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WodwjlsapdBtsdzj j ftewds ds Jdzn S Olststetsds Mtsdzdzj ydzats?2 C
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fsmdzj HdedJ 50 dzjls, OHj CoOlsdets o tsffIctistdtsfgls'H d s | 4
COYHBA Mtsdzdzj ydes s yd ¢ dzj .
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tsB dzOtclzy d Is 1 CMistej BOdz! dz" | o' MsCsMistesmisdz § s
LSy jted Bj dels Oz dzg" d3 f SHIso j teidH jfpisfdgody fgissectds) dpy dopp@siRt
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dLiEzyjdedw, ftosddesL qtetso Odedw d tsyJ dzt d
{ sfpdd ({kOf 2017 csHO)
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| sdi3j e ctsfte] ¢ d s ILEAYOT2HI007H ¢ ¢ ¢
tECBotsHdIsjdz . H] Shsp.lpAl"idided OFC
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6.1.1 o j Hj dad |

1 Ofplstsw i jj dMmdzj Hiso Odzd J weo dzv j lsmw yomis:
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CiWdLds] d @it d. ot Gy ftesj ClsO Mtcj HMIso
ftesmMistcOdzMmise j dzdzz  OltcdBlzlsdfgdigdL dug BEBEOY G Otc B
yJ dz f sz yj dedw dztser A -ML WzOglzg 2 7 1S tc jdfpledinfrgdhidz: thzts iy
dMmimdzi Hiso Odzd 2 B dzd dmf sdz 1 Bs@Odzr ¢ Mshts -3 dadzs
stedj dzsdJtctso Odedz" » | R M ftodd3j dzgjdzdj 3 Mijlsjora s,
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FpasuTaunMoHHOE none: aHoMmanum byre
Raster Dataset
Tags
thematic map, Earth sciences, geophysics, Russia, TEMaTHUECKaR KapTa, HayKku o 3emne, reodwsnka, Poccun

Description

MPeACTaBNEHHbIE QaHHKE PACCUUTaHL Ha OCHOBE Mogend EIGEN-6C2, NoNyUYeHHOR NyTeM COBMECTHON oépaéomu A3HHBIX HazeMHLIX Ha0MoaeHUA 1
CRYTHUKOSHIX A3HHDIX, BXKMNKOUSA QaHHbIE CNyTHUKA GOCE no 2012 r. MakcMManbHoe paspewerne A0CTHraeT 1949 rapMoHHKu PasnoXesns no
cheprueckiM GyHKUMAM, NTO NPUMEPHO COOTBETCTBYET rOPUI0HTaNbHOMY pazpewernio (5'x5"). MNpy sbivrcaeHwn Nonpasok Byre NNOTHOCTL Nopoa
ronorpaduueckoro penveda Gona npuiata pasnon 2,67 r/cM3, a nnoTHocTs Boas — 1,03 r/cm3, Tonorpadua onpeaenfanacs Ha ocHoBamun baiw
RTINS ETOPO-2.

TeppuTopuansHoe NOKPHTHE: POCCHACKan Defepaunn, CTpaHsl BOCTONHOR EBpPONs, CTpaHy 3anagHon, Cpeanen n BOCTOUHOR A3un

Credits

DeaepansHoe roCyJapcTeeHHoe GroKETHOR YUPEXAEHHE HAYKW Meodu3nUecKil LeHTp POCCHCKOR akagemun kayk (ML PAM).

Global Gravity Field Model EIGEN-6c2. Forste C, Bruinsma SL, Shako R, et al. (2012) A new release of EIGEN-6: The latest combined global gravity

field model including LAGEOS, GRACE and GOCE data from the collaboration of GFZ Potsdam and GRGS Toulouse. EGU General Assembly 2012,
Available at: htty jem.gfz-potsdam.de/ICGEM,
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400 4 — PerpeccuoHHble Npon3BoAHbIE
—— To4Hoe peweHune

200 4

t dMEzdz&Ct1j h j ded j [k i@)sdzj dad W
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s j 6OlE0O

sin(t)
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PeweHue
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—1.0

—— MeTopa Kowmn
—— PerpeccuoHHbIE NPON3BOAHLIE
—— Tou4HOe pelueHune

0 1 2

3

tdfmizapBCt M J ded §

cos(t)

4 5

z wi@)e-dajtded

1.0 1

0.5 1

0.0

—0.51

-1.01

PeweHue

1.0 1

0.5

0.0 1

-0.51

-1.01

—— MeTo0a Kowun
—— PerpeccuoHHble NpoM3BOAHbIE
—— To4Hoe pelleHune

t dikz aesct § hJ ded J

syjdSd ¢C0Oyjmlse O

z i@)e= dmbldzd ¥

f tsdzlz yj dzdz" A
HdWWjtej dzydtetse Odad W)

ey jddiei"jdd] xstsfalte] MMd s dadats J

©jLEd lsOIsT

1 Issets MtecOo dgj dad W

e j dad 2

fntc O 9 ®zd ds tsd|dzts ji
tcj W04 G2tk [ o j th j dB'OB

v OB dZd Q0O 1 dtcQodgjdzgdj tjLbkdz sOlstse tojh jdzdw
L(X-%) | LK-%) | LX-%) | LK-x%) | LK-%) | L(X- %)
g 39.143412 | 0.376609 | 11.116218| 0.107059 | 267.857404| 2.713228
sin() 0.181393 0.006691 0.021089 0.001290 2.000000 0.068076
cost) 0.314162 0.002618 | 0.041888 | 0.000609 | 3.141593 | 0.027784
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sO¢ E3J Bbdj yodsm! orfhj McezOGfisO@d Pl @ dinl
o o' BlOdzlzs? Rjtej BRJLBM]). )} 6iktsdz ol dsf:
COud msets teghjdedw. [ dzv i) ssng)+reg) § gd3 & @O dzdzy ded
L &zOYj ded v 5 ff s5T0@)L Ols j dzv  ( teq ).

1.0 4 — sin(t)

— sin(t)+wym
0.5 1
0.0 A

_05 4

_10 4

PeweHne

1.0 1

0.5

—— MeTopg Kowm
—— Tou4Hoe pelweHne
— p=10
— p=30
— p=70

0.0 4

_0.5 4

-1.0 1
0 1 2 3 4 5 6

tdimzaa=cr § " J dzdefo o dzixithe sint)+elt)

I kOoBtRYjedo jHjdd tjLbkd OIST MM©Oodzj dzd™ tejh
shdse j tojctej Mmdsddy & f tops d Llo ssHEE d2g U jteddd jtc O tet@{ouddg
xit)=sin@t), x i sHdzts dL toj M j deud)esipr@d)dzj dzd v

v OB zdORO uwtcOodzjdzd) tjLblzdz IsOlstse ptej N jdzdw f tod

X L,(X - %) L, (X - X L(X - X)
stsh 0.275219 0.040904 2.916814
p=10 0.192984 0.039018 1.921600
p=30 0.167276 0.032700 1.706131
p=70 0.167189 0.032672 1.705344

105) esyd MM" GBtOL S OdzgdW OL tetsL tsdzj 2 9 Mzt

REdsMY jtody | 2O esLtsdzd o L dzOydlj dz dzgs?2  fls,
L dzj ClotesHddzOBd Ui MSd) ROwLOSlkjwdmisdSd L j dds?2 d6
ks {6 (o djdd] &jisjttedsdsets ojh jhnss O
fjotwOhOWf:! o Ok, Ctktter?2 LOjd StdHj dhdtl,

wlkh jlsokzy hdj HOddr j (sLotbdvsls L OCds ydls! , ylst
YyOmisdy dzj 4 Ols 51§ kM zOA LS Qv ©WOMY toj Hj dzj ded v
Lo jMisdz®. ' o HOd dgj2hjd BEHjd& dHiisd Lt

Zse OtedW di3d ud MS d deste B3Oz detsy d Mmisg ¢ § dedets § .
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[Mdeso dz" | EyOMmlsdedSd O! tetsL sd dds & fif Gedsdy | B)ftsis L
yomilsdyr , sdeaze dteg Jtsdz OL t5ls ©)-r ddi3q1ude M lsftg s dfr O tc O
Eyomlsdzd S so Ol tetsL sdz! dz' » ftetsyj MMse0le dodesmMW j to

J HOdz! dzj 2h j o5 3 ZHjdzdd o dzd ©30dzd J fpdzj Hize B
ftotslsy COshdds o dedydedrm Mdzswin JsdetsmW §j o7 .

11 OteW H QL@ ddidgs: YyOmisdy

2.1 OMftejHjdzjdedjy yOfmlsdy 5 L OwYHOW

3.stsdzH § &zl Oydvw disdzj Sz d20 Y tso j tem dzsisd OL tefsL &

4.l LOdBBHj2Mlsoadj O! oL sdz dz » YyOMmlsdy M 1 dzj €L

51 O0fmMmjwdd d §tcdshjddj + dj¢ Odds@eydedisfd’ ~ ¢

6.ABIssSL OeWHC O yYOMmilsdy

7.6 dzdzj SIsdodsgr | BsH' oBLddCO8hdj BEZOGKSHOtGY |
dodesmW j tog .

106] So OV WistedkzdO Hdv MCstshisd §sdHj dhoyd

dtcOo dzd Isj dz' dgts dzj HiAYafdits BH tddz Glftti@ | Hfdatsdigj Hig dadhff) tef @ BOLS |
fslstsC d, i sdzlz yd dzdz" | 9 H di3widg S detEzdetEalg d3d § W p BB 2O
Zzd BdIsdekze h j2 MW jter SftejHjdzvdzhy dL IIstcjBtse Odzed J
Ctoday] def tc OYtsdzH j dzlmdtelzs h.d 7 ifwWs O d3® dejteldizddzO gdsd J Is t
ftoj ddi3zh jMiso OLtjug) e3dd igPzgzyi , Is. €. tjLEkzd IsOl or
HdWWELdd d Ijtfdsekzsr Metstsfis!, O dagj yYjtejL Hdzdc

L= Py

1+./1 +av. /2DY

ClsO Wohtedzdz dzO yj dz ~Btesh 5 otMftesdL otsHdIls |
CtsdzH § dzlmOyd (.

107RE®! oL 5d dats] oL OddksHj2flsoadj o d1sdzesfh

t JStsdiBddzZOyYydwY cEtteOLHS BBdzj | Mdzsydsr 2 f(tetsyjf
yomisdyd HBdJjdz fBlsjtewlis! yomls 1 dgjeedd IOC,
ssdz $ 5 fsmdzy L Istsets ypde WOMEFyYyp2Is! s QOED Of tetsy g
ftedmizlsmise dd Istcj Ist j 2 yofmilsdyr -disteffisydas ) .1 st s
Mtstslse jIsMisolzs M jj orteOyjdedj Hdw %W jClde dzsilsd
f dztsls dets izt f EOL B . wtso j toh j dzdats W Mdztstsy julilsis  dtadj jSlss o3
tcOmMMmMlsswdedwrn dzgj ftcjorhoOshdn Hdzddlkz fmeotBBHABSEE
] bktejls': dd5 lsjdetsdE dsdz Hisdzy jdz L Odgvls! gL Gtsdzj y O
Yomlsdyo sCOyjlsmy dzj Mmiss2ydesr &3, d Jjcets Oyl dzd
dsdz. v OCdd3 tsBtOL s5d3, 90y dets EZMlsOdztsea dIs+ 9§ dzd yd dzl
ftodBdzdL dlst Mmw , Ylstse ’ B' Is! LOro Oy dzdz" o3 yOMmisd y
BkzHjls L OadMmj s sls tOL dijtcO® yYyoOmlsdyr . 1 sd-yd dzO
Bz Cdzv odzséts Hody jdedw dtsdz dzj -bipls Bl g 2@ s ipv L
dzj ftoj di3j dedets o tsL 9 teON Ojlsmw o HAWWEkL dsdedzzs L sdzlz.
Cslstster § fijteiMmjCOels o jten desfls! yofmilsdyr , B G
fesyjmm. [sSheegjddtijyfs oM btojSbsttdd M tited
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9Cd&zZOH o9 1 WWjCIlsdo datsfls! tej CtsdzB d dzOyd d . r 4§ 2mlsed
Gz tsS 5 & Chkdzsdeso mMC ks whkz jMmk! yjd' BOdzs " O
By jls ordzjlsjlss o fifldndloj Isfipe ts dstisiilz’'Cds tsif toj H j dzd Is
Hitsdzy jdz ftededzdL st v dsdz yYlstse " BM Is! L O o 0Oyj dz
sjtstedd MhdoOdedw ftsltsSCtso. (jLikzd sdqtekzsh jj or tcO;
9 G dYHdIs Byjdz fsmists

a(a) = 4pDI ’
1- exp[ i, /R(@)]

GHR@FAD/v,. Y HOjME L W W dydjdls HAWWEdasdnd i fsdzfso
.=€’/kT T Skdztsdets® i€ OW  H dzd dzO. Clsts or Oy jddy MO
tcOL d3 o Cslstster R LOM] Isdets  d3j dz' h J , YJ @3 H dzd dzO
or Oy Jjded) otMmMftesdLeotsHdls dL o jMmMisdzze WesR@zdkzEz [

5OCdds SBEOL 5d, fot©d BE¥PE UBBHEY YT < WWjSkde ds
LOodMdl &l ©OL &GO yofsdy’ .
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11 OLtcOBSISC O 3y ssHBsB9 OdZOdZdL © d f(tej H
ftiosMistcOdeMlise j dzdz" = HOdzdz" = Hdzv Isj d3ZOIs d-
shdzse ] Mo tojls Aas ktsq Ry (L sOf 2017 ¢

1 Bd3j o dag@uidif o RrRu -20060Q07 0145

L it ctsMic] ¢ inds lLEATOI2H1007H ¢ ¢ ¢
teCtsotsHdIsj dz | 4 ¢j Isz3@dzso H . |
Jlso jIsimise j dzdz" 2 d MY tsdixdzdidr jsdz'O:Mm dAts.§ dz.tefis.0,

111 o j H j dzd §

1 Oflstsw h 2 ftotsj Cls or ff tsdzdgw dzfpw ) tcOd3C On ]
"Rdzls | dzdzj SlskzOdzt dz" 2 @ OdzOdzdL <G itsWdLrdud MSdr H Odzde
CisWdLde®fnd Hso OdzdY 5 fsjSlkk Br dzd dzOf ©0Oo oz
Bz sHdMydf dzd dzOtedzs?2 B OL T GjBHOddz = 85 cjitsWdlL
sWtstcdidzj d2 © odHj Isj B3BOdyjMSdr ydqWteshtt j € I0Oteds,
st B dzd € 59 Odzdz’ 6 ¢ to O Woddwnj ifn ¢ @ tsks Wind'Ltcch & @Ot di3d tc s 9 O dzdzO v
sno0Olr 90jls hdesCd?2 dOBtstc ¢ jsHOdd =7 s WdLd¢j
d Ht. HdMydf dzddkzodk. vOo¢xyj B" &ZO ftetso jHj dzO HBHJ
t OL OB IsOdzs MY j Yy ds@BRdeLOR tgzyg] Mdedss |  f Qc@telzts X-fi) @2 Is © H dz!
BN HEZAdZOtH ds?2 Mmjilsd HOEBRMASNETS dzOB dz¥ H j dzd 2

1121 Ofh dtcj dzdj € Otcls ¢ to O jdaili FiCdsE@® fj o d O
1121 W tcso O S OtlsO BOcdzdlsdy 7 OdzsBOdkd?2 &BJ te:

JdlssmW jteder § dBOGcdzdlsdzr | OdesifOdzd d j stk Od @f 56 tsd
zdlstsmW jter . s Otelsr BROcdzdlsdzr » OdesBOdZd?2 5L o sdzv &
L 4 d3dats 2 Cster . | d&zsB Odz! dg' j COtlsr B3O G dzd Is dz" ~ od
siSClsdedSd fdzdls, 9LOddiBsHj2Mlsadwy Ctste’ C O ddzlz B
HddOdBdSd | J dzdzd . O totdgits Isf SD MSACMD  d3j Y H Z dzOtets H dzts 2
HsMiskEf dzr » tsCtsdtsL jBisdz" = d MfElsddSser 7 HOdE - f
LOf kN jdz & 2003 ¢&. d ©® 2007 G. B' &O orf §kh j dzO
sOtls® BOL sz j zthw MEZ®. | 2010 6. dzOyUOdZOM! tOBT
o jtedd COtlsr . 1sMdj fesisyHjddY mMhsyds?2 §isy,
sWdydOd dzts § tej Hfls OoXzj dgOdz dte Qdiz qoARMRGID fiRtHPo dgpocz2 § 1 5
o 1t0Ocj(, odd)s dw

11225 Otls® ®Ocdzdlsdy 7 OdsBOdd?2 1 j Bdzd EMAG2

I iLkd lsOUdn dapjif€ sd®e slsT iy HEZRZOGESH dses Gt
2009¢ . Br d&z0 ftejHimOo dzj dz® BisH j dz Cstesar & BO
sBBL dOYyjddj EMAG2. [ tH,j d EMAG2s Ods' dirds Istis®@ IH tdzf Byt
Bisdzj j 100 §sMmlsOeah dCtse HOMMd » Mt omjcét &dteo.
OZOd&dL O MikkddStser 7, &steMSdr d O! tes®OC dzdlsdz A
BsHjdzd MtsmhisOodv jls 2 d&ddkls’ HEzed. 1 ROjllsr wg .
o jteimdw d&sHJ dzd .
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3 ‘ P ek ¥ 2

t M@ CAdW tctso OW C OISO dBOG dzd Isdzr -~ [Dyesdgatzd 2 d3d to
2015;Lesuretal,2016].) L 2OdzdL Oydw MmMtej H Msgerasdy 6 j s Stels

[ OdzdzOW BsH jdz@ Wodzw jlsfpw HOdz dzgj2h dds fMmkh j Mmise
EMAG. [ BH j dz ENMAGRtsdy jjtcMHifls Odz dzts slstcOy O Is  d3C
sCjOddyj MSdr tjedtddr dd btydsgj &BsHjdzdtekzjls ]
l otsistcOdzMmis o j dedafstg H jtodf el O G yaf i MsMisOoa dzw jIs 2  i3q dzkz
Hisf sdzdgj ded j I3 detso 52 o jtefndd wWodzwe Isfqw Mmjlstsyds j H
5CjO0dJUuiMSdr tjcdtdss. 1t oL dBsydshisd, B d
Ol es®Ocddlsdz & d BstmSdrn  ds@d dzd s wReggiSs) daffusidiySyony
tcOL toj X 4 dzdz’ d3qd stcj ¢ Odzd dzOB dz¥ H j dzd 2 ftocso tsH d dzO M
Hdzd dzgdzs o sdzdzsor j L dzj d3gj dzlsr (BBdZj 4 300 C€d3) B dzd
MY kzlsded € 5o BIR7. dstsH j dzg

AdWteser j SOkl WDMAM d EMAG2 { teHzligk Do dzPdzd
ftso jton datsfls! 1 4 d3dzd sftejHjdvs hdr L dOyj ddw dd
or MsE4C d dzOH Ektetsodzj i3 dBstew Misslse jlsMmise j dedets. R M-
GeoTIFFB " dzd d i stelsdtctso Oder o tslsHj dzd dzz® 6 W BRdgOdslz &
gdo ESRIArCGIS 8 d W stcd3dzj dz ® odHj MmMdzsw Ry M ftsf
COlstsc OV d YmSERd"da@te® dtbye j 6 1A t 01 .

1131 OfmMh dtej dzdd WEkdeC ydoodzOdz dzf » o tsL dBBtsy detsmlis j 2

113l lsteC sktcO ff totsc to O dzd3caE OE déistsidpt? drjsCofigff@  Hndzw

[Mdeso dz" &3 Mtej HMlsoatsdz HdzW oL OddBsHj2Msadw M ¢ J
t 61 Wo dzv justdipij dzb d Btse Odzdz' 2 e toORBd 2 & i3l dzj
kj BOdYUjMSd?2 cjcfsklsOd L HOdd 2 ¢ ®&dgld%h do
ogMjto jte. [BNhOW kftetsh jdedzOW Mo j BO oL Od BsH j 2 Mlse
to d ) 212, j
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BeG-cepsep

Cepeep B[ MMC-cepeep
HTTP KAMEHTCHOE NPHAOHEHKE
REST

HTTP
Cvel LAN| | KapTorpaguueckue *  WMHTEPAKTMBHEA KapTa
K> CEPBHCHI ::D MHCTPYMEHTbI <::
basa YNpaBAEHWA CJOAMM
reofaHHbIx

Cepsuchl
* ANTOPMTMEl AHANKM3A Monk3oeatens
recobpaboTin

t dMzitB8Cun j BO oL OddisH j2Mlsadw 1 dzj di3j dzelstse €

10 Mmjejtey 17 tcOL o jtodzklsts WORdtsoats] ~tcOdzd dzdh
FftcOodzjdzd j &5 LI SeMiverofafpr eS®OL | BOLJ] ~teOdvls
Mizsd HOdzdzr » s c¢iW¥WdLdS¢i d Htkzedd Isj BOISdyYd:
(eiHjLdY, @jtdascdw, §tsdjifdeyg] tdnisyOgds jis dst
Hsfmiskzd ¢ f(totsfistcOdzMmlis o j deig vdflso &digdz’ gy  off zB 4dgd & @ 15 df)
COtelstsctcOW duyj MSdn mMjtcodmtsoe . lLOddisH-N2 b g B d&3 o
sizh j Mlsodzw jlsmw 5 L OMNdH jdzdets? dztsC Odz! dets?2 Mmj Isd.

1 sdz' L s9 Olsj dz sBtecOh Oj Isfiyw ¢ HOdzdz" d3d M ff t5dz
cOL o jtocdzzlstpjctcodeg® j dzj ¥g tcficsdmMrosHdls ©BOh jddj ¢
MjtcodmMOds d MjttodmMOdz ¢ j tstsB tcOBfipjstEed], to jtstf zfpdds C &0
sfdzsodz" 5 ftsdz'! Lso Ol jdz? MCddz dJdemstckzdzj dzlstsds 6 j 5
ftsdz’ L so Olsj dzs M dMsC HisfiskzY dzr 7 O d tets ) s e dzfliplizalzjj d
GjtsBtOBISd, (bt doyds § ddd ftoddjdvis: .
tcOMh dtcj dedé WhkdeC ydosdzOdz! dz@ » oL BBsy desMmisj 2§ tod dzts
WedeCydd fsdmMS O HOdzder =; ddefistelzdsj dels™ H dzdzd BOB SIS
fdzsh OHj2 d BitjHjddd] SttttHddzOls Istsyd ¢.

1132.R dzls j 6OCIsdo detsj S OtcbscteOW d yj MIMOR sPed dzts y
By HEZ@OEH ds?2 Mjlsd BOcddlsdy & dzOB dz® H j dzd 2

l 2017 6. 6 fjHas)yjddt GkzCSoatsHMISO O BB YHE
INTERMAGNET B" dzts ftsL HOdzts ddzls j 6OCIsdodetsj f tod dztsy § dzd §
sBfjtco Olststed 2 fmd Isd dz0 COtlsj H dzw MR flsMiso
INTERMAGNET (http://intermagnet.org/imos/imomamag.php. ] ftej HT HiEzZh j 2 9o jtefMmo
COwls® ftojHMsOo dzWw &zO MtsB 2 FJtesmMists] tOMstesoats] d
dzj zHtsBdg" A3 tojh jdedjds. 1" dzs fftoj Hdzisy j dets ftsL H Ols!

sBtcOh j dzd W ¢ BOL J§ H Odzdz" | M j e O j 2 digf tcOo t
sBfjtco Olststcd 2. td OdzdL Oydw ddzlsj cOCIsdo dzse s ff tod
BdBdzdtslsj €d ArcGl S API for JavaScript. I BMj to

JLBBEOY jddjd { BBdzj &5 MMilsd | NTERMAGNET. g dzw €
H s f 15 ozdzd SQjlscis dBizls o @ dzkzs o dat St ROy dEL3). € dzd C dgzo 5
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http://intermagnet.org/imos/imomap-eng.php

Magnetic Observatories (Map)

Name: Arti

Country: Russia

IAGA code: ARS
U Institute: IG UB RAS, GCRAS
Vilnius GIN: Edi

Co@hagen

@
@ Minsk
Amsterdam flin Warsaw
gne " @ @

Npubnusnts K

g @

® & .8
® 1.

L ]
BL F e, HERE, Garmin, NGA, USGS | Esri. HERE Rzl

A large number of geomagnetic observatories throughout the world are members of INTERMAGNET. All these observatories send their
data to Geomagnetic Information Nodes. In order to become an INTERMAGNET observatory (IMO) a strict set of conditions must be met
These conditions are described in the INTERMAGNET Technical Manual. Go to List of IMOs to follow the links to individual observatories
Details on location, instrumentation, type of data, and more are given in the pages for the individual observatories

Map provided in collaboration with Geophysical Center of Russian Academy of Science

t dMEz#a8Cl dzj hded2 odH dJdasjtcOCIsdodetsets C OtolstsetcOW

ddzls j @2ds © BB Y HEZ ZOteBH dzs?2 Milsd BOcdzdIlsdzr » dzOB C

(http://intermagnet.org/imos/imomamg.php . 1" L o Odes tsCdats f) d3j IsOH O«
tsB fj tco Of sl AES)

11.33.R dzistclz d3j dzls' 6 ssBiOBSISC
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ddzhistezdzj dzls tso CJj SB®@OB S lisdn.ls O dgeizsls  tOL OB Ols™ o
Odzetstedlsdiyr bftsdktsedy MEs2 Wdd IsteOydd d S-dzOfMmlsj t
GiWdLrdyj mMSdr HOdgdz =, sfdztso Odede" § dzO [ ¢ . 1 O
COsOdzse SCtsd3lf dzj S MO 9 € dz yJ dg "f fypdyg dddtists ] id2'DP&G st Is
[0 et al., 2015 Soloviev et al., 2019 . J 2017 G . B' d&z ©OL tcOB SIS
ddzmlstezdzj dzlstseo  (t o@dz®dzckL) O C a2 Isde@idsteds' dzts e s ff to  dzte
&ZO Ctlstste’ 2 B Iz f sdzzyd dets Mo dH § Isj dz! figeldsedass ofts 6] od dzl
Hts. |, 2017 . )| 2017 G . O
DPS |Agayanet al, 2014 Nikolovet al, 201§ B'" dz OHOff Isdtetso Odz HdzW tcOB
tcOMmisteso ™ &3 HOdzdzr 3 d HtSBOoadzjdz 9 COlOdZSE OdE s
l cOMmistetso ™ d©gd Mdzsw &3 ¢ j sHOdzdz" R, L dzOyjdedj o ¢ O
stsets ddzd ddesets WdLduyujMmMitsets OO stcO® (o dzt j !
Gl Oaydils@zdzsc 5 § tsdzv , BOG dzd Is dzOVY OdeszZOdzdwY d Is. .
wodwjlsiqwyw jet M smtse datsmls! 9T Hj dzw Is! ZsC Odzd L 59 (
Ld&Oyjddwvr dBsekls ¢OLOIls Mw HsMIsOlssydzs MdzOB " d3
dzj UJ QP BARYHO ,d ~dzo thdtsej [ ¢.
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HOOz8z d tWOMh diejdedy + SMY J ted o3 dals Odz! dzts
BOcdzd Isdztsets fsdzv ( jdgdzd (L sOf 2017 ¢

1 Bdi3j e toj edMmistcOydd -26166080 A ¢ J :
L it ctsMic] ¢ finds lLEATOI2H1008% ¢ ¢ ¢
teCtsotsHdIsj dz | 4 ¢j Isz3@dzso H . |
JIso jIsMmise j dzdz" 2 d frHf dstelgdididdy e@@Q Iz SLjO dg. A | ¢
Yot stets. dpppsdzse ! j o
1211 Oy 5L dzOo Odedj deser 7 oM dzj MS o GijSCtoBEts
2015.0
1211RMAaBHAZ J HOdzdz J

1083 tOMMd3OIsted 9 Odzd My H Odzdz" J GdzsB Odz! dzgtsGgts O
199101201 5. 0. [sBstc tsBMjtco Olststed? fteseotsHdddzhvw
17 ftsdzdzr 7 dzjls HOdzdE2D 15 O0 i jwfdtseBOARPLEZOY " Jtets
ftcj Hj &zOn N55 GlcOHEMtse . 1 Od3qd tcOMMdzOIsted © ©Odzd )
R1o(tfol1ru d HOWRGRUBEPEESEO] ddh! tdd ot
or M ddy MSOdzH OISO ¢ OyJ Mise O, ) smtse j dedzsmis d
ftoddeydt d Odz! dzts H dzw ssydsets tOMyjlsO Juvu. 1 4 Mc
Ctedlsjtedjo, LOYdMmd dzj Stslstste’ n SBdJ tep Plisdsts d 2 O Misadg
d f otsB dzj dzdz" - gL d3d e dzd 2 , Htsfisd e Qe h jj 20%
tcOMMdBzOIstcd o O d3" J H Odzdz" | B ' dzd mMEtstetej] CIsdtetso Odz
dmf sdz' L s9 OdzOMy! d dz¥ s to fy@nddMonthty IMeaBsDatabase{ Ghddde! -
Telal, 2007] d "Wodd@ide Observatory  Annual Means
(http://www.geomagbgsacuk/data servicédatdannual meansshtm)) . ] toj L zdz' IsOIsj
SlssBtcOdz" 56 tsBMRYcs O@LRd( g Mslsste’ = ¢ tod d3j dzv dzf
BOLJ GtOo dlsOyd sdzdatc [Bgayipceatz@y, 02004 4 ] HdzZw teOfmyd Is
SIsHj dz dzs Hdzv COYHB2 CtdRYftsdzj dzls' .
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t iRl vojternk: COtlsO tBMjtco Oltsted?2, HOdd j SCtis
tcOMYf sL dzOo OdzdV¥ G dzsBOdz' dz" = d toj cdBdzOdz dzr = o My dzj
WiEdzC yd du demay) Civdditiis d H Odedzr 3 e fjets ddzsy j Miseo O B M
A=2 dzidgge ©) d jottsf j2MCdr B M tcd(Chisftda@o20)Y.tc d
sddzdd d CtOfmdyr j MissdzBdSd BGlsteOy O ls j 3 d&zd v ydzr 2
d?B/dt<IA ( slstcdyPlsg bipf dzj MEBEL>IA )( ffsddtsy dIsj dz' dz" j o Mt d
Motslse jIsMmise jdzdes. 1 d¢d ma MoadHjlIsjdz Mlsakzels & o Mt

2006, 20009, 2012 d 2014 cgc.

121.2) dzsB Odz! dz" 2 OdzOdzdL tOMY L dzOdzdz = o MY dzj iy

[ dzw tcOMYy sL dz0o Oded W oM g sotsB MY tcofCds s l3fidls  +
Csi3f sdzj dzlsT d3r pootsHdAB LOsadMmwhizs s otej dgj ded
sftedHjodvdBze COC sy ds tsBMmMjteoOlssted2 dL  yd m
LOHOdzdzr ALPSEOHHT 2 BijfmMwy. s0OC BEHJU" of @sClOm WO datsd
COLd 7 fHMBhRSY jMss tBMjtto Osted?2, 6l toj ¢ dsdOd

s O¢ o dHdets 12d,L mend i H dzW XKsofizy, s dzff el ls tcts§ dzdz" J it
sBMjteo Oststedwds, ddsjsls dztsC Odz' dz' j 002, 20@6s AOPIIIDIRT o
d 2014¢ ¢ .

Clts Wy dzwjolsdhf &5 YtsHIsSe jteyHjdzdj B biets, ylst dzoh
ftsor hj dadzlz® 1 dzj e lv dzO0 CcdzsBOdz! degsds Ektetso dzj |
sBfjtco Olsstedd FROLOSkjtedL s s tctOded uj dzde o3
fsCter sdjdg, d Juv dzj f tc@dadiajre-Gyiine v o ¢ lrE B jH 515 &
' 5jCOjls dL ket WOCKO, vyt djotL sy dts §esHdd
tSH dzts 2 Istsy¢< Jj &Zz0 o jterndesisd 1 J d3dzd . [ HO |
HesdR3d dzd ezt s © MmdedzOdzy 1 v, HJIsjsSilsdrfs Hsj]dsits def Lda@hfrpisde
MdedzOdzy 1 v ZOBEdEOHH] yd sdydHdafstelzs Is § tosd3j Y EZlssydz J
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fMisjtfjded &4 ¢Chtllist, MausH ts2 61 4[] . R dzlsj toj Mdets tslkvezj Isd Is
ColBf sdzgj delsy dd3j s ls oty o3 dedets? MHoadcE sls dzj ME sdzr €
slsdetsh jdzd¥ € tcOdzijJ bEMlsOdzeso dzj dgdz" 3 1 f s- O3 o MY dzj
Bsy s BT IS MowL Odes M ftesH Az j dzd J 3 -deodglstafr  GHARO
ftsoj terdgsdgded] d ¢ tetsW o dzj dadX disy-&t S dffistdedgjdglidaitiste g ¢ s dz
tcj cdsdzOr dO o jten desMmisd, yls s, o Moty tsyjtejH
WdSMmMdtetseo Odzdese s dzOB tstc© B M too Ols ts tdzd2s1Q .M Is @] MsjH dzts te
Hi BsdzMmistcd telz jjls Luydp@Sj @ s fiptfdatfj MC tso 1 v X Mz tstsdA €
LO f jtHBHL22060c. , dzts d dzO o fMmjd3 ttOMMdBZOISted 9 O di3ts
BjstsH Ctetej Slsdets HjlsjSCIdiolkzjls f tsdzv tcdatsfls: o Y dz
G dztsB O dz! dztd df da¥ istcadg@sdste, OWE dzj MtHjty dlsmw o {1 dzj g j
By jls Briksy Iktsdzr ¢s5 otsMmMMmisOdetse dzj dzO  zls jdz dels@wls s G
lted kZojdzduyjddd Hsttfd)d (@’ His] &S dlzufds @dgtao W Is fiyw
2009 d 20-0B®&ESEd gL sicy@jdigl s e Oy do 08 Isfyw  ( d
ZC sl sdzj dzls g ) . Clsts MoadHjlsjdz Msokjls 6 Istd, Y
fstesetso’ d3 LidaOdgy defsdptcj Clsdesé s HjlsjCIsdtetso Odad W
tcOMMdzOIsted o Ols' dzOBtste IsOCdr L dzOyy dzd 2 .

1 Y lsr toj dzgetg§ O 1 e fMmtf( 1996, 1999, 2002 d
HilsjClsdtokzs IsMX-C sz owlaj dadss ftoed ko j dzd yj dadhdts 5is te ts G
dzv dz/?6 S H] Mdtslstew  dz@ Ists, Ykt din O®Rf dzdlskzH O fMmisOdzts
2012 @66., Hts OB ddlskH B tsezzy j Mtc@g dzgd &MY dzgzdh € H @9
i SdZSstels d 20 Bj dzj j whdzOw, Is. ¢. OBfadlskzHr
ZtsC Odz) dz' | BOSCMHddBzdy MEElsy f gk £ Otj Bdawn of £8O2 ts
2002 @6¢6. 14 dOBdzs HOjlsMw dBEETMHJ Bad® dagh dai j BQ tzd fi
Yylsts, oL @y des, ¢ jBEtOW dyj MESHsidYLswzp dzlsif dz@d Bl tsddf
ZOR sSHWIsfqw  odzgj B dZOMIsSj2 tOMYf tsdztsy jded™w o7 B tcOdzdz
fstotsdtso a3 L dzO Uffj saftc dats figdss'dz/ o dsH sy  IMN9 7y ety HAZQ Isdnwa
X-, sOZC i tsdzj dzls j .

1213t j € dsdz0dz dzF 2 OdzOcdzdL tcOMY 5L dzOdzdz’ R o MY oz,

r dzw tsftejHjdzjdzdv tojcdtsdzOdzy dzsets teOMY toj HJ dzj dac
OQdzOdzdL mMA BHjdz des 5 COYHBRBE JIORKEFIdg® d 2
dlszOdsdyui MSd2, [oOsfPBMSIdOLJOEEE d ¢ofmstd
tdeddzOdz! dzr | d fpfiEziizsygaNB@ded®® = BMjtco Olststed 2 f 503,
dmMzdli jLEzd SO §iojHMmsOb fziz@ MEH JSOB RS Y § dzi s ts
&ZOoOdzd ydd dzOdetsdzj j Efmsts2yder s eoeMmfdzjmEétse Juv, ofd
A &0 MmMtslse jlsmiseolkzs h dna mAds OtsBlsOfR J f oW tedesdols)d
fsdztsy dlsj i gtz Glsted yOlsjdzr dzr ). 1 ¢dldkzOdsdyj Ms ts
Efsts2ydots HjljSlsdttseo OBL tsdgtf MOl ji.5 RO 1tits dEvete datst
sl GHodsSEs omMfdjmMSO ¢ f§aimdjHikyh | &&s dfREE) s | f
fsmMSsd Sk ofmfdjmMS 2014 ¢. dzj fswoedzj dz daC
f sfmdzj Hise Olsj dz' dz" J oMy dzj MSCd dd&3js¥ls BHZREBY 28
o Mt dzj MCZLats BYz@® dzj dzls j| dzOB dzt H O Isfpw  dZOHERB M) pp Pls s tc
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MOtls j B HBKHS 5SS d(f ) d TRWe j dizjtesd j (dzls Rid) 3 96 &2.0,BNG, O dz6 [z 2
KJjdzZstcOdz dzOw OWted S OdHBR O DRPMNAY e dzd € @) SESC, 1 tsL dzj
lidzdSsBtedlsOdzd v ) , BNG,
[ B 2 16MBQ, 4 dzj GOdz) , TAMDBO dptel® fgftpj) s  J(SUA Iz dgiOaadzd & o v )
o BA®97 ce. IMmj omMfdzimMéd B dd ISOCYJ HJjIljCIsdtet
XCtsi3f sdzj dzlsy o [ 9 to O JROMsCEds d3d tog ¥ dets dzO - . Clsts tsf
tod 2., CGHJ MK sdzj dzsjy M ftotsetser & gty jdedq o3y
HOdzdz" di3 (ot j2MCdr tBfMjtco Olststed 2. 1 OB sesls,
sdrttsC j OdzMC B5d3, ¢ 9 MBuUcPOLs R IS ds@MFf ] taui P it s d3 toj 6 d ¢
dzdBts dzj dzOBdzE HOJHfMSC EEdL dz@8tso feifmizismisealzjls ©H
dzd Cslstster n f sfMdzj HSO OlIsj dz' dz" » o MY dzj ME BoO .

lted dL kzyd de¥qts dgifats dfjtsizls § f smistets dzdaB 2 d Gsldsim Gy sl t=l
tej ¢ dtsdzO, B' dzts B dgOtelkzy j dets, ylsts #d¢d 2006 d 20
i s dzv tc datsintists J J oMmMdets L Ists MowLOdes M G6JteteOWdyd
sBfMjtco Olssted?, Ctlsster §j oMmj dzORSHWISMWY o MJ o J tod
Hylsj Clsdtelzj ISy stz B giz§ Hzls lz0 o " L 9 Odzdz” 2 dzOdBtSdzi 4
dzO G tcOdzfiPizstBEtstcr 2 @ dsCOddL o Odz o vy desd3 ff sdzlz!
ZOdetsdzr M j2 Mmlsjtfjded fteswodw jlsfipw o otsfilstsydas?
Fyomls¢ O, ZO yYbts ESOLT" 90l WEdSydw | toddO, z
f sdzy &3 dzO ROz WX S silz] dAOS § s j to - dats ) I€dnstablg d3dzd  (
etal.,, 1993;Chulliatetal, 2010] ). uvOSCddz tsBtOL 8d, dzgj Hdtslstew
HjlsjSCIlsdtekzjls L tsdz , o Ctltster a oMmMfdzjmMed Juv ®&OCT
Mdsd dzlz § sdzw tedetsmis d 510 d& @@ dads@plgpMedtsse 1 v
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1214] L OddisMmowL ' dzse’ & ofmfdj MSse Jlu f] €jt

RL fodbkyjdd & ©Odjj tjLbkzd sOsts MmdjHkjls
Hisdzy da'@ U J te j\VHtdssotddds dffvasdin ¢ j S 306 dzd Is dz' dfdts o Hj Migjn talfsG
1t ! stcd CiccOlfdyujmMScd?2 ©ReoOls KOCHRE HYj©CE
fejHuh jfsokzsh jes d §omdzjHksh jes oM dj Mo
oM dzj MStse Ju 2006/ 2009 d 2009/ 2012, djyHE
¢ . slsfpg sMise j dzdzs. RL sy deder & &OB] toj L kzd
BjyHE: 1996 d 1999 ¢¢., 1999 2002 ¢E¢., .
slsdgjlsdls!, ylkts HOdisetO omfidjmMiss Jluv d fe
fsctc]h dztf fplezs® 1LcAs HAR) WQo dzs d3j wdzs?2 tOMMls Odzso € d
ftedosHdl € otcj d3j dedets? teOL dedyy ¢t slsHjdz dg' &
MzOB s tesosHYh j2 &Odsdd. uvOSyj oM difs djl,u
Efls Odzsso dzj dzdz’ j  zOmsaef H®OIs™ o def)y e S dzdh @ j o
Codzdyjflsots SBMjto Osted?2 f ftojorhOshdd § SEEa

[ Mkh iMoo Odedd HYJj©CO &S ds Idtdetal., @115t O dz,
1OV e s sdgj dzelsj Istsls HY jtesd B' dz dzO€ B8 Gdzjej ¢ d tzlizj
OS] Yods W o ZWHHS (OB E KT BzEdsen ¢ o fistcO
(O SOlsddz® Mie Okl f doh did lsSaS Isdw
I dzjmS Ju 2014 ¢. &OyUddzOjlsmw oi odzGpGrijtc Ocis H
fsdzzyjdzdj @3 dzseor 7 HOdzdzr = L ©O 2015 d 2016 c¢.

ftcsHsdZyOjIsfpw d © 2015 ¢&. , Yylsts L otsdzdls dzO«
Is t5 y dats .

ry4dteéd Brdzd 1OCYJ t0Odzj J Olse IMgndds d te2s0000/dE" b
[Mandeaet al., 2000; De Michelis, Tozzj 2005] , 9 BGhdztso detdad bl [ ot

9 dH dzts, Yysts HYyJté¢ 2003 aG. ddzj &z &3 Mists 3 Y H Iz
LWWJiCl Hj2Mlsoadlsjdz des Br dz fMddzjdz 9 (otetsy j, C
1999¢ ., i dMOdedz" 2 o dzdlsjtcOlsktej, M B dzOtclkzy j dack
ftoesydlsdtctso Odadz" | tc OB tsisY-C tsifyfdiswipjQids ' , dz@z00 dgOsdsdfta tgjts
lv diBjdzjj BuyujoadHdz . stdzd yj Mise € tsrl jstda) Cdstg tc i s
BOSC M BBPBB o6 .1 dzgj i sMtcjHMise jdedets § jtejH B dZOE
OdzOdzd L j SXE[BihEs dzjsdelszOtc G &c@j dg' j HY j S d S 5

2O BMjto OlstSWA, Y &) QIOHRZOF YOfMls! vdns¥MB, €
CYtddw) , NGKj Bj € BAdzd v ) , SI®dz ) kafg G&s)[AMJ S tlsster
oM sdztsy j dz' o t©OLd & YyOflsws 3 jddzd. Shts ot
[Brown et al. 20137, GHj] dO0 BOL] d&@IbsHO MdMmlsj B3O
HY JteStse MdecdzOdzse ) jis@dzdzBdg] €O @tk &BsB " dz 5B
Csdzdyujflsoj HjljSCldess®BER RccHY jwLdso @ 109 9B
oM d&zj MSd Ju 1996 d 1999 \Est @y &ndo k]l s,

2O Stk KdZ OO B RO sdzj dsg - o GO © B O.

1 imMBssteYy &O I, vybkt ©Odzj o ddlsjtOlskztej d
Jv 1999 d VADBOOL dzg j, 9 OtedOydd I m By dts dz0
sBfjtco Oltstedwn 120 0R02¢daj QB Md3j dz f sdv tcdz
CazoMmMmdW d ipd tc Lo@xdzd H Y J ¢ TMCOstedej H fiflsi@lss ydets?2 Mls
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122v Mtse j teh j deMiso 5o Oded J dzOB dz¢¥ H j ded?2 BBOG dzd Is
"s dzd dzts 9" CsOL O dz!

1221/ BtcOBISC O d OdzOdzdL H Odzde Ts drg@isttatfiioEy?
2016 @G.

J nSHJ ftotsH sdzy § ded W tcOB sisT s bkdzzyhjdd:®
"s dzd A3tz § MHAGANS S H Kit siztso[* j o 2086; Geto.ma gnet i 2015 dat
Solovievetal.,2015] B' dz fsHGEBSIsso dzj dz dzOBBste tsydh j dadz
HOdzdzr = L O 2016 6. [uydmkse¢Oo d WsttdRdtetseo Odzed j t
BOGdzd Isdetse s f tsdzv | j digdzd sMEh j Mise dzv dzd iy o Mmts
3 Y H 2dzOte s H dalegs2H jdeds rRigOwB([ Btlahis et al.2017).

]l "BH) ©BBOBBISSd HOdIZ -~ B'" dZs ©OL OB SIS Odzts
fsLotsdzvweshdrn o OolstsdzOldymMEitsd tejyxddsy o7 HJ dzw
H Odzdz" = . stesd3j Isscts, i tc d iz Sdnjedzdtjal., 2i7] 166 | Offids dizD f
fMtsL H Odzd BjIssHO BteOlsdsets B Otk jdedW Isj =«
" MsCs] otcj g dedetsy tOLtejh jdedj d3jter OdatsdiBOdz' dz
sjrndesegjdzdzr | fsdBi~d ©® 90tedOydtsdzdz’ = HOsdzdp AR J ¢

hn odhish s MisOdzH Otelsdzr = fSHRBHB9 . ltcd f§ BHCGTS
EHjdzjdets OdzOdzdL &2 OB Mtsdze Isdz” n H Odzdz" =~ , co¢ dz
sBfMjtco Olssted d . v 06, yomis: OB Mtsdz¥ Isdz' - dL d3g

oMy sdistsc Ols j dz' de'das d34 wzPls|j ded dzicdsn  f sctcj M desmils j 2 kg
0dzO dzd L ttWHO OBfMtsdz Isdz" = dL d3j toj dad 2 f sL o tsdzd d
WijtcobLsdzHso st ROGddlssdjlste® tBMjtts Olsted d,
2Oy tcOo dzj dzdz" | dzO EZdzlzyh § dzd j§ dBdRuj Miso © OB Mtsdz¥ Isd
1 sz GlBwOCBaCd dzjojtedsy 7 dzOBdzt Hjdzd?2 d |
LdzOyjdedw i COYHM2 dL twWHtte BOLdMdzr 7 L dzOyj dad :
Gr S (ctc0o dlsOyd tsdzdefs g O W fige dzqPQiduotgpdedhid) O dzff, 2011; H tc.
Agayanetal., 204 ] 1 f Ot©OWRj BBBUP HAzv ftsiistetsj dzgdw toj ¢
fs COYHB2 ¢ sdifis@j.dzlsljo  Holr MdzOdzd ydw MmMetsj o o Oted
HOdzdzr = 1 11 dsdzv s 22 Mmjdeswetew 2016 ¢. B
Slstej L COHMEC B sdfL Oydd 1 Stlaz@etpl@djl 24 1A@@lYIMd |
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13.t O sL dkOo Odzdj G toj H o j nlsaRd SsBakzsdzP ¢ «
YOl ®ledpstj dzdzr & ftoj HMIsOo dzj dzgd2 (1 5O
1 BdRjte tej edMmMistcOyd d -201660H0 A ¢

1 5B te ctsMmic] ¢ d fids ILELTOI2610088 ¢ ¢ ¢
teStseatsHdIsj dz | 4 gj Iszz@dzs o +

13.1. RfMdzj Hiso Odzd | S Mg ol dAiOhp Oz j Is S H t

I hsslke jlsMiseodj f L OHSCE|D) df toitdirCHIsEOEs MbAfIchfds o dzj
dmfmdzi Hsd Ogeq b d 4 dz5 M lezth g idiss BB OMY 5L dz0o OdedWfiyw B C
20 yYOfglcylskipsizdz’ 7 f toj w ikz@o dif dadg @y dzs s  f
Odze sto d b dztizd Isfe Oz@ M dzgz MsdH Odz! dz' 7, f t5 arfocdR) tdgis dz
BSHjd¥R HEY OfftsChddBOydd dOBd® Hjdd?2 s
BOGC ded Is ts a3 s jetisasO of deaffls dz' - dz@ssBdiy ] Higiod@uls e @Y. H O

1.t OfMfisslsted d3 o 5L Bsy detsfisd 1 5o rfipdggapddry 1 st jj o jlso
LOtOl ftod tjh jddd LOHOY] §ohmstetjddw d&sS oOd
BsH j dzj tePlmd sL dz0o Odzd d .

] sdesy s, Ylsts L OHOdz g0, 00, Idz' N -, ddO B e 1 gzitzd
dz0B dz¥ H TGP O HdMStejlsdL Oydqd. -l @dzd bz bz
ftcj Hfls Qo dygic i) =eadoswiTi fosinufi, chj(abw)ie jClststc § OO
BsH j dzd . 49 JHY d3 dzO~ 53 H J dzd § sflsd d30dz! dz" - L da(
B dzd &3 L Oydd WPt yd tsdz0 dzO

S(c 9=& (XT) -y (e Y, ¢ =arg(min S(G Y} -
tdOdzdL z2jd3 HokrllsOf dzz BJded BgL Oyd ¥ . 10
f OtcOdgj Iste ¥ yddzPogj dedv Hdzv o jMtser n St WWdydJ o
SUj dsC  WOMB UGS Y s daMh, (=120 8 © kPl Bisp O
plsd «OY o1 Wd My s @ ejsnldals | il sl dse

sflsd BOd dz¥ yj dzCk yOmssls' §dsj DR e & tsH dgdZ) +
¥ st BBl 20 di3q

S Y= -a(wh( w b( My ), w =arg(min §(w, Y} ,.a =a(w),b" =b'(w). )
Jted@L zj & Fsdms (i, wolmsBisd dgki dzv e ((Udmdzdd L c
SW, Y, deO2nY 5 i lsd BOd d&tfls @y fatzd § L zOYJ ded v
k' =arg{min S(u, W}, w = w.a =a(w), b’ =b(n). 2
g yj dz v asj dz M jdedw otej dsj ded o ydMmdzj dad :
MY steRdtezj B HOO HMSHK)ted o  dgosyHidsndyTi sjOL o &)z
Ho Zd3j tede" » BOMEf o), ¢ dgjABjHdzIds ots H dzts a3, @uld 1, (ndyO i d
a(w), b(w), BHdsH]td 2 BONNd S (wsWisO sipwsds & § Isipisd
sflsdBOd d § L dzOyj dzd¥ §OwLO®R|stetse BsH j dzg
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SW. Y= -a(w)B( wr B0 whl I, k=1..k. 3)
ltojHIGzsY jdedets] Htoj sBtcOL 8o Odedj] QPizgsosPBEO,j dzX
or ydmdzj deds SHdesd3j tedz" = d Hobkd3itedzr = BOMMJo tso
¢l (oL sy dzts, HsMis OlOg ydefs B tstizj O tzd ts O usB@) ¥ ei3r -
fsLeosdzdls Mizh jMmise j ddets MmdzedL dIs! SCisOdRY dzdz'dzO o 1OEHS
2.t Ofmmsslsted 53 o 5L Bsy desmisd Mmdedy J dedv o tSGd3J dzo
cOMmY 5L dEP® OsdgiEsoQidz’ dzf » f sdzd ¢ Otedisded yd MSdrm OfF -
myy Is Sstee OdzdL Oyd d M J ydqodz: destpH Mig O ld hls dztizes &
i tsdzd dets 3 @YlAf teatzE i A3Oy d tsdzdzlz s EtsH j dz2 fMdzj HizE M d d3
y, (Ti) = é (a coswTi+b sinwTi), i=0,1,...N -, 4)
cHj o jff @b . w)=(a,8,  a, bb..b, Wu..w) ddjjls
tcOL di3j tcdgBlf)ls' 1 O dzd dzj 2 dz" j§ OB dzd sz H dz" f OtcC
dzOC dzOH " o Oxlaffwa:, -ac¢b ¢o, =12 L. [ dzw 9jCIsttotso (
UOMmkstslsdy 7 §OtOdijlstess M kyY ksd i kfstwHsy
Mz HEs h &3 SBtLOL 53
Wy ={ (W,..w )W, Cw <w,<..<w, Cw._}, wi W, (5)
1 OHOYkE ByjddesOddy §OttOdjlstectse BOL dMdzr =
Of ftetsC Md B3O § 2y(THzBts ez dzf dE Y BMTI)(4) d d2OrR Y H
sflsdBdOdz dzf 7 L dzOyj ded?2 ORf dzdlskzHder 7 d YOMmilstsls dg

S(a hw =8 (L) ¥ (¢ TF =& (T -8 (& cosmTi+b snwTi)’ ©)
[ ddad 5L d el ) oY & 0§ mYf GRdzO
(a°,b°,W):arg{akp;jnvg S(a b w y)}. (7)

1l sdzd e Otedstsded yd MS ¥ dBsHj dz2 wodzwjlsmw dzd dzj 2 dz
L
a (a coswTi+b sinwTi) = b°/ (W Ti), i =01...,N- 1,

J (W Ti)" = (cosfyTi), écos@,Ti), sin(wTi), ....sin(w Ti)). (8)
} sdztsy d a3, Ylsts o J Svisdsdsj JdsO Bie® LiNgize{ofsiflss dz' L 59 Od
j Ty M St dsd el § o5 5O i d m(l) WOEQIEAERBHKO dzO
(i )
Y 2T @yTA.yTN-),  mw=| (TD | ©
F(uT(N- 1)
6§t s B Gl deS BN SO ( § o5 B0 bl Ustatagzt | H
S(b. W)=(Y - X WIKY -X ) ).
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10 fiwonsd IsOfj Il daf)dydd SOniftaflz J wizizvdzj dzd dzj 2 dz'
f O OBimstmons iy k2 yy Is sdsW,, ylsfs dzOR sHd s yOMmisd ydes i
dzd dzj 2 dz' 7 f DEYIE] sttise
b*(wY) =arg{ min _S(b, wY)},

4 YHREBG MY sttdkdekzj &5 W EdC yqdsdOd yoflsdydss?

SWY) =SB ( % wr)=-b* (WY) b(wY). (1‘))
10 olststesd { sOf j Syd\et it Pl d d e3dzezd dzl WL Oy d !
W= wH(Y) =argmin S,(w, Y}, b° = b° (W'Y) = D(W) *b(w.Y). (11)

e stedlsds syjdzdo OdzdY § OO Istetss) , flsficdstsfolsjipw,
9" yqdfdzj dzad 2 16 1Y 5 3Eidz@df B L Py dy I sd3 kY§Spte™w H s Y
Joduk bceét, YBEKYW LGS ezt &dsd Y oty b

BBdzts ¢ 51 € Mis toji &3O dzelzdetlzdzdzd L Oyde fesdrojHy @3 fted
dzzjde scts Y steWHCO. [ dzw ZC OL Odzdzts 2 d&3d dzd &3 L Oy d «

f OcORBMEEUB tcj OdzdL j 3 fjtejBtste o jClstese ftsdMm¢
9jCIstcse YyoOmlstsls or BdtcOj &3 Wg® BFOC @B gl MHC tod Is dzr
Dw = (W, - W) /(K, - 1), W, =W, +Dmk-1), k=1...k,,

CHE, T ydmazs HdME o] Budd 'm0 ey OHndshilsts § Is dztai lsyf,€ v Ofr
W, 20L 2Oy 0¥ s dL dzOB s, k. MK tcj Isde’ = L dzOyJ dzd -

[ ilstsH LOHOddwY yOmltl thdser e O0jlsmy & Ists
By jls BT Is! off higisB®oadgzbizlso di oJ S kel ditsdfjnt€ soj G ls
SEteH qugdlg, €l Hdzw o j Clsamb®d yPdsissmy s ¥ stdlz

w =g, i, et ) W =Wy, +DIMK - 1), 1 =12,...L, s=1..5. (12

[T MC Odzd j stfilsd 30dz dz" - L dzOyd dzd 2 Hdzw YOl
BsH | dzd OO datztgS d dzly jotHdefjls iy ¢ § sMmdzj Hise Olsj dz' d
s=1..s, w'{ s13((8),(9,(100 M) (, d BtcOdzdL Oydd ¢ jtoj BtsStcC

min S, )}, W =u, b*= b* (). (13

iy

lojHjddj Ek§tteWwHByj ddetslsdr qudvy =S5)s(s gl bf flzBls o p
mMdzdy O0jIs Stsdzdyj Msets § sdMmMC s&OF i3y tc WednvekdndedsH W Is1inE
C  ddalsi ¢ gNO)ROU;)

VW)= fwm..duw ,V (Wy) = pfiwg..dw .
Wl W Wl W

stst WWdwd)tstasj dzd o Oj s tslsdzsmdls j dzt datsj bkdgj dzt M j o

aL)=V (W;)/V (W) .

s® =argf
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[ Odadz" 2 Sttt WWIdyd Jozls 2 dz3, 4 f &<ed DAD5.L dzO v
a3 =0.166, &(4) =0.002, Clstster j ModHjlsjd Mise so Odzd
LYW jiCldodzslsd §sdMSO 5 9 jSktsteOR YOMmlssls o fmd

Iy dzdusf dz@> § Is* B lsyd fpdzj dz0, ¢ OC kud fipgztzj fizkitng Is
s; =a(k,,L) d

a(k, L) =k LIk, - L)!).

MOEOSCIsjtedMisdS O o @gals tdafids GO L ORI I | dsts B jsks O B
ftod dzv Is O T,@&kO) das!ALI(k, - L)).) jtojatsHw ¢ Omddiisslsdyj M
Eftotsh j dzdR, >z fsdzzydds tyjdSk otej d3j dedzs? Mz
Tk, L)={(k /L), ColsttOw ojHuYl Mkaw., UO®C M ME BT,
ftod HiMlsOo dzj dzr L @o demjdSaipiisisis sQ gz o dztsc Oted ¥ d&3d Yy
BOMN IsOB j H dz'k, H20-t1@@ d3 ] flsOddIdifizeE 6 ted SOdz L dzOy g ded v 3,

t dmzdzst) BV dSCd LOadMmdBsMmis ?2 ud gk (kyQ fmbzsls dzr -
f OcORjIstc® L= 3 (StedoaOw 1), =D § CtcYtodPsOwW)
ltoedo jHY dzdz’ | 2@ wEOU S J T BLotsdzwe s fHj dzOIs!

Ozestedlsdz i sLotsdzw jIs fMkh jMmlse j dedets MdedL dlst o tcj

f 5 dzd ¢ O Sz bt H j &ICis O 1 LsQ HiAD JO dzd v .
3t OMMmdissisted d3 o 5L d3tsy detsfyls d ) ded >SGuz@ i B Licd @z @k

L OH Oy fsMmistetsj dzd v -diafsdejOMdz'dZt = Bt Hzjdsjudzts H dzW

OB dzv H jdzd2 ks fdMisjdsr o jChkstedset d LAIPISADISE

Edsj dzt h Os sfyw o HOdzdasdz Mz y0Oj L O Myl §jtejr

fcw Bsets fjtejBstc® ¢ wsfldidLOydd f dhfsd L se

9" ydmdzj dedd Mmestslse jlsMmlsoakzs hdr CoOHEGOISdydzr 7 W st
1 sdztsy d d3,H, (T sH,(Ti), H,(Ti) d Hy(Ti) T dMmns sH dz" J§ Wz d

Codsf sdzj dzgs d BsHbEdY 9 jCksO &OT oW sagsidssd

dzts C Odz! detsd3 d dzls jMAI 1P, dzi(Ti), yJ(eim e+ y,(Ti) § tej Hls Oo dzw ¥ Is

dzOB dzt H j dgd W tsls 9jCstcdats@ 5 d MCOdzw todzts G 15

Of fesC Md &3Oy d sdbdg (¢, TRSHIRD MW dj s o j& st

n=12,3 i=0,1,..N -, v 1 "0 HdMCtejIlsdL Oyd W, (Tp &1 &z fmls

hzZdstse " § fsctej h dzesfisd dzOB dz8 H j dad 2 Hj?2fMlse Iz
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dzj Cstetej dzd tetso Odzdz dzd dztste BOdz! dzts d tc Q fff ) 2 &34 dzy fiplzdzd
BOIs§j BOIdY MEdd3 3 dH Gldd B35 d7. Hd MY L OfddaEa o dzO
y.(T)=H_(a,T) W(T) dzO2HY d5 W Iz dzC W[ @), sH{Thts H; (Ti),
i=0,1,..N -Ctslstster | HSd dz BM Is! Bdzd L € d o3, o Bf
WEdSydwd SodRftsdjds ojSlktsttd dOftwy Y Hd@)nls d
n=1,2,3fteddij 3 o SCOyYjfmlsej tojL lzddzAsCstojyd g}, dz! Ist

wisEdBdElk) & Nshs0s dv S, adiy) ¢ %@ d sjzny & b d
0§ Clabw 4, & 12

Su(@n w) = A (%(T) -Ha( & T, (15

i=0

S@ W=Aa (%D JH(a T H(an H(Aa0)° 09

RfMatsHdzr 2 WER ydsdzOdz ftcj HMmMisOaddy o odio) Mk
(16)

S@ Y =5 (S W *S @ ) “S@, W@ %), @9

GHJ BUZEYAY?= (9 WisBle;)d di3d jIs teOL(AN, B)dzts fiyls
[Isr MC Oded § sflsd d3Odz! dzr = L dzOw] dzff @ s wazy HY @3
dif sdz' L 50 Oded § d3 aBd GpH tzef dzO® & d W &)U d 5 dzO dzO
a = arg{nlin Sa, y)} - (18

{flsddB30dz! dz" § dztsC Odz' dg" § OYf fHEEH d Oty @ tidatizs g O

Eyy ssd3 og ¢ Iststetse
H(Ti)=H, (&5, T),n=1,2,3,i=0,1,...N -: (29

ftej HMIsOaddz o COyJd mlse g tej L zdz! SOIsO Of f ot
BOc dzd Istsd3j stetso .

i OLtcOBBIsOdzdz" 2 OdzetstedIsdz dzj dzd dzj 2 dets?2 W d dz' Iste
GJBBOGdzd Isde’ =~ dzBGdiaz lededZ VR dMS BJ sdL Oydd 2. RMnA s
C B3 sdzj dzls 91 C IO dzOf tow 3V deties @iy df o g j HHEEO g day |
i ts dzdz@zd stcj s+ jJets f steWHCO; BSH § dz/ QN (Ti) W Iz dz¢
o " ud mdzv QHTI), B e, (Ti), Hyes(Ti)

Hyen(T) =C,p €, Ti GH,Z(TDZ Cr?,'é(TDa’n:l’Z’S’

Heo(T) = H 26, (Ti) H26,(T))  H25(Ti)
i=0,1,...N,; -1 zediseor j f 8S\GE@D 8 hBdiitH j dzd tets9 Od
dats tc B3O dz! dzts tcOMY toj Hj dzv dzdz" d3d Mdzz yO©2 dzr dzd yd fm
sy dHOd]jd d Hsfffs eh@fw=dkdd s2. [ 6Hjd d'j dOe
Ctodif sdzgj dzgls d BsHEZdY o jClstste® dzOf tew yy dedatsmisd & j
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H, (Ti) = Hyo (T + W, (T, i =0,1,...N, -7,n=0,1,2,% (20)

17 dzd fteddzvIsr L d&zOy 4 dzd v f OOz steso dB3ts H
C,=13004,c, =0.013¢,, =131, ¢,=3 W° , c,,=5000,c,, =0.06c,, =0.0004,c,,=0 ,
¢, =20000,c,, =0.08¢c,, 9.000%, ¢,=0 ; § Otc Ordzj6Odds §f toj H j-dgdf diglz Isldzr 2 b
Hd M ONISfffL [ sHJ dz dz' g0 dzP i fipls & § @zdzef 156 (200 s © dglz thr'tc df K
dzj dzd dzj 2 dzts?2 W ddz' steOydd.

t OMMdizOIsted o Odziw Mz Y02 dzZsC Odzr dzr 7 d dzlsl fco O
N=N(s 1), N,,=N,, N I s=1..m, mN=N.. I yd mdzv dzd iy ! dzts € O
H.=a,,s=1..m Wsttd3dtese Odzd M’ ¢ W@E) AElRBIlsj dz¢ dztsfisd

r dzv fmaze yovw Mmetsdz Lwhdrn dzs¢ Odz? B onr BdddEQdHpvO d
Mm¢ sdzr y jNged 8T ud fydzts mMEtsdz Lwhdn Zts ¢ Odz! dg' n d
ftsmdzi Hse Olsj dz desfls! a @uK 48z d&tln.,§ HyJWdsdks ydd s 1
H .(Ti),n=1,23 i=0,1,...N,; -3 HOdzj J fklsjdg Wddz IstceOy(d
Mt Hdzj dzd § &3 f Skazl(Ti)y, 0z1,2,&8yJ dzt d

1 0 tod MEAYCtg] H Mis Oo dzj dzr L Ezdz SOIsT sj Misdtetso
dzOB dzt H j dzd W ~ . 1T odzd o N, B=BE dN =8, L dz@ Ojcd2dizj Istc’ h
fscted h dztsisj 2 386 0Adsusdz: sFedswdz. 1 2 dzC Isd te dzOW  dzd o
1 MmMtsslkes jlkMmMisolzjls dMrBHdES2 d&tsHjd ds?2 WEkzdéydd
GJ BdBOG dad Is B3 G(M). § f BBHBOAZOY dzddedw M ddzH j SMsB 2
dzOB dz¥ H | ded " 5 SHR,BNNEG dzj gzl fiRfg= dz' syjdsd M
ftoj HMIsOo dzv dzd MtsB 2 toj L kdz' IsiOH,(T)] dz'uldf tetds\) e wB jdz
dqdzn j S Msd3 4 i tc HE (TdeWidoQ L tzgzl O’ Wddzr stcOydd
oL o N ]zt eddy drg=ilds

4
1.3014 219 seepensnene s B L S DR E

1 29950

t fMasect jLidr kOl IsjMlsdetso Oded™ Odcsedls B3O d

ltosdL o jHY dedetsj s Mmis d tedsdh d@leds[ gz’ AO dats jstodf B alz@d szl -
fsLotddds MHj &Ol! 1 CMifjtlsd’ 2 Sbosuvh ES B3B8 |
oL jN jdader &5 kMmtcj Hdzj ded j o5 3§ dz' N j 85 f sctcj h dal
fte j H dzj dH0%.dzO 4 0
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4) od i3 &6 tc OB 5ISSCc@dgd tstc AOBO@ dzd ¥ § e H j dZElEIstcd
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14.] 6 Odzls t A A0807236'F sdzd IStste dz@  dzj t6 § & &z dz¥

Hd d2O0di3d ud MEdn f totg St of tesdjtatsitg L dd3y Is t
HdMS ] lsdzse s kO] BOdU] MSCBE s  OdzO dz

1 sdi3j 6 etsMmtcj cdMmisteOydd:
fe¢tsotsHdlsjdz @ Htej Sisspiad" d @dzq
[lso jlsfise j dede 2 d MY & eBlzdiist 4 ¢ s bols Hog s
4 tSL HOdzdz" J LO f(fdzj Hdzj | Ostdzfdglzr »  dgtidzd §s (5 1c
R1Lvrtfoi1rv d Mi2MBIUud MEd2 RBsdedlststeddze o 5 Oc
ftoj Hdzsy s d Hddz 2 f SHRGH ¢ gL zyd dzd ¥ H d dzO
ftesyj MMO, O kOCY] Mittdkkzddtss Ol! ¢ d&zOo daz¥
dgfighy Hise Odzd Vv . WS@EEDRd LY@y HJdZOBdSd ¢ jsWdL dn
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