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1．Introduction

ɹ$FSBNJD�NBUSJY�DPNQPTJUFT� 	$.$T
�BSF�EFTJHOFE�

UP�PWFSDPNF� UIF�CSJUUMFOFTT�PG�NPOPMJUIJD� DFSBNJD�

NBUFSJBMT�XIJMF�NBJOUBJOJOH� UIF�BEWBOUBHFT�PG�IJHI�

UFNQFSBUVSF�TUBCJMJUZ
�FYDFMMFOU�NFDIBOJDBM�QSPQFSUJFT
�

BOE� MPX�EFOTJUZ��5IFTF�NBUFSJBMT�BSF� UIVT�DBOEJEBUFT�

GPS� QPUFOUJBM� BQQMJDBUJPOT� BT� UIFSNBMMZ� SFTJTUBOU�

NBUFSJBMT
� JO�BJSDSBGU�FOHJOFT
�BOE�JO�QPXFS�HFOFSBUJOH�

UVSCJOFT�BT�BMUFSOBUJWF� UP�DPOWFOUJPOBM�OJDLFM� TVQFS�

BMMPZT�r���'PS�FYBNQMF
� UIF�VTF�PG�$.$T� GPS�BJSDSBGU�

HBT�UVSCJOF� FOHJOFT� JNQSPWFT� GVFM� FGGJDJFODZ� BOE�

SFEVDFT�$0�� SFEVDUJPO��5IF�-FBEJOH�&EHF�"WJBUJPO�

1SPQVMTJPO�FOHJOF�NBOVGBDUVSFE�CZ�$'.�*OUFSOBUJPOBM
�

XIJDI�FNQMPZT�B�IJHI�QSFTTVSF�HBT�UVSCJOF� TISPVE�

NBOVGBDUVSFE�VTJOH�4J$�CBTFE�$.$T
�BDIJFWFE�����

IJHIFS�GVFM�FGpDJFODZ�BOE�����MPXFS�$0��FNJTTJPOT�UIBO�

DPOWFOUJPOBM�HBT�UVSCJOF�FOHJOF��

ɹFigure 1� TIPXT� UIF� BQQFBSBODF� PG� NPOPMJUIJD�

DFSBNJDT�BOE�$.$T� GPMMPXJOH�OBJM�QFOFUSBUJPO� UFTUT��

5IF�NPOPMJUIJD�DFSBNJDT�FYIJCJU� GVMMZ�CSJUUMF� GBJMVSF��

)PXFWFS
� UIF�$.$T�NBJOUBJO� UIFJS� TIBQFT�EVF� UP�

UIFJS�IJHI�EBNBHF� UPMFSBODF
�XIJDI� JT� BDIJFWFE�CZ�

EFqFDUJOH�DSBDLT�BMPOH�UIF�XFBL�pCFSrNBUSJY�JOUFSGBDF
�

VODPMMFDUFE�pCFS�GBJMVSF
�BOE�FOFSHZ�EJTTJQBUJPO�EVSJOH�

pCFS�QVMMPVU��

ɹ0YJEF�CBTFE� $.$T� 	0Y�0Y� $.$T

� XIJDI� BSF�

DPNQPTFE�PG�PYJEF� GJCFST�BOE�BO�PYJEF�NBUSJY
�IBWF�

MPXFS�DPTU�BOE�CFUUFS�TUBCJMJUZ�BHBJOTU�DPSSPTJWF�BOE�

PYJEBUJWF� FOWJSPONFOUT� UIBO� 4J$�CBTFE� $.$T���

5IVT
�0Y�0Y�$.$T�BSF� QSPNJTJOH� DBOEJEBUFT� GPS�

IJHI�UFNQFSBUVSF� BQQMJDBUJPOT� JO� WBSJPVT�PYJEJ[JOH�

FOWJSPONFOUT��

ɹ5IF�UIFSNBM�TUBCJMJUZ�BOE�IJHI�UFNQFSBUVSF�QSPQFSUJFT�

PG�0Y�0Y�$.$T�BSF�JNQPSUBOU�GBDUPST�GPS�UIFJS�QSBDUJDBM�

BQQMJDBUJPOT��8F�IBWF�EFWFMPQFE�B�OPWFM�BMVNJOB�pCFS�

CBTFE�0Y�0Y�$.$�	5$"���
�BOE�B�OPWFM�NVMMJUF�pCFS�

CBTFE�0Y�0Y�$.$�	5$.���
��CPUI�PG� UIFN�FYIJCJU�

IJHI�UIFSNBM�TUBCJMJUZ�
���

ɹ*O� UIJT� UFDIOJDBM� SFQPSU
�XF�TVNNBSJ[F� UIF�IJHI�

UFNQFSBUVSF� NFDIBOJDBM� QSPQFSUJFT� PG� UIF� 0Y�0Y�

$.$�5$.���� UIBU�XF�IBWF�EFWFMPQFE��0VS�QVSQPTF�

JO� EFWFMPQJOH� UIJT�$.$� JT� UP� BEESFTT�4VTUBJOBCMF�

%FWFMPQNFOU�(PBM��� 	"GGPSEBCMF�BOE�$MFBO�&OFSHZ
�

BOE�UP�DPOUSJCVUF�UP�TPDJFUZ�CZ�QSPWJEJOH�OPWFM�0Y�0Y�

$.$T�

2．Uniform doping method for oxide fibers

ɹ8F�IBWF�EFWFMPQFE�B�OPWFM�VOJGPSN�EPQJOH�NFUIPE�

	6%.
�
��UP�JNQSPWF�UIF�UIFSNBM�TUBCJMJUZ�PG�PYJEF�pCFST�

BOE�IBWF�VTFE�JU�UP�QSPEVDF�UXP�0Y�0Y�$.$Tʵ5$"����

BOE�5$.���ʵUIBU�FYIJCJU�IJHI�UIFSNBM�TUBCJMJUZ��Figure 

2�TIPXT�UIF�6%.�DPODFQU
�XIJDI�JT�B�NFUIPE�PG�EPQJOH�

PYJEF� GJCFST�	BMVNJOB�BOE�NVMMJUF
�XJUI�HSBJO�HSPXUI�

JOIJCJUPST��5IJT�TVQQSFTTFT�UIF�HSBJO�HSPXUI�PG�6%.�

USFBUFE�pCFST�EVSJOH�UIFSNBM�FYQPTVSF��Figure 3�TIPXT�

UIF� UFOTJMF�TUSFOHUIT�PG� UIF�EFWFMPQFE�0Y�0Y�$.$T�

BT�QSPDFTTFE�BOE�BGUFS� UIFSNBM�FYQPTVSF�BU�����ɹˆ�

GPS������I��/FJUIFS�PG� UIF�UXP�$.$T�UIBU�VTFE�6%.�

USFBUFE�pCFST�FYIJCJUFE�B�SFEVDUJPO�JO�UFOTJMF�TUSFOHUI�

BGUFS�UIFSNBM�FYQPTVSF�
��

"''03%"#-&�"/%
$-&"/�&/&3(:

.POPMJUIJD�DFSBNJDT��� $.$T�

Fig.１ɹ/BJM�QFOFUSBUJPO�UFTU��ʣ
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3．Mechanical properties of the novel mullite-

fiber-based Ox/Ox CMC TCM-01

ɹ8F�EFWFMPQFE�5$.����VTJOH�6%.�USFBUFE�NVMMJUF�

GJCFST� BOE�BO�BMVNJOB�CBTFE�NBUSJY� BOE�FNQMPZJOH�

TMVSSZ� JOGJMUSBUJPO�BOE�B�TJOUFSJOH�QSPDFTT� UP� GBCSJDBUF�

JU�� Figure 4� TIPXT� PQUJDBM� BOE� TDBOOJOH� FMFDUSPO�

NJDSPTDPQF�FOFSHZ�EJTQFSTJWF�TQFDUSPTDPQZ� 	4&.r

&%4
�JNBHFT�PG�5$.�����5IF�QMBUF
�DPOTJTUJOH�PG� GJWF�

XPWFO� MBZFST�PG� UIJT�0Y�0Y�$.$�IBE�B�SFDUBOHVMBS�

TIBQF�NFBTVSJOH�����NN�CZ����NN�XJUI�B�UIJDLOFTT�PG�

��NN��5IF�NBUSJY�QIBTF�pMMFE�UIF�TQBDFT�CFUXFFO�UIF�

XPWFO�MBZFST�PG� UIF�QJMF�BOE� JOTJEF�UIF�GJCFS�CVOEMFT��

5IF�EFOTJUZ�PG�5$.���
�NFBTVSFE�VTJOH�"SDIJNFEFTʟ�

NFUIPE
�XBT������H�DN�
� BOE� UIF� GJCFS�WPMVNF�XBT�

BCPVU����WPMVNF���

ɹTable 1� MJTUT� UIF�NFDIBOJDBM�QSPQFSUJFT�PG�5$.���
�

PG�B�DPNNFSDJBMMZ�BWBJMBCMF�DPOWFOUJPOBM�0Y�0Y�$.$�

VTJOH�NVMMJUF�pCFST�	/����"�"5,�$0*$
��
���ʵ��
�BOE�PG�

B�TJOHMF�DSZTUBM�OJDLFM�CBTFE�TVQFS�BMMPZ�GPS�HBT�UVSCJOF�

FOHJOFT�	$.49���$BOOPO�.VTLFHPO
��
�����5$.����IBE�

CFUUFS� UIFSNBM�TUBCJMJUZ� UIBO�UIF�DPOWFOUJPOBM�0Y�0Y�

(SBJO

5IFSNBM
FYQPTVSF

/POʵUSFBUFE

0YJEF�GJCFS
ʢBMVNJOB�PS�NVMMJUFʣ

(SBJO�HSPXUI
4USFOHUI�SFEVDUJPO

4VQQSFTTJPO�PG�HSBJO�HSPXUI
,FFQ�TUSFOHUI

6%.�USFBUFE
%PQJOH
FMFNFOU

'JH�̎ɹ$PODFQU�PG�VOJGPSN�EPQJOH�NFUIPET�	6%.
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5$"ʵ��
"MVNJOB�GJCFS�CBTFE

5$.ʵ��
.VMMJUF�GJCFS�CBTFE

Fig.３ɹ5FOTJMF�TUSFOHUI�PG�EFWFMPQFE�0Y�0Y�BT�QSPDFTTFE
���������������BOE�BGUFS������ˆ�GPS������I�UIFSNBM�FYQPTVSF�ʣ

"GUFS�����ɹˆʵ�����I

"T�QSPDFTTFE

Fiber

Matrix
220mm

80mm

Top view

Sectional view

2mm

Matrix

Fiber bundle

Optical microscope image SEM－EDS image

'JH�̐　Optical image and microstructure of TCM－019）

TCM－01 183　 103 192　　　　　　 53.8　　

Tensile strength
at R.T.
［MPa］

Retention rate of tensile
strength after 1200 ℃ for

1000 h［％］

Tensile strength
at 1200 ℃
［MPa］

Creep lifetime
at 1200 ℃, 100 MPa

［h］

Conventional Ox/Ox 16910） 88　 16813－17）,※1 4114）　　
Sigle crystal Ni－based

super alloy
94212） － 17212）　　　　 1318）,※2

Table１　Mechanical properties of TCM－01

※1 Average value of tensile strength in the references
※2 At 1200℃, 80 MPa
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$.$��8F�PCTFSWFE�OP�SFEVDUJPO�JO�UIF�UFOTJMF�TUSFOHUI�

SFUFOUJPO�PG�5$.����BGUFS�CFJOH�IFME�BU������ˆ� GPS�

�����I��JO�DPOUSBTU
�UIF�UFOTJMF�TUSFOHUI�SFUFOUJPO�PG�UIF�

DPOWFOUJPOBM�0Y�0Y�$.$�XBT������
���

ɹ5IF� UFOTJMF�QSPQFSUJFT�PG�5$.����BU������ˆ�XFSF�

CFUUFS� UIBO� UIPTF�PG�FJUIFS� UIF�TJOHMF�DSZTUBM�OJDLFM�

CBTFE�TVQFS�BMMPZ�PS� UIF�DPOWFOUJPOBM�0Y�0Y�$.$��

5IF� UFOTJMF� TUSFOHUI�PG�5$.����BU������ˆ�XBT�����

.1B
�BOE�OP�TJHOJGJDBOU�SFEVDUJPO� JO� UFOTJMF�TUSFOHUI�

XBT� PCTFSWFE�VQ� UP� �����ˆ��'PS� DPNQBSJTPO
� UIF�

UFOTJMF�TUSFOHUI�PG�B�TJOHMF�DSZTUBM�OJDLFM�CBTFE�TVQFS�

BMMPZ�BU������ˆ�XBT�����.1B
�B�TJHOJpDBOU�EFHSBEBUJPO�

DPNQBSFE�UP�UIF�SFTVMUT�PCUBJOFE�BU����ˆ�	����.1B
����

5IF�UFOTJMF�TUSFOHUI�SFUFOUJPO�	SBUJP�PG�UFOTJMF�TUSFOHUI�

BU������ˆ�UP�SPPN�UFNQFSBUVSF
�XBT������4JNJMBSMZ
�

UIF�UFOTJMF�TUSFOHUI�PG� UIF�DPOWFOUJPOBM�0Y�0Y�$.$�

BU������ˆ�XBT�����.1B�	UIJT�WBMVF�JT�BWFSBHF�WBMVF�PG�

UFOTJMF�TUSFOHUI�JO�UIF�SFGFSFODFT
��r���

ɹ5IF�DSFFQ� MJGFUJNF�PG�5$.����BU������ˆ�BMTP�XBT�

CFUUFS�UIBO�UIBU�PG�FJUIFS�UIF�TJOHMF�DSZTUBM�OJDLFM�CBTFE�

TVQFS�BMMPZ�PS�UIF�DPOWFOUJPOBM�0Y�0Y�$.$��5IF�UJNF�

UP�SVQUVSF�PG�5$.����BU������ˆ�XBT������I�BU����.1B�

BOE������I�BU�����.1B��*O�DPOUSBTU
�UIF�UJNF�UP�SVQUVSF�

UIF�TJOHMF�DSZTUBM�OJDLFM�CBTFE�TVQFS�BMMPZ�BU������ˆ�

XBT�POMZ����I�BU����.1B��
�XIJMF�UIBU�PG�UIF�DPOWFOUJPOBM�

0Y�0Y�$.$�BU������ˆ�XBT������I���BU�����.1B�

ɹ'VSUIFSNPSF
� 5$.���� FYIJCJUFE� MPX� UIFSNBM�

DPOEVDUJWJUZ� BOE� B� IJHI� FMFDUSJDBM� SFTJTUJWJUZ�� 5IF�

UIFSNBM� DPOEVDUJWJUZ�XBT� ����8�	N�,

�XIJDI�XF�

DBMDVMBUFE� GSPN� UIF� UIFSNBM� EJGGVTJWJUZ� FWBMVBUFE�

GPMMPXJOH�"45.�&����
� UIF� TQFDJGJD�IFBU
� BOE� UIF�

EFOTJUZ��5IF�FMFDUSJDBM�SFTJTUJWJUZ�XBT�����ʷ������Њ�DN
�

XIJDI�XF�FWBMVBUFE�GPMMPXJOH�+*4�$�����BOE�+*4�$����
�

BU�BO�BQQMJFE�WPMUBHF�PG������7�BOE�B�UFTU�UFNQFSBUVSF�PG�

���ˆ�

4．Tensile propert ies of TCM-01 at high 

temperature

ɹ8F� QFSGPSNFE� IJHI�UFNQFSBUVSF� 	���r����� ˆ
�

UFOTJMF�UFTUT�CBTFE�PO�UIF�"NFSJDBO�4PDJFUZ�GPS�5FTUJOH�

BOE�.BUFSJBMT� 	"45.
�$�����TUBOEBSE� JO�BJS�VTJOH�

B� NFDIBOJDBM� UFTU� NBDIJOF� 	.54� -BOENBSL� .54�

4ZTUFNT�$PSQPSBUJPO
�BOE�B�TUSBJO�HBHF�	.54�4ZTUFN�

$PSQPSBUJPO
��5IF�DPOTUBOU�EJTQMBDFNFOU�SBUF�XBT������

NN�NJO
� BOE�XF� JODSFBTFE� UIF� UFNQFSBUVSF�BU� UIF�

SBUF�PG����ˆ�NJO��8F�DBMDVMBUFE� UIF�TUSBJO� GSPN�UIF�

DSPTTIFBE�EJTQMBDFNFOU��8F�VTFE�EPH�CPOF�TIBQFE�

TQFDJNFOT� 	����NN� MPOH
�XJUI�BO���NN�XJEF�HBHF�

TFDUJPO
��8F�FWBMVBUFE� UIF� UFOTJMF�NPEVMVT
� UFOTJMF�

TUSFOHUI
� BOE�QSPQPSUJPOBM� MJNJU� 	������PGGTFU
��5IF�

UFOTJMF�QSPQFSUJFT�PWFS�UIF�SBOHF���r�����ˆ�BSF�MJTUFE�

JO�Table 2��Figure 5� TIPXT� UIF�TUSFTTrTUSBJO�DVSWFT�

PWFS�UIF�SBOHF���r�����ˆ
�UPHFUIFS�XJUI�UIF�TIBQF�BOE�

EJNFOTJPOT�PG� UIF�UFTU�TQFDJNFO��Figure 6�TIPXT�UIF�

UFOTJMF�QSPQFSUJFT�PG�5$.����BU�EJGGFSFOU�UFNQFSBUVSFT��

8F�PCTFSWFE�OP�TJHOJGJDBOU� SFEVDUJPO� JO� UIF� UFOTJMF�

NPEVMVT
� UFOTJMF� TUSFOHUI
� PS�QSPQPSUJPOBM� MJNJU�VQ�

UP������ˆ��5IVT
�5$.����FYIJCJUFE�TVQFSJPS� UFOTJMF�

QSPQFSUJFT�BU�IJHI�UFNQFSBUVSFT�VQ�UP������ˆ�

5．Fatigue propert ies of TCM-01 at high 

temperature

ɹ8F�QFSGPSNFE�IJHI�UFNQFSBUVSF� UFOTJPOrUFOTJPO�

GBUJHVF� UFTUT� JO�BJS�VTJOH�B�NFDIBOJDBM� UFTU�NBDIJOF�

	.54�-BOENBSL��������.54�4ZTUFNT�$PSQPSBUJPO
�

BOE� B� TUSBJO� HBHF� 	.54� ������'���� .54� 4ZTUFN�

$PSQPSBUJPO
�CBTFE�PO�"45.�$������5IF�3 �SBUJP�	UIF�

NJOJNVN� TUSFTT� EJWJEFE� CZ� UIF� NBYJNVN� TUSFTT
�

XBT������BU�B� GSFRVFODZ�PG���)[
�BOE�UIF� GBUJHVF�SVO�

※1 0.05％ offset method，※2 following ASTM C 1359

Table２　Tensile properties of TCM－01 at high temperature

Test Temperature
［℃］

25
800
1000
1000
1100
1200
1250

Youg’s modulus
［GPa］

70.6
60.9
61.0
61.6
69.6
66.2
57.7

Proportional limit※1

［MPa］
141
125
123
123
127
105
117

Tensile strength※2

［MPa］
183
181
194
194
193
195
180
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PVU�DZDMF�XBT������5IF�UFTU� UFNQFSBUVSF�XBT������ˆ
�

BOE� UFNQFSBUVSF�XBT� JODSFBTFE� BU� ���ˆ�NJO��'PS�

UIJT� UFTU
�XF�VTFE�EPH�CPOF�TIBQFE�TQFDJNFOT� 	����

NN�MPOH
�XJUI�BO���NN�XJEF�HBHF�TFDUJPO
��5IF�UFTU�

SFTVMUT�BSF� MJTUFE� JO�Table 3
�BOE�Figure 7�TIPXT�UIF�

UZQJDBM�FWPMVUJPO�PG�B�TUSFTTrTUSBJO�IZTUFSFTJT�MPPQ��5IF�

NBYJNVN�TUSFTT�BU�SVO�PVU�BU������ˆ�XBT�����.1B�	����

PG�UIF�VMUJNBUF�UFOTJMF�TUSFOHUI�BU������ˆ
��5IVT
�5$.�

���IBT�IJHI�GBUJHVF�SFTJTUBODF�BU�IJHI�UFNQFSBUVSFT�BOE�

JO�FOWJSPONFOUT�XJUI�IJHI�BQQMJFE�TUSFTT�

6．Creep properties of TCM-01

ɹ8F�QFSGPSNFE�DSFFQ�UFTUT� JO�BJS�VTJOH�B�NFDIBOJDBM�

UFTU�NBDIJOF� 	.54�-BOENBSL��������.54�4ZTUFNT�

$PSQPSBUJPO
�BOE�B�TUSBJO�HBHF�	.54�������'����.54�

4ZTUFN�$PSQPSBUJPO
�CBTFE�PO�"45.�$������8F�VTFE�

UIF�TBNF�EPH�CPOF�TIBQFE�TQFDJNFOT�BT�GPS�UIF�GBUJHVF�

UFTU��5IF�UFTU�UFNQFSBUVSFT�XFSF�����
�����
�BOE������

ˆ��5IF�TUSFTT�SBUF�XBT����.1B�T
�BOE�UIF�UFNQFSBUVSF�

XBT� JODSFBTFE�BU� UIF�SBUF�PG����ˆ�NJO��5IF� UJNF�PG�

DSFFQ� SVO�PVU�XBT�����I��5IF� UFTU� SFTVMUT�BSF� MJTUFE�

���

���

���

���

��

�

35
����ˆ
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ʦ
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ʧ
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'JH�̑ɹ	B
�4USFTTʵTUSBJO�DVSWFT�PG�5$.ʵ���BOE�	C
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JO�Table 4
�BOE�Figure 8�TIPXT�UZQJDBM�DSFFQ�TUSBJOr

UJNF�DVSWFT��Figure 9�TIPXT�UIF�SFMBUJPOTIJQ�CFUXFFO�

UIF� DSFFQ� TUSFTT� BOE� UIF� UJNF� UP� SVQUVSF��3VO�PVU�

PDDVSSFE�BU�B�DSFFQ�TUSFTT�PG�����.1B�BU�FBDI�PG�UIF�UFTU�

UFNQFSBUVSFT������ˆ
�BOE������ˆ��5IFSFGPSF
�5$.����

IBT�IJHI�DSFFQ�SFTJTUBODF�BU�IJHI�UFNQFSBUVSFT�BOE�JO�

FOWJSPONFOUT�XJUI�IJHI�BQQMJFE�TUSFTT�

7．Thermal shock properties of TCM-01

ɹ8F� QFSGPSNFE� UIFSNBM� TIPDL� FYQFSJNFOUT� CZ�

IFBUJOH� UIF�TQFDJNFOT� UP�EJGGFSFOU� UFNQFSBUVSFT� JO�B�

WFSUJDBM� UVCVMBS�BJS� GVSOBDF�BU�B�IFBUJOH�SBUF�PG���ˆ�

NJO
�BOE�HFU�FYQPTFE�UP�BJS��"JS�RVFODIJOH�UFNQFSBUVSF�

EJGGFSFODFT�	϶5� 
�JT�JO�UIF�SBOHF�PG���ˆ�UP������ˆ�8F�

QFSGPSNFE� UIF� UFOTJMF� UFTUT� VTJOH� B� TDSFX�ESJWFO�
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 8．Conclusion

ɹ*O� UIJT� UFDIOJDBM� SFQPSU
�XF�IBWF�TVNNBSJ[FE� UIF�

IJHI�UFNQFSBUVSF� NFDIBOJDBM� QSPQFSUJFT� PG� 5$.�

���VTJOH�6%.�USFBUFE�NVMMJUF� GJCFST��8F� GPVOE� UIF�

UIFSNBM�TUBCJMJUZ�PG�5$.����UP�CF�CFUUFS�UIBO�UIBU�PG�B�

DPOWFOUJPOBM�0Y�0Y�$.$�BGUFS�CFJOH�IFME�BU������ˆ�

GPS������I��"EEJUJPOBMMZ
�CPUI�UIF�UFOTJMF�TUSFOHUI�BOE�

UIF�DSFFQ� MJGFUJNF�BU������ˆ�XFSF�CFUUFS� UIBO� UIPTF�
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UIFSNBM� TIPDL� SFTJTUBODF��"� GVSUIFS� JODSFBTF� JO� UIF�

UIFSNBM�TUBCJMJUZ�DBO�CF�FYQFDUFE�BQQMZJOH�6%.�BOE�

PQUJNJ[JOH�GBCSJDBUJPO�QSPDFTT��

ɹ8F�DPODMVEF� UIBU� UIF�0Y�0Y�$.$�EFWFMPQFE� JO�

UIJT�TUVEZ�DBO�CF�FNQMPZFE�JO�FOFSHZ�SFMBUFE�NBUFSJBMT

ʵQBSUJDVMBSMZ� UIFSNBMMZ� SFTJTUBOU�NBUFSJBMT
� BJSDSBGU�

UVSCJOFT
� BOE� QPXFS� UVSCJOFTʵXIFSF� MPOH�UFSN�

UIFSNBM�TUBCJMJUZ�BOE�TVQFSJPS�NFDIBOJDBM�QSPQFSUJFT�BSF�

SFRVJSFE�BU�IJHI�UFNQFSBUVSFT�
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