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Abstract

The movement control system processing and studying of spherical robot

Last time spherical robots have become increasingly attractive. They have a lot key
locomotion. As they would be able to save energy for locomotion. Second the spherical
structure makes it possible to move even in tightly constrained spaces. The spherical shell
protects the inner structure against external shocks or dust, from water and from other
nature phenomenon. And of course, it is no chance for a ball to tip over, turn over and then
lose mobility. The spherical robots can be used in the zones such as aggressive conditions,
crash places, for planet surface monitoring and studying. It can be also used for many task
performance for purpose.

There are many kinds of spherical robots which applies system mass replacing
principles. Also exists devices which moves corps deputation principle. The above mention
thesis is about gyrostat principle- the spherical inner system which provides and creates an
internal kinetic moments. Namely I have discussed about the spherical robots which
internal axis has engines and the voltage control creates a mere momentum. Model has it’s
important peculiarities: the spherical mass center and geometrical center don’t coincides
each other.

The thesis purpose is the processing spherical robots managing and moving methods
and algorithms.

The following tasks were solved for reaching the goal:

1. Mathematic model erecting and analyze for sphere robots.
Orientation and Managing system structural building.

3. Synthesis and flow of algorithms with different trajectory of spherical shaped
robots.

Therefore, the purpose of this research is developing dynamic model and managing
models, which promotes manual control on horizontal surface. This thesis is concentrated
on dynamic model development.

The objective of the development of a prototype robot is to investigate the applied
control method. The system consists of the following two main components, the prototype
robot and the ground station. It is equipped with an on board computer, wireless link,
magnetic compass, servo engine, a power source, engine controller.

We need control helper system for sphere robot ruling. Algorithms with different
trajectory of spherical shaped robots is shown in work: horizontal moving, uphill and
downbhill motion, obstacle crossings, low, intermediate and high speed traveling, upright
and alphabet moving, such as- turning at place and moving on the same place with the
beforehand referred trajectory.

The control methods processed in this thesis: sphere robot control and steering. The
robot displays clumsy motion when no control supporting methods are implemented.
Therefore some kind of control supporting system is necessary. Suggested control methods
are: control by supply voltage to the motor, control by motor rotation speed, control by
torque of the motor, engine speed across the sphere ball, rotation speed control. These
methods analyze rotation speed or torque by adjusting to applied voltage to the motor.
Above discussed control methods showed us that moving may be permanent even when the
rotation parameters aren’t stable. So it is sufficient to concentrate on pendulum control or
motor towards the sphere.



Theoretical methods of nonlinear systems were used for theoretical results. For
dynamic analyze was used Langrazhe equations, The strength of the Coulomb friction
which is almost stable in spite of changing speed rotation.

The scientific innovation results of the thesis are the following:

1. The hierarchy system of spherical robot management was worked out, which
gives us opportunity to decide nonstandard task of management.

2. They worked out motion algorithm of spherical robot.

3. They proposed algorithms of motion control and management of two motor-
spherical robot.
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3°0@GMgds
V= KltR + K w, (86)
T =2V~ Kews) (87)
4.4bsbnbol IEIE0MHYdS

bobmbo 0golibdgds, MMz bobmbo HMdMGHLS ©s 03 BYEI3oML
dM0ob, HMIJHY3 IndMmdL OHMIMEO0. LBIOML dOYB630L bobrbol dosers Ty
39003995 MO0 00O FoOHMZIO GH030LYSD. 3003900 3Mwmbols babvbols
doqmy, MHMIgEog momddol  ymgzgermgzol ddogzos  dmbzol  LoBJomol
3300 g00L 0bHgO350. 39O 5OOL ds6E0 bobrmbo dos, HMBgEos 6oL
LR39OML LoBJsMOL 3MIM3MOEFONWo. T 35dmolobgds 8990 MOIME0
Ty =T, + Tywy (88)
Logos Te 96M0L 3ermbols babwmbo, MmAgwog 990dargds ogml Hmyme3
©SIO0M0  31g3g MPOYMBOMO, M3  IIMI0WIINMYWos  dMB30L
90350 gdsDY, bonwm T, 500L desbGHO bobwybols 3m9530309630, GMmIgaros
560l Mocymz0mo bodboo.
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4.5 0659030l 3563 mMmgdols gsfmxR0390s
0dolbomzgol  ®md  doz00Mmm, Poo3gdoL  BWbJzos  ©obsdozMEo
396@Mgd900L (12) s (13) gods™@H039ds mbs dmbgl. 0530930639ws©
Mbs 3035M9MM®, O™ JobJoM0l MmMO9bES305 J398mm sl dodsMmveo,
0585L5odg O; + 0, K1, wi+w, K1 a; +a; K 1. 5d9s6 B396 30099,

605803 296@MEgdsL.
—T +T; = a;(Jy + ]2 + Myr? + Myr? + Mye? + 2M,re) + ay(J, — Mpre +
M,e?) + Myge(6; + 6,) (89)
T =a,(J, — Myre + Mye?) + a,(J, + Mye?) + Myge(0; + 6,) (90)

Ws3dbold B s B, dMEs0dabgds B1(s) > O,(s) Tgbodsdols,
5990056 w1 @5 Wy 358mB80b56MgMdL sO;(S) s sO,(S), T 49bgds T(s), beaewm V
- V(s). (86)-009b 59m3000mm T, , G550 29053990L B6J305Dg 396 Sbgbl
B93o3wgbsls. (87) o (88) 993303¢05 got53Jdbs0n od3sliols go6sddbols
399mygbgdoo.

—T = [—=sT, + egM, + s*{J; + J, + Myr* + (e — r)*M,}16; + [s?], +
e{g + (e —1r)s?}IM,]0, (91)

T =5%],(01 +0;) + eM[{g + (e —7)s?}6; + (g + e5%)8,] (92)

T ==LV - K,50,) (93)

S1939 3oO(39dvms  BMbJzos Fgodwgds dogommo T-Ls ©@d O,-ob
50930 9900930 256BHMgd9d0sb (89) (90) (91)

0; _ A+Bs?

V  C+Ds+Es2+Fs3 ©4)
A= —2egK.M (95)
B = K,(—2], + e(—2e + r)M,) (96)
C = —egRT,M, + 2egK.K.M, (97)
D = -T,K.K, + egR]:M, + egr’?RM; M, + egr?RM,> (98)

E = —RT,J, + 2J,K;K, — e*T,M, + K,K,(J; + v*>M; + (2e? — 3er + r?)M,)
(99)
F = e?RJ\M, + e*r?eMM, + R],(J, + (M, + M,)) (100)
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@535bsL0sMGOG0 2obEMEgds, MMAgEog 990degds gsdmz09ygbgdye
04656 LoLEGHYIOL 3MEMLGdOL QoTMBOIMZEGSE, HoMTMoPIBL o(3gdoms
13bJ3ool 86083690 mdsL (92):
C+Ds+Es?+Fs3=0 (101)
3lol 364305 990degds godmzm3zswmm d93gabsoMo:
s; = —0.43 (102)
Sp3 = —0.041 £ 9.40i (103)

4.6 3530L LoBJoMg LBgMml dM¥bzols JodsMmmeErgdom

2396@mgds (89) s (90)- b T-b s3mEgdom 300gdm Iy

39005393505 BbJz0sL:
61 _ —252J,+e(=2g+(-2e+71)s*)M, (104)
0, —sT,+2egM,+s2(J1+2],+12M;+(2e2=3er+r2)M,)
3O0GHMGH030 OHMdMEGHOLMZ0L ol sEGOL:
—8.33-0.014s%
(105)

8.336+0.5105+s52

©535bsl0sMYOY0 FbJL0sY:
—sT, + 2egM, + s*(J; + 2], + r*M; + (2e? — 3er + r*)M,) =0
(106)

300 259MOM3EYds:

_ TytT2y—8egM,(J1+2],+r2M;+(2e2-3er+12)M,)
2(J1+2J2+72M1+(2e2-3er+12)M))

(107)

00053 T, <0, LobGHgds 0d690s 8©T030. 3OMEGHMEGH030
M GOm0, 30migdol 360d3bgemdss:
s12 = —0.26 + 2.88i (108)
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M3 60dbogl, M3 dogwro LobEgds sHol 39Tog0, Mv) dM30L LohJsMy
3MBGHOHME0MH9d50s.

4.7 365300 dogms bgg®ml 3GMbzolsmgols

0,-0L 59MYd0”  Q9BEHMWGO0IL (97) s (98) Toz00gdm Ty

39005393505 BbJz0sL:

0,

T

B —25%], + e(—2g + (—2e + r)s*)M,

 esMy((g + es?)(=T, + sJ; + r2sM,) + gr2sMy) + s3],(=T, + sJ; + r2s(M; + My))

(109)

©535bsL0sMYdGO BB 305s:

esMy((g + es®) (=T, + sJy + r2sMy) + grisM,) + s3],(-T, + sJ, +

r2s(My + M) =0 (110)
LobLEGYIob 3mEligdos:
s; = —0.43 (111)
Sp3 = —0.036 £ 9.40i (112)
sS4 =0 (113)

o3 bodbogl, ®mId dogwo LobEGgds Mol dmdogzo mvy dMs30L
dmdMMBgd0oL dogns SMOL 3MBEHMME0MdSO.

4.8 3mbMHmemols 3g00m©Oo

3obboands  oqoomgdds  23963969L, ®MI  LEgOHML  IIOMdS
d90dgds  oymlb d9dogo, 03 d9d0mbgzgzsdos 30, MHMEILsEg  dOMHB30L
3565393900 96 5MOL 399©Td030. FodoLosdg Lo3TMOBOs  3MbEgEHOMOMYdS
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d35b@0bMmm JobJs0ol 3MBEHMMEBY b IM935D9 LRIOMLBME JodsMrMgdsTo. gUs
0530 50090l dM530L LoBJsM0LS @S dBOB30L 3MbEHOMML.

4.9 36> Mb30L LoBJsol 3MbEHGMEo

36530l gobloBzmMwo Lobdseol dobom(glzsw, dofimgdmwo dsd3z0l
3Mmb6G®Mol  godmygbgdom  PID  g08m0ggbgds  m3BH03meo  asbmdzol
3MPOOMGO0M. 530930039 o395 BY6J305 V 9900050436905 @, - do:

0,  K(—sT, + 2egM, + s*(J; + 2/, + r*M; + (2e* — 3er + r*)M,))

%4 s(A+ Bs + Cs? + Ds3)
(114)
A = —egRT,M, + 2egK.K:M, (115)
B = -T,K.K, + egR];M, + egr*RM,M, + egr>RM?, (116)

C = —Rvis], — e*T,M, + K. K,(J; + 2], + 72M; + (2e? — 3er + r*)M,) (117)
D = RJ,J, + e*R]; M, + e*r?RM; M, + r?R],(M; + M,) (118)

36OMEMEGH030LmM30U, 96MHoJdbol BmbdiEos seob:

0, _ 14.35+0.8786s5+1.721s>
1% 38.345+88.31514+0.516152+s3

(119)

0535b50537, 25MOJIBOL BM6J305 V-sb dMo3z0l d0MM630L LokJsM9gd©Y,
wy 560U:

Q;  14.35+0.87865+1.721s2
1% 38.345+88.31514+0.516152+5s3

(120)

boQS3 0y = 50,, wy @033560L A56M©ogdbs.
39903065 HB0gygM-603mesliols 3gomeols PID 30b3®mengMo d90degds
399M3m350mm qUg (356,2005):
K, = 3.66 (121)
K; =0.2 (122)
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Kp = 0.05 (123)
PI 306 ®meols 360d3bgemmdgdo:

K, =274 (124)

K; =0.33 (125)
5d, PID 3mb@Mmeo oy go8tmoyggbgds Mmam®a 6sb.37-0o.

\
\~
// - -
pidmogfigiomn Y
N o\

T L P P

S

l

1.721s2+087885+1435 00142+-8.33

qo et ot | P
s +).516155+88.315+38.34 5¢+0.510s+8.336

._,
=
3

B I

] P AR giuBlggfin
> du/dt 1005~

B EumyTgiol euymaigly
-0024s2+-1435
§3+05161s2+88 31543834

Bob.46: IndEsmdOL FoM30L bBHOdOWODsE300L LEMWJEH MmO Ligdqds.

4.10 d6mbzol 3mbEMmero

06HMb30L  3MbGHMMEOL geHo-ghmo LoMmwwg ol qobwsgm, Mmd
Lol™gzgero  dGMBb30L  dosgrol doefigzs 96  9MOL  Jgladergdgero. drMB3s
d90dgds d9hgMmdIcmo ogmlb go6g bobmbom, 9s3®sd 2wz Bgo300m By
9d65MdS 0mbM3L IMdOMBJdOL dognsls, H™B FgobsBmbml LoBdseg. 0fg93L o
30303 56JoM05l MHMdME0 FoMEH035® 50Hg3L FoJLoToErmE LoBds®gl. o
0f}393L ImAM930 dMS30L 303GSE30SL, MOl F9gYss3 bTsmEo Fo®dmoddbgds.

0535b55dg, 8M630L 3MBEBHMM@WO 56 GOl Tgbogzgolo FbBsGIsdFgOHO
d9dobozmeo  3mbGHmMmmobmzol. s  d0Bgbom,  IOMGHMGH03do 9O

Q5393350900 S S O3 IBIMHYOS dGMBZOL 3MbEMMMO.
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4.11 Ibgs adbdstyg 3mbEHMMEgMHYdO

0053500 53T IgonmEoL Bbgs sdbdstg 3mbEHM™M@OL Igmm©gdo
51939 0gbs sbgtyomo IMmGHMEG03d0. 3500 TMEMOLLY: dsd30L  49dMzMb30L
0300, 35OmmM30L 3Mmmbol I35 s d5d30L wododo.
35030l g59mzgmbgol ¢rodo@o
0530 M3 5356M0M® OMIMEHOL 3339006 56Jo09gdsL, 0bghgds dsd30l
330w gdol 6m6do, %. ol 503mxbzmol Jobdseol M3mbEHmMmemm  Mbg3zsL
30dM5d0LOL. dosd30L FobMEOl crodo@os 3.2 V / H4.
3s6m30l 3mmbols Ggbwwogs
05300056 ®MmI  953030wMmm  JobJocol  iMomwos 3Mwbzs  LggMml
3Bgo600L 496939, F90D0M©Ids J9bJoGol goobmol 3Mmby. dolo wodo@o
59969989905 70 M5 MLBg JobJotol 396030350 OHO 3MHBOE00E0.
35830l odo@o
05300056 OHMI 53030 M LGBGOML JoJuoToMMO SBJo0Gds, HMIYETo3
390dgds  909m0f30mb  go6Tgdm  Igmao  Logbgdols s ™30,  LBgM™l
©H056905, 0{irgdeo dsd30L rodo@os 8.0 V.
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0530 5
3M6GHMMOol 39000, JoIBMS
1BYIOMWO 3OMEHMGHO030 OMIMEHIOOL JoIBOOL JMBBHOMWME Mo
do6M0m50 B530mbos 3538060 9dwO:
0 603060 25053bsOMmm
0 6™y dmbgl LBIOML JosGHM0sWgdoL 37MbOL BEsdOE0DsE0s

5.1 dglsgogro

00 899b3935303 30, ML 56O SMOL IMYRIWOMHYOMEO B3Ol
dmEY0Mgds @S 9O ML IBMBEIOMEO OMIMEHOL LAHSGHMLO BYLI30MOL
000smm, obs  dmEgwo  a30B39693L  A9obMSLMID  ©H353006M9d P
360093690356 god@L.

d9BHoboo 356599 BHEMm9d0  F9godwgds 0dbsl  98myggbgdmmo  Bm®dol
3Mb6E®MoLsmM30L, HMIgEos 1939 36Md0W0s MM dMMB3oL Msomio:
O0dMmGHoL BoBJoMmg o JobJo®ol goob®mol 3Mmby. sdsEo LoBJsMg o
3964560l 0O  F9IBEOOL  3PHYgdoL T9EIR0S FIIHBEOOL MBOM OO
B3, Lobgemd® 30 MBO@ J306Hg 060630l MoEolo. s 30MmoJoo,
95050 BoBJoMg s J306Mg FoIBEOOL 3MPHYOOL TJOIR0S FOIHBEOOL 3069
B®3s, LobgEPEMIG MROM OO dMMB30L MHoolso.

3905bMS30 5OOL 9HDO LOGMYIENY. FMOMHY6JBOL (MAMSMBdOL) MSOMLO
51939 993000900 MLOL BHMOSEIOL 3mbgbY. Jobgsgs 0dols, Gmd
9645600l 2o@obGOL  3mmbg ML IMYYMWOMOEo, LRBIOML LBYHYWO
xm®ds dol Mbgzsl 0f393L, Mog 8035 (330l dMIOSMBOL MroEOMLL
39SHEOOLSL.

9B BoGuoE0s 96 9MOL 39020  OIBEOOL  3MbEHOMEOLIMZOL s
439965060 MHgzs MHMYMMIG 105300096 1bs 0465L 530 gdME0 LiESdO MO
3905bEMOL dobomig35.
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dobgogo  9d0ls,  MMELyE  IMIMoMdOL  LoBJsMg  Foeoy,
306mb3M30L  BEGHOdOEODBS300L  989JBHOL  IALLMMGIOm,  BGOIdOWMEMOS
39IGHM05Wgdol 3Mmbg. sdsbosdg gl 390930 FomdMa300ygbL ©dsWO
LoRJsM00 IMIMMBSBY IRIBJIM LEHSBOEODIE00L TgNMEL.

5.295005b60L 3790bol LEBOE0BOF0S

@©505¢ BoRJs6056 Mm39M5300LsL LESd0IMHO A5EbMOL Fobom(g3s,
3OIBEOOL  3mobg  bs  0gmb  LEAHBOWODBOMGOo.  Bopaed,  qUu
BGHOBOEOBI300L  3MBGHOMEo  Fgodwgds  ASTMOOMML  OHMEILSE  LRIO™
8050936 8mdMsMdOL 490339 LoBJoMgl.

5.3 3m©9geoMgds

39BEOOL IMIM>MdOLLL F90dwgds A59mM30949bmm 0039 296E™MEgd9d0
(16) s (17)-80 G5z 05GM30L g BO3Ys3oolsl 0dbs  2sdmygbgdwyero.
3o6Lb353905 ABMEME POMOMYME0 350539EHOOL 06EIN3MYES305d00:

Tr =Ty = a15(J1s + Jos + Myr? 4+ Myr? 4+ Mye? — 2M,re cos(0y5 + 655)) +
ay5(Jos — Myre cos(8;5 + 0,5) + Mye?) + +M,re sin(6;5 +
05¢) + (w1s + wy5)? + Myresin(fys + 055) (126)
Ty = a15(Jos — Mare cos(8;5 + 055) + Mye?) + aps(Jos + Mae?) +
M,ge sin(0;5 + 6,)
(127)

7: LRIOML GSEOMLo

e: bLggMMby S Jobdocmol 396EMIOL FmMHOL sTMMYdS

B15: 3oIBOOL 3Mmby

8,5: JobJoM0l gosbGmol 3mby

w1s: BLFIOML FoOLOL 3MbMOO BLOBJSOOL 2oL HgbB 03I s300LOL

Wys: Job4o0L 379PbOO LoRJsGOL LRIOML 2oIBOOL HgbBO3MEIsEOOL
39035¢0Lfobgdom
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a1s: BBIOMUL FoOLOL FSEIBOOL SbJ5MIGOS
A5t J96J5M0L 25IBEOOL 5850900 LRGMHML J0TsMH
Jis: 39BGHMOL  496390m LERgIOML 0bgMHEool ImIGBEGHO, LEBIOML AOLOL
36OH0DMbE Mo bsBol dodsrom
J2st 396GH®OL 2o6dgdm  Jobdo®ol 0bgtmiEool dmdgb@o, Lggmml smlols
3OO0BMbE OO boBols dodstron
M;: bgg®™L Aobso
My: Job64o60b dolss
9: 36530353000 56456193
Ts: LYz AM63900L 3FomdOL doengs
Tr: Bob)bols dos LBgHMLs S HBgEsdoML ol
3995630390990 g36@™egd9d0 (88) s (89)-do Ggodemgds godmyqbadmwo
0g65b:
—T5 + Ty = a15(J15 + Jos + Myr? + Myr? + Mye? + 2M,re) + azs(Jos —
M,re + Mye?) + M,ge (05 + 055) (128)
Ts = a15(J2s — Mare cos(8y5 + O55) + Mye?) + azs(Jos + Mye?) +
M;ge(61s + 625)

(129)
3585b5d9 90dgds 253M309gbmm GHMIBLGBYMHOL BwbJ30s (4.14)
615 —2s%,s +e(—2g + (—2e + r)s*)M,
0, —sT, + 2egM, + s2(Ji5 + 2/, + r2M; + (2e? — 3er + r2)M,)
(130)

3OMGHMO030  OHMdMGHOLMZ0L,  GHOBLBRIOOL  BMbJ30s  Fg8gbs0M©
3900905 259MO0mMZo¢Mmls:
0, 2.287 + 0.00443s?

0, 2.287 + 0.14s + 0.289s2

(131)
LobEGgdol 3mligdol MgoMo bsfowgdo MsMYMBomos, Mo 60dbsgl
G0d LobGgds BEGHSOOWWMEMmOs. BogMod, EIHIMBOL bMMTS Bo3doMm® OBV,
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O OHML IMmombmgl, Moz 60dbsgl HMI LsFoMmMms 5JEH0MMO 939353006 0L
3MBGHMHMro LMR0 LGB oDsEOoLMZ0L.

39935300600L  3mb6E®MoL  FgbsdLbvdydgds b Qo0BMIMUL
39IBOOL  3Mmby. o godmboggbgdgro Lgbbm®o Fgodwgds 0ymlb m3000Mb
370bob 5d9gargHMIGEHMO S 30MMLZM30 3YPHYOO be®Tobmgzob.

5.4 35005bMOL 3Mbols sBMBHYOS

9d09b953500 0doby, MMA oL G90degds 49603390 bds®o ohbgl, 53
o8By o90m©pgbowo  5JigergmHMIgEHMo  499Mm0Ygbgds  F9IGHMOSEGOOL
3Mobob golia®3393500:

67000 3mmbY: AL 3mmby dndHomdol

80ds6ormadoom 0 + 6, = Af

doMom>o BGoMob
353m3653707mo 3oby b,

-

0bgtoob BoBRm 0bghgoob Boto (mom3zo)

Bob.47: 5JlgegGmdg@ ol dgdstgmds

0b9M30m@o BmbBbom ©sfiggoriero, ogo GMm0swgdl Y 0g@dol as6mdgdm

O15 3obom, 89909y X ©09Mdol 56M39dm Af 39bom s Z 0gMHdol 56»H39dm 90
3M5MLo0.

BmbBbol  LEdMEM™  MO0gbGE0s,  MMIgEoE  9gugEgmmdgE®ol

B9053060L Ho6dMoqbL 9961900005 Lsfigols BmbBRbmb Fgatgdom:
98



IR = Ry(—015)Rx (A0)R,(90°)=
cos(B;5) 0 —sin(64,)\ /1 0 0 0 -1 0
=< 0 1 0 )(0 cos(AB) sin(A0)><1 0 0)
sin(B;5) 0 cos(By5) / \0 sin(Af) cos(AB)/\0 0 1
(132)
5839005, MHMI IbMEmE 2obmIzs5d0o  499mygbgd o  sBJotgds
Go6Bm509bL 3053035300l 5BJs63d3L. 5gligerg®mAg@E®mol Bofo®dmgdo (gy

Gy, gz) 399009650650 990degds 0gbsl sdmbsbmemo:

I9x 0 —g cos(045) sin(AB)
<9y> = IART< 0 ) = g sin(645)
—g cos(Af) cos(B45)
(133)

by 09odwgds  2odm3m3owmm MmO 35M0dgBHto B s  Af
549 gMHMPgEHMOL HoMBdmgdmeEols Lsdwsmgdom:

0,5 = arcsin (%y) (134)

A@ = arctan (g—y) (135)

9z

55 UEodomobsgool dgommoo

36OMEGHMEGH030 GHBdMEOL (Yo ReleluloNeAteTelel epReloll 35900949bgds
dm©Oox0(30090wo  gobdslbzsg90gmo  3mbGHGmMmEol  dgmmo.  GHgMdobo
»00000803009dwo*  60dbsgl, MmI  OFIMHIDE0530s 96 2odm0ygbgds
39935300600L  FgboBHobob  godm3wgdol 99dgy, 9939 9393930060
9Nl gOHZ3905 259M 3900l {Hob.

59 29635bb353909e0 3MBEGHOMEOL JoMEGHMMIL6 A5dmygbgdol doBgBos
ol, ™3 Mbgzol Tgbsd306MgdWs© LsFoMMs FbMEwMmE EsHIMdOL 9539dE0,
9903 LoRJsMOL 3OHMIMOF0WOS.
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50m3535¢m0 3mb@GHmeom

~ )( > 0.00443s2+2.287
= I 0.289s2+0.145+2.287

0b@gbbogmds

&sbbygGo Fen I:I
02 € du/dt [ € D@){ }4; —
33mE>30L go@oEgds FoGdmgdao  HGBLEHL
5943690
0.00443s2+2.287
0.289s2+0.14s+2.287 2350m3535cm0 3mbGHGHmemob 356939
355530905 Fenl

69b.48: 239000 IMIG>MBOL BESd0E0BE00L LEHMYIEOHYo Bggds
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o336
BsdM™ddo  gosboroBgdMwos  LEgOHo  Godolb  OHMOMEGJO0 o
6563969000 BT Lb3zsslbgs GHo3ol dmdow e HMdMEHJOL Imemol, LigHwo
MMdME900L dImfibndsd dm0ds@s dmerm bobgddo. 0m3wgds, MM dso d9g36M0
Lo6MRYOIE0  5d3m. 30639 M0ydo, o0 2o5BBosm  Fofolmsb  3MBESIEHOL
dbmEm© 9HD0 9O G0, HMIGWOE PoI9ER0MGdOLSL Jobodsen® bobmbls
ofi393L.  530GH™MT,  29O5EA0WGOOLSL B30  gbgPgos  0bobgds.  dgmMs,

139O o LEHOIEHMOS 3353936 B0 GIL MMDMEHO SPIOWSE 35TMOIS>MD
3006 ™ 5Megddo. d9L539, LEGOHIEO FoMLO 0EO3L B0 BEMMIEGHIOL QoMY
39%93900L5 s 9BH3M0LIYSD. 00 Y39 TGLowgdgEos Aobgl Lomby s
39H259935M0. 51939 LBIOML 2559406539008 S FMBOEIMBOL  I3MY30L
5565060 FobLo 56 sOLYDdMBL. gl doeosb 8608369 m3zsb0s Lbgs  GHodob
MM GHJOOLMZ0L, HMYMOOES 379956Mm0EO s ImbgBHoswg HMdMEJdO.

5MLYIMBL M5dgboTg 3MIMIWYdTs Lbgs 33¢9390d0. 30639 Moydo,
06530306 9Bse0Bds MM gdgw3gm  dm@GHocowyg  LxgOHwo  Lbgmerol
d9Loengdgeo 306Hmb3m3oL 9n9dGo. U 9839ddG0 FomBmoddbgds Hoedmoddbgds
1339OMo Lbgmeol HMES300L5896 LEgOH o HMdMEHOL IMIM>MBOL OMU.
dobge3500 0dobs, ®MA gb 9539dGHO 890dEgds 56 0gml Qsmgzsoliobgdmero
Q5050 LOBJsMOLLL, FOBO MAOLYOHMDS 56 T9godgds BoSE0 LOBJSGOLSL.
bbgo 330939035 51939 396 99degls BoOM30L VLMo FGNMEYOOL Fob30056dY,
OHI9d03 bgarl MHymdgb dsbms® 3mbEGML.

0585L505dY, 59 331930l F0DBIBOS Q96530005MML BT MOO TmEgwo
@5 91939 Lomobsm Fosm3z0L dgonMmEgd0, GMIwgdog bgwlb Fgmfymdgb
dMGYga B9s300BY 3569950 3MbGHOMU. L 330093
3M6396GH®0693w0s 0653030l IMmEgEols §ob30m56M9d5%Dg, obL3MGId0m
G®05¢olb, OMIgwog  0mzs5woliobgdl  30Mmmbim3ol  989JAL, OMdMEHOL
3OMGHMGH030L  99dobsbg s 3MbGHOMEol  obgmo  dgomgdo  dgddbsby,
HMI9d03 o0m35¢0lHobgdgb 356995 mE FomMZSUL. HMOMEH0-bGIOMUL

dmy3560e0 3mbLEGHMMJ30900LsM30L FowIHY39E 0 0s 0bST030L 3w sTM35bs
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56OBYOMBL MIMsMOOL babmbols 3mdgbE 0, HMIgEoE 9E0gdEs© by 0gml
QIGO0 dmdMH5mdoL 5{ygd0olsmzob. 9500
999 GHOMIM53900L5M30L, MHMIGOLSE IMIMIMOSTo dm3gsgom  3dbg356m9d0,
9my3560e05 35M539G MO0l 569 Lo TgbodegdgE0s FMIMSMD.

535Lm5b gPMO© Moo 9dl3dgM0dgbEgdo 563969096, HMI Mo mEO
396539BHM0LOM30L IMIMSMIOL Foso LoBMLEH0m 50HgMOLIM30L LoFoMms
35bboo 0gmlb 966dssBLOMGds©O LGPIOHML dmIo 9.0. oMo Mbs
309350 LolEgdol dsbol 396@GH®OL  sTNH3930Ls  LRIOML  ggmIgEmOE
395GHO™Sb.
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