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Doctoral dissertation title:
Improvement of the calculation models for the basic grounding system parameters for soil with a
thin surface layer of high electrical resistivity

Abstract: The doctoral dissertation deals with improvements in the field of calculations performed
in the design phase of grounding systems in power plants and netwdr&s. deerfound that in

the case of thin surface layers with high electrical resistigitynpared to the layer below, the
methods for determining the thickness and electrical resistivity of the upper layer published in the
literature have shortcomings, atithtthere is a need for their improvement. Also, for the case of
soil with the characteristiczentioned abovethe inaccuracy of the procedures from the standard
for determining the touch voltage based on determining the foot spread resistance was established.

Two new methods were provided as main contributions, with verification experiments being
conducted for one of them.

The first method improves the determination of the parameters of thiayesoil model,
i.e. the resistivity of the upper and lower layers anditiieknessof the upper layer. It is based on
the parameter identification method, where in each iteration of the optimization procedure FEM
calculations are performed with modeling of the real geometry of the measuring electrodes used in
soll resistivity measurements using iMenner method.

The second method is used to more accurately determine the value of the touchfepltage
given values of the current through thgeounding systemThe final result is a proposal for
correcting the analytical mod&bm the standarébr calculating the touch voltage, the accuracy of
which is good for common soils, but for soils with a thin layer of high electrical resistivity,
improvement was needed. The proposed method is also based on the application of FEM software,
which made it possible to consider the physical distribution of the fault current during a ground
fault. A proposal for correcting the analytical model is given based on a series of FEM simulations
of real geometries of various types of grounding systems, as well as the geometry of the feet of a
person touching exposed conductive parts.

The dissertation proposes an improved procedure for determining soil parameters in which
there is a thin upper layer of high specific resistance. The procedure has been experimentally
verified on a laboratory setup of a thayer soil. The experience gained and the implementation of
the method open up space for the characterization of lsaisig more complex structures. The
focus in the dissertation is on tvayer soils. The developed software support and FEM models
allow for a simple extension to more complex structures.

The application of the FEM method has enabled the deepening of knowledge, namely the
determination of the current distribution in the vicinity of the feet, which is an important component
in determining the touch and step voltages. The final outcome of the procedure based on FEM
calculations is an improvement of the procedure for determining the touch voltage when the earth
fault current flows through the earthing conductor. The improvement was achieved for the case of a
surface layer with a high resistivity value.

Keywords: soil parameters, electrical resistivityyenner methodtwo-layer soil, grounding
systemsgroundingresistance, touch voltage, FEM (Finite Element Method)

Scientific field: Technical engineeringj Electrical engineering
Scientific subfield: Power engineering

UDK number: 621.3
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U COMSOL:L, C st d hdstsjHdzdlz giElectric Currentst @ rfnd 3z dzOyd " & d3d
l Jdzj eso SRt @3y | RHCOEEOUN W Ise j 6O {:sHKGOL 2d3j 9 O

1 Current conservationi zfpdzse HO dzj BO dzj MisO" O © Mistsl
CteOdzd yodzs©O hitsH jdztso Odetsd  H s d3j dzO

1 Electric insulationT z MdzsdnzH o j Mfs? O ¢ j cCtOddy o
dHj Odzdets L ezt @&E c e Odzd ydzd EMmdzse. | 5 RO dzts

b gtzi §sMs0s? jdz Grouddedoy digo jiz fiffsm? QhdstsiH j fiass Otaka
j 20, GhMdd L O ¢ s th) qiHs sued o daizO H I kQ)§ & dfH O tg

| SzBON §d2S Stedh < j° O ts el St 80 jzdj C Is tc
Oy q . 1 fajiHdITed QT jh didfee O, dHdEE dzj , G te O dad U daq
d-dzi 5o G lSO[U_Oi d dZIJiﬁHSJtG“ddeZC{ ‘ Jﬂ‘isjﬂmﬁﬂi Mz Is § dzy

1
GO
f sotch ddzOdi0 fnlsts@lc{dizylsc{;chz;lsgmwﬁl-daOdz HiWdddmModz ftsets
J dzj € sRye | fiFeNl nd i3z zOy d Cotedh <jdzO " § B tedfO® Mlist
HiBdBNdz dzO Is;Cttdgddtz@dz(EOBDOfAlsc[cmiijAdzO Is J toc dB8) dzO ddizte j H dzts fr
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Bs H | dziste ©digsdz0 .
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432 1 s9 jL do OF j MigeshdICOMIOD Multiphysics

10 oL do OMajlab hE&OMSGLMel@physicel M ¢ sted " < j dhiveLijpk i3t H E
for Matlab[116]. 1 Qo jH Jdzd BSHEZdEZ My d CO ddisjteWwj " i) ¢
BJd dzts d3ts ¢ z MgtlabroRCOiyiSOLdMultiphysic§ tetsdz] ' & ° 2 :

T OO sted citdilbted J BSHIEZO (HJBIEL d° J
Ho Sz dzs €@ GBS H j dzO b s d&zB O a dRRE HFRHEO jizgk jCSHISXS tH O )

T fOttOdid sted MHEOI)J tcd ™ OdzO (
T { OtcOkjlsted L O Ctdistetsdz o j dzduddsj W sttddcOS C

r 0?4, Bd dzs ° § dztsMattal-@ Iz ffdtc O @ O i Jndzdn €HMSOLS tc O € C
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T ddzdydteoO® ] WtsttddeOT 0 cjtdijlted j dO thdatse
BsH j dzO
T ddzdydeos j VWsttdddteO® O &ejyj StdzOyddn | dzj
Codzlstetsdzlz o j dzd ud dzj d3teg ¥ J
TLOfsYd® O j ,MdBkzdzOyd" ™ O

T ik dB3O0° § f tetstc Oy ALEQIdAd iy IdajdaEyoffiy [SBe@Oi df
©ZOC &zOH dzj Bt OH jREYERWG ji] dide@EJA O 2O 3 tej ¢ @
BjisHEdE LO Mo 00dOGOLE jo@jndslsts ©F @

44 1 B86J" jS ) ®BjlsBHO

V Botsd BHj? Sk Mk, d&O ddLkz fteddjtcd, f§ids oL od
fojlsAisHdsd Isj¢hisk:

1) MsOdzHOHdd ftdmskzy, L Ofdtse Odz dzO 4§ tod B dzd ¥ d
2) fteddzj dz0 Bted ¢ d dzO dzoEEM g tsts@ 1\ z dz@ tsds dd Is< jj B Q lsig] o dz

) eddjted Mz BdtOdd sSOCS HO M stdeddOddd {§tc

RBO <d Bk odHlz dOojHjd OftetstmMddoyd 4§ k& MmlsO
stededdzOdzdzO ®BjIssHO L OHtey Old Motk IOydesMmls d L
o jddSj My jyuydWdudsj Jdzj Shteduydsi Blsf tstodesmisd k GH
HO MIsOdzH OtcH dzZO d3j SSHO dzj L OHtY OO IsOydesfls ¢ ts5°
‘JHdz 00)des fdIsOC ] L O dMmlsteOy d oGO Cfiglz j{ tsldctg jB EOdzdf
Bitej O | jdgjtesotsds BjlssHsd HO Bd fMj HBBIS ™MS Ikt
sSHtcj] ' doa O ] fOOdjIsOt® HotMmMdzts  desé Is dzO.

1 O QaOdzlsq’WdQ@uq‘lz ECkY dztse f sC zOf OF © BtsH j dzO
ddels j ef tej sOyd " j fp " dHdzf MisteOdzsj, d d&jtejddn ot
S H fr]lslzt]’ﬁﬁz(m’hL@QOts CdzOo dzgsc toj L Edzs OO, SCwtedfmisd MmJ
Ctstej dz2O Mtej HS j otej HdesMisd C BPOHEOISO (4R) Ol eded 7 s

n &4 te BQy
RMSErTR =100 1a RS- - R ?Eﬁ% (4.2
'—1@ @34 J(@B) @

lteod IjMmisL Oz g @O gHfAEj ‘cH jdLL j &7 dhIsj JdB3O bkt
1 shilsts Mk E [1§H0O)StE] dpdsts otej Hdatsisd ftedo dHydedn Mt
dL d&3j tej daj otcjHdatsMisd Rof dsdsdey dedlzy 61O tf ditsiflslay B s ts+
fsedzOo > & dLtcOYkdzOe O0° (25N [tbsks'<jz te@OQddy L ¢
dstcd3Odzdzd &3 Mo s Mise d BO, €Ot 4RIs j'Ljkz dsdOfipllz Iddze Ofdits)
vsOB. 4Ll Ss°'dr My o©dHd HO Mk wjLEdsOIsd {ttddj dzj

sddzsjlsduSd §OLO®R)sted Mk SHOBEOd] § OtOdkjlsted
BEHj &ZO IsdO:

1. }1=400Y m}>=100Y m hg2,5m, d
2. $1=5000Y m}»=100Y m hg0,5m.

lwod feddjtc HobMmds  dse k&0 ‘jJ MO §O0LOd) st
Heeddsd e’ j& Mes 0 d ddnSitd otjHdESh<kz (s
BjlssHO ddlsjeftjlsOyd ' j HO' j] HEBSBO® tjL bkdlsOls.
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reked sdf ksd&zO0 ‘j MO §ddsCdd ¢’ dd Mds‘ j & s
HES q Mdzs’, GHdshHds otjHdshs SsjBdyql) e ®j %
ot6j HdsMisd .

1 Olsd 3, dLoath jdo " j MdEzdzoyd REMOL DO @BishHdaps s d

KOS SHOBELOdIAE § OOd) Istcd i30. Rog BEM djdsizjdzOfyald o0d H dajk
Cstedh <jdzj SOB bdkOLdd §s8HOYd LO S d&OMdudk d std

1 sdzj HS O CkfO ©jLEdsOO ‘j HOKO LO [(SHDISS
Lot j dzO Mk dz0 ‘ jHdesds SH S jtdd dlsOddd]r §&d

441 rosmdztstdafts ddlsj cOlkztc]
RwWwOB.MJ4.9ddHd HO Mk tsH MISHBEMBE®R (WBH dij el & ORREGL O

fpd Sttedmisd KBjsHO ddbsjttftejlsOoyd yO& of e QL Ofdig ] H
dL a3 tej day d dLweOYlzdzOIRa {Le@ offfen@fjts StsHf sdgEpinigy s dzd -
B tedzd m Jj dzj SIstetsHO. RLGOYLZdZOIsS | Relzts P B desdtpisdd @ tda] ofgfjH:

1) fcots MJ HtejH] otejHdzsMIsd  tod pofkrsdedd <fpf Jj dic
" JHO@RIPIAGO ddesj eftejlsdeOdd d3 § OtOd3j Bl 3O
(2. ¢ cuBrz) 4fidifmdz yYicO Mj BHEJjH] otRg HAMH
fs®ts<lz ° @B6)d@dd dzj

2) stod ¢ d dzO cdzdets 5 3 Is mHA=d). (43..1 C sdsdz® dL

OB JALO) St6j ' j° ) fOLO®R) OO Hiotsdrs,] dakd) lsiBm rEasdaHGEo d L

dzd Is § te O lsliotd 5 d de@jdstigH

tdLEzdzsOIsd dJHtej' doOF j |[HMEPD
[15], ftocdtf OcOdj sOtc O
filc O dzH PdpjHISEs H j| S ted ¢ d dBY dzxdz H
11 [Wm] 3835 3757 -2,02
1 2[Wm] 1477 1458 -1,26
h [m] 2,563 2,677 4,48
RMSErR [%] | 3,6305 3,521 -3,02
UOB JARZOR L tOYkzdzOIsj d dL d3j tod dai o tej H dBS[MYS]d f 6 (g dftri i R Lsjisdf tsdfe
o Wi teflsky ]
a Ro[ Y] Ro[ Y Oylzdd [ HMIskz{ Ro[ Y] JHMmiszy
m] |d3j toj dets |[f sdBs<lz dIsH dBj ttcOYlkz dzO|tc O ylkz dzO
ted Wi ®jqgdej W J ted di [%] fs®Rts<kz| dj tejl[tEls
[15] [15] sted ¢ d dz
&3 IStSH J
25 |20372 20,845 2,32 20,589 1,06
5 7,799 7,445 -4,54 7,502 -3,81
75 | 3,862 3,978 3,00 3,997 3,49
10 | 2,578 2,674 3,72 2,671 3,58
125 | 2,139 2,031 -5,04 2,017 -5,70
15 |1,613 1,648 2,20 1,629 1,02
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- }1=400Y m,

- 42=100Ym
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rsed’  Jdad otc]j HdzsMB @B ff tcg[CoB0 OB jfifr©® HsOC ' |  to
dLteOYykzdOlsdr ftododHdzdr ftfsydh CfﬂudngntStGEIHfﬂlStStGdﬁS@f]ﬂSdlz
fsmiskzf OC ddesjteftcjlsOyd  j dL dzdlsjteObkztej S’ d
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CsiWdyd J d&zOlsO sfmiszfddr dL ddsj c@Bkztcgd) L) dzjltg
IITQJMC{LdZCf(Z@C{dﬂIIG@@L sH 10dhdSd 0, [MkjtBjttcO d
yddzddzHted ydedrn j dzj CSlstetsH O[380 BOdZd 3 tcOMists® OF d BO

) OOdkjlsted lskzO0 Mk BHtj ' jdd: 1) (sfmkkfSsd dd
Cstedh < j dz®f qiHjsdaHO)j tedzk d3j e YS © j lstsH O b &j[Blsds 2Bj st
sedcddOddsd & scHsd. (JjLbdsOsOsddlj &fcjlsOoyd" j

l esteOyYkz dzm € s o tc] d3j LO HBBJ O° f OtOdzj IsOtc O
(f sfpdzj H® § HSUJOBQtsjdHtSjMfrjq’ﬁizb{smuoOfr]tsaO toj MYy j CIlsdo dats
dLteOYkzdzOlsd o o ejsBdisflsaf » Ctstedh <j ¢ J o3y, fotefthy jifg P dzd =
HsB d | @sicdy da] L J REM dzd @3lz dzO y du G @ EhLB o te)pMidzs gk dzO Y J
COts Ad3d toj dzj i) wfdtc d ¢40Q LEQARJO L Pkl fiadyls dHtezf{eh] B iIs i tstc dzts
HsBd O 'k COB tjLEdlsOld MisOdH OttHdz d&jlstsHi dL d
(2.10)

v OB jA®Ou d dzls | sl§dzt§ sk sB d YO j dzd 7 : }S=GHOME jKbEDY bR SO

a |wddasjlsdyustl ed o dmfdgius fafYm],

Ml |[ftedeodHdzj |dLcOYk &AWsjtedd i<t © j d3
S stcddfifi]q) j dzj tets|) j dzj teS9|RL t6OL
Gjdegj edmMEEMj Ef toghdx | toj ydL das . [ .o
d B zOyd CdL @BE) | dL «B4) | [38]

05 | 11504 36141 44257 39192

1 60,375 37935 404,34 387,95

2 27,169 34142 34730 34340

3 15,248 28741 28963 28815

4 9,3246 234,35 23537 234,69

5 6,1577 19345 19399 19363

6 4,3652 16457 164,88 164,67

I 3,2978 14504 14525 14511

8 2,6264 13202 13216 13207

9 2,178 12316 12327 12320

10 | 1,866 11723 11731 11725
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[ OCdzj, &BjlstsHO dzizd3jfmigseetehiz €& tzlaydzdsd L Oy didiO B Is © 1 S
s OUdzs fPs G5z Stodlsjtod bdMSE YbkdSyd & d §tediesH dat
LIJB? dhs0O. ltoj ydL dzd ° @.4)IIsjOokkjtste g o OH OF g to digtsrOlz  totfOte P £
jdzj Ss@Em, COt hists M) dgsy j( 49 BH justdsls®@P B O ¢ &
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HsBtetsdz WEdS ydosddmO® kz ftojHdsy jd o&jlstsH], ¢ 4 dzd
BjlssHE b fsedjHk (S EZOfO° 0 ttjLbdsOkO. v dOEj H
d ckzOodzO Isj O ©®oj HIMjkOyd j, fodjdkzlsd L0S?L
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dLteOUEdzOIsdnr ftedo dHdzdr fiptfjsydg W omydzdiats tesfldntisty to dgtsGiyds iz
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Bz ZzOyd  OBO, Hded.COL DEgs 6 Q? OO sdij dzzlsd HO Mt
dodundds Mt jyd¥dweeddse ds'lsjf desdetlzts s ) L 2z dzls Ols

sjteftejlsOyd  j dL ddlsjecOlbke). Jtjdj §totoykdC
Mt  dtse kSdzO ftoj Hdsy | daj bk ol OfsEc &zOo ® 2 d L dz

ltoj H BESEsRY tod §tod &) ded ©tedcd dz08Blzj d3j SH | dL dats

v OB jadkOe d dzls j s d WiSAs ls@ites o W dss o HdgsC j MY j ydW d upe5 as0sq sYendzs s g
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0,25 | 2150,16 3377,46 5280,88 4318,34

0,5 | 91722 2881,52 3528,55 3124,71

0,75 | 392,46 1849,43 2056,67 1922,50

1 17249 1083,78 1155,18 1108,35

2 13,76 172,956 17594 17396

3 577 108,687 10953 10897

4 4,1 103,067 10352 10322

5 3,24 101,923 10221 10202

6 2,69 101,344 101,54 10141
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10 1,60 100,661 100,73 100,68
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dw OB . 4 B3j sisH O
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o3 1 [%] -22,89 9,14 -7,93 0,05
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RMSEMR[%] [113 755 1,11 0,085
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MCEYfO dkzOL ddn otjHdsmisd, GHdhdshds COHO Gyim dL s
dwOB. AtHC Ov0Odd MO O | JLOYkzdzOlsdr otcj Hdztsfls
Sisf stedagsMbBésd jdds MO { tospy i jhded 1BO § Ot Pa3dzts igld BBO
Yy dudwduddn JelafsBtddgiEds ftoj ¢t VosttBzdzO @ § 6
Gjdzj edMOdedn 2 t5WEENS fipd 3z dz@wp UsO @iz ggo o 16 JoH dats f ks
sL dOyjdzi Mk SOt AdlL

H dzd

dgjdis j. dAjRrRi9) ts offHigid CoGA YOfdztsdz0 {fjts deig@izO
mMOdss Ctedoed fHteded ~  dHispddW diwedder  CrOss] e dptEAEO Is
OdzOdzdIsdyscj COtOCIsjtedL Oyd "  j .

U OB jAEO) OOdj sted HotMhs  dsc lsdzO SHt] ' jdd &0 ci@Ess 4 .5z0L
COHO fj REM i@ oz tcOdzO d3lj jodef Osa ® ©OL BOS jG1jndzj CstesH O (|

t OMmMsts” Of JssHO dL dzdlsjttOlskztey |[tedecddzOdz
a<lm d3 IstsH O
dL sMmisOo|l j dzj tetsall j dgj tots|] j 5C3. C{t Ofplss* OF
Eftetsh < jif o ydL|[38], a<lm
d L g®R), dL ®4) |wdz. (494)9 |dLBMIOs?
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h[m] 0,491 0,488 0,49 0,501
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tdLkdzlsOlsd fsC0O0LE" & Mz jtedstedesMmils E IsOydesfylsd
ftesyjded OO OO jCMistcj dzgdetsd Ho sz detse Isdz
My jydWduydej bftstdsmisd & ffttej' jJ k2 MO otj Hdsh <
SHdtsmMEz dz0 MisOdzH OtcH dzz d3j IstsH [z

444 [ dMSEMd O EsdyO O HkBddsj JjdzjSktesHO dzO di3j ks

o sd Mmj dMfdsOs klsdyO' bHEe e l&jst@HLa0 ] * O
Cdh <jf jd OdOdzdlsdusSse fdhskzfO fodso? j dzO ° j

- 10cmif cOCIsdydes dLesH? dots L O dqdf dzj d@3j dels Oyd * &z,
- 5emidzO0 dedyd HftwOCIsduydzi dLotsH? dotsfls
- 1lcmictslstsots dgj Bsecbkz<j L O ddstf dzj dzj dzls Oy
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RN disde ©° § " J MYtetse jHj &EMIazazonysfs jiiH
ddasy sdusd Isdf Ljdi> dh O MO fddstdd
s 7 5 H dats g=5608Y] rf j©=@00Y m h=0,5m). FEM ) d sz dz@yd * §
4200 j H jdzj HEBJdJl D) O O jdzj SlstesH O

OB.ftedd BOL " J (tetsyjifiidded totegdidasdglsddH J dzlsd wdzd d3
b SHj 4480303

U OB j4&DuiIsdyO® HEBJdz] [zBHHREED ‘M tgjjdzjdlolsddtgiH Gf O Od3j IsOte©® H o tsMdz
Cstedh < jd3 @BiIlssH] dL ddisj teOlskzte]
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z f

J a3 de
G te
2 duL
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o H o
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L O a3
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}1[Wm] ~
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}2 [Wm] ~
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h[m]
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vV ©@iki ftjHmMisOs? jdzO fteddj zZ0 HEBHOIIRE Okt
sflso Otedo OF j B&? j& CtdsOCkO MO BCtdkdadd bsdksd &
| jdzgj esotsds d&jlssHEd Mz dLokh jdO d2O daj Sz S5  dzts§
dMfdlsdoOdez Isjtedlssted . 10 fddj de sedcddodd
M juydi duds) Sl stedshlsd [0 @O &sSoyd d ¢d moO* j
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vOB.fddOOLE j] LiLEddsOI] | jditseadns ®&jtej ¢ O dz
Yy #dedHG SBO dzO° 9 j <tsdz Blsf stodetsh <z Joj df 51 @G Ofy.
sd SOt kZdzOLdzd fSHOIOS L O MisOdzH OtcH dzz 3] Is &
dets s Oo ? (.58 rWzstg(dgizOlzjtf sfils ObR HOF © | jzi € dpdz® H Bdzts G
CO dqLdij' & jdzj DsOGeisHO, B dtS . d fftfcle{Isjjde L @ disho O
slstej BO kftesh <jdetse | jdzj esoase dqLOLO tsftcOo

ftcOo O
Csted
fts° dH
tcOL &3O
Jd kf

VOB 4D j6j° 0 Mjuydi¥dudsi Gfstdshisd kdkO | jdjtss sd &j

a[m] | b[m] | Ra%s ©{¥P } a4 B4 Eppm],
l Jdzj eso
Ef tctshd< j ¢
d L tdB5)
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7,5 0,2 21 98960
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1 tetsyj € j dzd § OOk Sted Ho Shds das@s .0.j 457 §f b k& @ls @
s OdzH OtoH dzs ¢ ftodmlskzf © d StedcddzOddy &jlstHj Mk
& ] Mezyo® jChist] BhkseE Ljd&? dhksO, MO kOGS dd
JanBd jdzdn Bitti S dBEO d JLEOUEROL]E KjlstHid fto]
ftodCOL Odgtmt dz' j . dodeBl8 © (2O sd3j dzklsd HO fbk fesyy S,
f toj Hfls O6P(jieat541¥Ym,j,=918Ym,h= 3 m), HisBd jdzd 1 sSBs<Lk
7, ftd widkkz 'J CYME dhn¢? zu@8i@cr ddbjtthi]lsot (W(h

sSHBOYdts SOt et dts i3 t@aFinmg. zGdwdd mMdL difdelg £ tg
CBtedh <j"id MisOdzH OtcH dets @ ftedmMszd © COwOCIsjtedL O
}1=165336Ym, }>=100041Ym, h=2, 285 m. fdLizdzsOlsd d (tste]’

v 0Od.11.
U OB 4B ) St6j ' j°j BjlstHO LJAzZiESAnjds Gy dddp MmO j te
Rdzsj teftejIsOyd O MO fiplSdSdighgjOdzd o3 4fn 9 ¢

ulsOdzH OtcH dz0 Bj K Jtededdd [ Hmskzyf OF
Pitotsh <j A5 dL O d3j IssH O
11 [Ym] 6105,56 6180 1,2
12[Ym] 1060,02 1059,7 -0,03
h[m] 0,89 0,89 0,23
RMSErR[%] | 10,39 10,9 -0,074
OB A ) St ' iyt O®j kOO L O dzteD Y ME ftaf (Gl ls@iszH @i H dzlz
B stsHE
{ OMistEO=0ME S dzts® jdets L  ddzls totf te
CYME tjLEZukOdiO[Hmiskzy OF
[6] &B3jstsH O
11 [Ym] 1541 1653,36 7,29
12[Ym] 918 1000,41 8,98
h[m] 3 2,28 -23,8
RMSErR[%] | 11,18 1052 -5,96
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“J L0 MdddsjlsduSd dstsHjdkHls @IS ddgOdzdzle §OC dz@af sk
fpzs " j &3 o dMmsSy MYJydw dyddidl tslofitgdsds sk difgls JsHfO®
fsedzjHlkz M jydWdydedr tslisti stcdats misS5G00WH, r=k0BWhtz] d ¢ ste
h=0,5m.

sO "t j toj W END]REEe®9d® f, E sCodtkz dlsj
o sftoj Hdsy jdj ®jssH] LO COLOCIljtedL Oyd & Isdo
BsHj O E LOsdmdzsisd SH ©OfMs 0°0 dL &j' & oj tcdeg

1) L @0 2 mx161xE80m,
2) LO 2alOm 3< mx48n8 30 m,
3) L @>3 m: 240m x 240m x 150 m

r 0¢ dzj , ded Mk SCtedh <jdej W dJFEM GBO6z] dzGi d 3P dziing ‘Of
COMs O°0 dqL&j' & jdjSlktesnO, oj< Mk nHddjdL d° j
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(S jtedds) desOcdzdz® o jtedW S OYd O dzsoj RjlssHj LO COwOSC,tedL

cOMmlsts” OF O k£ Mo OC " sH disjttOyd O dtseoj d3d Ists
jdzj StesHO o dkzOydss J L O Metd ©j<j HJdL d° J
(s°. HEBddzj kB OHO4BQ dzi Kks)2VIStcPEc &BS Yz Mdzj Hd &
i ®©GHtjH] OHjJjCoOldy HABjdeL d | EZdBOS j &RSEEM dzOB 51
tcOYUkzdzOtcmMej MdBzdzOyd j MO MCOdzduOddd3 k3OS j dzd o3
f OOy Isted HoBMdzs " dzse BBHJ ZO IsdzO BdZIMSEd § OtOC
BjlssH] COt d CtH 4todidd dfits Uz So€g dz@addlgy dz 3 ' k2
Bjtwedzdn jdzj SbiesHO MBOS jdzO Mz Hifmjl kO sOC H

1) L@0 0, 2 mmi,6mx16n,

2) LO 0,aD @, 3 mm48mil, 8 m, d

3) L @>0,3m:24mx 24mx 15m

vOCts' j, ftoddkzOet' jdO j d ojddyddd jdj SlstetsH
b=2cm, ¢Ot d f(tdzfti yddfsj A J ditddgisHiazo ' j dmiso
HSBFEM GBS H j dz0 ftoj f sdztse ? jdz € BE\ dgs HijB0z0 9j° Izt toj § s dzts
t@odzd k St 8° Mz o3 todrjx 24ndkj CUsSe tsm,j , FEMEZSoBLEEE )0z ) 2
12mx24ml 15 m) . mOyddO® jtedzj Mmistekz A dad * § MEC Odzd te

{jLEdsOld fddzzOydoa . .MErJ 0D @izd iz odH(J

sk stedasmisd dL REDI) dzdldd HHsiOED® j(<j H &BSHJ O i
hilss " jJ d ByjSdoOdes, M tBLdtetsd (HO0f sisdzsB@ls * j | dsigte
MY Jyd¥ dudes’ s stedatsflsd f &t © egzts(in ly dsts "} J fg QztsH 2 codaty d
fsftcj ydetse ftojMjcO Ctosis Ot dnkzy tholsd udpd dijldadzjO H o
fkzlsO, Is'. HEYdd&ZO 10 kIO d fteoth ddO 100] {figjsO,
HsBdlsd 10 kO 9j<0 I stcdatsmlis.

tdLEzdzkOl bktse® “jJ HO Mk jMsddkdtOdzsg otcj HdetsT
sted 6 d dzOdzdzy d3J ssH| dO Mddalsj sdysSsd3 sdzz, dMilsy (
Hddzj det d * OBO, O d dz®0. ldgsHQ LAO df€ Ofigigd oz diaP tfltofis 0o ?
V=0V dzd "] HBo jts HEts Issd® HO Mmj ftesdjdej J Mlsd dzd tcc

10 B590° dOyddz ‘j HESSCOLOdE HO ‘] &scEEM] ftd
BsHj kO LO MdBzdEOYd j | jdjttseds &jtej$ 0 0O BH
Bjeded R jdzj CtesHO, GHhSMdE HO d&se0 &jlksHO &
e OkdtOdzj, ' . EZBOS jdj &OBGSKOLSEd MCJ BSHJ dj

53 [HOBdt dtseoadms WdSfMMddms HdHRJ L d O dzOBtStcOIsStst
531 [HBOYdeO¢j oj<dm &Bjtddr ttOMmists® OF O

V fojlsitHdsd BSHj?CE | (s8CO0LOds HO fmj, B
MCOkqwOdzj, I . bBOS jdzj HIBjdeL d° j BSHJ dzO.

sdzjHj<d SBLOS ‘] OdOdkdLO &sck<dshmisd HO My
BHY?CO ' J dO WJdC ey gEidid ] j HsiBiREQ ¢ sto
MRz dkzOYyd j k MCdsfbk dsej dojlssHj djL Osodmds GH
“jte Mk HddideL dj JSTMEJtdd dlsOddse &sHj O dL
fsbtcjBdets " J ftesejtedlsd HO o Mmi REMHHd&EHdkeYH j &d
Hsed O 'k dimlsd tjLbEdks0Olsd.
SBLdtesd dz0 ks HO d&zO° o jm Ok dzff Gz @t tizO dzts df d3gs iz
o Ot® HJMjda d Mz A0z § sMiOltOdd R toj Odzdzed -
90> doO® LO H®BjdLd j CBSHjEZO LO JEMYTJtd
ZOYyd OkO SOt Bd fMj dNMswOydds S$OCE GHOBC

80




(S jteddsj delsOczdz® o jtedW dSOYyd O desoj RjstsHj LO COLOCI gL
Cstedh < j BEMe it ZOyd* OO0 klduyj &0 kOoydshls &jlss
Ho Sz des ¢ BSHj 2O IsdzO. [ jLEdzZsO Sodh OdOddL O

s O¢ dzj daj

v OB j5z® tcd o d H dzj

fshkzh,j.

ts Is fRENS figt Bl O G o © O

LO dBsHjd&z 10

fzlkO KOS d

Hd d3j daL  © OO

Fdoa3j dzLl j] fteotsBdlsdetse (Bs[t jL zdEEDIS
Hisdgj dz20, HEBddzj cEttes je Mdid BzdkzOyd O
HizB ddz EBOHO O dfmlsdn 4ub0OB.) 4.5
r h r z N q’ dZ' r B q‘ a[m] RaFEM_l:IO RaFEM[ Y]
[em] | [cm] | M d te d dz{ H ts 3§ [ V]

H s d3j dz{ [m]

[m]
0,1 |5 1,6 1 0,025| 21497,30 2150,16

1,6 1 0,05 | 9172,26 917,22

1,6 1 0,075| 3925,70 392,46

1,6 1 0,1 1724,72 172,49

1,6 1 0,2 137,60 13,76

4,8 3 0,3 57,66 5,77

24 15 0,4 41,01 4,10

24 15 0,5 32,44 3,24

24 15 0,6 26,89 2,69

24 15 0,7 22,92 2,30

24 15 0,8 20,01 2,00

24 15 0,9 17,75 1,78

24 15 1 15,99 1,60
RL IjCMmisO v@Bd&zOWw. O] dfyj H FEMtS HHjdddg) dzz@B t§tc Ols ts

BSH ] dzZ@XH48Bm&E 3m

d34 to dzd ~

CBjhCO OCK M

Csted fls |

LO Mmddkzdoyd j
Jdzi SlstcsHO @OC Q@ jdodafles’ ' H dz&NQ SA,0DIs d
L O f tcot®O fple@=0fdd)dH jO¥, B 1Y H tzXnds B alzd dzc

OB 5Ol sted  MHBma 4,883 &ZO} © H
E 3OS j desds BsH j dzlz s d o3

S H

Om ias5 1.,
dzj MS Odzd tc O ded 7

5 [90°

sfmjec

B d

f5¢ &z ? s Ofss’ OF G adpkiflz ©GH

otej Hd&sMIsd &3O

f OttOdj sOE0O

fdd<dd Mdats' joddi0 Isdio,

dL dgj’

o

-~

I—N'N'@m'

J¢
B d
azO
(0740
©
s

oo @G-

a3
] &3

25mH

SIT3 e

o
Oaq-.
~nl

S

2 &34 tedad n
ISBLdtGBdS &zO0 Ists

d
q’
q

quo f slstcj B dzO
Bd MmJ
OdsO L d B0 fMd
d %BEMﬁmﬂdtdwsdz@mﬂ

COCts

R4 te dzd ~
d3J tc dzdcrm  taH@HT) Is T5s @S O N ldsts

l jdzgj teso dn

HO M,

ksd fjlsfsmsOs S sds,

245

O dals o4 MO,

Ho SMdzts * dzts @

O MOBJAB Isdd3 My

jdzj SstetsH O,

LJ B dh O

Bdts SctOdsdyj dz dzOO Bj ' &z
oMt OF O

B d
ftcjIsmaBBH d
Tdte i d
f

d fwejyde

HO M8 s48mx=x820d J HPUz] i ¢ gzg gladzc
b &OBttOltsted MSdd kMdsse d &0,

fts

l jdzj tese d A

HO MmyJ
dfmistc Oy d dzO

d

d My &z dzd
HOdz MS kY

O dzOtetsyc
Is FEM. Of te j

HO? O FEMsC Iz < dz

H d3 dzL  © O
Bjjs Ok O fe
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(S jtedds) desOcdzdz® o jtedW S OYd O dzsoj RjlssHj LO COwOSC,tedL

532 FEMMd Bz dzOyd  j L O MSkYf &intedzdn ©OMss OF O HEs C

ltcots Mz FBMA)didlzijzOyd “ j O®OH i sl OFOR] ' 2 J dzj €I
9jHJjdO ttOfmMfists° OO0 Bd BHCGCBKO Otc Oizds Wy 'L B diplsdadods «
o] dzmMC k2 ftodd3j dzge BwBitey C O 1 jdzj etso iflmi3jis s a3Otc dz
gd3j dzd) dmMftco © dedfmkz tOL BOteOdzO, " jto " j dL 1t
d&34 dz0, Cs Mmx48md8sf | HAS08s? dzes o j dzd €y HO toj L kzdzls
jydrdzd LO O ' zfmMtsB dzO tOMmkts OF O.

321 ¢ 20O dzdL © W d S mdedhx2m>d0GindzL d ° O
ltcotsBdlsdzO dHj O LO jSMfjteddkjdes “j BdgdzZO HO
s jdzj Sbtesdzdlsdys O COHO E S 't B fMj dOftOs

a3 dzL (X 2jm x @5m, FdzOC jdzaj bk meud@miEm dfo Isis 8 dzOtetsyd
Gdzj HEz HEBddz] .
]
te

1 O
Is §
i to
H
i to
5.

o)
Hd
fts

tod di3d to tc FEMATHEHAIA] tc Odzd » B ted € O 1 j dzgj tetsosd3 o3 Is
f Otc Odzj BAEAOGH@N, 7,=100Wn K=05m Mo dr &j teded 7 M@ isE, HO O |
Hdd3j dzaL d * j mums2Ep>ddBm 44§ tcd C OL O@B .. J 5ulz2 IsOB j dzd Mk
sHMEf O O tjLbdsk <] ftdodHds GfstdsFM b ©
BsHjdZO MO HdABjdeL d°  OBO HBRJ O Ct5° j L Qo@pMm) 5sHL 3

U OB j5@&O S j°j ftde dH dzdFEMEISH G t@s f)lod o Ptcd * O d dzdzd &5 d W d € fr

H sd3j dzO

r1=5000Wm, r>=100Wm lf=0,05m
1 SsHOY4G OB L, B5HdI3/Ad S fd tcOdzj
Hsdgj 2@ Cts° jJ LAOHdd3j daL d ° §
cOMmMist® O°F O Amx2mx05m | [HMlskz{ OF
[ iz AT ZEa RaFEM_lzlo RaFEM_4m><2m><0,5m
[m] [[m] |[m] [[ Y] [ Y]
16 |1 0,1 | 1724,72 1724,16 -0,033
16 |1 0,2 | 137,60 136,37 -0,897
48 |3 0,3 | 57,66 50,81 -11,87
24 15 |04 41,01 31,13 -24,08
24 15 |05 |32,44 20,46 -36,92

sOs hilsts " jJ d Byd $doe Odzts, dHk<d ®tH &O° dr d3j
sHMskzf O] odHdts tlOMIsj. 10 9j<36JFBYg dlf BOdzME
tc O M ls O=@5n].

5322 ¢ dzOdzdL O dzedL O HBHOIdzdr WdSEMmdzdms HBI deL d° O L
0,1 wts 0,5

1dL HBSHOlsdzd R d¢ mdz
fpdzg Hj<d Wq&Mmda sd3B d
[ 5HOBEK) d &3z dzOyd " J J
Hqdi3j deL d “ ] HBdR] 2O € @OB
O0lmHts M@, 50 Mo OCE H H
HSd3) FEM @Z®OH j dz L | B B IsOKJBs
tcjL zdzs@sd. B .02 Is @t HEED yinfjdz o
ot HdzstBE.. d2 . 1

g

109 j<0O0 HMIskzf OF O, fcsimd3OstcO 2<d yYydlsOe i Mmjc

sSH MRt M@, B jif] GBg’fCelER0, 5 m, hists “jJ d tyd $de Odzts,
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(S jtedds) desOcdzdz® o jtedW S OYd O dzsoj RjlssHj LO COwOSC,tedL

Bdzd Y 000" ' & ctcOdd yozso® tcetcOdedyd detsé HEdR] d20 B
Clsdydes My BHMJ YO Hijts CBH CB8EO0 " jJ fHtslsdyod
fncftsOdchds Hdd3j dzL d ° OBO H A dz0O, B edz® Mlstelz* O
O]

‘b Bjtedzz jdzj CltesHE dzaj sy ) HEBom? das HO
dzq REMddgsstR | dzlz s cdz® dz@ dfmlsd &Ouddz SOCt Bd BSG

G0 st

ts d
0]
q¢
©O°
G tc
k.

v OB JS&Or dd3j dat d° 4 H B BIFEON] Bk 2@y Pls fiz]

Ad S Mdzj 10 98j<0 ©HMH
Hdd3j dzL | ( BY™™L ©@=0,5m)
Hisd3j dzO0 |

4x2x0,5 -36,92
45x%x2x0,5 -37,07
4x25x0,5 -36,92

4x2x1 -8,04

45x%x2x1 -10,13

4x25x1 -8,03

4x2x15 -4,05

45x%x2x15 -7,32

4x25x15 -4,01

4x2x2 -3,42

45x%x2x%x2 -7

4x25x%x2 -3,29

10 BOT O fimisdedlzlso REK) O dli)ks L 5 htkR | @OGL s OF
05m fsmisdyj Mj SCOHO fMj L O Wnp2bozi2m-Ga89%det d° j HEC

5323[W4QOIS MEOS j¢ 0 wOMss  OF O Ofomdgjs’ I8, fed@j & © & H6
Codslf dzj sdzj BtededdzOdzdzy BjlstsH] LO COOCIjtedL (

sOCt HJBEAS;*XZm 4d HO? ] ddhkz fttdreOls?>dej L O
zOB tstcOlststed  MEdds kfdztse d B3O, f (M B thf &z ydn'jO, e
ELdBO E<d Httkzelkz &jbtedCk & tSBLdt. ULLJjlO MEz d&j'
0,1m, Is ° . z¢C° kzuiz0,d5m, @,07m. 0 ,40 2tbtcz G ) MistcOdzj , SHB OY
0,5m, LO €B°J) "4 dL fttdSOLOdMse tydcedjHds HO f
otcjHdetsfrpls@B . L 1 sotsd3 tOMss O dz20 9 j <O L O &O
fsHjhjddrn WdSfdedrs HIBIdeL d° O dBsH | dzO.

10 MoOCEk dtsolz Cd3BddzOyd bk FEM dtsH]jod@0zd ~d U
dd3 dz0 tedc ddzOdzdzy 4i3g Is sy d3@ls tc Afdtss dZOp » P s €
9 Otcdzd = € Otc OC s Q e drfitdls 4@ ClOkz@.dzdv toj L Zdzls Ols d .
u OB

v , 5§8dCOLOdRO Mk tHMmbkzfi O @MY EYPY demdzd A
teJWJtGJBaTE“&aO.:tJW;te;dzlsdzJ ftod o R wlOBEsBdE IS d dj M
CoOos Nhits "] ofEM Mgk@yd dL MO Mmd dals jr/s=§0Q0Whd3 B H
r=100Wm  ¢=05m, kL {REMdgjsdely zO MO o Oted " OBq’dzdz.q’d3 H
ltcdo dHdsj SR EEBEMIEdEs R O EEMIMd ddzidzOyd © O, Cts°
Ho sfdzts " dgd dBsH jdz IsdzO f sH "N jded § OtcOd3j Isted Qts d f
L BEM s H j dz W d ¢ Mdzd samx2chek).5m) d ° @ Ofs4 ¢ zOo dz0@ 3 6O f ¢
imMsddkBOyd j fO0LOd®kjlsOtd dL dssj dBjlstsHj MO twj W]
CoOOHWLOIO tj &ZzOlsdodzdn HMEZf O O L O ftododHds tslst

LY e t€ M)
f te zOof O°
fls
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{ SMY j ted d3j dzls O dzdz©O

pjted¥dSOyd O dso j

dBj IStSH

LO COtLOCIsjtedlL

s OB j5d0 tod i3 d&zO@ Bted ¢ d dzO dzdzj

d3d ISBH |

COOS s tc FEMGEH j OO W d

Amx2mx05mdzO toj ¥ jtoj desded MddasjlsdusSd BsHj dz Isdo

4COkd ©Od

( Misd BOYd " O
ftod d3j desds tste
RjIstsHj, EEMsd

IsjlIs . w HiMlskzt OF
i bdy Gsujd mo wggdHnE
Hdd3j dzL d ° Od
Amx2mx05m

rif Ym 5000 5267,65 5,35
r2[ Ym 100 121,66 21,66
h [m] 0,05 0,047 -6

RaFEM 110[ q ] RaFEM_4m><2m><0,5m[ q ] F&W H fl’] s iz u’ q
a[m] (jWjtejd MddEzdOyd O L | RSEMAm2m05m

9t jH dz,isdir]@uq’ ) dL dzOH) s iR EM-110[0)
0,025 21497,3 2164567 0,69
0,05 917226 9376,82 2,23
0,075 39257 3891,57 -0,87
0,1 1724,72 1662,55 -3,6
0,2 137,60 14242 3,5
0,3 5766 60,45 4,84
0,4 4101 37,80 -7,81
RMSETrrRa [%0] 4,07
U OB J5&ED stoj ' J ] Mk ¢ o OnB@MOA swa fif del{td) ‘df) Rsted ¢ d dz0dzdzj 3 Is
WdCimdzj Hdd3j ddEEW d3ts Hy sl dzO
r1=5000Wm, r>,=100Wm lf=0,05 m
Ad S Mmdzj H ( RMSErTR [%] t Oykdzlmc s o
HEsd3] dzO [ m ftod d3p ] ¢ d dz
B ISBHJ
4x2x%x0,5 4,07 4h 19m
4x2x1 1,17 5h 8m
4x2x%x15 1,1 7h 31m
35%1,75x0,5 4,07 4h 3m
35x175x%x1 1,2 5h 6m
35%x1,75x15 1,11 7h21m
35x1x0,5 4,09 3h 5m
35x1x1 1,28 4h 5m
36x1x15 1,18 4h 38m
3,5%1,25x0,5 4,08 3h 18m
35%x125x1 1,22 4h 15m
35%x1,25x15 1,13 4h 13m
325x1,25%x0,5 |4,08 2h 46m
3,25x1,25x1 1,24 4h 58m
3,25x125x15 |1,14 5h 23m
3x1x0,5 4,11 2h 13m
3x1x1 1,35 *
3x1x15 1,25 4h
* cfd3|zdz®ucf O Bdqd&zO (OkZLJwOMRO (g ¢t dats<d, o
fsmists"d f sHOIOC
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(S jtedds) desOcdzdz® o jtedW S OYd O dzsoj RjlssHj LO COwOSC,tedL

o dzd ydzts C OtGOB S YOLOdats L O H kPR dex @5mMj  dgtsyd F gr@zts

“d LO HO? ] SCStdi3BddzOyd j Wd¢ mdads ..REMQPERZLEEPE BEH |
Md LOSC? Eyd MmdzjHj <]:

T MO MBOTJ ¢ jd ¥dCMmde HddB] dEEM BsH HES] o f St
fs¢ dzOf O° § F%&"jn@dztsiqlg;q Bd k6. dL

1 sH Mej Isted Hcfd34dZch , @O 9j<d ELdyO® dO
HeBddzO (ftsej <O j c{dz; HsotsHd HEB BS? j6

I MO do O jd3 Hdd3j dzL d ° O d3tsH § dzO, syd $do Odzts MM
B3y ssHa dmMEtsdzo jtea O €O tjhjf kz.

5324 ¢ 2Oz L © W d ¢ fydzd Anxd,g5mgixttan  * © 3, 25

SEROYds Mk SHOBEOd mxda5ndkln O HEEEHAE | &K
124( fsHjBUVOdy . B.[D] HdBIdLd §J Mk tSHOBKOd] ¢Ots
Hdd3d det d° © t©OHd &OShjce Mo Ottdeo O O jCMyjteddij
LOHBOS? 080" < bOydessmisd, M Htekzcj MlstcOdz] .

VLuOB. MB. BOISd HJISO? dzd tJj L ZdzlsOls dnxl,obmishnd,B tc O dzj
0 dz0 dzts ¢ daO BS. @ 5QE4H d dypxdzmd 0,5m). 4

] ] H ARERYRZI25™IM o | i ilsOo? O Bj ' LjL zdsOls, ©Hds
f5C&ZOfO° ] jMisdddeOddn d fise OtsdedfB. § OOdj ISOELO fi

v OB J5&O od 5] 20 BStdcddzOdzdzj 3jlstsH] COwLOCI ] to FEMGEH j Z®O W d

w

3,25mx125mx1m dz0 toj W jtojdasded MddalsjlsdySd dsH jdz Isd

T £l
4 S Odzd te . 45
E] EAs ) = dg;tslsHthdczl ’mogﬁmqqc U5 il 1= (@

eyl 4 e Hddj deL g ° O
3,25mx125mx1m
rif Ym 5000 5107,33 2,15
r2[ Ym 100 104,38 4,38
h [m] 0,05 0,0484 -3,2
RaFEM‘lzlo[ qal R.FEM 3.2am.28medm [ (1 | [HfylskY d
(td Wit | [p.FEM_3,25nx1,26mx1m
afml ot Hdats FEMfr]qu? dZOHq Ra _F;EM 1-1’o
508B.) 5 f OOl Iste] g BHY "= [%]
0,025 21497,3 21171,94 -1,561
0,05 917226 9342,61 1,86
0,075 39257 3947,31 0,55
0,1 1724,72 170569 -1,1
0,2 137,6 13751 -0,07
0,3 5766 5845 1,37
0,4 4101 40,48 -1,28
RMSETITRa [%] 1,24
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(S jtedds) desOcdzdz® o jtedW S OYd O dzsoj RjlssHj LO COwOSC,tedL

533 [HOBtOdzj W ddzOdzdzj W dSMmdaj HId3j deL d °

1 sCOL Odzts i HO <j Mmj mx®25mylgy daLtefj Hj dztHfidsdyj dfCs d3
sk stedzsimisd (d dL tcOylk dz@is5PO0VEN, recd0fMts j dgz05m0O  Is dzts
feddjsds’ &jted ©OLdEJ{Sso0Olkd GH otjHdshisd &
g Bz ZOYd * OBO & j dzj eOckzdets dzj Mt j] GeOddyjs O
sctcOdzd Yo O <d WOCIkst CtH jSM jtoddsj degs Oczdetse  Bts

ltod ©OL BOLOSE ojddyddj &OBstOsttd MSte
ud® jddyk. [ 0OL &SSO b ©wOMisHjdd Mstk 0 b daj 5¢tsC
LOfcQoats d ded “ § BdlsdzO E fMmidmdzE HBCOL O €9 Odzd
f OOk sOCFEEMBsE@EMR] S s5° d M § Mathhios e @A das Gy dr j
jCmMyjteddsj dels Oczdzj fetso jtej GtodOEt' Oo Oded Mlso Otsd
OB stOtsted  d (cwOddyj LO dBSHjdz kO & HEDOC dj d
BEHEZJBO B3O 2 HBHJ|? jd SHISHQE Q dis< d J ¢ te1@dzdmuidzd 4
dzj f tesosHdz], BHhshHds (Ot dJqLsdkOkttt), IOSS HO
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fsMsO0oCj, yd'j Mk Hd®EjdLd j EOSj 6H Bdkdn LO
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| |

mwf&‘:mm, Ing/
M

der Abfiillung)
%;'.fum Flinerge et e AbULD)

- 8), oder/und pflanzlichen Stoffen aus der
ww HZ-HS it gds:/u)v'wd ‘aus dem Garten- &Landschaftsbau,

ismen
oder/und ind Tc oder/und kohlensaurer Kalk, oder/und Mikroorgani
- ooder/und ;ﬂmmmkgdnger (verkagselt) oder/und org. Dgr;ger oder/und ot

gemd

tigung/dem

geméB Angaben auf der AB / dem techn. Datenblatt

Phosphat (¢ qemllB Angaben auf der AB / dem techn. Datenblatt .
Kalium (CAL) gemaB Angaben auf der AB / dem techn. Datenblatt -
Magnslum (CJO.) geméR Angaben auf der AB / dem Datenbla

geschiitzt lagern. Nach 4 bis6Wochen mlt der Nachdﬂngung beginnen.
len Zeltpunkt des | rch den H ller und kdnnen

i 1 auf d
3 vor der Anwendung ggf. Nhrstoff ehalte Uberpriifen. Anwendung nur
G tirichen Schwankungen WWQMM R n i

pﬁrkltdm Kulturen, enthilt Bor, Kupfer und Zink in pflanzenbaulich.

i @@ Warendeklaration - :
Gramoflor GmbH & Co, KG, Diepholzer StraBe 173 D-49377
Produktart: _ g Kultursubstrat Substratgruppe 1

4 d547) SHOME VOS] & MSsd MOMsOek L j & j

Vechta, Deutschland

HO55i11 0Bd OF ) Lji®j k MsOSdjdsdk Mzrukz dL&j' & 2 d&o

Hd56istO S JLEdZjH d&OBJd' jdbe Rodsejdse Mds 0 Ljdk?j bk
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E ES S H -
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fej OO O° O, Ek gjtedsd dhhstlzdg] dskz | f§H]jn]
e me s gstogh fpdetizd S s Mo dn it ¢ O.

[j'EMBdO ttOMists OO0 dL®Bj' 2 d&jtedzdm Jj dzj CIlstetsH (
fls ©¢ dzj dzt&fty® SFFH B 4(z0 MEz: 2,5, 5, cm,5, 10, 12,5,

| OCEBlted C Gedodrdey MY JydWdudei P& CEEYdei B Els
ddeiistez3j dzels fted S OL SO di) tofml B degzy o B @SB FHef MmO

SHd&shds MPtR i 6H das O fEHEmM)j. &2y 0 O dOyddz i diLt
dL dBBjtej dz0 otej HdzsMis REHI HHd] sl tstedasmlsd

545 [ jtedzj Jdzj ClstetsH

SO jdzjChtesHj, Cotdh < jddls dgz ACdi2dsdeded’ ' difn SHits St
Hizy ddzg m2 o 7 ¢ te jmndzdf @ 02 Odz & L j B2 £, ©H dzsigazs 56 PMOC

Hd59i) sfledlsdzj 4712 Cotdh<jd COB jdzjSltesH] LO ditjs O fi
BibsHs® dZO0 j S jted B dZsOdzdets 3 OB 5Ol tsted NS 5B

[ GHOdts, Sttedh<jdj Mk d Odzdddd zdhtj djted
) 6d C OL Odgjlz. M5 . &zO
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4 d5101 ¢ iz o3 dzd - BB S j Bjtedzj ozj SktsH] C°j HE&OL

4051171l sedzjH BHBLEt 20 jdzj SbtetsH] EZBtHjdzi EL § @rBomizk Mlsto

Hd5.121 ) BEdzj H MO MistOdzy kO j dzj SABEmM| Ll i tzj ZhOME@O BB S
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55 MtsBsc j dats s dzts
551 [ jtj®j | jdajtccotsds d5j StHEE
[j©i® 0 &0 jCMfjtedddsOdds &OssEOlsed M

sHj? CEz, dqLoth jdzO Mk 14.10.2024. RLoth jdzO Mk
mMzH O. (dz SIstesH] Mk ftBOHOd NNIlsts " jJ BddyJ A&
ddzj SstesHj Mk SCScd@fbdj dj MOBs § i

tdLlzdazlsObd &) Qrulits . § &6t Go by def dzftsly telg GiPdzls ixiz
BddzO ftsHjh jE@®4m, st G S@E T cdC oL O0dz0 k Isted
Bited 4 LO MoOEt dEBPJrfEge des jdQPGlssS@ O] § tsdztse ? j
ddmistcz k] dzZlstsdz, O BjLud@O' GOl HEZlREESOO0Odz) O3] tcdzj
fsBBHJjd dzO 3 ' BfExemizsz tcOddstse jOdzty Isdzs 2 MisOC dzj o
ftocjlsAnHAts B  Oh ¢ jdats, LBBSGE BEtwOddyj 0 E ftcdzjr
fsHimd HO BRE EO LadEPSIFOE/TETSE ¢ g “ifF - LEW DGO
Mtej HS O otcjHdsMIs dL Isted d3j ted ¢ O.

s tsdzOydzj o R EBERBd OO0k Mj tOYkzdO® jdis Micj HS j
dLoth jdzdms L O jdzjSlstesH] EZBOHOdzj] kL Hoj §tsHEz) dzj

UOB J5EO jLEdksOd Bjj 0 fotejH SB) HEYyj MstOddyj

@0 0w dgpayie y Bl B s _p g (| O Gﬁ'dﬁﬁlﬁtﬂﬁm); dzty RS 02
1 ‘2 ‘3 ‘HtGJHCG) 9] Hd
([ dzj SIstesH] EBOHOdzy kL fteolkz f BHIE)
0,025 1418 | 1436 | 1392 | 1415,33 225,26
0,05 1151 | 1139 | 1129 | 1139,67 181,38
0,075 862 |851 |842 |851,67 135,55
0,1 750 | 747 | 745 | 747,33 118,94
0,125 674 |671 |668 |671 106,79
0,15 662 |659 |657 |659,33 104,94
0,175 701 | 699 |697 |699 111,25
0,2 740 |740 |736 |738,67 117,56
(dzj SIstesH] EBOHOdzy kL HEkzelz fBHLE
0,025 1328 | 1329 | 1320 | 1325,67 210,99
0,05 1103 | 1102 | 1094 | 1099,67 175,02
0,075 815 |812 |809 |812 129,23
0,1 697 |695 |694 695,33 110,67
0,125 654 |654 |653 |653,67 104,03
0,15 675 |672 |671 |672,67 107,06
0,175 696 |694 |695 |695 110,61
0,2 753 | 752 | 750 |751,67 119,63

552 [Hy ' do O j MmMyjydWwdudsj tlsftstedsmisd L J d&3° J
55.21 FEMMd dsz &zOyd * §

RL O j &M fifylasz zOyd " § MmO
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ftetsyj dflodeddzts fjls Ctej dz20 Mtej HS j otoj H dzsfIg42). C o OH
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ltod i3 dets s s dMOdese f s ESBSRG N . fiRjp . 8 tc

odHd HO " jJ dO 9j<j ftbyj dlszOdds tHMSZGW' jL &
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C i OF Is dzO .

| @ dz. Bk 1Bt d S OL Odzj 1§ ted svdoBdzj 5618 stedzsmisd  dL
OB jSED St6] ' j¢ ) Bitwjddn ftdodudzdn s e dzts BEMN dipisk dfAapd’ doi dz

a[m] | R & ¥ RV g ] Ra' 99 q ] {1z ROMGY
(3 M=100q m) (3" 95=55,23q m) ts HR.Bd © J[%F

0,025 | 218,12 | 419,03 231,42 6,10

0,05 [178,20 |290,16 160,25 -10,08

0,075 | 132,39 | 226,21 124,93 -5,64

0,1 [114,80 |199,50 110,18 -4,03

0,125 [ 105,41 | 192,24 106,17 0,71

0,15 [106,00 |196,11 108,30 2,18

0,175 | 110,93 | 206,94 114,29 3,02

0,2 [118,60 |222,54 122,90 3,63
RMSErrRa [%)] | 5,17

O hiss " j ftojlsnatsH dats BB‘@hﬁ‘;dzts E tsotsdy BHJ
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COMSOL Multiphysids , H O lsf dz.f) pud#O6 ,5 .8y j SIsdo dzs. 1 shizy
fsmskf Sk §tdC OL OMBRA55.2.8 s ¢ dp@s dal fOFEM B H | dZHS zOH I
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Cstedh <j o COB jdzj ChtetsH O, tOMBIBEMOS | dLdBj ' k&

Hd5161 [ 5Hj @OMBOLE L O Mddzdoyd & ®jtej 0 | jdjtsosd &jssHs
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jg vs e gl | R e v )
f s H j ") st m) .

i Gt ne 1672,15Y m)

[cm] 1 2 3|9 te] H(
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6,67 | 35,3| 35,2| 35,2 35,23| 5607,56 5667,78 1,07
8,33] 36,9| 36,9 36,8 36,8| 5867,51 5976,96 1,87

10| 43,1| 43,4| 43,6 43,37| 6902,02 6562,77 -4,92
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5[124,8|24,6| 24,6 24,67| 3925,82 4364,64, 11,18
6,67|33,6/33,4|334 33,47| 5326,38 4905,57 -7,9
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fjCt Ljdkj bk mMOS dj dd MkH
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l jdzj csotsdg d3j sStSH 53
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(SMYfjtodd3) delsOdzdz® o jtodW SOy O dgsoj dBjlstsHj LO COOCI|tdL
vOB 5t jLEZdZkOd Bjtej O | jdzjtetsotsds dgj ssHisB MY jydy dyudy Bl
(fsfdlsdzj ) EBOHOdz] HEZY ftoj foHEYd] MlstcOdz Mlisc

j B4 B @B _(d fefsanise ;) [ k Y m]| Ra® ®*R

ahZfem] 1 2 3l jHS O ot

2,5 89| 88,9/ 88,9 88,93 14,15

5 32|131,6| 31,5 31,7 5,04

7,5|13,76| 13,8| 13,87 13,81 2,2

10| 5,77|5,79| 5,81 5,79 0,92

12,5| 2,91|2,92| 2,92 2,92 0,46

15| 2,38|2,42| 2,42 2,41 0,38

17,5| 2,13| 2,14| 2,15 2,14 0,34

20| 2,07|2,08| 2,08 2,08 0,33
dCkYf BijSO0 ‘] fodse?jd MO jdjCketsHORO f
flsOC dzj dets¢ MEHO. 10 kO &Ouydd, KOs Mmj  sh
oMt OF 0, s PucdS O DR 'Ldo O j COOCk,jtedmisds O IsdC
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ahfem] 1 3lutejHS O 9t
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5| 37,4, 37,2| 37,3 37,300 5,936

7,5|17,15| 17,37| 17,44 17,320 2,757

10| 6,81| 6,85| 6,86 6,840 1,089

12,5/ 3,91| 3,91| 3,92 3,913 0,623

15| 2,57 2,56| 2,57 2,567 0,408

17,5 2,2 2,2 2,2 2,200 0,350

20 2,1 2,1| 2,09 2,097 0,334
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UV OB j ZOBO, otcjHdsMIisd todo dHdedn &‘E‘Slj’(?s@dig*fr?lsc
HtsBd " Jdzag Mk fteddzj desdz tcOLod " jdzgi BtedcddzOdzdzj 3
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SHdshdts (BSttO0fkz JdLttOykzdzos 00 Cttdlsjted zdMSy Wik
o[LscjteOuo[‘Ff_l\/ldsthJﬂd&tsfr]dzcj'lz‘cj Mk tH IIsted § OtcOd3] Ist
1? dtqgidéhdh 1 Olsd &3 M FEWmaftedz@=0Q'dlz § d t6j Mhatldds Ols
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stsdzOyded tojL 2dzlsOlsd
Mz kdjlsd k& kOB dzj .

iMsdBOyd: 0 OOk sOLO it

56411 5tej ' j° J

fedodrHddr Glf stdtsmlsd

RLuOB .4M8. odHd HO My fHtd GJteddj dzd dese j d3J IstsH
‘09? O0=flagsf m, SCOHO dL dtsmd tH ¢t 8, 5%. [Bek<j
Gty h ¢y ftod BIted ‘2 (O fteddjte EMdziH ©0OLHEN dzis@

1 slsjhCts<j ftod Bjtej 'k Bd<j € tsd35.0zls O ticd iREABEIRsZ L O

ftod ftod ) dd Gtcdc dab®fifzl  d3i SBHJ

v OB jod23 1 tod o d H dzj

slsf stedzsflsd :

ety dd

dL &j teg ded

HsBd jdedr ftodd3zj desds o3 ssHO ddzlsjtetftej sOyd " §

RFEM k q ] R.52 O_ & 9549
aher | RBIEI®R q]14}1=1677, (}1=2164, 85 VYn
[cm] (bwOB .2) 5.42=73,4Ym J2=655Y m

h=45cm h=4,14 cm
2,5 14,15 11,20 14,112
5 5,05 4,68 5,262
7,5 2,20 2,01 2,039
10 0,92 0,97 0,903
12,5 0,46 0,57 0,504
15 0,38 0,43 0,369
17,5 0,34 0,38 0,332
20 0,33 0,38 0,334

[HMsz] RBIfEH Hiclkze | ¢
2,5 / -20,854 -0,3
5 / -7,148 4,31
7,5 / -8,766 -7,24
10 / 5,063 -1,99
12,5 / 23,222 8,54
15 / 11,519 -3,78
17,5 / 12,810 -2,56
20 / 16,483 1,21

RMSErrR&%]
/ 14,56 | 4,62
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v0OB J5dAI ) tdodHdzy BGlsftstedshmisd: oty ' 4 dqLBitejddrn HEXY Htk
HsBd jdzedm ftodd3j desdz 3 ssHO ddzlsj teftej sOyd " |

RFEM k q ] R.%52 O_ & 95149
ahet | RBIC[®Rq]|411=1677, [}1=1356, 1 Ym
[cm] (bOB .3) 5./42=734Ym |}2=519Ym

h=4,5cm h=5,4cm
2,5 9,03 11,20 10,29
5 5,94 4,68 4,87
7,5 2,76 2,01 2,31
10 1,09 0,97 1,16
12,5 0,62 0,57 0,65
15 0,41 0,43 0,43
17,5 0,35 0,38 0,35
20 0,33 0,38 0,32

[HiMskzf BB nickzegj ¢
2,5 / 23,99 13,9
5 / -21,09 -18,02
7,5 / -27,26 -16,13
10 / -11,06 6,78
12,5 / -8,16 4,97
15 / 4,57 6,15
17,5 / 9,73 -1,56
20 / 15,37 -5,03
RMSErR&%]
/ 16,97 | 10,7

RWOB.SofHHE ] 0d@OksHMsEY] OF 0 L-1BU%d$al ] tsH & C
B tcdzO tc Ofls . Dt PR dzts d3 7 dztipjj oz Cls RMBE TR L00 %.
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vOB j5d83) tdo dHdz Glsfswdshisd: §ot' j°j kMejus jddn dLdjcj
MisOC dzj das¢ MEZHO d HesBd jddn fddjdsd &jssio J

RaB IR q ] RV k q] | Ra™5°°- % 8%49
aheH (Mtej HS j 11=1677, 111=1729,5 Ym
[cm] otc] HdesMiIsq)2=73,4Ym |}2=59,9Y m

5.12 d wuv(h=45cm h=4,69cm
2,5 11,59 11,20 12,317
5 5,49 4,68 5,199
7,5 2,48 2,01 2,227
10 1,01 0,97 1,043
12,5 0,54 0,57 0,577
15 0,40 0,43 0,398
17,5 0,35 0,38 0,337
20 0,33 0,38 0,327

[HiMskzf BB niczej ¢
2,5 / -3,38 6,24
5 / -14,68 -5,31
7.5 / -19,05 -10,09
10 / -3,67 3,81
12,5 / 5,24 6,15
15 / 7,93 0,58
17,5 / 11,25 -2,34
20 / 15,92 -1,53
RMSErrRa%]
/ 1159  |5,36

s sd3j dzls Ots: sHMis z RO 1O Badtd JFEMGET) s ZOyd “ sd3 L O
11=1677, 21:¥M4M BHtej ' jdef dL JSMYjteddsj dzOlsO MmO
otoj HdAETHS S cm kMo 5 ki) djdsd sHI dztwojix j Mk BH GHMI
ftodd3dj detscds detso j dBjlstsHj dzO J S MY jtod d3j dals Odzdzlz ff syl
l jteso Olsdzd t©OL d&zse L O o O, 2O ftecod §wcEdzjH dzj
Mzs j o O fsMd3OtcOdes s AstedL sdals Odzdetsdz ff s toj Y dats d3

11 o
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56421 ] ' j° ) jMsdkdOdkdr: OOk sOL0 &sHj O Is dz

VU dOjHdzd s IsOBj ZOBO bYist]' jdd Mk dO° o Oy ded
fOLO®R] kOO kdkd: MfjydW¥duds JdjChtedud st stiedt
s 0.

vOB @) stej ' J°) HBB jddr fOtOd] sOtO® Hotsdzs  dzse IsdzO dL
B ted O dzO HotsMdzs dztsdz dIsHj dz2 HEY fteoj §JBHEYd] MM

tjWitcjdasdzj i wtsg ai| [ tod ¢ d dzO ¢
qL Bjtej 0O dO I(dkjlksHO
(tsH j 5.84d 5.6.9 d H
s’ j & Mdzs* O dL
piYm (44 flle77,2 2164,85
12[YmM (L jd734 65,5
h[cm] 45 4,14
[HMIs Iz {PeD Y
@Y (f§4l/ 29,1
@aAYm (L |/ -10,8
agh [cm] / -8

vOB j5d8 ) St6j ' jS ) HBBJ jdzdR § OOk SO0 Hotmds  dsc kO dL
BitjS O d¢zO HotfMds dsd &sHjdz HEY Htkcej ( OMY{ ©0Oddz)

t JWJjtc]jdelsdzj i totg di| [ tod ¢ d dzO
dL Bjtej O dzO Jd3jlssHO
(s5Hj 584562 d H
GteS j 6 fMdzs' © (L
1[Ynm q 1677,2 1356,1
120Ym (L j|73,4 51,9
h[cm) 45 54
[HMsz PePS
@1[% ( 11 / -19,1
m20% (L j|/ -29,3
oh [%] / 20

vOB jbdW) stej ' J ) HtsBd jdzdm fOttOd3] SOO HotMmMdzs  ditse IsdzO (i
EmMtejH® jdzaj otejHdzsMisd tojLEZdzZkOO dGitej O dzO Ho M  desd3 dESH
fmMkzH O

t JWjtcjdalsdzj T aepH ([ tcd ¢ ddzO dz
qL Bitej O dzO0 ddi3jIlssHO
(sH ] 56Hd 5629 d H
GoteS j 6 Mdzs' © Lo

i [Ym (4116772 1729,5

12[YmM (L j{734 59,9

h[cm) 4,5 4,69

[HMskzPePC

@i[%  (f i/ 3,12

@2(%] (vLgd/ -18,4

oh [%] / 4,22

107



(S jtedds) desOcdzdz® o jtedW S OYd O dzsoj RjlssHj LO COwOSC,tedL

5643 [HMsEf O O tjLbdzsOO ftoddkj di Gtddddo ddj
JjCMY jteddsj dels Odzdzgd B € OL dzsc © L O BHMBEUOqO

sz jiedtedshls £ kOydshisd SO®BOSkjtdL Oyd: © 0

f OOdi) SO0 HotsMds dse kO MO kOkdHE cot cq@
sk sedshlsd £ s’ j° MO otjHdsh<k mfjyd¥dyd
OOEdlsduS dn &BEH | O, 4.43d2PS Gue@dsd ) M dasy JsYYE & ¢

RL JSMfjteddsj dzsO fMmj dhsyj ojtedWdCtsoaObd tsteda
tjLEzdZcOBRHd 9fBSDLE £ HO jMisddidtcOdsj otcj Hdatsflsd
Sted ¢ d dzO dzdzj()1= GFREE mMjj2=599Y m H=4,69cm) £ tSHdshikz  dzO
f Otc O i3 Is®G77,2Y m,j2=73,4Y m =4,5cm) sH Misz§ OF143,12%) D} = -

18,4% Kbh= 4,22%.

s
d
g
|

57 1 0¢? 2yoe

10 Shdssk dMSkmise0 ksSsd Lot jSO jCMmyjtdd
%O otjHdsMisd HsBd  jdoj BjtejsSdqdo, O S j Mmj L
fojHdsy j daj GdeddzOdzdaj d5j ISBH .

1 ¢ tsdzls PE st dj CstesH O E HEGHAER] MO0 WdjdrEdsas
EBOHOS O jdzjSltesnH O, dzdlsd o Oted tcO dalq lsidzjs ofigtD
ZojC EZBOHOd L O Mmotstin; yddsQo la zy  gzPdzly dzap 4 Is
%O HjB?ddzk cBte® j& Mds O MoOSOCE Bd Eklsdy
hiss Bd jdzjClstetsHj Bddzj HEYJ] b BHdsME &O G
fesHdO®zO E H*d Mdas' ddxd Mmfjydydyda
fsmdzj Hdydes Bd Mj HtsBd Odzj BOT ] otcj Hdzsfyls
SHdsME &0 maeky0: SO0HO Bd jdjSlktsHj BdJd,
fizts* Bts dzj Bd bklduyOds &O «jFEMEEH Cdie OF tstg dol
flso Otcdz® HEZBJdZO EZBOHOS O jdzjSltesH O

T dzj ftej ydL degsmlsd 50 bk MlstekzClkzted dBEH jigRs‘ IstH
4 mMddH ] OdzOdz ntstedL BdzZs OdzOdz ¢ 9 OH Ot dzOH d H
SHjJB ] k MsOCdj desdpdgzn®. 22 dHjlsd Mdds

1 fljdyd Odkdds dj isdse] dshisd E §scdjHk
sO¢t d Lidk’d dmfsH iMoo, O {§tsMmdjHdydsts d
slsf sEdshlsd

T §slsj dgyd Ocdeded & ztsC Ocdzdzd B dzj MOo teh j desflsd &
jZjClstesHO L O “jHds Bj' kfisedets tOMists ' OF j,
Bj' EMsedts ©OMss  0° ) (k mModd SHJj? yddko, o

~

oj<dd3 &@3J ' EMtedd 3 LOMss" OF dBO dL i3j ' & &J ted

1 §tslsj dzyd ™ Odzdets  dztsh EecOts fteddzdSsdz kB OHOS C
Jdzj StesHO EMdzjH oo dzOyj 0 d&jtedzdds ¢ OB dzts:
dqLets' j'E dzgj $dr BH &jtej " O ded " j dBSEdzZS dL B
EesHjdzj yoteMmlsts d MlsOBddzdes & tcOMmilstej Mdls .
dzdimMkz MmMej JjdzjSlstesH L O MoaO® dited O Bddzd d
CdzsOCIskz MO fJMEd

[jtedzj otejhdesmisd MO HEkY ‘“jHd J Hikej fMistOd
SH fodj dzlsdn dsck<dn fljhSs<O kB kO, .

10 Shdssk dLdsyjdse, jShfjtedd disOdkdd foso jt
fj osyj SCOLOCkjtedmOld SOt kMifjhdd. 1 sufmjlkddks

108



(S jtedds) desOcdzdz® o jtedW S OYd O dzsoj RjlssHj LO COwOSC,tedL

E Hjdkz S$t°d fj BHdshd &0 mddsjlksduyso kdzo. v
B tod C JBBO 1 jdzj etse 53 d3d Is BEMINY dipkzOnyts(s’ dO', § didts * i ts dftde<] I
HgeqlOdzdzz MmddStk (HdedlsOddd FEMdmG QAN d © fls odjte dat
fcOClsdyds OMYjClj SOH ] GedcddOddd ojlstsHO
(ST jteddsj delsOczdz® ftetso j 6O dzO L BOS j datsds zOB SOl s ts
%jSqd SH qLOLBOeO Ct5'd Mj 5 O’k 'k bsSsd tj Odd

109



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

6 1fufpnpzoédnr frovdfrr 1¢ RYtOYUL OGS dnr Lo L1 ¢
1t R{ 1 {HEM

6.1 voBH

miHdts BH kOO0 C° 0 Mk M GoasttddZzO It 0
2O fsdzdetsddBZO MO fEMisd B dHBOdsdsdE@&Gd dils & tcH3d
ftejfstezCO L O kL jd3” doOuddl Mmdinisde@id dtsts 1 te jif'lzd €n@Zj @

1 sCOLOdzs M HO kZftesh<jc O St 0 Mj fHteddj k&
HsotsH] HB ftddijlsdzse ckBdIsC O IOydessmisd dL teOyk dzO
et d Mdzs® yd 0 “jJ MmMyjydW¥dydzO Jjdzj Slstcd ydzO BlIsf t
Cte’ je Mmdzs' O.

v HdMjittkOoyd d fji fdCOLk j GMlsoOkjdd HEYI®
ZOo jHjdsd3 Mz yO £ bOdS s¢ fsoteh qdzgmMStse Mmdzs' O o
[sfteddetsh kO hdted L dzOyO', GHdsMds LO Bdds §O
ZOMdf O HSHOLd] fsothddintd @Ok jted OO odimssj
%O jCmdsiduOd dzOydd sy j tj OkdL 50 Old MmdMmlsj & kb
SH Mtk dtse EHOLO. ¢d&OddLj d bdoftwj' jcj Mk
iz B BEBB0O Msh CjHdsdE M) (0L 0RO MEZOEO o &g
HdedlsOdzdzO tej f dzd ¢ O MdMmisj 30 S t5° dQ ydefs, ki Y QazO
PEHMCE s dts.

l tosteOybkzded CHEEMO <iZzjifLojHjdd L O dedL mdmlsj
fteddiy ‘' &2 B ftO¢mMd LO HdMmMistcdBlzIsdo dzi dzOHL j d3dzj

UV BHjJ23HWIs " j ftejedzjH ddlsjteOlkzteyj k2 ojLd MmC
HSHJUu@j &z HdMmjtelsOyd j bk Stdj Mj HO j 2B&j cdzjt
Hi sO? ded “ § “ J f ClGEE@)Ls @dizH OfR0] tfls B & dzOyO ' ded * | O dzO dzc
Cs"jJ Mi Sttedmlsy E MsOdHOtHdts ddod® jtehmMits’ O

49J HO? ] OdOddL| dOftsdd HBHJdEKO Mj L OMdde O° L

1) &Y j H Odzf O fisjj deHO & 5 GEOOdZls 20 d L desfyd 1000

2) L Odzj BOtej dzd Mk CtdsOCIldd tlftsted dL dij' k&
BjMsO HSsHdLEO, d dqL&i' & Mssf Oz d fMis0O  dzd

V BHjdz dzd  j] EC?Eyj &0 jdzj ShtedydzO® tslsif stodatsfils
AsSkEfM B OdOodkdLd ) ©OMyfsHjkO Mz j E ¢t
SHd&sMds ¢ date fwomdjrHdydd ElsdyO® d0 dOftsdz HEH
HdMJtelsOyd " d tjh 00O " jHdt o0y3dts IsjadzdysSts f dlisc
otej HdesMisd dd&f j HOdeM] ¢t ird s Elsigls @ is dzd - d € B)ff ©1© dzd
stejlsdteOdzd dzO ftojlsatsHds dL dzsy j ded dzOyd da. ndn tse
Jdzs jtej MO L O dzOftsdz HEHdEO, Odzd HtejoOLdkOL] S o

VU fsekOo k j dMidsOdd kOydshls §s° jHdshsos:?

ljtejlsljtsfr]ls@chéQdez@Rm‘qu/m. tdLzdzsOlsd dL dzOe jHj dzj
Bd<j Eftstcj' jdd MO tjLizdzlsOddBO HJjIsO? dse W dLC
JdHAsMIsOodzj NdYS) 162 BLQEBNIsty <K tinjj PetdHFEM d, 6,
MsWlse jteMS s OkOLO L O tjh0o0OS | “jHBOU]JEZO C&° .
fslsotc' 2" &2 HO ° j [HPhafd6B] e ~dgjOdsBHI® Od L § e OC Md. [ ¢
MC dzOHE MO HPHSEHH] s JuzZOoasHd HO " jJ LO oj<ddz
CtlejhCO kLSS0 0dO cttej] Hodkjdkzsdd it jHAshHsO:
fsc k0o’ bk f8COLOEZ] Mk HO ¢ dOo d&z® tOYUkEdENSO cwkjh
s stcdetsflsd dqL i ' £ He O MmMistsf OdzO.

110



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

RLOoth jdzgg Mk OdzOdzdL j dzO dedL k2 toj Odzdedrm kL § o3 d ¢
64 1t todr OdOddL O, dLoth jdz ‘"] fteStcOYRENM ¢ OC t
MsWise jtcME s OdzOO ftetso jteddzd (e’ jTjdg MO toj L
ted W § telpldeyd

62 [ jsO? Odz WdL duSd dBsHREML O dOftsdz HsSHJ O L

oo d ssHj &z EEMifcddsBijdtlz V¥ j tjOddL o Odz L O fdk
LO kLj® jfHeEHE GOSHBSE | ds ks, bk Mokt HSHOLdSE
COwEOCls | GEMsdS @L ( fedfbkflsots HEHOLMSE §sothddns
Ny jydi¥duds) Slfsedshlsd. #Sdy0 &BSHj O d.dseH.jiz S s

49 fEMi3tsH j dzd bk Botsdy §f 56 @i H Jdzeb Ok j @piECHE | €O
Multiphysics[17].

vOyYUS O HBHJtO

| - =1000A
=
Rs = 1000Mm
.1 Ofmklsd smdzts" i « 1 OC OtedzO®  d

MISO315G’JdZCD'LJd3|'_|O T

vOys¢j MO O0¢ 0O
(Mls s ©dzO

VL J B doOYys O yjes MO
HBSHOIsdzd &3 d3OIsj ted * O dzts o3

(GEM)

A stc 3@ieztzds] dz

A j ¢ ts taOmy ] dz

wdBliz j BOIMS d WMo de&@sHLd® fostcOykzdz dzO0f 5dz0 HEHJ O
dlstclz" © " Gydidg® O OfoOtsIsd yy StetsL L Jd3° sotsSH HEso s
Hjdzd dzO Ho | C i tsdzj dzlsj .
l1tco O Ctdi3f sdzj dzls @, jpisieife{dzh @ OO sH IsSOYSJ HBHJtG
Hs BELJ & doOySse Mmdmisi 30, O dZOHO? ] (s ot
sotsd3 5" JHdesMISO9? jdesdz Mz yO' &2 EL jd3? o OYysS4d vydo

111



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

d MmMed HEked Idfised MmMdmlsj BREMEISH @Bz GJ O ddd By &
hezf?d. wfs?0Ohc0 fwsoth kLjk® doOySse MmdMmlsj kO
iCodymlsjdyd Okzdz0 d ftjHMlsOs? 1O, sidaigdO.z L O d dz'

ez O € i3 tsdzj ddisl® dfstdda L jc o0 bk IsOysd HBSH(
HsHdtlz * j gL dzsy jdzad Jdzj Slstetsf tetso tsH dzdFEMHT tisW Ists ff B Jz O3
BsH j dzse Odes € Ots € tsyS& O mdzdfidzd fiftgidzpd-w drHudiagd dgLddj’ CGs teld y d
1000q m. rtcc O Coli3f sdzd dz2ls©O© Mlstekz " J] Co90OtO HOCdAdz] Isjn
BSH ] zso Odes ? EHME jdzs ftoj S8 et j ftsotehddzgy €
BOCOtedzO ff dzsy®x HnyxBPEAR JOOGthtc t5° fsotehd “J L OHC
Isj ted3d dz@dzOd dz*° § SIsdtc OF | Mistclz * § . 1 0¢sdz fsfMisOe? OF
ftojlsnHds fdmMOdd L OHOIsSd ctOdedyded Emdzse dzO ¢
Mtckz " j] 5 MoOCtd3 tSH rnttedL sdzlsOdzgz®P? j f top BE OB dzO s
dzj ¥d dz20 Ho O d3j Is Odzdz®=8icdnf SO of dismikfzdif jfc fiSq ez 2 o d -
fsMmMlsQe?® jdzgg dzO dJ' M mdets HBOMBlEts 1Y j BsH] dEs®d O dzts
cOMmists O ] dLdj ' 2 Mssf OdzO. stdif sdzj dzgls© Mmlstelz” j €
sjuyd dL BOCOtdz fdzsyj HtjSts HoaO ftdikjdkzlsO ydd
fsoth ddmc¢d BOLjted O0d odmstj Mfjyd¥dudd Jdzj ¢l
Lid3?dhisyg. 10H f§lsjdzyd OdzO dzO B OS Otedets”  dzsyd
My dydWduydad J oz Sstedydzsj ftetsotsHdesMmisd B OGS KO.

red SCod3ftsdzj dzsy Moz §, sfdmoOoded Ek Isj SMmisk dL
Hsd3d dzO ( BSH Jj dzso Odz ¢ Ot 9 dzlz dds fLisAs dfdis dez f Statg tayLdzd €8 @C
Hsd3j dz ( s ls Oy, s H dzts fipuzists C? 8z dztOts d3 QHdgdets’cd day 5 d4,j0dz0 ) .
mMzeyxd L O dd3dlsOyd k& B MEtsdOydtse ftsmMisdO® © IsdzO

1ty BO OdO&zdIsd ys ts° WBtedsdzdzd L O Blsff stcdetsmls 60O
ECsfOdzj k Isdzs (sOSCB8 HO t©0OQodzO f soteh ddzO ¢ 5dzlz dzts
Bddzs Bd fYtslkstcijpdzs HO fodkzdsflsOmlsd HsR] &z C5° dd
50 2O 9j<d BH fodizftt yzdc o0 (ks lsoOmlsy J d
dL dzsmdl1g8we f dzj twWOLdZdE) dOftsdzO dqLd3j ' & jdzj Clstets
(" . HO Mj ctjhCO EMdjH BGettOddyYd * O HBHR] 2O
f sz dzsf sOMiIsy Jjdzj SIstetsH MdBZOTd dzO0 2 %) . 1REMd3] dzO
MsWilseo jtce HtsoBBHd HEts Beck<datsmisd HO M § sdzkzdst IsC
Hdgd3j dzL d ° O disH j dztso Odztse IsdzO d MdMmisj 3O kL jmd3? jJ © O
(odHjIsd 6.8H ] "ROEOC , MO dstedsOdzdzd d3 f sdzz dzstfris Ofls d d3
By MEBdzOydzed d3 Hisd3j desds 2 o dHEz ? zmMCS t sdaudsdg@alzdztiss
HtsBd Jdad Mk MmMdzdydsd tjLEzdzsoOokd: i tsttdshls tOM{ t
HSHdiO e <00 & My LO BOY ] BH 0, 1% LO Mdzzyo
His f sdzlz f tempyddefIl€ OL @Wtey O O J HIB?ddzy *kMEJ BJME S

10 sdz HSHdEO Mj HBBd O SOt t©OLEZJSCO f{ tsilsj dzyd
CyC) St Bk Mj BBsHjdkz j lsjds, & St Mk fso,
20 fsotehddk kdzO, O St kO Mj GsHjdkz & Mssf o
COMlsts Ok tH Mj bkLjk> JoOyd, Cts°'d ‘j bk Botdg
McjHddO dJLdBj' & My Yyddzd dzH te d ydaets d3ts Hnj dAsie O dedipj
yddzd dzgH ted ydzy J dzj SIstetsH § .

[BHjdk JLEBO' jdz d20 BfdmOdd dOydd sBscz<0o O HC
ktO 00 L ik smMics 0 d ftedhmkmsoslk ©MsB] S O HEGH
YJj GO E OYSd HtsHdO HBEZOLd dO0 ftslsjdyd Odz kL j o3

10 e’ J°0 MO CdOmdydetsds ddayj ¢ jteMEsd3 B ISk
slsj dz2PE OO dzE o] 2@ sdz L &5 ' 2 OUS ) HBsHId®BO d Oy
¢ s

(]
o) nj siise®R§ s 0 ‘| §sH .Hjr Gfsdzjsss Hgads did) ¢ R

112



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

JdzjBidzsd: CtsycoO S s My BSHjE jJ Isjdts thtsBj
BOCtO. rtezeddy tod yd 30, SOYUC O HBHWdRO 6 .Cifss tkd L
dmc?> ydets MO kL j i3 ey & §ifdsipl jBtds.” © ° j Hddzfls o
sOysk MO OO0 L O ftestOykd flsj dyd Oddj tOL dd!
dzd * J f tudSipzdeddfOs Bd M kMot ddzO IsOYS O dzO dij sk
ftcOod M dLoeaiMmMdzO GtjhCO E Hdhk d&O §slsjdyd:
SH&ZEZYj 20 HO " jHddMmilse j 2O ISOYcoO ftoj 3O SCt5° 5° My
fsdzO tOMists” 00 dqLBJ "' 2 thtse ddO yadd dgftereddoms d d g3
sfmMtseBd EGEBYS JIBOdzEzd O  sSlsjdyd O0dzO (d Lsdi0O sis @ggkmjls j d
fMsO. PO OB Oy s M Of to @O j BPOH ddefyldso | dbfy
fslsj dzyd OdzdzO tcOL dzd B ©tc mjgjHAARdDs  UHodgtLfiflzsC OH O B
Jdzj Cstecsf tcsotsHdzd HJ 5.

10 dLotch ©Oo0OFj Fid Risdc®9qg tc®@ K stedh <jdz ° j o tcj
(MsOydsdzOtedzd) dBBHJ dz, Is “ . Mstcz" © Cts° © Mmj EkBteo
CdHdtshdB] tdzO d € sdzfils Ozis gz d3 sOBPBOEASH)sIg o j° O d fidg H tc O 1
Current conservationi zfdzse HO dzgj BO dzj MsO" O © Mmlstelz® § it
BSH| dzZso Odese HBAE] d2O. | teOdzedyded d §tsydlsded Emdzse d

1. Ground ( dzz dzlsd f tslsj dzyd  Odz dzO  s9 teh d dzd) “d BHC
Mfs?” Oh ] tseotehddzgj ckzEedzstf lsOMmMistse HAR] dZO,
2. [z Ssted ydzeO dJLts&ZOYd © “J BHOBKGORZO L O 6t Lk
dLdsj ' 2 sdzO d 90OLHERO), LO BBydsj MlsteOdzj ¢ Y
smesed, ¢Ot d LO Btydzy §teteh dday yddzddzHn OtcO ¢
3.1 8y lsdzO otcjHdesfls jdzj Slsted ydetse § slsj dzyd® OdzO

s
dz

L fd Bk &zOyd ° GEMfn oiEdejjdmls, & O fMbkzyO joj COHO
BRE) (JL BsHj O, dLELOYUZdROs O M [(«Eiyled dBEGH O dzdza
§d° 0 MO ftedhklsdsd J&fjHOdNsd kj O shss
j HdzsMisd WzohBBadzO HBHJEKO (

[sHjd Mdmsj kO fjCt  jHdshsOody L Odj dMns j

vjojdaj desoBE () dzj 6OBEO, UG O [ninquedic] o dats @ dzj dglsiz
sl cthpsMOnN] ojLbk'  j dO LR wohPHBBEESGMGEN wlse g’ O

sls § 5 Rz Is

AE, ¢ qup O
& ndep s

(; HEH]BO =+

R (6.1)

GHJ[nizddd snes® B  FEMdR] sz &zOyd * O d30.

6.3 1 OzdHOFEf @dMlszf © L O ttOyYykdzO® j dzOf sdzO H SH (
631 1 OL BOstOdzd fdzzyo:"

10 90dzdHOYyd k& ftdhmskzf O E C" jd&3 My ZOf sdz ¢
WdLdyS sc FEMRG WO jztc Iz, sB ° Oh62 j dftstaix| filds AfH j °JC 2f tod d3j ©
d 491], ftod COzOdz6 dz@ dzd yd dzO0 kL j d3? d m©APéh | {f Bifdizlg tdzg ¢ ° |
Jdzj ClstesHO® BH GCt5° dn ) meydSpizE® dislztc® O s iz b
05m &k n B3t G J dats Isdzts M j ygihd ydzjs tc jsis 15 tdafetS figlsds 1 @ 0
Csdzlslzte ] , ftedmMikzlsdzgy Mk d jdzj SlstetsH] GCoOHted Ct° dd
10mm.

113



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

Kontypa

HdB21) SEdzj H dB®I BE LGB’ o OYSk Ctdskztoz  jdjShktesnj St d®kO f,
fndzd y q19]qf [91]

] StejH dzO0o jHj dese RGBS E | dzsé lsdzO, t©OL BOKO k& f
Ho sfydzts* 2@ Iscdz®, HEGOEN. ¢ fis‘yjsdcdagfgls @& j &z, MY j y
Bt j& Mds 0 d MfjydW dudz0 tlsf stedetsmisY 0 s¥ Hod fydzts
10000Y m, O [k HYglz ¢hfa® ¢ 0190 0 0

10 &Oo jHjde MAzEyo joj LO 90dzdHOyd E MO Hots
Sl sBde, ( SHE] ' jdd §te] O], d3jdls SildsiirstEdits fifls dte O Y tots fi
ftoj B3O tj W] tc] dithealg/@as,L J B 6] "fjsdiafs o aftdgBr dzts i lsfts s §f st
tcOMf esMisJHe@RE® Mistsf OZOFEM eite | zHzOC oo BOOH ey d MO
COCts "j] BfIdMGdks3 ) PsE&&Kestl ds ks Mk fteds OL Od
fslsj dzeyO0OdedEHjd O d dzOf s5dzO0 HBH WO,  cPzhzR JOJ L d3)
COs d otcjHsMIsd HEBBd FEMBSHigdB] dsds ¢ sif dj Isdtse

6.3.2 FEM®3sH jdz L O tcOL B3OIstcOded Mmdzz yO"

ltecsotsHdzedyd Ct°d Wstedzd tc O9kMmiz L { ted2 i
u’tsdzlzu’tec;urdzq’gisdﬂdeJHH 6lsjhCts<O E Wt
dy
d
A

Az € t2ts (€ tis jdals dz
RO 2 Myt
JHdzd mn Tistc O ZEEWORSHE ddzlz tc'jj, figf J yd W qtcOdzts HO
BdtcOdze Htetso tsH dzd yd B3OMM>9BmmOIs dgf & d ff tc j fisijeldads ® OF
to j futdzis® jjSH dz0¢ BBz Mlse Otcdetse Ctokzy dms.e ff totso SH d

Ctodzdets Isdzts ] BSH | dzso Odzets rifits dztf biptp tf &5 5 dgts d s B 1f §
dr Jdzj Stcdydedr COtOCIsj tod MIJPE OGO ¢ Gtv j £  fstdaf d
(O Ag j ¢ t5dzOyded fi J dzd d3d dzls, z sBdzd € Iz M
cOClsjtcdMisdEOBRBO dMmisddz O CtH odzzdastlsk. [ 4
sotsd3 Mz yoO' & MJ ttOwnd @ tcffjdzts ) Elzzn jndke? dzdigz sa®hd® d
My s? Ohmd 80

[dzj CSstesH] S dBO M] dBsHjdZE 2 Mssfi O0dzO E ot
25cmx10c m, Cs' d MmMemmzCsyfB®dzg. 10 JtsedzijHE Jjdzj Clstetst
Mstsf OzO, o OCt SfdMOdk Y¥dLdyséd dBsHjd OL Sk |
LBtSG 9 0&zdHOYd J fHtoddzOets9]]ldz d3sH iz Ct8°d " J dL dz

1 SH| &ZO 20 Btej 3 2§ tenewd Y Bz IsjCdsj o3l sz0jisd@0 (dz0 W d d
dzj d3j dzls dzd dzj Oteded B o dBiddzmkf) ® 5§ ISR tdas o k@ dzd € O
Ld &3 ¢ Jddzj SstesHO S dd3 . 1 sFEsjigdte sy @do

o
iz
WS s
fsy
{
Is
H

d fy
HS
¢Co

114



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

BOC find BOdzdzts 3 dzd dzj Otcdetsl) HYGH HzL f)j sdftcH B dzhy Bo O M
Htsd3d dzO.

10 ftosteOykzde fslsj deyd Odzdzj tw©WOL dzdSj] HBHJEO s
dLdd " & Hoj JjdzjCbtetsHj € sOdgp iy tegiswd daktc @dz®) lsks@E
Md BHtej ' " jJ ¢lsjdyd OdzdzO t©OL d&Zzd¢ O HBHdEO, M B
BsHj &z &z fylsliplf OzO3CciDtzif detSAifddsts © j i dzO twOL dzd ydilsd o3
fsoteh dded IsdzO. ¢St dqAEL Y lg dz® OO0 [sHOwWE e dzth)iigl® " O ©  dzO
cOfMiss" OO0 dqL ' & yYyjdzlsOwd® Heoj JjdzjSlbtsH] ¢t dd
mMdMmlsj BOIsMEts SHMisEZY OF j toj L EEMI@G @G oHjtierdd * j dzd n € tsto

10 ©OL BOLteOdd MdzEy0 dzd  j btejlsdteOdzO® kteOdza (

633 1t ' j° ) BjLEdkOkO

vsOB.. 6nkl HOIsd tjLEzdzlsOlkd HtBd jdd ftodd] detsd3
[91]. JtjHdesisd Mk k2§ tstcj' j dAGEMIEOH g tizs H3dzts Mis d d©3O H 5B «

Jtejrndasligs sOBjdzd fjHMsOo? 0O Hjts Mistek' j $o0©O

U OB 6O St ' j ¢ j tojn teddrscOpddE USBO MY j yd W d ydzts dis HOBWS te dzs < Iz

10U13d2 IZLJ[VB [HBHM UHBHM IISJd£A]
{ J L b dzis[@lk 2961 78487 | 67993 0,68
FEMY tcd s 2962 7779 67939 0,68
[HMbskPe 0,0338 0,888 | -0,0794 0

{jLEdkOld L O &Ofsd kL jd® do 0yds.(dh Edfdey * Homszz
Uisnqgaus OB . §8S AL E & Mk o tej H dats ) BEM dptssisj dQ) daj te ditsts d Bl
ptoj HA&SMIsd BO (HME]d S Q@ @PHBOtzs HEBKEES §SHEZHOEOS j H
fedioOlsd C O { tcHEEMMIL gy SotOszddgnyjddzaD

1 Oo j HREEMed L dySd dBsHjdz Bd<j ftddi jd HO]
©OL dzdudlsdn Moy joO d Std¥ d¢kztcOyFEMY d LRSS O
BSHjd&  ©jLEdsOO §6° jHdshlsOs 0] B &sHj &0 dL

buvOB. MB. RtedCOL Odzj otcjHdesMisd Bist Rccdssifidsid jtdg) i
fto] BO BB ssPHEZSEES dd datej Hdesis d L tc OREM @@ 3@ dz@@ d s
SOCts NiIsts ‘RisspotagdHHBESM Is) dZzEEMI@iggzedddduydf * O30 &2 S ° dd3
MOoOkts " jHdes Missf Odasj dz@ usdzjj ° 6 2P s tRdRE fipd y Fs@d jO dAPkz
SHds slsjdyd OO jdjSktesHO (S kO fj &SHj &k
V Isdds MdBzZOYd OBO dzd " § GTwdmkzlsdzO kL j d3?> doa Oys
MejHddzk et j ftotthddzg HBAR] dZO. RLOth jd2O Mk s

1. sdfi rlsdiise jdets Isdzs M j ydW d ydej Wndzj Clsted ydzj st
2. i Ro smdzts " dets Isdzs MO ceste® ddg Mdzs® j &3 M j yd
Wm, HEBddg @p6dd3 Mdzts j & MY j ydind ydey tsisy tstedz
. sdfi B sdzts* dgts Isdzs MO ceste’ dd3 Mdzs” J i3 MY j ydv
Wm, HEBddey @B6dd3 Mdzts' j &3 MY § ydind ydzj tsisy tstedal
sz yO '  PHEOO 4 H] dzd dL dzOH dMS stcdFEM @dzd j dg@, L PO Dt
tcOHd 5 Hotfds ddddi3 BSH] EZJBO sdZO ¢H ¢ dn
HtSC j6 Mz 6, hiss " j Getdkzlsts Ek SHddtshiz d&O MmMdizy
f sz ddzd Mk HEREM@BEH S @y BHEB® OO0 < d fteddj * de

115



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

SHE]' doO° 0 d&Ofsd0 HEsHdLO d Glfstdshksd oMY
Ho Shdzts© dzs @ s dzO.

U OB J6®D S j¢ ) Ghistdshisd ©OMY tshistdd ©F eyt @LRjdfo IsLdaD
@ilbtej<d df Isdzo

R ¢ §1) |Ryis s 1/8&E) |Ri ¢ §2) |Rnis & /8 &2) [Ri ¢ 63)|Rnis s 1/8 &£3)
{ JLIzazls[@k|15433] 155 |16009| 26513 | 7842 | 10875
FEMY{ e d Mmls k| 145 1516 |15124| 25014 | 7519 | 10469
[ HMisE PO | -605 -2,19 5,53 5,65 4,12 3,74

6.4 1 tstcj ' JFEM d&3j stsH J d BB sSBBH | dL MisOdzH OtcH O
ELjd&3” do Oyo
641 vzt d " J ©OL BOIKOddr ELJjdB> doOusdra MmMdMmisi d3

OOz L JtcOdzd Mz tj Odzdzd MdMmlsd B3 kL jd3° § T O CB°
Isd Misdtdf(p]lie OCOtd) "df < mmlftapzydidigj O8] B EOIls Btod
LO fsBts?”h O 0O° | GEOOFf tzq tcg e €& dd 6 s d3 nintc jsigdisd Sh Q@ §1C6C
LOsdd® StdsktcO LO bkmjiis jfiQ O ezkEd Olt60C sd5 § s
40mmx4dmm d SCStdBddOyd s Stsdskztej o hdf<cd dzO Mo
HSHOIdstse BOIsjted OdzO L O {&EMS® o O @ dzls s €26 s O6] € st fr
Mz Ym@g 2m5 toj M j Cbdzo dzfiflz 3 B C OL Odzgj SCtsdW JekzteO
OdOdzd L qtecOdedr kL jB? doOYyo d “drtseaO® HdMfsLdyd O

| 30m | 30m | 30m 5m
A b8 w1 bc
£ £ H
o o
~ N
M1 M2 M3 M4 M5 M6
o J M8 © K 0o | £
(o]
(90]
e 125 m
—
(V]
D E 125m G
[ 125Mme—g © o
25m 25m
5m 25 m
5m 5m 5m

sdb3ivtsfsdsed O LO 11 jShyjteddi dsOddds Isj tk danSaf md3jzte gy
zddzd * O dz0 fmsoeothdded IsdzO L O Moa OCk tH dhi[fllsddr ds¢ Oy

116



1 sBts? h OF j

BidlssH LO dLiOYdzO0es 0¢ j] 2O sdz0 HBHJtO ¢ ted d3j dats

VLB doOyscy CtsdWdekzteOyd 4 MmMk:

U

[ ke O

Cdslte] .

A

Ly doOys o "dyf&mo dH H)ta]dpjcag S rail
BOlsjtod OO L O § sBS?GERY j§ € Otdadris(

bLj&? o OUS O hdf@mo dH Hafdejuad @ @6kl
BOljted OkO LO fsBE?h Qo 0OF j MhOEO!

ELjdi3? da Oys O " dif MmO dH k) td dajmdad X (B, dal
BOjted OdzO L O f{ tsB 5?CER)N ji € Otedddrls(
ZLJ d3? do Oys O mxSsizls iz@Ptc G ? j dzO tsH
fsftoj ydetse rnxdmmnG O 24 G OdzO drO dHnt
fsoteh ddzay IsdzO

ELjd&g? do OUS O mX5s dzlsilz @D f EOo ° j dzO 5
fsfte] ydese rmxdming O L4 &§ OdzO drO dHnt
fsotth qdzgj kd&zO MO HEGHOLYM hddSulizk
%O Mo OCEtd kaedk Ctdbski)

ZLJ d3? do Oyt O mxSaizls iz@Ptc G ? j dzO tsH
toj ydesc rincxdfmmn¢ O 24 &4 OdzO drO dHnl
Is dzO, fsMisOo? j dzO Lk dzlzk
hoite d dizj © @ Bdnoizjts €1t Omo OC § Is
doOys O mEssmzls z@PtcG» * j dzO BH
j ydzts e rniexdminG O 24 & OdzO dr® dHnt
d dzj Is &zO, f sMisOo? j dzO Lk dziz |
s j tSENIs dfSy toj ydetse  f to jmiyj SJO oh
sCts Mo OC] bOC] SCtdbkkt]
G
h
Is

50 G
o}
§
Q—.

N N N =
[
N
O]

SoF w7

tOYyd 0 dmksO COs G, MO®E

b
O] COLGEMs, tf@sq§oL Psts
O O

L& doOys o "d§f&mo dH Hptaddejoag S @raizl
Bjddstsdzd s O g ydzdC O 320

Csdf dekzeOyd 0 MO SO ¢, MOKS
COwOC s | GEMIS dis@® i zdlz kst ? |
dL HO?do ©OL BOkEO" O

bLjd? o OuS O hdf IO dH kit td dajnay L 0, del
Bjdzstsdzdls O ey ydzdS O 160

SF= 308G I8

£ 0
OF G
I_UJ&

Mz o & Ctdskzted LO kELji®k’j¢j, LO fsmfjs
fslsjdzyd OzzO ©OL ZSO HBHI®BO ELjkO j kOYSO dzO

Ctedlsdyudz® kOYUSO &O fotehddd Isdzo,
EHO? jrzOH dl° OcsdzOczdzs €O fMs? O BH kOYS) Ct° 0O
[90 OYCO, dOSt Stwdlkdydsd O, dzd" j

d d&3C
“d
ZL

Is teld) s 3O Is s liisOFZY yO tsctcO' j d20 dzO0 dzOyddz Sts°' d Mt y
sMsB O Mists°" d 90dz Btej ¥4 d HBHJtdzs] dL dztsy jdzad ff tetso

hilsts

4

$ZOo j H j[fs & MlsOdeH OteH Iz

117



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

642 FEM3sH j d&zso OF j d fd sz &zOyd * §

10 ey’ §°J t©jLEZIZEOSREM®GjlssH] HL chs@GdEaEh Okz¢
dMmisj &3d §tsdztsy jdd Mk Ek ~sksej @gzs2508ds MNP wisHdOU
ZOMmizlsdd ot M dd &BOIjted Odtsd 9sGaPBEYM fff J Y«
tcOL dzd ydIsdni 6K j B2 dgf© 20 ¢ m. l soteh ddzmMCd cetste® d Mme
My jyd¥ dydzj GEEVEREESHESEEORE ZOdkjls j bk B ddhkz HJf
Il sdzeftoj yded ¢ IsOCotse HIMEC O ¢ tstong ¢ LFENdg dlz daotsjefJ N J
s dB3O0 " j kL J B de Oymbz FBwhizddtzdzOyidy” $id  d S5 60 B3O
sBdzd Sk kZLjd? doOys,) SCtdbkskzte] .

v MdBE&OYd OKO Mk Sstdh<jdj bsfdsed j kL jd
Mz toj OdzdL 50 Odzgj dzO § jIs wgdnt).dls dBdr  sdzdetsdzO k2 v oy
vV MsOdH@HIEZ CStH dLtOYUkzdzOs OF O Cs DS e dets@
fsotch ddzmMSd Mdzs® HBSHOILtE HBOIjted OdzO odMmtsSj MY j
ntedL tdals Odzdets A3 f 3erTFENM I O YR EOE S diaz fd sz zOyd * O O
ftodd3 C J O J SdOYdzO HddBjdzLd 0, CO0¢t “j f§fdMmcC
©OHd BEhljHj ©OYUkdOEMSdn tjmMkemM0 d otej &j 20 {
ftosMisdcO® § dLEzL jlsdes IsOdz¢j citdRBibted 4§ (k2 ftste]’
Btots' jdzj &3j 20O dBtejn i bk Itsd3 HJjdkkz HtHRj 0. 4 H

HEHOGE BOkjted OkO o jddSj mMijyd¥dudy it siedsh
fyj dzOted &, c¢Hj Mji §sotwhddmSd *Oljtd Ok odmsS |
Bdzd L) (dL dztsy j dedn ) sOdzdzd 7 Hj detso © ddzd E L tsded fy

643 [t6j O StdOydedn j dzj d3j dzOls O
6431 At OS j ey

V dzj fsMtcjHdzs ©B&OMSd St kL jd? do
d dzj B3 Z2OIsO dLoteh jdz2O “j Wdded 4. ¥ BH W
dzd dzj Otcdzgj HJ dBJ dzL d ° § u’ts‘JHq’dzOudzq’n szJd34aizOISHGB d3te
0,1m. [BdzOMIs o OCts dLoteh jdzj Wdded s
f tsdziz f to j mdzd ©EENERIS H j dzj |ZLJd3°d9®l{Qd" ¢ ts
108m, COHO ttdkjdkzlsd ozt oy QFC HEL Bels@d sk dzP/Is L
Mdlsded " dr SCtdzOyded s | dzj d@3j dzOISO dzOf tcOo” jd2O “j L B
ckmlsddzy Mbstelz" j] oj<d E BdJLddd jdjSltetcHO &L j
CteOdzz zOyd " 2 Btej yj CtsdzOydedrn J dzj d3j dzOIls O.

0O tMsOlOC HESIEEMBEY O jdsa j dzj bdL oteh j dz2O0 ctkB?
Udzd 7 j 2 ) gOO. [ OCMJ BOedzj  drd dej Otedzj W
%O O dLnzshy@ye Afkk 'Ok <8 f§shbsts’ Ok Mddilsed
j ®OUE®OBMCJR ®jifMkehO d MdBOT j° O AEMO' OF (
Oyd' O, &sHjd ‘j MBOT jd @O ‘jHdz yjbswtld
yd  Odzdzs ‘] dsek<j HO fj, LOReaO?Ek k<d fmdd
d dzj 20 Mmdzd yode dzOYIBldE [Msts [ jJ 2lsdsds, 2 yYydo j s
ke o lsdzq’” Codzstc® bk wBotsd §scdOo?k MdOS j©
i sted ddj Bddts fddjs do Odets.

QIzt]’(Ddz Blots " j dzj i3j dzOIs© k&  dtFEM ists € jsdzgpd y desdf A i @
dekzteOyd O kL j>i0Pd DOWQ[§ Cj wizty dA2AROIIxILL S 4, 7
J  H Iy ddj x37P9,08 C sdzlskztc j .

dz. fd4& 0L Od "J dLGedziH TEMSIPmWSssss jHiddals | ddC ikis Hifj
s

SOF-GFoTRe
— O O % N"‘"&-O

S0 =R 0

>0
o
N ==
@

CdzOydzgd m j dzj d3j dzOIsO. [ tej O CdzOydedr j dzj
ddzz hIss tshtcekz<0Oa® Mddjlsted * O, SHGEtsO Otc O

G-~ B8 SORFTITS G

O X

<&
— &
5 N

118



1 8BB?h O ] djbBH] LO dLELOYkdOs OF j

RO sdz®@ HBHJWGO § tod d3j dets
odMmtscj Myjydwdyudsa tfsttdshisd fttshisdte]
&Zof sz sC k2 tSHEMSOdRs EMmdjH d&sh da
COsudO. 61 ® Mdzdyd ° J
HSd3d 2O L Orn 9o O? 2°

Yydls0e tsd
fJjteWtstedzOdzid
fted S OLOdz WddzOdzdzed di3sHJ dz,

<d Md&ibted d, MO odH? dodd3 dzOf

jdzj Bj ZO O s Hj dzO
1) (sdsy 0

dzts tc d30 dzdzts G

LO BHi] doOfj iy
yjoda JjdzjCltesHj, (2) GB&OME %d
Hed) &20 d (4) BjMCSdOydd HEG&] d

A
)
A\
/N\DOE

Mt
il
'gﬁ i
il

e
i iy
i 5{‘»’ i
W\ \W‘iﬁ

““ {M 1

WAV

A
N/

Vﬁ

iV

N
Al
AN
\/

V)
A
N7
3

1
it

KKK
K
N/

Kl
S

a
N/
V4

VAN

K

<

Vel

4 dB51 A  Od&zdzd L ¢ dzjfEM fiskdsli @@y @ ‘O sl stedshsd O] esihisdiEos
Yjodzd bkL j BBEMSEW Yix)d, (3) d&OMkzld Mmds , (4) tBdOfls ¥d
jdzj B 20O, (5) BMsOS0S dsttdOdkdese Hid) 0 d ( 6)

119



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

6432 v jMis dzjL Oo didesfmisd toj L & teizOR G&d BH | 6zj dzgf dg® Kz st

vjMmls dzgjLOodmdesiisd t©jLEzdlsOO H o) dduddy dt
Csdl dezteOyd  mxBm( S & desdi @6 G8.) .6 M) 4 O € tdzOyded 7
LO Bd&OMls daj fsficjHdts ¢t Codlskte] LO km)d? j°
E B3OS j dz@ j dz@ Mdzj Hj<d dzOyddz d d&3qdded BOdzdz® d RO
jdzj ki dels] Beivi (ljlwOjHIBYW. ML) @O ¢ o dd PO IS
dq dzj Otedzj HOBjdeL  ° j Jjdzj Bj dzOO Biejyj L O tMsOkOS
ElsdyO' dz0 otcjHdshisd Gfstdshlsd ©ONfeshlsdEsos O
dL &OH dMlsj . FEMifdzogdsd@dsyld ‘do. MO SOCE MAEOS j dsd o J
CsdzOydedn j dzj 5] dzOs O ©OL dzd S bk ° ks Gipj. L ©H. OS] |j  tzB OB O 1

644 t jL zdadp OlsdmMC zmd " O

10 BHtj' doOj JjSodo Odzj dzlsBag) . vljtotgdiz] <djtsdzjj frilds {f tis
st yd vjoB . t6d $3OL Oded Mk tjLEzdzlsOld ftosteOykzdzd lsfts
HS EHO? j RjcsrRde@sjool 5B J jREM M@BZzdtOYyd "  j, ¢ OHO dac
MdMmlsjdd L jd&k? j 0. [ jlssH@)y @igiz®a@dz® dj GG OaxzO dzd
v dZ@e jHjdes® Wstedskdzd M ELddBO HO ] M Oodts d
b=8cm ¢8°'d "J sy jd dO ftsothddkz IR esc Isd
6.44.1 [ stcdesls wOMftesMisdtcO® © sBO Mistsf OdzO k& § todfr

VLUOB., LB.OX OS5t S5 g Mj bkLddBO k& § bl tdhisd Ol
HizBe sl MY § ydw dudzj)s dstisty dsfiplsizfs (figh) df EPBtedtshls oMY et
s5BO MIsSf OdzO Hts Rk wyddisBdfls @B fAEY ALz dz0teM S d~ Mmd d&3kz
Cs" " d3O0 Mk E dBsHjdkkz ftodmMkzlsdd MORs Ho O d&jlsOddO
tcOL BOIstc O fs=20e0¥% M QF 258 Yi®.

v OB J6&O[SY StdzsMls ©OMfsMsdeO’ O B0 MssfOkO bk f§todf

hs[cm] | 1,5Csys( M ls O dAOIPIEW| Ry (M) [ Y]
6 1875 196966
12 2284,09 2494,98
20 251786 283326

RLUOB.MH. 8dHd HO Mk otcj H dsMEY Md BE@EZOJd] OC BB
otejHdzsMIsd HBBd jdzedrmr OdROEZJISdyUEtsd3 d3j stsHisd3 dL Mmls
1) 2 MIsOdzH OtcHd BO Mj dzaj EZLddBO E BBLdtt o3 ' kMt
Mssf OdzO d
2) W ste 3z dzO dztOf Iss Isttf Bsfplf tBE P ZEZEBEOHIME O C8° d dzj
Lid? 4 e BO EHO? jds® LJjdi d ded 4 Of ifsdzizlsc
( o d HG8]Hq87]).
UV BHJEBBHE<] Mftetso jH]jdO HJjIO? 2O OdzOdzdL © d B (<
CsdL MmlsO[iph OtcH O

64421 O0ftsdzd HBHJ©O ©OL BOSLOd]r ktfsdkscd O

VU OB. H®5.0% .2 6.d5 OL Odz0 Mk (6K’ jSO jLEdksOkO
ftced BjEEEGRIcd MIszf © d d3j stsHj dL MisOdzH OtcH O. v fmed
CtesL L Jd3? sotsH, BGHdshds ddk jSIsdd My E kOySk
s OO ,u da B Bzl LGHEEsdk]  ISOBj ZOEKO dEO° & f

120




1 8BB?h O] BijlstsH] LO dLBEOYUEZBRZOD OF ] dROftdO HHJ©O §todd dats
hs HEZBddO HEBSHOILtGE ftoteh ddmt e fdt
slsf stedatsls d
Reu ;8 tsilsff ts totetfshiists ts fibsid jisd®™ ddo Oy O, FEM ) o Biziz0
VFM sl j dzyd Oz sOySj MO OFEM g dsc
[hengieo lsjdayd OdzdzO t6OL &ZdS O HBHJ®BO L
tcj L £ &zIEEMS dddgz z0yd - © £ S5 d BO dzd
O sdzz HBsH O
Uisufo dzOftsdz HsHd®BO L O kOYySk Mo OF 0O
JLFEM fid Bz z0yd @ E St dBO “j o
HiSHJ tc O
Uisn % dO0fsdz HEHd®O L O kOYySkz MO 0°F 0
241)dL MbOdHOBHO, Ek ¢ t° fMmj L

oteh gt O COskzbb,tBlUsOo O Mmj v OB,
LO SHEBO OO <k HEBddzE Mz O dz

sy dals iz O dzdatdy w BRI GG

UisnP® dZOftsdz HEHd® L O kOySk MO 0°F 0
239)dL MbOdkHOBHO, Ek ¢ fMmj L
Zothlsi@en@ O L O biftstdshls ©Of
ZothlsOo O MBse et MEOB . L @ . 8BH G (5

HeBddzz fdzts © dzOMdy OF O
e ftetsyj dals iz O dzdatdy  BiHEMESE GG

U OB j6dEDs sdzgf e zteOYd 0 ¢:
LO fsBB?h O

L d d3? oS @ & uusy@ e Pz 3D IS tod
COGEMY Is f o glzdh®® B 20

F FEM FEM FEM S s
R e b o e L e
6 37,678 | 20556,3| 17121,6) 5813 | 5955,3 | 2,448 | 5765,5| -0,818
12 37,649 | 20575,4| 17073,6| 4920,4 | 5198,9 | 5,659 | 4885,2 | -0,717
20 37,618 | 20621,9| 16996,3| 4462,8 | 4831,4 | 8,26 | 4433,9 | -0,648

s OB j6FOs Sd2¥ e EteOyYd O B: kL j & dadys d ) sl Dadd PPz &D)s§ td
h

LO f{SBEB?N00o0° )] COwLOCk,jmYMisdCO ftoj yddS O 160
he | Rew B8] VRV | p M | U oFEM | Uy lEH] Uy 5%
- U [% U [%
eml ([ Y] M MM |V 1% | vy 2l
6 45,339 | 20885,3| 24453,4| 8268,9 | 8505,5| 2,861 | 8234,4 | -0,418
12 45,301 | 20903,2| 24398,1| 7003,3 | 7429,2 | 6,082 | 6980,9 | -0,319
20 45,264 | 20948,4| 24316 | 6359,6 | 6912,2 | 8,688 | 6343,4 | -0,255

121



1 sBts? h OF j

d3j StSH

LO dLtOyYykdz0e O° j

dzO {f ts dzO

HsHdtO fted d3j dats

v OB j6f¥Ds sdz¥ e zteOyd ' © C:

LO fsBB?h O]

L d3” d80uq Of & ffdadE Bzl @ftelzj 3AD], tod * ¢

C OBEM] tistg jiowfdadsd@ ©1L § 0 mm
hs Reo j M| V&EM [usie | Us M [ Uy BB Un M 5% -
5 U1 [% U [%
eml ([ Y] M M M M 1% | g 2 [%]
6 19,23 10744,3| 8485,5| 2879,7 | 29515 | 2,493 | 2857,4 | -0,774
12 19,226 | 10753,7| 8472,6 | 2440,5| 2579,9 571 2424.,2 | -0,668
20 19,223 | 10772,2| 8450,8 | 2215,5| 2402,2 | 8,428 | 2204,6 | -0,493
U OB j6Z0s sdzgW e zteOyd O D: EkL HrzR5fre @kl G O delsic @G H B OC Otedzi Iste
ftcj M40M@x4mm, ECsf OdzO GBO dHiaesidzly <00, 6h d dzj Is dzO
hs Reo j M| v&EM (s | UssiBM fU BRI Un M 5% o
- U1 [% U [%
eml ([ Y] M M M|V 1% | vy 2 [%]
6 22,194 13686 | 8508,4| 2864,6 | 2959,5| 3,313 | 2865,1 0,02
12 22,175 | 13692,5| 8482,1 | 2426,6 | 2582,8 | 6,438 | 2426,9 | 0,016
20 22,15 13709 | 8441,1| 2197,9 | 2399,5 9,17 2202,1 | 0,188
v OB j60Os sdz e zteOYd ' © E: L 5m3R5d0 0apY @& OB E delsidic BH B OC Otodzj Iste
fto] M40M@*x4mm, ECGY OdzO &BO dHesgidzl &b,th qdzj IszO MO HEsM Aisddg "
o] U9O@ 20 Mo OCHE ke dl € tdlskts]
he | Rew s B8] VRV | [y oM | U oFEM | Uy M) Us 52
z U [% e [%
eml ([ Y] M M M M 1% g 2 [%]
6 14,651 | 10339,9| 4310,9| 14549 | 1499,4 | 3,062 | 1451,6 | -0,223
12 14,64 10340 | 4299,8| 1232,9| 1309,3 | 6,197 | 1230,3 | -0,211
20 14,626 | 10344,2| 4281,8| 1114,2 | 1217,2 9,24 1117 0,251
v OB j6Os sdz e zteOYd®  © F: L 5ni3R5dn0 G20 @ OD R glsddtc & H B OC Otcdzj Ists

f tcj M40e@ x 4

mm

£ C s Odz@®mdzd mif s q dzls o Gh d dzj

Is dzO,

fsfmlsOo? j dzO

fsftcj ydese f tc jJIGYntnO d" hie{diifjoe ¢ s frpo OCdgls EHiagO ¢ j Cts
hs Reo j M| v&EM [usie” | U siEM NUREREHINS Un M 5% -
- U [% U [%
eml ([ Y] M M M ™ 1% | g 2 [%]
6 17,59 13536 | 4054,1| 1364,7 | 1410,1 | 3,328 | 1365,2 | 0,035
12 17,571 | 13542,6| 4028,9| 1150,2 | 1226,8 6,66 1152,8 | 0,224
20 17,548 13559 3989 1037,8 | 1133,9 | 9,259 | 1040,6 | 0,269
vOB 6 s sdzW e zteOyYyd®  © G: kL HmizR o Q@ Lot delstixic @& H B OC Otodgj Ist
ftcj M40M@x4mm, ECsf OdzO GBO dHijaesdidzld 00, h d dzj Isz®, (GEMIs O ? j dzO
fsftcj ydese f tcjIOAntnO " piefdfioe] sC s Mo OC | StcOC j§ Cdzls iz to,
he | Rew B8] VRV | p M | U oFEM | Uy lEH] Us 52|
- U [% U [%
eml ([ Y] M MM |V 1% | vy 2l
6 17,524 | 13528,7] 3995,6| 1345,8 | 1389,8 | 3,267 | 1345,5| -0,025
12 17,506 | 13535,3| 3970,4| 1133,2 1209 6,684 1136 0,247
20 17,482 | 13551,8| 3930,6 | 1022,4 | 1117,3| 9,284 | 1025,4 | 0,292

122



1 sBts? h OF j

d3j StSH

LO dLtOyYykdz0e O° j

dzO {f ts dzO

HsHdtO fted d3j dats

v0OB 6T stsdzf e zteOyd " © J:

L j & BanOYS @ tehj iR © On B P d dajn X dzz s O

ftojyded € © 320 mm
hs Reo j M| V&EM [usie | Us M [ Uy BB Un M 5% -
- U [% U [%
eml [[Y] M M M| L% v 2 [%]
6 37,994 | 20582,4| 17411,4| 5915,4| 6056,1 | 2,379 | 5863,1 | -0,884
12 37,965 | 20601,3| 17363,5| 4999,4 | 5287,2 | 5,756 | 4968,1 | -0,626
20 37,934 | 20647,5| 17286,3| 4541 49139 | 8,21 4509,5 | -0,694
OB 60 s 5dz O] O K: bLjk? doOUSO hd§CoO Heyddy 10,
ftoj yded ¢ O 160 mm
hs Reo j M| V&FEM [usic” | UssiPM fUERBHIES Un M 5% o
- U1 [% Uz [
eml (Y] M MMM H1%] T v 2 [%]
6 19,306 | 10748,6| 8557 2903,9 | 2976,3 | 2,495 | 28815 | -0,772
12 19,302 | 10757,9| 8544,1| 2460,3 | 2601,7 | 5,747 | 2444,7 | -0,633
20 19,299 | 10776,3| 8522,4| 2233,2 | 2422,6 | 8,483 | 2223,3 | -0,443
RLUOB. H® O4 .2dsx] HO My odHd HO " JjJ {§mlskzf OC

Unsn PEY] UEEEf Is O dzH Of0] Ots &0 j to o Ols d o dzdUi e i Bo t@jjn<dgty iy lda 1§ tst
MO tojL kdzls Ols d dFBEM A ¢ &3l iz dzd RO d L

OCtsdz hIss E dL©OL LO dOfsd HBHdJtO MO JjCo
cOlststc O quO%bm&mm&&messmwsazcmpm@®mm&g
dztRénle s 4y Od®B d  JFEBON didglz dzO Uk« f¥dz0 tsfdets o 2 (2.391H dzOu d
j sz OdzdzO tHMEzYf Of @) B O8] I ddhifis®ds Q8 HBC (
MisOo ? O UinidedH QZlsd YO 20 dzOf sdz HOsHH I8 fotSiplsiafsds ©
dzj deso 56 . G j g @ e 0 dLoteh jsdztf tstod@Pmils
sMisdteO O SBO Mstf OO HB tjW jtejdisdsy L j d3? j

Hi8&s.OB .2 MBOHIeY J Httkze] LOdddik? deoj tjLlzdlsOlsj
jBi. 10 feddkjte, Stdskztd LO ELjdk?jSj MO h
) 6.dgO e j<k otjHdsMmIs LO d&Oftsd HSHJO dzj ¢ts
Oldzse RO jted OdzO L O f(E&EVs® (| O @Y § ¢ RUD@E).§Isq.tcFH fr
CsdzaW e zteOy@e .Q 6. Mats dqdzzfmlstelz " j] L dlsdeoOdz ZlsdyoO*
2O SCBdsOCIsdzgy d EZSEfdzf GlftstedshMisd oMY tesmisdte
HEHdEO. [odd M) fslket' ) jSMijted @O0 zieslsE| 8
HEBHOIsdzd BOjted OdzO L O BN O OF COtOCIsj te
sk stedgsMisd €OMftesMisdeO’ O kL jdB do Oyu® d dzOf ts5dz0

1
| dad
JH
sy
f s
9 J
k|

FCcosoaq
O“-'S‘ﬁﬁ“—

v OB .
fls
B
H

Ics

d
0]
ts

fskdyj BH LOLd&Juydls] omfsHjdj Mtz 0 bk ¢ tddod
ftotso sHdzsE HJ dzO ( C Ots GEMOL £ dzB Bls  MSTH 1519 £ OEORQf
[ v e & GPR- V&M, {90’ Isd mdeduS d OMmY j Gslis foisfdn izl g ¢

g’isfnd30Lsth®@ftj1]’ € Pasdziz Is d .

6443 [ j' EMEEdd0 dsGYOdedf8kdshls ©OMftshsdiEcO O
RLoteh j dzgs * jskff sizsiisy ©OMfesmisdeOs 0 Mis®{ O dz

sftselz ud ' Odzd)kze jiplslssEdefO dzO iz Iestf d3fff) gzty o b o m gzgy 3 U2 Ste
Cs" 0 My HBBd Otof BZIFEMdstcf cikbPEG .dL MIsOdzH OtcH O

s OCBEfEE ¢ OB H]O GO ddl IO’ j H dzs 6 |, flsdefoatrO) detzG Ji
“jHOd ddL mdazdeoyd 0, dL ¢t di fj GHEB]' do Od

123




LO dLteOYykdz0e 0 ] dOftsdz0 HsHJ©O f ted d&3j dets

HdMC O, Cs"ddis My dBsHj d&zz “ j§ ‘“JHdts M Ozt dO
SL d2OY) BRus¢S¥Ats Hj dzd Mmj MO, dsy j1 Gnjls @ L adz@yd R 2 Odzls d |
@B EmMmsBdase EZlsdyoO 0 fMstick " 0O Mistsf OdzO.

tdLEzdzlsOIsd ftstcj' j WOBMEB O6fckgiC P Pdajf &L dzOC j
L dzOy4d ¢ O:

hs H kB dHdEH O e@zg Zfstsewtch d dzM ¢ s Mdzs® O

My dydw dudsj s stedshisd
s stctz®OMP csMIsdcO © BO M C
toj L zdzFENSm sz z&GyL' =0 d ) 26z y
Mistsf O dzQzO jHHalGES
ftod Mmilskzth OEEDMOSs stls itk ZOMIsd ttOMm
Mssf OdzO Hts toj W j toj dzls dijO] tLtgjdgBQY
(2.35) G @ PC €ofa tc O WAESEIss (F.834)c OL O

i tetsyj delsHziPsiiziafsO@s)sts IRs oSk s 1 6% 0

] SBB?h OF j d3jsBH,

d

Rss Bls s O

1,5Cs}s

RysstSlh: Sl stedzsfmls twOMfesmisdsOs O MO
L &°d, ©JFEMEEEZzGyd 0 MO {§tod!
B IsOdzded &3 HdMEBsd3 ¢ ddi3 M Of et
Rossiowe §tsdsoatdzOndzsihl stodetsmisd t©OMYf osfl

Mls s OEzOE | W j toj dzls &M f.djdety’ dg ORgafs 'y &l
e 2§ kujdz ElsquyO® BddL ddzj Ml

e f tetsyj dzls & O dzdzhs5 Qs ) Bz § (5W

v OB j6dBT) St GEfctdshisd ©OMY bl d©Qf OH tsed® @) siF® dO] L & dzls O
fd Bz ZOyd Gy MO 1, 5L

hs Rss B s O 1,5Cs}s | th [%] Rfr]!ststhgl\élzt Rfr]lststj":gwg b [%0]
[ecm] |[ Y] [ Y] [ Y] [ Y]
6 1969,7 1875 -4.806 3784,1 1892,1 -0,901
12 2495 2284,1 | -8,453 4755,7 2377,8 -3,942
20 2833,3 25179 |-11,132 | 5267 2633,5 -4,.391
RL IsOBjdzij MmJ 9 Ry /36u® HSSHBipISREYVHES s HCE1ite OMfyls §
fsoj <0 jd3 HEBddzy ftotehddmMi e Mt O.

1 0¢°? Eyo¢
4 H dzO(2. 85 L

Riy €k /8t B&Y P ] J

fls O {HA)) O o

dL Oyl dzOIs ts
o t6j H dzts ) IFEM fndtsclafdzQ i) O LY tsls

Ctstedh

Mdzj H] <O HOO tOL dzts¢ O:
1. yd°© 4 dzd yd HO MmJ ftcd HwsOykedlkz sif tstdsmisd
tcjWjtcjdzlsdzgj LB LO EZoaOyOoaOY ] dOMEklstsc

(2.34)d [10] ( o d H[g6ls[EeE], [87]) d

2. LOdzj BOLedo O O Bj' EMmtsBdese kEkdyo 0 St j Mty

65 VAZO tej ' j ¢ j W stddsdls w® i) sifdststifatRe ® | toj dzls dzj
L d 37 d
{jLEkdsOld 64 (OCd®s G yols?> dod & ©jL kdlsOlsd:c

124



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

v0OB.3 6. DfmMdes fsCO0OLE"E HO MmMists' ' d fslstcjBO H
s stcdzgsfisd tOMftesMisdcO® © SH HOO Mtsf OO HB
HtH OIFEMR] &3z dzZOyd " © €t j] Mk dOStsdz ks dmétstedh <,
v desedd3 fMd Bz dzOYyd  O®BO, My dyd¥ dydz0 i stedesfmls +
otojHdEHBAY M, HBC fj Mfjyd¥dyudO b seabtbdbs o s
tcOMY Sz 0 sHY M2 0§ &BddzO ¢sbOWHAdOMdg” & H 6 HES 20 cn

| @ dz. M&. §edSOLOdzj Stedej Ct°j Mj HEBd O E CO
fMissf OO Hts W% jtojdlsdaj L Jdg j:

) Hised ' jEENMRsethksy6ho  d

2) ?225% d°Jdedn o] IstsHIOHRs o s s G EHO diHtOfeds jOdzi%2184) f L 6 OL ¢

VU Yyd? k2 feskEy®@e 0t 0 LOS?Eyjddn oigksg®RsH 0
Slsf stocdsENBG d Missf OdZO BjL ko Oy j,dzsdL odigh' joEPFENZE ¢ G 1B
MdBzdzOYyd* 0 L O s stedzsls tc O M Ryte tsGBed tc O HAZSINAZSS H ]|
Cedistf dzj sOdz tsffMmjce ctstey dOojHjddr o90ttdtOddnr
slsf stcdzsMisd ©WOMTesMisdcOS OFEMA RO Y] | O dztf s s &
(Rnsst&Ws2) COCt B Mj HtsBddz otejHdetsMisd tsist tstsdats f)
dzd ] ko Oy jdz Bj' EfsBdzd EZlsdyO® ' jHdzse Mmistsf OzO d

1 @ dz. M. TtedSOLOdzj Stdej St jJ Mj Hsed Ok €O
Mssf OdzO0 HB tjWjtejdzsdaj L j & j:

1) HisBd * JEEWIE O lOdsts * j Hdzts Mistst Rnaatsy6We@ ) t8H § ? j «

2) ?225 d’J ddr &BJ st HIOMERs s s y§EH0 dyHt@rtedd jodz2i84)d L 6 OL ¢

ddzd €O dJazzfistelz " § dad f e ydL desmlisCs § tdm d 3 'dgj L Qfmick
BSHJ dZ2 MO ° j Hded 3 MBOE'YJO datz@n § HJ datis @il Cita@EsiASdgieisd@ey
5% otcjHdtsMIsd HBBd jdedr OdzOdzdlsdyStsd3 d3j ssHBd L C
15cm. (jujdes ' j E MCAkZOHEZ @@ wLfLBARISOIHBO ftds OL

125



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

1.16

1.14

h,=20cm
==>(h =18 cm

FEM JEEE
Reromand™ ™ Reromana
- -
[an] = —
7] — (3]

hsz 15cm
hsz 12 cm
1.06
1.04 hs=9cm
1.02
h,=6cm
1
2 4 6 8 10 12 14 16 18 20 22

pslp

8 0661 [ Hdsn S stdshlsd PNy uhiie GO @0 ©n Pdzd i3 d3d ' EMe dad &
CjHdsE Mstf OO &0 Htkzet) d dL fMlsOdH OHO

1,06

‘_

~
]
Ch

.
[e=]
=

~
]
[¥y]

1,01

FEM JEEE
(Reromand™™®/2) ! Reromany

—
(=)
[S%]

o0

wn

I

©

O

3

—

0,99 hy= 6 cm

0,98
pslp

o AB.71 [ H Az g dzts otflsfjts to dEhfiifde s M ls 6 OF O ' JFEMzsE | s f OBt s dzse ks
CjHdse Misty @Ee Odz® st PP dzH O te H O

| @ dz. {68 0L Odz ' j] GHdEH chistdshsd ©ONfttshlsd
126




1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

1) HisBd‘ jREME Od tsB O Ryisds § {GWeO d(
2) HsBd  JEEYMIE OJ MO * jHdzs Mistsy RydasSW2D  tsH j ? j

l1ted COL Odzd SHdztsf, Cs° d ded” § “JHdOC C jHddsd L
LOdzj KOS O )’ EMsBdese ElsdyO' O Missf OO * jHdse

1.1

1.09
1.08

g’]‘

5 1.07

HOL

%

S 1.06 hg=20 cm
~ hsz 18 cm
= 1.05
5

% h,=15cm

5 1.04

S

S
= h.=12cm

1.03 s”
hs= 9cm
1.02 h,=6 cm
1.01
2 4 6 8 10 12 14 16 18 20 22

pslp

4 dB8i [HdsY stedzs s d toOf idslapi@ED § Of s&z@o ddzj Gls§ stdshlsd O
“jHds¢ MEEMOaOdEdY dGPUEM®s dzsc k) y0 0 M Odko

MjHOd BH HOO &dz0s &zO H Y te ety HeEIl et EugEH d |
yomey dfmomss d My k Wsttddtod z Ig@ts | < jydgts i s f Uzalz
Resgssyoed ZHJ B dzdL ORssddsi Stdss iPEREZIg <1 6h8 CRss giss1'0db
sB " Qo ? jtodg W j jo [19kwch J OdzOdzd L J Mk 0" j dzj LcOn, z LAt5) (
otcj HdesMIs €8 O ° j ftedBdzdy dets ftesyd * J 2O L O ytse j
Elsdyo0" 0 Msf Oz Bd BB 9 j<d, SHdtshds Ctej Cydt
mMistsf ©dzO. Jteddzy desdz f sMmilskzf € O dL HdMJjtlsOyd " | C
CsjWwdyd JdzOsO LO Bdqdzts €8 ] tOMmlsts O ] dquLd3j' &z M

) s BOIs @, <6dds®y J MJ o dHJCLdO HID OF lzdzCHede Az 1§ t
ZOMkktse fMas 0 kO B dds :

c=C -G 6(33%4 (6.2)

ltcod CtOC “ jJMmlsj HEG CJPpRE P (EPIHydH,j s d
s  ©. ssjidyd jdsd Mk tsnej' jdd d&ddadddLoyd s
HtsBd Jddn §BS@E2EsH joHedpOwizdals d o de.d C © @ dzd &3d dzOyd
dL o toh jMietdsofzExcelz C stcdh < j ¢ j diGer@mided tRedsadsdDGradient (GRG)

127



] SBB?h OF j d3jsBH,

LO dLtOyYykdz0e O° j

dzO {f ts dzO

HsHdtO fted d3j dats

Nonlinear [118].

fted S OL Oezlz. | § . 60

ltesdzj dz20 Mo OC 56 CisB: d s d Y de s pi3dzEdis @3

HJ |

— _e+——o C
. /’4/"7
0.8
=
B 0.6
=,
=
=
=
2 04
w4
0.2 c
0
c
-0.2
0.04 006  0.08 0.1 0.12 014 016 0.8 0.2 0.22

4 d691 1 toj Hdatsfls

@ dz. , 638y J

Mdzj Hj <d dzOyd da:

tiLkdksokd

Nonlinearlz Microsoft Excelz )

v OB j6dzd A d Is s Odzd

hg|m]

¢ 5 Gt G @slzj dzQ 51 @%QA) f dimfH t6 § ' § dzd =

MJClL&LCsy Go d & Bz

C1 = C11 'Clz & 0 009
Cz = CZl 'C22 &523 B 009

Cs = C31 'C32 &533 B 509

Wdlstse OF O

SEBEHGE. Bied o d

fsoteh ddms s¢ dzO

(6.3)

(6.4)
(6.5)

( Is Géntralijed Besutss GradieBtdt@RS) d Is d

ftej Hils@ePsjdkd . iz k

Ci1

Ci2

Ciz

1,1373

0,13251

10,09401

-0,03345

0,0646

1357495

W{N||=

0,20742

0,01239

4,68036

1 Od3d (BB)IH.4)d (6.5)2(6.2)H sdzOL d MmJd

HtS:

¢ 5 jLWAS Yz’ tghdiEsAie OF {6.3)2(6.4) (@5l dzj

128



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

- (C31 Cyp 86515 0’0‘3) ge’;i) 4.
e 0 ¢ (6.6)

C=C, -G, & (6, €6

SHdShds @OCtd ¢ stiRagdsiPeo d@AQRedas &8 1 M
Cjwdyd | @it B@UR@OO 0 Csted"(B.6)f j & [ [ ezkzOmq dzff sl
BdzdMCd te) W] 6] dels ded Res pue bl R Mk dztgOls fod &g daj ¢
CeiWdud jdso, €4 dkyhes did g6y i)
1.16 FEM IEEE
......... Rivitoro/ Rivitore
1.14 c
L)r]_]_z ......................................
E ..................................................................... hS:20cm
SoL1 |t N T hg=18 cm
e
S N N T e hs=15cm
35 1.08
E" _______ h,=12 cm
106 | el TEmE—
e
Lo | e T B
ol e
h hy=6cm
1
2 4 6 8 10 12 14 16 18 20 22

pslp

HdB10i [ SMisdedzzlsts § 5C ZOf OF | &OSCtdz Fots' j¢ O CttejSydsdse ¢t
otojHdzsmisd HisBd  jREM M 3ztdzOMN it jj dzls dzj

6.6 LIsdyO® MmMdzj ¢ O

) od ) dzO EEMhGsg@s O fejHMis0o? O &OCE ftddj® dol
Odzs j tedzOlsdolz L O OdOddLE MdMmsj kO kLjk? i 0 k&
Ljd? ghilsk.

[onj Mmkz §dCOL Odd FENMfctals Ol dao) LLIzIskOustsff) dzts * dat

Cs° jé ‘jJ foeothddmSd (et d) Mmds® Mdjwe) Ry s’ d
l st d dzj SsdzdS s Mlskznd © d ks dzd$ PAPH] [ER1].s5 st
[sfstedtsmls Mdzj 6O L OsdMmd H HBsedn WOSlkswtd d !
dzj Ssdzd S s HjMj k) Ym yoO¢ Hts 10

v MdBE&ZOYd:  ORO ‘)] OdOddL duOdz &0 ¢tsted My, dzo
Hjdkkz'j] COB dsesd Mos® ddmtj skfctdshnd (@] ke
kOB j dzd 2 dz0 [N Odzffo HLEER ‘Mt Bz @Oyd " j kMo s WndzO ot

129



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

M JydwW duydzlz j dzj € Ists@ fiyTaz O fgjigjiftitc dztsin®L i3OIstc O &2 M J H
50cm.

]l sdzOstc® Mj SCodlskex@EmL BH 2B PGEOW BteOC] f i
40mmx4mm, BHddthds (sdfdeckzttOyd © D (LO ¢tk Mk
HEHd®BO §dOBLPM sTRdalszticO * j mL QWY fsGdz0f sda@ " q dzf
nSBSEj detsds sz MY jydW¥Ymdzl § B SugddiiAis zO 2§ Bo teh d
L jd& do OyO, O dmysH Mmdejydse fsltede OYoO, f sflst
M j ydWduydzi Y BtdBmEdyu@ledDd Hjcmp Jdz0 (6, 12 d 2

tdLEzdZEOE . ZHESCLOLE 2 HO s 00 Gl ? j dsc
th Jdme e ¢GObjted 0RO odMsSy MYjyd¥dud) it
Qo000 &OLjted OO odmtsCj M jydWduydel iy tstedz
EazsOlsd Mk ftedfOLOdd LO fMdEyd® HO mj &8skl
yd HO fHtjdzoLd dodyj ¢ 9 OHtcGlendzj 1 ezl otg jyd B L gk
‘O Mmday,c € ts5ddd $4s0 L desfnd dt GPusdizard toj jydetf © ° H & &5 fs dz@
Gkz<0o O Mbteckz' d Co0tt®, S0 fHftesdkzOLd SCtotsL Isj 0
Bd'jJ HBHOId fteothddhMtd &GOl tcttsPdz v digdks | M
OH dOftsdzO O dBOLjted Odz odMmsCj M jyd¥Wdydz
] 3 o OY0 d Yo j<@aBjfgj Ma@fddz HSHfLPR) IsdIlsd 1
d30lstc;0dztsd3 BsHjdzE HBoatsH HEts ftso j<OF O dzOff ts5dz0

O.

SENI-FI -~ T
I O0QRRE-T G
G- =FFFO™ T O

OB j6d8I| Of sdzgd HBHJEBO LO MAEyO® fshmiss' OF 0 fMdajydese §Cted
Mzs" 0 oadMms¢y MyJjydi¥duydsdd Glsf stdshisd

hs[cm] | Unsw FEthO [V], | Uu ISHEEté/IO [V], | Uu ISH('?EIQAO V],

BJd L Mmdaj | Mdaj x dzd Mdaj % dzd q
f sCted ® Oy h=50cm

h=20cm
6 2864,6 6254,4 6660
12 2426,6 6348,3 6757,7
20 2197,9 6401,4 6765,5

6.7 1 OC ALy

V fsedkzOe?>k " J Jted$OL Odz HJ Is FENDYZc Vi@ Wiy @ LdfB H
HBHJtO, LO tOL dzdydlsd stsf sdztse d * § L jd3” do Oyt dn
Cedzsztcz MO vyj oddzO, d Iss MO d BJjL HBSHOLBGE OIS
GEMd B J dzZlstsdzd Is ©O.

tiLkdsokd Mk bkftte' jdd MO tjLizdsOkdBO HtBJ

dL Mo et®wE® Bd M sy dzddzO0 IkOydssmis §tsmiskzy
tcJ L zdzsOIsO o d SO L0zl | BHAzs® Y] MO SOdzC d d3 dzOfl
My jydW dydzO® jdzj SIsted ydzO s stcdzesMmls HwBdescts 9 j <O tsH
fpdzts ™, L OC? Eyk" § Mmj diO kdfsBidagio0 fipjsteilzOd@j EBE g d M
1) MO ELjdBB? o OYyod d 2) MO MssfOdzO M Ct° O f
HO ] OMftHj O ttedr Mlstckz" © By J HBBJdIsd dL d3t
MO Mistsf OdzZO, BHhsMds HO GHtj' JoaOT ] tednm Glsft

1 sCOLOdzs My HO otcjHdMIsd &OYsdzO HBSHJKEO HIISE

‘b BH tjWjttjddsddn ®©jLbdkkOO Ct°d Mmj H
s FEMApsSds ol 2. [ HMbEYOSj fsbduj BSH Gl
o0 dqLbj' & Mscdddof.qss tn @° H®] sHndLy

Fo@
O& =
=3
qﬁ_{ﬁ
§e N
@ G
F 0
o &

130



1 5BB? N O° j dBjbsHy LO dLLOYUZGOD O | Oftsd0 HsHJ®©O f§toddj dts

LOdzj KOS O i)' Msedse kdyo' 0 Mstsf OkO sy j H
dZOMmikzilsd 4§ soteh ddzmC dc nndels " WH J@B ? died MPPYd¥ d ydzo sy
M jydWduds Gifstdshsd [Ft®scj dse kO dE s 6j 6°
Bsyj HO Mji odHd HO bkCbkydt SHMsEZfOT ] LO sy
CjWjttjdasdaj Ljkj LO dfmlsd fazy0' dLdshd ¢t 15

1 O tsf)dats o EEMHotests @R\E dz0, dz0S &zOH dzj tB®OH] d W
| ftojHdsyjd0 SsejCyd O ‘ jHdOUdd LO fstoyk
Witjddsdaj Lids? ] k fedmkmlselk dOMklsse § o th d da
O CcCdkOodz0 HBftddstio) S HHNE BEOQYEdyuds (o j<0O
jHdzsMs0o? jdzse kiSO dL fisOdpHEDeras L)
dBjaOd&dlsdusd dLeOL L O SCstjCyd k Gfstdtshl
i Witjdilsdaj Ljd? ) St dd Mj oOy0o 0O &j' EMssded L

IS
dz

faasIT g -
- g @ o

131



1 0¢€? Eyo¢

7 Yosnpuyos

Rddyd OdzdzO d@BslsdeOyd 0 L O dhsteOydo O O, ¢t
HdMJ lsOyd tsd3, ZOMlsOdzO “ j dz0O tsfr]dztsalz dLOLBa O ¢
ftoj Hj dzd &3O z Ljd3> OzO wtej H j[6] dMsce P OL ®dz tc §f ¥
JSMMyf jted 3] desOdzdzd = dMistcOy do O O dz0 ¢ff j I3 OF Bt AYls jdte o
fnj 09?0k COHO j bz IOCets HO fsMmists d f dz
jdzj Sted ydzO sl tstedatsls o j <O dzgjets L O Mzs® IsdzO df

ltcod fHtesBdzj &3 € tSH sOCots@ sdzO ° j COOCIsjtedL
SH OB tc Odzts G B H ] &ZO. §OtQOQISJtQC[LOud‘O md oteh (d o7
s stedstisdgs<kz dBjtcj * O Mistelz” § d dz0f tsdz0O. v mis Od
fteddid ‘" J 1 Jjdzgjtcesoa® ZjtedzO d3jIstsH O, §fO0 Mk d 0dzo
sz. v BjlsHd Mj SstedMmlsj Hej Mit? djy Mistelkz " dzj
ElstcOM ¢ | dzOf sdemCJ Jdzi SlstetsH] St B3O Mmj d&dted
J MEMmindze] Jdzi ClstctOH O dzji € IStg O Cip] dpbref @ Htffs To] tedzQizd
J HoB&flodf d3j desds OdzOdzd Isd ySj W stedilzdzj , HsBd O My
i stagdets s

q’L Bjtc O HsBddzs HBots? des ddaW stedzOy
dzj € ksteld ykos O] tscdtixs jisg | Mdidisd ©dz0 | dzj
H@ JEBIsag=s dids ° J Mftctse jMisd OHJ G o OIsC
‘fH ddzlsjtej MO L O t©OL B3OIseQdzz)2)C, dzOl to jifte@s B
jBdets dLoatehdlsdd L O BOZO twOMIsts’ OF O

O dOdzdIsdysd dLteoOoLd E MCasflkz 1 jdjtetsej d3jstsH
Sl stedzsfisd IsdzO L Ofdats oGB=kfy Gpzj HigOdzdO {f Refitsctdned 3O df) laf
Bzscts 9 j <O tsH HkBddzgj EBOHOT O jdzj Clste@BHO® L P I8 jle
BOEZO ©OMss OF 0 ks ' j §wOSldydsts dzgj Bsck<j. 1 6
Ho sdzts* detse IsdzO ©OLoead jdz " §fdzOL j<d H f§toj HT
SHdsMHds L Odj 30tk 2<d WdLdySj HId®BjdeL d  j Jdzj S lIste
OdzOdzd Isd WkRd) . ® JmjH &2ZOyddzj B OL dqtcOdzj dzO {fiisEnidzOEsdizO° 2
bCts' O GHhetHQEBE Hj @z | &PEREE@RO] H B difgly szs - |
LdZOYO dese ftsBs?”h OO0 wtededdgOdzdegdr | jdgj tetsadr dL
HosMdzs des Isdzs L OHtEy OdzO ] fHtejHMlsOo O jdzj Slstetst
OO dzdL 2, dHjdelsdW¥W S OyYyd & fmdzeyo  joa© COHO fj MmAiC
d dLdsyjd ftejHdse &BjssH] St sk Mj tjh 00 kB

v HdMjtlsoyd d °j, cots ftcod $SH HO9O & d&Oos d&zO H
HO ddzsjteftejlsOyd  j tjLizdzlsOO &j tej ‘Matlablj dzj tets
¢sedmisd Modd J@ @@zcﬂs@dt:‘»dsmdzﬁﬂsfsdds fnd d&3d dzd
d 0 k ¢t 't5° Wdektedhz dLBjtejdzj d tOYkdzOIs,
dzsflsd fj H&BFEM@OQIZdjz.ﬁl;teffdﬁcﬁﬁs@ﬁ]q’dglhtmuqﬁsd@e@djC
d LOyq ' Jj 3iyBdeiciOa® dotend § O Md Bz zOyd  d, 867 J

d k& Mmistek ddrn d d&zOf sdei$ dr B teded A JdZJCIStGBH

SHO j tfhkO d fteddjd? o O dzO@ foj kdiftej
qCOyd O ‘j dLoth jdzO LO HotGfds' dO Isdo.
[

“d dgLoteh jdz2O0 bkitted MEO ojtdWdecOyd” © d
Oskztej. 10kdds "4 droeoth jdzO fteddzd 20O dzO Ho O
Ef§ O d BijbstsH] fCOLOkZO BfS? | tWjLEZdAEZISOI] E
s, Efitstej' jdd Mk tjLEzdksOld tttdeddOddd d
‘Me’ bjttjdnhtts d&sCOyd d 2 vor.

— S FEng

~ FOBTNG
ST w Feu © SG @
OIS g Q. 2o FPd
on T

3]
©

=g
N @&

132



1 0¢€? Eyo¢

vj Mmls tsted e ddzOdzdzi BBj IssH J &ZO HO O MmMddasjilsdys o
steddddzOdzdzj KBjlstsHj. (jLEzdzlsOl ¢ jdaj fteddsj degj ~j H
f OtcOdRj sOte® Mddzlsj s yisc [sR2@ OO BZOME tzy 1 dzj dzO
f shd3OstcOdes Mddels jIsdysts Isdzs, MO dHjOdkzdeddZ R SBEC |
ftcOCMd dECOHO dzod " ] Mdzzyo- , LBtSG Yjceco - j, 1t
sdzz, drLoth jdzO JSEMYfjteddij delsOdzdzO ftetso jtcO dzO kB3O
B H | dziz.

ftcots® WOLd dMisteOy doa O 0O ©OL BOKLOZO " j d&scl
j CsteBHOBO Ct5° § fnd dmf seeyke " 2 MO o3Jteddd3 d
jose ] BibtsHj. lweats "] YsCOLOdMs HO BJd dHJ dk
Hseo jdzs HB §olflkzdts dMmisdr tiLkZdzksOlO, ¢
ddzOdzdzj BjIstsHj. RIOS, Hteddeydi dHJ dzlsd ydetse
dzL d " © L O d&zOBBWKOItsted "  MSd dBsHid, hists EC? EZyk
Ld' jdz2 sddsd HO " J HjWdddmOod W&dsHjidkz S°d
G’ jdz JSMY jtoddsj dzlsOdzdzd d3 ZMmdzseo &30 k& dzOf 6O
zdzy BIItH] Mk Efsti' jdd MO tjL EzdlsOlsdd
@By dzZls Odzdzts® MlsOC dzj des® sk d. 1ty oteh j© O
Yydzj Jdzj Clsteduydzi sl stedetsMmisd §ts° j HJ dzOydzed n
HosMdzs dzad dBBHjdZ SdZO E MSOCdzj desd3 Ml HE

7}
T
N

—o=rEFFasC--g

QIS TSI GG
» TECIoocganmgt

B3j dezlsd HO “j dHJjdesdWdE O
Lo jHjdO Sstedh<j® jd Mmkh
‘0 d Csdh<jSO FEM BsH | d
O LO nsdsejds lsds gt oL

O Mk k£ OoBsdjdsd Isdbz
sd dsek<j f{shmsOsdlsd Ok,
FEM MdBkzdoyd &, kL ‘-jHdsf

TRov-sd
® 11 F O

O = e

V JSMYjted®idilslz dedmkz fteddsd © Jded Jdzj Clstetsdzdilsd
PsBdyuO jdts LO JjS¢Myfjteddj delsi MO EROC jddds dssH]
BOIsjted Odzd Mk BdZdyd Iitttd MEdd, «Bi-O0dduyséd dL
jCMmfjteddjdads ) kOCGE' j] bk ROdsd §dSOLOs §ilsjhs
BjejSdBO | jdjtecotsds d&BjlssHsd, O dOwsydlss &0 k<
fiMmMOS, Ct' ) BHEICE E dhkzhdeOS ] odkOc), ©OL dso t
MO djtededds j dzj SlstesH OKBO, dlsH.

JGjHdEY O BjlSHO LODkjo0O SodfdjShd (ot

otcj d@gj dz2O dLoteh j© O UtQiStQOlUZdZO (20" HEY ] otj &3 CC
mMd gz zOyd * © & HCffl]JtGlSOl{d d “J gL desfipddzts 114 fyc
ftej HMsO? O tsfyd k& BH dJqdsjtimnMd MOBts k mMozzyo J
OHJ Co0Oldzz IsOydesfyls, hilsts “j Mmdzzyo" Ho tsfdzts * dats @
fdzdlsSCts¢ ettt j& MmMzs' O. vtejBO ftoeddizjlsdPsPo ¢fif@dd HiRE
stc@° O O { ts FEMHgdia@udd@\kd © O, Odzd ftco j dzfflse j dzts tsH
tsq’lsq’d3cf|_0uo[13dzisd3 OdetstGo[Isd3lz fted yjdBz MJFEME Mo C
Mgz dzOyd © CtsdzdS s dqBO dij' EfmMsBdedr tWOMIsts OF O j &z

I‘T]JHdZO SH tj Odzdzdr dBsck<desMisd L O MCte&E<YG QY ‘ajto
ddzd yd * Odzdets B d 2O f ZOdzd e O z® [k W @ FEMGYdigglz dB>yid ‘Isjj dgj
MOt L O RBOT O tOMists' @ O jdkiOdkjte Qi Isjtnlf jCBlufctisty OB o B Hzd
fsRs<kz §fmMists’ j<drn ,0d2044d Isdngs dimO da js©O® O cOMIss* O
OOdzdlsdyusd dqLtwOLd dsdOlts Htsos? dzs IsOydzd . 4 € tcC
s Oydets s d “d dgihlsts hlsts ) eodhj Ijrddyto Mmlse (

133



1 0¢€? Eyo¢

tcOLod"  j dzse OdkOIO. [dzO dzd " § t6j OdzdL s OdzO, = j to
JECMYy jtedd3d dels Odzdets® f tetso j tc(d .

ddzj Hj <O IsjdBO dMstcOydoa OO “j bOC' j ftetsdmlsy
JB 0 d tMmMseOtj O BjLBjHAsMIsd ftod L Jjd? st
Misd " M¢j HtojHjdzi dO ¢ttOBd MEBB fsdzktshmistce k2.

ez dzO L O dLteOYUkzdzOo 0° j] lsf stedesMmisd tcOMf tesMmlis d t
ZzO0¢ Mmdzts® odMmtsC j M Jd ydw d ydzad Sl stedetsmls d . v
WstedzgzdzO L O dLteOyYykzdz0e 0¢ ) dOftsdzO HBHJO, Cs" O
cOMf sHjdzf Mstck © E ¢ t5dzd dEEM fas Dls onilstts@A )0 dz@d (IS 6|
cOMf tsMisdteO® O LBtsE ] ' EMsBdtse ElsdyO O dzaj yddai
FEMf)d &sz dzOyd " © ®tHtej' ' jdd Mk Stsjivdyd jdbsd, yd dd
s stcdzgsisd tOMftesMisdcO® O Mistsf OzO L dzO Y OFEME { SE
BsHjdz fojHMsOe? O ojtedz HdcecdlOdzdkz wifddStEz tJ
My duydwdude Jdzj Cbtedudzj s stdshisd ksdzo, dJdafjHod
Mz fsCOLOdZd HO Mj] LO BHi]' doOY ] dOftsdd HBSHJKO

zL
iz
Wts
s ©

d vjojdzj detso O jdzj € Istetsd3tsis t ts e dzind] dDdzO' (FRRIFORIO] o tE
fslsjdzyd OdzO@ IOysj mMBOM" EffaCRRD Vif)so tchQf dzf[ S o d o O dz
vjojdzg deso O Bl stedesfls  jHBZOSO § OteOdzj dzdats® o j L

1 Of tcOo ?3jrdtsH j BEEMEHNtsW Iseo jteke Ct5°d BEZRo OISO Mo j
o[d3UJHOdzfn4 sjd&zO d HOo O §OttOdzj &zdzO Mistsf OZO) , §ted
CoOt® ¢t 0O fftetslsdyj BH L JjdB sotsHddse ftosotsHAdS O
ftsijBdzO Isj BO  ded  j FEWMtERsHdglds * H d fipj Qedsdonyddtce Qdz  dzO
zdlsj cOlslztej .  O° j, FEHBBRE z&ZOKOOas0@Odzd Mz f Ot
cOMf esMiikd g@° @ o O Stodesfls wWOMf tesMisdteO © Mmiststf O«
J¢MYjtod 3] dalsOdzded = kL J B do ONE g dztild dfy Is g 3O BY dndz@2q Is ¢
COOCIsjtedMmMisdyded L O kL jd&” O 0% ] &) IsO.dzdag -t dfilsf @lslis
yd oOfmlsd kL i3’ deoOyd (ftej yded¢ © 19 mm d HEYJdzO 3
5 m aa 5 m fteimMjsc¢O OS] 40 mm - 4 mm) , Ctsd3B d «
HzyxddzO 3,6 m g’tsfr]lsOa?szc{: E <shCsoddkO Ctsdaskztc
fsBts?”h O] COttOCIjtedmisds O, tHEESIMds B j dzlstsdzd s O d

¢ dzO0dzd L § E:Miqdz(dsl@d!z@uq O Mk fsCOLOdkZ] HO Bty
Elsdyo' Mtz 0 Ct°j dMmbtotj dgj ds sksdykz: 1) MO k&
fsH HJ Msotd dzOf sdzO@ HBHJtO. vts LdzOyd HO Mmj to
(' I ISBIZ.-.aOlsO MOks kL jdk® do Oy, GHEsMHds MHo’s
slsf stedetsMisd d@syd HO M otthd ttOMmMftej cdzkzlsts.

rdmjtelsOyd 0 “"J HOEZO ‘' OMOdz Htsfteddetsfy L O € OO
Efdzso B8O dz0 ¢wOBd MStsd §odkshstolz. ¢ OdkdL j
MsWise jteMC drn dgfSlsstiord® <¢ dz0 dzgMahbidrts cStaO dyf K€ sted Misd M d
1 J dzH jdtsd Odeisth’lsd30 fted Uj Bz Ode B JAED KO 1 & tz@ tc B ¢
mMdBzdzOyd " j, uyd ' d Mmj wjLizdzlsold Mal@<zOo ' Iz tofz cH[O? JO
His ted dzts ‘J dso O WhteddzdzO L O dLteOYkzdzOe OF § ts
o Oy 0o OF j B EmMsBdetse EIsdyoO® O, LO Mz yo" ¢ OH
jdzj Shtedyudej Bl tstdslsd.

Rdzls jtej MOdels dzO@ Isj 3O L O dMistcOy do OF j “d HO
fSBB?h 00 CkdRkdOlsdodats Elkdylkz dzO thgoulzdzc)moco (
s stcdzgsflsd tOMftesMmisdtcO’ O, ZzOof s HEHdte®O d dzC
LdZOYO 0 dhistcOydoa 0O 0 d ftsMmisdcdz q’ f Oteyd ° Odzdzo
toj L zdzls Ols j t]’teiste@ulzdz(a fnlzhlsq’dzfr]Co[: COteOCIsjtcdMmisd ¢
tcjLEdzsOO HtsBd jdzdr fHtoddzjdesds § tsMmisdedzzlsdr § Ots
fsmMsts’ j<drn 0O0dZOdzdlsdySdr dj lstsHO.

134



1 0¢€? Eyo¢

4z 30 te dzts HdMjlsOyd O " j Bdd&ZzO &tslsdesdmOdzO Isj .
MYy dudWduddds Isjtej dzmS dd3 ZMmdzse d BO dzO ¢ ttOBd ME 5K
5 d&s¢oyd 0 MO 11 ©oLdduydlsdr kdfse0O bkLjd? dse O
GOftejHdedn MsWilse jteMCdrn d&j lstsHVAatalkfd COMSDE Myltiphgicts j L O
Bsyj HO Mj ftjoOLd' j fdhmklsdd ctjhtO0 bk § o
OCt fj ftedki k& CdOmMdyud O&OEJldUuSj W stkd].
sMliso Otej d&z20 d ftdd3j ‘ddz dzdL IsjMmMlssa © 90dzdHOyYd 4 ¢
vsjMmssaed Mk Bddzd tjOdZdLsoeOdd dO BOLd {tHOKOS
Sy jtedd3j dzOsO 2O L ROS j desds OB GO MS A i
tOLod  jdd Mms¥lse jwmMSd OdkOlsd Mk foddj® jdd ¢ OC¢

cOCkjdLOYyd j §OLO®RO0LO IO d BHij' o 0f 0O
q dzj dzs 3 GOMBBLoMulipBysicsf It d s Odz® * j ksOydesfls fyls Odzgr O
o jdzj dgsoj bkiswjdkji Sts'd Mj Sstedmlsd LO GHiE] ' ¢
Wddzd MOdz dLEOL LO ftsteOykd i tstedtshisd Oy
s dd bklsdyO', d HO' j kOydd j tjLEdksOlsj 1
<00 kOydshls dssdi JLEOLO b SHdsME &O s
Cd My jud¥dudzj Jdzj Sbstedyds) sy stedasmisd.

135



tdwited dyj

[1]

[2]
[3]

[4]
[5]
[6]

[7]
[8]

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

8 trartrl At

E. Schmidt, AThe Al Revolution |Is Unc
Available: https://www.ted.com/talks/eric_schmidt_the_ai_revolution_is_undert
[ 1 sMdziH®d ftedimiskzy 6. HJjyjddBOte 2025.].
. tketed<, 1 dMsCsdkOf dsmMcO fesmstes” § ¢ O, 1
At oIR[1RS { B[ ML RYSRJ 1dtfouvrRIR[Y
tJrsvtdrrrtdarvesrm P faust fmrng 1 or1rRIL S
4 dziz ) B J dzd dzd mpp. 3@639,M996.1/ 95,

AStandard Test Met hASOIMF24185%,20650 0t Pr ot ec
APerformance RequiremeASTM FI41318,2M8.0t ect |

Z. R. Radakovic, M. V. Jovanovic, V. M. Milosevic and N. M. llic, "Application of Eartl
Backfill Materials in Desert Soil Conditions|EEE Transactions on Industry Applicatic
(Special Issue on Grounding Systemsyol. 51, no. 6, pp. 5288297
https://doi.org/10.1109/T1A.2015.2424688, Novembeicember 2015.

CYMEGrd software, CYME, SaiBruno, QC, Canada, Dec. 2000..

"CDEGS," SES & technologies Itd., [Online]. Availak
https://www.sestech.com/Product/Package/CDEGS. [Accessed 31 3 2026].

"ETAP," Operation Technology, Inc., [Online]. Available: https://etap.com/. [Accesse(
2026].

Al EEE Guide for Safety IBEBSASQR0ISMayLGlRt i 0

Azordegan, E. et al., ATesting and ap
substation surface layer, Technical Report ARSL 07, A | EEE Power
u . dlsOdzdh d< d 7. t OHOSC s d <, Al tod d3j dz

fsoteh ddzS Mdd3 Mmdzts” jd3 o dzd S J MY Jyyhidutippe j
d &z SstecsHdMistedBzIsdodzad ds e y OO MO | 8] Ot
2021.

S. M. Stanigil and Z. R. Radakovili, "N
based on Wenner measurements by means of Néldad algorithm and FEM calculation
Electrical Engineeringyol. 105, pp. 442-A4441, Aug. Aug. 2023.

F. Dawalibi, ATr ans ERRsResearch Piojech B9 Ginab Repat
EL 2699,0ct. 1982.
F. Dawalibi and C. J. Blattner, "Earth Resistivity Measurement Interpretation Techn

IEEE Trans. Power App. Syst,Vols. PAS103, no. 2, pp. 37382,
https://doi.org/10.1109/TPAS.1984.318254, Feb. 1984.

MATLAB. (2022). (R2022b). Natick, Massachusetts: The MathWorks Inc..

"COMSOL Multiphysics® v. 6.0, COMSOL AB, Stockholm, Sweden, [Online]. Availe
www.comsol.com.

4. uwbOdzdhd< d 1. tOHOSCBad<, Altddj dzO d
ELjd3? § ¢ O, dzOff ts dzO HSHJtO X d ° HeOdf ds@isdzs ¢
Joazj SstecsHdMmistedBlziIsdodzd d3 iBicd Y OBO MO J ] Ot
2016.

S. Stanisic and Z. Radakovic, "Calculation of Touch Voltage Based on Physical Disti
of Earth Fault Current[EEE Transactions on Power Delivemngl. 32, no. 5, pp. 2248254
https://doi.org/10.1109/TPWRD.2016.2618062, October 2017.

Al EEE Standards Association, #
https:// standards. i eee.org/ieee/l 80/ 408

136



tdwited dyj

[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]
[30]
[31]
[32]
[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

Al EEE Standards Association, f
https:// standards. i eee.org/ieee/l 80/ 121

Al EEE Guide for Measuring Earth Resi
Potential s of dEEEGE6Gtd&1201R2Dacg2012y st e m,

"IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth £
Potentials of a Ground Syste\NSI/IEEE Std 81983,1983.

Al EEE Guide for Measuring Earth Resi
Potentials of dEEEBBKRMWHAO25ng System, i

AProtecti on aECa®bR3052010.1 i ghtni ng, f

W. Ruan, J. Ma, F. P. Dawalibi and R. D. Southey, "Performance of HYDC ground el
in various soil structures,” iRroc. 2002 Int. Conf. Power Syst. Techn&unming, Chine
Oct. 1317, 2002.

W. Ruan, R. D. Southey, S. Fortin and F. P. Dawalibi, "Effective Sounding Depths for
Grounding Electrode Design: Wenner versus Schlumberger Methodg00m IEEE/PE.
Transm. Distrib. Conf. Expo. Asia and Pagifizalian, China, Aug. 188, 2005.

T. N. Giao and M. P. Sarma, "Effect of a TAvayer Earth on the Electric Field Near HVI
Ground Electrodes,JEEE Trans. Power App. SysWpls. PAS91, no. 6, pp. 2358365
https://doi.org/10.1109/TPAS.1972.293392, Nov. 1972.

AEffects of current -Passi hg GelE@aD4ydl, 160¢.
AEffect of current pRa@rsti nigl it h$3 pEQ&4HE2N108T

A S h-drcutt currents in threphase a.c. systemsP a r t 0: Cal cullBG
Standard 60909:2001,July 2001.

"Standard Test Method for Field Measurement of Soil Resistivity Using the Wenne!
Electrode Method,ASTM G57 95ajun 1995.

F. Wenner, AA Method of BlearsStandamsys. E&c
Paper 1238, pp.Bi&78, Bitps://doi.org/10.6028/bulletin.282, 1916.

W. M. Tel ford, L. P. Gel dart d R. E.
Press, 1990.

C. J. Blattner, AStudy of driven gIiEEE
Transactions on Power Apparatus and Systdmys, PAS 101, -B8®0, Aug
1982.

L. S. Palmer, "Examples of geoelectric surveygE, vol. 106, no. 27, pp. 23241,
https://doi.org/10.1049/f.1959.0081, Jun. 1959.

J. Ma and F. P. Dawalibi, "Influence of inductive coupling between leads on res
measurements in multilayer soil$EEE Transactions on Power Delivenygl. 13, no. 4, pyg
9991004, Oct. 1998.

R. S. Baishiki, C. K. Osterberg and F. Dawalibi, "Earth Resistivity Measurements
Cylindrical Electrodes at short SpacinglEsEE Trans. Power Delyol. 2, no. 1, pp. 641,
https://doi.org/10.1109/TPWRD.1987.4308074, Jan. 1987.

O. Ramod_eafios, F. A. Uribe, A. Valcarcel, A. Hajiaboli, S. Franiatte and F. P. Dav
"Nonlinear Electrode Arrangements for Multilayer Soil Resistivity MeasuremeliEgE
Trans. Electromagn. Compat., vol. 62, no. 5, pp. 2143155
https://doi.org/10.1109/TEMC.2020.2970149, Oct. 2020.

Earth Tester MI 2124 User Manual, Version 2.0, Horjul: METREL, 2000.

C. J. Blattner, "Analysis of Soil Resistivity Test Methods in Twayer Earth,"|EEE
Transactions on Power Apparatus and Systevfids. PAS1041, no. 12, pp. 3663608
December 1985.

137



tdwited dyj

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

R. D. Southey and F. P. Dawalibi, "Improving the Reliability of Power Systems With
Accurate Grounding System Resistance Estimatesihtarnational Conference on Pow
System Technology Proceedingsnming, China, 2002.

H. R. Seedher and J. K. Arora, "Estimation of two layer soil parameters using finite \
resistivity expressions,"IEEE Trans. Power Del.,vol. 7, no. 3, pp. 1213217
https://doi.org/10.1109/61.141833, Jul. 1992.

E. D. Sunde, Earth conduction effects in transmission systems, New York:
Publications, Inc., 1986.

A. P. Meliopulos and A. D. Papalexopoulos, "Interpretation of Soil Resistivity Measure
Experience with the Model SOMIPIEEE Trans. Power Delyol. 1, no. 4, pp. 14251, Oct
1986.

A. P. Meliopoulos, R. P. Webb and E. B. Joy, "Analysis of Grounding Syst&&t' Trans
Power App. SystVols. PAS100, no. 3, pp. 1032048, Mar. 1981.

T. Takahashi and T. Kawase, "Analysis of apparent resistivity in a -layér eartl
structure,” IEEE Transactions on Power Deliveryyol. 5, no. 2, pp. 604612,
https://doi.org/10.1109/61.53062, April 1990.

F. Dawalibi and N. Barbeito, "Measurements and computations of the performe
grounding systems buried in multilayer soilEFEE Transactions on Power Delivengl. 6,
no. 4, pp. 1483490, https://doi.org/10.1109/61.97681, Oct. 1991.

J. Nahman and D. Salamon, "A practical method for the interpretation of earth resistiv
obtained from driven rod testslEEE Trans. Power Del.yol. 3, no. 4, pp. 1373379
https://doi.org/10.1109/61.193934, Oct. 1988.

J. L. del Alamo, "A second order gradient technique for an improved estimation
parameters in a twhkayer earth,"IEEE Transactions on Power Deliveryol. 6, no. 3, py
11661170, July 1991.

J. L. del Alamo, "A comparison among eight different techniques to achieve an oj
estimation of electrical grounding parameters in-tayered earth,TEEE Trans. Power De
vol. 8, no. 4, pp. 1892899, https://doi.org/10.1109/61.248299, Oct. 1993.

R. Batista, M. R. de Ar a%j o d R:layeRsoil n®de
using QuasNe wt on me 20bh8oSihyosid Briwsileiro de Sistemas Eletricos (Sk
Niteroi, 2018.

W. P. Calixto, L. M. Neto, M. Wu, K. Yamanaka and E. P. Moreira, "Parameters Esti
of a Horizontal Multilayer Soil Using Genetic AlgorithmlEEE Transactions on Pow
Delivery,vol. 25, no. 3, pp. 12501257, July 2010.

W. R. Pereira, M. G. Soares and L. M. Neto, "Horizontal Multilayer Soil Para
Estimation Through Differential Evolution|EEE Transactions on Power Delivenyol. 31,
no. 2, pp. 622629, April 2016.

B. Zhang, X. Cui, L. Li and J. He, "Parameter estimation of horizontal multilayer e
complex image method/EEE Transactions on Power Deliveryol. 20, no. 2, pp. 139
1401, April 2005.

J. Yang and J. Zou, "Parameter Estimation of a Horizontally Multilayered Soil With
Evaluation of the Apparent Resistivity and its DerivativéEEE Accessyol. 8, pp. 216¢€
3536, 16 March 2020.

M. Jeseni k, M. Mer ni k, M. Lrepingek ar
using  metaheuristics,” Applied Soft Computing, vol. 69, pp. 131148,
https://doi.org/10.1016/j.as0c.2018.04.045, Aug. 2018.

P. J. Lagace, M. H. Vuong, M. Lefebvre and J. Fortin, "Multilayer resistivity interpre
and error estimation using electrostatic imagHsEE Trans. Power Delyol. 21, no. 4, pf

138



tdwited dyj

[59]

[60]

[61]
[62]

[63]

[64]

[65]
[66]

[67]

[68]
[69]
[70]

[71]

[72]
[73]
[74]

[75]

[76]

[77]

[78]

19541960, Oct. 2006.

"Standard Test Method for Measurement of Soil Resistivity Using the Wenner FourEl
Method,"ASTM G5720, Dec. 2020.

Z. G. Datsios, P. N. Mikropoulos and I. Karakousis, "Laboratory Measurement of th«
Frequency Electrical Properties of Sand,"3dth International Conference on Lightn
Protection Rzeszow, Poland, 2018, https://doi.org/10.1109/ICLP.2018.8503351.

"Standard Test Methods for AC Loss Characteristics and Permittivity (Dielectric Cons
Solid Electrical Insulation, ASTM D15611, Aug. 2011.

D. Mukhedkar, Y. Gervais and J. P. DeJean, "Modelling of a Grounding Electiédt
Transactions on Power Apparatus and Systéfols. PAS92, no. 1, pp. 29297, Jan. 1973

M. Jesenik, A. Hamler and M. Trlep, "Analyzing of a Soil Model using the Finite Ele
Method for Simulation of Soil Resistivity MeasuremenEEE Trans. Magn.yol. 57, no. 7
pp. X4, https://doi.org/10.1109/TMAG.2021.3075580, Jul. 2021.

M. Jesenik and M. Trlep, "Testing of multi layered soil models based on data obtain:
Finite EIement Model s with known soil
determination,"Appl. Soft Comput.yol. 95, p. https://doi.org/10.1016/j.aso0c.2020.106
Oct. 2020.

M. Mitolo, Electrical Safety of Low/oltage Systems, McGraw Hill, 2009.

A. P. S. Meliopoulos, F. Xia, E. B. Joy and G. J. Cokkinides, "An advanced computel
for grounding system analysisEEE Trans. Power Delyol. 8, no. 1, pp. 123, Jan. 1993.

C. S. Lee and A. P. S. Meliopoulos, "A Comparison of IEC-#78nd IEEE Std 80 ¢
Grounding Safety Criteria,Proc. Natl. Sci. Counc. ROC(Aypl. 23, no. 5, pp. 61821,
1999.

A. P. S. Meliopoulos, Power System Grounding and Transients: An Introduction, Nev
Marcel Dekker, Inc., 1988.

[ . 1. stsmisd <, vdBted O ( fcO¢MO fts®
ftosh qtcjdegs qLHOS j, 1 JBGELOH: ¢SCOHjBMEO ki
H. B. Dwight, "Calculation of Resistances to Grounttdnsactions of the American Instit
of Electrical Engineersyol. 55, no. 12, pp. 1319328, Dec. 1936.

[ . stiisd<, AmiHdkO dssd® Wstdzdczd L O dL
ELidB doOyo ttsejLOddr E ¢ §dasinatis Af dedOwSsdzls
XXXlI 11, Bte. 7, 1983.

J. G. Sverak, "Sizing of ground conductors against fusit§fE Transactions on Pow
Apparatus and System#pls. PAS100, no. 1, pp. 559, Jan. 1981.

R. Rudenberg, "Grounding principles and practicBsart 1, Fundamental considerations
grounding currents Electrical Engineeringyol. 64, no. 1, pp.-13, Jan. 1945.

S. J. Schwarz, "Analytical expression for resistance of grounding systeMBE
Transactions on Power Apparatus and Systemls,73, no. 13, pp. 1031016, Aug. 1954.
J. Nahman and D. Salamon, "Analytical expressions for the resistance of grounding
nonuniform soil,"IEEE Transactions on Power Apparatus and Syst&uls. PAS103, no
4, pp. 886885, Apr. 1984.

J. Nahman and D. Salamon, "Analytical expressions for the resistance of rodbeds
combined grounding system in nonuniform solEEE Transactions on Power Delive
Vols. PWRDB1, no. 3, pp. 9®6, July 1986.

J. Nahman, "Digital Calculation of Earthing Systems in Nonuniform Sdéit¢hiv fir
Elektrotechnikyol. 62, pp. 1924, 1980.

J. Nahman and |. Paunovic, "Resistance to earth of earthing grids buried Hegerltsoil,’

139



tdwited dyj

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

Electrical Engineering,vol. 88, pp. 281287, https://doi.org/10.1007/s0020R4-0282y,
2006.

[. stMmisd<, AmjHdO dtsosO® BjlssSHO L O H]'
d ©Jd0 fteddj dd dO Isjdd”’dj kLjdi”>deoOyyd,
WOCkdasjls, vddesjtLdlkjls £ 1 iBGetcOHEZ, 1988
M. S. Hammam and R. S. Baishiki, "A Range of Body Impedance Values for Low Vi
Low Source Impedance Systems of 60 HEEE Transactions on Power Apparatus
Systemsyols. PAS102, no. 5, pp. 1097105, https://doi.org/10.1109/TPAS.1983.318!
May 1983.

C. H. Lee and P. S. Meliopoulos, "Safety Assessment of AC Grounding Systems B
VoltageDependent Body ResistancéEFEE Transactions on Industry Applicationsl. 51,
no. 6, pp. 52046211, https://doi.org/10.1109/TIA.2015.2412511, NDec. 2015.

X. Long, M. Dong, W. Xu and Y. W. Li, "Online monitoring of substation grounding
conditions using touch and step voltage sensors20it3 IEEE Power & Energy Socit
General MeetingVancouver, BC, 2013.

B. Thapar and Z. A. Alaywan, "Increasing of ground resistance of human foot in subs
yards," IEEE Transactions on Power Deliveryyol. 4, no. 3, pp. 1693700
https://doi.org/10.1109/61.32661, Jul 1989.

B. Thapar, V. Gerez and H. Kejriwal, "Reduction factor for the ground resistance of t
in substation yards,JEEE Transactions on Power Deliveypl. 9, no. 1, pp. 36368, Jar
1994.

B. Thapar, V. Gerez, A. Balakrishnan and D. A. Blank, "Finite expression and moc
footing resistance in substation$ifEE Transactions on Power Deliveryol. 7, no. 1, pg
219224, https://doi.org/10.1109/61.108911, Jan 1992.

H. R. Seedheer and J. K. Arora, "A comparative study of expressions for reduction fe
ground resistance of foolEEE Transactions on Power Delivemgl. 18, no. 3, pp. 84851,
July 2003.

B. Thapar, V. Gerez and P. Emmanuel, "Ground resistance of the foot in substatior
IEEE Trans. Power. Delyol. 8, no. 1, pp. b, Jan. 1993.

H. R. Armstrong and L. J. Simpkin, "Grounding Electrode Potential Gradients from
Tests," Transactions of the American Institute of Electrical Engineers. Part Ill: P
Apparatus and Systemgl. 79, no. 3, pp. 61822, Apr. 1960.

AEarthing of power i ns BraishlstandardoEiN $05222Q1@ukE
2012.

Z. Radakovic, N. Paunovic, V. Milosevic and M. Jovanovic, "Generating sitofapply
comprehensive engineering recommendation for earthing safety in systems with
earthed neutral [ET Generation, Transmission & Distributiongl. 9, no. 16, pp. 2522525
https://doi.org/10.1049/iegtd.2014.0853, Dec. 2015.

F. P. Dawalibi, R. D. Southey and R. S. Baishiki, "Validity of conventional approact
calculating body currents resulting from electric shocksEE Trans. Power Delyol. 5, no
2, pp. 613626, https://doi.org/10.1109/61.53063, April 1990.

M. B . Kostil, Z. R. Radakovi I, NL a nSo,
"Improvement of electrical properties of grounding loops by using bentonite and
drilling mud," IEE Proceedings Generation, Transmission and Distributiorgl. 146, no. 1
pp. k6, https://doi.org/10.1049/gtd:19990057, Jan. 1999.

J. Trifunovil and M. Kostil, "Analysis
electrodes and surrounding soil on electrical properties of grounding loBfestrical
Engineering,vol. 96, no. 3, pp. 25265, https://doi.org/10.1007/s002023-0291-9, Sep

140



tdwited dyj

2014.

[94] m. vtwdWikzdtsod<, Af jlstsHBdsEed O LO ko 0OyO0Os
SdzO ftod GJostecOykbdzkz skfstedshisd tOMYf ismli
HdMJj tlsOyd " 0, dzj Sbteslsjrdzdycéd WOSCEkdzsj Is,

[95] "Substation grounding scale model tesEPRI EL-3099,May 1983.

[96] ¢ . [ . 1l jtetse d <, Al {flsd d30dzdats f dzOdzd tc OF

odJltetsj dzj ClstcOdzO o j S dr MdzOcO, A [ sCIsBte

vdzde jteLdIsjls E 1 jtseteOHEZ, 2022.

[97] ¢ . t ste' jod<, m. skh d< d r. t Etedh d <,
COwOCIsjtedmisdSj Isj d3j3°2dzd An O LY Jsds?odPd Qy @ ,Oh ol
-CIGRE | &zOIsdBtstg, 2015.

[98] J. A. Guemes, F. Rodriguez, J. M. Ruiz and F. E. Hernando, "Determination of the
resistance and distribution of potentials in grounding grids using FRE&PQJ,vol. 1, no
1, pp. 366363, https://doi.org/10.24084/repqj01.382, April 2003.

[99] J. A. Guemes and F. E. Hernando, "Method for calculating the ground resistance of gt
grids wusing FEM," IEEE Trans. Power Del,vol. 19, no. 2, pp. 595600,
https://doi.org/10.1109/TPWRD.2004.824761, Apr. 2004.

[100]J. A. Glemeslonso, F. E. HernandBernandez, F. Rodrigu®ona and J. M. Rui¥oll,
"A practical approach for determining the ground resistance of grounding gHtisSE
Transactions on  Power Delivery, vol. 21, no. 3, pp. 1261266
https://doi.org/10.1109/TPWRD.2006.874121, Jul. 2006.

[101]1 . Paunovi i [ J. Nahman, APri mena m
uzeml ji val ELEKRTROGARB/REDA S, pp. 92100, 2004..

[102] J. Nahman and I. Paunovic, "Effects of the local soil nonuniformity upon performar
ground grids,'|EEE Transactions on Power Delivemgl. 22, pp. 2182184, Oct. 2007.

[103]J . Nahman d |I. Paunovi c, AMe s h vloal ytear(
Electrical Power Systems Research, Is . 80, p-p61,
https://doi.org/10.1016/j.epsr.2009.10.017, 2010.

[104]D. Vul kovil, D. Jovanovil, -INagc€tvielt koA

Model for Determining the Resistance of a Hemispherical Ground Electrode Placed of
Homogeneous Truncated Conégta Polytechnica Hungaricasol. 20, no. 6, pp. 11233,

Nov. 2023.
[105]M. Trl ep, A. Haml er | M. J e sBEM Anklisya of @omBle
Grounding SystemsJEEE Transactions on Magnetiosl. 39, no. 3, pp. 115%158, 2003.
[106]S. Stanigil, M. Jevtil, B. Das and Z.

substation with the oil immersed distribution transformé&iatta universitatis: Electronic
and Energeticsyol. 31, no. 3, pp. 42433, Sep. 2018.

[107]Mat hWor k s, Af mi nsearch, # [1 0
https:// www. mat hworks. com/ hel p/ matl ab/
2025.].

[108] O. C. Zienkiewicz, R. L. Taylor and J. Z. Zhu, The Finite Element Method: Its Bas
Fundamentals, 6th ed., New York: Elsevier Butterwdtdinemann, 2005.

[109] J. Jin, The Finite Element Method in Electromagnetics, 2nd Edition, New York: John
& Sons, Inc., 2002.

[110]P . P. Silvester d R. L. Ferrari, Finit
University Press, 1996.

[111]O. C. Zienkiewicz, C. Emson and P. Bettess, "A novel boundary infinite elel
International Journal for Numerical Methods in Engineeringpl. 19, pp. 393104,

141




tdwited dyj

https://doi.org/10.1002/nme.1620190307, Mar. 1983.
[112]J. A. Nel der d R. Mead, AA si ngprhpatxl.sme t
4, pp. 308313, https://doi.org/10.1093/comjnl/7.4.308, Jan. 1965.

[113]J. C. Lagarias, M. H. Reeds, M. H. Wright and P. E. Wright, "Convergence Propertie
NelderMead Simplex Method in Low DimensionsSIAM J. Optim.yol. 9, no. 1, pp. 1k
147, https://doi.org/10.1137/S1052623496303470, 1998.

[114]Mat hWor k s, Af mi nunc, f [1 0
https:// www. mat hworks. com/ hel p/ opti m/u
[115]A. Gal §ntai, AA. Cdiewaar greeMumichy Afgorithims 90pp.

10431072, https://doi.org/10.1007/s110031-012217, 2022.

[116] COMSOL, "LiveLinkE for MATLAB®," COMSOL AB, [Online]. Available
https://www.comsol.com/livelinfor-matlab. [Accessed 15. 2. 2026.].

[117]I . Col omi nas, F. Navarrina d M. Castel
in Earthing Grids Cons |I[EBETransm Bowd: Belle.r e2d2
pp. 15141522, https://doi.org/10.1109/TPWRD.2007.899282, Jul. 2007.

[118]Mi cr osof t , ADefine and solve a probl
https://support.microsoft.com/ars/office/defineandsolvea-problemby-usingsolver
5d1a388f079d43aca7ebf 6 3e45925040. [IshmdzjHd ftd

[119]. . [. 1l sftse d <, A6. 3. 1. P tzirE dzs tf 5Oz Ida
JLHP® J iBGELOH, |t joddm™mMO ¢ deO, 1990.

[120] M. Farzaneh, I. Fofana and H. Hemmatjou, "Electrical properties of snow [relevant tc
transmission insulation]," ifhe 17th Annual Meeting of the IEEE Lasers and Ele©fptics
Society, 2004. LEOS 2008oulder, CO, USA, October 2004.

[121] D. A. Moldestadt and S. Lgset, "Factors affecting ski base sliding friction on sno@8nbu
engineering: Recent advances and developments, Proceedings of the 4th intel
conference on snow engineerjiigondheim, Norway, 2000.

142



) teq dzisL g

9 1t RrR[ R
) tod detses izl e Lt OYd ] t©OYk &zOts O

[jssHO L O ®BHtj' do 0O j f OtcOd3j sOtc® Ho tsMmdzts  dats

ftestcOykzdzi ftod ¢ OLED diits dzdz@od* q]is@s Ohs g gbdz fMdzji Hj <Jj €&
HyMClstsf t©OYkzdzOteO:

1 Jtesyd Mste: AMD R@areen Br 6dDs & x( 3. 40 GHz)

1 [ jdissted  O: 2 I Kingston 8 GBIHz DDR4
(DDR4-2666/ PC421300)

10 fted ydLded  d ¢ totstdO e dz@Y tz@Qd H fs HEF tes@YA c<dr@ip ?
‘] ®Oflsf ©wWOYkdOE MO MdjHj<sd Csdidezeoyd’ 6

1 1ty fste: Intel Core i5 3230M
1 [ jdssted GB®: 12

143



l od dzsL d

e dzser Rssc @l d dj o i BQR@EC Cdpd MmO * | ©

10 didted O MYJdydwdyded Jdzj Slstedyded sl stedtsMmisd
MO jte Cstedh < j dMEGGERDigisdntthzagr GIET5/4R

144



l od dzsL d




l od dzsL d

146



) teq dzisL g

147






























