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дtrstrасt. using spectrosclclpic and ccD plirlt,ortretric observatioris оп tlre бm апrl 1tп tele-

Scopes of SдО RдS thc spatial stгuсturе of t}ie аррагепtlу compact supcrclusters Ursa N"Iаjоr

anci Cororra Borealis is deternrined. -R.-balrd Когrтrепdу relatiori (р. : ,4 ,lоg(Л. 
) + С) is ешрlоуеd

fоr rrreasuretnent of the reiatil,e distances оf сlustсгs alorrg the lirte of sight.

Tire Ursа NIаjоr suреrсlustег, }raving а volocitv spгcird of 6000 kпr/s, оп the whole obeys the

нuьые сlерепdспсе betrveerr гаdiаl veloc:ity arrd clistarrce, but is not а suрегmаssil,tl system wit}r а

1агgе alnount of "iiidderr" пtаttег. Beirrg stretclrcd аlопg the lirre of sight tlre supercluster consists

p<-lssibly of tп,о associations of сIustегs rvil.}r rneatr velocities of 16200 and 19700 krrr/s. T}rese

subsystems are ргоЬtlЬlу gгavitatlorrally bortnd lvitli irrtcгna1 clynarnical veloc:ities поt exceeding

1100 km/s.
Analysis of НuЬЬiе diаgгаrll of the Соrопа Вогсаlis suреrс}ustег ilr<licates that t}ris systern is ontl

of rаге irl the рrеsепt epoch extrcrtrely rnasslve and <1y,narrriCally actil,e suрегсIustеrs. It is likely
ttrat t}re compact соrе of tire system, rvlric:h is пtаdе uр of fivt: гiсh с]ustс:rs, dlre to its high rnass

derrsity has oveгcorrre tlrc giobal cxparrsiort of tire Universe and is irr а stage of rapid gгal,itatiorral

collapse.

Кеу words: galaxies: сlustегs: gеrrсгаi яalaxicls: ltirieпratics and dynarnics

1. Introduction

Тhеоrу of fогrтrаtiоп of а large-scale struсtuгt,: as а ге-

sult of gravitational instability predicts that on scales
of 10-100 \Ipc the inhomogerreities tlllsегr,еd iп tlre
distribution of galaxies - suреrсlustеrs and voids
lrrust Ье at the liпеаr stago of evolutiorr of thc: derr-

sitv регturЬаtiопs оf пrаttсг, Typical Jlecuiiarr l,cloci
ities of galaxles and clusters of galaxles deterrrrirrr_-cl

lloln the observations do rrot excecd 500 10{J0 kпr/s
оп these scales. Опе сап expect greater velocities ilr
тагеlу found compact and гiсh supeгclr_isteгs of galax-
ies. Irr the regiorr of space lvit}r cornplete пrеirstlге-
пrerrts of гeclstrifts of clusters (z < 0.08) suс.lil sy,stenrs

пurtlЬеr no mоrе tharr 5 6. Nечеrthеiеss, colllpact su*

iэсгсiustеrs appaгerrtly brirrg а rrlain corrtributiolr to
t}re effect of anisotropy (Bahcall et а1.. 19Е6) 1п the
distгiЬutiоп of spatial orientatiorr of раirs of clusters
irr tire errtire sample of пеаrЬу Abeli clusters. Arr ех-
t:ess of раirs orierrtatcd alclng the lirre of sight rnay
Ье caused Ьу еithtэг tlre la.rge pccullar velocities of
clusters, about 1500 kпi/s, iri пtassir,e derrse suреr-
clusters with а lагgе апiоuпt of "lridderr" пtаttеr, ог
а рurеIу geornetrical rеаsоп - acciderrtal oгictrtati<lri
along the lirrc of sight of а пurпЬеr of lrig}rly еlоrг
gatecl superciusters. Arralysis саrriесl out Ьу Balrcall

et а1. (1986) spoke orrt iп fачоur of gеоmеtriсаl рrо-
.jccticlrr, rvtrile Rood (1992), on the basis of statistical
estirrratcs, carrre to а conr:lrrsion about tlre cxistence
of 1аrgс ресuliаr r.elocities iTr tц,о most сопrрасt su-

реrсlu-чtеr,s, Ursa N,Iаjог atrd Соrопа Всlгеаlis.

То rеsоh,е tlris dilemпra а strаig}rt{Ьrrчагd dеtег-
trtina,tion of t}re exterrsion of suirегс:lustегs along the
llrre of sight is necdec1, arrd fог this it was песеs-
sаrу to dеtеrmiliе tlie clistanctls of indivi<jual clus-
tеrs tly а rrret}rod lvlrich would Ье lrr<leperiderrt of the
lrreasuгelllellt of redslriits. А rаthег siпrрlе alrd ef-

Iective war. of soh,ing this task, арраrепtiч, оссuгs
liy using bright galaxies of еаr11, пrоrрlrоlоgiсаl tl,pes
wlriclr plгedornina,te irr tlre сепtrаl рагts of clusters.
Fот tlrescl galaxies the гсlаtiоrr \vas esti}blished (Ко-
rпlепdу, 1977) between the cfГec:tivcl rirdius atrd sur,-

filcc llгigtrtrtess orr this radirrs, wlrich carr Ье пrеаsurеd
corrrpaгativelv easil.v Ьу rtreans of surfасе photorrle-
tгу, ailorving опс to dеtегrпiпе t}re геlаtiче radiai dis-
tances of сlustегs. Tlris геlаtiоrr together with velocity
dispersion of stагs in а galaxy deterrliine а so-c:allcd

"Furrdarnerrtal Рlапе", in lvirich tlrc sсаttеr irr the 1о-

cartioris of сагlу type galaxies is чеrу slira1l (Dгсsslег
et а1., 1987; Djorgovski arrd Davis, 1987).
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2. OЬsеrъ,аtiопаl data

Тhе Ursа \,tаjог Suреrсiustеr at z - 0,06 is а чсr\r

coilrpact grаuр оf сlustегs at least irr pгojtlcticln otrlo

the celcstial sрhеrе, consistirrg clf eig}rt Abe1l cirrs-

tегs апсi fiче adCitionai сlustеrs rеr,еаiесl Ьу Ваiег

(19s0) (Anclrr1, Arion2, Апоп3. Апоп'l) irrid Sirtlc:t-

rпап (i985) (Sh166), ц,hiсh аrе of srrraller llut conrpa-

rаЬlе riсhпеss as deternrirred tl1, Kop1,lov arrd Коруlо-

l,a (2001). Tliat thesc addiiional clusters belorrg to tlre

or,j".oi.rrt"r, rvas establis}iecl Ll-y, оuг lneasllrerrreirts of

гаiiаi velocities fьr several of galaxies irr eacir of t}re

с:lustсгs. Fig. 1 sholvs tlrc аггаrrgетrrеrrt of t}re с;iustеrs

irr the Ursа \'IаjоГ suрегсlttstег orr tlre celc:stial sрtrегсl,

Тhеге аге 107 gtllaxies itt ortr catalog fог Uгsir \{ir-

j or fоr whicti spectrosclopicl arlrcl p}rototrretric tlllsсlгча-

tiorr, *,.." сагriеd oui oil tlre б rrr arrd 1 ni telescolles irr

1991 1998. All the data arrd пretlrotl of гecluctitlti агt:

presetrted irr а, sераrаtе рареr (Kopylova arrcl Iiclpr,-

lov,2001).
T}ie Соrопа ]Jогеаlis suреrсittstег irt ,z - 0,U7 i-s

orre of the rnost сопiрасt systelrls clf сlustсгs, attcl iic-

согсliпg to the suреrсlustег catirlog of Eirrasttl et trl,

(1997) is lrracle uр of eiglrt Abc1l сlustегs: А2019,

дzооi, А2065, A2t]67, А2079, А2089, А2092. arrd

A2i24. Postrrrari et ai. (19В8) сcllrsiderctl tltis stillt,l,-

сlustсг to consist of six clusters, cxc:lrrrling A20l9 atrd

А2124. Fig. 2 s}torvs tlre aгrarrgerttetrt of tlte сlustr:гs

iri tlicэ Соrопа Bore:riis Suрt-jгсlustег orr t}re celi:stitrl

sрhеге irr eqriatoгial coordrrraies,

Smаl} et а1. (i998) rrsirrg а, lагgе nrrrrrbeг of galax-

ic:s ц,itlr mсаsuгеd reclshifts lras deternrirrtэ<l tlie rпаsg

of t,}re suреrсlustеr of 8,1016:1irб r,r'ith а 1reip of пu,

пrегiсаl modeling of а srrрегсlrtstег rvittr tlte sarne ра-

rаmеtегs as fоr cororra Вогеаlis. Tlrey corrfirrrred the

cottclusion of Postпiatr et а1. (1988) tlrat ttre Super,-

cluster is gravitatiorrali1, bourrd, Srrrall et а1, (199Е)

Stiggestcd ihut tho S},SterII is iп а dyrrarriicl:ll piiastl оf

gruvitution,rl collapse. \Ve demorrstrirtecl t}re vaiiclity

of this рrороsаl Ьу usirrg diгесtiч mеаsurсd clistances

iЬг сlustеrs in tlre supierclirster.
Fоr tlie Соrоirа Borealis suрегсlustеr rrrost of ccD

plrotorrretгic observatiotrs rr,еrе саrriссl tlut olt the l rrr

telescope in 1996 (fог details see Kclpylclvtr arrcl Kop_v-

lov, 1998). Witlr sоmе additional <iata t_itltaincd iп

1998 thеrе аге 95 galaxies irt оur catalog for tlris svs-

teIn.

3. Deterrnination of distances

One of the rnain methods for detcгrrrirring tlre dis-

tatrces of galaxy сlustеrs makes use of thе physic:al

рrорегtiеs of galaxies of еаrlу rnorphoiogical typc, Е
апd so, rvhich dominate пеаr the сепtеr of the clus-

tегs. We used the relatiotr, fiгst forrnd Ьу Коrrlrепсlу

(1977) апсl fuгtirеr denoted аs KR, betrveelr the effec:-

tive radius R. (the гаdius enclosing lralf- light of tlre

galaxv) tirtcl tlre е{lЪсtiчсl suгfrrсе Ыig}rtrlclss at this rа-

ili,r, 1r", ilr t}re fогrп rvlrt:гe the еfIЪсtil,сl гаdiris is givetl

:l,s а {llrrctiotr of eflective surfасе tlrigirtrress:

1og(-B.) = Д. [t" * С. (1)

Tlie intlivicirtal сlustс:г zего poirtts С c:atr Ье used

ttl с,lеtегrпiпе relativc distatlсes, It is corlverlient to re-

tlrrce tlte сlаtа to tlte coпrovirtg соогсliпаtс: sl,stern tly

applyirrg to the rпеаstrгесl r,alues ctlsrnoiogic:a,l согrес-

tiorrs corresllclrrcling to indiviclrral clistaric:es of clus-

tс-гs. I]-elativistic cffects arrtl c:}rirrrges orr t}rc scaie of

tlie Uпir,сгsе cclrrtгibute а сrlггесtiоtl d1l" - 10 1og(1 +

Z"p.,.), tп,}tегс z"n.,. is tlte rrreasl.rrecl гесlslrilt rvlritllr irr-

cluties tr pecirllar (riоrгНuЬЫе) ve}ocitv of the object,

As ;;,nnt we clenotc а гeclshift согrеsроrtdirrg to the

truс ilostrrologic:al clistarrc:c, We applied the It соггес-

tiorr irr tlrc tс,rrrlr K(z):1,1 zsp",,,T}re trrrgrtlaг size of

tlrc: effet:tivt: гасlitts /,1. \\,as ccittl,tlгted ttl tlre iirrcirг size

fi,. (irr kilo1lirrstlcs) fог tlrc "stапсlаrd" cosrrrological

пlосiеl (Htl = jOltln,s-l ,\Illc-l, r1o:0,5),
Eig. 3 рrсSеIlt-ч t}rc: Iiot,rrrenciv diаgгаrrr tor оuг

t:tltrrbirreci strrllp}c: of galaxies ii,orrr Ccllrra сhrstег, Ursa
\Iаiсlг irrrtl Соrоtiа Вогс:аlis suреrсlrrstс:гs, :rrrtl :rlscl

17 illustегs (ItoTlylov irrrtl l(op1,lcll,a, 1998) arortrrd tlrc

Giant \'Ъid: 43"1 Е aird S0 galaxies irr total, Ga,ltrxies

rltэге usuallr, cliclseir iп t}rcl c:etrtr;i1 zorle of t}re c}r,rster

abotlt 3I\Ipc iп slzc to а 1inritirrg absoiute irragrritude

Дlн ( -21.5, so fаг as galaxitls ц,itlr лlл > -2].,5
lli:gitr st,гсirrgiу <lc:vitlte {гошr thc KR (Fig,3),

In огdеr to сlеtеrrrtiпсl the гсlаtir,с clisttrrrces of

r:lttsteгs wc irssultle t,lra,t tlte slopt: of KR is t}rc sarnc

fог :r11 clrrsttlrs. А fоглчtrгti lirrеtrг regressiorr giтes

il" : 2."tr37(*0.05a)log(Д.) + 18.976(t0,266), (2)

atrc1 iпr,егsсl гсlgгtlssiоtl cltil.tatlon ls

1оg(Л") = 0.3,168(*0-008)д. * 6,45SS(*0,100), (3)

\\le rrse art averirgirtg of fогrчаrс-l arrd itrverse re-

gressitltts, rvlricir gives tlte rnealt scalc J = 0,3786 atrd

ihr, r.rn point С = -7.123. Fог а sапlрlс of Iirrritirlg

rrragrritucle -21,],5 il ?,?/1,5 Sсаttег clf KR is clcltrivalcnt

to iц% utrc:eгtaiirt1, оп а сlistапсе to а single galaxy,

If ihere is rlo clevltition frопr the Hubble rеlа-

|ion tletr,veen velocity ancl c'listaticle fоr а сlustег, i,e,

Z5ptlr: = zphot 0r 1lесtrliаг velocity is zего, the rneatr

value of tirc frее tегrlt iп (1) fЬг а}1 galtrxies irr а clus-

tег, С.1 : а 1оg(Л. ) - 0,3786/l. >, slrorrld Lltl t}re szr,rne

as tlrt: ачегаgе clf а11 <:lustегs (Cg), assulnirrg thart tlrc:

llc:t 1lec:r-rliar l,eloсity of the whole sarrrple is есluаl to

zer,<l. If z"o.. inclucles а ресuliаг velocity, therl а true

plrcltometiic: clistanc:e of сlustег catt Ье determined Ьу

tlre IЬrпiulа

?.,l ..! : z'л.,_l ()('o-C'.i (4)
.pllUl - 'rpl г,v

But tlie residuals of KR calcuiated as

АКR:lоg(Л.) - 0.3786р" + 7,123 aгe соrrеlzrtеd ц,it}t

thc gillaxy пragrritucle (:rs note<1 also Ьу, Gudehus

!



)

-.

_ir-

,с,

cliI
'l:-

::L(]

: ilc
it)

:,u(]

о},

r)

itS

, rtlr
lrus

_]!

-U

]

3l

,.''t

]iI
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Figuге 1: Tlt,e distrib,utiort, oJ clu,sters i,rt, tlt,e Ursa Маlоr stt"pr:lсlll,ster"in В195а equ,atorial coordirt,ates. А sizt:,

oJ th,e rеg,iоп, shou.lrl is ж 75 х 75 Мрс fоr а пritldle ,tlelot:,ity ot tl-t,e su,рrлтlll,stеr, oJ 18]0а kпl/s. Д rtсulп,е attd о,

circles.

(1991) arrd Scodeggio et al. (1997)), arrd fbliorr,ecl
аррrохiпrаtеlу,а quadratic rеlаtiоп (Fig. а). Tlris fact
makes distatices deгived Ьу а silrlple KR ехtrепrеl1,,
sertsitive to tIre cluster populatiolr irtctlrrtpletetress.
Тhо cffeclt is quite srпаll fоr llrigliter galaxios (Ье-
trTeen -25'' arrd -2З"') but cvidontly siroulcl iэс

taketr irltcl accourrt fоr gt1,laxies {trirrtег tltatr -2З"'.
В1,а least squаrеs fit of а sccond-orcler polynonria1 tci

tlre АКR-Мд relation we hаче dсгir,сd а correc:tion
equation iп tlre forrn of ДКR:Ао * Дr,Дlп + lrMi1,
rчltс:гс J9 : -23.95, Jr = -2.00, J2 : -0.042. It is
,*hоwп iп Fig.4,

То rеduсс tlre systerrtatic: еrгоrs iп deterrrrin:rtiorr
rlf сlustеr distatices, wlriclr аrе especially lагgе in tire
casc оf iTrltoпtogerrcous representatiorr of brig}rt ari<i

failit galaxies iп different r:ltlsters, we adclecl а сrlг-
гесtiоп А KR to thе r,aiucs of С (distances) frlr all
{alaxies. The meatt еrгоrs ilt С.1 wherr aver:igirrg 4 -14

galaxies iп а сiustеr п,еrе g% for Ursa \{аjоr anci 6%
iоr Соrопа Вогеаlis u,itlrout а согrесtiоrr aricl about
,l% аftег appl5.ing of соrгесtiоrr. Rccalcujatirig рег orre

;triax1. .,ve obtain а 15% uпсеrtапtу iri distance dсtеr-
Ilrirtation Ьу tlie согrесtеd KR.

4. Discussion and conclusions

Соrrslсlегiпg orrly the reclslrifts of clusters, it is inrpos-
sible to trniimblguously сlеtегmiпс rvlrotlrer the extcrr-
tiorl of ir sullегсlustег alorrg the line of sight, as deгil,ed
{r,orrr its spreaci оf racliill r.clocities. is rеаl (tlrc Hublile
1аrч is obeyclci) ог аррirrеrit, (tlrtl syst<ltrt is in ргосt,lss
of t:ollapse апс1 l.lrializatiort tlr:rt incluccls ltlгgсl petltb
liаг r.elclc:ities). Thc availability of tlistarrces to clus-
tel,s ttttэasttгccl plirototrretгlc:i1l1, rrtakcs it possible to
rltlttэгlпitlсl spatial struc:ture of ttre suрегсlustег, rlгап,
tlre ресulitэ"r vclocity field lvltlrirr lts lirrrits. arrcl сlегlче
c:tltlclrrsions tlbclut thtl clyrrarnical state of t}re syst,c:rrr.

Anal_vsis of Hubble clizrgrarns (Fig. 5 alrd Eig. 6) clf two
srtlitlгclttsters stttclitlil irrr]ic:trtes а clifIeгcirc:e in the dr.-
rrarTtica,l st?rt,o of tlrese systeпis.

Tlrcэ L]rsa \,Iаjог st.tрсlгс:lusttlг is lookecl as colll-
pact оII а pгojcctiol] orrly. Rarcliail distrrnclt:s c,lf с:lustсгs
corrc:slltlricl to t}rс:iг Hubble veloc:ities оп tlie ц,ltоiсl
(Fig. 5). The сlustеrs аrс gгоuресl irtto tlvcl irsst.lt:i-

ations ц,itlr Irteart l.eiocitics of approxirrtately 16200
and 19700 kпr/s. Di{foгettce of velocities gives tl sep-
arirtlorl of 70 \{рс alrlrrg the lirre of siglrt. Eac[r оf
t}iese subsysttlrns rttay Ье gral.itationall1, bound u.ith
irrterrral cll,rralnical (ресullаr) vclocitics of about 1100
krrr/s.
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mаrkеd Ьу рlusеs.
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Figuге з: The Коrrrlепсlу rеlаti,оп, fоr /1ЗJ еаrlу-tуре galaries iгt 39 cluster,,s subd,L,uided irtto tt-1ree rrlaqrt,itude-

bii,s: Мп < -2з*.5 (filled ci,rcles), _2t,:,5 { L[11 < -23,],5 (opelt, ctrcles), XlH > -21,."5 (pl,uses), Tlle liпеs

аrе lеаst-squаrе fits ui,th uay1ables i,пtеrсhапgеt],. д liпе ul,ith а stеереr sloqle shоus tlta iпuеrsе fit,
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th,e galaly lurпiп,оsi,tу. The tli,ck l,irte i,s th,e appr,orl-
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Гigurе 5: The НuЬЬlе diаgrапl of the Llrsa Маjоr su,реrсlusttл, t'ol, tulo uar"io,rtts: (lr:ft) ,ulitho,Ll,t а,пd (ri,ght) ulith

арулlуiп,g о mаgпi,t,udе depencled c:orl-ectio,n, to distan,ces of cl,usters. Тwо оutl,g,irlg (i;п projectiorl orl skу) ,гпепtЬг:rs

of th,e suцlercluster аrе sh,oulrl Ьу opeTl circle.s.
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Fог the Согоtrа Borcalis suреrсlustег (}'ig. 6) it
;,ч evident that t}ie НuЬЬlс larv is rrot оЬtlчсd. \\Ъ
,,art сiеагlу distinguislr the с<_lгс of tlte supeгr:ltlster,,
:огпrеd of fir.e (ог six if А2019, шrost outiyirrg in thtl
.k1, рrоjесtiоп, is аlstl irrc:luclcd) сlustегs, rvhlc}r clis-

illa1, а dependence betrr,eerr velocity airti clistarrce tlrat
is clraracteristic fсlr systeпls iп а ргосlеss of gr;ivita-
:iопаl collapse. Сlustеr А2061 is сlоsег thап А2065
:}re гiс}rеst сlustеr оГ tile suрtlгсlustс:r appгclxirrratelv
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c:oirrcidotl rvitlr а ceritroicl оf t}ie systtэпt tlncl lrars pos-
itir.c рссrrliаг vclocit1", t}rat is diгесtеd towtrrd tlre ссtг
tгоid Ii,tlпr tlre frontsiclc: of srtрегсlustсr, rvhile c:lrtsteгs

А2089 irrrtl А2092 (firгtlrсг tharr А2065) lrave rregative

ресuliаг velocitles, directed tоwаrсl tlre сепtгоld frorrr

tlre Llackside of the suрегсllustеr. А2079 and А212,1 аrе
obviously fогеgгоurid сlustегs. T}rus, thc соге of the
Coгclrra Boгearlis sllрсгсlustеr lras очеrсотttе tlre global
expattsion of tlre Urliverse due to lriglr rrrass derrsity,

Апоп4
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Figuге 6: The НшЬЬtе d,,iа,gr,аrrt of tLLe Cr,lrorlrl Воrеаl,is s,uреrт:lustеr, fоr,t,wо uo"l"iartts: (Ieft) ш,ithоu,t ап,tl (rigltt)

tlith aylplyi,п,g а rпаgrt,itudе depert,cled соггесtiоrt, to rl,istances ot chl,sters, Th,e r:htsters forrrtirt,g th,e col'e of tlt,e

suреrсlustеr, аге shоulп, Ьу the filled circ-les.
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arld is in а stage of гарiсl gravitatiorial collapsc.
Оur рhоtоmеtгiс сlustег distance пlеаsцrеrrrоIlts

have dernonstrated tlrat the Согоrrа Воrеаlis su])er,-

сlustеr, and ]ess ргоЬаЬlу tlvo subsyst,tlпts ilr t}rt: Uгsа
N{аrjоr si_lреrсlustег, аrе gravitatiorrally }-,ound trrrcl dr,-

riarrica}ly decouplecl frorrr the Hubble florl clue ttl

thеiг higlr cottcentratiort of mass" At tlrc: с:ttггсrtt epoc,lt

irr thc evolution of ttrc: Uttiverse, thc:se systetrls i.lt,o}ltr-

Ьlу rерrеsеrit the iагgеst irrltornogerreities irr tlre lагgе-
scale rnass distгilэuticlrr fourrd orr arr irlitial stage of
viriaiizatioir. А detailtэd study of suclr slstcttts rr,ciulci

pгovide valuable infoгпratiorr about the initial spcc-
truш of inhomogtэrreities oIr scales of 10 100 \Ipc: апсl
the reiation betц,ecrr lutnirtous arrcl dагk grarvitating
matter in t}re urriversc.
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