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B

A

α β

=z¡E>���A Z[U�FIDGFhQYZ r S CLZ%UGS |gVN]EMYS�ZU r ]LZ[UXUGZ�§ k  =z¨N¨��\i r �7FIZ�Z[ALH]LZ[ARQIMYS�H[JNA©FI] UXJNALVND¢QY]LCAgSbQI]LMYS?UªvLH[J r ]LALDXHz�?ALCEJNFIZ!S?U�H[]LZMIo�J0ZALVRS?ALHTKLS?CLJ0S?U r DGF r J7]LAgS�e?Z[UGJfH[DXCgS?C v = 10 r ibF[>��UgH[JfZ|gHDGZ[ARQIZ�CLZ�MIJNP[S r DXZ[ARQYJ\CLZ[ULH]LZ[MOo`J5H[J?A2ZULoLUGS?ALJ	ZF µ = 0,1
v s UGS r S?FYS	CLZUgH[]LZMIo�J

m = 5 � VL>�}&SbUGH[]EUaSE�SR���\DGFhQTS?AEH[DaS r �c�kD r S��y]LZ5MIZH[JNMOMIZ[MI�2ZU�H[]LZMIo�J0ZA�FO]%SbFIH[ZALFIJ0FIJN�EMIZ!Z[U�oLUGS?ALJL>



�W�"«.Z[UXJkHDGCgS?C�CEZ[U�H[]EZ[MIo�J0S�UGS r D¢QTS?C CEZ�UGS�CLDGFhQTS?ALHDaS7S?ARQIZ[MIDXJNM[>

o30

v

=��f>��wSuoLUaS?H[S%MIZHQYS?ALVN]LUGS?M5CLZ�UaS�|gVN]LMISuo`ZFYSt� � � � s FIZ r S?ARQYDGZALZ�ZA�UaS%o�JNFODGH[DXmNAxMOZ[oLMOZ¬£FIZAyQYS?CgS r ZCLDaS?ARQIZ7UaS �LDXFYS?VNMIS A s Z[U�H[S?�LUGZ BC
>w}&SbUGH[]EUaS�UaS�QIZ[ALFODGmNAqZ[A�Z[UnH[S?�LUXZ s UaS?FMIZ[S?H[HDGJNALZFBZA�UGS��LDGFIS?VNMISE>

=	�k>��\Z r ]LZ[FhQYMYS oLS?MOQIDGZ[AECLJ�CLZ5UaS2CLZ|LALDGHDGmNA�CLZ�HZ[ARQYMOJ CLZ r S?FIS?F[vWUGS0o�JNFIDXH[DGm?A�CEZ[U�H[Z[ARQIMIJ�CLZ
r SbFYS?F�CLZ$]EA�HJNALJ�KLJ r JNVN�ALZ[J7CEZ�SbUXQY]EMYS h

>g@�QYDGUXDGP[S?ALCLJ�ZU<MIZFI]LU¢QTS?CEJ7JN�EQYZALDGCEJLvLHzSbUGH[]EUaS
Z[U�HZ[ARQYMOJ�CLZ r S?FYSbF�CEZ5UGS�|gVN]LMIS7MIZ[oEMIZ[FOZ[ARQTSbCgSEvWH[J r oL]LZFOQYS2o�JNM�]LA�H[DXUGDGAECLMIJ�CEZ5MIS?CLDXJ RCLJNALCEZ�FOZ5KLS�oEMYS?H¬QYDGH[S?CLJ�]LA�Ky]LZ[HJ�Z[A���JNM r S�CLZ!HJNALJ�Z[A�UaS7�gS?FOZ!CLZ[U r DGF r JL>

H

h

= � >���ULFIDXFOQYZ r S	MOZ[oLMOZ[FOZ[ARQTS?CEJ�ZA2UGSB|gVN]EMYS$FIZ�CLZ�^IS	UGDX�LMIZdCLZ[FOCLZ�Z[ULMOZ[o�JNFIJLv s Z[FhQTS?AECLJ!Z[U r ]LZ[UXUGZZ[A�FI]�o`JNFODGHDGmNA�CLZ!Z�f]EDGUGDX�LMIDXJL>E}&S?UGH]LUaSE�
SR���\DGFhQTS?AEH[DaS��y]LZ5CLZFIH[DXZ[ALCEZ�UGS r S?FIS m1

KgSbFOQTS�ogS?MIS?MIFOZ?>



�W�"«.Z[UXJkHDGCgS?C�CEZ5UGS?F r S?FYS?F�H]gS?ALCEJ0KgSbA�MOZ[H[J?MIMIDXCLJ7UaS r DXQYS?C�CLZ!UaS�CLDXFOQYS?ALH[DGS r ���ED r Sk>
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m1

m2

=	�k>¦}&S?UGH]LUaS7UGS�o`JNFODGHDGmNA�CLZU�H[ZAyQIMIJ0CLZ r S?FIS?F�CLZ!UaS�|LVN]LMYS�MIZoLMIZFIZAyQYS?CgSE�

y=x /22

y  (m)

(m)x  
4 8

=	�k>���A Z[U$}"DXMIHJxCLZU �kJNU�]LA QIMYS?o�Z[HDGFOQYS�oLMOZ[FOZ[ARQTS�]LA A� r Z[MOJ{Z[A ZUB�y]LZ�e?SxS?FIHZ[ALCLDXZ[ALCEJo`J?M�]LAgS�H[]LZMICgSuMOpGVNDXCgS�S r ZCLDGCLS��y]LZ ZFOQTS�FIZ �gSbUaS?ALHZzS�S?CL�y]LDGMODGZALCLJ%]EA r J/efD r DGZARQYJH[DXMIH[]EUaS?M> �wS5FODXQY]LS?H[DXmNA7�y]LZBFOZBoEMIZQIZ[ALCEZBZFOQY]ECLDaS?M.ZF�UGS$MIZ[oEMIZ[FOZ[ARQTSbCgS�Z[A2UaS	|gV?]LMYSEv?CLJNALCLZ
UaS�eNZUGJfH[DGCLS?C�S?AEVN]LUaSbM�CLZ"UGS�H]LZ[MOCgSBZF�CLZ"��MIS?CWibF s FI]7S?HZ[UXZ[MYSbH[DGm?A�S?AEVN]LUaSbM�CLZ&¨Ev ¡�MYS?CWicF 2 vFIDXZ[ALCLJ2UaS�UXJNALVND¢QY]LC�CLZ!UaS�H[]EZ[MICLS2DXVN]gS?U�S�=z¨ r >g��U<QIMYS?o�Z[HDGFOQYS�Z[FOHzS?UGS�o�JNM�UGS�H[]LZMICgS�H[JNAeNZUGJfH[DGCLS?C�H[JNALFhQTS?ARQIZ5CEZ2= r ibF[>g}&S?UGH]LUaS�UGS�eNZUGJfH[DGCLS?C s S?H[ZUGZMYS?HDGmNA�CLZU�QYMIS?o�Z[H[DXFOQYS��y]LZS?oLMOZ[H[DGS?MY�7ZU�o �L�LUXDGH[J7CEZ[U�Z[FOo`ZHQY�?H[]LUXJL>

45
o 2 m


