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4 dzz yoO2 3. t JL Odzd jf BdzjjW lds jtsrbidc Gedid. daefjaty.ts | B ¢
dzd dzd Mojd Haj Y dfizdai BB stcsds 7000 B OEJ SO &8O
f sdzdzj ded v dzj WisjRnteOdzd dzdh ©: o] L Jite® fiptOmsdzhy
tuvg dajWlhjntcOddddh O ftd o dHju $bts SO N dfti
MzdC j1 Bd1@jLOd]d ftow Bsketsd d 7 o jten
Lj Bdes? 5o jtoh RROEY: o h OPEAEZO Y 45 d j d3dzj RO ¢
COL iBj ter f dzj y, BYOifHOjdaROdzdej L SH{dzWzOL j d3dz -

L33 =200
L44 =200
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{ dMEz s O sdzsy jdedd [a vt d dajwisy

10 thdtses ] ftese jH] dzdesets OdzOdzdL O H dzw
ftew Bskesd dzadS 5o ) t©OL &jtcOdRd 600* 80 B335
%O dZOLgtcHds S teso 5HOR ) BOC fd 3O dr60dakdly Hdf C
LOdzgdW fteWw i3z tsdz ded € s fpd3tc @O Bhlzc ® Byg - to © dae
Hi yYyddddHteO ) HdOdj stesds 7000 s d 500 C
COL Bj ter fdzj y ROded§ zdzv IsthsB( Isj drir catizts off &€
ftojH" HEM jéts Lo jdzO, ftcdeojHjdedz" j] © IsOB dzc

razv femstesjddY (tuvs 106f dBSAJlb BMls!
W d te BANUC, tetsB t5ISR-20p0Bc-qlgoP) ( iy " j Mmilss 8 Mmilsj f J d
RMytsdz! LizjlsMmw Hdzvw tsBtcORBASlES d Isis Yyl vy Getizd dzdhw
ftetsds” M dzj dzdz" = tod a3 dzj dzd Ju, |2, |33 14 6G0 16K/ 6, Q6K
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23.5 BB P sBEMMYP Cc Odz GO M KOY OL sdaf, gy o d
O3, s » s , G = 360, 185, 360, 720, 250, 720tc OH k M) ts o Is dm)jsdsdsts ,j Is fi
HodyJ dedoi, ofs fpjg?, gs , gs =110,90,110,120,120,190¢ ts OH [/ f

s o |, deddsss gy ,dglsds = 980(100),980(100),706(72) o5 o3ts d3 dzls rqa, d o
05, 06 =225,225 ,196C ¢2fds sls o j Isfls o j dzdzt8Q0]. tod Mz dets S 2 .

v 0B d&zd YEOR &R’ § dzj y BOdedf Edzv ststc O
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tcjLOddwY, O IOCY] YOtcdtotso OdzdW™w o tsL d3tsy dz’
Mzj Hzjls HBY sdkddls' ©OMhdske,] ddts?2 o' h j
6] dzyd Oz dgOdeY oqfjakjO2 | ¢t StdY sdzj dzlstse dzj ¥
Hiso Ols! t©OLE©OBBISCE M jydoddL dietss Odzdzs & s
orhj ©OL®&eOBd { dzj .

a Q_

N L

L/
y

\oali

td iz dzts €1 @2ts dir1h dzj dzdz(FANUE R-BORAB/100P)



41
2.3. 0dz0dkzdL P wEE JUBHES ¢ tesB

O dz2OdzdL t6OBBBYdrn Ltsdz HOJ MW { tcdzdstedadldsil
S o Hj dzp tztia @3dd3] te O BBr deve jYdBfijlotets j dzd W d By,
OB 3] @HOMMBEIstej dz@ dej MG Hdzj Gef ¥ BfeOBIBEHY -
D) s ftesj Cyd2; 2) dBilssH " O0wOCIsj teds -
Ylsdlsj dz' dzets?2 Cddzj 30Isdyd ME 52 ~d3eQsdady;d ~4 )Y tc
1HIM! dhftsd L soO0dz CoBdf dzisqYdzC Y fE&SHISBRIO,
dztsy J dedw Lo jdz J o d3Odzdldzidairds sfe®Mmls td s jWdE tc d3©
i tcts G toc O d3dzdzts Bimiflactmmridz{C Gy SLYOREO H dzv o Oted Odzls ©
dej WIsj ftetsosHO f HJGd]dseotjds jlditlz sdzD 1t@dahiflz dal,
COLOdz tsB) SO te jOt GedpdsidzOWY L 5dz0 A 5 tizds® a3 P dg i
BtSYJ?2 L isdz Dg WwEted3Olddg@r3s (JjPhdase dzts?2, f oS
zO ted MB.dz? B DA JBOBSE C O BOdJf zdwIssteO®
YydoOtls o ftsdzdzj dzdp $EpBupstrf@d g O O dEHY IS,
f) BOCMdBOd dzf d3 BAOaly) Istdedfip 1d20%0j dzd d ¥ d 6 Iz
dzts f oS H B szsBO SNPHBOAz! dzf d3 ttOL 3] ROdf Iststcr
sOdzt dets?2 f dzsmC tsmlsw . lted tjLC)] ftowdtskze
Hiedyd MEs2 woetd' ©sBiMfjudeOjbmw &BOSCMJcC
3000d3 dfy EZyjlstsds orf Mtslsr dzj BN j P Az dz®@ s 15 16 €4
Fetsdz dzd € © ) taigug*d) 000 dytgj t8B0R0OH  d3ts  ff J toj &z
f stelsdzzse MdMmisj sz ddzd s digliz. dzr 2 s Sls M

ANBstecdB®1 J 30 tOBtYj?2 D sdf ogf HY SR ISy J D
ftosWddzr , WOMOH) fted tjLC] Istckptsiftotso SHt
fteso)sHY tod odg@ d fgdzr dzC4@A5.12H. jifp! Istcj B k¥ Isfw His
dz' j 9 30 dzditf Gzrdaty jstés'tc Otc OBHsajjj e jugdy'j dedz” § MW j t
Ri= 3440033, R=1191c3ds H tcd toj L C ddzj @) f BB 88 O
D=12003d3. W tstcdiszdzdtctso Odzr GhggessoO@dzy W cOMf &
ydStse HAWWJ o] dzyd Qudisdsiztels dasdndfdsd) dz! Mzts 1 ts ) d
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{ Mk dzB6 OB.EIYOY L 5d0 KOddfkdvlssted Isj R dts
toj LIStgidag Wisj ftecsotsHises o IstcOdzh j j

2. 4. l " oatsHT

1.0 d2Odzd L Mtotej d3j dede’ = Isjrded yj médems tojh
o OdzdtyB d dz' dz" = Isj m dzts dzts ¢ d WpidhnStiafsmO B 6 ©B § Is s 2
dzj Wisj f oo SejERGtddDe dzj W Is p n OB jo] "5 Alxffricodts ©
tcOLtcOBBIsydeéd d drLetlstsodlsjdzd do ftedotsH
ftesyj Mitse KA t§ @5 drf ded'rs igtizg S glits o 2 f to @mj df jtsck
fMtej H MisgPdzdzts tc d Is BOR ¢  ictstg PB)IE @D doo ddis® B tIdgi B I ]
MCda Mmdhikj GOR
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2. U tcOdfipttisly dg@v ( di3tsB d dz' das B o joup@lsils ) Is ta j
tcOMf sdzsy jdedw o Ctstof zMmj O tats G =@ Lids | diEsky
Por MsCtsets HOodzj dedw, Jd&3CtsMmMisd M gBHEIIZE
ftess®disHT d @B tds@CifEmi@Os j 3C-40RIsd. 3 0

3. eaSLHOdd] Edzdo jtemMOdz' detscts igdesc sy
LygBdzr = d tOmMY tsdzts Hz] Bzdzt M ils GO O v B F dzlile Oy l8| Jstiad®
s, COOC i BEjIs My dzr =« Sddzj Z3OIsdud MSdra MmnA

4. [ft.jH]jdjdO twOydsdoOdy figkdd € figf jdm) Si90 Isdf
bedztso 52 MmdMmlsjiktz? BitsestzOnez®Bg§sOosigj 2 Odzd
ydd dezgj Odz! dzsfilsd § ts e jstatandsticipls oy dte § Lin@iziedsiztg dsls
dz s MISYYBRO] 1§ dzj ded v tOMMistsW dzd Y LH B otz ftd<
dets tOMY sdztsy j deder = d deH s ldcoPaHdg #AW f Moy Iszp Gt
Ckz.

5 ¢dzOdzdL twcOBBBOFsI BudOd, Wilcts o' BtcOdz
ddf zdzv Iststce©® vt d twWOL B o dijo jdaL jj azdds &= fiptfc]
d dzj WilsjrtcOdzeddzd® ) L OHOdzdzr 5 W dekztcOdizd
dzj WIsjtftcsotsHise, twOMftsdzsy jdade" 7 o IsteOdzh |
mMdzjHkjl ko jddydls: ©OL&Bjter Lo jdz jo.
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L ZOB 0O { OL©OBISC O Od¢ sdgjdisditssdats dzd] gjOhy Sdzij ddz
3.1. [BtBh jdadr 2 Ozetstedlsds f tcOo

1 OHOYd EZftOodzj dd¥ ©fthBjIRAR. d O
cOLOBBISCE OdZcstcdlsdssce EZf tcOodzj dedw vt o
odds tsBtBh jdzdzg" 2 Odzetstcdlsdy EZf tcOo dzj dedw O
dzj dzgdv wvit, HtjHMlsOoadzwehd?2 fmdzj Hise Olsj dz
Or Hy dzj dzdz" = § sMUsqg B dasdztbic dz@Q ¢ Od3 (9" atsSH U
Hodxyjddd, ¢§odmt ©sftjH]ddd.q Olfdss dedik,mn
Odze stedIsd3r o  sdzdzj dedV fJtesyJHbkzte d EmMdzsse
dzj dedd tosBtslsOBd o jMm! 3G + WW jClsdajdz Odcdtxiind
tcOMmMmssistej dedz" | © tOBBISOR XMh jfdGecE teiz.t & .,
Ud Métsy oLOddsodzdwdedy d dBBsd3d dzls' dzj ztcOo
cdud M&d2 fwsyimm ¢t of fsddvjbhv dO f{
ded W &3d ,  t6J OO Y drjsdfuEaz@O0 ) i3 o L Od dB3tse dzd W dad
dzj ztcOo dgso j N j dedesfyls! f OQtcdtclzj Ismw  sMmilssW da
Ctsdzlszte tojelzdwlststc® LsCO. |1 hdsekz d&stO
H' d BilssHdCO  tsMmistes] dzend daBsdizd st lcirs t<iad Wi
fsdzdzj dedd MmBtesyds = ttOBtsls M dMfsdz' L s O
tcdlsdisceo OHOfIsdo dzse s kZ§f tcOo dzj dzgd W dz0 tJifdzts:
25, 26, 29, 31, 42, 48).

1 dzefn | 3O BB j dzdesects Odze stedIsd3O ff tod o
dz" j] ftesyjHEZtr BBh jddses OdzesstedIls 3O:

1.] etsH dMRBHd 7 HOdadg & ¢ figlldswoisSfs HdgD
or f sdzdzj dgdvw bjrndesdz6edzz s MAE2 s jtcOydd

2redydddd fat dir  dfipd wydgs? el 5 @O ¥ dzQ B

3 [ftejHjdzjdedj WOCIduyjMmMEdms CttstcH d dzOls
ded W Isj mdetsdztse d UG & ¥65,2:) 5B 2O J4)

4.4 56 dzOMtped@dedj j&3 C tststcH d dzgOls d Mjktczp’
(BdzsGCd 4, 5).
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{ Mk dzsf B2 50 BB j d2dzsc s OdE stedlsc

5]r atsH 9 dMmatHdkz: IktsySk d o9etH dhrt
ydd 6dHtesOBKOL dqodats? toj &S dC i ko dz@ T3¢
cts ftosWddzw dzO0 ftse jtemndesMisd IstckzBr ( B dzts§ C

6.0 dzOdzdL L 2Oy ded v € 5,3] Hf € ezfs &v sishyij 0z¢
desfls: tMd Mistezd ¢ (o jtorn dshiyd dzie] d Odzdw
de 5B BSHJ®SMIsd 4 Uiyl diizd@ deyts(ty d Ised§Odzs d3j ¥
tej Cydd (BdzsS 10) .

7] fsdzdew Jdi3" J fsyjHbkzter 5 . . 4,
tedlsd@zOdzd. 1 ®hdtsok d&sCOdz dz@r » 0Odze sted s d3ts
fsmbtesy ddvw Odze st dgse SdtsL § ) oG efdisiiner | “dzd (d
tcsydz" = tOBtsls M dMftsdz L seOdzedj d3 d3j ssH O
sdo detsets ki tcOo dzj dedW dz0 tMdatse j [2334)R6 F5kc Is 5 2
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320 e stedlsds Msc ZOMse Oded ™ tsfMj 2 Isj & dats dzt

1 B8BRaBBHd®@sMIs! ftetsyjHEZter Me dzOMse Odzd
yfhS et setlkO d GBI jSCO tojls®©dapsmly sel
st OdzeMy stels dzts 2 ) d fiElafjHdsy & Oz@:s O teffo LaRep® dits jdaj Ol j
Ui MEset oM sdsy j ddv ciyjds st ldsdss s H(
dzj dpgby9, 23,47, 63, 64, 65).

¢ dzOdzd s ud MEd2 OdOdzdL (s gheo] trf dedzf
sOydd d f§odtsyjddY Mdmlsj ¥ CststeHddOls vy
BsftcsosH Q) wldshdlsj d dts @0dish s& Ny Htstg
L Oczdzs? f) tshdztse Odzd j dis tegdizd D hrddsts . O) tc O

ClsOUf) OH Oddgls jttitts HS] dzO s Yy j dzj o 521 GBSO af ¢
s Z 9 H tsdz! 9jCtsB® WsgE®ldasmisd o o yj
OZ=n.1HjM! ofLBsYd HoO 9 0OtdOdidO:

] Oted Odels [ Z T )] &5 S tstenddzOl, fowL Odzd
stesd3 sk tesosHO) ,[ZBOUZBY BDo g B j ' &
B CttsteHddzOls ks OkdY &GOdJfzdkYkssEO) ,
oMY st j ZiEmOws 0 ¢ tedL sdzls O dzjdas 2 s I dats fij dulE jdzt
GHO dzOf tc O ofiga] fighs(jj di3' s MG WRISdBHEO sls s Y S 52 fMso
dzd W R B OL s ts?2 MdMisj di3r CtsteH ddzOls, tod iz dat

Y (0]
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t dABsEMd BOLtSoats?2 MdMmisj di3f CtstcH d dzO
mMowL Odzdzts?2 M yJdzjots2 bsyscs?2 (
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f Otcd P tsBtcOL BOQABHSME J d3¥ S SSteH d dzO0Ils o
dzOlIls vy J dzj s H OlsidsiapR] 2imdrisy @Q JOH O9 Ols! MW ( 50 Byt
f OtcOdzdzy dz' desfisd d MsdzOf tcOo dzj dzdzsisd tsMJ
[85]:

M, « =T(x, v, 2,) | (3.1)

| Oted OB B 0o dzj & ) d fiplénidzT € tststeH d dgq lsizls tefiy
stekz B 54 talgjo Siptde f OH O Is ) [{Z® tote G dz 2 dzdnjdd Is j o3
(ted MBaA)sICr B | telgodf e O o WA x| ndzj Hiz® N d &3 Its B GpOdzIsE
ssyuftgtse jSHOM®Is j dz dzgzs f desMS sMis! o {Mf¥oe |
oMy dztsy § dzO dz@ dAfsdnif Il il deofiels © H jsif dzts iy & Efitls
tod L sfEsjO) Is Wy dzts fig WIKAESOL 5o 52 fd fiyls jlai3t€ OUAS 15 to |
B 5L dzOy djdetf Z dzOf Qo dzj dzO 9 9 j tor M XodE ¥ Ji3s
dd3j Isio HLodEisy d¥ 7 o Otc d O K@ OXzO {f & Gris UPSY'dzh § dzd L
f octchPlalzimiso s dzO Ho O { tsdziz f to P Oorisio jGlzd s 1
Belstsof Xsfd ¢ @zaEiffidrofsidg s f' sMY B d tdCglals Y ]
h2 hte’ 2 k¢§6 sk « ¢ ipd K az)s © dv o d
ftesdL o HJ dg ™ B SHEOE detOeo FHIEAI "eh B3 J Is o d H

360, 0%X'8>0. (3.2)
(; -

1 Of tOo dzj @Y ZOBBHYBMY j L dz' 5Ol o jClstst
} tod dzd BOVY o t5  aptAdR@FRdS jidf deoOD JEldfip™ts to ts dzdzW v My d f
f tsdzlz yd ds:

2
o

oY'= ?Sox o'z
u

(3.3)

{fwedHjddBf Bkt dL BOLBOB2 MdMmisjd
stcH d dzOIs yJ dzj g A figeoPvdn! dz0 L &A@dRy (' [sigQifr to
StcHidOMo WL Odzdets?2 M yJjdzj ots?2 IsyCs?:
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Y« 4 X9
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Yy 4y Yy
yz Zz ZL| l"l

0 0 14
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(3.4)

1,k

<
1]

D D~
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G HFX =(x.x,.%) OV =(y,.,.v,)d0Z =(2,.2,.2,)- S to Is ts dats tc 3 tc 5 © O dzdz’ 2
B CBtstHddzOl, MeowL Odgdzs?2 M yJ dzj o 52 Istsy§
dzO'Is .

ltojsBteOL BB Odedj dL MmdMmlsj 3" CsstoH d dzOl
sfizh jmlseodzv jlsimw M fodsh i ¥ ©SBEKOISdS? KOst

M/(,J :M-lj,/(. (35

T\(Xuxyurzu)

~N

Y [e]

It

tdmMkdsfiMEG . 80L o 52 Mmd yhd) dg i dt esfidmisdidd® s € &
L Odzdgts B to bz B 5 (tehaAsupm@ds 2 )

2. ABtedRiddtetso Oded] BOLdyr jtejrtsHO dL B
CostcHd dzOIls yJj dzj ats2 Istsy< d.

[ OtedyO #HjtcpOBEBOS?2 MdMmisj i3r C ststoH d dzO
dzj ots?2 IstsySd dqd3j jls o dH:

: ) (3.6)
e 3X3 u

GHRE BOLEGHEOstcslsO twOL &3j edetsfls: 8 31T 3, o
CotsteHd dzOls o MdMmlsj Bz ¢ sidHHEOSS toyfjydd otdsL
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3, ftcjHMmlsOoadzv jIs MsBts?2 9o jClstste f sdztsy j ded W
SlsMuyjIsO Glsdsmdlsj dz dzs B OL 59 52 .

rdzv ftejHmMlsOo dzj dzdwv dBOBSLdYy T sotstesISO
dzr CR2[@B|u M jMisokzjls dBtets ttOL dzd ydzr = Mo
sfdMmr e0sls tstcdj dzZsOyde Iso jtcHBEB Isj dzO sls
CsteHddzZOIs. 1 EZHj B3 dMf sdz? Lige@E® & Hd Mis ks BE
jBj ked CtjdO, LDEdONGsdE & S ads dud:
X,Y,Z, 0, dy)MsH j ey dlsmw ofmw ddaW sted3Oydd
o ftosmistcOdzMmlise j .

[ded Mtslse jIlsMmilse zefijaiz] Mtk DY bz esfiflisd § &
3.5): 1) { tyootsaclisidsz @GR Jjafc Stz MG Odz' ) ; &)
o sCtcz@Y(RyMd( IsOdzc Oy ) ; 3) o 8tRs) dz0OC & ¢ teld

tdLizd stk h Ov &EBOLtedyO ftseotsttslsO ddj

M oy =R, CRy,dCR<,y =

@cosj COsg Ccog siny sing- sin/ coyy €O singcosy - sing sinyg
= gsinj cosg sin/ siny sing+cos coyy  sin/ singcosy - coy sinyg

> : . (3.7)
g - sing cosgsiny cosgcosy Y

X X' X
{ M dsEc & 5MdMmlsjd SsstHddOls: Ctoj dz
(MdMmlsj BO kedss 2 dj o)

10 Mo Odzdd Iss)yHjMlsa O s dmMOdzed?2 dOIs
sseo MdMmlsj d&3¥ ®wlsMyjlsO btekzptsftesoasHO d Yg
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&, Yy Z@ ecosg cosd cos siny sind- sinj cosy cos sindcosy - sinj siny g

gxy Yy zygzgsinj cosd sinj siny sind +cosj cosy sinj sindcosy - cos sinyH, (3_8)
&, v, zH & -sind cosdsiny cosdcosy H

Bsy dats sftej H] dzdls! Mmistsise j Isifrlsye iz © ) itj g3 tisstdafdoy
tej "d Jdz ftoJ HdzsY J dzelzs sl ez B S SIsBtetse B8 dz)
stcdetsdztsdzd sted yd MEs2 W iEkZzizOnPde H b IsFPds "z dy
YO MmMdg@ls tc d Yy dzts 6 5. C lxizg @5 dszg g ymis W " cOo 52 YO
ZtcOo dzj dzd W , dzj L og f)is.dztcj ¢ ZOP B sBBOIS | dz
¥ Ols mMdzj 90 t8BJ YOMIsd BktcOo dzj dzdV dg@ dYyGdd
Yd dzdz" » B3OIstec d ydz'f Ac jelsg' @On ofidy WA B § kG dzr . L d3C
dets § EkZwOo dzj dgf’y @ 3 toGdppsllptds dnds dalzy o 2 Y OMmls!
OO0 52 dzj didyp j hlstizf g5 MO & § 5dzlz yd o3:
&cog) &, +sinj &, cosg G, +sinj @, cos @, +sinj Q, e

ecosj &, - sinj &, cog Q, - sinj Q, cosg Q, - sinj szg—
g XZ yZ ZZ H
ecosd sindGiny cosy Gindg
_é . u
=¢ O cosy -siny (3.9)

& sind siny @osd cosy @osd{

RL 08 j dzi®@el( { dzj dzle@AstHe > ¢ j o Y uff lsiag
¢d Bect Missde yo GBQERHY" FcQodG) @Id] afs2 dy e
f sdzlz yd d3:

_ ex, g
j = arctgéx—y@ = ATANZ(Xy, XX) (3.10)
e Uu

RL t©0Oe8 jdzMlse 1 dzj d3gj dzelstse [ 2, 2] d [ 2, 3]

N

ésiny o ésinj ("IX - Ccog ("Iy 1) L. L L .
y =arctgg = arctgé——— — 0= ATANZ2isinj &, - cos &, ,cog O, - sinj Oy, 3.11
eecosyH gcos Qy, - sinj Gy, p ( Y y ) ( )

ltedtcOQodzd o OW L dzj oz dzlst 1,1 d 1, 3 dBOIst
f sdzz yOJ d3:
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ésind g é - X, o
d=arctge ~ u= arcoe U= ATAN2|- x,,cosj &, +sinj &) .
Ygcosdl @COSJ &, +sinj o(ya ( ] J y) (3.12)

O dz2Odzs e d Yydzr dz mlBctcddL sUR dzjita@®vd EZydlsr o Ow
Bjtodzs? BOtedy' (ool yYjtoj LS sHsAadd dgO Isl
MdMmisj &3 StsteHddzOls yjdzjots?2 ksySd lsdsc

ddzestedlsds St HJ dzj dzd WO T e ® ds@ fPts of AsdfcfejO o
H dz@lszy Mt ZOMse Odzd S es i §zDIs M s j Gls QS EHists
Bddz dgsc s tise ssPte faj s lsH ¥RBC s UGS o josE
dzts?2 d s tspidEiOrdm iR jMsd Sttetej S it
¢ ZOMdzs o' tcBH)jtdgdiz it Is.daslzs " OW tc KOs &5 & dgdW i b
s h OQw B @nddplzisi S ststeH d dzOls d MM BEzdA s

écosj cosd  cos siny sind - sinj cosy  cosj sindcosy - sinj siny Xu@
esmj cosd sinj siny sind +cosj cosy sinj sindcosy - cosj siny yuu
sind cosdsiny cosdcosy zqu (3.13)

0 0 0 14

Mis =g
:
[dv sftejHjdjdd" {sftOoss ftod MEe kO
5O (lttkesftto sSHO)tsEyjdh o hiyCisd]dy 4t ©
fls Oo dzj dzdzr 2 dz0 to d Milz HHEO 31206 .Is o Big GEfUSdis |
RO OMd J it @auipdiols j &7 S ssteH d dzOd g @zC
sttkesfttcosHO. | fsHOodwsh jd Bd hddeflse
Mlstck di dgs OMso f OH O IsL BH O detlets B O esdzdizs dzz  H j W
Misd ted L Qgg W j dzglzgetesmisd JJ tOMY s dz)ejwafyd d
C tdfpz @S £ ZiKs: sty OEdzOwY f) "EEMZ, ERsR j 1€ jst
il ot cLeDORREEEs | dzGaufoidzsts jls Vs s 1t P& s d
Mt yjdste® ©BI j ClsO Ot jimaiisiod ls(eB sty ¢ &G to
6 OMfls ts's dadts 7 dasHNEBWY j toj deyd Odz! dets?2 o d &€ d)
ojlMmisoalze M dj f sOXOFEQ ¢ jsddigfadp dpy 4 Jtc] -
Hi2Mise dls dz' dezé g il OO &7H8H.dz0 s 5
UBEHO BjLbkd dks h Ov &Ody0O §toj S8t
%Ol o MdMmlsj &k SssttHddOls BBl jSISO BERHJjS
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ecos) cosd  cos siny sind - sinj cosy cosj sindcosy - sinj siny X, + Dx, g
M = gsinj cosd sinj siny sind + cosj cosy sinj singqcosy - cos siny Yy 3
f _é - sind cosdsiny cosdcosy ;4+Dzll:i (3.14)
u

e
g O 0 0 1 g

4d yj e

Y

004

{

7, 2
A
N 1
A
- 8J Ud ||
aX1

(09,6

{ Mz dzs@ 5@ d&z6ftseo Odzd j tMj2 Mddbyid S &

[ v e dkOmse OdedY ©fj2 MdMmisjd SSSEH(
Mlstedsj dzls @ 5 IsjRdesdksedyuj MS 2 KWind, Syt te
St Hj ofjtizdd gzO dzelflasffiiSiiCods sz O dz@ sted s dslz . 1
fdtedratsn dL Md w4 e CpdsiEsXidfedi®ly o j H j dzv | s
@jdz dz &5 §jtoj desisds § 5 Misslse jlsilsokzs h ddg t

(3.15)

f to o =ginqJdp; zgsingbdp, EHHdzd dz0 IsteOj ¢ Is tstc QY to §
@ilkjCkhjj LdzOU]j®d) CGGEHJAEOIT

t O dssis to d dis e Hsjledfjsdlgl v f s teOo ¢  dzO 1
CjLOddY (ke dji¥bjfesessno) d mdhsjd
tod lasds dzets d Is W -@ dzQ@ dsdldpf usjofist f d3 O dze tste d Is &3O 3.
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Ctso" jJ Hodyjdedw f Ctdzstesdzj d3 Ctsdzgj ydzr » Is
WdemMOydd dddzj 2dzr = d kcedztse' n tslsC dztsdzj dac
ftosMmMistc@defgls 9jje.5 tcOAF OBl ® PzPfipr OdzctstcdlIsd
tc OB s BOPG3, 64 65 90.) sdMmMSsor j HodyjddWw or ff tsdzdz
BOddf zdzv ststetsdz, C tsdzlstetsdz! d ddj fsB G Swd " 1= dz@
dzw ¢ Isfpw d deW tfa dgi@iuafdeidgdets dzts2 MdMmisj &3,  § sMls
WitejdzydOdz: des?2 oddz€d. 1 JtsBaBBHd®BE tsftcj HJ

1) MK "jddy yjdsttd Mdmisj B ¢ stteHaf da
mdudddd, fitfjdidSizdaVtcdsd § dashedaxiglsd

2) f{dRitc Odzdzj dz' detsfyls - WOCIsduyj MEits?2 HtoHTE
tcOMyj Isdets?2 oXOZX Wz f OusiPIE sy to d L ¥ hidds Chpivts dizj cded O
o j bMilsalolzdzts o

t OMMBBOIsted 8B HB ROLABD j &3 B sSHESABE Heo kA
OdzOdzdL Bt HJdzjddy fftcOotsS H dzwdzOf tted|dpd
3. 6, -fifpjddE Odze stedIls BO 1 oy g dzOd3jdEOs HOR fifilpts
HEz¥ h[Pdgr49.

Clsof 1. [JftejHjdzjddj MmN Jjdd? yj dbst
sCteky dzsmisd Istelzer o MmJ ud dednds.d RO Jf dzrday dst
o' nSEpOuE. RMYBd LEjdB M) AJoded ] L7 o tfriasdys Sk
ssYS ¢ sdzj ydzOw Is se)S O totOfidy j fip tefz dz Onlsstisis B b s iy
fdtdMmduddds sCtekydtsMmisd M Uf ted BigEgCdsjts O]
ted s B3O Hlsdifilfoy 0] dzj Msotf OH j dedW € ts5t5te HOf dz0O I8
WOCIsd ypPmrgesacdse Stk detsfiyldg 2 sy BliplasSH G J3.
CO Ml jlsMmMisolzjls fjtcj M Pdedezsd O8I Y@
dzOAeY1Z: s € oz ) dets s, wip dAsiediifgls to j B3O dz! dats? o Y Oflk
zOly's o jtlsdC Odz! delsBdfjesigE g ot tf tsdzdzw j s W
MsOBdddL Oydd $ &Y df MHiddse 3 s OL Ols § dzv¥

lted dLoj dipdesdg totz®r  tcOMyjlsde” d3 f kzlsj d3
wOSBdud ¢ Oetss wyigpasweiPlsd o Mjujddd 1. 1 O
Yd dZls€ @z detsfyilsd § 5 tsdtag, dz0 08 j @y darhisd
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hdds sMwds CtstcH d dzGolsl Oy j dzls tf salzdzZde i3 e € Stot
YyJ dzlstc© tsind tsCtkzydetsmisd o M yjdedd 1 ( B dzt

(o

1
lTeatH [ o dfﬂC%H

2

A 4

A 4

6
] jtoj nBH Ap Istd

5
1 jtod nBH Ap Is%w~

[
>

ffteinjdjddi d YOT)
X, gz

/\8
1487 @

{ dMEzdesh izl B3O Odedftistg g ded 5§ LOs 5C

ClOf 2. [ftejHjdjdd] dzj f OteOdzdzj dz' dztsfyls
slsdasdlsj &z dets ©OMUJ sdes?2, RNOLOSCISjtedL zsh
Qgh ljttjosHdd ([ o ojtlsdSOod dsjb,f jss-
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fd widdw ojtelsdC Odz dets? Xevfgdn frisokddziydgsts mdsts t te
o' fsdzdzY jlsMY o tiyddk) fesccOBBdsdcs bt
Cdzstelz o Oolstds®Rhesd tjyddhj Mt flgos Rd
sy jtej isHd B fE2 st @ddzd cO ( Istgpe rs)shydkd®
[ dzv tsfftejHjdzj degdw Mo " jdzdw GtetsHsdz dzats?2 s
Ctotston d dzOIsT yj dzlsstaids Cts C7te Iz 3 1dBMds@H 9 O d3 tsSB |
stz "™ MmJudddy 1 d Mmdudddw 2, dejd MppalStc
BMXEBT e, qr. [ ftejH) &V B ed Mdihjddy s,

Da = arcsinDZ?2 Db = arcsianT2

vsydetsfmis! tftejHjdjddw CtststoHddOls o] to
sCtoky detsfisd ) ftsdishi 8 dL&jtedlsjd des?2 fd
WittjdzydoOdz dets?2 oddzCd d tOmMMmditsiste dedets B d3ak
Vted fiteddBihjddd tJf M dL&dtedlsjd dts?2 Md
IstclzB T dz0 tc O fiplipls sty sl Qidis clzgod0p ¢ s f tsdztsy j dad W
stz 9 9 jtolsdS Odozss 2t dits fig Istechgfls WshizlseOizt j s

Dz 05
tga(b) = — = —""0,0005t -
arctga (b) o 1000 QH d dzd 0, 03 gt

g kZyjbtd MsOlsdyi Médr thdett CttsteH dd
dzsy jded ¥t GrdidE@pes. 1ted it &3 jddd
tcOmMMmisswdzdy 0,5 o3 Zedzso OW (Gt " desfls
MeMisOadls o H®®, lcd @z Usdzd jtoj C tSd3j dzH 59 OC
BiAHE fito" B3 d olstste’ &3 M wlj.dlf jag dzj 1 dls ¢

l ntsHdz d3d § OwOd3j IsteOd3d Gted toj OdzdL Oydd
Y MEs2 kO] C Iststcs{dtc Qdpiga@xdzddzinyg ¢ ststcH d dzOIs T
dzd v dzv ¢ Stetejfifowd d@dedzs? ) dzj Mso § OH jHABAIPI dic
dzj 5B - oHodjdbds d § Y tc GuadS dop o M8 § J Igftste dztg O df
CostHd @@ H j dpdzdz” § © 831FEONjddweas (3.10

Xp = Xp + Dxg;

z, =2, +Dz.
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rdzwv  tj OdzdL Oydd Cstwtcj Sydd, Mo WL Odzdzs !
MdMmlsj d&i3r CttsteH ddzOls tsBi | € Is@rdzd tzj fizis fzs @ § Szib
stcHd dzOIs™ Hody jddVY cdxsozfipd cdHtEeBtejL O o

*

X = Xp +sinDa Qg

Y=Y

*

z=2z,+sinDb Q.

l jtejfMuils CttteHddzOl kO] Slststedd tojL O
dzj o822 ItsysSd (yd dastwcOstsicldg d&@k'so BB @ISL, 5oL
Misj 3 ( sMdzse Odzd ¥ tc QPO e Y | EEIOEA] .f Iz dAY-Ae, S to
L OHOdzdzOV" CtstcHddZOISORBd G stedzr = Istsyj & o
HdzW 9 QtdOdzsO L Odzed™w oW Bskzesdz! dets?2 W d «
stezB" o g yfBEzR] dedmMizdzC j 3. 8

[t
t M Xt BsBteOL 5o Odzd j tOj Clsstedd HodyJ
fdfmisj d3j StbteHddzOl bttzetftesotHO, o f

lted {1 lstsd3s di3j d d3 HeJd Md fijldgjdelsd3 SHIY & tdHedsd
flstc OddMaB i Mlsj BO Csten d dzOl & MOEMZ @] M s e
CotstHddOls yjdjos?2 koySd (Y- jedsign) dskoits s |
CPpslsdzsfdlsj dzt dzgs BOLBo2 d vyj dzj o ts2ro-tg@hl
Hdfgo § CIstste dzOYOdzO MdMmisd d3" OC s fad ks dz)) gzde
fMdMmlsj &3] CtosteHddzOls. [ yjodudats, dd3j j o3

r=r,+ri
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I BBL d&Z2OydAm iy dzg J y ¢ tststcHed dBOdsL to9)t€2As tshiedom I
dzOls, Alifpgedze jy CttsttHyd zQlbdz) g ebsig@misi d&3J
Ab-NflstsdzB j y S ststorma dBL g €k siigdPmisj d3y ¢ SEcH

r=EA ri=EA;, r, = EA,.
d, dMmftsd Lkzv Mmtlsdash j dad j
Ei=R (E,
LOf dh j d3, o MmMddzz jJHJdzmIse j dzdztsisd tOL dztsy J
A=A +R (A,

d dzd
.10 €c0%%.1,%) Co8X.1,Yi) cOd%.1,Z) X.1i0 &g
Zyi-lﬂ_gcofxyi-m) codyi-1.yi) codyi1.%) Vi J.,lﬂcgyu

€z.10 €codz.1,%) codz.1.Vi) codz.1.z) z.1;0€z0  (3.16)

§106 O 0 0 1 d&
dadzd
%mﬂe X-1i9 €X @
eY| 13 g Ri £ 3x3 Yi-1i lljc; u (3.17)
eZu U € Z.1iu eZ|U

1320 0 0 1Helu

CHA=[X.1 Vi z.1]' -0 jCistsdzB j y S SEBp-GOOL Ists 5
flsj B3j ¢ say dyz@B:e j Cstsdze j y € 515 Brodi-dPis - s
Misj dsj ¢ ogelxdie@isy z.4]- 04 CHstsdze j y  dzO YO dzC
fdisd 5" yjdjes?2 bsusd, tftjH] diRkg 2-
RO i HDOstetsls O xBLOL K ©HPH Bdzw s h OW  ftse ZOMise C
steHd dzOls ) fMdMmisj Bs?2 CtsteHdd&zOl Y dzj o ts2
312) . 1ibtkzHdsts fsdzzydls! Wstekzd tsBteOlsda
R, A=A- AU A=R ("A-R (A,

sO¢ ylsts
A=R A A
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Ap-C ststcHd dzOIsroo o p OB yj zp dz®LsEFEYblzr 3
Hy dzv e Isfqw CtststcHd dzOIsr o fMj -  sidzpldiymdse
HodYd ddwvw ftejHjdjd dqL Emdssdw IIstsydsshl
dzd W dfiz. 5 v tsydetsmils! tsftcjHjdzjdedW k¢ dzso tsEts
sSOdz: dzts?2 § izl @QEY 2O dzj ~kxJ 0, 05 GtOH.

3.3. ¢(ketstdlsd o' SEHO o bkoySk s d

[JHdzs?2 duredL GHONetstic j L Odad of [9 o de g sfpezz o r
dested3Odzd € f tso j ton dats fiplsdgi. J Is§ Isdij, M lsots  1p O fridsddptstiy
fsftOotss ftod MK qEGHYEsGEDE HuspRefiziss 6) .
MdMmlsj 30r EZftcOaddzizif? d g j BezistizlsH s Odzd j A3
yluv, hPdtesCts dMmfsd Lkzslsmw d&jlssHT IstcOj ¢
dzj ydls ddalsjtetf sdzv ygw. 1 0O0detdzjj Pdestt d
ydd ([A), ydWtetser s HJWW jte]j dzyd Odz'Bdigd2' hQu
Misyfidd dmfsd Lkzjlsm¥ &jbssw [A. [dz sMdz
tcj Hdzse 5 1 t€ GeatsdsjHdfdir0O Istots, tsB WAL HcsOBdsdy j &d d
misd, dnmyf sd L k2] lshwS[28 16 33182383 57 [lzndzS Hyjddzd s
tcOdzls dz@ fezs NS BEHIsd, o BHUISSQ. dlI CO8BGigH s
[N H]j&ZOjlsqw h O fts5 BHds?2 ddzd Htekzc 2
Codastetsdz! dzgzs ItsySkz dmfsddzedlsj dz' desegts EMist
MsOdzC OF f yvYlu, bycoO MtejL O Mtsf dzO & dH t
HodX j dafWstsls d3j IstsH M detsSCts dMmfsdz? Lz Ismw
yd,?2 dzO0f fdedfj sy oW 3 j dzd d -a lp bB@UQ 2 {§ ts cfftf oo ttoatas
f cOo did,dze. Od B tBddgdjL CH[Qdzdkts?2 L OH Ovyjjdzde L X
tcdlsdstse o libBY ) tEaEEBssY jsdzdzs?2 ¥ OMEj . [ dz dit
s dMmMfsdz' L soe Odz 9 dz2OM j &3 Mz yoOy fGted or At
isd 6fjtjydsetsue byl iy siztcizk j B ¢ SO dedatsjch
BiIsBHO [A T wWidy lidMw | @O ! tsPifdsdigizz v 3 .6t O
ftedded 3O &3 s jtndesfls! Istclze 'l {tisls dsfBug@L I
e lskstse, w©WOMMAIsis {23 2Ata &Y oic dEOOpdeHdRle d3d md G
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cOdedL Oydd fjtoj XiZvpdef™ Ishts HEfEdgOdz M HOL
mdMmisj d3" , ] Hj dzl " 88 w@imushsg izdw d W W j toJ
(dLBjtej dzdj o 5 de@dz@aksthyds)]. HP s s dzd tolz j Is iy
i MejLO Mof kO cdHEste)L O lshsigdlyfiid d
COdz dets? § sMCMmisd; Jjet € bzl ekl fik@c ot
BO ki cOo dzj deqi [ doPjndakj g MlzdzSE 3.9 d b
&0 20 B.40NjA &R 27, 33, 34].

AstedBdieso Odzdj] EfwOodwshdrn otLHj2Missd
o YOMmMkd cttdLsdsOd d & msefMsOsdvs hda

U=U,"S,; Uu=U,"s;
&, (12> ho) U1, <1y &, (12 <ho) @1, <1y);
Uy =1- V" (0> ) U0, >1); U, =1V, (1> ho) @15 >1y);
b0 1, =1)@(h=hy): b0 1, =1) @(h=hy): (3.18)

[ dMzds8©B) OstedW [fody pdzGBH] o o] t6n dg

vindzseodw dL d3j dzj dedv L &zOC B89 Eff tcOo dzw & h
sftejH] Ve BiGESE oPH O tc Oo dzp de@ gztigc diq dity | ¥zt
Odzecstcdlsdz  j tojdhs5H B =pel & dsfydgw(C | 3H. j6fM - Is OC
LftcOodzj dedd M ¢ J e B dacle’ @ of iPChisjcls dtsisf  Ciige L
WicOed3d dzls©O tsCthky datsisd { J) v Qs sedorff @& dfOassT
Fyonlse&Ctokzy dztsmisd . r dzv sttecOdzdL Oydd cectsted
hj BEOMMd@ZOIstcdo O] Bse s o tOBSIS] v dhif cdz
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chosddde Codstesddj Ok Ystedrdtess Odd™ It
sBsBNh jdedzr R StststeHddzO ( Mds. dedyj, cdz. 4)

34 OdestedlsB(B@EE dE Ot td OdO

l osyg s OB tOL dacHdd Yt faddd | 5 € sdzskztek
s Misstesd’ wov IstejBlzj lsd 2o dayf Bfflsizf] j s teich b
DY jtef jdzH S v tedets s lsdetsmdlsj dz dets § 59
Msswddw s MisjL O Mmist dzBeh s [ fieses jj teEiasisls
f j oo tseasd Wiz ijsEsk ) dztsy sty dafsts dsjjpghl dpstifls:  dzj W o dz
fMlss sf,tc j@ Mis Qo dzv j Is ) =ysfts dafitedd] to A diptisfif l§ 'dzH d € 2
v B JMYiJudoe Ob"s jElsdetspddsQLiizedgisRs  dzd dzed d  (
fisMis©o dzve h OW) d 6GEEY] L tedeQ zts A6 % Gbp pzeizy N
BYyj dSd toOmftsdsyjddy Mistekzd skdshdlj d o
99 jHJdzO ¢ tisdgtfj digs O de@fly, dals @Yy ded Bz j B 2 dzOB 15
tej d3j dedz'1n tHedeBoO dzj seotstews h dn Emdztseds fjtcf
O ddffsd L 2w fd o sdzr OtedW dgj Isd uj M ¢
fdhids o odHJ
V(h, U, |03 hg) @(a =90°) @(b =90°)] (3.19)

RL®Bjte] ded j 1 ¢h BWH)BWLGL 2] 5w L SO ded f kv |
Clstster j dd3j s ls sted Misjtfjdd MoatseH'
ZOls' . 1 oijzedlzr RIFUBHEzdEMd IS dz' des ¢ ts oYL fiezls
slso jlsMmisealze h j tsBtsB hgj dgdz Is3d plis'®s g dzde Is @ & dz!
ftosHsd dts?2 tid g=t/09 k0 c4 sdz® | Haz®dp. C S @H |
YjHEZtO® dmMyftsd Lkzjlmy €O BWL Oj d dzOW
dzd v f 5 L OH Bodzdztsjdz ey s dzO, O IsOCyJ o Od
sMisBi jCISO tjLOddY dd BORIfzdvistste® (o' -
COdz dzgs?2 tsfd dz0 (b6 WEH EEgMkdzsEtcBe 5) .



65

A A

U. =-Vz U.=V; U: = Vx U: = -Vx

A 4 A 4 A 4

t d Mz detsL dBHEL P3O O dzG tsteid fle d3® | de'ls&{ € 0@z dzlz

[ dzv o' f sdzdzj dedw § sdMmMCtsor ntc @ty dzEey P dzd
s dstediOdzd € fojtendetsfisd dMmisd LEkjlshw
LokSC o' &7 BODBWRIE®HY sdsy j dd' 7 d&O " lsOdd j
ftosHBdz dets? Istpqdzy ] dad®j AMmlse dwv MmdMmisj 3"
fsCOLPgdy Misted oz smw , dz@®H fpd 5 ERED e@®H dadzis :
Lo dz@jdzlste sMj2 COyYoOdkgByYgO o Bk j dzff dzg v o M
OBtcOL dlg st slse j sflse j dzdzs tOMMlssw dzdv s
hlsOdzed HEs o jteh datsfylsd Istc ZBQL,BO2AYYoed Hfg Tz ¢
fsCOL @dsQMmMmistsw dzd jnte FiisYlsadtOy S Htetste j L O H S
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I ZHE | BO Odketstedls BO f teHE2[OH24, 8P [ dz® O dzdff 1z dizdz
dztsfls! or AtsH O Bdstssd] do' defsiprsts Hialldz 5O [R2OPS dzdy; ¢
o jlsiiseadj tMj2 fteshmisteOdMmlse j dzdesets oL Od 3
BtslsO d o jtendetsiisd tojL Odzedv (IstekzB' , toj
LOdzgd W, BBEMdztse dzj dzdzOW Mo Otedz" dsd " o Od3d , +

r) ) )

{ dMiz dets{r dBiz¢ s 6 Oy d v { fziff B o fudg @& dzd L O d d

] shkssbk Ok’ dL &jtedsh @sdzasy j dd il
HgWW jtoj dzydOdzt des?2 oddzSd o Mmtsyjlsodedd
B BOddfzdVIssteO. 1 tsdm¢ d B ffntisbfsid,
fjdndCdzv tedzts?2 fyj W dad » s SlsadAnisdzts fi(lsts B to Gl dizdzshf
Mz dzC ORi33 .1MYtoPtej Bj N Oj kMY 5 ftoscOBR] o
(edmizdzsC 3. 11, O)t. [SIstdap toffs fizef otz § s Jjtdd de @ fipfls
Qo j B FsHdl o IsttjBlzjd@s] sy jddj d
MejLO M kO cdHeEjL O Slddndlj d dts e

lojHjdz Stdf dzj € fdan & f t5G PzO j tetcd j dzls O
deste BOdzd o tOMMistswddw 1§ 5o j ton dzisflstez Bijts i dz
ssydetsisd MlsOBdddL Oydd §sSOLOLjdv N 0.
HdSCZdzvtedetsmisd  totsH tsdz! dzti)2 b slEdits iy Is jzdkdi@s €
ftejHjd&ZOR N 1 GtOH.
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I

HISOBq'dZ(IzI:Iqu’W

13 =

{ Mk desS dBEE PO O dzef totOp Iz @z fyls O &  dzd L
f5COLPIs] dzv

[Odzjj o' fsdedey jlsiw MsOedddL Oydw O
o jtrndesfisd Istol bo'( BHASS of dz@ ) | dztE™ S 5 dzls to s tizdy, to
Clsster j SftjHjdvs sy ¢ OC

: a
l,, = %b + Reosgarcsin 2
C C R =

CGHRitcQ@Hp IstckiBeQfmMmisswdzdj s yJj dzlstcO h IsOdz
dz" 7 tsMj2 BOOBRd S ®B0Odzj j] (5 OdzetstedIlsdzz  d3j

~

B3
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(M. dedxnd) . ltod Hodgppdadd® 1 js2 sipidd § sts
sdud MSd o § tsdzdzv J Is iy Io oz frfietids® eddfjloi; oo @Sef jfigdzfigds s O -

3.5. odkesdldy &jyCcsHddOsds?2 sk,
COBBYj Ets Bt OdzO

[ i StteH ddzOIsdzOw Ctstetcj S ydwW o6 diHdtous Os "ot
dets? e dHody d dzdd 5 tci s@ddE Yy Jchkrph ste
o jtrndesmisd Itekzer 5 Stk dshisd d( opie.lsy ©
Ll Issds dzj sBrtsHd 3B oy j A j yudls' L OO dzdzs 3z €
v tcdes st id Mistezd lsdsMmdlsj dz’ des ff 59 | to!
LOyds tOMmmistsW dzdivis toflsts ofrj tdgj-LdEs ik deQ £ Bdzs & d
B stedyd MS 56 tsdz®@ ez Glezdtyj L Odzdw . 1 j toff j dzH
Mistelzw tBJ MYJude O MWt [Bts BiteHzd dzQf Iyl EChigsy
dzw todz’ 7 f tesH sSdz' datd DO, =M ( e BotSiBAEQ) dAdz' | Of RSt +
[IsCdztsdzj dedj BIs fjtelf jdzHC W cdzsMmisd By d
dzd tOMyd sdztsj fop s BB J degpsB r SHd B § Oted ¢
s § dz! detsets [z tfote @sppogypfdis] Wis Boyis B M j dzdz" d3 02508 tuis H ¢ da
dzj sBrtsHd @3 ShHizhd@sdagslks e LfSesteds . €L
&zOMmisd MmMdMmisy i3 OHOf Isdo detsets kY tcOo dzj dzd W .

Il tB&OMIsd OHOfIsdodtsets EkZftwOodj ddw Bt
ftsH kCSoatsHMmMlsatsdy 1 jIlstgsor@ ,1 .11kls¢ sloAmSarg:d
1 . R.1EZfCB8@®LEZSHdPO SH. [ ., SMkfseO . [ .,
S. 1., Shj dz€ oV thte 0. @ I . dfS. [ Ctlccoa ©®© R. 1 .
mMd2MCdr Eyjd =.  OLtcOBSIsOdz o s totsdg® s
dzso j G tOHJ | dzldndzitkd] wgglzls g s, J H Odzd M d ¢ dzO dz
fsdz L tso Odzd j 8 dzOB daf t510dsj diggciets® 3¢ Is ts it aa{@m. oz
6, 23, 24, 25, 34, 59, 60, 62, 66, 84).

1 OwWHE f Lo jMmisder di3d M smMsB OB o 1 Ists
fsdz L s9 Ols! Wistcdsdtetso Odzd | HisY sdzdzd Is § dz! dzts
Yo jtolsts?2 Wistedi [7,R9RBRLBH.d BdzlOms figlOf OyO 1 to
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dzts o J Yjlseojtelss2 W istods d dzo QftdxifiFlsiEsodelsfipis@] , ©
ROOndz) dzf 5 RGEIZOISY jO O [ . 1. d ¢dzHte] 2 yde ts
Hazv shadfp §6 ilsdsh j dzds  Q(p)afy teoCLdef i) diyfos ts -
Hdlsmw ¢ tBiMmfjyujdds t©0ojdeMmlseo O dalzdzs 1 toC
B(p)g(p) +L(p) f(p) =0, (3.20)
G HB(p),L(p)-Mistslse jlsMmise j dedets s j tOlstster  dzj o 52
dsets kZtOodaj dedw MmdMmlsj dsr . t OMMmdsss tc (@42 Ist
48 6l R BJ J sfw MmdMmisj 3O M dats i3d, Oz alzs ddflz 'z §f de
9" n SH(P). 1 sfdzj Hdzj J tBEMdztso dzj dets o tsL gz §
Mz YO GHREfastzd jfse jtordshlsd ks dHj Odz
MOydd hdBCd dzgjsBrHd®BS jtj2lsd dO dzs
Z§ tcOo dg @RjdzOUd , dd3j J &3 WikdSydd kf§teOo dzj dz
g(p) =9o(P) +Dg(p); f(p)=fo(p)+Df (p)- (3.21)
rdzv  CStsdi3tf j dzmMoOoydd Hsf sddedlsj dz' detsets o tsL
ddzo Otced Odzls detsfisd tsftcj Hjdzw jIsfw Mise dzOMmdats L
B,(p)Dy(p) +L(p)Df (p) =0. (3.22)
[ 5§ sdzdzd Is § dz! dats | dig ffte @) digdatzch | BsSEpEIL@)Is tst6 O -
ST Hj e jmy L sznmap)mq%%.
rdav ¥drdud més2 tj Odzdby(P)yddidts Bi tiste df ffitsts o8
Ml Oo dzw s h s  sh B ¢ d,Df(ff)tets s sy detg d@if'L dzl 4s
dets?2 MdMmlsj Bs?2, §omstesj dds? 6 §6dkoky-k
fsdz' Lfsdis®aed dzj 2 or Hjdzj dedw tcOMmMyj Isd@.n h dI
bz stedlsdyr Wistddtess Oded W  sticteRdaeds jo dadfizd o ts
dzr 7 Md Dz alzj Moy L PdEmFH W stcd3d totso Odad W
oL Hj AMMBYI33437ddcBj sl o dH
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1) 9(p) = g, = const K(p):?o;
V *

2)g(p)=-2, V, =const K(p)="2; (3.23)
P p
e n

3) g(p)=p—§, e,= const K(p)=p—§_

utsMsOodves hdj ©hdeSd ls oL dkzh jddw,
Mlssw ddw MejL O Msfdd cdHEBELjLO Bl ot
O Isagiizjyls § dzdz" i3 IsJ - dzts dzts digl U JYf itsCaefzdgdfO & Ws@n®ls t
2y ded v L Mk BEGE GEdtpef GE s ftedosH O O
shdeled " kst dhisd L Mp)Sisdlstic@dE dai
d dev ds@y  fdedets) e d Is § dz! distsd@f dnw Windstg J3tzy d O dz! dzOW ¢

[BBBh jdzdzr | S SBEH ] dafile s B 30 ditif i Hstsoe@ls
Cddzj BOIsdud MEk¥ yjf' . sOyHB] dL Lot fd,J:
o Ctdej ugesBBdz@lstf s dztsy j dedd pllpY BBI 5D €& iz
& fMdzjHEZshdj o OtedOdzs’ CotstatajjCovyyiap iR fsts@a
& 5 o cd50,60 81967 1) oo g @iy sddsdlsj dz dzr T
hdn o COyHBE $ O@daj; d2RscHEE Seigh  @@mels dig X
ndui MS 2 dlsj Oy )s datizts i dgdf Pyds sz ¢ 5C S H ¢
COC Mmdmilsjd M odtsyjdede 3 StdaskzteOd].
ftejH HEh OW Mo Skyfdishis: ) §todded RO Isfige ¢
Bl dzj tOMY) Isdetsc s  Bts oy HisjalESIEMS oo tsfin ctgipad) ki difefdh 2
61. 4 Istolz C Is Iz to disevj RifASitdEd d dzO s dets 2 Is 19 § 15 §5 §3 ik @
©ZO &0 BdMBdS j dzv bkdzdo j ehOdz dzt8fyls i daf dzHejOmN
00j B2 SCddzj BOdSd Mmslse jlsflse j dzdzs 2O j +

dbzctstedlsds’ o0 jHJ dzdlf @Y teizdediss) drOBEH
dY bfOodWsh jdts oL HjREWSS ] &Y iy € st

k n k n '
Dy, :ﬁdf on" Oz =const [B3 =p—220'f 2¢ Vo =const LY, :F%df 2n V2 =cCONSst
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K11( p) /’I\Fl’ i Fis AL,
910 Dyoy 9 4 ' \ 0
i g Vvl(p)vv1(p)/ > a”
"A_t
Fio R
glO _ xch™
» M2
Fa -
K12(Pp) F,Fxs
Y20 Dy, X .30
-T- Wz(p)’vz(p) > cho ¢
Fa _—
- > N
» M3 F*([]Zl,
Fso
=
K DF,,
g30 - q3 D:{li
W3(p)’v3(p) P qu’
D)
{ Ik detsu SIS L e dzOW Mo j BO fMdMmlsj &' ) o&j
feddudilk odisyjdd 7 Ctdskoss
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3.6. 1" oatsH'T

1. { OLtcOBSIsCE OdZecstedlsise E§f tcOo dzj ded W
hj?2 ftmdzi Hse Olsj dz desflsd. & dz2OyodzO MsMmilsO
dzedw uvt, Sttt 2 ftwjHMsOoadwjls §sfdzjHBe
yd?2, orf HJjdzjdede" = Y5 Is] ~Hlzsdizisicdidud M ¢ ] fif G
Eidzse d2, odH of f tsdzdzw jOddrg 2] teiOjL te@®wdods " ¢ O K
o' fcsdzdzj dedw fJtesyjHEZtt d EfMdzsce d?2 tBtBH j dac

2. 1 toj HdztsY § dz M tissfigibpslaz® Qe Odzd v tsMj 2 Ut
OodHO .stiz®@OcOB tsis BYfztc PHzg tkjcdetb iz S Qo 5C  dz
o 0dzdz" 2 dz0O dMyfsdz LtsoOdzedd ftsdmSsor a Hod>

.1 dzv tsyjdeSd twOmMf sdzsy j dzdw Mlstelzd 65
Cd wdJLOddY dd ttoOmMmistsvw ddtksMmisd L Bioismd Ml
dz2" FsCOLPIsjaA dzg yoOs h d2 Ow0Odgj IB g O:ls teteIs Gf dztisdzj «
stcdzOdzd © Hobkm fdomMitMmiswr d ttOMMmissWY dz
Mistezd Bls e jterndesMmisd toj L Oded v .

4. 1t OLtcOBtsSlsOdz Odze tsted Isdz M lg OB jdedSL dO Yt jdte J
s sy Mo tafyjodddd’ {ds fldgidn desedzts e d U4 M &t
COdzt dgts?2 fdzsmMSEsMmisd, §jtofjdHdSizdytcodts?2 {t

5 1tcjHdzsy jJdz Odzesstedlsdyr dozj yStsisteH d dzOls
HjWBted&3Oydd o jtrndesMmisd tejL Odzedw ftod HO
[ ded to j H Iz frpde@ Bl §f HjjHded] tsdzdzd Is j dz! dets?2 Mtsfyls O9 dzw
Hdzw CtststcHddzOIsdzr 7 fcdotsHise oL Hj2Misead]
dets?2 yYjlso jtolss?2 Witedd™ ddzo Otcd Odzls detsfyls d .
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| 208 0O t OL

OABOEM[Us@f yJ MSC dr d d3dtbegg Hzp |  ts C
Isj mndzsdzse dyj MEses B BISO

41. t OL tc OBOEEXAA Isd BisHY &Y dZOdzedf 2 dzv Ists
Isjrdsdztcedyy MEsets B SISO

" OdOdzdL © d dMmfidj Hise Odedd Ho gy j ded =
@j2 dO0 o jtehdasiisd tojL Oded™ ( Is tc OED dzdtis if
¢ s H j dzh Odg g dis oW dislze  d Ctxfdieg Qs dL; O
SO dBdls Oy ddssizdg drd S stteHddzOlsdy &7 ftdoSH B
Plstes2flso O Y steddiets Oded W [28 BASA 5455, 8708415 o t

lted ©OL©OBEIS ] dWsHjdj?2 dhfsd Lkjd f
Cddzj 3OIsdyd MSC EBMIsHE gzgitedzz §f 20 tod Mz dzC § 4.
azv s h g j  fiddgsijdrze MdMmisj &3z (1 &) d dMmy tsdz
Mnjdj GeBGL dOWidygdseyj yoOmlsd Lejdy jo o
"dd dmysddadlsj dz' dz' 2 HodeOlsjdz , ¢ ugy § O thadzyl]
dz' [5989.1 4 MM OW MmdMmlsj BO Mitkhistgeftsisafi sl g dzz
mMiBwW tBtBh j d3dzr § 5% tizegfpa@Is 'js s dzj ydzOw IstsySC O
dzv jIs ftosctcOdRiRdesy Hodyjdzedj 6 1+ CoadHdMmls
dfisj BO ftojHmMsOodvjls Lo jds 4 M fOkOddk
sted Misd §jdzd -fsms iy datiefilp d ( z ¢ dztscp, s jop,. TStB 3 th)
Udo 08 hdj Btd] deonodss d oS ddzsdte 50 dzd &t
sOBdzd yors 4.1, 4.2 ftedojH]jd timdetseodzs j
jBsets kjndsdsedyujMicets GORJfbd" sstO.

rdv sfdmOdd™ stcOh Olsjd d' &7 feweL j2 df
9 0Isj dz desets fMmistewmd dz@ls  frvi@LHS j§ dfps OB j (H s
dzj dzR0, B5.1 Odedzr 2 BjlstsH sSfdmr o0jls §hdjHEE
HddzOls did{f Lz ldnsftdn@s § ld3u.d IsfPo W L Oatistkdp iy d& o dzj d3C
sdud M¢ 8 rPU(S ezl oy Oird fipls | Bz LONMBOLE®E d o O,
Misd &3 .
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1t

g1

d,

H ¥

d,

95

Rt

A\ 4

t dmzdetsA 2 ez 1) d 52O dz! dzOW

v OB dzd yPOMMMtse OB Otcd Isdz" §

TOLOSIsjtedmisdS d

ad 30 dB3Odzd

I ddqf omfl SBBBHJAOL" vy t @higr ddzj eydd
1 BBy . .
_ Lo jlL®joa
19 4 da o3 c e Xy ¢ Yn & Zm ¢ S sy, & | 8% B
1 04 60.9 0 0 0,145 0,0820 0,0820 0,02
2 16 171,7 048 0 04833 | 0,1257 04104 0,3128
3 0,8 67,2 0 0 0,400 0,1245 0,1257 0,006
4 (5,6) 0,2 4,1 0 0,009 0 0,014 0,009 0,001
v OB dzd y@POMORIsjtedMlsdSC O Lo jdz j o
[ JOCBdzOdz dzf | + dzj o3 dzs' Isj daL
1 Bd3d .6 L9
e, ©6Ld3 ly, @clds lz, @EL(
1 4,9938 4,9938 0,3167
2 21,585 70,4657 53,7077
3 8,3664 8,4470 0,4435
4 (5,6) 0,0057 0,0037 0,0004
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[ 22O HESEE Lojd® dzO sid j o fskcddsjdes

Bl tetso OdzdzO" H j € Otols s oxOyoddd i @WAGO. . €& &GO of di

yd mdzz Mmisd ¢ § dzj 2 tedd® difi4fOL dz'fldctg te1 Q@ .dzd dzd v M d M

1. Z20f Qo dzj dzQ-C d5H 1 tzry dztf e dzd v .

2. Xitfjdzn < Zdafde@fO @sofj dz0 s dzj j .

31 Of 0o EAfYEm[jB e O sMw s OFfoXallsts a2 I sl Qs
4nj BOdyUjMSt) JLGBLOYjddj Isjr disdzsd:

ftesygdtc s OB tcOL Jo s ¢ MYMlsj &8 Stsster d dzOk

) B tdfipzdiS, | dzj sSBoSHdd j dMosHdr j HOdd

4.3.

N
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N -

-
S

NS 5™
zx
x|
N
-<

-Qé
o

[

<l
-
<
by

\)

Xo Yu

tdmzdesE s A BZRIsdyj MEtsy dqLBBOY Jddj d3Odzd {f |
o Mydzj dzj dzd v =

OB dzd YOOB O sts’ MdMmisj &5 Costen d dzOls

g tsydzj dzd —@ ¢ te| UQ ¢ to| D'Q o3¢ d'Q d3(
1 O 90 - 400

2 o 0 1600 |-

3 s 0 800 |-

4 (oM -90 - -

5 Os -90 - -

6 06 0 - 200




76

ljtejratsH s BOLteats?2 MmMdMmlsj &i3r ¢ ststeH d da
tf o Colbtesdz tcOMY tsdzOgG O jsldnfiipwh | dytsdetslzy WA W ¢ ¢
ftod HMlsOo dzj dzdny @lte lsyJjdeQotafGlO [ ftej H Y dzd 3 ©H
tcOL 5o Oded W, o vdul® o )dMdsj d3r CtsstcH d dzOIls, MM

€cosg, - cosa;sing,  sina;sing, &, cosq @

~

o =gsinqi COsa; cosg;, - sina; sing, aisinqig
"t é o sina, cosa, d U
e u
g 0 0 0 1 4
ecosgy 0 sing,  Og
o = gsinoa 0 - cosg, 03
°éo 1 o0 U
€0 0 0 13
€cosg, -sing, 0 1,cosg,g
07 = gsinq2 cosg, O Izsinqzﬂ
' éo o 1 o0 U
g0 0o 0 1 g
€cosq, - sing; 0 1;c0s0,0
02 = gsinq3 cosg, O Igsinqsg
2 €0 o 1 o u
<] u
g O 0 0 1 y

écosq, O -sing, Og
€. u
4 _gSing, 0 cosg, Oq
e o0 -1 0 ou
é u
g 0 0 0 1

ecosg; 0 -sing; Og

€ u

o5 = l?s.lnq5 0 cosgs Ol:J_
*éo0 -1 o0 ou

e u
a0 0 0 1

écosq; -sing, 0 Og

€. u

96 = (_;,smqe cosg;, O Ou

° é 0 0 1l
0

é
g O 0

t dLEzd IsOls stz W@ OH @O ¢ dvdajddl§Qldsfifwd o j S Is
dzd v d Sty systOiyHfiddz) dedz” 2 Ldah Osifyleiesp @A i dzd 2

u
1y
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dzj dzd 2 B3Odzd § 2 dzw y dnidiplisdgttf Gtz tel3s(B jwGs BftpH T . |
LIssdisz SB@OOWOW ¢ d dzj B3O € JH JkjridaljfidH dod3" -
fjtej dBdhdjded?2 o Mydzj dzj dedw s B3O dzed §f Iz dzw Is ts t6 C
stej Blzj dsts? tfftasf j sy kB OL so 52 MdIgldH4 @)
85, 88, 90, 91].

[ OlteMyO st HJ dzws h @Y fif dsffdispy B'ded § StsteH d d
dzs BOLBoatt?2 MdMmlsjd3¥r CttstcHddzOls dd3j jIs o d+

CCAAZ A — A A _ax P4 O
To—AbA--A-l—OA-l—gé )c/) 0 fg, Wezwl,n 2, e,
=1 )

G H ¥iyizT BOIsted yoO tfisXfiydasiss il  Cftsts tetsi lsfdOls] ded ®

MdMmlsj d3j S SBEHOL BRIO dZzO0 dzO tc O o gy i o jo St 5
H dede" 2 dBOYFeZEBO Md Mils jods' y jSdesdg | &) iz g™ € ¢
[ Otd gl dzOL " 906 ls ¢ BOItedyj?2 BOdd]f Ezdvilstts!

en, o a pg
ro=dy O B Py
gnz 0, & pzﬂ
e0 0 O 0y

CHRT O jCltste dztste BOMDY, S of diftrCusthjls df dzs S s ©
dzdw dMf sdzded Isj dz' detsets EfMlstes?2 Miso O 1 E®Ysts o
iojCltste BStedj dzZsOydd, SOMOIjd d&f 2 9 Clstst
o WSOy d deOf teOo dzj sl @ H ts @ ) BB & & & Azfs 1 54
ftesH sdz! dzs?2 s@jdo jLCasjsdeO fAS)H;m SH O d MY tsdzdzd Is,
42O Qo dzj dz f 5 dzts X odrdts df* Z; i Stsfpls s dzs Y J
dzdlsj dz' desets kMl tcts WPOEZO deOf ts® dasdj dgddius j o3
fMdMlsj s CtteHddzOl M sdddlsj d dscts Ekflst

4N ddzadf oW 3ts2 L OH Oy dd3 CragdctfjzagPiedrtiSiesQf Is1 dzy

dzd gOIstcTfgr f sd3tsh 8 fsfdzj Hise Olsj dz! dAs s [ jtct

Hidzd 3 BOtdyty, § Bezsy Pdedelr s f § sdzsy Juag &
SO, MBedzOMmdzs o' tcOy J dzd &
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To = AN AAAA. (4.1)
{ OMY gh j & 54 dzj gjdttsdats o' OY j ded § (

n, = S6¢Cc4dCiC2S3+C1S2C3) + S4QCIC2S3- C1S2S3) -
- cedsiss- csdeadcicacs- c152s3)- sadeic2sa+cis2ca]f)

n, = C6¢c1ss+cs¢cadsicacs- S1S2S3)- s4dsIC2S3+S1S2C3)] +
+ seradsic2s3+ s1S2¢3) + sadsic2c3- S1S2S3))

n, =C5C6{(cadcas3+ s2c3)+ sadcacs- s2s3)|- sedeadeacs- s2s3)-
- s4dc2s3+s2c3);

o, = S6(S1S5- Cc5¢cadcicacs- C1S2S3)- sa4dcic2s3+C1S2C3)]| +
+cedcadcic2s3+C1s2c3) + s4dcic2cs- c152s3));

o, =C6{r4dsiC2S3+ S1S2C3) + S4SIC2C3- S1S2S3)) -

- s6dci1ss+Csdcadsicaca- S1S2S3)- sadsic2s3+S1S2c3)])

0, =- Cedcadcacs- s2c3)- sadcas3+ s2c3))- cssedeadeas3- s2ca)+
+s4dc2c3- s2s3))

a, =-C5Sl1- ssdcadcicacs- c1s2c3) sadcic2s3+CIc2sa))
a, =C5C1- ssdcadsicacs- s152s3)- sadsic2s3+sis2ca))
a, =- Sscadcass+s2c3)+ sadeacs- S2s3))

p, =1,C1C2- |, ds1C5+ S5drcadcicacs- C152S3)- s4dC1C2S3+C1S2C3)] +
+1,C1C2C3- 1,.C1S2S3;

p, =1, dc1C5- s5@cadsicacs- S1S2s3)- sadsiC2S3+ S1S2C3)|| +1,C2S1+
+1,S1C2C3- 1,.51S2S3;
p, =1, +1,S2+1,C2S3+1,C352- |,S5¢c4c2c3 + S2¢3) + sadc2c3- s2sa))

[BttOld&zOY L OHOYO Cddzj BOdSCd fmthistsdls
e d3j M j dzd 2 Mtsydzj dzj dad @ Is jdOidef"Y dgcfiz" fs s HeOd Hdats |
Cqddzj BOIdYj MS SE Y & sedsdes tzfdzds ¢ BOL o 52
1 BBrBHd®BES o' tcOLq I€de Y 46 JJIL. 94 dglsdigl dzls™ dBOIS &
Htezddj §OttOdijlster SCtdmsttzSydd. tOdzjj B
dedv BOddfbdvisstt® By ds o' Hj ddls! dzj Mk
o dHM, vyt {odtsy | dd]i WO et i i dfistsdedgtdmn IsL! & f
H dzv j Isfywg, Bogg, @Mt O dzw v h d dsd detse dzlzé  ( dzj
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dzv Iststc O. r dzv kEftesh jddw or wedzjdzdw L Oodf
Hody detsfilsd BOdZJf Zdzw Istste® BLEHj &3 ttOMMBOIsts
fils j Bz tslsH j dz dats.

1 20W € tststeH d de@dsdzd fLfwishidse O, ks of gzt sty tis-
HddsOds ég;. [ BOIsduwiimzdzClz 4.3, dz0 Sttt
ftojHMlsOodzj dedj ©BwOIdE2 § EGdai @GS P %Y
ontsHdzZr » fOtcOd3j Isteseo Hdzv tojh jdedWw tBtcOIs
LdzOyj ded¥ CotsteHddzOls ddzmstekzdsj dzs© RBOdzd ff Iz
BOLtsoats?2 MdMmisj &3 StststeH d dzOly OR s digs o) Rdsfsti
Hy W2 fodsy | ddVBEOROfriskticO Mise dzO M dats

=i
GHR=Xi+Ypi+Zk -0 j Clstste f sdzsy j ded W oc=m,di#te,n §ogk - G C
stedsj CIstste MdMmisj g CtsstoH d dzOls, fow L Odadzts?
s tstc © (LHjf byc O Mitejdiids stctg s OB dz! dstlf s j tsi
o2 MdMmisj ] CtststeH d dzOls.

tdmMzdzsk j 9IsBtedzts] e HMIsOo dzj dzdJ B cOIsd

[finj ddd EOtdyl Mpwdeodgazd" i § sdsy .
J2?2 LOWefglB sl O, MtseddzOMmdets or tcOy j ded &



q azd én; o, aj w,U

&cosq, @0s@, +q,) - cosq Bin@,+q,) sing |, @osq @osq, +1,@osq, @os(@, +q,)@

5 _ E}smql @os@, +0,) -sing @in(@,+q,) - cosqg |,@o0sq, (B.linq1 +1, (s;lnr\ql(nos(q2 +q,) N 4.2)
T € sin@,+q) cos(@, +a,) 0 |- 1,8ing,- I, Bin@,+q) G ™
g 0 0 0 1 i

tomfdh jd3 § st dzj BABsdets ZtwOo dzj ded § (
nj = cosq, @os(, +ds);
0j =- cosg, Bin(g, +a);
aj =sing,;
w, =1, @osg, @osq, +1, @osq, @os@, +q.); (4.3
nj, =sing, @os(@, +q,);
0j, =- sing, Gin(@, +q,);
aj, = - Ccos;
w, =1, @ing, @osq, +1, Ging, @os(@, +a,);
nj =sin(g, +g,);
0j =c0s(;, *+0); (4.9
w, =1, - 1, @ing, - |,8in(, +qs,).
RL Wteditbdy Mdzj Hizj Is
g, +0; = arccospj).
Ldsdzsy do o' tcOy gnded{j ( 44ceby,) d@ROL Ols j o5 d L
YJ dedztsets o Oy jdedV o" ybsjdz olststetsy; fGtod
sing, Qv, = cosq, Qv, =0, qlzafCtg%%g (4.6)
C"'x ~
RL wttedizzdz (4. 3) d (4.4) dBeydts fsCOL O
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cosqy Qv, +sing, Qv, =1, @osa, +1, @os(@, +as), (4.7)
O dL Wstdkd (4.6) d (4.7) Mmdinkjls
|, 8ing, +1,8in@, +q,) =w, - |, =a, (4.8)
|, @osq, +1; @os(@, + ;) = cosqy Qv +sing, (p, =b, (4.9)
¢ HUdbw o dzv ¥ Isfpw  dL o j Misde d3da, ekizded U dfdz® dgdi,ls daex
Yddd?2 (4.8) d (4.9) dydts fsCOL O, Yyl

a*+ b’ =1;+1;+2,,@osq,,

da’+b* +12 +32§

i = arcco
5.4 * T2,

tdhdddd M dhftsd Lo Oddjd Wkdiydd Ot
&j ks, kOC COC djelCt fssoL asl., (uls dafec
Lo Odzdj 3 OteClsOde j dzM0O ftejHY sylsdlsj dz dzj J,
90jls oafMms BdkOMY igBs 1 Pomissed) j { PEHSIS dzs
dzlz y d o3

l,(sing, (@osa, + cosq, sing,) +1, Ging, =a, (4.10)

l,(cosq, @osq; - sing,sing,) +1, @osq, =b, (4.11)
Vasdetsy o5 o Oy jidAEd (4.AH) @&OL Ok j &3 Md

|, @osq, +1, =a Bing, + b @0s0,. (4.12)

[ Odzj § Eddesy dd3 o' @8pd d4d4 . shd) 1@QP L @O o3
otsets fsdzkyj dedesets o' Oy jdadWw o' ylsj dz olstst
l, Bing, =a @osq, - b&ina,. (4.13)
LVdsdesy o o' O pded § 4 (Ad3 1TREOME® § Sdziz yj
ded v, §odzzydd
b(l, @osq, +1,) +a @, Bing, = (a® +b*) cosa,. (4.14)
Vasdzsy do o' Oy Uded § 4 (4 3 O2 OB jfco sc 5
Gts o Oy jdedwV o' Yysjd3 olsstetsy, yYybsts HOMIs
a(l; @osg, +1,) - b, Bing, =(a* + H*)sing,. (4.15)
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UBEHO dL WYsttdkzd (4.14) d (4.15) d&zOF
_ aa(l, @osq, +1,)- b Ging, §
. amtgéﬁb(lg Gosa, +1,) +a B, Ging,

t OfmMmissisted &3 o MY sdzdzd Is§ dzt dgzs  fMdMmisj dsz
Oar €. [ BBL AZOWHdESH)t)Hjddj BOLdy, Mow.L
fdMmlsj B2 BOJfzdvIsste® d tftejHjdvshdas

Y = A, O O (4.16)
t OMyf dh j o5 s dzj B des ke Oo dzj dzad j (

nji = sing, Ging, +cosq, CoS, COSy;;

q

0ji = sing, (@0sg; - €OSQ, COSQ; SiNG;
aji = - cosq, singg;

pjii = - 1, cosq, sings;

njii = COS}; COSO; Sing, - €osa, Bing,;
Oji = - €0SQ, COSQ; - COSG; Sind, Sing;
aji = - sing, sing;

pji = - 1, sing, sings;

njii= - COSQ SiNQg;;

0jii = Sing Sing;

piii: - I4 C"aogzls-

[ W odqHdzs Yiifety ndre 5 fdzj Hizs h j ] t©0o j daf
AT OOy = ARGy, (4.17)
{ B L dzOydLdf teusidte joLd H J§ dzd J
anj oj aj pig
T @i o aj pl. (4.18)
S0 0 0 1j
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RL ©00jdilso® 1 dzj B dess4. N7 ¥ fitsRls o4 Isd
di3d dzelsOds 1, 4 (2, 48 OFEBdIRY]

q, =arctg(pj / pj) (4.54)
GHJ
Pii = P, Bin(0, + o) + P, @osy @Osy, + o) + Py Bingy @OSE, +0g);
Pj = P, @0s@, + ) - Py @osy Bin(a, + ) - Py Ging Gin(g, + ).
RLUcOo J dziilseo O34 &) 3 c d3)MIsOC N J dzO2H
o =arcco- aj),
¢ H fi=a@ing - a, @ogy.
RL 0o jdfilso O 1| dzj i fdaistsle o j3ls fiills o &z ® I8 tef i3y T
BOIstcifydzj 1k jls
Os = arctg(- 0ji/ ny)
¢ u Pi:=0, @ing, - o, @osq;; nj =n, Ging, - n, @osa,.
] kOBddy] 4dEGEEEDjH HEEdatchj p el v 5
HOoud Sddzj 50sdSd, O OSy] LkSOLOd B &O
Bfm HodyJjdd?2 o MmMtsydzj dzgj dzgdv rn dBEOdzed §f z dzv Is ts
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OB &z YA SHEIsdzsh j dad W MY tej " Sl ROdstd @ I8 dzts
fzdzvIststc O
¢ 5y dzj d tJh ijdzd rsﬂtgfgng
1 q1=arctgéWy§ 18 0qOQ 8 0
2
_ da(l; @osq, +1,) - b, Ging, 8 o
= arct » 3 -
? b =R, Gosg, +1,) +a 8, Ging, B 90 AL
242 2 2 2 X
3 q3=arcco%a +b +|2+|3§ 0 AgD1 80
£ 2, 9
4 q, =arctg(pj/ pj) 135A Q01354
5 o = arccod- aji) -90A @sC00A
g, = arctg(- oji/ nji) -9 0 A0 940

42.R B Is Oy d SRtzez

lted tOL 6 G 56 Y gdsrdgtsd
MO tcdo Odd fi

dzd 2

fzdzv ststc O
9 Cdzt yo, lIs

Ho dGeOIsj d&zv (

mlse v,
9nBBH 4

il IsttOHdydtdadzlz ¥

O n SHT 2 d 1

fisd 4 4 dg o
Hdzw Istej Bk j dts2

s H J dz
9 mMmJBwWw HOO
P RYT
H ozw

H ozw

SHde dL
tc j O dzdSintslnl© dzdf@j H 4 ls B © fizy 4204 .dz0] tix
o dzlz Is tc j dzdzd ~
tcjekzdwistster .
stceOdzdL Oydd , tsE
5 i3 egzgziadd v ) @ARE ezt ¢ d3j ~ Odzd uj ME s
MstekzSskztelz o dzO Mo j o3

sjRdsdsecdyj M Bets

i tcOo dzj dzd W
tsB 8B N | dzdg..gu 1 &0 t6 1© JiryisOsey Isifs(a ¢
sBBh | etEO0OIs | A" £ @Y Miz® QPO dzts 03
dmf sdzdzd Isj dz' desG 5 Rk tctso dzv
COYHTES2

1 € o dsHOqdsts J
90]. R f{f ts dzdzd Is j dz' dzOW

] AasH 3

Ho qPH &dy
Zf cOo dzj dzd W ,
fsHo Y detsflsd d30dzd
W d (28152, 53154, B5CB&zd W
MdMmlsj B8O ftjHMlsOodw jls
B Misdets M dwdese 5L 9 § dzdz" o3 d MY tsdzded Is § dz! dz" d3

ssdif ! b lsj tdzOW ftcd ot

Ctsdzls Iz t



PID{s)

i

Gaints PID Controller3

ain
— 7 | :
Gain12 T~ HDQS‘H
"’/ﬂ-‘. Z
] vgoit

t Mz dzsR 34 Is @y dds=ledgod: ftcd o sH O

ltcdotsHr ofmjn CtotcHddzOIls or ff sdzdzj dz"
ded d § s5dzOcOJ d3: 1) Lfgg figds J¥3rd il dsOxlifffslg diz' Isiasst
2) bjrdsdsedyjmMSd?2 fsyjmm o § tsddzv j Is
oLOdmBsodzdWded LoOoJjdz jo dwOdzs d BEZydlsr 9 Of
dzedd ftewdss?2 d tBKOISds?2 L OHOY ¢ d dzjzagAsldmfs «
Mlssw dadats 2 Msfls Oo dzv ¥ higjd?  deis HS ezt lscttsto JOpdAE O @ jL C
ftcdosHT, HodcEOljdd Ctlststr i ddj“ls Istjs
ded ud M& 52 ¢ toj HEOW ] R 16 Jsmlg ndfd jutd B4l dzld ' zjinH) &
o 3 N § ded v r2@BQRd] il ¢ d d § OteOd3jIster Ho(
fjtejHOYd *SCHGoOkjitBdzLD jdz jo BOdzd zdzv s
tcBsls@OMMdsslstej dedesc s o kO@d@a 02 4. §iodd jou
ftedosHtse Ctdltejlsdy R dstiznyddsj » Otsls & KE tstrizbyds b
f sdzdzj ded§ BJ -~ Oyt MEOBOT S d MiddCdD IsY tslafeD
Ltso Ols! MW Mo jHJddwYdd W(Jtedy dftecdUG[IO6 I0B.j dzj
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f OttOdj Istsr

ftcdosHBBO L

1 sdzl P, € u I f, 1/n BB/ Cg slrd |} dted HOIsYC
L9J 1 03/ « toJ HEZCIls tstg
1 2,0 220 6,00 3000 0,660 0,85 300
2 1,4 220 4,45 3000 0,699 0,85 300
3 0,8 220 2,54 3000 0,701 0,85 300
4 0,2 220 1,00 3000 1,100 0,85 300

R 3d Is Oy d s dzdzO W
[ BHj dtej OdzdL ¥ h OW
fMmilsd d3f

dzj dzO0 W20 tc[ e flzdz)]
9 BLHJj2MIsad?2

tc d ) z412g5].

ftcdoBHTtSO

f oW s 2

9

BEH | o s Bsty 1§ Ozshisd a jut e o
ted M ded J
sjndsdsc dqjBEoe 6O o fia deisl | s s figl
ddBlskOd deEzy s L OE @] t8 dzdzj
B0 dzd § &z dfY tis jsHeiPls Gsaj &,

L Ot
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Frm z_1

[La 3

Fram £_5

[L3] e
From x_6

i Mz dzsEdBlsEOd d 2 L O @Gl & dzdzjf t O o dzv ¥shj & Rztsadaisic Hf ju?j ff
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43 ¢ dzOdzd L Isj - detsdzts e d y 4 figE ¢ © y f etz gz 2 o
Emlstets?2 Mise L OH Odzed W

I dHertejLOj a5 B o jtendesimlsj?2 (fesWddj
dzdw (HOdzid OS] I[si - dety S SRS deid RidgtaSDeyr
CdujMSd?2 el ShMEYjHGsOdsPs dsjEsmsdhgEds
fosWddzj?2 oL ddyds?2 ¥ sdad s jor @) didsdid i@ tH
€ fso jMded¥, s dstdds @xydaHlcte 0 B s .
Li%lsjRtcOdd @P®C s tedr &5 o OtedOdzlstsds W o ¢
dzd dzH tod yj MEC 52 W sty QO MY wds)H jOdd j d& d 5 dat
48. 1rwjLOj & jo ftepy BJ Azsis(ezdl OF BsE G s d
dzsfisd §tdstedf@ded iz jde ) Hd MBOBBT HAEAAR A"
1o ! lstd SBLOLEZEN ] ftojif gl Gizdzy o dzd § &
QWS tolzy dasfls: ( dzOteky dz 2 ftesW dd ) .

wWHonOg

\/%7/ |

4000mm

{ Mz 8 B0 3" 2 fesidd o dajWlisj

sOCdd SBEOLEd, ftd ttjLOddd djWijilkjnt
0) kdfsos?2 of Ljf@ydgskchslzdt tcd o dH,
2000 d3dz* 400 0 d&ds;
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B) bdftser j ItcOjSltstedd:
- 5 By 3OV ZdAARI0'Q  d3d3;
-5 OYs@telzy dshis! RedQ@ B 125 apEnR.

1dWis) ftotsloraj L. Off 3 jitern dzsfylsd o 71 Isldctiz B 516 W
Eesdz dzgd € ) tcOL dgReRIZI s GOD dz6fQO! Htcd od
9 torn dsnus@dedlV f sdzj Hdzj i3 Mz YO H d ff §3J Jf Bty f
Holkzrn yYyddzddzHtcse §BBH ftwdr dd zeodzsdzs (ted Mz «
etz Zedzj. uvdff stcOL d3j-B200d3d3x] O Az jeclsftc watc | ls ©Oa] d
tcdo O HIsdpsh jdzdd HJOM] Istetso : BOLKGEROY dtmlzl
stczB O IsHedE@BP , BR) L6BOY dz" d Htekzed] Wdcecktr
sf dMOdzd¥ BERHJIs OdzOdzse d ydzr 3.

t dmiz4Bsk j o M wj dzdd yddzd dzHtetso

WWO0ZL @

C e

t dimzdztsCl rdejuLo0j d3r 2 ftetsWdd o dzj Wlis
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sO0Cdds tsBtOL B3, Mtej Hd GMdzsedzr =  SH
Hody jdedY cEdzsoCd GdHieBEjL O, MdzjHbkjlk o
‘sCtokzy dzsils! o cEttedL Sdzls OdXOWs?2 § desMS sMisd
fso jtendesfis: , ©BOLEj BOY Htod §jtojmj yuj d
v Bskc sd dF jf wHaste GREdRsh st j ton dasiisd te
{ Stz dzpfody! § sistesy ded ¥ Ie35@ j A s & @ofif @ois ol qf
sCtolzydetsMmMisd, tOmMf sdztsy jdadets?2 o o jtolsd C Odz'
f OteOij stedyuj MSdd teOo dzj dzd¥O¥ Ctelzy desfls g
éx = x, + R@ost
ly=y. +RGint.0 @ "2 (4.19)

GHYo,Yol SS5tcH  dzOIs"™ vy J dzlxtgios S tderlzdd@=djls dls sy J ©
RitcQHp Ctokzy dtsmisd .

Il " MO oM sdztsy j ddy Sty dtsmisd o
ss2f sMissY dzdzO d 35y § & dfold disf{dsO s’ de#Oestisjy J
ststcO©. [ tsSH J dz LOHOILYd<e o sty dsmisd, {§ft
(4.19) (] wih@dair] tz0 g@ROse dydzss dtsy J Is
yds, tjoOodzdLizshd?2 tsoshmbtesjdedj Ctolzy datsflsc

0.6
0.8
Constantt
Constant1 +
» s 1)
cos o = +
» > X
/l 7’5 Trigonometric Product?
Function ,@l
Ramp1 Saturation2 07 »
XYGraph
Constant2 + . @l
an T % . ’C)y >
g - - XZGraph
Trigonometric Productt
Function1 _@
0.8 YZGraph
Constant4 » 3 )
z 1

t dMmizddB<R Add Is Oy doxadgClz! L OHOLYds O IsteO] $1is
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Vit M wd dzd § . 1y dedgdiadghde spd Mls § sz ¢ s H d da
B ' G z0o dzOVW 5! Y d dzd dzH tc OD finfs odfGajHBGHAD h fiff dis
OX, O ¢ dzOo dzOW M+ yd dzd daH(det®) ifif; dsiffdz's" (@F Hd
(edmMkzdzesS 4. 9). uUutsGHO Mootk dsMmis! Ctod:
dzddzH tese, S dmMr e Ojlsmw MdMmlsj B2 EttOo dzj dzc

ey’ +z° =D%
:'x2+y2:d2.

I T ydlso8 sdkt®ojdgi dfdty z2yOj o3
7% - x*=D?- d°.

RMEBBOW O] ¢ Is sotafffv) tcdzfsdzd I fi€Gs d3  y d dz
ZOftcQo dzv 8 h j2 Ctlsstesets Mdzzy d ld=E(dHff ii te fipida
yddzd dzH tctse Qo deséts HJOMj Istce®) , cdif j toB tsdz
tcj My SO h dr Mwz=fxdzcM ¢ sMis j 2

1§ OttOl sted W MEhtqdy ovldHdzd ddpjtailz 8 O g filg alz@ § I3f

Ry( ,2) =(dcog ,dsinj ).

lted dL d3j dzj dedd [ cidste 6C & Bif OUcRyERgiHEDH | &
Hoe dGcOl! MW (6 ddddd 4t mjuddd” yddzddzH t
v EhtfAsd dg@H dzj y detsmisd Btsdz h j 3 yddzd dzH o iz :

2(j)=°,/D?- y? =°,/D?- d’sir?; .

l"BdteOVY sy dlsjda dkzt ojlss! Cted (

tc Od3d IstdsdiyjefelOo dzj dzdy o jterndzj 2 IStcOj Silststed d
r(j)=(dcoy ,dsinj /O - d*sir/ | . (4.20)

I wOofmls dats,df teff dzify@ejd Md UJ dzdd yddzd dzr tetso
(edtwdzj 4, 44 MJced dels) Tvfasdirizy lsthgrd f fi dzzmOts 2
(9 jteh ddzO KBOd2 f tsdziz @) JEPS(tolsjotghisdis® Lzaj tdsdz! |
smMd Moslse j IsA)s,o Edeisy Gsqud jzox. § fesi§ tziisd OH Ol
ssted df A Msc dzO Mm(dels. Zz)tc O telg] AR O o dzj dzO@ dzO
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0.6 0.8 L
d x0 +
» 3 {1 )
» cos » X ’+_ ] X @l
/ > 7‘5 Trigonometric Product? 0r _|_>— i
= Function
Saturation2 > > XY Graph
q D " ¥ . »(2) rap
P sn » M v
Trigonometric Productt @l
Function1 » >
x % XZ Graph
Product3 >
Products :I » @l
. X
» =n ! 0.8 >+ ﬁ + YZ Graph
Product2 +

Trigonometric D Saqrt1 z
Function4

0.2

z0

{ d Mk dats® o34 Js D2 dos=tEdC? L OH Ol ydS O Ist@

] sHisBdsy r OOCIs] todets H &Y sfigaz® g BY ' An
tcseslstse. UMPSHOdSOERPdd ] o jien datsfls
ded 4 &3 Ho kzn (MabledfdeeetteoO d3sdisO  ditsy J Is B " Iff s dzif fg §
dZdv OOk lstedyjMSdr btOodsj dzgd?2, fdmr o
yddzd dzH e OB, O L OIjd dmmdj Hse Olst to jifC jd e
f OORj stetso

l so jten dzgsfisd, BKLOLEZj & j {itcdhichlsigd
ktcOj ClststedV  Hwdds|C)ddzdjvin Slsjcisdz BO dzd f & dzv Is ts ts ©
4. 13. 71 Odedzlzs IbtcOjClststods sy dats [z Mdztse dats
Medj 1 dzj o3 dzlis'ls,tc j ®2C de3 l3ztzts H Nls O dzw 5 Is MBS
Q@ ® O I jdlCais2f pioslI Mddidicss Odzr sls
tcOdzdzj dz dzr oW di3r A .

{ Mk das$s 040, 163s 5 16 d Wis BBy jj cis( M E dats @dz@ d Y j
BOddf zd" sst0O
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t OmMMBslsted 3 §etsyd M & stcuzal disp @dzl v dz6 ted
ssySd 1 d ftjHmsOo dv jisd h@e sEdels @l j € ¢
yOfMisd dsHjdd LOHOYdSO, ©jOddLbEshj2
fsdz LEzj &MY fOOBIIstcdUd MEJdB3 ZteOo dzgj dzedd o3
ZOY, O d d3j dzdzts

ex=x,+R@ost
| 7= 7 +Rasint -0 @0 "2 (4.21)

GHX T S S5tHd dz2OIs"™ yJ dzlxiof st daizddd@dediyls dls sy d ©
R tc@upg € oz dduciPexfjitt @8 @Gj s HAEZzddzO HEZEd
Il dzOh jd&s ftedd3jtej, bkfmdzseodzss L OHOHd d&3Mw fiydz,
dzts @ dz" n L dzj d3j dzlsts o i OdzmjCodj s tc & G joB § =SBtz to
Xo = 40003032 = 20085y =800kBt= O &eQH, BECHO kicOo dzj dz
da&d Is! odH

éx=0,4+0,4Cost

i__ . . .
12=02+RG@ING o Gy 0. (4.22)
ty=08

[ sHj dz , toj Odzd L MatlaBalzdd®® ts Is ¢ fflsthjus@af dzj dzd v «
ftojHMsOo dzj 20 O tdfkdSj 4. 14.

0.4 +— 0.4

R X0

* [x1]
L X
p cos > x +

Product7?

Trigonometric

|: Functi
_/ > unction 0.2

t Saturationf Z0 +
p [z1]
B sin > x +

Product1

Trigonometric
Function1

0.8

Constant4 2

t dMzdetsy MH.jldd L OHOLYdS O, tjOddLEzsh ow
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LYOMsS keOjSktstedd ls ksySd 2 HB ISt
CiLCBd fwdks2. & WYesthddose OddY &sH] d
osMitsd L) B & Oauzizdgdj GBS ey B3s2 o  totslk

tedL 2 btsycd fin)sBtehydzdiolsoBd (

X-X _Yy-V¥ _2-2

X=X Yoo 4-Z°

CotsteH d dzOIs Od3d -3 tsofizg mytsid Is: O alsosdg
f tow d3ts 2 fesMistcOdzmise J§ .
X =04 x, =08;

y1=08 y, =04

21=0,6;22:0,9;

] OH OH(d &3V

MStsj bktcOo dzj dzd J )

X- 0,4: y- 0,8: z- 0,6

0,4 -04 0,3
I COyjfmbej wMmdase dzs?y, € t6EaOAG Ay § astlsHS,
Bjdvls! w©ls 0,8 HB 0, ,xdzyjltejta@ dddgsjCamtsste H d dzC

-0,4x+016=04y- 0,32 0,3y- 0,24=-0,4z+0,24;
0,4x=016- 0,4y+0,32 0,4z=0,24- 0,3y+0,24;
0,4x=0,48- 04y; 0,4z=0,48- 0,3y;
x=12-y. z=12- 0,75y.

[ 8Hjd , toj Odd L MatlaBalzdd@® ts I o fjnlethjis@jed dfj dzd W
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