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ÈÑÑËÅÄÎÂÀÍÈß Â
ÎÏÒÈ×ÅÑÊÎÌ ÑÅÊÒÎÐÅ

INVESTIGATIONS IN THE
OPTICAL SECTOR

ÂÍÅÃÀËÀÊÒÈ×ÅÑÊÀß
ÀÑÒÐÎÍÎÌÈß

EXTRAGALACTIC ASTRONOMY

ÍÅÄÎÑÒÀÒÎÊ ÌÀÑÑÈÂÍÛÕ
ÊÀÐËÈÊÎÂÛÕ ÃÀËÀÊÒÈÊ Â ÌÅÑÒÍÎÌ
ÎÁÚÅÌÅ

Âûáîðêà ïðèìåðíî 750 ãàëàêòèê Ìåñòíîãî Îáúå-
ìà (ñ ðàññòîÿíèÿìè äî 10 Ìïê) äàåò óíèêàëüíóþ âîç-
ìîæíîñòü èçó÷àòü ñâîéñòâà ãàëàêòèê âïëîòü äî íàè-
áîëåå ñëàáûõ îáúåêòîâ: àáñîëþòíàÿ çâåçäíàÿ âåëè÷è-
íà M B � � 10 è âèðèàëüíàÿ ìàññà M vir � 109M� .
Áûëî îáíàðóæåíî, ÷òî ñòàíäàðòíàÿ � CDM ìîäåëü
÷ðåçâû÷àéíî òî÷íî îïèñûâàåò ôóíêöèþ ðàñïðåäåëå-
íèÿ êðóãîâûõ ñêîðîñòåé ãàëàêòèê äëÿ ìàññèâíûõ îáú-
åêòîâ (Vcirc � 70êì/ñ è M vir � 5 � 1010M� ), íî çàâû-
øàåò â 5 ðàç êîëè÷åñòâî êàðëèêîâûõ ãàëàêòèê ñ êðó-
ãîâûìè ñêîðîñòÿìè Vcirc � 30� 40êì/ñ (ñì. ðèñ. 15).
Ñòîëü áîëüøîé èçáûòîê ïðåäñêàçàííûõ êðóïíûõ êàð-
ëèêîâûõ ãàëàêòèê ñ ìàññàìè M vir � 1010M� â ïîëå
ñîçäàåò ñëîæíóþ ïðîáëåìó: ÷òîáû îêàçàòüñÿ ïîòåðÿí-
íûìè, ýòè ãàëàêòèêè äîëæíû áûòü ýêñòðåìàëüíî íèç-
êîé ïîâåðõíîñòíîé ÿðêîñòè, áåç çâåçäîîáðàçîâàíèÿ è
íåéòðàëüíîãî âîäîðîäà. Ê íàñòîÿùåìó ìîìåíòó íå îá-
íàðóæåíî íè îäíîé ïîäîáíîé ãàëàêòèêè.

È.Ä Êàðà÷åíöåâ , Ä.È. Ìàêàðîâ , Î.Ã. Íàñîíî-
âà, À.À. Êëûïèí. MNRAS, 454, 1798 (2015). Ìàòå-
ðèàë îïóáëèêîâàí â ãîäîâîì îò÷åòå ÐÀÍ.

LACK OF MASSIVE DWARF GALAXIES IN
THE LOCAL VOLUME

A sample of about 750 galaxies of the Local Volume
(with the distance less than 10 Mpc) gives us a unique
opportunity to study galaxy properties up to the faintest
objects: the absolute stellar magnitudeM B � � 10 and
virial mass M vir � 109M� . It was found that the stan-
dard �CDM model describes perfectly well the distri-
bution function of circular velocities for massive galax-
ies (Vcirc � 70 km/s and M vir � 5 � 1010M� ), but it
overestimates the number of dwarf galaxies with circu-
lar velocities Vcirc � 30{40 km/s by a factor of �ve (see
Fig. 15). So large excess of predicted large dwarf galax-
ies of masses ofM vir � 1010M� in the �eld makes a
comlicated problem: to be lost, these galaxies must have
the extremely low surface brightness, without star for-
mation and without neutral hydrogen. By now no such
a galaxy was detected.

I.D. Karachentsev , D.I. Makarov , O.G. Na-
sonova , A.A. Klypin. MNRAS, 454, 1798 (2015). The
material was published in the RAS's annual report.

ÎÒÊÐÛÒÈÅ ×ÐÅÇÂÛ×ÀÉÍÎ
ÈÇÎËÈÐÎÂÀÍÍÎÉ ÊÀÐËÈÊÎÂÎÉ
ÃÀËÀÊÒÈÊÈ

Íà 10-ìåòðîâîì òåëåñêîïå SALT (Southern African
Large Telescope) èçìåðåíà ëó÷åâàÿ ñêîðîñòü øàðîâî-
ãî ñêîïëåíèÿ â öåíòðå þæíîé êàðëèêîâîé ãàëàêòèêè
KKs3: +112 êì/ñ. Èñïîëüçóÿ äàííûå ñ êàìåðû ACS
(Advanced Camera for Surveys) êîñìè÷åñêîãî òåëåñêî-
ïà Õàááëà, ïðîâåäåíà îöåíêà ðàññòîÿíèÿ ïî âåðøèíå
âåòâè êðàñíûõ ãèãàíòîâ: 2:12 � 0:07Ìïê. Ïåêóëÿð-
íàÿ ñêîðîñòü ãàëàêòèêè îòíîñèòåëüíî ìåñòíîãî õàá-
áëîâñêîãî ïîòîêà ñîñòàâëÿåò � 45êì/ñ. Àíàëèç ïåêó-
ëÿðíûõ ñêîðîñòåé 35 ñàìûõ áëèçêèõ êàðëèêîâûõ ãà-
ëàêòèê ïîëÿ (ñì. ðèñ. 16) íå îáíàðóæèë ïðèçíàêîâ
ñæàòèÿ ìåñòíîãî ¾áëèíà¿ èç-çà ðàñøèðåíèÿ ìåñòíîãî
âîéäà. Ãàëàêòèêà õîðîøî ðàçðåøàåòñÿ íà îòäåëüíûå
çâåçäû, ÷òî ïîçâîëèëî ïðîìîäåëèðîâàòü åå èñòîðèþ
çâåçäîîáðàçîâàíèÿ. Ñîãëàñíî ìîäåëè, 74% çâåçä KKs3
îáðàçîâàëîñü áîëåå 12 ìëðä ëåò íàçàä, à îáùàÿ ìàññà
çâåçä ñîñòàâëÿåò2:3 � 107M� .

È.Ä. Êàðà÷åíöåâ , Ë.Í. Ìàêàðîâà , Ä.È. Ìàêà-
ðîâ , Ð.Á. Òàëëè, Ë. Ðèööè. MNRAS, 447L, 85 (2015).

DETECTION OF AN EXTREMELY
ISOLATED DWARF GALAXY

The 10-m Southern African Large Telescope (SALT)
was used to measure the radial velocity of a globular
cluster in the center of the southern dwarf galaxy KKs3:
+112 km/s. The distance was estimated by the top of the
red-giant branch using the Advanced Camera for Surveys
(ACS) of the Hubble Space Telescope: 2:12 � 0:07 Mpc.
The peculiar velocity of the galaxy relative to the local
Hubble ux is � 45 km/s. Analysis of peculiar velocities
of 35 nearest �eld galaxies (see Fig. 16) did not reveal
signs of contraction of the local \pancake" due to ex-
pansion of the local void. The galaxy is well resolved
into stars, which allowed us modeling its star formation
history. According to the model, 74% of KKs3 stars
formed 12 billion years ago, and the total mass of stars
is 2:3 � 107M� .

I.D. Karachentsev , L.N. Makarova , D.I. Makarov ,
R.B. Tully, L. Rizzi. MNRAS, 447L, 85 (2015).
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Ðèñ. 15: Ñðàâíåíèå ðàñïðåäåëåíèÿ êðóãîâûõ ñêîðîñòåé ãàëàêòèê Ìåñòíîãî Îáúåìà ñ òåîðåòè÷åñêèìè ïðåä-
ñêàçàíèÿìè ìîäåëåé äëÿ õîëîäíîãî òåìíîãî âåùåñòâà (� CDM) , ñëåâà, è äëÿ òåïëîãî òåìíîãî âåùåñòâà
(WDM) , ñïðàâà. ×åðíûå òî÷êè è ÷åðíàÿ øòðèõîâàÿ ëèíèÿ ïîêàçûâàþò íàáëþäàòåëüíóþ ôóíêöèþ ñêîðî-
ñòåé äëÿ âûáîðêè ãàëàêòèê âíóòðè 10 Ìïê. Ñëåâà ñïëîøíûìè öâåòíûìè ëèíèÿìè ïîêàçàíû òåîðåòè÷åñêèå
� CDM-ïðåäñêàçàíèÿ ñ êîñìîëîãè÷åñêèìè ïàðàìåòðàìè Planck (êðàñíàÿ ëèíèÿ) è WMAP7 (ñèíÿÿ êðèâàÿ).
Êðàñíàÿ øòðèõîâàÿ ëèíèÿ ïîêàçûâàåò ïðåäñêàçàíèÿ ìîäåëè òîëüêî ñ òåìíîé ìàòåðèåé áåç ó÷åòà âêëàäà
áàðèîíîâ. Ïîâûøåííàÿ ìàññà áàðèîíîâ â öåíòðàõ ãàëî ïðèâîäèò ê óâåëè÷åíèþ êðóãîâîé ñêîðîñòè ãàëàêòèê.

Fig. 15: Comparison of distribution of circular velocity of Local Volume galaxies with the theoretical prediction of
models for cold dark matter (�CDM) (left) and for worm dark matter (WDM) (right). The black dots and the
black dashed line show the observational velocity function for a sample of galaxies inside 10 Mpc. On the left, the
solid color lines show the theoretical�CDM predictions with cosmological parameters by Planck (the red line) and
WMAP7 (the blue curve). The red dashed line shows the prediction ofthe model only with dark matter without
considering contribution of baryons. The heightened mass of baryons in halo centers leads to the increase of circular
velocity of galaxies.

Ðèñ. 16: Ïåéçàæ ñîñåäíèõ ãàëàêòèê âîêðóã KKs 3. Öâåò è ðàçìåð êðóæêîâ îáîçíà÷àþò ìîðôîëîãè÷åñêèé
òèï è ñâåòèìîñòü ãàëàêòèêè â ñîîòâåòñòâèè ñ çàäàííûìè ìàñøòàáàìè. Òðè êðóãà âîêðóã ìàññèâíûõ
ãðóïï ãàëàêòèê: Ìåñòíîé ãðóïïû, ãðóïïû âîêðóã NGC 5128 (Cen A) è NGC 253, î÷åð÷èâàþò ñôåðû ãðà-
âèòàöèîííîãî äîìèíèðîâàíèÿ ýòèõ ãðóïï, îòäåëÿþùèå èõ îò ãëîáàëüíîãî êîñìîëîãè÷åñêîãî ðàñøèðåíèÿ.
Êðàñíûìè çâåçäàìè ïîêàçàíû ïÿòü êàðëèêîâûõ ñôåðîèäàëüíûõ ãàëàêòèê, êîòîðûå â òîé èëè èíîé ñòåïåíè
ÿâëÿþòñÿ èçîëèðîâàííûìè ñèñòåìàìè.

Fig. 16: The view of neighbor galaxies around KKs 3. The color and size of circlesdenote the morphological type
and luminosity of galaxies according to given scales. Three circles around massive galaxy groups | the Local
group, the groups around NGC 5128 (Cen A) and NGC 253 | outline the spheres of gravitational dominance of
these groups, separating them from the global cosmological expansion. The red asterisks show �ve dwarf spheroidal
galaxies, which are isolated systems to a greater or lesser degree.
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ÏÎÈÑÊÈ ÍÎÂÛÕ ÊÀÐËÈÊÎÂÛÕ
ÑÏÓÒÍÈÊÎÂ

Ïðîâåäåíû ïîèñêè íîâûõ êàðëèêîâûõ ñïóòíèêîâ
âîêðóã 13 ìàññèâíûõ ñïèðàëüíûõ ãàëàêòèê Ìåñòíî-
ãî îáúåìà ïî ìíîãî÷àñîâûì ñíèìêàì íà òåëåñêîïàõ
ìàëîãî ðàçìåðà. Îáíàðóæåíî 27 êàíäèäàòîâ â êàð-
ëèêîâûå ñèñòåìû íèçêîé è î÷åíü íèçêîé ïîâåðõíîñò-
íîé ÿðêîñòè. Ñïåêòðàëüíûå íàáëþäåíèÿ íà ÁÒÀ äâóõ
êàíäèäàòîâ ïîäòâåðäèëè èõ ôèçè÷åñêóþ ñâÿçü ñ ìàñ-
ñèâíûìè ñïèðàëÿìè.

Ïî íàáëþäåíèÿì íà èíäèéñêîì ðàäèîòåëåñêîïå
GMRT èññëåäîâàíî ðàñïðåäåëåíèå íåéòðàëüíîãî âî-
äîðîäà è ïîëå ëó÷åâûõ ñêîðîñòåé ó èçîëèðîâàííîé
êàðëèêîâîé ãàëàêòèêè Andromeda-IV, 90% áàðèîííîé
ìàññû êîòîðîé ïðåáûâàåò â ãàçîîáðàçíîì ñîñòîÿíèè.
Îòìå÷åíî, ÷òî ìîäèôèöèðîâàííàÿ òåîðèÿ ãðàâèòàöèè
MOND íå ñîãëàñóåòñÿ ñ äàííûìè î êðèâîé âðàùåíèÿ
ýòîé ãàëàêòèêè.

È.Ä. Êàðà÷åíöåâ è äð. Ast.Bull., 70 (4), 379 (2015).

SEARCH FOR NEW DWARF SATELLITES

New dwarf satellites were looked for around 13 mas-
sive spiral galaxies of the Local Volume in many-hours
images from small telescopes. Twenty-seven low and
very low surface brightness dwarf system candidates were
detected. Spectroscopic BTA observations con�rmed their
physical relation to massive spirals.

Observations with the the Indian Giant Metrewave
Radio Telescope (GMRT) were used to study the distri-
bution of neutral hydrogen and the radial velocity �eld
in the isolated dwarf galaxy Andromeda-IV; 90% of its
barion mass is in the gaseous state. It was noted that the
modi�ed Newtonian dynamics (MOND) does not agree
with the rotation curve of this galaxy.

I.D. Karachentsev et al. Ast.Bull., 70 (4), 379
(2015).

ÐÀÑÏÐÅÄÅËÅÍÈÅ ÊÀÐËÈÊÎÂÛÕ
ÑÏÓÒÍÈÊÎÂ

Ñ èñïîëüçîâàíèåì íîâûõ è ïðåæíèõ íàáëþäåíèé
íà ðàäèîòåëåñêîïå GMRT âïåðâûå èññëåäîâàíî ðàñ-
ïðåäåëåíèå õîëîäíîé êîìïîíåíòû íåéòðàëüíîãî âî-
äîðîäà ïî äèñêàì 62 êàðëèêîâûõ ãàëàêòèê Ìåñòíî-
ãî îáúåìà. Ïî íàáëþäåíèÿì íà 300-ì ðàäèîòåëåñêîïå
Arecibo èññëåäîâàíî ðàñïðåäåëåíèå êàðëèêîâûõ ñïóò-
íèêîâ âîêðóã èçîëèðîâàííûõ ãàëàêòèê NGC 1156,
NGC 5523 è UGC 2082. Îòìå÷åíî, ÷òî ÷èñëî îáíàðó-
æåííûõ íîâûõ ñïóòíèêîâ ñóùåñòâåííî ìåíüøå îæè-
äàåìîãî ïðè ñòàíäàðòíîé ôóíêöèè H I-ìàññ ãàëàêòèê.

È.Ä. Êàðà÷åíöåâ è äð. arXiv 1510.08715 (2015).

DISTRIBUTION OF DWARF SATELLITES

New and previous GMRT observations were used to
study for the �rst time the distribution of the cold com-
ponent of neutral hydrogen over disks of 62 dwarf galax-
ies of the Local Volume. Using the observations with
the 300-m Arecibo radio telescope, we studied the dis-
tribution of dwarf satellites around the isolated galaxies
NGC 1156, NGC 5523, and UGC 2082. It was noted
that the number of new detected satellites is consider-
ably less than could be expected for the standard H I
mass function of the galaxies.

I.D. Karachentsev et al. arXiv 1510.08715 (2015).

ÃÀËÀÊÒÈÊÈ ÂÎÉÄÀ LYNX-CANCER

Ïðîâåäåíû íàáëþäåíèÿ íà ÁÒÀ è ïîëó÷åíû íîâûå
äàííûå ïî ìåòàëëè÷íîñòè ãàçà (O/H) â 28 ãàëàêòèêàõ
áëèçêîãî âîéäà Lynx-Cancer. Ïî ðåçóëüòàòàì àíàëè-
çà âñåõ íàêîïëåííûõ äàííûõ ïî O/H äëÿ 75% ãàëàê-
òèê ýòîãî âîéäà (áîëåå 100) è ñðàâíåíèÿ ñ àíàëîãè÷-
íûìè äàííûìè äëÿ ðåïåðíîé âûáîðêè ãàëàêòèê èç
áîëåå ïëîòíîãî îêðóæåíèÿ ñäåëàí âûâîä î òîì, ÷òî
ãàëàêòèêè âîéäà èìåþò ïîíèæåííóþ ìåòàëëè÷íîñòü,
â ñðåäíåì íà 40%, à íåáîëüøàÿ ÷àñòü ( � 1=10 ÷àñòü
âûáîðêè), â îñíîâíîì ìàëîìàññèâíûå LSB êàðëèêè,
èìåþò äåôèöèò ìåòàëëîâ äî 2�4 ðàç. Ñ ó÷åòîì âûñî-
êîé ìàññîâîé äîëè ãàçà â íèõ, ýòîò ôàêò óêàçûâàåò íà
èõ âåðîÿòíîå ïîçäíåå ôîðìèðîâàíèå. Â öåëîì ãàëàê-
òèêè âîéäà ýâîëþöèîíèðóþò çàìåòíî ìåäëåííåå, ÷åì
èõ àíàëîãè â íîðìàëüíûõ ãðóïïàõ Ìåñòíîãî Îáúåìà.

Ñ.À. Ïóñòèëüíèê, Þ.À. Ïåðåïåëèöûíà,
À.Þ. Êíÿçåâ. MNRAS, 448, 1634 (2015).

GALAXIES AROUND THE LYNX-CANCER
VOID

New data on gas metallicity (O/H) in 28 galaxies of
the nearby Lynx-Cancer void were obtained from BTA
observations. From analysis of all accumulated data on
O/H for 75% of galaxies of this void (more than 100) and
comparison with analogous data for a reference sample of
galaxies in a denser environment, it was concluded that
the metallicity of void galaxies is lowered by 40% on av-
erage, and a small part (� 1=10) of the sample galaxies,
mostly the low-massive LSB dwarfs, has metal de�cit
up to 2{4 times. Allowing for their high mass fraction
of gas, this fact points their probable late formation.
On the whole, the void galaxies evolve noticeably slower
than their analogs in normal groups of the Local Volume.

S.A. Pustilnik, Yu.A. Perepelitsyna, A.Yu. Knyazev.
MNRAS, 448, 1634 (2015).
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ÈÑÒÎÐÈß ÇÂÅÇÄÎÎÁÐÀÇÎÂÀÍÈß
ÀÍÄÐÎÌÅÄÛ XVIII

Àíäðîìåäà XVIII � êàðëèêîâàÿ ñôåðîèäàëüíàÿ ãà-
ëàêòèêà, ñîîòíîñèìàÿ ñ ãèãàíòñêîé ñïèðàëüþ M 31
è ðàñïîëîæåííàÿ çà ïðåäåëàìè âèðèàëüíîãî ðàäèóñà
ãðóïïû ñïóòíèêîâ M 31. Ãàëàêòèêà áûëà ðàçðåøåíà
íà îòäåëüíûå çâåçäû ñ ïîìîùüþ òåëåñêîïà ¾Õàááë¿
(HST/ACS), âêëþ÷àÿ ñòàðûå çâåçäû âåòâè êðàñíûõ
ãèãàíòîâ è êðàñíîãî ñãóùåíèÿ. Íà îñíîâå ýòèõ íîâûõ
íàáëþäàòåëüíûõ äàííûõ (ñì. ðèñ. 17), èñïîëüçóÿ âåð-
øèíó âåòâè êðàñíûõ ãèãàíòîâ áûëî îïðåäåëåíî ðàñ-
ñòîÿíèå äî Àíäðîìåäû XVIII, d = 1 :33+0 :06

� 0:09 Ìïê. Òà-
êèì îáðàçîì, ýòà êàðëèêîâàÿ ãàëàêòèêà ðàñïîëîæåíà
íà ðàññòîÿíèè îêîëî 600 êïê îò M 31. Êîëè÷åñòâåí-
íîå ìîäåëèðîâàíèå èñòîðèè çâåçäîîáðàçîâàíèÿ Àí-
äðîìåäû XVIII ïîêàçûâàåò, ÷òî 34% çâåçä ãàëàêòèêè
îáðàçîâàëîñü áîëåå 12 ìëðä ëåò íàçàä, à îñòàâøèå-
ñÿ 66% ÿâëÿþòñÿ çâåçäàìè ñðåäíåãî âîçðàñòà � îò 8
äî 1.5 ìëðä ëåò. Èññëåäîâàíèÿ ïîäòâåðæäàþò, ÷òî
ãàëàêòèêà Àíäðîìåäà XVIII äåéñòâèòåëüíî îòíîñèòñÿ
ê ðåäêîìó òèïó èçîëèðîâàííûõ êàðëèêîâûõ ñôåðîè-
äàëüíûõ.

Ë.Í. Ìàêàðîâà, Ä.È. Ìàêàðîâ, È.Ä. Êàðà÷åí-
öåâ, Ð.Á. Òàëëè, Ë. Ðèööè. MNRAS (2016, â ïå÷à-
òè).

HISTORY OF STAR FORMATION IN
ANDROMEDA XVIII

Andromeda XVIII is a dwarf spheroidal galaxy as-
sociated with the giant spiral M 31 and located outside
the virial radius of the group of M 31 satellites. The
galaxy was resolved into individual stars with the Hub-
ble Space Telescope (HST/ACS), including old stars of
the red-giant branch and red concentration. On the basis
of these new observations (see Fig. 17), using the top of
the red-giant branch, the distance to Andromeda XVIII
was determined asd = 1 :33+0 :06

� 0:09 Mpc. Thus, this dwarf
galaxy is at a distance near 600 kpc from M 31. The
quantitative modeling of Andromeda XVIII star-forming
history shows that 34% of galaxy stars formed more than
12 billion yars ago, and the rest 66% are stars of \middle
age" from 8 to 1.5 billion years. The study con�rms that
the galaxy Andromeda XVIII does belong to a rare type
of isolated dwarf spheroidal galaxies.

L.N. Makarova, D.I. Makarov, I.D. Karachent-
sev, R.B. Tully, L. Rizzi. MNRAS (2016, in print).

Ðèñ. 17: Èçîáðàæåíèå ãàëàêòèêè And XVIII, ïîëó÷åííîå íà êîñìè÷åñêîì òåëåñêîïå Õàááëà (ñëåâà). Íà äèà-
ãðàììå öâåò�çâåçäíàÿ âåëè÷èíà çâåçäíîãî íàñåëåíèÿ ãàëàêòèêè And XVIII (ñïðàâà) ÷åòêî âûäåëÿþòñÿ çâåç-
äû âåòâè êðàñíûõ ãèãàíòîâ è êðàñíîãî ñãóùåíèÿ.

Fig. 17: The And XVIII galaxy image obtained with the Hubble Space Telescope (left). In the color{stellar magni-
tude diagram of the stellar population of And XVIII (right) the s tars of the red-giant branch and the red crowding
are clearly distinguished.
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ÑÏÅÊÒÐÎÏÎËßÐÈÌÅÒÐÈ×ÅÑÊÈÉ
ÌÎÍÈÒÎÐÈÍÃ ÐÀÄÈÎÃÀËÀÊÒÈÊÈ
3Ñ390.3

Ïîëó÷åíû îöåíêè ïàðàìåòðîâ ïîëÿðèçàöèè ðàäèî-
ãàëàêòèêè 3Ñ390.3: çíà÷åíèÿ ïàðàìåòðîâ Ñòîêñà, ñòå-
ïåíè ëèíåéíîé ïîëÿðèçàöèè, ïîçèöèîííûé óãîë ïëîñ-
êîñòè ïîëÿðèçàöèè, ïîòîê â êîíòèíóóìå è ñìåùåíèå
øèðîêîé êîìïîíåíòû H� â ïîëÿðèçîâàííîì ñâåòå îò-
íîñèòåëüíî ñèñòåìíîé ñêîðîñòè ( Vsys � Vpol ). Íàéäå-
íî, ÷òî â òå÷åíèå ïÿòèëåòíåãî ìîíèòîðèíãîâîãî ïå-
ðèîäà ïîëÿðèçàöèîííûå ïàðàìåòðû øèðîêèõ ëèíèé
è êîíòèíóóìà çíà÷èòåëüíî èçìåíÿëèñü. Ïðåäëîæåíà
ìîäåëü, â êîòîðîé íàáëþäàåìàÿ ïîëÿðèçàöèÿ â êîí-
òèíóóìå åñòü ðåçóëüòàò âåêòîðíîãî ñëîæåíèÿ ïîëÿ-
ðèçàöèè äèñêà, ìåíÿþùåéñÿ ìåäëåííî è íàïðàâëåíèå
êîòîðîé ïðèáëèçèòåëüíî ñîâïàäàåò ñ íàïðàâëåíèåì
äæåòà, è áûñòðîìåíÿþùåéñÿ ïîëÿðèçàöèè, îáóñëîâ-
ëåííîé ñèíõðîòðîííûì èçëó÷åíèåì äæåòà, âåêòîð ïî-
ëÿðèçàöèè êîòîðîãî ïðèáëèçèòåëüíî ïåðïåíäèêóëÿ-
ðåí íàïðàâëåíèþ äæåòà. Ïîêàçàíî, ÷òî íàáëþäàåìàÿ
äåïîëÿðèçàöèÿ â ëèíèè H� îáóñëîâëåíà òåïëûì ãà-
çîì îáëàñòè øèðîêèõ ëèíèé (BLR), äâèãàþùèìñÿ ïî
îñè äèñêà â íàïðàâëåíèè íàáëþäàòåëÿ ñî ñêîðîñòüþ
1200 êì/ñ.

Â.Ë. Àôàíàñüåâ, À.È. Øàïîâàëîâà , Ë. Ïîïîâè÷,
Í.À. Áîðèñîâ. MNRAS, 448, 2879�2889 (2015).

SPECTROPOLARIMETRIC MONITORING
OF THE RADIO GALAXY 3C390.3

The polarization parameters of the radio galaxy
3C390.3 were obtained: the Stokes parameters, degree
of linear polarization, position angle of the polarization
plane, continuum ux and the shift of the H � broad com-
ponent in polarized light relative to the system velocity.
It was found that during the �ve-year monitoring period,
the polarization parameters of broad lines and contin-
uum had been changing considerably. A model was sug-
gested in which the observed continuum polarization is a
result of vector addition of the disk polarization, which
changes slowly and whose direction approximately coin-
cides with the jet direction, and the quick changing po-
larization caused by the synchrotron radiation of the jet,
whose polarization vector is approximately perpendicu-
lar to the jet direction. It was shown that the observed
depolarization in the H� line is caused by the warm gas
of the broad line region (BLR) moving along the disk
axis towards the observer with a velocity of 1200 km/s.

V.L. Afanasiev, A.I. Shapovalova , L. Popovich,
N.A. Borisov. MNRAS, 448, 2879{2889 (2015).

ÍÎÂÛÉ ÌÅÒÎÄ ÈÇÌÅÐÅÍÈß ÌÀÑÑ
×ÅÐÍÛÕ ÄÛÐ ÀßÃ

Ðåàëèçîâàí ïðÿìîé ìåòîä îïðåäåëåíèÿ ìàññ ÷åð-
íûõ äûð ÀßÃ, îñíîâàííûé íà íàáëþäàåìîé çàâèñèìî-
ñòè óãëà ïëîñêîñòè ïîëÿðèçàöèè îò ñêîðîñòè â øèðî-
êèõ ëèíèÿõ îáëàñòè BLR. Ïðîâåäåíà ïðîâåðêà ïóòåì
÷èñëåííîãî ìîäåëèðîâàíèÿ ìåòîäîì Ìîíòå�Êàðëî ñ
èñïîëüçîâàíèåì ïàêåòà STOKES. Ïîêàçàíî, ÷òî ìåòî-
äèêà äàåò ïðàâèëüíûå (â äèíàìè÷åñêîì ñìûñëå) îöåí-
êè ìàññ, íå çàâèñÿùèå îò óãëà íàêëîíà ãàëàêòèêè ê
ëó÷ó çðåíèÿ.

Â.Ë. Àôàíàñüåâ , Ë. Ïîïîâè÷. AJL, 800 (2), L35
(2015).

THE NEW METHOD OF AGN BLACK
HOLES MASS MEASUREMENT

The method of direct determination of AGN black
hole mass based on the observed relation between po-
larization plane angle and velocity in the BLR was im-
plemented. The test was made by means of numerical
simulation by Monte{Carlo method with the STOKES
package. It was shown that the method gives correct (in
the dynamical sense) estimates, which do not depend on
the galaxy angle of inclination to the line of sight.

V.L. Afanasiev , L. Popovich. AJL, 800 (2), L35
(2015).

ÏÅÐÂÛÉ ÌÍÎÃÎËÅÒÍÈÉ ÌÎÍÈÒÎÐÈÍÃ
ÊÂÀÇÀÐÀ E1821+643

Âûïîëíåí àíàëèç ðåçóëüòàòîâ ïåðâîãî äîëãîâðå-
ìåííîãî (1990�2014 ãã.) ôîòîìåòðè÷åñêîãî (â ïîëî-
ñàõ B, V è R) è ñïåêòðàëüíîãî (â îáëàñòè 4000�
7500�A) ìîíèòîðèíãà êàíäèäàòà â äâîéíóþ ÷åðíóþ
äûðó QSO E1821+643, áëèçêîãî (z = 0 :2972) ðà-
äèîñïîêîéíîãî êâàçàðà âûñîêîé ñâåòèìîñòè. Ìåòîäà-
ìè êðîññ-êîððåëÿöèè ïîëó÷åíî, ÷òî âðåìÿ çàïàçäû-
âàíèÿ ìåæäó êîíòèíóóìîì è ëèíèÿìè H� ñîñòàâëÿ-
åò 120 è 60 äíåé ñîîòâåòñòâåííî, à ìåæäó êîíòèíóó-
ìîì íà 4200�A è íà 5100�A � � 2� 6äíåé. Êîíòèíóóì
è H� ïîòîêè èçìåíÿëèñü â � 2 ðàçà, â òî âðåìÿ êàê H�
ïîòîêè � â � 1:4 ðàçà.

THE FIRST LONG-TERM MONITORING OF
THE QUASAR E1821+643

We analyzed the results of the long-term (1990{2014)
photometric (in B, V and R bands) and spectroscopic
(within the range of 4000{7500�A) monitoring of the dou-
ble black hole candidate QSO E1821+643 | a nearby
(z = 0 :2972) radio quiet high luminosity quasar. Using
the cross-correlation functions, it was obtained that the
lag time between the continuum and the H� lines was
120 and 60 days respectively, and between the contin-
uum at 4200�A and at 5100�A it was � 2{6 days. The
continuum and H� uxes had been changing by a factor
of � 2 times, whereas the H� uxes by � 1:4 times.
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Íàéäåíû ïåðèîäè÷åñêèå âàðèàöèè â ôîòîìåòðè÷å-
ñêèõ ïîòîêàõ ñ ïåðèîäàìè 1200, 1850, 4000 è 4500 äíåé
è ïåðèîäè÷íîñòü â âàðèàöèÿõ êîíòèíóàëüíûõ è H�
ïîòîêàõ � 4500äíåé. Îöåíåííàÿ ìàññà ÷åðíîé äûðû
� 2:6� 109M� . Ïîêàçàíî, ÷òî èíòåðïðåòàöèÿ ðåçóëü-
òàòîâ â ðàìêàõ ìîäåëè äâîéíîé ÷åðíîé äûðû ïðîòè-
âîðå÷èò íàáëþäåíèÿì. Íàèáîëåå âåðîÿòíûé ñöåíàðèé
äëÿ îáúÿñíåíèÿ íàáëþäåíèé � ïðèñóòñòâèå ïëîòíûõ
áîãàòûõ ãàçîì îáëà÷íî-ïîäîáíûõ ñòðóêòóð, âðàùàþ-
ùèõñÿ âîêðóã îòñêî÷èâøåé ÷åðíîé äûðû.

À.È. Øàïîâàëîâà, À.Í. Áóðåíêîâ, Â.Å. Æäà-
íîâà, Í.Ã. Áî÷êàðåâ è äð. AJ Suppl., 222 (2), id. 25,
18 pp. (2016).

Periodic variations in photometric uxes with periods
of 1200, 1850, 4000 and 4500 days and periodicity in vari-
ations of the continuum and H� uxes of � 4500 days
were detected. The black hole mass was estimated as
� 2:6 � 109M� . It was shown that interpretation of
the results in the context of the double black hole model
contradicts the observations. The most plausible sce-
nario for explanation of the observations is as follows:
the presence of dense gas-rich cloud-like structures ro-
tating around a recoiling black hole.

A.I. Shapovalova, A.N. Burenkov, V.E. Zhdano-
va, N.G. Bochkarev et al. AJ Suppl., 222 (2), id. 25,
18 pp. (2016).

ÏÀÐÀÌÅÒÐÛ ÃÀËÀÊÒÈ×ÅÑÊÎÃÎ ÂÅÒÐÀ
Â NGC 4460

NGC 4460 � ëèíçîâèäíàÿ èçîëèðîâàííàÿ ãàëàêòè-
êà, â êîòîðîé â õîäå H� -îáçîðà áëèçêèõ ãàëàêòèê íà
6-ì òåëåñêîïå ÑÀÎ ÐÀÍ (Êàéñèí, Êàðà÷åíöåâ, A&A,
479, 603, 2008) áûëà îáíàðóæåíà ïðîòÿæ¼ííàÿ ýìèñ-
ñèîííàÿ òóìàííîñòü. Ìîèñååâûì è äð. (MNRAS, 403,
1849, 2010) ïðåäñòàâëåíû ðåçóëüòàòû å¼ ñïåêòðàëü-
íîãî èññëåäîâàíèÿ. Áûëî ïîêàçàíî, ÷òî ýòà òóìàí-
íîñòü ÿâëÿåòñÿ ðåçóëüòàòîì äåéñòâèÿ ãàëàêòè÷åñêîãî
âåòðà îò òåêóùåãî çâåçäîîáðàçîâàíèÿ â êîìïàêòíîé
(� 1êïê) îáëàñòè â öåíòðå ãàëàêòè÷åñêîãî äèñêà.

Ïî ðåçóëüòàòàì íàáëþäåíèé íà ÁÒÀ â ëèíèè H�
ñ ïîìîùüþ ñêàíèðóþùåãî èíòåðôåðîìåòðà Ôàáðè�
Ïåðî áûëà èçó÷åíà êèíåìàòèêà èîíèçîâàííîãî ãàçà
â ýòîé ãàëàêòèêå. ×òîáû óòî÷íèòü ïàðàìåòðû èñòå-
÷åíèÿ ãàçà èç ïëîñêîñòè ãàëàêòè÷åñêîãî äèñêà, èñ-
ïîëüçîâàëàñü ïðîñòàÿ ãåîìåòðè÷åñêàÿ ìîäåëü âåòðà,
â êîòîðîé âûìåòåííûå îáîëî÷êè ïðåäñòàâëåíû â âè-
äå äâóõ âðàùàþùèõñÿ êîíóñîâ, ñòåíêè êîòîðûõ âèä-
íû â H� , à íàõîäÿùèéñÿ âíóòðè ãîðÿ÷èé ãàç â áàëü-
ìåðîâñêèõ ýìèññèîííûõ ëèíèÿõ íå èçëó÷àåò. Âûïîë-
íåííûé â ðàìêàõ ýòîé ìîäåëè àíàëèç êèíåìàòèêè ïî-
êàçàë, ÷òî ãàëàêòè÷åñêèé âåòåð èìååò êëî÷êîâàòóþ
ñòðóêòóðó ñ õàðàêòåðíûìè ñêîðîñòÿìè äâèæåíèÿ ãà-
çà 30�80 êì/ñ, ÷òî ñîïîñòàâèìî ñ ïîäîáíûìè èñòå÷å-
íèÿìè â äðóãèõ êàðëèêîâûõ ãàëàêòèêàõ (ñì. ðèñ. 18).
Ïîëó÷åíû íîâûå îöåíêè äëÿ ýíåðãèè âåòðà, ëåæàùåé
â ïðåäåëàõ Ewind = 0 :3� 2:2 � 1052ýðã, è âîçðàñòà îáðà-
çîâàííîé èì ýìèññèîííîé òóìàííîñòè 20�50 ìëí ëåò.
Õàðàêòåðíûå ñêîðîñòè óáåãàíèÿ äëÿ äàííîé ãàëàêòè-
êè ïîêàçûâàþò, ÷òî ýíåðãèè ãàëàêòè÷åñêîãî âåòðà íå
õâàòèò, ÷òîáû âûáðîñèòü ãàç çà ïðåäåëû îáëàñòè ãðà-
âèòàöèîííîãî âëèÿíèÿ ãàëàêòèêè. Òàêèì îáðàçîì, ñî
âðåìåíåì âåùåñòâî âíîâü âåðí¼òñÿ â ãàëàêòèêó.

Ä.Â. Îïàðèí, À.Â. Ìîèñååâ, Ast.Bull., 70 (4), 392
(2015).

PARAMETERS OF THE GALACTIC WIND
IN NGC 4460

NGC 4460 is an isolated lenticular galaxy. During the
H� survey of nearby galaxies with the 6m telescope of
SAO RAS (Kaisin, Karachentsev, A&A, 479, 603, 2008),
an extended emission nebula was detected in it. Moseev
et al. (MNRAS, 403, 1849, 2010) presented results of its
spectral investigation. It was shown that this nebula is
caused by a galactic wind from a compact (� 1 kpc) re-
gion of current star formation in the galactic disk center.

Kinematics of the ionized gas in this galaxy was stud-
ied from the BTA H � -line observations with the scanning
Fabry{Perot interferometer. To study the parameters of
gas outow from the galactic disk plane, we used a sim-
ple geometric model of wind in which the swept out en-
velopes are presented as two rotating cones whose walls
are seen in H� but the internal hot gas does not emit
in the Balmer emission lines. The kinematics analysis
made in the context of this model has shown that the
structure of galactic wind is ocky with typical gas mo-
tion velocities of 30{80 km/s, which is comparable with
similar outows in other dwarf galaxies (see Fig. 18).
New estimates were obtained for the wind energy lying
in the range Ewind = 0 :3{2:2 � 1052erg and the age of the
emission nebula generated by it of 20{50 million years.
Typical escape velocities for this galaxy show that the
energy of galactic wind is not su�cient to eject gas out-
side the galaxy gravitational inuence. Thus, sooner or
later the matter will return back into the galaxy again.

D.V. Oparin, A.V. Moiseev, Ast.Bull., 70 (4), 392
(2015).
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Ðèñ. 18: Ââåðõó: ñëåâà � èçîáðàæåíèå ãàëàêòèêè NGC 4460 èç SDSS-îáçîðà â ôèëüòðå r, ñïðàâà � èçîá-
ðàæåíèå â ýìèññèîííîé ëèíèè H� , ïîëó÷åííîå ïî äàííûì íàáëþäåíèé ñ èíòåðôåðîìåòðîì Ôàáðè�Ïåðî
(ÈÔÏ) íà ÁÒÀ. Âíèçó: ñëåâà � ïîëå ëó÷åâûõ ñêîðîñòåé ïî äàííûì ÈÔÏ, ñïðàâà � ìîäåëü âðàùåíèÿ äèñêà
ãàëàêòèêè è âûìåòàåìîãî âåùåñòâà ãàëàêòè÷åñêîãî âåòðà.

Fig. 18: Top: SDSS image of the NGC 4460 galaxy in the r �lter (left), image in the emissionH� line obtained in
the BTA observations with the Fabry{Perot interferometer (FPI) (right ). Bottom: radial velocity �eld by the FPI
data (left), model of galaxy disk rotation and the swept-out matter of galactic wind (right).

ÒÓÐÁÓËÅÍÒÍÛÅ ÄÂÈÆÅÍÈß
ÈÎÍÈÇÎÂÀÍÍÎÃÎ ÃÀÇÀ Â
ÊÀÐËÈÊÎÂÛÕ ÃÀËÀÊÒÈÊÀÕ

Ñ èñïîëüçîâàíèåì 3D-ñïåêòðîñêîïèè ñî ñêàíèðó-
þùèì èíòåðôåðîìåòðîì Ôàáðè�Ïåðî íà ÁÒÀ áûëà
èçó÷åíà êèíåìàòèêà èîíèçîâàííîãî ãàçà â 59 áëèçêèõ
êàðëèêîâûõ ãàëàêòèêàõ. Ïîñòðîåíû äâóìåðíûå ïîëÿ
ñêîðîñòåé èîíèçîâàííîãî ãàçà, êàðòû äèñïåðñèè ñêî-
ðîñòåé è èçîáðàæåíèÿ ãàëàêòèê â ëèíèè H� (ðèñ. 19
ñëåâà). Ñ ïîìîùüþ ýòèõ êàðò áûëà âû÷èñëåíà ñðåä-
íÿÿ (âçâåøåííàÿ ïî ñâåòèìîñòè) äèñïåðñèÿ ñêîðîñòåé
èîíèçîâàííîãî ãàçà ( � ).

Ïîëó÷åííûå íà 6-ì òåëåñêîïå äàííûå çíà÷èòåëü-
íî ðàñøèðÿþò â ñòîðîíó ìàëîìàññèâíûõ ãàëàêòèê èç-
âåñòíîå èç ëèòåðàòóðû ñîîòíîøåíèå ¾ñâåòèìîñòü�äèñ-
ïåðñèÿ ñêîðîñòåé¿ ( L � � ) è äàþò íàáëþäàòåëüíûå àð-
ãóìåíòû â ïîëüçó òîãî, ÷òî âåëè÷èíà � îïðåäåëÿåòñÿ
òåêóùèì çâåçäîîáðàçîâàíèåì:

TURBULENT MOTIONS OF IONIZED GAS
IN DWARF GALAXIES

Kinematics of the ionized gas of 59 nearby dwarf
galaxies was studied using 3D spectroscopy with the
BTA scanning Fabry{Perot interferometer. 2D veloc-
ity �elds of the ionized gas, maps of velocity dispersion
and H� images of the galaxies were constructed (Fig. 19
left). These maps were used to calculate the average (lu-
minosity weighted) velocity dispersion of the ionized gas
(� ).

The data obtained from the 6m telescope consider-
ably extend the \luminosity{velocity dispersion" ( L � � )
relation, known from the literature, to the side of low-
massive galaxies and give observational evidence that�
is determined by current star formation:
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Ðèñ. 19: Ïðèìåðû èçîáðàæåíèé â ëèíèè H� êàðò ëó÷åâûõ ñêîðîñòåé è äèñïåðñèè ñêîðîñòåé èîíèçîâàííîãî
ãàçà (èñïðàâëåííûõ çà òåïëîâîå óøèðåíèå ëèíèé), ïîëó÷åííûõ èç íàáëþäåíèé ñî ñêàíèðóþùèì èíòåðôå-
ðîìåòðîì Ôàáðè�Ïåðî äëÿ äâóõ êàðëèêîâûõ ãàëàêòèê (ñëåâà). Ñîîòíîøåíèå SFR� � äëÿ ðàçëè÷íûõ òèïîâ
ãàëàêòèê (ñïðàâà). Ñèíèå òî÷êè � äàííûå, ïîëó÷åííûå íà 6-ì òåëåñêîïå. ×åðíàÿ ëèíèÿ � ëèíåéíàÿ àï-
ïðîêñèìàöèÿ ýòîãî ñîîòíîøåíèÿ.

Fig. 19: Examples of images in theH� line, maps of line-of-sight velocities and velocity dispersion (corrected for
thermal line broadening) obtained from scanning Fabry{Perot interferometer observations of two dwarf galaxies
(left). The SFR{ � relation for di�erent types of galaxies (right). Blue dots depict the data from the 6-m telescope.
The black line shows a linear �t of these relationships.

� Ñðåäíÿÿ � ëó÷øå êîððåëèðóåò ñî ñâåòèìîñòüþ ãà-
ëàêòèê â ëèíèè H� , ÷åì ñî ñâåòèìîñòüþ â øèðîêèõ
ôèëüòðàõ B è K . Ïðàêòè÷åñêè îòñóòñòâóåò êîððå-
ëÿöèÿ ìåæäó � è ñêîðîñòüþ âðàùåíèÿ ãàëàêòèêè
(ò.å. åå ïîëíîé ìàññîé).

� Íà îñíîâàíèè ýòèõ ðåçóëüòàòîâ è äàííûõ èç ëèòå-
ðàòóðû ïîñòðîåíî ãëîáàëüíîå ñîîòíîøåíèå ìåæäó
� è òåìïîì çâåçäîîáðàçîâàíèÿ (SFR), îïðåäåëÿå-
ìûì ïî ñâåòèìîñòè â H� , âûïîëíÿþùååñÿ â øè-
ðîêîì äèàïàçîíå SFR = 0:001� 300M� =ãîä. Ñîîò-
íîøåíèå SFR� � äëÿ îáúåäåííîé âûáîðêè êàðëèêî-
âûõ ãàëàêòèê, ãàëàêòèê ñ ìîùíûì çâåçäîîáðàçîâà-
íèåì, áëèçêèõ ÿðêèõ è óëüòðàÿðêèõ èíôðàêðàñíûõ
ãàëàêòèê àïïðîêñèìèðóåòñÿ êàê SFR / � 5:3� 0:2

(ðèñ. 19 ñïðàâà). Òàêèì îáðàçîì, íàêëîí çàâèñè-
ìîñòè L � � â âûáîðêå äèñêîâûõ ãàëàêòèê ñ äîìè-
íèðóþùèì âðàùåíèåì (âêëþ÷àÿ âçàèìîäåéñòâóþ-
ùèå) ñõîäåí ñ àíàëîãè÷íûì ñîîòíîøåíèåì äëÿ îò-
äåëüíûõ ãèãàíòñêèõ îáëàñòåé H II.

Âìåñòå ñ äðóãèìè àðãóìåíòàìè ýòî ãîâîðèò î òîì,
÷òî ñêîðîñòü òóðáóëåíòíîãî äâèæåíèÿ èîíèçîâàííî-
ãî ãàçà íå ñâÿçàíà ñ âèðèàëüíûìè äâèæåíèÿìè â ãðà-
âèòàöèîííîì ïîòåíöèàëå êàðëèêîâûõ ãàëàêòèê, à â
îñíîâíîì îïðåäåëÿåòñÿ ýíåðãèåé, ¾âïðûñêèâàåìîé¿ â
ìåæçâåçäíóþ ñðåäó â ïðîöåññå òåêóùåãî çâåçäîîáðà-
çîâàíèÿ.

À.Â. Ìîèñååâ , À.Â. Òèõîíîâ, À.À. Êëûïèí;
MNRAS, 449, 3568 (2015).

� The average� better correlates with galaxy luminosity
in the H� line than with luminosity in the wide B and
K �lters. There is no correlation between � and galaxy
rotation velocity (i.e., its total mass).

� On the basis of these results and data from the lit-
erature, we constructed a global relation between
� and star formation rate (SFR) determined from
H� luminosity, which is true within a wide range of
SFR = 0:001{300M� =year. The SFR{� relation of
the uni�ed sample of dwarf galaxies, starburst galax-
ies, nearby luminous and ultraluminous infrared galax-
ies is approximated as SFR/ � 5:3� 0:2 (Fig. 19 right).
Thus, the slope of the L{ � relation in the sample of
disk galaxies with prevailing rotation (including the
interacting ones) is similar to the analogous relation
for separate giant H II-regions.

Along with other arguments, this means that the ve-
locity of ionized gas turbulent motion is not related with
virial motions in gravitational potential of dwarf galaxies
but is determined mainly by the energy \injected" into
the interstellar medium in the process of current star
formation.

A.V. Moiseev , A.V. Tikhonov, A.A. Klypin. MNRAS,
449, 3568 (2015).
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Ðèñ. 20: Èñòî÷íèê 0422+1512. Ñëåâà: èçîêîíòóðû ðàäèîêàðòû NVSS, íàëîæåííûå íà èçîáðàæåíèå èç
DSS2-red. Ñòðåëî÷êà îòìå÷àåò ïîëîæåíèå õîçÿéñêîé ãàëàêòèêè è åå îïòè÷åñêèå êîîðäèíàòû, òàêæå ïî-
êàçàí ïðèíÿòûé ðàçìåð ðàäèîñòðóêòóðû. Ñïðàâà: îïòè÷åñêèé ñïåêòð õîçÿéñêîé ãàëàêòèêè, ïîëó÷åííûé
ñî SCORPIO-2; îòìå÷åíî ïîëîæåíèå îñíîâíûõ ýìèññèîííûõ è àáñîðáöèîííûõ ëèíèé.

Fig. 20: The source 0422+1512. Left: isocontours of the NVSS radio mapsuperimposed on the DSS2-red image.
The arrow points the location of the host galaxy and its optical coordinates. The accepted size of the radio structure
is also shown. Right: optical spectrum of the host galaxy obtained with SCORPIO-2; main emission and absorption
lines are marked.

ÎÏÒÈ×ÅÑÊÎÅ ÎÒÎÆÄÅÑÒÂËÅÍÈÅ
ÍÎÂÛÕ ÏÐÎÒßÆÅÍÍÛÕ
ÐÀÄÈÎÃÀËÀÊÒÈÊ

Àíàëèç êàòàëîãà ðàäèîäàííûõ NVSS ñ ïîìîùüþ
ñïåöèàëüíî ðàçðàáîòàííûõ àëãîðèòìîâ, äàë ñïèñîê
îêîëî ïîëóòîðà òûñÿ÷ êàíäèäàòîâ â íîâûå ïðîòÿ-
æåííûå ðàäèîèñòî÷íèêè. Ñ ïîìîùü SCORPIO-2 íà
ÁÒÀ ïðîâåäåíû ñïåêòðàëüíûå íàáëþäåíèÿ îïòè÷å-
ñêèõ êîìïîíåíò äåâÿòè ïðîòÿæåííûõ ðàäèîèñòî÷íè-
êîâ (ðèñ. 20). Èçìåðåííûå êðàñíûå ñìåùåíèÿ öåí-
òðàëüíûõ ãàëàêòèê ëåæàò â äèàïàçîíå z = 0 :1� 0:4.
Â ðàìêàõ ñòàíäàðòíîé êîñìîëîãè÷åñêîé ìîäåëè ïî-
ëó÷åíû ôèçè÷åñêèå ðàçìåðû ðàäèîèñòî÷íèêîâ. Äâà
ñàìûõ ïðîòÿæåííûõ îáúåêòà âûáîðêè 0003+0351 è
0422+1512 äîñòèãàþò ðàçìåðîâ 2.1 Ìïê è 4.0 Ìïê
ñîîòâåòñòâåííî. Ïîñëåäíÿÿ âåëè÷èíà ëèøü íåìíîãî
ìåíüøå ñàìîãî ïðîòÿæåííîãî èç èçâåñòíûõ íà ñåãî-
äíÿøíèé äåíü ðàäèîèñòî÷íèêîâ (3C236). Îáùåïðè-
çíàííî, ÷òî îñíîâíûì èñòî÷íèêîì ýíåðãåòèêè ðàäèî-
ãàëàêòèê ÿâëÿåòñÿ ïàäåíèå âåùåñòâà íà öåíòðàëüíóþ
ñâåðõìàññèâíóþ ÷åðíóþ äûðó. Â òî æå âðåìÿ, ïîêà
íåò åäèíîãî ìíåíèÿ î ïðè÷èíàõ, ïîðîæäàþùèõ ñòîëü
ïðîòÿæåííûå îáúåêòû è äîëãîå ¾âðåìÿ æèçíè¿ ðå-
ëÿòèâèñòñêèõ ÷àñòèö, ñèíõðîòðîííîå èçëó÷åíèå êîòî-
ðûõ è íàáëþäàåòñÿ â ðàäèîäèàïàçîíå.

Â.Ð. Àìèðõàíÿí, Â.Ë. Àôàíàñüåâ, À.Â. Ìîè-
ñååâ, Ast.Bull., 70 (1), 45 (2015).

OPTICAL IDENTIFICATION OF NEW
EXTENDED RADIO GALAXIES

Analysis of the radio data NVSS catalog with spe-
cially developed algorithms gave a list of about 1500 new
extended radio sources candidates. Spectroscopic ob-
servations of optical components of nine extended radio
sources were carried out with BTA SCORPIO-2 (Fig. 20).
Measured redshifts of central galaxies are within the
range of z = 0 :1{0:4. Physical parameters of the ra-
dio sources were obtained in the context of the standard
cosmological model. The sizes of the two most extended
objects of the sample, 0003+0351 and 0422+1512, are
as large as 2.1 Mpc and 4.0 Mpc respectively. The latter
value is only slightly less than that of the currently most
extended radio source 3C236. It is generally recognized
that the main source of radio galaxy energy is the accre-
tion of matter onto a central supermassive black hole. At
the same time, there is no consensus yet about the cause
generating so extended objects and the long \life time"
of relativistic particles, whose synchrotron radiation is
observed in radio.

V.R. Amirkhanyan, V.L. Afanasiev, A.V. Moi-
seev. Ast.Bull., 70 (1), 45 (2015).



ÎÒ×ÅÒ ÑÀÎ ÐÀÍ 2015 SAO RAS REPORT 45

ÈÑÑËÅÄÎÂÀÍÈÅ ÑÂßÇÈ
ÃÀÌÌÀ-ÂÑÏËÅÑÊÎÂ Ñ ÝÂÎËÞÖÈÅÉ
ÌÀÑÑÈÂÍÛÕ ÇÂÅÇÄ È ÒÅÌÏÎÌ
ÇÂÅÇÄÎÎÁÐÀÇÎÂÀÍÈß Â ÄÀËÅÊÈÕ
ÃÀËÀÊÒÈÊÀÕ

Íà îñíîâå ïðîâåäåííûõ íà ÁÒÀ íàáëþäåíèé çà-
âåðøåíî èññëåäîâàíèå ãàììà-âñïëåñêà GRB 140801A
â ñîòðóäíè÷åñòâå ñ ïðîåêòîì ÌÀÑÒÅÐ. Íàáëþäåíèÿ
ýòîãî îáúåêòà â ÑÀÎ ÐÀÍ íà÷àëèñü ñïóñòÿ 2 ÷àñà ïî-
ñëå äåòåêòèðîâàíèÿ ãàììà-âñïëåñêà êîñìè÷åñêîé îá-
ñåðâàòîðèåé Fermi (V. Pelassa, 2014, GCN 16658). Îá-
íàðóæåíèå àáñîðáöèîííûõ ëèíèé Fe II, Al II, Mg II,
Mn II â ñïåêòðå, ïîëó÷åííîì ñïóñòÿ 3.89 ÷àñà ïîñëå
ðåãèñòðàöèè ñîáûòèÿ, ïîçâîëèëî ïîäòâåðäèòü êðàñ-
íîå ñìåùåíèå îáúåêòà z = 1 :32. Ñïåêòð ïîëó÷åí ñ ïî-
ìîùüþ ïðèáîðà SCORPIO â äèàïàçîíå 3500�7200 �A, ñ
ðàçðåøåíèåì F W HM = 15�A, ïðÿìûå ñíèìêè â ôèëü-
òðàõ V è Rc. Ïîâåäåíèå îïòè÷åñêîãî èñòî÷íèêà ïðî-
ñëåæèâàëîñü íà 6-ìåòðîâîì òåëåñêîïå â òå÷åíèå íî÷è,
à òàêæå ñïóñòÿ ñóòêè ïîñëå ãàììà-òðèããåðà, ÷òî ïîç-
âîëèëî îáíàðóæèòü èçìåíåíèå ïîêàçàòåëÿ ñòåïåííî-
ãî çàêîíà ïàäåíèÿ áëåñêà ñî âðåìåíåì ñ � 1:4 äî � 0:8.
Áûëî ïîêàçàíî, ÷òî ýòî âïîëíå åñòåñòâåííî îáúÿñíÿ-
åòñÿ äîìèíèðîâàíèåì ïðÿìîé óäàðíîé âîëíû íà ðàí-
íèõ ñòàäèÿõ è îáðàòíîé íà áîëåå ïîçäíèõ.

Äëÿ ñâåðõíîâîé Ib òèïà SN 2012au â õîäå ìåæäó-
íàðîäíîãî ìîíèòîðèíãà áûëî ïîëó÷åíî áîëåå 20 îïòè-
÷åñêèõ ñïåêòðîâ, ïîêðûâàþùèõ âðåìåííîé äèàïàçîí
îò 5 äíåé ïåðåä ìàêñèìóìîì áëåñêà äî 96 äíåé ïîñëå
íåãî. Óäàëîñü äåòàëüíî ïðîñëåäèòü ýâîëþöèþ ñïåê-
òðàëüíûõ îñîáåííîñòåé (ñì. ðèñ. 21). Äëÿ ïîíèìàíèÿ
ôèçèêè ïðîöåññîâ â ýòèõ êëàññàõ îáúåêòîâ ïðîâåäå-
íî ñðàâíåíèå àíàëîãè÷íûõ õàðàêòåðèñòèê, ïî ëèíè-
ÿì Ca II, Fe II, Si II, O I, He I è H I áûëè ïîñòðîåíû
êðèâûå óìåíüøåíèÿ ñêîðîñòåé ðàñøèðåíèÿ ðàçëè÷-
íûõ ÷àñòåé îáîëî÷êè, ðàçëåòàþùåéñÿ â ðåçóëüòàòå
âçðûâà çâåçäû. Ñêîðîñòè òÿæ¼ëûõ ýëåìåíòîâ, âîäî-
ðîäà, êðåìíèÿ è ãåëèÿ, äîñòèãàþùèõ 24000êì/ñ, áû-
ëè ñðàâíåíû ñ àíàëîãè÷íûìè ñêîðîñòÿìè èçó÷àâøèõ-
ñÿ ðàíåå îáúåêòîâ. Â ñðàâíåíèè ñ õàðàêòåðíûìè ïðåä-
ñòàâèòåëÿìè Ib òèïà, SN 2012au ïîêàçûâàåò çàìåòíî
áîëåå âûñîêèå ñêîðîñòè ðàñøèðåíèÿ ôîòîñôåðû, ãå-
ëèÿ è âîäîðîäà, ïðèáëèæàÿñü ïî ýòèì õàðàêòåðèñòè-
êàì ê ñâåðõíîâûì, ñâÿçàííûì ñ ãàììà-âñïëåñêàìè.

Ïðîâåäåí ìîíèòîðèíã áëèçêîãî ãàììà-âñïëåñêà
GRB 150818A. Îòêðûòûé êîñìè÷åñêîé îáñåðâàòîðè-
åé Swift ãàììà-âñïëåñê GRB 150818A íàáëþäàëñÿ
íåñêîëüêèìè íàçåìíûìè òåëåñêîïàìè: 6-ì ÁÒÀ è 1-ì
Zeiss-1000 â ÑÀÎ ÐÀÍ, 10.4-ì GTC, 2.5-ì NOT, 1-ì
òåëåñêîï â ÒØÀÎ, 1.6-ì ÀÇÒ-33èê â Ìîíäàõ è äð. Íà
òåëåñêîïàõ ÑÀÎ áûëî ïðîâåäåíî 14 ýïîõ íàáëþäåíèé,
ïðåèìóùåñòâåííî â ôèëüòðå Rc. Â ñîâîêóïíîñòè ñ
èìåþùèìèñÿ äàííûìè äðóãèõ îáñåðâàòîðèé áûëî ïî-
êàçàíî íàëè÷èå çíà÷èòåëüíîãî ïîÿð÷àíèÿ íà êðèâîé
áëåñêà â êðàñíîì ôèëüòðå. Ìàêñèìóì áëåñêà íàñòó-
ïèë ñïóñòÿ ïðèìåðíî 11 äíåé ïîñëå âñïëåñêà (â ñèñòå-
ìå îòñ÷¼òà îáúåêòà íà êðàñíîì ñìåùåíèè z = 0 :282),
÷òî ñðàâíèìî ñ õàðàêòåðíûìè âðåìåíàìè íàñòóïëå-
íèÿ ìàêñèìóìà ó Ic òèïà ñâåðõíîâûõ. Ôîòîìåòðè÷å-

A STUDY OF THE CONNECTION OF
GAMMA-RAY BURSTS WITH THE
EVOLUTION OF MASSIVE STARS AND
STAR FORMATION RATE IN DISTANT
GALAXIES

On the basis of BTA observations, a study of the
gamma-ray burst GRB 140801A was completed in col-
laboration with the MASTER project. The observations
of this object at SAO RAS started 2 hours after the de-
tection of the gamma-ray burst by the Fermi space ob-
servatory (V. Pelassa, 2014, GCN 16658). Detection of
the absorption lines Fe II, Al II, Mg II, Mn II in a spec-
trum obtained 3.89 hours after the recording of the event
allowed us to con�rm the object's redshift z = 1 :32. The
spectrum was obtained with SCORPIO within the range
of 3500{7200�A with the resolution F W HM = 15�A, the
direct images are in the V and Rc �lters. The behavior
of the optical source was traced with the 6m telescope
during this night and a day after the gamma-ray trigger,
which allowed us to discover the variation of the power-
law brightness fall index with time from � 1:4 to � 0:8. It
was shown that this is explainable quite naturally by the
dominance of the direct shock wave at the early stages
and the reverse one at the later stages.

In the course of the international monitoring of the
type Ib supernova SN 2012au, more than 20 optical spec-
tra were obtained covering the time range from 5 days
before the brightness peak to 96 days after it. We suc-
ceeded in tracing the evolution of spectral features in
detail (see Fig. 21). To understand physics of the pro-
cesses in objects of this class, analogous characteristics
were compared. The curves of decrease of the expan-
sion velocities of di�erent parts of the envelope ying
away due to the star explosion were constructed from the
lines Ca II, Fe II, Si II, O I, He I, and H I. The velocities
of heavy elements, hydrogen, silicon, and helium, achiev-
ing 24000 km/s, were compared to analogous velocities
of the objects studied previously. In comparison with
typical type Ib representatives, SN 2012au shows notice-
ably higher velocities of photosphere expansion, helium
and hydrogen, approaching (by these characteristics) to
the supernovae related to gamma-ray bursts.

The monitoring of GRB 150818A was carried out.
The gamma-ray burst GRB 150818A, discovered by the
Swift space observatory was observed with the ground-
based telescopes: the 6m BTA and 1m Zeiss{1000 at
SAO RAS, the 10.4m GTC, the 2.5m NOT, the 1m tele-
scope at TShAO, the 1.6m AZT-33ik in Mondy, and
others. Fourteen epochs of observations were conducted
with the SAO RAS telescopes, predominately in the Rc
�lter. In combination with available data from other
observatories, it was shown that there is a considerable
brightening in the red-�lter light curve. The brightness
became maximum about 11 days after the burst (in the
object reference system at the redshiftz = 0 :282), which
is comparable with typical times of maximum in type Ic
supernovae. The photometric signatures were con�rmed
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Ðèñ. 21: Ýâîëþöèÿ ñêîðîñòåé ðàñøèðåíèÿ ñëîåâ He I, H I è Si II ó ñâåðõíîâîé SN 2012au

Fig. 21: The evolution of layers expansion velocities of SN 2012au He I, H I and Si II.

ñêèå ïðèçíàêè áûëè ïîäòâåðæäåíû ñïåêòðàëüíî íà
10.4-ì òåëåñêîïå GTC. Ïëàíèðóåòñÿ ïðîâåäåíèå íà-
áëþäåíèé ðîäèòåëüñêîé ãàëàêòèêè îáúåêòà.

Ã.Ì. Áåñêèí, Ñ.Â. Êàðïîâ, À.Ñ. Ìîñêâè-
òèí, Â.Â. Ñîêîëîâ, À.Â. Áèðþêîâ, Ã.À. Îãàíåñÿí.
¾GRB 140801A: BTA con�rmation of redshift¿, GCN
16663.

by spectra from the 10.4m GTC. Observations of the
object's host galaxy are planned.

G.M. Beskin, S.V. Karpov, A.S. Moskvitin,
V.V. Sokolov, A.V. Biryukov, G.A. Oganesyan.
\GRB 140801A: BTA con�rmation of redshift", GCN
16663.

ÈÑÑËÅÄÎÂÀÍÈÅ ÀÊÒÈÂÍÛÕ ßÄÅÐ
ÃÀËÀÊÒÈÊ

Ïðîäîëæåíû ñîâìåñòíûå íàáëþäåíèÿ â ðàäèî- è
îïòè÷åñêîì äèàïàçîíàõ àêòèâíûõ ÿäåð ãàëàêòèê òè-
ïà BL Lac ñ öåëüþ îáíàðóæåíèÿ áûñòðîé (IDV) ïå-
ðåìåííîñòè ïîòîêà èçëó÷åíèÿ è óñòàíîâëåíèÿ êîððå-
ëÿöèè âàðèàöèé ïîòîêà îò èñòî÷íèêîâ â óêàçàííûõ
äèàïàçîíàõ äëèí âîëí. Ñèíõðîííûå íàáëþäåíèÿ âû-
áîðêè èç 10 îáúåêòîâ ïðîâîäèëèñü íà 1-ì ðåôëåêòîðå
Öåéññ�1000 ñ øòàòíûì ÏÇÑ-ôîòîìåòðîì â îñíîâíîì
â R ôèëüòðå è íà 22-ìåòðîâîì ðàäèîòåëåñêîïå ÍÈÈ
ÊðÀÎ íà ÷àñòîòàõ 22 è 36 ÃÃö. Äëÿ ÷àñòè îáúåêòîâ
âûáîðêè ïîëó÷åíû äàííûå â ïîëîñàõ B, V, R, I. Ýòî
ïîçâîëèò ïðîàíàëèçèðîâàòü âàðèàöèè öâåòîâ èññëå-
äóåìûõ èñòî÷íèêîâ íà ðàçëè÷íûõ ýòàïàõ áëåñêà.

Ïðîâåäåí ìíîãîëåòíèé ìîíèòîðèíã äâóõ îáúåê-
òîâ âûáîðêè � AO 0235+164 è S5 0716+714. Äëÿ
AO 0235+164 ïîñòðîåíà êðèâàÿ áëåñêà â ïîëîñå R íà
ïðîòÿæåíèè äâåíàäöàòè ëåò: ñ 2002 ïî 2013 ãã. Íàðÿäó
ñî ñðàâíèòåëüíî áûñòðîé ïåðåìåííîñòüþ íà ìàñøòà-

A STUDY OF ACTIVE GALACTIC NUCLEI

Joint radio and optical observations of BL Lac type
active galactic nuclei were continued with the purpose
of detecting intraday variability (IDV) of radiative ux
and determining correlations between ux variations in
the indicated wavelength ranges. Simultaneous obser-
vations of a sample of 10 objects were carried out with
the 1m Zeiss-1000 reector using the standard CCD pho-
tometer mainly in the R �lter and with the 22-meter ra-
dio telescope of CrAO at frequencies of 22 and 36 GHz.
For a part of the sample the data were obtained in the B,
V, R, I bands. This will allow us to analyze color vari-
ations of the considered sources at di�erent brightness
stages.

Two objects of the sample, AO 0235+164 and
S5 0716+714, were monitored during many years. For
AO 0235+164 the R-band light curve was constructed for
12 years: from 2002 to 2013. Along with a comparatively
fast variability on a scale of week, the large-scale details
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Ðèñ. 22: Êðèâàÿ ôîòîìåòðè÷åñêîé ïå-
ðåìåííîñòè AO 0235+164 â ôèëüòðå R
â òå÷åíèå 2002-2013 ãã.

Fig. 22: AO 0235+164 photometric vari-
ability curve in the R band from 2002 to
2013.

áàõ íåäåëü õîðîøî âèäíû êðóïíîìàñøòàáíûå äåòàëè
ñ àìïëèòóäîé äî 4m íà ìàñøòàáàõ ïîðÿäêà ãîäà. Îò-
ìåòèì, ÷òî óÿð÷åíèå AO 0235+164 ïî÷òè äî 15m â
2009 ã. (èíòåðâàë 54600�54800 íà ðèñ. 22) ñîâïàäàåò
ñ íàðàñòàíèåì ïîòîêà â ðàäèîäèàïàçîíå è â ãàììà-
äèàïàçîíå. Ñîâìåñòíûé àíàëèç äàííûõ, ïîëó÷åííûõ
â îïòè÷åñêîì è ðàäèîäèàïàçîíàõ, ïðîäîëæàåòñÿ.

Â.Â. Âëàñþê, Ì.Ì. Ãàáäååâ, Ò.À. Ôàòõóëëèí,
Î.È. Ñïèðèäîíîâà è äð. ATel, 7004 (2015). ARep,
59 (9), 851 (2015).

with an amplitude of up to 4 m are seen well on a scale
of a year. Notice that the brightening of AO 0235+164
almost up to 15m in 2009 (the range 54600{54800 in
Fig. 22) coincides with the increase of ux in radio and
gamma-rays. Joint analysis of the data obtained in the
optical and radio ranges goes on.

V.V. Vlasyuk, M.M. Gabdeev, T.A. Fatkhullin,
O.I. Spiridonova et al. ATel, 7004 (2015). ARep,
59 (9), 851 (2015).

ÔÈÇÈÊÀ ÇÂÅÇÄ STELLAR PHYSICS

ÎÁÍÀÐÓÆÅÍÈÅ ÑÂÅÐÕÌÅÄËÅÍÍÎÃÎ
ÌÀÃÍÈÒÍÎÃÎ ÐÎÒÀÒÎÐÀ HD 965

Íà 6-ì òåëåñêîïå ïðîäîëæàåòñÿ èçó÷åíèå î÷åíü
ìåäëåííî âðàùàþùèõñÿ ìàãíèòíûõ çâåçä, ñ ïåðèîäà-
ìè âðàùåíèÿ ãîäû è äåñÿòèëåòèÿ. Íàëè÷èå òàêèõ îáú-
åêòîâ êðàéíå âàæíî äëÿ îáúÿñíåíèÿ ïðèðîäû ôîðìè-
ðîâàíèÿ êðóïíîìàñøòàáíûõ ìàãíèòíûõ ïîëåé õèìè-
÷åñêè ïåêóëÿðíûõ çâåçä � ó òàêèõ ìåäëåííûõ ðîòà-
òîðîâ ïîëå íå ìîæåò ãåíåðèðîâàòüñÿ ìåõàíèçìîì äè-
íàìî. Âïëîòü äî ïîñëåäíèõ ëåò áûëî èçâåñòíî âñåãî
2 îáúåêòà ñî ñâåðõìåäëåííûì âðàùåíèåì, ÷òî ìîæ-
íî áûëî áû îáúÿñíèòü ñëó÷àéíîñòüþ. Â ðåçóëüòàòå
äëèòåëüíûõ ìîíèòîðèíãîâ â 2015 ã. ïîëó÷åíû èçìåðå-
íèÿ ìàãíèòíûõ ïîëåé äâóõ çâåçä: HD 965 è HD 18078.
Ïîêàçàíî, ÷òî ïåðèîä âðàùåíèÿ HD 965 ïðåâûøàåò
15 ëåò è íå ìîæåò áûòü ïîêà îïðåäåëåí áîëåå òî÷-
íî, ïîòîìó ÷òî íàáëþäåíèÿ íå îõâàòèëè ïîëíûé öèêë
ïåðåìåííîñòè. Ïîýòîìó ìàãíèòíàÿ ìîäåëü çâåçäû åùå
íå ìîæåò áûòü ïîñòðîåíà. Ïåðèîä âðàùåíèÿ HD 18078
ñîñòàâëÿåò 1360 ñóòîê. Ïîñòðîåíà ôàçîâàÿ ìàãíèòíàÿ
êðèâàÿ è ìîäåëü ìàãíèòíîãî ïîëÿ. Ìàãíèòíûé äè-
ïîëü ñìåùåí îò îñè âðàùåíèÿ è íàêëîíåí ïî îòíîøå-
íèþ ê íåé. Îáíàðóæåíèå äâóõ íîâûõ î÷åíü ìåäëåííî

DISCOVERY OF A SUPERSLOW
MAGNETIC ROTATOR HD 965

The study of magnetic stars rotating very slowly with
periods of years and tens of years continues on the 6m tele-
scope. The existence of such objects is of great impor-
tance for explanation of the nature of large scale mag-
netic �eld formation in chemically peculiar stars: in that
slow rotators the �eld cannot be generated by the dy-
namo mechanism. Up to the recent years, only 2 objects
with superslow rotation were known, which could have
been explained by an accident. In 2015 a long monitoring
resulted in obtaining the magnetic �eld measurements
for two stars: HD 965 and HD 18078. It was shown that
HD 965 rotation period exceeds 15 years and cannot be
determined more exactly yet, because the observations
do not cover the total variability cycle. That is why the
magnetic model of the star cannot be constructed yet.
The HD 18078 rotation period is 1360 days. The phase
magnetic curve and a model of the magnetic �eld were
constructed. The magnetic dipole is shifted from the ro-
tation axis and inclined towards it. The discovery of two
new very slowly rotating stars shows that slow rotation
is not accidental, this is a law in rotation velocity distri-


