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AnnoTtanus. Ipeanaracmas cTaThst OTHOCUTCS K
pazaeny  dunocodpun
JUCHUIIUHBL — trapojoruu. OHa omupactcs Ha

KOHKPETHOH  Hay4HOH
naconoruto  FOpus Bopucosuua Bunorpagosa,
VUCHHKAMH W TOCJCAOBATCISIMH KOTOPOTO MBI
apasseMmcd. CTaThd COCTABICHA IO €ro Occemam,
emé¢ HEC J0
PaccMOTPEHHOMY H 0O0OpabOTaHHOMY HACICIHIO.
Leneto  paGoTel
BHHMAHHE HA TAKOHM BAXKHBIIN U aKTyanbHBIH BOIIPOC,

3amuCsIM, OTPOMHOMY, KOHLIA

SBIIACTCA  ITOIIBITKA O6paTI/ITb

KaK COOTHOIICHHE VPOBHCH HAIMMX TCOPCTHUCCKUX
paspaboTOK B THAPOJIOTHH W WX TPAKTHUCCKOTO
OPUMCHCHMUA. B CTAaThC IIOKA3aHO, YTO HAa JAHHOM
3Tane THAPOJOrUs OOJbLIC PACCMATPHBACTCS Kak
TCXHOJIOTUA, UYCM KaK HayKa. HOHO)KHTCHbeIﬁ
UMUK PE3yabTaTaM HCCICAOBATCIBCKUX padoT B
00/IaCTH THUAPONIOTHH CO3AaET TCXHOJOTHUCCKHH, a
HE TMpo(eCCHOHATBHBI YPOBCHb HCIOJHCHHA. B
paboTte
SKCICPUMCHTAJIbHBIC

PacCMOTPCHBI  MCTOOJIOTHUCCKHC |

acleKThl  «TPAAULIMOHHOMU
TUAPONOTUN» U «TUAPOJOTUH HOBOTO MOKOJICHHUS,
JaHa OLECHKA COCTOSIHHSI COBPEMEHHOM IPHKIIAAHOU
TUPOJIOTHH,

MNPHUKIATHOU

paccMOTPEHBl  HOBBIE

Taxke B

KOHIICIIITHH
TUAPOJIOTHUH. CTaThe
PacCMOTPEHBI

MPOTHO3HUPOBAHUA

33Ja4d  ONEpPaTUBHONM THUAPOJIOTHH,
THAPOJOTHUECKUX — ABJICHHH U
IOCTABJICHBI  IJIABHBIC

poLCCCOB, BOIIPOCHI

THIPOJIOTHH — PacyEéTel (OPMHUPOBAHHUS PEUHOTO
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HYDROLOGY: RELATION

BETWEEN THEORETICAL AND
APPLIED HYDROLOGY

Tatiana A. Vinogradova'?,
Alexey Yu. Vinogradov??

Saint Petersburg State University, St. Petersburg,
Russia; Scientific and Industrial Research
Association Gidrotehproekt, Valday, Russia;
Saint Petersburg State Forest Technical University,

St. Petersburg, Russia

vinograd1950@mail .ru

Abstract. The proposed article relates to the
philosophy of a specific scientific discipline -
hydrology. It is based on the ideology of Yuri
Borisovich Vinogradov, whose students and
followers we are. The article is based on his
conversations, records, a huge heritage. The aim of
this study is an attempt to draw attention to such an
important and relevant issue as the correspondence
of modern theoretical developments in hydrology
and their application in practical hydrology.

It is shown that at this stage, hydrology is seen more
as a technology than a science. A positive image of
the results of research in the field of hydrology
creates a technological rather than professional level
of performance. The paper assesses the state of
modern applied hydrology; new concepts of applied
hydrology. The tasks of operational hydrology,
forecasting hydrological phenomena and processes
are considered. The main questions of hydrology are
posed - calculations of the formation of river flow.
New generation hydrology should prevail over
traditional hydrology. This should be manifested in
the achievement of the true adequacy of our
modeling systems to nature. The danger of
simplification of natural phenomena and processes,
which is traditionally used in calculation methods in
hydrology, is considered. The article addresses
general issues regarding the future of hydrology and

Vinogradova T.A., Vinogradov A.Yu. Hydrology: relation between theoretical and applied hydrology.
Hydrosphere. Hazard processes and phenomena, 2020, vol. 2, iss. 2, pp. 102-111 (In Russian; abstract in

102 English). DOI: 10.34753/HS.2020.2.2.102
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klhdzZ =b”jheh]by gh\h]h ihdl the hydrometeorological observation system.
ih\k_f_klgh \hah[ez"ZIlv gzZ" first feature of the new system will be the ust
]b~rjheh]b-Fh \ _dZ WIh “he gh fundamentally new devices and installations. Tl
\ "hklb"_gbb ih"ebgghc Z~_d\. devices should make a revolution in
fhr _ebjmxsbo kbkl_f ijbjh”_ hydrometeorological fundamental and app
hizkghklv g_Z”_d\Zlgh]lh mijhs science. Give greater accuracy to measuremel
ijbjhrguo y\e_gbc b ijhp_kk observed hydrometeorological parameters in
ljZz*"bpbhggh bkihevam Iky \ jZ and space. Now, to simulate runoff formation,

\ 1brjheh]bpbhf_ Th]jh \ klZlv_ calculated time interval is equal to days. In the fu
h[sb _ \hijhku dZkZxsb_ky observations should be made at intervals
]b~rjheh]lbb b kbkl_fu ]Jb”jhf_I_I averaging from minutes to hours.
gZ[ex™_gbc | _j\hc hkh[_ggh

kbkl_fu [m~ | bkihevah\zZgt

ijbgpbibzevgh gh\uo ijb[hjh\ |
dhlhju_  ~he gu kh\_jrblv i_
]b~rjhf I _hjheh]bg_kdhc nmg”"Zz
ijbdezZz”ghc gZmd_ ihalhey
jZaj_r_gb_ gZ[ex
]b~rjhf_I_hjheh]bg_kdbo ihe_c
ijhkljZzgkl\_ WIlh dZkZ_lky b I
gh\uo kihkh[h\ baf_j gbc ?ke
fZkkh\h]lh fh~_ebjh\Zgby nhjfb]j
hkms_ kl\ley fh]lh ih KklzZg"Zjl¢
gZ[ex~_gbc k_1Ib ]Jb”rjhf_I_h
klZgpbc jZkqgzlguc bgl_j\Ze "
kmlidzf |h \ [m ms_f gZ[ex”"
ijh\h~*blvky k bgl_j\ZezZfb kmff
hkj ~g_gby hl fbgml ~h gZkh\

Dexqg_\u_ keh\Znmg~zf_glz Keywords: fundamental (theoretical) hydrolog
| _hj Ibg_kdZy ]b~rjheh]by practical hydrology; field hydrology; engineeri
]b~rjheh]lby ihe_\Zy ]b”~jheh]b hydrology; hydrometeorological survey
]Jb”rjheh]lby Jb~jhf_1I_hjh
gZ[ex"_gby
<\_ " gb_ ]b”rjheh]lbb hlkmlkl\bx \b” _gby gug.

h[ b [m"ms_]lh _z jZa\blby GZrZz
N N
Ihke_ngpnnu iheghklvx 'J(”ka fkhQ/ ulghc hkfukeblv kms_ki\n

\kydZy ~bkdmkkby hlghkbl_evgh ZP
]bAjheh]bb kj _~b gzmd h A_fe 'ﬁﬁ&a yQ r_cgzmdb

[hevrbgkl\h fheh”~uo Ki preb<kaIZ\bfhk\yav f_""m
\hkijbgbfZxl ]b~jheh]lbg_kdb_ jAkagt@f lylZevghc b ijbdezZ”"g
ijh]ghau dzd ihke_’\h\ZI_evgthv]rbij\_meehzjggl@o

azZjzZg__ j_lezZf_glbjh\Zgguo ~_ckl\bc Gbdlh

azrmfulZ_Iky g_Ihevdh hdZq ki\ Q%evéﬂ?%hﬁ ~glZevghc 1_hj_Ibqg_|
\ jZkqzlZo i_j\bgguo fZIJbZeh\ dﬁe% gZkih 'hgbfzx' thki_i
ZA _d\Zlghklb ihemgZ_fuo | amev%?ﬁ%““l%éSWK#V b g_ij_julgh jZalb\Zx:
iib\_eh d A _]jZ"Zpbb meqghc b1 ba _kdmx b 'r”—'bq—kdmx
<bgh]jzAh\Z L : <bgh]jz2bAjheX]by khhighr_gb_ | _hj_Ibq_kdh

]brjheh]lbb =b”jhkn_jZ Hizkgu_ ijhp_kku b y\le_ gdyk KLO2-111.
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gZr_c gZmdb Bf_ggh nmg”~afolgt¥ebdlzy kh kp_gu wglmabzZ}
]b~rjheh]lby iblZ | ijbdez*gmx hNbgZgkhjmzxlky ebrv ©km]m[h ijZdlbc
his__ khklhygb_ \hafh ghklb b ijjhdzjfgldkim mkhlhju_ \uihegyxlky ih klZjb
ihe _aghklv < Ih "_ \j_fy Kkijhk gZ gh\u_ f_Ih
Nmg~rzZf _glZevgZy ]b~rjheh]bpzkqgzlh\ b ijh]lghah\ j_qgd&hph Zkiguaz
oZjzZdl_jbam_Ilky [hjv[hc fg_gbc Jbhhkheh]bgh&dbo y\e_gbc g_ij_julgh jZ
kf_ghc k\hbo | _hjbc djhitnledhkfvx _sz ~he]lh g_ kfh _I [
p_e _mklj _fezgguf ihkljh_gb_f h[anl1h\e@”Ab pzg \ k\yab k bg _jlgh
k\h_c gZmdb <k_ _z ~hklb _gby_bmebfmkiZldikbkl_fu

g _ba[_"gh kdZaulzZxlky gZ gZ"z gh I(i o} N
i _ameviZIb\ghklb k\h_]h ijbdeEJAIBg §" 92y Ib*jheh]by
ijh~he  _gby libdezZ~g4p"jheh]lby g9gZijZ\e _gZ ¢

L i jvke _“m_1| h[jZlblv \gbfzjgh_gkgzjZagh]h jh~Z ijh[e_f b aZ*"Zq Kk
lez\ghgzZtg_au[e_fhklv ke_"mxs_ckkehnykepxesbfbky aZijhkzfb h  kbkl

nhjfmeu jZa\b\Zy nmg~rzZfl§rgbehhing_kdbo k\_"*_gbc b f_Ih~"h
]Jb”rjheh]lbx \u jzZa\b\z_|I_ b ijbtkex™gmre _g [ulv k"_eZg “zkldbc \u
H[jZlgh_ g_\hafh gh 1zZd dzd \ iWwelgfhkeaZqBkbfhklib \hafh ghkl_c ijbde
]b”rjheh]lby i_j_klZg_I jZza\b\Zlvky]lbhjhgh]lbbazd hl khklhygby ]b~jhe
wlh b ijhbahreh \ Jhkkbb gZ ]jZgbpmafRfeldeevghc B wlh g_kfhljy gz
gug_rg_\]hdh\ jZa\blb_ bf_ggh ijbdeZ”~ghc ]b”jhe

Gh kms_kI\m_I b [he__ \Z gzVkpgjitke bagrlyfmebjm_Ilky \h*hohayckl\_
h[jZlgZzy k\yav f_""m nmg"zf_ g¢jlzedlprudb thjlZgbazZpbyfb fbgbkl_jkl\z
ijbdez~ghc ]b”jheh]b_c¢ HgzZ \haguodkI\Zfogb ebpzZfb ijbgbfZxsbfb j_r_
nhjfmebjh\Zgbb ©ijZ\bevguo? \hdjhtkh\ \khfy iheh _gb_ "~_e \ nmg"Zf_g
klhjhgu ©ijbdez~rgbdh\a zAj klb~jheh]bb fZeh dh]lh bgl_j_km_lI
©nmg~rzZf_glZevsbdh\2 beb ijb bo [ihrekwvpaKldqhh kZfbo ]b”2jheh]h
lh memqrblv \ ij_~eZ]Z fuo f_Ih rgbkjhkaghxripoky d j_Zebyf kms_kl\m
fhr _eyo Bf_ggh ©OijbdéZmylbddVv'_ckl\bl_evghklb <kz wlh ijb\_eh d If
[he _ h[t_dlb\gufb p_gbl_eyfbhafl@hghklb ijbdeZ~ghc ]Jb~jheh]bb hd:
f lh"heh]bc B bf_ggh k gbfb dzdgk_afbpkh\ d&dgh _ggufb [he__ Th]h
\hafh gufb Zj[bljAfb kihjZzo f_“Ameh _gb_ \_s_c Ihjfhabl b jZa\blb_ ¢
]lbrjheh]-Zfbhr _ev_jzfba fh™_| [ulvhd\hkegtgZggh]h ieZgbjh\Zgby b ijh_dlbjtf
gZ™_""Z gZ jZaj_r_gb_ ighpefdia_eb Kh\j_f_ggjbydeZ”rgZy ]b*jheh]by \jh

[he__ ijb_fe_fu ~ey ijzdlbdb [4_gdohRysZyky \ g_ihkj_"klI\_gghf dhg
ij_ djzkgh agzx! qglh fghlb_ Z\lhjZdibdhe ¢ \kz [he  mA~rZey lky
gZklh gZ™_eyxl k\hx ijhrmmel’bbfx glZevghec g_ hljz z | f
g _kms_kl\mxsbfb “hklhbgkl\Zzfb "hklb" _gby ihke_"g_c b kh k\h_c klhjh

dZd h[klhbleh \ ]b”jheh]h. kh”*]hlh\beZ 1j_[h\Zgbc b ih _eZg!
\aZbfh”~ _ckl\b_f f "*m nmg~Zf_dllddvgledbx b d k\h_c hrghbf_gg

ijbdez~rghecqzklyfb \ gZklhys_ _ \jnfpg~Zf_glZevghc "bkpbiebg_

Dhg_qgh 1Zdh_\azZbfh~_ckl\b_ _Kivbgh hga \ulibdez~gZy Jbrjheh]by
kbevgh hkezZ[_eh b bkdzZ ' _gh kWws]*\ngx&kpZ\g_ggh [he__ dhgk_j\ZIb
iheh” _gb_f ~ e ih djZcg_c f_j nmgldhfkkdlZevgZy >\Z hlebgguo *jm] h
Nmg~rzf glZevgZy ]Jb~rjheh]by k\mkifzazezley \uf nmgdpbyf hkgh\
[jhr _gghc gZ ijhba\he kmAv[u [jbjl/hdbghhgguo gZijZ\e_gby ¢ ijbdeZz
| ogheh]lbc \ ijbdezZ~rgmx ]b~jhehddpheim]dlly dhlhju_  [_amkeh\gh khao
bkkyd b[h hg ih?iblu\Z_Iky ebrwh@afhgghbtdZ _ b m\_ebqzl k\hz agZ
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[Mm*ms_f whkh jZkqzlu b ijh]jghau klhdkgih\ghc bklhggbd
Aim]bo ]b~jheh]bg_kdbo y\e_gbc ]b~jhf_| hjheh]bgq_kdhc bgnhyiBpbb -
Dmjku ijbdezZz”~ghc ]b~jheh]bb Jh&kimWZblol\_gZy klZpbhdZjyZy! §ubv
"\'mo JezZ\guo jZa”_eh\ hJuqggh i IM"KkiljAd\eypblq_kdbo b ]brjheh]bg_kdbo |}

"hklZlhggh hirbjgh_ i_j_eh _gbhklhhkgmhRlhjhc Dbklhggwdh =*fZeZy
nmg~rZf_glZevghc ]b”jheh]lbb k ]hkEZAZjlgIb_dgZy k_1lv \h*gh[ZeZq
dhgdj_lguo j_dhf_g~Zpbc b lddhhjjlwo b [hehlguo klZgpbc Z 1Z«

iheghklvx ijbdeZ”~guo Zki_dlh\ gZaul\Z _fuo ©iZjguo?® \h~hk[hjh\ e_k
<Z'gh ihfgblv qlh g_ba[_"ghiheadbdzZxjZzkiheh _gguo ih[ebahklb *j

gh\u_ ijZzdlbg_kdb_ ijh[e_fu \kekI\B_ qg_]h

ihyleyxlky gh\u_ Zki_dlu b \ ijbdéghglgc *hklzZlhd wdki_jbf_glZevc

]Jbrjheh]l]bb Emqr_ ij_~\b”A_Iv wib Zbi*jéhleshbbddbdh _ ijh\_~ gb_ wdki_jbf_gl
]hih\ufb d bo j_r_gbx gZ[ex”_gbc \ hlju\_ hl I_hjbb klhdZz

Blzd ijbdez”~gZy ]b”~jheh]by fkhkiAbdgbkdh]h fhr _ebjh\Zgby k
ke "mxsbo jZza”_eh\ wdki_jbf _glzkzfhf wdki_jbf gl _ GZ w
x ihe \Hb”~jheh]bb g_"hklzlhd fh gh \alJeygmlv b k "jm]hc
Xx bg' _g_jdbéjheh]bb ihiuldb gzZdzZieb\zZIlv ~Zggu_ \ijhd gbdtr
x hi_jZlb\glhejheh]bb ijb\h~"beb d mki_om

lhe \Zy ]bAjheh]by ljbgpbibZebghft bklhngdhf gZmaggh
]b jheh]lbqg _kdhc bgnhjfZpbb yley

L_jfbg ©ihe_\Zy ]bAJheh]byak hpdb eYgu wdki_"bpbhggu_ bkke _

yley Iky h[s_ijbgyluf b jZkijthjZ z—%g/uf %lhjuo h[udgh yley Iky hAgz

ihe_aghklv _]1h ijbf_g_gby grR uo bab
\uaul\zZ_ | H~”gh\j_f ggh fu “~he’ gu%ﬁ Hbabg

N j ’\Zkv _kl_kI\_gguo ijbjh”*guo
\gbfzgb_ gz ke _"mxs__ 'Ajbgp bhz'ieﬁ Az g_ “dhihjufb Ihgdhklyfb b h
jZkkeh _gb ihe \uo b Jhe amq gguo kihjhg bAjheh]b

bkke_"h\Zgbc
K hAghc kihjhgu khA_j'Zg b"hP kk%\z
Ibrjheh]bb \-iZdhjc. Zkkhpbb g Kiky

glh gzZklh hdzZaulzZ _|ky g_h]
lghlh ihkljh_gby g_dhlhjuo w
%I fZIb kdbo fh~_e ¢ nhjfbjh\Zgby

> .,
owdki_jbf_glZevgufh bkke |bZkguo Jb~jheh]bq_kdbo y\e_gbc
ijh\h~bfufb gZ fgh]hqbke \zliZchgu [_~kl\by ihke_

\h~rgh[ZeZgkh\uo kIhdh\uo kIngl% rk | kh[h dimigquo dzZlzZkli hnb
A eZ klzZpbhgZjguo Ihwihfm wlb Pkke Aﬁ Imig J

_i_ggh m\_ebqgbl ihegh
bc h |hke gbo

%yg jah]bq kgbgzlu 1Zd _ jza~_ e

ghc Jb”jheh]bb hlj N _eb\rbcl

vIZI g_dh]h "hcghlh \ha”_

kquZIv ihe \ufb fh gh lhevdh mkd
K |he_\hc ]brjheh]lb_c 1zd"®

ijhn_kkbhgZevgmx ~_ vyl _ evghklv d JZA

dhlhjzy kh\_jrZglklkkj_~kI\_ggh J'

h k ijbjh~h P_ -

[s_gbb "Jbjh7he = P_evx _8\2 WIh ijzdlbgq_kdb_ aZijhku kh kIt

]b~rjheh]bg_kdbo bkke h\Zgbc Zgybj rs L b oijh_ dIbhm]>ngtbcaZpbc

ijh\_~ f_j Z A

ijlll_ f_ZgIE;Z bba _"Jz_gbuco hg [;)E ¥ iﬁl '%kl yggh ohly b g_ kihev [uklj
— PLY g9 g T%hkv jZkhimfsb ghklb [bApheh]b

(pr_teibacs
:!ﬁ’h k_kz]: ‘hliz]b\g—kd]i‘i :éth]ilzokf‘zsh 1{ PZIv kK\hx T_Ih~hehlbx b ih\t
1NP_ y J y _Ih\ gZ 1Zdb_ aZijhku

A A
yley_lky  hkghlguf bklhagbdnf g§ Ikdlehxa Z azl_f \ Jhkkb

NK1Z 7 h %
= ‘\e_gbec b gzr_c i_jibgghc %”hH ‘j 1°Z bf_eb kdehgghklv d |
h ]bAjhehlbq_kdhf fbj_  \h \ -~ ) .
ihAjh[ghklyo kifhlbo ©ghjf b ijZ\be \ g
]brjheh]lbg_kdbo jZkqzlh\ Ney |

10<
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kljhbl_evghlh ijh_dlbjh\Zgby ?7~bgu_Iljigg\phefZ djZcggc dhjj_dlghklb b

kihkh[gu \ dlhdhftc_ j_  dhfi_gkbjhBkKdwmkkI\_gghklb y\ey Iky ihklZgh\dZz
g_"hklzZlhgghklv ijhn_kkbhgZebafgmhj®] he\whd b d jZkij_"_e_gbb K1t
Jb~rjhehnl]ifh _dIibjh\sbdh\ Gh k @jmihc*_ezgghklb \\h~Abfu_  ijb j_r
klhjhgu \hafh gZy h]jZgbg_gghRRBgghclhgEtzqgb kkly&Zgd f kh\f_klblv
_"bghc b h[yaZl_evghc f_Ih~*bdhdéu¥®_ge dbhjulo_ahgguo f_kygguo beb
kemqZyo kihkh[pegnm@ijbdez~rgbdhW@\gmljb]l]h*h\uo we_f_glh\? klhdZ k g_

imgbgm [_aukoh”~ghklb \_jhylghklguf hnhjfe_gb_f qlh ~_eZ 1Kk
=b~jh]jZzkuhdZz \ aZfudzZxs_f kNkhjlhi#eb hg_gv mkeh\gh beb ~_ ijhklh
gZb[he_ _ ihegZy nhjfz ij_"klZz\we gbm | hif_Iblv glh  kms_kl\m

bgnhjfZpbb h j_"bf_ klhdzZ "Zgghcihedb_ ¢irg2de \ h[eZklb jZkqgzlh\ j_qgl
kdehgghklv d mijhs_gbx bgh]”*Z \ggm\”_ihgehgflmc f_j_  hlkhygjZzfl gguf
Z bgh]”Z ijhklh m~Ah[ghfm dzd glj [h\PgbyffmgZmdb b ijZdlbdb D
"hihegbl_evgh]lh Ijm~Z b hkh[hc d\Z¥étknbddhpbigbf_gy_fuo f_Ih h\ ij_"~_
ih"\blez ]b”jheh]lh\ gZ \\_"~_gb_ ike*kRIA\é gbyg_klb wfibjbg_kdbc 0Z
h ©jZzkqgzlguo ]Jb*jheh]bg_kdbo oZjjzk&lgzlbgbdxo2f b njibjfrhg_"_e_gbb
dzZzd ghkbl_eyo h[h[szgghc bgrEKgpllmwo h]l]brjheh]bg_kdbo o0ZzZjzdl_jb
]b”rjh]ljZznZo klhdz LzZdbfb ozZjzZzdlké¢lmkblydztdkmlkl\by ~Zgguo ]b”jhf_Ijl
yleyxlky kmlhqgu_ AN dZ~gu_ gZfexyqgglic \ bamqgZ_fhf klI\hj_ \r
]h~h\u_ fZdkbfZevgu_ b fbgbfZevgdhjudkeh™zl ebrv kZfu_ h[sb_ b mijhs
\h~u gZghkh\ obfbg_kdbo \_s_ki\_"gldVelhgjlfy oZgbaf_ nhjfbjh\Zgby klh
Ibih\ [bhlu K gbfb ]hjZza”h ijhs_ bf_IWH”ghhb Vba ijbgbg mdZaZgguo g_"h
jZaghl]h jhnrz IZ[ebpZo b myijagzhglguokeh b\rZyky kbkl _fzZ \a]Jey”
aZ\bkbfhklyo Bgkilrezvamxlky kjlbgjheh]bqg_kdb_ jZkqgzlu Bf | 1
jZkoh”~u beb h[tzfu klhdz azizZjZjhhkZevgZy kbimZpby gZ h[hk
hij_~ e _gby dhlhjuo yl\eyxlky hpafgdmfbjZzkgzlguo ]Jb”jheh]lbq_kdbo
iheh\h”~v_  izZ\h~"hd f_"_gv glhdhlglhfure\ ggihmx hq_j_~v hij_~_eyxl jZa
\e _qzl aZ kh[hc wnn_dlu g_hij_" lkldhdghklhs ieZgbjm_ fuo b ijh_dlbjm
JZkqgzlgu_ ]b~jhljZnblghkjdb_gbc 1jZIblvky gbglh gZy “hey
oZjZdl_jbklbdb e_J]dh ih~"kbjgZixlkyy f_gb \u”_ey_fuo gZ ijh_dl \
klZlbklbg_kdhfm ZgZebam b Kha~zZdibyueh gh_ ij_~klzZ\e _gb_ h _kl_
jZkij_"~_e \gbhgylghkl_c y\eyxlky hikghbgh\ghkKlb*jheh]bg_kdbo jZzkqzlh\ Lz
ljZ"bpbhgghc nhjfhc ij_"kiknkelhygy ~_e ijb\h”*bl d Ihfm qlh
j_amevlizZlih\ ]b”jheh]bg_kdbo jZzkgzahX[hHdbddh kha~rzZ\Z_fhc ]b~rjheh]b
\ur_eyebkv b ijh*he zZxl \u”_eyltkhh~hém}bob yleyxsb_ky ih jZaguf ijb
ihkljh_gby djb\uo jZkij _%XlljhgpybdZfb mijhszgguo wfibjbqg_
]b”rjheh]lbq_kdbo o0zZjzdl_jbklibd iijb*"odhzébglZsbszZxl k\hb ihabpbb kkue
g _iheghl_beb hlkmlkl\bb "Zgguo IZ[gxh _idkecvah\Zl _ev g_ ijbf | [he__ K
gZklhys_  \j fglldkdehgy Iky d fig I¢pBbkR\ Ihke g __ mlI\_j "~ gb_\ [hevr.
glh IZzdh_ jza™_e_gb_ f_Ih*bqg_-kdbjdlimnhghghbl bag”r gpbyf ihke_"g_]h \j_
az ijhyle _gby g_klZpbhgzZjghldh~Z jywfhggh ihevah\Zl_eb \udzZau\Z:
gZ[ex™_gbc I _jy_ | k\hc i_j\hgZqgZé¢Xghqgzkhuikgb _ ih ih\h~m Nh kbo
Bgl_j_kgh qglh hlkmlkli\b_ gZ[ex{_ bt \KkibjmZ fuo f_Ih~h\ ]Jb”jheh]bq.
\uaul\Zeh d "bagb [he__ keh ' gu_ jZKoglh\ kgu _
"ey nmg”"zZf_glZevghc ]Jb”jheh]lbb fHK"g_ d&gtheh  _gb_ \_s ¢ \ |I_hjbb
ih~oh”u j_aghlh klhdz b jza\blbb f_Ih”~h\ _]h
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keh behkv g_ kZfhytbkhkv Ke_~klxb\ kemqg®Z m~h\e I\hjzgghklb bf_ xsbfbk

ke_"mxsbo h[klhyl_evkl\ jZkihjy  _gbb f_Ih~rZfb ijhlghabjh\Zz
tijbgb  _gb_ ijb ieZgbjh\Zgbb hgZezZlyky \ khhl\_Ikl\mxsb_ bgklZgj
bkke_"h\Zl_evkdbo jZ[hl jheb nmg"2fxglZewdypbbjh\ZIlv ihy\e_gb_ [

bkke_~h\Zgbc \ h[ezZklb kha”ZgblylhKithibpguo ih”oh~h\ k ijb\e_q_
nhjfbjh\Zgby j_qgh]h klhdZ b Ahbhijbgblbbvguo gZmqgqguo kbe
\hh[s_ b \u”\b _gb_ gz i_j\h_ f_Xlijhihedbw  kj_~b ihlj _[bl_e_c
az”"zZq Il_dms_]h fhf_glZ ijhlghklbg_kdhc bgnhjfZpbb jZ[hIm
+tg_"hklzZlhgghklv dhebq_kI\Z pzat§gkg_kb¥X kmsghklb ij _"eZ]Z fuo f
bgnhjfZpbb k ihklhyggh khdjZjdysazkyb ~h[b\Zlvky ihgbfzZgby ih i
Ib*jhf_1_hjheh]bg_kdhc k_Ib kihybex@1Ziy j ~ iheghp_gguf b wnn_dll
\h*gh[ZeZgkh\u_ klZgpbb ]Jbrjheh]bq_kdbf ijh]ghabjh\Zgt
tkgb _gb_ ijhn_kkbhgZevgh]h h[t_mib\gMo ij iylkl\bc ~ey ~Zevg_cr_
ih~]Thlh\db dZ”"jh)\ kh\f_klghjlhh~he gby
tijZdlbg_kdb ihegh_ ij_djZs a0 kv_ ihe_agh gZa\zZlv ih]jZzgbq
bkke_"h\Zl_evkdbo wdki_"bpbhggQuom kv [Zfb ]b”jheh]bq_kdbo ijh]gl
h[eZklb [b”*jheh]bb ihevah\Zl_eyfb ijh]lghklbg_kdhc bgnh
taZljm~rg_gby \ ihemqg_gbb "Z _ klZgtZgbahc \hijhku h dhlhjuo h[_ k
Ib*jhf_I_hjheh]bg_kdhc bgnhefZabpulv ohjhrh hk\_~hfe_gu
ij_\jZszgghc gug_ \ ij_~fijh"ddmbeb x dZdh\u p_eb mijZz\e _gby \h~"hohayckl
Hi_jZlb\gZy ]b”jheh]by ijkikg hfaafb b kj_~kI\Z wih]lh mijZ\e_gby"
]brjheh]bg_kdbo y\e _gbc b ijhp_kkh\Zzdh\Zez fzZy azZ[ezZ]h\j_f _gghklv dzZ
lihlghau ~he gu \b"Z ijh]lghaZz”
x kh”_jZllugnhjfZpbx g_h[oh~bfmxdlhyyey_Iky ihl_gpbZevguf ihevah\Z
\k_o h[kem'b\Z fuo hljzke_c 1RfZpetyhph_kdbo ijh]jghah\ b j_r_gbc ij
ohayckl\z gZ bo hkgh\Zgbb"
X h[ez”~Zlv az[ez]h\j_f_gghRIgZdh\uh" _eZgby ihlj_[bl_e_c jZagt
khhi\_IkI\mxs_c Ij_[h\Zgbyf ihlj_[Brihedgy \ Z7*j_k ijh]Jghabklh\ b jZajZ[h
x h[ty\eylvkykjhdb m~h\e I\hjyxsihlakah\”
azZbgl_j _kh\Zggu_ \_~hfkI\Z b hj]ZgbaLZ'[Zbr\bOpbhggZy ]brjheh]by
X [ulvhg_gv qzldh knhjfmebjh\Zggufb , , |
|h’\ ljZ"bpbhgghc ]Jb”~jheh

\nath'ghkib bo g_ijZ\bevghlh ihgb fé 2 :
lhedh\Zgby gbfZlv gZmdm dhlhjZy kms_Kk

—bAjheh]bq_kdh_ ljh]ghabjh\Zj/gba\b\%g’Z(fhv \ M\ZApZIhf \_d_ b aZeh b

\hkijbgbfzlvky dzd \z° gh_ \k.hfhﬁ&laébfbh gby kih_c ij1b ey bb
Ki_Aki\h “ey ijbgylby j_r_gbc QHmmmhahbi gbydhlh_ .
ijh]ghklbg_kdb_ kem [u ’\he gu |hAk|r1i %q 9 ju_- o2)2di_1gu_
i rZIlv jy~ g_h[ohAbfuo ihke_ Hk%lhbé) ghc 1brjheh]bb ijbzfu b ih~
7hzq iU g gZhgdb aj_gby Ihjfhabet
1-

x \u[bjZlgzb[he__ wnn_dib\gmx b fxblb ?(fr:“‘;?glc k]b Jjhehlbb b hl
f IhA"bdm~jheh]bg_kdh]h |jh]ghabjh\—ZﬂITi RKARI VKY

. ; bamqg gb khhidhir*mbc
lhqdb a b ihem b Zb[he uo - -
hpqghdjk—b%myzpbb a_gby gzb] ffZJguf‘ngbeb hkj "gzggufb aZ jZae

- h|J \j_f gb o0ZzZjzdl_jbklbdzZfb kIt
X ijbgbfzZlIv\k_ g_h[oh"bfu .
; nZd f bo \uaulZxsbfb Z g_ k.
bgnhjfZpbhgghfm h[_ki_q_ gb e
£ 1hAbdb Ijhp nhjfbjh\IZIgmhﬂ)Z Kms_kl\mxl

fgh]hqbke_ggu_ hibkzgby b jZkkm ™~
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"h\hevgh mijhszggu_ fzZIl_fZlbq_kdbckj\bl getvyghklb ij_~f_ | h[eZ*Zxsbc
ljb ihkljh_gbb jZaebqggh]h jh~zZ aA\bk lgfditkklvex beb g_I2 >Dwjjhee @
bkihevam_lky hljZgbg_ggh_ qgbkekihgymh\ggh\ ©f Ih~"h\ \h~"gh]h b |I_
(h[uggdh_ [he__-lfemo >ey j_lezf_gllZpbhpkz2 jZa\b\rboky \ kbem keZ[hklb
klhdhnhjfbjmxsbo k\hcklI\ \h{Bh&[hjaXdhgh\ khojZg_gby \_s_kI\Z b
ijbf_gy_Iky IZdhc ihdzZzazl_ev dzdkéhwyghbpbkegd wlh dZkZ_|lky hp_gdb
klhdZ dhlhjuc klhev *~_ baf_gqgb\ IldkdZb ekyAfskbhfZzeZgkZz dzZd hklZlhggh]h

>ey mqzlz hazjghklb aZ[hekkdgh gngatkibg b ZiizZjz\z fZl_fZlbq
aZe_kzgghklb \\h2ylky khhi\klixlIbkbbgdd \ hkgh\ghf j_]j_kkbc b dhijj
dhwnnbpb_glu \ebygby b jZagh]lhijb Z rihgjopddaz~"Zqg g_ |j [mxsbo \_jhylg

d hp_gdzf klhdZ mgblu\Zxsb_ f_kihgah"mkeéh\py ghd <u”_e_gb_ [hevrhc
beb "jm]b_ hkh[_gghklb j_gguo [Zbkjkgh\bqg_kdbo azZ"Zq \' j_r_gbb
ljbf_jH mijhs_gby g_dhlhju&lZlbklbg_kdbf f_Ih”rZf ij_"~hklZ\eyeZkv
ijbjh~rguo y\e_gbc b ijhp_kkh\ fh]lmgl &2Wwkibifh kibNkx£Z bf_eh f_klh m\e_q_¢
-g_Z~_d\ZlgZy ko_fz kl_dzgby kgehlrghjofbkebthyafh ghklyfb wlbo f_Ih”~h)\
\h~u ih Jez”"dhfm iehkdhfm kddkgrmhdW]HKliingbfZzgby kmsghklb kh\_jrz _:
keh guo ihke_"h\zZl_evguo ijhp_kkh\ gddhde \gihkgh\ghf azZ\bk_eh b az\t
\h~u \ klhdh\uo we f glZo b _ jh&eblbmxgZhhdb \ p_ehf b _z hI” _evguo
fbdjhjmq_cdh\h]h bkl_q_gby \ jmkah\mk lgbike_ Jb”"jheh]lbb" Fh gh hI\_Ib
-bkihevah\zZgb _ g_dhlhjuo imjyAd_ghgzZgbfhklb hl dhebq_klI\Z ~n
fzl _fZlbgq_kdhc nbabdb g_ khhb\gllké\emxddmaZzevgh ih~"Thlh\e _gguo
hibku\zZ_fuf ijbjh~guo ijhp_kkzZf gZmdhhjb_glbjh\Zgguo ebqgghkl_c \ e
-ijbf_g _gb_j "mdpbhggup fljpywm hh[s_ kI\_ khpbmf_ hl gjzZ\kI\_ggt
ijhkljzgkI\_gguo bf_xsbo hgudbgbfilkqg _kdh]h khklhygby khpbmfz h
fZl_fZlbg_kdbc kfuke gh ebrzgduo bgydagkjdh\ghklb h[jZs_gbc khpbmi
nbabg_kdh]h h[hkgh\Zgby jZa\b\Zxs _ cky gZmd -lh Dihddb
-bkihevah\Zgb_ g_ hq_gv dhjj_ddguloklb Ihfuf\ h[jzahf \k_ 1Ijb gZa\Zg
jiZkge _g_gby ]1b”jh]jZnh\ klhdZ ijibgbgfuwzéblagh k\yazZgu f_""m kh[hc A
bklhggbdh\ iblzgby j_d \kImiz_f \ [_kihe_agmx ~“bkdmkkbx h
-jZa”_e_gb_ _~bghlh ijhp_kkZ nhjfioljdbgdpby Klhadkd\bl _evgh m\e_qzgguo e
gZ hl®_evgu_ qZ¥ib" _thc kg JH\hee*Zjgh beb lhgdh b]jZxsbo wim jh
e_"gbdh\uc ih”a_fguc ijb wlhfh[ken VbZ2gZyw kljZIl_]bx ijb\_~_gby khpt
ijh[e_fzZ kf_rzZggh]h klhdZ IszZl_evgbhkl[bhWgblkydh]*Z hg [m”~_1| kihkh[_g \h!
-\jhr_ [u g_azZ\bkbfh_ kms_klI\h\ddgbmk |ZjdgbfZxsbo j_r_gby ebp \ |
ih~jZa~_eh\ ]b”jheh]bb dzZd fbgbdZpvgwckibkh[guo azZz”Z\Zlv gZmd_ g
ih~a_fguc klhd b \ Ih _ \j_fy bkdvkjikughghRe&Z\gh_ jZaebqzZlv dZq_Kkl\h
jZa™_e _gby klhdZ ih nzZazf \h~gh]hhj_qgbhdzZk _cqzZzk ~_eZ lky \ ]1b”jheh]
iheh\h~v_ iZ\h~rdb f_"~ _gv "helh \' g _¢c [m~_ | ~ _eZlvky Bg _jpbhgg
-g_ \k_]*"Z h[hkgh\Zggh_ dzZjlbjh\EgBdbjBahhglz B wlZ bg_jpbhgghklv a:
jh~Z 1b~jheh]bg_kdbo ihdZazl _e_cklhevdh hl kZfhc gZmdb kdhevdh hl k
-aehmihlj_[e_gb_ ©jZchgbjh\Zdgmdh\gh]ib gjZ\klbglglelh dimZevgh]h I
©deZkkbnbdzZpbyfb? dzd Zdpbwtthghfitkg ]1kdh]lh khklhygby
ijhba\hevgufb mkeh\gufb b g_hij_~_edbdghé]by [hevr_ jZkkfzZljb\Z_lky

©ihkdhevdm \ kv ijhp_kk deZzbghebhdzZyblhy f dZd gZzmdz WIZ ihabpl
ijhba\h~blky fuke_ggh fu fh _fl\Wuid&gyhqg_gv gbadbc mjh\_gv kh\j_-
g_aZ\bkbfh hi lh]h kms_klI\mnrhg”&b_glZevghc ]brjheh]bb qglh \ k\h>
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ijb\_eh d g_kh\_jr_gkl\m ijpgdaepghlwqg_kdb_ ijhp_kku b y\le_gby |
"bkpbiebgu g_h[oh~bfhc kl_i_gvx ih?jh[ghklb

Lib g_I\_jlb \k_o jzZ[hl k~"_eZggwolhih® \j_fy ijbf_j k dhfivxl_jbazp
\u\_kdhc ]b”jheh]bb \dexqZy bjkkghéhlBgbyihljykz I Dhfivxl_j ihqlb

mq_[gbdb jmdh\h”kI\Z mgb\_jkblblkfdlgbel mjkzZr _@¢_ b~_heh]bb ijb hibl
kh”_j°Z1 ]1b”jheh]lbb \hh[s_ WIlh gibfhigklbfdhp_kkh\ GzZh[hjhl hg wnn
kf kv ihiulhd j_rblv ijbdeZ”gu_j2\djijhky g_dhlhju_ gbke_ggu_ ko_fu
k\vaZzggu_ k ]b”jheh]bhtkmlkjidbbyp zZ~ d\Zlgu_ beb ihqglb g_zZ~ d\Zlgu_
]b~rjheh]bg_kdbo agZgbc ihfoh”u bgh]*Z ih kmlb ~_eZ \ha\jZ
lhg_fm ]Jb~jheh]b g_ hldZau\Zxlkaghhl\ K\hlvfb ©iZzd _1Zfb2 hg g_ klhevc
gZ aZijhku dhlhju_ y\gh g_\uiheglhfg™ H[uf4hub mqgzguf kdhevdh iha\he
hi\_1 hgb iulzxlky k*_eZlv emqr_i_jb&lZiyh jZdfureylv h kmsghklb ijh\h”"
fh™ I Julv k~_ezZgh \ "~Zgghc kbimizipbbgbes Hg [ _af_jgh m\_ebqgb\
j_ljhki_dIb\_ \b~rgh qlh wlh ijb\_elmgbKaékehré¥gu_ \hafh ghklb ihalhebe
hrb[dZf ;hevrbgkl\h ]Jb”jheh]h\ \ &¥WoeZfbrhv gZrm gZmdm k\Zedhc pbnj g.
yleyxlky | _ogheh]zZfb Lbibggh gdldhhfimflg" > gm > guo Hkh[_ggh yjdh wlh k
bkke_ _"h\zZl_evkdbf jz[hlZf \ h[eZkkbh pizkjlibegh Jboch c ]b~jheh]bb Dhg_q«
kharzZzl | _ogheh]bq_kdbc Z g dXAmgluchkhph\ dnfivxl jZ fu kdZaZeb &

bkiheg_gby kbf\hebq_kdhf ieg@klhyts_fm \bgh\Zlu
=b~jheh]b _sz g_ ih~gyebkv kZib fghj\gegh]b G _kfhljy gZ \kz kdZaZgg
hitykg_gby j_"dbo b j_r_gbydhhivxkgpuoklhbl m bklhdh\ ]b”jheh]bb

]b~rjheh]l]bg_kdbo y\e_gbc ijbjh~u ihdhe_gby m bklhdh\ zZ~_d\zZlgh]lh n
GZmaZlkr hkhagZgguc hiul g_ehA[hkdgH\Zg®h]lh jZkij ~ ezggh]h fh”_ebjh
wlhl hiul “he gh ijbh[j_1Zlv mikglghjheh]by gh\h]lh ihdhe_gby 7t
ihke_~h\zZl_evgh g_mdhkgbl_evghh\kljZ&Kllgd_kdbah[ez~ZIlv gz~ 1jZ*bpl
ihdz sz g_kms_kl\mxsZy khpbHbhjbgh]oZpndb dZ WIh “he ' gh ijhy\blvk
"he'gZ [ueZ [u ij_"mij_"blv ebp ifth&bhzxgbb ih”*ebgghc zZ~_d\Zlghklb
j_r_gby h iZlm[ghklb kms_klI\mxdhe¢_ eZjakdbo kbkl_f ijbjh~_ \ jzZaj_r
jZkij_~_e_gby kbe b kj_~kI\ g2z ijilnfe _fijuzfgkrlZz[Zz \ ijZ\bevghc bgl_jij_I
jZa\blby gZmdb ijhkljzgkI\_gghc ]_I_jh]_gghklb fgh]bo
Qlh fh™ _I ijb\_klb d ihjh '~ _gbdhogh'gpdklbl _evgh]lh ihdjh\Z ih eh]bd_
| _hjbc \ ]b”jheh]bb ><bgh]jZz*h\ bkkbgh\yEbbk® izjzf_ ljzfb fh~"_e_c \ kh
@" DZdb_ kbeu \ wihf mgzkl\mx|]Z[tKdakihk\hjdolwo klhozZklbg_kdbo fh™_e ¢
h Jem[bgguo kbeZo I|h hgb \k_]*"ZhhMNgbgb\lZxsbox \oh” N I_jfbgbjh\Zc
ex[h\v d ijbjhn_ Z2°NZ inflhgdZgbymxsbo kbkl_f \ ijhajzqgh
g_m~h\e_I\hjzgghklv “hklib]Jgmluf 72klkehfbghgh\heplzklbqg_kdh]h
\ \b m \g_rgb_ \ha”_ckl\by Ih wHh" _gebdhlEjgby Jb”jheh]bqg_kdbo ozZjzdl_j
©\_ebdb_ bfimevku? ihjh ' *Z fu_ hI*"AVgfufbb®jheh]by ~he'gzZ i_j_clb
Ahklb™ _gbyfb gZmdb b | _ogbdb khklhygb_ ghjfZevghc gZmdb | _f kZfuf
LZdbf bfimevkhf hdzZazZehkv[uiky)le?jheh]lb_c gh\h]lh ihdhe_gby wlh
i_jkhgZevgh]lh dhfivxl] jZ H~jheh]bbcfe_ fh ebrv \ i_j_oh”guc i_jbh" H
hidjuebkv ijbgpbibZevgh gh\u_ dHBjjbgBEgdhjfZevghc 1b”jheh]bb wlh]h \j_
bkqg_aez az\bkbfhklv hl h[tzfz \grbeefthfNbfulon®_| 1Zdh\Z mkh\_jr_gkl\h!
\ugbke_gbc \hagbdeZz g_"hklnGigZaymdjizrdp\Zgb _2 fhr _ebjmxsbo ki
\hafh ghklv g_ hley®u\Zykv gZ hdehggkkbw bgh\hc ~"hfbgbjmxs_c izjz»
©]jhfhardhklva jzZzkqzlh\ fzl_fZIbaqgjkidbk dhZlghzZlivg_j a ©fh~_evgu_ nbevlju?
\k_o \h~rgh[ZeZgkh\uo klZgr
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wdki_jbf_glZevguo b j_ij_a _kdlzi\b \iggi\am xs _ ki_pbZevgh khanZz
\h~hk[hjh\ fbjZz fgh]l]bo b fgh]bo fZebabdckjktithboihe _

b [hevrbo j _gguo [Zkk_cgh\ h[h[s <¢bjhc bhkh[_gghklvx wlhc kbkl_ fu
]_h]jZnbg_kdZy kbkl_fZlbazZpbykh\njralgghkdbgh_ jZaj_r_gb_ gZ[ex”"
h[hkgh\Zgguo izjzf_Iljh\ fh~_e_c]bthlylel dhheh]bg_kdbo ihe_c \h \j_f_
rbjhdbo h[h[sZxsbo jZ[hl b mq_[gbdhklijZzgkl\hc WIh dzkz_Ilky b IljZz*"bpbh

]b~jheh]bb gh\uo kihkh[h\ baf_j_gbc ?keb k_cqg
B dZdhc fu k \Zfb bkijhkbf "eyf@kkhihdjhdfh~_ebjh\Zgby nhjfbjh\Zgby
Fu ihez]lz_f gqlh g_ f_g__ e_| hkms Ikfudy_fh]h ih klzg~zZjlguf nNZ
g_fghlh [hevr_« gZ[ex™ _gbc k_Ib f_ | _hjheh]bg_kdbo |
lhy\le_gb_ ]b”jheh]bb gZr_]h hl*dézdkhhlevamxl jZkqzlguc bgl_j\Ze
[mMm*ms_]h [m~_l k\yaZgh k ihghghgb Kmlbggh]h Ih [m"ms__ kdhj__

mi\_j*~ _gb_f gh\h]h \_ebdh]h Gfime\N®2& gh gZ[ex”_gbyfb k bgl_j\:
]JbAjheh]bb b Ajm]bo gZmdZo h A_fe&mffbjh\Zgby beb hkj_~g_gby hl  Ah
LZdbf bfimevkhf k gZr_c lhqikebajkgbgZk jZkklhygb_ f_*Am hkzAd

[m~_| j_adh_ baf_g_gb_ imigkZfbu gz |_jjblhjbb kmrb fh gh hp_
]b~jhf_1I_hjheh]lbg_kdbo gZ[ex”_gljc*rglfj\hc df Ih \ [m ms_f wlh kdhj_
hkh[_gghklvx gh\hc kbkl_fu [m”_1| pRktmelvah\Zgdb df Qlh dZkZzZ_Ilky
\ g_c ih djZzcg_c f_j_ l[jzo JE"phfcibdjheh]bg_kdbo we_f_glh\ |h rz
ijbgpbibZevgh gh\uo ijb[hjh\ b Im&gdzZdb\hdgZ[ex” gbc \b~rbfh mf_gvr
dhihju_ kh\_jrzl i_j_\hjhl g_ag¥Zgbl_evgh Kdhj__ \k_]Jh [m~_I
]b~jhf_I_hjheh]bq_kdhc nmg"rZf_ghkewhwghcukbdh]hjguo imgdlh\ gZ[ex’
ijbdezZz~ghc gZmd _ hkh[_ggh \ f klZo yjdh \ujzZ" _g
| _j_qgbkebf bo ]bikhf_Iljbg_kdbo dhgljzZklh\ Dhebc
1) Z\IhfzZlbg_kdbc hkz~dhf_j j_1bKdthphixsibg_kdbo kiVhjh\ \ fbj_ \b~Abfh \he
bgl _gkb\ghklv b kehc "b~Adbo b I\zjvwub HEAZAZdR\h&kfgh\ghf aZ kqzl sz keZ[h
dhjhldb_ bgl_j\Zeu \j_f_gb \ \iwlhfekfuuke_ j_qguo [Zkk_cgh\ >him

hij ~ ezggh]h dhglmjz iidbe0Z®*v \hafh ghklv bkqg_agh\ _gby f | hjheh]bg
jZ[hlzxsbc gZ hkgh\_ \ebygby Jordhéksthe kdbo klZgpbc dzZd |Zdh\uo |
hkz~dh\ gz g_dh_ g_ij_julgh bbab_mhjftbaf_j gbc B gZdhg_p _sz h"
nbabg_kdh_ihe_ hkh[_gghklv wlh]h \j Kmgbkl¥ ggh _
2) Z\IhfzZlbq_kdbc baf_jbl_ev \hikk'ohr*ygsh JTHhgqghklb kZfbo baf_j_gbc
bkizj_gb_ b Iljzgkibjzpby beb gbkeB*yscihf ke_~klI\b_f wlbo hkgh\
dhg”_gkZpby ihlhdz \h~u \ T&kaHhpjghRlglhfc gh\hc kbkl_fu gZ[ex”_gb
khklhygbb \ ij_~ eZo hij_"_ezgd&i\hjrdgghmjZ bgZy kl _i_gv ih~jh[g
iehsZ”vx hdheh hkigh\Zgguc gZ hfglhffdldg kdh]h hibkZgby ijhp_
\hafh guo ijbgpbih\ j_]bkljZzpbb ijhbopfbyh§bgby klhdZ b ~jm]bo ]b~jheh]l
fhe _dme \h~u q_j _a gZalZgguc dhghmj gbc

3) Z\IhfzZlbq_kdbc jZkoh”~hf_j \_Hkéathef kh[ulb_f \ [m ms_c “ba
g_ij_julgmx azZibkv jZzkoh”~h\ \h~u bbtaheh]lgbudh | klzZlv gZr ijhju\ \ f
b \e_dhfuo gzZghkh\ \ g_h[hjm~Ah\ihg'gah ff gkuldhYh~ H[b”~gh gh fu g_ fh _f ijl
fbgmy ljZ"bpbhgguc ih"ohithsikzdhWFiddd-ted[h j Zevguo ~h\h”~h\ \ ih~I\_j ~
b hkgh\Zgguc gZ kms_kl\h\ZgbbkdZaghagtZldighahly jZgh beb iha“gh \ Ih
kdhj__ \k_]h g_ebg_cghc azZ\bKbjhkabbh fheéngh [m”~_| kemgblvky
jZkoh~hf b khanrz\z fuf j_]bkljbjRbfatib_ i_jki_dlb\u i_j_~ ]b”jheh]
\ha~_ckl\b_f gZ h[klZgh\dm \ jZofgns Kh\hjg_ khfg_ggh hidjhxlky \ Kk
k _ckfbdz fZ]g_lbaf ]jZ\blZplygyZ bjbdh hfebjbgpbibZevgh gh\uo \hafh gl
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AbkliZgpbhgguo f_Ih~Ah\ baf_j gby YmAmshdhe glhgzk [_kihdhbl g_qlh g_ijl
1Zd g_h[oh~bfh ]b~jheh]Zf gh ifkdZ INklZzhigkgh_ fh I [ulv ]bAjheh]b

g_"hklmiguf hizkgh _

Hkh[h IsZl_é&weghm_1| \u[jZlv klI\hjdhkfhljbl_ \gbfZl_evgh NZT _ lhe
ke " _gby aZ mjh\g_f \h~u \ oZzZjzdlb}guehfbglzZab_ kh[ulby ihke ~gbo e _
jZchgZ ahgu aZlhie_gby gZ k_jvzagu_ b lem[hdb_ . jZafur¢
X i _j_ 8§Zqgzgkfaeb\Z \oh”Z ~bgh]PZl4klhhmu fgh Zlky b ih [hevrhfm Kk
ihlhdZ \ ahgm aXlhie _gby bklbggu_ ijbgbgu wlh]h hklZxlky g_
x ijb[ebabl_ewvd&khj ~bg_ ahgu azlhad_kkoufb >hklZlhgguf eb fh _I y\k&
(‘_eZl_evdBAchg_fzZdkbfzZevghc rbjbg\kdZazgb_  ihl_jb  kiZkbl_evgh]h
x ihglbkjZzam ihke_ \uoh~z |j_dbklgdbkihgukdhc Ib*jheh]bb ijbgr

aZlhie _gby bgh]2h\fdZzdmkeh\ghkdiZpbhgZjghklb Jb*jheh]bq_kdbo ijhp_Kk

<aZ\bkbfhidlpZagh]h jhrZ h[kIhklhaab\ufb jZkqzlgufb \_jhylghkl
\u[bjzZ _lky f_klh Ney jzkin®hihghybag_kdbo \_ebgbg \ ijzd
ZgZeblbg_kdhlh p_gljz ~_ezl _evlhh§lreeglhh hih_dlbjh\Zgby" Dhg_qgh
\_jog_]h beb gb g _]h klI\hjh\ < ~Awlhgu® p hpvrh_ [_"kI\b_ 7“ey bg _g_
g _ij_jul\gh ~he“gz ihklmizlv bgnHFZigwhlby b[h ijb\ugqgufb ih”*oh"Zfl
hkzAdZo | _fi_jZImj_ b \ezZ ghklpketdbmez[hgvrhc g_hij_~_ezgghklb b
\hafh gh d&Hpty ~hihegbl_evgz@lkmpkl\by bgnhjfZpbb a”_kv —m’_
ki_pbzZevghfm  kibkdm rey hkiMsead\gvéyy Gh \hafh gz b kh\k_f
g_ij_julghlh fZl_fZlbgq_kdh]lh fh~KklBpedyby ih*mfZ\ h dhlhjhc k_cqZk
]brjhljZnh\ klhdZ \ ba[jZgguo kl\hjizbrekj\smeZlg b \hkobs_gb_

AZgghlh i_gghlh [Zkk _cgZ Kk fzihwlZ \ujbkh\ulZxsZyky \ ImfZ
ijhlghabjm_fhlh ij_~m\_~hfe _gby 7~ufd_ []Jb"jheh]by [m"ms_]h ijbg_kzl
gh\u_ I_hjbb gh\u_ fh*_eb Gh bkoh”g
AZdexq_gb_ Ney gbo [m~_ I m _g_I|jZ*"bpbhggZy ]b"
<k24Zdb gZjh]Jghabjh\Zgb i _jkiZdlb\dhlhjZy gZa\ZgZ ]bédpiehhb_c
gZmdb \ ~Zgghf kemqzZ_wbtjtkeHhidhe_gby
gzZ\k_1h i_j_ghk \ [m”ms__ g_kdhkébdnlmlhlizdZy gh\Zy ]b~jheh]b

ijbmdjZr_gghc kh\j_f _gghc kbimzpmhd_lonfiylw fk klh gZ-jm[b-1h \_dh\
\hafh gufb Z 1lhqgk ‘“tez fufh wlh hg_gv b hg_gv hilbfbklbg_kdbc
fZe gvdbfb gZroghly kdbfb

©j \hexpbyfba Gh az \k_f wlbf \ kmfjzd_
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juoeuo Jhjguo ihjh~"Zo < hkg
aZeh _gh ij_"klZ\e _gb_ h

\gmljb]h~h\Zy baf_gqgb\hklv _fd
ihra fguo \h*hghkguo ]hjbahg
[hevrb_ j_ db g_agZgbl_evgZz

ijbgylh qglh jZagbpZ \ iblZgbb |
\h~rzZfb \ abfgxx b e _Igxx f_~ g
\ebygb_ \k_c khihdmighklb
ijhp_kkh\ Hij_ ~ e gb_jZagbpt
b e_Igbf f_"_gguf klhdhf j_d \
dzjlzf e_Ig_]h b abfg_]h fbgbH
kmlhggh]h klhdZz h[_ki_g_gg
< j_amevlzl_ jzZkq_lh\ mklz
djbh]_ggu_ y\e_gby b ijhp_kku
492d#f 1h~ \h~guo j_kmjkh\ Jhk
gbke_ gZ _\jhi_ckdhc I_jjiMhZle
AZiZz~*ghc Kb[bjb «Kj_"g_c K

Jhkkby

St. Petersburg, Russia
2014mmi@gmail.com

Abstract. In a large part of Russia, winter lasts
more than 4 months. This leads to the formatic
river and lake ice, underground ice and ice of vai
types, freezing of soil, etc. All these phenorr
affect the flow of rivers to one degree or anothe
a warming climate, especially in winter, the flc
forming role of these processes is reduced. Sir
has not yet been evaluated, the question c
significance in the hydrological regime is becon
more and more relevant. The purpose of the arti
to assess the cumulative impact of many cryocg
phenomena and processes that form and occ
riverbeds, in catchments, swamps and wetlanc
soils, fractured and loose rocks on the undergr
nutrition of Russian rivers. The methodology
based on the idea that the intra-annual variabili
the reservoir reserves of underground aqu
feeding large rivers is insignificant. Based on thi
is assumed that the difference in the supply of r
with underground water in the winter and sum
periods determines the influence of the entire s
cryogenic processes. The difference betweer
winter and summer inter-soil flow of rivers w
determined using maps of the summer and w
minimum 30-day flow of 80% security.

As a result of calculations, it is established

cryogenic phenomena and processes cc
492 kn¥/year of water resources in Rus
Including: in the European territory23; the Ural
and Western Sibaxi +36; Middle, North-Eastel
Siberia and the far East 433 kni/year. In othe
words, air temperature plays a significant role ir
formation of almost 20% of the total annual flow
rivers in Russia's temperate and Northern latit
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with underground wateHydrosphere. Hazard processes and phenom2020, vol. 2, iss.,p.112-122 (In
112 Russian; abstract in Engiis)Ol: 10.34753/HS.2020.2.2.112



https://doi.org/10.34753/HS.2020.2.2.112

=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?GBY Lhf2 <u?| 202C

<hklhgghc Kb[bjb b >Zevg_f with a stable winter. The current and proje
433df ]h~ Lh _klv \ nhjfbjh\Zgb increase in winter air temperature in these territ
kmffZjgh]h~h\h]h klhdZ j_d mi may gradually lead to a weakening of cryog:
k_\_jguo rbjhl Jhkkbb k mklh regulation of runoff and to noticeable changes ir
agZgbl_evgmx jhev bljz_1 I _fi_  waterregime.

ljhbkoh?ys_ b ijh]Jghabjm_fh

abfg_c | _fi_jZImju \ha“moZz

| _jjblhjbyo fh _|I ihkl_i_ggh

hkeZ[e_gbx djbhj_paéabhh\Zgby

d azf_Iguf baf_g_gbyf \ \h~ghf

Dexg_\u_ kelhbgbfZevguc abi Keywords: minimum winter and summer runc
e lgbc klhd ih”a_fgh_ iblZgb underground river feeding; ice; river and seas
j_gghc b k_ahgguc ih”a_fguc underground ice; swamps; cryogenic f
dibh] _ggh_ j ]Imebjh\Zgb_ kIt regulation; climate change

debfzlz

<\_ " gb_ djbh] gguo y\le_gbc b ijhp_kkh\ ijhbkc

mkeZo j_d Z \h”*hk[hjZo her

GZ agzqbl_le\gthihjbb Jhkkbb t Ju—o ?jblhjbye]j[m\ngzqu\[h
]h~Z khojzgyxlky hljbpzl_ evgu ;%1 uwdoeuo Ihiguo ihihAZo
\ha"moz WIh ijb\hAbl ]bj%?_
jZaghh[jZaguo djbh]_gguo y\e gbc k Fy alhd'dudoZ k
nZah\ufb i_j ohAZfbe AhWh]Z lhabdb  hij c
j_aghlh b ha_jghlh ev*hl ih"a f%ﬂ] H]hj ]mebjh\Zgby ihra_fgh]h
gZe_"._c jZaebqgh]h \b"rZ Ijhf ij AKIZ\le_ghf qlh
'bhqb\ht])”'r‘]g'hk\l . 'Zt‘:' \Azbe - <k kl"‘r’]'dt?g%ﬁb r?/yﬁ\z'y baf_gqb\hklv _fdhkiguo
€ ghe '_gb \ebyxl gz hJ’La f§'Po-9%2hghkguo ]hjbahglh\ bl
\ebygby hI" evg.uo. |ijh"guo c’pbh _bggljlodb g _agZgbl _evgZ Ihra_fg
yle_gbc gz nhjfbjhiZgb_ j_qg ulﬂ[ §4%a Jem[hdbo \h~hghkguo ]h
ihk\ys gh fgh'_kI\h jz[hl Khdh[ azj Jmebjh\Zgu b bf x| f g

re_dk__\ Nmjfzg DiZ\a_gdR ™ gqbvhkiv\ 1 _g_gb_ 1hAZ q_f ih\_jo
H[yah\ KprIbg . Hlyah\ Kfz\ng ihAI\_j Az xl b g_agzqgbl_ev
FZjdh\ =mj_\bgb "jm]b_@ MklIZ n8Bpb glu \Zjbzpbb fbgbfZevghlh
qglh hkgh\gh_ bo \ebygb_ kdzbaue\zl—gllléyg g%h klhdZ j_d dhlhju kKhkl
'h“lahfghf 'hb'ZQEE - ‘i') <; klj bkh | of15 M k?"e& Phevrbgki\Z kj_~gbo b [hevrt
g_t nls_c hp_gdb tebygby dj ]bﬁg\ }g%oea%ﬁgh% Jhkkighio jZchgZo wib
9z nd Jod dalem[—hguo 'mb[e mfﬁé’pk_ 0 [hez_fzehlh mqzkiby |
Poghd Z\ihj1zd g [gbZkJIT S BIZYBLI M fguo \hr < k_\_jguo |z
g_~z\g_lh \j_f_gb 1Z e_"h\590% i—vJIUhe—PJhy\ey Iky \ jz\_gkI\_ f_
klhev ZdImZevgu dZd wlh kIZ \blg eb"

9% Igbo jZkoh~h\ jhAgl
0

20-30e _| \ k\yab k ijhbahr_~rbf b hmbAZng—l(wa sb \ iblZgbb gZe A c >F
\ "Zevg_cr_f ihl_iedephZFz hkh[_ggZ dh =mjl\bg o

abfgbc i_jbh” Thwlhfm p_ev ngIhys_é‘klﬁ IXR\igby bahlhighlh khklZ\Z
\uihegblv. hp_gdm khihdmighlh \\abY@BY7 A4 ~ ih \ ibizgbb j_d hkh
'h~a_fgh_ iblzgb_ j_d Jhkkbl? VWO binizo mgzkivmxl ihra fgu_

1KGblI -83.Hij_~_e_gb_ jzkq_lguo ]b”jheh]bgq_kdbo 0Zjzdl_jbkibdk F Kljhcba~Zl

FzZjdh\ F lEp_gdZ \ebygby djbh] _gguo y\e _gbc b ijhp_kkh\igZailbdi
\h~Zfb =b”jhkn_jZz Hizkgu_  ijhp_kku b y\e gbyui KL12-122 ~
DOI: 10.34753/HS.2020.2.2.112 11z
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©\hajzklhfa \ kj_~g_f higlM"NhaéhlghklZ\e _gu ih ~Zgguf ]b~jheh]bq_

lhevdh ijb khhi\_Tkl\mxs f glte X gbc ~h ] 9Z kj_"gbo j_
hij_~_eyxs_f b fZemx \gmljhdehsiahyxb \h hk[hjh\-7?Nlukdf <

baf_gqgb\hklvyhfzZyh\ b N ; i_jbh”~ az dhlhjuc bkihevah\Zgu ~Zggu
K hd h e1D96]. ijb ihkljh_gbb dzjl _s_ g_ ijhbah

Bkoh”y ba g_agZgbl_evghc \geflilglhgthdht nhjfbjh\Zgbb ]b”jheh]bq
baf_gqb\hklb j_kmjkh\ hkgh\guoj \hfizglaggdebfzIZ Lh qlh \ jZkq_lZo ij

]hjbahglh\ iblZxsbo j_db fh gh agdmkdbiw f_" _ggh]h klhdZz h[_ki_q_
glh ih~a_fgh_ iblzgb_ j_d abfhc ifnRerghl[uhjt_dlb\ghklv hp_ghd ih
[ebadbf beb jzZ\guf f_~ gghfm e IpbdimgZXfhikm\uo \ hg_gv fZeh\h~gu_ ]h
ijb hlkmlkl\bb hkz~rdh\ ?keb "_j Kby jJagbm&_ kI\_ggh iblzZxlky ba [
Ilh _klv hkgh\Zgby ijbgylv __ Jem[hdbwgbh*hghkguo ]Jhjbahglh\ k hqg_

jZaghh[jZaguo djbh]_gguo y\e_ gb'cgmlijjl;h "kkht baf_ _gqgbihklwo <dhbo
aZljm~gyxsbo beb i_j_jZkij_"~_ekbhgslbo jh\déwv ih\_joghklguo I1Zeuo b ~h’
\j_f_gb ihra_fgh_ iblzgb_ j_d k ablo gfZeZlh<_ebqgbgu hldehg_gbc abf

Hij_ ~ e _gb_ jZagbpu f_""m eablighd flbgbfZevglmokmlhgguo jZkoh”h\
e _lgbf f_" _gguf klhdhf j_d \uihem”wh ih h[_ki_qg_gghklb o0Zjzdl_jban
dzjlzf e_lg_]lh b abfg_]h fbghthZehgh]hggh_ j_]Imebjh\Zgb_ ih”a_fgh]h
kmlhqghl]h klhdz h[_ki_jg dylghkikbl ijb\_~ gu gZ jbkmgd_
ijb\_"~_gguf \ RKR®H14-83. WibdZjlu

(“,

Jbkmgh®jbh]_gghlmebjh\Zgb_ ih*a_fgh]lh iblZgby §_d Jhkkbb e k
Figure 1. Cryogenic regulation of underground supply of Russian rivers, fs km

| jjblhjbb b  jZchgh\ jZkijhkljzg_
kiehrghc fghlhe_Ig_c f_jaehlu < i

JZkij_"~_e_g_ I_jjblhjbb Jhkkddqgz  wlh k\lyaZgh kh keZ[uf jZ
hidehg_gbc abfg_]h ih~a_fghlh ikljd®lygigwo hy\e gbc \ x'guo hl[eZklyo
e_lg_lh baf_gy_Ilky hl ? *hhkld]ywig__ abfgbc klhd \ur_ e_Ig_]lh 1Zd c
k_\_-j\hklhqguo jZchgZ®d G&ikfdfvrbhebdz jhev bkiZj_ gby \ \h~ghf [Z
agzZq_gby oZjzdl_jgu "ey x]Z \h\Wwk[teKdhc\ e_Igbc i_jbh~ G _dhl

J amevlZlu b h[km "~ _gby
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kgb _gb_ jZagbpu \ k_\_jguo jZchgzZchehdhygbdtklb _s_ keZ[h bamqg_g >
h[mkeh\e _gh | _f glh a”~_kv fadhl wdpgkdbZdimzZe g 1Zd dzZd aZ[he
ih~a_fguo \h” \ iblZgbb \ kbekljZggdeb\dkbyhlhjnh\Zggu_ a_feb \g_ az\!
fghlhe_lg_c f_jaehlu KZfu_ [hevrbl_fhggdgakobylhjnygh]lh ]hjbahglZz khkl
\ebygby djbh] _gguo y\e _gbc 0Z2Z6% (Bpefeeeytif ><hfi_jkdbc 2005]i
]hjguo jZchgh\ LZd _ m\_ebq_©&lZijb¥ehyghyeb \aylv Ihevdh iehszZ”v |
djbh]_gguo nzZdlhjh\ ijhke_ “b\fhslklyklvx Ihjnzkfl + luk 2dflh ijb
<hklhgghc Kb[bjb 1" [hevrb@kKdfihjaZzgdhb gZ g ¢ kehy \h”u \ kf h[
i j_ f jaz_1 b nhjfbjmxlky ~_kykhklZuklyg &¢fZ°_ _keb iheh\bgZ wlhc \h”
gZe_ " ¢ j_qguo b ih”a_fguo \hm~Kkl arhghikul\h\Zlv \ abfg f klhd_ k_\_j
ihra_fgu_ ev”u \ j_gguo "hebgZo wlihheénhkhZiubl+hdbekh dfihl_jv \ bo

\ ]hjZo < h[rbjguo jZchgZo AZiZMylZgb[gjbkhojZgbl h[\h*g_gghklv [he
m\_ebqg_gb_ jheb hljbpzZl _evguo | <i_ jglmhf dibh] _ggh_  j_Imebjh\.
\ha"moz \ nhjfbjh\Zgbb klhdz jidlzgbphylgphd Jhkkbb ih~a_fgufb \h:
kdZau\Z |kyZ bghf _jazgby gzZkuskhkdB)ley | ihglB Jh~rdfiZ[ebpglh ~ey
\h~hc ~_yl_evgh]lh kehy b fhqZ bgkjE&dlgkhnijogkijbf_j \ jZazZ [hevr_ K]
Zddmfmeypbb [hehlguo \h” \h eVhrhbh]\e lxyigdize jb

wlhlh ijhp_kkZ gZ klhd j_d k \ukhdhc kl_i_gvx

LZ[ebpzH[t_f djbh]_gjgHlihebjh\Zgby iblZgby j_d Jhkkbb ih”*a_fgufb \h"Zfb
Table 1.Volume of cryogenic regulation of groundwater supply to Russian river

- lehsZ”v H[t f
Ki_~gyy P?Jh_ﬂmgebvC |_jjblhjbl djbhl_ggh
L_jiblhjby Jhkkl ijhahe bl _evgl djbh]_ggh \ J_Imebjhiz
abfu f k |j_]mebjhiz| MKIhcaby ih%a_fgh]
KihdZ e 2k abfhc iblZzgby j_
fegdf dff JTh~
P_gljZevgZy b K
\jhi_ckdzy 4 1 2,2 23
|_jjblhjby
MjZze b AZi
Kb biv 5 1,7 1,6 36
Ki_*"gyy b K]
<hklhggzy K 6 2,5 11 433
>Zevgbc <hklhd
Kmffz 14,8 492

<Z gh hif_Iblv glh Ilhevdh gzl RIHbdbufbakbeu Iy _klb WIib \h”u
ijb\_~_ggh]lh \ur_ JTh~h\h]h h[t_fZ hhkdmkRblb\ beb kms_kI\_gghf kgb’
j_db b Zddmfme\hjmevi’km jZaguo h bbjh\Zgby ]brjh]jZnbg_kdhc k
AgzZqbl_evguc h[t_f ih”ca_fguo \EWYdmiZe bkmxlky \ ijbj_qghc qZklb [Zk
abfhc \ \h*hghkguo ]hjbahglZo b dhgp_ ZabhZpblh ihl_ie_gb_f hgb mqgzkl
l1zd dzd "j_gbjmxszZy kihkh[ghkIlvhjjb@gh\&@iglhb \_k_gg_1h iheh\h~vy
iheghklvx hlkmlkI\m_1 ijb i_j_f_jagdbjbfi_jggu@zZRZzfZgd_ \ Ijb[ZcdZev_
jmk_e eb[h kms_kI\_ggh ka&adjwdkgZbfbaglZzevgh mklZgh\le_gh qlh \
kgb™ _gby ijhimkdghc kihkh[ghklb ihéh\eg”?hifheh\h”vy ih*a_fgu_ \h”u khk

< oheh”guc i_jbh”r Th~rzZ kHbezgy I|ky[t_fZ klhdZ >DjzZ\q-agdh
ijblhd ih~a_fguo \h™ d j_qguf *h@ihgehf\ hihvy ihra _fguo \hna Ah g Z
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\h~AhhlrZgb kg_"gh]h ihdjh\Z dhiwhabpdh]ldluiblzgby j_d glh hilf_qg_c
klhdZz \_k _gg _]h iheh\hAvy gZ g faghlhjluld j dZoim[ebdZpbc <hagbc
Kb[bjb jzZ\gu beb [HevrZ i _jbh®bkdmkkbhgguc \hijhleb# gb_ abfg_1]h
fbgbfZevgh]lh abfg_]h klhdZ g_j_‘kdhdkf osZ4ZIkly jbam _| jhkl _kl_klI\_gguo
d k_j "bg_ abfu k m\_ebqg_gbihraiefgud "bbh® beb g | >;hj \kdbc F
\h~hk[hjZz lh~r gZa\Zgb_f ©q_jgzZz@" \nR&B \ jhkl_ abfg_]h klhdZ ijbg
ba\_klgu IZzd _ iZz\h~db ih*a_fguo MogZkXlkgho glZ ih*a_fgu_ \h”u dhlhju
j_dZo YdmIbb >R _i_e_\ @ hlg k _gu d azizkzf gh \ gh\luo djbt

Hkgh\gzZzy qzZklv _kl_kI\_ggumke¢hkby&hhgb ~j _gbjmxlky j_dZfb Ih &
ih~a_fguo \h~ Jhkkbb [_La krmpgdh\aZgedgdie jZzkkfZIljb\zZIlv \ dZqg_kI\_ ih

jZaljmadb \ fhjy b ihAjmkeh\Hhli<kIiMlh fh  _| ijb\_klb d azZ\ur_gg
jZaljm Zxsboky \ j_db Jhkkbh< " zAe gdzf ?JI< qlh \hafh gh bf__| f_
khklz\ey | ijbf79gtdf ]h” >R\Zjpg\ dhlhjuo jZ[KhZjo & ggu_ j_kobhgku

1996 @ Hgb hij_~_e_gu ih jZige_bkddédxqg_gh glh ijhbkoh”ys__ kg

]b~rjh]ljZnh\ j_qgh]lh klhdzZ gz ih\_hp\dghiglgoghkdb \ p_gljZevguo b X guo j
ihra fgmx khklZ\eyxidmhkZggh_  \uxhkkbb J~_ abfu ijZzdlbg_kdb g_ klZeh
i _j_jZkij_~_e_gb_ gZklb ih~ra_fghlh kHhel Zg\ gbdd _fdhklguo azZziZkh\ \ ih:
k oheh”ghlh i_jbh~Z gz | glklke YbhZgb jZotbv>Shum Frolova, 2015;Ahlh\

\_ k_gg__ iheh\h”v _ aZljm~gWjhehhpg_ g®Rmf @ LzZzd _ wlbf fh
_kl_KI\_gguo j_kmjkh\ ih”~a_fgulo[tyldgblvh b N 1jZ™MZpbx i _j\bagg
jZkge g _gbx ]b”jh]ljZnZ gZ ]lb7jiblgZkdlg_ _kdhc k_Ib >B\Zgh\Zz E Z
khklZ\eyxsb_  QZklbggh wlZ ijh[l®96@ jmkupZgb_ e _kh\ \ ijb\h*hjZa"_eg

iml_f my\Iigp _gdZo ?JI< h[t_fzZ ih’@h fgmjlthl ~_ i_jbh~ _klv ijbf_ju ih~lhie
ijblhdz \ j_db Zddmfmebjh\Zfghlhjb\lhjjbgghdZamfh\ JZamfh2®5]FheqZg
evim b gZe_"yo >:leZkKao ghkmjkhlizZieb\Z_fu_ |_jjblhjbb jZkiheh _gt
fbjz ;b A"im]lb_@ <f_kl_ k I_hkdhhdlgh gz ijb[j_"guo mqgzZkldzZo kj_"
hij_~_ey_ _fz qzZklv ih”a_fguo \Hhevdbhbdhjzyd A~ _kv jhkl jZkoh”h\

hklz Iky \ j _gghf [Zk&kZc&ggbbagihkImiZxs c k \ _jogbo a\_gv

Aj _gbjmxs_c kihkh[ghklb ]b”jh]jldiblgljKabg kdhc k _Ib ijb\_e d ih\ur
k_Ib ijb h[jZzah\Zgbb e_~yghlh ihdjhgBfBeVvjgnjdanjh\g_c¢ \h~u 1.5fdZo ~h
ijhp_kkh\ djbh]_ggh]h oBjedh_jZlh>kdZaZehkv gZ kgb' _gbb bo ~j_gbjm

Markov EZ\jh\ FZjdh\ FRZZddh\ =mj_\bq @ <hafh gh ijhb
2018; b ~jm]b_@ <Z'gh 1Zd _ hifihkdlvi_gglh ijhkljzgkI\_ggh
g_ba\_klgh dzdzy qzkIvi_j_jZKKo” e _gb_ qzZklb \hAguo j_km

©g_"h~j_gbjh\Zgguo? abfhc ih”ajbi\gudjA&da”_evguo |_jjblhjbc \gba d j.
jmkezZfb j_d ihkimiz_| \ j_db \ | _ AkebgiZfifmhmiguo j_d ijb ©mkuozZgbb?a \
|_dms_]h ]h~Z b k dZdhc bgl_gkbGhklvx\h#htk[fhjZo \_jogbo a\_g
ihra fguo \h~ g_ ihkimi-aZbljd " jHhlaZnbg_kdhc k_Ib ijboh?gZy gZklv
djbh] _gguo ijhp_kkh\ \ j ggmx k[EeZXglkd igda fguo \h~hghkguo ]Jhjbahg
]h~Z beb jyrZ e _ | \hh[s_ g_ mbgkkMN&h\lkyb\ bgnbevljZpbb ijb kgb"
hp_gdzZo ?JI< b hlghkblky g_ d ijhdmj&Z§byw dihjenglh\ \ujhkez gh
azZiZzkzf ih”a_fguo \h~" Ijb ijhgk&bhygZly qZklv \ujhkeZ [hevr_ a:
ihl_ie_gbb abf hkeZ[e_gbb dhphéa] qagibph \ ihra_fgh_ iblZzgb_ j_d Kk
j_]Imebjh\zZzgby klhdzZ gzZ[ex"Z_lkgZkib_ebbdhigbguo azZiZkh\ KlZ[bebaZpt

2 1jzdlbq_kdb_ j_dhf_g~Zpbb ih jZzkq_Im ]b”jheh]bq akdpo wzgydkl\ibkgmdh \hk\h_gby
E =hkdhf]brjhf_I k
33Zkq_| ih~a_fghlh iblZgby j_d djbheblhahgu F_ImMjhfkidthbahkh[bk E =
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ijbohrghc b jZzkoh”ghc gZklvx \h’"ghdh\({ideizgkdh”?bB\-Ah*Z gZ \h~hk[hjZo

fh™ | gZklmiblv ijb h[s_f kdb[Zlglb _cgZo b \ jmkeZo Bo kh\hdmigt
h{\h~"g_gghklb | _jjblhjbc dh]*"Bp_ogjghgb\d® 1Th~ b \ujz zZ _lky \ ~\mo
ih~a_fguo \h” ahgu bgl_gkb\gh]hijhip”ktki[Zagktuo \ i_j_jZkij_~_e_gb_ qZ
kgbaylky b khhi\_IkI\_ggh ihNegbfghllbyiblZgb_ j_d k oheh”~gh]h i_
Nj_gbjmxszZy kihkh[ghklv j_d Wikuc[mMMjluo \ fghlhe_ Ilg_f j_]Jmebjh\Z
khhi\_IkI\h\Zlv khklhygbx zZ~zZilzZpfdhklgoghazZiZzkh\ ih~a_fguo \h” Ilhem
kbkl _fu j_qguo [Zkk _cgh\ d baf_ ghpgbgddeldhZzgh kgblZlv hjb_glbjh\hgghc

b  \hafh'gh d i_j_oh”m dhggh\Wfiheg_gZ ih dhk\_gguf ijhy\e_
©d\ZabklZpbhgZjghfma khkihyZkkfZIjb\Z_fuo ijhp_kkh\ \ j_"bf_ klhd:
]brjheh]lbg_kdhf | “bf_  >h gZklnmiebigB¥Z | \ebygb_gZ nhjfbjh\Zgb_

klZz[bebazZpbb \ \h~ghf [ZezZzgk_"bfiZ gguybbkoh”ys ]h m\_ebqg_gby
[Zkk _cgh\ jZkiheh  _gguo \ jKcahdoh]lhk hllzb\Zzgby fghlhe Igbo f
ij_djZlb\rbfky djbh]_gguf j_]mebhfhhZgbhfe__ h[hkgh\ZggZy hp_gdz fh"
nhjfbjh\Zgby klhdZ | ]bhgZevgZyitheomgdgdZ?Jl<lhevdh k bkihevah\.
ih 1jZz"bpbhgghfm jZkqe_ g _gbx ]1B8bPMh]hehgdbg_kdhc j_“bfghc bgnhjf.

fh™_| [ulv g_dhjj_dbgZ \bae_q_gbdhlhjhc \ gZklhys__ \j_fy djZcg_
ihra_fgh_ iblzZzgb_ j_d _fdhklgh&h[agigdkh\ k_\_jguo b \hklhqguo |
ihra_fguo \h~" kljZgu

Ke _~m_1 hif_Iblv qlh ijb \uihegKebahl\r__ky iZg_ _ khhilghr_g

hp_gd_ djbh]_gghlh j_]mebjh\Zghjpoh®*g@hégh]fjZkoh~rghc qZklb \h~Aghlh
iblZgby j_d ih A~Zgguf ]bAjheitba_fligbtbo \h~hghkguo  ]hjbahglh\

gZ[ex” _gbc ~h ] g_ mqgblu\zZ kIiKy fhggwo g _klZpbhgZjguo debfZlb
nZdlhjhbkoh”?ys__ \ ihke_"gb_ "mkebheryidy gZjmrZ_Ilky aZz kqg_lI kg
m\_ebqg_gb_ kehy k_ahgghlh j_Jmédhmzxgbyx jheb djbh]_gguo ijhp_kk

fghlhe _Igbo f _jaeuo Biskahgdimmetal, ijb\h~ bl d m\ _ebqgq _gbx ahgu Zdlb
2019; Shiklomanov et al., 201® WIlh 1zZdsh~hh[f_gZ ih\_joghklguo b ih~a_fguo \
ijb\h~bl d memqr_gbx N ogbjmNogbBpfh mgblulziv A\ f h"Zo hj
| _jjblhjbc \ Ihf gbke_ azZz kq_lfmemghllgkyhdz j_d _kl_kI\_gguo b ijh
]b~rjz\ebqg_kdhc k\yab f_"~m ih\_joddnkjligufbhba_ fguo \h~"

ihra _fgufb \h~rgufb h[t_dlIZfb < _ jhylgBaadlhJhevrhc agzZqgbfhklb djbh]_o¢
nzdlhj g_ f_g__ agzZgbf Z \ g_dhjhpudkkEchg&ywy ]Jb~jheh]bg_kdh]h j_"bf

jZkijhkljZzg_gby fgh]lhe Ig_c¢c f jaédéhkkbth | p_e _khh[jZagh mkb
yleylvky hij_~_eyxsbf \ nhjfbjh\Zgwdkihtgh]lbglZevgu_ bicke_"h\Z
j_"bfz |_jjblhjbc \ kh\j_flgglufch” _ckl\by ih\_joghklguo b ih*a_fg

debfZlbg_kdbo mkeh\byo Ih whteyy i\bbgbe gby azZdhghf jghkl ¢ Z”":
fh gh miI\_j " ~Zlv qlh \uiheg_ggWyrghph gdz bfz |I|_jjblhjbc d baf_g_c
djbh]_ggh]lh j_]Imebjh\Zgby j_qgh]hebifizdZ kdhda | amevliZlh\ IZdbo bkke

aZgb™ gz "ey kh\j_f gguo depgfZhladhkglho h[hkgh\Zggh jZajZ[ZIl
mkeh\bc q_f azZ\ur_gZ “ey k_\_jgdédilvhkbhgguo f_jhijbylby \h*hohayckl
jZchgh\ Jhkkbb dhfie_dkZ kljZgu d ijhbkoh”ysbf g_h[jZ

<u\h”u ijbjh"guf baf_g_gbyf | _ieh\eZ]hh[hjhl

j_gguo [Zkk_cgZo ih\urzlv gz”~_"gh
<nhjfbjh\Zgdfg_lh \h~rghlh jnihfX~ru\zZ_fhkiv *he]lhkjhgguo ijh]lghah\
j_d Jhkkbb azf_lgmx jhev Db]jzZxl ijhp_kku
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OITACHBIE ITPOLIECCBI B T'HIPOC®EPE.:
OYHIAMEHTAJIbHBIE U MHXXEHEPHBIE ACITEKTbI
HAZARDOUS PROCESSES IN THE HYDROSPHERE:
FUNDAMENTAL AND ENGINEERING ASPECTS

VAK 551.311.2: 551.578.48: 624.131.544: 627.141.1
JIABUHbI, CEJIN 1 OITOJI3HU HA

OCTPOBE MOHEPOH

H.A. Kazaxos
DI'LYH CneyuanvHoe KOHCHPYKMOPCKOE O0po
cpeocme asmoMamu3ayii MOPCKUX UCCIeO008AHUT
JIBO PAH, 2. Oxcno-Caxanunck, Poccus;

cdsmd@yandex.ru
AHHOTALIHSA. [NpeacraBneHb OCHOBHBIC
pe3yIbTaThl MPOBEAEHHBIX HUCCIIEJOBAHUM

JABUHHBIX, CCJCBBIX M OMO3HCBBIX MPOLECCOB
octpoBe MoHepoH. Jlasurbi BCEX TCHETHUCCKUX
THIOB 06bEMOM 0T 25 10 70 000 M* popmupyrOTCs €
nexabps mo anpenb. Ces3nvle 2pszexamenivie cenu
06sémoM ot 300 go 50 000 M u weceasHwvle cenu
(HAHOCOBOJHBIE TOTOKH) 00BEMOM g0 1000 Mm*
(dhopMHUPYIOTCSL ¢ ampeist Mo HOSIOpPs B OacceiHax
BOJOTOKOB, B JCHYAALIMOHHBIX BOPOHKAaX, B
OTOJI3HCBBIX LHUPKax W Myapdax. lloBropseMoctsb
ceneit 0obémom 10 3 000 m* — 1 pas B 5-7 ner, cencit
o6bémom Gonee 10 000 m® — 1 pas B 10-20 ner.
DOPMUPYIOTCS NOBEPXHOCHIHbBIE ONOIZHU-ONTbIGUHDL
(cnavievy) obbéMom  500-5 000 M° ¢ rmyOuHON
3axpata a0 2,5 M JACTIOBHANBHBIX  PBIXIIBIX
OTJIOKCHUH, 3aETaloMINX HA MHOLICH-TUTHOLICHOBBIX
TPCINMHOBATHIX OazambTax W aprwumrax. Ha
dbopMupYIOTCH
CKATbHBIX

OCpEroBbIX  CKIOHAX On0K08bIE

onoa3HU 8 nopooax  00BEMOM
50 000-500 000 »® u Gonee ¢ rayOuHON 3axBaTa
mopoxa 6omnee 10 M. BokoBBIC OMOM3HHU CXOAAT BO
BpeMsl  3eMmiIeTpsicCHuME W (Win)
MPOJOKATEIBHBIX JOKACH B MOPCKYIO aKBATOPHUIO

U CIIOCOOHBI BBHI3BIBATH OyHaMH, KOTOPBIC MOTYT

CHJIBHBIX

gocturath Oeperos octposax CaxamuH, XOKKalI0 U

Ilpumopess. Ha  Ttemax  crapelx  ONOJI3HEH

Pa3BUBANOTCA 6MOpPUYHbLE On10K06bICe ACeKBeHMHble

ONOJIBHIL ~ MeONeHHO20 CMeujerHuAd u ONOJI3HU

GA3KONIACMUYeCKO20 cMelerHud 00BEMOM

DOL: 10.34753/HS.2020.2.2.122
AVALANCHES, DEBRIS-FLOWES

AND LANDSLIDES ON THE

MONERON ISLAND
Nikolay A. Kazakov

Special Research Bureau for Automation of Marine
Researches, Far Eastern Branch of Russian
Academy of Sciences, Yuzhno-Sakhalinsk, Russia;
cdsmd@yandex.ru

Abstract. On Moncron Island actively develops
avalanche, debris-flow and landslide processes.
Avalanches with a volume from 25 to 70 000 m? are
formed in avalanche catchments and avalanche
slopes with a height of 70-300 m and a steepness of
35°-50°. Avalanches are formed that are associated
with recrystallization of the snow column and the
formation of weak layers inside it and at time during
of snow fall and blizzard. Debris-flow are formed in
the numerous streams, in the craters of denudation
and landslide cirques and troughs. In small
watercourses, connected debris-flows with a volume
from 300 to 50 000 m® and disconnected suspended
streams with a volume of up to 1,000 m* are formed.
In large debris-flow are volume more them
50,000 m*. The debris-flow period lasts from April
to November. Repeatability of debris-flows of up to
3,000 m® — 1 time in 5-7 years, debris-flows of more
than 10,000 m® — 1 time in 10-12 years. Surface
landslides are formed (volume of 500-5 000 m®) with
a depth of capture of rocks up to 2.5 m (mainly on
the slopes facing the sea coast with a steepness of
40-50°) in low-power (1.0-2.5 m) deluvial loose
deposits of fractured basalts and mudstones. Block
landslides in rocks with a volume of
50 000-500 000 m* or more with a rock capture
depth of more than 10 m are formed on the coastal
slopes. Block landslides descend during earthquakes
and (or) heavy prolonged rains into the sea area and
can cause tsunamis that can reach the shores of

Kazakov N.A. Avalanches, debris-flowes and landslides on the Moneron Island. Hydrosphere. Hazard

processes and phenomena, 2020, vol. 2,
122 Dor: 10.34753/H8.2020.2.2.122

iss. 2, pp. 122-147.

(In Russian; abstract in English).
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5000-30 000f* k Jem[bghc aZo\ZIZ ft Sakhalin Island, Hokkaido and the Mariti
Nhjfbjh\Zgb_ hiheag _c¢ b k_  provinces. On the bodies of old landslides secor
h{tzfh\ b fzkkh\h_ nhjfbjh\Zg b block asequent landslides of slow displacement
k_eijhbkoh” bl \-bxéy[j_ijb \uiZ landslides of viscoplastic displacement witt
kbevguo bgl _gkb\guo hkZz’ volume of 5000-30 000 fwith a depth of roc
ij_~r_kl\mxs_]h m\ezZz g_gby ]t capture up to 10 m develop. The formation

\ualZgghl]h kbevgufb ijh~he landslides and debris-flows of large volumes
Ah Ay fb KmlhggZy kmffZ hk massformation of landslides and debris-flows oc
Ahklb]zlv ff GZ hkljh\_ when heavy intense precipitation falls after
ijhbkoh”~beb dzZlZkljhnu \ua\Z previous moistening of rocks caused by he
eZ\bg b hiheag_c < ] \ ~_ prolonged rains. Daily precipitation can reach ¢

\hklhggh_ ih[_j_"v_ hkljh\z \ mm. In 1914, 4 people was killed in an avalanch

4qg_eh\_dzz V] \ ~ _j \g_ GELk the vilage of Nagahama; in 1917, 1 person
aziz™~gh_ ih[_j_"v_ hkljh\zZz \ killedin an avalanche in the village of Nishihame

1g eh\_d < k_glyl[j_ ] h September 1957, a landslide destroyed the villa

jZajmr_g ihkzehd ;h”juc < hc Bodriy.InOctober 2015, atourist trail was destrc

hiheagyfb [ueZ jZajmr_gZ Imjb by landslides.

\ [mol_ Qmijh\Z

Dexqg_\u_ kelh¥Z_dzf_gguc k_e Keywords: avalanche; avalanche catchme

eZ\bggzZy ]_hkbkl_fz eZ\bg avalanche geosystem; coherent debris-flow; de

Fhg_jhlgihea; gvheag_\hc fZXxkleb\ flow; debris-flow basin; debris flow process; dek

[Zkk ;&kge \Zy ] _hkhkke fWhc ijhp flow geosystem; landslide; Moneron Island

<\_ " gb_ ihdZazZeh qglh [_a bamqg_gby hiZkguo
. jh kkh\bljbgylbyf jih kgb™_gbx jbk
jb ohayckl\_gghf hk\h_gbb!'fze A2y~ 1 evgnkiv [mA_ |

Bklb
bahebjh\Zgguo | _jjblhjbc keZ[h %k A . A .
beb g_ azk _ezgguo \ qZkighklb j@%ﬁdn Kl j $ﬁ@ z\zlv jbkdb ney i_jkh
aZqZklmx hdzZau\zZ _|ky qlh gz | C -d”blhhliggvx

_ : L ] hiheagyfb [
JZa}b\AZkay h|Zkgu__ wdah]j\ggu alﬂ”r limjbklbq kd.Zyb §jKINZ gl U G
azljmrgyxsb_ z ihjhe  ~_ezXsHT Abgyxsbc ijbkizgv k ]hklbg
g_\hafh guf \_"_gb_ ohayc I\ @Jgdf]<

AN yl_evghklb fre

-yl h\ F g_jhg jbkmghd jZkiheh

_ H
N
HrgZdh hiZkgu_ Wdah]—__ggu Lbfrk ebl_ \ dbehf_tjZo hl
fghl]bo bahebjh\Zgguo Jjb|hjb |h[ vy hkljh\Z KZoZebg

bamg_gu beb g_ bamqg_gu b kadb
b hiheag c ijb jzajz[hld_ wdhgh? \3 He E [_hc thimorbe \medzg >3
khpbZevguo ijh_dlh\ \h \gbf
ijbgbfZxlky

GZqz\r__ky-\ ]hru kljhbl_ eka
hkljh\_ Fhg_jhg Imjbkibg_kdh]h'

9 >eb82 hkljh\Zz k x]Z gz &f\_j =
é?eery rbjbgz k aziz~"zZ gdf\hklhd

’\\hgpgh 2 df

DZazdh\EZ\bgu k_eb b hiheagb gZ hkljh\_ Fhg_jhg =b~jbkp\gZg
L <uPR KL22-147.DOI: 10.34753/HS.2020.2.2.122 123
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Hkljh\ ij_~klzZ\ey | kh[hc k]&Eljhdgug | < ]h m gZ hkljh\_ Fhg_
g _h] _gh\luc sblhh[jZaguc \medZdIdphEZtkihhhbg kdbc dhfie _dk k [Zahc
lbiz >JZa blz_\ZzZ le _Ig_\ @i_pkZevgu_ gZ[ex™_gby aZ eZ\bg

\uiheh"_gghc ijb\_jrbgghc ih\_jogkkevXugZ ijhp_kkZfb gZ hkljh\_ Fhg_j
dhihjhc \ukIimizxl g_kdhevdh hfpk\h[eh eggkao
Jhjguo oj [Ih\ b \_jrbg <ukrZjphj#f IdZ +ebl_jZImjjzkijhkljZgedbibg b

KlZjbpdh]h f J glvadh]hjgk_e_c gZ |_jjblhjbb KKKJ b Jhkkbb k\
ohefbkluc _j_1Z keZ[h bajZeigdZgu b k_eyo gZFhgkljhg g
h[julbklu_ ;molu nhjfbjmxlky \ pNenewvwfZlg R _dh Dzjl
Z[jZabb [_j_]1h\ ij_bfms_klI\_ggheBlhehdlkZp kdbo dhfie_dkh\ DZNZk
\uoh”Z hkzZ~hgqguo ihjh® Fuku jRKKJeyxsb_DZ"Zklj eZ\ba$8K Ke&kZk
[molu keh' _gu [ZaZevIZfbk\dloh\dgdhgh “h\uo j_ kiigjkah\ = h]jZnby
>?jhoh\ b ~j @ KjzZ\gbl _evgheWpdg ggu DZazZdh\ @bpzazdh\

b ~hebggu_ mqzZkldb gZoh”ylky@bjm dhc b 1_jh\ DZazdh\ @£«

_\_joghc gZklyo hkljh\zZ HkIjh\ bajj abghmlkeZfb
fghlhgbke_gguo f_edbo \h”hlhdh\ BKKd&xg_ gb_ khklZ\epodolpKiyétl Z >

[hevrb_ j_dbh +Mkh\Z “"ebgdgZ bal @ \ dhlhjhc mihfbgZ_Ilky h ~“\mo
j Fhg_jhg "ebgZz df ]b[_eb ex”_c \ eZz\bgZo gZ hkljh\_ Fhg
lhklhyggh_ liz " "Zgkdh _ arkZeZglhy f_klZ b gbkeZ ih]b[rbo
ijh b\Zeh gZ hkljh\_ k ih ]h~u k<gly[j_ G]G E_hgh\uf b
gZklhys__ \j_fy ihklhyggh]lh gzZ¥nmelbdglbkkegz*h\Zl_eyfb A\hklIhgjhhc
gZklb hkljh\z ihke_ a_fe_ljyk_
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ijhbkr_~r_Th ] [ueb hhhghZgw k_e_\hf hqzZ]_ k mqzlhf ozZjzd
k_ckfh]_ggu_ hiheagb >S_Igbdh\ Jhjg@o Piphfbd hqZ]Zo I\zj*h]h iblZgby
k\_~ gbc h[ hiheagyo gZ hklji\j amevIBIZf ijhoh~db b hibkZgby aZc
hiheag_\u_ ijhp_kku Hmhikgjhj\\rg gh[gZz _gbc \ k_e_\uo hleh _gbyo
bamg_gu OzZjzdl_jbklbdb k_e_c¢c b k_e_\h]h j

Hrgzoh_xlIky k\_~_gby h jZzajmoglghykd W hklv ijhy\le_gby k_e_\uo ijh
]b[_eb ex”~_c \ eZ\bgZo 11 bhij_~_eyebkv gZ hkgh\_ fZl_jbZeh\ i
hiheagyo \ ]h*m hiheag_ f [WwkKkK&a}miZgbc b jZkkgblul\Zebkv gZ
ihkzehhldjuc fZl _jbZeh)\ ]b~jhf_I_hjheh]bq_k

A A gZ[ex™ _gbc gZ hkgh\_ h[sbo aZdhghf_

F_Ih?u bkke_~h\Zgby w\hexpbb k_e \uo ]_hkbkl f >DzZazdl

< hkgh\m gZklhys_c klZlvb Dhehdhgu@bjmD\Zazdh\ Z@ k mqzl
j_amevliZlu ihe_\uo bkke_"h\Zglteg| gBrehduo fghlhe Igbo gZ[ex™_gbc
k_e_\uo b hiheag_\uo ijhp_kkh\ ikh\d " "dAjbwjkyxsbfb Jhjgufb ihjh~rZfb
G : DZazdh\uf b KI @bjm_\uf kg hkfh\_ijhp_kkzZfb x]maZiZz*ghf

Fhg_jhg \ Jh~m ih[_j_"v_ hklk@\@Zebg k_e \u_ ]_hkbkl
Fhinhf_ljbg_kdb _ oZjZdl gbklwdif mqgzkld_ b gZFhpgkjpo _

eZ\bghk[hjh\ hij_~ eyebkyv gh~rghikad _

fZI_jbZeh\ ihe_\uo bkke_"h\Zgbe hiheag_c \ukhlZ b rbjbgzZ nj

OZjzdl_jbklbdb eZ\bg b eZ\bgghjhhdgaghiZ fbjbgz ahgu Zddmfmeypbb
bgl_gkb\ghklv ijhyle_gby eZ\bggwo |hjhphgXhhiheag \uo hleh  _gbc ]jZ¢
hij_~_eyebkv gZ hkgh\_ fZI_jbZiemszihie_angu jza\blby hiheag_\uo ijh
bkke_~h\Zgbc b jzZkkgblu\ZebkvhijgZ ewedy dZzd \h \j fy ihe \uo jZ[h
fZI_jbZeh\ ]Jb~jhf_lI_hjhehjhqg zidboguf fzl jbEb@fthf ljbg_kdb_
gZlex”_gbc gZ hkgh\_ h[sbo azZdwjizidljgibkibeb hij_~_eyebkv ijb ih
wlhexpbb kg_"ghlh ihdjh\Z b ez2Z\bglweidme _Idb BhifglbklewZza_jghlh
]_hkbkl_f >DZaZd<karakovet al., 2012; ~Zevghf jZ FZdkbfZevguc h[tzf hih
DzZazdh\ @bjm_\ >j_\beh @k kg bmanzléky gZihekghb bkke ~h\Zgbc
fZl_jbZeh\ fghlhe_lgbo gZ[exthgthig ~ aeZ gbx fZdkbfZevghc ]Jem[bgu
kg_"guf ihdjh\hf b eZ\bggufb ijhpinkkZfh i®AszZ b hiheag \hlhjHdEXkb\Z
x]Raziz~rghf ih[_j_"v_ hkljh\Z ]JKZpW@edgzdlib\ghklb hiheag \uo ijhp
eZ\bggu_ ]_hkbkl_fu gZ wlhf mihZkdpy fhklgZbo Zdlb\bazZpbb hij_ " ey

hkljh\Fhg _jhg h”~ghlbigu hkgh\_ ihe_ \uo gZ[ex” _gbc b Zjol
ljb ithe_\uo bkke_"h\Zgbyo hifz{_jdyzediKyv
kljmdimjgheh]bq_tdbhzdl_jbklbdb k_e JZkqzl iZjZf_1jh\

b ihl_gpbZevguo k_e_\uo fZkkl\hhf_Ibhyheh]bq_kdbo nzdlhjh\ eZz\
k_e_\uo ijhp_kkh\ b Ibiu k_e_g_e]j)M®bpuhiheag_\uo ijhp_kkh\ \uiheg
\_jhylghc 7~Zevghklb ijh[_]Z Kk_ehkgh\W\ukrbc fzZl jbZeh\ gZlex"_g
k_e_\hc Jhjbahgl ih k_e_\uf h]p~rf&ZfI_hZheh]bq_kdbo klZgpc ~Ze_.
Nj_\_kguo kl\heZo b [hjlZo k_e©oWwg jjhg2e ©G_\_evkd2 b ©Fuk Djbevh
eblheh]lbg_kdb_ 0zjzdl_jbklbdb b e z
k_e \uo hleh' _gbc h[tzfu rbjbgz_nj'TJ.%P;P‘tf“__eZ\bggu‘_’ k_e_\uo
ahgu zddmfmeypbb k e c iehldHR&2&_bUQnikhpakkikIjiRhg_jhg
ihlhdz = _hehlbg_kdh_ kljh_gb_ | _jjblhjb
QZklhlZ nhjfbjh\Zgby k_e_c jbeivjhh "t debfzl vyleyxlky nZzZdlhj
]Jh~h\hc Zdlb\ghklb_eyebkv gZ hkjgh\ _eyxsbfb bgl_gkb\ghklv ijhy\e.
ihe_\uo hp_ghd khklhygby juoehh[ehfhgguo
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eZ\bgguo k_e_\uo b hiheag_Yuoijhdp\bkkdmguo ]Jjmglh\ \_jog_q_I\_jlbqc
mkeh\by bo jZa\blby kh\j f gghllgv_\ JZkijhkljZg _gu hghb
= heh]bg_kdb_ nZdlhju kdehgZo Z IZzd _ \ "hebgZo jmqgv_\ w

HAgbf ba hkgh\guo nzdihjn\'{2A% By "-9m*Zpbhgguo \hjhgdzo H
eZ\bgguo k_e_\uo b hiheag_\u'é—k_)lmqps—kll}ﬂggh NJ\_;Idmg;tgu_ K
yleyxlky k\hck\Z Jhjguo ihjh~ KB5GkgRabklut — azihegbl_e_f G
bkke_~m_fmx I_jjblhjbx HI gbBl'%SABRpjguc kdehgzo Jjmglu bf_xI [F
kKl_i_gv jZkge_gzgghklb j_ev_nZ“%Wﬁc%rb[\hﬂwu,hh\uc kKhklz\ “Fhsghklv
kdehgh\ b kdhjhklv \u\_Ijb\zgpby 4-!‘-Jlbdguo hjzahizgbc baf_gly_lky h

< ]_hehlbg_kdhf kijh_gbb balmy% "rmipldh\ f_lih\ gz iehsz%yo jz
jzchgz ijbgbfZxl mqzkib_ Am&dZgH) §glhiheag_c _ o
hkz~hqgu_  Thjgu_ ihjhru  ize_h]_ghihjh 2'INDNED hih{jZzgu ijhiu ey
g_hl_gh\hlh b q_I\_jibgghlh "NeaiFfiq§Py  noodtbq_kdbo — kihckll
SKbiZg gdh =heham[n\ .Fa0emg@IRARERIN' 9Z MaZkid_ nhjfbjhizgby h

~ T henlby KKK Y ggbd Bjeutbg gz \hkihgghf ih[_j_"v_ hkljh\Z

T 7e h]_gh\u hIeh1Z¢;bj>kdhch jZafhdzgb_ ihdzZzazZe qlh [ehdb Zj]
lhesb Postt) kez]Zxl phdhev kh\j 't Y4+ qu“l\ JZkb'kzle?k" ]'ch I'r:f—Sbgz
ihkljhcdb hkljh\Z Fhg_jhg Ij_’\klzgee—%qu—% Y _-e_abxkiut p_1_49 92
Abz[ZaZfb [ZaZevIZfh | ffiPz g 111210 khojzgbirb_—p_ehklg
Imnhi_kqZgbdZfb b Ze_\jhebIZlfrEl)(kleEﬁWsXZSyE? ) ‘;f“'h;b 'ih'%{?k"’ Zjlbe
fhsghklv Ihesb khkiz\ey | f —Kl_kli_gd eh 2gbb =+ ] ki G2

<hkihqghiho ihakdzy Nwepz’S 1hih"Z khkinbl ba Jebgbkluo qZkib
Aihl hehlbg_kdb_ mker
qg f

gb g_1]h fbhp_gZ jZa\blz gZz _\hAk_'_[ﬁ) C
ih[_j_"v_ hkIFM& jhg hl [molu X gz§ Mpl_Phehlbg_kdb_ — mkehiby —1_jjl
kK \_jghc hdhg_qghklb [molu h'JQ/r\n-igﬁl\Xéky_ kth.Z\hf b nbevljZpbhg
Ij_~klzZ\e _gZ q.j _~h\Zgb f Zé(\r\lfhk(el 4%? ]hjguo ihjhc mkeh\byfb a.ZeT_
i kqzgbdh\ Imnnbih\ Imnh\ zjlb&&pipklifagpy  \h"h\f_sZxsbo — ihjl
AbZIhfblh\ |_kqzgbdb b z8¢PiépQ kdbfb nzdlhjZzfb  Th mke
\medZghfbdih\u_ < Zjlbeeblzo®*fedgfRVzy P 02izdl_im pbidmeyy
njzdpby khkiZ®ey_ I fzkku injhadn"hif_szxsbo ihjh"zo gzF Mkljhg
H[sZy fhsghklv lhesb g_ ij \urz (H-"§lZ\e_gu Jjmglhtu_ ihjh\u_- b ieZl
< jogxx qzklv kh\j f gghc it#hWeqpn"y a_\_jlbgguo hieh _gbc Z
hkljh\Z Fhg jhg Kezgzihigkdzy Inlds¥Pogmevgu_ \h2u \h*hghkguc

(Nezm)  dhlhjzy \dexqz | \medg%&'e dkdhp-igbhp_ghiuo hljZah\Zgbc

h[jZzah\Zgby eZ\u eZ\h[j_dqbb ]]fb‘Ae!‘@ iﬂ@lhldl&b_?géu Eddh”f\—dk“ |
Imnu [ZaZevlh\ b Zg” ab[ZaZev+hi™ ifhhllé‘r?\bh] Jerepa_kumx ey
A s_kl\ey_lky

Imnhi_kqgzZghbdh\ |mnh]jZ\_eb]t|)Jh”\‘g'h\‘|’.B A AT
\medZghfbdlh\uo Ze \jheblh\ <h%92RFVIh&BRD ZIfhkn_jguo hkz '-

iibgyl iha"g_fbhp_gh\ilefohrlt_gh\uPa kf “guo \h’\hg.hkguo dhfie_dkh\ JZ
hkms_kl\ey_I|kgbkbh”ysbf jh~rgbdzf \

Fheghkly ihepbes_ — f kgh\Zgbb kdehgh\ \ ih\_joghkl \h
Juoeu_ q_I\_ijqgu_h[jZah\Zngghk_ZgA o kdenghy A inl_joghkigu_
knhjfbjh\Zgu \ j_amevizi_  Gal knk!'-99 j_ J_"bfih~a_fguo

\u\_Ijb\Zgby jZaﬂlzuz‘_Zi_j_h|eh‘_bgaor9f'—9kf KK ekibadhK] el
H fhi C . C

dhj_gguo ‘ihjn® b bf_x[ k gbfb blé\ﬁg‘(b_qgu\g?(ahl\ I_kl\bbquJ(iIh-Il;/i]Z'l )

eblheh]bq_kdbc khkiz\ Ihjhru ij fﬁﬁ%\\%_gu ot MBKrd 2 6 dJZ_'I

kh\hdmighklvx 7 ex\bZevguo- &ekhG'Edvdn [Z€€ rdzen dZzjl_

n_ex\bZevguo dheex\bzZevguo [4%ShY Db K [Zeehl 7ey Jimglhi
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I dZI_]hjbb ih k_ckfbg_kdbf KjybckI\Z& h[hlZgbg_kdb_ nzdlhju
kbevguo a_fe_ljyk_gbyo ihke_ izjbfyhh¥gbq _kdb_ nzdlhju \ agzqbl
“ebl_evgh]lh m\eZ g_gby Jhjguo ihjh"gheb Miebjmxl bgl_gkb\ghklv ijhy
\i_fy b ihke_ kbevguo "h " _finefddMiuo Kk e \uo b ez\bgguo ijh
nhjfbjh\zZlvky [ehdh\u_ hiheang/\theOVH’bogz hklFt\g _jhg \ebygb _
h{tzfh\ hihddgb\bgu Z 1Zd _ kg_Wwlzgbq _kdbo nZdlhjh\ gZ bkke.
eZ\bgu ijhp_kku djZcg_ g_agZqgbl_evgh
Lzdbf h[jZzahf ]_heh]bg_kdb_ mkegiRpM @& guc ihdjh\ gz hkljh\_ kt
hkljh\_Fhg_jhgfZehijhagu_ ihjh"$paftgzg fghlhe Igbfb Zgljhih]_gg
i_kgZgbdb eZ\u eZ\h[j_dgbb b "\har 128 \b@tHdNdhjbjueb g_ lhevdh d
jZafthdZ _fu_ Ze_\jheblu b Zjhemyth: \ybx beb khdjzs gbx iehs
khag_lZgbb k [hevrbf dhebqg_kI\Rfr jendPHP jZKkIbl _evguo nhjfZpbc hkljl
n_ex\bZevguo weX\besebgRvoWpeqd  d njz]f_glzpbb b fhazbqg
dheex\bZevguo b ijhex\bZevgugzklpgngéhynhih ihdjh\z \ p_ehf 1j_h[e
bkdexgbl_evgh [eZ]hijbylgu "“ewxmjZapbhhkeb dmjbevkdh]h [Zf[mdZ
hiheag_\uo b k_e_\uo ijhp_kkh\ jzkipl _evgh]h ihdjh\Z azjhkeb dmjb
= hfhjnheh]bgq_kdb_ nzZdlhju [Zf[mdZB0+ em]Z40#42 e kzZhdheh
=_hfhjnheh]bq_kdh_ kljh_gb_ |_jjigihggsb hkijh\Z — hklZevgZy qZk
hij_~_ey_lI bgl_gkb\ghklv ifhdevgwy mqgzZkldb b njz]f_glu 7
hiheag_\uo k_e_\uo b ez\bgguo i§kpPIkieygwor\dhfie_dkh\ >KZDhjh\ b 7j
agzZqbl_evghc ki_i_gb j_]lmebjm_I K&zjzlgigguc e_kghc ihdjh\ khklhb
kg_lhi_j_ghkZ b kg_lhgzdhie_gby\lRIRRPUh\Zgghbl_evguo khh[s_kI\ |
\ebyy gZ m\ez g_gb_ fzkkb\h\ Jhdglhivigjhahjez”Zxl dZf_ggh[_j_agydb
hij_~_eyy mkeh\by h[jZah\Zgby b Wifg@&z\bgA~_kv 1zd ~_  \klj_qZz
GZ hkljFhg _jhg jZa\bl ~_gm P yghobagbdb hevrZggbdb |_fgholl
wjhabhgguc b A_gﬁz/\[Zb@h@g@lgajhdhebkl\_ggu_ e_kz E_khh[jZam
j_ev_n knhjfbjh\zgguc gz AméliAgHEbggh gbo \uklimizZxl [_jzaz Wil
hkZ~hqguo h[jZzah\Zgbyo 1abkjdgawppz DZyg"_jZ _ev ZygkdZ
|_jjzkbjh\zgzZ njz]f_glzjgh \u~r_Kk$R&§bgjglZy hevohlgbd FZdkbfhibg:
mjh\gy fhjkdbo |_jjZk \2kmbac b kZoZebgkdbc b ~j >KZ[bjh0]. b ]

80- f ?27bgkl\_gguf khojzgb\rbfky hl jm[h
Highkbl _evgu_ ij _\ur_gby khkiZ\@i\ miZlf_glhf aj_eh]h ol\hcgh]h
15- ~h - b [he__ f_Ijh\ GzbYiR¥zyky g_[hevrhc _]Jh mqgZklhd \hae_
hif_1dZ hkljRhg _jhg 1hjZKIZjbpdh]ithkzeddZlug\ jZchg_ [molu Qmijh\Z
(439 f ZygkdZzZy mqZ&kXfmghzZy [_jzaZ \brgy
lj_h[ez~"ZxsZy djmlbagzZhkdehlh0o4ebgkdZy hevohlgbd FZdkbfh\bo
An - f gz Z[jZzabhgguo b- WE&gB/gh

hiheag \uo mklmiZo keh  _gguo d_liesYy ahgZ kdehgh\ ahgu azjh

ihjh~"Zfb mdehgu fhlml ij \urzlv €£\bg hljulZ hiheag_c b hqgzZJh\ I\
>hebgu j_d b jmqgv_\‘hhfZzagudblZgby k_e_c eb[h aZgylZz j_"dh

ijhnbev dzZf_gghc [_jzau k fh ™" _\_evgbdhf \ ih“
Lzdbf h[jzZahf ] hfhjnheh]iPgk@hd eb[h ebr_gz ~j_\_kghc

mkeh\by gZ hkHgh\ih[@Z]hijbylgu /\Céf‘?klegbdh\hC jZklbl _evghklb b ij_"k

Zdlb\gh]h jzZa\blby hiheag \uo lig\wghkbhcpzZklbl_evghklvx

eZ\bgguo ijhp_kkh\

1K1 :dimZebabjh\ZggZy j_*Zdpb¥KIKIGI evkI\h \ k_ckfbg_kdbo jZchgZo F

127



2020 | Vol.2,1ss.2 HYDROSPHERE. HAZARD PROCESSES AND PHENOME

JbkmghdZklbl_evghihgA&jh ~_gby eZ\bg [molZ Q@:ijb\ZaZ dNh\ih
Figure 2. Vegetation in the area of avalanche origin (Chuprov Bay). Photo by Nikolay A. Kazakov

lhglb ih\k_f_klgh kdehgu aZ”_jghpZgif | hjheh]bg_kdb_ nzdlhju
bkdexq_gb_ khklZ\eyxl mqgZzZkldb nhjf:bﬂ.hj\%_igthjheh]bq kdb nzdlhju

hiheag_c b Z[jZabhggu_ mkimiu,  } TRIGH . ki i gb hij_~_eyxl bgl_g

thjh?u h[gZ" _gu _ ilhvie gby b j_"bf ez\bgguo k_e_\
LZ.dbf h[JZ”ah_f ’\J_\_ngy JZk|h|Ih—eeang?\lch\)/ iihp kkh\

gZ hkljh\_ g_ |J_|ylkl\m_l jZa\blbx h'hﬁsggalﬁo]b’\jhf_l_hjheh]bq_kdbo nz

k_e_\uo b ezibgguo iyhpdhehkv_, 84 46 Kk e \uo b hiheag \uo ijh

hkljh\_ Fhglhigs_ g_ bljZz_I gbdZ‘QUth%bez%gz hkgh\_ fZl jbZeh\ gZ[ex~_

\'j_]mebjh\Zgbb eZ\bgguo |Jhp_kk£é “F&Fhg _jhg® 1Z[ebjZkiheh' gghc

Kke—hA\mE' h'f—'g:"h q”_‘h ;gg%bz-k[khr}exhgh_cld_ fb A ckl\mxs c
[_amkehighc — aZsblghc —jheb “ e KZ;, }4-" 7 ihen  ggzizgght]h
ij_"hlI\jZs_gbb eZ\bgguo b hm

30-U0 [\ lih\Z KZBRe \_evkda
iihp_kkh\  kbevgh ) ’ oG

: j_m\_eba_gh ey Bz 1dz Kf JhAZ +f
gZlex”_gbyf Z\lhjZz g9gZ >Zevg_f, hkll\i}nd

o A ¢ SRS ] jzZkiheh' _gz- df d
X ghc = Kb[bj 9z DZ\dZa_ o IM&WI81 hEl\Zhg jbkmdhdFK

ijhbkoh”~bl koh” hiheag_c Kk nhj@lb—JLPk\ZBPb-évhga Z [ k héfx ]l igizy f

ih\_joghklb kdhev'_gby gb’_ dhjg.\hg khKki_fu ] jzkiheh _gz\  df

b hlju\ eZ\bg \ e_km ijb khfdgm'{WPhg.lnh_%ﬁH%lng\z;hg jbklrhb_heiZk
>DZazdh) @ KZoZebgkdhc h[eZklb A_fph\z
GZ hkljhEhg_jhg 1_h[hlZgbq kdB (o hd in debfzim KKKJ - G Z

o ) . . S Z)\
nZdlhju j_Imebjmxl oZjZdl_j ‘fg:]]"t}db—zgﬂ'bz‘hzc E’ijDZ\hngd ih debfZIm KKK.
kg _]hgZdhie_gby \ ahgZo azZjh ~_gby eZ\bg

kihkh[klI\mxl m\_ebqg_gbx kdhjhklb
i_j_djbklZeebazZpbb kg_"ghc lhesb 1zd "~_ dzd
gZ xJdzizrghf ih[_j_"v_ KXkojhéhkg
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LZ[ebpzZF _|_hjheh]bgq_kdb_ oZjgd 5B&Fhgb jhg?
Table 1.Meteorological characteristics according to the Moneron hydrometeorologidath stat

F_I_hjheh]bqg_| F_kyp
oZjzZdl_jbklb Month =hn
Meteorological Year

Ny [ Il m (v | v [ VvVl |Vl IX X | X | X
characteristic

Ki_"g_f_kyagZ
| _fi_jZImjZ \h{
fK -76| -6,71-3,2[2,5|5,7(9,7|14,5(17,6( 151| 9,1 |1,1| 48| 44
Monthly air
temperature ¢
Ki_"g_f_kyagh
dhebqg_KkI\h hk
ff 161,0/108,0 72,0|60,0|68,0;82,0[93,0{112,00139,0 101,0,81,0{110,0: 1188,0
Amount of
precipitation,mm
FZdkbfZevgZy
kmlhggZy kmff

hkzZ~dh\ ff 59,2| 59,8(54,7/33,039,1/58,0[93,0{160,8103,9 54,0|51,2[ 51,9 (1122’;

Maximum daily

precipitation, mm

FZdkbfZevgZy

hkz~dh\ az

ff 37,2| 46,5|35,033,0(33,8|43,052,6| 86,8| 70,0| 52,8|23,0| 42,0| 86,2

Maximum precipitatiof

for 12 hours, mm

Kji_"gyykyqgZy

fZzdkbfZevgZy

lhesbgZ kg_"g

ihdjh\z gz

f_l_hiehsZ™d_| 35 [ 41 |24 - | - | - | - | - - ~ | s | 22| 116
(1957)

Average monthly and
maximum snow cover
thickness at the
weather site, cm

Hkljh\  Fhg_jhg hlghkblky HhkzZ4dh\ Ih kjz\g_gbx k ~jm]bfb jZc
azizZ”"ghfm jZchgm -KZ¥ZetbhgkdkhZcoZebgz hkljh\ Fhg_jhg bkiulu\Z_1 g
debfZlbg_kdhc h[ezklb -dZdz"ghkdavgh_ \ebygb_ \_I\b Ilzieh]h Pmkl
ih[_j_"v_ hkljh\Z KZoZebg ]*_ ih §jH\my ghxikwlhfm lk2fkyv lziezZy \
Aim]bfb h[ezZklyfb abfhc hkeZ[_WzZdZeddgkgthc h[eBkhkEfabfZzieh_ e _|h
kK _\ _-j&@ziz~gh]h fmkkhgz b mkbeb\Z_Iky
pbdehgbqg_kdzZy ~_yl _evghklv Z \h \lhjmx
iheh\bgm e_I|Z \uiz”™Z_1 [hevrh_ dhebg_Kkl\h
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L_fi_jZImjguc j_ bf ihkdhevdm \ kj_~g_f azZ ]h~ \uiz~z_|
Kji_~g_lh~h\zy |_fi_jzIimjz 1208~z "dh\ ijb bo \ukhdhc bgl_gkb\
hkljh\Zhg_jhg khkiZ\ey | fk lehpgp_  hevr__ dhebqg_kl\h hkz"

\lhjhc ~_dz”u ghyljy Ijhkah’\b\|U|1?-Aj olhk Z\]mkIZ ih n_\jZzévkdhgvr_

ki ~g_kmlhgghc | _fi_jZImju q_j_ab AKO¥&ERjhEm!Z

_#ljbpZl_evguo agZq_ghbec Ki_~g__ dhebg_kI\h hkz~dh\ aZ ol
Kzfuf oheh~rguf f_kyp_f yley_ likybhg\zg@yBM khklz\ey | fba

dh]~"zZ Kkj_~g_f_kyqgzy | _fi_jzimjZth\mlfrdBeba_ki\Z H”"gZdh \ hi”_ev

himkdZ Iky gZ hkljh\_ ~h fbegh&ba_klAk INzjruo hkzZ~dh\ fh™ | agZq

‘[khexlguc fbgbfmf |_fi_jZImju Whavkfdy Kj_"g_fghlhe_lIgb_ ihdZaZ
fbgmk ) fiK_qZeky \ yg\Zj_ ] i8eVRngk_lh hkZ”rdh\ \uiZ*Z_1 \ yg\Zj_
mklhcgb\uo hljbpZl_evguo | _fi_jzImj Ki_fwrdghlhe_Ig__ dhebqg_kli\h hkZ
gZ[ex~zZxlky hll_i_eb dh]rz |_fi izZ&njz iaghkh” 1h"Z-hdly[pw khklZ\ey I
ih\urz _Iky -"pK 656 ff KzZfuc ~h ~ebluc f_Kyplyfjv

< dhgp_ fzjlz ijhbkoh~bl (dhpbghkRkZrdh\ + ff < i_jbh"

kji_~g_kmlhgghc I_fi_jZImju \havmidlro§_j_abykpbdehghl b IZcnmght \ Z
kihjhgm iheh bl_evguo agzq_gbck @!%lfhijp4gz9_kdhevdh kmlhd fh-_|
bgl _gkb\guc ijboh” kheg qghchp¥pzhowaghec ghjfu hkz~rdh\ Lzd \

nZevg _cr__ ih\ur_gb_ | _fihp2imdgad 1 kmlhagZy kmffz hkz"dh\ gz
brzl hg_gv f_"e_ggh gzZ[ex"ZX@kP9gih@t_khklZ\bezZ ff ijb
\ha\jZlu oheh”h\ ki _~g fghlhe Ig_c¢ kmff_ hkzZ~dh\ aZz

< i_j\mx iheh\bgm e_ 1z gz~fHkywikdbk 1Z[BbpZ
fhj_f b ijbe_]Zxsbfb jZchgzfb ij_h[eR@§Z guc ihdjh\
ZglbpbdehgZevguc Ibi pbjdmeypbb \jyatmdgb\Quc kg _“guc ihdjh\ gZ hkl
fZkk ihwlhfm gZqZeh e_1Z gZ hiday\ jnighgzam® 1ky \ gzqze_ ~_dz[jy

iZkfmjgh_ ijhoez~gh_ b ~h “eb)ajmH "Edh ijhbkohArbl \ gzZqzZe 2
bgl_gkb\ghklv ~h"*_c keZ[Zy b gz K§h ghlh ihdppz KkBEergh
hkz~dh\ g_\_ebdh \Zjvbjm _Iky gZ hldjuluo mqgzkldzZo

Kzfuf lzieuf f_kyp_f yley_ Iky [Z\Imk{nkh ihehku dzd kpxlzeay |
kji_"g_f_kyqghc I_fi_jZlmjhc \ha3sme%f zfKz ih~\_Ij_gguo mqzkldZo
fZdkbfZevgZy fh _I ~hkib]ZIv  fKankip]zlv ki

GzZijz\e_gb_ b kdhjhklv \_ljz | _jbh~ fzdkbfzevgh]lh kg _lhgZdhi

Abfhc gZ hkHhy_jhg ij_h[ezAzkoh"blky gZ dhg_pogZdredyfZjlz
\_lju k_\_jguo jmf[h\ kh kj_~gbfb kdHKRIyxevrZy lhesbgZ kg_-gh]h ihd
6-10f k E_Ihf Jhkih~ kl\mx!l \_lju ®%glex"g\rZyky gz f_I_hklZgpbb ©Fh
x]R\hklhqguo gZijZ\e_gbc z bdhkidh\awlb kfbpEZZ[e Qbkeh "g_c k
mf_gvrZxlky “hk <h \j_fy ijhoh "mklgeabluf kg_"guf iht4h\hf +
IZcnmgh\ b abfgbo pbdehgh\ kdhjhKiNhhyglgz kg_"ghc lhesb gZ hkl,

fh> | ~hklb]Zlv b [he _ f k gbdh]*Z b gbd_f g bamgZehkv h"g.:
HkZ~db aZzdhghf_jghklb w\hexpbb kg_"gh]h i
>Dhehfup DzZazdh\ =_gkbhjh\kdl

 Hrgbfba  \Z'g_crbo ”Z@'BL%\\zola iha\heyxl  h[hkgh\Zggh
hij_ _eyxsbo” mkeh\by jZa\bIbym\ gIL{/O qle\hehIthZIb]Janq kdb _
wdah]_gguo ijhp_kkh\ hiheagb d(h-f(?é d%%'P%Y “ghih [Katphoz et
yley_lky j_"bf hkz~dh\ _ al., 2012 DZazdh\ =_gkbhjh\kd20d8;@bjm_"
< wlhf highr_gbb hkljh\ Fzgari g\ bjm \. 2819@bedZ hkijh\
0oZjzdl_jbam_1Iky g_[eZ]hijbylgufh ymkefdbyfBpnipigu «k  zgzeh]bqguf
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dhfie_dkg#bx]Jaziz~ ghf ih[_j_"v_ hKbkZebg \ G_\_evkdhf jZchg_ KZoz
KZoZebg jZchgu h”ghlbigu_ ih K\[ebdkhnlbaldkdnghd df hl \hklhgghl]h
l1_hljZnbq_kdbf o0ZjZdl_jbklbdzih[_j_ "Dz tklFih\d jhg

mklZgh\e_gh \ h~ghlbiguo ezZg”rzZnlZoj_a&mevlzl_ fu bf__f \k_ hkgh\
jZkiheh™ _gguo \ jZaguo jZchgZo mihjfibf@dIvMkyqglh \-fgghZj gZ hkljh\_
h~rghlbigZy ih k\h_fm kljh_gbx bFmiyalplyg kdbf kg_"ghc lhes_ \haghbd
oZjzZdl_jbklbgzfgZy IlhesZ >DhehflhkeZ[e_ggu_ kg_"gu_ kehb \uihec

Kazakov et al Dhehfup DzZaZzZdl\migufb e_ 7~ygufb djbklZeeZfb kd_e
=_gkbhjh\kdbc @bjm_\ DZadebkkZ@bhnf_\eZ\bghhiZkgu_ kehb jbkn
>j \bga0l9. GZebgb_ 1Zdbo kehz\ \ k\hx hgq

Ilhkdhevdm kg_"gZy lhesZ dip\hkbjh\_ d nhjfbjh\Zgbx eZ\bc

Fhg_jhighoh”bl k_~bf_glZpbx b\ "twab]lggalbg_kdh]h b iheb]_g_Ibqg_kdh]h
]b~rjhf_I_hjheh]bqg_kdbo b ] _hm[eeab*Z xksbwo gZb[hevrbfb kdhjhklyfb
mkeh\byo koh”~guo k mkehXbh¥flghgfZajpmrbl _evghc kbehc

ih[_j_"v_ hkljh\z KZoZebg ki<dpjuehf ]b~jhf_I_hjheh]lbq_kdb_ m
kljZlb]jZnbq_kdbo dhehghd kgboghicljhbhgsbBhg_jhg [hevrh_ dhebqg_kI\h |
KljmdImjz |_dklmjzZ Kklj& IbmebdgZ pkiaiok hd Z 'y bgl_gkb\ghklv bo \uizn
oZjZdl_jbklbdb gz hkljh\_ Fhg_jhbo"ihedBl x¢wgh_ aZe_]Zgb_ kg_"ghlh if
aziz”ghf ih[_j_"v_ hkljh\Z KZoZebdy "tkéjlgugb_ b o0ZjzZdl_j w\hexpbb |
bf_Iv koh~gh_ kljh_gb_ Ilhwlhfmh®esy hpgkbedmgzZy _]Jh i_j djbklZeebaz
kljh_gby kg_"ghc lhesb dAhghkhgk j “bg_ abfu [eZ]hijbylgu "ey |jZs
fh ghbkihevah\Zlv "Zggu_ h kljh_eZhblgguaghk_e_\uo b hiheag_\uo ijhp_Kk
lhesb gz -afhiz~ghf ih[_j_"v_ hkljh\Z

Jbkmgh#ljZlb]jZnbqg dddebhgdb kg_"ghcallhgsbaXjh "~ _gby eZ\bg gZ kdeh
[_j_1h\h]h mkimeZiZX1pglug _hkljh\WZoZebg
Figure 3. Pits of snow thickness in the avalanche starting zone on the slope of a coastal ledgé&/eSouth-
coast of the Sakhalin Island
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Jbkmgh&Z\bghk[hju b eZ\bghhiZkgu_ kdehgu gZ [_j_RAhyughrgklsiZzgdb kljh
eZ\bghhiZkguo mqgzZkldh\ B'\¢pZijghg egb\bg Nhlh k kZclZ VDNK FRF
Figure 4. Avalanche catchments and avalanche slopes on the beach ledges of Moneron Island. Boundaries of
avalanche hazard areas and the direction of avalanche movement. Photos from the site sakh.com

J amevIBhoh[km ~ gb _ X kbg]_g_Ibqgq_kdb_ eZ\bgu fhdjh]h

N bgkheypbhggu_ b Z"\ _dpbhg
EZ\bggu_ ijhp_kku nhjfbjmxsb_ky \h  \j_fy ih\ur_gb
< j_amevlZzl_ ihe \uo bkke fifh\Ziegde \ha~ M d \lur _

eZ\bghh[jZzamxs_Jh j_ev_nZ b ZgZebaZ Zjob\guo
k\_~ _gbc b NZgguo f I _hjheh]bg_kdbo
gZ[ex™ _gbc mklzZgh\e _gh glh eZ\bghhizZkgh
[he_ _ |_jjblhjbb hkhéa\Zhg GZ

|_jjblhjbb hkljh\Z \u”r_e_gu eZ\bghk[hju \k_o
fhjnheh]bg_kdbo Ibih\ ehldh\u_ eZ\bghk[hju

b hkh\gu_ kdehgu EZ\bghhiZXlglZ [hevrZy
|_jjblhjbb hkljh\Z #bhkmghd

EZ\bgu nhjfbjmxlky gZ kdehgZo \ukhlhc
70- f b dimlba@sfB0fb gz [_j_]lh\uo
kdehgZo djmlbsghdg xjbkmghd 1~
ijhbkoh”~bl h[jmr_gb_ kg_"guo dZjgbah\ hl
[jh\db kdehgz

Nhjfbjmxlky eZ\bgu \k_o ]_g_Ibg_kdbo
Ibih\ >>ax[Z DZazZdh\ [@

x wib]_g_lbg_kdb_ b iheb]_g JbgmodEhlidh\e&\bghk[hj gZ kdehg_
eZ\bgu k\yaZggu_ k i_j_djbklzkebdlz\ddhcmkimiZz Z Hkh\gu_ kdehgu
kg _“ghc lhesb b nhjfbjh\zgb_f \gmligZ\gghk[hju [ \G:NDZmZdh\Z
eZ\bghhiZkguo kehz\ Figure 5. Avalanche catchments on the slope of the

x kbg] _g_lbg_kdb_géXhblyukg ]zcoastalledgef. Avalanche catchments and
k\_* \uiz\r_lh b f_I_e_\h]h nhjfbjmxs&vaigche sloped ). Photo by
\h \j_fy kg_lhiz~"h\ b f_I_e_c beb kjzZam ih kMikolgwA. Kazakov
hdhgqgzZghby

132



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?GBY Lhf2 <u?| 202C

EZ\bgu nhjfbjmxlky \h \j_fy kavipjiZzi'hbq_kdh]h b iheb]_g_lbq_kdh]r

b f | e ¢ bijb hll_i _eyo h[ezZz”"Zxsbo gZb[hevrbfb kdhjhklyfb
H[tzfu eZ\bghlzt Ah £. jZajmrbl_evghc kbehc

FZdkbfZevgu_ h[tzfu fghpgkg "gu_ < eZ\bghk[hjZo -\hkilhhgghc

abfu fhiml ~“hklb]ZI¥. wdkihabpbb ijb ij_h[ezZ~"Zxsbo \
EZ\bgguc j_"bf k_\_jguo ka¥ijgguo jmf[h\ h[jZam_II

EZ\bgu \k o ]. g Ibg _kdb&9— $¥f\1nhdih\ tukhlhc [he__ b \hag
nhifbjmxiky jZa & | EZ\bghhizk@§udU- dZjgbau
i_jbh~ ~eblky k ~_dZ[jy ~“h k_j_~bgWK Z&j\dy ijhp_kku
| _jbh~ Zdlb\gh]h nhjfbjh\Zgby eZibgmevlzZIl_ijh\_~zgguo bkke_ "h\.
gZb[he__ hiZkguc i_jbh~ ~eblkyhkljh\dZ[jiyhoh jlug\e _gh qlh k_e \u_
fZjl [Zkk_cgu aZeh _gu \ [Zkk_cgZ® fgh]hq
lj_h[ez~Zx| kbg]_g_lbg_kdb\h"kemdlyu
k\_* \uiz\r_]lh kg_]Z b iheb]_g_Ibg_k&i®uo \h~"hlhdZo jbkmgdb
eZ\bgu ba klzZjh]lh i_j djbklZeebah¥Bgrghlky bjya dzZf ggu_ k_eb h[tzf
gh\hlh kg_]1Z nhjfbjmxsb_ky \h \j_fy kb@0dub ]Jem[bghc ~h 1Zd _Z

kg _lhiz~h\ b f_ | _e_c¢c AZ gZkh\kWoaghhiZzRZeb gZghkh\h~gu_ ihlhdb

fh™ _I \uizklv [he__ ff hkz"dh\~"hazZ Kinldb =

hdheh ff 1Z[ebpgh \j_fy 1Zdbo< [hevrbo \h”~hlhdZo jbkmghd

kg_lhiz~h\ ijhbkoh”bl fZzkkh\h_ nmhfibphmxdby Jjya_dZf_ggu_ k_eb h[tzfhf

eZ\bg 50000f2 K _eb ba wlbo [Zkk _cgh\ jZa]jm"®
< yg\ZfZjl_ gZ hkljh\_ Fhg_fijlhg \

kg "ghc lhes_\hagbdZxl hkeZ[e _gguK kg ‘wu [Zkk_cgu aZeh  _gu \ ~h
kehb \uiheg_ggu_ dimigufb jewngdwdufjookmghd \ ~"_gm~*Zpbhgguo \
djbklZeeZfb kd_e_Ighlh deZRkBEiheadjfuo pbjdZo b fmev”*Zo jbkmg
eZ\bghhizZzkgu_ kehB). jbkmghd nhjfbjmxlky dzZd ijZ\beh kdehgh\u _

GZebgb_ I1zZdbo kehz\ \ k\h& _ehdquj "WwqgzZ]lb \ hkgh\ghf ijbmjhq_
ijb\h"bl d nhjfbjh\Zgbx [e4\bg\uf mkimizf

Jbkmgh#_e_\hc [Zkk_cg \ jmke_ jmqvy Z Kdehghluc k_e_\hc [Zkk_cg
\hjhgd_ [ @®:hidzZzazdh\Zz
Figure 6. Debris-flow basin in the stream bed (a). Slope debris-flow basin is embedded in a landslide
funnel ([). Photo by Nikolay A. Kazakov
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Jbkmgh#ileh  _gljya_dzZf_gguo k_e_c khr_~rbo \ hdly[j_ ]
NhitG:. DZaZdK\Z@bjm_\Z
Figure 7. Deposits of Debris-flows that occurred in October 2015. Photo by Nikolay A. Kazakov,
SemenP. Zhiruev

Jbkmgh#&_e \pZkk_c®ithlh K | _j\mobgZ
Figure 8. Debris-flow basin. Photo by Sergey Pervuhin

K_e \hc j_'bf khijh\h ~Zxsboky \uizZ™ _gb_ [hevr]

K_ e hizkguohr ~eblky k zij E\ERA-KINZ hkZrdhi-51Z[ebpu

ghy[jv \dexgbl evgh Kj ~gyy iminjléhRig\Zab_ liya_dZf _gguo  k_
kK e c h[tzfh3000f® nhjfbjmxsbbky<l—10klIbjhiZgh A hdly[j_ ]
fZeuo \hAhlhdZzda4 e | hdj_klghklyo [molu Qmijh\Z jbkmghd
lh\lhjy _fhklv k_e_c h[tzfhf [hEiheag_\u_ ijhp_kku
10 000 f3 nhjfbjmxsbokly [hevrbo Hiheag_\u_ ijhp_kku jZkijhkljZg_g
\h~*hlhdZojZa + e_|I \k_c |_jjblhjbb hkhj®\fhg
:dlb\baZpby k_e_\uo ijhp_kkh\f_oZgbafm kf_s_gby b hkgh\
ijhbkoh”~bl dzd ijZ\behdly[pxeijtkljmdimfohnheh]bq_kdbf ijbagzdzf ¢
ijhoh ~_gbb Jem[hdbo pbHledghm fhc | _jjblhjbb gzZfb \u~_
3 hkgh\guo IbiZz hiheag_c
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x ih\_joghklgu_ himeagbgul_e_ klZjuo k ]Jem[bghc aZo\zZfiZ ihjh~*
kieu\u k ]Jem[bghc aZo\zZlzZ ihjhftzh 1Zdho hiheag_c fh _I khklz\
h[tzfhf -5000f3 5 000-30 000f3,

x [ehdh\u_ hiheagb \ kdZevguo imhAN»g@hklgu_  hihealgbeu\lbgu
k Jem[bghc aZo\zZIlZ ifijh{tzthiZzdbdkieulunhjfbjmxlky ij_bfms_kI\_ggh g
hiheag_c fh _| ~hkl6q®3e0000f2 b h[jZszgguo d fhjkdhfm [_j_]m kde
[he _ dimlbagh®&0f\ffZehfhsguo *_ex\bZevguc

x \lhjbggu_ [ehdh\u_ zZk_@dh\O-gigd_ juoeuo hleh _ghhomdlZo
hiheagb f_"e_gghlh kf_s _gby IiFajmhe®lyp dhj_gguo ihjh”* aZe_ ]Zxs
\vadhieZklbq_kdh]h kf_s _gby jzal\bhpxigphp, gh\uo Ij_sbgh\Zluo [ZaZev

ZjlbeeblZo j®kidhgdb

Jbkmghdiiheadgbeul\bgu kieulu khr_~rb_ \ hdly[j_ ] Nhlh G : DZ
Figure 9. Landslides that occurred in October 2015. Photo by Nikolay A. Kazakov

JbkmghdDheex\bzZevgehk\bZevgu_ hlelhdhighwonhjfbjh\Zbklyea-lgieu\bgz
\ hdly[j_ IhN_joghklv kdhev' _gb¥Zhlhealghu KhibZazZzdh\z
Figure 10. Colluvial-deluvial deposits where the landslide formed in October 2015. The sliding surface of
the landslide is mudstones. Photo by Nikolay A. Kazakov
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DzZd ijZ\béhdb_ mqgzkldb kejh'skggh\ZIlufb kdZzevgufb ihjh"Z1
N ex\bZevgufb hleh” _gbyfb fhsghkbdx gklb\gh m\ezZ gy fufb ijb kg_JhlZy
“h f dhlihju_ ij_"~klZ\e_gu - "\ukXyglwbb ZIfhkn_jguo hkz~dh\

s_[_gbklufb hleh _gbyfb k \dexq gdjzfdl_jghc hkh[_gghklvx hihee
f edbo ]Jeu[ kdZevguo \medZgh] hhgeudbghjlyZ kfhjkdbo [_j_]Zo y\ey Ik
lebgbkluf aZihegbl_e_ f Juoeu_ &fl\s jgdbggud [_j_]Jh\hc ebgbb b jZ
h[jZzah\Zgby i_j_dju\zx!l k_ju_ |j_Bkithe\@luuo hleh  _gbc fhj_f

iehoh jzafhdzZ fu_ Zjlbeeblu yleyRkdeky gb khklzZ\eyxl hihea
ih\_joghklvx kdhev' _gby khr_~rbahhfbpagske_ky \ k_e_\uo [Zkk_cgZo hl
hieulbg LhesbgzZz ~ _ex\bZevguolZded hgheag ¢ qZklh yleyxlky bklh

khklz\ey Kkji_"g_* f IN\zj~hc khklzZ\eyxs_c k_e_\uo ihlhdh\
Hiheagb nhjfbjmxlkyex\bZevgudeag_c \ [hevrbgkl\_ kemqgZ_\ g_ khc

hleh™ _gbyo ij_ "klZ\e_gguo "j_Kue "kbevgh keZ[uo kljmdImjguo k

\u\_Ij_euo Zjlbeeblh\ k f_edbfbkf\ZseZnguadbihjh"

\medZgh]_gguo ihjhn k km]eb glhkd hiheag c fhiml Ahklb]Z

aZihegbl_e f b ihgkllglglevguf ke hl d00-2 000f3.
l1Zzd"_ s_[_gbklufb hleh  _gbyfb k JebGZklakljh\_ hilf l@gdgu hiheag_\u_
aZihegbl e f knhjfbjh\Zggufihbh~\b dB \ualZggu_ [_j_]lh\hc Z[jZak
\nedZgh]_gguo h[jZah\Zgbyo h[\h~g_gb_f | _eZ hiheagy

Ih\_joghklvx kdhev'™ _gby hihea@dhdh\u_ hihtagbdZevguo ihjh*Zo
yley Iky ih\_joghklv dhj_gguahjfbhphxky gZ [_j_]h\uo kdehgZo djm
ij_"klZ\e_gguo \u\_1j_eufb 40kbz2vghkeh™ _gguo dhj_ggufb ihjh"z
lj_sbgh\Zlufb ZjlbeeblZfb b \medZlgkr ddhdufb

JbkmghdHiheag_pbjdb [ehdh\uo hiheag_c \ kdZevguo ihjh"Zo
Figure 11.Landslide circuses of block landslides

;ehdh\u_ hiheagb koh”yl dzZdkihZhdgh \oaulZlv pmgZfb dhlhju_
\j_fy a_fe_ljyk_gbc b beb ~hddéyglwo[_j_]h\ hZjdhAbbg Ohddzc”™h
ijh~he bl_evguo "h '~ _c -3)Z[ebpu Ijbfhjwvy

H[tzfu [ehdh\uo hiheag_c fhihhljbggu_ [ehdh\u_ hiheagb b hi

"hklb]ZIvo0o0fib [he \yvadhiezZklbg_kdh]h khjsbjgixyky gZ
;ehdh\u_ hiheagb koh”yl \ klfAdjjkadmkiheag_\uo fZkkb\Zo kj_~gbc

Zd\Zlhjbx jbkmghd Ihkdhevdirh\ ] gomgllblglb arhlhjuo \ klhjhgm fhjy khk

[_j_1h\ hkljh\Z ij_\urzXl hiheag?f25f jbkmghd LZdb_ hiheagb jZa\b\Zx
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gZ ih\_joghklb klZjuo hiheag_c hA&ehhedhdbud d gZ[moZgbx Jebgbkluo i
\lhjbggufb hiheagyfb [he__ iha~glZd] g ijBptobbl d mf_gvr_gbx mklhcqgb
jbkmdd,nb5). hiheag_\uo fZkkb\h\

Lzdb_ hiheaghb keh _gu klZjgZleba Zjob\guo fZIl_jbzeh\ b fzZI_j
]lebgbklufb hiheag_ \ufb hleh  pbeyfbuo +t bkke ~h\Zgbc ihdzZaZe glh
jZaeh b\rbfbky Ze_\jheblzfb b Z]heeveblZfbhiheaghb gZz KiZ pi\e b g

=ebgbklu_ hiheag_\u_ h[jZah\Zgbnyhjidbgragpd ky \ ijb a_fe_ljyk_gby
K [y s_[_gv b f edb_kd2eyguighbahr_ ~rbo ihke_ kbevguo ~h '~ _c¢ >D
\medZgh]_gguo ihjh~ \@
H[tzfu hiheag_c fhiml A"hklIbNHyfbjh\Zgb hiheag_ c gZ hklj
50 000 f3, Fhg_jhg \hafh'gh b \ i_jbh® aZzZe_]
Hiheag_\hc j_ bf kg_"gh]h ihdjh\Z \h \j_fyh]em[kdbko

khiih)h;\"b xusboky \uiz™_gb_f [hevrl
dhebq_kIVZ "br"dbo hkz"dh\

]bbh\lhjhc iheh\bg_ fZjlz +
ey ]jmglu ih”® kg_“guf ihoc
1j_[u\zxl IZehf khklhygbb Bgl_gkt

Kbevgu_ b ijh*he bl_ evgu !thglPZ A‘B’ ]Z ijb\h~bl d \h’\hhl’\.Zq_ ba_
iib\hAyl d h[\hAg _gbx hiheag \ud®fFkkp\hy 94kus_gbx eZlhc ih"kibez
keh gguo juoehh[ehfhggufb dhee%e\BQ%\vug% hleh”_gbc b nhjfbjhiz
A ex\bZevgufb hleh' _gbyfb b d H[K‘ﬁ@ _
dhglzdlh\ f_“Am iezklzfb Jhjguq ihf JA""\h\Zgb hiheag_c Izdhlh ]_

kdZevguo fzkkb\Zo ih\_joghkl d Meddby Yy @AZ¥Ehghf ih[_j_"v_ hkijh\z

hiheag ¢ DIhf. IhIh i1 miez: §<2Aqb2e\b thm hkljFhg Jhg N\ 1Zdbo
—g'bY

iib\h bl d m\_ebq_gbx kdhjhklb ?_zé ehlbg_kdbo gblZevguo
]1- h]bq kdbo mkeh\byo

Hiheag hizZkguc i_jbh” ~eblky 'k
fZjlZ ih ghy[jv \dexgNhphbgh\Zghb
hiheag ¢ k\yazZgh k \_k_ggbf %]Wi’ éJbZ\
bgl gkb\gufb ijh~he bl_ evgufbbh
Z[jZabhggufb ijhp_kkZfb

Jbkmghd<lhjbggpehdh\u_ hiheagb Z b hihea_gv \yadhieZklbg_kdh]h kf
klZjhlh [ehdh\h]h hiheagy \ ;molZ Qmijh\Z Lmjbklbqgq_kdbc dhfie_dk |
hiheagy Nhlh G : DZazdh\Zz
Figure 12.Secondary block landslidegl@nd landslides of viscoplastic displacemedtan the body of the
old block landslide Y). Chuprov Bay. The tourist complex is built on the body of an old landslide.
Photo by Nikolay A. Kazakov
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lh\lhjy_ fhklv hihkbeegu\bgihjh” \ualZgguf kbevgufb ijh~he bl_ev
khklz\ey | \ kj_~g_f- Zh \Vehdh\WkzZ""dZfb >Zgguo h dhebg_kI\_ h
hiheag 1g&a \- e.| \uiZ\rbo gZ =FK ©Fhg_jhddlgZjvfZc

:dib\baZpby hiheag_\uo ijhp_kkh\ b ]hVvh\ ~r_kl\mxsbc
k\yvazgZ k \_k _ggbf kg _]hlZygb_ fhbgpdagkbligubb”® g |
ijh~he bl_evgufb hkzrdzfd"gZdh gZ [eb Zcrbo =FK ®G_\_e\
i_j_m\ezZ gyxsbfb hiheag_\u_ h[j®BdFhiE gbjjpevdhg? \h \k_o kemqgZyo \uiZ
Z[jZabhggufb ijhp_kkzZfb gZjimrgwrsb fldhebq_kl\h hkz”~dB\ [Z[ebpu
mklhcqgb\hklv hiheag_\h]h fZkkbl1Z < ¥YRA]lmkl_ ] khrze [hevrh

njhglZevghc ahg_ hiheagy \*hev[dhdhlhacftjyhea gv Ilhgguo ~Zgguo h]
k_ckfbg_kdbfb ijhp_kkZfb Z gd_Imk2kligZo fukzZ KZozZjgZy =heh\Z gz
ihA\_jlrboky Zgljhih]_gghfm \k&” ibkl\bxv_ hkljh\Z Fhg_jhg

g_ hjlj]zgbah\Zgguf "gzZauwff klhdhf F_kyqgqgZy kmffZ hkzZz~dh\ azZ Z\]mkl

ih\_joghklguo \h” gZ =FK ©Fuk Djbevhg? khklZ\beZzZ
Bf xsb_ky k\_~ gby h Kk mMgZyfghlhe g~ agzZq fdb ijk
nhjfbjh\Zgbb gZ hkljh\_ [hevrboknmlitheaf cfZzdkbfmf_ ff gZ =

ihdZau\zZxl glh \k_ hgb J[ueb &GyaZgukadO0ff ijb kmlhqghf fZdkbfmf_
\uiz® _gb_f kbevguo bgl _gkb\guo hkZfdh§zb =FK ©Fhg_jhg?® #Hf

kbevguf ij_~r_kl\mxsbf m\ez g_gb_f ]Jhjguob ff [Z[ebpZ
LZ[ebpZF_kyqgu_ b kmlhggu_ kmffu hkz~dh\ \uizZ\rbo \ ij_~r_kl\mxsbc
1955]
Table 2.Monthly and daily precipitation totals for the period preceding the landslide. 1955
F_kyp Kmffz hkz?
Z "Zlm
= i Month 9
F | _hjheh]bq_ hkFI_Kh\‘ZZkaAhyg: nhjfbjh\Zghb
0Zjzdl_jbklbd J g- hiheagy f
. Hydrometeorological
Meteorologlgal station/distance from | V Vi Vi VIII Arn.our.lt of
characteristic precipitation for
Moneron, km :
date of landslide,
mm
Dhebq_lhlkﬁ"dh th_]hg G _| NZgguo
aZz kypf
G_\_el6kd 16,0 91,0 | 81,0 | 220,0 408,0
Amount of
precipitation per month Fyk Djbe/H g 69,0| 101,0| 120,0| 196,0 486,0
mm
86,8
FzZzdkbfZevgZy ) (10.08)
kmlhgqgZy kmff Fhg_ihg G_I "Zggu 76,0
hkz~rdh\ ~Z1Z (12.08)
Maximum daily G _\_elékd 10,0| 52,0 | 250 | 287
precipitation (date), (12.08)
mm . 87,0
Fuk DjbeVh g 24,0 27,0 | 47,0 (12.08)
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2. < k_glyl[j_ ] [hevrhc hihe&_&wvqggZy kmffZ hkzZz~dh\ azZz Z\]mkl
jZajmrbe ihkzehd ;h”juc gZ JHEkHEHRKhIFuk Djbevhg? khklZ\beZ
ih[_j_"v_ hklgih\gZ jhg G_\_evkd_ = ff ijb kmlhgghf fZdkbfmf_

lj_~iheh bl_evguc hitzf hihedgylZ[ebpZ
khklZ\be000 i

LZ[ebpZF_kyqgu_ b kmlhggu_ kmffu hkz”~dh\ \uizZ\rbo \ ij_~r_kl\mxsbc
1957 ]

Table 3.Monthly and daily precipitation totals for the period preceding the landslide. 1957

F_kyp Kmffz hkzn
. =FK.jZkkIhygp Month .gZ.’\ZIm
F | _hjheh]bqg_| hkljh\Z Fhg_j nhjfbjh\zZgh
o0ZjzZdl_jbklb df hiheagy f
Meteorolo.glc.:al HeromgteoroIoglcal ERY vit | vin X Arn.our.ltof
characteristic station/distance from precipitation for
Moneron, km date of landslide,
mm
Dhebq_klkE"dl Fhg_jhg G_Il "Zgguo
ad_kypf G _\_el6kd 35,0 97,0/ 72,0| 78,0 | 126,0 408,0
Amount of
precipitation per Fuk Djbe/N%ig 26,0| 77,0| 43,0| 123,0| 132,0 401,0
month, mm
FZdkbfZevgZy| Fhg_jhg G_I| "Zgguo
kmlhggZy kmffi G_\_ e/6kd 16,0| 15,0| 20,0| 24,0 | 48,0
hkz~rdh\ ff
Maximum daily FukDjbevig 18,0| 25,0| 29,0| 43,0 | 14,0
precipitationmm
3. k_glyljy ] \h \j_fyGZb[he__ djmigu_ “bkehdZpbb
a _fe ljyk _gby ijhbahreh ifibkkjh\dn_gu d kdehgzf keh™ g
nhjfbjh\Zgb_ hiheag_c¢c FZdkbfzZevgulkehhptZixsbfbky iZzqdZfb Imnh]_
hiheag_c “hklb]Zé&>S _|gbdl98il]. i_kgzZgbdh\ Ze_\jheblh\ b Zjlbeeblh\
A _fe ljyk_gb_ fZ]Jgblm~hc \ ffjddkihfredvguo h[tzfh\ hIf_gqZebkv gZ k
gZk fbg k_d ih f_klghfm RAjbfgdbjhihZgguo \ -alzi¥ Ndhhf
Aghf LZIZjkdh]h ijheb\Z gZ Jei\bgZijZz\e_gbb >S_Igbdh\ @

df d k_-\\hjjhlhdm hl hkljh\Z Fhg_ghg fhsguo ihdjh\guo q_I\_jlbggu
>S lgbdh\ . Bg@ gkb\ghklv a_fe_Iljhjkehgbgbyo gz dimluo kdehgZo
gZ hkljh\_ Fhg_jhg khklzZ\bezZ [ZkdxghhifdZegzgguo mqgZkldZo nhjfbjl
MSK. hiheagb \ \b~_ klmi_g_c beb dh

< k_glyl[j_ ] ijh\h7igehkegghklvx-~h f dhlhju_ kimkdZebk
h{ke_~h\zZgb_-\kbkVhjjghc qzZklb hklyakBlu f <ukhlZ kl_ghd kjulZ “hklb]
ihke_ "Zgghlh a_fe_ ljyE_dlgh\uG@ ® f >S_1gbdh81].
Aim]bfb bkke_~h\zZl_eyfb >S@ dhbeh\ GZ x]_ hkljh\Z [ueb hilf_qg-gu ebrv
mklZgh\e_gh qlh [hevrb_ k_ckfh][lgggwrb hiheteggdgb < ]Jem[bg_ hkljh\Z k
h[jZzah\Zebkv ij_bfms_kI\_ggh ggb[dpmuazfblguo ke_~h\ hklZlhqguo ~_1
h[julbkluo [_j_]Zo g_ h[gZjm  _gh

13¢
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Djhf_ h[\Zeh\ b hiheag_d~h¢veldehgZ g_[hevrh]h oj_[IZ kimkd
aZj_]bkljbjh\zgh fgh _klI\h [hevrbd bj fZeuo qzZklb Qmighuz gz k_\_jh
lj_sbg >S _Ighl®®\@ G_dhlhju_ baZgbbghc klhjhg_ hkljh\Zz
ijhly]b\Zykv gZ jzZkklhygb_ "h fHbdZdb b \ wihf kemqzZ_ \ ij_"r_KkI\I
rbjbgm ~h ihemf _1jZ DjmigZy IjhpflogE\Zgdx hiheag_c¢ i_jbh~ gZ hk
kjz\gbl_evgh jh\ghf [IjzZ\ygbklhfFhd&djghog \uiZzeh [hevrh_ dhebq_kl\h h
ijbf_jgh \ _]1h kj_"g_c qZklb [ueZ IZ[@¢bPhZ _gZ

LZ[ebpZF_kyqgu_ b kmlhggu_ kmffu hkz”~dh\ \uizZ\rbo \ ij_~r_kl\mxsbc
19711
Table 4.Monthly and daily precipitation totals for the period preceding the landslide. 1971

F_kyp Kmffz hkzA
. :FK.jZkkIhygl.:) Month .gZ."ZIm
F I _hjheh]bg_| hkljh\Z Fhg_j nhjfbjh\zZgl
oZjzZdl_jbklb df hiheagy f
Meteorologlgal Hyd.rome.teorologlcal Vv vi | v ViI| X Ampupt of
characteristic station/distance from precipitation for
Moneron, km date of
landslide, mm
Dhebq_lhlkﬁ"df th_]hg G_| /\Zgguo
ad_ky pf G_\_elekd 50,0| 55,0| 89,0| 166,0 | 85,0 360,0
Amount of
precipitation per Fuk Djbeihg 62,0| 70,0| 94,0| 142,0| 68,0 368,0
month, mm
FzZdkbfZevgZy . A 47,4
kmihqgzy kmff ~n9-INg G_17299Y 150
hkZ*dh\ "ZI1Z| G \_ e/ékd 12,0| 21,0| 33,0| 36,0 | 18,0
Maximum daily
precipitation (date), Fuk Djbeihg 12,0| 37,0| 32,0 47,0 | 13,0
mm
4. < hdly[j_ ] Vj_amevlZl_ kHd8vguo ] \~_j \g_ GbrbozZfz aziz’

aZly'guo “~h°~ _cbpZkZzZ[e ijhbahrehh[_j_ “v_ hkljh\Z \ ezZ\bg_ ih]b[ g_eh
fZkkh\h_  nhjfbjh\Zgb_ hiheag_c higZ#&bfa mkeh\bc h[jZah\Zgby €
300-1 £. ihdzau\z | qlh wlb eZ\bgu h[jZah\Z
< jZchg_ [molu Qmijh\zZ Z\lhjmilyoehj ]h\uo kdehgZo m ih~gh by
Zj_]bkljbjh\Zgh "h -hhiehuedg_c jZkihezZ]Zebkv ~_j \gb <ukhlz kdel
Ms_j[ hl eZ\bg k_e_c b hlhea7§’1@0f dimlbag® f Lbi ezZz\bghk[hjzZ =+
Ih bf _xsbfky k\ A _gbyf gZth yc kdehg R
Fhg_jhg ijhbkoh~beb dZIZkljhnu 7ng koh®beb \ slljzgbh®
koh~"hf eZ\bg b hiheag_c dkbf evghc .Ihesbgu kg_ gh.]h ihdjf
kbevghc kl _i_gb _]h jZajuoe _ghbh)
EZ\bgu nhjfbjh\Zgby \ kg _"ghc Ihes_ eZ\bghi
1 VA j_\g_ GZ]ZoZfZ ydrkdhakl_~ki\b_ i _j djbklZeebaZpbb
ih[_j_"v_ hkljh\Z jbkimgBtbg_ih]hfaekp jbkm)ghd
4q9_eh\_dz
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LZ[ebpZF_kyqgu_ b kmlhggu_ kmffu hkzZ”dh\

HI:KGU? IJHP?KKU B Y<E?GBY Lhf2

\uiZ\rbo \ ij_~r_kl\mxsbc

<u’?

202C

20151]
Table 5.Monthly and daily precipitation totals for the period preceding the landslides. 2015
F_kyp Kmffz
N
=FK jZkklhyg Month hk,\ZZIdr:\
F_I_hjheh]bq hl hkljh\z e
- . ; : nhjfbjh\zZg
y oZjzZdl_jbkl Fhg_jhg df yhiheagy
Meteorological | Hydrometeorologic |\ | v\ il | x| x| Amount of
characteristic al station/distance o
precipitation
from Moneron, km
for date of
landslide, mm
Dhebq_kI\h | Fhg jhg G_| ~Zgguo
hkz~dahd _kyp
£ G_\_e/ekd 111,0| 95,0 147,0| 97,0 56,0 156,0 562,0
Amount of _
precipitation per Fuk DjbeN®g | 92,0 | 86,0 189,0| 37,0 44,0 70,0 518,0
month, mm
kmlhgqgZy kmj]
hkZ~Adh\ ff G _\ e/ekd 19,0 | 16,0 53,0 | 30,0 11,0 46,0
Maximum daily Fuk DjbeNhg | 14,0 | 20,0 70,0 | 12,0 16,0 10,0
precipitation,mm
JbkmghdHkljhkhg _jhg » £Z]ZoZfZ ] V' eZ\bg_ ih]b[eh

2+i ;h”™juc

jZkihezZ]Zeky i

\V k_glyl[i_
‘hAjnjbkiblg _kdZy 1jhiz

jZajmr_gMjihghg _tliiheag_\hc pbjd

Figure 13.Moneron Island. 1tvillage Nagahama (17.02.1914 an avalanche killed 4 people);
2 zvillage Bodriy (in September 1957 destroyed by a landslidegr&ientlandslide circus, which was
located in the village Bodriy; 4tourist trail (destroyed by landslides in October 2015)
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Jbkmghdlj_"ihezZ]Z]fZgbpZ hiheagy jZajmrb\r_]Jh i ;h”juc \ ] Nhlh
Google Earth

Figure 14.The supposed border of the landslide that destroyed the village of Bodry in 1957. Photo from
Google Earth

JbkmghdLmjbklbqg IKHdiZdy jZajmr_ggZy hiheagyfb \ hdly[j_ ] Nhlh G :
Figure 15. A tourist trail destroyed by landslides in October 2015. Photo by Nikolay A. Kazakov
Hiheaghb K_eb
<k_gly[1957] hiheag[uejZajmr_g K\ _~ gbc h[ ms_j[Zo \ualZgguo k_«
ihkzehhl”ju€jbkmgldhls). ijhp_kkzfb g_|I
< hdly[j_ ] hihelweZb <u\hAu

jZajmr_gZ Imjbklbg_kdZy Ijhiz ijheh’ _ggZy hl
ijbqgZzeZ ~h [Zau hl"uoZ \ [mol_ Qmijh\¥ jjekmegHd!_ \uiheg_gguo bkke_*"
15). KZfZ [ZaZ hl*uoZ [ueZ \ha\_mlglZgdZel . gh  qlh gZ Fhiglihhg

kiZjhlh hiheagy jbkmghd ihA\pZabbaExhky]heZ\bggu_ k_e_\u_ b hih
\ ] ijb\_eb d ih\j_"~_gbyf ihijiggklou
kl_ghd EZ\bghhiZzkgh [he _ | _jjblh,

hkljh\Ehg _jhg Nhjfbjmxlky eZ\bgu \k
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]_g Ibg_kdbo Ibih\
kbevguo kg _lhiz*h\ b f_| e _c¢
< jmkeZo \h”~hlhdh\ \
\hjhgdZo \' hiheag_\uo
nhjfbjmxlky k\lyagu_
:dib\baZpby k_e _\uo ijhp_kkh\
bxehdly[j_ ijb ijhoh "~ _gbb
pbdehgh\ khijh\h *Zxsboky
[hevrh]h dhebq_kI\Z hkz~dh\
GZ hkljh\_
hieulbgu kieulu
kdZevguo ihjh”*Zo

[ehdh\u_
GZ

hiheagb f_”"e_gghlh
\yvadhieZklbq_kdh]h kf_s _gby

4. <h
ijh~he bl_evguo ~§zZ™ fojkdbo
hkljh\znhjfbjmxlkehdh\u _
kdZevguo
[he__

b kihkh[gu \uaulzZlv pmgZfb

HI:KGU? IJHP?KKU B Y<E?GBY Lhf2

ij_bfms_kI\_ggh

nhjfbjmxlky

ihjh~"Zo h[OOfBO0000 f3 b
WIb hiheagb koh”yl \ fhjkckhxzZdb¥ HjblkkemagZyo ]b[_eb ex”"_c \ e
d h hikjlgh \efrg mh g

<ul| 202C

\h Whfybjh\Zgb_
[hevrbo

hiheag_c

\k_o Ibih\
kbevguo
ij_"r_kl\mxs_]h
\ualZggh]h

\uiz~_G_hklfHg _jhg \

2015 ]1h*Zighbkoh”beb dZIlZkljhnu

kohetdagb eZ\bg b hiheag_c¢c b

7k _d\
b hﬁii]
\Ihj
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ﬁgszghklb
\ujz z_|I
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to be roughly equivalent to the modern paramete
the flow of the Neva River.

The article is dedicated to our colleague, a tale
geographer and teacher, PhD Oleg Boriso
Averichkin (1979-2010) who first performed 1
calculations of the paleorunoff of Lake Ladoga.

Dexqg_\ukeh\Zake Ladoga; Baltic Se Keywords: EZ"h kdh_ ha_jh ;Zelt
palaeohydrology; Karelian Isthmus; Heinj iZe_h]lb”*jheh]by DZj_evkdbc i.
waterway; Neva River; Holocene; modeli O _cgbhdb j dZ G_\Z J]hehp_g
palaeoflow parameters iZjZf_lju iZe_hklhdZz

Introduction extension of the BIL. About 11,700 yr BP, in the area
fof the Mt. Billingen in the central Sweden, a glacial

Reconstruction of water runoff in the rivers o . .
) ) lobe decayed, which led to the release of the straits,
the past geological epochs is one of the most . ,
. owering of the runoff threshold and a drop in the
important problems of palaeohydrology.

- >0
In the area of the Karelian Isthmus, level of the BIL from 95 to 20- P %o M| UFN

C , ince that time, Lake Ladoga has been isolated from
significant reworking of the water runoff took place g

. . ) he Baltic, heir contours differed from m mn
after the retreat Scandinavian ice shet—%te altic, but their contours differed fro ode

c214,000 years before present (urtheryr BP) 8L BT B e o
[Subetto et al., 2018]. Crystalline rocks of th ’ '

. . River started to flow into the BIL (Lake Ladoga at
Fennoscandian Shield are a powerful factor ( g

i .
. . . . H1at time was the eastermost gulf of the BIL). At the
influencing the pattern of the river system and rivers . : .
. same time, reformation of lake-river systems
often adapt to geological structures. There are no .
. . connected to these water bodies began [Kvasov,
meanders, the channels are straightforward. Riv

. L . T 75; Isachenko, 1998; Zobkov et al.,, 2019]
intercepts are characteristic, when the river at one lqure 1)
its segments abandons the old channel in favor of t eg '

. L . The runoff from Lake Ladoga was directed
new one in softer rocks. The postglacial isostat .
: . rough the system of the Vuoksa river-lake system
uplift could have a great influence on the work o

rivers, for example, by increasing the slopes of rivers0 the Baltic Sea (modern Vyborg Bay), and the

. runoff threshold was near settlement Veschevo
or by changing the slopes to such an extent that they . . .
einjoki). The waterway connecting Lake Ladoga
could now have zero or even reverse slop

[Makkaveev, 200]L with the Baltic Sea was still in place, consisting of

. . lakes, ith al inth of
During 14,000-12,000 yr BP, and prior to thenumerous akes, streams and bays with a labyrinth o

abrupt fall of the Baltic Ice Lake (furtherBIL) atca > 2dS [Dolukhanov etal., 2009]
11,700 yr BP, Lake Ladoga remained an easternmost

Km[_Ilh > : Dmag_ph\ > > FbgbgZ F IZe Shiklhhghdg zhel_jz EZ~h]z »
fhjy \h \j_fy =hehp=9Zjhkn_jz HiZkgu_ ijhp_kku b 2\eugby KL48157.L
DOI: 10.34753AS.2020.2.2.148 <
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Figure 1. Changes in the hydrographic system of the Ladoga Lake basin
Jbkmgh8af_g_gby \ ]b~jh]jZnbg_kdhc kbkl_f_[Zkk_cgZ EZ"h kdh

Saarnisto [1970, 1995] has demonstrated thiirmed. The River Neva has been formed ca
Lake Saimaa in southeastern Finland ca 5,900 yr BE500yr BP  [Alexandrovsky et al.,, 2009;
started to drain into Lake Ladoga via the VuoksBolukhanov et al., 2009; Dolukhanov et al., 2010 and
River. The resulting influx of fresh water led to theothers]. Gradually, the connection between Lake
rapid rise of Lake Ladoga and the ensuing Ladodadoga and the Baltic Sea through the Heinjoki
WUDQVJUHVVLRQ 7KHUHIRUH waterRdy waslstdppeD. N ke \bksd RivRflbegan to
system the flow of water from the north flowed alonglischarge water directly to Lake Ladoga
the old valley of the Heinjoki Strait to Lake LadoggNezhikhovsky, 1973; Saarnisto, 1995; Sevastyanov
(NW part) but as the amount of water exceeded tlat al., 2001].
entire volume of the channel, part of the flow went to The history of transformations of river valleys
the Baltic Sea. The northern part of Lake Ladogean be reconstructed from the tracks left by the stream
situated in the area of a faster uplift of the earthtsed. Therefore, it becomes possible to calculate the
crust, meanwhile the southern part of the lakibow rate through the Heinjoki using the
submerged. As a result, Lake Ladoga turned into amorphometric data of the palaeochannel. The purpose
isolated lake, and overflow began. Lake Ladoga wad this study is the hydrological calculation of the
filling up until its waters flooded the entire valley ofrunoff through the Heinjoki water connection of Lake
the Mga River and approached the narrow isthmlimdoga and the Baltic Sea and compare obtained data
separating the Mga and the Tosna Rivers (Mga-Toswith modern runoff through the River Neva. The
threshold 18-19 m high). The water level in Lak@urposes of this research are as follows:
IDGRJD URVH DERYH WKH ZDWHU¥ kobt&n Bhe Gnmovghiometi@ Dddtd Tof the
waters run toward to the Baltic Sea, forming thpalaeochannels of the Karelian Isthmus region;
modern Neva River. After that the level of Lakg2) To perform the hydrological calculations of the
Ladoga fell by 10 m and the Ivanovskie rapids wenealaeoflow based on morphometric data.
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Figure 2. Reconstruction of the Lake Ladoga transgression ca %3000 yr BP [Ailio, 1915]
Jbkmghd_dhgkljmdpby ljZgk]j_kkbb EZ”"h kdh]h kafAjid, 106d5]

Materials and methods Results

In palaeohydrological reconstructionghe The preliminary studies of the Heinjoki
following methods were used [Subetto, Averichkinpaleostraight, conducted earlier near Veschevo
Kuznetsov, 2000 village (Heinjoki), allowed to obtain the following

f  water balance equation; information (Table 1). The banks of the channel are

f hydraulic-morphometric dependencies; composed of Quaternary deposits represented mostly

f method of geographical analogy. by sand. The banks do not have any floodplains and

For the assessment of the palaeorunoff of therraces. The channel alluvium is represented by
Heinjoki waterway system, the relationship betweetoarse-grained sand and gravel-pebble deposits, lying
the river flow rate with width, depth and wateron crystalline rocks. The channel had two branches:
balance ratios was used. In addition, ouhe width of the first was 400 m, the second was about
palaeogeographical hypotheses is based on @0 m. The depth of the both branches was about 6 m
principle of palaesogeographical analogy, that is, th@gure 3). The modern water level of Lake Ladoga is
proximity of flow characteristics for modern andca 5 m. If the modern level of Ladoga would fall 5-6
ancient river basins with similar contemporary anth below the average, the Neva would flow back and
palaeogeographical conditions [Evstigneev, 199@he waters of the Gulf of Finland would enter the lake.
Sidorchuk et al., 2000].
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Figure 3. Location of the sediment sampling near the settlement Veschevo (Heinjoki), demonstrated that
lake sedimentation began about 3000 years ago, and before that river sedimentation conditions prevailed
[Dolukhanov et al., 2009]
JbkmghdzZkiheh™_gb_ hl[hjZ ijh[ \ jZchg_ ihk_edZ <_s_\h O_cgchdb ihd
ha jZ gZqgZehkv hdheh e | gZzaz™ Z ~“h wlh]h ij_h[eZ[DWkkhandve h\by j_
etal., 2009]

The level of Lake Ladoga ca 5000 BP in théranch). The modern annual flow rate of the Neva
northern part was ca 21-22 m a.s.l. River is 2530 ris.

To determine the area of the water section, The runoff rate of the catchment area can be
there is universal formula of B.A. Appolov [1974]: calculated:

F= 2/3 BH (1), M= Qav 103“: (4)
where B_ is the average channel width, In our research, the River Neva basin was
H is the average depth of the channel. considered as the modern analogue of the

. HQQHG\TV [RUPX0D96% . ¥ QealeeBlandscape. The runoff rate is equal to 8.28 I/s
applicable for determining the water velocity, it iSrom kn?. The River Neva runoff rate is 9.25 I/s from
used for rectilinear channels and channels witkm?

constant water and sediment flow: The annual runoff volume is:
V, = 0,84H64 (2) W =QT/10 (5),
The water flow is determined by formula: ~ Where T is the time in seconds per year.
Q=V,F (3) The Heinjoki waterway annual volume of

églnoff is 73.8 km. The annual volume of runoff of
the Neva is 79.8 kn
The runoff layer is determined by formula:

The average annual flow rate of both branch
of the Heinjoki waterway was: Q = 2339%m
(1316 ni/s xthe first branch, 1013 #s +the second

152



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?GBY Lhf2 <u?| 202C

Y = W/F 1C¢ (6), height of 50 m. Through the waterfall every second
where F is the catchment area. passes 5900 i of which 5600 m belongs to
The runoff layer is 261.3 mm. The runoff laye/Canadian part. Flow from Lake Ontario occurs
of the Neva River is about 284 mm. through the St. Lawrence River. In the upper current,
Formula for determining the runoff coefficientthis river is like a bay of a lake, but then it narrows,
is: the fall becomes large, due to what the river is
K = Y/X ), abundant with rapids. Niagara Falls appeared ca

njt2’500 yr BP ago. Initially, it drained from a steep
ledge, covered with sedimentary rocks which are

o represented mostly by limestone and dolomite
When the amount of precipitation is 700 mm‘Larson, Schaetzl, 2001].

the runoff coefficient is 0.37; when the amount o The described situation exists due to the

precipitation is 500 mm the rgnoff coefficientis 0,'52tectonic stability of the region, and therefore the water
The amount of precipitation in the modern basin Oéf Erie did not find another way of flow. That is, the
the River Neva is 606 mm, the runoff coefficient Rlisturbances of the shape of the longitudinal profile

0.37 accordingly. ) and the configuration of the channel in terms of local
Thg methqd of analogues provides A uctuations of the earth's crust were smoothed out by
opportunity to define the palaeorunoff also for th?ne work of the river flow. The area of the Karelian
PalaeoVuoksa. The modern catchment area of tf%‘:t‘hmus and Lake Ladoga was an area of fast
Vuoksa River and the entire system of Lake Saim%%formations when the rate of erosion of the Old
is 69,500 krfy the volume of the runoff is 20.3 km Vuoksa and the Heinjoki runoff way turned out to be

and runoff layer Is 336 mm. The runoff coefficient i?es,s than the velocity of the channel shift under the

0.48 (pre.c?pitgtion amount of 700 mm) Ofinfluence of tectonic. In addition, rivers can erode the
0.67 (precipitation amount of 500 mm).

_ _surface to different depths depending on the nature of
Accordingly, the average annual water flow Mocks. If the river flowed through rocks that could

the Heinjoki runoff way, befgre .the breakthr(z;gh OEasily be eroded as limestone, for example, it quickly
the Vuoksa water to the Heinjoki way, was 1654sm deepened its bed, increased its length, and made it

the annual runoff rate 53.4 Rmthe runoff rate possible for the tributaries to be developed. If the
7.9 V_S -perkmz, the runoff layer 251 mm, the runoff river bed represented by crystalline metamorphic and
coefficient at 700 mmt0.32, at 500 mmt0.5. igneous rocks, e.g. Vuoksa River and the Heinjoki

Discussion waterway located in the southeastern part of the
Fennoscandian Crystalline Shield, then the

A good geographical analogue of the S'[Udgmbedding became difficult and conditions for the

area (the Neva River basin) is the Great Lakes regi8re1>velopment of river valleys worsened. Finally, there
in North America. Although these lakes decreased In i ’

. . . ... _Was a significant reorganization of the river system.
size after the ice retreating of the Last Glacial tim ) L . . .
he Neva River and its tributaries, which laid valleys
they were nevertheless preserved, largely due to the : . .
. . : on loose rocks, intercepted the drainage of river
Niagara Escarpment, which is a natural

. . . _ Stel?asins in areas built up by dense rocks. Something
supporting the high water level in Lake Erie. Thesimilar happened in Appalachia, where the

presence of ridges predetermined the different helgrggvelopment of the river beds stopped not as the

of lake levels, located like a cascade. The most . i
C . result from the cessation of erosion, but because
significant difference between the levels of the Lakes . . :

i . : erosion became weaker than other factors influencing
Erie and Ontario are predetermined by the cuesta . . . :
. G the relief of the channel, in particular tectonics.
ridges from the Silurian limestones that spawn the

famous Niagara Falls. Here the water falls from a

where X is amount of precipitation in the catchme
area.
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Table 1.Hydrological characteristics of the Neva River and the Heinjoki waterway
LZ[ebpZ=b"jheh]bqg_kdb_ oZjZdldhb&Ibh@blcgbhdkdh]h ijheb\Z

Water balance Neva Heinjoki Heinjoki waterway before influx of the
characteristics River waterway Vuoksa River ca 5,000 yr BP
Catchment area, Kmn 282 000 282 000 212 800
Average annual water flow 2530 2339 1694
rate, ni/s
Runoff volume, kriyear 79.8 73.8 53.4
Annual runoff layer, mm 284 261 251
Runoff coefficient 0.38 0.37 £0.52 0.32 +0.5
Runoff rate I/sec from ki 9.2 8.3 7.9

Thus, during the uplift of the Karelian Isthmusl1959]. Therefore, the estuary area of the Vyborg
and north of Lake Ladoga, the parameters dfranch of the Vuoksa River had a long-term
palaeochannels of the Heinjoki straight changed. Firsbnnection with the Gulf of Finland of the Baltic Sea.
of all, there was a decrease in their depths, whichled So, we can formulate the following
to a decrease in runoff from Lake Ladoga to the Baltconclusions:
and, accordingly, an increase in the volume of watet ~ Lake Ladoga has been connected to the Baltic
mass of the lake. The calculations show that if th&ea throughout its history since its deglaciation (first
depth has decreased to 3 meters, then the averagethe easternmost gulf of the Baltic Ice Lake until
annual flow rate would be 1235.7s In this case 11,700 yr BP, later as a part of the Ancylus Lake, and
the runoff rate is equal to 4.37 I/s pen?, the runoff then as an isolated lake with the outflow in the
volume is 38.9 kr per year, the runoff layer is northern part of the Karelian Isthmus with Hejnjoki
137 mm, the runoff coefficient varies from 0.19 tahreshold from 10,200 to 3,500 yr BP).

0.27. X  The quantitative parameters of the Heinjoki

Reduction of the flow from Lake Ladoga byrunoff (flow rate, annual runoff, runoff layer, runoff
27.5km® gives the corresponding increase in theoefficient) roughly correspond to the current flow
volume of Ladoga's water mass. In about 40 years, thgrameters of the Neva River. However, they are
volume of Lake Ladoga should be increased by 1,1@8mewhat smaller than the Neva River has, which is
km®, that is, a second Lake Ladoga could appeafssociated with  different  geological  and
which should create another runoff way. After thgeomorphological conditions for the formation of the
formation of the Neva River, the Vuoksa RiveNeva River and Heinjoki channels.
flowed eastward, and the replacement of the riveg The change in the runoff direction from the
mouth to modern city Priozersk surroundings toolyoksa to the Neva is mainly related to the tectonic
place. Due to the geological processes on the Kareligflift of the Karelian Isthmus and the northern part of
Isthmus, centurial land uplift led to the final drying_ake Ladoga.
out of the western channel of the Vuoksa River in the
17th century, and now only a chain of lakes connected
by sections of narrow rapids reminds of it. According The study is supported by the Russian Fund for
to the law of factorial relativity, reaction of theBasic Research (N0.18-05-80087) and by the
different parts of the hydrological system to thiMinistry of Science and Higher Education of the
changing conditions is not the same and is noRussian Federation (project No. FSZN-2020-0016).
simultaneous [Makkaveev, 1955; Channel process,
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Abstract. The results of the analysis of geosp:
and geological-geomorphological information on
shores of the contact zones of the North Pacifit
presented. An analysis of the maps of

morphogenetic types of coasts of the North Pg
revealed the specifics of the coa
morpholithogenesis of the seas of subarctic
moderate zones. It has been established that fi
seas of the North Pacific, a two-modal distributio
the length of coasts of various types is charactel
The first maximum relates to abrasion-denude
rocky shores, with a significant contribution to
destruction of physical weathering. The second
is formed by abrasive-accumulative shores. A sir
distribution of coast types along with structural
geological features of the coastal structure
probably associated with various stages of co
maturity under conditions of intense denuda
destruction of the coasts of the seas, characteriz
D SURORQJHG 3:RSHQ VHD’

temperatures. The  morphoclimatic  posi
(geospatial parameters and the related differenc
morpholithodynamic parameters) of Sakhalin Is|
and the island arc systems of the North Pa
allowed us to consider them as contact zone
different types of seas, as well as seas and o«
The morpholithodynamic characteristics of

shores of contact zones along with the feature
hydrodynamics and the thermal regime of the sk
water areas also determine the morphoclin
parameters of the contact zone itself. The Sak
shores of the moderately cold northern part of the

$1D QD V.Y.Hiyna@ov E.I., Uba A/. Morphogenetic differentiation of the shores of the contact zones ¢
North Pacific Hydrosphere. Hazard processes and phenom202a0, vol. 2, iss. 2, pA58172. (In Russian;
158 abstract in English). DOI0.34753/HS.2020.2.2.158
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[_j_]h\ dhglZdlguo ahg gZjy"m of Japan and the Subarctic Sea of Okhotsk

]b~rjhr"bgZfbdb b | _jfbg_kdh 30-140 km apart, while the oceanic and me
jZa® _ey fuo Zd\Zlhjbc hij_”_«¢ shores of large islands in island-arc systems sef
fhjnhdebfZlbq_kdb_ iZjzZf_lju the first kilometers. Thus, the windwave fields

dhglZdlghc ahgu KZoZebgkdb_ their interaction with swell waves in the cont
oheh”ghc k_\_jghc qZklb Yiht zones are very complex. The temperature regir
km[Zjdlbg_kdh]h Hohlkdh]h fhj the coasts also largely depends on the geos
Afm] hl ~jm]zZ \ df \ Ih \j_fy parameters of the contact zones. Based on the n
hd_Zgkdb_ b fhjkdb_ [_j_]1Z djr morphogenetic types of coasts, the distribL
hkljh\h m guo kbkl_fZo jzZa” features of coastal types from the sea and ocea
g_kdhevdh dbehf_Iljh\ Lzd!| of island-arc systems are digitized and consid:

\_Iljh\hegh\u_ ihey b bo \azZk Cartometric and morphometric studies
\hegZfb au[b \ dhglZdlguo ahg: conjunction with the data of geological ¢
keh guc oZzZjzdl_j L_fi_jZImj geomorphological analysis revealed the peculia
ih[_j_"bc 1Zd _ \ agZgbl_ev ofdevelopment and modern dynamics of the sei
aZ\bkbl hl ] _hijhkljZgkl\_ggu ocean coasts of island-arc systems. It is assume
dhglzdlguo ahg Gz hkg the longitudinal asymmetry of the low isthn
fhjnh] _g Ibg_kdbo Ibih\ [_j _]h\ between the ocean and sea shores is dt
jZkkfhlj_gu hkh[_gghklb jZkij_  tsunamigenic processes.
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]brjh~bgzfbdb b | _jfbg_kdh]hhkgh\pt® fmkkhgguo h[eZkl_c >Ebkh
jZa®_ey fuo Zd\Zlhjbc hij_"~ eyl _ljbg \ b @ < madhc ihelkkr \“hev
fhjnhdebfzZlbqg_kdb_ izjzf_lju KE[EAKIAI gidlteyjguc fmkkhg HI k if “h

dhglzdlghc ahgu KZozZebgkdb_ [[4kilZzemf _gZggh[ezZzklv fmkkhgh\ mf_]j
oheh~ghc k_\_jghc qZklb Yihgkdhjh fhHyeadklv mklhcgbl\uo kmJ[ljhibqg
km[Zjdlbg_kdh]h Hohlkdh]lh fhjy fiekkingh\_jgzkihezZ]Z _ lkycdiX]mheb] eb

Aim] hl Ajm}z \df Z hd_Zgkdb_ b<fazlbdb”_ckl\b_ kmrb b hd_ZgZ hkms_
[ j_1Z djmiguo hkljh\h\ \ hkljhe2tmihduckl\b_f |j_o debfZlbq_kdbo
kbkl_fZo jzaNkeyRlg_kdhevdh dbehfckjhby ZIfhkn_ju kb[bjkdh}h b k_

LZdbf h[jZzahf \_ljh\hegh\u_ iHbgphtd_Hgkdh]h Zglbpbdehgh\ Ze
\azbfh”_ckl\b_ k \hegzfb au[b \"dhgkkdlguo Zz I1zZzd _ k_ahgguo p_gl
ahgZo bf_xl \_kvfZz keh guc hoB|EfHjKkdh]h Zglbpbdehgz b Zfn
L fi _jZImjguc j_"bf ih[_j_"bc I|Zdij_kRbb <ebygb_ dhglbg _glzZ ijhy'
agZqbl_evghc kli_i_gb azZ\blezhguf hh[jZzahf \ \b”-azkz\¥gjlh]lh b
] _hijhkljZzgkl\_gguo izZjzf_ljh\ dkg\Zjhlgo ihlhdh\ dhglbg_glZevgh]h
ahg abfg_1]h fmkkhgZz kbevgh kgb "z
Baf_gqgb\hklv ijbjh~guo mkeleyixs__ ~_ckl\b_ Lboh]h hd_2zZg

hij_ ~ ebeZ hkh[ _gghklb fhinhaplh] 'y aZ \ebygb_ hd_ZgzZ ijhy\ey_
fhjkdbo [_j_]h\ dhglZdlguo ahg b \Wiklhmgmudn o x gufb ihlhdzfb fhjkdt
hk\h_gby b ijbjh*hihevah\Zgby ijbfYhabrhoevgd dg ]h fmkkhgZz
ahgzZevghc b | _jjbthjjiokdeXgkl\ _gghc >jm]bfb \Z'g_crbfb
ijbgzZz~e_"ghklb fhjnhdebfZlbg_kdbfb nzZdlhjzZfb gZ ih[_
.o yleyxlky rbjhlgZy b ihl]h*gZy “bnn_j g
Hlahj ijhfe_fu iZAbzZpbhgghlh ijblhdZ kheg_gghc v
,_J_1Z ~"Zevg_\hklhgguo fhhlc \Ehkigbb ebfZlbg_kdbo njhglh\ Zjdlbg

,_ibglh\Z Hohlkdh]h ~h Y\lhggdydhhgt mf_j gguo rbjhl hij_~_eyxs
pbjdmeypby dhlhjuo \oh”bl bglhgkmxgmx pbdehgbg_kdmx ~_ vyl
pbdehgbg_kdmx pbjdmeypbx 1jhKpg_kalbc pbdehgu j_ev_n

IZpbnbdb gZoh”ylky \ ij_"_eZofhgnkklhmddimgguc ieZzg ih[_j “bec
nbabdhh]jZnbq_kdbo ihykh\ ZjdlbgKhkdph]h ggu_ ahgZevgu_ b ijh\bgpbz
km[ZjdIlbg_kdh]h b mf_j_ggh]h oDZld jhlévghdzI>Zevg ]h <hklhdZ ij_~hij
= | Kdjuevgbd ©>Zevgbc <hklhdkjAKigiehb_djhib\hj _gb\h \aZbfh”_ckl\m
mklhcgb\h ZdIb\ghc -dhgladdigihc ghev_nhh[jZamxsb_ \e¢hylbyy ¢lZevgu_
“\mo \_ebqgZcrbo kljmdIimj A_fébhd\ zgb_kdb_ <u”_e_gh Iljb ]jmiiu
\azbfh”_ckl\by hdZaul\Zxsbo jzaudgu_ oh~hf jZa\blby j_ev_nZz
kbkl _fhnhjfbjmxsb_ \ebygby \'dhfZdddrbjh\Zgbb k jZaebqggufb \ha”nm
mf_j_gghlh km[Zjdlbgq_kdh]lh b fZk&tbio_kdhjb  wihf hif_qZ_ Iky |
ijbjh~rgthebfZIibg_kdbo ihykh\2 >Kfdhjjuekdpddimjgu_ gq_jlu ijhy\eyxlky leZ

2018]. h[jzahf \ hlghkbl _evghc fheh”~hklb j_ e
= h]ljZnbg_kdh_ iheh” _gb_ fhydeN@mBEvilmjgu_ i \ fhjnh]_g _Ibqg_
<kklhdZ gz \hklhgghc hdjZbg_ [R}[ZA&bb gH[ebdZ ]_hkbkl_f >Gbdh
liZgbp_ k Lbobf hd_Zghf h[mkeh\«l\jZiehgBébagb_ Kdjuevgbd @
a”™_kv fmkkhgghc pbjdmeypbb Bah | Kjlgh glh "helhlgZy nba
ijhke_ _"b\Z _lky ijbf_jgh khr 1 H]ljzZnbg_kdZy k_dlhjghklv b rbj

[>a_j"a__\kdbc Lmg_Jlheh\_p =ZamigZBevghklv eZg~rZnlghc kljmdIimju
Djhobg @ 1jb wihf hkh[_gghklb fmkkdjgodiky \ agZqbl_evghc f_j_ dzd j.
pbjdmeypigb”_eyxlky \aZbfh”_ckl\bgf fn.g gpbb ihlhdh\ | _ieZ b \eZ;
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lezglbg_kdh]h b K_\_jghlh E_~h\bMyh hoghkdb\ [_j_]h\hc ebgbb [_j_]Z

[:e_dk__\ =hem][_\ >vydhghhbiZ Xjrekib\@ yxl gZ Yihgkdhf fhj_ b agZc
J | _xf @ < kemgZ_ K_\_jghcflgpbmddbz _ k mqg_Ihflhb jl1hh\bih\

bf _ggh fhjnhl_dlhgbqg_kdh_ gXklHohlkdhf fhj_ Bgl_j_kgh qlh ijhly" _
dhglbg_glZevguo hdjZbg b bklhjby bo]lhZ-dghblbyiZz k hilf_jrbf Z[jZabhggu
g_hlagg I\_jlbggh_ \j_fy hij_fmkdmebf \ ijhp_glghf hlghr_gbb gZ Hol
hkh[_gghklb kh\j_f ggh]h debfhfhjnh)lug _a#Zf _f gZ Yihgkdhf fhj_ Ih~h
"helhlgmx k_dlhjghklv b rbjhligmxjakigZeveghdgbvy Ibih\ [_j_ThY gZjy™m
fhjnheblh]_g_aZz gZ ih[_j_"v_kljdéelmpghleh]bg_kdbfb hkh[_gghkl
hif _Iblv k -\hiklihggmx hjb_glElgbxgby ih[_j_ "bc fh I Julv k\yaZgh

hkgh\guo fhjnhkljmdImjguo w2aébgldhufb klz~byfb aj_ehklb [_j_Th\
hij_~ eyxsbo hkgh\gu_ q_jlu \aZbgi~rg&bNgwf jZajmr_gb_f [_j_lh\ mf_]

kmrb b fhjy b hlghkbl_evgmx h[aoakbhegyuohklv fhj c 0ZjzZdl _jbamxs
"Zevg_\hklhgguo fhj_c hl LbohlJiphthde bBgZeviguf i_jbhrhf ©hldjulh]lh fF
j_amevlzl_ jZa\blby Dmjbevkdhcijlb hil¢bpadkdéwguo | _fi_jZImjZo \ha”"moZ

hkljh\hAm guo kbkl_f WIHhifiin\_elth d . .
]iZgbpu debfzibg kdbo ihykh\ gz ih—jn-pd# bkke_nhizgbc
agZgbl_evgh kf_s _gu ijhlb\ gZkh\hc:&ZeleadbdZjl fhjnh]_g_Ilbqg_kdbo |
>:igbdh\ @ Hohlkdh_ fhj_ highkblky Kadbfghc 1Zpbnbdb \ khklZ\
h[jzahf d dzl _]hjbb km[Zjdlbg dfdbpuocihjjlegbfZe mqgzZkib_ h~Abg ba z
Khhi\_IkI\_ggh ih[_j_"v_ Hohlkidh}h”" ¥hjpbgnhjfZpb kddho@uantum

bf I q_jlu Zjdlbg_kdbo b km[&$dithlggkadjoio khhl\_ITkI\mxl Thgghklb bkc
[ j_1h\ E_lgb_ ] _hfhjnheh]lbqg_kdbZjlijh@ZrbhgZevgdbkEhdzk @ >ey
ijhl_dzxl ih~» \ebygb _f mikemdbcgby “ebgu [_j_]h\hc ebgbb dz »

ij_~r_kl\mxs_c abfu K_\_jhzf_pkdrgxab\Zg bgkljmf_gl ©>h[Z\bIv ZI
[_j_1Z mgqZkldZ mf_j_ggh]h debfzllhd fkdjp]h®inkknipb_c ©JZkq_I gZ we
gZh[hjhl bkiulu\Zxl j_ev_nhh[§Ramike_gby ijhba\_~_gu W&GSteebik_
\ebygb_ kmJ[ljhibg_kdh]lh ihykz |ZE8S&EZ@B0. |_gq_gb_
\k_]h 1h~Z [_j_]h\hc fhjnheblh] g _a ¢ZohMjkdhf Zddmfmeylb\ghf i_j_r_
ih” \ebygb _f | _ieuo |_gq_gbc hd_zgzljh\hc hkljhBZImjmi Dmjbeu b
:gZeba dZjl fhjnh]_g _Ibqg_kdbohdiedIkibg_kdhf i_j_r_cd_ hkljh\Z Qm
[ j_1h\ K_\_jghc 1Zpbnbdb iha\hebe_muy\blipueb ijh\_~_gu dZjlhf_ljbqg_
ki_pbnbdm [_j_]h\h]lh fhjnheblh]bkkez"hhZagdy J_ev_n i_j_r_cdZ <_
km[Zjdlbg_kdhc b mf_j gghc ijifkiki\ekid ihkj_~kl\hf \bamZebaZpbhb
>GZpbhgZevguc ZleZk Jhkkbb Asger Global Digital Elevation Model (GDEMV2)
MklZgh\le _gh qlh 7~ey fhj_cy\kyXsjmhky ijh”mdistfy 6fLEconomy,

|Zpbnbdb 0ZjzZdl_jgh MmofHIMZEHgRP QG ,QGXVWU\ 0(7, b 1%$6%
jZkij_"~_e_gb_ ijhly _gghklb KkKh[_jj Jnky \ kbkl_f_ (DUWK ([
jZaebqgghlh IbiZ jbkmghd | _j\ec hfghlllbgfnkidhc kem '[u KR: 8QLWH
highkblky d Z[jZalgmyyrhpbhgydRORILFDO 6XUYH\ Dhhj*bgZlgZy k
kdZebkluf [_j-hzf Ibi kh agzZqgbl_ &@wguf jZaf_j ibdk_eZz fa -

\dez~hf \ ijhp_kku jZajmr_gby &baby &k\dZHf)jZlbg_kdZy hrb[dZh 506(
\u\_Iljb\Zgby <lhjhc ibd nhjfikjmxf_g_ _ f >ey \bamZebaZpbb m
Z[jZabhgglmimeylb\gu_ {h¢_Jdi ihkljh_gu dZjlu \ukhl \ Ij_of_jghc ijh_d
KzZfuc \ukhdbc ijhp_gl hl \uf[secgb_f p\_Ihf \ukhlguo *bZiZahgh\

1 URL: https//Ipdaac.usgs.gov/dataset_discovery/aster/aster_products_table/astevard@n_2 validation ~Z1Z h[jZs_gby
19.03.2018)
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f krzlhf f bl_g \hc hifuldhcibjgw elzklbqg_kdbo hleh™ _gbyo iha
\ukhdbo mjh\lgZeba ihey \ukhl ihg\thébecklhp gZ i_j_djuluo - ijb[j_"
\u”r_eblv g_kdhevdh Z[jZabhgguofbjkdpZhbth dlehdHewhfb gbyfb
Zddmfmeylb\guo | _jjZkh\uo \ mjh\g_c

Jbkmghdjhly  _gghklv Ibih\ [_j_]h\ fhj_c K_\_jghdjhdpbndgtbk|vZibih\
[_j_1h\V \ dbehf_FHtigbly [ _gghklv Ibih\ [_j_Th\ \'ijhp_glZo Hkbeu fgp-d\h
| _dlhgbq_kdbf jZkqe_g_gb_f nbhjrh\u_ |_dlih@hZ[kdéblirjggheh\e _gg
N gmArZpbgwd[jZabhggu  \ujh\g_ggu_ b [molh\u_
4+Z[jZabhggu_ hifb ttbjfhZ[jZabhggu_ b &tZ2h@abhddimfmeylb\gu_
\ujh\g_ggu_ b [mékkma”rZggu_ \hegh\ufb ijhp_kkZBfbkha¥yZg\qu
\hegh\ufb ijhp_kkzfb @zZkihg@zggu_ ijbeb\gufbglZ Mpggtb ijhp_kkZfb
10 tkharzZggu_ mklv_\ufb ijhp_kkzZfb ~ _evlh\u_
Figure 1. The length of the types of coasts of the seas of the North Padifithg length of the types of
coasts in kilometers; (b) - the length of the types of coasts in percent. Types sif taagth glacial-
tectonic dissection (fjord), tectonically determinedt@rasion-denudation; 8abrasion (aligned and
coiled); 4 tabrasive dead; Zthermoabrasion and ice;fabrasion-accumulative (aligned and coiled);
7 +created by wave processes, beachrBated by wave processes, lagoortceeated by tidal and
surging processes; 1fcreated by wellhead processes (delta)
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DZjlhf_Iljbq_kdb_ bkke_"h\Zdly_jij_IZpbb ~Zgguo bkihevah\Zgu ihi
i_j_r_cdZkljh\Q m]lmgb®2Zd_~Aster |_jfbgu ]1_hjz~Zjghc KkljZIbljZnbb [Zdt
Global Digital Elevation Model (GDEMV2)[ueb jZ"ZjgZy nZpby 51 b ih\_joghklb jZ
"hiheg_lgyzZ[hldhZ£ggAbOSWorld3D+ hljz _gbc k\yazZggu_ k i_j\bgghc kljn
30 f (AW3D30) <_jkbg2?!; Shuttle Radar hkZ '~ _gNeal >2004; Mallinsoret [Z 2010].
Topography Mission (SRTM) 1 Arc-Second Global Bgl_jij_|Zpby ]_hjZz~Zjguo rZgguo

=_hjZ"bhehdZpbhggu_ ggjfrexregfb[s_c ijhly _gghklvx hdheh
ijh\h~bebkv ]_hjzrzZjhf k_jH? @heDKc f_j_ \dexqZezZ ]J_hfhjnheh]bq
HHKWEh]bk? k Zgl_gguf [d0Gdhthg]l_gl hkgh\Zgguc gZ fhjnh”bgZfb
p_gljZevgZy gzZklhlZz Zgk=gpgugZ[ex™ _gbyo
h[_ki_gb\Zxsbf Jem[bgm bkke_»dh\Zgby ~h f <A
k Zgl_gguf [ehdhf :p_gliZevgZy qzklihizameviZlu b hlkm=*_gb_

150 F=p h[_ki_qb\Zxsbf lem[biylsb_ q_jlu ki_pbnbdb fhjnheblh]_
bkke_"h\Zgby ~h f ljb\yadzZ dhig fpkudoh¢hlg hid_Zgkdhc klhjhgu dhglZd
ijhnbe_¢c gZ[ex”_gby hkms_kl\eyeziykdihe® b Dmjbevkdhc hkljh\guo
ihfhsb kimlgbdh\h]h ijb_fhbg~rbdBBkdZgh\en gu ijb ZgZeba_ (
nZgguf [mj_gby b rmjnh\Zgby ¥Y@fnk] ggubqg_kdbo Ibih\ [_j_]h\ K_\_
hljz>Zxsb_ ih\_joghklb kdhjj ebjEdvWwbgu HBZpbhgZevguc ZleZk Jhkkbb
kehyfb mklzZgh\le_ggufb \ kd\Z blgZmgrmgnuzo ~Zggu_  wdkihjlbjh\Zg
beb dzZgz\Zo “ey i_j_kq_Ilz ih \k[ifa{hijhawex we_dljhgguo IZ[ebpZo
\j_f_gghlh jZaj_azZ \ ]Jem[bgguc lijb"k§Z\ehagu B ]jZnbg_kdhf \P*_ jbkmg

Jbkmghdzkij_~_e_gb_ fhjnh]_g_Ibqg_kdbo Ibih\ [_j_]h\ hkljh\h"m guo k
IZpbnbdhk e _~gbdhtihhgbq_ kdbf jZkge_g_gb_f nbhjr*h\u_ | _dlhgbqg_kdk
2+Z[jZabhggbm~rZpbhgwd[jZabhggu_  \ujh\g _ggu_ dtipdablhggu
hif_jrb5xl_jfhZ[jZabhggu_ b6GtZ2hY%Wabhgdlmimeylb\gu_ \ujh\g_ggu_ «
[molh\u7 tkha”Zggu_ \hegh\ufb ijhp_kkZBfbkhayZg\guu \hegh\ufb ijhp_kkZ
eZlmggu_
Figure 2. Distribution of morphogenetic types of coasts of the island-arc systems of the North Pacific
1 +with glacial-tectonic dissection (fjord), tectonically determined; &rasion-denudation; Babrasive
(aligned and coiled); 4abrasive dead; Zthermoabrasion and ice; fabrasion- accumulative (aligned and
coiled); 7 +created by wave processes, beachkrBated by wave processes, lagoon

1 URL: https://www.eorc.jaxa.jp/ALOS/en/aw3d30/index.hthZ1Z h[jZs _gby
2 URL: https//doi.org/10.5066/FRR7TFT ~Z1Z h[jZs_gby
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Dzd b h"b”"Zehkv \ ijhp_glghfkhjilgtdrmagdthfZpbhggzZy h[mkeh\e_ggh
dZzd :e_mlkdbo 1Zd b Dmjbevkj@mdblibkljhi\fh\]h\ hkljh\guo “m] g_khf
fhjkdb_ [_j-1Z b-]1h IbiZz jbkmghdgZqgbl_evgZ b [j_[m_]I NZevg_

‘[iZabhggu_ [_j_]Z 9Z :e_mlZo ijbkkeeZ "R g2y
fhjkdhc klhjhg ~ Z gZ DmjbeZo gzZMBjhjbfgj hkIBhkgmi DmjbevkdZy

hd_Zgkdhc ljhly  _gghklv - Zhjkdab\gdzgyh*m]zZ bQmKIm\ZrZd :e_mlkdZ
Zddmfmeylb\guo [_j_]lh\ \ur_ khhkldhVogkdhc”~"m]z N IZevgh jZkkfh
klhjhgu hkljh\h~ m guo kbkl_f Ijhhkh][gaghklklb kh\j_f_gghl]h [_j_1h
Zddmfmeylb\guo [_j_]h\ b gZ Dmjmened hh_g@ZaZz dhglZzdighc ahgu b
ce_mlZo 1Zd _ [hevr_ kh klhjhgddmtimgggbb 1Zd gZau\Z _fhlh [€
<uy\le_ggu_ hkh[_gghklb fhjnh]igj IpgkZdbadhlhjZzy hlghkblky d ki_pb
Ibih\ fhjkdbo b hd_Zgkdbo [_jJjh\\wA j_ev_nhh[jZamxsbf ijhp_Kl
k\b”A | _evkl\mx!|l h ij _h[ezZz”"Zxs_ f \lde&bjmxswsbh \ha”_ckl\by \
jZkij_"_e_gb_ bf_ggh ]b~jh~"bgzfBq_hkhihRhjZbbqg_kdhf fzkrlZ][_ \j_f
| jfbg_kdh]lh j_“bfh\ jZza”_ ey fuoGzZd\hlhjbcihdZazZl _evgu_jZaebqgby \ kt
FhijnhdebfzZlbq_kdb_ iZjzf_lju Khjkhellghtbgzfbd_ [_j_]h\ \uyle_gu
dhglzdlghc ahgu hkljh\ghc “m]b ZdZelkesbgb_ hhjnhf_Iljbg_kdbo iZjzZf_

IZdh\uo gZ hkKihdZebg gZ mdZazZaglklhgh\ ieyZZhklgh\ _Blmjmi
jZkij_~_e_gb_ g_\ebyxl Fhjnhl_dljbdboBhkddZy b

Jbkmgh#i[ahjgZy ko _fZ jZchgZ i _j_r_cdZ <_ljh\hthjhkFhYbRlnkjsddy HZjlZ
(Aster Global Digital Elevation Model (GDEM V2)
Figure 3. Overview of the area of the isthmus of Vetrovoy - morphometric map
(Aster Global Digital Elevation Model (GDEM V2)

164



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?GBY Lhf2 <u?| 202C

Jbkmgh#iohlhfhjkdb_ f_]Zn_klhgu ¥
Figure 4. Sea of Okhotsk megacusps (L = 400-600 m)

HdZaZehkv glh gz ijhlib\Hilkeehh "gba \ [Zkk_cg_ eZ]lmggh]h IbizZ k
mqgZkldZo hkljh\z jZaf_ju Kt jigkdbjo r _cdZ <_Iljh\hc hkljh\Z BlImj
f 1Zn_klhgh\ [he__ qg_f \ M\Z jzazZ ijQ\hrax@kzZz Iky wheh\uo h[jZah\Zgb
jZaf_ju hohlhfhjkdbo f_]Zn_klhgh\jZguknoghdwiho ]hehp_gZz Ih mql

ljb ZgZeba_ wheh\h]h fhjnh&mlih]kbhazgb_ \ kj ~g f ]Jhehp_g_ g
k\yaZgghl]h k \hegh\hc i _ji_jiZfrhlddhZ < _ljh\hc ijheb\Z bo ke _"m_|
ij_bfms_kI\_ggh tibaghdbZklbg_kghpljZzevghc qzZklb i Afanastewdet ab;
fZl _jbzZezZ ijb wdkiehab\guo ba?2019]. dFjexZ_ fu_ a”_kv ]jb\u \ukhlhc
]Jhehp_g_ g_hie_cklhp_g_ [ueh rAktZgh\e_b&hb _oghojh\Zggu-aAiZgphf
Axgu k fhjkdhc klhjhgu i_j r cda@yjZj\e\hggbb \ _jhylgh b yleyxlky *x
hkljh\Zz Blimjmi nhjfbjh\Zebkv \ fZkkbeXtB|l _k\yazZggufb k i_jbh”~Zfb \ul
jZajmr_gby \ukhdbo [_j_]1h\uo kImykloyihmjh\gy fhjy b bgl_gkb\guf jZe
keh® _gguo i -fAhhdeZklbg_ k\dikthdbo [ _j_]h\uo mkIimih\ keh- _gguo |
fZl_jbzehf g_hie_cklhp_gzZ \ i_jbbfhdekbkdbgbkdbf fZl_jbZehf jbkmgh
jZafu\Z ijb ih\ur_gbb mjh\gy fhiy*glZzdllhehy_ ke_"m_I bkdexqZlv b \_j
15luk e_I| gZzaz” Nhjfbjh\Zgb_ [heneglihredhtup jZ[hldb ibjhdezZklbdb ihiZz
A"xg hd_zZgkdh]lh ih[_j_"vy \ adZpbllh\ennghahgm g_ihkj_"kI\_ggh \ |

kl _i_gb k\yaZgh k i j_yAdkilehab\guo ba\_j " _gbc kj_~g_]h ]hel
ibjhdezZklbg_kdh]h fzZl_jbzez ihklimib\r_rfhd2au\zZxl \medZghl_dlhgbc
[_j_1h\mx ahgm hdheh efblkelg@aghbhkdh\zZzgbb jZaj_azZz \ukhdl
g_ihkj_"~kI\_ggh \h \j_fy bafhjKdiglthy [_j_]1h\h]h Afakbs§vZet al,
>:nZgZkv_\ @ AgZgbl_evgZy2019ey i_ieh\h]h

fZl_jbzZezZ \ ibjhdeZklbd_ h[mkeh\beZhp jhqvywkljh\guo "m] dZd ba\_k
[ukljh_ nhjfbjh\Zgb_ lhesb i _aeM\ldN\gloc j_]Imeyjghklvx ih~"\_jl1Z

\ha”_ckl\bx pmgZfb dZd k hd_Zgkdhc k
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b k fhjkdhc JzZkkfzZljb\Zy ih[_j_"vdhgpaflghdbo hlh[jZ  _gby j_ev_nZ \
mqgZkldh\ kmrb hkljh\h\  fu dhhjdhndeh c ijh\h~"beZkv |Zo_hf_Iljbq_kdZy
h[jZlbeb \gbfZgb_gZ wlh y\e_gb _k dhfi_gkZpb_c g _lhgghkl_c hij ~
Hleh  _gby i_j_r_cdzZ <_Iljh\hgzZkklphwgby dhe_khf dhgljhevgufb f_ldZzZ
BImjmi bamg_qgu ih jZzaj_azZf [_j_]18¥hPMu mklmhx klh*hr\Z i -Kd&2gbguo
fhjkdhc b hd_Zgkdhc klhjhgu b "2dghbf_jgbqeghlhij_~_ey_ _fuo gZfb dzd ft
[mj_gby \ p_gljZevghc qZklb i_jgZgbHdid ijkkb\Z dhlhjuc kms_kl\h\Ze \

ihemg_ggu_ ] _heh]lbq_kdb_ ~Zgglhehjp\ga®g®wmM * dZe_g”~Zjguo e |
kji_~g_fm mjh\gx Hohlkdh]h fhjy EWBIZ~"Zjgh_dZe_g”~Zjguo e_| dZe_g"Zj
h[ke_"h\Zgb_ ihal\hebeh m\yaZle |j amhev)]Zll gZ hlf _IdZo *“ f hlghk
jimgghlh [mj_gby i_j_r_cdzZ <KkljjmMm&¢pclh mjh\gy jbkmghd ljb wlhf
] _heh]l]bg_kdbo jzZzaj_ah\ k fhjkdhe¢zZgghd [Zgkdby i_j djulZ wlZ lhesZ ij
klhjhgu jbkmghd >ey ihemqg_dobyjRjuf lgghuof ihdjh\guo km]Jebgdh\ b ki
jZaj_ah\ [ue bkihevah\Zg ijb[h2 =\ hhkgt\BBbb dhlhjhc \kdjul fZehfhs
Zgl _ggZz F=p k fZdkbfZevghbjiggddghc knhjfbjh\Zggucl710
ahg”bjh\Zgby ~h f b jZajdzZzéxg”"Zjgua M222).

kihkh[ghklvx ih Jem[bg_ khdhedy

Jbkmgh& klhiheh™ _gb_ ] _hjzZ”ZjgUCopgmichseSentinel data 2018)
Figure 5. Locationof GPR profiles (Copernicus Sentinel data 2018)
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Jbkmghd_hjzZz~Zjgu_ ijhnbeb ]_hjz~rZjigu_keZpbdbgh_=+i Zleq Ayghu o
hleh  _gbc jZaebggh]lh khklzi\ig kdh[jh Jgly_abkFZahdut fZkkb\u
Ktg_jZkge_g_ggu_ kdehgh\u-fhgkigb[j hieh  _gby k g_ba\_klguf khklz\
Figure 6. Georadar profiles 001, 002; georadar faciestiAterbedded sand and gravel deposits of various
composition of the coastal-marine genesistfigimice arrays; Ctundivided slope and coastal marine
sediments with unknown composition

< mklimi_ hd_Zgkdh]h [_j_]1Z h&kZjhRlF BbZjoni hd_ZgkdZy klhjhgZ [he.
ijbf_jgh gz ~\zZ f_I1jZ \ur_ bhgbedzZy q_f fhjkdZy
i_kgZyhe_qguo ]_hjz~"Zjguo nZ@bkdhevdh bghc Ibi Zkbff_Iljbb b
p_gljZevguo qZkl_c¢c i_j r_cdZ \_jhkghdzghlbljh\Zz Qm]bgz~Zd e_mlu
eZ]lmgguo k_juo Jebg \kdjul faéhfhaBghkv \ur_ \ dZjlhf_ljbg_kdbo
lhjnygbd wlhlh T \n8pa-k440 [ueb bkihevah\Zgu Ijb fzZkkb\z ~Z
dZe _g”Zjguo EeM | Lhjnygbd e ijhhbeb ihkljh_ggu_ ih ~Zgguf 657
g_ihkj_~kI\_ggh gZ phdhe_ keh _$®ghf djjddbdfg_kdb b”~_glbggu b fh]lml |
iebhp_gh\ufb \medzZgblzZfb DZfmbkdiev&hbdgu Ney NZevg_cr_]h Z
(N2km,) h[gZ Zxsbfbky gZ [_gq_ \ kg, d
k_\ _-\thklhdm gz hif_IdZo kj_~g_]h Dgt\epy \ kemqgqzZ_ k i_j_r_cdhf <_|I
fhjy < gZklhys \j_fy mkljhgyghBImjmi fhjkdzZy klhjhgzZ i_j_
Abnn_j_gpbjh\Zlv pmgZzZfb]_ggu_ hkéjm\Zgigymkogz~rZd [he__ djmlZy b dh
gZghku ijheb\zZz g_ ij_"klzZ\ey_lky*ZXlggthf gulfZi_ bkke_~h\Zgby fu iheZz]Z
HAr"gZdh h~rghagZqgh mklzZgzZ\eb\ZkHkfy Ijpye dbhafh gh k\yaZzgzZz k jZa
Zkbff_ljbb j_ev_nZ i_j_r_cdzZ bgllpki\aghklvx ijhy\le_gby pmgZfb k fh
hd_Zgkdhc klhjhg Ke_"m_I hif_Iblv ql
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\ual\Zggh_ a_fe ljyk_gb _f Jh~AZhjR@hc b kd_Zgkdhc klhjhgu hkljh\h-
[ jbglh\hfhjkdhc klhjhgu hkljh\Z k@ki]fgZhgem beb hlijZ\guf fhf_glhf
A"hklb]Zeh f k Ibohhd_Zgkdhc Kldjmgekazpbb ijh[e_fu hkh[_gghkl_c

14,9- f Z gz hkljh\_ MgZeZrdZ[\j_]htfedg_cguo dhglZdlguo ahg jZa"

kK _\ -\thklhdm “ f wold,U Msclnnes, fhjkdb_ [Zkk_cgu Z 1Zd _ fhjy b h

Higman 2019]. Fhinhf_ljbg_kdb_ bkke_"~h\Zgby \ dhfi
N .

AZdexq_gb _ Zggufb ]_hlejfthjnheh]bq_kdh]h ZgZel

ihAlI\_j~beb ki_pbnbdm jZa\blby b kh\j_
< j_ameviZl_ hpbnjh\db b ihkeg¥fixéb]hfhjkdbo b hd_Zgkdbo [,

ZgZebaz dzjl fhjnh]_g_lbqg_kdbo Hklijft\HAm Jgho kbkl_f 1j ~iheZ]Z_lky
Yihgkdh]lh Hohlkdh]h b ;_jbglh\ZjhihhewdB¢hzkbff Ijby gbaf_gguo i_j_r
gzZley~gh ijh~r_fhgkljbjh\Zgh  kih MmpjZaki_zZgkdbfb b fhjkdbfb [_j_

kh\j_f_gghlh khklhygby [_j_lh\ wilbaefh¢_@Z pmgZfb]_ggufb ijhp_kkZfl
lhemqg_ggu_ jZkij_~_e_gby Ibih\ [_j_]h\ Kk

Jbkmghdkbff_Iljby i_j_r_cdZ hkljh\Z Qm]bgz~zZd
Z+f_klhiheh  _gb_ i_j_rjcd¥ rf & j_r_cdZ b ehdZpby ijhnbey
\+tdjZkgZy ebgby ijhnbey ihkljh Shuttled Radat §opofraphy Mission (SRTM) 1 Arc-
Second Globalkbgyy ebgby ijhnbey ihkljh_AOShor@8Quf f $: '
< jkRyY;a_e _gZy ebgby iAsterlidopatDigital Elevation Model (GDEMV2)
Figure 7. Asymmetry of the isthmus of the island of Chuginadak:
azLVWKPXV O#fsthiW¥ topoQraphy and profile location,
\ zred profile line constructed according to Shuttle Radar Topography Mission (SRTM) 1 Arc-Second
Global; the blue profile line is built according to ALOS World 3D - 30 m (AW3D30) Version 2.2;
green profile linexAster Global Digital Elevation Model (GDEMV2)
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\hk_fgZ~pZlb ljZgk]jZgbgguo geosystems. It was revealed that basically al
0ZjzZdl_jbklbdb [ueb mkj_"~g_gu rivers whose runoff belongs to the polluted, the
gZ[ex"_gbc - 11 >ey j_r WKH VHFRQG DQG WKLUG FOI
ihklZ\e_gghc azZ”Zqb ijbf_g_ Russia to neighboring states. All rivers tre
ZgZeba I|hdzZazgh glh 2~\Z ] boundary with Ukraine and Kazakhstan, the floy
kh~ _j Zgb_ dhlhjuo \ujZ  _  which is assigned to the fourth class of categ
nemdImzZybhy ~"ey ~\_gZ” pZlb SD” B3E° DQG 3Hf mdrdifty Waterk fror
_"bgbqguo ]b~rjhobfbg_kdbo neighboring states to Russia.

h{t_~bgyxl j_db ih bo ijbgz”

khhi\_IklI\mxs_c \h*ghc kbkl_f_

Ih _klv k\yaZgu k nmgdp

[Zkk_cgh\hc J_hkbkl_fu Ijbf_.

oZjZdl_jbklbdb klhdz iha\he

aZljyagzgghklv klhdz j_d \ w

lhdzazgh qlh \ hkgh\ghf \k_ j_

hlghkblky d aZ]jyagzgghfm I|h

lj_lv_fm deZkkm jZajy”rZ ©Z*2

khk_"~gb_ ]Jhkm~ZjkI\Zz <k_ j_dt

k MdjZbghc b DZaZoklzghf klh

d g I\ _jlhfm deZkkm jZajy”h\

g_kml k\hb [he__ ]jyagu_ \h”u

Jhkm~AZjkI\ \ Jhkkbx

Dexg_ _\u_ keh\Zzdl_jbklbdb Keywords: runoff quality characteristic

klhdz Z\IhfZlbabjh\Zgguc automated software package; regime observal
dhfie_dk j_"bfgu_ gZ transboundary posts of observatitagtor analysis
ljZgk]jZgbggu_ imgdlu gZ[ex”_¢( basin geo-systems; assessment of river n

ZgZeba [Zkk _cgh\u _ ] _hkbl pollution
aZljyagzgghklb kihdz j_d

<\_"_gb_ <h"hih|j [e_gb_ 9z ohaycklI\_
Hkh[h_ agZq_gb_ \ kh\j_ ggL li‘z ht\bg(hba\h kIl_ggu_ gm *u b hk

bf xI ] hwdheh]bq_kdb_ jZ[hldZ ihe_aguo bkdhi
" - . .q— . jﬁ ebjh\ gghklv j_d rexaZfb b ieh
bkihevah\Zgby IJng]JZgbqguo _ I{\ § kK ggh m\_ebgb\zxl Zgljhil

k_1h wdhghfbg_kdbo klya_c -b
wdhghfbgq_kdbo bkhwvphzdouo Ijh
wdkiemzIZpbb ijbjhrguo j_kmjkh\

7 Zkk _cgh\u _ ] hkbkl_fu ﬁ\
1iZgbp_c f_"~m khij_~_evgufb ]hkm V%Eﬁﬂ

bgl_gkb\guf jZza\blb_f f_ ngjh %z dhgm\kx [Zkk _cgh\mx kbkl_fm

Nhjfbjh\Zgb \_ebgbg h[tzfh\ j _gc
IhdZ \h”™u bf _xsbo k\_joghjfzZlib\
gj pt\b hi”" evguo aZ]jyagyxsho

. \ hkbkl_fZo “~he'gh az\bk_Iv
lh \j_fy dzd wih h[t_dlu \ukhdp g'h |<eh\bc 1zd b hl bo ohayck

.. [INe)
p_ehkighklb b ij_"kiZ\eyxl kh[hc ' \hd%b Voninthtm the | Kem-blv
ijbjh”rguo j_kmjkh\ <h”~gu_ h[t_ cﬁ Kh[_gghkl_c
dhg _qgufb a\_gvyfb az]jyag_ gby I h\R h[‘ 99
\ s _kI\Zz b wg_j]bb \ ij_~_eZo [Zkk_cgh\uo
] _hkbkl_f
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AZ~Zqgb b f_Ih”u imlzf kh\f_klghc h[jz[hldb [hevrbo h[t
n
AZ~Zq_c ~Zgghc jZ[hlu y\be Beh]bq kdhcj ‘bfbghc P thgonbr:cjbf%_p
\aZbfhk\yab h[tzfh\ j_qggh]h kIh h['_h\b dz Imfy
bf Xxsbo k\_joghjfZlb\gu _ dhgp zlﬁgo?Zy Bévbgp Y ’Jmfygi;
aZljyagyxsho \_s_kI\ k Y p-dZ KmoZOQG]]h\Z ’
i ]bhgzevguo [Zkk_cgh\uo ]_ hkbkl Jf dy

’\ey dZz ~hc "~heb hftz

ihdZaZlv g _hJoh”bfhklv bo dh yﬂg
bamq_gby Qﬁ'yag gghlh klhdZ hkms_kl\eyxlky ¢

>ey j_r_gby ihklZ\e_gghc aZID bafé guf ~gh b .'h ng_theb.jh\Z‘
bkihevah\Zgu hkgh\gu_ dhgp_gljzpbe azljyag
g gnig 0Zjzdl_jbklbdZ klhdZ \hAu

j_dhf_g~Zpithc ijbf_g gbx bgl ]JZe . N
ihdzazl_e _c 0ZjZdl _jbamxsbo \2 kvug‘dbh
aZljyagzgghklb \h~gh]lh klhdZz JanH

jZevghf ]hkm~rZjkI\_gghf [ XN

ijhba\h”~blky k mq_Ilhf
h[tzfh\ jZaebqgl
ﬁ 99 vghkib b dZq_kI\Z

. by \aZbfhk\yab aZz a(
maj_-"_gbb ©=hkm?*Zjki\_gguc ]bAJhehE —k%a]%qggky[Zkk cgh{ufb ] ]fjlibl
bgklbIml® “Z&=;M+ ©==B2 >DZ bkifevan\zgu h[_  o0zjzdl_jbl
KdZdZevkdbc DZjzZmr_ lﬁd:ﬂ) aZ \ kv T ibhA E[e~

Kdzdzevkdbc F h’\bq kl'g J—h% %g( ~ gsles
1987]. .
Hkgh\ghc 0Zjzdl_jbkibdhc | b bsz'\ bg;'djmf g'cz . ezéb;—-
\hAu \ wihc f_lhAbd_ yley Iky hI ‘i' e 9_9 19 gsen:
- \ﬁ ’\bgyxl\h’\gm]Jmllm i_j_f.

h[tzf kihdz aZ]jyagzglggbqg
dhfihg_glhf .29 Hg \ujz Z_
highr_gb_f h[tzfZ klhdZ aZ]jyag

(il(hlhju fhiml [uIv ijyfh beb dhk\_ggh l
hghkhjuuf hij_~ e _gguf bklhggbdhf
g kkh ]h|3198(132

(Maz; 1_j_g_kzgghc q_j_a aZ’\Zggu
dh \k_fm ]Jh*h\hfm klhdm j_db 9 H[t dlu

Gh\zZy f _Ih~rbdzZ >JIJmfygp_\Z 'h[jh\bpfé%p iib\_Azg kibkhd j_d
Bevbg @ iha\hey_|I| jZza”™_ eblvlhitgzl%c JZ gabhuo ]bAjheh]bgq_kdbo
klhdZ gZ qZklbggu_ h[tzfu Jz Jan X5 ﬁk3f<dbo ihkIh\ ih A"Zgguf gZ[e
khihdmighklvx aZ]Jyagyxsbo \_s L%I b hoomg]?llj\(/) ijhba\h"bebkv iZkag
azljyagzgghklv —\h~u wibo BEY% 41° jbkibd kIhdZ k ihfhsvx :1D

khhi\_IklI\bb k J> -20022 Hkgh\gufb

_ _ _ < hkgh\m jZkqgzlh\ iheh™ g
oZjzZdl_jbklbdzfb j_qgghlh klhdz \61 Lh \,]AW h?(db b ]bAjhobfbg_kdb
f_Ih_"bd_ y\eyxlky gZklbggu_ h[lggf ki ci - ih_emq ggu \ j_am;v
aZljyagzggu _ khihdmighklvx aZ]j 5bo gZ[ex’\_gbc_ Mij_Z\e gl
\_s_kl\az9 jZaguo deZkkh\ aZ]jya %6 Ib hjheh]bq _kdhc kem'[u P g_IjZ

< N_’M ©____E’a gna fguo HleZkl _c Z lZd" K
Z\IhfZlbabjh\Zgguc ijh]jzZffguc 2e = IJZevghan\dl/Za\kcjh]h
fliz—gdi 'h_dzaf'ke ﬁfhazmzﬁff 'B'H kaqhb]'?w'hTI\'MZevkdh]h b H[v Bjlurl

22 ~Ze:lD £ k ihthsvx Nk\e LABEINT_I_hjheh]bg_kdhc kem[u
\hafh'gu jZkgzlu wlbo o0zZjzdl_jbklbd

1J dhf_g~Zpbb ih ijbf_g_gbx bgl_]jZevguo ihdZazZl_ e *u”~eyalhpbyadgghglkljZd\bb \h~h_f
E ==B k

2)> - F_Ih” dhfie_dkghc hp gdb kl_i_gb aZzZ]jyagzgfhklbbih ook lgdiof\ihdzazl_
eyf KI[ —b"th | hba~zIl
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| o o,?qf g..kdbf dhfihg_glhf mkeh\gh
KjzZ\g_gb_ j_d ih hltzfZf ]I {’h\]zwlvky

klh‘dZA \h~u gZ I_legk]AJZgbqgluox 5%%'quQ_e-v[gﬂec__;
mkj_"gzgguf aZ i_jbh”" k ih \kj hgbjo A ez MbZizahgo%:

>ey kjZ\g_gby bamqgqZ_fuo x gpbd  kh_~gbo ij_A_"dhAiZah-§0%;
dhebqg_klI\_gguf oZjZdl_jbklbdZf \shyahd&hs!|sZiz a HG%;
gZ jbkmgd_ ihdZaZgu bo fRopfEdgrgwl et gdhc
fZdkbfZevgu_ b kj_ngb_ h[tzfu Jh "h\IJhadklhgd Am | ba I1Z[ebpu
\h*u  mkj_"gzggu_ aZ -i_jbhl? 9Zj h[jez~rzxs_f [hevrbgklI\_ j d agZqgbl_
ljZgk]jZgbqgguo ihklZo gZ[ex”_gbcrhey h[tzfz klhdZ azZ]jyag_gZ hj]zgb
Ki_*gb_ az i_jbh™ k ih\ s kllzfb ih OID eZ[bevgufb hj]Zgbq_
h{tzfu klhdz \ j_dZo \Zjvbjmxl \ gbjhdhfp:i1ps Fens b &X < f_gvr_f
"izahghl dih~(j 1k2e”™h dhebqg_kI\_ j d hgZ [ueZ \ kj_"~gbo ij_
24,7df 1h(j Bjlur <Ihjh_ f_klh ih h[tZ§@bgqguo kemqgzZyo gb _ kj _~gbo < h
klhdZ azgbfz_| j_4Z Y 1hj* < j_dZ9, regw [ue g_agZgbl_e_g b \ hrghc k
AZiZ"gZy >\bgzZ K_\_jkdbc >hg_phiBmky\B\ZzekgZ
kj_*gbc fgh]he_lgbc h[tzf j_qgh]h >kéRdZ hitzfz klihdz azZljyagzg
gZohnblky \ ij_~,eZWl8MP\ Jh™ j_dpahlkh~_j Zsbfb [bh]_ggufb dhfihg glz
jZg bjh\Zgu \ ihjyrd_ mf_gvr_gbyeWwBgk#\  j d gzZoh”blky \ kj _~gbo
klhdZ kj_~gbo ij_~_eh\ Lhevdh \ gq_luj_o j_d
J_db K_cf b Lh[he bf_xI [ebadhhdkj_"8bljyagn@yhhyzgbl. evyg
fghlhe_lgb_ h[tzfu klhdZ \ ij_" a&dpyagzglyues VU [hevrbgkl\_ j_d
166df Jh~" ljzgk]jZgbgqguo k MdjEbgh&j _~gbo
D j_dzf bf_xsbf kj_"gb_ fghjhe_bxb_ z \ j dzo gz ]jZzgbpb k ; e:
h[tzfu klhdz \h~u f_§1h” HFghkybkyazoklzghf gbadbc g_agzZqgbl_evg
Be_d Mc HKkdhe Km~hklv ;hevriikG\Mat Ykmiki\m |
Fbmk FZeuc Ma_gv <hjkdedgbb Ikgg ki pbnbg_kdbo az]jyagyxsbo \
i_j_dgbkelddr _ \ ihjyrd_ mf_gvr_gbywbB{tzfg[tzfz klhdz aZljyagzggzZy

klhdZ hl ~h *dh~ Ke_"m_I hlfglylVv ijhamdizfb "hklb]Z_ | agzZqbl.
qlh j_eg_ij bf__1 kZfmx agZqgbliewgfgxg\\ q lujzo j_dZo Z \ hklZevgu
bamgZ_fhf jy*m j_d ZfiebIm{ymohfbIRP\ hkgh\ghf \ kj_~gbo b gb"_
fzdkbfZevguf b fbgbfZevguf qg_Z/q__&qu\_f < ljizo j_dZo aZljyag
h[tzfh\ klhdZ g_nl_ijh~AmdlZfb iheghklvx hikmlikl

0Zjzdl_jbklbdZ i d Hl%rzkbl_evguc h{tzf klhdz azZljyag

: . . , f Zoh”blky \ kj_"~gbo b gb"
ljZgk]jZgbgguo ihklZo ih hlghklg_l—_?\eh\?%l{?b t?lkc;wlkl\myl \ é_lgjzooj gZo_

. Lj
h[tzfzf klhdZz aZ]JyaQZggﬂE?zf klhdZ aZ]jyagzgghlh Kl:< gt

_"bgbqggufb obfbg_kdbfb dhfihqj_e%lz Eangbl_evguc g | az]jyag_ g

< |IZ[ebp_ ij_"klZ\e _gu mkj Kigxrgguhkat j dZo
\_kv i _jbh~ gZlex"_gbc 11 AgZgbl_evgwu ebgbgW¥Waz; Ney
highkbl_evdtzfu klhdZ Na@p), SQ>hlf_g_gu \ g_luj_o j_ZA \"amoJ
aZljyagzgghlh _~bgbqgufb obipbgb Kdhbfk_o j_dZo gZ ]jZgbp_ k Mdj
dhfihg_glzfb gZ ljZgkljZogdb4dpoukwZ]jyag_gb_ wlbfb bhgzZfb e
]Jbrjhobfbg_kdbo imgdlZo gZ[ex”_lglkkanlkl\m _|I eb[h yley Iky gbadb

>Ze_ _ ey m”h[kI\Z baeh’  _glyy afgZgjtblZexguf < j_dzZo gz ]jzgl
"hey h[tzfZ klhdZ aZ]jyagzggh]dZaZblhighffreWMg* b 62\ hkgh\ghf

gZoh”blky gb™ _ kj_~g_]h mjh\gy
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LZ[ebpZHIlghkbl_evgu_ h[tzfu klhdZ j_d aZ]jyagzggu_ _~bgbqgufb obfbqg_
mkj_"gzggu_ aZ i-jbh?]

Table 2. Average for the period 1993-2013 relative volumes of runoff contaminated by single hydrochemical
components

Vot
J_dz Mg?* | SO ij(il;nmjrd_l N_ghdg KI:<| Jfbg| NHs"|NOz [Cu?*| ;IDs| OID|Fen(s
=jZgbpZ Jhkkbb k ; _eZjmkvx
AZiZ g
bgz | 04| 0 192 | 413 | 185 | 32| 139|133|753| 51,3 | 87,0| 97,8
>S9 1] | 05| 0 | 243 | 457 | 275 | 1,6 | 20,0|39,1|84.8] 79,2 | 89.2| 96,6
Kh- 40| 0 188 | 184 | 0 | 0 | 51|63 741 51,9 91,0 91,0
Bimiv | 0 | 0 0 0 0 | 04605 157 0 | 839 935 99,7
=jZgbpZ Jhkkbb k MdjZbghc
KmAhki] 0 | 0 0 - 0O |91] 58 [46,1] 08] 96,7 99.6] 99.4
> kgZ | 0 | 0O 0 0 0 | 18554 279 - | 802|940 98,1
K_cf 0 | 0 | 551 03 | 42 |265| 26,5|60,9|76,6| 49,5 | 68,6 | 48,7
'k e |07 26| 702 0 72 (223 42 |77.2| 99 | 68,2 | 91,6| 26,4
<hjkde] 1 |214| 528 | 250 | 0,7 |38,7 568|39,6|39,2 71,5 35,1 49,0
Hkdhe | 0 | 91| 560 | 369 | 0 |257 3L6|784|47,9] 62,2351 3L,1
EH;—kacm,g 100| 741 141 | 0 |22]|216| 100|593 71,2 | 96,4 | 82,0
Fbmk |974| 100| 795 | 577 | 0 |12.6 17.1|59.9|813| 854 | 954 84.6

=jZgbpZ Jhkkbb k DZaZoklZghf

;\Ahaevécc 26,1| 152| 17,9 311 | 25 |68|399|541(520| 371|994/ 61,7

;ieL;f/ 14,71 133| 202 358 | 25 |81|362|499|57.0| 246|992 475

Be d | 52 |492| 369 0 0 | 94|458|944|642| 100 | 100 | 37.6

Bjlur 0 | 01| 606 562 | 1.9 |01|284| 98 |98.1] 464 | 604 695

Lhihe |286|905| 663 316 | 38 | - |59,7|244(994] - |913] 921

MC 194 800| 753 324 | 02 | - | 26 |322(99.7] - |914]| 93.7

ljibf_qZgb_ Agvady®qZ | hlkmlkl\b_ baf_j gguo “bgbgguo obfbg_ kdbo dl
. 0 A iz f A
—imiibjh\Zgb _ \ gZ™"pZlvx jZagufb _“bgbqggt

| . | dhflh fb \hafh'gh ijbf_gb\ nzdlh
jzgklizgbqguo k Mdjzbghc ;_ggbmfy %ﬁ ihfhsvx dhihjh]h bkihev

DZ&ZOklZghf ih hlghkbl_eVQUt\ _%t(%g/ [hevrh]h gbkeZ wfibjbg_kdbo
klhdz aZljyagzgghlh “\_QZ“I&EJW kohAKI\ZAm kjZ\gb\Z_ fufb
_"bgbggufb obfbqg_kdbfb dhfihg_@zA&f\bezkv dhjj _eypbhggzy fFljbpz «
k bkihevah\zZgb_f nzdlhjghlh Zggebpad\zéEkvih"m JeZ\guo dhfihg gl

IhdZazlwzhkqh~ki\h b jZaebqu —AMeYIZI_ q_lh [ueZ ihemq_gZ fZIjbp
kjz\gb\Z_fufb  j_dzfb ih  khgZ§2d ‘uiz zxszy khkizl nzdihjh

highkbl _evguo h[tzfh\ kihdz aZ{PfadHgglo-T-99U_
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LZ[ebpZ FZIljbpZ hkgh\guo nZdlhjh\
]1 hlghkbl _evguo h[tzfh\ klhdZ aZ]jyagzgguo

\hk_fgz~pzZlb ljZgk]jZgbgguo j_d

Table 3. A matrix of the main factors determining the variation, averaged over the period 1993-2(e relat

volumes of runoff contaminated by single hydrochemical components for eighteen transboundary rivers

hij_~_eyxabloj \ZgelyjdhndgdhZ i -jbh”
_"bgbqgufb obfbqg_kdb

| i f ggu ;_adjZs_gby IhkeljZs _gby
- = = - NZdlhy NzZdlhj NZdIhy NzZdlhj
V a2p Mg?* -0,653079 -0,300413 0,717286 0,047544
Va2 SQ? -0,930024 -0,019749 0,826787 0,426332
Vaz; G_nl_ijh~"mdlu -0,870939 -0,301359 0,909207 0,150647
Vaz; N_gheu -0,720529 0,171919 0,551229 0,494838
Vaz) Kl:< -0,805543 0,342015 0,544797 0,684886
Vaz) Jibg -0,878793 -0,049973 0,796181 0,375327
Va2p NHs -0,795922 0,086969 0,658017 0,456146
Va2p NGO -0,831623 0,492014 0,496158 0,829158
Va2 C#* -0,793782 -0,539589 0,955050 -0,095535
Vazy ;1Ds -0,898343 0,022150 0,778955 0,448041
Va2p OID -0,475535 0,696612 0,085597 0,839092
Va2p Fens -0,712927 -0,392292 0,813718 -0,004654

>hey h[s_c "bki_jkbb 62,39 12,59 51,11 23,92

Ba IZ[ebpu

imgdlZo
_"bgbqggufb

ihem bjguf
aZljyagzggu_
dhfihg _glzfb

ribnihf
Wihi

g_fghlh [he__

Mf_gvr_gb_ “~heb nzdlhjZz
ihalhey_| m\b”_Ilv khklz\ ndhkidh\qg_jdb aZz\bkbl hl *_ckl\bc Dbl
h[thfipbjzkllhdZklv klhdZ \_jog_]lh Q_jgh]h
hp_gdzf [

hk_c¢
\Zjvbjh\Zgb_
aZljyagzghoo OID

ke_"m

hlghkbl_evguo h[tzfh\ klhdZ \ |jZokdhkgbfgky d \h~*ghc kbkBjfurLfi[he

\hk _fgzZ4pdlb aZzZ]jyagzdduoidZjkdh

dhfihgijgl\BEtbqzZKklb ]jZnbdz

nZdlhj Hkhdik!|Z\ klh kj_~b gbo azybfz_| E

"ebggZiybjhdz\ fpj_

| mal DZaZoklzgz \
_"Bygluggufdg ggh \Z gZy Zjl _jby g_ lhev

khklzbedyadokhZ2gZ gh b ~ey \k_]h j_]lbhgz ?\

gZ \hklhgguo

obfbq_kdbfb
hkgh\ghf hdzZaulZ_ | \ebygb_
dhlhjh]lh \uwjZz" g q_j_a \u”_e_ggulhgdZf«izgZy
kd hthg Z y

hlghkbl_evguo
ijb [hevkhijeZkgh wdki_jlguf

glh gz \ZjvbjdbvZgbljZzgk]jZgbggu_ Kk

h[tzfu
N kylvx
nZdlhj
60 kmffzZjghc ~bki_jkbb
kmffZjghc
imlzfe X]hAshgimygb

NZdlhj

mf_gvr_gbb \ebygby nRldkhjZz b

>Ze_jbkmghd

[khklZgedgdeh
roKi[likbbFhglhevkdbc
dzazZoklzgkdh]h

ljbrpZlv e _|
ih gbke_gguf agZmkegbydgh

fhj_

\ Dblz_

jZkih\ehgb 'qqu ¢

relzc

klhd BjlurZz mf_gvrbeky \

bgl_gkb\gh_

i _j\uo ~“\mo nZzZdlhjh\ [ueh ijhdbjaddrkdigdr \h~u |j _fy djmig_crbfb kljZg
Jimiibjh\Zzgb_ kemqzZ_\ ljzZgk]jZgbf@gdujbddgadlpXaby g_ fh | g_ kdZau\Zz
j_nd khklhygbb j_db Ke_~m_I hif_Iblv

Hg_\b~gh glh \' e_\hc qgZklb dbzZmZzdzZ]jznbd_ kms_KkI\_ggh
jZkiheh™ _gu \k_ j_db ljZzgk]jZighgdmbb ikblhdh\

;_eZjmkvix MdjZbghc

Z \

ljZzgkl]jZgbqgu_ k DZaZoklZghf

1Bjlur

ijZ\hc A

FZeuc wgpbdehi_"bq_kdbt kehKZ[jv ;yh-dizjhg

17¢
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Jbkmghtjh_dpby kemqgzZ_\ 1ljZgk]jZgbqguo imgdlh\ j_d \ dhhj*bgZIlZo ]
hij_~_eyxsbo \ZjvbjhkZghbgzgguo-aZ ]] \_ebwBg"ey _~bgbqguo

obfbg_kdbo dhfihg_ghlhk\figZ2tpZIlb ljZgk]jZgbgguo j_d Bg”™_dku khhiI\_Ik
1 ABjlur ABimlv £+AZiz~rgZy >\bi§Z\ _jkdbc >h8>g ij A> kgZ Lhfhe

8 AK _cf A;hevrhc Ma_dBe d AHkdhe AMc AKh> AKm~AhkIvAFbmk

16 AFZeuc Ma_d«hjkdezZ lkze

Figure 2. Projection of cases (transboundary river points) in the coordinates of the main factonmdeger

the variation of averaged for 1993-2013 valugs9é for single hydrochemical components. Indexes
correspond to rivers: Alrtysh, 2 Alput, 3 AZapadnaya Dvina, #Seversky Donets, S3Dnipro, 6 ADesna,

7 ATobol, 8 ASeim, 9AB. Uzen, 10Allek, 11 AOskol, 12 AUy, 13 ASozh, 14ASudost, 15AMius,

16 AM. Uzen, 17AVorskia, 18 APsel

J dZ Lé[hlhgdZ+t e \uc b kzZfD&ZaZoklzgz \ bhklghkblky d \h~ghc
fgh]lh\h~guc ijblhd BjlWrkmjkkbkl_f_ MjZe:DZkibckdh_ fhj_
ih\_joghklguo \h”", XRKJI gzl ba < ijZ\hc \_jog_c qZklb ]JjZnbdZ gZo
DZaZoklzZgz \ Jhkkbx pk[4dghy lkydgZ hgq_gv koh pbheyrdb MalhgdZ b
liZgbp_ \hklhgguo hljh]lh\ X gh]lFZMduLeKlabgv 1IlhqdZz H[_ j_db higl
Lmjl]Zckdhc klheh\hc kljZgu 12)d2AhMghdhckdxl f  DzZzWzfZ4kdb_ hazjz
yley likplhdhf j ldbhe=hkm"Zjkl\_phulkcmjku ih\_joghklguo, 1A66]K KIg b
\hArguc dz~zZklj Bklh@ j dih~“gh v [_jml gZgqZeh \ Jhkkbb b I _dml \ DZaZa
oj_[1Z :eZ[by 1jhl_dZ_1| hgZ \“hell Jijgwbpudb \gmlj_gg_]h klhdZ ;hevrh

DzZaZoklzghf [ _jzl gZgZeh -@ZiXTMguo kdehgZo H[s_]
Hkh[h_ f_klh \ ijZ\hc \_jogKejlgZkfEeuc Ma_gv azZjh ~Z _Iky \ ?2jrl
liZnbdz azZgbfz_ | |j dZ Be_d j4a2bbgdZ KZjzZlh\kdhc h[eZklb < DZaZok

yleyxszZyky kzfuf djmiguf e_\hi_j_oga¥l \ h[rbjgmx kbkl_fm f_edbo |
ijblhdhf j_db[MjKiejku ih\_joghklgudah ba\_klguo ih® bf_-&KZfDjkfduro

KKKJ966] ?]h bklhdb gZoh”ylky &Z k_\_jhh~"Z KZjzlh\kdbf hijhkbl_e\
azZiz"guo kdehgZo Fm]h" Z]j Hok\hirghd]l ebbguf dZgZehf dZ ~uc ]h™ k Z
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ghy[jv hkms_kl\ley Iky ih"ZqZ \heakd\kdhh~hj\ Djmig_crbc ijblhd K_\_j
bklhd ;hevrh]h Ma_gy Ijh_dpbb hhglpg jddA Hkdhe 1)hgdXIhgiZoh blky

liZnbd_ gZoh”ylky jy~hf \' k_e_ Ihlh__ Lbfkdh]h jZchgZ Dr

;hevrbgkI\h j_d ljZgk]jZgbhygeuwoklbk Hkdhe |_qgzl ba Jhkkbb \ N
;_eZjmkvx b MdjZbghc hlghkylkiyz& \hWdghd jkdbc >hg_p Gh g_kfhlj
kbkl_f_ >g Qjzpgh_ fhREhkm~Zjkl\_gidbhchg hlghkblky d Ihc ~_ \h~ghc kbk

\hAguc dz~Zklj b I @ml ba Jhkkponbd_ ijh_dpby ljZgk]jZgbggh]h imgc
;_eZjmkv beb MdjZbgm M j _db ygoh” bhigypdznl g _]h \ m~Ze _gbb b km:
bklhd gZoh”blky m ~_j _\gb_ ]hhl@edh\hd j_Wizfghc kbkl_fu >g_ij A Qzjg
mklv>g_ijh\kdbc ebfzZzg \ Q_jghf Ffthj_ J_db

Kh™ Ihgqdz <hjlbhdeZz > | kqydz LZzdbf h[jZzahf "~\Z ]JeZ\guo nZdlhjZz
b lkzehgdZz yleyxtgpfb bhlghkbl_evgu_ h[tzfu klhdZ \hk_fgzZ~p.
fghl]hgbke _gguo ijblhdh\ |j db aZdjyagzgguo AN _gZhpZlvx _"bgb

highkylky d Ihe °_ \hAghc kbkl_f _objbyghckdbéth dhfihg miKiZzfbgzggufb az
Kh* j_dz Bimlv lhgqdZ b ijblhdB\g pZIx¥_k§Eg ]h” \ hkgh\ghf h[t_~bgy
j dZ K_cf lhqdz b j_dZ Km~Ahiklv bbhqitjBgZ~e _“ghklb d khhiI\_Ikl\m
khhi\_IkI\_ggh Ih _ highkylky d \RWhdlgt & kbkIf f_

>g_ij @zjgh_ fhj_ Lhqdb k ghf_jZfb w#pmijudj_d jZkij_~ge Ilgevdh \rhev
9Z ]iznbd_ h[jZamx| ~h\hevgh ietigh hihdbYghh nZdlhjz gh b nzdlhj

e \hc qZklb ]jZnbdZz kms_KkI\_ggh_ \ebygb _ gz \ _jlbd:
G_fghl]h gb"_ _1h gZoh”~bjkd2ahddzbjh4azZgb_ ijh_dpbc j_d GZb[he__
AZiZ"gZy S>\bl@Z [_jz!| k\hz gZqZeA™héukkhbkb nzdlhjz gZ q_luj_ 1ij
gZ <Ze”™Zckdhc \halur_gghklb BJzarZebelbkv j db Jhkkbb ljZgk]jZgt
Jb kdbc aZeb\ ;Zelbckdh]h fhjy \DAhaxokl|Zmpfz[ebpzZ . Khqg_IlzZgb _f
J dZ hlghkblky d \h~"ghc kbkl_f gzEZhéekdh hzkoh”*Z \h~u b iehsZ”b \h
fhijy Z 1zd_ fh me_f klhdhlebge& ditky j_dZ
J_dZ FbhhiqdZz | _gzl ba MdBZllugu lhqdZHgZ aZgbfZ_| hkh[h_ iheh"
JhkkbklJ _kmjku ih\_joghklguo \hfzZKjKKihgd F _gvr_ jZkoh”™ \h”u b i

1975] HgZ [_jzl gZqZeh gZ kdehg@o'hbkigjp\dhkh 1Zd"_ [he__ gbadb_ ihc
djy’'Zz b \iz~"Z Hbrhkkdbc ebfzg fhnd&y klhdZ m ¢g9_tMth[Bo ijh_dpbb
highkblky d \h"ghc dBdmfk:dh\kdh jZkiheh  _gu gZ ]jZnbd_ ~“hklZlhqgh [eb
fhj_ Lhqgdz gZoh”blky g _fgh]lh 8¢\ _d béhldhijip [Zdhf ~_ jZkoh”_ \h”~u d
h[ezdZ |Ihq_d Mc [he__ \ukhdbc fh*mev klhdZ k \h~
J dzZ K_\_jkdbc IhglZp kA Zyijh_dlbjm_Iky gZ jblkkgfgydhf J_db
dimigZy j_dZ \hklhgghc MdjZbguhbvighZcbhfthd&Zeuc Ma_gb ~hklZlhggh [e
dijmiguc ijblhd [3hgmjku ih\ _joghkjgQblZ\e gguf ihdzZazl _eyf b bo ijh
\hr KKKI964] K_\_jkdbc >hg_p [_jzd ZpodFeky gZ jbkmgd_ Jlthjbl gih
gZ Kj_"g_jmkkdhc \halur_gghklb\ahbhalyabezZz\Zjvbjh\Zgby \ jy~Am
Ih~hevob \ Ijhohjh\kdhf jZchg_; dphkbBkddvguo h[tzfh\ aZ]jyag _ggh]lh k
hleZzklb Jhkkbb J dzZ |_qzl q_jlakkMdjgdbafb } _hkbkl_ fZfb
Jhkkbx b \iz~"Z_ | \ j_dm >hg J_dZ h[jZam_|I
\hr*gmx kbkK fim jkdbc >hg>Ipg #:

1AZizZrgZy >\bgZ j_dz ;hevrZzy kh\:\kdZ4y wgpbeéehi by F. Ajh&hj\h\lkdZy wgpbdehi_"by
1972. k
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LZ[ebpZJ_db Jhkkbb 1jZgk]jZzgbqgu_ k DZaZoklZghf h[t_“bgzggu_ \ ]jm
11 jZkoh~Zf \h~u fh”meyf klhdZ b iehszZ”yf \h~hk[hjh\

Table 4. Rivers of Russia, transboundary with Kazakhstan, grouped by average for 1993-2018omater,

rates, modulus and catchment areas

lehsz”v FhAame
=b~jheh]bqg_K \h~*hk[hjZz
o < gZ . Q; . klhdZz
=jmiiul .. J_db imgdlu 3 imgdl_
liZnbd flc \h~hk[h
gZ[ex"_gbc gZ[ex" gk )
4 e d¥
1 1 Bjlur k LzZIzjdz| 782,1 596000 1,31
5 7 Lh[# k A\ _jbgh]he| 445 143000 0,31
12 Mc k MkMckdh _| 22,2 34400 0,65
3 10 Be_d i <_kzeuc| 22,7 17200 1,32
9 hevrhe ] Gh\hma_ d 128 7480 1,71
Ma_gv
4 FZeuc
16 kFZeuc Ma_| 5,8 3930 1,48
Ma_ gv
gb jheb nzdlhjz imlzf \jZs

=jmiibjh\Zgb_ j_d |Jng]Jz%q

: : Mkbeb\Z | agZ@ygh _gheh\
k Mdjzbghc b ;_eZjmkvx hlghkys TC}/ e ggut mgzq. gbyi i j\uo -
\h*ghe kbkl_f_ >Q4jga_ fhj_ Jhqinjh\ [ueh ijhba\_~ _gh ]jmiibjh\.
highkbl_evguf hitzfzf Kiih@ & ghdkemqzljZzgk]jZzgbgguo imgdlh\
aZljyagzggh]h _“bgbqggufb obfjpg kdbfb
dhfihg _glzZfb k bkihevah\Zgb dfhhj*bgzZlZo ~\mo J]eZ\guo nZzd
nZdlhjgh]h ZgZebaZ ljZgk]jZgbggu_ imgdlu j_d \h~ghc kt

A . Ozjgh_fhj_jZa” _ebebkv gZ }

~ey 'h*\_j"_gby \aZbﬁ'%%q:’qg [Z[ebpz  Dzd hdZaZehkv
\Zjvbjh\Zgby \ jy"m j_d hlghkbl_evguo ”'] ebaZxlk ih \_ebqbgzf k
klhdZz aZl]jyagzgguo _"bgbqgufb%? hgm l) q Y abg

_ \ fhAmeydd kI plifz:
dhfihg_glzfb  k bo [Zkk_cgZ RHO‘{:] ; IZd _ jzaf_jZfb iehsz’
hj

ijhba\_’\ngiibjh\Zgb i d hIgth
N N +
hlzg[zgp\zh ghc kbkl_f_ Qzigih_ ””— LZd _j\hc ]jmQg gZdhAblky \

Ba 1Z[ebpu ke ~m_| qlh gZ \JZ‘AV‘E@ jb‘jmi?zhﬁ—gby f;h mey ';':l‘
"he_c¢ h[tzfh\ kIhdZ aZ]jyagzgguo hc Jimiiu a@zZuZigbym | \
]bAjhobfbq_kdbfb dhfihg gIZf 547 6 fhAmey koiea 2o
ljZgk]jZgbgguo imgdlZo \hkvfb j h8f

mkeh\gh 1j _Ivy ]jmiiZz

hdZau\Z | \ebygb_ nzdihj cﬁhqj 220 15 Kk mebaz Ky hi
\ujz'g g j_a \ut_e_ggu_ \" c ]jmllu i d [he__ \ukh

kihndZ azl]jyagzggh]h r_klvx kgZI ifhh\A";]ey T\'hz_o:f—dbb.glr;’kd.ez..
dhfihg_glzfb WIhl nzdlhj khklZ ehigh q_l\zjlzy b iylzy Jimii
k

kmffZjghc ~bki_jkbb NZdlhj 'thdt‘;'bhfdzTZ' edyhf gh 9- kthij
g_fghlh [he__ kmffZjghc bl? kz LIS x| j_adh jZaebggu_ i

WIib ~Zggu_ ih~I\_j"~Zxl qglh nemdl)
hlghkbl_evguo h[tzfh\ klhdZz aZljya

ihem bjguf rjbnihf hlghkbl_evgu”g ’t“%—
74
-

j_Zebam _lkya.g tefe@sbVaz; "ey &X
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_“bgbqgufb obfbq_kdbfb dhfihg_gdZfthbg¥Z jyRm-a4ZxIAhguo b x guo kdehgZ
j_d yleyxlky hljZz" _gb_f nmgdpbkijgbBjh\ggbkdhc \halur_gghklb ; e]lhijl
khhi\_IklI\mxs_c [Zkk_cgh\hc ]_hkbkdZkib Jhkkbb DzZq_kI\h j_qgh]lh kIF
>ey |hlh qlh[u jzZkdjulv khaz\tkdd_ g_ Ihevdh hl ijbjh~guo gh
nzZdlhjz g _h[oh~bfh \uyk@blagz\gblgzvghc f_j hl Zgljhih] _gguo gZ
hkh[_gghklb j_d Ikze <hjifdedphKhkk_cghl\uo ljZzgk]jZgbgguo ]_hkbkl_fZ
dhlhjuo jZzg bjh\Zgu \*hev _]1h hkb L _9qjgIimpEnbg_kdhf zZki_dl_ gZ |_jjb
nhjfbjh\Zgby klhdZ wlbo j_d gZohNhNylkk]\Njgapgtoc ahgu k k_\ _jZZ§Z*x] b >
qgZklyo <hkfglyih ckdhc JIJmkkdhc mid\glvgd |ky m~_evguc \_k iehszZ”b \h
b jZaguo Z~fbgbkljZlb\guo \ukhdhhdjillhcggukhf b khhi\_IklI\_ggh m\_eb
hleZklyo Jhkkbckdhc N_~ _jZpbb jRIki&gZdghkhyv \h*"hB3W|IZ jkblhjbb gz

nhjfbjm_Ilky \ azZziZz”"ghc b p_gljZlevighc ¥B%IbgZ x]_< gZklhys__ \j_fy \
jZ\gbgu \ Kfhe_gkdhc h[elRkEb ¥ Ddbjkdhc h[eZklb jZkiZoZgh "~h \hAt
p_gljZevghc gZklb -%Wjkihggtdhe=heh\bgZ @

jZ\gbgu Dmjkdhc h[eZklb J dZ <hjkdeZz

LZ[ebpZ FZljbpZ hkgh\guo nzZdlhjh\ hij_"_eyxgbloj \ZgelygjdwdghZ i -jbh”"

11 hlghkbl_evguo h[tzfh\ klhdZ aZ]jyagzgguo _“bgbqggufb obfbg_kdb
\hkvfb IjZgk]ljZgbqduohkyksboky‘ghc kbkl_f_ Xpzjght fhj_
Table 5. Matrix of the main factors determining the variation, averaged over the period 1993-2@1s3, of
relative volumes runoff polluted by single chemical components, in a series otramggtioundary rivers
EHORQJLQJ WR WKH '"QLHSHU A %ODFN 6HD ZDWHU V\VWHP

| j f_ ggu ;_AjZs_gbwyzZdlhjguwk | ThkeljZs_gbryZdjhjguok _

- == - NZdIlhy NZdlIh} NZdlhy NZdIhj
Va2 Mg?* -0,153526 -0,416246 -0,040831 -0,029933
Va2 SQ* -0,886420 -0,301759 0,857681 -0,009615
Vaz; G_nl_ijh~*mdly -0,848291 0,089501 0,842952 0,252054
Vaz; N_gheu 0,558808 -0,674788 -0,332796 -0,897074
Vaz; Kl:< -0,865271 -0,172986 0,760535 0,189883
Vaz) Jibg -0,930511 0,036478 0,971720 0,093774
V a2p NH* 0,550265 0,684755 -0,670050 0,619405
Va2p NOy -0,930511 0,036478 0,971720 0,093774
Vagp CH* -0,125285 0,822950 0,047271 0,671221
Vaz) ;1Ds -0,930511 0,036478 0,971720 0,093774
Vaz; OID -0,578503 -0,314441 0,414523 0,061197
Va2p Fengs 0,466270 -0,818918 -0,277466 -0,945016
>hey h[s_c "bki_j 50,48 22,31 47,25 22,19

i1>hdez” ©H khklhygbb b hojZg_ hdjm Zxs_c kj_~u gzl jyblhjbb2dbmkktc Fifgijbjh~u

172 k
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Jbkmghdlijh _dpby kemqgqzZ_ \ |jZgk]jZgbqguo imgdlh\ j_ d Q®rjgHhjkbKIl_fu >
dhhjrbgzZlZo JeZ\guo nzZdlhjh\ hij_"_eyxsljoN\gighuadzagb ]] \_ebqgbg

Va2 "ey _"bgbgguo obfbqgq_kdbo dhfihg_glh\ \ jy”m \hkvfb ljZgk]jZgbq

khhi\_ITklI\mx!| j_dzf

2ABimlvA>g _ij A> kgZAK _cf AKh> AKm~hklvA<hjkdezZ Ilkze
Figure 3. Projection of cases (transboundary points of the rivers of the Dnieper-Black Sea water system) in
the coordinates of the main factors determining the variation of the value% dveraged for 1993-2013

for single hydrochemical components. Indexes correspond to rivers:
2 Alput, 5 ADnipro, 6 ADesna, 8ASeim, 13ASozh, 14ASudost, 17AVorskla, 18 APsel

LZ[eb®zZ) _dbh~rghc kbkl_fu >@zjgh fhj_ h[t_"bgzggu_ \ ]jmiiu ih kj_"gbf
11 iZkoh~Zf \h~u fh”meyf klhdZ b iehszZ”yf \h~"hk[hjh\

Table6. 5LYHUV RI WKH "QLSHU A %ODFN 6HD ZDW FHUO13MAMaNOR ratds) R X S H (

flow modules and catchment areas

=brjheh]bq_K lehsz™v | cpamev ki

—imiid 9% 3 db ingd]qu_ Quir | ARTRKINTZ Yy
jbkmg gZlex” gbc f3 k imgdl _ s

- gZ[ex™_gbé

5 >g_ij|] Kfhe_gkd | 4887 14100 34,66
1 |2 Bimiv| K Ms_jiv_ 114.,6 8110 1413
6 > kgZ ] :jygkd 83,3 13700 6,08
5 8 K_cf | ] Juevkd 52,6 18100 2,91
14 KmAhi ] 1h]Z] 19.8 5180 3,82
3 |13 Kh™ |~ Mkdhku 22,0 2600 8,46
4 |17 <hjkd| kK DhabgdZ 57 1870 3,05
5 |18 lkze | ] H[hygV 3.4 1100 3,00
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Dhwnnbpb_gl m\ezZz g_gby mf_ \¢ghlhky jh bfz >ey gbo k\hckl\_
gZijZ\e_gbx k-BZNZYZ g2 hX]llhd hjhoh ~_gb_ [he__ ]h~h\h]lh klhdZ aZz
ahgu g_mklhcqgb\h]h m\eZ g _gbyk glg Hhghel®hihke ~gb_ e _| \h~gt
g_"hklzZlhqgh]h m\eZ g_gby J_ kf_eykdlhfrZgghc |_jjblhjbb ij_I_ji
ohayckl\_ gzZb[he__ \h~h_fdbc ihkljjv[bdgeyv blaf g gby WIhl i_jbh” [ue
hjhr_gb_ Ba ihkilmizZzxs_c gZ ihekzZfuyhdzgoyf gh b kzZfuf \ezZz guf az \j
\h~u \ j_qgmx k_Iv \ha\jZsZ_|ky bghéx"f ggv&d guf ke_~"kl\b_fkeih]thl

<f_klI_ k I_f \ azZkmrebjdihlbjv IZeh]h klhdzZ b ih\ur_ggh_ ib
ihemazZkmreb\uo jZchgZo hjhr_gh”a yleyolky\hM\_ebq_gb_ \h~ghklb
"bag_ggh g_h[oh”bfuf “ey ijhflze\mVhiNgH]h i_jbh~Zz b kgb ¢
k_evkdhohayckl\_gghc ijh"mdpbiwvdk*EH&RMWohkIlb fZeh\h”~bc nbdkbj
@ <h”hihlj_[e_gb_ gZ -ohigydkb\g glgdb nNey \k_o j_d ?\jhi_c
[ulh\u_ b ijhba\h”*kI\_gguyhkdgm_¢glbo jjblhjbb Jhkkbb >Njheh\Z b *j @
AhfugqzZ b i_j_jZ[hldZ ihe_aguo bkdHMMZfdtbgzfbdiZ_\ur_gby \_jog_1h
kms_KkI\_ggh m\ _ebqgb\zZxl Z g lijjim]lh\d\dm»gZg_gby h[ _ki_qg_gghklt
gZ]jmadm gZ j_db < _joh\vy j d |Kaghlg%ihzRdedguc ozZjzdl_j ljb
gZoh”ylky \ ij_~_eZo Dmjkdhcdhred]gbkbtc wdklj_fZevgh fZeh\h”~gt
ZghfZzebb Gz Ydh\e_\kdhf jm~rgwdiklj_ f&eagi_fgh]h\h*"guo i_jbh”h\ Kk

jm~u ~h[u\zZxl rZolguf kihkh[hf bf rZ2edgkh[hc dhwnnbpb_gl dhjj_eypb
\h~u q_j_a ijm” hlklhcgbd k[jZku\za2Z\b khfikidllom[heLZdbf h[jZahf dzZ ~Zy
[Eh[h"Z Ibe 2013 j_dzZ h[ez”"Zy k\hbfb hkh[_gghklyfb

JZajzZ[hldZz f_klhjh "~ _gbc jhebfézgudf__| g_dmx h[smx oZzZjzdl_jb
bkdhiZz_fuo khijh\h "Z |ky j_adbfOkglkljgtZevghklib? 0ZjZdl_jbamxsmy
mjh\gy iha_fguo \h” \u_fdhc b i_ dhéby &kb\H fZeh\h”bc lzd b dhet
imkluo b jm~hkh”_j Zsbo ihjh” ijbghltdjanlbfc >?a_jh\Z Dbj,20. Njheh\Zz
kihkh[_ ~hJugb h[jZah\Zgb _f hidjalluyo _Ibjh\EWV' _j"Zgb_ nzZdlhjz [_:
dzjv_jh\ dhleh\Zgh\ kl\heh\ rZohrhhhéghdboebguo ~Zgguo \_kvfzZ keh gh
aZdjuluo j_a_j\mZzZjh\ hk_~Zgb_ffa dhhdj dhijueh blv qglh bf_ggh jZaebc
NZf[ iehlbg b ~jm]lbo bkdmkkl\hgguo oZhgfdl_jbklbd_ ©wdklj_fZevghkltl
j_ev_nZ >Dhjgbeh\ b 7] @ jZaebqguc \dezZ”™ \ dhe NEgHeys9

J db Ikze b <hjkdezZ azZj pweldjhVWwgheh\ \ wlbo j dZo glh 1j
rexaZfp Imeylhjzfb b ierHWKZfM k “d¥rhegbl_evguo bkke_ "~h\Zgbc

LT ehinane Netks KT Soiinaz o o
1101Z b hltzfhf \hAufegfn J_qgﬁEZg?(?ngbqguo ihkiZo ih highkbl_ev
i “bf bkdmkki\_ggh IjzgknhjfbjiZg§4t \ klhdZ aZljyagzggh:

ha_jguc \h~hh[f_g aZzf_~ebeky KI}pdmihhkhvx obfbg_kdbo dhfihg_g
ahgu aZklhy <h”hojZgbebsZ kmsc kP\[eddh ij ~klZ\e _gu mkj_~gzgg
mom~rbeb khklhygb_ ijbe_]Zxsbol_jhablhjhephrz gz[ex” gbc ozZjzdl _jt
ih\ukbeky mjh\_gv Jjmglhluo \hphKiAygb@Zaz]jyagzgghklb klhdZ hp_¢
“hklzlhggh f[hevrbo jZkklhygbyod&lkklzi_bh\jzajyrzf =z 1zd _ ~zgz k
mkbebeZkv wjhaby [_j_Jh\hc ahmghirehg\p®é gdz dzg_kIZ gl hdz \ A
2015]. \ khhI\_lkl\bb k J> -2002.

J_db ?\jhi_ckidhgblhjbb Jhkkbb
highkylky d j_dZf -2hjihgoddh]lh 1biz

18<
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Ba j_dgzljzgk]jZzgbgguo ihklze klhd_ j_d hp_gzgghf dzd 1]jy
bf xI keZ[h aZ]jyagzgguc klhd \IgjH)hjlhdEkHEZkkZ jZajy*"Z ©Z2% b jZaj
Wlh h~gz j_dzZ 1jzZgk]jZgbqggzZy dgZklbggjukwhwftzfu i_j\h]h \lhjh]lh b Ij_

Bimjvb j_d ljzgk]jZzgbqguo k WMaZERkghc h[hbo jZajy~h\ kms_KkI
Km~rhklv > _kgzZ K_cf lkze b <hpkfdegdr&hlkguc ITh  _ \j fy m\_ebgb\Zxlk
klhd j_d y\ey_Iky aZ]jyagzgguf Ijhév_]h deZdkk&gzgguo gZklbgguo h

jZajyrz ©z& D wlbf j_dzf highkykiNzjlh]dhbdgZkkz ©z2 ©[2 b ©\2 < ke
liZgbp_ k ;_eZ¥mkihx AZiz*rgZy >\lhgagb]lh klhdzZz dzd \ j_d_ Mc m\_el
Kh; j_db gZ ]jZgbp_ k: Mépgdhegtdheb _]1h gzZklbgqguo h[tzfh\ g_I\zjlh]h
Fbmk 1zd _ j_db gZ ]jZgbp_ k DZajzokI®ghfb ~Z° _ iylh]h dezZkkz
FZeuc Ma_gv b Be_d ?sz \ h”ghc<jld[eypz ij_"kld¥ezZdl_jbklbdb
liZgbp_ k DZaZoklzghf \ ;hevrhfdaba kd\Z kjhggh]lh klhdZ \h~guo kbkl_

hqg gv aZl]jyagzgguc lj_Iv_]h dezZkklxgiZ®ejy™"ghkkil? d khhilI\_Ikl\mxs_c¢ \h
=jyaguc klhd q_I\zjlhl]h deZkkZ kpkxdjy¥*Z b©zZi§b\_~_gu "~Zggu_ h khkl
oZjzdl_j_g "ey j_db K_\_jkdaZ]jydozgmhklb bo klhdZz

ljZzgkl]jZzgbqghc k MdjZzbghc b j dbHBA®sZ | gZ k_[y \gbfzZgb_ qlh kIt
ljZgkljZgbgghc k DZazZoklzghf GZgh&gkipkl ku >g_ij A Qzjgh_ fhj_ \
DZaZoklzghf sz [he_ _ JliyaguZglljzahfgguo imgdlZo yley Iky
hlebqzxlky ~\_ j_db J_dzZ Lh[heaXyfagdagglhfd\Ihjh]h dezZkkzZ b Ilhevdh
g_I\zjlh]h dezkkz jzZajy"z Nga(jbd j>d Zij b KhKklhd hp_gb\zZ_I|ky dz
hlebgzZz |ky hqg_gv J]jyaguf klhdhazdgjylapgidgphle ]h deZkkZ jZajyr"Z ©Z*2
deZkkzZ jZajynrZ ©\2 D aZl]jyagzgghfm klhdm |j_Iv_1]h
Wlb hp_gdb NZXI lhevdhjzahgf@mx©z2 hlghkblky klhd j_d \h”guc
h[h[szggmx o0ZjzZdl_jbkibdm dzZgukad¥k DKkibZzkdh]h :ah\kdh]h b ;Zelb
\h~u Klhd wlbo j_d g_ h”rghjh?_fhjbckh’Z j1Eld _ \h~ghc kbkl_fu DZfu
jZaebqgu_ “heb gzZklbgguo h[tKfA\ZjKkddophbazj Bkdexg_gb_f yley Iky
kil _i_gb aZl]ljyagzgghklb dhlhju_ \;lKkéakixkhbqg_Mavgv dhlhjuc yl\ey_Ilky
fh gh hp_gblv ih dezZkkzZf b jzZajydZfjydg[edogpud |j Iv_]1h deZkkZ jZajy"rZ C
>Z" _ klhd j_db hp_gzgguc dZKlhklegZ[dh \ \h*"ghc kbkl_fH[Bjtur =*
aZljyagzgguc khklhbl ba ljzo iylibBjrRdh_ r_filjo Jjyaguc b hqg_gv 1]jy
dzd \ j<hjkdezZ qgzZklbgguo h[tzflg\ [Zgbhd dezZkjkyZh\ ©z2 ©[2 b ©\?2
deZkkh\ azZ]jyagzgghklb H~gzdh ij_hfehrghs kbkl_f_ K_\_jkdthag >hg p -
"he_c klhdZ y\gy \lhyh9h dezkkz Zahhlegh_ fhj_j dzZ K_\_jkdbc >hg_p b _
h{tzfh\ aZ]ljyagzgghlh b Jjyaghfihx| kkteddi_ oZjzZdIl_jbklbdb klhdz KI
gbqglh gh fzZzez livaguc q_I\zjlh]lh dezZkkz jzZajyrzZ ©ZzZ
Klhd j_d deZkkbnbpbjh\Zgguihhdzd &adZ ]jyag_gguc I|j_Ilv_]h dezkkZz
aZljyagzgguc khklhikl_tba g¥ykdbggud® Hgb i_j_k_dzZxl Jhkm"ZjklI\_ggmx |
h{tzfh\ < klhd_ wlbo j_d azZf Ighjmb\gvmebbguo gZijzZ\e _gbyo
Vaz; \lhjhlh deZkkzZ b m\g£bldogguo Ke_~m_1I| hif_Iblv qglh ihglb \k_ j_d
h{tzfh\ aZ]jyagzggh]h b hq_gv dabhlphjagzpgbdikblky dh \lhjhfm [j_Iv_fm
klhdz 1j_Iv_]h dezZkkzZ jZajy*h\ QZajpy " [®ZZ b\ ©[2 djhf_j_d Fbmk b B
g_dhlhjuo kemgZyo b Jjyagh]lh b&lhlhkkbhbrd khk_~gb_ ]Jhkm~ZjklI\Z
g_I\zjlh]h dezkkz jzajyrz ©z2 Igblwihbi]hhéeezkkz jzZajy*h\ ©z2 ©]f®2
mkeh\gh gbklh]h klhdz i_j\h]lh dgzigkZjzgthqguwyv k MdjZbghc b DZazZoklZz
aZljyag_gghlh klhdz q_I\zjlh]lh &dBkkZ]jyagjiy~Z b hq_gv Jjyagu_ \h~
©[28 b ©\2 fbgbfZevgu khij_~ evguo Jhkm~ZjkI\ \ Jhkkbx
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0Zjzdl_jbklbd dzq_kI\zZ

khihdmighklb aZ]jyagyxsbo \_s_ klI\
Table 8. Comparison of water systems according to the characteristics of riverdklaigated by the totality
of pollutants

i_qghlh klhdz

\h~guo kbk

<h~rgZypkl_fz J_dbgZzZijz\e_gll Ozjzdl_jbklkiha DeZkk
| _qg_gby \h~u JZajy”
Bjlur =jyaguc ©za
BjlurA H{®Zjkdh_ fhj Lh[he =jyaguc ©f[2
M c0) Hg _gv ]Jjyaguc ©\2
i Mjze A DZkibckdh| Be _d AZljyag_gguc ©z2
. FZeuc Ma)gv AZljyag_gguc ©za
DzZfur A Kzfzjkdb_ h hevrhc M&) gv Hq ov azljyag 4 ©[°
>g_i(.0) AZ]jyag_gguc ©zs
K h (0) AZ]ljyag_gguc ©z2
<hjkde)z KeZ[h aZ]jyag_g|l2
. . . > kg¥ KeZ[h aZ]jyag_g|2
>9_ij A Qzjgh_ fhj_ lkze) KeZ[h aZ]jyag_g|?2
B iml(v,0) KeZ[h aZ]jyag_g 2
K_c¥) KeZ[h aZ]jyag_g 2
Km~hk)v KeZ[h aZ]jyag_g 2
;ah\kdh_ fhj_ Fbmk AZljyag_gguc ©z=a
K \_jkdbc >hg_p A > K_\_jkdbc >hg_p =jyaguc ©z=a
cah\kdh_ fhj_ Hkdhg AZljyag_gguc ©za
;Zelbckdh _ fhj_ AZiZ"gZy >\bgZ| AZ]jyag_gguc 3©z2
ljbf_gzZgb_ j_dZ 1_qzl \“"hev ]jZgblpas Jhkkbb \ ih]jZgbqgqgh_ ]Jhkm~Z

(+) tba ih]jZgbggh]h JThkm~ZjkI\Z \ Jhkkbx

LZ[ebpZ FZljbpZ hkgh\guo nZdlhjh\

1 hki htHa

gZklbgguo

jZaebqZxsboky ih deZkkzZf b jZajy"Zf
Table 9. Matrix of the main factors determining the variation, averaged over the period 1993-2@Hs3, of
partial volumes of runoff contaminated by sets of hydrochemical components andesstimatasses and

ranks for eighteen transboundary rivers

aZljyagzgguo

hij_~_eyxamloj \Zgzlyjgwd gdbZ i-jbh”
khihdmighklvx
\ jy"m \hk_fgZ~pZlb ljZgk]jZgbqggu

obfbg_kdbo

| j f_ggu_ h[tzf | : ajZs_gbyzdlhjguhok 'hkel]zsﬁgb'gz‘“h’g“
b jzajy” NZdINj[NZdIfg|NZdIg | NZdihj| NZdIihj|NZdIh]
Vath 1 0,594275| 0,040590] -0,211237| -0,571608] -0,242521] -0,117811
Vath2 20,824133| -0,195251] 0,394340| 0,898144| 0,200425| 0,161213
Vazy ©2Z2 10,461508| 0,756775| -0,268650| -0,064908| 0,923935 -0,001487
Vaz ©[° -0,634932| -0,466022] -0,512902 0,275010| 0,105333| 0,892557
Va.z, ©2% 10,548591| -0,478674) -0,602295 0,160748| 0,069866| 0,928504
Vaz; ©[2 -0,608128| -0,402107 0,551481| 0,903811| -0,122354) 0,061605
Vaz; ©\2 20,773550 0,298268| 0,058705| 0,502667| 0,649147| 0,129322
Vazy ©]2 -0,781917| 0,521887| -0,065542 0,363399| 0,862796| 0,107612
Shey h[s_c Abki_jk| 4411 | 1977 | 1512 | 3051 | 2687 | 2163
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=jmiibjh\Zgb _ jnddlhjz \ujz" _g q_j_a \u”_e_ggu_ \ |
ljZgkljZgbgguo k MdjZbghc ;_ élrgminigug ribnlhf gZklbgguklthdZzfu
DZazZoklZghf ih qzklbgguf ‘WpitBkrsb aqa_N_jluo deZkkh\ ~WIlhl n
klhdz azZljyagzgguf kh\hdh h%}l‘%/yx—' k[hhkel_zTey | kgmfff;{]gg‘c[;:k‘—
ZZfzbqu—zi;dbb?Zdar;;',\hzgf—gIh\ b hp—gméjrbggh'? “bki_jkbb b j_Zebam_Iky q_
Vazy lj_Iv_]1h dezZkkz jzZzajy*"z ©z2& Mf_g
Ba IZ[ebpu ke_"m_I| qlh gZ \Reébbp\&ithpzZz iml_f \jZs _gby hk_c ml
gZklbgguo h[tzfh\ klhdZ \ [jZokpZgbgguce I\ _jlhlh deZkkZ jZajy"Z ©]:
imgdlZo \hk_fgz~pzZlb j_d adbkegzgwfiuoagZqg_gbyf i_jl\uo ~"\mo nZ

kh\hdmighklvx obfbg_kdbo dhfijugelglhjhbad " gh ]jmiibjh\Zgb_ jbkm
hlebgzZxsboky ih mjh\gx aZ]jyakzggdklb 1)\Zzgk]jZgbgguo imgdlh\ j_d
hkgh\ghf hdZaulZ_| \ebygb_ nZdlhj Khklz\

Jbkmghtijh_dpby kemgzZ_\ ljZgk]jZgbgguo imgdlh\ j_d \ dhhj*bgZlZo ]
hij_~_eyxsbo \ZjvbjhkZghbgzgguo-aZ ]] qZklbqguo h[tzfh\ klhdZ aZ]jyac
khihdmighklvx obfbqgq_kdbo dhfihg _glh\ b hp_gzgguo ih deZkkzZf b jZajy

ljZgkljZgbgguo j_d Bg”_dku khhi\_ ARj\owx| ABdrdfv +AZiZ~gZy >\bgZ

4+K \_jkdbc >hd>g ij A> kgZ Lhihe AK _cf A;hevrhc Ma_dBe d
11 AHkdhe AMc AKh> AKm~AhklIvAFbmk AFZeuc Ma_dhjkdeZ lkze

Figure 4. Projection of cases (transboundary river points) in the coordinates of the main factorggegerm
the variation of the partial runoff volumes averaged for 1993-2013 contaminated with totallity of
hydrochemical components and estimated by classes and categories for 18 transboundary rivers. Indexes
correspond to rivers: Artysh, 2 Aiput, 3 AZapadnaya Dvina, ASeversky Donets, BDnipro, 6 ADesna,
7 ATobol, 8 ASeim, 9 AB. Uzen, 10Allek, 11 AOskol, 12 AUy, 13 ASozh, 14ASudost, 15AMius,
16 AM. Uzen, 17AVorskla, 18 APsel

Dzd \bArgh gZ jbkmgd_ \“hevahpymfdbgEZkib kihdZ Ijh_dpbb j_d Bin
jZg bjh\zZgu ijh_dpbb j_d ih \hajzKhzigtkiv IhqdZz > kgz lhqdz

18¢
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lhqdZ k mkeh\gh gbkluf klhdB@IhjZjhdhj_a gbo fhlml ]jmiibjh\ZIv
dezkkz ijb ijh~\b>_gbb ih hkbheVYig@hh [he__ h[h[s_gguf hp_ghqgg
kf _gyxlky [hevrbf dhebq_kI\hf imgAa\_kyf

az]jyagzgguf kihdhf Ij_Iv_]h deZkkZ jZajy~Z ©Z2

>Ze _ijh_pbjmxlky imgdlu j_d Bjlur 1Ihq
K _\_jkdbc >hg_p lhqdz Lh[he IhqdE ihfhswx :ID ~ey \hk_fgZ”*pZlb |j
lhqdz bf xsbo ]jyaguc klhdJkkkhlnljiZgk]jZgbgguo k ;_eZjmkvx N

deZkkzZ jZajy*h\ ©z2 ©[2 bb ®Z2aZoMlhghf [ueb jZkkgblZgu “~heb
aZdhghf_jghklv gZjmrzxl ijh_dpbkhbZojydey aZ]jyagzgguo ~\_gZ”pZl
dhlhju_ jzZkiheh _gu \ p_glj_ h[ezbMwghrgquiibk obfbg_kdbfb dhfihg_glZf
azZljyagzgguf klhdhf j_d Ij_Iv_]h dekjkKz pZajy*z 1]

©zZ2 WIh j_db K_cf b <hjkdeZ k mkehlgh_pbkludh kINZm kjZ\gb\Z_fufb
klhdhf b j dZ ;hevrhc Ma_gJv_&Zfyngedgkv dhjj_eypbhggzZy fZIljbpZ «
azljyag_gguf klhdhf Ij_Iv_]h debhkikdZjeedgZkv ih f_Ih"m JeZ\guo dhfih
CIE Kms_kI\_ggh \eby | gzZ \_jabovend¥dyh q_]h [ueZ ihemq_gZ fZljbp
jZkiheh> _gb_ ijh_dpbc j_d nzdlhjnZdlhahh gWjZ ZxsZy khklZ\ nZdlhjh\
_]h \ebygb_ kdzZau\Z_lky b \ ~zgghkokeyagz i_j_f_ggu_

Lzdbf h[jZzahf ]jmiibjh\zZgb_ j _thdihazgh qglh ~\Z JeZ\guo nZc
gZklbgguf h[tzfzf klhdZz azlkndgighali_ dhlhjuo \ujZ _gh q_j_a nem
kh\hdmighklvx obfbg_kdbo dhfMag) fély\ _"dbgbgguo obfbg_kdbo dhfihg_
hp_gzgguf ih dezkkzf b jZajyrzf W m\yavhgh igBopZlb 1jZgk]jZgbgguo
\h~gufb kbkl_fzfb 1_j_ f ggu_ hfteybikyx!l j_db ih bo ijbgZ~e_"ghkl
hp_ghqgufb o0Zjzdl_jbklbdZfb klkhid\_Bklhwpxs_c \h~ghc kbkl_f_
=jmiit <h~gzy kbkl_fz J_db

1 H[v:DZjkdh_ fhj_ Bjlur Lh¢hc

2 MjZe:DZkibckdh Be_d

3 Dzfu+tKZzfZjkdb_ ;hevrhc Ma_gv FZeuc Ma_gv

4 >g _ij A Qzjgh_ f >g_ij KKkKhjkdeZ kgikze Bimlv K _cf
5 ;Zelbckdh_ fhj_  AZizZ~"gZy >\bgZ

6 ah\kdh_ fhj_ Fbmk

7 >hg: :ah\kdh_ fh K_\_jkdbc >hH&dpe

GZb[he__ qgzldh \"hev hkb nzZdWVipZz nzZdl _sz jZa ih~l\gqljh~Z _|I
jZa™_ebebkv j_db Jhkkbb IjzZzgklhjgdhlggdgb k "he_c h[tzfh\ j_qgh]h
DZaZoklZaygdlth jZa~_ebebkv gZ q_ldh”ryjnbifiuxsbo k\_joghjfZlb\gu_ dhgp_gl
ih jZzkoh”Zf \h~u iehsZ”b \h~hk[hh\ befhgrume xaZ]jyagyxsbo \_s_ klI\ y\
klhdz qglh Jh\hjbl h I_kghc k\yab dhgg gdguZ klladwevIizIihf djm]h\hjhlZ \_s
j_d k [Zkk_cgh\ufb ]_hkbkl_fZfb wg_jlbb \k_c [Zkk_cgh\hc ]_hkbkl_fu

<dhhj*bgZlZo "\mo ]JeZ\guo nZdlhjhay \hk _fgzZ~pZlb Jhjkkdb
kh”_j°Zgb_ dhlhjuo \ujzZz" _gh q_j_&agkhigigZepdbo k ;_eZjmkvx MdjZb
Vaz; "ey _~bgbgguo obfbg_kdbo dbZiagoklhghf k ihfhsvx :ID [ueb jZkkq
j_db \h”ghc kbkl_fu >»zjgh+ fhjgZklbqgu_ h[tzfu klhdz aZljyag:
jZa™~_ebebkv gZ ]jmii 1Zd _ hlekhbh¥xsmoklykiax obfbg_kdbo \_s_kI\ A

\_ebqgbgzf kj_"gbo aZ993- jbh”] (Vaz; [ueb 1Zd _ mkj_"~g_gu aZ] b
jZkoh~h\ klhdzZ j_d agZq_gbyf fhNmpe gz kdhihZz debkkZzf b jZajy~Zf \ khhl\_
iehsz~yf \h~hk[hjh\ J> -2002. JZkkgblzgz 1zZdyy kj_"g
fghlhe_lgyy oZjzZdl_jbklbdb khkll

190



=B>JHKN?J:

aZljyagzgghklb bo klhdz
jZajynrzZf

lhdZazgh qlh klihd j_d \h~ghc kbKllhfd j_d g_
>g_ij A Qzjgh_ fhj_ \ r_klb ljzZgkjgdgbdgudkvib qgqZklbgguo
imgdlZo y\ey |ky keZ[h aZ]jyagkggiufghlap|iyagzgghklb dhlhju_ \ k\hx

HI:KGU? IJHP?KKU B Y<E?GBY Lhf2

<ul| 202C

hp_gzgtphdygh HedgkZf\b”*u ba khij_~_evguo ]h

\ Jhkkbx

dezZkkZ b lhevdh_dBygnoj b Kklhd hp_g_gu ih deZkkzZf b jZajy~zf

hp_gb\Z_Ilky
jZajyrzZz ©Z2

Kihd j_d \ \h~Aghc kbkl-H[BjldjmiibjmxI

DzZjkdh_  fhljyaguc b
g_I\_jlhlh dezZkkz

hg gv

>hg A :ah\kdh_ fhj_
kbkl_f highkblky d
dezZzkkzZ \ hkgh\ghf jZzajyrZz ©z*2

<k_ j_db klhd dhlhjuo hlghWblbky ®&bo k\_joghjfZlb\gu_ dhgp_gl
\lhjhfm |j Iv_fm deZkkm jZajy*"haZB¥Yaghx®©yhd \ s _kI\ k
djihf_ j_d Fbmk b Be_d |_dml jbgbligKlkebbud ] _hkbkl _f

khk_7~gb_ ]hkm~ZjklI\z
jZajy"h\ ©z2 ©[2 b ©\?
MdjZbghc b DZaZoklzZghf

Ebl_jZImjz

=heh\bgZ H=Bhwdheh]bqg_kdb_
ih\_joghklguo \h® Dmjkdhc h[e
bkke_"h\Zl_evkdb_ im[ebdZpb
<« 3 K -51.

=hkm~Zjkl\_gguc \h”guc HlZgr\
]b”rjheh]lbq_kdb_ oZzZjzdl_jbkl®
11 b \_kv i jbh” gZ[ex?llgdc L

celZc AZizZhrgZy Kb[bjv b K_\_j

\'  \ui <ui Gb gbc Bjlur b G

lh~r j_~ G G JhfZgqg_gdh E =
k

=hkm~Zjkl\_gguc \h*"gucFdB Mzl

NZggu_ h j_"bf_ b jihnkn¢lgEblgu
kmrb\ -1b | L JKNKJ \ \u
;Zkk_cg >g_ijZz E =b~jhf_I_
148 k

?a_jh\z G G Dbj__\z F ;
IZ\h~"hqguc klhd b _]h jhev
kh\j_f_gghlh \h~ghlh j_"bfZ j_«
| _jjblhjbb Jhkkbb K[hjgl
dhgn_j_gpbb ©<Ilhju_ <bgh]jz”

©BkdmkkI\h ]b~Ajheh]bba 1] j[k

dZd aZ]jyagzgguc

liwmigludZfb |
jZajy[eh\b @@ oZjzdl_jbklbdZfb
liyaghfm klhdm q_I\zjlh]h dezZkk%WijZajydZ_ @Z3_a gbo
highkblky j_dZ K_\_jkdbc >hg_p \htewhcthkbiki fihe _

azZljyagzgghfm

lj _IvK ]Jihftte¥kkZZdlhjgh]h ZgZebaZz
glh JezZz\gu_ nZdlhju g_j_a qZklbgqgu_
khhi\_Ikl\bb k
yleyxlky hp_gh
leZ\gu _ ‘
fhlml Jjmiibjh\Z]

i _db \

_Jj_f_ggu_
klhdz b

h[h[s_gguf

Klhd j_d hklZledgad!|\eYyfuo
[j_INZYf h[jZahf Ney
\azZzbfhk\yab \_ebqgbg h[tzfh)\

k\hb ]Jjyagu_ b
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>hgkdhc jZchg ;Zkk_cg j >hy
i K\ >hgpZ ihr j_.~ >3
;helh\kdh]h=bBjhf_|I_hba”ZzZl

J_kmjku ih\_joghklguo \ h
=b”"jheh]bgq_kdZy bamgqg_¢ghklv

Gb'g__ Ih\he'v_ b AZiZ”guc
2\ui <ui MM Ehgkdbc jZchg
A = FZjdh\hxb”™ghf_|_hba"Zl

J_kmjku ih\_joghklguo \hHk¢H
]b~rjheh]lbq_kdb_ ozZjzdl_jbkLkhd
MdjZbgZ b Fhe~Z\by \ \ui <

192

HYDROSPHERE. HAZARD PROCESSES AND PHENOME

5XVVLDQ 6FLHQWL¢F &RQ
SBUREOHPV RI :DWHU D Q(Mosdow
September 15-18, 2015Noscow, Publ. IVP RAN
2015, pp. 345-348. (In Russian; abstract in Engl

Golovina O.l. Geoekologicheskie proble
poverkhnostnykh vod Kurskoi obla
[Geoenvironmental problems of surface water K
region]. Nauchno-Issledovatel'skie  Publika
[Journal of Scientific Research Publicationg)15.
vol. 1. no. 3 (23), pp. 44-50. (In Russian, abstra
English).

Gosudarstvennyi  vodnyi  kadastr Osnovnyz
gidrologicheskie kharakteristiki (za 1971-1975 ¢
ves' period nablyudenii): v 20-ti tomakh. Tom
Altai, Zapadnaya Sibir' i Severnyi Kazakhstar
3 vypuskakh. Vypusk 3. Nizhnii Irtysh i Nizhnye
Ob' [State Water CadastreBasic hydrologice
characteristics (for 1971-1975 and the el
observation period): in 20 volumes. Volume
Altai, Western Siberia and Northern Kazakhstai
3 issues. Issue 3. Lower Irtysh and Lower Ob].
N.N. Romanchenko. Leningrad, PL
Gidrometeoizdat, 1978. 129 p. (In Russian).

Gosudarstvennyi vodnyi kadastrMnogoletnie
dannye o rezhime i resursakh poverkhnostnykh
sushi: v 20-ti tomakh. Tom 1. RSFSR:
26 vypuskakh. Vypusk 2. Bassein Dnepi@tate
Water CadastreLong-term data on the regime ¢
resources of land surface waters: in 20 volu
Volume 1. RSFSR: in 26 issues. Issue 2. Dni
basin]. Leningrad, Publ. Gidrometeoizdat, 1¢
148s. (In Russian).

Karaushev A.V., Skakal'skii B.G. Aktual'n
problemy issledovaniya kachestva poverkhnosti
vod [Actual problems of surface water qua
research Meteorologiya i gidrologiya [Russie

Meteorology and hydrology], 1973, no. 1(
pp. 73-81. (In Russian).
Karaushev A.V., Skakal'skii B.G. Problel

monitoringa kachestva poverkhnostnykh vod s
[Problems of monitoring land surface water qual
Problemy sovremennoi gidrologii: sbornik ste
[Problems of Modern Hydrology: collection
Articled. Leningrad, Gidrometeoizdat Publ., 19
pp. 94-105. (In Russian).



=B>JHKN?J:

j K_\_jkdhlh >hgpZ b j_db
E =b”jhf_I_hbanZzZl k
J_kmjku ih\_joghklguo \ h
=b”"jheh]bgq_kdZy bamqg_¢ghklv
Kj_~gbc MjZe b IljbmjZev_ \
Lh[he E =b”jhf_I_hbanZzl
Jmfygp_\Z W : ;h[jh\bgdZlg"b
bgl ]jZevghc hp_gdb fghlhe |
dZzq_kI\Z j_qgh]lh klhdZ gZ ijbf
F_I_hjheh]lby b ]b”*jheh]by 85-95.
Jmfygp \Z W : ;h[jhibpdzy G
Gh\uc ih"oh” d zZ\lIhfZlbabjh\Zz
gZklbgguo h[tzfh\ j_ggh]lh Kk
kl_i_gb aZ]jyag_gby gZ&K_.ipbfd]
F_I_hjheh]lby b ]b”jheh]by -60.
Jmfygp_ \Z W ;h[jh\bpc
Kmohgh?PhKzZ?"bgZy hp_gdZ dh
dzqg_kI\Z \h~rgh]lh klhdzZ j_db K
gh\hc Z\IhfZlbabjh\Zgghc (I
=b~jhkn_jZ HizZzkgu_ ijhp_kku L
L <ui K53-70.
DOI: 10.34753HS.2020.2.1.53

KdzZzdZevkdbélp_gdZ dZq_kI\Z j.
F Ih~u jZkqgzlZ j_qggh]h klhdZz

\ukrb_ ]b”~jheh]bg_kdb_ dmjku
F=M \ gZklyo QZklv F b
XG?KDH -K12.

Njheh\@ E Dbj__\z F ; > ZA
J P | L_ e ]bgzB&f:g_gby \lI

j_"bfz b k_ahggh]h klhdz j_d ?
gZ wdklj _fZevgu_ ]b”jheh]bq |
K[hjgbd [IjmWh\\k_jhkkbckdhc
dhgn_j gpbb k f_ ""mgZjh~gt
©ONmg~*Zf_glZevgu_ ijh[e_fu \h
j_kmjkh\2 ] Fhkd\iZ_gly[jy
F:B<l1J:G . 345-348.

HI:KGU? IJHP?KKU B Y<E?GBY Lhf2

<ul| 202C

Kornilov A.G., Kolmykov S.N., Kichigin E.
Gordeev L.J. Sravnitel'naya kharakteristi
vozdeystviya gornodobyvayushchikh predpriy
KMA na ekologicheskuyu situatsiyu r
Belgorodskoy oblasti [Comparative analysis
Kursk magnetic anomaly mining enterprises im|
on ecological situation of rivers of Belgorod regic
Gornyi informatsionno-analiticheskii  byullete
[Mining informational and analytical bulletin
2010, no. 6, p.134-139. (In Russian).

Karaushev A.V. (ed.Metodicheskie osnovy otse
i reglamentirovaniya antropogennogo vliyaniya
kachestvo poverkhnostnykh vod [Methodolog
foundations for assessing and regulating
anthropogenic impact on surface water quali
Leningrad, Gidrometeoizdat Publ., 1987. 288 p
Russian).

Loboda N.S., Pilipyuk  V.V. Otsenl
ekologicheskogo sostoyaniya rek Psel i Vorskli
urovnyu ispol'’zovaniya vod v transgranichnoi z
©5RVVIBMUDLQD2 >(VWLPDWL
state of the rivers of Psel and Vorskla on level o
XVH LQ WUDQVIRU BD O COL\@#imik
Odesskogo gosudarstvennogo ekologiches
universiteta [Bulletin of Odessa State Environme
University], 2012, iss. 14, pp. 151-159. (In Russ
abstract in English)

Resursy poverkhnostnykh vod S¢
Gidrologicheskaya izuchennost: v 20 vol. Vo
Donskoi raion. Bassein r. Dona bez bassein
Sever. Dontsa. [Surface water resources of
USSR. Hydrological study: in 20 volumes. Volun
Don region. River basin Don without a pool r. No
Donets] Mordukhai-Boltovskii D.D. (ed.
Leningrad, Publ. Gidrometeoizdat, 1964. 267 p
Russia.

Resursy poverkhnostnykh vod S¢
Gidrologicheskaya izuchennost': v 20 vol. Vol
Nizhnee Povolzh'e i Zapadnyi Kazakhstan: v 2
Vyp. 2. Uralo-Embinskii raion. [Surface wa
resources of the USSR. Hydrological study
20 volumes. Volume 12. Lower Volga region
Western Kazakhstan: in 2 issues. Issue 2. Ural-E
region]. Markova Z.G. (ed.). Leningrad, Pu
Gidrometeoizdat, 1966. 152 p. (In Russian).

19¢



2020

194

Vol.2,Iss.2

HYDROSPHERE. HAZARD PROCESSES AND PHENOME

Resursy poverkhnostnykh vod SSSR. Osn
gidrologicheskie kharakteristiki: v 20 vol. Vol.
Ukraina i Moldaviya: v 4 vyp. Vyp. 3. Basseir
Severskogo Dontsa i reki Priazov'ya [Surface w
resources of the USSR. Main hydrolog
characteristics: in 20 volumes. Volume 6. Ukre
and Moldova: in 4 issues. Issue 3. The poc
Seversky Donets and the Azov Rivérningrad
Publ. Gidrometeoizdat, 1975. 543 p. (In Russiar

Resursy poverkhnostnykh vod S¢
Gidrologicheskaya izuchennost': v 20 vol. Vol.
Srednii Ural i Priural'e: v 2 vyp. Vyp. 2. Tob
[Surface water resources of the USSR. Hydrolog
study: in 20 volumes. Volume 11. Middle Urals
Urals: in 2 issues. Issue 2. TobolMarkova Z.G
(ed.). Leningrad, Publ. Gidrometeoizdat, 1¢
280 p. (In Russian).

Rumyantseva E.A., Bobrovitskaya N.N. Techni
of integral assessment of long-term variation:
streamflow quality by the example of the Vors
River. Russian Meteorology and Hydrolgg012
vol. 37, no. 5, pp. 346-35
DOI: 10.3103/S1068373912050081(Russ. ed
Rumyantseva E.A., Bobrovitskaya N.N. Metoc
integral’noi  otsenki mnogoletnikh  izmene
kachestva rechnogo stoka na primere reki Vor
Meteorologija i gidrologija 2012, no. 5, pp. 85-9%

Rumyantseva E.A., Bobrovitskaya N.N., Il'in E.V
new approach to the automatic computation of pi
volumes of river runoff with various degrees
pollution (a case study for the Selenga Ri\
Russian Meteorology and Hydrolgg3014, vol. 3¢
no. 6, pp. 395-401.

DOI: 10.3103/S1068373914060053(Russ. ed
Rumyantseva E.A., Bobrovitskaya N.N., II'in E
Novyi podkhod k avtomatizirovannomu rasct
chastichnykh ob"emov rechnogo stoka ra:
stepeni zagryazneniya (na primere r. Selel
Meteorologija i gidrologija,2014, no. 6, pp. 51-6C

Rumyantseva E., Bobrovitskaya N.N
Sukhonogova E.S. Edinaya otsenka kolichest
kachestva vodnogo stoka reki Seim s pomoshi
novoi avtomatizirovannoi tekhnologii [A unifie¢
assessment of the quantity and quality of the !
river water flow using new automated technolo
Gidrosfera. Opasnye protsessy i yavlel



=B>JHKN?J:

HI:KGU? IJHP?KKU B Y<E?GBY Lhf2 <ul?| 202C

[Hydrosphere. Hazard processes and phenoip
2020, vol. 2, iss. 1, pp. 53-70n(Russian; abstra
in English). DOI:10.34753/HS.2020.2.1.53

Skakal'skii B.G. Otsenka kachestva rechnykh
[River water quality assessmenhjletody raschet
rechnogo stoka:  Mezhdunarodnye  vys
gidrologicheskie kursy YuNESKO pri MGU:
2 chastyakh. Chast' 1. [Methods for calculating ri
flow: UNESCO International Higher Hydrologic
Courses at Moscow State University: in 2 pe
Part 1.]. Moscow, MGU Publ. (MKGK YuNESKO
1980, pp. 98-112. (In Russian).

h E H U GdktarenanalyseSpringer-Verlag, Berlir
Heidelberg, New York, 1977. 400 p. (Russ.

Iberla K.Faktornyi analizMoscow, Statistika Pub
1980. 398 p.)

19¢






=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?GBY Lhf2 <u?| 202C

debfZlbg_kdhf jZchgbjh\Zgb Caucasus. Analysis of precipitation distribution
| jjblhjbc ;hevrh]lh DzZ\dZaZ [u shown that for the black sea slope of the Cauc
debfZlbg_kdbo jZchgh\ dhlhju  (within the territory under consideration) there

K113 l[j_~eh _gh strictly defined dependence of their distribution \
debfZlbg_kdbo jZchgh\ \u”_e€ the height of the terrain. The same relationship €
g_h[oh”bfh ijb debfZlbqg_kdhf j forthe Northern slope of the Caucasus. As you ¢
Q_jghfhjkdh]h b K_\_jgh]h kd: intothe mountains, precipitation rates increase.
:gZeba jzZkij_~ e _gby hkz~dh\ important to note that the absolute amoun
Q_jghfhjkdh]h kdehgZ DZzZ\dZe precipitation and its distribution by height (verti
jZkkfZljb\zZ _fhc | _jjblhjbb kms_  zoning) for the black sea and Northern slopes
hij_~_e_ggZy aZ\bkbfhklv bo | different. A map of the climate zoning of the Gre

\ukhlhc f_klghklb Lzdzy °~_  Caucasus has been compiled. It is proposed to
kms_kI\m _| b ey K_\_jgh]lh kd additions to Appendix B of SP 131.13330.2012.
f j_ ih~tzfz A\ ]hju ghjfu

m\_ebqgb\Zxlky <Z gh hif_Iblv
dhebq_klI\h hkz~dh\ b bo jZk

\ukhl_ \_jlbdZevgZy ahgZe
Q_jghfhjkdh]h b K_\_jghlhZad:
Khklz\e_gZz dzjlz deb

jZchgbjh\Zgby ;hevrh]h DZzZ\dZa

ijh\_~ gghc jZ[hlu ij_"eZlZ_

"hiheg_gby \ ijbeh” _gb_ ; KI

Dexg_\u_ kel\ZAdza K_\_jgu Keywords: Caucasus; Northern slope; Black :
Q _jghfhjkdbc kdehg de slope; climate zoning; climatic region; enginee
jZchgbjh\Zgb debfZlbg_kd surveys

bg g _jgu_ baukdZgby

<\_" gb_ :b[]Z b Ilk_ozZdh \ jZchg_ DjZkghc |If

< gZklhys_\j_fy dZiblZev hO\ZIU\Zy angbI_evgmx qZklv bo K

kljhbl_evkI\hf ho\zZlu\z_lky \kz % .
ahg \ukhl ho\z uo kljhbl
I _jijblhjby Djzkgh~Zjkdh]h djZy A< éb v Rt 1db q_?ﬁ hif J|db'
A _jzevghf Hdjm]_ ihqlb |hegr}% F—eiwﬁ Bn"hjZa" oialcl bz

N i N —_ °
_"1hjvy  ‘hgh [ijh"\bRZ_thy_ A\ Thid )\ (khigue ~bZizahg ho\ZIu\Z | g_

;hevrhlh Dz\dzZaz _ .
:dib\gh_ hk\h_gb_ Jhjguo I_jj Zlbq kdbo ihykh\ ihyk kf_rz

BE e .
Q_jghfhjkdhf kdehg_ =ezigh]h I:P%I?ew dTngbe Ehz\evi::)hc):(kdb O}ehr:]gzuo |
oj_[l1Z gZgqzZzeHRI]\ kh kIjth_ev -

kKihjlb\ghdj_Zpbhgguo dhfie_dkh\ \ jZchg_
DjZkghc lheygu :*ejZ&dg¥h] Khgb Z k
2003 ] gZqZlh dZiblzevgh_ kljhbl_evkl\h
gmqgh]lh p_gljZ ©;bhkn_jz2 gZ azZziz”~ghf hljh]_
] Nbrl

K\h_]h fzdkbfmfz hgh ~hklb]z_1I \
2007-2014]] ijb kljhbl_evkI\_ hebfibckdbo
h{t_dIh\ ]Jhjgh]lh deZkl_jZeANbbhg a
2014] WIlh kljhbl_evkli\h \_ehkv gZ oj_[IlZo

Fhjhahi EDebfzZl ]hjghc kljZzgu DzZ\dZa DebfZlbg_kdb_-HdE£ljZgKd
Jhjghc ]jmiiu b iezlh EZHydbkn jZ HizZkgu_ ijhp_kku b y\e<ugb) _
K 196213 DOI: 10.34753/HS.2019.2.2.196 197
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< A ckl\mxs _f K\h~ _ [jZ\ble _jfbgu b hij_~ e gby
Kl K|Jhb| evgZzZy
debfZlheR]byleyxsbcky ZdImZebal{Jnh\%
\_jkb_c KGbBA1-992 \\_~ g \ A ckI\

kk\ktdey nmgdpby jZa\b\ZxsZ
Zjlmf_glhf dhlhjhc \uklmnm

01.01.2013] gh |hy\b\rbcky gZ K\ _ ££Z1_fZIbq_kdh h'brZgh
2015] hikmlkl\m_]| debfZJ dk B >gy _debf_ZIhh[jZamx-
fbdjhchhgbjh\Zgb_ | _jjblhjbb rhé glkh\ ghjfhc yley Iky K]
Dz\dzaz b | _f [he__ | _jjblhjbc IFn ]'yh “1h agZq_gb_

ihk_edhf DJZngy lheygZ : A
< K\h~_1jZ\be ebfZI kl:h\hdm|ghklv ghjf kj_"gb

. - hE bo a Zq_gbc debfzlhh[jze
ihykg_gb_ qlh \ kemqzZ_ hIkakI\%—I ehqu g ﬂbgkmsbo jZkku|[j‘b\z

dZdmeb[h jZchgmh[ohAbfh hI|Z\E_I'¥)|thb

azijhku A GBBKN J::KG <t dim _jl dZengy debfZlbgq kdZy ahgz
beb. | _jjblhjbZevgu_ mijZ\e _ g\by ahgZevgzkivkb f ik v
Ib7jhf_1_hjhehlbb b fhgblhjbglm 26( dbo mkeh\bc jZkkfzljb\Z_fh.

Ki_~u Jhk]b~jhf_1Z A
Hrgzdh 7~Ze_dh g_ m \k_o hijjl%lghdggp%lc—— \ukhlu gz#* mjhig_t fhjy
kms_kI\m_I \hafh ghklv b \j_fy k*_eZzIAZ%Zjhk jZ[hlu

GBBKN J::KG ih debfZIbq kdh<fumhegblv debfzlbg_kdh_ jZchghbijh

jzchgbjhizgbx Thc beb bghc “jli)llwtz) Nbill_gkdhc Jhjghc Jjmiiu b
ljbgbghec Ihfm hluagh yley_ 'kyi k! Zdb \ khhi\ IkI\bb k deZkkb

nbgZgkbjh\Zgby gZmqguo JZaJZ[hdhgfgl%/D EBQ iZchgh\ iibgylhc \

baukdZgbc Ihimlgh g_h[oh”~bfh WJE—\l)bel K‘q KIjhbl _evgZy
k'??;?kl"’h.‘;}v'bho Jzijzh[h'hd ! keé’“eqbzrzmkeepz][b DZjlbjh\Zgb_ debfZlb
]b..J - ="l ehlbq_kdhc baj'&%h ﬂbl‘ublhegblv gZ dZjl_ F
| _jjblhjbb \\b"m hlkmlkl\by gZ g_c
f | _hklZgpbc b f I _hihklh\ kbevgh \hmjbkjzrigby ihklZ\e_gghc azZ"Z¢
b dzZd ijZz\beh g_ijbgbfzZ _Iky aZdZanbqlhE az”zqb ih jZchgbjh\z
lhgbfZy wib ijhfe_fu Z\hj il 2l4z5759u0 Jhjguo I _jjblhjbc \uih
f_th*bdm \uiheg_gby debfZdbapkdhlh pamqg gby ijdZevghc ah
jZchgbjh\zZgby | _jjblhjbb ]hjguo j\%glhgb\ j%_%fhjkdh]h b ighlh kd
ijbf_j_ NbHri_gkdhc ]hjghc ]Jm'Wevt?h]f DZ\dZaz k__ ihkljh gl
lezlh EZ]hgzdb ih ~Zgguf kh{iZ4G9Yf\mxsbo Jjznbdh\ b azZ\bkbfhkl_

wdki_“bpbyo b 11 Dhg_qggh ~Z\Ilhj

ihgbfz | \kx keh ghklv 1Zdh]h Ijm~Z:948bRg bkoh”ghc ghjfzib\gh
khjzaf j g ~_kylbe Ig_c jz[hl "hgmhgplpbb

bgklblmlZz

DebfZlbqg_kdh_ jZchgbjh\Zgb _
Kl j_lezZf _glbjm _|ky LZ[ebp
ijbeh™ _gby ; 1Z[ebpZz
1K1 Kljhbl_evgZy debfZlheh]by :dlmikepb &G b0ZePgE y2015. k
2KGbl -01- Kljhbl_evgZy debfZlheh]lby F k
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LZ[ebpzDebfzZlbg_kdh_ jZchgbjh\Zgb_ \ khhI\_Ilkl\bb k 18&.Z3380.2HAdZpb_c
©OKljhbl _evgZy debfZlheh]by?

Table 1. Climate zoning in accordance with the classification of SP 131.13330.2012 'l@tiostr
climatology"

=< =
I =)
S g5 Kiref_kygKirayy kdhj o o gy qd Ki_ta_f_kyag
NolmN [ _fi_jZImji \_IjZz az I1jl | fi jZIm]|zZ highkbl_evgl
SNy f: \ha“moZ| abfgbo f_ky \ha_"m_oZ \ bxd \eZ ghklv \ha
o o = \yog\zj_ | f k \ bxe_
[ o
I : HI- b gb™_|- HI ~h -
HI- b gb™_ b [he_ _ HI ~h ;he
< HI- "8 - HI ~h -
, = HI- "8 b [he__ HI ~h che
, > HI- "2 - HI ~h -
Il 'yt HI- ~HLA4 b [he__ Hl ~h ;he
. HI- "~k b [he_ _ Hl Ah ;he
,,< | HI- ~HLA4 - HI ~h -
,,= | HI- ~H4 b [he__ HI ~h che
1 st | HE 20 - HI ~h -
ey [ HEE2h - HI ~h -
L, <| HI- ~HLA4 - HI ~h -
v .9 H I- Nh - H I b \ur_ -
,9; | HI ~h - HI ~h b [he__ \
,9< | HI  ~h - HI ~h -
,9= | HI-  ~h - HI ~h -
ljbf_gzZgb_ DebfzZlbq_kdbc ih?jZchg ,> 0ZjzZdl_jbam_Iky ijh*he’t

lh~rZ kh kj_~g_c kmlhgghc | _fi_jZImjhc \ha”moZ gb"_ fK g
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JbkmghdjzZnbq_kdZy bgl_jij IZpby I1Z[ebpu
Figure 1. Graphical interpretation of table 1

HAgZdh jZ[hlZIv k |Z[ebp_c \ |ZAdpdb\p2 _ \ jZkiheh™ _gguo \ ij_"]t
kemqgZ_ hlkmlkl\by we_dljhgghc [Eadg*dbgwo ly_\ukhdh]MjZggufb h
kh\k_f m~h[gh Ihwlhfm bgl _jij IbjmkHIgBE§gmeh  _gbb gZ~ mjh\g_f fhj
bgnhjfZpbx ]JjZnbg_kdb jbkmghd hk\_sZxsbo ZgZeh]lbgqgu_ oZjzdl_jt

< j_amevlzl_ ihemqgzZ_f kj_flgef_kyqgu_ I_fi_jZIlmju bxey b yg\
kj_~g f kyqguo | _fi jZImj bxey b ygVUdbjymghd ij_~klzZ\ey | kh[hc dhf[b
g_f h]jZgbg_ggu_ h[eZklb dhlhjjbknmdd¥xlkly *Zgguo |IZ[ebpu M dz 7
debfzZlbg_kdbfb jZchgZzfb ijhklz\e_g "~jh[guc bg”_dk \' qgbke

G_h[oh”bfh hiIf_Iblv glh jbk&mohdlh mdzZazg ghf_j f_|I_hklZgpbk
yley lky ]jZnbqg_kdbf hlh[jZ  _gklgiZfgbgflulmkhiZ ~Zgghc f_|_hklZgpbb
| fi_jZImju \ha"moZ Ney ji4 pre\lgg d ufdn j y
debfZlbg_kdbo jZzchgh\ Jhkkbckdhc NGZgjZipbfbglk jbkmghd "~Zggu_ ba |Z
mq_Ihf ZfiebIm”~u _z k_ahggh]h dike _[ezgbfy ih~ibkb m gZg_k_gguo Ihc

A A bkebl e _ ih~ibkb ijhklZ\bf gh

Kha"zgb_ — [zau Z99u9 i Z g pbb ih kibktme[ p 1Z[ebpu
bkke_nm_fhim jZchgm Z \ agzf_gzZl_e_ ijhklZ\bf \ukhlm A

>Ze_ _ g_h[oh”bfh khklZ\bI¥_IlIAkKEZgmbb gZ” mjh\g_f fhjy jbkmght
kjz\g_gby ~Zgguo f_I_hklzZgpbc b ihklh\
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LZ[ebpzZKj_~g_f_kyqggZy |_fi_jZImjZ \ha”*moZ gZ f_I_hklZgpbyo
Table 2. Average monthly air temperature at weather station

<| Klzgpbl I [ 0 [ [ v [V [VE][vi|[vin]IX ][ X]X [Xl]]hA\ukhl
Q?JGHFHJKDH? IH;?J?@V? D:<D:A:

45| Khqb ih] 49 53] 7.6 | 11,1]15,7]19,7| 22,5/ 22,8 19,1] 14,8 10,4] 7,2 | 13,4] 12

26| Khqb 58| 59 | 81 |11,6/16,119,9/22,8/23,2/19,9/15,9) 11,6| 8,2 | 141| 57

27 he ] 50 54 | 7,7 | 11,3]15,8/19,7| 22,6/ 22,8/ 19,2/ 14,9) 10,4| 6,9 | 13,5| 13

46 ;ﬁ\pz—yklz 40| 50| 7,0 | 10,6|15,5/19,3/ 22,0/ 22,4/ 18,6/ 13,9 9,5 | 6,7 | 12,9| 15
FZp_KIZ

70\ Zizy | 40| 49| 7.1 |111]158/19,6221222 183139 99 | 64 | 129| 25

49 ;Oj":)%bc 41| 37| 66|10,8|15,3 18,4/ 20,9/ 21,3/ 18,2/ 14,7/ 10,1| 6,6 | 12,6 663

28 Eazejbhgh 33| 3,7 | 6,3 |10,8|15,1/18,3/20,8/ 21,3/ 18,0/ 14,2 9,8 | 6,0 | 12,3| 240

7 ﬂ}’f;ggzzy 01| 08| 42| 92|14,0 16,9 19,3/ 19,4/ 15,3 10,9 6,3 | 2,0 | 9,8 | 566

8| :qbroh | 55| 55| 25| 20| 69|9812,6/12,9 94|57 | 11| 27| 3,7 | 1880

18|RZ1 Z~f| 64| 64| 39| 09|57]|86]|18|11,1 73| 38| -03|3,7| 23| 2055

19[; jfzful| 90| -89|6,1|-1,7|29|57|81|85|53]| 17| -25|60|-02| 2586

K?<?JGUC D:<D:A

4]=hclo |-02]06] 42] 9,7 |14,6]18,0[20,620,2/ 15,6/ 10,9 5,8 | 1,7 | 10,1] 324
Nbrl

57| Emggzy| 64| -7.4|-16| 41 83|13,3 15,5 15,6/ 11,0 6,8 | 05| -3,9| 4,6 | 1770
iheygz

55| >hf[Zc |-65| 45| 14| 29|88 |11,113,4/131| 9,1 | 44| 0,1 | 48| 3,8 | 1620

17 iDejm\OZhe” 57|55 -4 |23|69[10,1/12,7/12,9/ 92| 53| 0,8 | -3.2| 3,6 | 2050

20 iLb—(ikdhe-lz,g 12,0 -9,9|-45|03|37|74|68|35|-1,4/ 59| -96|-29| 3050

21| Wev[jmH-19,1-18,7/-16,0[-11,7| -7,7| 4,1| -1,4| -1,3| 4,9 -8,5|-12,4/-16,5/-10,2] 4100

1J?2>=HJVY K?<?JGH=H D:<D:A:
32[:jfZ\b] |-3,4]25] 3,1 ]10,2[16,219,6/22,7]22,1[16,9]11,0] 4,3 | -1,0] 9,9 | 158
53 >Zoh\kd -2,1| -1,1] 3,1 | 9,2 | 14,2/ 16,6/ 19,6/ 18,9 14,6/ 10,3 4,9 | 0,1 | 9,0 | 504
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Jbkmgh#&gh]he _Igb_ kj_"*g_f _kyqgu_ |I_fi_jZImju \ha”moZ yg\Zjy b bxey
K \ jghf kdehgZo DzZ\dZaZ k jZchgbjh\zZghb f
khleZkgh KI ©Kljhbl_evgZy debfZlheh]by?
Figure 2. Long-term mean monthly air temperatures in January and July on the Black Sea and Northern
slopes of the Caucasus with zoning according to SP 131.13330.2012 "Construction climatology"

_ . . 2. Djb\Zy | -kgphy_1h p\_1Z

‘gzeba ihemq_gghc bgnhjfzphl " o | ¢ | hkiZgpbb K \_jgh]r
Dzd \b~gh ba jbkmgdZz \k DavdwZ &kzggu _

lhgdb ehdZebah\Zebkv gZ Ij_o djb\uo3. Djb\Zy Jhem[h]h fp\l _IZkkZgpbb
1.Djb\Zy djZkghlh @\ ibhfthjkdfhEkihez]Zxsb_ky \ ij _~lhjvyo K_\_jgh]h

kdehg Dz\dzZaZz ljb[j_"gu_ f_IDhkdZaggbb
jZzkihez]zZxsb_ky gZ g_[hevrbo \ukhlZpzjyphfhkjzahf \ jzkkfzljb\z_fhf g
fhj_f \ \_jog_c qZklb djb\hc ihidhgxl kms_kI\m_I Ijb debfZlbg_kdb

debfZlbg_kdbc jZchg ,9 ; oZjZdlh[dampxshckyk\h ¢ \_jlbdZevghc ahgZe
fy]dbf km[ljhibg_kdbf debfZlhghjfz:1 _fi_jZImju \ha“moZzZ iz~"Z | k \

\ukhdh]hjgu_ f_I_hklZgpbb ihifZ’xdghkiBb b k\hbfb debfZlbg_kd
"hklZzlhggh kmjh\uci.jZchg ,,$ hkh[_gghklyfb

lhkljhbf \kihfh]Zl_evguc liZnb

baf_g_gby ghjfu I1_fi_jZImju \ha”“mc
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\ukhlhc hi~ _evgh "ey Q_jghfhjk8g]lfh_kpggu_ | _fi_jZImju yg\@jy b bx
K_\_jgh]h kdehgh\ ;hevrh]lh DzZ\dZpZ jjbkmgdltZ o b Z fghlhe _

ljb ihkljh_gbb bkihevam_f g_ Efieglnfhgmomx |_fi_jZImjm
0ZjzZdl_jbklbdm ghjfu fghlhe_lgb_

JbkmghdzZ\bkbfhklv fghlhe _Ig_c¢ kj_~g_lh*h\hc | _fi_jZImju \ha“moZ hl \u
Q_jghfhjkdh]h kdehgzZ Dz\dZaz
Figure 3. The dependence of the average annual air temperature on the height of the terrain for the Black
Sea slope of the Caucasus
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Jbkmghd&zZ\bkbfhklv fghlhe _Ig_c¢ kj_~g_lh?h\hc | _fi_jZImju \ha“moZ hl \u
K_\_jghlh kdehgzZ Dz\dzZaZz
Figure 4. The dependence of the average annual air temperature on the height of the terrain for the Northern
slope of the Caucasus

:gZeba jbkmgdh\ b ihM\_jaZzzjdfddplldebfzZzlbg_kdbo jZchgh\ ijhibk
"ey dzZ ~"h]lh ba wlbo kdehgh\ knksl_klI\m _| k\hclhke_"g__ k\b”~_I_evkl\n
debfzZl gZoh”ysbcky \ kljh]lhf khhif_Ilkllhbdek Jhjguo wAkbhgth\jfZlb\guc
aZdhgzfb \_jlbdZevghc ahgZevghRhdmf_gl Ij_[m_1I khhiI\_IklI\mxs_c ~hjZ]

<_jg_fky d ZgZebam jbkmgdZ “"hiheg_gby

Hkh[h_ \gbfzZgb_ ke_"m_I| h[jZIblv gZ Ihl
nzdl qlh ihkljh_ggu_ djb\u_ qzZklbggh \uoh”yl
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KjZ\gb\Zy jbkmgdb b fh ghjaZfelrnv jZkkfzljb\z_fhc [ _jjblhjl
gqlh gZ jbkmgd_  ihy\bebkv gh\u_kdedfKlbg_ kd&bjh]lh hij "~ e _ggZy aZ\bkt
jZchgu dhlhju_ hlkmlklI\mxI| gZ jbkakdd » e _gby k \ukhlhc f_klghklb Lz

JZchgu liZgbpu dhlhjuo hgadikgflgkily kms_kI\m_| b "ey K_\_jgh]

"bjghc imgdlbpgghghc ebgb_c¢ wlihDgdhddaz GZ kh\f_s _gghf jbkmgd_ ihd
jZchgu dhlihju_ ij_"ez]zZ_f \dewdblwzZlpkbfhklb \ \b”"_ ~\mo djb\uo

dhjj_dlbjh\d_ KI <k_lkghlooe_gby kj_"gbo fgh]he_Ilgbo hk

jZchgh\ ihemgbehkyv \ukhlhc ey Q _jghfhjkdh]h ih[_j_“vy D

1. ,9 3] >ey debfzZlbg_kdh]h \u~_e_gZ Jhem[uf p\_Ihf Djb\Zy ghjfu t

2. 1 ;1}chhgbjh\Zgby K_\ _jgh]h kdehgzZ Dz\dzZzaz-gizgbtk gz |

3. ;27 Q_jghfhjkdh]lh b K_ p\_Ihf Lhgdb gZ jbkmgd_ gZg_k_

kdehgz Dz\dzZaz khhi\_lkl\bb k ijb\_~_gghc IZ[ebp_c k g

4. IA7) >ey debfzZlbq_kdh]lh f_I_hklZgpbc b ihklh\ Z 1Zd _ ~"Zgguf!

o

IB1 jZchgbjh\zgby K_\_  kj_"gbf fgh]lhe_Igbf hkz~rdzf ff M d
Dz\dzZaZz lhgdb ijhklZ\e g “jh[guc bg” _dk \ gb
t\lhjh]h mdZazZg ghf_j klZgpbb Z \ ac

. A
‘gzeba AjmJbo f_1_hwe_f_gln\ o\ 2agn\ ney AZgghc kiZgpbb

ljh\_jbf oh~ ~jm]lbo f_I_hwe_f_pih\_j_ ijh~\b"_gby \ ]hju ghjfu
gZijbf_j ghjfu hkz~dh\ hkzAdh\ jzklml  ijbg_f bo Z[khe>
GZ jbkmgd_  ijb\_~_gZ aZ\hkkfhglwi¥h b jzZkij ~ e _gb_ ih \i

\ukhlu f_klghklb ghjfu hkZ~"dh)\IbdlevgZy ahgZevghklv "“ey Q_jgh!

f_I_hkiZgpbyf b f_l_hihkiZf bramgZgHhihkdehagu+

jZchgZz | j_ec~r_ f d jZkkfhlj_gbx k_ahgg
:gZeba jZkij_"~_e_gby hkZ*dh\dhked42agbZ_{1 | hwe f glh\

glh 7~ey Q _jghfhjkdh]h kdehgz DZz\dzaz |\
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Jbkmghé&zZ\bkbfhklv ghjfu hkzZz~dh\ hl \ukhlu f_-iHglhlglldpey Nbjimiiu b
leZlh EZ]hgZdb
Figure 5. The dependence of the precipitation rate on the altitude of the area for the Fisht-Oshtensky
mountain group and the Lago Naki Plateau

N i N
.gZeba k_ahgghlh dhe_[Zg]bhnggDhgfgbfZXIKy gZ \ukhlu \_gguo kg
o , e " h
| fi_jZImju \ha"moZ - N A : .
AZ"Zqg_c ~“Zgghc jZ[hlu y\ey_Iky ij
>ey (gZley~ghklb k_ahgguo kidAe_"T&lgbcklb hij_~_e_gghc g
| _fi_jZlmj ihkljhbf ]jZnbd oh"Z debefZlBbgbkdhc \_jlbdZevghc ahgZevg
gme_\hc bahl_jfu ih \ukhl_ f_klghkk]h]hgZgjbh™MZ 1h"Z

gZ g_]h oh” kg_]h\hc ebgbb jbkmghdljh\_jbf wlh gZ ijbf_j_ jZkij_"_e ¢

GzZ g_f \b~rgh kj_~g_f_kyqgh_ i_jifj&lmgjp\ha”"mozZz \ |_gq_gb_ ]1h”*Z gz
gme_\hc bahl_jfu b kg _Jh\hc f_ébhgklZgpbb :gqbroh f K |
aZ\bkbfhklb hl \j_f_gb ]h"Z < abffgdchklZigpthlpbDjZkgZy IheygZ f

kimkdzZxlky ~h hilf_Idb f < I_iepZohMNyphawky m ih~ghrely ]Jjbkmghd
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Jbkmgh®h” gme_\hc bahl_jfu b kj_~g_c \ukhlu kg_]h\hc ebgbb ih
Figure 6. The course of the zero isotherm and the average height of the snow line by month
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Jbkmgh®h” kj_~g_f _kyqguo |_fi_jZImj \ha“moZ gZ jZaguo \ukhlZo "ey jZ
Figure 7. The course of average monthly air temperatures at different altitudes for the Krasnaya Polyana
region

. ihAgbg _gghklb kj ~gbo fghlhe lIgbo I _f
Debfzlbq_kdh 12chgij\z‘qut]9 !
—Kkah_ h Z \_jibdZevgh hgZevghkib
hibku\Z_fhc |_jjblhjbb a-moe - evanc ~ang~sevg

lhggu_ agZqg_gby \ukhlu f_klghklb ~ey
< khhI\_Ikl\bb k \ur_baeh” _ggwibdapachagh\ g_ hij_~_e_gu

hkgh\m kj_~g__ fghlhe_Ig__ jZkijK*""pmpbc klhjhgu gZ jbkmgdZo b
| _fi_jZImju \ha”moZ ih \ukhl_ f_khglyklyp ijé¥XydadZz oh”Z ghjfu I_fi_jZImj \
hkgh\hiheZ]Zxsbc debfZlhh[jEamx&ihtZf gh hlkmlkl\mx|l ~Zggu_

f | _hwe_f_gl b khh[jZamykv k jbkdeddEfbq fkdgh jZchgzf
g_ihkj_~kI\_ggh ijbklimiblv d debfzlbgekdhiim gqlh[u \uihegblv jZchgbjh\
jZchgbjh\Zgbx f_klghklb b ijbklmiblv d dZjlbjh\Zgbx debfZlbg
libgbfZy \h \gbfZgb_ qlh \ gZjZérkgmaZzkkfZljb\Z _fhlh j_]bhgZ g_h]
bf__Iky ~\_ hkgh\gu_ djb\u_ o0ZjE[dl jggblvégggu_ jbkmgdZ k jbkmgd:

hibku\Z _fhc | _jjblhjbb kdehgu K_\_ jJghkkfhdjbf [Zdb_ kh\f_s_ggu_ 1]jZn

Q_jghfhjkdh]h Dz\dzaZz jZchgbjhbZgtydb[m~ bl K ijZ\hc klhjhgu g.:

\uiheg_gh ey dZ ~h]h gZg_k_gu ghf_jzZ debfZlbg_kdbo jZchg
GZ jbkmgd_ g0Zg_k_gu debo6zltbhggZgdbukhlgZy ijb\yadZz

jZchgu b ijhkfzljb\Z_lky h[sZy |_g”_gpby
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JbkmghdjzZnbd aZ\bkbfhklb fghlJhe_Ig_c kj_~g_]lh”~h\hc |I_fi_jZImju \ha’
f _klghklb *ey Q_jghfhjkdh]h kdehgzZ Dz\dzZaZz
Figure 8. Graph of the dependence of the long-term average annual air temperature on the height of the
terrain for the black sea slope of the Caucasus

Q_jghfhjkdbc kdehg Dz\dzZzaz ij_"kz\Zgky kdehg Dz\dzZaz ij_"eZ
ihrjzan _eylv gZ ke_"mxsb_  ddabhfzZZlad lkgbv gZ ke "mxsb_  debfZlk
jZchgu jbkmghd jZchgu jbkmghd

x DebfzZlbg_kdbc ihAYZchg x DebfzZlbg_kdbc ih4MjZzchg
ijbfhjkdZy gzZklv hl mj_az fhjy ~h hlf*Thvy ~fhi hif_Ihd). f ;K
; K x Debfzlbg_kdbc ihNjZchg

x DebfzZlbg_kdbc ih14Zchg hif_Idb hl Nh f ;K
hif _lIdb hl “h f ;K x DebfzZlbg_kdbc ihMjZzchg

x Debfzlbg_kdbc ihMiZchg hlf_Idb hl Ah f ;K
hif_ldb hl Ah f ;K x DebfZlbg_kdbc ih?MjZzchg

x DebfZlbg_kdbc ihNfZchg hilf_ldb hl ~Nh f ;K
hif _Idb hl ~h f ;K x DebfZlbg_kdbc ihMN)JZchg

x DebfzZlbg_kdbc ihMjzchg hif_ldb hl Ah f ;K
hif_ldb hl Ah f ;K x DebfZlbg_kdbc ihAjZchg

x DebfZlbg_kdbc ihNjZzckhg hif_Idb hl ~Nh f ;K
hif _Idb hl "h f ;K x DebfZlbg_kdbc ihNjz&hg

hif _Idb hl Nh f ;K
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JbkmghdjzZnbd aZ\bkbfhklb fghlJhe_Ig_c kj_~g_]lh”~h\hc |I_fi_jZImju \ha’
f_klghklb ey K_\_jgh]h kdehgzZ Dz\dZaZz
Figure 9. Graph of the dependence of the long-term average annual air temperature on the height of the
terrain for the Northern slope of the Caucasus

L i jv dh]*Z fu jzkihez]z_f Ikggdgjhdhc j “bf az\bkbl hl r_jhoh\ZIt

iib\yadhc debfzibq_kdbo jZchgh\ilrRibledgsic  ih\_joghklb  ijb  wl

hif_1dzf fh gh ijbkimiblv d bo dZglbjpaEgbsh mgblu\Zlv

ibkmghd “hihljznbq_kdh_ iheh® _gb
lj rez]z fu_ dhjj_dibjhggkf2!ip\z_fthih mqzkidz

-ihizr"Zgb_ mqgzZkldZz \"ahegog giinggh

K1131.13330.2012 pbjdmeypbb k i_j_f _ggufb ih gZijzZ\e
< khhI\_Ikl\bb k \uiheg _gghc \Zl[jizitbc\ih_gq_gb_ kmlhd

debfZlbg_kdhfm jZchgbjh\Zgbx JyjHa ~_gb_ mqgzkldz 9Z hidj

|_jjblhjbc :hevrh]lh DzZ\dZazZ [ue iujy\&eg jweb \ ©\ ljh\hc |_gb?

debfZlbg_kdbo jZchgh\ dhlhju_ hlkmjKKRimheh\ gb_ mqgzkldz \ "he

K1131.13330.2012. ©hldjulh]l]h® beb ©azdjulh]h? Ibiz
Bkoh”y ba \ur_baeh _ggh]lh ij_"eZjZeblgp_gZ g_f jZklbl_evghklb

\g_Kklb "hiheg_gby \ ijbeh” _gb-ijbgZ”~e_"ghklv mqzZkldzZz d e_kgh

Kl < gZklghklb "hihegdgblZevibckdbf em]Zf

|Z[ebpm ; debfZlbg_kdbfb ih"jZchgZfdh K _gb_ mqzkldzZz \ ahg_ ihkl:

ijb\_~ ggufb \ 1Z[ebp_ iZjbfedjkHbuo kdZe b \_qgguo e_~gbdh\

\eZ ghklb b \_Ijh\h]h j_'bfZz
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LZ[ebpZ>hiheg_gb_ d IZ[ebp_ ; KI' Gh\u_ debfzZlbg_kdb_ jZchgu "~ey
kljZgu DzZ\dZa ih = E Fhjhah\m
Table 3.Appendix to table B. 1 SP 131.13330.2012. New climatic regions for the mountainous country of the

Caucasus according to G. L. Morozov

= = 5
I e
o 2| T i N AN i A
2 9 a S| Ki_tg_f_kyqg Ki_"gyy Ki g f Kyqd Kji_"g_f_kyad
S ol N I_fi_jZImjZ| kdhjhklv \ | i jZImjz hlghkbl_evg
“ N| % < \ha"moZ | aZ |Ijb abfq - = \eZ ghklv \ha
o .| a & _ \ha”moZ \ bx{
o o = \yag\zZj_ f f _ kypz f \ bxe_
a) a)
I IB: HI- ~28 * HI- ~h -
I A1 HI- ~hl4 * HI ~h yhe_

!1i Hl_ll\h3 * Hl /\h ,he__
Il .,y |HI1L ™D * HI 9 "h yhe_
\% ,91 | HI ~h * H I ~h yhe
ljbf_qZgb-\_Ijh\hc j_"bf jZzkkfZljb\Z_fhc I_jjblhjbb \ JThjguo mkel

rhlh dhebg_kI\Z nzZdlhjh\ b \ ij_~_eZo h”gh]l]h b Ih]l]h ~_ debfZlbc
jZaebqgu_ o0ZjzZdl_jbklbdb

G _h[oh”~bfhklv \ ~hihegblg&Mgug]bkljbjmxl hlghkbl_evgmx \eZ"

baukdZgbyo qglh  k\b”~_Il_evkl\m_I h [Ihf |

_ _ hklz%pby \ thI fhf_gl ihizrZ 1 \

JZkkfzZljb\Zy j_amevlZlu deb qklﬁ%é | fi_jZImju \ha M
jZchgbjh\zZgby ij ~ezZ]zZ_ fu_ \’\Z BBZJ (51 ’\Z\e “gby \hAyguo

g_hlon"bfh ~ihfgblv. alh dzbf% 'ﬂf\—‘TERmxl ©lhqd_ jhku® 1jbg_f ~b:
lizgbpu ijh\_"_ggu_ 921 MId_\ukn FgPhFi”Z’xsbc \ h[ezZgghklv fh" |

\ i_j\hT ijbleb _gbb b Ij_[mxl mlhag, gb adganbI evguf b azgbfzlv ~h
ph"_ .baudegbc DZJIZ_ deb E —Z Jbkljbjmy \  wlhc _]h
LZC*;nghk\ﬁlgbhyhkhk'f\f ng ': hhl h, ﬁ%z ﬁ& highkbl evgmx \eZ ghkl
o_f_\ukhlghlh debfzlbq_kdhlh jZchdbyM\Zdbypp) evgzy ez ghkiv

\ZkiJlA)Jh“Z bf\ 'thy\e@—;dfbb k\hhla]hh g H#J[#fl%t\}jz b[h ~ey Ihlh qlh[u i_j_
_1"z —— - el - eng_4# exlghc \eZ ghklb g_hpaiobfh
nedemZpbb. hi 1_g_jZevgh]h 9 H j\fl—nQan)( \%a "moZ 9gZ "Zgghc \u
azZzqZklmx b iheghklvx g_ kh]eZerNs*q&ky Lkh gq(lv qlh[u ihemgblv bgnhiji
Zghfze"kghuh—l alhkglu ) [iZkij ~_e_gbb Z[khexlghc \eZ g
h<hAbfh\_ _,r\]l\’bA . \UrA?]aﬁ jS Eevghf rZ\e_gbb \hAyghlh iZjz
g_ LO ijh\_"_gb_ | eP? F2§8z thih kdehgz g_h[oh~bfh
bag .ngb_c gZIJZ\.e_gguo. gZg_ oaﬂ“?e%% F jfhf_ljh\ jZaf_s_gguo gZ
I_fi_jzimjghlh b \_Ijh\h]h j_bfn\nZ 40— it azo k  \hafh ghkl
\ez ghgfb 'Ellb'AthIC NV —~bgh\i_f_gghlh kgylby k gbo ihdza.
Lzd _ ke_"m_ R A _g%x wlh ~Ze_dh g_ \k_]*Z \hafh
mklzgh\e_gu Ihqgu_ "Zggu_ ih \e¥zg KWPavrb 1| ogbgq _kdb_  IjmAg
\ha”moZ \ukhdh]hjguo I_jjblhjbc 'hh'§b§é§<P°k bamqg_gb_f \ |jh\h]h j
\ debfzZlbq_kdbc ilB}jZidhdf_ xsbfkp{ A 574 7azez 7
"zgguf  \ukhdhlhjguo  Z\IhfZ} tqq#i(frﬁf)[hf lju Z\IhfZibq_kdbo kIZgp
f_l_hklZgpbc JZklhe_h _gguo \ur_ uc i _jbh~ 1h~Z gZ \ukhlZo [he_
f ;K\ oheh~guc i_jbh" Jh"Z AZ\ﬂS’dgbZerb“qugo"thAdh\ \uiz~zZxsbo \ kf_
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nZa_ kg_] k ~h 7zf bf _xI |_gZ\gpbx \thijhkh\ klyaZgguo k jZaf_s

azZf _jaZgbx Hgb ihdjulzxlky kéhl fhikekMA \ azZih\_~gbdZo aZdZagbc

klhihjylky \  ijhbalhevghf ihehhkd&bth hwmjZgy_ fuo | _jjblhjbyo Hgz ~»

i_j_klZxl mdzZau\Zlv gZijzZz\e_gbyhip_"kdhghklfv. jm hI\_IklI\_gghklb azZ jZa

\ Ijz Z\IhfZlbabjh\Zgguo f I _hklZgpbc I
GZ jZ[hlm Z\lhfZlbg_kdbo f NZgkZ2dmbZ b qbgbfu_ ij_iylkl\by \ ijh\_

kms_kI\_ggh_ \ebygb_ hdZaul\Z_bawuk\eZghgtklv

\ha"moZ <eZ]Z ijhgbdZxszZy \gmljv I bb

\u\h~bl ba kijhy g _dhlhju_ maeu AL EER b _
QZs_ \k_]lh wlh ijb\h~"bl d hdbke abtexq_gbb g_h[oh~bfh mdZaZz

dhglzdlh\ -dkajf mklZgh\e_ggubebfAlbg_kdh_ jZchgbjh\Zgb_ Q_jghf
i_j_"Zxs_c ZiiZjZlmj_ qlh kdjeHeZ | DzZ\dZazZz [ueh \uiheg_gh \
> _f_kyggh]lh hkfhljZ b bo gbkltiHHIB o ZadZsblZ2 \ khklZ\_ =_g_jZevghc
qbkldb ijbzfguo hi\_jklbc YZIgbhyghe azZsblu 1_jjblhjbb \ khk
Ah A_f_jh\ h[ugqgh az[b\zZ_fu_ e®rzgghdavygh]lh ieZgZ jZa\btby Im]j
Mkg_y ba hljy®*Z wibnblguo kihjlb\ghl]h JhjghdebfzZlbg_kdh]h dhfi

HI~ _evgh g _h[oh”bfh mihfy®®BiZkdgy iheygz2 gz hkgh\Zgbb ~h:
nZdlu \Zg~r"zZebafzZ ijhy\leyxsb_ky NpMPhmkGPlBMj[Zgbklbdb <BA hl
Z\lhfzZlbabjh\Zgguo f 1 _hklhgpwldy ]
mgbqglh> _gbb kg _]h\uo | _jfhf_Ijh\ jZkktjnedZaZggZy ]_9_jZevgZy Kko_f
ijb_fguo \_~_j hkz~rdhf_jh\ b mMM_jMwgZ gZ dhee_]bb =HKKLJHY JN
aZsblblv wib dhfie_dku g_ ijhklh DebfZlbg_kdh_ jZchgbjh\Zgb_ K_\

>ey Ihlh qglh[u j_rblv \k_ i_j BEkdZgdu -Nblrilgkdhc Jhjghc ]jmiiu Db
az”"zZqgb gm'gZ ]Jhkm~ZjklI\_ggzweZlihh)|EZfEgZdb [ueh \uiheg_gh ih
gZijZ\e_ggZy 9gZ hjlZgbazZpbx \REhdBAakdpdsd ;bhkn_jgh]lh AZih\_"ghb

]Jb~rjhf 1 _hjheh]bqg_kdbo jZ[hl Z 1Z@r_jyZeZfbwdki_"bpbc b 1]
Ebl_jZImjZz References

=HKL -80.Debfzl KKKJ jZchgb GOST 1635@0. Klimat SSSR raionirovanie

klZlbklbg_ _kdb _ iZjzZf _lju de statisticheskie parametry klimaticheskikh faktc

nZdlhjh\ Ney | ogbg_kdb dlyatekhnicheskikh tseleOST 16350-8Climate

F =hkm~Zjkl\_gguc dhfbl _|I of the USSR. Regionalism and statistical param

klzgnrzjlzf k of climatic factors for technical purposes]. Mosc

Publ. of USSR State Committee for Standards, 1
150 p. (In Russian).
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lZdbo we_f_glh\ fghlih &hzZtaxhegblv kibkdhf khdjZs_gbc k jZkrbnjh\dhc

Nhjfmedhe gu Julv \klZ\e _gu dZd h[t_dIl OLFURVRIW (TXDWLRQ b
nhjfme_ :RUG jZkihezZ]ZIvky ih d_gljadaklpgagbipuhlkimiz khijh\h ~ZIvky
gmf_jZpb_c¢ ihijz\hfm djzx Z IZd _ bf_Iv wdkiebdZpbx jZkrbnjh\dm hJl
mihfbgZgbmdzZazgb f ~bgbp baf_j gby

<dhgp_ klIZIvb[thymifb\_» _;@Z]h"ZjghRIWhlhjhf ke_~m_I mihfbgZlv ex
dhlhju_ ihfh]Zeb ijb jZ[hl_ gz”™ klZlv_c bklhggbdb nbgZgkbjh\Zgby

HlkuedZ gZ azZl_dklh\u_ [b[ebh]jZnbqg.ijoi"bkidyeithb | _dkim klZlvb
d\zZz~jZlguo kdh[dZo iml_f mihfbgZgby \k_o Z\lhjh\ iib ZNkbgsdlfb d éB[hqgg
i_j\h]h zZ\lIhjzZz b keh\et@2b2"j RjbChlkued_ d bklhgqgbdm k b [he__ Z\IhjzZfb
Kkuedb gZ g_kdhevdh im[ebdZpbc h”gh]lh Z\lhjZ aZ h”~bg ]h” ihf_qgzZxlky
barZgby < kemqZ_ hlkuedbkgiZzqgbé&dhekdh ijb\h~rylky \ ojhgheh]bqg_kdh
jZa™_eyxlky lhgdhc k aZiylhc

NhjfZlu hnhjfe_gby hkgh\guo \b”Ah\ azZl_dklh\uo [b[ebh]jZnbqg_kdbo k
KkuedZ gZ dlgdpbmeby BANHeZ\b_ dgb]b K\_~ gby hlghkysb _ky d aZ]eZ\bx
h[ hI\_IkI\_gghklb gZzZijbf_j j_"~Zdlhj F_klh barZgby ]hjh~ BarzZl_e
kljZgbp \ dB®l] _
Kkuedb gZ ~bkk_jlZpbx beb NAihebry BAHE]eZ\b_ "bkk _LbZpbhbkk _jlZpbb
F_klh barZgby ]hjh~c 1h” Dhebqg_kl\h kOQlgbp \ *bkk_jlZpbb
Kkuedb gZ klZIvxNzdgkepby BAHeZ\b_ klZlvb AZleZ\b_ dgblb K\_"_gby
aZleZ\bx dgb]b K\_~ _gby h[ hI\_IkI\_gghklb F_klh barZgby J]hjh~ B
KljZgbpu kIROVDb
Kkuedb gZ klZlvx \ i_jbh”bq: K&l b ey Bgblle Z\b_ klZIvb AZleZ\b_ "mjg:
Lhf <« KljZgbpu BQ@:ilvb
Kkuedb gZ fZl jbZeu \ k[hjgbd Ndhlyeaby B\Ejlez\b_ klZlvb kpgdydd\db _
dhgn_j_gpbb K\_~_gby hlghkysb_ky d azZ]Jez\bx k[hjgbdz f_klh b ~Zlu
F_klh barZgby ]hjh~r Ba”Zl_evkl\h Jh” D@ KljZzgbpu klZlvb
Kkuedb gZ we_dljhggulN oflbldlgyg BdH e Z\b_ fZ1 _jbZezZ >We_dljhgguc j_kmjk
hlghkysb_ky d aZ]eZ\bx AZbkZhiggbldgd jgh? kha~zZgby j_kmjkz 85/ Z
NZ1Z hljZs_gby

< azZl_dklh\u_ [b[ebh]jZznbq_kdb_ kkuedb \dexqZxlky Ilhevdh j_p_gab]j
ba gZmgguo "mjgZeh\ fZl_jbZeu dhgn_j _gpbc jZa”_eu dgb] b dgb]b 2l
ghjfZlb\guc ~hdmf_gl eb[h gZ klIZIvx \ ]Za_|_ |1 _dkl gZ kZcl_ beb \ [
bgnhjfZpbx h[ bklhggbd_ \ kghkdm ih hkghXghfkdhiin ldjk erg xkk¥ I kld\haghc
gmf_jZpb_c¢c ih \k_fm ~hdmf_glm ZjZ[kdbfb pbnjzfb < kghkdZo ihfbfh I
Aim]Zy “~hihegbl_evgZy bgnhjfZpby L dkl \ kghkdZo hnhjfey |ky [
\ujZ\gb\Z Iky ih rbjbg_ jZaf9ptrjbnlZ +

Djhf_ Ih]h h[yazl_evglZ\ihfkzddky kijZ\HE™ _j " ZsZy bgnhpffhphk_o
Z\lhjZoZfbeby bfy hlq_kl\h imeghklvxkl i gv B _&\NAgjd[hlu k mdZazZgb_
"he ghktihglZdlguc | _e-maihg@\lhjkdibg” dku

GZZglebckdhf yauld[yazl _evghf ihjy*d_ ijbimepMg¥y bkgizgalZgby
|Z[ebp b jbkrmgdM\*ZjghikbbgZeb;gbtbl _jZImMKE"_j"ZsZy dzZd ljZgkebl_jZpbx
i_j_\h™ gZ Zglebckdballyjkuddy KkijZ\addzZwlhf Zglehyauqguc \ZjbZgl Zggh
(Abstract ~“he” _g [ulv bgnhjfZlb\guf g_ kh”_j ZIv h[sbo keh\ hjb]lbgZevgu
jmkkdhyauqgqghc ZgghlZpbb kh~_j zZI_evguf hljz zZlv hkgh\gh_ kh~_j z
bkke_"h\Zgbc kKljmdImjbjh\Zgguf ke_"h\zZlv eh]lbd_ hibk2gby j_z
©Zglehyauqgufb?® gZibkZgu dZq_kl\_gguf Zg]ebckdbf yaudhf dhfizdlgu
AR50 ke h\

Ih~jh[gu_ ijZ\beZ ijbhitpY/hypdw-sphere.ru/index.php/hydrosphere/requirements
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Abbreviations should be defined at first mention and used consistently thereafter. If therloiaoé a
abbreviations, the article can be supplemented by a section with a list of abbreviations witlotecrypt

For equationsuse a Microsoft Equation object or Word equation editor, they should be located in the
center of the page without indentation and accompanied by continuous numbering (ghttedge). All
eguations must have an explication (defining of symbols at the first mehtlmmowith units measurements).

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

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

Cite referencesin the text by last name and year in square brackets. If reference consist not more than
three authors, you should place in text all author. If there are moreaiwaauthors - place in brackets the
first author and words "et al." and not forget about year of publishingulhged several reference cite in one
place of text - please separate each reference by semicolons. If you use several refersa@gtairan the
same published year - you must separate it by letter near the year in reference list and in text.

Referenceslist should only include works that are cited in the text and that havepoddished or
accepted for publication. Personal communications and unpublished works should be mentitireed i
footnotes. Reference list should be alphabetized by the last names of tlaaitfist If you use several
references of author

Some formats for references list:

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

Book chapter referencAuthor A.A. Title of chapter. In Editor E.E. (edJjitle of book City, Publisher, year,
pp. 1-20. DOI:

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

Jornal article referenc@&uthor A.A., Author B.B., Author C.C., Author D.D. Title of articl€itle of Journa)
2005, vol. 10, no. 2, pp. 49-53. DOI:

Conference Proceedings referengethor A.A., Author B.B., Author C.C., Author D.D. Title of articl€itle
of Conference Proceedings (date and place of the confere®itg)Publisher, 2005, vol. 1, pp. 49-53. DOI:
Online document reference: Author A.A., Author B.B., Author C.C., Author D.be ®f article.Title of
Journal 2005, vol.10, no. 2, pp. 49-53. Available at: http://example.com/example.

For the detailed information about the author(s), please at the endctef gite us some additional
information:

full names of author(s);

academic degree and title;

organization affiliation with full address (including Post Code);

position in organization;

contact telefon (for all authors);

contact e-mail (for all authors);

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

Detailed rules for articles will be given on the website of the journatiféphere. Hazard processes
D Q G S K H QHR/Mydid-sphereu/index.php/hydrosphere/requirements
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