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L dzj Slsteduj MS bk §todo SH 5

I SOoyjfmbej bOdhftstlsdsets MiejHMlss O
f OO BMWOIR] )} sdzdz" | HOdzdz' | & f OteOBj ste O
COS bdf Mdisetsets dBsHEzdv, dOftewy jdfj i
COud Mo § d Y dz® tHwddj dvjilshy Jjotsyj2mcd
NEDC. [ Olsj &i3OIsdyj mM& Ow isH J dz@ tcOL tc ®BEAK "™ 9 O

41uddzseo OV bkilsOdatse C BMW ) S Istets dsts B d dz

BMW i 3 (Ists ftsdzdatsfls! & 1 dzj § Is teff digzh®© o ac
Ho dc Olsfy dzjpdsL BzYHjdzed j A3 (Sis ddz stcf stedtots o
Bsh dztsmis €l Is1 A5 dats di3d dzO dz! dz" (3. d3s@isy sasdstsis 2d5
dlsq®@dzdzr d@3 OCC BV Isstetsd3 dzO0O HAEDI Idc W N gdg Tias| fij
Cllskby. 1 BBd hddzmlse | MdzEyOje fHtesdL 8 sH(
Oz stedIsdzOr d Ijrdtsdsedwrn, fteddzj dgvw j d3"r -
wWodzw jlsfpw Codigd3j ey MEts2 sO2dets?2. [Loeakzyde:
B fzs M s 1 dzj Clstesf tedo sH O, sHd&ZOCts gameff &z
Hendershot 41], MsHjtydlsmMw HEMIsOIssydets f sSHtctsB
ddzo jtoclststc® d f OtcOdRj stcOR 1 dzj Clstetsls tc O dzfyd3d f
o o-fddy d dzad e d dzG O.

sddzscots? BAzsTCdHELAEO ) OdMEMIsO o BHWIS:
DCDC f tcj sBtcOL 59 Ols j dz dL 1d20Qltcwe ] tlz820f Y ¥
dzd L € tso sdz! Is dats 2 BOIOt, d, f tcj 5B tc @Gish azB 1) s
37¢ 1.Is
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42. [otf j2MCd? cBEBHMNEDC ydSd Hedyj ded

s O¢C ftOo d dzts, ftesdLoBHdIs] dzd Isj Misd ek
1 C sdetsdidd Yy dets fls CO,, d Mt 5 dz'teustinw  fls OdzgH Otcls dF42). -
[ Odzdz | ydSdzr ftwjHmMlsOadzw jIs MsBs?2 L Oa dMmc
otojd3jdzd d Y toj HdzOL dzOyJ dz’ BtsH j d&zdtctseo Ols
tcOL dzr » MIstcOdzO~ Htodad3j dgw s Isfpw Mo tsd Isdfr
Emdzsedw 1 CMf Pt ygdHOSCftftcestetsHz d dzd
Hidziddd tt kdfkz bttDdhtfSebthdc ®o 5 j3s i d
1 0dBtsdzj j dzj B dzOetsftcdwWilsdz" &gz o O jClsj
weodzwe Isfpw EfmMdzscedw cEttesHMEtsets dejodddz’d £ Otg O Ic
sMisOdetso € d bicOdmlf stcls©, d3j Hdzj dedetsj  HBalAA®|
dzOB dz¥ H OIs! v dzOdBtsdz! h dj HjodOydd Isj o3t ]
f tcd d3d dzv Is desor 2 j o totsifd) NEPT New Eudofedn Dwivang
Cycle) [43]. [ Oyafid ld Mz GAs 6 s tesdL oasHdIs R OtcO
HodYyjdedWw B HBteEOdR [otetsfr d MmMmistsdls
(Urban Driving Cycle) d&sdisdqtelze hdr Hoeadyjdzd] ©Oelsts
SH dzg|&ft§ d&zZO Hody JdzdwYw 5 OolstsB Odzlz.
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43. ¢0dz2OdzdL o dzdwdzedw Isjtedzdyd MSdms Yyds dzso f
CHBYHjotsets fskstsC Oe

RLOJ dzd dzd j IsJ B j Okt § e 3 @dzdzO O &5 ¢
Eidzsiolsff © mMdmisj &3 - dzOY H § dzd v, CdzS o Isc
tcdyddisceo tGOBBIST d fOttOd3j steso 1 dzj CIstctsH
EftcOodzj dzdw. v OECXJd JMls! Mzkyo02dzr j WOC ISt
sCtolzy @8 Mnjtlcj HT . s O0Cdd3 tsBtOL 503, CtoddBY  Is
dizi g sCs2 LOStsdd] tedzsmisd . lteddgwIss dL d
yd ¢ &z0n , Ists J Mis! yqgmdzts tcOL , LO Ctlstster
tcOL tczh deh M . lted {Issdz Smdus @&y s HG
OB dzd sz H T dL d3j dej dad W Isj B J tOISkzter d Mmt
fs5C0L Qe @ j 1 M) biteRdudMSdj ydeédr weod
motsy 2 OB dzdIskzH J d ftsHBdydlsj &z desmis (.
LOdd 3OJ s Btsdzj J 5 dBddezls  t&d iyls @g8Bip dadls I oC
Fydlsr a0jIsmw. 1 iBBaBHd®KBE dMftsd L tso Ols! ¢
dL sy i3 J tOlskztwdzr » HOdzdzr = M BEZydbtsds da
(stete S Isdes?2 sy dz2€ d MesC O Mdzey Br Md dzse ts@

gdkzh jMmlsolze s t©WOL dzd ydz J &3 SBHT f sHMYJ
B3y stsH fsHMyjlsO ¢ tse, BBy ssH fsHMyd IsO
d3J sSsSH CHBYHjJjoOotsets fslIssE Oe . 1 Od B & dzQ gzG 68 6
CHBYHjotsEdts f tsilste€u@iag ,( Re®n f SO H Odzdz" 2
dzj B sdz! h Iz Slsdzsmd s diB) dzf ¢ tc ] SR dgB felets 0 @ dz
ftiesdLotHdIsj d&zvw 3d Mddzsots?2 { dzj SIstetsdzd € d H
ZOH jy desisd Eydls™ 9 O Isfyw stsdz: €5 ff sdzdz j
CHBYHJOo" n i Wfasalzdz Riedy diSlsz mMsmissdIls du
gL C(tbktsttra sfidmr a0jls d&zOctj o d tsmis' o Odzac

YIstsB ' f sdzz ydIs: Csdzd yJ mMlso ts ydes dzs o
sf tcj HJ dzd Is f smdzj Hise Ols j dz' dats s ¢ fdCtse |
RL Z2OyOdz dets, 0OdzG stos[ds@f cH'sdg Hig O iste &B tf lis@sdz  +
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COYHOW c¢clitoBteslsdzOve IsSYso0 o dmmdzj HizJ
GJdzjtedlzjlIls §Oter dHJjdsdyud ~ Isj B JjtcOlskzts
fsdzdg Isjedi3sdud MEdd yds dzs 3.

vO0¢ COC &O Hdtdh Isj Bf jtcOlskztcdzasdy { to
Isj tedsd uy4 MSC dn yd ¢ dzts o dzj sB - BH d i3S i ted o3,
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15 ft0s d dziz, ZOL '™ 90] sk ¢ d{ S[kG) L t
fted dd B3OJIsmw, Ykt j Mezd Ow ddnydg SHls teg J ddddzidi
(bdteBdud MEds ydedzse), COmOYS depSoif'y tds
ydmazsd yd¢ azse HE o OLdetizdy | diaPY to " feiddzd f s f
fesdmMitHdls, SSEHO MeBd HOjlsMY ©Os j dzflse

k
PRI
%Ni , (4.1)
G Hejf tod dzed di3OJ Isf™W tOo dz" d3 J Hdded yd .
10 §©0CldSsj, o MmMddasss?2 1 djSlesdd¢S

tOmMmMudls" 9 Oj sy 65 HJOCLOBRI Isdtddud M
s tedsd ud MS 3. yddOaseOdB3dz" §tod HisMiIsOo dzw & Isw
fcdkbf tcosHddS 8o §H ©ftejHjdjdd j] Sstf
50C 82 HdOC tc0 dfineosHsdzvy dlsEtHMEVSH e j H ls Oo d
ed ks js ftddjtek, &sHkzd o Oslksdkssdd
2505 Wy ksjtdduj MSdR ydSdss M Odkf dzk bk &
sjteddui MSde ydSdses M OBfddskus2 90 Aw.

44, [ Olsj BZPEBEFE QY dBsHjdz HeodyjdedWw Oolstdtss

ltesWddzr MEstesMmMisd HodyJddw Oslstsdtss
LOHOdzd] d2O tjekdvistste MEstetsMmisd wuv, vyt
ftoesWddz . 1 LOCtd Mz yO,j dzj sBrtsHBs MtsL
Bs@@@z dzOctckzL € d dz2O 9 0dzz HedeOlsj dzv sls fy
WeEdzC ydvy HBd 20 dd3dlsdtetse Ols! tcd Odz! dalzs
HodyY jdedWw OolstsdsisBddzy d dsyjls B Is! HEE.dMmC

stz stelsdetsj Mtej HMlso 5, l oetLHJ2MIsE
Hody J e OL OtizpMIAR: |  J f SHeo dx dzOY MdMmisj BO
Coltes?2 tsfdMmr e0OjlsmMw Headyjdedj, MeowL OdzO
oMjcHO fOttOdzdzj dz' dzO HBstotsy detsdBsz f sCtor Isd s .



t dmMestsCaddzr , otLHj2Mlsoakze hdj dzO IstcOdz

s Sydyw Mdd dz0 sf! [Z o Oy 0Ojlsfw ¢

R+R =R (4.2)
CHRIdRIT Md dz@f destedzsOdz! dzts? tej OC yR Y sty jsCey d Wi
swy j fls qOZdzO sy

1o Cydw Mdd &0 i)' [X of Oy Ojlshw g

_ma

cosU
¢ HNi BOMMO 0o hiskhrsEtayvdsd j ©mls & i H dztz), b ¢ dz
HiStoy dzs2 1§ Wi Y ddOnls d5,0L o o O BOW Md dztse 5
Folftetsy Sydw mddzr OXWoi nigldzd @ j dag v EoQainiddi
Ol tsH] ZOBJd Ui MSCsets M tetsisdo dj dad v .

=FsuoqF F B (4.3)

RL(A3) sy des o' teOL dIs! Ibwetsotsy EkMmddzdJ
stcOdzmf stelslz Hdzw HoOo dX J ded v :

ma

FlsWG:q’F + F %. (4.9
vy g te! dz) sBrBHd B tOMMBisistej Is! i tod dzy
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TeddzO Iswyjmisd

l jCIsste MddP o fip"eH Aistfftcd dztsy J dz2 & yJ dzlste
RZOf Qo dzj dzdé M o Chtstesdz bk MmE tejddakv Isfiyotgdr
tcOL dzsy d Is ¢ 2O Hoj] MtsMmlsOodzwe h dj, S H dzO
mMessmMisd HodyJjddWw Oslstsdisse d dzv, O s
Ho dX J dad v :

—

P=F +F, (4.5)
Cdi®L 0o dMmdls ©ls BOMMr d k¢dzO dOS dsd
ftedtesH MddzO Wy jMmisd d&dBBsPlisdddkshsE
HodyJded® (Hoeadxyjded) odedL M ester) ddzd 1§ &
Ctstelz) Foou dod®@ O kv ¢ OC:

F, =Psin a mgsin (4.6)
sdd@ fjtef jdHdSEdYtedzO tfd Hodyj dzdw
otsLHj2Msoakzjls dO Hoedyjdedj. [HAZOCB H Odzd
fso jteno dzsfisd, ©l Ctktste’r ° o Mots yjRej H
or O OjIsmw COC:

F =Pcos a g cos 4.7

i d kO ltej dzdw € Oy  dzd W
o ddzO Istej dzdvw SCOYJWGW H pisstdafQ@pPd ds Jd dz
CsdzZsOCkO M §sojthdsils! ¥ HBtesed. I tdde
tOmMyfted HY dzj d2O BRI N HE o MicBd d k& ts5dzfnig RO tc dzii3s
Coyjddw, LOadmwhis ©l fsdds?2 EOMMT Osk
F.=f.mgcos a (4.8)
CHiGi St WW dydjdzs kstejdzdv SOYjdgdw Ctsdzj moO.

sddzr t6j OCyd?2 Yo jtrdzsMmisd dqd3i ¥ s Mo ts3
OQolssdssBddzv. ClIsts o' L9 Odets Isj 3, yYybsts §HO
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dzj 2 otLddC O ls fftcj HJ dzj dzdz" fslsjted d
Euydls' e 0ls! fklsjd H{ sedizd § fs oz felf o s j

fo=f & 40,0216F { (4.9)
GHRgT S s1 WWdydjdzls Istej dzgdwvw COyd dedw Htcd HO
dHJj Odz! dgr &3 ftsMmis 5w dA02; w3 fifS Sda@sofmjlsdz  Ols, tOOLdBM § 1S te
dL d3j e s D o

TaddzO Ol esHddOBd Yyj MSsets Msf tetsisd o dzj dad W

bl esHddZOBdyj MSEts] Mftelsde dgpdefj oYsa dr
BOMM dz2O0 Ctstef iz OolstdiRsB @ dzM o 2z & d tz® dzp dzd 2izo
B MHE oBLHERBBR d o jtorndztsilss: & 0Oolstsd3ss
Yyofmils: ¢ stcOdzf stcls©® d tsLOHd IstcOdzyf tstels
ftioddzdf OddwtcjsyC ke j Fsij crndesmisd. 1 L ©Oe M
COyd mMses bOzMf stcls O, fsLOHd CttefbkzmMO Ist
sB dzOfls ftsded q j dgdztse s H Qo dzj dzd v , sO¢ dzOL
HQo dzj dzd 2 MsLHOJ Is O1 tetsH d dzOd3d wJj M@ lag % Jfiok
b1 tesHd OB Yy M OV MddkzO, Hj2Mlseks h OW dzO

Fou 2504 AY (410
CHoi ZEBEO OW f dzish OH! s te O gaft deticksdiasshy lés! ffijeicty
Cwi WWdydj dzs Ol esHd ORI U] MS et Mef i

1M jtedd3d dzlsOdz? dets tsfteJHJ dzv jIspwy JtesdL o t5
LdzOyjdzdj LOoadMmdl Bls Wistedsr IstcOdemt tstcldSlats
H t5,7.0

i1 sy Olsj d' &gOw fMd kO ddzj teydd

ltododuy j ded d stcOdzff stcls © My Eme stej dzd |
fsfmiskzf Olsj dzt dzOWY MddzO ddzj teyd d, CslststcOwW |
feslsdo sy sdzsy dzzs Mtstesdlz oj Stttk EMC Sk,



91
F.=ma (4.11
v0¢ GCO¢C NEDC fMmMtHjtydls HOdzdz | s M
or Oy Ojilsmw yJtejL fHtesdLosHdkzY MEstetsMmisd

F.=m

W
=, (4.12)
pt

) sHMisOo do (L6906 My (48], "4.10), (412 (&4  t5dzkz v
swetsots] bkidddj, C(tkttt] djsBitHdBE i
YyqdSedzO Hodyj dedw. [sd3j dzls dz0O 9 Odzz IswE o
CudRid) § jtoj H OIS Yt jto jtHfifsd titete) Hizs h j 2 W tsd:

M = FL:—GF{ (4.13)

45 t jLEZdz IsOIsr dasH j dzdtetseo Odzd v
1 OtcOdzj ster OolstsdisB ddzv d H tstectisORRdB] Yy dzts 9 ¢
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¢! 8K ddOBd ud 4,9
Csi WWdRgd j dzls | ™

Atotsdzls Odz: dzOw | 2,38 o
Q9 Istsd3tsB d dzw

Ve dzsdz HBBtetsG ¢ 0,2 tc OH
t OHdEkm ¢€tdzj 10,35 d3

] izsils detsfls! ot 1,225 Cd

) j6j HOIsYdzs |

£ HEC 5B O 9,665:1

[ O] BOIsdYj MC OV dsHj d -Sldizjig ot wHs Cidaf)
ftotsc toPLEOS) 5COL GAMEZERA | dzj j s ntSHwWIs, NEDSY d
B &z&MTPA, o jCltstedzOw MmdMmlsj B0 k1§ tcOo dzj dzd W



92

ddzo j esstc® M kjfdsos? &sHjd ¥ IeOdL dMlst
BOIs§ BOIsdyd MEtsets s dmMOded W Ho d>X J dad W
Mfteslsdo dzj dzdw Hd&w HodcOls jldmslod dz'O ofyfEeiat:
SlstcOB Ols' ot®)j dstiiry B miets 3 MS ssfhisd, of fFSHBGG
dts 3 dzls MTPAB dzts §

3ph>da0 V: 500

E
Tdgo M+

b

i

i -
o
i |
L) a
YYYY

t d Skt Sf sH | dz'-Is t @xzff) dsESAPMI] of
[ sHj dz' -Shagefdside se s d dzo § tets ¢ g OSY Js[CPjL dadfiaC
SOCY ] Isj BB JjtcOlskztc® tSHAEts OdL dMisstO,
sHPfseor . RMftsdz L s OdzOM! s |pfihendsB@rO7a2gB.H j ¢

{ MEERSS) S6Jde yjoscts ddoj tlssteO



93

[ Oj BOIsdUj MS OV dssHj dar ) fizj Sis cts®GiproOjdf
5B BslC OBd § wObG®RQ JzOslkddydj sl &BsH
s ts © dzfy BBMiW d i 5B Qo dzj dz B dzsS Odze st s BO k1 to
fslsjtewdd, dJdzojtlsstt LOdGjdjd dO Iktd 1§
ttOMmh j § dzj HzBizzelkd ¢ O d3q . g dMmfsd LEjils d&ils
fSHHjtey Odzed j 5 fsMmistswdzdy 7 fslsjte! Isd S
#O B Yydes] MdizmsdHOd dsj toj ¢ kzddtcse Odzc

3ph=dg0 i 500
\< 4_|—<] Curent
cql

‘E<] th e

Pulsas 2 [—#={puls 2

d* b
= control Pes?
Pulses c[—#=puls

kb
puls

gz 3% b o

A PMSM

th e
2+ — ES
b+ b-
oy ﬂ\ z

W_m->w_e _,—>[>
Tm

Tdq0 -—‘

INVERTER

-pus

MNLC

Fh{.\'—{

Ig
10*
Jul

w

|
Tj [% wm
: E “_'—: i’\‘;‘r’
<]-1—__serso' ,_ thetam % th e
v Tm [>—|—i th_m-=th_e2
[ :I - | To File
Cumrent [>—‘ '
Vref Loadl

Inl

o

n [
m/s-=Km/s

it MzEESH jd@ 1 dzj ClsteslsteOdamdzd mimdd M w1 |

[ BH | dz ddze j elsstc©® ) Is totgfdpz dBf) & dzdizh) iz dz
MOSFETIstc OdzL d flstster , © COyjMmlseoj Isjtf &zsGREE ¢
CAB760M12HM3 fy dztsd3q dad,dz' Getz@@RESR Sy dz6 0
des 3 dzO dz! dz' d3 dzOf oW 3 jafj dgcOBBSOYQY 6 5 dzOl oW
yJ dzj MssBtcOL dzj § dMYf sdz! L tsotOds ! dzAstftctezy jodadsits,
HOdzdzr 2 @ isd3j dels IstcOdzL dMiststese dzO € OteBH H J
fteOCIdui Méd daj ftesdrLoeotsHdIlsmw, dzagj Mydlsow



{ d MEEsS) sHj d

ddzo j telsstc O

H dzvts B wlgEIsfS Oz dt

{jLbd O sHj &zdetso Oded™ Hdd&v HIGBIE O
ddzo j e stesd FEHPROI s dz | Stdor j Isj
kcOdzL MO, BsdjdsO HodcOlj v, MSsEsh
fted fE2M¢] GEHRAO  dzO

100
g
3 80
T 60 | | i | ™
0 20 40 60 80 100 120 140 160 180 200
2 400
EZOO
< 0 . W_Lj "i—-.-r\_‘_ﬁ__l
0 20 40 60 80 100 120 140 160 180 200
%100
]
N N Pad N\
0 20 40 60 80 100 120 140 160 180 200
500
Sy
-500
0 20 40 60 80 100 120 140 160 180 200
9 to J, figw

t d mkzaks ¢

{jLEzd 5OIsT

BB H J dzqd s rdaydsgMERieds |



95

o | M
3 \
° M
11 115 12 125 13 135 14
&
_5,200
"= 100
=
0
11 115 12 125 13 135 14
% 15
10
5
g 5 ——_
>L'J [
11 115 12 125 13 135 14
400 AT e f
200 ‘ ‘
=4 A NAN NN | I
_2 0 I il ‘
igg AV R
11 115 12 125 13 135 14

9 to j, ffpw
{ MkeRsSt jLEd kOIS &sH | dzd tetso Odzd ¥ BMMOS 5l
(ko jdduyuj dzdzr 2 &BOMh sOB)

[ OCdBOd d 2 dwsdjdls HodcEOlsjd' tOL o
2000 8 ) ted RBOSMdBOd dsds dstsdBj dzls §j ¢ ls &S OBy Hza
[ OC g BOd dzO" Isj &3 j 6Ok te8D .IstP L diddls €@
Hodyjded¥ kwOdhNfsels® Hts 10 C&/ y, IStOds
L zOydlsj 2 des Bl Isj ke 158 @ @d b 5 & BRdzd) ¢ $ &8 &Y ezt

{jLbkd OIsT sHj ddese Oded™ HdW HodEC
Hots2dg a5 Jdzo j eststetsds dzO s ) dzticaf i LGS G ) SO B &
Ctedorj IjdfjwOlker §jtejrnsnO, Ctbklwh
Oolssd®sBddv d WOL dzrt&d fsa8BSsje § 5C OL Odz  dzO



96

500

lus®

-500

0 20 40 60 80 100 120 140 160 180 200
9 tc J, figw

{ {MkaRsCt jLEd KOs &tHj zdtese Oded W fitc OB &
HoGOIsj dzj a5 M) t0OMh j f dzj dSiEE ze 5 Beds sl ISED

lted Htoddsj dgj dedd  dzj SlstesftcdotsHO w1 |
Ho 52 dBiCHs dzo j el stetsds, M dMitd Lo Odedj d5 G
fsistsw dadz” 3 H tslsjtew osd o d dzo j tolstisipg ¢ ddzaPic toim
o IttOdst IMssOr §OClkdujmSd ftddshls:! -
ktcOdet dMsse® HEMb @EHES O slsj Odestedls B0
Bsdsj dZs O  dzj ClstesHo d ¢ Ols pozsls € ©Ols ©OdAW  Higts i,
ftoddsj dgj dzdd 1 sd Hkdzz MOydd dzgj MSOL' 9 O Isf
LO BBd hs2 d&jR0dduj MSt2 ddzj teydtsdzdzsils g
COHSd?2 (sl dd fe k) Gz Pt & hye s 28t p i
f sz f tctso tsH dzd € sB d&ZOH O] Is dzlz yh § 2 IsJ § dzts
fekzzftsosHdd S5 L Ctej dsded ™ .



97

80
S
o]
s
2 60
11 115 12 125 13 135 14
@zoowWMWWMWWWMM
=100
=
0
11 115 12 125 13 135 14
% 15
10
%
S 5 T
SN R
11 115 12 125 13 135 14
400 T
-e-zoofﬂﬂ A A A A 0 A
20 HEMARHBIEY
-200 G A
-400 :
11 115 12 125 13 135 14

9 tc J, figw

t dMEz6BtEY L Zdzt sOIsT dsHj dzZdtctseo OdzgdW™w OB sls

Ho G Olsj dzj a5 ] wOMH j  dzj dsiRE zo t§ dedstsledE? (& o
BOMh IsOB )

dtcOQodzd o OV toj L 2dz Is@ts ¥y dzizts f§ l€lpj@lsoin@sdgdHvO
tc G lzdzd tcts o QidEgl o (let©OWFsdz J dzfp dadsisjzL H d dRj g ddz ¥
HjodOsyddsti jtcPtejcr sHO o Mdddztser 7 dsSHEZ A&V A
Iststed3tsy § dad W . ) tod d3d dgw W ftod Hdztsy f) dzdAfstg d d3fe
f sMissW dede” BflzOf wEfjLt€sRBd MS stesMisd o MddkzMmts
2O or M2 M Masde®@Plbd dzj d3 M tOMhM j § dzj dzdzt
Isj B j teOlskzter MoatsHdIsMw ¢ d&d ded d3kz Bz .

b dZOdzdL bjttdddui MSdr yYydSdztses IsteOdzL d Mist
hjmBds yj osets ddzo MAE BB © O if @def RS | [ Mdzs o
odzdqwdedj dzO twoj Mkzte BsHEzdY BEZHEI ECOLT 9
BjYHEZ20Q dh Bf dzdlskzHT o9 rtsiBdZBDAFES@C IS0tctsd3 H 9 ©



98

= = =
o N N
T T T

ydfmds yd¢< dse

1L R

20 25 30

¢ BY dzd szH O Isj ted3d,ud Mt
Ad

0 5 10

{ Mkeksg tedsd Yj MS OV dzOCtekzL CO 20 IstcOd
L dzj Sstetsls o BUMWBJIBET dzo | tls St d3

dbdzOdzdL bjtdduyimMSdr vydSdawss IsteOdz d
ftedd3j dzj ded j &3 OGSt dIlsSdBBO §SHH |ty Oded ™ ¢ sk
fsCOL Qo Miz@C | 1 & MtcOo dzj ded dimrtsHde &3 dd
OB &z s HEHGEIR § sdkdshmizshsokzs s. 1) Isj
or MsC 5?2 ORf dzdlskHts?2 Isj ki jtcOlsktr , ¢ AEd ¢
HodY jdedw, d dzedo j dzdtetse Ols! dr ftoj Hdztsy J dac



99

14

12

o

ydmdzs yd¢ dztso

1 T
5 10 15 20 25
bz blzHO I5jtedsduj MSB2
Ay

0

dmkzeesS v jtedzddyy M Ow dzOctclzL SO dzO Ist
Is te 5 Is te AplzfHdgddfigfifisd] dzj d3 M teOMh j § dzfSidedets 2
ddzo j lststetsd3

sOCdd GBLOLBER,  foddjdjddj L djSlst
COMh j f dzj dzdzs 2 5B s ISCRdzo § to loitodsddgz’ & L dzj
fsLotdY jls §©0CkdyjmMSd ¢ sddshls: s  doffShd:
fsdkf o sHddSOR, Ijd MOdG & ke jdduyds Ow

[
Udzj €

4.6. Il T eaBHT Yt 6 dzOo j

it OLtcOBBISOdZO &OIsj ZOIsdyj ¢ OW d@sH j dz
CdzOMmMmd yjsiked g o 6 d3 ddzo j elststesdz 1 dzj € Iste
sB BIsIlsC 52 o PYBEES ¢ tcfOEz4Rj dz! sfdmr e0j s dJ n
OolststsB dadz? fted Hod>yJddd dH atdagjClsgtarjydn¢
1 dzj CSlstetsf tcd @ tsSH O. RMfsdz! L YW HOdzdzz®¥ dBSHJ



100

oL @Iy dets tsyj dzd o Ols sjfdzseor j ftotsyj MM
tcj Odz! desds sBtStckzH 59 Odzed ( .

I [sHjddtese Odzdj HodX JBRYWI3 { frj ldny tsdiss B
yd S d&zO HoONERG Gz6€ OL ™ 9 0jls, ylsts MmMddser j I
Ctedlsdy MEtsy s tedsts 3O dzdztbis® @idzd ¢ stetsmilsw o
cOLEBdZO d btoddsy jddw. I otcj &3 HoOd)Y J dz
yq S dzr dsj dzt " glzj 1 6depd Mot M dzse SE 5 B H Ik dzv .

iltcddzjdzgjdedj 1 dzj SbtosftedotsHO M tcOHD j
MOSFETIs tc O dzL d f) tstfistdeooddgddzj dzd j d3 Odze sted Is 3O k2 ff 6 C
) oMW dd & (olsjtewdd foLotsdvjls it
sjtedisyd ¢ dzd tetso Ozl g , o o "sitcdd@atzdithjs sdzd L € d &3 1
cOLEdZO d bttty jddY IttOdhf stlsO. [ Odz
Fojddydls: tjmkzteh Mdhsestsets dBsHEzdY d Mt



101

] 209 Q@ CBL.tcOBBISC O BOSC jlsdetsets ftoj B G
fdsOdzdw Istej m W OLdSEtSs HOodGOIsj dzvw
Il HOdzdzts?2 cdzQeoj fdMr 9o0jIsMw tcOL OB BIs
) Hots2dzr d@3 ddzo jtclsstetsdy H dzw ftotso j Hj dad
ftcjHd&OCO] &8 &5 o HdMMjtelsOydtdedets 2 L GPE ds.Is
TsHy {SMfjteddsjdastse Ibkwjekjlsmy tyj dd o
dMfsd Lso0ddj 5 kjfdsodL s ddd HOlYJdS
BsHEdY o ftetsd " dj ddetsdz Cstef Zfj dzj Mo fi
COC fbtcjBljlshY GOkt OREs My ksd 50 & 1 t
CdstelzS ydd HOCjlsdscets ddojtebsed® d ot
Hisdzy dg" fted ) dvis! MW HME o] BH22j0 etz J M
syJdzSd Isj B jtcOlskzter COYHBGEB IstcOdzL dMiststs
CsdmlstezCydd wodwjlsfmw odLbEOd dOW Hf
oL By desmisd ftedd3d dad dedW Isj f dzso L 56O d
[ 5§ sdzdzd Isj dz' dz" Jf tolg tisjB Het©a @sdedMs j Szt :
iRMYy sdzdzj dedj dzO BHdes2  j yOlsdets?2  dzOlIs,
stcOdzL d lstster |, CtsdzH § dzM Olstste 11 U, HOIsyd ¢

dMmf sdzdzj dzd j] BetwOdzdyudo Ojls OBy dapf.ls gt 2C tsdzff IS
Hisdzy dzf slsiizédgleo so®lsh dzj 2 Wtsea " j Mmtsj H d dzj dzd

Teddztse s f disaazdQC fisH j Isfqw  dzj § stej Hf
[IsHjdz dzgts L O dIls™ 9 O Isfqw ydWtelsar j Mmaj d3r ¢

ilfmj bteOdzaL dMmistster HBdzydzer Ctojtfdls! i d
d Misj Milse j dadets j .

I's sdzls to ts dzdzzjodzde W s dzy j &z BT Is! © o9dHj ¢
ftedd3j oz tsls dzOH 5y dz0 W 28RO Is7 O TiebapBiHLG ENS L



102
51. 1t OfmMudl Ylsjte! ddzojtelstste® d 9" BtStL BBnrcC

] &BOCjlkditsds ftcjsBtcOL 500 jdzj Bf dzts
MOSFETIs ts O dzL d IinfisgsmslPWE0R017C7 . [ Odzdz’ 2 IsteOdzL d fiyl
Cted dgdzed v , dzs 5 LOWodzjdzed¥ HtesdqLOotsSHdIS]
O dz0 IZSMASEET d&z0 C OBmg esgtfly sOC C0OC ddij jk
Mefeslsdodjddj o fosotsHwWh jd Mehissw ddd.

) slsjted dz20 fsotsHdEsMS! o GHASE §©dt

Py &5 msRory (5.1)
GHljmsd IstsC W OLT Ro@idipdldgjsdsvd, o dzj dead j IsteOdaL d fi
mMemilstsw dzd d . 1 smMEdzr S22 fteddgj dgv j Isfw md d
H Odzdz" J fslsjtcd BERHEIS Qo desdzj tedes tWOMY to
stcOdzL d MiststcORRd  tsdzlz izts RIS RO dg,d  tfintdsdf teLsAH{@ dd
s@zf j Okt ItB®OdL IMHsE®Bbitd, O { tdzkz its
39l Is, ddzd Hdzw tHdAGIEK. kttOd. dMisstc® 1, 95

s OS¢ 4, stcOdzsL dMistste dd3j jIs o dalzlstej dac
fesosHdls IS¢ Istsd §t5 ofs otej B ¢ dBjtelso ¢
tc Gsls " . r Odedz" 2 HdtSH IsOCY ] fHtosotsHdl IS¢

ol Sy JtcOsdJodzsds teiyddzdd, StSEHO Ists¢ OMY b
JHBRZOCtS HOY] HAEZY HOMdsets tjyddBO ttOBBIST
sdi3d 20Oz detse s Ists€D IsEOED Jqlip st h 82,
fteslsy COJIs yJjtedr OOz IStcOdzL d-I)BOs teif) .B s izl
Moftcslsdodzj dzgdv IstcOdzL dMIsstce®, § OHj dzd ] dzOt
f OHJ dedV dz2OfteWwy jdedWw dzO HIBHJ, dHsBED. ( k
feduddzy ftd wOMudly ¢§objtw! §ieddad BO] Ismn

OB uiMSdj talsjtd ktOdl ks § tot
¢ 080 [

FL d é Eossf’ (5-2)



103

CHEsi | dzgj GG Y, LOJOMOjBOY o of TBHAS2 J &

1V v ol BP030BC T . 1ted yYOMmisisis,d HRGOBDUI ME
SHddz stcOdzaL dMissicls MsMisOoa dzvs s 0, 6

s BBOdr j] foljted lsteOdl Mssicd® Mydlos

REP. P - (5.3)
sOCdd BBEOLd, flsjted o GHUMmE IsklOjn
ofjct ddzo j tclsRsigB0,6jtsls Oo d dzd

) ted dzd B3O s v, ysts f§jtjctejo tOHdOIs
5Ctelkzy @8 h j2 Mtojtfits edzjh Quiss dzy4pidzez® S M d 3O dz' dzts
Msfteslsdodzj dzdj ©OHJOLB®LO BEHjIS ttOMMydIs’

DT
=D (5.4)
R[Q R{dza

CHjTifjtejcttjo ©WOHdOBLO Gldshdls] d dts
[OSMdBOd ds] Isjf ks s ReilLEKkIde.dzj dd | ¢

l " BdaOtcOH dOIststc AB9Q1 2 jWditsdgts2[ jleddtin@ j Is
dz@cd Miz@gs § [  dzad d3O dz dzOW H dzd 2O f tetsW d dzv H
fsLotsdzw jls tsBjMfjydls! L OHOdzdzr 2 f jtoj Gtej ¢

Tennoeoit pacyeT npocuna AB9012

MowHoCTh,
OnuHa, mm Barr Rth, °C/BarT
100 1212 0,66006601
150 156 0,51282051
200 186 0,43010753
250 214,67 0,37266502

Tennoeoe conpoTmBnexue, *CiBarr
o o o

2 a2 uw 2 9
P & w @ o o

o
(%)
@

100 150 200 250

t d f)6Rs Yudiso OV S OEOCkjtedMsdS O ©O



104

dlstsdls BlsdzjIsdls:, ylsts ftcd ftesjClsdtetso
tcOL 3 tets o, sO¢ CO¢ iR WEkdC ydd tsr dz
shdseo Odzdwy o sBtcOL 59 Ols j dzv d bkttOdzL d Ml
tcOHJdOItstc O. v dzsots? tc@mgugjdlg o Pipts ( L aytlsHsd Is
tcOo dzsdzj todets tcOMftoj Hjdzj d2O 65 f dzsh OHd O+

v jtcOskcO kOd dMsse® ©OMMYdls' o O]

T =T,,.4R R)P, (5.5)
CHT, i s B j Okt ¢ todhToskide,| dtOsia lsidas t
cOH J OR.BlOf dZso 5] Mftslsds dzj ded j 1§ JstijdassHOQ
Stc OdzL RRfsksjcOkse 5] Msfeslsdo dzj dzdj sj tdksy O
dLsdzdtetse Odedz" j, Isd i3 flf g Wz ptEEHMIs QL & dzV Ted s d
=60 ,Rc=028K/ | RegF3K/ lls, Isj B jtcOlkeO StedlsOd
68 , vyt Hefbkmlsddks G§td &OSMdEOL dts HEG
150

52. I rBtste JBEIBMIsd CtSdH ] dzM OB O 11 U0 d M
[ BEsMls! CwdzH | dzMOlsstetse L o jJ dzO f tfjis 5w

g = S+1

DC I—o(meffnJ 221 ’
GHLhT ddzH 2 C Isd o dzSimdsts + ¥Mjdswyd j dzls Mce dzOy d o Odzed W
mif zdz mdesils: Mmnj dgj & @O fif ety lsiolz] fazffler @& M § 2y g
fticj] SBtcOL S9 0Olsj dzz w[OMESE L ddsd Is O §i3is s TBIRG
Cst WWdydJ dels 8y tlaPdpief Ip Oletaf] & dztsofy 18034 fdzj Is dd dzd o3
J BBE sMmls 11 0 dBCOo.dzO 1 "6B0OO dz' ¢ Rdaycpruzm
500MXK560MEFCSN30X6GB00) , &6 M. -~ J B3O L 9 j dzOAltiurh u ,
Designery {f tcj H M IstpfmizbE0] de®@ di3dzOtc dzOW  j d3¢ s fids® A )

(5.6)



105

- —9— - { DCr ]
7461097 R2 R3 R4
150k0Om £1% 150k0m £1% 150kOm £1%
+ R6 + R7 + R8
C4 Cb C6
—Ts6omka 5008 ['30OM 1% —T—s550mk oo 20 OM £1% —T—sgomkm s00g  [130KOM £1%
R9 R10 R11
150k0Om £1% 150k0m £1% 150kOm £1%
—=—C9 —~*—C10 —=—Ci11
560mMkD SOOBI 560mMkd %B 560mMkD SOOBI
R12 R13 R14
150k0Om +1% 150kOm +1% 150k0OMm £1%
X8
[ Lens [0 ]
. . e

7461097

t Mk Sy n j &3O 1 U
[ dzw ddzo jtolststedz n i tcd d3d dzj dzd 2 fhiiméeod L o
CjCdjdzHljls EilsOdzOo dd OB ' o faRdiyEdrdets B dABROE
ddzo j telstste j ) COyjmle j MdzOB B j todzscts C 1S
C tsdzH | dAApDERS2023A3104M 1500 , BEAL.O S OYH' 2 &sfls
EmlsOdzseo dzj dz o 52 MdzOBB J t6.

53. ¢ &ZzOdztsctso OW yOMmlis!

10ftewyjdedjy 11uv d bts¢ COYHB2 WOLT' dz
l C€OyjMmlsej HOIYdJSO IsCO ftoddgj dav j Isfyw
LYWW jCIlsjLEMBAAESSL 50¢. [ Odzdz’ 2 HOLYdS B
HJOfOLsdz L BjtejddY ksSCtce, ft fteddydyt
BdYHEZ Mddses2 yjf'* d ydg'* dLdde]dd
fJyoldzze f zOlkz. gnjBO BtOBIsCd Mg e i
dL di3j ted Isj dz' dz" 2 tej L dMmlsste d st j tOyd tsda
HdWW J toj dzyd Odz! Hzts d3dzued @5z 2O Mna j BO 5B t6
i tcts ¢ tcAtdyuzPesignet| tc j H M is O docdf jndz&&S Jz0



106

DA3

\ | . RT5

o
<

9 - 120 0m +1%

LA 55-P

t Mkza&Bs Sy n j &3O HOIYdSO IssC O
rdzv dLddted ddv dzOftewyjddy 11uv dmft
ZOoff tewy jdzdw d dBJSCtotsma j ©3O dzd dzj 2 dets2 HORIEZO dz

7840) cd dzyd f d Odzt dzOW fMnma J BO dL d34 teJ dzd Wic dasfiA dix
69.

+5V/(D)

L1
1 MKy

HO.
R20

Nk . { |
T00KOm £5%/00k0m 26% 1ookom 5% | |R22[ R23 > 120 0w £1
1220 Jw +{220 Om +1%

8- ¢4 -1

>
T S E 8 = ¢ Ude- >
4 5 OmM:1%

N — |
o |—1—C19 10mKd 508 P
0.1mx® F0B Cc20 Cc21
0.1Mk® 508  0.1mk® 508
GN

A

R24
0 Om £5%
D

D

t dmMkzeRtsCun j BO L d&3j toj dedw dzOf tow ¥ §
vOC i dO B3OS jIsdesds ddzo j telstste] e HEZT
O9nBHIN H&'Y HOLYdJSO IsjBfjcOlskzter .

54, [ Sty j MstedOY Mmdfhlsj &O

] CoOyj mise j BdStesftesyd Mstedzs?2 Mdmls
Vect or CARD ftesdLotHMIsea O Wdtod3" I C1
B totsC sdzlstesdzdzj esd3 K1921BKO1T Wdtd3d™ ¢1 R
HdzWw fteddzjdaj dadw o 1 dzj ClstetsftcdoatsHj. Aslstsc
tc d )z d&S |



107

t dmEzts S Is dzOH 5 Y eeterCatfddzO Is ©
St sdzlstetsdzdzj t6 tsB dZOH Oj Is Mmdzj Hiz¥ b ( d3c

i f tetsy jARMEBRTEXMA4cYOfistslss? sOCsgtese Odzdw 1
iLOctockzL syfzOlzw b dzj ( FI ash) Jd&3SCtMmls: 8 1 [ BC
i J1uv Bl Jdi3isda 192 sBO2Is;

i fsdz L 59 Olsj dfOfglfw@w  Wsdgj hj d3ssd3 64 sBO2Is;
iMmMnj B3O MBtesMO d Miststetsy jots?2 O A to;

I PLL;

i H® j dzgOH yOls: Ho e QLOEOHzdst ~ ¢ AL12 M tJyd
CoBf OOIststc® HdzZw COYHBE dL € OdzOdzts o ;
iHjowWIls! &sHEzdj?2 zZRrR[;

iHOO dai3f zdzr Mder = C o OHEOIEtEdz = HJSCBHJj GO
ihimls! dsHEzdzj?2 LORo0OISO/ MeOodzj dzdw ( CAP)
i sted-c®R tcWHAzr » 1SO2 I E@zd®B N j 65 dzOL dzO
IslsdzOHtsydzr 2 ddzlsj e j2fm JTAG,

I CAN (fteslssStsdz 2. Ob) -off) oHsHIORBWY § stels Od3d ¢



108
i 12C,SPIq dzls j to¥ j 2 )" .

[ Odzdz" 2 B3d € tets € 5 dzls te ts dzdzj te s Isd &3O dz! dzt
dqdzo j clsstesds M Istcj d3w f sdzdz" i3 dEsmils ©d3d,
ddzo j clssBB BH diagts h j Mis BsHEzdzj?2 ZzZR[. 1 s
COdOzseos 2z RS , BISCtosE Bdzlstetsdzdzj o tsB dzOH O Is
fsLotsdz jIs tj OdzdL s9OIs! dJqLBjtejdedj 1 sSdztsy,
sSO¢ d ddeStej a3 dzlsOdz! dzscts H Ols YfdgGY  ft=odAES) G
ofMbstesjdede” §j yjfd fdlsOded” ftesyj mMifsted, vy,
vOCYd disd d smw C stz dzd)ARIyd tsdede” 2 ddzlsj teW J

rdv  SsdiBkzddSOydd M fjsBecOL s5o Olsj d
©OL o WL Odzdz’ 2CAN, dzls jdigiWd§ j2dEs ¥ § thlets teaO¢ B8 Odz@D tisH

55, 4nJ BO BtOBBISSd 131t d Stdiiikzdzd € Oydc

[ OCjlsdegr 2 ddzo jtolstste MsHjteydls Ekdzdo j tef
HOydStseo 11tf, ClsttcOY &y jls BBttOB OIS 9 (
d M OBmMbdzt sdeséts HOIydStso ftsdztsy j dedWw
dLisdzv yds Hdzw L Ohdlsr Mdc dedzs!! dz onts L yRjsty jod2s. fi
rd't M HdWWjtjdydod d' &sd ddzd {§sisj dyd O
Mard BO BttOBSBISCdod Hity js¢ OL OdzO dzO

5viD)

H ]
s b bl % 2R
L ] ¥
ke Y )
= & E
& N i

“.,,v_
z o b
?‘ W .o

I i'[ F
Bl b [~

t dmtsCa n j BO tsBtOBESISS d Md e dzO dzt



109

I SOoyjMmbaj Ctddkizlsoydsddsts CAN diizdss)jadWj:
fesd h dzj dzdz’ o5 GANGpersS 5 stz 2 ddzlsj W § 2 i

G@OH j Y desMls: & d GesfbmCds? N shap syl s
HOdzdzr ° HOUWWjtej deydOdz dz &5 fde dzOdzOdBd.
qazls jeW j2MO d LOhMdlr {fod Lo Okjdv s
EflsOdzso dzj g0 H &Y Sdzded s j dz' dzgOW ¢ Odz' o Odzed U f

leddeydy dOdz dzOv TEAN ¢ @ iaBde@® de® ) O

+5V(CAN)

C25 +3.3V(D)
0.1mxk® 50B
+5V§%AN)
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4.7xk0m 5% 0.1mk® 50B

(CANH }—s¢ Eys— VY ——c27 DD2 =
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CANL TXD = Vob—<}—i i—<I— Vi —@
— GND2 GND1
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—% :

¥ E

3 —
BHONI-S ADUM1201BR

§JP1 ™ 2 EHDNI-2 < 1
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MAX3053ESA
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56. 1 tcO2o9jtc StcOdzL dMmlststc O

v kZftwOodzjdzdj IstOdzL qMiststesds § tod dBj G
HteO29 jte M MtseMmise jdzdzr d3 dL sdzdtets o Odzdz" d3 (d f
LOso steO® f tod d3j dz" TekadinstrunBofitdIOB 8)5 1 &3O 1 O dzdzO W
dasj JIs tewH LOMdldy 7 WhkdSyd2:

i1 OhdlsO IsttOdzL dMistste® ©ls IsCO 57 ;
irdbjClsdtetse Odedj deOdzdyudv 2O tow y j dedw dzO

I A dzS YdtiveClamp HdzWw ftsHO9sdzjdzdw L WWJjSISO |
stcOdzL d Miststc O.
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Vi teOQodzv jIsMw kkOdL dilsste ©HUST s dev to de
Bsh desmisddzd B  dJlsOdzdw HEGCO229 j 6O, tsyj dedoe
slsCter sdj kttOd dMssEeO. [ sShdshs! , §skijE

RoenQ&(MV s )fox (5.7)
G HPj ok g3 N dztsfils! , IstcjBlkzj BOVY @Of &iztdzO0d dzy Gt Y +
Ve od 2O toWwy jdzdi, Jtod S dzOHT 9 O Bsd & VOt
I dz2Off tew y J dzd J , ftcdC dzZOHT 9 O] d3tsJ C LOIs stk
f sdzdzs d3 QcCtSBOMzs dz ddat @ dL Ijrddyd Mésets
YOS IS jlaz=RPS L Y, Of 6%y j e feq ZIY5W/Ele i @ ¥
Bsh dtsmis! dz20 kZftcOodzj dzdj IuUsOlse stesdi3 Misls Oc¢

[ S sdzdzd Isj dz' dzts dzj sBRrtsH d3ts EZyg Mis! dsf
Hie02 9 jdc OBO ] BOdz! desds ss5C j 1§ sdede,j B thls Math ¥
BICtesMojd' HEO29 j®. M MisjeLddylsls O0,j 0 IR
fdlsOdedY H©CO29 jtcO HEdYdO &l" KO ydeif lsdsii dzid
HieO29 j 6O IstcOdzL HAPE D) 8 1o O icBupes F2dA5 1 Is .
leddzydf Odz dzOY MEj BO HiO2 & 4§ QDS OdzL d fk

t ks Cen j B30 HKBGO29 jtcO IsteOdzL d M

ltesdL otsHdIs] dz sStcOdzL dMiIststets o o] ¢ s5d3J

6y Ldmisste o HEPOHH B  Esdy] HpOW, ybsts f§ed o
LOlostc® IstcOdzL dMiststc B ZH j IdUSS/dE d3dziddss] taltdson Q) Ids
C ftesBdz RO M BB ~OBRBd. 1 tcjHO OtedIsj dz¢ dzt
20 &3, M fsMmdzj Hize " j 2 € ts5taE)dEOHCtgts odCdm?] tdflstdxftc
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57. stsdhlstkS ydw &OS jlsdscts dqdzo j s
[OCjlsdg 2 ftojsBwOLBoOlsjd MshistsdEdLds

f &zOIs O, Ctodalstetsdzdzj o k2 tcOo dzj ded v , HtcO2 9 j
tcOMY sdztsy j dz mMd dzse r j StcOdzL d Mistster L 9
CtsdzH J dzZM Olstster , OdzgOdzsegtso ™ j yJj§fd Hdzv dL d3

f dls Odzdlv, +2=Ii3d3kz dzd SCd@lsyjdaicgd® i y g d Hdzv 5B GO
1t .D disH j dz BOL tsots?2 ff @itz @ js9 OLioddas j dzf
Hsfsdddlsjd d' j] o' ttjL' dOH kOd sk
dhf sdz LsoOdzdj &3 Isj f dztoadL stcO.

t dmMzapBSRdL sBtcOY j dzdJ BOL s9 82 { dzC
stcOMMdicsoa CO BOL s ts?2 ff dzOIs Altium Desifjriedzdzf H2020 1
dz® d M z2t&< j
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{ {MkwsCuteOMMdieso CO BOL S 82 1 d

[ 0209 jtorf stcOdzL dMiststc® o' f tsdzdzj dz' tsls H

bojddujddy dJLed ydtaddzy 7 fesdjykkss o,

10 GHds?2 §jyOkds?2 §d&olk] ©Ofnfsdocwd Is

diMlstsyded S ORHABEG 5 @ezd §f j UBD dzs?2  ff dzOIs T to ¢ fig 1D Az
76.

t dmMz®@SldL sBtOY j dadJ ¢ dzOls™ HWGO2209






















































