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)%&*&’(&

F0,5$#A’-/,A ,&81 (//#&*-%$’(2

’9B;6AK= FI53 L3?39B;9 (’(V) 45:I:?Q3TB :<B363B@<F 6 J:98<= 6A;E3Y
A;F 3<B5:J;D;9:6. 2 B39;7 :PS=9B37 EK E:Q=E ;D8G3B@ B:, 939 45:;<7:I;B
3995=>;F 6=R=<B63 A3 <6=57E3<<;6A8T G=5A8T IK58 (#+/)). $<<?=I:63A;F
’(V, 939 ; <:PKB;H 45;?;6A:L: 53D58Z=A;F 6 FI537 L3?39B;9, 8?@B53F59;7
5=ABL=A:6<9;7 ;<B:GA;9:6 6 P?;D9;7 L3?39B;937 ; 5=ABL=A:6<9;7 I6:HAK7
<;<B=E 6 V3?39B;9=, 4:D6:?FTB 53D6;63B@ B=:5;T 3995=>;; 6=R=<B63 A3 5=?FB;Y
6;<B<9;= 9:E439BAK= :PS=9BK ; ;D8G3B@ J;D;G=<9;= 45:>=<<K, 45:;<7:IFR;=
6 X9<B5=E3?@AK7 J;D;G=<9;7 8<?:6;F7. W:?@Z:H ;AB=5=< 6KDK63TB ; <6:HY
<B63 <3E;7 G=5AK7 IK5, A3 9:B:5K= 45:;<7:I;B 3995=>;F 6 ’(V. $D 35L8E=AB3
U:?B3A3 [1–3] <?=I8=B, GB: :<A:6AKE 93A3?:E 5:<B3 #+/) 6: 2<=?=AA:H PK?3
3995=>;F 6 53I;3>;:AA: XJJ=9B;6A:E 5=Q;E= (9:LI3 :PS=9B 45:F6?F=B <=PF
939 963D35 ;?; <=HJ=5B:6<93F L3?39B;93). "IA39: 6<= =R= :<B3=B<F P:?@Z3F
A=:45=I=?=AA:<B@ 4: 4:6:I8 [I=E:L53J;;\ ’(V, 45;G=E A= B:?@9: A3 P:?@Z;7
953<AK7 <E=R=A;F7, A: ; 6 <536A;B=?@A: P?;D9:H 2<=?=AA:H.

)=?: 6 B:E, GB: A3P?TI3=EK= <6:H<B63 ’(V <;?@A: D36;<FB :B :5;=AB3>;;
:PS=9B3 4: :BA:Z=A;T 9 A3P?TI3B=?T. ]B: :PSF<AF=B<F B=E, GB: :<A:6A:= (8?@Y
B53J;:?=B:6:= ; :4B;G=<9:=) ;D?8G=A;=, 6:DA;93TR== 6 3995=>;:AA:E I;<9=, 3
B39Q= ;D?8G=A;= 6 Z;5:9;7 :4B;G=<9;7 ?;A;F7, B:Q= 5:QI3TR==<F A=I3?=9:
:B #+/), 45; A3P?TI=A;; < :45=I=?=AAK7 A34536?=A;H :93DK63=B<F <95KB:
:B A3< D3 B:?<B:H :P?:G9:H ;D 7:?:IA:L: L3D3 ; 4K?; – B39 A3DK63=EKE [B:Y
5:E\ (<E. :PD:5 [4]). -<B3A:6?=A:, L?36AKE :P53D:E P?3L:I35F 5=ABL=A:6<9;E
:PD:53E, GB: B39;= [4:L?:R=AAK=\ ’(V <:<B36?FTB DA3G;B=?@A8T I:?T :B 6<=7
:PS=9B:6, 3 ;E=AA: :B → 20% <5=I; <3EK7 E:RAK7 ’(V 64?:B@ I: → 80% <5=I;
’(V <536A;B=?@A: A;D9:H <6=B;E:<B; (A345;E=5, [5–9]). "IA39: 6 XB;7 :>=A937
<:753AF=B<F DA3G;B=?@A3F A=:45=I=?=AA:<B@, 45;G=E :A; 6 :<A:6A:E :BA:<FB<F
9 <536A;B=?@A:H P?;D9:H 2<=?=AA:H.

,=:P7:I;E:<B@ 6 8?8GZ=A;; I=E:L53J;G=<9:H <B3B;<B;9; ’(V I;9B8=BY
<F ; 45:P=?3E; 6 A3Z=E 4:A;E3A;=E 6A8B5=AA=L: 8<B5:H<B63 ’(V. "IA;E ;D
63QA=HZ;7 I:<B;Q=A;H 4:<?=IA;7 ?=B <B3?3 6:DE:QA:<B@ <B5:;B@ ;D:P53Q=Y
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A;F :P?3<B; :P53D:63A;F Z;5:9;7 XE;<<;:AAK7 ?;A;H ; L3D:4K?=6:L: [B:53\ <
4:E:R@T ;AB=5J=5:E=B5;G=<9;7 A3P?TI=A;H 6 P?;QA=E ; <5=IA=E ;AJ53953<Y
AK7 I;343D:A37 (A345;E=5, [10–12]). "IA39: B39;= ;D:P53Q=A;F 4:93 :<B3TB<F
<;?@A: [53DEKBKE;\ ; A= <4:<:PAK 53D5=Z3B@ 45=I4:?3L3=E8T 9:E9:63B8T
<B589B858 XB;7 9?TG=6K7 <B589B85AK7 X?=E=AB:6 39B;6A:L: FI53. /B: Q= 93Y
<3=B<F 6A8B5=AA;7 :P?3<B=H 3995=>;:AA:L: I;<93 ; =L: L:5FG=H 9:5:AK, B: :A;
4:-45=QA=E8 ;<<?=I8TB<F 3<B5:A:E3E; 939 B:G=GAK= ;<B:GA;9; (D3 ;<9?TG=Y
A;=E DA3E=A;BK7 [B=A=H\ >=AB53?@AK7 G=5AK7 IK5 6 V3?39B;9= ; 6 L3?39B;9=
M87) – 4: <6=B;E:<B;, <4=9B58, 4=5=E=AA:<B; ; 4:?F5;D3>;; ;7 ;D?8G=A;F. ^5;
XB:E EA:L;= 9?TG=6K= 6:45:<K, B39;= 939 L=:E=B5;G=<9;= ; J;D;G=<9;= <6:HY
<B63 9:5:AK, :<B3TB<F A=5=Z=AAKE;.

!=ABL=A:6<9:= ;D?8G=A;= – :I;A ;D <3EK7 8A;6=5<3?@AK7 ;AI;93B:5:6 39Y
B;6A:<B; 3995=>;58TR=H #+/): :A: 5:QI3=B<F 45; 9:E4B:A:6<9:E 53<<=FA;;
8?@B53J;:?=B:6K7 J:B:A:6 ;D 3995=>;:AA:L: I;<93 A3 X?=9B5:A37 6 L:5FG=H
9:5:A=, 53<4:?:Q=AA:H 6P?;D; G_5A:H IK5K. ^5; XB:E J:5E;58=B<F <B=4=AY
A:H 9:AB;A88E (<E., A345;E=5, [13; 14]), A3 9:B:5KH 45;7:I;B<F D3E=BA3F I:?F
(↭ 10%) P:?:E=B5;G=<9:H <6=B;E:<B; ’(V (<E., A345;E=5, [3]). UA3G;B=?@A3F
G3<B@ XB:L: Q=<B9:L: 5=ABL=A:6<9:L: ;D?8G=A;F E:Q=B :B53Q3B@<F :B 3995=Y
>;:AA:L: I;<93 ; L3D:4K?=6:L: B:53 6 <B:5:A8 A3P?TI3B=?F. !=ABL=A:6<9;=
<4=9B5K, B39;E :P53D:E, 4:D6:?FTB :IA:65=E=AA: ;<<?=I:63B@ A39?:A 9:AB;Y
A88E3, :>=A;63B@ 9:?:A98 4:L?:R3TR=L: 6=R=<B63 NH A3 ?8G= D5=A;F ; ;D8G3B@
45;DA39; :B53Q=AA:L: ; 4=5=53P:B3AA:L: ;D?8G=A;F, B39;= 939 9:E4B:A:6<9;H
L:5P (6 Z;5:9:E I;343D:A= XA=5L;H < E39<;E8E:E A3 → 30 9X2) ; ?;A;F Q=Y
?=D3 Kω (6 53H:A= 6.4 9X2), 3, A345;E=5, 73539B=5;<B;9; 4:<?=IA=H 4:D6:?FTB
<8I;B@ : B=E4=53B85=, <B=4=A; ;:A;D3>;; ; I58L;7 J;D;G=<9;7 <6:H<B637 4?3DY
EK 6: 6A8B5=AA=H :P?3<B; 3995=>;:AA:L: I;<93. &5:E= B:L:, 63QA: ;D8G3B@
4=5=E=AA:<B@ (B.=. <B5:;B@ 95;6K= P?=<93) ’(V 6 5=ABL=A:6<9:E I;343D:A=,
:<:P=AA: 6 <536A=A;; < ;7 4=5=E=AA:<B@T 6 :4B;G=<9:E I;343D:A=, B39 939 XB:
I3=B I:4:?A;B=?@AK= <6=I=A;F : <6:H<B637 (6 G3<BA:<B;, 73539B=5AK7 53DE=Y
537) 3995=>;:AA:L: I;<93 ; L:5FG=H 9:5:AK.

2<_ XB: I=?3=B 5=ABL=A:6<9;H I;343D:A 9?TG=6KE I?F ;D8G=A;F 939 [I=Y
E:L53J;;\, B39 ; 6A8B5=AA=H <B589B85K ’(V. &?TG=68T 5:?@ 45; XB:E ;L53TB
<B3B;<B;G=<9;= 4:I7:IK, :<A:63AAK= A3 ;<4:?@D:63A;; P:?@Z;7 :IA:5:IAK7
6KP:5:9 ’(V, 45;G=E A=<;?@A: ;<93Q=AAK7 XJJ=9B3E; A3P?TI3B=?@A:H <=?=9Y
>;;. &39 PK?: I:93D3A: EA:L:G;<?=AAKE; ;<<?=I:63A;FE; 4:<?=IA;7 I63I>3B;
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?=B, I?F <:<B36?=A;F B39;7 6KP:5:9 ’(V 7:5:Z: 4:I7:IFB 5=ABL=A:6<9;= :PD:Y
5K 6<=L: A=P3. "IA39: 45; XB:E 63Q=A 9:A95=BAKH I;343D:A XA=5L;H, 6 9:B:5:E
45:;<7:I;B 4:;<9 ; I=B=9B;5:63A;= ;<B:GA;9:6. .39, 45=;E8R=<B6:E EFL9;7
5=ABL=A:6<9;7 :BP:5:6 (A3 XA=5L;F7 A;Q= 2 9X2), B39;7 939 :PD:5 :P<=563B:5;;
ROSAT [15;16] ; P:?== <:65=E=AAKH :PD:5 B=?=<9:43 eROSITA [17] :P<=563B:5;;
!"# [18], F6?F=B<F 6K<:93F G86<B6;B=?@A:<B@, GB: 4:D6:?F=B A37:I;B@ :L5:EY
A:= 9:?;G=<B6: ’(V, 6 B:E G;<?= 963D35:6 A3 P:?@Z;7 953<AK7 <E=R=A;F7.
"IA39: B39:H :BP:5 <B53I3=B :B <;?@A:H :B5;>3B=?@A:H <=?=9>;; 6 :BA:Z=A;;
’(V 6B:5:L: B;43 (4: :4B;G=<9:H 9?3<<;J;93>;;), 9:B:5K= :PKGA: 73539B=5;Y
D8TB<F DA3G;B=?@AKE 6A8B5=AA;E 4:L?:R=A;=E 6I:?@ ?8G3 D5=A;F. ,3:P:5:B,
:PD:5K 6<=L: A=P3 6 Q=<B9:E 5=ABL=A:6<9:E I;343D:A= (6KZ= 10 9X2), B39;= 939
[<;AB=B;G=<9;=\ :PD:5K 45;P:53 BAT :P<=563B:5;; Swift [19] ; 45;P:53 IBIS
:P<=563B:5;; $,.*V!’1 [20], 4:D6:?FTB ;<93B@ ’(V < 53DA:H <B=4=A@T 4:Y
L?:R=A;F, A: 45; XB:E 73539B=5;D8TB<F L:53DI: E=A@Z=H G86<B6;B=?@A:<B@T
4: <536A=A;T < EFL9;E; 5=ABL=A:6<9;E; :PD:53E;, GB: <8Q3=B :P?3<B@ 4:;<93
’(V I: P?;D9:H 2<=?=AA:H (z ↫ 0.1).

,=I36A: PK? 6K48R=A 93B3?:L ;<B:GA;9:6 ARTSS1-5 [21], :PA358Q=AAK7
6 [<5=IA=E\ 5=ABL=A:6<9:E I;343D:A= XA=5L;H 4–12 9X2 6 7:I= :PD:53 6<=L:
A=P3 B=?=<9:4:E ART-XC ;E. +.,. ^36?;A<9:L: [22] :P<=563B:5;; !"#. ]B:B
93B3?:L 45;E=5A: A3 I6= B5=B; <:<B:;B ;D ’(V (P:?== 900 :PS=9B:6). ]B3 6KY
P:593 4: <6:;E <6:H<B63E D34:?AF=B A;Z8 E=QI8 <8R=<B68TR;E; 6KP:593E;
’(V, 4:?8G=AAKE; 4: I3AAKE EFL9;7 ; Q=<B9;7 5=ABL=A:6<9;7 :PD:5:6 A=P3.
2 G3<BA:<B;, 6 A=H <B3B;<B;G=<9; 4:?A: 45=I<B36?=AK ’(V < 8E=5=AAKE 4:Y
L?:R=A;=E (NH → 1022–1023 3B:E:6 6:I:5:I3 A3 96. <E), 45;G=E 64?:B@ I:
DA3G;B=?@AK7 953<AK7 <E=R=A;H (z ↫ 0.3). )58L;E 63QAKE I:<B:;A<B6:E A:Y
6:L: 93B3?:L3 ’(V F6?F=B<F =L: 6K<:93F 4:?A:B3 (4539B;G=<9; A=I:<B;Q;E3F
I?F P:?@Z;7 93B3?:L:6 EFL9;7 5=ABL=A:6<9;7 :PD:5:6) < B:G9; D5=A;F :4B;G=Y
<9:L: :B:QI=<B6?=A;F ; 9?3<<;J;93>;; 5=ABL=A:6<9;7 ;<B:GA;9:6. ,39:A=>, 6
93B3?:L= ARTSS1-5, 939 P8I=B 4:93D3A: 6 I;<<=5B3>;;, 6<B5=G3TB<F I:<B3B:GA:
8A;93?@AK= ’(V, 9:B:5K= 63QA: ;<<?=I:63B@ P:?== 4:I5:PA: < 45;6?=G=A;=E
I:4:?A;B=?@AK7 I3AAK7. #536A;B=?@A: A=P:?@Z:H 53DE=5 93B3?:L3 4:D6:?FY
=B 4:<B36;B@ D3I3G8 :P :B:QI=<B6?=A;; ; ;AI;6;I83?@A:E ;<<?=I:63A;; 6<=7
;<B:GA;9:6, 67:IFR;7 6 A=L:, 6 B:E G;<?= A:6K7 ;<B:GA;9:6, :B95KBK7 B=?=<9:Y
4:E ART-XC, ; 53A== ;D6=<BAK7 5=ABL=A:6<9;7 ;<B:GA;9:6, 45;5:I3 9:B:5K7
PK?3 A=;D6=<BA3 ;?; 4?:7: ;D8G=A3. )?F 5=Z=A;F XB:H D3I3G; A=:P7:I;E:
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45;6?=93B@ I3AAK= I58L;7 5=ABL=A:6<9;7 B=?=<9:4:6, 6 G3<BA:<B;, B=?=<9:43
eROSITA :P<=563B:5;; !"#, ; A3P?TI=A;H 6 I58L;7 I;343D:A37 X?=9B5:E3LY
A;BA:L: <4=9B53, ; 6 B:E G;<?= 45:6:I;B@ :4B;G=<9;= <4=9B5:<9:4;G=<9;=
A3P?TI=A;F < >=?@T ;DE=5=A;F 953<AK7 <E=R=A;H ; 9?3<<;J;93>;; ’(V.

G&#A ( <$*$>( *(//&3,$H(-’’-? 3$4-,1

O=?@T I;<<=5B3>;:AA:H 53P:BK F6?F=B<F :B:QI=<B6?=A;= 39B;6AK7 FI=5
L3?39B;9, D35=L;<B5;5:63AAK7 6 7:I= 5=ABL=A:6<9:L: :PD:53 6<=L: A=P3 ;
A34536?=AAK7 A3P?TI=A;H B=?=<9:43 ART-XC ;E. +.,. ^36?;A<9:L: :P<=563Y
B:5;; !"#, ; ;D8G=A;= J;D;G=<9;7 <6:H<B6 XB;7 :PS=9B:6. )?F I:<B;Q=A;F
XB:H >=?; PK?: A=:P7:I;E: 5=Z;B@ <?=I8TR;= D3I3G;:

– -<B3A:6;B@ 45;5:I8 ; ;<<?=I:63B@ J;D;G=<9;= <6:H<B63 93AI;I3B:6 6
’(V, D35=L;<B5;5:63AAK7 6 7:I= 5=ABL=A:6<9:L: :PD:53 6<=L: A=P3 B=Y
?=<9:43 ART-XC. )?F XB:L:: 1) 45:6=<B; <4=9B5:<9:4;T XB;7 :PS=9B:6
A3 :4B;G=<9;7 B=?=<9:437 1.5-E 9?3<<3 ; :P53P:B3B@ 4:?8G=AAK= I3AY
AK=, 2) ;<<?=I:63B@ 5=ABL=A:6<9;= <4=9B5K :PS=9B:6 A3 :<A:6= I3AAK7
:PD:53 6<=L: A=P3 B=?=<9:4:6 eROSITA ; ART-XC, 3) :P:PR;B@ 6<T ;E=Y
TR8T<F 4: :PS=9B3E EA:L:6:?A:68T ;AJ:5E3>;T.

– "B:QI=<B6;B@ ; I=B3?@A: ;<<?=I:63B@ J;D;G=<9;= <6:H<B63 93AI;I3B3
6 E:RAK= 963D35K SRGAJ2306+1556 A3 z = 0.4389, :PA358Q=AA:L: 6
7:I= 5=ABL=A:6<9:L: :PD:53 6<=L: A=P3 B=?=<9:43 ART-XC. )?F XB:L:: 1)
45:3A3?;D;5:63B@ 357;6A8T J:B:E=B5;G=<98T ; <4=9B5:<9:4;G=<98T
;AJ:5E3>;T 4: XB:E8 :PS=9B8 6 :4B;G=<9:E, $& ; 53I;: I;343D:A37, 2)
45:3A3?;D;5:63B@ 5=ABL=A:6<9;= <4=9B5K ; 95;6K= P?=<93, 4:?8G=AAK=
B=?=<9:4:E ART-XC 6 7:I= :PD:53 6<=L: A=P3, 3 B39Q= B=?=<9:43E;
ART-XC ; Swift/XRT 6 7:I= A34536?=AAK7 A3P?TI=A;H.

– )=B3?@A: ;<<?=I:63B@ 5=ABL=A:6<9;H <4=9B5 ; 4=5=E=AA:<B@ 5=ABL=Y
A:6<9:L: ;D?8G=A;F E:RA:L: 963D353 PG1634+706 A3 z = 1.337 A3
:<A:6= I3AAK7, 4:?8G=AAK7 B=?=<9:43E; eROSITA, ART-XC :P<=563Y
B:5;; !"# ; :P<=563B:5;=H XMM-Newton.
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:$5>’$2 ’-%(<’$

2<= 5=D8?@B3BK, 45=I<B36?=AAK= 6 I;<<=5B3>;;, F6?FTB<F A:6KE;.
1. -<B3A:6?=A3 45;5:I3 48 ;<B:GA;9:6, :PA358Q=AAK7 6 7:I= 5=ABL=A:6Y

<9:L: :PD:53 6<=L: A=P3 B=?=<9:43 ART-XC ;E. +.,. ^36?;A<9:L:
:P<=563B:5;; !"#. ^:93D3A:, GB: :A; F6?FTB<F <=HJ=5B:6<9;E; L3Y
?39B;93E; 53DAK7 B;4:6 A3 953<AK7 <E=R=A;F7 z ↫ 0.3.

2. "PA358Q=A ; :B:QI=<B6?=A 963D35 SRGA J2306+1556 A3 z = 0.4389,
73539B=5;D8TR;H<F 8A;93?@AKE <:G=B3A;=E <6:H<B6 I?F 2<=?=AA:H A3
z ↫ 0.5, 3 ;E=AA: 6K<:9:H 5=ABL=A:6<9:H <6=B;E:<B@T (→ 6↑1045 X5L/c
6 E39<;E8E= 95;6:H P?=<93 6 I;343D:A= XA=5L;H 2–10 9X2), DA3G;B=?@Y
AKE 6A8B5=AA;E 4:L?:R=A;=E (NH → 2↑ 1023 <E↓2) 6I:?@ ?8G3 D5=A;F
; L5:E9:<B@T 6 53I;:I;343D:A=.

3. 24=56K= I=B3?@A: ;<<?=I:63A 6 5=ABL=A:6<9;7 ?8G37 963D35 PG
1634+706 A3 z = 1.337 – :I;A ;D <3EK7 E:RAK7 6: 2<=?=AA:H A3
z ↫ 1.5. ^:93D3A:, GB: =L: 5=ABL=A:6<9;H <4=9B5 <7:Q <: <4=9B53E;
’(V DA3G;B=?@A: P:?== A;D9:H <6=B;E:<B;, 3 =L: 5=ABL=A:6<93F <6=B;Y
E:<B@ 635@;5:63?3<@ A= P:?== G=E 6 2.5 53D3 D3 EA:L:?=BATT ;<B:5;T
A3P?TI=A;H :PS=9B3.

:$5>’$2 ( 73$0,(>&/0$2 <’$>(8-/,A

^5=I<B36?=AAK= 6 I;<<=5B3>;; 5=D8?@B3BK :4B;G=<9:H ; 5=ABL=A:6<9:H
<4=9B5:<9:4;; 48 39B;6AK7 FI=5 L3?39B;9 4:D6:?;?; 4:6K<;B@ 4:?A:B8 :B:QY
I=<B6?=A;F ; 9?3<<;J;93>;; 5=ABL=A:6<9;7 ;<B:GA;9:6, :PA358Q=AAK7 6 7:I=
4=56K7 G=BK5=7 4:?AK7 ; 40% 4FB:L: :PD:53 6<=L: A=P3 B=?=<9:43 ART-XC
;E. +.,. ^36?;A<9:L: :P<=563B:5;; !"# (93B3?:L ARTSS1-5, [21]), I: 45;E=5Y
A: 95%. 2 A3<B:FR== 65=EF I;<<=5B3AB < 9:??=L3E; 45:I:?Q3TB XB8 53P:B8 <
>=?@T I:<B;Q=A;F 100% 4:?A:BK :B:QI=<B6?=A;F ; 9?3<<;J;93>;; ;<B:GA;Y
9:6 6 93B3?:L= ARTSS1-5 ; <:<B36?=A;F A3 =L: :<A:6= <B3B;<B;G=<9; 4:?A:H
P3DK EA:L:6:?A:6K7 I3AAK7, 9:B:58T D3B=E E:QA: P8I=B ;<4:?@D:63B@ I?F ;<Y
<?=I:63A;F 4:48?F>;:AAK7 <6:H<B6 ’(V ; I58L;7 9?3<<:6 :PS=9B:6. ):<B84
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9 P3D= I3AAK7 P8I=B :B95KB I?F 6<=7 8G=AK7. ^5=I4:?3L3=B<F, GB: 53P:B3 4:
:B:QI=<B6?=A;T ; 9?3<<;J;93>;; 5=ABL=A:6<9;7 ;<B:GA;9:6 ;D :PD:53 6<=L:
A=P3 !"#/ART-XC <B3A=B =R= P:?== E3<ZB3PA:H 4:<?= B:L:, 939 P8I=B <:DI3A
(:5;=AB;5:6:GA: 6 2026 L:I8) A:6KH 93B3?:L ;<B:GA;9:6 (6 9:B:5KH, :5;=AB;Y
5:6:GA:, 6:HI=B → 3000 :PS=9B:6), D35=L;<B5;5:63AAK7 6 7:I= 6:<@E; :PD:5:6
6<=L: A=P3 ART-XC, B39 939 A= B:?@9: 3P<:?TBA:= G;<?:, A: ; :BA:<;B=?@A3F I:Y
?F A:6K7 (P:?== <?3PK7 4: 4:B:98) ;<B:GA;9:6 6:D53<B3=B 4: E=5= A39:4?=A;F
X9<4:D;>;;, B.=. < 86=?;G=A;=E G86<B6;B=?@A:<B; :PD:53. ^5; XB:E P8I8B ;<Y
4:?@D:63B@<F E=B:IK ; 4:I7:IK, :B53P:B3AAK= 6 7:I= I;<<=5B3>;:AA:H 53P:BK.

"PA358Q=AAKH 6 7:I= :PD:53 6<=L: A=P3 !"#/ART-XC ;<B:GA;9
SRGAJ2306+1556 F6?F=B<F :IA;E ;D P?;Q3HZ;7 53I;:L5:E9;7, 4:L?:R_AY
AK7 963D35:6 6K<:9:H <6=B;E:<B;. ^5; XB:E =L: J;D;G=<9;= <6:H<B63 I:?QAK
PKB@ <7:Q; < 963D353E;, 9:B:5K= PK?; 53<45:<B53A=AK 6 4=56K= A=<9:?@Y
9: E;??;35I:6 ?=B Q;DA; 2<=?=AA:H, A: ;D-D3 P:?@Z:L: 8I3?=A;F :B A3< A=
E:L8B PKB@ ;D8G=AK 6 4:I5:PA:<BF7. ^:XB:E8 SRGA J2306+1556 E:Q=B <?8Y
Q;B@ >=AAKE ;<B:GA;9:E ;AJ:5E3>;; I?F I=B3?@A:L: ;D8G=A;F J;D;9; B39;7
:PS=9B:6. )3?@A=HZ;= ;<<?=I:63A;F SRGA J2306+1556 E:L8B 69?TG3B@ Z;Y
5:9:4:?:<A8T 5=ABL=A:6<98T <4=9B5:<9:4;T, GB:PK 4:?8G;B@ P:?== <B5:L;=
:L53A;G=A;F A3 J:5E8 <4=9B53 (6 G3<BA:<B;, I?F ;DE=5=A;F D363?3 A3 6K<:9;7
XA=5L;F7 6<?=I<B6;= XJJ=9B3 :BI3G; 45; 9:E4B:A:6<9:E 53<<=FA;; 6 L:5FG=H
9:5:A= 3995=>;:AA:L: I;<93), A;D9:G3<B:BA:= 53I;:935B:L53J;5:63A;= I?F
?8GZ=L: 6KF6?=A;F 9584A:E3<ZB3PAK7 <B589B85 ; 45:I:?Q=A;= E:A;B:5;AY
L3 6 5=ABL=A:6<9:E, :4B;G=<9:E, $& ; 53I;:I;343D:A37 < >=?@T 6KF6?=A;F
4=5=E=AA:<B; <6=B;E:<B; ; <4=9B53?@AK7 73539B=5;<B;9.

!/’-%’1& 7-#-.&’(2, %1’-/(81& ’$ <$@(,5:

1. ^: 5=D8?@B3B3E :4B;G=<9:L: :B:QI=<B6?=A;F A3 B=?=<9:437 ’U.-33$&
; !..-150 ; 3A3?;D3 357;6AK7 <4=9B5:6 6dF ; SDSS 8<B3A:6?=A:,
GB: 48 5=ABL=A:6<9;7 ;<B:GA;9:6 ;D :PD:53 !"#/ART-XC F6?FTB<F
<=HJ=5B:6<9;E; L3?39B;93E; 53DAK7 B;4:6 6 I;343D:A= 953<AK7 <E=Y
R=A;H z = 0.014–0.283: 19 – 4=56:L: B;43 (Sy1), 17 – 6B:5:L: B;43
(Sy2), 10 – B;43 1.9 (Sy1.9) ; 2 – <=HJ=5B:6<9;E; L3?39B;93E; 4=56:L:
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B;43 < 8D9;E; ?;A;FE; (NLSy1). ^5;5:I3 XB;7 ;<B:GA;9:6 53A== PK?3
A=;D6=<BA3, 45; XB:E 15 ;D A;7 53A@Z= A= PK?; ;D6=<BAK 939 5=ABL=Y
A:6<9;= ;<B:GA;9;. ^:?A:B3 :B:QI=<B6?=A;F ;<B:GA;9:6 6 93B3?:L=
4=56K7 4FB; :PD:5:6 !"#/ART-XC I:6=I=A3 I: 95%.

2. ^: I3AAKE B=?=<9:4:6 eROSITA ; ART-XC ;DE=5=AAK= 5=ABL=A:6Y
<9;= <6=B;E:<B; I?F 39 39B;6AK7 FI=5 L3?39B;9 (’(V) <:<B36?FTB
:B 1042 I: 1045 X5L <↓1 6 I;343D:A= XA=5L;H 4–12 9X2. - 15 :PS=9B:6
DA3G=A;F 9:?:A9:6:H 4?:BA:<B; L3D3, 4:L?:R3TR=L: 5=ABL=A:6<9:=
;D?8G=A;=, <:<B36?FTB NH > 1022 3B:E:6 H A3 96. <E., 6 B:E G;<Y
?= 8 4FB; NH > 1023 <E↓2. $<B:GA;9; SRGAJ232446.8+440756,
SRGAJ000132.9+240237 F6?FTB<F 93AI;I3B3E; 6 9:E4B:A:6<9;-B:?Y
<BK= ’(V (NH ↭ 1024 <E↓2).

3. +3<<K G_5AK7 IK5 ; XII;ALB:A:6<9;= :BA:Z=A;F I?F 18 :PS=9B:6
B;4:6 Sy1 ; NLSy1 ;D 6KP:59; !"#/ART-XC <:<B36?FTB: MBH :B
→ 5 ↑ 106M↔ I: → 7 ↑ 108M↔, εEdd :B → 0.005 I: → 0.2 (D3 ;<Y
9?TG=A;=E NLSy1 SRGA J224125.9+760343, 8 9:B:5:L: εEdd → 1, GB:
<:L?3<8=B<F < 53<45:<B53A=AAKE 45=I<B36?=A;=E : P?;D9:E 9 95;B;G=Y
<9:E8 5=Q;E8 3995=>;; 6 NLSy1).

4. 27:IFR;H 6 G;<?: A:6K7 5=ABL=A:6<9;7 ;<B:GA;9:6 :PD:53 6<=L: A=P3
!"#/ART-XC :PS=9B SRGAJ2306+1556 F6?F=B<F 53I;:L5:E9;E 963Y
D35:E A3 z = 0.4389. *L: 5=ABL=A:6<93F <6=B;E:<B@ 6 E39<;E8E= 95;6:H
P?=<93 6 I;343D:A= XA=5L;H 2–10 9X2 <:<B36?F=B → 6 ↑ 1045 X5L <↓1.
2KF6?=A: DA3G;B=?@A:= 6A8B5=AA== 4:L?:R=A;=. $<B:GA;9 F6?F=B<F
8A;93?@AKE A3 z < 0.5 (4:<?=IA;= 4FB@ E;??;35I:6 ?=B 9:<E;G=<9:H
;<B:5;;) 4: <:G=B3A;T 6K<:9:H <6=B;E:<B;, <;?@A:L: 4:L?:R=A;F ;
53I;:L5:E9:<B;, ; 4:XB:E8 45=I<B36?F=B ;AB=5=< I?F I=B3?@A:L: ;<Y
<?=I:63A;F J;D;G=<9;7 45:>=<<:6, 45:;<7:IFR;7 6 E:RAK7 963D3537.

5. ^: I3AAKE A3P?TI=A;H B=?=<9:43E; eROSITA, ART-XC :P<=563B:5;;
!"# ; :P<=563B:5;=H XMM-Newton ;DE=5=AAKH A39?:A 5=ABL=A:6<9:Y
L: 9:AB;A88E3 E:RA:L: 963D353 PG 1634+706 A3 z = 1.337 <:<B36?F=B
! = 1.8–2.0, GB: <::B6=B<B68=B DA3G=A;FE, 73539B=5AKE I?F 39B;6AK7
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FI=5 L3?39B;9 E=A@Z=H <6=B;E:<B; ; A= 4:IB6=5QI3=B 45=I4:?3L3Y
=E8T B=AI=A>;T 8958G=A;F 5=ABL=A:6<9;7 <4=9B5:6 ’(V < 5:<B:E
<6=B;E:<B;. "PA358Q=A3 Z;5:93F XE;<<;:AA3F ?;A;F Fe Kω, 9:B:53F,
6=5:FBA:, 6:DA;93=B 6 5=D8?@B3B= :B53Q=A;F ;D?8G=A;F L:5FG=H 9:5:Y
AK :B 3995=>;:AA:L: I;<93. U3 6<T 17-?=BATT ;<B:5;T A3P?TI=A;H
963D353 PG 1634+706 =L: 5=ABL=A:6<93F <6=B;E:<B@ ;DE=AF?3<@ A= P:Y
?== G=E 6 2.5 53D3, 3 3E4?;B8IK 635;3>;H A3 E3<ZB3P37 A=I=?@ ; ?=B
<:4:<B36;EK.

I(>’1? %0#$* $%,-3$

);<<=5B3AB 45;A;E3? 39B;6A:= 8G3<B;= 6 53P:B= A3 6<=7 == XB3437.
#:6E=<BA: < A38GAKE 589:6:I;B=?=E ; <:36B:53E; I;<<=5B3AB 8G3<B6:63? 6 4:Y
<B3A:69= D3I3G, :BP:5= 93AI3I3B:6 6 39B;6AK= FI53 L3?39B;9 I?F 4:<?=I8TR;7
A3P?TI=A;H A3 :4B;G=<9;7 ; 5=ABL=A:6<9;7 B=?=<9:437, 45:6:I;? A3P?TI=A;F
; :P53P3BK63? 4:?8G=AAK= I3AAK=, D3A;E3?<F 3A3?;D:E 4:?8G=AAK7 5=D8?@B3Y
B:6 ; 53D53P:B9:H <::B6=B<B68TR;7 3?L:5;BE:6. ^: 5=D8?@B3B3E ;<<?=I:63A;F
PK?: :48P?;9:63A: Z=<B@ <B3B=H 6 5=>=AD;58=EK7 Q85A3?37. 2 <B3B@F7 ‘‘2N6
I;<<=5B3AB 6K4:?A;? :<A:6A8T 53P:B8 (90% ?;GA:L: 69?3I3 6 93QI:H <B3B@=),
3 6 <B3B@= ‘1 I:?F ?;GA:L: 69?3I3 <:<B36?F=B 40%. 2: 6<=7 6KA:<;EK7 A3
D3R;B8 5=D8?@B3B37 ?;GAKH 69?3I 36B:53 I;<<=5B3>;:AA:H 53P:BK F6?F=B<F
:<A:6AKE ; :45=I=?FTR;E.

B7(/-0 754#(0$H(? 7- ,&8& *(//&3,$H((

!=D8?@B3BK I;<<=5B3>;:AA:H 53P:BK :48P?;9:63AK 6 6 <B3B@F7 6 5=>=AD;Y
58=EK7 A38GAK7 ;DI3A;F7, ;AI=9<;58=EK7 6 P3D= FI53 !$,O [eLibrary Science
Index\, E=QI8A35:IAKE; P3D3E; I3AAK7 (Web of Science, Scopus, RSCI) ; 5=Y
9:E=AI:63AAK7 I?F D3R;BK 6 I;<<=5B3>;:AA:E <:6=B= +V- 4: <4=>;3?@A:<B;
1.3.1. C;D;93 9:<E:<3, 3<B5:A:E;F:
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1. U3DA:P;A $. ’., J/0-% +. B., #3D:A:6 #. M., W85=A;A !. ’., +=I6=I=6
^. #., 0:58AQ=6 V. ’., 1F4;A ’. !., &5;6:A:< !. ’., C;?;44:63 *. 2.,
V;?@J3A:6 +. !., #TAF=6 !. ’., *<=?=6;G +. 2., W;9E3=6 $. C., $5B8Y
L3A:6 ]. ,., ,;9:?3=63 *. ’., "4B;G=<9:= :B:QI=<B6?=A;= 93AI;I3B:6
6 39B;6AK= FI53 L3?39B;9, :PA358Q=AAK7 B=?=<9:4:E ART-XC ;E. +.
,. ^36?;A<9:L: :P<=563B:5;; #!V 6 7:I= 5=ABL=A:6<9:L: :PD:53 6<=L:
A=P3, ^;<@E3 6 ’<B5:A:E;G=<9;H Q85A3?, 2021, .. 47, ‘ 2, #. 89–106,
EDN: QECHOZ, $E439B-J39B:5 0.193 (!$,O). 1;GAKH 69?3I 40%.
"PS=E 1.0 4=G3BAK7 ?;<B:6.
Zaznobin, I. A., Uskov, G. S., Sazonov, S. Yu., Burenin, R. A., Medvedev,
P. S., Khorunzhev, G. A., Lyapin, A. R., Krivonos, R. A., Filippova,
E. V., Gilfanov, M. R., Sunyaev, R. A., Eselevich, M. V., Bikmaev, I. F.,
Irtuganov, E. N., and Nikolaeva, E. A., Optical Identification of Candidates
for Active Galactic Nuclei Detected by the Mikhail Pavlinsky ART-XC
Telescope Onboard the SRG Observatory during an All-Sky X-ray Survey,
Astronomy Letters, 2021, Vol. 47, ‘ 2, pp. 71-87, EDN: FXQNBL, $EY
439B-J39B:5 0.20 (JCI). 1;GAKH 69?3I 40%. "PS=E 0.95 4=G3BAK7
?;<B:6.

2. J/0-% +. B., U3DA:P;A $. ’., #3D:A:6 #. M., #=E=A3 ’. ,., V;?@Y
J3A:6 +. !., W85=A;A !. ’., *<=?=6;G +. 2., &5;6:A:< !. ’., 1F4;A
’. !., +=I6=I=6 ^. #., 0:58AQ=6 V. ’., #TAF=6 !. ’., ,:6K= 39B;6Y
AK= FI53 L3?39B;9, :PA358Q=AAK= B=?=<9:43E; ART-XC ; =!"U$.’
:P<=563B:5;; #!V 6 7:I= 5=ABL=A:6<9:L: :PD:53 6<=L: A=P3, ^;<@E3 6
’<B5:A:E;G=<9;H Q85A3?, 2022, .. 48, ‘ 2, #. 95–118, EDN: EWXCHF,
$E439B-J39B:5 0.193 (!$,O). 1;GAKH 69?3I 90%. "PS=E 1.29 4=G3BY
AK7 ?;<B:6.
Uskov, G. S., Zaznobin, I. A., Sazonov, S. Yu., Semena, A. N., Gilfanov,
M. R., Burenin, R. A., Eselevich, M. V., Krivonos, R. A., Lyapin, A. R.,
Medvedev, P. S., Khorunzhev, G. A., and Sunyaev, R. A., New Active
Galactic Nuclei Detected by the ART-XC and eROSITA Telescopes
Onboard the SRG Observatory during an All-Sky X-ray Survey, Astronomy
Letters, 2022, Vol. 48, ‘ 2, p. 87-108, EDN: DMCQKG, $E439B-J39B:5
0.20 (JCI). 1;GAKH 69?3I 90%. "PS=E 1.24 4=G3BAK7 ?;<B:6.
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3. J/0-% +. B., #3D:A:6 #. M., U3DA:P;A $. ’., W85=A;A !. ’., V;?@J3Y
A:6 +. !., +=I6=I=6 ^. #., #TAF=6 !. ’., &5;6:A:< !. ’., C;?;44:63
*. 2., 0:58AQ=6 V. ’., *<=?=6;G +. 2., ,:6K= 39B;6AK= FI53 L3?39Y
B;9, :PA358Q=AAK= B=?=<9:43E; ART-XC ; =!"U$.’ 6 7:I= 4=56K7
4FB; 5=ABL=A:6<9;7 :PD:5:6 6<=L: A=P3 :P<=563B:5;; #!V, ^;<@E3 6
’<B5:A:E;G=<9;H Q85A3?, 2023, .. 49, ‘ 2, #. 97–121, EDN: PZLSPL,
$E439B-J39B:5 0.193 (!$,O). 1;GAKH 69?3I 90%. "PS=E 1.33 4=G3BY
AK7 ?;<B:6.
Uskov, G. S., Sazonov, S. Yu., Zaznobin, I. A., Burenin, R. A., Gilfanov,
M. R., Medvedev, P. S., Sunyaev, R. A., Krivonos, R. A., Filippova, E. V.,
Khorunzhev, G. A., and Eselevich, M. V., New Active Galactic Nuclei
Detected by the ART-X# and eROSITA Telescopes during the First Five
SRG All-Sky X-ray Surveys, Astronomy Letters, 2023, Vol. 49, ‘ 2, p.
25-48. EDN: VFZJYO, $E439B-J39B:5 0.20 (JCI). 1;GAKH 69?3I 90%.
"PS=E 1.28 4=G3BAK7 ?;<B:6.

4. J/0-% +. B., #3D:A:6 #. M., V;?@J3A:6 +. !., 134Z:6 $. M., #TY
AF=6 !. ’., !=ABL=A:6<9;= <6:H<B63 E:RA:L: 963D353 PG 1634+706 A3
z = 1.337 4: I3AAKE :P<=563B:5;H #!V ; XMM ;E. ,@TB:A3, ^;<@Y
E3 6 ’<B5:A:E;G=<9;H Q85A3?, 2023, .. 49, ‘ 11, #. 717–734, EDN:
RYAUQD, $E439B-J39B:5 0.193 (!$,O). 1;GAKH 69?3I 90%. "PS=E
1.11 4=G3BAK7 ?;<B:6.
Uskov, G. S., Sazonov, S. Yu., Gilfanov, M. R., Lapshov, I. Yu., and
Sunyaev, R. A., X-ray Properties of the Luminous Quasar PG 1634+706
at z=1.337 from SRG and XMM-Newton Data, Astronomy Letters, 2023,
Vol. 49, ‘ 11, p. 621-638, EDN: DOOKID, $E439B-J39B:5 0.20 (JCI).
1;GAKH 69?3I 90%. "PS=E 1.09 4=G3BAK7 ?;<B:6.

5. J/0-% +. B., #3D:A:6 #. M., U3DA:P;A $. ’., V;?@J3A:6 +. !., W85=Y
A;A !. ’., C;?;44:63 *. 2., +=I6=I=6 ^. #., +:<93?=63 ’. 2., #TAF=6
!. ’., &5;6:A:< !. ’., *<=?=6;G +. 2., ,:6K= 39B;6AK= FI53 L3?39B;9,
:PA358Q=AAK= B=?=<9:43E; ART-XC ; =!"U$.’ 6 7:I= 4=56K7 4FB;
5=ABL=A:6<9;7 :PD:5:6 6<=L: A=P3 :P<=563B:5;; #!V. /3<B@ 2, ^;<@E3 6
’<B5:A:E;G=<9;H Q85A3?, 2024, .. 50, ‘ 5, #. 339–360, EDN: MYIHKY,
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$E439B-J39B:5 0.193 (!$,O). 1;GAKH 69?3I 90%. "PS=E 1.24 4=G3BY
AK7 ?;<B:6.
Uskov, G. S., Sazonov, S. Yu., Zaznobin, I. A., Gilfanov, M. R., Burenin,
R. A., Filippova, E. V., Medvedev, P. S., Moskaleva, A. V., Sunyaev,
R. A., Krivonos, R. A., and Eselevich, M. V., New Active Galactic Nuclei
Detected by the ART-XC and eROSITA Telescopes during the First Five
SRG All-Sky X-ray Surveys. Part 2, Astronomy Letters, 2024, Vol. 50, ‘
5, p. 279-301, EDN: FNQAIJ, $E439B-J39B:5 0.20 (JCI). 1;GAKH 69?3I
90%. "PS=E 1.21 4=G3BAK7 ?;<B:6.

6. Uskov G. S., Sazonov S., Lapshov I., Mikhailov A. G., Filippova E.,
Lutovinov A., Mereminskiy I. A., Mochalina M., Semena A., Tkachenko A.,
SRGA J2306+1556: an extremely X-ray luminous, heavily obscured, radioY
loud quasar at z = 0.44 discovered by SRG/ART-XC, Monthly Notices of
the Royal Astronomical Society, 2025, Vol. 540, No. 4, P. 3170–3185, DOI:
10.1093/mnras/staf924 (EDN A= ;D6=<B=A), $E439B-J39B 1.03 (JCI). 1;GY
AKH 69?3I 80%. "PS=E 1.75 4=G3BAK7 ?;<B:6.

F73-4$H(2 3$4-,1

!=D8?@B3BK I;<<=5B3>;:AA:H 53P:BK :48P?;9:63AK 6 6 <B3B@F7 6 5=>=AD;Y
58=EK7 A38GAK7 ;DI3A;F7, ;AI=9<;58=EK7 6 P3D= FI53 !$,O [eLibrary Science
Index\, E=QI8A35:IAKE; P3D3E; I3AAK7 (Web of Science, Scopus, RSCI) ; 5=Y
9:E=AI:63AAK7 I?F D3R;BK 6 I;<<=5B3>;:AA:E <:6=B= +V- 4: <4=>;3?@A:<B;
1.3.1. C;D;93 9:<E:<3, 3<B5:A:E;F.

!=D8?@B3BK I;<<=5B3>;:AA:H 53P:BK 45=I<B36?F?;<@ == 36B:5:E A3 <=E;Y
A3537 :BI=?3 ’<B5:J;D;9; 6K<:9;7 XA=5L;H $&$ !’, ; 6 V’$a +V-, 3
B39Q= A3 <?=I8TR;7 9:AJ=5=A>;F7:

1. XVIII &:AJ=5=A>;F E:?:IK7 8G=AK7 [C8AI3E=AB3?@AK= ; 45;9?3IY
AK= 9:<E;G=<9;= ;<<?=I:63A;F\, I:9?3I [’A3?;D 5=ABL=A:6<9;7 <4=9Y
B5:6 ’(V 4: I3AAKE :P<=563B:5;; #!V\, 2021 L., +:<963, !:<<;F

2. 2<=5:<<;H<93F 9:AJ=5=A>;F [’<B5:J;D;93 6K<:9;7 XA=5L;H <=L:IAF ;
D36B53 (HEA-2021)\, I:9?3I ["B95KB;= A:6K7 39B;6AK7 FI=5 L3?39B;9
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B=?=<9:4:E ’!.-0# ;E. ^36?;A<9:L: ; ;7 ;<<?=I:63A;= 4: I3AAKE
#!V/=!"U$.’, #3FA<9:L: 1.6 E B=?=<9:43 ; !:<<;H<9:-B85=>9:L: 1.5E
B=?=<9:43\, 2021 L., +:<963, !:<<;F

3. XIX &:AJ=5=A>;F E:?:IK7 8G=AK7 [C8AI3E=AB3?@AK= ; 45;9?3IAK=
9:<E;G=<9;= ;<<?=I:63A;F\, I:9?3I ["4B;G=<9:= :B:QI=<B6?=A;= ;<Y
B:GA;9:6 #!V/’!.-0#: :B D6=DI +?=GA:L: ^8B; I: 39B;6AK7 FI=5
I3?=9;7 L3?39B;9\, 2022 L., +:<963, !:<<;F

4. 2<=5:<<;H<93F 9:AJ=5=A>;F [’<B5:J;D;93 6K<:9;7 XA=5L;H <=L:Y
IAF ; D36B53 (HEA-2022)\, I:9?3I [(59;H 5=ABL=A:6<9;H 963D35
PG1634+706 4: I3AAKE :P<=563B:5;; #!V\, 2022 L., +:<963, !:<<;F

5. XX &:AJ=5=A>;F E:?:IK7 8G=AK7 [C8AI3E=AB3?@AK= ; 45;9?3IY
AK= 9:<E;G=<9;= ;<<?=I:63A;F\, I:9?3I [(59;H 5=ABL=A:6<9;H 963D35
PG1634+706 4: I3AAKE :P<=563B:5;; #!V\ 2023 L., +:<963, !:<<;F

6. 2<=5:<<;H<93F 9:AJ=5=A>;F [-?@B53J;:?=B:63F 2<=?=AA3F – 2023\,
I:9?3I [,:6K= 39B;6AK= FI53 L3?39B;9, :PA358Q=AAK= B=?=<9:43E;
ART-0# ; eROSITA 6 7:I= 4=56K7 4FB; 5=ABL=A:6<9;7 :PD:5:6 6<=L:
A=P3 :P<=563B:5;; #!V\, 2023 L., +:<963, !:<<;F

7. 2<=5:<<;H<93F 9:AJ=5=A>;F [’<B5:J;D;93 6K<:9;7 XA=5L;H <=L:IAF ;
D36B53 (HEA-2022)\, I:9?3I [,:6K= 4:L?:R=AAK= 39B;6AK= FI53 L3Y
?39B;9, :PA358Q=AAK= B=?=<9:43E; ART-0# ; eROSITA 6 7:I= :PD:53
6<=L: A=P3 :P<=563B:5;; #!V\, 2023 L., +:<963, !:<<;F

8. 2<=5:<<;H<93F 3<B5:A:E;G=<93F 9:AJ=5=A>;F 2024 L:I3 [#:65=E=AA3F
3<B5:A:E;F: :B 53AA=H 2<=?=AA:H I: X9D:4?3A=B ; G=5AK7 IK5\, I:9?3I
[,:6K= 39B;6AK= FI53 L3?39B;9, :PA358Q=AAK= B=?=<9:43E; ART-0#
; eROSITA 6 7:I= :PD:53 6<=L: A=P3 :P<=563B:5;; #!V\, 2024 L., 4.
,;QA;H ’57KD, !:<<;F

B,350,53$ ( /-*&3.$’(& *(//&3,$H((

);<<=5B3>;F <:<B:;B ;D 66=I=A;F, 3 L?36, D39?TG=A;F ; 1 45;?:Q=A;F.
^:?AKH :PS_E I;<<=5B3>;; <:<B36?F=B 198 <B53A;>, 69?TG3F 31 5;<8A:9 ;
21 B3P?;>8. #4;<:9 ?;B=53B85K <:I=5Q;B 174 A3;E=A:63A;F.
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2: )%&*&’(( 45=I<B36?=A: :P:<A:63A;= 39B83?@A:<B; B=EK I;<<=5B3>;Y
:AA:L: ;<<?=I:63A;F, <J:5E8?;5:63AK >=?; 53P:BK, 4:IG=59A8BK X?=E=ABK
A38GA:H A:6;DAK ; 4539B;G=<9:H DA3G;E:<B; 4:?8G=AAK7 5=D8?@B3B:6. $D?:Y
Q=AK :<A:6AK= 4:?:Q=A;F, 6KA:<;EK= A3 D3R;B8. "BI=?@A: 893D3A ?;GAKH
69?3I 36B:53 6 45:6=I=AA:= ;<<?=I:63A;=. ^5;6=I=A <4;<:9 9:AJ=5=A>;H, A3
9:B:5K7 I:9?3IK63?;<@ 45:E=Q8B:GAK= ; ;B:L:6K= 5=D8?@B3BK, 3 B39Q= 4=5=Y
G;<?=A <4;<:9 48P?;93>;H 4: B=E= I;<<=5B3>;; ; ;AK= 48P?;93>;;. "4;<3AK
<B589B853 ; <:I=5Q3A;= I;<<=5B3>;;.

2 +#$%& 1 45=I<B36?=AK 5=D8?@B3BK :4B;G=<9:L: :B:QI=<B6?=A;F 93AI;Y
I3B:6 6 39B;6AK= FI53 L3?3B;9, :PA358Q=AAK7 B=?=<9:4:E ART-XC :P<=563Y
B:5;; !"# 6 7:I= :PD:53 6<=L: A=P3.

2 A3G3?= L?36K ;D?3L3=B<F 45;A>;4 <:<B36?=A;F 6KP:59; ;<<?=I8=Y
EK7 93AI;I3B:6 6 ’(V: ;<B:GA;9; P=58B<F ;D 45=I635;B=?@AK7 ; ;B:L:6K7
93B3?:L:6 ART-XC, 45;G_E ;7 :BA:<;B=?@A: E3?3F G;<?=AA:<B@ 4:D6:?F=B ;AY
I;6;I83?@A: :B:QI=<B6?FB@ ; ;<<?=I:63B@ 93QIKH :PS=9B. ^:<?= :4B;G=<9:L:
:B:QI=<B6?=A;F, 4: 6:DE:QA:<B;, ;<4:?@D8TB<F I3AAK= eROSITA I?F 8B:GA=Y
A;F 4:?:Q=A;H 5=ABL=A:6<9;7 ;<B:GA;9:6, GB: :P=<4=G;63=B ?:93?;D3>;T 6
45=I=?37 A=<9:?@9;7 8L?:6K7 <=98AI.

#?=I8TR;H 53DI=? 4:<6FR_A :4B;G=<9:H <4=9B5:<9:4;; 93AI;I3B:6 6
’(V A3 B=?=<9:437 1.5-E 9?3<<3: ’U.-33$& (<4=9B5:L53J ’)’+) ; !..-150
(<4=9B5:L53J TFOSC). .39Q= :4;<K63=B<F ;<4:?@D:63A;= 357;6AK7 <4=9B5:6
;D :PD:53 SDSS, 3 I?F TQAK7 :PS=9B:6 (ϑ < ↓20↗) – ;D :PD:53 6dF. ^5;6:Y
IFB<F 73539B=5;<B;9; 45;P:5:6, ;D?3L3=B<F E=B:I;93 45:6=I=A;F A3P?TI=A;H
36B:5:E ; =L: 9:??=L3E;, 3 B39Q= 45:>=I853 :P53P:B9; :4B;G=<9;7 <4=9B5:6.

)3?== :4;<K63=B<F, 4: 939;E I3AAKE :PD:5:6 !"# ;D6?=93?;<@ 5=ABY
L=A:6<9;= <4=9B5K ART-XC ; eROSITA, ; 45;6:I;B<F =I;A3F 45:>=I853 ;7
;D6?=G=A;F ; 4:IL:B:69; 9 3A3?;D8.

2 53DI=?=, 4:<6FR_AA:E 5=D8?@B3B3E, ;D?:Q=A:, 939 ;DE=5F?;<@ 73539Y
B=5;<B;9; :4B;G=<9;7 ?;A;H: 4:B:9;, X96;63?=ABAK= Z;5;AK ; J;D;G=<9;=
Z;5;AK < 8G_B:E 45;P:5A:L: 8Z;5=A;F, 3 B39Q= 953<AK= <E=R=A;F :PS=9Y
B:6. U3B=E :4;<K63=B<F 3A3?;D 5=ABL=A:6<9;7 <4=9B5:6 6 45:L53EE= XSPEC 4:
I3AAKE B=?=<9:4:6 ART-XC ; eROSITA. 2 93G=<B6= :<A:6A:H 45;AFB3 E:I=?@
<B=4=AA:L: 9:AB;A88E3 < 8G_B:E J:B:4:L?:R=A;F 6 V3?39B;9= ; 6A8B5; ’(V.
- 5FI3 :PS=9B:6 6KF6?=A EFL9;H ;DPKB:9 ;D?8G=A;F. "BE=G3=B<F, GB: 8 G3Y
<B; ;<B:GA;9:6 A3P?TI3=B<F <8R=<B6=AA:= 6A8B5=AA== 4:L?:R=A;= NH > 1022
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<E↓2, 3 I63 ;<B:GA;93 F6?FTB<F 93AI;I3B3E; 6 9:E4B:A:6<9; B:?<BK= ’(V
(NH > 1024 <E↓2). ^: ;DE=5=AAKE 73539B=5;<B;93E :4B;G=<9;7 ?;A;H, 3 ;E=AY
A: 4: A3?;G;T Z;5:9;7 ?;A;H Hω, Hϖ ; < 4:E:R@T BPT-I;3L53EEK (4:
:BA:Z=A;FE 4:B:9:6 P?;D9;7 ?;A;H), 6K4:?AF=B<F 9?3<<;J;93>;F ’(V. )?F
<=HJ=5B:6<9;7 L3?39B;9 1-L: B;43 45;6=I=AK :>=A9; E3<< G=5AK7 IK5, 4:?8Y
G=AAK= 4: <6=B;E:<B; ; Z;5;A= Z;5:9;7 Hω ; Hϖ, 3 B39Q= P:?:E=B5;G=<9;=
<6=B;E:<B; ; XII;ALB:A:6<9;= :BA:Z=A;F. ^:<B5:=A3 I;3L53EE3 NH–!, I=E:AY
<B5;58TR3F <:L?3<;= E=QI8 9:?:A9:6:H 4?:BA:<B@T L3D3 ; :4B;G=<9;E B;4:E.
.39Q= 4:<B5:=A3 I;3L53EE3 D36;<;E:<B; $&->6=B3 W1↓W2 :B 5=ABL=A:6<9:H
<6=B;E:<B; 6 I;343D:A= 4–12 9X2, A3 9:B:5:H 45:<?=Q;63=B<F 9:55=?F>;F. )?F
;<B:GA;9:6, I=B=9B;58=EK7 6 53I;:, 4:<B5:=A3 I;3L53EE3 <6=B;E:<B@ 6 5=ABY
L=A= – <6=B;E:<B@ 6 53I;:, ;D 9:B:5:H <?=I8=B, GB: :I;A ;D :PS=9B:6 F6?F=B<F
53I;:L5:E9;E.

2 D39?TG;B=?@A:E 53DI=?= 4:I6:IFB<F ;B:L; ; :P:PR3TB<F 4:?8G=AAK=
5=D8?@B3BK.

+#$%$ 2 4:<6FR=A3 EA:L:6:?A:6:E8 ;<<?=I:63A;T 963D353 SRGA J2306+1556,
:B95KB:L: 6 7:I= :PD:53 6<=L: A=P3 !"#/ART-XC.

2 A3G3?= L?36K J:5E8?;58=B<F D3I3G3 ; E:B;6;58=B<F ;<<?=I:63A;=
5=I9:L: ;<B:GA;93 SRGA J2306+1556 – E:RA:L:, 53I;:L5:E9:L: ; <;?@A: 4:Y
L?:R_AA:L: 963D353 A3 z ↘ 0.44.

2 <?=I8TR=E 53DI=?= <:P53A3 ;AJ:5E3>;F 4: 5=ABL=A:6<9;E I3AAKE:
:4;<K63TB<F :B95KB;= ;<B:GA;93 6 :PD:5= ARTSS1-2 ; =L: :<A:6AK= 73539Y
B=5;<B;9;. U3B=E 45;6:I;B<F :4;<3A;= A34536?=AAK7 963D;:IA:65=E=AAK7
A3P?TI=A;H B=?=<9:43E; ART-XC ; Swift/XRT, 4:D6:?;6Z;7 8B:GA;B@ 4:?:Y
Q=A;= ;<B:GA;93 A3 A=P= ; ;<<?=I:63B@ =L: 6 Z;5:9:4:?:<A:E 5=ABL=A:6<9:E
I;343D:A= (0.3–20 9X2). #:6E=<BAKH <4=9B53?@AKH 3A3?;D 6KF6;? <8R=<B6=AY
A:= 6A8B5=AA== 4:L?:R=A;= NH → 2 ↑ 1023 <E↓2. ^5;DA39:6 :B53Q_AA:H
9:E4:A=ABK A= :PA358Q=A:. ^:93D3A: :B<8B<B6;= PK<B5:H 4=5=E=AA:<B; 6 I;3Y
43D:A= XA=5L;H 4–16 9X2 4: I3AAKE ART-XC. #536A=A;= 4:B:9:6, ;DE=5=AAK7
6 7:I= :PD:53 6<=L: A=P3 ; A34536?=AAK7 A3P?TI=A;H ART-XC 4:93D3?:, GB:
5=ABL=A:6<93F <6=B;E:<B@ SRGA J2306+1556 E=AF?3<@ A3 4:5FI:9.

)3?== ;<<?=I8TB<F EA:L:6:?A:6K= <6:H<B63 ;<B:GA;93. ^: 357;6AKE
<4=9B53?@AKE I3AAKE :PD:5:6 SDSS ; DESI 8B:GAF=B<F 953<A:= <E=R=A;=,
:4B;G=<9;H B;4 :PS=9B3 ; 45:6:I;B<F 9?3<<;J;93>;F < 4:E:R@T BPT-I;3L53EY
EK. &63D35 ;<<?=I8=B<F 4: 357;6AKE EA:L:?=BA;E I3AAKE 6 53I;:I;343D:A=,
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4=5=E=AA:<B@ A= 6KF6?=A3. !3I;:E:5J:?:L;F <::B6=B<B68=B 9?3<<;G=<9:E8
B;48 FRII: FI5: ; I6= 45:BFQ_AAK= 53I;:I:?;, 45;G_E 53<<B:FA;= E=QI8 L:Y
5FG;E; 4FBA3E; <:<B36?F=B →1 +49.

U3B=E <B5:;B<F <4=9B53?@A:= 53<45=I=?=A;= XA=5L;; (#!]) :B 53I;: I:
5=ABL=A:6<9:L: I;343D:A3 I?;A 6:?A. ">=A;63=B<F P:?:E=B5;G=<93F <6=B;E:<B@
;<B:GA;93 A3 :<A:6= Z3P?:A3 #!] ; J:B:E=B5;;.

2 <?=I8TR=E 53DI=?= 53<<E3B5;63TB<F <6:H<B63 5:I;B=?@<9:H L3?39B;9;
; >=AB53?@A:H G_5A:H IK5K: 4: J:B:E=B5;G=<9:E8 E:I=?;5:63A;T ; XE4;5;Y
G=<9;E <::BA:Z=A;FE :>=A;63=B<F E3<<3 /) ; XII;ALB:A:6<9:= :BA:Z=A;=.

)3?== SRGAJ2306+1556 53<<E3B5;63=B<F 6 :PR=E 9:AB=9<B= A3<=?=A;F
963D35:6 A3 953<AK7 <E=R=A;F7 z ↫ 0.5. ^:93D3A:, GB: XB:B :PS=9B 8A;93?=A
4: <:G=B3A;T 5=ABL=A:6<9:H <6=B;E:<B;, 4:L?:R=A;T ; 53I;:L5:E9:<B;.

2 D39?TG=A;; <8EE;58TB<F 9?TG=6K= 5=D8?@B3BK ; :BE=G3=B<F DA3G=A;=
SRGA,J2306+1556 939 5=4=5A:L: :PS=9B3 I?F ;D8G=A;F I3?=9;7 4:L?:R_AAK7
963D35:6.

+#$%$ 3 4:6=<B68=B : 5=ABL=A:6<9;7 <6:H<B637 963D353 PG1634+706 4:
I3AAKE :P<=563B:5;H !"# ; XMM-Newton.

2 A3G3?= L?36K J:5E8?;58=B<F >=?@ ;<<?=I:63A;F: 8B:GA;B@ 5=ABL=A:6Y
<9;= <6:H<B63 :IA:L: ;D <3EK7 F59;7 963D35:6 4: <6=B;E:<B; – PG1634+706 A3
z = 1.337 – ; :P<8I;B@ ;7 6 9:AB=9<B= J;D;G=<9;7 <6:H<B6 3995=>;:AA:L: I;<Y
93 ; 9:5:AK. "BE=G3TB<F =L: X9<B5=E3?@AK= 5=ABL=A:6<9;= ; P:?:E=B5;G=<93F
<6=B;E:<B; (LX → 1046 X5L <↓1, Lbol → 1048 X5L <↓1).

)3?== 45;6:I;B<F :4;<3A;= 5=ABL=A:6<9;7 A3P?TI=A;H ; 45:>=I85K ;DY
6?=G=A;F <4=9B5:6. "PS=9B A3P?TI3?<F 6: 65=EF J3DK 93?;P5:6:GAK7 ;
45:PAK7 A3P?TI=A;H :P<=563B:5;; !"#. $<4:?@D:63AK 4:GB; <;A75:AAK= A3Y
P?TI=A;F B=?=<9:4:6 !"#/eROSITA, !"#/ART-XC ; XMM-Newton/EPN, GB:
4:D6:?;?: ;<<?=I:63B@ <4=9B5 ; 4=5=E=AA:<B@ 45; 7:5:Z=H <B3B;<B;9=.

2 <?=I8TR=E 53DI=?= :4;<K63=B<F 3A3?;D PK<B5:H 4=5=E=AA:<B; ;<B:GA;Y
93 4: I3AAKE !"#/eROSITA ; XMM-Newton/EPN. #B3B;<B;G=<9; DA3G;E:H
4=5=E=AA:<B; 6A8B5; 93QI:L: A3P?TI=A;F 6KF6?=A: A= PK?:.

U3B=E :4;<K63=B<F 5=ABL=A:6<9;H <4=9B53?@AKH 3A3?;D :BI=?@A: 4:
<:6E=<BAKE I3AAKE eROSITA ; ART-XC ; 4: EPN. !3<<E:B5=AK E:I=?@ 4:Y
L?:R_AA:L: <B=4=AA:L: 9:AB;A88E3 ; E:I=?; < :B53Q_AA:H 9:E4:A=AB:H. ,3
6K<:9:E 85:6A= DA3G;E:<B; :PA358Q=A3 Z;5:93F (→1 9X2) XE;<<;:AA3F ?;Y
A;F Q=?=D3 (6.4 9X2).
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)3?== 53<<E3B5;63=B<F I:?L:65=E=AA3F X6:?T>;F PG 1634+706 D3 6<_ 65=Y
EF A3P?TI=A;H 5=ABL=A:6<9;E; :P<=563B:5;FE;, A3G;A3F < 1981 L., B: =<B@ 6
B=G=A;= →17 ?=B 6 <;<B=E= 4:9:F 963D353. ’E4?;B8I3 ;DE=A=A;F <6=B;E:<B; 6
I;343D:A= 2–10 9X2 <:<B36?F=B →2.5.

2 D39?TG=A;; <8EE;58TB<F 4:?8G=AAK= 5=D8?@B3BK: A39?:A <B=4=AA:H
9:E4:A=ABK ! = 1.8–1.9, <B3B;<B;G=<9; DA3G;E3F Z;5:93F ?;A;F Fe,Kω 45;
A=<8R=<B6=AA:E :B53Q=A;; 6 9:AB;A88E=, :B<8B<B6;= PK<B5:H 4=5=E=AA:<B; ;
8E=5=AA3F I:?L:65=E=AA3F ;DE=AG;6:<B@.

2 E$0#D>&’(( :B53Q3=B<F DA3G=A;= 4:?8G=AAK7 6 I;<<=5B3>;; 5=D8?@Y
B3B:6 I?F <:65=E=AA:H 3<B5:A:E;;, ;7 6:DE:QA:= 45;E=A=A;= ; 4=5<4=9B;6K
I3?@A=HZ=L: 53D6;B;F ;<<?=I:63A;H.
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+#$%$ 1. !,-.*&/,%#&’(& 0$’*(*$,-% % $0,(%’1& 2*3$ "$#$0,(0,

-4’$35.&’’16 ,&#&/0-7-8 ART-XC (8. 9.:. ;$%#(’/0-"-

-4/&3%$,-3(( !"# % 6-*& 3&’,"&’-%/0-"- -4<-3$ %/&"- ’&4$, (

(//#&*-%$’(& (6 =(<(>&/0(6 /%-?/,%

$%&&%’ ()%*% +,&+*%&% &% -%.+/%0 1,2,3,5 12 ,31,4% 35.)14%617 3+ /898
:1,,8-/%611.

1.1 )%&*&’(&

"5P;B3?@A3F :P<=563B:5;F #4=9B5–!=ABL=A–V3EE3 (!"# ) [23] A3G;A3F <
12 I=93P5F 2019 L. 45:6:I;B :PD:5 6<=L: A=P3 6 5=ABL=A:6<9;7 ?8G37 < 4=5=5K63Y
E; A3 A3P?TI=A;F :BI=?@AK7 3<B5:J;D;G=<9;7 :PS=9B:6 ; 4?:R3I:9 A3 A=P=.
,3 P:5B8 9:<E;G=<9:L: 344353B3 A37:IFB<F I63 B=?=<9:43 < 5=ABL=A:6<9:H :4B;Y
9:H 9:<:L: 43I=A;F: eROSITA [17] ; ART-XC ;E. ^36?;A<9:L: [22], 53P:B3TR;=
6 I;343D:A37 XA=5L;H 0.2–8 9X2 ; 4–30 9X2 <::B6=B<B6=AA:. 2 ;TA= 2020 L:I3
:P<=563B:5;F D36=5Z;?3 4=56KH :PD:5 6<=L: A=P3, 6 I=93P5= 2020 L. – 6B:5:H, 6
;TA= 2021 L. – B5=B;H, 6 I=93P5= 2021 L. – G=B6=5BKH, 3 6 E35B= 2022 L. – :9:?:
40% 4FB:L: :PD:53. U3B=E B=?=<9:4 ART-XC 6 B=G=A;= 4:?8B:53 ?=B 45:6:I;?
L?8P:9;H :PD:5 4?:<9:<B; V3?39B;9; ; == >=AB53?@A:H G3<B;, 3 6 :9BFP5= 2023
L. 6:D:PA:6;? <93A;5:63A;= 6<=L: A=P31.

^: E=5= A39:4?=A;F ; :P53P:B9; I3AAK7 5=L8?F5A: :PA:6?FTB<F 93B3?:Y
L; ;<B:GA;9:6, D35=L;<B5;5:63AAK7 B=?=<9:43E; ART-XC ; eROSITA 6 7:I=
:PD:53 6<=L: A=P3. ^=56KH :J;>;3?@AKH 93B3?:L ;<B:GA;9:6, D35=L;<B5;5:Y
63AAK7 B=?=<9:4:E ART-XC, PK? <:<B36?=A 4: I3AAKE 4=56K7 I687 :PD:5:6
(ARTSS1-2, [24]), 3 A=I36A: PK? 6K48R=A 6B:5:H :J;>;3?@AKH 93B3?:L ;<B:GY
A;9:6 ART-XC, 6 9:B:5KH 6:Z?; I3AAK= 4=56K7 G=BK5=7 ; A=4:?A:L: 4FB:L:
:PD:5:6 (ARTSS1-5, [21]). )?F 5=L;<B53>;; ;<B:GA;9:6 6 :PD:5= 6<=L: A=P3 ART;
XC ;<4:?@D8=B<F I;343D:A XA=5L;H 4–12 9X2. 2 <?8G3= B=?=<9:43 eROSITA
:<A:6AKE F6?F=B<F EFL9;H 5=ABL=A:6<9;H I;343D:A 0.2–2.3 9X2, A: 5=L;<B53Y

1!"#"$%&’ eROSITA ()*&+,-$. / $’.0"1 2"3,1" $ 26 4"/2)#. 2022 5.
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>;F ;<B:GA;9:6 45:;D:I;B<F B39Q= ; 6 P:?== Q=<B9;7 4:II;343D:A37 64?:B@
I: 8 9X2.

$D-D3 B:L:, GB: <4=9B5K 5=ABL=A:6<9;7 ;<B:GA;9:6, 939 4536;?:, <43I3Y
TB < XA=5L;=H 6KZ= → 2–3 9X2 4: <B=4=AA:E8 ;?; I3Q= X9<4:A=A>;3?@A:E8
D39:A8, G;<?: ;<B:GA;9:6, D35=L;<B5;5:63AAK7 6: 65=EF :PD:53 6<=L: A=P3 B=Y
?=<9:43E; eROSITA ; ART-XC DA3G;B=?@A: 53D?;G3=B<F: 93B3?:L eROSITA
6 I;343D:A= 0.2–2.3 9X2 <:I=5Q;B 3–4 E;??;:A3 ;<B:GA;9:6 (<8EE35A: A3 6:Y
<B:GA:H ; D343IA:H L3?39B;G=<9;7 4:?:6;A37 A=P3, D3 :P53P:B98 I3AAK7 A3
9:B:5K7 :B6=G3TB <::B6=B<B6=AA: 5:<<;H<9;= ; L=5E3A<9;= 8G=AK=), 3 93B3?:L
ART-XC 6 I;343D:A= 4–12 9X2 – :9:?: 1500 ;<B:GA;9:6. #536A;B=?@A: A=P:?@Y
Z:H 53DE=5 93B3?:L3 ART-XC 4:D6:?F=B 4:<B36;B@ D3I3G8 :P :B:QI=<B6?=A;;
; ;AI;6;I83?@A:E ;<<?=I:63A;; 6<=7 ;<B:GA;9:6, 67:IFR;7 6 A=L: (6 B:E G;<Y
?= B=7, 9:B:5K= A= PK?; ;D6=<BAK 53A==). )?F 93B3?:L3 eROSITA B393F D3I3G3
4:B5=P:63?3 PK :L5:EAK7 8<;?;H ; A= F6?F=B<F 3P<:?TBA: A=:P7:I;E:H, B39
939 93B3?:L; B39:L: P:?@Z:L: 53DE=53 :PKGA: ;<<?=I8TB<F I58L;E; E=B:I3Y
E;. 2E=<B= < B=E, I3AAK= eROSITA 4:D6:?FTB 6: EA:L;7 <?8G3F7 8B:GA;B@
4:?:Q=A;F A3 A=P= ;<B:GA;9:6 ;D 93B3?:L3 ART-XC ; I3TB I:4:?A;B=?@A8T
;AJ:5E3>;T :P ;7 <4=9B537 6 EFL9:E 5=ABL=A:6<9:E I;343D:A=.

^: E=5= :PA:6?=A;F 93B3?:L:6 EK <:4:<B36?F?; 39B83?@A8T 53P:G8T 6=5Y
<;T 93B3?:L3 ;<B:GA;9:6 ART-XC <:

– 93B3?:L3E; ;<B:GA;9:6, :PA358Q=AAK7 6 45=IKI8R;7 5=ABL=A:6<9;7
:PD:537 A=P3;

– 45=I635;B=?@AKE 93B3?:L:E ;<B:GA;9:6, :PA358Q=AAK7 B=?=<9:4:E
eROSITA 6 EFL9:E 5=ABL=A:6<9:E I;343D:A= A3 6:<B:GA:H L3?39B;G=Y
<9:H 4:?:6;A= A=P=<A:H <J=5K (0 < l < 180↗);

– 93B3?:L3E; 3<B5:J;D;G=<9;7 :PS=9B:6 6 I58L;7 I;343D:A37 I?;A 6:?A.
2 5=D8?@B3B= J:5E;5:63?;<@ <4;<9; 939 A:6K7 ;<B:GA;9:6, :B95KBK7 B=?=<9:Y
4:E ART-XC, B39 ; 53A== ;D6=<BAK7 5=ABL=A:6<9;7 ;<B:GA;9:6, 4:IB6=5QI_AY
AK7 < 4:E:R@T ART-XC, 45;5:I3 9:B:5K7 PK?3 A=;D6=<BA3 ;?; 4?:7: ;D8G=A3.
W:?@Z;A<B6: XB;7 :PS=9B:6 D35=L;<B5;5:63AK B39Q= B=?=<9:4:E eROSITA.

)?F 8<B3A:6?=A;F ;?; 8B:GA=A;F 45;5:IK 5=ABL=A:6<9;7 ;<B:GA;9:6 ;D
:PD:53 6<=L: A=P3 ART-XC 45:6:I;?;<@ <4=9B5:<9:4;G=<9;= A3P?TI=A;F A3
A3D=EAK7 :4B;G=<9;7 B=?=<9:437 ; 3A3?;D;5:63?;<@ :PR=I:<B84AK= 357;6AK=
I3AAK=. ]B3 53P:B3 A3G3?3<@ 4539B;G=<9; :IA:65=E=AA: < :PD:5:E 6<=L: A=P3
:P<=563B:5;; !"# ; 45:6:I;B<F < 4:E:R@T 1.6-E B=?=<9:43 ’U.-33$& #3Y
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FA<9:H :P<=563B:5;; $#UC #" !’, ; 1.5-E !:<<;H<9:-B85=>9:L: B=?=<9:43
(!..-150), 9:B:5K= 67:IFB 6 9:E4?=9< A3D=EA:H 4:II=5Q9; :P<=563B:5;; !"#.
&5:E= B:L:, EK ;<4:?@D:63?; 357;6AK= I3AAK= B39;7 :PD:5:6, 939 SDSS, 6dF
; DESI.

.39;E :P53D:E, :4B;G=<9;= A3P?TI=A;F ; 48P?;93>;F ;7 5=D8?@B3B:6
6=?;<@ 4353??=?@A: < 45:>=<<:E <:<B36?=A;F ; :PA:6?=A;F 93B3?:L:6 5=ABL=A:6Y
<9;7 ;<B:GA;9:6 :PD:53 6<=L: A=P3 !"#/ART-XC. W:?@Z;A<B6: ;<<?=I:63AAK7
:PS=9B:6 :93D3?;<@ 39B;6AKE; FI53E; L3?39B;9 (:<B3?@AK= :PS=9BK ;E=TB
45:;<7:QI=A;= 6 V3?39B;9=, 3 ;E=AA: F6?FTB<F 93B39?;DE;G=<9;E; 4=5=E=AY
AKE; [25] ;?; 5=ABL=A:6<9;E; I6:HAKE; <;<B=E3E; < A=HB5:AA:H D6_DI:H ;?;
G_5A:H IK5:H [26; 27]), ; ;E=AA: :A; F6?FTB<F 45=IE=B:E I;<<=5B3>;:AA:H
53P:BK. ,3 B=98R;H E:E=AB A3E; :48P?;9:63AK 5=D8?@B3BK :B:QI=<B6?=A;F
G=BK5=7 4:I6KP:5:9 ’(V, 93QI:H ;D 9:B:5:H PK?3 4:<6FR=A3 :BI=?@A3F <B3Y
B@F, 3 ;E=AA::

– ^:<?= 4=56:L: :PD:53 !"# PK?; :B:QI=<B6?=AK ; 9?3<<;J;>;5:Y
63AK 6 ’(V ;D 45=I635;B=?@A:L: 93B3?:L3 ART-XC (6KP:593 ‘1,
[25]). "BE=B;E, GB: 6 <B3B@= [25] :P<8QI3?;<@ =R= I63 :PS=9B3 –
SRGA J005751.0+210846 ; SRGAJ014157.0↓032915. "A; PK?; D35=L;Y
<B5;5:63AK B=?=<9:4:E ART-XC A3 A=6K<:9:E 85:6A= DA3G;E:<B;, 45;
XB:E A= I=B=9B;5:63?;<@ B=?=<9:4:E eROSITA, ;, <:L?3<A: 4:?8G=AY
AKE A3E; :4B;G=<9;E <4=9B53E ;7 45=I4:?3L3=EK7 9:E43A@:A:6, A=
8I:6?=B6:5FTB <B3AI35BAKE 95;B=5;FE ’(V, :<A:63AAKE A3 4:B:937
XE;<<;:AAK7 ?;A;H. $D-D3 A=I:<B3B:GAK7 I:93D3B=?@<B6 6 5=3?@A:<B;
; 45:;<7:QI=A;; XB;7 5=ABL=A:6<9;7 ;<B:GA;9:6 EK A= 69?TG;?; ;7 6
B=98R8T 6KP:598.

– ^:<?= 6B:5:L: :PD:53 !"# – 17 ’(V ;D 93B3?:L3 ARTSS1-2 (6KP:593
‘2, [28]).

– ^:<?= G=B6_5B:L: ; G3<B;GA: 6K4:?A=AA:L: 4FB:L: :PD:5:6 !"# – 14
’(V ;D 45=I635;B=?@A:H 6=5<;; 93B3?:L3 ARTSS1-5 (6KP:593 ‘3, [29]).

– $ A39:A=>, 4: I3AAKE :48P?;9:63AA:L: 93B3?:L3 ARTSS1-5 PK?; 45=IY
<B36?=AK 5=D8?@B3BK =R= I?F 11 ’(V (6KP:593 ‘4, [30]).

.39;E :P53D:E, 6<=L: A3E 8I3?:<@ :B:QI=<B6;B@ ; 9?3<<;J;>;5:63B@ 48
’(V, D35=L;<B5;5:63AAK7 6 7:I= 5=ABL=A:6<9:L: :PD:53 6<=L: A=P3 B=?=<9:4:E
ART-XC, 45;G=E XB3 6KP:593 45:I:?Q3=B 4:4:?AFB@<F. ^:E;E: :P53P:B9; ;
3A3?;D3 :4B;G=<9;7 <4=9B5:6 EK ;<<?=I:63?; 5=ABL=A:6<9;= <4=9B5K XB;7 :PSY
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=9B:6, ;<4:?@D8F I3AAK= B=?=<9:4:6 eROSITA ; ART-XC. 2 A3<B:FR=H L?36=
45=I<B36?=AK ; :P:PR=AK 5=D8?@B3BK XB:H 53P:BK.

)?F 53<G_B3 <6=B;E:<B=H A;Q= ;<4:?@D8=B<F E:I=?@ 4?:<9:H 2<=?=AA:H <
4353E=B53E; H0 = 70 9E <↓1 +49↓1, ”m = 0.3.

1.2 )14-30$ -4K&0,-%
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.3P?;>3 1.1 N 2KP:593 5=ABL=A:6<9;7 ;<B:GA;9:6, :93D36Z;7<F 39B;6AKE; FI53E; L3?39B;9
!"#$%&’( ART-XC !"#$%&’( ARTSS1-5 !"#$%&’( eROSITA ω ϑ )#(*+#

,+-$*(. /1
SRGAJ043209.6+354917 SRGAJ043208.9+354922 SRGe J043208.3+354921 68.03333 35.824722 ROSAT

SRGAJ045049.8+301449 SRGAJ045048.9+301443 SRGe J045048.5+301500 72.70000 30.250833 Swift

SRGAJ152102.3+320418 SRGAJ152102.1+320410 SRGe J152102.0+320420 230.25750 32.070556 Swift

SRGAJ200431.6+610211 SRGAJ200431.2+610218 SRGe J200431.7+610232 301.13500 61.041944 ROSAT

SRGAJ224125.9+760343 – SRGe J224128.0+760356 340.35750 76.064722 ROSAT

SRGAJ232446.8+440756 – – 351.20167 44.132500 !"#

,+-$*(. /2
SRGAJ025234.3+431004 SRGAJ025234.6+431001 "0. 1$2 #.-3’456 43.14170 43.167400 Swift

SRGAJ062627.2+072734 SRGAJ062627.7+072726 DE 96.61250 7.458060 ROSAT

SRGAJ070636.4+635109 SRGAJ070637.0+635109 SRGe J070634.9+635056 106.64500 63.848890 !"#

SRGAJ092021.6+860249 – SRGe J092016.6+860302 140.06973 86.050120 ROSAT

SRGAJ195702.4+615036 SRGAJ195702.7+615028 SRGe J195702.4+615034 299.26000 61.843060 ROSAT

SRGAJ221913.2+362014 SRGAJ221913.5+362004 SRGe J221914.6+362005 334.81050 36.336300 !"#

SRGAJ223714.9+402939 SRGAJ223715.8+402944 SRGe J223715.4+402943 339.31458 40.495830 ROSAT

SRGAJ232037.8+482329 SRGAJ232038.1+482320 SRGe J232039.5+482329 350.16417 48.390560 ROSAT

SRGAJ235250.6↓170449 SRGA J235250.7↓170448 SRGe J235251.4↓170438 358.21417 -17.076940 Swift

SRGAJ030838.1↓552041 SRGA J030838.7↓552042 DE 47.15875 -55.344720 !"#

SRGAJ052959.8↓340157 SRGA J052959.2↓340205 DE 82.49669 -34.032930XMM-Newton

SRGAJ055053.7↓621457 SRGA J055052.7↓621453 DE 87.72339 -62.248630 ROSAT

SRGAJ060241.1↓595152 SRGA J060241.7↓595155 DE 90.67472 -59.864560XMM-Newton

SRGAJ061322.9↓290027 SRGA J061324.1↓290027 DE 93.35120 -29.006330 ROSAT

SRGAJ063324.9↓561424 SRGA J063326.9↓561425 DE 98.36091 -56.239140 ROSAT

SRGAJ064421.5↓662620 SRGA J064421.9↓662623 DE 101.09111 -66.438860 ROSAT

SRGAJ072823.5↓440823 – DE 112.09742 -44.140050 ROSAT
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^5:I:?Q=A;= B3P?;>K 1.1
!"#$%&’( ART-XC !"#$%&’( ARTSS1-5 !"#$%&’( eROSITA ω ϑ )#(*+#

,+-$*(. /3
SRGAJ001439.6+183503 SRGAJ001439.6+183500 SRGe J001440.7+183457 3.66712 18.582030 XMM and

Swift

SRGAJ002240.8+804348 SRGAJ002241.4+804348 SRGe J002243.6+804347 5.68204 80.729470 ROSAT

SRGAJ010742.9+574419 SRGAJ010743.0+574423 SRGe J010743.0+574420 16.92964 57.738250 !"#

SRGAJ021227.3+520953 – SRGe J021226.6+520954 33.11032 52.164830 ROSAT

SRGAJ025208.4+482955 SRGAJ025208.6+482952 SRGe J025209.8+482960 43.04017 48.499830 ROSAT

SRGAJ045432.1+524003 SRGAJ045431.4+524008 SRGe J045431.8+524008 73.63262 52.668470 !"#

SRGAJ051313.5+662747 SRGAJ051313.8+662746 SRGe J051316.6+662751 78.31846 66.463980 Swift

SRGAJ110945.8+800815 SRGAJ110946.0+800817 SRGe J110944.2+800807 167.43237 80.134890 !"#

SRGAJ161251.4↓052100 SRGA J161251.4↓052105 SRGe J161251.1↓052118 243.21342 -5.354850 ROSAT

SRGAJ161943.7↓132609 SRGA J161944.1↓132618 SRGe J161944.2↓132616 244.93354 -13.437810 !"#

SRGAJ182109.8+765819 SRGAJ182111.0+765816 SRGe J182111.8+765817 275.29846 76.971390 !"#

SRGAJ193707.6+660816 SRGAJ193707.1+660811 SRGe J193708.1+660821 294.28417 66.139250 ROSAT

SRGAJ200331.2+701332 SRGAJ200331.8+701331 SRGe J200333.8+701336 300.89162 70.226920 ROSAT

SRGAJ211149.5+722815 SRGAJ211148.9+722812 SRGe J211151.0+722816 317.96575 72.471220 !"#

,+-$*(. /4
SRGAJ000132.9+240237 SRGAJ000132.9+240237 SRGe J000132.4+240229 0.38474 24.041770 !"#

SRGAJ001059.5+424341 – SRGe J001059.5+424351 2.74883 42.731330 !"#

SRGAJ023800.1+193818 SRGAJ023800.1+193818 SRGe J023800.0+193811 39.50000 19.636610 ROSAT

SRGAJ025900.3+502958 SRGAJ025900.3+502958 SRGe J025901.0+503013 44.75421 50.504080 !"#

SRGAJ040335.6+472440 SRGAJ040335.6+472440 SRGe J040336.4+472439 60.90171 47.410700 ROSAT

SRGAJ165143.2+532539 SRGAJ165143.2+532539 SRGe J165144.1+532539 252.93225 53.427720 Einstein

SRGAJ181749.5+234311 SRGAJ181749.5+234311 SRGe J181749.1+234313 274.45412 23.720190 !"#

SRGAJ191628.1+711619 SRGAJ191628.1+711619 SRGe J191629.4+711614 289.12188 71.271220 ROSAT

SRGAJ194412.5↓243619 SRGA J194412.5↓243619 SRGe J194412.5↓243623 296.05168 -24.605900 XMM
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^5:I:?Q=A;= B3P?;>K 1.1
!"#$%&’( ART-XC !"#$%&’( ARTSS1-5 !"#$%&’( eROSITA ω ϑ )#(*+#

SRGAJ195226.6+380011 SRGAJ195226.6+380011 SRGe J195225.4+380028 298.10454 38.007480 ROSAT

SRGAJ201633.2+705525 SRGAJ201633.2+705525 SRGe J201632.4+705525 304.13587 70.924220 !"#

#B:?P=> 1: A3D63A;= ;<B:GA;93 A3 E:E=AB 48P?;93>;; 6KP:59;. #B:?P=> 2: A3D63A;= ;<B:GA;93 6 93B3?:L=
ARTSS1-5. #B:?P=> 3: A3D63A;= ;<B:GA;93 6 93B3?:L= 5:<<;H<9:H 4:?:6;AK A=P3 eROSITA. *<?; A=B <::B6=B<B6;F 6
XB:E 93B3?:L=, B: <B36;B<F 45:G=59. $<B:GA;9 SRGAJ025234.3+431004 A= I=B=9B;58=B<F 6 <B3AI35BA:E I;343D:A=
0.3–2.3 9X2, 9:B:5KH ;<4:?@D8=B<F I?F 4:<B5:=A;F 93B3?:L3 eROSITA, :IA39: 5=L;<B5;58=B<F B=?=<9:4:E eROSITA
A3 XA=5L;F7 6KZ= 2.3 9X2. )?F ;<B:GA;9:6 ART-XC A3 A=E=>9:H 4:?:6;A= A=P3 eROSITA (LI= <::B6=B<B6;= A=
45:6=5F?:<@) <B36;B<F "DE". #B:?P=> 4, 5: 45FE:= 6:<7:QI=A;= ; <9?:A=A;= :4B;G=<9:L: 9:E43A@:A3. #B:?P=> 6:
:5P;B3?@A3F :P<=563B:5;F, 64=56K= :PA358Q;6Z3F 5=ABL=A:6<9;H ;<B:GA;9.
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&39 8Q= :BE=G3?:<@ 6KZ=, 4: E=5= 45:6=I=A;F :PD:53 6<=L: A=P3 B=?=Y
<9:4:E ART-XC ;E. ^36?;A<9:L: 5=L8?F5A: :PA:6?F?;<@ 93B3?:L; ;<B:GA;9:6,
D35=L;<B5;5:63AAK7 6 I;343D:A= XA=5L;H 4–12 9X2. ^:XB:E8 53DAK= ;<<?=I:63AY
AK= A3E; 6KP:59; 93AI;I3B:6 6 ’(V <::B6=B<B68TB 53DAKE 6=5<;FE 93B3?:L:6
ART-XC. ,;Q= 45;6=I=AK 95;B=5;; :BP:53 I?F 93QI:H ;D 6KP:5:9.

– )?F 6KP:59; ‘1 [25] :BP;53?;<@ B:G=GAK= ;<B:GA;9; A3 6:<B:GA:H
L3?39B;G=<9:H 4:?:6;A= A=P3 (0 < l < 180↗) ;D 6A8B5=AA=L: 93B3?:Y
L3 4=56:L: 4:?8L:I:6:L: :PD:53 ART-XC < :BA:Z=A;=E <;LA3?/Z8E
S/N ↬ 4.5.

– 2 6KP:598 ‘2 [28] 4:43?; :PS=9BK ;D :48P?;9:63AA:L: 93B3?:L3 4=5Y
6K7 I687 :PD:5:6 (ARTSS1-2). !3<<E3B5;63?;<@ B:G=GAK= ;<B:GA;9;,
D3I=B=9B;5:63AAK= A3 85:6A= DA3G;E:<B; A= A;Q= 4.82 <B3AI35BAK7
:B9?:A=A;H. $D 17 :PS=9B:6 6:<=E@ A37:IFB<F A3 6:<B:GA:H L3?39B;G=Y
<9:H 4:?:6;A= A=P3. )?F A;7 A3E PK?; I:<B84AK I3AAK= A3P?TI=A;H
eROSITA, 4: 9:B:5KE EK 45:6=?; 3A3?;D 5=ABL=A:6<9;7 <4=9B5:6.
)3AAK= B=?=<9:43 eROSITA I?F :<B3?@AK7 I=6FB; ;<B:GA;9:6 45;A3IY
?=Q3B A=E=>9:E8 9:A<:5>;8E8 !"#/eROSITA, 4:XB:E8 I?F A;7 EK
45:6=?; B:?@9: :4B;G=<9:= :B:QI=<B6?=A;=.

– 2KP:593 ‘3 [29] J:5E;5:63?3<@ ;D 45=I635;B=?@A:H 6=5<;; 93B3?:Y
L3 ARTSS1-5 (4=56K= → 4.4 :PD:53 ART-XC ). "BP;53?;<@ B:G=GAK=
;<B:GA;9;, D35=L;<B5;5:63AAK= A3 85:6A= S/N ↬ 4.5 A3 6:<B:GA:H L3Y
?39B;G=<9:H 4:?:6;A= A=P3.

– )?F 6KP:59; ‘4 [30] ;<4:?@D:63?;<@ :PS=9BK A3 6:<B:GA:H L3?39B;G=Y
<9:H 4:?:6;A= A=P3 ;D 53P:G=H 6=5<;; 93B3?:L3 ARTSS1-5. "IA39: 4:<?=
D36=5Z=A;F 53P:BK A3I XB;E 93B3?:L:E :I;A ;D 4:436Z;7 6 6KP:598
‘4 :PS=9B:6 (SRGA J001059.5+424341) A= 6:Z_? 6 :J;>;3?@AKH <4;Y
<:9 [21] ;D-D3 45;AFB:L: 5=Z=A;F A=EA:L: 4:IAFB@ 4:5:L 5=L;<B53>;;
;<B:GA;9:6 (S/N ↬ 5.3 4: E=B:I8 E39<;E3?@A:L: 4536I:4:I:P;F).

2 B3P?;>= 1.1 45=I<B36?=A 4:?AKH 4=5=G=A@ ;<B:GA;9:6 ;D 6KP:5:9
‘‘1-4, < 893D3A;=E ;7 A3D63A;H 6 93B3?:L37 ART-XC ; eROSITA, 9::5I;A3B
:4B;G=<9;7 9:E43A@:A:6 ; :5P;B3?@AK7 :P<=563B:5;H, 64=56K= :PA358Q;6Z;7
XB; 5=ABL=A:6<9;= ;<B:GA;9;. ^5;5:I3 ;<B:GA;9:6, :B95KBK7 I58L;E; 5=ABL=Y
A:6<9;E; :P<=563B:5;FE; =R= I: :PD:53 6<=L: A=P3 :P<=563B:5;; !"#, PK?3
A=;D6=<BA3 ;?; 4?:7: ;D8G=A3 I: A3Z=L: ;<<?=I:63A;F. &39 6;IA: ;D B3P?;>K,
A=9:B:5K= ;<B:GA;9; ;D 4=56K7 ;<<?=I:63AAK7 A3E; 6KP:5:9 A= 4:43?; 6 :48PY
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?;9:63AAKH 4:DIA== 93B3?:L ;<B:GA;9:6 ARTSS1-5. ]B: <6FD3A:, 6:-4=56K7, <
B=E, GB: 39B;6AK= FI53 L3?39B;9 F6?FTB<F 4=5=E=AAKE; 5=ABL=A:6<9;E; ;<Y
B:GA;93E;, ;D-D3 G=L: :PS=9B E:L PKB@ F59;E 6 4=56K7 4:?8L:I:6K7 :PD:537
!"#, 3 D3B=E <B3? P:?== B8<9?KE ; 4=5=<B3? I=B=9B;5:63B@<F 4: <8EE= I3AAK7
G=BK5=7 ;?; 4FB; :PD:5:6. &5:E= B:L:, 6 53DAK7 6=5<;F7 93B3?:L:6 ART-XC
;<4:?@D:63?;<@ 53DAK= 4:5:L; I=B=9B;5:63A;F ;<B:GA;9:6 (<::B6=B<B68TR;=
53DAKE I:48<B;EKE I:?FE ?:QAK7 I=B=9B;5:63A;H).

2<=L: < 4:E:R@T :4B;G=<9:H <4=9B5:<9:4;; PK?: :B:QI=<B6?=A: 48 ’(V.
)?F 39 ;D A;7 PK?; B39Q= 45:3A3?;D;5:63AK Z;5:9:4:?:<AK= 5=ABL=A:6<9;=
<4=9B5K 6 I;343D:A= 0.2–20 9X2 4: I3AAKE B=?=<9:4:6 eROSITA ; ART-XC.
23QA: 4:IG=59A8B@, GB: I3AAK= eROSITA (45; A3?;G;;) ;<4:?@D:63?;<@ A3Y
E; B:?@9: I?F 8B:GA=A;F 4:?:Q=A;H 5=ABL=A:6<9;7 ;<B:GA;9:6 ; 3A3?;D3
5=ABL=A:6<9;7 <4=9B5:6 8Q= 4:<?= B:L:, 939 PK?: 45:6=I=A: :4B;G=<9:= :B:QY
I=<B6?=A;= :PS=9B:6. ^=56;GAKH :BP:5 6=5:FBAK7 :4B;G=<9;7 9:E43A@:A:6
6A8B5; :P?3<B=H ?:93?;D3>;; ;<B:GA;9:6 ART-XC 45:;D6:I;?<F < 8G=B:E EA:Y
L:6:?A:6:H J:B:E=B5;G=<9:H ;AJ:5E3>;; ; A= F6?F=B<F 45=IE=B:E A3<B:FR=H
I;<<=5B3>;:AA:H 53P:BK.

,3 5;<8A937 1.1, 1.2 4:93D3AK :4B;G=<9;= ;D:P53Q=A;F ;<<?=I8=EK7 :PSY
=9B:6 ; <::B6=B<B68TR;= :P?3<B; ?:93?;D3>;; 5=ABL=A:6<9;7 ;<B:GA;9:6 4:
I3AAKE ART-XC ; eROSITA (=<?; ;E=TB<F). # 93QIKE 5=ABL=A:6<9;E ;<B:GY
A;9:E E:QA: :IA:DA3GA: <6FD3B@ :4B;G=<9;H :PS=9B, 45;G=E 6 P:?@Z;A<B6=
<?8G3=6 A3 ;D:P53Q=A;; E:QA: 53D?;G;B@ L3?39B;98.

1.3 !7,(>&/0(& ’$4#D*&’(2

#4=9B5:<9:4;F :PS=9B:6 <=6=5A:L: A=P3 (ϑ > ↓20↗) 45:6:I;?3<@ A3E; A3
B=?=<9:437 !..-150 ; ’U.-33$&, 95:E= B:L: 6 :IA:E <?8G3= ;<4:?@D:63?;<@
357;6AK= I3AAK= :PD:53 SDSS [33]; I?F :PS=9B:6 TQA:L: A=P3 (ϑ < 0↗) ;<4:?@Y
D:63?;<@ 357;6AK= I3AAK= :PD:53 6dF [34] – <E. Q85A3? A3P?TI=A;H 6 B3P?. 1.2.
,;Q= 953B9: :4;<K63TB<F ;<4:?@D:63AAK= B=?=<9:4K ; ;A<B58E=ABK, 3 B39Q=
E=B:I;9; 45:6=I=A;F ; :P53P:B9; A3P?TI=A;H.
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!;<8A:9 1.1 N "4B;G=<9;= ;D:P53Q=A;F 6 J;?@B5= r ;D :PD:53 PanSTARRS PS1
[31]. W:?@Z;E; ; E3?=A@9;E; 958Q93E; 4:93D3AK :P?3<B; ?:93?;D3>;; 5=ABY
L=A:6<9;7 ;<B:GA;9:6 B=?=<9:43E; ART-XC ; eROSITA. #B5=?93E; 4:93D3AK
:4B;G=<9;= :PS=9BK, <4=9B5K 9:B:5K7 ;<<?=I:63?;<@ A3E;. V:5;D:AB3?@AKH

:B5=D:9 4:93DK63=B 8L?:6:H 53DE=5 6 1≃.
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!;<8A:9 1.1 N ^5:I:?Q=A;=
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!;<8A:9 1.1 N ^5:I:?Q=A;=
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!;<8A:9 1.1 N ^5:I:?Q=A;=

1.3.1 :$4#D*&’(2 ’$ 3-//(?/0(6 ,&#&/0-7$6

1.6-E B=?=<9:4 ’U.–33$& [35] #3FA<9:H :P<=563B:5;; $#UC #" !’,
53<4:?:Q=A P?;D 4:<. +:AIK (!:<<;F, 51↗37≃ 18.1≃≃ N, 100↗55≃07.65≃≃ E) A3 6K<:B=
↘ 2000 E. "4B;G=<93F <7=E3 – !;G;–&5=B@=A3; J:98<A:= 53<<B:FA;= 30 E, 4:?=
D5=A;F → 12≃. ’U.-33$& :P:58I:63A <4=9B5:L53J:E A;D9:L: ; <5=IA=L: 53D5=Y
Z=A;F ’)’+ [36;37]. #4=9B5:L53J PK? 53D53P:B3A 6 2014–2015 LL. 6 #’" !’,
I?F D3I3G A3D=EA:H 4:II=5Q9; 5=ABL=A:6<9:L: :PD:53 A=P3 !"#. "<A:6AK=
4353E=B5K 9:E4?=9<3 [B=?=<9:4+<4=9B5:L53J+I=B=9B:5\ A3 ’U.–33$&: X9Y
6;63?=ABA3F <6=B:<;?3 F/4.1, 4:?= 3.46≃ ↑ 3.46≃, E3<ZB3P 0.81≃≃ pix↓1, 53P:G;H
I;343D:A 3600–10000 Å, E39<;E3?@A3F 963AB:63F XJJ=9B;6A:<B@ ↘ 56%, B;Y
4;GA:= <4=9B53?@A:= 53D5=Z=A;= FWHM ⇐ 6↓ 15 Å I?F R=?; 1.5≃≃. ):<B84AK=
R=?;: 1≃≃, 1.5≃≃, 2≃≃, 3≃≃ ; 10≃≃. 2 93G=<B6= I;<4=5L;58TR;7 X?=E=AB:6 45;E=AFTB<F
VPH-L5;DEK: VPHG300 (3507–10307 Å), VPHG600G (3588–7251 Å) ; VPHG600R
(6430–10031 Å). )=B=9B:5 – ^U# Andor Newton 920 (e2v CCD30-11, 1024↑ 256,
26 µm, L?8P:9:= :P=IA=A;=) < 4;9:6:H 963AB:6:H XJJ=9B;6A:<B@T →95%.

!:<<;H<9:–B85=>9;H 1.5-E B=?=<9:4 (!..-150) 53<4:?:Q=A 6 :P<=563B:5;;
TÜBİTAK (.85>;F, 36↗49≃30≃≃ N, 30↗20≃08≃≃ E), A3 6K<:B= 2500 E. "4B;G=<93F <7=Y
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!;<8A:9 1.2 N ’A3?:L;GA: 5;<. 1.1, A: 4:93D3AK ;D:P53Q=A;F 6 J;?@B5= i ;D
:PD:53 SkyMapper [32] I?F :PS=9B:6 ;D 6KP:59; ‘2, <4=9B5K 9:B:5K7 PK?;
4:?8G=AK 6 :PD:5= 6dF A3 TQA:E A=P=. .39 939 XB; :PS=9BK A37:IFB<F A3
A=E=>9:H 4:?:6;A= A=P3 eROSITA, B: 4:93D3AK B:?@9: :P?3<B; ?:93?;D3>;;

B=?=<9:43 ART-XC.
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E3 – !;G;–&5=B@=A3; 53P:G;H <4=9B53?@AKH I;343D:A B=?=<9:43 3250–10000 Å.
)?F <4=9B5:<9:4;; ;<4:?@D:63?<F <4=9B5:L53J <5=IA=L: ; A;D9:L: 53D5=Z=A;F
TFOSC (TÜBİTAK Faint Object Spectrograph and Camera) 6 J:98<= &3<<=L5=A3.
# E3F 2019 L:I3 6 93G=<B6= I=B=9B:53 8<B3A:6?=A Andor iKon-L 936 BEX2-DD.
,3P?TI=A;F 45:6:I;?;<@ I?;AA:H R=?@T Z;5;A:H 2≃≃. "PKGA: ;<4:?@D8=EKH
A3E; A3P:5 I;<4=5L;58TR;7 X?=E=AB:6 69?TG3=B L5;DEK G8 (ϑε ⇐ 3 Å,
5800–8300 Å) ; G15 (ϑε ⇐ 12 Å, 3230–9120 Å).

2 A3Z;7 A3P?TI=A;F7 ;<4:?@D:63?;<@ I?;AAK= R=?; Z;5;A:H 1.5≃≃, 2≃≃, 3≃≃

A3 <4=9B5:L53J= ’)’+ ; 2≃≃ A3 <4=9B5:L53J= TFOSC. O=AB5 R=?; <:6E=R3?Y
<F < >=AB53?@A:H :P?3<B@T A3P?TI3=E:H L3?39B;9;. ^:<?= 93QI:H X9<4:D;>;;
4:?:Q=A;= :PS=9B3 <E=R3?:<@ 6I:?@ R=?; A3 10–15≃≃ 66=57 ;?; 6A;D 45; 4:E:Y
R; J:B:L;I3. "4B;G=<9;= A3P?TI=A;F 6K4:?AF?;<@ 45; 93G=<B6= 3BE:<J=5K
?8GZ= 2.5≃≃. ,3P?TI=A;F <4=9B5:J:B:E=B5;G=<9;7 <B3AI35B:6 45:6:I;?:<@ 6
6=G=5A;= ; 8B5=AA;= <8E=59; 93QI8T A3P?TI3B=?@A8T A:G@. $<4:?@D:63?<F
<4;<:9 <B3AI35B:6 < <3HB3 *65:4=H<9:H TQA:H :P<=563B:5;;2. ^:<?= 4:?8G=Y
A;F <=5;; <4=9B5:<9:4;G=<9;7 ;D:P53Q=A;H 93QI:L: ;<B:GA;93 <A;E3?;<@ 2–3
;D:P53Q=A;F 93?;P5:6:GAK7 ?3E4 ?;A=HG3B:L: ; A=45=5K6A:L: <4=9B53. "P53Y
P:B93 45:6:I;?3<@ 45; 4:E:R; 439=B3 PyRAF 3 ; <:P<B6=AA:L: ^". #4=9B5K
93QI:L: :PS=9B3 ;<4536?F?;<@ D3 E=QD6=DIA:= 4:L?:R=A;= [38]. $DPKB:9 >6=B3
E(B ↓ V ) 53<<G;BK63?<F 45; 4:E:R; ^" < <3HB3 GALExtin4. $<4:?@D:63?;<@
935B3 4:953<A=A;F ;D 53P:BK [39] ; 9:XJJ;>;=AB RV = 3.1 ;D 53P:BK [40].

1.3.2 F36(%’1& *$’’1& -4<-3-% SDSS ( 6dF

*<?; 8 939;7-B: ;<B:GA;9:6 8Q= ;E=?;<@ 357;6AK= <4=9B5K ;D :PD:5:6
SDSS ;?; 6dF, B: EK ;<4:?@D:63?; XB; I3AAK= ; A= 45:6:I;?; <:P<B6=AAK7
A3P?TI=A;H. 2:-4=56K7, ;<4:?@D:63?;<@ <4=9B5K, 4:?8G=AAK= 6 7:I= :PD:53
Baryon Oscillation Spectroscopic Survey (BOSS [41]), F6?FTR=L:<F G3<B@T :PD:Y
53 Z;5:9:8L:?@A:L: 2.5-E B=?=<9:43 SDSS [33]. ]B; <4=9B5K PK?; 4:?8G=AK
A3 I68793A3?@A:E (<;A;H/953<AKH) 6:?:9:AA:E <4=9B5:L53J= BOSS [42], :P=<Y

2https://www.eso.org/sci/observing/tools/standards/spectra/stanlis.html
3https://iraf-community.github.io/pyraf.html
4http://www.galextin.org/
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4=G;63TR=E 4=5=95K63TR;=<F <4=9B53?@AK= I;343D:AK 3600–6350 Å (B) ;
5650–10000 Å (R). #4=9B53?@A:= 53D5=Z=A;= 45;P:53 <:<B36?F=B →2–5 Å. #5=IY
AFF Z;5;A3 A3 4:?86K<:B= FWHMres ↘ 3.2 Å (I?F :PS=I;A_AAK7 I3AAK7 <
I687 93A3?:6).

)?F :PS=9B:6 TQA:L: A=P3 ;<4:?@D:63?;<@ 357;6AK= I3AAK= :PD:53 6dF
Galaxy Survey (6dFGS [34]), 6K4:?A=AA:L: A3 1.2-E B=?=<9:4= aE;IB3 UKST
(’6<B53?;F). 2 :PD:5= 45;E=A_A EA:L:6:?:9:AAKH <4=9B5:L53J < 4:?=E D5=A;F
5.7↗, :<A3R_AAKH I68EF A;D9:53D5=Z3TR;E; 5=Z_B93E; (R ⇐ 1000) < 4=5=Y
95K63TR;E;<F I;343D:A3E; (V ; R). ^5:=>;58=EKH I;3E=B5 :IA:L: 6:?:9A3
⇐ 6.7≃≃. #4=9B5K 6dF A= :B93?;P5:63AK 4: 4:B:98 ; 45;6=I=AK 6 :B<G_B37,
GB: A= 4:D6:?F=B ;DE=5FB@ 3P<:?TBAK= 4:B:9; XE;<<;:AAK7 ?;A;H, :IA39: :A;
45;L:IAK I?F :>=A9; X96;63?=ABAK7 Z;5;A ; :BA:Z=A;H 4:B:9:6 6 P?;D9;7 4:
I?;A= 6:?AK ?;A;F7, G=L: I:<B3B:GA: I?F 9?3<<;J;93>;; ’(V.

.3P?;>3 1.2 N b85A3? :4B;G=<9;7 A3P?TI=A;H
!"#$%&’( ART-XC 7.#. 8535"($1 9*’:0. ;53< =("1$:’4’>, "

,+-$*(. /1
SRGAJ043209.6+354917 2020-09-15 ?88-150 G15 2→→ 5↑ 900

SRGAJ045049.8+301449 2020-10-22 @A8-33!B VPHG600G 2→→ 4↑ 600

SRGAJ152101.9+320430 2020-04-24 @A8-33!B VPHG600G 2→→ 2↑ 1200

2020-04-24 @A8-33!B VPHG600R 2→→ 3↑ 1200

SRGAJ200431.6+610211 2020-10-22 @A8-33!B VPHG600G 2→→ 5↑ 300

SRGAJ224125.9+760343 2020-06-21 ?88-150 G15 2→→ 3↑ 1800

SRGAJ232446.8+440756 2020-06-10 ?88-150 G15 2→→ 9↑ 600

,+-$*(. /2
SRGAJ025234.3+431004 2021-09-29 @A8-33!B VPHG600G 2→→ 3↑ 300

SRGAJ062627.2+072734 2021-11-05 ?88-150 G15 2→→ 8↑ 600

SRGAJ070636.4+635109 2021-05-13 @A8-33!B VPHG600G 2→→ 7↑ 200

SRGAJ092021.6+860249 2021-10-31 @A8-33!B VPHG600G 2→→ 4↑ 300

SRGAJ195702.4+615036 2021-05-12 ?88-150 G15 2→→ 5↑ 600

SRGAJ221913.2+362014 2021-10-31 @A8-33!B VPHG600G 3→→ 3↑ 600

2021-10-31 @A8-33!B VPHG600R 3→→ 3↑ 600

SRGAJ223714.9+402939 2021-05-13 @A8-33!B VPHG600G 3→→ 3↑ 200

SRGAJ232037.8+482329 2021-11-05 ?88-150 G15 2→→ 4↑ 120

SRGAJ235250.6↓170449 2021-09-11 @A8-33!B VPHG600G 2→→ 4↑ 300

SRGAJ030838.1↓552041 2002-11-06 6dF 580V – 4↑ 1200

2002-11-06 6dF 425R – 4↑ 600

SRGAJ052959.8↓340157 2003-11-28 6dF 580V – 4↑ 1200

2003-11-28 6dF 425R – 2↑ 600
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^5:I:?Q=A;= B3P?;>K 1.2
!"#$%&’( ART-XC 7.#. 8535"($1 9*’:0. ;53< =("1$:’4’>, "

SRGAJ055053.7↓621457 2006-01-02 6dF 580V – 4↑ 1200

2006-01-02 6dF 425R – 4↑ 600

SRGAJ060241.1↓595152 2005-04-14 6dF 580V – 4↑ 1200

2005-04-14 6dF 425R – 4↑ 600

SRGAJ061322.9↓290027 2001-11-16 6dF 600V – 4↑ 1200

2001-11-16 6dF 316R – 4↑ 600

SRGAJ063324.9↓561424 2003-01-05 6dF 580V – 4↑ 1200

2003-01-05 6dF 425R – 4↑ 600

SRGAJ064421.5↓662620 2005-04-10 6dF 580V – 4↑ 1200

2005-04-10 6dF 425R – 4↑ 600

SRGAJ072823.5↓440823 2002-12-12 6dF 580V – 3↑ 1200

2002-12-12 6dF 425R – 4↑ 600

,+-$*(. /3
SRGAJ001439.6+183503 2022-10-31 @A8-33!B VPHG600G 3→→ 5↑ 300

SRGAJ002240.8+804348 2022-10-31 @A8-33!B VPHG600G 2→→ 3↑ 600

2022-11-01 @A8-33!B VPHG600R 2→→ 3↑ 600

SRGAJ010742.9+574419 2022-03-04 @A8-33!B VPHG600G 3→→ 6↑ 600

SRGAJ021227.3+520953 2022-11-18 @A8-33!B VPHG600G 2→→ 4↑ 600

2022-11-21 @A8-33!B VPHG600R 2→→ 4↑ 600

SRGAJ025208.4+482955 2022-11-01 @A8-33!B VPHG600G 2→→ 3↑ 600

SRGAJ045432.1+524003 2022-11-01 @A8-33!B VPHG600G 2→→ 3↑ 600

SRGAJ051313.5+662747 2022-11-01 @A8-33!B VPHG600G 2→→ 3↑ 200

SRGAJ110945.8+800815 2022-11-03 @A8-33!B VPHG600G 2→→ 5↑ 300

2022-11-03 @A8-33!B VPHG600R 2→→ 2↑ 300

SRGAJ161251.4↓052100 2003-05-30 6dF VPH580V – 3↑ 1200

2003-05-30 6dF VPH425R – 3↑ 600

SRGAJ161943.7↓132609 2004-04-16 6dF VPH580V – 5↑ 1200

2004-04-16 6dF VPH425R – 4↑ 600

SRGAJ182109.8+765819 2022-11-17 @A8-33!B VPHG600G 2→→ 5↑ 600

SRGAJ193707.6+660816 2022-11-01 @A8-33!B VPHG600G 1.5→→ 6↑ 300

SRGAJ200331.2+701332 2022-11-18 @A8-33!B VPHG600G 3→→ 4↑ 600

2022-11-18 @A8-33!B VPHG600R 3→→ 4↑ 600

SRGAJ211149.5+722815 2022-11-21 @A8-33!B VPHG600G 2→→ 4↑ 600

2022-11-21 @A8-33!B VPHG600R 2→→ 5↑ 600

,+-$*(. /4
SRGAJ000132.9+240237 2013-09-08 SDSS B.&.3 B – 4↑ 3600

2013-09-08 SDSS B.&.3 R – 4↑ 3600

SRGAJ001059.5+424341 2023-11-09 @A8-33!B VPHG600G 2→→ 4↑ 600

2023-11-09 @A8-33!B VPHG600R 2→→ 4↑ 600
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^5:I:?Q=A;= B3P?;>K 1.2
!"#$%&’( ART-XC 7.#. 8535"($1 9*’:0. ;53< =("1$:’4’>, "

SRGAJ023800.1+193818 2023-11-08 @A8-33!B VPHG600G 2→→ 3↑ 600

SRGAJ025900.3+502958 2023-09-19 @A8-33!B VPHG600G 2→→ 4↑ 300

2023-09-19 @A8-33!B VPHG600R 2→→ 3↑ 300

SRGAJ040335.6+472440 2023-11-13 @A8-33!B VPHG600G 2→→ 4↑ 600

SRGAJ165143.2+532539 2023-04-13 @A8-33!B VPHG600G 2→→ 4↑ 300

SRGAJ181749.5+234311 2023-05-19 @A8-33!B VPHG600G 2→→ 4↑ 300

SRGAJ191628.1+711619 2023-04-13 @A8-33!B VPHG600G 2→→ 4↑ 600

SRGAJ194412.5↓243619 2003-08-04 6dF VPH580V – 6↑ 1200

2003-08-04 6dF VPH425R – 5↑ 600

SRGAJ195226.6+380011 2023-11-09 @A8-33!B VPHG600R 2→→ 4↑ 600

SRGAJ201633.2+705525 2023-11-09 @A8-33!B VPHG600G 2→→ 5↑ 600

1.4 C&’,"&’-%/0(& ’$4#D*&’(2

!=ABL=A:6<9;= I3AAK= I?F ;<<?=I8=EK7 :PS=9B:6 PK?; 4:?8G=AK 6 7:Y
I= <93A;5:63A;F A=P=<A:H <J=5K B=?=<9:43E; ART-XC (Q_<B9;H I;343D:A) ;
eROSITA (EFL9;H I;343D:A) A3 P:5B8 :P<=563B:5;; !"#. /;<?: 45:7:I:6, A3
:<A:6= 9:B:5K7 <B5:;?;<@ <4=9B5K, D36;<=?: :B <B3I;; 45:L53EEK: I?F :PS=9Y
B:6 6KP:59; ‘1 [25] ;<4:?@D:63?;<@ I3AAK= 4=56:L: 45:7:I3; 6KP:59; ‘2 [28] –
I3AAK= 4=56K7 I687 45:7:I:6 (ARTSS1-2); 6KP:5:9 ‘3 [29] ; ‘4 [30] – I3AAK=
G=BK5_7 4:?AK7 ; 45;E=5A: 40% 4FB:L: 45:7:I3 (ARTSS1-5). .39 939 B=?=<9:4
eROSITA PK? 4=5=6=I_A 6 <4FR;H 5=Q;E 26 J=653?F 2022 L., B: I?F :IA:L: ;D
;<B:GA;9:6 (SRGA J040335.6+472440) :B<8B<B68TB I3AAK= eROSITA I?F 4FB:Y
L: :PD:53, A: ;E=TB<F <::B6=B<B68TR;= I3AAK= B=?=<9:43 ART-XC, 9:B:5KH
45:I:?Q3? <93A;5:63B@ A=P: I: 7 E35B3 2022 L. !=ABL=A:6<9;= <4=9B5K 3A3?;Y
D;5:63?;<@ :IA:65=E=AA: 4: I3AAKE eROSITA ; ART-XC 6 I;343D:A= XA=5L;H
0.2–20 9X2.
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1.4.1 L<%#&>&’(& /7&0,3-% ART-XC

2: 6<=7 G=BK5_7 6KP:5937 5=ABL=A:6<9;= I3AAK= :P53P3BK63?;<@ 4: <7:Y
Q=H <7=E=. )3AAK= 6<=7 <=E; E:I8?=H B=?=<9:43 B=?=<9:43 :PS=I;AF?;<@.
"B<G=BK ;D6?=93?;<@ ;D 34=5B85K 53I;8<:E 120≃≃ (I?F 6KP:5:9 ‘‘1-3) ;?;
71≃≃ (I?F 6KP:59; ‘4). $<4:?@D:63?3<@ I;3L:A3?@A3F E3B5;>3 :B9?;93, 4:<B5:Y
=AA3F 4: I3AAKE A3P?TI=A;H &53P:6;IA:H B8E3AA:<B; 6 7:I= :PD:53 A=P3.
-5:6=A@ J:A3 :>=A;63?<F 4: I3AAKE < I=B=9B:53 ART-XC 6 I;343D:A= XA=5L;H
30–70 9X2 ; 935B 6=H6?=B-53D?:Q=A;F ;D:P53Q=A;H :PD:53 A=P3 [43].

,=P:?@Z;= :B?;G;F 6 :P53P:B9= I3AAK7 I?F 53DAK7 6KP:5:9 93<3?;<@
L?36AKE :P53D:E I;343D:A:6 XA=5L;H, 6 9:B:5K7 ;D6?=93?;<@ :B<G=BK I?F 4:Y
<B5:=A;F <4=9B5:6. ’ ;E=AA:, I?F 6KP:59; ‘1 [25] ;<4:?@D:63?<F Z;5:9;H
I;343D:A 4–12 9X2, I?F 6KP:59; ‘2 – B5; 4:?:<K: 4–8, 8–12 ; 12–20 9X2, I?F
6KP:59; ‘3 – I63 I;343D:A3: 4–7 ; 7–12 9X2, I?F 6KP:59; ‘4 – B5; 4:?:<K: 4–7,
7–12 ; 12–20 9X2. "BE=B;E, GB: B39 939 5=G@ ;I=B : <?3PK7 ;<B:GA;937, 9:B:5K=
PK?; D3I=B=9B;5:63AK 6 7:I= A=<9:?@9;7 9:5:B9;7 45:7:I:6 45; <93A;5:63A;;
A=P=<A:H <J=5K, B: :B 93QI:L: ;D A;7, 939 4536;?:, D35=L;<B5;5:63A: 6 <8EY
E= E=A== 20 :B<G=B:6 (D3 6KG=B:E J:A3), G=L: A=I:<B3B:GA: I?F 4:<B5:=A;F
I=B3?@AK7 <4=9B5:6 ?;Z@ 4: I3AAKE B=?=<9:43 ART-XC.

1.4.2 L<%#&>&’(& /7&0,3-% eROSITA

)3AAK= eROSITA 6: 6<=7 G=BK5_7 6KP:5937 PK?; :P53P:B3AK < 4:E:R@T
<:DI3AA:H ; 4:II=5Q;63=E:H 6 $&$ !’, <;<B=EK 93?;P5:69; ; :P53P:B9; I3AY
AK7, 4:<B5:=AA:H < ;<4:?@D:63A;=E X?=E=AB:6 439=B3 eSASS (eROSITA Science
Analysis Software System) ; E3B=E3B;G=<9:L: :P=<4=G=A;F, 53D53P:B3AA:L: 6
A38GA:H L5844= 4: 5=ABL=A:6<9:E8 93B3?:L8 !:<<;H<9:L: 9:A<:5>;8E3 B=?=<9:Y
43 eROSITA. #4=9B5K ;<B:GA;9:6 ;D6?=93?;<@ 4: I3AAKE 6<=7 <=E; E:I8?=H
eROSITA 6 I;343D:A= 0.2–9.0 9X2 (=<?; A= :L:6:5=A: ;A:=) ;D 34=5B85K 53I;8Y
<:E R = 60≃≃, 3 J:A – ;D 9:?@>3 < 6A8B5=AA;E ; 6A=ZA;E 53I;8<3E; Rin = 120≃≃

; Rout = 300≃≃ 6:958L ;<B:GA;93, 45; XB:E 4:<B:5:AA;= ;<B:GA;9; 6 :P?3<B;
J:A3 E3<9;5:63?;<@ 958L3E; 53I;8<:E R = 40≃≃.
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)?F 6KP:59; ‘1 I3AAK= L5844;5:63?;<@ 6 6:<@E; XA=5L=B;G=<9;7 ;AB=5Y
63?37: 0.3–0.5, 0.5–0.7, 0.7–1, 1–1.5, 1.5–2, 2–4, 4–6 ; 6–9 9X2. )?F 6KP:5:9
‘‘2–4 <4=9B5K P;A;5:63?;<@ B39;E :P53D:E, GB:PK 6 93QI:E XA=5L=B;G=<9:E
93A3?= PK?: A= E=A== 3 :B<G=B:6.

1.5 C&<5#A,$,1

1.5.1 !7,(>&/0(& /7&0,31

,3 5;<. 1.3 4:93D3AK :4B;G=<9;= <4=9B5K ;<<?=I8=EK7 :PS=9B:6. 2: 6<=7
<4=9B537 45;<8B<B68TB XE;<<;:AAK= ?;A;;. ,3Z3 D3I3G3 <:<B:F?3 6 ;DE=5=Y
A;; ;7 4:B:9:6 ; Z;5;A I?F 4:<?=I8TR=L: :45=I=?=A;F 953<AK7 <E=R=A;H,
9?3<<;J;93>;; :PS=9B:6 ; ;D8G=A;F ;7 J;D;G=<9;7 <6:H<B6.

#4=9B53?@AKH 9:AB;A88E 3445:9<;E;5:63?<F 4:?;A:E:E, 3 XE;<<;:AY
AK= ?;A;; – L38<<;3A3E;. .39;E :P53D:E I?F 93QI:H ?;A;; :45=I=?F?;<@:
>=AB53?@A3F I?;A3 6:?AK, Z;5;A3 A3 4:?86K<:B= FWHMmes, 4:B:9 ; X9Y
6;63?=ABA3F Z;5;A3 EW . a;5;A3 ?;A;H ;<4536?F?3<@ D3 <4=9B53?@A:=
53D5=Z=A;= 45;P:53: FWHM =

)︃
FWHM 2

mes ↓ FWHM 2
res, LI= FWHMres

:45=I=?F?:<@ I?F 93QI:L: I;<4=5L;58TR=L: X?=E=AB3 ; I?F 93QI:H R=?; 939
Z;5;A3 A3 4:?86K<:B= ?;A;H 6 <4=9B5= 93?;P5:6:GAK7 ?3E4. 2 ^5;?:Q=A;; ’
6 B3P?. ’.1 45=I<B36?=AK ;DE=5=AAK= 73539B=5;<B;9; ?;A;H I?F 6<=7 ;<B:GY
A;9:6.

)?F :PS=9B:6 6KP:59; ‘1 EK ;DE=5F?; Z;5;AK 6<=7 ?;A;H, 6 B:E G;<Y
?= ; 8D9;7. )?F ;<B:GA;9:6 ;D 6KP:5:9 ‘‘2–4 EK ;DE=5F?; B:?@9: Z;5;AK
Z;5:9;7 ?;A;H. a;5;AK 8D9;7 ?;A;H EK B39Q= 4KB3?;<@ :45=I=?;B@, :IA39:
6 P:?@Z;A<B6= <4=9B5:6 ;7 A3P?TI3=E3F Z;5;A3 :93D3?3<@ <536A;E:H < 45;Y
P:5AKE 8Z;5=A;=E, 4:XB:E8 DA3G=A;F FWHM I?F 8D9;7 ?;A;H 6 B3P?;>= A=
45;6:IFB<F. $<9?TG=A;= – 6KP:593 ‘2: I?F <4=9B5:6 ;D :PD:53 6dF EK I:4:?Y
A;B=?@A: 6KG;<?F?; A3P?TI3=EK= Z;5;AK 8D9;7 ?;A;H ; 893DK63?; ;7 ?;Z@
6 B=7 <?8G3F7, 9:LI3 :A; <B3B;<B;G=<9; 45=6KZ3?; 45;P:5A:= 8Z;5=A;=. ):Y
6=5;B=?@AK= ;AB=563?K A3 X96;63?=ABAK= Z;5;AK (EW ) ?;A;H :45=I=?F?;<@
< 4:E:R@T E=B:I3 +:AB=-&35?:. ^5=I4:?3L3F, GB: :Z;P9; A3 4:B:9 4:IG;AFY
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SRGAJ043209.6+354917
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!;<8A:9 1.3 N "4B;G=<9;= <4=9B5K < :BE=G=AAKE; :<A:6AKE; ?;A;FE; ;D?8Y
G=A;F ; 4:L?:R=A;F. .39Q= 45;6=I=AK A3D63A;F B=?=<9:4:6 (;?; :PD:5:6), A3

9:B:5K7 PK?; 4:?8G=AK <4=9B5K.
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SRGAJ200431.6+610211
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SRGAJ025234.3+431004
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XA=5L;H (‘1 – 0.3–12 9X2, ‘2 – 0.2–20 9X2, ‘3 – 0.2–12 9X2, ‘4 – 0.2–8 9X2),

5
https://heasarc.gsfc.nasa.gov/xanadu/xspec/

https://heasarc.gsfc.nasa.gov/xanadu/xspec/
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6=5<;H XSPEC (‘1 – v12.9.0n, ‘2 – v12.11.0n, ‘‘3–4 – v12.12.0) ; <7=E L5844;Y
5:69; <4=9B5:6 (<E. 53DI=? 1.4). ’445:9<;E3>;F <4=9B5:6 ;<B:GA;9:6 6KP:5:9
‘‘1–3 45:6:I;?3<@ <:6E=<BA: 4: I3AAKE ART-XC ; eROSITA, 6 B: 65=EF 939
I?F 3445:9<;E3>;; ;<B:GA;9:6 6KP:59; ‘4 PK?: 5=Z=A: ;<4:?@D:63B@ B:?@Y
9: I3AAK= eROSITA.

)?F 3445:9<;E3>;; <4=9B5:6 6 93G=<B6= P3D:6:H ;<4:?@D:63?3<@ E:I=?@
<B=4=AA:L: 9:AB;A88E3 < D363?:E A3 A;D9;7 XA=5L;F7 6 5=D8?@B3B= J:B:4:L?:Y
R=A;F 6 V3?39B;9= ; 6 <3E:E :PS=9B=. )?F 6KP:59; ‘1 A39?:A <B=4=AA:H
9:E4:A=ABK J;9<;5:63?<F A3 DA3G=A;; ! = 1.8 (B;4;GA:= DA3G=A;= I?F <=HJ=5Y
B:6<9;7 L3?39B;9) ;D-D3 E3?:L: 9:?;G=<B63 :B<G=B:6 6 5=ABL=A:6<9;7 <4=9B537.
)?F :PS=9B:6 ;D 6KP:5:9 ‘‘2–4 A39?:A 53<<E3B5;63?<F 939 <6:P:IAKH 43Y
53E=B5 E:I=?;.

2 <4=9B537 Z=<B; :PS=9B:6 ;D 6KP:5:9 ‘‘2–4 EK :PA358Q;?; ;DPKB:9
A3P?TI3=EK7 :B<G=B:6 A3 XA=5L;F7 A;Q= → 1 9X2 4: <536A=A;T < 45=I<93D3A;Y
=E P3D:6:H E:I=?;. ^:I:PAK= ;DPKB9; G3<B: A3P?TI3TB<F 8 ’(V 939 4=56:L:,
B39 ; 6B:5:L: B;43, 3 ;7 45;5:I3 39B;6A: I;<98B;58=B<F 6 ?;B=53B85=. 2 G3<BA:Y
<B;, 8 ’(V 4=56:: B;43 I:4:?A;B=?@A:= EFL9:= 5=ABL=A:6<9:= ;D?8G=A;= E:Q=B
6:DA;93B@ 6 5=D8?@B3B= 9:E4B:A;D3>;; 8?@B53J;:?=B:6:L: ;D?8G=A;F 3995=>;Y
:AA:L: I;<93 6 “B=4?:H 9:5:A=” (< B=E4=53B85:H 6 A=<9:?@9: E;??;:A:6 &),
6 :B?;G;= :B :<A:6A:H (<B=4=AA:H) 9:E4:A=ABK Q=<B9:L: 5=ABL=A:6<9:L: ;DY
?8G=A;F, 9:B:53F, 939 <G;B3=B<F, J:5E;58=B<F 6 “L:5FG=H 9:5:A=” (T → 109 &)
3995=>;:AA:L: I;<93 (<E., A345;E=5, [46–48]). )?F ’(V 6B:5:L: B;43 6 93G=<B6=
6:DE:QAK7 E=73A;DE:6 I:4:?A;B=?@A:L: ;D?8G=A;F :P<8QI3TB<F (<E., A345;Y
E=5, [49; 50]): 1) ;D?8G=A;= >=AB53?@A:L: ;<B:GA;93, 53<<=FA:= 6 53D5=Q=AA:E
L3D= D3 45=I=?3E; L3D:4K?=6:L: B:53 6:958L #+/), 2) ;D?8G=A;= L3D3 6 FI5=
L3?39B;9;, ;:A;D:63AA:L: ; 53D:L5=B:L: ;D?8G=A;=E ;/;?; 8I35AKE; 6:?A3E;,
<6FD3AAKE; < 39B;6A:<B@T #+/), 3) ;D?8G=A;= <3E:H L3?39B;9;, <6FD3AA:=
< 39B;6AKE D6=DI::P53D:63A;=E.

"45=I=?=A;= B:GA:H J:5EK ; 45;5:IK A3P?TI3=E:L: ;DPKB93 ;D?8G=A;F
A3 A;D9;7 XA=5L;F7 B5=P8=B 8B:GA=A;F E3B5;>K :B9?;93 B=?=<9:43 eROSITA ;
P:?== L?8P:9;7 X9<4:D;>;H. ^:XB:E8 45; 3445:9<;E3>;; <4=9B5:6 ;<B:GA;9:6
< B39;E ;DPKB9:E EK 45;E=A;?; 845:R=AAKH 4:I7:I. ’ ;E=AA:, I?F ;<B:GY
A;9:6 ;D 6KP:59; ‘2 ;<4:?@D:63?; E:I=?@ G=5A:B=?@A:L: ;D?8G=A;F (BB) <
J;9<;5:63AA:H B=E4=53B85:H kT = 0.1 9X2 I?F :4;<3A;F EFL9:H 9:E4:A=ABK
6 <4=9B5=. )?F ;<B:GA;9:6 ;D 6KP:5:9 ‘‘3 ; 4 EFL98T 9:E4:A=AB8 :4;<K63Y
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?; < 4:E:R@T <4=9B53 B=4?:6:L: ;D?8G=A;F L:5FG=H :4B;G=<9;-B:A9:H 4?3DEK
(APEC, [51]), 45; XB:E :P;?;= E=B3??:6 I3AA:H E:I=?; J;9<;5:63?:<@ A3 <:?Y
A=GA:E (AAPEC = 1) I?F 6KP:59; ‘3 ; PK?: <6:P:IAKE 4353E=B5:E I?F
6KP:59; ‘4. )?F <4=9B5:6 ;<B:GA;9:6 ;D 6KP:59; ‘1 I:P36?=A;= EFL9:H 9:EY
4:A=ABK 6 E:I=?@ 6::PR= A= 4:B5=P:63?:<@.

.39;E :P53D:E, ;<4:?@D:63?;<@ <?=I8TR;= E:I=?; A3 FDK9= XSPEC:

TBabs↑ zTBabs↑ zpowerlaw, (1.1)

TBabs↑ (zTBabs↑ zpowerlaw + APEC), (1.2)

TBabs↑ (zTBabs↑ zpowerlaw +BB). (1.3)

UI=<@ TBabs [52] :4;<K63=B 4:L?:R=A;= 6 E=QD6=DIA:H <5=I= V3?39B;9; 6 A3Y
4536?=A;; A3 ;<<?=I8=EKH :PS=9B, ; 45; XB:E ;<4:?@D8=B<F DA3G=A;= ?8G=6:H
9:A>=AB53>;; A=HB53?@A:L: 6:I:5:I3 ;D I3AAK7 :PD:53 HI4PI [53]; zTBabs

:B6=G3=B D3 4:L?:R=A;= 6A8B5; <3E:L: :PS=9B3 A3 =L: 953<A:E <E=R=A;;. "BY
E=B;E, GB: 45; 3445:9<;E3>;; <4=9B5:6 ;D 6KP:5:9 ‘‘1 ; 2 ;<4:?@D:63?3<@
A=EA:L: I58L;= E:I=?; 4:L?:R=A;F, 3 ;E=AA: phabs I?F V3?39B;9; ; zphabs

I?F :PS=9B3, A: XB: A= I:?QA: 45;6:I;B@ 9 <8R=<B6=AAKE :B?;G;FE 4: <536Y
A=A;T < E:I=?@T 4:L?:R=A;F TBabs.

)?F :45=I=?=A;F <B3B;<B;G=<9:H DA3G;E:<B; 8?8GZ=A;F 93G=<B63 34Y
45:9<;E3>;; 45; I:P36?=A;; EFL9:H 9:E4:A=ABK 9 4:L?:R=AA:E8 <B=4=AA:E8
9:AB;A88E8 EK 53<<G;BK633?; :BA:Z=A;= <::B6=B<B68TR;7 4536I:4:I:P;H.
#:L?3<A: B=:5=E= -;?9<3, ↓2(lnL1 ↓ lnL2) 3<;E4B:B;G=<9; <7:I;B<F 9 53<Y
45=I=?=A;T χ2 < 9:?;G=<B6:E <B=4=A=H <6:P:IK, 536AKE 53DA:<B; 9:?;G=<B63
<B=4=A=H <6:P:IK I687 E:I=?=H, :IA3 ;D 9:B:5K7 6?:Q=A3 6 I58L8T. 2 A3Z=E
<?8G3= ↓2lnL1 ; ↓2lnL2 <::B6=B<B68TB DA3G=A;FE Cstat I?F E:I=?; < EFL9:H
9:E4:A=AB:H ; E:I=?; P=D B39:H 9:E4:A=ABK <::B6=B<B6=AA:. *<?; 6=5:FBA:<B@
B:L:, GB: 8?8GZ=A;= 93G=<B63 3445:9<;E3>;; 45; I:P36?=A;; EFL9:H 9:E4:Y
A=ABK 45:;D:Z?: <?8G3HA:, <:<B36?F=B P:?== 95%, B: 45=I4:GB=A;= :BI363?:<@
I689:E4:A=ABA:H E:I=?;. ]B: <::B6=B<B68=B 4:5:L3E #Cstat = 3.8, 6.0, 7.8 I?F
dof = 1 ,2, 3 <B=4=A=H <6:P:IK, <::B6=B<B6=AA:.

!=D8?@B3BK 3445:9<;E3>;; 5=ABL=A:6<9;7 <4=9B5:6 45;6=I=AK 6 B3P?. 1.3.
):6=5;B=?@AK= ;AB=563?K DA3G=A;H 4353E=B5:6 45;6=I=AK A3 85:6A= 90%. #3Y
E; <4=9B5K (I3AAK=, A3;?8GZ;= E:I=?; ; A=6FD9;) 45=I<B36?=AK A3 5;<. 1.4,
45; XB:E <4=9B5K eROSITA PK?; 4=5=P;A;5:63AK I?F A3L?FIA:<B;. )?F 6KY
P:59; ‘1 <4=9B5K 45=I<B36?=AK 6 =I;A;>37 FE(E), 45; XB:E I?F 4=5=<G=B3
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:B<G=B:6 6 J:B:AK ;<4:?@D:63?3<@ <B=4=AA3F E:I=?@ < A39?:A:E ! = 1.8. #?=Y
I8=B ;E=B@ 6 6;I8, GB: B39;= 5;<8A9; A= I:?QAK ;<4:?@D:63B@<F I?F 4:?8G=A;F
B:GAK7 DA3G=A;H 4:B:9:6. #4=9B5K :PS=9B:6 I?F 6KP:5:9 ‘‘2–4 45=I<B36?=Y
AK 6 :B<G=B37.

^:6B:5;E, GB: 45; ;AB=545=B3>;; 45;6=I=AAK7 6 B3P?. 1.3 DA3G=A;H <4=9Y
B53?@AK7 4353E=B5:6 A=:P7:I;E: ;E=B@ 6 6;I8, GB: :9:AG3B=?@AKH 6K6:I :
45;5:I= EFL9:L: 5=ABL=A:6<9:L: ;DPKB93 B5=P8=B I3?@A=HZ=L: ;<<?=I:63A;F ;
8B:GA=A;F E3B5;>K :B9?;93 B=?=<9:43 eROSITA. "IA39: 63QA: :BE=B;B@, GB:
4353E=B5K :<A:6A:L: 5=ABL=A:6<9:L: 9:AB;A88E3 (A39?:A ; ?8G=63F 9:A>=AY
B53>;F 6:I:5:I3) <B3B;<B;G=<9; A=DA3G;E: E=AFTB<F 45; I:P36?=A;; 6 E:I=?@
EFL9:H 9:E4:A=ABK.

2 6KP:59= ‘4 6KI=?F=B<F ;<B:GA;9 SRGA J000132.9+240237 (<=HJ=5B
1.9), <4=9B5 9:B:5:L: 6KL?FI;B :G=A@ Q=<B9;E 4: <536A=A;T < :<B3?@AKE;.
^5; =L: :4;<3A;; E:I=?@T cB=4=AA:L: 9:AB;A88E3 A39?:A <4=9B53 :93DK63Y
=B<F ! < 0.5 (<E. B3P?. 1.3), GB: 935I;A3?@A: :B?;G3=B<F :B 73539B=5AK7
I?F ’(V DA3G=A;H ! → 1.8. W:?== B:L:, B39;= Q=<B9;= <B=4=AAK= <4=9B5K
A=6:DE:QA: 4:?8G;B@ 6 5=D8?@B3B= 9:E4B:A;D3>;; 6 L:5FG=H 4?3DE= (<E., A345;Y
E=5, [54]). ,3Z; 4:4KB9; “;<4536;B@” A39?:A <B=4=AA:H 9:E4:A=ABK < 4:E:R@T
I:P36?=A;F EFL9:H 9:E4:A=ABK A= 86=AG3?;<@ 8<4=7:E. 2=5:FBA:, 6 <?8G3=
SRGAJ000132.9+240237 EK ;E==E I=?: < <;?@A: 4:L?:R=AAKE ’(V, :<A:6A:H
69?3I 6 <4=9B5 9:B:5:L: 6A:<;B ;D?8G=A;=, :B53Q=AA:= :B L3D:4K?=6:L: B:53.
)?F :4;<3A;F :B53Q=AA:H 9:E4:A=ABK EK 4:45:P:63?; ;<4:?@D:63B@ E:I=?@
PEXRAV [55]. 0:BF XB3 E:I=?@ ;DA3G3?@A: 45=IA3DA3G=A3 I?F :4;<3A;F :BY
53Q=A;F <B=4=AA:L: 9:AB;A88E3 :B 4?:<9:H 4:6=57A:<B; :4B;G=<9; B:?<B:H
A=HB53?@A:H <5=IK, :A3 I:?QA3 45;E=5A: 4536;?@A: :4;<K63B@ J:5E8 <4=9Y
B53 :B53Q=AA:H 9:E4:A=ABK ; 45; I58L;7 L=:E=B5;F7, 6 G3<BA:<B; 6 <?8G3=
:B53Q=A;F <B=4=AA:L: 9:AB;A88E3 :B L3D:4K?=6:L: B:53 (<E., A345;E=5, [56]).

,3 FDK9= XSPEC 4:?8G;6Z3F<F I6879:E4:A=ABA3F E:I=?@ 6KL?FI;B B39
(I3?== – E:I=?@ PL+PEXRAV):

TBabs↑ (zTBabs↑ zpowerlaw + PEXRAV ). (1.4)

^5; XB:E A:5E;5:6:GAKH 9:XJJ;>;=AB relrefl E:I=?; PEXRAV D3I363?<F :BY
5;>3B=?@AKE, GB:PK :<B36;B@ 6 XB:H 9:E4:A=AB= B:?@9: 69?3I :B53Q=AA:L:
;D?8G=A;F (B.9. 45FE3F 9:E4:A=AB3 8Q= 8GB=A3 6 zPOWERLAW). 2 :BA:Z=A;;
45:G;7 4353E=B5:6 E:I=?; PEXRAV PK?; <I=?3AK <?=I8TR;= 45=I4:?:Q=A;F:
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1) A39?:A <4=9B53 43I3TR=L: 9:AB;A88E3 PK? 45;6FD3A 9 A39?:A8 9:E4:A=ABK
zPOWERLAW, 2) D363? <4=9B53 A3 6K<:9;7 XA=5L;F7 A= 66:I;?<F, 3) 7;E;G=Y
<9;H <:<B36 :B53Q3TR=H <5=IK PK? D3J;9<;5:63A A3 <:?A=GAK7 DA3G=A;F7, 4)
9:<;A8< 8L?3 A39?:A3 PK? 6DFB 536AKE 0.5, 5) A:5E;5:693 PK?3 45;6FD3A3 9
A:5E;5:69= 9:E4:A=ABK zPOWERLAW. 2<= XB; 45=I4:?:Q=A;F A= :93DK63TB
4539B;G=<9; A;939:L: 6?;FA;F A3 93G=<B6: 3445:9<;E3>;; <4=9B53.

& <:Q3?=A;T, ;D-D3 A=I:<B3B:GA:H <B3B;<B;9; (25.7 J:B:A:6 D3 6KG=B:E
J:A3 6 I3AAK7 eROSITA) A= 8I3=B<F 4:?8G;B@ <9:?@-A;P8I@ 4:?=DAK7 :L53Y
A;G=A;H A3 4353E=B5K E:I=?; PL+PEXRAV. # I58L:H <B:5:AK, 939 8Q=
L:6:5;?:<@ 6KZ=, 4:?8G=AAKH 6 E:I=?; <B=4=AA:L: 9:AB;A88E3 A39?:A ! < 0.5

893DK63=B A3 B:, GB: 6 <4=9B5= I:E;A;58=B ;D?8G=A;=, :B53Q=AA:= :B L3D:4K?=Y
6:L: B:53. ^:XB:E8 EK 845:<B;?; E:I=?@ PL+PEXRAV: A39?:A <4=9B53 PK?
D3J;9<;5:63A A3 “93A:A;G=<9:E” I?F ’(V DA3G=A;; ! = 1.8, 3 9:E4:A=AB3,
:4;<K63TR3F 45FE:= ;D?8G=A;=, PK?3 ;<9?TG=A3, GB: 6 53E937 <B3AI35BA:H
E:I=?; ’(V <::B6=B<B68=B B39:H :5;=AB3>;;, 45; 9:B:5:H 45FE:= ;D?8G=A;=
4:?A:<B@T <95KB: B:5:E. .393F E:I=?@ (PEXRAV) :4;<K63=B<F <?=I8TR;E
6K53Q=A;=E:

TBabs↑ PEXRAV. (1.5)

#:L?3<A: 4:?8G=AAKE DA3G=A;FE Cstat, XB3 E:I=?@ 4:D6:?F=B :4;<3B@ <4=9B5
;<B:GA;93 SRGA J000132.9+240237 B39 Q= 7:5:Z:, 939 ; E:I=?@ 4:L?:R=AA:L:
<B=4=AA:L: 9:AB;A88E3.

/B:PK ?8GZ= ;D8G;B@ <6:H<B63 XB:L: ;AB=5=<A:L: ’(V, A=:P7:I;E: 4:Y
?8G;B@ 5=ABL=A:6<9;H <4=9B5 < 7:5:Z=H <B3B;<B;9:H 6 Z;5:9:E ;AB=563?=
XA=5L;H, Q=?3B=?@A: I: → 50–100 9X2. ]B: 4:D6:?;B ;<4:?@D:63B@ P:?== J;D;Y
G=<9; :P:<A:63AAK= E:I=?; I?F :4;<3A;F 4=5=A:<3 ;D?8G=A;F 6 53E937 E:I=?;
L3D:4K?=6:L: B:53.
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.3P?;>3 1.3 N !=ABL=A:6<9;= <4=9B53?@AK= 4353E=B5K.
!"#$%&’( ART-XC NMW

H
NH ! FPL

4↑12 kT FAPEC/BB

0.5↑10 AAPEC Cstat (dof)

,+-$*(. /1
SRGAJ043209.6+354917 2.6 3.0+0.8

↑0.7 1.8 (C’(".) 107+62
↑53 ↓

SRGAJ045049.8+301449 2.2 38+11
↑10 1.8 (C’(".) 110+64

↑55 ↓
SRGAJ152102.3+320418 0.2 25+6

↑6 1.8 (C’(".) 40+24
↑24 ↓

SRGAJ200431.6+610211 1.0 4.4+2.2
↑1.4 1.8 (C’(".) 50+29

↑25 ↓
SRGAJ224125.9+760343 1.7 < 0.4 1.8 (C’(".) 33+19

↑25 ↓
SRGAJ232446.8+440756 1.3 > 300 1.8 (C’(".) 122+71

↑61 ↓
,+-$*(. /2

SRGAJ025234.3+431004 1.0 78+391
↑71 0.6+2.4

↑1.3 24+49
↑12 12 (10)

SRGAJ070636.4+635109 0.4 < 0.2 1.1+0.2
↑0.2 19+9

↑7 68 (53)
0.4 < 4.8 1.0+0.5

↑0.4 23+15
↑10 0.1 (C’(".) 0.6+0.3

↑0.4 61 (52)
SRGAJ092021.6+860249 0.5 < 0.2 2.2+0.1

↑0.1 10+2
↑2 230 (212)

SRGAJ195702.4+615036 0.7 < 0.3 1.7+0.1
↑0.1 23+5

↑4 289 (283)
SRGAJ221913.2+362014 1.0 80+53

↑41 1.8+1.0
↑0.9 22+12

↑9 19 (14)
SRGAJ223714.9+402939 1.2 < 0.6 1.4+0.1

↑0.1 52+11
↑9 183 (189)

1.2 2.3+1.6
↑1.5 1.7+0.3

↑0.3 41+15
↑12 0.1 (C’(".) 2.9+1.2

↑1.5 177 (189)
SRGAJ232037.8+482329 1.3 < 0.4 1.5+0.2

↑0.2 14+5
↑4 119 (92)

SRGAJ235250.6↓170449 0.2 1.7+0.7
↑0.6 1.3+0.2

↑0.2 60+21
↑17 94 (120)

,+-$*(. /3
SRGAJ001439.6+183503 0.4 109+85

↑57 1.6+1.8
↑1.4 41+35

↑15 33.6 (19)
115+88

↑57 1.7+1.8
↑1.4 41+35

↑15 0.77+0.29
↑0.22 0.14+0.11

↑0.08 1 (C’(".) 21.8 (17)
SRGAJ002240.8+804348 1.4 0.4+0.3

↑0.3 1.90+0.16
↑0.15 22+4

↑3 265.2 (279)
SRGAJ010742.9+574419 3.2 < 3.1 1.9+0.4

↑0.4 9+3
↑3 123.1(118)

SRGAJ021227.3+520953 1.5 < 0.8 2.04+0.37
↑0.14 6.4+1.3

↑1.3 146.5 (155)
SRGAJ025208.4+482955 1.8 3.2+1.4

↑1.2 1.7+0.4
↑0.3 16+5

↑4 110.5 (104)
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^5:I:?Q=A;= B3P?;>K 1.3
!"#$%&’( ART-XC NMW

H
NH ! FPL

4↑12 kT FBB/APEC

0.5↑10 AAPEC Cstat (dof)

SRGAJ045432.1+524003 3.4 7.7+2.9
↑2.5 1.5+0.3

↑0.3 56+12
↑10 102.1 (102)

SRGAJ051313.5+662747 0.9 11+5
↑4 1.5+0.6

↑0.5 28+9
↑7 71.0 (60)

15+7
↑5 1.9+0.7

↑0.6 23+7
↑6 0.24+0.19

↑0.19 0.28+0.21
↑0.17 1(C’(".) 58.9 (58)

SRGAJ110945.8+800815 0.4 1.8+2.5
↑1.7 0.7+0.5

↑0.4 16+8
↑6 50.3 (47)

SRGAJ161251.4↓052100 1.0 12+4
↑3 1.9+0.5

↑0.5 19+6
↑5 73.0 (80)

SRGAJ161943.7↓132609 1.5 < 3.5 0.9+0.5
↑0.3 26+10

↑8 87.0 (82)
SRGAJ182109.8+765819 0.5 34+16

↑13 1.1+0.8
↑0.6 15+4

↑4 62.8 (58)
SRGAJ193707.6+660816 0.8 0.32+0.14

↑0.13 2.33+0.10
↑0.09 7.3+0.8

↑0.7 379.8 (350)
SRGAJ200331.2+701332 1.0 2.2+0.4

↑0.4 2.00+0.15
↑0.14 10.6+1.6

↑1.4 352.8 (314)
SRGAJ211149.5+722815 1.5 8+5

↑4 1.2+0.5
↑0.4 13+4

↑3 112.1 (119)
14+5

↑4 1.6+0.5
↑0.4 10+3

↑2 0.46+0.25
↑0.17 0.14+0.09

↑0.07 1(C’(".) 97.6 (117)
,+-$*(. /4

SRGAJ000132.9+240237 0.4 < 9 ↓0.5+0.9
↑0.8 20+36

↑16 11.3 (12)
SRGAJ001059.5+424341 0.7 < 0.5 2.20+0.25

↑0.15 5.4+1.6
↑1.8 168.4 (171)

SRGAJ023800.1+193818 0.8 < 0.2 2.29+0.18
↑0.08 4.8± 1.3 168 (183)

SRGAJ025900.3+502958 2.9 1.1+0.9
↑0.8 2.2+0.4

↑0.3 9+5
↑3 111.4 (140)

SRGAJ040335.6+472440 5.2 < 1.9 1.9+0.4
↑0.2 16+7

↑6 110.3 (98)
SRGAJ165143.2+532539 0.5 < 0.15 1.28+0.12

↑0.07 13.7+1.3
↑2.5 302.9 (256)

0.5 9+3
↑2 2.5+0.5

↑0.4 5+3
↑2 0.24+0.04

↑0.02 1.39± 0.16 0.07+0.06
↑0.04 248.3 (253)

SRGAJ181749.5+234311 1.2 16+5
↑4 2.0+0.6

↑0.5 29+18
↑12 113.3 (88)

SRGAJ191628.1+711619 0.9 0.45+0.19
↑0.18 2.08± 0.11 8.1+1.4

↑1.2 358.4 (365)
SRGAJ194412.5↓243619 0.8 < 0.5 0.66+0.23

↑0.17 53+11
↑18 87.4 (61)

SRGAJ195226.6+380011 2.2 < 0.6 2.22+0.31
↑0.15 9± 3 138.3 (164)

SRGAJ201633.2+705525 1.0 1.6+0.7
↑0.6 1.9+0.3

↑0.2 4.0+1.7
↑1.3 212.3 (215)
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.3P?;>3 1.3 N !=ABL=A:6<9;= <4=9B53?@AK= 4353E=B5K (45:I:?Q=A;=): E:I=?@ < :B53Q=A;=E.
!"#$%&’( ART-XC NMW

H
! FPEXRAV

4↑12 cos i APEXRAV Cstat (dof)

,+-$*(. /4
SRGAJ000132.9+240237 0.4 1.8 (C’(".) 13+6

↑5 0.5 (C’(".) 1 (C’(".) 10.9 (14)

NMW

H , NH – ?8G=6K= 9:A>=AB53>;; L3D3 6 V3?39B;9= ; 6A8B5; ’(V <::B6=B<B6=AA: (6 =I;A;>37 1021 3B:E:6 H A3
96. <E); F PL

4↓12 – ;<4536?=AAKH D3 L3?39B;G=<9:= ; 6A8B5=AA== 4:L?:R=A;= 4:B:9 <B=4=AA:H 9:E4:A=ABK 6 I;343D:A=
4–12 9X2 (10↓13 X5L <↓1 <E↓2); ! – A39?:A <B=4=AA:H 9:E4:A=ABK; kT – B=E4=53B853 4?3DEK ;?; G=5A:L: B=?3 6
E:I=?; APEC ;?; BB <::B6=B<B6=AA: (9X2). FAPEC/BB

0.5↓10 – ;<4536?=AAKH D3 4:L?:R=A;= 6 V3?39B;9= 4:B:9 EFL9:H
9:E4:A=ABK (APEC ;?; BB) 6 I;343D:A= 0.5–10 9X2 (10↓13 X5L <↓1 <E↓2); AAPEC, APEXRAV – :P;?;= E=B3??:6 4:
:BA:Z=A;T 9 <:?A=GA:E8 6 E:I=?; APEC ;?; PEXRAV; FPEXRAV

4↓12 – ;<4536?=AAKH D3 4:L?:R=A;= 6 V3?39B;9=
4:B:9 9:E4:A=ABK PEXRAV 6 I;343D:A= 4–12 9X2; cosI – 9:<;A8< 8L?3 A39?:A3 6 E:I=?; PEXRAV. )?F
;<B:GA;9:6 6KP:59; ‘1 DA3G=A;F Cstat A= 893D3AK, B39 939 :A; A= PK?; 45;6=I=AK 6 :5;L;A3?@A:H <B3B@= [25],
:IA39: I?F 6<=7 XB;7 :PS=9B:6 PK?: I:<B;LA8B: 8I:6?=B6:5;B=?@A:= 93G=<B6: 3445:9<;E3>;; <4=9B53.
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!;<8A:9 1.4 N !=ABL=A:6<9;= <4=9B5K 4: I3AAKE B=?=<9:4:6 ART-XC (<;A;E)
; eROSITA (953<AKE), 3 B39Q= E:I=?; A3;?8GZ=H 3445:9<;E3>;; ;D B3P?. 1.3.

#B5=?93E; 4:93D3AK 6=57A;= 45=I=?K.
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!;<8A:9 1.4 N ^5:I:?Q=A;=. ^:I 93QIKE <4=9B5:E A35;<:63A: :BA:Z=Y
A;= I3AAK7 9 E:I=?;. )?F ;<B:GA;9:6 SRGA J070636.4+635109 ; SRGA

J223714.9+402939 4:93D3AK EFL9;= 9:E4:A=ABK E:I=?; PL+BB.
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!;<8A:9 1.3 N ^5:I:?Q=A;=. )?F ;<B:GA;93 SRGA J001439.6+183503 4:93D3A3
EFL93F 9:E4:A=AB3 E:I=?; PL+APEC.
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!;<8A:9 1.3 N ^5:I:?Q=A;=. )?F ;<B:GA;93 SRGA J051313.5+662747 4:93D3A3
EFL93F 9:E4:A=AB3 E:I=?; PL+APEC.
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!;<8A:9 1.3 N ^5:I:?Q=A;=. )?F ;<B:GA;93 SRGA J211149.5+722815 4:93D3A3
EFL93F 9:E4:A=AB3 E:I=?; PL+APEC.
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!;<8A:9 1.3 N ^5:I:?Q=A;=.



71

!;<8A:9 1.3 N ^5:I:?Q=A;=.
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1.5.3 M#$//(=(0$H(2 -4K&0,-%

2 B3P?. 1.4 I?F 6<=7 ;<<?=I:63AAK7 ’(V 45=I<B36?=AK :45=I=?=AAK= 4:
:4B;G=<9;E <4=9B53E 953<AK= <E=R=A;F ; B;4K :PS=9B:6. &5:E= B:L:, 45;6=Y
I=AK <::B6=B<B68TR;= :>=A9; 5=ABL=A:6<9;7 <6=B;E:<B=H. "BE=B;E, I?F I687
;<B:GA;9:6 (SRGA J070636.4+635109 ; SRGAJ052959.8↓340157) ;D 6KP:59; ‘2
6 :5;L;A3?@A:H 48P?;93>;; [28] 9?3<< :PS=9B3 PK? 893D3A A= <:6<=E B:GA: 939
Sy1.8, 7:BF ;7 4536;?@A=H :BA=<B; 9 9?3<<8 Sy1.9, 939 A34;<3A: 6 B3P?;>= 1.4.

)?F :4B;G=<9:H 9?3<<;J;93>;; 39B;6AK7 FI=5 L3?39B;9 EK ;<4:?@D:63Y
?; <B3AI35BAK= 95;B=5;;, :<A:63AAK= A3 <::BA:Z=A;; 4:B:9:6 6 XE;<<;:AAK7
?;A;F7 [57; 58] ; ;7 Z;5;A37:

– !3DI=?=A;= A3 <=HJ=5B:6<9;= L3?39B;9; 4=56:L: (Sy1) ; 6B:5:L: (Sy2)
B;43 45:;D6:I;B<F 4: A3?;G;T Z;5:9;7 9:E4:A=AB 8 53D5=Z=AAK7 ?;Y
A;H, B39;7 939 P3?@E=5:6<9;= ?;A;; 6:I:5:I3. - :PS=9B:6 Sy1 6;IAK
Z;5:9;= 9:E4:A=ABK (939 4536;?:, FWHM > 2 ↑ 103 9E <↓1), 3 8
:PS=9B:6 Sy2 Z;5;A3 53D5=Z_AAK7 ?;A;H <:4:<B36;E3 < Z;5;A:H D3Y
45=R_AAK7 ?;A;H (FWHM ↫ 5↑ 102 9E <↓1) [57].

– ^5:E=Q8B:GAK= B;4K :45=I=?FTB<F 4: :BA:<;B=?@A:H 6K53Q=AA:<B;
Z;5:9:H 9:E4:A=ABK 8 P3?@E=5:6<9;7 ?;A;H: Sy1.5 – Z;5:93F ; 8DY
93F 9:E4:A=ABK Hϖ <536A;EK 4: ;AB=A<;6A:<B;; Sy1.8 – 45;<8B<B68=B
<?3P3F Z;5:93F 9:E4:A=AB3 8 Hϖ; Sy1.9 – <?3P3F Z;5:93F 9:E4:A=AB3
;E==B<F B:?@9: 8 Hω.

– #4=9B5K <=HJ=5B:6<9;7 L3?39B;9 4=56:L: B;43 < 8D9;E; ?;A;FE;
(NLSy1) 73539B=5;D8TB<F :BA:<;B=?@A: [8D9;E;\ Z;5:9;E; P3?@E=Y
5:6<9;E; ?;A;FE; (FWHM ↫ 2000 9E <↓1) ; <;?@A:H XE;<<;=H 6
963D;-9:AB;A88E= FeII.

– "PS=9BK P=D 45;DA39:6 Z;5:9;7 ?;A;H 6 <4=9B5= 9?3<<;J;>;58Y
TB<F 4: :BA:Z=A;T 4:B:9:6 6 8D9;7 ?;A;F7 lg([NII]ε6584/Hω) ;
lg([OIII]ε5007/Hϖ) 939 <=HJ=5B:6<9;= L3?39B;9; (3 A= D6=DI::P53Y
D8TR;=/LINER) < 4:E:R@T BPT-I;3L53EEK ("Baldwin, Phillips &
Terlevich") [59]. 2 G3<BA:<B; I?F <=HJ=5B:6 :PKGA: [O III]/Hϖ ↭ 3.

,3 5;<. 1.4 4:93D3A3 BPT-I;3L53EE3 I?F A3Z;7 :PS=9B:6. # 4:E:R@T
A== 8I3?:<@ 9?3<<;J;>;5:63B@ 6<= ;<B:GA;9;, 95:E= G=BK5=7, I?F 9:B:5K7 :93Y
D3?:<@ A=6:DE:QA: 6KI=?;B@ 8D9;= P3?@E=5:6<9;= ?;A;;. .=E A= E=A== XB;
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:PS=9BK 4: I58L;E 45;DA393E PK?; :BA=<=AK 9 <=HJ=5B:6<9;E L3?39B;93E
53DAK7 B;4:6. ’ ;E=AA::

– - SRGAJ224125.9+760343 A= 8I3=B<F A3I=QA: 53D?;G;B@ ?;A;T
[NII]ε6583, A: A3?;G;= :BA:<;B=?@A: Z;5:9:H Hω (FWHM =

2300± 100 9E <↓1) 4:D6:?F=B :BA=<B; =L: 9 NLSy1.
– 2 <4=9B5= SRGAJ001439.6+183503 :B<8B<B68=B ?;A;; [OIII]ε5007 ; Hϖ,

A: 6K<:93F 5=ABL=A:6<93F <6=B;E:<B@ (→ 3 ↑ 1042 X5L <↓1) 6 I;343D:A=
4–12 9X2 ; A3?;G;= B:?@9: 8D9:H 9:E4:A=ABK Hω 4:D6:?F=B :BA=<B;
=L: 9 Sy2;

– 2 <4=9B5= SRGA J002240.8+804348 A=6:DE:QA: A3I=QA: 6KI=?;B@ 8DY
9;= ?;A;; Hω ; [NII]ε6583, :IA39: A3?;G;= Z;5:9;7 9:E4:A=AB Hω ;
Hϖ L:6:5;B : B:E, GB: XB: Sy1;

– - SRGA J201633.2+705525 :P?3<B@ Hω :93D3?3<@ D3 45=I=?3E; <4=9Y
B53?@A:L: I;343D:A3, A: A3?;G;= Z;5:9:H 9:E4:A=ABK Hϖ 4:D6:?F=B
9?3<<;J;>;5:63B@ :PS=9B 939 Sy1.

W:?@Z;A<B6: :PS=9B:6 ?=Q3B A3 BPT-I;3L53EE= 6 :P?3<B; c=HJ=5B:6Y
<9;7 L3?39B;9, A: =<B@ A=<9:?@9: A=:IA:DA3GAK7 <?8G3=6:

– SRGA J070636.4+635109, <:L?3<A: BPT-I;3L53EE=, E:Q=B PKB@ 939
’(V A;D9:H <6=B;E:<B; (LINER), B39 ; <=HJ=5B:6<9:H L3?39B;9:H, A:
A3?;G;= Z;5:9:H 9:E4:A=ABK Hω, :B<8B<B6;= ?;A;; Hϖ ; 6K<:93F
5=ABL=A:6<93F <6=B;E:<B@ (LX = 6+4

↓2 ↑ 1044 X5L <↓1) 4:D6:?FTB :BA=<B;
=L: 9 9?3<<8 Sy1.9.

– SRGA J235250.6↓170449, <:L?3<A: BPT-I;3L53EE=, E:Q=B PKB@ ?;P:
D6=DI::P53D8TR=H L3?39B;9:H, ?;P: L3?39B;9:H < 9:E4:D;BAKE <4=9Y
B5:E, ?;P: (A3 L53A;>= I:6=5;B=?@A:L: ;AB=563?3) <=HJ=5B:6<9:H
L3?39B;9:H. "IA39: A3?;G;= Z;5:9;7 9:E4:A=AB 8 ?;A;H Hω ; Hϖ

4:D6:?F=B :IA:DA3GA: 9?3<<;J;>;5:63B@ :PS=9B 939 Sy1.
– SRGAJ010742.9+574419 4:43I3=B 6 :P?3<B@ L3?39B;9 < 9:E4:D;BKE

<4=9B5:E – 6=5:FBA:, ;D-D3 B:L:, GB: EK A= E:Q=E I?F A=L: A3I=QA:
6KI=?;B@ 8D9;= ?;A;; Hω ; [NII]ε6583, A: A3?;G;= Z;5:9:H 9:E4:A=AY
BK Hω < FWHM = 3750 ± 120 9E <↓1 4:D6:?F=B 9?3<<;J;>;5:63B@
:PS=9B 939 Sy1.9.
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Star-forming Composite

LINER

Seyfert

Star-forming Composite

LINER

Seyfert

Star-forming Composite

LINER

Seyfert

Star-forming Composite

LINER

Seyfert

Sy1.9 Sy2

NLSy1 Sy1
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0.0

0.4

0.8
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1.6

0.0

0.4

0.8

1.2

1.6

log([NII] λ6583 Hα)

lo
g(

[O
III

] λ
50

07
Hβ

)

!;<8A:9 1.4 N !3<4:?:Q=A;= ;<<?=I8=EK7 ’(V A3 BPT-I;3L53EE= [59]. )?F
?8GZ=L: 6:<45;FB;F I;3L53EE3 A35;<:63A3 53DI=?@A: I?F G=BK5=7 B;4:6 <=HY
J=5B:6<9;7 L3?39B;9 (<:L?3<A: A3Z;E 6K6:I3E). ^:93D3AK 1σ I:6=5;B=?@AK=
;AB=563?K :BA:Z=A;H 4:B:9:6. #B5=?93E; 893D3AK A;QA;= 2σ-45=I=?K. !3DY
L53A;G;B=?@AK= ?;A;; E=QI8 53DAKE; 9?3<<3E; L3?39B;9 6DFBK ;D 53P:B: [60]

– <4?:ZA3F ?;A;F, [61] – 48A9B;5A3F ?;A;F, [62] – ZB5;7:63F ?;A;F.
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.3P?;>3 1.4 N #6:H<B63 39B;6AK7 FI=5 L3?39B;9
)-D5(# )1#’%5"(’6 #’1 z1 logLX

2

,+-$*(. /1
SRGAJ043209.6+354917 Sy1 0.0506± 0.0010 43.8+0.2

↑0.3

SRGAJ045049.8+301449 Sy1.9 0.03308± 0.00004 43.4+0.2
↑0.3

SRGAJ152102.3+320418 Sy2 0.1143± 0.0003 44.1+0.2
↑0.4

SRGAJ200431.6+610211 Sy2 0.05866± 0.00013 43.6+0.2
↑0.3

SRGAJ224125.9+760343 NLSy1 0.2834± 0.0004 44.9+0.2
↑0.6

SRGAJ232446.8+440756 Sy2 0.0462± 0.0002 43.8+0.2
↑0.3

,+-$*(. /2
SRGAJ025234.3+431004 Sy2 0.05123± 0.00024 43.2+0.5

↑0.3

SRGAJ062627.2+072734 Sy1 0.04254± 0.00013 43.0± 0.7↓

SRGAJ070636.4+635109 Sy1.9 0.01404± 0.00019 42.0+0.2
↑0.2

SRGAJ092021.6+860249 Sy1 0.05286± 0.00013 42.82+0.08
↑0.10

SRGAJ195702.4+615036 Sy1 0.05857± 0.00014 43.28+0.09
↑0.08

SRGAJ221913.2+362014 Sy2 0.14667± 0.00003 44.11+0.19
↑0.23

SRGAJ223714.9+402939 Sy1 0.05818± 0.00011 43.52+0.14
↑0.15

SRGAJ232037.8+482329 Sy2 0.04197± 0.00017 42.76+0.13
↑0.15

SRGAJ235250.6↓170449 Sy1 0.05502± 0.00012 43.64+0.13
↑0.14

SRGAJ030838.1↓552041 Sy2 0.07791 43.8± 0.3↓

SRGAJ052959.8↓340157 Sy1.9 0.07900 43.8± 0.3↓

SRGAJ055053.7↓621457 Sy1 0.05875 43.0± 0.3↓

SRGAJ060241.1↓595152 Sy2 0.10051 43.8± 0.3↓

SRGAJ061322.9↓290027 Sy2 0.07051 44.1± 0.16↓

SRGAJ063324.9↓561424 Sy2 0.04784 43.2± 0.3↓

SRGAJ064421.5↓662620 Sy1 0.07843 42.9± 0.6↓

SRGAJ072823.5↓440823 Sy1 0.08171 43.8± 0.3↓

,+-$*(. /3
SRGAJ001439.6+183503 Sy2 0.01800± 0.00007 42.5+0.3

↑0.2

SRGAJ002240.8+804348 Sy1 0.11470± 0.00130 43.87+0.07
↑0.06

SRGAJ010742.9+574419 Sy1.9 0.06992± 0.00030 43.03+0.12
↑0.18

SRGAJ021227.3+520953 Sy1 0.23810± 0.00011 44.04+0.08
↑0.10

SRGAJ025208.4+482955 Sy1.9 0.03366± 0.00008 42.62+0.12
↑0.12

SRGAJ045432.1+524003 Sy1.9 0.03117± 0.00012 43.10+0.08
↑0.09

SRGAJ051313.5+662747 Sy2 0.01479± 0.00008 42.05+0.12
↑0.13

SRGAJ110945.8+800815 Sy2 0.18879± 0.00031 44.21+0.18
↑0.20

SRGAJ161251.4↓052100 Sy2 0.03055 42.61+0.12
↑0.13

SRGAJ161943.7↓132609 Sy1.9 0.07891 43.60+0.14
↑0.16

SRGAJ182109.8+765819 Sy2 0.06310± 0.00040 43.16+0.10
↑0.13

SRGAJ193707.6+660816 NLSy1 0.07136± 0.00012 42.96+0.05
↑0.04

SRGAJ200331.2+701332 Sy1 0.09759± 0.00002 43.41+0.06
↑0.06



76

^5:I:?Q=A;= B3P?;>K 1.4
)-D5(# )1#’%5"(’6 #’1 z1 logLX

2

SRGAJ211149.5+722815 Sy2 0.10611± 0.00011 43.46+0.11
↑0.10

,+-$*(. /4
SRGAJ000132.9+240237 Sy1.9 0.10478± 0.00006 43.7+0.4

↑0.7

SRGAJ001059.5+424341 Sy1 0.14640± 0.00009 43.49+0.11
↑0.18

SRGAJ023800.1+193818 Sy1 0.03350± 0.00014 42.10+0.10
↑0.14

SRGAJ025900.3+502958 Sy1 0.09461± 0.00013 43.31+0.19
↑0.18

SRGAJ040335.6+472440 Sy1 0.0967± 0.0003 43.58+0.16
↑0.20

SRGAJ165143.2+532539 Sy1.9 0.02864± 0.00004 42.0+0.2
↑0.2

SRGAJ181749.5+234311 Sy1.9 0.08134± 0.00014 43.7+0.2
↑0.2

SRGAJ191628.1+711619 Sy1 0.09839± 0.00017 43.30+0.07
↑0.07

SRGAJ194412.5↓243619 Sy2 0.14021± 0.00010 44.45+0.08
↑0.18

SRGAJ195226.6+380011 Sy1 0.07666± 0.00007 43.11+0.12
↑0.18

SRGAJ201633.2+705525 Sy1 0.25791± 0.00005 43.91+0.15
↑0.17

1 &53<AK= <E=R=A;F P=D 893D3AAK7 4:L5=ZA:<B=H 6DFBK ;D 93B3?:L3 6dFGS.
2 #6=B;E:<B@ <B=4=AA:L: 5=ABL=A:6<9:L: 9:AB;A88E3 6 A3P?TI3=E:E
I;343D:A= 4–12 9X2, ;<4536?=AA3F D3 L3?39B;G=<9:= ; 6A8B5=AA== 4:L?:R=A;=,
53<<G;B3AA3F 4: ?8GZ=H E:I=?;: PL+APEC ;?; PL+BB 45; A3?;G;;
EFL9:L: ;DPKB93, ?;P: PL 6 :<B3?@AK7 <?8G3F7 (<E. B3P?. 1.3). "Z;P93
<::B6=B<B68=B 90% I:6=5;B=?@A:E8 ;AB=563?8, P=D 8G=B3 4:L5=ZA:<B; z.
⇒ )?F ;<B:GA;9:6, 53<4:?:Q=AAK7 A3 D343IA:H L3?39B;G=<9:H 4:?:6;A= A=P3
(A3 9:B:5:H D3 :P53P:B98 I3AAK7 B=?=<9:43 eROSITA :B6=G3=B L=5E3A<9;H
9:A<:5>;8E) 45;6=I=AK <6=B;E:<B; 6 A3P?TI3=E:E I;343D:A= 4–12 9X2 P=D
4:45369; D3 4:L?:R=A;=, 9:B:5K= PK?; :>=A=AK A3 :<A:6= 4:B:9:6
;<B:GA;9:6, 45;6=I=AAK7 6 93B3?:L37 :PD:53 6<=L: A=P3 ART-XC,
<::B6=B<B68TR;7 893D3AAKE 6KP:593E.

1.5.4 !H&’0$ 8$// >&3’16 *13 ( ,&87-% $003&H((

)3Q= :IA:953BA:= ;DE=5=A;= 73539B=5;<B;9 45;<8B<B68TR;7 6 :4B;Y
G=<9:E <4=9B5= ’(V 4=56:L: B;43 Z;5:9;7 XE;<<;:AAK7 ?;A;H, 9:B:5K=
45=I4:?:Q;B=?@A: 5:QI3TB<F 6 :95=<BA:<B; >=AB53?@A:H G=5A:H IK5K, 4:D6:Y
?F=B :>=A;B@ E3<<8 4:<?=IA=H A3 :<A:6= ;D6=<BAK7 XE4;5;G=<9;7 <::BA:Z=A;H.
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^:<?=IA;= :<A:63AK A3 6;5;3?@A:H B=:5=E= ; :B93?;P5:63AK 4: A3P?TI=A;Y
FE (L:53DI: P:?== D3B53BAKE) :BI=?@AK7 ’(V E=B:I:E X7:935B;5:63A;F. +K
:>=A;?; E3<<K >=AB53?@AK7 G_5AK7 IK5 6 :PS=9B37 B;43 Sy1 ; NLSy1 ;D
A3Z=H 6KP:59; 4: <6=B;E:<B; ; Z;5;A= Z;5:9:H 9:E4:A=ABK ?;A;; Hω. 2
=I;A<B6=AA:E <?8G3=, 9:LI3 Hω 6K43?3 D3 45=I=?K <4=9B53?@A:L: I;343D:A3
(SRGA J201633.2+705525), ;<4:?@D:63?3<@ 3A3?:L;GA3F :>=A93 4: Hϖ. $D 53ccY
E:B5=A;F PK?; ;<9?TG=AK B5; Sy1, I?F 9:B:5K7 I:<B84AK B:?@9: <4=9B5K ;D
:PD:53 6dF, 4:<9:?@98 :A; A= :B93?;P5:63AK 4: 4:B:98 ; A= 4:D6:?FTB ;DE=Y
5;B@ <6=B;E:<B; ?;A;H.

2 A3Z;7 48P?;93>;F7 [25;28–30] :>=A9; E3<< G=5AK7 IK5 PK?; 6K4:?A=AK
A= I?F 6<=7 <=HJ=5B:6 4=56:L: B;43, 4:XB:E8 EK I:P36;?; A;Q= A=I:<B3TR;=
:>=A9;. &5:E= B:L:, 6 <B3B@= [25] E3<<3 G=5A:H IK5K 6 SRGA J224125.9+760343
:>=A;63?3<@ A3 :<A:6= ?;A;; Hϖ, 7:BF 6 <4=9B5= =<B@ B39Q= Z;5:93F ?;Y
A;F Hω, 4:XB:E8 A;Q= EK ;<4:?@D:63?; ;E=AA: XB8 (P:?== <;?@A8T) ?;A;T
I?F :>=A9;. ,39:A=>, 6 A3Z;7 <B3B@F7 45; :45=I=?=A;; <6=B;E:<B; Z;5:9;7
?;A;H Hω ; Hϖ 45=I4:?3L3?:<@, GB: :A; A= 4:I6=5Q=AK 6A8B5=AA=E8 4:L?:Y
R=A;T. .=E A= E=A==, 939 ;D6=<BA: ;D ?;B=53B85K, I3Q= ’(V 4=56:L: B;43
E:Q=B 45;<8B<B6:63B@ D3E=BA:= 9:?;G=<B6: 4K?; A3 ?8G= D5=A;F. ^:XB:E8
A;Q= EK 5=Z;?; 8G=<B@ 4:453698 D3 6A8B5=A== 4:L?:R=A;= < 4:E:R@T P3?@Y
E=5:6<9:L: I=95=E=AB3 Z;5:9;7 ?;A;H (Hω/Hϖ), 45=I4:?3L3F <B3AI35BAKH
9:XJJ;>;=AB 4:953<A=A;F RV = 3.1 ; 95;68T X9<B;A9>;; ;D 53P:BK [63]:
AV = 7.202 [log(Hω/Hϖ) ↓ log 3.06]. UI=<@ 3.06 – 73539B=5AKH P3?@E=5:6<9;H
I=95=E=AB I?F ’(V < A;D9;E 6A8B5=AA;E 4:L?:R=A;=E (“L:?8PKE;” <4=9B53Y
E;) ;D 53P:BK [64]. .:LI3 4:L?:R=A;= 6 ?;A;F7: A(Hω) = 0.817AV ; A(Hϖ) =

1.165AV . ">=A9; P3?@E=5:6<9:L: I=95=E=AB3 45=I<B36?=AK 6 B3P?. 1.5. ^5;Y
<8B<B6;= <5=I; A;7 A=<9:?@9;7 DA3G=A;H Hω/Hϖ ⇐ 2 A=6:DE:QA: :PSF<A;B@
6 53E937 <B3AI35BA:H B=:5;; 5=9:EP;A3>;;, ;, :G=6;IA:, :B53Q3TB <;<B=E3Y
B;G=<98T 4:L5=ZA:<B@ A3Z=L: E:I=?;5:63A;F <4=9B5:6 (53DI=?=A;F Z;5:9;7
; 8D9;7 9:E4:A=AB ?;A;H). ^:XB:E8 EK 45;E=A;?; 4:453698 D3 4:L?:R=A;=
B:?@9: 9 <=E; :PS=9B3E < Hω/Hϖ > 4.0.

">=A93 E3<< G=5AK7 IK5 45:;D6:I;?3<@ < 4:E:R@T XE;4;5;G=<9:H D36;Y
<;E:<B; I?F Z;5:9:H Hω (J:5E8?3 6 6 <B3B@= [65]):

MBH = (2.0+0.4
↓0.3)↑ 106

[︃
LHω

1042 X5L <↓1

]︃0.55±0.02[︃FWHMHω

103 9E <↓1

]︃2.06±0.06

M↔ (1.6)



78

.3P?;>3 1.5 N +3<<K, P:?:E=B5;G=<9;= <6=B;E:<B; ; XII;ALB:A:6<9;= :BA:Z=Y
A;F I?F >=AB53?@AK7 G=5AK7 IK5 6 L3?39B;937 B;43 Sy1

!"#$%&’( ART-XC

⌊︃
F (Hω)
F (Hϖ)

⌋︃

obs

E."". F7, 108M↔ Lbol, 1044 G*H "↑1 εEdd

,+-$*(. /1
SRGAJ043209.6+354917 3.5± 0.8 1.1± 0.2 10+3

↑3 0.06+0.02
↑0.02

SRGAJ224125.9+760343 3.13± 0.08 0.33± 0.07 124+39
↑71 2.6+1.0

↑1.6

,+-$*(. /2
SRGAJ062627.2+072734 4.3± 0.3 0.81± 0.18 1.5+2.5

↑0.9 0.013+0.021
↑0.008

SRGAJ092021.6+860249 2.3± 0.4 0.042± 0.009 1.17+0.14
↑0.15 0.19+0.05

↑0.05

SRGAJ195702.4+615036 6.6± 1.1 0.9± 0.3 2.7+0.3
↑0.3 0.022+0.008

↑0.008

SRGAJ223714.9+402939 2.1± 0.2 3.5± 0.9 4.7+1.0
↑0.9 0.009+0.003

↑0.003

SRGAJ235250.6-170449 5.3± 0.2 7.2± 1.7 5.3+1.1
↑1.0 0.0050+0.0016

↑0.0015

,+-$*(. /3
SRGAJ002240.8+804348 3.62± 0.18 2.6± 0.6 11.6+1.2

↑1.0 0.030+0.007
↑0.007

SRGAJ021227.3+520953 6.8± 0.4 3.8± 0.9 18+2
↑2 0.032+0.008

↑0.008

SRGAJ193707.6+660816 3.91± 0.19 0.12± 0.02 1.70+0.11
↑0.10 0.099+0.020

↑0.019

SRGAJ200331.2+701332 3.5± 0.4 2.3± 0.5 4.1+0.4
↑0.3 0.013+0.003

↑0.003

,+-$*(. /4
SRGAJ001059.5+424341 4.6± 0.2 2.5± 0.6 5.5+0.9

↑1.2 0.015+0.004
↑0.005

SRGAJ023800.1+193818 3.4± 0.5 0.047± 0.010 0.23+0.04
↑0.04 0.034+0.009

↑0.009

SRGAJ025900.3+502958 4.4± 0.3 1.1± 0.2 3.6+1.1
↑0.8 0.022+0.008

↑0.007

SRGAJ040335.6+472440 2.2± 0.2 0.28± 0.06 5.8+1.4
↑1.5 0.14+0.05

↑0.05

SRGAJ191628.1+711619 4.0± 0.3 1.0± 0.2 3.3+0.3
↑0.3 0.022+0.005

↑0.005

SRGAJ195226.6+380011 6.9± 0.5 0.44± 0.10 2.3+0.4
↑0.5 0.036+0.010

↑0.011

SRGAJ201633.2+705525↓ ↓ 1.35± 0.19 13+3
↑3 0.064+0.018

↑0.016

7$I5*’#53<&+5 ’&#5*I.3+ 1*52"#.I35&+ &. J*$I&5 68%.
↓ 73> 2.&&$H$ ’"#$%&’(. $45&(. 0."". %5*&$6 2+*+ $45&’I.3."< 1$ 3’&’’ Hϖ, 23> I"5K
$"#.3<&+K – 1$ 3’&’’ Hω.

;?; 3A3?:L;GA:H D36;<;E:<B; I?F Z;5:9:H Hϖ (J:5E8?3 7 6 <B3B@= [65]) :

MBH = (3.6± 0.2)↑ 106
[︃

LHϖ

1042 X5L <↓1

]︃0.55±0.02[︃FWHMHϖ

103 9E <↓1

]︃2

M↔. (1.7)

^:?8G=AAK= :>=A9; E3<< G=5AK7 IK5 45;6=I=AK 6 B3P?. 1.5.
UA3F MBH ; P:?:E=B5;G=<98T <6=B;E:<B@, Lbol, E:QA: :>=A;B@ :BA:Z=Y

A;= B=E43 3995=>;; 6=R=<B63 A3 G=5A8T IK58 9 95;B;G=<9:E8 (45; 9:B:5:E
I:<B;L3=B<F XII;ALB:A:6<93F <6=B;E:<B@), εEdd. )?F XII;ALB:A:6<9:H <6=B;Y
E:<B; E:QA: 45;AFB@ LEdd ⇐ 1.5 ↑ 1038(M/M↔) X5L <↓1 (< 8G=B:E L=?;F).
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):<B3B:GA: 7:5:Z;E ;AI;93B:5:E P:?:E=B5;G=<9:H <6=B;E:<B; ’(V E:Q=B
<?8Q;B@ ;<4536?=AA3F D3 4:L?:R=A;= 5=ABL=A:6<93F <6=B;E:<B@. +K :>=A;?;
P:?:E=B5;G=<9;= <6=B;E:<B; ’(V 4=56:L: B;43 6 A3Z=H 6KP:59=, ;<4:?@D8F P:Y
?:E=B5;G=<98T 4:453698 I?F I;343D:A3 2–109X2 ;D 53P:BK [66]: Lbol/LX → 11.
#6=B;E:<B; 6 2–10 9X2 6 <;<B=E= 4:9:F ;<B:GA;9:6 PK?; 4:?8G=AK 4=5=<G=B:E
<6=B;E:<B=H 6 A3P?TI3=E:E I;343D:A= 4–12 9X2 ;D B3P?;>K 1.4, 45=I4:?3L3F
<B=4=AA:H <4=9B5 < A39?:A:E !, <::B6=B<B68TR;E E:I=?; A3;?8GZ=H 3445:9Y
<;E3>;; I?F I3AA:L: ;<B:GA;93 (B3P?. 1.3). ^:?8G=AAK= DA3G=A;F Lbol ; εEdd

45=I<B36?=AK 6 B3P?. 1.5.
,3 :<A:6= 4:?8G=AAK7 DA3G=A;H ;D B3P?;>K 1.5 PK?3 4:<B5:=A3 I;3L53EY

E3 E3<<3 G=5A:H IK5K – XII;ALB:A:6<9:= :BA:Z=A;= (5;<. 1.5). $DE=5=AAK=
E3<<K :93D3?;<@ 6 I;343D:A= :B → 5 ↑ 106 I: → 7 ↑ 108M↔, 3 DA3G=A;F εEdd 8
P:?@Z;A<B63 :PS=9B:6 635@;58TB<F :B → 0.5% I: → 20%, GB: 73539B=5A: I?F
<=HJ=5B:6<9;7 L3?39B;9 6 >=?:E (<E., A345;E=5, [67;68]). $<9?TG=A;=E F6?F=BY
<F NLSY1 SRGA J224125.9+760343, 8 9:B:5:L: Lbol → LEdd. ]B: <::B6=B<B68=B
4:48?F5A:H B:G9= D5=A;F, GB: 6 <=HJ=5B:6<9;7 L3?39B;937 4=56:L: B;43 < 8D9;Y
E; ?;A;FE; 3995=>;F 45:;<7:I;B 6 B=E4=, P?;D9:E 9 95;B;G=<9:E8 [69]. "IA39:
6 <?8G3= I58L:L: NLSy1 SRGAJ193707.6+660816 εEdd → 0.1. ^536I3, A=:P7:I;Y
E: :BE=B;B@, GB: <8IF 4: Z;5;A= P3?@E=5:6<9;7 ?;A;H (FWHM ⇐ 2200–2400
9E <↓1) 4:<?=IA;H F6?F=B<F 4:L53A;GAKE :PS=9B:E E=QI8 9?3<<3E; NLSy1
; Sy1. ,39:A=>, A=?@DF D3PK63B@, GB: 6: 6<=7 XB;7 :>=A937 I:?QA3 45;<8BY
<B6:63B@ DA3G;B=?@A3F <;<B=E3B;G=<93F 4:L5=ZA:<B@ (A35FI8 < 45;6=I=AAKE;
6 B3P?;>= <B3B;<B;G=<9;E; :Z;P93E;), <6FD3AA3F < :>=A9:H E3<< G=5AK7 IK5
4: XE4;5;G=<9;E <::BA:Z=A;FE; ; 45;E=A=A;=E P:?:E=B5;G=<9:H 4:45369;.
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!;<8A:9 1.5 N );3L53EE3 E3<<3 G=5A:H IK5K – XII;ALB:A:6<9:= :BA:Z=A;=
(<E. B3P?. 1.5) I?F ’(V 4=56:L: B;43 (Sy1 ; NLSy1).

1.5.5 :$0#-’ 3&’,"&’-%/0-"- 0-’,(’558$ ( %’5,3&’’&& 7-"#-@&’(&

,3 :<A:6= 4:?8G=AAK7 5=ABL=A:6<9;7 <4=9B53?@AK7 4353E=B5:6
(B3P?. 1.3) EK 4:<B5:;?; D36;<;E:<B@ A39?:A3 <B=4=AA:H 9:E4:A=ABK ! :B
9:?:A9; 6A8B5=AA=L: 4:L?:R=A;F NH (5;<. 1.6). ,3 5;<. 1.6 ;D:P53Q=AK 39
;<B:GA;9:6. ,34:EA;E, GB: I?F 5FI3 :PS=9B:6 :PA358Q=A EFL9;H ;DPKB:9
A3 XA=5L;F7 A;Q= → 1 9X2. 2 XB;7 <?8G3F7 DA3G=A;F ! ; NH A3 I;3L53EE=
<::B6=B<B68=B 4353E=B53E I6879:E4:A=ABA:H E:I=?; PL + APEC ;?; PL +

BB (6 D36;<;E:<B; :B 9:A95=BA:L: :PS=9B3).
&39 6;IA: ;D 5;<8A93, 53<45=I=?=A;= A39?:A:6 6 >=?:E <:<5=I:B:G=A:

6P?;D; B;4;GA:L: I?F ’(V DA3G=A;F ! ⇐ 1.8, GB: <:L?3<8=B<F, A345;E=5, <
[70]. ,3 I;3L53EE= 6KI=?F=B<F <=HJ=5B:6<93F L3?39B;93 4=56:L: B;43 < 8D9;E;
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?;A;FE; SRGA J193707.6+660816, I?F 9:B:5:H 4:?8G;?<F <8R=<B6=AA: P:?==
958B:H A39?:A <4=9B53: ! = 2.33 ± 0.10. "IA39: B39;= A39?:AK 73539B=5AK
I?F NLSy1 6 >=?:E [71; 72].

!3<45=I=?=A;= ;<B:GA;9:6 4: NH (5;<. 1.6) I=E:A<B5;58=B <:L?3<;= < :4Y
B;G=<9;E B;4:E. ’ ;E=AA:, P:?@Z;A<B6: :PS=9B:6 Sy1.9/Sy2 73539B=5;D8TB<F
DA3G;B=?@AKE 6A8B5=AA;E 4:L?:R=A;=E: NH > 1022 <E↓2. #5=I; A;7 6KI=?FY
TB<F I63 ;<B:GA;93 – SRGAJ232446.8+440756 (Sy2) ; SRGA J000132.9+240237
(Sy1.9), 9:B:5K= E:L8B PKB@ 9:E4B:A:6<9; B:?<BKE; ’(V (NH > 1024 <E↓2).
"IA39:, GB:PK A3I_QA: :L53A;G;B@ NH 6 XB;7 :PS=9B37, B5=P8=B<F 45:6=<B; P:Y
?== L?8P:9;= Z;5:9:4:?:<AK= 5=ABL=A:6<9;= A3P?TI=A;F. ,3:P:5:B, I?F 6<=7
Sy1/NLSy1 6A8B5=AA== 4:L?:R=A;= ?;P: A= :PA358Q;63=B<F, ?;P: A=6=?;9::
NH < 1021.5 <E↓2.
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!;<8A:9 1.6 N U36;<;E:<B@ A39?:A3 5=ABL=A:6<9:L: <B=4=AA:L: 9:AB;A88E3
:B 9:?:A9; 6A8B5=AA=L: 4:L?:R=A;F I?F A3;?8GZ=H E:I=?; 5=ABL=A:6<9:L:
<4=9B53 (<E. B3P?. 1.3). );3L53EE3 A35;<:63A3 53DI=?@A: I?F G=BK5=7 B;4:6
<=HJ=5B:6<9;7 L3?39B;9. $<B:GA;9; ;D 6KP:59; ‘1, I?F 9:B:5K7 A39?:A J;9Y
<;5:63?<F A3 DA3G=A;; ! = 1.8, :BE=G=AK 4:?KE; 963I53B3E;. "Z;P9; ;
6=57A;= 45=I=?K <::B6=B<B68TB 90% I:6=5;B=?@AKE ;AB=563?3E. )?F ;<B:GA;Y
93 SRGA J000132.9+240237 (Sy1.9), 5=ABL=A:6<9;H <4=9B5 9:B:5:L: <:L?3<8=B<F
6 E:I=?@T :B53Q=AA:L: ;D?8G=A;F, 4:93D3A 6=5:FBAKH 45=I=? NH > 1024<E↓2

6 45=I4:?:Q=A;;, GB: ! = 1.8.
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1.5.6 9’-"-%-#’-%1& /%-?/,%$ -4K&0,-%

.3P?;>3 1.6 N +A:L:6:?A:6K= <6:H<B63 39B;6AK7 FI=5 L3?39B;9

!"#$%&’( ART-XC B$01.&<$& W1↓W2 ?.2’$,
0L&

,+-$*(. /1
SRGAJ043209.6+354917 2MASX J04320796+3549287

WISEAJ043207.95+354928.8
VLASS1QLCIR J043207.89+354929.0

0.68± 0.03 2.5± 0.4

(2–4 994)

SRGAJ045049.8+301449 LEDA 1896296
WISEA J045048.00+301502.8
VLASS1QLCIR J045047.99+301503.0

0.38± 0.03 3.1± 0.3

(2–4 994)

SRGAJ152102.3+320418 WISEAJ152101.83+320414.6
VLASS1QLCIR J152101.85+320414.4

1.20± 0.03 1.3± 0.3

(2–4 994)
SRGAJ200431.6+610211 2MASXJ20043237+6102311

WISEAJ200432.40+610230.8
0.89± 0.03

SRGAJ224125.9+760343 WISEAJ224125.79+760353.8 0.96± 0.04

SRGAJ232446.8+440756 2MASXJ23244834+4407564
WISEAJ232448.36+440756.5
VLASS1QLCIR J232448.35+440756.6

0.84± 0.03 2.5± 0.3

(2–4 994)

,+-$*(. /2
SRGAJ025234.3+431004 LEDA90641

VLASS1QLCIR J025233.99+431003.0
0.77± 0.03 2.8± 0.3

(2–4 994)
SRGAJ062627.2+072734 LEDA136513 0.85± 0.03

SRGAJ070636.4+635109 UGC 3660,
VLASS1QLCIR J025233.99+431003.

0.23± 0.03 1.0± 0.3

(2–4 994)
SRGAJ092021.6+860249 LEDA 2790304,

VLASS1QLCIR J091954.62+860304.0
0.64± 0.03 4.9± 0.2

(2–4 994)
SRGAJ195702.4+615036 LEDA 2625686 0.65± 0.03

SRGAJ221913.2+362014 WISEAJ221914.50+362010.5
VLASS1QLCIR J221914.46+362010.4

1.20± 0.03 1.4± 0.2

(2–4 994)
SRGAJ223714.9+402939 LEDA 5060459

NVSS 223716+402936
0.73± 0.03 3.4± 0.5

(1.4 994)
SRGAJ232037.8+482329 LEDA 2316409,

VLASS1QLCIR J232039.34+482326.3
0.32± 0.03 4.0± 0.3

(2–4 994)
SRGAJ235250.6↓170449 2MASSJ23525142-1704372

RACS-DR1 J235251.3-170435
0.54± 0.03 3.0± 0.7

(850 E94)
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^5:I:?Q=A;= B3P?;>K 1.6

!"#$%&’( ART-XC B$01.&<$&1 W1↓W22 ?.2’$3,
0L&

SRGAJ030838.1↓552041 LEDA 410289
RACS-DR1 J030838.3-552037

0.45± 0.04 4.5± 0.4

(850 E94)
SRGAJ052959.8↓340157 LEDA 668116

VLASS1QLCIR J052959.21-340157.4
0.53± 0.03 11.7± 0.4

(2–4 994)
SRGAJ055053.7↓621457 LEDA 178653

RACS-DR1 J055053.2-621454
0.76± 0.03 1.7± 0.5

(850 E94)
SRGAJ060241.1↓595152 LEDA 178859

RACS-DR1 J060240.7-595153
0.68± 0.03 3.8± 0.8

(850 E94)
SRGAJ061322.9↓290027 LEDA 734640

VLASS1QLCIR J061324.28-290023.1
0.68± 0.03 8.5± 0.3

(2–4 994)
SRGAJ063324.9↓561424 LEDA 148903

RACS-DR1 J063326.5-561420
0.96± 0.04 16.1± 0.4

SRGAJ064421.5↓662620 2MASSJ06442187-6626199
RACS-DR1 J064421.8-662620

0.84± 0.03 2.8± 0.5

SRGAJ072823.5↓440823 2MASSJ07282338–4408241
RACS-DR1 J072823.7-440827

0.88± 0.03 3.5± 0.5

,+-$*(. /3
SRGAJ001439.6+183503 NGC 52,

VLASS1QLCIR J001440.13+183456.0
0.26± 0.03 3.8± 0.4

(2–4 994)
SRGAJ002240.8+804348 WISEAJ002243.69+804346.1 0.61± 0.03

SRGAJ010742.9+574419 WISEAJ010743.11+574417.7 0.79± 0.03

SRGAJ021227.3+520953 2MASSJ02122646+5209533 0.89± 0.03

SRGAJ025208.4+482955 WISEAJ025209.64+482959.4 0.71± 0.03

SRGAJ045432.1+524003 LEDA16297,
VLASS1QLCIR J045431.78+524006.4

0.39± 0.03 4.2± 0.3

(2–4 994)
SRGAJ051313.5+662747 2MASXJ05131637+6627498,

VLASS1QLCIR J051316.35+662750.2
0.50± 0.03 1.6± 0.3

(2–4 994)
SRGAJ110945.8+800815 WISEAJ110943.77+800805.6,

VLASS1QLCIR J110944.18+800804.9
0.76± 0.04 10.8± 0.5

(2–4 994)
SRGAJ161251.4↓052100 LEDA 3097794 0.78± 0.03

SRGAJ161943.7↓132609 2MASXJ16194407-1326166
RACS-DR1 J161943.9-132610

0.81± 0.03 5.3± 1.3

SRGAJ182109.8+765819 LEDA2772547,
VLASS1QLCIR J182111.52+765816.6

0.91± 0.03 1.1± 0.3

(2–4 994)
SRGAJ193707.6+660816 2MASSJ19370820+6608213,

NVSS J193710+660830
0.64± 0.03 15.0± 1.0

(1.4 994)
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^5:I:?Q=A;= B3P?;>K 1.6

!"#$%&’( ART-XC B$01.&<$&1 W1↓W22 ?.2’$3,
0L&

SRGAJ200331.2+701332 2MASSJ20033397+7013369 0.89± 0.03

SRGAJ211149.5+722815 WISEAJ211151.78+722816.4,
VLASS1QLCIR J211151.87+722816.4

1.08± 0.03 2.4± 0.3

(2–4 994)
,+-$*(. /4

SRGAJ000132.9+240237 2MASXJ00013232+2402304,
VLASS1QLCIR J000132.25+240231.4

0.86± 0.03 224± 3

(2–4 994)
SRGAJ001059.5+424341 WISEAJ001059.72+424352.8 0.71± 0.05

SRGAJ023800.1+193818 2MASSJ02375999+1938118 0.11± 0.03

SRGAJ025900.3+502958 LEDA2374943,
VLASS1QLCIR J025900.99+503014.6

0.79± 0.03 1.6± 0.3

(2–4 994)
SRGAJ040335.6+472440 2MASSJ04033641+4724383 0.94± 0.03

SRGAJ165143.2+532539 SBS 1650+535,
VLASS1QLCIR J165143.74+532539.7

0.75± 0.03 2.9± 0.4

(2–4 994)
SRGAJ181749.5+234311 LEDA1692433,

VLASS1QLCIR J181748.99+234312.8
0.65± 0.03 5.7± 0.4

(2–4 994)
SRGAJ191628.1+711619 WISEAJ191629.25+711616.4 0.59± 0.03

SRGAJ194412.5↓243619 2MASXJ19441243-2436217,
VLASS1QLCIR J194412.41-243620.8

1.06± 0.03 3.0± 0.3

(1.4 994)
SRGAJ195226.6+380011 2MASSJ19522509+3800269 0.88± 0.03

SRGAJ201633.2+705525 WISEAJ201632.61+705527.2
VLASS1QLCIR J201627.08+705531.8

1.04± 0.03 1.3± 0.4

(2–4 994)

1 "4B;G=<9;H/$&/53I;: 9:E43A@:A. 2 $& >6=B. 3 #4=9B53?@A3F 4?:BA:<B@
4:B:93 ;D?8G=A;F 6 I;343D:A= G3<B:B, 9:B:5KH 45;6=I=A 6 <9:P937, 45;
I=B=9B;5:63A;; 6 :IA:E ;D :PD:5:6 VLASS, NVSS, RACS.

2 B3P?. 1.6 <:P53A3 953B93F ;AJ:5E3>;F : <6:H<B637 ;<<?=I8=EK7 :PSY
=9B:6 6 :4B;G=<9:E, $& ; 53I;: I;343D:A37, 3 ;E=AA:: A3D63A;= (69?TG3TR==
9::5I;A3BK) 9:E43A@:A3 5=ABL=A:6<9:L: ;<B:GA;93 4: P3D= I3AAK7 Vizier6, >6=B
6 <5=IA=E ;AJ53953<A:E I;343D:A= W1↓W2 4: I3AAKE 93B3?:L3 ALLWISE [73]
9:<E;G=<9:H :P<=563B:5;; WISE [74] ; 4?:BA:<B@ 4:B:93 53I;:;D?8G=A;F 4:
I3AAKE :PD:5:6 VLASS [75], NVSS [76] ; RACS [77]. "PD:5 VLASS 45:6:I;B<F
6 4:?:<= 2–4 VV>, NVSS 45:6:I;?<F A3 G3<B:B= 1.4 VV>, 3 RACS 45:6:I;B<F A3

6
https://vizier.cds.unistra.fr/

https://vizier.cds.unistra.fr/
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G3<B:B= 887.5 +V>. "PD:5K VLASS ; NVSS 4:95K63TB A=P: A3 ϑ > ↓40↗, 3 :PY
D:5 RACS – A=P: A3 ↓80↗ ⊜ ϑ ⊜ +30↗. .39;E :P53D:E 6<= ;<<?=I:63AAK= A3E;
;<B:GA;9; 4:43I3TB 6 :P?3<B@ 4:95KB;F 7:BF PK :IA:L: ;D XB;7 53I;::PD:5:6.

^5;6=I=AAKH 6 B3P?. 1.6 4=5=G=A@ 53I;:9:E43A@:A:6 A=<9:?@9: :B?;G3=BY
<F :B B:L:, GB: 45;6:I;?:<@ 6 A3Z;7 48P?;93>;F7 4: 6KP:593E ‘‘1–4: B3E
I?F G3<B; ;<B:GA;9:6 PK?; 893D3AK 4:B:9; 4: NVSS, I?F I58L;7 – 4: VLASS,
; A= ;<4:?@D:63?;<@ I3AAK= [TQAK7\ 53I;::PD:5:6. UI=<@ Q=, I?F P:?@Z=H
:IA:5:IA:<B; ;AJ:5E3>;;, EK, 4: 6:DE:QA:<B;, ;<4:?@D8=E I3AAK= :PD:53
VLASS, 3 I?F TQAK7 :PS=9B:6 45;6:I;E ;AJ:5E3>;T ;D :PD:53 – RACS.
^5; XB:E =<B@ A=<9:?@9: :<:PK7 <?8G3=6. $<B:GA;9 SRGAJ223714.9+402939
A= I=B=9B;58=B<F 6 VLASS, A: D35=L;<B5;5:63A 6 :PD:5= NVSS; 2) ;<B:GA;9
SRGAJ193707.6+660816 45;<8B<B68=B 6 93B3?:L= VLASS, A: I?F A=L: :B<8B<B68Y
TB DA3G=A;F <4=9B53?@A:H 4?:BA:<B; 4:B:93. ^:XB:E8 I?F XB;7 I687 :PS=9B:6
6 B3P?;>= 1.6 45;6=I=AK I3AAK= ;D :PD:53 NVSS. )63 :PS=9B3 <: <9?:A=A;=E
ϑ > ↓40↗ (SRGA J235250.6-170449 ; SRGA J161943.7-132609) A= I=B=9B;58TB<F
A; 6 VLASS, A; 6 NVSS, A: 5=L;<B5;58TB<F 6 RACS. +K A= 4KB3?;<@ :>=A;B@
6=57A;= 45=I=?K A3 <4=9B53?@A8T 4?:BA:<B@ 4:B:93 I?F ;<B:GA;9:6, 9:B:5K7
A=B A; 6 :IA:E ;D 4=5=G;<?=AAK7 93B3?:L:6, B39 939 XB3 6=?;G;A3 A=B5;6;3?@Y
AKE :P53D:E D36;<;B :B 4:?:Q=A;F A3 A=P= ; X4:7; A3P?TI=A;F.

"IA;E ;D <B3AI35BAK7 95;B=5;=6 :BP:53 93AI;I3B:6 6 ’(V F6?F=B<F >6=B
6 <5=IA=E $& I;343D:A= W1 ↓ W2. "A 6KG;<?F?<F ;D J:B:E=B5;; 6 4:?:<37
W1 (3.4µE) ; W2 (4.6µE) 6 J:B:E=B5;G=<9:H <;<B=E= 2=L;. ,3I_QAKE 4:5:L:E
I?F ’(V 6K<:9:H <6=B;E:<B;, B.=. I:<B3B:GA: E:RAK7 <=HJ=5B:6<9;7 L3?39B;9
; 963D35:6, <G;B3=B<F W1 ↓ W2 > 0.5 ÷ 0.8 [78]. .39;= ;AJ53953<AK= >6=B3
:PSF<AFTB<F B=E, GB: DA3G;B=?@A3F G3<B@ :4B;G=<9:L: ; 8?@B53J;:?=B:6:L:
;D?8G=A;F 3995=>;:AA:L: I;<93, 3 B39Q= EFL9:L: 5=ABL=A:6<9:L: ;D?8G=A;F ;D
L:5FG=H 9:5:AK I;<93 4=5=763BK63=B<F ; 4=5=;D?8G3=B<F L:5FG=H (T ↫ 1500 &)
4K?@T 6 :958Q3TR=E L3D:4K?=6:E [B:5=\. "IA39: ’(V :BA:<;B=?@A: A;D9:H
<6=B;E:<B; E:L8B ;E=B@ P:?== [<;A;H\ >6=B (6 :<A:6A:E ;D-D3 69?3I3 ;D?8G=A;F
5:I;B=?@<9:H L3?39B;9;) ; A= 8I:6?=B6:5FB@ XB:E8 95;B=5;T.

- P:?@Z;A<B63 ;<<?=I:63AAK7 A3E; :PS=9B:6 W1 ↓ W2 > 0.5, A: 6
Z=<B; <?8G3F7 XB: A= B39. $D 45=I<B36?=AA:H A3 5;<. 1.7 I;3L53EEK 6;IA3
4:?:Q;B=?@A3F <6FD@ E=QI8 5=ABL=A:6<9:H <6=B;E:<B@T (F6?FTR=H<F 7:5:Y
Z=E ;AI;93B:5:E P:?:E=B5;G=<9:H <6=B;E:<B; ’(V) ; $& >6=B:E W1 ↓W2:
45; 5:<B= LX :PS=9BK [953<A=TB\. 2=5:FBA:, XB: <6FD3A: < B=E, GB: 4: E=5=
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!;<8A:9 1.7 N U36;<;E:<B@ $& >6=B3 W1↓W2 :B 5=ABL=A:6<9:H <6=B;E:<B;.
"Z;P9; <::B6=B<B68TB 90% ;AB=563?8.

86=?;G=A;F <6=B;E:<B; ’(V $& ;D?8G=A;= ;D [B:53\ A3G;A3=B 6A:<;B@ P:?==
<8R=<B6=AAKH 69?3I 4: <536A=A;T < ;D?8G=A;=E 5:I;B=?@<9:H L3?39B;9;.

- 32 :PS=9B:6, B.=. 67% ;D 48 :PS=9B:6, 53<4:?:Q=AAK7 6 :P?3<B;
4:95KB;F :PD:5:6 NVSS, VLASS ; RACS, 5=L;<B5;58=B<F 53I;:;D?8G=A;=.
"<:P=AA: F59;E 6 53I;:I;343D:A= (Fφ ⇐ 224 E(A A3 3VV>) F6?F=B<F ;<Y
B:GA;9 SRGA J000132.9+240237. $AB=5=<A:, GB: :A Q=, 6=5:FBA:, F6?F=B<F
9:E4B:A:6<9;-B:?<BKE ’(V, 939 :P<8QI3?:<@ 6KZ=. ,3 5;<. 1.8 <536A;63Y
TB<F 5=ABL=A:6<9;= ; 53I;: <6=B;E:<B; :PS=9B:6. /B:PK 45;6=<B; DA3G=A;F
;D B3P?. 1.6 9 :PR=H G3<B:B= I?F <:4:<B36?=A;F A3 I;3L53EE=, EK 4=5=Y
<G;B3?; <4=9B53?@AK= 4?:BA:<B; 4:B:9:6 9 3 VV>, 45=I4:?3L3F <B=4=AA:H
<4=9B5 ;D?8G=A;F Sφ → φω < B;4;GAKE I?F ’(V ;AI=9<:E ω = ↓0.7

[79]. W:?@Z;A<B6: ;<B:GA;9:6, D35=L;<B5;5:63AAK7 6 53I;:I;343D:A=, ;E=TB
DA3G=A;F Lradio/Lx = 10↓6 ÷ 10↓4, LI= Lradio ⇑ φLφ A3 3 VV>, 3 Lx – <6=B;Y
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VLASS

!;<8A:9 1.8 N U36;<;E:<B@ 5=ABL=A:6<9:H <6=B;E:<B; :B <6=B;E:<B; 6 53I;:Y
I;343D:A=. "Z;P9; <::B6=B<B68TB 90% ;AB=563?8.

E:<B@ 6 I;343D:A= XA=5L;H 4–12 9X2. "4FB@ Q= 5=D9: 6KI=?F=B<F ;<B:GA;9
SRGAJ000132.9+240237, 8 9:B:5:L: Lradio/Lx = 4+3

↓2 ↑ 10↓3, GB: 4:D6:?F=B
<G;B3B@ =L: 53I;:L5:E9;E ’(V.

1.6 E$0#D>&’(&

# 4:E:R@T A3P?TI=A;H A3 :4B;G=<9;7 B=?=<9:437 1.5-E 9?3<<3
(’U.-33$&, !..-150) ; 3A3?;D3 357;6AK7 I3AAK7 :PD:5:6 6dF ; SDSS A3E
8I3?:<@ :B:QI=<B6;B@ 48 39B;6AK7 FI=5 L3?39B;9, D35=L;<B5;5:63AAK7 6
5=ABL=A:6<9:E I;343D:A= XA=5L;H 4–12 9X2 B=?=<9:4:E ART-XC ;E. +.,. ^36Y
?;A<9:L: A3 P:5B8 :P<=563B:5;; !"# 6 7:I= :PD:53 6<=L: A=P3 6 2019–2022 LL.
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$D XB:H 6KP:59; 15 53A@Z= A= PK?; ;D6=<BAK 939 5=ABL=A:6<9;= ;<B:GA;9;,
3 :<B3?@AK= 33 :PS=9B3 7:BF ; PK?; ;D6=<BAK ;D 45=IKI8R;7 5=ABL=A:6<9;7
A3P?TI=A;H I58L;7 9:<E;G=<9;7 :P<=563B:5;H, A: ;7 45;5:I3 :<B363?3<@
A=;D6=<BA:H ;?; 4?:7: ;D8G=AA:H. 2<= ;<<?=I:63AAK= :PS=9BK :93D3?;<@
<536A;B=?@A: P?;D9;E; <=HJ=5B:6<9;E; L3?39B;93E; 6 I;343D:A= 953<AK7
<E=R=A;H z = 0.014–0.283 ; <?=I8TR;E 53<45=I=?=A;=E 4: B;43E: 19 Sy1,
17 Sy2, 10 Sy1.9 ; 2 NLSy1.

W:?@Z;A<B6: (42) ;<B:GA;9:6 ;D ;<<?=I:63AA:H 6KP:59; 67:IFB 6 :J;>;Y
3?@AKH 93B3?:L ;<B:GA;9:6, D3I=B=9B;5:63AAK7 6 7:I= G=BK5=7 4:?AK7 ; 40%
4FB:L: :PD:5:6 6<=L: A=P3 B=?=<9:43 ART-XC (ARTSS1-5). ]B:B 93B3?:L <:<B:Y
;B ;D 1545 ;<B:GA;9:6, ; A3 E:E=AB 48P?;93>;; [21] 45;E=5A: 95% :PS=9B:6 6
93B3?:L= (1463) 8Q= PK?; :B:QI=<B6?=AK ; 9?3<<;J;93>;5:63AK, 7:BF PK 45=IY
635;B=?@A:. ^5;G=E <5=I; 9?3<<;J;>;5:63AAK7 :PS=9B:6 P:?@Z;A<B6: (911)
F6?FTB<F 39B;6AKE; FI53E; L3?39B;9. .393F 6K<:93F 4:?A:B3 (4: <536A=A;T
< A=9:B:5KE; I58L;E; 93B3?:L3E; 5=ABL=A:6<9;7 ;<B:GA;9:6) PK?3 I:<B;LA8B3
6 B:E G;<?= P?3L:I35F A3Z=H 53P:B= 4: :4B;G=<9:E8 :B:QI=<B6?=A;T ;<B:GY
A;9:6 ;D :PD:53 6<=L: A=P3 ART-XC, 5=D8?@B3BK 9:B:5K7 PK?; ;D?:Q=AK 6
XB:H L?36= I;<<=5B3>;;. 2 XB:H <6FD; 63QA: :BE=B;B@, GB: EK 45:I:?Q3=E 45:Y
6:I;B@ :4B;G=<9;= A3P?TI=A;F ; :P53P3BK63B@ 4:?8G3=EK= I3AAK= < >=?@T
I:<B;Q=A;F 100% 4:?A:BK :B:QI=<B6?=A;F ; 9?3<<;J;93>;; ;<B:GA;9:6 6 93Y
B3?:L= ARTSS1-5, ; XB3 53P:B3 <B3A=B =R= P:?== E3<ZB3PA:H 4:<?= B:L:, 939
P8I=B <:DI3A (:5;=AB;5:6:GA: 6 2026 L:I8) A:6KH 93B3?:L ;<B:GA;9:6 (:Q;I3Y
=B<F → 3000 :PS=9B:6), D35=L;<B5;5:63AAK7 6 7:I= 6:<@E; :PD:5:6 6<=L: A=P3
!"#/ART-XC, B39 939 A= B:?@9: 3P<:?TBA:= G;<?:, A: ; :BA:<;B=?@A3F I:Y
?F A:6K7 (P:?== <?3PK7 4: 4:B:98) ;<B:GA;9:6 6:D53<B3=B 4: E=5= A39:4?=A;F
X9<4:D;>;;, B.=. < 86=?;G=A;=E G86<B6;B=?@A:<B; :PD:53.

!3P:B3 4: :B:QI=<B6?=A;T 5=ABL=A:6<9;7 ;<B:GA;9:6 ;D 93B3?:L3 ART;
XC 6=I=B<F < >=?@T <:<B36?=A;F A3 =L: :<A:6= <B3B;<B;G=<9; 4:?A:H P3DK
EA:L:6:?A:6K7 I3AAK7, 9:B:58T D3B=E E:QA: P8I=B ;<4:?@D:63B@ I?F ;<Y
<?=I:63A;F 4:48?F>;:AAK7 <6:H<B6 ’(V ; I58L;7 9?3<<:6 :PS=9B:6. 2 XB:E
9:AB=9<B= A= E=A== 63QA3 ; 53P:B3 4: ;<<?=I:63A;T 5=ABL=A:6<9;7 <4=9B5:6
’(V ;D 93B3?:L3 ART-XC. 2 I3AA:H 53P:B= EK 45:3A3?;D;5:63?; 5=ABL=A:6Y
<9;= <4=9B5K 39 ’(V 4: I3AAKE B=?=<9:43 eROSITA 6 I;343D:A= XA=5L;H
0.2–8.0 9X2, 4:?8G=AAK= A3 6:<B:GA:H L3?39B;G=<9:H 4:?:6;A= A=P3 6 7:I= :PY
D:53 6<=L: A=P3 :P<=563B:5;; !"#, B.=. 45;E=5A: 6 B: Q= 65=EF, 9:LI3 XB;
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;<B:GA;9; PK?; :PA358Q=AK B=?=<9:4:E ART-XC. )?F 5FI3 :PS=9B:6 <4=9Y
B53?@AKH 3A3?;D 45:6:I;?<F <:6E=<BA: 4: I3AAKE eROSITA ; ART-XC, GB:
4:D6:?;?: 53<Z;5;B@ I;343D:A XA=5L;H I: 20 9X2. !=ABL=A:6<9;= <4=9B5K 73Y
539B=5;D:63?;<@ A39?:A:E 9:AB;A88E3, 9:?:A9:H 6A8B5=AA=L: 4:L?:R=A;F ;
4:B:9:E, ;<4536?=AAKE D3 4:L?:R=A;=.

!=ABL=A:6<9;= <6=B;E:<B; ;<<?=I:63AAK7 :PS=9B:6 A37:IFB<F 6 I;343D:A=
:B → 1042 I: → 1045 X5L <↓1 (4–12 9X2). .39;= DA3G=A;F F6?FTB<F 73539B=5AKE;
I?F ’(V A3 z ↫ 0.3 (<E., A345;E=5, [80; 81]). $DE=5=AAK= <4=9B53?@AK= A3Y
9?:AK I?F P:?@Z;A<B63 :PS=9B:6 :93D3?;<@ 6P?;D; “93A:A;G=<9:L:” I?F ’(V
(;<9?TG3F P?3D35K) DA3G=A;F ! = 1.8, 939 ;, A345;E=5, I?F P:?@Z:H 6KP:59=
’(V ;D Q=<B9:L: 5=ABL=A:6<9:L: :PD:53 Swift/BAT [82].

UA3G;B=?@A:= 6A8B5=AA== 4:L?:R=A;=, 3 ;E=AA: NH > 1022 <E↓2 <
8G=B:E 4:L5=ZA:<B;, 6KF6?=A: 8 15 :PS=9B:6, 45;G=E 8 4FB; ;D A;7 9:Y
?:A93 4:L?:R=A;F 45=6KZ3=B 1023 <E↓2. "<:P=AA: 6KI=?F=B<F ;<B:GA;9
SRGAJ000132.9+240237, 3445:9<;E3>;F <4=9B53 9:B:5:L: E:I=?@T <B=4=AY
A:L: 9:AB;A88E3 < 4:L?:R=A;=E I3=B <:6=5Z=AA: A=B;4;GAKH A39?:A ! < 0.5.
]B:, 6=5:FBA:, L:6:5;B : B:E, GB: EK 6;I;E ;D?8G=A;=, :B53Q=AA:= :B L3D:Y
4K?=6:L: B:53, 3 ?8G=63F 9:A>=AB53>;F 6=R=<B63 G=5=D B:5 6 A34536?=A;;
A3P?TI3B=?F E:Q=B 45=6KZ3B@ 1024 <E↓2. "IA39: ;E=TR;7<F I3AAK7 :PD:53
6<=L: A=P3 !"# A=I:<B3B:GA: I?F B:L:, GB: 4:?8G;B@ A3I=QAK= :L53A;G=A;F A3
9:?:A98 4:L?:R=A;F 6 XB:E :PS=9B=, 9:B:5KH ;AB=5=<=A =R= ; B=E, GB: F6?F=B<F
53I;:L5:E9;E. ]B: I=?3=B :PS=9B 45;:5;B=BA:H E;Z=A@T I?F P:?== I?;B=?@Y
AK7 L?8P:9;7 A3P?TI=A;H. "BE=B;E, GB: A=I36A: I?F SRGA J000132.9+240237
PK?: <4=>;3?@A: 45:6=I=A: 45:I:?Q;B=?@A:= A3P?TI=A;= < 4:E:R@T B==?<9:Y
43 ART-XC, A: 4:?8G=AAK= 5=ABL=A:6<9;= I3AAK= 4:93 A= :P53P:B3AK. *R=
P:?== ;AB=5=<AKE ’(V, :PA358Q=AAKE 6 7:I= :PD:53 6<=L: A=P3 !"#/ART-XC
; :B:QI=<B6?=AAKE A3E;, F6?F=B<F <;?@A: 4:L?:R=AAKH 53I;:L5:E9;H 963Y
D35 SRGAJ2306+1556, 9:B:5:E8 4:<6FR=A3 <?=I8TR3F L?363 I;<<=5B3>;;.
"A 53<<E:B5;63=B<F :BI=?@A:, B39 939 ;<<?=I:63?<F A3E; DA3G;B=?@A: P:?==
4:I5:PA:, G=E I58L;= :PS=9BK, ; 5=D8?@B3BK 4: A=E8 PK?; :48P?;9:63AK
:BI=?@A: :B 5=D8?@B3B:6 I?F 6KP:5:9 ‘‘1–4.

)?F 18 <=HJ=5B:6 4=56:L: B;43 PK?; :>=A=AK E3<<K >=AB53?@AK7 G_5Y
AK7 IK5 A3 :<A:6= ;DE=5=AAK7 73539B=5;<B;9 Z;5:9;7 P3?@E=5:6<9;7 ?;A;H
; <::B6=B<B68TR;7 XE4;5;G=<9;7 <::BA:Z=A;F. &5:E= B:L:, 4: 5=ABL=A:6<9:H
<6=B;E:<B; PK?; :>=A=AK P:?:E=B5;G=<9;= <6=B;E:<B; XB;7 :PS=9B:6, GB:
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4:D6:?;?: :>=A;B@ ;7 B=E4K 3995=>;; (XII;ALB:A:6<9;= :BA:Z=A;F). +3<<K
635@;58TB<F 6 45=I=?37 :B → 5↑ 106M↔ I: → 7↑ 108M↔, 3 εEdd :B → 0.5% I:
→ 20% D3 ;<9?TG=A;=E NLSy1 SRGA J224125.9+760343, 8 9:B:5:L: Lbol → LEdd.
]B: <::B6=B<B68=B 4:48?F5A:H B:G9= D5=A;F, GB: 6 <=HJ=5B:6<9;7 L3?39B;937
4=56:L: B;43 < 8D9;E; ?;A;FE; 3995=>;F 45:;<7:I;B 6 B=E4=, P?;D9:E 9 95;Y
B;G=<9:E8 [69].

23QA: 4:IG=59A8B@, GB: 939;7-?;P: 6K6:I:6 93<3B=?@A: 6<=L: A3<=?=A;F
’(V 6 P?;D9:H 2<=?=AA:H A3 :<A:6= 45=I<B36?=AAK7 6 XB:H L?36= 5=D8?@Y
B3B:6 A=?@DF, B39 939 ;D8G=AA3F 6KP:593 <:<B36?F=B ?;Z@ E3?8T G3<B@ :B
4:?A:H 6KP:59; ’(V 6 93B3?:L= ;<B:GA;9:6 ART-XC. "IA39: 4: 5=D8?@B3Y
B3E I3AA:L: ;<<?=I:63A;F E:QA: <I=?3B@ 6K6:I, GB: 6 7:I= :PD:53 6<=L: A=P3
ART-XC 4:93 8I363?:<@ :B95K63B@ 6 :<A:6A:E 8E=5=AA: 4:L?:R=AAK= ’(V
(NH → 1022–1023 <E↓2), 3 ’(V < E=A@Z;E; ; P:?@Z;E; 9:?:A93E; 4:L?:R=Y
A;F 6 :<A:6A:E 8Q= PK?; :B95KBK 53A== 6 EFL9;7 (L?36AKE :P53D:E ROSAT)
; Q=<B9;7 (INTEGRAL/IBIS ; Swift/BAT) 5=ABL=A:6<9;7 :PD:537 A=P3 <::BY
6=B<B6=AA:. "IA39: 4: E=5= A39:4?=A;F X9<4:D;>;; 6 7:I= 45:I:?Q3TR=L:<F
:PD:53 6<=L3 A=P3 ART-XC XB3 935B;A3 I:?QA3 E=AFB@<F, ; 6 A:6K7 93B3?:Y
L37 ART-XC I:?QA: 4:F6?FB@<F 6<= P:?@Z= A:6K7 ’(V 6: 6<=E I;343D:A=
DA3G=A;H NH.
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+#$%$ 2. SRGA J2306+1556: 8-@’1? 3&’,"&’-%/0(?, 3$*(-"3-80(?,

/(#A’- 7-"#-@&’’1? 0%$<$3 ’$ z=0.44, -4’$35.&’’1?

-4/&3%$,-3(&? BC+

$%&&%’ ()%*% +,&+*%&% &% -%.+/8 6 12 ,31,4% 35.)14%617 3+ /898 :1,;
,8-/%611.

2.1 )%&*&’(&

’9B;6AK= FI53 L3?39B;9 <;?@A: 53D?;G3TB<F 4: <6=B;E:<B;; <3EK= E:RY
AK= ;D A;7 (D3 ;<9?TG=A;=E P?3D35:6) ;D?8G3TB P:?== 1047 X5L <↓1 4: 6<=E8
X?=9B5:E3LA;BA:E8 <4=9B58. !3D?;GAK= B;4K 6A=L3?39B;G=<9;7 :PD:5:6 4:93Y
DK63TB, GB: F59;= 963D35K 6 45:Z?:E (A3 z ↭ 1) 6<B5=G3?;<@ DA3G;B=?@A:
G3R=, G=E 6 A3<B:FR8T X4:78 (A345;E=5, [7; 83–85]). ]B: :PKGA: <6FDK63TB
< <;?@A:H X6:?T>;=H 5:<B3 <6=57E3<<;6AK7 G_5AK7 IK5: A3;P:?== E3<<;6AK=
G=5AK= IK5K 4=5=Q;?; :<A:6A:H X4;D:I(K) 3995=>;; 6 4=56K= A=<9:?@9: E;?Y
?;35I:6 ?=B 4:<?= W:?@Z:L: 6D5K63 (A345;E=5, [86–88]).

UA3G;B=?@A3F G3<B@ 5:<B3 #+/) 6: 2<=?=AA:H 45:;<7:I;B 6 4:L?:R_AY
AK7 ’(V, 8 9:B:5K7 4=56;GAKH (8?@B53J;:?=B:6KH) 9:E4:A=AB ;D?8G=A;F,
6:DA;93TR;H 6 3995=>;:AA:E I;<9=, <95KB :B A3< (45=;E8R=<B6=AA: 6<?=IY
<B6;= :5;=AB3>;;) :4B;G=<9; B:?<BKE <?:=E 7:?:IA:L: L3D3 ; 4K?;, :PKGA:
<6FDK63=EKE < B39 A3DK63=EKE B:5:E (<E. :PD:5 [4]). .:5 B39Q= 4:L?:R3Y
=B EFL9:= 5=ABL=A:6<9:= ;D?8G=A;= L:5FG=H 9:5:AK 3995=>;:AA:L: I;<93. 2
5=D8?@B3B= 4:L?:R_AAK= ’(V E:L8B 45:F6?FB@ <=PF ?;Z@ 6 ;AJ53953<A:E ;
Q_<B9:E 5=ABL=A:6<9:E I;343D:A37, 3 B39Q= 6 :BA:<;B=?@A: <?3PK7 8D9;7 :4Y
B;G=<9;7 ?;A;F7 ;D?8G=A;F, GB: :<?:QAF=B ;7 :PA358Q=A;= ; ;D8G=A;=. "IA;E
;D 63QA=HZ;7 ; 6<_ =R_ :B95KBK7 6:45:<:6 :<B3_B<F I:?F 4:L?:R_AAK7 ’(V.
$E=TB<F 8P=I;B=?@AK= <6;I=B=?@<B63, :<:P=AA: 6 :BA:<;B=?@A:H P?;D9:H (?8GY
Z= ;D8G=AA:H) G3<B; 2<=?=AA:H, GB: XB3 I:?F 8E=A@Z3=B<F < 5:<B:E <6=B;E:<B;
; XII;ALB:A:6<9:L: :BA:Z=A;F (A345;E=5, [5–9]).

$D-D3 958B:H J8A9>;; <6=B;E:<B; ’(V ; 8E=A@Z=A;F I:?; 4:L?:R_AY
AK7 ’(V < 5:<B:E <6=B;E:<B; F59;= 4:L?:R_AAK= ’(V F6?FTB<F 953HA=
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5=I9;E; :PS=9B3E; ; 4:B:E8 :PKGA: :PA358Q;63TB<F ?;Z@ A3 P:?@Z;7 (9:<Y
E:?:L;G=<9;7) 53<<B:FA;F7, GB: D3B58IAF=B ;7 I=B3?@A:= ;D8G=A;=. ^:XB:E8
45=I<B36?F=B ;AB=5=< 4:;<9 ; ;<<?=I:63A;= P?;Q3HZ;7 ;D B39;7 4:L?:R_AY
AK7 963D35:6, :B 9:B:5K7 B=?=<9:4K E:L8B <:P53B@ I:<B3B:GA: J:B:A:6 I?F
<B3B;<B;<B;G=<9;7 ;<<?=I:63A;H. 2 I3AA:H L?36= :4;<K63=B<F 939 53D B39:H
5=I9;H <?8G3H.

"PS=9B:E A3Z=L: ;<<?=I:63A;F <B3? <;?@A: 4:L?:R_AAKH 963D35
SRGAJ230631.0+155633 (I3?== N SRGA J2306+1556), :PA358Q=AAKH 45; “<?=Y
4:E” 4:;<9= 6 7:I= 5=ABL=A:6<9:L: :PD:53 6<=L: A=P3, 6K4:?A=AA:L: B=?=<9:4:E
ART-XC ;E. +. ,. ^36?;A<9:L: A3 P:5B8 :P<=563B:5;; !"#. +K :B:QI=<B6;Y
?; XB:B F59;H (4:B:9 → 5 ↑ 10↓12 X5L <↓1 <E↓2 6 I;343D:A= XA=5L;H 4–129X2)
5=ABL=A:6<9;H ;<B:GA;9 < :4B;G=<9;E :PS=9B:E SDSS J230630.38+155620.4,
I?F 9:B:5:L: :93D3?<F I:<B84=A 357;6AKH <4=9B5 6 Z=<BA3I>3B:E 6K48<9=
I3AAK7 #?:8A:6<9:L: >;J5:6:L: A=P=<A:L: :PD:53 (SDSS DR16) [89]. ^: XB:E8
<4=9B58 :PS=9B PK? ;I=AB;J;>;5:63A A3E; 939 963D35 2-L: B;43 [21; 43] A3
953<A:E <E=R=A;; 0.4386. ]B: :DA3G3=B, GB: =L: 6A8B5=AAFF 5=ABL=A:6<93F <6=Y
B;E:<B@ 45=6KZ3?3 4 ↑ 1045 X5L <↓1 6: 65=EF :PD:53 6<=L: A=P3 !"#/ART-XC.
^539B;G=<9; 6<= ;D6=<BAK= 963D35K < B39:H 6K<:9:H <6=B;E:<B@T A37:IFBY
<F A3 P:́?@Z=E 8I3?=A;; :B A3<. &5:E= B:L:, <:L?3<A: 357;6AKE I3AAKE
SRGAJ230631.0+155633 :93D3?<F 53I;:L5:E9;E. )?F 4:I5:PA:L: ;D8G=A;F
XB:L: ;AB=5=<A:L: 963D353 EK :5L3A;D:63?; 4:<?=I8TR;= B:G=GAK= 5=ABL=A:6Y
<9;= A3P?TI=A;F < 4:E:R@T !"#/ART-XC ; B=?=<9:43 XRT [90] A3 P:5B8
:P<=563B:5;; Neil Gehrels Swift [91], 9:B:5K= 4:D6:?;?; A3E :PA358Q;B@ <;?@Y
A:= 4:L?:R_A;= 6 5=ABL=A:6<9:E <4=9B5= ;<B:GA;93.

,;Q= EK 53<<E3B5;63=E J;D;G=<9;= <6:H<B63 SRGAJ2306+1556, ;<Y
4:?@D8F 4539B;G=<9; 6<= I:<B84AK= EA:L:6:?A:6K= I3AAK=. $<4:?@D8=B<F
9:<E:?:L;G=<93F E:I=?@ < H0 = 709E <↓1 +49↓1, ”! = 0.7 ; ”m = 0.3.
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.3P?;>3 2.1 N #4;<:9 5=ABL=A:6<9;7 A3P?TI=A;H SRGAJ2306+1556.

)3B3 "P<=563B:5;F/.=?=<9:4/!=Q;E ]9<4:D;>;F, <

2020-06-03 !"#/ART-XC /:PD:5 23
2020-12-07 !"#/ART-XC /:PD:5 22
2021-06-08 !"#/ART-XC /:PD:5 25
2021-12-11 !"#/ART-XC /:PD:5 24
2023-06-03 !"#/ART-XC /B:G=GA:= 72900
2023-06-09 Swift/XRT/B:G=GA:= 2300
2023-12-13 !"#/ART-XC /:PD:5 26
2024-06-15 !"#/ART-XC /:PD:5 26
2024-12-17 !"#/ART-XC /:PD:5 26

2.2 C&’,"&’-%/0(& ’$4#D*&’(2

2.2.1 !,031,(& ( ’$4#D*&’(2 %- %3&82 -4<-3$ %/&"- ’&4$

BC+/ART-XC

!=ABL=A:6<9;H ;<B:GA;9 PK? :PA358Q=A 6 I;343D:A= XA=5L;H 4–129X2
B=?=<9:4:E ART-XC 6 4=56KH L:I :PD:53 6<=L: A=P3 !"#, A3 <8EE35A:H
935B= 4=56K7 I687 4:?8L:I:6K7 <93A:6 (ARTSS1-2, [43]). *L: <8R=<B6:63A;=
D3B=E PK?: 4:IB6=5QI=A: 6 :PA:6?_AA:E 93B3?:L= ;<B:GA;9:6, :<A:63AA:E
A3 I3AAK7 4=56K7 G=BK5_7 45:7:I:6 ART-XC (ARTSS1-5, [21])1. 2 93B3?:Y
L37 ARTSS1-2 ; ARTSS1-5 ;<B:GA;9 :P:DA3G=A 939 SRGA J230630.9+155637 ;
SRGAJ230631.0+155633 <::B6=B<B6=AA:. ,3<9:?@9: A3E ;D6=<BA:, =L: A=B A; 6
:48P?;9:63AAK7 93B3?:L37 5=ABL=A:6<9;7 ;<B:GA;9:6 I58L;7 E;<<;H. #B3B;<B;Y
G=<93F A=:45=I=?_AA:<B@ 4:?:Q=A;F ;<B:GA;93 <:L?3<A: ARTSS1-5 <:<B36?F=B
R98 = 23.2≃≃ (53I;8< 98%-A:H I:6=5;B=?@A:H :P?3<B;), 939 4:93D3A: A3 5;<. 2.1.

2 :9BFP5= 2023 L:I3 ART-XC 6:D:PA:6;? :PD:5 6<=L: A=P3, ; 9 E:E=AB8
4:IL:B:69; A3Z=H <B3B@; [92] SRGA J2306+1556 PK? 45:<93A;5:63A =R_ B5;
53D3. 2 B3P?. 2.1 45;6=I=AK I3BK ; X9<4:D;>;; (< 4:45369:H A3 6;A@=B;5:63Y

16)’&1(,1, 7-& 8-&- %)-)#&5 -)%3" /%#97)"- +)((:" ’.-&5& $%)(,2&/)(,. ’2,1"2(& +#. → 40%
(";).
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A;=) I?F 6<=7 <=E; <93A;5:63A;H SRGAJ2306+1556 6 7:I= :PD:53 6<=L: A=P3
!"#/ART-XC.

2.2.2 :$73$%#&’’1& ’$4#D*&’(2 BC+/ART-XC

/B:PK ;DE=5;B@ 5=ABL=A:6<9;H <4=9B5 SRGA J2306+1556, 6 ;TA= 2023
L:I3 PK?; 45:6=I=AK =L: A34536?=AAK= A3P?TI=A;F: <A3G3?3 < 4:E:R@T
!"#/ART-XC 6 Q_<B9:E 5=ABL=A:6<9:E I;343D:A=, 3 G=5=D Z=<B@ IA=H – <
4:E:R@T Swift/XRT 6 EFL9:E 5=ABL=A:6<9:E I;343D:A=. ^:I5:PA:<B; XB;7 A3Y
P?TI=A;H 45;6=I=AK 6 B3P?. 2.1.

2: 65=EF A3P?TI=A;F ART-XC (ID 12310089001) B=?=<9:4 PK? A36=I_A A3
45=I4:?3L3=EKH :4B;G=<9;H 9:E43A@:A SDSS J230630.38+155620.4. ^:?= D5=A;F
B=?=<9:43 <:<B36?F=B 36 8L?:6K7 E;A8B 6 I;3E=B5=, GB: 4:D6:?F=B D3:IA: ;<Y
<?=I:63B@ :958Q3TR8T :P?3<B@ A=P3. 2: 65=EF A3P?TI=A;F 53P:B3?; 6<= <=E@
E:I8?=H B=?=<9:43. $D 3A3?;D3 PK?; ;<9?TG=AK A=<9:?@9: ;AB=563?:6 4?:7;7
I3AAK7 < <8EE35A:H 45:I:?Q;B=?@A:<B@T :9:?: 300 <.

$<4:?@D8F I3AAK= :P :5;=AB3>;; :B P:5B:6:H ;A=5>;3?@A:H A36;L3>;Y
:AA:H <;<B=EK GYRO, EK :45=I=?;?; 4:?:Q=A;= 5=ABL=A:6<9:L: ;<B:GA;93:
RA=23h06m30.4s, DEC=+15↗56≃17≃≃, < 98% <B3B;<B;G=<9:H :Z;P9:H r98 = 2≃≃.
]B3 I:6=5;B=?@A3F :P?3<B@ 4:?8G=A3 < 4:E:R@T 4:IL:A9; 9 4:?8G=AA:E8
;D:P53Q=A;T J8A9>;; 53<<=FA;F B:G=GA:L: ;<B:GA;93 (C!.$) B=?=<9:43 4:
E=B:I8 E39<;E3?@A:L: 4536I:4:I:P;F. # 8G_B:E B=98R=L: 93G=<B63 E:I=?; C!Y
.$ ART-XC 4536I:4:I:P;= 6KG;<?F?:<@ A3 935B37 A=P3 < 53DE=5:E 4;9<=?F
2≃≃, ; 98%-AKH I:6=5;B=?@AKH ;AB=563? :93D3?<F 6A8B5; 4;9<=?F. &5:E= B:L:,
A=:P7:I;E: 8G=<B@ <;<B=E3B;G=<98T A=:45=I=?_AA:<B@ 6 7≃≃, :P8<?:6?=AA8T B:GY
A:<B@T :45=I=?=A;F :5;=AB3>;;. .39;E :P53D:E, <8EE35A8T A=:45=I=?_AA:<B@
4:?:Q=A;F SRGAJ2306+1556 E:QA: :>=A;B@ 6 7.3≃≃.

+K ;D6?=9?; <4=9B5K ;<B:GA;93 ; J:A3 < ;<4:?@D:63A;=E <B3AI35BY
A:L: 45:L53EEA:L: 439=B3 ART-XC, 3I34B;5:63AA:L: 4:I D3I3G; I3AA:L:
;<<?=I:63A;F, ; 39B83?@AK7 93?;P5:6:9. U3B=E 4:<B5:;?; 935BK J:B:A:6, X9<Y
4:D;>;; ; 6;A@=B;5:63A;F I?F :BI=?@AK7 XA=5L=B;G=<9;7 ;AB=563?:6. #4=9B5
SRGAJ2306+1556 PK? ;D6?=G_A ;D :958QA:<B; 53I;8<:E 90≃≃, >=AB5;5:63AA:H
A3 :4B;G=<9;7 9::5I;A3B37 963D353. #4=9B5 J:A3 :>=A;63?<F 6 9:?@>= E=QI8
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!;<8A:9 2.1 N #L?3Q=AAK= 5=ABL=A:6<9;= ;D:P53Q=A;F SRGAJ2306+1556. 1=Y
6:= 4:?8G=A: 6: 65=EF :PD:53 6<=L: A=P3 ARTSS1-5 6 I;343D:A= 4–12 9X2,
3 <5=IA== ; 4536:= – 6 7:I= A34536?=AAK7 A3P?TI=A;H !"#/ART-XC ;
Swift/XRT (<E. B3P?. 2.1) 6 I;343D:A37 4–12 ; 0.3–10 9X2 <::B6=B<B6=AA:. ,3
?=6:E 5;<8A9= 953<A3F :958QA:<B@ 4:93DK63=B 98% :P?3<B@ ?:93?;D3>;; < 53Y
I;8<:E 23.2≃≃. ,3 <5=IA=E ; 4536:E 5;<8A937 <4?:ZA3F 953<A3F :958QA:<B@
:P:DA3G3=B :P?3<B@ 6KI=?=A;F <4=9B53 ;<B:GA;93 < 53I;8<:E 90≃≃ I?F ART-XC
; 28.32≃≃ I?F XRT. U=?_AK= ZB5;7:6K= 9:?@>=6K= :P?3<B; 45=I<B36?FTB :P?3Y
<B; 6KI=?=A;F J:A3: E=QI8 53I;8<3E; 4≃ ; 8≃ I?F ART-XC ; E=QI8 142≃≃ ; 260≃≃

I?F XRT. "P?3<B@ ;<B:GA;93 I?F ART-XC >=AB5;5:63A3 A3 :4B;G=<9:E 9:E43Y
A@:A= SDSS J230630.38+155620.4, 3 :P?3<B@ XRT – A3 5=ABL=A:6<9:E ;<B:GA;9=

(XB; 4:?:Q=A;F :B?;G3TB<F 6<=L: ?;Z@ A3 6.5≃≃).

53I;8<3E; 4≃ ; 8≃ (5;<. 2.1). C:A ART-XC 6 :<A:6A:E :P8<?:6?=A 69?3I:E D3Y
5FQ=AAK7 G3<B;>; 9:<E;G=<9;H (6A=L3?39B;G=<9;H) 5=ABL=A:6<9;H J:A 6A:<;B
?;Z@ → 3% 6 I;343D:A= 4–12 9X2 ; =R_ E=A@Z= A3 P:?== 6K<:9;7 XA=5L;F7
[21]. C:A :B G3<B;> <?3P: D36;<;B :B 4:?:Q=A;F 6A8B5; 4:?F D5=A;F ART;
XC. $<4:?@D8F E:I=?@AK= 935BK J:A3, 4:?8G=AAK= 6 7:I= :PD:53 6<=L: A=P3
6 [48<BK7\ 4:?F7, EK 45:6=5;?;, GB: I:48R=A;= : 4?:<9:E J:A= A= :93DK63Y
=B <8R=<B6=AA:L: 6?;FA;F A3 ;D6?=93=EKH <4=9B5 SRGAJ2306+1556. ^:XB:E8
I3?== EK 45=A=P5=L3=E XB;E XJJ=9B:E ; ;<4:?@D8=E <4=9B5 J:A3 6 A3Z=E
3A3?;D= <B3AI35BAKE :P53D:E, 8G;BK63F ?;Z@ 53D?;G;= 6 4?:R3I; :P?3<B=H
;D6?=G=A;F J:B:A:6 :B J:A3 ; ;<B:GA;93.

,3 53<<B:FA;; 9≃ :B SRGA J2306+1556 ART-XC D3I=B=9B;5:63? =R_ :I;A
;<B:GA;9 (23h06m44s, +15d48m11s) 6: 65=EF A34536?=AA:L: A3P?TI=A;F. *L:
4:B:9 6 I;343D:A= 4–12 9X2 <:<B36?F=B → 2 ↑ 10↓13 X5L <↓1 <E↓2, 3 DA3G=A;=
4536I:4:I:P;F :PA358Q=A;F 536A: 41.2 (GB: 4:D6:?F=B 86=5=AA: L:6:5;B@ : 5=Y
3?@A:<B; ;<B:GA;93). $D-D3 <?3P:L: 4:B:93 ; P:?@Z:L: 8I3?=A;F :B :4B;G=<9:H
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:<; B=?=<9:43 XB:B ;<B:GA;9 A= 6?;F=B A3 A3Z; ;DE=5=A;F <4=9B5:6 ;<B:GA;93
; J:A3 I?F SRGA J2306+1556.

+K :L53A;G;?; <4=9B53?@AKH 3A3?;D I;343D:A:E XA=5L;H 4–209X2, 4:Y
<9:?@98 6KZ= 209X2 J:A I:E;A;58=B A3I <;LA3?:E ;<B:GA;93.

)?F ;D8G=A;F 6:DE:QA:H PK<B5:H 4=5=E=AA:<B; SRGAJ2306+1556 6:
65=EF A34536?=AAK7 A3P?TI=A;F EK ;<4:?@D:63?; A=<9:?@9: XA=5L=B;G=<9;7
I;343D:A:6 E=QI8 4 ; 16 9X2. # XB:H >=?@T :B<G_BK ;<B:GA;93 ;D6?=93?;<@ ;D
:P?3<B; 53I;8<:E 1≃, >=AB5;5:63AA:H A3 SDSS J230630.38+155620.4. ^5; XB:E
J:A:6K= :B<G_BK A= 6KG;B3?;<@, 4:<9:?@98 J:A ART-XC :G=A@ <B3P;?=A A3
<::B6=B<B68TR;7 65=E=AAK7 E3<ZB3P37.

2.2.3 :$73$%#&’’1& ’$4#D*&’(2 Swift/XRT

$<B:GA;9 A3P?TI3?<F :P<=563B:5;=H Swift (A3P?TI=A;= B;43 Target of
Opportunity, ID 18931). +K :P53P:B3?; I3AAK= Swift/XRT (Target ID 00016070)
< ;<4:?@D:63A;=E <=56;<3 -A;6=5<;B=B3 1=<B=532, 9:B:5KH ;<4:?@D8=B 439=B
HEASOFT v6.323.

.=?=<9:4 PK? A36=I_A A3 SDSS J230630.38+155620.4. O=?=6:H ;<B:GA;9
86=5=AA: :PA358Q=A A3 ;D:P53Q=A;; Swift/XRT (<E. 5;<. 2.1) 6 4:?:Q=A;;
RA=23h06m30.4s, DEC=15↗56≃14≃≃. #B3AI35BA3F :Z;P93 4:?:Q=A;F, 6KI363=Y
E3F 45:L53EEAKE 9:A6=H=5:E Swift A3 :<A:6= D6_DIA:L: I3BG;93, <:<B36?F=B
6.3≃≃; :A3 <9?3IK63=B<F ;D 90% <B3B;<B;G=<9:H A=:45=I=?_AA:<B; r90 = 5.2≃≃ ;
<;<B=E3B;G=<9:H :Z;P9; 3.5≃≃, <?:Q=AAK7 6 963I53B85=. & <:Q3?=A;T, 4:?8Y
G;B@ B39 A3DK63=E:= 8?8GZ=AA:= 4:?:Q=A;= I?F ;<B:GA;93 6 I3AA:E <?8G3=
:93D3?:<@ A=6:DE:QA:, 4:<9:?@98 :P<=563B:5;F Swift A37:I;?3<@ 6 3A:E3?@A:E
<:<B:FA;; 6: 65=EF A3P?TI=A;F SRGA J2306+1556 (Leicester Swift Helpdesk,
G3<BA:= <::PR=A;=) ;D-D3 45:P?=E < <;<B=E:H 84536?=A;F :5;=AB3>;=H, GB:
4:6?;F?: A3 I3AAK= 8?@B53J;:?=B:6:L: B=?=<9:43 UVOT [93]. ^5=I4:?3L3F
L38<<:6<9;H 45:J;?@ ;<B:GA;93, EK E:Q=E :>=A;B@ <B3B;<B;G=<98T A=:45=Y
I=?_AA:<B@ 4:?:Q=A;F A3 85:6A= I:6=5;F 98% (939 ; I?F ART-XC 6KZ=) 939

2www.swift.ac.uk/user_objects
3www.heasarc.gsfc.nasa.gov/docs/software/heasoft
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r98 ⇐ 1.3 r90 = 6.8≃≃, 3 I:P36;6 893D3AA8T <;<B=E3B;G=<98T :Z;P98, 4:?8G;B@
9:A<=563B;6A8T :>=A98 4:?A:H A=:45=I=?_AA:<B; 4:?:Q=A;F ;<B:GA;93 7.6≃≃.

)?F ;D6?=G=A;F <4=9B5:6 EK ;<4:?@D:63?; 9?3<<K <:PKB;H (grades) 0–12
6 5=Q;E= Photon Counting (PC). +=B:I :45=I=?=A;F >=AB53 ;<B:GA;93 PK?
8<B3A:6?=A 6 5=Q;E ‘=I;A;GAKH 45:7:I’ < E39<;E8E:E 10 4:4KB:9. #4=9B5
;<B:GA;93 ;D6?=93?<F ;D :958QA:<B; 53I;8<:E 28.3≃≃, >=AB5;5:63AA:H A3 4:Y
?:Q=A;; 5=ABL=A:6<9:L: ;<B:GA;93. #4=9B5 J:A3 ;D6?=93?<F ;D 9:?@>3 A3
53<<B:FA;F7 :B 142≃≃ I: 260≃≃ :B ;<B:GA;93 (5;<. 2.1). +K :L53A;G;?; <4=9B53?@Y
AKH 3A3?;D I;343D:A:E 0.3–109X2, 939 5=9:E=AI8=B<F I?F XRT.

)58L;7 ;<B:GA;9:6 6 45=I=?37 :P?3<B=H 6KI=?=A;F ;<B:GA;93 ; J:A3 A=B.
W?;Q3HZ;H ;<B:GA;9, :PA358Q;63=EKH <B3AI35BAKE 9:A6=H=5:E :P53P:B9;,
A37:I;B<F A3 53<<B:FA;; 6≃ :B SRGA J2306+1556, GB: ;<9?TG3=B =L: 69?3I 6
;D6?=G_AAK= <4=9B5K.

2.2.4 C&’,"&’-%/0(? /7&0,3

+K 6K4:?A;?; E:I=?;5:63A;= 5=ABL=A:6<9:L: <4=9B53 < 4:E:R@T ^"
XSPEC (6=5<;F 12.12.0, [44]). )3AAK= Swift/XRT ; !"#/ART-XC 3A3?;D;5:63Y
?;<@ <:6E=<BA:, 45; XB:E I?F :>=A9; 93G=<B63 3445:9<;E3>;; ;<4:?@D:63?3<@
C-<B3B;<B;93. +K <L5844;5:63?; I3AAK= XRT B39, GB:PK 6 <4=9B5= ;<B:GA;Y
93 PK?: A= E=A== B5_7 :B<G_B:6 6 93QI:E XA=5L=B;G=<9:E P;A=. ^:?8G;6Z;H<F
<4=9B5 ;<B:GA;93 XRT 4:95K63=B I;343D:A 0.3–5.73 9X2 ; <:I=5Q;B 6 <8EE=
I=6FB@ :B<G_B:6. )3AAK= ART-XC PK?; <L5844;5:63AK < E;A;E8E:E 20 :B<G_Y
B:6 A3 P;A 6 <4=9B5= ;<B:GA;93. 2<=L: <4=9B5 ;<B:GA;93 ART-XC <:I=5Q;B
2701 :B<G_B 6 I;343D:A= 4–20 9X2.

#:L?3<A: :PR=45;AFBKE 45=I<B36?=A;FE :P ’(V, 9:E4B:A;D3>;F J:B:Y
A:6 3995=>;:AA:L: I;<93 6 =L: L:5FG=H 9:5:A= 45;6:I;B 9 J:5E;5:63A;T
<4=9B53 <B=4=AA:L: 6;I3 < D363?:E A3 6K<:9;7 XA=5L;F7 [94; 95], :PKGA: 6KZ=
→ 1009X2 (A345;E=5, [96]). .39Q= 6 5=ABL=A:6<9:E <4=9B5= 4:F6?F=B<F D363?
A3 A;D9;7 XA=5L;F7 ;D-D3 J:B:4:L?:R=A;F. ^:<9:?@98 <4=9B53?@AKH I;343D:A
I3AAK7 ART-XC 6 A3Z=E 3A3?;D= :L53A;G=A E39<;E3?@A:H XA=5L;=H 20 9X2
(⇐ 29 9X2 6 <;<B=E= 4:9:F SRGAJ2306+1556), EK A= 53<<E3B5;63?; D363?
A3 6K<:9;7 XA=5L;F7 ; ;<4:?@D:63?; 45:<B8T E:I=?@ <B=4=AA:L: D39:A3, E:Y
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!;<8A:9 2.2 N #6=578 4:93D3A 5=ABL=A:6<9;H <4=9B5 SRGA J2306+1556 ;DY
E=5=AAKH < 4:E:R@T !"#/ART-XC (:53AQ=6KH) ; Swift/XRT (D=?_AKH) ;
3445:9<;E;5:63AAKH E:I=?@T <B=4=AA:L: D39:A3 < 4:L?:R=A;=E. )?F A3L?FIY
A:<B; <4=9B5 ART-XC A3 L53J;9= 4=5=P;A;5:63A. #A;D8 4:93D3A: :BA:Z=A;=
I3AAK7 9 E:I=?;. ^353E=B5K E:I=?; 45;6=I=AK 6 B3P?. 2.2. ^:L5=ZA:<B; 4:Y

93D3AK A3 85:6A= I:<B:6=5A:<B; 1σ.

I;J;>;5:63AA8T 4:L?:R=A;=E 6 V3?39B;9= ; 6A8B5; 963D353. .39;E :P53D:E,
;<4:?@D:63?3<@ <?=I8TR3F <4=9B53?@A3F E:I=?@ (6 B=5E;A:?:L;; XSPEC ):

tbabs ↑ ztbabs ↑ cflux ↑ zpowerlaw. (2.1)

UI=<@ tbabs – E:I=?@ L3?39B;G=<9:L: E=QD6_DIA:L: 4:L?:R=A;F [52]. +K
;<4:?@D:63?; DA3G=A;= ?8G=6:H 9:A>=AB53>;; 6:I:5:I3 6 A34536?=A;;
SRGAJ2306+1556 ;D I3AAK7 :PD:53 HI4PI [53], NMW

H = 5.7 ↑ 1020 <E↓2, ;
45=I4:?3L3?; <:?A=GA:= :P;?;= X?=E=AB:6. )?F :4;<3A;F 6A8B5=AA=L: 4:L?:Y
R=A;F, NH, 6 ;<<?=I8=E:E :PS=9B= ;<4:?@D:63?3<@ E:I=?@ ztbabs ; B:Q=
45=I4:?3L3?<F <B3AI35BAKH 7;E;G=<9;H <:<B36. #B=4=AA:H 9:AB;A88E 73539Y
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B=5;D8=B<F J:B:AAKE ;AI=9<:E ! ; 4:4536?=AAKE D3 4:L?:R=A;= 4:B:9:E 6
A3P?TI3=E:E I;343D:A= 4–109X2 (cflux), F PL

4-10.
#:6E=<BAKH <4=9B5 XRT ; ART-XC 7:5:Z: :4;<K63=B<F XB:H E:I=?@T,

939 4:93D3A: A3 5;<. 2.2. ^:?8G=AAK= <4=9B53?@AK= 4353E=B5K 45=I<B36?=AK
6 B3P?. 2.2.
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.3P?;>3 2.2 N !=ABL=A:6<9;= <4=9B53?@AK= 4353E=B5K.
NMW

H
NH F PL

4-10
! F PEXRAV

4-10
E EW σline Cstat (dof)

1022 "0↑2 1022 "0↑2 10↑13 G*H "↑1 "0↑2 10↑13 G*H "↑1 "0↑2 (G, (G, (G,

tbabs↑ztbabs↑cflux↑zpowerlaw
0.057 (C’(".) 24+31

↑15 8+5
↑2 2.0+0.7

↑0.5 57.4 (65)

tbabs(ztbabs↑cflux↑zpowerlaw + cflux2↑pexrav)
0.057 (C’(".) 18+10

↑8 7.6+0.7
↑1.5 1.80 (C’(".) < 0.6 57.8 (65)

tbabs(ztbabs↑cflux↑ zpowerlaw + zgauss)
0.057 (C’(".) 19+11

↑8 7.6+0.9
↑0.8 1.80 (C’(".) 6.4 (C’(".) < 1.3 0.01 (C’(".) 57.4 (65)

M5$1*5253N&&$"#’ ’ I5*K&’5 1*5253+ 23> 1.*.05#*$I 1*’I525&+ &. J*$I&5 2$"#$I5*&$"#’ 90%. O$05#(. “C’(".” $:&.%.5#, %#$
:&.%5&’5 2.&&$H$ 1.*.05#*. C’("’*$I.3$"<.
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+:I=?;5:63A;= 4:D6:?;?: A3I=QA: 6KF6;B@ <;?@A:= 4:L?:R=A;= 5=ABL=Y
A:6<9:L: ;D?8G=A;F 6A8B5; :PS=9B3. "IA39: ?8G=68T 9:A>=AB53>;T 6=R=<B63,
:B6=G3TR=L: D3 4:L?:R=A;=, A= 8I3=B<F B:GA: ;DE=5;B@ ;D-D3 <;?@A:H 9:55=Y
?F>;; XB:L: 4353E=B53 E:I=?; < J:B:AAKE ;AI=9<:E (<E. 5;<. 2.3). ’ ;E=AA:,
NH E:Q=B ?=Q3B@ 6 45=I=?37 :B 1023 <E↓2 I: 6 ↑ 1023 <E↓2 (90% 85:6=A@ I:Y
<B:6=5A:<B;).

^:?8G=AAKH A39?:A <B=4=AA:L: 9:AB;A88E3, ! = 2.0+0.7
↓0.5, <:L?3<8=B<F <:

DA3G=A;FE;, 73539B=5AKE; I?F ’(V. #;?@A:= 4:L?:R=A;= 9:AB;A88E3, 4:Y
6;I;E:E8, <6FD3A: < =L: 45:7:QI=A;=E G=5=D I:<B3B:GA: 4?:BAKH L3D:4K?=6:H
B:5. 2 B39:E <?8G3= G3<B@ ;D?8G=A;F >=AB53?@A:L: ;<B:GA;93 E:Q=B :B53Q3B@Y
<F :B B:53 6 <B:5:A8 A3P?TI3B=?F, GB:PK 45;6=I=B 9 4:F6?=A;T 6 <4=9B5=
I:4:?A;B=?@A:H (“:B53Q=AA:H”) 9:E4:A=ABK. ^:XB:E8 EK I:P36;?; 6 A3Z8 E:Y
I=?@ 9:E4:A=AB8 pexrav [55]:

tbabs (ztbabs ↑ cflux ↑ zpowerlaw + cflux2 ↑ pexrav) (2.2)

+K D3J;9<;5:63?; J:B:A:AAKH ;AI=9< A3 DA3G=A;; 1.8 939 I?F :<A:6A:H
9:E4:A=ABK zpowerlaw, B39 ; I?F 9:AB;A88E3, 9:B:5KH ;<4:?@D8=B<F 6 E:I=Y
?; :B53Q=A;F pexrav. /B:PK 6 pexrav 8G=<B@ B:?@9: :B53Q_AA:= ;D?8G=A;=
(P=D 45FE:L: 9:AB;A88E3), EK D3I3?; 4353E=B5 rel_refl :B5;>3B=?@AKE. &39 ;
45=QI=, D363? A3 6K<:9;7 XA=5L;F7 A= 53<<E3B5;63?<F. &:<;A8< 8L?3 A39?:A=Y
A;F PK? D3J;9<;5:63A A3 DA3G=A;; 0.5, 3 :P;?;= 6<=7 X?=E=AB:6 BFQ=?== L=?;F
P53?:<@ 939 8 #:?A>3 [97]. *I;A<B6=AAKE <6:P:IAKE 4353E=B5:E :B53Q=AA:H
9:E4:A=ABK PK? == 4:B:9 6 A3P?TI3=E:E I;343D:A= 4–109X2, ;<4536?=AAKH D3
L3?39B;G=<9:= 4:L?:R=A;= (cflux2), F PEXRAV

4-10 .
&39 4:93D3A: 6 B3P?. 2.2, A3E A= 8I3?:<@ :PA358Q;B@ :B53Q_AA:H 9:EY

4:A=ABK 6 <4=9B5=. "IA39: 4:?8G=A: :L53A;G=A;=, GB: 4:B:9 :B53Q=AA:H
9:E4:A=ABK <:<B36?F=B E=A== 8% (A3 85:6A= DA3G;E:<B; 90%) :B ;<4536?=AY
A:L: D3 4:L?:R=A;F 4:B:93 :<A:6A:L: <B=4=AA:L: 9:AB;A88E3 6 A3P?TI3=E:E
I;343D:A= 4–10 9X2 (5.8–14.4 9X2 6 <;<B=E= 4:9:F 963D353) ; E=A== 11% :B 4:?Y
A:L: A3P?TI3=E:L: 4:B:93 6 XB:E I;343D:A=. )?F 45;AFB:L: A39?:A3 <4=9B53
! = 1.8 9:?:A93 4:L?:R=A;F I:<B3B:GA: Q_<B9: :L53A;G=A3 ;AB=563?:E 1.0 ↑
1023–2.8 ↑ 1023 <E↓2. 2 53E937 4353I;LEK B:53 ’(V :Q;I3=B<F, GB: :B53Q_AY
A3F 9:E4:A=AB3 6A:<;B E=A== 15% (B:GA:= DA3G=A;= D36;<;B :B E:5J:?:L;; ;
:5;=AB3>;; B:53) 6 <8EE35A:= A3P?TI3=E:= ;D?8G=A;= 6 I;343D:A= 5.8–14.4 9X2
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1.5

2.0

2.5

3.0

3.5

0 25 50 75
NH, 1022 cm−2

Γ
68%

90%

99%

!;<8A:9 2.3 N #:6E=<BAK= I:6=5;B=?@AK= :P?3<B; 4353E=B5:6 NH ; ! E:I=?;
tbabs↑ztbabs↑cflux↑zpowerlaw A3 85:6AF7 I:<B:6=5A:<B; 68%, 90% ;

99%.

I?F B39;7 8E=5=AAK7 (9:E4B:A:6<9; B:A9;7) ?8G=6K7 9:A>=AB53>;H [98], GB:
<:L?3<8=B<F < 4:?8G=AAKE 6=57A;E 45=I=?:E I?F SRGA J2306+1556.

2 <>=A35;; :B53Q=A;F 5=ABL=A:6<9:L: ;D?8G=A;F B:5:E I:?QA3 B39Q=
6:DA;93B@ J?8:5=<>=ABA3F ?;A;F Kω Q=?=D3. ^:XB:E8 EK I:P36;?; L38<<:68
9:E4:A=AB8 zgauss A3 XA=5L;; E = 6.4 9X2 6 <;<B=E= 4:9:F <: <6:P:IA:H A:5Y
E;5:69:H ;?;, X96;63?=ABA:, <: <6:P:IA:H X96;63?=ABA:H Z;5;A:H EW :

tbabs (ztbabs ↑ cflux ↑ zpowerlaw + zgauss) . (2.3)

,39?:A <4=9B53, 939 ; 45=QI=, PK? D3J;9<;5:63A A3 DA3G=A;; ! = 1.8.
’445:9<;E3>;F I3AAK7 B39:H E:I=?@T :93DK63=B<F 4539B;G=<9; A=G86Y

<B6;B=?@A:H 9 Z;5;A= L38<<:6<9:L: 45:J;?F 45; σline < 0.5 9X2. ^:XB:E8 EK
D3J;9<;5:63?; =_ 536A:H 0.019X2 I?F 45=I<B36?=A;F 5=D8?@B3B:6 6 B3P?. 2.2.
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1;A;F A= I=B=9B;58=B<F, 3 90% 6=57A;H 45=I=? A3 =_ X96;63?=ABA8T Z;5;A8 <:Y
<B36?F=B 1.3 9X2. ]B: <:L?3<8=B<F < :Q;I3=E:H ;AB=A<;6A:<B@T ?;A;; 6.4 9X2,
EW < 200 X2, I?F B:5:6 < NH ↫ 3↑1023 <E↓2 ; <:?A=GAKE :P;?;=E Q=?=D3 [98].

2.2.5 N1/,3$2 7&3&8&’’-/,A

)3?== PK?3 ;D8G=A3 953B9:65=E=AA3F (6A8B5;<8B:GA3F) 4=5=E=AA:<B@
5=ABL=A:6<9:L: ;D?8G=A;F SRGA J2306+1556. # XB:H >=?@T EK 4:<B5:;?; 95;Y
6K= P?=<93 (<9:5:<B@ <G_B3 939 J8A9>;F 65=E=A;, 6 ;AB=563?37 4: 1 G3<8) 6:
65=EF A34536?=AA:L: A3P?TI=A;F ART-XC 6 :<A:6A:E XA=5L=B;G=<9:E I;343Y
D:A= 4–129X2 ; 6 I687 I:4:?A;B=?@AK7: 4–8 ; 12–16 9X2 (5;<. 2.4). ^:<9:?@98
Swift/XRT D35=L;<B5;5:63? ?;Z@ I=<FB@ :B<G_B:6 6 I;343D:A= 0.3–10 9X2 ;D
:P?3<B; ;<B:GA;93 D3 65=EF <6:=L: 9:5:B9:L: (⇐ 40 E;A) A3P?TI=A;F, EK A=
;<4:?@D:63?; XB; I3AAK= I?F ;<<?=I:63A;F 4=5=E=AA:<B;.

/B:PK 45:6=5;B@, ;DE=AF=B<F ?; 5=ABL=A:6<9;H 4:B:9 6 I3AA:E XA=5L=B;Y
G=<9:E I;343D:A= 6 7:I= A3P?TI=A;F, EK :>=A;63?; <B3B;<B;98 χ24 <?=I8TR;E
:P53D:E:

χ2 =
N⌈︃

i=1

(fi ↓ f)2

σ2
i

, (2.4)

LI= fi – <9:5:<B@ <G_B3 6 i -E 65=E=AA:E ;AB=563?=, σi – <::B6=B<B68TR3F 4:Y
L5=ZA:<B@, f – 6D6=Z=AA:= <5=IA== DA3G=A;= <9:5:<B; <G_B3 D3 6<_ A3P?TI=A;=,
N – :PR== G;<?: ;DE=5=A;H. #::B6=B<B6=AA:, EK :45=I=?F=E 1 ↓ p – 6=5:FBY
A:<B@ 4:?8G;B@ <?8G3HAKE :P53D:E DA3G=A;= χ2, 45=6KZ3TR== ;DE=5=AA:=,
I?F dof = N ↓ 1 <B=4=A=H <6:P:IK 45; L;4:B=D=, GB: <9:5:<B@ <G_B3 :<B363Y
?3<@ 4:<B:FAA:H 6 7:I= A3P?TI=A;F.

/B:PK :>=A;B@ 3E4?;B8I8 5=ABL=A:6<9:H 4=5=E=AA:<B;, 6KG;<?F?3<@
A:5E;5:63AA3F ;DPKB:GA3F I;<4=5<;F (normalized excess variance), 45=I<B36?FY
TR3F <:P:H I;<4=5<;T, A:5E;5:63AA8T A3 <5=IA;H 4:B:9 ; 4:4536?=AA8T A3

4<2,/:" ;#"$%) $&+"23)- ↭ 25 &-$7=-&/ () ;,( / +,)’)>&()* 4–8 %8? , 4–12 %8? , ↭ 10 &-$7=-&/
() ;,( / +,)’)>&(" 12–16%8?, ’&8-&1@ (&21)#A(&" (5)@$$&/&) ’2,;#,3"(," ’2,1"(,1& +#. -)%&5&
)()#,>).
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12−16 keV

4−12 keV

4−8 keV

0 20000 40000 60000

0.006

0.009
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0.015
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0.018
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0.022

0.024

0.026

0.002

0.004

0.006

0.008

T, s

R
at

e,
 c

nt
s/

s

!;<8A:9 2.4 N !=ABL=A:6<9;= 95;6K= P?=<93 SRGA J2306+1556 6 B5_7 XA=5L=B;Y
G=<9;7 I;343D:A37, 4:?8G=AAK= B=?=<9:4:E ART-XC 6: 65=EF A34536?=AA:L:
A3P?TI=A;F ; 4:93D3AAK= 6 G3<:6K7 ;AB=563?37. ^:L5=ZA:<B; 4:93D3AK A3

85:6A= 1σ.
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.3P?;>3 2.3 N 03539B=5;<B;9; 953B9:65=E=AA:H 5=ABL=A:6<9:H 4=5=E=AA:<B;.

);343D:A, 9X2 R, :B<G <↓1 χ2 (dof) 1↓ p σ2
RMS

4–8 0.011 21.88 (20) 0.35 0.004± 0.008

4–12 0.019 11.39 (20) 0.94 ↓0.0063± 0.0022

12–16 0.004 23.98 (20) 0.24 0.02± 0.03

:Z;P9; ;DE=5=A;H 4:B:93 [99]:

σ2
rms =

S2 ↓ σ2
err

⇓f⇔2 , (2.5)

LI=

S2 =
1

N ↓ 1

N⌈︃

i=1

(fi ↓ ⇓f⇔)2 (2.6)

;

σ2
err =

1

N

N⌈︃

i

σ2
i . (2.7)

^:L5=ZA:<B@ σ2
rms E:QA: :>=A;B@ <?=I8TR;E :P53D:E [100]:

ϑσ2
rms =

sD

⇓f⇔2
↖
N
, (2.8)

LI=

s2
D
=

1

N ↓ 1

N⌈︃

i=1

{[(fi ↓ ⇓f⇔)2 ↓ σ2
i ]↓ σ2

rms⇓f⇔2}2. (2.9)

2 B3P?. 3.2 45;6=I=AK 4:?8G=AAK= DA3G=A;F <5=IA=H <9:5:<B; <G_B3 R,
χ2(dof), 1 ↓ p ; σ2

rms I?F 93QI:L: XA=5L=B;G=<9:L: I;343D:A3. !=ABL=A:6<9;H
4:B:9 A= 45:I=E:A<B5;5:63? <B3B;<B;G=<9; DA3G;E:H 4=5=E=AA:<B; (B.=. 45;
1 ↓ p > 0.05) A3 45:BFQ=A;; → 20-G3<:6:L: 4=5;:I3 A3P?TI=A;H B=?=<9:43
ART-XC.

2.2.6 O-#"-%3&8&’’$2 7&3&8&’’-/,A

$<4:?@D8F I:<B84AK= I3AAK= :PD:53 6<=L: A=P3 ; A34536?=AAK7 A3P?TY
I=A;H ART-XC (B3P?. 2.1), E:QA: B39Q= ;<<?=I:63B@ 4=5=E=AA:<B@ 5=ABL=Y
A:6<9:L: ;D?8G=A;F SRGA J2306+1556 A3 E3<ZB3P37 4:5FI93 L:I3. )?F XB:L:
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4: I3AAKE :PD:53 6<=L: A=P3 EK 6K4:?A;?; 45;A8I;B=?@A8T J:B:E=B5;T 6
:P?3<B; 53I;8<:E 71≃≃ 6:958L 4:?:Q=A;F SDSS J230630.38+155620.4. U3B=E 45=Y
:P53D:63?; ;DE=5=AAK= <9:5:<B; <G_B3 6 XA=5L=B;G=<9;= 4:B:9; 6 I;343D:A=
4–12 9X2, 45=I4:?3L3F <4=9B5 939 8 &53P:6;IA:H B8EE3A:<B;5 ; 45;E=A;6
96%-A8T 4:453698 A3 34=5B858. 90% 6=57A;= 45=I=?K PK?; 53<<G;B3AK 4:
8536A=A;T (7) ;D [101] 45; S = 1.282. #::B6=B<B68TR;H J:A :>=A;63?<F 4:
;DE=5=A;FE ART-XC 6 I;343D:A= 30–709X2 (<E. 4:I5:PA:<B; 6 [21]). ^:?8G=AY
AK= 4:B:9; 45;6=I=AK 6 B3P?. 2.4.

)?F A34536?=AA:L: A3P?TI=A;F ART-XC EK :>=A;?; A3P?TI3=EKH 4:Y
B:9 6 I;343D:A= 4–12 9X2, ;<4:?@D8F A3Z8 :<A:6A8T <4=9B53?@A8T E:I=?@
cflux↑tbabs↑ztbabs↑zpowerlaw (<E. B3P?. 2.2). "A <:<B36?F=B (7.6 ±
0.3) ↑ 10↓13 X5L <↓1 <E↓2 A3 85:6A= I:6=5;F 1σ (<E. B39Q= 4:<?=IATT <B5:98
B3P?. 2.4).

^:?8G;6Z3F<F 95;63F P?=<93 6 I;343D:A= 4–129X2 4:93D3A3 A3 5;<. 2.5.
(6A: 6;IA3 <;?@A3F 4=5=E=AA:<B@. $<B:GA;9 PK? :BA:<;B=?@A: F59;E 6: 65=Y
EF 4=56K7 45:7:I:6 6 7:I= :PD:53 6<=L: A=P3 ART-XC 6 4=5;:I < 3 ;TAF 2020
L:I3 4: 11 I=93P5F 2021 L:I3. +39<;E3?@AKH 4:B:9 13+9

↓6 ↑ 10↓12 X5L <↓1 <E↓2

PK? I:<B;LA8B 6: 6B:5:E 45:7:I= (7 I=93P5F 2020 L:I3), 7:BF 4=5=E=AA:<B@
E=QI8 4=56KE; G=BK5@EF 45:7:I3E; <B3B;<B;G=<9; A=DA3G;E3. C:5E3?@A:,
;<B:GA;9 PK? :PA358Q=A < 6K<:9:H <B3B;<B;G=<9:H DA3G;E:<B@T 6: 6B:5:E
45:7:I= ; E=A== DA3G;E: – 6 4=56:E ; G=B6_5B:E (<E. B3P?. 2.4). )=B=9B;5:63Y
A;= SRGA J2306+1556 A3 <8EE35A:H 935B= 4=56K7 G=BK5_7 :PD:5:6 6<=L: A=P3
ART-XC B39Q= F6?F=B<F A3I_QAKE (DA3G;E:<B@ I=B=9B;5:63A;F E=B:I:E E39Y
<;E3?@A:L: 4536I:4:I:P;F S/N = 5.65), 3 <::B6=B<B68TR;H <5=IA;H 4:B:9
<:<B36?F=B (4.6± 1.6)↑ 10↓12 X5L <↓1 <E↓2 (4–12 9X2, [21]). 24:<?=I<B6;;, 6: 65=Y
EF A34536?=AA:L: A3P?TI=A;F 3 ;TAF 2023 L:I3, 963D35 PK? <?3P== 6 9–30 53D
4: <536A=A;T < E39<;E3?@AKE 4:B:9:E, ;DE=5=AAKE 7 I=93P5F 2020 L:I3. *R=
4:DQ=, 6 7:I= 6:D:PA:6?_AA:L: :PD:53 6<=L: A=P3 – 13 I=93P5F 2023 L:I3, 15 ;TAF
2024 L:I3 ; 17 I=93P5F 2024 L:I3 – ;<B:GA;9 P:?@Z= A= I=B=9B;5:63?<F, :IA39:
4:?8G=AAK= 6=57A;= 45=I=?K A3 =L: 4:B:9 A= F6?FTB<F :G=A@ <B5:L;E;.

.39;E :P53D:E, E:QA: 45=I4:?:Q;B@, GB: SRGAJ2306+1556 4=5=Q;?
5=ABL=A:6<98T 6<4KZ98 6 2020–2021 L:I37 ; A37:I;?<F 6 “A;D9:E” <:<B:FA;; 6
;TA= 2023 L:I3. # 8G_B:E :B<8B<B6;F I3AAK7 I: 2020 L:I3 ; 4=5=5K5:6 6 E:A;Y

5<)% &;$@3+)"-$. / [21], %&844,B,"(- ’"2"$7=-) 8("25"-,7"$%&5& ’&-&%) / $%&2&$-A $7=-) ’&7-,
(" >)/,$,- &- 4&21: $’"%-2).
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V
)

From individual surveys Pointing observation

!;<8A:9 2.5 N ):?L:65=E=AA3F 5=ABL=A:6<93F 95;63F P?=<93 SRGA J2306+1556.
^:93D3A A3P?TI3=EKH 4:B:9 6 I;343D:A= 4–129X2. ^: A;QA=H L:5;D:AB3?@A:H
:<; :B?:Q=AK I3BK A3P?TI=A;H, 4: 6=57A=H – 65=EF, 45:Z=IZ== < E:E=AB3
4=56:L: A3P?TI=A;F ;<B:GA;93 6 =L: <;<B=E= 4:9:F. ^:L5=ZA:<B; 4:93D3AK A3

85:6A= 1σ, 3 6=57A;= 45=I=?K – A3 85:6A= I:<B:6=5A:<B; 90%.

B:5;AL= 4:<?= XB:L:, 6<4KZ93 E:L?3 I?;B@<F → 1 L:I ;?; P:?== 6 <;<B=E= 4:9:F
963D353. 23QA:, GB: XB8 4=5=E=AA:<B@ A=?@DF :PSF<A;B@ 4=5=E=AAKE 4:L?:Y
R=A;=E. )=H<B6;B=?@A:, ;D 5=D8?@B3B:6 A3Z=L: 5=ABL=A:6<9:L: <4=9B53?@A:L:
3A3?;D3 6 53DI=?= 2.2.4 <?=I8=B, GB: 6A8B5=AA== 4:L?:R=A;=, 7:BF ; <8R=<B6=AY
A:=, :<?3P?F?: A3P?TI3=EKH 4:B:9 4–12 9X2 ?;Z@ 6 1.3 53D3, GB: DA3G;B=?@A:
E=A@Z= 43I=A;F 4:B:93, :PA358Q=AA:L: 6: 65=EF A34536?=AA:L: A3P?TI=A;F,
:BA:<;B=?@A: “6K<:9:L:” <:<B:FA;F, D3J;9<;5:63AA:L: 6 7:I= :PD:53 6<=L: A=P3
!"#/ART-XC. #?=I:63B=?@A:, 6<4KZ93 PK?3 6KD63A3 ;E=AA: 5:<B:E 6A8B5=AY
A=H <6=B;E:<B;, 3 A= ;<G=DA:6=A;=E 7:?:IA:L: L3D3 < ?8G3 D5=A;F.

.39Q= <B:;B :BE=B;B@, GB: D3 B39:H 5=ABL=A:6<9:H 6<4KZ9:H I:?QA: PKY
?: <?=I:63B@ “X7:” ;D-D3 53<<=FA;F G3<B; ;D?8G=A;F >=AB53?@A:L: ;<B:GA;93
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.3P?;>3 2.4 N $AJ:5E3>;F : I=B=9B;5:63A;; SRGA J2306+1556 6 53DAK7 45:Y
7:I37 6: 65=EF :PD:53 6<=L: A=P3 ART-XC.

ART-XC :PD:5 S B 1↓ p
F4↓12,

10↓12 X5L <↓1 <E↓2

1 4 0.69 0.005361 8+7
↓5

2 6 0.65 0.000060 13+9
↓6

3 1 0.79 0.544614 < 8

4 3 0.71 0.035158 5+7
↓4

6 1 0.44 0.359156 < 8

7 1 0.49 0.384645 < 8

8 0 0.43 1.000000 < 5

B:G=GA:= 0.76± 0.03

S – G;<?: A3P?TI3=EK7 :B<G_B:6; B – 45=I<93D3AA:= G;<?: J:A:6K7 :B<G_B:6
6 :P?3<B; ;<B:GA;93 6 I;343D:A= 4–129X2; (1↓ p) – 6=5:FBA:<B@ A8?=6:H
L;4:B=DK (B.=. GB: ;<B:GA;93 A=B) 45; 45=I4:?:Q=A;; 483<<:A:6<9:H
<B3B;<B;9; J:B:A:6: Pr(N ↬ S|ε = B); F4↓12 – A3P?TI3=EKH 4:B:9 6
I;343D:A= 4–12 9X2. ,=:45=I=?_AA:<B; 893D3AK A3 85:6A= 1σ, 6=57A;=
45=I=?K N A3 85:6A= I:<B:6=5A:<B; 90%. ,=:P7:I;E: :BE=B;B@, GB:
SRGAJ2306+1556 A= PK? 45:<93A;5:63A B=?=<9:4:E ART-XC 6 7:I=
A=4:?A:L: 4FB:L: :PD:53 6<=L: A=P3 6 I=93P5= 2021–E35B= 2022.

6 :958Q3TR=E B:5=. 0:BF 5=D8?@B3B <;?@A: D36;<;B :B :5;=AB3>;; ; <B589Y
B85K B:53, E;A;E3?@A3F I?;B=?@A:<B@ :B53Q_AA:L: <;LA3?3 :45=I=?F=B<F
6A8B5=AA;E 53I;8<:E B:53, Rdust. )?F :>=A_AA:H P:?:E=B5;G=<9:H <6=B;E:Y
<B; SRGAJ2306+1556 Lbol → 6 ↑ 1046 X5L <↓1 (<E. 53DI. 2.4 A;Q=) :Q;I3=B<F
Rdust → 2 49 ;D J;D;G=<9;7 <::P53Q=A;H (<8P?;E3>;F 4K?;) ; ;<<?=I:63A;H
39B;6AK7 FI=5 L3?39B;9 E=B:I:E X7:935B;5:63A;F (A345;E=5, [102]). ]B: <::BY
6=B<B68=B 65=E=AAKE E3<ZB3P3E P:?== → 6 ?=B. ^:XB:E8 :B<8B<B6;= <;?@A:H
:B53Q_AA:H 9:E4:A=ABK 6 5=ABL=A:6<9:E <4=9B5= SRGAJ2306+1556 6 =L: A;DY
9:E <:<B:FA;; A= F6?F=B<F 8I;6;B=?@AKE.
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!;<8A:9 2.6 N "4B;G=<9:= ;D:P53Q=A;= 6 J;?@B5= r ;D LS DR10. &53<A3F
<4?:ZA3F ; <;AFF ZB5;7:63F :958QA:<B; :P:DA3G3TB 98% :P?3<B; ?:93?;D3Y
>;; 5=ABL=A:6<9:L: ;<B:GA;93 4: I3AAKE B:G=GAK7 A3P?TI=A;H !"#/ART-XC
; Swift/XRT < 53I;8<3E; 7.3≃≃; 7.6≃≃, <::B6=B<B6=AA:. O;J53E; :BE=G=AK :4B;Y
G=<9;= ;<B:GA;9;, 4:43I3TR;= 6 4=5=95K63TR8T<F :P?3<B@ XB;7 5=L;:A:6 (<E.

B3P?. 2.5).

2.3 9’-"-%-#’-%1& ’$4#D*&’(2
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.3P?;>3 2.5 N "4B;G=<9;=/$& :PS=9BK 6A8B5; <:6E=<BA:H :P?3<B; ?:93?;D3>;; 5=ABL=A:6<9:L: ;<B:GA;93
!"#/ART-XC –Swift/XRT.

LS UKIRT HS LS–WISE

Ocset RA DEC g r z .;4 J K &?3<< W1 W2 W3 W4

$<B:GA;9 1
0.0 346.62658 15.93905 21.17± 0.02 19.861± 0.009 18.791± 0.015 SER 17.8± 0.2 15.77± 0.12 V3?. 14.606± 0.008 13.309± 0.009 9.28± 0.02 5.78± 0.06

$<B:GA;9 2
6.3 346.62494 15.93828 24.14± 0.19 22.28± 0.05 21.37± 0.10 REX ↓ ↓ ↓ 18.09± 0.13 > 18.1 > 12.8 > 8.2

$<B:GA;9 3
6.7 346.62603 15.93728 21.802± 0.018 19.900± 0.005 17.777± 0.003 PSF 16.19± 0.03 15.26± 0.04 V3?. 16.89± 0.05 15.76± 0.06 13.1± 0.8 > 8.2

7.3 346.62578 15.93717 23.84± 0.11 21.95± 0.03 19.727± 0.018 PSF 15.328± 0.012 15.67± 0.06 > 12.8 10± 3

^=56K= <=E@ <B:?P>:6 <:I=5Q3B ;AJ:5E3>;T ;D LS DS10, 3 ;E=AA:: 8L?:6:= 53<<B:FA;= (6 8L?:6K7 <=98AI37) :B
SDSS J230630.38+155620.4, 9::5I;A3BK ICRS, 6=?;G;AK g, r ; z (6 <;<B=E= AB), 3 B39Q= E:5J:?:L;G=<98T
9?3<<;J;93>;T. 2 <?=I8TR;7 B5=7 <B:?P>37 45;6=I=AK 6=?;G;AK J, K (6 <;<B=E= 2=L3) ; 9?3<<;J;93>;F (V3?. –
L3?39B;93) ;D UHS DR2. ^:<?=IA;= G=BK5= <B:?P>3 <:I=5Q3B 6=?;G;AK W1, W2, W3 ; W4 (6 <;<B=E= 2=L3),
4:?8G=AAK= E=B:I:E 45;A8I;B=?@A:H J:B:E=B5;; WISE 4: 9::5I;A3B3E ;D LS DR10.
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,3 5;<. 2.6 45=I<B36?=A: :4B;G=<9:= ;D:P53Q=A;= 53DE=5:E 1≃ ↑ 1≃ 6
:95=<BA:<B; SRGAJ2306+1556, 4:?8G=AA:= 6 J;?@B5= r 6 53E937 DESI Legacy
Surveys (LS, [103]). 2 4=5=95K63TR=H<F :P?3<B; ?:93?;D3>;H !"#/ART-XC ;
Swift/XRT A37:IFB<F B5; :4B;G=<9;7/$& :PS=9B3. 2 B3P?. 2.5 45;6=I=AK J:B:Y
E=B5;G=<9;= I3AAK= ;D I=<FB:L: 6K48<93 LS (DR10) ; 6B:5:L: 6K48<93 UKIRT
Hemisphere Survey (UHS DR2, [104]).

^:E;E: :4B;G=<9:H J:B:E=B5;; (g, r, z ), LS DR10 45=I:<B36?F=B J:B:E=BY
5;T 6 <5=IA=E ;AJ53953<A:E I;343D:A= (#$&) 4: I3AAKE Wide-field Infrared
Survey Explorer (WISE ). ’ ;E=AA:, 4:B:9; 6 4:?:<37 W1, W2, W3 ; W4 ;DY
E=5=AK < ;<4:?@D:63A;=E 6<=7 ;D:P53Q=A;H WISE 64?:B@ I: 7-L: L:I3 E;<<;;
NEOWISE-Reactivation 4:<5=I<B6:E 45;A8I;B=?@A:H J:B:E=B5;; 6 4:?:Q=A;Y
F7 :4B;G=<9;7 ;<B:GA;9:6 LS ; < 8G_B:E ;7 45:J;?=H F59:<B;, :45=I=?_AAK7 4:
;D:P53Q=A;FE LS. ]B; I3AAK= EK ;D6?=9?; G=5=D 6=P-<=56;<6. +K 6KG;<?;?;
6=?;G;AK g, r, z, W1, W2, W3 ; W4 6 <;<B=E= AB ;D <::B6=B<B68TR;7 ;DE=5=Y
A;H 4:B:9:6 (6 nanomaggies) 6 B3P?;>= ls_dr10.tractor, ;<4:?@D8F <B3AI35BA:=
<::BA:Z=A;= m = 22.5↓ 2.5 log10 flux; I:4:?A;B=?@A: 45=:P53D:63?; 6=?;G;AK
W1, W2, W3 ; W4 6 <;<B=E8 2=L3 I?F 8I:P<B63 <536A=A;F <: <B3AI35BAKE;
#$&-I;3LA:<B;93E; ’(V; ; <::B6=B<B68TR;E :P53D:E 4=5=<G;B3?; <6FD3AAK=
A=:45=I=?_AA:<B; (1/

↖
inverse variance of flux). )?F ;<B:GA;9:6 < :B5;>3B=?@Y

AKE; 4:B:93E; 6 :BI=?@AK7 4:?:<37 EK :>=A;?; 2σ 6_57A;= 45=I=?K. ^:B:9;
LS DR10 :<A:63AK A3 A3;?8GZ=H E:I=?; 45:J;?F (<E. B3P?. 2.5) I?F 93QI:Y
L: ;<B:GA;937. 2:DE:QAK= E:5J:?:L;G=<9;= B;4K: B:G=GAKH ;<B:GA;9 (‘PSF’),
958L?3F X9<4:A=A>;3?@A3F L3?39B;93 (‘REX’), 45:J;?@ I= 2:98?_53 (X??;4B;Y
G=<93F L3?39B;93, ‘DEV’), X9<4:A=A>;3?@AKH 45:J;?@ (<4;53?@A3F L3?39B;93,
‘EXP’) ; 45:J;?@ #=5<;93 (‘SER’).

&3B3?:L UHS DR2 45=I:<B36?F=B J:B:E=B5;G=<9;= I3AAK= 6 I687 4:?:<37
P?;QA=L: ;AJ53953<A:L: I;343D:A3 (W$&), J ; K, < 6=?;G;A3E;, :B93?;P5:Y
63AAKE; 6 J:B:E=B5;G=<9:H <;<B=E= 2=L3. +K ;<4:?@D:63?; 4=B5:<FA:6<9;=
6=?;G;AK ;D XB:L: 93B3?:L3, 4:<9:?@98 B39:H B;4 6=?;G;A ?8GZ= 4:I7:I;B I?F
45:BFQ_AAK7 ;<B:GA;9:6.

$<B:GA;9 ‘1 – SDSS J230630.38+155620.4. "A 45:BFQ_AAKH A3 :4B;Y
G=<9:E ;D:P53Q=A;; (45:J;?@ F59:<B; #=5<;93), 3 =L: :4B;G=<9;H <4=9B5
B;4;G=A I?F ’(V 2-L: B;43, 939 P8I=B :P<8QI3B@<F 6 53DI. 2.3.1. &5:E= B:L:,

6
https://datalab.noirlab.edu

7
https://www.legacysurvey.org/dr10/description

https://datalab.noirlab.edu
https://www.legacysurvey.org/dr10/description
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8 A=L: W1↓W2 ⇐ 1.3, GB: <8R=<B6=AA: 45=6KZ3=B <B3AI35BAKH 4:5:L W1↓
W2 = 0.8 I?F A3I_QA:H ;I=AB;J;93>;; ’(V [78]. *<?; 45=I4:?:Q;B@, GB: XB:B
:PS=9B F6?F=B<F ;<B;AAKE 9:E43A@:A:E SRGAJ2306+1556, B: E:QA: :>=A;B@
:BA:Z=A;= =L: #$&-<6=B;E:<B; (εLε 45; 12µE) 9 5=ABL=A:6<9:H (2–10 9X2).
$AB=54:?;58F E=QI8 ;DE=5=A;FE; 6 4:?:<37 W3 ; W4 (4539B;G=<9; A= 4:IY
6=5Q=AAK7 4:L?:R=A;T 6 V3?39B;9=), A37:I;E εLε(12µm) ⇐ 2.7↑ 1045 X5L <↓1.
)?F <536A=A;F, 6: 65=EF :PD:53 6<=L: A=P3 !"#/ART-XC SRGAJ2306+1556
I=E:A<B5;5:63? ;<4536?=AA8T D3 4:L?:R=A;= <6=B;E:<B@ 6+6

↓3 ↑ 1045 X5L <↓1 6
I;343D:A= 2–109X2 6 <;<B=E= 4:9:F, 3 6: 65=EF B:G=GA:L: A3P?TI=A;F ART;
XC 5=ABL=A:6<93F <6=B;E:<B@ ;<B:GA;93 PK?3 DA3G;B=?@A: A;Q=, 1.0+0.8

↓0.3 ↑
1045 X5L <↓1. ]B: <::B6=B<B68=B :BA:Z=A;FE εLε(12µm)/L(2–10 9X2) = 0.3÷0.9

; 1.5 ÷ 3.9 I?F ‘6K<:9:L:’ ; ‘A;D9:L:’ 5=ABL=A:6<9;7 <:<B:FA;H <::B6=B<B6=AA:
(45=A=P5=L3F 6:DE:QA:H 4=5=E=AA:<B@T 6 #$&). UI=<@ EK ;<4536;?; A3P?TY
I3=EK= 5=ABL=A:6<9;= 4:B:9; D3 6A8B5=AA== 4:L?:R=A;=, ;<4:?@D8F NH →
2 ↑ 1023 <E↓2, 4:?8G=AA:= ;D A3Z=L: 5=ABL=A:6<9:L: <4=9B53?@A:L: 3A3?;D3,
; 8G?; <::B6=B<B68TR8T A=:45=I=?_AA:<B@. ^:?8G=AAK= DA3G=A;F P?;D9; 9
B;4;GA:E8 I?F ’(V :BA:Z=A;T <6=B;E:<B=H A3 12µE ; 6 2–10 9X2 → 2

[66; 105; 106]. #?=I:63B=?@A:, ;<B:GA;9 ‘1 A=<:EA=AA: F6?F=B<F ’(V ; < 6K<:Y
9:H 6=5:FBA:<B@T F6?F=B<F :4B;G=<9;E 9:E43A@:A:E 5=ABL=A:6<9:L: ;<B:GA;93
SRGAJ2306+1556.

$<B:GA;9 ‘2 :G=A@ B8<9?KH. ,3 ;D:P53Q=A;F7 LS =<B@ 893D3A;= A3 =L:
45:BFQ_AA:<B@ (<E. B3P?. 2.5), <?=I:63B=?@A:, XB: E:Q=B PKB@ L3?39B;93. $<B:GY
A;9 A= :PA358Q=A 6 UHS A; 6 J;?@B5= J, A; 6 K. )?F A=L: A=B :48P?;9:63AA:H
:4B;G=<9:H <4=9B5:<9:4;;, 3 4: I3AAKE WISE :A ?;Z@ =I63 I=B=9B;58=B<F. *L:
#$&->6=B W1↓W2 ↫ 0.1 8P=I;B=?@A: <6;I=B=?@<B68=B 45:B;6 45;5:IK ’(V.
*<?; B=E A= E=A== 53<<E:B5=B@ L;4:B=D8, GB: XB: 3A3?:L SRGA J2306+1556 ;
:PS=9B F6?F=B<F ’(V, B: E:QA: :>=A;B@ :BA:Z=A;= =L: #$& ; 5=ABL=A:6<9:H
<6=B;E:<B=H, 4:I:PA: A3Z=E8 3A3?;D8 I?F ;<B:GA;93 ‘1 6KZ=. 2 G3<BA:<B;,
:4;53F<@ A3 ;DE=5=A;= 6 4:?:<= W1 ; 6=57A;= 45=I=?K A3 4:B:9; 6 W2, W3
; W4, ; 45=I4:?3L3F <B=4=AA:H #$& <4=9B5 (GB: 73539B=5A: I?F ’(V, <E. A3Y
45;E=5, [107]), 4:?8G3=E 6=57A;H 45=I=? A3 4:B:9 εFε (12µE 6 <;<B=E= 4:9:F)
3 ↑ 10↓15 X5L <↓1 <E↓2 I?F 953<AK7 <E=R=A;H z < 1, B:LI3 939 A=4:L?:R=AAKH
4:B:9 6 I;343D:A= 2–10 9X2 6 <;<B=E= 4:9:F <:<B36?F=B (3 ÷ 14) ↑ 10↓12 ;
(1.0 ÷ 1.6) ↑ 10↓12 X5L <↓1 <E↓2 I?F 6K<:9:L: ; A;D9:L: 5=ABL=A:6<9;7 <:<B:Y
FA;H <::B6=B<B6=AA: (< 8G_B:E A=:45=I=?_AA:<B; 6: 6A8B5=AA=E 4:L?:R=A;;
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5=ABL=A:6<9:L: ;D?8G=A;F 6 D36;<;E:<B; 953<A:L: <E=R=A;F). .39;E :P53D:E,
:BA:Z=A;= εLε (12µE)/L(2–10 9X2) :93DK63=B<F E=A@Z= 3 ↑ 10↓3, GB: A3EA:Y
L: A;Q= B:L:, GB: :Q;I3=B<F I?F ’(V. #?=I:63B=?@A:, ;<B:GA;9 ‘2 A= <6FD3A
< SRGA J2306+1556.

$<B:GA;9 ‘3 – XB: D6=DI3 A3 53<<B:FA;; 660 ± 30049 <: DA3G;B=?@AKE
<:P<B6=AAKE I6;Q=A;=E 20.5± 1.0mas L:I↓1 <:L?3<A: 3<B5:E=B5;; Gaia (Gaia
Data Release 3, [108]). "IA39: ;E=TB<F <=5@_DAK= 893D3A;F A3 B:, GB: XB: A=
:I;A:GAKH :PS=9B. 2:-4=56K7, 6 LS DR10 :A 893D3A 939 4353 D6=DI::P53DAK7
:PS=9B:6 (E:5J:?:L;F PSF) A3 8L?:6:E 53<<B:FA;; 0.95≃≃ I58L :B I58L3. 2:Y
6B:5K7, UHS DR2 9?3<<;J;>;58=B XB:B ;<B:GA;9 939 :I;A:GAKH ;<B:GA;9
E:5J:?:L;G=<9:L: B;43 ‘L3?39B;93’. 2-B5=B@;7, 3<B5:E=B5;G=<9:= 5=Z=A;= Gaia
73539B=5;D8=B<F 6=?;G;A:H Renormalized Unit Weight Error (RUWE) 1.85, GB:
DA3G;B=?@A: 45=6KZ3=B 4:5:L → 1.3 I?F :I;A:GAK7 D6_DI [109]. #?=I:63B=?@Y
A:, EK E:Q=E ;E=B@ I=?: < I6:HA:H <;<B=E:H. *<?; PK :A3 PK?3 <6FD3A3 <
SRGAJ2306+1556, =_ ;<4536?=AA3F D3 4:L?:R=A;= 5=ABL=A:6<93F <6=B;E:<B@
<:<B36?F?3 PK → 1032 X5L <↓1 (2–10 9X2). .393F <6=B;E:<B@ E:L?3 PK <::B6=B<B6:Y
63B@ 93B39?;DE;G=<9:H 4=5=E=AA:H (&^), GB: 4:B5=P:63?: PK A3?;G;F B5=B@=L:
(A=53D?;G;E:L:) 9:E4:A=AB3 – P=?:L: 935?;93. "IA39:, 3445:9<;E;58F <:6E=<BY
AKH <4=9B5 ART-XC –XRT <B=4=AA:H E:I=?@T < 4:L?:R=A;=E 45; z = 0, EK
4:?8G3=E NH = 7+9

↓4 ↑1022 (A3 85:6A= I:<B:6=5A:<B; 90%), B:LI3 939 8 &^ A;9:Y
LI3 A= A3P?TI3TB<F <B:?@ <;?@A: 4:L?:R_AAK7 5=ABL=A:6<9;7 <4=9B5:6. W:?==
B:L:, :PS=9B ‘3 A3 A=<9:?@9: D6_DIAK7 6=?;G;A <?3P== 6 :4B;9=, G=E B;4;GAK=
&^ < B39;E; 6K<:9;E; 5=ABL=A:6<9;E; 4:B:93E; (A345;E=5, [110]).

+K 45;7:I;E 9 6K6:I8, GB: SDSS J230630.38+155620.4 (;<B:GA;9 ‘1) F6Y
?F=B<F :4B;G=<9;E 9:E43A@:A:E 5=ABL=A:6<9:L: ;<B:GA;93 SRGA J2306+1556.
.39Q= :BE=B;E, GB: <:L?3<A: 9?3<<;J;93B:58 95;6K7 P?=<93 ALeRCE [111]
4:B:93 :4:6=R=A;H Zwicky Transient Facility (ZTF)8 D3 4=5;:I 2019–2025 :4Y
B;G=<9;7 6<4KZ=9 A; 8 SDSS J230630.38+155620.4, A; 8 939:L:-?;P: I58L:L:
:PS=9B3 6 45=I=?37 30≃≃ :B SRGA J2306+1556 A= :PA358Q=A:.

8
https://alerce.online

https://alerce.online
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2.3.1 !7,(>&/0(& /7&0,31

13 A:FP5F 2012 L:I3 (MJD 56244) A3 2.5-E B=?=<9:4= "P<=563B:5;; ’43G;Y
^:HAB (,@T-+=9<;9:, #a’) 6 53E937 <4=9B5:<9:4;G=<9:L: :PD:53 P35;:AAK7
:<>;??F>;H (BOSS, [41]), F6?FTR=L:<F G3<B@T SDSS, PK? 4:?8G=A <4=9B5
SDSS J230630.38+155620.4. #4=9B5:L53J BOSS [42] 4:95K63=B I;343D:A I?;A
6:?A 3560–10400 Å < 4=5=E=AAKE <4=9B53?@AKE 53D5=Z=A;=E 2–5 Å. #5=IAFF
4:?A3F Z;5;A3 A3 4:?86K<:B= FWHMres = 3.2 Å, < 8G_B:E :P:;7 93A3?:6 –
953<A:L: ; <;A=L:. 2: 65=EF A3P?TI=A;F 6 J:93?@A:H 4?:<9:<B; B=?=<9:43
PK?3 8<B3A:6?=A3 4?3<B;A3 6134, 45;G_E 6:?:9A: 337 PK?: A36=I=A: A3 I3AY
AKH :PS=9B.

,3 5;<. 2.7 4:93D3A <4=9B5 SDSS J230630.38+155620.4, 4:?8G=AAKH ;D
SDSS Science Archive Server9. +K A= 45;E=AF?; 9 XB:E8 <4=9B58 A;939;7 I:Y
4:?A;B=?@AK7 45:>=I85 :P53P:B9;. "IA39: 36B:E3B;G=<9;H 9:A6=H=5 SDSS
(v5_13_2) A=9:55=9BA: 9?3<<;J;>;5:63? ;<B:GA;9 939 ‘QSO BROADLINE‘ ;DY
D3 4?:7:H 4:IL:A9; <4=9B53?@AK7 ?;A;H. ^:XB:E8 EK 4:6B:5A: 45:6=?; 3A3?;D
<4=9B53?@AK7 ?;A;H, GB:PK 4:?8G;B@ ;7 9:55=9BAK= 4353E=B5K.

#A3G3?3 EK ;<4536;?; <4=9B5 D3 4:L?:R=A;= 6 V3?39B;9=, ;<4:?@D8F
E(B ↓ V ) = 0.20 – DA3G=A;=, 4:?8G=AA:= I?F 9::5I;A3B ;<B:GA;93 <=56;<:E
IRSA Galactic Dust Reddening and Extinction10 A3 :<A:6= 935B [112]. ^:4536Y
93 45=I4:?3L3=B RV = 3.1 ; ;<4:?@D8=B 95;68T X9<B;A9>;; ;D [63]. U3B=E
EK 3445:9<;E;5:63?; 6<= ;I=AB;J;>;5:63AAK= ?;A;; L38<<:6KE; J8A9>;FE;
I?F 6KG;<?=A;F 953<A:L: <E=R=A;F. &:AB;A88E <4=9B53 3445:9<;E;5:63?<F
4:?;A:E;3?@A:H J8A9>;=H. )?F 8I:P<B63 EK 53DI=?;?; <4=9B5 A3 A=<9:?@9:
8G3<B9:6: 6200 Å < ε < 7000 Å (:P?3<B@ Hω), 4200 Å < ε < 5100 Å (:P?3<B@ Hϖ)
; 3317 Å < ε < 4000 Å, ;<9?TG;6 I;343D:A ε =3860–3880 Å. 2 93QI:E <=LE=AB=
?;A;; ; 9:AB;A88E 4:IL:AF?;<@ :IA:65=E=AA:. ^:<?= ;DE=5=A;F >=AB5:6 ?;Y
A;H EK 6KG;<?;?; P35;>=AB5;G=<9; <9:55=9B;5:63AA:= 953<A:= <E=R=A;= z =

0.43891±0.00008 (A=:45=I=?_AA:<B@ 1σ). ):6=5;B=?@AKH ;AB=563? I?F 953<A:L:
<E=R=A;F :45=I=?F?<F < ;<4:?@D:63A;=E t-53<45=I=?=A;F #B@TI=AB3. ]B: 953<Y
A:= <E=R=A;= <::B6=B<B68=B J:B:E=B5;G=<9:E8 53<<B:FA;T 2426.32 ± 0.5+49
I?F 45;AFB:H 9:<E:?:L;;.

9
https://dr16.sdss.org/optical

10
https://irsa.ipac.caltech.edu/applications/DUST

https://dr16.sdss.org/optical
https://irsa.ipac.caltech.edu/applications/DUST
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!;<8A:9 2.7 N #6=578: <4=9B5 SDSS. #A;D8: <4=9B5 DESI. "P3 <4=9B53 ;<Y
4536?=AK D3 4:L?:R=A;= 6 V3?39B;9=; XE;<<;:AAK= ?;A;; 4:I4;<3AK. )?F
A3L?FIA:<B; <4=9B5K PK?; <L?3Q=AK 3?L:5;BE:E <9:?@DFR=L: <5=IA=L: < :9Y

A:E 6 4FB@ P;A:6.
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.3P?;>3 2.6 N 03539B=5;<B;9; <4=9B53?@AK7 ?;A;H SDSS J230630.38+155620.4.

1;A;F )?;A3 6:?AK, Å
^:B:9, 10↓15

X5L <↓1 <E↓2
EW, Å

FWHM,
102 9E <↓1

[NeV]ε3346 4814.0± 0.3 0.269± 0.018 ↓17.8± 1.1 6.1± 0.7

[NeVI]ε3426 4930.83± 0.12 0.601± 0.017 ↓37.2± 1.0 5.1± 0.2

[OII]ε3726 5364.33± 0.08 1.100± 0.019 ↓61.4± 1.0 5.45± 0.15

Hε 5710.4± 0.5 0.29± 0.02 ↓17.3± 1.3 6.3± 0.8

Hγ 6246.0± 0.3 0.302± 0.019 ↓13.2± 0.8 4.0± 0.4

HeII 6743.9± 0.3 0.251± 0.014 ↓9.5± 0.5 4.4± 0.4

Hϖ 6996.02± 0.12 0.812± 0.017 ↓28.6± 0.5 5.01± 0.17

[OIII]ε4959 7136.57± 0.04 3.10± 0.02 ↓105.5± 0.8 4.90± 0.06

[OIII]ε5007 7205.33± 0.02 9.40± 0.05 ↓314.4± 1.6 4.78± 0.03

[OI]ε6300 9068.6± 0.8 0.154± 0.019 ↓4.9± 0.5 4.2± 0.9

[NII]ε6548 9421.3± 1.0 0.41± 0.05 ↓12.8± 1.6 4.4± 1.0

Hω 9443.90± 0.19 4.11± 0.10 ↓124± 3 5.4± 0.2

[NII]ε6584 9474.5± 0.4 1.22± 0.06 ↓36.9± 1.6 4.8± 0.4

[SII]ε6716 9664.5± 1.2 0.47± 0.07 ↓13.8± 1.9 4.8± 1.0

[SII]ε6731 9686.5± 1.6 0.40± 0.09 ↓12± 3 5.1± 1.8

)?;AK 6:?A 45;6=I=AK 6 <;<B=E= A3P?TI3B=?F, 3 X96;63?=ABAK= Z;5;AK – 6
<;<B=E= 4:9:F ;<B:GA;93. ,=:45=I=?_AA:<B; 893D3AK A3 85:6A= I:<B:6=5A:<B;
1σ.

I(’(( (<#5>&’(2

$I=AB;J;>;5:63AAK= ?;A;;, 3 B39Q= ;7 A3P?TI3=EK= I?;AK 6:?A, 4:B:Y
9;, X96;63?=ABAK= Z;5;AK (EW ) ; 4:?AK= Z;5;AK A3 4:?86K<:B= (FWHM)
45;6=I=AK 6 B3P?. 2.6. UA3G=A;F FWHM(4=5=<G;B3AAK= 6 <9:5:<B;) 6KG;<?FY
?;<@ 939:

FWHM =

⌉︃
FWHM2

mes ↓ FWHM2
res(ε)

1 + z
, (2.10)

LI= FWHMmes – ;DE=5=AA3F Z;5;A3 ?;A;;, 3 FWHMres – <4=9B53?@A:= 53D5=Y
Z=A;= A3 A3P?TI3=E:H >=AB53?@A:H I?;A= 6:?AK ε. ):6=5;B=?@AK= ;AB=563?K
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!;<8A:9 2.8 N ^:?:Q=A;= SRGA J2306+1556 A3 I;3L53EE= BPT [59] ; <:Y
:B6=B<B68TR;= 4:L5=ZA:<B; 1σ (953<AKE >6=B:E). V53A;>K, 53DI=?FTR;=
53D?;GAK= B;4K L3?39B;9, 6DFBK ;D: [60] – <4?:ZA3F ?;A;F; [61] – ZB5;7:63F

?;A;F; [62] – 48A9B;5A3F ?;A;F.

I?F EW PK?; 4:?8G=AK E=B:I:E +:AB=-&35?:. ’ ;E=AA:, 45=I4:?3L3F, GB:
:Z;P9; 4:B:9:6 4:IG;AFTB<F A:5E3?@A:E8 53<45=I=?=A;T, EK <L=A=5;5:63?;
1000 5=3?;D3>;H <4=9B53 ; :>=A;?; EW I?F 93QI:H ;D A;7. U3B=E I:6=5;B=?@Y
AK= ;AB=563?K PK?; :45=I=?=AK 4: 4:?8G=AA:E8 53<45=I=?=A;T EW .

2<= :PA358Q=AAK= 6 <4=9B5= XE;<<;:AAK= ?;A;; – 939 ?;A;; <=5;;
W3?@E=53, B39 ; EA:Q=<B6: D345=R_AAK7 ?;A;H – ;E=TB I:4?=5:6<9;= Z;Y
5;AK 4:5FI93 5009E <↓1, GB: 73539B=5A: I?F ’(V 2-L: B;43. "BA:Z=A;F
4:B:9:6 9?TG=6K7 435 ?;A;H <:<B36?FTB log([OIII]ε5007/Hϖ)= 1.064± 0.009

; log([NII]ε6584/Hω)=↓0.53 ± 0.02. .39;E :P53D:E, ;<B:GA;9 4:43I3=B
6 :P?3<B@ <=HJ=5B:6 A3 I;3L53EE= W3?@I6;A3-C;??;4<3-.=5?=6;G3 (BPT)
(5;<. 2.8).
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,3 :<A:6= ;DE=5=AAK7 4:B:9:6 P3?@E=5:6<9;7 ?;A;H EK E:Q=E :>=Y
A;B@ P3?@E=5:6<9;H I=95=E=AB 6 A34536?=A;; :P?3<B; 8D9;7 ?;A;H (NLR):
(Hω/Hϖ)measured = 5.1 ± 0.2. ]B: DA3G=A;= 4:43I3=B 6 1σ-;AB=563? (3.5–5.5)
53<45=I=?=A;F P3?@E=5:6<9;7 I=95=E=AB:6 NLR, A3HI=AA:L: [113] I?F P:?@Y
Z:H 6KP:59; ’(V ;D :PD:53 SDSS, ; 893DK63=B A3 A3?;G;= 4K?; 6 NLR
;/;?; :958Q3TR=H <5=I=. ^5; :B<8B<B6;; 4K?; :Q;I3=EKH 6A8B5=AA;H P3?@Y
E=5:6<9;H I=95=E=AB I?F NLR <:<B36?F=B Hω/Hϖ ⇐ 3.1, B.=. A=<9:?@9:
6KZ= DA3G=A;F 2.85, <::B6=B<B68TR=L: 5=9:EP;A3>;; 6 <?8G3= B, GB: :PSY
F<AF=B<F <B:?9A:6;B=?@AKE 6:DP8QI=A;=E Hω [114]. .:LI3 E:QA: :>=A;B@
6A8B5=AATT X9<B;A9>;T 6 A34536?=A;; NLR :PS=9B3 SRGA J2306+1556 (<A:Y
63 45=I4:?3L3F RV = 3.1 ; ;<4:?@D8F 95;68T X9<B;A9>;; [63]): AV =

7.202 [log(Hω/Hϖ)measured ↓ log 3.1] = 1.5± 0.1mag, ;?; E(B ↓ V ) = 0.50± 0.03

(DI=<@ 4:?:<K B ; V :45=I=?=AK 6 <;<B=E= 4:9:F :PS=9B3). #::B6=B<B6=AA:,
:<?3P?=A;= 6 XE;<<;:AA:H ?;A;; O[III]ε5007, :P<8QI3=E:H A;Q=, E:QA: :>=Y
A;B@ 939 A(O[III]) = 3.475AV /RV = 1.7 ± 0.1mag.

M-’,(’’58

2 <4=9B5= 45;<8B<B68=B <?3PKH, A: <B3B;<B;G=<9; DA3G;EKH :4B;G=<9;H
9:AB;A88E. 1;A;; ;D?8G=A;F [NeV]ε3346, [NeVI]ε3426 ; [OII]ε3726 I3TB 69?3I
(1.97± 0.03)↑ 10↓15 X5L <↓1 <E↓2, GB: <:<B36?F=B 10% :B <8EE35A:L: ;D?8G=A;F
6 4:?:<= g 93E=5K Dark Energy Camera (DECam). 1;A;; Hε, Hγ, HeII, Hϖ,
[OIII]ε4959 ; [OIII]ε5007 I3TB 69?3I (1.415±0.007)↑10↓14 X5L <↓1 <E↓2, ;?; 40%
6 4:?:<8 r. 1;A;; [OI]ε6300, [NII]ε6548, Hω, [NII]ε6584, [SII]ε6716 ; [SII]ε6731
I3TB 69?3I (6.8 ± 0.2) ↑ 10↓15 X5L <↓1 <E↓2, ;?; 14% 6 4:?:<8 z.

$<4536;6 45;6=I_AAK= 6 B3P?. 2.6 :4B;G=<9;=/$& J:B:E=B5;G=<9;= 6=?;Y
G;AK D3 4:L?:R=A;= 6 V3?39B;9= 6 A34536?=A;; A3 SDSS J230630.38+155620.4
4: <B3AI35BA:H 45:>=I85=, :4;<3AA:H 6 I:98E=AB3>;; LS DR10, 4:?8G3=E <?=Y
I8TR;= DA3G=A;F: g = 20.43 ± 0.02, r = 19.358 ± 0.009, z = 18.510 ± 0.015,
J = 17.6± 0.2 ; K = 15.77± 0.12, W1 = 14.563± 0.008, W2 = 13.284± 0.009,
W3 = 9.27 ± 0.02, ; W4 = 5.78 ± 0.06. *<?; B=4=5@ 45=I4:?:Q;B@, GB: ?;Y
A=HA:= ;D?8G=A;= A= 6A:<;B <8R=<B6=AA:L: 69?3I3 D3 45=I=?3E; >=AB53?@A:H
:P?3<B; SDSS J230630.38+155620.4 53I;8<:E → 1≃≃ (;?; → 6 949), GB: <::B6=BY
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<B68=B 34=5B85= <4=9B5:<9:4;; SDSS/BOSS, B: 6KG;B3F :>=A_AAK= 6KZ= 4:
<4=9B5:J:B:E=B5;; 4:B:9; ?;A;H, 4:?8G3=E ;<4356?=AAK= D3 4:L?:R=A;= 6 V3Y
?39B;9= 6=?;G;AK g = 20.54 ± 0.02, r = 19.918 ± 0.018 ; z = 18.67 ± 0.02

I?F :4B;G=<9:L: 9:AB;A83?@A:L: ;D?8G=A;F. ]B; DA3G=A;F, 3 B39Q= 45;6=I_AY
AK= 6KZ= 6=?;G;AK J ; K, P8I8B ;<4:?@D:63AK A;Q= (6 53DI. 2.5) I?F :>=A9;
E3<<K 5:I;B=?@<9:H L3?39B;9; SDSS J230630.38+155620.4.

#6=B;E:<B@ 9:AB;A88E3 A3 I?;A= 6:?AK 5100 Å 6 <;<B=E= 4:9:F (6=?;Y
G;A3, G3<B: ;<4:?@D8=E3F 6 ;<<?=I:63A;F7 L3?39B;9 ; ’(V), 8<5=IA_AA3F 4:
4FB; <4=9B53?@AKE ;AB=563?3E 6:958L XB:H I?;AK 6:?AK, <:<B36?F=B εLε =

(9.9 ± 0.7) ↑ 1043 X5L <↓1. 2 ;B:L=, ;<7:IF ;D <:6:984A:<B; <6:H<B6 :4B;G=Y
<9;7 ?;A;H ; 9:AB;A88E3 6 <:G=B3A;; < 6K<:9:H P:?:E=B5;G=<9:H <6=B;E:<B@T
SRGAJ2306+1556=SDSS J230630.38+155620.4 (<E. A;Q=), E:QA: 86=5=AA: 9?3<Y
<;J;>;53B@ :PS=9B 939 963D35 2-L: B;43.

&:LI3 EK D36=5Z3?; 53P:B8 [92], 6KZ=? 4=56KH 6K48<9 I3AAK7 ;AY
<B58E=AB3 Dark Energy Spectroscopic Instrument (DESI DR1) [115]. 2 A_E
45=I<B36?=A A:6KH <4=9B5 SDSS J230630.38+155620.4, 4:?8G=AAKH 3 A:FP5F
2021 L:I3 (< X9<4:D;>;=H 1360 s), B.=. 45;E=5A: G=5=D I=6FB@ ?=B 4:<?= A3Y
P?TI=A;F SDSS. ]B:B <4=9B5 4:93D3A A3 A;QA=H 43A=?; 5;<. 2.7. DESI [116]
8<B3A:6?=A A3 4-E B=?=<9:4= ; ;<4:?@D8=B B5; <4=9B53?@AK= 93E=5K, 53P:B3Y
TR;= 6 4:?:<37 B, R ; Z ; 4:95K63TR;= I;343D:A I?;A 6:?A 3600–9800 Å;
<4=9B53?@A:= 53D5=Z=A;= (ε/#ε) 635@;58=B<F 45;E=5A: :B 2000 I: 5000 6 D36;Y
<;E:<B; :B I?;AK 6:?AK, GB: 45;E=5A: 6I6:= ?8GZ=, G=E 8 SDSS.

^:B:9; XE;<<;:AAK7 ?;A;H 6 <4=9B5= SDSS J230630.38+155620.4, 4:?8G=AY
A:E 6 :PD:5= SDSS, :93D3?;<@ <;<B=E3B;G=<9; A3 → 15% 6KZ=, G=E 6 <4=9B5=
DESI, 45;G=E <::B6=B<B68TR;= 9:AB;A88EK I=E:A<B5;58TB B39:= Q= <E=R=Y
A;= A3 → 15%. ]B: 893DK63=B A3 B:, GB: 53D?;G;= <6FD3A: < A=:45=I=?_AA:<B@T
3P<:?TBA:H 93?;P5:69; 4: 4:B:98, 3 A= < 4=5=E=AA:<B@T ;<B:GA;93. "B<8BY
<B6;= <8R=<B6=AA:H <4=9B53?@A:H 4=5=E=AA:<B; 6 :4B;G=<9:E I;343D:A= A3
65=E=AA:E E3<ZB3P= → 6 ?=B 6 <;<B=E= 4:9:F A=8I;6;B=?@A:, 8G;BK63F, GB:
SDSS J230630.38+155620.4 – 963D35 2-L: B;43, B39 GB: 3995=>;:AAKH I;<9 ;
:P?3<B@ :P53D:63A;F Z;5:9;7 ?;A;H <95KBK :B A3< D3 L3D:4K?=6KE B:5:E.
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.3P?;>3 2.7 N !3I;::PD:5K, :P<8QI3=EK= 6 B=9<B=.

"PD:5 /3<B:B3, -L?:6:= ^=5;:I #<K?93
+V> 53D5=Z=A;= A3P?TI=A;H

VLSSr 74 80≃≃ 2001–07 [118]
TGSS 150 25≃≃ 2010–12 [119]

4C 178 3.5≃ 1960-65 [117]
TXS 365 20≃≃ 1974–83 [120]
MRC 408 3≃ 1968–78 [121]
RACS 887.5 15≃≃ 2019 [77]
NVSS 1400 45≃≃ 1993–97 [76]
VLASS 3000 2.5≃≃ 2017–23 [75]
87GB 4850 3.5≃ 1987 [122]
GB6 4850 3.5≃ 1986–87 [123]

2.3.2 C$*(-’$4#D*&’(2

"93D3?:<@, GB: SRGAJ2306+1556 = SDSS J230630.38+155620.4 8Q= I36Y
A: ;D6=<B=A 939 53I;:;cB:GA;9 (9?TG=6K= 73539B=5;<B;9; :P<8QI3=EK7 A;Q=
:PD:5:6 45;6=I=AK 6 B3P?. 2.7). $<B:GA;9, 53<4:?:Q=AAKH 45;E=5A: 6 156≃≃

:B :4B;G=<9:L: 4:?:Q=A;F 963D353, 64=56K= PK? :PA358Q=A 6 &=EP5;IQ<9:E
:PD:5= 4C A3 G3<B:B= 178 MHz [117]. $DE=5=AA3F 4?:BA:<B@ 4:B:93 <:<B36;?3
2.2 (A. ,=I36A;= A3P?TI=A;F < ?8GZ;E 8L?:6KE 53D5=Z=A;=E 6KF6;?; 6P?;Y
D; SRGA J2306+1556 I6:HA:H 53I;:;<B:GA;9 A3 74 +V> (:PD:5 VLSSr, [118],
<E. 5;<. 2.9, 6=57AFF 43A=?@11) ; 150 +V> (:PD:5 TGSS, [119]). (59;= 9:E4:Y
A=ABK ;E=TB 4:GB; 536AK= 4?:BA:<B; 4:B:93: 3.02 ± 0.41 ; 2.79 ± 0.39 Jy A3
74 +V>; 1.51± 0.15 ; 1.32± 0.13(A A3 150 +L> 8 <=6=5A:L: ; TQA:L: 9:E4:A=AY
B:6 <::B6=B<B6=AA:. #::B6=B<B68TR;= <4=9B53?@AK= ;AI=9<K XB;7 9:E4:A=AB:6
ω74↓150 = ↓0.98± 0.24 ; ↓1.06± 0.24, GB: 893DK63=B A3 :4B;G=<9; B:A9:= <;AY
75:B5:AA:= ;D?8G=A;= <: <4=9B53?@AKE <B35=A;=E. "PD:5 RACS (887.5+V>)
B39Q= I=E:A<B5;58=B I6:HA8T 53I;:<B589B858 :PS=9B3 < <8EE35A:H 4?:BA:Y
<B@T 4:B:93 :9:?: 640E(A ; I68EF F5G3HZ;E; L38<<:6KE; 9:E4:A=AB3E; 4:
137 ; 120 E(A [77].

11C)+,&%)2-) />.-) $ https://www.cv.nrao.edu/vlss/VLSSpostage.shtml

https://www.cv.nrao.edu/vlss/VLSSpostage.shtml
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!;<8A:9 2.9 N !3I;:935BK SRGAJ2306+1556 A3 74 +V> (VLSSr, 6=57AFF
43A=?@) ; 1400 +V> (NVSS, A;QAFF 43A=?@). &5=<B 893DK63=B 4:?:Q=A;= :4Y

B;G=<9:L: 9:E43A@:A3 SRGAJ2306+1556.
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!;<8A:9 2.10 N !3I;:;D:P53Q=A;= SRGA J2306+1556 A3 3000 +V> (4:?= 6.5≃

4: <B:5:A=), 4:?8G=AA:= E=I;3AAKE <?:Q=A;=E Quick Look-;D:P53Q=A;H ;D
B5_7 X4:7 VLASS. &53<AKH 95=<B 893DK63=B 4:?:Q=A;= :4B;G=<9:L: 9:E43A@:Y
A3 SRGA J2306+1556. #=6=5AKH (953<A3F B:G93 6 6=57A=H G3<B; ;D:P53Q=A;F)
; TQAKH (I6= 953<AK= B:G9; 6 A;QA=H G3<B; ;D:P53Q=A;F) 9:E4:A=ABK F6Y
?FTB<F L:5FG;E; 4FBA3E; (hotspots) 6 45:BFQ_AAK7 53I;:I:?F7 (:P:DA3G=AK

D=?_AKE >6=B:E).
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+:5J:?:L;F NVSS A3 1400+V> 4:93DK63=B I63 F59;7 9:E4:A=AB3
(5;<. 2.9, A;QAFF 43A=?@12) < 45;E=5A: 536AKE; 4?:BA:<BFE; 4:B:93 8 <=Y
6=5A:L: ; TQA:L: 9:E4:A=AB:6: 215 ± 8 ; 193 ± 7E(A <::B6=B<B6=AA: [76].
"IA39: ;E==B<F ; <?3PKH >=AB53?@AKH 9:E4:A=AB (14± 1E(A) A3 53<<B:FA;;
5≃≃ :B SDSS J230630.38+155620.4. .5:H<B6=AA3F E:5J:?:L;F < >=AB53?@AKE
9:E4:A=AB:E (⇐ 5E(A) 4:IB6=5QI3=B<F A3 3000+V> I3AAKE; :PD:53 Very
Large Array Sky Survey (VLASS) (5;<. 2.10, [75]). ]B:B >=AB53?@AKH 9:E4:A=AB
<:643I3=B < :4B;G=<9;E 4:?:Q=A;=E 963D353 < B:GA:<B@T I: 0.3≃≃. O=AB53?@AKH
9:E4:A=AB A= I=E:A<B5;58=B 4=5=E=AA:<B; 4: I3AAKE VLASS: 4.81± 0.28E(A
(]4:73 1, :9BFP5@ 2017 L:I3) ; 4.64 ± 0.39E(A (]4:73 2, 36L8<B 2020 L:I3).
#=6=5AKH 9:E4:A=AB (N) ;E==B 4?:BA:<B@ 4:B:93 20.47 ± 0.69E(A 6 ]4:78
1 ; 25.90 ± 1.12E(A 6 X4:78 2. MQAKH 9:E4:A=AB (S) 6KL?FI;B I6:HAKE:
13.00 ± 0.26E(A (Sa) ; 11.88 ± 0.66E(A (Sb) 6 X4:78 1 (53<<B:FA;= E=QI8
XB;E; 4:I9:E4:A=AB3E; 4.7≃≃); 12.81 ± 0.36E(A (Sa) ; 9.69 ± 0.82E(A (Sb) 6
X4:78 2. "P?3<B@ :9:?: SRGAJ2306+1556 B39Q= A3P?TI3?3<@ 6 7:I= X4:7;
3 :PD:53 VLASS 6 FA635= 2023 L:I3, :IA39: 93B3?:L 53I;:;<B:GA;9:6 I?F
X4:7; 3 4:93 A=I:<B84=A.

,3 =R_ P:?== 6K<:9;7 G3<B:B37 ;E=TB<F ?;Z@ :BI=?@AK= ;DE=5=A;F
A3 4.85 VV>, 6K4:?A=AAK= A3 91-E 53I;:B=?=<9:4= V5;A-WXA9 6 1986–87 LL.
[122–124]. "IA39: XB; A3P?TI=A;F 45:6:I;?;<@ < 8L?:6KE 53D5=Z=A;=E 3.5≃,
; 53I;:;<B:GA;9 A= PK? 53D5=Z_A; <8EE35A3F 4?:BA:<B@ 4:B:93 <:<B36;?3 :9:Y
?: 110E(A.

,3 5;<. 2.11 45=I<B36?=AK <4=9B5K <=6=5A:L:, TQA:L: ; >=AB53?@A:L:
9:E4:A=AB:6, 3 B39Q= <8EE35AKH <4=9B5 53I;:9:E43A@:A3 SRGA J2306+1556.
#8EE35AKH <4=9B5 7:5:Z: :4;<K63=B<F 958BKE <B=4=AAKE D39:A:E Fφ → φω <
ω ⇐ ↓1, A=<E:B5F A3 B:, GB: ;DE=5=A;F 6K4:?AF?;<@ A3 45:BFQ=A;; 55 ?=B. ]B:
893DK63=B A3 :B<8B<B6;= <;?@A:H 4=5=E=AA:<B; ;<B:GA;93 6 53I;:I;343D:A=.

$<9?TG=A;=E ;D XB:L: <B=4=AA:L: D39:A3 F6?F=B<F <8EE35A3F ;DE=5=AY
A3F 4?:BA:<B@ 4:B:93 50–55 E(A A3 3 VV>: XB: <8R=<B6=AA: E=A@Z= :Q;I3=E:H
6=?;G;AK 4:5FI93 200E(A, 6KB=93TR=H ;D 958B:L: <B=4=AA:L: <4=9B53, 4:Y
?8G=AA:L: 4: ;DE=5=A;FE A3 P:?== A;D9;7 ; P:?== 6K<:9;7 G3<B:B37. ]B8
45:P?=E8 E:QA: 5=Z;B@, 8G;BK63F A3?;G;= I;JJ8DA:L: 53I;:;D?8G=A;F A3
3 VV>. VLASS :P?3I3=B <3EKE 6K<:9;E 8L?:6KE 53D5=Z=A;=E <5=I; :P<8QI3=Y
EK7 53I;::PD:5:6 ; 5=L;<B5;58=B ?;Z@ <3EK= F59;= 9:E4:A=ABK < 6K<:9;E

12C)+,&%)2-) />.-) $ https://www.cv.nrao.edu/nvss/postage.shtml

https://www.cv.nrao.edu/nvss/postage.shtml
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:BA:Z=A;=E <;LA3?/Z8E. UA3G;B=?@A3F I:?F 53I;:;D?8G=A;F A3 3 VV> 53<Y
45=I=?=A3 4: :P?3<B;, 45=6KZ3TR=H 53DE=5 ?8G3 VLASS. ">=A;E L58P:
6:DE:QAKH 69?3I I;JJ8DA:H <:<B36?FTR=H 6 <8EE35A8T 4?:BA:<B@ 4:B:93.
RMS-G86<B6;B=?@A:<B@ A3 X4:78 I?F VLASS <:<B36?F=B :9:?: 0.12E(A/beam,
3 53DE=5 ?8G3 – :9:?: 3≃≃. !3<<B:FA;= E=QI8 <=6=5AKE (N) ; TQAKE (S) 9:E4:Y
A=AB3E; VLASS <:<B36?F=B 45;E=5A: 210≃≃, ; RMS 536=A 147 E(A A3 :958QA:<B@
53I;8<:E 105≃≃. #9?3IK63F 4?:BA:<B@ 4:B:93 B5_7 VLASS-9:E4:A=AB ; XB: RMSY
DA3G=A;=, 4:?8G3=E 6=57A;H 45=I=? 4:5FI93 200 E(A I?F <8EE35A:H 4?:BA:<B;
4:B:93 A3 3 VV>. )3?== 45=I4:?:Q;E, GB: 45:BFQ_AA3F E:5J:?:L;F A3 3 VV>
L3AB=?=6;IA3F, 939 A3 1.4 VV>. .:LI3 9:E4:A=ABK N ; S E:QA: 53<<E3B5;63B@
939 :958QA:<B; 53I;8<:E r = xR, LI= R = 105≃≃ – 8L?:6:= 53<<B:FA;= :B
93QI:L: ;D XB;7 9:E4:A=AB I: >=AB53?@A:L:. 2=5:FBA:, x = 0.6–0.8, 4:XB:Y
E8 r = 63–84≃≃. RMS <:<B36?F=B :9:?: 53 E(A A3 :958QA:<B@ 53I;8<:E 63≃≃,
B:LI3 939 RMS I?F 4=5=EKG9; E=QI8 :958QA:<BFE; N ; S – :9:?: 24 E(A
45; r = 63≃≃. 2 <8EE= 4:?8G3=E RMS 4:5FI93 130 E(A I?F 4?:R3I; 53I;:Y
;<B:GA;93. #?=I:63B=?@A:, 6=57A;H 45=I=? I?F <8EE35A:H 4?:BA:<B; 4:B:93
6 53<<E3B5;63=E:E <?8G3= <:<B36?F=B :9:?: 180 E(A, GB: 8I:6?=B6:5;B=?@A:
<:L?3<8=B<F <: <B=4=AAKE <4=9B5:E, 4:93D3AAKE A3 5;<. 2.11.

+:QA: 45=I4:?:Q;B@, GB: 9:E4:A=ABK N ; S 6 VLASS F6?FTB<F L:5FG;E;
4FBA3E;. ]B: 4:IB6=5QI3=B<F ;AB=539B;6AKE 53I;:;D:P53Q=A;=E, 4:?8G=AY
AKE E=I;3AAKE <?:Q=A;=E Quick Look-;D:P53Q=A;H ;D 6<=7 B5_7 X4:7 VLASS13

I?F :P?3<B;, >=AB5;5:63AA:H A3 SDSS J230630.38+155620.4 (5;<. 2.10). ]B: <8EY
E35A:= ;D:P53Q=A;= I=E:A<B5;58=B A3?;G;= 53I;:I:?=H, A= :PA358Q;63=EK7
6 :BI=?@AK7 X4:737.

29?3I 53I;:FI53 E:QA: :73539B=5;D:63B@ 939 :BA:Z=A;= 4?:BA:<B; 4:Y
B:93 >=AB53?@A:L: 9:E4:A=AB3 9 4:?A:H: Cφ = Sφ,c/Sφ,total. +K :>=A;63=E
C1.4GHz = 0.032 ± 0.04 ; C3.0GHz = 0.025 ± 0.001 (=<?; 45;AFB@ S3.0,total =

180 ÷ 200E(A), B39;E :P53D:E, 69?3I 53I;:FI53 A= <B3A:6;B<F P:?== DA3G;Y
B=?@AKE A3 P:?== 6K<:9;7 G3<B:B37.

!3<<B:FA;= E=QI8 >=AB53E; <;EE=B5;GAK7 9:E4:A=AB:6 6 935B;AA:H
4?:<9:<B; <:<B36?F=B :9:?: 0.9 +49 4: I3AAKE VLSSr ; TGSS ; 1.0 +49 4:
I3AAKE NVSS (A3 953<A:E <E=R=A;; z = 0.4389). ^5:=9>;:AA:= 53<<B:FY
A;= E=QI8 9:E4:A=AB3E; VLASS 536A: 1.2 +49, GB: 4:IB6=5QI3=B B:, GB:
XB: L:5FG;= 4FBA3. O=AB53?@AKH 9:E4:A=AB VLASS ;E==B ;<4536?=AAKH D3

13?>.-& $ https://archive-new.nrao.edu/vlass/HiPS/All_VLASS/Quicklook

https://archive-new.nrao.edu/vlass/HiPS/All_VLASS/Quicklook
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!;<8A:9 2.11 N a;5:9:4:?:<AKH <4=9B5 53I;:9:E43A@:A3 SRGA J2306+1556.
C;:?=B:6K= 958Q9; :P:DA3G3TB <8EE35A8T 4?:BA:<B@ 4:B:93 6<=7 9:E4:A=AB;
<;A;= ; D=?_AK= D6_DI:G9; – 4?:BA:<B@ 4:B:93 <=6=5A:L: ; TQA:L: 9:E4:Y
A=AB:6 <::B6=B<B6=AA:; 953<AK= 4FB;8L:?@A;9; 4:93DK63TB 4?:BA:<B@ 4:B:93
>=AB53?@A:L: 9:E4:A=AB3. C;:?=B:6KH 95=<B 893DK63=B ;AB=54:?;5:63AA8T
4?:BA:<B@ 4:B:93 A3 3000 +V> 4: ;DE=5=A;FE 6 I;343D:A= 888–4850 +V>. C;:?=Y
B:6K= 4FB;8L:?@A;9; :P:DA3G3TB 4?:BA:<B@ 4:B:93 L:5FG;7 4FB=A A3 3000 +V>.
^8A9B;5A3F ?;A;F 45=I<B36?F=B <B=4=AA8T E:I=?@ Fφ → φ↓1 I?F <8EE35A:H

4?:BA:<B; 4:B:93.
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<6=5B98 53DE=5 ⊜ 0.9 ↑ 0.5≃≃ (45:=>;5:63AAKH 53DE=5 ⊜ 5 ↑ 3 949), GB: 893Y
DK63=B A3 =L: <6FD@ < >=AB53?@A:H :P?3<B@T 53I;B=?@<9:H L3?39B;9; 963D353.
]B; :>=A9; <6;I=B=?@<B68TB, GB: 53I;:9:E43A@:A SRGAJ2306+1556 F6?F=BY
<F L;L3AB<9:H 53I;:L3?39B;9:H. *_ 53I;:<6=B;E:<B@ <:<B36?F=B P1400MHz =

2.86↑1026 2B V>↓1, GB: X96;63?=ABA: φLφ = 4↑1042 X5L <↓1. 2K<:93F 53I;:<6=B;Y
E:<B@ ; :P<8QI36Z;=<F 6KZ= E:5J:?:L;G=<9;= :<:P=AA:<B; A3 3VV> :DA3G3TB,
GB: XB3 L;L3AB<93F 53I;:L3?39B;93 :BA:<;B<F 9: 6B:5:E8 B;48 4: 9?3<<;J;Y
93>;; C3A35:63 ; !3H?; (FR II). ,3Z 6K6:I : 45;5:I= 53I;:9:E43A@:A3
SRGAJ230631.0+155633 4:IB6=5QI3=B 5=D8?@B3BK A=I36A=H 53P:BK [125], LI=
A=D36;<;E: <::PR3?:<@ :P :B95KB;; J2306+1556 939 L;L3AB<9:L: 53I;:963D353
<5=I; 34 A:6K7 L;L3AB<9;7 53I;:;<B:GA;9:6 4: I3AAKE TGSS.

2.4 B7&0,3$#A’-& 3$/73&*&#&’(& P’&3"((

+K 4:<B5:;?; Z;5:9:4:?:<A:= <4=9B53?@A:= 53<45=I=?=A;= XA=5L;;
(#!]) SRGAJ2306+1556 :B 53I;:I;343D:A3 I: 5=ABL=A:6<9:L: I;343D:A3
XA=5L;H (5;<. 2.12). ^5=I4:?:Q;B=?@A:, 6 53I;:I;343D:A= A3P?TI3=B<F <;A75:Y
B5:AA:= ;D?8G=A;= IQ=B:6 ; I:?=H, 6 ;AJ53953<A:E – ;D?8G=A;= 3995=>;:AA:L:
I;<93, 4=5=53P:B3AA:= 4K?=6KE B:5:E, :4B;G=<9:= ;D?8G=A;= 45=;E8R=<B6=AY
A: ;<7:I;B :B 5:I;B=?@<9:H L3?39B;9;, 3 5=ABL=A:6<9:= 5:QI3=B<F 6 L:5FG=H
9:5:A= 3995=>;:AA:L: I;<93.

2 53I;:I;343D:A= EK ;<4:?@D:63?; ;DE=5=A;F <8EE35A:L: 4:B:93 6 A3Y
P?TI3=E:E I;343D:A= 74.0–4850+V>, ;<9?TG;6 ;DE=5=A;= VLASS A3 3 VV> <
6K<:9;E 8L?:6KE 53D5=Z=A;=E, 4:<9:?@98 :A: D3A;Q3=B I;JJ8DA:= 53I;:;DY
?8G=A;= (<E. 53DI. 2.3.2). )?F :4B;G=<9:L: ; ;AJ53953<A:L: I;343D:A:6 EK
;<4:?@D:63?; J:B:E=B5;T ;D DESI LS DR10 (grz, W1, W2, W3, W4 ) ; UKIRT
HS DR2 (JK ), ;<4536?=AA8T D3 4:L?:R=A;= 6 V3?39B;9= (<E. 53DI. 2.3.1). 29?3I
XE;<<;:AAK7 ?;A;H A= 6KG;B3?<F. 2 5=ABL=A:6<9:E I;343D:A= (0.3–20 9X2 6 <;Y
<B=E= A3P?TI3B=?F, GB: <::B6=B<B68=B 0.4–29 9X2 6 <;<B=E= 4:9:F) I?F A;D9:L:
<:<B:FA;F ;<B:GA;93 EK ;<4:?@D:63?; <B=4=AA8T E:I=?@ <4=9B53 <: <6:P:IY
AKE A39?:A:E (<E. B3P?. 2.2), ;<4536?=AA8T A3 L3?39B;G=<9:= ; 6A8B5=AA==
4:L?:R=A;=, ; :>=A;?; <::B6=B<B68TR;= I:6=5;B=?@AK= ;AB=563?K < 4:E:R@T
E359:6<9;7 >=4=H +:AB=-&35?: (3?L:5;BE V8IE3A3N-;53) < 30 7:I:93E; ;
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:PR;E G;<?:E 600 000 Z3L:6. )?F 6K<:9:L: <:<B:FA;F (I?F 9:B:5:L: 8 A3<
A=B 5=ABL=A:6<9:H <4=9B53?@A:H ;AJ:5E3>;;) EK 45=I4:?:Q;?; B8 Q= J:5E8
<4=9B53, GB: ; I?F A;D9:L: <:<B:FA;F, ; I:4:?A;B=?@A: 8G?; A=:45=I=?_AA:<B@
;DE=5=A;F 4:B:93.

$AB=5=<A: <536A;B@ #!] SRGAJ2306+1556 < 9:E4:D;BAKE; #!] 53I;:Y
L5:E9;7 ; 53I;:B;7;7 963D35:6 1-L: B;43 ;D [126], :763BK63TR;E; I;343D:A
:B 2.45 E 6 <;<B=E= 4:9:F (53I;:) I: 11.6 9X2 (5=ABL=A). ]B; Z3P?:AK 4:?8G=AK
8<5=IA=A;=E #!] EA:Q=<B63 :PS=9B:6 ;, <?=I:63B=?@A:, 5=45=D=AB3B;6AK I?F
<::B6=B<B68TR;7 4:48?F>;H (7:BF ;E==B<F <8R=<B6=AAKH 53DP5:< :B :PS=9B3 9
:PS=9B8). $<<?=I8=EKH A3E; :PS=9B – 963D35 2-L: B;43, <:P<B6=AA:= ;D?8G=A;=
9:B:5:L: :B P?;D9:L: $& I: EFL9:L: 5=ABL=A:6<9:L: I;343D:A3, 939 :Q;I3=B<F,
4:GB; 4:?A:<B@T 4:L?:R=A: 4K?=6KE B:5:E. ^:XB:E8 EK A:5E;58=E Z3P?:Y
AK [126] A3 4?:BA:<B@ <6=B;E:<B; SRGA J2306+1556 6 4:?:<= W4, B.=. A3 I?;A=
6:?AK 15µE 6 <;<B=E= 4:9:F 963D353, LI= B:5, 6=5:FBA:, F6?F=B<F :4B;G=<9;
B:A9;E I?F <:P<B6=AA:L: ;D?8G=A;F, B39 GB: A3P?TI3=E3F <6=B;E:<B@ I:?QA3
<?3P: D36;<=B@ :B 8L?3 D5=A;F. $D 5;<. 2.12 F<A: 6;IA:, GB: SRGAJ2306+1556
– 53I;:L5:E9;H 963D35, 4:<9:?@98 69?3I 53I;:;D?8G=A;F 6 P:?:E=B5;G=<98T
<6=B;E:<B@ A3EA:L: P?;Q= 9 Z3P?:A8 53I;:L5:E9;7 963D35:6, G=E 9 Z3P?:Y
A8 53I;:B;7;7.

+K E:Q=E :>=A;B@ 6A8B5=AATT P:?:E=B5;G=<98T <6=B;E:<B@
SRGAJ2306+1556, 45:;AB=L5;5:636 Z3P?:A #!] 53I;:L5:E9;7 963D35:6
1-L: B;43. ^:<9:?@98 $& ‘L:5P’ (< E39<;E8E:E 6 53H:A= 15µE) <6FD3A < 4=5=Y
53P:B3AAKE :4B;G=<9;E–8?@B53J;:?=B:6KE ;D?8G=A;=E 3995=>;:AA:L: I;<93
; EFL9;E 5=ABL=A:6<9;E ;D?8G=A;=E =L: L:5FG=H 9:5:AK, 53D8EA: ;AB=L5;5:Y
63B@ #!] B:?@9: A3 I?;A37 6:?A 9:5:G= 1µE. "<A:6A:H 69?3I :P=<4=G;63=B
8?@B53J;:?=B:6KH ;DPKB:9 (‘Big Blue Bump’, BBB) 6 I;343D:A= 1µE N 1 9X2:
LBBB = 5 ↑ 1046 X5L <↓1 (69?TG3F <8R=<B6=AAKH 69?3I ?;A;H ;D?8G=A;F), 3
5=ABL=A:6<93F 9:E4:A=AB3 (1–11.69X2) I3_B I:4:?A;B=?@AKH, E=A@Z;H 69?3I
2.6 ↑ 1045 X5L <↓1. )?F <536A=A;F, ;AB=L5;5:63A;= 53I;:L5:E9:L: Z3P?:A3 4:
$& I;343D:A8, B: =<B@ 4: I?;A3E 6:?A > 1µE, I3_B L>1µm = 2.1↑ 1046 X5L <↓1,
B.=. → 40% <6=B;E:<B; BBB, GB:, 6=5:FBA:, :B53Q3=B B=?=<AKH 8L:?, 6 9:B:5:E
B:5 4=5=95K63=B ;D?8G=A;= 3995=>;:AA:L: I;<93.

C39B;G=<9; ;DE=5=AA3F A=4:L?:R=AA3F <6=B;E:<B@ SRGA J2306+1556 6
I;343D:A= 2–10 9X2 <:<B36?F=B LX = 1.0+0.8

↓0.3 ↑ 1045 ; 6+6
↓3 ↑ 1045 X5L <↓1 6 A;D9:E

; 6K<:9:E 5=ABL=A:6<9:E <:<B:FA;; 963D353 <::B6=B<B6=AA:.
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Radio−loud

Radio−quiet

High state

Low state

40

41

42

43

44

45

46

8 10 12 14 16 18
Rest−frame log ν, Hz

lo
g 
νL

ν, 
er

g 
s−

1

!;<8A:9 2.12 N #4=9B53?@A:= 53<45=I=?=A;= XA=5L;; SRGA J2306+1556. &63IY
53BK, 958Q9; ; B5=8L:?@A;9; 4:93DK63TB <::B6=B<B6=AA: 53I;:A3P?TI=A;F
(74.0–4850 +V>), $&-I3AAK= (W1, W2, W3, W4, J, K ) ; :4B;G=<9;= ;DE=5=A;F
(grz ), ;<4536?=AAK= D3 4:L?:R=A;= 6 V3?39B;9= ; 4=5=<G;B3AAK= 6: 6A8B5=AA;=
4?:BA:<B; <6=B;E:<B;. 2 5=ABL=A:6<9:E I;343D:A= (0.4–29 9X2 6 <;<B=E= 4:9:F
963D353) <;A;= ; 953<AK= <4?:ZAK= ?;A;; 4:93DK63TB 6A8B5=AATT <B=4=AA8T
9:E4:A=AB8 I?F ‘A;D9:L:’ ; ‘6K<:9:L:’ <:<B:FA;H ;<B:GA;93, 3 :958Q3TR;= D3Y
ZB5;7:63AAK= :P?3<B; :B53Q3TB I:6=5;B=?@AK= ;AB=563?K 1σ. .:G=GA3F ;
ZB5;7:63F ?;A;; 4:93DK63TB Z3P?:AK <4=9B5:6 963D35:6 1-L: B;43: 53I;:B;Y
7:L: ; 53I;:L5:E9:L: ;D [126], A:5E;5:63AAK= 4: ;DE=5=A;T W4. "4B;G=<9;=
; ;AJ53953<AK= J:B:E=B5;G=<9;= B:G9;, 95:E= W4, ?=Q3B <8R=<B6=AA: A;Q=
Z3P?:A:6, 4:<9:?@98 A=45=5K6A:= ;D?8G=A;= SRGA J2306+1556 <;?@A: 4:L?:Y
R3=B<F 4K?=6KE B:5:E, 939 ; :Q;I3=B<F I?F 963D353 2-L: B;43, B:LI3 939

Z3P?:AK <::B6=B<B68TB A=4:L?:R=AAKE 963D353E 1-L: B;43.
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^5=I4:?3L3F <B=4=AA:H D39:A < ! = 1.8 ; X9<4:A=A>;3?@AKH D363? A3
XA=5L;; Ecut = 150 9X2, GB: 73539B=5A: I?F ’(V [82; 127], E:QA: :>=A;B@ <8EY
E35A8T <6=B;E:<B@ 5=ABL=A:6<9:L: 9:AB;A88E3 6 I;343D:A= 1–1000 9X2 (LHX)
939 → 4↑1045 ; → 2↑1046 X5L <↓1 I?F A;D9:L: ; 6K<:9:L: <:<B:FA;H <::B6=B<B6=AY
A:. #?=I:63B=?@A:, P:?== 5=3?;<B;GA3F :>=A93 P:?:E=B5;G=<9:H <6=B;E:<B;
963D353 <:<B36?F=B Lbol = LBBB + LHX → 5.4 ↑ 1046 ; → 7 ↑ 1046 X5L <↓1 I?F
A;D9:L: ; 6K<:9:L: <:<B:FA;H <::B6=B<B6=AA:, 3 <::B6=B<B68TR;= :BA:Z=A;F
LHX/Lbol → 0.07 ; → 0.3. )?F <536A=A;F, <8EE35A:= ;D?8G=A;= 6<=7 963D35:6 6:
2<=?=AA:H 73539B=5;D8=B<F <5=IA;E DA3G=A;=E LHX/Lbol → 0.13 [3]. ^5=A=P5=Y
L3F A=:45=I=?_AA:<BFE;, A;D9:= ; 6K<:9:= <:<B:FA;F SRGAJ2306+1556 E:QA:,
B39;E :P53D:E, <G;B3B@ ‘5=ABL=A:6<9; B8<9?KE’ ; ‘5=ABL=A:6<9; F59;E’, <::BY
6=B<B6=AA:. "IA39: A=?@DF ;<9?TG3B@, GB: -C <6=B;E:<B@, : 9:B:5:H 8 A3< A=B
45FEK7 <6=I=A;H, B39Q= 86=?;G;?3<@ 6: 65=EF 5=ABL=A:6<9:H 6<4KZ9;.

0:BF 45=I<B36?=AAK= DI=<@ 5=ABL=A:6<9;= A3P?TI=A;F 4:93D3?;, GB:
SRGAJ2306+1556 <8R=<B6=AA: 4=5=E=A=A A3 E3<ZB3P37 6 A=<9:?@9: ?=B, =L:
B;4;GAKH 85:6=A@ 39B;6A:<B; A3 L:53DI: P:?@Z;7 E3<ZB3P37 E:QA: :>=A;B@
4: ;D?8G=A;T :P?3<B; :P53D:63A;F 8D9;7 ?;A;H (Narrow Line Region, NLR),
73539B=5AKH 53DE=5 9:B:5:H E:Q=B I:<B;L3B@ A=<9:?@9;7 9;?:435<=9. $<4:?@Y
D8F ;DE=5=AAKH 4:B:9 6 ?;A;; [OIII]ε5007 ; <::B6=B<B68TR8T 4:453698 A3
6A8B5=AA== 4:L?:R=A;=, :45=I=?_AA8T 6 53DI. 2.3.1, EK :>=A;63=E <6=B;E:<B@
6 XB:H ?;A;; 939 LO[III] = (3.2 ± 0.3) ↑ 1043 X5L <↓1. #::B6=B<B68TR== :BA:Z=Y
A;= 9 <6=B;E:<B; 6 I;343D:A= 2–10 9X2 <:<B36?F=B LO[III]/LX ⇐ 0.03 ± 0.02 ;
LO[III]/LX ⇐ 0.005 ± 0.004 I?F A;D9:L: ; 6K<:9:L: 5=ABL=A:6<9;7 <:<B:FA;H
<::B6=B<B6=AA:. ]B: E:QA: <536A;B@ < B;4;GAKE DA3G=A;=E → 0.01 I?F ’(V
(A345;E=5, [128]), GB: 893DK63=B A3 B:, GB: SRGAJ2306+1556 6 B=G=A;= 4:<?=IY
A;7 A=<9:?@9;7 BK<FG ?=B A37:I;?<F 6 <5=IA=E 45;E=5A: A3 B39:E Q= 85:6A=
39B;6A:<B; (B.=. 3995=>;;), A3 939:E EK :A PK? :PA358QI=A 6 7:I= A3Z;7
5=ABL=A:6<9;7 A3P?TI=A;H.

^: I:<B84AKE ;DE=5=A;FE 6 A3P?TI3=E:E I;343D:A= 74–4850 +V> EK E:Y
Q=E :>=A;B@ <6=B;E:<B@ SRGA J2306+1556 6 53I;:I;343D:A= (106–6980 +V>
6 <;<B=E= 4:9:F): Lradio ⇐ 2.3 ↑ 1043 X5L <↓1, B39 GB: Lradio/Lbol ⇐ 4 ↑ 10↓4.
)?F <536A=A;F, I?F 9:E4:D;BAK7 #!] 53I;:L5:E9;7 ; 53I;:B;7;7 963D35:6
;D [126], A3G;A3TR;7<F A3 G3<B:B37 122+V> ; 2100 +V> <::B6=B<B6=AA:, EK
4:?8G3=E Lradio/Lbol ⇐ 4↑ 10↓3 ; 8↑ 10↓7 (<::B6=B<B68TR;= P:?:E=B5;G=<9;=
<6=B;E:<B; :>=A;63?;<@ 939 5 εLε(3000Å), <?=I8F [126]). ]B: =R_ 53D <6;I=Y
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B=?@<B68=B, GB: SRGA J2306+1556 F6?F=B<F 53I;:L5:E9;E 963D35:E. ,39:A=>,
:BE=B;E, GB: L;L3AB<9;= 53I;:I:?;, A3P?TI3=EK= 6:958L L3?39B;9 B;43 FR II,
;E=TB 73539B=5AK= :>=A9; 6:D53<B:6 → 108 ?=B (A345;E=5, [129]); <?=I:63B=?@Y
A:, A3?;G;= 3A3?:L;GAK7 <B589B85 8 SRGAJ2306+1556 893DK63=B A3 B:, GB:
<8R=<B6=AA3F 39B;6A:<B@ >=AB53?@A:H #+/) 6 XB:H L3?39B;9= 4:II=5Q;63Y
?3<@ 4: 953HA=H E=5= A3 <:4:<B36;E:E 65=E=AA:E E3<ZB3P=.

2.5 C-*(,&#A/0$2 "$#$0,(0$ ( H&’,3$#A’$2 >&3’$2 *13$

^:<9:?@98 SRGA J2306+1556 F6?F=B<F 963D35:E 2-L: B;43, 53D8EA: 45=IY
4:?:Q;B@, GB: :<A:6A:H 69?3I 6 #!] 6 :4B;G=<9:E ;, 6:DE:QA:, 6 P?;QA=E $&
(W$&) I;343D:A37 6A:<;B ;D?8G=A;= 5:I;B=?@<9:H L3?39B;9;. ]B: 4:D6:?F=B
:>=A;B@ E3<<8 == D6_DIA:L: A3<=?=A;F. # XB:H >=?@T EK <?=I:63?; E=B:I;93E,
;D?:Q=AAKE 6 [130]. ’ ;E=AA:, EK E:I=?;5:63?; #!] < 4:E:R@T P3H=<:6Y
<9:L: 9:I3 Prospector [131], 6 9:B:5:E ;<4:?@D8=B<F P;P?;:B=93 Flexible Stellar
Population Synthesis (FSPS) [132] I?F L=A=53>;; <;AB=B;G=<9;7 E:I=?=H D6_DIY
AK7 4:48?F>;H. +K ;<4:?@D:63?; :4B;G=<98T J:B:E=B5;T ;D DESI LS DR10,
;D 9:B:5:H PK? 6KGB=A 69?3I XE;<<;:AAK7 ?;A;H (45=I4:?:Q;B=?@A: ;<48<Y
93=EK7 39B;6AKE FI5:E), ; W$& J:B:E=B5;T ;D UHS DR2; 6<= I3AAK= PK?;
;<4536?=AK D3 4:L?:R=A;= 6 V3?39B;9=, 939 :4;<3A: 6 53DI. 2.3.1.

^353E=B5K A3;?8GZ=H 4:IL:A9; 45;6=I=AK 6 B3P?. 2.8, LI= Mgal – 4:?A3F
D6_DIA3F E3<<3 5:I;B=?@<9:H L3?39B;9;, u↓ r – <;AB=B;G=<9;H >6=B 6 <;<B=E=
4:9:F 963D353, ;<4536?=AAKH D3 4:L?:R=A;= 6 V3?39B;9=, τSFH – 73539B=5;<B;Y
G=<93F (e-folding) 65=E=AA3F Z93?3 ;<B:5;; D6=DI::P53D:63A;F, tage – <5=IA;H
6:D53<B D6_DI, Z – E=B3??;GA:<B@ D6=DI, E(B↓V ) – 4:953<A=A;= A3 4K?; 6A8BY
5; 5:I;B=?@<9:H L3?39B;9;. &39 6;IA: ;D 5;<. 2.13, :4B;G=<9;=–W$& I3AAK=
7:5:Z: :4;<K63TB<F XB:H E:I=?@T, B:LI3 939 #$& G3<B@ #!], A= ;<4:?@D:Y
63AA3F 6 3A3?;D=, DA3G;B=?@A: 45=6KZ3=B X9<B534:?F>;T A3;?8GZ=H E:I=?;.
]B:B ;DPKB:9 6=5:FBA: <6FD3A < ;D?8G=A;=E L:5FG=H 4K?; 6 B:5= ’(V.

"93D3?:<@, GB: D6_DIA:= A3<=?=A;= :G=A@ <B35:=: <5=IA;H 6:D53<B D6_DI
13.2+0.5

↓1.1 109 ?=B J:5E3?@A: 45=6KZ3=B 6:D53<B 2<=?=AA:H (9.1 109 ?=B) 45;
z = 0.4389. 2=5:FBA:, XB: 893DK63=B A3 P:?== <?:QA8T ;<B:5;T D6=DI::P53Y
D:63A;F 6 L3?39B;9=, G=E 45=I4:?3L3=B<F 6 A3Z=H (X9<4:A=A>;3?@A:H) E:I=?;.
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.3P?;>3 2.8 N #6:H<B63 5:I;B=?@<9:H L3?39B;9;, :45=I=?_AAK= < 4:E:R@T E:Y
I=?;5:63A;F #!] 6 :4B;G=<9:E ; P?;D9:E $& I;343D:A37.

logMgal,
M↔

u↓ r

mag
τSFH

tage

109 ?=B
logZ

Z↔

E(B ↓ V )

mag

11.39+0.03
↓0.02 1.61+0.06

↓0.06 5.78+1.16
↓0.88 13.18+0.47

↓1.08 0.48+0.02
↓0.04 0.19+0.03

↓0.07

,=:45=I=?_AA:<B; 4353E=B5:6 45;6=I=AK A3 85:6A= I:<B:6=5A:<B; 1σ.

!;<8A:9 2.13 N +:I=?;5:63A;= #!] 5:I;B=?@<9:H L3?39B;9;
SRGAJ2306+1556. /_5AK= 963I53BK – ;DE=5=AA3F :4B;G=<93F (grz) ;
W$& (JK) J:B:E=B5;F, ;<4536?=AA3F D3 4:L?:R=A;= V3?39B;9; ; D3 6KG=B:E
69?3I3 :4B;G=<9;7 XE;<<;:AAK7 ?;A;H. #=5K= 963I53BK 4:93DK63TB A3;?8GY
Z8T 4:IL:A98 XB;7 I3AAK7, 3 <;AFF :P?3<B@ :B:P53Q3=B 100 7:I:9:6 3A3?;D3
E359:6<9;7 >=4=H +:AB=-&35?:. &53<AK= 963I53BK – #$& J:B:E=B5;F WISE
(W1, W2, W3 ; W4), 9:B:53F A= ;<4:?@D:63?3<@ 6 E:I=?;5:63A;;, 4:<9:?@98
6 XB:H G3<B; <4=9B53, 4:-6;I;E:E8, I:E;A;58=B ;D?8G=A;= 4K?=6:L: B:53 ’(V.



133

&5:E= B:L:, 6:DE:QA:, W$& J:B:E=B5;F 6<= Q= <?=L93 “D3L5FDA=A3” ;D?8G=A;=E
39B;6A:L: FI53, 4=5=53P:B3AAKE E:?=98?F5AKE L3D:E ; L:5FG=H 4K?@T. .=E A=
E=A== E3?:6=5:FBA:, GB: :>=A93 :PR=H D6_DIA:H E3<<K <8R=<B6=AA: ;<93Q=A3
XB;E; <;<B=E3B;G=<9;E; XJJ=9B3E;. "BE=B;E B39Q=, GB: 6A8B5=AA== 4:953<A=Y
A;=, 4:?8G=AA:= I?F 5:I;B=?@<9:H L3?39B;9;, DA3G;B=?@A: E=A@Z= A3HI=AA:L:
A3E; I?F :P?3<B; :P53D:63A;F 8D9;7 ?;A;H (NLR) 4: P3?@E=5:6<9:E8 I=95=Y
E=AB8 (<E. 53DI. 2.3.1). ]B: 893DK63=B A3 B:, GB: :P?3<B@ NLR P:?== 4K?@A3F,
G=E :<B3?@A3F L3?39B;93.

^:?8G=AAK= 4353E=B5K L3?39B;9; – P:?@Z3F E3<<3 ; <B35:= D6_DIA:= A3Y
<=?=A;= – 893DK63TB, GB: :A3 F6?F=B<F X??;4B;G=<9:H ;?;, 4: 953HA=H E=5=, 6 ==
E:5J:?:L;; 45=:P?3I3=B P3?IQ. .:LI3 EK E:Q=E :>=A;B@ E3<<8 >=AB53?@A:H
G_5A:H IK5K, MBH, ;<4:?@D8F ;D6=<BA8T 9:55=?F>;T E=QI8 MBH ; E3<<:H
P3?IQ3, Mbulge, 6 ?:93?@A:H 2<=?=AA:H [133]:

MBH

109M↔
=

{︃
0.49+0.06

↓0.05

}︃[︃ Mbulge

1011M↔

]︃1.17±0.08

, (2.11)

^:I<B36?FF DA3G=A;= Mgal ;D B3P?. 2.8 6E=<B: Mbulge 6 XB8 J:5E8?8, 4:?8G3=E
MBH → 1.4↑ 109M↔ < A=:45=I=?_AA:<B@T 4:5FI93 → 2, L?36AKE :P53D:E ;D-D3
6A8B5=AA=L: 53DP5:<3 6 9:55=?F>;; MBH–Mbulge (0.28 dex, [133]).

,39:A=>, ;<4:?@D8F A3Z8 :>=A98 P:?:E=B5;G=<9:H <6=B;E:<B; Lbol →
(6±1)↑1046 X5L <↓1, A37:I;E, GB: :A3 <:<B36?F=B → 30% :B XII;ALB:A:6<9:H <6=Y
B;E:<B; I?F 4:?8G=AA:H :>=A9; E3<<K G_5A:H IK5K. #?=I:63B=?@A:, 3995=>;F
45:;<7:I;B 6 :G=A@ 6K<:9:E B=E4=.

2.6 SRGA J2306+1556 % 0-’,&0/,& ’$/&#&’(2 0%$<$3-%

SRGA J2306+1556 45=I<B36?F=B <:P:H 6=<@E3 A=:PKGAKH ’(V I?F 2<=?=AY
A:H A3 z < 0.5. 2:-4=56K7, =L: 6A8B5=AAFF (B.=. ;<4536?=AA3F D3 4:L?:R=A;=)
5=ABL=A:6<93F <6=B;E:<B@ 6 A3Z;7 A3P?TI=A;F7 ?=Q3?3 6 45=I=?37 LX =

1.0+0.8
↓0.3 ↑ 1045–6+6

↓3 ↑ 1045 X5L <↓1 (2–10 9X2), 3 <4=9B5 :93D3?<F <;?@A: 4:L?:Y
R_AAKE, < NH → 2 ↑ 1023 <E↓2. .39;= E:RAK= 6 5=ABL=A= 4:L?:R_AAK= ’(V
G5=D6KG3HA: 5=I9; A3 E3?K7 953<AK7 <E=R=A;F7.
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Low state

SRGA J2306+1556 High state

42

44

46

0.001 0.010 0.100
Redshift

lo
g 

L 2
−1

0

CT AGN
Obscured AGN
Unobscured AGN

!;<8A:9 2.14 N 2A8B5=AAFF <6=B;E:<B@ 6 I;343D:A= 2–109X2 6 D36;<;E:<B; :B
953<A:L: <E=R=A;F I?F ’(V ;D 70-E=<FGA:L: 93B3?:L3 Swift/BAT, D3 ;<9?TY
G=A;=E P?3D35:6. $<B:GA;9; 53DI=?=AK A3 A=4:L?:R_AAK= (NH < 1022 <E↓2),
4:L?:R_AAK= (1022 < NH < 1024 <E↓2) ; 9:E4B:A:6<9; B:?<BK= (NH >

1024 <E↓2). #::B6=B<B68TR;= A=:45=I=?_AA:<B; A= 4:93D3AK. )?F <536A=A;F
4:93D3A SRGA J2306+1556 6 =L: A;D9:E ; 6K<:9:E <:<B:FA;F7 <6=B;E:<B;, <

<::B6=B<B68TR;E; A=:45=I=?_AA:<BFE; (<E. ?=L=AI8).
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18GZ= 6<=L: <8I;B@ :P XB:E 4: 5=D8?@B3B3E :PD:5:6 6<=L: A=P3 6 Q_<B9:E
5=ABL=A:6<9:E I;343D:A= (A3 XA=5L;F7 6KZ= 15 9X2), 6 9:B:5:E 6?;FA;= 4:Y
L?:R=A;F E;A;E3?@A:, 6K4:?A=AAK7 D3 4:<?=IA;= I63 I=<FB;?=B;F 45;P:53E;
BAT A3 P:5B8 :P<=563B:5;; Swift (A345;E=5, [134]) ; IBIS A3 P:5B8 INTEGRAL
(A345;E=5, [135]). W?3L:I35F 4:<?=I8TR;E 45:L53EE3E 5=ABL=A:6<9:L: ; :4Y
B;G=<9:L: :B:QI=<B6?=A;F XB; :PD:5K 45=I:<B36;?; <B3B;<B;G=<9; 4:?AK=
93B3?:L; ’(V, :B:P53AAK7 6 Q_<B9:E 5=ABL=A:6<9:E I;343D:A=, < ;AJ:5E3>;Y
=H :P ;7 953<AK7 <E=R=A;F7, :4B;G=<9;7 B;437 ; 5=ABL=A:6<9;7 <4=9B53?@AK7
<6:H<B637. ,3 5;<. 2.14 4:93D3A: 53<4:?:Q=A;= :PS=9B:6 ;D 70-E=<FGA:L: 93B3Y
?:L3 Swift/BAT [82] A3 I;3L53EE= 953<A:= <E=R=A;= – 6A8B5=AAFF <6=B;E:<B@
6 I;343D:A= 2–10 9X2. W?3D35K PK?; ;<9?TG=AK, 3 6<= :<B3?@AK= ’(V PK?;
53DI=?=AK A3 A=4:L?:R_AAK= (NH < 1022 <E↓2), 4:L?:R_AAK= (1022 < NH <

1024 <E↓2) ; 9:E4B:A:6<9; B:?<BK= (NH > 1024 <E↓2). 2A8B5=AA;= <6=B;E:<B;
6 XB:E 93B3?:L= :45=I=?F?;<@ 4: Z;5:9:4:?:<A:E8 <4=9B53?@A:E8 3A3?;D8
I3AAK7 53D?;GAK7 5=ABL=A:6<9;7 B=?=<9:4:6 < ;<4:?@D:63A;=E B:H Q= 9:<E:Y
?:L;G=<9:H E:I=?;, GB: ; 6 A3Z=H 53P:B=, ; < P:?== B:GAKE; 53<<B:FA;FE; I?F
P?;Q3HZ;7 ’(V. )?F <536A=A;F EK A3A=<?; SRGA J2306+1556 A3 B8 Q= I;3Y
L53EE8, ;<4:?@D8F =L: 953<A:= <E=R=A;= z = 0.4389 ; A3Z; :>=A9; <6=B;E:<B;
I?F A;D9:L: ; 6K<:9:L: 5=ABL=A:6<9;7 <:<B:FA;H.

2 93B3?:L= Swift/BAT 6<=L: 11 ’(V, A= F6?FTR;7<F P?3D353E;, <: <6=Y
B;E:<B@T LX > 1045 X5L <↓1. $7 953<AK= <E=R=A;F 635@;58TB<F :B 0.1735
I: 0.6540, ; ?;Z@ B5; ;D A;7 F6?FTB<F 4:L?:R_AAKE;: Swift J0952.3↓6234
(z = 0.252, LX ⇐ 1.1 ↑ 1045 X5L <↓1, NH ⇐ 1.2 ↑ 1023 <E↓2), Swift J0216.3+5128
(z = 0.422, LX ⇐ 5.5 ↑ 1045 X5L <↓1, NH ⇐ 2.8 ↑ 1022 <E↓2) ; Swift J2344.6↓4246
(z = 0.5975, LX ⇐ 8.7 ↑ 1045 X5L <↓1, NH ⇐ 3.3 ↑ 1023 <E↓2).

!3D8E==B<F, :PD:5 6<=L: A=P3 Swift/BAT I:6:?@A: A=L?8P:9;H: =L: G86Y
<B6;B=?@A:<B@ <:<B36?F=B 1.3 ↑ 10↓11 X5L <↓1 ;?; ?8GZ= 6 I;343D:A= XA=5L;H
14–195 9X2 A3 90% A=P3 I?F 70-E=<FGA:L: :PD:53 [136]. ]B:, 45=I4:?3L3F <B=Y
4=AA:H <4=9B5 < ! = 1.8 ; D363?:E A3 Ecut = 1509X2, :DA3G3=B, GB: 963D35K <
LX > 3↑1045 X5L <↓1 (B39;= 939 SRGA J2306+1556 6 =L: 6K<:9:E <:<B:FA;;) A3Y
I_QA: :PA358Q;63TB<F Swift/BAT I: z = 0.336. ^:XB:E8 A3?;G;= 6<=L: ?;Z@
:IA:L: B39:L: E:RA:L: ’(V I: XB:L: 953<A:L: <E=R=A;F 6 93B3?:L= Swift/BAT
(Swift J1822.0+6421, z = 0.297, LX ⇐ 5.9 ↑ 1045 X5L <↓1, A=4:L?:R_AAKH) :DA3Y
G3=B, GB: :A I=H<B6;B=?@A: =I;A<B6=AAKH 4:I:PAKH :PS=9B 6: 6<=H P?;QA=H
2<=?=AA:H.
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^:E;E: <6:=H 5=ABL=A:6<9:H F59:<B; SRGAJ2306+1556 45;E=G3B3?=A
B39Q= B=E, GB: F6?F=B<F 53I;:L5:E9;E. ,3 :<A:63A;; 84:EFA8BK7 6KZ=
E:5J:?:L;G=<9;7 :<:P=AA:<B=H ; 53I;:<6=B;E:<B; =L: E:QA: 9?3<<;J;>;5:Y
63B@ 939 L;L3AB<98T 53I;:L3?39B;98 B;43 FR II. SRGA J2306+1556 7:5:Z:
64;<K63=B<F 6 B=:5=B;G=<98T 935B;A8 X6:?T>;; I6:HAK7 6A=L3?39B;G=<9;7
53I;:;<B:GA;9:6 (A345;E=5, [137]). 2 A3<B:FR== 65=EF EK A3P?TI3=E XB:B ;<Y
B:GA;9 A3 <B3I;; Large Symmetric Objects (LSO), 6 7:I= 9:B:5:H 53I;:<4=9B5
958B:H < ;AI=9<:E ω → ↓1. ^5=I4:?:Q;B=?@A:, A3 XB:H <B3I;; 4:B=5;, <6FY
D3AAK= < :P53BAKE 9:E4B:A:6<9:E 53<<=FA;=E A3 9:<E;G=<9:E E;95:6:?A:6:E
J:A=, 45=:P?3I3TB A3I <;A75:B5:AAKE;.

^:E;E: 5=ABL=A:6<9;7 :PD:5:6 F59;= 4:L?:R_AAK= 963D35K E:L8B :PA358Y
Q;63B@<F ; 6 A;D9:G3<B:BAK7 53I;::PD:537. W:?@Z3F 6KP:593 L3?39B;9 B;43
FR II, :B:P53AAK7 ;D 93B3?:L3 3CRR [138] 64?:B@ I: z → 2.5, :BA3P?TI3?3<@
<:65=E=AAKE; 5=ABL=A:6<9;E; (53P:B3TR;E; 6 EFL9:H I;343D:A=) B=?=<9:Y
43E;, A345;E=5, 6 53P:B37 [139; 140]. $<4:?@D8F I3AAK= XB:H 6KP:59;, [141]
4:93D3?;, GB: F59;= 53I;:L3?39B;9; < 8D9;E; ?;A;FE; (NLRG), 4:I:PAK=
SRGAJ2306+1556, I:6:?@A: G3<B: 6<B5=G3TB<F 45; 0.5 < z < 1. ]B: <:Y
L?3<8=B<F <: <B3B;<B;9:H ’(V, 4:?8G=AA:H 4: L?8P:9;E (8D9:A34536?=AAKE,
pencil-beam) 5=ABL=A:6<9;E :PD:53E, ;<<?=I8TR;E 2<=?=AA8T A3 P:?@Z;7
953<AK7 <E=R=A;F7. $DE=5=AA3F J8A9>;F 5=ABL=A:6<9:H <6=B;E:<B; ’(V
(XLF) 4:93DK63=B, GB: 45:<B53A<B6=AA3F 4?:BA:<B@ E:RAK7 (LX ↭ 1045 X5L <↓1)
963D35:6 PK<B5: 53<B_B < 953<AKE <E=R=A;=E I: z → 2, ; GB: → 20% ;D A;7
(XB3 I:?F ;E==B B=AI=A>;T 8E=A@Z3B@<F < 5:<B:E <6=B;E:<B;) F6?FTB<F 4:L?:Y
R_AAKE; (A345;E=5, [7]).

.39;E :P53D:E, :PA358Q=A;= A3E; E:RA:L: 4:L?:R_AA:L: 963D353 (;?;,
X96;63?=ABA:, 53I;:L3?39B;9; < 8D9;E; ?;A;FE;, NLRG) 45; z ⇐ 0.44 :G=Y
6;IA: <B3?: 6:DE:QAKE P?3L:I35F <:G=B3A;T I687 :P<B:FB=?@<B6: 1) <;?@A:H
9:<E:?:L;G=<9:H X6:?T>;; J8A9>;; 5=ABL=A:6<9:H <6=B;E:<B; (XLF) ; 2)
P:?== 6K<:9:H G86<B6;B=?@A:<B; (6 :BA:Z=A;; 8E=5=AA: 4:L?:R_AAK7 ’(V,
NH ↫ 2↑ 1023 <E↓2) :PD:53 6<=L: A=P3 !"#/ART-XC 4: <536A=A;T < :PD:53E;
6<=L: A=P3 Swift/BAT ; <=>?#"@A /IBIS. 2B:5:H J39B:5 4:D6:?;? D3L?FA8B@
I3?@Z= 6: 2<=?=AA8T ;, B=E <3EKE, ;<<?=I:63B@ <8R=<B6=AA: P:?@Z;H <:48BY
<B68TR;H :PS_E, GB: ; 45;6=?: 9 :PA358Q=A;T :IA:L: ;D A=EA:L;7 F59;7
4:L?:R_AAK7 963D35:6, <8R=<B6:636Z;7 D3 4:<?=IA;= 5 E?5I ?=B.
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2.7 E$0#D>&’(&

2 D39?TG=A;=, SRGA J2306+1556 – :I;A ;D P?;Q3HZ;7 E:RAK7 6 5=ABY
L=A= 4:L?:R_AAK7 963D35:6, <7:IAKH 4: 6A8B5=AA;E <6:H<B63E < E:RAKE;
963D353E; ; NLRG, 9:B:5K= PK?; 53<45:<B53A=AK A3 <8R=<B6=AA: P:?@Y
Z;7 953<AK7 <E=R=A;F7. ^:XB:E8 :A E:Q=B <?8Q;B@ >=AAKE ;<B:GA;9:E
;AJ:5E3>;; I?F I=B3?@A:L: ;D8G=A;F J;D;9; B39;7 :PS=9B:6. )3?@A=HZ;=
;<<?=I:63A;F SRGAJ2306+1556 E:L8B 69?TG3B@ Z;5:9:4:?:<A8T 5=ABL=A:6Y
<98T <4=9B5:<9:4;T, GB:PK 4:?8G;B@ P:?== <B5:L;= :L53A;G=A;F A3 J:5E8
<4=9B53 (6 G3<BA:<B;, I?F ;DE=5=A;F D363?3 A3 6K<:9;7 XA=5L;F7 6<?=I<B6;=
XJJ=9B3 :BI3G; 45; 9:E4B:A:6<9:E 53<<=FA;; 6 L:5FG=H 9:5:A= 3995=>;:AA:L:
I;<93), A;D9:G3<B:BA:= 53I;:935B:L53J;5:63A;= I?F ?8GZ=L: 6KF6?=A;F 9584Y
A:E3<ZB3PAK7 <B589B85, 3 B39Q= 45:I:?Q=A;= E:A;B:5;AL3 6 5=ABL=A:6<9:E,
:4B;G=<9:E, $& ; 53I;:I;343D:A37 < >=?@T 6KF6?=A;F 4=5=E=AA:<B; <6=B;E:Y
<B; ; <4=9B53?@AK7 73539B=5;<B;9.
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+#$%$ 3. C&’,"&’-%/0(& /%-?/,%$ 8-@’-"- 0%$<$3$ PG 1634+706 ’$

z=1.337 7- *$’’18 -4/&3%$,-3(? BC+ ( XMM (8. :AD,-’$

$%&&%’ ()%*% +,&+*%&% &% -%.+/8 4 12 ,31,4% 35.)14%617 3+ /898 :1,;
,8-/%611.

3.1 )%&*&’(&

’9B;6AK= FI53 L3?39B;9 ;D?8G3TB 6: 6<_E I;343D:A= X?=9B5:E3LA;BAK7
6:?A – :B 53I;:G3<B:B I: L3EE3-?8G=H. #G;B3=B<F, GB: :<A:6A:= 5=ABL=A:6Y
<9:= ;D?8G=A;= ’(V 6:DA;93=B 6 L:5FG=E, :4B;G=<9; B:A9:E <?:= 4?3DEK
(9:5:A=) A3I 3995=>;:AAKE I;<9:E, LI= 8?@B53J;:?=B:6K= J:B:AK I;<93 45;
EA:L:953BAK7 53<<=FA;F7 A3 6K<:9:XA=5L;GAK7 X?=9B5:A37 “4:IA;E3TB<F” I:
5=ABL=A:6<9:L: I;343D:A3 XA=5L;H. &5:E= 4=56;GA:L: 9:AB;A88E3 6 <4=9B5=
:PKGA: 45;<8B<B68=B I:4:?A;B=?@A3F 9:E4:A=AB3, <6FD3AA3F < :B53Q=A;=E
5=ABL=A:6<9;7 J:B:A:6 :B 4:6=57A:<B; I;<93 ; :B :958Q3TR=L: L3D:4K?=6:L:
B:53 (<E. :PD:5 [96]). ^: :>=A93E, 69?3I 5=ABL=A:6<9:L: ;D?8G=A;F 6 P:?:E=BY
5;G=<98T <6=B;E:<B@ ’(V I:<B;L3=B → 10% [3; 66; 126; 142; 143]. ]B: I=?3=B
5=ABL=A:6<9;= A3P?TI=A;F :IA;E ;D 9?TG=6K7 ;A<B58E=AB:6 I?F ;D8G=A;F J;Y
D;9; 3995=>;; A3 <6=57E3<<;6AK= G_5AK= IK5K.

^: I3AAKE 9:<E;G=<9;7 5=ABL=A:6<9;7 :P<=563B:5;H I=B3?@A: ;D8G=Y
AK <4=9B5K P:?@Z:L: 9:?;G=<B63 <=HJ=5B:6<9;7 L3?39B;9 – 39B;6AK7 FI=5
<536A;B=?@A: A=P:?@Z:H <6=B;E:<B; (LX ↫ 1044 X5L/< 6 2–10 9X2), A37:IFY
R;7<F A3 953<AK7 <E=R=A;F7 I: → 0.1 [82; 144]. )?F B39;7 :PS=9B:6, 939
4536;?:, 73539B=5AK :BA:<;B=?@A: E3?K= E3<<K >=AB53?@AK7 G_5AK7 IK5
(MBH ↫ 109M↔) ; 8E=5=AAK= B=E4K 3995=>;; N A;Q= 10% :B XII;ALB:A:6Y
<9:L: 45=I=?3 [68;145;146]. ^:<9:?@98 <6:H<B63 3995=>;:AA:L: I;<93 ; 9:5:AK
G86<B6;B=?@AK ; 9 E3<<= G_5A:H IK5K, ; 9 <9:5:<B; 3995=>;; [147], A=:P7:I;E:
;D8G3B@ A= B:?@9: <=HJ=5BK, A: ; ’(V < P:?== E3<<;6AKE; G_5AKE; IK53E;
;/;?; < 4:6KZ=AAKE; XII;ALB:A:6<9;E; :BA:Z=A;FE;. "BI=?@A:L: 6A;E3A;F
D3<?8Q;63TB <=HJ=5B:6<9;= L3?39B;9; 4=56:L: B;43 < 8D9;E; XE;<<;:AAKY
E; ?;A;FE; (narrow-line Seyfert 1): 45; <536A;B=?@A: E3?:E3<<;6AK7 G=5AK7
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PG1634+706

−22

−24

−26

−28

−30

−32

0 1 2 3 4 5
Redshift

M
i

!;<8A:9 3.1 N ^:?:Q=A;= 963D353 PG 1634+706 (6KI=?=A 953<AKE) A3 I;3Y
L53EE= [953<A:= <E=R=A;= – 3P<:?TBA3F D6_DIA3F 6=?;G;A3 Mi (45;AFB3
K-4:453693 I?F z = 2)\. )?F <536A=A;F G=5A:H 5:<<K4@T 4:93D3AK 963D35K ;D
16-L: 6K48<93 93B3?:L3 SDSS (DR16v4, [149]). #6=B;E:<B@ PG 1634+706 45;AFB3
536A:H Mi = ↓30.65; XB: DA3G=A;= 4:?8G=A: 4: J:5E8?= (4) ;D [150] A3 :<A:6=
E:A:75:E3B;G=<9:H <6=B;E:<B; 45; 2500 Å ;D B3P?. 2 53P:BK [151]. "BE=B;E,
GB: PG 1634+706 :B<8B<B68=B 6 DR16v4, 4:<9:?@98 XB3 :P?3<B@ A=P3 A= PK?3

:763G=A3 <4=9B5:<9:4;G=<9:H 45:L53EE:H SDSS.

IK537 6 A;7 G3<B: A3P?TI3TB<F B=E4K 3995=>;;, P?;D9;= 9 95;B;G=<9;E, 3
5=ABL=A:6<9;= <4=9B5K, 939 4536;?:, :93DK63TB<F :BA:<;B=?@A: EFL9;E; [148].

&63D35K < 45=I=?@A: 6K<:9:H <6=B;E:<B@T (LX ↭ 1046 X5L <↓1) 45=I<B36Y
?FTB :<:PKH ;AB=5=<, 4:<9:?@98 3995=>;F 6 A;7, 6=5:FBA:, 45:B=93=B 6P?;D;
XII;ALB:A:6<9:L: 45=I=?3 45; E3<<37 G_5AK7 IK5 MBH ↭ 109M↔. ^:I:PAK=
;<B:GA;9; 6<B5=G3TB<F 953HA= 5=I9:; I3Q= <3EK= [P?;D9;=\ ;D A;7 53<4:Y
?:Q=AK A3 P:?@Z;7 9:<E:?:L;G=<9;7 53<<B:FA;F7, GB: <=5@_DA: :<?:QAF=B
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;7 5=ABL=A:6<98T <4=9B5:<9:4;T. ,3 J:A= 5=I9;7 <6=57F59;7 963D35:6 6KY
I=?F=B<F PG1634+706: :PS=9B 53<4:?:Q=A A3 8E=5=AA:E 953<A:E <E=R=A;;
z = 1.337 [152] (<E. 5;<. 3.1). "A PK? 69?TG=A 6 93B3?:L Palomar–Green
4: 95;B=5;T 8?@B53J;:?=B:6:L: ;DPKB93 [153]. *L: 5=ABL=A:6<9:= ;D?8G=A;=
64=56K= D3J;9<;5:63?3 :5P;B3?@A3F :P<=563B:5;F Einstein [154]. # B=7 4:5
;<B:GA;9 EA:L:953BA: >=?=A34536?=AA: A3P?TI3?; 6 5=ABL=A= 53D?;GAKE; ;AY
<B58E=AB3E;, ; A39:4?=AAK= I3AAK= 4:D6:?;?; 4:I5:PA: :73539B=5;D:63B@ =L:
<4=9B53?@AK= <6:H<B63 ; 4=5=E=AA:<B@. ^: <:65=E=AAKE :>=A93E, PG 1634+706
:BA:<;B<F 9 G;<?8 A3;P:?== E:RAK7 ;<B:GA;9:6: 5=ABL=A:6<93F <6=B;E:<B@ <:Y
<B36?F=B LX → 1046 X5L <↓1, 3 P:?:E=B5;G=<93F – → 1048 X5L <↓1 [151]1. +3<<3
>=AB53?@A:H G_5A:H IK5K 4: Z;5;A= ; <6=B;E:<B; ?;A;; Hϖ :>=A;63=B<F 939
→ 1010M↔, 3 5=Q;E 3995=>;; 939 P?;D9;H 9 XII;ALB:A:6<9:E8 [156].

"<=A@T 2019 L:I3 I?F PG1634+706 PK?3 45:6=I=A3 <:L?3<:63AA3F <=Y
5;F 5=ABL=A:6<9;7 A3P?TI=A;H B5=EF ;A<B58E=AB3E;: eROSITA ; ART-XC
;E. +.,. ^36?;A<9:L: A3 P:5B8 !"#, 3 B39Q= 93E=5:H EPN :P<=563B:5;;
XMM-Newton [157]. ,3P?TI=A;F !"# 6K4:?AF?;<@ 6 53E937 93?;P5:6:GA:-45:Y
6=5:GA:L: XB343 E;<<;;, 6: 65=EF 4=5=?=B3 344353B3 6 :P?3<B@ B:G9; ?;P53>;;
L2 <;<B=EK #:?A>=–U=E?F (;T?@–I=93P5@ 2019 L:I3) ; 69?TG3?; A=<9:?@9: <=Y
3A<:6. )3BK A3P?TI=A;H XMM-Newton PK?; 6KP53AK B39, GB:PK :A; 4:GB;
<:643I3?; 4: 65=E=A; < <=3A<3E; !"#. #:6:984AKH E3<<;6 I3AAK7 4:D6:?;?
< 6K<:9:H B:GA:<B@T :73539B=5;D:63B@ 5=ABL=A:6<9;H <4=9B5 PG 1634+706 ;
:>=A;B@ 4=5=E=AA:<B@ XB:L: 963D353. ,;Q= 45;6=I=AK :<A:6AK= 5=D8?@B3BK
3A3?;D3.

’A3?:L;GA: 45=IKI8R;E L?363E, 6 I3?@A=HZ=E ;<4:?@D8=B<F 9:<E:?:L;Y
G=<93F E:I=?@ $CDM < 4353E=B53E; H0 = 70 9E/</+49 ; ”! = 0.7.

3.2 :$4#D*&’(2 ( $’$#(< *$’’16

$<7:IAKH A3P:5 I3AAK7 I?F XB:H 53P:BK 69?TG3=B <=E@ A3P?TI=A;H,
45:6=I=AAK7 :<=A@T 2019 L:I3 (<E. B3P?. 3.1): G=BK5= <=3A<3 :P<=563B:5;;
!"# ; B5; – :P<=563B:5;; XMM-Newton. 2: 6<=7 A3P?TI=A;F7 !"# 963D35

1? [151] ’2,/"+"() $/"-,1&$-A ’2, 2500 Å, εLε,2500 → 3↑ 1047 825 $1; -,’,7(). ;&#&1"-2,7"$%).
’&’2)/%) +#. %/)>)2&/ D &%&#& → 3 [155].
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.3P?;>3 3.1 N ^=5=G=A@ 5=ABL=A:6<9;7 A3P?TI=A;H PG 1634+706 D3 2019 L:I.
O5*’$2 &.-3P25&’6 )-"5*I.#$*’> 8535"($1+, 1*’-$*+ =("1$:’4’>, ("

2019-09-29 21:38 – 09-30 13:05 !"# ART-XC, eROSITA (TE6) 48.3, 55.0
2019-10-20 14:42 – 10-21 01:52 !"# ART-XC, eROSITA (TE1-7) 37.7, 39.0
2019-10-25 18:02 – 10-26 00:58 XMM-Newton EPIC-PN 14.4
2019-11-23 09:11 – 20:18 !"# ART-XC, eROSITA (TE1-7) 37.0, 38.3
2019-11-24 14:38 – 19:54 XMM-Newton EPIC-PN 12.7
2019-11-26 07:05 – 18:14 !"# eROSITA(TE1-7) 39.8
2019-11-26 14:32 – 22:19 XMM-Newton EPIC-PN 17.3

, 15*I$6 ($3$&(5 1*’I525&+ I"50’*&+5 I*505&. &.%.3. ’ $($&%.&’> &.-3P25&’6. ,$
I#$*$6 ’ #*5#<56 J(.:.&+ &.:I.&’> $-"5*I.#$*’6, #535"($1$I ’ 1*’-$*$I; 23> #535"($1.
eROSITA I "($-(.K $-$:&.%5&+ I(3P%5&&+5 (.05*+. O$"352&>> ($3$&(. "$25*Q’#
GCC5(#’I&$5 I*50> G("1$:’4’’, "($**5(#’*$I.&&$5 " J%N#$0 I’&<5#’*$I.&’>.

PG 1634+706 A3P?TI3?<F 6 45=I=?37 13≃ :B :4B;G=<9:H :<; B=?=<9:43 eROSITA.
,3P?TI=A;F XMM-Newton 4?3A;5:63?;<@ 4:GB; <;A75:AA: < !"# : :9BFP5@Y
<93F 4353 53DI=?=A3 4: X4:73E 45;E=5A: A3 4FB@ <8B:9, I6= A:FP5@<9;= – E=A==
G=E A3 <8B9;. .=7A;G=<93F :<:P=AA:<B@ <=5;; !"# B39:63: 29 <=ABFP5F 53P:B3?
?;Z@ Z=<B:H E:I8?@ eROSITA (.+6), B:LI3 939 6 B5_7 4:<?=I8TR;7 <=3A<37
PK?; D3I=H<B6:63AK 6<= <=E@ 93E=5 (.+1–.+7).

!3<<E3B5;63=EK= <=3A<K !"# 45;Z?;<@ A3 XB34 Calibration and
Performance Verification (Cal-PV), 9:LI3 PG 1634+706 A3P?TI3?<F 45; 53DY
AK7 53<<B:FA;F7 :B >=AB53 4:?F D5=A;F (<::<AK7) B=?=<9:4:6 eROSITA ;
ART-XC. &:AJ;L853>;F <=3A<:6 PK?3 <?=I8TR=H: 6 4=56:E <=3A<= ;<B:GA;9
53<4:?3L3?<F 4:GB; A3 :<;; 6: 6B:5:E ; B5=B@=E – <: <E=R=A;=E 4:5FI93
2≃-3≃; 6 D39?TG;B=?@A:E – A3 53<<B:FA;; :9:?: 13≃ :B >=AB53. $D-D3 D3E=BA:Y
L: 43I=A;F XJJ=9B;6A:H 4?:R3I; ART-XC 45; P:?@Z;7 <E=R=A;F7 I3AAK=
4:DIA=L: <=3A<3 (26 A:FP5F) eROSITA ;<4:?@D:63?;<@ ?;Z@ I?F 3A3?;D3 4=5=Y
E=AA:<B; 4:B:93; I?F <4=9B53?@A:L: E:I=?;5:63A;F :A; A= 45;E=AF?;<@, 939
; <::B6=B<B68TR;= ;DE=5=A;F ART-XC XB:L: <=3A<3.

"<=AA;= A3P?TI=A;F PG 1634+706 A3 XMM-Newton 6K4:?AF?;<@ 6 5=Q;Y
E= Small Window, 45; 9:B:5:E 4:?= 93I53 <:<B36?F=B 258 A3 258 8L?:6K7 <=98AI
I?F EPIC-PN, B:LI3 939 I?F EPIC-MOS – ?;Z@ 110 A3 110 8L?:6K7 <=98AI; ;DY
D3 <B:?@ E3?:L: 4:?F 8 MOS A=6:DE:QA: 9:55=9BA: D3I3B@ J:A:68T :P?3<B@,
A=:P7:I;E8T I?F <4=9B5:<9:4;G=<9:L: 3A3?;D3, 4:XB:E8 6 I3?@A=HZ;H 53DP:5
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!;<8A:9 3.2 N !=ABL=A:6<9;= ;D:P53Q=A;F 963D353 PG1634+706, 4:<B5:=AY
AK= 4: I3AAKE <=5;H A3P?TI=A;H (<E. B3P?. 3.1) < 4:E:R@T B=?=<9:4:6
eROSITA ; ART-XC :P<=563B:5;; !"# 3 B39Q= 93E=5K EPN :P<=563B:5;;
XMM-Newton (6 XA=5L=B;G=<9;7 I;343D:A37 0.3–8, 3–12 ; 0.3–12 9X2 <::BY
6=B<B6=AA:). ,3 93QI:H 43A=?; D=?_A:H <4?:ZA:H :958QA:<B@T 4:93D3A3
:P?3<B@, ;D 9:B:5:H ;D6?=93?<F <4=9B5 ;<B:GA;93, 3 48A9B;5AK= :958QA:<B;
:P:DA3G3TB :P?3<B;, ;<4:?@D:63AAK= I?F :45=I=?=A;F J:A3 (I?F XMM-Newton
45;6=I=AK :P?3<B;, <::B6=B<B68TR;= A3P?TI=A;T :B 25 :9BFP5F 2019 L:I3,
OBSID=0852980501). &53<AK= 958Q9; A3 ;D:P53Q=A;; eROSITA :BE=G3TB
4:D;>;; I58L;7 D35=L;<B5;5:63AAK7 ;<B:GA;9:6, <:PKB;F ;D 9:B:5K7 PK?; ;<Y

9?TG=AK ;D I3?@A=HZ=L: <4=9B53?@A:L: ; 65=E=AA:L: 3A3?;D3.

69?TG3?;<@ B:?@9: I3AAK= EPIC-PN (I3?== EPN), B: =<B@ ;DE=5=A;F EPICY
MOS A= ;<4:?@D:63?;<@.

3.2.1 BC+/eROSITA

,3P?TI=A;F, 45:6=I=AAK= B=?=<9:4:E eROSITA, :P53P3BK63?;<@ < 4:E:Y
R@T A3P:53 45:L53EE eROSITA Science Analysis Software System (eSASS, 5=?;D
esass_211201) < ;<4:?@D:63A;=E 93?;P5:6:GA:L: A3P:53 caldb_211201 ; 6<4:E:Y
L3B=?@AK7 8B;?;B, 53D53P:B3AAK7 6 $&$ !’,.

!3P:G;H A3P:5 <:PKB;H J:5E;5:63?<F < 45;E=A=A;=E evtool (v2.29.2/2.18)2:
45;A;E3?;<@ B:?@9: ;AB=563?K, 8I:6?=B6:5FTR;= E3<93E 4:?=DA:L: 65=E=A;
QUALGTI, 3 45:E=Q8B9; 4=5=:5;=AB3>;; 344353B3 !"# 4:?A:<B@T ;<9?TG3Y

2erosita.mpe.mpg.de/edr/DataAnalysis/evtool_doc



143

?;<@. ]JJ=9B;6AK= X9<4:D;>;; (< 4:45369:H A3 6;A@=B;5:63A;=) 4: 93QI:E8
<=3A<8 45;6=I=AK 6 B3P?. 3.1.

#4=9B5K ; 95;6K= P?=<93 ;D6?=93?;<@ < 4:E:R@T 45:L53EEK srctool. !=Y
L;:A ;<B:GA;93 D3I363?<F 958L:E 53I;8<3 1≃ (<E. 5;<. 3.2); J:A :>=A;63?<F 6
9:?@>= 2≃–3.5≃. 2<= <:PKB;F 6 45=I=?37 20≃≃ :B 4:<B:5:AA;7 ;<B:GA;9:6, D35=L;Y
<B5;5:63AAK7 eROSITA, E3<9;5:63?;<@ (<E. 5;<. 3.2).

)?F <4=9B53?@A:L: 3A3?;D3 93A3?K L5844;5:63?;<@ I: A= E=A== G=E
30 <8EE35AK7 :B<G_B:6 A3 P;A (3A3?:L;GAKH 95;B=5;H 45;E=A_A ; I?F I3AY
AK7 ART-XC ; <E. A;Q=). &5;6K= P?=<93 <B5:;?;<@ < Z3L:E 1 9<; I?F <=3A<3
2019-09-29 ;<4:?@D:63?:<@ 53DP;=A;= 4 9<. ^5; 6KP53AA:H L5844;5:69= 6 93QY
I:E 65=E=AA:E :9A= :<B363?:<@ A= E=A== 15 <8EE35AK7 :B<G_B:6 :B ;<B:GA;93
; J:A3. ,3 D36=5Z3TR=E XB34= ;D 53<<E:B5=A;F ;<9?TG3?;<@ ;AB=563?K, A=
4:43I3TR;= 6 GTI. ">=A9; 68%-AK7 I:6=5;B=?@AK7 ;AB=563?:6 I?F B=E43 <G_Y
B3 4:?8G3?;<@ E=B:I:E +:AB=–&35?: < 483<<:A:6<9;E 53DKL5K63A;=E 69?3I:6
;<B:GA;93 ; J:A:6:H 9:E4:A=ABK.

3.2.2 BC+/ART-XC

$D6?=G=A;= <4=9B5:6 6K4:?AF?:<@ < ;<4:?@D:63A;=E <B3AI35BA:L:
45:L53EEA:L: 9:E4?=9<3 ART-XC, 3I34B;5:63AA:L: I?F D3I3G I3AA:L: ;<Y
<?=I:63A;F ; :<A:63AA:L: A3 39B83?@A:H 6=5<;; 93?;P5:6:9. 2 :BI=?@AK7
XA=5L=B;G=<9;7 I;343D:A37 PK?; 4:<B5:=AK 935BK J:B:A:6, X9<4:D;>;H ; 6;Y
A@=B;5:63A;F. )?F 8G_B3 69?3I3 J:A3 G3<B;> 6 ;DE=5=AAKH <4=9B5 ;<B:GA;93
;<4:?@D:63?;<@ E:I=?@AK= 935BK J:A:6:L: ;D?8G=A;F, <J:5E;5:63AAK= 4:
I3AAKE :PD:53 6<=L: A=P3 6 4=5;:IK, 9:LI3 6 4:?= D5=A;F A= PK?: ;<B:GA;Y
9:6. #4=9B5 963D353 PG 1634+706 ;D6?=93?<F ;D :P?3<B; 53I;8<:E 2≃, B:LI3
939 J:A :>=A;63?<F 6 9:?@>= < 6A8B5=AA;E ; 6A=ZA;E 53I;8<3E; 7≃ ; 9≃ <:Y
:B6=B<B6=AA: (<E. 5;<. 3.2). 2 9:?@>=6:H :P?3<B; E:I=?@A3F 935B3 J:A:6K7
<:PKB;H PK?3 A:5E;5:63A3 A3 935B8 J:A3 < 8G_B:E X9<4:D;>;;, 4:<?= G=L:
<9:55=9B;5:63AA3F 935B3 ;<4:?@D:63?3<@ I?F 6KG;B3A;F 4:I<B;?3TR=L: J:A3
6 :P?3<B; ;<B:GA;93. "<B36Z;=<F J:B:AK 53<<E3B5;63?;<@ 939 45;A3I?=Q3Y
R;= ;<B:GA;98 ; I:4:?A;B=?@A: 9:55=9B;5:63?;<@ A3 935B8 6;A@=B;5:63A;F
I?F 45;6=I=A;F 9 A:E;A3?@A:H XJJ=9B;6A:H 4?:R3I;.



144

2 45=I=?37 2≃ :B PG1634+706 B=?=<9:4 eROSITA 5=L;<B5;58=B A=<9:?@9:
<?3PK7 B:G=GAK7 ;<B:GA;9:6 (<E. 5;<. 3.2). ^: :>=A93E eROSITA, ;7 <8EE35Y
AKH 69?3I 6 4:B:9 PG1634+706 6 I;343D:A= 0.3–8 9X2 A= 45=6:<7:I;B 5%.
^:<9:?@98 45:<B53A<B6=AA3F 53D5=Z3TR3F <4:<:PA:<B@ ART-XC A= 4:D6:?FY
=B 53DI=?@A: 6KI=?;B@ XB; 9:E4:A=ABK, :A; 4:43I3TB 6 34=5B858 6E=<B= <
963D35:E; :IA39: <B:?@ E3?3F I:P3693 A= <4:<:PA3 D3E=BA: ;<93D;B@ <4=9B5,
;DE=5=AAKH ART-XC.

2 <4=9B53?@A:E 3A3?;D= ;<4:?@D:63?;<@ B:?@9: 93A3?K < E > 5 9X2.
]B: <6FD3A: < B=E, GB: 6 :P?3<B; → 3–4 9X2, 45;?=L3TR=H 9 A;QA=E8 4:5:Y
L8 G86<B6;B=?@A:<B; I=B=9B:5:6, :B9?;9 ART-XC 93?;P5:63A < A=I:<B3B:GA:H
B:GA:<B@T. "<B36Z;=<F 93A3?K L5844;5:63?;<@ I: A= E=A== G=E 30 <8EE35AK7
:B<G_B:6 A3 P;A, GB: :P=<4=G;63=B 9:55=9BA:= 45;E=A=A;= 95;B=5;F χ2; B393F
<7=E3 P;A;5:63A;F 9:55=9BA3 I?F I3AAK7 ART-XC, 6 9:B:5K7 J:A 8Q= 6KGB=A.

3.2.3 XMM-Newton/EPN

^=56;GA3F :P53P:B93 I3AAK7, 4:?8G=AAK7 93E=5:H EPN :P<=563B:5;;
XMM-Newton, 6K4:?AF?3<@ < 4:E:R@T 439=B3 Science Analysis System (SAS)
6=5<;; v20.0. ^5; XB:E 45;E=AF?;<@ 39B83?@AK= A3 E:E=AB 6K7:I3 SAS v20.0
6=5<;; 93?;P5:6:GAK7 J3H?:6.

^:?8G=AAKH J3H? <:PKB;H PK? :BJ;?@B5:63A: 6 3A3?;D= :<B36?F?;<@
B:?@9: :I;A:GAK= ; I6:HAK= <:PKB;F (PATTERN ⊜ 4) 6 XA=5L=B;G=<9:E I;343Y
D:A= 0.3–12 9X2. $D I3AAK7 PK?; ;<9?TG=AK ;AB=563?K < 4:6KZ=AAKE 85:6A=E
J:A:6:L: ;D?8G=A;F3, 3 B39Q= <:PKB;F, 45;7:IFR;=<F A3 I=J=9BAK= 4;9<=?;
; ;7 :95=<BA:<B; (FLAG=0).

$D6?=G=A;= <4=9B53?@AK7 ; 65=E=AAK7 I3AAK7 6K4:?AF?:<@ < ;<4:?@D:Y
63A;=E 45:L53EEK xmmselect. "P?3<B;, <::B6=B<B68TR;= ;<B:GA;98 ; J:A8,
4:IP;53?;<@ B39;E :P53D:E, GB:PK :P=<4=G;B@ E39<;E3?@A:= :BA:Z=A;= <;LA3Y
?3 9 Z8E8. ,3 4536:H 43A=?; 5;<. 3.2 45=I<B36?=A: <8EE35A:= ;D:P53Q=A;=,
4:<B5:=AA:= 4: 5=D8?@B3B3E B5_7 A3P?TI=A;H :P<=563B:5;; XMM-Newton, 45:Y
6=I_AAK7 6 2019 L:I8.

3www.cosmos.esa.int/web/xmm-newton/sas-thread-epic-filterbackground
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!;<8A:9 3.3 N &5;6K= P?=<93 (6 :B<G_B37 6 <=98AI8), 4:<B5:=AAK= 4: I3AAKE
!"#/eROSITA (D=?_AKH >6=B) ; XMM-Newton/EPN (:53AQ=6KH >6=B) I?F :BY
I=?@AK7 A3P?TI=A;H, 6 I687 XA=5L=B;G=<9;7 I;343D:A37: 0.3–2.3 9X2 (6=57A;=
43A=?;) ; 2.3–6.0 9X2 (A;QA;= 43A=?;). #?=I8=B :BE=B;B@, GB: 3P<:?TBAK=
DA3G=A;F B=E4:6 <G_B3, 4:?8G=AAK= eROSITA ; EPN, A345FE8T <:4:<B36?FB@

A=?@DF.

)?F 65=E=AA:L: 3A3?;D3 95;6K= P?=<93 J:5E;5:63?;<@ < Z3L:E 1 9<. $AY
B=563?K < I:?=H XJJ=9B;6A:L: 65=E=A; FRACEXP< 0.1 ;<9?TG3?;<@. ^5;
B39:H I;<95=B;D3>;; 6 93QI:E 65=E=AA:E P;A= :<B363?:<@ A= E=A== 15 :BY
<G_B:6 :B ;<B:GA;93. #4=9B53?@AK= I3AAK= L5844;5:63?;<@ I: 4:5:L3 6 4FB@
:B<G_B:6 A3 XA=5L=B;G=<9;H 93A3?. ]B: :P=<4=G;63=B 9:55=9BA:= 45;E=A=A;=
W -<B3B;<B;9; – E:I;J;93>;; <B3B;<B;9; &XZ3 I?F I3AAK7 < J:A:E 483<<:Y
A:6<9:H 45;5:IK (I3?== – Cstat).

3.3 N1/,3$2 7&3&8&’’-/,A

)?F :>=A9; 6A8B5;<8B:GA:H 5=ABL=A:6<9:H 4=5=E=AA:<B; PG 1634+706 PKY
?; 4:<B5:=AK 65=E=AAK= 5FIK <9:5:<B; <G_B3 :BI=?@A: I?F 93QI:L: <=3A<3
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.3P?;>3 3.2 N 03539B=5;<B;9; PK<B5:H 5=ABL=A:6<9:H 4=5=E=AA:<B;.

.=?=<9:4 )3B3 χ2 (dof) 1↓ p σ2
rms, 10↓4

);343D:A XA=5L;H 0.3–2.3 9X2

2019-09-29 8.3(12) 0.759 ↓11± 7

2019-10-20 33.9(39) 0.702 ↓2± 2

2019-11-23 38.7(39) 0.482 ↓0.2± 3

eROSITA

2019-11-26 31.9(39) 0.782 ↓4± 3

2019-10-25 25.1(22) 0.291 6± 16

2019-11-24 17.4(18) 0.499 ↓3± 8

EPN

2019-11-26 18.1(26) 0.872 ↓11± 12

);343D:A XA=5L;H 2.3–6.0 9X2

2019-09-29 7.1(12) 0.853 ↓222± 81

2019-10-20 45.6(39) 0.217 63± 67

2019-11-23 39(39) 0.468 11± 55

eROSITA

2019-11-26 52.7(39) 0.070 60± 111

2019-10-25 15(22) 0.862 ↓108± 104

2019-11-24 18.9(18) 0.399 60± 141

EPN

2019-11-26 22.9(26) 0.637 56± 118

A3P?TI=A;F !"#/eROSITA ; XMM-Newton/EPN. ,3 5;<. 3.3 4:93D3A3 4=5=E=AY
A:<B@ 4: I3AAKE <9:5:<B; <G_B3 6 I687 XA=5L=B;G=<9;7 4:II;343D:A37: 0.3–2.3
; 2.3–6.0 9X2.

’A3?;D 4=5=E=AA:<B; 6K4:?A=A 4: B:H Q= E=B:I;9=, GB: ; 6 V?36= 2.
#B3B;<B;G=<98T DA3G;E:<B@ 1 ↓ p 4=5=E=AA:<B; :>=A;63?; 4: 95;B=5;T χ2

(J:5E8?3 2.4), 3E4?;B8I8 5=ABL=A:6<9:H 4=5=E=AA:<B; – 4: :45=I=?=A;T σ2
rms

(J:5E8?3 2.5), 3 =_ :Z;P98 – 4: J:5E8?= 2.8. $B:L:6K= :>=A9; <B3B;<B;9 χ2 (6
<9:P937 893D3A: G;<?: <B=4=A=H <6:P:IK), 1 ↓ p ; A:5E;5:63AA:H ;DPKB:GA:H
I;<4=5<;; σ2

rms 45;6=I=AK 6 B3P?. 3.2. #B3B;<B;G=<9; DA3G;E:H 4=5=E=AA:<B;
(A3 85:6A= DA3G;E:<B; P:?@Z= 2σ) A; 6 :IA:E ;D A3P?TI=A;H !"#/eROSITA
; XMM-Newton A= :PA358Q=A:.



147

^5:6=5F?:<@ A3?;G;= ?;A=HA:L: B5=AI3 6: 65=E=AAK7 5FI37 <9:5:<B;
<G_B3. #8R=<B6=AA:= 8?8GZ=A;= 4: <536A=A;T < E:I=?@T 4:<B:FAA:L: 85:6AF
4:?8G=A: ?;Z@ I?F A3P?TI=A;F XMM-Newton 26 A:FP5F 2019 L. 6 I;343D:A=
0.3–2.3 9X2: I:P36?=A;= ?;A=HA:H E:I=?; D3E=BA: 8?8GZ3=B 3445:9<;E3>;T
(p < 10↓4), GB: <::B6=B<B68=B 4?36A:E8 5:<B8 <9:5:<B; <G_B3 6 7:I= <=3A<3.
2 P?;D9:E 4: 65=E=A; <=3A<= !"#/eROSITA, A3G36Z=E<F D3 A=<9:?@9: G3<:6
I: XMM-Newton ; G3<B;GA: < A;E 4=5=95K63TR=E<F, 45;DA39:6 3A3?:L;GA:L:
B5=AI3 A= 6KF6?=A:.

3.4 C&’,"&’-%/0(? /7&0,3

#4=9B53?@A:= E:I=?;5:63A;= 6K4:?AF?:<@ 6 439=B= XSPEC (v12.12.04;
[44]). )3AAK= eROSITA; ART-XC 53<<E3B5;63?;<@ <:6E=<BA:, B:LI3 939 I3AY
AK= XMM-Newton/EPN 3A3?;D;5:63?;<@ :BI=?@A:. )?F <4=9B5:6 !"# ;<4:?@Y
D:63?3<@ χ2-<B3B;<B;93 A3 <L5844;5:63AAK7 I3AAK7, 3 I?F XMM-Newton/EPN
– W -<B3B;<B;93 (E:I;J;>;5:63AA3F C-<B3B;<B;93).

2 93G=<B6= A3G3?@A:H E:I=?; ;<4:?@D:63?3<@ :IA:9:E4:A=ABA3F E:I=?@
<B=4=AA:L: 9:AB;A88E3 < 8G_B:E 4:L?:R=A;F 6 A3Z=H V3?39B;9=. 2 :P:DA3G=Y
A;; XSPEC XB::

TBabs↑ zpowerlaw,

LI= TBabs :4;<K63=B 4:L?:R=A;= 6 V3?39B;9= [52]. ^: 3A3?:L;; < 45=IKI8R;E;
53P:B3E; 4: PG1634+706 (<E., A345., [158]) 9:?:A9:68T 4?:BA:<B@ 6:I:5:I3 A3
?8G= D5=A;F J;9<;5:63?; A3 L3?39B;G=<9:E DA3G=A;; NH = 5.74 ↑ 1020 <E↓2

[159].
&3G=<B6: 3445:9<;E3>;; 6KP53AA:H XE4;5;G=<9:H E:I=?@T 4:93D3A: A3

5;<. 3.4 ; 3.5. )?F <:6E=<BAK7 I3AAK7 eROSITA+ART-XC 6K4:?AF?3<@ 4:IY
L:A93 45; <6FD3AA:E J:B:AA:E ;AI=9<= !, B:LI3 939 A:5E;5:693 9:AB;A88E3
I:48<93?3<@ 53D?;GA:H :B <=3A<3 9 <=3A<8 (E=AFTR;H<F 4:B:9). /B:PK 8G=<B@
6:DE:QAK= E=Q;A<B58E=AB3?@AK= 53<7:QI=A;F ; D36;<;E:<B@ :B9?;93 :B
<E=R=A;F :BA:<;B=?@A: :4B;G=<9:H :<;, 6 E:I=?@ PK? 66=I_A <6:P:IAKH 95:<<Y
93?;P5:6:GAKH EA:Q;B=?@ E=QI8 eROSITA ; ART-XC. ’A3?:L;GAKH 4:I7:I

4https://heasarc.gsfc.nasa.gov/xanadu/xspec



148

0.001

0.010

0.100
ct

s/
s/

ke
V

2019-09-29

0.7
0.9
1.1
1.3
1.5

0.3 1.0 3.0 10.0
Energy, keV

ra
tio

0.001

0.010

0.100

1.000

ct
s/

s/
ke

V

2019-10-20

0.5
1.0
1.5
2.0
2.5

0.3 1.0 3.0 10.0
Energy, keV

ra
tio

0.001

0.010

0.100

1.000

ct
s/

s/
ke

V

2019-11-23

0.6
0.8
1.0
1.2
1.4
1.6

0.3 1.0 3.0 10.0
Energy, keV

ra
tio

!;<8A:9 3.4 N !=ABL=A:6<9;H <4=9B5 963D353 PG 1634+706, ;DE=5=AAKH B=?=Y
<9:43E; eROSITA (D=?=AKH >6=B) ; ART-XC (:53AQ=6KH >6=B) :P<=563B:5;;
!"# 6 53DAK= I3BK. 2<= B5; <4=9B53 3445:9<;E;5:63?;<@ <:6E=<BA: <B=4=AAKE
D39:A:E < 4:L?:R=A;=E 6 V3?39B;9=, < =I;AKE A39?:A:E, A: 53DAKE; A:5E;Y
5:693E; (<E. B3P?. 3.3). )?F ?8GZ=H A3L?FIA:<B; <4=9B5K A3 5;<8A9= PK?;
4=5=P;A;5:63AK. ^:I 93QIKE <4=9B5:E 4:93D3A: :BA:Z=A;= I3AAK7 9 E:I=?;.
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150

.3P?;>3 3.3 N !=D8?@B3BK 3445:9<;E3>;; <4=9B5:6, ;DE=5=AAK7 :P<=563B:5;Y
FE; !"# ; XMM-Newton, <B=4=AAKE D39:A:E < 4:L?:R=A;=E.

#!V/eROSITA, ART-XC

)3B3 2019-09-29 2019-10-20 2019-11-23
);343D:A XA=5L;H, 9X2 0.3–13 0.3–12 0.3–13

Counts 4409.0+556.0 25108.8+395.0 29712.6+507.0
! 1.843± 0.008

FX , 10↓13 X5L/c/<E2 5.17+0.11
↓0.11 5.92+0.09

↓0.09 7.03+0.11
↓0.11

Constant 1.21± 0.06 0.96± 0.05 1.02± 0.05

χ2 (dof) 1032 (790)

XMM-Newton/EPN

)3B3 2019-10-25 2019-11-24 2019-11-26
);343D:A XA=5L;H, 9X2 0.3–11.8 0.3–11.8 0.3–11.8

Counts 5872.8 6602.6 8269.2
! 1.828± 0.011

F (4–12 9X2), 10↓13 X5L/c/<E2 6.42+0.16
↓0.16 8.01+0.20

↓0.19 7.72+0.19
↓0.19

Cstat (dof) 2101 (2133)

Counts – 9:?;G=<B6: :B<G=B:6 :B ;<B:GA;93 D3 6KG=B:E J:A3 (I?F A3P?TI=A;H
!"# 45;6=I=AK <8EEK :B<G=B:6 B=?=<9:4:6 eROSITA ; ART-XC ), ! – A39?:A
<4=9B53, F – 4:4536?=AAKH D3 4:L?:R=A;= 6 V3?39B;9= 4:B:9 6 A3P?TI3=E:E
I;343D:A= 4–12 9X2, Constant – 4:4536:GAKH 9:XJJ;>;=AB I?F I3AAK7
ART-XC :BA:<;B=?@A: eROSITA, dof – 9:?;G=<B6: <B=4=A=H <6:P:IK.
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45;E=A_A 9 B5_E <4=9B53E XMM-Newton: ! <G;B3?<F :PR;E I?F <=5;;, 3 A:5Y
E;5:69; :45=I=?F?;<@ A=D36;<;E:. ^:?8G=AAK= 4353E=B5K E:I=?; 45;6=I=AK
6 B3P?. 3.3. *<?; A= 893D3A: ;A:=, A=:45=I=?_AA:<B; <::B6=B<B68TB 85:6AT I:Y
6=5;F 68%, 3 6=57A;= 45=I=?K 45;6:IFB<F A3 85:6A= 2σ.

^:L?:R_AAKH <B=4=AA:H 9:AB;A88E 6 >=?:E :4;<K63=B A3P?TI3=EK=
<4=9B5K, :IA39: D3E=BAK :B9?:A=A;F I3AAK7 :B E:I=?;. "BE=G3TB<F B5; 73Y
539B=5AK= :<:P=AA:<B;: 1) EFL9;H ;DPKB:9 45; E → 0.3–0.4 9X2; 2) ?:93?@A:=
4:6KZ=A;= B=E43 <G=B3 :9:?: E →2.7 9X2; 3) 4:A;Q=A;= B=E43 <G=B3 6P?;D;
E → 0.5 9X2. ^=56K= I6= :<:P=AA:<B; 45;<8B<B68TB 939 6 I3AAK7 !"#, B39
; 6 XMM-Newton (6 4:<?=IA=E <?8G3= 6K53Q=AK <?3P==), B:LI3 939 E;A;E8E
:9:?: 0.5 9X2 :BG_B?;6: 6;I=A 6 <4=9B5= !"# :B 23 A:FP5F 2019 L. ; < A=6K<:9:H
DA3G;E:<B@T 45:<?=Q;63=B<F 6 A3P?TI=A;F7 !"# :B 20 :9BFP5F 2019 L.

+FL9;H ;DPKB:9 ;D?8G=A;F 45; XA=5L;F7 E ↫ 1 9X2 (6 <;<B=E= :B<G_B3
;<B:GA;93), :PA358Q=AAKH 8 PG 1634+706, A= F6?F=B<F <4=>;J;GAKE B:?@9:
I?F XB:L: 963D353. ^5; I:<B3B:GA:E 93G=<B6= I3AAK7 B393F A;D9:XA=5L=B;G=Y
<93F I:P3693 G3<B: J;9<;58=B<F 6 <4=9B537 ’(V 1-L: B;43, 3 =_ J;D;G=<93F
45;5:I3 :<B3_B<F 45=IE=B:E :P<8QI=A;F (<E., A345;E=5, [46–48]). "I;A ;D
53P:G;7 <>=A35;=6 <6FDK63=B XB8 9:E4:A=AB8 < 9:E4B:A;D3>;=H 8?@B53J;:?=B:Y
6:L: ;D?8G=A;F 3995=>;:AA:L: I;<93 6 B_4?:H 9:5:A= < B=E4=53B85:H 4:5FI93
A=<9:?@9;7 E;??;:A:6 &, B:LI3 939 :<A:6A3F <B=4=AA3F G3<B@ Q_<B9:L: 5=ABY
L=A:6<9:L: <4=9B53, 939 45;AFB: <G;B3B@, J:5E;58=B<F 6 L:5FG=H 9:5:A= <
T → 109 &.

$DPKB:9 4:B:93 A3 XA=5L;; :9:?: 2.7 9X2 6 <4=9B5= PG 1634+706 G;<Y
?=AA: <:643I3=B < :Q;I3=EKE 4:?:Q=A;=E ?;A;; Kω A=HB53?@A:L: ;?; <?3P:
;:A;D:63AA:L: Q=?=D3 (6.4 9X2), <I6;A8B:H 953<AKE <E=R=A;=E ;<B:GA;93:
6.4/(1 + z) = 2.74 9X2. ]B: E:QA: ;AB=545=B;5:63B@ 939 45:F6?=A;= J?8:5=<Y
>=ABA:H ?;A;; Q=?=D3 ?;P: A=53D5=Z=AA:L: 4: XA=5L;; 9:E4?=9<3 B39;7 ?;A;H.
/B: Q= 93<3=B<F 4:A;Q=A;F 4:B:93 6P?;D; 0.5 9X2, :BE=G=AA:L: 6 <4=9B537
eROSITA, B: 6E=<B= < EFL9;E ;DPKB9:E A3 A;D9;7 XA=5L;F7 :A: 893DK63=B A3
P:?== <?:QA8T J:5E8 <4=9B53, G=E I:48<93TB ;<4:?@D:63AAK= A3E; 45:<BK=
E:I=?; 9:AB;A88E3.

^:<9:?@98 EFL93F I:P36:GA3F <:<B36?FTR3F 6 <4=9B5= PG 1634+706 6KF6Y
?=A3 < A=I:<B3B:GA:H <B3B;<B;G=<9:H I:<B:6=5A:<B@T, 45:6:I;B@ =_ I=B3?@A:=
;<<?=I:63A;= A=>=?=<::P53DA:, ; ;D I3?@A=HZ=L: 3A3?;D3 A;QAFF G3<B@ I;343Y
D:A3 (E < 0.7 9X2) PK?3 ;<9?TG=A3. +K :L53A;G;?;<@ XA=5L;FE; 0.7–13 9X2,
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<:<5=I:B:G;6 6A;E3A;= A3 J:5E= <4=9B53?@A:L: 9:AB;A88E3 ; A3 ?:93?@A:H
:<:P=AA:<B; 6 :P?3<B; ?;A;; Fe Kω.

)3?@A=HZ;H 3A3?;D 6K4:?AF?<F A=D36;<;E: I?F 93QI:L: ;D <4=9B5:6
!"# ; XMM-Newton: I:48<93?;<@ ;DE=A=A;F 939 A:5E;5:69;, B39 ; J:5EK 9:AY
B;A88E3 :B <=3A<3 9 <=3A<8. &5:<<-93?;P5:6:GA3F 9:A<B3AB3 I?F 435K eROSITA
; ART-XC A3 XB:E XB34= A= 66:I;?3<@.

!3<<E3B5;63?;<@ B5; E:I=?; :4;<3A;F 5=ABL=A:6<9;7 <4=9B5:6. W3D:63F –
<B=4=AA:H 9:AB;A88E < 8G_B:E L3?39B;G=<9:L: 4:L?:R=A;F (TBabs↑zpowerlaw

A3 FDK9= XSPEC ; I3?== :P:DA3G3=E =L: 939 E:I=?@ PL). )?F 8G_B3 XE;<<;:AY
A:H :<:P=AA:<B; 6 :P?3<B; 6.4 9X2 (6 <;<B=E= 4:9:F 963D353) 9 P3D:6:H E:I=?;
I:P36?F?3<@ L38<<:63 E:I=?@ ?;A;;: TBabs(zpowerlaw + zgauss). ]B8 E:I=?@
P8I=E A3DK63B@ PL+GAUSS.

*<?; A3P?TI3=E3F XE;<<;:AA3F ?;A;F Q=?=D3 <6FD3A3 < :B53Q=A;=E
Q=<B9:L: 5=ABL=A:6<9:L: ;D?8G=A;F 9:5:AK :B 3995=>;:AA:L: I;<93 ;?; L3Y
D:4K?=6:L: B:53, B: =<B=<B6=AA: :Q;I3B@ B39Q= I:4:?A;B=?@A:= ;D?8G=A;=
6 <4=9B53?@A:E 9:AB;A88E= (A3 XA=5L;F7 6KZ= → 10 9X2 6 <;<B=E= 4:Y
9:F 963D353). ^:XB:E8 EK 53<<E:B5=?; =R= :IA8 E:I=?@, LI= 9 45=IKI8R;E
I68E 9:E4:A=AB3E PK?3 I:P36?=A3 <:<B36?FTR3F, <6FD3AA3F < :B53Q=A;=E
<B=4=AA:L: 9:AB;A88E3 :B 7:?:IA:L: I;<93 [55], B.=. ;<4:?@D:63?3<@ E:I=?@
TBabs(zpowerlaw+ zgauss+ pexrav), ;?; PL+GAUSS+PEXRAV. "BA:<;B=?@Y
A3F A:5E;5:693 :B53Q=AA:H 9:E4:A=ABK PEXRAV 4: :BA:Z=A;T 9 <B=4=AA:H
9:E4:A=AB= PL :4;<K63?3<@ 4353E=B5:E relrefl, 9:B:5KH I?F XB:H >=?; PK?
D3I3A :B5;>3B=?@AKE (<E. :4;<3A;= PEXRAV 6 XSPEC ); I3?== P8I=E ;<4:?@D:Y
63B@ :P:DA3G=A;= Rrefl ⇑ ↓relrefl. #4=9B53?@AKH A39?:A 43I3TR=L: ;D?8G=A;F
6 9:E4:A=AB= PEXRAV PK? 45;6FD3A 9 A39?:A8 9:E4:A=ABK PL. "P;?;= BFY
Q=?K7 X?=E=AB:6 PK?: D3J;9<;5:63A: A3 <:?A=GA:E, <:L?3<A: [160]. &:<;A8<
8L?3 A39?:A=A;F PK? D3J;9<;5:63A A3 DA3G=A;; 0.5. U363? A3 6K<:9;7 XA=5L;Y
F7 (;D-D3 XJJ=9B3 :BI3G;) A= 53<<E3B5;63?<F.

$D-D3 A;D9:H DA3G;E:<B; I=B=9B;5:63A;F XE;<<;:AA:H ?;A;; Q=?=Y
D3 6 <4=9B537 XMM-Newton, 45; E:I=?;5:63A;; XB;7 <4=9B5:6 E:I=?FE;
PL+GAUSS ; PL+GAUSS+PEXRAV >=AB53?@A3F XA=5L;F ; Z;5;A3 ?;A;;
PK?; D3J;9<;5:63AK A3 <5=IA=6D6=Z=AAK7 DA3G=A;F7, 4:?8G=AAK7 45; 34Y
45:9<;E3>;; <4=9B5:6 !"# E:I=?@T PL+GAUSS+PEXRAV.

,3 5;<. 3.6 ; 5;<. 3.7 4:93D3A:, 939 <4=9B5K !"# ; XMM-Newton 3445:9Y
<;E;58TB<F B5=79:E4:A=ABA:H E:I=?@T PL+GAUSS+PEXRAV. 2 B3P?;>37 3.4
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!;<8A:9 3.6 N ’445:9<;E3>;F <4=9B5:6 963D353 PG1634+706, ;DE=5=AAK7 B=Y
?=<9:43E; eROSITA (D=?=AKH >6=B) ; ART-XC (:53AQ=6KH >6=B) :P<=563B:5;;
!"# 6 53DAK= I3BK, E:I=?@T PL+GAUSS+PEXRAV < 4:L?:R=A;=E 6 V3?39Y
B;9= (<E. B3P?. 3.4). #4?:ZAKE; ?;AFE; 95:E= <:6:984A:H E:I=?; 4:93D3AK ==
:BI=?@AK= 9:E4:A=ABK: <B=4=AA:H 9:AB;A88E PL, L38<<:63 ?;A;F GAUSS ; :BY
53Q=AA3F 9:E4:A=AB3 PEXRAV (45; A3?;G;;). #4=9B5K 4=5=P;A;5:63AK I?F

A3L?FIA:<B;. ^:I 93QIKE <4=9B5:E 4:93D3A: :BA:Z=A;= I3AAK7 9 E:I=?;.
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.3P?;>3 3.4 N !=D8?@B3BK 3445:9<;E3>;; <4=9B5:6, ;DE=5=AAK7 :P<=563B:5;=H
!"#, 53DAKE; E:I=?FE;.

)3B3 2019-09-29 2019-10-20 2019-11-23

);343D:A XA=5L;H, 9X2 0.7–13 9X2 0.7–12 9X2 0.7–13 9X2

+:I=?@ PL

! 1.78± 0.02 1.864± 0.015 1.850+0.014
↓0.013

FPL (4–12 9X2), 10↓13 X5L/</<E2 5.7± 0.2 5.74± 0.15 7.05± 0.16

χ2 (dof) 98.8 (91) 316.2 (263) 326 (272)

+:I=?@ PL+GAUSS

! 1.78± 0.02 1.876± 0.016 1.866± 0.014

FPL (4–12 9X2), 10↓13 X5L/</<E2 5.7± 0.2 5.60± 0.16 6.82± 0.17

Eline, 9X2 6.8+0.2
↓0.4 6.52+0.11

↓0.13 6.44± 0.16

σline, 9X2 < 0.6 (68%) 0.30+0.20
↓0.12 0.52+0.12

↓0.13

EW , 9X2 0.08± 0.07 0.11+0.03
↓0.04 0.14± 0.04

χ2 (dof) 97 (88) 302.1 (260) 306.7 (269)

+:I=?@ PL+GAUSS+PEXRAV

! 1.95+0.09
↓0.08 1.90± 0.03 1.870+0.025

↓0.018

FPL (4–12 9X2), 10↓13 X5L/</<E2 4.1+0.6
↓0.7 5.4± 0.3 6.8+0.2

↓0.3

Eline, 9X2 6.8± 0.3 6.51+0.12
↓0.14 6.44+0.15

↓0.16

σline, 9X2 < 0.8 (68%) 0.32+0.23
↓0.13 0.51+0.14

↓0.11

EW , 9X2 0.12± 0.08 0.12± 0.04 0.14+0.04
↓0.06

Rrefl 0.19+0.08
↓0.11 < 0.12 < 0.07

χ2 (dof) 89.7 (87) 301.1 (259) 306.7 (268)

!, FPL – A39?:A <B=4=AA:H 9:E4:A=ABK ; 4:4536?=AAKH D3 4:L?:R=A;= 6
V3?39B;9= 4:B:9 6 A3P?TI3=E:E I;343D:A= 4–12 9X2 6 XB:H 9:E4:A=AB=; Eline,
σline, EW – >=AB53?@A3F XA=5L;F, Z;5;A3 ; X96;63?=ABA3F Z;5;A3 L38<<:6:H
?;A;;; Rrefl – 9:XJJ;>;=AB :B53Q=A;F; dof – 9:?;G=<B6: <B=4=A=H <6:P:IK.



155

0.001

0.010

0.100

ct
s/

s/
ke

V

2019-10-25

0.5
1.0
1.5
2.0

1 3 10
Energy, keV

ra
tio

0.001

0.010

0.100

1.000

ct
s/

s/
ke

V

2019-11-24

1.0

1.5

1 3 10
Energy, keV

ra
tio

0.001

0.010

0.100

ct
s/

s/
ke

V

2019-11-26

0.5
1.0
1.5
2.0

1 3 10
Energy, keV

ra
tio

!;<8A:9 3.7 N ’A3?:L;GA: 5;<. 3.6, A: I?F I3AAK7 XMM-Newton.
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.3P?;>3 3.5 N !=D8?@B3BK 3445:9<;E3>;; <4=9B5:6, ;DE=5=AAK7 :P<=563B:5;=H
XMM-Newton, 53DAKE; E:I=?FE;.

)3B3 2019-10-25 2019-11-24 2019-11-26

);343D:A XA=5L;H, 9X2 0.7–11.8 9X2 0.7–11.8 9X2 0.7–11.8 9X2

+:I=?@ PL

! 1.78± 0.03 1.79± 0.03 1.78± 0.03

FPL (4–12 9X2), 10↓13 X5L/</<E2 6.8± 0.3 8.4± 0.4 8.3+0.4
↓0.3

Cstat (dof) 562.5 (584) 547.7 (574) 710.9 (747)

+:I=?@ PL+GAUSS

! 1.81± 0.03 1.79± 0.03 1.79± 0.03

FPL (4–12 9X2), 10↓13 X5L/</<E2 6.4+0.4
↓0.3 8.4± 0.4 8.2± 0.4

Eline, 9X2 6.5 (J;9<.) 6.5 (J;9<.) 6.5 (J;9<.)

σline, 9X2 0.50 (J;9<.) 0.50 (J;9<.) 0.50 (J;9<.)

EW , 9X2 0.20± 0.06 < 0.11 < 0.13

Cstat (dof) 551.7 (583) 547.7 (573) 710.6 (746)

+:I=?@ PL+GAUSS+PEXRAV

! 1.83+0.06
↓0.05 1.81+0.05

↓0.04 1.90± 0.06

FPL (4–12 9X2), 10↓13 X5L/</<E2 6.1+0.6
↓0.7 8.0+0.7

↓0.8 6.6± 0.7

Eline, 9X2 6.50 (J;9<.) 6.50 (J;9<.) 6.50 (J;9<.)

σline, 9X2 0.50 (J;9<.) 0.50 (J;9<.) 0.50 (J;9<.)

EW , 9X2 0.20+0.05
↓0.06 < 0.08 < 0.17

Rrefl < 0.3 < 0.2 0.22+0.09
↓0.11

Cstat (dof) 551.5 (582) 547.4 (572) 704.4 (745)
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; 3.5 45=I<B36?=AK 4353E=B5K 4:IL:A9; <4=9B5:6 E:I=?FE; PL, PL+GAUSS ;
PL+GAUSS+PEXRAV.

):P36?=A;= XE;<<;:AA:H ?;A;; Q=?=D3 9 <B=4=AA:H E:I=?; 45;6:I;B 9
<B3B;<B;G=<9; DA3G;E:E8 8?8GZ=A;T 93G=<B63 3445:9<;E3>;; <4=9B5:6 !"#,
4:?8G=AAK7 20 :9BFP5F ; 23 A:FP5F 2019 L. (A34:EA;E, GB: <4=9B5, 4:<B5:=AY
AKH 4: I3AAKE A3P?TI=A;F 29 <=ABFP5F, 73539B=5;D8=B<F DA3G;B=?@A: 78IZ=H
<B3B;<B;9:H ;D-D3 B:L:, GB: 6 XB:E A3P?TI=A;; 53P:B3? B:?@9: :I;A ;D <=E;
E:I8?=H B=?=<9:43 eROSITA), 3 B39Q= <4=9B53 XMM-Newton, ;DE=5=AA:L: 25
:9BFP5F 2019 L. ^5; XB:E Z;5;A3 ?;A;; 4: I3AAKE !"#/eROSITA :93DK63Y
=B<F A=A8?=6:H, 3 4:?:Q=A;= >=AB53 ?;A;; :L53A;G=A: 6 45=I=?37 :B → 6.3

I: → 6.6 9X2 I?F <4=9B5:6, 4:?8G=AAK7 20 :9BFP5F ; 23 A:FP5F 2019 L., B.=.
<:6E=<B;E: < XA=5L;=H 6.4 9X2.

"B53Q=AA3F A=45=5K6A3F 9:E4:A=AB3 (PEXRAV ) A= 5=L;<B5;58=B<F <B3Y
B;<B;G=<9; DA3G;E: A; 6 :IA:E ;D 4:?8G=AAK7 <4=9B5:6, D3 ;<9?TG=A;=E
<3E:L: 4:DIA=L: A3P?TI=A;F XMM-Newton (26 A:FP5F 2019 L.), LI= =<B@ <?3P:=
893D3A;= (A3 85:6A= → 2 <B3AI35BAK7 :B9?:A=A;H) A3 == 45;<8B<B6;=.

,3 5;<. 3.8 4:93D3A:, 939 E=AF?;<@ 4353E=B5K E:I=?; PL+GAUSS+PEXRAV
:B A3P?TI=A;F 9 A3P?TI=A;T. ,39?:A <4=9B53 (<B=4=AA:H 9:E4:A=ABK) ; X9Y
6;63?=ABA3F Z;5;A3 ?;A;; Q=?=D3 A= I=E:A<B5;58TB <B3B;<B;G=<9; DA3G;E:H
X6:?T>;;, :<B363F<@ A3 DA3G=A;F7 → 1.9 ; → 120 X2 <::B6=B<B6=AA:. ^5;
XB:E 45:<E3B5;63=B<F <B3B;<B;G=<9; DA3G;EKH B5=AI 86=?;G=A;F 4:B:93 6
<B=4=AA:H <4=9B53?@A:H 9:E4:A=AB=.

3.5 O-#"-%3&8&’’$2 P%-#DH(2

&39 8Q= :BE=G3?:<@ 6 53DI=?= 3.1, 963D35 PG 1634+706 A=:IA:953BA: A3Y
P?TI3?<F 53DAKE; 5=ABL=A:6<9;E; :P<=563B:5;FE; A3G;A3F < 1981 L:I3. ]B:
4:D6:?F=B 45:<?=I;B@ X6:?T>;T =L: 39B;6A:<B; 6 5=ABL=A:6<9;7 ?8G37 6 B=G=Y
A;= 45;E=5A: 17 ?=B 6 <;<B=E= 4:9:F ;<B:GA;93. 2 B3P?;>= 3.6 <:P53A3 953B93F
;AJ:5E3>;F : 6<=7 5=ABL=A:6<9;7 A3P?TI=A;F7 PG1634+706, 3 ;E=AA: A3P?TY
I=A;F7 :P<=563B:5;FE; Einstein, ROSAT, ASCA, Chandra, XMM-Newton, Swift
; !"#.
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!;<8A:9 3.8 N $DE=A=A;= 4353E=B5:6 <4=9B53?@A:H E:I=?;
PL+GAUSS+PEXRAV 6 7:I= A3P?TI=A;H :P<=563B:5;H !"# (5KQ;H >6=B)
; XMM-Newton (D=?=AKH >6=B) :<=A@T 2019 L:I3. ^:93D3AK (<6=578 6A;D):
A39?:A <B=4=AA:H 9:E4:A=ABK, 4:B:9 6 <B=4=AA:H 9:E4:A=AB= (6 =I;A;>37
10↓13 X5L/</<E2) , X96;63?=ABA3F Z;5;A3 ?;A;; Q=?=D3 ; :BA:<;B=?@A3F

A:5E;5:693 :B53Q=AA:H 9:E4:A=ABK (<E. B3P?. 3.4 ; 3.5).

.3P?;>3 3.6 N $<B:5;F 5=ABL=A:6<9;7 A3P?TI=A;H 963D353 PG 1634+706.
7.#. )-"5*I.#$*’> OBSID =("1$:’4’>, (" R"+3(’ LX, 1045 G*H/c

1981-02-06 Einstein 5351 1.83 1, 4, 9 7.0+1.4
↑1.4

1991-03-15 ROSAT 700246 9.01 9 6.76+0.04
↑0.04

1994-05-02 ASCA 71036000 47.7 2, 3, 9 11.1+0.4
↑0.4

1999-08-21 Chandra 1269 10.83 7, 8, 9 6.8+0.2
↑0.2

2000-03-23 Chandra 47 5.39 8, 9 10.2+0.4
↑0.4

2000-03-23 Chandra 62 4.85 8, 9 10.3+0.4
↑0.4

2000-03-24 Chandra 69 4.86 8, 9 10.1+0.4
↑0.4

2000-03-24 Chandra 70 4.86 8, 9 9.7+0.4
↑0.4

2000-03-24 Chandra 71 4.41 8, 9 10.3+0.5
↑0.5

2002-11-22 XMM-Newton 143150101 13.7 4, 6, 5, 9 12.5+0.4
↑0.4

2007-06-29 Swift 36672001 1.32 9 4.9+1.0
↑0.8

2007-06-29 Swift 36673001 1.48 9 5.9+1.0
↑0.9

2007-07-11 Swift 36672002 7.34 9 5.2+0.4
↑0.4

2008-04-22 Swift 36671002 2.09 9 8.8+1.0
↑0.9

2008-04-24 Swift 36673002 2.56 9 7.3+0.8
↑0.7
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^5:I:?Q=A;= B3P?;>K 3.6
7.#. )-"5*I.#$*’> OBSID =("1$:’4’>, (" R"+3(’ LX, 1045 G*H/c

2008-04-26 Swift 36671003 3 9 8.8+0.8
↑0.7

2008-05-15 Swift 90030001 3.72 9 8.4+0.7
↑0.7

2008-06-12 Swift 90030002 3.25 9 5.5+0.7
↑0.6

2009-01-18 Swift 90030003 2.75 9 5.0+0.7
↑0.6

2012-06-11 Swift 91438001 1.26 9 6.8+1.2
↑1.0

2012-06-18 Swift 91438002 0.37 9 9+3
↑2

2012-06-22 Swift 91438004 0.42 9 8.4+2.5
↑1.9

2012-06-25 Swift 91438005 0.17 9 9+4
↑3

2012-06-26 Swift 91438006 0.36 9 10+3
↑2

2012-06-28 Swift 91438007 0.5 9 7.8+2.2
↑1.7

2012-07-01 Swift 91438008 5.88 9 11.5+0.7
↑0.6

2019-09-29 !"# 48.3, 55.0 10 6.31+0.11
↑0.11

2019-10-20 !"# 37.7, 39.0 10 7.13+0.05
↑0.05

2019-10-25 XMM-Newton 852980501 14.4 10 7.51+0.13
↑0.13

2019-11-23 !"# 37.0, 38.3 10 8.55+0.06
↑0.06

2019-11-24 XMM-Newton 852980301 12.7 10 9.43+0.15
↑0.15

2019-11-26 XMM-Newton 852980401 17.3 10 9.16+0.13
↑0.13

2019-11-26 !"# 39.8 10 8.40+0.07
↑0.07

#<K?9;: (1) [154], (2) [161], (3) [162], (4) [163], (5) [164], (6) [158], (7) [165],
(8) [166], (9) [151], (10) XB3 53P:B3. "P:DA3G=A;= LX <::B6=B<B68=B
5=ABL=A:6<9:H <6=B;E:<B; 6 I;343D:A= 2–10 9X2, 4=5=<G;B3AA:H 6 <;<B=E8
:B<G_B3 963D353 ; <9:55=9B;5:63AA:H A3 E=QD6_DIA:= 4:L?:R=A;= 6 A3Z=H
V3?39B;9=.

)?F <:4:<B36?=A;F < 53AA;E; 5=D8?@B3B3E; ;<4:?@D:63?;<@ :>=A9;, :48PY
?;9:63AAK= 6 [151]: B3E I?F 6<=7 A3P?TI=A;H, 6K4:?A=AAK7 I: 9:A>3 2012
L:I3, 45;6=I=AK 4:B:9; 6 A3P?TI3=E:E I;343D:A= 0.2–10 9X2 < 8G_B:E 4:L?:R=Y
A;F E=QD6_DIAKE 6=R=<B6:E A3Z=H V3?39B;9;. ^5; 6KG;<?=A;; XB;7 6=?;G;A
<4=9B5 ;<B:GA;93 D3I363?<F <B=4=AAKE 9:AB;A88E:E < J;9<;5:63AAKE A39?:Y
A:E ! = 2. 2 I:4:?A=A;= 9 [151] 8GB=AK A:6K= I3AAK= !"# ; XMM-Newton(XB:
A3;P:?== 4:DIA;= 4: 65=E=A; A3P?TI=A;F, 69?TG_AAK= 6 3A3?;D). ^:?8G=AAK=
DA3G=A;F 5=ABL=A:6<9:H <6=B;E:<B; ; ;7 I:6=5;B=?@AK= ;AB=563?K 45;6=I=AK
6 B3P?. 3.6. 2 I3AA:E <?8G3= J:5E3?@AK= A=:45=I=?_AA:<B; A=6=?;9; (939 453Y
6;?:, ↫ 2%). )?F <:4:<B36?=A;F: 45; <:6E=<BA:H 4:IL:A9= <4=9B5:6 !"# ;
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Время (год) в системе отсчета квазара

Дата

L X
(2

−
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эВ

)

ASCA
Chandra
Einstein
ROSAT
SRG
Swift
XMM-Newton

!;<8A:9 3.9 N ):?L:65=E=AA3F X6:?T>;F 5=ABL=A:6<9:H <6=B;E:<B; 963D353
PG 1634+706. #6=B;E:<B@ 45;6=I=A3 6 I;343D:A= XA=5L;H 2–10 9X2 6 <;<B=E=
:B<G=B3 ;<B:GA;93. ^:93D3AK 1σ-<B3B;<B;G=<9;= 4:L5=ZA:<B; ;DE=5=A;H. ,3
A;QA=H :<; :B?:Q=AK I3BK A3P?TI=A;H, A3 6=57A=H – 65=EF, 45:Z=IZ== < E:Y

E=AB3 4=56:L: A3P?TI=A;F 6 <;<B=E= 4:9:F ;<B:GA;93.

XMM-Newton (<E. B3P?. 3.4 ; 3.5) :Z;P9; A3 4:B:9 <B=4=AA:L: 9:AB;A88E3 4:Y
?8G3?;<@ <8R=<B6=AA: P:?@Z=, 4:<9:?@98 B3E 635@;5:63?<F A39?:A ! 6E=<B=
< 5FI:E I58L;7 4353E=B5:6 E:I=?;, ; 6:DA;93TR;= E=QI8 A;E; 6K5:QI=A;F
86=?;G;63?; <B3B;<B;G=<98T 4:L5=ZA:<B@.

^:<9:?@98 A3P:5 ;<4:?@D:63AAK7 ;DE=5=A;H 4:?8G=A 53DAKE; ;A<B58Y
E=AB3E; ; A= 6 4:?A:<B@T <:643I3TR;7 XA=5L=B;G=<9;7 4:?:<37, 6 :>=A9;
<6=B;E:<B; A=;DP=QA: 6A:<;B<F E=Q;A<B58E=AB3?@A3F <;<B=E3B;93. )?F A3Y
P?TI=A;H 4:<?= 2000 L., 9:LI3 6K4:?A=A3 BR3B=?@A3F 95:<<-93?;P5:693 <:65=Y
E=AAK7 5=ABL=A:6<9;7 :P<=563B:5;H ; 53P:G;= I;343D:AK P?;D9;, E3<ZB3P
B39:H <;<B=E3B;9;, 4: ;E=TR;E<F :>=A93E, :PKGA: A= 45=6KZ3=B 10–20% [151].
$A3F <;B83>;F < P:?== 53AA;E; I3AAKE;: I?F E;<<;H Einstein ; ROSAT 69?3I
<;<B=E3B;9; E:Q=B PKB@ <8R=<B6=AA: 6KZ=, 4:<9:?@98 <6=B;E:<B; :>=A;63?;<@
4: EFL9;E 4:?:<3E 0.3–3.3 ; 0.5–2.0 9X2 <::B6=B<B6=AA:.

):?L:65=E=AAK= ;DE=A=A;F 5=ABL=A:6<9:H <6=B;E:<B; PG 1634+706 D3
1981–2019 LL. 45=I<B36?=AK A3 5;<. 3.9. ,=<E:B5F A3 P:?@Z;= 65=E=AAK= 53DY
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5K6K, ;D 95;6:H P?=<93 <?=I8=B, GB: ;<B:GA;9 E=AF=B<F A3 E3<ZB3P37 :B
A=<9:?@9;7 <8B:9 I: A=<9:?@9;7 ?=B (6 <;<B=E= 4:9:F). ,3;P:?@Z== DA3G=Y
A;= <6=B;E:<B; – → 1.25 ↑ 1046 X5L <↓1 (A:FP5@ 2002 L.), A3;E=A@Z== – →
5 ↑ 1045 X5L <↓1 (FA635@ 2009 L.), GB: :DA3G3=B ;DE=A=A;= 85:6AF <6=B;E:<B;
45;E=5A: 6 2.5 53D3. ^:?8G=A: σ2

rms = 0.030 ± 0.016 (<E. J:5E8?8 2.5), GB:
<::B6=B<B68=B B;4;GA:H :BA:<;B=?@A:H 3E4?;B8I= 635;3>;H 4:5FI93 16%. 2:
65=EF <=5;; A3P?TI=A;H !"# ; XMM-Newton 6 2019 L. :PS=9B A37:I;?<F A3
45:E=Q8B:GA:E 85:6A=: <6=B;E:<B@ ?=Q3?3 6 45=I=?37 (6–9) ↑ 1045 X5L <↓1 ;
4?36A: 6:D53<B3?3.

#:4:<B36;E A3Z; 5=D8?@B3BK < :PR=H 935B;A:H 5=ABL=A:6<9:H 4=5=E=AY
A:<B; ’(V. ^: I3AAKE [167], 4:?8G=AAKE A3 5=45=D=AB3B;6A:H 6KP:59= F59;7
6 5=ABL=A:6<9:E XA=5L=B;G=<9:E I;343D:A= 963D35:6 ;D <4=9B5:<9:4;G=<9:L:
:PD:53 SDSS < ;<4:?@D:63A;=E :PD:53 6<=L: A=P3 !"#/eROSITA ; 357;63
XMM-Newton, B;4;GA3F 6=?;G;A3 ;DE=A=A;H <: 65=E=A=E 53<B_B, B:LI3 939 45;
86=?;G=A;; <6=B;E:<B; 3E4?;B8I3 4=5=E=AA:<B; <A;Q3=B<F. )?F ;<B:GA;9:6 <
LX → 1046 X5L <↓1 A3 ;AB=563?37 10–20 ?=B 73539B=5AKH E3<ZB3P 9:?=P3A;H
<::B6=B<B68=B 9:XJJ;>;=AB8 → 1.4 E=QI8 I68EF <?8G3HA: 6KP53AAKE; ;DE=5=Y
A;FE; 4:B:93, 45; XB:E A3P?TI3=B<F <8R=<B6=AAKH 53DP5:< E=QI8 :PS=9B3E;.
,3 XB:E J:A= 4:6=I=A;= PG1634+706 <::B6=B<B68=B B;4;GA:H 935B;A= I?F 963Y
D35:6 <:4:<B36;E:H <6=B;E:<B;.

3.6 E$0#D>&’(&

0:BF 963D35 PG 1634+706 8Q= A=:IA:953BA: ;<<?=I:63?<F 6 5=ABL=A=
53A==, A:6K= A3P?TI=A;F < 4:E:R@T :P<=563B:5;H !"# ; XMM-Newton 4:D6:Y
?;?; A3E P:?== B:GA: ;DE=5;B@ =L: XA=5L=B;G=<9;H <4=9B5 6 Z;5:9:E I;343D:A=
→ 1–30 9X2 (6 <;<B=E= 4:9:F 963D353). "IA;E ;D A3;P:?== ;AB=5=<AK7 5=D8?@Y
B3B:6 <B3?: :PA358Q=A;= Z;5:9:H (→ 1 9X2 A3 4:?:6;A= 6K<:BK) XE;<<;:AA:H
?;A;; Q=?=D3 6 <4=9B5=, < X96;63?=ABA:H Z;5;A:H → 120 X2. #5=IA=6D6=Z=AY
A:= 4: 53DAKE A3P?TI=A;FE 4:?:Q=A;= >=AB5:;I3 ?;A;; <:L?3<8=B<F < XA=5L;=H
6.4 9X2, <::B6=B<B68TR=H 4=5=7:I8 Kω 6 A=HB53?@A:E 3B:E= Q=?=D3 (; A= <:L?3Y
<8=B<F < XA=5L;=H 6.7 9X2 B5;4?=B3 L=?;=4:I:PA:L: Q=?=D3 6 <?8G3= ;D?8G=A;F
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L:5FG=H 53D5=Q=AA:H 4?3DEK). ^5; XB:E 8Z;5=A;= ?;A;; F6?F=B<F <B3B;<B;Y
G=<9; DA3G;EKE.

*<B=<B6=AA: 45=I4:?:Q;B@, GB: XB3 XE;<<;:AA3F :<:P=AA:<B@ <6FD3A3 <
:B53Q=A;=E Q=<B9:L: 5=ABL=A:6<9:L: ;D?8G=A;F L:5FG=H 9:5:AK :B 3995=>;:AY
A:L: I;<93 ;, 6:DE:QA:, L3D:4K?=6:L: B:53. ^5; XB:E I:?QA3 6:DA;93B@ B39Q=
:B53Q=AA3F 9:E4:A=AB3 6 <4=9B53?@A:E 9:AB;A88E=. ^:;<9 B39:H 9:E4:A=ABK
4: I3AAKE !"# ; XMM-Newton A= 45;6=? 9 DA3G;E:E8 I=B=9B;5:63A;T. &:Y
XJJ;>;=AB :B53Q=A;F 6 E:I=?; PEXRAV <:<B36?F=B Rrefl ↫ 0.3. ]B:B 45=I=? ;
;DE=5=AA3F X96;63?=ABA3F Z;5;A3 XE;<<;:AA:H ?;A;; Q=?=D3 <:L?3<8TB<F <:
<>=A35;=E :B53Q=A;F 9:5:A3?@A:L: ;D?8G=A;F :B :4B;G=<9; B:?<B:L:, 7:?:IY
A:L: I;<93 (A345;E=5, [168]). ^5; XB:E DA3G;B=?@A:= 8Z;5=A;= ?;A;; E:Q=B
PKB@ <6FD3A: < I:4?=5:6<9;E 8Z;5=A;=E 6 3995=>;:AA:E I;<9= (I?F XB:L: B5=Y
P8TB<F ?8G=6K= <9:5:<B; vr/c → 0.06), 939 XB: G3<B: :P<8QI3?:<@ 6 9:AB=9<B=
5=ABL=A:6<9;7 I6:HAK7 <;<B=E ; ’(V (<E., A345;E=5, :PD:5 [169]), 3 B39Q=
< :B53Q=A;=E :B <;?@A: ;:A;D:63AA:L: L3D3 6: 6A8B5=AA=H :P?3<B; I;<93 (6
XB:E <?8G3= 6:DA;93=B 9:E4?=9< Kω ?;A;H 53DAK7 ;:A:6 Q=?=D3; <E., A345;Y
E=5, [170; 171]).

/B: 93<3=B<F :<A:6A:H (<B=4=AA:H) 9:E4:A=ABK <4=9B53, B: ;DE=5=AAK=
6 53DAK7 A3P?TI=A;F7 !"# ; XMM-Newton DA3G=A;F == A39?:A3 <:L?3<8TBY
<F I58L < I58L:E 6 45=I=?37 4:L5=ZA:<B=H ; A37:IFB<F 6 I;343D:A= :B 1.8 I:
2.0. .39;= DA3G=A;F F6?FTB<F :PKGAKE; I?F <=HJ=5B:6<9;7 L3?39B;9 ; 963D3Y
5:6 8E=5=AA:H <6=B;E:<B;. .39;E :P53D:E, 6 <?8G3= 963D353 PG 1634+706 EK
A= 6;I;E 4:IB6=5QI=A;F B=AI=A>;; DA3G;B=?@A:L: 8958G=A;F 5=ABL=A:6<9:L:
9:AB;A88E3 < 86=?;G=A;=E <6=B;E:<B; ;/;?; XII;ALB:A:6<9:L: :BA:Z=A;F, 9:Y
B:53F :BE=G3?3<@ I?F ’(V 5FI:E 36B:5:6 [172;173], A: <B36;?3<@ 4:I <:EA=A;=
6 I58L;7 53P:B37 (A345;E=5, [174]).

^:E;E: <4=9B53?@AK7 <6:H<B6 EK ;<<?=I:63?; 4=5=E=AA:<B@ 5=ABL=A:6Y
<9:L: ;D?8G=A;F 963D353 PG 1634+706. ,3 65=E=A37 4:5FI93 A=<9:?@9;7 G3<:6
(DI=<@ ; I3?== 6<= 65=E=AAK= ;AB=563?K 45;6:IFB<F 6 <;<B=E= 4:9:F 963D353)
=L: 5=ABL=A:6<93F <6=B;E:<B@ A= I=E:A<B5;58=B <B3B;<B;G=<9; DA3G;E:H 4=5=Y
E=AA:<B;. "IA39: <6=B;E:<B@ D3E=BA: E=AF?3<@ :B A3P?TI=A;F 9 A3P?TI=A;T
:<=A@T 2019 L:I3, 86=?;G;6Z;<@ 45;E=5A: A3 50% D3 → 25 IA=H. #536A=A;=
XB;7 A:6K7 ;DE=5=A;H :P<=563B:5;H !"# ; XMM-Newton < 45=IKI8R;E; ;DY
E=5=A;FE; I58L;7 5=ABL=A:6<9;7 :P<=563B:5;H 4:93D3?:, GB: D3 6<T 17-?=BATT
;<B:5;T A3P?TI=A;H 963D353 PG1634+706 =L: 5=ABL=A:6<93F <6=B;E:<B@ 635@;Y
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5:63?3<@ A= P:?== G=E 6 2.5 53D3, 3 635;3>;; A3 E3<ZB3P37 65=E=A; A=<9:?@9;7
A=I=?@ ; A=<9:?@9;7 ?=B <536A;EK 4: 3E4?;B8I=.



164

E$0#D>&’(&

^:?8G=AAK= 6 I;<<=5B3>;; 5=D8?@B3BK 6A:<FB DA3G;EKH 69?3I 6 53D6;B;=
;<<?=I:63A;H 5=ABL=A:6<9;7 ;<B:GA;9:6, :PA358Q=AAK7 6 I;343D:A= XA=5L;H
4–12 9X2 6 7:I= :PD:53 6<=L: A=P3 B=?=<9:43 ART-XC ;E. +.,. ^36?;A<9:L:
:P<=563B:5;; !"#, 3 B39Q= J;D;G=<9;7 ; 4:48?F>;:AAK7 <6:H<B6 39B;6AK7
FI=5 L3?39B;9. ^5:6=I=A: 9:E4?=9<A:= :4B;G=<9:= :B:QI=<B6?=A;= 93AI;I3Y
B:6 6 ’(V, GB: 4:D6:?;?: <8R=<B6=AA: 86=?;G;B@ 4:?A:B8 93B3?:L3 ARTSS1-5
; 8<B3A:6;B@ 45;5:I8 48 :PS=9B:6, 6 B:E G;<?= 15 53A== A=;D6=<BAK7 5=ABY
L=A:6<9;7 ;<B:GA;9:6. -<B3A:6?=A:, GB: 6<= :A; F6?FTB<F <=HJ=5B:6<9;E;
L3?39B;93E; 53DAK7 B;4:6, :763BK63TR;E; Z;5:9;H I;343D:A <6=B;E:<B=H,
A3 953<AK7 <E=R=A;F7 z = 0.014–0.283, 69?TG3F :I;A 53I;:L5:E9;H :PS=9B.
’A3?;D 5=ABL=A:6<9;7 I3AAK7 B=?=<9:4:6 eROSITA ; ART-XC 4:93D3?, GB: 6
5FI= :PS=9B:6 45;<8B<B68=B DA3G;B=?@A:= 6A8B5=AA== 4:L?:R=A;=, 6 B:E G;<?=
6KF6?=AK 93AI;I3BK 6 9:E4B:A:6<9;-B:?<BK= ’(V. ^:?8G=AAK= :>=A9; E3<<
G_5AK7 IK5 ; XII;ALB:A:6<9;7 :BA:Z=A;H 4:IB6=5QI3TB, GB: B=E4K 3995=Y
>;; A3 <6=57E3<<;6AK= G=5AK= IK5K 6 ’(V 635@;58TB<F 6 Z;5:9;7 45=I=?37.
^:E;E: 5=D8?@B3B:6, 4:?8G=AAK7 4: :<A:6A:H 6KP:59= ’(V, 63QA:= DA3G=A;=
;E=TB ; 5=D8?@B3BK :BI=?@A:L:, P:?== I=B3?@A:L: ;<<?=I:63A;F I687 963D35:6
6K<:9:H <6=B;E:<B;: 53I;:L5:E9:L:, <;?@A: 4:L?:R_AA:L: SRGA J2306+1556
A3 z = 0.44 ; PG 1634+706 A3 z = 1.34. $7 A3P?TI3B=?@AK= 73539B=5;<B;Y
9; 53<Z;5FTB 45=I<B36?=A;F : J;D;G=<9;7 <6:H<B637 ; <B3B;<B;9= A3;P:?==
XA=5L;GAK7 ’(V. ^:?8G=AAK= 5=D8?@B3BK I:4:?AFTB <:65=E=AA8T 935B;A8
5:<B3 #+/) 6: 2<=?=AA:H ; 8B:GAFTB <::BA:Z=A;= E=QI8 4:L?:R_AAKE;
; A=4:L?:R_AAKE; ’(V 6 ?:93?@A:H 2<=?=AA:H. "A; E:L8B PKB@ ;<4:?@D:Y
63AK 45; 4:<B5:=A;; J;D;G=<9;7 E:I=?=H 39B;6AK7 FI=5 L3?39B;9, 3 B39Q=
I?F 4?3A;5:63A;F 4:<?=I8TR;7 A3P?TI=A;H < ;<4:?@D:63A;=E I=H<B68TR;7 ;
4=5<4=9B;6AK7 5=ABL=A:6<9;7 :P<=563B:5;H.



165

B7(/-0 #(,&3$,531

1. Soltan A. Masses of quasars. // Monthly Notices of the Royal Astronomical
Society. N 1982. N ;T?F. N Vol. 200. N Pp. 115–122.

2. Yu Qingjuan, Tremaine Scott. Observational constraints on growth of massive
black holes // Monthly Notices of the Royal Astronomical Society. N 2002. N
:9BFP5F. N Vol. 335, no. 4. N Pp. 965–976.

3. Sazonov S. Yu., Ostriker J. P., Sunyaev R. A. Quasars: the characteristic
spectrum and the induced radiative heating // Monthly Notices of the Royal
Astronomical Society. N 2004. N jan. N Vol. 347, no. 1. N Pp. 144–156.

4. Hickox Ryan C., Alexander David M. Obscured Active Galactic Nuclei // The
Annual Review of Astronomy and Astrophysics. N 2018. N sep. N Vol. 56. N
Pp. 625–671.

5. Hasinger G. Absorption properties and evolution of active galactic nuclei //
Astronomy & Astrophysics. N 2008. N nov. N Vol. 490, no. 3. N Pp. 905–922.

6. The incidence of obscuration in active galactic nuclei / A. Merloni, A. BonY
giorno, M. Brusa et al. // Monthly Notices of the Royal Astronomical Society.
N 2014. N feb. N Vol. 437, no. 4. N Pp. 3550–3567.

7. Toward the Standard Population Synthesis Model of the X-Ray Background:
Evolution of X-Ray Luminosity and Absorption Functions of Active Galactic
Nuclei Including Compton-thick Populations / Yoshihiro Ueda, MasayuY
ki Akiyama, Günther Hasinger et al. // The Astrophysical Journal. N 2014. N
may. N Vol. 786, no. 2. N P. 104.

8. Sazonov S., Churazov E., Krivonos R. Does the obscured AGN fraction really
depend on luminosity? // Monthly Notices of the Royal Astronomical Society.
N 2015. N dec. N Vol. 454, no. 2. N Pp. 1202–1220.

9. BASS XXXVII: The Role of Radiative Feedback in the Growth and ObscuraY
tion Properties of Nearby Supermassive Black Holes / C. Ricci, T. T. Ananna,
M. J. Temple et al. // The Astrophysical Journal. N 2022. N oct. N Vol. 938,
no. 1. N P. 67.



166

10. The central dusty torus in the active nucleus of NGC 1068 / W. Jace,
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↑2.7 6.3± 0.7

Hϖ 5418 3.4± 0.3 ↓67+24
↑13 5.7± 0.6

OIIIε4960 5527 8.5± 0.3 ↓1.23+0.45
↑0.11 6.1± 0.6
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OIIIε5007 5580 26.2± 1.1 ↓3.6± 0.4 6.3± 0.6

OIε6302 7022 1.64± 0.08 ↓41+8
↑7 6.1± 0.5

OIε6365 7086 < 0.8 > ↓7.6 –
NIIε6548 7298 < 2 > ↓22 –

Hω 7316 32.9± 1.1 ↓2.4+0.8
↑0.7 5.6± 0.4

NIIε6584 7339 8.0± 0.4 ↓56+29
↑28 7.2± 0.8

SIIε6718 7487 6.8± 0.8 ↓58± 8 5.9± 0.4

SIIε6732 7504 5.8± 0.8 ↓50± 8 5.8± 0.4

SRGAJ200431.6+610211
Hϖ 5147 2.81± 0.19 ↓6.7± 0.5 4.7± 0.7

OIIIε4959 5250 8.8± 0.8 ↓19± 4 4.8± 0.7

OIIIε5007 5302 30.1± 1.1 ↓59± 3 4.8± 0.7

Hω 6950 15.0± 1.5 ↓23± 2 4.7± 0.5

NIIε6584 6972 15.1± 1.5 ↓23± 2 5.0± 0.5

SIIε6718 7113 4.2± 0.4 ↓7.7± 0.6 5.5± 0.4

SIIε6732 7129 4.2± 0.4 ↓7.7± 0.6 5.2± 0.4

SRGAJ224125.9+760343
Hγ, J:(.> 5579 < 0.15 > ↓1.2 –

Hγ, T’*$(.> 5579 3.28± 0.15 ↓26± 1 21± 2

FeIIε4570 5982 3.3± 0.2 – –
Hϖ, J:(.> 6239 0.77± 0.05 ↓6.4± 0.4 3.8± 0.9

Hϖ, T’*$(.> 6239 8.93± 0.18 ↓35± 2 15± 2

OIIIε4959 6365 1.33± 0.03 ↓11.3± 0.3 3.7± 0.9

OIIIε5007 6428 3.45± 0.05 ↓29± 1 3.7± 0.9

Hω, J:(.> 8429 0.85± 0.13 ↓8.8± 1.3 2.8± 0.7

Hω, T’*$(.> 8429 28.0± 0.4 ↓288± 5 23± 1.0

SRGAJ232446.8+440756
Hϖ 5087 5.9± 0.9 ↓12± 3 7.4± 1.0

OIIIε4959 5189 15.8± 1.9 ↓42± 9 6.8± 1.0

OIIIε5007 5239 41± 3 ↓102± 17 7.3± 1.0

Hω 6865 23.1± 1.6 ↓41± 6 5.3± 0.8

NIIε6584 6887 7.9± 1.2 ↓17± 3 1.5+3.7
↑1.5

!"#$%&’ (2
SRGAJ025234.3+431004

Hϖ 5109 2.3± 0.6 ↓11.5± 3.0 ↓
[OIII]ε4959 5212 8.5± 0.6 ↓44± 3 ↓
[OIII]ε5007 5262 22.10± 0.12 ↓117± 4 ↓
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Å 10↑15G*H "↑1 "0↑2 Å 102 (0/"

[NII]ε6548 6884 1.4± 0.4 ↓5.9± 1.4 ↓
Hω 6900 10.9± 0.5 ↓46± 2 ↓

[NII]ε6584 6923 6.2± 0.5 ↓27± 2 ↓
[SII]ε6718 7061 3.0± 0.6 ↓13.2± 2.6 ↓
[SII]ε6732 7075 3.7± 0.7 ↓16.0± 3.1 ↓

SRGAJ062627.2+072734
Hϖ, J:(.> 5077 < 1.6 > ↓2.5 ↓

Hϖ, T’*$(.> 5077 42± 3 ↓64± 4 54± 4

[OIII]ε4959 5173 6.6± 1.0 ↓10.1± 1.3 ↓
[OIII]ε5007 5224 15.9± 1.0 ↓24± 1 ↓
[NII]ε6548 6826 6.1± 1.0 ↓10.4± 1.6 ↓

Hω, T’*$(.> 6841 177± 3 ↓297± 5 53± 1

Hω, J:(.> 6841 8.1± 1.0 ↓13.2± 1.6 ↓
[NII]ε6584 6859 7.4± 1.0 ↓12.2± 1.6 ↓
[SII]ε6718 7002 1.6± 0.6 ↓2.7± 1.0 ↓
[SII]ε6732 7017 1.5± 0.6 ↓2.8± 0.8 ↓

SRGAJ070636.4+635109
Hϖ 4930 < 1.1 > ↓0.5 ↓

[OIII]ε4959 5027 2.5± 0.8 ↓1.2± 0.4 ↓
[OIII]ε5007 5076 5.0± 0.9 ↓2.4± 0.4 ↓
[NII]ε6548 6640 2.5± 0.6 ↓1.0± 0.2 ↓

Hω 6657 4.5± 0.7 ↓1.8± 0.3 ↓
Hω, T’*$(.> 6657 69± 5 ↓28± 2 61± 4

[NII]ε6584 6676 11.58± 0.10 ↓4.7± 0.3 ↓
[SII]ε6718 6811 2.5± 0.5 ↓1.0± 0.2 ↓
[SII]ε6732 6826 4.1± 0.7 ↓1.6± 0.3 ↓

SRGAJ092021.6+860249
Hγ, J:(.> 4581 < 3 > ↓1.6 ↓

Hγ, T’*$(.> 4581 26± 6 ↓14.3± 3.0 32± 7

Hϖ, J:(.> 5121 2.7± 1.4 ↓1.1± 0.5 ↓
Hϖ, T’*$(.> 5121 57± 3 ↓30± 2 28± 2

[OIII]ε4959 5222 5.4± 1.4 ↓2.8± 0.5 ↓
[OIII]ε5007 5272 17.6± 1.4 ↓9.0± 0.4 ↓
[NII]ε6548 6894 < 9 > ↓4.3 ↓
Hω, J:(.> 6910 < 19 > ↓9.9 ↓

Hω, T’*$(.> 6910 131± 20 ↓70± 11 14.9± 0.6

[NII]ε6584 6931 26± 7 ↓13.8± 3.8 ↓
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Å 10↑15G*H "↑1 "0↑2 Å 102 (0/"

[SII]ε6718 7072 2.3± 0.5 ↓1.5± 0.3 ↓
[SII]ε6732 7086 2.0± 0.4 ↓1.2± 0.3 ↓

SRGAJ195702.4+615036
Hϖ, J:(.> 5146 9± 4 ↓1.7± 0.7 ↓

Hϖ, T’*$(.> 5146 68± 9 ↓12.5± 1.7 35± 5

[OIII]ε4959 5249 74± 4 ↓13.7± 0.6 ↓
[OIII]ε5007 5299 194± 3 ↓36± 1 ↓
[OI]ε6300 6671 15.0± 1.3 ↓2.9± 0.3 ↓
[NII]ε6548 6935 27± 9 ↓5.5± 1.7 ↓
Hω, J:(.> 6950 48± 12 ↓10.0± 2.5 ↓

Hω, T’*$(.> 6950 445± 37 ↓92± 6 27± 2

[NII]ε6584 6970 85± 10 ↓17.6± 2.2 ↓
[SII]ε6718 7111 27± 4 ↓5.8± 0.7 ↓
[SII]ε6732 7126 25± 4 ↓5.4± 0.7 ↓

SRGAJ221913.2+362014
Hϖ 5572 4.3± 0.3 ↓23± 2 ↓

[OIII]ε4959 5686 25.1± 0.4 ↓135± 2 ↓
[OIII]ε5007 5741 74.2± 1.5 ↓403± 2 ↓
[OI]ε6300 7225 2.0± 0.3 ↓13.8± 2.2 ↓
[NII]ε6548 7505 0.26± 0.13 ↓12.4± 2.7 ↓

Hω 7526 23.4± 1.0 ↓132± 8 ↓
[NII]ε6584 7550 6.1± 0.4 ↓35± 4 ↓
[SII]ε6718 7702 6.4± 1.2 ↓56± 10 ↓
[SII]ε6732 7722 3.0± 1.2 ↓26± 10 ↓

SRGAJ223714.9+402939
Hϖ, J:(.> 5144 < 4 > ↓4.6 ↓

Hϖ, T’*$(.> 5144 140± 14 ↓73± 8 161± 18

[OIII]ε4959 5247 18± 2 ↓9.5± 1.3 ↓
[OIII]ε5007 5298 58± 2 ↓31± 2 ↓
[OI]ε6300 6668 5.1± 1.2 ↓2.8± 0.7 ↓
[NII]ε6548 6929 10.0± 1.7 ↓5.3± 1.0 5.4 (C’(")
Hω, J:(.> 6945 28.2± 1.7 ↓15.5± 1.1 ↓

Hω, T’*$(.> 6945 291± 17 ↓164± 9 97± 5

[NII]ε6584 6967 29.8± 1.7 ↓16.7± 1.2 ↓
[SII]ε6718 7109 8.2± 1.6 ↓4.5± 0.6 ↓
[SII]ε6732 7124 8.1± 1.6 ↓4.8± 0.6 ↓

SRGAJ232037.8+482329
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Hϖ 5062 1.6± 0.6 ↓1.2± 0.5 ↓
[OIII]ε4959 5164 7.3± 0.7 ↓5.6± 0.5 ↓
[OIII]ε5007 5213 16.4± 0.7 ↓12.7± 0.6 ↓
[OI]ε6300 6563 3.8± 0.5 ↓3.2± 0.4 ↓
[NII]ε6548 6819 5.7± 0.4 ↓5.0± 0.4 ↓

Hω 6836 14.5± 0.5 ↓12.9± 0.5 ↓
[NII]ε6584 6857 12.7± 0.5 ↓11.4± 0.4 ↓
[SII]ε6718 6997 4.0± 0.4 ↓3.8± 0.4 ↓
[SII]ε6732 7012 3.6± 0.4 ↓3.5± 0.4 ↓

SRGAJ235250.6-170449
Hϖ, J:(.> 5129 4.0± 0.6 ↓4.4± 0.6 ↓

Hϖ, T’*$(.> 5129 78± 3 ↓85± 4 112± 5

[OIII]ε4959 5231 8.8± 0.6 ↓9.6± 0.7 ↓
[OIII]ε5007 5282 21.9± 0.6 ↓24± 1 ↓
[OI]ε6302 6648 4.3± 0.7 ↓4.7± 0.7 ↓
[NII]ε6548 6909 1.2± 0.8 ↓1.4± 1.0 ↓
Hω, J:(.> 6925 16.8± 0.9 ↓20± 1 ↓

Hω, T’*$(.> 6925 408± 4 ↓493± 6 93± 2

[NII]ε6584 6946 1.4± 0.7 ↓1.7± 0.9 ↓
[SII]ε6718 7089 2.2± 0.8 ↓2.8± 0.9 ↓
[SII]ε6732 7105 2.8± 0.7 ↓3.6± 0.9 ↓

SRGAJ030838.1-552041
Hϖ ↓ ↓3.2± 1.3 2.8± 1.1

[OIII]ε4959 ↓ ↓12.6± 4.0 3.5± 1.1

[OIII]ε5007 ↓ ↓41± 7 3.5± 0.3

[NII]ε6548 ↓ ↓4.3+3.0
↑2.4 3.5± 1.3

Hω ↓ ↓18.6± 2.0 4.2± 0.4

[NII]ε6584 ↓ ↓14.3± 3.2 3.7± 0.5

[SII]ε6717 ↓ ↓5.0± 1.6 4.1± 1.7

[SII]ε6730 ↓ ↓4.6± 1.6 3.9± 1.7

SRGAJ052959.8-340157
[OII]ε3727 ↓ ↓16.6± 4.9 5.8± 0.9

Hϖ ↓ ↓4.6± 1.8 6.0± 1.7

[OIII]ε4959 ↓ ↓21± 4 6.9± 0.6

[OIII]ε5007 ↓ ↓65± 9 6.3± 0.6

[NII]ε6548 ↓ ↓4.1± 0.9 6.3± 0.3

Hω, J:(.> ↓ ↓20.6± 0.9 6.3± 0.3
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Hω, T’*$(.> ↓ ↓62± 5 72± 6

[NII]ε6584 ↓ ↓16.2± 0.9 6.3± 0.3

SRGAJ055053.7-621457
Hϑ, T’*$(.> ↓ ↓17.5± 1.9 32± 4

Hγ, T’*$(.> ↓ ↓16.2± 1.2 22± 2

Hϖ, J:(.> ↓ < 1.9 -
Hϖ, T’*$(.> ↓ ↓38± 2 24± 2

[OIII]ε4959 ↓ ↓6.3± 2.2 6.7± 1.6

[OIII]ε5007 ↓ ↓21± 2 6.7± 0.6

Hω, J:(.> ↓ ↓6.4± 2.8 5.6± 0.8

Hω, T’*$(.> ↓ ↓90± 5 20± 1

[NII]ε6584 ↓ ↓12.8± 2.4 5.5± 0.8

SRGAJ060241.1-595152
Hϖ ↓ ↓6.7± 2.3 3.1± 0.8

[OIII]ε4959 ↓ ↓14.0± 3.7 4.4± 0.5

[OIII]ε5007 ↓ ↓49± 11 3.7± 0.4

Hω ↓ ↓19+9
↑18 4.9± 1.7

[NII]ε6584 ↓ ↓14+7
↑14 4.9± 1.7

SRGAJ061322.9-290027
Hϖ ↓ ↓3.1± 1.2 4.1± 1.5

[OIII]ε4959 ↓ ↓8.2± 2.8 5.6± 1.3

[OIII]ε5007 ↓ ↓25± 5 5.1± 0.5

[OI]ε6300 ↓ ↓5.2± 1.9 6.3± 1.3

[NII]ε6548 ↓ ↓7.9± 2.4 6.1± 0.8

Hω ↓ ↓16.8± 2.4 6.1± 0.8

[NII]ε6584 ↓ ↓21± 3 6.0± 0.8

[SII]ε6717 ↓ ↓5.4+1.6
↑3.0 5.4± 2.1

[SII]ε6730 ↓ ↓8.2± 3.1 7.6± 2.0

SRGAJ063324.9-561424
[OIII]ε4959 ↓ ↓7.8+3.6

↑5.4 3.0± 1.2

[OIII]ε5007 ↓ ↓29+10
↑27 3.0± 1.2

[NII]ε6548 ↓ ↓11.8± 3.8 4.2± 1.4

Hω ↓ ↓23+6
↑16 4.2± 1.4

[NII]ε6584 ↓ ↓15.3± 4.9 4.2± 1.4

SRGAJ064421.5-662620
Hγ ↓ ↓2.9± 0.9 3.7± 1.7

[OII]ε3727 ↓ ↓14.4± 4.8 7.6± 1.6
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Hϖ, J:(.> ↓ ↓5.2± 1.4 2.9± 1.6

Hϖ, T’*$(.> ↓ ↓35± 2 58± 4

[OIII]ε4959 ↓ ↓8.6± 1.8 4.0± 0.9

[OIII]ε5007 ↓ ↓31± 6 4.7± 0.8

Hω, J:(.> ↓ ↓22± 1 2.8± 0.2

Hω, T’*$(.> ↓ ↓130± 4 40± 2

[NII]ε6584 ↓ ↓12.2± 0.8 2.8± 0.2

SRGAJ072823.5-440823
Hγ, T’*$(.> ↓ ↓24± 2 32± 3

Hϖ, J:(.> ↓ < 1.4 -
Hϖ, T’*$(.> ↓ ↓55± 2 34± 2

[OIII]ε4959 ↓ ↓4.7+1.1
↑3.4 4.6± 1.6

[OIII]ε5007 ↓ ↓20+4
↑6 4.3± 0.9

Hω, J:(.> ↓ ↓12.5± 2.7 5.0± 0.8

Hω, T’*$(.> ↓ ↓210± 5 30± 1

[NII]ε6584 ↓ ↓5.4± 1.8 5.0± 0.8

!"#$%&’ (3
SRGAJ001439.6+183503

Hω 6681 1.4± 0.3 ↓0.81± 0.20 ↓
[NII]ε6583 6701 3.8± 0.4 ↓2.24± 0.25 ↓

SRGAJ002240.8+804348

Hγ, T’*$(.> 4847 9.3± 2.0 ↓16± 5 46± 9

Hϖ, T’*$(.> 5440 35.6± 1.7 ↓48.1± 2.5 89± 5

Hϖ 5440 <0.7 > ↓0.9 ↓
[OIII]ε4959 5524 1.0± 0.4 ↓1.4± 0.5 ↓
[OIII]ε5007 5577 2.6± 0.5 ↓3.5± 0.7 ↓

Hω, T’*$(.> 7316 128.8± 2.1 ↓221± 4 72.1± 1.2

SRGAJ010742.9+574419

Hϖ 5200 1.7± 0.4 ↓3.4± 1.1 ↓
[OIII]ε4959 5304 1.4± 0.4 ↓2.9± 0.8 ↓
[OIII]ε5007 5356 5.4± 0.5 ↓11.2± 1.2 ↓
[NII]ε6548 7007 0.56± 0.24 ↓0.8± 0.7 ↓

Hω, T’*$(.> 7023 70.9± 2.0 ↓140± 6 37.5± 1.2

Hω 7023 8.4± 1.0 ↓17± 4 ↓
[NII]ε6583 7045 1.67± 0.24 ↓2.3± 2.0 ↓
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SRGAJ021227.3+520953

Hϖ, T’*$(.> 6018 11.8± 0.7 ↓51± 3 58± 4

Hϖ 6018 0.80± 0.20 ↓3.5± 0.9 ↓
[OIII]ε4959 6140 2.14± 0.16 ↓9.5± 0.8 ↓
[OIII]ε5007 6200 5.96± 0.20 ↓27.0± 1.0 ↓
[NII]ε6548 8105 0.37± 0.08 ↓1.14± 0.24 ↓

Hω, T’*$(.> 8116 79.8± 0.8 ↓244± 4 38.7± 0.4

Hω 8124 2.75± 0.26 ↓8.4± 0.8 ↓
[NII]ε6583 8149 1.11± 0.08 ↓3.4± 0.7 ↓
[SII]ε6716 8316 0.55± 0.14 ↓1.8± 0.5 ↓
[SII]ε6730 8333 0.58± 0.14 ↓1.9± 0.5 ↓

SRGAJ025208.4+482955

Hϖ 5026 1.3± 0.3 ↓1.9± 0.5 ↓
[OIII]ε4959 5127 8.4± 0.4 ↓11.9± 0.5 ↓
[OIII]ε5007 5176 22.6± 0.5 ↓31.9± 0.7 ↓
[OI]ε6300 6513 1.27± 0.22 ↓1.6± 0.3 ↓
[NII]ε6548 6769 2.3± 0.3 ↓2.9± 0.4 ↓

Hω, T’*$(.> 6784 26.8± 1.2 ↓33.9± 1.6 41.7± 2.4

Hω 6784 8.4± 0.4 ↓10.6± 0.6 ↓
[NII]ε6583 6804 7.4± 0.4 ↓9.3± 0.5 ↓
[SII]ε6716 6942 2.34± 0.23 ↓2.99± 0.29 ↓
[SII]ε6730 6957 2.20± 0.22 ↓2.81± 0.29 ↓

SRGAJ045432.1+524003

Hϖ 5015 5.8± 1.7 ↓5.1± 1.5 ↓
[OIII]ε4959 5114 29.5± 1.7 ↓25.5± 1.5 ↓
[OIII]ε5007 5163 88.3± 2.2 ↓76.1± 2.5 ↓
[OI]ε6300 6498 5.7± 0.8 ↓3.8± 0.5 ↓
[NII]ε6548 6754 17.0± 0.5 ↓11.3± 0.4 ↓

Hω 6769 28.3± 1.3 ↓19.0± 0.9 ↓
Hω, T’*$(.> 6769 52± 3 ↓35± 2 41± 3

[NII]ε6583 6789 50.9± 0.5 ↓34.1± 1.0 ↓
[SII]ε6716 6927 8.9± 0.7 ↓6.0± 0.5 ↓
[SII]ε6730 6942 10.7± 0.7 ↓7.2± 0.5 ↓

SRGAJ051313.5+662747

Hϖ 4933 8.0± 0.8 ↓4.3± 0.4 ↓
[OIII]ε4959 5033 23.0± 0.8 ↓12.3± 0.5 ↓



193

^5:I:?Q=A;= B3P?;>K ’.1
S’&’> 73’&.

I$3&+
O$#$( EW FWHM
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[OIII]ε5007 5081 64± 1 ↓34.1± 0.6 ↓
[OI]ε6300 6394 3.8± 0.5 ↓1.78± 0.23 ↓
[NII]ε6548 6645 12.6± 0.6 ↓5.80± 0.24 ↓

Hω 6660 43.8± 0.7 ↓20.1± 0.3 ↓
[NII]ε6583 6681 38.8± 0.7 ↓17.8± 0.4 ↓
[SII]ε6716 6816 13.0± 0.6 ↓5.90± 0.26 ↓
[SII]ε6730 6831 11.8± 0.6 ↓5.38± 0.29 ↓

SRGAJ110945.8+800815

[OII]ε3727 4432 2.3± 0.4 ↓27± 6 ↓
Hϖ 5779 0.52± 0.17 ↓3.2± 0.9 ↓

[OIII]ε4959 5896 1.91± 0.26 ↓11.2± 1.5 ↓
[OIII]ε5007 5952 5.37± 0.24 ↓31.4± 1.7 ↓
[OI]ε6300 7488 0.91± 0.19 ↓5.1± 1.1 ↓
[NII]ε6548 7781 1.35± 0.24 ↓7.4± 1.4 ↓

Hω 7802 3.30± 0.27 ↓17.6± 1.5 ↓
[NII]ε6583 7826 3.28± 0.25 ↓17.5± 1.4 ↓
[SII]ε6716 7980 1.04± 0.24 ↓5.6± 1.1 ↓
[SII]ε6730 8001 0.99± 0.24 ↓5.2± 1.1 ↓

SRGAJ161251.4↓052100
Hω ↓3.8± 1.7 ↓

[NII]ε6548 ↓2.4± 0.6 ↓
[NII]ε6583 ↓7.2± 1.9 ↓

Hϖ > ↓1.4 ↓
[OIII]ε4959 ↓3.8± 0.7 ↓
[OIII]ε5007 ↓10.3± 0.9 ↓

SRGAJ161943.7↓132609
Hω > ↓2.7 ↓

Hω, T’*$(.> ↓87± 7 40.5± 2.7

[NII]ε6548 > ↓0.8 ↓
[NII]ε6583 ↓1.1± 1.1 ↓

Hϖ > ↓1.3 ↓
[OIII]ε4959 ↓3.7± 0.7 ↓
[OIII]ε5007 ↓9.5± 0.9 ↓

SRGAJ182109.8+765819

Hϖ 5168 <0.4 > ↓0.8 ↓
[OIII]ε4959 5269 1.62± 0.22 ↓3.1± 0.4 ↓
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[OIII]ε5007 5321 3.73± 0.25 ↓7.0± 0.4 ↓
[OI]ε6300 6698 0.38± 0.14 ↓0.69± 0.22 ↓
[NII]ε6548 6963 1.18± 0.15 ↓2.08± 0.24 ↓

Hω 6979 2.48± 0.17 ↓4.37± 0.29 ↓
[NII]ε6583 7001 3.46± 0.17 ↓6.1± 0.3 ↓
[SII]ε6716 7143 1.10± 0.14 ↓2.07± 0.27 ↓
[SII]ε6730 7157 0.83± 0.14 ↓1.59± 0.25 ↓

SRGAJ193707.6+660816

Hϑ, T’*$(.> 4397 12.2± 1.8 ↓23± 3 23.5± 2.0

Hγ, T’*$(.> 4655 17.5± 1.5 ↓28.0± 2.6 22.2± 1.9

Hϖ, T’*$(.> 5207 29.4± 1.3 ↓40.9± 2.1 23.3± 1.2

Hϖ 5207 3.1± 0.6 ↓4.3± 1.0 ↓
[OIII]ε4959 5313 10.4± 0.4 ↓14.7± 0.7 ↓
[OIII]ε5007 5364 31.5± 0.6 ↓44.9± 1.1 ↓
[NII]ε6548 7016 1.64± 0.25 ↓2.6± 0.4 ↓

Hω, T’*$(.> 7032 115.1± 2.5 ↓185± 6 21.5± 0.4

Hω 7032 15.0± 1.3 ↓24.1± 2.7 ↓
[NII]ε6583 7053 4.93± 0.25 ↓8.1± 1.1 ↓
[SII]ε6716 7197 3.0± 0.5 ↓5.4± 0.8 ↓
[SII]ε6730 7212 2.1± 0.4 ↓3.8± 0.9 ↓

SRGAJ200331.2+701332

Hϖ, T’*$(.> 5362 24.1± 2.3 ↓60± 7 103± 11

Hϖ 5362 <0.8 > ↓2.1 ↓
[OIII]ε4959 5445 1.4± 0.4 ↓3.6± 1.0 ↓
[OIII]ε5007 5496 6.2± 0.5 ↓15.5± 1.4 ↓
[NII]ε6548 7200 0.7± 0.4 ↓1.9± 1.5 ↓

Hω, T’*$(.> 7216 85± 3 ↓230± 13 82± 3

Hω 7216 <1.1 > ↓2.9 ↓
[NII]ε6583 7239 2.2± 0.4 ↓6± 4 ↓

SRGAJ211149.5+722815

Hϖ 5377 <0.9 > ↓4 ↓
[OIII]ε4959 5486 3.0± 0.5 ↓13.2± 2.3 ↓
[OIII]ε5007 5537 7.8± 0.6 ↓33± 3 ↓
[NII]ε6548 7225 1.1± 0.6 ↓5.1± 2.0 ↓

Hω 7252 5.5± 0.8 ↓12± 3 ↓
[NII]ε6583 7279 8.7± 0.9 ↓21± 3 ↓
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[SII]ε6716 7430 2.4± 0.7 ↓5.6± 1.6 ↓
[SII]ε6730 7450 1.4± 0.6 ↓3.9± 1.3 ↓

!"#$%&’ (4
SRGAJ000132.9+240237

[NeV]3346 3696 0.60± 0.05 ↓5.6± 0.5 ↓
[NeVI]3426 3784 1.57± 0.05 ↓15.6± 0.5 ↓
[OII]3726 4118 4.68± 0.06 ↓45.7± 0.6 ↓
HeI 3888 4296 0.31± 0.02 ↓2.7± 0.2 ↓
[SII]4071 4495 0.19± 0.02 ↓1.47± 0.18 ↓

Hϑ 4531 0.38± 0.02 ↓2.82± 0.18 ↓
Hγ 4795 1.31± 0.04 ↓8.3± 0.2 ↓

[OIII]4363 4818 1.44± 0.04 ↓8.9± 0.3 ↓
Hϖ 5370 1.69± 0.04 ↓7.26± 0.15 ↓

[OIII]4959 5478 5.53± 0.06 ↓23.5± 0.2 ↓
[OIII]5007 5531 15.62± 0.12 ↓66.1± 0.5 ↓
[OI]6300 6961 1.07± 0.04 ↓4.00± 0.14 ↓
[NII]6548 7235 3.74± 0.07 ↓13.7± 0.3 ↓

Hω 7250 8.29± 0.09 ↓30.2± 0.3 ↓
[NII]6583 7273 7.80± 0.09 ↓28.4± 0.3 ↓

? 7310 23.6± 0.3 ↓85.5± 0.9 68.8± 0.7

[SII]6716 7420 1.78± 0.05 ↓6.41± 0.16 ↓
[SII]6731 7437 1.56± 0.05 ↓5.61± 0.16 ↓

SRGAJ001059.5+424341
[OII]3726 4274 1.9± 0.2 ↓9.3± 1.1 ↓

Hγ 4976 0.65± 0.11 ↓3.8± 0.6 ↓
[OIII]4363 5001 0.80± 0.11 ↓4.7± 0.6 ↓

Hϖ, T’*$(.> 5572 10.7± 0.5 ↓58± 3 68± 3

Hϖ 5572 0.94± 0.16 ↓5.1± 1.0 ↓
[OIII]4959 5685 2.92± 0.11 ↓16.0± 0.6 ↓
[OIII]5007 5740 9.44± 0.15 ↓53.0± 0.8 ↓
[OI]6300 7226 0.36± 0.07 ↓2.7± 0.5 ↓
[NII]6548 7509 0.11± 0.03 ↓0.8± 0.2 ↓

Hω, T’*$(.> 7523 49.0± 0.6 ↓369± 4 61.7± 0.9

Hω 7523 2.66± 0.15 ↓20.0± 1.1 ↓
[NII]6583 7544 0.34± 0.03 ↓2.5± 0.7 ↓
[SII]6716 7700 0.47± 0.07 ↓3.6± 0.5 ↓
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[SII]6731 7716 0.55± 0.11 ↓4.2± 0.8 ↓

SRGAJ023800.1+193818
Hϖ, T’*$(.> 5029 6.2± 0.8 ↓17± 2 44± 5

Hϖ 5029 < 0.3 > ↓0.7 ↓
[OIII]4959 5125 0.90± 0.14 ↓2.4± 0.4 ↓
[OIII]5007 5175 2.56± 0.17 ↓6.8± 0.5 ↓
[NII]6548 6768 0.29± 0.06 ↓0.64± 0.10 ↓

Hω, T’*$(.> 6783 21.2± 0.6 ↓48.8± 1.4 32.8± 1.0

Hω 6783 0.84± 0.19 ↓1.9± 0.4 ↓
[NII]6583 6803 0.86± 0.06 ↓1.9± 0.3 ↓
[SII]6716 6942 < 0.2 > ↓1.2 ↓
[SII]6731 6956 0.38± 0.11 ↓0.9± 0.2 ↓

SRGAJ025900.3+502958
Hγ, T’*$(.> 4753 19± 3 ↓26± 3 48± 3

Hϖ, T’*$(.> 5322 35± 2 ↓42± 3 43± 3

Hϖ 5322 < 1.5 > ↓3 ↓
[OIII]4959 5429 8.7± 0.6 ↓10.5± 0.7 ↓
[OIII]5007 5481 23.8± 0.7 ↓28.8± 0.8 ↓
[NII]6548 7165 2.1± 0.2 ↓2.7± 0.3 ↓

Hω, T’*$(.> 7180 153± 2 ↓197± 3 40.9± 0.6

Hω 7180 2.4± 0.7 ↓3.1± 1.1 ↓
[NII]6583 7210 6.2± 0.2 ↓8.1± 0.8 ↓
[SII]6716 7352 2.7± 0.3 ↓3.6± 0.3 ↓
[SII]6731 7370 2.7± 0.3 ↓3.6± 0.3 ↓

SRGAJ040335.6+472440
Hϖ, T’*$(.> 5340 27± 2 ↓59± 5 33± 3

Hϖ 5340 < 1.9 > ↓4 ↓
[OIII]4959 5437 3.9± 0.6 ↓8.7± 1.3 ↓
[OIII]5007 5489 10.4± 0.8 ↓23.3± 1.7 ↓
[NII]6548 7183 2.2± 0.4 ↓6.7± 1.4 ↓

Hω, T’*$(.> 7198 60± 3 ↓185± 10 32.7± 1.4

Hω 7198 9.5± 1.5 ↓30± 6 ↓
[NII]6583 7219 6.6± 0.4 ↓20± 4 ↓

SRGAJ165143.2+532539
Hϖ 5001 29.8± 1.6 ↓6.6± 0.3 ↓

[OIII]4959 5100 34.2± 1.5 ↓7.7± 0.3 ↓
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[OIII]5007 5149 96.7± 1.9 ↓21.8± 0.4 ↓
[OI]6300 6482 8.0± 1.0 ↓1.9± 0.2 ↓
[NII]6548 6736 23.4± 0.7 ↓5.82± 0.19 ↓

Hω, T’*$(.> 6751 97± 5 ↓24.6± 1.3 30.6± 1.7

Hω 6751 141± 3 ↓35.4± 1.0 ↓
[NII]6583 6772 70.1± 0.7 ↓17.6± 0.6 ↓
[SII]6716 6909 21.0± 1.0 ↓5.5± 0.2 ↓
[SII]6731 6924 20.5± 1.1 ↓5.4± 0.3 ↓

SRGAJ181749.5+234311
Hϖ 5257 < 2 > ↓4 ↓

[OIII]4959 5358 3.7± 1.1 ↓4.9± 1.3 ↓
[OIII]5007 5414 11.2± 1.3 ↓13.8± 1.5 ↓
[OI]6300 6813 7.2± 0.9 ↓8.1± 1.0 ↓
[NII]6548 7082 4.0± 0.4 ↓4.4± 0.5 ↓

Hω, T’*$(.> 7097 43± 5 ↓47± 5 54± 7

Hω 7097 13.6± 1.4 ↓14.8± 1.5 ↓
[NII]6583 7118 11.9± 0.4 ↓13.0± 1.5 ↓

SRGAJ191628.1+711619
[OII]3726 4096 24± 4 ↓10.8± 1.8 ↓

Hγ, T’*$(.> 4778 30± 4 ↓18.1± 1.8 47± 3

Hϖ, T’*$(.> 5339 58± 4 ↓31.0± 1.9 42± 2

Hϖ 5339 5.1± 1.1 ↓2.8± 0.5 ↓
[OIII]4959 5447 28.7± 0.9 ↓16.0± 0.5 ↓
[OIII]5007 5500 90.1± 1.3 ↓52.0± 0.7 ↓
[OI]6300 6923 2.7± 0.6 ↓1.9± 0.4 ↓
[NII]6548 7193 2.9± 0.4 ↓2.1± 0.2 ↓

Hω, T’*$(.> 7208 230± 4 ↓170± 3 42.5± 0.8

Hω 7208 11.8± 1.4 ↓8.6± 0.8 ↓
[NII]6583 7228 8.7± 0.4 ↓6.4± 0.7 ↓

SRGAJ194412.5-243619
[OII]3726 4251 ↓ ↓24.9± 0.7 ↓

Hγ 4950 ↓ ↓5.1± 0.5 ↓
[OIII]4363 4974 ↓ ↓5.1± 0.4 ↓

Hϖ 5544 ↓ ↓9.9± 0.5 ↓
[OIII]4959 5654 ↓ ↓29.9± 0.7 ↓
[OIII]5007 5709 ↓ ↓85.7± 0.9 ↓
[OI]6300 7184 ↓ ↓5.3± 0.7 ↓
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[NII]6548 7468 ↓ ↓5.05± 0.16 ↓
Hω 7483 ↓ ↓30.7± 0.7 ↓

[NII]6583 7503 ↓ ↓15.1± 0.5 ↓

SRGAJ195226.6+380011
Hγ, T’*$(.> 4683 6.2± 0.6 ↓23± 2 34± 2

Hϖ, T’*$(.> 5234 8.6± 0.6 ↓22.2± 1.5 31± 2

Hϖ 5234 1.3± 0.3 ↓3.4± 0.7 ↓
[OIII]4959 5339 4.0± 0.2 ↓10.0± 0.5 ↓
[OIII]5007 5390 11.5± 0.3 ↓28.4± 0.6 ↓
[NII]6548 7052 0.81± 0.15 ↓1.8± 0.4 ↓

Hω, T’*$(.> 7066 59.1± 1.3 ↓134± 4 28.2± 0.5

Hω 7066 7.8± 0.8 ↓18± 3 ↓
[NII]6583 7087 2.43± 0.15 ↓5.5± 1.2 ↓

SRGAJ201633.2+705525
[OII]3726 4688 1.5± 0.4 ↓4.3± 1.0 ↓

Hγ, T’*$(.> 5479 7.0± 0.7 ↓28± 3 55± 4

Hϖ, T’*$(.> 6115 10.9± 0.7 ↓48± 4 49± 3

Hϖ 6115 1.36± 0.18 ↓6.1± 0.9 ↓
[OIII]4959 6238 1.92± 0.18 ↓8.4± 0.8 ↓
[OIII]5007 6298 6.8± 0.3 ↓29.1± 1.1 ↓
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