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HAZARDOUS PROCESSES IN THE HYDROSPHERE:
FUNDAMENTAL AND ENGINEERING ASPECTS

VK 550.344.42
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AHHOTALIHSA. HedopmarimoHHbIi METOJ
OmpC ACTICHU A CTCIICHU OyHaAMUT'CHHOCTHU
SCMHCTpHCCHI/Iﬁ 110 JAAHHBIM HCPAaBHOILICUCTO
ngasepuoro  acopmorpada OpUMEHSUICS — TIPH

aHanm3e yHamu B mepuog ¢ 2010 mo 2018 rox.

CymHOCTP [JAHHOTO METOAA 3aKIIOYACTCI B
BBUSIBICHUH eOPMALOHHON aHOManmuH (CKavka
aedopManum), XapakTepHOH Ui LyHAMHTCHHOTO
semnetpsacenus. [lpucyrcTeue aedopManHOHHOTO
CKayKka B MOMECHT WJIH TIOCIE 3CMICTPACCHUS
CBUJACTEIBCTBYET O CMCLICHHH JHA, XapaKTCPHOM
MpU BO3ZHUKHOBCHHH LIYHAMH.

IIpn amammze

MHOTOYHCICHHBIX ~ JAHHBIX [0  BapHALMIM
MUKpoaehopMannii 3¢MHOH KOPBI, MOJYYCHHBIX C
MOMOIIBIO HECPaBHOILICUCTO Ja3epHOTO
aedopmorpada ¢ ATHHOH HUIMEPHUTEIBHOTO IUICYA
52,5 MeTpa W OpHCHTAIMEH «CEBEP-IOr», OBLIH
BBISIBJICHBI aeopMaHOHHbIC aHOMAJTHH,
BOZHHMKAIOIIUE NPU ICHEPALUH LyHaMH. BrraencHs
LYHAMHUTCHHBIC 3¢MJICTPICCHHS, MPOU3OLICAINNC B
Tpex padioHax — Muaonesms, Ywmm u 3amazHoe
mooepekse CeBeproit Amepuku. s Kaxaoro
paiioHa  BeIOpaHBl  TIO

TPU  3EMICTPSICCHHUS,

npousolneaAmue B pasHeie  roapl.  Ckauku

,Z[C(I)OpMaLII/II/I, BBIABJIICHHBIC TIPU aHAJIMU3C OAHHBIX
nasepuoro achopmorpada, BOZHHKAIOT B MPOLECCS
(nutur,

OTHOCUTCJIPHOIO  ABHIKCHUSL reo0JIOKOB

DOL: 10.34753/HS.2022.4.1.8
APPLICATION OF THE

DEFORMATION METHOD IN THE
ANALYSIS OF TSUNAMIGENIC
EARTHQUAKES

Stanislav G. Dolgikh
V.I Il'ichev Pacific Oceanological Institute
FEB RAS, Viadivostok, Russia

sdolgikh@poi.dvo.ru

Abstract. The deformation method for determining
the degree of tsunamigenic of earthquakes according
to the data of a non-uniform laser strainmeter was
used in the analysis of tsunamis in the period from
2010 to 2018. The essence of this method is to
identify the deformation anomaly (deformation
jump) characteristic of a tsunamigenic earthquake.
The presence of a deformation jump at the moment
or after an earthquake indicates a displacement of the
bottom, characteristic of the occurrence of a tsunami.
When analyzing numerous data on variations of
micro-deformations of the Earth's crust obtained
using an unequal-beam laser strainmeter with a
measuring arm length of 52,5 meters and a north-
south orientation, deformation anomalics that occur
during generation revealed.
Tsunamigenic earthquakes that occurred in three
areas were identified - Indonesia, Chile and the west

tsunami were

coast of North America. As a result of the assessment
of deformation anomalies, general patterns of their
propagation in three seismically active zones have
been established. The main regularity revealed as a
result of processing is the general law of divergence,
confirming the fact of the connection of these
deformation anomalies with the process of tsunami
generation. The obtained divergence coefficients
allow not only to determine the degree of earthquake

Dolgikh S.G. Application of the deformation method in the analysis of tsunamigenic earthquakes. Hydrosphere.
Hazard processes and phenomena, 2022, vol. 4, iss. 1, pp. 8-22. (In Russian; abstract in English).
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I'MAPOCOEPA. OITACHBIE ITPOLIECCHI U ABJIEHWA

HUCKYCCTBCHHBIX CUTHAJIOB UMITYJIBCHOI'O XapaKkTepa.
Tax xe oTauaacTcsa u AUHAMHYICCKAad CIICKTPOrpaMmMa
3THUX 3aMUCECH.

ITpn HU3yUCHUU 3anucei Ja3epPHOTO
aedopmorpada 3a armpess 2012 roga ObIIO BBISIBICHO
LIYHAMHATEHHOE 36MIIETPIICEHNE C MarHUTYR0H 8.6 Ha
samagHoM nobepekbe CesepHoit CyMaTpsl, KOTOPOS
08:38:36  GMT 11.04.2012

(pucyHok 1). DMULICHTP 3eMACTPSICCHUS HAXOMMICS

OPOU30ILIO B

Ha ryouse 20 kM B Touke ¢ koopauHatamu 2,327°N
93,063°E. B pesyabrate Ha Oeper mpHILia BOJIHA C
MakcuMmanbHOM BbicoTOM 1,08 M. Ha 3zamucax
aeopmorpada
3EMICTPIACCHHUS  OBLI  3aperHCTPUPOBAH  ucpe3
17 munyr B 08:55:39 GMT. VYwuuteBag, uTO
PacCTOSIHUE OT SMHLCHTPA 3¢MICTPSICCHHUS 10 MecTa
aedopmorpada
5800 kM, TO CcpegHSAI CKOPOCTh PaCIPOCTPAHCHHUS
yOpYyrod BOJHBI COCTABUI npuMepHo 5,67 km/c. Ha

JIa3CpHOro CHI'HAJI 3TOTO

VCTAHOBKHM  JIA3E€PHOTO OKOJIO

pucyHke la kpacHeIM O0O3HAYCHA CPCIAHSS JUHHS
HANpaBJICHUS 3aIUCH Na3epHoro Acdopmorpada npu
OTCYTCTBHH CKa4Ka, HO B MOMCHT 3CMIICTPSICCHHUS

MEKM

a)

Tom 4, Boin.1 | 2022

3alMuCh OTKIOHHIACh OT CBOCTO CCTCCTBCHHOIO

MOBCACHUS (mabaromaercst aedhopMaIMOHHAS
aHoMamusi — ckadok aedopmanmu), UTO WM
CBHICTCIBCTBYCT 0 LYHAMHTCHHOCTH

3emneTtpsacenus. Ha nuHaMuyaeckoll cektporpamme
(pucynox 1b) BbLACISMIOTCS KOTCOAHUS € TICPUOAAMU
ot 30 mo 14 c, xapakTepHBIE I 3EMIETPICEHUS.
Taxoke MPUCYTCTBYET CHIIBHOE BO3MYIICHHUE B Ooree
HH3KOYaCTOTHOM 00NacTH.

Bropoe  LyHMMHrEHHOE  3EMIICTPSCCHHE,
3aPETHCTPUPOBAHHOE Ja3epHbIM actopmorpadom, ¢
MarHurygod 7.6 mpomsomuio B 20:14:39 GMT
12.04.2014

3HI/ILI€HTp OTOro 3CMIICTPACCHUA HaXOAWICA Ha

BOmm3n  COJIOMOHOBBIX  OCTPOBOB.
rayoune 22,6 kM B TOUke ¢ koopauHartamu 11,270°S
162,148°E Ha pacctosauu 60o1ee 6 700 kM oT MecTa
aedopmorpada. B
MPUOPEIKHON 30HE BBHICOTA LyHAMH AocTHria 0,5 M.

YCTAHOBKH Ja3epHOTO
CurHan myHAMUTEHHOTO 3eMIICTPSACCHHUS HA 3aITHCAX
nasepuoro Achopmorpada OblT 3apPECrUCTPHUPOBAH B
20:33:58 GMT, mpu CKOpPOCTH PacHpOCTPAHCHHUS
okono 5,78 wm/c. Ha pucyHke 2 mnpeacraBiacHsI

0 300 600 900 1200

1200

0 600 1800
Pucynok 1. ®parment 3anucu 52,5-metposoro naseproro acdopmorpada 3a 11 anpenst 2012 roaa (a),
touka 0 coorsercTByeT Bpemenu 09:02:25 GMT, u auHamudeckas CICKTPOrpaMMa Iy HAMUTCHHOTO
3emiierpsacenus (b), Touka 0 coorsercTByeT BpeMenu 08:47:35 GMT.

Figure 1. Capture sample of 52.5-meter laser strainmeter in April 11, 2012 (a), point 0 corresponds to the
time 09:02:25 GMT, and a dynamic spectrogram of a tsunamigenic earthquake (b), point O corresponds to

the time 08:47:35 GMT.
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ihgbfZ Iky kl_i_gv . ijb jZkklhygblZebipjfme_k mqg_Ilhf \k_o mkj_"~g_gbc

B 1(f) jZkoh~bfhklb jZz\gaVIlh k\b”~_|_evkl\m_]I
EREE)) Ihf qglh jZkoh” bfhklv [ebadZ d kn_jbqg_
1" A- \ _ebgbgZz kf s ggbkn_jbg_kdZy Hlebgb_ \ kl_ib gb jZk

aZj_]bkljbjh\ZggZy eZa_jguf ~_nhjey]jZenguo a_fe_ljyk_gbc hl kj_~g_1h
Ao — \_ebgbgzZz jzZkqg_Ilgh]lh kf kshkgByeyw_ | beb ba g _]h fhgh k~_eZlv
wibp_glj_ a_fe_ljyk_gby \u\h” qgqlh k mqg_Ilhf g_[hevrbo hrb[hc
R — jZkklhygh!l f _klZ ] _g_jdpbdblbg_kdb kh\izrzZ_1 WIh k\b"_Il_ev
a _fe ljyk_ge¥a‘hjghlh ~ _nhjfh]jZnghjhr_f kh\iz~_gbb fh" _evguo
—kl_i_gv wdki_jbf_glZevguo agZq_gbyo
LZ[ebpzZKIl i_gv jZkoh”bfhklb pmgZfb] _gguo a_fe |ljyk _gbc
7TDEOHHIJURHGLYHUJHQFH RI WVXQDPLJHQLF HDUWKTXDNHYV

>717 JZkqg_lgh_| Kf s gb_gZ » nhjfh JZkklhyd KI_i_gv
kf s _gb_ f fdf df jZkoh~bfh
5
4
17
17
12
AZdexq_gb _ pngfb] gghklb a_fe_ ljyk_gbc \ kh\hdr

]?(bfb L _Ih~Zfb ihal\hebl kms_kI\
N
“f Ijh\h]h eZa_jghlh A nhjfh]j b\r \ _jhylghklv hij_~ e _gby pr

ahgu N _ckl\by cr_"Zevg
Zijh[bjh\Zg A nhjfzpbhgguc ? - . ——ceVY
hij_~_e_gby kl_i_gb pngfb]_gghgrbh‘Dzl\ih\ng 0zjzdl_jbkibd ~_nhjfzy

K bkievah\Zgb_f “Zgguo g_ ]Z\ (1”

a_fe ljyk_gbc Iljbkmlki\b_ A nhif? patheblhp_gblvi_ebgbgm ki

kdZqdZ \ fhf gl beb ihke a 'f& an\zgby pmgzfb
k\b~ | _evkl\m_| h kf_s gbb ~gz ozjed]hjyhjfghklb
ljb\hagbdgh\_gbb —pmgzfb — >ey ;,\Ki9 \ iheg gz \ jzfdZo \uiheg
jZkkfhlj _gguo a_fe Iljyk_gbc [ue% %ZkkquZ]gn%( mAZiki\_gghlh azZ N7
ki_i_gv jZkoh~bthklb dhlhjZy ihdzazez glh \h ©Bamq_gb_

\k_o kemqgZyo ijb\_"rbo d h[JZah}]ané),xz?%qut{/ng@h\ h \hagbdgh\ gby

aZj_lbkljbjhiZggu_  ZghfZevgu_;; \k}q 4izgknhjfzpbb b \azbfh’_c
k\{)azgﬁ‘ kh ki S} glb Lm%Zk'dZIE]Soff\% d‘rjn% Yq' kdbo ]brjhnbabq_ kdk
WIbp_9t_ a_te_llyk_gby P '95-dF0¢ kdbo ihe ¢ Fbjh\h]h hd_ZgZ:
A _nhjfZpbhggh]lh f_Ih”*Z hij_"_e gby kI_|_gb
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M>D ‘2, +6 2
HKH;?GGHKLB FORMATION SPECIFICITY OF
NHJFBJH<:GBY IHEY SOUND VELOCITY FIELD UNDER
KDHJHKLB A<MD: IH> INFLUENCE OF TYPHOONS ON

<EBYGB?F L:CNMGH< THE SHELF OF THE SEA OF
R?EVN? YIHGKDH=H ¥H. JAPAN (THE PETER
AEB< I?LJ: <?EBDH=H THE GREAT BAY)
G Kzfg_gdh B H Yjhst $SOHNVDQGU 1 6DPFKHQNR ,JRU
< Dhr_e_\Z : : 1Ib\h\Zjh $OHNVDQGUD 9 .RVKHOHYI
G R\uj_\ $OHNVDQGU $ 3LYRYDURY $OHI
Lbohhd_Zgkdbc hd_Zgheh]bq_k V.I. Il chev Pacific Oceanological Institute
bf gk B Bevbqgz\Z ><H J:G ] <« )(% 5$6 90ODGLYRVWRN 5XVVI
Jhkkby
VDPFKHQNR#SRL GYR L VDPFKHQNR#SRL GYR UX

'gghlZpby klZlv_ ij_"~klZ\e_gu SEVWUDKHW SDSHU SUHVHQ\
]b”rjheh]bg_kdbo bkke_ _"h\Zgbc hydrological studies which we carried out on
| 1jZ <_ebdh]h Yihgkdh]hSBjym b VKHOI RI WKH 3HW Hh¢SearoHJapg HDW %

bxe=Z\]mkl _ Z\Imkl _ inJuly— $XJIJXVW — $XKIX\V W

]h~h\ ljhkljZgkl\_ggZy baf DQG $XJIJXVW DYH :BIQIDO\]
ihe_c [_fi_jZImju b kdhjht YDULDELOLW\ RI WHPSHUDWXUH DQ
0ZjzZdl_jgZy "~ey j_]bhgzZ ijhz¢ SHFXOLDU WR WKH UHJLRQ RQ WK
j_amevlzlzf ]b~jhe & 7 ~data and the results of loisgrm measuremer
&7-ahg”bjh\Zgbc b "helh ZLWK DQFKR théeti@os¥ings WRQFIVRH FRXU)

baf _j _gbc azZydhj ggjubblzewg RI PHDVXUHPHOQWead theHfollbnihd LV
| _jfh]lbjeyg”~Zfb < oh”~_ baf_ typhoons during thegmassageff the coast of th

aZj_]bkljbjh\Zgh ijhoh™ _gb_ 3ULPRUVN\ 7THUULWRU\
;hez\_g - Z\Imklz JF% RODYHQ $XJXVW 1RUX $XJIXVW
Ghjm— Z\lmklZz ]hrz Djhkz .URVD $XIXVW

lh™Z Fbjbgz Z\]mklZ Mirinae (August # IXSLW $XJIXVW
Emibl - Z\Imklz 1t 2PDLV $XJXVW $ VLIQLILFDQ
HfZbk - Z\ImklZz ]h~Z m itchange in the hydrological situation in the bay ui
ljbfhjvy Jhkkbckdhc N_*_jZpt WKH LQIOXHQFH RI H{WUHPH
agZgbl_evgh_ baf_g_gb_ ]I 8S WR WKUHH PLOG WKHUPRF
kbimzZpbb \ aZeb\_ ihn LQ FDOP PHWHRURORJLFDO |
wdklj_fZevguo \g_rgbo nzZdlhjh depthsof8 P - P DQG P LQ VRPH
f I _hjheh]bg_kdbo mkeh\byo FDVHV D WKHUPRFOLQH ZL
gZlex™Z _Ilky Ah lj_oujXegh ORFDWHG DW -GHBWEKYXHRWHPSHUDV
| jfhdebgzZ jzZkiheh _gguo gZ {erdifference in the thermocline formed under
- f b - f <h \j_fy ijhoh ~influence of typhoons was approximately-12 f «

[Zcnmgh\ Ijb |_jfhdebgZ h[t_~b SHU P RI GHSWK $S #itatiod WO\ W
fhsguc gZ Jem[bg_ ijbf _jgh f ZDYHV DQG VXUJH RI KHDWH:
g _dhlhjuo kemqgZyo |_jfhdebg WKH *UHDW %D\ FDXVHG E'
liZz*"b_glhf gZoh”beky gZ -34enf[b VRXWKZHVWHUO\ ZLQGV OHDG WR

Kzfq_gdh : G Yjhsmd B H Dhr_e \Z : < Ib\hM&jlh)\_gghkRaujhjfb]
ihey kdhjhkib a\mdZ ih” \ebygb f iZcnmgM]gZhijyevaZelWihighiZz < _ebdh]h
=bAjhkn_jz Higkgukky\e gby L <ui K -7 "'2, +6
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I j_izn | _fi_jZImju \ | _j pronounced neaERWWRP XQGHUZD\
knhjfbjh\Zgguf ih”® ~_ckl\b_f Since such changes affect the propagatioca@ifistic
khklz\be ijbf_4glf& gZ f Jem[bgu VLIQDOV WKH\ DUH HVSHFLDOO\ LF
\brbfhfm mkbe_gby \heg_gby b ZRUNLQJ ZLWK DXWRQRPRXV XQGHL

ih\_joghklghc \h~u \ aZeb\_ I_ SRVLWLRQLQJ DQG FRPPXQLFDWLQJ
\ualZggu_ kbevgufb x gufbBiB”™g]h
\_1jzfb ijb\h”yl d ihyle_g

\ujZ  _gghlh ijb~hggh]lh ihA\h~gh]h a\mdh\h]h
dZgZeZ Ihkdhevdm |1Zdb_ baf_
jZkijhkljZzg_gb_  Zdmklbg_kdbc
hkh[_ggh \Z'gh bkke_~h\ZIv ijb jzZ[hl_ k

Z\lhghfgufb ih~"\h~gufb h

hkms_kl\e_gbhatbpbhgbjh\Zgby

gbfb

Dexq_\u_ keh)\iZhdebg I|_jfhlbj .H\ZRUGWKHUPRKWGURORILFL
Ib~rjheh]bqg_kdb_ bkk WKHUPDOSW¥WURELEWHS VRXQ

KL>»ahg”bjh\zZgb_ ihsaWmdbhthc « W\SKRRQ WKH 3HWHU WKH *UHDW %
I Zcnmg aZeb\ 1 _1jZ < _ebdh]h

<\ A _gb_ Zdmkibg_kdh]h kb]JgZez g_dhlhju_
. N Ahfhgbimxl gz~ Ajmlbfb GZijbf_j Ihih]]
< fbjh\hc ijzdibd_ bamq_gb_ t\)ha m’% £ 'gb_ kdhinklb almdz in

IZcnmgh\ gZ r_evn bf__ | \Z gh
- - agZgbl_evgh \£ b b
k\yab k m\_ebq_gb_f bgl_ gkb\ghkrgk ﬁg )ngl . o qumklgq—kdhg]h yfb]—g
ijhy\e _dE&manual Websteret al ukhdbo ZkIhIZo B
ihkdhevdjlmbkoh” bl Zdlb\gh_ hk\h bﬁ j Z[hlu \evehkv bkke At
bkihevah\Zgb_ r_evnh\hc ahgu 'bbzk J |Jhk|jZék|\y ggmx baf _gq
“hlug_ ihe_aguo bkdhiz_fuo Ib a\mdz gZ_r evn \ z;Ze\
N SN —_ —_

dhffmgbdZpbc ey gm < e[) h \ e _Igbc i_jbh~ \j f gb b ih
ijhfure_gghblbZjbdmevimaz \Rd gb

h hebg_ KkI\_gdlu jbkibdjz
N
IZcnmgh\ gZ ]b”jheh]bg_kdmx biﬂé\h1 gmdh\h]h dzgrel "Ze

r_evn_ ijhbkoh”bl m\_ebq_gb_ [igﬁwf mlliflb bkke ~h\Zghb Thay
Zdlb\ghKhen> X @tal @ >ey ba [P ZgZeZ gZ r_evn Ef | ag
b hkih_gby r_evnz 1k_ gZs_ % ' \ b wdki_jbf_glZevguo jZ[hl
Z\lhghfgu_ jh[hlhl_ogbqg_kdb_ ebjh\Zgbb izZkijhkljZg gby
libf_g_gb_  hitguo —jhihinl_ Ogbq |O| \ :mjrmdh\kdZy :hjh~bgZz
. /\ b

fzrbg = th7kl_]biz_I1— zdlibigh_ rK]hb'kéklhlguc a\md fh> | jZKkijhkljZg
]brjhzZdmklbd&bmar > et al @ q dbehf Ijh\_ <h \j_fy hAag

nean ik
JZkijhkljzg_gb_ almdh\hc \hegu I\dk_ jbnf '\%{\ a\md \aju\z [ue aZzj ]bkl

e e e L STl o
a_ y J " g _Ze_ IAD nhjfbjm_Ilky e

| Igbdh\ @ 1Zdbjo e\d Znd
]bAjhAbgZfbq_kdb_ \hafms _gby bkr\%a" %Wa‘;aghgc'mzkbﬁ“hQTV\XJOag\rT]]Z
ihlehsZxs lh ~gZ < azZ\bkbfhkib<®l qE_ :

1.LWDPRWR $ 'LIJLWDO 7\SERRKQWWSSKRBRUD W\ QLEW W MBUFKIBQDPH SO"C
VLO ZQS OW W VRUW OHQJWK VW\SH QXPEHU RUGHU GHF

6DPFKHQANR<DURVRFKXRWKHO®HIDYRYDBRYSBY\UHY)BUPDWLRQ V

VRXQG YHORFLW\ ILHOG XQGHU L QRO XWKH HDHED ®&/I\ BWKKRHR N WRHQ WWVKKHH V|

Hydrosphere. Hazard processes and phenomena YROLVV SS- (In Russian DEVWUDFW L
24  (Qiovrvek +6




=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?GBY Lhf4d <ul| 2022

Lbohf hd_Zg_ a\mdh\hc dZgZe nrhYfbjsmdky ¢Z KoshelHY& al @
]Jem[bgZo ]~_ kdhjhklv a\mdz*hzKd4jhdgu_ \ oh”_ bkke_"~h\Zgbc ~"Zggu
1 fk Z\ :lezglbgq_kdhf hd_Zkg hkgh\m gZklhys_c jZ[hlu
1 fk GZr_evn_ IAD fh  NzZhyk&ah\u .
| ifhdebght _ ]jzgbpzfb jzkijhkljzg goy P2y P f_Ih"u
a\mdh\hc \hegu yleyxlky ih\_joghklv % Re@&c—k Z\]mkl_ hr"ZgZfb
j_adbfb baf_g _gbyfb | _fi_jZImjuh\hphpbkv gZimjgu_ ]b”jheh]bq.
kdhjhklv a\mdz J[ukljh \hajzkldkke_WwhhWZaghyaXixhghc qZklb aZeb\Z |_
ih"h[_g hljZz" _gbx a\mdZz hl <_labpnd  k [ddiniZglghke _"h\ZIl_evkdh]h
ih\_joghklb gZijbf_j hlh "gzZ < YikhmRJEBf @FZeZobl?2 Ko_fz wdki_jbf_g
| fhdebg qg_Ildh h[hagZg_ g \ |_ibkkei jp\@gbc ihdZazZzgZ gZ jbkmgd_
bxev k_gly[jv dh]~Z ijhbkoh”bl]Bdjh&dlleq_kdbo baf_j_gbc ij_"klZ\ey_
gZ]j_\ \h2D YU RtV N\ Yjhsmd bebjgbx hif ~h -f bah[Zlu [Zdhc jy” lhq_
@ hfuggh gZaulZxl ]b”jheh]lbqg_kdbf jZe
< gZrbo bkke_"~h\Zgbyo iheBakdhjhkyb ijhenkb k ihfhsvx
a\mdZ \hkklZgzZ\eb\Zehkv ih baflijhghgahhZimeax 5%5 ;5;k ~ZlgbdzZfb
| fi_jZImju k bkihevamfZigjdgf kd&R QG X FIHPINUTHE WUIKH NZe- _
ih"h[jZgguo i_li_kkbhgguo az&@kdhykl & qZklhlhc “bkdj_IbaZpbb
khe ghklb hl |I_fi_jZlmju ~ey ~Zgghlhhend@ddz jZaj_aZz ahg” himkdZek
aZeb\ZR\WKH CeH ¥1D @ Djhf_ ihMrgbfZeky \_jlbdZevgh hlih ~gzZ d ih\_
bamgZehkv \ebygb_ gZ ]b”jheh]bqLZkdbfx kijmapfbx nbabgckthZ_ \k
\ aZebZcnmgh\ k wdklj_fZevghc kblokdjhjh\Zebkv \ khhI\_Ikl\bb k qZ
df g b [he__ \ iKpu\Zo | hif _IblV*bkihj_lIbaZpbb ahg”Z ih \k_fm \h”*yghf
IZcnmgu ijboh~ysb_ ba ljhibg_kdbdqZellbhghaj_aZ [ueh gZ Jem[bg_
Lboh]lh hd_ZgzZ vy\eyxlky h[ugqguf®ZkiZ\elbghh k\Zem ]Jem[bg hldjulZy q

ney ljbfhjvy \ e _lgbc i_jbhr Fa&aZebVhul_IljZ <_ebdh]h ]Jem[bgZ \ ih
jZkg_lu ihdZaZeb qlh  f_1I_hjhekyblyc kdbgd_ khklZ\eyeZ f Z h[s:
mkeh\by dh]”Z kdhjhklv \_1jZ ~hkjlb3Z_d4Z &hlkld\beZz df LZdbf h]
[he _ yleyxiky* Byxsbf nzdlhjhbkke_"h\Zgb_ ho\Zlu\Zeh f_edh\h”gm

agZgbl_evguo baf_g_gbyo ]b”jhehgwbZ d&hebam[bgu Zdlb\gh]h kehy dh
>RVKHOHYDU\XNDURVKFKXN g@hlhjpud hp_gdZf "hkIH]ZY U Ran VN

gZijbf_j gZfb mklZgh\e _gh alglh @~< |l_q_gb_ mdzZaZgghlh i_jbh’
\ha” _cki\b_f hk_gg-\mkki dghhh \ [lygh ijh\_~_pdrjheh]lbq_kdbo jZaj_az \

kh kdhjhklvx ~h  df g b ijh he OIZEZyakobd bxey b Z\]mkl
ihjyAndZ A~\mo kj@bAb\Z Iklysguc ]h~"Z Djhf_Ih]h jZaj_a Z\]mklZ [ue k
Zi\_eebg] gZ ih[_j_"v_ \ ijyfhf 1Zd b \ h[jZlghf gZijZ\e_gbyo

< azeb\_ 1 _1jz < _ ebdhjBaj_ga azZ bkdexq_gb_f hAgh]lh \uihe

JbAjhnbabq_kdméblhg_  Lbohhd_Ajkfyhlmaf_g_gby nZau ijmkindhdinh
hd_Zgheh]bg_kdh]h bgklbimiz gbgdhmeyjgh Baf_j_gby Z\ImkIZ [ueb

ijh\h~2ylky ]bAjhzdmklibgjkidbmid_ f_"~m lybaéhdhijbeb\ghc
wdki_jbf_glZevgu_ jZ[hlu >>he]lb®Za2ib
6D P F K HQaN R N _jrzbhAj @ GZ r_evn_ aZeb\Z 1_1jZ <_ebdh]h ¢
bkke ~h\Zgby kljmdimju ~gz kDhjhighd@rgBklhys__ \j_fy ijh\h~ylky
KZfq_gdh Yjhsmd @ bKiheghemkdyy kdb_  baf_j_gby k ihft
Z\lhghfgu_ ihA\hAgu_ ZiiZjzlu >E ihghZ\gkINjodkij_~_e_ggh]h -]b”jheh
@ GzZgbgZzZy k 1h~"Z gz iheb]bhg_kjdhhheydghie _dkZ >E_hglv_\ b *]
ijh\h~ylky ]b”jheh]bqg_kdb_  bkke_ _~h\Zgby
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Jbkmgh#&o_fZ ]b”rjheh]lbq_kdbo jZ[hl \ aZeb\_ I_I1jZ <_ebdh]hn¥Yihgkdh]F
ZhsZy ko [fzdhkfbqg_kdbc kgbfhd IZcihmgZ ;heZ\_g
JLIXUBFKHPH RI K\GURORJLFDO ZRUNV LQ WKIKBEWRAU WKH *UH
DgHQHUD O [Vspacehtabe of 7\SKRRQ %RODYHQ

Jbkmghiio fZ ]brjheh]bq_kdbo jZ[hl \ aZebViHgkj@hkh ébjghYh jbh~ k
ih ]h~ [EZ% ko [fZdhkfbq_kdbc kgbfhd 1ZcnmgZ Ghj

Figure2 6FKHPH Rl K\GURORJLFDO ZRUNV LQ WK BEWRU WKH *UHD
D JHQHUDD VBRWPAHLPDJH RI 7\SKRRQ 1RUX

27\SKRRQ % ROD¥WHIL ODEOMW PW HQ ZLNLSHEBDBRRODXYNQB\SKR
7\SKRRQ 1RUXYDLOXBMOWISYW HQ ZLNLSHGLD RUJ ZLNL 7\SKRRQB1RUXB




=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?GBY Lhf4d <ul| 2022

Jbkmghtj db “\b" _gby IZcnmgh\ gZ” Lbobf hd_Zghf
Z |1Zcnmg ;heZ\_g %RODYHQbeb -XOLDQ kh”Z\]lmklZ ih k_g

[ 1Zcnmg GAIRjhX bxey ih Z\ImklZ lh~Z
\ 1Zcnmg KrbdaZ - Z\ImklZ ]h™ b nhih*ba dhkfhkZz
] 1ZcnkfZ ®maisbelsang - Z\]mklZ ]hrz
[Zcnmg Emibl 4 XBUWkIZ ]h*Z b nhlA ba dhkfhkZ

JLIXUA\SKRRQ WUDFNV RYHU WKH 3DFLILF 2FHDQ D PEHSKRRQ %ROC
[ 7\SKRRQ 1RUX IURP -XO\ WR $XJIXVW
\ 7\SKRRQ .URVD HURP $XDRGBWSKRWR IURP VSDFH
] 7\SKRRQ 2PDLV IURP $XJKVMSWRRQ /XSLW-IURP P§QIXBWRWRYV IURP

=b~jheh]bqg_kdbc dhfie_dk kh&ritahgrba BHPRNYFHUWR Ahg”~bjh\.
\_jlbdZewg aZydhj_ggu_ |_jfh]lbjghgh*"bbbkv ZgZeh]bqgh \uiheg_gbx jZ
Z\lhghfguo j_1bkljzZlhjh\ NZ\e _Jgbyn h~rbg bedaZ2\dzZ \j_fy jZ[hlu
mklZgh\e_gguo \ gb'g_c b \_jdyfie_dKERIb Ij_bfms_klI\hf ij_~eh _gc
| _jfh]lbjeyg”u <j_fy jZ[hlu dhhireo d%zZZ y\ey |ky ihemq_gb_ "“ebl_evgu
khklz\eyeh ~g ¢ GZ jbkmgd_ ZghdZewzZgg ij julguo ih \j_f gb baf_j_ ¢
ko_fz ]b”jheh]bg_kdbo bkke_"h\Ehgbc qgbdkelhjub \h \j_fy \hagbdgh\_
ijh\h*bebkv \-b&x\dnkl __ ]h~rZ \ ZWwlarkd] _fZevguo \g_rgbo \ha”_ckl\bc
1h*Z b Z\Imkl_ lhrzZ < f_klZo mKchghgdb hezZ\ g %RODYHQ bet
| _jfh]lbjeyg” ijh\h*"bebkv bafjhj_gby\*hev ih[_j_"vy [Ijbfhjvy mljt

]brjheh]bgq_kdbo 0zjzdl_jbklbd k ZihflkéZx ]h~Z qlh iha\hebeh hlke_

47\SKRRQ .URVD KWWISOUDEHODH DWLSHGLD RUJ ZLNL 7\SKRRQB.URVDB
STURSLFDO 6WRUP 2PDLV KWMPSYJ HG XIONL SHDH O RUJELNL  BBOBAWRBYVABSKRR YBV,N DY
7TURSLFDO 6WRUP /XSLWKWWSVY BIQODIENDLHS B BB OWRUIPBLX S LMUERRSLFD O
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\ebygb_ gZ ]b”jheh]bq_kdmx kWl phbzd]ngkadZz ]h~Z aziz”g__ hkljh'
r evn_ 1.\ wlh \j_fy Jue mkihghekyglZcnmgu@EmilklZcnmg Emibl
]Jbrjheh]bq_kdbc dhfie_dk Dhkfbgjlkdbe kgYhfédd ih[_j_"vy DblZy i_j_
IZcnmgZ ;heZ\ g ihdZaZg gZ jbkinkghigBb]Zc&dh_ fhj_ kr _ez\ djxd
jbkmgd_  Z ihdzZazg I|j_d "™\b _ghklhghgoimgisr[_j_ vy hkljh\Z Dxkx i_
;hez\_g dhlhjuc aZjh b\rbkv \ LhkdpH\ h@h&dZc*h b \ur_e \ Yihgkdh_ ft
Z\ImklzZ ijhr_e q_j_a @_elpgz~™Mhh[_jazv_fljbfhjvy IEomibwdgZz _f \ur_e

| _jjblhjb_c X ghc b K_\_Jghc Dhj8b IZb]aklE Kdhjhklv \_1jZz g_ ij_\u
ljbfhjvy K~_eZzZ\ [hevrhc djxd ih B%[dfi gvxLZcnmg HJIddk beblsang

lZcnmg ij_djzlbe k\h_ kms_klaBjbglky \Z\]mklZz ]h~rZ gzZz™ p_gljz
Zj_gp_\hf fhj_  FZdkbfZevgZy kdrgklkix \Lbjzh]lh hd_ZgZz ijhr-e ~h ]
"hklb]zeZz df g Dblzckdh]h fhjy b ih\_jgme \ klhjhgm Y

GZ jbkmgd_ [ ihdzZzazZg I|j_dhyyb jbkbyghd ] LZcnmg HfZbk ijh
IZcnmgZ GhRAUX AZtb\rbkv \ Lbohihgkdh_ fhj_ qg_j_a ijheb\ Pmkbf
hd Zg_ bxey ]h~rZ  1Zcnmg iZ\]nkkldZ \ur_e d ih[_j_"vx ljbfhjkd

Yihgkdb_ hkljh\Z b Yihgkdh_ fhj djdyz_ fKa@~Y \\_[jZ ~hklb]ZeZ g
ljbfhjv_ LZcnmg GhjZ ijhlaZzbfh"MghbldEed\ghklv 1ZcnmgZ HfZbk khklhy
IZcnmghf DmeZi bxey kh\_jrbe i_iidxhe bl _evghklb Ng_c b ijhc”_gghf
ijhlb\ gZkh\hc klj_etdbkbhdph hl YiHgbbdf

b ij \jZlbeky \jlEZmhmg bxey ~7» A A
Yihgkdbf fhj-f Z\Imklz IZcnmg .. 32€P2& 7Zgguo gZzfex”_gbc

yl\e _gb_f ieZg _1Zjghlh fZkrlZ[Z dhlhjltheybkdmjhklb a\mdZ \hkklZgZ\eb\Z

9Z jmgd][ Z ihke_  Z\]mklZ jzkklyfdkyZImjguf ~Zgguf JZkq_l ijh\h~"bek)

LZcnmg DKmdsZ ijhoh”be g_~2wlZdH &gZqgZeZ ZgZebabjh\Zeky
hi ljbfhjvy  Z\]mklzZ 1h~Z jHbhihreh]hg_kdbigh&Be_c ihemq_gguo \
Hg azZjh”bekx®\]mklZ gz~ FZjbZygkibhfbk ih ]h”~ ih gbf "ey jZael
hkljh\Zfb b [ukljh ij_\jZlbeky \ Iljhjibfg gkgoooc i_jbh”*h\ kljhbebkv "bZ]j:
rihjf  dzl_]hjbb Z\ImkIZ i_j _&ZubMikfihkib  khe_ghklb hl 1_fi_jz

OhddZc”h b \ur_e \ Yihgkdh_ fhp7"bzZfiy b "ey dhgdj Ighlh k_
rlhjfZ m\_ebqgbeky 8f Z kdhjhklv \h2jBjZebkv fh~r_evighfhlad®Bb(6

"hklb]zZzezdf q >ey Z\lmklz fh”_ebjh\Zgb_ \uihegye
< ]Jh *m azZnbdkbjh\Z\togu ihfimkeh j_]j_kkbhgghc djb\hc Ij_Ilv

\ebygby rihjfh\ gz ]brjheh]b gy hdddb

0ZjZdl_jbklbdb aZeb\z | _1jz <_ebdhgh 5+ 56+ 566+ 567

hklv

agZgbl_evgh bkeblglZzg_~u”"msbo \ 5(,\yasb Khe
\JI—fH-gJ ImjZz

| f qlh aZ ~h\hevgh dhjhldbc i jbhA

ijhreh Ijb rlhjfZz Ijb wlhf h % [d.l dhwnnbpb 5955 5
g_[hevrb_ b ijhreb ’\thZIhqgh -"Z gqrébkv wfibjbgq_kdb Z ~Ze hp
ljbfhjy L_f g_f_g__ fh gh mI\_j; f¥nt9'8zbt gvrbo d\zrjzih\ rey dZ

[Zcnmgu ih\ebyeb 9Z ]b’\Jh ﬁ]ll%

'_Um

ex™_gbc

oZjzZdl _jbklibdb ih[_j_ “vy Ijbfhjvy_L%c mg ) o _

FbjbgZ OLULQDH beb *RULR djz_f fifit-F Hahethaf _gguf 1_fi_jZImjgt
ljbfhjvy- Z\]mklZz 1h~z Hg azjHPERRY Ty Z fhr_evguf  khe_ghkl
\hkihqghf ih[ | 'v_ LZc\Zgy JZ\Ik By \Zbebkv ijhnbeb kdhjhklb a\md:

i_j_fszeky \“hev \nkihgghlh ik l“)
Yihgbb p_glj IZcnmgZ g_ \uoh~b%
fhj_ Kdhjhklv \_1jZ ~hkib]ZeZ :cd"f]qu

'T\E‘MP @ JZkqg_lu igkbZzaZzZeb
Av Hij_~_e_gby kdhjhklb a\mdz
\ "kemqgZ_ ijbf_g_gby dm[bc

Abg [he__ ih~jh[gh hibkzZgZ \
Q
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i 1i_kkbb g_ ij_\urzf k “Ihkdhevijmbeb kdhjhklib a\mdZ gZ i_j\hc b ih
kdhjhklv a\mdZ gZoh~blky \ ijyfhthq@XZbkbbriheh]bq_kdh]h jZaj_az ijz

hi | _fi_jZImju iZjZf_lju IAD iHhihglgrx!l Ajm] *jm]Z
hij _~ _eblv hibjzykv gZ | _fi_jZImjgu_ GZgpakmgd_ [ k ih Z\ itk | Z
lj_~~_ \k_Th jZkkfhjpkingd _ \ k ih Z\|mkEAdZazZgZz

]b~rjheh]bg_kdmx kbimZpbx \ aZXZkbhehlblzkdzy kblmzZpby \ kihd
<_ebdh]h \ e_Igbc i_jbh” dh]"Z kblghijbehKdizykdbo mkeh\byo GZ ]
h[klZzgh\dZz oZjZd!l_jbam_Ilky imkl4Zgbogdtbb |_jfh]bjeyg” ihjyrdz

ihlh~rgufb mkeh\byfb GzZijbf_j \wu”™i_gphhky "NZ |_jfhdebgz L_jfh
ijh\_~ _gby ]brjheh]bq_kdbo jE&kihphgbgguc m ih\_joghklb gZ Jem][k
k bxey ih Z\lmk2z 15f oZjzdl_jbam_lky g_[hevrbf ]jzZ”b
]h~rzZf_ | _hjheh]bq_kdb_ | MikgB&Vlbnyju baf_g_gb_ | _fi_jZlImju khk
0ZjzZdl_jbah\Zebkv ~hklZlhgghc RlIXkjbégghllkxgZ f Jlem[bgu hdheh
\_|I_j [ue keZ[uc b ebrv \j_f_gzZfblmkglZyZeklpjheh]bq_kdZy kbimZpby
"h mf_j_ggh]h x'guo gZijZ\e_gbtib¥%veggZ g\b jZGHekr 7 %Qel al @ 1"_

fhjkdhc Zd\Zlhjbb [ueh keZ[h_ Jb”fhegB&]JbgZkdb_ bkke_"h\Zgby [ueb ijh
\ha”moZzZ ih\urZezZkv \' I_q_gb_ gy dbh"fl& ihz*Zyyh”" LZdbf h[jZzahf fh gh
ghgqvx “h f& ljbih\_joghklguc mwéhd AEMnw Hdhjheh]bg_kdZy kbIimZpby
[ue ijh]lj_I “h fK m ~gZ gZ ]Jem[Bbhg_ f*hklZlhggh WIZ[bjeWwg£2Zo

| _fi_jzZImjz khklz\eyezZ ijbf_jgh hK_4jbk&mgdwdo k_ahgh\ aZ ihke_"gb_ ~_
Z ljhnbeb kdhjhklb a\mdz ihemd.ZQagung )\ ;hezZ\_g ijhr_e m ih[_j_

i_j\hc b ihke_"~g_c lhqdZo ]Jb~jhi¢hfibbjyykdh]h_qg_jZ mlj¥h Z\lmklz

jZaj_azZ ihdZaZgu gZ jbkmgd_ = RBhjzhighggkdp kaxjz~"zZ | _iemx \h"m
iheh™ _gb_ ]b”jheh]bg_kdh]h jZaj_RZdikufZeXxgiZy EKdHjBkktaklZ\beZz df g
jbkmgd _ Kdhjhklv a\mdz \ \h”_=lb%jh ehy]dgk k ddc jZaj_a [ue \uih
1 f k m ~gkE mrhth\_joghklE\]mklZ dh]~Z klbo kbevguc \_I_j
lhkdhevdm kdhjhklv a\mdzZ \ \h?ijhgZohgthykgyZ\ex”_gbc \_I_j[ue mf_j_ ¢
ijyfhc azZ\bkbfhklb hl | _fi_jZImjkbeygdadh_ kaXiyhgh]lh gZijzZ\e_gby I

kdZqdb kdhjhklb a\mdzZ gZoh”ygkkwbf obokdEkfb gbyf ijh]lj_luc kehc \I
| jfhdebgZ dhlhjuc o0ZjzZdl_jbam_HyfKukhklfeze[bge f jbkghd ]
liz*"b_glhf 1 _fi_jZImju \ lhes_ GbBu dZgex"Zeky kehc kdzZqdzZ *h
jbkmgd_ Z |_jfhdebgu ijhy\eyxlkly fh[gZAkipy&A \h~u miZzeZ k fK "h fK b
klms_gby bahl_jf GZ[ex"Z |ky ljbglZ jfhtiepglanjZz baf_gyeZkv ieZ\gh hl
\ Thes_ \h”u ~h J]Jem[bgu hdheh f& Ke _dIh_1 hilf_Iblv glh k m\_ebgqg
himkeh\beh 1jb j Zagdbho Kkkdhjhklb bBlewsdgu kehy ijh]j_lhc [he__ q_f gz f

| j\uc jZkiheh™ _g \[ebab ih\_joghlbldaAnpy ¢hy i_j gZijy _gby \ i _jbh” IZc
]Jem[bgu f Kdhjhklv a\mdz \ i_j\Rh1Zjfotebdg & gZ[ex"ZeZkv gZ
baf _gbeZkv gZz f k <lhjh€¢_gkdzZghfd glh g_ o0ZjzZdl_jgh ~ey aZelk
aZnbdkbjh\Zg gZ Jem[bgPo kdhjhklebdh]lh e_Ihf Djhf_lh]l]h gZ fem[bgZ
a\mdZ baf_gbezZkv gZ f k= ¢Z ihkee _~db&hdh]jz”*b_glguc | _jfhdebg
]Jhjbahgl-8 f Kdhjhklv a\mdZ baf_ ghelkwhzf | _fi_jZImju [he__ K gZ
fk \Ij_Iv_f l_jfhdebg_ jZkihellxe gghfgrhqZe_ Z\]ImklZ ijbih\_joghklg
ngZ K mf _gvr_gb_f lJem[bguh~uf_ikhqdj | jzZ\ghf_jgh ~h f K m
]brjheh]lbqg_kdzZy kbimZpby | bfaf jgymjKy\h~u himkdzZ _ |ky ~h fK b
g_agZqgbl_evgh AZ kq_I| j_ev_kEéhckjkdzZzgdKky gZoh”*blky gZ Jem[bg_
gb gbc kehc \h?cu b hklZ Iky lhevdh ifh]jbizgydbz [ < dhgp_ Z\]lmkl

_]1h gzklv dZkd ‘dnjgph gZ jbkmgd gZ[ek™Zeky ijh]j_\ \_jog_]lh kehy \h*
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Jbkmghdzkij_~ e _gb_ I _fi_jZImju ih Jem[bg_ \*hev ]b”jheh]bg_kdh
]h~rz \ Z\ 1 mkllzZ >z ] Z

z bxey 1h"Z [ Z\lmklz
JLIXURHPSHUDWXUH GLVW Ut bhywddRical ke@ticdHSWK DORQJ

D -XO\ [ $XIXVW VO $XIXVW ] $XIXVW

fK b \f_klIl iehcl _¥h~ru kaZiB”"Z Yihgkdh]h fhijy

dZjlbgZk Z\]mk

| _fi_jZImju [he__
m\_ebqgb\Zeky ]jZ”b_gl | _fi_jZImjabRjhem]ibghkdZy
jbkmghd 2\ kgal g _]1h gb'gbc kehc kddglkydgy ]h~rzZ bf_ezZz ~hklZlh
ih"gyeky ~h Jem[bgf Kdhj__ \kkilfhdhcgwZzZjzZzdl_j jbkmghd 2Z Lhevdh

\ebiylgbh N Zgmyn §§ZcnmgzZ k \_q_jZ ih

Z\ImklZ m” _ kdZaulZehkyv
dhlhjuc ©lhedze? \i_j_"b9Zkexy Zfeetkikkwi ehdZevgh_ dhe_[Zgb_

yheZ\ _g

"™
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Jbkmghtdjhnbeb | _fi_jZImju ih Jem[bg_ ihemqg_ggu_ k |I_jfh]bjeyg

ZS \ Z\Imkl_ 192 Z\]mkl _ \]$r2d Z\ImKkl_ ]h~rz
1S \ Z\Imkl_ 1BrZ\ Z\Imkl _ ]h~rz

JLIXUKHSWK WHPSHUDWXUH SURILOHVY REWDL®WW IURP WKHUP

[ 6 LQ $XJIXVW \' 6 LQ $XJIXVW ] 6 LQ $XJIXVW /
ijhbkoh”be ijblhd ih\_joghklghc |_iehc]hhhKutrar et al @ < X'ghf
fhsguc |_jfhdebg himklbeky [he__IljbfhjZ _ihlhiZcnmg Ghjm ijhr_e djz
ihrgbfZeky ~h f lem[bgu >Ze_7- ZXMmkkZZ H*Z)\_|_j “hkko] df g k

k_glyl[jy ]brjheh]lbqg_kdzZy ihjob\@dzphby — df q\j_f_gzfb \_I_j
klZ[bebabjh\ZezZkv mkbeb\Zeky -£h df q <ukhlzZ \heg

LZcnmg Ghjm klZe \lhjufgzKkgkeizezkv jzZaf-jhff \m ih[_j_"vy
ijhr*he bl_evguf l[jhibqg_kdbf plg d Emjyly f < ]Jhbrihevah\Zebkyv
k_ \ -j@ziz~*ghc qZklb Lboh]h hd_@ehmgaZgdukyv Z\lhghfgu _ \_jlbdZe
i_jbh” gZ[ex™_gbc b \lhjuf @Zlyjchhg_ggu_ |_jfh]bjeyg”®u ]~_ gZ gb

bgl_gkb\guf Ijhibg_kdbf pbdehghf\ [gkd fcgzZ ZlgbdZo | _fi_jZImju [u
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mklZgh\le _gu ~ZlgbdbE"A\@¢lvhh4¥j >ih\_joghklghc dEfdeky _s_ azZ ~\Z ~gy

@ K bo ihfhsvx m~Zehkv iijjhke*2bdlcnmgZ gZ ih[_j_"v_ < wlh\j
j_ljhki_dIlb\m ijhoh ~_gby IZcnmblgzZ&h\jumzZAvky kehc \h*u gZ Jfelkn[bg_
aZeb\ | _1jZ < _ebdh]h ih\ur_gguf 1jZ"b_glhf | _fi_jZImju

GZ jbkmgd_ [ ihdZazZgu baZ\pmgbd m _ iheghklvx knhjfbjh\Zek
| _fi_jZImju ih ]Jem[bg_ b \\jjZ gbguc |_jfhdebg gZ }em[bfg_Kk
k ih Z\lmklz ]h~rzZ azZnbbdkbjlg\Zdgud_ljZfimju [he__ q_f gZ f& L

| _jfh]lbjeyg”hc 6 ]Jem[bgz f_klkdhjhkigda\mdzZ ijbf_jgh IhZh[gZ

ihklZgh\db f GZ g_c Z\ImkldbdgzZhehtEg ZkdZzy kblmZpby gZ[ex"Ze.
kihdhcgzy dz4lbgzZ kezZ[h\ujZz _gglhuowh »_gbb I1ZcnmgZ ;hez\_g \ ]
rbjhdbo |_jfthglz h”~bg ijbih\_joghklgannm$¢zZz Ghjz \ ]h m GZ nhg_ \g
~Ah fkiz™_gb_f 1 _fi_jZlmju ihjipgAdpogh&lbhc |_iehc \h~u hklZ_Ilky oh
\lhjhc gZ Jem[bgZof b baf_g_ghjbf*hgguehic b h[jZzam_Iky fhsguc |_jfhd

[ _fi_jZImju gZ f& < i_jbhrgZgl2qégZof <ebygb_IZcnmgh\ azf_|
ijhoh ™ gby I1ZcnmgZ Ghjm ZAaAImkyZ kdihbvdh Ag_c "h bo ijboh
\hagbdgh\_gbb \_Iljh\hc gZ]jmadb*jiheh]ljpoh kdZy dZjlbgZ hklzZ_lky KkIZ[|
12— f k ihy\beky ijblhd [he__ |_iefhdyWh”™gbgZ_kdhevdbo kmlhd ihke_ ijhc

ih\_joghklb b [ueb aZnbdkbjh\ZguzZighygeZ gby

iZzd_Ih\ bgl _gkb\guo \gmlj_ggbo <\heg ]h~Am [ueZz azZznbdkbjh\Zz
Bkke_~h\Zgb_ ijhoh ™~ gby bgigbBEegvgZy kbimzZpby dh]~Z gZ ih]Jh”"¢
\gmlj_ggbo \heg \ aZeb\_ | _1jZ < g&bdH]h [hve Ijbfhjvy \ebyeb kjZam Ijb I
ih~“jh[gh hibkzZgh \ jZ[hl_ >Yjhsmd& bj~rf_gguf@jhf_"mldhf \ h~gb kmldb L
zem[bgu jZkilgdly | _jfhdebgh\ "h FRBjngkdZ Z\ImklZ ]hrz djz_f ijhr_e
g_baf_gyebkv m\_ebgbeky ]jZ*"bYdhdgkidhialmhux g_ ijb[eb Zykv d Ijbfh
\ \_jog_f | _jfhdebg_ "h f& AdZgmimgvgbEmibl ijhr _e \*"hev ih[_j_
baf_g_gby ]b~rjheh]lbg_kdbo lidjfhfivlyjh\ Z\ImklzZz jbkmghd ~ b 1Zc
ijbrebkyv gZ Z\ImklZz dhl]MZdZbkuetb hr_e d ih[_j_"vx Iljbfhjvy J[el
azZznbdkbjh\Zgu fZzdkbfZevgu_ \ _IjAkuogZJdmakdZ <ebygb_IZcnmgh\ Fbj
~h df q Ijhg_[lwe_ _ f& kehcElhidbh gZ ]b~jheh]lbg_kdb_ ozZjzdl_jbklt
gZlex"Zeky "~h Jem[bglu ~Ze__ kah __ Kk ij_"~u”msbfb ]h~rzZfb ]~_ ijhb
]Jem[bgZo f ijhke_"b\Zeky fhsguej_gb_ | _iehc ih\_joghklglgthch”?u k
| jfhdebg k baf_g_gb_f I _fi_jZImqzkdZ Yih&gkdh]lh fhjy b gZ[ex"Zeky f
LZd _ nbdkbjh\Zehkv ijhoh ™~ _gb_Ibgflhd&ibdgupz Jem[bgzZzd Ih \k_c
\gmlj_ggbo \heg Fh gh hif_Ibbe¢bfhglb 1jZz_dlhjby "\b"_gby IZcnmgZzZ
knhjfbjh\Zgguc I1Zcnmghf Ghjmbaphgdux Lbohlh hd_ZgZ q_j_a ijheb\ P
| _jfhdebg gZ[ex"Zeky ~h Z\Im¥Xieb mhp~kadh]h ihemhkljh\Z ijbg_k j

ijbrhgguc ITAD \ aZeb\_ 1_ljz <_ipdhlmxgZljhfgmx fZkkm iha \jorghklgh
]Jem[bgZo hl f ~h ~"gZ d x'ghfm ih[_j_"vx Iljbfhjvy Djhf_ Ih]h
ljb ijhoh ™~ _gbb IZcnmgZ ]bDjhkB]bg_kdhc h[klZgh\d_ gZ ih][
Z\lmklz ]h~zZ jzkij_~_e_gguljaihhpgyphf@azZf Ilgh hsmsZehkv \ebygb_

kbkl _fu [ueb mklZgh\le _gu Kk iHzg_Z\]lmklzh~b\rbo [|Zcnmgh\ gZlex
jbkmghd \ KidkiAeh  _gby kbkif fljh\uc ijh]j_luc kehc \h”u b |_jfhd
ihdZzazZzgZ gZ jbkmgd _ < i_jbh” kueikf_szZgmki2g@d\]mklZ gZ pbkilngdZz

yjdh \ujzZ" _gguo | _jfhdebgh\ g_ gZfex"@&hlkbkngdzZo \ ] 9z 1_jfh]lbje
Zfieblm~u dhjhldhi_jbh~guo \@id hibgglbjh\zgz |_fi_jZImjzZz \h~u [he__
liZz\blZpbhgguo \heg J[ueb g agkkgbllheevssgu \h*u ~h ~gZ k Z\ImKkIZ i
Fh gh h[jZlIblv \gbfZzgb_ qglh ijblpd[dxfelgbc GZ ih\_joghklb fhjy | _fi_
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\h~u baf_j ggZy k &iftladngpZ \h \j afgyZqbl_evgu_ baf_g _gbyfi ijBEhbpu |

]Jbrjheh]lbg_kdbo jZaj_ah\ "hklilb] Zeh jhklb& a\mdzZ gZ r_evn_ aZeb)\
lh"h[guo \ukhdbo agZg_gbc \ "Zgghfepdbhg_ @Z[ex*"Zehkv \g_"j_gb_ ijkl
[he__ qg_f e | ]b~rjheh]lbgq_kdbo_gddgexh_ dc&ehy \h~u azZz kmldb b [h
aznbdkbjh\Zgh g_ [ueh Ijh]j_lucikedht'A_gédtyclZcnmgZz AZ kq_l wlh]l]h m
\h”~u [he__ f& gZlex"Zeky ~"h "yZjoghbdemnj[dd glguc kehc b hg f_»7
fhjy [he__ f L_jfhdebg himklierkiyd Hebky gZ Jem[bgm <h \gb¥y ijho
]Jem[bgu ahg”"bjh\Zgbghg~hf DZcnmgh\ Ijb | _jfhdebgZ h[t_~bgyxlky
kh>Ze gbx \j_fy ihklZzgh\db IWhs&gglby ]Jem[bg_ ijbf_jg§hH”rgZdh

| _jfh]lbjeyg” \ ]h m g_ ibgZ\eeb&kbkyv jZaebqgby \ jZkiheh
gZlex"Zlv aZ ]b”~jheh]bqg_kdhc kbjmApbgZ hdZZaebgguo [ Acnmgh\ LZd
r_evn_ [_a \ebygby IZcnmgh\ ]h*Zo |I_jfhdebg gZoh”~beky gzZ ]Je

- f Ih _klv oheh”gzZy \hp& f_g_ _
ihr"gyeZkyv ih kjZ\g_gbx k mf_j_ g
< r_evnh\hc ahg_ Yihgkdh]h fhnyhvwgded\mkeh\byfb Lh]*Z dzd \

I _1jZ < _ebdh]h ijb mf_j_gguWwrZo ]jZ~b_glguc kehc gZoh”be
f I _hjheh]bqg_kdbkeh\byo kms_kévmblgzo f gz f_kl_ gb g_]h |I_jfhdeb
~"hklzZlhqggh mklhcgb\Zy Ibrjhehjbdy kdZYj gguo ihlh”"guo mkeh\bc |
h[klZgh\dZ oZjZdl_jbamxsZyky g¢gZfebpdinfjdj\ ¢ jfhdebg_ knhjfbfh\Zggu

|_jfhdebgh\ \ Zdlb\ghf keh_ Db* ¢skkWbdHcilZcnmgh\ khklZ\be ifj&f_jgh

<u\h?u

aZ\bkbfhklvx hi j_ev_nZ N"gZg Z ,ueh f -\bPkefhrhm[ bmdbwe gby
ith~I\_j"~_gh qglh Zdlb\guc kehc \g&grgbynh gzZlhg ijh]j_lhc ih\_joghklgt
khklZ\ey_1 ijb[ebabl_evgh kyf &lh_gZeb\ | 1jZ < _ebdh]h \ualZggu_ k

k m\_ebq_gb_f fhsghklb \_jog_1h gZdifbhlh X@hyz gufb \_1jZfb ijb\h~yl c
\h~u aZ kq_l k_ahgghlh ijh]j_\Z dhdhgpgbZ\y ki Z\ujz" _ggh]hhijvthggh

liz*b_glu 1_fi_jZlmju b kdhjhklbdba\mdZahf _klv \hafh ghklv ih”A"_j
\hajzklzZxl gZ Jem{bgdo - f klZ[bevgmx ih”"\h~rgmx k\yav ih A
ijb"bfZy kehc oheh”ghc \h”u dh “Zamgkiywibch[t_dIZzfb gZ r_evn_ \h \j_
I_jfhdebg ijb klZ[bevguo f_I_hjhehjbgbkdligokdhevdbo ~g_c ihke_ ijho
mkeh\byo gZ[ex"Z_Ilky gZ JeimpbgZonmgh\ HAgZdh g_h[oh”bfh mq_
[he__  ]~_ 1_fi_jZImjZ \h”w fikjy"dFbq_kdbo j r_gbyo ih i _j Mg zdm

Hkgh\gZy wg_jlby baemqgqZ_fRbjgzZed\mdAsguc ]jZz~b_glguc kehc k
khkj_~hlhq_gz \ ijb"hgghf IAD hiphghribggd\fimdZz dhlhjuc ~ey \ukhdbc
keh_f kdzZqdz |_fi_jZImju k\_jomj brkfENedbfl kh[hc g_ij _h~hebfuc [Zjv_]
Aghf kgbam < A"Zgghf kemq@_ | KM nhifhi :
Khhi\_Ikl\bb k Ibibgguf rey azeb.. .;&21h"Zjghkib
kdhjhklb a\mdzZ gh hg keZ[h \ujzZ JzZ[&ZZ kq_Nuiheg_gZ \ jZfdz
| _jfhdebgz k fZeuf ]jZz~b_glhf hlh&kamxskl\h gghlh azZ™Zgby: - «<:i:::
_1h  \_jogxx ]jZgbpm b km Z_Iky ijb ©Bamqg_gb_ nmg~"Zf_glZe
ijb[eb”_gbb d [_j_lh\hc ebgbb d&xghdrmmptbgigh\ _gby jZa\blby IjZgknhjf.
gb g _]h | jfdebgZz KeZ[h \waZzbglwu_ckl\by ]brjhZdmklbqg_|
| _jfhdebgu ~Zxl baf_g_gby kdhjhihjavwbadbqgkdbo b ] _hnbabg_kdbo
14- f k \ ijbf_jgh_ Iljh\hf keh_ \hPbjh\h]h hd_Zgz?
Kdhjhklv a\mdZzZ \ ijbrhgghf IAD khklZ\ey |
hdheh f k

=b”jheh]bq_kdb_ ~Zggu_ ihemqg_ggu_ ih”
\ebygb _f ijhoh”ysbo IZcnmgh\ ihdZaul\zZxl
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"hklZlhggh khl]ezZzkh\Zggh Statistically reliable rhythms lasting-8 years ar
dhjj_eypbb f_""m jy~rzfb kj_~ REVHUYHG RQ PDQ\ ULYHUV ZLWK
jZkoh~h\ \h~u \h \k_o kemqZy SHULRG 'LYHUJHQW WUHQG\
"hkhhjgu < dhe_[Zgbyo ]1h”"h\ UHJLPH RI WKH ULYHUWWRXDKOKH &UL
\uyle_gZ pbdebqghklv Gz fg JUHDWHVW LQFUHDVH LQ WI
Nebl_evguf i _jbhrhf gZ[ex® _gb RFFXUUHG LQ WKH SODLQ SDUW RI

klZlbklbg_kdb "hklh\_jgu_ 2Q PRVW ULYHUV RI WKH ZH®
"ebl_evghk+vxe_I| < j_"bf_ kIl PRXQWDLQV WKH DYHUDJH
Djufkdh]h ihemhkljh\Zz hGHFUHDVHG ,QFUHDVditie 8@IRZ RI W
jZaghgZijZ\e_ggu_ |_g”_gebrh basinis not confirmed by the regime of atmospt
m\_ebq_gb_ kj_"~gbo ]h*h\t SUHFLSLWDWLRQ LQ ZKLFK
ijhbahreh \ jZ\gbgghc qzZklb [ LWV LQFUHDVHG YDOXHV LQ WKH
KzZelbj GZ [hevrbgkl\_ j_d az ZKLFK LV FOHDUO\ HYLGHQW
Djufkdbo ]hj kj_~gb_ ]1h”~h\u_ ULYHUV 7KH L GHIQW¢hangés@ mai HQ GV
ihgbabebkv M\_ebq_gb_ klhdZz RWKHU ULYHUV FDQQRW EH L

j_db Kze]lbj g_ ih”I\_j'~Z_ 1} PRVW RI WKH ULYHUV RI WK
Zlfhkn_jguo hkz~dh\ \ dhlhjhf VLJQLILFDQW DQWKURSRJHQLF LPSI
iheh bl _evguc I|j_g® b bo i

agZq_gby A_ b \ gZqZeo ]h~h\ qlh
hlig_leb\h ijhy\ey Iky \ j_"bf_ k

<uyle_ggu_ |_g”_gpbb baf_g_¢

fghl]bo ~jm]bo j_dZo g_ fh]lml [ulv ijbagZgu
_kl_kI\_ggufb ihkdhevdm gz |

Djufkdh]h ihemhkljh\z t
kms_kI\_ggh_ Zgljhih] _ggh_ \ha”_ckl\b_
Dexg_\u_ kehbjuf i_qghc .H\ZRUGVLPHD ULYHU UXQR
pbdebqghklv 1j_g”u \h~haZ[hj ZDWHU ZLWKGUDZDO DQWKURSRJH(
\ebygb _
<\ _~ gb_ ijhkljZzgklI\-9gh _ggh]lh jZkij_y _eD gb
Djuf highkblky q . ]bhg% ke \Z guo azZ™"Zq hlghkylky

kms_kI\_gguf g_~hkIZIdhf \h"gu01 & klﬁzg@efbﬁ'be\;gﬂihf lgbo baf-_g_gl
[hevr_c qZklb _]h I_jjblhjbb k] 'hg 9 97_9p P

kihd g_ ij_ \urZ | 2 ke digbc i Jb md'm !

fghlb_ j_db i_j_kuozxl Ijb \ FZl _jbZeu b f_lhAu

h[_ki_gby — \h~hkgZ['_gby gZk_e gouo |  pyinevah\zgu fZI_jbz
|mAngh\ .|thure.:_g'guo ij_ Ijb):\bb Jr'Pf 1Zevguo gZ[ex” gl
mAh\e I\hj _gby ihlj [ghkib \ \h ehibq_kdbo jukkibph D

ohayckI\Z \ Djufm kha~zZgh \h~ OA%]%Q(CT >Zggu ij _Aklz\e_gu \
hdheh hjhkbl _evguo ijm~h\ >3 ]Z Zj 0 jy~h\ Kj "EJbO_f kngu_o b |t
©zbjhiz @ Ih 7zgguf LI jZ hJ‘hA?ha\ \h~u az i_jbh~ k gZqZeZ g_i
\h~haZzZ[hijhbajoghklguo bklhggbdh\"\ )p,h gbc AR JhAZ < jyrZo hlkm
k ih ]h~ _" _Th~gh kthZ\ey,\ a _ibh~ K ih 1h~ \ k)
feg f< vylbo mkeh\byo \Z guf hlj eHT‘:f gh kva bo ihBihd_glthgh [ueb
klZzgh\blky jZpbhgZevgh_ bkiheva Er%) h—\ % AZggu - gZ[ex” _gbc
kilhdz \ |Ihf gbke_ mq_l azZzdhghf_jghkl_c ~]h - -

H[yah\ < : <bgh]jZzBa&af_gXgby klhdZ j_d Djufkdh]lh ihemhkljh\Z \h
gZqZe_ ;;, \_dB*jhkn_jzZz HiZjkgu kklmy\le gby 2 L 4 <uil K 51
‘2, +6
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Zlfhkn_jgufb hkz~rdzfb gz f_lihkkdiBgRhbZ h[mkeh\eb\Z | ohjkl

Kbfn_jhihev \eZ]hh[_kighkly xdBEiZ"guo b x 'guo bo
< bkke_"h\Zgbb ijbf_g_gu [Kdeehgggu_ <eZ gu_ \ha“mrgu_ fZkku

dhebqg_kI\_ggu_ f Ih*u <uyle_gbijipdpedxl Kdcemc[v | _jjblhjbb

kljmdImju baf_g_gby klhdzZ ijhba\l\h™~ehiklyak k wlbf ijhkljzgkl\_gg
ihfhsvx ki_dljZevghlh ZgZebaZjzZkZj _NZd _gb_ klhdz hlebgzZ _lky C

\ _c\eZlgZebaz \k [he g Zjdglgh jghklvx GZb[he__ \ukhdb_ &
bkihevamxs_]hky \ ihke_"gb_ ]h*ukjjBrdaljrhqllgbib\h]h fhmey klhdz ~hkl
\j f _gguo jy~h\ >:klZnv_\Z @k dfenyif _gzZxlky \' \_joh\vyo j_ d Q_j
g_ij_julgh]h \-g\eh[iZzah\Zgbyev[_dZ j_dZMabxd zZr j_dZ- Dmgmc
bkihevah\Zeky \_c\e_ | Fhje_ MiZjgdfZtju [Zkk_cgu dhlhjuo jZkiheh  _
ebg _cguo [j_g~h\ \h \j f _ggulo \ jjghdokdehg_azizZz”"ghc qZklb Djufk
hij_~_eyebkv f_Ih~hf gzbf_gvrbo ldjgBpZIh\ jbkmghd Highkbl_evgh
>ey hp_gdb ijhkljzgklf_gghdh”mev klhdZ ozZjzd!l_j g "theydZ Wb > _j

khl]ezZzkh\Zgghklb j_qggh]lh KklhdZMejhd_gyeky dZxsbo k x ' gh]h kdehgZz
dhjj_eypbhgguc ZgZeba Hp_gdZ Jky2ibklhe kdhc?e Kjbfijh*"\b" " _gbb gZ
“hklh\_jghklb agZq_gbc dhwinnbpbbghaklihd klhd ihgb Z_Iky hkh]
dhjj_eypbb b ki_dljZzevghc Kehlpdtkfibgzijz\e _gbb ijb kf_g_ j_ev
\uihegyeZkv k ihfhsvx djbl_jb_\ KhjghlglZzgB jzZ\gbgguc -\hkkhdght
obd\Z"jZI khhi\_IlkI\_ggh >hkphdijgdkkigbb mf_gvr_gb_ fkoémebl ijhb
\uy\ey_fuo I|j_g”h\ g_ hp_gb\ZéZkes_gdb”m ~hklb]Jzy \ gb'g_f |_qgq_gb
gZebgby ijhimkdh\ \ jy*"Zo "ZgguoKZe]lbj agZq_gbc hdhe*h < ke kgHt
A gZklb ihemhkljh\Zz aZ bkdexq_gb_f

H{t_dl bkke_nhizgby i _db Kzelbj hp_gblv \_ebgbgm kIt

< ]b”jh]jZnbqg_kdhf highr_gbb ipjukkdbey |ky \hafh guf \ klyab k hlkm

ihemhkljh\ jzZa”_eyxl gZ "\_ gl4Z\geh]bgh kdbo ihklh\ Ih hp_
iehsZ”b qzZklb jZ\gbggm»x b Khmjkmxheg gghc \ >J _kmjku ih\_joghklgu
ih\_joghklguo \h~? @ GZ jz\@bggtey jzZ\gbgghc | _jjblhjbb Dj

|_jjblhjbb dhlhjZy aZgbfZ_I| [yeyrjdIqZkiv agZq_gby fh~ mey klhdzZ
ihemhkljh\Z j _qgZy k_Ilv jZa\blZ hgkdgM keZ[h
J_db ijhl_dZxl ij_bfms_kI\_ggh \ Jhjga&ij ~ e gb_ klhdz ih | _jjblt
jZchgZo kms_kI\_ggh_ baf_g_gb_ \ghkbl
Klhd j_d Djufz hij_~_ey_Ilky gjXkihiekidBtb gguc \ Djufm dzjkl < qzZk
ijbjhrgufb nzZdlhjZfb Hijhjdw d_evknhéh _1i_j_jzkij_~_eylvky ih~a_fguf in
bf__lI dexq_\h_ agZq_gb_ih ~eB¢h j_db b ~Z _ ba h~gh]lh \h~h
klhdhnhjfbjmxs__ agZq_gb_ ijhy\ey]lh&y ph~" f_klgufb ih\_joghklgu
Ilhevdh '\ \ukhlghc ihykghklb \WghhjzZa”r\ezfb >J kmjku ih\_joghklgu
i_j_jZkij_~_e_gbb ihlhdh\ \ha“mrgu® fZkk
JZkiheh  _gb_ Djufkdbo ]hj g&ZZxZ”~ b x]h
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LZ[ebpZKj_"gbhh~h\u_ jZkoh”u \h~u b fh*meb klhdzZ j_d \ kjilg_f a&Z”i_jbh’
7TDEOSYHUaDRUdZDWHU IORZ UDWHVY DQG ULYHU WUWXQRII PRGXOHV DY

. lehsz”v JZkoh”| Fh"mev klhdZz
Gzbf_ghtzgb_ ThklZ |\ A kihizz df \h~u 3tk e K
iZkk_¢cg Q_jghlh fhijy
j_dz :ewfdir _ \h~hojZgbebs] 184
|ZjlbazZzgkdh _
j_dZz :ewfihk_ehd ]Jhjh~kdh]h
lhglh\h_
j_dZ D-ZigZeh Km\hjh\h 525
j_dZ ; _exfih#&_ehd Jhjh~rkdh]
Dmcfur_\h

dZ ; _evk ceh Njmdlih\h_

dZ ;bkd_g[Zk_eh KqgZklel

dZ DmMandg[Zk_eh Fghlhj |

dZ Q_+dkZyh Of_evgbpdh_

dZ Q_4dgZyeh Jhrgbdh\kdh]|

dz >_f_pTbjh” :emrlz

dz Mda gk_eh Kheg_qgh]

dZ MkckmEh 1jb\_Igh_

dZ <hjtkgeh <hjhg

I
i
i
I
i
j_dz >_j_dhbdEz” YelZ
I
_
i
_
I

dZc-K_j-ak_eh F_""mj_qv_

j_dzZ LZjzd]lByh® Km”*Zd

jmq_c DbabelZikdbehd
]Jhjh~rkdh]lh Ibiz S_[_lh\dZ

1Zkk _cg :ah\kdh]h fhjy

dZ KZeKojeh Ibhg_jkdh_

dZ KZekojelbklI\_ggh_

dZ :g]ZkZeh I _j \Zevgh _

dZ FZeuc KZajbpr Kbfn_jh

dZ ;bR&jZkk_eh Au[bgu

dZ ;b&jzZkk_eh AZj _qv_

dZ DmmZdkk_eh ;h]ZIh_

i
i
i
i
j_dZ ;mjmekgezh F_"Thjv_ 85
I
i
i
I

dZ-Bg hek _eh Lhihe \dZ 71
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Jbkmghehrhohayck\iZgdtgbjh\Zgb_ | _jjblhjbb Djufz
)LIXUWater PDQDJHPHQW JRQLQJ Rl WKH WHUULWRU\ RI .

J ameviZlu b h[km ™~ _gb _ \h"haZ[hj hkms_kl\ey Iky \ur_ ihklZz

hevrh_ \ebygb_ gZ uhkuzPElPlk\'\ ffﬁ '2d dzd hgglgzohhblky
\j f_ggh iZkij " _e_gb kIhdZ g \k o hkgh\guo \h~hojZgbebs b
S - - =2 dZgzez \ dhlhjhc hl[bjz I}

- b fk
hdzaulz_I \h*hazfhj AT 3 elr?}]ﬁolzjzlemhkgh\gh]h ijblhdz j_db
ohayck\-[ggh\h]h b ijhba\hAki\] Ih Ney i d :eviZ Mayvhviragem

\h~AhkgZ[ _gby Z 1Zd _ hjhr_ghb AR i
\WbAm g_"hklZIdZ \ ’\Zgghf i \Imhg ¥1 ]n‘h fZL, mi\_j *_ghby g_’ hklz]h
Ahklzlhgqgh \_ebd Ih-rEZggh# hbg iPZpbb L f g f_g__ b ijbleb

19 -° gohto |he agzZ “ey |hgbfZgby k

\uiheg_9gZ hp_gdzZ \ha”_ckl\by gflir n
kihd | _d KZe]bj :evfz -Ma[gd % Ggfifh \ha"_cki\by gZ kihd

. . hh K ih JhA h[t_f
[AZZZ"Q—UCQZ JhH?}t[)ebKth?]ZZJgubklhevaklrbl\HZ ri % [Zkk_cg_ j_db KZe]bj ba
IhAh\Zeh\Z Dj f gkdhc @dbgﬁ‘g y ﬁ% h \fed fijbkmghd qlh
hkbl iib[eb’ e ozizdl i d \be hl kmffZjghc \_ebgbgu klh
g J -99 J ~ \PK hA A Ah Ih bgnhjfZp
g_ba\_kigu \k_ f_kIZ az[hjz \h Igh 6h\ L B\zgxlibg S
Ibrjheh]bg _kdbo ihklh\ 2keb ey’ 1 %%e b @ \hrhazihj gzqze \hs
"Klv hkgh\Zgby ihez]ziv qih ijzalor% kv 1824

!Ko_fZ dhfie_dkgh]h bkihevah\Zgby b hojZgakRhégho jhd_Bdblmjeaf Dgb]Z
H[sZy oZjzdl_jbklbdZ j_qguo [Zkk_cgh\ jZkijbh Jggum|[agZzdh A@pdFdIjhgguc
j _km@k

URL https JNY R@ R uploadsJN Y &t&chmentsd d cd f b e ecfB427%e SKS; 0, *B7pdf
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LZ[ebpZLj_g”™u kj_~gbo ]h*h\uohfzakahNhybh” k ih Ih~
7TDEOSYHUDJH DQQXDO t#bddMRU FORZ UDWHYV
< _ebqgbgz Ij_g"Zz
f3 K | %
,Zkk_cg Q_jghlh fhjy
_dZ :evfir_\h*hojZgbebsZ IZjlbaZz
_dzZ :ewfihk_ehd ]Jhjhrkdh]h IbiZ Ih - -
_dZ D-ZgZeh Km\hjh\h - -
_dZ ;_ev[ihé&_ehd Jhjh~rkdh]h Ibiz L - -

GZbf_gh\Zgb_ ihklz

dZ ; _evk ceh Njmdlh\h_ - -

dzZzbxdMa_ g[Zk_eh KgqZkleb\h_ - -

j
j
j
j
j
j
j_dZ DmMendg[Zk_eh Fghlhj_qv_ - -
ijblhd j_db BwanngdZk _eh Fghlhj_qv - -
j_dZ Q_4dZyh Of _evgbpdh_ - -
j
j
j
j
j
j
j

dZ Q_+gzZyh Jhrgbdh\kdh_

dZ >_j_dhadE” Yelz - -

“dZ > _f_fA]bjhA temrlz i -
~dz Mdan gk _eh Kheg _qgh]hjkdh _ - -

dZ Mkdmkeh Ijb\_Igh_ - -
dZ <hjtkgeh <hjhg
dZ-K j-ak_eh F_""mj_qv_ - -
j_dZ LZjzZdlBjh® Km~Zd
jmg_c DbabelZikdbehd Jhjhrkdh]h
S_[_Ih\dZz

;Zkk_cg :ah\kdh]h fhjy
j_dZ KZekojeh Ibhg_jkdh_ - -
j_dZ KZeKojeh EbkI\ _ggh_
j_dZ :glZkZeh I_j_\Zevgh_ - -
j_dZ FZeuc KZé&jbj Kbfn_jhihev - -
j_dZ ;mjmekgezh F_"lhjv_
i_
i_
i_
i_

dZ ;b&jZkk_eh Au[bgu
dZ ;bB&jZkk_eh AZj _qv_
dZ Dmymdkikn_eh ;h]Zlh_ - -
dZ-Bg~hek_eh Lhihe_\dz

GZ [hevrbgkl\_ j d azizrgjchgZklphbahreh kms_kI\_ggh_ m\_e
Djufkdbo ]hj jzZzkoh”u \h”u ihkglhaxebkdve fk beb —-gZ j_d_ Q_jgZy \
AZ ]h~zZ klhd mf_gvrbeky gZ k _c&_ Jévighbdh\kdh_
ihk_ehd J]hjh~kdh]lh 1biz Ihqlh\ HAgZdh ijbjh~Z \uy\e_gguo I|j_g”~h

f Kk gZ j_d_ ~lkvéhdNjmdlh\tkh\k_f ykgzZz G2Z ij_"klZ\e_gguo gZ jk

fk gz j_d_ Q _d49gXkyeh]ljZnbdZo hlq_leb\h \bArgh qglh \ ihke_
Of _evgbpdh_ gz k gZ j_d-["_kylbe_Iby \ j_"bf_ klhdZ j_d-KZelbj

k_eh Km\hjh\h gZ k gZ j DZjZkm ijhbkoh”~bl kbtbdZgZ_g_ jhkl dzZ
;_ev[=dhk_ehd ]Jhjhrkdh]h IbiZz [wlh \uyley Iky ih \k_fm jy"m
gZ K < _"bgkl\_gghf klI\hj_ \ wlhf
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< dhe_[Zgbyo ]Jh~h\h]h klhdz \@klekbtZggh_  baf_g _gb_ klhdzZ gZ
pbdebqgghklv G2z fgh]lbo j_dZo KZedbl_ewvgudxdZkm g_ ih~I\_j"~Z Ik
i_jbh~rhf gZ[ex™_gbc hif_qgzZxlky kljZI'b¥hofqg_ Xidbkn_jguo hkz~dh\ \' dhlk

Ahklh\_jgu_ imjph\g_ agZqgbbhklb hlkmlkl\mxl iheh bl_evguc [Ij_g™ b
jblfu ~ebl_evghklwex | ih\ur _ggu_ agZq_gbyB \ gZqZeo

< j_"bf_ klhdz j_d Djufktimyhglh lkellm\h ijhy\ey_Iky \ j_"bf_ klh
ihemhkljh\Z \uy\e_gu jZaghg2wjbvoe] ggu _
| _g”_gpbb baf_g_gby klhdZz GzZkuyder ggu_ |I_g”_gpbb baf_g_gby k
m\_ebq_gb_ ki _~gbo ]Jh~ h\uogZ jlakhdhohAjm]bo j_dZo g_ fhlml [ulv ij
ijhbahreh gz j_d_ KZe]lbj \ _]h aklukiXxggfifb ihkdhevdm dzd ih
kI\hj_ \ k_e_ EbkI\_ggh_ Z 1zd _blRkej "*h\Zplkd gZ [hevrbgkl\h j_d Dji
DZjZkm GZ [hevrbgkl\_ j d aZzZizegh&ljpXxklb hdZaulZ_Ilky kms_kl
Djufkdbo ]hj j_db :evfz ; ev[_dJdglDzigpothh_ \ \ha”_ckl\b_ \ j_ameyv

gb’ g _f I _gq_gbb j_db Q_jgZy kj_%XgbjmThebw gZ gbo fghlhgbke_gguo i
jZkoh”u \h~u ihgbabebkv < _‘hYykdeyZgyerbs batylby \h*u gZ iblv
kiI\hj_ \ wlhf jZchg_ ijhbahreh kmbBaktklydagmu_ ijhba\h”*kl\_ggu_ gm
m\ _ebqg_ghdzklgZz j d_ Q _jgZy Vb kjher_gb_ k_evkdhohayckl\_gguo ihe_
Jh~rgbdh\kdh _
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deformation of the same soil determined in diffe
ZD\V GHSHQGLQJ RQ WKH PHWKRG

Ih 1 _ogheh]bg_kdzy 2z\lh*hjh}z PD\ GLIIHU VHYHUDO WLPHV
[mfZ guc dhf[bgZl beb j_Zdlhjis UHDVRQV IRU VXFK D ODU&3biGLVFUI
WK y\ley_ Iky fh"mev ~_nhjf WKH GHIRUPDWLRQ PRGXOXV RI F
Fhmev A_nhjfZpbb bkihev EHIJLQQLQJ WKH HUURU Rl LQ)
ijh_dlbjh\Zgbb ex[uo kljhbl. PHDVXUHPHQWYV LV HVWLPD
bgnjZkhjdImjguo h[t_dlh\ b y\ey_ determining the modulus of deformation
hkgh\guo jZkqgzlguo izjzf_ljh\ ] FRQVLGHUHG W LV FRQFO
wlhf hij_~_ey_fuc jZagufb kihk FRPSUHVVLRQ V\&kialP SestD @G WUL

A_nhjfZpbb h”gh]lh b Ihlh "_ ]JILQFRPSDUDEOH LQ SULQFLS(
jZaebqzlvky \ g_kdhevdh j XQGHU GLIIHUHQW ERXQGDU\ FRQC
ijhZzgZebabjh\Zgu 1ijbgbgu klh methods for determining the modulus of deforme
jZkoh ~ _gbygXq_gbyo fh*mey ’ ZLWK GLIITHUHQW ERXQGDU\ FRQGL
]imgHAgZeh]h\ <gZqgZe_ mathematically justified transitioncoefficients
ih]j_rghklv bgl_jiheypbb b should be used to bring the results to a si
jZKkkfZljb\ZxIky jZaebqgu_ GHQRPLQDWRU +RZHYHU WKH DXW
hij_~_e_gby fh”mey ~_nhjfzZp PDLQ SUREOHP LV WKDW

\u\h? glh j_amevliZlu dhfi characteristic is a nonlinear function of thk
riZfih\uo b ljzohkguo bkiulZgbfc cindependent arguments QRUPDO VWUHVV L
\ ijbgpbi_ ihkdhevdm ijh\F pressure of the soil and the area of external influ
jZaebgguo liZgbgguo mketl RI QRUPDO VWUHVV RQ WKH
bkihevah\Zgbb f_Ih~h\ hij_* « RI WKH PRGXOH HVWLPDWHC
A_nhjfZpbb k jZaebqgufb ZKLFK LV QRW WLHG WR WKH
mkeh\byfb “ey ijb\_~_gby j_. DV SK\VLFDOO\ DQG PDWKHPDWLFD(
_"bghfm agzf_gZl_ex ~he gu

nbabqg_kdb b fzZldbZlbglhlkgh\:

i_j_oh~gu_ dhwnnbpb_glu Gh

glh hkgh\gzZy ijlkleklhdlIhf qlh

_kl_KkI\_gguo J]jmglh\ ~ZggZy

yley_|lky g_ebg_cghc nmg:

g_aZ\bkbfuo ZilmtE glphjfZevc

gZijy _gby \gmlj_gg_]h "Z\&_gby ]jmg

iehsZ”~b \g_rg_lh \ha”_ckl\by

gzZijy _gby gZ Jjmgl < Kk\y.

hp_gb\Z_fh_ g_dbf hl\e_qzg

agZq_gb _ fh mey g_ ijb\

ghjfZevghfm gZijy _gbx

nbabqg_kdb b fzZl_fzZlbg_kdb g_
j_amevlZl_ bg g jgwaakdZ
ijh_dIbjh\sbdm "he gz i_
Ziijhdkbfbjh\ZggZzZy beb ]
aZ\bkbfhklb ey jZaebqgqguo bgl.
k mgzlhf Jem[bgu aZeh _gby n
iehsZ”b Ihke _"gbc \' az\t

<bgh]jz~h\ :DXrbjkdbc < B
Dmqfb:g< Hlyah\ leZlhgh\
A _nhjfZpbhgghc kihkh[ghklb

Eh[h"_
FH "mev
limglh\

=b”jhkn_jZz Hidkgukkbwyle gby2 L4 <uil K52 '2,

gdh B X Am[h\E :H 4Zjnrbgit]

A nhjfzZpblbkghddZy o0Zjzdl_jbklbdzZ
ijb_ ijh_dIbjh\zZghph kdihfjie’ dEc e k
+6
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jZkqzlghc gZ]jmadb dhlhjh _

arZgbkebbkhhjm™ _gb_ [m”_I hdZa

kfh™ | ih ij_~klzZ\e_gghc azZ\bkb

hjb_glbjh\hgguc jZkqzl 1ijh_dlghc hkz~db

a"Zgby beb mklhcgb\hklb ex]

khhjm ™ _gby

Dexq_\u_ keh\Z*" _nhjfZpbh .H\ZRUGWHIRUPDWLRQ FKDUI
ozZjzZdl_jbklbdb ]jmglh\ fh~*me modulus of ddRUPDWLRQ VHGLPHQW DQ
hkz~rdz b iehsz”v nmg”~zZf_gl DUHD LQWHUQDO VRLO SU

NZ\e _gb _ limglZz bkiulZgb industry infrastructure
bgnjzkljmdImjzZz e_khijhfure_ggh]h dhfie_dkZz

<\_"_gb_ Mklhcgb\hklv khhpnkiklglhy[ghklv

: . . gby beb e_khohayckl\_gghc
i.hfu”rz uyhh—[‘:'?lhh\\ngfz e d”“ L{)C\hklhy!)v mkbebyf klj fysbfky \u)
: -99 g BkohAghlh khkihygby kiZibq_ k

A"hjh ghlegnjZkljmdIimju e kh|jhfur§ )
dhfie_dkZz g_h[ohAbfh kh[ex"ZIv ;855% dhLTJm‘:Z\gh\gfgy J_>
_ "N _jZevgh]h azdhgZz ©H oglg }(A ey fzy A nhjfZpbhggt
j_Imebjh\Zgbbe gzkib khhI\_Iki\mys m ]nglh\ gl A gb
p_eyf azsblu ‘bagb beb anrhjh\vy T%}dhﬁc |szf i i ozgba Kdbe K\
bfms_kI\Z nbabqg_kdbo beb xjb”hqg kPh\ fh"mev A2 rgh R Z@hbb f h
Ihkm#Zjki\_gghlh fegbpbizev g L %%r Iv kh]eZkgh i _[h\Zgbyf \k_o

bfms_klI\Zz ><bgh]jz~h\ )
mdZaZgguo p_e_c ijb wdklem Jri EJOL“XSbO hdmf_glh\

h[{t_dIh\ \hafh gh “Ilhevdh \ Ihf kem Z _ke bh
[mMmAml hiI\_qzZlv k\h_fm ij_ gZag(%q gbx dI
jZkqgzlgh_ \j_fy delemZIZpbb @Ih \ k\h 8 g

hg_j_~v h[_ki_gb\Z_IKyhtkéveklhcdp\

IN_~ _jzZevguc aZdhg Jhkkbckdhc N_~ jZpbb hil84 NAdZHjoygbqg_ klhZ f_1mebjh\Zgbh
>We_dljhggkm W https docscntdru document

2)> - - Jmdh\h~ysb_ ~hdmf_glu =hk]hjl_ogZ”ahjh hjkkbbh\Egllxmdphywo j_a_|
\niZjh\ b J]Zalhev”~_jh\ "ey o0jZg_gby Kk'b'_gguo fZaiWe.idtjhdguemgh@

URL https docscntdru document

KLH=D LjZgkkljhc KIZg~Zjl hjlZzgbazZpbb F_lZeebq_kdb_ ijhekdlga bkheamglzy (
\_kghc fhgd®e dljhggkmjWRR https docscntdru document

‘H>F - HljZzke_\hc “hjh guc f_lh"bg_kdbc “"hdmifh dl[t I "W fgbrZiphbeeb

g_kdbo [Zehd k fhgheblghc ~ e _ah[_lhgghc iebuhguihlj Pkg\dhZlgoimihjh\ \ klzZe

e_ah[_lhgguo ijhe_lguo kljh_gbywWe fhkhiggjudkmjk @RL https docscntdru docu-

ment

SKI K\h”~ ijZ\be Hkgh\Zgby a*ZgbcmiZ&bhbhpmh\DHdgZy. dl *Zdpby KGbl
>We _ dljhgguc JRIk ittigs @ocscntdru document

Kl - - K\h” ijZ\be ih ijh_dlIbjh\Zgbx b kljhbl_evkIbmmKijhcklibhhhxgh\Zgbc

nmg”"Zf_glh\ arZgbc b kWe¢mdljhlmg uc URLmhitk&docscntdru document

Kl K\h” ijZ\be Hkgh\Zgby b jhl_ogbadlkdbed &b gogbycj_ ~Zdpby K¢

>We dljhgguc JRI hitfgs @ocscntd ru document

8K K\h~ ijZ\bjeh_dlbjh\Zgb_ b kljhbl_evkl\h Z\lhfh[bevguo ~hjh]

bgl _gkb\ghklvx "\bWa@bgljhggkmjWRD https docscntdru document

Kl K\h~ ijZ\®btejhlb e_kgu_ 1jZ\beZ ijh_dlbjh\Zgby>WEkljtldhgegukd\Z

j _kmjWRL https docscntdru document
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Kl ghjfZlb\gufb b jZkgzlgufb agZq_gk
Kl 1 oZjZdl_jbkhjeZkghKL - 14

FhAmev AN nhjfZpbhzZz g_crbec JZaghjh”rgu_ Jimglu jZaebqgZxs
iZjzf_1j limglZz bkihevam_fwgZq_iglbyfb dZ ~hc ba o0zZjzdl_jbklbd h
ijh_dlbjh\Zgbb ex[uo kljhbl_evgw& mlezZ \gmlj_gg_]8bljkmbie kgby
bgnjZkljmdImjguo h{t_dlh\ gkhje@kghg f ghimkdZ_Iky jZkkfZljb\ZI
[j_[h\Zgbyf n_~_jZevguo ghjf b gZiphed jjAKG -78% ijbeh” _gb_ dzd

ijh_dlbjh\Zgbb ex[uo h[t_dlh\ gh”glhémdhpus ]jmgl kh kj_~g_\a\_r_g
h[eZklb e_kgh]h ohayckl\Z gh bagZq_gbykbhe¥jzZzdl jbklbd
ki_pbnbg_kdhc h[eZklb dZd bkiheRlahmegd ~ nhjfZpbhZaulZ_ Iky
Zlhfghc wd_jIbGlI -17 *2 fh melwlghr_gb_  \_jlbdZevghc @&Z]dmadb
A _nhjfZpbb yl\ey_Ilky h”gbf bal\ulkiyf\dho highkbl _evdhglbdZevghc
jZkqzlguo iZjzZf_ljh\ Jjmglh\ N nhjfZpbbPulh\bq @
P ev jzZ[MHuhij_»~ _eblv IThqghklv b "= &4 A
|JZ\bevgthv dhebqg_ kI\ _gghc hp ]g,\db hk%hr\%k%l _evgzwhjfzpby jZ\gZ

A AthprE)\hgghc oZjzdl_jbklbdb rl)]I gbx \ ebqbgu Z[khexlghlh mf_g\
fhrmey ~_nhjfZpbj ijh_dibjh\Zgbl W= 82% _9§jmapz d _1h gZqZevg

ijhfure_gguo h[t_dlh\ a~Zgbc Kk hjm

"hjh ghc bgnjZkljmdImju e khljhfure

dhfie_dkz ijb ihe_\uo b eZ[hJZIﬁ?Bh'bC \Zjbzgl hlghr_gb_ \_jlbdZe
bkke _~h\Zgbyo gZ]jmadb d \uaul\dhé&lgdicjd¥bdZevghc

B A_nhjfZpbb >lhghfZj_\ b Aj @ G
Hij_~_e_gby b f_Ih"u \aley® f_"~m wlbfb “\mfy hij_"*_e_
FZkkb\ ]jmglz qZs_ \k_]h ifkm&lX\emgl ijbgpbibZevgZy jZagbpZ

q_j_"~h\zZgb_f g_kdhevdbo \b~h\iZ@fgdukhb k_ jfbgh\ highkbl_evghc b ih

jZaebqgufb ozkabtzth >ey h[e_ Jo"guyZpbb i_j\Zy \-elb@hgdf_jgZy

jZkgzlh\ lThesm ]jmglh\ jzar_eyx| gD iyf_diYgh

] _ heh]lbg_kdb_ we_ f-grW~"Ze _ FhAmev h[s_c ~_nhjfZpbl®? ]jmglz
AZ B=W ijbgbfzxl g_dhlhjufdRfp2£_I mijm]Jb_ b hklZlhggu_ "_n

limglz hAghlh b Ihlh *_ ijhbkoh ~ 14BglZihr\prz

beb jZagh\bAghklb ih =HKL ijb Fhmev mijmlhktb\ (ebl_jZImj_

mkeh\bb qlh agzZ@ddbjppkozg ]jrhii_"_ey_lkyhgklZgizl_jbZez dhlhjzy

baf _gyxiky \ ij B=wlemqZcgh 0ZjZdi_jbam_I mijmlb_ k\hckl\Z fZI

gZ[ex"ZxsZyky azdhghf_jghklv | =HKL - Lh _klv  fh"mev

fh gh ij_g_[j_qv B=W gz~ _eyx| i"_nhjfZpbb b fh"mev mijmJhc *_nhj

Kl K\h? ijZ\IKehhjm _gby ih*adjZdleZ ijh_dlbjh\Zgby >We_ Idhjjtkka@ uc
URL https docscntdru document
K K\h” ijZ\be Bg-1ghgebhbq_kdb_ baukdzZgby "eW[slhhbiljZébkAZ
ijhba\h"kI\Z jZ\Wd_dljhgguc JURtnhitpgd docscntdru document
2GE - N_~_jZevgu_ ghjfu b ijZz\bezZz \ h[eZklb bkihevahbzZily |Z\gfghbowg_j
\ha~_ckl\Bbjh”~ghlh b I_ogh]_ggh]h ijhbkoh ~_gby gZ h[tZIlhifphbkilWwgyValtb\Zgh
>We_ dljhgguc PRk mitgsédocscntdru document

=HKL - F_"lhkm~Zjkl\_gguc kEjgindjl DeZkkbnbdzZWbydljhgguc j_kmjk@
URL https docscntdru document

B=HKL - F_"lhkm~ZjkI\_gguc klzZzg~Zjl =jmglu FKHbo u[jlAllkkbl bjg akmevIZIih!
bkiulZgb®e dljhgguc YRk mitks@docscntd ru document

B<KG - <_"hfkI\_ggu_ kljhbl_evguBgkdhmfdupby ih ijh_dlbjh\Zgbx \kihfh]zZl_e
khhjm ™ _gbc b mkljhckI\  kljYei _evklI\Z fhkikWe_dljhgguc i_kmjk@
URL https docscntdru document
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kgblzxlky ihklhyggufb 0ZjZdl _jbkkbdZfdvg cr_ f \ | _bMd _ijbNA" ylky
]limglZ >; _ebdh\ @ jZkgzlgu_ ~Zggu_ “ey ~Zggh]lh k\yagh

Fh2 mev 7~ _nhjfzpbb y\ey lky ketgl\gthdh\hj gh bgh_
N nhjfZpbhgghc oZjzZdl _jbklb lhe \u_ b eZ[hjZlhjgu_ bkke_ "h\
bkihevam_Ilky ey jZkqgzlh\ hkZ*hijh\h*bebkv \ jZaebqgu_ ]h%u j_am
f_InbdZzf ij_~klzZ\e_gu \ IZ[ebp_

-ebg_cgh »_nhjfbjm_fh]h kehy A

_fthA_eb mijhqgyxs _]hky ]jmglz J _amevlZlu b h[km ™~ _gb_

<h \lhjhf kemqgZ_ jzkqzlu hRzAKdebp_ ijb\_"_gu ghjfZib\g
nmg~Zf_glh\ ijh\h~yl k bkihevah\ZQ%Z G-_PPdhg\*mey "_nhjfZpbb LZ[eb
g _ebg _cghc f_ozgbdb ]jmglh\ hR§zdh \ wrhf "€y klyaguo ]jmglh\
kemqZ_g_h[oh~bfu [he _ keh‘gu_qﬂh\ﬂ—l'le%q%‘r‘rf)g|zh'eh‘-9bc ijb - ihdZaz

k [yevrbf dhebq kI\hf ozjzdrdBRY b dhwnnbpb_gl_ ihjbklhk
hij ~ ey fuo hiulguf im |z f rkqzl ijh\h~*beky f_lh~hf
Ki —HIK J ) 17 Kk bgl_jiheypbb AgZq_gb_ ghjfze
bkihevah\Zgb_f ijh]jZffguo kj_~kI9ZixpPyzgdey dhlhjhlh hij_~_ezg fh"
gZijbf Pjaxis® A _nhjfZpbb \ IZ[ebp_ KI
< jz[hl_ bkihevah\zgu fZiPyBZRIkY _

]_hehlbg_kdbo baukdZgbc bkihevam@fPfby \ 1Z[ebgguo ghjfZib)
ijhba\h~kI\_gghc A_yl_BYgAKMPYO fhrme_c ~_nhridelbdg dey
HHH GIH ©=b’\jh|_0ijh_d|a Ibih\ ]jmglh\ g\L,II’IZ_| \ Ih \j_fy dzd

< dzq_kI\_ ijbf_jz ijb\_~_gul4a3eRalpy'\ agZq_gbyo fh me_c 7 _n

fhmey 2~ _nhjfZpbb\utreg gghghaW hrghBrW \ ij_~ _eZo h”"gh]h mqzZkldZ gZ [¢
L\ _jkdZy h[eZklv k mkeh\guf ghlémPg=waze_]Zgby khklzZley_| b
ij_ ~klz\e_gghlh ki ~g_q_I\ IAHE8RH

e_~gbdh\ufb hleh (girbsyfkhklhysbf <hagbdz_I \hijhk h ijbgbgZo k
ba Jebgu ez]dhc iue_ihzlrhb\zj’\[hevrh]h jZaebqby ihemqg_gguo ag:
dhgkbkl _gpbb szg-hjhjbqg_\rH'ebqb_ fhrmey ~_nhjfZpbb jZaebqgu
ba\_kldh\bkihdexq _gbyfb 4pzZ\by limglh\ — Zeex\bZevguo ]Jebgbkluc
s _[gy b hi1A _evguo \d_I\_jlbgguo hleh _gbc kmi_kdZguo
kj_"g_"_nhjfbjm_khBoZ[himqbgkah25FIZ |Z[ebpZ f_gvr_ g_"_eb hlebgb_
ihdzazl e f |_dmgq_klb b di"ey hrgBaw- b |1Z[ebpZ
ihjbk|hk|b =jngngeh]b ih\k_fJZkOh‘A_gby fh]mI [U|V \ua\Zgu g_kdh
iZKiihkliZg_gu \ ahg_ 1zc]b iibabgZfb dhlhju_ tofugghf_kih \

N ~ jZpbb dhfie_dk_

K K\h”~ ijZz\bBg _g_jgu_ baukdzZgby "ey kljhbl_evkl\z Hkgh\gu_
>We dljhggujk @RLnhttps docscntdru document

Y=HKL J - GZpbhgzZevguc klzg~Zjl Jhkkbckdhec N_~"jBpbh _ejmgyuij F* lah\
ijhgghklb b fh mey "_nhjfZpbb ijbkhlkkidhdghbgghc gZ2MWmadhbgguc j_kmjk@
URL KWWSV GRFV FOQWG UX GRFXPHQW

B30D[LV ' 7 X Q/ateti@  Models  Manual 9HUVLRQ >We _dljhgguc i_kmjk@
URL https www F L ¥ith &cin ajunejaPlaxis  program ' 7 X Q Q HitroductoryManualsMat Man

UK ' pdf
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LZ[ebpZ Fh mev ~ nhjfZpbb BHW"* ezgguc \ jZaebqgu_ Jh"u jZae
eZ[hjZlhjbyfb AgZq_gby ghjfZevdgh]heyZdjlylthjgimy eyeky fh mev *_nhjfZp
g_ ijb\h”ylky

7TDEOH(- GHIRUPDWLRQ PRGXOXV GHWHUPLQHGDMWR GILHNWHUHCHNY\DHA
LIRU ZKLFK WKH GHIRUPDWLRQ PRGXOXV ZzDV GHWHUPLQHG DUH Q

Jh~ | 1977 |1985| 2002 2019
~ 5|3 . x 3 o | Sle 3|8 Ghjfzib\gh_ w-dKljz
"| o — "I o ol T = ; .
2\br 29 £ | 2 222 |z 9N o= KIZIbg_kdh |  'hebihizogh_
FIZ [c=a|Q| T |==|T el ahg”bjh\2yb |
O x| — A x A x| A | =
o N
B=w 28 44 22

LZ[ebpzZ Ghjfzlb\gu_ agZqgq_gby fh"mey ~_nhjfZpbbok]ynaglol.gjbe_kk

;DEOH:IRUPDWLYH YDOXHV RI WKH GHIRUPDWLRQ IPRGXBXV RI FRQQ!

<hajzZkl ljhbkoh ™~ _gb _ GZbf_gh\zZgb_| E FIZ
reex\bZevgu_ " _ex\bZevgu— KKmn]le_bkgbdb 18
Q I\ _jlbggu_hazjgu_ hZ=zejeh\bZevgp—
hieh _ghbly ~ebgu 25
- Nex\bh]leypbZevgu Kmi_kb 18
B Km]ebgdb 28

| _j\hc ijbgbgp\ey_I|ky ih]j_rghklvKe_"m_1I hif_Iblv qglh fgh]l]bfb mqgzg

bgl_jiheypbb b baf_j_gbc =_bé&kebdqhkdZyeyfb mdzZakima_IKkly_gdh_
ih]j_rghklv bgl_jiheypbto]j rghklwebygb hi[hjZz h[jZaph)\ g_gZjmr_
hij_ " e _gby iheh _gby ]_heh]bg_ktdehpZjghbp gghc kljmdimju ~ey eZ[hj.
bg _g_jphheh]bqg_kdhf jZaj_a_Dbkkeijpbh\Zgbc Lzd gZijbf_]j ijhn
jZkklhygbb f_""m kd\Z bgZfb ~h =f=Yha&V0bjZ\ N k\h_c fhgh]jZnbb mdZau\
>Q _jogur_\ FZjlugh\ @ Ilh glh ezZ[hjZlhjgu_ h[jZapu \uj_aZg

Ih]lj _rghklv baf_j gbc kdezruhghlé&lglhha bf_ xlI [hevrbc dhwnnbpt
jZaebqgbc jzaf_jh\ bkiulm_fh]lh ihjjxkdpKIbbf_gvrmx iehlghklv g_f \ ih
k'bfz_fhlh ]jmglh\h]h kehy \ rhkgh\Zwudb bitu Lh _klv ih j_amevlZlz
khhjm™_gby IbiZz b g_h~rghjh~rghK|JB[h]ljecbgl2Z[hjZlhjguo bkiulZgbc ]jn
g_khhI\_IklI\by gzZijy _gbc b ~ihénggkkky f_gvrb_ agZgq_gby bo f_oZz
kdhjhklb gZ]ljm _gby kilmi_g_c og4Zjdhajpbklbd b [he_ _ \ukhdZy k' bfz
\j_f_gb jdkZpbb gZjmr_gby \gnkljjZz\gg glthx k ]jrZgpglZzém]Zfibbjhi~rgh]h

gZijy _gby J]ijmglzZz b k\hckl\ h[jEalph\ghyb>;he”uj_\ @

hi[hj_ ojZg_gbb b ih”~Jhlh\d_ d bkiud&xllyf \gmljbezZ[hjZlhjghc

\ebygby Ij_gby 1]jmglZz h kl_gdthkdheaph”*bfhRIlb khklz\ey_|

hlkmlkl\by [hdh\h]h jZkrbj_gby f_"ezZ[hjZlhjghc \hkijhba\k*bfhklb
kmffZjghk >ey bgl_j\Zez

LKG - - Kbkl_fZ ghjfzZzlb\guo “hdmf_glh\ \ kljhbb evhjh* kdFhkdhjkd]l_evgu.

ghjfu Hkgh\Zgby nmg~rZf_glu b ihra_fgu_ >M\hén j oh['j hglgy ¢ ji_kmjk@

URL https docscntdru document
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khhi\_IkI\_ggh b Ih]j rghkbs , — highkbl_evgu_ ~_nhjfzZpbl
bkihevah\Zgby jZaethagujd[hph\ gkhhi\_IkI\mxsb_ gZajmeadZf
j_\urz_1I - >>fbljb_\ Y]] @ KmffgdYev h[s_c ~_nhjfZpbb k\yaZz
ith]j_rghklv hij_~_e_gby ih h*ghcgiydR6pb_ glhf k bfz_fhkib aZ\bkbfhkly
f ITh bd_ fh2mey ~_nhjfZpbb h’\gh]h B=W = 1+ g
ke _"h\Zl _evgh dhe_ [e_Ilky \ij_"~ _eZo T,

<lhjZy ijbqgtjgZ Iky \ g_ h"ghagznqgh[kl:-gK”Z\hngd ih bg ]g hjgth]d b
ljzdlh\db ihgylby ©fh*mev A nhj pbba
AgZq_gby fh7mey 7 ”h”Zpbb h‘?/v[r'?n pb gl k' bfzl jhIABAe

[Z[ebpu ihemg_gu jZagufb %7_ E}am baf_g_gb dhwnnb
khhi\_Ikl\mxs_¢ h[h[sZxs_c hdrﬂjbﬁ baf_g_gbb gz]jmadb
b gghc aZ\bkbfthb wlhlh g_ ke_

gZijbf_j blhlh\uc hlgzl ih -bgJ

]_heh]bq_kdbf baukdzgbyi” _lyab [_, Sghf kemgZ_  \bAbfh imlzxIky if
\kydbo ihykg_gbc 1\ blhlhihc 1Z[¢ W-nnbz 9tz k'bfz_fhkib b highkbl
iib\hAylky f IhAu eZ[hjZlhjghc hp ’L Fu |
hp_gblv bo kh]JeZkh\zZgghklv IIJ]% lE)Y]b Yil @ fhAmev hJ
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"~ AY - baf_g_gb_ hlghkblfggm}fhc ijb\_~_gghc kljhdhc ¢
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_nhjfZpbb khhl\_IkAenmxs_ _ okeb bkohAblv ba b s dhAmey
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6
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] U- dhwnnbpb_gl kl_kg_gby iHijklZdecggu_ Jimglh\hc _eZ[jZlhjb
A nhjfzZpbb jZkkqgblZggu_ gzZfb gZ hkgh\Zgbb i_j
Sey onZdI ibkibdb kK bfZ 48RP the _ eZ[hjZihjbb ij_7klZle
bkihevaffximéys ¢ A nhjfzpbb  1Z[ebp_
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T BFE
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LZ[ebpZH~hf _Ijbg_kdbc fh mev ~ _nhjfZpbb ezZ[hjEIhdgugbdgggquaglgzZfb il

=HKL - ih i_j\bgguf "Zgguf eZ[hjZlhjbb

7TDEORGRPHWULF PRGXOXV RI GHIRUPDWLRQ ODFROHFRRGLYD OWRHY
- XVLQJ WR SULPDU\ ODERUDWRU\ GDWD

; Highkbl Mo FiZ Eed FIZ
evgz EZ[h]2 Z[hq
Flz A_nh?fzypt ~ Ihj[grjl_ JqungEhj[gd JZkqzlgh_
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JZaebgb_ f_""m eZ[hjZBijgtbEhj_rghklvx k\hAbl \_kv f_Ifhmh d g_.

j_amevlzlzZfb khklz\ey | hli "Zqg_kI\_a@gfghfm agZq_gbx dhlhjh_
bkdexq_gb_f kd\Z bgu ]"_ jZaethkggh\Zgbmelwr_baeh _ggh]h \ ijbgpb
N nhjfZpbb 7~ey ~"Z\e _gby Filze "ghugligbgbfzlv \h \gbfzZgb_ 1jZdlbqg.
ljzodjZlgh _ ljbgbgu 1Zdbo jZBohjb¥ _glbdhklv jZkqgzlghlh 7ZagiZg_gby
ij_"klz\eyxlky gzf g_ihgylgufb ithekdbegdm]h f_Ih~hf hibkzZgguf
jZkqgzl [ue ijhba\_"zg \ kljh]hf khhHKLkI\bb gZley”gh
=HKL - ljb\_~zggu_ jZkoh'ithbbgxkljbjh\zgz \ 1Z[ebp_ Kh]e
\uoh”yl az jzZfdb ZgZebaZz ijhxH¥lggh]lh \ agZq_gb_"ey \k_o
>>fbljb_\ Yj] @ b m\_ebgb\zZxXljxkhdpBpgmk_\h]h ~Z\e_gby ijbgylh jZ\
ih]j_rghk hij_~ _e_gby fh"mey " _>nkijjffZ\ihhigyg b d ijh_dlbjh\sbdz

sz dzZd fbgbfmf gz Ihke Dhmmasnbpb gl ImzZkkhgzZ i _j_kgblZg h
bkihevah\zZgb _ dhwnnbpb_glzZz imlklf_kpgZ gbkygh\Zgbb ezZ[hjZlhjguo "Zg
ihi_j_gghc 2~ _nhjfdpbbhjfmeZz aZ\bkbfhklb Gz "M imf_dvh\Bboh”y ba
ijbgbfz_fh]lh km[t_dlb\gh ihklhygdgubbkhbjbhklb > Q ihkdhevdm — ijb

ex[uo agZq_ghlyo k g_ba\_klalg&Zq_gbylog_ hij_~_ey_ I|ky
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LZ[ebpZ AgZq_obyey B=W ihemg_ggu_ h[jZlguf iml_f ba kjzZ\g_gby j
dhfij_kkbhgguo b Ij _ohkguo bkiulZgbc gegyhb&dabm\dqwoijdd¥Zmadb 1
7TDEOHYDOXHV-IRBEWDLQHG LQ WKH UHYHUVH ZD\RURRMESBRRSDRQV
triaxial tests fodifferent meaningsly

Dhfij_kkbhggu_ 1 Ljzohkg
% 1 2 3 H 3
0,268 0,258 0,25 1 2 3 Kj_"~g_| 0,278

LZ[ebpZ>bezlhf ljbg_kdbc fh*mev » nhjfZpbb eZ[hjZlhjbuagdqZgbygby
jZkkgblZggu_ gZfb ih =HKL*®ih i_j\bqguf ~Zgguf eZ[hjZlhjbb
7TDEOHODWRPHWULF PRGXOXV RI GHIRUPDWD/Q R QY DADERMU b BVARRIK OYCD/D
DFFRUGLQJ WR-*267XVLQJ WR SULPDU\ ODERUDWRU\ GDWD
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‘bgu | f | d]#| Fiz| Fiz| ‘\-llPdZzevgzy 0-jzajm S2LNIF
A nhjfZpbly0,5-0,6| 0,3-0,9 ab lhjgzy
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“\ Abzizahg_ FlIZ
ljb\_"~zggu_ eZ[hjzZlhjgu_ f_ I - ijbjZs_gb_ hlghkbl_evghe
hij_~_e_gby fhAmey ~_nhjfZpbbhl[itedghklvx nhjfZpbb h[jZapgdl ~ _ i
hljZgbgb\ZxI \hafh ghklb FhikLh]h - 2
jZkrbj_gby JjmglZ ijb ghjfZevghc gZ]j@adiehp  ij ~klZ\e _gu eZ[hjZlhjc

>pbezZlhf_ljbg_kdbc fh"mev "J-Ffjh_jltégpj)ggu_ gZfb j_ameviZlu
Eb. AQgZqg_gby fhmey AbeZlhf_ljbgzlg(bQJQ: ez[hjzZlhjguc f_Ih” hij_~_e
A_nhjfZpbd b dhwnnbpb_gl ihi_fnhaghs A nhjfzpbb ihalhey | ihemqgblv
A nhjfzpdblugbkeyxl ih nhjfmeZzZf jZkrbj_gb_ 1jmglz ijb ghjfdeaghc gz

., _ A& . Ay .. AYFAY H]jZgbqg_gb_f [hdh\h]h jZkrbj_gby y\«
“TOAY a"A_g(A R (4) bkdmkkI\_ggh kha~z\Z_fh_ \klj_qgh_
1~ Ag - ijbjzs_gb_ \_ijdZebbLhchh az~"zZ\zZ_fh_ [ebadbf _kl_kI\
gZijy _gby \ az~Zgghf ~bzizdKge_9kxzlimglZ gZ aZz”"Zgghc Jem[bg_

libeh® gb_ @ =HKL 2 < ijb\_~zgghf ijbf_j_  jzZkqzl it
AY AY- ijbjZzs_gb_ highkbl_d¥@duomlhaguf eZ[hjZlhjguf j_amevlz

\_jlbdZevghc b ihi_j_qgghc ~_nhjfZpblc hg 9zt # d ihemqg_gghfm
A ih nhjfme_ j_amevlZim “~hihegbl.

a fgh bl _e_¢ ih ZgZeh]bb k dhwnnbpl
kl _kg_gby ihi_j gghc N nhjfZpbb

2=HKL - F_“lhkm~ZjkI\_gguc klZg~Zjl =jmglu Hipkibe_ gphqgghXjbdlb
A nhjfbjm_fhkib f Ih~hf lj_ohkgh]h k*Zlby >We dljhgguc
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ijbf_gy_Iky J amevlZl ihemqg_gguthegdiz ehiZklb \bglh\h]hkflZfiZz

hlebgqZ _|ky hl ij_"klZ\e_ggh]h e¢ZdhjZpohjm_¢€zZy IZ[ebp_c ;

\ - jZa =HKL - 2 fh* _ | ijb\_klb d _z
lhkdhevdm hkz~db \ djblbgbhkfiihjZgbmza ijb gZ]jmadZo [he__

gZ]jmahd ©klZgh\ylky g_jZ\gh*Djgufjk d ble @

ihjulbklufb WixjZ hkz~hd ijbh[j GZkfhljy gZ wlb azZf_qZgby 7Zggu

g_ijZ\bevguc oZzjzdl_j& >=_jk_\Zydy Iky i@e_ \uf b ~Zzl gZb[he__ Z"_
ke YAl _evgh ih\urzZlv gZ]jmadm j“lambaebhllih
jZajmr_gby h[jZapZ \jy® eb p_e_kKhZj\gbdyghevgu amgviZlu fh*me_c
ihkdhevdm wlh \_"zl d aZ\ur -diExl agZlyjfgdpi bl ihemqg_ggu_ jZaebq
fobgbfmf gZ bkiulZzgbyfb b i _j kgblZggu_ gZfb k\_
Fh mev "~ nhjfZpbhbh (~"ZggufiZ[ebp_
ihe _\uolzfihl\uo bkiulZgbgZijbf_j GZ gZr \aleytheWlWwg_geaZq_gby
\bglh\uf rizfinf iehszZ”Mvx 2 fhk¥fmey A _nhjfZpbb ~he gu [ulv ijb\_~
\ugbkeyxl ih nhjfme _ h[s_fm agzZf_gZl_ex ijbgzf ih*h[guc i_
; 6 "he _g [ulv h[hkgh\gZZkkfklj_gguo
'Eii=(1':5’)'é'5@‘i®A (5) ez[hjzlhjguo ijhihdhezo 1zdhc |j_al
]~ —dhwnnbpb_gl ihi_j_ggh]h ngk_r’bf}l_(btb‘)bf \ kbem jZkqgzlZ fh*me_c ~_r
ImZkkhgZ ijbgbfz_fuc jz\guf 1ike4ijbRythyZaebqguo azZjzg__ g_ h]h\
b kmi_k_c"ey km]ebgdhVey ]ebgang_gbyo ghjfZevguo hk _\uo gZijy"
D - dhwnnbpb_gl ijbgbfZ_fleLq_K'\_ beexkljZpbb \ur_kdZaZz:
aZ\bkbfhklb hl azZ]lem[e kyppyh #lz{iR\_"_09Z [I1Zebp J*_ij_’kIZ\e_ggu_
Jem[bgZ jzZkiheh  _gby rlzfiz hI§HkEL-SR¥nfh "mey ~_nhjfZpbb ijb jZa
Ag_\ghc ih\_joghklb JjanglZbzf |jhk_\uo gZijy ' _gbyo Ih"h[gZy g_km

(Zfiz f hif_q_gZ b \ >>fbljb_\  Yj] @
D - dhwnnbpb_gl ijbgbfz_flijjc_’\eg}z_lky jZkkgblu\zZlv fh*mev ~_nh
“zkldhlh djmJ]eh]h r1zfiz jz\guf hii_"_ezgghf bgl_j\Ze_ ~gZijbf,
AE- hkz~dzIzfiz | megdl - Flz ~ H~"bg wlhl rz] ih "Zgg
=HKL - 2@ >>fhb_\ Yj] @ mf_gvrbl ih]j_rgh

hij_~_e_gby fh mey *_nhjfZpbb gZ

LZ[ebpzZK\h”*gu_ agZqg_gby fh"mey ~_nhjfZpbb Kk j_amevhZiZfoggquf]lh i_
NZgguf eZ[hjZlhjbb FIZ

7TDEOBRPSDUDWLYH YDOXHV RI WKH GHIRUPDWNVNROQHFROG X & XY WALR/QK
WR WKH SULPDU\ ODERUDWRU\ GDWD 01J
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EZ[hjzlhj| GZr i_j_k¢ EZ[hjZlhj| GZr i_j_kq EZ[hjZlhj| GZr i_j_kaga
2=HKL - F_"1hkm~ZjkI\_gguc k¥ZmoZyl F_Ih” bkiulZgby >xWdiklfljhgguc
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LZ[ebpZlZkqgzlgu_\ _ebgbgu fh *mey * nhjdygdbhebygWuo agZq _gbc 1
7TDEOBMDOFXODWHG YDOXHV RI WKH GHRREUFHFDILRXY FRGXBXVRRIL, *(

<bru bkiulZgbe kd\Z'bgu Jem[bgZ hifhjz ijhfpf— 2 el
£=0,1 | =02 | 1=04

K
- K
HAhf_Ijbg_kdbe K
K
K
Ljizohkgu_ K
K
K

RlIZfih\uc h=11

h=12

Li Ivy ijbgbwjz Z Iky \ Ihf qlh ~elypi b iehszrv rlzfiz khleZk:
[hevrbgkl\Zz _kl_kI\_gguo ]jmglhmgdimmewHKL - 2 gZagzZqgzZxl \
N nhjfZpbb yley_ Ilky nmgdpb_cazWMlefhgdp hl \brZ ih"\b”~Z beb jZagh
Ihkdhevdm nmgdpbhgZevgZy azZ\bkibiihkh fHtmelymglZ ih I1Z[ebp_
hi gZijy _gby g_ ebg_cgZ azZ"Z\ZlgkhgohdbGih hf Ijzohkghlh K Zlby
h#gbf nbdkbjh\Zgguf agZq_gb_f "&ykidR\by oW Ykbff_Ijbggh]h gZljm _gb
ex[uo ij_nijh_dlguo jZkqzlh\ ih f_g\iggIf_i=HKL - 2 jjh\h~yl 7ey
g_dhjj_dlgh hij " e gby o0Zzjzdl_jbklbd ijhqghkl

Q_N _jlIZy ijbgqbkgAbdZevgZy gA]jmdEjm fhklb ~bki_jkguo ]Jjmglh\ \d
- hij_~_ey_lky dZd ghjfZevgthyme¥beZnhjtzpb[jzapu ~he gu bf Iv

ijbeh”_ggZy d iehsz”b kj_aZ fhoheplé iPbebgrjz ~bzf _Ijhf g_
eZ[hjzlhjguo beb rlZfiZ ijb Hhghtu@b f \ukhlu d ~bZf_ljm hl A
bkiulZgbyo >bzf |j h[jzapzZ \u[bjzZz_lky 1zd q

BkiulZgb_ Jjmglz rizigdl i ftzdkbfzevguc jzaf_j \dexq_gbc g_ ij_

=HKL 1- 2 ijh\h*yl “ey hij_"_e_gbp ~pzf 1jz < gzr_f dhgdj_lghf
ke_"mxsbo ozjzZdl_jbklbd "_nhibzm 1foklR[jzaph\ khklZeyekf

“bki_jkguo Jjmglh\ iehsZ v — f
F_Ih~ dhfij_kkbhggh]hnkgdlby i
-fh"mey *_nhjfZpbb =HKL - ijh\h~Ayl ~ey hij_~_e_ gb\
k_dms hhhf_Ijbg_kdh]h fh mey ~_nhjfZ
RIZfiu kh]eZkigKL - 22 Eoed H[jZza_p 1jmglZz ~he _g bf_Iv n
“zkldb_ djm]ehc nhjfu ke_’\mXSbOpll)léi@é/\jz "pzf ljhfg_ f_g__ ff b high
|-k iehkdhc ih*hr\hc iethbvbef_“-Z d \ukhl_ ~he gh khklZ\eylv h
5 k¥ FzdkbfZevguc jZaf_j njZdpbb ]

Il — k iehkdhc ih”hr\hec ieh?&éé‘)&i_gbc Z1j_1Z'h\ \ h[jZap_ “he  _g
1 k# k dhevp_\hc ijb]jmadhc ihrhehsZ”b \ykhlu h[jzapz < gZr_f k
"hihegyxs_c iehslzz¥iz ~h k¥ iehszZAv dhevpzkf

M-k iehkdhc ihAhr\hc iehsZ2”vx k f

Mz- k iehkdhc ih”hr\hc iehsZ”vx

kfb \kljh _gguf aZgbklguf mkljhcklI\hf

,9-\bglh\hc rlZfi iehszZ” vk k f
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LZ[ebpZbi b iehsZ~v rlzZfiz \ aZ\bkbfhklb hleWwjZaghrbdynkib ]jmglZ
7DEOW\SH DQG DUHD RI WKH VWDPS GHSHQGLQJ RQ WKH W\SH VXE

lheh _gb_ rlzf RIZfi

F_klh
. hlghkbl_evgh =em[bgZ .. —, A
imglu mjh\g\yh/i\h"a_fgutnkiuIZgby It::i\u_lz_ggbbyyl‘bi 'erl‘(iz Y
Djmighh[ehfhigdub I 5
]Jebgbklu_ ijb ex[udGZ mjh\g_ ih~a_fdhbhok_c < dhleh\zZg_l 2
agZgq_gbyo ihdzagZl_eyh”™ b \ur_ lhes _ rmjn_ "m"d”_ 1
| _dmg_klb
ljhkZ~"hqgu_ ijb bkiu <ur_ mjh\gy Ilh \k_c| < dhleh\Zz | 5
k azfZgb\zgb f ihra_ _fguo \h* lhes_ rmjn_  "mfd_
Djmighhlehfhqgu_ GZ mihlg_ ih~a_fdhok_c < az[h_
iehlgu_ ]Jebgu b km|le ggh,\ b \ur_ lhes kKd\Z bgu 1l

1,Q05 kmi_kbQR

—ebghbkliy< @25 Gb _ mjh\gy Ih \k_c Gb™_ aZ]

ih~a_fguo \h lhes _ kd\Z bgu
I _kdb ]ebgbkl.u_ ijb GZ mjh\g_ ih"a_fdhok c Gb _‘aZ[
agZg_gbyo |hdZaZI_eXhA b \ur lhes kd\Z bgu| ,9
I_dmqg_klb - - [_a h[kzZANdb
HjlZgffbg_jZevgu_|b Gb™_ mjh\gy lh \k_c iZ\Z?Jz[u 9
i ih A N !
hjl]Zzgbqg_kdb _ ihra_fguo \h lhes k h[kz~d
=ebgbkluz>®5 < fZkkb\_

<ur_ b ghmjh\gy >h f

. [mj_gby
N AN —
ihra_fguo \h Kd\Z bgu

hjlzgfbg_jZevgu_ |b
hjlZzgbg_kdb_

Ilhkdhevdm \_jlbdZevgZy N _nhi3edpbyyohkguo bkiwlZzglthefp

yley _|ky nmgdpb_c g_ I|hevdh flwhmpf@wevghlihhl\_IklI\mxsbc ghjfZevc
"Z\e_gby gh b iehszZ”b ijbdézYe\gbkhcijb dhlhjhf ijhbahreh jZajmi
gZ]ljmadb beb iehsz”b kj_az ihgkke_"»eyfhkh\Z bgu- FIlz "ey

h[jZapZ ]jmglZ lh ihemqzZ_fu_ agkdihbpbfitimizegbc Fl1Z < kihe[p_
[_a ijb\_~ _gby d g_dhlhjhc mkeh\gEgu "wgdbguwhcfh*mey h[s_c ?_&AhjfZpb
iehsZ”b y\eyxlky g_kjz\gbfufb IZzd fh"mey h[s_c¢c » _ n®RjfZpbb
lylZy ijbgbgZdexqz_I|ky \ Ihf qgllhdZaZzZl_evgu kjZ\gbl_evgu_ agz
fh mev ~_nhjfZpbb ihfbfh nmgdptbhg&evghohjfZpbb Ijzohkguo b rlZfi
aZ\bkbfhklb hl ghjfZevgh]h *"Z\e_dlkyubZieglhs Zely [ebadh]h _kl_kI\_ggh]h -
_]h ijbeh” _gby y\ey |ky nmgdpb_c¢ \gmlj I ey hk_\h]h ~Z\e _gby F
NZ\e_gby ]JjmglZz b FIZ~ey hk_\h]h ~Z\e_gby Fl
J_amevlZlu ihe_\uo b ezZ[hpzMdgaoggbZ\ghf FI1Z h[jZa_p ijb
bkke_~h\Zgbc fh*mey ~_nhjfZpbbdhegkdh E=2WjhrZggthjh\Zgghf bkiulZgbb \
K\_~_gu \ IZ[ebp_ mkeh\byo Ij_ohkgh]lh k Zlby jZajmr
LZ[ebggu_ ~Zggu_ "ey kd\Z kfukl\ _gguo mkehalgya gb_ fh”mey
AZgu \ bgl_j\Ze_ gZ4jmahd FIZ ~_nhjfZpbb khklZ\beh FIZz LzZdbf h]
Khhi\_IklI\mxsb_ jzZzkyldljgw_kljhgdh®tey h~gh]h B=W gZoh”ys_]hky \ m
Ilhf °_ klhe[p_ hrbgzZdh\h]h _klI_kI\_ggh]lh gZijy _gby
>ey rlZfih\uo bkiu+z\glbgl_j\Zer nhjfZpbb ih ~Zgguf eZ[hjZlhjguo b if
gZ]ljmah+d FIZ XzZzkgu_ ~Zggwey bkiulzgbc fh™_| bf_Iv agZqbl_evgh_ jZa
khhi\_Ikl\mxsbo bgl_f\Zeh\ -
— — b— FIZ
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LZ[ebpZKjZ\g_gb_ fh"me_c ~_nhjfZpbb ijb jZaebeyupZbé&bulgywbyogZq gb
\gmlj_gg_Jh "Z&e_gby
7TDEOBRPSDULVRQ RI GHIRUPDWLRQ PRGXOHVOX®GEHJU GQWHEIHDOW W

Ghf i =em[b <bA AgZq_gb_ fh mey ~_nhjfiZpEbZijb
kd\-EJ bkia | 1, ki | S b jZapn] < higzl_i[ . ,
Sbay| 1zabe kFiz | P | kf| 03| 04| 05| 06| r_gbb bab]_hehlbg_Kdpf- 9-—
9 f g fzdkbfm{_baukdzgbyf29c9-9°-
1 2 3 4 5| 6 7 8 9 10 11 12
Ljzohkgh_
14
7
RIZ#$
12 1 ih\h_
12
HAhT_ b
4 q_kdh|
15
Dhfij-k
kbhggh_

R _klZy ijbgbgKZfb j_ameviZlu<c jmdh\h~ysbo "hdmmligkdb\r_f
dhfij_kkbhgguo rizfih\uo b |jkzoerkgKo m g dil dzd b \
bkiulzgbc g_kjz\gbfu \ ijbgpbi_ ~ihdddhraxdmf KI —hij_"~_e_gh
ijh\h~ylky ijb jZaebgguo ]jZgbqgguphmkeh EkagzIlh\ hkz~hd ijh_dlbjm_fuo
ljb dhfij_kkbhgguo eZ[hjZlhjguo Ikhinjidgbyloc g_h[oh~bfh \ i_j\mx hq
[hdh\h_ jZkrbj_gb_ ]jmglz ijb gh¢ladngheky ~Zggufb ihe_\uo bkiu
gZ]ljmad_ “zkldh h]jfdbg \ghzl ]Jdmglhv- \ gzZr_f kemqgZ_ rlzZfih\uf

aZlmozZgbx hkz~db k jhklhf ghjjiZepngBEphb_f KijzZz\_"~eb\h kgblZ_Ilky
NZ\e _gby < ihe_\uo ijbjh*guoagiakelgtbydh"mey »~ nhjfZpbb ]jmglZ ih
rizfih\u_ bkiulZzgby [hdh\h_ khikhibfasgk eZ[hjZlhjguo bkiulZgbc fhghe
limglz bf__1I i_j_f_ggmx \_ebgbgmkhhijb IklI\m_I 2~ _ckl\bl_evghfm I
eZ[hjZlhjguo ljzohkguo bkigldgkpale _g_gb_ h[jZapZ ]jmglZ ba kd\zZ"
ihklhyggmx [ebadmx d ijbphiMyhfm khijh\h ~Z |ky mf_gvr_gb.
_klI_kI\hgg ~Z\e_gbx ]jmglZz gzZgZeém[bgbc \ kd_e_|_ h[jZzapZ ]jmg
ijh\_~ _gby ihe_\h]h bkke_"~h\Zgbykgb _gb_f ~h gmey ~Z\e_gby \ ihjh\h

Ke_~mxsbc gZz gZr Nawvdgfm nzZdlbqg_kdb dhfij_kkbhggu_ bk
ijbgpbibzevguc fhf_gl < hij_"_e_igh\thkaAdkylhk h[jZzapzZfb ]JjmglZ gZjmr
ihgylby ©fh"mev AN nhjfZpbb? klagddhmjwZ glh \_~zl d azZgb _gbx acg

g_dhlhjzy g_hij_~ ezgghklv himMmevzZdmhjfZ2ge bz Hh\ ihe™uj_\
©hlghkbl_evgZy \_jlbdZevgZy ~_nhjfzZzpbg#" \Z ;mdrZ Fbjhgh\Z @
K K\h”~ ijZ\be Bg _g_jgu_ baukdZgby "“ey kljhkelh'ewddy?e HKHghdgu |

guc j_knyRl@nhttps docscntdru document
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>im]b_ kihkh[u hij_~_ e _gby Khkihjygmy [lh ~Z\e_gby ]jmglZz gZ ]
k\hckI\ ]Jjmglh\ eZ[hjZlhjgu_ ]_Hhijkebth¥k@&bbyhesbgu ehiZklb b iehszZ”
bkihevamxlky dzd \kihfhhzddevgurlzifiz eZ[hjZlhjgh]lh h[jZapZ AZ"Z\ZI
Kl gbkehf agZq_gb_ nmgdpbb mlI\_j ~Zy
ljb ihe_\uo rlZfih\uo bkiulZglyyeyfuky dhgklZglhc b \ iheghc
ihemqzZ_f g_ihkj_"~kI\_ggh hkzZz~rdnmoXjZd\bkibdmklb~ nhjfZpbhggu_ k\hckl\.
hl gZ]ljmadb |h _klv dZd jZa IngZbya]ejyZpbkigimMhklZlhggh h[hkgh\Zgh
dhlhjZy b gm gZ ijh_dlbjh\sbdm < kemqgZ_ bkihevah\Zgby f_
Gh wim bgnhjfZpbx fu azZl_H khiag¥leeghy fh "mey » _nhjfZpbb k jZace
bkdz z_f imlzf \\_~_gby g_hijJjZgbgggtm mkeh\byfb Ney ijb\_~"_
wfibjbg_kdbo dhwnnbpb_glh\ gJhhumew Zlith\ d _~bghfm agzZf_gZl_ex
g_j_a highkbl_evgmx\_jlbdZevgmkihevah\Zlvky nbabqg_kdb b fzl_fz
N nhjfzZpbx d bkdhfhfm fhA*mex h[hgh\Zggu_ i_j_oh~gu_ dhwnnbpb_glu
< kemqZ_ bgl_jij_IZpbb j_amevjZédmevIZl_ ijh\_~zggh]h ZgZeba.
eZ[hjZlhjguo jZ[hl ijh\h~bfuo k fhlydhlelzlibitm\zZIv glh bkihevah\zZIlv \_
jZaebqguo jzZaf_jh\ 7~ _clk]hiklghe\Wwgth mey h[s ¢ N nhjfZpbb ey jzZ
ijb\_~_gb_ j_amevIZIh\ d h[s_fm agafifgpbcexhl ~_ckl\bc klZlbq_kdbo g
glh h[tykgy_I| ih~"h[guc rZ] H"*gZdhRm kmbhoadbgby ~bZiZzahgzZ _]h hij
aj_gby bg-ighjdlbjh\sbdZz eh]bhgomklbfh lhevdh “ey g_dhlhjhc hl\e_
[ueh [u gzZh[hjhl ihemq_ggh_ edlyZkhjgwdhc whapkigdibk \hafh guo
imlzf agZq_gb_ g_nmgdpbhgZevighazhhdfhhmewmevIZIZf bg  _g _jguo ba

hlghkbl_evghcnhjfZpbb? ijb\h”blyjh _dlbjh\sbdm i_j_"Zzlky
fhrmexblkklbgghcnhjfZpbb? ihemqZifjhfarkbfbjh\ZggZy beb liZnbqg_|
ijb ihe \uo rizfih\uo bkiulZgbylobfhklv “"ey jZaebqguo bgl _j\Zeh)\
©g_ijZ\bevgh_2 hij_~_e_gb_ ljh_thHbdpagbd \ aZ\bkbfhklb hl jZkq:
>lhghfzZj_\ b 7j @ gZ]jmadb dhlhjh_ ijh_dlbjm_fh_ a~Zz
<u\h”u khhjm™ _gb_ [m”~_1 hdZau\Zlv gZ Jjmgl
ih ij_"~klZ\e _gghc aZ\bkbfhk
Fhmev ~_nhjfZpbb y\ey_Iky g_ebajbdgboeguc jzZzkqz!l ijh_dlghc h}
nmgdpb_c ljzo g_aZ\bkbfuo -i_jafzgByobeb mklhcgb\hklib ex[h]lh eb
ghjfZevghlh NZ\eésgbyk!l_kI\_gghfkhhjm ™ _gby
Ebl_jZImjz References
. _ebdh\ P BgljZzevgh_ jZkly  _gb %HOLNRYVHQWUDO QRH UDV
kl jg_c h[sb_ k\_~ gby j_ ~ VWHU]JKQHL REVKFKLH VYHGHQL\D
aZ"Zgby mpZdghg _kdh_ i ]DGDQL\D -S3PIOMBQEKHVGdRttal SRV RE |
>We dljhgguc VWUHWFKLQJ DQG FRPSUHVVLRQ
URL https Y J D\ attachmentsi_ E H O R Na&fY LQIRUPDWLRQ SUREOHGtON®OYLQJ
‘heruj_\ = =F_|h”u hij_~_ and practical guidg
f o0Zgbg_kdbo k\hcklI\ ]Jjmglh\ k URL KWWSV YIDVX UX DWWWDFKPF
d =HKL - F Ijhg~h k_SGIQ 5XVVLDQ
<bgh]jz~h\ DX\hijhkm h g _h[oh"#RAQE\UHY DHWRG\ RSUHGHOH
| ogbg_kdh]h j_]mebjh\Zgby PHNKDQLFKHVNLNK VYRLVWY
baukdZgbyo < klghbd N *267 - >0OHWKRGV IRU GHWHUF
Jhkm~Zjki\_ggh]h h[ezkigh]h PHFKDQLFDO SURSHUWLHV I
K_jby ?kl_kI\_ggu_ gZmdK - *267 - ] ORVFRZ 3XEO 3URQGR

S ,Q 5XVVLDQ
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= jk_\Zgh\ KhFjZgb_ khgbg_gt &KHUQ\VKHY 6 1 ODUW\QF

Lhf K\Zcgu_ hkgh\Zgby SRIUHVKQRVWIHRQRKKHGKHQRLNK L]\
nmg”~Zf_glh\ khhj natochnost UDVFKHWD RVDGNL
F  Kljhc\h_gfhjbanzl k inaccuracies in engineerinHRORJLFDO VXUYH

=imglh\_A_gbIh” h[s_c ~Zdpb cWKH DFFXUDF\ RI FDOFXO
? F K_jl__\Z F Barzl _evkl\h FYHP\VKOHQQRH L JUD]KC

k [Industrial and civil engineering] LVV
>zefzlh\ :B ozZghdz ]jmglh\ hi °5S— »Q5XVVLDQ DEVWUDFW LQ
nmg~Zf glu E KljhcbaArzl 'DQPDWRUH®KDQLND JUXQWRY RV

(blib o << VIIFEIRN b dzc o THQLQIUDG  3XEO SWURL
eZ[hjZlhjghlh bamgq_gby ]jm foundationg QLQ

ihkh[b_ F D>M K S ,Q 5XVVLDQ

DZ]zg : 3Zkq _lgu_ ihdzZazl eb 'O'r?ﬂré"()%hHY 99 JBWREW L P\
f 0zgbq kdbo K\Hekl\ 1imglhy DERUDWRUQRJR L]XFKH@E\D JU)

f IhAu hij_~_ e _gby E Kljhcbéag?pie[OHWKRGV DQG TXDOLIW\
K VRLOV WHPRWERREN 3XEO .'8

DZrbjkdbe B E IhA"bdZ bkk ,Q 5XVVLDQ
' €
] c *HUVHYDQR6REUDQLH VRFKLQHQLL

khkiziz = b kihckil - “bki_jkg g0 4 6YDLQ\H RVQRYDQL\D L UDV
ihe \ufb f IhAZfb \ mkeh\byo f o ooQ GQ Qm .
iibf j_ ] Fhkd\u :\lhj_n_jzI sooruzhenii [& R HFWH Z R UVoWImMe Q YR

3LOH IRXQGDWLRQV DQG FDOFXO

| og gZmd F N=MI IGBBBK
_ _ of structuref ORVFRZ 3XEO 6WURLYRHC
lhghfzj_\ :AZozZjh\ : < Ahehlh S Q 5XVVLDQ

DZehrbgzZz Kkgh\Zghb b nm
g g gby g *UXQWRYHGHQLH 8BIRUBHWAGHQFH @

ma_tghth*ba_kdh_ ihkh(b_ nen ° " >
Barzl_evki\h  |_jfkdhlh gz R\éFRZ 5§\E/VLDRI RVFRZ 6WDWH
bkke_~h\Zhlévkd  ihebl_ogbc - Q Q

mgb\_jkbl _1Z K KDJDQ $ BDVFKHWQ\H SRNDJDWHC

luol__\Z G N :mdrz << FbjhghPKREFKHVNLNK VYRLVW

= ozabdz Jimglh\ -f i blghl metody opredeleniya [Calculated indicators

ih_kh[b 5d 7| jbg[m_j] T B physical and mechanical properties of sc

. - - XUSRVH PHWKRGV RIHRHWYHUPG
MjZevkdhlh mgb\_jkbl 1Z }XEO W URLLIGDW ® \g o 5?(
Kijz\hggbd 11h bg _g_jghc ]Uheh]lg\t}KLUVNQHWQRGLND LVVOHGR\,(DQL
Nls_c j_rzdpbzQmibghkz G_- .\/YRLVWY GLVSHUVQ\NK JUX

k

. . , XVORYL\DNK PHJDSROLVD
KijZ\hggbd — ijh_dlbjhisbdZ  Hkahy£0PY| GLvV NDQG WHNKQ 1DX
”mg“Zf—Q'f b 'r;Aa—fguf khHjm —ngbgtudy of the composition and properties

h[i—C_ j_"Zdpb2c Khthfgz dispersed soils by field methodsa metropolis 2 Q
X = Ljhnbf_gdhkz KljhcbaZl vy HDPSOH3RI DRVARKQLFDO 7Kt}

k ORVFRZ 3XEO )*83 31,,,6
Pulh\bg G EF_ozZgbdz ]jmglh\ 5XVVLDQ

dmjk ~ mq_[gbd “ey kljhbl_ 3porpDpUHY $ % =DNKDURY
F <ukrZy rdheZ k ~RORWRJXERDOR VK L Qshovéniga
I XQ G DPHQ Wmetod. FRosbie [Bases and
IRXQGDWLRQV] WSHHPK L @ RefD GR |
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Q _jgur_\ K G FZjlugh\<<eb¥g 1DWLRQDO 5HVHDUFK 3RO\V

ih]j_rghklb

baukdZgbc gz lhgghklv jZzkq_Iz

bg -¢_heth]lbqg._ S ,Q 5XVVLDQ

S\NKWHHYD 1) %XNVKD 9 9 oL

ljhfure_ggh_ b [jZz "Zgkdh_ kijhluQKIHQLND JUXQWRHWRGGIFKHEQR

< K —

SRVRELH >O0HFKD Qdad&cdtiofal amRL OV
methodical manual] (NDWHULQEXUJ 3XEO
8QLYHUVLW\ S ,Q 5XVVLDQ

6SUDYRFKQLN SR LQ]JKHQHUQRL JHF
engineering geology] &KXULQRY 0 9 HC
ORVFRZ 3XEO 1HGUD S ,Q

6SUDYRFKQRNNWEURYVKFKLDNM
fundamenty i podzemnye sooruzheniya [Desigi
+DQGERRN JRXQGDWLRQV IR XC
underground  structures]. Sorochan ( $
7TURILPHQXRY (HGV ORVFRZ 3XEO
6WURLL]GDW S ,Q 5XVVLDQ

7VAWRYLFKHMXQLND JUXQWRY

XFKHEQLN GO\D VWSoR méthhaic Q\NK Y

VKRUW FRXUVH D WH[WERRN |

universitie} ORVFRZ 3XEO 9\VVKD\D
S ,Q 5XVVLDQ

9LQRJUDGRY $ <X . YRSURVX R Q
WHNKQLFKHVINFRIIRURYDQL\D Y LQ]K
LIZWWNDQL\DNK >2Q WKH QF
UHIJXODWLRQV RI HQJIO®NMULQJ
ORVNRYVNRJR JRVXGDUVWYHQQR.
XQLYHUVLWHWD 6HUL\D (VV

WKH ORVFRZ 5HJLRQ 6WDWH 8QL
Natural Sciences] LVV -SS ,Q
5XVVLDQ DEVWUDFW LQ (QJOLVK
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lh \k_f kh[jZgguf ~Zgguf hibk GLVFKDUJHV DQG OHYHOV V
ijh"hevghc ljZzgknhjfZpbhb ~ turbidity along the entire length of the middle .
\h~"hojZzgbebs gZ jZkoh”u b ORZHU 9LO\X\ LV Gdwdt\avhidste , W LV
jZkoh~u gZghkh\ b YMghkdiv~e WKH ULYHUV RI WKH 9LO\X\ EDVLC
ki_~g_lh b gb'g_]lh 1_q_gby WRZDUGV D GHFUHDVH LQ W
lhdzazZzgh qlh g_ |lhevdh gZ aZz VDPH WLPH DQRPDOLHV LQ

j_d_ <bexc gh b ihqglb gjblhid_ o FRQGXFWLYLW\ RI ZDWHU ZH
Ahfbgbjm_I 1 _g~_gpby d kgb RI WKH ULYHU 9L @ng\antkrpedém FW W R
gZghkh\ lib wlhf h[gZjm  _gu LPSDFW

\_ebgbg klhdZ b ]b”jhnbabgekdbo ihdzaZzl

g _dhlhjuo ijblhdZo j_db <bexc

kbevghfm Zgljhih] _gghfm \ha”_ckl\bx

Dexq_\u_ keh\Zzj_dz <b¢ .H\ZRUGNO\X\ 5LYHU UHVHU
\h~hojZgbebs_ j_gghc ihkl w H[SHGLWLRQ PHDVXUHPHQ\
baf _j _gby kihd gZghkh\ anthropogert impact
\ha”_ckl\b_
<\ _ " gb_ gb g f [v_n_ ljbgbhdmIkl\b_ 1Zdh]h

. . fhgblhjbg]Z \ ijh]jZff_jZ[hl Ha_jghc kIz
H7gbf ba fhsguo nzdlhjhl *} % ijzye_gbylb”ihf_I_hjhehlbb b
\_ebgbgu b j_"bfz kihdz ng.hkh éﬁi Fdim zxs 5 ki Au Aze
\h~hojZgbebsZ \ebygb_ dhlhjuo g\pblh)k o d ]hjh’\_kdh]h Ibi.
\hAu b \ p_ehf gZ j_qghc klh gﬁ —c9_ 1

. X ! an \Kdbe Z 1zd_  k_l_\uo
ijhke_"b\zZ_lky \iehlv “h mklv_\ h 'd e\{)b uo 1bAjhf ljb kdbo baf i
b ijhly’ _gguo j d \ ZabzZlkdhc qZk bty Jht_tIba_ —

R
1Zdbo dzd Bjlur 2gbk_c b :g]zjr <b

<‘]t§‘ex§ g_ mqgzklidh\ ihklh\
e Xx.C |

. 5 wibo k\_~_ghbc ggms_k
Dheufz >FZ]jbpdbc FZ]jbpdbc p@b?z bama g _gk|_jg]gd(|mj]
| <bbebxc'fdgg Lleh;éfl?beb[shz Zg’rrkﬁ\—( kabo\h"hongbeszo dhihj
~4-9 I- > dexq | mle_gb_ I\_jAhlh fZI_jb:
bkdmkkI\_ggu_ \h~h_fu \ [Zkk_ c ‘d c b |_jfbq_kdhc ZpZabb [
< _jog__ "e«<bexckdh_ \h”"hoj Zghtre d‘m kdhjhk|b “1h a_Zbe gby Hg g
hkms_kl\ey | fghlhe lghegh  k_ fﬁq(‘gl;gh < asbe_gh -
mebjh\Zghb KihdZ j_db g-b‘ hy h km”blv hdjhZg&kndhhfZpbb
J_] - — gk-IhdZ ghkh\ \ kj_~g_f b gb g fl_q_
K\_lebgkdh_g_»_evgh_ b kmlhg ,gZ _dhihjmx ~hihegbl_evgh \
Zki_diZo \ebygby bo \ha’_ ckl\b g%% me Xsb § Mibylby b1 ithwih
e _~h\uc b |_jfbq_kdbc j_"bf dzd | bygbb wibo iihp KKR\ g7 |

< . _]
|Zdb9bg]h|ngyjdbEg " "
kiZ\gbl_evgh fghlhgd6Z&ZjozZjh\Z .- bn blh@]gby b km~hoh?gu_ mkeh

Ghlh\bpug DmkZIh\ <h~gu_ Lhey jZkkgbluylghk iaZ]jyagyxsbo

|ma] N
FZ]ibpdbec FZ]jbpdbec Z qgZklbpzo \a\_k _c b .jm]h_
. . p evx ijh~_ezZgghc jZ[hlu
FZ]jbpdbc FZ]jbpdbc N
dZd h \ebygbb gZ kihd gZghkh\ fum Zgrh e "gbl jheb Abexckdbo \h™hoj.

<bexckdh]h kzfh]lh [hevrt

ebrv ih fZl_jbzezf gZlex g g b KIhdZ \a\_ r_gguo gZghkh

]brjheh]bq_Kdddoi Kmglzj \ .
K\ _lebgkdhc =WK bO®ZHujud df < S c azdhghf_jghikedbc

b ijzdIbg_kdb gbq_1h g_ agz_f h \[F§kAR] f\fpg y klhdz d mklvx j_db
klhdZz gzZghkh\ \ kZfbo \h’\hOJZgbeszo b \ bo

FZ]jbpdbc > < Fhj_cArh < F Ipwaffhiy_¢B Dd@kdZ~hf \h~"hojZgbebs
gZghkh\ j_db <bexxzrjhkn_jZ Hijhipgkkluyle gby2 L4 <uil K -
2, +6
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< jzZfdZo j_rZebkv az”Zqb ihfhsvx ] _hjz~Zjz 3\WKRQ bgkljmf_¢
hij_~ e _gby oZjzdl_jz blafifadagemdIihf_ljbg_kdh_ b S+ \_jlbd
fmlghklb \h”u ih Zd\Zlhjbb <khéxyctbdhihgb_ \h”ghc Iheshb hi[hj if
\h~"hojzZzgbebszZ b hkgh\l\guo ahdgSedrloZ{¥® gbiyh[ \h”u ba ih\_joghklgh]l
j_gguo gZghkh\ \ Ihf gbke_ khkjbudhihfh b ijb~rhggh]lh Jhjbahglh\

khihklzZz\e_gby "~Zgguo b@Zlijijgho ibke_ "mxs_ nbegelwljh\Z mklZgh\dhc
kimlgbdh\h]h fhgblhjbg]Zz OLOOLSRUH b \Zdmmfguf gZkhkhf q_
khklzZ\e_gby [ZezZzgkZz f ofZjgzhogkghlo nbevljh\ ~bZf_Ijhf fdf
<bexckdh]h \h*"hojZgbebsZz k[hjz \a\_k_c k ihke_"mxsbf hij_"_e_¢
mklZgh\e_gb_ azZzdhghfjggmlelhfc Ijbg_kdh]l]h b obfbg_kdh]h
ijh*hevghc ih ~ebg_ kj_"g_]lh hft dghg _fimighklb \h~u Baf_j_gby \uih
mqgZzZkldh\ j_db <bexc ljZglghjlfiZpbklI\hjZbexk£ kdhf \h*"hojZgbebs_

gZjmr_ggh]lh \h"hojzZgbebszZfb klgdziyJBghlRkh}Zo gZ j_d_ <bexagd gZ Ij
jheb \_g jzZzafu\h\ j_qguo [_j_]h\ippljmkeoz \ kj_"~g_f |1_q_gbb j_db <
baf_gb\r_]lhky \h~ghlh j_"bfz |j_phkmdghldZz HIh[jZgh b hinbevljh\Zgh
gZghkh\ ijblhdh\ f_gyxs_]lhky ihijh\ebyg\th~u H[sZy ijhly  _gghkly
_kl_kI\_gguo b Zgljhih]_gguo nzZdhlke\_ "h\Zggh]h mqgzZkldZ khklzZ\bezZ a
. A gbo df <bexckdhfhojZgbebs

Fzl_jbzeu b f_lh"u JZ[hlu ijhba\hAbebkv \h \j fy hq

=eZ\guf bklhggbdhf ~Zgguo idgikedhdehkggg c¢c f ~ gb \h~rghklv dhlt

gZlmjgu_ ]brjheh]bq _kdb _ baf\ j_gbyh~m®Z dzd b iheh\h~vy lhnz
ZdXlhjbb \bexckdbo \h"hojZgbebkmb_ RI\bggh f_gvr_ \ kjZ\g_gbb
gb'g _f[v_n_\ Jh m lhe_\u_ bikkeg"hyhyhy Igbfb \ _ebgbhgkflggEk Ig_
khklhyeb ba "“\mo wlZih\ I_j\usjhggdb\ng_d [ueb dZgb kj ~gbo

kh~_j"Zl_evguc ijbr_eky HYmklAIf _IAdZ baf_j ggu_ jZkoh”u \h~u ~hkl
kjhdb \lhjh]hwKZiZzZ\]mklZ ih k_gly[jyf k |h _kdvjXaz gb'_ kj_~gbo
Ih~rZ JZ[hlu ijh\_"_gu ijbbkigh]hkl Igbo kj ~g_f kyqguo jZkoh~h\
<bexckdhc gdkigg h"h\ZI_evik&hZo Kxev~rxdZj b KmglZj azZ i_jbh™ kK
f_jaehlghc klZgpbb bgklbImlz f_jaehlhv_" Kgby ki\b_f gbadbo mjh\g_c \h:
bf_gh B F_evgbdh\Z Kb[bjkdh]h ml”e®qgdlgpszteh hif_e_c \ jmke_ j_d
Jhkkbckdhc zZdz~_fbb gZmd b Ha<ljehe kiBgpyh hkeh gy\rbo jZ[hlu gZ
jZkiheh  _gguo \ ihk_ed_ Jhjh*"kddrmhrrzZxilo Ihqghklv baf_j gbc ljh
Q _jgur_\kdbc keh ghc Jb”rjheh]bq_kdhc h[klZgh\db [t
ljh]jzffZ wdki_"bpbhgduio jj\h[dhjl Tmebjmxs_c Nyl _evghklb <bexc
iheh\bg_ Z\]mklZ \dexqZeZ baf_j\gbhokZhbrlblsz ihkdhevdm mjh\_g\
l_g_gbc b jZkoh”h\ \h~u hgjizimheey diby [ue \ " J®Zm IH gb”_
fhjnhf_ljbg_kdbo oZjZdlhjbygrdh H[tykd adkmreb\uo ih]h~r"guo
\ ]b~jhkl\hjZzo k bkihevah\Zgbmkehbtdnoz lh~rz L _fi_jZImjz \ha"i
$'&3 S5LR*UDQGH :RUN+RUVH\j fy i jNH]lh wlzZizZ jzZz[h!| baf_gyeZkv \ |
]_hjz*"Zjgmx kt_fdm ~hgguo hlglh _ghc? fK
gb g f hlk_8Bexekdh]h \h"hojZgbebsZ k

1>Zggu fhgblhjbg]ZbkhjlZez P_gljz J_]bkljz b PWeZkljhgguc i_kmjk@
URL KWWS JLV YRGLQIR UX
2>Zggu_ k kZclz JZkibk2dgb_dihflgywc @Rmhkps rp ru
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JbkmghdF_klhiheh  _gb_ Jb”jhklI\hjh\ klZgpbc hI[hjZ ijh[ \h~u b \_jlb
]brjheh]bq_kdh]h ahg?bjh\Zd&kby Ny EZ\Imkl_]1h~Z
1-:0l1ZjZg”"bgkdbc aZetZgbgkdbc jZzdebkZ]Zgkdbc jZaeb\
4—-aZeb\ Me@GoFkgbevazZeb\ > gdx@hgkdbc jZaeb\gdxdbgkdbc jZaeb\
8—aZeb\ MeZK\_lebgkdh_ \h*hojZghed& FZeZy ;hIimh[by;hHulym]eic
Figurel /RFDWLRQ RI K\SVMHAHWRWOQNM EDRHRUQVDIPGG LYHU WW BIVMO K\ G |
sounding in August 6HSWHPEHU
1-$NKWDUDQGEQXWBD@DOVN\ EFRRGBIID@ EURDGHGQLQJ
4-8ODNKBIHELHO 'HQWXNH -ESOKRRQD EDHQNXNH EURDGHQLQJ
8-80DJLUEDAHWNORKEY UHVHONABDUD % RW XRE X\D -%IRWWUIR E2F\KOK X J X\

H[t_dlhf \lhjh]h wlZiZ bkke_ "“khbZgbc kfegyebkyv nNgyfb k ih\ur_gl
\_jogbc [v_n <bexckdh]h \h*hojlZdbgBEs@mjub h fK b \ur_
ijbmklv_\u_ mqgzZkldb jmk_e \_jog_]h I<thjgby jbidbggbdhf k\_~_gbc klZ
<bexc b j_db QhgZ jbkmghdjZ[hljhkgdtz fghlld el h ]b”rjheh]lbqg_kdh]l
\dexqZeZ hlil[hj ijh[ \hAu ba ih\_floghkipihdhZz gZ ihklZo Jhk]b~jhf_IZ ]
kehy gz \k_f ijhly" _gbb \h”*hojZhljgbsZ jhkiheh _gguo gZ j_d_ <bex
mklvy j_db Qmjdmh ~h \oh”Z \gahkZybgKdmkghlguo ijblhdh\ jbkmgh
[jm[m \dexqZy Qhgkdbc jZaeb\ mjklvy j ‘k<prexkj ~gb_ f_kyqggu_ b ]h
b Qhgz HI[hj ijhbal\h?*beky k | _iehdhoBEdal\hdhc b \al\_r_gguo gZghkh\

klzgpbb <k_]h ihephd \diiu 1 dhlhjupbh” gZ[ex”bglehlv ~h ]h~"Z Bo
baf_j _gZ hilbg_kdzy fmlghklv h[jizhhthdlzf b ZgZeba ijhbal\h”"bebkv klZg
WaterLiner: 70 - <h \j_fy wlih]h wizZzkdzAigklkqg_kdbfb liZnbg_kdbfb f_Ih".

ihgb  _gb_f | _fi_jZImju \ha”moZ fAhh~Z#b ]b jheh]bq _kdbo jZkqg_lh\
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JbkmghdF_klhiheh  _gb_ ]JeZ\guo \h*hojZgbebs b ]b*jhehdb @ &lbo ihklh
<bexc ih”ehjdBv_n gZ hkgh\_ Pbnjh\hc fh® _eb j ev_nZ
Figure2 /RFDWLRQ RI WKH PDLQ UHVHUYRLUV DQGIKWBNMRORYHED @ KE
LV D UHOLHI EDVHGV&E& D 'LJLWDO 5HOLHI

>ey mklZgh\e_gby aZdhghkgjghkl _&hihklzZ\e _gby ihe 6&uo N Z
ijhkljzgklI\_gghc baf_ggb\hklb fmbghfklib g\dite fmighklb \h”u b dhwnnb
[ueb ijb\e_qgq_gu kimlgbdh\u_ IdjpAddbgby gZ ibdk_e_ kimlgbdh\h]h kg
j_amevliZlu bo ~ _rbnjbjh\Zgby \ dhifhjgbcke ihkzZ"Zx] dhhjrbgZlu lhgdb
mqg_Ilhf bo dZeb[jh\db ih ~Zgguba\gXlgydbo agZg_gbyfb fmlighklb >

baf_j_gbc gZ Zd\Zlhjbb <BekR KIRMHGHYD +DEHO @ < bkke
\h~"hojzZgbebszZ \ dhgpgZp4dnmkklgly[hy _gd_ Ilhgghklb aZ\bkbfhkl_c ag
lhnz Wilh i_jki_dlb\guc Wmlighkld dhlwnnbpb_glZ hljZz  _gby >QZe

[_aZevl_jgZlb\guc f_Ih" 2ey fHgblhjb@ZmdZaulZxlky ih]j_rghklb \ ij.
fghl]bo ]b”jheh]bg_kdbo ijhp_kkh\ ugdexg¥ey Iky ijb_fe_ fuf ~ey bamg
k_~bf_glZpbhggu_ b hp_gdb bo oaZizd| jpkkbdd \kIhdZ gZghkh\
jZchgZo g_ ho\Zg_gguo j_]meyjgujB[hlb bkihevah\Zgu kgbfdb kt_fF
wdki_"~bpbhggufb baf_j_ &KYITORKNElI _fu /DQGYDW Z\Imklz b kK_gly]
SBURNRSHYmIm® MklZgh\le_gh >0LOOHUh"&ZUXbWHuhreb ij_"\Zjbl_evgmx
@ qlh gZb[hevrb_ dhjj_eypbrizhzflidg_kdmx dhjj_dpbx ij_h[jZal
yjdhklb \ ibdk_e_kgbfdZ k j_Zev@kajtmlghdkigyx gbe2'LJILWDO 1XPEHUYV
\h~u 0Zjzdl_jgu “ey djZkgh]h dZgbeBq\bk'bdh]h ~balgZy_gby vyjdhklb gZ
ki_dljz DZeb[jh\dZ azZ\bkbfhklb Nhj\hg*bdkyjggbp_ ZIfhkn_fu7RIS2RI
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$WPRVSKHUH 5HIOHFWDQFH b<hZHohEgbpdmx ijhklbjZ_Iky \\_jo
dhjj_dpbx gZ bkdexqg_gb_ \ebywyB9yghufdb j_dm <bexc ijblhdZ Qbj
\ebyxs_c¢c gZ agZq_gby yjdhklb ijb+Di@MIgZLW Vdfvb gZ df "h \udebghb

Clayton Hope @ f_Ih~hf | _fguo hih”dHhAX \ j_d_ QhgZ jbkmghd JZKkihe
'26 — 'DUN 2EMHFW G6XEWUDFWLR®@ebgZo>&KDOYHKbexc b QhgZ "he
@ dhleh\bggh_ <bexckdh_ \h”"hojZgbebs_

Iml_f khihklZ\e_gby gZa_ fgukehZggwo dhgnb]lmjZpbx hlebgzZ_Ilky |
hkj_"g_ggh]lh \ jzZz~bmkf agZq_ghagj_azZgghklvx [_j_]h\ gZebqgb_f \

dhwnnbpb_glZ hljlz'gftkgbfd_ Z\dmldizh[jZaguo jZkrbj_gbc bo gZa
]h*"aiezZ ithemq_gZ aZ\bkbfhklvjZzaeb\zZfb aZeb\zZfb beb ie_kzZfb rbjb
5= 712 é F 115 (1) - df Hgb kh_~bgyxlky f_"~m kh

JA_ S—\_kh\Zy fmighklv \hAu f] e km™ _gbyfb beb Ijm[Zfb rbjbgZ dhlhju

| - dhwnnbpb_gl hljZ _gby \rbdrlllll\_z\furlzzl r?\]; sz_g_t;lf( IIOJ_bm(Jﬂ)hq_gu
kimlgbdh\h]lh kgbfdz jZiihlue JZKrbj-ghy
guf hkz~hqguf I|heszf f_ahahckdh

<_ibnbdZpby az\bkbfhklb fiz*k\ halékdhlh \hajzklz
ihki_~kI\ht fhA_ebjh\Zgby fmIghki§ (\iho7qzevgh. aziheg g
kKimlgbdhiuf  kgbfdzf — kh — K@RpBF besz ijhbkohAbeh \ i_jbhA k
]bAjheh]lbg_kdbfb b ihlhAgufb mkeh\il T bxey T 1n7
"bzZiZahgZfb baf_g_gby fmbngIZIebb]h%rﬂ ijl\ ggZy dhfbkkby iibgyez
kgbfdb /DQGVD  Z\ImKIZ b K,QWII¥ by 1 j\hcbhqbextkdhe =WK

1h7nz < j_angeabZih mjZig_gbx _y\yg A dZ[jy ]hAZ khklhyeky
"bzizahg baf_g_gby fmighklflketkLZ4e 7kineh: gghc gz ijhib\hiheh ¢

Hkgh\gu_ k\_~ gby h[ bkké_pmmfyucdb < ~_dZ[j_ ]h~rZ azZims
\h~guo h[t_dlZo ihke_" gbo Z1lj_¥+Z1z =wK

' < j_"bf_ ghjfZzevghc wdkiemZlZ

o Jzihlu A Z\ Ikl gly[i_ Z\hOJz bebsZ Ih _kiv—ihkelh~h\
lihihnbebkv gz ik_c Zd\z'hlbb K?i).% dn] r\h"hongbesz iihbkohAbl \b
\h*hojzgbebsz A\ \_jog_f [v_n_ KjehARho Qquhf \ i_j\hc iheh\bg_ fZ
\h*hojzgbebsz  Th _kiv f_""m hb‘%hg'éfﬂé bt \h \lhjhc iheh\bg_ bxgy
=WK b K\_lebgkdhc =Wk beb \ZWiKj,np - bI evghlh Kihygby hd
gb g_f [v_n_ \k_Jh dzkdz"Z A0 AR dE9LAR%he hif_Idb ijbf_jgh ~h
\iehlv ~h ihklZ KmglzZj jbkmghd ngng Iky kgb'_gb_ mjh\gy ijh~he":

<bexckdh_ \h"hOJZgbk-B'bg;h ba ﬁg\u Z\]mkIZ AZI f AR A \U |Z\
djmig_crbo \ kljZg_ b i_jith_\ dJH[‘eIW PNFx1 \lhjhc ihAt_f mjh\gy \ kj_
7]h |hA|bJZ_| Iehlng <beX'deb0 = fR><hAZ Jhkkbb @ Abfgyy FJ
=W-K\ur_ ihk_edZ Q_jgur_ \kdbd:fb\r\AhOJZgbebsz hkms kI\ey Iky k hdl
hl mklvy j_db lehsZ”v \h*hojZp beb,\SDZgulj y b Ahklb]Z_ f |qu flie
ghjfZevghf ih~ihjghf mjh\g k\rh"k\lﬁ\{azl_rﬁf gvrz_lky gZ —gZZ hit_
2 df ba gbo \ ahg_ i_jbh"ba_K¢hliicamyx =wkb K\_Iebgkdmx =Wk
aZlhie_gby ! diheguc b ihe agageb kljhblv _s_ \ lh"m < h
hit_fe b dikhh\_TkIN_ggh ypaz  khklhyehkv i j djulb_ jmke
>Kijz\hggbd \h"bsjZgoreKJ Shexc \ f ki_  kijhbl_evki\Z hkgh'

=em[bgZ \h~hojZgbebsZ baf_gy_ k¥l gbcl=wk df gb'_ <bexckdbo
Jjzchg_ th”ihjz j_db <bexc ”h =V\/—|i[e @?zmg ihk_edZ K\_leuc =bAjt
iehlbgu kj_"gyy temdbeh - f bih] __aZimkibeb ebrv  k_glyljy 1t
FZdkbfZevgu_ ]Jem[bgu \ \h2h®jZgbeb fh—"m ]bAjhklZgpby [ueZ hnbpb:
— f rbjbg2h — df
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ijbgylz \ wdkiemZlZpbx k 1j_fy ®hfhg _J&j bdkgh\gufb ihjh*Zfb kem ZIl |

]_g_jZlhjh\ lehszZ”v h[jZah\Zgghdhl\ieiblmghic i_kdb b f_eh\u_ i_kqZ
=W-K gb"g_]h \h*"hojZgbelw§ZiheguoZ[ex"Zxlky gZb[he _ bgl gkb
b ihe_aguc h[+ _fu b dfi_j_nhjfbjh\Zgby jmkeZ Hgh a”_kv k

KhRILIkI\_ggh FzZdkbfZevgzZyh]eni[bgZzg~jbjm_| bf_xlky i_kgZgu_bhkljh\Z
<h”hojzZzgbebs \ulygmlh]h jmkeh\hlh éiZihcfZ rbjhdZy

GZ \k_f ijhly  _gbb a df hl -~ J:'aimevIZIu b h[km A _gb_

= W-K \dquZy gb\g__ \hAhOngucuo_ J_uc
<bexc \j_azgzZ \ djbklZeebqg_kdb]lmédhjhr*dgb_ jZkoh”h\ b mjh\g_c
ljZziith\hc nhjfZpbb Z lzd>_ \ \lpl@IXﬁde_bfb \h*"hojZgbebsZzfb

“hehfblujdg_]h hj*h\bdZ >;_jdh\bg bij§jkmffzjghf JhAh\hf ijblhd_ \h~u
@ >hebgZ a”_kv mh[dZggufkb&xckdh_ \h~hojZgbebs_ \ kj_~g_f
ihi_j_qguf ijhnbe_f [_kihcf_ggZynhkdmkeh 1h~rz dhwnnbpb_gl mke
qj_a\ugqZcgh mklhcgb\h_  h[jZampMhhjfagBeEU VieF dhwnnbpb_gl

baemgbgu Ilhwihfm oZjzZdl_jgh]lhijhebqghkdk]/ 17 - ~ebgz
[v_nZ djmigh]h \h*hojZgbebsZ jZafn\gzjghle®&z WIh k\b~ | _evkl\m_I| h
ijZdlbg_kdb dhqglb iheh\bgm wlh]h phewBjfhdzZgbb klhdz j_db <bexc <
azgbfz_| K\_lebgkdh_ \h*"hojZgbedisexckdh _ \h~"hojZgbebs _ Kihkl
Gb'_ ih l_gq_gbx ih\_jogihRhgelojh\zIv ]h~h\h]h klhdz j_db <lI
hleh”  _gby [he__ ih”"Zleb\u wjhabblh ghkM_ "_kj_~gb_ bihlh‘ht g okl
hljZgbgb\Zxl jZa\blb_ lhjbakgidegvgujo db E gz >ey K\_lebg
jmkeh\uo ~_nhjfZpbc A”_kv |ZUhrhdizagbébszZ khklZ\ey | hdheh
\j_aZggu_ baemgbgu b ijylihjetagibegu_j kgh qlh ih ijh_dIm b ]b”jheh]b
jmkezZ k h~bghqgufb jzZa\_l\e_gbyvAiggufi™9Z gz qzez wdkiemzZIiZpbb \h~h
nhjfz "hebgu \ ihi_j_qgbdjjblhi _ hp_gb\Zeky f_gvr_c \_ebq

ysbdhh[jZagZy \u”_eyxlky k_jbb }KjjZhnggeddZH " hojzgbebs KKKJ @
klmi_gqzlZy ihcfz < jmkeh ihklIpiB_lk[he\wre, jZ\guc b
gZghkh\ b \ g_f fh gh \klj_Iblwhihilhqreih _ggh Kh\j_f _ggh_ m\_ el

i_j_dZlu b hk_j_~db WIhl hlyxahphlthe@hkyguo \h~ \ <bexckdh_ \h”~hojz
e_"bl gZ h]jhfghc KmglZjkdhc ihbagmgabdjhzgzebabjh\Zgh \ >Fghlhe
Hkgh\gu_ ijblhdb \iZ~"Zx| k ijZ\hlhokjzdZ jW¥IBdb « @

j_db ;hevrZy b FZeZy ;himh[by gZ \k"hki{bhZ40ihke ]h~Z k\yazZggl
dhlihjuo hkms_kl\ey_Iky ZdIb\gZy wd kZkmlZI[DpZy ¢ \bexckdbo ]b”jhmaeh\
ohayckl\_ggZy ~_yl_evghklv \ebyneZyzgByklAgdh\gy \h~u ijhke_"b\zZxl

gZghkh\ b jZkl\hj_gguoK\_s_kHh kj ~g f | _q_gbb j_ db <bexc kh]
518df hl mklvy k gb'g_c ]JjZgbpFz]fopt®c @ gZ jzZkklhydfbb

ihklZfb Gxj[Z b <_jog_\bexckd pgkmdgealbgu =WK”* _evgh_j ]mebjh\Zgkt
ih\_joghklgu_ hleh” _gby i rbaZgbd®f hl iehlbgu |h _klv \ur_ \iz~_
dhglehf_jZlu Ze_\jheblu _s_ [he\ _jitdledbhexc ijblhdh\ FZjozZ b L.
wjhabb gh jZa\blb_ jmkeh\uo *"_nhpfkmgBdk_ "_WIlhl mqgzklhd ke_"m_|I

hliZzgbg_gh >Jm~g_\ Jm@bo_ mki@y gbf [v_nhf dZkdbeXckdbo
j_db FZjoz b hkh[_ggh gb _ ihkiE 4 lugbebs
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Jbkmghd<gmljb]h~h\hc oh®” mjh\g_c¢c \h?u gZ ihklZo j _db <bexc
gb”_ K\_lebgkdhc =WK \ mkeh\byo g_aZj_]Jmebjh\Zggh]h
bazj Jmebjh\Zggh]h ]h~ klhdZ ey e | koh ™ _c¢c \h~ghklb
Figure3 ,QWQOXDO IOXFWXDWLRQV LQ ZDWHU OHYHOV DW V
GRZQVWUHDP RI WKH 6YHWOLQVND\D +33 LQ DQC

;he__ kms_kI\_ggh_ \ha”_ckl\blhdadlZahNZjdh" k ih lh~
k_ ahggh_ j_]mebjh\Zgb_ klhdZ KhbebypZ >ey< i_jbh” ghjfZevghc wdkie
_klI_kI\_ggh]lh \h”ghlhj_jdbblb2xc JeZz\gh]lh ]b*jhmaeZzZ jZkij_~_e_gb_ klZe
o0ZjzZzdl_jgufb [ueb \ukhdh_\_k gg__<dhehd k|l iehlbgu =Wkl KmglZ]j

kh \lhjhc ~_dzZ~u fZy "~h gZqg2éXltbhxey Ik I _i_jv b df\
gZb[hevrbfb az ]h» jZkoh~ZfbhklI\®2ZU uj@ldfh- khhI\_IkI\_ggh b
ijhoh™~_gb_ ~h"~_\uo iZz\h~dh\ \ b g_gb_b < Z[khexlguo \_ebqgb
e_lghk_gg_lhbh~Z hi Ah b habfgbghjzkoh”u \h~u \ujhkeb gZ Ij_o ih
hk _gvx mklhcgb\Zy b hg-gvf kkbaalZy b K jZkoh”~u \_k_gg_]t
abfgyy f " _gv jbkmghd i Kehheh2wgyh mf_gvrbebkv gZ ab
>FZ]jbpdbc @ "h gZqZeZzZl aZfihlkeg Zgbgh”e ok gg_c f_"_gb k
<bexckdh]h \h*hojZgbebszZ gZ-\_kZ\ghgW&Z+izZc a b k fKlhd e_Ilg_
bxev e-hlig_ggbc Zhjdhk]ljv b abfdlkcgg _c f_" _gb mf_gvrbeky \ i_j\hc ih
]brjheh]bq_KkKdbahgu \ klI\hj— =WK _ggh]h k_ahgZ b m\_ebqgbeky \h \Ilhj
ijboh*behkv khhI\_IklI\_ggh b ]h~h\h]h
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JbkmghdFgh]lhe_Igb_ Zki_dlu k_ahggh]h j_]Jmebjh\Zgb% klhdZ j_d <!
\ k_gg ]h ihelmhevypk gg[cb abfg\ cf_ "~ gb
Ilhklu = Dxkxj —OZluju@hfh —KmglZiF Q_jgur_\kdbc
)LIXUkbng-WHUP DVSHFWYV RI VHDVRQDO UHJXODWLRQ RI WKH IC
spring highwaterz VXR&HKN[( DQG ZLQWREZUZDWHU
5LYHU IJDXJMVKXHU. KDWIEURN R- 6 XQW-D&JKHUQ\VKHYVN\

<ebygb_ <bexckdh]h \h*hojZgbelbgdh]g& Ig_ _ j ]Imebjh\Zgb_ klhd:
\gmljb]h”~h\hc j_ bf \h~gh]h ihgkbhdZ baf_gy_|I| kj_~gbc fgh]l]he_Igbc |
mf_gvrZ_lky k m~Ze_gb_f hl igehlhgbhy_Ilghgz Ji@Q*Hm\ubo f_"]h~ h\mx
iheghklvx dzZd \b~gh ba jbkmgda¥ _gqgb\hlglv >ey j_db <bexc j_Zi
bkg_az_|I J _]mebjh\Zgb_ abfg ehgbgkuhdZ]h~h\h]h j_Imebjh\Zgby kh
ijhke_"b\Zxlky g_ lhevdh “h mklvyhZidbahkyehxlich ghn
gh b ~h mklZybpdbd b kkhd §ZghkhF b \bexckdb_ \h~hojzgheb

FZz]jbpdbc @ _‘hkdhe"dm [Qﬂhh%lfngebsz azf_lgh khdjzlbeb
liblhaghklv b kzfb jZkoh"u  abfBe¢  Ad9Vyy <pexc b wihl wnn_dI khe
g_angbI_evgu_ Fgh]bizZztbxis b \|eth Ah \iZA_gby \ j_dm E gZ_ >FZ]
j_dm <bexc gb _ iehlbgab&WK ]prdbc @ P ngkI_fnyysm

i_j_f_jazxl b ijh~hevgh_ gZjZklzg Ph-jhe\lb lghyc{behkv [hevr_ "Zgguo
jZkoh”~h\ \h”u ijhbkoh”bl \ hkgh\ q\%% \hijhk 2z 1zd" hp_gbl

ihkimie_gby \h?u ba ih?jmkehiuo F%?H‘ r?%ﬁXHHJZgbebsz h[{jZah\Zgghlh i
hleh” gbc Z bo mf-g¥rkgbl ijhp_ I\ebgkdhc “WK

e_"hh[jzah\Zgby FZkriZ[ wlbo _kT_Kkj\ qﬁl]gti!ndZaZIv glh \h~hojZgbebs.

baf_g_gbc g_ij_turZ_I g_kdhekdhg Hﬂ’fﬁ' iZkineh _gu jZchg_ kh k
th 9= f][‘h—' dhf;dakb{jhb\fzb"’ k‘imfzg\h -thabhgpgulokhj\h ij_“A_ \k_]h

qbkey_th_— 9_ ev _ XJE ZT_kIjthZg gby a”_kv IjZiih\uo
m\_ebqg_gb_ abfg_]h klhdz dlp he ljm~gh jZzafu\z fuf
aZj_]mebjhiZgguo mkehibyo \mengbq_kdbfb [zazevIZfb  Imnz

ba\_klgydZjBiiuKb[bjlb>_dZgzZ @
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Djhf_ Ih]lh fgh]lhe_Ilgyy f_jaehlZ gpek™ gdlyfb ih Ki b k mqg_Ihf
hkgh\gh]h klhdzZz azZ ]l hjlbZysrbko_~_gbc ba >Fgh]he_Ilgb_ o0oZjzZdl_jb
]imglZo dhjhldbc | _ieuc i_jbh® b @& _nlbpkdZgh\le _gh glh A \h”hojZg

e_lghk_ggbo "h"~_c¢c aZe_k_gghkilhvkI\hirh kl[ hjZk fhf _glZz _]h ghjfzZey
gbdzd g_ kihkh[klI\mxI| jZa\blbxwd&kdébnghzcpbb ihqlhp_gguafih™ \ Jh~"

wjhabb Ilhwlihfm gZ _“bgkl\_ggh Yaljkigubeh\h”*vy -hk eg o x
dzjlzo kj_"g_]lh~h\hc fmlighklb \h~ugp d kba hk_ggbfb iZ\h~rdZfb
>J _kmjkux Klhd gZghkh\kZkij_~_e_ipbj dzZf ihdZau\lZ_1 qlh k

kharzZgguo ih "Zgguf gZ dhlZgZewlb]h h[t—fZIh ijblhd ih hkgh\guf j_dZz:
o ]h~h\ Kkj_"~gyy fmlghklv j_gguo- Wh gZzdzZz <bexc b j_db \izZz~"Zxsl|
jZkkfzljb\z_fhc I_jjblhjbb Gh\ufk_\_jZz
NZggu_ ih fmlighklb \h~ru b klihdm gzZghdkhy j\debgbgm b \gmljb]h~h\hc
[Zkk _cgdkgbexc ih khklhygbx gZ ijblhkdZ j_gqguo \h~ \dez” ihf_kyqggh
ihdZau\zxl glh wlhl ~bZiZzahg xbgukj Bgkxy \ jguo j_d jZaebqgZxsbok
fmlghklv \h~u khklzZ\eyxl m _]ff g\h*ghfim bfm b jZzkij_~_e_gbx jZkoh”~h\
IZ[ebpZz Bkdexq_gb_f kem b\ j_dZgbZeldhyZ ih fmlighklb j_gguo \h~?
himh[by beb HdgdmhpmczZz b _  bd yudghlhe Igbh_ ~Zggu_ ih kj_"g_]h”
ijblhd j_dzZ Bj_eyo bkiulu\Zxsb kjkbdevigrkygghc fmlghklb \h~u gZ ihklz
gZ]jmadm gZ dzZq_klI\h \h~u b dhgjpZoljZpbkzZz <bexc b OzZ[zZj*bgh
\a\_k_c kh klhjhgu ZefZah " uj\dxasZ J[Hey k_\_jguo j_d b gZdihklZo (
ij_"ijbylby >AZoZjh\Z @ lhohQZywEblmzZzpaoz] |j_dahinvhegZacZg "ey
hrgZdh g_ ih~"dj_ie_ggZy gZ”~_"guxbgudbggpfd \lZ[ebpZ fh gh hp_c
\_joh\vyo j_db FZ jogZz mqgZkldizioomie_gb_ \a\_r_gguo gZghkh\ \ <be
ZefZah”h[ugb m ihk_edh\ M7*ZqgdghthdjZghees lhemqgbehkyv
:dib\bazZpby jmkeh\hc wjhabb bkjm\gebgh]dte Igbc ]h*h\hc klhd j_qguo
fmlghklb \h~ ijblhdh\ j_db \ <dbeexcckdh_ \h”hojZgbebs_ ijbf_jgh
M - 1] f gZ[ex~Z _ Iky gb _ mklvylykdbhgg Ba gbo ijboh”~blky ¢
FZjoZz ih ijbgbg_ hkh[_gghkl_k_\]jpeh]lh_db \dexqgZy \_jog__ |l_qg_c
] _hfhjnheh]bg_kdbo b dijbheblkdrpcg ktby fZy jZ\gzZz - bxgy
mkeh\bc kf \ur_ bxey Z\lmklz kK_glyfjlydly [}y
<bexckdh _ \h"hojzZgbebs_ KHzZléh glh ijhbkoh”bl k j_ggufb gZgt
hkgh\guf [Zjv_jhf ~ey gZghkh\ j\db <thexckdhf \h~hojZgbebs _
]lez\guf nzdlhjhf Zgljhih]_ggh]h bjRK{Zigd}hglgdfc ggb\hklb fmlighklb \h"
mf_gvr_gby fmlghklb b jZkoh”h\l \a\jwvr_gghuagh km~blv ih fZl_jbZe
gZghkh\ \ _]1h kj_~g_f b gb g_f Wwdkigbbpbllhgguo baf_j gbc gZ \k_c Z
fZzl _jbzezf gZ[ex™_gbc gZ ihklZo\9Zh\hfZhk[bj_ j_amevlZIZf AN rbnjbjh\
\h~"hojzZgbebsZz klzg~zZjlguf kdkdg bgilhfluo kgbfdh\ \— ZRJmlkyi[]_
kihkh[hf 7~ey j_d b jmqv_\ g_ holhGZgguo

KI - - K\h~ 1jZ\be ih hij_~_ e _gbx jZkqzlguo bZjiheh]jhbklkdbkkljibkkbb

78



=B>JHKN?J: HI:KGU? IJHP?KKU B Y<E?GBY Lhf4d <ul| 2022

LZ[ebpZKj_~gyy fmighklv \hddio\j jmgvyo \ [Zkk_cg_ j_db <bexc _kl_kI\ g
JZkiheh _igtkklhi\hdZaZggbkmgd _

7TDEOHSYHUDJH WXUELGLW\ RI ULYHY\ZDWHU LTXKWIOHREDWLR® R RWWK
LQ )LIXUH

lhkl Fmighklv \h~d ] f
lehsz? ijb\_~ _gogi
J _dz Al \h*hk[h]A_ebgbgz . ., ., . d
gZa\Zgb| dh de ] f i_jbh fghlhe Ig |fm
i _jbh~r"m?3]
Mkitv -
f[Zj"Zo S/ -
<bexc KmglZj -
OZlujud -
Ohfh 452
QhgZ QhgZ 21 -
MeZezq LZKjyo -
;himh[m AZoZj -
\ df \ur
mklvydb - -
Hgqgmime Bj—defy;b
;himh[meg .
mklvy ysmQ 8 178 3
FZeuc —
LuflZcnZ
Dwfiwg®wy D _ fi g~y 1 -
\ df h
FZjoz bklhdZ 147 -
FZeudZcg -
Khokhehho df hl mklvy 2 B -
Hcm-mj df hl 3
Xji 1. mklvy -
>Ze™ug Ghluc 1 -
df hl mi - -
df hl mk - -
Kuludzg df hi -
mklvy -
df hl B
mklvy
MeZeZ df hi 3
' ZkullZZ mklvy -
Fhjdhddz OZ[Zj"bgdg 18

Ijbf gZgh-ih”® \ha”~_ckl\b_f J]hjgh®*h[u\l\Zxs_c¢c ~_yl _evghklb
2—\ur_ o\hklhojZzgbebs gh \hafh 'gh \ebygb_ k bo klhjhgu _klv
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Dzd b ij_"iheZ]Zehkv [yewiZry gZklv178 qg_f \ Z\Imkl_ \_jhylq
j_qguo gZghkh\ hldez”u\Z_I|ky W JWhgyabuo mkbe_gby -\heglhhh]h
mgZkldzZo j_d \iz~Zxsbo \ \kMhojyaigbelhsZgby ;eb _ d \iZz~_gbx \_jog_]h
ahg_ih”ihjz b \ ijbmklv_\uo ahgZfon&dpleklok cm e biglg\ [hevr_ gq_f d mklv
\h~"hojzZgbebszZ \ k\yab k j_adbfi_H4bQhgpgZ fqlh kh]l]eZkm _Iky k ~Zgguf
gZghkhljZgkihjlbjmxs_c¢ kihkh[ghkhlybih pohl& Ihfbfh wlh]h \' Qhgk
kljmb \uoh”ys_c¢c \ \b~_ klhdh\hjEkrbq_gkbly ih gzZijz\e_gbx d kzZfhc j_d
\h~rh_f  WIhl ijhp_kk fh gh ijb[efmdlghkilvghmf_gvrZeZkv \h \j_fy \l

hibkzZlv mjzZ\g_gb_f ba >Fb@aedki_"bpbb ~h 178

ihemqg_gguf "ey hildjuluo mklv_\uo \afbj\wj\ljbag _kdb_ ij_~iheh  _gby

ijb hlkmlkl\bb \_1jZ b \heg_gby fZD jbeidbg_ wdki_~bpbhgguo baf_j.
=W-K | _g_gbyfb i_j ghkylky lhevdhI\f_ jetdx] j_amevlZlu A rbnjbjh\z
\a\_kb j_qgqgh]l]h ]_g_abkzZz D gbhldBeDb\¢ly\dggh]lh kimlgbdh\h]h K
fZzl _jbze hl[jZzah\Z\rbcky \ke_ “klldndsaj-Zadflu\Zz Z\]mklZz lhrzZ GZ kgt
[_j_1h\ \h~*hojZgbebszZ >DhgklzZg\bgydh glh gzZb[hevrZzy fmlghklv ijb
;ymjeZdh\ Dm~Ahyjh\ Hgbdb\ gd&h _c b gzZklbggh kj_"g_c¢c gZklb <be
<_ebdbg b 7j Q Zg @ IjWH9hogghlxéwb sig hlok GZb[hevrb_ kj_"g
IZdbo [_j_]lh\ khklz\eyhll h[s _cagZq_gby fmlighklb- f] e

ijhly” _gghklb [_j_]Jh\hc ebgbb h[gzdm b\zZxlky \ ijbmklv_\uo ahgZo j_d
©\bexckdhc? gZklb \h*"hojZgbebs®hlyz bdf*jm]bo fmlv_\hc re_cn hl d
©ghgkdhc? gzZzklb Hgb _klv b m\bkadfwodegbhglbld qZ I|ky gZ jZzkklhygbb _
jZkrbj_gbemjzZgbgkdh]lh b :olzZjzgihjibg&dhldpghc qzZklb fmlighklv mf_gvrzZ_
jZaeb\h\ b kihkh[gu [ulv djmiguf lbrkkhfj\elydhfe 8] adb_ ih\ur_gby fmlghk
\a\_k_c ~ey gb'g_]h hlk_dzZ \h*"hohdgbpbslky B\ [_j_]Jh\hc ahg_ b g_[l
dZzdhc gz kzfhf ~_ e ]_g_akEeb\a\o k_“ch f] e k\yaZggu_ k jz
k[jZku\Z _fuo <bexckdbf ]brjhmaehfj\ gbB gbc ‘\hjggh\uf \afmqgb\zZgb_ f \
[v_n dZzdh\Z ~hey \ gboghkly\gucedfg¥h”~ghc [_j_]Jh\hc ahg_
g_ba\_klgh G_[hevrzy fmlighklv b jZkiheh  _

Fmlighklv \h”u \ \h”hojZgbetkghhghgvahgu hkzZ ~_gby j_qgqguo gZ
gbadZy < k_j_"bg_ Z\lmklZ \ ih\\[gobkkghfZkéth <bexckdh]h \h”hojZgbel
ijbiehlbgghc gzZklb \h~*hojZgbeilhpsd kivhdznio ahgZo j_d h[tykgyxl hlkt
khklzZ\be 2z _"bgbp fmlghklb- & evglhim~v agzZgbfh]lh azZbe_gby *
178 m\_ebqgb\Zykv \jZa ih ]Jem[bgh*"hojZgbebsZ gZ mqzZkldZo ]_hjz"Zjg
g_agZgbl_evgh d [_jepdi\herviyf +jb DmkZ]bgkdhc Ijm[_ b jZaeb\_ \ =]
wlhf ey klhev fZeuo agZq_gbc flprhdhklI®Bhhdhjhrh b~ _glbnbpbjmxIlky ij.
dhwnnbpb_gl i _j oh”~Z hl hilbg_kdhcffngigghkkEh\dw _ hleh™ _gby j_db <be
\_kh\hc f] e hdzZazZeky 4Z\gufihafhsghklvx hl Ah f gZkeZb\Zxsb_ky
j_amevlzIizf h[jzZz[hldb \a\_k_c "™k]&rbdehZi_j djulu_-hkidebgh\bfb
nbevljZzo k 2bZf_ljhd=24hj fdf bfzkkzZfb b jzZkiheh  _ggu_ gZ [he__ \
kms_kI\_ggh f_g®%r_ a “ey nbevljhukhliguo hif_IdZo qgq_f kh\j_f_ggh_ jmKk
AbzZf ljhf ide8- fdf < gZqZe_ k_gbepg b » _ gm~rZpbhgoyd aZé¢hZe gguo
fmlghklv \ ih\_joghklghc lhes_ [Ue@ZkZfghlhke_~gbo-g_ f_g__
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JbkmghdlzZkij_~ e _gb_ fmlghklb \h~u ih Zd\Zlhjbb <bexchkdZlhguf*hojZg
N rbnjbjh\zZgby kimlgbdh\h]h kghtfldz MDRP&KVDW hrZ
Figldm 'LVWULEXWLRQ RI WXUELGLW\ RI ZD WotheLangsai Kateligd O\ X\ UH
imagedatedAugust

< gb'gbc [v_n <bexckdhc b=%Wkexc gZ wlhf mgzZkld_ bf_xI g _[he
khhi\_IkI\_ggh \ \ _jogbc [v_n Kimlghgkdh]h kj ~g f azZ] bkdexq_gb _f

\h*hojzZgbebsZ ihkimizxl IjZgknhjaZjliyagawghc j_db FzeZy ;himi
j_gw _ \h”u k 1Zdhc =~ _ Kfim\lLbkh\kdghxhgbdkihkh[lgu YhklZ\eylv
=hjhr"kdhc Ijm][_ H dhebqg_klI25 Igkydhkhidgg\_r_gguo gZghkh\ \ ]h”

k[jZku\Z_fuo \ gb'gbc [v_n <béxyygkibdhc wih]h jmkeh\h]h [ZeZgkZ ¢
=W-K fh'gh km~2blv ebrv ih if@\dgbi d klhdm gzZghkh\ \ kl\hj_ <be
fhgblhjbgl]Zz az klhdhf gZghkh\=WEK AHKUkyqg Ihggsh”gbf bklhggbdhf
Kxev~AxdZj dhlhjuc gZoh”blky \ gZgHhHkgb'gZ mgzZkld_ Q- KpuevAkidEBc
=W-K Db\ df gbW-K Ih "Zgguf wlih]h ke_"h\Zl_evgh g_mgl_gguf kez
ihklz kj_"~gbc ]h*h\hc klhd gZghkjmkjed\th]dhbéZXezZgkzZz fhleb [ulv ~h imkd
[ue jZ\_glukyq Ihgig jbh” k ih K\_lebgkdhc =WK wjhabhggu_ |_jfhwjl
]h~r Z \i_jbh~ k —ih Jhrth] [ulvb kdehgh\\evgu_ ijhp_kku GZijbf_j
g_fgh]h [hewrll5 lukyg lhgd_ "mmqgzZkld_ Kxewv¥mg]Zj ]h \deZ” hp_g_t
iehlbghc <bexckdhc HWKxev~AxdZjhf- lukyq Ihgd ihlhggldcbeb
iehsZ2*"\h~hk[hjZ m\ _ebqb\Z |ky gZ—- lukijéhthevghl]h m\_ebqg_gby kIl
]h~h\hc klhd-\ihgub gZ 6#éy mkehV\a¢_r _gguo gZghkh\ Gh dzZd m _
i_jbh~Z k ih ]h~u Ijblhdb jihdb_gq_gh ~"hebgzZz f_""m <bexckdhc

1
=

81



2022 Vol 4,Iss1 +<'5263+(5( +$=%$5' 352&(66(6 $1' 3+(:

KxevAxdzZjhf madzZy b [_kihcf_gdgmAyb jjZkkehh\ ih nhjfmezf beb
gj_a\ugZcgh mklhcqgb\h_ b a~r\kwvegg_ [QfiehdApZh h[gufb b hljz Zlv
ljZ"bpbhggh]h azf_Igh]h \j_aZ jmklelnY¥ pbke k\Iny'o j"Zgb_f bf_ggh j_qguo
bkdk!I\_ggh kha~Zggh]h ~ nbpbdE hbebgphkikky hl *Zgguo gZ[ex™_gbc g:
>; jdh\bg b *7j @ G_evay abwzZfivivb nla[zbahklmie_gby \ g_]h f_ec
hrb[dZo baf_j_gbc klhdzZ \h”u b\agZghkh\Z§jZabhggh]h | _jfhZ[jZabhg
ihklZo dhlihju_ ~hklh\_jgh \ Mhlgm*gbwbhgghlh ]_g_abkZz
jZkkfzZljb\z _fuo ihklh\ gzf g_ba\_klggbagih |I_q_gbx hl <beéMkEkdhc
fhlml [ulv hq_gv [hevrbfb Mqgblu\&@xd\kjZgur_ hif_g_gh fmlghklv \h”u
kdZahg gZb[he_ _ \_jhylguc gZmaAike\hgihkl_i_ggh m\_ebgb\Zxlky
agZgq_gbc “ey Jh*h\h]h klhdZ gZghhkVIQg]£bbl <bjeXxgbo agZqg_gbc g_kfhlj
m iehlbgu <bexckdhc khWKZ\ey | Riujhkrmx \h~ghklv JeZ\ghc j_db b __ ij

“h lukyq Ihdeb - kmffZjgh]hh kjzZ\g_gbx k i_jbh~hf ~h Jh~h\
ijblhdZ j_qguo gZghkh\ \ \h*hojZghZeshpZ >h ihklzZz KxevZygdZj dhe
Wlh g_ khl]eZkm _lky k fmpghklbfbh”~u g [hevrb_ \ ij "~ eZo If
ihemqzZ_fufb jZkmp_lguhkh[Zfb baf j gbc K ]h~rZ hkgh\gmx qzZkl
nhjfme_ ;GB\bdh\Z ij_"eh’  _gghmngz¥dgz azgbfz_| jmkeh\h_ \h”hoj
jZ\gbgguo \h”"hojZgbebs Jhkkbb Ki_ Mdjgkdgwe =WK \_jogbc [v_n dl
>> gbkh\Z b 7j @ ijhklbjz _Iky \iehlv ~h iehlbgu <bexc
=W-K - gZ df Ih blh]zZf wdki_"bpbk
“0F 996':232@ (2 zZ\imkl_ ]h~AZ fmighklv \hAu ih "ebg
]*_ .v— dhwnnbpb_gl mkeh\gh]h \'W'WZH([lszgZAh mklvy j_db FZeZy ;himh
\h~hojZgbebsZ _ _gguo jZkoh”~Zo \h”u ijblhd

/-"ebgZ \h"hojZgbebsz df m\ _ebgb\Z_lky \jZaZ k iheh bl_evguft

fu ihemgbf qglh j_qguo nghth h%(?ffb kB/ZhIprZI—eVQUfb hidehg_gb

. iZahglZzr8 [ _a mkllmcgb\u
\ \h*hojZgbeb | k[jh =X -
ojZgbebs_ [MAm [jhr guZd jghkl_c

[V—”gthl\?FfE)—Uk\',\?\hlj@:‘/hgge— Brune- ”mgm ihkIZ KxevAxdZj ~h ihkiZ KmglZ
dhihjhf 1Zd°_ hkms_kl\eyxl fhgblhjbg

005 (3) iZkoh~Zfb b fmighklvx \hAu j_dm <be

¥& ¢ iZg__ hlf _g_gh h[t_"~bgy |- k mqZkl

1"_ 7(-gZghkhm~_j b\ZxsZy kihkhpdhkdvq_gbyfb ih wjhabb jmkez b
Dsr—i_jbh”~ mkeh\gh]h \h~Ahh[f_giZbfljgh ~h ihklZ <bexqZe__b [h
fuihemgbf gZghkhm”_j"b\Zxsmx K4 [gR%xigufb mkehibyfb hl ihkIZ <bex
iZ\gmx |thZ Kmglzjz b "Zenklvy j_db FZjoZz
Lh klv “ey \h"hojZgbebs Fmlghklv \h”u ijblhdh\ kmffZjguc klhd

k g_[hevrbf h[t_fhf j_qgguo gﬂghw\o fdheh Jh~dfijbf_jgh 1zdZy ~_
[ZeZgk_ gZghkh\ nhjfbjm_fuf j_ gwur_e_"zs_f mqzklid_  Ih
fZehc fmighklvx \h~u g_ kfhljy gZ _]Jh [hevrmx ghkhVvy g

kh k\h_h[jzaghc kljmdimjhc @zghkh\ \m\_eba_gb_ kj_ng_c fgh]h
ijbiehlbgghc qZklb \h"erOJng)feIMthénlghklb g_[hevrh_ ] fb g_fgh]bf
\_jhylg__ \k_]h fghlhdjZlgh [ ﬁ[—e—Z’\'Zlillb\ \ ] fibh” k ih Jhn
f edb_\ah[kbamxsb_ky hl jzafu\z 'Z[e kiFf\z K azj_]mebjklzegdkltid_db
b hj]Zgbq kdh]h ijhbkoh ~ _gby \al_r_gguo gZghkh\ gZ ihklm K1

k hq _gv keh'ghc dhgnb]mjZpb 'begYﬁ*é%'i‘Mc lokyq Ihdg” B _keb
ijhly  _gghklvx jZgvr_ "~hey iheh\h”vy “hklb]ZeZ

aZj Imebjh\Zgguo mkeh\byo hgzZ kgb

6'=1F
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kj_~g_f ~h <Z guf baf_g_gbadj HhnZethjh\Zgghf mqgzZkld_ j_db <bexc
m\_ebqg_gb_ gZ ihjy*hd klhdZ ggdghkKh\]mebghtZzgguo j_d jbkmghd
f_ " _gb dhlhjuc jZzg__ ijZdlbqg_kdhbghwezg¥yZy kblImzZpby h[gZjm _ggZy
gmex ihklh\ gz j_dZo Zjdlbg_kdh]h \h~
lh  wdki_"bpbhgguf ~Zgguf ZahpmikdFhc | _jjblhjbb Jhkkbb k fhgblh
]h~Z ijbf_jgh q_j_a df hl ddeéd@kdiZghkh\ ba jZkkfhlj_gQuo |
=W-K mkeh\by ihiheg_gby \a\_k >FZX]jbpodgliné @ iZjZz"hdkZevgZy b

ihlhd_ memqgrzZxlky b d ihklzf Dj_kd¢6zb IKyngliZ[jt_dlb\ghfm h[tykg_gbx
fmlghklv \h~u \hajzk+ZzezZLl7B |h _Rh~ghklv gZabzZlkdhc |_jjblhjbb\ Jhkkbb

ihglb \ jZazZz b [hevr_ 1h Jem[bplgevibggh]lh ke\mig4b khk ih -
ihlhdzZ fmlghklv aZzdhghf-jgbzjrzKIlh"WwujhkeZ >Fgh]he_Igb_ dhe_[Zgby«
kemgzZ -\ jZa Njheh\zZ b 7j @ dzdhbujzkdbru

Hl ihklZ KmglZj d ihklnOHdEIbhkudg ]h k_ahgZ qglh “he gh J[ueh i
jZkklhygb _ df klhd gZghkh\kbhFmighwwhxsbf h[jZahf gZ bgl_gkb\gl
\h~u m\_ebqgb\Zxlky \ g_kdhevdhjhklaZzgkl\kgglc ho\zZl I_jfhwjhabb b ~

ihklmie _gby gZghkh\ fgh]lh\hAguolhdZlhhdh\l & gZc”_g wlb j _amevIZlu e
1zd>_ jzafu\Z jmkeZ[bjwjhabibkh[ _kghklhjh ghklvx bkihevah\ZIlv ~Zggu_
gb™_ mklvy j_db FZjoz L_f g_fogZl[exi_oblwo azZz gadghagfby k k_j ~bgu
agZq_gbc hgb g_ ~hklb]Zxl < boh]h~h§Z
aZfudzxs_f klI\hj_ j_db <bexc fm'l@h‘kdﬁ\hh_'\ul_jqu_kdb_ b ]b”jhobfbqg_
khklz\beZz b\ i]ljfuc b Ij_Ibc i_jblh'k@h\by \h \j_fy i_j\hc wdki_~bpbb
k;hlh\erI]:H_gbgh IluZIEeprZh‘gph’\ k'Ahhde VAL 99MP i i\hc wdki_Abpbb ihemq g
Qh gh\hA f ) qu y . Y ofi jZImjzZ \h~u \ <bexckdhf \h~hojZgt
ihe vy mf_gvrbezkv dzd-M F'Yuc  nzdihj 1 _jfhwjhabhg
jZaghklv f_-"m _ki_kI\_gghc b g&imn@anG¢4b0 b Jbrjhwdheh]bq
\_ebgbgzfb klhdzZz gzZghkh\ d m_kl\ﬂ)é]rﬁi-j%t?hiﬂe?({uo iihp_ kkh\ azdhgh
Shb/\rr\: .m\_ebqb\Z_Iky b az”_|j Z%P:g.vgégh&p Jet[bgh¢ K Ah— fK
‘hojZgbebsZfb y\gh g_ JeZ\g4gy; 'g@.qbgé K\ _lebgkdhf \hAhojZgbebs
<_jhylg__ \k_]h ihlebyeh j_adh, M7 gyr 00 "\ |izibnbdzpby ih Jem[b

fZdkbfZevguo jZkoh”h\ \h~u iheh\lp_l"hv_V %%glj ) hglZ y A fK J qgu_

. gZ ih.kIZo ngIZ.j b-(I:‘nZhujlbdb\ch,\u [he i | f rZgu b k m~Ze gb
Jmkehnhjfbjmx_s_]h |h|_gpreZ PHNII]'Gji :Io-he_bs_er;q_r iih]j lu -

khleZkgh >;_jdhibg b 7 @ baf € H"hojz_gbebs_z g_cljZevi
"ebl_evghklv b \_ebqgbgz \abegth M”‘hilh ihjhc Kk i_j .
gb g_Jh 1_q_gby j_db <bexc b _lh, iMiglo,, \ jem[hdbo ]hjbahglZo

ijblhdh\ Lzd \_ebqbgZ ih~ihjZ ki kifihg i db Shaoy gh \ iiblhdzo

FZjoZ m\_ebgbeZkv "h f [uez\haC]:gbOZZIAve?@Zjhobqu_kdb_ ZghfZebb
ih~ihjghc ahgh df [ueh df .%/A

T . hag_j hgb k\yazZgu k m\_ebqg_g
mqzkld_ ih"ihjZ kdhjhklb 1_q_gby, i 9b 585X, "\wz &aljhin] _gghlh
j_adh kgb Zxlky  khanrzxlky —mkelhVby |\f(€Y pep jzaljmadb ihra_fgu
\uizrgby \e_dhfuo gZghkh\ b djm'é%%ﬁqae\—k—i%dZaZI evgumdhijbifepgbgz
ij_\jZs_gby g_keh guo i_j_d%llh\ T . -7

: e dljhijh\h”rghklb \ mklv_ j dZ FZeZy
ebfblbjmxsb_ dzZd wlh kemgbehk

V2 byl _dZ kf ijb kj g _c \ <bexck

Djzofzevguc  Fzjobgkdbe b RiNG45PgH&es  fdkf kf \ K\_lebgkdht
>dm~g_\ Jm7uo @ hAhojZgbebs_ b m iehlbgu K\ —-lebgkdh

_ \
p fgh]he—'g—ff leﬁﬁr y\iﬁ \b“9§5|_|h_g“+§l|QP>f<f m Dj _klyoZ b-KmglZ]
d mf_gvr_gbx fmlghklb \h™w gZ 1hevdyy¢ t |jbg f we_dljhijh\hrghk
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Gh\bdh\Zz b ;jmgZz KhleZkgh z[ddéXxgtkhhNuf dhlhju_ hkezZ[_\Zxl k d
jZkg_1zZf \ <bexckdh_ \h"hojZgbebsehlblgkumbZhkh[_ggh hsmlbfh gb _ mkl
a lukyqg Ih\@d_r_gguo gZghKh\hkhFZjozZz Fmighklv ijblhdh\ fZeWeZ" ] f

\ gb'gbc [v_n jZ\_bukyq Ih\gdg” bebwjhabhgguo ijhp_kkhAgh\&hlgb klhdz
- ijblhdz Lh]r"Z dzZd ih nyZfgh&kdhf hp_g-g \gZjZklZgby klhdZ hl
gZghkhm”_j b\ZxsZy kihkh[ghkiwnklzZlzKhdkh~xdZj d ihklm Kmglzj GZ

\h~hojZgbebsZ [ebadZ d b O Zlljbjg@dZh fmlghklv khklZ\beZz b
k_jv_aguo jZkoh ™~ _gbc \_jhylg”h \k_]h"2\hb k ]h~rZ khhi\_Ik\_ggl
\a\_kyo h[jZzamxsboky ijb jZzafu\a\[rji dbuobgzZdhkhb lukyqg Ihgg

hjlZgbg_kdh]h ijhbkoh ™~ _gby \djghZ2" ~dielyhjilhdvy khdjZlbeZkv k ~h
fghlhdjzZlgh \hajzklz_ | 7~ey \h~hokIghzbghlkiv f_"*m _kl_kI\_gguf b gZjr
g_agZqgbl_evguf ijblhdhf j_gguo gKlghhddhf\\a\l_r gguo gZghkh\ d mklvx j_d

ryevrzZy qZklv j_qguo gdAgbklb\Z_Iky ihkdhevdm ihfbfh az’
ihklmizxsbo \ <bexckdh_ \h*hagZghlkihs\h*hojZgbebszZfb gZgbgzZ | ©
hldezZ”u\Z_lky gZ dhgp_\uo mqzZkgZdmr| gb_ \ lafbg \h~*ghlh j_"bfzZ j_db b

ih~ihjz Dbijpanklv_\uo Zd\Zlhjbyo fhkehh\fdy ]b”rjz\ebqg_kdh]h khijy _gb
AN kv kh]ezZzkgh ~Zgguf gZlmjguaojrigfufb gpxlh\dZfb

1h~Z b ih kimlgbdh\hfm kgbfdm gzZdb[flydthle_Ig_f ieZg_ y\gh \b*gzZ |_g”
agZq_gby kj_"g_c fmlkghklb] ea mf_gvr_gbx fmlghklb \h”u g_ Ilhev

ijbiehlbgghc gzZklb kj_~gyy afamidmlelvjh\Zgghf mqgzkld_ j_db <bexc
mf _gvrZ Iky *“h fl] e J_adb_j th\ugZolhyysboky \ kIl _kI\_gguo ml
fmlghklbbdkbjmxlky \ [_j_]h\hc IlgdhgbgZb wlh]h ihdzZ k\h_]h h[tykg_g
g [hevrbo aZeb\Zo *h fl e ddpaZilgu_ Kk

jZafu\lhf [_j_1h\ b -\helgh\uf . :
Zlh~"Zjghkl
\afmqgb\zZgb_f \ f_edh\h”ghc [_j_J..\..Jeu..]y_ J\g b

ih\_joghklghf keh_  ijbiehlbgghc §ZKikZ \uiheg_gZz ijb nbgZgkh'
\h~"hojZgbebsz fmlghklv m\_iéB¢bjzezKyDdIkbckdh]h gZmqggh]h nh
\ Z\Imkl _ JAZ \jZzazZ ih Jem|[bl-17- HI" _evgZy [eZ]h”"Zjghk
g_agZgbl_evgh d [_j_]Zf b f_edh\tbeyxtkdhc gbkkgghrh\zZl _evkdhc

Hl iehlbgu <bexckdh]h \h~"hojZgimeddghe¢ klZgpbb bgklblmlz f_jaehlh

ihklm Kxev~AxdzZj Jh~h\hc klhdbf_gdgBkmhlevgbdh\Z Kb[bjkdh]h hi*_e_

m\_ebqgb\Z_lkyukyqg Ilhghg Kmgtzjm IJhkkbckdhc Zdz”_fbb gZmd b ha_jgh:
lukyg lhgdh]?Z dzd \ _kl_k@BQgguer_\kdbc? Y dmlkddnhkdh]h

mkeh\byo hg khklZuvkye Ihgglh® mijZ\e_gby ih Jb”*jhf_I_hjheh]bb b fhgbl

KeZ[h_ \hkklZgh\e_gb_ ihlhdhdjmgZgiskie\kj_"u

hitykgy |ky h]ljZgbg_gbyfb “ey wjhabhgghc

Ebl_jZImjz References
. _jdh\bg D F AZcp_ \ :: %HUNRYLFK .0 =DLWVHY
Q _jgh\< <ebygb_ ]b”jhmaeZz &KHUQRY $ 9 90L\DQLH JLGURX]OD
jmkeZ b ihcfu j_db <bexy \ kj_* SRLP\ UHNL 9LO\X\ LY KQHFG Q/HHFE KH (

| g gbK[hjgbd gZmqguo dgrbyg\ ©7KH LQIOXHQFH RI WKH K\GURHOH
=WK gZ hdjm Zxsmx kj_"m \ mk GHYHORSPHQW RI WKH ULYHUEHG I
K_\_$3Z Ydmlkd YN KH :G Kk 9LO\X\D 5LYHU LQ WKH PLGGOH DC
K 12— 90L\DQLH *(6 QD RNUX]KD\XVKFK.
‘mjezdh\ <J@chgbjh\Zgb_ <b« XVORYL\DNK NUDLQHJR 6HYHUD 6
\hA"h@gbebsZ LbibazZpby b deZl trudov>7KH LPSDFW RI K\GURHC
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[ j_1h\ K[hjgbd gZmgguo®Gtphyly WKH HQYLURQPHQW LQ WKH
=WK gZ hdjm Zxsmx kj_~m \ mk WKH <DNXW EUDQFK RI WKH ¢

K \_ 3Z Ydmlkd YN KH :G KKKXDNXWVN - SSQ 5XVVLDQ

K - %UXQH * 0 7UDS (IILFLHQRY RI 5H
< ebdbg K : Kh[hev B K KRWRQVEBFWLRQV $PHULFDQ *HRSK\V
Ohoeh\G J_amevlZlu bgkljmi YRO LVV -SS
gZ[ex"_ghbc b Z~Zilb\ghlh ‘2, 75 L S

|_jfhz[jZabb [_i_]h\ <t 9% XUODNRY 90 5DLRQLUR
\h~hojzZgbebsZz =b”jhl_ogRGEANRUDQLOLVKFEKD 7LSL]
kljhbl_evkl\h K« EHUHJRYQ>=RQLWKH 9LO\X

<h”zZ Jhkkbb J qogu_ [GEKnagu7\SLILFDWLRQ DQG FODVVLILFDWL
j_"zZdlhjF Q _jgy_\ ?2dZIl_jbg[mj] 900IDQLH *(6 QD RNUX]KD\XVKFK
1J?KK k XVORYL\DNK NUDLQHJR 6HYHUD 6
<h~Agu_ imlb [Zk&_ggzZlh® h[s trudov>7KH LPSDFW RI K\GURHC

i AZdpbJcK QZeh\Z <IBgq g WKH HQYLURQPHQW LQ gsisf )DU 1F

K YA jgh\Z F FBDBK kWKH <DNXW EUDQFK RI WKH ¢
> gbkh\Z : B GZzorbgz 21 GHBYRWYH - SSQ5XVVLDQ
Jy[h\ : D>hggu_ hleh  _gby \h”h &KDORY 6 5 SRWHPNLQD 7 * 3D
bo \ebygb_ gz dzq_kI\h \hAu .DVLPRY 16 (YROXWLRQ RI VXVSt
Amfdz K EXGJHW LQ WKH GHOWDV R

Russian Meteorology DQG +\GURORJ\

AZoZjh\zBlaf= g _gb_dzZqg_kI\Z j
j_amevlZl_ jZa\blby ]hjghr
ij_"Nijbylbc K[hjgbd gZmqgguo

YRO LVV Ss -

2, 6 EXVV  HG

@31ihih] ggh \har cki\b gz \ &KDORY 65 3RWHPNLQD 7 * 3O

Ydmb8 Ydmikd YNKH :6 KKkJ-PVLPRY 16 0QRJROHWQLH LJPHQ

< YIYHVKHQQ\NK QDQRVRY Y GHO WD
OHWHRURORJL\D L *LGUROF

DhgklzZglbgh\ B>bgzfbdz [_

SS -
\h~*hojZgbebsZ <bexckdhc =W o 5 3 S ¢ \
gZiheg _gby b gZgZevghc w &KDORY 5 URNRSH¥D of 1 $V

i 1M\u_ ijhp kku \ djbheblha ©6XVSHQGHG 6HGLPHQW %XGJ

KIZI_c¢ Gh\hkb[bjkd GZmdZ ROVHG RQ WKH SHPRWAHYENQVLQJ

A ) Atmospheric and Oce@QL F 3K\VLFV
Dm~hyjh\ E B Hgbdb_<galhyglL K YRO LVV ss -

baf _g gbc f _jaehlguo mkeh\ ¥y 6
\h*hojZgbebs gZ nmgdpbhgbjh’
“WK —bAjhl_ogbgq _kdh_ kljhbl_ %KKDIQRY 6 3URNRSHYD . +DEHO O

DULDWLRQV LQ WKH 6XVSHQGHG
BudgetW|th|nLargeS|ber|eQ 5LYHU "HOW
E\ 5SHPRWH 6H Rémael SeDsiidd

< K-

FZ]jbpdbc 2kl_kI\_ggu_ b Zglj
baf_g_gby ]brjheh]bqg_kdh]h j_

’ : YRO LVV 'V
mklv_\ j_d <hklhqghdlKp[bjb*bk dBased heri
dZgP _hlgzZme F=M K &KDYH] -U Im&geBased Atmospheri
] . A Corrections - S5HYLVLWHG DYQHG ,PS|
FZ]pr_dbC .>g'l<;h|h]_ggu_ \ha. - Photogrammetric Engineering and Remote Sensing
klhd j_d \iz"Zxsbo \ fhjy YRO LVV— 35
:jdlbdb <h”~gu_ j_kmjku <

K —
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FZ]jbpdbc * <ieh\hc klhd j_ d &KLVW\DNRRGO(H UHVXUV\ Ut
Jhkkbckdhc :jdlbdb b _]h baf_g UHVRXUFHV RI WKH WRWHRYZ R3 XEDN
Fhkdh\kdhbh kgl _1Z K_jby = 1DXND S ,Q 5XVVLDQ

« K- &K]KDQ 5 9 2S\W MG URMMHNG VWY D

FZ]jbpdbc >=h~h\hc klhd \a\ VRRUX]KHQLL Y <DNXWLL E L]JPHQ
gZghkh\ jhkkbckdbo j_d \h“hk JHRORJLFKHVNLNK XVORYLL

E_~h\blhl]h hd_ZgzZ b _]1h . JLGURX]ORY L PHQ\D\XVKFKHJR
baf_g_gby < _klghbd F >([SHULHQFH LQ WKH FRQVWUXF\
mgb\_jkbl_1Z K_jby = _h]jZnbyVWUXFWXUHYV LQ <DNXWLD D
K -2 andgeological conditions of the territory under -

FZ]jbpdbc NZdlhju b azdhghf_joflHgnge of hydroelectric facilities and chang
fghlhe Igbo baf_ g _gbc kIt FOLPBWRIWBOLN QDXFKQ\NK WUXGRY

\a\_r_gguo gZghkh\ b I_iehlu ¢ ;9 PH]JKGXQDURGQRL QDXFKQRL
<bexy < klgbd Fhkdh\kdh]h ©1DXFKQ\L GLDORJ 9RSURV\ \
K_jby = _hljZnby K- « WHNKQLFKHYV N L NWHRIENKU J6 D Q NP\ U\
FZ]jbpdbc >NZdlhju b azdhghf {/ hk\]bPreceedings of Fifteenth Internatior
iihkljZgklghg b fghlhe Ig_c bal LHQWLILF SUDFWLFDO FR
LVVXHV RI H[DFW DQG WHFKQLFD

thkimie_gby j_aguo gzghkh\ A T\ VExUs sXVVLD intF K
.jdIbdb  <hijhku ]_h]jZnbb R @osai

= hljznby iheyjguo j_]bhgh\ K Ffetersburg 3XVE$(;: -SS ,Q 5XVVLDQ
FZ]jbpdbc ki<dlu \ebygby wdki '
'"HQLVRYD $ , IDNKVKLQD ( 3 1

\bexckdbo \h*"hojZgbebs gZ ]b
j_"bf kj_"~g_]lh b gb g_]lh <bex)
F_""mgZjh~ghc -QjZmh lpgoh_ k
dhgn_j_gpbb ©Kh\j_f _ggu_
\hAhojZgbebs b bo \hAhk[hjh\2 'fHYﬂ'f%XEO

5\DERY $RQQ\H RWOR]KHQL\D
L LNK YOL\DQLH Q[Bottdm Bedith®itv Y R Y R
of eVHUYRLUV DQG WKHLU LPSDFW
1IDXNRYD GXPND

fZy  bxgy ]\ | L-b=pg¥VLDR
] h~"bgzZfbqg_kdb _ ijhp_kku JURORYD 1/ ODJULWVNLL "9 L
\hAgufb j_kmjkzfb 1_jfv 1=GBMULJRUTHY 9 <X  *HOIDQ $ 1 6D
K i 6KHYFKHQBIRH3PJORZ RI 5XV

under Current and For&&aVWHG &OLPD\
5HYLHZ RI 3XEOLFDWLRQV

LQ WKH :DWHU 5HJLPH RI
I_J.I?,nEVHUYDWLRQ : D VD MAD 5HVRXUFH

FZ]jbpdbc DebfZlbg_kdb h[mke
Zgljhih] _ggu_ baf_g_gby klhd
gZghkh\ ]JezZ\guo Zjdlbqg_kdbo
>Zevg_1]h <hklhdz JN *u ,

<k_jhkkbckdhc dhg YRO LVV. SS -
©=bAjhf | _hjheh]by b wdheh]by 2 6 SXVV. HG
i iki _dID\D jZa\bOrys b gp JURORYD 1/ O0DJULWVNLL '9 I
£ GDZjebgz ] -Kagimj] -&7 "ULIRUHY 9.<X  “HOIDQ $1 6D
~ azliy < Obfpanz| SKHYFKHQNR $ ., 6WRN UHN !
Pl SURLVNKRG\DVKFKLREQR]LUS SU

_ , LIPHQHQL\DNK NOLPDWD RE
FboZceh\ =bGjheh]by mkiv_\ j_ | {pHOHQLL YRGQRJR UH]KLPD UHN
F Bafh F=M k QDEO\XGHQL Vodnye resursy
Fghlhe Igb_ dhé& BAgbyqb\hklv YRO LVV  STBL

j_kmjkh\ b hkgh\guo ozZjZdl_jbklbg klhdZ jgd
Jhkkbckdhc N_"_jZpbbjbdgezZmqggh
kijZ\hggbd [h~ j_"Zdpb_c
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< X=_hj]b_\kdh]h KI[ HHH J +DGMLPLWVLV "* &OD\WRQ

K DVVHVVPHQW RI WKH HIIHF
Fghlhe Igb_ o0zjzdl _ijitbk hwdb \ h~u oprrection algorithms through the remote sensir
dimig_crb_ \h~hojZgbebsz JN VR 4 itdinatidhal Yournal of Remo

ijbdez~rghc kijzZ\hqdb8 j ~zZdpb 6HQVLQJ YRO LVV. - SS
< X=_hjlb_\kdh]h F HHH ©J 2,
k .RQVWDQWLQRY'LQDPLND EHUHJF

GZazZj gdhKK &jh\Z Baf g _gb- e YRGRNKUDQLOLVKFKD 9LO\X\VNRL
| jfbq_kdhlh j 'bfZ j <bexc \ g QDSROQHQL\D L QDFKD@DERE HNV S
<bexckdhc FWK =b~jhl_ogb WKH EDANWRVAWYRLU RI WE
kljhbl_evkI\h K <— - GXULQJ WKH ILOOLQJ Be@GovixQLW LD«
Ghlh\bpug >DmkzIh\ D Bgze SURWVHVVI Y NULROLWRIRC

22i Imebin\Zgby KihdZ \nrhojz LRYRVLELUVN 3XEO 1BXND,Q <
.gljhih] _ggh_ \ha~ cki\b_ gz \ °XVVLDQ

vdmibb K{higbd gzmqg: -XGR\DURY /, 2QeELHQNRIT 6
YdmIRAINKH ‘G KKKJ - K PHUJORWQ\NK XVORYLL Y FKDVKH Y

J_kmjku ih\_joghkiguo \hA\KKKiXQNWV'—RQ'—USRYDQ'—H VHYHUQ\GNK

Lhf E-Bygvb]bjkdbc j FKDQJHV LQ HUPDIURVW FRQGLWI

E  =bAjhf | _hbarzl EDVLQ RQ WKH IXQFWLRQLQJ R
o7 hydroelectric powerV W D W1LRGQU/RA H N k

Jmrg_\ : K Jm~Hokm™hohtkii_ stroitel'stvo [Hydraulic engineering]. LVV

<bex_ gb’ _ =WK K[hjgbd gZmgguo I”p(lg\héXVVLDQ

S&ebygh_ =WK gZ hdjm Zmsmx k5 A .

mkeh\byo djZcg thYdmikd YN O0DJULWYV N IEktestv@nnye i antropogenr

KKK J K LIPHQHQL\D JLGURORJLFKHVNRJR |
B _ XVW HY UHN 9RVWRFKQRL 6
Kijz\hggbd \h"hojZgbebs KKRX ;,p5y QDXN >1DWXUDO DQG
<h~hojZgbebsz h[t_fhf Dbfpmel \yxy K\GURORJLFDO UHJLPH RI WK}
F Khxatlh?ijh_dl K estuaries of the rivers of Eastern Siberia. Ph.

Kihd gZghkh\h bamqg_gb_ b ]_¥ *HRJUDSK\ T7TO®RHWRZ@ 3XEO /RPRQ|

jzkij_"_e_gb_Ih® hlsc j_"Zdpbpes S ,Q 5XVVLDQ

r < DZjzZmr_\z B =b7jhf_I_hbaggly wyNLL ' 9 siQpackasRSREH QL F
' k _ _ Rl 5XVVLDQ ULYHUV HPSW\L
LiZiiu Kb[bjb b >_dZidd koh”t :pDWHU 5HVRXUFPHRWO L\ SS
jZaebqgby HI\ _IkI\_gguc j_"Zddhj vV - - 2 5XVV HG

= < Iheydh\Z Gh\hkb[bjkd GZmdyDJULWVNKitroSBIJHQQ\H YR]GHLVWY
Njheh\Z G E FZ]jbpdbc > < DWWRW BHN YSDGD\XVKFKLNK Y P
=jblhjv_\ < X =:e@nZ¢&Zahgh\ SUNWIRGQ\H UHVXUYRO LVV
R_\g_gdh :m®hd j_d Jhkkb SS-

ijhbkoh”ysbo b ijh]jghabjm_fuc (QODJULWVNLIHS®RYRL VWRN

debfzZlZz h[ahj im[ebdZpbc 5RVVLLVNRL $UNWLNL L HJR

baf_g_gbc \h~*gh]Jh j_"bfZ j_c the Russian Arctic seas and itsanlges@9 H V \

"Zgguf gZ[ex"_gbc <h”gu_ ORVNRYVNRJR XQLYHUVLWHWD 6H!

Lhf <ui K - >0RVFRZ 8QLYHUVLW\ %XOOHWLQ 6

‘2, 6 ; LVV -SS ,Q 5XVVLDQ DEVWI
(QJOLVK
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QZeh\ K J Ihl_fdbgZz L= | ODJULWVNLIRGRYRL VWRN
DZkbfh\ GFghlhe Igb_ baf_g ¢ QDQRVRY URVVLLVNLNK nogdN YRG
\a\_r_gguo gZghkh\ \ ~ _evl /HGRYLWRJR RNHDQD L HJR L

.ZzcdZez  F_|_hjheh]lby b =b"jhe®PYXDO VXVSHQGHG PDWWI

< K - belonging to the Arctic Ocean basin and
Qbklydh\ =<hrgu_ j kmjku | DQWKURSRJIHQLF WUDBBVIRUPDW
F Gzmdz « ORVNRYVNRJR XQLYHUVLWHWD 6H
074 T < uiul Clihbl e >ORVFRZ 8QLXBOWWLQ 6HULHV  *i
]bAjhl_ogbq_kdbo khhjm' _gbc LVV =S ,Q 5XVVLDQ DEVWI
baf_g_gb_ bg>lghggfibq_kdbo ~ (QIOLVE

| jjblhjbb ih~ \ebygb f ]bA7j ODJULWVNLL ' 9 J)DNWRU\
f_gyxs_]lhky debfzIg[hjgbd gz PQRJROHWQLNK L]JPHQHQLL VWRND
lim~h\ ih fzZI_jbzezff “~~mgzjh: QDQRVRY L WHSORW\ 1L]KQHL /HQ\
gZmgghc dhgn_j gpbb ©Gzr andtrends of the lorgrm IO XFWXDWLF
<hijhku lhgguo b | _ogbq_kdbo-gz$sdment andneay yunoff of the lower reaches o

| _j[mj] fZjlz /]HQD 5LYHU DQG WKH9BNVO\X\ 5L
KI[ Ba”PGDFH:G K — ORVNRYVNRJR XQLYHUVLWHWD 6H]
2, V-EF - B >0RVFRZ 8QLYHUVLW\ %XOOHWLQ 6

%UXQH 70ODS (IILFLHQF\ RI ¢ LVV =SS ,Q SX\abstrarQir

7UDQVDFWLRQV $PHULFDQ *HREAVE¥Bo sqoLRrO
9RO VYV 3S ODJULWVNLL ' 9 YDNWRU\

‘2, 75 L S SURVWUDQVWYHQQRL L PQRJROH
&KDORY 6 5 3URNRSWNDVFE 1°>RVWXSOHQLID UHFKQINK QI

6XVSHQGHG B6HGLPHQW %XGJHW'\H’Y'—\NHF)%F(%\SR%\L/YQBG UH

HOWD %DVHG RO WKH 5Hp [10N0-WHUP YDULDELOLW\ Rsea¥biGLPHQ
JYHVWL\D $WPRVSKHULF p¢ WKH 5XVVL Darosygesyrak @roblems (
9RO vV as *HRJUDSK\@ RO *HRJUDIL\D S
Ly s UHJLRQRY >*HRJUDSK\ RI 3ROD

SsS ,Q 5XVVLDQ DEVWUDFW LG
&KDORY 6 3URNRSHYRUW K+ VERH©R X W K

9DULDWLRQV LQ WKH 6XVSHQ(9|9&U%WC\;’|[\'FH#8W 7Py SY M) w

%XGJHW ZLWKLQ /DUJH 6l 9LO\X\K NLRIG NKUDQLOLVKFK QD JL
SEHYHDOHG E\ 5HPRWH 6HQ YHIKLP VUHGQHJR L QLJKQHJ
6HQVLQJ 9RO ’ LPSDFW R! RSHUDW'LRQ RI WKH 9LO
Y UV hydrological regime of the middle and lov
I9LO\XV@ XG\ 9, OH]KGXQDURGQRL

Chavez Jr. P.S.ImageBased Atmospheri SUDNW LFKHVNR bvrsiifeqniyl preb@wW VL L ©

Corrections — SHYLVLWHG DQG RRERNHK®DQLOLVKFK L LNK YRGF
3KRWRJUDPPHWULF (QJLQHH PDVD L\XO\D Iy W 7 L

9RO YV - 35 JHRGLQDPLFKHVNLH SURWYVI
+DGMLPLWVLV ' * &OD\WR® &ebSursami tPtcetbdifigd of the Sixth Internatio
DVVHVVPHQW RI WK Hatmddphem W LWYH kbYW IRE SUDFWLFDO eBRIQIHUHQ
correction algorithms through the remote sensir  UHVHUYRLUV DQG WKHLU FD

VRPH UHVHUYRLUV , QWHUQDWLRR®P -RXUQDMXRI BKR B RMikO +)
6HQVLQJ 9RO ¥V FPRG\QDPLFV  SURFHVVHV
‘2, management] 3HP 3XEO RI 3HUP

S i ,Q 5XVVLDQ DEVWUDF'
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OLOOHU 5 /  &Ef&dts/ Bf suspende ODJULWWNLLOLPDWLFKHVNL
VHGLPHQWY RQ FRUDO JURZ DQWURSRJHQQ\H L]JPHQHQL\D VWR
VHQVLQJ DQG K\GURORJLF P QDQRVRY JODYQ\NK DUNWLFKHVN

RI (QYLURQPHQW 9RO VOO QHIR 9RVWRND 5RVVLLVNRL )H
‘2, - -B related and anthropogenic changes in suspe
9|U|VPDUW\ & - OH\EHEN VHGLPHQW UXQRII Rle/K Bib&DLQ $UF
Sharma. *UHHQ 3 6\YLWVNPQG YWKh SXVVIMXGDUYI(BVW @

$QWKURSRJHQLF VHGLPHQW UMNRQYGWHRYW VEbMRULGOREIDY
LPSDFW IURP UHJLVWHUHG UBRYWLIKHRXPGPHGIWWY SHNW

*OREDO DQG 30DQHWDUPHQL gkBQiHP UOCBR I HWBDXXANW
9RO VV — 3§ — GHNDEU\D >3URFHHGLQJ
2, 6 - 7 national conference “Hydrometeorology a
HFRORJ\ VFLHQWLILF DQG
DQG SHUVSHFWLYHV’ 0*2 QL

/1 .DUGMWQ 3HWHUVEXUJ- 'HFHPEF
]. Saint3IHWHUWBKX®DJ .KLPL]GDW
pp i ,Q 5XvVvLDQ DEVWUDFW L

OLNKDLORMG@URORJIL\D XVW HY UHN
>+\GURORJ\ Rl ULYHU PRXWKY WH
3XEO 0*8 S ,Q 5XVVLDQ |
(QJOLVK

OLOOHU 5/ & Bffetty/ ldf sugpende
VHGLPHQWY RQ FRUDO JURZ
VHQVLQJ DQG K\GUReD&dBSENSPRGHOL
of Environment YRO LVV SS
'2, - -B
OQRJROHWQLH NROHEDQL\D L L]PF
UHVXUVRY L RVQRYQ\NK N
5RVVLLVNRL )HG H U BDSWMINC QD>
V SUDY R F K-@tniNfluetuatiQris and variabilit
RI ZDWHU UHVRXUFHY DQG \
WKH IOR¥YHBYV WIQ WKH 5XV°
VFLHQWLILF DQG DS S'HRHG WHYTYANIHC
9 <X HGSaintPetersburg 3XEO 5,$%/

S ,Q 5XVVLDQ

OQRJROHWQLH NKDUDNWHULVWLNI
NUXSQHLVKLH YRGRNKUDQLOLVK
JHGHUDWVLBUQPMRBIKQRL>ROYDYRFK
term characteristics of water inflow into the larc
UHVHUYRLUV RI WKH 5XVVLD

applied referenel ERRN@ *HRWIMNLH®VNL)\
ORVFRZ 3XEO 2IRUW S ,
DEVWUDFW LQ (QJOLVK

1DJDUHQNR 6 1 6DNKDURYIDHLIOMGI
WHUPLFKHVNRIR QAAN]KY POLIKQHP E
9LO\X\VNRHI {&KDQJHV H@rm&lKH LFH
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regime of WKH 9LO\X\ 5LYHU LQ
WKH 9LO\X\ - +@3*LGURWHNE
stroitel'stvo [Hydraulic engineering] LVV
SS - ,Q 5XVVLDQ

I1RIJRYLWV\Q "' .XVDWRY ., $QDO
UH]J]KLPD UHNL 9LO\X\ SRVOH ]DUH.
YRGRNKUDQLOLVKFKHP *(6 >

WKH UHJLPH RI WKH 9LO\X 51

IORZ E\ WKH K\GURHOHFWULF ¢
Antropogennoe vozdeistvie na vodnye res
<DNXWLL G6ERUQLN [anDpopogedictN K W U >
LPSDFW RQ WWKHYV RDOUNFHY |
Proceedings] <DNXWVN - S$S§5,0Q
5XVVLDQ

SHVXUV\ SRYHUNKQRVWQ\NK

JHORGLIJLUVNEXUDERQ@DWH

WKH 8665 LQ YRO-,QROJ JHC

distric]. /HQLQJUDG 3XEO *LGURPHWE
S ,Q 5XVVLDQ

5XGQHY $ 6 5XG\NK 9 * 2 V:
9LO\XH QL]KH *(6 >$ERXW QDYLJDW
5LYHU EHORZ WKH K\GURHOHFWU
90L\DQLH *(6 QD RNUX]KD\XVKFK:
XVORYL\DNK NUDLQHJR BHYHUD 6
trudov>7KH LPSDFW RI K\GURH(C
WKH HQYLURQPHQW LQ WKH
WKH <DNXW EUDQFK RI WKH ¢
<DNXWVN - SSQ 5XVVLDQ

6SUDYRFKQLN YRGRNKUDQLOLVKFK
S9RGRNKUDQLOLVKFKD FRoBleelPRP
>5HIHUHQFH ERRN RI UHVHL
parts 3DUW 5HVHUYRLUV
PLOOLR&d more]l. ORVFRZ 3XEO
6R\X]YRGSURHNW S ,Q 5XV

6WRN QDQRVRY HJR ULFKKHQLH L
raspredelenie > 6 HGLPHQW UXQRII LWV
geographical distribution] .DUDX¥ RHM G
/IHQLQJUDG 3XEO *LGURPHWHRL]GI
5XVVLDQ

7UDSS\ 6LELUL L 'HNDQD FKHUW
razlichiya >7UDSV Rl 6LEHULD DQG
similarities and differences] 3RO\DNR YH C
1RYRVLELUVN 3XEO 1DXND
DEVWUDFW LQ (QJOLVK

9HOLNLQ 6 $ 6RERO , 6 6 R
.KRNKORY5HVXOWY RI LQVWUXPHQV
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DQG DGDSWLYH SUHGLFRILRE
Rl WKH 9LO\X\3BAMHUKYHRREKQRORJ\

Engineering YRO LVV- SS
‘2, v - - - 5XVV HG
O9HOLNLQ 6 $ 6RERO , 6 6 R

.KRNKORY O5H]XO WDW\ LQVWUXP
QDEO\XGHQLL L DGDSWLYQRJR SUF
EHUHJRY 9LO\X\VNRJR YRGRN
*LGURWHNKQLFKHVNRH YWORLWHO
S -

Voda Rossii. Rechnye basseiry DWHU RI

River basins] « KHUQ\DHY $ 0 HG

3XEO $3%B%66 S ,Q 5XVVLDQ
9RGQ\H SXWL EBD\NDWHH QDDAN CQF\

Basinl &KDORY 5 6 3DQFKHQN

HGVORVFRZ 3XEO O0,.,6 S
5XVVLDQ

9|U|VPDUW\ &EHFNOHO YHN

Sharma. *UHHQ 3 6\Y LW\

$OQWKURSRIJHQLF VHGLPHQW UHWH
LPSDFW IURP UHJLVWHUHGRJULYHU L
and Planetary Change YRO - LVV

SS - ‘2, 6 - -7
=DNKDURYD 7 * JPHQHQLH DM

Y UH]XO WDWH UD]YLWL\D JRUQ
SUHGSUL\DWLL >&KDQJHV LC(

as a result of the GHYHORSPHQW RI P
H QW H U Sntrapddeivh@e vozdeistvie na vod
UHVXUV\ <DNXWLL 6ERUQLN QD
>S$QWKURSRJIJHQLF LPSDFW RQ WKH
<DNXWLD 3URFHNDGALQNV @ SS

,Q 5XVVLDQ
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HP?GD: IH<K?JOGHKLGBH(ASSESSMENT OF SURFACE AND

IH>A?FGHC KHKIEYYXSBO UNDERGROUND COMPONENTS
J?7QGH=H KLHD: IH OF RIVER RUNOFF BY WATER

FBG?J:EBA:PBB <H>U MINERALIZATION

FE FZjdh\ OLNKDLO / ODUNRY
N=;:M ©=hkm~Zjkl\_gguc ]b*jheh]lBy RN +\G UR O R JL-F3HAV HQMMEXW X W |
bgklbIml2 ] KEgdlj[mj] Jhkkby Russia

PPO#JPDLO FRP PPO#JPDLO FRP

$SEVWUWBEBHWS XUSRVH Rl WKH
WKH SRVVLELOLW\ RI GHWH
underground component based on dbsSéeDWLRQV R
ZDWHU PLQHUDOL]DWLRQ 7KH VW

gghlZpby Hp_gdz l_g_|I
khklZ\eyxsbo j_qgghyheklHHY h"
ZdlmZevguo aZ”~"Zq klhysbo i_]j
]Jb~jh] _heh]Zfb >ey h[t_dlb\gh]

khklz\eyxsbqgh]lh klhdZ ih\_jo based onthe resultsof fedHDU REVHUY|
ih~a_fghc bkihevamxlky ljZzkk. 3RORPHW 5LYHU LQ WKH 1RYJRU
highkylky bahlhigu_ b ]b”jhobi FDWFKPHQW DUHD RI WKH
klzZlvb hp_gblv \hafhhghRlve_ NP WKH DY HterD WdteOdar@uimptic

i_qghlh klhdZ b _]h ih~a_fghc | is PVHF OHDVXUHPHQWYV RI

hkgh\_ ~"Zgguo gZ[ex”_gbc aZz
\h~"u BkRkbB\Zgby \uiheg_gu ih
q _lujzoe Ilgbo gZ[ex™ _gbc gZ |
Gh\l]hjh~rkdhc h[eZklb lehszZ”v
"hjzkqzlghkh\hjz \ ~_j \g_ Y
khklz\ey Hf kj _~gbc fghlhe _|Ig
\h”ru - f k_d >ey j_]bklj
fbg jZebzpkihevah\Zebkv \
mkeh\byo ihjlzlb\gu_ |_kl_ju \h
ijh\h*"bebkv k qgzZklhlhc h”bg
i_jbh” nhjfbjh\Zgby \_k_gg_]h
Ah™~ \uo iZz\h~dh\ b h”gh baf_
kmlhd \ i_jbh"™ f_
bkke_ "h\Zidgméhebeb \uy\blv ml
aZ\bkbfhklv fbg_jZebazZpbb k
Ki_"g__
]h~h\h]lh j_qgh]h
fbg _jZebazZpbb hi baf _j _gg!
gZoh”blky \ ij_"_ eZ&Km's_klI\_
jZaebqb _ fbg_jZebazZptgwo
ih\_joghklguo \h~ 4fhe iha\he
hp_gblv ] _g Ibg_kdb_ khklZzZ\e
klhdz Iblzgb_ j_db Ilhehf_lv
\h~rZfbp _gzgihhfbg jZebaZpbb |
- hl h{s_]h j_gqgh]lh klhdZz

\gmljb]lh”~h\Zy "bgZfbgghkiuvzZl

klhdZ

FZdh\ F Hp_gdZz
\h”u =b"jhkn_jZ
‘2, +6

ih\_joghklghc b

water tester were carried out with a frequenc
once a day during the formation of spring and
IORRGY DQG RQH PHDVXUHPHQW IF
low-ZDWHU UXQRII $ VWDEOH Gt
PLQHUD b ] atet Rapsumption has be
UHYHDOHG 7KH HUURU LQ GHWHUP
IORZ FDOFXODWHG E\ PLQH
VLIQLILFDQW GLIIHUHQFH |
XQGHUJURXQG DQG VXUIDFH ZDWH
PDGH LW SRVVLE @éhetl¢ Rorpwriai® X D W H
Rl ULYHU UXQRII  7KH VXSSO\ RI
JURXQGZDWHWRILWKH WRWDO ULYHL

" gghJhaklédZintaDQQXDO G\QDPLFV LV U

established that the regime information
PLQHUDOL]DWLRQ DOORZVIioWwW WR G|

hidehg myfiZjghqhh[tzfZ UDWH LQ FRQGLWLRQV RI D
jZkkq FRQQHFWLRQ ZLWK WKH ZDWHU

IRUPDWLRQV RYHUJURZWK RI WK
RXWIORZ LQWR WKH RYHUJURZQ 10F

ih~ra_

<uyle_gZ _]h

J _ame

ihra_fghc khklZ\eyxsbbg| jgelblh
Highgukkb Wwe_gby 2

L 4 <uil K -
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bkke ~h\zZgbc ihdZazZeb gl

bgnhjfZpby h fbg_jzZebzAEabtb gh

hij_~_eylv jZzkoh” \h”u \ j_d_ \

g_\hafh gh \uihegblv I

klZg”"Zjlgufb f_Ih~"Zfb ih

[ _ ahiZzkghklb beb \ mkeh\byc

gZjmr_gby kj¥&bh”~"Z k mjhtg f ba

e_"h\uo h[jZah\Zgbc azjzklZgt

\uoh”Z \h~u gZ aZjhkrmx ihcfm

Dexg_\u_ keh\dghc klhta_f¢ .HV\ZRUGVYHU UXQRII XQGHL!I
khklz\eyxsiZggh]lklhdz fbg_jZe RI ULYHU UXQRII ZDWHU PLQHUI
\h~ru f_Ih~ kf r_gby 1b™j PHWKRG K\GURPHWU\ SUHFLSLWDYV
Zlfhkn_jgu_ hkz”~db jZkoh” \h”u

<\_" gb_ bamq gby \azbfh”_ckl\by j_qgqguo b ih

Bkke Ah\Zghhp kkh\ \abehk ‘thijhk h[ hp_gd_ dhebq_ki\.
. dI jb bd |h’\a fghc khklZ\eyxs ¢
ih\_joghklguo b ih~a_fguo \h” y\e h
. _jbh”u  nhjfbjh\
ba ZdimZevguo az”~Zq klhysbo i_ h \h’\v b ARSA \uo iZ\hA
b ]b~jh]_heh]Zfb AgZgb_ |Jhklé: %\g y —
)\h

\i f gguo azdhghf_jghkl _c f—gb g_jjbdlghltdhb

. . . b WIih k\yazgh ij_"~_ \k
th"a_fghlh iblzgby j_d yleyxs_ ‘f] |h g ?guc kIhdyg\gh]Ihé‘l;ﬁbIEy .
ihra_fghlh klhd&Xheyhl hp_gblv . e9 {fythim baf_j_gbx Ihwihin

eblh]_gghlh a\_gz \ ]eh[ZEVQUR[t“J‘E% hfh hij_~_e_gby 1_g_lbq.

djm]h\hjhiZ ijbjhAguo \h~A gZohAYsh
Aj_gbjmxs_f \ha”_ckl\b_ f\h’\hlhdhlé/ I gyXSbo i_qghlh kihdz gZ jZaguo

/\
K ijzdlbg_kdhc Ihgqdb aj_ gbyI mhm)
ih~a_fghf iblZgbb j_d g_h[oh”bfu jjl}l "rP\
j_kmjkh\ ih\_joghklguo b ih%a

"bfz \ Jh*bhdef p_kvfZ
uf yley Iky ijbf_g _gb_ IjZkk
—dhlhjuf gZijbf_j ke_~m_1I F

N —
jZajZ[hlko f dhfie_dkgh]h bklhevg(h\ -Ihu bljm?sf?]kheolszﬁrq kdb
hojZgu \h”guo j_kmjkh\ ijh]Jgha_ ﬁgﬁ%—p%vb dbke hlgh kikv B B
ijb Zgljhih]_gghf \ha”_ckl\bb gZ \h/\ liilp y dbkekjh ZNjjmkdbc

<hajzklzxsbc h[t_f \h~hihlj [e_ gb %ﬂ(‘? A ¢
d g _h[ohAbfhklb ijh_dIbjh\ZIv d)rg‘flgdﬂk 9h [Zw\i blbej " Ibhr‘e”;]]]?] ‘
bkihevah\Zgb_ \higkio\ \ kZpbhgZe gu_Ky y Ml

Iby fgh]l]bo kljZgZo gZqZeb
khg_lzgbb wdklemZIZpbbj aguo klhe\Ta Ivﬂy bahlhigu_ f_Ih~u hp_g

k qu'h” ~gby hkljuo Wdh h] 498y ihra_fguo \hA \ nhjfbjh\z

ijhle_ <f kl_ k ijlnffe_fZ . N A A :
ihna fgh]h iblZ gkl 7z tikyg hc ba kz Uo—g _Ihthehih?vy b *h?_\uo iz}
emlZlu IZdbo wdki_jbf_glZevq
keh guo \ ]b~jhBlagdhtetal @ . -
; kke "h\Zgbc dhihju_ ijh\hAb
GZb[he_ _ ihegu_ dl_ JdDZ]Bd
, ggh "ey fZeuo \hAhk[}
\aZbfh”_ckl\by j_qguo b ih”a fgu
[ulv ihemg_gu ijb ijh\_~_gbb df q'h wiz “hey A deaZggu.
q_gu b ] -9 kdhlh pbdez Ahkib]Z_

J_(“]1 %?e h \Herrmann Schoniger

]bAjheh]bgq_kdbo b [bAjh]_ heh]bq %
e AZ\be ¢ c FZjm
Db e n \b kdb i

bkke ~h\Zgbc H~gZdh g_kfhlj
ohjhrh jZajzZ[hlZggu_ -h[m@mqg@
]Jb~rjheh]bg_kdb_ behgbjdlkdb _ f_Ih’\

ODUNRY ®NHVVPHQW RI VXUIDFH DQG XQGHRBRIURX@DBWHRP PR
Hydrosphere. Hazard processes and phenomen®2 YRO LMV SS - ,Q 5XVVLDQ DEVWUL
(QJOoLe2K +6
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6 RNRGARY K hd rbe iy \ h~h g hukeg lhjbahgl \h~"hkh”_j Zsbf
AZ\be_ckdbc FZjmgbqg Khdheh\ ihjh@Zfb dhlhjh]h yl\eyxlky i_kdb kmi
HrgZdh agzZqbl_evgh_ hkeZ[ekmpebdddzZzqgzZe

. \_dz dhgp_gljZpbb bahlhih\ IjbjBikk \cg j_db lhehf_Iv yley_
ZIfhkn_j_ b \h~"Zo kmrb kgbabeh wdki dbf\gHRlenguf h[t_dlhf <ZeArZc
wih]h f_Ih"Z kkey “h\Zgbc nhjfbjmEgbZez =hkm~ZjkI\_ggh]lh ]b~jheh]t
i_gqghlh klhdZ b _]h ih~a_fghc khkigkelybmslzc 2Ze< N = = B Gz |

=b~jhobfbqg_kdb_ f_Ih*u m’ijblhrd&Zgh”_ckl\mx|l g_kdhevdh Jb”jheh]
bkihevamxlky \  Jb”jheh]bb “einklitp_ dHibku\z fu_\ klzZlv_ bkke_*
]_g_Ibg_kdbo khklZ\eyxsbo j_igguo®_ogh~rgZ ihklm jzZkiheh  _gghf \ 2
><hjhgdh\ KdzZdZevkdbce \Y  _e[bpu lehsz”v \h~hk[hjZz j_db ~h
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azljzl gz ezZ[hjZlhjguZghbbbbg_ I~ R
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aZljm~gy | bo rbjhdh_ bkihevah\ZgBuc \wlZi bkWkegb\djh\_"zg
bkke_"h\Zgbyo i_jbh~™ k ih ]hr >ey j_]bkljZz
< gZklhys_ _ \j_fy kms]ktmobhfbg_kdbo izZjzf_ljh\ bkihevah)
kjZ\gbl_evgh " _rz\u_ ZgZebazihjZlb\ignuy 1_kl_ju dhlhju_ iha\he
dhhju_ iha\heyx!l \ ihe _\uo mkeh\iphohTakijh\ ihe_\uo mkeh\byo baf_j
hij _~ eylv jZaebqgu_ _z nbabq_kfdwg_jiZ¢oaZphb ™ b dblelhlighklb
HAgbf ba iZjzf _1jh\ y\dPgikygljZpbb dbkehjHAZ I ntj@
we _dljhijh\h~rghklv \h~u Hgz &FAkmbljghb j_qguo b ih”a_fguo
fbg_jZebaZpbb Z agZgbl fhBalf _j_[gbwy mdZaZgguo oZjzZdl_j

bgrbdzZlhjhf khhighr_gby \ iblZigdbb"beghbkv k gZklhlhc h*bg jZa \ kmldl
Zlfhkn_jguo hkzZz~rdht flogZjezebazphjtbjh\Zgby \_k_gg_]h iheh\h”vy b ~h
b ihra_fguo \h” k \ukhdhc fbg_jZ¥Wahpth k"gh baf_j_gb_ azZ iylv kmlhd
P_ev klzZzlvmdzZazlv \hafh ghklv ijbf_g_g®l]h klhdZ Ba ihemgugguo
NZgguo j_"bfguo gZ[ex” _gbxZ[ex&zgbc gZb[he__ ihdZazl_evgufb
fbg_jZebazpb_c j_qguo \h~ 7re¥jZdp_jp#bbdb fbg_jZebazZpbb \h~u d
\gmljb]lh~h\h]h ih~*a_fghlh iblZgby[uebb hpkihkevah\Zgu ijb ZgZeba_
j_ggh]lh klhdz Bkke_ "M\ ZpbyZjh\ld"jhobfbqg_kdh]h l1Zzd b \h~”ghlh j
lhehf_lv bkke_~m_fh]h \h”AhlhdZ b ih”a_fguo
gZ[ex"Zl_evghc kd\zZ b _kh Ze_gbx
H[t_dl bkke_7~hizgbc nzZggZy kd\Z'bgz jzZkiheh' _gZ gZ ihc

J _dz lhehf_lv jZkiheh  _ogfzkld_ j_db \ g_kdhevdbo b NZo hl
Gh\]hjhr"kdhc h[eZklb <Ze”ZckdbhbhNZcHgkhdbo \h" aZeb\Z_Ilky j_
>ebgZ _z khklz\ey | df iehszZWMW "fZkk gd@pzkdZau\z]bkyhgBfbg_kdbo
2 d¥ J dZ [_jz| gZqZeh ba haZZdimkkidibdZo < k\yab k
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\ha\lur_kiglb IblZzgb_kf_rZggh_ migZklsbo \ nhjfbjh\Zgbb j _gqgh]h klh
ij_h[ez~rzZgb_f kg_lh\h]h [_j_]Z \ukkittevabghdbkXxkadzlzdbzd ih ~Zgghc
h[julbklu_ gZ hiI*_evguo mqZkldzZxad\gZpex"A_Ikybh~u f_" _gb 1Zd b ih ~
"moklhjhggyy ihcfZz aZzZlhiey_ fZygidbexdklydhltogZ \h*gh[ZeZgkh\uo iehsZ”
mjh\gyo 1j_h[eZ”"Zxsmx jhev \ nhjfbhhdd§bdzZ[ex” _gbyf gZ fZeuo \h” hk]
ih~a_fgh]h iblZgby j_db b]jZ_kN\=fdgbc
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]b”rjh]_heh]lbg_kdb_ kd\Z bguk hjbkhd Jfmglh\uo \h™ b ihkinmiraidgb
ihfhsvx hi[hjZ ijh[ \h”u \ dhgljbédgbf hkz~dh\ \ khqg_lZgbb k j_am
kI\hj hij_~ _eyxl dhgp_gljZpbx lbg tbhafZljhjgby bo fbg_jZebaZpbb

ih  kl_i_gbh _jza[zZ\e_gby jzZkkgblu\zxl _ 4 %F %o )
kdhjhklb b jzZkoh~u ihlhdh\ < Jbrjhf_1jbB&= Sog —For (2)

bkihevah\Zgb_ 1zZdh]h f_lh"Z wn]r}\ déb\
fZeuo kdhjhklyo |_q_ gby \h"gh]hfh;hl (J
fZehc fhsghklb ev”rZ dh]”*Z hiZkgh

]b~jhf_ljbg_kdb _ baf_j _gby
yle _gbyo b Ihfmfghh >Xogh

*kk'é'ﬂﬂ i _qghlh kihdZ gz jzkq.
If)n k

T h"a _fgzZy khklZ\eyxsZy j_qg

Dmkehdn% Z jZkq _Iguc fhftglfiajkf gb

@ H~gzdh bkihevah\Zgb_ IZdbo (€_|hAr'?991 ebazpby i_qghlh klhdz
ijzdlbd_ ghkbl wibah"bq_kdbc ozjf |qj'9“”‘°° \j_f_gb f]le |

lib ijbf_g_gbb f_Ih~Z r_gby g hkj_ gzgc’gdﬁza gb_ fbg_jZebazpl
bkke ~h\Zgbyo gZ j_d_ |hehf IgbALbbdeh dbo hkz~dh\ f] e |
kem bl ih~a_fgZy kthZ\eyxsZy i qgh?ﬁe 4dkbfzevgzZy fbg_jZebaZp
fbg_jZebazZpby dhlhjhgh\zghjfblzd9NIh Wz f] e
ijhbkoh ~ _gb_fijbhn ~zgguflZ[ebp_ ljb jZkqgzlZpb”jh]jZznz ih~a_fghc
rzgguf \brgh qlh ijb fzdkbfzevighklZdeyxs_c his_]Jh j_aggh]h klhdZ
dhlhjuc knhjfbjh\Zg \ hkgh\ghf HkoAtki _B'9zg9odjZf_lju aZz "\Z iheguo

kdehgh\ufb ih\_joghklgufb W2z fgZlex”_gbc b Ih~u dhl
gZlex~Zxlky fbgbfZevgu_ HgZ§lZ\ey gu \ 1Z[ebp_ < dZg_kI\_ i
fbg _jZebazZpbb ihjyrdZ] e mMhijg ih"h[gupZkqgzll\Zz jbkmgd_ ijb\_"_gu

48 ffi k WVl ihdzZazl_ev fbg jzEmEapidpu his_]h j_aqgh]3 klihdZ _]h

ih~M\_j"~Z |ky b NZggufb balf"§_dblgc khklZ\eMxs jEkkqblZgghc ih

ih\_joghklghlh klhdZz k \h~rghfibefZrgek h\uo

iehsZ"hd <N ==B ™hp fl e ih "Z2gyufZgghlh ijpdkgzIh\dZq_kI\_

]b~rjheh]bg_kdbo _ _lh~gbdh\ hKgh\guB iZjZf_Ijh\ ijbgbfZebkv agZz

FZdkbfZevgu_ agZq_gby fbg_jZedagdphhepagdepbd j_qohbr=klEdlze Z

\h~ ih ~Zgguf |Z[ebpu e_ZI| \"NeyzZikadgd B o fl e dzd hkj_"*g_ggh.

115- fl e ijb kj_~g_faqgqzq_gklmzZq_gb_ iZjzf_ljz az NZgguc |

™phbg fl e WIZ \_ebqgbgzZ fbg_jZewadkpbjpbf dildevguo gZ[ex"_fbe

[ueh mdZazgh \ur_ bkihevah\ZezZlgZ éjhzjZ&nglhhzenjz\g_gbx ihdZazZe ¢

Ib~jh]jZnZ klhdZ ih mjzZ\g_gbx h[sbc 1h~h\hc h[t_f ih*a_fguo \h” khkl
Ke_"mxsZy az"z2qZz bkke- "hWglbjcs_]h j_qgh]lh klhdZ \ aZ\bkb

aZdexqZeZkv \ jZajzZ[hld_ f_IhMd \db ehfghyhjheh]bqg_kdbo mkeh\bc

nhjfbjh\Zgby
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jZa\blby GZpbhgZevghc zZzdz~_fbb gZmd =jmabb hg&hghbmFZ Tng.:
hiheagyf <oh”be \ khklZ\ j "dhee _]Jbb "mjgZezZ ©=_ hjbkd?2

Gzljz'~_g f_~Zeyfb b ihg_lgufb ~"giefdkb\ZFb_heh]lbb KKK
=hkm~ZjkI\_ggh]h kh\_1Z hojZgu ijbjh”"u =jmabglddhic[bkekbkkdhiB O
Jhkm~ZjkI\_ggh]lh mgb\_jkbl_IZ bf_gb B\ZgzZ >_2XZB b megaZ j in} pdi hb
]_heh]bgq_kdh]h dhg]j_kkZ Fbgbkl_jkI\Z hojZgu kigm]Z xsh ay &kl

=jmabb ij_fbyfb -GDdmbhghkdh]h kh\_1Z ih ]hjghc ]_heh]bb =jma
1iZ "Zgbg h”rgh]h ba jZchgh\ ]hjh~Z L[bebkb
< ]h m [ue gZ]jZz ~_g \ukr_c gZ]jZ"hc K-—é_AHevAxkkhpdhZpb

Ne_crfZgZ aZ bkke_"h\Zgby k_e_\hc hiZzkghklb
<ujZ Z_f lem[hdb_ kh[he_agh\zZgby k_fv_ b dhee j]lZ2falfbey >Z

lj_ab”bmf K_e_\hc Zkkhpbz
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Kibkhd IjmAh\ W > P_j | _eb ih k_e _\uf ihlhdZf

P_j_I _eb W > P_j_IBeb ¢ phhheh]bq_kdh_ jZchgbjh\Zgb_ k_e_\uo
ijbf_| =jmabgkdhc KKJ < k[ FZI_ogdbeau lGhmhggh\_szZgby ih \hijhkzZf f_
bamqg_gby b ijh]JghazZz k_e_c¢ h[\Zeh\ b hiheag [ | abkuk"hdezZ”h\ >mrZ

WdbazZr\beb D = P_jGl celhihyw > bg -]Jg hjgihh]bg_kdb_ hkhheygkkkdb f
Zibrghc ahgu b mkeh\by jZa\blby hiljdbdgj c djrkabbc gZ k[ FZIl -jbZeu G
| _ogbg_kdh]lh kh\_sZgby ih \hijhkzf f_lijfpghbaBakne_gbywPBZeh\ b hiheag_c
"hdezZ"h\ >mrZg[_ - K

WdbaZr\beb D = P_jMkedb bW mhjfbjh\Zgby k_e_c \ f-7émaZgb_bBhjk
f_ju ih bo ij_~hl\jZs_gbx =imaGBB@dBglhflbopgbddio bkke_~h\Zgbc L_o
bgnhjfZpby =_heh]bybebkb k

WdbaZr\beb D = P jH &blhwWbd_ banmhg gbyjphheh]l]bg_kdbo mkeh\b
nhjfbjh\Zgby k_e_c¢ gZ ijbf_j_ =jmabgkdkl\jKKJggu < Adabedhbq_kdb_ b
bg _g_jphheh]bg_kdb_ y\e_gby b ijhp_kku Ljm~u =B>JHBIKG=?H LZrd_c

<

P j | eb Wy abk b nhjfbjh\Zgbhqk]l\ \4yBa\bluo \ jZaguo ] _heh]b

nhjfZpbyo gZ |_jjblhjbb =jmabb Lim"u AZdGB=KB- <ui
P_j_l_eb W $#_ Ih~bd_ khklZ\e_gby] blwehbbdgkdbo dZjl jZchgbjh\Zgby
[_jjblhjbc ih kl_i_gb k_e_ZzZdIb\ghkhmakZgkjblicj KKJ < k[ Fzi_jbZeu

| _ogbg_kdh]h kh\_sZgby ih \hijhkzf f_Ih"bdb_dadbjKbjhhdg&Zyt\ eLfbdbkb
K 8-

P j I eb W > P j I eb > > <ZpzdZirhbked EkBZpbhgZjguo bkke Ah
ijhp_kkh\ \u\_Ijb\Zgby ]Jhjguo ihjh” bhabjEmgbijhkge \uo y\le_gbc gZ |_jj
;hevrh]l]h DzZ\dZaz \ ij_~ eZo =jmabgkdhc KKgZm-dagbgpq FKdlhl]jtb X _sZghb
ih \hijhkzf f_Ih~bdb dZjlbjh\Zgby k_e_c¢ | _albku "hd&zZ”~h\ L[bebk

P j | &V > heh]lbq_kdZy kj_"Z jZa\blby k_e \uo y\e _gbdgaZzZxbghf
\hijhku bo ijh]lghabjh\Zgby < kI ljh[e_fu ]bgjHphreh]blekhbbg ™ _
L[bebkb ©F_pgb_j [Z2% - K

P j I_eb W > P j I eb >> WNWbmkihkzglb\thkdb ihjh” b mkeh\byo jz
k_e_\uo y\e_gbc gZ ;hevrhf DzZ\dZa_ \ ij_"_eZe& khklhjghdkc fajiabeh]bb
f 1Zeeh]_gbb DzZ\dZazZ L[bebkb K
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P j | _eb WZ2dhghf_jghklb jZa\blby k_e \uo y\ebbgbejrgbb_jjblh¢
bg' _g_jbhheh]bq_kdh_ jZchgbjh\Zgb_  Ljm~u L[bebkkgh{hjRbkmZZjkI\ g
Lhf K—

P jl eb >> P_j I lgh[ewfu djmighfzkriz[ghlh Hghed]lpgh kdh]h
dZjlbjh\Zgby k_e_c b khklZ\e_gb_ dZjl k_e_\hc iHjZzKk gggk\Vbj jgZjZjpb_p
L_j_d < k[ FZzZl|_jbZeoaghAmkaghlh kh\_sZgby ih \hijhkzf f_bly*kdé_aZjlb]
| _abku ~hdez”h\ L[bebkb K

>mfbljZrdh G < FhkkzZzdh\kdZy B : R_dh DBjlbjfZgbl &beWh#Zkguo
|_jjblhjbc \ kj_~gbo djmiguo b ~_IZevguo fZkrlZ@Zp_hfhinkeh]big[&dh]h
dZjlbjh\Zgby L_abku ~hdeZ”h\ <k_khxagh]h kh\hfaZ § blyfhHj njZelyhofq kk th[fg
dZjlbjh\Zgbx fZy ] E 145- K

DZjlz k_e_hizkguo jZch&gh\ KKKJ lhr j_~ < N 1_jh\Z b K F Ne_c
Khkl H B ;m”~ZjbgZz G E Dhg”"Zdh\Zz B : FhkkzZdh\h&ilye_gdd |_
J <Lj_lvydh\Zz G < >mfbljZrdh K K Dhj ' m_\ < G Hé&xghlegbn Gh\B\Z

B WzjrZgh\ K = JmklzZfh\ > D ;ZrezZ\bg E K =h\hPmoE _j Ll Kb DjZ
F <Phlyg F =M=D ijb KF KKKJ

>mfbljZrdh G < Bh]zgkhg < ? Fzj~rZgh\ B W JmkIlZhihygKF=< P _j_
AzZdz\dZav _ < dg _KZeh@puzkpgu_lkdh]lh KhxXx&azZFFM Ba”" K

W~rbeZr\beb = < P_jH eddkghf_jghklyo jZa\blby kh\j_f_gguo ]_h”"b
ijhp_kkh\ \ jZchg_ gb g_]lh b kj_~g_]lh |_g_gby< KkjZz]\bh[ejnfably heh]bb
f 1Zeeh]_gblzd&zZ\d[bebkb - K

P_j_Il _ebW > P_j Hkgh\gw_ hkh[_gghklb jZa\blby hiheag_\uo b k_e.
\ ahg_ p_gljZzevgh]h kezZgp_\h]h ih*gylby \hkIbDgdtdzZagzklbLjméurkjmabgl
ihebl_oglag < K-4

P_j_l_eb W > P_j_l_eb > > Dmjr"Z~a_ F A:gZebjanglZg\bgbjgh F
] _heh]bg_kdbo nzZdlhjh\ nhjfbjh\Zgby k_e_c -o_[\bkk_cgxgy L_ezZ\bk
;9 <k_khxagZy -¢Zowmgdhgh kdZy dhgn_j_gpby ih ijhlb\hk_e \LEZrft_jhlijbylb
27-  k_glyl[jy ] L abku "hdeE~hP;8LB Fbg\h”"ohazZ KKKJ& K

P j I _eb W2Ze_h]_h]jZnbg_kdb_ mkeh\by nhjfbjh\Zdlen]bmg kdbggh
hkh[_gghkl_c \_jog_iebhp_gh\uo fhezZkkh\ Zjb”ghleyakhdieh g hphdpZkikhj jZa\
gZ ijbf_j_ <hklhgghc =jmabb Lim~u , <k_khxaghg¢gtlcgln hjelgjptbb ihhbg,
QZklv , L[bebkb - K

P j I eb W > P j I<ebygb> ] heh]bg_kdbo mkeh\bc gZ nhjfbjh\Z
ihlhdh\ \ AZiz*"ghf AZzdzZ\dZav _ K_e_\u_ ihlhdZIl K] K— =b~jhf_I_hba’

P_j_l_eb W > OZjZlbr\beb E : DmjrzZra EFKAZ "nijgdbgbh+h&¥a_gv
\hijhku aZsblu jZcp_gljZz E_gl_ob hl k_e \uo ithlhdh\gZhmgadb q F4lh g
dhgn_j_gpbb ©JZajz[hldZ f_Ih~h\ ijhadbldbgshbihpagdbujzyle _gbc \ mkeh\by
kdez”qZluo h[eZkl _c¢ Zevibckdh]h hjh] _gzZ2 ebklmbku "KdeZ”~h\ L[b

P_j |I_eb Wg>_g_tjphheh]bg_kdh_ jZchgbjh\Zgb_ |_jjblhzhdZzAXyZMyh]h
kil _i_&b e hizkghklb K_e \u_ ihlhdb K] F =b7jhrf_I_hbanZzl K

JhfZzgxd H K P j I eb\hWjhkm mgbnbdzZpbb ko fu mqg_I1Z ijhy\le_gb
ijhp_kkh\ \ k_e_\uo \h”hk[hjZo 79 <kl _koogdepgzkydZgZmdggh_j_gpby
ijhlib\hk_ef \fu jhijbylbyf LZrd gl k_glyl[jy ] L_abku ~hdezZ”h\
F P;GLB Fbg\h”"ohaz KKKJ- K

:ca_g[_jl F F >mfbljZrdh G < PHkglh\alb iMi]ghabjh\Zgby k_e_c
<k _khxagzZy -¢Zoodgh kdZy dhgn_j gpby ih ijhlb\hk_ef \utzZfdjhgiljbylby
27- k_glyl[jy ] L_abku "hdeE~hP;8uB Fbg\h”ohaz KKKJ K
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<ZjZaZr\beb E B Qhohg_eb”a_ =B P j I eb W > RZ[Zgh\
Dyabfh\z K G >"Zg~']1Z\Z D B =@@d\d"a_,3 <DmjbgkdZy \iZz"bgZ Kh\
] _heh]lbg_kdb_ ijhp_kku Bg g _jgZy ]_heh]dh RKKJ Lhfk F Ba®

>'Zg™'1Z\Zz D B Debf_gdh : B Pzj \ 1 < >"Z\Zobr\beb W :
>m[jh\BgB P_j_l_eb W > FZkCopfibtjh*a_ < R =Z[_qZ\Z > R Kme_cf
RZokm\zZjh\ : K OZcfh\ G K P j I eb=e2\Z HglbZgbgFbtMebghjbc ;hevr
Dz\dZazZz Kh\j_f ggu_ ]_heh]bg_kdb_ ijhBgkkg hg¥ye Jghgeh]l]by KKKJ LI
F Bdah F=M 81K

P_j_I_eb Whijhku bg _gl jbeh]l]bg_kdhc IbibaZpbb Jhjguo ihjh” ih
nhjfbjh\Zgby I\_j*h]lh klhdZ k_e_c gZ ijbf_j_jPkldggZ g_jghk ] _khbgzZfbc
K:B=BFK <uiLZrd_gl - K

P j I eb Wkgh\gu_ hkh[_gghklb jZa\blby hiheag_\uo b &hkhjuwo ijhp

\hijhku aZsblu ijbjhrghc kj_~u gZ |_jjblhjbb =jm@aihbjh”« XjmabllwjZui
L[bebkb ©F pgb_j [Z3- =jma j_a jmkkd
P j Il _ebW=> P_j |l eb>> 0OZjpblhhdBjygmebfkreZkku <hklhgghc =jm:

k\yaZggu_ k gbfb k_e_\u_ ijhp_kku Lim~u-1Z[bebkkdhih JThKmhkjZgoy
] _heh]lby K

; _j"a_gbr\beb > | <hevkdbc : B HIPh[j dgaklibw rehjfbjh\Zgby I\ _jrhc |
k_e_\uo ihlhdh\ \ [Zkk_cg_ j_db >mjm~’b < klbb Iphbeg_fu [pdtile]] hledh]b
FZl _jbZeu gdphdghh”kI\_gghc dhgn_j_gpbb ih ijh[e]ldBEf b]bBgh] ghedhhc
] _heh]bb ghyljy ] L_abku "hdezZ”~h\- L[bebkb K

;_jha_gbr\beb > | <hevkdbc : B GPdhlhjeb Wiphku iZe_h]_h]jZnbqg.
jZkrbnjh\db ”"ey mklZgh\e _gby jblfbgghklb bhzZd\dllbykhbdgd \uo ijhp_kkh
\hklhgghc qzZklb ; Dz\dzZaz gZ ijbf_j_ [Zkk_c@&ZIhp>umjmamg_gbyx k[ bfZ
ijhlJghazZz wdah]_gguo ]_heh]bqg_kdbo ijhp_kkh\ L[bebkb K

P j I eb W > P j I eb > > DBgj"Z g hhre A]bq_kdb_  hkh[_ggh!
nhjfbjh\Zgby k_e_\uo ihlhdh\ \ [ZklO cd_ §d4d eybbkj hp_gdb ijh]ljghaz jz
hiheag_\uo k hdeb”  _gbyo ij_"]hjguo fheZkkh\ <hkkhddgZyF=jimabyamqg_gb

i *bfz b ijh]ghaz wdah] gguo | heh]bq _kdbo ijhp _kkh\ L[bebkb K
P j | _eb WyZeba ]_heh]bg_kdbo nzdlhjh\ \ ijhghabjmvZgbbbleb&kdh]h
JhkmmgZ Lhf ] MjzZhen]by -K

P j I _ebW > P _j lljbgh”Z nhjfbjh\Zgby k_e _\uo ihlhdh\ hiheag_\h]h
g_dhlhju_ Zki_dlu bo hkh[_gghkl_c gZ ijbf_j_ ®Zdjgak d hjjrh *ju_]bjhrgab g k d
ihebl _oglZg8l « R7—

P j Il _ebW> P _j | eb>> LDajMNdac K d&v ] <hklheggkly =jmab
Gh\u_ f _Ih”u bamqg_gby]bbehdbpgtkdbo (FKéhjMb£eu gZmqgguo aZk_"Zgbc
bg g _jghc ]_heh]lbb FHBI a4 F ©GZmdz2a 22- K

O jo_meb”ra_ =B P j I eb W >K leZNur\bye\e Kby b k_e hiZkgu_
=jmabgkdhc Kk ru AZdJGBB «i K-

P_j_l_eb W > P_j_l_eb > > DmjrZ~a_ F Bbgfilig kxjidkN&Z\e Egby
ki_pbZevguo dimighfzZkrliZ[guo-]_bgh]lggjdibo dzjl k p_evx jZaj
ijhib\hwjhabhgguo f_jhijbylbc b khklzZ\e_gby ijh_dlh\a\ gfraljim&hjdyekklZ ggt
K[ ljh[e_fu ]b~jh]_heh]bb b bg _g_jghc ]J_heh]phijhiFa\lhjblAegghl& m
dhgn_j_gpbb ih ijh[e_fZf ]b”jh]_heh]fBbheblgpbg ljghbku *hdezZ~h\ L[bebl
K 78—
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P j I eb WezZ\Z Hiul j ]bhgZevgh]l]h bamq_gby &Zhdapgbthijbbk e
=jmabgkdhc KKk Hiheagb b“"kmeblhfZo IFhfP_glj f_""mgZjh”~guo ijh_dlh
=DGL -K

P j I eb W > P j I=ebebk]bgq_kdb_ mkeh\by jZa\blby k_ebc \ =jm
OF pgb_j_[Z*2 k

DzZjlz bg _g-ljgteh]lbg_kdh]h jZchgbjh\Zgby |_jjblhjbb =jmabb ih Kk
hizkghklb_phylghklb \hagbdgh\_dl)y k_e_c Khkl P j I _eb W > P_j_I_e

<hevkdbc : B Dmj*zZ~a_ F A DZozZ”a_F H L[bebkb =jma]bijha_f
K_e \u_ vy\le _gby k_e _hiZkgu_ jZchgu b dZjlz k kadhtc KKUZkgh

Ihykgbl_evgdkl Id dZjl_ O_jo_meb™a_ =B LZlhr\beb ®\bgbyY KF_K eb
L[bebkbhkdhf]l]b”jhf_| KKKJ AZdJGBB k
P_j_l_eb W > P_j_l_eb > > DmjrzZ~ra_ e A\Z <hevkdKcebB < k
= _g_jZevgZy ko_fzZ ijhlb\hwjhabhgguo f_jhijbylbc =jmalthdkidbcgKKJIjgBE"
~h ]h~zZ L[bebkb ©KZ[qhlZ KZdZH\_eh? K
P_j_ I _eb W > P_j_I _eb > > DmjrzZz~a_ F A <hé&vkckyaZ B FAbg
K_e_\h_ jZchgbjh\Zgb_ < k[ =_lylbj\hewipAphkgpgud fijjhijbylbc =jmabgkd
gz - ]h~u b gZ i_jbh~ ~h ]h~rzZ L[bebkb ©KZ[qhlZ-KZdZjl\_eh?
P j Il _ebW> P_j | eb>> <hevkdbt > EeZRZebdk_" Ijhlb\hk_e_\u
f_jhijbylby < KJ SJZevgZy ko_fZ ijhlb\hwjhabhgguo f_jhigbyWKd gpgmabg
- ]h~u b gZ i_jbh”™ ~h ]hEeXK zZphd BkKKWZd ZjI\_eh? — K

LzlZrbra_ A D P_j Hkéalp Wghklb "bgzZfbdb kdehgh\uo ijhrhigikdhd \ ]hj
=jmabb b ijbgbgddlib\bazZpgbk]| Wdheh]bg_kdb_ Zki_dlu I_hj_Ibg_kdhc
]_hfhjnheh]l]bb FZIl_jbZeu F_""mgZjh~ghg,,dBgrdbglobb & _Ebkd\Z
- fzy F K -

P_j_l_eb W > ;_j™a_gbr\beb > | LZlIZrb*a_ A D \b@bebtra&_ L E
L \aZ%aB O jo_mebMkh[=g®hklb nhjfbjh\Zgby dZlZkljhnbq_kdbo k_e_
j >mjm~"b b [_ahiZzkghklv ¢ xX\Zj_Wphatkhgeghu_ y\e_gby b g_dhlhju_ Kkf_
ijhfe _fu Ljm”u F_""mgZjh”ghc dhgn_j gpbb 4+[bebkb K

P_j_l_eb W > P_j_ IHebk@ghMv ijbjhrguo dzZlzZkljhnbg_kdbo ijhp_kkt
khklhygb_ f_Ih”u hp_gdb ijh]jgkak] b lgapdl@iu ] _hfhjnheh]bb b ]_heh]bb
b Ij_~rdz\dZavy FZl_jbZeu F_""mgdhn’gh]lhfhkpnheBgby 1hj b jZ\gbg \azb
b \azbfh”_ckl\b_2 ;;,9 le_gmf =_hfhjnhetlbql:ikdhc DdEKK*Z] hdly[jv

] Djzkgh”~zj K -

P_j_l_eb W > LZlZrb”*a_ A D Dimip[eZ i\ eftogHfBazZpbb ihke_~kI\k
klbolgao ]_heh]bg_kdbo y\e_gbc b mklhcgb\h_ jZa\blbaZlkjgpo L_jabkubc
"hdez”h\ ,9 F_""mgZjh”ghc dhgn_j _gpbb ©MKkghuogd\hjblhjacblbjh[le fu
j_lbhgzZevgh]l]h khljm~gbqg_kI\Z b j_]lbhgkggagloc jZitdlglbh\dbezr"bdz\dZa
- k_glyl[jy Uhf seZz"bdzZW@ZXafZjdh? -K j_a Zgle

LzZIZrb”ra_ A D ;hg”Muj_\ B < P j I eb Wg*jhiBhfog&E~ab bg> g jgh_
\ha”_ckl\b_ gZ ijbjh"m mj[Zgbabjh\Zgguabtk j§plhjthdoogggZy ljZzgknhjfZpby
] heh]lbg_kdhc Kj_"u FZl _jbZeu F_ ""mgddtMgdckdhecZzmagdlyn _j gpb
(1 ?2dZl_jbg[m4] ~_dZ[jy 1 ?dZI_MeAmj] K -

7TDWDVKLG]H = . %RQG\UHY , 9 .KPDODG]HD2 7K H 7 MW H WHBDA L
\HDU RI WKH PRXQWDLQVY DQG JHRG\QDPRF *HRRIRKHKPV HV_ hid R R WD
Dz\dZazZz gh\u_ b"_H®zZrhg¢gBYudhgn_j _gpbyPDL@WHUKHW ¥(y ]
L[bebkb - K

111
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P j leb W > LzZlZrbca_ A D OzZazjz™a_ J > DmpgZirZkghkH A
dzZlzkljhnbqg_kdbo ijbjh*guo klbobcguog¥\égmgbc DZ\UZdZ < k[ =_hfhjnkt
Dz\dzZzazZz gh\u_ b"_b b ih"oh”u GZmqgZy-EDb§©® j_g¥by dZYOWHUYQHW (
L[bebkb -K

LzIZrb~a_ A D ;hghuj_\ B < IP_ghlgphbNZeEIb\bazZpbb kibobcguo ijk
ijhp_kkh\ \ =jmabb b ijbgbgZ bo <h[kklj_¢&byobcgu_ ijbjh*gu_ ijhp_Kk
]1_hljZnbg_kdb_ wdheh]bq_dhkhbd h dhkhgp bkZddw ZkiBatlh GP WG:K
K 142—

LzlZrbca_ A D ;hg”ruj_\ B < 5 _jdhlleju Wiph[e_fu ]_hwdheh]bb ]h
jZchgh\ =jmabbhwdheh]l]by Bg _g_jgZy ]_heh]by =b”jh]_hehlkby =_hdj
K —

7VHEUH ODTXDO0Ohdlidze7 ODVWVXH7DWDAKKBNHQDOWKKHONKHXOLG]H
Peculiaritiesof formationof catastrophia@ebrisflows in basinof U L Y MU XBastern* H R U J Ud@urnalof
the *H R U JHDRB K\ Backey BsueA Physicsof Solid Earth Vol A P 45—

=jblheby = D_j_k_eb”a_ > O_jo_m@b#8alhfu_RhjjhkebhW gdb k_e_
jbkdzZ gz ijbf_j_ j Po_ghkpdZetkkdbc ]_h]jZnbqg_kdbc "mjgZe< 2[bebkb
K- lima j_aZghek

P j I ebW > LzZIZrb*a_ A D DmpgZr\b&ih\H_A g&PZy J| kebd@eW]bqg Kk

h[klZzgh\dzZ \ =jmabb b ijh[e_fZ kfy]J]g_gby ihke btkIkHdb ohifZkmy uokk\ he h]
F_""mgZjh"gZy we _dljhggZy dhgn_j _gpbgp®Zjbdghtjglcjjbihjbc khklhygb_

ijh[e _fu i_jki_dlb\ua LH&ahbkb=M K Zgle j_a jmk
P j | _eb Whih~gHzlZkljhnbq_kdb_ y\e _gby b ijh[e_fZ nyk&hmaib\thh jZ
ijb]jZgbgguo | _jjblhjbc :\lhj_n_jZl ~bkk gZ khgptkdZghhjZnd_b]j klgZme
L[bebkh=M K
LZIZrb*a_ A D P_j | _eb W > Dbdgz*a_: = shgruiwdBedh]bFhkdpzZ

ijh[e_fu \ [Zkk_cgZo j_d AZiZ"ghc =jmabb IK(hjgihdj ZjmblghdoZ Bkl b
1Z]jZlbhgb ihk\ys _gggubx kh ~gy jh " _gby ijhn_kkhjzZ >ZbyZZ <bjkk Z¢tbhgh
Gh\Zy k_jby <« L[bebkb - K

P j I eb W > ;hghuj_\ B < P j I eb GWe LZglghkbebebflzlbg_ kd
ZghfzZebc \ jZa\blbb wdah”"blygzfhkkgkhkdds ijbf_j Dz\dzZaZz K[hjgbd Ijm~]
]_hlijZnbb bf_gb <Zomrlb ;Z]jZlbhgb -ehKbxwskbguxy jh "~ _gby ijhn_kkhjz >
<bkkzZjbhgh\bqz P_j | _eb Gh\Zy ik[pebkd - K

P j I _eb W > Ozazjz™a_ J > FzfZzpZr\beb G K P_F2kelZ[G@ W L
jZa\blby kibobcguo ijhp_kkh\ \' \_joh\vyo [Zk&kv dpZhjiZkgh#lb kIl Ki[hjgbd 1]
BgklbIml ]_hljZnbb<ddmybb ;Z]jZlbhghb ihk\yse gldoxc kh gy jh "~ _gby
ijhn_kkhjz >Z\b”"Z <bkkZjbhgh\bqZkPjhyd _eb LGHh&Bkb K-

7TDWDVKLG]H = %R Q GAdiuldl écologidaV/dituatidMimiteltelritory of mountain regions
DQG ELRGLYHUVLW\ SUREOHRW LW R 8 PRDQAM DSUsEakh &bl L arity UsBvtitc
VSHFLDO UHIHUHQFHV WR &$QVWQUBE $¥+LD 1HWKHUODQGYV

P_j Il_eb W > ;hg”ruj_\ B < LZebZr\beb > L GZgh[ZryZébdlk =
hiheag \uo b k_e \uo ijtmhfkkphdRb\fhjnhkljmdkiaggZzh =jmaby aZ ihke ~’

e _|I< k[ Baf_g_gby ijbjh~rghc kj_"u gZ jm[_"_ lukyd&je”gbhaec dZmghc

dhgn_j gpbb L{PékkKb®Iheb]jZn? - K

P j I eb W > =h[_~"br\beb J = :ghgth]j_ydu< baf_gewhyZj=jmabb
b ijhlJgha gZ [eb Zcr__ §mHfhgnheh]by « Ka7—

P j Il _eb W > =h[_""br\beb J = LZIZrb”ra_#A bB"bgXZedqdr¥ddb djbabl
\ =jmabb gZ jm[_"_ ;;, \_dZ b ijh[e_fdg kp jlybddZ gu_ \hijjZiob g _t]
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] _heh]lbb ]Jhjguo h[eZkl_e=bd¥idbLkidhh]h ihykZ FZIl jbZeu dhgn_jcgpbb |

-e_lbx ijhn_kkhjz K I }zZe&yyyZg Zij_ey lhrz BpN\lZg=M
K —

;hg”?uj_\ B < Lz\Zjldbez™a_ : F P j I eb W >hgkdZzfy ¥\ J Mantpl\
Ehfbgzfra_ =2Z2\Z , =_h]jZnby ijbjh~rgh]h jbkdz RkEbn b=]bKldZn\bwghiyZ
\eZ guo km[ljhibdh\ BlhAgdBakdh]h j_]bhgZ L[be®&kb K

;hg~ruj_\ B < P_j_ I Ded2NIphnbdb_ k_e_\u_ ihlhdb gz X ghk[DzZ\dZa_
F_""mgzZjh~rgzZy -igZdldpgh kdZy dhgn_j_gpby ©HiZkgu_ ijbjh~rgu_ b
]_heh]l]bg_kdb_ ijhp_kku gZ Jhjguo b hjbydjgud_jghjljhl DZzZ\dZaz2 Dhgn_
ijbmjhg_gZedlbx koh~Z e_"gbdZ DhHg[jy ] L_abku] "hkeezZVbld\Z\dZ a
- k_gly]ljy ] <eZ"bdX\2lZa

;hgMuj VB < P_j I _eb W > 0ZjblhgZr\b&b e_\u Qife@Z "ekul\lk \_jgl
gZklb j_]bhgZ Rb~Z DZjleb kijm®IKy e IYwdbihdZlZkljhnu jbkd ijh]Jgha aZz
Lim~u F_"~"mgZjh~rghc dhg]n_lyldgdhpkéd k_glyljy ] lylbBgkikdImil
©K_\dz\]bijh\h"oha? - K

;hg~uj_\ B < P_j | De2MIphnbg_kdb_ k_e_\u_ ihlhdb gz X{gkf DZzZ\
F_""mgZjh~rgZy -igZdldpgh kdzZy dhgn_j _gpby ©HizZzkgu_ ijbjhrgu_ b
] _heh]l]bg_kdb_ ijhp_kku gZ ]Jhjguo b hjb¥djgubd_jghjjhl Dz\dZaz2 Dhgn_
ijbmjhg_gZedlbx koh”"Z e_~gbdZ DhedZ k_glyl[jy ] < "bdkyudZlade Z
- k_gly[jy ] <eZ”"bdz\dza K

P j I ebW> KZemd\Z"a_ ? ><hb?NlcgRP\\W KIbobcguo | _ogh]_gguo n

gZ ijbjhrgmx kj_~m ij_"lhjbc gZ ijbbh_jlh] iibfkpkthx k| F_""mgZjh~rg2zZy
gZmlgigZdlbq_kdZy dhgn_j_gpby ©OHizZzkgu_ ijjpdb”gu _héhlbggkib_ijhp_kki
]hjguo b ij_"~lhjguo |_jjblhjbyo K_\_jgh]lh DZzZ\dZaz?2 gk hde_ljb>g kimyhi¥bm ]
e_"gbdZ DhedZz k_glyljy ] L_abku ~“hdezZfth\k_]JgliyezZz~bdz\dZa
<eZ”bdz\dZa RA7-

*REHFKLD * 7TVHUHWHO&ED(DURERMDWKLYR@Q LR IUHVKHWY DQG F
*HRUJLQWHUQDWLRQDO 6\PSRVLXP RQ JORRGV DQG'BRGHDW HG W/IRF

DOQQLYRUWEKW\ *7ELOLEVL6HSWHPEHU TELOLVL 3
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IZdbo we_f_glh\ fghfih &hzitthxhegblv kibkdhf khdjZs_gbc k jZkrbnjh\dhc

Nhjfmedhe gu [ulv \klZ\e_gu dZd h[t_dl OLFURVRIW (T%RDWILRQ b
nhjfme_ :RUG JZlkikyeZdh p_gljm klljagBpazpgh]h hkkiphi\d"~ZIvky kd\hagh
gmf_jZpb_c ih ijZz\hfm djzZx Z 1Zd _xbfidkrivajkiecdond zZhdbagzZq_gbc ijb i_j\F
mihfbgzZgbmdzZzazgb f ~bgbp baf_j gby

<dhgp_ klZlyh[tHv ijb\_t_;@Z]lh”Zjlgltlb \ dhlhjhf ke_~m_I| mihfbgZlv e:
dhlihju_ ihfh]Zeb ijb jzZ[hl_ gz~ klZlv_c bklhggbdb nbgzZgkbjh\Zgby

HikuedZ gZ azZl_dklh\u_ [b[ebh]jZnbqg.ijkKcdh” bkdyeidhb | _dklm klZlvb
d\zZ~jZlguo kdh[dZo imlI_f mihfbgZgby \k_o Zblkljhdgh j& HENkijezdb d eb[h
i_j\h]lh Z\lhjZ b keh\et@b2"j fb@lkued_ d bklhggbdm k b [he__ ZWhjzfb
Kkuedb gZ g_kdhevdh im[ebdZpbc h~rgh]lh Z\IKkjZ "4 zhebgb] hf* [imé\qgzZdkI]h
barzZgby < kemqgZ_ hlkeedb Qpgklhgdmdh\ hgb ijb\h~*ylky \ ojhgheh]bqg_kc
jZa™_eyxlky lhgdhc k aZiylhc

NhjfZlu hnhjfe_gby hkgh\guo \b~ h\ azZl_dklh\uo [b[ebh]jZnbqg_kdbo k
KkuedZ gZ digbbreby BANH eZ\b_ dgb]b K\_~_gby hlghkysb_ky d aZ]eZ\bx
h[ hI\_IkI\_gghklb gZijbf_j j_~Zdlhj F_kiBapa1Zgbkl\Hhjph"w Dhebq_}
kljZgbp \ dg,]_
Kkuedb gZ ~bkk jlZpbx bebNZfih¢ by BEH]eZ\b_ ~bkk_jlZpbb Lbi "bkk_j

F_klh ba”zZgby ]hjh~ ]h~ Dhebqbkk\ hjl&iEEdbp
Kkuedb gZ klZIvxNZdgbby BHeZ\b_ kiZlvb AZ]ezZ\b_ dgb]sbKRky"d gby

aZleZ\bx dgblb K\_~_gby h[ hI\_IkI\_gghklb ma\Al barkZigby |HhjbharZg
KljZgbpu klZ2yb
Kkuedb gZ klZIpMxhthigq _kdhf ba'ZAgeby BHezZ\b_ kiZlvb AZ]eZ\b_ “mjg:

Lhf < KljZgbpu KBZIvb

Kkuedb gZ fZl_jbZeu \ k[hjgbd Ndhlmeby B\EibZ\b_ klZlvb AZleZ\b_ K|
dhgn_j_gpbb K\_~_gby hlghkysb_kydd afZ]leld\lbx*"EZ[lujgjh\_"~_gby dhgn_j_
F_klh barZgby ]hjh~r Ba”*Zl_evkl\h Jh” Lhf KljZgbpu klZlvb

Kkuedb gZ we dljhggub bidég&HezZ\b_ fZl_jbZezZ >We_dljhgguc j_kmjk

hlghkysb_ky d aZ]eZ\bx AZb&kZhh gbllglhjgkharZgby j_kmjkz 85/ zZ7j_
NZIZ h[jZs_gby

< azZl_dklh\u_ [b[ebh]jZnbqg_kdb_ kkuedb \dexmZkukyblkhlédvydiibdbp kdzby
ba gZmgguo "mjgZeh\ fZl_jbZeu dhgmbj pbgb]pza®keb ¢_h[oh "Ah khke
ghjfZlb\guc ~“hdmf_gl eb[h gZ klzZlvx \ ]Za_|I|_\ l[ehk] gKekZml_| bleb klb
bgnhjfZpbx h[ bklhggbd_ \ kghkdm ih HEKghdgdt kndibn bl jfleny xkky kd\haghc
gmf_jZpb_c ih \k_fm ~hdmf_glm ZjzZ[kdbfBopbrfjpdtb b kidhkpdikhd | [ulv
ANim]Zy “~hihegbl_evgZy bgnhjfZpby L dkl \ kghkdZadpdmlhjfeydklkn Z [
\ujzZ\gb\zZ _Iky ih rbjbg_ jZaf gtrjbnlz

Djhf_ ITh]h hlyazZl_evglZ\IhfdAdkykijzZ\HE"_j"ZdHynhjfZph[h \k_o
Z\lhjZoZfbeby bfy khilhy iheghkmwox gu_ Kkl _i_gv B _&\lhAgpd[hlu k mdZazZghb_
"he ghktihglZdlguc | _e-PohigDlhjkdibg” dku

GZZglebckdhf yaud[yazl _evghf ihjyrd_ ijiib\hnenMg¥y kljHg@apzZgby
[Z[ebp b jbkrmigdhi~rZjghikbbgZebqgdtbl jZIMKE~ jZsZy dzZd ljZgkebl_jZpbx
i _j_\h~ gZ Zglebckdhbr\llyjgkiddzy kijZjdzZwlhf Zglehyaugguc \ZjbZgl Zggh
(SEVWUDHeWN _g [ulv bgnhjfZlb\guf g_ kh” _j ZIv h[sigatked\ [ pizgedrad hc
jmkkdhyauqghc bbggtkizp j Z1I _evguf hljz ZIlv hkgh\gh_ kh”_j Zdb_ klzI
bkke_"h\Zgbc kljmdImjbjh\Zgguf ke _~h\Zlv ehjllzdh\ hibkdgby |
©Zglehyaugqgufb? gZibkZgu dzZq_kI\ _gguf Zg]e akd i dyeadrrdh\Z | vdkly f A ZHd[It _
“h keh\

lh~rjh[gu_ ijz\ipleZ » _ KWWS -VISW\GHURH UX LQGH[ SKS K\GURVSKHUH
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$EEUHY Lihoid Beefined at first mention and used consistently thereafterW K t lbHofD U H
DEEUHY LWWHRDQMVdupp@eMemédE) B VHFWLRQ ZLWK D OLVW RI DEEUHYLC
For equationsusea Microsoft Equation object or Worgfjuation H G LttAéfrsbould bdocated in the
center of the page without indentatiandaccompanied by continuoumsimbering (@@ WKH ULJKW HGJt
equationsmusk DYH DQ H[&fningBWYRREROV DW WKH ILUVW PHQWLRQ RI WK
If it necessary$FNQRZOH&XRIPEOMSOH JUDQWYV [IXQGVY HWF MKRXOG E
before the referencO LVW 7KH QDPHV RI IXQGLQJ RUJDQL]DWLRQV VKRXOG
Footnotes FDQ EH XVHG WR JLYH DGGLWLRQDO LIQVRWARWLRIQ D ZKH.I
LQFOXGHG LQ WKH UHIHUHQFH OLVW )RWWYHONHV WR WKH WH[W D
Cite referencesin the text bylasthname and yeariv TXDUH EUDBENHWWQFH FRQVLVW (
WKUHH DXWKRUV \RX VKRXOG SO DFFRHU HQWK B [QV | BB MHK WY & REUVD ,F NAl
ILUVW DXWKRU DQG ZRUGYV HW DOVKLQG\RRWHRGJIJHW BEBQW MH B U
place oftext SOHDVH VHSDUDWH HDFK UHIHUHQFH ENM Y HPVY AR ORRFH/ DX WK
same published yearou must separate it by letter near the yeariiH& HQFH OLVW DQG LQ WH[W
ReferencesOLVW VKRXOG RQO\ LQFOXGH ZRUKNWN KD WH DEJHHH B L B/ HEO
DFFHSWHG IRU SXEOLFDWLRQ 3HUVRQDONV¥RWPKRRXQQEG DEH. RPPH\Q W IQRX
footnotes 5SHIHUHQFH ® LBAAW DWOKROOEHWL]IHG E\ WKH ODVW QURMMUDIOW
references of author
6RPH IRUPDWYV IRU UHIHUHQFHYV OLVW
%RRN UHXWHKCRRUAISWBOH R&IBRRNBXEOLVKH@, \HDU S
%RRN FKDSWHIXWKRHUS GFRKIDWBWH BRI ,Q (GZWWOH RILWMBRINEOLVKHU
SS- 2,
'LVVHUWDWL B RWKRFUBHMEDFHHR 1 WKHWIMWW\7 KHDLUY, W\SH
Jornal article reference XWKRU $ $ $XWKRU % % S$XWKRWERWILWOXHWKIRER XU Q
YRO QR '2SS
Conference Proceedings refereneXWKRU $ $ $XWKRU % % $XWKRU & 78 WHXWK
Rl &RQIHUHQFH 3URFHHGLQJV GDW&LWQG3XEOEWMRAIUWKSHSERQIHUHC
Online document referenc XWKRU $ $ $XWKRU % % $XWKRU & &LWAMW RRU
Journal YRO QR $YPLODEOH DW KWWS H[DPSOH FRP H[DPS
For the detailed information aboutth DXW KR U V SOHDVH DW WKH HQBORI DU
LQIRUPDWLRQ
IXOO QDPHV RI DXWKRU V
DFDGHPLF GHJUHH DQG WLWOH
RUJDQL]DWLRQ DIILOLDWLRQ ZLWK IXOO DGGUHVV LQFOXGLQJ
SRVLWLRQ LQ RUJDQL]DWLRQ
FRQWDFW WHOHIRQ IRU DOO DXWKRUYV
contactePDLO IRU DOO DXWKRUYV
VFLHQWLILF LQGH[HV stiénBeHIXWF RUFLG ZHE RI
'"HWDLOHG UXQvl Ve  RY DQWOQFOYHKWYW ZHEVLWH RI WKH MRXUQDO -
DQG SKHQRWMWGD VIS\KHIRH) GH[ SKS K\GURVSKHUH UHTXLUHPHQWYV
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HYDROSPHERE HAZARD PROCESSESAND PHENOMENA
(GIDROSFERA OPASNYE PROTSESSYI YAVLENIYA )

=ez\gjycrzZdlhj zdzZ”_fbd Ih6]boB
Dhfivxl_jgZy \_jkldDZFEZBdZy

GZ h[ehh#hlh O OZc Zjh\Z

jbkmidG :DZaZdh\Z

Ilh~ibkZgh \ i_qZlv 2 Nhjfzl 0
ymfzZ]l]Z hnk_lgzZy 1_qZlv iehkdZy
Mke 1i_q elLbjz wda AZBBBB
<uoh”~ \ k\_| BB BB

Lbi jZkijhkljZg_gby [_kieZlgh gZwkZ &\GWRKHAYH UX

BarZl lHMH GIH ©=b~jhl_oijh_dla

] Kzgdl | _j[mj]-y ebgby < H ~* ihf g
>ey ihglh\uo hlijZ\e gbc
1 1 KZgdlLI_j[mj] Zy

J "ZdpbyZedg©=b~jhkn_jZ HiZkgu_ ijhp_kku b y\le _gby?
L_e - -48
e-P D lin@hydro-VSKHUH UX

Hli_qzZlZzgh k hijbdbdgle azdZaqbdz \ ba~Zl_evkl\_ ©E_fz?2
] KZzgdlLI_j[mj}y ebgby < H ~#
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