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:gghlZpbylhfh[bevgu_ b "~ _e_¢& Abstract. The significant part of roads and ra
jhlb hkljh\Z KZoZebg Z 1Zzd _ ways of the Sakhalin Island are located in
gu_ imgdlu gZ [hevrhf ijhly g coastal zone of the sea, in the lower part of the
"_gu \*hev [_j_lh\hc ebgbb fhjy brisflow transit zone. Debris flows cause blocka
klb ahgu ljZzgablZz k_e_c¢ K_e_ and damage to the roadways. In some areas ¢
gbgyxl ms_j[ \ \b”A_azZ\Zeh\ b il island are sites where the number of debris flow
jh ghlh ihehlgzZz < g_dhlhjuo jZ sinsis 30-40 per km. Basically, these are slope
jZkiheh™ _gu mqzZkldb ]~_ dhet bris flows, which are formed annually during pi
[Zkk_cgh\ khklZ\eylIldf < hkgh cipitation of liquid precipitation, and whose volun
wlh kdehgh\u_ k_eb dhlhju_ nt can reach 500 inAt the same time, debris flon
Jh~rgh \h \j _fy \uizZ”_gby “b~dlt can play an important role in the formation
h[t_f dhlhjuo fh™_| "hkl§jZkvIh beaches and protection from abrasion due to th
\j _fy k_e _\u_ ihlhdb fh]ml \uihe¢ moval of material to the mouth of the rivel
jhev \ nhjfbjh\iZeggpbc b aZsbl_ | Transport of debris flow material to the coastal z
abb azZz kq_I| \ughkz fzZIl_jbZeZ onthe Sakhalin Island is carried out on the coas
gZklv \h~hlhdh\ <ughk k_e _\h the Gulf of Patience, the Gulf of Aniva, the Ta
[_j_1Thimx ahgm gZ hkljh\_ KZc Strait, etc. Beach savings are the best of its na
ey |ky gZ ih[_j_"vyo aZeb\h\ L protection against destruction. Therefore, the n
LZIZjkdh]h ijheb\Z b gZ “jm]bo tobuildseepage facilities is due not only to the n
" \u_ gZdhie_gby madhc ihehl to protect the roadway, but also the importance
sb_ky \*hev fhjkdh]h [_j_]Z y\ transporting debris flow material to the beach a
_]h ijbjhrghc azZsblhc hl jZaj Characteristics of debris flows in the coastal zon
wlhfm g_h[oh”bfhklv kljhbl_ev theisland differ in a number of parameters, sucl
imkdguo khhjm™ _gbc h[mkeh\e_ the volume of debris slides, the frequency of {
[j_[ghklvx \ aZsbl_ ~hjh gh]h i mation of debris flows, the type of debris flows, 1

size of carried fragments of rocks; therefore, wl

Bobrova D.A., Kazakova E.N. Debris flow check constructions situatedimeaouth of rivers of the Sakhali
island.Hydrosphere. Hazard processes and phenom2020, vol. 2, iss. 1, pp. B3 (In Russian; abstract ii
English). DOI:10.34753/HS.2020.2.1.8
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\Z ghklvx ljZzgkihjlbjh\db k_e_ choosing a debris flow protection facility, it is ne
ZeZ \ iey _\mx ahgm OZjzdl_j essarytobe guided both by the parameters of di
ihlthdh\ \ [_j_lh\hc ahg_ hkljh\ flows and by the role of debris flows in the fc
ih jy"m izjzf_ljh\ 1Zdbo dZd h mation of beaches. The paper examines the cu
kihl1Z nhjfbjh\Zgby k_e_c |Ibi state of water chute and debris flows chute ur
i_j_ghkbfuo h[ehfdh\ ]Jhjguo ih_theroads inthe near-mouth parts of debris flow
ijb \u[hjk_e_aZsblgh]l]h khhjm™ _ ers, as well as the expediency of selecting de
Abfh jmdh\h~klI\h\Zlvky dZd iZj. flow protection structures depending on the cha
\uo ihlhdh\ 1Zd b jhevx k_e_\u teristics of debris flows.

nhjfbjh\Zgbb iey ¢ < jZ[hl_ j

_Iky kh\j_f_ggh_ khklhpgk_e\h

imkdguo mkljhcklI\ ih™ "hjh]Zfb

gZklyo k_e \uo j_d Z 1zd _ p

\u[hjZ k_e_aZsblguo khhjm ™ _ gl

kilb hl ozjzdl_jbklbd k_e_c b |

gh\

Dexqg_\u_ kehRBhKZoZebg [_j Keywords: Sakhalin Island; coastal zone; char:
ahgzZz ozjzdl_jbklbdb k_e c¢ k_ teristics of debris flows; debris flows chute; cho
hjm™ _gby \u[hj k_e_aZsblgh]t of debris flows protection facility; slope debi

kdehgh\u_ k_eb flows.

<\_"_gb_ \h~hijhimkdgu_ khhjm'_gby ih~ ~hjh
AN

<ukhdmx Kl _i_gv iehd g\hlhghf ith™\_jlZxlky fZdkbfZevg

ihjz* gghklh Jh\hc ahgu hkijh\z %% %::de

. ihihdb gz hkljh\_ ijbqbg
k_e \ufb ijhp_kkzZfb h[mkeh\eb\Zz %[ .
Jhibklhlh j_ev_nz b [hevrmcq@;mkhﬁ%\ fjh ?})ahf wdhghfbq_kdbe ms_j]

k_Ib >I_jh\ @ GzblhevrZy ]nﬂdfﬁ%s 9P - 9Py lizgkihjlz ijb az\ze
<Ib hIf gz lkpZiZltahc fmingghe " 9 Hin' YR &€higz dhlhjuc fh™ I \ g_k
— —d ® jZa j_\urZiv kihbfhklv ijyfhlh ms_j[Z

gZklyo hk|jh\Z ]._ hgzZ - hdatib@.tz : gc b jzajmr_gbc k_e \ufb ihl
h[fs _]h gbkez j_ d khklZ\eyxl f

bf _xsb_ “ebgm f_g df b kj_ Ah\tmmh Ohhim _gbe
- — - — \j_fy k_e \u_ ihlhdb fh’

mdehgu- A qlh h[mkeh\e_gh [eba kI )ﬁv \z gmx Jhev \ nhjfbjh\Zgbb i
hkgh\guo \h~hjza”_eh\ d fhjkdhfm - h Z[jZabb az kq_| \ughkZ fZ

>J_kmjku 'h\—Joghk'g“K?mgn]' rE Iv, \ X aZKIv \h~hlhdh\ b nhjfbj!
;eZlh”~Zjy wlhfm k_e_\u_ ihlhdb Hebn ih PiE#zEd, O L
qZklb hkljh\Zz ozZjzdl _ Jbamxlky dh hIdb K e \hc fZI jbZe m\ _ebg

\j f_g_fAh[_]Zgby ~h h[t_dIh\ jZ 0
\ ijbmklv_\hc qZklb k_e \uo \h’\hl?h % |z'cé?y Z ijaff\SZbS\?ngiTe“ho‘ -
gﬁg[hevrbfb k_e_ \ufb jZkOh Zfb bf ‘Tﬂ g ahcg liZgkihjlgu fZ]kaj_Zeb

. AZq 1 _jjblhjbb gZk_ e _gguc
GZ hkljh\_ KZoZebg khigb de | j'h\l\ Cyab Kk o f inegZy lehd

IZ\JIJhbehh[jbbebvgufogh]bbo eg;l?ug gghdgihk.mm' goy k_e_\uo hleh'_gbc \ [_J
%ZI eng

iZkiheh' _gu f_"Am mkimizfb fhjkdbo? LZJ%%IF—

Al

fhj_f \ gb’g_c qZklb ahgu ljZgablz er _t _h[AJhZear;fu \\uhihf;Igj;]Il\rlnkd(_:}:
A —_—

JZkOh k_e_\UO ihlhdh\ ga[rkeVe bl?hlm dh\ IJ_I\hI\JZSZy ih\j_‘/\_g‘

shljh\z > DZazdh\E _?jimkdgu_ khhjm _gby \ ijbmklv_\uo qZkl§«
=b~jhkn_jzZz HiZkgu_ ijhp_kku b y\e<gby K8-18 D@I: 10.347534S.2020.2.1.8 9
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azZ\Zeu "hjh gh]h ihehlgz b g_ ij| N { NMoponakck
\ughkm k_e _\hlh fZIl_jbzez \ [_j_]h }\ \
Aim]hc klhjhgu gZ hkljh\_ KZoZebg f|yrneropck

k [hevrhc iehsz~ghc ihjz _gghklvx }
ijhp_kkzfb fZe gvdbo kdehgh\uo k|
[Zkk_cgh\ gZ ih]Jhgguc dbehf_Ij
kj_~gbf h[t_fhf £ nhjfbjmxlky
__lh~gh \h \j_fy \uizZz”_gby "b~dbo
]1*_ kljhbl_evkl\h k_e_ijhimkdguo Kk
wdhghfbg_kdb g _p_e_khh[jZagh o
j_r_gbc ih ijhib\hk_e_\hc aZsbl_ g_H
k\yab k j_]Imeyjgufb azZz\ZeZfb ~hjh]
< jZ[hl_ ijb\h~blky hibkZdb_ \
k_e_ijhimkdguo khhjm™ _gbc \ ijbmkl
k_e_\uo \h”hlhdh\ hkljh\Z KZoZeb
hibkZgb_ mqgZzZkldh\ Ney dhlhjuo
dzq_kI\_ k_e_aZsblgh]h khh
jZkkfZljb\ZIlv k_e \u_ eh\mrdb

IhklZgh\dZ ijh[e_fu

G_kfhljy gZqlith ey hkljh\Z KZoZ
0Zjzdl_jgZz \ukhdZy iehsZ”gZy ihj
[ _j_1h\hc ahgu k_e_\ufb ihlhdzfb i
\k_fb h[t_dIZfb ~hjh ghc bgnjZklj|s
mklZgh\e _gu \h”*hijhimkdb dhlhju_
\uihegylv jhev k_e _ijhimkdguo khh]
hgb g_ ij_"hl\jZsZxl azZ\Zeu b ih\j
“hjh ghlh ihehlgZ Z 1zZd _ [ehdbjm
k_e \h]lh fZl_jbzez \ [_j_]lh\mx ahgnm
LzZzdZy kbimzZpby gZ[ex™Z Iky ij
ih\k_f_klgh gZ ijheh”_gguo \“"hev [_| ||
Z\Ihfh[bevguo b "_e_aguo "hjh]Zojdkhi§h®zjtko fZ mqzkldh\ ~hjh]
KZozZebg Z IZd _ \ ]JjZgbpZo gZk_¢gzggnuehimgglio\\ ijbmkliv_\hc qZklb k_
hkljh\Z 1Zdbo dZd G_\_evkd Ohefkdth"Rbhdhjhhkljh\Z KZoZebg PbnjZfk
jbkmghd Kmffzjgzy ijhly’ _gghklw[hagEkpdow\lh™jh]b n_"_jZevgh]h
A"hjh] jZkiheh' _gguo \ [_j_]lh\hc afgZq_px¥\Ih*hjh]b j_|bhgZevgh]h
hkms_kl\ey_Iky \ughk k_e_ \hlh fA9f8z82¥ghthih]b f_kigh]h agZq_gb:

iey® khklzZ\ey | hdheh df 4+ _e_agu_ "hjhjmZkkdb ]%_ “hjh]b
jZkiheh™ _gu \ ijbmklv_\uo gZklyo k_e
\h~hlhdh\

Figure 1. The map-scheme of roads which are
situated near the mouth of a debris flow hazardous
rivers, Sakhalin Island. The numbers indicate:
1 thighways of federal significance; #roads of
regional importance; 3local roads; 4 - railways;
5 t+sections where roads are located in the estuarine
parts of mudflows.
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GZb[hevrb_ h[t_fu \ughkzZ jEkeh&hThgghc \ gb'g_c gqzZklb ahgu Ij
fZl_jbzez 9gZ mqzZkldZo Z\IhfM|lojdoyguo Db

_e_aguo "hjh] hif_gq_gu gZ ih[_j_ "v?saZelhy2Z2vrmx ijh[e_fm g _f g
L_ji_gby \ Fzdzjh\kdhf jZchg_ IjZgdimjggdo fzZ]bkljZeyo k_e_\u_ il
1,251uk 3fgZ ihlhgguc dbehf_Ilj iey Zj\Yklz\byxl gZ |_jjblhjbyo ijbfhjkd

gZ aziz~rghf ih[_j_"v_ x'ghc qZklbk h&lggZo imgdlih\ hkljh\Z KZoZeb
KZoZebg \ Ohefkdhf b G_\_evkdhd jEfoihgddh Jhlf_Iblv glh bkdexqZy k
hit_fu k_e \uo \ughkh\ dhe_[exIkplhtb [h&vrh]h h[t_fZ j_~Adhc ih\lhjy_

1luk 3fgZ ihlhgguc dbehf_Ij iey Z2ijpirj gz j_d_ Jh]zIdZ \ Jhjh~_
>Dzazdh\Z ;h[jh\Z @ KZozZebgkd gZ hkljh\_ gZb[he__ ih
GZ ih[_j_'Wkljh\Z kohAyl ]jyah®#_ckl\bx k_e_c bf_ggh ijbfhjk

liva_dzZf_ggu_ b gZghkh\h~gu_ k_ebk I¢gb ggah” _imgdlu 1" azZkljhcdz
\'[_j_]lh\mx ahgm k_e _\hc ihlhd jZ&béegkkugZklkyahgu ljZgablZ b ahgm Zdd
RbjbgZz ahgu Zddmfmeypbb k_e_ ‘YWwoe hdehJu[gdecvq bgdh

khklz\ey- 1 f ijb kj_"g_c lheslhgy Lzd l]hjhr  G_\_evkd o02Zjzdl_jbe
fZdkbfZevg8b-40f >DZazZzdh\zZ ;hYuk\zdhc klI_i_gvx iehsZ”ghc ihjZ  _g¢
2013]. | _jjblhjbb k_e_ \ufb ijhp_kkzZfb

< ijb[j_"guo k _e \uo [ZKkhlygZgbb Ihevdh \“hev[_j _]h\hc gqZklb
gZlex™Z_lky \ukhdZy qzZklhlz k_e[_h[jZegdKIghhy jZkiheh  _gguo \ ”~heb
K_eb nhjfbjmxlky a~_kv]h{Za dZ""DZazZqdZ b EhizZlbgdZ gzZkgblu\Z_ Iky
3- e_| hif_qzZxlky i_jbh”u f4kkgv\h\|h\iz*"Zxsbo \ fhj_ Z 1zZd _ kde
k_e_h[jZzah\Zgby ijh~he bl_evghkkve huo [ZkRk_cgh\ knhjfbjh\Zgguo gZ
3-5kmlhd \h \j_fy dhlhjuo k_e_¥hjkdbhobhdbjjzk ijhly  _gghklv ]hjh~rzZ
nhjfbjmxlky \ [hevrbgkl\_ [Zkk_cgh\j>DZzatjghkhklZ\ey | hdheh df

@ =jya_dzf_ggu_ k_e_\u_ hZhdlb jjblhjbb Jhjh~rZ jmkez fgh
\ughkysb_ fZl _jbze \ [ j_]1h\mixe abhgmjmgv_\ aZj ]Imebjh\Zgu \ nm
nhjfbjmxlky g_kdhevdhjga A e | g_]Jem[hdbc [_lhgguc ehlhd dhlhjuc g
>DZazZdh\ = _gkbhjh\kdbc @ g_ fh _|I kem 'blv k_e_ijhimkdguf dZgz

HI® _evgh g_h[oh~bfh MZ Ibly_ kijz\ey _Iky k h[t_fhf \h”~u \h
nhjfbjh\Zgb_  kdehlgh&ugz fhjkdbiZ\h” dh\ ljbf_j 1Zdh]h jmqvy ihdZa.
| _jjZzkZo hkljh\Z KZoZebg MqgZzZklgbkmggd dhlhljrukoe _~gbc k_e_\hc ihlhd kh
jZa\blu kdehgh\ubjkdébjZkijhkljZg\ guxe _ ]hrZK_ev \ur_e az ij_"_eu
gZ hkljh\_ >Ju[Zevqg_gdh Z PupgyewndhgahldZz b aZz\Zebe ijbe_]Zxsmx
<_joh\h\ @ < g_dhlhjuo |_jjbdhpgwxo H[t_f k_ey khkFZ\bebgZ f
dhebq_klI\h IZdbo k_e_\uo [Zkk_cd&h\gkhihl]hgmkez khklzZ\ey_ | \k_]h
dbehf |Ij [j_1Z "hklib]Z | gbo kj<~g_\a\_r_gguc mddéhgZ+iehszZ”"v
nhjfbjmxlky \ hkgh\ghf k\yagu_ k_[e@kkbtg&htdf JZkkqgblZgguc Z\lhjzZfb ~
g [hevrb_  h[t _f®b0o0f2h b \ukhdmwh]h jmqvy jZkoh” \h”u h[ _ki_q_
ih\lhjy_ fhklv 1Zd" _ ozhjghll _jbamxkklzZz\ey | 3 k f h[_ki_qgq_gghklb %
[hevrbfb mdehgZfb A qlh11,8f* k Z kmlhgguc h[t_f KlhdzZ +
h[mkeh\ebd&Zjhlldh_ \j_fy “h[_]Zgby k_ey ~h

11
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Jbkmgh#& e \hc jmq_c \ Jhjhr_ G_\ _evkd ] azZj Imebjh\Zggh_ jmlk
k_ey D b k_e_\u_ hleh _gby az ij_~_ezfb [_Ilhggh]lh ehldZz
Figure 2. Debris flow channel in the city of Nevelsk, 2010: regulated riverbed after the debris fland(a)
debris flow deposits (b)

Lzdbf h[jzahf jZaghh[jZab_ ijhyke.eghfhimkdgu_ khhjm'_gby
k e \uo ijhp_kkh\ \ kh\hdmighklb Q JlbeZ\Mhys \j_fy K e ijhimkd
k_e_\uo hleh _gbc \ nhjfbjh\ZgpRpigY &y kijh_dibjh\Zgu b ihkijh_gu
"_e;xl azZ™"Zgm kljhbl_evkl\z kg—ZemanZSk l}lgtuth‘ gghklvx df gz 1_j
khhim®_gbe gz hklih\_  KZoZebh, 580\ 0 jzchgz df z\Ihrhjh]b
lj_[mxs_c _IZevghl]h ZgZebaZ 9(2{,)% Iz_él%lgl kd HaZ 1A hizkghklv
k_e_c gz dZ'~hf k_e_hiZkght ;magiid., 1<k eb ba K e \uo [Zk
gZklhys  \j fy ijzZdlbq_kdb \k_ Ig__ﬁ{_j%%iblgu@ ibkmghd
khhjm > _gby jZkiheh  _ggu_ \ ijbmklv_\hc ahg .

Fhklh\u_7i oh”u

g_ \uihegyxl k\hx jhev S .

T o Kijh_dIbjh\Zggu_ fhklh\u_ i_j_oh
K_e_ijhimkdgu_  khhjm _gQy a7\ kihkh[gu \uihegylv jhev k_e_ijh
ijbmklv_\hc qZklb k_e_\uo \h"f @QB}] 9\Z [ j_]h\hc ahg_ hkljh\z K
ith[_j_"v_ hkljh\Z KZoZebg [hevrZzy qzklv fhklh\uo i_j _oh”h\ g_

< h~Aghf b Ihf °_ \h~Ahk[hjghf IT_Z%QS}S I_ky kXkZh[t_fzfb \h”~u \h \j_fy
hit_fu k_e_\uo ihlhdh\ angbl_evg%\hﬁ“é@%z%ﬁa fzehc iehsZ”b ihi_j_qggh
hit_fu \h~u ijhohrysb_ \h \j_fy KzQpAdy\ fhkih\hTh hi\_jkiby

1Zzd*_  k_e_\u_ ihlhdb mqzkl\m»@_€ragh”hjh guc fhkl g¥skmgd_
i_j_nhjfbjh\Zgbb jmkez  baf_g'kgdB ‘yipegy_ | jhev k_e_ijhimkdz
gZijZ\e _gby >Ne_crfzg @ D|hohiApgbR k_e_c g_[hevrbo h[t_fh\

i amevlizZl_m~Zjghlh \ha~_ckl\by ¥be \WjAfPh@hfz iihoh "_gbb  djmigu
gZ bg _g_jgu_ khhjm  _gby ijhd.!'()()q,]_/\%;f_tgcguo k_e \uo ihlhdh\ [hq
ih\j_"A_gb_ b jzajmr_gb_ Wib h[klgylUeJRKIZ aZlvxiky k_e_\uf fZI_jb
g_h[ohAbfh mqgblu\zZlv ijb kIjHBNS&R\ihi_j_agh]h k_q_gby ijhe_lgh
k e ijhimkdguo khhjm' gbc kmablky ~ khhI\_IkI\_ggh ~Z\e_gb_
<k_ \RMh k_e_ijhimkdgu_ khhjﬁ"h_dgzbygz fhkl m\_ebqgblky qlh ijb\,
jZkiheh _ggu_ \ ijbmklv_\hc qzkibhki_e"g@Ryul 1Zaimr_gbx ihehlgz ~_e
\h~hlhdh\ hkljh\Z KZoZebg fh'gh 48 epiv g
lib Jjmiiu
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aBTOMOOHIIBEHAS JAopora

BOJIOTOKH
—— Kelle3Has Jlopora :’ ceneBbie DacceHpl

Jbkmgh#o_fZ k_e_\uo [Zkk_cgh\ \hklhqgh]h ih[_j_"vy hkljh\Z KZoZebg
E fhklh\hc i_j_oh” " _e_aghc “hjh]lb gzZ i_j_~g_fieZg_ b k_e_ijhimk
Z\lhfh[bevghc "hjh]hc gZ az~g_f ieZg_ gZ j_djz@high\&ézZz FzZdzZjh\
Figure 3. Scheme of debris flow basins of the east coast of Sakhalin Island (a), debris flow deposits (b), the
railway bridge (in the foreground) and the pass-through structure under the highway (in the background)
the river Zharovka (Makarovsky district) (c)

<h”hijhimkdgu_ Ijm[u [hevr_c gZklb ijb[j_"guo ljZgkihjlg

QZs_ \k_]h \ dzg_kI\_ \h~hf{jhliud b4 hkljh\z k_e_\u_ ihl
khhjm > _gbc gz jmgvyo bk [B8ERMXXkkY ~hjh guf ihehlghf
_e_ah[_lhggu_ Ijm[u jZaebggh]h k_qCdby ithkmgd_ ijb\_"_gu ijbf_]
A kf \ 2bzf_lj_  2kl_kI\ ‘g‘g“rhiimbmdguo khhjm™_gbc \ ijb[j_"ghc

khhjm> _gby g_ fhiml ijhimkiblv g hKHBV&h k <éhijhimkdb aZ[blu k_e
gh ~Z°_ \h~guc ihlhd \h \j_fy iz\KZ4ZibZeRfu 9Z "~hjh]Zo \brgu ke_~u |
[ukljh azZbeb\Zxlky az[b\zxlky Kl&hj_giz| aZklv hleh' _gbc jzkiheh"
\uihegylv k\hx nmgdpbx < j_ahgdvizhc ahg_

13
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Jbkmghdh~hijhimkdgu_ Ijm[u gZ k_e_ghkguo jmgqvyo \hklhqgh_ ih[_j_"v
Fzdzjh\kdbc jZchg D b E b aziz”~gh_ih[_j_"v_ X 'ghlh KZoZebgzZ G
Figure 4. Culverts on the debris flow rivers of Sakhalin Island: the Eastern coast of Southern Sakhalin,
Makarov district (a and b), and the Western coast of Southern Sakhalin, Nevelsky diatratd]

<ughk djmighJeu[h\h]h fZld hebgzZkl\hf k_e_\uo [Zkk_cgh\ gZ if
[eZ]h”Zjy dhlhjhfm hkms_kl\ey_ ldpeh&Zkliijbggh_
1Zr _gb_ \heg qlh \ k\hx hqg_j_"v- kihkhikIkme |\uo hleh  _gbc
azZsbl_ iey _c hkljh\Z qZs_ \k_]hd2kldhdhro_rdkyfbjh\Zgby k_e_\uo ihlhdh\
"hjh ghc gZkuivx mgZkld_ “hjh}dbihf k_e_\uo ihlhdh\
ijbmklv_\hc qZklb \h~"hlhdh\ ]~_ hiKdlsihlelhéygbkyf \ ijbmklv_\hc ahg_ m
\ughk [hevrh]lh h[t_fZ k_e_\h]h {Zj_]b¥reZ &bgbb ]2_ hkms_kl\ey_Iky
dimighJeu[h\hc khklZz\eyxs_c¢ k_em\dgrihf fZl_jbzeZz
\ZjbzZglhf ijhlb\hk_e_\hc aZsblu y\®&wdkwyw _ [ueh kdZazZgh \ur_ gZ |
k_e_ijhimkdgu_ khhjm _gby KZoZebg \ ijbmklv_\hc ahg_ ijzdl
HIhkgh\Zgb_ \u[hjZz k_e_a23Piglpfdh Nims_iotey tky Aughk k.
. .. J eZ gZ iey Ihfbfh wih]l]h \ g_d
F;Ahdnd_hgtbwbmklv_\hc qZklb k8 ANU9s hkijh\z Fzdzjh\kdbc jZchg
mqgZkldh\ \ Ohefkdhf b G_\_evkdhf jz
Kljhbl_evkl\h k_e_aZsblguo kimhjhdjmpplkx k_eb [hevrbo h[t_fh\ k \uc
ijomklv_\hc gqZklb k_e_\uo \h~Ahldjmigrfeer[nh]lh fZI1_jbZez GZ 1Zdbo |
[ulv h[mkeh\e_gh ke_~mxsbfb nzZdlhjzZfb

14
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p_e_khh[jZzagh \ha\_~_gb_ fhklh\jzkkgbldgohj)\Zkoh”u \h”u j_~dhc ih\lhjy
\uihegyxsbo jhev k_e_ijhimkdh\ h[_ki_g_gghklb Z 1Zzd _ h[t_fu k
GZ mqzZkldZo jZkijhkljZzg_gby[kdfashglk\uteo \uo hleh  _gbc IZ[ebpZ
k_e_\uo [Zkk_cgh\ k bo ddOeb pfkl\Bkk_cgu < b « ihdZaZgu gZ jbkm
mqgZklhdR_kmgbgh k+x =hjghaz\hGkd&fhljy gZ g _[hevrb_ h[t_fu [1Zdb_
G_\_evkdbc jZchg 1"~ nhjfbjmx]JkeyjigheBhklb]zxl ihehlgz zZ\Ihfh[be
g_[hevrh]h hit_fz ~h %, " _ef_ aguo ~hjh] ijheh’_gguo g_ihkj_"k
0ZjZdl_jbamxsb_ky \ukhdhc ih\imjjhNtpkklbby mkimih\ fhjkdbo |_jjZk jbkt
(3 jzZzaz \ 1h~ gz \aley”™ Z\lhjh\ p_e<kpHBEKlhygh _\j_fy gZ hl*_evguo mc
kljhbl_evkl\h k_e \uo eh\mr_d ih[_j_"bc hkljh\Zz g_ kms_klI\m_1 gb
< dzZq_kI\_ kjz\gbl_evghlhaz&lylziebb X _e_\uo ihlhdh\ ihwlhfm g_
0ZjzZdl_jbklbd kdehghl\uo k_e_\ujaihhhd\® brhjhlm i_j_dju\zZxl hleh"
g luj_o \j_f gguo \h~hlhdh\ ikdejmghedd® k_e c
dhlhjuo \ ] khreb kdehgh\lu_ k_eb [ueb

CKNOHOBBIE cerneBble baccenHs!,
ANS KOTopbiX 6bin Npon3BeaeH
pacyeT XxapakTepucTuk

£ —= HanpasneHue ABUXEHUA
CKITOHOBbLIX Cenew

—— aBTOMOBWNbHAaA Aopora

a b
Jbkmgh#&dehgh\u_ k_eb gZ fhjkdbo |I_jjZkZo aZiZ~gh]h ih[_j_"vy X gh]t
jZkiheh _gby kdehgh\uo k_e_\uo [Zkk_cgh\ D b hleh _gby kdehgh\t
azZz\Zeb\r_]h z\Ih"RjHhmblgk =hjghaz\h”"kd G_\_evkdbc jZchg \ bxe_
Figure 5. Slope debris flows on the western coast of South Sakhalin: scheme of slope debris flow basins (a)
and deposits of slope debris flow on the road ShebutiBornozavodsk (Nevelskiy district) in July 2015(b)
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LZ[ebpzZOZjzd!|_jbklbdb kdehgh\uo k_e_\uo [Zkk_cgh\ gZ azizrghf ih[_j_
Table 1.Characteristics of slope debris flow basins on the western coast of South Sakhalin

i N N
Ki_"g_V3 lehsz? stkoh \h HIf H[t _f k_e _\uo
r_guc | >ebgZ ‘i f° Kk klhdZz .
< . [Zk _cg hleh® _gbc _fbgh
mdehg jn IhdzZ f luk 2f h[ -k kmld i f uc \ughk]
A i_q_gghk f3 J_T_99 g
1 703 170 6 0,010 0,168 40
2 668 180 4,5 0,009 0,144 40
3 1004 120 2,4 0,003 0,072 10
4 986 130 1,9 0,003 0,072 50
AZdexq _gb_ ihlhdzfb b g_ ij_iylkI\h\ZIlv ihklzZ\d_ k_

fZl_jbzez \ iey _\mx ahgm ih” ljZgkih

KmffzjgzZy ijhly  _gghklv Z\Ihfhibiekigaeyfb g_h[oh”~bfh kljhblv k_e_ijh
b "_e_aguo "“hjh] jZkiheh _gguo \ugpmKlygdoo [_j_]h\mx ahgm k_e_\hc -
qZklyo k_e_\uo \h~hlhdh\ gZ hkZjhdmfkzZzeZmhbBy m\_ebqgb\Z | fhsghkl
khklz\ey | hdheh df Z kizpthZewghijhohrysb_ ih  [_j_]m f
kijh_dIbjh\Zggu_ k_e_ijhimkdgu_zwkihickMgu b ° e _agu_ ~hjh]b hl \h
iheghklvx \uihegyxsb_ k\hx nmgdpdki\bc Hkgh\guf djbl_jb_f ~ey \

ihkljh_gu lhevdh gZ mqzkld_ ijhidyé_gjnhmiwkghlh khhjm' gby \ dZq_kI\

75df hl k_e ¢ yleyxlky ke _~mxsb_ o0Zjzdl_
< jy*_ kemqgZ_\ jhev k_ekijdimkdm\t fu [he 3 gZebqgb _

\uihegyx!l fhklh\u_ i_j_oh”u gfmighleu[h\h]h fZl jbzZeZz \ughk k_

"hklZlhqgu_ iehsZ”b ihi_j_qghlftzl kbge@byz iey"

ihAfhklh\h]h hI\_jkiby  ;hevrbgkl\hsepau[hjZ khhjm _gbc k_e_\hc aZ:

kms_kl\mxsbo \ gZklhys__ [_j\hf®c ahg_ hkljh\Z KZoZebg g_h

\h~hijhimkdguo mkljhcklI\ ih™ higbdd\ZIvky hl IZdbo nZdlhjh\ dZzd
\uihegylv jhev k_e_ijhimkdh\ g _qgzkihkh[QwghkZ k_e \uo hleh  _gbc \ ie
Djhf_ Ih]lh \ j_amevlZIl_ aZ[b\Zghygm!\_jiklhezrgZy ihjzZz _gghklv k_e
ljm[ b fhklh\ k_e_\ufb hleh _gbyfbjnbpk&k2db _Ibi k_ey kdehgh\uc beb ~h
i_j_klzxl \uihegylv k\hx \h*hijjiazkkdoanx nhjfbjh\Zgby h[t_f k_e_
nmgdpbx Thwlhfm g_h[oh”bfh ijhhlkihjhybgb ~Zevghklv \u[jhkZ k_ey
gh\uo khhjm™ _gbc kihkh[guo h[_kiggb\glwWhlhjuo mqzZklAZdZenao
ijhoh*~_gb_ g_ lhevdh \h~u ghh[b_ fk\e_\Woe \uo hleh  _gbc ~hklZI
ihlhdh\ khhjm' _gby rbjhdhc mdj ie _gghc d
>ey Ih]Jh qlh[u h~gh\j_f_ggh\bihleg¥xe c jhev k_e_\hc eh\mrdb
ih\j *~_gby A~hjh gh]lh ihehlgz k_e \ufb
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ANyl _evghklv ihkl_i_ggh ho\Zlu
Fbjh\h]h hd_ZgzZ \dexqZy _]h |
kib b ]Jem[bggu_ kehb Khklhygl
ZgZ \k_]~"Z yl\leyehkv \Z g _cr
hij "~ ey\rbf mkeh\by kms_kI\
[bhkn_ju Ih wlhc ijbgbg_ baf_:
jheh]bgq_kdhc kljmdIimju b k\hc
rb_ ] _heh]lbq_kdb_ wihob g_h”
"beh d ]Jeh[Zevguf wdheh]bqg_Kk
\ufbjZgbx [hevrbgklI\Z kms_kl\h
\j_fy hj]Zzgbafh\ Kh\j_f_gguc
Fbjh\h]l]h hd_ZgzZ fh _I bf_Iv Zg
[Zkljhnbqg_kdb_ ihke_"kl\by J
djbabkz [m~_| kdZgdhh[jZaguf
wlzZi_ ihke "klI\by | _ogh]_gghc
ehdZebah\Zgu \ ]jZgbpZo hiI”_
Zd\Zlhjbb Fbjh\h]h hd_ZgzZz Gh
g_ij_julgh \hajzklz_|I < hij_»
f gl \j_f_gb kh\hdmiguc wnn_
p_kkzZ \ I _g _gb_ hlghkbl_evgh
f_gb fh™ _I \ua\Zlv jZajmr_gb_ F
ZgZ dzd _“~bghc kbkl_fu i_j_oft
klhygb_ WIh g_ba[_"gh ijb\_~_
mkeh\bc gZ [hevrbgklI\_ mqgZklc
ah\_| Jeh[Zevguc wdheh]bq_kd
wdhghfbg_kdbc djbabk <f_KkI_
ijhp_kk I _ogh]l_g_azZ Fbjh\h]h
\byo g_ij_julghlh jhklz gZjh
A_feb b _]h ihlj_[ghklb \ ijbjh~

Kma~rZe \Z : E ;_agi\yhY gduc | _o
eh]bg_kdb_ ijh[e_fu =b~jhkn_jZz
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Abstract. The condition of the World Ocean h
always been the most important factor living cor
tions of all Biosphere. For this reason change o
hydrological structure and properties during p
geological eras repeatedly led to global ecolog
crises and extinction of the majority of the org:
isms existing at that time. The modern technoge
sis of the World Ocean can have similar ce
strophic consequences. The development of this
sis will take place in a hopping manner. At its fi
stage, the consequences of technogenic tran
mation are localized within the boundaries of in
vidual sections of the World Ocean. But their nu
ber is constantly increasing. At a certain point
time, the cumulative effect of this process for a |
atively short time can cause the destruction of
World Ocean as a single system, and its transi
to a new state. This will inevitably disrupt cont
tions in most parts of the planet, and will caus
global ecological and socio-economic crisis. At
same time, it is impossible to stop the proces:
technogenesis of the World Ocean under the co
WLRQV RI FRQWLQXRXV JURZ
and its need for natural resources. The only real
to prevent catastrophic consequences is to dev
mechanisms for controlling the processes of te
nogenesis. In practice, this problem can be so
by creating managed natural-technical systems
these systems, enabling ecological conditions

gh]_g_a fbjh\h]h hd_ZgzZ o0Zj.

HiZkgu_ ijhp_kku<liy\&L9ghy 0

-
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g_\hafh gh ?72bgkl\_gguf j_Ze biodiversity conservation are ensured by the op
ij_"hl\jZzs _gby dzZlzkljhnbqg_kc tion of technical facilities - ecological regulators.
ki\bc y\ey_|ky jZajZ[hldZ f_oZ¢c
gby ijhp_kkzZfb | _ogh] _g az G.
"ZqzZ fh _ I [ulv j_r_gZ gZ hkg
mijZ\ey_fuo ijbjlhdgbqg_kdbo kt
wlbo kbkl_fZo [eZ]hijbylgu_
mkeh\by b khojZg_gb_ [bhjZag
gb\zZxlky jZ[hlhc | _ogbqg_kdhwodl
eh]bg_kdbo j ]Imeylhjh\ < dZq
bkihevah\Zlvky | _ogbqg_kdb_ k
~gby kha”z\zZ _fu_ ~ey ~jm]b«
kiI\_ggu_ hkljh\zZz fhjkdb_ we_
N Fbjh\hc hd_Zg y\ey Iky ~h
g _eh\_qgq_kI\Z gh _]h ijb[j_"gu
hkljh\Z ijbgz~e_"ZI hI*_evguf ]
Ih wlbf ijbgbgzf mijz\e_gb_ |
Fbjh\h]l]h hd_ZgZ h[mkeh\eb\Z |
jZa\blby ki_pbZevghlh gZijzZ\e
f_"~"mgZjh~rgh]lh ijz\Z dhgkhet
jZaebqguo kljZzg ih dhfie_dkg
wdheh]bqg_kdbo wdhghfbqg_kdb
kdbo ijh[e_f

Dexq_\u_ kehNZogh]_g_a F Keywords: technogenesis; World Ocean; natur
hd _Zg ijbjh”ghpbg_kdZy kbkl_f: technical system; ecological regulator; creative |
g_kdbc j_]lmeylhj dj_ZIb\gZy i adigm of solving ecological problems, artificial i
gby wdheh]bg_kdbo ijh[e_f lands.

hkljh\Z
<\_"_gb_ ihkimie_gb_f \ \hAm \_s_kI\ beb I_i
L _ogh] _g_a Fbjh\h]h hd {/g_ul\]btist)ko JZaeb‘qgeuZoI evoih] ggbuaof h
|_oghl_ggZy ljzgknhjfZpby - g g

’J‘%H khkiZ\ beb |_fi_jzImjghlh

k\hckl\ ghkbl fgh]hieZgh\uc OZJ ,g _fy baf_g - @bfbmba(hﬂdbm)

h[mkeh\eb\Z_ | fmevib” bkpblengJkg\Lg]c k(ﬁiéj\%w ¢ kj_~u \hagbdZxs Vi
N o) — —_— —
bamq_gby "zgghc ijh[e_fu '—gozjj Y- K1jzibnbdZpbb fhjkdhc
ZKki_dlu y\eyxlky ij_~f _|Ihf bamq_gby d‘h
g q hc ~ _yl _evghklvx dzZd h~*g
]b~rjheh]lbb ]b~jhobfbb f_I_ hjheh]]eb Wb T o kKEZIib\Z 1K <f K|
Aim]bo gZmgguo “bkpbiebg G gg,\ g_ | J —1KYy .y

jZaebqgby ij _~f_Ih\ bkke ~h\Zgby 11[he ~kljzlbnbdZpbhggh_  az]j
oy Z@ fh™ | ij_"~klzZ\eyl

wlbo bkke_ _"h\Zgbc k\hckl\_ggu

. L Wdheh]bq kdmx hizkghklv G
q_jlu - hj\uo hkgh\gh _ \g f—

; h"t f lem[bgguo \h”™ k \i
Ki_pbzZebklh\ m”~_ey_Ilky hlI~ evgu1" h R
: . : . _jh\h~hjh~rz  fh™_ I \L
jZkkfhlj _gb_ dhlhjuo Z[k|jZ]bij| bafh\ Vih\ ioghklauo kehv.
ijh[e_ f Gzijbf_j bamgq_gb_ k'LJ g ~loghklg y

aZljyag_gby fhjy hfuggh h]JZgbqb\Z_Iky

Suzdaleva A.L., Beznosov V.N. Modern technogenesis of the world oceare naprocesses and ecologic
problemsHydrosphere. Hazard processes and phenom2020, vol. 2, iss. 1, pd9-31. (In Russian; abstrac
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<h\lhjuo ijhyle_gbyogh]_g \adey”~Z gZ \hafh gu_ imlb ij_"hl\jZs
gZgqbgz2\kl_klhjhgg_ ZgZebabjh\zZlvd bl dlaijhqbleq¢ kdbo ihke ~kl\bc wlbo ijhy
ebrv ihke_ Ih]h dzd hgb. ijbg%fZ)hl hehlbq_kdb_ iibgpbiu
\ujZ  _gguc g_]J]Zlb\guc oZzZjzdl_ =eZ
azZ™"ZqZ gZmgghc ~_yl _evghlghb \a%%%xqz \lg;lgby
hitykg_gbb ijbgbg m _ ijhbahr_~r_]hjb Zkfhj_ b ZgZeba_ bgnhjfZp
ijhlghabjh\Zgbb [mM*"msbo kh[uldZjZdd_jBamxs_c ijhp_kku l_ogh]
k\h_\j_f_gghc jzZajz[hld_ f_j i hrh hrewhydbo hd _Zgz fu jmdh\h~kl\h\:
ba[_"ZIlv bo g_J]Zlb\guo ihke_"klklec "rh¥sibflygZjbgpbiZfb
kh\j_f_gghf wlzZi_ ijhbkoh”bl bkdmkkl\_gdkeh \hafh guo gZijZ\e _g

baf_g_gb_ dhgnb]mjzZpbb [_j_]hh _o@llelmgoawo \dexgZebkv g_ lhevdh ij
fhj_c b bo ihA"\h~Aghlh j_ev_nZ <hgjhklithyshf g2 fy ij_"klzZ\eyxsb_ kT
dzdhf wlzi_ wlhl ijhp_kk kfh'jlzemgdhaZlv m]jham dimighfzkrlZ[
agzZgbfh_ \ebygb_ gZ o0zjzdl_j pbidogylplglg Ap \tha”~_ckl\by gZ Fbjh\hc h
\ua\Zlv baf_g_gb_bf faddjhdebfzbz\u”~\b]Z\rb_ky \ ijhrehf b”_b \hiehs

ijZdlbg_kdb g_ bamqgZ_Iky dhlhjuo kihkh[gh \ua\l\Zlv ZgZeh]b

<lj_lvbo ijb \ujz[hld_ f_j_amhevliZl D2Zd ihdZaulZ_| bklhjbqg_kt
ij_"hI\jZs _gbx b kgb  _gbx g_éZ[BEyWydg__ hlI\_jlgmlZy b~_y \ baf_g
ihke_~kl\bc |1_ogh]_g_aZ Kki_pbah&kekhlMbyodhAd | [ulv j _Zebah\ZgZz
ijZ\beh g_ \uoh”yl az jzfdb aklhly\logdKy ggZy |I|jZgknhjfZpby Fbjh
aZij_Ibl_ehnlgBgbgbl_evghc iZj2rdb]ZgZ h~rgh\j_f_ggh ijhbkoh”bl ih g_k
khlezZzkgh dhlhjhc j_r_gb_ wdheh]lg@ijkideo dbhbuadhlhju_ fu jZkkfzZljb\zZ_:
ijh[e f h[mkeh\e_gguo ljZgkhiyf2puc \b~u |l _ogh]l_g_aZz
hdjm Zxs_c kj_~u azZdexqZ_lky ]\hhthkbkeelgphbq kdbc ]brjheh]lbqg_
dhgljhey hI®_evguo O©Oihl_gpbZeviphjhdBdkgqguoldbc b [bhlibg_kdbc >Km
\bArh\ g_eh\_qgq_kdhc ~_yl_evghklb=Iigkghkikeh\byD Gh ke_"m_1I| ihfgbly
g_ij_julgh]h jhklz gZjh"hgzZk jZagibhp vlbo y\e gbc ijhbkoh”bl g_ hJl
ihklhyggh]h ihyle_gby gh\uoz \ kbhhyhc \azZzbfhk\yab

Nyl _evghklb klyaZgguo k hk\h3gb & jdkgijklebjm_ fuc | _ogh] g _a Fbjl
Fbjh\h]l]h hd_ZgZ ih~h[guc ih*oh’hdhzZglz™dlau\Z | baf_g_gb_ mkeh\bc ij
ebrv \j_f _ggu_ ehdZevgu_ jgdmewWw Zdu ih\_joghklb ieZg_lu \de
HklZgh\blv ijhp_kk |_ogh]_g_aZ jjbbhhdb]lh dhglbg_glh\ W lh g_bal
hd ZgZz dzd b [bhkn_ju Kb fpn esthjim _| jZa\blb _ leh[Zev
aZij_Ibl_evgufb f_jZfb g_\hativdgthe hlbq_kdbo djbabkh\ ijh*h\hevl
>Kma~rZe \Z =hjxgh\Zz @ PHibhgibly_dgugby b ~j >Kma~rzZe_\Z

j_Zevguc imlv j_r_gby ijh[e_fu azdkeddZ_ Iy ©® wlbo y\e _gbc e_"bl ba
kharZgbb f oZgbafh\ mijZ\e_wgbheh]wbbfkdhec kbimZpbb \e_dms_ _

ijhp_kkhf ITh~h[guc f_Ih”"heh]bq_kgdjenrhgdh”" mkeh\bc "bag_"_yl_e
dhlhjuc fhgh gZa\Zlv dj_Zlb\ghcgiZzkZeblghy h[rbjguo j_]bhgh\
ijhib\hj_qgbl hkgh\lghfm ki4.j _hlbiamevIZlhf | _ogh] _g_azZ \h \k_o

©wdheh]bqg_kdh]h fure_gby? hMyepZbksy fimagbdgh\_gbl opglg~gthc
\hafh ghklv ZdIb\gh]lh \f_rZl_evklIkBkg_fah\1dZ kh\hdmighklb \azbfh”_ckl
\ ijbjh~rgu_ ijhp_kku 1Ih wlhc ijbgt¢g_dphlevx kl_kI\_ggh]h b bkdmkkl\

"Zgghc jZ[hlu y\eyeky g_ lhevdhijihlh{esEXsbghby >Kma~rzZe_ \Z @ Km
ZgZeba jZaebqguo Zki_dlh\  "A\_odigh\gaiz dZzZIl_]Jhjbb ih~h[guo kbk
Fbjh\h]lh hd_zZgz gh b hlihkgmazgbghkylky g_mijzZ\ey_ fu_ ijbjkt

g _h[oh~bfhklb ijbgpbibZevgh]h li ggkghl§ab_kbkl _fu Hgb \hagbdZx!| ki

21



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

b bo kms_klI\h\Zgb_ dzd ijZ\beh khije9"azl_Ikgh] g _azZ Fbjh\h]h hd_Z

b ° X

‘gldhhzh]zq—kdh.c _liz7zpb_c hdjm Zxp_¢ Kl "H o Epin\h]whid i ez kk
jzy dzl_Jhyh mijziey fu_ "bjh\e%/xsbck amevizIhf ijyfhlh b dhk\

|_ogbq_kdb kbkl_fu  Mkeh\b \ g - Iy

= = = - a qs)lﬂy gZ ]b”jhkn_jm \_kvfZ rb

N
hij_"_eyxlky jZ[hlhc wdhe
_ \ g_eh\_qgq_kdhc "_yl_evgh
j_lmeylhjz \ dzZq_kI\_ dhlhjh]h f k%m {'l ’\kl\bc jZza\blby wdhet

j2aebagu.. mklipekiiz 09 —gb’%‘;]wl zE E \har_ckl\by g_hlo
jm-_gby j_ bfu jzfhlu og Jk”llgﬁ prh\ZIv \u”r_eb\ g_kdhevdh
dhlhjuo khhI\_lkI\mxsbf ant, kTR o rZe
kdhjj_dIbjh\Zgu >ey \uiheg_gby wlrrJ L34 7 1-99
g _h[oh”bfh jza\blb_ f_° "bkpblebgzi—é‘ﬁmnheh]bq kdbc I_ogh]_g_a
gZmeglglogbqg_kdh]h khijm~rgbg_kl\z =_hfpinheh]bqg_kdbc |_ogh]_
\Z g_crbf mkeh\b_f yley Iky kbgaZdexgxdiky \ baf_g_gbb dhgnb]mj;
ihroh” d hkfuke_gbx p_e_c b inKljondlmjydyj_lh\hc ebgbb Z IzZzd _ ih”
ijh[e_f < ~Zgghf kemqgZ_ wlhj_gZknZqgh_yl_evghklv ijb\h*ysZy d it

\hkijbylb_ jZaebqggufb ]jmiizfb kij_pbzewvlkdhdf ij_ke_"m_I| jZaebqgu_ p_
lhgdb aj_gby k\hbo b~_cguo ipMb\&bjde\ jZajZ[Zlu\Zxlky b hkms_kl\
Ki_pbZebkdhieh]Zf g _h[oHgbihgbke_gdpnh _dlu hl jZaf_ s _gby
i j_kfhlj_Iv  hlghr_gb_ d | _@gmlygueam ieZlnhjf ~h  kljhbl_evk
hdjm>Zxs_c kj_~u dzZd d km]m[hbldizkhg gfeu o a_f_evguo mqZkld
yle _gbx Ki_pbZebklu -bgogbgjgddthledmkkI\_gguo hkljh\h\ mgbqglh Z

kn_ju “he gu \hkijbgbfzZlv az"Zgmogdgmigevg_ mqgZkldb r_evnh\hc al
wdheh]bgq_kdhc kblmzZpbb g_  dZid"ehaiweavghb \_kvfZ jZaebggh hj]
ijbjhrhhojZggh_ h]jZgbqg_gb_ Z daddu@bg ibehcaguo bkdhiZ_fuo gZ r_
dhg_gguc j_amevlZl k\h_c ~ yiZafyghib_ +Zwjh*jhfh)\ ijhba\h”~kI\_

p_e gZijz\e_ggh_ memaqr_gb_h[t_ddké&h\ibeuo fZkkb\h\ b ij Ih ijh]gh
hdjm*Zxs_c kj_~u Jham ~h fegdf fhjkdbo zd\Zlhjbc
5. lihbkoh”ysb_]Jeh[Zevgu_ debfmrogl lkdd_g_gu bkdmkkl\_ggufb |_jjbl

baf_g_gby iZjgbdh\uc wnn_dl HCheegial.z201d].

bfb baf_g_gby Fbjh\h]h hd zZgzx ig”Z\eyxs_f [hevrbgkl\_ kemg
jZkkfzZljb\zZxlky \ klzZlv_ dzd \hpip"k@gb_ bkdmkklI\ _gguo hkl
| ogh]_g_azZ Wdheh]bg_kdzy albBigbihkt¥ _Mio aZ]ljyabdgm _Zxs_c

yle _gbc g_khfg_ggZ Gh ljzdlhkIlVubdatizd gb_f Jb*jheh]bqg_kdh]h j_

ijhp_kku km]m[h | _ogh] ggh]hlZdozj2&d\jz*Zpb_c b dhj_gghc IjZgknh
ij_ "~ _\j_f_ggh Fghlb_ ki_pfthZlkedtkou [bhIhG et al, 2015@ ?keb

ijb~_j b\zZxlky fg_gby qlh hkgh\&mkbjlnewki\h bkdmkkI\_gguo a_f_
ijhbkoh”~ysbo ]Jeh[Zevguo debfBlldddbb hkljh\h\ [m”_1 ijhbkoh”blv
ijhp_kkzZo b]jzxl _kl_kI\_ggu_ nzdIH]dfb<f lh b \ gZklhys__ \j_fy |
k |_f ozjzdl_j ihke_~kl\bc |_odtj_f_@azgawmc fhf_gl wlh fh _I ijb\_kl
fghlhf aZ\bkbl hi oh~Zz leh@reygauldx khhighr_gby iehsZ”b km
debfzZlbg_kdbo ijhp_kkh\ b Flgini\hlb\ hd_ZgZ k khhi\_TklI\mx:
|_ogh]_ggZy ljzgknhjfzpby FbjhWdh ghdbxglz- b afzdjhdebfzlz 2z 1zd"_
fh | dZzd mkbeb\Zlv 1Zd b kgbnzkehjpba\blbkms_kl\h\Zgby wdhkbkl _
iZjgbdh\h]h wnn_dlZ "bag_"_yl _evghklb gZk_e_gby gZ fghlb

ieZg_lu V'l g m~Ze_gguo hl fhjy
< h[hajbfhf [mMA"ms _f fh gh
ijh]Jghabjh\zlv b jhkl fzkrlZ[h\ |I_ogh].
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ljZgknhjfZpbb j_ev_nzZ ~gzZhdFiggdhdhl_jfbq_kdh]lh j_"bfz WIb ijhp_kku
lj_"~_ \k_]h wlh k\lyaZgh k hkiedbakpeéyloky dzZd \ nhjf_ p_e _gZzZijz
jZaebqguo ieZgh\ hk\h_gby mkbgkdbdzZd b y\leylvky ih[hqgufb wn
f_klhjh "~ _gbc ihe _aguo bkdhz2bfadbpbb jZaebqgguo ijh_dlh\ < i_j\h
IhA"\h~guc j_ev_n yley |ky \Z gufihmgdldhgdRkf ihl _gpbZevgh mijzZ\ey fu_ ijl
nhjfbjh\Zgby fhjkdbo | _gqg_gbcogbgbkdb_ kbkl_fu \ dZqg_kI\_ wdhel
ke _"h\zZl_evgh _]1h baf_g_gb_ lzZdmexlhjkh[gdhlhjuo fh gh bkiheval
hdZzazlv agZqbfh_ \ha”_ckl\b_ g2 hkebfdlfdgh]bld”jhl_ogbq_kdb _ khhjn

mqgZkldh\ ieZg_lu >ZggZy ijh[e_fZiehkimgdm[eymlklyhcklI\Z Ney \_jlbdZe
|_f qglh ijb jZzajz[hld_ fhjkdbo f_kilhjhf'"s gy \h”™ b 7] <h \lhjhf ke
\hkklZgh\e_gb_ ih*\h~gh]h j_ev_ngZ bagZkgthys_ nhjfbjmxlky g_mijZ\ey_

\j_fy ij_"klzZ\ey_I| kh[hc g_\uihegbifiinphagh dgig_kdb_ kbkl_fu N e
= hfhjnheh]bgq_kdbc | _ogh]_gija\Fdsgh\ggh dhlhjuo \ mijzZ\ey fu_ Ij_ [
hd_zZgz fh _I hihvkeh\e_g g_ Ikteadhgb_ wdheh]bq_kdbo j_]meylhjh\

p_e _gZijZ\e _gghc Nyl _evghklvx >gkl _ebghklv j _amevlZlhf dhlhjhc
ijhp_kkzZfbdhk\_ggh kijh\hpbjh\zZdguMb | _ogh]_ggZy ljZgknhjfZpby fh
g_eh\_dhf Bo ijbf_jhf kem bl dm\gebtlocgb kvfZ jZaghh[jZagZ <ha”_c

I\_j~h]h ji_gghlh klhdZz khinmhjbatxgslZevgh gzZijzZ\e_ggu_ fhjkdb_ |
mj[ZgbazZpbb \K _ gh\uo | _jjgdhjblc hdzZau\lzlv \ha\_”~_gb_ bkdmkk
jZkrbj_gbx ahg bo bgl _gkb\gh]h oh&yjdhRh\ gghkhm”*"Zxsbo ij_1iZ"m gz

hk\h_gby lhkimie_gb_ "hihgghkijlreklghyh gby \h~ b bkihevah\zZgb_ ~
dhebq_kI\Z \a\_kb \ fhjy ijhy\ey_ Ilkly*gudhéx®dk \*ey \ujZ[hldb we_dljhw
bgl gkbnbdzZpbb hleh” _gby \ gZbhjkhhg j] Ibg_kdbc ihl _gpbze fh

ijbmklv_\uo Zd\Zlhjbyo M _ \uKddagbzZxhyhf_g >H@kep &tlhH ROLI].
hizk_gby agZgbl_evgh]h m\_ebq=¢pblyl Hkg "kdbhlhevdh _]h bkihevah\Zg
lhesb \ p_gljZevguo gqZklyo fhjkdbdlyzZzKhkecgh\ feg d<l we_dljhwg_j]

\ fZkrlZ[Zo kihkh[guo \@akPiys__  \j_fy \ ~Zgghc h[eZklDb
dZlzZkljhnbg_kdh_ ih\ur_gb_ mjh\gdajzhpH¥glhjy” ijh_dlh\ GZb[he__ [eb
hd_ZgZ >=mebg @ j_ZebazZpbb ijh_dlhf y\ley_ Iky kljhbl_

<f_kl_ k I_f kha”Zgb_ bkdnmkkil\glyguwe_dljhklZgpbb \ jZchg_ ;_jf

hkljh\h\ b a_ f evguo mqgzZkldhhklja\h\ZdgZeh]bggu_ ijh_dlu kms_kl\m
khhjm™ _gb_ dZjv_jh\ gZ fhjkdhf ~gehhbdkdZlhl b =b[jZelZjkdh]h ijhe
rbjhdb_ \hafh ghklb 7~ey nhjfbhRlEgdl]h ih[_j_ vy Yihgbb | _q.
dimighfzZkrlZ[guo mijZ\ey_ fuo- DO jjikdhh

| _ogbg_kdbo kbkl_f \ dhlhjuo nabydipbd_yl _evghklb khijhkhy ~Zxsh
wdheh]bg_kdbo j ]Jmeylhjh\ [m "mZjmuoilgdgylWn _jlbdZevghc kljmdimju \|

\ha\h”bfu_ h{t_dlu Lzd bFafk kg _gdjmr_gb_f kljZlbnbdEBpbb

dhgnb]lmjzZpbb [_j _]h\hc ebgbb QzZaghhpgRaldu Gh ijzdlbg_kdb \k_
j_ev_nzZ fh | bgl_gkbnbpbjh\Zlbkdmgkkkwguo Zi\ _eebg]h\ b "*Zmg\.
kZfhhqbs_gby fhjkdhc kj_~u \umamfxblvagZqgbfh_ baf_g_gb_ mkeh
wdheh]bqg_kdb_ mkeh\by gZ fhjbdjhcgkp_ ~_ >; aghkh\ Z@ HI
| _jjblhjbyo agZgqg_gb_ \ kn_j_ |I_ogh]l_gguo gZj

—brjhehlbq kdbc | _ogh] g a kliZIbnbdZpbb byl ih~t_f Jem[bgguo
=bArjheh]bq_kdbc |_ogh]_g_a \é‘exqf' | {Rx-ioghklb  Hg 1zd"_  fh

kh\hdmighklv ijhp_kkh\ LY Sfék%'hey"’\ky f]'zfd p__heEQZLiZh\e_ggh
liZgknhjfZpbb kljmdImju b &%%‘? !)\f:klb n J___\h:c [ qu ] WEIn
keZ]Zxsbo Fbjh\hdhtdudgfzkkzd: -Y'-€V9 D i_j\hfm kemqgZx |
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jZaebqgu_ kbkl_fu lzd gZldw\zZzkidplhzf _1h 2zZ\lhjh\ wlh ijb\_eh

©bkdmkkI\_ggh]lh Zi\_eebg]z? bh\idnre viebmxx b bfi _ jZImju ih\_joghklguo \h*
[h]1Zlu_  [bh]_gZfb Jem[bggu_ NhAhj/hdghtey zZzd\zZlhjbb \iehlv ~h Qmd
ih\ur_gby ijh"mdIib\ghklb ohaycklh"higkudhd”_b \ukdZaulZxlky b \ gZk
Zd\Zdmevimjukh\j_f_gghf fbj_ ~¥jgdy¥y LZd \] \hijhk h i_j_ghk_ mklv
A yl_evghklv ihemqgZz_|I \k_ j :ffhegh\v h[km ~"Zeky gZ azZk_"Zgby
jZkijhkljZzg_gb_ b fZkrétAJu > @ J<<eZ”b\hklhdZ b gZ ki_pbZevgh hj]lZgb
agZgbl_evgh [hevrbo h[t _fZo p_e ibzZtjZdghbguch\h”m dhgn_j gpbyo < |
ih~t_f ]Jem[bgguo \h” hkms_kl\eyeFRght 1Z4d eb jZkkfZljb\Zehkv mem

gZau\Z_fuo hd_Zgkdbo | difEeAIFuaZ ih[_j_"v_ Ijbfhjkdh]lh djZ)
we_dljhklZgphyo @ Ihfbfilm\ur_gby _]h ijb\e_dZI_evghklb dzd dr
ijhba\h~"kI\Z we _dljhwg_jlbb g_dhahjgu ijhjmiobg_kdb \ur\b]Zxlky b ~jm]
ij "mkfzljb\zZx| bkihevah\Zgb_ wibowhlhic_&[\Zklib gZijbf_j ihkljhcdZ ieh
dzq_kI\_  ijhfure_gguo hij_kgb]_gboglh\hZ ijheb\_ q_j_a dhlhjmx [he__

hljz[hlZggu_ [h]Zlu_ [bh] _gZfb \hém[bbgh]l]h hd_ZgZ [m”~ml \ [hevrbo
\h~u fh]lml [ulv bkihevah\Zgu "dyj jdagb\Nivky \ K_\ _jguc E_"~h\bluc

fZjbdmevimju DjmighfZkrlZ[guc «&haglbdvh”® bkdmkklI\_ggh_ |_ieh_ f
ba ]Jem[bgguo keh_ \ \k_ rbj_ bkliheevaim Nhe \gh \ua\zZlv IZygb_ iheyjgu
kbkl_fzZo |_ogbg_kdh]h \h™ gkl Z[\uagby | [eZ]hl\hjgh_ ih fg_«

jZaebqguo ijhfure_gguo b wg_ jKIHpogdiddlor *Zgghec b~ _b ihl_ie_gb_ d
hit _dlh\ ;he__ gbadzy | _fi_ jZIm)\k_Ffekn[bgghd ihemrZjbb

\h~ agzZgbl_evgh ih\urzZz_| wnn_dIlb\ghlkld blo_ wlb ijh_dlu bf_xI h~gm h
jZ[hlu ljb wlhf h[t_f ih~rgbfZ_fyuolmh”r"Hgb h[hkgh\u\lZxlky dZd \hafh

"hklzZlhggh \_ebd GZzijbf_j jZkbohbfbaZplgz debfZlbg_kdbo mke
kh\j _f gguo k#Kgbf kh klhdhf g_dkilhjbpklI\mxsbo jZa\blbx dhgdj_ ¢
j_d gZijZ\e _gbc g _eh\_qgq_kdhec Nyl e

<h \lhjmx dZl_]hjbx \oh”bl »_ymemghktby mkeh\bc fhj_iezZ\Zgby ih
ijb dhlhjhc ih~t_f ]Jem[bgguo \h%{_djeXpblkyggh]lh ihl_gpbzez ijbl[j_
ih[hgguf wnn_dlhf GZijbf_j hg glZ[je¢xitgbkkyb *j >im]b_ " _ ihke_"I
ijb \ha\_~_gbb \ fhj_ jZaebglyuag _azZ blghjbjmxlky ohly ijb j_Z

]b”jhl_ogbq_kdbo khhjm' _gbc ~hjuigo ihighado hgb \_jhylgh [ueb
bkdhiz_fuo ijhdez”d_dZ[_e_c b timpkjihbggufb LZd m\_ebq_gb_

kljhbl_evkl\_  ihA\h~Aguo lhggjegguo \\~» \ DZjkdh_ fhj_\ h[t_f_ kih
hkms_kl\e_gbb ih”\hAguo \aju\gua\Z[Z[hdgZqbfh_ baf_g _gb_ _]h e
>: aghkh\ Z@ i “bfz g _ba[_“gh khijh\h ~Zehkv
lih_dlu dhjj_dIbjhi\ditbg_kdhJkgb" _gb_f khe _ghklb \hA Ah  mj
i "bfz fhjkdbo zd\Zlhjbc \ ijhuabizZxs_]h 1b[_ev ih"Z\eyxs_

g_h~rghdjzZlgh jZajZ[Zlu\Zebkv [hevripgleM¥ h[blZxsbo \ g f hj]Zgbafh\
memqgr_gby j ]JbhgZevgh]h debfzlz BZkikkdEZhji\b\Zy ijh[e_ _fu ]b”jheh]bqg_k
ohayckl\_gghc ~_yl_evghklb I7dil_eghl_g_azZ ke_"m_I| h[jZlblv \gbfZgb_
(0X0) \_dz Ney ih\ur_gby | f\_gZllimhys_ _ \j fy g _eh\_q_kdzZy ~_yl_
ih\_joghklguo \h” DZjkdhkh pfhgyxX*Zgghf ieZg_ ijhy\ey_Iky ihqglb bkdexq
memqr_gby nmgdpbhgbjh\Zgby \ rEEvhhj\dicllmhg_ Gh k “hklZlhgguf hkq

fhjkdh]lh imlbf_“ezZ]Zehkv i_j_gzZiffg’\dHAv ij_"~iheh blv qlh m _ \ [eb Zc
j H[v \ yZcNZjZpdmx IJm[m [m2jms]hfc ]b "jheh]bg_kdhfm |_ogh]_g_a
ij_"eh _gguc \I_ "_ ]1h*u iezZg ij_1mk\iZljb\Nkey zZd\Zlhjbb \k_ [he__ b

i_j_gZijZ\e_gb_ kfimgA Hohlkdh._ finf*Ze_ggu_ hl [_j_]h\
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Obfbg_kdbc b [bh]_hobfbq_kdkichkhdghmgl Bmn_jgu_ k\hckI\Z fhjkdhc

Obfbq_kdbc | _ogh]_g_a azddhehlpgy kdh_ b obfbg_kdh_ jZae
baf_g_gbb obfbg_kdh]h khkiz\z 84i¥agh\n¢nc Z 1Zd _ bo i_j_oh” \
hd_Zgz ih~ \ha”_ckl\b_f q AP RdRBIf_ lim*ghjZki\hjbfuo kh_"k
Ayl _evghklb Dzd m'_ mdzautZekky Kvdef fh gh ij_*iheh blv qlh
g _dhlhju_ jZg__ \u™\b]z\rb_ky 9jHidM‘ghf jhkl_ ihlhdZ aZ]jyagbl_e.
kemgZ_bo j_ZebazZpbb ijb\_eb [id_Aijekg9gbx wlZi_  ijhbahc”_I g

agZgbl_evguo zd\Zlhjbc H[jzlgudZgnki\nggme kdZghd \ j_amevIZI_
0Zjzdl _jm y\e_gby azZdexqzxsb_ Ky {mh\@ZlgxpZlvky agZgbfu_ b 1\ hle
khe ghkibjkdbo \h~ gzZ[ex~zxIkdhgipg_glZevguo \h~guo h[t_dlh\ ijZzd
khdjZs_gbb j_qghMh kgmalZ _ggb_ €njhliZlbfu_ baf_g_gby khklZ\Z \h™ \|
><bghl]jz~h\ et al; X @ Ehdzéwgnf_ Fbjh\bfd_ZgZ Hg_\b%gh qlh
ih\ur_gb_ khe_ghklb fh> | [ulv hMARERI®aAgkdhf ieZg_ ih~h[gu_ y\e_gt
jZ[hlhc ijhfure gguo hij kgbhkbely dzZlZkljhnbg_kdbc oZjZdl_j ih
dhebgq_kI\h b fhsghklv gdmbdjdog@hfba_kdbc khklz\  \gmlj_gg_c k
\hajzklz_ | dzd b h[t_fu k[jzku\Zht4oeyxg_Jh [hevrbhgkbZo hj]Zgbafh}

fhj_ hljz[hlZgguo jZkkheh\ aZ\bkbl hl khklz\z fhjkdhc \h”u
<u”\b]Zebkv b b~ b p_e_gzZijz\&@Sgghlhevrmx hiZkghklv ij_nklz\e
baf g _gby obfbgq_kdh]h khklz\z \HBhL Apbfhok kgbc |1_obgh]dylrrjuf fu
jZzajz[zlu\Zebkv ijh_dlu \g_k_ogby MG _fbc I_ogh]_ggmx ljZgknhjfZz,
0ZebklZlbqg_kdEbjahlgih hdkzm3ev dim]h\hjhih\ jZaebgguo obfbg_kdbo we
ih\ur_gby bo [bhijhAmdlb\ghklb:Ph]l_kpbfbqg_kdb_ pbdeu h[_ki_qg
ijh\h~"bebkv gZImjgu_ wdki_jbf_ gll&bklaigﬂg,h\z“bgkl\h [bhkn_ju  Baf_
>hfZgh\ @ 0Zjzdl_jZ wlbo ijhp_kkh\ dhlhjh_ g_

<k_ wlb ijh_dlu fh gh jzkkfzljbkey"@za3Z ex[uf djmighfZkrliZ[guf
ihiuldb kha~zZgby ihl_gpbzZevgh h#ifz8egbtfo khklZ\Z b kijmdIimju Fb
ijbjh~rgh ogbq_kdbo kbkl_f H~rgzdW gZ®b4he _ _1h obfbg_kdbf b Jb*jheh
agzqbfuf zki_dlhf obfbg_kdhlh |_oHhL &4 alf g_bal_"gh kdZ _lky ¢
yley lky azZ]jyag_gb_ fhjkdbo \h~mpskhdge [bhkn_ju \dexqzZy \k_ ijhkl

\hagbdgh\_gbx gZ h[rbjguo ZAZIAYHgOMrghc kj_"u h[blZghby
g_mijZ\ey_fuo A 1jz*"bjmxsbe Biggpnklgapb_c  \hafh'guo  wdheh]bq
| ogbq_kdbo  kbkl_f >Zggu_ Thkpng ke fhiml kem blv j_dhgklji
ijhyleyxlky ih\k_f_klgh b bo A_1Fkhhgh®PhiZevgubheh]bg_kdbo,djbabkl

ZgZebam ihk\ys_gh hljhfgh_ ‘d&eha@u@\h9Zjmr_gbyfb mj]e_jh~ghJh
im[ebdm _fuo jZ[hl G_ hklzgz\eb2gbwhtz wikbhiuo \ k\hx  hqg_j_
h[s_ba\_klguo b rbjhdh h[kkdXZhehobl_evgh yleyebkv djmighfZkrl
ijh[e_fZo h[jzZIbf \gbfzgb_ gz RAhfA @by kljmdimju Fbjh\h]h hd_ZgZ

jZa\blb_ kblmzpbb \ [mA~ms_f GZ2&h\j\hajypguo kp_gZjb_\  Jeh[Zev
wlZi_ ahgu kbevgh]h az]jyag_gbWdpekldoo k$hlh djbabkZ ijhbahr_nr_]|
ghkyl ehdzZevguc 0Zjzdl j <ughkbeh\hbw gpoibh"Z ij_"klZ\eye kT
mklhcgb\u_ Z] _glu az]jyag_gby KEBdKFI¥SXWKy R_iv kh[ulbc > bhkghkh)

Zd\Zlhjbyo m~AZe _gguo gZ d4zq®P_evgdimigh]h f_1_hjblZz \ua'
jZkklhygby Gh ihdz ihlhd aZ)ifdiddbnddZpbx agZgbl_evghc qzZklb }
ihkImiZxsbc \ fhjy highkbl_evghd_fZ%Z jy nhlbg_kdmx ahgm ba ijb*hg
highr_gbx d h[t_fm Fbjh\h]h hd_Zi@X!mha@mfmihevrh_ dhebq_ki\h [bh],
ijhp_kku azl]jyag _gby g_ ijb\h~yl Wgehl@8ER\ghhh khleZkgh iZe_hglheh
baf g _gbx obfbafz fhjkdbo \h~ WAhfikZig4ft \ualZeh [mjgh_ p\_l_gb.
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jzkijhkljZzgb\r__ky gZ [hevimkZfupZKlem[hdbo mqgzZklidh\ Fbjh\h]h he

hd_Zgbq_kdhc Zd\Zlhjbb >GZc”bdhkhjfj hk@s_kl\e_gb_ p_e_gZijzZ\
h[mkeh\b\rb _ p\_IfAglbkh\u _ \bgjueh\_q_kdhc ~_yl_evghklb ijb kh\j_
nblhieZgdlhgZz dhddheblhnhjb”mjh\gbflebgbg_kdh]h jZa\blby g_\hafh’
ba\_kldh\uc kd_e | hk_~zZy ih_hdhgfpwZghlkyle _gb_ ' Jem[bgZo hc

p\_I_gby hgb knhjfbjh\Zeb azZze_"bbkd&mjfkdZbduo km[kljzlh\ baf_-gy_| klj
\' I g ibkg_]Jh f_eZ ih dhlhjuf bnjngedpEZlagZgevgmx hjl]ZgbaZpbx kms_Kkl'

NZgguc ] _heh]lbg_kdbc i_jbh® <gbohi ezyblmo kdbo b [_glbg_kdbo khh]
ijhp_kkh\ ba ZIfhkn_ju [ueh batyjhamlghfgh_ gZ h]jhfguo mqgzZkldZo hd_
dhebg_klI\h m]e_jh”rZ GZkIimib\r~gzZ\ke\ halglbhlZ x| g _mijzZ\ey fu_ ijbjr
wlh]lh Jeh[Zevgh_ ihoheh”Zgb_ KklhighVYyg "eh kv kbkl_fu ijbgpbibz
\ufbjzgb_f [hevr_c gZklb dzZd fhjlkidhbogzZbkzsd bky hl jZzg__ kms_klI\h\Z\rb
gZa_fghc [bhlu _kl_KkKI\_gguo wdhkbkl_f Lzd [bt

‘bhlbg_kdbc | _ogh] _g_a i_jbnblhgzZz gz I\_j*hc ih\_joghklb hk_

bhibg kdbe | oghilly tmatsg §BEiZ Th I Ahkib]ZIv g_kdhevdbo db
dZq_kI\_ggh]h b dhebq_kl\_ggh]hg%hkq%%zz[b%ﬁ'ﬁ f_li >J_agbg_gdh Kh
\ua\Zggu_ g _ihkj "kiZhaguikl\b PohEmdZgbgz @ Ih]j"z dzd [b
|_ogh]_gguo nzdkgh\gufb nzdinj2igabafht \ _ki_kil\_gguo fy]dbo Jimgl:
[bhibg_kdhlh I_oghl_g_az Fbjn\nlftdag! ngz baf_jy_lky \ fbeeb]jZ
yleyxlky >Kma~rZe \Z =hjxgh\Z d\}@nguC -

baf g _gb_  mkeh\bc fhjkdhc kL GRF hljzaht [bhibg_kdbc 1_ogh
N . A Ano | lTE | g_kdhevdh jZaebqguo ijhp_
~ezxs__  __ g_ijb]h"ghc eykhlmgmiégbu%j amevIZIihf klZeh ijbgpbib
jZaebqguo \b~ h\ hj]Zgbafh\ -

d baf g _gb_ khklZ\Z hjjzgbafh\ gZ g_
N 7AN

kha®zgb_ [ez]hijbylguo mkemli\glgld.%o [bhkmhjfbjh\Zgb_ | _ogh[bhlu
fZkkh\h]h jZa\blby hi" _evguog np

KIZgh\ysboky gh\ufb Ahfbgzglzfb K THKkaBo' 4 ‘—29hkhl SEhjxghiz

wdhkbkl _f J Zevgu_ imlb j_r_gby ijh[e_fu

|_ogh]_ggu_ [bheh]bg_kdb_ bg\Zabby\, 7z | khfg _gbc qlh \ h[ha]
i_j_k_e_gb_ hjJZgbafh\ \  gh\upnmdZf 5 pha[ “gh jzZkrbj gb_ fZkrlZ
g _"hklmigu_ "ey gbo Zd\ZIthbm\k_elgarl%\bx_ jZzaghh[jZzaby nhjf | _og
|_ogbq_kdbo kj_"kI\ gZijbf_j bogjpih\AjRI% G 297z  Hklzgh\blv wihl i
lixfguo b [ZeeZklguo \h"Zo km"h\y M 285 V| evgufb f jzfb b |_f [h
;_aghkh\ =hjxgh&ol, Weis, 2019]; ih\_jgmlv \kiylv g_j_Zevgh <f_kI_ k I_

khanrzgb_ q_eh\_dhf ghluo i'Lbh?bjif’I\blv beb fbgbfbabjh\ZIlv g_]ZIl
ijb]h~guo "ey aZk_e_gby fhjkdbfb;Rll&Z 9Na{g{P| ogh] g az Fbjh\h]h hd_z
?S_ \-_ ]hAU (ONO] \_dZ [ueh |h’\kq| I_&@S_%H‘y klthZggh \hagbde:
kmfijgZy ih\_jOghk|V lhevdh h~ J%lpf\el)blt?ﬁo ij-tjj_hwaq_kdbo kbk|_f \
| _ogh]_gguo km[kljZIh\ \\h’\beOm\i'{ikléK,d_md(_ Hg_\b~gh glh ijzdlbq
kj_~mih#\h~guo qZzkl_c dhjimkh\ ieZ\ki " Kl\pTe § \ wihc h[ezklb [mA | g

* ij_\urZeZ kmfijgmx ieth"vjjé1 QPzaguf q_f gzijz\e_gby |_ogt
km[eblhjZze_c Q_jgh]h :ahikdh]h QzR&kH¢XFBbN thjkdhe kj_~u HibkzZlv
fhj_cJ_agbgq_gdh @ m>_ kms_kI\mxsb_ gZjzZ[hldb \ ~Zgghc |

~Dhebg_ki\h 1_ogh]_gguo kmlx{§Zlh\ migzevghc kizlvb g_\hafh gh
Fbjh\hf hd_zg_ ihklhyggh \hajZkiZ, | fZh BoP® baeh® gb f h[sbo ijbg;
jhev \ nhjfbjh\Zgbb [bhlu G—thhWh—_BPb}H(\Z'gby mijz\ey fuo - ijbjh?

dZd gZijbf_j himkdZxsbcky 9Z |ThyKHH_kdBB kbkl_f ihaujBpxide
fmkhj \ agZqbl_evghf dhebq_kI\_ ~hklTb]zZxl B
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_“bguc ihroh” d hkms_kl\e_fgbx " _wllmbb ]jZgbp \ ahgm \ha”"_
N _yl_evghklb b gZ bo hkgh\_mihZteybgbov ijbjlhdgibg_kdbo kbkl_f

hi" evgu_ jZajhag_ggu_ ihiuldke j*m_dgbyexqzZlv lhevdh |I_ mqgZkldb
gZklguo ijh[e_f \ jZfdZo djmighfiZRkmgydghjok \ukhdhc “he_c \_jhylghklb |
ijh_dlh\ gZijZ\e_gguo 9Z khojh@g_jgdb\gh ij_~hI\jZsZlv jZa\bll
[eZ]hijbylguo wdheh]bg_kdbo mgkgAalbtgubeyjhp_kkh\ b y\e _gbc kha
jZa\blby \k_]h g_eh\_q_kI\Z m]jham mom”r_gby wdheh]bq_kdbo m
Kha”~Zgb _ mijZ\ey_fuo - ijbjheglylv ijbjh*hhojZggmx nmgdpbx

|_ogbg_kdbo kbkl_f b bo ihke_fAmX3_gb\Zlv aZsblm hl \ha”_cl
kdhhj*bgbjh\Zggh_ jZa\blb_ \deXg&\ulgziyduo kbimZpbc ijbjh~ghlh

ihke_"h\Zl_evgh \uihegy_fuo | owhZigghlh o0zjzdl_jZz WIm azZ”Zgm

>Kma~rZe_\Z @ fh gh h[hagZgblv | _jfbghf ©Kkj_"haZs

1. <ulhj wdheh]bq_kdh]h j nleedyd b y2

ijbjh~gih_ogbqg_kdhc kbkl_fu dhlh3uc kim[t dlb\bazZpby welifZhél\ fhc

[ulv ijbjh~gh ogbqg_kdhc kbkhkfdgh\e_gb_
bgrb\b"mZevguf gZijbf_j mKkhmhZklxpbr"bg_kdbo ebp azZbgl_j_kh\.

bkdmkklI\_ggh]h "Zmg\_eebg]Z kbdpZgbd&ixs__ [eZ]hijbylghc kblm:

[h]Zlu_ dbkehjh~hf ih\_joghklguh[_ kh*gb\%Z_ fhc jZ[hlhc wdheh]bqg._
ijbrhggmx aZklhcgmx ahgm h[jZjaHWwayiiky ey bo h[hagZg_gby \ kh\
j_amevlZl_ baf_g_gby j_ev_nZ fhjkzdhmbhgKhgZ ebl _jZImj_  bkihevam_Ilky
]imiih\uf khklhysbf ba g¢g_ladleecdbbe” ju? Bfb \ gZklghklb
nmgdpbhgZevgh k\yaZgguo h[t_glByIvidnIbjiyZ\bl _evkI\Z hlI* _evguo kljZ
fhiml bljZlv jhev kZfhklh4. eNgpufdjh\Zgb _ Z~ fbgbkljZlb\ght
wdheh]bg_kdbo j_]meylhjh\ beb khjimdimgmlykyey fhc ijbjhogibhq_kdhc
khklzZz\eyy _“bguc j_]Imeylhj gZijkbkl kbkl FZ mklZgh\e _gb _ hnbpb

bkdmkkI\_gguo jbnh\ dhijj_ dMhjjhXisjoou o \azbfhhighr_ghbc f
]Jbrjheh]bg_kdbc ]brjhobfbq_kdkkgbazpb_c kljZzghc h[_ki_gb\Zxs_
]Jbrjh[bheh]bg_kdbc  j_ bf ijb[i_jglmeylhjZz b kl_cdohe” jZfb
zd\Zlhjbb 5. Dhhj"bgZpby jZ[hHbarz\Z_fhc

dhfie _dkguf ijb dhlhjhf mijizb¢hydh ogbg_kdhc kbkl_fu k ZgZeh]b
ijbjh~rgh ogbg_kdhc kbkl_fhc ijhbkorbZf®wZ hkgh)lbgpbiZz ©\hkoh”ys_]h
j_amevlzl_kdhjj_dlbjh\Zgghc jZ[hjlhu_dlhjRNAgbybottom-up approach)
dhlhju_f_“"m kh[hc nmgdpbhgZevyhhpg'bgXpdXgu aZzdexqZ_Iky \ ihkl_i
ijbf_jhf fh 1 kem'blv kh\hdmdghXkjlwbg_kdhf h[t_~bg_gbb hlghkb
bkdmkklI\_gguo hkljh\h\ jDadé¢bgyhda kbkl_f \ [he__ djmigu_ Kkihkt
ij_"gZagZq_gby kgZ[ ' _gguo kbRkkogfft\tb kdlkelyj*bgbjh\Zgghc jZ[hlu j_rz
hgbkldb fhjkdbo \h” b batylby ba thkrlfZjghjz ijh[e_fu >ey wlh]h g_h[ol

2. Hij_ ~ e gb_  izZjzfnjpA\ey_ fhigh ijh_dlbjh\Zgbb ehdZevguo kb
ijbjh~"gh ogbq_kdhc kbkZgfup skbkl _iffu *mkfZljb\Zlv \hafh ghklv b
b nmgdpbc \uihegy fuo __ jnmmpedbprgfZevgh]h h[t_"~bg_gby \ j_]bh
=jZgbp_c kbkl_fu y\ey |ky qgq_jlz faz_ijbhgggfgu_ kbkl_fu GZijbf_j jZae
dhlhjhc j_]meylhj g_ kihkh[_glbhptdaoybly_kdb_  khhjm"_gby kih
agzqbfhlh \ha”_ckl\by gz mkeli\dmebipkdhc ]b"jh~"bgZfbqg_kdbc j_"b
kj “u Lhqggh mklzZgh\blv ]jZgbpuhldZdbigzylgdhi mqgzkld_  Zd\Zlhjbb
g \hafh'gh <h fgh]lbo kemqgZyokdhdgh”bipnhpah\Zzgghf j_"bf_ jZ[hlu fh
baf_gylvky gZijbf_j ihn ey v mklhcgb\mx kbkl_fm fhjkdbo

]Jb~jhf | _hjheh]bg_kdbo mkeh\bc hihWwihfi\dxsbo dhgljf{eljmijbylgu_
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wdheh]bg_kdb_ mkeh\by \ h[rbjagZqpfhdmg_ ijhyle gbx bo g _]ZIb!
=bihl_Ibgq_kdbf nbgZehf wlhc A"wyhehidkllbdbo b wdhghfbq_kdbo ihke_

"he gh klzZlv h[jZzah\Zgb_Jeh[Ze3iglZajKhkldEZuwnn_dlb\guo f_ITh~h\ mijZz
mijZ\e_gby khklhygb_f Fbjh\h]h hidhggkkhf_ | _dfgh]_g_azZ Fbjh\h]h hd_Zg

kmlb mijZ\e_gby [bhkn_jhc

[ulv hkms_ kl\e_gZ lhevdh gZ hkgh\_ d

<u\h”y iZjZz"blfu j_r_gby wdheh]lbqg_kdbo
ihr"jZamf_\Zxs_c Zdlb\gmx
1.< mkeh\byo kms_kl\mxs_]hdhjjjkbZh\Zgbx ijbjh~"guo
gZjh"hgZk_e_gby ieZg_lu b h[t ddihfghyw]lh wihc az~Zgb ih*jZamf_\zZ_|
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:gghlZpby AZ[ZcdZevkdhf djz_ Abstract. There are a large number of ownerle
[hevrh_ dhebqg_kl\h [_kohaycg flood control protective hydraulic structures bt
\h~rdh\uo aZsblguo ]b”jhl_ogb ¢ without proper design and correct observance of
" _gbc ihkljh_gguo [_a gZ”e_ "z production technology in the Trans-Baikal Ter
jh\Zgby b dhgljhey ijZ\bevghkl tory. Some dams do not have owners and are
|_ogheh]bb ijhba\h”~kI\Z jZ[hl registered in the®Register of hydraulic structurés
bf_ | kh[kI\_ggbdh\ b g_ mqgl_ their condition and mode of use are not controll
]b~jhl _ogbqg_kdbo khhjm™ gbc  During operation, protective dams are subjecte
j_"bf bkihevah\Zgby g_ dhgljl mechanical and hydrodynamic influences, wh
ijhp_kk_ wdkiemZlZpbb aZsbl¢ carries an increased risk of additional damage
\_jlZxlky f_oZgbg_kdbf b ]b”jh tothe overestimated level of protection of the te
\ha”_ckl\byf qglh g_k_I \ k_[_ n tories. Itis necessary to take into account such s

gh]lh jbkdZ \hagbdgh\_gby ~F tures in order to make recommendations for tl
ms_j[Z \ke_"kl\b_ i_j_hp_g_gg further use or repair.
sbs_gghklb | _jjblhjbc G _h[oh* This article describes the experience of using

dbo khhjm™ _gbc k p_evx \ug_k_
pbc ih ~Zevg_cr_fm bo bkihe
ijh\_~_gbx j_fhglz

< "Zgghc klZlIv_ hibku\Z_Ilky hi
gby [_kibehlguo e_I|Zl_evguo
e_x;lE: 7ey hl[ke_~h\Zgby [_

manned aerial vehicles (UAVs) for examining ow
erless flood control protective hydraulic structu
of the Trans-Baikal Territory. The scheme of c«
ducting such surveys, which includes seve
stages, is considered. At the initial stage, the in¢
lation of ground reference points markers and tl
coordination is required. Then, the UAV is circl

Kurganovich K.A., Shalikovskiy A.V., Bosov M.A., Kochev D.V. &luse of unmanned aerial vehicles -

monitoring the condition of ownerless flood control hydraulic structaféke Trans-baikal territoryHydro-

sphere. Hazard processes and phenom@@&0, vol. 2, iss. 1, p2-43 (In Russian; abstract in Englist
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ijhib\hiz\h~dh\uo aZsblguo |]b
kdbo khhjm™ _gbc AZ[ZcdZevkd}l
j_9Z ko_fz ijh\_~_gby 1Zdbo
\dexqgqzZxsZy \ k_[y 9g_kdhevdl
gZqZevghf wlzZi_ lj_[m_Ilky mkl.
hihjguo IhiZjdl_jh\ b bo dhhj*bg
azZl_f h[e_Il | _jjblhjbb ;IE: b ih
jbb nhlhkgbfdh\ Ke_"mxsbc w
nhih]jzff_ljbq_kdmx h[jz[hldr
kt_fdb b ihemq_gb_ ijhklijjbykd\z
guo fh”~_eb j_ev_nz f_klighklb
ieZzgZ dhlhju_ azl_f ih"\_j]Zx
p_evx \uyle_gby *_n_dlh\ khhji
Bkihevah\zZgb_;IE: ijb h[ke_"h
guo ijhlb\hiz\h~dh\uo khhjm ™ _g
kljbjh\Zeh \hafh ghklv [he__ ¢
hp_gb\Zgby bo khklhygby ih kj:
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over the territory and a series of photograph:
taken. The next step involves photogrammetric |
cessing of the survey data and obtaining spatic
linked terrain and orthomosaic models, which
then analyzed to identify structural defects.

The use of UAVs during the inspection of flo
control structures demonstrated the possibility «
better assessment of their condition compare:
traditional instrumental observation methods.
obtain the best result in the simulation, it is recc
mended to shoot from a height of not more tl
200 m and use coordinated reference points tha
visible from the air to bind the model to the coor
nate system. In this case, the error in determit
theeOHYDWLRQ Rl WKH HDUWK
the spatial resolution of the image. The locatior
the control points does not significantly affect 1
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pbhggufb f_Ih~Zfb bgkljmf_glZ¢ accuracy of determining the terrain model.
_gbc >ey ihemqg_gby gZbem{
fh~r_ebjh\Zgbb j_dhf_g”m_Iky
kt_fdm k \ukhlu g_ [he__ ft
dhhjrbgbjh\Zggu_ hihjgu_ 1lhg
\brgh k \havemgoigzb\yadb fh”_eb
dhhjrbgzZl < wlhf kemqgZ_ hrb[d
hif_Ihd ih\_joghklb a_feb g_ [m
ijhkljZzgklI\_gghlh jZaj_r_gby k¢
iheh™ _gb_ hihjguo Ihg_d g_ hc
kI\_ggh]h \ebygby gZ Ihgghklv
N eb j_ev_nZz
Dexq_\u_ keh\Kibehlgu_ e_1Z Keywords: unmanned aerial vehicles (UAVs
ZiiZjZlu ;IE: pbnjh\zZy fh~ e structure from motion; terrain model; orthomose
f_klghklb [_kohaycgu_ ijhlb\hi ownerless flood control protective hydraulic strt
sblgu_ ]b”jhl_ogbqg_kdb_ khhjm tures; aerial photography; photogrammetric imi
Ihkt_fdZ hjlhnhlhieZg nhlh]jZ processing.
h[jZ[hldZ kgbfdh\
<\_" _gb_ IZdbo khhjm®_gbc bo kljhbl_evkl\h a
Bg' g jgu_ f_jhijbylby ih % kiley_Iky ohayckl\_gguf Kkihkh [l
. . _]h ijh_dlbjh\Zgby b dhg
| _jjblhjbc hi aZlhie_gby \ e‘vlé
. v 1<I kh[ex”_gby | _oghe
gZ\h~g_gbc gZ j_dZo h[uqgh \deq xef : .
. jZ[h| QZklv ~zZf[ ihkljh_¢
kljhbl_evkl\h azZsblguo NZE d : . . J
\] e gh'f “bf_ \h \j_fy ijhoh " _g
g_h[oh~bfu Ney khad‘lZg;ItnyJZ
. \h"%h\ \hh[s_ g_ bf__I kh[kI\_ggbdl
ih\ur_ggufb hif_Idzfb hIk ggu \ i 1bkl] 1bAjhl_ogbg
| _jjblhjbb hl \hAu \h \j_fy |Z\h’\d gZchC JEo Jk—hklh tj - S q-
\ke_A~kI\b_ dZ'ms_cky ijhklhlu l\ha ~—9 ygb_ I

Dmjl]Zzgh\bq D : RZebdh\kdbc : <

iZjZIh\ ~ey fhgblhjbg]Z khklhygby [_

[ZcdZevkdh]h djZy
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bkihevah\Zgby g_ dhgljhebjmxlkyghlph wdihfkh[u bkke_ "h\Zgby ghkgh\Zq
ijhp_kk_ wdkiemZlZpbb azZshlpkihevanf\zgbb [ _kibehlguo e _1zZI_
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| _jjblhjbc >RZebdh\kdbc Dmj]JZgh\b . N
Shalikovskiy, Kurganovich @ G_h[oh”bfu ﬁZI_]bZeu b f_Ih"u

bgkljmf_glZevgu_ b \bamZevgu_ gZ[é)xr_gbpkikevah\Zgbhb klzg~zZjlg
g _mql_ggufb [_kohag¢bgobdmjZpbb h[hjm~h\Zgby ;IE: khkl
ijhib\hiZz\h~dh\ufb khhjm > _gbyfb pknjh\bex nhlhdZf_ju azdj_ie_gghc
\urZqgb j_dhf_g”~Zpbc ih ~Zevgijbi_em_jpbf beb djuezZlhf e_IZIl_e\

bkihevah\Zgbx beb ijh\_~_gbxZiijZfhlglz dhlhjuc mijZ\ey_Ilky "bklZgpl
Klzg~rZjlgufb ijzdlbdzfb \ 1Zdb@_fedmqdidjZl ijhba\h~bl kt_fdm f_klg
yleyxlky dzZd gzZa_fgu_ 1Zd b ~obwwldh@gpgegyu k_jby XgbébRrbjm_Iky k
\bAru kt_fhd Kj_~b bkke_~h\zZgbcbikijheyahbvdgb_f Zelhjblfh\ j_dhgkljr
kZfufb rbjhdh jZkijhkljZzg_ggufb ly\e{xjlkhc kp_gu ba nhlh]jZnbc 1Zdl
GNSS-baukdZgby 1Zo_hf_ljbq_kd ZzZstruckure figmm mption *Ze _SfM). < j_amevIZIl_

gZa_fgu_ eZa_jgu_ kdZg_ju Widhakhridmubb ihemqz_lky pbnjh\Zy
bkke_~h\Zgby kjzZ\gbl_evgh g_"hjhpw_mZ bMukdhdh]h jZaj_r_gby b hjlhnt
ohjhrmx lhgghklv gh y\eyxlky Ijrhi2rklgiblio \FSM~y\ey_Iky \ gZklhys__
kemqgZyo dZjlbjh\Zgby [hevrbo \jhfyehdzfte_ _ jZa\bluf Ze]hjblfhf ihemn
| jjblhjbc b g_ \k_]~Z iha\heyx!| iljjofzjguok fh~_e_c f_klghklb b gZzb

hkh[_gghklb j_ ev_nz _1h  kirpbmdby kikhithevam _fuf \ ijZdlbd_ ijh\_"
we f_glh\  ?keb ~_ 1j_[m_lky kith\flrd &b;IE: >-Rdsbiry 2012; Westobst

ijhkljZzgkI\_gghlh jZaj r_gby ~Zg@lho2@j2laHpgtbkihevam_| Zelhjblfu h[jZ[h
lhih]jZznbqg_kdhc kt_fdb lh ik jblwih@ah[jZ  _gbc k~_eZgguo k i_j_dj

lim~h_fdhklv bo ihemqg_gby bk "Npjhfhhde®hkbl_evgh ~jm] *jm]Z < wlh
m\_ebqgb\zZ _Iky ijhihjpbhgZevghg_ W\Amzlky ZijbhjgZy bgnhjfzpby h ]_
jZkklhygby >ey fhgblhjbg]z [Kkevrdw kith fdb jZkiheh _gbb dzf_ju
ijhly> _gghklb khhjm® _gbc b [hevrigbiehlZpoble \ ijhkljZgklI\_ \k_  "Z
az dhjhldb_ bgl_j\Zeu \j_f_gb bKiheh\ayhkykKyhkimigufb ba bl_jZIb\gh]h i
1Zd*_ ~Zggu_ “~bklZgpbhggh]lh d&thghk|BE\Egbhy b dhjj_dlbjh\db k_jbb [t
Zwjhnhlhkt_fdz kimlgbdh\u_ kgbddiebm ~kAygu_ i_j_k_dZxsboky bah[jZz
eb”Zjghlh ahg”bjh\Zgby >Dmj]lZzgBgogcbih”2ph” gZbemqrbf h[jZahf j_Ze

@ Bo hkgh\gu_ h]jZgbq_gby ajbdegflxakgh d k_jbb kgbfdh\ k \u

kjZ\gbl_evgh \ukhdhc klhbfhklb k|l kKelVvgxhkaZbfgh]lh i_j_djulby ihal\hey
ihemq_gby bah[jZ _gbc az kljh]aZelEjbdguhic. of_jgmx kljmdImjmxkp_gu
fhf gl \j _f _gb k jZaguo ihabpbc >etHalW ROE2]

< ‘ihke_ng__ \j_fy \ fhgblibjkngihd
khhjm™ _gbc \k_ [hevr__ ijbf_g _gb_ gZoh"yl

34



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?GBY L hf2 <u1‘ 202C

.......
..........
........

------
......
. o

v,
.
.
.

O6nacTb
nccneaoBaHui

HavanbHas | '
TouKa

.
.
"
.
.
.
e, .
.
Sey. @
.
"
*
.
.,

o
ot
o

s ™ 4
KoHeuHas h & A?

TOYKa
Jbkmgh#o_fzZ kt lfidlbf_jghipt_dlZ “ey “Zevg_cr_c nhlh]jzZff_Iljbg_kdhc hJj
[Westobyetal., 2012]
Figure 1. Scheme of shooting a three-dimensional object for further photogrammetric processing from
[Westoby et al., 2012]
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paxeHme 1 'E‘ i d ' 306pakeHme 1 -
o R 77 ’ s =

s

_ : 4\1‘\ r.'-"x&*”‘ ¥ ”?‘.’5"""‘;*,1'!85 ; A } Nﬁ i

bkmghdjbf_j ihbkihaZjgkhhl\_IlklI\mxsbo ibdk_e_c gZ bah[jZ _gbyo
k MkBey ih f_ISfMmAgisoft Photoscan kbgbf h[hagZqg_gu dhjj_dlgu_ k\yab

djZzkgufgxdhjj_dlgu_ kekhalx_ Ikl\by kijZ\EhhI\_Ikl\bc
Figure 2. An example of a search for pairwise matching pixels in images of Ust-llya village accordieg to t
Structure from Motion method in Agisoft Photoscan

(the blue color indicates correct connections, the red color indicates incorrecttiommec

there are 44 matches on the left side and 2988 matches on the right side)
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F_klhiheh  _gb_ dzZf_ju b ]
kp_gu j_dhgkljmbjm_Iky h~gh\j_
Z\lhfzZlbq_kdhc b~_glbnbdzZpbb
we_f_glh\ gz fgh _kI\_ bah[jZ _¢

WIib we_fhpde_"b\zZxlky hl h
bah[jZz  _gby d “jm]hfm qlh iha\h
hp_gdm f_klhiheh _gby dzZf_ju
h{t_dlh\ azZ kqg_l bl_jZpbhggh]
g_ebg_cghc fbgbfbazZpbhb g
d\zZ"jZIh\ lZd dzd fgh _klI\h
klZzgh\blky ~hklImiguf ihke_ jZkrl
NZgguo kgbfdh\ Ihabpbb dzf_j
ih f_Ih"8fM g_ bf_xI gb fZkrlZ]
hjb_glzZpbb \ ijhkljZzgklI\_ dhlhjt
ihemg_gu ih dhhj*bgzlzf gzZa_ f¢
k\yvab k wlbf [|j_of _jgh_  hJe:
]_g_jbjm_Ilky \ g_hdghkltic evghc ki
dhhjrbgzZl ©ijhkljzZzgkI\Z bah[jZ  _¢
fh™ I Julv ijb\yaZzgzZz d |j_Zevgt
dhhjrbgzl ihkj_"kI\hf y\gh]h mdZz
kms_kl\mxsbo gZa_fguo lhg_d !
lhgdb fh gh hij_~_eblv k ihfhsvx

dhhjrbgZzl k mkljhckl\ le
gZ\b]Zpbhgguo G&GMS4 bfeb \uiheg
Aim]lbo \b~h\ Ihif]ljlenmhabq_k
baukdZghbc < ihke_"g__ \j_fy

bah[jZz _gbc ihemqg_gguo Kk ;I
j_dhgkljmdpbb Ihih]jZnbb k bki
Zelhjblf&M mki_rgh ijbf_gy_Ilk"
bkke_"h\Zgbb jZaghh[jZaguo nl
lj_of_jguo h[t_dlh\ a~Zgbc b k
Hp_gdZ Ilhqgghklb ihemqg_gghc
ijhba\h”~blky iml_f
f_Ih~"bdZfb ihemqg_gby fh”_e_c
\ukhdh]h jZzaj_r_gby Ijb wilhf |
ko_fz ijh\_~_gby jZ[hl
ke _“mxsb_  wlZiu >eH\aW R212]
jbkmg@hd

1.Dhhj*bgbjh\Zgb_ k_1Ib

kihkh[hf ihal\heyxspf~_eblv bo
nhlhkgbfdh\ k~ _eZgguo ;IE:

36

HYDROSPHERE.

Monesbie
HCCnegqoBaHuA

KoopauHupo BaHue
CETU Ha3eMHbIX
OMNOPHbIX TOUEK

AspodoTocbemra
TeppuTopuu c BMNA

HAZARD PROCESSES AND PHENOME

Peanusauma metopa
Structure from Motion

BbiAsnenne
npW3HaKoe
{meTog SIFT )

1

Tpexmepuan
PEKOHCTPYKLMA
CLeHbl

|}

YnnotHenue
pa3spemeHHoro
ofinaka Touex
(meTog MVS)

MNocrobpaboTka

|

PyuHoe ykazaHue
Ha3eMHbIX 0110 PHbIX
TOUYEK Ha CHMMKaxX

1

TpaHchopmaLma
leonpocTpaHcTBEHHOe
HOOPOMHWUPOBAHWE

leHepupoBsaHve
TPEXMEPHOH LdpoBOi
mogend penbega

lenepupoBaHue
OpPTOMO3aHMKH

Kniouesble TOUKKM Ha
CHUMHKAX 1
[EecKpUnTopbi

PaspemenHoe
o6nako Touex

MnoTHoe o6nako
TOUEK

gZa_ fguo
lhg_d b fzZjdbjh\dZ bo f_klhiheh" kgll?%

k

de_

ijhkljZgkI\

wjhg
it
h

i
I D

hihkt_

1918,

a \Zgb f
hljZnbg_kdb_
ju N Ihl fhf_gl
3.J_ZebaZpby ZelhhbhipXff_
h[jz[hldb kgbfdh\ ih f_
-lgjgh glbjh\Zggh]h
h[ezdZ lhq_d f_klghklb

bf xI

fh”_eyplkwgBl ogheh]bq_kdZy ko fZ

kjZ\g_gbynkinjmiflgbg_kdhc h[jzZ[hIdb kgbfdh\ ;
f_klkhkkhhevah\Zgb
_0gh e h]bigure3l Zachnological scheme of
\d e xqZ _ghotdgraknoletric processing of UAV images using
the Structure from Motion method

de bkkel"meIﬂth:)b k
Nhlhkgbfdb
aZibkzg
dhhjrbgZlu ihe
dh]~Z hgb [ueb \uih
ljbg_kdhc

lh~m 610 k ihem

_ffM_1h~"Z 6

ihem:

iehlgh]t



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

4. Ihklh[jZ[hldZ iehHgdldZ Ihqg _de XKkkh\ Dhhjrbgbjh\zZgb _ mqgZzZkldrh
ihemq_gb_f 1j_of_jghc fh”_eb fikjlgihklpbph\Zgb _ \ kbkl_fm dhhj~
hjlhnhlhiezgZ \ukhdh]h ijhkljzw&b gghdhp_evx ~Zevg_cr_c h[jZ[hldl
jZaj_r_gby ihkljh_gby hjlhnhlhieZgh\ b pbnjh\uo ft

< jZfdZo ~"Zgguo bkke "h\Zgbw_ rdeYukhdh]h jZaj_r_gby ijhba\h”|
ijhba\_~_gZ hp_gdz Ilhgghklb Kkijihklj® Udby6 >ey ihemqg_gby Zwjhnhl
l[j_of_jghc fhr_eb aZsblgugZaj_r_gb_f 1 ibdk_e_c bkihevah!'
ijhlb\hiz\h~"dh\uo ~Zf[ \ gZk_e_gglu®: imgdID QWRP hkgZs _gguc dz
AZ[ZcdZevkdh]h djzZy ihemq_ggSoay (02528 uf6 DZf_jz bf__CA gkhj
i IE: >ey ZgZebaZ [ueb \u[jZgukajZsblgugb f fi b ff rbjhdhm]lhev

khhjm™  _gby \ k Mj_eRdy b MIRbeedbgam ff wd\b\Ze gl FzdkbfZevg
GZ ih~"lhlh\bl_evghf wlZi_ ihe l®rokjlzi\ey | d] lhe_lu zZiizjzlz
[ueh ijhba\_”~_gh ijhkljZzgklZijggjzffbjh\Zgu k bkihevah\Zg

dhhjrbgbjh\Zgb_ mkgzZkjbd¥adhc ijth]jZzffgh]lh h[_ki_ &ix4byCapture b
kms_ kl\mxsbf imgdlZf ieZgh\hc 6GtrkDXhftelyc h[_ki_q _gby ihegh]h ihdju

] ha_abq_kdhc k_Ib -]Lh?hgHEqhKdaZyqZ fhe f_klghklb gZ \ukhl_ f kd
kt_ fdz \u[jZgguo h[t_dlh\ \uiheippeZEv K k b Z\lhfzZlbq_kdbf \uiheg
bkihevah\Zgb f *166 dhfie dIZhhIAUZREOHIZ "~u_ k AZibkv dhhj”

5V 5 k ihklh[jZ[hldhc gZ 7ULPBOHN %KYy LQAfEN-I\] ijhbal\h"beZkv Kk
&HQWHU Ijb\yadz d f_klghc kblblkihewah\jZ2dlyg Zi meHS ckwkiZgh\e_gghlh
FKB ijhba\h"bezZkv gZ igzg @ih Zlon [_kibehlghlh ZiiZj®lZ jbkmgh:
=hkm”Zjkl\_gghc ]_h”_abqg_kdhc Kk_Ib b

0 75 150 300 M
ST T B

Jbkmgh& klhiheh™ _gb_lhg_d kt_fdb nhlhdzZf_ ju mklZgh\eBegyhc gZ ;IE
Figure 4. The location of the shooting points of the camera mounted on the UAV (Ust-llya village)

>ey ] _g_jbjh\Zgby pbnjh\h&SMfb6]ell®OLV NL @ J_amevlzlizfb \
j_ev_nZ b hjlhnhlhieZgh\ ba ZwjhnihhlkhgwfdhX y\eyxlky
\uiheg_gguo \ gZ"bj bkihelyajh\afehggh_ h[dBEdhd ij_"klzZ\eyxs_ _

ijhljzffgh_ h[_ki_qg_gb_ $JLVRGW]|3IKRWR¥BBARqZ_fhc h[eZklb
i_j\hf wlzZi_ nhlhkgbfdb \ujzZ\gb2yllgkkbihevigtklhiheh  _gb_ dzZf_ju \h
Zelhjblf8fM >800PDQ @ \dhipwjub\_"_gby kt_fdb
br_glbnbpbjm_I dexqg_\u_ lhqdb Bahdjzf_ghgmilj_gg_c dZeb[jh\db nhdm
ihke_"~h\Zl_evgh hlke_"B\Db I gbhgzZzkklhygb_ dhwnnbpb_glu “"bklhjkbb el
Hp_gb\Zgb_ ihabpbb dzZf_ju y\ey_ Ilky<hWjhcf madZi ih”~jZamf_\Z_ | ihkljh_
kzfuo hI\_IlkI\_gguo dhfihg_glh\igrelighbifh[eZzdZ Ihg_d < ahg_ ijbe_]
\h~_ [hevrbgkl\h bah[jZz  _gbc qZk

L http://www.agisoft.ru
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ihdju\zxl \h~gmx ih\_joghklv dhlhjZogf*heehgZkp_gu ih k_jbb i_j_k_dzZx
[ulv bkdexq_gZ ba Ihih]jZnbb fBWjebhIlWgbfdh\ >:HVWRE\ HW DO
ijhbal\h”"behkv k ihfhsvx gZg_k_ibémqfglgdly lj_of jgzy fh~_ev f_ki
kj_~kI\zfb 3KRWRVFDQ GzZ lijhAv_jfizewlkdi | _dkimjbjh\Zgbx b ijb\y
bkihevah\zZeky 2mthyiewf stereo (MVS kbkl f_ dhhjrbgzl k p_evx ihem
hkgh\Zgguc gZ dhgp_ipbb dhhiMkinhjbghieZzgzZz b pbnjh\hc fh~_eb j_
aj_gby iha\heyxsbc ijhba\_klb j_djibdkkighdpbx

Jbkmgh#ljz]f_gl hjlhnhlhieZgZ b pbnjh\hc fh~_eb f_klghklb
Z k Mkéy [ ] Rbedz \ k Mj_ckd
Figure 5. Fragment of orthomosaic and digital terrain model
J Ust-llya village, [) Shilka town,\) Ureysk village

J ameviZlu b h[km™ ™~ _gb _ kthZ\eyeh fbgml k bkihevah\Zgb _f

oar gt
k_1h [ueh hkms_kl\e_gh aZ '%bi ;! Z]hthegZdI;elhl §|Zh\<vhlzllaezlkhvk
\ k MBey \ik Mj_ckd b q_¢a 1]

<A . - 1zil;j\qghklb i_j_djulby kgbfd
DZ ~uc ba ihe_Ih\ ;IE: |hdJu\Ze |ekh >E)sboky gz bkke ~m_fhc I|_jj

Orf](iﬁkilhh\imh(iigzii h‘ih\eh 1 ;Thk ?iqdb gZ[ex"Zehkv h"gh\j_
_ J - J Hf f g kgbfdh\  kqbl
'E% \PX %uf b \ AZevg_ cr f

I1Zd”_ g_ ihdjulZxsb_ bamqZ_ fmx
N

nhIhkgbfdb m~rZeyebkv ba ZgZeb %I bk e kv— K\_~ gby h ]_hf_ljb

fhr_eb ij_~klZ\e_gu \ IZ[ebp

nhih]jzff_Ijbq_kdhc h[jz[hid_
95+  kgbfdh\ <j fy k[hjZ k jbb Egm‘d
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LZ[ebpzZ=_hf_ljbq_kdb_ izZjzf_Ilju fh”_eb
Table 1.Geometric parameters of the model

<ul| 202C

Dlely | Jzaj *_g lehlgh| Ijhkljzigh_ggh |iNKHZgki_g¢
GZk_e_g . ) .l jZaj_r_gb_ jZz
imgdl ki\h hjedh 41h| h[eZdh| jZaj_r_gb_ |z pbnjh\hc fha ¢
kgbfdhh g_d fe( q_d fe hjlhnhlhieZg ev_nz -
k Mj_ck 646 0,28 152,2 0,079 0,161
] Rbed 921 0,23 168,4 0,078 0,156
k MkiBey 498 0,15 104,1 0,079 0,159

YpaBHuBaHue
OMOPHbIX TOYEK

k lkee fed +kipZ\ X Yukhluf
Figure 6. Ground marks of control points (left - view from the ground, right - view from a height of 200 m)

Jbkmgh&zZa fgu_ f _Idb hihjguo Ihigp/d

>ey ijh\_jdb ~hklh\_jghklb ihémghliglyhc ihkljh_gby \ *jm]bo lhqdZ
pbnjhihc fh® _eb j _ev_nZ b bklbgygpogadzglgitheg gz iml_f KkjZ\g_gby
bkihevah\ZezZkv k_Iv gZa_fguo hidjlmaglhbfgxdb ky "Zggu_ gZa_fghc kt_

dhlhju_ hlf_qgZebkv gZ I\_jruo hkgbkigéeyah\ggb_ f *166 b “"Zggu_ ihem
ih™\_jlZ\rboky baf_g_gbyf azZl_o \j_fyhgdZo gh ih ~Zgguf fh”_ebj
bkke_"h\Zgby Hihjgu_ Ihgdb ij_eklaVekedE: jbkmghd | _j\uc \zZjbz
kh[fhc [_eu_ d\z~jzlu jzaf_jhf b&ihdvah\Zg dzZd wlZehgguc "ey kjZ
azZdj_ie_ggu_ gZ ih\_joghklbhema_fethy hp_gdb wnn_dIlb\ghklb
f 1Zeebq_kdbfb dhevyfb JzZaf_ju\aibzzgedz gbjbl_jb_f yleyeZkyv \_e
kgbfd_ khklZ\eyeb hdheh o kj_idbgkdez”gZlbgghc hrb[db fhm),ebjh\Zg
jbkmghd hij_~_e_ggZy ih nhjfme_

< dz'~"hf gzZk_e_gghf imgdl_ J[ueh S
. . N As: DA Dan
jZzaf_s_gh ih d\Z~jZlh\ bo Ihqgul L §98& 2= 2s: 1)

dhhjrbgZlu b \ukhlgu_ hif_Ildb bkihevah\Zebkv

ijb ihkljh_gbb pbnjh\hc fh~_eb If _kd&ghikhpf_IdZ ih\_joghklb \ dhgljhevg
iml_f y\ghlh mdzazgby gz \k_olhAHLhkgbftizo"_€_99Zy ih j_amev
f klhgZoh ~_gby 1lhqgdb ijb\yadbfh”LgRihtZzaby k bkihevah\Zgb_f ;IE:
ihemg_ggzZy lj_of _jgzZzy fhr_ev aZsttf§lfaldZ ih\_joghklb \ dhgljhevg
ijhib\hiz\h~Adh\uo ~zf[ \ dz ARAd bahij_"_e_ggZy ih j_amevIZIZf c
gZk_e _gguo imgdlh\ [Zabjh\zezkiP[hhew@agzi_gbc wlZehggZy
10lhgqdZo ijb\yadb g_h[oh~bfh [ueh "¥pdhymha_kl\th dhgljhevguo Ihqg_d
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Jbkmgh#ljlhnhlhieZg kBéhklkw gZa_ fgufb hihjgufb IlhgdZfb \u”_e_gu a_c¢e
dhgljhevgufb lhqdzZfb Zwjhnhlhkt_fdb k ;IE: \u”_e_gu djZkguf
hlj adzZfb ihdZazZgu djzZlgZcrb_ jZkklhygby hl dhgljhevguo ~h hihj
Figure 7. Orthophoto map of Ust-llya village with ground control points (highlighted in green)
and control points of aerial photography with UAVs (highlighted in red),
the shortest distances from control to reference points are shown by segments

LZ[ebp2ZaZjzZf_Ilju hp_gb\Zgby Ihgghklb fh”_eb
Table 2.Model accuracy assessment parameters

Hihjgu th_.d Kj_"g_d_\_Z’\jZIb thnnbp_b__gl dhij
GZk__e >ebg lhg_d A dhgljhg hrb[dZ hij_~_e_{ hrb[db h_|J_"_e_-g
guc im¢~"Zf[u iib\yab ghg \u| khlguo hilf_Ihd f_Idp b jZkklhyg
[hjd_ N elm f hihjghc lhqgdb
kMj_ck 3403 10 108 0,104 0,05
] Rbeq 3834 10 103 0,091 0,02
k MkiBe 2200 10 83 0,139 0,004
Hg_\b~gh glh \_ellbgblgZa . g_ m~Zehkv dhwnnbpb_glu d
kj_"g_d\zZz~jZlbqghc hrb[db ih g2[efxgyedkiv g_agZqbl_evgh \ur_
imgdlzf khklzZ\eyxsZy « [Z[eb®Z
ij_\urz_| ijhkljzgkI\_ggh_ jZaj_rBklke ~h\Zgb_ fh~r_e_c azZsbl
pbnjh\hc fh”_eb j_ev_nZ dhlhjhkhkjmklZgdy | b ijbe_lZxs_c |_jjblhj
hdheh f 1Z[ebpZz b aZ\bkBuilnleduklylwo k \ukhdhc N _1Zevgh
kt_fdb jZaj_r_gby kt_fhqgghlh QZiiZhklZ\ely_ | \hafh ghklv dhebq_Kkl

ke_"mxs_c aZ wlbf ~ _1Zevghklb fHp _eb\ZIv h[t_fgu_ oZjZdl_jbklbdb jZaj

LzZzd _ [ue ijhba\_"~_g ZgZebarWfafh gueofh gu_ ihke_~kl\by f_jhijbylh
ijbgbg \ebyxsbo gZ \hagbdgh\_gbj_ fthrddja b lijjilb wihf i_j_oh” hl IjZ"bpbhg
fh~_ebjh\Zgbb j_ev_nZ ;ueZ migh\_jr gizkl\h\Zgghfm h{ke_~h\Zgbx
]bihl_azZ h \ebygbb m~Ze_ _gghklb htkihghgblhgdiZzebaz dhfivbhl”® jguac
ijb\yadb fh”_eb hl dhgljhevguoh[thagld ihHha\hey | [he__ dzqg_kl
dhlhjuf \ugbkeyeZkv hrb[dZ < kebhgZebgZjgbgdby j ev_n ihcfu b aZsbs
Izdhc k\lyab [uezZ J[u hif_qgq_9gZ jjudkhiZy” nhjfZpbb jmkeZ ijhbahr_~
dhjj_eypby \_ebgbgu jZaghklb ihjldghthd wiekiemzlZpbb ebg_cguo aZz
jZkklhygby lhemqgblv ih”~I\_j "~ kdny m " w btba
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JamOa He ZOCTpOeHa, pe3KHil OOPHIE, OTCYTCTBHE
MIPUMBIKAHHA K BEBICOKHM OTMETKAaM MECTHOCTH Otxoc gaMos! zactpoeH (c. Yers-Mima)
(r. IlIuaka)

Ilepecrinansas ctapas nporoka pexu OHOH PazMBIE Tera JaMOEI CIIPAMIEHHOTO Y9acTKa pycia
c. VYpeiick

TIpopan B gambe a1a npoesaa aBTOTpaHCIIOPTa TToaMeie 1 0OpyIIEHHE OTKOCA AAMOBI
Jbkmgh#i[gZjm _gb_ ~_n_dlh\ aZsblguo khhjm _gbc gZ fh~_eb
ihemg_gghc ih "Zgguf kt_fdb k ;I1E:
Figure 8. Detection of defects in protective structures on a model obtained from UAV survey data

ljbf_j h[gZjm _gby IZdbo "~_n Hklghh\gublo AN n_dlzZfb aZsblgt
hp_gdzZz gz ijbf_j_ Ilj_o jZkkfd]pdbXhfzoh~"dh\uo khhjm™_gbc yley:
khhjm™_gbc ij_"~klZ\e_gu gZ joknmlgddligu_ kt_a”u b i_j__a”u q_j_a
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AZflu k ~_nhjfZpb_c ]j_[gy mkljhakdyh RItZgphlh hp_gb\Zgby bo

\u_fdb "ey ijh_a~z Z\lhljZgkihjlZhlke mghlhoZ gZbemqr_]h

"b\hlguo h[jmr_gb_ hldhkh\ >ey fhZewedjbtZytob j_dhf_g”m_Ilky

bkihevah\Zgby aZsblguo kkthjfdm gk dukhlu g_ [he__

j_dhf_g”m_lky ijh\_~ _gb_  bo dibjZegwjmMZggu_  hihjgu_ Ihqdb

j_fhglz \brgh k \ha”moZ ~ey ijb\yadb fh*_eb «

dhhjrbgzl < wlhf kemqZ_ hrb[dZ \ hij_

Azdexq_gb_ hif_Ihd ih\_joghklb a_feb g_ [mA_I
Bkihevah\Zgb_ ;IE: ijb bapmglj@yki\ _gghlh jZaj_r_gby

\hafh guo A_n_dlh\ \ aZp bkghilheh® _gb_ hihjguo lhg_d g_

ijhib\hiZ\h~dh\uo
ijhr _fhgkljbjh\Zeh

Ebl_jZImjZ

Dmj]Zgh\bg D : RZebdh\kdbc
G : zheylbgHirl: ijbf _g gby *
"bklZgpbhggh]h ahg”bjh\Zgby
ehlguo e _|ZIl _evguo ZiiZjZlh\ ~
"hohayckl\_gguo azZ"Zq K[hj
XV F_""mgZjh~gh]lh -igZdldgh kt
kbfihabmfzZ b \uklz\db ©QbklZ:
1?2dzZI_jbg[mi] Zij_ey ]
jbg[mij] 58462.

RZebdh\kdbc : < Dhj]Zoh\b
hizkghklb b jbkdZ ohaycklI\_gg
gby j_qguo ihcf [Zkk_cgZ <_jog
fmjz < _klgbd Qblbgkdh]h ]h
mgb\_jkbl_I1Z < .119-124 K
James M.R., Robson Straightforward reconstruc
tion of 3D surfaces and topography with a cam
Accuracy and geoscience application // Journa
Geophysical Research  Atmospheres. 2(
Vol. 117. Iss. F3. P. FO301
DOI: 10.1029/2011JF002289

Khaloo A., Lattanzi D., Jachimowicz A., Devar
C. Utilizing UAV and 3D computer vision for vis
ual inspection of a large gravity dam // Frontiers
Built Environment. 2018. Vol. 4. Art. 31
DOI: 10.3389/fbuil.2018.00031

Ridolfi E., Buffi G., Venturi S., Manciola Rccu-
racy analysis of a dam model from drone surve)
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RELATION OF EXTREMES OF

MINIMUM WINTER RIVER FLOW
WITH TEMPERATURE AND ICE
FACTORS

Elena V. Gurevich

=hkm~"ZjkI\_gguc ]b”*jheh]bq_kdbc bgklb$mte hydrological Institute,

] KZgdl£l_1_j[mij]
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Jhkkby

:gghlZpbyz[hlZz ihk\ys_gZ bha
f g gby klhdZ j_d ijb jZaguo |_
e _"h\uo mkeh\byo abfgbo k_at
hi~"_evguo j_d-&Z\NZ}&Z Jhkjkibtk o
"ysb_ baf_g gby debfzZlZ \ ihke
Ibe_Iby ijb\_eb d baf_g_gbyf m
jh\Zgby \h~ghlh j_"bfz j_d \ Il
g_lh f_"_ggh]lh klhdZ Ihwlhfm
g_gbc abfg_]h klhdzZ j_d \ mket
debfzlz bf_ | \Z°'gh_ agZq_gb_
gby h[sbo aZzdhghf_jghkl_c nhiji
ghlh klhdzZz 1Zd b ~ey jZpbhgZe
\h~rgufb j_kmjkzZfb k mqg_I|hf ba
gbgu klhdz j_d

L fi_ jZImjZ \ha”moZ b lhesbgZz
bgl _]jZevgufb ihdZazl_eyfb baif
g_kdbo mkeh\bc \ j_qghf [Zkk_
]Jmebjmy g _j _a djbh]_ggu_ ijh
ihra_fguo \h”jdabjonadm \ j_db

i_jbh~ lThwlhfm \ dZq_klI\_ hkgh
jh\ \ jZ[hl_ bkihevah\zZgu |I_fi
"moZ lhesbgZ ev”"Z b abfgbc |

emq_gby dhebqg_kI\_gguo hp_g
kjZ\gbl_evguc ZgZeba baf_g_
kilhdzZ j_d dahfgipimb jZaguo |_fi
guo b e_"h\uo mkeh\byo Ijhz
jy*u abfg_]lh klhdz j_d [Zkk_c¢
Kykv K_\_jgZy >\bgZ b Hg_]Z
"hf gZ[ex”_gbc azZ klhdhf b lIhe
ev”"#&1955-2016]] | _fi_jZlmjhc \h
1936-2016] ]

GZ hkgh\_ ZgZebaZzZ jy*h\ gZ[e:
j_d IThesbghc ev~rzZz b |_fi_jzlI

St. Petersburg, Russia
gewita@yandex.ru

Abstract. Studies performed in different river b.
sins in the North-West of Russia have shown th
combination of temperature and ice conditic
plays a significant role in changing the winter wa
content of rivers.

Air temperature and ice thickness are integral ir
cators of changes in thermal conditions in the ri
basin and in the river, regulating through cryoge
processes the supply of groundwater and its
charge into rivers in winter. Therefore, the mi
predictors used in the work are air temperature,
thickness, and winter river flow. To obtain quar
tative estimates, a comparative analysis of chal
in river flow by the end of winter under differe
temperature and ice conditions was performed.
series of winter runoff of rivers in the basins of 1
Lovat, Syas, Northern Dvina and Onega rivers v
the total period of observations of the runoff and
thickness of the river ice are analyzeft®55-2016
years, temperature1936-2016 years.

Based on the analysis of a series of observatior
river flow, ice thickness, and air temperature lasi
more than 50 years, it is concluded that the lov
values of the minimum winter flow of rivers we
observed in cold winters, and the highest val
were observed in milder winter seasons. With c«
parable pre-winter water content of rivers in a se
of mild non-thawing winters, river flow in the stu
ied basins decreased less intensively and the r
mum winter flow was higher on average
10-20%, and in some cases more.

Gurevich E.V. Relation of extremes of minimum winter river flow witmperature and ice factorslydro-
sphere. Hazard processes and phenom@@20, vol. 2, iss. 1, pg4-52. (In Russian; abstract in Englist
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ijh he bl_evghklvx [he__ e |
\h~u h Ihf qglh gZbf_gvrb_ ag
fZevgh]lh abfg_]h klhdzZ j_d gZ
eh”rgu_ abfu Z gzZblhdg¢heb H£y
abfgb_ k_.dahgwe _"h\Zgby \uihe
jZaguo j_qguo [Zkk_cgZo ihdz
g _gbb abfg _c \h~ghklb j_ d kms

bljz_ | khq_lzgb_ | _fi_jZImjgu
mkeh\bc 1jb khihklZ\bfhc ij_~»
klb j_dk\jbx fy]dbo [_ahll_i fe

kilhd j_d \ bkke_"m_fuo [ZKk_c¢
g__ bgl _gkb\gh b fbgbfZevguc
[ue \ur_ \ kj_"~g_f gZzzZ \ hl*_e
kemqgZyo b [he_

Dexq_\u_ kebhZh~gu_ b |_ieu Keywords: cold and warm winters; winter rive
abfgbc j_gghc klhd ]b”jh]jZn flow; river flow hydrographs; pre- winter wate
ij_~abfgyy \h~ghklv j_d |_fi_jZ content of rivers; air temperature; ice thickness.

lhesbgZ ev”Z

<\ A _gb_ ijhp_kkh\  1Zygby evAZ b kg
N : h’\he bl vghklb abfu 1Zd b g_j_a |
J_gqghc e_n bljz_I kms_ki\ géj P& ihdin\z j d >FZjdh\ =mj \b

nbabq_kdbo [bheh]bq kdbo b ~— 'B/\qé\kdb%@’\yghc ihdjh\ hdZau\zZ.
J
I

. m
ljhp_kkzo dhgljhebjmxsbo H_ kgiﬁh xXsbc b Zddmfmebjmxsbc wnn

j_ bfu \ oheh?guo j_]JbhgZo DJ glimagin ihta_fguo \n~ in nebg_j_db
baf_g_gb_ ~dhebqg_kl\_gguo oh i jbhAZ 1hAZ >Khdheh\ E
0zjzdl_jbkibd e_~yghlh ihdjn\Zz j_d 1Pt
10l — . igm V' =mj_\bq @ [hrewlhfm
hl]jhfgu_ wdhghfbqg_kdb_ ihke_ Iél%y 2 S . o .
yl abftu ijhbkoh”~bl [&devrZy KkjZ]

jZa\blby j_qgh]h ohaycklI\Z

N N
<ukhdzy b gbadzy f " _gb d gl kh\‘llh a fguo \h~ \ j_qguo [Zkk_cg

. , Ilh hljz Z 1k \' m\_e
wdklj_fmfu ]b~jheh]bgq_kdbo o ?% bfd h]‘; k[smuéme;aldzoo};]
NZxl o ij_~klZ\e_gb_ g_ lhevdh h |e
dhe _[Zgbc fbgbfZevgh]h klhdZ | dFZkg_hjbEebe lh™u
yleyxlky ijhyle _gbyfb debfZIbq lé‘VkﬁZ\gbl evghlh ZgZebaZ ~bg:

g_klZ[bevghklb dhlhjzZy \UJZ

q_j_"h\Zgbb oheh”~guo b |_ieuo hl_Jk abf [ueb \u[jZgu i d [z
nhg_fZeh\h~guo b fgh]h\h’\guo nZEh\ J d [ZkKyng ij_d [Zkl? cgz
baf_g _gbb [|_fi_jZImjguo b \hAgdﬁ“k r\nkjeg'k\})%\bgz b . db I-[gk!chIg_Zj
nhjfbjh\Zgby j_qgh]h klhdz — Wdkl] A f gZ[ex’\_gbc aZ klhdh
agzq_gby  fbgbfZevghlh abfg fh oy KMRAL (opn evnz ih

hij_n_eyxlky g_ lhevdh ij_"abfg_g \RA\GRKYht hp gbizezkv ih fghlh
j_d gh b \ZjbzZpbyfb I_fi_jZImjguQ A ZHYX gbc az | fi_jZImjhc \haA
mkeh\bc < Zki_dl_ abfg ]h klhd 'hhok %h’b 9/*%_< ebdb_E_mdb Lbo\bg
beb ihl_ie_gb_ abf qg_j_a |I_jfbqg_ k% ]\Q n dluhlsb? i th’\hf gZ[ex” ¢
j_d_ b gz \h~rhk[hj_ hdZau\ZX|19\3%TﬂsPGﬁb - -

baf_ggb\hklv jZkoh"h\ \h”™u dZd q_ Akf)?g thgbly [uIv | iezy b fZeh\hA"
khhighr_gby ‘b~dbo b I\_j» uoohekhz’\ oZY' b kj_~gyy ih \h~ghklb beb

P\{] ‘abfg ]h klhdZ fZeuo j_d \ az\

—0
Oc
=

mj_\bqg R\yxav wdklj_fmfh\ fbgbfZevgh]h abfg_]h kihdZ j_d k |_fijZZb
=bAjhkn_jZ Hizkgu_ ijhp_kku b y\&ugbyd452. DQI:10.34753/HS.2020.2.1.44 45
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fghlh\hrgzy b | ~ \ j_ameviZle ghlbo\dmEkeéh\bc \ kjzZ\gb\Z_fu_ k
| _fi_jZlmjgh]h nzZdlhjzZ \ nhjfbjh\ZgbsbiglhadzZ\jZevkdh]h ev~rZ \ [he__ |_i
ijb g_jZ\guo mkeh\byo \h~ghklb j1857#8Y]| ZdihkHd 4 ~+;hjhd khklZ\eyeZ
g_h”bgzZdh\ <ke_"kl\b_ hlebqb32 k¥fh"ghog&d f_gvr_ q_f \ n_\jZe_ [he_
| fi_jZImjguo mkeh\bc \ jZaguohatfghcbabf64]]

ijhkljzgkl\_gghc g_h~ghjh”ghklb \_ebfgBdhklhdZ kjz\g_gb_ ]b”jh]ljZnh\ |
\ j_gghf [Zkk_cg_ hp_gdZ \ebyighpal fbhyrheeydiF df [Zkk _cg

ihl _ie_gby beb ihoheh~Zgby abfjgZyKRvebgbgmldmx abfél]] ijb
ji_qgh]lh klhdz fh _I [ulv \uiheg_BZ..k ty*"f&& b oheh”"gmx a&8hj
h[{t_dlIb\guo “hims_ghbc (Lj op= t f& ijb h”bgZdh\uo gZqgZev

Kjz\g_gb_ [b”jh]jZnh\ klhdZnkéhdby® kgb  _gby jZkoh~h\ \h~ru 1Z
\_ebgbg klhdzZ \ I_iemx b oheh”gpkmahtu jibLhesbgZ n_\jZevkdh]h ev”
highkbl_evgh jZ\ghc \h*ghklb j_dabfaZqZ® jjab§z >jufdz m>KfZqg_\h
ijh\h*behkv ijb  \uiheg_gbb kehfkMehez kf b [uez gz kf f_gvr_
hkgh\guo mkeh\bc kjZ\g_gby klhddhjgl [he__ oheh~gh]h abfgs8]H k_ahgZ
2 khihklZ\bfhklv ij_"abfg_c \h*"ghklbpzd\hrgh ba jbkmgdh\ Z b [ ijb k
\_joh\v_ I _ h”*bgZdh\u_ beb [ebpdidboh9ZsZaMgu_\ ghy[j_ gh ijb jz
mkeh\by kgb _gby jZkoh”h\ \h*u gZfiZpaiemjgHZo j "bf_  abf gZ[ex"Zxl
2 hlebgb_ abfgbo I_fi_jZImj \k@3mMREA ggu_ hlebgby | _fih\ kgb _gby
kjZ\gb\zZ_fu_ k_ahgu j_d glh\ujZzabehkv \ ij _\ur_gbb jZkoh~?
2 hlkmlkI\b_ hll_i_e_c b "b*dbo hkZ4dh\ aikfhg abfm gz~ \_ebgbghc klh

DZd ihdZaZebkghéghac bgnhjf{ipeb kmjh\uc abfgbc k _ahg
az bf_xsbcky i_jbh" gZ[ex"_gh¢ ~gh fghkyqgu_ jZkohAdbhtjhd d
hih[jZlv lhevdh\ j_*dbo kemqgZyo dhggihuoheh”ghc &6fl [ueb \ jzaz
abf ijb dhlkh[ex*Zxlky wib mkeh\yy) g _f \ [he__ fy]dmx-58hfm
jbkmghd Z Kuhfdbj m>hfZzqg_\h d

J amevlZlu b h[km "~ _gby .
dhgpm oheh”ghc &68f)J [ue gb™ _\

<uiheg_gh kjZ\g_gb_ ]b“Jh]Jérlf}XaKzlhquf \ [he__ | _iemx1dbfm
j HdFw  df [Zkk_c&KW\ZIV \ jZagiykmghd |
ih kmjh\hklb abf8]] b -64]] ijb Khhighr_gb_ baf_g_gby \h~ghklb

khihklZ\bfhf ij_~abfg_f m\eZ g_gRb\jiza@mliyhkbi_evgh ghy[jy ih "ebg_

[
[Zkk_cgz \ ghy[j_ jbkmghd Z fhKLiDgs%! jbkmgdb \ b ] < p_e
|_fi_jZImjz \ha"moZ abfg_]b8kl ahgkk cgEhj\zIlv kgb' _gb_ klhdZ j_ d d ¢
Lj;w=1t fKb abfu -64]] Lj:w=1t fK oheh~rghc abfu [ueh [hevr_q f\ | ieu_
G_kfhljy gZ g_[hg¥Zmagbpm kj_’kg_eg f gz jbkmghd \ ZKykZkk cg
I_fi_jZImju \ha"moZK W\ wlb abfugz GZbf_gvrb_ agZq_gby fbgbfZev
\gmljbk_ahggu_ I_fi_jZImjgu_ dheblfggy Kuredz j_d gZ[ex"Zebkv \ oheh”

kms_kI\ _ggu 1Z[ebpZz "Zggu_ Z_dzibkhzgpbllhe  fy]db_ abfgb_k_ahg
< _ebdb_ Emdb glh hljZzabehkv gZ jZaebqguo
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LZ[ebpzZKj_~g_f_kyabpagb_ |I_fi_jZImju \ha*mozZ (K
Table 1.AveragePRQWKO\ ZLQWHU DLU WHPSHUDWXUHV fK
Abfgbc i_jH >_dZ[] Yg\Zj| N_\jZ4d

Kj_~gyy aZ abfm |_fi_jzZImj
f I _hklZgpby <_ebdb_ Emdb
1957-58] 1] 4.3 7,2 5,9 5,1
1963-64]] 8,2 5,8 0,1 8,0
f I _hklZgpby Lbo\bg
1980-81]] 5,2 5,2 7,0 5,1
1967-68] ] 1,1 49,0 7,8 2,6
Q. vfc
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Jbkmgh8af_g_gb_ klhdzZ j_d \ jZagu_ ih kmjh\hklb abfu \ [Zkk_c
]1b”rjh]jZn kIthdZ™f; hjh B df [ ]b”?jh]jzZn klkdZdZz~+>hfZq Rh d%
\' kgb™ _gb_klhdZ j_d d n_\jZex hlghkbl_evgh ghyEjw \'[Zkk _cg
] kgb  _gb_ klhdZ j_d d n_\jZex highkbl_evgh Bgkjjy \ [Zkk _ct
1+tabfZ -64]] ijx||_||:i f& 2 t+tabfZ -58]] ijx||.||=i f&
3+xabfzZz -68]] L= A2,6f & 4 tabfz -81]1] =% f&
Figure 1. Changes in river flow in different severe winters in the basins:
a) flow hydrograph of the river Okavillage Borok F=310 k)
b) flow hydrograph of the river Dymkavillage Domachevo F=112 Kn
c) decrease in river flow in February relative to November (%) in the basin of the river Lovat
d) decrease in river flow in February relative to November (%) in the basin of the rager Sy
1 +winter 1963-64 (.av.XII-H: + f& 2 +winter 1957-58 Lav.XII-H: + f&
3 +winter 1967-68 (-av.XII—IIz + f& 4 +winter 1980-81 (-av.XII—II: + f&
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AQges,
TemnepamypHo-1€006s1e yC106Us 3UM %
1 - Tep.(XII-IT)=—5...—8 °C, Hper=30 cM 41

--{2- Tep(XII-II)=-8...—11°C, Hper=36 cm 53
3 - Tep.(XII-IT)=—11...—15°C, Hper=40 cM 57
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1 - Tep.(XT-II)=-2...—5°C, Hper=31 cm 31
2 - Tep.(XTI-II)=-5...—8 °C, Hpep=37 cMm 40
3 - Tep.(XTI-II)=-8...—13°C, Hper=42 cM 52

Jlexabps SIHBaps Pespams

Agpes,
TemnepamypHo-1€e008s1e Y106 U 3UM %

1 - Tep.(XI-II)=-5...-8°C; Hoer= 37 cM 61
2 - Tep.(XI-1I)=-8...—11 °C; Hper= 40 cM 69
3 - Tep.(XI-II)=—11...—-14°C; Hpep=43 cm| 73

Hoabps Jexabps Anusaps Pespam

Qdes,
TemnepamypHo-1e006sie YC108UA 3UMbL %
1 - Tep.(XI-II)=-5... -8 °C, Her= 39 cM 58
2 - Tep.(XI-IT)= —8...10 °C, Hpep= 41cm 63

3 - Tep.(XI-II)= —10...—15°C,Hper=43 cm | 68

0.0

Hoabps Hexabpp SAnEaps Peppam

Jbkmgh8af_g _gb_ abfg_]h klhdZ j_d ijb jZaguo | _fi_jZImjguo b e_*h
Z [Zkk_&yWx25 d% [ [Zkk_cEh\zZFv d#
\ [Zkk_c_ ) _jgZy >Rbgzd% ] [Zkk_otg]i Fz  d%

1+toheh”gZy abkg “gyy ih kmjh\hklbfyallfZzy ahkfZz
Figure 2. Changes in winter river flow under different temperature and ice conditions:
a) the basin of the river Syas F<250%m b) the basin of the river Lovat F<400 ¥km
c) the basin of the river Northern Dvina F<255%km  d) the basin of the river Onega F<900’km
1 *cold winter; 2 +taverage severity of winter; 83mild winter

>ey j_d [Zkk_jcdh\Kykv Eh\iAM\_j "Zxsbo k\yav klhdzZ g_[hevrbo
K_\_jgZy >\bgZ b Hg_]Z [ueZ ihelmfg_gZ Ik fjbyZImjhc \ha”moZ b Ihe
djb\uo bklhs_gby klhdzZ az fgh]lhej_lgdlc]h_jbdwZ jbkmghd >ey
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bkke_"h\Zebkyh”gu_ djb\u_ bkltksnjhhy_ abfgb_ i_jbh”u ;he__ bgl_gc
klhdZ dhlhju_ jZkkgblu\Zebkv ihkgjmiigh j klhdzZ j_d d dhgpm abf \ [.
ljb iZkq | _ djb\uo bklhs _gby K RlhdZy >\bgZgb]Z h[mkeh\e _gu [he_
bkihevah\Zebkv hlghkbl_evgu_ alg#djh\gbly kldjdh] ggufb ijhp_kkzfb
j_d tQ glh ihalhey_| h[h[sblv wlimh*®h&bhlyjizgomk \ _jguo jZchgh\

"ey g_kdhevdbo j_d g_ ij_g_[j_1Zy Bghsgktwhvghklv b ijh~rhe bl_evghklv
\h~*hk[hjZz <_ebobmnZZzzdl_jbam_| kbfgbo jZkoh”~h\ \h~u \ j_dZo gZoh"

kgb  _gb_ klhdZ j_d dzZ "uc f_kypipghklZ\dkdlihklb hl ij_~abfgbo azZizkt
jZkoh~zZ \hAu \ ~_dZzZ[j_ beb jghwyhf [Zkk_cg_ b jza\blby ijhp
D_k_-Qx||,|,||/Qx|| beb f_a:Qx|,x||,|,||/Qx| e _A hh [j Zah\Z g b Yy Zddmfme bj m
Khhi\_TkI\_go®+kf_"g_f_kyqou_ jZ&kohqbl_evgmx qZklv abfg_]h j_qgh]
\h”u <dexq_gb_ ghy[jy \ ZgZeKhdhgb\uoQ _jgZy QO zZjrdl_j@

bklhs gby klhdZ k_\ _jguo j_d [ZX&kygbh\lhedbgu n_\jZevk@h]hg&v”Z
K_\_jgZy >\bgZ b Hg_]1Z h[mkekgd gpgb[h&lhdZ j d d dhgpm abfg_]h

jiZggbf i_j oh~hf | _fi_jZImju \hathaodguogjjg@k« cgZo ihdZaulZ | jbkmg
ghev Hlghkbl_evgu_ radXkq_Ydbyebkvemg_gguc gZ hkgh\_ jZg__ \uihe
ih 1jmii_ bkke_"m_#$ey jnhjfbjh\Zgbyw[s_gby k_jbc abfgbo k_ahgh\ [|Z[«
k_jbcguo \u[hjhd kh\hdmighklv jZjdkhgéddkyv ih Jbkmghd hljz z _1 h
ijbagZdm kj_"~g_c aZ abfm |I_fi_jZlm{u dpaX midhZ2I\_j *"Zxsmx k\yav n_\jZe
>ey h[h[s_gguo ih I _fi_jzZlmgglbidu ev”~"Z g _[hevrbo j_ d k \_eb

0ZjZdl_jbklbdzf k_jbc abf ih ithermgbggabyDklhdZ azZz abfm FqgvrZy lhes
jZkkgblu\Zebkv kj_~gb_ djb\u_ bkkih$lgbklkihdzl _iehc abf_oleb¢ghy +
aZ i_jbh~ru A _dZ\j\ev "ey [Zkk_clgb\m\debqg gbb lhesbgu j _ggh]lh ev~Z
Kykv b Eh\ZIv b mghyEZevt *ey [ZkkibgbiZevguc klhd j_d \ [ZKkkegZo
j_d K_\_jgZy >\bgZ b Hg_]Z Z Ikglb ZekgbgBgEh\ZIv gZ K_}_jgZy
mf_gvr_gby jZkoh”h\ \h”u k ghy[jy\byZddZjy d< [ZkKgcdZ fjbgbfZevguc
n_\jZexQn%). kilhd \ | _iemx abfm [ue gZ \ur_ g
Kjz\g_gb_ \_e®qbegZ 0k_jbb jZaghueh”™gmx
ih kmjh\hklb abf ihdzZazZeh qlh 7"~ -+

Qdes,%
hidehg _gby kgb' gbydkladzabfm g

gZgqZevguo abfgbo mkeh\bc ,_ef"',g o
hif _qzxlky \ oheh”gu_ abfu «f v SO =2
highkbl _evgh fy]db_ abfu Kykjoht e :4
kj "g_c lhesbg_ j_qghlh ev/rZf\ =» e T
klhd fZeuo j_d k ~_dZ[jy ih n_\jz B0

Z \ [he__ oheh”gu_ abfu ijb | ¥]

kf kgb' _gb_ klhdZ [ueh bgl
khklZ\beh | _ \oheh”gu_ abf °j; 20 35 5 65 o
JZkOIh;“ \thf“ [“ebl gft.’ '_z?niw J;kﬂ‘\@k”n‘%gh‘ai[h[s_gguc ]jznbd k\yab klhdz
"bZiéahga s _f;L_Jk gg_qr;gz &bf(.ju dhgRm apfu k thesbghc evz n_1j2
mf_gvrbeky gZ \ [ZkEhEtgl&o gzij K_A_1gZy >\bgZER\Zlv | Kykv

4+j Hg ]1Z imgdlbjgZy _ebglmyp b

63- \[zkk_cgRoll jgzy , >\bd7gb]¥ Fi?ur_e 3. Gener%Iized graph of the relationship of
jbkmgdb [ \ ] < k_jbx abf k I_f j|Z|m f . o :
\hans 2 \ Apzizah r <t f& rlve;r1 fdow _bi/ e \end of winter with ice thickness
armo 'canhg_ o« f ebruarjfy): +river Northern Dvina; 2+river

. .
bkke_~m_fuo [Zkk_cgZo kgb~'Ze YL ovat=Fxriver Syas: 4triver Onega;
bgl_gkb\gh b [ue \ur_ gg_f \ [he__ dotted line +the trend
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LhesbgzZz ev~Z yl\ey |ky bgrbiddphjlokhf \h~hh[f_gZ \ j_qghf [Zkl
debfZlbg_kdbo baMagnuspbetal; 20001 hljZz" gb _f dhlhjh]h yley Iky baf ¢
b bgl _]jZevguf ihdZazl_e f kmjh\kkhdgdabf gQc fih\_joghklguo b ih~a_fgu
gb”_ I_fi_jZlmjz \ha"moZzZ abfhcAbdfh¢henb_hlkmlkdrdbo hkz~dh\ j_db
lhesbgZz e _"yghlh ihdjh\Zz | _fiblZuxkkjyy ij _bfms_kI\ _ggh ih~a_fgufb \h-
ijhbkoh”~bl kgb _gb_ klhdz \ j_dgl_gkb\ghklv ihklmie_gby dhlhjuo ¢
kmjh\u_ abfu fu gZ[ex*Z_f mi_¢mebgn Iky djbh]_ggufb ijhp_kkZf
Ilhesbgu j_gghaltz b khojZAg_gdb_[heih\_joghklghf b \ ih”a_fghf \h~hk[h]jZ
\ukhdbo jZkoh”~h\ \h~"u d dhgpm albdu gkbfyghlblyv jZa]jmadb \ j_db j_]m
abfu \ebygb_ e_"ygh]h ihdjh\Zhhiglghrkldk f mjh\g_c \h”u \ j_d_ b ih"
hkez[_\zZ_|I ijhimkdgzZy kihkh[ghktv ljmwklhém \  j_amevlZlib\ghf ZKk
memqgrZ_Ilky aZ kq_I| mf_gvr_gby llFesjzdmj&vitza*moZ b ijhp_kku ijhbkol
kgb zZxlky ihl_jb klhdZ gZ Zddmfmegpbxg?iZklZgb_ ev”~rZ baf_g gb_ jZ
e_"yghf ihdjh\_ b m\_ebqb\Z_Ilkymjblggb_\hH~d b | i yleyxlky bgl_J]jzZe
ih~a_fgufb \h~Zfb LZdbf h[jZahihdXaBZaeyfb baf_g_gby | _jfbg_kdbo m
ihl _ie _gby abf ijb hlghkbl_evgh \¢g_bafqmdidoZkk _cg_

Jh*h\uo hkzZ~AdZo [m”_I| ijhékiahy blv [

KiZ[hldZ azZiZkh\ ih*a_fguo \h~A \ '?_Engeuxoq—gb—

[Zkk_cgZo q_f wlh [ueh jZg__ L_fi_jZImjZ \ha"moZ b |lhesbgZ ev
<ebygb_ | _fi_jZImju \ha~my¥eyxjky ahdzazl_eyfb baf_g_gbc I_jfk

I\_j*mx nZam \h”u gZ abfgbc jmigghbckind j_d_ b \ j_qghf [Zkk

ijhyley |ky gZ jZaguo mjh\gyo \aBkke~ "bkRD®plyy \uiheg_ggu_ \ jZaguo
kha”rzZ\Zy p_igmx j_Zdpbx baf_g[dkk_toZe fihdZaZeb qlh \ baf_g_gb
j_gghf [Zkk_cg_ Hljbpzl_evgmx\h*gihkinmjd kms_kl\_ggmx jhev b]jZ_I
\ha”moZ ohly hgZ b yley_lky nZdmhjpytkghkeklZ\bfhc ij_~abfg_c \h~gh
ihy\e _gby ev~"Z gZ j_dZo g_évaK_jlbxbfyldbo [_ahll_i_evguo abf klf
"hfbgZglhc \ ijhp_kk_ nhjfbjh\Zgbyb&keg ""h_fuo [Zkk_cgZo kgb Zeky
klhdz j_d WIlh ©dhjj_dlibjmxsblegl_gRblgh b fbgbfZefgpuec klihd [ue

dhlhjuc \azZbfh” _ckl\m_|I k \nZdlazhf Z \ hl*_evguo kemqgZyo b |
ij_ ~abfgbo [Zkk _cgh\uo azZizZkh\f WhPwe__ kmjh\u_ abfgb_ i_jbh”t
J_amevlzZlZfb wlh]lh \azbfh”~_ckl{ygvigZx liheigwg_ev~rZ gZ j_dZo

yleyxlky |_jfbg_kdbc j_ “bf e_~h\u_ yVe agmgvbZlu ihemq_ggu_ \ (
abfgbjZkoh”u \h~u b 1| Z gbdkkeqgdthfrZdheb j_gghlh klhdZ k e_"h
\h~Ahk[hj_  #hf_jazgb_ ihg\h]jmg@@h\hjhf jZkrbjyxl gZmqggh_ ij_~klZ\e_

fb]jZpby \ezZ]b d njhglm ijhf_hkhgbgghklyo nhjfbjh\Zgby abfg_]h klh
N KI_i_gv \azZbfh”r _ckl\by [m~_| niafrggybhkoky debfZlbg_kdbo mkeh\byo
bgl_gkb\ghklvx ihohehrZgby \h”ghklvx k_ahgZz
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:gghlzZpb®zZq_kI\h \h~u \ gZklhy
hp_gb\Z _Iky g_aZ\bkbfh hl \_
\h~"u Ihwlhfm ~ey \h~*ghc hljZke
ImZevguf y\ley |ky ihemq_gb_
dhebq_kI\Z b dZq_kI\Z \h~gh]h

fhsvx Z\IhfZlbabjh\Zggh]h ijt
dhfie _dkzZ ©Hp_gdZ ihdzazl_e
b gbklh]h klhdz?2 jZajX|[bkh&kgy’

kI\_gghf ]b”~jheh]bg_kdhf bgk
\hafh ghc kh\f_klgzZy h[jZ[hldZ
zfh\ klzg”~Zjlguo ]b”jhobfbq_kd
]bg_kdbo "Zgguo gZ[ex™_gbc ¢
gZklv zZ\IhfZlbabjh\Zggh]h ijh]j
ie_dkz ihal\hey_ | jzZa”™_eblv
klhdz ih _~bgbgghfm aZ]jyagy
g_glm gZ qgbkluc dh]*Z _]h
klhd_g_ij \urzZ_ 1| ij_"~ _evgh ~h
g _gbc b gZ aZ]jyagzgguc dh]’
Hkgh\guf ihdzZzazl_e_f dzZq_klI\Zz
\h~u \ wihec f_Th~"bd_ y\ley Iky ¢
ghlh h[tzfZz \ujzZz _ggZy \ ijhp_c
h[tzfZ <h \lhjhc gZklb Z\IhfZl
ijh]jzffgh]lh dhfie_dkz \i_j\u_ ij
jZa”_e_gb_ ]1h”~h\h]h h[tzfz j_
g_kdhevdh gZklbgguo h[tzfh\

ih khihdmighklb aZ]jyagyxsbo
dezkkzf aZzZljyagzgghklb \ Kkl
J>52.24.643-2002 lThemqg_ggu_ hp_g
klz\e_gu \ &iZkihjlz dzg_klI\z
hij_~ ezgguc \j_f gghc i_jbh~"
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Abstract. Water quality is currently being eval
ated regardless of the amount of water flow. The
fore, for the water industry, it is especially ir
portant to obtain a unified assessment of the qi
tity and quality of river water flow. Using the aut
PDWHG VRIWZDUH SDFNDJH

DQG &OHDQ 5XQRII ,QGLFDWI
Hydrological Institute, it became possible to join
process large volumes of standard hydrochernr
and hydrological observation data at the posts.
first part of automated software package allows"
to divide the volume of river flow by a single ingr
dient into pure when its concentration in the efflu
does not exceed the maximum permissible con
trations (MPC), and into polluted when it is higt
than the MPC. The main indicator of the quality
river water runoff in this method is the relative vi
ume of runoff contaminated with a single ingre
ent. In the second part of automated software p
age, the annual volume of river flow is divided ir
partial volumes of various durations that differ
the composition of the complex of pollutants,
their degree of pollution is estimated by classe
accordance with ANON (2002) 52.24.643-280
7KH HVWLPDWHV REWDLQHG
TXDOLW\ FHUWLILFDWH " %EC
guality monitoring of the Department of Hydrom
teorological Service of the Central Black Soil F
gions, using the automated software package,

“h[jh\bpdZy G G ?Kbrgyghph\gdZ Khebq_kI\Z b dZq_

j_db K_cf k ihfhsvx gh\hc Z\IhfZlbabjh\Zgghc | _o#¢igkhgub ijhb fkknb
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Z\IhfZlbabjh\Zggh]h ijh]jZffgh] quality of runoff for single chemicals and their col
ih "Zgguf gZ[ex”_gbc MijZ\e | plexes was estimated in the border hydrocherr
I_hjheh]bg_kdhc kem [u P_qgljz observation point of the Seim RiveiTetkino vil-
a_fguo H[eZkl _c ijhba\_”_gu h lage. Observation period is from 1993 to 2013.
klhdz ih _~bgbqgguf obfbq_kdb"

ih bo kh\hdmighklb \ ih]jZgbqg

g_kdhf imgdl_ jj K LcAldbgh azZ i

k ih 11 'hdZazgz fghlh

fbdz dzZzqg_kI\Z klhdzZ j K_cf b\

sb_gZ g__ nZdlhju J _dzZ K_cf

> kgZ ;eb Zcrbc ]b”jheh]lbqg_k

iheh” g gl jcf \Juevkd lehszZ™

k[hjZ j_dbJmeykd khklzZ\ey_d¥

jZkklhygb_ ihklZ hl mklvy jz\gt

Dexq_\u_ keph\&z K_cf 2z\lhfz Keywords: the Seim River; automated softwa
\Zgguc ijh]ljzffguc dhfie_dk package; operational observations; polluted run
gZ[ex" _gby aZzZ]jyagzgguc klhc river flow quality certificate; flow quality dynam
kI\Z j_gqgh]h klhdZ “bgzZfbdz d ics.
1> - F_Ih~ dhfie_dkghc hp_gdb Kkl_i_gb aZ]ljyagzgdhklith it jjlhaghidbguldbf
ihdzZzazl_eyf ={jhf_I|_hb200Z148k
Guidance document 52.24.643-2002. A method for a corapsife assessment of the degree of surface waters pollution by
hydrochemical indicators. Saint-Petersburg, Hydrometeorological Publ., 2002 (In Russign

<\_ " gb_ ]b’\j eh]l]bg_kdbc bgklblml?2 NZe
. N.=; kha”~zZg b kh\_jr_gkl\m
Khij_f_ggu_ hp_gdb kihdz ] OIEO';h\Zgguc ijh]jzffguc dhfie

RtzI18 485
ijZ\beh hljZgbg_gu dhebqg \‘:5 g .
|bAjheh]bg_kdbfb 0zjzdl_jbkibdZif P algb'rl'a,dZaf'Eei—ﬁfhii];y{;‘ﬂlzfjgh?]hh

. h(]d_pr A HIEE:
dzg_kl\z Ah~u ijhbaih”ylky —g_g3g&inKbl ni b\gzy kh\f kigzy b A_|
JbAjheh]bq_kdbo ihdzZazl _e_c klh - hhe&\‘jrrbo hltzfm ]bAJheh]bq—k
"1h h[tzfh\ HAgbf ba ZdlmZevgu%i 1 She  Kizgrzilghe i B
kbkl fu fhgblhjbg]Z klhdZ j_d hlﬁh g e
liZgk]jZgbgqguo yley_ IkyJZajZ[hI fzjl Z‘hd hck‘ ithrd&mf't errlg('){lvs ©-gb_
ihfhsvx dhlhjhc  [ue W RPNeg

g
bg~rb\b mZevguc ©izZkihijl qu 592% Ckuﬁo'H]‘Z”“ khkllhh\b' ba lj_o hkgh
A 9 Jez\ghlh
klhdz ey bamgzZ_fh]lh mqgzZkldzZ |j eJ ! ggg]g :

. A g gufb ih ihklzf b j_am:
i_jbhnrZ kl\yaulZxsbc dhebqg_ Kkl u] )
dZq_kI\_ggu_ 0Zjzdl_jbkibdb j Fhyz-nizle_gb_\ [Zam :1D dzd

q_Kil_ggu_osledi_] -4 jhObeq kdbo 1Zd b ]bAjheh]be

27bgu_ hp_gdb dZq_kI\Z b dh K, It .
e C ms_kl\ey |Iky \ nhjfzl_ 0
fhiml k1Zlv ~hdmf_glZevghc hkg X \-ﬁ,\ — - —

c . .
L < A
hljZkeb Jhkkbb Z 1Zd'_ fh]lml [ulv DRihevah f‘gu jzlhg_c hiezklb ijbih™:
1Z[e J]Zkoh”~Zfb \h”u \u[jZgc
Ney gZmqgguo baukdzZgbc \ m \ .
ATt 1] kdh]h ki\hjZz az \
baf_gyxs_cky Zgljhih]_gghc gZ2l] .
uc \ Zjob\_ i_jbh” gZ[ex”"_
\h~gu_ h[t_dlu baf_g_gby debfZzl; hi
: hc hq C h[eZkXZjebpu k
ijhp_kkh\ \ ]b”rjhkn_j_ .
. ho bq kdbfb NZggufb \ul[jZgg
< ~"_izevght Ihkm~Zjkh, %% ba_kdhlh kivhjz 1Zd'_ aZ \_kv
[x"‘_Ighf mqj_ "~ _gbb ©=hkm~» - -

g’i‘ ex398E cameviziu jzkg Ih\ ij ~kiZ\e
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\ :ID dZd \ gZ]ey”~ghf ]JjZnbqg_kdhif>Db”"_ IZd bh[s_c ijh~he bl_evghkl
\ 1Z[ebgghc nhjf_ jZkkfZljb\Z _fh]h ijhf_"mldz \j_f_ ¢
AZ"Zq_c "Zgghc jZ[hlu y\begkiybf 4lbgZghfm Jjhm L
hp_gdZ dhebqg_kI\Z b dZq_kI\Z \hAghKlhybywd 1ZHAd : 1D jZajZ[hlZgZ gZ h
ih _"~bgbqguf ]b”rjhobfbq_kdbf dhfijigcglWfiih gh\Zy f_IhA"bdZ dhlhjZy it
1Zd bh bo kh\hdmighklyf \ ih]jZgbayghdbky h[tzf j_ggh]lh klhdZ gZ qZz
MdjZbghc ]b”jhobfbg_kdhf imgdlh[tfzfK_cf jZaebgZxsb_ky khihdmigh
ji Lzldbgh \ i_jbh~* ]11 k ihfhsvaxZ]jyagyxsbo \_s _kI\ b hp_gblv aZ]jya
gh\hc Z\lhfZlbabjh\Zgghc |I_oghehhBh k\p wlbo h[tzfZo \ khhI\_lkl\bt
ihdzazlv _z hi_jzlb\ghklv b \It&222%h32002
bkihevah\Zgby j_amevlZlh\ jZkqzlh\ "egy] jZagby gby ]h”~h\h]h h[tzfZ j_
jZaebgguo az~Zq \h~ghc hljZkeb Rig&dxliglgZlb §&klbqgu_ h[tzfu gZ
bamg_gby nzZdlhjh\ nhjfbjmxsbojhddghkibth kdhf ]JjZznbd_ kh\f_sZxlky i
klhdzZ j_d ijh~he bl_evghkl_c aZl]jyagzggh]lh klh
E InAu \k_o0o aZl]jyagyxsbo dhfihg_glh\ WIh ih
- \u”_eblv ijh~rhe bl_evghklb b khhiI\_Ilk
1D khklhbl ba “\mo jZaguoqZklbglgd_ h[tzfu klhdZ jZaebqZxsb.
| _j\Zy \dexqgZ | hkgh\gu _ ikkelk1zgmy az]jyagyxsbo \_s_kI\ >JImf
jZajz[hlZggu_ jZg__ \ N2Z;M hOhfjhibpdZy Bevbhg @ < khhi\_lk
ihdZazZl_eyo k\lyaulZxsbo \_\eiBabgskihe3d-2002\ dz ~hf qzZklbgghf h[tzf_
k hi*_evgufb Jb”rjhobfbqg_kdbfb dhifiidhny iglB&d ~ gZ hp_gdZ aZ]jyagzgghk

>DZjZmr _\ KdZdZevkdbc deRKkZmb_)zajyrzf
KdzdZevkdbc KdZdZevkdbc < dhg_qghf j_amevlZl_ ihke_ h[t_7
F_Ih"bg_kdb_ hkgh\u @ gZklbgguo h[tzfh\ \h”"u bf_xsbo h”bgZ

I_j\Zy qgZklv ijh]jzffgh]h dhdliei_ gZ az]jyagzgghklb dezZkku b |j
iha\hey_| jZa”_eblv h[tzf j_gghjhekl®dZf ibgrb\b*mZevguc ©iZkihjl d
_"bgbgghfm ]b”*jhobfbqg_kdhfm dhfiqgh]hlmrigdza ey bamqgzZ_fh]lh mqgZklc
gbkluc dh]*Z _]h dhgp_gljZpbydZA *lhd]1h9Z b \k_]h bkke_~m_fh]lh i_j

ij_\urz_1 ij_~_evgh "~himklbfuo \@agxX@§izgbt[t "bgzggu_ ith jZeikkzZf
"Ze_|>P b gZ aZ]jyagzgguc dh\MZhgEgwr_qzZklbgguo jZkoh~h\ \h~
I>D >IJmfygp _\Z ;h[jh\bpdZy @h~he bl _evghkl_c bo klhdZ bo Z[khe

Hkgh\guf ihdZazZl_e_f dZq_kRFghkisighklhgu \ ebgbgu Z 1Zd _ dzZe
klhdzZ \h”~u \ i_j\hc qzZklb f_lh~bdbluy\eyo |kiy Zebazpbb Djhf_  Ih]h
hlghkbl_evguc h[tzf klhdZ aZpjaalgpdkhodz khklhygby aZ]jyagzgg
_"bgbqgqguf dhfihg_ghkhf 9 HgdzZz ~h]h deZkkZ b jZzajy~z
\ujzZ Z Iky highr_gb_f h{tzfz KHkgh\gufb ihdZzazl_eyfb dzqg_kI\Z j
aZljyag_gghc Waui_© g_kzgghc ®lhid2 \h~u \h \lhjhc qZklb f_Ih”"bdb y\
az”Zgguc kl\hj az Jh~ dh \k_fm Jhgmbdm edédmhtzfu b9hlghkbl_evgu_
j_db;9 ijh "he bl_evghlklkb qzZklbgguo _]h

lhdZaZzl_ev hlghkblhjaygh\cjZaguo deZzkkh\ aZ]jyagzgghklb
ijhrhe bl_evghklb aZ]jyag Tag®)h klhdZey ijh\_~ gby jzkq_lh\ ijhba\h”b
\ujz Z_1ky highr_gb_f %z f\ dbg7glebg_cgzZy bgl_jiheypby baf_j_gguo a
dhlihjhlh dhgp_gljZpby \_s_kI\Z \dhgpd glyZpbc ]brjhobfbgq_kdbo ihdZaz

23 _dhf_g~zZpbb ih ijbf_g_gbx bgl_]jZevguo ihdZaZl_ehéu”by alZpjypde gk lkINZ d b \h~h_
E ==B k

33> - F_Ih~ dhfie_dkghc hp_gdb kl_i_gb aZ]jyagzg%hklbbiYhojbipuklkdibf\ithdZzazl _
eyf KI[ =b7jhf_|_hba~Zzi k
Lz
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bkihevah\Zgb_f kmlhgghlh rz]Z JmM}El§Zg@uoNimgdiZo ~himklIbfh ijb khhl
iha\hey | k]leZ”blv hkh[_gghklb bkeh~gahdejZkRgh ghjfzIb\Zf

]b~rjhobfbqg _kdhc bgnhjfZpbb lhwkhfm Ney ijhba\h”"klI\Z jZkqz
g_h”ghjh~ghklv g_wd\b*bkdidgkghlkley ¢ dZq_klI\Z klhdZ \ ]b”~jhob
aZ\bkbfhklv dhgp_gljZzpbb hl \htglgkllb j_db jjblhjbZevgh m~rZezgghf
>Kfu h\z R_em~dh Dhdgbkpbedhlizg_kdh]h ihklz ihlj_[h\Z
Kfu h\z @ fhr _ebjh\Zgb_ 1b”jh]jZnZz klhdzZ \h~

JZkg_lu 7~ey dZ ~hc “"heb [eb[tzdh\fm ]Jb”*jheh]bg_kdhfm ihklm
hkms_kl\eyebkv g_ lhevdh ih bafihklggdpdufZeghZ2d WIZ jZ[hlZ [ueZ ijh\_
ih bgl _jihebjh\Zgguf agZq_gbyKmdhmhdt¥hc ? K jZg__ ih f_Ih*bd_ be

dzZzq_kI\Z klhdZ \h”u azZ ]1h” b aZ *x<kkdij_jhykdbc @ KjzZ\g_gb_
ijhbal\h*"bezkv k mqg_Ilhf \dez"AdzZqzZklbgdkulwdzZz az \_kv i_jbh™ k i_j_kq
h[tzfh\ jZaebgghc ijh~he bl _evighkkhzlad ]b”jh]jZnZz ihdZaZeh qlh
dzq_klI\z ijZzdlbg_kdb kh\iz~zZxl lhwlhfm h
>ey \uyle _gby f _oZgbafh\ W& gklybklhdzZ \ Jbrjhobfbg_kdhf imgdl
dZq_kI\Z klhdZ j K_cf aZ bkke_#£mifuzrldbghh™az i_jbh™ k ih |
[ue ijbf_g_g nzZdlhjguc ZgZebah[hMgHl\Ejggh ijhba\h*bebkv [_a i_]j
hit_"bgyxl \ hAgm ]jmiim i_j f gglb”jhdhZimjd
fhlml J[ulv ijyfh beb dhk\_ggh k\yaZgz[hlq_c h[eZklb :ID ©0ZjZdl_jbk
g_dhlhjuf hij_~ e _gguf bklhqgglhdkioth " ded ]b~rjhobfbg_kdbo NZg
ijhp_kkhf b dhlhju_ mkeh\gh fhigh*"hdgB&Neaiw Iky \hafh ghklv ijhkfhljZz
j_ij_a_glzlb\gufb >B[_jeZz @ I|Z[ebpbhebqg_klI\h ijh[ ih ]h~rzZfa b ©I)_*

. . \Zjvbjh\Zgby2 Dhebqg_klI\h hij_~ e gb
N N
OzZjzZdl_jbklbdzZ "Zgguo gZ[FuXe rl_) AghjhAguf b baf gyehkv \ hkgl

< hkgh\m bkke ~h\Zgbc iheR _gu j _~dh [Zeégh lj_~ _eu

|brjhobfbg_kdb_ b ]b~jheh]bq_K&bhvbjhaghy baf_j _gguo agzZq.
1993- 1] ihemg_ggu_ \ j_pomewvdBfbqg_kdbo ihdZzazl_e_c \ imgdl_
j_"bfguo gZ[ex”_gbc MijZ\e Lghebgh azZ i_jbh~ k ih |
Jbrjhf_1_hjheh]bg_kdhc kem ' [u RjmljZeyguo |1Z[ebp_ GZ[ex™_gby
Q_jgha_fguo H[eZkl_c \ ih]jZagbgjytafy &b f \h~u ijh\h~bebkv ih mdZa
MdjZbghc Jb*jhobfbqg_kdhf imgdl]Z[jeblg_cf =+ i j_qgx ]brjhobfbqg_ ki

ji Lzldbgh b gZ [eb Zcr_f ]bAjheimibaaxidhf ¢
ihklm j K_cf A ] Juevkd JZagbpZ \HemsBfy®wf rjbnlhf \ 1Z[ebp_
\Mhk[hjh\ mdZazZgguo imgdlh\ mf[egxyugbrcdZzazl _eb agZq_gby dhlhju

khklZ\ey | \ Ih \j_fy dzd kh\h_kighy bamqz_fhlh i _jbh~Z ij_\urzx
bkihevah\Zgb Jb~rjheh]bqg_kadkg ju[hdhayckl\ _gghlh GjbbZgoggby
Jbrjhobfbg_kdbo “Zgguo \ |_jjbibjhdgeghu dzd gzb[he_ _ ° kldb_

5GZklz\e_gb_ ]1b~jhf_I_hjheh]bg_kdbf klZgpbyf b llhkKnfklZuémghd_ bQEXJkIh\dZ d i_qZlb =b
lbg_kdh]h _"_lh~gbdZ E =b”jhf_I_hba"Zzl k

61 j_g_gv ju[hohayckl\_gguo ghjfZlb\h\ ij_ "~ evgh "kimklibfohdbgplmjljZpdgh [_ahiZzkguo n
g_c \ha”~_ckl\by H;M< \j_~guo \_s_kI\ "ey \h~u \h~*guoohptyddh\ glwth xsalmz qufdb_ F Ba":
klI\h <GBJH k
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LZ[ebpZlj_"~ _eu \Zjvbjh\Wwagby gguo agZq_gbc ]b"jhobfbg_kdbo dhfihg_g
j K_cf AijLzldbgh azZ i_jbh~ k ]] ih

Table 1.The limits of variation of the measured values of hydrochemical components airthef loe Seim

River xTetkino village for the period from 1993 to 2013

De7k lj_~ eu \Z
=b”~jhobfbq_kdb_ dhfihg_glu] JZaf_jgh/ . bjh\Zghb)
hizkgh .
Min Max
<h”~hjh~guc ihdzZzazZl_ev SG Mke 6,8 8,9
. . f] % Mke | 536 15,6
JZklI\hj _gguc dbkehjh” H GZKus_ 379 | 1492
;bhobfbqg_kdh_ ihlj_[e_gb_ dykeh| flH ~? 0,92 | 5,19
ibojhfzZlgZy hdbkey fhklv OI fl] H 7~ Mke 7,56 | 60,1
ffhgbc khe NHg) f] 1 7°f 4 0 1,93
GbljZINOs) f] 1AF 3 0,02 | 2,51
GbljblINNOY) f] 1 7°f Mke 0 0,12
NhknZlu f]J % 4-w 0 0,49
Fen(s f] ~¥ 4 0,02 | 0,45
Cw f] % 3 0 0,01
Zn?t f] ~¢ 3 0 0,012
K& f] ~¥ 3 0 0
Crét f] ~¢ 3 0 0,01
Ni2* f] ~¢ 3 0 0,01
N _gheu f] ~¥ 3 0 0,002
Kbgl_Ibqg_kdb_ ih\-Yadbhkdgh \_s_kI\Z f] ~¥ 4 0 0,21
G_nl_ijh~mdlu f] ~¥ 3 0 0,39
ca* f] ~% 4-w | 39,3 110,2
Mg?* f] ~t 4-w 5 39
SO f] % 4-w | 13,1 | 96,1
Crr f] % 4-w 48 | 79,9
Hp gdz dzq_kI\Z Kihd gZq. rg?byo z lzd" _ khhi\_TklI\m
Abab uf 1b”jhobfb [ka xlgd®_ b hlghkbl_evgg_ h[tzft
-~bgbag J 94 agzgghlh klh¥4z\h®Mkj_"gzggu_

dhfihg_glzf hp_gdb az \_kv i_jbhA bkke ~h\Zghbc
Hkgh\gu_ ihdZazl_eb dzZq_kI\zZ Jl gghlklZ\e_gu \ IZ[ebp_

klhdZ 29 b a7 \ imgdl_ j K_cf ey OID §INOy, Fens, C? b

ji Lzldbgh aZ i_jbh” k ih pl_nl_ijh*mdlh\ gZebqgb_ aZ]jyagzggh
>ey dz ~hlh ]b"JhObfb&Ifk—OQﬁhlky _ _Ih~gh A\ 1_q_gb_ \k_]h

dhflhg glz dz ~hlh 1h"Z b \k_]h9fdE& " a@P¢ppn Ih \i_fy dZd kihd aZ]jy

_jbh~Z k ihfhsvx :ID [ueb jzkkRphZy4fo bf_e f9lklhl  kihd k
hkgh\gu ihndzazl_eb dzq_kI\z j94%%%h hg'?<+ﬁdz \hu ~ dbkehjh~hi gt
ijhAhe bl _evghklb az]jyagzggh]h9R] %?\QH]\@“ aZ]ljyagzhgdcs

(Tazy \ Z[khexlguo kmldb b highkBE-dvdue< b jGe£l Z kihd k ij_\ur_gb_
I>D & b n_gheZzf Ihghtlh
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LZ[ebpZ Hlghkbl_evgu_ ijh”he bl_evghklb b h[tzfu aZ]jyagzggh]h klhdZ
imgdl_ j Kjdfl&zldbgh mkj_"~gzgguc aZ ihjbh"]]

Table 22 5SHODWLYH GXUDWLRQV DQG YROXPHV RI SROIOKWHGPUSXQYRIU |
Tetkino village, averaged over the period from 1993 to 2013.

Dhfihglug Taz % Vaz % Dhebq_kl\h e_I gZ[e

- Kj| Fbg| FZd| Kj | Fbg| FZd| K aZ]jyag_gguf | <k_]
pH 1,6 0 14 2,5 0 16,8 5 21
H 0 0 0 0 0 0 0 21
O%gZkus_g/ 256| O 619|283 O 82,8 18 21
i 1 Ds 36, 7| 4,4 100 | 49,5 3 100 21 21
OID 63,3| 23,5 | 100 | 68,6 | 16,7 | 100 21 21
NO2 62,2| 17,2 | 100 | 60,9| 12,4 | 100 21 21
NOsz 0 0 0 0 0 0 0 21
NH4* 20,9 0 79,7 | 265 O 86,1 16 21
NhknZzZlu | 34,8 0 70,4 | 26,5 0 78,4 19 21
Fenrs 43,2 4,9 91 |48,7| 44 91,6 21 21
cuw 72,8| 43,7 | 100 | 76,5| 33,7 | 100 21 21
Zn? 0,1 0 3 0,6 0 12,4 1 21
Ks* 0 0 0 0 0 0 0 11
K3t 0 0 0 0 0 0 0 11
Niz* 0 0 0 0 0 0 0 21
G _nl_ijh~m| 44,4| 14,3 | 90,1 | 55,1 | 16,4 | 89,1 21 21
N_gheu | 04 0 71 | 0,3 0 6,5 1 20
Kl:< 4,7 0 29 4,2 0 27,9 5 21
cat 0 0 0 0 0 0 0 21
Mg? 0 0 0 0 0 0 0 21
SO* 0 0 0 0 0 0 0 21
Cr 0 0 0 0 0 0 0 21

ljb wihf kj_"~gb_ azZ i_jbh4%gZagHdygdc hlghkbl_evghc ijh*he bl_ev
\' jy*m dhfihg_ @Y\ OID NO;, hlghkbl_evgh]lh h[t_fZ aZ]jyag_gghlh
g_nl_ijh"mdlus Fés NHs® nhknZluwjZnbdb Tey b 29 bf_xI [hevrh_
gZkus_gby \dBkehjh~rhf KZnk b koh”kl\h ihwlhfm gZ-jbiimgdZbdbe ¢gZ

n gheu mf_gvrZ |ky hl Nh "bgzZfbdZ Ilhevdh hrgh]lh.zalZzazl_ey 9

Ke_~m_I hlf_Iblv qglh fzdkbfzezZguibkmgd_ kh\f_s_gu fghlhe_
agZq_ghy 9%ey ;EDOIDNO; b &X djb\u_ hlghkbl_evguo h[tzfh\ Jh”~h\h]h
khklZ\beb nhkeyzlh\ gZkus_gbs2liyagzgghlh bhgzfb Zffhgby gbljb
dbkehjh~hf, g+nl_ijh mHdIMys1Zd _ntknZlZfb Fh gh hif_lblv |_g~_gp
[ueb \ukhdbfb [he__ kgb'_gby \ I_qg_gb_ \k_]h i_jbh~Z ~he_

L_g~_gpbb baf_g_gby _"_lh~rdbohalylhg k§pdZz aZljyagzgguo bhghf zZ-
highkbl_evguo h[tzfh\ j_qhh kih@izknZIZfb >heb klhdZ aZ]jyagzggu_ g
imgdl_ j K_cif lidbgh az i_jbhn kgb Zxlky d dhgpm ~_\yghkluo Jh~h\ I
ih 1] |_g”_gpbx \hajzZklZzgby ihke_ ]

JZ[hqZy h[ezZklv ID oL % -h’\ AU agZq_gby hlghkbl_evgh]h

ij_~klz\ey_I|  kh[hc  gZ[h] ékh%%hezllyfimmgm?g kdbfzbg s klf\beb
hibku\Zxsbo |_g~_gpbb baf_g_gBy-TrPAS ! eZ[bevgu
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hjl]Zgbg_kdbfb \_sitkkl\NZBfh bf_xs_JHKe_~m_|I| hif_Iblv qglh ]h*hVMuz;%gZq_gkt
gZkus_gb_ \h”u dbkehjh~hf gb?*ey @HJud dhgpm i_jbh”~Z gZ[EHX"™ _gbc
kgb zZxlky d ] Ihke_ ] bfthkild]Zth i _j\hgZgZevgh \ukhdbo agZ«
|_g”_gpby m\_ebq_gby aZljyag"g@ui b wibftogb agzZqbl_evgh gb _ q_
dhfihg_glzfb ~he_c ]h~"h\h]h hl[tgZdZz&lhid4dbh”~Z jbkmghd

Jbkmgh#gh]he_IlgpgzZzfbdzZ Jh*"h\uo \azgbqgbigngd!l_ j K_icEzidbgh
NeMHs" NOy bnhknZlh\
Figure 1. Long-term dynamics of annual values ofjoM,% at WKH SRLQW R WHEtkind\lage 5LYHU
for NH 4 +, NO, and phosphates

O6vem, %

1994 1956 1998 2000 2002 20b4 2008 20b8 20.10 20‘12
loap!

Jbkmgh#&gh]he_lgpgzZzfbdZ Jh*h\uo \azgbqgbigngd!l_ j K_icEzidbgh
e I bOID
Figure 2. Long-term dynamics of annual values ofdx DW WKH SRLQW RI WKH 6HLP 5LY
Tetkino village for Q%, BODs and COD
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Jbkmgh&gh]lhe_Ilgyy "bgZibdZiggdl_ j K_ictzidbgh
Nelens CW b g_nl_ijhrmdlh\
Figure 3.Long-term dynamics of the ik DW WKH SRLQW RI WKH 6H\P 5LYHU A
for Fewta, Cu?* and oil products

GZ jbkmgd_ ij_"klZ\e _gu fgh]lhea lgjb\ ~zgguo ~Zgguo ke ~m_|I
djb\u_ Jh~h\uo a¥Zq_gYeEe.s C¥ b 1995] ]h~h\hc h[tzf KKhdZ ij_"klZ\e_g
g _nl_ijh~mdlh\ Fh gh hif_Iblv agizagbbagongflo h[tzfZfb jZaghc aZ]jyagze
Zfieblm”~u dhe_[Zgbc ]h"hWMLa;%_e®oikgh\gh gbklhc? \h~hc i_j\h]h deZzZkk
"ey i_j_qbke_gguo dhfihg_glh\ \ ha)jgdg 9gghd® \lhjh]h dezZkkzZ ©aZzZ]ljy

i_jbh~rZ gZ[ex™ _gbc lj_Iv_]h dezZzkkz jzajyrzZz ©zZ& b
Hp _gdz  dzq_kI\Z k|hdZ.Z”AyF‘r9299hCa lj_Iv_Ih dezkkz jzajy
. . j_"gbc az ] klhd \h”u hp_gb\Z_
kh\ihdmighklb aZ]jyagyxsbo \—S@g}\]jyagzgguca i Iv_]h deZkkZ jZajy~
Hkgh\gu_ ihdZaZzZl_eb dzZqg_kI\Z £ qgdlgb_ \k_]h i_jbh"Z k ih
KlhdZ az9 b azf \ imgdl_ | K_df[t£f j_qgh]lh klhdZ khklhye ba r_klb q:
jiLzldbgh azZ i_jbh” k ih htzfh\ ke _"mxsbo dezZkkh\ gbklh]h

< khhI\_Ikl\mxs_c jz[hq_c h[émkehiph gbklh]h? klhdZ i_j\h]h deZk
ney dZ Ahlh 1h"Z b az \_kv i_jbmZlyyYpdx99yge?® \lhjh]lh deZkkZ ©aZz]jy
jzkkgblZgu Z[khexlgu_ b highkbY_dhgu deZkkZz jZajy"z ©z* (
ijh"he bl _evghklb b h[tzfu az]R%ld¥agryehlh® Ij_Iv_]h deZkkZ jZajy
kilhdZ \h~u jZaebqzxsb_ky ih Bn\HheMrghkiplt_fZ ©Jjyagh]h® klhdz q_
aZljyagyxsbo \_s_kI\ k hij_ " e YbZkkderhkaiz"Z ©2% WIb ihdZaZl_eb
az]ljyagzgghklb \h~u b ozjzdavkidhedhaf_gab\hkib dZq_kI\Z kihdz
khklhygby azZ]jyagzgghklb \ ~ZhdhfIbmgmrZ 1Zd b\ 1_qg_gb_ \k_]h bk
gZ[ex”_gbc <k_ o0zjzdl_jbklbdb ij_Mkh2¥% gu \

\b~A_ ©izZkihjlh\ dZq_kI\Z klhdz? Mkj_"gzgguc aZ \_kv i_jbh” gZ[ex
< 1Z[ebp_ ijb\_~ _gu ©izkihjigllizdhkmwhrp_gb\Z_lky dzd ©keZ[h aZ]j

klhdza A“ey ] b 7rey \k_]hlhjh}BnheZkkZ

gZ[ex™_gbc k ih 11
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< ©iZkihjlzo dzZg_kI\Z klhdz?2 ijbkxh*yZklkqg_c h[eZklb :ID ©OKIjmdlIr
]brjhobfbg_kdb_ ihdzZzazl_eb azpfyaxgsdgghklbjkWkdZz®e _gh ih Jh*"Zf b a
h[h[szggu_ hp_ghqgu_"[ZEBNHSs \_kv i_jbh”~ ~he_\h_ jZkij_"~_e_gb_
Cw¥ Fenis OID A2 g_nl_ijhrmdluazbjyag_gby ih hlghr_gbx d h[s_fm
nhknzZlu Hgb gZb[hevrbf h[jZahfkhedZx\I\QZ djm]h\hc *"bZ]jZffu jbkmgl
kl_i_gv aZl]jyagzgghklb j_qgh]h klhdZz

Jbkmgh#ljmdIndjZzg_kj\fHghkhhdZbrjhobfbqg_kudpt|. K _ch .ji. LzIdbgh
ad_jbhR1993ih2013]]
Figure 4. The quality structureRl WKH ULYHU IORZ LQ WKH K\GURFKHPLFDO SR
village for the period from 1993 to 2013.

Jbkmgh#&gh]lhe_Igyy "bgZfbdZ ]h~h\uo \\ éingblyg MDBA<
j K_cfj4 Lzldbgh k ih 11
Figure 5. Long-term dynamics of annual values of the Specific combinatorial index of water pollution
DW WKH SRLQW RI WKH 6HLP 5LYHU A 7HWNLQR YLOODJ

7)J_dhf_g~Zpbb ih ijbf_g _gbx bgl_]jZevguo ihdZaZl_ e "o bewZipy agdg giZiglbkj\Z \dh \h~h_fh\
= k
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L_g”_gpbb baf_g_gby dzZq_Ki\Z "] eqghgllhf bklhggbdhf beb ijhp_

klhdz \ imgdl_ j jK _Icildbgh azZ i _jMhdlhjguc ZgZeba jZg__ mki_rgh ijbf
k ih 11 Z\lhjzZfb "ey bamq_gby nhjfbjh\Zgby \j_
GZ jbkmgd_ihdzazgz ~bgXtbdinkljZgkl\_gghc g_h~ghjh®ghklb j
ki ~g_]lh~h\uo agZq_gbec \MAgEQghlthdlh\ >Imfygp _\Z KdZdZevk
dhf[bgZlhjghlh bg~_dkZ az)jyagZdynem_\Z KdzZdzZevkdbc Jmf
"Ze__MBPBA< L_g~_gpby mf_gvr_Bgopin Nbezlh\z Jmfygp
agZq_gbc \1_q_gb_bamqgz_fhlh i:pdhMDRAEVhey 1@
ij_ "iheh blv qlh dZq_kI\h klhdZ mem§grz!4k§bp_ ij_"klz\e_gz fZljb
_ hkgh\guo nzZdlhjh\ hij_~ eyxsbo \j_f
NZdlhju \ebyxsb_ \8bjh\Zgb_ MDBA<B .z i_j\h]h

fgh]he_lgxx "ngfbdm qu_kNﬁq“k]lm@Z”_w_]h jZajyrZ ©z@ dezZkkh
j K_cf Ai Lzldbgh aZ i_jbh” k \hauihjzZkoh~h\ b h[tzfh\ ]h~h\h]h klhdZ

11 hkgh\ghijkkquZgguokihfhsvx ID Z
Hkgh\ghc p_evx ijbf_g_gby _Z ngl pu \h7u _ \Almgdl_. J K_cf
Zgzebaz y\ey Iky gZoh A _gb_ IZdh r'rzd t::%‘v 8rﬁh _ibh® ke o b I
ih dhebq_kI\m gZ[hjZ ©nZdIhth\ ~Ihohiuo 1_fi_jzlmj Ah”
h[tykgyx|  ~bki_jkbx [hevrh]h bOlJ‘eei‘ gT‘]h 1Zd b “ey I_ieh]h i_jbh

wfibjbq_k#8Bgguo ih aZ]jyagzggth\ KIRYmh 2oy agZq_gby baf_j_ggu_

fhiml [ulv ijyfh beb dhk\_ggh JAYLPPIPG-Kdbo — ktzfhd A mdzas
]b”jhobfbq_kdhf imgdl _

LZ[ebpZFZIljbpZ hkgh\guo nzZdlhjh\ hij_~_eyxsbo \j_f_ggh_ \Zjvbjh\Zgl
\_ebgbg ihdzZzazZl_e_c dhebqg_kI\Z b dzZq_kI\Ziklhddbdghrazji Kbbf Ak j it
20131]]

Table 4. A matrix of the main factors determining the temporal variation of the averagd anhues of the
quantity and quality of water flow in the Seim RveA 7THWNLQR YLOODJH IRU WKH SHULR

| _j_f_ggu_ NZdlhju
Kji_"~g_lh~h\u_ \_ebgbgu 1 2 3
L \h”u oheh~gh]lh i_jbh”~zZ fK -0,970 0,013 -0,175
L \h”u lzieh]h i_jbh~zZ fK -0,918 0,225 0,055
4 gZb[hevrbc jZkoR”*k\h”u f 0,477 0,376 -0,258
4 gZbf_gvrbc jZkohR k\h”u f 0,529 -0,306 0,713
9 h[tzfu kIhdE f -0,890 -0,061 -0,246
Taz\h*u de2kkZ -0,340 0,846 0,308
Vaz\h?u de2kkZ -0,187 0,816 0,410
MDBA \h~"u deZkkZz -0,305 0,690 -0,058
Taz\h”™u de2kkZ -0,971 0,013 -0,175
Vaz\h?u de2kkZ -0,971 0,013 -0,175
MDBA \h*u deZkkZz -0,840 -0,101 -0,014
Taz\h”u de2&kkZ -0,801 -0,310 0,387
Vaz\h*u de2kkZ -0,902 -0,270 0,247
MDBA \h~u deZkkZz -0,895 -0,275 0,277
<dez”" \ 58,38 17,16 9,18

8 _dhf_g~Zpbb ih ijbf_g _gbx bgl_]jZevguo ihdZaZl_ e "o bewZipy agdyg giZlglbkj\Z \dh \h~h_fh\
==PBl1977. 72k
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Ba IZ[ebpu ke "m_1| qglh gzZzglhah]h#&nbbgd__ hlebqzZykv gbadbfb agZ
\Zjvbjh\Zgb_ qzZklbgguo h[tzfh\ ikhhdpbchhzdlhjz jbkmghd
©keZ[h azZljyag_gghc® \lhjh]h de@KkZojhlgheh]l]bg_kdhf ]jZnbd_ \_ ¢

©aZzljyagzgghc? I|j_Iv_]lh dezZkkz ijEagybr ©2Z\guo nzZdlhjh\ ohjhrh \
hkgh\ghf hdzZaulZ | \ebygb_ nzZdlhjg"_ agmblyjukgb™ gby \ebygby nZdlhjZ
khklz\ey_ | [he__ kmffZjghc &bkyagbbb_ klhdz \ |1_qgq_gb_ bkke
<Zjvbjh\Zgb_ "heb h[tzfh\ klhdZ \h\bdkg¢bkgihghd
gbklhc? i_j\h]h dezZkkz \ hkgh\ghf Kk\y%dHhkm wlz azZzdhghf_jgh!
nZdlhjhf khklZ\eyxsbf kmifajlghhc\e _gZ |_g”~_gpb_c mf_gvr_gby
"bki_jkbb ]h~rh\h]lh klhdZ jbkmghd \ual\Zggh]
GZb[he__ Ijm~ghc azZ”Zq_djbjywWegudkynzZdlhjh\ Z 1zd _ ih\ur_g
bgl_jij_lZzpby nzdlhjh\ H”gzZdh hlgj_Vog'tgdfi_gZthmj \h~u azZ | _ieuc b hkh[_g
nZdlhj gZijyfmx k\yaZg k debiuohlélg gddfib jbh” 1hrZ jbkmghd

ijhp_kkzZfb Kk I_fi_jZImjhc \h~u ohehhkidllhebdm memqr_gb_ dZqg_kI\Z ki
lzieh]lh i_jbh~h\ Z 1Zd _ k h[tzfhjbkimghda]lh k\yvazgh kh kgb _gb_f |
klhdzZ j_db ]h~h\h]lh klhdz j_db fh gh ij_”~iheh bl

< dhhj*bgZlZo "\mo ]JeZ\guo nphdbldhhenkmf_gvr_gb_ kfulZ Zffhgbcg
]h~u bkke _"m_fh]lh i_jbh~Z fh gh jizekn &llglvogih h[j_gbc k k_evkdhohayc

]imiiu m ] h ”°b[tehtoranta, Pitkanen, Sandman, 1997].
F ih 11 L_g”_gpby kgb  _gby 1h"hMue; agZqg_ghbc
F ih 11 Z 1zd" _ ] |l g _gb_ - 11 bf ggh “ey wlbo
k ih 11 dhfihg_glh\ ih~I\_j"~Z | wlh ij_"~iheh"
ljb wlhf b ]h~u g_ \ohblimmgdhd

khklZ\ wlbo ]jmii b aZzgbfzxl hkh[h_ iheh _gb_

9Haimi P., Wirkkala R.-S., Eloheimo K. Nitrogen and Phosphorus flinxtree river Neva Final report. Finnish Environment Institute
1997. 31 p.
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Jbkmghtjh_dpby kemqgz_\ ifhgdhl\ j K_cfLAlgbgh
aZ i_jbh" k ih 11 \\dhhj*bgZlZo ]JeZ\guo nZdlhjh\
Figure6. 7KH SURMHFWLRQ RI FDVHV \HDUV DW WKH $RIRQW & 0O W/XH
for the period from 1993 to 2013 in the coordinates of the main factors

Jbkmgh8af_g _gb_ agZqg_gbc ijh_dpbc kemqZ_ \ gZ dhhj*bgzZducf\ho JeZ\
j i L_ldbgh azZ i_jbh”" k ih 1]
Figure 7. Change in the values of the projections of cases on the coordinates of the two main factors of the
6HLP 5LYHU A 7HWNLQR YLOODJH IRU WKH SHULRG IUF
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JbkmghdFgh]he_Igb_ I _g”_gpbb h[tzfZ J]h~h\h]h klhdiZL\zIlchlgglh _ ] K_c
aZ i_jbh~" k ih 11
Figure 8. Long-term trends in annual runoff at point of thel92 5LYHU A7HWNLQR YLOOTL
for the period from 1993 to 2013

JbkmghdFgh]lhe_Igb_ I_g~_gpbb : kj_"gbo agZq_gbc I_fi_jZVWmew \h~u ~
oheh”ghlh i_jbh~h\ 1h~Z \ imgdlLzjdKglkfa® j_jbh~ k ih 11
Figure 9. Long-term trends A) average values of water temperature for warm and B) for cold peri@ds of th
\HDU DW SRLQW RI WKH 6HLP 5LYHU A7THWNLQR YLOODJH IR
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HIf _q_gZ | _g™_gpby mf_gvr_
kj_~g_]h~"h\uo agZq_gbc MDBA< aZz

ljbf_g_gbgh\hc Z\lIhfZlbabjh\i®gghc ]] glh iha\hey_ | k~_eZlv \u\h
| _ogheh]bb jZajZ[RIZHgMO==B2 memqr_gbb dZq_kI\Z klhdZ \h”u \ | _q_
ihalhebeh ijhba\_klb kh\f_klgmx\j hf[jgbhldm
[hevrbo h[tzfh\ k_I_\hc ]b”*jhobfbqljkdhg db nzZdlhjgh]lh ZgZebaz ihdz
]brjheh]bg_kdhc bgnhjfZpbb b gpZkkmmle&€lvg  \Zjvbjh\Zgb_ qgZklbgguc
_"bgu_ ihdZazl_eb dzZq_kI\Z b dhelhgiZkN\Zrkl®ok&A[h az]jyag_gghca \lhjh
ljZgkljZgbgghf imgdl_jji KzldfbAh ®#Zoaz]jyagzgghc? Ij_Iv_]h dezZkkz jZa
i_jbh” k ih]] hkgh\ghf hdZau\Z_| \ebygb_ nZdlhj

IhdZazgh qlh “ey _"bgbqgguokkifdhgy glh\ kmffZjghc ~bki_jkbb
OID ;IsDNOy, Fenis, C¥* b g_nl_ijh*mddRVjyfmx k\yazg k | _fi_jZImjhc \h”u oh¢
gZebqgb_ azljyagzgghlh klhdZp 1kl&hqB_ilkjpbh~h\ Z 1Zd" ]hK tfhf
__lh~rgh V' I_qg_gb_ \k_]h i_jbh"Z giez"j_dbc

FZdkbfZevgu_ agzZg elyy ;ED <uy\e_gZ 1_g”~_gpby kgb _gby \e
OIDNO; b &XkhklZ\beb nhkeyZlh\nzdlhjz gZ aZljyag_gb_ klhdz \
gZkus_gby \h~u dbkehjh#hf bkked+*m_fhlh i_jbh”~"Z 1I1hdZazgh qlh
g_nl_ijh*mdlh\is 1Zd"_ [ueb \ukhdbébngr_gby dzZg_kI\Z klhdZ \h”u Kk\y
[he__ kgb* _gb_f h[tzfh\ JTh~h\h]h klhdZ b \haf

JZkkgblZgu fgh]he_Igb_ djb\unf JgwMh\gilw kfulZ azZ]jyagyxsbo \_s_
agZq_¥9bg "eNHs NGOy, nhknZlh\ ONhAhk[hjZ \ qZklghklb ihkimie_gby Zffr
;1 Ds, 0%, Fen;s CW b g_nl_ijh~mdlh\ b nhknZlguo m~h[j_gbc k k_evkdhohay

Hif _g_gh kgb _gb_ Jh”h\uo mapZiic gy g~ gpby kgb  _gby ]Jh~h\uo
Vag ey ;DnhknZlh®o bNHs\ | _q_gbv.;; bf_ggh ~ey wlbo dhfihg_glh\ \ im

<u\h?u

ZgZebabjm_fh]h i_jbh~Z j K_cf AijLzldbgh kK ih 1]
Ih  kh\hdmighklb aZ]jyagyxshiar\_$ 4d\| wih ij_~iheh' _gb_
ihdZazZgh qlh mkj_"gzgguc "ey \k_PBxkihe¢bhfhXZb_ :ID agZqgbl_evgh m
ih 11 h[tzf j_ggh]lh klhdZ khklmbdimab ZgZeba ~Zgguo gZ[ex”"_
r_klb qzZklbgguo “he_c jZaebqdZgbrknfihkihdZ \h~u 1zd dzd ihe
dezkkzZf b jZajy”"Zf aZ]jyagzgghklp\IGfz Kt likdoZ ihemqgZlv iZkqz
lh glh aZz \_kv i_jbh”" k ih o jRlNd jpkibdb hkghl\guo ihdZazZl e _c
hp_gb\Z_lky dzd ©kez[h azZ]jyad_gghth RIhgHhdhihju_ fh]ml [ulv bkihe
deZkkz wlihl nzZdl mdZaulZ_Il ~rg¢y \wkmdmgby jZaebgguo ijbjh~rgtL

baf_ggb\hklv dZq_kI\Z klhdZ \ Vhsh@aydkl\]hgguo ijh[e_f
bkke_“m_fhlh i_jbh~Z
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ijh[e_fu bkke_"~h\Zgby dzZq_ kI\
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Jmfygp \Z W : ;h[jh\Bpdyb GZ
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guo h[t_dlh\ DZq_kl\h \h* b g
bo hojZzgu QZkFv I_HzZ]_glkl\h <
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FHGBLHJBG=H<U? WDKI?JBF?GL:EVGU? B
WDKI?>BPBHGGU? BKKE?>H<:GBY
MONITORING, EXPERIMENTAL AND EXPEDITIONARY RESEARCH

M > B556.014 DOI: 10.34753/HS.2020.2.1.71
HKH;?GGHKLB J:KQ?LH<SPECIALITY OF LOW RELEASE
G?,HEVRBO IHIMKDH< G CALCULATIONS ON SMAL L
F:EUO J?D:0 G: IIJBF?J? RIVERS ON THE EXAMPLE OF

J?DB HJ?>?@ THE OREDEZH RIVER
X <bghl]j?*hLh : <bgh]jZ~rh\Z Alexey Yu. Vinogrado¥?,
< : H[yah\< : OZfklh\ Tatiana: Vinogradova?, Viktor A. ObyazoV,
B :<bghl]jZh\ 9LWDO\ : KNaXVVWRQRJIJUDGRY
'HHH GIH ©=b7jhl_oijh_dla ] <Ze*Sientifildnd Industrial Research Association
kbyKzZgdl | _j[mjlkdbc Jhkm~Zjkl\_ggucGidrotehproekt, Valday, Russia;
e_khl_ogbqg_kdbc mgbKZjkdll Il j] 2Saint Petersburg State Forest Technical University,
[mj] JhRKiZydl | _j[mjlkdbc JThkm~Z]j St. Petersburg, Russia;
kiI\_gguc mgb\_jkbl_1-I1KjZmd] 3Saint Petersburg State University,
JhkkByhkkbckdbc JThkm~Zjkl\_gguc ]b”jhf_St Petersburg, Russia;
| hjheh]bg_kdbc mgb\_jkbl _| “Russian State Hydrometeorological
] KzZgdll _j[mj] Jhkkby University, St. Petersburg, Russia
gd@npogtp.ru gd@npogtp.ru

:gghlZpby jz[hl_ jzkkfhlj_gh / Abstract. The article regards the movement of 1
hljbpzZl_evghc b iheh bl_evghc negative and positive release waves from the re
ba \h*hojZgbebsZ gzZ j Hj_~_ voir on the Oredezh River. There was a mode
jZkijhkljZg_gby \hegu ihimkdz unsteady water motion used for calculation
eZkv fh”_ev g_mklzZgh\b\r_]h spread of the release wave. The release was
\h~ulhimkd ijh\h”*beky ducted on 06/19/2017 and consisted of three ph:
ba ljzo nZa < i_j\mx nZam a: Inthe first phase, the gate was closed and the v
djul JZkoh” \h”u \ j_d_ miZ% k discharge fell from 3.6 to 2.5¥s. An hour later the
Q_j_a gZk aZzl\hj [ue ih~gyl b ' gate was raised and during a half an hour water
qZkZ ijhba\_"zg ihimkd kh kj_ released with an average flow rate of 4.%/sm
fk >ey gZ[ex™ _gby aZ ~bgZ There were 7 points organized to monitor the
\h~u \ j_d_ hjl]ZgbahXkZligu jZki namics of water levels in the river. They were
" gguo gZ jZkklhygbb 448 f hl 1A cated at a distance of 91.5 to 2443 m from the ¢
Ibgu GZ [hevrbgkl\_ kl\hjh\ bg The observation interval was 1 minute on most
N _gbc khklzZz\eye fbgmim gets.
ljb jZkgzl_ g _[hevrbo \heg ihim There is advisable to use a one-dimensional m
e_ggh baf_gyxs_]hky g _mklZgl of unsteady water motion (Saint-Venant equati
" gby \ kemqgZyo dh]”Z bf_xlk forcalculating small release waves of slowly cha
kdb_ fzZl_jbZeu p_e_khh[jZagl ing unsteady water motion in cases where tc
hrghf_jghc fh”_eb g_mklZgh\b' graphic materials are available. This allows to
gby \h~u mjzZ\g-gbgzZlgZg < "~Zc termine the stream features over the whole cor

<bghl]jZz”~h\ : X <bgh]jZz*h\Z L : H[yah\ kgh]jpZmkBkhh[< gghklb jZ
g _[hevrbo ihimkdh\ gZ fZeuo j_dZo gZ ijbf_j j_db Hjkdu  ijhpb*
yle _gby “ui K7181 DOI: 10.34753/HS.2019.2.1.71 71
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AN _eb hibku\lZ_fhc ebg_cgufb ™l eredriver extension. The system of difference ec
gufb mjzZ\g_gbyfb \ qZklguo ijh tions is solved by the tridiagonal matrix algorith
oh”gu_ ]b”"jZ\ebqg_kdb_ b fhjn The values of the water discharge and water le
oZjzdl_jbklbdb az~zZxlky \“hev for the next estimated time interval are obtair
jb\Zz_fhlh mqzkldz j_db WIZ fl| alongthe entire channel as a result of this shutt|
hij_~_eblv jZkkqgblu\Z_fu_ oZ The experiment indicated that the used mc
ihlhdz gz \kzf jzkkfzZljb\zZ _fhf makes it possible to calculate the unsteady w
j_db Kbkl_fzZ jZaghklguo mjZ\¢ movement on small rivers with releases compar:
f ITh~rhf ijhlhgdb < j_amevlZl_ to the initial water discharge and even less. -
jZlghc ijhlhgdb ihemqgzZxl agZqg_ maximum variences between the measured anc
mjh\g_c \h”u \*hev \k_]h jmkeZ culated water levels during the negative wave
jiZkgqzlgh]lh bgl_j\Zez \j _f_gb H notexceed 15.0 cm, and the positive a0 cm.
ebgbg jZzkoh”~h\ b mjh\g_c \h”u

lhgdb ihke_~g_]lh mqgzkldzZ ijhb

gh\_ ]jZgbgguo mkeh\bc d dh

xlky ]jZgbggu_ jZaghklgu_ mjz

wlh]h ijhba\h”~blky h[jZlgZy ijh]

Wdki_jbf_gl ihdZaZe qlh bkihe

ihal\hey_ | ijh\h”~blv jZkqgqzlu g_

]hky “"\b" _gby \h*u gZ fZeuo j_

dZo kjzZ\gbfuo k i_j\hgZqZevgl

NZ® _ djzZlgh f_gvrbf FZdkbfzZe\

AN gby f_""m baf_j_ggufb b jZzZ

mjh\gyfb ijb ijhoh ~_gbb hljl

\hegu \ kl\hjZo g_ ij_\ukbeb

|_evghc zkf

Dexqg_\u_ kefhZ ebjh\Zgb _ jzZk Keywords: simulation of water discharge and w
mjh\g_c¢c \h?u ihimkd gZ fZehc terlevels; release on a small rivexlease wave ve
\hegu ihimkdzZz mjz\g_gb_ g_n locity; unsteady motion equatiphagrange for-
"b® _gby nhjfmeZ EZ]jZg Z g mulg Institute of Hydrodynamics numerice
Ih~ BgklbImlZ ]1bAjh"bgZfbdb method.

<\_" gb_ < gb‘g f[v_n_ B\ngdh\kdhc =WK gZ

. . : >=pb eZI _jdmeh\ K _fbdhe_gh'

lib ihimkdZo ba \hAhojZgbeb g . " .
h[iZamxiky \hegu dhihju hdZauf b}zbev uc jZkoh ihimkdZ3klkklZ\be

8ZevgthZk6H<" \ f
—f{v_n_ Gh\hI\_j pdhc =W
]h*m >=jmr_\kdbc
MF_JZ%EEAMFH(
molZjfbgkdhc =W
jmr \kdbc Jmkbgh\ N_"h
|hevah\Zebkv \hegu iheh\h”"\
K tk b

gZ jZkiheh™ _ggu_ \ gb'gbo [v_ nZoj 94
imgdlu fhklu \h”~haZ[hju b I i < k\ ab I'bf
hij_~_e_gb_ izjzf_ljh\ \heg ih|m ‘hhé

\Z gh_ ijzdlbq_kdh_ agzq _gb_ >&y$2k%
iZjZf_1jh\ bklhevamxlky JZaghh[JZa%u

N _d\Zlghklv f_lhArh\ j_Zevguf m@sh\g
\hafh gh ijh\_jblv imlzf bamq_gby
ihimkdh\ \ _kl_klI\_gguo mkeh\byo lL%dbﬁrk
bkke_~h\Zgby ijh\h~“bebkv \ KKKJ

O0O\_dZ gZ ke_"mxsbo h[t_dlZo

Vinogradov A.Yu., Vinogradova T.., Obyazov V.A., Khaustov \.., Vinogradov |.:. Speciality of low
release calculations on small rivers on the example of the OredeziHyadeosphere. Hazard processes a
72 phenomeng2020, vol. 2iss. 1, pp71-81 (In Russian; abstract in Englisi)Ol: 10.34753/HS.2019.2.1.71
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< gb'g_f [v_n_-KBbjgdhc =WK gZ< ~Zgghc jZ[hl_ ijh\_"~zg ihimkd
j K\bjv \ ]h~m >B\Zgh\zZz Jmij_Hlj_~_~@ "ey jZkqzlZ jZkijhkljZg_gby
Zfieblm~Z jZk®B0h\ +f k ihimkdZ bkihevah\ZezZkv fh”

< gb'g_f[v_n_ ;_eh]lhjkdhc =WKgg@klzZfjhVb\r_Jhky ~\b _gby \h”u qbl
\ ] >Jha_g[_jl @ Zfieblmkd_ jZk®BgkiblmlZ 1b”rjh~"bgZfbdb KH :G }
5 £k N

< gb g _f[v.n_ Gh\hkb[bjkdhc —V\{( Sf] Qb ~gby bl h[t_d
>>hogZ”"a_ @ fZzdkbfZevgu - Gieb %Z\
mjh\g_c khklZ\beb f J dzZ Hj_"ijzZwc ijblhd j_db Em]b

< ihke_"mxsb_ " _kylbe_ Iby[Zlkkh[:ggu Zelbckdh]lh fhjy J_dz [_j_I
jZ[hlu ijZzdlbg_kdb g_ \uihegygbRkR¥e d&k_hl ~_ j \gb IylZy =hjZ <heh
\ur_i_j_gbke_ggu_ ihimkdb oZjzjdchgamxdkgybgl]jZzrkdhc h[eZklb Z[kt
[hevrbfb ZfiebIm~Zfb fzZdkbfmf \hrelduldgzlghf <iz~zZ_ |1\ j_dm Em]Z Z[k
ij_\hkoh”be i_j\hgZgZevgu_ jZkohild \Igehke_ fAXK ijZz\h]h [_j_1Z \[ebab il
bkdexq_gb_f ;_eh]lhjkdhc =WK Wwatkhkdjbf glEun"kdh]h jZchgZ E_gbgl]j.
ijh\h~"bebkv gZ "hklZlhggh djmigub[¢ZkZio

JZkqgzlu g_mklzZgh\b\r_]Jhky "\b>elbgb¥ j db Hj ~ ° khklZ\ey |
\h~u \ j_dZo | _ jZkgzlu jzZkijhklij&hsZbw \itdhdk[hjgh]h P2&é&f cHZs
ihimkdh\ b iZz\h~dh\ k\lyaZgu k m/EYe glbhjjgbb fhl bklhdZ d mklvX, khklzZ\e
aZijhkh\ jZaebqguo hljzke _c¢ khgajhtgiRh]llggh modtligdfx IJmkeh j_db
ohayckl\Zz Lzd ijb ijh_dlbjh\Zgblbalbéphkhtaeh\ gh kjZ\gbl_evgh KIZ[k
\ugbkey_Iky oh” mjh\g_c b jdhaommhbpbggl balbebklhklb khklzZ\ey |
agZqbl_evghf ijhly  _gbb gb'g_]h [v_hZimkE&WKh\h*"bekayf fZg_ \jbjh\Zgby
ijb jZaebqgguo j_"bfzZzo jZ[hlu hKiggipba 1jzo azZl\hjh\ hkgh\gh]h \h~t
hij_~_ey_fuo \h~ghklvx ]h"Z Kk_keehgbfu "pue\fr >Zcfbs_gkdK:"j_k
g_"_eb \j_f_ g f kmlhd b | ~ HKkiehlbghE\Zglgh]jZ"kdZy hf&Zkbgkdbc
ijb wlhf ~ey jZaebqguo KklI\hjh\ hZcHge_ gb_ Qbdbgh <hegZz ihif
agZq_gbc dzd fzdkbfZevguo mrgB\pZ ki bkt pz gyagZkvmgzkld_ “ebghc “h
hiZzkghklb azZlhigZgbevzgguo imgodhlv ~h ih”ihjghc qgzZklb \ _jog ]h |
fhklh\ ~hjh] ijhfure_gguo ij_"ijbyhbé¢ klXdgkdhc iehlbgu GZ jzZkkfzZljb\
b fbgbfZevguo "ey h[_ki_qgq_glbwygzkldghlb-elfgZagZy rbjbghc f
km~rhoh”kI\Z b ghjfZevgh]h nmgddjhgbph\dgpy]lZ djmlu - YulkGbhgbc
\h~haz[hjh\ Z 1Zd _ hij_~_e_gb_[MkobZrt\fhs*"gkdhc QbMbKkd&m¢bl gZ
b kdhjhkl_c¢c |_qgq_gby Mki_rghmqgZkrdlgb _h]jZgbqgq _ggu_ ki\hjzfb I
ijZdlbg_kdbo \hijhkh\ k\yaZgguojzchdgkqgkl\hfjin\ b A\moklhjhggyy r
g_mklzZgh\b\r_]Jhky “\b" _gby \h~u hdhd&Zo \k_ b f khhi\_ITkf\kiddoh_ <
[hevr_c kl_i_gb azZ\bkbl g_ IhevdhthEZ jEG|Z[hrldjogm hdheh b -ff £%h
| _hjbb b f_Ih~h\ jZkqzIh\ gh b hl 50Fhb gZlkdiHe2Zl Iky lhevdh ih ijZ\hfm [_
ijbf _gylvky kms_kl\mxsb_f Ih*yzgagdgdlhz klI\hjZz ihcfZz e _\hklhjhggy
lhwlihfm p_glj Iy  _klb ijh[e_fu ijbrtjmgqrzdzf‘dﬁ f
g_mklzZgh\b\r_Jhky "\b"_gby \h~"u
i j_ f_ sz Iky \ h[ezklv jZajZ[hldb hllb?é(evg/\_%u "Zggu_
kihkh[h\ kha~Zgby bgnhjfZpbhgghc [BEwakddyh\h*beky b khklhy
iZkqzlz gZbemqrbf h[jZahf m¢Elw\ZZebo< i_j\mx nZam \ gZkh\ »
ki_pbnbdm y\e_gby b ihalheyxsbojifhw~rbidbg ba aZl\hjh\ HklZevgu
jZkqzlu gZ hkgh\_ h~ghf_jguo afljhig \gbe&j_fy ijh\_~_gby wdki_jbf_gl
g_mklZgh\b\r_]hky ~\b* _gby \h~u aZdjulu JZkoh” \h”u \ j_d_ miZe k A
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Mjh\_gv \h”u \ \h*hojZgbebs_ ih"gQbdbhgdzZzghXkebjh\dhc |_ogbg_kdh]h de
gZ kf ihke_ qg_lh \ gZkh\ aZd¥hj [ueb kiI\hjZo bgl_j\Ze gZ[ex”
ih~gyl b \'l_gq_gb_ihemqgzZkzZ ~h khklgbhdyse "flggmlHhZpezx”_Hby k [Zdbf

ihimkd kh kj_"~gbf jZkohkhf<:30 fbgl_j\Zehf gZqZlu k fbgmlu wdki_jbf_

azZl\hj [ue \ha\l\jZszg \ i_j\hgzZklXepygk fbgmlu gZ b Ikd\hjED *

iheh™ _gb_ LZdbf h[jZahf hldekihklgblye hlifbgml

kj_~g_lh jZzkoh~Z g_ ij_\ukbeb GZ[ex™_gby azZ kdhjhklvx |I_q_gby
>ey gZ[ex"_gby azZ “bgZfbdhcelmkph\gZ c b klI\hjZo

\h”~u \' j_d_ hjl]Zgbah\Zgu ihkjlhAhbdb ihimkdzZ jbkmghd gZqgbg

jZkiheh™ _gguo \ fhf_glzZz i_j_djulby h~ghlh ba:@I\hjh\
b f hl iehlbgu <h~hf_jgZyxkylv

iijb\yvazgz d j i jm \h~Ahf jgHhjlh*iRkIZ |
jb\yazg J_i_] _jgrhjlh™ i j

Jbkmgh8af_j_ggu_ mjh\gb \h~u-\ kl\hjZa&h ]
Figure 1. Measured water levels on 1-7 targets from 12:004i00 06/19/2017
F IhA*bdZ \"hev \k_1h jZzkkfZljb\Z_fh]h mqgqzZkldZ |
L Jdhalhey | hij_~_eblv jZkkqgblu
lib jzkgzl_ g_[hevrbo iheg 'h'”}H a}/ Ibdb |h|hdZ mjh\_gv jZkoh
f_"e_ggh baf_gyxs_]hky g_mkl -
. dhjhklv _g_gby Z | Z
"\b® _gby \ kemqgZyo dh]’\Z
T . y b~ jfZ\\;ellb\cﬂhljbq kdb _
lhih]jznbgq_kdb_  fZI_jbZeu —oz %l[j S
bkihevah\Zgb _ haghf_jghc g | J

A Ay Ijh N bb
g_mkiZgh\b\r_Jhky "\b'_gby \h gg preVgu miz\g ¢
K_-&_9Z9gZ J_dZ gb _ iehlbgu #]Za[k I;d \r_Jhky "b°_gby \hAu \ hlic
mqzkidb hljZgbgq _ggu_  \ur_thd? gg @S f Kemaz iib 9Zebqbb
|<|\hJ<Zfbbkihevam_th hrght ghC,bqu Bkhklhyl ba mjz\g_gby "bgZft
g _mklZgh\b\r_Jhky ~\b"_gby \hAu ﬁ\gkué b mjzig_gby g_jzajulghk
ebg _cgufb ~bnn_j gpbZevgufb mJZ\g aro y i \‘w EW VV| qv

gZklguo ijhba\h”*guo bkoh”gu_ ]b" \e\pqud\n g W CZ?R P4
b fhjnhf_ljbg_kdb_ oZzZjZdl_jbklbdb az”Zxlky

(1)
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w W 5 l[jhba\h”~gu_ azZf_gyxlky jZaghklg
w w Y @ highr_gbyfb
]1"_ 1 £xih\_joghklguc mdehg [ ]

iotmdehg ~"gZ [ ] E|M, E|Zn Z”, (3)
g g J W 't W 't

x+dhhjrbgzlz f _ - .

h+tlem[bgz f E in in Elznl an (4)

W +Ahihegbl _evguc mdehg k\ya®kggu@'k = w 2'x

X

baf _g_gb_f Jem[bg ih "ebg_ jmkeiA—(PPZ tbkdhfu_ \_ebgbgu WifhitWw gl

t£\j_fy k Kbkl _fz jZzaghklguo mjzZ\g_gbc j_r

. b idhwnnbpb_glu 0ZjZdI_joa s _jjhihgdb < j_amevIZl_ ijyfh
g_jZ\ghf_jghklv jZkij_~_e_gby kdhji2ilgné iihihgdb ihemqzxQ agzq_gby
ithi_j_qghfm k_q_gbx \"hev \k_]h jmkeZ beb kbkl_fu jmk

g * mkdhj_gb_  k\h[h~ghlh " glphin jqungh]h bgl_j\zezZ \j_f_
9,81f K \uihegy _ Iky jzkqzl hg_j_~ghlh kehy

V tkj_"gyy kdhjhklv f k Hij ~ e _gb_ \QeHan'begy ihke _"g_c

Ktdhwnnbpb_gl R_lab f lhgqdb ihke g _]h mqzkidZ ijhba\hAblky

R*]b"jZ\ebq_kdbc jZ"bmk "e zf&lbhquh]ch mkeh\bc d dhlhjuf Ah[Z\e
hidjulhlh jmkeZ _1h fh gh aZfhgb']’]i‘?g%‘&%%hCJZaghklgu mjZ\g_gby lhk
f ijhba\h”~blky h[jZlgZy ijh]l]hgdZ

g t[hdh\hc ijblhd gz "bgbpkn “ebgu Hgkibiml_ ]b~jhAbgZfbdb khklZ

& tiehsz”v “b\hlh k_d_giiy ghtivxl_jgzy ijh]jzffz ><bgh]jZz~h\Z
khh\_TkiI\mxs_c hlf_Id&_ Mmjh\gy  gnihjzy ij_~mkfzljb\Z_| \hafh ghklv j:

Q+jZkoh#” kf ijhklh]h jmkeZ [_a jZa\_I\e_gbc qlh bf.
Gaz\bkbfufb i_j f ggufb \ *phgddlib\Z_fhf kemqzZ_
mjZ\g_gbyo y\eyxlky xdihRj* iy ZIB o J amevIZIu bkke ~h\zZgby
nmgdpbyfem[bglZz kj_"~gyy kd\hjhkljvh[
az”"Zgghc nhjf_ jmkeZ iehszZ”v b\h]h k 3 gby
&\ jZKKfZIjb\Z_fhf ki\hj_ yley Iky bafUulig®yx! jZaebqgu_ kdhjhk
nmgdpb_c Jem[bguQ hijZko&y I|ky idXdihkljZg_gby \heg ihimkdh\ kdf
ijhba\_~ \yb& jZkijhkljZg _gby \hafms _gby kdh
| j\h_ kez]zZ_fh_ \ ijz\hc "hlgdki®by 1]j_[gy \hegu kdhjhklv "h]
"bgZfbqg_kdh]l]h mjzZ\g_gby Waekdhitdgveghlh jZkoh”Z >=jmr_\kdbc
baf g gb_  kdhjhkl ¢ ih 7ebg_ HWH@hipk|v jZkijhkljZzg_gby \hafms_
g_jZ\ghf_jghklv 1_q_gby WIlhl qBjhglZey\hjewu |Z[ebpZ hp_g_9Z i
h[uggh g \_ebd b bf__| agZqgbl_etfmmna_chbghdm Z
ebrv \ ahgZo j_adh]h baf_g _gby k_g_gby <|hl/h—\/ngj (5)

kezZz]Z_fh mdehg k\yaZgguc k baf_g_gb_f
kdhjhkl_c \h \j_f gb hg 1zd _ BKledgnt fgkhihkliv jZkijhkljZzg_gby njhg
djhf_ahgu j_adh]h g_mkizgh\b\r_YR&$Un\f kg
\[ebab =WK ijb ihimkdzZo kmMdg§fhéevaZy kdhjhklv f k
i Imebjh\zZgby Lj Iv_ kez]z_ fh_ |JZ\9hc £9|'U—+9b— k\h[h~gh]h iZz"_gby
mdeh [ b bljZz | \Z>gmx hev e
mq2k|gdhj\_g yobhzo k J H)cll +RJ gyy]em[ng f

JZkqzl \_nzlky ih g_y\ghc jZaghkngthiclb ~h[_]Zgby ]j_[gyb\hegu
ko_f_ R&Zfih"_I [ulv jZaebqguf "eyjikapikdjzg gby azZf_lghlh \hafms
magZkldh\ "trZf_gylvky \ I_q_gb_ \p=fingb \kdbc @ azf_lguo h[tzfh\ \h
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lez\ghc qZklb \hegh\h]h Vhgémbk_\gbyhqd_ |Z[ebpZ \j_fy ~h[_]Z
baf _j gu g_ihkj_~kI\_ggh \ oh”_  wdklij jkdeggbh]lh jZkoh”Z I1Z[ebpZ \ U

IZ[ebp-u Ih hkj_~gzgghc kdhjhkligbl[ed gbygh

LZ[ebpz<j fy b kdhjhklv “h[_]Zgby hljbpZzZl_evghc \hegu ih EZ]jZg m

Table 1.Time and velocity of a negative wave by Lagrange formula

< JZkklhygb | Fhjnhf_Iljbq_kdb_ Kdhjhklv ~h| <j_fy ~h[_]Z
KI\hj iehlbgu f jbklbdb jmkeZz gby, f Kk \hegu fbg
KI\hj 274,5 ijyfhc mgzklhd 2,84 1,6
KI\hj 907,3 baemqgbgu 2,84 53
KI\hj 1442 baemqgbg 2,81 8,5
KI\hj 2443 baemqgbg [bnm 2,69 15,1

LZ[ebpz<j_fy b kdhjhklv jZkijhkljZzg_gby azZf_lIgh]lh \hafms_gby
Table 2.Time and velocity of a perceptible disturbance propagation

) \j fy “h[_]Zgby \hafms _g¢g kdhjhklv “h[v]Z§lky
KI\hj] hljbpZl_evg iheh bl_evg hljbpzZl_evg iheh bl_evg
\hegu \hegu \hegu \hegu
KI\hj 13 14 1,16 1,08
KI\hj 13,3 21,3 1,81 1,13
KI\hj 28,6 40 1,42 1,02

LZ[ebpz<j_fy b kdhjhklv ijhoh ™~ _gby ]j_[gy iheh bl_evghc \hegu
Table 3.Time and velocity of positive wave top

¢« KI\hjZ jZkklhygb_ K \j_fy *h[_]Zgby kdhjhklv ijhohW}_ § kky

iehlbgu f baf_j_gd jZkqzlgl baf_j_ggZz jZkqzlgZ
KI\hj 91,5 90* 90 0,66 0,37
KI\hj 2745 90* 91 0,63 0,41
KI\hj 885 113 110 - 0,32
KI\hj 907,3 113 111 0,39 0,26
KI\hj 1396,5 123 123 - 0,29
KI\hj 1442 123 124 0,33 0,30
KI\hj 2443 127 128 0,23 0,31

*+>bkdj_lghklv baf_j gbc g_ iha\hglyel midhggh\bly fy ijhoh ™ _gby ]j_[gy

*»* t+Baf_j ggZy kdhitkjhkiv \ Thqd_
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LZ[ebpz<j_fy b kdhjhklv ijhoh ™~ _gby ]j_[gy hljbpZl_evghc \hegu
Table 4.Time and velocity of negative wave top

jZkkihygb_ hi i

\j_fy *h[_]Zgby

kdhjhklv ijhohV}_ g tk)

KI\hj2 . . . .
¢ \his f baf_j_ggq jZkqgzlgl baf_j_ggZy jZkqzlg
KI\hj 91,5 60* 60 0,71%** 0,31
KI\hj 274,5 60* 60 0,36 0,32
KI\hj 885 68 64 - 0,26
KI\hj 907,3 68 65 - 0,25
KI\hj 1396,5 80 72 - 0,25
KI\hj 1442 80 73 0,25 0,25
KI\hj 2443 87 92 0,36 0,28

*+>bkdj_lghklv baf_j gbc g_ iha\hglyel mihggh\bly fy ijhoh ™ _gby ]j_[gy

* +Baf | ggZy kdhjdkjtkdv \ Thqgd _
** +|ljbgylZ baf_j _ggZy kdhjhklv “h hldjulby aZl\hjZ

j2q2lpydyil k_q_gbx

LZ[ebpzBaf_j_ggu_ kdhjhklb \ lThqd_ gZ kl\hjZo f k
Table 5. The measured velocities at a point on the targets, m/s
<j_fy fbdg KI\hj « KI\hj <« KIVhj < KI\hj < KI\hj <

0 - - 0,30 0,28 -

20 - 0,35 - - -

30 0,64 0,36 - - 0,31

40 0,69 0,38 - - 0,22

50 0,71 0,37 - 0,27 0,23

60 0,82 0,36 - 0,27 0,2

70 0,86 0,60 - 0,23 0,19

80 0,78 0,73 0,30 0,28 0,15

90 0,66 0,63 0,36 0,36 0,15

100 0,64 0,59 0,37 0,38 0,17

110 0,68 0,59 0,39 0,35 0,20

120 0,68 0,60 0,38 0,33 0,23

180 - - - - 0,29
LZ[ebpZjhoh ~_gb_ wdklj_fmfh\ jZkoh”hk \ klI\hjZo f
Table 6. Transit of extreraswater discharge at the targets/sn

<j_fy fbg KI\hj « KI\hj « KI\hj < KI\hj < KI\hj <

0 3,6 3,6 3,6 3,6 3,6

60 2,2 2,5

70 2,5

80 2,3 1,9

90 4,1 4,0

120 4,3 4,2

>ey "Zgghlh wdki_jbf_glZ 1PZkgAkyugb_\h”u kqgblZ_Iky mklZgh\b\
bgl _j\Zze \j_TUWbgy]jZ\guf fbgml_JA&mevlZIlu jZzkqzlh\ ij_~klZ\e_gu gZ jb
gZqZeh jzZzkqzlZ ijbgylh gZKlb\ az @HEgZevgu_ hlf_Idb @iz kl\hjzf
gZkh\ bxgy ]hrzZ >h azdjulighp akléhj\Bb\ mklZgh\b\r_]Jhky ~\b"_gby
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jZkoh”™hf 4Z\guf kj_"g_kmlhgghfm jZkbihwmnbpb_gl r_jhoh\Zlhklb jZkkqgb!
ijb\_~ gu \ IZ[ebp_ kiI‘\hjm < hl[jZlguf imlzf bkoh”y
J amevlZlu iZkqzlz mjh\dad j gbohc fhjnhf _ljbb jmkeZ b jZkoh"t
ijhoh "~ _gbb li_[g_c hljbpzl_etwgjbgyl bhklhygguf “ey \k_]h mqgzkldz
iheh bl _evghc \heg ij_"klZ\e_gu \ IZ[6Zb[hevrb _ jZkoh™~ _gby f_
< bkihevah\Zgghc ko_f_ g_ nb@lf_gugbddb_b jZkkgblZggufb mjh\gyfl
fhjnhf_Ijbg_kdb_ hkh[_gghklb jijmkelZ » gzl hljbpZl_evghc \hegu \ KkI\F
baemqgbgu gZ \k_f ijhly  _gbb gb g MufXZxihZ bo kf iheh bl _evghfc =+

gZkgblu\zZ _Iky b gZebgb_ gZ fZkkélvygbb jZkoh ~_gb_ ijb jZkqzl
hl iehlbgu klZjbpu kijyfezgghtljbglEVhevghc \hegu hltykgy_ Iky i
ijhihdhc Z 1Zd _ ihcfu Ihwlhfm g@dfhijibf_Ivz§guo khh[jZ _gbc gba

\bAm qlh j_Zevgu_ kdhjhklb fh]lmdZgm&l\if_gglhaf_j _gby fhjnhf_ljbqg_k
baf _gylvky ih rbjbg_ jmkezZ < hHkikevann éZ¢Zd!l hjlhlbgigh agZgbfuo ijb
jZkqzlghc ko f_ ijbf_g_gh ht\gehdfojghh\gyo ijb kj_"g_c ]Jem[bg_ \
g_mklZgh\b\r__ky ~\b" _gb_ “b*dhiklbim”"glhagZq _gbc mjh\g_c ijb ih
ih~jZamf_\Z_ | ij_g_[j_" _gb_ ihi_f{h&yidbed f Lhqgghklv jZkqzlZ ozZjz
\_jlbdzZevgufb khklZ\eyxsbfb kdihjaklbl_eXghc \hegu \_kvfzZ ijb_fe_fzZ b
l1Zzd”_ p_gljh[_"gufb bg jpbhggufdtd |lkbgBkibb baf_ j gbc

bf_xsb_ f_klh gZ baemqgbgZo

JbkmghdzZkkqgblZggu_ mjh\gb \h~u k kiI\hjZb ]
Figure 2. Calculated water levels on 1-7 targets from 12:0Q4i00 06/19/2017

LZ[ebpZzGZqgZevgu_ hif_Idb mjh\g_c \ klI\hjZo
Table 7.Initial water level marks at the targets

Mjh\gb | KI\hj «<| KI\hk KIVhj «<| KI\hj «<| KI\Vhj «<| KI\hj «<| KI\hj «
baf_j_gg 91,95 91,77 91,59 91,58 91,39 91,39 91,10
iZkgzlgy 91,95 91,78 91,60 91,59 91,41 91,41 91,13
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LZ[ebpzBaf_j_ggu_ b jZzkkgblZggu_ mjh\gb ijb ijhoh ~_gbb wdklj_fmfh\ \
Table 8.Measured and calculated levels during the transit of wave extremes

< kI\hjZz HljbpZl _evgZy \hegZ Ilheh bl _evgZy \hegZ
baf_j_ggud jZkqzlgud baf_j _ggud jZkqzlgud

KI\hj 91,66 91,80 92,01 92,00
KI\hj 91,46 91,61 91,83 91,79
KI\hj - 91,48 91,56 91,59
KI\h4 91,39 91,46 91,55 91,57
KI\hj 91,23 91,30 91,35 91,37
KI\hj 91,22 91,30 91,34 91,37
KI\hj 91,01 91,06 91,05 91,07

*+>bkdj_lghklv baf_j gbc g_ iha\hglyel midg@gmsbmvih\ _gv wdklj _fmfzZ \heg

<u\h”uy G_h[oh”~bfh hif_Iblv hqg_gv \Z ¢
fhf_gl ®mZbemqr__ kh\iZ»_gb_ j_ame\
Nhjfmez EZ]jZzg Z fh _I| ijbfizkyxky bf_ | f _klh ijb dhwnnbphb

lhevdh gZ ijyfhebg_cguo mqgZkldhoh\ kel hij ~ ezgguf ih baf_j_
g_ihkj_~kI\_ggh \[ebab \h M hRkjdrkgafo\h~u b fhjnhf_Ijbb kI\hjz ~Z"
khhjm®_gbc wlh \k_]lh h~bg kl\hj Lhl nzdl c
G_kfhljy gz fgh _klI\h "hims_¢#bgbdzZo i_j_klZeb im[ebdh\ZIv |
bkihevam_fzy fh~_ev ihal\hey_bafjh\lgduly jZkoh~h\ \h~u ijbghkbl [h
jZkqgzlu g_mklZgh\b\r_Jhky "“\b _gjoy Ypfudigydif jzkqzlzf Ih ~Zgguf ijhre
fZeuo j_dZo ijb ihimkdZo KkjZRpbdfuiby KiulZxlky hij_~ _eblv fhjnhf_|
i_j\hgZgZevguf jZkoh~hf b "Zki\hpggZbgbhwnnbpb_gl r_jhoh\Zlhklb o
f_gvrbf FZdkbfZevgu_ jZkoh ~_gbyggli_ "“m _ ghkyl hg_gv hjb_glbjh
baf_j_ggufb b jZkkgblZggufb mjbygyfd jjb I1hjz hkljh ihklZ\blv \hijh
ijhoh ~_gbb hljbpZl_evghc \hegu \\nkh\[gj@\ee ggbb \ dz~Zkljh\uo fZl_jbZeZ
ij_\urzxl kf iheh bl_evghkef baf j gguo jZkoh”h\ \h”u
Lhgghklv jZkqzlZ oZjzZdl_jbklbd ihehpArBgy@hczevg crihp jgidd ¥ebygby
\hegu \_kvfzZ ijb_fe_fZ b mdeZhuWd_bkpaédmqgbg gZ mjh\_gguc j_"bf >

Ihgghklv baf_j _gbc g_h[oh”bfh ]JjZgbpu mqzZkldh\ jZkiheZ]z
ljb jZkqzlZo hljbpZl_evghc \hegpz afhf* _@h[u hgb holZlu\Zeb ih \hafh
N"Zzl aZ\ur_ggu_ j_amevlZlu qglhkh[tykewmglkyu j db JZkoh” ihimkdZ ij

gbadbf dzq_klI\hf baf_j_gby fhjnh4hkbag kigbwurzlv £ k <ebygb_ ihcfu
jmkeh\uo ozjzZdl_jbklbd hkh[_gghgapFaHfbiichipp gb\Zlv ijb ihimkdZo k j
fZeuo mjh\gyo b ijb \uoh”_ \h"w g&Z ghetfinf

mjh\_gv \uoh”Z gZ ihcfm \ wdki_jbf_gl_g_ [ue

"hklb]lgml
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:gghlZpbAgzZg_gby g_jZafu\Zxs
kl ¢ ~ey jZaebgguo Ibih\ ~hgg

k\yaguo b g_k\yaguo ijb\h~yl
ghc “hdmf_glZpbb \ \b"r_ [Z]etl
Djhf_ wlh]h kms_kI\m_1| jy” gt
dmf_glh\ kh” _j"Zsbo f_Ih”"bdt

WIib f_Ih~bdb hkgh\Zgu gZ wfib
kbfhklyo ZzZ~Zilbjh\Zgguo d dh
pbnbg_kdbf mkeh\byf AgKaq |
kj ~gbo g_jZafulZxsbo kdhjhkl_
gZevgu Jem[bg_ihlhdZ b *"bZf_
gZ_ jzZafulZ g_k\yaguo “hgguo
\lhjzZfb klZlvb k™ _eZgZ ihiuldz
jZafulZxsmx kdhjhklv ihlhdzZ ir
kdh]h ih"oh”Z d ijh[e_f_ \ RlzZNg
\gmlj_gg_Jh lj_gby jZkq_lgh]h
k\yvaguo “hgguo hleh™ _gbc ]ji
[bgu \h~*ghc Ihesb gz~ jZafu\Z_

"gZ >Zgguc ih~oh” “he’ _g y\
kZevguf
gZeba ihemqg_gguo j_amevlZl

ij_"eh _ggZy nhjfmeZjhZkggld
jZafulZxsbo kdhjhkl_c¢c \h \k_o
guo kemqgZyo ~Z_| j_amevlZl|
[hevr_ agZg_gbc ijb\_"~_gguo
"hdmf_glZo 7~ey khhI\_Ikl\mxs

Jhkkby

St. Petersburg, Russia
gd@npogtp.ru

Abstract. There are the values of non-eroding v
ter velocities for various types of bottom sedime
(incoherent and cohesive) given in the norma
documentation in the form of tables and grar
Also there are a number of regulatory docume
containing methods for calculation such velociti
These methods are based on empirical depen
cies adapted to specific conditions. The calculz
mean non-eroding water velocities are proportic
to the depth of flow and bottom patrticle size in
case of incoherent bottom sediments erosion.
The authors made an attempt to estimate non-¢
ing water velocity by a physical approach to !
problem depending on the internal friction anc
the calculated clutch of incoherent bottom se
ments and the depth of the water over the bott
This approach should be universal.

An analysis of the results indicated that the f
posed formula for calculating bottom non-erodi
water velocities in all considered cases gives res
significantly higher than the values given in the
ulatory documents for the corresponding size of
coherent bottom sediments. As a result authors
tained non-eroding water velocities, which we
overestimated at times on the basis of expert e\
ation. When the depth changes from 0.5to 10 m

Vinogradov A.Yu., Obyazov V.A., Vinogradova T., Kadatskaya M.M. Non-eroding water velocities for
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dimighklb g_k\yaguo “hgguo hl
amevlzl_ jZkg_lh\ [ueb ihemqg_
sb_ kdhjhklb gZ hkgh\zZgbb wd
aZ\ur_gu \ g_kdhevdh jZa |Ijb
[bgu ihlhdZzZ hl ~h f jZa[jh
ijbrhgguo kdhjhkl_c dhe_[e_Ilk:
\ aZ\bkbfhklb hl djmighklb g_k)\
KA _eZg \u\h™ qglh q_dZklgpu_g_
ghlh Jjmglz | _f f _gvr_ hldehg_
guo agZg_gbc ijbrhgguo g _jZa
jhkl_c hl ghjfZlb\guo ”"ey djm
1jZ\_ebkluo i_kdh\ ijb Jem[bg_
dehg_gb_ hl ghjfZlb\guo agZq.
375- Djhf_ Ih]h ijhke_"b\Z_
fhkilv \_ebqgbg ijbrhgghc g_jzZaf
jhklib hl Jem[bgu ihlhdZ qlh g_
ghjfZlb\gufb "hdmf_glzZfb

\lhju ij_"ezZ]Zxl gZmgghfm khtr
dexqblvky d h[km "~ _gbx ijbgbg
\_Ikl\bc

Dexg_\u_ kehWhggzy g_jZafu
kdhjhklv g _k\yagu_ ]jmglu ij
jZdl_jbklbdb Jjmglh\ azZdhg Dn

gu_ gZijy _gby dhwnnbpb_gl r
dhwnnbpb_gl ]b”jZ\ebg_kdh]h |

Mkeh\gu_ h[hagZqg_gby
Vijtkj_~gkdhjhklv ihlhdZ f k

Vo tkj_7gyy g _jzafu\zZxszy kdhjhk ™@Y
L, EbJ+wfibjbg_kdb_ dhwninbpb_

Gt]lem[bgZ ihlhdZ f

detkj ~gbc Abzf 1j qzkibp "hgguo™mieINfplomli_gg_Jh lj_gby jZafulZ
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spread of estimated bottom velocities varies fr
14 to 22%, depending on the size of the incohe
soil.

It was concluded that for smaller particles of in
herent soll, the less deviation of the calculated
ues of bottom non-eroding water velocities from
normative ones (for massive gravel sands at a !
flow depth, the deviation from the normative valt
reaches 375-510%). In addition, the dependenc
the value bottom non-eroding water velocity on
depth is traced, which is not provided in regulat
documents.

The authors offer the scientific community to jc
to discussion of the reasons for these discrepan

Keywords: bottom non-eroding water velocity; ir
coherent bottom sediments; strength features
soils; Coulomb's law; shear stresses; roughnes:
efficient; hydraulic friction coefficient.
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Ktdhwnnbpb_ gl R mbhijff ~ ey fucwiith]h kms_klI\m_1| jy” ghjfZlb\guo ~hdi
_ 1 e kh”A_j"Zsbo f_lh~bdb bo jZkq_lZ gz
nhjfme_ G G IZ\eﬁ\k—r(]aIHa]h K 132-102-98
R+]b"jZ\ebq_kdbc RZ"GmEk WIib f_lh~"bdb hkgh\Zgu gZ wfibjbq
n + dhwnnbpb_gl r_jhoh\Zlhklb ©ZnkiEMiRKlyo Z7ZilbjhiZgguo d dhgd
hikmlkI\by ]jy® b ~jm]bo nhjf fb%lijhﬁ’fé‘\P_qpri‘dbf mkeh\byf JZkq_lgu_
a kj_*gbo g_jZafulZxsbo kdhjhk
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gZklbp kemqgqz_ jZafu\Z g_k\yaguo ~F
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\h~"hhl\h~guo khhjm' _gbc \e . Vi,

| g hhjm™_g ey Yz g {9V, @
g_jzZaful\ZxsZy kdhjhklv >D,200pdZy b C?2
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LZ[ebpZl_amevifZknyg _ Ih\ ijbr*hgghc g_jZafulZxs_c kdhjhklb |_q_gby
Table 1. Calculated bottom non-eroding water velocity

. . =em[bgZ f
1zjzt_lju 05 | 10 | 30 50 | 10,0
F_edbc ]jz\&2 ff n=0,017; 60,39; =0,64; v f | d] i
=b”jZ\ebq_kdbd nidehg | 0,002836] 0,001418 0,000473| 0,000284| 0,000142
Dhwnnbpb glCRfYalk 52,4 58,8 70,6 76,9 86,3
Kj_~gyy kdhjhklvMqf &by 1,97 2,22 2,66 2,90 3,25
brhagzy g jzatulzxszy K o73 | o075 | o080 | 083 | 087
_9_9g¥y, f K
librhggZy g _jZafulZxsZy k
g gby f Kk ih KH -2005) 0,17 0,17 0,17 0,17 0,17
ljbrhggZy g_jZafulZxsZy k
| g gby f k -ilh2580 0,24 0,24 0,24 0,24 0,24
Djmiguc i_ksdff,6n=0,015; &0,39; =0,64; » f V d] ¥k
=b”jZ\ebq_kdbad nidehg | 0,001265 0,000633| 0,000211| 0,000127| 0,000063
Dhwnnbpb glCRfYak 58,8 66,0 79,3 86,3 96,9
Ki ~"gyy kdhjhklvMqf gby| 1,48 1,66 1,99 2,17 2,44
'JbAhg?Zy g_jZzaftulZxszy K 50 | 052 | o056 | 058 | 061
_a_g¥y, f K
ljbr"hggZy g_jZafukdbhgBAklv
| g gby f Kk ih KH-2005) 0,12 0,12 0,12 0,12 0,12
ljbr"hggZy g_jzZafulZxsZy k
| g _gby f k -ilh2580) 0,17 0,17 0,17 0,17 0,17
Kj_"~gbc i_HK+0db ff,n=0,013; 0,39; =0,64; V f V d] i
=b”jZ\ebqg_kdb,c nidehg | 0,000538 0,000269 0,000090, 0,000054| 0,000027
Dhwnnbpb_ glCRfYa 66,0 74,1 89,0 96,9 108,8
Ki ~“gyy kdhjhklvVqf gby| 1,08 1,22 1,46 1,59 1,78
'Jb'\hg?zy g_jzafulZxszy K 34 0,36 0,38 0,40 0,42
_9_g¥y, f Kk
librhggZy g jZafulZxsZy k
| g _gby f Kk ih KH-2005) 0,09 0,09 0,09 0,09 0,09
ljbr*hggZy g_jZafulZxsZy k
| g gby Tk -ilh2580) 0,13 0,13 0,13 0,13 0,13
Kj_~gbc i_ kPR ff,n=0,012; &0,39; =0,64; /N fu d] ¥k
=b~jZ\ebqg_ kdbd nidehg | 0,000189 0,000094] 0,000031] 0,000019] 0,000009
Dhwnnbpb_ glCRfAlk 76,9 86,3 103,7 | 1129 | 1267
Kj_"gyy kdhjhklvVMyqf &by 0,75 0,84 1,01 1,10 1,23
'JbAhg?Zy g_jZatulZxszy K 49 0,22 0,24 0,26 0,27
_a_9g¥y, f K
ljbr*hggZy g_jZafulZxsZy k
| g gby f Kk ih KH-2005) 0,07 0,07 0,07 0,07 0,07
librhggZy g _jZafulZxsZy k
| q gby f k -ilh25a0y 0,105 0,105 0,105 0,105 0,105
F_edbc i_khalff,n=0,01; 0,39; =0,64; & f | d] Pk k 1Z
=b”jZ\ebqg_kdbd nidehg | 0,000184 0,000092| 0,000031] 0,000018 0,000009
Dhwnnbpb glCRfYalkk 86,3 96,9 116,4 126,7 142,3
Ki ~gyy kdhjhklvVqf gby| 0,83 0,93 1,12 1,21 1,36
'JbAhg?Zy g_jzatulZxszy K o) 0,23 0,26 0,27 0,29
_g_gWiy, T K
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=em[bgZ f
0,5 1,0 3,0 50 10,0

0,08 0,08 0,08 0,08 0,08

1Zjzf_lju

ljbr*hggZy g_jZafulZxsZy k
I g gby f k ih KH-2005)
librhggZy g _jZafulZxsZy k
| g gby f k -ilh2580 0,115 0,115 0,115 0,115 0,115
lue_\Zluc i_kd¥@,05ff,n=0,009; &0,39; =0,64; & f V d] Pk k 4
=b”jZ\ebq_kdbd nidehg |0,000241 0,000120] 0,000040| 0,000024| 0,000012
Dhwnnbpb glCRfYalk 96,9 108,8 130,6 142,3 159,7
Kj_"~gyy kdhjhklvVMqf &by| 1,06 1,19 1,43 1,56 1,75
lib*hggzy g_jzafulzxsZy K 57 | 028 | 031 | 033 | 035
l_q_g¥y f k
librhggZy g _jZafulZxsZy k
| _g_gby f k ih KH-2005)
ljbrhggZy g_jZafulZxsZy k
I g gby f k -ilh2580)

0,09 0,09 0,09 0,09 0,09

0,13 0,13 0,13 0,13 0,13

>ey KkjzZ\g_gby \ I|Z[ebp_ hilbd h*glga oZzZjzdl_jbklbdhc k\lyaghlh
jZkqg_lu g_jZafulZxsbo kdhjhkl_c 9egyf lkdhdky _Igh_ckmijergby fh_ ih
iue_\Zluo i_kdh\ ih |I_f °_ nhjfmeiZffmegh =k k /¢ ]"_k 2 ghjfZlb\gh_
mq_|hf ghjfZlb\guo agZqg_gbc m]ekp \gemlgbgg Jhhij ~ ey fh_ \ khk

lj_gby b kp_ie_gby ijb\_"* gguodZilZdebpgh]lh \h~"hgZkus _gby ijb ih
ljbeh™ _gby KGbl -83 Kp_ie_gb_\e&jh_fdhklbdhwnnbpb_gl gZ”~_"ghklb
i_kdh\ 1Zdbo jzaf_jh\ m _ bf]jmglfmklhijb hlkmlkl\bb ~Zgguo bkiu
ihkdhevdm hgb \ iehlghf khklhygihbZaziyb gjaxdlZz fh gh ijbgbfzZlv fZdkbfz
ijbh[j_1Zlv oZjzdl_jbklbdb k\yaghlldZd gwvrd

agZg_gby mJezZ \gmlj_gg _]h |Ij _gby bgkkeha gbyhemqg _gguo j_amevl
dhjj_dlbjh\Zgu khYeZXghp b 7] ih@zau\zZz_1 qglh ij_~eh’_ggZy nhjfmeZz
KI -102-951ljbeh™ _gb . : ijbrhgguo g_jZafulZxsbo kdhjhkl_c \h

GhjfZlb\gu_agZq_gby m~_¢xgkihlj_gguo kemqgZyo VAR j_am
kp_ie_glky i ijbe Ihkh[b agdqgbl_evgh [hevr_ ghjfZlb\guo ag:
KGb2.02.01-83 ¥ . WIb agZq_gby ijbj\o» gguo \I<26J b KH -2005
ijZdlbg_kdbo jZkg_l1Zo "he gwey [khwl\_IklI\mxsbo ]jZ*"Zpbc djmi
kdhjj_dlbjh\Zgu \ klhjhgm mfg gy aggano hleh™ _gbc |Themqg_ggu_ kdh
kh]l]eZkgh KI02-95 ljbeh™ _gb_ : Rkgh\Zgbb wdki_jlghc hp_gdb azZ\ul
mdZazZgh qlh ©ijb jZkq_Il_ f_klgu&deXafulhh¥a

LZ[ebpZJZkq Ilguebgbgu kj_"gbo g jZafulZxsbo kdhjhkl_c¢ ihlhdzZ f k
]Jem[bgZo *“ey f_edha_jgbkluo b iue_\Zluo i_kdh\

Table 2.Calculated values of average non-eroding water velocities, m/s, at variths fdefine-grained and

dusty sands

: G f
i _khd M liz| ki1z
0,5 1 3 5 10
_ 22 1000 27,6 31,0 37,2 40,5 45,4
f edha_jgbk

32 2000 39,0 43,8 52,6 57,2 64,2
_ 18 2000 43,8 49,1 59,0 64,2 72,1

iue_\Zluc
30 4000 61,9 69,5 83,4 90,8 102,0

5 hkh[b_ ih ijh_dlbjh\Zgbx hkgh\Zgbc a*Zgbc b khhim" _gbcKIjhk Ba1ZI
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Kihbl hif _Iblv glh kh]ezkgh ghjkatu\‘th/fu
Ahdmf_glzf agZq_gby .
g_jZzafu\Zxsbo kdhjhkl_c g_ aZ\bk f‘h? rﬂﬁ azklbpu g_kiyagh]h Jimg

. . g gb_ jZkkgblZgguo ac
ihlhdz \ Ih \j_fy dZd nhjfmeu jZafu\zZxsbo kdhjhkl c

\br_ A fhgkljbjm_| Zdmx aZ\bk ﬁ"#%\ ,\ey djmigha_jgbkluo ]jZ_\
baf_g_gbb Jem[bgu ihlhdZ hl ” % (bg_ ihlhdZ — f hidehg
Ik -

.. /\ H
Ry e T S b e ot e
jmig )%h lky  az\bkbfhklv  \_et

limglZz

N
JZg__ Z\IhjZfb >Dz~zZpdzy b A}P hg%];[% et zafulzxs_c kdhjhklb i Je

A \
ihdZazgh qlh g_jZafu\Zxszy kd#lhdkzlv ij_~mkfhlj_gh ghjfzib

\uklmi_ r_jhoh\ZIhkl_c h"ghjh’\guo E
]Jimglh\ djmighklvx ff ijb kj_~» h
ihlhdz f kblem[bg_ihlhdZz b
SZO:Aktl)Tfyva\h\izjg/k\)_;ZOJzaglbhqg\?ﬁ Q[HL Zggu f_Ih’\.bdb Jqu_Iq ijh\_
. PP - w glZjguf nhjfmezZf k bkihevah
kh\iz~zZ | k ghjfzlb\gufb ~Zggufb b .
jZkkgqblZgguo ih nhjfme_ gz INITET \ mo agzg_gbe mJez \gmlj_gg_lt
ijhp_glh\ IZ[ebpZ kp_le_g.by‘.'.rjb\h yl d g_j_Zevguf agZq_
- Alhju ij_"reZzZ]zZxl gZmqghfm khh[s_
ihrdexgblveky h[km ~_gbx ijbgbg 1Zdb
g_khhlI\_Ikl\bc

evOIZIZf iZkgq_Ih\ klZgh\blky ih

ﬁaézlfal kaq Ilh\ g_jZafu\Zxsbo kdl

w . bkihevah\Zebkyv nbe
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IJ:<BE: >EY :<LHJH<

<gZmqguc mjgZe ©=b"jhkn_jZ HbZ¥kgau gbjypijlblgbfzZxlky klzZlvb gZ jm
b Zg]ebckdhf yaudZo \ khhiI\_Ilkl\bb k hkgh\gufb |I_fZlbg_kdbfb jZa”_eZfb
1. Nmg”Zf_glZevgu_ ijh[e_fu Jb”jhkn_ju A_feb

2. HiZzkgu_ ijhp_kku \ ]b”jhkn_j_ nmg”Zf_glZevgu_ b bg _g _jgu_ ZKki
3. Wdheh]bqg_kdb_ ijh[e_fu b hiZzkghklb \ ]b”jhkn_j_

4. Wlhexpby ]b”jhkn_ju

5. F_Ih~u fh~_eb b | .ogheh]bb

6. <hijhku kh\_jr_gkl\h\Zgby ghjfZlb\ghc "hdmf_glZpbb

7. Fhgblhjbg]h\u_ wdki_jbf _glZevgu_ b wdki_~bpbhggu_ bkke_ _"h\Zg
8. GZmqgu_ “bkdmkkbb

9. GZke_"b_

10. OjhgbdZz

lezZlZ aZ im[ebdZpbb klZl _¢c g_\aufzZ_ |ky =hghjzj Z\lhjzf g_ \uieZqb
nhjfbjh\Zgby \uimkdz jZa&fZ kZxllky mjgZezZ \ k\h[h~rghf “hkImi_

H[{sb_ Ij_[h\Zdblynhjfe_gbx klZlvb

-nhjfzZtoc beldocx \k_ ihey kljZgilhp u ki

- rjbnlITimes New RomanjZaf_ #11 pt;

-f _""mkljhgguc bglfgtZbltev i _j_ghku \ keh\Zo g_ "himkdzZxlky

-Z[aZpguc hlRIkfi XujZz\gb\Zgb_ lihdkbZbyg aZ bkdexqg_gb _f Iblmevgh
gbpu nhjfme kghkhd jbkmgdh\ b IZ[ebp

LbilmevgZy kljZ2dlpdz kh”_j"ZIv ke_"mxsb_ we_f _glu

-M>D\ujzZ\gb\Zgb_ih e_\hfm djZx

-gZa\Zg&bzZlvb j_]lbklj dzd \ ij_"~eh _gbb \ujzZ\gbh\Z[dhe_ ih pkeghjm

-bgbpbZeu b nZfbeb¥\FAJh}jZ \ujzZ\gb\Zgb_ ih p_gljm

-ihegh_ gZa\Zgb_ hjlJZzgbazpbb \ dhlhjhc jZ[hlZx] Z\lhju k mdZaZzZgt
kb\ \ujzZ\gb\Zgb_ ih p_gljm

-e-PDLO dhglzZdlghMujz\lgh¥Zgb_ ih p_gljm

-ZgghlZpbty fhf - kehdhlhjZy "he gZ \dexqgZlv ZdimZevghklv | _fu b
ihklZgh\dm ijh[e_fu p_eb bkke_"h\Zgby f _Ih”u bkke_"~h\Zgby, j_amevlZ

-dexg_\u_ k#h\Zkeh\ ij_~_evgh hljg Z¥sbkke_"h\Zgby

ljb ih~]lhlh\d_ klZlvb j_~Zdpby gZklhyl_evgh j_dhf_g"mIMRAD" j b\ZI
ih~rjZamf_\Zxs_]h kljmdImjbjh\Zgb_ klZlvb gZ ke_“mxsb_ we_f_glu

-\ A gbQWURGXFWLRQ kh~”_j'Zsic ZdimZevghklv bkke_"~h\Zgby h]
ijh[e_fu nhjfmebjh\Zgb ag”"2q bkke_"h\Zgby

-f IMHWKRGV kh”_j Zsbc hibkzgb_ f_Ihrbdb f_Ih~h\ b ko_f wd
gbc fzZl_jbzeh\ ijb[hjh\ h[hjm~h\Zgby b mkeh\bc wdki_jbf_glh\ gZ[ex"_

-j_ameviRésults)tnZdlbq_kdb_ j_amevlZlu bkke_"h\Zgby b bo bgl_jij_I:

-h[km " @iscussion)tdjZldb_ blh]b jza”~_eh\ klZlvb [_a “hkeh\gh]h ih\Ilh]

LZ[ebpu b jbkmmghlifeyxlky [_a Z[aZpgh]h hlklmiZ k \ujzZ\gb\Zgb_f ih
xlky imklufb kljhdzZfb hl hkgh\gkh]hbkmkgldb “he gu [ulv fZdkbfZevgh]h d.
|Z[ebpZo "himkdZ_Iky bkihevah\Zgb_ h”bgZjgh]h f_"~mkljhggh]lh bgl_j\Z
f jz g_f_gt_ Dz ~Zy |Z[ebpZ b jbkmghd "he gu bf_Iv ghf_j bkihevamxl
b gZzal\Zgb_ <k_ ih?ibkb d IZ[ebpZf b jbkmgdzf “he gu kh”_j ZIv bklhqggh
g_gb_f kemqgqz_\ kithd*ZguwEZ\kdHiZHjb

?"bgbpu baf_jighydkim klZlvb mdZau\zZxlky \ f_""mgZjh~ghc kbkl_f_

> kylbggu_ qgdXk@4zxlky q_j_a aZiylmx gZijbf_j

[[j_\bZImju b khdjZz&hebgu [ulv jZkrbnjh\Zgu ijb i_j\hf mihlj_[e_gbb
dbo we_f_glh\ fgh]Jhh klitzIvixihegblv kibkdhf khdjZs_gbc k jZkrbnjh\dhc
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Nhjfmetohe gu [ulv \klZ\e_gu dZd h[t_dIl OLFURVRIW (TXDWLRQ beb
fme_ :RUG jZkiheZzZ]zZlvky ih p[aglZhaklpggbtpinlkimiz khijh\h " ~ZIlvky kd\h
jZpb_c¢ ihijz\hfm djzx Z |Zd _ bf_Iv wdkiebdZpbx jZkrbnjh\dm h[hagZ
fbgZglkbmdzZzazgb_ f “~bgbp baf_j gby

<dhgp_ klZlvb[ahymjb\_» ;gd]h”*Zjghkibdhlhjhf ke_"m_I mihfbgZlv ex”"_
lhju_ ihfh]Zeb ijb jZz[hl_ gzZ” klZlv_c bklhggbdb nbgZgkbjh\Zgby

HlkuedZ gZ azl_dklh\u_ [b[ebh]jZnbgjbRédbblkkuédlb dkim klZlvb \ d\Z:
guo kdh[dZo imlI_f mihfbgZgby \k_o Z\lhjh\ ijb hlkuerdjZfd bkdbflgbdmhkh
Z\lhjz b keh\ ©dtalrp 2 igb hlkued_ d bklhggbdm k b [he__ Z\Ihjzfb b ]h~
gZ g _kdhevdh im[ebdZpbc h~rgh]h Z\lhjZ aZ h”*bg ]h” ihf_qzZxlky “h[Z\e ¢
kemqgZ_hlkuedb gZ g _kdhevdh bklhggbdh\ hgb ijb\h”*ylky \ ojhgheh]bqg_
lhqdhc k aZiylhc

NhjfZlu hnhjfe_gby hkgh\lguo \b”Ah\ azZl_dklh\uo [b[ebh]jZnbqg_kdbo k
KkuedZ gZ dlgdpreby BAHeZ\b_ dgb]lb K\_~ gby hlghkysb_ _ky d aZ]eZ\bx
h[ hiI\_IklI\_gghklb gZzZijbf_j j_~Zdlhj F_klh ba”rzZgby ]hjh® Ba”*Zl_evkl
gbp \ dgbQl:

Kkuedb gZ "bkk_jlZpbx bebNzZ¥lhe¢ by BZH eZ\b_ "bkk_jlZpbb Lbi "bkk_jlZj
klh ba”rzgby ]hjh~r Jh~ Dhebqg_klI\h kIPDgbp \ *bkk_jlZpbb

Kkuedb gZ klZIvxNzdgkbpby BAHeZ\b_ klzZlvb AZleZ\b_ dgblb K\_"_gby
aZleZ\bx dgb]b K\_~_gby h[ hI\_IkI\_gghklb F_klh barZgby ]hjh”" B
KljZgbpu kIROVb

Kkuedb gZ klZlvx \ i_jbh”bq: N&Hb elay Bgblle Z\b_ klZIvb AZleZ\b_ "mjg:
Lhf <« KljZgbpu PQilvb

Kkuedb gZ fZl jbZeu \ k[hjgbd Nahlgeaby B\HEjez\b_ klZlvb AZlezZ\b_ k[
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@ KljZgbpu klZlvb

Kkuedb gZ we_dljhgguN oflbldlgg BdH e Z\b_ fZ1 _jbZezZ >We_dljhgguc j_kmjk
hlghkysb_ky d aZ]eZ\bx AZbkZhlggbdgd jgh?t kha~zZgby j_kmjkz 85/ Z
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