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ДЬstrасt. А study of rotation of spiral galaxies, Tvhich was carried out in the last decade, has
led to а conclusion that their rotation сurчеs usually have а complex shape and rаrеlу contain
а long "plateau". А possibie physicaX паturе of locai mахimа оп, the rotation сurчеs is Ьriеflу
discrrssed.

Кеу Trords: galaxies: spiral - galaxies: fundamental раrаmеtеrs - galaxies: rotation

А gradual change-over frorn соrпраrisоп of galax-
ies Ьу morphological рrореrtiеs оr integral раrаmеtеrs
to соmраrisоп of the distribution of different рhуsiсаI
quantities inside galaxies is uпdеr \л/ау now. Tt hаs Lre-

come арраrепt, fоr instance, that mапу рrореrtiеs of
spiral galaxies, such as рrороrtiоп offlat aTrd spherical
components, star formation rates, gas conterrt, exci-
tation and maintenance of the wave spiral pattern аrе
related to rаdiаJ distгibution of rotational velocity of
the cool сошропепt (gas, уоuпg stars).

The first extended rotational curves derived in the
1960s-1970s fтоm both radio observations and opti-
cal lines wеrе not highly rеliаlэiе. Observations in the
rаdiо line EI were of 1оrr апgulаr resoiution, which
resulted in the fact that the rotational velocity gTadi-

ents iп the iппеr regions turned out to Ье largely un-
derestimated, and the details of the rotational curves

"Ьlurrеd". On the other hand, optical observations
used to Ье restricted to the uprising part of the rоtа-
tional cuTves Trithin several kiloparsecs frоm the сеп-

tre a,rrd dеtегmiпеd qrith rather large еrrоrs. It fol-
IoTred frош gепеrаl assumptions that the rotational
сurче must gradually fa]I off at the outskirts of galax-
ies in ассогdапсе ъ,ith thе observed brightness distri-
bution in the stellaг disk. Ву irопу of fate, such а
drop was indeed found iu пеаrЬу galaxies having, as

it seemed, the most rеliаЫе gas velocity estimates: in
М31 (RubiB, Fоrd, 1971), in NGC300 (Shobbrook,
Robinson, 1967) and N{81 (Rots, Shane, Х975). Шorv-

ечеr it appeared lаtеr that the М31 rotational сurче
чrаs considerably "smооthег" than it had tleen sug-
gested Ьу Rubin апd Fогd (1971) and пеаrIу flat at
the реriрhеrу (see Tenjes et al. (199а) and rеfеrепсеs
therein). In NGC 300 the rotational l,elocity gradient
disappeared аftеr takiвg ассоuлt of the disk inclina-
tion angle variation in the оutеr regions of the galaxy
(Rougstad, 1979).It is only irr М81 that the rotational
velocity is likely to decrease йth гаdius.

Later on. both rаdiо апi clptical observations us-
iпg ima,ge tLibes sho,.r,ecl that, the rotation curves look,
-with а fеrч exc:cpiions. rаthег alike: t,hey corne ra,pidly
оп the plateau and at lагsе R t}re rcli.a,tion velocity
r],tэes rlct mагkеd,li, tett11 to decrease. This is а conrrinc-
iпg -uoint foг t}rt e:tlsTetLce of dаrk inatteг in gala,x-
ies, Тпе гоtiliiс,па, -,,eitlcitl, c,f galax_ies аr,егаgеd itr
az;rtliit.h al,1i st1,onci.,, snclotirecl along the гаdius is
п...1i jlrtcd Ь.,. tht qua";isoiid-llodr, рагt of the curve
iп thc iппеr геgiопs and Ь1, а iong sпrооth piateau.
Holi-eleг, the mоrе ассuгаtеlу the mеаsurеmепts wеrе

регfоlпес1. the mоrе obvious it Ьесагпе t}iat sucli itn
аррrохimаtiоп wa,s tentative, In sоmе gaiaxles indi-
.,,iduai cetails oIi the rotational curves renderirig thеir
shаре not зо "standard" wеrе reliairly revealed, Lo-
cal ехtrеrпа or wave-like veiocity variations vrith an
empliiude of 10-20% of the mеап value аrе generally
оlэsеrr,еd (see e.g, Rubin et а1,, 1985). Тhе nature of
these deiails пiау lre different: ihe local decrease оr
increase in the l,,e]ocity of гоtаtiоп either rерrеsепt
the сhаrасtеr of rагiаtiоп c}f the pоtential irr the disk
plane. that is, they аrе associated rvith the mа,ss dis-
tribution pecilliarities, or point out to non-circular
nloticlns irr the local геgiопs of the disk. The lаttеr is
of раrtiсulаr inteгest since it allows to investigate the
пrесhапisms of gas motion реrturЬаtiоп. The depar-
iurеs frоm circular пrotions iп galaxies (in the alrsence
of а i.lar) mау Ье due to both the rеgulаr disturlrance
of thе veiocity field in spiral аrrпs and ,t he existence
of intense stаr foгn:ration, ,wlrеrе the ресuliаг veloc-
ities of gas аге affecteci tr1, the iпfluепсе of massive
stars. Irr tlre сirсumпuсIеаr regions thе riuc]ear activ-
ity mаi. also lэe effective. At lasi. t}iere is on,e mоrе
геаsоп, whiclr is unfortunatei;; badly urrderstood Ьut
rvorth rnentiorring: асстсэtiоп of gas clouds and their
interactiotr with the rпаiп gaseous lауеr of а galaxy.

Fоr velocities of gas to Ье studied in mоrе de-

taii, high spatiai and spectrai resolution obserlations
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аrе rreeded. }jote that although the radio observations
provide the most reliable estimates of gas rotation ve-
locity at the реriрhеrу of the optical disk and beyclrrrl
it, their anguiar resoiution is insufficient (with the ех-
ceptiorl of the closest galaKies) to dеtеrmiпе tire iocal
peculiaгities of gas mоtiоп. This is rvhy, the ехаmiпа-
tion of поп-сirсulаг motions on scales of severai kilo-
parsecs in пrоst cases requires optical measurements.

Unfortunatel1,, most rotational сurчеs mеаsurесl
Ьу ihe preýent tirne have Ьееп dеriчеtl frош опе оr
several spectrai cuts, wlrich is арраrепt to Ье insuf-
ficient fог detaiied study of gаý пlotion in the disk.
The shapes of the rotation сurчеs for the sаmе galaxy
derived Ьу different rеsеаrсhеrs frопr spectral сrоss-
sections аrе often drarnatica,lly di{Ierent frotn опе arr-

оthеr. At best, alraiysis of the total gas velocity field
and rпоrе саrr:ful deterrTrinatiori of such parameters as

t}re angle of inclination of the disk to t}re line of sigtrt

attd tlre orierrtatiotr of the galaxy dynarTrical axis аrе
needed. А special рrоЬiеrп is presented Ьy шеаsurе-
ments of gas velocities in the central regions of galax-
ies (1,2 kpc frorn the сепtrе), whеrе the errrission lines
аrе ofterr weak, while tti,e stellar contirruous spectrum
is the brightest, which rеquirез а linear detecior arrci а
particularl.y high spectral arrd spatial resolution. This
is why the detailed stшdy of gas rotaticп,i is а task to
Ье регfоrmеd with laI,ge telescopes.

Orr putting the бпr telescope into operation, one

of thе lопg-tеrm observatiorral рrоgrаmlпеs was а
loini (SAO-SAI) рrоgrаmmе of irrl,estigatlon of kiirt>
rnatics of clclse interacting system carried out urrder
the supelvisi<ln trf В. А" Vorontsov-Vei'yatrrino,n,. At
that time, analysis of the shapes clf rotational curves
was naturally cltrt of question, fоr tlre radial velocity
estinlates wеrе not quite accura,te and in mапу cases

orrly the radia} velocity gradient alorrg the slit and
the extent of the "solid-body" rotating region could
Ье deterrrrined rеliаIэlу. N4iоrеоr,еr, drastic поп-сirсulаг
motions wеrе present in а пumЬеr of objects. Nечеr-
theless. using the radial velociti,es cibtained fог rnany
objects for the first tiше, it was пranaged rrot опlу to
estimate the distances and iTrtegral lrrminosities, but
also to give а rough value of mass of many interacting
galaxies, to see that thеrе is no clear evidence oi iп-
stability of the systems, as well as to show that quite
а few clclse systems, q,hiсh had Ьееп considered as

interacting p;alaxies, represented galaxies of 1оrч lu-
rninosity with two оr mоrе porverful сепtrеs of stаг
formation (see Arkhipova et а1., 1987).

Аftеr а certain break, а lопg-tеrm рrоgrаmmе was

:esumed at the SAO to study rotational сurчеs of the
iпrlеr regiorrs of поrmаl (i.e, non-interacting and поп-
Se_vfert) gaiaxies with ап оrdеrеС sрirаl struсturе,
:sing the long-slit spectrograptr UAGS. Tlre spec-
:iа wеrе firsL rесоrdеd оп photographic filrn (through
aTr ima,ge tube), then with the aid of the ТV sys-
:,:lt]. l,,,hen tlre teclrnique of digital detection v,ras

рrореriу developed. The first рарег of this series ар,

реаrеd in 1987 (Zasov, Sil'cherrko, 1987), ihe last
one (A.fanasiev et а1.. 1992) in ]992. The galaxies,
which rчеrе the most attractive fоr stirciyirrg roiational
сurчеs) rvere observed with several orieцtatiorrs of the
slit, whic}r enabled to obtain reliable tneasureпrents clf

the azirrruth averaged rotationa1 сurчеs. Тhе оЬsеrча-
tional рrоgrашlпе was lа,rgеli, stirnula,ted Ьу thet-lret-
ical prediction.s of the existence of regions with r;ii_liti

variatiorr of thc gas аrrguiаг velocity, оr lociri rninima
on the rotation cilrves. Sшсh kinematic peculiarities
of the gaseous disk mау ile responsible for the deve]-
opment of hуdrосiупаrпiса] iristabilitic:s resulting irr

tlre а,рреатапсе clf long-lived spirals (see discussiorr of
the point in itie гечЬrч of Fl,idmаrr, 1990). Тhе first
obserr,atiorrs gave ground to belieтe that the galax-
ies witlr snrooth rotiitiolial curve.q аrе rather an (jx-

cepticlrr than а ruiе. },fcasurernerrt,s oftE:n геr,саl tircl

existertce of 1оса1 velocity пiiltirna, at distatrces of Гt.5 ,

3kpc frогr the centre (tbr оuг Gаiаху- апd the Ап-
drоrпеdа, netiula these frэatrtres ilat,e beerr lveil kirorvn
Ьеfсlге). In lrrany cases tl,reir explanation is quite triv-
iai: as it has Ьееп shoи,rr Ьу Zasov апd Zotor, (1989). if
опе i;roccreds frorn the clisl,ributior's of rnass irl bul,g;cls

arrd disks of "typical" spiral galaxies, the iocal min-
irтia trray tirerr Ье expected irr а consicle;:abie pal,t of
galaxies lrr the regicln of tгапsitiоп betrveen t}re irг
пеr zone of а galax1,, rчhеге the rоtаtiопаi veloc:il,y is;

defirred Ьу the bulge, arrtl tlte оrrtег zorre, whеrе thr;

disk rlornirrates. The rrrtlsl intгiguing discovery- r,r,;rs

|he detecti,on of ttre local сiгсuпrrrur:lеаr tnilxiTtra. cll'

tlre rc,ltationa] сurr,е insicle t}re bulges а1, а {:}iarac-

teгistic distaTrce of 0.3 1kpc frorn thе nrtcleus. Il rr,as

showtr that iп пralrv (Ьuт, obviousl1, not irr all) galaxies
thеrе exist dyrrat-rricallv isolated nuclei with а t;,pical
mаss of аЬоut 109 sоlаг rnasses, which аrе responsilэie
for а high апgulаr l,elocitl, of rotatiorr. Дп ехаmрlе
is the пuсlеаг region of NGC 7331 fог iд,hiclr it has
been fbr_rrrd fгоrп ВтА observations that the fast rо-
ta,tion еrпЬrасеs а rеgiоп Ьу an оrdеr of пragnitude
smаllеr than the size of the buige (Afanasiev et а,1.,

1989). Later оп, Sil'chenko (1993) has shown that ir

'juTnp" in ihe coiour indices, pointing out to an en-
hanced аЬuпdапсе of hеачу elements of stellar рор-
ulation rvithin thе nucleus, is characteristic of such
high апgulаr l,elocity nuclei. Thus it is rtcli оп11, in
kinematics, bui also irr chernical evolutiori tlrat thеsе
dense nuclei rерrеsепt decoupled systems.

Апоthеr inrportant inference, w}rich tras so far not
been duly attended to, is that the distribution of
mass in the buige of ga}axies (поt to Ье confused
with а nucleus) is inconsistent with \Ъuсоulеur's
]arv describing its photornetric рrоfilе. Wit}r the iп,
creasing of distance frоtп the сепtrе the volurne den-
sity decreases slower tharr the чоluпrе lumirrosity-,
which suggests that t}re mass-to-luminosiiy ratio of
the bulge increases outwarcls (preiiminary resrrlts ар-
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peat,eil iп t,he рареr ty ZaBov and Sil'chenko (1993);
lаtеr rve *}эtа,rпеd а similar rеsult fiorn оЬ,зегvаtiопз
of NGС 721i'.

Owirtg to tht: developinent of novei tec}rniques
(CCD dеt,есtогs, rnultiptipi} sресtrоgrар}r, scatlring
FаЬrу*}trеrоt iпtеrf'егоrпеtеr) апгl the eiabrlraiiolr of
packages of progl,anrlвes fсr daia reduciiolr at 1,trle

SAO RA"S (i,aborator;z fог Sресtrоsсоlэу a,nd Рtiоtlэrrг
еtrу of Extra.qala,ctic Otiects), а possibiiii,y sрrапg L[p

of stucil,ing ttre gas veiocity fiе]r] in mоrе detaii lvith
the ВТА. t}.rеr the ]ast few уеагs twcгditnensiona,i ve-
locity fie}tis }rave beetl studied for а пuпrЬег cf sрirаtr
gаlахiеs, Gaiaxies rTithin а few hundred parsecs frоrп
tire сепtге have Ьееп соirfirшеd to rotate faster thац
it could Ье expected frorn extraptrlatic.rr to the сепtrе
cf rhе rotational сurче at laTge radii. Another соrr-
clusion is tha.'l irr approximately half of the cases the
dynanricai axis at а distance of а few агсsесопds (huп,-

dreds of parsecs) frоm th,e centre deflects frоm the
irrajoг axis of the gaiaxy eiliptical isophctes arici/aT
frorrr thе dl,narirical mаjоr axis (iine of nodes) of t}ie
disk rotating sometimes up to tens of dеgrееs (Zasor,,
Sil'chenko. 1995).

The first inferettce сопfiгms the existencc of dense
nuclei, iл,hегеаs tire secoird опе points to the deviation,
frоm the a:lial s1 mmеirу in the gravitaticrn potentiai
disiribuiion, rlhich rlrау Ье drie io thc: trrresence оГ а
cetltral miпiЬаг of 0.2-1kpc irr sizc inside the gaiac-
tic bulge, Such sma.ll stгuсturаl еlеmепts аrе not de-
tесtаlэlе сlп рhоtсgгарhiс images arrd thеrеfоrе thеге
is iittle krrorl-iedge a'bor:t thеm. Since in the innci iе-
gions of galaxles tlie potential is basic;ll1i, defined br-

ihe sililегiсаi (iппег раrt of the bulge, steliar nricieus;
but irot the ,jisk соmропепt, the inechanism fоrmiLg
the Ьаг сап nct Ье the "ciassical" bar-tnode, deveiop-
irrg in the dvrramically соо1 disk. Sоmе оthег mасhiпе
fогmiпg the eiongated stгuсturе, rvtrich is connected
with рrесеssiоп апd joining of eiongated stаr orbits
in the dvnamicalli, "hot" cotnponent of the galaxy
is likei,,- to Ье орегаtiче hеrе (see Роi;rасhепkо апd
Pol1,acheTiko ].99-1. aI-rd rеfеrепсеs tlrerein). Fоr sоmе
galaxies. though. опе cannot exclude arr alternative
explanation of the dтnamical axis deflection: it mау
Ье expecTed if the gas fоrms а сirсumпuсlеаr disk
whose рiапе is diffегепt frоm t}iat, of the nrairr disk
of the gala,t.-.

А fe.,l,\,ea:s аgо thе possihilit5r of tlsing the
scannirrg Га'lэr,r-Реrоt iпtегfеi,оmеtеr aiiowed апоthег
рrоЬlеrп to Ье de{ined: nakirrg analysis Ь1, the 3О
SpectrosCop\. techniques of tht sYsreTrratic departures
of velocities of gas пlоtiопs fiom сirсulаr ones. соп-
пected. first оf ali, п,itil the spiral аrг.rs (the wоrk
ivas dcne in cc;llabtlration п,ith the Institute of As-
trоllоml, of R{S and the }Iarseile оЬsегчаtоirе). То
ассогпрIish 'г}iе ргоgгатпIl,tе, salaxies .r,irli а mоdеr-
a.te inclination angle rr,еге selected, ггhiсh possessed
сlеаr1.1, defined sрiгаl агпs and ciisks bright enougiL

in епrissiоп liшes. Preferellce 1vas given to obiects fоr
и,hiсh the рrеliшiпаr5" long-slit оЬsеrчаtiопs showed
compler: ga,s motion allowing ýtгопg поп-сirсu]аг mо-
tions to Ье :r.qsunred" Tcl гечеаl gas oscillatiorrs related
to spira,i clerrsiti, ъ/аvеs, а шethod of Fоuriеr analy-
sis of the azirrrrrthai distribution of radial ,,,elocities

a"l diffегепi dislапсеs iioln the gaiaхv ceritre lmod-
ified Canzia,rr's rrеrhоd) rvas developed at tlre Insti-
rrrte of Astroilornr.. T'liis technique mаkеs it possible
to isolate btэtlr tlie axia.Ii1, slrnпre[ric gas rotation and
the highc:r hагпtопiсs causer] 

-lэ1, 
1h" gas oscillations itr

the R, о апС z соогdiпаtеs (Ll,akho,",itlr et ai.. 1997).
Orre of the objгctii,es of this ргоgгапlirlе l",Ias to dё-
,Lеrrпiпе coiota|ion га.]ii and the disсочег_у of a,ntic:y-
cionic structures ln the velocity fie}d prtdicted t}reo-
reticall1, arrd iэ1- ex1.;eriinerrt. 'Ihese сlоstзd streamiines
clevelop simultaireottslr.i,vith sрiгаl аrms arici tЬеir ро-
sition rirust lie diiТeгeтrt for the case 0f graяitational
a,nri hз,сirосir,паттliсаi naturc of spiral densit;y waves
(see L_vakholici. i.t а1.. 1996 and rеfс:гепсеs therein).
Sirrri,lar strur:tltгеs iтere fоuпd еаr:liег frопr t,hе gаs 1т}о-

ticln in а siiigle заlа_\\,. ]iGC 931 (Afanasiev, Friсlпiап,
1996), }ralTeleг tlrls gal;tr1, is anomaious in а пuпtЬеr
of features: it ha. а .L]:lll]ailion. аррагепtiу iпtеrасt-
irrp; цj1| it. posses.e. .: Si,,"fегt Irucleus arrci deinon-
SIr;li()..: &i] tii.L:L,._ -ia:. : '.'; i: Сцl,r,о,.(JIil ailiin8 а
;,egiolr ,ll -.с.г}, sil:.:,э а:_.i rieep drор of гotatiorral ve-
1ot:it1-.

Тl,с ;;;,lll,а;:,п_е сЬsегr,аtiопs of the first two
ri, эlilh,_,,. :lcali.,- поimаi gaiaxies, г\iGС 6181 and
\С;С 1a;. .t.r,e interesting and qtlite urrexpected re-
:uils, Gгr:аt sl,stetTratiс velocity deilartures frопr сir-
сuIаг litoticirs (up to ýOmе tens оf krn/s) сiеаriу iden-
tifieci ц.ith the wave spiral structure 1чеrе fourrd in
t,hese galaxies, Nor onl}r ttre rаdiаl arrd azimuthal,
Ьut, also the z сtlплропепt of the prerturbed velocity
turried out to Ье esserrtial. T}re most oirt-of-ordinaгy
sеешs _fhе be}ravitrtir of gas in а, rirlg (in the gaiax),

рlапе) zaпe2kpc in diатпеtег in }iGC 6181. The zone
shows сlеаriу. wittrout any FЬuriег апаlуsis. strопg rа-
dia} m,otions with opposite signs оп troth sides frоrп
the сешtrе up to nearly i00 km/s, if the rnotiorl оссurs
in the disk piarre (expanding ring of gаs оr rеsоIIапсе
effects?) {Sil'chenko et al., 1997),

'rVe mana,ged to rrrake reiiable velocity estimates
fоr NGC 6181 mainlt, in the геgiоп of spiral аrпrs,
r,,,h,ereas in }iGC157 velocitieý wеге meesrrred in
about 11 tlrousanci points, which пiаdе it possible
to firily rеstоrе the characteT of gas motion, the реr-
trrriэеd yelocity colnponent, related tо the strrirals, alrd
to estimate paranreter,q of derl-qit;l, wa\reý, including
ihe radiai rretroc;ity of the rvave раtt€rп" Anticyclonic
streamli:res between the sрirаl аrrпs predicted Ьу the-
trrу wеrе rеаllу cliscovered in the rеgiоп of corotati<;n
of l,he g;rla,Kies, The otlserrations have denronstrated
neTr possibilities ргоr,idеd Ьу the availabie high spa-
tia,l аtзd spectlal reso]ution facilities,
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In сопсlusiоп in Table 1 we рrеsепt а list of spiral
galaxies investigated previously in the frames of the
рrоgrаmmеs mentioned above, r,yhose data reduction
тгаs completed or nearing completion in late 1996.
Тhе table columns rерrеsепt certain peculiarities of
юtational сurчеs revealed through analysing 8аs ve-
iocities лчithоut taking into account the systematic
departures frоm circular velocity related to the spiral-
Tave structure.

In the first column the "+" sign marks the galax-
ies having kinematic distinctions within several аrс-
ýeconds frоm the nucleus., including also the galax-
Ь with dynamically isolated nuclei, galaxies rмith а
пriп!Ьаr оr a'compact пuсlеаr disk поп-соmрlапаr
Tith the main disk. The second column indicates the
galaxies whose rotational сurче has а local minimum
ininima) beyond the nuclear region. This feature rе-
fiects the сhаrасtеr of distribution of mass in the
gul*у, оr points to ordered non-circular motions in
а sufficiently large interval along the radius. In the
tыгd соIumп аrе mаrkеd the cases with the rotation
с,.rrче falling off at the optical disk реriрhеrу, which
аrе most rаrеlу revealed frоm optical mea,fiurements
ia non-interacting galaxies. The galaxies with strong
itens of km/s) поп-сirсulаr motions of local сhаrас-
teт аrе marked in the fourth column. In the fifth col-
дmп the "*" sign is placed against the galaxies in
тысh the features listed ab<rve hаче not Ьееп found.
Тпеir small пumЬеr shows obviously how rаrе аrе the
\pical" rotational сurчеý, vrhеrе the velocity grоw-
lBg monotonically Tvith radius changes into а mоrе оr
ьq flat plateau.
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