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m1 ~ 0.43
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ϕ 1
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r

d2 = 8.25
d3 = 8.45

outer diameter dx of layer x

d(outer) = 9.23
d(inner) = 7.60

d1 = 8.03 d4 = 8.69
d5 = 8.90
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� NE\bT}N[LYI��K�PSN[mENQPSRQT}NQP�KMfYISIbT�~}N[I�KMfh\VPbN[I�p�KkPb\bTURQT}peKMLi\bI�^Yf �bfhPbqM� � KMKkp � KMLem	KMLaNQ\ � KMR �ifhN[I � fYm�KkPSRSWhN ��p2`dfYP�~UN[fhPSIRc`dLYIVN[TU~UI�K�~UKE~}N[Rc\bfhPbN�NQ\��K	~UKERc`MPbPbN[Rc\bTU`dL�^hN�mE`dL�m	KMLifeIbRcPST}\Q�
� N[I p=NQPSIV`dLYLYN[IAN[m%u�KkP �if�	NQN[I�IbfYP�~}N�u�Kk\VN[KMf � �J� � Lh`dm{uYPbN[fYIbN[I�IV`dLi\ RcN[~U~UN[I��K��rfYT �VN#ISfYTUIAPbN[Rc`dLeLYKMTUIbIbKMLi\VN#^YN�m - K[ZM`dTUPnoKMT}\%peKkPb\bKkwMNQPE~}N[fhP�p�KMIbIbT}`dL_p2`dfYP%~UK]peWiq�IbT �rfhNM� ~}N[fYP�N[Ll\bWY`dfYIbTUKMIbm	N�NQ\{~UN[fhP%Rc`dLYLYKMTsIbIbKMLYRcNM����NQPSRQT8N[Li\VPbN�KMfh\VPbNM���K� NQ\VP���`MPbu=`dfYLh` Z�� � N[KML 	 �)~sKMfY^hN��GNQwMP.KMLY^]NQ\J�#T}NQPb`��=feRQRSWhN[~U~sT �ifYT=`dLi\,wdfeTU^�	N�mEN[I¢pePbN[m	T}NQPSI)p�KMI,^YKMLYI,~ - N � p�	NQP.T}N[LYRcNIbfhPB~}N[IBRSWeKMm%uYPSN[I8m{fe~}\bT 	 �e~UI��K�Rc`dmEpY\VN[fYPBpYPb`Mp=`MPb\bT}`dLYLYN[~2� � 2 �)�@! NQ\8~UK�RSWeKMm%uYPSN��K�pYPb` �VN[Rc\bT}`dLg\VN[mEp=`MPbN[~U~}N�� � �)�@!.�KMTULYIbT �rf - K ��m�TU~UT}`�,KM^YTsRQT}`dLYT=Lh`M\VPbN%m�K�� �}\VPbN �  2t��XNQPSRQT��K��)~UKMfY^YN � NQ\VPSK �M� � `dI�	Nt��fY~U`dL]NQ\J�vKkPST}` ��RQKMLY^efhPbPSKtp=`dfhP¢~}N[fhP¢^eTUIVp=`dLYT}ueTs~UT}\
	N,NQ\,~UN[I�u=`dLYI�mE`dmEN[Li\bI¢peKMISI
	N[IN[LYIVN[m{ue~}NM� KMTsLYIbT �rf -��K]\V`dfh\t~}N[I�mEN[m{uYPbN[I{^hN�~ -�	N��rfYT}p=N	^hN�IbfYpYp=`MPb\�\VN[RSWYLYT �ifhN � tx�^Yf � �� ' �rfYT8Lh`dfYI%K�IbfYTUZrT}N^YKMLYI¢RcN�ZM` qdKkwMNM��XNQPSRQTAK���~UKMfY^hN���Ts~U~}NQPSTUL�NQ\ ' TsRc`d~}N 2 KMf��ifeT}NQP�^hN�~ - Kk\VN[~UT}NQP¢^hN�mE`dLi\bKkwMN�	N[~}N[Rc\VPb`dLeT �ifYN�NQ\¢IV`dfY^YfhPSN�^YfX� �  ' KMTULYIbT
�if -��KE~UN[fhPSI�Rc`d~U~��NQwdfhN[I��rfYT=`dLl\JIV`df �=NQPb\bI�p=N[LY^YKMLi\¢~UKgp�	NQPST}`�^hN�^hN�m	`dLl\bKkwMNt^Yf]^�	NQ\VN[Rc\VN[fhP[��XNQPSRQT��K�� fYRQTUKMLh`E�vfYIbKgNQ\ ¢`Mu=NQPb\V`��)KMm	peKkwdLh`d~}`E^hN�~UK � �)��^ -  ��#V� ��p2`dfYP)~UN[fhP�IbfhpYp=`MPb\Q��Lh`dm{uYPbN[f � Rc`dfYpeI�^hNm	KMTULYI)NQ\,Rc`dLeIVN[TU~UI�IbfYP,~}N[I�RQKkPb\VN[I�^hN�~}N[Rc\bfhPSN[I¢^hN�~UK � �)��^h`dLi\¢Lh`dfYI¢K�ZM`dLYIJpeKkPb\bKkw!	N{~ -�	N[~}N[Rc\VPS`dLYT �rfhNM��XNQPSRQT��K	�vKkP : fYI � `r`dI�NQ\ � KMmEN[I ¢`dfYNQ\¢^hN�~ -"	N��ifYTUp2N�^hN�IbfYpYp=`MPb\�^YN[I�IVqrIb\#�N[m	N[I$	N[~}N[Rc\VPb`dLYT �ifhN�^ef]� �� ' p=`dfhP�~}N[fhPKMTU^hN�pYP%	N[RQT}N[feIVN�^YKMLYI¢~UN�^�	NQZMN[~}`MpYp=N[mEN[Li\,^hN[I¢~}`MwdTsRQT}N[~UI�^hN�~}N[Rc\bfYPbN%^hN�~ -�	N[~}N[Rc\VPS`dLYT �rfhN�~UK � �)����XNQPSRQT��K JLeIVN[~UmE`v��NQPSZMNQPSK�� mE`dL_m	K�� �}\VPbN&�K]p=N[LYIbNQP�^YfaZMNQPb\VN � � p=`dfhP�ISK�peKk\bT}N[LYRcN	NQ\{IbK]^YTUIVp=`dLYTUueTU~UT}\�	Nt~}`MPSI �rf - TU~��KnoKM~U~sf�^YN[IbRcN[LY^hPbN�^eKMLYI¢~ - KkP'�N[LhN%p2`dfYP�N[mEp=`dT}wdLhNQP¢~}N�\bKMfhPSN[KMf ��KM~Um�KMLA��XNQPSRQT(�K¢mEN[IGRc`d~U~��NQwdfYN[I�^hN � �J� ��^h`�Rc\V`MPSKMLl\bI�`df �VN[fYLhN[IA^h`�Rc\VN[fhPSI[� � N[KML
	(�)	NQueKMIV\bT}N[Lg��PSKMfY~UTsRSWA���~}N � KMLY^hNQP ��Pb`dIbIbWhN[Tsm]�,q�IVN[~ ��K[q�TUI 	 � `MpeK : IbfA�8��PSTUIV\bTsLYKX�X`MPS`dLhNM����TU~}Z�TUK � `MPbwdWYT��*� KkPSK � `��J~}NQ\V\{NQ\4�r\VNQn KML �#T}p=NQPb`�Z p=`dfhP{~UN[I%KkwMP%	N[Kkue~}N[ImE`dmEN[Li\bI¢peKMIbI�	N[I,N[LYIVN[m{ue~}N�NQ\,~UN[fhP¢IV`dfh\bT}N[L�^YfhPSKMLi\�~}N[I�peWYKMIbN[I¢~}N[I�pe~sfYI)Lh`dT}PbN[I¢^YN�RcNQ\V\VN%\bW��N[IVNM�Jfa\V`dfYP%^hN[I%m	`dTULYI �VN[fYLhN[I�m	KMTsLl\VN[LYKMLi\Q� m	NQPSRQT �K]�8KM~}NQP.T��rNQPS^YTU`df : Lh`M\VPbN�N � p=NQPb\ � �)�)TULh`h��# IbKku=N[~U~UN���N[LYT �rfhNE^YfIVN[RcP�	NQ\bKkPSTUKk\ �  ,� � � TUm	TU\bKkP ��`d~}NQZ�NQ\@# ~}qdK � Ibf : NQP.m	KMLX~}N[I�N � p=NQPb\bI�N[L]PSN[mE`dLl\bKMLi\Q��XNQPSRQT)�KgmEN[I�KMm	TsI�NQ\¢Rc`d~U~��NQwdfYN[I�^hN�~ - fYLYT}ZMNQPSIST}\
	N�^hN���N[L��NQZMN �hTUmE`dLhN���TU~UKkPS^Y`dLYT �+�hWifY~sKMm	T}\#��`iN[^G�e��KkPSTU`E�)KMm	peKML 	N[~U~UT � ��ZMN[~}qrLYN � N[~UmEN[T}PbN%NQ\ JKkpeW,+KkN[~=�hRSWhP-+`MNQ\VNQP���KMTULYIST��if - K��)Kk\bWhNQP.TULhN � ~UKMLYR.WYKkPS^�KMf�IVN[RcP%	NQ\bKkPSTsKk\�^Yf � � ' ��p=`dfhPIbK	^YTUIbp2`dLeT}ueTU~UTU\
	N,NQ\,IV`dLXKMTU^YN�Rc`dLYIV\bKMLi\VNM���NQ\V\VN¢\bW��N[IVN,K.	NQ\�	N �eLYKMLYR/	NQN¢N[L	peKkPb\bT}N)wMP0�KMRcN,KMf�IV`dfh\bT}N[LE^YfgpePb`MwMPSKMm	mEN¢^YN[I�	NQ\bfY^YTUKMLi\bI8^h`�Rc\V`MPSKMLi\bI�^Yf�� �  ' NQ\8N[LpeKkPb\bT}N�peKkP¢~ - feLYT}ZMNQPSIbTU\
	N�^hN{��N[L1�NQZMNM�)��NQPSRQTG^h`dLeR��KERcN[IJ^hN[f � TULYIV\bT}\bfY\bT}`dLYI �ifYTAm3- `dLl\¢^h`dLeL�	N�~UKERSWYKMLeRcN�^hN�p=`dfhZM`dT}PRc`dLY^YfYT}PSN�NQ\JmEN[LhNQP2�KE\VNQP.mEN�RcN%\VPSK�ZjKMTs~ �6mEN[I{KMm	TUI � ��N[L_peKkPb\bTURQfe~UT}NQP ' KM^YTsK&�=fh`�^YKkP[� ��	NQueKMIb\bT}N[L ��N[ISIb~}NQP[� ��TsI#�N[~}N � KM~}NQ\�NQ\ � 	NQP0�`dmEN �%L,+`Mue~ �GmEN[I%peKkPbN[Li\bI� KMR �rfhN[~UTULhNgNQ\t��WhPSTUIV\bTsKML�NQ\%m�K�pYP�	N[RQT}N[fYIVNEn KMm	TU~s~}NM�ApeKMI�^hNEmE`M\bI{KMIbIVN �	no`MPb\�p=`dfhP�ZM`dfYI�N � pYP.TUmENQP�mE`dL TUm�mEN[LYIVNwMPSKk\bT}\bfY^hNgp=`dfhP�ZM`M\VPbNEpYP%	N[IVN[LeRcNM�GZM`M\VPbN	IV`dfh\bTUN[LvNQ\�ZM`M\VPSN	Rc`dL �eKMLYRcNgN[LamE`dT �t�XNQPSRQTBKMfeIbIbT p2`dfYP�m3- K[ZM`dT}P�PSKMm	N[L�	NQNueT}N[L]IV`dfhZMN[Li\2�K	~sKgP�	N[KM~UT}\
	N{^Yf]m	`dLY^hN�N[LX^hN[WY`MPSI¢^hN�~UKgp�Wlq�IbT �rfhNM����NQ\V\VN%\bW��N[IbN%N[IV\¢N[LXpeKkPb\bT}N�~UKgZ3�`M\VPbNM�
��L �eLG�hpeKkPS^h`dL4�K�RcN[~U~}N[I¢NQ\JRcN[f � �ifhN � - `dfhu�~UT}N�TURQT �YLYN%m - N[LXZMN[feTU~U~}N ��peKMI,\VPb`MpvR- N[IV\JueT}N[LXRc`dLeLif �ifhN�~UN[I¢peWiqrISTURQT}N[LYI`dLl\,~sKg\#�NQ\VNtN[LX~ - KMTUP[�
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