihfhsvx mevljZza\mdh\uo ~Zlgbdh\ ?s_ j_"_ "~ey wlbo
eZa_jgh_ kdzZgbjh\zZgb_ b kl_j_hnhlh]jzff_ljbq_kdZy kt_fdZz J
jZkijhkljZzg _ggu_ baf_j gby k ihfhsvx kg_]hf _jguo j__d Lhigghklv _
kdez”u\Z_|ky ba hrb[db hlkgblul\Zgby b 1Zd gZaul\zZ_fhc hrb[db
liZz*"mbjh\db k\yazZzgZ k lhgghklvx ba]lhlh\e _gby b ijZ\bevghklvx n
N e _gby kms_kl\mxsbo kg_]hf _jguo j__d f b gufbl gdpglcjbkd]j
[ euc p\_ Iz kzglbf_ ljh\ufb ~ e _gbyfb h[uqgh bkihevamxlky
hlkmlkI\m_| hleh” _gb_ bafhjhab gZ gbo Z jZkklhygby k dhlhjuo
kjZ\gbl_evgh fZeu J_cdb k p_ghc ~_e_gby kf jZkixlheyHhddZfb " m
bkihevamxlky \ f_klZo ]*_ gZ[ex"Z_lky bgl_gkb\gh_ hleh™*lgb_ ba
gZ[ex"Zl _ey \_ebdb < qzZklghklb \ Ob[bgZo Hrb[db ]jZ"mbjh\db
[he _ IsZl _evguf balhlhle _gb _f j_ d b ijZ\bevghc bo mklZgh\dhc
jZkkfzljb\zxlky JzZkkfhljbf hrb[db hlkgblu\d@®hy + wilkebdbgZqggh
kemqgZcgZy hrb[dZ b dZd ijZ\beh hp_gb\Z_|ky gZ[ex"ZdZe\nfijkrk[t_d
©azZ qlh y jmpkixé&kY® \ Yohglh\H[uggh _keb p_dZI'h gZfdy"Z| _ ev
fh™ | mdZaZ®wq= 05d ijb hdjm]e_gbb ~h p_eud @Me 0@Buc keb
hlikgblu\Zxlky p_eu_ "_e_gbyY @ikthehdbgkueb m~Z_I|ky ohjhrh hlkqghbl
gZ JleZa *"_kylu_ "heb "_e_gby

>ey hij_~_eld@®xy\ Ob[bgZo \ Zij_e_ ] [ue ihklZ\e_ g ke
wdki_jbf_gl lh r_klb, @gZodh2fysboky hl f _klzZ gZ[ex™_gbc gZ ]
2100-2300f, jZ[hlgbdh\ p_o0Z ijhlb\heZ\bgghc aZsblu dhf[bgZzIlz ©

k" eZeb hlkqg_lu k ihifddg2kgh]h [bghdey I1h]h~Z [ueZ [eZ]hijbylghc
ohjhr_c \j_fy gZ hlkg_lu g_ ebfblbjh\Zehkv < khhiI\_Ikl\bb k ~_
ijZ\beZfb hlkgq _lu \uihegyebkv k IlThgghklvx ~h f Ihke_wlh]h iml
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gZ f_kVuklmiZxsbo gZ” ih\_joghklvx kg_]Z qZkl_c j__d [ueZ hij_"_
f klZo mklzZzgh\db j__d Ih ~Zgguf wdki_jbf_glZ [ueZ ihkdphgg2Z\ bkl
baf j gbc k hrb[dZfb \ hij_~ e gguo ] "Zpbyo jbkmghd
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JbkmghdzZkij_~_e_gb_ gbkédafkgmgc X hrb[dZfb \ aZ~Zgguo ]jZ".

Figure 1. Distribution of the number of measurements with errors in given gradations

Hq _\b~gh qglh |Ij_[m_fZy Ihqghklv k ihfhsvx wlh]h f_Ih*Z baf_
Highkbl_evgzZy qZklhlZiedGha,3G jz\gZ ijbf_QdA <hh[s_ ]h\hjy
hij_ ~ e gb_ bgl _j\ZezZ \ dhlhjhf gZoh”~blky bklbggZiy\AOkMEYKlg ]2
hg _gv \ukhdhc ~h\_jbl_evghc \ _jhylghkKlvix[hqgidwkdheévZdhmgu_  ijb
bkihevah\Zgbb hopo d@g\bgghiZzkghklb fhlml ijb\_klb d g_\_jguf \u\h
mklhcgb\hklb kg _]Z b k\yazZgguf k wlbf [hevrbf ms_j[hfgk_Kfh ~_\
Ah\_jbl_evghc \_jhylghklb jZzkl_|I b \_ebgbgzZ ~h\_jbl kylghBelzgl j\
\gmljb dhlhjh]h k \u[jZgghc ~h\_jbl _evghc \_jhylghklvx e_"bl I
baf _jy fhc \_ebqbgu < ~Zgghf wdki_jbf_gl_ hp_gdZ ~h\_jbl_ev
bgl_j\ZeZ hrbidb«E"0,3 f khklZ\beZ ebrv < ]h™ ijh\_~ gby wdk
kg ]hf_jgZy PIAlkhklhyeZ ba ijbf_jgh kg ]hf _jguo j__d WIh
ijbf_jgh ih j_cdzZf \ukhlzZ kg _]1Z [ueZ aZgb gXbg@mghdfhgglmklv k-
f Ih"Z ohjhrh oZjzZdl_jbamxl ~Zggu_ ~jm]h]h wdki_jbf_glZ < fZ
iheh\bg_ “gy ijb b Zevghc \b~bfhklb b ijhgbo [eZ]hijbylguo ih]h
ijh\_~ gu baf_j gby \ukhl kg _]Z ih j_cdzZf jZkiheh  _ggtilm gZ |z
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f hl f_kl gZ[ex”_gbc Baf_j gby ih dZ *"hc-jlbddZlgh]jhfhsykxdey
\uihegyeb gZ[ex”*Zl_e_c¢c \ gbkeh dhlhjuo \oh”beb b gZb[he__ hiul
PIA KIZzg~Zjlgu_ hldehg _gby baf_j gbc \ k_jbyo baf_ | lgpdbZaihebkVv_e
\ "bZiZahg_ hl f ~h f Hq_\b~gh qlh Ij_[m_fZy Ihgghklv g_
om _ h[klhblk"hejh” _ e _gb_f ijbjhklh\ m[ueb kg_]Z ihhfl?kewbguf |
ijbgylv ij_~klZ\e_ggu_ gajpRkigdevgu_ qZklhlu \ dZq_kI\_ hp_ghd
ihizrZgby hrb[hd hlkqg_Ih\ \ukhl kg_]Z ih j_cdzZf \ jZaeithegd]Zy gl _]j
glh \ _jhylghklb hrb[hd ij _"u”“ms_]h b ihke_~mxs_]h hlkg_Ilh\ g_ k\y
fh gh \ugbkeblv \_jhylghklb ihiz*"Zgby hrb[db bklbggh]h dgdjbklZ ki
bgl_j\Ze LZ2ebpZz

LZ[ebpZHp _gdb "h\ _jbl _evghc \_jhylghkijlZ dgbqgidEeh\ ebgbgu

Table 2. Assessments of the fiducial probability of intervlgif various sizes

>h\_jbl_evguc bgl_j\Ze Hp_gdZ ~h\_jbl_evghc \_jl
h 1 0,47
h v 0,61
h{ 0,72
h 1 0,86
K4 0,95
KA 0,97
KA 0,98
K4 0,997

Dhg_qgh klhev gbadZy Ihqghklv ihemqgZ_fhc h ijbiEkbZo kg_
ihr khfg_gb_ p_e _khh[jZzaghklv 1Zdh]h f_Ih~"Z baf_j gbc Ijbgb
baf j gbc \ukhl kg ]Z e_]dh h[tykgbfu M\ _ebqg_gb_  djhdelv  ~Z_
g_"hklZlhqgh ?ey Ih]lh qglhJu gZ”~_"gh hlkgblZlv ~_kylu_ “heb
bah[jZz  _gb_ j_cdb ihklhyggh ©ljykfZleyxrihkdhessdgb _[bghdey ijb\l
gZ IZdbo jZkklhygbyo d [hevrbf kf_ s _gbyf ihey aj_gbhlhjlughdey
kem ' [Zo bkihevamxlky [bghdeb kh klZ[bebaZpb_ ¢ bah[jZd gby e
ihke_"mxs_c hp_gdhc \ukhlu kg_J]zZ-\tinrbdptbimdZtvlIdhijb_fu ih\urzxl
lhqghklv baf_j gbc gh __ hp_gdZ ihdZ g_ ijh\h*beZkyv
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Ke_~mxsbc \hijhk Ij_[mxsbgzhldZidh_ =+jZkklhygb_ hl lhqdb bs
fh gh jzZkijhkljZzgylv ihemg_ggu_ \ g_c¢c agZq_gby \gEkkthekgh]z"
j_ij_a_glZlb\gu ihemgzZ fu_ ~Zggu_ b gZkdhevdh iheghkbfv xsZy
hljz Z | kg_]JhgZdhie_gb_ \ eZ\bgguo hqZ]Zo DZd [uehhkdlzkazZgh \
| kgh k\yazg k ijhkljzgkl\_gghc baf_gqgb\hklvx ihey \ukhlu kg_ gt
jZaebqggZ ~ey jZchgh\ k jZaebgghc ih*klbeZxs_c¢ ih\_joghklvx j_
g_dhlhjuo “~jm]bo f_| _hjheh]bq_kdbo nZzZdlhjh\ < gZklhys ¢ |z
j_amevlZlu ki_pbZevguo baf_j gbc \uiH®g jghmk ZOljbjkifh \
Q_joghm&kjzr_\ N_"hj_gdhQ_jghmk K_eb\_jklIR015K@gjpgh\mk Hkhdbg

Q _jgh\ ChernousFedorenko, Barashev, 2006, 20080 b[bgZo 4] gZ :elz_
K _fbgkdbc oj [_|I ] \ <hklhgghc Kb[bjb ;ZcdZevRd&bdZa [ |
oj_[_I :b[]Zz ] gZ Ribp[_jl_g_ 1 Me2z\ ] ey hij_"_

ijhkljZzgkl\_gghc klZIbklbgq_kdhc kljmdImju ihe_c h[s_c lHié&sbgu kg_
\_jog_]h Re@glZyfZeuo iehsZ”yo gZ ]Jhjguo kdehgZo 0OZjzZdl_jbklbdZzZ |
ij_"klZ\e_gu VbpZle< _ebqgblghh g h[oh”bfu “ey jZkq_Ih\ mklhcgb\hk
kg _"ghlh ihdjh\Z \hafh ghklb \hagbdgh\_gby eZ\bg ijyfh]lh ~_ckl\
kg 1]Z b hp_gdb ~hihegbl_evghc gZ]jmadb \uauWaffhjc gl§gjhklhf
ijh\h~"bebkv \ ijhnbeyo gZijZ\e_gguo \“hev ebgbb iz _¢dby kdlehgZz
ihfhsvx smiZ k p_ghc ~_e _gby kf LhesbgZ \ _jog_ ]k kighywhaff jye
\ f_klI_ baf_j gby \udZiul\Zeky rmjn ~h gb e "Zs ]h kehy GZbJ[Fl
baf_j_gby ijh\h*"bebkv + bdbibhzZioylb lukyq HI g_kdhevdbo khl_g
baf_j_gbc ijh\_~_gu \ ~jm]bo \ur_mihfygmluo f_klZo Djhf_ Ih]l
;ZcdZevkdhf oj [IZo b oj_ FazZ :pHeZrba h[s_c lhesbgu kg _]Z baf
ijh\h~bebkv hl ih\_joghklb “h gZb[he__ ]Jem[hdh]h oBjdfrh \ab¥ gt
lhesbgu \ _jog_]h kehy kg _]Z ijh\h*"bebkv \h \k_o0 jZchg&€mgZ< Ob]|
kg_"ghlh ihdjh\Z \ ijhnbeyo baf_j gbc \Zjvbjh\ZeZkv h&l 1Zd ~h f
f gyebkv hl ijhnbey d ijhnbex H~”gZdh ijhke_"b\Z Iky ~h\hevgh
hkj g _gguo ih |jX8a2gbgf ébkl kj ~g _c lhesbgu kg_"gh]h ihdjh\z <
el jZz\ghf_jgh \hajzklZz_| \ bgl_j\Ze_ kj_"g_c lhesb@u *&le__ %h

\hajzklzgb f kj_~g_c \ukhlu hklZ _Iky ihklhygdh&KjjZyylyclheshgz
\_ jog_]h kehy k\_~ f | e \uc kg_ ] \ ijhnbeyo baf_j glhcr*hZjvbjh
0,23f &lhl f ~h f Z dhwnnbpb alhu \ZjB®hApbb
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LZ[ebpZDjzZIldZy oZjZd|_mkdkbdh\ gZ[ex”_gbc
Table 3. Brief description of study plots

>helh| RbjhlZ <ukh] Djmlba . Ih~"klbe
JZchg . ' . Wdkihab .
1iz” 1iz” f 1iz” ih\_joghk
_ H[ehfhqgg
Ob[bglhjZz 500- X< X .
33,77 67,60 10-30 fZl _jbze
:cdmZc\_g 1100 XA A _
klZjuc kg
K_fbgkdb 1700- _
_ 85,61 51,04 10 < K< KlZjuc kg
oj_[_I 1800
;ZcdZevka 1000- _
. 108,80 | 55,74 15-20 K KlZjuc kg
oj [_I 1200
_ 1500- _
Oj_[_I :b[] 40,29 43,64 25-35 K KlIZjuc kg
2000
100- AZ”™ _jgh\
78,06 14,23 15 AXA _
Ribp[_j]l_d 150 limgl
]hjz Mez 300- KdZevgZ
78,07 14,26 30 AKA . .
400 ih\_joghk
AZi LyRZg| 41,16 70,07 2000 LjZ\ygbkl
Gb™_ijb\_" gu wfibjbg_kdb_ ghjfbjh\Zggu_ Z\lhdhjj_eypbhgg

lhesbgu kdd B2 ]Jh_jog ]h kehywhemqg_ggu_ \ Ob[bgZo hkj_~g_gb _f
ijhnbeyf \ dhlhjuo ijh\h*"bebkv baf_j gby

N:H; L{@ATIFratHe (16)
N:H; L {és F:rd H527? (17)
N:H; Lra{#Traw; (18)
N:H; L r&{F : raH%2<? (19)

Hkj_"“g_ggu_ wfibjbdhjkdbypbhggu_ nMogHtipbithemq_gigu_
baf_j _gbyf \ JhjbahglZevguo ijhnbeyo b ijhnbeyo ga&i{b\édeyguph\*h
iZz" _gby kdehgzZ ijzZdlbg_kdb kh\iz~Zx|l qglhb&hAbhigh&kvhklkhely h|
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Hrb[db ebg_cghc bgl_ jMhiewphibe_ Ihesbgu Wg”é¥ jZaebqgguo
ij_"klzZ\e_gu \ IZ[ebp_

LZ[ebpZAgZqg_gby hrb[hd ebg_cghc bgl_jiheypbb Ihesb@ly \kg_"gh
aZ\bkbfhklb hl jZzkklhygby f_""m Ihq#zZtibbplad _badbp dley ihey k
dhjj_eypbhgghc nmgdpb_c

Table 4.Errors of linear interpolation of snowpack thicknég$) depending on the distance between

measurement pointsand measurement errorg for the field with the correlation function (16)

o f "
0.0 01 0.2 0.3 05 1.0 15
0 0,00 0,07 0,14 0,21 0,35 0,71 1,06
3 0,56 0,57 0,58 0,60 0,67 0,90 1,20
5 0,66 0,66 0,67 0,69 0,74 0,96 1,25
10 0,79 0,80 0,81 0,82 0,87 1,06 1,33
20 0,94 0,94 0,95 0,96 1,00 118 1,42
30 1,02 1,02 1,03 1,04 1,08 1,24 1,47
50 1,11 1,11 1,12 1,13 1,16 1,31 1,53
70 115 115 116 117 1,20 1,35 1,57
100 1,19 1,19 1,19 1,20 1,24 1,38 1,59

AgZq_gb_ hrb[db bglYiHeeyblkms kl\mxs_c \ ob[bgkdbo ez
hgZ]Zo baf_jbl _evghc k_Ib k 0ZjzZdl _jguf jZkklhygb cdZfb5@f kg ]hf
b ijbkmsbfb f_hhj*m_e_gbx \ukhlu kg_]2Z4 BORpbdZfdZd [ueh ihdZazZgl
\ur_ wlZ hrb[dZ _s_ [flhewr_ fb jzZ\gy_|ky ijbf_jgh En HHjb [vd A f
khklz\bl ihglb ihef_IjZz Hrb[db bgl_jhheyplE\eilpe \ IZ[ebp_ < k
jZaebgby \ Z\lhdhjj_eypbhgguo nn{gHpjibc g ajgZevkrigbykdhevdh \ur_
N h ZgZeh]bgguo ¥%gHq Kgbo\ _ebqgl g Zf jZagbpZ mf_gvrZ _lky
jZkklhygbb f_""m baf_j gbyfb \ fg_ ilj \urZ higz frgy ljb wilhf
Z[khexlgu_ hrb[db bgl HihewmpthBghf [m ml| f_&vbaagf jZagbphpb \

L4 H~gZdh hrb[db hlg_k_ggu_ d lhesbg_ kg_]Z \ IThgd_ bigy_jihey
gZb[he_ _ \Z gufb ijb hp_gd_ mklhcgb\hklibhkm" "Wl gf Xaglelhgevgheywr
q_f "Hy
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LZ[ebpZAgZq_gby hrb[hd ebg_cghc bgl_jiheypbb lhesbdil) \_jog_ ]t
aZ\bkbfhklb hl jZkklhygby f ""m Ihgd®#Zfibbplad padbm ¢by ihey k
dhjj_eypbhgghc nmgdpb_c

Table 5. The values of errors of linear interpolation of the thickness of the upper snow@@yer
depending on the distance between the measurement points and measurement errors for a field with

the correlation function (18).

o f !

0,0 0,1 0,2 0,3 0,5 1,0 1,5
0 0,00 0,07 0,14 0,21 0,35 0,71 1,06
3 0,68 0,68 0,70 0,71 0,77 0,98 1,26
5 0,78 0,78 0,79 0,81 0,85 1,05 1,32
10 0,91 0,92 0,92 0,94 0,98 1,15 1,40
20 1,04 1,04 1,05 1,06 1,10 1,26 1,49
30 1,10 1,11 1,11 1,12 1,16 1,31 1,583
50 1,17 1,17 1,17 1,18 1,22 1,36 1,58
70 1,19 1,19 1,20 1,21 1,24 1,39 1,60
100 1,21 1,21 1,22 1,23 1,26 1,40 1,61

AgZg_gby hmbijhdklZ\e_gu ~ey ihey k Z\lhdhjj_eypbhg\ghc nm
|Z[ebp_ Kh]ezZkgh jZkq_IlZf ijb hrb[dZazZf_gu kj_"g_c bgl_J]jZevc
\_ebgbgu gZ i&hsz”bfbaf_j gb_f ih hrghc kg _]hf_jghc j _cd_ mklZ
eZ\bgghf hgz]_ \ p_glj_ d\z~jzIZz kh klhjhghc gmlv [hevr _ f jz
wlhf hrb[dalg_k_ggZy d kj_*g H \_déhgbgzZ Ohlynhgp kgdhbevdh

f_ gvr_ g_ [he__ q_f g& |Z[edppfZ*ey ihey k Z\Ihdhjj_eypbhgghc nr
gZ ijzZzdlbd_ azZ kqLblh]Jlmzglh\k_]1h Z[khexlgdy hridadd b \
kemqgZ_ k bgl_jiheypb_c hrb[dZ aZzZf_gu kj_"~g_]lh bgl_1{jZevgh

Zijbnf _Ibg_kdbf hlg_k ggZy d kj_~g_c lhesbg_ kehy ANeWwglfkms_ Kk
r"eH. <_ebgbgu hrofthdp _gb\Zebkv ~ey kemqgZy dh]~Z bafnj _gby i
jZ\ghhlklhysbo IlhgdZo jZkiheh  _gguo gZ hlj._ad_ ijyfhc 7ebghc

6 5> 4?5 a5 R
PL—dsE& @S—EA; N h (20)
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LZ[ebpZ Hrb[db azZf_gu kj_~g_c bgl_]jZevghc Ihesbgu kg_"gh]h i
Zibnf_Ibqg_kdpfjb jZaebgud 1 ey ihey k dhjj_eypbhgghc nmgdpb_
Table 6. Errors of substitution of the mean integral value of the snowgackness by mean

arithmetical w(l) for variousS n and w for a field with the correlation function (17).

n 1 f2 10 2 100 f2 1000 f2
1=0
0,43 0,52 0,63 0,76
0,29 0,35 0,42 0,51
0,17 0,21 0,25 0,3
10 0,11 0,14 0,16 0,2
20 0,08 0,09 0,11 0,13
50 0,04 0,05 0,06 0,08
1=0,1
0,44 0,53 0,64 0,77
0,30 0,43 0,43 0,51
0,18 0,25 0,25 0,3
10 0,12 0,17 0,17 0,2
20 0,08 0,11 0,11 0,13
50 0,05 0,07 0,07 0,08
1=0,2
0,48 0,56 0,66 0,79
0,32 0,38 0,44 0,53
0,19 0,22 0,25 0,31
10 0,13 0,15 0,18 0,21
20 0,09 0,10 0,12 0,14
50 0,05 0,06 0,07 0,08
1=0,5
0,66 0,72 0,8 0,91
0,46 0,50 0,55 0,62
0,28 0,30 0,33 0,37
10 0,19 0,21 0,23 0,25
20 0,14 0,14 0,16 0,17
50 0,08 0,09 0,1 0,11
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LZ[ebpZHrb[db aZf_gu kj_"g_c bgl_]jZevghc lhesbgu \_jog_]h ke
Zibnf_Ibqg_k@bifjb jZaebgmub nh *ey ihey k dhjj_eypbhgghc nmgdpb_c
Table 7.Errors of substitution of the mean integral value of the upper snow layer thickness by mean

arithmetical n(l) for variousS nand r for a field with the correlation function (19).

n f P f f
1=0,0
0,44 0,54 0,68 0,84
0,29 0,36 0,45 0,56
5 0,17 0,21 0,26 0,32
10 0,11 0,14 0,17 0,21
20 0,07 0,09 0,11 0,14
50 0,04 0,05 0,07 0,08
1=0,1
0,45 0,55 0,69 0,85
0,30 0,37 0,45 0,56
5 0,17 0,21 0,26 0,33
10 0,12 0,14 0,18 0,22
20 0,08 0,09 0,12 0,14
50 0,04 0,05 0,07 0,08
1=0,2
0,48 0,58 0,71 0,87
0,32 0,39 0,47 0,58
0,19 0,23 0,28 0,34
10 0,13 0,15 0,18 0,22
20 0,09 0,10 0,12 0,15
50 0,05 0,06 0,07 0,09
1=0,5
1 0,66 0,74 0,84 0,98
0,46 0,51 0,57 0,66
0,28 0,31 0,34 0,39
10 0,19 0,21 0,23 0,27
20 0,13 0,14 0,16 0,18
50 0,08 0,09 0,10 0,11
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LZ[ebpZHrb[db azf_gu fzZl_fzZlbg_kdh]h h b~rZgby kj_~gbf Zjbnf_Ib
h[s_c lhesbgu kg_"gh]h .Hhidbh\iZZaebqgun b 4 b dhjj_eypbhgghc
nmgdpsdx

Table 8. Errors of substitution of mathematical expectation by mean arithmetidal variousL, n

and n for a field with correlation (16).

n 10 f 20 f 50 f 100 f
=0
0,83 0,77 0,73 0,71
4 0,80 0,72 0,61 0,55
0,80 0,71 0,59 0,50
10 0,80 0,71 0,57 0,47
20 0,80 0,71 0,57 0,45
30 0,80 0,71 0,57 0,45
1=0,2
0,84 0,79 0,64 0,72
4 0,81 0,73 0,62 0,55
0,80 0,72 0,59 0,50
10 0,80 0,72 0,58 0,47
20 0,80 0,72 0,57 0,46
30 0,80 0,72 0,57 0,45
1=05
2 0,90 0,85 0,81 0,79
4 0,84 0,76 0,66 0,60
0,82 0,74 0,62 0,54
10 0,82 0,73 0,60 0,49
20 0,81 0,72 0,58 0,47
30 0,81 0,72 0,58 0,46

DZd \b~rgh[bpZ hrb[db "h\hevgh \_ebdb b ~Z°_ hqg_gv agZi
m\ _ebqg_gb_dhebq_kI\Z baf_j gbc \ ijhnbe_ g_ iha\lhebl __ mf_gvr

M\_ebqg_gb_ ~ebgu ijhnbey ihal\hey_| wlh k~_eZlv gh ijb wl
[m~ | khhI\_IkI\h\Zlv o0ZzZjzdl_jghfm jzZaf_jm ezZ\bggh]h hqgzZ]Z bet
lhgghklv hij_~_ e _gby fzZl_fZlbg_kdh]lh h b”rZgby fh gh ih\ukblv
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baf_j gby b mkj_"gyy hp_gdb fzZl_fZlbgq_kdbo h ébggbo ijhehayaqg!
Eb[h \u[bjZy 1Zdmx baf_jbl_evgmx k_Iv dhlhjZyzkkegh|Zglgnbxfdk
ihfhsvx m~h\e _I\hjbl _evghc ey fh™*_ebjh\Zgby g_mklhcqgb\uo
kdehg Ob[bgZo "ey kg _Jhfkjpghef ks Igb_f lhg_d baf_j gby q_j_a f
R fh gh jZzkkgblu\Zlv ih méhjfonedhjj ebjh\Zgguo baf_j gbc

R L5 (21)

Mgblu\Zzy qglh k\yaghlhkbtw ihey f iHeyhrb[dh [m*ml f_gvr_
ZgZeh]lbgguo hmpb[lZd *ey bo jZkg_lh\ fh gh bkihevah\Zlv \ujZ ¢
jZkklhygbyo f_"~m IhqgdzZfb baf_j gbc g_f _g__ f

Hp_gdb izjzf_Ijh\ ijhkljZgkl\_gghc klZlbklbg_kdhc kljmdImju
ithdjh\Z gZ g_[hevrbo mqgZkldZo kdehgh\ \ Ajm]bo ]JhjgumguZchgZ
Hp_gdb Z\lhdhjj_eypbhgguo nmgdpbc b ~bki_jkbc Ilheslggu kg_

ihdZzau\zxl qlh jZa[jhk __ agZq_gbc \ ijhkljZgkl\_IhfimkidhkhpucZgz
gZ[ex™"Z |ky \ Ob[bgZo ljhkljZgkl\ _ggu_ k\lyab Z\lhdhjj _eypbh
Ribp[_jl_g_ m[u\Zxl k jZkklhygb f [uklj__ g_f \ Ob[bgZo O0OZj:

dhjj_eypbb gdodkjhfg_ggZy dhjj_eypbhggZy nejgep biyr mpdf\Z_ ¢hyf
\ Ob[bgZo khklZz\ey | hdheh f Z-gZfRlIbhpmqg]l ggu gZ DZzZ\dZa_ |Z
dhjj_eypbb hdheh f [hevr_ q_f \ Ob[bgZo Z "bk[Qjkjmth ngk kdh
K_eb\_jklh\ K200 W fibjbg_kdb_ kljmdImjgu_ nmgdpbb ihemqg_gg
LygiRZzg_ ihdzZau\zxl qlh jZ*"bmku dhjj_eypbb h[s_c lheBbgu kg
baf jyxlky fgh]bfb ~ kyldZ4i®bfdh\i\ a] FZdkbfZevgu_ \ lelg@bgu
fhf_gl fZzdkbfZevgh]h kg_]lhgZdhie_gby jZkkip]zixlj \ZédZ DZfgbd b
jZchg_ kg_]hezZ\bgghc klZ@phdbh¥bZ GlZ :elZ_ b gZ ;ZcdZevkdhf o
klZzg”~"Zjlgu_ hldehg _gby lhesbgu kg_"gh]h ihdjh\Z b \_jogbo _]h k
ijhnbeyo hdZaZebkv agZqgbl_evgh f _gvr_ q_f "ey ijhrblheslkghgZeh
kg_]Z \ Ob[bgZo ?keb ~ey Ob[bg “ey kehy kj_"*g_c lhelZbgheb f
0,3 - f Ih gz :elZ_ b gZ ;ZcdZevkdhf oj_[l_ g_ ij_\urBdekbeh_ \ f Z
kg _1Z kj_"g_c IhndsbghfcgZoh”bebkv \ ij- ~_efZagZeh]bggu_ ihdzZazl_
Ney DZ\dZaZ gZoh”ylkp,062bZiZamghwnnbpb glu \ZjbZpbb Ihesbgu
kdehgZo \ Ob[bgZo "ey \ _jog _]h kehy kg _]Z J[ueb I1Zd _ agZqgbl_e
Afim]lbo jZchgZo :elZc b ;ZcdZevd6dtbc o) D[ZV\dBAE7 £0,3 [Q_jghmk
K_eb\_jklih\ K200pi hHg_\b”*gh qlh g_f \ur_ k\yaghklv ihey q_f [he
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dhjj_eypbb b gq_f f_gvr_ jZa[jhk agZg_gbc ozZjzdl_jbklbdhbl)) ijhkljz
|_f f_gvr_ hrb[db bgl_jiheypbb b azZf_gu kj_~g_]lh bgl_]jZevgh]h
Zibnf_Ibg_kdbf GZijbf_j gZ[ex”Zy aZ \ukhlhc lpgglhZcith ®\ngfby cdZ1
hrb[dZ baf_jogby f \ ]hjZoRZAgw \ jZchg_ kg _JheZ\bgghc Kkl
©>mdzglPoh”rysbfbky \ f Ajm] hl “jm]Z k ihfhsvx bgl_jiheypbb ft
hij_~_ e _gb_ \ukhlu kg_]Z \ ijhf_"mlhgguo IhgdZo k IhqglhkIvix *

fh gh "h[blvky ijbf_jgh IZdbo ~_ hrb[hd bgl_jiheypbb gZ :elZ_b ;Z
jZchg i _j \ZezZ DZfgqbd b gz Dz\dZa_ hrb[db bghauyjifhesmrbb Krdfuml n
[hevrb_ hrb@odon n v .ngZ[ex*Zxlky \ Ob[bgZo b gZ Ribp[_j]l]_g_ Hlg
hrb[d4 aZzf_gu fzZIl_fZlbgq_kdh]h h b”rZgby kj_"gbf Zjbnf_Ibg_kdbf A
k\_~ f I e _\h]lh kg_]Z \ Ob[bgZo [ebadZ d IZdhc hrb[d_ ~dy}hihey h
ihdjh\Zz JZaebqby khklZ\eyxl g_ [he_ _

lehlghklv kg _1Z

lhe \u_ baf_j gby ey hij_~ e gby ijhkljZgkl\_gghc klZIbklf
iehlghklb kg_]Z ijh\h~bebkv ]Jez\gufjogjZakdh_ k\_~ f | _e_\uc Kk
GZb[he_ _ fgh]l]hgbke _ggu_ baf j gby hdheh baf _j _gbc ijh\h"]
_kzZfuo ijhnbeyo qglh b baf_j_gbyklthgdbpuZ &tgf 2 *"m baf_j_gbyfb
Baf_j gby ijh\h~*bebkv k ihfhsvx iehlghf_jzZz \ \bA_ ~xjZe \h]h pb
52 ff b "ebghc ff Z 1Zd _ eZ[hjZlhjgh]lh "bgzZfhf_IjZ kh rdZehc \
dhlhjh]lh \uiheg_gZ g _ihkj_~kl\_ggh \ agZq_gbyo iehlghklbf k p_g
Kj_~gyy iehlghkiV _evguo ijhnbeyo bai_gyeZRk%th B kfz
dhwnnbpb_glu \ZjbZpbb hl -éb[h azZzhxkdhikklb f_ ""m kj_~g_c iehl
b klzg”~Zjlguf hldehg _gb_f g_ h[gZjm  _gh DZd b "ey lhesbbw kg _~
wfibjbg_kdhc Z\lhdhjj_eypbhgguo nmgdpbb iehlghklb ihh&kmd ggu.
ijhf _jguf ijhnbeyf Ziijhdkbfbjh\Zebkv wdkihg _gpbZevghc b kl_i_gc

N:H: L rayATauds (22)
N:H: L réy : rrauH*8=? (23)

WdkljZiheypby agZq_gbc wfibjbg_kdhc dhjj_eypbhgghc nmgd|
glh \_ebqgbgzZ kj_"*g_c d\zZ*jZlbqg_kdhc hrb[db baf_jldbgZohiZNey I
\ bgl_j\Ze _ } ki DzZd b “ey lhesbgu kg_"gh]h ihdjh\Z dhjj_eypt
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ihe_ iehlghklb j_adh iz~zZxl k jZkklhygb f ljbq_f gZb[hev
dhjj_eypbhgghc nmgdpbb ijhlbkoh”?bl>4dpggu_ h I1Zdbo oZzZjzdl_jbkl
ijhkljZzgkl\_gghc klZlbklbg_kdhc kljmdImju ihe_c iehldBEklbhgguo_[h
kdehgh\ dZd dhjj_eypbhggZy beb kljmdimjgZy nmgdpbb hey [he\
hikmlklI\mxl < Ih JkjX\dgfy\Zy dhwnnbpb_glu \ZjbZpbb iehlghklb ihe
Ney jZchgh\ :elZy b ;ZcdZevk@ih1D[Q [Ahmk K _eb\ jklIR01ISK mgdh\
Z |Zdihemq_ggu_ jZg__ "AYiZcdhliR¥gy b Ijbwev[ghkVgh\kdbc
=hem[_\ <hcldH9@bck wlhc ~_ oZzZjzdl_jbklibdhc ihemqg_gghc \
k\_ " f I _e _\h]h kg_1Z fh gh hif_Iblv qglh ijhkljZzgklI\_ggZy baf_
k\_ " f I e \h]h kg_]Z \ Ob[bgZo gZb[he__ \ukhdz J _Zevgh fh"
bd jiheypbb jZlgh&ggZqgq_gby hrb[db ebg_cghc GbyglakiVbeybdbklb hl
jZkklhygby f_"~m |lhqdzZfth bafejpagbguzkkgblZggu_ k ihfhsvx ihq
hlebgzZxlky hl ZgZeh]bgguo hp_ghd ihemqg_gguo “ey lh&gbya keh
kflZ[ebpm Bo fZzdkbfZevgu_ jZaebqgby g_ ij_\urzZxl b gpijghddbd _
Ofh]lml bkihevah\zZlvigy MmgbddbZy qlh dhwnnbpb_glu \ZjbZpbb iehlg
jZchgzZo f_gvr_ q_f \ Ob[bgZo hlghkbl_evgu_ hrb[db blgil_jgheypbb
\_ebgbg_ iehlghklb \ wlbo jZchgZo [m"ml| f_gvr]lboqgjdchgYiobggy
dhlhjuo bf_xlky h@® _ddbgh ihiulZlvky bkihevah\Zlv bo "ey hp_g
bgl_jiheypbb iehlghklb kg_1Z |Ijb hij_~_e_gbb hrb[dbbgpkddphazf
h"brZgby kj_"gbf Zjbnf_Ibg_kdbf ZgZeh]l]bggu hrb[dZf

<j f_ggh_ khijhlb\e_gb kg~iblmgb _

BaaZz |Ijm~h_fdhklb 1ihemqg_gby NZggu_ ey hij_~_e_gby
klZlbklbg_kdhc kljmdImju ihey \j_f_ggh]h khijhlb\e_gby KgEBpbm ihe
bAZiZrghf -IRQy[DZgZ \ :h bgkdbg¢ 1986] joch@ib[bgZo baf _j gb:
ijh\h~"bebkv ih f_Ih*"bdfk iGBBKx jZfdb 6éb kbgzZfhf IjZ Baf _jyehk
khijhlb\e _gb_ [ukljhfm k”A\b]m ijb dhlhjhf \j fy ijbeh” _gBghgZ]jm
hrgh®t\mk _dmg” Ihkdhevdm bkiulZgby ijh\h*bebkv k hg _gwa _ agZc
gZ]jmadhc |hesbgzZ k”\b]JZ _fh]lh h[jZapZ g_ ij_\urZeZ gbkf ih
khijhlb\e _gby k~\b]m fh gh ijbgylv jZ\gufb ijhqghklb kgghX.gZ k~\I
Baf_j _gby ijh\h~"bebkv \*hev I _o "~ _ ijhnbe_c \ dhlhjuo ijh\h”*bebk\

3Jmdh\h~ki\h ih kg_]heZ\bgguf jZ[hIZf \j_f_ggh_ E =kA"jhf_|_hba~Zzl
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b iehlghklb kg ]1Z k bgl_j\Zehf f <k_ baf_j gby gh\hkigeb&v \
k\ " _f 1 _e \uc kg_] Kj_~gb_ agzZq_gby \ lgyjélybvbalf_ j gb@ baé)

ke ]dZ miehlg_ggh]lh \_Ijhf kg _]1Z "h dlZz 7~ey ohjhrh \ujzZ ¢
KlZzg~Zjlgu_ hldehg_gby \ k_jbyo f_gyebkv hl N h dial Z dhw
Ah >ey |[he__ gZ™_"ghc oZzZjzdl_jbklbdb kljmdImju ih

dhjj_eypbhggu_ nmgdpbb ihemqg_ggu_ \ k_jbyo bafkjedgbcgdyueb m
I'H; LysATIEraywes; 24
2 28 (24)
N:H; Ly#s F :raH424? (25)

lhemqg_ggu_ ~Zggu_ k\b”_I_evkl\mx!|l h Ihf qlh ijhkljZgkl\_c
kp_ie_gby "“ey k\_" f | e _\h]h kg_]Z \ Ob[bgZo hqg_gv \bebdz
wfibjbg_kdhc dhjj_eypbhgghc nmgdpbb \ ghev ihdZau\W ij glé@Z\ ¢
kj_~g_c d\z~jZlbg_kdhc hrb[db baf_j _gbc kp_ie_glbykhkVZ\ef |l ed Al
b ~ey iehlghtkdbeh 1 b gZoh”blky \ bg004\Ze_ dlZ ;hevrbgkl\h
dhwnnbpb_glh\ \ZjbZpbb \ ijh\_~ gguo k_jbyo baf_N dlbc kp he_ gt

LZd dZd ihemg_ggu_ dhwnnbpb_glu \ZjbZpbbjEmZi¢hgby ijlgf fj
dhwnnbpb _glu \ZjbZpbb iehlghklb hlghkbl _evgZy hrbJikeZ gfbyh”~Zz
\ - jZazZ \ur_ g_f iehlghklb AgZq_gby hrb[db el3g\ agdhlckbfghkjihey

hl jZkklhygby f_""m |IhqdZftbh BaébjglydpizkkgblZggu_ k ihfhsvx [e
d ZgZeh]bqguf h@belyzfhesbgu k\_" _f | e \h]lh kg_]Z FZdkbfZevgu
ij_\urzxl >ey bo ihemq_gby dzZd b “ey iehlghklb fh gh ihevah\

ij_"klz\e_ggufb \ |Zz[Plptrey ihe_c |lhesbgu b iehlghklb k\_~_f | _e _\
ijhkl _cr_c b "hklZlhggh IThgghc hp_gdhc hrb[db ebg_cghc byl _jihe
yley_ lky HIghka_engy'—é;hrd)Zde hrb[dZ b%g_j"_@b&p_ie_gbj;zaz

\ur_ qg_f 7ey iehlghklb >ey ihemg_gby hlghkbl _evguo hrb[hc
bgl_ljZevgh]lh agZq_gby kp_ie_gby kj_"gdffhZgdhnf\hHbihekdhi\Zlvky
|Z[ebp_c¢ FZdkbfZevgu_ jZaebqgby &k ZgZeh]bggufb hrb[dZfb
k\_ " f I e \h]h kg_1Z g_ ij_\urzZxl Hrb[db azZf _gu fzZl _fZlbq_
kj_~gbf Zjbnf_Ibq.kdbd baf_j gbb kp_ie_gby \ ijhnbe\ n*ebghc
jZ\ghhlklhysbo IhgdZo ijZdlbg_kdb kh\iz*"Zxl k ZgZeh]bqgufb hrk
k\_ " f I e \h]JhhnkogpelzkemqZy dh]~Z jZkklhygby f_"~m lhgdZfb baf

f ihemqgblv hpflgdth k ihfhsvx
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<hafh ghklb kjz\g_gby izZjzf_Ijh\ ijhkljZgkl\_gghc b&f\gqgb\hk
Ob[bgZo k IZzdbfb ~_ izjzf_ljzfb ihemqg_ggulfbh)jZpblpb dkdiba ke h\b
hqg gv h]jZgbg_gu Bo hp_gdb ihemg_gu ebrv *ey k\_hf\uygw _]h k
RZg_ Dhwnnbpb_glu \ZjbZpbb kp_ie_gby ihemq_ggul]Z"&y Kk\_
AZiZz "ght -lIRyfily . gZoh”ylky \ "bzizad[DZgZ # ] Ijbg_f ebrv \
g_luj_o k_jbyo baf_j _gbc ba Iljb*pZlb |j_o agZq_ gy dhihowrarzkedlk vg
[hevr_ JZ"bmk dhjj_eypbb "ey dhjj_eypbhgghc nmgdpbb kp_
kg 1]Z ihemg_gghc \ AZRZ\ghdgZglgh evgh [hevr_ f Z wfibjbe
dhjj_eypbhggZy nmigdplhy ipgov [ebp@RZgd \ ].

L fi_jZImjZ kg _]Z

Ilhdz \ fh” _eyo hp_gdb mklhcgb\hklb kg ]Z gZ kdehg_
\hklj [h\ZgzZz f g __ \k_]1h H”gZdh [_a g__ g_ h[hclbkv \ fh™_eyc
k\hckI\Z kg_]1Z 9Z dhlhju_hdzfaupZlmjghevrh_\ebygb_ Baf_j gby "
ihdzazeb qlh | _fi_jZImjz kg _]1Z h[ezZz”Z | gZbf_gvrgghjhklyxgiid\ ¢
kjZ\g_gbx k jzZkkfhlj_ggufb \ur_ o0ZzZjzZdl_jbklbdzZfb Ih j_amevlZl
Ob[bgZo \uy\e_gZ ~“h\hevgh \ukhdZy hljbpZl _evgZy dhjj _eypby |
iehlghkib-0,63 +-0,89).

NZdlhj mklhcgb\hklb

LZd gZau\zZ _fuc dhwnnbpb_ gl nzZdlhj bg”_dk mklhbgb\hkll
[FhkdZe \ DZg4 Y\ey |lky g _dbf dhfie_dkguf ihdzazl_ e f hij_"_
mklhcgb\hklv \ hl* _evghc Ilbgid_ "kiizdegZl kh[hc hlghr_gb_ \j_f
khijhlb\e _gby k”\b]Z d k™"\b]JZxs_c kbe_ b \ ijhkl_cr_f \b”_\uley”b

v%>U U@mgq;

"L Gt ggramg (26)

1. fxdhwnnbpb] glby
%tm]lhe kdehgZz
h x\ukhlz kg_ "kl

Highkbl _evgmx BDrdfdm g_ mqgblu\Zy hrb[db \ fhbhj%"Z el Zglb b
hrb[db bgl_jiheypbb fh gh azZibkzZlv \ \b"_
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272 . Ez ez @27)
1~ K, 0&0!'0KtZ[khexlgu_ hribHdb\_Ikl\mxsbo \_ebqgbg

OZjzZdl_jgu_ agZq_gby hlghkbl _evguo khthhtdzdfphhgbafb

f Ih~rzZfb jZ\gu ijbf_jgh b khhi\_IklI\_ggh LZdbf h[jZahf
hrb[dZ hij_~_ e gbyhkgh\Zgbb ijyfuo baf_j gbc [ebadzZ d ?ke
\ukhlZ kg_"ghc “hkdb ijbjhkl beb m[uev \ukhlu kg_]Z \ Ihgd_ hij_
"\'mo hlkg_Ih\ k~ _eZgguo g_j_a g_dhlhjuc ijhf_"mlhd \j_fmgb qlh

hij_~_e_gbb _s_ \ jZaX bZ \agidlgc glthygd _ ihemqgZ_lky k ihf
bgl_jiheypbb dzZd b \ukhlzZz ~hkdb \ ijhf_"mlhgqguo f_""m baf_j _gby
]h\hjblv m™_ h khlgyo ijhp_glh\ hlghkbl_evghc hbb\d®dbfbbZo" e
ljZzZ"bpbhggufb f_IhrZfb Djhf_ Ih]lh ihdzZ fZeh qlh ba\_klgh h
baf_ggb\hklb dhwnnbpb-fghZlp _gbly[db \ _]h hij_~_e_gby jZaebqguf
ithdZ hklZxlky g_ hp_g_ggufb GZb[hevibkc\ywdg&g k\Ihqglgfokhvx baf_j_
\ukhlu kg _]Z J_rb\ wim fhhgha fkms_ kI\ _ggh memqrblv dzZq_kl\h
mklhcgb\hklb kg_]Z <Ilhjhc ih \_ebgbg_ \dezZ” \ hrb[dihZ Rhghgdb ml
kp_ie_glbhgghklv _]1h baf_j_gby gbadZy Z ijhkljZgkl\_ggZy baf_gq
ih ozjzdl_jbklbdzf ijhkljzgkl\_gghc klZIbklbq_kdhc kljmdImju ih:
kp_ie ,gbhyemqg_gguf gZ AZiZRAdd§ LygvliZzd _ mqgblu\Zy lhqghklv ih
"Zgguo h \ukh!l_ kg _]1Z ihemqgzZ _fuo |zZf fh gh ]Jh\hjblv qlh \hafh
hp_g®b jZchg_ kg_]heZ\bgghc klZgpbb ©>mdzZgl2 gZ ihjy*hd \ur_ ¢

H[km ™~ _gb_ j_amevlZlh\

DZd ihdZau\Zxl ijh\_~ ggu_ bkke_"h\Zgby ijhkljZgkI\_gg
0ZjZdl_jbklbd kg _]1Z gZ kdehgZo hdZau\Z_| [hevrh_ ‘ebByglmuagZ d
g_h[oh”bfuo ”"“ey "~bZ]ghklbdb b ijh]Jghabjh\Zgby \hagbdgh\_gby
ijbf _gylv |_bebfhbgweb f o0Zgbq _kdhc mklhcgb\hklb kg _]Z gZ kdehg
hrb[db \ bkoh?guo "Zgguo fh]lml ih\ebylv gZ j_amevlZlu jZkq_Ih\
bkke_ _"~h\Zgby g_ ijh\h”bebkyv lhfbfh hrb[hd kh[kI\_ggh baf_
g_hij_~ e _gghklv \ bkoh~gu_ 7"ey fh”_ebjh\Zgby 7~Zggu_ \ghk
baf _ggb\hklv 0zZjzdl_jbklbd kg _]Z J_ameviZlu bkkeZkxhh¥gbc ijl
jZ[hl_ ihdZau\Zxl dzZdbf h[jZzahf fh'gh hp_gblv dZq_kl\lbtkdg ]heZzZ
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mq_Ilhf hrb[hd kh[kI\_ggh baf_j_gbc b ijhkljZzgkl\_gghc Ibaf_gqgb)
kg 1Z Ohly izjzf_Ilju ijhkljZzgkl\_gghc klZlbklbq_kdhc kljj@dImju
hp_g _gu ebrv "ey g _[hevrh]h gbkeZ ] _h]jZnbg_kdbo jZchgh\ b €
\u\h?u fh gh k" _eZlv m _ k_cqZk 1ZjzZf_lju wlhc kljoidlIljmfu Kk\y
ih~"klbezZxs_c ih\_joghklb b debfzZlbg_kdhibckikxddgudbb dzZ ~hfm
eZg”rZnlghfm Ibim GZijbf_j fh gh hif_Iblv [hevrmx ijhkljZgkI\_gc
[hevrb_ \ _ebgbgu 1 b fZeu_ jZ"bmku dhjj_eypbb o0zZjZdd jbklb
pbdehgbq_kdbf Ibihf ihJ]h~u hkh[_ggh wlh \ujZ  _gh \ ikmrah"guo &
g_h~rghjh”~rguf fbdjhj_ev_nhf ih”*klbeZxs_c ih\_joghklb q_f
Zglbpbdehgbq_kdbf Ibihf ih]h”ru b h~ghjh~guf klez" _gguf
ih~"klbezZxs_c ih\_joghklb Fh gh 1Zd _ hif_Iblv koh™ _klv k\yaghkl
0ZjzZdl_jbklbd kg_]Z \ h~rghf b Ihf °_ jZchg_ beb kohWlih jYgcchgZ ol j
g_dhlhjuc hilbfbaf aZdexgzZxsbcky \ Ihf glh izjzf _lju ijh
klZlbklbg_kdhc kljmdIimju ozZjzdl_jbklbdb kg_]Z "ey dpHbBjhc hgt
Ahklimigufb f_Ih~rZfb gZijbf_j \ukhlu kg_]1Z fh]lml [ulv bkidhrd ah\Z
wlbo izZzjzZf _Ijh\ ~ey ~“jm]bo o0ZjzZdl_jbklbd bkihevam_ fudkg‘elZ hp_g
AgZqbl_evgh ih\ukblv IThgghkyK thjgh_ ékgtbevamy eZa_jgh_ kdzZgb
[;hcdh Th]lhj_ehY] ~ey hij_~_e_gby \ukhlu kg_]Z \h \k_o g_hJo
hij_~ e _gby mklhcgb\hklb IhgdZo

AZdexgbl _evgu_aZf _qgZgby

Djzldh knhjfmebjh\zZIv \u\h~u fh gh IzZd

X ljZ"bpbhggu_ baf_j gby o0ZjZdl_jbklbd kg_]Z \ eZ\bgguo
\ukhlu Ihesbgu b ijhqghklb gm *Zxlky \ kms_klI\_gghf ih\ur_gbb I

X bkihevam_fu_ \ gzZklhys__ \j_fy kbkl_fu ijhkljZgklI\_ggh
0Zjzdl_jbklbd kg_]Z hij_~_eyxsbo _]h mklhcgb\hklv gZ kdehg_
jZpbhgZevghc hhkdre\wgu [ulv baf g _gu

X kms_kl\mx!| f_Ih”u iha\heyxsb_ jZpbhgzZebabjh\Zlv wlhl
nmg~"Zf _glZevgu_  k\hckl\Z kg _"gh]h ihdjh\Zz hij ~ eyxsb_
klZIbklbg_kdmx kljmdImjm ihe_c ozZjzdl_jbklbd kgmbkEZh cdalbg hjkleb gra x
kdehg_ bamg_gu g_"hklZlhgqgh "ey wlbo p_e_c
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Jbkmghda ebqgbghijfbjh\Zgguo dhjj_eypbhgguo nmgdpbc h[s_c lhesk
lhesbgu \ _jog_]h kehy k\_ "~ f | e \h]h kg _]Z
iehlghklb \_jog _]1h kehy k\_ "~ f I _e \h]h kg _]Z

kpie_gby \ _jog_]h kehy k\_~ f | e \h]h kg_]Z \ Ob[b
Figure 2. Standard autocorrelation functions for total snowpack thickness (1),
upper snow layer thickness (2), densifyupper snow layer (3),

shear strengtbf upper snow layer (4ih the Khibiny Mountains.

X Ney hij_~_e_gby izjzf_Iljh\ ijhkljZzgkl\_gghc klZlbklbqg_k
ihe _c ozjzd!l_jbklbd kg_]Z gZ fZeuo iehsZ”"yo gZ kdeddZd rxyEaebqc
fZkkh\u_ baf_j gby wlbo o0zZjzdl_jbklbd k \ukhdbf ijhkljZgkl\_gguf

X ijb ljZz"bpbhgguo f_Ih"Zo |hg_qgqguo baf_j gbc oZjzZdl_]
eZ\bgguo hqgZ]Zo g_ kms_kI\m_|I mgb\_jkZevghc f_IfiRgdbhjbog]ithkljZ
ijb]h*ghc "ey bkihevah\Zgby \ ex[uo eZg”rZnlZo IjhkljZgkl\_ggh
baf _j gbc g _h[oh”bfh \u[bjZlv Kk mqg_Ihf Ihgghklb baf_j gbc
ijhkljZgkl\_gghc klZlbklbg_kdhc kljmdImju baf_jy fhc ozZjzdl_jbklb

X ijb\_~ ggu_ \ gZklhys ¢ jZ[hl_ ~Zggu_ h ijhkljZgkl\_ggh
kljmdImj_ oZzZjzdl_jbklbd kg_]Z \ jZaebqguo j_]JbhgZgu fhjeyl [ul
ieZgbjh\Zgby k _Ib bo ijhkljZgkl\_ggh]h fhgblhjbg]Z \ wlbo j_]bhgZ

X bkihevah\zgb_ kms_kl\mxsbo ~_| _jfbgbjh\Zgguo f_Ih”h\
lhg _gguo baf_j gbc oZjzdl_jbklbd kg _]Z \uiheg _gguo |j¥*"bpbhcg
hp_gdb _]h mklhcgb\hklb gZ kdehg_ fh™ _| ijb\_klb baiddexyblgdygf ij.
h eZz\bgghc hiZkghklb
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X \uoh”~hf ba kha”Z\r_]hky
mklhcgb\hklb kg ]Z g9gZ kdehg_

<ul|201¢

iheh™ _gby fh™ | [ulv bkihevah\z

kIZIbklbgq_kdh]h

fh~_ebjh\zg

N I _jfbgbjh\Zgguo fh™ _eyo f_oZgbqg_kdhc\mhiNde g \hkdglu kdepyZdhlhj

]l_g_jbjmxlky gZ hkgh\_ lhqg_qoudjZwdf jpkylbad bkpZdZ_

iZjZf _1jZoijthkljZgkl\_gghc klZIbklbg_kdhc kljmdIimiju

x \_jhylghklgu_ hp_gdb
fh~ _ebjh\Zgby hljz zxl g_hij_"~_
aZdexqg_gbb h[ mklhcgb\hklb kg _]Z

ithemqg_ggu_ k
e _gghklv \oh”~ghc

ihemqg_gguo

ihfhsvx K2z
bgnhjfZpbb

Ebl_jZImjzZ

ce_dk__\VE_Ih~u hp_gdl
Zcguo ih]j_rghkl_c ]b
jheh]lbg_kdhc
E =b”jhf_|_hbanZzl

q

:h bgkdbc

bgn!

@ _jghmk I<:

jhylghklgzZy fh"_ev mk
kg ]1Z gZ kdehgZo ]hj
leypbheh]bg_kdbo

<uli K -60.

bkl

;hcdh 21K]hj_eh\ 1jbf_
g _gb_eZa_ jgh]lh kdzZghb

ke _"h\Zgbyo
ihdjh\z

i _dl Gh\hkb[bjkd

b

arh ©=,_ha

k

j_ev_nZ
Fhjnhf_Iljbg_k

dzn

<hcldh\kdbc, BhNem[_\
<hcldh\kdbc IfhBIjZgklI\
Zy baf_gqgb\hklv
k\hckI\ kg_"ghlh ihdjh\
gZo ]hj <_KklghbdM Kow.

g

_h]jZn19g6. < 1. K
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KMS?KL<MXSB? IJH;EUQF EXISTING ISSUES OF
=B>JHEH=BQ?KDBO J:KQ,H¥YDROLOGY CALCULATIONS.
Q:KLV PART 1
: X <bgh]jZ®H\ F >h]Zgh\Rdbc Alexey Yu. VinogradoV?,
< : H[yah\ [Arkady M. Doganovsk,

Victor A. Obyazov

'HHH GIH ©=b"jhl_oijhxZd®Z} !Scientific and Industrial Research Asso
JhkkBKZgdl | _j[mjlkdbc Jhkm~, ation Gidrotehproekt, Valday, Russia,
guc e_khl _ogbg_kdbc mgXgjki 2Saint Petersburg State Forest Technic
| 1 _j[mj] JhREkbkkbckdbc Jhkm’ University, St. Petersburg, RussiRus-

guc [b”jhf_I _hjheh]bg_kdbc m sian State Hydrometeorological Univer-

] KZzgdl_I_j[mj] Jhkkby sity, St. Petersburg, Russia
gd@npogtp.ru gd@npogtp.ru
gghlZpbKlZIivy gZqgbgZ_| ~bk Abstract. The article begins a discussi
I fm h[ h[hkgh\Zgghklb bkihe\ onthe validity of applying methods of pro
Ah\ | _hjbb \_jhylghklb b fzZIl_fZ ability theory and mathematical statistics
Ibkibdb \ ]br"jheh]bq_kdbo jZkc hydrology calculations. The methodolor
"heh]by kh\j _f gguo jZkqgzlh\ | ofriverflow calculations nowadays is bas
gZ klZlbklbg_kdhc h[jZ[hld_ j on the statistical processing of observat
gbc WIb f_Ih~u mdZazZgu \ j_]¢ datas. These methods are specified in |
Ahdmf_glZo -1R1- b -dfZdlh vy saiptive documents (such e
xlky h[yazZl _evgufb d ijbf_g_ghb SR 33-101-2003) and, in fact, are requil
g_gbb jZzkqg_Ih\ *ey gm ” kljhbl for using in engineering calculations. Al
Ibjh\Zgby Ex[u_ ~jm]b_ Zevl_ otheralternative methods are not advisa

<bghl]jz~h\ | X >h]ZgR}kdeyah\ Kms_kl\mxsb_ ijh[e_fu ]b”jheh]
gzlh\  QZzZklv =b”jhkn_jzZz HizZzkgu_ ijhp_kku b yle<gbly K143-159 -
DOI: 10.347534S.2019.1.1.004 14
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Ilh~u IZzdh\ufb g_ y\eyxlky H”g However, our experience of using probat
f_ g_gby \ _jhyl&khEIgklbqg_kdbo istic-statistical methods in engineering-t
\ bg _g -ldohjhf_|I hjheh]bqg_kdb drometeorological surveys let us to dot
gbyo ihalhey | mkhfgblvky \ the propriety of such application.
IZdhc ihklZgh\db \hijhkZ It is questionable whether the concept c
<uaulZ_| khfg_gb_ ijbf_g_gb_ random variable is applied to hydrologic
g_kdbf ozjzdl_jbklbdzZf \ qZk characteristics, in particular, to water cc
\h~u ihgylby kemqgZcghc \_eb sumption. In terms of mathematics, t
aj_gby fzZl _fZlbdZ \u[hjdZ bko sample input data subsequently used
\ihke "kl\bb bkihevam_fuo ijb solving statistical problem is the result of
Ibklbg_kdhc azZz”~Zgb \k_]"*Z i experimentconducted under unaltered c
amevlzZl_wdki_jbf_glZ ijh\h”b ditions. Water consumption depends
f gguo mkeh\byo JZkoh” \h”~u many natural factors, some of which ¢
]bo ijbjh”rguo nzZdlhjh\ gZklv Lk constantly changing. In addition, deper
klhyggh f_gy_Ilky Djhf_ Ih]h . ence on some factors is almost functior
g_dhlhjuo nZzZdlhjh\ ihqglb nm For example, precipitation causes an
GZijbf_j \uiz™_gb_ hkzZ”~dh\ \u crease of river flow, and their absen
g_gb_ klhdz Z hlkmillgl¥lb _gb  causes adecrease. Other factors, in cont
]b_ nzZdlhju gZh[hjhl 2~hklZIlhc are quite stable. For each catchment a
>ey dZ ~“h]h dhgdj_Igh]h \h”~h they are not random and behave predi
kemqgZcgu b \_"ml k_[y \iheg_ bly.

lj_~klz\ey |Iky g_"hklZlhggh Zj Forexample, extrapolation of the maximt
ghc wdkljZiheypby gZijbf_j - water flow rate in the region of rare prok
jZkoh”~h\ \h~u \ h[ezZklv j_~dhc bility, seems insufficiently reasoned. Tl

klb 1Th]j_rghklv baf_j gbc h error of measurements (definitions) of w
jZkoh”~Z \h~u \ j_d_ \hajzklz | terflowinthe riverincreases as its value
ebg_gby WIihfm kihkh[kI\m _| i creases. Thisis facilitated by the almost |

\hafh ' gh_ baf_j gb_ijpZkwodHZ \ possible measurement of river flow wh
gZ ihcfm ijb e_"hoh”_ dZjqg_ water enters the floodplain, while floatir
ljbf _gy _fu_ \ wlbo kemqgZyo f_ofice, while timber drifting on rivers, et
gby ih wdki_jlghc hp_gd_ ~ZxI| The measurement methods used in tr
KzZfb ~_ baf_j _ggu_ fzZdkdbKdk: cases give an error of up to 25% by exp:

Alexey Yu. Vinogradov, | Arkady. Doganovskl, Victor A. Obyazov Existing issues of hydrolc
calculations. Part.1Hydrosphere. Hazard processes and phenom26a9, vol. 1, iss. 1, pd.43-159 (in
144 Russian; abstract in English), DQ0.34753/HS.2019.1.1.004
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hlebgzZxlky ~“jm] hl M0n]4d Hdbf assessment. Herewith water flows are
jZahf fu bf__f g_ jZg bjh\Zgg fers by 5-10%. Thus, we do not have
g_kdhevdbo gZb[hevrbo jZko ranked values of several of the highest\
mkj_"g_dfdukbfZevguc jZkoh” ter flow, but some average maximum flc
j_]Imeyjgmx ih\lhjy fhklv with regular repeatability.

Dzd ke _"kl\b_ k”~_eZg \u\h” | Asaresult, it was concluded that the us¢
h[hkgh\Zgghklb ijbf_g_gby fZI| probabilistic-statistical analysis in hydr
ZiizZjzZlz \_jhylgdkKldpklbqg kdh] logical calculations is insufficiently justi
ebaz \ ]brjheh]bg_kdbo jZkqzl fied.

Dexqg_\u_ keh\Zhylghklgu_ f_ Keywords: probabilistic methods; hydrol
]b”rjheh]bqg_kdb_ jZkqg_lu j_qg ogy calculations; river flow; the frequenc
jy _fhklv wdklj fZevguo jZkoh ofoccurrence of extreme water flow; acc

baf j gby fZzdkbfZevguo jZkoh  racy of measuring maximum water flow

©ljbjh~rz g_ ~_ezZ_| kdzZzqdh\ b g_ |_jibl [
o0ZhkZ b kemqZcghklb « hldehg_gby
kemqgZcgufb b ijhbal\hevgufb ebrv “ey g_
lezaz ebrv ey q_eh\ _dZz g_ mf_xs_
\_ebqgqZcrmx badgdmzijbjhru 2

< < >hdmgzZ_\

HArgZ ba hkgh\guo aZz*Zq dhlhju_ klIZ\bl i_j_~ kh[hc j_~Zdpby
HiZzkgu_ ijhp_kku b yl\evlpbyRapgh ~_gb_ ~bkdmkkbb \ gZmqgghf |
lj "ez]lz fzy | fz dzd gzf dzZz  _|ky "hklhcgZ \k_klhjhgg _]h h[km™”"

K Ihlh ~gy dzZd gZf ij_~eh beb \_klb ]b”jheh]lbg_kdb_ jZk¢
kihkh[hfktbkihevah\zZgb _f f_Ih~h\ |I_hjbb \_jhylghkl_c b fZl_fZlbq_
ijhreh ihqglb e | AZ ijhr_~rb_k I _o ihj ]h?u [ueh gZdhie_gh fgh]
[h]Zluc hiul bo h[jzZ[hldb Z 1Zd"_ jZajZ[hlZgu g_dhlhju_ Zevl_j
ih"oh~u d jzZzkqgzlzf j_ggh]h klhdzZz >Z\Zcl_ihke_"h\Zl _evgh jZkkfZ]
kms_kl\mxsbo b ij _*eZ]Z _fuo f_Ih~h\

ljblezrz_f \k_o g_jzZ\gh”mrguo d h[km ~_gbx

14z
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Fg_gb_

=b”jheh]by dzZdl gZgbgqglkdZy ~bkpbiebgzZ kha”*zZ\ZeZkv "e\
bg g jghhbl_evghc 7~ _yl _evghklb g _h[oh”bfufb jZkqzlZfb jZkol
ith\_joghklguo \h” kmrb Bkoh”y ba wlh]h bg _g_jgu_ ]b”jhe
ij_"klzZ\eyohl[hc hkgh\ghc b \Z g _crbc jZza”_e ]Jb”"jheh]bb

<ky f_Ih~heh]by kh\jZtkeggbd klhdZ hkgh\ZgzZ gz klZIbklbqg_kd
jy*h\ gZ[ex™ _gbc Hkgh\Zl _eb wlh]h gzZijZ\e_gby K G Djbpdbc b F
©klZlbklbg_kdbc ZgZeba "Zgauojgddexklgbaf y\ey Iky hkgh\guf ki
]Jbrjheh]bg_kdh]h h[hkgh\Zgby ijb jzZajz[hld_ \h~“hohayckl\_gguc
F_gd_ev @

Hgb ibkzZzeb ©kh\j f ggZy gZmdZ g_ jZkiheZzZ]Z | \hafh ghklyf
ijhlghabjh\zgby jkbgoghdhgz ~_kyldb e_I \i_jz~" <jy™ eb IzZdh_ ij
\hh[s_ dhdgdZm~”v klZg | \hafh guf KiZIbklbg”kdhkI\ fgghurtu £ kihkh
jZkdjulv aZdhghf_jghklb ijhyleyxsb_ky \ fgh]l]he Igbo dhe [Zgb}
F_gd_ev @

Gzf ij_"klz\ey |ky qlh ~ZIlv j_Zevguc ijhJgha baf_g _gby
dhgdj_lghc j_db ~Z°_ gz ]1h™ \i_jz™ \jy®» eb \hafh gh bkihkevamy
f Ih~ru >2zZ\Zcl_ ihijh[m_f hp_gblv ijZz\hf_jghklv bo ijbf_g_gby

LiZ"bpbhggZy ]b~jheh]by \ Ihf gbke_ b \ jZfdZdOok2003 kl\mxs_
ij_"ezZ]lZ | gzf ~ey hij_"~ e _gby dhebqg_kI\_gghc hp_gdb ]b”~jheh]
ihevah\Zlvky ©\_jhklIglkdiprg kdbfb f Ih~rZfb dhlhju_ y\leyxlky I
f_ Ih"Zfb ZgZebaz \ |b”"jheh]bg_kdbo jZkqzlZo? ><eZ”bfbjh\ @

ImgdHl® d ]brjheh]bg_kdbf 0Zjzdl_jbklbdzf highkibk jiZkeh” \h
kilhdZ \Wruf fh mev klhdiZ fhkdf kehc klhdB \hf*umjh\_gv Ghkt
<Z'g_crZy b hij_"~_eyxsZy \k_jhkoBewhdu £t< "Zevg_cr_f _keb g_ t
bgh_ ih~ I_jfbghf ©]b”*jheh]bg_kdb_ o0zZjzdl_jbklbdbjZkmh"f\hHtgbfZI
ijbg_f kN _ezZ f Zdp_gl gZ fZzdkbfZevguo jZkoh”Zo

Kms_kl\mxszZy f_Ih~heh]by hkgh\u\Z_Iky gZ ijhkluokZzHibh  _gb
ihgylby ©gzZ~z ghklva b ©O)\bkkd¢lghkx¢mx ijbjh m wdhhjiihnklmeZzZl qlh
g_f [hevr_\ _ebgbgZ jZzkoh”~Z \h~u | _fj_ "~ hgZ ijhy\ley_Iky

1 K\h” ijZ\be ih ijh_dIbjh\Zgbx b kljhbl-18¥kI\m HK/_ "~ _e_gb_ hkgh\guo jZkgzl
]brjheh]bq_kdbo 0Zjzdl_jbkDhd~ kIt gkeh]hhkkljhc Jh2008b kK
Lzf
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< jzZfdZo IZzdhc f_Ih*heh]bb jZkqzlguc jZkoh”™ \h~u j_]leZf_glbj
ij_\ur_gby lzdMéyhdzZz ~h]lh \b”"Z kljhbl_evkI\Z mklZgzZ\eb\Z_ fhc
Ahdmf_glzfb miI\_j"~Z fufb =hkkljh_f Jhkkbb \ azZ\bkbfhklb hl mijt
khhjm® _gbc 4.8) 3 GZijbf_j khlezkgh KI 4 dz ~hfm dezZkkm
]Jbrjhl _ogbg_kdbo khhjm™ _gbc khhiI\_IklI\m_1 k\hy ghjfzZlb\gzZy Kkl
\_jhylghklv IThlh qglh fZdkbfZevgug jkZklolh”*IkhVwaxdbc jZkqzlghfm ke
b 9g_ gZklmibl \' I _qg_gb_ jZkqgzlgh]h kjhdKM: kem [u khhjm _gby

p Q Q,tdN R (1)

< fzl_fzZlbd_ \_jhylghklv ihgbfzZz Iky dzZd dhebhafhkidhklidhZy h
gZklmie _gby g_dhlhjh]h kh[ulby DZzZdh\Z \ _jhylghklv gZklmie_ gl
hij ~ ezgguf jZkoh~hf \ [eb Zcrbc ]h”» beb » _kylbe Ib_"

©JZkqzlu ]h~h\h]h klhdZ b “~jm]bo _]lh ozZjzdl_jbklbd ij_*
dhebqg_kI\_gghc hp_gdb hi\_gZxsb_ Ihc beb bghc azZ%WwWgghc
ih\lhjy fhkibh kj ~g f h”bgNj2al\[_a mdZaZgby kjhdZ gZklmie_gb\
\_ebgbgu? >=hjhrd.h\

©AgZq_gby o0zZjzdl_jbklbd klhdzZ ey dzZ ~h]lh ]h~Z fh gh kqb
aZ\bkysbfb ~jm] hl *jm]Z ihwlhfm g_ ij_"klZ\ey |ky \hafh guf ijh
ihyle_gby gh fh gh hp_gblv ebrv \_jhylghklv bo ij_\ur_glhyfihe __ \
>N_"~hlh\ @

Qlh hagzZzqz || _jfbg ©az”~"ZggZy h[_ki_q_gghklva@ bep%ih\lhjy
jZkoh”~Z k IThgdb aj_gby ]Jb”jheh]z" Hg ih*jZzamf _\Z | qlh \ _jf amevl
\_ebgbgm bf_xsmx jZaf_jghklv bkdhfhc Jb”jheh]blyijkdhcedl4Z8Il_jb
glh \ [eb Zcrb_ klh e_I| hgzZ [m~_1l ij_\ur_gZ g_ [he__ h”gh]h jZaz
ij_ \ur_gZ m _ az\ljz

K lhgdb aj_gby I_hjbb \_jhylghklb \ ijZdlbg_kdhf kfuke_ g_
\_jhylghklv Ih]h qlh ©zZ\ZjbcgW 8 ,Mijphbldhc” | aZ jZzkgzlguc kjhd |
glh kh[uRMdijhbahc”_1 ohlvnj&al aEmglx¥\_jhylghklv kh[ulby \ _"bgbq
bkiulZgbi=1& +\_jhylghklv h[jZIlgh]h-K@[@lbyj_ ~klZ\eyxsmx qZklguc

sLzf
4K\h~ ijZ\be ih ijh_dlbjh\Zgbx b kljhbl_evkl\m=b<jhl_ogbqg_kdb_ khhjm' _gby Hkec
iheh _gby :dimZebabjh\ZggZy | -0120@3f, 206289 k
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kemqgzZc \ujz _gby “ey \_jhylghklb A]bf_ gl _k h\[ ujltoy pgihtkbahc? |
jh\gkjZa \ k_jbb bkimlZgbc

R.(&k) Cyp‘q"" )

Lh]~Z \_jhyldhkiv qlh kh[ulb_ gZr fZdkbfZevguc jZkoh” [m~.
ijhbahc”zl \ Rgib®Z\bkbfuo bkiulZgbc ohly [u hAbg jZa fh¥gh hij_»
b[h h[jZlgh_ kh[ulb_ [m~_I khklhylv \ Ihf qlh khhj@a? [m~_1 ij_\ur_

JZkqz! Wwifbylghkib ijhihAngjfme ; jdmigedkiZ\e g \ 1Z[ebp_
><bgh]jzA"h\ Gbdbnhjhtkdbc @
PhnA"N o ‘_qn (3)

LZ[ebpZ< _ebgbgZ \ _jhylghklb ij \ur_gby jZkoh”Z azZz”~Zgghc ih\lhjy

Table 1. The probability of exceeding the flow rate of a given periodicity

dhebq_kl\h e_I| gZ[ex"] <_Jhylghklv 1]_tur_gby
0,01 0,05 0,1 1 5

5 0,05 0,25 0,50 4,90 22,62

10 0,10 0,50 1,00 9,56 40,13

25 0,25 1,24 2,47 22,22 72,26

50 0,50 2,47 4,88 39,50 92,31

80 0,80 3,92 7,69 55,25 98,35

100 1,00 4,88 9,52 63,40 99,41

LZdbf h[jZzahf azZ -ijhe_lglguc jZkoh” [m~_| ohly [u jZa ij
gZ\_jogydidhp_glgug _*kdhevdh [hevr_ ihehilhgpu glkgut £+ kemqzZ_\
fzl_fZlbg_kdh_ ihgylb_ \_jhylghklb kh[ulby g_ khhI\_Ikl\m_lI
\hkijbylbx wlh]h | _jfbgZ

JZkkfhljbf gzZkdhevdh ihgylb_ kemqgZcghc \_ebgbgkdpdf_gbft
0Zjzdl_jbklbdzf \ q4ZRkgphkih ¥th~u ©Iljb hkms_kl\e_gbb ]Jb*jheh]bq_
bkihevamxlky f Ih~u klZlIbklbg_kdh]h ZgZebaZ kemqZcguo ijhp_kkl

Qlh 1Zdh_ ©kemqZcguc ijhp_kk2& \ Jb”jheh]bg_kdhf 1ihgh
]Jbrjheh]bg_kdb_ ozjzdl_jbklbdb hij_~_eyxlky h]jhfguf gbkehf nzdl
dZz ~h]lh ba dhlhjuo mqg_klv ijZzdlbg_kdb g_\hafh'gh Ijb _wlhf d
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oZjzZdl_jbklbdb _klv j_amevlZl kemqgZcgh]h khq_IlZgby wlbo nZdlh
bkke_ "m_fZy ozZjzdl_jbklbdZ "he gZ jZzkkfZljb\ZIyXy kdezxd kkeenmooZZoogouiz
ijhp_kk b ey _z hij_~_ e _gby fh]lml [ulv bkihevah\Zgu f_Ih”u I
fzl_fZlbg_kdhc klZlbk|jmdbybg Dhgh\Ze_gdh OZfvygh\Zz @
]Jbrjheh]bgq_kdbo ozZjzdl_jbklbd hkgh\Zgh gZ bkihevah\sagbkWavjz\g
jZkkgblu\Zz_fhc ozZjzdl_jbklbdb k hij_"~ _eyxsbfb _z nzZdlhjzfb Ilhegl
\k_o0o nzdlhjh\ gz ]b*jheh]bg_kdmx oZjzdl_jbklbdm g_\hafhbgh \ k
kemqgZcghklb \ebygby Ihwlihfm ]Jb*jheh]lboewdky khygqdpbhgZevguf
ghkyl \ _jhylghklguc oZjzdl_j hlghkylky d klZlbklbqg_kdbf _dud gbf
f Ih~u klZIbklbg_kdh]l]h ZgZebaz2 ><eZ”bfbjh\ @ ©Qlébdzkz_
bghf ]h m | _o beb bguo agZqg_gblk hakbhgh jZzkkfzZljb\Zlv dZd ken
>=hjhrdh\ @

Ke_ _~h\Zl_evgh gZr baf_j gguc fZdkikiZreqgdeg4¥ kKorbagbgZz

H[jZIbfky d hij_~ e _gbyf kemgZcghc \_ebgbgu

©KemqgZcghc \ _ebgbghc gZaulZ |Iky ih*"ZxsZyky baf_j_ ¢
hij_~ ezggh]h nbabq_kdh]h kfukeZ agZg_gby dhlhjhc ih”\_
g_dhgljhebjm_fhfm jZa[jhkm ijb ih\lhjguo gZ[ex”_gbyo? >:c\Zayg
1983].

JZkoh” \h~u ih~"Z |ky baf_j gbx bf_ | nbabg_kdbc kfuke
ih"\_j° _gu jZa[jhkm < ~Zgghf kemqgZ_ih"jZamf _\Zxlky fgh]llydjZligu
jZkoh~Z \h”~u ijb g_baf_gguo \g_rgbo mkeh\byo Z @h\lbwd j gl
f_gyxsboky ijbjh”rguo nzZdlhjh\

Fzl fZlbdb kemgZaghZxl \ _ebgbgm dhlhjZy \ j _amevIZl_ bkit
hr"gh b Ilhevdhghkgih\h_agZq _gb_  azZ\bkys__ hl kemqgZcguo nZ
g_ij_"kdZam_fh _

Bkoh”y ba wlh]h hij_~ e _gby kemqgZcghc \_ebgbgu fu ijb
baf j gbb fh™ _f h b”r"Zlv ex[h]h jZkoh”Z \h~u H~*gZdh \k_f ihgylgl
j_db kj_~gbc jAk&kh7d |h b az\ljZz hg [m~_I| 1Zdbf °_ ?keb lhevdh ¢
beb g gzZqg | 1Zylv kg_ ] AgZqgbl ohly [u gZklv nZdlhjh\ fh™ | [ulv
lhijh[m _f i _j gbkeblv hkgh\gu_

| j\uc £ ev.n Q_f djmg_ kdehgu \h*hk[hjzZz |_f h[bevg__ b
iZ\h~"hd Q_f Jem[ _ \j_a jmkeZ | _f [hevr__ dhebqg_klI\h igta\ fguo
[mMmAml ~j_gbjh\Zgu j_dhc
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<lhjhc gZebgb_ gZ \h~hk[hj_ jZklbl_evghklb b ~jm]bo j_]meb
Q_f Ims_gZ \h*hk[hj_ e_k [hevr_ [hekleZzhagd [Imf [h&hegZ iheh\h

Lj IbckhklzZ\ ihg\ b bo \h*hgZkus_gghklv ZddmfmebjmxsZy
kihkh[ghklv

B gZdhg_p q_I\_jluchkzZda&dbh #4Z\h~"db \hafh ' gu lhevdh ijb ¢
hkz~dh\ 1j_~\Zjbl_evgh hp_gblv dzZdhc [m”_| iZ\h~"hd gfghhgdj_|
Ihlh beb bgh]h eb\gy \iheg_j Zevgh Ki_pbZebkEk VhBgdikgm\ iz k

bgl _gkb\ghklv b ms_]h eb\gy fh | k ohjhr_c lhgghklvx kijh]gh
fZzdkbfZevguc jZkoh” dhgdj_lghc j_db
Lzd \ qzf ~_ kemqZcghklv jzZzkkfzZljb\Z _fhc ozZjzdl Ifpklbdb"’

ij_™"\Zjbl _evgh hp_gblv \ebygb_hkgh\guo eZg”rZnlguo ZdehtiZlbq_
\iheg_j_Zevgh >ey dZ ~h]h dhgdj_Igh]h \h*hk[hjZ hgb g_ kemq.
\j_f_gb b\ _ml k_[y \iheg_ ij_"kdZam_fh Ke_"h\Zl_evgh evghebyg
mq_klv IThkdhevdm kemqgZcgufb gZau\Zxlky ©\ lebdaglhdhjupb&2)\ gkl _
hl g  ih~"Zxsboky ij_"\Zjbl _evghfm mgzlm kemqgZcguo h[klhyl evk
gZ ih\_jdm \uoh”~bl qlh fu f kefmg2dgletbgbgzfb b ijhp_kkzfb"

HrgZdh dzZd m _ J]h\hjbehkv ©]b”jheh]bq_kdb_ ozZjzdl_jt
hl]jhfguf gbkehf nzZdlhjh\2 ImkdZc dZ ~uc nzZdlhj bf__|I k\hx \_jhy
ihgbfzy z a”_kv \ deZkkbqg_kdhf kfuke_  didghkghfr lgibfuabk:
jZ\gh\_jhylguo we f glZjguo kh[ulbc khkiZ\dygbkenkhkuld \hafh g
we_f_glZjguo km[ulbc

p(A) =
n

(4)

Lh]~"Z \_jhylghklv kh\f_klgh]h gZklmie_gby ~“\mo kh[ulbc jZ\¢
\_jhylghkl_c¢c >=g_" gdh x t@kdmklebyxsbo nzZdlhjh\ \ i _j\hc kI
\_ jhylghklv h*gh]h nZdlhjZ |Z[ebpZ < ij_"iheh  _gbb qlh nz
jZ\ghagZggu ijb \ _jhylghklb ih h*ghfm nZdlhjm jZ\gh\ _jhylgu
hlkmlkl\b_ \ebygby nzZdlhjz b iylb nZdlhjZo bf__t&«RK[uhlyy®gaBklv ©j
glbm™ _ijZdlbg_kdb g_hkms_kl\bfh
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LZ[ebpZ<_jhylghgbklmie_gby kh[ulby \ kemqgZ_ \ha”_ckl\by g_kdhe
nzZdlhjh\

Table 2. The probability of an event occurring in the event of exposure to several independent factors

Qbkeh nzZdlhjh < jhylghklv gZklmie _gby kh[ulby
1 5 10 25 50
2 0,25 1 6,25 25
5 0,00003 0,001 0,098 3,125

Gh ihkdhevdm kh[ulb_ \k_ jZ\gh ijhbkoh”bl flR'ghgtkfuceZlv
nzZdlhjh\ gz 1Zzd b fghlh Z \ _jhylghklv h*ghagZqggh]h \ebygby wl
\_ebdz

Blzd © azZdhghf_jghklb dhe_[Zgby o0Zjzdl_jbklbd k
g_aZj_]mebjh\Zgguo j_d mklhcgb\u \ I_gq_gb_ i_jbh~h\ khbaf_
><eZ”bfbjh\ @ Ke_"h\zZl _evgh agZq_gby ]b”jheh]bg_kdbo o0Z]j
kemqgZcgu \ fZI _fZlbgq_kdhf ihgbfZgbb wlih]h | _jfbgZz

<lhjh_ mkeh\b_ ijbf_gbfhklb jzkkfzljb\Z_fh]lh fzI_fzZlbq_kdh]h

©Qlh fu "he ' gu agZlv h kemqgZcghc \_ebgbg_ ey ImMhghodh[u b

h g ¢ dZd h kemgZcghc" lj_ "~ \k_Ykhgbkeheggu agZgv gby dhl
hgz kihkh[gZ ijbgbfzlv®d >=g_~ _gdh @ Ijb ijh\_"~ _gbb gZrbo j
\k_1*Z bf_Iv \ \b m qglh \k_ \hafh'gu_ j_amevlZlu “he gu ©Julv
N ckl\bl _evguc bkoh” [m”~_| hrgbf ba \hafh"'guo?2 >=g_"* _gdh @

< jZfdZo kms_kl\mxs_c¢c f _|h"heh]bb ]b”jheh]bgq_kdbo jZkqzl
hi\_1Z gz \hijhk \ dZdbo ij_"_eZo baf_gy_Iky ]b”jheh]bd_kdZy
kiI\hj_ lThemqgb\ jZkqgzlguc jZkoh” khhlI\_lklI\mxsbc h[_ki_q_gghkl
ij_~ihez]lz_f qglh ih j_d_h[yazl_evgh ijhc”_| jZzkoh” KkhhI\_Tkl\mx
h[ _ki_g_gghklb H]jZgbg_gb_fZdkbfZevguo ifagZge gplcy nimhgdg biyb xz
K G Djbpdh]l]h b FN F_gd_ey ©O[_kij_~f _Igh b koheZklbqgh?& ©
gbgyy ]jZgbpu \hafh ' guo agZq_gbc klhdZ g_ ihA""Zxlky nbhbqg_kdh
bgl_j\Zeh]bqgghkijhkljZzgylv gZ \kx h[eZklv iheh bl_evguo \_ebqgb
F_gd_ev @

Hg j_"gh_ h[yaZl _evgh_ mkeh\b_ ©AgZgb_\hafh'ghlh i _j g
kemqgZcghc \_ebgbgu g_ ~Zzl h g_c IZdbo k\_~_gb¢tzZldhbtZjehffhdeb |
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ijZdlbgq_kdb g_h[oh”~bfuo hp_ghdagZI@ jhydgphkfb jZaebqguo \hafh
agZg_gbc bgl_j_kmxs_c gZk kemqgqZcghc \_ebgbgu?2 >=g_~ _gdh

©>ey bkq_jiu\Zxs_]h azZ”~Zgby kemgZcghc \ _ebgbgu g_*
fgh™ _klI\h | _hj_Ibg_kdb \hafh'guo agZq_gbc ZgZeba®hmufhe kem
g_h[oh”~bfh mklZgh\blv ijZ\beh jZkij_~_e_gby \_jhylghkl_c
>:c\Zayg ?gxdh\ F_rZedbg @

< azZ™"ZqZo | _hjbb \_jhylghkl_c ij_"ihezZ]Z _ Iky qlh \_jhylghklg
y\e _gby iheghklvx hij_~ e gZ b | _hjby \_jhylghkl _c azZgbfzZz _Iky
gZoh ~ _gby \_jhylghkl_c jZaebqguo keh guo kh[ulbc \ jzZfdZo *.
fhr _eb 1h wibf \_jhylghklyf fu fh™ _f \ ~Zevg_cr_f kljhblv gZmq
ijh]ghau

< gZr_f ' kemqgZ_ ih”[hj khhI\_Ikl\mxs_c¢c nmgdpbb jZkij_"_
b hij_~ e gb_ ih g_c jZkqgzlguo ]b”jheh]bqg_kdbo® oyZgZdIikjbklb:
j_amevlZlhf j_r_gby az”*Zqb Z g_ _z h[yaZl_evguf mkeh\b_f

Blzd ih \k_f i_j_gqbke_gguf ijbagzdzf bkihevah\Zgb_ [|_hj
]Jbrjheh]bgq_kdbo jZzkqzlZo g_ bf__ | "hklZlhggh]h h[hkgh\Zgby

L i jv g_ihkj_~kI\_ggh h klIzZlbklbg_kdhc h[jZ[hld_ jy~*h
FzZI _fZlbg_kdZy klZlbrkdbdzaz~Zqgb h[jZlgu_ | _hjbb \_jhylghkl_c
F_A\_ AN @ < jzZfdZo fzlklfZlbkgbkitdhhem gZk “he gZ ihy\blvky \h;:
hp_gdb nmgdpbb jZkij_~ e _gby gZr_c \u[hjdb >ey wlh]h fu ~he
jZaebqguo izZjzf_|ljh\ jzZkij_"~_ e _gbc gZ[ex"Z_ fuo kemg4{dguo \_
jZaebqgguo ]bihl_a h k\hcklI\Zo wlbo \_ebqgbg bo jZkijh*hpZdbc L
ihr"oh”ysmx \ _jhylghklgmx fh® _ev bamqZ_fh]lh wdki_jbf_glZ ><eZzZ"t

©<uy\le_gb_ aZdhghf_jghkl_c k\hcklI\_gguo kh\hdmig
nhjfbjmxsboky dzZd ke_ 7~kl\b_ fgh]JhnZdlhjguo k\ya ¢ f-lI_hjhet
] _hljZznbgq_kdbo \hafh gh ebrv klZlbklbqg_kdbfb f_Ih*ZftZ§ XJh "~ |k
1974].

©ljb ijh\_~_gbb ]Jb”jheh]bg_kdbo jZkqgzlh\ ijboh”blky hi_jb

dhebqg_klI\hf bkoh”~guo ~Zgguo dhlhju_ h[jZamx| klZlbklbqg_kc
\_jhylghkkdghlbklbg_kdbo f_Ih~h\ ZgZebaZ b jZkqgzlh\ iha\hey | ihen
agzZq_gb_ ]b”jheh]bg_kdbo o0zZjzdl_jbklbd2 ><ezZ”bfbjh\ @

5 Kl -101-2003
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AZN"ZqZ j_rZ_Ilky ke_~mxsbf h[jZahf >ey ihke_"mxs_c h[jZ]
fZzdkbfZevguo baf_j _gguo jZkoh”h\ \h?u jZg bjm_Iky dZdlijbgylt
[hevr_]h agZq_gby d f_gvr_fm "ey dZ "h]h ge_gZ jy*"Z hij_"_ey
>Ze_ _  ih”~[bjzZ_lky | _hj_Ibg_kdzy djb\zZy jzkij_~_e_gby gZ
khhi\_Ilkl\mxszZy wfibjbg_kdbf IThgdzf ©Djb\u_ jZkij_~_e_gby fh]lml
gh h[uqgh bkihevam_Iky h”bg ba Iljzo Ibih\ ghjfZewg#fy ¢lypkhg:
><eZ” bfbjh\ @ < j_amevlzZl_ \hijhk ihemqg_gby |I_hj_lhup_kdb \l
jZkoh”~h\ \ h[ezZklb j_~dhc ih\lhjy _fhklb j_rzZ_Iky zZ\IhfZlbqg_kdb

lhgylgh qglh ©wdkljZiheypby \ h[eZklv j_~dhc ©Oh[_Kki_q_¢
h[hkgh\ZgzZ | _amevlZlu \ azZ\bkbfhklb hl \u[jZgghc djb\hcb fh]lml
jZa? >GZc”_gh\ Dh’_\gbdh\Zz @ Lhl beb bghc \b” o\hklZz
jZkij_"~ e _gby p_ebdhf az\bkbl hl oZjzdl_jzZ jZkij_~ue_gby
wdklj_fZevguo jZkoh”h\ aZ \_kv i_jbh” gZ[ex™_gbc

:gZeba qzZkimihjy fhklb wdklj _fZevguo iZ\h~dh\ fZeuo b |
K \ 4AZizZz"Z Jhkkbb >J kmjku ih\_joghklguo \h® KKKJ@ ihdZau\Z
86 e | - ]h~u gZ[ex"Zehkv fghlh\h2ebpzZze | < ih”~Z\eyxs _
[hevrbgkl\_ kemqzZ_ \ baf j ggu_ fZdkbfmfu hlebqgzZxbki\EQ gluloe " n
agZq_gbc fzZdkbfZevguo Kjkog~h\gz glh mdez~u\Z_Ilky \ Ilhqgt
baf_j_gby GZijbf_j gZ g_aZj_]mebjh\Zgghc j_d_ F&Ny \j jA\hgb ih
iehsZ”v \h~"hk[hjZz ? t\uWeaZklv ih]j_rghklb baf_j gbc fZdkbfZevgu
ihizeb gZb[hevrbo agZq_gbyLZbkmphjahf fu bf__f g_ jZg bjh\
agZq_gby g_kdhevdbo gZb[hevrbo jZkoh”h\ fZdkpbfdlecvgmk) [ ZgohQ
bf_xsbc j_]Jmeyjgmx ih\lhjy_ fhklv ?keb m gZk _klv klhe_kgbbfjy~ ||
N e_nbdkbjm_Ilky hl ~h jZa

GZ ijzZdlbd_ gZrb jy~u gZfgh]l]h dhjhg_ [hevrbgkl\h gZ[ex’
\ --60-_ ]h*u qgq_f h[tykdy ellky_gb_ dhebq_klI\Z baf_j _gguo jZkoh”h\
ljh[_eu \h \lhjhf b iylhf ~_kylbe Ibyo OO \_dZ h[tykgyxlky *"\mfy fb

GZ hkgh\Zgbb wlh]h fh gh k~ _eZlv \u\h® qlh [eZ]hijbylgZy
iZ\h~dh\ iheh\h”vy kbIimZpby kdezZ”u\Z |ky -k _fv_ e Il qgJZqaBbgbiy
jZkoh”~"Zo \h”u wmlb&_bZ\h~dh\ mdez”~u\zZ_Ilky \ lhgqghklv baf_j_gb
gZklmie _gby IZdh]h kh[ulby dZ ~uc i0kg,22mxsbc |h™ *

LzZzdbf h[jzahf 7~z ©baf_j ggu_2 wdklj fZevgu_ jZkoh”~u g _
hr"ghagZggmx djb\mx jZkij_~ e _gby GZ ijZdlbd_ fm]bd_ dhlihjda]hlh
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HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

Z\lhjZfb jZkkfZljb\Z_fh]h f_Ih"Z

g_

LZ[ebpZlh\lhjy fhklv fZdkbfZevguo iZ\h~Adh\ g_dhABjZéZ aZ Ki_)bp

1881- ]h~h\
Table 3. The frequency of maximum floods of some rivers of the North-West for the period 1881-
1966.
iehsz”v? df 6230 1130 2070 12500 | 14700| 6820 5990
j_dZmgdl Kyky <heh’-| Lbo\bg Fklz =h R_eh<y Emi
]h*u Yogh <heh’| =hj_er mklv._ ‘b AZihg Lhefs
M\ _jb Ohe g_\h
1881 (446) (774)
1899 247 (784)
1901 307 (779)
1905 261 (784)
1911 963 367 (838)
1915 715 233 (853) 1310
1916 1470
1917 774 276 1480 594
1918 1400 536
1919 819 301 1400
1922 708 578
1924 780
1926 928 324 728 1060 (800)
1931 846 252 735 (2130)| 1340 564
1935 821
1936 732
1943 184 254
1946 849 190 305
1948 1560
1955 692 185 244 696 1400 852
1956 1300 585
1957
1959 179 646 1420
1961
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iehsz”v? df 6230 1130 2070 12500 | 14700| 6820 5990
_ FklZz Eh E m Z
j_dzZmgdl Kyky <heh’| Lbo\bg R _ehy
_ mklv_| \ZIlv _ Lhef’
]h~u Yogh <heh’| =hj_er _ AZihg
M\ _jb Ohe g_\h
1962 727 290 1720
1966 788 191 259 713 1120 872 526
kj_~g__ ba fzZdkbf
. 881 186 321 816 1672 | 1085 624
A"bZiZahg ih]j_rghk
_ 793- 1505-| 976- 562-
j_gbc fZzdkbfZevgh] 167-204 | 289-353 | 734-898
. 969 1839 | 1193 687
ih]j_rghklv \uoh~Zz
0 0 14 0 14 11 14
ah§o

ljbf _gZgb_ < kdh[dZo mdZaZgu agZq_gby \ _ebgbgZ dhlhjuo \uau
900 -
8007.8° ________ @:12_50/: _____________
000g !
700 - -%6':’°°°°.:>¢,%m @-12,5%
600 - *000q
. °°°ooo°°°°°°°°
= 500 - %000
o 00000
N 400 - °°°°°°°°oo°%
i ©o
300 - °°°o°
200 - %00
100 -
0 T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
(1A %(-/1=U 9

JbkmghabZiZzahg ih]j_rghklb baf_j gbc fZdkbfZevguo jZkoh
gZ ijbf_j_j_dz mklx _£jMdbjb
Figure 1. The range of measurement error of maximum flow rates

by the example of the Msta River - the estuary of the Uvery River.
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Ih]j_rghkllhp_gd&dgZq_gbc fZdkbfZevguo jZkoh~h\ \_k_gg_|]¢F
hkeh gzggh]l]h e_~hoh~hf b \uoh”~hf \h”u gZ ihcfm wdki_jlgh hp
KmffzZjgzZy highkbl_evgzy df_jogpkIkoh”~Z \h~u ijb hkgh\ghf kihl
khkiz\ey ¢ Gz~h bf_Iv \ \b m qlh gZ kzZfhf ~_e_ baf_j gbc fZdkt

ijZzdlbg_kdb g_ ijhba\h~blky GzZijbf_j gz lukyg ]h~himgdlh'
mijZ\e _gbb Jbrjhf_lkem [u fZdkbfZevguc jZkoh” Ah A _\uo iZ\h~dh\
baf j g \k_]h jzZza | _ g_ [he_ _ kemqgZ_\ hl ijb\_i" jggto \ _

e_"hoh”Z baf_j_gby \hh[s_ g Highbd¥hidlkly fZevgh]h jZkoh”~Z gZ d
AZIm ijhba\h?blky iml_f wdkljZiQeyfbb djbdgbklv hij_~ e _gby mjh)
i _jbh” iheh\h”~vy kzfzZ ih k_[_ hq_gv fZeZ ihkdhevdm e_"hoh”
yle _gby oh” [hevrhc \h*u gZklh khijh\h *Z |1ky dZjg_oh~hf b f_klg

GZrb khfg_gby ih ih\h m z~ _d\Zlghklb kZfhc b"_b wdkljZihey
wdklj_fZevguo jZkoh”h\ \ h[eZklv j_~dhc ih\lhjy_ _fhklb ijhbeexkljbj
fukevx

lj_~iheh bf fu bf__f jy» fZdkbfZevguo jZkoh”h\ \h”u ijh”~he

e | I_j\u_ ~_\ylv agZq_gbc jzZzg bjh\Zggh]h jy*Z [m”"ml bf_
hi Ah Ihkdhevdm h[uggh ijh*he bl_evghklv gZ[ex”_gbc az
e | Ih mkeh\gh jZa”e dgbc jy® gZ ™ -keylgbo < dZ "hf [Zdhf

mdhjhg_gghf jy"m ijhba\h?bf ijhp_"mjm jZg bjh\Zgby bgpZlghalZ h]
jy"z2z H b~rZ_fh \ wlbo ~_kylb jy*Zo g_ fh-0,9%-ghwc jEkoki~lg\ gghklb
GZ ijzdlbd_ bf_y ~_eh k dhjhldbfb jy*"Zfb fu iheZ]zZh%fu dZdhigzZ\b
h[_ki_g_gghklb gZoh”ylky az ij_~ _eZfb gZr_]lh jy~rz Gh bko
jZkkm '~ gbc fu agz_f qlihghagBb_ khylghklvx “he gu ihiz*"ZIv \ gZ
Ilh"h[gmx eh]bdm fh gh jZkijhkljZgblv gZ ih\lhjy fhklv b *"Ze _
bkihevam_fZy gZ k_]h~*gyrgbc ~_gv hnbpbZevgziahfil\|hRBd&ksmfazZd
KI -101-2003xih f_gvr_c f_j_ khfgbl _evgZz

Kms_kl\mxszZy f_|hA"bdZ ]b”~jheh]lbg_kdbo jzZkq_Ih\ wf_ | b
iexku Dzd gzf ij_"klz\ey_Iky bo \k_]h Ijb

| _j\uczx f_Ih*"bdZ gZ k_]h~*rgyrgbc ~_gv hljZz[hlZgzZz ijbgylZz
ijh_dlbjh\sbdh\ b baukdzZl_e_c ijhibkzZgZ \h \k_o j_lezZf_glbjmxsbc

SF_lh~"bg_kdb_ mdZazZgby =hkm~Zjkl\_ggZy kbkl_fZ h[_ki o gby*udgkl\@Zbalh_
dZzgZeZo F_Ilh~bdZ \uiheg_gby baf_j_gbc fehsZMfvaOkEBrhklvF Ba~rzl_evkl\h
klZzg~Zjlh\
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<lhjhc f£lh”"bdZ kgbfzZ_1 \kydmx i_jkhgZevgmx hlI\_IkI\_gghkl
ijh_dlbjh\sbdZz az g_ijZ\bevgh ijbgylu_ j_r_gby Ex[Zy hrlg[ddZ fh"_
©aZzZijh_dlguc? iZz\h~hd

Lji_Ibciph kljhbl_evkI\_ h[t_dlh\ gbadh]h mjh\gy hI\_IkI\_gghk

10 £+2% ih\lhjy _fhklb gZ bamg_gguo j_dZo Hf Ip~ bdzr"d\4ldbe_
jZkgq_lgu_ agZq_gby
ljb wlhf fu _s_jZa ih”q_jdb\z f ~ZggzZy f _|h”"bdZ bbh_ | ijZ

jZkq_l1Zo iz\h~dh\ [he__ j_~dhclhevidihey bgmigbgguo j bd klsbdklv
jy*u gZ[ex™~_gbc gZ gbo e_I|I b [he__

<u\h”u

1. ljbf_g_gb_ fZl _fZlbq_kdh]h Ziizjghkl X1hkybghlkldh]h ZgZebe
]b~rjheh]bg_kdbo jZzkgzlZo g_"hklZlhggh h[hkgh\Zgh

2. Qbke _ggh_ agZq_gb_ ©\ _jhylghklb ij_\ur_gby?2 g_ khhl\
\_jhylghklb k IThgdb aj_gby | _hjbb \_jhylghkl _c

3. JZg bjh\zgb_ fZzdkbfZevguo jZkoh”h\ \ h[eZklb j_~dhc ih\l
ih~A[hjz I_hj_Ibg_kdhc djb\hc jzZkij_~_e_gby g_\hafh gh \\b"m ij
ih]lj_rghklb baf_j _gbc gz” jZzaebqgb_f f_""m kh[hc khk_~gbo qe_gh\

4. G_ ebfblbjh\Zggh_ m\_ebqg_gb_ agZq_gbc wdklj_fZevguo
"bagb j_db kjzZ\gbfuo k ]_heh]bq_kdbfb i_jbh*ZflZ\Hf kjlgfluke<hggh
i _j\uo 1Zdbo j_d g_kms_klI\m_| Kimkly lukyqg_e_ libhy\@pZviwyhdh\uf k
j_db gh wlih [m ml m"_ ~whbpuoj \dhb*gkhklv j db \k _]~Z azZ\bkbl hl c
\uiZ\rbo hkz~dh\ HkzZ~db h[jZamxlky ba gZoh”ys_ Jhky \ Zlfhk
dhebqg_kl\h dhlhjh]h \ k\hx hq_j_"v j_lezZf_glbjm_Ilky dhg_qguf L
agZq_gb_f kheg_qgqghc jZ2*bZpbb ihklmib\r_c gZ ih\_joghklv iezZg_|I

5. ljb jZkq_1Zo iZ\h~&h\ih\lhjy fhklb "ey bamqg_gguo j_d Kk
gZ[ex™_gbc gZ gbo e _ | b [he__ "~ZggZy f_Ih~"bdZ bf__| ijZ\h gz °
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