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PREFACE

This dissertation is based on proposing a new electric machine in which the airgap reaches
the minimum value possible in order to maximize the electromagnetic torque, which is called
airgap-less electric motor. This machine which is already developed in the laboratory has
a torque density (torque per motor volume) which is comparable to hydraulic motors. It is
worth mentioning that the efficiency of this motor will have higher efficiency than hydraulic
machines due to a large number of energy conversion stages.

This dissertation is ultimately based on a journal paper, and two published conference

papers for the author Maryam Alibeik.
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? p2 #22M z2+i2/ #v i?2 +HBKB)JIR A? B, 2HbQ #2HB2p2/i? ii?2 #B; T
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i72 K BM 7 +iQ'bi? i "2bmHib BIRX?22IQBHMIBEAM;Q72 #B;;2bi +QM
Q7 2M2 ;v + M ?2HT QTiBKBxBM; i?2 2NM2R-; Birt Q Mb#H2R M BHDQ MY iRAM |
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i?72 +QQHBM; K2i?Q/b mb2/ BM i?Bb T T2 X
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? b#22M b?QrM i? i bBM+2 i?2 /QKBM Mi TQr2  HQbb2b Bb i?2 +QT"
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HQr2bi BMTmi TQr2" "2; "/H2bb Q7 i?72 KQiWM@VGhQ// K/iDIRZBH H
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[2MbBiv 2H2+i'B+ K +?BM2b BM M 2H2+i'B+ p2?B+H2X AM Qi?2" T
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rQ i? K2MiBQMBM; i? i bvM+?2 ' QMQmb K +?BM2b }i BM #Qi? + i2;Q
p B #H2 B : TX avM+?2 ' QMQmb K +?BM2b ‘2 HbQ + HH2/ +QMbi N
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p B #H2 B ; TbX

RXkXR avM+? QMQmb J +?BM2b

b K2MiBQM2/ BM i?2 +QMbi Mi B ; T b2+iBQM- bvM+? QMQmb
B ; T:QmT br2HH b +QMbi Mi B ; T:'QmTX AMi?2 + b2i? ii?2"
b HB2Mi- i?2 B ; TrBHH #2 p "B #H2 BRKE? DB K b-BABIMHZbIXv BIB- X Q M
K +?BM2 rBi? b HB2Mi "QiQ X

6B;m 2 RXvdAX+? " QMQmb J +?BM2 rBi? o "B #H2 B'; T

AMBRI?2 MMK#2 Q7 bHQIfTQH2 +QK#BM iBQMb "2bim/B2/iQ }M/ |
HQr@bT22/?B;?@iQ ' [m2 TTHB+ iBQMb Q7 bvM+?2"QMQmb K +?BM2
2Bi?2° b K +?BM2 Q" ;2M2° iQ°'X AM bvM+?2 ' QMQmb ;2M2" iQ b i’
#v /+ pQHi ;2 M/ rBHHBM/m+2 pQHi ;2iQ i?2bi iQ X h?Bb K ;M2iB+
rBHH "Qi i2 i?2 "QiQ rBi? +QMbi Mi bT22/ BMbB/2 i?2 bi iQ "X AM
im M- i?22 *TQr2 bQm +2 rBHH TQr2 mT i?2 bi iQ -r?B+? rBHH ;2
h?Bb K ;M2iB+ }2H/ BMbB/2 i?2 bi iQ™ "Qi i2b i?2 "QiQ X avM+?2 QM
BM/m+iBQM K +?BM2b "2 i?2 KQbirB/2Hv mb2/ivT2 Q7 *K +?BM2¢k

kd



RXkXk S2°'K M2MiJ ;M2iJ +?BM2b

S2°'K M2Mi K ;M2i *K +?BM2b "2i?2b K2ivT2 Q7K +?BM2b b bv
rBi? i?2/Bz2 2M+2i? ii?2}2H/rBM/BM;bBMi?2bvM+? QMQmbK +7?
T2 K M2Mi K eMXil82 'K M2Mi K ;M2i K +?BM2b ? p2 /p Mi ;2bbm+? |
T2 7Q°'K M+2 M/ ?B;?2 iQ ' [m2 Q  iQ'[m2 T2 K +?BM2 pQHmMK?2 UiQ"
+QMi"QH "2H iBp2iQ Hi2 ' M)i@p2 KMIZBBIQbBSA 'K M2Mi J ;M2i avM+"
J +?BM2b UASJaJV "2 /2bB" #H2 7Q  2H2+i B+ p2?B+H2 UloV TT
TQr2™ M/ iQ [m2 /2MBBI¥X bAMTQ Q7 i?2 "QiQ bHQib-r?B+? +QMi B
# "b-? b#22M QTiBKBxXx2/iQ 2/m+2i?2 +Q;:BM;iQ [m2 M/BM+ 2 b2
+QMpP2MiBQM HHv "2 +H bbB}2/ BMiQ irQ /Bz2 2MiivT2b- BX2X T2"
"QiQ° M/ T2'K M2MiK ;M2i K i2°B HeQM i ?2bb# ADMXTAMT(Qb2/ T2 'K N
K ;M2i K +?BM2 rBi? TK K i2°'B Hb QM #Qi? "QiQ" M/ i?2 bi iQ X h?l
?2 pBM; i?2/m H 2t+Bi iBOQM rQmH/ "2bmHi BMiQ ?B;?2 iQ ' [m2T2"
Q7 T2'K M2Mi K :M2ib QM i?2 72 QK ;M2iB+ b2;:K2Mib Q7 i?2 bi iQ
#22M bim/B2)/XBMM?Bb bim/v T'2b2Mib i? i #v //IBM; M 2ti° b2i Q7 T2 |
QM i?2 bi iBQM ‘v T “i-i?2iQ [m2 /2MbBAX r@BEKBMMI2iBB bt ? &y?
iQ ' [m2/2MbBivi BTH2 T2 K M2Mi K ;M2i 2t+Bi2/ K ;M2iB+ ;2 "X

6B;m 2 RXKBXH2 SJ 2t+Bi2/J ;M2iB+ :2 °
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PM2 Q7 i?2 TQbbB#BHBiB2b iQ ;2i ?B;?2  iQ [m2 Bb iQ K tBKBx
M Qmi2  "QiQ +H r TQH2 bi iQ  ? be#2BM T?BFRQbL22 BM[M2 /2MbBi
?B;?2 i? Mi?2 +QMp2MiBQM H K +?BM2b /m2iQ i?2"  /Bmb Q7 i?2"
bi'm+im 2 Q7 i?2 bi iQ X >Qr2p2°-i?2°2 2 HbQ / r# +Fb 7Q  i?2b
bi iQ°H2 F ;2 r?2M i?2 ~mt Bb i’ p2HBM; 7°QK QM3 TQHRQAR2I?2 Qi
M2r K ;M2iB+@TH M2i 'v@;2 "2/ T2 K M2Mi K ;M2i # mb?H2bb K +?
+?B2p2 KBtBM; ~2tB#BHBiv b r2HH b TQr2 bTHBiX Ai HbQ b2Qr
r2B;?i br2HH b 2HB #BHBiv + M #2 Q#i BM2/ BM i?Bb K +?BM2 #v |
MQ@+QMi +i K2+? MBbKb Q7 K ;M2iB+ ;2 X Ai Bb 2pB/2Mi i? i #v
K +?BM2 i?2iQ [m2 /2MbBiv rBHH #2 ?B;?2 X

RXkXj] AMi2 'BQ  S2°K M2Mi J :M2i avM+? " QMQmb J +?BM2b

AMi2 ' BQ T2 'K M2Mi K :M2i bvM+?2 " QMQmb K +?BM2b "2 KQM: i
K +?BM2b mb2/ BM 2H2HX R pB2 BK+H2BBM2b +QMi BM ™ "2@2 "i? K ;M
r?B+? Bb +QbiHv M/ ii?2 b K2 iBK2 ? p2 M2; iBp2 BKT +ib QM 2 °
i?72 ?B;? /12K M/ BM 2H2+i B+ p2?B+H2 UloV BM/mbi'v Bb iQ /2+ 2 b
K ;M2iB+ K i2'B HQ 2H2+i "B+ K +?BM2bi? i 2 k)2B ?iD #22WK +?
T'QTQb2/ brBi+?2/ "2HmM+i M+2 K +?BM2- r?B+? /Q2b MQi +QMi B
M/ HbQ Bb +QKT2iBiBp2 rBi? ASJaJ BM i2 Kb Q7 iQ [m2 /2MbBiv
brBi+?2/ "2Hm+i M+2 K +?BM2b Ua_JbV "2 HQr +Qbi M/ bBKTH2 B
iQ'[m2/2MbBiv +QKT "2/iQ Qi?2° *K +?BM2bX h?Bb K2 Mbi? ii?Bt
iQ ' [M2rBi? "2bT2+i iQ BibIpRitPMK2 X2MMT(QTQb2/iQ 2KTHQV HQr +(
QM i?2a JBMQ'/2  iQ BM+'2 b2 BibiQ ' [m2 /2MbBiv M/ 2{+B2M+v
i?7i MQM2@ 22 "i? K ;M2i? b #22M mb2/ BM i?Bb "2b2 "+?X h?.
HQ+ i2/ BM bi iQ  VQF2iQ pQB/HQbBM; i?2 + T #BHBiv Q7 rB/2 bT:

RXkX9 avM+? QMQmb 2Hm+i M+2 J +?BM2

+QKT "BbQM bim/v #2ir22M T2 K M2Mi K ;M2i bvM+?2 " QMQmb K +
"2HmM+i M+2 K +?BM2 ? be#X2 MM QMO BoM(/v- Bi Bb 2pB/2Mi i? i BM i?

k N



K +?2BM2b mb2 Q7 T2 'K M2Mi K ;M2ib /Q2b MQi +? M;2 i?2 /BK2MbB
BM + b2b i? i r2B;?i M/ bBx2 /Q2b MQi K ii2" i?2 byM+? " QMQmb "2}
KQ 2 /2bB> #H2 i? Mi?2 T2 'K M2Mi K ;M2i bvM+? ' QMQmb K +?BM?2
HQr +QbiX AMi?Bb T T2 -Birb HbQ K2MiBQM2/i? i BM K +?BM2b 1
2 "i? K ;M2ib Bb KQ 2 2z2+iBp2X

RXkX8 S2 K M2Mi J ;M2i 6Hmt arBi+?BM; J +?BM2b

_2+2MiHV i?2 T2 K M2Mi K :M2i ~mt brBi+?BM; K +?BM2b ? b ; BN
[2+ [2BY@RX Hi?2Qm:? i?2b2 K +?BM2b ? p2 #22M T°QTQb2/ BM /B
bm+? b rBM/;2M2" iBQM M/ 2 QbT +2-i?2v "2 FMQrM iQ ? p2 ?B;1
Q7 i?2 b HB2Mi bi iQ° M/ "QiQ X 6Hmt brBi+?BM; T2 'K M2Mi K :M
#2BM; 2[mBTT2/ #v #Qi? K :M2ib M/ K im 2 rBM/BM;bX AM i?Bb +

“Q#mbi M/ bBKTH2 bi'm+im 2 r?B+? rBHH K F2 i?2 6aSJ K +?BM2b
TTHB+ iBXXMOBEXAN? Qrb i?2 K +?BM2 i? i 2 b #2@)Kbim/B2/ BM (

6B;m 2 ROHNXt brBi+?BM; T2 K M2Mi K ;M2i

AMI) jefj9 TQH2 MBM2 T? b2 T2 K M2Mi K ;M2i ~mt brBi+?BM; K
b2Mi2/ r?B+? rBHH ;2M2" i2?B;?2 H2p2Hb Q7iQ [m2/2MbBivrBi? H
i72 °QiQ  +QM}:m’ iBQMiQ T "iBiBQM2/ QiQ BM ~mtbrBi+?BM; S.
H2 F ;2 rBHH /2+ 2 b2 b r2HH bi?2 miBHBx iBQM Q7 i?2 SJ K ;M2i

jy



@IX .m2iQi?27?2B;?2 T'B+2 Q7 "22 "i? K :M2iB+K i2°B H- QM2 Q7 -
BM; T2 'K M2Mi K :M2i K +?BM2b Bb iQ “2/m+2 i?2 K ;M2ib pQHmMK2-
Tm TQbEJKM (

6B;m 2 RSRYK M2Mi J ;M2i 02 MB2 J +?BM2

RXkXe S2°'K M2Mi J ;M2i 02" MB2 J +?BM2b

PM2 ivT2 Q7 T2 K M2Mi K :M2i 2H2+i B+ K +?BM2b i? i? b ; BM2/
im 2 "2+2MiHV Bb T2 'K M2Mi K ;:M2i p2 "MB2 K +?BM2X h?2b2 K +?
HQr@bT22/- ?B;? iQ [m2dgTTMB 02ABWOBRH X (+?BM2b "2 QM2 ivT2 Q7
K :M2i K +?BM2b rBi? i?2/Bz2 2M+2BM MmK#2 Q7 bi iQ> M/ QiQ T
BMY§ i? i i?BbivI2Q7 K +?BM2 rBHH ;2M2" i2 ?B;?iQ [m2/2MbBiv B
K +?BM2b /m2 iQ i?2B bT2+B H QT2 iBQM T 'BM+BTH?2 iPXiRB/b i?2 K
b?Qrb ivIB+ HT2 K M2Mi K ;M2i p2 "MB2 K +?BM2X

PM2 Q7 i?2 /Bb /p Mi ;2b Q7 T2 K M2Mi K ;M2i p2 "MB2 K +?BM2b
iQi?2 T2 'K M2Mi K ;M2ib mb2/ BM bi iQ> M/ QiQ  TQH2bX .m2iQ i?
T 2b2Mi2/ BM i?2 HBi2  im 2- r?B+? ? p2 7Q+mb2/ QM /2+ 2 bBM;
K ;M2i p2’"MB2 K +3BMZX AMEMi K ;M2i p2 "MB2 K +?BM2 ? b #22

JR



r?B+? /QTibbm 7 +2@KQmMi2/ mMB@TQH * " "2@2 "i? SJI BM "QiQ
i?72 KQmMi Q7 SImb2/ BMi?2 K +?BM2 #v ? H7 M/ HbQ “2/m+2b i?.

RXj J +?BM2b rBi? 1++2Mi B+ B ; T

J +?BM2b rBi? 2++2Mi'B+ B : Tbh+ M 2 +2i?2 B ; TQ7 HKQbix2
#2ir22M i?22 bi iQ° M/i?2 "QiQ X AMi?2b2 K +?BM2b-i?2 "QiQ  rBH
M/ i?2 i° MbM iBQM H KQp2K2Mi ii?2 b K2 iBK2X q?BH2 ? pBM; i-
i?72 °QiQ  iQm+2?2b i?2bi iQ -i?2 B ; TrBHH #2 HKQbi 2[m H iQ x2
"Qm;?M2bb Q7 i?2 K i2'B Hi?2 B ; T rBHH M2p2  #2 #bQHmi2 x2°
H2M;i?X Ai Bb rQ i? K2MiBQMBM; i? i 2p2M BM i?2 bBKmH iBQM Q7
. T- Bi Bb MQi TQbbB#H2 iQ 2 p2 M B ; T Q7 x2°Q b Bi rBHH “2bn
b?QrM BN

k BN

7 URXdV

6B;RXBR b?Qrb M 2H2+i B+ K +?BM2 rBi? 2++2Mi B+ ;3RX? i ? b 1
b Bi Bb 2pB/2MRBE#®BiX2 B ; TrBHH "2 +? HKQbi x2°Q i1i?2 TQB
#2ir22M i?2 bi iQ> M/i?2 "QiQ X _2 +?BM; i?2 KBMBK H B ; TBM i
?2B;?2° 7Q°+2 M/ +QMb2[m2MiHv ?B;?2  2H2+i'QK ;M2iB+ iQ [m2X
"QHHBM; "QiQ" 2H2+i'B+ K +?BM2b BM i?2 HBi2° im2X M B'; TH:
2ti2M H M/ BMi2°M H "QiQ  ? b #22M bimyIB@f ¥v MQiMi?2)x" K BHR (
Q7 "QHHBM; "QiQ K +?BM2b Bb "QHHBM; "QiQ"  brBi+?2/ "2Hm+i M+
M/ bBKmH i2RXBMA2 /Bz2 2M+2 #2ir22M i?2 KQ/2HBM; M/ bBKmH i
"QiIQ K +?BBRbOM/BMI(Bb i?72 K2i?7Q/ Q7 2t+Bi iBQM Q7 i?2 bi iQ TQH:
ivT2 Q7 i?2 "QBR-XBMM (M H QiQ  ? b #22NRn2P2 M?BH20BM (? b #22N\
mb2/X B; T@H2bb 1H2+i B+ K +?BM2 Bb M 2++2Mi'B+; TivT2 Q7
i?72i?B°/ +? Ti2 Q7 i?Bb /Bbb2°i iBQMX

PM2 Q7 i?2 K BM /p Mi ;2b M/ +? ~ +i2°'BbiB+b Q7 2H2+i "B+ K +
T Q/m+2?B;?2iQ [m2X Hi?Qm;? /m2iQ i?2B bBx2-i?2v+ MMQi #2 |

jk



6B;m 2 RARRXYrBi+?2/ "2Hm+i M+2 K +?BM2 rBi? "QHHBM; "Q
2++2Mi B+ ; T pbX TQbBIiBQM

AM i?Bb + b2-i?2iQ [m2/2MbBivrBHH #2 i?2 K BM bm#D2+i Q7 BMi
POQHMK2X AM //BiBQM-i?27?B;?2iQ [m2/2MbBiv M/?B;? 2{+B2M+v
7Q 2H2+i B+ K +?BM2b b b pBM; 2M2 ;v ? b #22M Q3JIX2hkRBM 7Q
+ Qbb b2+iBQM H "2 Q7 # bB+ 2H2+i'B+ R¥RBM2/BOMbi D2 QwM2B M
Q7 i?2 K +?BM2- i?2 bi iQ > + M ? p2 /Bz2 2Mi MmK#2 fivT2b Q7 TQ
AM +QMp2MiBQM H 2H2+i B+ K +?BM2b-i?2 QiQ rBHH #2 +QMM 2+
K +?BM2 M/ rBHH QMHvV ? p2i?2 Qi iBQM HKQp2K2MiX

RX9 a+B2MiB}+ Pmi+QK2b

h?Bb /Bbb2 i iBQM K BMHV 7Q+mb2/ QM i?2 "2b2 “+?2 M/ /2p2HQT
K +?BM2 rBi? BMi2 M H M/ 2ti2 M H QiQ X h?2} bi Qmi+QK2 Q7 i?l
Tm#HBD?2/ BM kyRd A111 AMi2 M iBQM H1H2+i'B+J +?BM2b M/ . I
i?Bb +QM72 2M+2 i?2 /2bB;M- QT2  iBQM- +QMi"QH M/ bvbi2K BMi

j]



6B;m 2 RARRXi B+ K +?BM2 .B ; K

M/ i?2 TQr2 2H2+i ' QMB+ /'Bp2bi? i BKTH2K2Mi i?2B" TTHB+ iBQ]
i? irb Tm#HBDb?2/ BM i?Bb +QM72 2M+2 U B ; T@H2bb 2H2+i B+ K(
HQr@bT22/ TTHB+ iBQMbV T 2b2Mi2/i?2 T°QTQb2/ B ; T@H2bb 21
"QiQ i? iBb/2b+ B#2/BM/2i BHBM +? Ti2  AAAQ7 i?Bb /Bbb2 i iBC
/Bbb2'i iBQMr b T T2 Tm#HBb?2/ BM kyRd A111 1M2 ;v *QMp2'b
bBiBQM U1**1VX h?Bb +QM72 2M+2 # BM:b T°Q72bbBQM Hb iQ;2i?
BM 2M2 ;v +QMp2 'bBQM i2+?MQHQ;B2bX h?2 T T2 Tm#HBb?2/ BM
B; T@H2bb 2H2+i B+ KQiQ bV T 2b2Mi2/i?2 B ; T@H2bb 2H2+i B
M/ bBtT? b2bi? iBb T 2b2Mi2/BMi?2b2+QM/ +? Ti2 Q7 i?Bb /Bbb:
Q7 i?Bb "2b2 "+2r b DQm M HT T2 Tm#HBb?2/ BM kyR3 A111h M
i"QMB+bX h?Bb i’ Mb +iBQM 2M7QH/i?2 TTHB+ iBQMb Q7 2H2+i Q
BMi2HHB;2M+2 7Q" i?2 BKT ' Qp2K2Mi Q7 BM/mbi'B H M/ K Mm7 +im
Bb KQM;i?2 ?B;? BKT +#i 7 +iQ i° Mb +iBQMb BM A111 rBi? i?2 BKT
DQm'M HT T2 Tm#HBb?2/ BM i?Bb i’ Mb +iBQM T 2b2Mi2/i?2 B’;
rBi? i?72 2tT2 ' BK2Mi H "2bmHib i? i r2 2 Q#i BM2/i?°Qm;? i?2 /2p2H
T i7°QK B'; T@H2bb 2H2+i'B+ K +?BM2-i?2°2 ? b #22M 2b2 "+
r?B+? rBHH #2 /2b+ B#2/ # B2~v BM i?Bb b2+iBQM #mi Bb MQi BM+1
TQD2+ir b T'BK "BHVQM ;'B/@iB2BMp2'i2° 7Q  bQH ~ TTHB+ iB
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A@*Q Tb T'Q;° K M/ BiBbrQ'i? K2ZMiBQMBM: i? i Bi +i2/ b T i Q
biBT2M/X A@+Q Tb T Q:  KBb +Qm b2 T ' QpB/2/ #v La6 BMr?B+? E
QTTQ imMBiviQ +QKK2 +B HBx2 i?2B T ' Q/m+ir?B+? ? b #22M /2p:
iQ°vVX .m'BM;i?BbT'Q;" K-r?B+?Bb "QmM/ e KQMi?b-i?22 “2r22F
rBi? A@*Q Tb BMbi m+iQ bX i i?Bb iBK2-;"QmTb rBHH ? p2i?2 Q
"2b2 “+?2 M/ /2p2HQT2/ T°Q/m+iiQi?2 Qi?2 T “iB+BT Mib M/ :2i bQ
7i2° 2p2°v T 2b2Mi iBQM-i?2 2 rBHH #2 bQK2 bm;;2biBQMb 7 QK i?
QmTbX "mii?2 KQbi BKTQ'i Mi T i Q7 i?Bb +Qm b2 Bb i? i Bi Bb i
iQ ;2i Qmi Q7 i?2 + /2KB 2MpB QMK2Mi- ;Q iQ BM/mbi'v M/ i HF iQ
i?72 K BM bbB;MK2Mib Q7 i?Bb T Q; Kr bBMi2 pB2rBM; b Km+? +1
[12+B/2 r?22i?2 1?2 /2p2HQT2/ T Q/m+i M22/b TBpQi Q Bb ;QQ/ 2MC
h?2 T'QD2+i Q7 ;"B/@iB2 bQH “BMp2'i2 r b T'2b2Mi2/ iQ KQ 2 i? |
Qmi+QK2 Q7 i?2b2 BMi2 pB2rb H2 /iQ TBpQi BM i?Bb T QD2+i r?|
bQH " KB+ QBMp2'i2 i? irb T i2Mi2/7Q Bitbb? T2X h?Bb bQH " K
Q7 i'B M;H2 M/ + M#2}t2/ ii?2# +FQ7i?2bQH T M2H rBi? QMH
“2/m+2i?2H #Q iBK2U#QQibQMi?2°QQ7bV M/ +Qbib Q7 BMbi HH
rb MQTTQ imMBiviQ H2 "M M/ BMpQHp2 BM i?2 BM/mbi'v M/ #m
T Q/m+iX h?2° 2?2 b HbQ #22M DQM M HT T2 bm#KBii2/ 7Q 1?2 |
i?72 B ; T@H2bb 2H2+i B+ KQiQ mbBM; /Bz2 2MiBMi2; iBQMK2i?C(C
SmM#HBb?BM; AMbiBimi2 UJ.SAVDQmM M H-r?B+?2r b MQi ++2Ti2/X
QT2M ++2bb Tm#HBb?2 X

AM //BiBQM iQ i?2 #Qp2 Tm#HB+ iBQMb BM B ; T@H2bb 2H2+]
M/ :2QK2i'B+ TT ' Q +?2 7Q i?2b2 K +?BM2b rBi? BMBZIMMAM IQBY ? b
bim/vi?2 mi?Q T'QTQb2/i? ii?2 "Qm;? ;2QK2i'B+ + H+mH iBQMb
i?72 K tBKmK 2H2+i"QK ;M2iB+iQ [m2 HQM; rBi? i?2 HQr2bi TQbbB#
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kX A : S@Glaa 1G1*h_A*J *>AL1 gAh> L
ALhl L G _PhP_

h?Bb +? Ti2 T 2b2Mibi?2T QTQb2/ B ; T@H2bb 2H2+i B+ K +?BM
+? Ti2 T 2b2Mibi?2K BM "2 bQMbi? ii?22B;?i22Mi22i?fMBM2@ T ?
B2/ K BMHv BM i?Bb /Bbb2'i iBQMX Hi?Qm;? 2H2+i B+ K +?BM2b ~
UBX2X-iQ [m2T2 K +?BM2 pQHmMK2V-i?2'2 "2bT2+B}+ TTHB+ iE
r?2°'2 2H2+i'B+ K +?BM2b "2 MQi +QMbB/2 2/ +QKT2iBiBp2 i2+?1|
/> mMHB+ K +?BM2b /m2iQ iQ [m2 /2MbBiv HBKBi iBQMbX

>v/° MHB+ K +?BM2b "2 +QKKQMHV mb2/ BM BM/mbi*B H M/ +Q
i?72B° +QKT +i bBx2-?B;?2 TQr2 ' @iQ@r2B;?i " iBQ- M/ 2HB #BHBiv
i2 " BbiB+b K F2Bi T 272 #H2 Qp2 2H2+i B+ K +?BM2b-2bT2+B HH
+ BiB+ H 2[mB@ERMH{(?Qm;? ?2v/° mHB+ bvbi2Kb "2 rB/2Hv 2KTHQ"
TTHB+ iBQMb U2X;X-+" M2b M/ rBM+?2bV-i?2v 7 +2 irQ K DQ T~
BM2{+B2MirBi? 2{+B2M+B2b " M;BM; 7' QKeWiQ 9yW M/ UKV T 2b2N\
(33X

+?B2pBM; ?B;?@iQ [m2 /2MbBiv? b Hr vb #22M QM2 Q7 i?2i ;2
K +?BM2b ¢(?B+? ? b BMbTB 2/ M2r /2bB;Mb b T '2b2Mi2/9BM i?2 i2+
6Q 2t KTH2- i?2 iQ [m2 ;2M2" 2/ #v brBi+?2/ "2Hm+i M+2 K +?BM
T 'iBiBQM2/ "QiQ° "2 QM2 Q7 i?2 ?B;?2bi KQM; 2H2+i'B+ K +?BM
MQi ;2M2" i2i Q' [m2 /2MbBivi? i Bb +QKT ~ #H2 iQ ?v/"  mHB+ K +?I
MQM@+QMp2MiBQM H /2bB;Mb Q7 2H2+i'B+ K +?BM2b M/ +QMi Q|
M/ + /2KB BM+HmM/2, RV /m H QiQ bim+im 2 HQMkVBINM /m |
Qmi2  "QiQ ?v# B/ 23+BY MBQMQMi'QH bi> i2:B2b T QTQb2/BM Q /2
K2+? MB+ H 9@:[rWZ 0V BMD2+iBQM Q7 i?B BPIXKQMB+ +m " 2Mi (

h /BIBQM H2H2+i B+ K +?BM2b "2 +? ~ +i2 Bx2/ #v i?2 T 2b2M+
bi MiQ p "B #H2V-r?B+? HHQrbi?2 KQp #H2 T i U'QiQ'ViQ bTBM
T'2b2M+2 Bb 7mM/ K2Mi HBM +'2 iBM; Qi iBQM H KQp2K2Mi- /2bB
iQ K tBKBx2 BMi2"M H ~mt M/ +QMb2[m2MiHvV iQ [m2X

je



h?Bb M2r 7 KBHv Q7 K +?BM2b Bb # b2/ QM i?2 T'BM+BTH2 #2°?
T°Q/m+2 HBM2 ~7Q +2-bm+? b 2H vbX LQi2i? ii?2 2tT 2bbBQM 7
BM/B+ i2b i? ii?2 ii’ +iBQM Q#b2 p2/ #v i?2 KQp #H2 T i Bb /B 2+
+m 2Mi b[AV2MUIE#2 QN Vm MbBMp2 b2HV T'QTQ iBQM HiQ i?2 E
V- BK2XEN=¢? c r?2°2 F Bb 7mM+iBQM Q7 i?2 T2 K2 #BHBiv Q7 i?
/IBK2MbBQMbX >2M+2- i?2 7Q +2 Bb K tBKBx2/ B7 i?2 ; T Bb KBMB
2 TT2Mb r?2M i?2 KQp #H2 T i iQm+2?2b i?2 }t2/ QM2X Ai Bb rQ i?
mMbBM; i?2 i2°K B ; T@H2bb-; Bb MQi x2°Q /m2iQ i?2 "Qm;?M2bb Q
T "ib UKQp #H2 M/ }t2/VX h?2 T°QTQb2/ K +?BM2b '2i?2°27Q 2/
B; T@H2bb M/ K tBKmK ii° +iBQM 7Q +2X

kXR J +?BM2 gBi? h? 22 SQH2b M/ h?°22 S? b2b

h> /BiBQM H2H2+i'B+ K +?BM2b 2 +? > +i2 'Bx2/#v T 2b2M+2Q
Q p "B #H2V- r?B+? HHQrb i?2 KQp #H2 T i U'QiQ 'V iQ bTBM 7"
T 2b2M+2 Bb 7mM/ K2Mi HBM +°2 iBM; Qi iBQM H KQp2K2Mi- /2bB
iQ K tBKBx2 BMi2'M H ~mt M/ +QMb2[m2MiHv iQ [m2X h?Bb M2r 7 K
i72 T'"BM+BTH2 #2?BM/ K ;M2iB+ /2pB+2b i? i T'Q/m+2 HBM2 ~ 7Q 4
b b?2QrM BMB ; X

6B;m 2 kKX@XQ 2 K ;M2iB+ /2pB+2 U 2H vVX

jd



LQi2 i? i i?2 2tT 2bbBQM Q7 7Q +2 BM i?Bb ivTI2 Q7 /2pB+2 BM/
Q#b2 p2/ #v i?2 KQp #H2 T i Bb /B 2+iHv T'QTQ (BOWMHK®2i?2 +m
Q7 imNWb M/ BMp2 b2Hv T'QTQ iBQM H (i) -i B2AREN=gt ch[ 2 k2
Bb 7mM+iBQM Q7 i?2 T2 K2 #BHBiv Q7 i?2 K i2'B H- M/ Bib /BK2]
Bb K tBKBx2/ B7 i?2 ; T Bb KBMBK H UBX2X- B ; T@H2bbV- r?B+:
T i iQm+22bi?2 }t2/ QM2X LQiB+2 i? i 2p2M mbBM; i?2 i2°K B ; T
iQ i?2 "Qm:?M2bb Q7 i?2 +QMi +i #2ir22M #Qi? T “ib UKQp #H2 M/
K +?2BM2b i?2°27Q°2 "2 /'Bp2M #v i?2 +QM+2Ti Q7 B ; T@H2bb M/
T°QTQb2/ K +?BM2b mb2 T?vbB+ H +QMi +i #2ir22M i?2 bi iQ" M/ Q
Bib "Qi iBQM H iQKXl2®r6B;jX bF2i+? Q7 i?2 T'QTQb2/ +QM+2Ti- r?E
bi iQ° M/ QiQ TB2+2bX "Qi? bi iQ° M/ QiQ 2K /2Q7 72 QK ;I
6B:XXK V b?Qrb 2 +? +QKTQM2Mi Q7 i?Bb K +7?BNMRk#Y ?tBB RHIB 22ibM E
2 +2 +QKTQM2Mi b2T * i2Hv- BX2X- 7°QMi M/ 2M/ + Tb HQM; rBi? i
bi iQ°K BM T i Bb +QKT ' Bb2/ Q7 i? 22 KRKb-r12b2 2 N vBWk B BQ X B X
K ;M2iB+ ~mt rBHH #2 ;2M2" i2/ BM Q /2 iQ :m > Mi22 +QMiBMmQm
TQH2 rBHH #2 1> TT2/ #vIBM/BM:b 7Q K ;M2iQ@KQiBp2@7Q +2 UJ
6B ;KU VX

6B;m 2 kXkdB2rb Q7 i?22 T'QTQb2/ +QM+2TiX

LQi2 i? i r?2M i?2 +mBB2MTMBB2/ iQ i?2 by- iBIbT-QHABHH i~ +ii?2
"QiQ X qP2BUM+2b r?BM2R b2b- i?2 "QiQ  rBHH "QHH GpR  i?2 bi
h?2 T'Q}H2 Q7 i?2 +m "2Mib KOQBAIMIBHBMMGB;Mi22 +QMiBMmQmb K
i?72 "QiQ XkBB+X- BM im M- b?Qrb b2[m2M+2 Q7 bM T b?Qib i? i /2]
T°QTQb2/ K +?BM2 QT2 i2bX 6 QK i?2ki2 7 ViR?iQRb BhTi2 6MYXbBim
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U#V

Uu+Vv

6B:m 2 kKXj¥ GQ+ iBQM r?2°2 i?2 rBM/BM: Bb TH +2/ 7Q" JJ6 -
U#V S°Q}H2 Q7 bi iQ  +m "2Mi 7Q  +QMiBMmQmb ;2M2" iBQMX
b?QrBM; +QMiBMmQmb "QiQ  KQp2K2MiXX

JN



r?2°2i?22 °QiQ KQp2K2Mi:Q2b +HQ+F rBb2X Ai Bb MQi2rQ i?viQ K2
#v i?Bb K +?BM2 Bb bBKBH " iQ i?2 QM2 + 2 BIN-#b B2/2 MmEB® BK; % ? B \
"Qi? ivT2b Q7 K +?BM2b UBX2X- i?2 T'QTQb2/ B ; T@H2bb 2H2+i"
K +?BM2V ? p2 'B;B/ #Q/v "QiQ  rBi? +QK#BM2/i° MbH iBQM H M/

6B:m 2 kX®/X mHB+ K +?BM2X

6B;XXB V T 2b2Mib i?2 i D2+iQ v Q7 i?2 "QiQ  +2Mi2 Q7 i?2 T°
2Qri?2 "QiQ  KQp2K2Mi + M #2 Q#i BM2/ #v +QK#BM iBQM Q7 Qi
KQp2K2MibX K2+? MB+ H ;2 "+ M #2 mb2/ iQ +QMp2 i i?Bb +QK/{
"Qi iBQM HKQp2K2MiBMiQ Qi iBQM HQMHV KQp2K2MiB7 M2+2bb
6B;KXAB#V)X h?BbivT2 Q7 ;2 " #QtBb HbQ mb2/BM ?v/° mHB+ K +?B
Hi?Qm;?i?2 T'2b2M+2 Q7 i?2 B ; TBb M2+2bb 'v7Q  +2 iBM; "Qi
i'viQ KBMBKBx2 Bib bBx2 iQ K tBKBx2 BMi2'M H ~mt M/ +QMb2[m
; TbBx2 BM i /BiBQM H/2bB;M b?QmH/ #2 #B; 2MQm;? iQ ;m ~ Miz:
+QMi +i #2ir22M bi iQ° M/ QiQ -r?B+? K v+ mb2/ K ;:2iQi?2K +?B
+2 b2 Bib QT2 iBQMX
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u#v

6B:m 2 kM8K*QK#BM2/ "QiQ  i° MbH iBQM H M/ Qi iBQM H KQp2K

KXRXR J +?BM2 JQ/2HBM;

bi?2 QiQ bTBMb 7QHHQrBM;i?2bi iQ TQH2 2t+Bi iBQM- Bib +2
BM 6BXB VX .m2 iQ i?Bb KQp2K2Mi- i?2 ; T #2ir22M i?2 bi iQ"~ M/ "«
7mM+iBQM Q7 i?2 M;mH ~ TQDBXBHPNM QmMti?P2pDHQ BWM T i?i? i Bb N
iQ #Qi? i?2 bi iQ° M/i?2 "QiQ - M/BMi?Bb ;2QK2i"B+ H +QM}:m" i
bHB;?iHVX hQ bBKTHB7v i?2 BMBiB H /2 'Bp iBQM 7Q° M 2tT 2bbBg
iQ i?72 bi iQ r b +QMbB/2°2/- r?B+? Bb 2 bQM #H2 B7 i?2 "QiQ" "/
" /BmbX LQiB+2 FX&Ki6B2XB  ; T 2tT@®HPBQMH#2 r Bii2M b 7mM+iB
Q7 M:mH  TQbBIBQM 2bbBQM 7Q i?2; T+ M#2i?2°27Q 2 /2 Bp2

q
g( )=r2 rpcos() r# ry2sin?( ) UKXRV

9R



r?212-5- Mrhy, 20?22 /BmbQ7i?2 QiQ -bi iQ - M/i?2/Bz2 2M+2 #
UBK2XF, V- 2bT2+iBp2HvX h?2 K ;M2iB+ 2[mBp H2Mi +B +mBi Q7
QM2 TQH2 Bb bmTTHB2/ rBi? +m "2Mi + M #RXKIB N2 iPE+ BIIRZQrM BM €
"2 i?2 2HmM+i M+2b bbQ+B i2/rBi?i?2; Th ii?2 7 QMi M/ # +F + °
R, Bbi?2; T bbQ+B i2/rBi? i?2 TQH2 Q7 i?2 bi iQ X

U#V
uyv

6B:m 2 kXeQK2i'v TT'Q +? mb2/7Q B : T/2 Bp iBQMX

A7 i?2 "2HmM+i M+2 Q7 i?2 K ;M2iB+ +Q 2Bb M2;H2+i2/ M/ QMHVv i
Bb +QMbB/2°2/-i?2 b2H7@ BM/m+i M+2 Q7 i?2 /2pB+2 + M #2 2tT 2|
br2HH-r?B+? H2 /b iQ,

L = N?=R+ UkXkV

BMr?B+? LBbi?2 MmK#2 Q7 im Mb RQ BB212 i@ A QHEMmMI/ M+2 b
#v i?22 (MtBM i?2 +B +mBi b?2IQMVMhBBGBRMNmM+i M+2 + M #2 + H+mH i2
#2HQr,

Rt =(R41jjRs) + R» UkXjV

r?2° R,l = 0= OAgl;RZ = 0= OAQZ; MR3 = 0= 0A93X H A@;Agg- MAgz 21?2
‘2 b bbQ+B i2/rBi? 7°QMi+ T-# +F + T- M/i?2 bi k03 BQEEb 2bT 2

9k



6B;m 2 kddX2iB+ 2[mBp H2Mi +B +mBi Q7 i?2 KkX¥RPBM2 b?QrM
r?2M QMHv QM2 TQH2 Bb bmTTHB2/ rBi? +m > 2MiX

i?72 /2p2HQT2//B ;> KQ7i?2T QTQb2/2H2+i'B+ K +?BM2X AMi?Bb
b?Qib bi?2 " QiQ bTBMbiQ ?B;?HB;?iirQ /Bz2 2Mib+2M "BQb BM i
bi iQ  +m "2Mip Hm2bX 6QXBWbH MQ*¥B- 6B TQbBIBQM r?2M i?2 +1
BM b2+iQ " R b T 2b2{Ki24\VBMAGB XBb b2+iQ - i?2 +m "2Mib BM TQH?2
UB B=0V- r?B+? 2HBKBM i2b i?2 Kmim H BM/m+i M+2b rBi? "2bT2+
i?72 b2H7 @ B MAnBhi /M¥22/ mBBMQi2 i? i ~mt HBM2b +°2 i2/ i TQH2 R
7°QMi@+ T M/ # +F@+ T +QKTH2iBM; K@E*AM2bDd+hQ2M BoMbB8BI¥ E
6B;XX3+m "2M2B 2 b2b p?BML B b2b- r?B+? H2 /i?2 "QiQ  iQ Qi i2 i
(b22 &BLB+V)X .m BM; i?Bb BMi2 p H Q7 iBK2- BM //BiBQM iQ i?2 ~r
KXB V-i?2°2 "2 HbQ ~mt HBM2b i? i + Qbb #Qi? TQH2b R M/ ki? Qn
KQp2b 7m i?2  "B;?i-i?2b K2 ~mt #2? pBQ Bb Q#b2 p2/ 7Q  TQH2b
Bi Bb b? Qe¥Mk®PM BM/m+i M+2 /2T2M/b QM i?2 MmK#2> Q7 im Mb M/ i-
T i?2X _2HmM+i M+2 Q7?2 ; TBY h MM 27 BA2 7AQWBD 4?2 b K2
bi?2 "2 Q7 i?2 #A5NV@ M/TBU Bb +Q MBS 24 &/# thi B iriXilBWIKQCki ? 2
b2H7@BM/m+i M+2b 7Q 2 +? TQH2 rBHH #2 b b?QrM #2HQr,

L1 =2N3 0AgAg=g )(Ag + 2A,) UkX9V

L2 = 2N2 0ApA=d  2p=3)(Ag +2A,) UkX8V
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6B:m 2 KXIPRHQT2//B ;" KQ7i?2 T QTQb2/ 2H2+i B+ K +?B

Lss = 2N2 0ApAg=d +2p=3)(Ag +2A,) UkXeV

bobmKBM;r, BMXH?Bb 2[m iBQM + M #2 r Bii2M b,

g()=rxn[l cos()] UkXdV

am#biBikKBWKkQ& X8 MkXei?2 b2H7@BM/m+i M+2b + M #2 /2}M2/ |

L1 =2N7T 0AgAg=r1(1  cos())(Ag +2A,) UkX3V
Lo =2N35 0AgAg=rn(l cos(  2p=3))(Ag +2A,) UKXNV
L33 =2N3 0AgAg=r21(1  cos( +2p=3))(Ag2 + 2A,) UKXRyV
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*QMDbB/2 BM: + b2BM r?B+?i?2 QiQ BbiQm+?BM; TQBMi #2ir22
kXB+VX h?Bb “2;BQM Bb HIXQBH? Qr M2BMQ6 BK:-XrBi? “2bT2+ib iQ i?2 +n
i?72 K +?BM2X Ai Bb Q#pBQmb i ?M/#R1{iB nBM2IMEbB 2:BQM bQ i?2 "Q

#2 Qi° +i2/iQ TQBMi #2ir22M TQH2b R M/ kX h?2 b K2 T°Q+2/m"2
B M/;BRtBbi ii?2 b K2 iBK2 Q  MW;B2Hbi B i?2 b K2 iBK2- BM r?B+?
"QiQ  rBHH #2 ii° +i2/iQ TQBMiBM #2ir22M TQH2b k M/j Q TQH:

i?Bb + b2-i?2°2rBHH 2tBbi Kmim HBM/m+i M+2b #2ir22M TQH2bX |
#2 + H+mH i Z/XabBM;

L12=2N1N2 0AgAgR=(9;( ) + %( ))(2Ag + Ag) UkXRRV
L1s = 2N1N3 0AgAgR=(9;( ) + %( ))(2Ag + Ag) UkXRkKV
L2s = 2N2N3 0AgAGR=(G,( ) + Gs( ))(2Ag + Ag2) UKkXRjV

BM r?Bgt(?) = raifl cos()];%()=ral cos( 2p=3)) Mhis()=ral
cos( +2p=3)) X

LQri? i i?72 b2H7@ M/ Kmim H@BM/m+i M+2b ? p2 #22M + H+mH
#2 b b?QrM #2HQrX AiBbrQ'i? K2MiBQMBM; i? i BM i?2 2[m iBQM|
BM/m+i lNpH2handLizs "2 1?22 b KRyjlhsy andLs X

1= LBt LB+ L1z B UKXR9V
2= Loy B+ Lo B+ L2 B UKkXR8V
3= La1 B+ Lo B+ L3 B UkXReV
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IbBM; i?2 2tT 2bbBQMb 7Q" ~mt HBMF ;2b-i?2 +Q@2M2 ;v + M #2 +

Z g
X

W, = 6B UkXRdAV
Bl

IbBMX@XRBMUMXRIO?2 +Q@2M2 ;v I BHH #2,
1
We = 5 |—11$+ |—22$+ |—33$ +2L1, BB+ 2L 13 BB+ 2L 23 BB UKXR3V

h?2iQ [m2+ M#2 + H+mH 12/ b,

T,= @ w@ UKkXRNV

IbBM; 2tT 2 B XBR@INKIXR NP2 2t T 2bbBQM Q7 i?2 iQ [m2 rBHH #2 b b?Q

.- rosin( )kl o1 SiN 2 k2 rsin -+ 2 k3
2= 2 2
(rai racos()) o1 21 COS 2 f21 rxnCOS + 2
| ) | ) UkXKyV
4rpisin + 2 k4 . 4r,;sin 2 k5 . Aasin()ké
2 2 2
2ry rpcos + 2 2ro; € COS 2 (2rp;  rpcos())

KXRXk 1tT2 BK2Mi H a2imT

T QQ7@Q7@+QM+2TiH #Q  iQ ' vT QiQivT2r b#mBHiiQp HB/ iz
h?2 Ki2°'B Hb2H2+i2/ 7Q i?Bb }'bi T°'QiQivT2 Bb HQr + "#QM bi22}h
~mt /2MbBiv b im® iBQM "QmM/ k h2bH X "Qi? bi iQ°  TQH2b M/ Qi
+ #QM bi22H RYKRUWKVOEBZ@rb T?7QiQ Q7 i?2 T QTQb2/ K +?BM2 BM
bb2K#H2/ b DbBM;HRIONWMBiBMBpX M- /2TB+ib bm+? K +?BM2 rBi?
"2KQp2/ 7 QK i?2bi iQ #Q/vX .2i BHb #Qmii?2 BMi2°™M HTQH2 bi’
"2 T 2b2Mi2/ BMUEB/, X 6BM HHWW B 2Qrb M mTT2 pB2r Q7 i?72 T (
K +?BM2 +QMM2+i2/iQ i?2/ Bp2 bvbi2K-r?B+? B>RQr b+?2K iB+ |

6B;XXRRPQrb 2tT2 ' BK2Mi H "2bmHib +QHH2+i2/ 7Q i?2 T°"QTQb2/
+?BM2X h?2 T°Q}H2 Q7 i?2 +m "2Mir b BKTH2K2Mi2/ rBi? SqgJd +QNM
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uyv U#V

U+V u/v
6B:m 2 kENQXiQb Q7 i?2 T'QTQb2/ 2H2+i'B+ K +?BM2 rBi? Bib /
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6B;m 2 KXIRYXBM2 /"Bp2 bvbi2 KX

6B;m 2 KXIRRX BK2Mi H "2bmHib, +m "2Mib BM TQH2b R M

BM QT2M HQQTX h?2 iQT r p27Q KXFBDbiZMi2mMBMMBOY TQH2 R- r?2E
#QiiQK QM2 Bb i?2 +m "2Mi Q7 TQH2 kX

Hi?Qm;? Bir b 2tT2+i2/ iQ ? p2 bKQQi? KQp2K2Mi Q7 i?2 "QiQ
KQp2K2Mir b KQ 2 HBF2 bi2TT2 K +?BM2X 6Q 2t KTH2 r?2M +m
R-i?2 "QiQ  iQm+?2b TQH2 R mMiBH i?2 TQBMi i? i +m "2Mi BM TQ
i?2 +m "2Mi Bb H 2 /v TTHB2/iQ TQH2 k M/ b “2bmHi "QiQ" Ui
TQH2 RV DmKTb M/ iQm+?2b TQH2 k M/ Bb MQi "QHHBM; bKQQi?H
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rb/2+B/2/iQ BM+ 2 b2 i?2 MmK#2 Q7 TQH2bBM Q /2 iQ ? p2 bKQ
KQp2K2MiX L2ti b2+iBQM T 2b2Mib ir2Hp2 TQH2 bBt T? b2 B'; TG
M BMi2 M H "QiQ" X
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kXk B'; T@H2bb 1H2+i B+ J +?BM2 rBi? aBt "BTQH2b M/ aBt S? L

b K2MiBQM2/ BM i?2 T '2pBQmb b2+iBQM- B ; T@H2bb 2H2+i B+
#2ir22M i?2 bi iQ° M/ "QiQ  iQ K tBKBx2 7Q +2 MKX@KPBHQMib iQ [
/IBz2 2Mi pB2rb Q7 j.bF2i+?2 7Q  i?2 T "QRKQEZ/bR GraBi2X»i6BQXrBi?
bBt #BTQH2b Uir2HpX XBHYVI- BB2Xib i?72 RAQKY 68 [ X&B XKV
?2B;?HB:?i #Qi? i?2 bi iQ° M/ "QiQ > M/ ?Qr i?2 'QiQ  Bb HHQr2/iQ
7Q K2 b?Qrb pB2rBM T2 bT2+iBp2 r?BH2 i?2 H ii2  /2TB+ib iQT

uyv U#V

U+V u/v
6B:m 2 kKXREB2rb Q7 i?2 T'QTQb2/j #BTQH2 K +?BM2X

8y



h?Bb K +?BM2 rBHH #2 2t+Bi2/ rBi? K ;M2iB+ #BTQH2 +QM};m
kKXBjVX hrQ i22i? 7Q'K T B  TQH2 r?2'2 QM2 Q7 i?2 i22i? Bb MQ"
Bb bQmi? 2KmH iBM; *@+Q 2 +QM};m” iBQMX h?2 +QMiBMmQmb °
2t+BiBM; i?2b2 TQH2b rBi? K +?BM2 / Bp2 bkHiRKV X EBFDEBMIi2/ BM
im M-b?Qrb b2[m2M+2 Q7 bM Thb?Qib UiQT pB2rVi? i /2KQMbi® i2 1
QT2 i2b-BX2X-i?2 'QiQ  iQm+2?22b /Bz2 ' 2Mi TQbBiBQMb Q7 i?2 bi
#BTQH2 RiQ #BTQH2 e rBi? +QmMi2  +HQ+F rBb2 KQp2K2MiX

U#V

uyv

6B;m 2 KXARM"BTQH2 +QM};m  iBQMX U#V K +?BM2 /'Bp2 b

6B:m 2 kXaRI¥2M+2 Q7 b?Qib b?QrBM: +QMiBMmQmb "QiQ" |

Ai Bb MQi2rQ i?viQ K2MiBQM- i?2 Qi iBQM +'2 i2/ #v i?Bb K +?1
2v/> MHB+ K +?BM2b- kX2RMNM?BM 6B;BEQmb b2+iBQMX "Qi? ivT2b Q7
T°QTQb2/ B'; T@H2bb 2H2+i'B+ K +?BM2 M/ i?2 ?v/° mHB+ K +?B
rBi? +QK#BM2/i> MbH iBQM H M/ Qi iBQM H KQp2K2MibX K2+71
iQ +QMp2ii?Bb +QK#BM2/i° MbH iBOQM H M/ Qi iBQM H KQp2K2M

8R



QMHvV B7 M2+2bb "v7Q° bT2+B}+ TTHB+ iBQMX h?BbivT2 Q7 :2 "
K +?BM2b M/ BiBb } KHv 2bi #HBb?2/i2+?MQHQ;Vv r?BXB4¥ b HbQ
BM i?2 T'2+2/BM; b2+iBQMX

kKXkXR J +?BM2 JQ/2HBM;

bi?2 QiQ bTBMb 7QHHQrBM; i?2 bi iQ° TQH2 2t+Bi iBQM- Bib +
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