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Abstract. This рареr is а presentation of }ristory of grourrd-based optical monitoring of active
galactic nuciei (AGN) of ttre Seyfert galaxies NGC3516, NGC4151, NGC5548, NGC7469 and
3С390.3 at the бm telescope of the SAO RAS, T}reoretical foundations of investigation into
the struсturе and kirrematics of the "сепtгаl engine" of AGN are briefly discussed, рriпсiраl
results of the б m telescope observational ргоgгаlпrпе саrriеd оut in 1983-1996 аrе preserrted.
The бm telescope observations in the уеаrs 1983-1995 rvere регfогmеd vuitlr the TV scanner
at the wavelengths lretween 4000А and 5200А with а signal-to-lroise ratio of about 20. 500
sресtrа wеrе taken. А CCD саmеrа and tпo- and thгee-dimensional sресtrоgгарhs wеrе usecl to
take ргасtiсаllу all the spectra (270) in 1996 at tire rltavelengt}rs frоm 1000А to 7000А. The
Seyfert galaxies NGC 5548, NGC 7469 and 3С 390.3 wеrе observed iп the optical range at about
40 ground-based оЬsеrчаtоriеs and also rvith the satellites IIIE and HST in the ultraviolet rапgе
within the frames of the internatiorral рrоgrаmlпе "AGN Watch". The immediate рrоsресts of the
work оп the рrоgrаmше of optical monitoring of AGN rvith the use of the SAO RAS facilities and
potentialities of the observatories "Sресtrum-Х-Gапrmа" a.nd "SpectTuIn-UV" to Ье launched
аrе сопsidегеd.
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1. 1, Historical rеmаrks

,)пе of the аuthоrs (N.Bochkarev) whо was lucky to
_а:I,,, оut а рrоgrаmmе of spectral monitoring of ас-
::-,,е galactic nuclei (AGN) had had an opportunity to
j:a.\, аt the SAO in August 1973, Ъеfоrе the first miг-
: : \l,as installed in the ВТА. At tlrat time he цаs
, эоst-gгаduаtе student of S. В. Pikel'ner and соп-
-:led B,ith purely theoretical рrоЫеms: calculated

:.-_: :esponse of interstellar gas to variations of the
,,.-:а..., radiatiorr flux which ionizes tlris gas. Fог а
.:- :: B,hile he lived together with S.В.Рikеl'пег in
]"_=:-chuk,.kaтa. апd then lived fог about а mопth
.:-,,.:.:tс iп thе ВТА dome, arid used fог calculation

а соmрutег _\,1222. One corild trardly beleive at that
time that tlre_.e computatiorrs would urrderlie а ВтА
о'оsегr,iпs рIоgга-mIпе of mапу уеаrs.

1.2. Theoretical foundation of the рrоgrаmmе

_{ctive galactic nrrclei are being strrdied now Ьу manv
геsеаrсhегs all over the world. The basic ргоЬlеm irr

t}ie studv of AGN has been the investigation irrto the
''сепtrаl engine", rvhicl,r is а source of very powerful
епеIg\,геlеаsе. Unfortunately, dirесt пrethods fail to
exanrine the struсi,urе of this machine. Energy release
оссuгs сhiеflу in the regions of formation of Ьгоаd
emission lines (BLR,). They аrе of the оrdеr of 1017 сm
ili size, пrоst of the епеrgу being liberated in the in-
пегmоst rеgiопs of BLR. But the size of BLR соr-
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responds to about 0.001 arcsec even fоr the пеагр.:
objects. The desired апgulаг геsоiutiоп сз,I1 рiе<с:.-.,,
Ье attained опl1, Ь;; the techniques of radioiil:.-:.:-
ometry, }rorvever in the majority of AG\ ii.: .:_-
tral engine" is surrоuпdеd Ьу а grea.t ап],- .:_- . :as
smearing the rаdiо image, Fоr this геа_-i_]. _._,, _:rdi-
rесt methods аrе applicable to the.:,_:,, : егrегg1,

геlеаsiпg regions in AGN. In ii,е _:..._:l.aie vicin-
ity of а supermassive black l.__-, :..:: _.ed to exist
at the centre of AGN. the :._.. :. :.-.aieci to а high
tеmреrаturе and enrits l:_ __= _._-:.,,, гапgе. The Х-
rау radiation from _\Ci), .. ,.,._:...эiе: гарid flаrеs (at
times of minutes r].-.,: ,,-_::. s=i,егаl-fоld fluх r,агii.-
ti,orrs are оЬsегl,е: Т:"= :._:-_ r-агiаtiоп in the flul_ _:

iorrizirig rаdlа.::_:. ].-: __i: ::, ап ionj,zation rтa,,,: _ _ --

ning across BLP. ._:_: ::.: fiiling fасtоrs of ga-. .::-..-
sion in sp+:::a_ ____.s :hапgе. Fоr an obse:,,.: -.: .:_-

finitr,, ::.. _._ :_: :_.s haгe the strape of а"_ --- - , _]

оf гоlа::_:_-:i.,.::_ а common focus iп ti-- :-, - - ._-
catio:_ : :._- _{-:ar,гadiation (Fig 1 _: . ,- .._ ЗLR
has .,. r-,.:-::_э.iiс motion: infall. е:,:,_ .--, . .:,:uiаг
l:l_'_ :. .: _,, ihen variations in р: ,- ,. : :] _ipec-
::_ .._.-s ,iependent on the 8t_::--, ",,.-,....:_ematics

_: .._. ::l BLR, as well as ] - -- .s. of rеiах-
.:.-:_,:igas following the l .-. _ : -,__j.:_-.п flux чаri-
.,::-,:s. must Ье оЬsегi- - .- ., .:_::еr that was
::_l. subject of the аЬ, - -- ,_ , -. . ::-,,estigation de-
sсгiЬеd Ьу Восhkаг-, ,-: -- : _ -.__:.- i975). In 1980
Восhkаrеv initia:-. , -... : - ._ ___delling of the rе-
sponse of profil:. ' - ] ., _ , :]._: jl.,rп lines produced in
media with i:i-,:-. _-" - :-:,,, a_rd kinematics of ga"
to the juln::-.: --,_- -,, -- : ::,е Х-гау flux frопi the
nucleus, Т:. - :- :urе is described iп ii..
"pionet:" - , - -: : ,,:.-.,: 1980). Despite the ,je,i,,.,

iп р;: .. , ., , , , - -_:.:::ative analysis (Boci.:а:er,
ani .:_..- :,- :_:_:okhin and Восhkагеl . 19зЗ:
Г:: - i .- _ :-,-..:nultaneorlslywiththefarrrous
|. -- _ - _' :: ,.ld l.{cKee (1982). iп rr-hich а

- ," . ::espread, папlе ц,д_. p:,-.;po*.ed to" , - : ;..-_-, sis of the BLR stгi]cil]:e ("echo, : . : _ - _ :lле rеsропsе of the 1lr]e ;]rgfi]g 19
j-. l],,:s оf the Х-rач flux fгсгr _{G\ (а

:.,,,егЬеrаtiоп rпаррiпg" has lete1.., Ьееп
:... !=:ersorr, 1993). Frоm these эчЬliсаtiопs, . ::edictions fclllorved: _\G\ lтith small

.:,,] *. , : :;.s and п)оdеrаtе frequencr, о: \-га1, flares
. :, _.5) fоr which one пrа1, ex-J..: r,аriаtiопs

- . - -,-.__sslon line profiles, аге the ::-,s: suitabie fог
--_:-, оf the struсturе and k::-=::_a::cs of BLR.

- - ;:_эiitudе of the rеsропsе z..'_ -' .- ;,,ai,elength
,,_..; 

_:_ lvhich profile variations :.."-_, ,-| expected iп-
:::-:. T,,ith growing interval оf :_::_= :-a:i.een tire Х-,: ..._:es апd the moment of obs=:-.,a:. _:_s up то 0.5-1
. :.::l (fоr tletails see BochkaT:.,, _lrr]" Нов,ечеr,
.-:. .агgеr intervals between o'ls-:,,,.::,:-s the resrilts
::1ined саrrу less informatic:

F

|r r" t.*tl.tэ.tз...
_,.Il
to
- -;,; 

".r'.,a,, i***
А t=? rlс

:.:,l:е |: Isoc|troпes oj the ечепt оссtш-ri,пg ,iп а, point
| !чrсе lоr the оЬsеrчег at ,iпfiпitу. At the to1l is showll,
.; Jumр of torl,izilzg radi,atioyl fiur frоm the сепtrаl
5оuтсе. Beloru аrе lirles (surtaces) trоm ulhich the sig-
паl of the ечепt thrl,t has осслlrrеd ,iп tke сепtrаl solrce
reaclles the оЬsеrt,еr at inJinity (shошri, at the ri,ght)
sim,ultапеоuslу.

2. AGN spectral monitoring рrо-
grаfi}mе

2.1. Beginning of the оЬеrчаtiопаI рrо-
gr:цlrmе

L:.;:_-:.;:."-, after the publicat,ion of quantitative рrе-
i:cl::,,:s. \. Восhkаrеv made attempts to oЫain оЬ-
s":i,:;ii,nal data. Тhе ВТд sсаппеr rvas the опlу fa-
,:.i:r, fог the desired observations in оur соuпtrу, - :

The б m Telescope Рrоgrаmmе Comriiittee heacled
Ь1, academician V" V" Sotrolev at that time suрроrtеd ' :

the рrороsаi for olэserration, With malry appIecia- j _'
tive thanks we go back irt оur thoughts to detailed : - -

- 
discussions of the рrоgrаIпfirе (proposed Ьу а young ',-:

thеоrist)withI.М.Kopy1ov,hеlporrtheworkof
O.LSpiridonova arid епgiпеегs of the SAO, whеп : :

N. G, Восhkаrеч саmе to the оЬsеrr,аtоrу fоr his first : .''
obserr,,ations in the spring of 1983. In the observations
of i\{аrсh and fuIay-June 1983 he obtained reliable es-
timates of Нg line рrоfilе variations in the nucleus - - -

of the Seyferi galaxy NGC4151 duгiпg two months :' ,

(Fig.3; I3ochkarev, 1984), which was of iшрогtапсе
at that tiпrе: Ьу that tirne, nrost of the similar varia-
tions had lэееп rесоrdеd only in sресtrа taken with ап : ]
imаgе trrbe, i.e. rvith а чеrу low signal-to-noiýe Tatio.
Yагiаtiопs оп time scales frоm 1 to 3 days wеrе lost
in tlre noises of measurements. 

_. :
After the ВlЪ ТV spectrum sсаппеr was updated :-

(the dynamical range rvas rvidened and the пumЬеr - :

of channeis dоuЫеd) tlre observations wеrе rеsumеd, :,:

and have sо fаr been continued siTrce the spring of
1986 (thanks to А" I. Shapovalova). : ,
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Figurе 2z Ещесtеd uariat,i,ons о! the еmissiоп pro-

ftе ol the broad соrпропепt of the hуd,rоgеп spectral
Цпе Нв after the 2-!old mоmепtаrу increase ,iп the
Х-ruу ft,ш frоrп the сепtrаl sошrсе fоr twо models oJ
BLR: i,пfа|,li,пg of gas lls,i,th acceleration i,п the di,sk
itop) апd uпi!оrrп spherical епрапsiоп af gas (bot-
tam) (Восkkаrеч апil Апtоkhiп, 1982; Дпtаkhi,п s,пd

Brc)lkorea, 1983). The пu,rпЬеrs Ьу the сurчеs ind,i,
ntc йе shпре of the profi,le at sеquепtiаl mоmепts of
fimс .r - ini,tial profi,le; 2 - 8 kours after the jumр о!
thc Х-rcу flu,r; 3, 4, 5 - 32 h,ошrs, 80 hашrs апd, 3?
fuуs ofter the jurпр, respect,iuely, whеп the em,i,ssion

wttle rcBches а пеu steady state,

2.2. Characteristics of the рrоgrа!тrfirе

The оЬsеrviлg рrоgrаmrпе hаs Ьееп саrriеd out (es-

pccially for the last few уеаrs) as а background pro-
tтilIrme. i.e. uпdеr the conditions unsuitable to ас-
mзрЬh thе rпаiп рrоgrаmmеs: gепеrаllу а seeing
по better than 3 aJcsec, cloud amount 30-80 реrсепt,
lýht sý (peTiod around full mооп). Uatill late 1994
tiш sресtгоgтарh SP-124 placed at Nаsmуth 1 focus
тiй the Т\- sсаппеr B,as еmрlоуеd. DuTing the last

Ir*1

1.8

tб

1,4

1.2

1.0

}-iguге 3z InteTl,sity uartat,ions oJ the short-wauelength
tзliп,g ol Нв i,ll, the period frоm дрril to Juпе 1,

1983, ulhi,ch сl)сl,е оЬsеrчеd, udth tke ВТД ТV sсаптlеr
(Bochkoreu, 198/1). The horizontal atis is the пurrtЬеr
r,,t sсоппеr с,hаппе!, the uertical aris is the radiaticln
,ill,tens,i,ty поrmаl,izеd to the cont,inltous sресtruпt. Н11

liпе (rigllt), НеII 4686 A"aeft).

two years (1995-1996) сlЬsеrчаtiопg with CCD detec-
tоrs ha,ve lэeen реrfоrпrеd.

Apart frошr t}re аuthогs of the героrt the folloч,ing
people tooi< pa,rt in carryirrg out the рrоgгаmmе:
post-graduate S. А. Zhekov (1987*1988), visitirrg
аstr<эпоmег L.S. j,Jazarova (1991), SAO rеsеаrсlrеrs
А" l\[. Rurеrrkоч, \'. \r. Vlasyirk. V. Р. Mikhailov,
I. Р. itostyuk arid otlrers. in the 1980s rпuсh attention
to tlre рrоgrаmmе t,as given Ьу V.A. Lipovetsky.
()r,er the last fеrг .",еаrs t}re рrogгаrпmе hаs closely
Ьееп attended br- \'. L. Afanasiev and S. N. Dodonov.

Among оthег mаjоr lorrg-terrrr В'ХА рrоgrаmп}еs)
t}ie рrоgrаmmс: of rnorritoring AGN looks less time-
сопsumirrg. Оr.ег tile decade 30 observing nights have
bt-lerr alloted fоr the ргоgrаmпrе (10-20 tirлes less than
fоr the оthег рrоgr,аrпшеs discussed at the confer-
епсе), irbout 250 }rоurs of observing time wеrе ас-
triallт used (inclLiciirrg tlre tiпre spent for pointing the
telescope) оr,ег 600 spectra of AGN have beerr taken
fЬr NGC ]l ji. \GC 3516, I'{GC 7469, 3с 390.3.

2.3. Development of the techniques

In \iаrсh and сагlу April of 198б 1В sресtrа were
taken iFig.1) of the NGC4151 nucieus in the rarrge
1000 to 4900А (u,ithout the lines [OIII]a959A and
;007_\. B-hich. Ьесаusе of their intensity, wеrе in the
поп-liIrеаг mode of scanner ореrаtiоп). Ноwечег, us-
ing the sсаппеr) it was imроssilэlе to obtain а signal-
to-nclise гаtiо Lretter than 10-25 in the continuunr
and iir the rvings of Ьrоаd emissiorr lines. This ratio
is insufficient fоr echo rпаррiпg, This is why spec-
tга averaged очеr several nights (3 uрреr spectra in
I'ig. а) оr очеr tire whole otlserving ruп (lоwеr spec-
trum in Fig, а) were aцalysed. In the latter case, the
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Figure 4: Дсt,iче galt,lctic пuсlеus spectra ol I{GC4151 obtairted, u:tth the ВТД betueeTl, Мurсh 13 апd.Дрril 11,

1986 апd поппаlizеd tcl the сопtiпuоus sресtru,m, (Boclbkareu, Slta,poualoua апd Zhe|;au, 199ga, 1991). Опthе
right аrе i,ndlcated the ordinal пumЬеrs of the sресtr,а апd the d,ates of obseruat,iorls" Тhrее sylectra aueraged

aaer 5-7 datgs аге shоап ot the top. Th,e spectra Ьеlош thеrп аrе the m,еilп аuеr all 1Е dates. The ulauelengtks

аrе corT,ected !оr the ДGN mоtiоп with rеsресt to the obsertler.

S/N геасhеd 50 Tvith losing infornation on varialэilit1,.

Iп 1986-1988, collection oi data, development of
the technique of mеаsuгеmепts and their redrtction
тчеrе саrriеd out. Iп observations of spectra} чаriаlэii-

ity of ext*nded sоцrсеs (such as gаlа-чiеs) it is easy
to obtain а seerrrirrg variabilitv 'But it is diffrcuit to

рrоче that it is associated rvitlr tlre truе variations
in AGN" Тliеrе wеrе phenoinena ivlrich lаtеr turrted

!14\*fi""*_.а-.91л*,,-.* l-fi

',J'f lгd*l,,Jопrц,*а,'ъfi| , , ',{'i!,
',,l'f'
qrЛ\ЛJ }ч*dfJtdrЛ-J"l"t,t'Ё ч
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SPECTRAL МОNI?ОRГNG ОF ДGN

Дрril 11,
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it is easy
ifficrrlt to
rагiаtiопs
ег turrted

out to 'Ье artifacts. The powerflri peak that appeared
at 4il08 А at the level of 8 standard deviations on
26,02.88 (Bochkarev et al., 1988) proved to Ье а speck
of light in the sрс:сtrоgrарh. When observing rlith
ditIerent seeing, differerrt amoi,tnts of light frоm the
bulge is ad<ied to the radiation frоm the nucieus. In
Fig.5 is shc,wn ttre sресЬrum of t}re NGC З516 rru-

cieus clbserved in 19В8 (rniddle iine), the sресtrum
соrгеsропdiпg to t}re lэulge ra,diation (lоwеr lirre) and
tire difference between thеm (uррег line). It is сlеаrlу
seen that the correction of otrservations for t}re radia-
tion frorTl the bulge, whose conirihution rеасhеs 70 %,

srгопgl,у changes thc shape of the tlroad сопIропепts
оf spectral lines (Восhkаrеч et ai., 1989Ь, 1990).

2.4. First results

Anaiy*sis of averagtэ sресtга aliowed tlre ltэng-terпr
(mcrrths--years) variahiiity of spectral fеаtuгеs to Ье
studied in detail. In 1984-1987 the irucleus of the
galaxy NGС 4151 passed acloss а deep miпiшum of
1ight, Fig.6 shorvs the rariations of the Ьrоаd cornp<l-

пепt of Н9 in 1986,1996 (Shapo.alova et а1., 1996),
Fгоm 1987 to 1995 the luminosity of the broad соm-
potteIit iricreased Ьу а factor of 8, Duriпg the decade
indicated, the Ыuе and red wings of Ваlтпеr lines чаr-
ied quasisimultaneously, arrd the iэitlе v.,ing геmаiпеd
stгcllrger than the rеd otre. The rviTrgs of the Ьгоаd
ccmponents of the line IIеII46ВбА чаriеd quasipcri-
odicaliy: еvеrу 2 уеагs; the doTninant wing of t}re line
L:hапgеd (Fig. 7; Bochkarev et al,, 1992; Bochkarev et
а1,. 1996). We also сопfirmеd the quasipeгiodic сhаr-
ac'r,er of чаriаtiопs fоr tlre ratios of the оьsеrчеd fluхеs
r-.f the bltre апd red wings of the Нв line iTr 3С 390"З
spectra. (Shapovalovaet а1., 1996). The detaiied erriis-
.iоп sресtrum obserrations of the NGC 4151 nucieus
duriпg the period 19В6-1988, when the object was in
а cieep minimum of Llrightness and thеrе were чеrу
:=ll, Ьrоа,d eпrission features, permitted us, using av-
.:aged high SiN spectra, to strspect the existerrce of
:-_jiow satellites of Ваlmеr lines (Fig.8; Bochkarev
;: :].. 1989а,, 1991). They rеsеmЬlе the ClV1549A
__:"= satellites L1 and L2 found with IUE (Ulrich et
,,- 1985; Clavel et al., 1987), An analysis of data
-:_ ::lе sate}lites of hydrogen lines and CI\r in the
::.-:ei of opposite jets rrrade it роssiЬirэ to estirnate
::-. :llass of the NGC4151 nucleus (100,300 rnil]ion
-._-ат mаssез) and the velocit1,of the jets in the ге-

.l,Ti rгhеге they рrоduсе hydrogen iines (8-24 thou-
larc1 km_/s, depending on the angle of irrclination ol
:::: lets to the оЬsеrr.еr). Lаtег the NGC.1151 пu-
.-,:s сhаrrgеd to the state of high luпliпоsitlr, п,hiсh

_::_,эеilеd obseгvation of the faint satellites against tlre
::.i,l Ьасkgгоuпd of the nucleus radiation. Тhеiг fuг-

::.. sl_lСr,tuгпеd or-lt to Ье impossible.
Т:-." sресlга of AG}i taken with the ВТА scan-

:--: :___ 
,, -.; ,_ls to сiеtеrпriпе оr rеfiпе the раrаmеtегS

4080 4280 4480 о 4680 4880 5080
},, А

Figurе 5: Тhе NGС 3516 sресtrum aueraged очеr the
ВТд оЬsеrчаtiопs ,i.п 1988 i,s shоwп iп the midd,le.
The sресtrum of ап ellipti,cal galary, соrrеsропdiпg
sup,posedl,y to the radiation ot the NGC 3516 bu,lge, ts
the lоwеr опе. The u,рреr sресtrum is the sресtrurп of
th,e AGN correc:ted, tоr th,e bulge radiatian (Bclchkarell
et al., 1989Ь, 1990).
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Figuге 6: Аппuаl ачеrаgе Нр line рrоfilеs iп the spec-
trurrl of the- NGC|151 пuсlеus |оr the уеаrs 1986 to
1996 (Shapoualoua et al., 1996).

of паггоw emission lines (Bochkarev et al., 1989а,Ь,
1990.1991).

2.5. Тhеогеtiсаl rеsеаrсh

Тhе чlогk was not confined опlу to acquisition, rе-
duction, рrimаrу interpretation of observations and
сопstгuсtiоп of simpie models. In ascertainirrg phys-
ical conditions in the regions of formation of spec-
trаl lines theoretical calculations wеrе involved as
rvel}. Frоrп the joint solution of equations of radia-
tion transfer in spectral lines of hуdrоgеп and НеII
(Восhkаrеч imd Nazarova, 1991; Восhkаrеч et al.,

ш-шI.1988 
tоIIц

NGc 43з9
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Figure 7: Profile оаriаtiопs ol the broad соmропепt
af НеII J686 А irl the sресtrum ot the NGС /+15i пu,
cleus (Восhkаrеч et al., 1996). .Aboue the sресtrа аrе
,indi,cated, the time ,interual, ouer шhiсh tke sр,есtrа аrе
ааеrаgеd, Iп 1986 апd 1990 the red, шiпg of the liпе
шаs strопqеr thап ihe Ьluе опе, iп 1988 the аsуrп,

metry о| the рrоfilе uаs opposi,te. Iп, 1987, 1989 апd
1991 the аsуmтпеtrg uаs mirt,tlr.

1992) в,е have еstаtэiishеd probabrle physicai condi-
tions in the геgiопs rчhеrе НеII lines and hydrogen
lines of the Ll,man sегiеs fоrm: сопсепtrаtiоп of еlес-

trопs (10i1 - 10'2)сm-3 and temperature (2С000

30000)К. The Ваimег lines fоrm predominantly in
соо}еr regions of gas together vrith other lirres of singly
charged ions of iоп, ionlzation potentials (FеII and
оthегs),

2.6. Iпtегпаtiопаl cooperatiorr

It is obvious thai опе fails to obtain iong; series of
close dense оЬsегr,аtiопs neecied fоr есhо mapping of
AGN тiith the ВТ_\. Besides. it is extremely d,esir-

able to obtain not onlv spectral but also photometric
obserTations in both the optical and the ultra.riolet
ranges (Восhkагеr,, 1987а.Ь). Fог this геаsоп, tэеgirг

ning Trith IAU Sl,mposium 121 held at the Вуurаkап
ОЬsегчаtогу пе had гереаtеdl1, attempted to аrоusе
interest of оur tогеigп coileagues in оur ргоgrаmпiе.

}"c(+isl l
l.Jcll] lliг lt,f;fi",il

SiI нБ

-. Ht
'-]il

fl il
у 1;

]|
Y

з960 4080 4 1 80 4280

Wavetength (.&)

Figurе Е: The I{GC /,,151 sу;есtrurп пuеrаgеri очеr,

1987, ukeTl, tl,,e inteп,si,ty of Ьrааd, соwz,ропепts of sрес-
tral l,iпеs wаs mirti,,!,п,l,жп (tsосLьkаrеч et al,, 1ý89а,
1ý91), Id,e,пttf.cation о! п,аrrош spectra!, l,ines ап,d tke
ylBsi,t,ioп ot suрроsеd!у о|зsеr,чеri wJ;rrаu satellites ol
Ваl,п,еr liпеs ulith, rad;ial, ueloc,iti,es ef -7бааhrпls
(mark;ed "-") апd +9]00km/s (mс,r|sеd "*").

Sеr..еrе1 -.-еаrs lаtеr оuг atteпl;rts \,чеrе ci,oи,,:red ц,ith
success. Hoв,eveT. iilе iincieгder,elopect telecomtnшrii-
catlon faciiities in оuг co,Lintг\,. as rтell as оthег difffr-

сriitiез of corrtact ,,i-ith the colIeagues abroad of that
time. leci to the fact ihat rеsеаrсhеrs from the usA
anci Еuгоре look the iead iц thе inteпratiorrai pro-
gгаmmеs of monitori.rrg ,dGN. Frоrп the че:rзz begirr-
ning we have been taking active part in tlrenr.

Ап extensive internationatr со-орегаtiоп caitred

"AGj\- Watch" was initiated in DесеmЬеr. 1988 апсi
involved about 100 peopie frоm аррrохirпаtеiу 50 еs-

tablishrлents of dozens of states.
Coordination о{ the co-operation was taken on lэу

В. Peterson frоm the USA. Араrr frош а пumЬеr of
oprical te}escopes distri'nu",ed очеr the giobe, which
аrе used to регfоrm ptrotoriretric alid spectral оЬsеr-
vations, it rves managed tc огgапizе denBe series of
measurements on the ultгаl,iоiеt teiescope iuE and
Eubble Space Telescope, Тhе пuсiез-ts of the Seyfert
gaiaxv NGC 55+8 rr.as сhоsеп to Ье the first object to
оiэsегче. Later ttie рrоgrаmmе wаs extended to сthеr
AGN.

Fоur-уеаr seqtiences of "A.GN \Vatch" observa-
tions in the optical anC ultrаviоlеt ranges allolмeri
dense sеrlеs of observatiotls to tre obtained iп spec-
trаl liпеs and in the corrtinuurn fоr the fiгst tirrie
(}-ig"9 Peterson et ai., 1994) anci the rnost reiiaLrie
daia оп the lag oi the intensity чагiаiiопs of Ьrоаd
ernission lines with respect to T,he variations irr the
continirurn to lэе extracted (Fig, trCl Реtеrsоп et aI.,

i994). The first attempt to оЬsеrте suсh а lag. t, and
thus dеfiше the size of thre геgiоп where tlroad emis-
sion lines fоrrп, R: ct. whеrе с is ttre veiocity of light,
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Гigurе 9: lпiепsi;tу uaTiations of the r:опt,iпuоus spec-
tru,rп аrаuпd, 5100 А апd Нв ti,пе of the п,асIеus ot
the Seyfert galary NGC 55/|8 Ьеtшееп DесеmЬеr 1986
апd Sерtетп,Ьеr 199S (Реtеrsоп, et al., 199|,

-0.5
-100 -50 0 50 l00

Lag (days)

: lgurе |0z Th,e сrо$ý-сатrеlаtiоп |uл,tсti,оп о! the i,п-

:.пsitу uаr,iаtiопs о! the сопt,iп,uоъs spectl"uпt, апd, Нр

"lile presentetl i,п Fi1. 9. The Нр liпе irtteTls,ity чаriа-
:tапs delay сап Ье sееп ul,ith Tespect to the сопt,iпuum
Ьу аррrоrirпаtеIу 20 days, alticlt роiпts оut that the

si;,e of the Нв broad, li,пе rеgi,оп i,п, NGС 55/18 ds about
|а light days,

;,,а: inade Ь}, Cherepashchuk arrd Lyuty (1973l. The
.\G\ \\:atc}l" prоgralrrme investigations (Реtегsоп

.: al.. 1991. 1994; Dietrich et al", 1993; Когistа et а}.,

_!9ji rчere succesflil in deriving R not only fог the
..- .1.с]gеп liпе Н9 but also for thе lines of higlriy ion-
_:.- llIls rCI\I 1549Д,1. ТЬе highly charged iorrs в,еrе

:-,j_::lled to emit pгedominantly сlоsег to the source
: - :_.::l,g гadiatiorr thап hydrogen, the sizes of the

:].-_j.:.:_i ::girэпs beiilg different Sечеrа1 tiпres.

Figuге 1|: Д соmраrisоп of the uпrеduсеd i,ndiuidltal
spectTum of the NGCJ151 пuсlеus d,eriued i,п 1991
u:i,th the ВТА TV sсаппеr апd hllo spectr,о, of the
sапl,е object acquired i,п 1996 with а CCD detector.
The sisпul-tо-по,isе rati,os аrе sееп to Ье greatly d,if-

tеrепt.

The study of the region emitting Ьrоаd eпrission
Iines of FеII (Maoz et al., 1993) wаs also а success"

Тhе new generation detectors and spectrai equip-
rпепt of the бm telescope, have Ьесопlе accessible
during the last two уеаrs (1995-1996), and tlre tech-
niqrres t'оr reduction of huge аrrауs of spectral data
deveioped at the SAO (Ylasyuk. 1993) improved rаdi
cally the qualitv and variety of AGN monitoring data
crbtained at the observatory.

CCD detectors used fоr spectrum recording in-
stead of the Т\' sсаI}пег have increased the signal-
to-rroise ratio fгоm 10-20 to 50-100 (Fig.11). The
multipupil fielcl sресtгоgгарh I\{PFS (Afanasiev et al,,
1990) has made ir possibie to measure spectra of mat-
tеr surrоuпdiпg _4.GN: stellar bulge and extended паr*
rоw elttission line fогmаtiоп regiorrs (Fig. 12),

3. Principal rеsuits
The pTincipal гesults о]эtаirrеd очеr the decade (1986-
1996) аrе as follows.

1. Тhе size of BLR is twice as small as supposed
previously (the vtliulne <rf ВLR turrred out to Ье ап
огdег of TTragnitude srnaller thalr it had Ьееп deamed
еагliег).

2. А BLR is stratified: the CIV and НеII ion lines
аrе produced in а sпlаllеr volume than the h},drogen
Balrner lines.

3. The behaviour of broad FеII lines is арргох!
mately the same as that of the line Нв and they form
approximately in the same region of space.

4. Тhе rariations in blue and rеd wings of Ьrоаd
emissicln lines аrе practically simultaneous, which im-
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Figure 12: The sресtrum ot the central trlart of the

Siyfert rad"io gаlащ 3С 390.3 tаkеп at the ВТД uith

MPPS оп, Мау 30, 1gg5 (Shapoualoua et al,, 1996),

Each sцL,аrе colttai,ns the spectrll,пl ot а part of the

gаlаrу 1,2 х 1.2 arcsec ,iп size. Веlоu аrе shоwп the
'irорЬЪt", 

о! the пuсlеаr rеg,iоп iп the сопtiпuum (а)

апd, spectral lines Нз ф) апd [OПI] (с) deri,ued, frотп

the sресtru,m.

plies that сiгсulа,г, but not radiai rnotions (oirifloп, оr

infall of gas) аrе predominant in the BLR,
5. Nагrоrт satellites of the ВаIцrеr iines have Ьееп

suspected to exist in the пuсlеus of NGC 4151, which

p.ouid", iпfогmаtiоп оп the rеgiоп of formation of the

jets.

6. Nerl, data on the regions of formation of паr-

row emission lines have Ьееп obtained: rvidths апd

radial velociti, shifts of опе lines with respect to oth-

ers hаче been estimated (NGC4i51,3516); an iпtег-

mediate (iп width) component of the [опц 5007 А
emission line п,itlr а r"elocity- dispersion of 2000km/s

has been reveaied and the sizes of the rеgiопs of for-

mation оf раrtiсulаr паrго1\, emission lines (3с 390,3)

have Ьееп fourld.

4. Prospects

The renaissance of the ВТА light detectors and plac-

ing in service of well-fitted miпог telescopes оп the

BiA site is an iпrpetus to fuтthеr developпient of

the AGN monitoring рrоgrаmmе at the SAO, CCD
spectra witlr а S/N of 100 епаЬlе the variations of

the broad emission line рrоfiIеs, which have been рrе-

dicted Ьу the computations of Восhkаrеч and Ап-
tokhin (19В2), Antokhin and Bochkarev (1983), to Ье

rпеаsurеd at а level of,2 5%. Two-dimensioTral (long

siit) and three-dimensional (MPFS) spectroscopy
permits rt-Iiable reduction of spectra, separating the

radiation of the АGN itself frоm the contribution of
the bulge and gas surrоuпdiпg the nucleus. It has Ье-

соmе possible поw to соrrесt sресtrа for ttre bulge

radiation of t}re host galax1,, without irrvolving ап-

other galax1, having supposedl1, а similar sресtrum of
the bulge, check of the аdmiхturе of the radiation of
gas surrоuпdiпg the AGN rпаkеs it possible to keep

orrt the seeming рrоfilе variations of broad emission

lines caused Ьу, the чагiаtiоп of the contribution of

the AGN епчirопmепt to its sресtrum with varying

seeing.
T'he еmрlоl,mеп'u of the miпоr telescopes with

ccD detectors located beside the б m telescope makes

it possible to trапsiы раrt of the observations to
the 1 m teiescope. which can increase the frequency
of spectral observations and make it аррrоасh the

idea} condition of 2 3-dal,s'acquisition, and to otrtain

broad-band рhоtопiеtriс observations of AGN qua-

sisimultaneous rтitir SресtгоSсору (60сm telescilpe),
i.e. to make пеаSuгепlепts not опlJ, in sресtгаi lines

but also in the continuun-r. rvhich is песеssаrу to at-

tain r}re airn of the .\G\ mопitогiпg ргоgгаmmе,
\1огеоl,еr. t}re hoпrogeneous series of observations
r,,.ith the del,ices of the same kind permit the еrrоrs

inevitabl"v арреагiпg becarrse of intercalibration of da-

ta obtained оп mапу telescopes with various devices

uпdеr ехtrеmеlу different observing c:onditions to Ье

avoided.
N{ultifrequency rасiiо observatioris of AGN with

large enough radio fluxes (fог instance, 3с390,3,
NGc 4151) with the RATAN-600 correlated with ор-

tical оьsегчаtiопs сап make it possible to oыain data

оп the lag ofradio radiation variations at differerrt fre-

quencies with respect to optical continuum and spec-

trаI line variations and prol,ide пеw mаtеriаl on the

structure of the сепtrаl rеgiопs of AGN,
Besides. fог ассumulаtiоп of photometry data it

is ргеsumеd to involve observations obtained at оthеr

оьъеrчаtогiеs of the thmеr ussR. Fоr theoretical

соmрrеhепsiоп of геsults, we conternplate to usе the

algorithms of пumеriсаI modelling of gas radiation

under the conditions chaгacteristic of AGN, which аrе

well cleveloped Ьу the wоrld community,

5. Next steps

As lclng-range perspec:tive, опе should mention Ыi1,-

liant prospects of developmerrt of the morritoring рrо-

grа,mmе in connection with the lalrnch of space оьsеr-

iatories "Spectrum -- X-rays -*- Gаmmа" in the late

1990s and then "Spectrum - Uv" " А co-<iperation

witlr Х-rау observation will оffеr strong possibilities
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.ll cbtainirrg direct data orr the ionizing flux чагiа.
:,ons irhich cause the spectral lirle ;lrofile variations.
Co-operative (**ith "IJper:trurn - 1]V") observations
::,ai, rтiden the sсоtrlе fr:r acquisition о{ dara trrr the
:,a,-]iatlorr variations of bright AGN iп tlre rrltra,,,ioiet
:ange,

'l'o rrrake the grгlr:пd-sрасе AGN mcnitclririg
,:ighly efficient, it is ,зееdеd to attain а highiэr ievei
,: coordinati,on of otservational рrоgгаmmеs cf thе

,- :ll telescope arrd sрасе-Ьогтlе obserlцtоries tiran it
, as possitile in the UýSR. Нrлwечеr thcr }a,rtnclr oi the
.:есе instrumenis should Ье rnet in "full possessic}tl

: аrrпs", i.e, first of ali, the technique of сопiрlех ор-
-lcal ohservaLions rnust Ье perfected, takirrg itrto ас-
,.ount t}ifl aboye-mentioireci пtlrt ptlssibilities аlrеаd;ч
а,,ai]able.

6. Сошсiтзsiопs

So, the present-tiay аstrорhзzsiсs is on tlre t}rresirold
,i пеw vast prospect in solvirrg of one c:f the rrra.jr-lr
,.,гоЬiеms , - rеr,еаliпg the struсturе <lf tlre "сеIltгаl еrг
:ine" of active galactir_l rruciei Ьу t}re tесhпiquе of соrп,
эiе-,t rnonitoring of tiieiг radiatiott in ciiffererrt sресtrаl
;aliges. T}re uniqrie sititaiion of the nt:arest decade
iа,.,оurs а great contributiolr to }-le rпаdе to the sоlu-
tiоп of the рrоЬlеm on the раrt of R-ussia. The nrost
:i:lportant. role in itg soir_l,tion is to Lre piayed iэl, the
S_\o.

Our duty is to rea]ize to t}ie highest degrec: the
:,or,el possi}эilities to obtain пеw resttlts.
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Рrоgr,аmmе CorTrmittee for support of the оЬsегчаtiопа1
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