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Gyulbudaghian’s Nebula is one of a small number of nebulae that clearly changes in 
appearance on timescales of months or years. It is associated with the pre-main sequence 
star PV Cephei and can take on a range of appearances. When PV Cephei is dim, only a 
faint and diffuse nebulosity is visible with CCDs, but at other times it can be detected in a 
0.35m telescope visually.  We report on the changes within the nebula observed from 2009 
July to 2015 November by members of the BAA Deep Sky Section, using a diverse range 
of telescopes and cameras. Most of the observations were undertaken without filters, but 
they have been scaled and resampled to provide indicative trends in brightness for different 
parts of the nebula.

Introduction

Variable nebulae are a small class of nebulae whose appearance 
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The many faces of    
Gyulbudaghian’s Nebula

Figure 1.�7KUHH�YLHZV�RI�*\XOEXGDJKLDQ¶V�1HEXOD��Left��WKH�VXP�RI�LPDJHV�UHSRUWHG�KHUHLQ��Middle��GDWD�IURP�WKH�%�EDQG�
(62�'LJLWDO�6N\�6XUYH\��Right��D�GUDZLQJ�E\�'DOH�+ROW�RI�D�:DWHF�LPDJH�REWDLQHG�XVLQJ�D����PP�1HZWRQLDQ�
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SKRWRPHWULFDOO\�DFFXUDWH��+RZHYHU��IRU�WKH�SXUSRVHV�RI�VHHLQJ�RYHU�
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Hubble Guide Star Catalogue V1.1��*6&��DQG�WKH�AstroArt 5/6/7 

VRIWZDUH�� ZLWK� FRQVLGHUDEOH� FDUH� WDNHQ� WR� HQVXUH� VDWXUDWHG� RU�

QHDUO\� VDWXUDWHG� VWDUV�ZHUH� QRW� HPSOR\HG��$� VWDQGDUG� DSHUWXUH�

SKRWRPHWU\�DSSURDFK�ZDV�XWLOLVHG��ZLWK�D�VOLJKW�VRXWKHUQ�ELDV�WR�
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ZHEVLWH����WR�HQVXUH�WKH�UHVXOWV�ZHUH�RI�FRQVLVWHQW�DFFXUDF\�DQG�WKDW�

Figure 2.�$�FRPSDULVRQ�RI�EURDGEDQG�PDJQLWXGH�UHVXOWV�IRU�39�&HSKHL�
IURP�PXOWLSOH�REVHUYHUV��YDULRXV�V\PEROV��YHUVXV�5�EDQG�¿OWHUHG�RE�
VHUYDWLRQV��UHG�WULDQJOHV��IURP�UHI����

Table 1. Observers & equipment

Observer Instrument Filter Camera
 aperture (m)

$QGUHD�7DVVHOOL� ���� 9�5�,� )/,�3UROLQH�3/�����
$QGUHZ�/XFN� ���� &OHDU� )/,�,0*����
%RE�*DUQHU� ����� � 6%,*�67����;0
'DOH�+ROW� ����� &OHDU� :DWHF����1�	�9LGFDP[���
'DQLHO�6HOI� ���� 5*%� &DQRQ����'
2ZHQ�%UD]HOO� ���� &OHDU� )/,�3UROLQH�3/�����
0LNH�+DUORZ� ���� &OHDU� 6WDUOLJKW�0;���
6WHYHQ�*ROGVPLWK� ���� *� $7,.���,&�6
*HRu�7KXUVWRQ� ����� &OHDU� $7,.����/
*UDQW�3ULYHWW� ���� &OHDU� )/,�3UROLQH�3/�����
� ����� &OHDU� 6WDUOLJKW�0;�

Figure 3.�9DULDWLRQ�LQ�EULJKWQHVV�RI�39�&HSKHL�RYHU�WKH�SHULRG�FRYHUHG�
E\�WKH�SURMHFW�
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Figure 4.�0RQWDJH�RI�DOO�LPDJHU\�XVHG�LQ�WKLV�VWXG\��ZLWK�D�FRQVLVWHQW�OLQHDU�DXWRVFDOLQJ�DSSOLHG��7KH�GDWH�DVVRFLDWHG�ZLWK�HDFK�LPDJH�PD\�EH�
IRXQG�LQ�$SSHQGL[�,�
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WKH�:&6�FRPSRQHQWV�LQVHUWHG�LQWR�WKH�),76�¿OHV�ZHUH�FRPSDWLEOH�

ZLWK�H[SORLWDWLRQ�XVLQJ�WKH�Python AstroPy VRIWZDUH�OLEUDU\���

Results
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)LJXUH����,W�VKRZV�WKH�VWDU�EULJKWHQLQJ�IURP�DQ�LQLWLDO��EDUHO\�GH�

WHFWDEOH�PDJQLWXGH�����WR������QR�QHEXOD�DSSDUHQW�� WR�������DW�

SHDN��:KHQ�FRPSDUHG�ZLWK�WKH�%R\G�UHSRUWHG�5�EDQG�EULJKWQHVV�

YDOXHV��WKH\�GLuHUHG�PRVW�ZKHQ�WKH�QHEXOD�ZDV�EULJKW��SRVVLEO\�LQ�

GLFDWLQJ�D�VLJQL¿FDQW�FRORXU�FKDQJH�WDNLQJ�SODFH��,W�LV�UHSRUWHG�WKDW�

LQ�PLG������WKH�EULJKWQHVV�YDULHG�EHWZHHQ������	�����PDJ��9� 

IROORZLQJ�D�SUHYLRXV�EULJKW�HSLVRGH�LQ�HDUO\������GXULQJ�ZKLFK�WKH�

ZHVWHUQ�VLGH�RI�WKH�QHEXOD�IDQ�ZDV�VWURQJO\�LOOXPLQDWHG���

8QIRUWXQDWHO\��WKH�UHVXOWV�UHSRUWHG�KHUHLQ�ZHUH�FROOHFWHG�XVLQJ�

LPDJHV�REWDLQHG�DW�LQWHUYDOV�WKDW�PDNH�LW�LPSRVVLEOH�WR�GHWHFW�WKH�

UDSLG�EULJKWQHVV�YDULDWLRQV�REVHUYHG�E\�%R\G�

Nebula brightness

7R�DLG� WKH� DQDO\VLV�RI� WKH�QHEXOD�GDWD�� WKH� DVWURPHWULF� VROX�

WLRQV�SURYLGHG�E\�astrometry.net�ZHUH�H[SORLWHG�via EHVSRNH�

Python 3 VFULSWV�WR�GUDSH�WKH�GDWD�RQWR�D�FRPPRQ�RQ�VN\�JULG�

RI����DUFVHF�VSDFLQJ�

4XDOLWDWLYHO\�� LW� ZDV� DSSDUHQW� WKDW� WKH� QHEXOD�ZHQW� WKURXJK�

D�QXPEHU�RI�GLVFUHWH�VWDJHV�DQG� IRUPV��ZKLFK�DUH�GHVFULEHG� LQ�

7DEOH���

$Q�DWWHPSW�ZDV�PDGH� WR�PHDVXUH� WKH�EULJKWQHVV�YDULDWLRQ� �û�

PDJQLWXGH��RI�ORFDWLRQV�ZLWKLQ�*\XOEXGDJKLDQ¶V�1HEXOD��UHODWLYH�

WR�XQYDU\LQJ�SDUWV�RI�WKH�QHDUE\�QHEXOD�

7KH�PHGLDQ�FRXQW�YDOXH�SUHVHQW� LQ�HDFK�SL[HO�ZLWKLQ�DQ�DUHD�

RI�WKH�EDFNJURXQG�QHEXORVLW\�DZD\�IURP�*\XOEXGDJKLDQ¶V�1HEXOD�

ZDV�PHDVXUHG�� WR�SURYLGH�D� UHIHUHQFH�FRXQW��7KLV�DOORZHG�PHD�

VXUHPHQWV�IURP�DOO�WKH�LPDJHV�WR�EH�VFDOHG�VLPLODUO\��7R�HQVXUH�WKDW�

WKH�EULJKWQHVV�HVWLPDWHV�RI�WKH�LPDJHV�ZHUH�FRQVLVWHQW��WKH�IROORZ�

LQJ�PHDVXUHPHQWV�ZHUH�PDGH�IRU�HYHU\�LPDJH�GDWH��t��

±� 6HYHQ�LPDJH�ORFDWLRQV����î��DUFVHF�ZLGH��DZD\�IURP�HLWKHU�WKH�

EDFNJURXQG�QHEXOD�RU�*\XOEXGDJKLDQ¶V�1HEXOD�ZHUH�VDPSOHG�

WR�SURYLGH�D�PHGLDQ�¿OWHUHG�VN\�VLJQDO�HVWLPDWH��6N\�t��

±� )LYH� LPDJH� ORFDWLRQV� ���î��DUFVHF� ZLGH�� ZLWKLQ� WKH� QHDUE\�

HPLVVLRQ� QHEXODH�� EXW� RXWVLGH� RI� *\XOEXGDJKLDQ¶V� 1HEXOD��

ZHUH�VDPSOHG�WR�SURYLGH�UHIHUHQFH�QHEXORVLW\�FRXQW�PHDVXUH�

PHQWV��7KHVH�ZHUH�PHGLDQ�FRPELQHG��1HE�t��

±� ,PDJH�ORFDWLRQV�RI�LQWHUHVW����î��DUFVHF�ZLGH��ZLWKLQ�*\XOEX�

GDJKLDQ¶V�1HEXOD�ZHUH�VDPSOHG��/RF�t��

7KH�EULJKWQHVV�HVWLPDWHV�IRU�WKH�ORFDWLRQ�LQ�*\XOEXGDJKLDQ¶V�1HE�

XOD�ZHUH�WKHQ�GHWHUPLQHG�E\�

� %ULJKWQHVV��t� �����ORJ��/RF�t�±6N\�t������1HE�t�±6N\�t��

$V�FDQ�EH�VHHQ��WKH�VN\�VXEWUDFWHG�1HE�t��VDPSOHV�SURYLGH�D�VFDO�

LQJ�IDFWRU�GHULYHG�IURP�LQ�VFHQH�LQIRUPDWLRQ�RQ�HDFK�LPDJH��7KLV�

DOORZV�D�FRPSDUDEOH�OLQHDU�VWUHWFK�WR�EH�DSSOLHG�WR�DOO�WKH�LPDJHV�

DQG�KHQFH�WKH�FUHDWLRQ�RI�WKH�LPDJH�PRQWDJH�VKRZQ�LQ�)LJXUH���±�

IRU�WKH�DVVRFLDWHG�LPDJH�GDWHV��VHH�$SSHQGL[�,��7KH�VFDOLQJ�LV�QRW�

SHUIHFW��EXW�LW�LV�OHVV�DUELWUDU\�WKDQ�D�PDQXDO�DSSURDFK�

7KH�FDOFXODWLRQ�DOVR�JHQHUDWHV�UHODWLYH�EULJKWQHVV�YDOXHV�IRU�GLuHU�

HQW�SDUWV�RI�*\XOEXGDJKLDQ�WKDW�FDQ�EH�SORWWHG�DV�D�IXQFWLRQ�RI�RE�

VHUYDWLRQ�GDWH�WLPH��7KH�VFDOLQJ�IDFWRU�ZRUNV�EHVW�ZLWK�ZHOO�H[SRVHG�

LPDJHU\��VR�VRPH�LPDJHV�ZHUH�UHMHFWHG�EHFDXVH�WKH\�ZHUH�WRR�SRRUO\�

H[SRVHG�WR�DOORZ�DFFXUDWH�VFDOLQJ�IDFWRUV�WR�EH�GHWHUPLQHG��9LJQHWW�

LQJ��DQRWKHU�SRVVLEOH�VRXUFH�RI�HUURU��ZDV�QRW�IRXQG�WR�EH�SUHVHQW�LQ�

WKH�SRUWLRQ�RI�WKH�LPDJHV�H[SORLWHG��(uRUWV�ZHUH�PDGH�WR�VWDWLVWLFDOO\�

PLWLJDWH�WKH�LPSDFW�RI�QRLVH�RQ�WKH�LPDJH�VDPSOH�YDOXHV�GHULYHG��EXW�

QR�SURFHVVLQJ� WHFKQLTXHV� WR�VSHFL¿FDOO\� UHPRYH�FRVPLF� UD\V�RU�KRW�

SL[HOV�ZHUH�DSSOLHG�WR�WKH�GUDSHG�LPDJHV��$OO�LPDJH�VDPSOLQJ�ZDV�RQ�D�

QHDUHVW�QHLJKERXU�SL[HO�EDVLV�WR�PD[LPLVH�SKRWRPHWULF�DFFXUDF\�

7DEOH���FRQWDLQV�WKH�ORFDWLRQV�XVHG�WR�SURYLGH�µ6N\¶�PHDVXUH�

PHQWV��XQYDU\LQJ�QHEXOD�HVWLPDWHV�µ1HE¶�DQG�WKH�ORFDWLRQV�ZLWKLQ�

*\XOEXGDJKLDQ¶V� 1HEXOD� WKDW� ZHUH� VDPSOHG�� µ/RF¶�� )RU� FRQYH�

QLHQFH��WKH\�DUH�DOVR�VKRZQ�ZLWKLQ�)LJXUH���

$V�FDQ�EH�VHHQ�IURP�)LJXUH���� WKH�EULJKWQHVV�RI�DQRWKHU�DUHD�

RI� QHEXORVLW\� ZLWKLQ� WKH� ¿HOG� RI� YLHZ�� WKDW� LV� QRW� EHOLHYHG� WR�

Figure 5.�7KH� ORFDWLRQV�VDPSOHG�RQ�HDFK� LPDJH��ZKHUH�red �/RF��blue �1HE��
magenta �6N\��*\XOEXGDJKLDQ¶V�1HEXOD�LV�XQGHU�WKH�UHG�FLUFOHV��1RUWK�LV�XS�

Table 2. Variation in appearance of Gyulbudaghian’s 

Nebula during the project

Dates Appearance

�����-XO�±������0DU� 7KH�QRUWKHUQ�IDQ�UHPDLQV�DV�GLP�DV�WKH�VRXWKHUQ�IDQ��
39�&HSKHL�YHU\�GLP�

�����0DU�±������$XJ� 7KH� QRUWKHUQ� SDUW� RI� WKH� IDQ� FORVHVW� WR� 39� &HSKHL�
VWDUWV�WR�EULJKWHQ�DQG�D�EULJKW�QDUURZ�FROXPQ�DSSHDUV�
RULHQWDWHG�VOLJKWO\�QRUWK�HDVW�RI�39�&HSKHL��5XQQLQJ�
DERXW���DUFVHF��RQ�VRPH�RFFDVLRQV�LW�DSSHDUV�WR�KDYH�
WZR�GLVWLQFW�FRPSRQHQWV�RI�VLPLODU�EULJKWQHVV�

�����$XJ�±������$SU� 7KH�FROXPQ�IDGHV�DQG�YDQLVKHV��IROORZHG�E\�PL�
QRU�DFWLYLW\�

�����$SU�±�����6HS� $�WULDQJXODU�DUHD�DSSHDUV�WR�WKH�ZHVW�RI�WKH�FROXPQV�
VHHQ�HDUOLHU�DQG�VWDUWV�WR�EULJKWHQ��IROORZHG�E\�WKH�IDQ�
DUHD�WR�WKH�HDVW�RI�WKH�FROXPQ��,W�DOO�EHFRPHV�VLJQL¿�
FDQWO\�EULJKWHU�WKDQ�WKH�VRXWKHUQ�IDQ�

�����6HS�±�����-XO� 7KH�IDQ�UHPDLQV�EULJKWHU�WKDQ�LW�ZDV�SUHYLRXVO\��ZLWK�
VRPH�ÀXFWXDWLRQ�DQG�DQ�LUUHJXODU�HGJH�WR�WKH�QRUWK�

�����-XO�±�����$XJ� 7KH�QHEXOD�EULJKWHQV�FRQVLGHUDEO\�� WKH�HDVW�DQG�ZHVW�
HGJHV�RI�WKH�IDQ�EHFRPLQJ�PRUH�SURQRXQFHG�DQG�IRUP�
LQJ�H[WHQGHG�ZLQJV��0RUH�GHWDLO�LV�HYLGHQW�ZLWKLQ�WKH�
QHEXOD�±�LQ�SDUWLFXODU�WR�WKH�HDVW�RI�WKH�HQG�RI�WKH�FRO�
XPQ�VHHQ�HDUOLHU��39�&HSKHL�QRZ�DW�LWV�EULJKWHVW�

�����$XJ�±������1RY� 7KH�VZHHSLQJ�ZLQJHG�HGJHV�RI�WKH�QHEXOD�IDGH�DQG�
EHFRPH� OHVV�GLVWLQFW��EXW� WKH�FHQWUDO�SRUWLRQ�RI� WKH�
IDQ�UHPDLQV�EULJKW�
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YDU\�LQ�OXPLQRVLW\��DSSHDUHG�WR�YDU\�E\�OHVV�WKDQ�����PDJQLWXGHV��

6RPH�QRLVH�ZDV�HYLGHQW�LQ�WKH�PHDVXUHPHQWV�IRU�WKLV�FRPSDULVRQ�

¿HOG��PXFK�RI�ZKLFK�SUREDEO\�DULVHV�IURP�WKH�VPDOO�VDPSOH�VL]HV�

HPSOR\HG�DQG�WKH�VLJQL¿FDQWO\�XQGHUH[SRVHG�LPDJHU\�

)RU�WZR�DUHDV�WR�WKH�LPPHGLDWH�QRUWK�RI�39�&HSKHL�DQG�UHJLRQV�

RI� HDFK�ZLQJ� RI�*\XOEXGDJKLDQ¶V�1HEXOD�� WKHUH�ZDV� D� GLVWLQFW��

LI�QRLV\��XSZDUG� WUHQG�RI��±��PDJQLWXGHV��7KH� WUHQGV� IRXQG� IRU�

DOO�WKHVH�ORFDWLRQV�FDQ�EH�VHHQ�LQ�)LJXUHV��±����7KH�VRXWKHUQ�IDQ�

EULJKWQHVV��)LJXUH�����VKRZV�QR�REYLRXV�WUHQG�

8QIRUWXQDWHO\��WKH�ORZ�IUHTXHQF\�DQG�VSRUDGLF�REVHUYDWLRQDO�

FDGHQFH��FRPELQHG�ZLWK�KLJK�QRLVH�OHYHOV��SUHYHQWHG�WKH�FDOFXOD�

WLRQ�RI�D�GHOD\�RuVHW�EHWZHHQ�WKH�YDULDWLRQV�RI�39�&HSKHL�DQG�

WKH�QHEXOD�

,W�PLJKW�EH�H[SHFWHG�WKDW�WKH�SRUWLRQV�RI�QHEXOD�FORVHVW�WR�39�

&HSKHL�ZRXOG�PRVW�FORVHO\�IROORZ�WKH�VWDU¶V�EULJKWQHVV�YDULDWLRQV��

DV�WKH�WLPH�WDNHQ�IRU�OLJKW�WR�WUDYHO�WR�WKH�QHEXOD�DQG�WKHQ�WR�XV�

ZRXOG�RQO\�EH�VOLJKWO\� ORQJHU� WKDQ� WKDW� WDNHQ�E\� OLJKW� WUDYHOOLQJ�

WR�XV�GLUHFWO\�IURP�39�&H�

SKHL��6LPLODUO\��LW�PLJKW�DOVR�

EH� H[SHFWHG� WKDW� WKH� SDUWV�

RI� WKH� QHEXOD� PRVW� UHPRWH�

IURP� 39� &HSKHL� ±� O\LQJ�

VRPH� OLJKW�PRQWKV� DZD\� ±�

ZRXOG� EHFRPH� LOOXPLQDWHG�

RQO\� DIWHU� WKH� LQQHU� SRU�

WLRQV��7KLV�ZRXOG�OHDG�WR�WKH�

YDULDWLRQV�VKRZQ�LQ�)LJXUHV�

��	���EHLQJ�VLPLODU��EXW�RXW�

RI�SKDVH��8QIRUWXQDWHO\��WKH�

GDWD�GRHV�QRW�KDYH�VXvFLHQW�UHVROXWLRQ�IRU�WKLV�WR�EH�UHFRUGHG��

+LJKHU�FDGHQFH�LPDJLQJ�ZLWK�D�ODUJHU�LQVWUXPHQW�PLJKW�VXSSRUW�

VXFK�D�VWXG\�

Conclusions

$Q�LQGLFDWLYH�XQ¿OWHUHG�OLJKW�FXUYH�IRU�39�&HSKHL�KDV�EHHQ�FUH�

DWHG�XVLQJ�D�VHTXHQFH�RI�REVHUYDWLRQV�VSDQQLQJ�WKH�SHULRG������

-XO\�±������1RYHPEHU��7KH�EULJKWQHVV�UDQJH�ZDV�IRXQG�WR�EH�EH�

WZHHQ�PDJQLWXGHV�������	��������'XULQJ�WKH�SHULRG�VWXGLHG��DQ�

LQLWLDO�VWURQJ�EULJKWQHVV�LQFUHDVH�ZDV�IROORZHG�E\�DQ�HTXDOO\�UDSLG�

SDUWLDO� IDOO� �LQ�DFFRUGDQFH�ZLWK�UHI�����DQG�WKHQ�D�VORZHU�� ORQJHU�

WHUP�ULVH�WRZDUG�D�ODWHU�SHDN�

2YHU�WKH�VDPH�SHULRG�� WKH�QHEXOD�ZDV�VHHQ�WR�SDVV�WKURXJK�D�

QXPEHU� RI� GLVWLQFW� IRUPV�� WKH� VHTXHQFH� RI� ZKLFK� KDV� EHHQ� GH�

VFULEHG��([DPLQDWLRQ�RI�RQOLQH�LPDJHU\�LQGLFDWHV�WKDW�WKH�ZHVWHUQ�

ZLQJ�FDQ�DSSHDU�EULJKWHU� WKDQ�ZH� VDZ��ZKLOH� WKH�HDVW�ZLQJ�FDQ�

DSSHDU�WKLQQHU�DQG�ORQJHU�WKDQ�ZDV�REVHUYHG�GXULQJ�WKLV�SURMHFW��

2WKHUZLVH��LW�LV�EHOLHYHG�PRVW�FRPPRQ�IRUPV�WDNHQ�E\�WKH�QHEXOD�

KDYH�EHHQ�FDSWXUHG�

'XULQJ�WKH�VDPH�SHULRG��IRXU�VHSDUDWH�ORFDWLRQV�ZLWKLQ�WKH�QHE�

XOD�ZHUH�VHHQ�WR�YDU\�LQ�EULJKWQHVV�LQ�D�PDQQHU�WKDW�ZDV�JHQHUDOO\�

LQ�VWHS�ZLWK�WKH�REVHUYDWLRQV�RI�39�&HSKHL��$�FKDQJH�LQ�EULJKW�

QHVV�RI�EHWZHHQ�WZR�DQG�¿YH�PDJQLWXGHV�ZDV�REVHUYHG�GXULQJ�WKH�

SHULRG�FRYHUHG�

7KH�IDLQWHU�VRXWKHUQ� IDQ�RI�*\XOEXGDJKLDQ¶V�1HEXOD�ZDV�QRW�

VHHQ�WR�YDU\�VLJQL¿FDQWO\�

7KHUH�LV�D�QHHG�WR�FRQWLQXH�REVHUYDWLRQ�RI�WKLV�REMHFW�RYHU�D�ORQ�

JHU�SHULRG�DQG�ZLWK�D�KLJKHU�FDGHQFH��WR�GHWHUPLQH�ZKHWKHU�WKHVH�

UHVXOWV�DUH�W\SLFDO�RI�WKH�EHKDYLRXU�RI�WKH�V\VWHP�DQG�WR�ORRN�IRU�

ORQJHU�WHUP�WUHQGV�
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Appendix I

7KH�GDWHV�DVVRFLDWHG�ZLWK�WKH�LPDJHV�LQ�)LJXUH�

��DUH�VKRZQ�LQ�7DEOH���

)RU� UHIHUHQFH�� WKH� -XOLDQ� GDWHV� DVVRFLDWHG�

ZLWK�WKH�VWDUW�RI�HDFK�\HDU�GXULQJ�WKH�SURMHFW�DUH�

VKRZQ�EHORZ�
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Table 4. Image dates

Image Date Image Date Image Date Image Date
no. (y, mth, d) no. (y, mth, d) no. (y, mth, d) no. (y, mth, d)

� �� ����������� ��� ����������� ��� ����������� ��� ����������
� �� ����������� ��� ����������� ��� ����������� ��� ����������
� �� ����������� ��� ����������� ��� ����������� ��� ����������
� �� ����������� ��� ����������� ��� ����������� ��� ����������
� �� ������������ ��� ����������� ��� ����������� ��� ����������
� �� ����������� ��� ����������� ��� ����������� ��� ����������
� �� ����������� ��� ����������� ��� ����������� ��� ����������
� �� ����������� ��� ������������ ��� ����������� ��� ����������
� �� ����������� ��� ����������� ��� ����������� ��� ����������
��� ����������� ��� ����������� ��� ����������� ��� ����������
��� ������������ ��� ����������� ��� ����������� ��� ����������
��� ����������� ��� ������������ ��� ����������� ��� ����������
��� ����������� ��� ����������� ��� ����������� ��� ����������
��� ����������� ��� ������������ ��� ����������� ��� ����������
��� ����������� ��� ����������� ��� ����������� ��� ����������
��� ����������� ��� ������������ ��� ����������� ��� ����������
��� ����������� ��� ����������� ��� ����������� ��� ����������
��� ����������� ��� ����������� ��� ����������� ±� ±
��� ����������� ��� ����������� ��� ����������� ±� ±
��� ����������� ��� ����������� ��� ����������� ±� ±


