VY RI[[YTRU[U UL 1{RZURLR #0¢ 1t
grrrzorf v sfuflas{m [rRUL]
ANpSLfuvruv U[IMLRYSRM 1 OUS O

mtso Old&z HOh d detso d <

s{f I RUIITOLR ¢ [ dErRRYE
fruvodm[i Uit RHURYSR

[T UVRIRTOARJ1T R HUNRH UV
{rtrtrlong 1ot dfruvof

(sl RrRIGJTL UZLfL sOlr11RrRM
¢RI M J1RM flulTd w0

vlioroloncf YtrlfondRmved

19 tJduvftu

[ BCIseME O HdMJjelsOyd O

stsmMsa M O [20Btctseo d yO,



UNIVERSITY OF PRGTINA TEMPORARY SETTLED IN
KOSOVSKA MITROVICA
FACULTY OF TECHNICAL SCIENCES

JovanS. Vukag i wiol

A COMBINED APPROXIMA TION -
METAHEURISTIC OPTIMI ZATION
APPROACH FOR DETERMI NING THE
EQUIVALENT CIRCUIT P ARAMETERS
OF SQUIRREL CAGE INDUCTION
MOTORS WITH CONSIDER ATION OF
ROTOR TRANSIENT PHEN OMENA

Doctoral Dissertation

Kosovska Mitrovica, 2P6.



s{IfJ1RrR VLI OP1VR OVt [sudwdmliwf REURY SR

JYUR[RTOARJ1I R 1TtitRuUUL] 10 JrtrtrRIONYT ]

(st RIGJuUNN wrfr soélr11RrRMm R ML L RM [ U
Vlioroloncf Ytrf oY1 RrRm Yt LALEd 1O T

40Oy JIsOC

 s5CIsteMC O HMjlsOyd Hted MO BOJ j dktcts
sd S Miskz: dHJj dflOfdiOsjuxtc Q) ) J ¢ o do Odzj dalsdzj
OmMddzr tesdzdn dBIlststc O, Zz L OdzOdzdL 2 f sMmists’
“dratodn sele®dAl Y € dtc Bdpd Wl dg d d Catz®fsd U dzd -
dHdsCOo jLdds  d H&BS D6 sddaffiSdas disd § @2pd
Jdzi Sstedydedr f OtcOd3j IsOtcO® d d3j -~ Odzed y&4 ¢ Ofte
ftojHdzsY J dz - d C i d dets o-BIA O | @ ctf ) S f | 6
sfisddddL Oydsded Htwodmskzf C°'d kZoOy0a0O
[ jHBAEZEd " O md L Ofmded & O zO szt misj
SflsddB3dL Oyd 4§ s jd&3 udfmMbdyo, <Ot d dO
f OttOd3d sOtcO® bk W lisd@®® dd Wi toiE @&pdigps JO dzd u € J
COwOCIsjtedMmisd S| BfilsHidd,d jikhs Ssea00y 0o OF j

L fteotsds Misjfj dzdH &GS RYHFOE O3] sted
d Coddel®dizj " Jj d3j dgBisded@y dd® ttOHO, Bdded B3JL
sHMIskzY OF OH sBLdd3jg' gk yd dz0 d COOdtsh Cda
SHEB OO & Ik tj ) dxik. v Htczetsd3 Mmisj |
dHj dzlsd W dsis@usdc M@ d = © &6 O i3 jsiEOE®iz0o , z0 s
COsOizsh €dr ftHOBOCO COLOSCIsjtedMmisd ydeda L
otemlsy OfsCMdBOYd © sk di ttslststeht da



dzd dzj OtedzO® OftetsSCMdBBOYd 06 d OftwesSmdBOYd
Ctstej dgz BtoL ddzj . [ o jstc@tist ¢ fifnd) d3Oy[dte jj& Isddgts @
sflsdidL Oyd  j, offxOlfdgiSh Blzzf&@F j C OtcOC Isj
BelssicB®H Ols dzts iz Odz0Odzd L d tc O dzO Ho O Mmdzlz y:
ftojlsftsMlsOa?> O " jHABOSCMI §tsdzOL dj ©OMmd{ &
tj O¢sOdii MisOltwLPE fj Hseps dp j dzd \fdzi §t
B ' EMmsBdets teOL dzd ydlsj . RMydlsOdz " §J EkIsdyoO
dHJj zZsd W § OBQdR) JsOtO | & o d oHosa] latg@s] O dzd WY 4 d
$OOS s ted M3 delijn dfstsilgse(O . ed Miskzy " j fted d3j
OfMmd dzn to s dzdor  toldt lssflrd S[pRAEGc © d Bits O 5
HisB d ° 4 dzd tcj L zdzlsOlsd i sted ' § dad iz ho
tcjWitcjdasdzeddz B~ Oddysddz S OwLOCIsjtedmisds O
l stejH I56 0O, { tegjHdiasdly Qs M fsted f i) iz ©
6 L zdzlsOls d B3 ten] iz @Ebsgisdad qitls O s§ Isd BdL Oyd - J
£ € s dsB digEd jy e dzt Cdgo j H edes[CdeogtsiHdjdgPL tc j dzj o O dzls
dzd Is j tc.0lsz tc j

ltedfmsky ) HtSHOLds j S0 jteddj dals Odzdzts
B3ts Is sde@L d BydzP G24 KW, ftcd yYJ Bz Mk L kzdzs(
f sHOYd RZOdzdids Bffts ¢ f3p dzls i Is © dzO0 Wtej € o j dzls dzts

1 sCOLOMm® YjpjHdsy jdd ftedmisizy SBJjLBJ
dHjdelsdW dCHOB®@EEIsOtc O d ¢ o do Odjsdisdzil dadhng of
B rOddysdr COLOCIjtedMdl O Bslscste® MO ¢
f sSHOYd &3O bk GHdshEz rdEH CGlsdd@sh d yjdz] iz Idgtted’ | jddgts
HsB d dJr@®@dzd ys¢jy ¢ OtOC Is OIS fifls] L B®IsfthigO St
Of esCMd BOYd " § f(esdi dd s kkdEHdddy Ot Od



ftoj sftsMls©oaCd & HdtshHk §tsdzOoL di ttOMmd dz
tcd OCIsOdzy MIsOIstc O

0] HdMJ telsOyd " d ° j Mftesoa JHJ d&20O d OdzO
COOCIsjtedMmMlsdSj dBsststc® dzO §° jHJdAdOyYdz]
{fodd " j BGBsSElE<] dOO ta@idsjddsafter@ P ddz@ o § < d d
sBdzd ¢ d3j -~ Oded y¢< J COwOCIsjtedmisd S Jj, fted
ZlsdyoO- g0 £ dzOL dd wslststtMcd ¢ OtOd3] |
MlsOltstc® d tislttO.

s?kydzj ¢ tQfugsS d BOYd 0 tetsltstems d A f Ote
i Is? d oHsofidsigfis d § § d20 Y lsddB3dL Oyd ' O, dHJ dels
J Codo Odzj dals dzj h g &34, Bd - @ BEROL @O ¢ GOY .
tcj OC s OdeMDOdcjsisdzdc OO M d den tetsded dBslssted .

1 Ok ydzO BBl tetsls j R dzd ySts d t©OykzdzOEns s

UY O dzZOk YdzO [tsdz Ot j dzj tec j Isd S O
Ul s B621313.333:519.254(043.3)



A COMBINED APPROXIMATE-METAHEURISTIC OPTIMIZATION
APPROACH FOR DETERMINING THE EQUIVALENT CIRCUIT
PARAMETERS OF SQUIRREICAGE INDUCTION MOTORS WITH

CONSIDERATION OF ROTOR TRANSIENT PHENOMENA

Abstract

The doctoral dissertation investigates the problein parameter
determination (hereinafter referred to as parameter identification) of the
equivalent circuit of squirretage induction motors, including an analysis of
existing mathematical models and thianitations. Starting from the limited
accuracy of classical single cage and double cage models in the identification
of electrical parameters and the toregoeed characteristic of induction
motors, a combined approximateetaheuristic optimization apmoh is
proposed,which takes into account transient processes in the. rotoe
methodology is based on a twsiage application of the Particle Swarm
Optimization (PSO) algorithm, as well as on the approximation of rotor
parameter variation as a functioh speed,for the purpose of forming the
mo t cstati@terquespeedcharacteristic while considering the skin effect.

In the first stage of optimization, the parameters of the motor equivalent

circuit are identified for the rated operating condition mynimizing the

deviation between the obtained quant

corresponding to that operating regime. In the second stage, the rotor
parameters at motor startup are identified based on catalog data characteristic
of that regime. Two types of approximations of rotor parameter variation as a

function of speed are considered: a linear approximation and an approximation



based on the square root of speed. These approximations are not used directly
in the optimization proces$ut rather for forming thestatic torquespeed
characteristics of the motor. Additionally, two cases are analyzed: the first
assumes equality between the starting rotor leakage reactance and the stator
leakage reactance, while the second treats these quaastidsstinct. The
influence of these assumptions on the accuracy of equivalent circuit parameter
identification and on the obtainetbrquespeedcharacteristics is examined.

The proposed approach is applied to a set (dfifrrelcage induction motors

of different rated powers and pole numbers, and the obtained results are
compared with catalog data anekference torquespeed characteristics
provided by the manufacturer.

Furthermore,the results of the proposed approach are costparith
those obtained using the Particle Swarm Optimization algorithm in
combination with singleage and doubleage models reported in the relevant
literature. The proposed approach is furthexperimentally validated on an
induction motor with a rategower of 2.2 kW, where the results are compared
with data obtained from the Automatic Motor Adaptation (AMA) test
performed using a frequency converter.

It is shown that the proposed approach provides better agreement between
the identified equivalent ciuit parameters andhe motor torquespeed
characteristics with catalog and experimental datampared to classical
models.Additionally, it is established that the accuracy of the obtained terque
speedcharacteristic significantly depends on the selected approximation of
rotor parameter variation with speed, as well as on the assumptions regarding
the relationship between trstarting rotor leakage reactance and the stator

leakage reactance.



The disserttion also includes a sensitivity analysis t h e tonguet or 6 s
speed characteristic with respect to individual variations of electrical
parameters. This enabled the identification of parameters with the greatest
influence on the shape of therquespeedcharacteristic, showing that starting
rotor parameters, as well as stator and rotor leakage reactances, have a

significant impact.

Keywords: equivalent circuit parameterdentification rotor parameter
approximation,sensitivity analysissquirrel cage indction motors,starting

rotor leakage reactanderquespeedcharacteristictwo stage optimization.

Scientific field: Electrical and computer engineering
Specific scientific field Electrical power engineering
UDC number: 621.313.333:519.254(043.3)
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Snom n. 1 (35)

GH] MENKROL 2Oy dzj D dzdemtez@PiRz@ Bt 0.
) t6j o Odzdzd B Yl SERESBLE® ] L Ok das B sff I8 o O dzdzts G

“jHdzO@4dzz | o] HdztsTls  fte] o Ocdzdzts @ to £ effdsj @500 g Hij < f ]
W st d3iz dzq

R
JRTh X X )

v CjHEBad@E) (Km) ( fejHMis0e? 0k tj OdzOde d d
ugjojdz dztso j Ze)d3 § H Odefy g (

(3.6)

. 1
ZTh :RTh +JXTh = 1 1 ’ (37)

+
R+ X, X

R =Re{ Zy} . Xqy =In{ Zy} - (3.8)
1 GBBH 6] ' dqfoakQL des e A3 B3RO - d s s dfis I tc § B dzfs
otemMlsdlsd f sdi=dits CdzdL OF j

lsdo dH &0 fMdzOC O o SRS jO< jifjik fadd O dL  dsts
Cjdz0 OCkdodz® d tjOClkdodz® Stdisftsdj dzsO ek M

§el.nom = 3 Qph [_Igsﬁom)]* ’ (39)

F?al.nom = Re{_s(%om} ’ Ql.nom :In{_S( %on} ' (310)
[900Ct tSHtcj ' jdzaj otjHAdsMIsd OCIsdedzy d tj OCIsdoe
L @O L d¥% O ldnszengtsils s tc O :

COY o = cog arcta?ag('ie'-ﬂ E (3.11)
é :

G " el.nom
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31.1. 1 t6j H ey 6 Oded Yjj ¥ @@ C Oo jids@dtsEy WOds dstsH j dzO

mjHdSCOo jLdd &sHjdz OMddr tesdtse dBslsscO® d BO
Cstedmdzedds L O dqHjdesdWdSOyd k2 jdzj Sltcdydedr f OtcOd
s BsHjdz "jJ " JHdAdsMIsOs Od tt @ A @&q W3 dizlzQ dzalaO€ dsls dy
dzfj LORIjo0 9jdzds¢j ©LOYkzdOMSy wiMmMkztemi. 1ttky O
Zfls ©7 § dzts dg QaijOy dizcl3 iz @ d Berfetigdf] dzj

R OC, dzj e lyg®as@is@izC ¢ ¢ Od gz BB APz Raddsots to Iz
hiss 60 ydded dPd@@izdH@dzddz Ju P dzlsd W d ¢ GpdZo ¢ £ Ot Od
Bsksted. 1BBE kO dd j fdets 5B Odgdzts Ofs Hf tisjf Hf3f lsia] e
Bsddg ded Mistez " 2, Hsmjpdets k Emdzseo d kO tffilsjtcj <j dz
" dHASC 0o jLded |BsH]dz U Mists jdabdi J ffEerdPxs Olc® f to
Yj dzsds COHdEdR Sfmjck Bsksto.

3221 98¢ 09 jLdzd dBOIsj BOIsdyYUSd dBsHJ d&z

[tezed dOyddz BsHj zso OF O Ofd dzi esdzts ¢ Bslstste O
“j ftd HRABREMR3MHEO v BHdsME @O  jHdsS 0o jL dd &BSHj
tslsStel HEHOLO ‘h ‘ jH&O st ydkd cw0dkd, ¢t O
fsdzOL dzd ¢ Oo9jL. 10 Bo O dzddzQy ddiss Hijjdztsto O I d N jts dHOB JO
ksStsds f sd&zOMmS O.

1 @& dB2, GLdOS] MsOkstmSdn § OOk kOO d f OO
COs CtH * j Hugs&®o jiL HisEtcigisd § OOk sted d&O & fMd

Rim-BBMS 0 sk sttdshs kEksEOh S j¢ COojL O
X nom-16OMJ§ dzO t6j OF ls CUMApPQ tRipds@ ON § j
Rpo-S5BMNS O Sl stedshls d@etwd ¢ j¢ COsjL O

X po- 6 OMd § &zO tej OF Is O dzf @ Sipfst’@Oh ¢ j ¢ COo jL O
linom-% OL 20 Mtk O kzEsE®®S j& SO0 jL O

lpo-% OL 20 Mlstelz' O MYBEROLEO j& COojL O
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T T T 1 | D de® € &
RS Sy C@jould
A: I_s—> : : :: i
_______T:J_ _-; : Xr_nom|| Xr_pol:
U, 1 K 1|_m| | I I [ |
: : I _nom|: Rr_pol:
3 : I :I_r nom S ::l—r_p0| S :
L R - - - — —
| tERADARAG<C O i%ﬁ“@ig&;f’

u dB2(C o do Odzj dzif O WHR KOO 0 j L dzs ¢ OMIARAtetsdzs ¢ dits Is

V Ho S OBGH jGHEkdn tsdse Bl fjCt § OOk IsC
s d ML deieddd tjiydd Bsksesd, HSC fj (jSs § Of
s d s dgoh 0°F | dsksed ffiod § sEOMS k.

10 6shdselkz jSode Odj dzlsdzj & tz3.258E cize j i jnls @a » jj dgjs
OOEdlsdusSd dL oL dH § dzl d ifBEQHi BOROL j C o o Odzj dal
BslssEO:
slstel’ O MisOlsEO E WekdSyd d SddL o o:

U
1.(s)= _—ph . 3.12
HOTRYK 2.0 12

dtlstczdz@IstcOM ¢ je CO0ojLO tststce® 2 WEdRyd d SCddL O

Z.,(9Q,
1 nom(S) = R—"z( 949 (313
=" + JXI’ nom
S _
ulsttk O MEIBS? ONS j¢& COojLO s b WkdSyd d S d
Z (94,
|_r_p0|(s) = M ’ (3.14)
—pel + Jxr pol
S _
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GHJ MddsfedsL dzOy0o O j ¢ odo Odzff @iz drdd]tciOaigd dzfj &z
BOGCdzj <4 O, bkdkzlsttOhj d HYitsd WO dajizis Is 5t i ¢ 20 © 6§ @

1
ZpZ( S) = 1 R 1 N 1 . (3 15)
JX m R’_nom H R’_pol
S S

+ JX r_nom

r_pol

[ dzj SIstsd3OG dzj Isded Bsd3j dzls BslststeO 2 ¥YEezdSyd d ¢
dL tcOL 5d3:

M =80, (9 T 1849 g @19

Wog™ ~

sOts d SBH " JHdSEOs L dzO6k3] dgBidd dssis dyt€ jsec © disistsiq) d
Sed 15 GzQL=z8 ezd L D O H dBA d dads spilz@®. dM.gad § © gzdzd
Mord  ff ts5 dbRodilisddsj dzls d3tsls stsidts | 'R fA@Y S def € PIO] " j ¢ Ofs
CtSH " jHAdBCOglL deseBb MsBH ] G@&OL dets S dzdL O j M bkOC
“dJHdddykz, HBEC Mmj ftojoOdzdets CdzdL O j] BHtej' 2§ to

dM(s,)

ds

ltcdodHdzO, OCIsdoeodzO d tcj OCIsdoeo dzO fmdeOE Qo Gzt j
WOCktste MdzOc] dBslststtd® HE] ' 'k Mj d&O dhisd dzOn
S H dztstfintdzisCHED U dj@D) (3HlB). (

=0. (3.17)

321. 1 tejHdesiisd d ScteOddUj* O HotsCOo jLdseE Ol &3O

r o sC QoI BOSIFsWHdz OMd dzr etsdztse BSlsstcO® BB
sfdmde OF J f csdzOh O 0 dBsstc® £ hrdtjdd BYfMick
sflsjtej<g* Jds. 1 0RO k" <( H S H Olsldaikidzs tefOd t6 @d3j df tc d
ff 7 0" ¢ d S 0o, Ltadd tedstisrsipdzO el f ¥ ez PH @Iz dzPA d * 2
Mstclz" © d dBdRy dzZs©O, hists ¢ @ opdidd 2 Hazs K@ @ L sE3 dfts
ydzj Bts.o ddB®tcj H stsc¢ O, fted dsd dz° d o ol z  HJddOdid ys
d&zOf toj H dzd n EftcOo? O g J&Elsdozt)tzfcd IsDBIG.j ¢ ,Bots® O t
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dgHjdEsd¥WdSOyd 6 ' j My jdd O, d LORIsjoa0O 9]j<j
‘“JHdtsMsOodzd " &3 BSHjZJBO. 1 BtSE IO Mj HotE O
9 j <0 IsOnydsth G dfdc d@Oh O O Bslsstcd® k2 oL dzd ydlsd d3 t

33. mj HdSS Oo j L dddu S dO lsliiBGilsiizo O Oo OF jifdis o sl f YaB) S @ ¢
j%¥jclo

1 O dz33 ftedC OL RdpQf 9 Ofzj flells z@ " j BO 5 %OLd Ofmdd
o Oy 0o OF j B tot s ts tizff @D i3 UsiPdejon so toh d dzfCfsed® j W j ¢
iSodoOdz dzsdg® (gakP JitEcpH® dJHj dZsdydes €Ot St
CjHASC O jLdsE BSHj O Ofddmtesdse BOstkteGsdjj’ &
hists tslstsems,d fHOMOEEES oEls § e dAChds0xEits O fiidifzdz® j d
CodzmsOdzlsdzj o j dzd ud ezl ez < sl O®LE@S ydO O  dzOyo
Elsdfi@dteh d gzl 86 O, §f 1CtsOx]j dz fsMjBdes bk bkidtse d BO
Mtek  ©, &BjS 0 k<d ©OMysHjdkE Mtz 0 E hdfSOo®RO
s ls st ) Cafjnls @B O

[LdzOC j 3B BO & dMts LdzOYj j $O C6H ° jHdat
BsHj kO, M Isdd hiss ) flstejBds HBHOId < &h He
asktste® ftod §dOMSE ®BlbtteO: § REP:RiE=- ®§ldo dk t
f sdzOL dzk e Omdf dzkz XteF R @.delz sl O

————————— 1 { e OADIPY Qe Idafdd
| X, | ftaxizioz doddslz ¥ i d Bta.ddg

r—-————-——-

4 dB3[(C o0 do Odzj dzlf tROWAM K- ctsdzs e BslsstcO® MO ko Oy Os !
f OtO®R| SO0 i@ sl o i) § Bskpdtj H
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10 shdseolz jCodoOdzj delsdzj hjdsd dsselz My dLoeg Mmls
Bsdj dzls BslststcO® d WOCIktste MdzOG j§ :

1(s)= .Q"“ , (3.18)
R+ X, #Z,(9
Z (94
1. (s)= R—("rf)s) (9 : (3.19
4 (n)
S
GHJ " iZ,(9MT oy HiNlsOo ? j dzO J € o do O tefBdizOdzdz i d31f g jHLOJ

BOGdzjsdL Oydedy J skstmMSj c©Odg, HOO MmdzjHj<

1
Z,(9=— 1 . (3.20)

ROX,  R(0)
R s + X, (n)

[ dzjts O G dafstsdig dzls BslsstcO kil dedilsPod j Yzdzd 1j O ‘M@z] ff
gL tOL Bd3:

M (s) :%[ L9 Rgn). (3.21)

1 OBj dz® 3] & dzf € L * j H dzO3LE dzGRBH ((H Sefi @ L cOL d
L @z0L diglsitgz * | Mls Ols 5 tc @z0d ( ttEAdffs zB, WBOEOH & gL OF
SHtej M fAMlsts SOt d € tH s jtsiEHssatb)on [ OO Ldfs HIj Ez0
f sdzOL dzj Mtk j MsObtttd d okbktsted, SO0 d LO {6
s dzOL dzs ¢ s dAfa O j dzO3y d &P3BB. Bc | o O dzdzd B M dzls BEls
HsBd O M kdatsh j© j disytite] o @ cEas)el dzf tivgl v @ Bls i toj 9 O
Cdzd L OF O tBtioyj i dilgidEO Mdzj Hj <t° W Stedgkz dzd :

— I%’_nom
Spr_ N >
\/RTh +(xTh +xr_n0m)
GHjRffXmtej OzOdz d d BOGd dzOteOdz HZms v joj dzj detso j d B

(3.22)
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1

Zy =Ry +iXq = 1 1 : (3.23
& + st i R‘e qu
Re + IX,,

R = Re{ ZTh} v X :m{ ZTh} . (3.29)

ltcdo dH dz0O MdzOc O BEOs te[tadiprsysts jO< jifikz fadd O dL d3te
CJdzO0 OCIlsdodzO d tj BRI DL 2O € gzt tf dd ey TGd3 ( d L tc OL
ltcd o d (B OS s @D d toj OB BOGCO Ct5° J dBslstste ff to
ZLddB0 dL dBtejyd BHE]' ' ([Bd=1 O d]jdesdO3ppstifbr Qzts(c
(3.10).

10 shdzseo 2 tsoadnm MdzEzOO d¥sEAE Kk s iggod) € & §f sdd0d dzd
¥ OC Is s tecodilcaBE I3 Stc O:

. P
COY o = z'-""m =, (3.25)
\/F?el.nom + Qel.nom
P
COY/ o = clpo (3.26)

I:Zel.polz + Qel.p0I2 .
L OL d dsedf jfifz kS BlegBisBEOO M fdts<ikz MmdjHj<]

P

By = 10 3.27
> (3:27)

el.nom

CHJj Pumdi R Oded US O ) dz0claD L sstifsitios jikgd 2, Ss° O fj
C Ol OdzE" ¢ qdz® IsHREERCO )k ls tts O

331 uisdWase toh d dpffSjtEds O

ro Bd My HJdEOBIJYCts §dOh O°j dHdddysdse d
tej Odzd MAB@UPBOIs | B3O IsgSUHCjJodgftstiOsizg @ -~ SH dzlEo Dis d K@
fsoteh gejg €ff5o00 §5° O O dLOOYGIBEHO 66 Qo joOdgd e B |
Bslsste® MO HEBSS ddstokdz) B (5o d3zCR® ‘ tasls klsd yj dzO
oM dd ot aeBdd oL Odz0° j §sftj ydd 1§t My ¢
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SOHO ‘] OmMdditsd &sktst HJjClkds §tdS? ky
Wtej Cojdzyd O dOftsdzO dqdzH S tso Odese bk totslststemMSCdd ff
2O d L dgpsied ydzOf sdz0@ dz0 MlsOlststelz. v L tsded 9 OLHEN dgts@
6] ZECkOdzMO ‘' j 9j<0O tH laghdeds s‘Ojdzmg dzre o Osls| d sOdztdifdds
sBtodzkzlsts ey seydsdOddd t©j dzCkodnd, O tj OC]
qdzi S Isdo desflsd d Wil jrayd” 20t @BHO gD 8 © KOS
6j OCOdzM] bk bk dkzI88Bh ¢ SHms®© < B ®zMmisd dz0 Mistelz © j
otk YdzjBO dzj €5 b I dzziS&0) Ssjpds <@ ilz@l ¢ ¥ dgjs e @O il
MBOT jds sfte] ydsd § o] ifdiiisEistdac®OH | BEMSERESE s
Bs BB (@83

1 QHEz» df

/ L@TSG\A/

D

B
CCCCCCCCC\

]

*Y
~

Q 1 otLH]
‘JLeds
ddB4vIsdf®o tch dizhs 8OO HEBC ] Y dBiBBBo | sl
U HBL do desCte@H G JigOs stO® MO BOdJ B € dzdL OF j &,
ddzH S so Odes ¢ bk tetslststelz Isjyd dzzdzd, 0 fj toj OCISC
His B&?j t©OMitsHjd Mtk j §t vyjdas  §soth dd
MBOS j ¢ O tetslststc MLdBR4 is)§ OEeaptisilis] § 5° j] st fj Is
Lisdzgz MO dzd MS s df totsg atzICHS O S IREG L Gitsb sHd HES 59 j
ddzH 2C Isd oteaslintistdm S 5 . dz2@BEIEH ', 0O HsC o tetslststemC
ftosf steyd sdzOdzdz® S dzdL O k2, ddzHkSIsdo dzsfyls tOMmlsj
MsOC O (0) k& ‘MBOMj (8BRS jsfHjodts d S tsdalsddzzd tcOdzts.
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Ofd dzh te s dptde OBG IS Ols dzts 1 s @ o e lf BE QO § OO Istej
fod {sdOMClE Bkt kttjBO SHEjHdld ISOCE HO ©B
fstelz j d koL dse Bsd) k0 BskstcO.dz0s de diasesj il
jyqddl ©COHO ke @O iE B¢ Oau@b@E] 5 hdss d k0.
ksSsd MdBzdOoyd ® tE&MPedEsstited SHE]' oOSk dj R C
B0, §ObOjEEisEigo Ot { sy  lsaRd 3 sodriiH dzs fls d
o] dzd S Mds® Olmdzl]l ©OH B S§sEDE dzij§ @S SR 0 O< | dz
LOSC s fetsdsj dzj § OtcObgusBei®d b L Oo dfdesflsd GH

332. 1 esd3j 2O § OOk kOO slsied £ WkdSyd d BiL(

ltoj dg@ls j o SR, fletsBj 20 tsktsteMSdn § OtORj sOKLO
COts WkdSyd O Ca@uigalh @se 00 ¢ figjzz@Bls BBPSJUSd dL to
fMdzj Hj<dd * §j HdA&OY] ZOBO:

R(M=R,, Bosa” Boon (3.28)

nom

X - X
X (N)= X g+, (3.29)

nom

 tds] 20 slssems dn i ©fcrOiEsdd CpEy dihdi] Ongjdz0 W I d
BteL ddzed, Nlsts Mj dBsyd JL@RYE] MdziHj<dd ° jHAZOY

R(N=R,, % r, (3.30
Xr nom - Xr ol
Xr(n) = )(r_pol + e n. (23])

| 4 dB5ftcdCOLOdRZO ‘| flsdj 20 okt dh § Ot Od]
Ctstej dz0 BieL d daj Z36H L S Of O diDic tf lictsteH) AOD B3| s OO § Of
dzd dzjONtzddzSOBdtsL qldidd C OL Odzj L Oo dMmdesfisd Mk SHE] ' j d
) dzO@ CKW. 7 5
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4 dB5) tods] 420 ©lsEMC d 4 dB6) tsdj &zO e
WEdSyd d SoOHEOIsd C Ot dzd dzj Otedz® W Iz
vV dkdljtObkzted Mj Gsck O<ftsdkjcdslkeihc O t
f OLOd) sOwEE., vVOkdOstdd Mk fwjlsfsmsOoddd HO fMj §
WS yd O SCoOHGOB®@EC § €dEl)d®bE difis g dzd i ¢ 6 ¢ t©
] OCOdh] EoltEd Skl MhjHj<] GOEsSksENhS ] dj &

R(9= R, &7, (3.32)
X(9= X p x & (3.33
Rr(g Rpolé) 5 -IO 5\/7 ’ (334)
X,(9) = xpo|e04 +0€\F (339
Hj gHEOCktt 9 0td Oyd  jf tusilsyhEsimEy i dies §E BO,.L s d:
ln(R poI/ R nom)
g =——F——, (3.36)
\/1_ Shom

s-CdzdL O ] fHted Bddzs Ct5° J i3 dsQuocd ssdpiSgztc s+ ‘YA O L diz
sHtej " 2" ] My MdzjHj<dd3 L tcOL BA3:

1
:Egl‘ -\/l 4%om(l %om) Popt/ Pnom . (337)

V o] SASH G H ihEDE YOdasL 0° | Phs PR Odzd y< O
MdzOE O Y Is] her @O OJipBERED dls 0.
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n-WOCIstste o0Oted Oyd  j tcOffdEl cefBbipiz) @ fids DdgmdL ©BIis ts B3¢
In (xr ! xpr)

g, = = :
J1- s

-C dzd L O did dpcteddO dzdizis digls H3ts

5= snom( M %/ Mo J:), (339

M-S H &M § 5d&OL dats cizQs fdsisEmEp dzlf lin,j dgdls st O
Xor-te O § d2O toj OF Is @ dzf) © Otz jiYlgOk t te €

=R
r S(,

Rr-Blstf stedztsmls tltcdsjlsos@uoddzty dis ddsts:dzsj dzlsz s s s e O

(3.39)

) (3.40)

o=
Rar = |%_polcl . (3.4)
333. 0 &z20dzd L ©O dLtOLO LO fdzOL dkz MmMlstekz " 2 d@BslststcO

1ty BO to] W8Htg ] dAg S §d3 IsteOdzL d * J dzlsded - H tetsyd MO
fteds?zyuyd*d OMddrtsdse Bl kO Ky dddo,k
tcOMmMd Bt OCE DO IsstcO® d wslststeO® dzd * J ¢ tsdzfnls © dzls O dz.
tcOMd Y dzd = toj OCIsOdelmd 3§ C O &2 My ssCtsd3 tsoadn it
tcj W jteBleyHtspjdzd Mk Hts ftojlsfsMs©oaC] HO CtsH Of
COjLdR fsdzOL dz0 ttOMd i dzO tzAOBIOO JzidaB * tctEIh)H i @lxs dztf o J
tcj OF Jo@sddhts stc O .

1t s smisipyf S@&OWE@PJ §f dzO0 tcj O StésALdzndS IOt @iz |
o t6 j H das@fipghf SO ¢ js OO s® g @ dzr teffssdzdsAeCz BifsE d &3 " d f € O BO
Holslgz C dd3 € O9 j LLtO) dE® OelrDgfita@O O § sdzOL dzz Mistclkz * Iz
fted Bz §YtsmjsOd L dzOyows - 2§ O 1o ayfiAdiitafitc tHd3j
BtoL ddgid. §f sdzOMSC & tisdstsicPizhEMIad dzO0 Mmistckz* j ¢ tsdzyd
] d20 f ot Hdadd C O tslststc® ( sSHdsMdts E M ts? Oh ¢
HosMistezSC dd3 € Qo j L tsd3) hilsts Mlse OO tOL dzdydlsj 4 d
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MsOltstcMC ] d2OBRSISO j d HtsetsHd Ht IsSEO HO fmj
Emils 0° | dzO tcadtl g df jid G jdnsdBiiaO L dzd C &z ° [z

L Bots’ OdzOdzdL d t©OL BZOIte® Mj HEBECISPEO ¢dtOBRRC
BOGCdzi <j O L Odgj BOtej dzO, tcOHd f s5° jJ\HOpGgMmHsQE j ¢ O
fs" jHdshisOe? j ) fteddj k" j WpdBfYyeuddaifL 6O,
ftedd k" jJ G sdPBHEBEE SV JCOyd 2 §fOLO0R] sOKO.
[fhisd dLOL LO: MsOsteMSE Mtk k

1(s)= o (3.42)

&+F\S>r +j(xs xr) |

4 Istclpls Oldas @z dz€dgfLdO dO (BtoL ddzi ), MO k9o O 08 OF j 3
f OtcOdRj s Ot O:

19)= o (3.49)

&+%9-ﬁ& x@f

slsOlsEMC O Misk: O GEHY § skZOMS L &slsseo

L@ = R o : (3.44)
Fi + TpOI +j ( Xs xr_pol)

I pol(l) = V d (345)

R 2 '
e R, o .. 2
\/g& + ip l 8 +J gxs xr_pol H

ltotsd3j day totslsstemMC i B 29 @icQdfjdg OtdfGs jln Mis©o ? j dzj Mk
(328) 329 (, s sosd3 Ctsdftc] EAs B gsdifstlzy * 2 WEkzdzC yd d
Cstej d&zO BtoL d dzj . lted fsdzOmMS bk dBslststcO® Bl d dzO GE
CJHBOSCt C jHddedyd) :

Rr (O) = I:g_pol Mﬁ :R_poh (346)

nom
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X - X
X (0)= X, o +LF=—="22J0 X, (3.47)

nom

slsOlEMC O Misk: O GEHY §skZOMS Lk &slsseo

Uph . (3.48)

I pol (1) =

slsOBEMC O Misek' O (MEG] § skOMSE &BslssEo

0)= o (3.49)
O R ROT £ ®OT
Ipol = Uph ' (350)
\/@RS + I%’_Dol 28 + X@ -Kr_pol i
I polo ! = Uph 1 ' (351)
\/@& + I%_pol 28 + )% -Kr_pol ° rﬁm
Uon
Lo - Lo : (3.52)
\/g& + I%_pol 2@ + )% -Kr_pol i
\/g& + I%_pol 28 + x@ 'Kr pol _Dh [ L | (353)
I nom
é,lUph 2(:
(
R+Rpw G408 *p F™ 6 (3.54)
B
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pol %
0
éanom -
au,, o
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muU;

o= 3 (mIO XS) (4.3)

Lo

m

1 1665 to QoCAF tf jd£) ¢ Iddsdghisis o © W ds J o fig f:cfidmydts "

X 0 X
X, = Q B 5 . (4.4)
, £ A&X, 0 X, f@g P

s m

m'@laexfo
.mu

r

1 1615 to QoCAT tf jd£) ¢ Idr@sdhis)ts gD L [ dizfs ¢ o J:dzyd * d

Yo

w =t 8, . (4.5)

CHLTMY dlsdzO WtcjSojdyd: O.
mJj H dz2043], @4 ) 4§) ( ®Bsck Mmj fjfipfldddyf Chifwddi: v j <d o3
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sttedh < Jjd3 diKEXIc dsiH d2sOtEQ YedddaiXdeP Is d
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1 tots tc QoA tYf joL) € I9c@sdsfifsitc @O ¥ tzis € o j:dzyd * d

X =t g (48)
f, -

S SdzH £ Cliy@@an®] e dz® ckedydB0: MdzOe ] &Ocdzj sdese S s dz
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+s 4.9
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1

Re = G (4.10)
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0 & X a)xro )
Rk R S0 B 8 (xra) (412
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dLEOL O, d SWREOMOLO & M Mo (

R :w, (4.12)
R :W, (4.13)

CHJ k] &3 J tOblfet®©d EC ' 5° Mz dfmByled Bed) LBl Ste
s B j cORBEUAL & £ IstsjB O Ctedd spkplsd &E g i O lstistf ds@ d
Codzmls Odzls O  Bsa®EdERP: 234, 5,2250 0 Odzk di3q dzd * I o5
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SHGEBo OtcO Mg X MHdetg C o jtdaylsftteX. 0o Jtclz tsp j BB & cOH ]
BJ L A3 -~ Gdpdsy Qetg didpd OMfg@  j ded &3 5§ If Jotdf | <dpO szl C s
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Sy dzO tj OCkOdzNO (55 KOXJJf ChcfBod s ZsHiBGE
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SHdshds CddL 0F & ¢ o did yigHdess o GVdad Syojj*diulds ' e sls s ts G
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F-oj OCOdMO Ct5° 0 tHOERZMOE EHEM @ dotsj H dsiys difj $ s
COs kS dzO (Xstetj XX s PdehPH Odedetsds dMf dlsde O & ftod
ftedBdzdy dzts BHGES9 OO Y Jj° jdets'; Mdedy J dets® Witej ¢ o j day
G-"j ECE{ doXeXDS sOZN® M jH $efcf@fGL lsigalipg < j ¢ O

Xm), d2OC tsdz i Iipfjo @FLO  {f de@ Y iab)dizts P | Haptk@ Riz
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10 tidtselz HEBH O BB J 1 Odeffigilfsd sS@PO] fMded ¥ § des
&zOf s dzlz dz0 Az A k& § HEeES 9jOtc® X j ° j dats mded 3 § dats*
dLOYykdz0o 0" £ Mmj b dgeddi:yico @l el @ Sis 8it® L ffdzO 6 |
(codl).

ANOL dzd Ec Ots KizO L O tigte @delsdiiiatdi s Y(®L dd EC 2§ dzO
ftede dH dzO tcj OGO defxs I SO @Mz s e j <d~ dL 6OL C

g, = -arccos(cos/ , (4.14)
R=2Z €s( q-), (4.15)
X=Z én( g). (4.16)

l'tej Hde9 s d  j dzO d1416) j Sfdz@difflea] fd SOt ftyjlsd
LBJdHEBA X), HEBC pX)tswmdeigh z° §| dO hmdsesk s § ¢ Isdzd
EmMo O © d&O thdktselkz NEMA MisOdzH OtcH O. ststedh <j ¢ jds

BHAEMO § syl lsdO (X BE)Y Oy dydiigtmisid <J &3 dL oL k:

2, 2
Xy=X——— (4.17)

ststedfMmisj<d otcjHdatsMIs k¢ k{ dzgj (XdeXQ,HIss@ dfigfji dafztcd 1 t
IsOYDimos dz43, § tod B dzd 3§ dzO t@jteQ SHIcBOHMGz] ) BSX § M
dL cOybdz@oOsfildzsco z dL tOL O:

Xn=(X, #X,) X (4.18)

s*

10 sMmdtsslz §tsHOEOLE jw®eaf)dasdzd ~d Mif dids>ddoddE B ¢ to
RO gk dzOf O O° O, fYsbktjpds ‘j JLeOykzdOld fdjH

Ur :\/[Uph -I s(RsCOSql szin Q)T [Hg(RsSIn g)g"’COSl ﬁ’ (419)
HiR)fjHMsO00? 0 Gl stedtsMmls MsOLBEO® Mo jH,jdlkz daC
dmf dlsde OF O.
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1 0Ctdz dLtOYZdzOo BS BY &PL ps O ke D] Mol j k&

ZOf O (DL @OC ©jLEdlsOlO L Oodhnd SH L dOCse O ydO dat
SHE©j ' ') k Ctd <) CoOHGOdsE cOs Bdld Mmdjhlsj

-1 (R;sing, -X cos q)

= arctan . 4.2
q2 o a.rluph_ Is(Rscosql _XsSin q) ( O)
Hlstolz° O BOcdz <j ¢ O:
U
| =—r 421
=X (4:21)
[ 5] St @ilsaxjtedd yd B0 MdzOc j; BOcdzj sdzse  § 5 kzO
U2
= r 4.22
Rfe é,Ph ( )
&
s ts dzH Iz C figtO@am@8yj esdel Yy d BO M dzO G j; BOE dzj s dzgs @ € 5 dzO
1
Gfezi. (4.23)
glstclz” O d3OGdzj sdetse € tsdzO:
Ur
|fe:§_ (4.24)

glstclz O tclststcO:

l, :\/[Iscosq1 {1 _sing |- cos,d [k.sin,f ¢os,lg, sin,®. (4.25)

t Ofdy 20 toj OCOdMO telststcO:

— -UphlsSinql 1 ix s I-Zr% m

X, E (4.26)
VCEY 20 ©OMJdY dzO0 tj OS s OdzmO:
X=X, +X. (4.27)
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VU HOYjsdRlslzd C &z f ddmsjoddisty] ‘Hjtetsfc Oykzddjl 7 IsSH Ht5 j H dzC
427), Csted Mis j < d(XSK)sduIsHdddO y#{iedzidts fif d  detso EX) o toj H dats fi
HtsB d ' J delr dz@u4fazj) . ( 1 etsyjfm Mmj dOMiNQo *ddj dHstg eeddIsk]
MisOB ddzdzi o &d dKpshlsd c@OLJCO dqLdBBj' & otej Hdetsfylsd &
dlsjtcOyd j dzgj 1wEzH] &EBOT O BH O

RABY JHOEMNO ttslsticO:

u
Z ==t (4.28)

r r
[sftedshl GskcEO:

R=s/Z -X. (4.29)
sstedfisj<d otejndashisX kX i sOMABYEBENS s° O
SH G ts gD @ oddsfdis dzlz f tod  Is j flsdgts cifgde O f dete® Y B 2@ O] fydzj
o J &zd ud dzj
T 1§ OC OBEdzj <] ¢ O:
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[ sssted Mk BHOBtOdd ISOCts RABXWH SC YOO izd s MJ
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d 8). 10 90O jdOtq g fatc j¥isjcdisi@Ofe Odze MS kY § SH OIS
e jtselzrno@dp@alzdL 2 d ojtdydSBigd K toff todztgy gedzj &3
dH] dzZsd W d OBPEEi s O0tcO® j CodoOdzj dzlsdzy N Jjd3d, COCB dzaC
sOCts d dz2O0 Bsktsted BO ttOL Zzduydlsdr S tdhistczCIsd o dzd n

v OB2s OlPdE d f sHOYd C 0o jL dz88] Ofmddem tetsdzed » d

Pnom 1 tc. Uph fnom Nnom | Mnom Mpo\/ Mpr/

8OO CO i o h pv] Mz [omin] Al T Nm] M My COSRon  COSho oo
3GBP 091530-ASK 2 231 50 2900 7 8.3 7.2 2.9 35 0.89 0.48 0.859
3GBP 102810NK ., 4 231 50 1454 7.45 89 144 31 41 083 045 0867
3GBP 113 39ASK ' 6 231 50 967 9 6.5 21.7 2.4 35 0.69 0.49 0.843
3GBP 134 21ASK 8 231 50 725 10.05 5.2 29 2 3 0.64 0.48 0.819
3GBP 101 81ADK 2 231 50 2896 9.4 8.4 9.9 3.2 3.9 0.89 0.56 0.871
3GBP102820DK ., 4 231 50 1452 102 9 197 35 42 083 045 0877
3GBP 133 324ADB 6 231 50 975 13.84 51 29.4 3 3.9 0.63 0.34 0.853
3GBP 134 2760DK 8 231 50 723 13 48 40 18 28 066 043 0.835
3GBP 131 266ADK 2 231 50 2901 16.8 7.9 18.1 2.3 3.4 0.91 0.39 0.892
3GAA 132 306ADJ 55 4 231 50 1460 19.05 6.6 36 2.2 3.3 0.82 0.39 0.896
3GBP 133 280ADK ' 6 231 50 966 20.96 5 54 183 2.7 0.73 0.31 0.88
3GBP 164 420ADK 8 231 50 732 22.52 5 72 2 2.4 0.69 0.5 0.862
3GBP 131 23ASM 2 231 50 2933 22 9.3 244 2.4 4 0.92 0.34 0.917
3GBP 132 270ASK 75 4 231 50 1464 26 7.7 49 2.5 3.6 0.81 0.37 0.904
3GBP 16410ADM 6 231 50 984 2327 71 73 18 36 075 034 0913
3GAA 164 430ASK 8 231 50 733 31 51 98 2 2.4 0.69 0.49 0.0873
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3GBP 161 410ASK 2 231 50 2943 33 8 36 2.6 3.6 0.91 0.43 0.912
3GBP 162 410ASK 11 4 231 50 1477 37 7.6 71 2.6 3.3 0.82 0.28 0.914
3GAA 163 426ASG 6 231 50 972 40 75 108 1.9 2.9 0.79 0.5 0.893
3GBP 184 410ADK 8 400 50 731 25.3 5 144 2.1 2.19 0.7 0.46 0.886
3GAA 161420-ASK 2 231 50 2947 46.5 8.2 49 3.2 4.2 0.88 0.42 0.919
3GBP162420-ASK 15 4 231 50 1474 49.6 8.2 97 3 3.7 0.81 0.41 0.921
3GBP183410-ASG 6 231 50 977 54.9 5.8 147 1.8 2.7 0.76 0.49 0.897
3GBP204410-ASK 8 231 50 737 56.3 5.2 194 2.1 2.4 0.74 0.43 0.896
3GBP 201 41ADK 2 231 50 2956 65.6 6.4 71 2 2.6 0.9 0.35 0.927
3GAA 182 426ADG 22 4 400 50 1475 40.9 7.3 142 2.6 3 0.84 0.46 0.923
3GBP 203 420ASG 6 231 50 987 735 6.6 213 2.2 2.8 0.82 0.48 0.92
3GBP 224220-ADK 8 400 50 736 27.4 53 285 2.3 2.5 0.73 0.41 0.906
3GAA 221210-ASL 2 231 50 2956 135 8 145 2.9 3.3 0.89 0.38 0.94
3GBP 252 21ADK 45 4 231 50 1477 135.5 5.6 291 1.9 2.3 0.88 04 0.942
3GBP 283 22ADL 6 231 50 990 141.7 6.4 434 2.2 2.6 0.84 0.37 0.937
3GBP 284 22ADL 8 400 50 741 51.7 7.6 580 1.8 3.1 0.78 0.29 0.922
3GBP 251 21ADK 2 400 50 2963 94.57 59 177 2.1 2.5 0.89 0.35 0.943
3GBP 252 21ADK 55 4 400 50 1485 98.21 79 354 3 3.3 0.85 0.42 0.946
3GBP 283 230ADK 6 400 50 990 99.59 6.8 531 2.4 2.6 0.85 0.37 0.941
3GBP 314 21ADK 8 400 50 742 106.69 71 708 1.6 2.7 0.8 0.27 0.925
3GBP 251 220ADK 2 400 50 2971 127 7.9 241 2.8 3.3 0.9 0.39 0.947
3GBP 282 220ADL 75 4 400 50 1485 133 6.4 482 2.3 2.8 0.86 0.35 0.95
3GBP 313230-ADK 6 400 50 994 138 7 720 2.2 2.8 0.83 0.32 0.94
3GBP314220-ADK 8 400 50 741 146 7.1 966 1.7 2.7 0.82 0.27 0.931
3GBP 281 23ADL 2 400 50 2976 155.02 7.4 289 2.1 2.9 0.89 0.32 0.95
3GBP 282 23ADL 9 4 400 50 1485 159.35 7 579 2.5 2.9 0.86 0.37 0.952
3GBP 313 24ADK 6 400 50 994 169.74 7.2 865 2.4 2.9 0.81 0.33 0.949
3GBP 314 230ADK 8 400 50 741 171.13 7.4 1160 1.8 2.7 0.82 0.27 0.934
3GBP 281 24ADL 2 400 50 2977 190 75 353 2.4 3.1 0.88 0.28 0.952
3GBP312240-AEK 110 4 400 50 1486 189 6.2 707 1.9 2.4 0.87 0.31 0.959
3GBP313420-ADK 6 400 50 994 202 6.9 1057 2.3 2.7 0.83 0.34 0.951
3GBP314410-ADG 8 400 50 740 211 7.3 1419 1.8 2.7 0.93 0.29 0.937
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dSodeo0Odz dzlsdzy h jd3zd Ek dzO° 9 | < wBts Isdsfipt@elz L jJO o figldntg O dmiH,
dOS¢ts Btes® §okseoO Elsdyd d2O twOHdz COtOSIsj tedMmlisc
f OtcOdij sOtcOtOy j dgOk | sdzsMlz dzO EZIsdyoO® dzOL d o dzj

s jHdesMIsO00? j 0 im0 d MBOTJjT0O B O

otcj HdesMisd, dBslststcd dedfmkz HBH OIs.dew OF tslz fHd] iy @ddzf] MPtdz
Ctezf Oyd O BBsckz<0o 0O j W SsAfpddfijdL Juuf lisdd3d iy @dj i dzd
dHj delsd W d Y Oee@digf As O tc O, Cs'"d BHEBSo OO . 166@ Odzdzed ¢
shdsok WotddcO®@l {cdkPOOdE Mk sfmiLd ¢6oddn
f OtcORj sOtc® jCodoOdzj delsdzj h j oz .

UOB1l| tcOdzgd ydzj otej HdzsMIsd f OtcORj IsOtc® j Codo

Prom [kVV] Rs[ Y ] Rl;noml:Y ] Xs[ Y ] Xrﬁnom[ Y ] Xl Y ] Re[ Y ] Ruml[ \'% 1 Xrﬁpol[ \'% ]

min max min max min max min max min max min max min max min max

22,3 0.3 0.3 03 10 03 10 20 150 300 1500 05 15 05 10

11,15,22 0.05 0.05 005 3 005 3 5 50 70 700 0.1 7 006 3

8 8

55,75 0.1 5 0.1 5 0.1 7 0.1 7 10 100 100 1000 03 10 0.1 7
3 3
1 1

45, 55 0.01 0.01 005 2 005 2 4 30 50 500 003 4 001 1

75,90,110 0.001 08 0.001 08 001 15 0.01 15 1 20 40 400 0.01 3 0.01 05

VL KN dmiskzy © O dzO dzdtfi tef jtdscts ) I5jO o £ lsfd YO s H dats iy lz
toj OClOdzeid MsOlstc® jd)kz tgElsdstcddiz:< dipts@rsdf@€ies@ys EkfMils ©
tcOmMdyfdzi tcj OCIOdzMi MisOLtstc® d §sdzOL dzi ttOMmdy dz
tcOL &zdydlstsmls. Ad? O0dOdzdLj ' HO fMmj Oklkzstgisd ¢ O
dHj dzsd Wi @ gdted ydzdn § OteOd3j Is Ote OH tBtls“=UYSIB eff ~dzO  {f t
B3 =~ Odzd ys dn COtOF 6] toff fipdzt & 1B | diists[V@,§ OGP Bj IsOwLO
JCodoeoOdzj dzsdzy N jdsd drLoeteh jdzO "J E HeO ftfmj B dO

4z YoMk O? j dZ0 o tcj HdzsMIs SOBGfsdstOdzid tdf j=AEAS QidEm | to
tc] OCIsOdzMO kBl @ ONDdzidsHadx@@ oz’ W 5. 2. 2. 1. )

4z yo'EmMBO? j 20 otcj HdesMIs t©WOMdY dzai toj OC IsOdzMmj
tcj OC OO tilstteQ ISiPL Otedfistfdfdpd % Hf 5. 2. 2. 2. )

1 smiszdWEdzls d W diSdiyddis tgd yded = Otc O3 IsOtc © dBisls s5tc(
fpdzy Hj <d dzOudde: £ (oo tsdfH ndzlydy dlirtis otYaisfd disfte dOdid
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f OLOd) Isted dagn loftmgy 0 L OH O, HEE Mk k Hekzdsd il
qHj delsd W iSedsosOadigt § § OO bGP d OFf ts&zON Ydo sH j dzO
5B O MdazkzyO Q,dz & tsjoiff GEA)BEIs Qe d ¥ ik sp@aagds Misj § § dz
Y lsddsd L @ude™JOdzj ¢ tndaf SSOBIBs daj d * hHgd L is@z " f e ydL ded " J
O &zO dzqlz e PO € OL ROt Odzed & det Jsdzlsdnis PO P i O ts ® y d
iCodo Odzj drfsaByp jSBijdBj R Odzd S j S OLOSkjtedMmsdsj Bk
ltejndesiisd Ot @ jds@gO hjjSlkj L O t©OL BOIsteOded R
OMmd dzr tots dzadchH jogiadsositedXicts/ odq) KM dis d ) I IS ©@ OL CuWAB.2MEz
VU dzjotd Hj &k g5 dakil ¥ fOdsOleid ydzd § OtOd sted
oL die jdaid &5 tc Bz @ eSSz qHiQlsigs d W oy s @asjils § tsls st f)
f OOk 00 fiod §B8LOGEL BOIkE 6 &EONHEZDYBE O.
s 0F2) OLO®Rj Isted jCodoOdzj dzlsdzj N j oBgf HG Qs gf ¥ 2§ B o Oftpd
f to d d3dfdatsidy dztstfj i§ diAsls iz §f ©

(Xr_pol = X9 (xr_poli Xs)

Pno m 1 tG RS Rf nom XS xrinqm XI'T'I Rfe

' : < : g : X X

bWl gsdzse [Y]OVI LYDODYD LYoyl T e B T
2 15360 2.0958 3.0940 4.9012 138.10 636.63 2.2720 3.0940 1.8050 2.5204

29 4 0.7802 1.9430 3.3560 4.0753 110.65 693.71 2.5748 3.3560 1.8074 2.3938
6 1.7062 1.8940 3.4572 3.8029 59.05 994.75 23437 3.4572 2.1179 3.1433

8 1.9746 1.8239 3.8181 4.5281 49.80 1397.93 2.4026 3.8181 2.1540 3.4407

2 0.8867 1.6133 2.4876 2.9534 12543 644.59 2.2102 2.4876 1.5634 1.8319

3 4 0.7194 15008 2.3201 2.8786 83.11 829.94 2.0401 2.3201 1.5005 1.7623
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