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HP?GD: AG:Q?GBY ASSESSMENT OF ROUGHNESS
DHWNNBPB?GL: COEFFICIENT VALUE
R?JHOH<:LHKLB Alexey Yu. Vinogrado¥?,
. X <bgh]jZ®h\L :<bgh]jZAR\Z Tatiana: Vinogradova?,

< :H[yah\F FDz~zpgdzy  Viktor A. Obyazov, Mariya M. Kadatskaya

'HHH GZwmipgdha\h~kI\ _ggh_ h[t_ IScientific and Industrial Research Assor
=b” jhl_oijh_dkzZd~Zc Jhkk ation Gidrotehproekt, Valday, Rus-
2KZgdl 1 _j[mjlkdbc Jhkm~ZjkI\ sia;?Saint Petersburg State Forest Tech

khl _ogbg_kdbc mgb\Kjkddll | = nical University, St. Petersburg, Russia
| jImj] JhKkgedl | j[mjlkdbc 3Saint Petersburg State University,
m~AZjklI\_gguc mgb\_jkbl_ St. Petersburg, Russia
] Kzgdll _j[mj] Jhkkby
gd@npogtp.ru gd@npogtp.ru

:gghlZpby klzZlv_ jzZkkfzZljb\Z_ Abstract. The article considers one of tl
ba hkgh\guo iZjzf_Iljh\ ijb ijh\_ main parameters while conducting wa
ohayckl\ _gguo jZzdgwlhinbpb gl management calculationg the roughnes:
oh\Zlhklb Hp_gdzZ _]h \_ebql coefficient. Upto-date assessment of i
s _Jh\j_f gbijh\h”*blky ih ki_pl value is carried out according to special
ebpzf beb jzZzkqg_Iguf kihkh[hf bles or by calculation. Article presents va
jZaebqggu_f _Ih”u jZzkq_1Z dhw ous methods for calculating the roughn
jhoh\Zlhkliibl shp _gdb h[jZIguf i coefficient tfrom the reverse evaluation u
nhjfme_ R _ab ih j_amevlZlZf ingthe Chezyformulaythe measuremeni
wfibjbg_kdbo azZz\bkbfhkl_c ih tothe empirical relations obtained by va
ebggufb ki_pbZebklZfb gZ hk: ous specialists on the basis of field stud
bkke ~h\Zgbc Djhf_ Ih]h Z\II Inaddition, the authors considered formu
j_gu nhjfmeu jZkq_|Z dhwnnbyp for calculating the roughness coefficie

based on physics. The results of calculati

Vinogradov A.Yu., Vinogradova T..., Obyazov V.A., Kadatskaya M.M. Assessment of roughness coeffi
value Hydrosphere. Hazard processes and phenom2049, vol. 1, iss. 4, pp. 462-476 (In Russian; abst
462 in English). DOI:10.34753/HS.2019.1.4.462
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\Zlhklb gZ hkgh\Zgbb nbabqg_ obtained for such formulas best fit their v.
gbc J_amevlZlu jZkq_Ilh\ ihe ues obtained in the inverse way from f
dbf azZz\bkbfhklyf gZbemqrbf I Chezy formula. The calculation metho
\ IklI\mxl bo agZqg_gbyf ihem presented in the article were tested on
guf iml_f ba nhjfmeu R _ab 1)l data of gauging statioon the river Polist'+
klzlv_ f_Ih~u jZkq_1Z Zijh[bjh nearthe settlement Podtopol'e for the pel
guo |b*jheh]bg_kdbdhbekkHM I of 1954 year and on the river Gozovkaear
lhihev_aZ] b j =hahk\W&zZtaZ i the settlement Goza for the period 20:
2014- 11 2017.

ljb kjZ\g_gbb j_amevlZIlh\ baf Behind comparing the results of measu
Ih\ ih jZaebqguf aZ\bkbfhklyf ments, calculations for various formulas ¢
[Z[ebgguo ~Zgguo k”_eZgu Kk estimated tabular data, the authors made
\h~u Ihl_jb gZihjz \ y\ghf \b” following conclusions. Pressure losses in
]Jem[bgu ihlhdZ b mdehgZ k\h[I plicit depends on the depth of the stream
klb ihke_"~gbc iZjzf_Ij\ g_y\g the slope of the free surface, the last one
| _jbam_1I khijhlb\e_gb_ jmkeZ plicitly characterizes the frictional of th
| o jZkoh”~Zo \h”~u baf_g_gk channel. At the same water flow rates
wnnbpb _glZ r_jhoh\Zlhklb fh" change in the roughness coefficient ¢
A _kyldh\ ijhp_glh\ Ijb jZaebq( reach tens of percent. With different fillir
g_gbb jmkeZ dhwnnbpb_gl r_j ofthe channel, the roughness coefficient
" | baf_gblvky \ g _kdhevdh jZi change by several times, which predet
AN ey | khhiI\_IklI\mxsb_ hrb[db minesthe corresponding errors in the tabi
ghc hp_gd_ dhwnnbpb_glZz estimation of the roughness coefficient, e\
NZ® _ "Ney mijhs_ggh]Hhleerd f Zye for a simplified casetonly for an open chan
djulhl]h jmkeZ Ilhwlhfm \k_ aZ' nel. Therefore, all the dependencies, tak
lu\Zxsb_ lhevdh djmighklv jm into account only the granulometric of ri
" _gbc ijbgpbibzZevgh g_ fh]lml erbed deposits, basically can not have p
g_kdh]h ijbf_g_gby tical application.

H[sbc \u\h® ~Z" ijb h~ghf b It General conclusion: even with the same\
\h~u 7~ey mijhs_gguo mkeh\b terlevel for simplified conditions of an ope
jmkeZ [_a jZklbl_evghklb dhw channel without vegetation, the roughn
oh\Zlhklb fh™ _| hlebqgzZlvky \ jZ coefficient can differ by several time

<bghljz~h\ : X <bgh]jZz*"H{¥ah\ < : DOZFZHypdZyWZ agZq_gby dhwnnbg
\ZIhklb =b~jhkn_jz HiZjkhgou kkub y\e_ghby019. L <u#h. K462476 -
DOI: 10.34753/HS.2019.1.4.462 462
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d gmex \k_ ihiuldb \ _]h 1_ which nullifies all attempts to theoretical
hp_gd_ ijb hlkmlkl\bb 1ijyfuo evaluateitinthe absence of direct measi
mdehgZ kdhjhklb b kj_"g_c ]e ments of slope, speed, and average dept
Dexq_\u_ kebh&nnbpb_gl r_j Keywords: roughness coefficient; fric
Ihklb ihl_jb gzZihjzZz gZzZ 1j_gt tional pressure losses; Chezy formula; gr
R_ab djmighklv jmkeh\uo hle ulometric of riverbed deposits; factor of h
nbpb_gl ]b”*jZ\ebq_kdh]h 1j_g draulic friction; dynamic velocity.
kdZy kdhjhklv

<\_"_gb_

Dhwnnbpb_gl r_jhoh\Zlhklb y\ey |ky h~gbf ba hkgh\guo
ijh\_~ gbb \h”hohayckl\_gguo jZkqg_Ih\ fh~ _ebjh\Zgbb ~\b"_ gb)
ihimkdh\ jZkq_lh\ IjZgknhjfZpbb klhdZ ih jmkeh\hc k_bbdZ gijféh\ggl
ijb ijh_dlbjh\Zgbb bg  _g_jguo b ]b”jhl_ogbqg_kdbo khhjm™_gbc

Ihkdhevdm “ey hij_~_e_gby dhwnnbpb_glZ r_jhoh\ZIhklb bki
jZagu_ ih?"oh”~u gh b fgh _kl\h nhjfme hkgh\Zgguo *Z°_ gZ h~ghf
jZ[hlu y\ey |ky hp_gdzZ ~hklh\_jghklb ihemqZ_ fuo _]h \_ebgbg jZa
A"hklb® _gby ihklZ\e _gghc p_eb j rZebkv ke _“mxsb_ azZ”~Zqb

\uy\blv hkgh\gu_ izjzf_lju hij_"~_eyxsb_ \_ebgbgm ihl_
lj_gb_

\uihegblv kjZ\gbl _evguc ZgZeba kms_kl\mxsbo aZzZ\b
hij_~ e gby dhwnnbpb _glZ r_jhoh\Zlhklb b \uy\blv |_ dhlhju_
khhi\_lkl\mxl|l _]1h agZq_gbyf ihemqgq_gguo h[jZlguf iml_f ba nhjfme

hp_gblv hrb[dm [Z[ebgghc hp_gdb dhwnnbpb_glZ r_jhoh\Z

hp_gblv ijZz\hf_jghklv ijZzdlbqg_kdh]h ijbf_g_gby “ey hij_*"_
dhwnnbpb_glZ r_jhoh\Zlhklb azZ\bkbfhkl ¢ mgblu\Zxsbo Ihevdh
hleh  _gbc

hp_gblv \hafh ghklv I_hj_Ibqgq_kdhc hp_gdb dhwnnbpb_glZz
hlkmlkl\bb ijyfuo baf_j gbc mdehgZ kdhjhklb b kj_~g_c Jem[bgu
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Mkeh\gu_h[hagZq _gby

ntdhwnnbpb_ gl r_jhoh\ZIhklb

C+dhwnnbpb_ gl B lab f

Rt]b”jZ\ebqg_kdbc jZz"bmk f \ jZkkfzZljb\Zz_fhf kemqgzZ_ iehkdh]h jz
ihlhdZ ]b”jZ\ebq_kd® ¢ GZ b mk

Gzkj_"gyy ]Jem[bgZ ihlhdz f

V tkj_~gyy kdhjhklv ihlhdzZ f k

i +fmdehg \h”ghc ih\_joghklb ”“heb _“bgbpu

d £+ wnn_dlb\guc ~bzZf I} jmkeh\uo hleh  _gbc khiim _lkd¥Zngx ghhx
dimighklb qZklbp ih ]JjZgmehf_Ijb4 _kdhc djb\hc f

BxrbjbgZ jmkez f

V+dZkzZl _evgh_ gZHf_)q%_;g b_

L tiehlghklv “brdhklb %  d] f
V. * “bgZfbgq_kdzZy kdhjhklv kdhjhRleyxkZghby f Lot gkblghklb

Imj[me_glghlh imevkZWwbhgthitke jgapzy WL,
g+mkdhj_gb_ k\h[h~gh]lh iZ”%_gby f k
Cctdhwnnbpb_gl ]b”jZ\ebqg_kdh]h Ij_gby [ ]
h, xihl_jb gZihjz gz lj_gb_ f
F+r"bgZfbqg_kdZy \yad&hklv d] f

t\ukhlZ \uklmih\ r_jhoh\ZIhklb f
(+dbg_fZlbg_kdZy \y&dhklv f
| +2ebgZ jZkkfZljb\Z_fh]l]h mqzZkldz f
ctwdki_jbf _glzehgmobpb gl ijhihjpbhgZevghklb

J 20073 _dhf_g~zZpbb Mkh\_jr_gikINnABig®dghkibq_kakbe_ ljkijhkljZg igby
qghc lahyukhdhaZ]jyadhdigug Inhjffb]jZpbgZb[heniZkgad]jyagyxsbso kit
Ih\ g2608.+ Kk

1
i
Jhk

2=HKL - :wjh”bgzfbdzZ e _IZIl _evguo ZiizZzjzlh\ L _jfbgu hij_"ageZgbgiy [md\ _gg

9.+

"N =l
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FZl_jbZeu b f_Ih”u

Hp _gdZ \_ebgbgu dhwnnbpb_glZ r_jhoh\Zlhklb "h gZklhys _ ]h
AM\mfy kihkh[Zfb hibkzZl_evguf k bkihevah\Xgb[gh]iZ[e@®pmF N
B NDZjzk_\Z;j>™eb B:JBhkdbgzZ €Zkbev_\hc b ~j b jZkqg_lguf 1Ihk
hkgh\Zg dzZd ijZ\beh gZ nhjfmreZgigb\@likdh]h

1
n — Rl/G
. )

Dhwnnbpb_gl R_ab hij_*_ey_Iky h[jZlguf iml_f k ihfhsvx nh
baf_j_gguf \_ebqgbgzf kdhjWkimdegggbyh~rghc i\ jjdodhxkVeébqg_kdhfm
jZ"bnmkmhemqg_gghfm k ihfhsvx fhjnhf _Ijbg_kdbo baf_j gbc

Vv
© TR @

<u[hj IZ[ebgguo agZgq_gbc dhwnnbpb_glh\ r_jhoh\Zlhklb az\
N |ZebaZpbb hibkzgby jzZzkkfzZljb\Z_fh]l]h mqzZkldZ j_db kDgHhfm
yley_ |ky dzZqg_klI\_gguf qglh \k_]*Z ih”*jZamf_\Z_| ba\_klglmx "~he
ih~"[hj_ Ih]l]h beb bgh]l]h agZg_gby dhwnnbpb_glZ r_jhoh\Zlhklb L
agZq_gbc ~Z° _ ih ij_"eh” _gghc \ >;Zjurgbdh\ lehldbgzZ Jm[e_ \kc
|Z[ebp_ agZq_gbc dhwnnbpb_glh\ r_jhoh\Zlhklb ~ey [_kybhof_ggu:
\h~hlhdh\ dhe_[e_Iky ¥k ipy30®Zo

< ihiuldZo gZclb [he__ h[t_dlb\guc ih*oh” d hp_gd_ dhwnnbp
fghlb_ bkke ~h\zZIl _eb >FZzZf_~h\ @ ij_"ezZ]lzZx| wfibjbg_kdmx azZ
\brZz

n —+— 3)

]~ Zbtwfibjbg_kdb_ dhwnnbpb_glu

Kgblz _Iky qglh aZ\bkbfhklv Ijbf_gbfzZ ~ey jmk_e \ dhlhjuo
k\yvaZzgh g_ihkj_~klI\_ggh kh kdhjhklvx >FZf_"h\ @ AgZq.
aZ\bkbfhklb jZagylky \ jZaebgguo bklhggbdZo
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m F Mjb[gh]h “ey Jhjguo j_d b i _jbhAbg_kdbo \dZHIybHki hoajriék Eid
[ a jZklbl_evghkb,0005b 7=0,25:b = 6,5; y

m DoZggu “ey klZ[bevguo jml=®25;b=8,05; [
m < NhefZaZi 0075 Z=0,3;b = 5,0; \
ml : RZI[_jZr\beb Z=0,2;b = 8,33. ]

< g_dhlhjuo bklhggbdzZo hkgh\guf izZjzf_Ijhf hij_~ _eyxsbf
jmkeZ ijbgbfzZxl djmighklv jmkeh\uo hleh  _gbc

n & )
b

ih Rljbde_jm >:Zjurgbdh\ a@%;b Jg /015 | 2088; z
ih Qzg]m a é;b 19231, [
ih < Fzddz\__\m DZjZmr_\m a %;b 10753 \
ih F: Fhkldh\m a %;b 20,408; ]
ih J -20023 a %;b 33333; n
ih = < @_e _agydh\m >@ _e_agydh\ @
neg dH/d d3 a ;—;;b 6,25 y125; ~
ne@dH/d dlo a %;b 125 y17.857;
Aeg0 dH/d d20 a %;b 17857 y200; b
Anep0dH/d 100C a %;b 22222 d
sLzf
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F Ibjdh\kdbf ij_“eh’ _gZ ke _~“mxsZy aZ\bkbfhklv

n 0025 0id. (5)

Djhf_Ihl]h ?"ey jZkq_|Z dhwnnbpb_glZ r_jhoh\Zlhklb \ jZagh_
ke "mxsb_ azZ\bkbfhklb

< F Fzddz\__\uf >Fzf_~h\ n @Hi: 6)
© R FZf_~h\uf >FZf_~h\ @ O007i%® i%); (7)
< Kielmgbguf b EZgbhgh\hc >Dhkbqg_gdh @
n 000000860 </H)* 001€ (8)
< >@_e_agydh)\ @ ij_"eZ]Z_lky bkihevah\Zgb_ ke_"mxs_c

Z\lhj \u\h”~bl ba nhjfmeu R _ab

HO08 ¥j05 | 2/305
Vv Vv

(9)

JZkkfhljbf jz\ghf_jgh_ mklzZgh\b\r__ky ~\b"_gb_ \h~gh]}l
ijyfhebg_cghfm mqgzZkbem mmkesZz gby az~Zqgb ijbf_f hlkmlkl\b_ e_"h
b \h~"ghc jZklbl_evghklb gZ mqgzZkld_ jmkeZ <ha”_gkdulr_ilglhd_Ze
hdZaulZxl “"hggu_ hleh  _gby jZaebgghc djmighklb Jjy*u b ~jm]b_
N"gZ >ey Imj[me _glgh]lh j_"bfzZ azZ ijbhggmx kdhjhklv ijbgdbfz |k

\ukh!l_ \ukImih\ r_jhoh\ZIhklb ><bgh]jZ"h\ b 7] Z@
DZkZzZl _evgh_gZijy _gb_ gihlhdighpjbrgdbg @
W 7 UgHi (10)
<Imj[me_glghlthd _ dzZkzZl _evgh_gZijy _gb_ [m~_| ijhihjpbhg

kl i _gb kdhjhklb

2
w U% (11)
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2 2
lhl_jb gZihjz gz lhjg_g% Ih _k@% hg hidmWzUgh,.
Mgblu\Zy jZg__ ijb\_*_ggmx nhjfmem themqgzZ_f ijhklh_ \u
ihl_jv gZihjzZz gZ lj_gb_

h,, Hi beh, —'(;’ (12)

glh ihal\hey | k® _eZlv ke_"mxsbc \Z guc \u\h® \_ebgbgZ ihl_jv gZ
\br_ aZ\bkbl hl ]Jem[bgu ihlhdZ b mdehgZ k\h[h”ghc \h”ghc i
ijhihjpbhgZevgzZz dzZzkzl_evghfm gZzZijy _<gilbkxhgz ]jZgbp_ “gh

>Ze_ _ ihkdhawvdkighU qglh
2
h, -
29
C 1H1/6
n b
ithemqz_f

2gV? V? Vv¥?

ig C229 F H 3 (13)
Mgblu\Zy ithemqzZ_f h\dhgqZl_evgh
1/3 2/31/2
n h—\ﬂ!/?— \%\/GLI@S Jor G0 (14)

lhemqg_ggZy aZ\bkbfhklv KhhI\_IkI\n@ | enhggmdE¥Z= < b R_ab
<lhjhc \Zjbigggdg 1Z dhwnnbpb _glZ r_jhoh\Zlhklb fh'gh hp_g
dimighklb "hgguo hdehH bgYogzZfbq_ kdhc Ayadhfklb

<ukhlZ \uklmiphoh\ZIhkl_c ><bgh]jZ~h\ b *j [@
vV . W?
P | T (15)
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gZ mqgZkld_ _"~bgbaqlghlc "‘e\ggu GZijbf_j kj_~gbc "bzf _Ij qZklbp 7

hleh” _gbc \ ki\hj_ ]b”jhf_Iljbg_kdh]hFirekdZ K\kjyaglyp gZ ~ZIm hl[hjZ
hdly[jv ] £+ f jZkq_lgh_ agZq_gb_ =

< ebl_jZImj_ >=jbrZghbg , 2@ bhgbgddhznbehbfh)\2012]
\ukhIm \g_rg_c ]jZgbpu [mn_jgh]h kehykRhgZrkf\imbfi yukhl_\ukImi
r_jhoh\zZlhklb kqblZxl ih ke_~“mxs_c aZ\bkbfhklb

. Q
— ., 16
Vi C (16)
K mqg_Ihf
1 1/6 H
Vv EH A Hi (17)
" Gl/6 /Gl
— 18
@'V C (18)
G _dhlhjmx g_hij_~_ e _gghklv \ aZ\bkbfhklv ijb\geblgbd&Ewn
dhlhjhlh ih jZaebqguf ~Zgguf fh _I baf_gylvky hl "hlhei_AgZq_
(* o0002¢ef * ] <bebboooi:sf =+ j KljZgbo,003:f =* j=hah\db

(* o0,002ef #41.
J amevlZliu b h[km ™~ _gb __

Lhgghklv hij_~ e _gby dhwnnbpb_glh\ r_jhoh\ZIhklb jZ\gbgc
jZkkgblZzgguo h[jZlguf iml_f fh gh hp_gblv ih j amevlZdZd Z£gZel
ijb\_~ gu “"Zggu_ jZaebqguo ih jzaf_ jzf j_ d f_~ _ggu_ jZKa&ak”~u \h"
hi - jmgq lhei_-~h f k j HdZ Khklhygb_ j d gZ mqzZkld_ ]
fhf_gl baf_j_glb\dh[h*gh_ jmkeh e _"~h\u_ y\e_gby b jmkeh\Zy \h”g
hikmlklI\mxl

:gZeba |Z[ebpu ihdZaul\Zz_ | qlh jZkq_lguc dhwnnbpb_ gl
hklzZ Iky ihklhygguf ~Z" ijb [ebadbo ih agZq_gbx jZkohyooijh"u <
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g_agZqbl_evguo dhe_[Zgbyo

ihke_~g_]lh gZ

r _jhoh\zZlhklb fhiml baf_gblvhylg&Z_ _

LZ[ebpZlZkqg_lgu_ agpgkagbwh]h dhwnnbpb_glZ rnfeohj@ldqwklb b j_d

jZaebqgguo jZaf_jh\

Table 1. Calculated values of the riverbed roughness coefficient n for streams and rivers of various

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

<u4|201¢

_“bghpwn nippp_ gliz\

sizes
nlzZ[eb ih
J dZ >Z1z| & W K5 4 ¥Tknjzkqg_lg i lebal ]
J52.24.627-200
07.12.2013 17,4 |0,12| 0,072 0,040 0,0013
lhei_ 0,030
17.03.2014 14,6 |0,09| 0,062 0,046 0,0043
22.03.2015 13,3 [0,20| 0,246 0,058 0,00091
25.03.2015 15,2 |0,20| 0,280 0,050 0,00099
=hah\ 0,030
28.03.2015 18,8 |[0,19| 0,253 0,040 0,00061
24.05.2015 16,3 [0,19| 0,274 0,047 0,00097
25.02.2016 18,7 |1,74| 7,47 0,059 | 0,000056
KljZq|27.02.2016 23,7 |1,73| 7,01 0,046 | 0,000031 0,040
27.11.2017 15,7 |1,63| 7,45 0,069 | 0,000093
21.03.2019 21,2 |1,67| 63,2 0,051 0,0005
26.03.2015 27,9 |1,61| 60,7 0,039 0,0003
<beb 0,035
12.12.2015 40,5 |1,47| 46,2 0,026 0,00011
14.12.20159 33,2 |1,47| 46,4 0,032 0,00017
30.10.2013 41,4 | 41| 942 0,031 | 0,000055
Hdz 0,040
01.05.2014 345 | 4,5 | 1048 0,037 | 0,000074
27.05.1974 23,3 |1,14| 124 0,044 0,0079
06.07.1972 245 |1,11| 123 0,042 0,0074
Faufl]25.10.1972 23,0 |1,18| 128 0,045 0,0078 0,067
30.02.1970 24,7 |1,19| 140 0,042 0,0074
14.05.1969 23,1 |1,10| 116 0,044 0,0076
4] -2007J _dhf_g~Zpbb Mkh\_jr_gkINmA#jgdohklbq_k@be |ikijhkljZg ibgby
j_qghc lbhgukhdhaZ]jyadhdigng Inhjffb]jZpbgzb[hehiZkga@]jyagyxsbon ki
Jhklh\ g2008.+ k
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ljb kjZ\g_gbb jZzkqg_lguo agZq_gbc dhwnnbpb_glZ r_jhoh\ZIlhk
agZqg_gbyfb khklZ\e_ggufb gZ hkgh\Zgbb ihe_\uo habkRAghgh\uy\«
hlebgb_ Hldehg_gby jZkkqgblZgguo h[jZlguf iml_hjhklv aihdbhé@ zj g
agZqg_gbc hl I1Z[ebgguo “hikdbyZXl

LZdbf h[jZahf ijbf_g_gb_ I1Z[ebgguo agZq_gbc dhwnnbpb_c¢
fhlml ijb\h~blv d kms_kI\_gguf ih]j_rghklyf \ hp_gd_ j_qggh]h klhdz
mjh\g_c¢ ijb j_r_gbb \h*hohayckl\_gguo azZ”~Zq ijh_dlbjhudbgbb bcg
khhjm™ _gbc b ]Jb”jhl_ogbg_kdbo h[t_dlh\

JZ[hlhkihkh[ghklv jZkkfhlj_gguo aZ\bkbfhkl_c Zijh[bjh\ZgZ
baf_j_gbc ]b”jheh]bq_kdbtoe brkd vht?lhihev_ aZz ] b j=hR&hadz =*
2014- 11 b ij_"~klz\e_gzZ \ IZ[ebpZo b khhI\_IklI\_ggh

LZ[ebpZ JZkq_| dhwnnbpb_glZ r_jhoh\Zlhklb ih ij_"~eh  _gguf aZz

d f ~ey ihklZ j Ihebdlklvhev ]h~

Table 2. Calculated values of the roughness coefficient according to the proposed formulas for

particles with d = 0.001 m, for gauging station on the river Pdligtar the settlement Podtopol'e for

the period of 1954 year

NZI1| 08.04 | 09.04 | 10.04| 12.04 | 13.04 | 14.04| 15.04 | 17.04| 22.04| 29.04 05.05
[ 0,00013/0,000120,0001{0,0001240,00012 0,0001 0,00013 0,0001{0,0001 0,000087 0,000043

B f| 41,3 40,4 40 39,2 389 | 38,2 | 37,8 | 37,9 | 38,7 38 39

fl 2,05 193 | 1,79 | 1,48 1,39 | 1,36 | 1,34 1,3 | 1,32 1,21 1,31
R, f 1,86 1,76 | 1,64 | 1,38 1,30 | 1,27 | 1,25 | 1,22 | 1,24 1,14 1,23

v f 0,55 0,53 | 0,51 | 0,42 0,44 | 041 | 0,39 | 0,38 | 0,37 0,31 0,32
C 35,1 36,7 | 39,8 | 32,7 35,3 | 364 | 30,2 | 34,8 | 32,8 32,2 43,4
n(1)| 0,033 | 0,031 | 0,028 0,033 | 0,030 |0,029| 0,035 | 0,030| 0,032| 0,032 0,024

n(10)| 0,033 | 0,032 | 0,029, 0,034 | 0,031 | 0,030/ 0,036 | 0,031| 0,033 0,033 0,025

n [| 0013 | 0,013 ]|0,012| 0,013 | 0,013 | 0,012| 0,013 | 0,012| 0,012| 0,012 0,010

n ]| 0020 | 0,020 |0,019| 0,020 | 0,020 | 0,019| 0,020 | 0,019 0,019| 0,018 0,016
n(7)| 0,028 | 0,028 | 0,027| 0,028 | 0,028 | 0,027| 0,028 | 0,027| 0,027| 0,026 0,023
n(8)| 0,042 | 0,041 | 0,038| 0,031 | 0,029 | 0,029| 0,029 | 0,028| 0,028| 0,025 0,027

:gZeh]lbqgu_ jZkqg_lgu_ agZq_gby r_jhoh\Zlhkl_c ih azZ\bkbf
jmkeh\uo hleh _gbc ijb mkeh\bb jZzaf_jzZ qzZklbp \ ffiheb&iv tgu »
IhAlhihev
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lh Rljbde_jm Z n 015Y°/\/[g 0015.
lh Qzglm | n dY°/19231 0016,
lh < FFZddz\__\m bzjzmr_\mn d”®/10753 0029,
lh F :Fhkldh\m ] n d"®/20408 0,015
lh J 2008 A n d"°/33333 001
Ih F Ibjdh\kdhfm n 0025 01d 0025.

AZ\bkbfhklb d_ ijZzdlbg_kdb g_ ijbf_gbfu ihkdhéiddNeyhlghr_
[hevrbo kj_~gbo b [hevrbgklI\Z fZeuo j_d \k_]*Z !

LZ[ebpZlZkqg_I| dhwnnbpb_glh\ r_jhdh\Zlhklh *ey ihklZ =hahhddZ =+
Table 3.Calculation of roughness coefficients for particles with d = 0.0026 m for the gauging station
on the river Gozovkatnear the settlement Goza

W \h >ZIZ b¢ Mjh\_gv \h~| JZkohl Kj_"gyy kdh Kj_~gy n n n
oK j_gbylgme f ]JjZnb/\hru3fyk | _g_gby filem[bg| (15)| (18)]| (14)
15,5 [ 07.06.2017% 45 0,151 0,17 0,14 0,047,0,051 0,048
15,8 {10.06.2017 47 0,182 0,18 0,16 |0,036/0,038/ 0,036
6,5 |28.03.201°¢ 49 0,253 0,20 0,19 |0,040 0,039 0,041
14,1 | 24.05.2015 49 0,274 0,22 0,20 0,047,0,051 0,048
12,6 |02.10.201¢€ 50 0,252 0,18 0,20 0,051/ 0,050 0,052
2,4 |122.03.2015 51 0,246 0,18 0,21 0,058| 0,050 0,059
4,1 |25.03.2015 51 0,279 0,21 0,20 0,050 0,048 0,052
3,9 |13.12.2015 51 0,277 0,21 0,20 0,035/ 0,034 0,036
12,1 {30.09.201¢ 52 0,306 0,19 0,22 |0,056/0,055/0,057
3,7 [05.11.2014 55 0,237 0,15 0,24 |0,074/0,058 0,076
4,0 |15.12.2015 55 0,336 0,22 0,22 |0,034/0,033/0,035
2,9 |27.11.2017 56 0,385 0,24 0,24 0,045| 0,044, 0,047
8,4 |10.04.2017 57 0,436 0,24 0,26 0,054 0,055/ 0,055
7,7 113.04.2017 57 0,427 0,24 0,25 0,050/ 0,051/ 0,052
2,2 |30.11.2017 58 0,453 0,26 0,26 0,039 0,038 0,040

SLzf
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<u\h”u

1. < _ebqgbgzZ ihl_jv gZihjz gz Ij_gb_ \ y\ghf \b~_ aZ\bkbl lhevc
b mdehgZ k\h[h”ghc ih\_joghklb < g_y\ghf \b”"_ \ebyglu\ZkHkinlb\e
\ baf_g_gbb mdehgZ k\h[h”ghc ih\_joghklb

2. Dhwnnbpb_gl r_jhoh\Zlhklb ~ey ijyfhebg_cgh]l]h mqgZkldZ jm

]Jem[bg_\ kI_i_gb b mdehgm \ kl_i_gb b h[jZlgh hjhkhppbhg:
l_q_gby
3. J_ameviZlu jZzkqg_lh\ ihemqg_gguo ih aZ\bkbfhklyf b

hkgh\Zgbb nbabq_kdbo Kkhh[jZ _gbc gZbemqrbf h[jZalhyf khhi\
dhwnnbpb_glh\ r_jhoh\Zlhklb ihemqg_gguo h[jZlguf iml_f ba nhjfme
4. Hrb[dZ 1Z[ebgghc hp_gdb dhwnnbpb_glZ r_jhoh\Zlhklb lhev
khklz\eylv b [he__ ijhp_glh\
5. <k_ aZ\bkbfhklb mgblu\Zxsb_ lhevdh djmighklv jmkeh
ijbgpbibZevgh g_ fhlml bf_Iv ijZzdlbg_kdh]h ijbf_g gty | Idd dzd
jZkoh~Zo \h~u baf_g_gb_\ _ebqgbgu dhwnnbpb _glZ r_jhoh\Zlhklb ft

ijhp_glh\ 1ljb jZaebqghf ~_ gZiheg _gbb jmkeZ dhwnnbpb_ gl r_
baf_gblvigy Rdhevdh jZa
6. Ijb h~rghf b Ihf °_ mjh\g_ \h”~u ~Z°_ ey mkeh\bc hldjul

jZklbl _evghklb dhwnnbpb_ gl r_jhoh\Zlhklb fh™ | hlebgZlvky \ jZau
ihiuldb \' _1h I_hj_Ibg_kdhc hp_gdb ijb hlkmlkl\bb ijyfljhlbldf j gb
kj_~g_c ]Jem[bgu
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M > B56.53 DOI: 10.347534S.2019.1.4.477
H <EBYGBB E?>YGH=H IHD.ON THE INFLUENCE OF ICE
G: IH>A?FGMX COVER ON THE UNDERGROUND
KHKL:<EYXSMX J?QGH=FCOMPONENT OF RIVER FLOW
KLHD:
FE FZjdh\ ? < =mj_\bg MikhailL. Markov, Elena V. Gurevich
=hkm~ZjklI\_gguc ]b*jheh]bq_ State hydrological Institute,
Iml ] KzZgdlzl_I_j[mj] Jh St. Petersburg, Russia
2014mmi@gmail.com 2014mml@gmail.com

'gghlZpby _ggZy k_Iv y\ey_ Ik Abstract. The river network is the mai
Aj_ghc ithca_fguo \h”™ | _jjblhjb drainage of underground waters of the te
_lky \'1_qg_gb_ "ebl_evgh]h i_ tories. Itis created over a long period anc
ey |ky ] _heh]bq_kdbfb debf determined by geological, climatic and o1
hjh]jZznbqg_kdbfb mkeh\byfb graphic conditions. The draining capacity
kihkh[ghklv ]b”jh]jZnbqg_kdhc ahydrographic network depends not only
g_ lhevdh hl __ ]Jmklhlu gh b its density, but also on the speed of we
dZgb_ih g _c \h™ IThke _"gyy hi flowing down it. The latter is determined |
sZ"vx b\h]h k_g_gby mdehgh the area of the living section, slope, rou
klvx jmkeZ < klZlv_ ihdZaZgh ness of the riverbed. The article shows t
k_\_jguo j_d dzZd k_ahggh_ ]b the riverice of the Northern rivers, as a s
ijhlb\e _gb_ 1Zd _ fh _| hdZa sonal hydraulic resistance, can also ha\
kiI\_ggh_ \ebygb_ gZ 7j_gbjm significant impact on the drainage capac
ghklv ]b”jh]jZnbqg_kdhc k_Ib of the hydrographic network. On the exa
klhdZ j_d \' |l _ieu_ b oheh”gu_ ple of river flow in warm and cold winter:
glh e _"~yghc ihdjh\ j_]Imebjm_ itis shown that the ice cover regulates
a _fguo \h” jZaguo mjh\g_c 7] participation of groundwater at different le
nhjfbjh\Zgbb j_qgh]h klhdZ K elsofdrainage in the formation of river flo\
debfzlZ j_]mebjmxsZy jhev e _ Asthe climate warms, the regulatory role
kgb Z 1ky <hajzklz | kdhjhkl' the ice cover decreases. The rate of un
a_fguo \h™ \ _jogbo mqzZkldh\ ground water treatment in the upper secti

gh\ khijh\h"~Z fZy m\_ebq_gl ofriverbasins increases, accompanied b

Fzjdh\ F E =Mmj<tbdebygbb e_~ygh]hgZhithhadzZfgmx khklZ\eyxsmx j/i[ -
=bAjhkn_jZ HiZkgu_ijhp_kku b y\e<gBy K&77-489DOI: 10.34753/HS.2019.1.4.477 411
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gb " gbo a\_gvyo ]b”jh]jZnbqg_kc increase in water content in the lower pe
ke_"~gb-_ e_Il \dez” ih~a_fguo of the hydrographic network. Over the pi
"hjZza™_evghc gZklb j_gqguo [Z 30-40 years, the contribution of groundwa
gb_j_d e _kghc ahgu \ f_"_gv | in the watershed of the river basins to -
ih kjz\g_gbx k ij_~r_kl\mxsbf supplyofrivers inthe forest zone in mezt
pbhgzZjguf2 debfZlbg_kdbf i_jb decreased by 20% compared to the previ
oh”bl ©ih~*kmrdz2 \_joh\v_\ |_ "quasi-stationary" climate period. There i
gh\ g _kfhljy gZ jhkl JTh~h\uo h "drying" of the upper reaches of river basil
ki_dlb\_ ijb khojZg_gb_ kh\j despitethe growth of annual precipitation.
N _gpbc baf_g_gby debfzlz \ the future, if the current trends of clime
g_cr__ kgb  _gb_ih~a_fgh]h ib change continue, it is possible to further
dZd ~j_gbjmxsZy jhev ]b”jh]jZ ducethe underground supply of rivers, as
\hajzkl | Mf_gvr_gb_ aZizZkl drainage role of the hydrographic netwc
\h~ \ j _qguo [Zkk _cgZo ijb\_”"_ willincrease. The reduction of groundwal
bo j ]mebjmxs_c jheb \ j_qgghf reservesinriver basins will reduce their re
\hajZklb qzZklhlZ gZkIimie_ghby ulatory role in river flow and may increa:
gbadhc \h~ghklb WIh g_h[oh’ the frequency of occurrence of extrem
ijb jZajz[hld_ zZ~Zilb\guo f_jhi lowwater content. This should be taken i
gh]h ohayckl\Z d baf_g_gbx de¢ account when developing adaptive wa
Dexq_\u_ keb\Zyghc ihdjh\ management measures to climate chang
klhd ih~a_fgh_iblZgb_ j_d a Keywords: ice cover; river runoff; under
nbq_kdhc k_Ib baf_g_gb_ del ground river feeding; hydrographic netwo
gb_ I _jjblhjbc links; climate change; flooding of territorie

>j _gbjmxsZy kihkh[ghklv ]b”jh]jZnbg_kdhc k_Ib ih”*a_fguo \h'
hl wjhabhggh]h \j_aZ jmk_e gh b hl __ ]mklhlu b kdhjhklb kI _d
hij " ey |Iky ke _"mxsbfb izjzf_|jZzfb jmkeZ b ihcfu iehsZ”v "b\h
r_jhoh\zZlhklv =b”jZ\ebq_kdb_ oZjzdl_jbklbdb \h*guo ihlhdh\ \ jm
dzd \ k\yab k _kl_kI\_ggufb ijhp_kkzZfb baf_g_gb”h\u‘ghkkébghyjz
jmkeh\u_ ~ nhjfZpbb-aZdZzdhbhyle&l\_gghc ~_yl _evghklb m]em[e_gb_
liZ\bcgu_ dZjv_ju ]Jb”jhl_ogbq_kdh_ kljhbl_evkl\h b 1Zd "Ze_

Markov M.L., Gurevich E.V. On the influence of ice cover on thdewground component of river flow

Hydrosphere. Hazard processes and phenom26a9, vol. 1, iss. 4, pg77-489 (In Russian; abstract il
478 English).DOI: 10.34753/HS.2019.1.4.477
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him[ebdh\Zggu_ \ ]b”jheh]bb jZ[hlu \ hkgh\ghf dzZkzZxlky hp_gd
j_qguo jmk_e b e_~h\uo y\e _gbc gZ jZkq_lu klhdzZ \kabkijZ&odrhhighb
\h~u k mjh\gyfb baf_g_gby ]b”jh~bgZfbdb ihlhdh\ ijb adhhgguo b
jmkeh\uo ~ _nhjfZpbyo bkdmkkl\_gguo b ijbjh*guo gZe_"ghlh j_
djbheblhahgu gZijbf_j >GZklzZ\e_gé&_dk_ _\ ;mabg @ b "
| f ~h kbo ihj g_ \uiheg_gZ hp_gdZ \ebygby e_"ygh]h ihdjh\Z j_
\h~ghlh j_"bfZ b ~j_gbjmxsmx kihkh[ghklv j _qghc k_Ib HI\_| gZ
ZdimZevguf ey [hevr_c qZklb | _jjblhjbb Jhkkbb_ Kyp abdZheblkyz
lhesbgZ ev®*Z gZ j_dZe2thkdbhpa Igdh @

P_ev gZklhys_c klZlvb khklhbl \ hp_gd_ \ebygby e_~ygh]h
iblZzgb_j_ d Bkke_"h\Zgby \uiheg _gu gZ hkgh\_ ~Zgguoc]lgZjheh]l
ihklZzo Jhk]b~jhf _1Z jZkiheh  _gguo \ [Zkk_cgZo j_d K_\ _jgZy >\bg.

F _Ih~u b j_amevlZlu bkke_"h\Zgby

< hkgh\_ ~Zgghc jZ[hlu e_"bl ij_"~klzZz\e_gb_ h Ihf qglh abfgbc
nhjfbjm_|ky bkdexgbl _evgh aZ kq_| bf_xsboky ij "ab¥gbdbd pZgghkh\ i
[Zkk _cg_ K gZklmie _gb_f abfu ih f_j_  mklZgh\e _glbyigjzdcbho hl|
\ha”mbzZbgl _gkb\gh]h ijhf_jaZgby j _qgh]lh [Zkk_cgZ ijb hlkmlIkI\k
ijhbkoh”bl khdjZs _gb_ [Zkk_cgh\uo azZiZzkh\ \h~u Bgl_gkb\ghklv
kiz"Z abfgbo jzZzkoh”h\ \h~u azZ\bkyl hl |_fi_jZImju \haktmoz b
e_"hh[jZzah\Zgby Zddmfmebamkg ]Jh jgfkihvlh klhdZ dzZd gZ \h~hk[h
ZwjZpbb 1Zd b \ j_gguo jmkeZo >DjZ\q_gdh FEZjdh\ =mj_

GZjzZklZzgb_ lhesbgu ev”~Z \uaulZ_| kl_kg_gb_ “b\h]h k_c
>GZklzZ\e«xgb_ Qb h\ @ \ke_~kI\b_qg_]lh mf_gvrZ Iky __ ijhim}
b baf gy Iky \azZzbfhk\yav ih\_joghklguo b ih?*a_fguo \h” kms_kI\lI
jmke< i_jbh” [hevrbo ihl_jv \h”~u gZ e_"hh[jZabhfhZ gbg| \glg\gh&lv
kgb™ _gby j _ggh]lh klhdZ \hajzklz_ | Z \ [Zkk_cgho6akfdgdeuth”aZz
ijZdlbqg_kdb ij_djzZzszZ_Iky

Ba\_klgh qglh [hevrZy gZklv J]h~h\h]h klhdZ j_d \ j_gguo [Zkk.
hl e_kghc ahgu ~h ahgu Img”j] nhjfbjm_Ilky hqg_gv fZeufbdfi_dzfb
(70- ijhly” _gghklb ]1b”jh]jZnbqg_kdhc k_Ib Ijb Ihdshidp f&ebZ j_db
fhlml i _j f jagmlv beb bo "b\h_ k_q _gb_ kms_kk\ \ggdu o fj Zgc\hrgZZ d k

Jhkkbb ijb hikmlkI\bb iblZgby ih~a_fgufb \h”"Zfb fZBWK]| j"glb _ijjdb j
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fhlml i_j_khogmlv 2?keb mf_gvr_gb_ ijblhdZ ih*ahfig\udkih?ggh |
kgb™ _gb_ j_qgh]h klhdz abfhc ijhbkoh”~bl k f_gvr fckggl_gkb\gh
ijhimkdghc kihkh[ghklb mqgzkldzZ j_db k bgl_gkb\guf e_"hhdjZoah\Zc
1" e_~ " _kldh kdj_ie_g k [_j_1Zfb fh _I \hagbdgmlv gZihjguc j_"lI
J ZebaZpby gzZihjz fh _| \ujZablvky eb[h \ jZajmr_gbb ev~rzZ
ih\_joghklv b nhjfbjh\Zgbb gZe_~_c¢ eb[h \ kgb _gbb jjlimhd&s zh"a
rbjhdbo j_dZo gZihj dhfi_gkbjm_Ilky azZ kq_l k\h[h”gh]h ih~gylk
> Qb H990].

LZzd dzd e_~yghc ihdjh\ fh _| hdzZaul\zZlv azf_lgh_ \ebygh
kihkh[ghklv Ihevdh fZeuo j_d Ih bkke_ _"~h\Zgb_baf gilgby klhdZzZ |
jZa™ _evgh ey jZaguo a\_gv_\ ]b”jh]jZnbg_kdhc k_Ib JZkg_I| hj»
knhjfbjh\Zggh]h \ jZaguo a\_gvyo ]b”jh]jZnbg_kdhc k_Ib \uih
baeh  _gghc \ jZ[hl_ >FZjdh\ @ Ijbf_j ihemg_gguo j_amevlZlIl
jbkmgd_ Ih fghlhe_Ilgbf ~Zgguf mklZgh\le_gh qglh \ [he__ <
agZgbl _evghc lhesbg_ ev~Z kgb Z |Iky kmffZjguc jZkoh” ooh”~u \
[Zkk _cgh\ LzZd \ [Zkk_cg_|j <Z]1Z [Zkk_cg j K_\_jghbfZewghcijb
abfg_c lhesbgu ev~Z k ~h kf kmffZjgiucklde Zhd¥elum m\debqgb\Z_
\ - jZa ijb ijbf_jgh jz\ghf ij_~r_kl\nrixs_dge flqn\eZ g_gbb

>ey [Zkk _cgZ | :e~Zg hldehg_gb_ kj_"g_c abfg_c | _fic jZImjl
fghlhe Ig_c -gZjZz"mkzZ ijb ijbf_jgh jzZ\ghf ij_~r_kl\mksgd f Ig.
m\eZ g_gbb ijb\h~bl d hldehg_gbx kj_"*g_]h abfg_hih kjhti@ jhd g
fghlhe Ig_]Jh jbkmghd GZ j K_\_jghc >\bg_q_f gbfhclbfi_ jZlI
[hevr_ |lhesbgzZ ev~rZ |_f [uklj__ ijhbkoh”bl kgb  _gb_ klhdZ \ j_d_
kmjh\u_ abfu gZ[ex”Z |ky mf_gvr_gb_ lhesbgu j_qgh]d _e{yR& b kh
\ukhdbo jZzkoh”~h\ \h~u d dhgpm abfu M\ _ebq_gb_ lhesbgicevrZz
>\bgu \k_]h gz kf ijb\h~bl d kgb  _gbx klhdzZ ih bjfZ\Vd ghbxbk \l _ie
2jZazZ \ dhgp_ abfu \ fZeuo jmqvyo
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j_db <ZAb d¥ \ azZ\bkbfhklb hl kj_~g_c lhesbgu ev~Z
tj_db "ebghc f_g__  df_ +tmqgZkldb j_d [he__ df hl bklhd

Figure 1. The contribution of different parts of the hydrographic network in the formation of the

winter flow of the Vaga river (F=37000 kfidepending on the average thickness of the ice:
triver with a length of less than 25 km;

— *sections of rivers more than 25 km from the source
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abfg_c |I_fi_jZImjhc \ha”moZ [Zkk_cg j_db :e”Zg
Figure 2. The relationship of the deflection amount of the winter flow of rivers from the middle

years with an average winter air temperature (the basin of the Aldan river)
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Jbkmghdb”~jh]jZnu kflheldo j_d [Zkk_cgZ j_db K_\ _jghc >\bgu \ .
k jZaghc Ihesbghc ev~ZG\\nb\k¥e*g_c f_kyqgghc
|_fi_jZImjhc \hagmuo ZaZ  ghwn[jVjZev
Figure 3. Hydrographs of the flow of small rivers of the Northern Dvina river basin
in winter with different ice thickness in Februarg¢, and

average monthly air temperaturkuerage xu) for November-February

?s_ h”bg ijbf_j \ebygby ©kmjh\hklb2 abfu gZ klhd ihddiZzaZg c
\h~guo j_kmjkh\ ha_jZ jbkmghd Bkl _ g gb_\h”u ba ha_jX g_ aZz
bklhd_\ul_dZxs_c j_db 1Zd dzd I1Zf dzZd ijZz\beh e \h"gabHhjZam_|I
\ ha_jh kms_KkI\_ggh aZ\bkbl hl ijhimkdghc kihlgh][]dB ko \] d Zxsb:
jmgv_\ GZ ijb\_~ _gghf jbkmgd_ ohjhrh \b~gh qglh \ | Velua jabfu k
kms_ kI\_ggh gb ohgh%fgw _ijb h*bgzZdh\hf ij_"abfgh& gZiheg gbb
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JbkmghdKgb™ _gb_ mjh\gy \h"u G \ ha Rm]ha_jh \ abfgb_f_kyp
ki "gbo | _fi_jZImjZo \ha”"moZ aZ«ahkfigbblhfe &ly gew KGevn)
Figure 4. Decrease in water level (H) in the lake. Shugozero in the winter months at different

average air temperatures for the winter monthglsi-) and ice thicknessGeen)

M\ ebq_gb_ \ I ieu_ abfu ijhimkdghc kihkh[ghklb fZeuo j_d
kihkh[ghklb ihkl_i_ggh ijb\_eh d kjzZ[hld_ aZzZiZkh\ ih*a_yguo \h”
]b”rjh]ljZnbg_kdhc k_Ib WIh beexkljbjm_| ]jZnbd gZ hbkinhgd
gb g _]h klI\hj2xkku /Jh” klhd nbdkbjm_fuc \ \ _jogldxkkahj  k
kgbabeky igdglb \ kh\j _f gguo mkeh\byo ih kjzZ\g_gbx k ij_»
©d\ZabklZpbhgZjguf2 debfzZlbqgq_kdbf i_jbh~hf Lh _klv ijhbkoc
ijb\h~hjza~_evghc ahgu Ke_~m_|I| hif_Iblv qglh wilh ijhbkoh”bl ijb I_
hkz~dh\ \ kh\j f gguo>Rkdbhd¥Zgh\ =_hjlb_\kdbc @
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Figure 5. The ratio of the minimum 30-day winter (a) and summer (b) runoff between the two

hydrometric channels on the Pluss river.

ljb ihklmie_gbb agZqgbl_evgh]h dhebqg_kI\Z \h~u \ |_ied_ abfu
]b”rjh]jznbg_kdhc k_Ib mjh\_gv \h~u \ gb gbo klZgh\blky \ur_ jbkm
mdehg ih”a_fguo \h® 2~j gbjm_fuo j_dhc b bo \dezZ”™ \ Ah\fbjh\Z
gb gbo a\_gvyo ]b”jh]jZnbg_kdhc k_Ib
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lehsZ~v \h~hk[hj

JbkmghdK\yav m\_eblgf_gbd [ZabkZ ~j gbjh\Zgby ih*a_fguo \h* "G
\h~ hk[hjZ jZ\glhgdupb jZaebgguo ijbjZs gbyo f_ ~ _ggh]h jZkoh":

hl kj_~g_]h fghlhe Ig_1]h
Figure 6. S RQQHFWLRQ RI LQFUHDVH RI PDUNV RI D EDMNitR RI GU]

the area catchment of lowland rivers at different increments of water flow (% of average perennial)

< j_amevlzZl_ hibkzZggh]lh y\e gby kms_kI\_ggh_ m\_ebq._
dhfi_gkbjm_Iky \ | _ieu_ abfu \ \ _jogbo a\_gvyo kgbuogbh#% ijblhc
gb'gbo jbkmghd < oheh”gu_ abfu iblZzgb_ j_d ijhbkokabll ij_b
ijblhdz ih~a_fguo \h”~ \ gb ' gb_ a\ _gvy ]Jb”jh]jZnbgakdhe k*yidpphcLZ
ihdjh\ j_d ijb lhesbg_ khbaf_jbfhc k ]Jem[bghc \h~hlhdh\ j_]n
]brjh]ljZznbg_kdhc k_Ib k ih”a_fgufb \h~hghkgufb J]hjbahglZfb
j_Imebjh\Zgby y\ey_Iky kgb  _gb_ \ZjbZpbb abfg_]h klhidzZIB gbZdbo
Ney fZeuo k_\ _jguo b kb[bjkdbo j_d dhwnnbpb gl \ejpHEjpblb abfg __
kmlhgghlh klhdZ ij_\urz_| Z "eheghéegrbloyj\djtr eZag_kfhljy
gZ agZgbl_evgmx fgh]lhe_Ilgxx baf_ggb\hklv f_|_hjhehdghbgekdbd mk
abfgbc i_jbh~

K_ahggh_ baf_g _gb_ ijhimkdghc kihkh[ghklb jmk_ebjx d ijb
mkeh\bc ”~j_gbjh\Zgby ih?*a_fguo \h™ \ jZaguo gZklyo \h*hk[hjh\
kdZzau\Z_lky b gZ j_"bf_ mjh\gy ih*a_fguo \h® < |_ieu_ abfu mj
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Nj_gbjm_fuo fZeufb j_dzZfb kgb Z_Iky [uklj__ Z m [hevrbdvj_d gz
bklhs_gby ih?*a_fguo \h®” mf_gvrZ_Ilky

< ihke_"gb_ "\zZ ~_kylbe_Iby gZ | _jjblhjbb Jhkkbb mklZgh\bek
WIlh ijb\_eh d m\_ebqg_gbx abfg_]h klhdzZ j_d e_kogRbddlyiz giz\
= _hj]lb_\kdbc @ J _amevlZlu ijb\_"* _gguo \ur_ bkke_"h\Zgh
agZgbl_evgmx jhev \ wlhf ku]jZeh mf_gvr_gb_ lhesbgyu ekt*EZdb m\_
j_d \dez~Z \_jogbo a\_gv_\ ]b”jh]jZnbgq_kdhc k_Ib ”~j gbjmxsbo ih
jZg__ f_gvr_ kjZ[Zlu\Zebkv \ oheh”gu_ abfu Ke_ "kl\b_f wlh]h
Nj_gbjmxs_c¢ kihkh[ghEKlIbh\ma gby [ZabkZ ~j_gbkmgdoby =\ gb gbo
a\_gvyo ]b”jh]jZznbg_kdhc k_Ib < j_amevlzZzl_ wlhl]h \ f_" _ggu_
kgb Z Iky jZa]ljmadZ ih”~a_fguo \h™ \ gb ' gb_ a\_gvy j_djhkjlhbkoh
kj_~gbo ]h~h\uo mjh\g_c¢ ]jmglh\uo \h” b ih~lhie_gb_ ijb[j_"guo I_
JZamfh\Z FheqZgh\ @ <f_kl_k I _f 1Zd dzd fZzdkbfzZe¥gZy Ih
bf__ | mklhcgb\mx |_g”_gpbx dKumgistg,vElogb x >alseet al.,, 2007@ |h
\_jhylgh ke_~m_| h'b~Zlv qlh ihkl_i_ggh \ [m"ms_fi)} _ jh[eguy&IMkk_
kgb™ _gb_ aZiZkh\ ih*a -bguem\héblma gby bo jZa]jmadb ijb ihl_ie_gb_

AZdexqg_gb_

M\ _ebq_gb_ 7j_gbjmxs_c kihkh[ghklb \ _jogbo a\_gv_\ ]b"jl
fh™_I ijb\_klb \ jZchgZo ]~_ _"_lh~gh abfu klZeb |_ie__ d_[he__
ihra_fguo \h™ b ihkl_i_gghfm kgb  _gbx mjh\gy ]jmglh\uo \h” \ ijb\
j_qguo [Zkk_cgh\ mf_gvr_gbx iblZzgby fZeuo j_d jh*rgbdley b kr
©ihg\_gghc aZzkmob? e_Ihf WIh ijb\h”bl d \ukuoZgbx e_kihd m _
fZkrlZ[Zo \ :joZg]_evkdhc b <heh]h”kdhc h[eZklyo d bkg_agh\_
h[f e _gbx ijb\h~"hjZza” _evguo ha_j m\_ebq _gbx ih ZjhhiZzkghklb
ihra _fguo bklhggbdh\ \h*hkgZ[ _gby

Ke “m_1| hif_Iblv qlh gZ nhjfbjh\Zgb_ abfg _]h klhdZ hdZau\z
djbh] _ggu_ y\e _gby b ijhp_kku ijhbkoh”ysb_ gZ \h~hk[hjZo j_d
g_aZf_jar_c \eZ]b \ ahg_ ZwjZpbb d njhglm ijhf_jaXigd4ymio Zg lm&Zdh
]Jimglh\ufb \h~Zfb ijb kgb  _gbb \ha”“mohijhimkdghc kihkh[ghkl
ihg\h]jmglh\  WIb y\e_gby b]jZxl [he__ azZf_lgmx jhev dbj\Zchgzvo ]-
bf | fZemx lhesbgm Z ijhf_jaZgb_ihg\h]jmglh\ gZ[ex*"Z |ky g_ d
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] X' gfKZozZebgkd Jhkkby
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'gghlZpbyZajz[hlZg b ba]hlh\e _
bkke_"h\Zgby "bgZfbg_kdbo 0Zj
b nbabg_kdh]h fh”_ebjh\Zgby k_
klz\ey | kh[hc ijyfhm]hevguc \ i
g_gbb ehlhd ~ebghc f rbjbg
[bghc f Mdehgu ehldZ baf”p
45" <ur_ ehldZ mklzgzZ\eb\Z lky
gy _fZy \h~hc beb ijb]Jhlh\e_ggh
kvx >ey gZ[ex™_gby azZ \gmlj_c
k_e \h]h ihlhdZ h[_ kl_gdb\wibe

Ekaterina N. Kazakova,
SvetlanaV. Rybal'chenko
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Branch of Russian Academy of Scienc
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Abstract. Designed and manufacturec
test stand for the dynamic characterisi
of debris-flows and for physical mode
ling of debris-flows. The stand is a re
tangular cross-section tray with a leng
of 3.0 m, a width of 0.25 m, a depth
0.25 m. The slopes of the tray vary frc
10° to 45. Rods are installed in the tre
to accommodate load cells for measur
pressure, speed and temperature.

process of moving the debris-flo

KazakovN.A., BobrovaD.A., KazakovaE.N., Rybal'chenkd& V. The study of the debris-flows dynamics
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g_gu ijhajzZzqgufb

< ehld_

P?KKU

fhiml

e guf_ lIZeebg_kdb_ rlZg]b "ey
ah”"Zlgbdh\ ey baf_j _gby ~"Z\e_

| _fi_jZlmju Iljhp_kk “\b " _gby k_
ajZzqgmx kl_gdm k_e _\h]h ehld.
jhklghc \bA_hdZf_jhc < ghy][j_
\ ~"zg wdki_jbf_gl ih baf_j gbx

Baf_jyebkv kdhjhklv b kdhjhklgh

ihilhdZ b bkdmkkI\_ggh]h
Ehlhd [ue mklZgh\e_ g k"
[ue ims_g \h~guc ihlhd

liya_
mtebpl

"ey baf

kib ihlhdZ b \_ebqgbgu kdhjhklgh

ju_ azZl_f bkihevah\Zebkv dzZd v
gby AZlI _f ih ehldm [ue ims_g
Ilhle_gghc k_e \hc kf_kb K_e_

ijb]lhlh\e_gZ ba

25 _KLhodtkih]h  w

Zevgh ex\bZevgh]h ]JjmglZ WkjKI

lJebgbkluf aZihegbl e f
]lebghd ~h
]Zgbb

iehlghklvx
] flehlghklv

ez]dbc
\' _kl_|
kmlel

1910d]% >j k\Z b s_[_gv ij_A~klZ'

jheblhf
2210d]1 ¥ Baf_j ggZy ih f_
fbq_kdzy \yadhklv

ImZa

kj_~g_c

k e

ijhgghklb

| h b K
\he fZ

JZkkgblZggZy dbg _

dhklv k_e_\hc fZkku khklZ\beZ

kdhevdm

lhgghhkh[mx \Z ghklv ijb
jZkqzlZ kdhjhklb k_ey ih
gu_ ijb
k ey H~”"ghc ba IZdbo f_I
DZazdh\ G : ;h[jh\Z > :

jbf_glzevghf KI mgjhkn_jz Hi
DOI: 10.34753/HS.2019.1.4.490

AZgguo h kdhjhklb k_
g_ihkj_~kI\_ggh \h \j_fy _

1h ~\b°
h[j_1Z>
_1h ke

ihe \uo bkke_ "h\Zgbyc

hr"bd vy

Zkgu_

B Y<E?CLhfl <u4|201¢
through the transparent wall of the debi
flow tray is filmed by a high-speed vide
camera. During the experiment, the \
locity and high- velocity pressure of w.
ter flow and artificial debris-flow wer:
measured. The tray was installed witt
slope of 12. Water flow was started u
on the tray (to measure the flow rate ¢
the value of the velocity head, whic
were then used as reference values). T
the tray was put into the flow of the pr
pared debris-flow mixture. The debri
flow mixture was prepared from
dredged-crushed proluvial-deluvial d
posits of Holocene age with a loamy ¢
gregate with a density of 2210 kginthe
density of the prepared debris-flow mi
ture was 1756 kg/fn Dynamic viscosity
of the debris-flow mass measured by -
Stokes method was 0.0498 Poise, ki
matic viscosity of the debris-flow ma:
was 0.0928 Stokes. Data on the deb
flow velocity measured directly during it
movement of the debris-flow is n
enough. Therefore, methods for calcul
ing the speed of a debris-flow slide in
are important. One of these methods
the method of calculating the debris-flc
velocity by the magnitude of the spe
head (on the traces of the debris-flow

the trunks of trees). That method is ba:

DZazZdh\ZK?<BkkéulhéXxgbgdtbhgzZfbdb k_
ijhp_kku b y\e_<gbdy K9050R
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hij " e _gby kdhjhklb k_ey ih \_ on the formula of E. Torricelli. The re
ghl]h gZihjz ih ke_"Zf k_ey h[i sults of the experiment showed that f
eZo M _j_ \v_\b I~ WIZ f_Ih*"bdZ measured debris-flow velocity, calc
fme_ MWjjbg_eeb J _amevlZlu v lated from the magnitude of the veloci
ihdZzazZeb kdhjhklv ]jya_dZf_ gg head, was lowerthanthe measured ve
IZggZy ih \_ebgbg_ kdhjhklgh]l itybefore the obstacle and higher than
eZkv gb"_ baf_j gghc kdhjhklb / measured velocity after the obstacle. 1
\ur_ baf_j gghc kdhjhklb ihke _ measured velocity of the debris-flow pe
Baf _j _ggZy kdhjhklv ijhoh ™~ _gb sage of the entire tray was close to the «
ehldZ hdZaZeZkv [ebadZ d jZkk: culated one.
Dexqg_\u_ keilhNZgpbZevguc k_e Keywords: coherent debris-flow; de
kb\  k\yaguc k_ev k_e_\hc ijl bris-flow; debris-flow process; debri
k ey k_e _\hc ehlhd k_e_ \u_ h flow velocity; debris-flow tray; debris
"bgZfbqg_kdbc gZihj flow deposits; a hydrodynamic pressur
<\_~ _gb

HA"bg ba \Z'g _crbo \hijhkh\ \hagbdZxsbo ijb bkke_ "~h\Zgbb
k e \uo ijhp_kkh\ dzZd ijb gZzmgguo bkke_ "h\ZgbgakdZd evkgdbaj
jZ[hlZowbkh \hijhk h kdhjhklb k_ey ihkdhevdm [hevrbgkl\h "bgZfbq
k_ey 1Zd beb bgZq_ azZ\bkyl hl _]h kdhjhklb >Zgguo ijyfywo baf
ihemqg_gguo g _ihkj_~kI\_ggh \h \j _fy ]Jh "\b" _gby g_"hklZlhggh
0ZjzZdl_jbklbdb k_ey kl\yazgh kh fgh]lbfb Ijm~ghklyfb J]JeZ\ihZy ba dt
glh ki_pbzedbkdu\bdb g qzZklh fhliml gZ[ex”Zlv k_ev \h \j_fy _]h 2\l

Kdhjhklb k_e_c¢ jzZkkgblZzggu_ ih j_amevlZlZf ihe_\uo bkke_“
kjZam ~_ ihke_ koh”Z k_ey g_ iha\lheyxl ihemqgblv ~hkhn\_jguc
jZkgzlgu_ f _Ih”bdb [Zabjmxlky \ [hevrbgkl\_ k\hzf gz fzZI _fzlI
bah[bemxsbo wfibjbg_kdbfb dhwnnbpb_glzZfb

lh wibf ijbgbgzZf j_amevlZlu jZkqzlZ kdhjhklb k_leyeg¥thjZagu
jmkeZ \uiheg_ggu_ ih jZaguf f _|Ih*"bdZf ihdZau\Zx| kbevgulult jZ
k\yvaZzgh k g_kh\_jr_gkl\hf nbabg_kdbo b fZl_fZlbagZkldbb fh"_e_ @k
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GZb[he__ [ebadb_ d j_Zevguf jZkg_lgu_ agZq_gby kdhjhkl_c
baf_j gghc \_ebgbg_ kdhjhklgh]lh gZihjz h~gzZdh b \ wldidfkemq:z
\hijhk h nbabg_kdhc kmsghklb \oh”ysbo \ f Ih*"bdm jZkqgz|lZ wfibjbc

G_j_rzg \hijhk h aZz\bkbfhklb kdhjhklb k_ey hl iehlghklb b \ys

LZzd _ g_j_rzgguf hklzZzzlky \hijhk h azZdhghf_jghklyo nhjfb]
hleh” _gbc b khhiI\_IkI\_ggh h azZ\bkbfhklb bo kljmdhmhklb klj&ybnb
iehlghklb b \yadhklb k_e_\hc fZkku

HI\ _Tu gZ wlb \hijhku fh gh ihemqgblv ebrv ijb bkihevah\Zgbb
gZIlmjguo gZ[ex™_gbc aZ k_eyfb b baf_j gbyo bo kdhjhklb \h \j_fy

Wdki_jbf_glu gZ gZImjguo iheb]J]hgZo I1Zdbo dZd wdki_jbf_g
\j_a_ ><bgh]jZz~h\ <bgh]jZz”~h\ KIl_izZzgh\ KI_iVgoghkatiova,
9LQRJUDGRY @ ihalheyxl ihemqgblv bkdexgbl _evgh p_gguc
j_Zevguo k_e_c¢ h~rgzdh \_kvfzZ Ijm~hzfdb b ~hjh]b

G_kfhljy gZ Ih qgqlh bkke_"~h\Zgb_ ~“bgzZfbq_kdbo oZ¥HdI\jbklt
eZ[hjZlhjguo k_e \uo ehldZo bf__ I jy™ h]jZgbg_gbc k\BhAgguo |
fZeufb h[tzfzZfb k_e ¢ bkdmkklI\ _gghc r_jhoh\Zlhklvx ~hbhEgbly | »
\kz " _ iha\heyxl ihemqgblv wdki_jbf_glZevgu_ "Zggu_ ijb]lh~gu
fhr _ebjh\Zgby k_e_c

AZ jm[_"hf I1Zdb_ bkke_~h\Zgby ijh\Weildtgl m ' _ @\ghgZdh \
Jhkkbb eZ[hjZlhjgu_ kIl _g”u ey bkke_ "h\Zgby “bgZfbdb k_e _c g_

Ko _fZ wdki_jbf_glZevghc mklZgh\db

< ] \ N=;MG Ki_pbZevgh_ dhgkljmdlhjkdh_ [xjh kj_"kl
fhjkdbo bkke ~h\Zgbc ><H JKZokeKggld J[ue jZajZ[hlZg b ba]hlh\¢
"ey wdki_jbf_glZevguo bkke_ _"hkZgbc "bgzZfbdb

KI_g” ij_"klz\ey_1| kh[hc ijyfhm]hevguc \ ihi_j _qgghf k_qgq_gbb ¢
~"ebghc f rbjbghc f Jem[bghc f Mdehgu "e¥hdz darf_ gyxlk
ehldZz mklzZgz\eb\Z |ky zfdhklv aZihegy fZy \h~hc beb ijb]Jhlh\e
GZqZevguc jZkoh” \h~u j_]bkljbjm_Ilky Ihimkd \h”u ijb\h~bl d nhjfb

>ey gZ[ex”_gby aZ \gmlj_gg_c kljmdImjhc k_e_\h]h ihlhdZ h[_
\uiheg_gu ijhajzqgufb

>ey gZ[ex™ _gby aZzZ ijhp_kkhf nhjfbjh\Zgby k_e \uo hleh g
ehldZ mklZgzZ\eb\Z _Iky k_e _ijbzfgbd
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< ehld_ fh]lml [ulv mklZgh\e_gu f_|Zeebq_kdb_ rlZg]b ey jZa
baf_j_gby ~"Z\e_gby kdhjhklb b I_fi_jZImju

ljhp_kk "~\b"_gby k_ey q_j_a ijhajZzqgmx kl_gdm k_e_\h]t
kdhjhklghc \bA"_hdZf_jhc

Jbkmgh#&l_g” "ey wdki_jbf_bkkevghdZgbc "bgzZfbdb k_e_c
1+k_e_\hc ehlhd k ijhajZgghefkihlgdhtey $h~ru b k_e_\hc kf_kb
3tk _e _ijbzfgbdlZgZz "ey mklZgh\db baf_jbl_evguo *"Zlgbdh
Figure 1. Stand for experimental studies of the debris-flows dynamics:
1 +debris-flow tray with a transparent wall;£a container for water and debris-flow mixture;

3 ta container for debris-flow deposits;#od for installation of measuring sensors
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Jbkmgh&l g~ “ey wdki_jbf _glZevguo bkke_ _~h\Zgbc "bgzZfbdl
Figure 2. Stand for experimental studies of the debris-flows dynamics

F IhAbdZ wdki_jbf_glZ

P _ev wdki_jbf_ glhizkdwegud\Zgbc k_e \uo ijhp_kkh\

1. Hij_"~_e_gb_ az\bkbfhklb ~bgzfbg_kdbo ozjzdl_jbklibd
f_ ozZzgbg_kdbo k\hckl\ k_e_nhjfbjmxsbo ]jmglh\ iehlghklb \ezZ"
\yvadhklb J]jZgmehf_Ijbg_kdh]lh khklz\Z fbg_jZevgh]lh b i_Iljh]jZnbq

2. Baf_j _gb_ kdhjhklb k_ey gZ jZaguo mqzZkldZo k_e_\h]h
ithlhdz baf_j gb_7~Z\e _gby gZ jZaguo mqZllind[gdog ZokidZ hia § Zbjafa g u ¢
| fi_jZImju gZ jZaguo ]Jem[bgZo ihlhdZ b gZ jZagdd nbpdkjdgb k _
\_ebgbgu kdhjhklghlh gZihjz hij_~_e_gb_ dhebq_kI\Z \ukhlu b i_
aZ\bkbfhklb hl -hbadbgllhq_kdbo o0zZjzdl_jbklbd k_e_\hc kf_kb baf_
jZkoh”h\
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3. Hij_~_e_gb_ az\bkbfhklb ozjzdl_jbklbd k_e_\uo hleh _gb
khjlbjh\Zgghklb kljh_gby lhesb k_e_\uo hldhoZgthag _ kdbob&blidk!
k_e_\hc kf_kb b "bgzfbg_kdbo ozZjzdl_jbklbd k_ey

< ghy[j_ ] gZfb [ue ijh\_7~zg wdki_jbf gl ih baf_j gbx k
wdki_jbf_glZevghf kl_g~_ k_e_\hf ehld_ jbkmghd

< wdki_jbf_gl_ baf_jyebkv kdhjhklv b kdhjhklghc gZihj \
bkdmkkI\_ggh]h ]Jjya_dzZf _ggh]h k_ey

Ehlhd [ue mklZghle _g K mdehghf

ljb ijh\_~ _gbb wdki_jbf_glZ i_j\hgZgqZevgh ih ehldm [ue ims_¢
baf_j_gby kdhjhklb ihlhdZ b \_ebgbgu kdhjhkbagH]H pKihe¢x akl\dé bk
dZd wlZehggu_ agZq_gby AZIl _f ih ehldm [ue ims_g ihlhd ba ih"]lI

K_e \Zy kf_kv JueZ ijb]lhlh\e_gzZs Hagb¥Ylh\wgwexAbZevgl
N _ex\bzZevgh]lh ]jmglzZz \hakzZkimfeldgbkluf aZihegbl_e_f ez]dbc b
kml]ebghd ~h iehlghklvx \ _kl_kI\_gghf 3aZkee Hmokibv k mdbfgdZ

d]3f >j _k\Z b s _[_gv ij_"klZ\e _gu Ze \jheblhf kj_~g_c ijhqgh
_kl_kI\_gghf aZe ]1ZgbBb=jzZgdlehf Ijbg_kdbc khklZ\ bkoh”guo ]jmgl
|Z[ebp_ lehlghklv ih~"lhlh\e _gghc k_e \hc kf3kb khklZ\beZ d

< ehld_ [ueZ mklzZgh\e_gZ rlZg]Z ih dhlhjhc baf_jyeZkv \ukhl
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Jbkmghda\b™ _gb_ \h~gh]h ihlhdZ ih k_e_\hfm ehldm
Figure 3. Movement of water flow along the target tray

Jbkmghe\b  _gb_ \h~Agh]h b k_e \hlh ihlhdZ ih k_e_ \hfr

Figure 4. Movement of water flow (1) and debris-flow (2) along the target tray
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LZ[ebpZ =jZgmehf_Iljbg_kdbc khklZ\ ]Jjmglh\ *ey ih”"]hlh\db k_e_'
Table 1. Granulometric composition of soils for the preparation of debris-flow mixture
ﬁ P =jZgmehf_ljbg_kdbc khklz\ \ jZaf_]j
GZbf_gh = g Granulometric composition %; particle s??, m.m
gb_]hjgg -c% S _ | Kh™ j"Zghe \7Z
ihjhnu gl % [ gy >j_kZ | _khd luogZklbp
Name of | o S Crus-| Gravel Sand Content of dusty parti
rock % %” hed cles
< 8 10-| 5- | 2- | 0,5-| 0,25-| 0,1- | 0,05-| 0O,01-
I >10 <0,005
I 5|2 05025 0,1 |0,05H 0,010,005
>j_k\yg
S_[_gbkl
]Jimgl k
lebgbkly
aZiheghb
e f ~h
Kj_"g_(
iehlghkl
\eZ gud jGH 65,0|7,7/48|55|17,0| 0,19 | 0,25| 0,69 | 0,25 | 0,38
Dry-crushed
soil with
loamy aggre-
gate up to
45%, me-
dium den-
sity, wet

J amevlZliu b bo h[km ™~ _gb _

Ihkdhevdm ~Zgguo h kdhjhklb k_e_ ¢ baf_j gguo g_ihkj_"k
Mb'_gby g_"hklBkihdoix \Z ghklv ijbh[j_IzZxI f_Ih~u jZkqzlZ kdhjhkl|
ke "Zf hij_~ _ezggu_ ijb ihe_\uo bkke_ _~h\Zgbyo ihke_ koh”"Z k_ey
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HAghc ba 1Zdbo f_Ih~Abd y\ey Iky f_Ih~bdZ hij_~_e_gby kdhjh
kdhjhklghlh gZihjz ih ke_~Zf k_ey h[fZzadZf &Z kl\heZo ~_j_\v_\

61,0

)
»

7L 8 (1)
1" ¢DtjZaghKIvVAm hif_IdzZfb ke _~h\ mjh\gy h[fZadb \ eh[h\hc b
A j \Z kdhjhklghc gzihj f

.+dhwnnbpbaZ\lbkystck\hckl\ k_e \hc fZkku \ kj_~g_f jZ\gy_|I

Kgblz Iky qlh ~ZggZy f_Ih~bdZ iha\hey | k ijb_fe_fhc Ihqghl
agZqg_gby kdhjhklb k_ey ijb ihe_\uo bkke ~h\Zgbyo

WIZ f Ih"bdZ hkgh\ZgZ gZ nhjfne k\WaulZpbgc e&kalhjhklv bkl_q
br Zevdgbédhkliba fZeh]h hI\_jklby \ hldjulhf khkm”_ k \ukhlhc
hi\_jklbh_f

7 L ¥tCD 2)

HrgzZdh ijh[e_fZlbgguf hklZzlky hij_~ e _gb_adhwkydplh dllz
k\hckI\ k_e_\hc fZkku HI\_I1Z gZ \hijhk hl dZdbo bfugagh\lkib¢ klI\
agZqg_gb_dhwnnboB.3¢238- Jg_ "Zzl

Hg_\b”gh qlh kdhjhklv k_ey "he gZ [ulv kl\yaZgZ k _]h \yadh
wdki_jbf_glZevguo "Zgguo g_"hklZlhggh

L _hj Ibg_kdh]h h[hkgh\Zgby \u[hjZ agZq_gby dhwnnbpb _glZ .
d kh"Ze_gbx \ ebl_jzImj_ g_lI

< oh”_ wdki_jbf_glzZz ijh\_~ _ggh]lh zZ\lhjzfb \ ghy]J[j_ ]hrz
baf_j gZ "bgZfbqg_kdZy \yadhklv k_e _\hc fZkkH@gidhzZ§_bhzyddK | hiki D
ihemgbezkv jZ\ghc ImZa

JZkkgblZggZy dbg _fZlbg_kdZy \yadhKiivklZ\beVhc fZkkkilhdk
|Z[ebpZ

1JIJmdh\h”?ysbc "hdmf_gl 3> JImdh\h”~kl\h k_e_klhdh\uf klZgpbyf b ]b”jh]jZnbqg_k
<uimkd Hjl]Zzgbazpby b ijh\_~ _gb_ jZ[hl ih bamg_gbx k_e_c¢c Kk =b”jhf_I|_hba”
2Nbabg_kdbc wgpbdehi_~bqg_kdbg¢ Keh)EphjhF Kh\_lkdZy wgpbdehi_~by
3JIJmdh\h?ysbc “hdmf_gl 3> Jmdh\h~kl\h k_e_klhdh\uf klZgpbyf b Jb~jh]jZnbqg_k
<uimkd HjlZgbazZpby b ijh\_~_gb_ jZ[hl ih bamg_gbx k_e_c Kk =b”jhf_I_hba?
4 Hij_"_e_g@gpadhkilibrdhkfbIh*hKIhdkZ f_lh "bgndkAdZgby khkl K K Gbdmebg
Lzf[h\ Bé&@~HMIHL=LM k

SNbabqg_kdbc wgpbdehi_"bq_kdb¢_Keh)\EphjhF Kh\_IkdZy wgpbdehi_~by

49¢



2019| Vol.1, Iss.4 HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

! 3)

1" tdbg_fZlbg \Wadnklv
+"bgZfbqg_kdZy \yadhklv
'tiehlghklv

Kdhjhklv \hAgh]h ihlhdZ jZzkkgblu\ZeZkv ih nhjfme _

J_amevlZlu wdki_jbf_glZ IZ[ebpZz hdZaZebkv g_h”ghagZq
ihemqg_gguo agZq_gbc

Baf_j_ggZy kdhjhklv \h~rgh]lh ihlhdZ b _]h kdhjhklv jZkkqgb
kdhjhklgh]l]h gzZihjz g_ kh\iz*"zZx|l jzZkkqgblZggZy kdhjlkkillvjhjklvukbeZ
ij_iylklI\by rlzZg]lb b [ebadZ d baf_j_gghc kdhjhklb ihke_ ij_iylkI\l
baf j ggZy hl gZqgqZeZ "h dhgpZ ehldZ \ "\mo kgdhfhgylch d 2y kv
[ebadZ d g_c

Kdhjhklv k_ey jZkkgblZzggzZy ih \_ebqbg_ kdhjhklgh]lh gZi
baf _j gghc kdhjhklb ]Jjya_dzZf_ggh]h k_ey ~h ij_iylkl\by hdzZg]b
kdhjhklb ihke_ ij_iylkl\by Baf_j _ggZy kdhjhklv ijhoh ™ _gbykwv e f
[ebadZ d jZzkq_lghc

HrgZdh ~ _eZlv ih j_amevlzlZf h~rgh]h wdki_jbf _glzZz ~Ze d}
"bgzfbd_ k\yaguo k_e_\uo kf_k_c b ~himklbfhklbjalekqgbdu\zZhmk
kdhjhklb ijhr_~rbo k_e_c ih \_ebgbg_ kdhjhkligh]lh gzZihjz ij_""~_\j_
ijh\_~ gb_ fZkkh\uo wdki_jbf _glh\ ijb jZaguo mdehgwo rkhaebdh]h e
f oZgbg_kdbo ozjzZd!l_jbklbdZo k_e_\uo kf_k_c

<u\h”u

1. KI_g™ "ey wdki_jbf _glZevguo bkke_ ~h\Zgbc "bgahddb k_e
_]h dhgkljmdpbb iha\hey | ijh\h~blv wdki_jbf_glu ih nbabg_kdhfm

2. Wdki_jbf_glu gZ k_e_\uo kl_g”~Zo y\eyxlky \Z guf “hiheg_
gZ[ex™_gbyf b iha\heyx|l \uihegylv nbabqg_kdh_ fh~_ebjh\Zgb_
bkke ~h\Zlv mkeh\by \hagbdgh\_gby k_e \uo \heg
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;eZlh~Zjghklb

Alhju \ujz zZxl [eZz]lh*Zjghklv = | FZjg_gdh ih” jmdh\h~klI\hf
g_ihkj_"kI\_gghf mqZklbb [ue balhlh\e_g kIl _g”* ey wdki_jbf_ gl
"bgZfbdb k_e_c
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<HAFH@GHKLB HP?GB<:GBY POSSIBILITIES OF

KK?CGH<HC LJ:GKIBJ:PBB G: CATCHMENT %
HKGH<? BAF?J?GBY KL<HEH<H-=TRANSPIRATION
KHDH><B@?GBY IHKL:GH-<ASSESSMENT BASED ON SAP

A:>:QB FLOW MEASUREMENTS:
THE PROBLEM STATEMENT
L K =m[#j_KZX Em#tZdhB =Zj¥fzg Tatiana S. Gubare¥3
< <RZfMP\ : < IJmipB\Dh  _\gbdh\Zz Sergei Yu. Lupako?#,
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Vladimir V. Shamo¥,

AlexeyV. RubtsoV,
Nadezhd&. Kozhevnikové

!BgklbIml \h~Aguo ijh[e_f J:G Fhk Wwater Problems Institute RAS, Mo
2Lbohhd_Zgkdbc bgklblml J_h]jZt cow, Russia? Pacific Geographical
<eZ”b\hklhd JFKKKbykdbc n_~_jZ Institute FEB RAS, Vladivostok, Ru
mgb\_jkbl | DjzZkihhkkKeNGP [bhjz sia;3Siberian Federal University,

ghh[jZzaby gZa_fghc [bhlu <hklhg Krasnoyarsk, RussidFSC of the
J:G <ezZ”b\hklhd Jhkkby  EastAsia Terrestrial Biodiversity

FEB RAS, Vladivostok, Russia

tgubareva@bku tgubareva@bk.ru

'gghlZpbBamq_gb_ k_ahgghc ~bg Abstract. Study of seasonal dynan
fh\ kmffZjghlh bkizj_gby e _kgu ics and evapotranspiration volume
lez\guf h[jZahf ljZgkibjZpbb ~j_ forested catchments (mainly fore
_lky ZdImZevg_cr_c aZ”Zq_c dZ: stand transpiration) is the relevant c
ghf 1Zd b ijbdez”~ghf Zki_dlZo * jective for fundamental knowledg
azZgh k jy*hf keh ghkl_c¢c [|jm”h_ and practical applications. Howeve
gZ[ex™_gby g9gZebqgb_ [hevrh]h dh there are many difficulties: labor e
sbo "jm] gZ *"jm]Z nzZdlhjh\ g_h[o forts of direct observations, many fa
kljZg_gby "Zgguo lhg_qgguo baf_j

Gubareva T.S Lupakov SYu., Gartsman B.| Shamov V.V, Rubtsov A.\,, Kozhevnikova N.K Possibili-

WLHV RI FDWFKPHQWYV WUDQVSLUDWLR QDN HWKRHP I$Q W EEE-bF

sphere. Hazard processes and phenom20a9, vol. 1, iss. 4, pp. 5&B2 (In Russian; abstract in English
504  por: 10.34753/HS.2019.1.4.504




=B>JHKN?J

b fghlb_ A

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

imlb_ WIlh ijb\hAbl d It

N ebjh\Zgbb \h~gh]h [ZeZgkZ j_q¢

iZj_gb_ h

ij_"_ ey _|lky ih mijhs_¢

hklZlhgghfm ijbgpbim qglh \_~ 1| ¢

hljZz" gbx
GZklhysZy

kljmdImju \h~*ghlh [ZeZ
klZlvy ij_~klzZ\ey | i_j

mkbebc bgbpbZib\gh]h dhee_dlb\

gZijZ\e_gguo gZ

baf _j gbc
\j_f _gguo
lzd"_ jzZa\

hl®" _evguo

ihklZgh\dm wdk
dkbe fghlh ihlhdZ k bk
AzZlgbdh\ ki\heh\h]h kF
blby f_IhAh\ hp_gdb 1jz
A j\W_\ 1zd b [Zkk_c

pbb gZ hkgh\_ wlbo “Zgguo

Bkke_"h\Zz
o\hcgrtbjhd

ohtwebgy \

k[hjz

gb_ ijh\_"~_gh gZ | _jjblt
hebkl\_gguo e_kh\ P_gl
ij_ " eZo wdki_jbf_glz

\oh”ys _1h \ khklZ\ <_jog_m

] hp_ghibg_kdh]h kiZpbhgZjZ NG

aby ><H J

gh\e_gu \h~*gh[ZeZgkh\u_

gZklhys
kljZpby Kkl
i_jbh™ k b
ghf ba "hf
khh[s_klI\Z
[hlu
\u_
lj_~iheZ]Z
fuo baf_j_

AN

oW\

1Zdhh

:G gZ dhlhjhf jZ[hqg_c
jZ[hlu
\j _fy yleyxlky m"_ ihkl
\heh\h]h khdh”\b"_gby
Xxgy ih gZqZeh hdly[jy
bgZglguo \b”*h\ f_klgh]tl
< >Zevg_\hklhgghf j_]
ieZ\pZbfhfm ijh\_~ g

_Iky qlh hljz[hldz f_Ih-
gbc ljZzgkibjZpbb gZ mj
ihiuldz ijhkljzgkl\_ggh

pbb gZ | _jjblhjbx Ihiheh]bg_kdh]h

=m[Z]j_DN&K

Emik dh\
hp_gb\Zgby [Zkk_cgh\hc IjZgkibjZpbb gZ hkgh\_ baf_phyyikkiZglh\idL
Il =b~jhkn_jzZz HizZkgu_ ijhp_kku b y\e<gby K5045321DOI: 10.34753/HS.2019.1.4.50

=ZjpfZ& RZfh\<

Jmph\

<u4|201¢

tors affecting against each other, ¢
servational data scaling and so on.
a result, evapotranspiration during F
drological modeling is determined
the leftover principle and simplifie
techniques, leading to wrong rept
sentation of water balance structure
The presented article deals with t
first results of our research group f
cused on setting up field measu
ments of xylem sap flow using trur
sap flow measuring sensors as well
development of sap flow assessm
methods for individual trees ar
whole catchment.

The investigations were performe
for mixed coniferous-broad leave
forests at the territory of the Centr
Sikhote-$30L QY ZLWKLQ
suriyskiy biogeocenotical station
FSC of the East Asia Terrestrial Bi
diversity FEB RAS. This site is use
for water balance measuring surve
from 2011. Sap flow was measur
continuously during June-October
2019 on one of the local dominant tr
species. Apparently, such investic
tions are novel for the Russian F
East region.

It is expected that direct sap flo
measurements for individual trees |

finement methods, data scaling and

Dh* _\gb@hdZhafh ghl
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\e _g_gb_ihemqg _gghc bgnhjfZpbb integration to the hydrometeoroloc
jhf I _hjheh]bg_kdbo gZ[ex”_gbc cal observations will help to make
gblv bkqg_jiu\Zxsbc ZgZeba \h”*gh] comprehensive analysis of catc
N eZo fZeh]lh j_ggh]h [Zkk_cgZ b ments water balance and to integr
Ilhd baf_jy fuo “Zgguo ih bkiZj_ gl measured data into hydrological mc
g _kdb_ fh™ _eb els.

Dexq_\u_ kehkXgkibjzpby kl\heh Keywords: transpiration; stem sa
"Mb® _gb_ j_qghc \h*hk[hdgd mjki flow; catchment; Manchurian birct
f ITh™ | _ieh\h]h [ZeZgkZ kl\heZ [ trunk heat balance method; Uss

kmjb river basin.

:bhlbg_kdb_ dhfihg_glu wdhkbkl_fu \ Imfbrguo mkeh\byo hi
f oZgbaf jZkoh”"h\Zgby \eZ]b b kms_kI\ _ggh ljZgknhjfbjhiddohklZe
\h~gh]h pbdezZ 1Ih kZfuf h[sbf hp_gdzZf >Deb]_ >Zgbeh\ Dhgbs
200 -DVHFKNR HW DO @ \ ]Jeh[Zevghf fZkrlZ[_ ihlhd \h”yc
ih\_joghklb kmrb ij _\hkoh”bl 7j gbjm_fuc klhd \ hd_Zg ihglb
hilghkbl _evgZy “hey wlbo ihlhdh\ \Zjvbjm_|ky \ jZaebqguo debfZlbc

ljb 1b~jheh]lbqg_kdhf fh*_ebjh\Zgbb kl_i_gv bamqg_gghklb b iZ]j
[Zkk _cgh\h]h bkizZj gby gb"_ b dzZq_kI\_ggh om _ iHh%kj2\oc gbx
hi\_qZxsbfb azZ kl_dZgb_ \h?*u Kms_kl\mxsb_ f_Ih”u jZkhlgkllkZz bki:
kmrb hkgh\Zgu gZ bkihevah\Zgbb mjzZz\g _gbc \h~gh]h b | _ieh\h]h
aZdhghf_jghklyo i_j ghkZ \ezZ]b hl bkizZjyxs_c ih\_joghklb \ ZIfhkn

< gZklhys_ _ \j_fy Zdlb\gh jZa\b\Zxlky b ~jm]b_ ih”oh”~u dl
ijyfu_ baf_j gby izjzf _Ijh\ \h~rgh]l]h h[f_gZ D gbf hlghkylky baf
h[f_gZ hi®*_evgh]lh ebklZ b baf_j_gby kdhjh shp fdk bmeadugdnidntigid hd Z
mjh\g_ ~ _ j \Z \ p_ehf

| j\uc ih”"oh” 0ZjzZdl _jbam_Ilky \ukhdhc lhgqghklvx hij_ "~ e g
i_j_oh” d hp_gb\Zgbx IljZgkibjZpbb p_eh]l]h ~_ j \Z hklZ _ Ilky Ijm~g
<lhjhc ih”oh” ijb dhlhjhf \hafh ghklv bgl_JjZevgh]h hp_gb\Zg
khdh”\b" _gby ijhoh”ys _f g_j_a \h~hijh\h”ysb_ imlb kl\ls&# hl Zg
taZlhehgyZbh[he  Zdlb\gu_ kehb dkbe fu y\leyxsb_ ky ]JeZ\gufb
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imlyfb ~_j \Z ij_"klzZ\ey |ky [he__ i_jki_dlb\guf-ae gLz d[pghbagh
hkgh\ghc ijh[e_fu fzZkrlZ[bjh\Zgby gZ mjh\g_ hIl*_evgh]h *~_j \Z
\hafh ' ghklv hp_gdb ljZzgkibjZpbhgguo ihlhdh\ dZd ey hlI*_evguo \
gZ mjh\g_ [he__ \ukhdhc hj]ZgbazZpbb gZzijbf_j fZeh]h j_ggh]h \I
khihdmighklv hkgh\guo \b~h\ ~j _\hklh_\

< gZklhys_c¢ klzZIlv_ ij_"klzZ\e_gu ih"oh”u b f_Ih"bdZ bkke _"h
gZ hkgh\_ijb[hjh\ bgl_]jZevgh baf_jyxsbo khdh"\dap flglometerk),\he *
ZlzZzd _ "Z |ky i_j\bgqguc ZgZeba "Zgguo ihemqlZgduwo bgkk e Z"hA&gdla
gZ fzehf }Jhzghghf [Zkk_cg_ \ \_joh\vyo j_db Mkkmjb

lhklZgh\dZ azZ~Zqgb

lhke_ibhg_jghc jZ[hlu g_f_pdh]h bxké¢_ph\ZI_ey] ; >+ XEHU
ihy\beky jy~ f _Ih~h\ baf _j gby ihlhdh\ khdh”\b" _gby \ hkgh\_
jZaebqggu_ ijbgpbiu |I_jfh~bgzZfbq_kdbc we_-dbbdjh bazdbdZkglblg
yN _jgftz]gblghahgZgkguc HArgZdh ebrv ijb[hju b baf_jbl_evgl
kdhgkljmbjh\Zggu_ gZ hkgh\_f Ih~"h\ | _jfh*bnnmabb b dhgdudlib\gl
"h dhff_jg_kdbo h[jZaph\ b ihemgbeb rbjhdh_ ijZzdlbg_kdh_ ijbf_g_
< gZklhysbc fhf gl f ITh~bdb j_Zebah\Zggu_ k bl
| jfh "bgzZfbg_kdh]h ijbgpbiZz fh 'gh mkeh\gh jZa”_eblv gZ ljb ]jmiii
gZ hkgh\_ hij_~ e _gby kdhjhklb jZkijhkljZg_gheatlpuiseh\uo b
velocity);
wfibjbg_kdb_ hp_gdb izZjzf_Ijh\ I _jfbg_kdhc “bkkbiZpbb
| ogbdZ baf_j gby ihlhdzZ iml_f j ]bkljZpbb ~ _nhjfZpbb I _f
< dZ "hc ba dZl_]hjbc jZajZ[hlZgu dhgdj _lgu_ j ZebakZpbb
Aim]Z Ibizfb ~Zlgbdh\ b gZ]j_\Zl _evguo we_ f _glh\ bo \aZzZbfg
Zelhjblfzfb nhjfbjh\Zgby | _fi_jZIlmjguo ihe_c b bfimevkh\ Z |zd’
ZiiZjzZlhf h[jzZ[hldb ihemqgZ_ fuo kb]JgZeh)\ DZ ~uc ba f_Ih~h\
"hklhbgkl\Zfb b g_"hklzZIdZfb b wlh g_ ihalhey | \ gZkldyggkha fhf_
eb[h h"bg ba ih?*oh”~h\ “ey \uiheg_gby baf_j gbc >Lboh\Z b *j
kms_kl\mxsbo f_Ih~bd baf_j gby dkbe fgh]h ihlhdZ #Rimgik, gZclb
Ku fera, Nadezhdina Lboh\Z b 7] @
JyN fhnr _e ¢ baf_jbl_e ¢ khdh”\b" _gby \ ~ j \vyo kdhgkljm
\ur_i_j_gbke _gguo ih"oh”h\ ihemgbeb gZb[hevr__ jZa\bdp \ b mk
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gZmqgguo b ijbdeZ”*guo bkke_"~h\Zgbyo H~"gZ ba ihimeygguo b rb
fh" e cHRV-baf jbl _ev 6) *UHHQVSDQ 7HFKQRORJ\ 3W\ /WG
jZajz[hlzg gZ hkgh\_ hij_~_e_gby kdhjhklb jzZkijhkljZzg_gby | _i
bkihevah\zgb f f Ih~Z dhfi_gkZpbhggh]h baf_j gy mkbgpklbZe¥g
l1Zzd"_ Ze]lhjblfu ey bgl_jij IZpbb "Zgguo baf_KFZgbzejeddZPDDUYXKDC
1958].

>im]Zy fh” lkevijbicgh \uimkdZzZ_ fuc baf_jbl _ev 7'3 "\QDPD|
dhlhjuc jzZajz[hlzg k bkihevah\zZzgb_f f_Ih~"Z hp_gdb | _jfbq_
jZajzZ[hlZzggh]lh njZgpmakdbf-dlkgleljmlhljh&jZgyv_ >*UDQLHU @

Lj Ibc ih”oh” j_ Zebah\Zg \ baf_jbl _evghc kbkl_f_ (06 (QYL
6\VWHPV Q _oby bkihevah\Zgghc \ "Zgghf bkke_ "h\Zgbhc < _ |
ijhn_kkhjhfQYjfzdhf k dhee_]Zfb \ ] f_Ihr I_ieh\h]h [Ze:
A"hjz[hlZzgguc bfb ~_ \ ] >ZggZy kbkl_fZ ih~jh[gh hibkZgZz

ithk\ys_gghf hj]ZgbazZpbb wdki_jbf_glZevguo jZ[hl

>ey \k_o i_j_gbke_gguo | _ogbd baf_j gbc \klZ_ | ijbgpbib
lhgghklb hij_~_e_gby izZzjzf_Iljh\ dkbe_fgh]lh ihlhdZ < jZ[hl_ >Lboh’
kjz\gb\Zxlky b ZgZebabjmxlky ij_bfms_KkI\Z b g_~hklzfidlh™Nk\ o i_
baf_j_gbc b ij_~klz\ey_Ilky i_jki_dIb\zZ jzajz[zZlu\Zz_fhc gh\hc ]k
baf j gby ebg _cghc kdhjhklb dkbe fgh]h ihlhdzZ k \Wkkjhggab\Zghb
bfimevkh\ ihal\heyxsZy m\_ebqblv Ilhgghklv ihemqZ_ fuo j_amevlZlIl

lh kmlb \k_ baf_jbl_evgu_ ijb[hju baf_jyxl kdhjhklb dkbe fq
dZ ~hc jZajz[hld_ blh]h\uc j_amevlzIl fh  _| \ujzZz ZIvky \ jZaeb
baf jbl_evghc kbkl _f ?F6 aZzZibkv baf_j gbc ijhba\hnblkylhc d] qz
iehlghklb dkbe_fgh]h ihlhdZ jzZz\ghc ielhégHklgAhi*ry 4 klib \ e qZk >
gZb[he__ mihlj_[bl_evgZy o02Zjzdl_jbklbdz ljzZgkibjizghdgbglghlh i
dkbe _fghlh ihlhdZz VDS IOX[ GHQVLW\ f¥djZAPAgiZzky b _iheqbpZ of Z
iml_f~ e _gby h[t_fgh]lh ihlhdZ® yDkSglD RehsZ 4t aZ[hehgb VDSZRF

< \hijhkZo bamq_gby ijhp_kkZ ljZgkibjZpbb g_ihkj_"kI\
dkbe_ fghlh ihlhdz \ fzkrlZ[_ kl\heZ ij_"klZ\ey_ | kh[hc Ilhevdh
bkke "~h\Zgby |h f_j jZa\blby Ze]hjblfh\ b f_Ih~*bdb jZ[hlu k ijb]
\hagbdzxl b ~jm]b_ \hijhku HbQy BKdphbyor*Zgguo baf_j gguo hlr
"Zlgbdhf \ p_ehf gZ jZkl_gb_ b baf_g_gb_ kdhjhklajb agZikRhe Zgb
HligZklb \hijhku bgl_]jZpby "Zgguo baf_j gguo hl* _evguf *"Zlgbdh
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hljz" _gu \ jy”~_jZ[hl >0 D HattehD Ca€@hpole, Vertessy, 1990; Shaakedl. 1992;
Clearwater et al., 1999; Nadezhding&rmik, Ceulemans @ H[sb_j_dhf_g~Zpbb \k_o
k\h~ylky d Ihfm qlh g_h[oh”bifhrd8ZblevdhjZaf_ s gbx ahg”~h\ \ ~
mqgblu\Zlv jZ"bZevguc ijhnbev b mklzZgZ\eb\Zlv ahg”u gZ ijZ\bev
aZ\bkbfhklb hl \brzZ ~ j \Z dhjj_dlbjh\ZIv j_amevIZlh\ \ kemqZ_ jZ
\ j_amevlzZlI_ f_ozZgbqg_kdbo ih\j_"~ gbc f_IZeebq_kdbfb katrhg*Zfb
N jo\Z

Kms_kI\m_| p_euc jy® f_Ih~h\ ~ey \u[hjZ dhgdj _Iguo ~ _j_ \v
khdh”\b _gby <k_ hgb 1Zd beb bgZq_ hkgh\Zgu gZ \diexXgkkiq\ kdh
kK _[y \u[hj ~"_j_\v_\gZ hkgh\_ d\Zglbe_c ba \u[hjdb ihI{bg@fkbtibo gZ
ihdZzazl e _c¢ [ZaZevgZy iehszZ”~v hl[o\Zl h[t_f ~j_ \_kbgu bg”_dk
Afm]b jZaebqggh]lh jh~"Z deZkkbnbdZpbb 2~Zgguo "“bklZgpbhggh
]brjheh]bq_kdbo fkrmike Kueeray Nadezhdina, 2004].

Baf_g_gb_ kdhjhklb ih jZ”"bZevghc gZijZ\eyxs_c \]Jem[v |
h[jZzah\Zl _evghc IdZgb hldm”~Z \_"ml| gZqZeZ dZd \@mbljrgphZz IZ
hif _gzZxl fgh]lb_ bkke Pdwards, @boker, 1984; Phillips, Oren, Zimmermann, 1996;
Zang Beadle, White, 1996; Nadezhdinagrmik, Ceulemans @ ;ueh h[gZjm  _gh
fZdkbfmfu b fbgbfmfu \ kdhjhklb beb iehlghklb dkbe_ fghRgaohlhdZ c
\_k_gg_c "j_\_kbghc b iharg_c hk_gg_c "j_\_kdyhgblglkh]b¥ ket
dhlhjhc jZzaf_s_gb_ ahg”h\ \ |Zdbo kemqgZyo "he gh hxagZ&kl'gguoky
]lem[bgZo aZ|[byehQ@lrick Poulter @ Ihemqg_gguc ijhnbev ihlhdz fh"
azZl_f bgl_]jbjh\Zg ih iehszZ”b ihi_j _qgh]h k_q_gby aZ[hehgb qlh
h[t _fguc ihlhd \ KHattoa, Catchpole, Vertessy, 1990].

>jm]Zy ijh[e_fZ bkke_ ~h\Zgby bf _xsZy j rZxs__ agZq_gb_ ~
jZklbl _evghklb \ gZa fguo \h”"guo pbdeZo aZzljz]lb\Z_| \hijhku
ljZgkibjzZzpbb b f I _hjheh]l]bq_kdbo nzZdlhjh\ Ihke_Ih]l]h dzZd > Fh
\i_j\u_ \\_e ihgylb_ khijhlb\e_gb_ ebklZz OHDI UHVLVWPQydh \ m
w\ZihljZgkibjZpbb J[ueb ijh\_~ gu fgh]lhgbke _ggu_ bkke_ "~h\Zgby
\bArh\  jZkl _gbc b \ jZaebqgguo ijhklfjZpgkuo ggbkriZ[Zo k p_ev
dhebqg_kI\_gghc hp_gdb bkizj_gby hi jZaebqgguo nZdlhjh
ihlj _[ghklb bkizjy fhklb HYDSRUDWLYH GHPDQG khklhygby m\
hkh[_gghkl_c¢c nbabheh]bb jZkl _gbc >-DUYLV OF1IDXJKWRQ
bkke ~h\Zgbc [ueb khkj_~hlhg_gu \ aZkmreb\uo b ihemdazZkmreb)
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ebfblbjh\Zgz ”~ey jhklzZ jZkl_gbc < j_]bhgZo k ba[ulhgguf m\ezZ"
ithl_gpbzZevguf bkizZj_gb_f ]~_ jhkl jZkl_gbc j_]Imebmadkkqijl bf
wg _j] _Ibg_kdbo j_kmjkh\ kheg_qgZy jZ"bZpby ih\_~ bbb _ dhg
nZdlhjh\ w\ZihljZzgkibjZpbb fhlml kms_kI\_ggh hlebqgZlvky kh kjZ\c
aZkmreb\hf debfzl_ >:DQJ THW]ODII 6RXOVE\ @ < km
ljZgkibjZzpbhgguf ihlhdhf b f_ | _hjheh]bg_kdbfb o0ZjzZdl_jbklbdZ
ebg_cgu_ k\yab \lh \j fy dzd \ ih*"kmglzkdphhHFikgidghf 1Zdb_ k\yat
fhlml gZjmrZlvky F_""m oZjzZdl_jbklbdzfb dkbe_fgh]h ihlhdzZ b iZj
kj_~whIf_gzZxlky ]bkl_j abkgu_ \azZbfhk\lyab hlebqZxsb_ky ih nhijf
iehsZ”vx i_leb >Z2amuddutley @ ;ueh h[gZjm  _gh qlh ]Jbkl_j abk -
h[mkeh\e g jZaebggufb ijbgbgzZfb mkeh\byfb m\ezZ g2dbyDB3\_gc
Eamus, Hutley, 1999; Tuzet, Perrier, Leuning @ j_Zdpb_c mklivbgghc j_]me
baf_g_gb_ mijm]hklb \h~ygh]lh iZjZz baf_g _gb_ ]b”jZ\ihmgguk®@ihc ijh

ebkl\u >=HSSHO HW DO @ Ihfbfh \g_rgbo nzdlhjh\Zkeothy'gb g
dkbe fghlh ihlhdZ 1zd _ fh _| hdzZau\Zlv \gmlj_ggyy azZ”_j dZ \h
AZgguf >3KLOOLSV HW DO 9HUEHHFN HW DO @ mljh

ijhbkoh”bl kjz[hldZ azZzizkh\ \eZ]b gZdhie_gguo \ \_jggddlipzklb k
\j _fy nbdkbjm _Iky ihlhd m hkgh\Zgby jZkl_gbc

>jm]hc \Z ghc klhjhghc bkke "~h\Zgby yley I|ky \hijhk
fZzkrlZ[bjh\Zgby ~Zgguo hl jy*Z h[jZaph\ ~_j \v_\ "h p_eh]h khhJs
NZ _ [he__ \ukhdbo mjh\g_c kljmdImjghc hjlJZgbazZpbb gzZijbf_]j
[Zkk _cgZ LzZdZy ihklZzgh\dZ \hijhkzZ bf__ | g_ lhevdh bgl | _KZh[s_]_
gh b bf__1 ijyfh_ highr_gb_ d h[eZklb ]Jb”jheh]bgq_kdh]h fh~_et
iZjZf _ljbazZpby [ehdZ bkizj_gby \ khklz\_ [hevrbgklI\Z flukhebc \ure.
h[t _dlb\guc mjh\_gv Ba\_klgu ihiuldb j_ r _gby wlbo \hijhkh\ k
nblhp _gheh]bqg_kdbo b beb [bhf_Ijbg_kdbo ~ZgguwdZjihedpd bggu & Zi
dzZzd gZzZijbf_j \ jzZ[hl_ >yHUPIN .XpHUD @Z BaZ bk MK vy atbk ¢
0ZjZdl_jbklbd dkbe_fgh]h ihlbdh kbkZdpdq_ kdbf izZzjzf_Ijhf gZijb
"bzZf |Ij gZ mjh\g_]jm”~b beb [ZaZevgZy iehsZ”v h[o\ZI[KRehg\W [Za.
< jZ[hl_ >yHUPIN @ mklZgh\le_gh qlh "ey mqgZkldZ ehbikd\_ggb«
wd\b\Ze gl iehsz”b ebklh\hc ih\_joghklb VRODU HTXLYDOHQW
kijh_pbjh\ZggZy iehszZ”v ebklZ \al\_r _ggZy ih bgl_]jZem \j_f
kheg ggh]l]h baemqg_gby \ hij_* e _gghc Ihgd_ djhgu hlghkuggZy
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ih"\ _j° _gghc kheg_gghfm baemq_gbx y\ey Iky h~rgbf bahemqrbo
kl_i_gb wlh hlghkblky b d IZdhfm ijhklhfm izZjZf_ Ijm dgtcfidkkZz
lizffZo
<h\e _g_gb_ fZkrlZ[bjh\Zgguo ~Zgguo ijb izZjzf ljbaZpbb

]b”rjheh]bg_kdbo fhr_e _c \b blky p_e _\hc aZ™"Zq_c bkke
w\ZihljZgkibjZpbb ljZzgkibjzpbb ij_~klZ\e_gu \h fgh]l]bo fh” _eyo
keh ghklb < hl”_evguMeijegsphh&ial.>1999; Meiresonnetal., 2002; Chiesetal.,

2002; Oltchevet al., 2002a; Oltchewet al E@ ihdZazgh qlh fh*_eb h[uqgh
hibku\Zxl kmlhgqgu _ihg&dmkh\e_ h[t_fu ljZgkibjZpbb \ kf_rZgguo e_Kk.
hlkmlkl\bb h]jZzgbgq_gbc gZ ~hklimighklv ihg\_gghc \eZ]b "ey jZI
ihg\_gghc \eZ]b fh”_eb m~h\e_I\hjbl _evgh hibku\zxl j_ "bfu ljZgk
\b~rh\ A~ j \v_\ gh g_ kf_rZgguo "j_\hklh_\ qglh y\ey IkyZ i_ jki_

[mMA*ms_

DjzldZy o0zjzdl_jbklbdZ \h~hk[hjZ baf_jbl_evgh_ h[h
wdki_jbf_ gl

< klzZlv_ ij_"klZz\e_gu i_j\u_ j_amevliZlu mkbebc dhee_d
Lbohhd_Zgkdh]h bgklblmlZ ] h]jZnbb ><H J:G b BgklblmlZ \h~g
ihklzgh\d_ \- 11 wdki_jbf_glZevguo bkke_ "h\Zgbc dkbe fgtr
bkihevah\zZgb_f kh\j_f _gguo ~Zlgbdh\ ki\heh\h]h khdh”\b"_gby b jZ
ljZzgkibjzpbb dzd hl*_evguo ~_j_\v_\ 1Zd b [Zkk_cgh\hweldpZgkib
"Zgguo Bkke_"h\zZgb_ ijh\h”blky \ ahg_-rkjhdhedhkd\ g\dwcghe kh'
P _gljZevgh]h -Kébgyw gZ wdki_jbf glZevguo \h”"hk[hjZo [Zkk_cg
Khdheh\dZz Qm]m_\kdbc jZchg Iljbfhjkdh]h djZy \oh”ysbih\ khkl
[bh]_hp_ghlbg_kdh]h klZpbhgZjZz NGP ;bhjZaghh[jZaby ><H J:G >
=ZjpfzZzg RZfh\ @ F_klhf ijh\_~ gby \ukhdhgzZklhlgh]lh fhgt
Mbb' _gby \ezZ]b \ Aj_\hklh_ [ue \u[jZg \h~hk[hj e_\h]h ijblhdd _jc IjZ\.
_j_ah\uc iehsZ”~vkx Bkidfevah\ZeZkv baf _jbl _evgzZy kbkl_fzZ (06
(QYLURQPHQWDO OHDVXULQJ 6\WWHPV :jgh Q_oby khklhy
wg _j]l]_Ibg_kdh]h [ehdZ

Baf_j gby \uihegyebkv gZ \j f gghc ijh[ghc iehszZ~d_ jZkihe
gZklb kdehgZ -mdehagZiZz”~ghc bakiX”?jghc wdkihabpbb gZ \ukhl_ hd
gZ”™ mjh\g_f fhjy \ iha”~g_kmdp_kkbhgguocribhhf@$eblkPNo gigughéhkh\ ¢
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\_jog_c ]jZgbp_ jZkijhkljZzg_gby khkgu dhj_ckdhc Ij_~KAZA\e]lhggu _
\h~"hk[hjZ }ejgdgu_ [mju_ ihq\u oZjzZdl_jbamxlky \ukhdhc ihjbklhklv>
b \ujZz _gguf ijhfulguf j_"bfhf Hgb azZe ]Zxl gZ\hRhghik| eaghf
lj _sbgh\Zluo kdZevguo ihjh”r bf_y fhsghklv ijhnbey hl f gz
fZdkbfmf f \ ij_" eZo ~gbs "“hebg >@bevph)\ @ =hjbah
nhjfbjmxsbcky gZ ih\_joghklb kdZevgh]l]h \h*hmihjzZz \ i_jbh~u mf_
h[gZjm b\Z_Iky gZ Jeml[ibfg_< khklz\_ ~j_\hklhy rbjhdh ij_~klZ\e_
fZgq mjkdBeula mandshurica), wda_fieyjh\ dhlhjhc hlh[jZgu "ey mk
baf_jbl_evguo kbkl_f jbkmghd Hih[jZggu_ ~ _j_\vy \oh”yl \ kh
bf x| \ukhlu \ *bziZzahfgb "bzZf _1j gZ mjh\g_-]jmXl
ljbf_gy fZy baf jbl_evgZy kbkl_ fz j_Zebah\ZgZz k

wg_jlh[ZeZgkh\h]h f_IALX VK+HH+HDW %DODQFH mkh\_jr_gkl\h\Zc¢
dhee ]Zfb >yHUPiIN .XpHUD 1IDWB]KG@RXM .XpHUD &LHQFLDOTL

jZg__ ij_~eh’ _ggh]lh bfb f _Ih~Z | _ieh\h]h [ZeZgkZ >yHUPIN 'HP
yHUPIN 3HQND @ Hkgh\ghc ijbgpbi baf_j gby aZd2kgjd _Iky
khdhijh\h~ys ¢ |IdZgb 7~j_ \_kbgu aZ[hehgb ijb __ \gmlj_gg _f

bkihevamxlky Ijb we _dljh~Z ba g_j Z\_xs_c¢ klZeb ijh\h”ysbo d Kk
jZkl_gby we_dljbg_kdbc Ihd Ijb wlhf ijhkljZzgkl\h \hdjm] we_dljh’
wg_jlbb gZ]j_\Z jZzkk_b\Z_Iky \ hdjm Zxsmx kj_~m |_iehijlZzy\h*ghkl
gZklv mghkblky ihlhdhf ~j_\_kgh]lh khdZz

JZkq_I| kdhjhklb dkbe_fghlh ihlhdzZz hkgh\u\Z_Iky gZ dh
g_h[oh”~bfh]h *ey ih~"_j Zgby az”*Zgghc jZaghklb |I_fi_jZImj f_""m
gZklvx ~j_ \_kbgu L _ieh\hc [ZeZgk mqgZzZkldz ~_j \Zz ]~_ ijhba\h”
baf j gb_ihlhdzZ ij_~klzZ\ey Iky \ ardnik, Ko [ejdnNadezihdgina, 2004]:

2L3@BE @64 (1)

] P x\oh”ghc | _ieh\hc ihlhd <l
Q tkhdh”\b" _gb_ jzkgh~ d] k
dT tjZzagbpzZ | _fi_jzZImj \ lhqd_ baf_j gby D
k +m”_evgZy | _ieh_fdhklvihhu > d]
+dhwnnbpb_ gl | _iielh\jwo<t..
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Jbkmgh#i[sbc \b” baf_jbl _evghc kbl rbczZ\b2 mklZgh\e _ggh]h ~Zlq
hir _evghf ~_pablkd!l ZIfhkn_jguo \ha”_ckl\bc [ iblzZxszZy "ZIgbdb
iZg_ev \ ko_fZ fh*mey ~"ZlgbdzZ we CdlGhlrujfheZjulb@b]edu?
B klhqgbgrmik, Ku [era, Nadezhdina, 2004].
Figure 1. 2YHUYLHZ RI PHDVXULQJ V\VWHP Z OD\RXW RI VHQVR
weather shields|) solar energy-supply panél), principal sensors module scheme: electrodes
(stainless steel plates) and thermocouples Cu-C/(TS H | BrRR, Kuyera, Nadezhdina,
2004]

;hevrZy qzZklv \h~u \ kl\he_ ~ j \Z ™"\b" _|ky \\_jo | hitgzZdh h
| jy _|ky aZ kq_1 gZ]j_\Zgby kl\heh\uo IldZg_c¢c hdjm Zxsb&lIlhgdm b;
glh wlb ihl_jb gZklbggh mkljzZzgyxlky aZ kqg_I| | _ogbqgpkgbb ijbk
wdjZgbjh\zZgb_ hl ijyfh]h kheg_qgh]h gZ]j_\Zgby bo lgxevay |
< ebqgbgZ IZdbo ihl_jv ohjhrh \b”"gZ ijb ZgZeba_m _ hAafgjbfggh]h
mljhf [_a ihklmie_gby kheg _gghc wg_jlbb j_]bkljZlhj hJuggh nbd
agZq_gby ~\b"_gbywteZ]dhlBju_ bkoh”y ba nbabheh]bb jZkl _gb
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nbdlb\gufbwic4 Ijb jZkq_|_ nZdlbg_kdh]h jZkomVZ fkhdgdbl&iv 4
hp_gb\Z_fuc i_jbh~bg_kdb dh]~Z nzZdlbg_kdbc jZkoh”jbfbfeb Z |
jZggbf mljhf ihke_ ijh*he bl _evgh]h "h" "~y ba aZibkZgguo "Zgguo

3 L 3esack3avu0 (2)

<uqgqblzgbwfc 4jh\h”*blky \ ihemz\lhfzZlbg_kdhf j_"bf_ \ ijh]]
h]_ki_qgq_gbb ihklz\ey_ fhf \f_kl_k h[hjm~h\Zgb _f (06

lj_bfms_kI\Z bkihevam_fhc kbkl_fu khklhyl \ \hafh ghklb
[hevrh]h h[t_fZ dkbe_ _fu qlh iheh bl _evgh \eby | gZ Ihgghklv baf
dhgkljmdpbb \ kbkl _fm fh 'gh \dexqgblv jZaebqgu_ "hihegdd evgu
AN g”jhf_lju baf_jbl_eb f_ I _hjheh]bg_kdbo mkeh\bc ihg\_ggu_
ihAh[gu_ \ hlkmlkl\bb g _h[hkgh\Zgguo wfib]jbiaqtakrbb,Kui@azf Ijh\
Cienciala @ \ hlkmlki\bb g_h[oh~bfhklb dZeb[jh\db ijb[hjZ
"helh\j f gghc aZibkb bkke_ _~m_fuo o0ZjzZdl_jbklibd F_Ih® mklhc
fgh™ _kI\_ \bAh\ ~ j \v_\ b ~Z | gZ™~_"gu_ "~Zggu_ ihdzZau\lZ_1| oh
j_amevlZlZfb wlZehggudhubhdbfadj Lagergren, Lindroth @ Hiul ijbf_g_gby \
gZr_c kljzg_ 1zd _ \_kvfQtcheketal, g002a ; gvdh\Z b ~jUrbanetal,

2019].

G_"hklzldzfb bkihevam_fhc kbkl_fu (06 fh 'gh kgblZlv hlgh
ihlj _[e_gb_ we_dljhwg_jlbb 2bzf Ij baf_jy fuo ~_j \v_\ “he g [
h[hjm~h\Zgb_ \oh”ys_ "HRkkBkdgfyh keh gh_ b Ij _[m_I hkgh\ZIl_evgh
"ey iheghp_ggh]h bkihevah\Zgby

NZdlbq_kdb baf _jbl _evgZy kbkl_fZ h”"ghc ba ihke_~gba \_jkb

g_kdhevdbo we_f glh\ we_dljhgguc [ehd OLFURG6HW ; dhgljhet
ojZgysbc aZzZibku\zZz _fu_ ~Zggu_ b ih”" _j'b\Zxsbc jZagtmpm |_
| jfhizjzfb k_gkhju 6) \ \b”A_ ble ij_"gZagZg_ggu_ "ey g_ij_
| _fi_jZImju | _jfhiZju gZ[hj we_dljh~h\ ijh\h~ysbo |hd d aZ

\h~hijh\h~ys ¢ IdZgb ~ _j \Z aZsblgu_ ijbkihkh[e_gby dZ[_eb b Ih

Bkihevam_fh_ gzZfb baf_jbl_evghEM$[hjndex\gzghbl iZjZee evgu
baf _j gby hl[o\ZlzZz ~_j \Z "ebgu hdjm ghklb glh 1j_"iheZ]
nmgdpbhgZevghc kl\yab f_ "m h[t _fhf ihlhdZ khdh”\gbludBy futhYo\ZI
"bzf 1Ij Hq_\b~gh qglh ij_"~ihez]z fzZy azZ\bkbfhklv ZgZghblggz ]Je.
]brjhf _ljbd_ aZ\bkbfhkimj®)Zg@HPr) H[gZjm _gb_ ih~“h[ghc aZ\bkb
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thal\hebeh [u \ "Zevg_cr_f ey ithemqg_gby bgnhjfZpbb h ljZgkibjZ
hlo\zZl qlh ijbf_jgh khhI\_IklI\m_1| ]b”*jheh]bq_kdhg¢zZz&a\@kbBijhklb mj
MdZazZggZy k\yav ih*I\_j°~ gZ kh\j_f ggufb bkke ~h\Zgbyyb \ Ihf
kdZgbjh\Zgby ~j \ _kbgu >H 6FKHSSHU HW DO @

Baf_jbl_evguc wdki_jbf_gl \dexqZe ke_"mxsb_ \b”u jZ[hl mk
Z\IhfZlbg_kdhc baf_jbl_evghc kbkl_fu baf_j_gby IljZgkibjZpbb
j_1bkljzpbb klI\heh\h]h khdh”\b"_gby j_]bkljZpby klzZg~Zjlguo
i _j_f gguo dhebqg_kI\Z hkz~dh\ | _fi_jZImju \ha"moZ \eZ ghklk
jZ"bZpbb kdhjhklb \_1jZz baf_j _gbc \eZ ghklb b |I_fi_jZImju ihqg\u
e _kZ hjlzZzgbazpby \j_f _ggh]lh \h~hf_jgh]lh ihklzZ k zZ\IhfZlbq_kdhc
baf_j_gby jZzkoh~Z \h~u gZ |_klh\hf \h~Ahk[hj]_

J amevlZlu

gZeba j_ameviZlh\ k_ahgguo j_]meyjguo gZ[ex”™_ghbc
wibah”"bg_kdbo baf_j gbc \uiheg _gguo \ ]h~m ihauwheyxl k
ij_™"\Zjbl _evgu_ \u\h”u | j\uf rz]lhf hRi{bgmmidbo aZibk ¢ jZkoh?"
dkbe_fgh]lh ihlhdZ [ueZ ijhp_"mjZ mkljZg_gby nbdIbygh}jhbihlhd
ithke_"mxsbf bo i_j_\h~hf \ gqZkh\hc bgl_j\Ze \ j_amevlZIl_ q_
nZdlbg_kdb_ k_jbb baf_j _gbc h[t_fhfaZhpk &z ~ey ki\heh\ [_j_
hlebgZxsboky h[o\ZIlhf hl A h ff \ i_jbh~™ k bxgy ih |
(jbkmg.d

Hg _\b~rghc ijh[e_fhc nmgdpbhgbjh\Zgby kbkl_fu y\eyebkv ij
hir _evgu_ i_jbh”u \j_f gb qlh g_ \k_]*"Z h[tykgyehkv hlkmNkI\b_f i
kbkl_fm GZijbf_j m ~ZlgbdZzZ « kbkl_fZlbqg_kdb_hgkum|IgRku_ b a & etgkwv_
hikmlkl\b_ azZibk_c kh \lhjhc iheh\bgu k_gly[jy Z m ~Zlgbhg® _  hlk
bxey < hi~_evgu_ fhf _glu \j_f gb nbdkbjmxlky _“~blgBhpghb _ lijj;hhimk:
i_j\bgghf \bamZevghf ZgZeba_ b ijb klZlbklbqg_kdhcgblgjzfhlgh k_
hif _Iblv bkihjg_ggu_ mgZkldb aZibk_c¢ LZd gZkjb¥ Ng \oug ghkaZl
\'i_jbh~ Zdlb\ghc IjZgkibjZpbb hif_qzZxlky gme_\u_ dlgZqZdplydhhlek
Hqg_\b~gh qglh gzZb[he__ \_jhylgu_ ijbgbgu k[hy aZibk_c dzd
aZdexgzZxlky \ keh ghklb h[hjm~h\Zgby aZzZfudzZgbb dhglZdlh\ i
kbkl _f_ gh \hafh'gu b ~jm]b_ ijbgbgu dhlhju_ s _Ij_ [m_Ilky \uykg
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Jbkmgh&mlhgguc oh”™ dkbe_ fghlgZikHhhdfZrk]hf "ey wda_fieyjZ [_j_
fZzgg mjkdhc h[o\ZIlhf kl\heZ ff ~"Algplke <« hlghkbl_evgh kmohc
i_jbh~ I ZAlmkl_ i_jbh”™ bgl_gkb\ghc m\eZ g_gghklb [Zkk_
l+jZkohdkbe_ fghlh iQIsegpZd] g hkZ~rdb O ff
3+kheg _qgZy jZRb Zpi¥y
Figure 2. 1-hour time step daily variations of sap flow for Manchurian birch, trunk circumference is
PP VHQVR+3une (relatively dry period),[ tAugust (heavy rainfalls period)
1 +Sap flow (Q sap, kg/h), Zprecipitation (X, mm), 3tsolar radiation (R, W/R)

>ey \hkklZgh\e _gby I1Zdbo ijhimkdh\ [ueZ ij_"ijbgylZ ihiuldZz
liZnbdb k\yab h~gh\j_f_gguo aZibk_c khk_~gbo ~_j_\w \_tkdhkemq

k\yab hp_gblv bo GZ jbkmgd_ ij_"klZ\e_gu ijbf_ju 1Zdbo a
baf j gbyfb hl* _evguo ~Zlgbdh\ dhlhju_ kljhbebkv ihf_klyggh L.
k\ya c dhjj_eypby gZ mjh\g_ ihalhey | ~hklgXkeQyhlvgz” _

ijhims_ggu_ agZqg_gby
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JbkmghdjzZnbdb kkyeileh\h]h khdh”\b™ _gby d] q
f "~m baf_j gbyfb jZaebggufb "ZlqbdzZfb
Figure 3. The relationships of stem sap flow (kg/h) between measurements of various sensors

:gZeba \gmljbkmlhqghc ~"bgZfbdb ihdZaulZ | qglh \ ghqggu_
aZlmoZ | b nbdkbjm_fu_ agZq_gby ijbf_jghmkex eBkiZ [ehamdhzZdgame
HrgzZdh \ hl*_evgu_ ”"gb hlf_qZxlky ih\ur_ggu_ \_ebgbgu dhlhj
agZgbfuo \_ebgbg ghgvx 7h e q K ihabpbb nbabheh]bb jZI
fZeh\ _jhylgh | f g_ f g __ h[ahj im[ebdZpbc ih wlhc ijh[e_f_ b j
ihdZaul\Z_| qlh ghgghc ihlhd nbdkbjm_Ilky \k_fb kh\H2Ybgogaldp “Zlq
g_aZ\bkbfhklb hl aZzeh  _gghc ijbgpbibZevghc kd_fu mktghyc kR bHd hf
\ hkgh\_ dhlhjuo e_"bl f_Ih~ | _ieh\h]l]h [ZeZgkZ \_ebqgbgu ihlh
fbgbfZevgu G2Z jbkmgd_ [ ijb\_~_g oZjzdl_jguc ijbf_j ddh]"Zz
(45 Z\Imklz \ ghqgu_ gZku [ue \ujZ g b \ gZkzZ ghgb khklz\e
khhi\_IkI\_ggh

FZdkbfmfu ljZgkibjZpbb \h \gmljbkmlhgqghf oh”_ ih k]l]eZ  _ggu
gZlex"Zxlky \ bgl_j\Ze _-hlqzKkt\ ~gy DZzZd ijZ\beh ibdb bf_xI| h~rgh
oZjzdl_j h~rgzZzdh \ hI*_evgu_ ~gb \gmljbkmlhgguc oh” ijbh[j_1Z_
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A\mfhrZevgufb ibdzfb beb bf__1 ]j_[_gqZluc \b" GEjroh”gb_ f
h[mkeZ\eb\Z _|ky dzZd \g_rgbfb nzZdlhjzfb baf_g_gb_fjZ aZpdlimju
\ | _jh\h]h j_"bfz \ezZ ghklb \ha?moz |_fi_jzZImjz"pmYeEZbghkdd ithq
ijhbkoh”"ysbfb nbabheh]bg_kdbfb ijhp_kkzZfb \ jZkl_lyypb\brfikl¥lyqg:
ki_pbnbdZz ithlJehs _gb_ \h”u dhjgyfb GZ jbkmgd_ ijb\_"~_ g
\gmljbkmlhggh]l]h oh”Z kljmdImj dkbe_ fgh]lh ihlhdZ \ujZ  _ggh]h \
baf _ g _gbb ih]Jh*"guo mkeh\bc < p_ehf ijb \uiZz®_gbb g _[hevrbo L
hkz~dh\ ijhbkoh”~bl kgb _gb_ bgl_gkb\ghklb khdh”\b"_gby bloh” kh
ibehh[jZaguc o0ZjzZdl_j jbkmghd Z ljb [he__ bgl_gkb\guo b
khijh\h""Zxsboky kgb  _gb_f kheg _qghc jZ*"bZpbb ~h [eB&dbo d
ljZgkibjZpby ij_djzZszZ_Iky

>ey |Jb”jheh]bg_kdh]h fh” _ebjh\Zgby dhebq_klI\_ggu_ hp
ljZgkibjZzpbb kmlhggh]l]h b gzZkh\h]h jZaj r_gby ij_"~klZ\eyxl gZb]
hidju\zZ | i_jki_dlb\u iZjzf_ljbaZpbb bfblZpbhgguo Zk%gé_ ghdEcijk
hkgh\_ Themq_ggu_ j_ameviZlu baf_j gbc ihdZ ihal\heykxéZp gblv
ljZgkibjbjm _fhc hI~ _evguf ~_j \hf 1Z[ebpZ jbkmghd

Ba jbkmgdZz b IZ[ebpu \brgh qlh kmlhqgu_ fZdkbfmfu
ijboh”ylky gZ bxev “hklb]Zy e kmldb < ~"Zgghf kenmhdghdbZggthc |
k\yvaZg k hlghkbl _evgh [hevrbfb h[t _fZfb |jZgkibjZpbbhehgdB "Ny aZgl
khdhijh\h*ys ¢ IdZgb dkbe_fu LZdh_ iheh  _gb_ g_ \k_]"zZ 7
ihkdhevdm ijhoh”y hij_~_e _gguc \hajzZklghc ihjh] ~_j_\h gZqbgZ_
\h~"u g_kfhljy gZ kms_kI\_ggu_ jZaf _ju LzZdbf h[jZzahf \u[jZggu_
fheh”u b ijb fZkrlZ[bjh\Zgbb gZ iehsz”~v wlhl fhf gl "he’ _g [ulv
ijyfh_ijbf_g_gb_ ~Zgguo \ "Zgghf kemqzZ_ ijb\_"gbdyd axlMurgd glkly a
| g™ _gpby kgb  _gby ljZgkibjZpbhggh]h ihlhdz \ k_alglghf[gEf| a_
ithkl_i_gguf iz _gb_f ~g_\guo |I_fi_jZImj \ha”moZ
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JbkmghtdhkmlhqgzZy ljZgkilbj2phywd\b\Ze gl dkbe_ fgh]lh ihlhdz "e
jZaebqggh]lh GoizlZz 829, 2+825, 31667, 41502, 5477
Figure 4. Daily transpiration (liters) in sap flow equivalent for different circumference trees G
(mm): 1 £829, 2 825, 31667, 4 502, 5+477

LZ[ebpZHp _gdjzgkibjZzpbb \ e wda_fieyjh\ [_j au fZgg mjkdhc jZa¢
jZkkgblZggu_ ih aZibkyf dkbe_fghfibhgihflhelZghfbkmlhqggh_ agZq_gb_
fzdkbfZevgh_kmlhggh_ agadt gfbljZzghiifppbjpgmxs c \eZ]b aZ i_jbh”?
Table 1. Transpiration assessments (liters) for Manchurian birch based on sap flow redogis (

minimal daily value,f Z d kmaximal daily value k m f f Ziranspiration volume of chosen periods)

H[o\Z Bxgv -28 Bxev-30 \Imkl-31 K_gly[j¥31
<
N\ fbg fbg fbg fbg
"Zlgb kmff kmff kmff kmffz

ff fzdk fzdk fZdH fzd
37,4 3,80 0,30 0,03

829 5 696 | 1729 1026 | — 901
74,9 90,8 70,2 54,1
28,2 3,26 0,47 0,61

825 1 762 | 1893 1301 | 1011
87.6 101 86,5 65,4
4,02 114 0,85 0,00

667 2 385 = ] 1182 448 |~ 194
471 63,3 427 16,5
5,24 0,09 0,02 1,05

502 3 315 —’— 848 462 | T 241
39,5 455 40,8 16,1
0,77 0,14 0,00 0,00

477 4 217 e 640 281 | 126
27.9 34.6 25.4 11,8
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GZ jbkmgd_ Z ijb\_"~_gu aZ\bkbfhklb baf_g_gby™MbjZffFrj4djZgk
N j_\Z ey dZ "h]lh f_kypZ k bxgy ih k_gly[jv AZ\bkbflglud bf_x
0Zjzdl_j ijb agZg_gbyo dhwnnbpb_ &FZ ~ \lhjikgdpkbmqgZyo qlh
\hafh ghklv hp_gb\Zlv ljZgkibjZpbx ~_j \v_\ g_ ho\Zgkmgdo b[af_j
Ij_"klZz\e_gh k_ahggh_ baf_g_gb_ hlghr_gby h[t_fZ fhkeghlmc |jZ
N j_\Z GL ozZjzZdl_jbamxs__ m”~_evgmx bgl_gkb\ghklv 1ljZgkibjz
jZaf_jghklv. & fhl ]jZnbd gZ]ley®gh ~ _fhgkljbjm _| jZaebgby mkeh\bc
| _ieh]lh i_jbh”~Z dh]”Z bgl_gkb\gZy ljZgkibjzZpby k\yazgZ k \ukhdh
b \lhjhc _]h iheh\bgu dh]*Z aZlmozZgb_ \_]_ IZpbhgguo ijhp_kk
bgl_gkb\ghklb ljZzgkibjZpbb

a 0

2500 T, n 25 T/G

2000 2
R? = 0,9701
1500 R2=0/9273 1,5
1000 R? = 0,8173 1
500 R*=0,8153 0,5
D, mm
0 0
100 150 200 250 300 ioHb Uonb Asryct CeHTAbpb
MIOHb *® WMIONIb * ABFYCT * CeHTABPb 829 826 667 502 =e=477

Jbkmghdi[t_f ljZgkibjZpbb \ aZ\bkbfhklb hl "bzf_ kjZahgjgZ¥ 2bgZfb«
highr_gby h[t_fZ ljZgkibjZpbb d h[p\ZIm ~_j \Z %
Figure 5. The volume of transpiration depending on the diameter of thet{@de seasonal

dynamics of the ratio of transpiration volume to trunk circumferet(te

Bgl_j_kghc ij_~klZ\ey Iky azZ\bkbfhklv f_“Am baf_g_gb_f h

jZaebgguo nbdkbjm_fuo o0zZjzdl_jbklbd jbkmghd >eyZjZkkfz
khdh”\b* _gb_ baf_gy_Ilky hl ijbf_pgh \gh] ¥_fy ~h ijZdlbg_kdb gn
agZq_gbc \ ghgqgh_ | _fi_jZImjz \gmljb ~_j \Z ~Zlgbd <« @&Zjvbjm_
h[o\ZIl hl A h ff

ljb *hklZlhgqgh h~ghjh”rguo f_| _hjheh]bgq_kdbo mkeh\byo i_j'
ijbf_j_ 9gZ jbkmgd_ 0ZjZdl_j kmlhgguo dhe_[Zgbc kbHd  "ey

\bamZevguc ZgZeba ih~I\_j~Z | gZebgb_ \ujZ' _gghagbkyykib f_ "
agZq_gbc khdh~\b' _gby ijbgpbibZevgh kh\izAZx| kgZodKbfohZZZb
AbZf 1jZ kl\heZ gZijhlb\ fZzdkbfmfu khdh”\b" _gby k\gZ& ggbk ftz dk
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\gmlj_gg_c | _fi_jZImju ~_j \Z < 1Zdhf j_"bf_gZoh \yalh f Krdbklt
ljZgkibjzpb_c b h[o\ZIhf \ ij_~ eZo kmlhd g_ \uau\Z_| ijh[e_f b
gZebgb_f g _[hevrh]h \j_f ggh]h k~\b]JzZ \ j _Zdpbb ~_j \Z §Z \g_rg
\ha”_ckl\b_ GZijbf_j "ey wda_fieyjZ [_j_au k “"Zlgbdhf < dhwnn
ijb kljhlhf khhiI\_Ikl\bb \j_f ggh]lh rzZ]z k ih bxey

khdh™\b" _gby b h[o\ZIlZ khklZ\ey | Z ijb k™"\b]_ h[o\ZIZ gZ

KhihklZ\bfu_ j_ameviZlu ihemq_gu b *"ey hklZevguo h[t_dIh\ bkke _

sap, Kr/ua a G, MM

8 Q sap 667,4
7 W 667.2
6 667.0
: I 666,8
4

X 666.6
J

5 666,4
1 ‘ 666.2
0 Wl L 666.0

607 1307 2007 2707 3.08 1008 1708 2408 31.08

Q sap, kr/ua § T, °C

27,5

-3 00

27,0
26,5
26,0
25,5
25,0
24,5
24,0

il

(= " L N S )

!

Jbkmghdjbf_ju kh\f_klghc "bgzZfbdb khdh”\b" _gby hfbgdlZ ki\hel&Z Z
N j_\Z qg_jguc p\gmlj[_eg_c I_fi_jZImju ~_j \Z \ g_gZ]j_\Z_fhc hJe.
p\ | ”~ey ; j_ au fZgvqg mjkdhc "Zlgbd « \'i_jbh~™ k ih

Figure 6. Examples of combined dynamics example of sap flow (blue line) atttuak

13.07 2007 2707 308 10.08 17.08 2408 3108

circumference (black line)| xinner tree temperature in non-heated area (red line) of Manchurian
ELUFK V B)@WtRelperiod 6.07.19h6.09.19.
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L f g_ f_g__ 9gZoh ~_gb_ ih~h[ghc k\yab "ey \k_]h k_:
g_jzZ\ghf_jghklvx f_I_hjheh]bg_kdbo mkeh\bc gZ dhlhju_ "b\hc
j_Z]lbjm -jaaghfm Z\]mklZ ijhreb "h"*b mkeh\bc *~ey bgl_gkb\ghc
g_ [ueh qlh gZ]Jey~gh ~ fhgkljbjm_Iky gZ ]jZnbdZo jbkmghd
| fi_jZImjZ \ha"moZ azZf_Igh kgbabeZkv kmlbggwk fZ2\dhkbfgChu kgbal
b [he__ g_ \_jgmebkv gZ Ihl °~_ mjh\_gv qlh \ua\Zeh \bVaysBevgh |
lj_g~ d dhgpm |_ieh]h i_jbh”rzZ GZijhlb\ h[o\Zl ~j_\_kgh]lh kl\heZ
k\yvaZzgh dzd k ih\ur_gghc \eZ ghklvx i_jbh~zZ Z khhlI\_IklI\_ggh
ANj_\_kbgu qglh \eby | gZ baf_j gby nbabheh]bqg_kdbfb hkh[_ggtl
\hafh gufb hrb[dZfb baf_j_gbc qlh Ij_[m_I "Zevg_crbo [he \_ " _|Ze
wlhf gzZijzZ\e _gbb

<aZbfgZy "bgzZfbdzZ baf_j gguo \ g _ihkj_~klI\_gghc [edadklb h
0ZjZd!l_jbklbd b khdh”\b" _gby jbkmghd ihdZau\Z _| bo tthkkzZlhqg
1-gZkh\uf jZzaj_r_gb_f \ p_ehf ih\lhjyxl oh” *jm] ~jm]Z

25 Q sap, Kr/4 Braxxraocts moussr, o 0,40
I' moussr, °C

0,35

20
0,30

10 : \ 0,15

10

: M’UUUMLMMJ |

.04.07 12.07 20.07 28.07 05.08 13.08 17.08

JbkmghdabgzZfbdZ baf j gguo ihg\_gguo oZjzZdl_jbklbd b khdh”\b" _
[_i_aZ fZgvq mjkdZy ~Zligbd < k@dg2dp elgpby =+
djzkgZy eblghhiy pZImjZ ihq\u gZ ]Jem[bg_ k f
]Jhem[Zy b hjzZzg _\ZyeEbglblblvt gZ Jem[bg_ b kf khhiI\_TkI\_g
Figure 7. Dynamics of the measured soil properties and sap flow, 1-hour time step, Manchurian
birch (sensor< % O D F Nsap tlovHed linetsoil temperature at 15 cm depth, blue and
orange linexsoil humidity at 10 and 20 cm depth respectively.
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Lhevdh gZbgmlghf rzZ]_ \b”gh g_[hevrh_ aZiZa™u\Zgb_ |_
o0ZjZd!l_jbklbd dzd hldebdzZz gzZ \g_rg__ f_ | _hjheh]bqg_kdl_ \ha”
kbgojhgghklv h[tykgy |ky g [hevrbf aZ]l]em[e_gb_f ihg\\gghdzZyZIgb
kd _e Ighklv ihg\u b dzf _gbklhklv ~zZ" kgfZ glemhphmgdheyx| [_ahiZkg
mklZgh\blv khhI\_IklI\mxsb_ k_gkhju

AZdexqg_gb_

lj_ ~ezZ]Z fuc ih*oh” hkgh\hc dhlhjh]h y\eyxlky ijyfu_ baf_j
ihlhdz \ klI\heZo 7~j_\hklh_\ \ khklzZ\_ dhfie_dkgh]h ]b~jhf_|_hjhel
[hgbl_Igh]h fhgblhjbg]Zz \ ij_~_eZo wdki_jbf_glZevguo j_qguo [
\hafh ghklb h[t_dlb\gh]h hp_gb\Zgby \dez”~Z w\ZihljZgkibjZpbh
\h~gh]h [ZeZgkZ \ ij_~ eZo wlbo [Zkk_cgh\ \dexg_gbw wlbo
\h*h[ZeZgkh\u_ jZkq_lu b izZjzf_ljbazZpbx ]b”jheh]bqg_kdbm _fh"_e_
ihalhebl \uclb gZ gh\uc mjh\_gv hibkzZgby ijhp_kkh\ \ezZ]hh[hjhlZ

GZ gZqZevghf mjh\g_ bkke ~h\Zgby [ueZ \uiheg_gZ kbkl _f
bf xs ]Jhky azZ” eZ gZmgguo ]jmii aZgbfZxsboky pdajkKkldhd ba
\k_klhjhggbf ZgZebahf ihemqgzZ fhc bgnhjfZpbb Z 1Zd _ hk\h _g
f Th"bq_kdzZy hkgh\Z ih \uiheg_gbx gZlmjguo baf_j gbc kl\heh
Baf_jbl_evgzZy kbkl_fguerz6\\_~ _gZ \ khklzZ\ \h*"gh[ZeZgkh\uo baf_j.
gZ wdki_jbf _glZevghf [Zkk_cg_ | ljZ\Zy Khdheh\dZckdB&]h[Za _
[bh] _hp_ghlbg_kdh]h klZpbhgZjzZz NGP ;bhjZaghh[jZaby ><H J:G b
gZqZevgu_ j_amevlZlu ZgZebaz jZkoh”h\ dkbe_fgh]lh ihlbdz iyll
fzgqg mjkdhc \ ij_~_eZo \h~hk[hjZ jmq ;_j_ah\uc

HleZ  gu ijhp_~mju h[jZ[hldb k_jbthkkfZghdbcgb_ ijhims_gg!
agZg_gbc kj_adb nbdlb\guo jZkoh”~h\ \ ghggh_ \j_ iy k<jbjbame
gZ[ex™_gbc \ |Ij_o nhifiblzolgh]lhqglZkh\h]h jZaj_r_gby kmlhgghc km
ljZgkibjzpbb \ i_jbh” k bxgy ih k_gly[jv k mq_IlhKokj" Ra\d bh inbddd b\ gy ¢
dZz ~h]lh ~_j \Z qlh ihalhey_ | hp_gb\Zlv 0ZjzZzdl_j bo ~bgafbdb \
fZzkrlZ[Zo <uiheg _gu hp_gdb ihlhdh\ ljZgkibjZpbb 7~ey dZ ~h]h
aZ\bkbfhklb ihdZaulZxsb_ baf_g_gby ljZgkibjZpbhggub_ghgllh@ h\ \
fZkrlZ[Zo b h[mkeh\e_gghklb hl \_"msbo nzZdlhjh\ < i_jki_dlb\_ h°
gZdhie_gby nZdlbg_kdh]h fZI _jbZeZ ithbkd hilbfZevguo f_IhAt
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ithemqgq_gguo ~Zgguo gZ |I_jjblhjbx fZeh]h j_qgh]lh [ZKkk gg@wo b \h

[Zkk _cgh\uo hp_ghd \ izZzjzf_ljbaZpbx ]b*jheh]bq_kdbo fh*_e _c¢
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WDHEH=BQ?KDB? 1OH]E?2FUIB HIEKIGHKLB!I<
ECOLOGICAL PROBLEMS'ANDIHAZARDS
IN THE HYDROSPHERE

M > B04.1:504.9 DOI: 10.347534S.2019.1.4533
WDHEH=BQ?KDB? IHKE?>KENVIRONMENTAL IMPACT OF

BKIHEVAH<:GBY F:EUO JUSING SMALL RIVER FOR LOG

>EY FHE?<H=H KIE:<: DRIVING
: X <bgh]jZ**h\L : <bgh]j2~h\Z Alexey Yu. Vinogrado¥?,
F FDZ"ZpdZyB KZahd&hkzZz OVlZez\ Tatiana: Vinogradovas
Mariya M. Kadatskays
Svetland. Sazonovg Sergey V. HvaleV
'HHH GIH ©=Db”jhl_oijhAld®Zt !Scientific and Industrial Research Asso
JhkkB¥KZgdl | _j[mjlkdbc Jhkm*, ation Gidrotehproekt, Valday, Rus-
guc e_khl _ogbg_kdbc mgXgjkl sia;??Saint Petersburg State Forest Tect
| 1 _j[mj] JhRKIygdl | _j[mjlkdl nical University, St. Petersburg, Russia

]Jhkm~ZjkI\ _gguc mgb\_jkbil | 3St. Petersburg State University, St. Pete
I jImj] Jhkkby burg, Russia
gd@npogtpru gd@npogtp.ru

'gghlZpbyjzZ[hl_ jZkkfZljb\Z _|I Abstract. The paper considers the issue
h \ebygbb fhe \h]h kiezZ\Z gZ thelogdiving effect on the ecological stai
khklhygb_ ~ fZeuo j_d b bo ofsmallrivers and their catchments. Th
ljh\_"~zgZgZeba h[klhyl_evkl\ are analyzed the circumstances leadinc
ijb\_eb d azij_Im fhe _\h]h ki« the prohibition of the log driving and tt
ihke ~kl\bc wlh]h j_r _gby 7e consequences ofthis decision for nature
g_eh\_dz man.

Hp_g_gu hkgh\gu_ fhf_glu dZ¢ The main points of both positive and ne(
ghlh 1Zd b hljbpZl_evgh]h \el tive effects of the log driving are evaluat
kiez\Z b ij_"eh” _gu dhgdj_lgu_ and specific steps are proposed for reduc

the chemical and mechanical pollution

<bghl]jZz~h\ : X <bgh]jZ*"h\Z L : DzN"ZpdZy FZEz\ KXMachigehl b &_ B¢
ke "~kl\by bkihevah\zZgby fZeuo j_d "ey=fhvghkm]hj Xiej\ithbgkbby\e gt ~
2019. L <u#. K533554 DOI: 10.34753HS.2019.1.4533 53¢
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" _gbx obfbg_kdh]h b f_o0Zgbg_ waterbodies. A general conclusion is m
gby \h*guo h[t_dlh\ K" _eZg I that the damage to ecosystems from
lhf qlh \jJ_~ wdhkbkl_fZf hl fh drivingis not as great as is it commonly |
g_ klhev \_ebd dZzZd ijbgylh k lieved. There is proposed specific reclan
" g dhgdj_Iguc ieZg f_ebhjzZlb tion plan with the aim of improving the re
p_evx memqr_gby j_dj_Zpbhg reational capabilities of small rivers, purif
kl _c¢c fZeuo j_d hgbs_gby \h”u ing water, improving the condition of tr
klhygby e _kgh]h nhg”Z aZzZ kc forest stock by reducing the flooding of |
ih~lhie_gby | _jjblhjbb territory.

AZljhgmlZy ijh[e_fZ dZkZ_lky The affected problem concerns both -
fZeuo j_d 1Zd b [m"ms_]h e_ condition of small rivers and the future
ghc hljZzkeb b kl\yaZggh]h k wlt the logging industry and the related dev
ezgguo jZchgh\ dhlhju_ \ gZI| opment of outlying areas that are currer
bkiulu\zZzxl [hevrb_ "~ fh]jZnbqg_ experiencing large demographic and e
ghfbg_kdb_ ijh[e_fu [Ijb\_"zgg nomic problems. The arguments preser
Zjlmf_glu ihdZau\Zxl qlh \ b bythe authors show thatin a nowadays €
wdhghfbg_kdhc kbImZpbb aZ nomic situation, the prohibition of log driy
kiez\Z wdhghfbg_kdb g_ \u]h” ing is economically disadvantageous ¢
AN g Hg ij_iylkl\m_I| ~Zevg_cr_ even harmful. It impedes the further dev
[ _jjblhjbc IJmkkdh]h K_\_jZ K opmentthe territories of the Russian Noi
g _]h <hklhdzZ =bihl_Ibg_kdbc Siberia and the Far East. The hypothet
fuc ijbjh~_ fhe \uf kiezZ\hf g_ damage to nature by log driving is not co
| _fbihke ~kl\byfb dhlhju_ hIf_« parable with the consequences that caus
amevlZl_aZimkl_gby h]jhfghc a result of the desolation of the huge te
kbb GZzZ k_]h~gyrgbc ~_gv gZ[e tory of Russia. There are a confirmed «
g _kdbc miZz~"hd wdhghfbdb 2 _] clineinthe economy, the come-down of
nbq_kdhc kblmZpbb bditeybi{ demographic situation and socio-cultu
bgnjZkljmdlmplZkljhnbg_kdZy infrastructure today. Over the past deca
kdez”u\Z Iky ihke_"gb_ " _ kyl the catastrophic situation has developec
liZnbb AZmjZevkdbo j_]bhgh\ L the demography of the Trans-Ural regic
Kb[bjbD kh Ze_gbx h]jhfgh_  and other regions of Siberia. Unfortunate
jm~rgbdh\ b-hijhdEIbl_evguo dhf the great number opened in recent dece

Vinogradov AYu., Vinogradova T : Kadatskaya M.M Sazonova S.|Hvalev S.\/ Environmental impact
of using small river for log drivingHydrosphere. Hazard processes and phenom2@a9, vol. 1, iss. 4
534 p.533554(In Russian; abstract in Englis)Ol: 10.347534S.2019.1.4633
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hlidjuluo \ ihke_"~gb_ "~ kylbe | mines and processing plants are not
lZgu gZ ihklhyggh_ ijh b\Zgb_ signed for constant abode of the populati
e_gby Ilhkzedb ijb 1Zdbo ij_"ij Settlements near such enterprises ha\
\j_f gguc klZImk >ey kizZk_g temporary status. Only the logging a
hklZzlky lhevdh e _khaZzZ]hlh\bl wood processing industry can save this
] _JZ[Zlu\ZxsZy hl|]BwéNfm dhfie¢ uation. So, an integrated approach to
guc ih*oh” d ijh[e_f_ fhe_\h]h problem of log driving can facilitate a ne
kihkh[kI\h\Zlv gh\hfm wlZim jZ development stage of outlying areas.
guo | _jjblhjbc

Dexq_\u_ kelh&_\hc kiez\ Keywords: log driving; small river; envi-
j_db aZ]jyag_gb_ hdjm’Z«sklt: ronmental pollution; logging industrgco-
Ihih\bl_evgZy hljZzkev wdheh] |ogical status of small riveysvater catch-
gb_ fZeuo j_d \h~hk[hj ment.

<\_"_gb_

Ihke _"~gb_ "~ kylbe Iby ijbgylZ ZzdkbhfZ qlh bkihevah\Zgb_fh
g_ihijZ\bfuc ms_j[ hdjm Zxs_c¢ kj-~ deKKkzZd kj _~g_c rdheu mgZ

ij_ihrZxl bgnhjfZpbx >=_h]jZnby @ h Ihf qglh fhe_\hc Kie
g _jZpbhgZevghfm ijbjh~rhthevahjZ\egyx | j db JZkkfhljbf wim ijr
ih"jh[g__ b hp_gbf hi\_gz | eb azij_| gZ g_]h kh\j_f gguf

wdhghfbq_kdbf Ij_[h\Zgbyf

G _jZpbhgZeMgh”~hihevah\Zidgb] [bl_evkdh _ bkiheyajhVZogio
j_kmjkh\ ijb\h~dysbo bklhs _gbx b h[jZah\Zgbx [hevrh]h dhebqg_k
mom”r_gbx wdheh]bg_kdhc h[klZgh\db b dzZd ke _"klI\b b mom-
gZk_eZghby

Hp_ _gbf az”"Zgm k jZaguo lhg_d aj_gby \i_j\mx hg kmtk wdhe

! ijbf_jh\ jZpbhgZevgh]h b g_jZpbhgZevgh]h>Mbeha hithgeged {Z § myj k @ Rdhevgu
gby FRIPrz_f ~hfZrg__ azZ”Zgb_ htpsdtknan@ascom/task/17785702Z1Z h[jZs_gby 19).
Dzlzeh] az*Zgbc AZzZ~Zgby ~ey ih”]lhlh\db >We_dljhgguc jakmilg®@y h?e Wi j_r]_
gby H[mqgZxsZy kbkl _fZz ©J?RM ?=W?2 URLb httpg//gemexe gdamgiavtest?theme=%20154/

NZI1Z hl[jZs_gby

2JZpbhgZevgh_ b g_jZpbhgZevgh_ ijbjhfhiihewad\dgihgguc j_kmjk@ |_HFHRVWXG
nby b ]_h]jZnbq_kdiRL: gtipgedstudywu/natureuse.html*Z1Z h[jZs_gby
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Wdheh]wlhtgZmdzZ h \azZzbfhhlghr_gbyo f_"~m "b\ufb hj]l]Zgbaf

h[blZzgby >1Zgbg K_qgqbg N_7~hkh\Zz @ Ijb wihf fu bf__f \y\b"m
gbdh]~Z g_ y\leyxlky wkk _gpbZevgufb ih hlghr_gbx « d Z#yh~ghc
;jxoZgv IhlZih\ @ Ih _klv \k_]J~Z \ IThc beb bghc kl_i_gb baf_g

=b”jheh]by km#ZmdZ bamqgZxsZy ih\_joghklgu_ \h?u \ gZr_-
j_db y\le _gby b ijhp_kku \ gbo ijhl_dZxsb_ >;jxo0Zgv u_ @ be
ijhp_kku b y\e _gby gZ a_fghc kmr_ ijhbRbh rysdb k Nhdiclb _f \h”u
\dexqZy kn_ju ]b~jhobfbb b ]b”Ajh[bheh]bb ><bgh]jZ”h\ @

GZ k_]h~gyrgbc ~_gv fu bf__f iheguc aZij_| fhe_\h]h kiezZ\Zz
Jhkkbb J r _gb_ h azij_ | fhe_\h]h kiezZz\Z \\h”behkv ihwlZigh
IhklZzgh\e _gb_f Kh\fbgZ JKNKJ « [ueh ijbgylh j_r_gb_ ©OH ij_dj.
kieZ\Z gZ j_dZo b \h”hzfZo JKNKJ& KlZlvzc <« N ckl\dxs _]h
Jhkkbckdhec N_~ jZpbb hl ]hrz ©«fhe_\hc kiez\ ~j_\_kbgu
azZij_sZ _ lky?

Ihkdhevdm ©\ Jb”jheh]bb kmrb « bf_ _f ~"\Z bkoh”guo hkgh\guc
\h~hk[hjZ2 ><_ebdZgh\ @ Ih ih~*h[guc aZij_I| kdZau\Z_Iky \_a”™

Wdheh]by \hAhk[hjZ

1. 1_j\zy dhfihg glZ wdhkbkl fu j gghdhefhZké cdizd tkm[t_c
wdheh]bg_kdhlh pbdeZ gZ \h~hk[hj_

Hkgh\gh_ gZijZ\e _gb_ ohayckl\_gghc ~_ yglZlk vagokd b ok ira g K titb\
Jmkkdh]h K_\ _jZz Kb[bjb b >Zevg_ ]h <hklhdZ jZg__ Jueh
e _khaz]lhlh\bl _evgmx hljZkev \ kbem jZkiheh  _gby blw lgZeykjdHZo
ohayckl\h gbdh]”*Z g_ [ueh jZa\blh Z ijhfure_ggu_ ij_"ijbylby Jue
ihke _~gb_~ kylbe |Iby jZ\gh dZd b [hevrbgkl\h bgnjZkljmdImjguo

©H”bg lhevdh azij_| fhe_\h]h kiezZ\Z ijb\ze d\dibaebhkmZa e Kkt
q_]h jmogmeZ \ky e _kgZy ifhfHtemdgklnklvajZ[hgbo f_kl ijb\h”b
wdhghfbg_kdhc klZ]gZpbb b m]Jg | _gbx ihimeypbbu® lehjbldgbgyd jZk

GZ k_]lh~rgy \ MjZevkdhf Kb[bjkdhf b m2Zevy@d@eMgwbqgbtdim]Z
(13230luk dfijh b\Z_| hdheh fbeebhgh\ g_eh\_d

350Zjblhgh\ <Y <hajh”~bf eh’kgikfiefZé _kgmx ijhfure_gghklv >We_dljhgguc j_kmjk¢
\hklb « Z\ImklZz ] lj_kkZz :joZgyRle tkpd/ladphelsgizlkdtov/2007/8/27/11.shtml
NZ1Z "hklimiz
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>ey kjz\g_gby \ ijb]jkgbdghkg_\hklhggufb jhkkbckdbfb j_]

"bgZfbqgh jZa\b\Zxs_cky dblZckdhc ijh\bgpbb Gwijdmm\@Zayghe luk
fbeebhgh\ g_eh\ _d

ljb wlhf kqblzZz_Iky qglh khk_"klI\h k [mjgh jZa\b\Zxsbfky Dt
leZzq_\guo wdhghfbqg” kidpZnbq_kdbo ihdZaZl_eyo AZmjZevkdbo j
klIZ\bl \hijhk h ijh[e_f_h[_ki_q_gby gZpbhgZevghc [*.ahiZkghklb g

Lh klv \k_]h h*bg dZaZehkv [u |Zdhc gbqgqlh ' guc rZ] dZd a
\_7"zd wdkiZzgkbb kh klhjhgu Z]j_kkb\gh]h khk_~"Z

Qlh dzkz _Iky ~ _fh]ljZnbb AZmjZevkdbo j_]bhgh\ |h kbymZpby
AN ckli\bl_ewgegtz"u\Z _|ky dZlZkljhnbg_kdZy

Dhebqg_kl\h gZk_ezgguo imgdlh\ k gbkehf "bl_e ¢ [he_ _
\hkklZgz\eb\Zhethdhhba\h”kl\h khdjZlbehkw gad\ilhke\dgZ
|Z[ebDZz

LZ[ebpZQbkeh k_evkdbo gZk_ezgguo imgdlh\ k gbkehf “bl_e_c [he.
Table 1.The number of rural settlements with a population of over 100 people

=h”u 1959 |[1970 |1989 |2002 |2010 |2019
Dhebqg_kl\h gZk_ezgguo |114,0 | 91,2 60,0 55,2 50,9 45

< lh " \j_fy dhebqg_klI\h [_ajZ[hlguo gZ \ZzdZgkbc \ IZdbo |
n_~ jZevgh]h hdjm]zZz dzZd J_kim[ebdZ Lau\hkhdkZindgbdZ :elZc =
1004q_eh\,_ &h\hkb[bjkdZy h[eZkly_eh\LdhfkdZy h[eZklv gt eh\_d
BjdmlkdZy h[eZkdv eh®\ d

4KljmdImjz aZgylhklb gZk_e_gby Kb[bjb \ k\_I_ j_ ]mhafbdhghd'zy iegklhEggihdez”
klZz\e_gguc gZ djm]ehf klhe_ ©KljmdImjZ azZzgylhklb gizjibpgh\gmb Kb[gkbhdgdhlh pZ
dhgh”zl_evklI\z2 ijhr_~r_f \ ;ZjgZme_ fzy _kimjk®e_dBbgbhjpf&gbhggh_ Z]_g

DjZzkgZy <_kgHtpsSS/Bdssaprimavera.ru/article/1ae786f1Z1Z ~hkimiZz

Qbkeh k_evkdbo gZk_e_gguo imgdlh\ b ihk_edhZ Jlhklybk ZhVhyl bi® djhdVhlegguc j_k
> fh]jZnbq_kdb_ blh]lb i_j\h]h ihem]h~by ]h*ZH X ®l\v-<, > Z Y hrkHlh4

k_gly[jy URL: http://www.demoscope.ru/weekly/2011/0475/barom03.phZ 1Z h[jZs _gby

8 KljmdImjz azZgylhklb gZk_e_gby Kb[bjb \ k\_I_ j_ ]mhafbdhghg'zy _iegklhBEggihdez”

klZ\e_gguc gZ djm]Jehf klhe_ ©KIjmdImjzZ azZgylhklb_qakflejhdBbgbkbi[bglbhlg\gHlhja

dhgh”zl_evklI\z2 ijhr_~r_f \ ;ZjgZme_ fzy _kimjk®e_dBbgbhjpf&gbhggh_ Z]_g

DjzkgZy <_kgHtps/Bdssaprimavera.ru/article/1ae786f1Z1Z "hklmiZz
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< hlghkbl_evgh [eZ]hihemqgghc Gh\hkb[bjkdhc h[eZklb ijb
hnbpbzZeghe¢Z[hIb\Aa96] \ jZzaf_j_ gbkeh [_ajZ[hlguo \ k_evkdh
"hklb]zZeh >Nz~ \Z @ ih Mm]bf *kZg)@uf &+ lhidh\ @

Fh gh dhgklzZlbjh\ZIv qlh j _ZevgZy [_ajZ[hlbpZ ij_\urZ_1| hn
[he__ jZa

Gz J®jhkl [_ajZ[hlbpu \ Gh\hkb[bj& kihdkIZ)\dZklb Bkoh”y
ba wlbo pbnj fh gh ij_"~iheh blv qglh j_Zevgh \ h[eZklb [_ajzZ[hl
"bl_ev Ke_"h\Zl _evgh \ khk_~gbo [he__ 7~ ij_kkb\guo j_]bhgZ
kbimZpby kdezZ”u\Z_Iky sz om _

< wlhf dekg_"m_1| hkfukeblv keh b\r__ky iheh  _gb_-hkhij_"eh
j_Zevgu_ \uoh”u ba "Zgghc kbImZpbb

GZ k_]lh~rgyrgbc »~_gv \hkklZgh\e _gb_ "bagb \ wlhc ijbjh~ghc
\'i_j\mx hqg_j_"v k *h[ug_c b h[h]Zs_gb_f jm~guo bdhiiZzb\guoZihe
lzd"_ e_kghc hljZkevx

D kh"Ze_gbx [hevjmbggb\dhh\ b-hHhdEIbl_evguo dhf[bgZIh\ hldjt
\ ihke_"*gb_ "~ kylbe Iby g9_ jZkkqgblZgu gZ ihklhygghe ighyb\Zghb
lhkzedb ijb IZdbo ij_"ijbylbyo bf_xI \j_f_gguc klZImk

>ey kizk_gby iheh™ _gby hklzZzlky lhevdh e_khazlh
e _khi_j jZ[Zlu\ZxsZy hljZkev

< kljmdImj_ \Zeh\h]h j_]bhgZevgh]h 4pH*ng&llzfhéZe jZat\blh]h
ijhfure_gghf hlghr_gbb MjZevkdh]h n_»~_jZevgh]h hdjm]Z e_kgh_
aZzgbfzZeh \k_1]h glh khklzZ\eyeh hl "h[uqgqb ihe_aguo bkdhiz_fu

?keb d dhgpom 1h”*h\ ijhreh]h \_dzZ KKKJ azZgbfze \lhjh_ f_Kkl
wdkihjlm ~j_\_kbgu mkIimizZy i_j\_gkl\h ebrv KR: |h \ j amevlzZIl_
Jhkkby i_j_ f_klbezZkv gZ f_klh \ fbj_ ih wlihfm ihdZmaltekzfH[sZ

e_khaz]lhlh\hd \ Kb[bjb aZ ihke_~gb_ e_lij_"klz\e_gZ \ |Z[ebp_
LZ[ebpzZH[tzfu e_khaZPhltegdfDbjbeeh\ Ebibg Khdheh\ @
Table 2.Logging volumes, min. &{Kirillov, Lipin, Sokolov, 2009]

=h”u 1913 | 1925 | 1940 |1960 |1968 | 1998 | 2000 | 2003

H[tzfu aZ]hlh\h| 3,9 3,6 52 91 120 23 39 43

"Of_e_\kdZy H @blv klZeh keh g__ \ Gh\hkb[bjkdhc h[eZklb gughkekm[k& Z[hlk
Gh\hkb[bjkd HgeZcg b x & yhttps//newBrigsu/more/65157441/~Z1Z h[jZs_gby
8 LZf
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Ba\_klgh qlh k jZkiZ"hf KKKJ jhkkbckdbc e_khijhfure_gguc c
©]em[hdhf kljmabrmpghibg_kdhf djbabk_ ihke_~kI\by dhlhjh]lh g_ i

k JThrgyrg_]h ~gy2® >R_] _evfZg @ ©O>hklZlhgghl]kdedaX|vh™gZh
BjdmlkdZy h[eZklv aZ]hlh\eyeZ "j_\ _kbgu \ jZazZ [hevr_ qg_f
Kb[bj%2

Ke_~h\Zl _evgh e_khazZ]hlh\bl_evghc b e_khi_j jZ[Zlu\Zxs_c
jZa\b\ZIvky

Gh wlh jZa\blb_ iheghklvx aZ\bkbl hl gZebgby "hjh ' ghc bgnjZ

HArgZ ba hkgh\guo ijbgbg f_"e_ggh]h hk\h_gby [|I_jjblhjbc at
K \_jZ Kb[bjb b >Zevg_ JheZhphikklhdZauwlb_ "~hjh 'ghc k_Ib >Z"_ \ ?\]
gZklb kljZgu ]~_ iehlghklv Z\lh~"hjh] gZb[he_ _ \ukhdZy hgZ g_ i
f IjZz gz ]1_dlzZzj "~hjh]b \k_o dZIl_]Jhjbc \dexgZy n_" _jZevgu_ Z
0,85ih]lhgguo f _1jZz gZ® ]jdlZhgZevgu_ b f _klgu -92hdBA]lb]hjdbc b
\_~hfkl\_ggu_

< p_ehf klZlbklbdZ aZ ihke_"~gb_ ]h”u \u]Jey”bl ke_"mxsbf h]J

LZ[ebpZljhly zgghklv”® jZevguo b j ]JbhgZevguo ~hjh)\ \khlokkiz| ]h
lukdf!

Table 3.The length of federal and regional roads of all categories in Russia, thousand km
=h”u 1990 | 2004 | 2008 | 2013 | 2018
ljhly zgghklv luk df 592 |598,6|570,7 | 553,5| 564,7

Dzd \b~gh ba IZ[ebpug "hklZlhgghc i_j\hgZqZevghc iehlghk
Jhkkbb m[uev n_" jZevguo b j_]bhgZevguo “hjh] \k_-0 dZ]] ]hjbc
khklzZ\beZ

M\ _ebqg_gb_ ijhly zgghklb ~hjh] \ ihke_"gb_ ]h”u iha\hey_
| g~ _gpby kehfe_gZ bahZgAddkhdhc klhbfhklb b [hevrhc Ijm~hzfc

S Kmoh~heh\ : E_kgu_ j_kmjku Kb[bjb b wnn_dlbyghk®GZ madbkiKéybjbzZgb «

H j_jki_dIb\Zo jZza\blby k_Ib Z\Ihfh[bevguo *hjklkdB&cl NjBlhjjbpbbhkk®ijZz\bl_evkl
ghfm gzZkm?a \ jZflhZzazZk_"Zgby Kh\_IZ N_"_jZpbb N_"~_jZevgh]lh Kh[jZgby Jhkkb
n_\jZey ]h*rZ >We _dljhgguc j_kmjk@ :gZeblbt_Rigbev\_klgbdgZeblbqg_kdh,
mijZ\e_gb_ Hizjzlz Kh\_1z N_"_jZpbb N_"_jZevgh]h kh[jZgby JhkkE
URL: http://council.govtu/media/files/4183c2113€9d34213gpdf ~Z1Z h[jZs _gby019)

ljhly  _gghklv Z\Ilhfh[bevguo “hjh] h[s_]h ihevah\Zgby dhNkm[jZgdhadf IWlek bddkhidigu
j_kmjk@ N_~_jZevgZy kem [Z Jhkm”ZJRUL\ wong.bksrifr@d dddred/bsite/business/trans-
svt2-2xls ~"ZI1Z h[jZs_gby

npze
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kljhbl_evkI\Z Ijm~gh jZkkgblu\Zlv gZ m\_ebqg_gb_ |_fih\ kljhbl_ev
thevah\Zgby
;he__ Ihlh kh]J]eZkgh >Khdheh\Z b *]j @ gbkeh ~hjh]
ghjfzlb\guf Ij_[h\Zgbyf aZ i_jbh”" k ih ]h~ \ujhkeh k “h
LZdbf h[jZzahf ijboh”blky fbjblvky k I_f qglh iml_c ey i_j_\h

ANj_\_kbgu g_I b\ hfhajbfhf [m"ms_f g_ [m”"_|I
< KKKJ e_khaz]hlh\dZ [ueZ hjlJ]Zzgbah\ZgZ ~hklZlhggh wnn_
kj _~gbf j_dzf hkms_kl\eyeky fhe_\hc kiezZ\ ~Ze_ _ ih djmiguf
ijhbal\h~beky iehlh\hc kiez\ ~h i_j_ jzZ[Zlu\Zxs_]h ij_"ijbylby
jZkiheh™ _ggh]lh \ mklv_ j_db
AZij I fhe_\h]lh kiez\zZ ijb\ze d k_jvzaguf ijh[e_fZf m e

K1965ih ]h~u h{tzfu e_khkieZ\Z mizZeb \ jZa->ghc¢igbgeh]lh @ <
\ dZ ih j_dzf kiezZz\eyehkv ~h \k_c aZ]hlh\e_gghc ~j_\_Kbgu ij
[he fre \uf kiezZz\hf hdhéhkiehkd b f_g_ gZ km~"Zb >=Zckb

E_khazZ]hlh\bl _evgu_ hj]J]ZgbazZpbb K_\ jZ b AZmjZevy hdZe
ljZgkihjlguo Zjl _jbc Z h]jhfgZy qZklv e_kgh]h nhg”Z hdZaZeZ
ihlj _[bl _ey < wlbo j ]bhgZo h[tzfu kiezZ\Z b dzZd ke_ _"kl\bb h[tzf
"h fbgbfmfz

2. <lhjZy dhfihg _glZ wdhkbkl fu j ggh]h [ZkkkcgZ ahgu 1Zc]

E_khkujv_\u_ [Zau ijbfudzZxsb_ d kms_klI\mxs_c¢c “~hjh ghc
ihklhygguc i_j_jm[ jZkgzlghc e_khk_db Gbadhiheghlgu_kgy2akz " _

j_amevlzZl_ i_j_jm[h\ ihA\_j" _gu \_ljh\zZezf ihg\u \ j_amev
ljZgkibjZpbb i_j m\eZ gyxlky 1ijhbkoh”~bl aZ[hezZgb\Zgb_ qlh ijb\
]b[_eb ~j_\hklhy Ihke_"g__ ijb\h”Abl d gZjmr_gbx \h~gh]h [Z

m\ _ebqg_gbx kdhjhklb ijhoh " gby \hegu iheh\h”"vy b dzZd ke_
gZ\h~rg_gbyf < i_jbh” f_" _gb mjh\_gv ]jmglh\uo \h” iz~Zh\l ijhb
e_kghc jZzklIbl_evghklb b "b\hlguo

< f_klZo 17_ hlikmlkI\mxl ~hjh]b e _kghlh nhg~z \ j.
| _jjblhjbyo Jmkkdh]h K_\_jZ Kb[bjb b >Zevg_]h <hklIhfj2a khkigzZy
\uiz~zZ | gz f_kl_ qglh kihkh[kI\m_I jzkijhkljZg_gbx [he_ag_c

ihke_"kl\byf hl ih"Zjh\ b IZd *"Ze__
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ljbgbfzZy \h \gbfigohgpbi g_jZklhgbl_evgh]h ijbjh*hihevah\zZgl
g_"h[bjZ_| hdheh 3~jfagklfigu \ ]h~ qglh iha\hebeh [u kha”ZIlv *“hihec
luk jZ[hgbo f_klI b h[_ki_qgblv fej jm[ “~hihegbl_evguo ihkl

J_axf_

Baf_g_gb_ wdhkbkl_f hlkmlkl\b_ jZ[hgbo f_kl \ hl*"Zezgguo
fZkkh\hfm hllhdm gZk_e_gby k k_evkdbo |_jjblhjbcpblykkbkdjZzggmlj
ijbh[j_eZ ihbklbg_dzlzZzkljhnbqg_kdb_ jZaf_ju b wlhl ijtvpl high flord[lib | _ ¢
kljZgu

lh "ZggudhkklZlZ ihdZaZl_eb \gmlj_gg_c fb]jZpbb m\_ebqgb\zZ
]h~Am fbeebhgZ g_eh\_d kf_gbeb f_klh "bl_evkl\Z |Ih \ m _bo dh

fbeebhgz 2z \ freebhgZ < hklzZ\ey fuo j_]bhgZo gZ[ex"Z Ik
miZ~hd wdhghfbdb N NjZNZpbge impgBevdglgnjZkljmdIimju glh \
"Zevg_cr_fm h[hklj_gbghwtdpbbHEEwg_kdbo ijh[e_f b ij_"klZ\ey_ | k
ml]jham \ [m"ms_f"MQ@kzjZinc X Djmegmj_ZI ij_fbb ij_ab”_glZ Jhkk
h[eZklb h[jZzah\Zgby \ihjfinrsegitfdtiheghfhqgh]h ij_~klZ\bl_ey ij_ab”_¢
\ >Zevg _\hklhqghf n_~ jZevghf hdj@g_hkdZghdbfugltb g dhgljhebjm
jhkl Fhkd\u& b jy*"Z “"jmlbloeldihggbdh\ ©gZ nhg_ himklugb\Zgby h]
kdmdh b\Zgby hklZevghc |_jjblhjbb Jhkkbb ij_\jZlbeky aZ ihke_"i
hiZkghklv b ijh[e_frt kljZgu?

3. Lj lvy dhfihg glZ wdhkbkl fu | qgighlh [Zkk _cgZ +

Qlh[u hp_gblv \ha”_ckl\b_ gZ wdheh]bg_kdmx kbkl_fm |
nhjfZevghfm ih\h*m azij_|Z gz ijh\_~ gb_ fhe _\h]h kiez\Z

1h\h*"©< j_amevlzZl_\ha”_ckl\by fhe_\h]h e _khkiez\Z b ~hin
]Jim[uo gZjmr\lgYoch]h aZdhgh”Zl _evklI\Z j adh kgb Z Iky beb ihegh
"bag_"_yl _evghklv j_ d HKh[_ggh [hevrhc ms _j[ gZghkblky ju[ghfm
\h~*hkgZ[ ' _gbx >Z"_ ihke_ hqgbkldb \h~u dzZqg_kI\h _Z.g_ khhI\_Ikl\r

LZdbf h[jZzahf ih\h” d aZzZij_ Im fhef\bYXgbkgedhA +b obfbqg_Kk
aZljyag_gb_j _d hloh”~Zfb e_khkieZ\Z

2 Jhkkby FZkkh\Zy \gmlj_ggyy fbljZpby m]jh Z_| [mgus_fimkhkjjkz@gu HWe_kl\hg
BghKFB<k_ qlh “hklhcgh WREL: httpdZinosmi.ru/social/20171016/240526196.htmMZ1Z h[jZs_gby
15.11.2019)

BlhklZgh\e_gb_ Kh\_1Z Fbgbkljh\ JKNKJ hl _djZs «<gbb @mheij\h]h kiez\Z e_kzZ gZ
b “jm]bo \h*h_fZo JKI&J?2 F
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1. Kijz\_~eb\h kgblz_Iky gqglh ijb fhe_ \hf kiezZ\_ g _dhlhjZy
| jy_Iky \ ijhp_kk_ "~\b " _gby hl \_jog_]h e_khkdez~zZ d f_kIm
ANji_\_kbgu ba jmkeZ j_db >hey ihl_jv ijb wlhf hp_gb\Z Iky \ h
kiez\ey fhc ~j_ \_kbgu beb [heh gZrfeeghp _gd_ g_ f 3g az i fibod#
1925- 11 >FmjZrh\Z @

2. :\Zjbb gZ ]1b~jhl_ogbg_kdbo khhjm ™ _gbyo b IjZgkihjl_

3. <u”_e_gb_\j _"guo \_s_kI\ ba Jgbxs_c¢ *j_\_kbgu

JZkkfhljbf wlb g_]ZIb\gu_ nZdlu ihke_~h\ZIl_evgh

F_o0Zgbag _kdh_\ha” ckl\b_ gZ j_dm

ljb fhe \hf kiez\_ ~j_ \_kbgu ih [hevrbf b kj_"gbf j_dzf ihl_
kms_ kli\mxl Fh gh kihjblv h[ bo dhebq_kI\_ k ihfhsvx jZla&hqgguo
bo fbgbfbabjhyawlh j Zevguc nzZdl Ijb ihl_jyo ~_ fu \k_]*"Z [m~"
jZaebqgghf dhebq_kI\_Ih beb bgh_ \j_~gh_ \ha”_ckl\b_

:jz\gZ kh keZ[hc iezZz\mq_klvx ij_iylkl\mxl ~\b" _gbx km~h\
h[jZah\Zgbx aZehfh\i dhtjpazZxl g_j_klh\u_ imlb ju[ Z kdhie_gb_
khklZz\eyxgZtg_  dhjZ hibedb Ilhieydb Kkihkh[klI\m _ | \u®_e _gbx \j_
jZaeZ]Zxs_cky "j._\_kbgu

GZ gZr \alJey”™ ljzZgkihjlbjh\dm e_khfzZl_jbZeh\ ih [hevrbf b
dimiguf i _j \Zehqguf [ZaZ*hB]zZjfeéd i~ :joZg] _evkd FmjfZgkd Hk.
b 7j fh gh b gm gh hkms_kl\eylv ihkj_~klI\hf km”~h\uo i_j \hahc
_"bgbpZeh+Zo ijyfhm]hevghc nhjfu khklhysbo ba h”rgh]¥ beb g_kdI

lh~ h[gu_ i_j_\hadb ihlj_[mx| Wddkkhg* Zgimy*h\ jZaebgguo de ZKkl
j_dZ b -ffhdZ fZeh]lh e _~hdhevgh]h nehlZz GZ k_]h~gyrgbc ~ g
km~rhkljhbl _evgzZy |j _fhglgZy b h[jZah\Zl _evgu_ [Zau j_qgh]h nehl
JZ[hlZ ih bo \hkklZgh\e _gbx ~Zkl dhehkkZevguc lheqghd dyBa\blbx
\g_k_gZ \i_j_qg_gv i_j\hhg_j_"~guo i_jki_dlb\guo .g&ZbPdbhatr é\ngtioklijh
[ j_1h\h]h kdeZ”~bjh\Zgby gZ kj_~gbo b djmiguo j_dZo aZ]hlh\e_gc
dZzdbh h[jZahf "hklZ\blv

“W=-HKL - E_khkiez\ L_jfbgu b hij_ ~ e _gby F
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KhlezZrzZykv k azZij_Ihf fhe_\h]h kiezZz\Z ih [hevrbf b kj_"gbf j_c
jZaj_rblv fhe_\hc kiez\ ih fZeuf

>Z~bf hij_~_efZdhc j_ db FZetr_ dhdiju_ jZkkfZljb\zZxlky d
ljZgkihjlgu_ imlb "ey e_khkiezZ\Z bf_xl| iehszZ”"B \héhgpnjz &¢h d
b \ k\hzf gb"g_fl_q_gbb bf_xI ke_"mxsb_ fhjnhf_Ijbg_kdb_ oZjzdl

X rbjbgznh fih [jh\dZf jmkeZ

X kj_~gyy lemlbfgZ v g_ [he__ f \hidhéWh\djmkeh\hc qZklb

x kdhjhklv I _qg\dgby Hv- f k \iz\hAhd = f k

< kj_"g_f l_q_gbb \k_ wlb o0zZjzd!l_jbklbdb mf_gvrZx&y \ j 2
ihjy~hd

FZeu_j _db gzZzdez”u\Zxl gZ e_khkiezZ\ k\hb h]jZgbqg_gby

x Km~hoh”kl\h gZ fZeuo j_dZo g_\hafh gh

X E_khkiezZ\ \ kiehlhgguo ieYb@lpgdgfaem]hevghc nhjfu khklh
ba h~"gh]h beb g_kdh&vdbjZz jppb\hgghf \b~r_ g _\hafh g

GZ fZeuo j_dZo \hafh'gu ke_"mxsb_ \b”u kieZ\h\

X Fhe \hc Kk h]jZgbgh dg'eyfd khjlbf glZz \' \ _jog f b kj_"g_f
fZeuo j_d

X < fbdjhimqdkienihqgZy _~bgbpZ pbebg”jbg_kdbc nhjfu ba
jZkiheh _gguo djm]Jeuo e_khfzZl _jbZeh\ kh_~bgzgduoh{tedtdh\gfb h]
[he 3 dfzd j_dhf_g~h\Zgh \ >0Zjblhgh\ IhkuiZgh\ @ k h]jzg
khjlbf_glh\

X Kiez\ h~ghjy~guo iehlh\ ba kiehlhgguo _~bgbp iehkd
aZ\bkbfhklb hl fhjnheh]bg_kdbo hkh[_gghkl_c j_db \hafdhhbgg k h]
khjlbf_glh\ b hitedchz dzZd j_dhf_g~h\Zgh \ >=Zckbg @

Mf _klgh jZzah[jZlv \ur_ijb\_"~zggu_ \hajzZ _gby ih ih\h"m bkihe
kiez\zZ \ kh\j f gguo mkeh\byo gZ fZeuo j_dZo

=b”jhl_ogbq_kKhibjm  _gby g9gZ gbo hlkmlklI\mxl j_gghc 1jZg
Ke_ _"~h\Zl _evgh ihf_o ih*h[guc e_khkiezZ\ gbdhfm hdZau\Zlv g_ [m~

<g_rgbwdhghfbq_kdb_ mkeh\by “ey ohayckl\mxsbo km[t_dIlh\ \
\ dZ b k_cqzZk dZj*bgZevgh hlebgZxlky

L =HKL - =b”jheh]by kmrb L_jfbgu b hi}988. e gby F
6=-HKL - E_khkiez\ L _jfbgu b hij_~ e _gby F
7zE
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JZgvr_ ihl_jb azZ]lhlhle_gghc mqlzgghc b m _ hieZq_gghc ]h
[ueb \u]lh”gu ij_"ijbylb_ fh]leh 1Zdbf h[jZahf kibkZlv ml_jyggm
ANj_\_kbgm ijbibkdb b aehmihlj_[e_gby k\hbo “~_ jZ[hlgbdh\ kj_"~g_]

< gug_rg_c¢c _ wdhghfbgq_kdhc kbImZpbb kh[kI\_ggbd aZzZ]hl
[hj_Iky aZ "hklz\dm ihlj_[bl_ex dZ Mhi]lh\dm|[Hhfg linZ _<hieZlbe ihi_gg
ieZlm Jhkm~Zjk\Nmjuo\h k_[_klhbfhklv azZ]hlh\db b Ij_ez\db \ [jm~*
N eygdZo “hklzZlhqgh \ _ebdZ

Bkoh”y ba wlh]h kh[kI\_ggbd kieZ\ey fhc N\ _kbg
ijhdhgljhebjh\zZlv "\b"_gb_ dZ ~hc _*"bgbpu m _ hieZq_gmhjlbhdbf kh]j
D Ihfm ~_ ke_“m_|I| mqg_klv glh _keb ihl_jb *j \b&khgdZgpZhdimddgliog b
g _ba[_"gu |h g4 f&Z&#wdh[guc dhgljhev \iheg_fh gh h[_ki_qgblv

ljb wlhf g_h[oh”~bf hI\_IklI\_gguc ih”oh” d hp_gd_ hilbfZe
kiez\ey fh]lh khjlbf_glzZ ijZ\bevgZy ih”*]hlh\dZ e_khkieZ\guo iml_c
fZeuo j_d e_kghc ahgu

Obfbg _kdh_\ha” ckl\b_ gZ j_dm

Ba\_klgh qlh \ j _amevlzZl_ ZgZwjh[gh]h ih~\h~"gh]h Jgb_ gl
ihiz"Zxl IThdkbggu_ \_s_klI\Z FzZdkbfZevgmx iehszZ”v khijthdhyg@h\ g

N j_\Ww_\ IZ[ebpZz < dhj_ kh”~_j'blky keZ[hjZklI\hjbfu_ \h”hc k ¢
]b~rjhnbevgu_ wdkljZzdlb\gu_ \_s_ kI\Z eb]Jgbg fbg jZevgu_ dhfihg_
tp_eexehaZ b km[_jbg >:aZjh\ ;mjh\ H[he _gkdZy @ =b”"jheba

p_eexehaz fhiml jzklI\hjylvky \ \h”_ k \ujZz' ' _gghc dbkehggZzZ'dpb_c
[hehlguo j_d S_ehqggZy j_Zdpby \h”u ij_"]lhjgu_ j_db kihkh [}
ihebn_ghevguo dbkehl qZklbggh eb]JgbgZ b p_eexehau

LZ[ebpZlehszvih\ _joghklbjlbf _glZ \ aZ\bkbfhklb?hl ~ebgu f

Table 4. Assortment surface area depending on length, m

_ _ _ iehsZ”v ih\_jogh _ _
kji_~gbc "bzf_Ij khjlb kmffZjgZy iehsZ Vv
3 5,5
0,05 0,94 1,73 0,02
0,1 1,88 3,45 0,06
0,2 3,77 6,91 0,25
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GZb[he__ hiZkgufb ba wdkljZzdlb\guo \_s_kI\ y\leyxlky n_
AhimklbfZy dhgp_gljZpby dhlhjuo \ ijbjh*guo \h~"Zo khklzZ\ey |

ljb wihidkljZz]bjh\Zgb_\h~hc ba ~j_\_kbgu \j_~guo \_s_kI\ \ha
"ebl _evghf bo gZoh Yhgbb®©lhegh_ \ufulZgb_ \j_~guo \_s_ klI\ ijh
| _g_gb_ kmlhd2 >FmjZrh\Z @ Dhebqg_klI\h \u”_e_gguo n_
aZ\bkbl 1zd"_ hl I_fi_jZlmju \h~u b ihjh”u ~j_\_kbgu

Djhf_ Ih]l]h \ha” _ckl\b_ ieZ\Zxs_c¢ ~j_\_kbgu gZ obfbq_kdbc |
hl aZ]jm  _gghklb j_db

Fghlhe Idplkke ~h\Zgby =hkm~"Zjkl\-pigkel h"g¥adgghkdh]h bgklb
hazjghl]h b j_ggh]lh ju[gh]l]h ohaydkI\Z[nmj]kkdBgldl e khl _ogbqgq_Kk
mgb\_jkbl_IZ ~hdzZazZeb qglh djbl_jb_f [_a\j_~ghklb e_khkiez\Zz
jZ\gh\_kby \h~hzfzZ y\ey Iky hlghr_gb_ h[tzfh\ ~j \_kbgu b \h”u \h \

b [he__ ijb dhlhjhf g_ kha”~Zzlky g_[eZ]hijbylguo mkeh\bc ”“ey
]Jb~rjh[bhddihvey ]b~rjh[bhglh\ [_a\j_~gu jZkI\hju ijb khhlghr_gbb 7j_
"ey ehkhkz\uo >FmjZrh\Zz @

ljb bg"b\b"mzZemghaf \k _c¢c kiez\ey fhc ~j_\_kbgu fh gh i
ij_~_evgh \hafh'gh_ khhlghr_gb_ kiez\ey_fhc ~j_\_kbgu b iZz\h~dh
gm\kl\bl_evguo ehkhkz\uo ju[ 1Z[ebpZ

LZ[ebpzH[t_f kiezZ\ey_fhc ~j_\_kbgu \ kmldb \ aZ\bkbfhklb hl kj_"g
Table 5. The volume of floated wood per day, depending on the average water rate
jZkoh”~ \h*k f 0,5 1 3 2 5 10 15
h[tzf 3fkml 8 31 275 122 764 3057 6879

lihklh_ kh[ex”_gb_ kjhdh\ gZoh '~ _gby ~j \_kbgu \ \h~A_ |

kms_klI\_ggh kgbablv kl_i_gv aZ]jyag_gby

LZ[ebpZKj ~gb_ kkidE\Z ih fZehc j_d_ ijb kj _~g_f jZkklhygbb kieZz\

Table 6.Average times of wood's rafting in a small river with an average distance of 100 km

kj_"~gyy kdhjhklv I _g_gby f k 0,1 0,2 0,5 1
dhebqg_kI\h *g_c kiez\ZzZ 23 12 5 2
B Kiez\ e_kZ i_j_aZ]ljmadZ >We_dljhgguc j_kmjk@ Em jkogznec "dehyf ilei__gplb Z e bjizliha _&

khazlhlh\db ~_j_\hh[jZ[hldb e_khiZlheh]bb b ehtiphNokkicombi®e rufpbis/08/5plav-
lesa-perezagruzka/~Z1Z h[jZs_gby
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GZ hkgh\Zgbb ZgZebaz kjhdh\ kiez\Z gZ fZeuo j bdZfd gz _ \
k" _eZlv h~ghadgdggucbaf_g _gby dZqg_kI\Z \h?ru azZ i_jbh” kieZzZ\z
dhebqg_kI\_ggh]l]h b dZq_kI\_ggh]lh baf_g_gby \brh\h]h khklz\Z \h-
ijhbahc”™zl

Djhf_ Ihl]h gZ”~h mqgblu\Zlv iheh bl_evgu_ nZdlhju ijh\_~_gb"
<Y OZjblhgh\ ibr_| ©?klv m fhe_\h]h kieZhzZkbhkinkghikdgk I tebqgb\
dhjfh\mx [Zam "ey ju[ MklZgh\e _gh qlh k ij_djZs _gb_f fhe_\h]h k
j_d kms_klI\_ggh mfgvrbeky?

M\_ebqg_dtbjfh\hc [Zau ijhbkoh”bl aZ kqgzl Ihl]h qglh \ dhj_ kieZz\
ijbkmlklI\mxl ebgbgdb .g2AKZ dibhdmab kieZR#Zbjyxlkly j_lh\u_ ]jZgbpu
h[jZamxtkyhegbl evgu_f _klZ "ey gZ]lmeZ ju]

B gZdhg _p ihke_"gbc Zjlmf_gl GZfb [ueh h[ikghglg\iZogh h
dbehf_Ijh\ fZeuo j_d \ Gh\]hjh~kdhc h[eZklb lehszZ”v ih\_joghklb
jmkeh\mx gzZklv hl _kl_kI\_g\guph\iZzlegbgaZehfh\ jbkmghd b ih~fu
[ j_1h\ khklZ\ey | ih wdki_jighf dg®d gdihlhgguo f_Ijh\ j_db

Wlih ij _\urz | lukkieydZz gZ dZ "mx fZemx j_dm ~ebghc [h
lj_~klzZ\vl_ k_[_ e_khaz]hlh\bl_ey dhlhjuc \ gug_rgbo wdhgh
ih™ _jl\h\Ze [u luk dm[hf_Iljh\ e_kZ ijb ljZzgkihjlbjh\d_ k dZ ~h]h

G_h[oh”~bfh mqg_klv b [h[jh\u_ iehlbgu jbkmghd dhebqg_kI\
j_dZo IJmkkdh]lh K_\_jZ "h&KIdbZZ d _ ihJhgguo df \ \_jog_f |_q_gbt
ijblhdh\ qglh kha”Zzl|l “hihegbl_evgmx gZ]jmadm gZ j_dm

H[tzfu IhjnZ b ihg\u jbkmghd __]h~rgh kful\z_fu_ fZeufb
iheh\h~Avy b iZz\h~Adh\ \ kj_~g_f RhklzZi\ehjbl kh~fj Zgbb \h~hjZkl\hjbf
\ s kI >Jmkq_\ @ _~ _]Jhrgh \ \h*m fZeuo j_d ihiZz*"Z | “hiheg
jZklI\hj _gguo \j _~guo \_s_kI\ Lhevdh azZ kqgzl wlh]l]h dhgp_gljZpby
iheh\h”~vy ~“hklb]z>ID

90Zjblhgh\ <Y <hajh~bf eéhRpgkifeZ\extkgmx ijhfure_gghklv >We_dljhgguc j_kmj
gh\hklib < Z\]mklz ] lj_kkZ :jozg] URkkiiarhpréssd/ietb
shov/2007/8/27/11.shtmi*Z1Z "hkImiZ
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Jbkmghd_dZ Ihjmkvy Gh\]hjh*kdZy h[eZklv AZehdbdhjjjnken\ZNhlkt
Figure 1. Porusia River, Novgorod Region. Logjam in channel. Phgtd.Yu. Vinogradov

Jbkmghd_dzZ >_]hlgbpz Gh\]hjh*kdZy h[eZklv ;h[Kk\O\Ziehibgu N
Figure 2. Degotnitsa River, Novgorod Region. Beaver dams. Photo by S.V. Khvalev
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Jbkmghd_dZ Ihebklv Gh\]hjh*kdZy h[eZklv ITheh\h”v_ ]
<b”gu fgh _klI\_Igfgmr_ gby djhfdb e_\h]h [_jX.]ZbdgVWHiE"h\Z
Figure 3. Polist River, Novgorod Region. Flood of 2017 year.
You can see multiple edge landslide of the left bank. Piwp#o.Yu. Vinogradov

HjlZgbazZpby b ijh\_~ gb_ fhe_\h]h kiezZ\zZ ih*jZzamf_\Z | f_ekt
j_db >Ljzgkihjl e_kzU @

F_ebhjzlb\gu_ f_jhijbylby khklhyl ba ke_"mxsbo \b”Ah\ jZ[hl

X hgbkldb jmkeZ b [_j_]Jh\ hl \_Ijh\Zevguo ~_j \v_\ b dZjg_c
h[jZah\Zgbc 1]jy® ih[hqg_c hk_j_"~dh\ b ~j

X kijyfe _gbybalbebg b baemgbg jmkeZ \dexqgZy
[ j_]hmdj_ibl_evgu_ jZ[hlu

X [ j_IThhgbklbl _evguo jZ[hl

Jmkeh\Zy f_ebhjzZpby ijb\_~zl d memqr_gbx j_dj_Zpbhgguo
j_d d hgbs_gbx \h*u memqr_gbx khklhygby e _kgh]hhAhhgi®Z elZykqz
| _jjblhjbb

GZ hkgh\ZgBElkRbaz \k_]h \ur_kdZazggh]h fh 'gh k*_eZlv ke_"m

< ihke_"~gb_ "~ _kylbe Iby ijhbahrezZ ebd\b®"Zpby p_eh]h jy~rZz
ijh[e_fhc hljZke _c

X fZrbghkljhbl_evghc

X km~hkljhbl ;evghc
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X e _khaz]lhlh\bl _evghc b e_khi_jj jZ[Zlu\Zxs _c

X h[jZah\Zl_evghc

X bgnjZkljmdIimju h[kem b\Zxs_c wlb \b”u gZjh”~gh]h ohayc

J amevlZlhf wlh]h klZeh ihy\le _gb_ gZ hl_q_kI\_gghf jugd_ f.
e _khaz]hlh\bl _evguo aZiZz”guo dhfiZzgbc kdmidb bfb_ggklkkmpjgy \uo
dZlZkljhnbgq_kdh]h mf_gvr_gby aZgylhklb gZk_e_gby \ Jerhbgd_
\ufbjZzgb_ beb hllhd \ JThjh"Zz

<ha\jZsZykv\ur_ijb\_~zgghfm kjz\g _gbx f_""m jZa\blb_f A
| jjblhjbc b Dblz_f h[jZsZ_ | gZ k_[y \gbfZgb_ ke _“mxsbc nzdl

<JI gZ "mghk_e_gby aZz ]h™ gz jzkkfzljb\zZ_fuo | _jjblh
dhe_[e_Ilky hl Kmbtk@bevguc hdjm] "h MjZevkdbc n_" jZi
luk j¥h[<JI °_ DblZckdhc ijh\bgpbb Owcemgpayg aZ lwkhljfh[ ]h”® kh]

lj_ \hkoh”kl\h <JI \ jZa \ ithevam Jhkkbb b hlebgby g#&ijh\g _
kjz\gb\Z fupjblhjbyo azklz\ey | aZz"mfzZlvky h ijbgbgZo IZdhc kblr
kemqZ_|Zdhc ZgZeba \uoh”bl azZ jZfdb gZr_]h bkke_~h\Zgby

?keb \ gZklhys_ _ \j fy ohayckl\_gghc *_yl _evghklvx lkko\Zq _g
e _kgh]h nhg”zZ jzkkfzljb\Z _fuo j_]Jbhgh\ Ih bkihevah\Zgb_ fZeuo j
Nj_\_kbgu “Zkl \hafh ghklv bkihevahaBbZ”"se ijbfudZxsbo d j_dzf |
kj_~g_f jZkklhygbb Ij_ez\db ~h df ;he__ k evkdbéuohk e
j_]lbhgh\ kfhlml gZqZlv gh\mx "bagv

Ba\_klgz Zdkbhfz \ebygb_ " _yl evghklb q_eh\ _dzh'ggh hdjm
kgblZim”~h\e_I\hjbl_enbgkht |hf kemqgZkehBhbzZiZabhgf_g_qgihpjhr*guo
Zgljhih] _ggalhjh\ ij \urzZ ij_~ eh)bkihkh[ey fhAklbohj]Zgbafh\?2
>DhjiZzgb\”~j 2008]. < gZklhys\|j fygZebpywgh ij \ur_gbij " _eh\
ijbkihkh[ey_ fdkdhgbAh~hk[hlZdbd\udhj]ZzgbafthXkdzZfq_eh\_d

20 <Zeh\hc j_]bhgZevguc ijh mdl gZ “mrm gZkkkbghkdhih N\kn[tjZ¢BED Ah] N_

N jZevgZy kem [Z JThkm~ZjklI\_ duRichtkdsZ/ ik bkd hu/storage/mediabank/VRB-17xIsx ~Z1Z
h[jZs_gby

2l <Zeh\uc j_]lbhgZevguc ijh~mdl ijh\bgpbc DblzZy >W\edhdjihypgdcbj gzkjke@ gb_ kljZ
]Jbhgh\ ]1hjh~h\ bklhjbqg_kdHh: hitgZsmtinforn&Bon.ru/reg/vrp-regionov-kitaya.htmt Z1Z h[jZs _

gby
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lj_ab”_gl Jhkkbckdhc N_AnmbbmgbkgblZ | qglh ©jZzkiz™ Kh\_lkdh
« ijhbahrzeaZag_wnn_dlb\ghc wdhghfbq?kddhle fihehbadh \ _jgh QIh
ih"h[gZy dzZlZkljhnZ g_bf_ ez f_klh \ ~Zevg_cr_f wdhghfbg_kdmx
HA"bg ba j_Zevguo rZ]h\ \ wlhf ghkikEZAghgdbghk jZ[hgbo f_KkI i
\g_"j_gby fhe_\h]h kiez\Z gZ fZeuo j_dZo Jmkkdh]h K_\_jZ Kb[bjk
B ihke_~g__ \ khhI\_Ikl\bb k ihjmq_gb_f Ij_~"k_"~ZIl_ey |jZ\bl_
N ~ jZpbbFPE 2\ _~ \Z hl -l« ¥FL7ih~]lhlh\e_g ijh_dl ihklZgh\e _
1jZ\bl_eviKI\Zkh]ezZzkgh dhlhjhfm k n _\jZey ]h~Z ijbagZ_ |ky n
ihklZzgh\e_gb_ Kh\_IZ Fbgbkljh\ JKNKJ hl k_glyl[jy ] <« |
fhe \h]h kiez\Z je dZd ®Z"jm]bo \h*hzfZo JKNKJ2 |hqdldhdZakye hkv
AnNjZ\uc kfuke gXZlWlhbgap[eZ”"Ze gZ™ f_""mgZjh”*ghc dhgtxgdImjhc
HArgZdh wlhl aZij_| aZzdhgh”~Zl_evgh azZdj .iezg b \ <h”~ghf dh

<u\h”u

1. < j_amevlzl_ azij |IZ gZ fhe_\hc kiezZ\ ih fZeuf j_dzZf hJs
h[klZzgh\dZ gZ \h~hk[hj_ dzZd bjdddokldZzjWbgZevgh mom~rbebkyv

2. <hkklzZzgh\e _gb_ fhe_\h]h kiezZ\Z gzZ fZeuo j_dZo ihlj_
jmkeh\hc f_ebhjzZpbb Ihke_~gyy ih*jZamf_\Z_| h[yaZl_evgmx hql
lhieydzZ b \_Ijh\Zez kj_adm ih~ful\Zz_fuo mqgzZkldh\ d@bg_ikB\kEzl d me

3. HjlZgbazZpby ~"bkldgpjprhegwghlh kihkh[Z e_khkiezZ\Z hl
khjlbf_glh\ ih ij_~\Zjbl _evgh f_ebhjbjh\Zgghc b jZa”_ezgghc gZ
mom”~rbl wdheh]bq_kdh]h khklhygby j_db b \h~hk[hjZ

4. ljh\_~_gb_ fhe_\h]h kiez\zZz gz fzZetObgkl\ddguec kihkh]
ljZgkihjlbjh\db azZ]hlh\e_gghc ~j_\_kbgu \ mkeh\byo Jmkkdh]h K_\
<hklhdZz

5. < kh\j_f_ggm&keh\byo g_h[oh”bf gh\uc ih*oh” d ih”gyluf
mgblu\Zxsbc qglh \j_* gZghkbfuc hdjm Zxs_c kj_~_ hl bkihev
Z\lhljzgkihjlZz \ \bA_ \u[jhkh\ \ ZIfhkn_jm \uoehiguo ]Zah\ jZajmr_
\ujm[db e_kh\ \[ebab kms_kl\mxs_c¢ ~“hjh'ghc k_Ib k h%gh\j_f_

2 1mlbg gZa\Ze ijbgbgu jZkiZz~Z Kh\_Ikdh]h KhxaZ ;BW6&?Klj2Q QE®\H Rbjb@azZgb
LzZIZjklzgZz h[s_klI\h iheblbdzZ j_ clbghbps¥wailn.bisines8 §dzeta.ru/news/44683Z1Z h|
jZs_gby

2 1jh_dI IhklZzgh\e _gby 1jZ\bl_evkI\Z JN H ijbagZgbb mlhxlibdchiih kN Z4dpH\b b
JKNKJ b bo hi®* _evguo iheh™ _gbc ih khklhygbkhigide g Fbgxklhf Jhkkbb ' ijh_
01/01/11-19/00096931)
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i_j_klhcguo e-&A\hblamlkl\by \hafh ghklb ljZgkihjlbjh\db g_ kjzZ\ghb-
\j_~hf hl fhe_\h]h kiez\Z

6. Dhfie_dkguc ih*oh” d ijh[e_f_fhe_\h]h kiezZz\Z [m”~_1 kihkh
wlZim jZa\blby m~Zezgguo | _jjblhjbc G_h[oh”bfh jZkKkfdipb\Zlv d
ijhklh dzd ljzgkihjlgmx Zjl _jbx Z dzZd "b\hc h[t_dl kh k\hbébnehjh
]Jbrjheh]bqg_kdbfb hkh[_gghklyfb jzZajzZ[Zlu\ZIv b \g_"jylv gh\u_ I_o
k\yab mqgblu\Zzy kh\wdhegedlbq_ kdb_ 1j_[h\Zgby g _h[oh”bfh 2ZdI
=HK17.1.3.01- HojZgZ ijbjhru =b”jhkn_jZ 1I|jZ\beZ hojZgu \h”~guo
e_khkiez\ _

7. G _\abjzZy gZ keh b\r__ky fg_gb_ h \j _~ghf \ha”_ckl\bb ff
wdhkbkl fu fZeuo j_d gZ hkgh\Zgbb \ur_baeh”  _ggh]h fh 'gh k* _e
kl _j_hlbi g_h[oh”~bfh g _f "e _ggh ehfZlv

Ebl_jZImjZz References

raZjh\ < B ;mjh\ : < Azarov V.l., Burov A.V., Obolenskaya A.VKhimiya
kdZy :Gbfby ~j_\_kbgu drevesiny i sinteticheskikh polimerov: uchebnik ©
| Ibg_kdbo ihebf_jh\ vyzoyChemistry of wood and synthetic polymers: a te
"ey \uah\ KI[ KI[ER. book for a challenge]St. Petersburg, Publ. of the St.
628 k tersburg Forestry Academy, 1999. 628 p. (In Russian

;jxoZgv : N ;jxoZgv I Bryukhan' A.F., Bryukhan' F.F., Potapov A.Dhzhe-
IZih\ : 3Bg _g_jwhheh]l nerno-ekologicheskie izyskaniya dlya stroitel's
kdb_ baukdZgby “ey k teplovykh elektrostantsii [Environmental engineering <

| _ieh\uo we _dljhk veys for the construction of thermal power plankdps-
F F=KM B\@" :kkhp kIl cow, Publ. of Associations of Construction Universiti
\'m a,12010. 191k 2010. 191 p. (In Russian).

;jxoZgv N @Zmdb h / Bryukhan' F.F.Nauki o Zemle: uchebnoe posobie d
mqg_[ghhkh[b_ 7~ey klmr studentov [Earth Sciences: a textbook for studeiMsis-
F Nhjmf k cow, Forum, 2011. 191 p. (In Russian).

551



2019\ Vol.1,1ss4

<_

E

ebdZgh\=m~jheh]by |
=b~jhf_I_hjheh]bq_

| _evkl\h k

<b

ghljZ~h\ Xmfu h ]Jb"j

]bb  =bAjhkn_jZ HiZk

p_

kku b yl\e_gby <udl

K 555-589.
DOI: 10.34753HS.2019.1.4.555

=Zckbg B[hkgh\Zgb_ iz
jh\ 1 _ogheh]bb \u]jmad
kiehlhgguo _"bgbp k \

«

S_

dZzg™ |_og gZmdHeC
k

hl]jZnby deZkk mqg_][
h[jZah\ZI hjl]Zgba

B:e dk_ _\ < < Gl
? D EbidbgZ b ~j F

gb

k

Dbjbeeh\ : D Ebibg :

<
kd
Lh

<

:E_kghc dhfie_dk

Zy wgpbdehi_~by Kb
f ;md\wW D =e

. EZfbg Gh\hkb[bjkc

| _evki\h Bklhjbg_kdh _
Kb[bjb k

Dhjizg_\ < | FZebgbc
[uo F F Jy[hdhgv X |
"bebg : Bebygb_ aZzZlhi

b

552

ieZ\Zxs_c¢ ™j_\_kghc

HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

Fadeeva O.P. Neformal'naya zanyatost' v sibirskom
[Informal employment in a Siberian villagé&konomich-
eskaya sotsiologiya: elektronnyi zhurnal [Economic Si
ology: an electronic journal] 2001, vol. 2, no. 2
pp. 61-93. Available at: URLhttps://clck.ru/LnHof(In

Russian).

Gaisin I.G. Obosnovanie parametrov tekhnolc
vygruzki ploskikh splotochnykh edinits s vody Diss. ka
tekhn. nauk [Justification of the technology parameter:
unloading flat raft units from water. Ph. D. (Technic
Thesis.]. Yoshkar-Ola, 2016. 166 p. (In Russian).

Geografiya 8 klass: ucheb. dlya obshcheobrazovat.
ganizatsii {Geography Grade 8: a textbook for educ
tional institutions] by A.l. Alekseev, V.V. Nikoling
E.K. Lipkina et al. Moscow, Publ. Prosveshchenie, 2(
255 p. (In Russian).

Kharitonov V.Ya., Posypanov S.V. Opyt vnedreniya €
nogo transportnogo paketa vmesto molevogo lesosy
[Experience of Introducing Transport Package instea
Drift Floating]. Lesnoy Zhurnal (Russian Forestry Jot
nal), 2007, no. 1, pp. 45-52. (In Russian; abstract in E
lish).

Kirillov A.K., Lipin A.S., Sokolov V.A. Lesnoi kompleks
[Forest complex]. In Lamin V.A. (ed.)storicheskaya
entsiklopediya Sibiri: v 3 t. Tom 2. Bukvy K-R [Histori
Encyclopedia of Siberia: in 3 volumes. Volume 2. Let
K-R]. Novosibirsk, Publ. Istoricheskoe nasledie Sik
2009. 808 p. (In Russian).

Korpachev V.P., Malinin L.I., Chebykh M.M., Ryabokc
Yu.l., Perezhilin A.l. Vliyanie zatoplennoi i plavayus
chei drevesnoi massy na vodnye ob"ekty [The effec



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u4#|201¢

\h~gu_ h[t_dlu O\hc
Zevghc ahgu L-4.
K 340-343.

FmjZrh\Zz H=b"jh~bgzf
kdb_ o0zjzdl_jbklbdb
guo iehkdbo kiehlhqggu
Alhj_n_jzl "bk dz
gZmd :joZg]_evkd

lZgbg < N K_gbg : B
< >Wdheh]by mq_[gbd
lh~ j_~ < N IZgbgz L
\h  Lhfkdh]h ihebl_oc
mgb\_jkbl_1Z k

Jmkg_\ ®bfby I\_jrh]h
eb\Z E Obfby

Khdheh\Zz G : Ex[_agt

[bgdZ D X E_hgBhjKz

Ib\gh_ j_Imebjh\Zgb_ \

ki\_ b ijh_dlbjh\Zgb _

[bevguo ~hjh] Jhkkbck

jZpbb ?\jZabckdbc ki
< - K -124.

LjZzgkihjl e_kzZ | L

kiez\ b km”~h\u_ i_j_\F

gbd ey klm”~ \ukr mq

gbc F F H\gbggbdh\

ebsmd = < =jblhjv_\

| evkdbc p_glj ©:dzZ™_
k

Lx]Zr_ \ 2 : IhidhhjkK Kk
\hj_gby Jhkkbckdhc [_

flooded and floating wood pulp on water bodie
Khvoinye boreal'noi zony [Conifers of the boreal zor
2008, vol. 25, no. 3-4, pp. 340-343. (In Russian).

Murashova O.VGidrodinamicheskie kharakteristiki le:
osplavnykh ploskikh splotochnykh edinits. Avtoreft
diss. kand. tekhn. nauk [Hydrodynamic characteristic
flat alloy rafting units. Ph. D. (Technical) Thesighr-
khangel'sk, 2007. 19 p. (In Russian).

Panin V.F. (ed.), Sechin A.l., Fedosova VHEkologiya:
uchebnik dlya vuzov [Ecology: a textbook for unive
ties]. Tomsk, Publ. of Tomsk Polytechnic Universi
2014. 327 p. (In Russian).

Ruschev D.D.Khimiya tverdogo topliva [Chemistry ¢
solid fuels] Leningrad, Publ. Chemistry, 1976. 256 p.
Russian).

Shegel'man I.R.esnye transformatsii (XV-XXI wv.) [Fo
est transformations (15th-21th centuried}etrozavodsk
Publ. of Petrozavodsk State University, 2008. 240 p.
Russian).

Sokolova N.A., Lyubeznova N.A., Dubinka K.Yu., Le
nov S.N. Normativnhoe regulirovanie v stroitel'stve
proektirovanie avtomobil'nykh dorog Rossiiskoi Fed
atsii [Normative regulation in construction and desigr
highways of the Russian FederatioBjraziiskii soyuz
uchenykh [Eurasian Union of Scientists]2016,
no. 4-2(25), pp. 122-124. (In Russian).

Transport lesa. V 2t. T. 2. Lesosplav i sudovye perev
uchebnik dlya stud. vyssh. ucheb. zavedenii [Fc
transport. In 2 vol. Vol. 2. Timber rafting and sf
transport: a textbook for students. higher textbook. ir
tutions] by Ovchinnikov M.M., Polishchuk V.P

55<



2019\ Vol.1,1ss4

HYDROSPHERE. HAZARD PROCESSESND PHENOMENA

Q_eh\_d Ljm~ AZgylh
ijZdlbqg_kdh_ i_jbh”bqg_

gb _ <ui

Gh\h

ba” -Bfg nbehkhnbb b i

J:G K-71.

Nz~ \Z B InhjfZevgZy

Ilhklv \ kb[bjkdhf
g_kdz)hpbheh]by
‘mjgZe L
URL: https//clck.ru/LnHof
kilmiz

OZjblhgh\ <Y
Hiul \g_"j_gby

k e
we
< -93.

NZILZ

lhkuiz

_"bgh]

ihjlghlh izd_1zZ \f_klh
e_khkiez\z E _kghc °

< K -52.

R ] evfzg B_&kgu_ I|jZg

fZpbbXV-XXI \\
\hAkd -BRAN _1j=M

554

| _1jh

Grigor'ev G.V. Moscow, Academy Publ., 2009. 208 p.

Russian).

Tyugashev E.A., Popkov Yu.V. Protivorechiya Rossiis
bezrabotitsy Contradictions of Russian unemploymen
Chelovek. Trud. Zanyatost': nauchno-prakticheskoe f
odicheskoe izdanigMan. Work. Employment: scientifi
and practical periodical] 1996, iss. 1. Novosibirsk, Puk
of Institute of Philosophy and Law SB RAS, 19¢
pp. 66-71. (In Russian).

Velikanov M.A. Gidrologiya sushi [Hydrology] Lenin-
grad, Hydrometeorological publishing house, 1948. 52

(In Russian).

Vinogradov Yu.B. Thoughts about hydrologiydro-
sphere. Hazard processes and phenom@049, vol. 1,
iss. 4, pp. 555-589 (In Russian; abstract in Engli
DOI: 10.34753/HS.2019.1.4.555




=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C LhflL <u4d|?201¢
GuUKE?>B?
HERITAGE

M > B56011 DOI: 10.34753/HS.2019.1.4.555

>MFUH=B>JHEH=BB THOUGHTS ABOUT HYDRO LOGY

[X . <bgh]jZ~h\

gd@npogtpru

;g ghlZp.brgde mecurh
Ilhkemrd& ?keb lu ]b*jheh] k
_rvky klzlv bf Ih ~Zc jZKkl

ijZ\"m h[ wlhc gZmd_ H ]b
g_qgh wlz ijz\*Z [m~_1l 1zd
ij_~klz\ey_Ilky fg_ Gh ih\_jv
ghr_gbb jZkdjulby gZmqgguo
f gy _klv k_jv_agu_ dhgdmj
gZeZ ohgm az”~Zlv |_[_ g_kd
DzZzdh\zZ km2Av[Z \h?*u miZ\r_

A _fex" B _keb lu hl\_Ibrv gz
lh TufZkl_j m~b\bl_evgh]h

Gh lu agZ_rv qlh \h™_ ijbk
lhwlhfm hi\d&dbfb imlyfb\h”"qg
B keb lu Jhlih\ hI\_Iblv b gz

lh Tu m™ gzZ\_jgiygkd j+m~b\b
ghlh

B \hl _ s Qlh [ueh [u g_ |
\h~u" Qlh ijhbkoh”bl gz A_fe
\h~u" Qlh ijhbkoh”~bl k \h~hc

ij_[u\Zgby gZ A _fe_" B _keb
_rv hI\_lu Th \hbklbgkl Iy m”

| _evgh]h

1B~b kh fghc ezl

<bghl]jz~h) Xmfu h =b~jhehHbjhkn_jzZz Hijhkgkly\e_gBGL9.L

K 555589 DOI: 10.34753AS.2019.1.4555

[Yurii B. Vinogradoy

gd@npogtpru

Abstract. Vade mecum

Listen. If you are a hydrologist or going to k
come once of them, then let me tell you
truth about this science. About hydrology.
course, this truth will be what it seems to r
% XW EH O L Huvillkel tHat ILHAVE \grave
rivals regarding the disclosure of scientific ¢
crets. But first, | want to ask you some qu
tions.

What is the destiny of the water that fell frc
Heaven to Earth? And if you answer this qu
tion, then you are a master of theazing.

But you know that flowing is inherent in wate
Therefore answer - in what ways water flov
And if you are ready to answer this questi
then you are certainly a master of the amaz
And one more thing. What would happen
there were no water on Earth? What happen
Earth with the participation of water? Wh
happens to water during its stay on Earth? /
if you again know the answers, then truly y

are a master of the amazing.

<ui
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. _keb kemgbehkv 1Zzd qlh 11

hi\_1Zfb beb hl\_Ibe g_m\_
g_flh ih]j_rbe ijhlb\ bklbgu
kiI\h\Ze wlh |h ihc”b kh fgh:

Ilh™_ g_fgh]lh fZkl_j m”~b\bl_e
Y gZihfgx | _[_ h djZkhl_ wlh
mya\bfhklb H[ bkdexqgbl_ev¢
gZ A _fe_ b ijh[e_fZo k\yaZc
dexgbl_evghklvx H Ihf dzZd

gZl_evgh gm\kI\h\ZIlv b ihghbf
Y ih\_"zZx | _[_ dhlhj
\ lugzZ az*Zggu_ |_[_ \hijhk
dhlhju_~mfzZeb qlh agZxl h
dhlhju_ hlI\_gZeb g_ ag
B s_ vy
lhevdh ij_~Zgghklv ~_em b h
kfh]lml ijb\_klb I _[y d gZklhy:
B Ilhevdh Ih]~Z lu kfh  _rv Kkl
guf fZzkl_jhf m~b\bl_evgh]h

Gh ~h\hevgh
AN em Ilha\hev fg_gZqZlv b
dhgqt?lv

Dexg_\u_ kehbZjheh]by \h
\h~*hk[h]j gZmdb h A_fe_ nb
eh]lby klhozZklbg_kdZzZy ]Jb”jh
gZy ]b”jheh]by

h ex~yo

/\yo

gZ”_xkv lu ihcf_n

lhalhev fg_

2FZjbh Ivxah Imklv mfbjZxl *mjzdb
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And if it so happened that you found it diffict
to answer, or answered hesitantly, or in sc
way committed a sin against the truth and
this, then come with me. And believe me, |
also a little master of the amazing.

I will remind you about the beauty of th
World and its vulnerability. About the excl
sive role of water on Earth and the problems
sociated with this. About how important ai
wonderful it is to feel and understand eve
thing about water.

I will tell you about the people who gave a
swers to the questions asked to you. And at
people who thought they knew the answe
And about people who answered withc
knowing the answers.

And | also hope that you will understand t
main thing £only devotion and obsession ¢
lead you to real knowledge. And only then ¢
you become a true master of the amazing.

"But enough. Let me get down to matter. |
me start and let me finish."

Keywords: Hydrology; watercourse; wate
catchmentEarth Science; physical hydrolog
stochastic hydrology; applied hydrology.
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=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u4#|201¢

Qblzlv hagzZzqz_| ©[jZIv \ *he]?

Z k™ _eZlv gZ hkgh\_ wlh]h hldjulby %
agZgbl ©mieZlblv "he]?

=_hj] Djbklhn Ebol_g[_j]

> ckl\bl_evgh eb qglh ]b”jheh]by
m°_ kha”"ZggZy gZmdz"
> >m] < ihbkdZo ]b”jheh]lbg_kdbo a

<\_"_gb_

< ij_"eZlZ_fhc \gbfZgbx gblzl_e_c klZlv_ him[ebdh\Zgu ]JeZ)\
dgb]b ©HkhagZgb_ ]b”jheh]bb? gz~ dhlhjhc Xjbc ;hjbkh\bgb<bgh]j:
]h~u "bagb < g _c hg k [hevrhc ex[h\vx b Jem[hdbf kiihklbb\gbglp f h
b ijh[e_fu k dhlhjufb gZrZ gZmdZ klhedgmeZkv \ ihke_~gb_ "~ _ kylt

lhkdhevdm Xjbc ;hjbkh\bg \ k\h_c ijhn_kkbhgzZevghc ~_yl
fghlbfb jZza”~_eZfb ]b”rjheh]bb ]_h]jZnbb ]b”~jhobfbb ]b”jh]_heh]bl
fzl_fZlbdb ijbf_gbl_evgh d az~Zqzf ]b"jheh]lbb |Ih \ "Zgghic klZlv
\azbfh” _ckl\by \azbfhijhgbdgh\_gby wlbo gZmgguo “bkpbiebg

Blzd gZ hkgh\Zgbb ihem\_dh\h]h hiulZ*jHethd_kikbhbZhb
=b"jheh]bb«

lhgylb_ h ]b”jheh]lbb dzZd h gZmd_ h \h”_ \jy® eb fh gh kq
h[s _ijbgyluf

< kh\j_f _gghf ihgbfZgbb ]bwjhedqbnd 2

X bamgzZxsZy ijbjhrgu_ ijhp_kku b y\e gby gZ a_fghc kmr_
\h~ hc \ \h~_ beb k mqgzZklb_f \h*u bkdexqgZy beb g_ bkHdexqgZy
]brjh[bheh]bb

x \oh”"ysZy \ pbde gZmd h A_fe_

X khklhyszZy ba "\mamgkEZfcgdiZevghc b ijbdeZ”~ghc

Mqg_gb_ h kljed\gZy kh”_j Zl_evgZy qZklv ]1b”jheh]lbb J_qghc
kfuke ijbjh~rgh_ y\e _gb_i_j f s gby k\h[h”ghc \h?u \ ij_~ eZo knm
liZ\blZpbhgguo kbe Nhjfbjh\ZgbleZkdbhdZ ijhp_kk gZa_ _fghc qg.
]Jbrjheh]bgq_kdh]h pbdezZz khklhysbc ba fgh _kI\Z qzZklguo ijhp_Kk
_kl_KkI\_gguo ijbjh~rguo h[jZah\Zgbyo gZaul\Z_fuo j_qgufb [Zkk_cg.
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< gZklhys__ \j_fy ]b~jheh]by gZoh”blky \ g_m”h\e_I\hjbl_evg
ihj g_ j_r_gu fgh]b_ kmsghklgu_ \hijhku nhjfbjh\Zgby klhdz <f
fzl_fZlbg_kdh]h fh~_ebjh\Zgby \ ]b”jheh]bb ihy\bebkv gh\u_ ij
Hilbfbaf beb i_kkbfbaf ijb hp_gd_ khklhygby ]b”"jheh}ymb é_brygZe_
k\yvaZg g_ klhevdh k k_jv_agufb ~h\h~Zfb kdhevdh k ®iffhjplohgZe\
]b~rjheh]h\ jbkdgm\rbo ~Zlv 1Zdmx hp_gdm

F_ e _ggh k Ijm~hf ijh[b\ZxsZyky ]b”jheh]by gh\h]h ihdhe
fzl_fZlbg_kdbf fh~r_ebjh\Zgb_f ijhp_kkh\ nhjfbjh\Zgby kllgdd b ihy
\ugbkebl _evguo \hafh'ghkl_c¢c Gh a~_kv \Z" _g g_ kzZf nzZdl bkiheva
| jfbgz ©fh~_ev® B |h b ~jm]h_ \oh”bl \ Zjk_gZe b |ljZ*"bpbhggl
dZg_kI\_j _amevlZlh\ \ugbke _gbc | _i_jv fh gh ihemqgZlv dxhitZ~gu _
liZnbg_kdb_ ihkljh _gby [ _a baf_g_gby kmsghklghlt*qQBRhd kZfbb §_|
ithy\e_gbb gh\uo mfhgzZkljh_gbc fbjh\haaj_gbc ih”oh”~h\ Fh”_ebjt

deZkkbg_kdhc ]b”jhehhbbz\ qggf e ih ohly __ Ziheh]_lu wlh]lh g_
hdZaulzZxl h”_klhq_ggh_ khijhlb\e_gb_ bgZdhfukebx 1Ilheh _gb_ r
ihy\behkv ~h\hevgh jZkijhkljZzg_ggh_ 1 _q_gb_ dhlhjh_ fh gh

©aehmihlj_[eyxsbf fh”_ebjh\Zgb_f2 D kh ZejbgypZIvjbqghtbdKyhqgu
kbeu kh\j_f_gghc Jb/ whldhibdzZzthlgx”v g_ khh[s_klI\h _~bghfure_ggh

=b~jheh]by b gZmdb h A _fe _

=brjheh]by b ]b~jh]_heh]by

Ki_pbnbggh hilghr_gb_f "~m ]b”jheh]b_c¢c b ]Jb”jh]_heh]b_c
Zki_dlh\ I _hjbb fh~_ebjh\Zgby jZkg_Ih\ ijh]Jghah\ keh b\r__ky hl
hl ]brjheh]dpbrjZamf _gb_ |h kWhlhc KvbhgZy gZmdzZ Gh bg g _jgZy |
b bg g _jgZy ]b”jh] _heh]by ih djm]Jm j rZ fuo aZ"Zqgj haébgZxgky "jI
lhwlihfm baf_gblv keh b\rmxky kbImZpbx hqg_gv keh' gh zZ I_i_j
g_p_e_khh[jZagh LiZ"bpbhggh ]Jb”jh]_heh]by J[eb _ ijbfudz_lI
hjl]Zzgbazpbhggh 7~Z°_ kh\f_s_gZ k g_c "Okphijédbgze]lbyw hibqg_kd
>=e_"dh @ Klhev °  [_aZi_eeypbhggh miI\_j *gglklv Ehé&" jh]_
hirbjghc h[eZklb aldZgehtbMiést>1965].

=jZgbpz f_""m ]b”~jheh]b_c b ]b”jh]_heh]b_c beexahjgZ 1Ih
i _j\u_ f _lju lhesb ]Jhjguo wph“h[Zklv ih\ur_ggh]h bgl_j kZ ]b”jh
]Jb”rjh] _heh]lbb h~rgh\j_f ggh Ohly _klv b g_dhlhjZy jZagbpZ
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X ]b”jheh]bx yjmku ih”~a_fguo \h® \ i _j\mx hqg_j_~v bgl_j_|I
gZdhie_gby \h~u b \ jZaghc kl_i_gb azZf_"~e_ggh]h _lv bklgghl]dby
[Zkk_cgZ

Xx ]b”jh]_heh]by bkke_ _~m_| jZkijhkljZg_gb_ nhjfu aZe ]Zgt
"b® _gb_ ihca_fguo \h”

<hh[s_ ' h[Z gZa\lZggu_ Zki_dlZ g_ gm ~u h[_bf gZmd:
]Jbrjh]_heh]by b ]Jb”jheh]by klZedb\Zxlky k ijh[e_fhc \azZzbfh”~_ckl
ihra _fguo \h”~ ijbq_f dzZ ~Zy “bkpbiebgzZ kqblz_ | __ kdhhc Ke

]Jbrjheh]bx bgl_j km_| b ]Jem[hdbc ih”a_fguthkfihjd Hgy N Wgldhck
lhevdh d ih~a_fguf \h~"Zf aZe ]Zxsbf gb _ mjh\gy fhjy

lhabpby ]b”jheh]h\ ih highr_gbx d ]Jb”jh]_heh]bb \ ~\mo ke
hozjzdl _jbah\zZgz IZzd azZbgl_j kh\Zggh_\gbfzgb_ 1j _~ihezZ]Z_ Iky

< aZdexq_gb_ wlh]h g_[hevrh]h jZa”_eZ ohgm hilf_Iblv qglh \
d jZ[hlzf ]b”~jh]_heh]h\ k p_evx \hkihegblv k\hb ij_~klZ\e_gb
nmgdpbhgbjh\Zgbb ih”a_fgh]l]h ]b”jheh]bq_kdh]h fbjZ gh J[ue
m[_~b\rbkv \ hlkmlkI\bb Ihc bgnhjfZpbb dZdmx [u y fh] ihkgblZlv
g_h[oh”bfhc

=brjheh]by b Jeypbheh]by

?s_ h”gZ g_e _ihklv "Zevg_cr_c ~ _abgl_]jZpbb b jZayjhgbqg g
bkdmkkI\ _ggh ihkl i _ggh jZkrbjyxs__ky hlgm ~_gb_ ]Jeypbheh]bb |
kdZau\l\Zxs__ky gZ jZa\blbb hillb&igkimld ewguff gh g_ \ iheghc f_j_
bl]ghjbjh\Zzgb_ g_dhlhjufb ]b”jheh]Zfb b Jeypbheh]zfb ij_]jz"
ex[bl _eyfb k_iZjzZlbklkdbo fm~”jklI\h\Zgbc kdZaulZxs__ky \ Ihf
ijh~he zZxl kihdhcgh azgbfzZlvky h[sbfb ijh[e_fZfb b aZ%kZqlafly \h\l|
jZkdb~rZggufb ih jZaguf ihbf_gh\Zgguf m]eZf gZ kZfhf éhkv qibhghc
debqg h jZko\Zlu\Zgbb km\_j _gbl_Ih\ y\ey Iky ijb\e_dZIl_evguf b \ h

JZkkfhljbf fg_gb_ Jeypbheh]Z h ijbgbgZo jzaf_~ \Zgby ]b”jhe
leypbheh]by ©«”*he]lh_ \j _fy |IjZ*"bpbhggh kgblZeZkv gqZklvx Jb*jhel
OO \ klzeh ykgh qglh ijh[e_fu b f_Ih~u bamqg_gby I\ _jAhc b "b~d
jZaebqggu? b Jeypbheh]by ©ij_\jZlbezZzkv \ kZfhklhyl _evgmxygzhljZke
klud_ ] _h]ljZnbb ]b”~jheh]lbb ]_heh]bb b ]_hnbabdb? >=eypbheh]bag
hi” eyykv hl ]b”jheh]bb leypbheh]b g_ j_rbebkv ihaZ[hlbl\
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N fZzjdZpbhgghc ebgbb f_""m kn_jzZfb wlbo ~“\mo gZmd gkhb”~bfh
h[hkgh\Zggh wlh k~_eZlv ijhklh g_\hafh 'gh Gh ~zZ\Zcl_ ihkfhljbf
]Jeypbheh]lb ihdb”Zy ]Jb”jheh]bx" Ihfbwhhekg¢gbgithd ikdjh\ b kg_"g
eZ\bgue # fhj_c j_d b \h~h_fh\ Gh ]b”jheh]b gbdh]*Z g_ " _ebeb k
\ aZ\bkbfhklb hl nZah\h]h khklhygby \h~u ihezZ]Zy qlh \k_ wlh _kI
\'djm] bo h[yaZgghkl_c b bgl_j_kh\ >_ckl\bl_evgh [ueh [ukif_rgh
ba gZmdb \ gZmdm ijb dZ ~hf kemgZ_ nZah\uo i\h*ld" X wvkldraq:
ieZg | _

lhwihfm fu ]b”jheh]b ijhrhe Z_f kihdhcgh ihezZ]ZIlv kg_"guc i
y\l\e_gby gZ j_dZo b \k_ ijhp_kku bo nhjfbjh\Zgby b jZagmjr_gby hl
lhevdh k\hbo gZmgguo bgl_j kh\ gh b \dexqgZlv bo \ kbkh\fm ]b"
ijhlghah\ Dklzlb ijh[e_fZ nhjfbjh\Zgby klhdZ-fhij_d¢gklo kchfitgbdkXl
b \k.ijh[e_fu k\yvaZggu_ k JeypbZevgufb k_e_ \ufb ihlhdZfb F
]Jbrjheh]bqg_kdbfb

G__gm ~h ]b~jheh]bb b kms_klI\h\Zgb_ fghlhe Ig_c f_jaehlt
]b~rjheh]bg_kdb_ ijhp_kku ohly ih fg _gbx Jeypbheh]h\ f _jaehlZ b
f jaehlh\_~ gb f dhlhjzy kh\f_klgh k Jeypbheh]b_c khklZ\ey
>=eypbheh]bg_kdbc keh\Zjv @

Fg_ihdzZazezkv ex[hiulghc g _[hevrZy ihe_fbdZ hjih*hdkZ
lJleypbheh]zZz k JeypblkémjlzggbdzZfb [he__ rbjhdh]h b ]Jem[hdh]h ijh
nbabdb \ bo gZmdm ~mfzZx g_ klhevdh ih kms_kdvmb~kd hre\dhe bld Ad
M K tZl _jkhgzZz ©g_fgh]lb_ nbabdb \ez” xsb_ fzZl _fZlbdhc g&Zqlb g_
e _"gbdb \g_keb \ ihgbfzgb_ ij ~f |1Z [hevr_ qg_f khlgb gZ[e@"ZI|_e

b I :Rmfkdh]h ©e_~gbdb ij_~klZ\eyxl kh[hc nbabq_kdb_ kbkl_f
kbkl_fhc ba "bnn_j gpbZevguo mjzZz\g _gbc k gqZkigfkidb ¢jhba\@”gu
©Lzdzy fhilb\bjh\dZ k\h”bl ] _h]jZnbx b __ \ _I\v Jeypbheh]lkx d nb:

aZzdhgu \ A _ckl\bl_evghklb ]_H]jzmdgg kidbbf aazdhgzf b \ khhI\_ITkI\l
kgblZ | gZmdm h e_"gbdZo qZklvx gZmdb h ewbdbZbidhke\ "egrgrq¥
kemqgqZ_ ]_hnbabdb2 >Dj_gd_ @

<k_Ijb ihabpbb gbg_]h djhf_ ijhl_klZ m f_gy g_ \uaulzZxIl |
fg_gb_ h \ukdZaZgguo \ur_ b™_yo
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1. Nbabqg_kdb_ ih”oh”u \ ]b”jheh]bb b Jeypbheh]bb ke
ijb\_IkI\h\ZIlv b h~h[jylv B bf g_ ke_~m_I| ijhlb\hihklZ\eylv
fzl_fZlbg_kdh]h hibkzZgby ijbjhrguo ijhp_kkh\ ]_h]jZnbx

2. AZbfkl\h\Zgby ba nbabdb ~he ' gu J[ulv Z~ _d\Zlgufb
]brjheh]bgq_kdbo b Jeypbheh]bq_kdbo ijhp_kkh\ b y\e \ghdbd-gh]b
gZmdZo mjZ\g_gby fzZIl_fZlbg_kdhc nbabdb 1Zdh\ufb dZxWReyxlky
bgnhjfZpbhggh g_ h[_ki_gq_ggufb

3. Ba\ _klgzy dgb]Jz 1zZIl _jkhgZ ©NbabdZ e _"~gbdh\2 >1ZI| _jkh
keh\h ©leypbheh]by2 dz" _Iky g_ ijbkmlki\m_I \h\k_ | _f ggzZf_g__
bf _ggh ey Jeypbheh]h\

4. <jy™ eb ke_"m_| kqblZlv Jeypbheh]bx \ _I\vx ] _hdjZadb 2k
lh fu “h kbo ihj g_ m\b” _eb [u fgh]bo “hklb" _gbc Jeypbheh]bb

5. Fg_ g_ ihgylgh ihg_fm g_dhlhju_ Jeypbheh]b [he__ jh”"k
]_hljznbb q_f d ]b”jheh]bb k dhlhjhc m gbo ~he gu [ulv b \ h
dhgp_ipbb f_Ih*hehjbgbfZ2gb_g_h[oh”bfhklb ijb\e_q_gby ]_h]jZnb
\ jZzfdZo | _o0 aZz”"Zq dhlhju_ hgZ ijba\ZzgZ b ~_ckl\bl_evgh fh™ | j_r

L i_jv kdZ'm g_kdhevdh keh\ h[ h[s_c |_jjblhjbb ijbeh _gby
]Jeypbheh]bb < ijbgpbi_ fh gh ij_~klZ\blv "\Z djZcgbo \Z}bEgtz fZ|
]Jbrjheh]bg_kdbo ijhp_kkhtdbdhdho [Zkk_cgZo

< i_j\hf \Zjbzgl_fh”_ebjm_Ilky \_kv gZ[hj ba\_klguo i4bp_kkh
iblZzgby b Z[eypbb 1Zdbo dZd \uizZz®_gb_ hkzZ~dh\ nhjfbjh\dgwd kg _
i_j_ghk nbjgbazpby kg _]Z ij_h[jZah\Zgb_nbjgZ \ ehggh]lh kg ]2V
b h[gZ  _ggh]h ev~Z nhjfbjh\Zgb_ e_~gbdh\h]l]h b bgh]h klhdZz
\hkijhba\h”blvky gZklmie_gb_ b hlklmizZzgb_ e_"gbdh\ \ Ihf qb
dzZlZkljhnbqg_kdb_ ih”\b db Ihke_~gb_ ihdZ ij_"~klZ\eyxlky Ijm~ghj.
baazZ g_iheghp_gghklb gZrbo ij_~klZ\e_gbc h ijbjh”_ ©ilbndhAkBpbc?
g_"hklZlhqghklb nzZzdlbq_kdbo ~Zgguo

<h \IhjhffR" _ebjm _I|ky nhjfbjh\Zgb_ k_ahggh]h kg_"gh]h ihdjh
ihke _"mxs__ 1Zygb_ h[gZ b\r_]Jhky ev~Z \ ij_~iheh _gbb ihk
ih\_joghklb e_~gbdZ hij_~ e _gghc iehsZ”b \ ahg_ Z[eypbb

Fg_ "mfzZ_Ilky qlh Jeypbheh]b i_j\uc \ZjbzZgl fh”_ebjh\Zgby
ihkgblZlv Jeypbheh]bq_kdbf Z \lhjhc ]b*jheh]bgq_kdbf Y ~_ \b™ m\
fhr_eb Z \h \Ilhjhf gzZh[hjhl __ h]jZgbg_gghklv ijb\h~ysmx d [he
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az™zZqb fzl_fzZlbg_kdh]h fh”_ebjh\Zgby klhdZ \ [Zkk_cgZogb\dthhlhju
>ey j_r_gby [he__ rbjhdh]h djm]Z azZz~Zq 1Zdbo gZijbf dbodzZd h
ihke ~kl\bc baf_g gby debfZlZ beb aZ]jyag _gby jgghuok¢Zkkn _dgl
ij_~ihg_klv fh~_eb i_j\h]lh \ZjbzglZz

< aZdexq_gb_ _s_jZa \ujz Zx m\_j_gghklv \ Ihf qglh Jb*jheh]
[hevrhfm kq_MNthgZy gZmdZ

lih[e_fu ]b”jheh]bb

JZa”_eu ]b”rjheh]bb

<aley®”u gZ p_e_khh[jZzagh_ ih*jZza”_e_gb_ ]b”jheh]bb d.
g _h~rghagZqgu b [_kkbkl _fgu ?s_ F : < _ebdZgh\ \ k\h_ \j _fy dhgk
"\mo ijbgpbibZevgh jZaebqguo deZkkbnbdZpbc jZa _ethdZ\gmljb ]
1948]:

X ih h[t_dlzf ih”~a_fgu_ \h”u \h~h_fu k aZf_"e_gguf klhdhf

x ih ijhp_kkzf \_s_kI\h \h~h_fh\ \h”~guc [ZeZgk "\b _gb
Mb® _gb_ eh™Z \h~h_fh\

A™ kv ke bfmlvi\ \b m g_dhlhjmx hkh[_gghklv | _jfbgheh]bb F
ihgylb_ ©\h~h_f28 hg jZkrbjbe b jZkijhkljZgbe ihfbfh ha_¢gbb [heh]
\h~h_fu kg _"guc ihdjh\ b ih”a_fgu-IARhfuj <wb@ddhc*oh” bkihevah
; . :iheeh\ >:iheeh\ @ gh ih \iheg_ hij_~_e _gguf ijbgbgzf
ihgylby \h~h_fZ b \h~"hlhdZ q_Idh jZa”_e_gu >>Zev Smdbg
KqblZzy wlb deZkkbnbdZpbb g_ hqgq_gv jZpbhgZevdgnuikh Ko"gbdaphh
kmrb ©ih f_j_ gZ”~h[ghklb? bkihevah\Ze h”gh\j_f ggh h[_

>h\hevgh h[s_mihlj_[bl _evguf y\ey Iky ih*jZa”_e _gb_ ]b”"jh
hit_dlIZib*jheh]by j_d ha_j [hehl ihg\ ih”a_fguo \h® e_"gbdh\ =<
b eh]l]bgqgh Gh g_ \k_ 1Zd ijhklh >Z\Zcl_jZkkfhljbf wlb jZa” _eu ihl

=b”rjheh]byWlhlihqlb IZ\lheh]by ]b”jheh]bb kmrb beb h[s_c ]b”"
m~bleyxkv ihg_fm gbdhfm g_ ijbreh \ ]Jheh\m \u”~ _eblv ]hjZa”h
©]b”jheh]lbx j_qguo [Zkk_cgh\?2 B _keb \Zf \uiZeZdb™jeghdbbZjvde
lh \u gZoh”bl_kv \ b~bhlkdhf iheh  _gbb b[h hgZ ijZdlbg_kdb ¢
]Jbrjheh]b_c

=b”jheh]lby W& _jkv kbIimzZpby keh'g__ 1Zd dZd iZjZee_evgl
| _jfbgu ®ha_jh\_~_gb_2 b ©ebfghelyleyklky _z kbghgbfzfb ihkd
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\dexqzZx!l \ k_[y fgh  _kI\h ki_pbnbqg_kdbo ey ebfgheh]bb \hijhkh\
©Ebfgheh]bx2 > 0OZlgbgkhgZ >0Zlgbgkhg @ b \u ImHlh_ m[_~
ih~h[gZ kbImzZpby b k ]Jb”jheh]b_c [hehl ijhlb\hihklZ\e_gghc Kk
ihke_~g_f kms_kl\mxl Zki_dlu ~hklZlhggh ~Ze_db_ hl ]b”jheh]b
k\yaZzggu_ ?keb fu hl*_ebeb hl ]b”jheh]bb ®©]b~jhi[bhfejlbx?® b
©]b~jhobfbx2 |h "ey ©ebfgheh]bb?® b ©[hehlh\_~ gby2 wlh m _ g_*

lhag\_aggZy ]b”rjheejbgbfb hij _~ e gbyfb y\leyxlky ©mq_gb_
\ez]_2 b \ dBEdfh¢_ ©nbabdzZ ihg\u? 1zZd dzZd \ jZzfdZo ihq\_gghc ]b"
b az”"Zqb |_iehh[f_gZ

Ilh*"\h”y blh] kdZaZgghfm gZa\Zggu_ jZa”_eu |Jb”*jheh]bb ke _-
\b m gh g_ ijb*zZ\Zlv-gdf[dZdhQBfhklhyl _evgh]h agZg_glgm <u kd
ki_pbnbdz" Gm qlh °~ mqlbl_ wim ki_pbnbdm \ k\h_fg]bBhelh]lthg _k
[m~ | "hklZlhggh

Bgh]*Z g _dhlhjuf \Z guf Zki_dlzZf ]b”jheh]bb dzZd _“bghc gZ
lZdb_\u”~_ey fu_djmigu_ jZa”_eu dZzZd

X ]b”~jhf_ljby

X ]b”jh]jZnby

X nbabg_Kb&Zyhe h|]biygman, 1994];

X klhoZklbgq_kdZy ]b”jheh]by >DBB]Jj\ _ebr\beb

X ijbdezZ~gZy ]b~jheh]by >Ebgke _cl19&2h@hoy, 1%6H4].e x k

Y fgh]h jZafureye h deZkkbnbdZpbhgguo ih"oh”Zo d kljmd
ijbr_e d \u\hm qglh mazZdhgb\Zgb_ jZaebqguo ©]b~jhélghkd? \ dh
[hevr_ \j_~Z q_f ithevau B \ i_jvmXx hokkehvglya fuke_c kZfbo Z
©madbo Jb*jheh]bc? IhkfhbjlbdmkiZib gigh km Zy djm] k\h_c gZmdb
k [_ beexabx qlh |_f kzZfuf khdjzZszZ |_ hI\_IkI\ _gghklv ZaZz g _i
ij_~ _ezZfb wlhl]h djm]Z Gh \_~v fh gh ki_pbZelhabnadhifwkwhiiij hdkzd hd
ihf _sZy ijb wihf _JTh \ p_glj ly _klb gh\hc m]h”ghc ebggh Zf*gZmc
wlh imlv d h]jZgbq_gghklb

: \hl ex[h_ ihegh_ \k_klhjhgg__ b ]Jem[hdh_ bkke_"h\Zgb_ ~t
h[km " _gb_ ke _"mxsbo ~_kylb ]JezZz\guo Zki_dlh\ \Z'guo d&d_ g¢ghevdh
b \h\k_ 0o gZmdZo h A_fe_

1. F_|Ih*heh]bg_kdbc \aZbfhk\yav ba[bjZl _evghklv ~hdZa.
ijb_fh\ b ih"oh”h\
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2. Baf_jbl_evguc ijb[hju b kihkh[u baf_j_gby bamqgZ_fuo \_e

3. Wdki_jbf_glZevguc ijh\_~ _gb_ wdki_jbf_glh\ b gZ[ex”™_gb¢

4. Kh~™_j ZIl_evguc

x nbabg_kdbc hibkzZgb_ ]Jb”jheh]bq_kdbo ijhp_kkhklb y\e_g
hl mgb\_jkZevguo aZdhgh\ ijbjh”u

x obfbg_kdbc hibkZgb_ ]b”jheh]bq_kdbo ]Jbrjhobfbqg_kd
aZljyag_gby k mqg_Ilhf djm]h\hjhlZ obfbg_kdbo we_f_glh\ b \_s_KkI\

X [bheh]bg_kdbc hibkzZgb_ ]b”jheh]bqg_kdbo [bhobfbqg_kdt
ijhp_kkh\ \ wdhkbkl_fZo b [bhfZo

5. FzZI_fZlbg_kdbc

X AN | _jfbgbjh\Zgguc kihkh[u hibkZgby ]b"jheh]bq _kdbo ijhp

x \_jhylghklguc kihkh[u hibkzZgby kemqgZcguo ]b”jheh]b
ijhp_kkh\ b ihe_c

6. =_h]ljZnbqg_kdbc h[h[s_gb_ b kbkl_fZlbazpby izZjzf_
nhjfbjh\zgby klhdzZ b “~jm]bo ]b”jheh]lbg_kdbo ijhp_kkh\ b y\e
ijbjh~rguf ahgzf b dhgdj_lguf | _jjblhjbyf

7. Bklhjbg_kdbc j_klz\jzZpby ]b~jheh]lbg_kdh]h ijhreh]lh b ijkf
bklhjby ]b~jheh]bb

8. Wdheh]bq_kdbc ki_pbnbqg_kdZy hjb_glzZpby \hafh ghkl_c ]
azZ™"Zq hojZgu hdjm ' Zxs_c kj_"u

9. ljbdezZ”ghc

X jZkqg_lguc hjb_glzpby f_Ih~h\ ]b”jheh]bb ey gm ~ Kk
wdheh]bq_kdh]h ijh_dlbjh\Zgby

X ijhlghklbqg_kdbc bkihevah\Zgb_]b”jheh]bq_kdbo fh™_ e _c
]brjheh]bq_kdbo ijhp_kkh\ \ [m"ms_ _

X khpbheh]bq _kdbc \hkijbylb_ b j ZebaZpby ]Jb”*jheh]bqg_kc
dZz”jh\ gZimgmkyjgZy ebl_jZImjZz

10. E_dkbkibbebklbg_kdbc gZmqggZy | _jfbgheh]by lhedh\u _
]Jbrjheh]bgq_kdb_ keh\Zjb i_j_\h”u ]b”jheh]lbg_kdhc ebl_jZImju ke
klbev baeh™ _gby | _dklh\ klZl_c b fhgh]ljZnbc \ h[eZklb ]b”*jheh]bb

Nmg~rZf_glZevgu_ gZmdb ijbkmlklI\mxl \ ]Jb~jheh]bb ih\k_f_k
\ebygb_ b bkihevah\zZgb_ azZ\bkbl hl ijbjh”u ijh[e_f bibaokhZegyghhb f_I
ke _"m_1I| hif_Iblv \_ebdmx jhev @pZppuggdzdrddd h A _fe_ IThfbfh Ih]kh
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kms_klI\m_1| nbabqg_kdZy ] _heh]by nbabqg_kdZy ]b”jheh]by nbabqg_
p_euc dhfie_dk I1Zd gZau\Z_fuo | _hnbabqg_kdbo gZmd \ f_I_hjheh]|
\ hd_Zghehjbbahdz fhjy \ ]_hgphibbakdz \ ]b”jhlet]bbakrdz \h~*
i_j_bf_gh\ZggZy \ ©]b*jhnbdbdim2h[ghg bf ©\lhj" _gb_2 obfbb b [bhe
gZmdb h A_fe_ Obfby ihjh*bezZ ]_hobfbx b ]Jb”*jhobfbx b h[_ hgb !
Z [bheh]by ijh\_eZ Zdpbx ©wdheh]bazZpbb?

GZmdb h A _fe_ i_j_ ie_lZykv beb \dexqgzZxl \ djm] k\hbo bg
ijbjh~rgu_ ijhp_kku b y\e _gby ghlRkh]fZghqgggfu_ k\h_c kh[kI\_
ki_pbnbdhc beb "_ ©kha”zZxl2 ijhf_"mlhqgu_ hljZkeb gZmdb

;hevrbgkl\h 1jZgbp f_""m hkgh\gufb gZmdzfb h A_fe_ b
kZzfhklhyl _evgufb hljZzkeyfb mkeh\gu beexahjgu beb "Z°  ijb"mfZg
ijbf_jZ ihiuldm jzZzaf_~_\Zgby gZmqgh]h ijhkljZzgkl\Z f_"~m ]Jchfhjnh
lj_"~iheZ]Z_|ky qlh ]J_hfhjnheh]by bamqgZ_| a_fgmx ah¥gjwghklVvzZZ ]
>WA™ _evrl_cg @ =_heh]b °_ gbdh]”*Z b g_ "mfZeb jZfleklzZ\ZIvk
WIh!l ijbf_j fh™ _ I [ulv jZkrbj_g fgh]b_ hizZkgu_ ]b”jheh]lbqg_kdb _
h~rgh\j_f _ggh kgblzZxl k\hbfb b ]_heh]b b ] _hfhjnheh]b b ]J_h]jZnu

lh"\h”"y blh]b kdZazZgghfm dhgklZlbjmx qlh ]b”jheh]lby bf__
obfbg_kdb_ [bheh]bg_kdb_ wdheh]bg_kdb_ ]_helh]bljZkhtlg_kdB| 1
bklhjbg_ _kdb_ Zki_dlu < aZdexq_gb_ wlh]h ohgm h[jZIbln \gbfZz
g _ij_eh'guc nzZdl glh ohjhrzy hk\_"hfe_gghklv h ihe_aguo ”"ey
we f glZo \k_o i_j_gbke_ggwdhuk JdZetdrwr g h[oh”bfuc [Zah\uc fb

Hkgh\gu_ dhgp_ipbb ]Jb”jheh]bb

Dhgp_ipby dzZd kbkl_fzZz \alJey"h\ gZ ijhp_kku b y\e gby
h[mkeh\eb\Zxsb_ yl\ey |ky wehfolgtbhfufZ ~hc gZzmdb Ihwlhfm hagZz
gZ[hjhf dhgp_ipbc mq_gby h klhd_ b ]b”jheh]bb \hh[s_ ~Z | \he
ithemqgblv mihjy*hg_ggmx bgnhjfZpbx ”"ey jZafure_gbc h p_evg
hkh[_gghklyo k\h_c¢c gZmdb Z oO&gkhegdéenh]Zdth £tdjh_|Iky aZzZ ihg
©]b”rjheh]by? BlzZzd dhgp_ipbb

1. H ]b”jheh]bq_kdhf pbde_ GZ ihgylbb djm]h\hjhlZ \h
k\yaulzZxs_f \h_"bgh \kx kbkl_fm gzZmd h A_fe_ [Zabjmhkyky hke
]b”rjheh]bb
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2. H gZa_fghc qZklb ]b”jheh]bgq_kdh]h pbdeZz Ihkimeb
ihke _"h\ZIl_evguo ijhp_kkh\ i_j f s _gby \h~u f_""m fhf_glZfb \ui.
ih\_joghklv kmrb b ihiz~Zgby __ \ Fbjh\hc hd_Zg

3. H klhd_ \h7u < hkgh\_ nbabqg_kdhc kmsghklb vy\e g
hij _~ eyxs__ k\hckl\h_ \hPrudmqg_klv < ]jZ\blZpbhgghf ihe_ A_feb
azZklz\ey | \h~m g _ij_julgh "\b]Zlvky \iehlv *h __ ihizZz"Zgbly \ Fbjf
imlb wlh]h "\b" _gby fh]lml [ulv kZfufb jZaebqgufb

4. H azZdhgZo ijbjh”u <k_ ijhp_kku g_"b\hc ijbjh”u \
]b”rjheh]bg_kdb_ ih*gbgyxlky bkdexqgbl_evgh azZdhgZf nbabdb b
ihiuldb jyrZ ij_"~klZ\bl_e_c gZmd h A_fe_ knhjfmebjh\ZIlv b_h]jZnb
]b~rjheh]bg_kdb_ ©aZdhgu?& WIb g _kms_ Kheendsb g adbd hglkie hx kg
dhgklZlZpbb beb mI\_j°~ gby

5. H azZdhgZo khojZg_gby WIb \Z g crb_ mgb\_jkadievgu _
hih[jZ  _gu \ ]b”jheh]bb mjz\g_gbyfb \h~gh]lh b | _ieh\h]h [ZeZgkZ

6. H[ mdehg_ M]he gZdehgzZ f_klghklb kdehgh\ jmk_e \k_
\eby | gZ kdhjhklv ex[uo "\b" _gbc b gZ \ _ebgbgu ijhihjpbh
khijbdhkgh\_gby a_fghc ih\_joghklb k ZIfhkn _jhc

7. H j_qghf [Zkk_cg_ WIlh _kl_kI\_ggh_ ~bkdj_Igh_ ijbjh~gh
]b~rjheh]bg_kdZy nhjfZ hj]j]ZzgbaZpbb j_ev_nZ kmrb y\ey Iky f_klIhf ]
nhjfbjh\Zgby klhdz

8. H klhdh\hf we_ f gl_ WIlh ~bkdj_Igh_ ih\_joghklgh_beb ih”
_klv ijbjh*rgZy nhjfzZ kZfhhj]j]ZgbaZpbb hilbfZevguo mkieyhw\\th¢ g g&hie
kdehgZo j_qguo [Zkk_cgh\

9. H klhdhnhjfbjmxs_f dhfie dk_ WIh ki_pbnbg_kdh_
highkbl _evgh haghjh~rghc qzklb |_jjblhjbb j_gghlh [Zkk_cgZ k ih
KiIhdhnhjfbjmxsbc dhfie dk \ g _dhlhjhf kfuke_  khhl\_Iki\m_ I I|_j

wdhkbkl _fZ b [bh] _hp_gha

10. H jheb \h”u \ "bagb wdhkbkl _f <h”~Z k wdheh]bdp gkdlac Ih
hkgh\guo ebfblbjmxsbo nZdlhjh\ kms_klI\h\Zgby b nmgdpbhgbjh\Zg
Wlh b _klv hkgh\ghc kmsghklguc Zki_dl g_h[oh”bfhklbmudigdly]bhqg_k
klhd _

11. H nhjfZo kdhie_gby \h?*u gZ kmr_ Y\e_gb_ klhdZ khijh\h
f g "ebl_evguf az” _j Zgb_f \h”~u \ jZagh]h jh~Z ih~"oh”ysbo “
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kKljmdImju \_jogbo keh_\ eblhkn_ju >jm]Zy nhjfzZz az”wlZzgby \h’
gZdhie_gb_ \ I\_j~hf khklhygbb Kj_~b nhjf kdhiehagbjZ \HhehdZ Kk
e _"gbdb kg_"guc ihdjh\ ihg\_ggu_ b ih*a_fgu_ \h”u

12. H \azZbfh”™_ckl\bb ih”a_fguo b ih\_joghklguo \h”™ Ijbgpbitk
kl_dzZ | \h~Z ih\_joghklguf beb ih~a_fguf iml_f Bgh]”Z wlh lhevdh
aZ wlbf kdju\zZxlky ]jhfZz~gu_ ~bgzZfbq_kdb_ jZaebqgby \Zhwdhfm
i_j_oh~gu_ ijhp_kku b y\e _gby

13. H aZ]jyag_gbb Ijhp_kku [Zkk_cgh\h]h aZ]jyag_gby b n
g_jZaju\lgh k\yaZgu hl gZgZeZ b ~h dhgpZ

14, H[ hizZkguo ]b”jheh]bg_kdbo y\e gbyo ?keb bgl_gkb
nhjfbjh\zZgby klhdz ij _\ukbl hij_~_e_ggu_ ij_~_eu I|h wilh ijyfh beb
hizkguf kbimzZpbyf b ~Z°_ d dzZlZkljhnzZf

15. H jheb \h”u \ wdah]_gguo ] _heh]bg_kdbo ijhp_kkZo Ihc
ijhp_kku \u\_Ijb\Zgb_ djbh]_ggu_ b dZjklh\u_ y\e_gby kmnnhaby
hiheagb k_e \u_ ihlhdb kg_"gu_ eZ\bgu k\yaZgu k ignkhf gguf
mqgZklb_f \h~u Ihkdhevdm nhjfZevgh_ jZa”_e _gb_ wlbo bjhp_kk
]Jbrjheh]bqg_kdb_ ijZzdlbg_kdb g_\hafh gh Ih ihke_"gbZlv_klcskl\ _gg
h[ezZzklvx ijbeh” _gby kbe kh klhjhgu wilbo "\'mlo hHahkbb dpglbojd2i b &

16. H[ wdki_jbf _glZevghc ]b~jheh]bb Ih”*ebggu_ ~hklb  _gby
mqgq_gbb h klhd_ \hafh gu I|hevdh ijb kebygbb \hafh ghkl_c¢c w
\ugbkebl_evgh]l]h b I_hj_Ibg_kdh]h bo jZza”_eh\

17. H jheb fzl _fzZlbdb FZzZI _fZlbg_kdh_ hibkzZgb_ ~Z | kZfh_
h[tykg _gb_ ]b”"jheh]bq_kdhc j Zevghklb

18. H fzIl_fzZlbg_kdhf fh”_ebjh\Zgbb Ijbf_g_gb_ fzZl_fZlbdb \
hkgh\Zgh gz ihgylbb fzZl_fzZlbg_kdhc fh”_eb A _d\Zlgh_  ijb]
fZzl _fZlbgq_kdh_ fh~_ebyhAhZgbmaogyguc ijhjul d gh\uf \hafh ghklyf JbA"jt

19. H ~ | jfbgbaf_ b klhozZklbqghklb > | jfbgbaf b klhozZkl

kh\f_klgh ijbkmlklI\h\ZIlv \ Jb~rjheh]bg_kdbo |I_hj Ibg_kdbo ihkljh_c¢
gZkdhevdh wlh g _h[oh”bfh GZb[he__ m~Zqguf b iheguf bo khq_12Z
AN | _jfbgbjh\-kdgbdzklbqg_ _kdh_ fh” _ebjh\Zgb_ H~”gZdh \k_]7*Z ke_"m
kh~ j°Zl _evgZy qZklv ]b~jheh]bb 1Ih _klv Ih qglh hlebqz_ | __ hl
AN | _jfbgbjh\ZgZz K ~jm]hc klhjhgu klZlbklbg_kdb_ f_Ih”~u h”"bgZdh

gZmdZo
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200 H \_jhylghklb WIh hkgh\hihezZ]Zxs__ ihgylb_ |_hjbb
fzl _fZlbgq_kdhc klIZlbklbdb hklZ_Iky p_gguf b 7~ey ]Jb”jheh]bb Ih
klhozZklbg_kdbo f_Ilh~h\ hgh fh™_| hdZazZlvky g_h[oh”"BRYEZ ¢pgli®y km
fhr e c

21. H \azZbfh”_ckl\bb k "jm]bfb gZnmndZfbem]Ayfb_mqg_gb_ h k
"he 'gu rbjhdh ihevah\Zlvky dhgp_ipbyfb |j_amevlZIZfb bARiblhf \k_
kq_| hgb “he gu jZkrbjylv k\hb f_Ih~bg_kdb_ \hafh 'ghklb b \ k\hx
]Jbrjheh]bq_kdbfb agzZgbyfb b ih*oh”zZfb Ijb wlhf ij_~klZ\&¥_ |ky
_"bgklI\hf mjh\gy \k_o0o gZmd b koh”klI\hf bo Jhkih*kl\mxsbo iZjZ"b]f

22. H \aZbfhhlghr_gbb k ] _h]jZnb_c = h]jZnu ihdZ g_ &
hlidjul\Zxsboky Jhjbahglh\ k\h_lk]jghbdbktdhc kmsghklb g_dhlhjuo iZ
fzl _fZlbq_kdbo fh” e ¢ mqg_gby h klhd_ b “jm]bowdEmdzhzA lja\ |
bf xI \iheg_ hij_~_e _gguc nbabqg_kdbc kfuke b yleyxlky h[sbfb
nbabq_kdhc ]_heh]bb ihg\h\_~ gby < ijbgpbi_ ] hljZnbq Kk
kbkl_fZlbazZpbb k\hbo izjzf_Ijh\ fhiml k~_eZIlv b kzZfb ]b~jheh]b

23. H ijbdezZz~ghc ]Jb”jheh]bb IjbdeZ~gZy ]b”"jheh]by [Zabjmn
fhr _eyo b f_Ih~"Zo nmg”~Zf_glZevghc ]b”jheh]l]bb ~he’'gZ jZajZ|[z
ihkh[by j_dhf_g~Zpbb b jmdh\h~kl\Z "ey ijZdlbg_kdh]hbbkiheve
\h~rgufb j_kmjkzZfb b ijb j_r _gbb k_evkdhohayckl\_gguo ubljihnbl_ev
Aim]bo ijhl[e _f

24. H jZkq_|Zo klhdzZz OZjzdl_jgklkbdb ek hrda [ _gghc bgnhjfzZp
]b”rjh]jznzZzo klhdz =ez\gZy azZ"zZqZ ipXkghdbhA Wwfhldibgtkdb_ djb\i
jZkij_~_e_gby ozZjzdl_jbklbd klhdZ b Ziijhdkbfbjb\&jlw\bbb ZgZl&wl'bq _
gZbemqrbf kihkh[hf hp_gblv izZjzf |lju ihke_"*gbo <lhjZ& ih ag:
fZzl_fZlbg_kdb hibkZlv ojhgheh]bg_kdb_ ihke_"h\ZI|_ ekighkkdhoaZd g _
Dhk\_ggu_ f_Ih~u hp_gdb o0ZzZjzdl_jbklbd klhdz az”~Zgghc \_jhylg
k_]1h~gyrgbc ~_gv jZa\blu iehoh | _jki_dlb\u j_r_gby ijh[e_f
N | _jfbgbjh\-A&dgbzklbqg_kdbf fh® _ebjh\Zgb_f

25. H ijh]JghaZo klhdZz < ijzZdlbd_ ]b”jheh]bb h[uggh i
0ZjZd!l_jbklbdb klhdz ]hjzZza~h j_~_ kZfb ]b”jh]jZnu Iljh]Jghau fh]m
dh]~rzZ j_amevlzZIihf ijh]jghaz y\ey_ I|ky gzZb[he__ \_jhylgZy \_ebqgb
ijhlJghklbg_kdbc YwlodM\gZy djb\Zy jZkij_~ e _gby wlhc \ _ebqgbgu
jZaebqgzZxlky dZd djzldhkjhgqgu_ “~he]lhkjhgqgu_ b k\_jo*hemokjhqggu _
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khklhygby j_qguo [Zkk_cgh\ gZ ~ZIm ijh]lghabjh\Zgby ®&iZ>Jh_ ag
\ZjbzZglu mqgq_IZ ijh]lJghaz ih]h~u gZ i_jbh~ _]h azZ[eZ]h\j_f_gghklb

26. H kh\f_s _gbb ijh[e_f jZzkg_Ilh\ b k\_jo~he]lhkjhgguo ijh]gh
g _klZpbhgZjghklb ezg~rZnlh\ b debfzZlZ g _ba[_"gh baf] gty IjZ~"
jZkq_Ih\ b ijh]lghah\ klhdz J_r_gb_ ijh[e_fu ij_~klzZ\ey_Ilky \
hkms_kl\e _gbb ke_"mxsbo *~_ckl\bc

x klhozZklbg_kdhf fh~_ebjh\Zgbb ih]l]h”u \ mkeh\byo Zgljhih]
debfzlz

x ~_1_jfbgbjh\Zzgghf fh~_ebjh\Zgbb klhdZz \ mkeh\byo
ij_h[jZah\Zgbc eZg”rZnlh\

x ~_ 1 _jfbgbjh\-Adhbzklbq_kdhf fh~_ebjh\Zgbb b ihemq_gbl
djb\upzZkij_~_e_gby oZjzdl_jbklbd klhdZz

X ZgZeba_ b ljzdlh\d_ j_amevlzZlh\ fh~_ebjh\Zgby ijb h
khklhygby j gguo [Zkk _cgh\

Djhf_  hkgh\guo dhgp_ipbc mqgq_gby h klhd_ fh]lml Julv
fgh]hgbke_ggu_ qZklgu_ dhgp_ipbb gZijbf_j

X h[ z~_d\ZIghRlIbkebjm_fuo ijhp_kkh\ ijbjh~rguf

X h[ Ze]hjblfbg_kdhf ih~jz Zgbb ijbjh”_

X h ij_~_evghklb ijhklhlu fzl_fzZlbg_kdbo ZiijhdkbfZpbc
ijhp_kkh\ nhjfbjh\Zgby klhdz b | i

<hafh ghklb ]b~jheh]bb

Jhev ]b~jheh]bb \ "bagb g_eh\ _dZ qZklihkdexXdhlnlp eym\ZzZ N\K i/
bkdexgbl_evghklv h[mkeh\e _gZ g_ hkh[ufb ~hklhbgkl\Zfb ]Jb~
h[{t_dlb\gufb h[klhyl_ewkdbadfbewgufb k\hcklI\Zfb \h~u dZd obfbqg_kdh
yleyxs ]hky Jez\guf dhfihg_glhf \k_]h “b\h]h b Ihc kj_~u \ dhlh
hiblZlv AZf _qZl _evgu_ nbabqg_kdb_ k\hckI\Z \h~u |Zdh\u

x fzdkbfzZevgzZy iehlghklv ijb | _fi_jzZImj_ Zz K b f_gvrz
I\_jrhc nZa_ ih kjz\g_gbx k IZdh\hc \ "b”Adhc qglh ijb\h”bl d a
ih\_joghklb \h~hlhdh\ b \h~h_fh\ ij_iylkl\m_| bo iheghfm ijhf_jaz
ieZ\mq_klv ev”rZ

x | _fi_jZlmju azf_jazZzgby b dbi_gby | _ieh_fdhklv | _iehijh\t
| _iehlZ iezZz\e_gby b bkizj_gby ih\_joghgkighbhegZlyiklgdhb +ih kjzZ\g_
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k ihrZ\eyxsbf [hevrbgklI\hf "b~Adhkl_c qlh b]jZ_| hij_~_eyxsmx jhe
fghl]bo "bag_gguo b ijbjh*rguo ijhp_kkh\

X g_hJuggh \ukhdzZz ~"bwe_dljbg_kdZy ijhgbpzZ_fhklv ijb\h”y
jheb \h”u dzd jzkl\hjbl_ey qglh ijb”rzZ_| \h~_ dexq_\mx jhev \
wdheh]bq_kdbo y\e_gbyo b ijb \hl\e_q_gbb \ __ djm]hhlgjhkddbadjbjh
we f glh\ b kh_~bg_gbc

©ljbjh~Z "bag_gguo ijhp_kkh\ IZdh\Z qlh "bagv \_jhylgh J[ue
[mMAv m \h*u wlbo g_h[ugqguo k\hckl\2 >lhebg] Ilhebg] @

<hafh ghklb ]b”jheh]l]bb s ~h dhgpZ g_ hkhagZgu bgg_ijh”"
g _bkq _ jiz _fu VLjZ"bpbhggh \ jZfdZo ]b”jheh]bb banedfieky j\qgtl
hkgh\ghf dZd dexq d \h~rguf j_krmjkZfj bhidkghc Jbr"jheh]bg_kdb_ vy
gh g_ \k_ b g_ \ iheghc f_j_ Gh ]b”jheh]by g_ba[_"gh "he' gz jZz
bgl_j _kh\ b k\h_c hI\_IklI\_gghklb \ Ihf gqbke_ b 1Zf J/hy\lh@Z ihdZ
ihlhfm qlh b g_ iulZeZkv wlh hkms_kl\blv

< p_eyo hkhagzZgby kdZazggh]h ~zZ\Zcl_ ijhke_"m_f hcgZr_c
LZf 1. hgzZ ijbkmlkli\m_|I hgzZz "~bgzZfbqgqgZz b ijbrZ | \hafh’
"hihegbl _evghc "bgzZfbqghklb jZaebqguf ijhp_kkZf b y\e _gdyf B Ih
\f _rZlvky \ fh” _ebjh\Zgb_ jZagh]h jh*Z jZkq_lu hp_gdbpbkifhlghab
b yle _gbc

GZijbf_j 1b”jheh]lbg_kdb_ fh”"_eb ~he gu J[ulv g_ij_f_gguf
hkgh\guf we f _glhf fh” _e ¢ [hevrbgklI\Z wdah]_gguo ] _heltblbqg_kd
wdhkbkl f nmgdpbhgbjh\Zgby k_evkdhohayckl\ _gguo kbKud \ Ih
a_feyo aZl]jyag_gby I|I_jjblhjbc« B \k_ wlh \ Ihf gbke_ b \ ~bZ
bkihevam_Iky \ \ _jhylghklguo jZkq_|IZo ijhlghabjh\Zgbb h[h
j_dhf_g~"Zpbyo ih ij_~hl\jZs_gbx dzZlZkljhn b hp_gd_ glike b kl\b¢
hrb[hgguo ~ _ckl\bc b f_jhijbylbc

Fgh  _klI\h m ]b”jheh]bb b kh\f_klguo ~_e ikhfel f&Zjheibddt\ +
klhozZklbg_kdh_  fh”~ _ebjh\Zgb_ ih]h?u “"ey h[_ki_gq_gby \oh
N |l jfbgbjh\Zgguo Jb”jheh]bg_kdbo fh” e _c jZkkfhlj_gb_  ~bg
ih"klbezZxs ¢ ih\_jogHkl eyo debfzZlZz hp_gdZ ]b”jheh]bqg_kdbo
baf_g _gby ihke_~g_Jh b fghl]h_ ~jm]h_

lhbklbg_ \_ebdZ jhev ]b”jheh]lbb \ "bagb gq_eh\_dzZ Gh qg_el
hlgx”v g_ \k_]*Z fu hijz\~u\zZ_f gzZbf_gh\Zgb_ k\h_]h [bheh]bq_kdh
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=bArjheh]by b JhkmAZjklI\h

©=em[hdbc iheblbq_kdbc wdhghfbg_kdbc b "mdhbhg@ikdjba
g_]Zlb\gu_ klhjhgu gZr_c "bagb k\yazZgu k jZa\Zehf kbkl _ffigZanijzZ\e
\k__ mjh\gb mijZz\e _gby fZeh]jZfhlguo b [_kqg_klguo "be_I1zZgim?a >Dg
]Jhkm~rZjklI\m hdZaZebkv g_gm gufb \ha”_eZggu_ ihey jZ[hlZxsb_
gZmdZ |[_kdhjuklgu_ f_~bpbgZ b ijhk\_s_gb_  Qlh “"hréhwkhc Kkl
]Jbrjheh]b_c" Ih*oh”ys jZkigh\E B kzZfh_ kljZrgh_ qlh ijb wlhf h
ihfureyeb <k_ [ueh k™ _eZgh ihoh?y <f klI][] Khe¢@d]Bfb glZmd&¥lgh q
khmqgzZklgbdzZfb Zdpbb hdZaZebkv b ex”b dhlhjuhe’ifpujZaglwfebjbq
[exklb ]b”jhf_ | _hjheh]bx

>ey gZmd h A_fe_\ p_ehf b ]Jb~jheh]bb \ gZklghklb hqg_g\
klhjhgu JThkm~ZjkI\Z b[h “he gu [ulv iheghklvx j Zebah\Zgu \haft
jZa\blbx ijh]jzff gZzmqgguo bkke_"h\Zgbc \ klhev \Z'ghc “gdh g_1]h
k\yaZgh k jhevx \h~u \h \k_o _ hlijhlyag_glhwe § h[oh”~bfhklb ~h ij
m]jhau kZfhc "bagb WIh \Z gZy qZklv JeadZepgkilhg pgblyohigZevgt
f klghl]h Thwlhfm jZa\blb_ ]b”~jheh]bb g__klv qZklgZy gZmqgZy
lhevdh kZfbo ]b”jheh]h\ ;hegZKkhihs \km hhij ~ ey Iky Ihevdh \hafh
khlijm~gbg_kI\Z gZmdb b ]Jhkm~ZjkI\Z b[h ©klZeh hq_\b~guf qlh
hjl]ZgbazZpbb h[jZah\Zgby h[mq_gby b iheblbg_kdhthihébhaly\ey Ik
[he \Z guf nzZzdlhjhf ©q_f g _~hklZlhd gZmqgguo agZghbc?

GZ[ex"ZxsZyky \ gzZklhys  \j_fy \ Jhkkbb kh klhjhg
g_\hklj_[h\Zgghklv ]b”jheh]bq_kdhc fukeb i_j oh”~ysZy ihqlb \ |
b]Jghjbjh\Zzgb_ \hl m _ \ | _g_gb_ ihke_"gbo “\mo ~_kyldh\ e |
gZpbhgZevghlh dhjimkZ ]b”~jheh]h\ idEde &hyglmdio\ 1Z]dh BhkklZgh\e_
©e_qg_gb_2 b kh\_jr_gkl\h\Zgb_ [m~_| ~ebl_evguf b “hjh]bf m~h\h
\k_ gZ g_hij_~_e _gguc kjhd gb h”gh pb\bebah\Zgggb ijJEkIM GiKI\I
\hafh ghklb WIh [ueh [u gj_\Zlh ]hjZza~h [he__ ly 'dbfb ihke_ "kl\by

:\j_fy b h[klhyl_evkI\Z klIzZ\yl i _j_~ ]b”jheh]b_c \jh~_ Ju b ag
\k_ [he__ \ gh\uo b g _ijb\ugqguo nhjfZo khqg_lZgbyo badkjhtk'ug ggl

m>_ ihqglb g_dhfm hI\_qZlv <hagbdZ | g_dZy \k_fblnsZibgvgh k
ljZ\fbjh\Zggh_ khh[s_kI\h ]b~jheh]h\ m _ ijzdlbg_kdb g_ fh"
Z~AZilbjh\Zlvky d gh\uf mkeh\byf [he__ Ih]h hgh ihglb mljZlbeh Ki

gh\uo ih*oh”h\ f _IhAh\ b | _ogheh]bc IjbdezZ”gZy ]b”jheh]by dhlh
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\brhbaf_gyxsmxky iheblbg_kdmx h[s_klI\_ggmx b wdmghflwvdhkdmx
hlighr_gbb hklzZ _Iky iZkkb\ghc ?kl_kI\_ggh qglh hgZ g_ klZ\bl kh
i _j_"~ nmg"Zf_glZevghc ]Jb”jheh]b_c¢ J_ _amhlkeWhiZIghmdth™h &kl fbl_ev
jhkl dhebq _kI\Z e _mqg_guo iulZxsboky ©eh\blv ju[dm \ fmlghc \l|
k\hb mkem]b ihlj_[bl_eyf g_ kihkh[guf jZaebqgZlv dZq_klI\h ij_"eZ]

Blzd kh\j_f_ggh_ jhkkbckdh_ h[s_klI\h ]Jb”rjheh]h\ \u]ley”~bl ke
m\ _ebq_gb_ fgbke& mg_guo \ufbjZgb_ beb i_j jh ' _gb_ ijhn_kkbt
khdjZs_gb_ dhebq_kI\Z b dZq_kI\Z fheh”uo ki_pbZebklh\ \k_o mjh!

| i _jv g_h[oh”~bfh djzldh hklZgh\blvky gZ hkgh\guo ijbqtk

iheh” _gby k gZzmdhc \ gZr_f HI_q_kI\_ Fgh]b_ ba gZghexWgd il
[he _ ki_pbnbqgqguo HArgZ ba ijbgbg g_”~ ckl\_ggh]h rbjZ\e ghb
21-1h \_d&lh ijhlb\hj_gb_ f_""m gZke_"~b_f hklz\r_fky hl Kh\_Ilkdh]h
hi\_IkI\_ggufb b g_ hg_gv ijhn_kkbhgZevgufb khh[jZ _gbyfb jy*rzZ
Ajm] Ajm]Z ebp ijbgbfZxsbo j_r_gby gZ ]Jhkm”"Zjkl$_gghio nmhidg_
©j_nhjfZlhjh\2 jhkkbckdhc gZmdb Jhkih~ klI\m_1 \h\k_igohkd|_fehgb _
iheh™ _gb_ \ "bagb h[s_kI\Z Z gzZh[hjhl b”_y hk\h[h”*blv ]hkm~Zjk
[j_f_gb B \jh~_ [u gbdhfm g_\~hf_d ih g_\_7~_gbx &k&buifh[mfukem
\ualZgZ g_ihijz\bfZy dzZIlZkljhnZ >jm]bfb keh\Zfb |ZdZgZ[ebahjr
[hevr_ iheblbdZ \ hlghr_gbb gZmdb [_amkeh\gh gZghkbl khd
[mMm*ms_fm Jhkkbb hl[jZzku\l\Zy = hdhgqgZl _evgh \ jZajy”™ keZ[h jZa\

B gZzdhg_p h[gZjh mx gZ i_j\uc \a]Jey”™ dhsmgkl\_ggmx fuke
gZr_c GZmdb kms_klI\mxI| k\h_]h jh*"Z ©djbfbgzZevgl [hqbjstd]lky ez ki
aZo\Zl nbgzZgkbjm_fh]l]h gZzmggh]h b hdhehgZmaggh]h ijhkljZogkI\Z E
aZdhgh\ gb bguo kihkh[h\ ijhlb\h”_ckl\by Gh djbfbgZe elkiv djbf
jZa\h™m jmdZzZfb

L i jvy [uohl_e h[jzZlblv \gbfZgb_ gZ g _dmx hq_\bHfghklv &
dhgl_dkl_ ~\_ aeh[h”g_\gu_ pblZlu

©AZiZku kujvy b wg _jl]bb m\_ebgb\zZIlv g \hafh'gh Hgb ihkl_
Ebrv q _eh\_q_kdZy fukev y\ey Iky | _f bklhggbdhf dhlhjuc |_f [h
[hevr_ ba g_]h q_jizZxl IlhwlgZIm ledfagbl[kevguc kZfuc \Z guc b
p_gguc bklhgybaeddk J 1ZImjb ARAgB_ OO
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© K dzZdhc " kdzZj_~ghklvx mfz b kj_"~kI\ b \ dzZdhf [_kihjy’
bkke_"~h\Zgby ohly b ijhkeZ\ey_ _f gZmdm b ihevam_fky-gb[Mme&]Zfb
k jv_agh h[ wlhc kbImZpbb gbs_lu"?2

©GZ bkke_"h\zZgby \h \k_f fbj_ \' I_q_gb_ ]1h*Z \u”*_ey_ |ky f
kljhbl_evkl\h h”rgh]lh dj_ck_jZ G_ hdZ mlky eb ijZ\u gZrb ijZ\gmd
gZk \Zj\ZjzZfv"3§ L_cy] ~_ RZj*_g N_ghf_g q_eh\_dZz

Kdehgb\ ]Jheh\u i_j_~ mAjmgZxs_c dZjlbghc kdZj_"ghklb Fbgl
gbs_lu kem'bl_e_c ]b”jheh]bb ihijh[m_f ij_~klzZ\blv k_[_ eh]
\azbfh”~_ckl\by ]b”jheh]bb b Jhkm~ZjkI\Z \ mkeh\byo kh\j_f_gc
wdhghfbq_kdhc “bagb kljZzgu kh \k_fb __ 2 fhdjZIllgZRkdbfbyijb
h[s_kI\ _gguf b gZklguf ijhba\h”*klI\hf Nmgdpbb jmdh\h”"bl_ey gZ
agZgbl _evgh mkeh gbebkv L _i_jv hg h[yaZg "mflzhvbgijh\ndvdib h]
gZmeglgkke ~h\zZl_evkdhc jZ[hlu \ k\h_f mqgj_""_gbb gh b ih
i _jki_dlIb\gu_ kljzl _]1bg_kdb_ \hijhku b fghl]h_ ~jm]h_ H~”gh\j_f g
ohjhrbf f_ g _~" _jhf Ih _klv ijhn_kkbhgZevguf mijZ\eyxsbf q_eh\_
ki_pbZevgufb agZgbyfb hkh[uf |ZeZglhf b hij_~ e glkifb gzZ\u
mijZ\e_gby ~_yl_evghklvx \ hij_~_e_gghc h[eZklb gZmdb \ gZr_f k

Y khagZl_evgh g_ bkihevamx ijb\uggh_ keh\h ©~*bj_dlhj?2
ljZz"bpbb h~gh\j f ggh "he’  _g [ulv b mq_guf < wlhf _JhckbeZ b
Abj_dlhj bgklbImlz kihkh[_g khojZgylv h[t_dlb\ghklv b ijbgpbibZev
b mijz\e_gbb gZmqggufb bkke_"h\Zgbyfb 1Zd dzd kh\agZl-\Edgh beb
\ khhiI\_ITkl\bb kh k\hbfb k_iZjzZlbklkdbfb \dmkZzZfb

BlZzd \hagbdZ | g _h[oh”bfhklv ihyle gby k\h_]h jh*Z gZmqgg
mijZ\e_gb_ j_ r_gb_f nmg~"Zf_glZevguo gZmqguawlihic[EZ4& b keha™Zgblk
g _h[oh”bfuo ijbdezZ”guo | _ogheh]bc ihklhyggh fh”~ _jgbabjm_fu
|ZjZee _evgh kjZam "~he'gZ |[ulv hjJZzgbah\ZgzZ b kbkl_fZ f_jhij
\hagbdZxs_]h kijhkZ gZ khhlI\_IlklI\mxsmx gZmggmx ijh” okdydxx kb Zd
we f glzfb ©\hkiblZgby? gZ \hafh 'guo ihlj [bl_e_c¢ IZdhc ijh"md
gZmqguc fZjd _Ibg]

Gb _ ijb\_~_gzké¢elid dhfizdlgh beexkljbjmxsZy \hafh ' gh_ p_e
\aZbfh” _ckl\b_ ]b”jheh]bb k ]Jhkm~ZjkI\hf b h[s_kI\hf Ex[hc k_j\
kbkl_f_\_~ |1 d g_ihijz\bfuf ihke_~kl\byf
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4

GZr_ \hkijbylb_ ]b”rjheh]bg_kdbo dZIZkljhn

Kms_kl\mxI| |_jjblhjbb g_ ij_"gZagZq_ggu_ "“ey ihklhyggh]h i
\ bo ij_~_eZo b[h hgb \j_fy hl \j_f _gb ih?\_j]zZxlky ijyfhfm \ha’
ijbjhrguo y\e _gbc \ |Ihf gbke_ b ]Jb”jheh]bg_kdbo Gh aZgZklr
hdZau\zZxlky ih jZaguf ijbgbgzf dzZd jZza hq_gv ijb\e ydBbl "&vgufb
aZk_e_gby B hiZzkghklv bo bkihevahtgghjphkjln w]lghjiphmbi ky

Qlh f_rz_ | m~_j b\Zlv ex”_c hl ij_[u\lZgby gZ hiZkgjaol _jjblh
g \ _jb_ h[u\Zl ey \ j _Zevgmx hiZkghklv klhev ydh[u "Z\éhjdiboo b j_ ~
ihegh_ hlkmlklI\b_  hk\_~hfe_gghklb h \hafh'guo hiZkguo y\e_
g_iheghlhc beb bkdz _gb_f bgnhybdbpbtbdZaz\rb_ky g_khklhyl_evgu
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jZggb_ ijhlghau b ij_"mij-d”*l\ghhwo < hlkmlkl\b_ \azZbfhihgbfZgby
gZk_e_gb_f b \ezklyfb jZagh]lh dzZeb[jZ 1ih ijbgbg_ijbg_ijhn_
ij_"mij_"bl _evguo b kiZkzZl _evguo f_jhijbylbyo Z IzZd bcijihb_"e g
hjlZzgbazZpbb wdklj _gghc ihfhsb beb \uiezZlZo dhfi_gkZpbc

Hg_gv \Z gh ihgbfzZlv qlh gZklhysZy hizkghklv bkoh”~bl g_ hl
Z hl ij_klmigh]lh jzZz\gh*mrby Jemihklb Zeqghklb b g _hk\_"h
h[blZxs _]h kj_"~b ijbjh~guo y\e_gbc [_a h]Jey~db gZ gbo b kiho\Zlu\
dh]”Z ljyg_|I| ]jhfiheddhgb_\_s_c fgh]hdjZigh mkm]m[ey_| ihke_"kl
dzZIlzkljhn

GZ wlzi_ jzkiz"Z =hkm~ZjklI\Z aZsbs_gghklv hl hiZKguo y\
Ih~“h[guc jZkizZ™ gZklmizZz_ | dh]~Z _]h ijZ\ysbc kehc |_jy |I ©emqg
IblbjbfZ KhjhdbgZ b aZihegy_ | imklhlmOdlxghhgblgh kb¥hefvghc Jjmiih
gZp_e_gghc ebrv gZ k\hb dhjuklgu_ bgl_j_ku \f_klh h[s_gZjh”gu
iheblbgq_kdmx hdjZzkdm d k\h_c \u]h”_2 >Fy]dh\ @

< gZr_c kljzg_ \hkijbylb_ lhkm~Zjkl\hf ijbjh~guo dZIZKkl]
ke "mxsmx ki_pbnbg_kdmx nhjfm \ujZ  _gZ \g_rgyy ]Jhlh\gdkhy Jhkn
j_Z]lbjh\Zlv gZ bo ihke_ "klI\by gh klhev ~_ hlg_leb\h \ujZ" _gh mde

X ijh\_~ gby nmg”"Zf_glZevguo b ijbdeZ”guo gZmqgguo bkkt
ijbjh~rguo \ Ihf gblbéjheh]bq_kdbo yl\e_gbc kha”zZgby f_Ih~h\ bo j:

X kh~ j°Zgby b jZkrbj _gby gZ[ex~Zl _evghc k_Ib \ _"ms_c¢ f_
]Jbrjheh]bgq_kdb_ gZ[ex”_gby b ke_"_gb_ azZ ki_pbmbgkgdofb i
]b”rjheh]bg_kdbo y\e _gbcjX\l[dlggo b gZ

X kharzgb_ kh\j_f_gghc kem [u ijh]Jghabjh\Zgby b ij_"mij_"
ijbjh~guo y\e _gbyo

X kljhbl_evklI\Z aZsblguo khhjm _gbc b ijh\_"~_gb_ f_ebh
kgb Zxsbo m]Jjham ijhyle _gby hiZzkguo Jb”jheh]bg_kdbo ijhp_kkh\

G_ m\_j_ g qlh JThkm~Zjkl\h ijb wlhf ohly [u wdhghfbl kj_
hibkZgghc kljzZl_Jbb kdhj__ hgh bo [_a”Zjgh IjZg bjbl b ~hiheghb
g_eh\_qgq_kdbfb “bagyfb b a”hjh\v_f az ijz\h jZaj_rzZlv k\hbf
mijZ\eyxsbf kljmdImjzf ~_ckl\h\ZIlv g_ijhn_kkbhgZevgh

STt
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;m~ms__ ]b”jheh]bb

=prjheh]bg_kdh_ khh[s_kI\h

D \hijhkm h gZmqgghf fbjh\haaj_gbb \iehlgmx ijbfudzZ_| b "ji
k\h~"ysbc gZk k g _[_k gZ a_fex <hl hg kms_klI\mZl e]lh gZhgddhkrb
\ qZklghklb ]b~jheh]bqg_kdh]hihkRhhfbgklif\iKeb f y ihgbfzZx g_ hlkm
jZaebgbc \h \aJey”Zo gZ ]b”jheh]bq_kdb_ dhgdj_Ighklb b \o | _hjhq
Z h"bgzZdh\hklv hkgh\guo "bag_gguo ijbgpbih\ h[jZaZgftukegby dZm
ijbjh~_ ihgbfZgb_ k\h_]h ~“he]l]Z mq_gh]lh < wlhf &kfujkd gghbghf
mkeh\b_ ijbkmlkli\b_ \ khh[s_kI\_ih”"ebggh]l]h "moZ gZmdb

Fh gh wlhl \hijhk ihklzZVhjm]bfih dZdmx fh gh ~ZIlv hp_gdm k
kh\j_f _ggh]lh ]b”jheh]l]bg_kdh]h b g_ Ilhevdh ]b”jheh]bqg_kdh]h
Hp gdZ wlZ m\u “hklZlhggh i_kkbfbklbgqgZ >h dhgpa[lZdkibhg ke
g_m~_j bfh jzkiz"Z_Iky <k_ qZs_ bgl_j_ku gZmdb ih%fvgyxlky &
ebqgghkl ¢ < h[boh”_ fu gZau\Z_f wlh w]hp_gljbafhf \ gZmd_
kiv_ag__ 1zd dzd ijb wlhf ihkl_i_ggh ih*lZgb\zZxlky ij_"klzZ\e
g _ij_eh'guo b g _ij_oh”ysbo p_gghklyo keh b\rboky \ mfZo emqr_c

>ey gug_rg_J]h Ibibqggh]h ij_~klZ\bl_ey mqg_gh]h fbjZz m _ b
klhevdh kzZfz gZmdzZ kdhevdh k\h_ kh[kI\_ggh_ ®Y§zZY wljhdggZ m
ebgghklguo bgl_j kh\ m”~Z I|kgzZgaufghlbky tjb\udZgb_ hdjm  _gb_ az
hl bguo p_gghkl_c¢c \eZklv bfmsbo < jzZfdZo ]b”~jheh]kb[yfgh]b_
]Jbrjheh]zfb qgzZklh azZgbfzZxlky hdheh]b”jheh]bq_kdbfb ijh[e_fZfb
khdjmr_gb_f ibkZe < Ki2med r >@ H[uqgh wlh h[hkgh\u\Z _ Iky
jZkrbj_gby djm]zZ bgl_j_kh\ ]Jb”jheh]bb m\ _ebqg_gb_f jZaghh[jZz
\ e gb_ f \j_ f gb b h[klhyl _evkl\ Gh bf ggh \ |IZdbo mkeh\by
g_h[oh~bfuf z~_d\zZIgh_ jZa\blb_ b \uoh” gZ gh\u_ \ukhlu kh[kI\_gt

Kdhevdh "~ gZk ]hj~_eb\uo b kzZfhgz”_ygguo ij_[u\Z_I \ ]t
gZmdZo h A_fe_ B kdhev gadg#ighh gZgb gZmqgu_ “hklb" _gby

JZaguo ex™”_c¢ \ Ihf gbke_ b I _o dh]h fu nhjfZevgh beb ih
©mqgq_gufb? jZaBoeybjh\haaj gb_ >ey djzZldhklb baeh’ _gby h[h
djZcghklb

K h~rghc klhjhgu wlh A"moh\gh _ gjZ\kl\ _ggh _ b b
kh\ _jr_gkl\h\Zgb_ kZfhhINpm™ g\gyZ \ dhg_qguc j_amevlZl WIh [e.
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\hkijbylb_ ijbjh~ru WIh klj_fe_gb_ kfhlj_Iv gZ ijbjh"m b exfglgb \b
khihklzZz\eylv k g_c gZrm ihwabx fmaudm “b\hibkv WlIhi Jebhhghkl
jZkrbnjh\zIlv __ k_dj_lu

K "jm]lhwlh \alJey” gZ ijbjhm dZd gZ g_qlh aZkem b\Zxs__ |
ihdhj_gby ?keb\qZeh\[ d ijbjh~_ |Ih [m~mqgb h[u\Zl_e_f hg __ ijhl
heb]Zjokihevam_I| “ey __ mgbqglh _gby \kx fhsv iheblbdzZgkI\Z b n
wdhghfbqg_kdhc p_e_khh[jZaghkkbzZzjdglkyugzZclb k g ¢ h[sbc yaud
ij_ihrg_klb h[s_kI\m kmjjh]Zlu wlh]lh |_rZ k\hx ]Jhj*rugx b Is_keZ\b
£+g_ \b”bl __ \hhgbx b g_ gm\kl\m_I __ khklhygby ukdfiblky a
kzfh\ujz _gby

?keb ]h\hjblv h ijbal\Zgbb Q_eh\ _dZ |h hg “he g [ulv 0]Z
hkh[_ggh \k_]h "b\h]h gz A _fe_ > ckl\bl _evgh fu \k_ hI\_IklI\ _ggu
\k_ ijbgbfZz_f mgzZklpZajmr_gbb DzZd ~hf [_a “mrb y\ey_I|ky ebrv f_|I
k fvb 1Zd b gZr [hevrhc >hf gzZrz A _fey i_j _klZ | Julv IZdh\uf
hdhgqgZl _evgh ebrbl k_ [y g_dh]Jh “moh\gh]lh gZqZeZ b \f_klh ihgbf
ij_"~ihgl_|I kbxfbgmlgmx fZl _jbZevgmx \u]lh”m Klj_fbl _evgh jZaj
©wdheh]bg_kdbo gZzmd2 ebr_gguo k\h_]h nmgdpbhgZkNgdgH hb Mayo h\
Z[khexlgh [_kihe_aguf b[h hg gZijZ\e_g 9Z e_qgq_gb_ kgfmgbo Kkl
[he _agb g_eh\_q_kdh]h h[s_kI\Z \ _JTh ih[_~“hghkghc ihke_ _~g_c ko\
_kl_kl\hagzZgb_ m[b\Z _Iky ]hjrufb mfzfb kdehggufb \k_ ih~gbgyl
iheh” _gbyfb ih” ©]bighahf gZzmqgghc |_jiNV&hehpdd?c><hc@h

H djblbqg_kdhf gZgzZe_\ ]b”jheh]bb

QlhJu jzalz~Zlv kmsghklv kh\j f gghc ]b”jheh]bg_kdhc gZm
f rZzxs__ b lhjfhays_ jZa\blb_ qglh[u \uy\blv kzZfu_ ]bm[bgg
ih"ebggu_ ijbgbgu __ ~hklb" _gbc b iZ® _gbc glh[u hkddgkldv
\hafh ghklb gm gh ihfbfh _kl_kI\_gghc ijhn_kkbhgZevghc ijh”"\
kbevg_crbf djblbg_kdbf gZgZehf g_m_fghc nZglZht kaddhggtlgvgv
g_ kqgblZlvky k g_ibkZggufb ijZ\beZfb gZmqgh]h bkhlhebofxglZ ]e.
\ukh\u\Zcky?2 BKkIZjZ¥vky hkms_ kl\blv [he_ag_ggh_ jZa]jZgbq_gb_
lhlh qglh “he"gh [ulv ]b”jheh]bb aZoeZfe_gghc b ]b”jheh]bb hqgbkl
\i_j_~

< ebdb_ gZmqgu_ kihju b “bkdmkkbb klhev ijb\glgglu_ ~ey
azZbfkl\h\Zgguf ba bklhjbb gZmdb b om”~h  _klI\ _gguo ojmbaf\_dy gbc
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khojZzgbebkv b kh[kI\_ggu_ \hkihfbgZgby gug_ ihcelbgbtk\g_Bewltk g

k\h_]1h jhrZ dzZlZkljhnZ bWwI®dpdgdZgZAZmdb?2 Znhjbaf njZgpmakdh]
\ dZ < Dma_gZ KlIZgbhkeaZAf Elbfed fjdh ©gZmdZ dZd p_eh_ ij_ "~k

kbkl _fm k kbevghc | _g” _gpb_c d kZfhdhjj_dlbjh\d_2 >E _f @

Gh dzd gzZ ihke_"gxx fh'gh jzZkkqgblu\zlv _keb fu \k_
khijhlb\ey fky" A~ _kv mf_klgh \kihfgblv ZgZeh]bqgh_ Zg #gb_ C
kzfhj_ImebjmxszZy kbkl_fza b ©djblbpbaf k\hckl\ijo]jg kEm#fmKgamg
1985@ <b”bfh \k_ ~_IZdh_ iheh  _gb_ \_s _c ihkl_i_ggh hkez[_\Z_|I

< ihke_"g__ \j_fy djblbdZ gZ kljZgbpZo ]b*jheh]kg\&ddplm dgb]
gZklhevdh j_~dh_ qlh y kgq_e p_e_khh[jZalg\WwWibgzZdadEDpbih khVysh g dua
fZzl_fZlbg_kdhfm fh”_ebjh\Zgbx ijhp_kkh\ nhjfbjh\Zgby klhdZ ><bgl|

@ khijh\h”blv ki_pbnbg_kdbf ih®bizjhetjbdbhf_kdh]h ZgZebaz?
jZ[hl_ gz~ wlhc dgblhc djblbpbaf [ue \ayl fghc gklj\Hbprky_ gb _
klez b\Zgbx ijhlb\hj_gbc b hkeZ[e_gbx hkljhlu km ~_gbcuoh/fde m\_
dgb]b \ k\ 1 gZ f gy h[jmrblky rd\Ze g_kh]JeZkbc b hlI\_Ighc djblbdk
wlh]l]h Gh Z[khexlgh gbq_]h g_ijhbahreh B y hkhagZe qlh gZmqg
kh\k_f a~hjh\ >_ckl\bl_evgh dzZd [u kms_klI\m_I| g_ibxZgdbbkh]eZ
<k _ijbagzZxl \k_o \k_ h”h[jyxl 7~z dh]*"Z mlI\_j " ~zZxl| ijhlb\hiheh"
djZzcg _f kemgZ_ fheqZl beb azZfZeqb\zZxl

<k_ ]Jb”jheh]b agzZxl b fgh]l]b_ ba gbo p_gyl djblbgzkdb _ k
gZibkZggu-_\]h”u lhevdh glh aZdhggb\r_]Jhky \_dZ ihegu_ iZjZ"hc
h[h[s_gbc Gh gqZs wlk _dhbbbdz [_a Z~j_kZIlZ ;he__ Ihlh wlh ~Z" _
lZzdh\Zy Z kdhj__ nhjfmebjh\Zgb_ \uyle _gguo h[sbo g _]Zlb\glL
keh b\rboky \ gZmgghc Jb”jheh]bb <hafh gh wlh k\h_]h jhrZ ~Zgv
h{s_kI\_ [_afyl_"ghklb b ijb\uqguf g-ebéEZgZ”f t\h]h

DjZzcg__ [_kihdhckl\h ih ih\h"m ihke_"kl\bc bkq_agh\ ~gby djb
\ukdZazZe >wgbDWwjflzel \ k\h_c j_~Zdpbhgghc klEarth Surface Ryatesse®
and Landform$ McCarroll @ Hg mlI\_j~Z | qlh ij_~klz\ey fu_ gz d
"hdeZ”u g_ "he'gu \hkijbgbfzZlvky keh\gh ihke g __ keh\h gZmdb
\hkobsZlvky b dhlhjuf ke_"m_| Ilhevdh Zieh”bjh\Zlv gh g_R&BZ\Zlv
fu ohlbf qlh[u gZrZ gZmdz ~\b]ZezZkv \i_j_ " gZf k&«Zf@h djlpubd A jb
"he ' gZ h"h[jylvky b Julv " _eZgghc :\lhju dgb] b klZl _c¢c “he gu ibk
hkh[_ggh \' I _o kemqgZyo dh]”~Z bf ijhlb\hj_qZzZl| fgDgbjyh®ejmibd]hgl g
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glh djblbg_kpdbhc gm bo jZjmhtgZy b |j [mxsZy [hevrbo aZzljzl \j_f_g
"h[Z\be gqglh b g_[ezZDh"Zjmzy'Zz4Z gh hgz ij_"klZ\ey_ Iky "bag_ggh
Y p_ebdhf ihA™ _j"b\Zx 1Zdmx ihabpbx ohly b khag@wxg gridp bgbjj ku
ihrgbg_gu kh\k_f bguf ijbhjbl_1Zf

>bkdmkkbb \ Jbrjheh]bb

LjiZ*"bpbhggh kqgblZ_Iky qlh h~gbf ba kZfuo kbevguo Kkj_"k
ijh"\b" _gby gZmdb y\eyxlky ihklhyggu_p_e_gZijZ\e_ggu_b*"bkdmkk
gZmd h A_fe_ fu gZoh”bf fghlhgbke _ggu_ ijbf_ju wihfmkd@RkRkdZa h|
dZd nhjfhc kh\_jr_gkl\h\Zgby gZmgghc fukeb \ gZr_ \j_fy" AZ"mf
oZjzdl_j_ b kmsghklb gZrbo gZmgguo ]b”jheh]bqg_k'duwYo ebldkdmk
Ibibggu_ bo nhjfu

>bkdmkkbb \ i_qgZlb

X DzZdbdb[h i_gZlguf barzZgb_f h[Juggh "mjgZehf h[ty\ley Ik
ih\h~*m ijh[e_f ih”gyluo \ i_j\hc him[ebdaXZjgddc2 ©KKAIWwWNNnbpb ¢
ihe_agh]lh ~_ckl\by 1Zdhc “bkdmkkbb hq_gv gbahd ikjHhc [phklhc
Ah[jh\hevguf _  mqgzZklgbdzf ih ih\h"m ihklZ\e _gguo \hijhkh\ ijh
lhwlihfm kh”_j"Zgb_ ihke_“mxsbo klzZl_c ijbf_jgh 1Zzdh\h fu Ih"_
\hijhkh\ \ jzfdZo |_fzZlbdb ~bkdmkkbb h gq_f k m~h\e_I\luj_gb_f
ke _"mxsb_ \ j_amevlZl_ ~bkdmkkbc _keb g-kidby'gdZgkkylhhghg
m[h]b b h]jZgbg_qgu

X Kl1Zz\blky hkh[h bgl_j_kgzZy \ZgZy beb ijboh?ysZyky d
ijh[e_fz b _c ihk\yszZ_Ilky k[hjgbd klZl_c Ihke_"gbc ijba\l\Zg hlh[]
jh~rZ dhee_dlb\gh]h jZamfzZz ih ih\h"m ihklZ\e _gghc ijh[e_fu 1 _qz
ijboh”~blky bkiulu\Zlv Jem[hdh_ jZahqZjh\Zgb _

Mklgu_ ~bkdmkikbb kI _klI\_gguo jZza”_eZ ke_"mxl| ihke_"h\z
ANjmlhf

x >hdez” beb k_jby “hdez~h\ 1j_"iheZzZ]Z_lky qglh hg beb |
h ble_ggmx “bkdmkkbx ©azq_f gm'gZ ~hjh]z _keadZlggZ gm \ g*_|
"hdezZ” _keb h g fg _q_]h kdzaZzZlv"

X <hijhku ih "hdez”zZf 1h k\h_c ijbjh®_ hgb fh]lml [ulv Ij_o F

o] lj_ [mxsb_  jZatykg _gby ih imklydZf mihlj _[ey _Bhc |_j

g_agZqZsbf ~_IZeyf
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o] k\b” | _evkl\mxsb_h g_mlhe_gghf ls_keZ\bb \hijhrZxsbo b
jZagh]lh jh~Z nbebc b nh[bc

0 gZklhysb __

X H[km ™~ _gb_ kh[kI\_ggh ~“bkdmkkby H a”_kv fgh  _klI\h
f g__ bolh"_ fh'gh Ibibabjh\Zlv

0 hfudgh\ _ggh_ keh\h[em”~b_ g _ih"Zxs__ky hkfuke gbx

0 kzfhij_a_glZpby Ibiz ©fu azZgbfz_fky Ih"_ hqg_gv bgl_j_kc
ithke_ g_]h ke_"m_1I| bgnhjfZpby h g_dhlhjuo jZ[hlZo bf_xsdo hq_
kh” j"Zgbx aZkemrZgguo “hdezZ”"h\

0 h[km ™~ _gb_ ihiz\r_]h \ ihe_ aj_gby \ukigbizZxsy kemdgdhb pth ]!
Zki_dlz qzklh "ey wlhc p_eb fhlml kem 'blv gZa\Zgb_ "hdezZ”~Z bel

0 jZkkm™ ™~ _gb_ ih ijb\oh”ysbf \hijhkZzf

0 gZklhys  \uklmie _gb _

GZebgb_gZklhysbo \hijhkh\ b \uklmie_gbc k\b” | _evkl\m _ 1| |
g_jZ\gh”mrguo d gZmd_ ijhn_kkbhgZeh\ Fhy ebqgZy klZlbklbdZ k
hdheh kemqgz _\ wfibjbg_kdZy \_jhylghklv ihy\le _gby gZzZklt
\ukImie_gbc hp_g_gZ hl ~h \ aZ\bkbfhklb hl fh_]Afggdk([jlhelgby
blh] g_ml_rbl_evguc

Bgl j_kguc \Zjbzgl ihi_j_f ggh]h h[km "~ _gby ijh[e_fu jZ
]Jbrjheh]bg_kdh]h fhr_ebjh\Zgby ~Zg \ h*ghbf_gghc fhgh]jZnbb \u
FbozZwey ; W]J[[hlIZ b ?gkZ DjbklbZgZ J _nk]Zj*"Z ba >ZDistribjitedogkIblr
Hydrological Modeling, 199& \ dhlhjhc ihke ~h\ZIl_evgh ijbkmlklI\mxl

X ©"bkdmkkby?2 ij _"eh  _ggZy D_clhf ; \_ghf ba EZgdZkl_jk

x ©dhff_glzZjbc d "bkdmkkbb2 J nk]zj*Z RIhjfZ b W][[hIZ
fhgh]jZnbb
b

X ©hl\ | gZ dhff_glZjbc?2 ; \ gZ

B \klZzdb g_ kfhljy gZ ihemg_ggh_ m”~h\hevkl\b_ hl wlhc ikt
g_dhlhjh_ jZahqzZjh\Zgb_ b[h h[hagZqgq_ggu_ jZagh]eZkby y gZa\Ze
Gh ih”ebggh “~_ ~“bkdmkkbhgguf ijh[e_fzf h[_ klhjhgu kdhj__ i
_"bgkl\h \alJey~h\ qglh \hafh gh b y\leyehkv dhg _gghc p_evx

Y ijbr_e d \u\h*m qlh “bkdmkkbb b kihju fhlml [ulv wnn_dlb
_"bghfure_ggbdh\ b dzZd ijZ\beh kh\_jr_ggh [_kihe_agu \ kj_"_ 2
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aZljm~g_gu hglkbbmzZpbb dZd [u ki_pbZevgh 7~ey gbo kha”Zggh
h[km ~_gb_ h[sbo ijh[e_f ]b”jheh]zfb b kdz _f wdheh]Zfb b
]_hljznzfb HI [Zdbo kh\f_klguo ~“bkdmkkbc h b”"Z Iky k[eb _gb_
hrgzZzdh \k_ ijhbkoh”bl giZjbllkphNazbfhg _ijbylb_ “\mo Ibih\ ki_pbZe
fh™_I [ulv fu ijhklh ]Jh\hjbf gZ jZaguo yaudZo ijbg_f g_ lhevdh \ n

< dhg_gghf kq_|_ bkdmkkl\h \_klb "bkdmkkbx ihbdpgZogdZof j
h A _fe_ \dhg_p m]zZzkzZ_| WIlhfm kihkh[klI\mxI|l *\_ hkgh\gu_ ijbgbgu

X ihkl_i_ggh_ bkqg_agh\_gb_ bgl_j _kZ mqg_gh]h fbkXhd kmsgl
gZmdb ijhy\le_gb_ ]Jem[hdh]h jZ\gh”mrby d bklbgguf p_gghklyf
ijhn_kkbhgzZebafZz ihr dhlhjuf ke_"m_| ih~jZamf_\Zlv dg_ ih
bkihevah\Zgbx jZaebgguo f_lh”bd fzZl_fZlbg_kdhdboZkijZjZdlA bz | _
klj fe_gb_ ]Jem[ _ ihgylv ijbjh*gu_ ijhp_kku b y\e gby

X [he_ag_I\hjgZy i_j_hp_gdZ p_gghkl_c ijb\h*rysZy gz
g_ihgbfZgbx Ilhc jZg__ ohjhrh ba\_klghc bklbgu qglh gZrwhttebgg
gZr djblbd Z exluf \jz]hf y\ey Iky Ihl dlh jZko\Zeb\Z | gZk aZz
NZevgbf jZzkg_Ihf qglh ihemgbl \ k\hc Zz~j_k ih*h[gh_ ~_ \ha”~Zygb _

G_ ohl_ehkv [u *mfZlv qlh gZa\Zggu_ kbfilhfu ijhy\eyxsb_k:
hih[jz Zx] khklhygb_ ~_e \ h[s_kI\_ \ p_ehf [m” ml \ij_~vidmkm]m][:
g_h[jZlbfu

D ijh[e_f_ ~bkdmkkbc ijbfudz_| g _fZeh\Z guc \hijhk h aZsb
ijhba\_~_gbc ijbdez~ghc ]b”~jheh]lbb b hlq_Ilh\ ih ]jzZglzf b
dhee_dlb\ghc hp_gd_  KjzZ\gbl_evgh e_]dh ihdzazlv gZijbf_|j q
Ajmlhlh Gh dzZd ~hdzazlv qlh _~bgkl\_gguc ijh_dl iehddbWlh d
ij_ I _g~ _glhf 1Ihklbgv bklbgm \ djblbg_kdbo \uklmie _gby6Zikhglb g
hi\_ | mkeurbrv Z qlh \u ij_"eZ]Z_|_" <jh”™_[u b kijzZ\_"~eb\uc \hijhl
\hijhrZxsbc klz\bl dzd [u \ jZ\gu_ mkeh\by k_[y dhlhjuc ihjZ[hlZe
wlh]h ihemgbe b azZljZlbe kj_~kI\Z b djblbdZ dhlhjuc k\hbo ijhjZ[}
dhgdj_lghklb _klI_kI\_ggh g_ bf__|I B hiylv ihkfhljbf gZh[hjh
jZ[hlZzxs_fm q_eh\_dm ihihjlbe "_eqguc djblbd dhlhjuc gzZ kzfhf ~
ihgye h q_f bA_| j_qv HibkZggZy dheebaby \dhg_p "mdggy q&h _k
Kh[kI\_ggh bo "\Z
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X | j\uc nmg~Zf_glZevguc Ijb\_~ gb_ gZmqggh]h khkeh\b:
his_klI\hf \ ghjfZevgh_  khklhygb _ oZjzZdl _jbam_fh_ g_ lhev
ijhn_kkbhgzZebafhf gh b ihjy*hgqghklvx ]jZ ~Zgkdhc kh\_klvx b *m

X <lhjhc [xjhdjZIlbgb&dbhc Kha”Z_lky g_dzZy khijh\h ~Zxs
A"hdmf_glzZzpby kh”™ _j°ZsZy qg_ldh knhjfmebjh\Zggu_ hp_gdb ijh_dlZ
elp kibkhd dhlhjuo hij_~ e g ©azZdZagbdhf2 Ikgkilgdogblde f kleddhZ
©khijh\h"~_gb_2 hdz _I hij_~_e_ggh_ [eZ]hl\hjgh_ \ebygb 1 gZ dz
kh~_j"Zlv ijhn_kkbhgZevgmx bgnhjfZpbx ihe_agmx ~ey "Zevg_crb
j_r_gbc

lj_~hkl_j_"_gb_

Kb~y aZ ibkvf_gguf klhehf hkfukeb\Zy Z[kljZdpbb bkdHgkljmk
fhr_eb bkke_~h\Zl_ev “he _g \b~_Iv aZ mjz\g_gbyfb b pbnjzfb
ijhp_kku y\e _gby b kblmZpbb :gZeh]lbqgh gZ[ex™"ZygaZ ijhjonh "~ _
j_db beb jmgvy aZ nhjfbjh\Zgb _f klhdZ gZ kdehg_ \hhlgyfgbbh "y
jZkkfZljb\Zy hldju\Zxsb_ky eZg”rZnlu k kZfhe 1Z beb \ _jlhgezZlzZ \h
Z\IhfZrbgu beb \h \j_fy i_r_]lh i_j_oh”Z hg g_ “he _g aZ[u\Zlv h
pbnjZzo H]jZgbg_gghklv ~_yl evghklb I|hevdh ibkvf _gguc &hhe Ih:
i_r_oh”rgu_ fZjrjmlu Ihevdh \_jlhe | g_ba[_"gh \_~ I d h]jZgbqg_gc¢

| _j_~ ]1b~jheh]lhf dhlhjuc kmf__1 h[t_~bgblv \ k\h_c ebggh
wki_ jbf _glzZlhjz ihedkidZbpbhggbdzZ | _hj IbdzZ I\hjpzZz fzZIl_fZlbqg_
bg  _g-ijh_dlbjh\sbdzZz hldju\zZxlky ihbklbg_ [_a]jZgbqggu_ \hafh gh
k\h_¢c gZmd_ B dhg_ggh \k_ hldju\zxl ex[h\v d ijbjhmszZdvmf g
kmsghklv ]brjheh]bq_kdbo ijhp_kkh\

Mf _gb_ \bA_lv

Fu J]b”jheh]b ijb\udeb d k\h_]h jh"zZ O©OjzZathié_gjhxhhNorz?2
gZ[ex”_gby gZ k_Ib ]b”jhf_I_hjheh]lbg_kdbo klZgpbc b ihklh\ hJjz
NZggu_ wlbo gZ[ex”™ -gibcZzgZedbldbjm _| ihemqg_ggu_ ~Zggu_ ijhimk
fZzl _fZlbq_kdbc ZiizjzIl jZajz[Zlu\Z_ | khhI\_Ikl\mxsb_ f]lhAgu b fh
gzZklh fh gh \klj_Iblv ]b”jheh]h\ bf xsbo ebrv g _iheghp_ggh
ij_~klzZz\e_gb_ h ijhp_kkZo dhlhju_ hgb iulzZxlky fzZI_fZlbbo_kdb hih
[he  ijZ\bevguf ij_"~klZ\e_gbyf kihkh[klI\h\Zeb wdki_"bpbhggu_ &
wlhf kemqZ _ \kdhj_ \u® _ebehkv khketv\dki bbb gh ph\

582



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?C Lhfl <u4#|201¢

ijhlib\hihklZ\eyxs__ k_[y ©dzZf_jZevsbdzf2a b fh*_ev_jzZf b |_f kzZfuf
DZd gb kljZzggh hqg_gv j_~dh \klj_gZxlky ]b”jheh]b ohjheh fagizdhft
k 1Zcgzfb fzl_fZIbg_kdh]h fh”_ebjh\Zgby B _s_ f_gvr_ ]b”jheh]h
kihkh[guo g_ lhevdh kfhlj_Iv gZ ijbjh m gh b \b”_Iv ijhp< kkw \ g
gZrb \bamZevgu_ gZ[ex™_gby \ ijbjh~_  khihklzZ\ey fupb%fihaf_j_
| _hj_Ibqgq_kdbfb ihkljh_gbyfb b ijh_dlbjm_fufb fh”_eyfth\ikhd&ZZ beoy x| .
ij_"klZz\e_gbc h ]b*jheh]bqg_kdhf fbj_

<bamZevgu_gZ[ex™ _gby gZijyfmx k\lyaZgu k bkdmkKI\hdm\b~"
dlh hfez*Z | wibf bkdmkklI\hf \ iheghc f_j_ Ba k\h_]h kh[kI\_ggh]
ijbf_j dh]~zZ \ i_jbh”~ JeypbZevghc k_e_\hc hizkghklb ki_pbZeb
[ZjjZ bjh\Zeb gz \_jlhe_IZo gZ” ]hjgufb oj_[lZfb b ke_"beb az Kkt
fhj_ggh]h dhfie_dkzZ Gh dZzZd ijZ\beh djhf_ ihke_"mxsbe®bhlisbo j.
hkyazZz fuo j_amevlZlh\ bf_xsbo g _ihkj_~klI\_ggh_ ijh]glhukibeh kdh_
GzZdzZzgmg_ g9g_h ' b”"Zgguo k_e_\uo dzlzkljhn 1zZdb_ h[e_lu 12zd
bgnhjfZzlb\gufb < gq_f " ~_eh" G_m _eb ij_"\_klgbdb wlfud dzlzk
;m~Avl . m\_j gu qgZs_ \k_]h gZ[ex”Z fu Gh \ dzZq_kI\_ gZ[ex"
ki_pbzZebklu k\h_]Jh ~_ezZ Jem[hdh gm\kl\mxsb_ ijbjhem~dbdhdgthf |
fhj_guo ha_j B gbdzZdb_ nhjfZevgu_ bgkljmdpbb b i kI\Z
iheh™ _gb_ WIh g_hagZgzZ_ | qglh ihke_~gb_g_ “he gu kkAhZ\ZIvk\)
]Jhjza~h om _ ihegh]h hlkmlkl\by ©jmdh\h"kl\ZzZ?2

=b~jheh]zZf b ]_heh]zZf ijbal\Zgguf azZgbfzZlvky hiZkgufb y\e
ijboh”blky ih djhozZf kh[bjzZlv gZmqggmx bgnhjfZpbx [mdXEEhgh [jh"
B kihkh[ghklv gblzZlv aZibkb ihke_ _"~gbo gZ ebd_ A _feb yl\ey_ Iky
g _h[oh”~bfh hk\hblv bklbgguf ijhn_kkbhgZezZf Iheghp_gghiwwlhbamZe
ihglb bkdmkklI\h B iho\Zevgh_ keh\h h iheva_ b g_h[oHtbdhkib \b"_
ijhp_kkh\ b y\e_gbc y ohgm azZdexqgblv jZa\_jgmlhc BlZlhckka h"c
fh_c lhgdb aj_gby ohjhrh h[tykgyxs_c n_ghf_g ]b”jheh]Z ;h v_c fb
lhevdh ]b~jheh]z

©lbr_ I\ I _j fhj_ j_dZ jmqg_c ibrml a\_jb ibr_| a_fey dh]"Zz
gb[m~v eh[ b \*"jm] aZdjh_| jmkeh ihlhdm kf_| | gzZklv Jhjgh]lh oj_
Gh ebrv g_eh\_d Kihktdehg g jZkkfzljb\zZIv kh”_yggh_ ydh[u ke_
ijbjh~ru dzd ibkvf _gZ dzZd h[t_dlb\bjh\Zgguc jZamf« DZ "4y ~Zgg
[ulv \hkijbgylZ gZfb dZd g_qlh gZibkzZggh_ dzZd ghklh *jXxdigZz" g
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<hkijbgbfzlv 1Zd k\hckl\_ggh [eZ]hg_klb\uf ex~yf 2~ _lyf b ihwlzZf
mg_guf« WIb ex”b g_ klj_fylky ih”~h[gh ij_~klZ\bl_eyf kbeu b \eZ|
ijbjh~m b ih~*gbgylv __ k_[_ hgb lzd _ g_Ilj_i_sml \ kbxbedflh ~ _
bf ijbylg__ kha_jpzZlv __  ihagz\zZlv ~b\blvky _c ©img'wvfiZIv' _b e
[eZ]hkeh\_ggu m~b\bl_evgu_ ibkvf_gZ ijbjh~u g_hibkm_fh ij_dj
\Zrbo " _lkdbo azZ[zZz\ g_hibkm_fh b g_ihklb bfh ij_dj@gkguggbkibebd
\Zr _]h m[b_gby b mglHgsse, 1981}y >

H[jZs_gb_ d fheh”uf ]b*jheh]Zf

H[jZsZxkv d \Zf fheh”u_ ex”b ijbr_~rb_ \ ]b”jheh]bx WIh hog
"hklhcgZy gZmdZ ijbghkysZy h[s_klI\m b Jhkm~Zjkl\m \_elldmx ihe
[ulv fgh]hdjzZlgh [hevr_ _keb [u g_ jZagh]h jh~Z ihf_ob \hagbdgh
dZzd kZfhfm mqg_ghfm fbjm 1Zd b khhiI\_IklI\mxsbfmhXkimtdjdhlhggof |
aZ\bkbl jza\blb_ gZmdb b __ gzZb[he__ wnn_dlb\gh_ bkihevah\Zgb,

Dzd mlI\_j~blv bgl_j_k d ]b”jheh]bb m __ fheh”uo wglmabz
hkgh\u [m"ms_]h gZr_c gZmdb" DZd fheh”uo ]b”jheh]h\ kbreZlv g_
\yveh bgl_j kmxsbfbky \hafh ghklyfb ]Jb”jheh]bb Z ih"ebggufb ijhn
N eZ"

KzZfh_ emqr__ j_r_gb_ ijh[ezdh\Aagb_  hkh[_ggh gZ fZ]bkl_]
ZkibjzZzglkdhf mjh\gyo wlh mklZgh\e _gb_ ebqgghc k'dyahZmig jgbad Z ¢
mqgZkl\m_| \ dhgdj_lIghc gZzmgghc jZ[hl_ h[km ~ _ gbflurle” gby hh]jm
imlyo j_r_gby ]b”jheh]bq_kdbo ijh[e_f WIh m _ Ih g_fmdphldvay g.:
b bkiulz\ "bkdhfmhdbg®% gZo

: "Ze __ y \ugm ~_g ijhbag_klb ]Jhjvdb -lkel\NBd bolgly i\Iblghaddh G
N _eZ h[klhyl Izdbf h[jZzahf qlh khdjulb_ ijZ\"u kihkh[gh Ihevdh
g_ijhklmx kbImZpbx DZ ~hfm \j_f _gb khhI\_Ikl\mx!l k\hb ~hklb"
Ke "m_1| ijbagZlv qgqlh k_cgzZk fu “h beb ~h IZdh]h fhf_glZ dh]*Z
gZmdb ihqglb ijbhklZgh\e _gh b klZeh klIj_fbl _evgh jZklb dhebqg_Kk
lhevdh i_gqZevgh_ gh b h[s_kI\_ggh hiZzkgh_ y\e _gb_xddh ihke_
h[jZzahf Iblmeh\Zggu_ jmdh\h”y ZkibjzZglZfb b khbkdzl_eyfb kI,
mqg_gbdh\ ih k\h_fm h[jZam b ih*h[bx QIlh ~_ "~ _eZlv \ pdbdked kike h\L
g_klgh " _eZxs_fm bkijh[h\ZIlv k\hb kbeu \ ehg_ lhc gZmdbZd high jm x
kfh> | hlebgblv gZklhys_ ]h gZklzZ\gbdZ beb ohly [u ijhklh ~h][
e _mqgbl_ey"
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<u[hj gZklz\gbdZ b jmdh\h*"bl esyh \kgdmfh ebggh_ gh fheh”u
gZklh jmdh\h~klI\mxlky ijb wlhf g_ \k_]~Z ~“hklhcgufb fhlb\Zfb be

j_r_gb_ I g _gbx h[klhyl_evkl\ < Wlh ijhjefyfztg_ ijhklZy |j_[mx
[ez]lhjZzamfby b hklhjh ghklb B [_amkeh\gh i_j "~ \u[hjhf ke_"m_1 |
dZzd k iheh  _gb_f ~ e \ ]b”jheh]bb \hh[s_ 1Zd b k gZmqgguf

ihl_gpbzZevgh]lh jmdh\h”~bl_ey b _]h \hafh 'guo \ \Zrbo ]JeZzaZo ©kh
\ h[s-fh g_ hg_gv ijhkimx jZ[hlm g_ dZ ~uc aZohqg_|I| ijihebZhe gh
g_eh\_dm _ kzZf g _k_ I hI\_IklI\_gghklv aZ \k_ batygugZdegohccr bea gl
Bg_ [m~vl_ ©e _mqg_gbdzfb2 Gm Z y _s_ jZkkgblud&hl ggZZ b mghkc
dhg_p hagzZdhfe_gb_ k wlhc klZlv_c \hafh ' gh ihfhZ[levZf*g gByZkl\

<k kdZaZggh_agZgbfh g_ lhevdh-1e9yjhehhmsbghmig Jpdpheh]t
bg g _jh\ ]b~jh&h]lh\bdh\ ]b7jhj@hgiabklih\ ]Jb wdkihX®bpbhggbdh)
Z1zd _ jmdh\h~bl_e_c b f_g_""_jh\ \ h[eZklb ]b”jheh]bb

Blzd gZmqgbl_kv jZaebqZlv mg_guo gZklhysbo bbfgbkd&Z 1@ _ |
\Zzf qlh ihke_"gbo k _cqgzZk gzZfgh]l]h [hevr_ ©Obfy bf kéhjlbdg2
kh\j f ggh]h moh\gh]h b bgl _ee_dimZevgh]h g_a”hjh\vy gZr_]h h

Gh kbevguo “mohf \k_ wlh g_ “he"gh h[_kdmjZ b\Zlv GZh[hjl

< “h[juc Imlv
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